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As  the  Nation's  principal  conservation  agency,  the  Department  of  the  Interior  has  respon- 
r+  sibility  for  most  our  our  nationally  owned  public  lands  and  natural  resources.  This  in- 
cludes fostering  the  wisest  use  of  our  land  and  water  resources,  protecting  our  fish  and 
wildlife,  preserving  the  environmental  and  cultural  values  of  our  national  parks  and  historical 
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assesses  our  energy  and  mineral  resources  and  works  to  assure  that  their  development  is  in 
the  best  interests  of  all  our  people.  The  Department  also  has  a  major  responsibility  for 
American  Indian  reservation  communities  and  for  people  who  live  in  Island  Territories  under 
U.S.  administration. 
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PREFACE 


Selected  Water  Resources  Abstracts,  a  monthly 
journal,  includes  abstracts  of  current  and  earlier 
pertinent  monographs,  journal  articles,  reports,  and 
other  publication  formats.  These  documents  cover 
water  resources  as  treated  in  the  life,  physical,  and 
social  sciences  and  the  related  engineering  and  legal 
aspects  of  the  characteristics,  supply  condition,  con- 
servation, control,  use,  or  management  of  water 
resources.  Each  abstract  includes  a  full  bibliographic 
citation  and  a  set  of  descriptors  which  are  listed  in 
the  Water  Resources  Thesaurus.  The  abstract 
entries  are  classified  into  10  fields  and  60  groups 
similar  to  the  water  resources  research  categories 
established  by  the  Committee  on  Water  Resources 
Research  of  the  then  Federal  Council  for  Science  and 
Technology. 

Selected  Water  Resources  Abstracts  is  designed 
to  serve  the  scientific  and  technical  information  needs 
of  scientists,    engineers,  and  managers  as  one  of 


several  services  of  the  Water  Resources  Scientific 
Information  Center.  The  cumulative  SWRA  file  from 
1968  and  monthly  updates  are  available  also  in 
magnetic  tape  through  lease  from  NTIS. 

THE  WATER  RESOURCES  SCIENTIFIC  INFOR- 
MATION CENTER  DOES  NOT  PROVIDE  COPIES  OF 
DOCUMENTS  ABSTRACTED  IN  THIS  JOURNAL. 
Sufficient  bibliographic  information  is  given  to  en- 
able readers  to  order  the  desired  documents  from 
local  libraries  or  other  sources. 

Comments  and  suggestions  concerning  the  contents 
and  arrangement  of  this  bulletin  are  welcome. 

Water  Resources  Scientific 

Information  Center 

U.S.  Geological  Survey 

MS  425  National  Center 

Reston,  VA  22092 
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SELECTED  WATER  RESOURCES  ABSTRACTS 


2.  WATER  CYCLE 
2A.  General 


COMPUTERIZED       DATA      MANAGEMENT 
SYSTEM  FOR  WELLFIELD  PROTECTION. 

Pirnie  (Malcolm),  Inc.,  Columbus,  OH. 

For  primary  bibliographic   entry   see  Field   5G. 

W9 1-03939 


ABLATION  OF  AVALANCHED  AND  UNDIS- 
TURBED SNOW,  HIMALAYA  MOUNTAINS, 
PAKISTAN. 

Okanagan    Coll.,    Kelowna    (British    Columbia). 

Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  2C. 

W91-04129 

RELATIONSHIPS  IN  REGIONAL  GROUND- 
WATER DISCHARGE  TO  STREAMS:  AN 
ANALYSIS  BY  NUMERICAL  SIMULATION. 

Alberta  Univ.,  Edmonton.  Dept.  of  Geology. 
D.  Ophori,  and  J.  Toth. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 
4,  p  215-244,  November  1990.  17  fig,  1  tab,  28  ref. 

Descriptors:  'Alberta,  *Base  flow,  'Groundwater 
movement,  'Regional  analysis,  "Surface-ground- 
water  relations,  Discharge-drainage  area  relation- 
ships, Groundwater  recharge,  Mathematical 
models,  Numerical  analysis,  Simulation. 

Baseflow  components  of  streamflow  were  deter- 
mined for  32  selected  basins  in  the  Plains  Regions 
of  Alberta.  Plots  of  baseflow  per  unit  area  versus 
total  basin  surface  (q(A)  curves)  show  a  rapid 
increase  in  baseflow  rate  with  initial  increase  in 
basin  area,  followed  by  a  reduced  rate  of  increase 
at  larger  basin  areas,  suggesting  a  functional  de- 
pendence of  baseflow  rate  on  basin  size.  Empirical- 
ly determined  baseflow  relationships  were  studied 
by  numerical  simulations  of  groundwater  flow  in 
two-dimensional  vertical  sections.  These  models 
show  that  the  baseflow  relationships  develop  ac- 
cording to  the  theory  of  regional  gravity  flow  of 
groundwater.  The  types  of  discharge  relationships 
indicate  greater  baseflow  in  regional  discharge 
areas  (areas  of  low  topography  and  including  local 
recharge  regions)  than  in  regional  recharge  areas 
(areas  of  high  topography  and  including  local  dis- 
charge regions).  An  asymptotic  discharge-drainage 
area  relationship  was  obtained  that  showed  a  high 
rate  of  increase  of  specific  discharge  with  initial 
increase  in  basin  area  from  the  headwaters  down- 
gradient.  Several  parameters  act  to  modify  the 
shape  and  nature  of  the  asymptomatic  relationship, 
namely:  depth-to-width  ratio,  regional  slope,  and 
geology  of  the  basin.  Low  depth-to-width  ratio 
and  low  regional  slope  convert  the  asymptotic 
relationship  to  a  stationary  discharge-drainage  area 
relationship  that  gives  a  constant  specific  discharge 
for  the  entire  range  of  basin  area,  and  identifies  a 
flow  pattern  of  wholly  local  systems.  Contrarily, 
high  depth-to-width  ratio,  high  regional  slope,  and 
the  presence  of  aquifers  in  a  basin  transform  the 
asymptotic  relationship  into  a  discharge-drainage 
area  relationships  that  describes  a  linear  increase  in 
specific  discharge  with  basin  area.  Inverse  dis- 
charge-drainage area  relationships  or  mirror 
images  of  all  three  above  relationships  are  formed 
when  specific  discharge  is  plotted  against  basin 
area,  which  increases  from  low  elevation  upgra- 
dient  towards  the  headwaters.  The  discharge- 
drainage  area  relationships  uncovered  in  the  study 
demonstrate  quantitatively  that  sub-basins  at  low 
topographic  elevations  possess  more  water  than 
those  of  equivalent  sizes  at  high  topography.  (Au- 
thor's abstract) 
W91-04400 


INFLUENCE  OF  THE  BIOSPHERE  ON  THE 
GLOBAL  CIRCULATION  AND  HYDROLOGIC 
CYCLE-A  GCM  SIMULATION  EXPERIMENT. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Lab.  for  Atmospheric  Sciences. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-04493 


WATER   RESOURCES   OF  THE   ELK   RIVER 
BASIN,  WEST  VIRGINIA. 

Geological  Survey,  Morgantown,  WV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04642 


SURFACE-  AND  GROUND-WATER  INTERAC- 
TION AND  HYDROLOGIC  BUDGET  OF  THE 
MISSOURI  RIVER  VALLEY  AQUIFER  BE- 
TWEEN YANKTON  SOUTH  DAKOTA,  AND 
ST.  LOUIS,  MISSOURI. 

Geological  Survey,  Lawrence,  KS.  Water  Re- 
sources Div. 

E.  R.  Hedman,  and  D.  G.  Jorgensen. 
Available  from  Books  and  Open  File  Reports  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Atlas  HA-721,  1990.  lp,  3  fig,  2  tab,  1  map,  9  ref. 

Descriptors:  'Aquifer  systems,  'Aquifers, 
'Groundwater  budget,  'Groundwater  resources, 
•Hydrologic  maps,  'Maps,  'Mississippi-Missouri 
River  Basin,  'Surface-groundwater  relations,  Geo- 
hydrology,  Hydrologic  budget,  Missouri,  South 
Dakota. 

The  thickness  and  width  of  the  Missouri  River 
Valley  aquifer  differ  greatly  in  the  study  reaches  of 
the  Missouri  River;  thickness  of  the  aquifer  ranges 
from  >  50  ft  to  <  300  ft,  and  the  width  ranges 
from  about  4  mi  to  >  15  mi.  Analysis  of  the 
elements  of  the  hydrologic  budget  indicates  that 
the  Missouri  River  Valley  aquifer  gains  water  in 
five  of  the  reaches  and  loses  water  in  five  others. 
The  Missouri  River  Valley  aquifer  is  in  hydraulic 
connection  with  three  regional  geohydrologic 
units  (Great  Plains  Aquifer  system  in  the  upstream 
reaches,  Western  Interior  Plains  confining  system 
in  the  middle  reaches,  and  Ozark  Plateaus  aquifer 
system  in  the  downstream  reaches).  The  gains  and 
losses  in  flow  are  related  to  the  regional  geohydro- 
logy  and,  therefore,  are  assumed  to  be  due  to 
interaction  between  the  Missouri  River-Missouri 
River  Valley  aquifer  and  the  regional  geohydrolo- 
gic units  rather  than  other  unevaluated  sources  or 
sinks.  Gains  and  losses  in  the  10  reaches  ranged 
from  -908  to  + 1,219  cu  ft/sec;  however,  the  accu- 
racy of  the  calculated  gains  and  losses  can  not  be 
fully  ascertained.  (Lantz-PTT) 
W91-04856 


STREAMFLOW    GENERATION    PROCESSES: 
AN  AUSTRAL  VIEW. 

Forest  Research  Inst.,   Christchurch  (New   Zea- 
land). Forest  and  Wildland  Ecosystems  Div. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04931 


LINKING  HYDROLOGICAL,  GEOCHEMICAL, 
AND  SOIL  CHEMICAL  PROCESSES  ON  THE 
CATCHMENT  SCALE:  AN  INTERPLAY  BE- 
TWEEN MODELING  AND  FIELD  WORK. 

Senter  for  Industriforskning,  Oslo  (Norway). 
N.  Christophersen,  and  C.  Neal. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  3077-3086,  December  1990.  7  fig,  48  ref. 

Descriptors:  'Field  tests,  'Geochemistry,  'Hydrol- 
ogy, 'Interdisciplinary  studies,  'Mathematical 
models,  'Soil  chemistry,  'Watersheds,  Acid  rain, 
Acid  rain  effects,  Experimental  basins,  Hydrologic 
cycle,  Research  priorities,  Soil  water. 

Quantification  of  the  major  processes  controlling 
soil,  soil  water,  and  stream  water  chemistry  are 
hampered  by  the  traditional  divisions  within  the 
terrestrial  sciences.  Acid  rain  research  starting  in 
Norway  in  the  late  1970s  is  characterized  by  a 
close  connection  between  modeling  and  field 
work.  In  1982,  the  Birkenes  model  offered  an 
integrated  picture  of  the  link  between  acid  deposi- 
tion and  acid  freshwaters.  Since  that  time,  new 
field  data  from  Birkenes  and  other  sites  have  been 
collected  to  test  and  improve  the  model.  The  pic- 
ture now  emerging  is  that  stream  water  can  be 
considered  as  a  mixture  of  observed  soil  waters 
(end-members),  with  contributions  depending  on 
the  hydrological  conditions.  Thus  the  hydrological 
question  of  water  flow  paths  is  elucidated  using 
chemical    information.    Sufficient    motivation    for 


interdisciplinary  research  can  be  obtained  if  scien- 
tists become  more  willing  to  pursue  problems  and 
not  disciplines.  (Author's  abstract) 
W9 1-04935 


2B.  Precipitation 


MODELLING  SHORT-TIMESCALE  VARI- 
ATIONS IN  RAIN-RATE. 

Essex  Univ.,  Colchester  (England).  Dept.  of  Math- 
ematics. 

D.  A.  Holland,  and  G.  J.  G.  Upton. 
IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1549-1554.  4 
fig,  3  tab,  7  ref.  Rutherford  Appleton  Laboratory 
Grant  No.  N2A  5R  0607. 

Descriptors:  'Model  studies,  'Rain  gages,  'Rain- 
fall distribution,  'Rainfall  intensity,  'Rainfall  rate, 
'Rainstorms,  'Simulated  rainfall,  'Statistical  anal- 
ysis, Convective  precipitation,   England,  Storms. 

Data  from  a  rapid  response  rain  gage,  situated  in 
Suffolk,  England,  comprised  104  events,  52  of 
which  contained  medium  to  heavy  rain  rates. 
Heavy  storms  cause  the  most  problems,  and  the 
temporal  variation  of  the  rain-rate,  especially 
within  these  important  heavy  storms,  was  of  par- 
ticular interest  during  this  study.  Substorms  were 
defined  within  each  storm  and  separated  by  no 
more  than  three  dry  minutes;  within  the  52 
medium  to  heavy  storms  a  total  of  92  substorms 
were  identified,  for  a  mean  of  1.7692  substorms  per 
storm.  A  statistical  model  was  constructed  which 
was  used  to  produce  simulated  data  corresponding 
to  four  hundred  years  of  rainfall.  Formulae  were 
developed  that  permit  the  calculation  of  the 
number  of  convective  storms  per  year,  dropcounts, 
and  exceedance  percentages.  From  the  simulated 
data,  estimates  were  made  of  the  long-term  per- 
centage of  time  over  which  given  rain-rates  are 
exceeded,  together  with  their  95%  confidence 
limits.  This  data  is  used  to  predict  the  amount  of 
time  a  communications  link  can  be  expected  to  be 
out  due  to  falling  rain.  (See  also  W9 1-03944)  (Tap- 
pert-PTT) 
W9 1-03960 


RAINFALL  INTERCEPTION  IN  TWO  TROPI- 
CAL MONTANE  RAIN  FORESTS,  COLOMBIA. 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Plant  Ecology. 

For  primary  bibliographic  entry  see  Field  21. 

W91-04101 


HOLOCENE  HISTORY  OF  THE  EL  NINO 
PHENOMENON  AS  RECORDED  IN  FLOOD 
SEDIMENTS  OF  NORTHERN  COASTAL 
PERU. 

California  Univ.,  Berkeley.  Dept.  of  Geography. 
L.  E.  Wells. 

Geology  GLGYBA,  Vol.  18,  No.  11,  p  1134-1137, 
November  1990.  4  fig,  1  tab,  21  ref.  National 
Science  Foundation  Grant  EAR-85-03886. 

Descriptors:  'Climatology,  *E1  Nino/Southern 
Oscillation,  'Flood  frequency,  'Flood  plain  sedi- 
ments, 'Paleohydrology,  'Peru,  'Stratigraphy,  Ar- 
chaeology, Coastal  plains,  Flood  profiles,  Geologic 
history,  History,  Radioactive  dating,  Rainfall- 
runoff  relationships,  Sediment  analysis. 

El  Nino  is  an  episodic  event  that  perturbs  the 
ocean-climate  system  of  the  Pacific  basin  and  is 
related  to  anomalous  weather  patterns  worldwide. 
The  desert  climate  of  the  Peruvian  coast  results  in 
a  direct  correspondence  between  terrestrial  flood- 
ing and  the  El  Nino  phenomenon;  significant  pre- 
cipitation along  the  north-central  coast  of  Peru 
occurs  exclusively  during  El  Nino  incursions  of 
warm  water  into  the  Peruvian  littoral.  Flood  de- 
posits from  this  region  therefore  provide  a  proxy 
record  of  extreme  El  Nino  events.  A  3500-year 
chronology  was  compiled  of  the  extreme  events 
based  on  radiocarbon  dating  of  overbank  flood 
sediments  from  the  Rio  Casma.  The  flood  plain 


Field  2— WATER  CYCLE 


Group  2B — Precipitation 

stratigraphy  suggests  that  the  EI  Nino  phenome- 
non has  occurred  throughout  the  Holocene  and 
that  flood  events  much  larger  than  that  which 
occurred  during  1982-1983  occur  at  least  once 
every  1000  years.  Two  scenarios  which  would 
explain  the  frequency  of  the  largest  floods  are:  (1) 
'mega-El  Nino  events'  exist  that  cause  major  flood 
devastation  in  coastal  Peru  and  perhaps  extreme 
climatic  anomalies  worldwide,  or  (2)  once  every 
1000  years  the  rainfall  associated  with  the  El  Nino 
event  is  distributed  such  that  exceptional  flooding 
occurs  near  Casma.  Archaeological  data  suggest 
that  the  flood  events  recorded  here  are  large-scale 
disasters  that  affected  the  entire  northern  coastal 
zone  of  Peru  and,  if  repeated,  may  have  global- 
scale  climatic  implications.  (Fish-PTT) 
W91-04109 


DEVELOPMENT  AND  TESTING  OF  SINGLE- 
PARAMETER  PRECIPITATION  DISTRIBU- 
TIONS. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 
J.  S.  Selker,  and  D.  A.  Haith. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  11,  p  2733-2740,  November  1990.  7  fig,  3  tab, 
19  ref,  append. 

Descriptors:  *Data  interpretation,  •Mathematical 
studies,  'Meteorology,  'Model  studies,  'Precipita- 
tion intensity,  'Rainfall  distribution,  'Statistical 
methods,  'Statistical  models,  Precipitation. 

Mathematical  models  of  wet  day  precipitation 
amounts  are  useful  in  a  variety  of  water  resource 
applications.  When  available,  historical  records  of 
daily  precipitation  may  be  used  to  estimate  param- 
eters of  appropriate  probability  distributions.  How- 
ever, in  many  cases,  these  records  are  either  inac- 
cessible or  nonexistent,  and  information  is  limited 
to  regional  summaries  of  mean  monthly  precipita- 
tion and  number  of  wet  days.  In  such  situations, 
precipitation  probability  distributions  based  on  a 
single  parameter  are  required.  A  general  procedure 
was  developed  for  calibrating  multiparameter 
probability  distributions  of  daily  precipitation  to 
single-parameter  distributions.  The  approach  used 
monthly  precipitation  summaries  and  data  from 
U.S.  Weather  Bureau  Technical  Paper  57.  The 
three-parameter  beta-P  model  of  daily  precipita- 
tion amount  was  calibrated  for  33  sites  east  of  the 
Rocky  Mountains.  The  resulting  single-parameter 
Weibull  distribution  and  two  other  single-parame- 
ter precipitation  distributions  were  compared  with 
respect  to  their  fit  to  Paper  57  summaries  and 
historical  daily  precipitation  records.  The  Weibull 
model  was  shown  to  yield  significant  improvement 
over  the  other  models  in  reproducing  precipitation 
probability  distributions.  (Mertz-PTT) 
W91-04126 


HYBRID  MODEL  FOR  FORECASTING  DAILY 
RAINFALL. 

Institute  of  Flood  Control  and  Drainage  Research, 

Dacca  (Bangladesh). 

S.  A.  Wasimi. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  11,  p  2741-2746,  November  1990.  5  fig,  8  tab, 

24  ref. 

Descriptors:  'Bangladesh,  'Forecasting,  'Mathe- 
matical models,  'Meteorology,  'Model  studies, 
•Rainfall  rate,  Atmospheric  pressure,  Dhaka,  Fou- 
rier analysis,  Humidity,  Monsoons,  Precipitation, 
Rainfall,  Seasonal  variation,  Temperature. 

In  a  hydrologic  basin  where  precipitation  rates 
have  strong  seasonal  characteristics,  simple  season- 
al forecasts  of  rainfall  along  with  regression  analy- 
sis on  a  few  related  meteorolgicaJ  observations  can 
be  used  to  obtain  an  estimate  of  the  anticipated 
rainfall  rate  one  day  in  advance.  A  model  for 
forecasting  daily  rainfall  with  one  day  lead  time 
was  developed.  The  model  used  smoothed  normal 
daily  rainfall  rates  as  seasonal  forecasts  and  a  linear 
regression  model  on  deviations  of  atmospheric 
pressure,  temperature,  and  humidity  from  their  sea- 
sonal mean  values  for  estimating  departures  from 
seasonal  rainfall  forecasts.  The  model  was  applied 
to  the  daily  rainfall  data  of  Dhaka  city  in  Bangla- 


desh. Dhaka  city  has  a  tropical  monsoon  climate 
with  strong  seasonal  rainfall  characteristics.  In  this 
model  application,  meteorologic  data  from  1951  to 
1980  was  used  for  the  determination  of  seasonal 
components,  and  data  from  1984  to  1986  were  used 
for  regression  modeling  of  deviations.  The  seasonal 
modeling  was  done  by  fitting  Fourier  series  to  the 
daily  normal  values  of  all  the  variables.  The  model 
results  were  found  to  be  significant  for  Dhaka  city 
which  has  a  strong  seasonal  monsoon  climate.  In 
the  past,  no  attempts  were  made  to  provide  quanti- 
tative rainfall  forecasts  for  Dhaka  city.  The  useful- 
ness of  this  model  may  be  well  appreciated  in  other 
areas  with  strong  seasonal  variations  and  may  be 
used  as  additional  information  with  weather  radar 
observations  and  satellite  imagery  interpretation. 
(Mertz-PTT) 
W91-04127 


CLIMATE  CHANGE  AND  CHANGES  IN  CALI- 
FORNIA SNOWMELT-RUNOFF  PATTERNS. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. Div.  of  Flood  Management. 
M.  Roos. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  507-516,  6  fig,  1  tab. 

Descriptors:  'California,  'Climatic  changes, 
'Global  warming,  'Runoff,  'Snowmelt,  'Water 
use  data,  Atmospheric  circulation,  Carbon  dioxide, 
Climatology,  Kings  River  Basin,  Sacramento 
River  Basin,  San  Joaquin  River  Basin,  Snowpack, 
Water  supply. 

The  scenarios  of  worldwide  warming  predicted 
from  global  circulation  computer  modeling  of  in- 
creased atmospheric  C02,  if  correct,  would  pro- 
foundly affect  snowmelt  runoff  and  water  supply 
in  the  western  US.  As  a  result  of  warmer  tempera- 
tures, winter  term  snowline  elevations  would  rise. 
The  higher  snow  levels  would  increase  winter 
season  rain  runoff  and  reduce  snowpack  accumula- 
tion and  cause  earlier  melt.  Water  supplies  would 
be  affected  by  the  loss  of  effective  natural  carry- 
over storage  from  the  winter  in  the  mountain 
snowpack,  unless  additional  reservoir  storage  was 
built  to  compensate.  The  estimated  natural  runoff 
of  California's  Sacramento  River  basin  was  exam- 
ined for  trends  during  the  past  80  years  of  record. 
Since  1950,  the  contribution  of  snowmelt  (April 
through  July)  to  the  total  water  year  runoff  has 
been  decreasing.  A  similar  trend,  although  not  as 
large,  was  noted  on  the  higher  elevation  Kings  and 
San  Joaquin  River  watersheds  of  the  southern 
Sierra  Nevada.  (See  also  W91-04161)  (Author's 
abstract) 
W91-04215 


ANALYSIS  OF  ATMOSPHERIC  PRECIPITA- 
TION BY  REVERSED-PHASE  ION-PAIR 
CHROMATOGRAPHY. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 
Analytical  Chemistry. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04265 


NOTE  ON  THE  ATTENUATION  OF  SURFACE 
GRAVITY  WAVES  BY  RAINFALL. 

Naval  Postgraduate  School,  Monterey,  CA.  Dept. 
of  Oceanography. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-04298 


METEOROLOGICAL  FACTORS  INFLUENC- 
ING THE  RADIOACTIVE  DEPOSITION  IN 
FINLAND  AFTER  THE  CHERNOBYL  ACCI- 
DENT. 

Helsinki  Univ.  (Finland).   Dept.  of  Meteorology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04430 


SMALL  TIME  AND  SPACE  MEASUREMENTS 
OF  THE  MEAN  RAINFALL  RATE  MADE  BY  A 
GAGE  NETWORK  AND  BY  A  DUAL-POLAR- 
IZATION RADAR. 

Observatoire  de  Physique  du  Globe  de  Clermont- 


Ferrand  (France). 

For  primary  bibliographic  entry  see  Field  7A. 

W9 1-04431 


FREQUENCY-WAVENUMBER  SPECTRUM 
FOR  GATE  PHASE  I  RAINFIELDS. 

Texas  A  and  M  Univ.,  College  Station.  Coll.  of 

Geosciences. 

S.  Nakamoto,  J.  B.  Valdes,  and  G.  R.  North. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

29,  No.  9,  p  842-850,  September  1990.  8  fig,  23  ref, 

NASA  Grant  NAG-5-869. 

Descriptors:  'Meteorology,  'Rainfall,  'Rainfall 
distribution,  'Remote  sensing,  'Spectral  analysis, 
Atlantic  Ocean,  Correlation  analysis,  GATE  Phase 
I,  Mathematical  models,  Model  studies,  Perform- 
ance evaluation,  Stochastic  models,  Tropical  Rain- 
fall Monitoring  Mission. 

The  oceanic  rainfall  frequency-wave  number  spec- 
trum and  its  associated  space-time  correlation  were 
evaluated  from  subsets  of  Global  Atmospheric  Re- 
search Program  Atlantic  Experiment  (GATE) 
Phase  I  data.  The  records,  with  a  duration  of  4 
days,  were  sampled  at  15-min  intervals  in  4  x  4  km 
grid  boxes  over  a  400-km  diameter  hexagon.  In  the 
low  frequencies-low  wave  number  region  the  re- 
sults coincide  with  those  obtained  by  using  the 
stochastic  model  proposed  by  North  and  Naka- 
moto. From  the  derived  spectrum  the  inherent 
time  and  space  scales  of  the  stochastic  model  were 
determined  to  be  approximately  13  hr  and  36  km. 
The  space-time  correlation  function  evaluated 
from  the  frequency-wave  number  spectrum  and 
that  obtained  directly  from  GATE  Phase  I  records 
agreed.  The  formalism  proposed  in  1989  by  North 
and  Nakamoto  was  used  together  with  the  derived 
spectrum  to  compute  the  mean  square  sampling 
error  due  to  intermittent  visits  of  a  spaceborne 
sensor.  The  sampling  error  was  estimated  to  be  on 
the  order  of  10%,  for  monthly  mean  rainfall  aver- 
aged over  500  x  500  km  boxes,  which  meets  the 
scientific  requirements  of  the  Tropical  Rainfall 
Measuring  Mission.  This  result  agrees  with  those 
previously  reported  in  the  literature.  (Author's  ab- 
stract) 
W9 1-04432 


RETRIEVAL  OF  PRECIPITABLE  WATER 
FROM  OBSERVATIONS  IN  THE  SPLIT 
WINDOW  OVER  VARYING  SURFACE  TEM- 
PERATURES. 

Geophysics  Lab.  (AFSC),  Hanscom  AFB,  MA. 
T.  J.  Kleespies,  and  L.  M.  McMillin. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  9,  p  851-862,  September  1990.  11  fig,  2  tab, 
1 8  ref,  append. 

Descriptors:  'Atmospheric  water,  'Instrumenta- 
tion, 'Meteorology,  'Precipitation,  'Remote  sens- 
ing, 'Water  vapor,  Advanced  High  Resolution 
Radiometer,  Satellite  technology,  Split  window 
technique,  Temperature,  VISSR  Atmospheric 
Sounder. 

The  split  window  technique  makes  use  of  two 
differentially  absorbing  channels  in  the  1 1  microm- 
eter region  to  remove  the  attenuating  effects  of 
atmospheric  absorption  to  achieve  a  better  estimate 
of  the  underlying  skin  temperature  than  could  be 
produced  by  a  single  channel  measurement.  Since 
the  primary  absorber  in  this  region  is  water  vapor, 
it  follows  that  split  window  measurements  should 
be  able  to  produce  bulk  water  vapor  retrievals  as 
well.  When  observations  are  made  with  split 
window  channels  under  conditions  where  the  sur- 
face contribution  to  measured  radiance  changes, 
but  the  atmospheric  contribution  does  not,  it  is 
possible  to  estimate  the  ratio  of  the  transmittance 
of  the  two  split  window  channels.  This  transmit- 
tance ratio  is  related  inversely  to  precipitable 
water.  This  technique  was  applied  observations 
from  the  Advanced  Very  High  Resolution  Radi- 
ometer (AVHRR)  and  the  VISSR  Atmospheric 
Sounder  (VAS),  demonstrating  the  capability  of 
both  instruments  to  determine  precipitable  water 
under  two  different  operational  scenarios.  Both 
instruments  and  both  operational  modes  provided 
satisfactory  results  with  correlations  between  ra- 


WATER  CYCLE— Field  2 


winsonde  and  satellite  determined  precipitable 
water  of  0.7  or  better.  Quite  good  results,  with  r  = 
0.85,  a  standard  difference  of  4.4  mm,  and  n  =  60, 
were  achieved  with  the  AVHRR  looking  at  spots 
that  are  close  in  space,  but  over  two  different 
surfaces,  such  as  a  river  or  a  lake  and  the  nearby 
land.  The  technique  was  applied  to  the  VAS  in- 
strument using  a  difference  in  time  during  the 
diurnal  heating  cycle  to  obtain  the  change  in  sur- 
face temperature.  This  case  produced  good  results, 
with  r  =  0.92,  a  standard  difference  of  3.9  mm,  and 
n  =  12,  when  an  independent  quality  measure  was 
used  to  eliminate  cloud-contaminated  retrievals. 
(Rochester-PTT) 
W91-04433 


PRECIPITABLE  WATER  ESTIMATION  FROM 
HIGH-RESOLUTION  SPLIT  WINDOW  RADI- 
ANCE MEASUREMENTS. 

National  Aeronautics  and  Space  Administration, 

Huntsville,  AL.  George  C.  Marshall  Space  Flight 

Center. 

G.  J.  Jedlovec. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

29,  No.  9,  p  863-877,  September  1990.  14  fig,  3  tab, 

18  ref. 

Descriptors:  *Atmospheric  water,  'Instrumenta- 
tion, 'Meteorology,  'Precipitation,  'Remote  sens- 
ing, Advanced  High  Resolution  Radiometer, 
COHMEX  day,  Multispectral  scanner  data,  Per- 
formance evaluation,  Temperature,  VISSR  Atmos- 
pheric Sounder. 

A  technique  that  uses  the  spatial  variance  of  image 
brightness  temperature  to  derive  total  column  pre- 
cipitable water  was  applied  to  high-resolution  mul- 
tispectral aircraft  scanner  data  for  the  19  June  1986 
Cooperative  Huntsville  Meteorological  Experi- 
ment (COHMEX)  day.  The  technique  has  several 
advantages  over  other  approaches  in  that  it  re- 
quires only  relative  calibration  accuracy,  is  less 
susceptible  to  instrument  error,  and  does  not  use 
directly  a  prior  information.  Results  indicate  signif- 
icant horizontal  variability  of  precipitable  water  at 
the  mesoscale.  Precipitable  water  gradients  of  6 
mm  per  10  km  are  not  uncommon.  The  results 
verify  well  against  special  rawinsonde  measure- 
ments and  the  ensuing  cloud  field  development. 
While  only  applied  to  these  specialized  aircraft 
data  so  far,  the  technique  could  be  applied  to 
Advanced  Very  High  Resolution  Radiometer  and 
VISSR  Atmospheric  Sounder  data.  (Author's  ab- 
stract) 
W9 1-04434 


DEFINING  HOMOGENEOUS  PRECIPITA- 
TION REGIONS  BY  MEANS  OF  PRINCIPAL 
COMPONENTS  ANALYSIS. 

Katholieke    Univ.    Leuven    (Belgium).    Lab.    for 

Land  Management. 

D.  Mallants,  and  J.  Feyen. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

29,  No.  9,  p  892-901,  September  1990.  9  fig,  4  tab, 

12  ref. 

Descriptors:  'Belgium,  'France,  'Meteorology, 
'Principal  component  analysis,  'Rainfall  distribu- 
tion, 'Statistics,  Classification,  Correlation  analy- 
sis, Europe,  Uzer  watershed,  Regional  analysis, 
Spatial  distribution. 

The  spatial  patterns  of  precipitation  over  the  Uzer 
watershed  (western  Belgium  and  northern  France) 
were  investigated  for  three  years:  1973  (dry),  1977 
(wet),  and  1978  (average).  Analyses  were  per- 
formed using  daily  precipitation  data  for  the  three 
years  together  and  for  the  three  years  separately. 
The  first  principal  component  explains  most  of  the 
variance  (about  75%)  and  is  uniformly  distributed 
over  the  whole  region.  Higher-order  components 
delineate  subregions  of  consistent  rainfall.  No  es- 
sential difference  in  pattern  in  the  three  years 
occurs  between  the  first  four  components.  The 
components  patterns  seem  to  express  maritime  and 
topographic  effects,  and  form  a  basis  for  dividing 
the  Uzer  catchment  into  four  coherent  subregions. 
For  representative  stations  inside  each  subregion, 
cross  correlations  with  the  remaining  stations  over 
the  entire  watershed  indicate  that  at  a  level  of  r  =• 
0.85  three  stations  define  three  homogeneous  pre- 


cipitation regions.  The  result  is  three  representa- 
tive  time  series   of  daily   rainfall,   one   for  each 
region.  (Author's  abstract) 
W9 1-0443  5 


EFFECT  OF  SIMULATED  ACID  RAIN  ON  RE- 
PRODUCTIVE ATTRIBUTES  OF  RED  SPRUCE 
(PICEA  RUBENS  SARG). 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Forestry. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04449 


RESPONSE  OF  GROWTH,  PHOTOSYNTHE- 
SIS, AND  MINERAL  NUTRITION  OF  RED 
SPRUCE  SEEDLINGS  TO  OZONE  AND 
ACIDIC  CLOUD  DEPOSITION. 

Tennessee  Valley  Authority,  Muscle  Shoals,  AL. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04450 


EXPLOITING  RAINY  SEASON  POTENTIAL 
FROM  THE  ONSET  OF  RAINS  IN  THE  SAHE- 
LIAN  ZONE  OF  WEST  AFRICA. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Niamey  (Niger). 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04488 


PRECIPITABLE  WATER  IN  THE  SAHEL 
MEASURED  USING  SUN  PHOTOMETRY. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Hydrological  Sciences  Branch. 
B.  N.  Holben,  and  T.  F.  Eck. 
Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  52,  No.  1/2,  p  95-107,  August  1990.  8  fig,  2 
tab,  13  ref. 

Descriptors:  'Atmospheric  water,  'Climatology, 
'Meteorological  data,  'Photometry,  'Precipita- 
tion, 'Remote  sensing,  'Sahel,  'Water  vapor,  Aer- 
osols, Africa,  Calibrations,  Mali,  Maryland,  Niger, 
Precipitation  mapping,  Radiosondes,  Seasonal  vari- 
ation, Spatial  distribution. 

Information  on  the  mesoscale  variability  of  precipi- 
table water  and  its  relationship  with  atmospheric 
aerosol  is  needed  to  assess  the  impact  of  these 
atmospheric  constituents  on  the  remote  sensing  of 
surface  parameters  from  satellite.  A  sun  photome- 
ter network  in  Mali  and  Niger,  Africa,  was  estab- 
lished in  1984  to  measure  the  temporal  and  spatial 
variability  of  aerosols  and  water  vapor.  A  new 
technique  was  applied  to  the  master  calibration 
instrument  based  on  a  Mauna  Loa  Langley  calibra- 
tion data  set.  Measurements  obtained  with  the  cali- 
brated instrument  for  14  days  in  July  1987  at 
Goddard  Space  Flight  Center  (Greenbelt,  MD), 
retrieved  the  vertical  column  precipitable  water  to 
within  an  average  of  0.28  cm  of  the  radiosonde 
measured  values  under  a  2-5  cm  precipitable  water 
range  and  a  large  range  of  aerosol  optical  thick- 
nesses. The  calibration  was  transferred  to  the  sun 
photometers  in  the  Sahel  via  intercalibration.  Pre- 
cipitable water  retrieved  for  the  Sahelian  sites 
show  close  agreement  with  the  sparse  radiosonde 
data  available  and  is  consistent  with  published 
data.  The  spatial  variability  of  the  precipitable 
water  was  found  to  be  significantly  lower  than  the 
aerosol  optical  depth  spatial  variability,  and  there 
is  no  correlation  between  the  magnitude  of  precipi- 
table water  and  aerosol  optical  depth.  The  network 
shows  a  dry  season  monthly  average  precipitable 
water  value  of  1-2  cm  and  a  wet  season  range  of 
3.5-4.5  cm.  (Author's  abstract) 
W9 1-04492 


INFLUENCE  OF  THE  BIOSPHERE  ON  THE 
GLOBAL  CIRCULATION  AND  HYDROLOGIC 
CYCLE -A  GCM  SIMULATION  EXPERIMENT. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Lab.  for  Atmospheric  Sciences. 
Y.  C.  Sud,  P.  J.  Sellers,  Y.  Mintz,  M.  D.  Chou,  and 
G.  K.  Walker. 

Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  52,  No.  1/2,  p  133-180,  August  1990.  12  fig,  2 
tab,  42  ref,  append. 


Precipitation — Group  2B 

Descriptors:  'Atmospheric  circulation,  'Climatol- 
ogy, 'General  circulation  models,  'Hydrologic 
budget,  'Meteorology,  'Model  studies,  'Simula- 
tion analysis,  Deserts,  Evapotranspiration,  Para- 
metric hydrology,  Radiation,  Simulated  rainfall, 
Soil  surfaces,  Tropical  regions,  Vegetation. 

The  Simple  Biosphere  model  (SiB)  was  implement- 
ed in  the  NASA/Goddard  Laboratory  for  Atmos- 
pheres (GLA)  General  Circulation  Model  (GCM). 
SiB  calculates  the  land  surface  fluxes  of  heat,  mois- 
ture and  momentum,  as  well  as  the  near-surface 
fluxes  of  shortwave  and  longwave  radiation  with 
an  explicit  parameterization  of  the  interactions 
among  atmosphere,  vegetation,  and  soil  processes. 
Ensemble  sets  of  four  July  and  four  January  simu- 
lations were  made  with  the  GLA  GCM  to  evaluate 
the  influence  of  SiB.  Each  set  contained  two  runs: 
one  with  and  one  without  SiB  in  the  GCM.  After 
allowing  an  initial  adjustment  period  of  about  16 
days,  the  last  31  days  of  each  integration  were 
taken  to  represent  the  desired  simulation.  The  re- 
sults of  the  SiB  vs.  no-SiB  comparison  show  that 
SiB  simulates  much  lower  evapotranspiration  rates 
over  land  and  generates  significantly  different 
values  of  surface  fluxes  for  both  vegetated  and 
bare  soil  regions.  These  differences  in  the  surface 
fluxes  are  accompanied  by  large  and  statistically 
significant  changes  in  the  simulated  rainfall,  par- 
ticularly in  the  tropics  and  the  summer  hemi- 
sphere. An  analysis  of  the  monthly  mean  diurnal 
cycle  of  surface  fluxes  shows  that  both  the  surface 
fluxes  and  rainfall  values  for  the  SiB-GCM  are 
realistic  in  different  regions:  densely  vegetated, 
sparsely  vegetated,  and  bare  soil  (including  dry 
deserts).  Despite  some  shortcomings  of  the  SiB- 
GCM  simulations,  such  as  insufficient  latitudinal 
displacement  of  the  ITCZ  in  both  the  summer  and 
winter  simulations,  it  is  evident  that  the  SiB  pro- 
vides a  better  estimate  of  the  surface  fluxes  on  the 
whole,  leading  to  improvements  of  the  simulated 
circulation  and  rainfall  climatology  of  the  Earth. 
(Author's  abstract) 
W91-04493 


WORLD  GRAIN  YIELDS,  SNOW  COVER, 
SOLAR  ACTIVITY  AND  QUASI-BIENNIAL  OS- 
CILLATION RELATIONSHIPS. 

Kansas  Univ.,   Lawrence.   Dept.   of  Physics  and 

Astronomy. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-04495 


PRECIPITATION  AND  TEMPERATURE  RE- 
GIMES IN  UPLAND  BALOCHISTAN:  THEIR 
INFLUENCE  ON  RAIN-FED  CROP  PRODUC- 
TION. 

International  Center  for  Agricultural  Research  in 
the  Dry  Areas. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04498 


CARBON  DIOXIDE  AND  WATER  LEVEL  EF- 
FECTS ON  YIELD  AND  WATER  USE  OF 
WINTER  WHEAT. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Agrono- 
my. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04499 


GUELPH  RAINFALL  SIMULATOR  II:  PART  1. 
SIMULATED  RAINFALL  CHARACTERISTICS. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science. 

R.  W.  Tossell,  G.  J.  Wall,  W.  T.  Dickinson,  R.  P. 

Rudra,  and  P.  H.  Groenevelt. 

Canadian     Agricultural     Engineering     CAEOAI, 

Vol.  32,  No.  2,  p  205-213,  July  1990.  4  fig,  8  tab,  20 

ref. 

Descriptors:  'Canada,  'Rainfall  distribution, 
•Rainfall  intensity,  'Rainfall  simulators,  'Simulat- 
ed rainfall,  Distribution,  Fluid  drops,  Kinetic 
energy,  Mathematical  equations,  Momentum  equa- 
tion, Nozzles,  Soil  erosion,  Velocity  distribution. 

There  are  several  types  and  designs  of  rainfall 
simulators  used  in  soil  erosion  and  infiltration  stud- 
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ies,  providing  some  control  of  rainfall  characteris- 
tics. The  Guelph  Rainfall  Simulator  II  (GRS  II)  is 
a  portable  device  which  was  designed  and  devel- 
oped for  microscale  laboratory  and  field  soil  ero- 
sion studies.  Rainfall  characteristics  of  the  GRS  II 
were  evaluated  using  an  optical  extinction  tech- 
nique. Rainfall  properties  examined  included  rain- 
fall intensity,  drop  size  distribution,  drop  velocity 
distribution,  momentum  and  kinetic  energy.  Three 
nozzle  sizes,  three  nozzle  heights,  and  three  loca- 
tions within  the  spray  were  studied  for  their  effect 
on  rainfall  properties.  Drop  size  distributions  and 
drop  velocity  distributions  were  related  to  nozzle 
size,  while  momentum  and  kinetic  energy  were 
related  to  rainfall  intensity.  Measured  simulated 
rainfall  intensities  ranged  from  approximately  16 
mm/hr  to  in  excess  of  350  mm/hr  depending  on 
spray  location.  Simulated  rainfall  kinetic  energy 
ranged  from  a  low  value  of  0.0199  to  approximate- 
ly 1.83  J/sq-m/s.  The  gamma  distribution  equation, 
used  to  predict  simulated  rainfall  drop  size  distribu- 
tion, provides  good  estimates  of  rainfall  properties 
for  all  drop  diameters.  A  large  proportion  of  the 
total  momentum  and  kinetic  energy  is  associated 
with  the  larger  drop  diameters.  The  gamma  distri- 
bution, in  conjunction  with  a  velocity  predictive 
equation,  supplies  information  on  both  momentum 
flux  density  and  kinetic  energy  flux  density.  The 
velocity  predictive  equation  has  proven  to  be 
equally  valuable  in  predicting  the  velocity  of  simu- 
lated droplets,  particularly  for  the  large  drop  sizes 
where  estimates  are  based  on  a  small  sample  size. 
(See  also  W91-04548)  (Author's  abstract) 
W9 1-04547 


GUELPH  RAINFALL  SIMULATOR  II:  PART  2. 
A  COMPARISON  OF  NATURAL  AND  SIMU- 
LATED RAINFALL  CHARACTERISTICS. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science. 

R.  W.  Tossell,  G.  J.  Wall,  W.  T.  Dickinson,  R.  P. 

Rudra,  and  P.  H.  Groenevelt. 

Canadian    Agricultural     Engineering    CAEOAI, 

Vol.  32,  No.  2,  p  ,  July  1990. 

Descriptors:  'Canada,  'Rainfall  distribution, 
•Rainfall  intensity,  'Rainfall  simulators,  'Simulat- 
ed rainfall,  Fluid  drops,  Kinetic  energy,  Momen- 
tum, Performance  evaluation,  Storms,  Velocity 
distribution. 

The  performance  of  a  rainfall  simulator  is  general- 
ly measured  by  its  ability  to  produce  characteris- 
tics similar  to  those  of  natural  rainfall.  In  the  past, 
direct  comparison  between  natural  and  simulated 
rainfall  has  been  limited  to  parameters  such  as 
rainfall  intensity  and  rainfall  spatial  uniformity. 
However,  a  comprehensive  comparison  of  rainfall 
properties  should  include  rainfall  intensity,  spatial 
uniformity,  drop  size  distribution  (DSD),  drop  ve- 
locity distribution  (DVD),  momentum  and/or  ki- 
netic energy.  Properties  of  simulated  rainfall  gen- 
erated by  the  Guelph  Rainfall  Simulator  II  (GRS 
II)  were  compared  with  the  properties  of  natural 
rainfall.  Properties  examined  include:  DSD,  DVD, 
liquid  water  content,  momentum,  and  kinetic 
energy  flux  density.  Comparison  with  the  limited 
DSD  data  of  high  intensity  natural  storms  show 
that  the  GRS  II  simulated  rainfall  has  DSD  char- 
acteristics similar  to  natural  rainfall  through  the 
mid  to  large  drop  size  ranges  (diameter  >  1.50 
mm).  The  simulated  rainfall  has  greater  counts  of 
small  drops  (diameter  <  2.00  mm),  as  compared  to 
natural  rainfall;  and  simulated  drop  velocities  are 
generally  lower  than  the  terminal  velocities  of 
natural  rainfall,  resulting  in  lower  values  of  mo- 
mentum and  kinetic  energy  than  those  of  natural 
rainfall.  (See  also  W9 1-04547)  (Author's  abstract) 
W9 1-04548 


(Netherlands). 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-04774 


EFFECT  OF  ANTECEDENT  SOIL  MOISTURE 
ON  SPLASH  DETACHMENT  UNDER  SIMU- 
LATED RAINFALL. 

Agricultural  Research  Service,  Tifton,  GA.  South- 
east Watershed  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-04800 


SPATIAL  VARIATION  OF  RAINFALL  INTEN- 
SITIES FOR  SHORT  DURATION  STORMS. 

University  of  the  Witwatersrand,  Johannesburg 
(South  Africa).  Water  Systems  Research  Pro- 
gramme. 

N.  A.  Patrick,  and  D.  Stephenson. 
Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 
No.  6,  p  667-680,  December  1990.  8  fig,   16  ref. 

Descriptors:  'Rain  gages,  'Rainfall,  'Rainfall  dis- 
tribution, 'Rainfall  intensity,  'South  Africa, 
'Storms,  Computer  models,  Data  collections, 
Model  studies,  Simulated  rainfall,  Storm  runoff, 
Storm  water. 

Rainfall  data  for  estimating  either  runoff  or  infiltra- 
tion are  usually  obtained  from  sparse  raingauge 
networks.  Frequently  a  single  raingauge  represent- 
ing a  large  area  is  used  to  estimate  point  rainfall, 
and  factors  are  applied  to  obtain  spatially  averaged 
rainfall.  The  use  of  autographic  raingauges  and 
data  loggers  enables  the  accurate  temporal  distri- 
bution of  rainfall  to  be  measured,  but  this  is  based 
on  point  measurements  from  the  raingauges.  The 
limited  areal  extent  and  evolving  nature  of  convec- 
tion storms  over  a  small  catchment  near  Johannes- 
burg were  investigated  and  an  analysis  of  21  storm 
events  over  the  10.4  square  km  suburban  catch- 
ment was  carried  out.  Five  autographic  raingauges 
with  mechanical  loggers  were  used  to  study  the 
spatial  distribution  of  short  duration  storms.  Shapes 
of  storms  were  modeled  by  a  numerical  surface 
fitting  technique  chosen  after  several  alternative 
methods  were  compared  for  suitability.  A  model 
was  developed,  utilizing  the  chosen  inverse 
squared  distance  technique,  which  enabled  storm 
intensities  to  be  simulated  over  the  study  catch- 
ment. The  results  of  the  study  suggest  that  a  spatial 
description  of  storm  events  at  discrete  time  steps  is 
a  valuable  approach  for  understanding  the  cellular 
composition  of  storm  events  and  that  the  spatial 
variability  of  storms  should  be  incorporated  when 
studying  the  rainfall-runoff  process.  (Mertz-PTT) 
W9 1-04806 


APPROXIMATE    ANALYTICAL    SOLUTIONS 
FOR  OVERLAND  FLOWS. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-04919 


FLOOD  OF  APRIL  4-5,  1987,  IN  SOUTHEAST- 
ERN NEW  YORK  STATE,  WITH  FLOOD  PRO- 
FILES OF  SCHOHARIE  CREEK. 

Geological  Survey,  Albany,  NY. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-04645 


EFFECTS  OF  ACID  PRECIPITATION  ON  RE- 
PRODUCTION IN  BIRDS. 

Instituut   voor   Oecologisch   Onderzoek,   Heteren 


REGIONAL  SURFACE  FLUXES  FROM  RE- 
MOTELY SENSED  SKIN  TEMPERATURE 
AND  LOWER  BOUNDARY  LAYER  MEASURE- 
MENTS. 

Cornell  Univ.,  Ithaca,  NY.   School  of  Civil  and 

Environmental  Engineering. 

M.  Sugita,  and  W.  Brutsaert. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  12,  p  2937-2944,  December  1990.  7  fig,  2  tab, 

15  ref.  NSF  Grant  ATM-8619193. 

Descriptors:  'Atmospheric  physics,  'Boundary 
layers,  'Climatology,  'Kansas,  'Remote  sensing, 
'Temperature,  Climates,  Evaporation,  Heat  flow, 
Satellite  technology,  Seasonal  distribution,  Solar 
radiation,  Vegetation  effects. 

During  the  First  International  Satellite  Land  Sur- 
face Climatology  Project  Field  Experiment  in 
northeastern  Kansas,  surface  temperature  was 
measured  by  infrared  radiation  thermometers  at 
some  12  stations  spread  over  the  15  x  15  km 
experimental  area.  These  data,  together  with  wind 
and  temperature  profiles  in  the  unstable  atmospher- 
ic boundary  layer  measured  by  means  of  radio- 


sondes, corresponding  to  the  radiometric  surface 
temperature  was  found  to  increase  as  the  season 
progressed;  for  the  spring  campaign  the  mean 
value  z-oh,r  =  .000000456  m  and  for  the  fall  z-oh,r 
=  .0101  m.  The  radiometric  scalar  roughness 
could  also  be  expressed  as  a  function  of  solar 
elevation  and  to  a  lesser  extent,  of  canopy  height 
or  leaf  area  index.  For  an  elevation  range  10  de- 
grees <=  alpha  <=  75  degrees  the  regression 
equation  is  z-oh,r  =  exp  (-0.735-3.61  tan  (alpha)). 
With  this  function  good  agreement  (r  =  0.87)  was 
obtained  between  the  profile-derived  regional  sur- 
face flux  of  sensible  heat  and  the  mean  flux  meas- 
ured independently  at  ground-based  stations  under 
unstable  conditions.  Similarly,  regional  values  of 
evaporation,  obtained  by  means  of  the  energy 
budget  method  from  these  sensible  heat  flux  esti- 
mates, were  in  good  agreement  (r  =  0.96).  (Au- 
thor's abstract) 
W9 1-04923 


MECHANISMS  AFFECTING  STREAMFLOW 
AND  STREAM  WATER  QUALITY:  AN  AP- 
PROACH VIA  STABLE  ISOTOPE,  HYDRO- 
GEOCHEMICAL,  AND  TIME  SERIES  ANALY- 
SIS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Wembley  (Australia).  Div.  of  Water 
Resources. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04929 


HYDROGEOCHEMICAL  RESPONSE  OF  A 
FORESTED  WATERSHED  TO  STORMS:  EF- 
FECTS OF  PREFERENTIAL  FLOW  ALONG 
SHALLOW  AND  DEEP  PATHWAYS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04930 

2C.  Snow,  Ice,  and  Frost 


SATELLITE  REMOTE  SENSING  FOR  HYDRO- 
LOGICAL  MONITORING  AND  WATER  MAN- 
AGEMENT  IN  GREAT  BRITAIN. 

Bristol  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  7B. 
W91-03956 


SNOW  COVER-SUMMER   MONSOON   RAIN- 
FALL OVER  PARTS  OF  SAHEL. 

Nairobi  Univ.  (Kenya). 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1 -03967 


RECHARGE  PROCESSES  DURING  SNOW- 
MELT:  AN  ISOTOPIC  AND  HYDROMETRIC 
INVESTIGATION. 

Trent  Univ.,  Peterborough  (Ontario).  Dept.  of  Ge- 
ography. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04 103 


ABLATION  OF  AVALANCHED  AND  UNDIS- 
TURBED SNOW,  HIMALAYA  MOUNTAINS, 
PAKISTAN. 

Okanagan    Coll.,    Kelowna    (British    Columbia). 

Dept.  of  Geography. 

F.  A.  de  Scally,  and  J.  S.  Gardner. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  11,  p  2757-2767,  November  1990.  7  fig,  3  tab, 

64  ref. 

Descriptors:  'Ablation,  'Avalanches,  'Himalayan 
Mountains,  'Pakistan,  'Runoff,  'Runoff  forecast- 
ing, 'Snowmelt,  Condensation,  Melting,  New 
snow,  Temperature. 

Avalanche  deposits  represent  a  significant  storage 
of  winter  snow  on  the  south  slope  of  the  Himalaya 
Mountains,  Pakistan,  complicating  the  annual 
snowmelt  cycle  because  of  the  differences  in  abla- 
tion of  avalanche-transported  snow  and  undis- 
turbed snow.  Measurements  show  very  high  rates 
of  melting  of  both   snow   types,   particularly   of 
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avalanche  snow  late  in  the  melt  season.  These  high 
rates  are  a  function  of  the  low  latitude  of  the  study 
area  and  the  low  elevation  of  the  avalanche  snow 
deposits,  as  well  as  heat  release  by  condensation. 
Air  temperature  was  closely  correlated  with  daily 
snowmelt  and  appears  to  hold  promise  as  a  predic- 
tor; however,  data  constraints  prevent  an  energy 
balance  analysis  of  this  relationship.  Gravimetric 
measurements  show  that  condensation  is  important 
in  the  snow  surface  energy  exchange  and  can 
represent  a  significant  contribution  to  snowmelt. 
Rainfall  during  warm  conditions  also  makes  a  more 
significant  contribution  to  snowmelt  than  shown  in 
previous  studies.  The  derived  temperature-based 
melt  factors  or  coefficients  compare  well  with 
published  figures  from  other  mountain  areas,  but 
their  confidence  limits  are  sufficiently  wide  to 
produce  significant  errors  in  the  prediction  of  basin 
snowmelt  runoff.  (Author's  abstract) 
W91-04129 


MICRO-INVERTEBRATE  COMMUNITY 

STRUCTURE  WITHIN  A  MARITIME  ANTARC- 
TIC LAKE. 

British  Antarctic  Survey,  Cambridge  (England). 
For  primary  bibliographic  entry  see  Field  2H. 
W91-04532 


SEASONAL  CHANGES  OF  WATER  TEMPERA- 
TURE AND  CHLOROPHYLL  CONCENTRA- 
TION IN  LAKE  O-IKE. 

National  Inst,  of  Polar  Research,  Tokyo  (Japan). 
For  primary  bibliographic  entry  see  Field  2H. 
W91-04534 


HYDROLOGIC  FLOW  PATH  DEFINITION 
AND  PARTITIONING  OF  SPRING 
MELTWATER. 

Laval  Univ.,  Quebec.   Lab.  d'Hydrologie  Fores- 

tiere. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04925 

2D.  Evaporation  and  Transpiration 

ADVECTIVE  MIXED-LAYER  MODEL  FOR 
HEAT  AND  MOISTURE  INCORPORATING 
AN  ANALYTIC  EXPRESSION  FOR  MOIS- 
TURE ENTRAINMENT. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Ge- 
ography. 
D.  G.  Steyn. 

Boundary  Layer  Meteorology  BLMEBR,  Vol.  53, 
No.  1/2,  p  21-31,  October  1990.  5  fig,  2  tab,  12  ref. 

Descriptors:  *Advection,  *Air-earth  interfaces, 
•Atmospheric  physics,  'Boundary  processes, 
•Energy  dissipation,  *Entrainment,  'Evaporation, 
•Model  studies,  'Moisture  content,  Heat  flow, 
Heat  transfer,  Humidity,  Mathematical  models, 
Temperature,  Turbulence,  Vertical  flow. 

Evaporation  from  the  Earth's  surface  is  limited  by 
the  availability  of  energy  and  moisture  at  the  sur- 
face and  by  the  capacity  of  the  overlying  atmos- 
phere to  assimilate  moisture.  When  the  surface 
layer  and  the  overlying  mixed  layer  are  closely 
linked,  the  vapor  pressure  deficit,  which  is  a  func- 
tion of  the  moisture  content  and  temperature  of  the 
mixed  layer,  becomes  an  important  factor  in  con- 
trolling evaporation.  A  slab  mixed-layer  model 
with  zero-order  entrainment  for  both  temperature 
and  humidity  is  developed  to  examine  the  relative 
magnitude  of  advective  and  turbulence  flux  con- 
vergence effects.  The  model  formulation  provides 
an  analytic  function  for  the  ratio  of  surface-layer  to 
entrainment-layer  humidity  flux.  Model  results  are 
compared  with  measured  mixed-layer  properties 
over  one  day  at  a  coastal  location.  The  model  is 
highly  successful  at  simulating  the  mixed-layer 
depth,  and  mean  mixed-layer  humidity.  A  first- 
order  model  may  be  more  appropriate  for  the 
latter  half  of  the  day  when  the  mixed-layer  depth  is 
decreasing  due  to  the  dominance  of  advection  over 
vertical  turbulence  flux  convergence.  (Author's  ab- 
stract) 
W91-04014 


EVAPOTRANSPIRATION  FROM  SEDGE- 
DOMINATED  WETLAND  SURFACES. 

Trent  Univ.,  Peterborough  (Ontario).  Dept.  of  Ge- 
ography. 
P.  M.  LaFleur. 

Aquatic  Botany  AQBODS,  Vol.  37,  No.  4,  p  341- 
353,  September  1990.  5  fig,  3  tab,  16  ref. 

Descriptors:  *Evapotranspiration,  'Limnology, 
•Marsh  plants,  *Subarctic  zone,  'Vegetation  ef- 
fects, •Wetlands,  Canada,  Fens,  Mathematical 
models,  Ontario,  Regression  analysis. 

The  evapotranspiration  regimes  of  two  sedge  com- 
munities in  a  subarctic  coastal  fen  wetland  on 
southern  James  Bay  (Ontario,  Canada)  were  inves- 
tigated during  non-vegetated  periods.  In  this 
region  an  emergent  coastline  has  produced  a  series 
of  low  beach  ridges  running  roughly  parallel  to  the 
coast  and  separated  by  poorly-drained  marsh  de- 
pressions. One  study  site  (the  'dry'  site)  was  on  the 
elevated  backshore  zone  about  500  m  from  the 
mean  high  tide  (MHT)  mark,  and  the  second  (the 
'wet'  site)  was  1 100  m  inland  from  the  MHT  mark, 
situated  in  an  inter-ridge  depression.  Surface  mois- 
ture availability  strongly  controlled  evapotranspir- 
ation during  non-vegetated  conditions,  but  was  less 
important  during  the  vegetated  period.  The  results 
suggest  that  the  evaporation  efficiency  of  these 
sites  changed  in  response  to  vegetation  growth. 
Vegetation  cover  reduced  the  evaporating  efficien- 
cy of  the  wet  site  and  slightly  increased  evapora- 
tion efficiency  of  the  dry  site.  Simple  linear  regres- 
sion models  based  on  Penman's  open  water  evapo- 
ration formula  were  found  to  predict  evapotran- 
spiration accurately  at  each  site  under  all  surface 
cover  conditions.  However,  model  coefficients  for 
the  two  sites  differed  substantially.  Dividing  the 
dataset  into  non-vegetated  and  vegetated  periods 
improved  the  model  performance  only  marginally. 
(Fleishman-PTT) 
W9 1-04051 


MAPPING  EVAPOTRANSPIRATION  USING 
THE  ENERGY-BUDGET  METHOD  WITH  RE- 
MOTELY SENSED  DATA. 

Geological  Survey,  Phoenix,  AZ.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04231 


ESTIMATION  OF  RESERVOIR  SURFACE 
AREAS  USING  SATELLITE  IMAGERY,  UPPER 
GUNNISON  RIVER  BASIN,  COLORADO. 

Bureau  of  Reclamation,  Denver,  CO. 
D.  W.  Eckhardt,  and  D.  W.  Litke. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  691-702,  3  fig,  4  tab,  6  ref. 

Descriptors:  'Evaporation,  *Gunnison  River 
Basin,  'Mapping,  *Reservoirs,  'Satellite  technolo- 
gy, 'Surface  water  data,  'Water  use  data,  Aerial 
photography,  Colorado,  Data  acquisition,  Data  in- 
terpretation, Digital  map  data,  Evapotranspiration, 
Landsat  images,  Maps,  Water  loss,  Water  re- 
sources data. 

Accurate  surface  area  data  for  reservoirs  are 
needed  to  estimate  evaporative  water  losses.  Sur- 
face areas  of  reservoirs  in  the  Upper  Gunnison 
River  basin  in  south  central  Colorado  were  esti- 
mated by  using  20  meter  resolution  SPOT  (Sys- 
teme  Probatoire  d'Observation  de  la  Terre)  HRV 
(High  Resolution  Visible)  and  57  meter  resolution 
Landsat  5  MSS  (Multispectral  Scanner)  digital 
image  data.  Image  maps  of  surface  area  were  gen- 
erated from  both  image  data  sets  by  using  a  sub- 
pixel  water  proportion  estimating.  Reservoir  sur- 
face area  data  from  area/elevation  tables  were  used 
for  technique  calibration.  Several  hundred  water 
bodies  were  identified  within  the  study  area,  of 
which  37  were  identified  as  reservoirs.  Reservoir 
surface  areas  ranged  from  0.2  to  3,578  hectares, 
and  the  cumulative  surface  area  was  6,129  hec- 
tares. Estimated  reservoir  surface  areas  at  15  sites 
agreed  with  reported  surface  areas  within  7.0%.  A 
gross  annual  evaporative  rate  of  84  to  108  centime- 
ters (dependent  on  reservoir  location)  was  applied 
to  each  surface  area  to  calculate  gross  evaporative 


loss.  Total  gross  evaporative  loss  from  reservoirs 
in  the  basin  was  estimated  to  be  57,490,000  cu  m. 
(See  also  W91-04161)  (Author's  abstract) 
W9 1-04234 


METHODS  TO  CONVERT  AMERICAN  CLASS 
A-PAN  AND  SYMON'S  TANK  EVAPORATION 
TO  THAT  OF  A  REPRESENTATIVE  ENVI- 
RONMENT. 

Hydrological     Research    Inst.,    Pretoria    (South 

Africa). 

H.  H.  Bosman. 

Water  SA  WASADV,  Vol.  16,  No.  4,  p  227-236, 

October  1990.  5  fig,  7  tab,  23  ref. 

Descriptors:  *Analytical  methods,  *Data  interpre- 
tation, *Evaporation,  *Evaporimeters,  'Pan  evap- 
oration, *Semiarid  climates,  Evaporation  pans, 
Evaporation  rate,  Regression  analysis,  Roodeplaat 
Dam,  South  Africa. 

Methods  were  introduced  to  correct  for  significant 
evaporation  differences  which  resulted  from  non- 
representative  environmental  evaporimeter  instal- 
lation practices.  The  investigation  of  different  in- 
stallation practices  was  applied  to  American  Class 
A-pan  and  Symon's  tanks  at  Roodeplaat  Dam,  a 
semi-arid  region  which  represents  the  climate  of  a 
large  part  of  South  Africa.  Statistically  significant 
differences  in  evaporation  were  introduced  by  non- 
standard environmental  installation  practices. 
Linear  regression  conversion  formulae  were  used 
to  correct  the  evaporation  rates  of  the  different 
evaporimeters  to  comply  with  that  of  a  representa- 
tive environment.  The  differences  in  evaporation 
between  stations  in  close  proximity  were  nonexist- 
ent after  monthly  evaporation  data  were  corrected 
using  the  conversion  formulae.  Recommendations 
for  maintaining  a  representative  environment 
around  the  evaporation  station  included  maintain- 
ing the  a  similar  cover  to  the  natural  cover 
common  to  the  area,  cutting  grass  and  weeds  to 
keep  them  below  the  level  of  the  pan  rim,  and 
avoiding  placement  of  the  evaporimeter  on  a  con- 
crete slab,  asphalt,  or  layer  of  crushed  rock. 
(MacKeen-PTT) 
W91-04314 


MONITORING  MOISTURE  STORAGE  IN 
TREES  USING  TIME  DOMAIN  REFLECTOM- 
ETRY. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  21. 
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ESTIMATION  OF  TRANSPIRATION  BY 
SINGLE  TREES:  COMPARISON  OF  A  VENTI- 
LATED CHAMBER,  LEAF  ENERGY  BUDGETS 
AND  A  COMBINATION  EQUATION. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Clayton  (Australia).  Div.  of  Forestry 

and  Forest  Products. 

R.  Leuning,  and  I.  J.  Foster. 

Agricultural  and  Forest  Meteorology  AFMEEB, 

Vol.  51,  No.  1,  p  63-86,  June  01,  1990.  11  fig,  1  tab, 

26  ref. 

Descriptors:  *Forestry,  'Leaves,  'Transpiration, 
•Water  use,  Energy,  Estimating  equations,  Euca- 
lyptus trees,  Forest  hydrology,  Forest  manage- 
ment, Forest  watersheds,  Vegetation  effects,  Wa- 
tershed management. 

Selection  of  vegetation  type  for  differing  rates  of 
water  use  provides  a  potentially  powerful  tool  in 
catchment  management.  The  validity  of  transpira- 
tion rates  measured  by  ventilated  chambers  (VCs) 
was  assessed  using  two  techniques  which  could  be 
applied  both  with  and  without  the  VC  in  place. 
The  Penman-Monteith  (P-M)  equation,  applied  to 
single  leaves  of  the  Eucalyptus  species,  provided 
one  set  of  transpiration  estimates  for  both  VC 
positions.  A  second  set  was  obtained  using  a  leaf 
energy  budget  method  which  utilized  paired 
leaves,  one  of  which  was  prevented  from  transpir- 
ing, while  the  other  behaved  normally.  Tempera- 
ture differences  between  the  two  leaves  and 
boundary  layer  conductances  measured  in  situ 
were    used    to    estimate    transpiration    rates    for 
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Group  2D — Evaporation  and  Transpiration 


normal  leaves  through  solution  of  leaf  energy 
budget  equations.  Transpiration  rates  within  the 
VC  were  reduced  by  up  to  30%  around  midday 
relative  to  undisturbed  conditions,  according  to 
estimates  using  the  P-M  equation.  Enhanced  tran- 
spiration during  late  afternoon  was  also  predicted. 
Diminished  transpiration  rates  within  the  VC  were 
caused  by  a  marked  reduction  in  available  energy 
when  the  VC  walls  were  raised.  Leaf  energy 
budget  measurements  on  9-12  paired  leaves  did  not 
confirm  predictions  from  the  P-M  equation  that 
transpiration  rates  within  the  VC  were  lower  than 
under  natural  conditions.  Midday  transpiration 
measurements  from  leaf  energy  budgets  were  25% 
higher  than  P-M  predictions  when  the  VC  was  in 
position  and  25%  lower  when  it  was  down,  thus 
suggesting  little  change  in  transpiration  rates  with 
VC  position.  Small  differences  in  transpiration 
rates  between  trees  cannot  readily  be  resolved  by 
any  of  the  estimation  techniques  used  because  of 
inherent  uncertainties  in  each  method.  (Author's 
abstract) 
W9 1-04484 


BELLANI  EVAPORATION  VARIATION  IN 
HILL-LAND  PASTURE. 

Agricultural  Research  Service,  Beckley,  WV.  Ap- 
palachian Soil  and  Water  Conservation  Research 
Lab. 

C.  M.  Feldhake,  and  D.  G.  Boyer. 
Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  51,  No.  3/4,  p  211-222,  July  1990.  6  fig,  1  tab, 
26  ref. 

Descriptors:  *Agricultural  hydrology,  •Evapora- 
tion, *Evaporimeters,  'Microclimatology,  'Pas- 
ture management,  'Soil-water-plant  relationships, 
Appalachian  Region,  Available  water,  Evapora- 
tion rate,  Pastures,  Physiographic  effects,  Soil 
moisture,  Solar  radiation,  Water  stress,  Wind. 

In  the  Appalachian  region,  pasture  production  is 
frequently  limited  by  water  availability,  a  parame- 
ter strongly  influenced  by  microclimate  variability. 
A  study  was  conducted  to  determine  the  magni- 
tude of  potential  evaporation  variability  across  a 
hilly  pasture  on  a  seasonal  basis.  A  steep  pasture 
watershed  was  instrumented  at  32  sites  with  a 
black  and  white  Bellani  plate  evaporimeters.  Evap- 
oration was  measured  during  the  summers  of  1985, 
1986,  and  1987.  Average  potential  evaporation, 
assessed  by  readings  from  black  plate  evapori- 
meters, ranged  from  4.5  to  6.1  mm/day  (36%) 
averaged  over  the  frost-free  period,  June-Septem- 
ber. Over  the  same  period  and  across  the  same 
area,  solar  radiation  was  estimated  to  vary  from 
11.9  to  16.9  MJ/sq  m  (34%),  and  wind  from  50  to 
131  km/day  (164%).  The  data  predict  a  substantial 
spatial  difference  in  forage  water  stress  owing  to 
differences  in  soil  moisture  depletion  rate.  These 
substantial  microclimate  differences  suggest  the  im- 
portance of  developing  management  practices 
suited  to  specific  sites  within  hilly  pastures.  (Au- 
thor's abstract) 
W9 1-04486 


ESTIMATING  EVAPORATION  FROM  PAS- 
TURE USING  INFRARED  THERMOMETRY: 
EVALUATION  OF  A  ONE-LAYER  RESIST- 
ANCE MODEL. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Canberra  (Australia).  Div.  of  Water 

and  Land  Resources. 

J.  D.  Kalma,  and  D.  L.  B.  Jupp. 

Agricultural  and  Forest  Meteorology  AFMEEB, 

Vol.  51,  No.  3/4,  p  223-246,  July  1990.  9  fig,  1  tab, 

32  ref. 

Descriptors:  'Agricultural  hydrology,  'Evapora- 
tion, 'Model  studies,  'Radiometry,  'Soil-water- 
plant  relationships,  Air  temperature,  Australia, 
Canopy,  Estimating  equations,  Heat  balance,  Infra- 
red radiation,  Model  testing,  Pasture  management, 
Performance  evaluation,  Resistance,  Soil  tempera- 
ture, Thermometers,  Vegetation  effects. 

A  one-layer  resistance  model  was  used  with  infra- 
red thermometry  to  estimate  sensible  and  latent 
heat  flux  in  pastures  near  Goulbum,  New  South 
Wales,  Australia-  The  model  compares  reasonably 
well   with  energy  balance-Bowen  ratio  measure- 


ments. However,  the  relative  error  in  the  evapora- 
tion estimates  becomes  significant  in  very  dry  con- 
ditions and  at  low  net  radiation  values.  An  aerody- 
namic surface  temperature  may  be  computed  from 
independent  sensible  heat  flux  measurements,  air 
temperature  measurements,  and  estimates  of  aero- 
dynamic resistance.  The  differences  between  com- 
puted and  observed  surface  temperatures  show 
characteristic  diurnal  trends  and  vary  between 
days  of  measurement.  These  differences  may  be 
caused  by  errors  in  measuring  the  sensible  heat  flux 
and  the  surface  temperature  and  in  estimating  the 
aerodynamic  resistance.  The  pasture  data  obtained 
was  used  to  assess  such  uncertainties.  The  major 
cause  for  differences  between  the  computed  and 
observed  surface  temperatures  was  found  to  be  the 
incompleteness  of  the  vegetative  cover  during 
each  of  the  experimental  periods.  The  measured 
surface  temperature  values  apply  to  both  the  vege- 
tation and  the  soil  surface,  whereas  the  observed 
aerodynamic  values  are  based  on  a  model  which 
assumes  complete  cover  and  only  considers  foliage 
temperature.  Finally,  a  one-dimensional,  two-layer 
model  was  used  to  show  that  the  relationship  be- 
tween the  measured  infrared  surface  temperature 
and  the  canopy  air  temperature  depends  on  the 
aerodynamic  resistances,  the  fractional  vegetated 
area  and  the  temperature  differences  between  foli- 
age, canopy  air,  and  soil  surface.  (Author's  ab- 
stract) 
W9 1-04487 


STOMATAL  RESISTANCE  MODEL  ILLUS- 
TRATING PLANT  VS.  EXTERNAL  CONTROL 
OF  TRANSPIRATION. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Meteorology. 
B.  H.  Lynn,  and  T.  N.  Carlson. 
Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  52,  No.  1/2,  p  5-43,  August  1990.  16  fig,  5  tab, 
87  ref,  append.  National  Aeronautics  and  Space 
Administration  grant  NAG  5-919;  United  States 
Geological  Survey  grant  no.  14-08-0001-G1490; 
United  States  Department  of  Agriculture/ Agricul- 
tural Research  Service  grant  no.  58-32U4-8-27. 

Descriptors:  'Evapotranspiration,  'Leaves, 
'Model  studies,  'Soil-water-plant  relationships, 
•Stomatal  transpiration,  Atmospheric  water. 
Boundary  layers,  Canopy,  Plant  physiology,  Re- 
sistance, Roots,  Soil  water,  Solar  radiation,  Vapor 
pressure. 

Evapotranspiration  is  highly  dependent  upon  the 
resistance  exerted  by  the  plant  on  the  flow  of 
water  from  soil  to  atmosphere.  Stomatal  resistance 
is  correlated  with  a  number  of  factors:  short-term 
changes  in  leaf  water  potential,  significant  drying 
of  the  soil,  vapor  pressure  deficit,  solar  flux,  leaf 
temperature,  and  ambient  carbon  dioxide.  It  has 
also  been  proposed  that  there  is  an  additional  de- 
pendence of  stomatal  resistance  on  soil  water  po- 
tential, caused  by  the  transport  of  cytokinins  from 
the  root  in  response  to  soil  drying.  In  order  to 
express  the  relationship  between  these  factors  and 
stomatal  resistance,  it  is  necessary  to  combine  them 
in  a  deterministic  manner.  A  stomatal  resistance 
model  is  proposed  that  is  specifically  designed  for 
use  within  atmospheric  boundary  layer  models. 
Stomatal  resistance  is  expressed  as  a  product  of 
linear  discontinuous  functions  of  leaf  water  poten- 
tial and  solar  flux;  vapor  pressure  deficit  is  includ- 
ed indirectly  by  allowing  for  a  gradient  of  leaf 
water  potential  between  the  surface  and  interior  of 
the  leaf.  An  important  assumption  is  that  stomatal 
resistance  increases  sharply  beyond  a  critical  value 
of  leaf  water  potential  and/or  critical  solar  flux. 
The  model  is  able  to  simulate  a  transpiration  pla- 
teau; this  plateau  may  occur  because  of  high  at- 
mospheric demand  and/or  a  limitation  in  soil 
water.  Transpiration  (and  radiometric  canopy  tem- 
perature) is  tied  not  just  to  the  supply  of  moisture 
in  the  root  zone  and  atmospheric  demand,  but  to 
constraints  imposed  by  plant  physiology  which 
affects  water  flux  through  the  plant.  (Fish-PTT) 
W9 1-04489 


IMPROVED  PROSPECTS  FOR  ESTIMATING 
INSOLATION  FOR  CALCULATING  REGION- 
AL EVAPOTRANSPIRATION  FROM  RE- 
MOTELY SENSED  DATA. 


Maryland  Univ.,  College  Park.  Dept.  of  Meteorol- 
ogy- 

R.  T.  Pinker,  and  I.  Laszlo. 

Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  52,  No.  1/2,  p  227-251,  August  1990.  9  fig,  7 
tab,  47  ref,  2  append.  National  Aeronautics  and 
Space  Administration  (NASA),  Earth  Science  and 
Applications  Division,  Land  Processes  Branch 
Grant  NAG-5-812;  NASA,  Earth  Science  and  Ap- 
plications Division,  Climate  Research  Program 
Grant  NAG-5-914. 

Descriptors:  'Climatology,  'Evapotranspiration, 
•Meteorological  data  collection,  'Remote  sensing, 
•Solar  radiation,  Albedo,  Error  analysis,  Estimat- 
ing equations,  Primary  productivity,  Satellite  tech- 
nology. 

To  understand  climate  on  various  spatial  and  tem- 
poral scales,  information  on  solar  radiation  reach- 
ing the  ground  is  required.  Insolation  is  a  key 
parameter  in  most  formulations  for  estimating  re- 
gional evapotranspiration  and/or  primary  produc- 
tivity. Many  attempts  have  been  made  to  replace 
several  parameters  in  these  formulations  with  re- 
motely sensed  data.  Insolation,  however,  has  been 
obtained  from  conventional  observations.  Satellite 
methods  for  deriving  insolation  can  be  improved 
on  the  regional  scale  beyond  what  is  achievable  on 
large  scales.  A  realistic  surface  albedo  model  has 
been  developed,  which  was  used  as  an  improved 
boundary  condition  in  an  insolation  model,  and 
also  to  specify  clear/cloudy  thresholds.  It  was 
demonstrated  that  as  a  result,  the  mean  bias  error 
(MBE)  was  reduced  by  as  much  as  50%,  to  about  6 
W/sq  m  for  a  monthly  mean.  Such  improvements 
and  accuracies  show  that  it  is  possible  to  improve 
the  performance  of  an  insolation  model  by  select- 
ing the  best  local  climatology;  by  incorporating 
improved  clear/cloudy  thresholds,  based  on  local 
monthly  or  seasonal  background  brightness 
models;  and  that  the  quality  of  presently  available 
satellite  observations  plays  a  major  role  in  research 
aimed  at  extracting  climate  parameters  from  such 
observations.  (Fish-PTT) 
W9 1-04490 


DETERMINATION  OF  SOIL  WATER  EVAPO- 
RATION AND  TRANSPIRATION  FROM 
ENERGY  BALANCE  AND  STEM  FLOW  MEAS- 
UREMENTS. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Agrono- 
my. 

J.  M.  Ham,  J.  L.  Heilman,  and  R.  J.  Lascano. 
Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  52,  No.  3/4,  p  287-301,  September  1990.  6  fig, 
3  tab,  23  ref. 

Descriptors:  'Analytical  techniques,  'Energy, 
'Evapotranspiration,  'Evapotranspiration  control, 
'Hydrologic  budget,  'Land  management,  'Soil- 
water-plant  relationships,  'Stemflow,  Bowen  ratio, 
Cotton,  Cover  crops,  Cropland,  Evaporation, 
Evaporation  area,  Heat  balance,  Lysimeters,  Soil 
water  potential,  Texas,  Transpiration. 

Frequent  measurements  of  soil  water  evaporation 
(E)  and  transpiration  (T)  are  needed  to  quantify 
energy  and  water  balances  of  sparse  crops.  Field 
experiments  were  conducted  in  Lubbock,  Texas,  to 
examine  the  feasibility  of  partitioning  evapotran- 
spiration (ET)  from  a  cotton  crop  during  periods 
of  partial  cover.  The  Bowen  ratio  energy  balance 
method  and  heat  balance  stemflow  measurements 
were  used  to  make  near-instantaneous  measure- 
ments of  ET  and  T,  respectively.  Transpiration  on 
a  unit  land  area  basis  was  determined  by  normaliz- 
ing stemflow  measurements  by  leaf  area  or  plant 
density.  Soil  water  evaporation  was  computed  as 
the  difference  between  ET  and  T.  The  accuracy  of 
the  method  was  evaluated  by  comparing  calculat- 
ed values  of  E  with  measured  values  obtained  from 
soil  microlysimeters.  Measurements  over  an  8-day 
period  following  an  irrigation  indicated  that  daily 
values  of  calculated  E  were  within  0.5  mm  of 
measured  values  in  six  out  of  seven  comparisons 
when  stemflow  measurements  were  normalized  on 
a  leaf  area  basis.  On  average,  daily  calculated  E 
was  within  11%  of  measured  values.  Calculated 
and  measured  cumulative  E  agreed  to  within  0.6 
mm  at  the  end  of  the  evaluation  period.  Computing 


T  by  normalizing  stemflow  on  a  plant  density  basis 
resulted  in  overestimates  of  T  and  underestimates 
of  E.  Error  analysis  indicates  that  the  precision  of 
the  E  estimate  decreases  rapidly  as  evaporation 
becomes  a  smaller  fraction  of  ET,  and  is  influenced 
equally  by  the  resolution  of  the  stemflow  and  leaf 
area  measurements.  This  study  demonstrates  that 
high  frequency,  independent  measurements  of  soil 
and  canopy  evaporation  can  be  obtained  by  meas- 
urement of  ET  and  stemflow.  (Author's  abstract) 
W9 1-04496 

EVAPOTRANSPIRATION  AND  YIELD  OF  IR- 
RIGATED CHICKPEA. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Patancheru  (India). 
P.  Singh,  and  S.  M.  Virmani. 
Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  52,  No.  3/4,  p  333-345,  September  1990.  4  fig, 
6  tab,  18  ref. 

Descriptors:  *Crop  yield,  *Evapotranspiration, 
♦Legumes,  *Plant  growth,  'Plant-water  relation- 
ships, *Water  management,  *Water  stress,  Irriga- 
tion, Model  studies,  Prediction,  Regression  analy- 
sis, Seeds,  Vapor  pressure. 

Field  experiments  were  conducted  during  the  1986 
and  1987  post-rainy  seasons  to  relate  total  above- 
ground  dry  matter  (TDM)  and  seed  yields  of 
chickpea  (Cicer  arietinum  L.)  with  evapotranspira- 
tion  (ET).  The  crop  was  subjected  to  various  de- 
grees of  water  stress  by  applying  gradient  irriga- 
tions during  three  growth  phases:  emergence  to 
50%  flowering;  50%  flowering  to  50%  beginning 
pod-fill;  and  50%  beginning  pod-fill  to  physiologi- 
cal maturity.  Analysis  of  the  2-year  pooled  data 
showed  that  across  seasons  both  TDM  and  seed 
yields  were  more  strongly  correlated  with  normal- 
ized ET,  defined  as  ratio  of  actual  ET  to  saturation 
vapor  pressure  deficit  of  air,  than  with  actual  ET. 
Partitioning  of  total  normalized  ET  observed 
during  the  season  into  normalized  ET  observed 
during  two  or  three  growth  phases  of  chickpea  and 
regressing  seed  yield  against  them  did  not  improve 
the  predictability  of  models.  It  was  concluded  that 
both  TDM  production  and  seed  yield  responses  of 
chickpea  to  water  management  can  be  predicted  if 
the  normalized  ET  during  the  season  is  known. 
(Author's  abstract) 
W9 1-04497 


DIURNAL  VARIATION  OF  CROP  HYDRAU- 
LIC RESISTANCE:  A  NEW  ANALYSIS. 

Hawke's  Bay  Agricultural  Research  Centre,  Hast- 
ings (New  Zealand). 
J.  B.  Reid,  and  M.  G.  Huck. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  4,  p 
827-834,  July/August   1990.  9  fig,   1   tab,  37  ref. 

Descriptors:  'Agronomy,  "Crop  production,  'Di- 
urnal variation,  *Evapotranspiration,  *Plant  water 
potential,  *  Soil- water-plant  relationships,  Clays, 
Hydrologic  equation,  Leaves,  Loam,  Moisture 
uptake,  Roots,  Soil  water  potential,  Transpiration. 

Several  explanations  have  been  advanced  to  ac- 
count for  the  apparent  diurnal  variation  in  crop 
hydraulic  resistance  calculated  from  a  simple 
Ohm's  Law  analog.  It  is  suggested  that  crop  resist- 
ance calculated  in  this  way  may  vary  because  of 
spatial  variation  in  soil  water  potential.  It  is  pro- 
posed that  whenever  transpiration  rate  is  small  and 
leaf  water  potential  is  relatively  high,  roots  extract 
water  mainly  from  those  regions  of  the  soil  profile 
where  soil  water  potential  is  also  high  (usually 
deep  in  the  profile).  As  transpiration  rate  increases 
and  leaf  water  potential  becomes  more  negative, 
roots  begin  removing  water  from  regions  of  the 
profile  where  soil  water  potential  is  more  negative. 
Hence,  the  length  of  roots  actually  taking  up  water 
at  a  particular  time,  and  therefore  crop  resistance, 
may  vary  diurnally.  Also,  variations  in  soil  water 
potential  and  rooting  density  often  make  the  rela- 
tion between  leaf  water  potential  and  water  uptake 
rate  unique  for  each  soil  region.  So,  even  when  all 
roots  are  taking  up  water,  leaf  water  potential  and 
the  aggregated  uptake  rate  may  be  nonlinearly 
related,  and  crop  resistance  will  vary  diurnally 
with  leaf  water  potential.  Exploratory  calculations 
of  crop  resistance  illustrated  this  theory  for  tem- 


perate crops  grown  in  three  different  soils  (a  clay, 
a  silt  loam,  and  a  sandy  loam),  with  various  combi- 
nations of  root  system  properties  and  evapotran- 
spiration  rates.  Although  soil  water  potential  was 
initially  distributed  uniformly,  heterogeneity  in 
root  distribution  soon  caused  spatial  variation  in 
soil  water  potential,  and  crop  resistance  showed 
marked  diurnal  variations.  Variation  in  crop  resist- 
ance increased  with  the  predicted  variation  in  soil 
water  potential.  (Author's  abstract) 
W9 1-04503 


GEOHYDROLOGY,  WATER  QUALITY,  AND 
WATER  BUDGETS  OF  GOLDEN  GATE  PARK 
AND  THE  LAKE  MERCED  AREA  IN  THE 
WESTERN  PART  OF  SAN  FRANCISCO,  CALI- 
FORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
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INNER  REGION  HUMIDITY  CHARACTERIS- 
TICS OF  THE  NEUTRAL  BOUNDARY  LAYER 
OVER  PRAIRIE  TERRAIN. 

Cornell  Univ.,  Ithaca,  NY. 
W.  Brutsaert,  M.  Sugita,  and  L.  J.  Fritschen. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  2931-2936,  December  1990.  6  fig,  3  tab, 
11  ref.  NSF  Grant  ATM-8619193. 

Descriptors:  'Atmospheric  physics,  'Boundary 
layers,  'Climatology,  'Humidity,  'Kansas,  'Prai- 
ries, Climates,  Evaporation,  Radiosondes,  Remote 
sensing,  Satellite  technology,  Water  vapor. 

Radiosonde  observations  were  carried  out  over 
prairie  terrain  in  the  Flint  Hills  region  of  eastern 
Kansas  during  the  First  International  Satellite 
Land  Surface  Climatology  Project  Field  Experi- 
ment experiments  in  1987.  Analysis  of  13  specific 
humidity  profiles  measured  under  neutral  condi- 
tions revealed  that  they  can  be  described  by  a 
logarithmic  dependency  on  (z-d-o),  where  z  is  the 
height  above  the  zero-plane  reference  at  330  m 
above  sea  level  and  d-o  =  26.9  m  the  assumed 
displacement  height.  With  a  roughness  height  z-o 
=  1.05  m,  this  logarithmic  layer  was  found  to 
occupy  the  range  52  (=/-28)  <=  (z-d-o)/z-o  < 
—  104  (_|_/-37),  which  is  consistent  with  previous 
experiment  results.  Good  agreement  was  obtained 
(r  =  0.87)  between  the  evaporation  values  derived 
from  the  radiosonde  profiles  and  mean  values  de- 
termined independently  at  six  ground  stations  dis- 
tributed over  the  15  x  15  km  experimental  region. 
On  the  basis  of  only  one  profile  the  scalar  rough- 
ness for  water  vapor  z-ov  was  found  to  be  3  to  5 
orders  of  magnitude  smaller  than  z-o.  (Author's 
abstract) 
W9 1-04922 
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ment  (ASCE)  JWRMD5,  Vol.  116,  No.  6,  p  803- 
819,  November/December  1990.  4  fig,  15  ref,  2 
append. 

Descriptors:  'Kinematic  wave  theory,  'Model 
studies,  'Overland  flow,  'Rainfall-runoff  relation- 
ships, 'Watershed  management,  'Watersheds, 
Flow  depth,  Flow  rates,  Hydraulic  roughness,  Hy- 
drographs,  Spatial  distribution,  Temporal  distribu- 
tion, Wave  equations. 

The  kinematic  wave  equations  are  the  governing 
equations  for  overland  flow  and  channel  flow 
under  certain  conditions.  Upland  reaches  of  natural 
watersheds  and  small  man-made  surfaces  are  domi- 
nated by  overland-flow  processes.  The  kinematic 
wave  equations  may  be  applied  to  overland  flow 
under  most  practical  situations  encountered  in 
water  management.  A  procedure  for  calculating 
the  spatial  and  temporal  distribution  of  a  direct 
runoff  hydrograph  from  an  ungauged  watershed  is 
presented,  with  nodal  values  of  hydraulic  rough- 
ness and  slope  used  to  avoid  kinematic  shock.  This 
formulation  allows  the  simulation  of  overland  flow 
over  spatially  variable  surfaces  typical  of  natural 
watersheds.  The  procedure  is  compared  to  an  ana- 
lytic solution  for  a  simple  case  of  a  watershed 
composed  of  two  planes.  Broader  application  to 
watersheds  with  spatially  variable  parameters  is 
possible  because  of  the  flexibility  of  the  finite  ele- 
ment. The  Galerkin  formulation  of  the  finite  ele- 
ment method  is  used  to  solve  the  kinematic  wave 
equations.  The  method  of  characteristic  and  the 
finite  element  method  were  compared  on  a  two- 
plane  system  with  an  abrupt  change  in  slope.  The 
numerical  and  analytical  considerations  are  pre- 
sented to  enable  practicing  engineers  to  adopt  this 
method  for  the  calculation  of  flow  depth  and  dis- 
charge rate  in  a  distributed  manner  throughout  a 
watershed  dominated  by  overland  flow.  (Author's 
abstract) 
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DENLTRIFICATION  AND  PHOTOSYNTHESIS 
IN  STREAM  SEDIMENT  STUDIED  WITH  MI- 
CROSENSOR  AND  WHOLE-CORE  TECH- 
NIQUES. 

Aarhus  Univ.  (Denmark).   Inst,  of  Ecology  and 

Genetics. 

For  primary  bibliographic  entry  see  Field  2H. 
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MODELLING  THE  CONSUMPTION  OF  DIS- 
SOLVED CONTAMINANTS  BY  BIOFILM  PER- 
IPHYTON  IN  OPEN-CHANNEL  FLOW. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
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REGIONAL  SURFACE  FLUXES  FROM  RE- 
MOTELY SENSED  SKIN  TEMPERATURE 
AND  LOWER  BOUNDARY  LAYER  MEASURE- 
MENTS. 

Cornell  Univ.,  Ithaca,  NY.  School  of  Civil  and 

Environmental  Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 
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DIGITAL  ELEVATION  MODELS  AND  THEIR 
APPLICATION  TO  REMOTE  SENSING  OF 
WATER  RESOURCES. 

Aston    Univ.,    Birmingham    (England).    Remote 

Sensing  Unit. 

For  primary  bibliographic  entry  see  Field  7C. 
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FINITE  ELEMENT  WATERSHED  MODELING: 
ONE-DIMENSIONAL  ELEMENTS. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Agri- 
cultural Engineering. 

B.  E.  Vieux,  V.  F.  Bralts,  L.  J.  Segerlind,  and  R. 
B.  Wallace. 
Journal  of  Water  Resources  Planning  and  Manage- 


PREDICTION  OF  THE  TEMPERATURE  DE- 
PENDENCE OF  ELECTRICAL  CONDUCT- 
ANCE FOR  RIVER  WATERS. 

Freshwater  Biological  Association,  Wareham 
(England).  River  Lab. 

For  primary  bibliographic  entry  see  Field  7B. 
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ROLE  OF  HYPSOMETRY  AND  PLANFORM 
IN  BASIN  HYDROLOGIC  RESPONSE. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 
A.  D.  Howard. 

Hydrological  Processes  HYPRE3,  Vol.  4,  No.  4,  p 
373-385,  October/December  1990.  3  fig,  1  tab,  66 
ref. 

Descriptors:  'Drainage  patterns,  'Flood  hydro- 
graphs,  'Flood  routing,  'Geomorphology,  'Rain- 
fall-runoff relationships,  'Routing,  'Simulation 
analysis,  Flood  peak,  Hydrologic  models. 

The  effects  of  variations  of  drainage  basin  mor- 
phometry and  relief  characteristics  on  flood  peak 
magnitude  and  time-to-peak  were  investigated 
using  simulated  stream  networks.  The  networks 
are  produced  by  three  models:  headward  growth, 
systematic   capture,   and   minimum   power   relax- 
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ation.  Translational  and  kinematic  wave  flood 
routing  were  used  to  generate  synthetic  hydro- 
graphs.  Peak  discharge  and  time-to-peak  are  pre- 
dictable to  a  high  degree  by  five  different  sets  of 
morphometric-relief  parameters.  In  order  of  de- 
creasing order  of  importance  in  predictive  ability 
the  parameters  characterize  basin  size,  relative 
relief,  basin  concavity,  and  basin  shape.  Both  simu- 
lated and  natural  stream  networks  exhibit  strong 
dependence  of  planimetric  morphometry  upon 
basin  concavity.  The  effect  of  this  dependency  is  to 
increase  the  effect  of  basin  concavity  upon  flood 
hydrographs.  (Author's  abstract) 
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HOLOCENE  HISTORY  OF  THE  EL  NINO 
PHENOMENON  AS  RECORDED  IN  FLOOD 
SEDIMENTS  OF  NORTHERN  COASTAL 
PERU. 

California  Univ.,  Berkeley.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2B. 
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ASSESSMENT  OF  RUNOFF  AND  SUSPENDED 
SEDIMENT  YIELD  IN  A  PARTIALLY  FOR- 
ESTED CATCHMENT  IN  SOUTHERN  CHILE. 

Universidad  Austral  de  Chile,  Valdivia.  Inst,  de 

Manajo  Forestal. 

For  primary  bibliographic  entry  see  Field  4C. 
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ANALYTICALLY  DERIVED  RUNOFF 

MODELS  BASED  ON  RAINFALL  POINT 
PROCESSES. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

M.  F.  P.  Bierkens,  and  C.  E.  Puente. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  11,  p  2653-2659,  November  1990.  4  fig,  1  tab, 

19  ref,  append.  California  Water  Resources  Center 

grant  W-731. 

Descriptors:  *Hydrologic  models,  'Mathematical 
models,  'Model  studies,  *Rainfall-runoff  relation- 
ships, 'Stochastic  models,  Computer  programs, 
Data  interpretation,  Flood  rating,  Mathematical 
analysis,  Rainfall,  Runoff,  Stochastic  hydrology, 
Surface  runoff,  Theoretical  analysis. 

Several  models  that  try  to  describe  hydrologic 
processes  typically  depend  heavily  on  the  scale  of 
temporal  and  spatial  aggregation  of  the  available 
hydrologic  data.  A  simple  and  realistic  rainfall- 
runoff  model  was  developed  whose  consistency, 
when  used  at  different  aggregation  lengths,  could 
be  readily  tested.  Four  stochastic  and  lumped  in 
space  rainfall-runoff  models  were  used,  created  by 
combining  two  stochastic  rainfall  models  with  two 
conceptualizations  of  a  basin's  response.  Rainfall 
was  given  by  rectangular  pulses  whose  arrivals 
were  described  by  Poisson  and  Neyman-Scott 
models.  Runoff  was  obtained  routing  such  pulses 
via  two  alternative  conceptualizations,  both  based 
on  simple  linear  reservoirs.  General  expressions  for 
the  first-order  and  second-order  moments  were 
given  for  both  the  instantaneous  and  locally  aver- 
aged processes.  The  mathematical  structure  of  the 
alternative  parameterizations  was  illustrated  via 
computer  simulations.  Efforts  to  link  to  the  rainfall 
models  more  complex  runoff  parameterizations, 
such  as  the  Nash  cascade,  failed  due  to  the  pres- 
ence of  incomplete  gamma  functions,  which  then 
had  to  be  integrated  at  least  twice.  The  same 
problem  arose  when  the  infiltration  rate  or  the  rate 
of  initial  losses  was  taken  to  be  exponential  func- 
tions instead  of  constants.  Even  though  the  path  of 
computations  was  well  defined,  these  results  illus- 
trated the  paradigm  that  complexity  may  indeed  be 
obtained  from  simple  rules,  and  changing  the 
model  structure  slightly  requires  basically  starting 
the  calculations  all  over.  (Mertz-PTT) 
W91-04120 


No.  11,  p  2769-2775,  November  1990.  5  fig,  5  ref. 

Descriptors:  'Kinematic  wave  theory,  'Routing, 
•Stream  banks,  'Surface-groundwater  relation- 
ships, Channel  flow,  Flood  routing,  Flooding, 
Groundwater,  Mathematical  equations,  Mathemat- 
ical studies,  Seepage,  Streamflow. 

Hydrologist  have  known  for  many  years  that  the 
seepage  of  water  through  river  banks  can,  under 
some  conditions,  significantly  modify  flood  hydro- 
graphs.  However,  quantitative  analyses  of  this 
problem  have  not  been  numerous  because  of  the 
difficulty  in  obtaining  the  simultaneous  solution  of 
both  open  channel  and  groundwater  flow  equa- 
tions. A  perturbation  procedure  was  used  to  calcu- 
late an  approximate  flood-routing  solution  for  the 
coupled  groundwater  and  open  channel  flow  equa- 
tions. Seepage  is  initially  neglected  to  calculate  the 
solution  of  the  linearized  kinematic  wave  equa- 
tions. The  kinematic  wave  solution  is  then  used  to 
obtain  a  solution  for  the  groundwater  problem,  and 
this  groundwater  solution  was  used  to  obtain  a 
second-order  solution  for  the  flood-routing  prob- 
lem. The  solution  had  a  relatively  simple  form  that 
was  easily  applied.  An  example  suggested  that 
changes  created  in  the  downstream  hydrograph  by 
bank  storage  could  be  of  the  same  order  as  changes 
created  by  retaining  all  terms  in  the  open  channel 
flow  equations  and  routing  the  flood  down  the 
channel  with  zero  bank  storage.  (Mertz-PTT) 
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INSTREAM  FLOW  ANALYSIS  AND  MONI- 
TORING PROCEDURE  FOR  LITTLE  RIVER 
IN  EASTERN  TENNESSEE. 

Geological  Survey,  Memphis,  TN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  6D 
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APPROXIMATION    FOR   THE   BANK   STOR- 
AGE EFFECT. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Civil  Engineering. 

B  Hunt. 

Water  Resources  Research  WRERAQ,  Vol.  26, 


DROUGHT  DURATION  AND  FREQUENCY  IN 
THE  NORTH-CENTRAL  GREAT  BASIN,  1600- 
1982,  AND  IMPLICATIONS  FOR  WATER 
SUPPLY. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 
W.  D.  Nichols. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  479-485,  6  fig,  1  tab,  8  ref. 

Descriptors:  'Drought,  'Drought  effects,  'Water 
resources  management,  'Water  supply,  'Water  use 
data,  Dendrochronology,  History,  Water  conser- 
vation, Water  deficit. 

Drought  duration  and  frequency  are  important  fac- 
tors in  the  design  and  operation  of  surface  water 
supply  systems.  Under-designed  systems  may  lead 
to  water  shortages  and  disruptive  water  conserva- 
tion measures.  Over-designed  facilities  lead  to  un- 
necessary    construction     costs.     Fifty     years     of 
drought  history  in  the  north-central  Great  Basin, 
based  on  the  July  Palmer  Drought  Severity  Index 
(JPDSI)  indicate  that  droughts  had  a  mean  dura- 
tion of  about  two  years  and  a  mean  frequency  of 
about  three  years.  Of  the   19  drought  years  that 
occurred  from  1932-1981,  4  occurred  during  2  year 
droughts,  4  occurred  during  one  4  year  drought, 
and   5   occurred   during   a   5    year   drought;   this 
accounts   for    13   of  the    19   years.   The   drought 
recurrence   interval   is  complicated   by  a  9   year 
period  from  1941  to  1949  during  which  no  drought 
occurred.  The  question  arises  as  to  whether  50 
years  of  record  are  sufficient  to  define  satisfactory 
drought  duration  and  frequency  statistics.  A  recon- 
structed drought  history  for  the  same  area,  based 
on  JPDSI  derived  from  a  383  year  tree-ring  chro- 
nology, provides  a  longer  time  series  to  examine 
drought  duration  and  frequency.  The  calculated 
JPDSI  indicated  that  100  drought  years  have  oc- 
curred between  1601  and  1982.  Of  these,  32  were  1 
year  droughts  and  32  occurred  as  2  year  droughts. 
The  calculated  mean  duration  of  drought  is  about  2 
years.    The   mean    interval    between   droughts   is 
about  5  years,  but  there  were  non-drought  periods 
of  16,  18,  and  24  years.  Given  specific  applications, 
the    statistics    derived    from    the    reconstructed 
drought  record  can  assist  in  the  development  of 


deigns  and  operating  criteria  for  water  supply  sys- 
tems. The  longer  time  series  provided  by  the  re- 
constructed drought  record  may  provide  addition- 
al confidence  in  the  derived  statistics.  (See  also 
W91-04161)  (Author's  abstract) 
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USE  OF  BASE-FLOW  DATA  TO  MANAGE 
WATER  USE  DURING  A  DROUGHT. 

Geological  Survey,  Oklahoma  City,  OK.   Water 
Resources  Div. 
R.  L.  Hanson. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  487-498,  8  fig,  1  tab,  8  ref. 

Descriptors:  'Base  flow,  'Drought  effects,  'Water 
resources  management,  'Water  use,  'Water  use 
data,  Blue  River,  Case  studies,  Drought,  Oklaho- 
ma, Seasonal  variation,  Water  demand,  Water 
supply. 

Droughts  are  generally  slow  in  developing,  fre- 
quently occur  for  a  long  time,  and  can  affect  a 
large  area.  When  regional  water  supplies  decrease 
to  less  than  the  long-term  average,  a  potential 
hydrologic  drought  may  exist.  The  severity  of  a 
hydrologic  drought  is  not  always  apparent  until 
the  depleted  water  supplies  fail  to  meet  the  water 
use  requirements  for  the  region.  A  study  used  the 
seasonal  base  flow  characteristics  of  the  Blue 
River,  a  203  sq  mi  unregulated  water  shed  in 
south-central  Oklahoma,  to  illustrate  how  stream- 
flow  availability  can  be  evaluated  during  a  hydro- 
logic  drought.  Base  flow  is  selected  from  historic 
streamflow  hydrographs  and  is  used  to  define  the 
frequency  of  occurrence  of  base  flow  for  each 
month  during  January  through  September.  Base 
flow  recession  curves  are  defined  for  this  9  month 
period  and  are  used  to  project  assured  base  flow 
from  the  winter  season  through  the  subsequent 
spring  and  summer  months.  The  magnitude  of 
monthly  increases  in  base  flow  is  also  evaluated  to 
describe  the  probability  that  the  projected  assured 
base  flow  will  be  exceeded.  These  base  flow  rela- 
tions can  be  used  by  water  managers  to  make 
projections  of  streamflow  availability  when  a  pro- 
longed hydrologic  drought  is  anticipated  or  is  oc- 
curring. (See  also  W91-04161)  (Author's  abstract) 
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WATER    CONSERVATION    FOR    DROUGHT 
MANAGEMENT. 

Agricultural    Research    Service,    Phoenix,    AZ. 

Water  Conservation  Lab. 
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CLIMATE  CHANGE  AND  CHANGES  IN  CALI- 
FORNIA SNOWMELT-RUNOFF  PATTERNS. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. Div.  of  Flood  Management. 
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GROUND  WATER,  GEOMORPHIC  PROCESS- 
ES, AND  RIPARLAN  VALUES:  SAN  PEDRO 
RD7ER,  ARTZONA. 

Bureau  of  Land  Management,  Phoenix,  AZ.  Arizo- 
na State  Office. 

For  primary  bibliographic  entry  see  Field  6G. 
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ANALYSIS  OF  OBJECTIVE  FUNCTIONS 
USED  IN  URBAN  RUNOFF  MODELS. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 
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ment. Proceedings  of  a  Symposium.  American 
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•Urban    hydrology,    'Urban    runoff,    'Water   use 


WATER  CYCLE— Field  2 


data,  Flood  peak,  Flow  profiles,  Hydrographs,  Hy- 
drologic  models,  Rainfall-runoff  relationships. 

An  index  of  agreement  between  observed  and  cal- 
culated hydrographs  is  needed  in  order  to  estimate 
the  parameters  of  urban  rainfall-runoff  models. 
This  index  is  usually  called  the  objective  function. 
The  selection  of  objective  functions,  to  a  certain 
extent,  depends  on  the  problem.  For  example,  for 
the  design  of  detention  storage  facilities,  the  objec- 
tive function  must  emphasize  the  total  runoff 
volume  under  the  hydrograph.  For  the  problem  of 
sizing  drainage  system  pipes,  it  is  better  to  define 
an  objective  function  which  emphasizes  the  peak 
flows  and  the  shape  of  design  hydrographs.  The 
objective  functions  used  in  parameter  estimation  in 
urban  runoff  models  are  determined  by  using  the 
urban  runoff  model  ILLUDAS.  Two  sets  of  objec- 
tive mathematical  functions  are  used  along  with 
rainfall  runoff  data  from  urban  watersheds  in  the 
United  States.  The  results  indicate  that  the  last 
squares  criterion  is  the  best  among  those  studied. 
(See  also  W91-04161)  (Author's  abstract) 
W9 1-04239 


NEW  NUMERICAL/PHYSICAL  FRAMEWORK 
FOR  MOBILE-BED  MODELLING,  PART  I: 
NUMERICAL  AND  PHYSICAL  PRINCIPLES. 

Iowa  Univ.,  Iowa  City. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-04303 


URBAN  STORM-INDUCED  DISCHARGE  IM- 
PACTS: US  ENVIRONMENTAL  PROTECTION 
AGENCY  RESEARCH  PROGRAM  REVIEW. 

Environmental   Protection   Agency,   Edison,   NJ. 
Storm  and  Combined  Sewer  Technology  Branch. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04322 


COMBINED  LONG-TERM  SIMULATION  OF 
RUNOFF  FROM  URBAN  AND  RURAL  AREAS. 

Addis  Ababa  Univ.  (Ethiopia).  Faculty  of  Tech- 
nology. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04333 


COINCIDENT  PROBABILITY  OF  GIVEN 
STORM  WATER  DISCHARGES  IN  URBAN 
SEWER  SYSTEMS  AND  RECEIVING  WATERS. 

Kaiserslautern  Univ.  (Germany,  F.R.).  Fachgebiet 

Wasserbau  und  Wasserwirtschaft. 

J.  Sartor. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  267-270,  1990.  4  fig,  4  ref. 

Descriptors:  'Flow  characteristics,  'Model  stud- 
ies, 'Pollution  load,  'Runoff  forecasting,  *Sewer 
systems,  *Storm  runoff,  *Storm  water,  'Urban  hy- 
drology, 'Urban  runoff,  Combined  sewer  over- 
flows, Flood  peak,  Flow  discharge,  Hydrographs, 
Hydrologic  models,  Probability  distribution,  Simu- 
lation analysis,  Soil  water,  Water  pollution  effects, 
Water  quality,  Water  stress. 

In  the  field  of  pollution  load  modeling  the  knowl- 
edge of  how  active  rain  overflows  from  urban 
sewer  systems  coincide  with  peak  discharges  in 
receiving  waters  is  essential.  Often  questions  are 
raised  concerning  the  probability  of  the  simultane- 
ous occurrence  of  given  discharges  in  sewers  and 
rivers,  because  both  hydrographs  have  to  be  super- 
imposed to  determine  qualitative  and  quantitative 
effects  upon  the  receiving  water.  These  might  con- 
sist of  hydraulic  problems  and  stresses  by  pollution 
loads.  Also,  the  design  of  corrective  measures, 
such  as  overflow  structures  and  retention  facilities, 
must  consider  the  coincident  probability  of  both 
flood  events.  The  relative  period-of-record  simula- 
tion method  is  applicable  for  dependent  and  inde- 
pendent events,  and  allows  for  the  transfer  of  its 
relative  results  to  similar  hydrological  conditions. 
A  real  case  was  studied  using  this  procedure.  Be- 
cause of  the  lack  of  a  streamgage,  a  hydrological 
storm  runoff  model  was  adopted  for  the  entire 
system,  wherein  the  parameters  for  the  urban 
sewer  system  had  been  calibrated  by  a  dynamic 
flow  routing  model.  From  21  years  of  raingage 
records,  133  storm  events  were  selected  and  simu- 


lated with  their  real  hydrographs.  Special  emphasis 
was  placed  upon  the  antecedent  soil  moisture  con- 
ditions. The  resulting  flow  hydrographs  from  the 
receiving  stream  and  from  the  sewer  system  were 
separately  statistically  analyzed.  The  coincident 
probability  shows  good  correlation,  because  of  the 
strong  influence  of  the  drained  areas,  even  if  their 
absolute  flow  values  differ  considerably.  It  was 
concluded  that  the  watershed  characteristics  affect 
the  degree  of  dependence.  (Fish-PTT) 
W91-04354 


ANALYTICAL  REPRESENTATION  OF  CROSS- 
SECTION  HYDRAULIC  PROPERTIES. 

Agricultural     Research     Service,     Durant,     OK. 
Water  Quality  and  Watershed  Research  Lab. 
J.  Garbrecht. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 
4,  p  43-56,  November  1990.  8  fig,  3  tab,  7  ref. 

Descriptors:  'Channel  flow,  'Channel  morpholo- 
gy, 'Hydraulic  geometry,  'Hydraulic  properties, 
'Routing,  'Streamflow  forecasting,  Little  Washita 
River,  Mathematical  models,  Oklahoma,  Open- 
channel  flow. 

Hydraulic  properties  (HPs)  of  channel  cross-sec- 
tion are  required  for  numerical  channel  flow  rout- 
ing. HPs  of  interest  generally  are  cross-sectional 
area,  wetted  perimeter  (or  top  width),  and  convey- 
ance factor.  An  alternative  power  function  repre- 
sentation of  HPs  for  one-dimensional  flow  routing 
in  channels  with  compound  cross  sections  is  pro- 
posed. The  independent  variable  is  flow  depth. 
The  alternative  power  function  representation  is 
continuous  with  flow  depth  and  it  follows  the 
trend  of  suddenly  changing  HP  values  at  overbank 
elevation.  It  is  applicable  to  a  large  range  of  com- 
plex section  shapes,  which  may  include  overbank 
channels,  natural  levees,  and  minor  channel  irregu- 
larities such  as  sand  bars  and  small  terraces  where 
simple  power  functions  have  failed.  The  alternative 
power  function  representation  is  simple  and  highly 
efficient  from  the  computational  point  of  view. 
Efficiency  and  extended  capabilities  make  it  an 
attractive  procedure  for  one-dimensional  channel 
flow  routing  in  drainage  networks  where  hydraulic 
properties  of  many  cross-sections  need  repeated 
evaluation.  Its  performance  is  illustrated  for  sever- 
al actual  compound  cross-sections  (Little  Washita 
River,  Oklahoma).  (Author's  abstract) 
W91-04389 


RELATIONSHIPS  IN  REGIONAL  GROUND- 
WATER DISCHARGE  TO  STREAMS:  AN 
ANALYSIS  BY  NUMERICAL  SIMULATION. 

Alberta  Univ.,  Edmonton.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2A. 
W91-04400 


HILLSLOPE  PARAMETER  ESTIMATION 
USING  THE  INVERSE  PROCEDURE. 

Western  Australia  Univ.,  Nedlands.  Dept.  of  Civil 

Engineering. 

R.  H.  B.  Hebbert,  and  R.  E.  Smith. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  307-334,  November  1990.  16  fig,  3  tab,  18  ref. 

Descriptors:  'Australia,  'Catchment  areas,  'Hy- 
drologic properties,  'Model  studies,  'Rainfall- 
runoff  relationships,  'Runoff,  'Slopes,  'Soil  prop- 
erties, Evaporation,  HILLS  model,  Hydraulic  con- 
ductivity, Mathematical  models,  Numerical  analy- 
sis, Porosity,  Storm  runoff,  Surface-groundwater 
relations. 

The  parameter  identification  process  referred  to  as 
the  'inverse'  method  was  applied  at  the  hillslope 
scale  to  quantify  the  hydrologic  characteristics  of 
two  catchments  in  Western  Australia.  The  phys- 
ically-based numerical  model  HILLS  was  used. 
Despite  the  limitations  imposed  by  using  a  model 
that  contains  several  simplifying  assumptions,  in 
contrast  to  the  high  level  of  complexity  within  the 
soil  profile,  an  encouraging  level  of  representation 
is  achieved.  It  also  has  been  shown  that  water-level 
data  from  shallow  wells  provide  a  promising 
method  for  determination  of  the  average  or  'effec- 
tive' values  of  vertical  and  horizontal  hydraulic 
conductivity,  soil  porosity,  and  rates  of  evapora- 
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tion.  The  model  also  provides  an  estimate  of  the 
various  sources  of  stormflow,  surface,  subsurface, 
and  groundwater,  which  occurs  during  and  after  a 
rainstorm.  (Author's  abstract) 
W9 1-04405 


FINITE  ELEMENT  SIMULATION  OF  NON- 
LINEAR KINEMATIC  SURFACE  RUNOFF. 

Kentucky  Univ.,  Lexington.  Dept.  of  Civil  Engi- 
neering. 

G.  E.  Blandford,  and  M.  E.  Meadows. 
Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 
4,  p  335-356,  November  1990.  12  fig,  2  tab,  18  ref, 
append. 

Descriptors:  'Finite  element  method,  'Kinematic 
wave  theory,  'Model  studies,  'Rainfall-runoff  rela- 
tionships, 'Runoff,  'Runoff  forecasting,  'Simula- 
tion, Algorithms,  Comparison  studies,  Discretiza- 
tion, Mathematical  equations,  Mathematical 
models,  Performance  evaluation. 

Formulation  details  and  sample  simulation  results 
are  presented  for  the  microcomputer  program 
Finite  Element  Kinematic  Wave  Program 
(FEKWP).  FEKWP  uses  an  implicit  finite  element 
formulation  of  the  nonlinear  kinematic  wave  ap- 
proximation for  routing  surface  runoff.  Resistance 
to  flow  is  described  by  a  generalized  flow  resist- 
ance equation  that  includes  laminar,  turbulent,  and 
transitional  flow  representations  or  by  a  uniform 
flow  resistance  approximation.  Linear,  quadratic, 
and/or  cubic  one-dimensional  Lagrangian  finite 
elements  are  used  for  the  spatial  discretization  of 
the  kinematic  wave  approximation.  Temporal  dis- 
cretization of  the  finite  element  equations  is  based 
on  an  implicit  linear  time  interpolation  algorithm. 
The  implicit  finite  element  discretization  leads  to  a 
system  of  nonlinear  algebraic  equations.  Solution 
of  the  nonlinear  equations  is  obtained  using  an 
explicit  finite  difference  algorithm  to  predict  the 
solution  followed  by  an  iterative  strategy  to  cor- 
rect the  solution.  A  method  was  developed  to 
estimate  a  suitable  computation  time-step  size 
based  on  the  Courant  condition.  Kinematic  surface 
runoff  simulation  results  were  obtained  for  two 
problems  involving  laminar  flow  and  a  third  prob- 
lem involving  laminar,  mixed,  and  turbulent  flow. 
The  finite  element  simulations  compare  favorably 
with  observed  experimental  data  and  previously 
published  results.  (Rochester-PTT) 
W9 1-04406 


RELIABILITY  BASED  TIME  AXES  FOR 
FLOOD  DATA  PRESENTATION. 

Waikato  Univ.,  Hamilton  (New  Zealand).  Dept.  of 

Earth  Sciences. 

W.  E.  Bardsley. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  389-391,  November  1990.  1  fig,  3  ref. 

Descriptors:  'Data  collections,  'Design  criteria, 
'Flood  forecasting,  'Flood  frequency,  'New  Zea- 
land, Extreme  events,  Flood  peak,  Mathematical 
equations,  Return  period,  Waipoa  River. 

It  is  standard  for  a  major  structure  in  a  river 
environment  to  have  some  predetermined  N-year 
operational  lifetime.  It  is  well  known  that  design- 
ing against  the  N-year  return  period  flood  magni- 
tude is  not  consistent  with  a  high  reliability  for  an 
N-year  lifetime.  Specifically,  designing  against  the 
N-year  event  will  generate  a  reliability  not  exceed- 
ing R  =  0.37  (assuming  stationarity).  Apart  from 
the  obvious  practical  problem  of  extrapolation,  the 
use  of  long  return  periods  in  design  work  raises 
questions  of  both  validity  and  perception.  There  is 
no  obvious  way  to  avoid  the  problems  of  extrapo- 
lation in  designing  against  extreme  events,  but  the 
other  aspects  could  be  considerably  improved  by 
the  adoption  of  time  axes  based  on  reliability  rather 
than  return  periods.  That  is,  a  time  axis  is  con- 
structed based  on  some  specified  reliability  R. 
Reading  up  the  graph  from  N  years  on  this  axis 
will  yield  an  estimate  of  the  discharge  magnitude 
that  has  a  probability  R  of  non-exceedance  in  N 
years.  Regardless  of  the  value  or  R,  there  is  no 
necessity  to  extend  the  time  scale  beyond  the  in- 
tended operational  lifetime  of  the  structure  con- 
cerned. The  graph  employed  uses  discharge  as  the 
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Group  2E— Streamflow  and  Runoff 

vertical  axis  and  a  horizontal  base  scale  defined  as 
Y  =  ln(-ln(F(x))),  where  Y  is  an  increasing  func- 
tion U  of  F(x),  and  F(x)  is  the  distribution  function 
of  the  annual  flood  maxima.  Use  of  this  method  for 
the  Waipoa  River  near  Gisborne,  New  Zealand  is 
presented.  (Rochester-PTT) 
W9 1-04408 


DAY-TO-DAY  VARIABILITY  IN  THE  PLANK- 
TON COMMUNITY  OF  A  COASTAL  SHAL- 
LOW EMBAYMENT  IN  RESPONSE  TO 
CHANGES  IN  RIVER  RUNOFF  AND  WATER 
TURBULENCE. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Lab. 
de  Ecologia. 

For  primary  bibliographic  entry  see  Field  2L. 
W91-04412 


OPTIMIZATION  OF  INSECTICIDE  TREAT- 
MENTS IN  RIVERS:  AN  APPLICATION  OF 
GRAPH  THEORY  FOR  PLANNING  A  BLACK 
FLY  LARVAE  CONTROL  PROGRAM. 

Quebec  Univ.,  Trois-Rivieres.  Groupe  de  Recher- 
che sur  les  Insectes. 

For  primary  bibliographic  entry  see  Field  4C. 
W91-04446 


DIRECT  AND  INDIRECT  EFFECTS  OF  CON- 
SUMERS ON  BENTHIC  ALGAE  IN  ISOLATED 
POOLS  OF  AN  EPHEMERAL  STREAM. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.   Center  for   Environmental   and   Hazardous 
Material  Studies. 
P.  V.  McCormick. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  10,  p  2057-2065, 
October  1990.  7  fig,  1  tab,  38  ref. 

Descriptors:  *Algal  growth,  *Aquatic  animals, 
•Ecosystems,  'Ephemeral  streams,  'Food  chains, 
•Limiting  nutrients,  'Streams,  Biomass,  Crayfish, 
Herbivory,  Predation,  Snails,  Survival. 

Artificial  pools  were  used  to  test  for  interactions 
among  dominant  consumer  and  producer  popula- 
tions that  coexist  in  isolated  pools  of  an  ephemeral 
stream  each  summer.  Nitrogen  and/or  phosphorus 
were  supplied  to  one  set  of  pools;  herbivorous 
snails  and  crayfish  and  a  predaceous  centrarchid 
were  added  in  different  combinations  to  other 
pools.  Algal  growth  was  measured  inside  and  out- 
side wire  cages  placed  in  pools  to  exclude  herbi- 
vores and/or  predators.  Algal  biomass  and  the 
abundance  of  most  algal  species  were  increased  by 
nitrogen  enrichment.  Algal  biomass  was  also  en- 
hanced by  addition  of  consumers.  Few  differences 
in  structure  existed  between  algal  assemblages 
inside  and  outside  cages  in  any  treatment.  Under 
conditions  of  nitrogen  limitation,  moderate  levels 
of  herbivory  can  enhance  algal  growth.  Positive 
effects  are  greatest  at  the  microsite  level  and  may 
depend  on  the  ability  of  algal  species  to  resist 
digestion  by  grazers.  Predators  may  affect  the  algal 
assemblage  indirectly  by  reducing  herbivore  sur- 
vival or  activity  and  directly  by  converting  nutri- 
ents stored  in  herbivore  biomass  into  a  form  avail- 
able for  algal  growth.  Because  the  importance  of 
different  trophic  connections  may  vary  among 
ecosystems,  experimentation  must  consider  all 
those  that  are  potentially  important.  (Author's  ab- 
stract) 
W9 1-04447 


CONCEPT  OF  THE  SHALLOW  GROUND- 
WATER SYSTEM  ALONG  THE  NORTH 
PLATTE  RIVER,  SOUTH-CENTRAL  WYO- 
MING. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04463 


EFFECTS  OF  URBANIZATION  ON  PEAK 
STREAMFLOWS  IN  FOUR  CONNECTICUT 
COMMUNITIES,  1980-84. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  4C. 


W9 1 -04464 


FLOW  CHARACTERISTICS  OF  STREAMS 
THAT  DRAIN  THE  FORT  APACHE  AND  SAN 
CARLOS  INDIAN  RESERVATIONS,  EAST- 
CENTRAL  ARIZONA,  1930-86. 
Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

S.  Baldys,  and  J.  A.  Bayles. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  90-4053 
1990.  59p,  5  fig,  1  pi,  3  tab,  37  ref.  Project  No.' 

Descriptors:  'Arizona,  'Streamflow,  'Surface 
water,  'Water  resources  data,  Fort  Apache  Indian 
Reservation,  San  Carlos  Indian  Reservation,  Statis- 
tics, Water  supply. 

Streamflow  characteristics  of  the  Salt  River  and 
Gila  River  basins  in  the  Fort  Apache  and  San 
Carlos  Indian  Reservations,  were  studied  in  re- 
sponse to  pending  adjudication  of  water  resources 
in  those  basins.  Statistical  summaries  were  com- 
piled for  28  streamflow-gaging  stations  in  and  near 
the  reservation.  Mean  annual  streamflow  for  1930- 
86  was  computed  for  stations  with  complete 
records  for  the  period;  for  those  stations  with 
records  that  did  not  completely  cover  the  1930-86 
period,  record  extension  techniques  were  used. 
Mean  annual  streamflow  for  ungaged  sites  on 
streams  with  gaging  stations  was  estimated  by  in- 
terpolation between  data  points  using  drainage- 
area  ratios.  Two  regional-regression  equations 
were  derived  to  estimate  mean  annual  streamflow 
at  sites  on  ungaged  natural  streams.  The  standard 
error  of  the  regression  for  estimation  of  mean 
annual  flow  for  sites  in  the  Salt  River  basin  is  -37 
to  +59%.  The  standard  error  of  the  regression  for 
estimation  of  mean  annual  flow  for  sites  in  the  Gila 
River  basins  is  -18  to  +21%.  (USGS) 
W9 1-04469 


BASE-FLOW  INVESTIGATION  ON  THE  SAC- 
RAMENTO RIVER,  SEPTEMBER  25,  1985 
NEAR  SUNSPOT,  OTERO  COUNTY,  NEW 
MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W91-04475 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1989. 

Geological  Survey,  Bow,  NH.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9 1-04480 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1989. 

Geological    Survey,    Bismarck,    ND.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W91-04481 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1989,  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RD/ER,  NECHES 
RIVER,  TRINITY  RIVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-04482 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1989. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-04483 


EFFECTS   OF   ENVIRONMENTAL    FACTORS 
ON  JUMPING  BEHAVIOUR  OF  THE  JUVE- 


NILE AYU  PLECOGLOSSUS  ALTIVELIS 
WITH  SPECIAL  REFERENCE  TO  THEIR  UP- 
STREAM MIGRATION. 

Tokyo  Univ.  (Japan).  Ocean  Research  Inst. 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-04526 


EFFECT  OF  PARENTAL  ORIGIN  ON  JUMP- 
ING AND  SPACING  BEHAVIOURS  OF  JUVE- 
NILE    AYU      PLECOGLOSSUS      ALTIVELIS 
WITH  SPECIAL  REFERENCE  TO  THEIR  UP- 
STREAM MIGRATION. 
Tokyo  Univ.  (Japan).  Ocean  Research  Inst. 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-04527 


DO  ORGANIC  AND  ANTHROPOGENIC  ACID- 
ITY HAVE  SIMILAR  EFFECTS  ON  AQUATIC 
FAUNA. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 
School  of  Forestry. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04528 


ANNUAL  PRODUCTION  AND  PRODUCTION- 
BIOMASS  RATIOS  FOR  THREE  SPECIES  OF 
STREAM  TROUT  IN  LAKE  SUPERIOR  TRIBU- 
TARIES. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Fisheries  and 

Wildlife. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-04589 


STREAMFLOW  CHARACTERISTICS  OF 
SMALL  TRIBUTARIES  OF  ROCK  CREEK, 
MILK  RIVER  BASIN,  MONTANA,  BASE 
PERIOD  WATER  YEARS  1983-1987. 

Geological  Survey,  Helena,  MT. 
C.  Parrett,  and  J.  A.  Hull. 

Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water 
Investigations  Report  89-4206,  1990.  lOp,  1  fig,  3 
tab,  2  ref.  Prepared  in  cooperation  with  the  U.S. 
Bureau  of  Land  Management. 

Descriptors:  'Milk  River,  'Montana,  'Rock 
Creek,  'Streamflow,  Annual  runoff,  Flow  meas- 
urement, Runoff,  Tributaries. 

Five   streamflow   gaging   stations-four   on    small 
tributary  streams  and  one  on  Rock  Creek-were 
installed  in  the  Rock  Creek  basin  north  of  these 
gaging  stations  and  at  an  existing  gaging  station 
upstream  on  Rock  Creek,  from  May  1983  through 
September  1987.  On  the  basis  of  9  years  of  record 
at  the  existing  gaging  station,  annual  mean  stream- 
flow  in  the  study  area  was  substantially  less  than 
the  long-term  (1979-87)  mean  annual  streamflow 
(17  cu  ft/sec)  during  water  years  1983-85,  and  was 
greater  than  the  mean  annual  streamflow  during 
water  years  1986-87.  Annual  mean  streamflow  for 
1983-87  ranged  from  2.8  to  57  cu  ft/sec  in  the 
mainstem  and  from  zero  to  0.06  cu  ft/sec  in  the 
tributaries.  Monthly  mean  streamflow  at  the  six 
gaged  sites  ranged  from   zero  to  528  cu  ft/sec. 
Although  monthly  runoff  trends  of  the  four  tribu- 
tary streams  were  similar  to  those  of  Rock  Creek, 
monthly  mean  flows  of  the  four  tributary  streams 
were  small,  ranging  from  zero  to  5.3  cu  ft/sec. 
Daily  mean  streamflow  data  for  the  six  gaged  sites 
indicate  similar  patterns  during  periods  of  large 
runoff,  but  substantial  individual  variations  during 
periods  of  lesser  runoff.  During  periods  of  little 
area-wide  runoff,  the  small  streams  may  have  daily 
mean  flow  that  is  several  times  larger  than  that  at 
the  two  Rock  Creek  sites.  Daily  mean  streamflows 
of  Rock  Creek  were  often  less  at  the  downstream 
site  than  at  the  upstream  site.  Thus,  daily  mean 
streamflow  in  the  tributaries  appears  to  be  closely 
related    to   daily    mean    streamflow    in    mainstem 
Rock   Creek   only   during   periods   of  substantial 
area-wide  runoff.  Streamflow  in  the  tributaries  re- 
sulting from  local  storms  or  local  snowmelt  may 
not  contribute  to  streamflow  in  the  mainstem.  (Au- 
thor's abstract) 
W9 1-04634 
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FLOOD  OF  APRIL  4-5,  1987,  IN  SOUTHEAST- 
ERN NEW  YORK  STATE,  WITH  FLOOD  PRO- 
FILES OF  SCHOHARIE  CREEK. 

Geological  Survey,  Albany,  NY. 
T.  J.  Zembrzuski,  and  M.  L.  Evans. 
Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water- 
Resources  Investigations  Report  89-4084,  1989. 
43p,  10  fig,  3  tab,  25  ref.  Prepared  in  cooperation 
with  the  New  York  State  Department  of  Transpor- 
tation. 

Descriptors:  *Flood  damage,  'Flood  hydrographs, 
•Flood  profiles,  *Mohawk  River,  *New  York, 
•Schoharie  Creek,  Catskill  Mountains,  Disasters, 
Flood  peak,  Rainfall-runoff  relationships,  Rain- 
storms, Reservoir  capacity. 

Intense  rain  that  fell  April  3-5,  1987,  in  southeast- 
ern New  York  State  caused  widespread  flooding. 
As  much  as  9  in  of  rain  fell  in  watersheds  of  the 
Catskill  Mountains,  where  the  soils  were  already 
saturated,  stream  discharges  were  high,  and  some 
reservoirs  were  at  or  near  capacity  from  snowmelt 
and  previous  rainfall.  The  flood  along  Schoharie 
Creek  was  the  third  largest  since  records  began  in 
the  early  1900's  and  was  exceeded  only  by  the 
floods  of  October  1955  and  March  1980.  Peak 
discharge  of  many  streams  in  the  study  area  ex- 
ceeded the  25-year  recurrence  interval.  A  New 
York  State  Thruway  bridge  collapsed  into  Scho- 
harie Creek,  killing  10  motorists.  Flood  damage  to 
homes,  businesses,  crops,  roadways,  and  bridges 
exceeded  $65  million.  Five  counties  were  declared 
as  major  disaster  areas  and  eligible  for  Federal 
disaster  assistance.  This  report  presents  a  summary 
of  peak  stages  and  discharges  at  sites  in  the  affect- 
ed area,  precipitation  maps,  floodflow  hydrographs 
of  seven  streams,  inflow  hydrographs  of  six  reser- 
voirs, and  flood  profiles  along  83  miles  of  Scho- 
harie Creek  from  its  mouth  on  the  Mohawk  River 
to  its  headwaters  in  the  Catskill  Mountains.  (Au- 
thor's abstract) 
W9 1-04645 


STREAM  GEOMORPHOLOGY:  EFFECTS  ON 
PERIPHYTON  STANDING  CROP  AND  PRI- 
MARY PRODUCTION. 

New  Mexico  Univ.,  Albuquerque.  Dept.  of  Biol- 
ogy- 

For  primary  bibliographic  entry  see  Field  6G. 
W91-04714 


ALGAL  COLONIZATION  UNDER  FOUR  EX- 
PERIMENTALLY-CONTROLLED CURRENT 
REGIMES  IN  A  HIGH  MOUNTAIN  STREAM. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Biol- 
ogy- 

N.  L.  Poff,  N.  J.  Voelz,  and  J.  V.  Ward. 
Journal  of  the  North  American  Benthological  So- 
ciety JNASEC,  Vol.  9,  No.  4,  p  303-318,  Decem- 
ber 1990.  9  fig,  4  tab,  47  ref. 

Descriptors:  'Algal  growth,  'Colonization,  •Dia- 
toms, *Flow  velocity,  •Streams,  Colorado  River, 
Flow  pattern,  Spatial  distribution,  Water  currents. 

Algal  colonization  and  assemblage  development 
were  examined  on  unglazed  ceramic  tiles  in  flow- 
through  troughs  over  a  42-day  period  (summer 
1987)  in  the  regulated  upper  Colorado  River.  The 
unusually  constant  discharge  of  the  stream,  cou- 
pled with  the  trough  design,  allowed  the  establish- 
ment and  maintenance  of  four  controlled  current 
regimes  that  differed  with  respect  to  range  of  free- 
stream  velocity  and  associated  near-substratum  hy- 
draulic conditions:  (1)  depositional  (free-stream 
current  velocity  <  1  cm/sec);  (2)  slow  and  hy- 
draulically-smooth  (range  14-20  cm/sec);  (3)  fast 
and  hydraulically-smooth  (range  36-47  cm/sec); 
and  (4)  fast  and  hydraulically-rough  or  turbulently 
mixed  (range  15-46  cm/sec).  Biomass  was  on  aver- 
age 30-40  times  higher  in  the  two  slow  velocity 
treatments  than  in  the  two  fast  velocity  treatments. 
Chlorophytes,  bacillariophytes,  and  cyanophytes 
exhibited  distinctly  different  successional  trajector- 
ies and  end-points  in  all  treatments.  Ulothrix 
zonata,  established  by  day  4,  was  the  dominant 
alga  at  all  velocities  for  the  first  two  weeks,  after 
which  it  was  replaced  by  a  more  diverse  assem- 


blage of  chlorophytes,  except  in  the  Fast-rough 
regime.  Diatoms  were  common  in  all  treatments, 
but  were  only  numerically  dominant  during  the 
latter  part  of  the  study.  Cyanophytes  dominated 
only  in  the  two  lowest  current  regimes  and  only  at 
the  end  of  the  study.  Scanning  electron  microsco- 
py revealed  that  physiognomy  of  algal  assemblages 
also  varied  across  current  regimes.  The  two  low 
velocity  treatments  were  characterized  by  dense, 
upright  filaments  within  one  week,  while  three- 
dimensional  assemblage  structure  in  the  two  high 
velocity  treatments  did  not  develop  over  the  42- 
day  period.  Differences  in  species  composition, 
successional  trajectories  and  physiognomy  across 
treatments  demonstrated  that  current  regime  (free- 
stream  velocity  and  pattern  of  flow)  was  an  impor- 
tant determinant  of  algal  assemblage  structure  in 
the  absence  of  hydrologic  and  grazing  disturb- 
ances. (Author's  abstract) 
W91-04715 


SMALL  FLUME  FOR  STUDYING  THE  INFLU- 
ENCE OF  HYDRODYNAMIC  FACTORS  ON 
BENTHIC  INVERTEBRATE  BEHAVIOR. 

Alberta  Univ.,  Edmonton.  Dept.  of  Entomology. 
J.  O.  Lacoursiere,  and  D.  A.  Craig. 
Journal  of  the  North  American  Benthological  So- 
ciety JNASEC,  Vol.  9,  No.  4,  p  358-367,  Decem- 
ber 1990.  6  fig,  29  ref. 

Descriptors:  *Benthos,  *Flumes,  •Invertebrates, 
•Streams,  Flow  pattern,  Flow  velocity,  Hydraulic 
machinery,  Hydrodynamics. 

A  compact,  versatile  flume  for  studying  the  influ- 
ence of  hydrodynamic  factors  on  the  behavior  of 
benthic  invertebrates  is  described.  A  range  of  lotic 
micro-environments  can  be  simulated  under  con- 
trolled and  replicable  conditions  by  tailoring  the 
velocity  profile  at  the  entrance  of  the  test  section. 
A  specially  designed  diffuser  composed  of  an  array 
of  adjustable  horizontal  rods  allows  tailored  flow 
(e.g.,  zone  of  high  shear  stress,  adjustable  velocity 
gradient  and  turbulence  level)  to  which  organisms 
can  be  exposed.  Water  velocities  of  up  to  a  maxi- 
mum of  81.5  +  or  -0.6  cm/sec,  with  a  turbulence 
intensity  of  0.8%  can  be  achieved.  Simultaneous 
observations  of  flow  and  organism  behaviors  can 
be  done  by  means  of  standard  flow  visualization 
techniques.  Compact  (72  cm  long  by  22  cm  high 
by  10  cm  wide;  volume  10  L)  and  easily  transport- 
able, this  flume  is  an  inexpensive  compact  version 
of  larger,  more  bulky  systems,  without  sacrifice  of 
performance  and  versatility.  (Author's  abstract) 
W91-04716 


DOWNSTREAM  EFFECTS  OF  A  SMALL  IM- 
POUNDMENT ON  A  TURBID  RD7ER. 

Rhodes  Univ.,  Grahamstown  (South  Africa).  Inst, 
of  Freshwater  Studies. 

For   primary   bibliographic   entry   see   Field   6G. 
W9 1-04740 


HABITAT  ALTERATION  AND  ITS  EFFECTS 
ON  NATIVE  FISHES  IN  THE  UPPER  TENNES- 
SEE RIVER  SYSTEM,  EAST-CENTRAL  U.S.A. 

Virginia  Cooperative  Fish  and  Wildlife  Research 

Unit,  Blacksburg. 

For   primary   bibliographic   entry   see   Field   6G. 

W91-04783 


FISH  OF  THE  AMAZONIAN  IGAPO:  STABILI- 
TY AND  CONSERVATION  IN  A  HIGH  DD/ER- 
SriY-LOW  BIOMASS  SYSTEM. 

Central    Electricity    Generating    Board,    Fawley 
(England).  Marine  Biological  Unit. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04784 

RARE  FISHES  OF  HIMALAYAN  WATERS  OF 
NEPAL. 

Tribhuvan  Univ.,  Kathmandu  (Nepal).   Dept.  of 

Zoology. 

For  primary  bibliographic  entry  see  Field  81. 

W9 1-04792 


Streamflow  and  Runoff — Group  2E 

VALUES  OF  LOWLAND  RIVERS  FOR  THE 
CONSERVATION  OF  RARE  FISH  IN  FLAN- 
DERS. 

Antwerp  Univ.,  Wilrijk  (Belgium).  Dept.  of  Biol- 
ogy- 

For  primary  bibliographic  entry  see  Field  81. 
W9 1-04793 


MAPS  OF  FLOOD  STATISTICS  FOR  REGION- 
AL FLOOD  FREQUENCY  ANALYSIS  IN  NEW 
ZEALAND. 

Department  of  Scientific  and  Industrial  Research, 
Christchurch  (New  Zealand).  Hydrology  Centre. 
A.  I.  McKerchar,  and  C.  P.  Pearson. 
Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 
No.  6,  p  609-621,  December  1990.  fig,  1  tab,  20  ref. 

Descriptors:  'Flood  forecasting,  'Flood  frequency 
analysis,  'Flood  maps,  'Hydrographic  data,  'Map- 
ping, 'Maps,  'New  Zealand,  'Regional  analysis, 
Flood  frequency,  Flood  hydrographs,  Floods,  Fre- 
quency analysis,  Statistical  analysis. 

The  EV1  (extreme  value  type  1  or  Gumble)  distri- 
bution adequately  describes  New  Zealand  at-site 
flood  frequency  distributions,  usually  on  an  annual 
basis,  but  also  for  biennial  or  longer  time  intervals 
when  the  annual  series  includes  years  without 
floods.  An  asset  of  this  distribution  is  its  simplicity 
and  the  uncomplicated  and  uncontroversial 
manner  in  which  extrapolations  to  high  return 
period  floods  can  be  made.  The  choice  of  which 
statistical  distribution  to  use  for  flood  frequency 
dominates  the  literature,  when  the  more  difficult 
and  critical  question  is  how  to  estimate  mean 
annual  flood  for  sites  with  little  or  no  data.  From 
this  study,  maps  had  been  developed  which  are 
based  directly  on  measured  discharge  series  from  a 
large  sample  of  river  recording  stations.  Thus, 
when  basins  are  ungauged,  or  have  just  a  short 
record,  an  estimate  of  flow  quantiles  can  be  ob- 
tained from  the  maps  without  having  first  to  esti- 
mate mean  annual  rainfall,  or  mean  rainfall  intensi- 
ty of  the  basin,  which  is  particularly  difficult  in 
sparsely  instrumented  mountainous  areas.  These 
maps  provide  a  simple  summary  of  much  informa- 
tion, and  the  basis  of  flood  estimation  which  im- 
proves on  the  previous  regional  method.  (Mertz- 
PTT) 
W9 1-04802 


RD7ER  FLOW  FORECASTING  SYSTEM  WITH 
DATA  MANAGEMENT,  GRAPHICAL  RIVER 
NETWORK  CONTROL  AND  INTERACTTVE 
OPERATION. 

Uppsala  Univ.  (Sweden).  Dept.  of  Hydrology. 
L.  Iritz. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 
No.  6,  p  637-651,  December  1990.  8  fig,  11  ref. 

Descriptors:  'Automation,  'Computer  programs, 
•Flow  models,  'Forecasting,  'Hydrographic  data, 
•Model  studies,  *River  forecasting,  *Streamflow 
forecasting,  Computers,  Hydrologic  data  collec- 
tions, Hydrometeorology,  River  flow,  Rivers, 
Sweden,  Vasterdalvern  River. 

The  feasibility  and  success  of  a  forecasting  system 
depend  on  many  factors.  Although  the  models  may 
be  of  the  highest  accuracy,  they  cannot  make  a 
forecasting  system  effective  without  a  well  orga- 
nized database  and  interpretable  output.  The  inter- 
action between  the  processes  of  data  management, 
computation  and  output  presentation  should  be 
dynamic.  A  complete  river  forecasting  system  for 
IBM  (or  compatible)  personal  computers  aimed  at 
meeting  the  above  demands  has  been  developed  at 
the  Department  of  Hydrology  of  Uppsala  Univer- 
sity. The  program  package  sets  up  the  river  net- 
work, stores  a  database  for  it,  supplies  the  appro- 
priate data  for  a  wide  choice  of  forecasting  models, 
and  gives  interpretable  output.  The  functions  are 
supported  by  screen  graphics.  The  program, 
PROGSYS,  has  available  options  that  during  com- 
putation may  be  selected  interactively.  The  models 
included  in  PROGSYS  are  operation  oriented. 
Their  parameters,  estimated  either  internally  or 
off-line,  show  rapid  convergence.  The  parameters 
estimated  off-line  are  stable  and  do  not  need  updat- 
ing too  often.  Computations  on  the  Vasterdalvern 
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Group  2E— Streamflow  and  Runoff 

River,  Sweden  show  that  one-day-ahead  forecasts 
can  be  safely  issued  between  stations.  Longer  (two 
or  three  day)  lead  time  needs  an  increase  in  the 
inwm  Z£(,  ,nPut/uPst<-eam  stations.  (Mertz-PTT) 
W9 1-04804 


TRANSPORT    OF    SUSPENDED    SEDIMENT 
AND    DISSOLVED    MATERIAL    FROM    THE 
ANDES  TO  THE  RIO  DE  LA  PLATA  BY  THE 
BOLIVIAN     TRIBUTARIES     OF     THE     RIO 
PARAGUAY  (RIOS  PILCOMAYO  AND  BER- 
MEJO),    (TRANSPORT    DE    MATIERES    DIS- 
SOUTES    ET   PARTICULATES T  DES    ANDll 
VERS  LE  RIO  DE  LA  PLATA  PAR  LES  TRIBU- 
TAIRES  BOLIVIENS  (RIOS  PILCOMAYO  ET 
BERMEJO)  DE  RIO  PARAGUAY). 
Office  de  la  Recherche  Scientifique  et  Technique 
Outre-Mer,  La  Paz  (Bolivia). 
For  primary  bibliographic  entry  see  Field  2J. 
"7  l-04oU5 


STRUCTURE  OF  EPILITHON  IN  SOME 
tSUXSJF0  aRCUMNEUTRAL  STREAMS 
IN  SOUTH  WESTLAND,  NEW  ZEALAND 

Canterbury  Univ.,  Christchurch  (New  Zealand) 

Dept.  of  Zoology. 

For  primary  bibliographic  entry  see  Field  2H. 


BACTERIAL  HETEROTROPHIC  ACTIVITY  IN 
THE  RIVER  SEINE:  TRITIATED  THYMIDINE 
AND  LEUCINE  INCORPORATION  PROFILES 
(ACTIVITE  BACTERIENNE  HETEROTROPHE 
DANS  LA  SEINE:  PROFILS  ^INCORPORA- 
TION DE  THYMIDINE  ET  DE  LEUCINE  TRI- 
TIEES). 

Universite  Libre  de  Bruxelles  (Belgium).  Groupe 
de  Microbiologic  des  Milieux  Aquatiques. 
For  primary  bibliographic  entry  see  Field  5C 
W9 1-04837 


WATER  RESOURCES  DATA  FOR  OKLAHO- 
MA, WATER  YEAR  1988. 

Geological   Survey,  Oklahoma  City,  OK.   Water 
Resources  Div. 

For  primary  bibliographic  entry  see  Field  7C 
W9 1-04868 


WATER   RESOURCES   DATA   FOR    WISCON- 
SIN, WATER  YEAR  1989. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W9 1-04869 


WATER   RESOURCES   DATA   FOR   NEVADA 
WATER  YEAR  1989. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W9 1-04877 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1989,  VOLUME  3 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W9 1-04878 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1989.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C 
W9 1-04903 


WATER       RESOURCES      DATA      ARIZONA 
WATER  YEAR  1989. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C 

W91-04904 


MARGINAL  ECONOMIC  VALUE  OF 
STREAMFLOW:  A  CASE  STUDY  FOR  THE 
COLORADO  RIVER  BASIN. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Fort  Collins,  CO. 

»?o,  R!?nm?ry  bibli°graphic  entry  see  Field  6D. 
W9 1  -049 1 3 


ISOTOPIC  EVOLUTION  OF  RIVER   WATER 
IN  THE  NORTHERN  CHILE  REGION. 

Waterloo  Centre  for  Groundwater  Research  (On- 
tario). 

For  primary  bibliographic  entry  see  Field  2K 
W91-04917 


APPROXIMATE    ANALYTICAL    SOLUTIONS 
FOR  OVERLAND  FLOWS. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 6 
R.  S.  Govindaraju,  M.  L.  Kavvas,  and  S.  E.  Jones 
Water  Resources  Research  WRERAQ  Vol  26 
No.  12,  p  2903-2912,  December  1990.  11  fig  1  tab' 
12  ref.  NSF  Grant  CES-8596023,  USDI  Grant  G- 
908-03(A-098-KY). 

Descriptors:  'Hydrologic  studies,  'Kinematic 
wave  theory,  'Model  studies,  'Overland  flow 
Rainfall  distribution,  'Rainfall-runoff  relation- 
ships, 'Runoff  forecasting,  Differential  equations, 
Diffusion,  Flow  discharge,  Hydrographs,  St 
Venant  equation. 

Approximate  analytical  solutions  to  the  diffusion 
and  kinematic  wave  models  subject  to  space  and 
time  varying  rainfall,  in  the  form  of  the  first  term 
of  an  infinite  sine  series,  have  been  derived.  The 
shallow  water  equations  govern  flows  on  overland 
sections,  and  are  comprised  of  a  continuity  equa- 
tion and  a  momentum  equation.  These  convert  the 
partial  differential  equation  to  an  ordinary  differen- 
tial equation,  and  analytical  solutions  for  both 
nsing  and  recession  phases  of  the  hydrograph  can 
be  achieved.  Time  variation  in  rainfall  is  important 
because  replacing  rainfall  with  an  'equivalent'  con- 
stant value  can  lead  to  erroneous  results.  Compari- 
sons with  full  Saint- Venant  solutions,  the  kinematic 
wave  approximation  and  experimental  results  vali- 
date the  present  solution  methodology.  The  one- 
term  analytical  solution  is  shown  to  perform  well 
in  some  cases  of  physical  interest.  The  analytical 
solution  is  useful  for  estimating  runoff  from  steep 
overland  flow  sections.  (Author's  abstract) 
W91-04919 


HYDROLOGIC    FLOW    PATH    DEFINITION 
AND  PARTITIONING  OF         SPRING 

MELTWATER.  b 

Laval  Univ.,  Quebec.   Lab.  d'Hydrologie  Fores- 

tiere. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-0492  5 


MECHANISMS  AFFECTING  STREAMFLOW 
AND  STREAM  WATER  QUALITY:  AN  AP- 
PROACH  VIA  STABLE  ISOTOPE,  HYDRO- 
GEOCHEMICAL, AND  TIME  SERIES  ANALY- 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

J.  V.  Turner,  and  D.  K.  Macpherson. 

Water  Resources  Research  WRERAQ,  Vol    26 

No.  12,  p  3005-3019,  December  1990.  16  fig,  1  tab' 

24  ref. 

Descriptors:  'Environmental  tracers,  'Geochemis- 
try, 'Isotope  studies,  'Nutrient  transport,  'Rain- 
fall-runoff relationships,  'Streamflow,  'Time  series 
analysis,  'Water  chemistry,  'Water  quality,  Aus- 
tralia, Chlorides,  Deuterium,  Groundwater,  Ni- 
trates, Water  chemistry,  Geochemistry. 

Stable  isotope  (deuterium)  and  hydrogeochemical 
(chloride,  nitrate)  data  in  rainfall,  streamflow  and 
deep  and  shallow  groundwaters  have  been  applied 
to  develop  an  understanding  of  the  mechanisms  of 
streamflow  generation  and  nutrient  discharge  from 
a  27  sq.  km  rural  catchment  near  Penh,  Western 
Australia.  Intensive  sampling  of  the  stable  isotopic 


composition  of  rainfall,  groundwater  and  stream- 
Vo™  durin8  ,he  winter  flow  periods  of  1987  and 
1988  identified  several  significant   rainfall  events 
that   were   up   to  90  ppt   depleted   in   deuterium 
relative  to  deep  and  shallow  groundwaters  in  the 
catchment.  Isotopic  responses  in  streamflow  to  the 
depleted  rainfall  could  be  discerned  on  three  time 
scales:  (1)  the  rainfall  events;  (2)  isotopic  relaxation 
periods  lasting  up  to  six  weeks  as  streamflow  delta 
values  slowly  returned  to  pre-event  values-  and  (3) 
a  longer  seasonal  scale  response  of  2  to  3  months 
caused  by  a  seasonal  isotopic  trend  in  rainfall  com- 
position   and    an    increase    in    the    proportion    of 
groundwater  in   streamflow.   The   sharp   isotopic 
responses  in  streamflow  were  in  marked  contrast 
to  the  attenuated  responses  observed  on  a  catch- 
ment   under    native    forest    in    the    same    region 
Kalman  filtering  techniques  were  applied  to  the 
numerical   functions   linking   rainfall   amount  and 
streamflow  volume  and  their  respective  stable  iso- 
topic compositions.  The  average  lag  between  rain- 
fall and  streamflow  was  estimated  to  quantify  the 
time  scales  of  streamflow  generation.  Integration 
of  the  isotopic,  hydrogeochemical  and  numerical 
analysis  presents  a  consistent  view  that  surface  and 
subsurface  storm  flow  are  important  streamflow 
generating  mechanisms  over  the  time  scale  of  a 
rainfall  event.  Postevent  periods  of  isotopic  relax- 
ation   in    streamflow    are    due    to    discharge    of 
groundwater   to   streamflow   from   an   ephemeral 
perched  aquifer.  (Author's  abstract) 
W9 1-04929 


HYDROGEOCHEMICAL  RESPONSE  OF  A 
FORESTED  WATERSHED  TO  STORMS-  EF- 
FECTS OF  PREFERENTIAL  FLOW  ALONG 
SHALLOW  AND  DEEP  PATHWAYS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

P.  J.  Mulholland,  G.  V.  Wilson,  and  P.  M.  Jardine 
Water  Resources  Research  WRERAQ    Vol    26 
No.  12,  p  3021-3036,  December  1990.  11  fig,  4  tab' 
62  ref.  US  Dept.  of  Energy  DE-AC05-840R2140o! 

Descriptors:  'Flow  pattern,  'Forest  hydrology 
Forest  watersheds,  'Geochemistry,  'Rainfall- 
runoff  relationships,  'Solute  transport,  'Storm 
runoff,  'Tennessee,  'Water  chemistry,  Alkalinity 
Antecedent  moisture,  Nutrients,  Saturation  zone 
Trace  metals,  Water  chemistry,  Geochemistry. 

Hydrology  and  solute  chemistry  were  monitored 
during  four  storms  in  a  forested  watershed  in  karst 
terrain  in  eastern  Tennessee  at  spatial  scales  rang- 
ing from  a  0.5  ha  upper  hillslope  subcatchment  to  a 
38.4  ha  watershed  drained  by  a  first-order  stream 
Storm  flow  was  generated  from  large  portions  of 
the  watershed  as  a  result  of  subsurface  preferential 
flow  initiated  by  zones  of  perched  saturation  in  the 
soil  profile.  For  most  storms,  runoff  per  unit  area 
increased  with  increasing  catchment  size,  indicat- 
ing that  preferential  flow  was  primarily  vertical 
along  relatively  deep  pathways  that  emerged  in  the 
lower  portions  of  the  watershed.  However,  when 
antecedent  soil  moisture  was  high  and  rainfall  was 
large,  runoff  was  similar  across  catchment  sizes, 
indicating  that  preferential  flow  was  largely  lateral 
along  shallow  paths  (<  2.5  m  deep).  Concentra- 
tions of  some  solutes  differed  for  shallow  and  deep 
flow  paths  because  dominant  sources  and  sinks  are 
stratified  vertically  in  the  watershed.  Runoff  gen- 
erated  by  preferential   flow   along   shallow   flow 
paths  resulted  in  higher  exports  of  chlorine,  alumi- 
num, sulfate,  and  dissolved  organic  carbon  and 
lower  exports  of  alkalinity,  calcium,  magnesium, 
and  soluble  reactive  phosphorus  than  an  equivalent 
amount  of  runoff  generated  by  preferential  flow 
via  deeper  flow  paths.  (Author's  abstract) 
W9 1-04930 


STREAMFLOW    GENERATION    PROCESSES- 
AN  AUSTRAL  VIEW. 

Forest   Research   Inst.,   Christchurch   (New   Zea- 
land). Forest  and  Wildland  Ecosystems  Div. 
A.  J.  Pearce. 

Water  Resources  Research   WRERAQ,   Vol    26 
No.  12,  p  3037-3047,  December  1990.  11  fig,  24  ref 

Descriptors:  'Australia,  'New  Zealand,  'Rainfall- 
runoff  relationships,  'Storm  runoff,  'Streamflow, 
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•Surface-groundwater  relations,  Flow  channels, 
Flow  measurement,  Hydrography,  Mathematical 
models,  Vegetation  effects. 

Studies  in  different  austral  physical  environments 
have  documented  substantial  differences  in  the  rel- 
ative importance  of  various  flow-response  mecha- 
nisms in  generating  storm  runoff.  Some  of  the 
global  extremes  of  high,  and  possibly  low,  stream- 
flow  responsiveness  to  storm  rainfall  have  also 
been  documented  in  New  Zealand  and  Australia. 
The  low  flows  are  sustained  at  a  high  level  by 
groundwater  discharge.  Flow  responsiveness  and 
flow  processes  are  strongly  influenced  by  rainfall 
climate  but  also  are  influenced  by  catchment  stor- 
age. On  the  smaller  catchments,  the  influences  of 
rainfall  climate  and  of  effective  water  storage  in 
the  regolith  on  streamflow  responsiveness  to  rain- 
fall are  still  very  strong.  The  influence  of  vegeta- 
tive cover  on  streamflow  appears  strongest  at  low 
or  very  low  flows,  and  is  difficult  to  detect  at  high 
flows.  Increasingly  detailed  studies  of  small  catch- 
ments and  of  hillslope  and  valley  bottom  segments 
have  revealed  increasingly  complex  and  variable 
responses  both  in  time  and  space.  Although  these 
studies  have  greatly  increased  conceptual  under- 
standing of  flow  generation,  there  has  not  yet  been 
a  corresponding  increase  in  ability  to  model  or 
predict  flow  processes.  Further  progress  will  re- 
quire integration  of  field  studies  with  chemical, 
physical  and  mathematical  model  studies  of  specif- 
ic processes  to  test  hypotheses  derived  from  previ- 
ous work  at  well-documented  field  sites.  Concen- 
tration of  the  necessary  skills  and  studies  at  a  few 
intensively  studied  locations  is  also  required,  but 
this  will  impose  new  and  difficult  challenges  for 
cooperation  among  specialists,  research  organiza- 
tion, and  funding  sources.  (Brunone-PTT) 
W9 1-04931 


PREFERENTIAL  FLOW  AND  THE  GENERA- 
TION OF  RUNOFF:  1.  BOUNDARY  LAYER 
FLOW  THEORY. 

Bern  Univ.  (Switzerland).  Geographisches  Inst. 
P.  F.  Germann. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  3055-3063,  December  1990.  2  fig,  2  tab, 
45  ref. 

Descriptors:  'Boundary  layers,  *Flow  models, 
•Groundwater  movement,  *Runoff,  *Soil  water, 
•Surface-groundwater  relations,  Capillarity,  Hy- 
drodynamics, Infiltration,  Mathematical  models, 
Richards  equation,  Slope  effects. 

Approaches  to  soil  water  flow,  which  are  based  on 
the  theory  of  potential  flow,  often  overestimate 
either  the  volume  of  flow  or  the  response  time  at 
the  hillslope  scale  when  their  results  are  compared 
with  observations.  Macropore  flow  is  frequently 
thought  to  be  the  reason  for  the  discrepancy  be- 
tween observations  and  model  performance.  The 
expression  macropore  flow  is  considered  to  be  too 
restricting,  confining  the  rapid  flow  and  transport 
processes  to  the  easily  observed  channels  and  con- 
cealing the  more  general  question  as  to  what 
degree  potential  flow  theory  adequately  describes 
flow  in  porous  media.  The  application  of  potential 
flow  theory  to  infiltration  leads  to  the  Richards 
equations  only  when  hydrodynamic  dispersion  of 
soil  water  and  capillary  potential  are  perfectly 
correlated.  A  boundary  layer  infiltration  model, 
based  on  kinematic  theory,  is  developed  and  ex- 
panded to  lateral  flow  in  a  sloping  soil.  The  appli- 
cation of  boundary  layer  flow  theory  to  infiltration 
includes  the  decoupling  of  hydrodynamic  disper- 
sion of  soil  moisture  from  that  of  capillary  poten- 
tial, leading  to  the  conclusion  that  not  more  than 
10%  of  actual  soil  moisture  is  directly  participating 
in  the  flow  process.  (Author's  abstract) 
W91-04933 


NATURALLY  OCCURRING  RADON  222  AS  A 
TRACER  FOR  STREAMFLOW  GENERATION: 
STEADY  STATE  METHODOLOGY  AND 
FTELD  EXAMPLE. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Ralph  M. 

Parsons  Lab. 

D.  P.  Genereux,  and  H.  F.  Hemond. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  12,  p  3065-3075,  December  1990.  1  fig,  1  tab, 


54  ref,  2  append.  NIEH  contract 
NIH5P42ES04675-03,  US  Geological  Survey  con- 
tract 14-08-0001-G1725,  NSF  contract  BCS- 
8906032. 

Descriptors:  *Isotopic  tracers,  *Radon  radioiso- 
topes, *Steady  flow,  *Streamflow,  'Surface- 
groundwater  relations,  *Tracer  studies,  Base  flow, 
Flow  pattern,  Hydrocarbons,  Hydrologic  models, 
Mass  balance  equations,  Massachusetts,  Mathemat- 
ical models,  Saturation. 

A  quantitative  framework  for  the  use  of  naturally 
occurring  radon-222  as  a  hydrologic  flow  path 
tracer  under  conditions  of  steady  streamflow  is 
presented  which  consists  of  two  distinct  parts.  The 
first  part  determines  the  average  radon-222  content 
of  the  water  (R)  feeding  a  given  stream  reach  by 
measuring  the  concentrations  of  radon-222  and 
two  injected  tracers  (one  conservative,  the  other 
volatile)  in  the  stream  water  and  solving  a  mass 
balance  equation  for  radon-222  around  the  reach  of 
interest.  The  second  part  of  the  methodology  in- 
volves the  use  of  R  values  to  determine  the  sources 
of  stream  inflow  (and,  implicitly,  the  flow  paths 
important  in  streamflow  generation).  One  means  of 
accomplishing  this  uses  simple  'geographic  source' 
separations.  Both  parts  of  the  methodology  were 
illustrated  with  a  field  experiment  at  the  Bickford 
watershed  in  central  Massachusetts.  The  injected 
tracers  were  sodium  chloride  (conservative)  and 
propane  (volatile).  The  value  of  R  (700  disintegra- 
tions per  minute  (dpm)/L)  was  found  to  be  closer 
to  the  radon-222  content  of  vadose  zone  (500  dpm/ 
L)  than  to  that  of  saturated  zone  water  (2000  dpm/ 
L),  suggesting  that  lateral  unsaturated  flow  was 
important  in  supplying  base  flow  at  the  study  site. 
(Author's  abstract) 
W9 1-04934 


CHEMISTRY  OF  IRON,  ALUMINIUM,  AND 
DISSOLVED      ORGANIC      MATERIAL      IN 
THREE  ACIDIC,  METAL-ENRICHED,  MOUN- 
TAIN STREAMS,  AS  CONTROLLED  BY  WA- 
TERSHED AND  IN-STREAM  PROCESSES. 
Geological  Survey,  Denver,  CO. 
D.  M.  McKnight,  and  K.  E.  Bencala. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  3087-3100,  December  1990.  11  fig,  6  tab, 
40  ref. 


Descriptors:  *Acid  mine  drainage,  *Acid  streams, 
•Acidification,  *Aluminum,  'Dissolved  solids, 
•Iron,  'Mountain  streams,  'Stream  chemistry, 
'Water  chemistry,  'Watersheds,  Chemical  precipi- 
tation, Hydrogen  ion  concentration,  Organic 
carbon,  Photolysis,  Solute  transport,  Trace  metals, 
Tracer  studies,  Transport  models. 

Several  studies  were  conducted  in  three  acidic, 
mountain  streams,  and  the  results  provide  a  synthe- 
sis of  watershed  and  in-stream  processes  control- 
ling iron,  aluminum  and  dissolved  organic  carbon 
(DOC)  concentrations.  One  of  the  streams,  the 
Snake  River,  is  naturally  acidic;  the  other  two, 
Peru  Creek  and  St.  Kevin  Gulch,  receive  acid 
mine  drainage.  Analysis  of  stream  water  chemistry 
data  for  the  acidic  headwaters  of  the  Snake  River 
shows  that  some  trace  metal  solutes  (aluminum, 
manganese,  zinc)  are  correlated  with  major  ions, 
indicating  that  watershed  processes  control  their 
concentrations.  Once  in  the  stream,  biogeochemi- 
cal  processes  can  control  transport  is  they  occur 
over  time  scales  comparable  to  those  for  hydrolog- 
ic transport.  In-stream  reactions  include  photore- 
duction  and  dissolution  of  hydrous  iron  oxides  in 
response  to  an  experimental  decrease  in  stream  pH, 
precipitation  of  aluminum  at  three  stream  con- 
fluences, and  sorption  of  dissolved  organic  material 
by  hydrous  iron  and  aluminum  oxides  in  a  stream 
confluence.  The  extent  of  these  reactions  is  evalu- 
ated using  conservative  tracers  and  a  transport 
model  that  includes  storage  in  the  substream  zone. 
(Author's  abstract) 
W91-04936 

2F.  Groundwater 


PROTECTING  GROUND  WATER  FROM  THE 
BOTTOM  UP:  LOCAL  RESPONSES  TO  WELL- 
HEAD PROTECTION. 


Groundwater — Group  2F 

For  primary   bibliographic   entry  see   Field   5G. 
W9 1-03921 


DETERMINING  THE  AREA  OF  CONTRD3U- 
TION  TO  A  WELL  FIELD:  A  CASE  STUDY 
AND  METHODOLOGY  FOR  WELLHEAD 
PROTECTION. 

BCI  Geonetics,  Inc.,  Laconia,  NH. 

For  primary  bibliographic   entry  see   Field   5G. 

W9 1-03930 


USE  OF  TIME  OF  TRAVEL  IN  ZONE  OF  CON- 
TRIBUTION DELINEATION  AND  AQUIFER 
CONTAMINATION  WARNING. 

Island  Design,  New  Hartford,  CT. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-03931 


DELINEATION  OF  CONTRIBUTING  AREAS 
TO  PUBLIC  SUPPLY  WELLS  IN  STRATIFIED 
GLACIAL-DRIFT  AQUIFERS. 

Geological  Survey,  Marlborough,  MA. 

For  primary  bibliographic  entry  see   Field   5G. 

W9 1-03932 


GROUND  WATER  RESOURCE  BASED  MAP- 
PING, NASHUA  REGIONAL  PLANNING 
AREA,  NEW  HAMPSHIRE. 

Environmental  Protection  Agency,  Boston,  MA. 
Region  I. 

For  primary  bibliographic  entry  see  Field  6A. 
W9 1-03940 


PRIVATE  WELL  PROTECTION  IN  SAND  AND 
GRAVEL  AQUIFERS. 

K-V  Associates,  Inc.,  Falmouth,  MA. 

For  primary  bibliographic   entry   see   Field   5G 

W9 1-03943 


IMPROVEMENTS  IN  GROUNDWATER  RE- 
CHARGE ESTIMATION  USING  SATELLITE 
REMOTE  SENSING. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Civil 
and  Structural  Engineering. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03957 


CONTINUING  IMPORTANCE  OF  NITRATE 
CONTAMINATION  OF  GROUNDWATER  AND 
WELLS  IN  RURAL  AREAS. 

Colorado  Dept.  of  Health,  Denver.  Disease  Con- 
trol and  Epidemiology  Div. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04003 


SETTING  HUMAN-HEALTH-BASED 

GROUNDWATER  PROTECTION  STANDARDS 
WHEN  TOXICOLOGICAL  DATA  ARE  INAD- 
EQUATE. 

Natural   Resources   Defense  Council,   Inc.,   New 

York. 

For  primary   bibliographic   entry   see   Field   5G. 

W91-04010 


GAME-THEORETIC  PARAMETER  CONFIGU- 
RATION TECHNIQUE  FOR  AQUIFER  RESTO- 
RATION DESIGN. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

J.  W.  Eheart,  M.  R.  Rahman,  S.  M.  Keith,  and  A. 

J.  Valocchi. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

6,  No.  3,  p  205-226,  October  1990.  10  fig,  2  tab,  18 

ref. 

Descriptors:  'Aquifer  restoration,  'Aquifers, 
'Groundwater  pollution,  'Mathematical  models, 
•Model  studies,  *Optimization,  *Water  pollution 
treatment,  Design  criteria,  Monte  Carlo  method, 
Pumping,  Theoretical  analysis. 

The  problem  of  designing  an  active  hydraulic 
system  for  remediation  of  a  polluted  aquifer  is 
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addressed  for  the  case  when  parameters  are  not 
known  with  certainty.  The  design  problem  is  cast 
as  a  game  in  which  the  protagonist-designer  is 
pitted  against  an  antagonist  which  alters  the  values 
of  the  uncertain  parameters,  within  prescribed 
limits,  so  as  to  render  the  engineered  system  most 
ineffective.  A  solution  method  for  the  antagonist's 
problem,  referred  to  as  the  parameter  configura- 
tion technique  was  developed.  This  technique  se- 
lects spatially  dependent  values  of  the  distributed 
parameter,  transmissivity,  such  that  the  pattern  of 
variation  represents  a  pessimistic  (but  realistic)  set 
of  design  conditions.  The  task  of  finding  the  worst 
set  of  parameter  values  is  cast  as  a  constrained 
optimization  problem  whose  objective  function  is 
to  thwart  the  remedial  action  design  to  the  greatest 
degree  possible.  A  rudimentary  objective  function 
is  arbitrarily  specified  by  the  researchers.  Several 
types  of  feasibility  constraints  restrict  the  distribu- 
tion of  parameter  values  to  those  combinations  that 
are  realistic.  One  type  limits  the  variogram,  an- 
other type,  the  mean,  and  a  third  type,  the  trend,  of 
the  log  transmissivity.  The  resulting  optimization 
problem  is  ill-behaved;  difficulty  was  encountered 
obtaining  a  mathematically  optimal  solution.  Two 
special  heuristic  techniques  for  obtaining  a  near- 
optimal  solution  are  selective  constraint  abeyance 
and  reverse  formulation.  The  parameter  configura- 
tion technique  is  applied  to  a  hypothetical  contami- 
nated aquifer  with  a  simple  single-extraction  well 
flushing  system.  The  solution  is  compared  to  a 
Monte  Carlo  approach  applied  to  the  same  aquifer. 
The  required  pumping  rate  for  a  pessimistic  param- 
eter set  generated  by  the  new  technique  is  about 
the  same  as  the  second  largest  of  100  Monte  Carlo 
realizations.  (Author's  abstract) 
W91-04028 


EXPERIMENTAL  STUDY  OF  NON-UNIFORM 
FLOW  IN  GRANULAR  POROUS  MEDIA. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
For   primary   bibliographic   entry   see   Field   2G. 
W9 1-04029 


COLLOID-RELATED  INFILTRATION  OF 
TRACE  METALS  FROM  A  RIVER  TO  SHAL- 
LOW GROUNDWATER. 

Bern  Univ.  (Switzerland).  Radiochemisches  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04031 


DESIGN  AND  APPLICATION  OF  A  CON- 
STANT HEAD  WELL  PERMEAMETER  FOR 
SHALLOW  HIGH  SATURATED  HYDRAULIC 
CONDUCTIVITY  SOILS. 

Water  Authority  of  Western  Australia,  Perth. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04 102 


RECHARGE  PROCESSES  DURING  SNOW- 
MELT:  AN  ISOTOPIC  AND  HYDROMETRIC 
INVESTIGATION. 

Trent  Univ.,  Peterborough  (Ontario).  Dept.  of  Ge- 
ography. 

J.  M.  Buttle,  and  K.  Sami. 

Hydrological  Processes  HYPRE3,  Vol.  4,  No.  4,  p 
343-360,  October/December  1990.   11   fig,  33  ref. 

Descriptors:  "Groundwater  recharge,  'Hydro- 
metry,  *Infiltration,  *Isotope  studies,  *Recharge, 
'Snowmelt,  Deuterium,  Groundwater  movement, 
Interstitial  water,  Soil  water,  Unsaturated  flow, 
Vadose  zone. 

Results  from  hydrometric  and  isotopic  investiga- 
tions of  unsaturated  flow  during  snowmelt  are 
presented  for  a  hillslope  underlain  by  well-sorted 
sands.  Passage  of  melt  and  rainwater  through  the 
vadose  zone  was  detected  from  temporal  changes 
in  soil  water  deuterium  concentrations  obtained 
from  sequential  soil  cores.  Bypassing  flow  was 
indicated  during  the  initial  snowmelt  phase,  but 
was  confined  to  the  near-surface  zone.  Recharge 
below  this  zone  was  via  translatory  flow,  as 
meltwater  inputs  displaced  premelt  soil  water.  Es- 
timates of  premelt  water  fluxes  indicate  that  up  to 
19%  of  the  premelt  soil  water  may  have  been 
immobile.  Average  water  particle  velocities  during 


snowmelt  ranged  from  .00000062  to  .00000011  m/ 
sec,  suggesting  that  direct  groundwater  recharge 
by  meltwater  during  snowmelt  was  confined  to 
areas  where  the  premelt  water  table  was  within  1 
m  of  the  ground  surface.  Soil  water  deuterium 
signatures  showed  a  rapid  response  to  isotopically 
heavy  rain-on-snow  inputs  late  in  the  melt.  In 
addition,  spatial  variations  in  soil  moisture  content 
at  a  given  depth  induced  a  pronounced  lateral 
component  to  the  predominantly  vertical  transport 
of  water.  Both  factors  may  complicate  isotopic 
profiles  in  the  vadose  zone,  and  should  be  consid- 
ered when  employing  environmental  isotopes  to 
infer  recharge  processes  during  snowmelt.  (Au- 
thor's abstract) 
W91-04103 


PROCESSES  OF  WATER  MOVEMENT 
THROUGH  A  CHALK  COOMBE  DEPOSIT  IN 
SOUTHEAST  ENGLAND. 

Institute  of  Hydrology,  Wallingford  (England). 
M.  G.  Hodnett,  and  J.  P.  Bell. 
Hydrological  Processes  HYPRE3,  Vol.  4,  No.  4,  p 
361-372,  October/December   1990.   6  fig,    15  ref. 
Water  Research  Center  Contract  R255RX. 

Descriptors:  "England,  'Groundwater  movement, 
'Groundwater  pollution,  'Groundwater  recharge, 
'Hydraulic  conductivity,  'Nonpoint  pollution 
sources,  'Path  of  pollutants,  'Soil  water,  Flow 
velocity,  Interstitial  water,  Limestone,  Nitrates, 
Soil  water  potential. 

As  part  of  an  on-going  experiment  to  monitor  the 
movement  of  nitrates  through  chalk  deposits  to 
groundwater,  the  processes  of  water  movement 
through  the  Coombe  Deposit  in  a  chalk  dry  valley 
near  Eastbourne  in  Southeast  England  were  inves- 
tigated using  simple  methods  based  on  regular 
weekly  measurements  of  rainfall,  soil  water  con- 
tent, and  soil  water  potential.  The  drainage  flux 
(recharge)  through  the  soil  was  determined  using 
the  water  balance  method  during  the  winter  and 
the  zero  flux  plane  (ZFP)  method  after  the  appear- 
ance of  the  ZFP  in  the  spring.  The  unsaturated 
hydraulic  conductivity  was  derived  applying 
Darcy's  Law  in  a  novel  way  using  the  measured 
potential  gradients  and  weekly  drainage  fluxes. 
The  derived  conductivity  characteristics  were  ade- 
quate to  identify  the  flow  mechanisms,  to  illustrate 
the  difference  in  behavior  between  the  horizons  of 
the  soil  profile,  and  to  give  some  indication  of  pore 
water  velocities.  The  mean  daily  drainage  flux  at 
2.85  m  depth  during  the  recharge  period  from  10 
October  1980  to  29  May  1981  was  1.6  mm/day. 
Weekly  mean  rates  of  up  to  3.7  mm/day  were 
observed,  but  peak  short  therm  rates  must  have 
considerably  exceeded  this  figure.  It  was  shown 
that,  in  the  lower  part  of  the  Coombe  Deposit, 
when  drainage  fluxes  are  large,  much  of  the  flux 
passes  through  a  very  small  proportion  of  the 
wetted  cross-sectional  area  of  the  soil.  This  gives 
rise  to  pore  water  velocities  of  at  least  3  m/day  at  a 
depth  of  2.85  m  and  0.5  m/day  between  0.5  m  and 
2.5  m  depth.  These  results  show  that  pollutants 
may  be  moved  very  rapidly  through  the  profile  in 
this,  and  similar,  material.  The  core  sampling  tech- 
niques normally  used  to  monitor  pollutant  move- 
ment in  the  chalk  are  unlikely  to  succeed  in  detect- 
ing this  movement,  not  only  because  it  is  transient 
but  also  because  it  occupies  only  a  very  small 
proportion  of  the  water  filled  pores.  (Geicer-PTT) 
W91-04104 


HYDROLOGY  OF  A  HEADWATER  BASIN 
WETLAND:  GROUNDWATER  DISCHARGE 
AND  WETLAND  MAINTENANCE. 

York  Univ.,  North  York  (Ontario).  Dept.  of  Geog- 
raphy. 

For  primary  bibliographic  entry  see  Field  2H. 
W91-04106 


Descriptors:  'Geohydrology,  'Groundwater 
chemistry,  'Groundwater  recharge,  'Isotope  stud- 
ies, 'Paleohydrology,  'Saline  groundwater, 
•Sulfur,  'Tracers,  Aquifer  characteristics,  Calci- 
um, Chlorides,  Dissolved  solids,  Geologic  history, 
Glacial  aquifers,  Groundwater  movement,  Hy- 
draulic gradient,  Illinois,  Sodium,  Sulfates,  Wis- 
consin. 

The  effect  of  Pleistocene  glaciation  on  groundwat- 
er flow  has  recently  been  studied  in  the  north- 
central  part  of  the  United  States.  In  particular, 
groundwater  in  large  parts  of  the  Cambrian-Ordo- 
vician  aquifer  was  substantially  diluted  by  glacial 
meltwater  recharged  under  hydraulic  gradients 
controlled  by  the  continental  glaciers.  However, 
there  is  an  anomalous  increase  in  concentrations  of 
sulfate  and  calcium,  and  subordinate  sodium  and 
chloride,  where  the  aquifer  is  confined  by  the 
Maquoketa  Shale  in  southeastern  Wisconsin  and 
Northern  Illinois,  west  of  Lake  Michigan.  These 
increases  in  dissolved  solids  are  anomalous  because 
no  evaporite  minerals  have  been  found  in  the  aqui- 
fer or  overlying  units  except  as  secondary  nodules 
and  fracture  fillings  and  as  finely  disseminated 
pyrite.  Coinciding  with  increasing  sulfate  concen- 
trations, delta  S34  of  the  dissolved  sulfate  increases 
from  less  than  minus  five  parts  per  thousand  in  the 
unconfined  part  of  the  aquifer  to  a  nearly  constant 
value  of  twenty  parts  per  thousand  where  the 
aquifer  is  confined  and  where  sulfate  reduction  is 
minimal.  The  most  likely  source  for  this  isotopical- 
ly heavy  sulfate  is  groundwater  associated  with 
Silurian  evaporites  under  Lake  Michigan.  It  is  un- 
certain if  the  sulfate-rich  water  was  emplaced  in 
pulses  or  mostly  during  the  last  glaciation  It  may 
be  concluded  that  the  chemistry  of  groundwater 
today  is  thus  only  partially  related  to  water-rock 
reactions  with  the  aquifer  matrix.  (Fish-PTT) 
W91-04107 


HYDROGEOLOGY  OF  AN  ANCIENT  ARID 
CLOSED  BASIN:  IMPLICATIONS  FOR  TABU- 
LAR SANDSTONE-HOSTED  URANIUM  DE- 
POSITS. 

Geological  Survey,  Denver,  CO. 

R.  F.  Sanford. 

Geology  GLGYBA,  Vol.  18,  No.  11,  p  1099-1102, 

November  1990.  4  fig,  29  ref. 

Descriptors:  'Geochemistry,  'Geohydrology, 
•Groundwater  movement,  'Model  studies,  'Ore 
deposits,  'Paleohydrology,  'Surface-groundwater 
relations,  'Uranium,  Flow  discharge,  Hydrologic 
models,  Lake  sediments,  Mixing,  Mud  flats,  New 
Mexico,  Vertical  flow,  Water  circulation. 

Tabular  uranium-vanadium-copper  deposits  in  the 
Chinle  and  Morrison  Formations  in  the  Colorado 
Plateau  physiographic  province  formed  from  cir- 
culating groundwater;  however,  the  hydrogeology 
of  the  ore-forming  system  has  never  been  rigorous- 
ly evaluated.  Hydrogeologic  modeling  shows  that 
tabular-type  uranium  deposits  in  the  Grants  urani- 
um region  of  the  San  Juan  basin,  New  Mexico, 
formed  in  zones  of  ascending  and  discharging  re- 
gional groundwater  flow.  The  association  of  either 
lacustrine  mudstone  or  actively  subsiding  struc- 
tures and  uranium  deposits  can  best  be  explained 
by  the  occurrence  of  lakes  at  topographic  depres- 
sions where  groundwater  having  different  sources 
and  compositions  is  likely  to  converge,  mix,  and 
discharge.  Ascending  and  discharging  flow  also 
explains  the  association  of  uranium  deposits  with 
underlying  evaporites  and  suggests  a  brine  inter- 
face. The  simulations  contradict  previous  sugges- 
tions that  groundwater  moved  downward  in  the 
mud  flat.  (Author's  abstract) 
W91-04108 


SULFUR  ISOTOPE  EVIDENCE  FOR  REGION- 
AL RECHARGE  OF  SALINE  WATER  DURING 
CONTINENTAL  GLACIATION,  NORTH-CEN- 
TRAL UNITED  STATES. 

Syracuse  Univ.,  NY.  Dept.  of  Geology. 

D.  I.  Siegel. 

Geology  GLGYBA,  Vol.  18,  No.  11,  p  1054-1056, 

November  1990.  3  fig,  1  tab,  16  ref. 


CELL  ANALYTICAL-NUMERICAL  METHOD 
FOR  SOLUTION  OF  THE  ADVECTCON-DIS- 
PERSION  EQUATION:  TWO-DIMENSIONAL 
PROBLEMS. 

Illinois  Univ.,  Urbana.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9I-04124 
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REAL-TIME  APPROACH  TO  MANAGEMENT 
AND  MONITORING  OF  GROUNDWATER  HY- 
DRAULICS. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

R.  Andricevic. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  11,  p  2747-2755,  November  1990.  8  fig,  2  tab, 

30  ref. 

Descriptors:  'Groundwater  management, 

•Groundwater  movement,  'Hydraulic  conductivi- 
ty, 'Mathematical  models,  'Model  studies, 
Groundwater  resources,  Monitoring,  Water  re- 
sources management. 

Groundwater  hydraulics  management  is  used  to 
evaluate  operational  policies  or  groundwater  with- 
drawal strategies  for  managing  groundwater  re- 
sources. Uncontrolled  temporal  changes  in  ground- 
water levels  may  cause  different  problems.  In  some 
situations,  developing  management  strategies  helps 
aid  decision  makers  in  the  proper  management  of 
groundwater  resources.  A  sequential  approach  to 
the  management  and  monitoring  program  of 
groundwater  hydraulics  was  examined  utilizing  a 
model  structured  as  a  discrete  time  optimal  control 
problem.  The  model  identifies  the  optimal  with- 
drawal rates  by  satisfying  the  penalty-type  cost 
function  of  two  conflicting  objectives:  satisfying 
withdrawal  demands  and  maintaining  target  hy- 
draulic head  levels.  A  control  action  obtained  in 
the  feedback  form  was  shown  to  depend  on  future 
uncertainty  in  hydraulic  head  prediction  due  to  the 
variability  in  the  hydraulic  conductivity.  As  new 
field  observations  became  available  the  hydraulic 
conductivity  field  was  updated  in  real-time.  A  nu- 
merical example  demonstrates  the  sequential  ap- 
proach and  quantifies  the  benefits  of  using  the 
monitoring  program.  In  practice,  increased  empha- 
sis is  needed  on  identifying  the  objective  function 
coefficients,  regardless  of  the  sophistication  level 
of  the  management  algorithm.  (Mertz-PTT) 
W91-04128 


APPROXIMATION   FOR   THE   BANK   STOR- 
AGE EFFECT. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W91-O4130 


DISSOLUTION  OF  TRAPPED  NONAQUEOUS 
PHASE  LIQUIDS:  MASS  TRANSFER  CHAR- 
ACTERISTICS. 

North  Carolina  Univ.,  Chapel  Hill.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04132 


For  primary   bibliographic  entry  see   Field   6G. 
W91-04218 


ABSORPTION  OF  WATER  INTO  POROUS 
BLOCKS  OF  VARIOUS  SHAPES  AND  SIZES. 

California  Univ.,   Berkeley.   Earth  Sciences  Div. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-04133 

IMPORTANCE  OF  AIR  ABSORPTION 
DURING  MECHANICAL  INTEGRITY  TEST- 
ING. 

Oklahoma  Univ.,  Norman.  School  of  Petroleum 

and  Geological  Engineering. 

For   primary   bibliographic   entry   see   Field   5G. 

W91-04135 


POPULATIONS  AFFECTED  BY  PESTICIDES 
IN  PUBLIC  GROUND-WATER  SUPPLIES  IN 
IOWA. 

Geological  Survey,  Iowa  City,  IA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04202 

GROUND  WATER,  GEOMORPHIC  PROCESS- 
ES, AND  RIPARIAN  VALUES:  SAN  PEDRO 
RIVER,  ARIZONA. 

Bureau  of  Land  Management,  Phoenix,  AZ.  Arizo- 
na State  Office. 


MICROBIAL  ACTIVITY  IN  THE  TERRESTRI- 
AL SUBSURFACE. 

Pennsylvania  State  Univ.,  University  Park.  Lab.  of 
Soil  Science. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04263 

HYDROTHERMAL  PETROLEUMS  FROM 
YELLOWSTONE  NATIONAL  PARK,  WYO- 
MING, USA. 

Oregon  State  Univ.,  Corvallis.  Coll.  of  Oceanogra- 
phy. 

C.  G.  Clifton,  C.  C.  Walters,  and  B.  R.  T. 
Simoneit. 

Applied  Geochemistry  APPGEY,  Vol.  5,  No.  1/2, 
p  169-191,  June/March  1990.  10  fig,  5  tab,  126  ref. 
NSF  Grants  OCE-8512832  and  OCE-8601316. 

Descriptors:  'Geochemistry,  'Groundwater  chem- 
istry, 'Hydrocarbons,  'Hydrothermal  studies, 
'Oil,  'Oil  characterization,  'Thermal  springs, 
♦Yellowstone  National  Park,  Aromatic  com- 
pounds, Chemical  interactions,  Heterocyclic  com- 
pounds, Organic  geochemistry,  Petroleum,  Polar 
compounds,  Pyrolysate,  Sedimentary  rocks,  Steam 
vents. 

In  Yellowstone  National  Park,  oil  is  actively  dis- 
charging with  thermal  waters  at  several  widely 
separated  thermal  areas.  Samples  from  two  loca- 
tions were  studied.  Petroleum  from  Calcite  Springs 
occurs  as  vapor  condensates  in  steam  vents. 
Deeply  buried,  hydrothermally  altered  sedimenta- 
ry rocks  are  believed  to  have  contributed  a  high 
temperature  pyrolysate  consisting  largely  of  polyn- 
uclear  aromatic  hydrocarbons  and  heterocyclic 
compounds.  Shallow  sedimentary  rocks,  which  are 
also  hydrothermally  altered,  have  contributed 
large  amounts  of  aromatic  and  polar  compounds, 
as  well  as  minor  amounts  of  hydrocarbons.  Au- 
tochthonous pyrolysates  and  lipids  from  thermally 
altered  surface  and  near  surface  bacterial  and  land 
plant  debris  have  also  been  introduced  to  the  vents 
by  downward  percolating  meteoric  water.  The  oil 
from  Rainbow  Springs  is  a  highly  paraffinic,  low-S 
crude  oil,  depleted  in  light  hydrocarbons.  Unlike 
the  Calcite  Springs  samples,  the  oil  from  Rainbow 
Springs  is  believed  to  have  originated  from  a  single 
sedimentary  source  rock  with  little  or  no  hydro- 
carbon contributions  from  surface  biota.  Consider- 
ation of  the  petroleum  chemistry  and  regional  hy- 
drodynamics indicates  that  the  Yellowstone  Park 
oils  did  not  migrate  into  the  Park  from  distant 
sources.  The  chemical  data  are  also  inconsistent 
with  the  oils  being  generated  and  trapped  prior  to 
Tertiary  volcanism.  At  both  Calcite  Springs  and 
Rainbow  Springs,  oil  generation  appears  to  be 
contemporaneous  and  is  attributed  to  thermal  alter- 
ation of  relatively  shallow  sedimentary  rocks  by 
hydrothermal  fluids.  (Author's  abstract) 
W9 1-04270 


flow,    Groundwater    recharge,    Hydrogeological 
model,  Paleo-recharge,  Simulation  analysis. 

A  two-dimensional  vertical  section  hydrogeologic 
model  has  been  developed  to  simulate  the  ground- 
water head  distribution  in  three  major  aquifers  of 
the  Amadeus  Basin,  central  Australia.  The  model 
indicates  an  uneven  distribution  of  groundwater 
flow  rate  within  each  aquifer,  partly  caused  by  the 
complex  structural  configuration  of  the  basin.  The 
model-derived  velocity  profile  indicates  ground- 
water flow  times  along  a  250  km  long  and  6000  m 
deep  section  to  be  several  million  years.  Present 
day  regions  of  slow  groundwater  flow  may  be 
influenced  by  paleo-recharge  pulses  derived  from 
formation  outcrops  and  transmission  losses  in 
major  rivers.  A  wetter  climate  over  an  extended 
period  of  the  Early  Tertiary  is  indicated  by  the 
presence  a  formerly  integrated  drainage  system  in 
the  Amadeus  Basin.  Simulation  of  groundwater 
head  conditions  during  the  Early  Tertiary  was 
undertaken  to  investigate  the  possible  effects  of 
paleo-recharge  on  the  present  day  basin.  Simula- 
tion of  wetter  conditions  with  greater  groundwater 
recharge  in  Early  Tertiary  indicates  reduced 
groundwater  flow  rates  and  also  reversals  of  flow 
direction.  The  present-day  groundwater  flow 
regime  is  still  recovering  from  Early  Tertiary 
process,  and  the  longevity  of  paleo-recharge  ef- 
fects may  be  of  the  order  of  50  Ma.  (Korn-PTT) 
W9 1-04273 


PORE-WATER  GEOCHEMISTRY  AND  THE 
MINERALOGY  OF  THE  VADOSE  ZONE  OF 
SULFIDE  TAILINGS,  WAITE  AMULET, 
QUEBEC,  CANADA. 

Waterloo  Centre  for  Groundwater  Research  (On- 
tario). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04271 

HYDROGEOLOGICAL  MODEL  FOR  AMA- 
DEUS BASIN  AQUIFERS,  CENTRAL  AUSTRA- 
LIA. 

Birmingham  Univ.  (England).  School  of  Earth  Sci- 
ences. 

D.  M.  Brown,  J.  W.  Lloyd,  and  G.  Jacobson. 
Australian   Journal   of  Earth   Sciences   AJESE7, 
Vol.  37,  No.  2,  p  215-226,  June  1990.  7  fig,  6  tab,  14 
ref. 

Descriptors:  'Australia,  'Geohydrology, 

•Groundwater  basins,  'Groundwater  movement, 
'Hydrologic  models,  'Model  studies,  'Paleohy- 
drology,  Amadeus  Basin,  Flow  rates,  Groundwat- 
er   data,    Groundwater    depletion,    Groundwater 


ENVIRONMENTAL  RESEARCH  FIELD  SITE 
HORKHEIMER  INSEL':  RESEARCH  PRO- 
GRAM, INSTRUMENTATION  AND  FIRST  RE- 
SULTS. 

Stuttgart  Univ.  (Germany,  F.R.).  Inst,  fuer  Was- 

serbau. 

For  primary  bibliographic  entry  see  Field  7A. 

W9 1-04308 

CAN  CONTAMINATED,  FRACTURED, 
POROUS  AQUIFERS  BE  RESTORED. 

Ministry  of  Agriculture,  Jerusalem  (Israel).  Hydro- 
logical  Service. 

For  primary  bibliographic  entry  see  Field  5G. 
W91-04311 


LAND  CLEARANCE  AND  RIVER  SALINISA- 
TION  IN  THE  WESTERN  MURRAY  BASIN, 
AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Glen  Osmond  (Australia).  Div.  of 
Water  Resources. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-04386 


SOLUTE  AND  HEAT  TRANSPORT  EXPERI- 
MENTS FOR  ESTIMATING  RECHARGE 
RATE. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

M.  Taniguchi,  and  M.  L.  Sharma. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  57-69,  November  1990.  7  fig,  3  tab,  22  ref. 

Descriptors:  'Groundwater  recharge,  'Infiltration, 
•Recharge,  •Tracers,  Bromides,  Groundwater 
movement,  Heat  transport,  Hydraulic  conductivi- 
ty, Soil  water,  Solute  transport. 

To  determine  groundwater  recharge  rate  from  a 
tracer  experiment,  it  is  important  to  know  the 
fraction  of  mobile  water,  because  the  soil  water 
flux  is  estimated  using  the  pore  water  velocity  and 
the  mobile  water  content.  The  latter  is  defined  as 
the  'effective  water'  involved  in  the  transport  of 
the  bulk  of  the  tracer.  In  the  field  it  is  possible  to 
measure  only  velocities  and  total  water  content, 
making  it  necessary  to  examine  the  relationship 
between  total  and  mobile  water  content.  To  exam- 
ine the  relationship  between  mobile  water  content 
and  water  flux  during  infiltration,  laboratory  ex- 
periments were  conducted  for  simultaneous  trans- 
port of  solute  (bromide)  and  heat  using  columns  of 
two  soils,  Bassendean  sand  and  Collie  loam.  Within 
a  limited  water  flux  range,  for  the  same  flux  the 
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mobile  water  fraction  was  lower  for  the  sand  than 
for  the  loam.  The  mobile  fraction  of  soil  water 
increased  with  increasing  water  flux  for  sand  but 
was  relatively  constant  for  loam.  These  results 
have  significant  implications  in  field  estimations  of 
deep  drainage  (recharge  rate)  using  tracer  tech- 
niques, and  also  in  the  development  of  empirical 
expressions  for  the  relationship  between  unsaturat- 
ed hydraulic  conductivity  and  the  effective  satura- 
tion of  specific  soils.  Estimates  of  water  flux  based 
on  the  analysis  of  soil  temperature  changes  agreed 
well  with  those  based  on  the  solute  tracer.  This 
agreement  was  closest  when  water  flux  using 
solute  was  calculated  using  the  mobile  water  con- 
tent and  the  heat  capacity  for  the  temperature 
method  was  calculated  using  the  total  water  con- 
tent. (Author's  abstract) 
W9 1-04390 


GROUNDWATER     RESOURCES     DEVELOP- 
MENT IN  THE  EASTERN  SAHARA. 

Birmingham  Univ.  (England).  Hydrogeoloey  Sec- 
tion. 

For  primary  bibliographic  entry  see  Field  4B 
W9 1 -04391 


ANALYSIS  OF  FLOW  NEAR  A  DUG  WELL  IN 
AN  UNCONFINED  AQUIFER. 

Indian  Inst,  of  Science,  Bangalore.  Dept.  of  Civil 

Engineering. 

K.  Sridharan,  D.  Sathyanarayana,  and  A  S 

Reddy. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No   1/ 

4,  p  89-103,  November  1990.  13  fig,  9  ref. 

Descriptors:  'Drawdown,  'Groundwater  move- 
ment, 'Model  studies,  'Unconfined  aquifers, 
•Wells,  Anisotropy,  Hydraulic  conductivity, 
Mathematical  models,  Numerical  analysis  Seep- 
age, Water  table  decline,  Well  yield. 

The  numerical  solutions  reported  in  the  literature 
for  flow  near  a  large-diameter  dug  well  involve 
various  approximations  of  the  boundary  condition 
at  the  water  table,  seepage  surface  at  the  well  face, 
vertical  flow,  well  penetration,  and  distribution  of 
hydraulic  gradient.  Most  also  ignore  the  flow  con- 
tribution from  the  bottom  surface  of  the  well.  A 
numerical  analysis  was  conducted  of  flow  to  dug 
well  in  an  unconfined  aquifer.  The  analysis  consid- 
ers well  storage,  elastic  storage  release,  gravity 
drainage,  anisotropy,  partial  penetration,  vertical 
How,  and  seepage  surface  at  the  well  face;  it  also 
treats  the  water  table  in  the  aquifer  and  the  water 
level   in   the   well   as   unknown   boundaries.   The 
pumped  discharge  is  maintained  constant.  The  so- 
lution is  obtained  by  a  two-level  iterative  scheme. 
The  effects  of  governing  parameters  on  the  draw- 
down, development  of  seepage  surface  and  contri- 
bution from  aquifer  flow  to  the  total  discharge  are 
discussed.   The  degree  of  anisotropy  and  partial 
penetration  are  found  to  be  the  parameters  that 
affect  the  flow  characteristics  most  significantly. 
The  effect  of  anisotropy  on  the  development  of 
seepage  surface  is  very  pronounced.  The  degree  of 
anisotropy  is  the  most  significant  factor  influencing 
the  development  of  the  seepage  surface,  with  a 
pronounced  seepage  surface  for  relatively  low  ver- 
tical hydraulic  conductivity.  In  general,  the  effects 
of  change  in  specific  yield  and  elastic  storage  coef- 
ficient are  much  less  significant  than  those  of  ani- 
sotropy or  well  penetration.  The  drawdown  varia- 
tion with  discharge  is  not  strictly  linear.  Depend- 
ing on  the  aquifer  parameters,  well  penetration  and 
the  discharge  rate,  the  relative  contribution  from 
aquifer  parameters,  well  penetration,  and  the  dis- 
charge rate,  the  relative  contribution  from  aquifer 
flow  may  approach  the  total  pumping  rate  or  may 
be  only  a  small  fraction  of  it  even  when  the  well 
becomes  completely  drained.  (Rochester-PTT) 
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Seepage  flux  was  measured  with  seepage  meters 
placed  along  transects  from  the  lake  shore  to  30- 
100  m  offshore  in  ten  lakes  in  Alberta  during  May- 
August  1986.  In  the  study  area,  the  predominant 
surficial  deposit  is  glacial  till  that  is  underlain  by 
sedimentary  bedrock.  Seepage  flux  into  the  lakes 
ranged  from  3  x  10  to  the  minus  9th  power  to  2  x 
10  to  the  minus  7th  power  m/sec.  Seepage  out  of 
the  lakes  was  recorded  at  only  one  of  the  92 
seepage  meter  sites.  At  one  lake,  seepage  was 
measured  fortnightly  along  transects  at  two  loca- 
tions, from  May  to  August  1986;  seepage  patterns 
were  consistent  throughout  that  period.  In  the 
nearshore  region  of  6  of  the  10  lakes,  seepage  flux 
to  the  lakes  decreased  with  distance  from  shore. 
Deviations  from  that  pattern  probably  resulted 
from:  (1)  spatial  variability  of  seepage  flux  within  a 
small  area  of  lake  bed;  (2)  intertill  sand  and  gravel 
lenses  near  the  lake;  and  (3)  preglacial  bedrock 
channels  of  sand  and  gravel  underlying  some  of  the 
lakes.  Ground  water  was  the  major  source  of 
water  (49%  of  total  inflow)  to  one  lake.  At  the 
other  lakes  ground  water  was  a  relatively  small 
component  (10%)  of  total  inflow.  (See  also  W91- 
04393)  (Author's  abstract) 
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MATES OF  LAKE  SEEPAGE. 
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For  primary  bibliographic  entry  see  Field  7B 
W91-04393 


APPLICATION  OF  FACTOR  ANALYSIS  TO 
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The  basic  purpose  of  R-mode  factor  analysis  ap- 
plied to  the  study  of  the  hydrogeochemistry  of  an 
aquifer  is  to  find  a  set  of  factors,  few  in  number, 
which  explain  a  large  part  of  the  variance  in  the 
analytical  data.  The  input  data  often  are  trans- 
formed to  logarithms  because  the  original  data 
often  have  a  lognormal  rather  than  a  normal  distri- 
bution. However,  it  is  shown  that  the  use  of  nu- 
merical values  for  the  chemical  components  of 
waters  from  an  aquifer  as  input  data  for  factor 
analysis  is  sometimes  more  convenient  than  the  use 
of  logarithms  of  these  figures.  Factor  analysis  was 
applied  to  the  hydrogeochemical  study  of  a  coastal 
aquifer  located  in  Javea,  Alicante  (Spain).  A  set  of 
factors  was  found  that  explained  the  source  of  the 
ions  in  the  water  and  even  certain  chemical  proc- 
esses that  accompany  the  intrusion  of  seawater, 
such  as  the  strong  adsorption  of  K  on  clay  miner- 
als. The  four  main  factors  were:  (1)  high  loadings 
of  Br(-),  Cl(-),  Na(  +  )  and  Mg(2  +  ),  whose  concen- 
tration in  seawater  is  much  greater  than  that  in 
continental  water;  (2)  mainly  nitrate;  (3)  HC03(-) 
and  H30(  +  )  concentrations;  and  (4)  the  variable 
K(  +  ).  (Rochester-PTT) 
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EXAMINATION  OF  COMPUTED  STEADY- 
STATE  WATER-TABLE  HEIGHTS  IN  UNCON- 
FINED AQUIFERS:  DUPUIT-FORCHHEIMER 
ESTIMATES  AND  EXACT  ANALYTICAL  RE- 
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For   over   a   century,    engineers    have    used    the 
Dupuit-Forchheimer   theory    to   calculate   water- 
table  heights  and  horizontal  seepage  rates  in  shal- 
low,   unconfined    aquifers.    The    precision    with 
which  water  table  heights  are  given  by  Dupuit- 
Forchheimer  analysis  was  examined  by  comparing 
calculated  water  table  heights  with  those  obtained 
by  exact  solution  of  Laplace's  equation  for  bounda- 
ry conditions  that  are  approximately  the  same  in 
both  cases.  The  Dupuit-Forchheimer  solutions  for 
flow  through  a  vertically-sided  earth  bank  with  no 
tailwater  and  for  drainage  to  parallel  ditches  sunk 
to  a  horizontal  impermeable  floor  approximate  that 
given  by  Konzeny's  parabola  solution  for  ground- 
water flow  to  a  horizontal  toe  drain  and  to  that 
given  by  Engelund's  solution  for  drainage  of  uni- 
form   rainfall    to   horizontal   drains,    respectively, 
except  in  the  vicinity  of  the  drains.  In  both  situa- 
tions, the  water  table  height  given  by  the  analytical 
solution  immediately  above  the  beginning  of  the 
horizontal  drains  is  a  good  estimate  of  the  height  of 
the  seepage  surface  that  the  Dupuit-Forchheimer 
analysis  ignores.  The  Dupuit-Forchheimer  analysis 
apparently  gives  water  table  heights  closer  to  the 
true  values  when  there  is  tail  water.  When  water 
seeps  from  ditches  to  feed  evaporation  from  the 
soil  surface,  there  is  not  seepage  surface  and  the 
Dupuit-Forchheimer  water  table  prediction  is  not 
very  different  from  the  true  value.  For  soils  with 
hydraulic  conductivity  varying  with  height,  the 
Girinsky  potential  allows  water  table  heights  to  be 
calculated  making  use  of  the  Dupuit-Forchheimer 
assumption    and    gives    more    accurate    estimates 
when   the   hydraulic  conductivity  increases  with 
height.  (Author's  abstract) 
W9 1-04399 
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WATER DISCHARGE  TO  STREAMS:  AN 
ANALYSIS  BY  NUMERICAL  SIMULATION. 
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STATISTICAL  ANALYSIS  OF  THE  HYDRO- 
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The  geometry  of  flow  paths  and  the  directions  of 
groundwater  movement  in  the  Saddle  Mountains, 
Wanapum,  and  Grande  Ronde  Basalts  at  the  Han- 
ford site  are  not  well  understood.  Multivariate 
cluster  analysis  (MANOVA),  a  canonical  analysis, 
and  discriminant  analysis  were  used  to  investigate 
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the  directions  of  groundwater  movement  in  the 
Saddle  Mountains  and  the  Grande  Ronde  Forma- 
tions near  the  Hanford  Nuclear  Reservation, 
Washington.  Hydrochemistry  data  constituted  the 
data  base.  The  statistical  analyses  indicate  that  the 
hydrochemistry  of  the  groundwaters  in  these 
basalt  formations  is  distinctly  different  on  each  side 
of  the  Columbia  River  where  the  river  passes 
through  the  Hanford  Reservation.  A  continuous 
groundwater  flow  system  passing  beneath  the  river 
would  be  expected  to  display  hydrochemically 
similar  groundwaters  on  both  sides  of  the  river. 
The  hydrochemically  distinct  groundwaters  on  op- 
posite sides  of  the  river  suggest  that  the  river  is  the 
groundwater  divide  or  that  the  river  is  roughly 
coincident  with  a  hydrogeologic  barrier  boundary. 
In  addition,  the  hydrochemistry  of  groundwater  in 
each  of  the  basalt  formations  is  statistically  rela- 
tively distinct  on  the  Hanford  Reservation  west  of 
the  river.  This  distinctness  of  groundwater  among 
basalt  formations  is  not  evident  east  of  the  river. 
The  statistical  procedures  used  in  this  study  are  a 
quantitative  means  of  differentiating  groundwaters 
by  hydrochemistry.  (Author's  abstract) 
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When  water  flows  through  a  porous  medium  in 
response  to  a  pressure  gradient,  it  flows  through 
the  irregularly  arranged  interstices.  Practical  prob- 
lems of  unsteady  flow  found  in  the  literature  in- 
clude flow  inside  a  porous  dam.  Propagation  of  a 
linear  wave  on  the  free  surface  of  a  liquid  saturat- 
ing a  porous  layer  was  analyzed,  with  the  aim  of 
discovering  the  rate  of  decay  of  the  amplitude  with 
time  and  distance.  It  is  shown  that  for  a  single 
periodic  progressive  wave  of  frequency  w  and 
wave  number  k,  the  amplitude  dies  out  in  a  short 
distance  compared  with  the  wavelength.  However, 
superimposing  several  such  waves  of  different  fre- 
quency can  propagate  for  a  relatively  long  distance 
before  dying  out.  In  nature,  wave  phenomena 
always  are  present  as  a  group  and  not  in  a  single 
mode.  Therefore,  it  is  concluded  that  it  is  possible 
to  have  propagation  in  the  form  of  a  wave  packet 
at  the  free  surface  of  a  saturated  porous  layer  that 
travels  a  relatively  long  distance  before  dying  out. 
(Rochester-PTT) 
W9 1-04402 

RELATIONSHIPS  BETWEEN  GROUNDWAT- 
ER CONTAMINATION  AND  MAJOR-ION 
CHEMISTRY  IN  A  KARST  AQUIFER. 

Kentucky  Univ.,  Lexington. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04403 

GROUNDWATER  EXCHANGE  RATE  OF  THE 
SOUTHERN  BALTIC  COASTAL  LOWLAND. 

Gdansk  Technical  Univ.  (Poland).  Inst,  of  Hyrdo- 

technics. 

K.  Burzynski,  and  A.  Sadurski. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  293-306,  November  1990.  11  fig,  16  ref. 

Descriptors:  *Coastal  aquifers,  *Connate  water, 
•Groundwater  movement,  'Peat  bogs,  'Poland, 
♦Surface-groundwater  relations,  'Wetlands,  Baltic 
Sea,  Bielawskie  Biota,  Mathematical  models,  Soil 
water. 

The  groundwater  of  the  southern  Baltic  lowlands 
usually  occurs  in  particular  hydrogeological  condi- 
tions. The  lowland  is  covered  mostly  by  peats 
several  meters  in  thickness.  Peat  bog  water  is  iso- 
lated from  deeper  aquifers  and  has  different  chemi- 
cal   composition.    Salty,    relict    groundwater    of 


marine  origin  from  the  Atlantic  period  of  the  Hol- 
ocene  (Littorina  transgression)  may  have  survived 
in  the  deeper  coastal  aquifers  in  places  of  sluggish 
flow.  The  area  called  Bielawskie  Biota  is  on  the 
eastern  part  of  the  belt  of  the  southern  Baltic 
coastal  lowland  near  Ostrowa  (Poland).  The  peat 
bog  located  in  the  middle  of  the  depression  is  the 
most  easterly  Atlantic-type  bog  and  contains  relict 
plant  species  of  the  arctic  and  subarctic  climates.  A 
water-dynamics  analysis  was  conducted  to  provide 
the  data  needed  for  maintenance  of  the  optimum 
soil  water  conditions.  A  mathematical  model  of 
groundwater  flow  was  used  that  is  based  on  Bous- 
sinesq's  equation  for  steady  and  unsteady  flow. 
Dupuit's  principle  was  used  in  the  model  for  un- 
steady flow.  The  solution  was  obtained  by  the 
finite  element  method.  The  results  of  mathematical 
modelling  of  groundwater  flow  circulation  show 
that  the  flow  rate  and  local  directions  of  ground- 
water flow  change  during  the  year,  depending  on 
the  rate  of  groundwater  recharge  by  precipitation. 
The  unsteady  flow  model  was  developed  to  make 
it  possible  to  predict  the  water  table  fluctuations 
during  a  year  at  any  point  of  the  area  studied.  The 
calculation  of  the  groundwater  exchange  rate  did 
not  confirm  the  presence  of  any  places  of  very 
sluggish  groundwater  flow,  where  salty,  young 
relict  water  might  have  survived.  (Rochester-PTT) 
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The  White  River  Flow  System  (WRFS),  a  region- 
al carbonate-alluvial  groundwater  system  in  south- 
eastern Nevada,  contains  large  amounts  of  water  in 
storage,  especially  in  the  underlying  carbonate  res- 
ervoir. As  the  population  of  Nevada  grows,  it  may 
become  necessary  to  tap  the  resources  of  this  and 
other  regional  carbonate  systems.  A  simple  mixing- 
cell  flow  model  of  the  WRFS  was  constructed  and 
calibrated  with  the  spatial  distribution  of  the  stable 
isotope  deuterium.  This  model  provides  estimates 
of  recharge  rates,  groundwater  ages,  and  volumes 
of  water  in  storage.  The  lack  of  constraints  on  the 
system  mandates  the  calibration  of  three  different 
flow  scenarios,  each  of  which  differs  slightly  from 
the  other.  Despite  these  differences,  some  consist- 
ent quantitative  results  were  obtained,  including: 
(1)  the  carbonate  aquifer  may  contain  as  much  as 
752  cu  km  of  water  in  storage;  (2)  recharge  from 
the  Sheep  Range  to  Coyote  Spring  Valley  is  at 
least  90%  greater  than  previously  believed;  (3) 
Lower  Meadow  Valley  is  part  of  the  WRFS  and 
contributes  underflow  to  Upper  Moapa  Valley;  (4) 
underflow  with  an  average  value  of  0.163  cu  m/sec 
flows  westward  out  of  the  system  along  the  Pah- 
ranagat  Shear  Zone;  (5)  recharge  to  the  alluvial 
system  is  greater  than  that  to  the  carbonate  system; 
(6)  groundwater  mean  ages  range  from   1600  to 
34,000  years,   with  the  oldest   waters  exceeding 
100,000  years  old.  The  results  also  demonstrate 
that  deuterium  can  be  used  to  calibrate  simple  flow 
models  and  provide  groundwater  ages.  Despite  the 
uncertainties  and  lack  of  constraints  in  mixing-cell 
models,  they  provide  first  approximations  to  infor- 
mation which,  until  now,  has  been  difficult,  if  not 
impossible,  to  obtain.  These  models  are  especially 
useful   for  analyzing  sparse-data  systems,   testing 
different  flow  hypotheses  with  minimal  effort,  pro- 
viding   ranges    in    parameter    estimates,    guiding 
future  data  collection,  and  serving  as  precursors 
for  the  development  of  more  sophisticated  models. 
(Author's  abstract) 
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Irrigation  along  the  North  Platte  River  in  Wyo- 
ming began  as  early  as  1875.  Streams  are  the 
principal  source  of  irrigation  water  with  ground- 
water used  to  supplement  surface-water  irrigation 
supplies.  There  was  concern  that  groundwater 
pumpage  may  have  caused  about  16  ft  of  water- 
level  decline  in  an  observation  well  over  a  2-year 
period.  Leakage  or  lack  of  leakage  from  surface- 
water  diversions  for  irrigation  probably  affects 
groundwater  levels  much  more  than  pumpage. 
This  study  includes  a  quantitative  assessment  of  the 
groundwater  system  for  an  area  of  approximately 
410  sq  mi  along  the  North  Platte  River.  Inflow  to 
groundwater  in  the  study  area  was  estimated  to 
average  about  15  cu  ft/sec  from  precipitation, 
about  36  cu  ft/sec  from  stream  leakage  and  sur- 
face-water irrigation,  and  about  39  cu  ft/sec  from 
leakage  of  streams  and  surface-water  irrigation  out- 
side the  study  area.  Groundwater  outflow  from  the 
study  area  was  estimated  to  average  about  90  cu 
ft/sec  assuming  steady-state  conditions.  (USGS) 
W9 1-04463 


GROUND-WATER  RESOURCES  OF  HONEY 
LAKE  VALLEY,  LASSEN  COUNTY,  CALIFOR- 
NIA, AND  WASHOE  COUNTY,  NEVADA. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

E.  H.  Handman,  C.  J.  Londquist,  and  D.  K. 
Maurer. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  90-4050, 
1990.  1 12p,  30  fig,  19  tab,  4  pi,  84  ref. 

Descriptors:  'Aquifers,  'Geohydrology,  'Ground- 
water availability,  'Groundwater  movement, 
'Groundwater  recharge,  'Groundwater  resources, 
'Model  studies,  'Nevada,  California,  Computer 
models,  Evapotranspiration,  Groundwater,  Honey 
Lake  Valley. 

Honey  Lake  Valley  is  a  2,200  sq-mi,  topographi- 
cally closed  basin  about  35  miles  northwest  of 
Reno,  Nevada.  Unconsolidated  basin-fill  deposits 
on  the  valley  floor  and  fractured  volcanic  rocks  in 
northern  and  eastern  uplands  are  the  principal 
aquifers.  In  the  study  area,  about  130,000  acre-ft  of 
water  recharges  the  aquifer  system  annually,  about 
40%  by  direct  infiltration  of  precipitation  and 
about  60%  by  infiltration  of  streamflow  and  irriga- 
tion water.  Balancing  this  is  an  equal  amount  of 
groundwater  discharge,  of  which  about  65%  evap- 
orates from  the  water  table  or  is  transpired  by 
phreatophytes,  about  30%  is  withdrawn  from 
wells,  and  about  5%  leaves  the  basin  as  subsurface 
outflow  to  the  east.  Results  of  a  groundwater  flow 
model  of  the  eastern  part  of  the  basin,  where 
withdrawals  for  public  supply  have  been  proposed, 
indicate  that  if  15,000  acre-ft  of  water  were  with- 
drawn annually,  a  new  equilibrium  would  eventu- 
ally be  established  by  a  reduction  of  about  60%  in 
both  evapotranspiration  and  subsurface  outflow  to 
the  east.  Hydrologic  effects  would  be  minimal  at 
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Group  2F— Groundwater 

the  western  boundary  of  the  flow-model  area 
Within  the  modeled  area,  the  increased  withdraw- 
als cause  an  increase  in  the  simulated  net  flow  of 
groundwater  eastward  across  the  California- 
Nevada  State  line  from  about  670  acre-ft/vr  to 
about  2,300  acre-ft/yr.  (USGS) 
W91-04466 


GROUND-WATER  WITHDRAWALS,  WATER- 
LEVEL  CHANGES,  LAND-SURFACE  SUBSID- 
ENCE, AND  GROUND-WATER  QUALITY  IN 
FORT  BEND  COUNTY,  TEXAS,  1969-87 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  4B 
W9 1  -04467 


HYDROGEOLOGY    AND    GROUND-WATER- 
?^ITY  CONDITIONS  AT  THE  EMPORIA- 

KANSAS,S™       LANDFILL'       EASTERN 

Geological    Survey,    Lawrence,    KS.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1  -04468 


THREE  COMPUTERIZED,  STRATIFIED 
RANDOM  SITE-SELECTION  METHODS  FOR 
DESIGN  OF  A  GROUND-WATER-QUALITY 
SAMPLING  NETWORK. 

Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 

For  primary  bibliographic  entry  see  Field  7A. 
W9 1-04470 


GROUND-WATER     FLOW     IN     THE     NEW 
JERSEY  COASTAL  PLAIN. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 
Div. 

M.  Martin. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225  USGS 
Open-File  Report  87-528,  1990.  182p,  91  fig,  15  tab 
50  ref. 

Descriptors:  'Groundwater  movement,  *ModeI 
studies,  •Simulation  analysis,  Aquifer  characteris- 
tics, Coastal  aquifers,  Computer  models,  Confining 
beds,  Groundwater  level,  Hydrologic  budget 
Saline  water  intrusion,  Saline-freshwater  inter- 
faces, Surface-groundwater  relations. 

Flow  was  simulated  in   10  aquifers  of  the  New 
Jersey  Coastal  Plain  using  a  multilayer  finite-differ- 
ence model  for  prepumping  steady-state  conditions 
and  transient  conditions  from  1896-1981   The  high- 
est transmissivity,  greater  than  10,000  sq  ft/day,  is 
in  Camden  and  Gloucester  Counties  in  the  Poto- 
mac-Rantan-Magothy    aquifers;    Monmouth    and 
Ocean  Counties  in  the  middle  aquifer  of  the  Poto- 
mac-Raman Magothy  aquifer  system;  and  Ocean 
Burlington,  Atlantic,  and  Cape  May  Counties  in 
the  Kirkwood-Cohansey  aquifer  system.  Confining 
unit  leakance  is  highest,  >  than  0.001  ft/day/ft  in 
updip  areas  and  lowest,   <  0.00001  ft/day/ft,  in 
downdip  areas.  Areas  near  the  center  of  the  major 
cones  of  depression  approximate  steady-state  con- 
ditions. However,  downdip  and  offshore  areas  are 
under  transient  conditions.  Simulated  head  changes 
along  the  saltwater-freshwater  interface  boundary 
indicate  that  the  lower  aquifer  of  the  Potomac- 
Rantan-Magothy  aquifer  system  and  the  confined 
Kirkwood  aquifer  have  the  greatest  potential  for 
updip    movement    of   chlorides.    The    simulated 
sources  of  water  to  wells  in  1978  include:  (1)  3% 
from  aquifer  storage;  (2)  3%  from  boundary  flows; 
(3)  4%  from  the  ocean  and  bays;  and  (4)  90%  from 
streamflow.  (USGS) 
W91-04471 


GROUND-WATER  LEVELS  IN  WATER  YEAR 
1987  AND  ESTIMATED  GROUND-WATER 
PUMPAGE  IN  WATER  YEARS  1986-87 
CARSON     VALLEY,     DOUGLAS     COUNTY, 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 
D.  L.  Berger. 


Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225  USGS 
Open-File  Report  89-70,  1990.  9p,  1  fig,  2  tab,  I  pi 
3  ref.  K  ' 

Descriptors:  "Carson  Valley,  •Groundwater  avail- 
ability, •Groundwater  resources,  *Hydrologic 
data,  •Nevada,  •Surface-groundwater  relations, 
Water  resources  data,  Carson  River  Basin,  Doug- 
las County,  Groundwater  level,  Groundwater 
pumpage. 

Groundwater  levels  were  measured  at  58  wells 
during  water  year  1987  and  a  summary  of  estimat- 
ed pumpage  is  given  for  water  years  1986  and  1987 
in  Carson  Valley,  Douglas  County,  Nevada.  The 
data  were  collected  to  provide  a  record  of  ground- 
water changes  over  the  long-term  and  pumpage 
estimates  that  can  be  incorporated  into  an  existing 
groundwater  model.  The  estimated  total  pumpae? 
in  water  year  1986  was  10,200  acre-ft  and  in  water 
year  1987  was  13,400  acre-ft.  Groundwater  levels 
exhibited  seasonal  fluctuations  but  remained  rela- 
tively stable  over  the  reporting  period  throughout 
most  of  the  valley.  (USGS) 
W9 1-04474 


«5°J^fDWATERQUALITY  ASSESSMENT 
OF  THE  CARSON  RIVER  BASIN,  NEVADA 
AND  CALIFORNIA:  ANALYSIS  OF  AVAIL- 
ABLE WATER-QUALITY  DATA  THROUGH 
1987. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-04476 


DOCUMENTATION  OF  MODEL  INPUT  AND 
OUTPUT  VALUES  FOR  THE  GEOHYDRO- 
LOGY  AND  MATHEMATICAL  SIMULATION 
OF  THE  PAJARO  VALLEY  AQUIFER 
SYSTEM,  SANTA  CRUZ  AND  MONTEREY 
COUmTES,  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  4B 
W9 1-04477 


PURGEABLE  ORGANIC  COMPOUNDS  IN 
GROUND  WATER  AT  THE  IDAHO  NATION- 
AL ENGINEERING  LABORATORY,  IDAHO-- 
1988  AND  1989. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B 
W9 1-04478 


GROUND-WATER  LEVELS  IN  THE  ALLUVI- 
AL  AQUIFER  IN  EASTERN  ARKANSAS,  1989 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

P.  W.  Westerfield,  and  C.  R.  Baxter. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225  USGS 
Open-File  Report  90-558,  1990.  35p,  2  fie,  1  tab  21 
ref. 

Descriptors:       'Alluvial       aquifers,       'Arkansas, 
Groundwater  level,  'Mississippi  River  Valley  Al- 
luvial Aquifer,  Data  collections,  Mississippi  Alluvi- 
al Plain,  Water  resources  data. 

pis  report,  prepared  by  the  U.S.  Geological 
Survey  in  cooperation  with  the  Arkansas  Soil  and 
Water  Conservation  Commission,  the  U.S.  Soil 
Conservation  Service  and  local  Conservation  Dis- 
tricts, contains  groundwater  level  measurements  of 
504  wells  that  tap  the  alluvial  aquifer  in  the  Qua- 
ternary deposits  of  the  Mississippi  Alluvial  Plain 
The  measurements  were  made  by  district  Soil  Con- 
servation Service  personnel  during  1989.  The 
shallowest  prepumping  season  water  levels  oc- 
DuT,ed  '"  Clay'  Greene-  Independence,  Mississippi, 
Phillips,  and  Randolph  Counties  where  water 
levels  averaged  less  than  20  ft  below  the  land 
surface.  The  deepest  water  levels  occurred  in  Ar- 
kansas, Lonoke,  Poinsett,  and  Prairie  Counties 
where  water  levels  of  more  than  100  ft  were 
measured.  Water  levels  in  the  postpumping  season 


averaged  about  2.5  ft  lower  than  during  the  pre- 
pumping season.  (USGS) 
W9 1-04479 


WATER     RESOURCES     DATA     FOR     NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 

Geological  Survey,  Bow,  NH.   Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  7C 
W9 1-04480 


WATER    RESOURCES    DATA    FOR    NORTH 
DAKOTA,  WATER  YEAR  1989. 

Geological    Survey,    Bismarck,    ND.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1  -0448 1 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1989. 

Geological  Survey,  Charleston,  WV    Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-04483 


GEOHYDROLOGY  AND  WATER  QUALITY 
OF  CONFINED-DRIFT  AQUIFERS  IN  THE 
BROOTEN-BELGRADE  AREA,  WEST-CEN- 
TRAL MINNESOTA.  ^^ 

Geological  Survey,  St.  Paul,  MN 
G.  N.  Delin. 

Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water- 
Resources  Investigations  88-4124,  1990.  138p  61 
fig,  1 1  tab,  44  ref,  3  append.  Prepared  in  coopera- 
tion with  the  Minnesota  Department  of  Natural 
Resources  and  the  Western  Minnesota  Resource 
Conservation  and  Development  Association. 

Descriptors:  'Confined  aquifers,  'Geohydrology 
•Groundwater  movement,  'Groundwater  quality' 
Water  quality,  'Water  resources  data,  Aquifer 
systems,  Chippewa  River,  Crow  River,  Dissolved 
solids,  Iron,  Manganese,  Minnesota,  Model  studies 
Sauk  River,  Water  level,  Well  yield. 

Confined-drift  aquifers  in  six  aquifer  zones  identi- 
fied in  a  1,300-sq  mi  area  of  west-central  Minnesota 
near  Brooten  and  Belgrade  range  in  thickness  from 
I™      10  ft'  Transmissivities  generally  range  from 
500  to  10,000  sq  ft/day,  and  theoretical  well  yields 
generally  range  from  100  to  900  gal/min.  Regional 
groundwater  flow  in  the  confined-drift  aquifers  is 
to  the  southeast  with  local  discharge  to  the  East 
and  Middle  Branches  of  the  Chippewa  River,  the 
North  Fork  Crow  and  Sauk  Rivers,  and  to  smaller 
streams,  lakes,  wetlands,  and  wells.  Water  levels 
near  high-capacity  pumped  wells  generally  fluctu- 
ate 5  to  40  ft  annually,  compared  to  annual  fluctua- 
tions of  less  than  5  ft  in  the  unconfined  aquifer. 
Water   from   confined-drift   aquifers   generally   is 
suitable  for  most  uses.  The  water  is  hard  to  very 
hard  and  contains  locally  elevated  concentrations 
of  iron,  manganese,  and  dissolved  solids.  Results 
from  a  groundwater  flow  model  indicate  that  in- 
creased pumping  from  confined  aquifers  in  the  area 
would  not  adversely  affect  water  levels.  The  addi- 
tion of  10  to  20  hypothetical  wells,  pumping  123  to 
246  million  gal/year,  generally  resulted  in  regional 
water  level  declines  of  0.1  to  1.0  ft.  Simulations 
showed  that  the  reduced  recharge  and  increased 
pumping  resulting  from  a  3-year  drought  probably 
would   lower  water  levels  between   5  and    10  ft 
regionally   in   the  confined-drift  aquifers,   and  as 
much  as  20  ft  locally  in  the  unconfined  aquifer 
Groundwater    discharge    to    the    East    Branch 
Cippewa  and  North  Fork  Crow  Rivers  during  the 
simulated  drought  would  be  reduced  by  38%  of 
1984  conditions.  (Author's  abstract) 
W9 1-04635 


MATRIX-CONTROLLED  HYDRAULIC  PROP- 
ERTIES  OF  MISSISSIPPIAN  AND  PE.NNSYL- 
VANIAN  SANDSTONES  FROM  THE  MICHI- 
GAN BASIN. 
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Geological  Survey,  Lansing,  MI. 
D.  B.  Westiohn,  H.  W.  Olsen,  and  A.  T.  Willden. 
Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Open- 
File  Report  90-104,  1990.  18p,  2  fig,  3  tab,  6  ref, 
append. 

Descriptors:  'Aquifer  systems,  'Geohydrology, 
•Hydraulic  properties,  *Sandstones,  Hydraulic 
conductivity,  Rock  properties,  Stress. 

Hydraulic  conductivity  measurements  were  made 
of  49  sandstone  core  plugs  using  a  flow  pump  and 
a  conventional  triaxial  confining  apparatus.  The 
sandstones  tested  are  samples  from  the  Marshall 
Sandstone  and  Grand  River  and  Saginaw  Forma- 
tions, which  are  the  principal  bedrock  aquifers  in 
the  Michigan  basin.  Sandstones  ranging  from 
poorly  cemented  to  well  cemented  were  selected 
to  investigate  matrix-controlled  hydraulic  proper- 
ties as  a  function  of  degrees  of  cementation.  Hy- 
draulic conductivities  were  measured  for  each 
sample  over  a  range  of  effective  stress  (69  to  827 
kp)-  hydraulic  conductivities  for  the  sample  suite 
ranged  from  0.019  to  0.0000000027  cm/sec.  This 
range  of  approximately  seven  orders  in  magnitude 
is  indicative  of  local  and  regional  differences  in 
matrix-controlled  hydraulic  conductivities  for  Mis- 
sissippian  and  Pennsylvanian  bedrock  aquifers  in 
the  Michigan  basin.  (Author's  abstract) 
W9 1-04639 


GROUNDWATER  RESOURCES  OF  PIKE 
COUNTY,  PENNSYLVANIA. 

Geological  Survey,  Harrisburg,  PA. 
D.  K.  Davis.  .     , 

Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  Pennsylvania 
Geological  Survey  Water  Resources  Report  65, 
1989.  63p,  15  fig,  24  tab,  29  ref,  2  pi.  Prepared  by 
the  United  States  Geological  Survey,  Water  Re- 
sources Division,  in  cooperation  with  the  Pennsyl- 
vania Geological  Survey. 

Descriptors:  •Geohydrology,  'Groundwater  re- 
sources, 'Pennsylvania,  'Water  resources  data, 
Aquifers,  Groundwater  level,  Groundwater  qual- 
ity, Hydrogen  ion  concentration,  Iron,  Manganese, 
Pike  County,  Seasonal  variation,  Specific  capacity, 
Well  yield. 

Pike  County  is  a  545-sq  mi  area  in  northeastern 
Pennsylvania  where  outdoor  recreation  is  the  prin- 
cipal  activity.    Bedrock  consists  of  Middle   and 
Upper  Devonian  sedimentary  rocks  that  dip  1  to 
10  degrees  to  the  northwest.  Most  of  the  bedrock 
is  covered  with  glacial  till  or  ground  moraine 
deposited  during  the  Pleistocene  Epoch.  Uncon- 
solidated valley-fill  deposits  are  up  to  5000  ft  thick 
along  the  Delaware  River.   Groundwater  levels 
fluctuate  in  response  to  precipitation  and  evapo- 
transpiration.     Water     levels     generally     decline 
during  the  summer  season  and  recover  during  the 
winter  season.  The  median  depth  to  water  in  un- 
consolidated deposits  is  30  ft  below  land  surface;  in 
consolidated  rocks  it  ranges  between  28  and  35  ft 
below  land  surface.  Water  is  found  primarily  in 
faults,  joints,  and  bedding  planes  in  consolidated 
rocks  and  in  intergranular  openings  in  unconsoli- 
dated deposits.  The  thickness  of  the  freshwater 
system  is  >  800  ft.  Most  wells  are  domestic  and 
have  depths  that  range  from  8  to   1,200  ft  and 
reported  yields  that  range  from  1  to  150  gal/min. 
Most  wells  are  in  consolidated-rock  aquifers;  how- 
ever, wells  in  unconsolidated  deposits  have  poten- 
tially larger  yields.  Specific  capacities  of  nondo- 
mestic  wells  in  unconsolidated  deposits  range  from 
1.4  to  30  gal/min/ft,  whereas  specific  capacities  of 
nondomestic  wells  in  consolidated-rock  aquifers 
range  from  0.001  to  10  gal/min/ft.  Water  quality  is 
generally  good  and  suitable  for  most  uses.  The 
median  specific  conductance  of  water  from  most 
aquifers  is  <  200  micromhos/cm.  Hardness  is  gen- 
erally <  80  mg/L  (as  calcium  carbonate).  Median 
values  of  pH  range  from  6.3  to  8.0.  Water  quality 
problems  are  related  primarily  to  elevated  concen- 
trations of  iron  and  manganese.  In  59  water  sam- 
ples, dissolved  iron  ranged  from  0  to  2,500  microg/ 
L;    in    58    water   samples,    dissolved    manganese 
ranged  from    <    1   to   820  microg/L.   (Author's 
abstract) 


W9 1-04641 

WATER  RESOURCES  OF  THE  ELK  RIVER 
BASIN,  WEST  VIRGINIA. 

Geological  Survey,  Morgantown,  WV.  Water  Re- 
sources Div. 

M.  V.  Mathes,  and  S.  M.  Ward. 
Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  1990.  37p,  17 
fig,  1 1  tab,  37  ref.  Prepared  by  the  United  States 
Geological  Survey  in  cooperation  with  the  West 
Virginia  Geological  and  Economic  Survey  and  the 
West  Virginia  Department  of  Natural  Resources 
Division  of  Water  Resources. 

Descriptors:  'Elk  River  Basin,  'Geohydrology, 
'Groundwater  resources,  'Water  quality,  'Water 
resources,  'Water  resources  data,  'West  Virginia, 
Chlorides,  Drinking  water,  Groundwater  quality, 
Hydrologic  budget,  Iron,  Manganese,  Specific  ca- 
pacity, Streamflow,  Virginia,  Well  yield. 

The  water  resources  of  the  Elk  River  basin  are 
used  by  12%  of  the  population  of  West  Virginia.  In 
1984,  more  than  9  billion  gallons  of  water  were 
withdrawn  from  the  basin~8.5  billion  gallons  of 
surface  water  and  0.5  billion  gallons  of  groundwat- 
er. The  Elk  River  basin  is  located  in  central  West 
Virginia  and  drains  1,533  sq  mi.  The  basin  is  pre- 
dominantly forests,  although  other  land  uses  in- 
clude the  mining  of  coal  and  the  extraction  of  oil 
and  gas.  Groundwater  is  the  primary  source  of 
drinking  water  for  rural  residents  of  the  basin. 
Reported  well  yields  ranged  from  0.08  to  1,000 
gal/min.  The  aquifers  in  Lower  Pennsylvanian  and 
Mississippian  rocks  yielded  the  most  water  based 
on  median  well  yields.  Estimated  specific  capac- 
ities ranged  from  001   to  5  gal/min/ft  of  draw- 
down. Reported  well  yield  and  estimated  specific 
capacity  generally  were  greater  for  valley  wells 
than  for  hillside  and  hilltop  wells.  Groundwater 
quality   varied   with   respect  to  topography   and 
geohydrologic  unit.  Hilltop  wells  yielded  water 
with  lower  pH,  lower  concentrations  of  iron,  and 
higher  concentrations  of  hardness  and  sulfate  than 
valley  wells.  Water  from  the  Pottsville  Group  in 
aquifers  in  the  Lower  Pennsylvanian  rocks  was 
softer,  more  acidic,  and  had  higher  concentrations 
of  dissolved  iron  and  manganese  than  water  from 
other  geohydrologic  units.  Water  from  the  Cone- 
maugh  Group  in  aquifers  in  the  Upper  Pennsylva- 
nian rocks  was  the  most  mineralized.  The  mean 
annual  outflow  of  the  Elk  River  is  about  2,300  cu 
ft/sec,  which  is  equivalent  to  21  inches  of  runoff. 
Streamflow  in  the  lower  reaches  of  the  Elk  River 
has  been  regulated  by  Sutton  Reservoir  since  1960. 
The   reservoir   has  decreased   the   magnitude   of 
flood  peaks  and  has  augmented  low  flow.  Water  in 
the  Elk  River  and  its  major  tributaries  is  poorly 
buffered  and  is  susceptible  to  acidification.  Con- 
centrations of  dissolved  manganese,  chloride,  and 
iron  exceeded  State  drinking  water  standards  at  16, 
2,  and  2  sites,   respectively.   Maximum  reported 
concentrations  of  these  constituents  were    1,400 
microg/L,  1,100  mg/L,  and  370  microg/L,  respec- 
tively. (Author's  abstract) 
W9 1-04642 

ESTIMATION   OF  THE  RELATIVE   PERME- 
ABILITY   DISTRIBUTION    IN    FRACTURED 
GRANITIC  ROCKS  BY  MEANS  OF  VERTICAL 
FLOW  MEASUREMENTS  IN  THE  SIBLINGEN 
BOREHOLE,  SWITZERLAND. 
Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04643 

GEOHYDROLOGY  OF  THE  BETHPAGE- 
HICKSVILLE-LEVITTOWN  AREA,  LONG 
ISLAND,  NEW  YORK. 
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Available  from  the  US  Geological  Survey,  Books 
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A  study  of  groundwater  levels  and  flow  in  east- 
central  Nassau  County,  N.Y.,  began  in  October 
1985.  The  11.4  sq-mile  area  encompasses  parts  of 
Bethpage,  Hicksville,  Levittown,  Plainview,  Plain- 
edge,  and  Farmingdale.  Approximately  1,200  ft  of 
unconsolidated  Cretaceous  deposits  and  50  to  100 
ft  of  Pleistocene  deposits  overlie  bedrock  through- 
out the  area.  The  unconsolidated  deposits  consist 
mostly  of  sand,  gravel,  silt,  and  clay  and  have  good 
water-transmitting  properties  except  where  clay 
forms  continuous  layers  that  can  impede  ground- 
water flow.  The  area  is  mostly  residential  and 
industrial.  Pumpage  for  public  supply  exceeds  10 
million  gal/day,  most  of  which  eventually  dis- 
charges from  the  groundwater  system  to  tidewater 
as  sewage  outflow.  Industrial  pumpage  during 
summer  exceeds  10  million  gal/day,  but  most  of 
the  water  is  returned  to  the  system  through  re- 
charge basins.  Groundwater  levels  in  this  area 
fluctuate  seasonally  in  response  to  natural  re- 
charge, pumping,  and  use  of  recharge  basins.  (Au- 
thor's abstract) 
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GROUND-WATER  QUALITY  NEAR  A  SCAV- 
ENGER-WASTE-DISPOSAL FACILITY  IN 
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The  distribution  of  bacteria  in  groundwater  was 
investigated  at  16  different  levels  in  five  boreholes 
in  granite  bedrock  down  to  a  maximum  of  860  m. 
Enrichment  cultures  were  used  to  assay  the  groups 
of  bacteria  present.  Autoradiographic  studies  with 
C14-labeled  or  H3-labeled  formate,  methanol,  ace- 
tate, lactate,  glucose,  sodium  bicarbonate,  leucine, 
glutamine,  thymidine,  or  N-acetyl-glucosamine 
were  used  to  obtain  information  about  bacteria 
active  in  substrate  uptake.  The  biofilm  formation 
potential  was  studied  in  one  borehole.  The  chemi- 
cal environment  in  the  groundwater  was  anaerobic 
with  an  Eh  between  -112  and  -383  mV,  a  pH 
usually  around  8,  and  a  temperature  range  of  10.2 
to  20.5  C,  depending  on  the  depth.  The  organic 
content  ranged  between  <0.5  and  9.5  mg  total 
organic  carbon/L.  Carbon  dioxide,  hydrogen,  hy- 
drogen sulfide,  and  methane  were  present  in  the 
water.  The  nitrate,  nitrite,  and  phosphate  concen- 
trations were  close  to,  or  below,  the  detection 
limits,  while  there  were  detectable  amounts  of 
NH4(+)  in  the  range  of  4  to  330  micrograms/L. 
The  average  total  number  of  bacteria  was  260,000 
bacteria/ml,  as  determined  with  an  acridine  orange 
direct-count  (AODC)  technique.  The  average 
number  of  bacteria  that  grew  on  a  medium  with 
1.5  g/L  of  organic  substrate  was  7,700  colony- 
forming  units  (CFU)/ml.  The  majority  of  these 
were  facultatively  anaerobic,  gram-negative,  non- 
fermenting  heterotrophs.  Enrichment  cultures  indi- 
cated the  presence  of  anaerobic  bacteria  capable  of 
growth  on  C-l  compounds  and  hydrogen,  presum- 
ably    methanogenic     bacteria.     Most     probable 
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number  assays  with  sulfate  and  lactate  revealed  up 
to  56,000  viable  sulfate-reducing  bacteria/ml.  A 
biofilm  development  experiment  indicated  an 
active  attached  microbial  population.  Active  sub- 
strate uptake  could  not  be  registered  with  the  bulk 
water  populations,  except  for  an  uptake  of  leucine 
not  associated  with  growth.  The  bulk  water  micro- 
bial cells  in  deep  groundwater  may  be  inactive 
cells  detached  from  active  biofilms  on  the  rock 
surface.  (Author's  abstract) 
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Transport  models. 

Two-fluid  and  three-fluid  capillary  pressure-satura- 
tion data  were  generated  for  porous  media  consist- 
ing of  unconsolidated  quartz  sand,  air,  tetrachlor- 
oethylene  (PCE),  and  water.  The  use  of  Leverett 
Scaling  of  two-fluid  data  to  predict  the  capillary 
pressure-saturation    (Pc-S)   relation    for   arbitrary 
fluid  pairs  in  a  given  medium  was  tested  using  the 
two-fluid  data.  The  use  of  surface  tensions  report- 
ed for  pure  liquids  in  the  scaling  was  found  to  give 
poor  agreement  between  predicted  and  measured 
results    for    air-water,    air-PCE    and    PCE-water 
curves.    However,    an    alternate    scaling    which 
forced  the  curves  to  coincide  on  average  gave 
good  agreement,  except  near  residual  saturations. 
A   lack  of  multiphase  constitutive  data  for  the 
three-phase  case  is  frequently  cited  by  both  petro- 
leum  reservoir  modelers  and  groundwater  con- 
taminant  transport   modelers   as   a   primary   hin- 
drance to  effective  forecasting.  Therefore,  methods 
for    extrapolating    three-fluid    relationships    from 
two-fluid  data  were  developed  and  used  with  little 
experimental  verification.  The  two-fluid  and  three- 
fluid  data  generated  in  this  research  enabled  the 
direct  testing  of  a  pair  of  three-fluid  approxima- 
tions for  the  strict  drainage  case.  The  approxima- 
tions were  found  to  be  good  over  most  of  the 
range  of  saturation  values,  but  approximations  near 
residual  saturations  remain  questionable.  However, 
this  equivalence  cannot  be  assumed  to  extend  from 
this  relatively  trivial  case  to  real  world  problems. 
The  most  common  three-phase  contamination  sce- 
nario,  infiltration  of  an  organic   liquid   into  the 
unsaturated  soil  zone,  represents  a  hybrid  of  drain- 
age and  inhibition.  (Author's  abstract) 
W9 1-04825 
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FILL  DAM  LEAKAGE  BY  NETWORK  ASSESS- 
MENT. 
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For  primary  bibliographic  entry  see  Field  8G 
W9 1-04828 


MODEL  FOR  COMPACTION  OF  SEDIMEN- 
TARY  BASINS. 

Institutt  for  Energiteknikk,  Kjeller  (Norway). 

M.  Wangen,  B.  Antonsen,  B.  Fossum,  and  L.  K 

Aim. 

Applied     Mathematical     Modelling    AMMODL 

Vol.   14,  No.   10,  p  506-517,   1990.  21  fig,  8  fig! 

Descriptors:  'Compaction,  'Geohydrology, 
•Mathematical  models,  'Model  studies,  'Porous 
media,  'Sedimentary  basins,  Case  studies,  Darcy 
velocities,  Heat  conductivity,  Porosity,  Pressure, 
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A  two-dimensional  model  for  the  compaction  of  a 
geological  basin  was  developed.  For  each  litholo- 
gy  in  the  model  the  porosity  was  considered  a 
function  of  the  sediment  pressure  and  the  perme- 
ability was  considered  a  function  of  the  porosity. 
The  model  produces  the  following  variables  as  a 
function  of  time:  temperature,  water  pressure, 
excess  pressure,  sediment  pressure,  bulk  pressure,' 
porosity,  and  Darcy  velocities.  It  is  assumed  that 
all  compaction  takes  place  in  a  vertical  direction 
and  the  pores  are  filled  only  with  water.  The 
pressure  and  temperature  equations  are  solved  by 
the  finite  element  method,  the  equations  are  ex- 
pressed in  the  fully  compacted  z-coordinate,  and 
the  formulation  is  implicit.  The  main  variable  in 
the  pressure  equation  is  the  excess  pressure.  The 
model  was  applied  to  three  case  studies;  one  with 
both  vertical  boundaries  closed,  one  with  one  ver- 
tical boundary  closed,  and  one  with  both  bound- 
aries open.  In  all  three  cases  the  low-permeability 
areas  were  assigned  a  small  heat  conductivity  and  a 
small  heat  capacity  compared  with  permeable 
areas.  The  analysis  was  performed  at  an  ocean 
temperature  of  10  C,  and  a  heat  flux  into  the 
bottom  at  0.05  W/sq  m.  The  concept  is  easily 
adapted  to  three  dimensions.  (White-Reimer-PTT) 
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COSTS  OF  GROUNDWATER  CONTAMINA- 
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Southington  Water  Dept.,  CT. 

For  primary  bibliographic  entry  see  Field  5A 

W9 1-04845 
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This  report  is  one  in  a  series  resulting  from  the  US 
Geological  Survey's  Regional  Aquifer  System 
Analysis  (RASA)  study  of  the  San  Juan  structural 
basin  that  began  in  October  1984.  The  Morrison 
Formation  is  a  major  water-bearing  unit  in  the 
regional  aquifer  system.  The  purpose  of  the  report 
is  to  summarize  information  about  the  geohydro- 
logy of  the  Morrison  Formation,  of  Late  Jurassic 
age,  in  the  basin.  The  San  Juan  structural  basin  is 
located  in  New  Mexico,  Colorado,  Arizona,  and 
Utah,  and  has  an  area  of  about  21,600  sq  mi.  The 
structural  basin  is  about  140  mi  wide  and  200  mi 


long.  The  Morrison  Formation,  which  is  present 
throughout  the  San  Juan  structural  basin,  consists 
of  five  members;  in  ascending  order  they  are:  the 
Salt  Wash  Member,  Recapture  Member, 
Westwater  Canyon  Member,  Brushy  Basin 
Member,  and  Jackpile  Sandstone  Member.  The 
geologic  characteristics  of  the  Westwater  Canyon 
Member  make  it  the  most  important  hydrologic 
unit.  The  Morrison  Formation  is  a  source  of  water 
for  domestic,  livestock,  and  industrial  supplies  in 
areas  where  drilling  depths  and  pumping  levels  are 
economically  feasible  and  where  water  quality  is 
suitable  for  most  uses.  Water  in  the  Formation 
occurs  under  both  water  table  and  artesian  condi- 
tions. Transmissivity,  storage  coefficient  and  hy- 
draulic conductivity  data  for  the  Formation  are-  2 
to  480  sq  ft/day,  0.00002  to  0.0002,  and  0.025  to 
0.39  ft/day,  respectively.  The  temperature  of  the 
groundwater  is  extremely  variable,  ranging  from 
6.0  to  48.0  C.  Concentrations  of  fluoride  generally 
were  small;  3  of  50  samples  contained  fluoride  at  a 
concentration  >  4  mg/L.  The  concentration  of 
nitrate,  as  nitrogen,  was  <  10  mg/L.  The  concen- 
tration of  arsenic  in  5  of  19  samples  exceeded  the 
standard  of  0.05  mg/L;  the  selenium  in  1  of  17 
samples  exceeded  the  standard  of  0.01  mg/L.  The 
concentration  of  dissolved  solids  generally  in- 
creases from  near  the  outcrop  areas  toward  the 
center  of  the  basin.  Ions  contributing  to  the  con- 
centration of  dissolved  solids  predominantly  are 
sodium,  sulfate  and  bicarbonate.  (Lantz-PTT) 
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Long  Island,  NY,  is  underlain  by  a  mass  of  uncon- 
solidated geologic  deposits  of  clay,  silt,  sand,  and 
gravel  that  overlie  southward-sloping  consolidated 
bedrock.  These  deposits  are  thinnest  in  northern 
Queens  County  (northwestern  Long  Island),  where 
bedrock  crops  out,  and  increase  to  a  maximum 
thickness  of  2,000  ft  in  southeastern  Long  Island. 
This  sequence  of  unconsolidated  deposits  consists 
of  several  distinct  geologic  units  ranging  in  age 
from  late  Cretaceous  through   Pleistocene,   with 
some   recent   deposits   near   shores   and   streams. 
These  units  are  differentiated,  in  tabular  form,  by 
age,  depositional  environment,  and  lithology.  The 
set  of  maps  and  vertical  sections  depicts  the  geohy- 
drologic  framework  of  the  unconsolidated  deposits 
that    form    Long    Island's    groundwater    system. 
These  deposits  can  be  classified  into  eight  major 
geohydroiogic  units.  The  geohydrologic  interpre- 
tations are  not  everywhere  consistent  with  strict 
geologic  interpretation  owing  to  fades  changes 
and  local  variations  in  the  water  transmitting  prop- 
erties within  geologic  units.  These  maps  depict  the 
upper-surface  altitude  of  seven  of  the  eight  geohy- 
drologic units,  which,  in  ascending  order,  are:  con- 
solidated bedrock,  Lloyd  aquifer,  Raritan  confin- 
ing unit,  Magothy  aquifer,  Monmouth  greensand, 
Jameco  aquifer,  and  Gardiners  clay.  The  upper 
glacial  aquifer-the  uppermost  unit-is  at  land  sur- 
face over  most  of  Long  Island  and  is,  therefore, 
not  included.  Nine  north-south  geohydrologic  sec- 
tions depict  the  entire  sequence  of  unconsolidated 
deposits  and,  together  with  the  maps,  provide  a 
detailed  three-dimensional  interpretation  of  Long 
Island's  geohydrologic   framework.   A  structure- 
contour  map  that  shows  the  upper-surface  altitude 
of  the  Cretaceous  deposits  is  included  to  illustrate 
the  erosional   unconformity   between   the  Creta- 
ceous and  overlying  Pleistocene  deposits.  Pleisto- 
cene erosion  played  a  major  role  in  determining 
the  shape  and  extent  of  the  Lloyd  aquifer,  the 
Raritan  confining  unit,  and  the  Magothy  aquifer 
(Lantz-PTT) 
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This  report,  prepared  by  the  U.S.  Geological 
Survey  in  cooperation  with  the  Arkansas  Soil  and 
Water  Conservation  Commission,  the  U.S.  Soil 
Conservation  Service,  and  local  Conservation  Dis- 
tricts, contains  groundwater  level  measurements  of 
509  wells  that  tap  the  alluvial  aquifer  in  the  Qua- 
ternary deposits  of  the  Mississippi  Alluvial  Plain. 
The  measurements  were  made  by  district  Soil  Con- 
servation Service  personnel  during  1988.  The 
shallowest  prepumping  season  water  levels  oc- 
curred in  Ashley,  Clay,  Greene,  Mississippi,  Phil- 
lips, and  Randolph  Counties  where  water  levels 
averaged  less  than  20  ft  below  the  land  surface. 
The  deepest  water  levels  occurred  in  Arkansas, 
Lonoke,  Poinsett,  and  Prairie  Counties  where 
water  levels  of  more  than  100  ft  below  land  surface 
were  measured.  Water  levels  in  the  postpumping 
season  averaged  about  4. 1  ft  lower  than  during  the 
prepumping  season.  (USGS) 
W9 1-04863 


RECORDS  OF  WELLS  AND  CHEMICAL 
ANALYSES  OF  GROUND  WATER  IN  DEUEL 
AND  HAMLIN  COUNTIES,  SOUTH  DAKOTA. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9 1-04865 


the  lagoons  are  remnant  peaks  of  a  partly  sunken 
volcano.  Coral  atolls  form  the  periphery  of  the 
lagoon.  The  islands  are  composed  of  tight,  massive 
lavas  and  cemented  rock  fragments.  Although 
saturated,  the  rocks  yield  little  water  to  springs  or 
wells.  Weathering  causes  some  increase  in  perme- 
ability, and  where  the  weathering  is  the  deepest  as 
in  valleys,  these  materials  make  up  the  main  reser- 
voirs of  groundwater.  Rainfall  averages  about  140 
inches/yr  and  is  sufficiently  persistent  to  provide 
water  for  drinking  and  cooking  from  small  rain 
catchments,  springs  and  seeps  with  little  or  no 
storage.  This  situation  is  not  desirable  because  rain- 
less periods,  even  short  ones,  cause  springs,  seeps, 
and  rain  barrels  to  go  dry  quickly.  (USGS) 
W9 1-04866 


WATER   RESOURCES   DATA   FOR   WISCON- 
SIN, WATER  YEAR  1989. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-04869 


GROUND-WATER  CONDITIONS  IN  UTAH, 
SPRING  OF  1990. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 
L.  R.  Herbert. 

Available  from  Utah  Department  of  Natural  Re- 
sources, 1636  West  North  Temple,  Salt  Lake  City, 
Utah  84116.  Utah  Division  of  Water  Resources 
Cooperative  Investigations  Report  No.  30,  1990. 
84p,  44  fig,  3  tab,  4  ref. 

Descriptors:  *Data  collections,  *Groundwater  re- 
sources, *Utah,  Water  level,  Water  quality,  Water 


Information  is  compiled  for  Utah,  Spring  1990,  on 
well  construction,  groundwater  withdrawals  from 
wells,  water  level  changes,  and  related  changes  in 
precipitation  and  streamflow.  Supplementary  data 
such  as  graphs  showing  chemical  quality  of  water 
and  maps  showing  water  level  contours  are  includ- 
ed in  reports  of  this  series  only  for  those  years  or 
areas  for  which  applicable  data  are  available  and 
are  important  to  a  discussion  of  changing  ground- 
water conditions.  The  report  includes  individual 
discussion  of  selected  major  areas  of  groundwater 
development  in  the  State  for  the  calendar  year 
1989.  Water  level  fluctuations,  however,  are  de- 
scribed for  the  spring  of  1989  to  the  spring  of  1990. 
Much  of  the  data  used  in  the  report  were  collected 
by  the  Geological  Survey  in  cooperation  with  the 
Division  of  Water  Rights,  Utah  Department  of 
Natural  Resources.  (USGS) 
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WATER   RESOURCES   DATA   FOR  NEVADA, 
WATER  YEAR  1989. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-04877 


GROUND-WATER  RESOURCES  OF  SELECT- 
ED HIGH  VOLCANIC  ISLANDS  OF  TRUK 
WITH  EMPHASIS  ON  SMALL  VILLAGE  SUP- 
PLHCS. 

Geological    Survey,    Honolulu,    HI.    Water    Re- 
sources Div. 
K.  J.  Takasaki. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4163, 
1989.  60p,  22  fig,  6  tab,  13  ref.  Project  No.  HI812. 

Descriptors:  'Groundwater  availability,  'Ground- 
water resources,  'Hydrologic  data,  'Truk,  'Water 
resources  data,  Climatic  data,  Data  collections, 
Volcanoes. 

Existing  water  supply  sources  in  the  Truk  State 
were  assessed.  The  first  part  of  the  assessment 
includes  the  high  islands  in  the  Truk  Lagoon  and 
the  second  part  includes  the  principal  inhabited 
outer  islands  of  the  Truk  State.  The  high  islands  in 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1989,  VOLUME  3, 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-04878 


SALT-DOME  LOCATIONS  IN  THE  GULF 
COASTAL  PLAIN,  SOUTH-CENTRAL  UNITED 
STATES. 

Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

J.  D.  Beckman,  and  A.  K.  Williamson. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   90-4060, 
1990.  44p,  14  fig,  2  tab,  18  ref. 

Descriptors:  'Aquifers,  'Geological  formations, 
•Gulf  of  Mexico,  'Gulf  of  Mexico  Coastal  Plain, 


'Regional  Aquifer  System  Analysis,  'Salt  domes, 
Data  collections,  Stratigraphy. 

Information  on  salt  domes  in  Gulf  of  Mexico 
Coastal  Plain,  south-central  United  States  and  the 
adjacent  Continental  Shelf  were  compiled  from 
major  published  sources,  1973-84.  The  location  of 
624  salt  domes  is  shown  on  a  map  at  a  scale  of 
1:1,500,000.  A  color-coding  system  was  used  to 
show  that  the  occurrence,  size,  shape,  and  location 
of  these  domes  varies  among  sources.  Two  tables 
of  additional  data  accompany  the  map  and  include 
other  available  information  such  as:  identifying 
sources,  depth  to  salt  and  caprock,  diameter, 
volume,  name,  and  uppermost  zone  of  surrounding 
sediment  that  is  penetrated,  as  well  as  the  number 
of  matches  between  sources.  The  locations  of  salt 
domes  that  penetrate  specific  zones  within  the  gulf 
coast  regional  aquifer  system  are  shown  on  maps. 
(USGS) 
W91-O4880 


WATER  RESOURCES  OF  THE  DESCANSO 
AREA,  SAN  DIEGO  COUNTY,  CALD70RNIA. 

Geological  Survey,  San  Diego,  CA.  Water  Re- 
sources Div. 
L.  F.  W.  Duell. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  90-4014, 
1990.  26p,  15  fig,  7  tab,  19  ref. 

Descriptors:  'California,  'Groundwater  availabil- 
ity, 'Groundwater  resources,  'Water  quality, 
•Water  yield,  Geohydrology,  Pumpage,  Recharge, 
San  Diego  County,  Storage,  Water  use. 

Hydrologic  information  was  collected  during 
water  year  1988  (October  1987  to  September  1988) 
to  evaluate  the  effects  of  current  pumping  on 
groundwater  levels  in  the  Descanso  area  in  south- 
central  San  Diego  County.  Water  year  1988  was  a 
period  of  near-normal  precipitation  and  runoff. 
The  groundwater  system  in  the  area  consists  of 
aquifers  in  the  metamorphic  and  granitic  bedrock 
and  in  the  overlying  regolith  (weathered  bedrock). 
Most  wells  penetrate  both  aquifers,  but  the  regolith 
is  the  source  of  most  water  pumped  from  wells. 
Groundwater  storage  in  1988  was  estimated  to  be 
800  to  2,000  acre-ft  in  the  regolith  and  300  to  3,000 
acre-ft  in  bedrock.  Recharge  to  the  groundwater 
system  from  infiltration  of  precipitation  and 
streamflow  was  estimated  to  be  about  1,000  acre-ft. 
Pumpage,  which  was  estimated  to  be  170  acre-ft, 
had  little  effect  on  groundwater  storage.  Water 
levels  in  wells  were  nearly  the  same  at  the  end  of 
the  water  year  as  at  the  beginning.  Groundwater 
quality  generally  was  suitable  for  domestic  uses. 
Concentrations  of  iron  and  manganese,  although 
nontoxic,  exceeded  California  maximum  contami- 
nant levels  for  domestic  drinking  water  in  some 
wells.  (USGS) 
W91-04882 


GEOHYDROLOGY,  WATER  QUALITY,  AND 
WATER  BUDGETS  OF  GOLDEN  GATE  PARK 
AND  THE  LAKE  MERCED  AREA  IN  THE 
WESTERN  PART  OF  SAN  FRANCISCO,  CALI- 
FORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

E.  B.  Yates,  S.  N.  Hamlin,  and  L.  H.  McCann. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources   Investigations   Report   90-4080, 
1990.  45p,  6  fig,  1  pi,  9  tab,  61  ref. 

Descriptors:  *California,  *Geohydrology,  'Hydro- 
logic  budget,  'Lake  Merced,  'Water  quality, 
•Water  resources,  Groundwater,  Nitrates,  San 
Francisco,  Stable  isotopes,  Water  level. 

The  groundwater  resources  in  the  western  part  of 
the  San  Francisco,  groundwater  budgets  for 
Golden  Gate  Park  and  the  Lake  Merced  area,  and 
a  surface-water  budget  for  Lake  Merced  are  de- 
scribed. A  continuous  groundwater  basin  underlies 
a  39-sq-mi  coastal  strip  in  the  San  Francisco  Penin- 
sula south  of  the  city.  Basin  fill  consists  largely  of 
sand  and  silt.  An  extensive  subsurface  clay  layer  is 
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Group  2F— Groundwater 

present  near  Lake  Merced.  Recharge  is  principally 
from  rainfall  and  irrigation-return  flow,  with  lesser 
amounts  from  leaking  water  and  sewer  pipes, 
which  were  identified  in  part  by  stable-isotope  and 
major  ion  analyses.  In  Golden  Gate  Park,  about 
1,070  acre-ft/yr  of  groundwater  flows  to  the 
ocean.  Water  levels  are  not  declining,  and  pump- 
age  could  be  safely  increased.  However,  nitrate 
concentrations  in  excess  of  Federal  drinking-water 
standards  in  water  from  many  wells  may  limit 
potential  uses  of  groundwater.  Groundwater  in  the 
Lake  Merced  area  is  in  a  state  of  overdraft,  as 
indicated  by  long-term  declines  in  the  level  of 
Lake  Merced  and  by  groundwater  levels  persist- 
ently below  sea  level  in  deep  wells.  Seawater  intru- 
sion has  not  been  detected,  however.  A  surface- 
water  budget  for  Lake  Merced  indicates  that  the 
largest  inflow  is  from  shallow  groundwater  and  the 
largest  outflow  is  loss  by  evaporation.  (USGS) 
W91-04883 


DIGITAL  SIMULATION  OF  THE  GLACIAL- 
AQUIFER  SYSTEM  IN  THE  NORTHERN 
THREE-FOURTHS  OF  BROWN  COUNTY, 
SOUTH  DAKOTA. 

Geological  Survey,  Huron,  SD.  Water  Resources 
Div. 

P.  J.  Emmons. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  88-4198, 
1990.  74p,  31  fig,  10  tab. 

Descriptors:  •Aquifers,  'Groundwater  movement, 
•Model  studies,  'South  Dakota,  Geohydrology, 
Groundwater,   Groundwater   models,   Simulation. 

A  digital  model  was  developed  to  simulate  ground- 
water flow  in  a  complex  glacial-aquifer  system  that 
includes  the  Elm,  Middle  James,  and  Deep  James 
aquifers  in  South  Dakota.  The  average  thickness  of 
the  aquifers  ranges  from  16  to  32  ft  and  the  average 
hydraulic  conductivity  ranges  from  240  to  300  ft/ 
day.  The  maximum  steady-state  recharge  to  the 
aquifer  system  was  estimated  to  be  7.0  in./yr,  and 
the  maximum  potential  steady-state  evapotranspir- 
ation  was  estimated  to  be  35.4  in/yr.  Maximum 
monthly  recharge  for  1985  ranged  from  zero  in  the 
winter  to  2.5  in  in  May.  The  potential  monthly 
evapotranspiration  for  1985  ranged  from  zero  in 
the  winter  to  7.0  in  in  July.  The  average  difference 
between  the  simulated  and  observed  water  levels 
from  steady-state  conditions  (pre- 1983)  was  0.78  ft 
and  the  average  absolute  difference  was  4.59  ft  for 
aquifer  layer  1  (the  Elm  aquifer)  from  22  observa- 
tion wells  and  3.49  ft  and  5.10  ft,  respectively,  for 
aquifer  layer  2  (the  Middle  James  aquifer)  from  13 
observation  wells.  The  average  difference  between 
the  simulated  and  observed  water  levels  from  sim- 
ulated monthly  potentiometric  heads  for  1985  in 
aquifer  layer  1  ranged  from  -2.54  ft  in  July  to  0.59 
ft  in  May  and  in  aquifer  layer  2  ranged  from  -1.22 
ft  in  April  to  4.98  ft  in  November.  Sensitivity 
analysis  of  the  steady-state  model  indicates  that  it  is 
most  sensitive  to  changes  in  recharge  and  least 
sensitive  to  changes  in  hydraulic  conductivity. 
(USGS) 
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EFFECTS  OF  FOLIATION  ON  THE  HYDRO- 
LOGIC  PROPERTIES  OF  PIEDMONT  SAPRO- 
LITE. 

Clemson  Univ.,  SC.  Dept.  of  Forestry. 
R.  K.  White,  and  W.  R.  Fleck. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-274143/ 
AS.  Price  codes:  A05  in  paper  copy,  A01  in  micro- 
fiche. South  Carolina  Water  Resources  Research 
Institute,  Clemson  University,  S.C.,  Publication 
No.  130,  May  1990.  89p,  20  fig,  33  tab,  60  ref.  2 
append.  USGS  Contract  No.  14-08-OOOI-G1588. 
USGS  Project  No.  G 1588-05. 

Descriptors:  'Foliation,  'Groundwater,  'Hydrau- 
lic conductivity,  'Saprolite,  Computer  models, 
Hydrologic  properties,  Hydrology,  Mineralogy, 
Permeability,  Piedmont  Region,  Saturated  flow, 
Soil  moisture,  Unsaturated  flow,  Watershed  data. 

Undisturbed  core  samples  were  taken  from  two 
exposed  granite  gneiss  saprolite  profiles  located  on 


and  adjacent  to  Clemson  University  Research  Wa- 
tershed. One  profile  displayed  a  distinct  remnant 
foliation  with  broad  continuous  banding  and  the 
other  displayed  little  or  no  remnant  foliation.  Each 
profile  was  sampled  in  equal  increments  to  depths 
of  3  to  6  m.  Samples  were  taken  parallel  and 
perpendicular  to  the  remnant  foliation  profile  and 
vertically  and  horizontally  for  the  nonfoliated  pro- 
file. Samples  were  taken  using  a  'slip-tube'  sampler. 
The  saturated  hydraulic  conductivity  (K.)  and  soil 
moisture-tension  curve  (H(O))  were  measured  for 
each  sample.  Theoretical  unsaturated  hydraulic 
conductivity  curves  (K(O))  were  derived  using  a 
computer  model  called  SOIL.  Changes  in  mineral- 
ogy with  depth  were  noted  based  on  x-ray  diffrac- 
tion and  dry  bulk  density  determination.  Results 
indicated  that  the  remnant  foliation  had  a  weak 
effect  on  the  hydrologic  properties  of  the  foliated 
saprolite.  As  suspected,  water  moved  more  rapidly 
parallel  to  the  foliation.  The  nonfoliated  profile 
data  displayed  a  small,  but  consistent  difference 
between  vertical  and  horizontal  hydrologic  prop- 
erties with  the  horizontal  properties  favoring  more 
rapid  water  movement.  However,  statistical  analy- 
sis failed  to  prove  any  significant  difference  be- 
tween the  vertical  and  horizontal  properties.  The 
dry  bulk  density  of  the  samples  stayed  fairly  con- 
sistent with  depth  for  both  profiles.  Visual  and  x- 
ray  analyses  showed  the  typical  mineralogic  het- 
erogeneities with  depth  commonly  associated  with 
Piedmont  saprolite  in  the  foliated  profile.  Howev- 
er, the  nonfoliated  profile  showed  little  mineralog- 
ic deviation  with  depth.  (White-WRRI) 
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GROUND-WATER  PUMPAGE  AND  WATER- 
LEVEL  DECLINES  IN  THE  PEEDEE  AND 
BLACK  CREEK  AQUIFERS  IN  ONSLOW  AND 
JONES  COUNTIES,  NORTH  CAROLINA,  1900- 
86. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 
Div. 

W.  L.  Lyke,  and  A.  R.  Brockman. 
Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water- 
Resources  Investigations  Report  89-4197,  1990 
32p,  8  fig,  2  tab,  10  ref. 

Descriptors:  'Confined  aquifers,  'North  Carolina, 
•Pumpage,  'Water  level,  Black  Creek  Aquifer, 
Coastal  plains,  Peedee  Aquifer. 

Two  aquifers  in  sediments  of  Cretaceous  age,  The 
Peedee  and  Black  Creek  aquifers,  have  become  a 
major  source  of  freshwater  in  Onslow  and  Jones 
Counties  in  North  Carolina  since  about  1960.  Prior 
to  1960,  most  water  systems  in  this  area  withdrew 
water  from  younger  sand  or  limestone  beds  that 
overlie  the  Peedee  and  Black  Creek  aquifers. 
Water-quality  and  economic  considerations  related 
to  the  treatment  of  water  from  these  shallower 
aquifers  led  to  increased  use  of  the  Peedee  and 
Black  Creek  aquifers.  Water  withdrawals  from  the 
Black  Creek  and  Peedee  aquifers  were  about 
10,000  gal/day  in  1933.  By  1986,  total  withdrawals 
were  about  7.8  million  gal/day,  about  90%  of 
which  was  supplied  from  the  Black  Creek  aquifer. 
As  a  result  of  these  withdrawals,  groundwater 
levels  have  declined  throughout  Onslow  and  Jones 
Counties.  The  average  rate  of  decline  in  static 
water  levels  in  the  Peedee  aquifer  is  about  0.6  ft/ 
year  in  central  Jones  County  and  about  1.4  ft/year 
in  northern  Onslow  County.  Rates  of  water  level 
decline  in  the  Black  Creek  aquifer  average  about 
8.3  ft/year  in  Jones  County  to  about  12  ft/year  in 
northern  Onslow  County.  Water  levels  in  the 
Peedee  aquifer  have  declined  as  much  as  40  ft  in 
Jones  County  and  80  ft  in  northern  Onslow 
County  since  about  1900.  During  the  same  period, 
water  levels  in  the  Black  Creek  aquifer  have  de- 
clined as  much  as  120  and  160  ft  in  Jones  and 
northern  Onslow  Counties,  respectively.  (Author's 
abstract) 
W91-04901 


Div. 

A.  P.  Cardinell,  D.  A.  Harned,  and  S.  A.  Berg. 
Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water- 
Resources  Investigations  Report  89-4195,  1990 
33p,  13  fig,  1  tab,  10  ref. 

Descriptors:  'Geohydrology,  'Geology,  'Geo- 
physical exploration,  'Geophysics,  'North  Caroli- 
na, 'Seismic  exploration,  Camp  Lejeune,  New 
River  Estuary. 

A  medium-power,  wide-frequency  seismic  system 
was  used  to  collect  more  than  100  miles  of  continu- 
ous seismic  reflection  profiling  data  over  a  4-day 
period  along  a  24-mile  segment  of  the  New  River 
estuary  and  Intracoastal  Waterway.  The  seismic 
reflection  data  were  evaluated  to  determine  the 
continuity  of  aquifer  sediments  and  correlation 
with  existing  borehole  geophysical  well-log  data  at 
the  Base.  Results  indicate  that  the  Castle  Hayne 
aquifer,  the  major  source  of  freshwater  for  the 
military  base  and  surrounding  area,  and  deeper 
aquifers  are  continuous  beds  that  gently  dip  to  the 
southeast.  However,  immediately  above  the  Castle 
Hayne  aquifer,  the  survey  showed  that  sediment 
beds  are  thin  and  discontinuous.  This  not  only 
allows  rainfall  to  more  easily  percolate  and  re- 
charge the  aquifer,  but  also  makes  the  Castle 
Hayne  more  vulnerable  to  contamination.  (USGS) 
W9 1-04902 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1989.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-04903 


WATER      RESOURCES      DATA      ARIZONA, 
WATER  YEAR  1989. 

Geological  Survey,  Tucson,  AZ. 

For  primary  bibliographic  entry  see  Field  7C. 

W9 1-04904 


CONTINUOUS  SEISMIC  REFLECTION  PRO- 
FILING OF  HYDROGEOLOGIC  FEATURES 
BENEATH  NEW  RIVER,  CAMP  LEJEUNE, 
NORTH  CAROLINA. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 


ANALYSIS  OF  SATURATED  HYDRAULIC 
CONDUCTIVITY  IN  A  FORESTED  GLACIAL 
TILL  SLOPE. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 

of  Land  and  Water  Resources. 

B.  Espeby. 

Soil  Science  SOSCAK,  Vol.  150,  No.  2,  p  485-494, 

1990.  6  fig,  6  tab,  22  ref. 

Descriptors:  'Forest  hydrology,  'Glacial  soils, 
'Groundwater  movement,  'Hydraulic  conductivi- 
ty, 'Saturated  flow,  'Slopes,  'Soil  density,  'Soil 
water,  'Sweden,  Correlation  analysis,  Forests, 
Grain  size,  Homogeneity,  Permeability,  Saturation, 
Soil  depth,  Spatial  distribution,  Statistical  analysis. 

A  statistical  analysis  was  made  of  100  soil  core 
samples  taken  from  six  soil  pits  in  a  forested  glacial 
till  slope  in  south  central  Sweden  to  determine  the 
spatial  variability  of  the  saturated  hydraulic  con- 
ductivity, K,  and  correlations  to  other  soil  proper- 
ties. The  highest  correlation  of  K,  0.77,  was  estab- 
lished with  drainable  porosity.  The  correlation  of 
K  with  total  porosity  and  bulk  density  were  lower, 
0.64  and  -0.62,  respectively.  However,  correlations 
of  K  with  all  of  these  properties  increased  with 
depth.  Even  though  the  correlation  coefficients  are 
moderate,  the  relationship  between  K  and  drain- 
able  porosity  provides  a  quick  method  of  estimat- 
ing the  relative  permeabilities  when  only  the  drain- 
able  porosities  are  known.  Sample  groups  of  differ- 
ent core  lengths  (50  and  100  mm  long)  could  not 
be  distinguished  statistically,  and  therefore  the 
main  analysis  included  all  K  values  irrespective  of 
core  length.  A  two  ANOVAs  (one  using  each  pit 
as  a  sample  group)  indicated  the  K  values  differed 
significantly  with  soil  depth,  with  a  strong  decreas- 
ing trend  with  increasing  depth.  By  excluding  the 
samples  from  one  sample  group  from  the  ANOVA 
analysis,  however,  statistical  significance  was  ob- 
tained for  five  pits  (homogenous  conditions  con- 
cerning the  saturated  hydraulic  conductivity  in  the 
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slope).  For  the  interaction  effect  between  pit  loca- 
tions and  horizon  level  on  the  K  values,  a 
MANOVA  showed  no  significant  difference  at  a 
95%  confidence  limit.  A  multiple  range  test  with  a 
95%  confidence  limit,  however,  separated  the  dif- 
ferent pits  into  four  different  categories  based  on 
the  average  K  values.  These  categories  followed 
the  natural  siting  of  the  pit  locations,  with  high  K 
values  found  in  the  middle  region  of  the  glacial  till 
slope.  The  multiple  range  analysis  also  separated 
the  different  horizons  into  three  categories,  with 
the  highest  conductivities  in  a  coarse-textured, 
wave-washed  horizon.  (Author's  abstract) 
W9 1-04909 


FINITE  HYDRAULIC  CONDUCTIVITY  EF- 
FECTS ON  OPTIMAL  GROUNDWATER 
PUMPING  RATES. 

Mission  Research  Corp.,  Albuquerque,  NM. 

For   primary   bibliographic   entry   see   Field   6D. 

W9 1-049 14 


SERIES  REPRESENTATION  OF  FLUX  FOR 
THE  BOUSSINESQ  EQUATION. 

Thessaloniki  Univ.,  Salonika  (Greece).  Faculty  of 

Engineering. 

P.  Tolikas,  A.  Damaskinidou,  and  E.  Sidripoulos. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  12,  p  2881-2886,  December  1990.  2  tab,  17  ref. 

Descriptors:  •Boussinesq  equation,  'Fluctuations, 
♦Groundwater,  'Groundwater  movement,  *Hy- 
drologic  models,  'Mathematical  models,  'Model 
studies,  Accuracy,  Boundary  conditions,  Differen- 
tial equations,  Hydraulic  profiles. 

The  Boussinesq  equation,  supplemented  with  Dir- 
ichlet-type  boundary  conditions,  is  used  to  describe 
one-dimensional  groundwater  flow.  After  a 
number  of  transformations  a  nonlinear  ordinary 
differential  equation  is  obtained  with  flux  as  the 
dependent  variable.  Through  perturbation  the 
slope  of  the  water  profile  at  the  origin  is  expressed 
in  the  form  of  a  rapidly  converging  series  and  can, 
therefore,  be  calculated  to  the  desired  accuracy. 
Thus,  the  corresponding  two-point  boundary  prob- 
lem is  solved  without  iteration.  Also,  quantities 
related  to  physical  aspects  of  the  problem  are 
easily  calculated.  Furthermore,  the  same  treatment 
is  directly  applicable  to  a  number  of  other  physical 
and  engineering  situations  governed  by  the  same 
equation.  (Author's  abstract) 
W91-04916 


ERROR  ANALYSIS  AND  STOCHASTIC  DIF- 
FERENTIABIXITY  IN  SUBSURFACE  FLOW 
MODELEXG. 

California  Univ.,  Santa  Barbara.  Dept.  of  Geogra- 
phy. 

H.  A.  Loaiciga,  and  M.  A.  Marino. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  2897-2902,  December  1990.  1  fig,  19  ref, 
append.  University  of  California  Water  Resources 
Center  Project  UCAL-WRC-W-697. 

Descriptors:  'Error  analysis,  'Fluid  mechanics, 
'Groundwater  movement,  'Hydrologic  models, 
'Model  studies,  'Steady  flow,  'Stochastic  models, 
Analysis  of  variance,  Differential  equations,  Hy- 
draulic conductivity,  Piezometric  potential,  Stand- 
ard deviation,  Stochastic  flow. 

In  the  stochastic  analysis  of  steady  aquifer  flow, 
the  log  hydraulic  conductivity  (LHC)  is  the 
random  input  and  the  piezometric  potential  (PP)  is 
the  random  output.  Their  joint  behavior  is  gov- 
erned by  a  differential  equation  that,  in  view  of  the 
random  nature  of  its  dependent  and  independent 
variables,  represents  a  stochastic  differential  equa- 
tion. The  analysis  of  the  distributional  properties  of 
the  piezometric  potential  field  involves  the  product 
of  the  gradients  of  LHC  and  of  the  PP.  A  closed- 
form  expression  was  derived  for  the  standard  devi- 
ation, and  hence  the  order  of  magnitude,  of  the 
product  of  the  random  gradients  of  LHC  and  of 
PP.  For  statistically  homogeneous  LHC  fields  (1) 
the  product  of  the  random  gradients  may  or  may 
not  have  a  zero  mean,  depending  on  whether  the 
specific  discharge  is  a  constant  or  a  random  quanti- 
ty, respectively;  (2)  under  joint  normality  of  the 


LHC  and  the  PP  fields,  their  random  gradients  are 
statistically  independent  if  the  specific  discharge  is 
constant  but  are  dependent  when  the  specific  dis- 
charge is  random;  (3)  the  standard  deviation  of  the 
product  of  random  gradients  is  proportional  to  the 
variance  of  LHC  times  a  term  involving  three 
quantities:  the  covariance  of  the  PP,  the  covar- 
iance  of  the  LHC,  and  the  cross  covariance  of  the 
latter  two  fields;  (4)  a  necessary  and  sufficient 
condition  for  the  smallness  of  the  product  of 
random  gradients  is  that  the  second  derivatives  of 
the  covariance  of  the  LHC,  the  covariance  of  the 
PP,  and  the  cross  covariance  of  the  latter  two 
random  fields  be  finite  and  that  the  variance  of  the 
LHC  be  much  less  than  one.  The  role  of  Gaussian 
distributional  assumptions  is  highlighted  in  the  der- 
ivation of  key  results  of  stochastic  groundwater 
flow  via  perturbation  analysis.  (Author's  abstract) 
W91-04918 


SYSTEMATIZED  DRILLSTEM  TEST. 

Lawrence  Berkeley  Lab.,  CA.  Earth  Sciences  Div. 

K.  Karasaki. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  12,  p  2913-2919,  December  1990.  9  fig,  2  tab, 

24  ref.  US  Dept  of  Energy  contract  No.   DE- 

AC03-76F00098. 

Descriptors:  'Analytical  methods,  'Aquifer  char- 
acteristics, 'Aquifer  testing,  'Drillstem  tests, 
•Pumping  tests,  Data  analysis,  Field  tests,  Parame- 
ter estimation,  Permeability,  Pressure,  Slug  tests. 

A  drillstem  test  (DST)  allows  better  estimation  of 
the  flow  parameters  from  slug  tests  when  skin  is 
present.  Furthermore,  the  duration  of  the  test  can 
be  shortened  by  up  to  an  order  of  magnitude 
compared  to  a  slug  test  carried  all  the  way  to  the 
stabilization.  A  systematized  procedure  of  a  DST 
is  proposed,  in  which  a  slug  test  is  terminated  in 
the  midpoint  of  the  flow  period,  and  the  subse- 
quent shut-in  data  are  recorded  and  analyzed.  This 
method  requires  a  downhole  shut-in  device  and  a 
pressure  transducer,  which  is  no  more  than  the 
conventional  deep-well  slug  testing.  More  accurate 
estimates  of  formation  permeability  can  be  made 
using  a  DST  than  a  slug  test.  Premature  termina- 
tion also  shortens  the  test  duration  considerably. 
Based  on  these  results,  conventional  slug  tests 
could  be  replaced  by  the  premature  termination 
technique.  (Author's  abstract) 
W9 1-04920 
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X-BAND    SCATTEROMETRY    IN    AGRICUL- 
TURE. 

Budapesti  Mueszaki  Egyetem  (Hungary).  Dept.  of 
Microwave  Telecommunications. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03945 


ASSESSMENT  OF  ATM  AND  SATELLITE 
DATA  FOR  ESTIMATING  THE  GROUNDWAT- 
ER CONTRIBUTION  TO  SLOPE  STABILITY. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Civil 

and  Structural  Engineering. 

For  primary  bibliographic  entry  see  Field  7B. 

W91-03958 


SIMULATING  TEST   FOR   SOIL  MOISTURE 
SENSING. 

China  Research  Inst,  of  Radiowave  Propagation, 

Xinxiang. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-03961 


MICROWAVE  X-BAND  RADIOMETRIC 
CHARACTERIZATION  OF  BRAZILIAN  SOILS 
BY  MEASUREMENT  OF  THE  COMPLEX  PER- 
MITTrVLTY. 

Instituto  de  Pesquisas  Espaciais,  Sao  Jose  dos 
Campos  (Brazil). 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03962 


MICROCOMPUTER-BASED        RADIOMETER 

DATA     ACQUISITION     AND     PROCESSING 

SYSTEM   FOR   LARGE-AREA   MAPPING   OF 

SOIL   MOISTURE   CONTENT   IN   THE   TOP 

ONE  METER  LAYER. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Radiotekh- 

niki  i  Elektroniki. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-03963 


OBSERVATIONS  ON  THE  EFFECT  OF  GEO- 
METRIC PROPERTIES  OF  AGRICULTURAL 
SOILS  ON  RADAR  BACKSCATTER,  FROM  C- 
SAR  IMAGES. 

Sherbrooke  Univ.  (Quebec).  Centre  d'Applications 
et  de  Recherches  en  Teledetection. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03965 


DISSOLUTION  OF  FELDSPARS  IN  THE 
PRESENCE  OF  NATURAL,  ORGANIC  SO- 
LUTES. 

Sveriges  Lantbruksuniversitet,  Umea.  Dept.  of 
Forest  Site  Research. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-03986 


IMPROVED  PREDICTION  OF  WATER-RE- 
TENTION PROPERTIES  OF  CLAYEY  SOILS 
BY  PEDOLOGICAL  STRATIFICATION. 

Service  d'Etude  des  Sols  et  de  la  Carte  Pedologiue 

de  France,  Olivet. 

A.  Bruand. 

Journal  of  Soil  Science  JSSCAH,  Vol.  41,  No.  3,  p 

491-497,  September  1990.  5  tab,  26  ref. 

Descriptors:  'Clays,  'Soil  absorption  capacity, 
'Soil  profiles,  'Soil  water,  Density,  Matric  poten- 
tial, Seasonal  variation,  Soil  horizons,  Stratifica- 
tion, Wetting. 

The  water  retention  properties  of  clayey  soils  have 
been  studied  at  -30,000  and  -150,000  Pa  matric 
potentials  using  three  sets  of  clayey  horizons  dif- 
fering in  their  pedological  origin.  Measurements 
were  made  on  small  clods  collected  in  winter  when 
swelling  is  at  a  maximum.  Variations  in  the  clay 
content  and  clay  fabric,  via  bulk  volume,  allow  the 
variation  in  water  retained  to  be  explained  better 
than  with  clay  content  alone.  With  clayey  horizons 
originating  from  a  single  soil  family,  differences  in 
water  retained  can  be  explained  by  variations  in 
clay  content  alone  because  clay  fabric  does  not 
change  greatly.  These  results  demonstrate  the  sig- 
nificance of  pedological  stratification  in  estimating 
the  water-retention  properties  when  a  single  soil 
characteristic,  such  as  clay  content,  is  used.  With- 
out pedological  stratification,  an  equation  of  the 
water-retention  curve  could  be  established  using 
the  less  easily  obtained  variable,  bulk  volume.  (Au- 
thor's abstract) 
W9 1-03987 


SOIL  ORGANIC  MATTER,  AIR  ENCAPSULA- 
TION AND  WATER-STABLE  AGGREGATION. 

Sydney  Univ.  (Australia).  Dept.  of  Soil  Science. 
L.  A.  Sullivan. 

Journal  of  Soil  Science  JSSCAH,  Vol.  41,  No.  3,  p 
529-534,  September  1990.  2  fig,  2  tab,  30  ref. 

Descriptors:  'Organic  matter,  'Reviews,  'Soil 
chemistry,  'Soil  water,  Hydrophobic  compounds, 
Soil  aggregates,  Soil  management,  Soil  porosity. 

Many  of  the  world's  cultivated  soils  contain  unsta- 
ble aggregates  which  break  down  when  wetted 
rapidly.  This  structural  instability  often  reduces 
crop  yields  and  increases  soil  erosion.  A  re-inter- 
pretation of  published  data  shows  that  first,  the 
hydrophobic  properties  of  soil  organic  matter  can 
increase  the  amount  of  air  encapsulation  within  soil 
materials  during  water  uptake;  and  second,  that 
this  increased  air  encapsulation  can  reduce  water 
uptake  rates  sufficiently  to  prevent  slaking.  This 
aggregate  stabilizing  mechanism  suggests  novel  ap- 
proaches to  soil  management,  based  on  the  produc- 
tion of  non-uniformly  distributed  hydrophobic  or- 
ganic  matter   within   intra-aggregate   pores,    that 
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could  be  used  to  improve  soils  whose  aggregates 
fail  when  wetted  rapidly.  (Author's  abstract) 
W9 1-03988 


EXPERIMENTAL  STUDY  OF  NON-UNIFORM 
FLOW  IN  GRANULAR  POROUS  MEDIA. 

Agricultural  Univ.,  Wageningen  (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 

5.  E.  Van  Der  Zee. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol 

6,  No.  3,  p  227-240,  October  1990.  6  fig,  33  ref. 

Descriptors:  'Dispersion,  'Groundwater  move- 
ment, 'Path  of  pollutants,  *Porous  media,  *Soil 
contamination,  "Soil  water,  Hydrodynamics,  Lab- 
oratory methods,  Mathematical  models,  Nonuni- 
form flow,  Viscosity. 

Contaminant  transport  in  soil  is  usually  modeled 
by  solving  the  convection-dispersion  or  related 
equations.  Due  to  viscosity  differences  between  the 
resident  fluid  and  the  injected  fluid,  displacement 
may  become  unstable.  A  threshold  velocity  can  be 
defined,  above  which  viscous  fingering  may  occur. 
This  threshold  velocity  does  not  take  the  effects  of 
dispersion  and  mass  transfer  from  microporous 
solids  into  account.  Stabilizing  effects  due  to  gravi- 
ty, a  gradual  change  in  viscosity,  and  mass  transfer 
from  the  grains  towards  the  macropore  system 
were  insufficient  to  prevent  viscous  fingering.  Ex- 
periments show  that  the  stabilizing  effect  of  an 
exponentially  decreasing  viscosity  is  not  sufficient 
to  prevent  viscous  fingering.  Also  in  the  case  of 
mass  transfer  from  microporous  grains  to  the  ma- 
cropores  of  the  coarse-grained  medium  significant 
instability  was  found.  (Author's  abstract) 
W9 1-04029 


RAPID  METHANE  OXIDATION  IN  A  LAND- 
FILL COVER  SOIL. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04065 


KINETIC  MODEL  FOR  BIOCONCENTRA- 
TION  OF  LIPOPHILIC  COMPOUNDS  BY  OLI- 
GOCHAETES. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04076 


USE  OF  PRACTICAL  ASPECTS  OF  SOIL  BE- 
HAVIOUR TO  EVALUATE  DIFFERENT 
METHODS  TO  GENERATE  SOIL  HYDRAU- 
LIC FUNCTIONS. 

Winand  Staring  Centre  for  Integrated  Land,  Soil 

and  Water  Research,  Wageningen  (Netherlands). 

J.  H.  M.  Wosten,  C.  H.  J.  E.  Schuren,  J.  Bouma, 

and  A.  Stein. 

Hydrological  Processes  HYPRE3,  Vol.  4,  No.  4,  p 

299-310,  October/December  1990.  6  fig,  3  tab,  25 

ref. 

Descriptors:  *Data  acquisition,  'Evapotranspira- 
tion,  'Hydraulic  properties,  'Leaching,  'Path  of 
pollutants,  'Soil  properties,  Model  studies,  On-site 
data  collections,  Simulation  analysis,  Soil  profiles, 
Unsaturated  zone. 

Four  different  methods  to  generate  soil  hydraulic 
functions  were  evaluated  in  terms  of  their  effect  on 
calculation  of  two  practical  aspects  of  soil  behav- 
ior: evapotranspiration  deficit  and  flux  through  a 
plane  at  30  cm  depth  which  is  relevant  for  studies 
of  the  migration  of  pesticides  and  fertilizers  from 
the  root  zone  towards  the  groundwater  table. 
Method  A  involved  direct  on-site  measurement. 
Method  B  used  measurement  in  soil  horizons  in  the 
area.  Method  C  used  a  national  data  set.  Method  D 
used  Van  Genuchten  parameters  correlated  with 
soil  texture  and  organic  matter  content.  Evapo- 
transpiration deficit  and  flux  through  a  plane  at  30 
cm  depth  were  calculated  with  a  validated  simula- 
tion model.  Calculations  were  made  for  three  sites 
for  a  seven-year  period  from  1976  to  1982.  Differ- 
ences among  the  four  methods  to  generate  soil 
hydraulic  functions  in  terms  of  calculated  deficits 
and  fluxes  were  not  significant.  However,  methods 


were  significantly  different  when  rainfall  deficits 
were  used  as  a  covariable.  This  is  true  with  the 
exception  of  downward  fluxes  in  the  period  Octo- 
ber until  March  which  are  most  important  for 
leaching  of  pollutants.  The  user  has  to  decide 
whether  differences  between  methods  are  suffi- 
ciently large  to  justify  repeated,  expensive  on-site 
measurements  (method  A)  or  whether  an  invest- 
ment will  be  made  to  make  standard  series  of 
curves  to  be  used  everywhere  (methods  C  and  D) 
(Geiger-PTT) 
W91-041O0 


PROCESSES  OF  WATER  MOVEMENT 
THROUGH  A  CHALK  COOMBE  DEPOSIT  IN 
SOUTHEAST  ENGLAND. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2F. 
W91-04104 


SPATIAL  ANALYSIS  OF  VARIANCE  APPLIED 
TO  SOIL- WATER  INFILTRATION. 

Iowa  State  Univ.,  Ames.  Dept.  of  Statistics. 

C.  A.  Gotway,  and  N.  A.  C.  Cressie. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  11,  p  2695-2703,  November  1990.  8  fig,  3  tab, 

21  ref.  NSF  Grant  DMS-8703083. 

Descriptors:  'Infiltration,  'Model  studies,  'Soil 
water,  Analysis  of  variance,  Graphical  analysis, 
Infiltration  rate,  Soil  porosity,  Soil  water  potential, 
Spatial  variation,  Statistical  analysis. 

At  any  given  location  in  the  field,  the  ability  of 
water  to  infiltrate  soil  depends  upon  the  existing 
soil-water  distribution  with  depth,  the  rate  of 
water  application  to  the  soil  surface,  and  the  soil- 
pore-structure  distribution  with  depth.  As  the  loca- 
tion varies  across  the  field,  this  ability  will  vary 
spatially  so  that  locations  nearby  are  more  alike 
with  regard  to  infiltration  than  those  far  apart. 
This  spatial  dependance  among  the  infiltration 
measurements  may  be  used  to  enhance  any  statisti- 
cal analysis  of  soil  water  infiltration.  Moreover, 
failure  to  account  for  spatial  correlation,  in  gener- 
al, can  lead  to  erroneous  inference  procedures  that 
could  result  in  incorrect  conclusions.  A  spatial 
analysis  of  variance  uses  the  spatial  dependence 
among  the  observations  to  modify  the  usual  infer- 
ence procedures  associated  with  a  statistical  linear 
model.  When  spatial  correlation  is  present,  the 
usual  tests  for  presence  of  treatment  effects  may  no 
longer  be  valid,  and  erroneous  conclusions  may 
result  from  assuming  that  the  usual  F  ratios  are  F 
distributed.  This  is  demonstrated  using  a  spatial 
analysis  of  soil  water  infiltration  data.  Emphasis  is 
placed  on  modeling  the  spatial  dependence  struc- 
ture with  geostatistical  techniques,  and  this  spatial 
dependence  structure  is  then  used  to  test  hypoth- 
eses about  fixed  effects  using  a  nested  linear  model. 
(Mertz-PTT) 
W91-04123 


RATIONALE  FOR  OLD  WATER  DISCHARGE 
THROUGH  MACROPORES  IN  A  STEEP, 
HUMID  CATCHMENT. 

Utah  State  Univ.,  Logan.  Watershed  Science  Unit. 
J.  J.  McDonnell. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  11,  p  2821-2832,  November  1990.  10  fig,  1  tab, 
37  ref. 

Descriptors:  'Groundwater  movement,  'Headwa- 
ters, 'New  Zealand,  'Rainfall-runoff  relationships, 
•Runoff,  'Soil  water,  'Storm  runoff.  Infiltration, 
Macropores,  New  water,  Old  water,  Slopes, 
Streamflow,  Tropical  regions. 

Progress  in  understanding  processes  of  storm 
runoff  generation  in  humid  headwater  catchments 
is  hampered  by  discrepancies  often  found  between 
physical,  chemical,  and  isotopic  approaches. 
Recent  work  in  a  highly  responsive  catchment  at 
Maimai  (M8)  on  the  west  coast  of  New  Zealand 
has  yielded  conflicting  results  regarding  the  impor- 
tance of  new  versus  old  water  in  through-flow 
transmission.  Simultaneous  observations  of  rapid 
preferential  flow  through  macropores  and  isotopi- 
cally  old  water  displacement  remain  unresolved  in 
the  Maimai  catchment.  Continuous,  three-dimen- 


sional soil  moisture  energy  conditions  were  moni- 
tored in  two  discrete  catchment  positions  for  a 
series  of  storm  events  in  1987.  Tensiometric  re- 
sponse was  related  to  the  soil  water  characteristic 
curve,  hillslope  throughflow,  and  total  catchment 
runoff.  For  events  yielding  <2  mm/hour  peak 
runoff,  near-stream  valley  bottom  groundwater 
systems  discharged  water  volumes  sufficient  to 
account  for  storm  period  streamflow.  This  process 
was  assisted  by  regular  low  matric  potential  condi- 
tions and  rapid  filling  of  available  soil  water  stor- 
age. For  events  yielding  >2  mm/hour  peak  storm 
flow,  hillslope  hollow  drainage  into  steeply  sloping 
first-order  channels  dominated  old  water  produc- 
tion and  most  of  the  catchment  storm  flow.  Highly 
transient  macropore-driven  processes  of  crack  in- 
filtration, slope  water  table  development,  and  later- 
al pipe  flow  enabled  large  volumes  of  stored  water 
to  be  delivered  to  the  first-order  channel  bank  at 
the  appropriate  time  to  satisfy  catchment  storm 
flow  volumes  and  water  isotopic  and  chemical 
composition.  (Mertz-PTT) 
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SOILWATER  DISTRIBUTION  IN  A  NONUNI- 
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Hebrew    Univ.    of   Jerusalem    (Israel).    Seagram 
Centre  for  Soil  and  Water  Sciences. 
For  primary  bibliographic  entry  see  Field  3F. 
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water,  Temperature  effects,  Vegetation  effects. 

Models  for  estimating  the  surface  turbulent  energy 
fluxes  and  the  soil  moisture  generally  depend  on  a 
sensitivity  of  the  surface  radiometric  temperature 
to  soil  water  content.  A  method  has  been  devel- 
oped for  using  remote  measurements  to  estimate 
vegetation  fraction,  surface  energy  fluxes  and  the 
root  zone  and  soil  surface  water  contents  for  par- 
tial vegetation  canopies.  The  primary  tools  are  a 
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boundary  layer  model  with  vegetation  and  sub- 
strate components  and  two  image  products:  the 
variation  of  surface  radiometric  temperature  vs. 
normalized  difference  vegetation  index  (NDVI), 
and  the  standard  deviation  of  radiometric  surface 
temperature  vs.  radiometric  surface  temperature. 
The  method  is  based  on  determining:  (1)  asymptot- 
ic values  of  two  radiometric  surface  temperatures 
for  sunlit  bare  soil  and  for  dense  sunlit  vegetation; 
and  (2)  a  relationship  between  NDVI  and  surface 
temperature,  called  the  axis  of  variation.  From  this, 
average  soil  moisture  values  for  surface  and  root 
zone  are  obtained,  as  well  as  a  vegetation  fraction, 
surface  turbulent  heat  fluxes,  and  leaf  area  index  as 
functions  of  NDVI  for  each  pixel.  The  method  was 
tested  using  aircraft  and  surface  measurements 
from  Lubbon,  France.  It  is  found  that  the  two 
image  diagrams  yield  useful  qualitative  distribution 
of  vegetation  cover,  small-scale  variations  in  soil 
moisture,  and  vertical  gradient  of  soil  water  con- 
tent. A  reliable  axis  of  variation  could  be  deter- 
mined by  making  composite  measurements  ob- 
tained from  a  sequence  of  images,  although  it  is 
still  too  early  to  determine  if  lower-resolution  sat- 
ellite radiometers  can  define  a  usable  axis  of  varia- 
tion. (Fish-PTT) 
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LONG-TERM  SOIL  MOISTURE  STATUS  IN 
SOUTHERN  ALBERTA. 

Agriculture  Canada,  Lethbridge  (Alberta).  Re- 
search Station. 
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Descriptors:  'Agricultural  practices,  'Alberta, 
•Canada,  'Cropland,  'Soil  water,  'Water  conser- 
vation, Cereal  crops,  Fallowing,  Groundwater  re- 
charge, Precipitation,  Recharge,  Soil  profiles,  Soil- 
water-plant  relationships,  Uncertainty. 

Nineteen  years  of  soil  moisture  content  data  at 
Lethbridge  and  two  locations  near  Turin  (Turin  1 
and  Turin  2)  in  southern  Alberta,  Canada,  were 
examined  to  evaluate  the  efficiency  of  fallow  for 
conserving  moisture,  and  to  calculate  the  long- 
term  mean  amount  of  water  recharge  during  grow- 
ing and  nongrowing  seasons  under  a  fallow-cereal, 
two-year  rotation  and  a  continuous  cropping 
system.  Soil  samples  were  taken  annually  from 
1969  to  1987  to  a  depth  of  120  cm  in  30-cm 
intervals  in  the  spring  and  fall.  A  method  for 
testing  nonstandard  data  using  localized  uncertain- 
ty associated  with  sliding  polynomial  smoothing 
was  used  to  test  for  differences  in  the  soil  moisture 
contents  due  to  cultural  practices.  The  available 
soil  moisture  content  was  at  least  50%  of  available 
water-holding  capacity  of  the  profile  for  the  fallow 
treatment  at  Lethbridge  and  Turin  2,  and,  except  in 
some  years,  at  Turin  1.  At  seeding  time,  there  was 
an  average  of  69  mm  more  available  water  (AW) 
in  the  fallow  field  than  in  the  continuous  cropping 
field  at  Lethbridge  and  30,  35,  and  27  mm  more 
AW  in  the  fallow  field  than  in  the  fresh  stubble 
field  of  Lethbridge,  Turin  1,  and  Turin  2,  respec- 
tively. The  overall  mean  precipitation  conserved  as 
soil  moisture  for  the  fallow-cereal  rotation  practice 
was  23,  29,  and  23%  for  Lethbridge,  Turin  1,  and 
Turin  2,  respectively.  The  significantly  higher  soil 
water  content  at  the  90  to  120-cm  depth  for  the 
fallow  field  indicates  that  the  soil  water  recharge 
from  precipitation  might  be  deeper  in  the  fallow 
field  than  in  continuous  cropping  and  fresh  stubble 
of  rotation  fields.  The  deeper  recharge  could  in- 
crease the  available  soil  moisture  for  crop  produc- 
tion and  it  could  also  contribute  to  groundwater 
recharge.  (Author's  abstract) 
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HYDRAULIC  CHARACTERISTICS  OF  FOUR 
PEATLANDS  IN  MINNESOTA. 
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Descriptors:  'Cereal  crops,  'Cold  resistance,  'Soil 
water,  'Soil-water-plant  relationships,  Drought  ef- 
fects, Ice,  Planting  management,  Soil  temperature, 
Survival,  Tolerance,  Wheat,  Wilting  point. 

Winterhardiness  of  plants  is  related  to  a  variety  of 
genetic  traits  including  tolerance  to  freezing, 
winter  desiccation,  ice  encasement,  and  snow 
molds.  Cultivars  with  desired  characteristics  of 
drought  or  ice  tolerance  could  be  selected  using 
devices  simulating  the  desired  winter  conditions.  A 
field  study  was  conducted  to  determine  the  effect 
of  soil  moisture  on  the  survival  of  three  winter 
cereal  species.  Treatments  were  applied  by  water- 
ing and  weighing  the  soil  to  the  desired  water 
content.  Plants  were  overwintered  in  a  plastic 
greenhouse  in  1988  and  1989,  in  which  the  air  was 
not  heated,  but  the  soil  was  slightly  heated  on  cold 
days  to  avoid  very  low  temperatures.  Soil  tempera- 
ture did  not  fall  below  minus  16  C.  Soil  tempera- 
ture rate  of  change  was  dependent  on  moisture 
content.  Puma  winter  rye  and  Otrastajuskaja  38 
winter  wheat  were  the  hardiest,  followed  by 
Wintri  winter  triticale  and  Norstar  winter  wheat. 
Harus  winter  wheat  was  less  hardy,  and  Cham- 
plein  winter  wheat  was  totally  winter  killed.  The 
highest  survival  rate  was  obtained  at  moderate  to 
high  soil  moisture  content.  The  soil  contained  44% 
water  at  field  capacity  and  19%  at  the  wilting 
point.  The  drier  the  soil  in  the  range  13-23%,  the 
greater  the  mortality  indicating  a  negative  effect  of 
long-term  drought  on  plant  survival.  By  contrast, 
the  wettest  treatments:  58%  and  partial  ice  encase- 
ment, did  not  reduce  the  survival.  However,  total 
ice  encasement  killed  50-75%  of  the  plants  depend- 
ing on  the  cultivar.  There  was  an  interaction  be- 
tween cultivar  and  moisture  treatment.  The  data 
suggest  that  a  moisture  level  intermediate  between 
the  wilting  point  and  field  capacity  should  be 
sought  in  studies  of  cold  hardiness.  (Author's  ab- 
stract) 
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SALT  OF  THE  EARTH:  SECONDARY  SOIL 
SALINIZATION  IN  THE  AUSTRALIAN 
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SOIL  TEMPERATURE  UNDER  CONVEN- 
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Descriptors:  'Model  studies,  'Simulation  models, 
'Soil  moisture,  'Soil  temperature,  Barley,  Depth, 
Diurnal  variation,  Tillage. 

Residue  management  may  affect  soil  temperature, 
and  consequently  soil  biological  processes,  by  in- 
fluencing energy  exchange  fluxes  at  the  soil  sur- 
face. Simulation  models  in  which  these  fluxes  are 
estimated  allow  the  investigation  of  hypotheses 
concerning  the  effect  of  residue  management  on 
soil  thermal  regimes.  The  simulation  technique 
used  involves  a  finite  difference  approximation  to 
the  estimation  of  hourly  water  and  heat  fluxes 
through  a  one-dimensional,  layered  soil  medium, 
with  boundary  conditions  determined  at  the  sur- 
face from  surface  energy  exchange  processes,  and 
below  the  profile  from  source/sink  dynamics.  Crop 


and  residue  cover  were  considered  as  they  influ- 
ence radiative  fluxes  at  the  soil  surface.  Estimated 
soil  temperatures  were  compared  to  recorded  soil 
temperatures  at  0.05  m  and  0.15  m  depths  in  plots 
of  barley  grown  under  conventional  (CT)  and  min- 
imum (MT)  tillage  which  left  90%  and  30%  of  the 
soil  surface  exposed,  respectively.  Although  diur- 
nal trends  in  soil  temperature  were  consistent  with 
those  recorded,  the  amplitude  of  diurnal  variation 
was  overestimated  by  the  model  under  CT,  and 
underestimated  under  MT.  Standard  differences 
between  recorded  and  estimated  hourly-averaged 
temperatures  were  about  2.5  C  at  0.05  m,  and  half 
as  much  at  0.15  m.  The  model  failed  to  simulate 
the  consistently  lower  soil  temperatures  recorded 
under  MT  during  the  early  part  of  the  growing 
season  that  may  have  been  caused  by  longer  term 
tillage  effects,  such  as  the  persistence  of  ice  lower 
in  the  soil  profile.  Examination  of  early  season 
temperature  effects  will  require  longer  term  simu- 
lations in  which  the  hydrologic  and  thermal  impli- 
cations of  snow  and  ice  are  considered.  (Author's 
abstract) 
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Descriptors:  'Hydrologic  models,  'Infiltration, 
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ductivity, Saturation,  Soil  saturation,  Water  level 
fluctuations. 

Two  approximate  analytical  models  (model-Philip 
and  model-Guelph)  that  describe  the  steady  out- 
flow from  a  constant-head-well  permeameter  into 
an  unsaturated  soil  were  evaluated.  The  two 
models  recognize  the  existence  of  a  saturated  zone 
around  the  borehole  and  consider  the  combined 
influence  of  the  saturated-unsaturated  soil  on  the 
steady  outflow  from  the  well.  The  two  models 
yield  an  analogous  relation  between  the  steady 
discharge  (Q),  the  field-saturated  hydraulic  con- 
ductivity (K),  and  the  matric  flux  potential  (phi)  or 
the  sorptive  number  (a)  with  only  the  coefficients 
differing  from  each  other.  For  a  special  range  of 
steady    discharge    ratios,    model-Philip    yields    a 
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larger  K  value  than  model-Guelph.  The  two 
models  yield  nearly  equal  phi  values.  The  lower 
and  upper  boundaries  of  this  special  discharge  ratio 
range  arise  from  the  fact  that  K  and  phi  are  both 
necessarily  positive.  Seemingly  negative  values  of 
K  or  phi  can  be  explained  by  the  fact  that  most 
soils  are  heterogenous  and/or  anisotropic.  Model- 
Philip  leads  to  somewhat  larger  errors  introduced 
by  disregarding  flow  in  the  unsaturated  zone  than 
does  model-Guelph.  For  both  models  these  errors 
decrease  as  the  ponded  water  level  increases  or  as 
capillarity  decreases.  (Author's  abstract) 
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Stochastic  modeling  of  soil  water  transfer  can  use 
two  different  techniques  to  approximate  the  spatial 
variation  of  the  hydrogeological  parameters:  the 
classical  Gaussian  conditional  mean  approach;  or 
the  more  recent  estimation  technique  called  'krig- 
ing.'  A  comprehensive  comparison  was  made  be- 
tween the  Gaussian  conditional  mean  method  and 
kriging.  While  both  systems  use  the  deterministic 
and  given  character  of  the  measured  values  differ- 
ently, the  regression  models  are  principally  applied 
in  the  same  way.  The  common  goal  is  to  extract 
from  the  random  function  the  unknown  mean  re- 
spective to  the  trend,  or  in  geostatistical  terms,  the 
drift.  To  achieve  this  goal  without  further  compli- 
cating the  stochastic  model,  the  unknown  mean  is 
described  by  a  regression  model  which  assumes  a 
linear  relationship  between  arbitrary  functions  of 
space,  and  the  unknown  mean.  The  Gaussian  ap- 
proach is  based  on  the  observation  that  the  spatial 
variation  of  soil  properties  around  the  mean  is 
normally  or  lognormally  distributed.  This  tech- 
nique regards  the  measured  values  as  given  and 
deterministic,  while  the  values  of  the  parameters  of 
interest  at  those  points  with  no  measurements  are 
considered  as  random  variables.  Kriging  uses  the 
term  'regionalized  variable'  to  characterize  a  spa- 
tial phenomenon  which  shows  a  certain  structure. 
This  might  be,  for  example,  some  arbitrary  soil 
property.  Contrary  to  the  Gaussian  model,  the 
geostatistical  approach  does  not  seem  to  employ 
any  assumption  as  to  the  special  form  of  the  proba- 
bility distribution.  The  common  features  of  the  two 
systems  were  explored  and  interpreted  and  it  was 
determined  that  the  outcome  of  the  kriging  and  the 
Gaussian  models  was  identical.  It  was  found  that 
the  assumption  of  normally  distributed  parameters 
implicitly  enters  the  kriging  model  through  the 
linear  form  of  the  kriging  estimator;  and  the  handi- 
cap of  the  Gaussian  approach,  the  lack  of  an 
equation  to  correctly  describe  the  actual  variance 
of  the  estimates,  could  be  overcome.  (White- 
Reimer-PTT) 
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Aquifers,  Case  studies.  Flow  equations,  Multiphase 
flow,  Numerical  models,  Oil  wells,  Simulation 
models.  Wells. 

Field-scale  simulations  of  fluid  flow  in  porous 
media  often  involve  problems  that  are  so  large  that 


solution  on  the  full  computational  domain  is  either 
impossible  or  extremely  inefficient.  Domain  de- 
composition techniques  have  been  developed  to 
allow  these  large  processes  to  be  split  into  pieces 
that  can  be  solved  independently  and  then  put  back 
together  to  give  an  approximation  of  the  total 
solution.  The  advent  of  powerful  parallel  architec- 
ture supercomputers  has  greatly  revitalized  the 
study  and  use  of  domain  decomposition  techniques. 
These  methods  can  be  used  globally  to  treat  differ- 
ent portions  of  the  computational  domain  separate- 
ly on  different  processors,  or  locally  to  resolve 
important  local  physical  behavior.  For  large-scale 
simulation  problems,  domain  decomposition  offers 
significant  capabilities  in  computational  efficiency. 
Some  of  the  leading  domain  decomposition  tech- 
niques that  are  applicable  to  various  aspects  of 
porous  media  flow  are  reviewed,  and  the  imple- 
mentation of  some  of  these  methods  in  large-scale 
multiphase  flow  problems  illustrated.  Domain  de- 
composition techniques  depend  rather  strongly  on 
a  thorough  understanding  of  the  relationship  be- 
tween the  subdomain  and  the  boundary  problems. 
The  internal  boundary  discretizations  and  compu- 
tations must  accurately  reflect  the  differential  oper- 
ator across  the  artificial  boundaries  induced 
through  the  domain  decomposition.  This  is  espe- 
cially important  if  different  types  of  discretizations 
or  different  constitutive  equations  are  used  on  sep- 
arate subdomains.  Examples  used  to  illustrate  the 
uses  of  domain  decomposition  techniques  include: 
(1)  a  single-phase,  steady-state  flow;  (2)  a  three- 
phase  coning  problem;  (3)  a  multiwell,  multiphase 
problem;  (4)  an  oil  reservoir  with  four  producing 
wells  surrounded  by  an  aquifer;  and  (5)  throughput 
in  blocks  around  a  well.  (White-Reimer-PTT) 
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CENTRIFUGAL  MODELING  OF  DRAINS  FOR 
SLOPE  STABILIZATION. 

McClelland  Engineers,  Inc.,  Ventura,  CA. 

For   primary   bibliographic   entry   see   Field   8D. 
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RECONNAISSANCE  STUDY  OF  THE  THICK- 
NESS OF  THE  UNSATURATED  ZONE  IN  THE 
WESTERN  CONTERMINOUS  UNITED 
STATES. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5E. 
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EFFECTS  OF  FOLIATION  ON  THE  HYDRO- 
LOGIC  PROPERTIES  OF  PIEDMONT  SAPRO- 
LITE. 

Clemson  Univ.,  SC.  Dept.  of  Forestry. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04885 


ANALYSIS  OF  SATURATED  HYDRAULIC 
CONDUCTIVITY  IN  A  FORESTED  GLACIAL 
TILL  SLOPE. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 
of  Land  and  Water  Resources. 
For  primary  bibliographic  entry  see  Field  2F. 
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REACTIONS  BETWEEN  ALUMINUM  AND 
SULFATE  IN  DILUTE  NUTRIENT  SOLU- 
TIONS WITH  VARYING  DEGREES  OF  HY- 
DROLYSIS. 

Florida   Univ.,    Lake   Alfred.   Citrus   Experiment 

Station. 

For  primary  bibliographic  entry  see  Field  2K. 
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DEGRADATION  OF  ATRAZINE  IN  SOIL 
THROUGH  INDUCED  PHOTOCATALYTIC 
PROCESSES. 

Parma  Univ.  (Italy).  1st.  di  Chimica  Fisica  Appli- 

cata. 

For  primary  bibliographic  entry  see  Field  5B. 
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PSYCHROMETRIC  MEASUREMENT  OF  SOIL 
WATER    POTENTIAL   STABILITY   OF   CALI- 


BRATION AND  TEST  OF  PRESSURE-PLATE 
SAMPLES. 

New  Mexico  State  Univ.,  Las  Cruces. 

For  primary  bibliographic  entry  see  Field  7B. 
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ANALYSIS  OF  OUTFLOW  EXPERIMENTS 
SUBJECT  TO  SIGNIFICANT  PLATE  IMPED- 
ANCE. 

Agricultural   Coll.   of  Athens   (Greece).    Lab.   of 

Agricultural  Hydraulics. 

J.  D.  Valiantzas. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  12,  p  2921-2929,  December  1990.  9  fig,  1  tab, 

14  ref. 

Descriptors:  'Analytical  methods,  'Diffusivity, 
'Flow  resistance,  'Hydraulic  conductivity,  'Im- 
pedance, 'Soil  water,  Hydraulic  properties,  Hy- 
drologic  models,  Mathematical  models,  Plate  im- 
pedance, Pressure  distribution,  Soil  physical  prop- 
erties. 

A  new  method  is  developed  for  the  determination 
of  the  diffusivity-water  content  relationship  from 
pressure-outflow  experiments  when  the  impedance 
of  the  supporting  porous  plate  has  to  be  taken  into 
account.  Gardner's  equation  was  modified  to  take 
into  account  the  effect  of  porous  plate  impedance. 
A  function  is  derived  to  correct  the  modified  ap- 
proximation for  various  exponential  functions,  as- 
suming a  linear  variation  of  the  pressure  head  over 
the  pressure  increment.  When  the  corrector  factor 
is  expressed  as  a  function  of  particular  reduced 
variable,  the  variation  can  be  described  approxi- 
mately by  a  single  relation  irrespective  of  the  par- 
ticular form  of  the  function  and  the  reduced  plate 
resistance  parameter.  The  classic  one-step  outflow 
procedure  for  the  determination  of  soil  water  diffu- 
sivity does  not  use  the  early  linear  part  of  the 
outflow  versus  the  square  root  of  time  curve, 
where  the  effect  of  plate  impedance  is  not  negligi- 
ble. The  present  method  also  can  be  applied  to  the 
linear  part  of  the  outflow  curve  which  is  consider- 
ably extended  when  the  effect  of  the  plate  imped- 
ance is  significant.  The  suggested  procedure  re- 
quires additional  information-trie  retention  curve 
and  the  conductivity  value  of  the  porous  plate. 
The  method  was  tested  by  simulating  outflow  ex- 
periments with  significant  plate  impedance  and 
using  data  obtained  to  calculate  diffusivities,  as 
well  as  analyzing  experimental  outflow  data  for  a 
real  soil.  (Author's  abstract) 
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PREFERENTIAL  FLOW  AND  THE  GENERA- 
TION OF  RUNOFF:  1.  BOUNDARY  LAYER 
FLOW  THEORY. 

Bern  Univ.  (Switzerland).  Geographisches  Inst. 
For  primary  bibliographic  entry  see  Field  2E. 
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LANDSAT  TM  STUDY  OF  AFFORESTATION 
IN  NORTHERN  SCOTLAND  AND  ITS  IMPACT 
ON  BREEDING  BIRD  POPULATIONS. 

National    Remote    Sensing    Centre,    Famborough 

(England). 

For  primary  bibliographic  entry  see  Field  7B. 
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QUANTITATIVE  REMOTE  DETECTION  OF 
SUSPENDED  SEDIMENT  CONTENT  AND 
CHLOROPHYLL  CONCENTRATION  OF 
WATER  IN  DIFFERENT  DEPTHS. 

Institute  of  Karst  Geology,  Guilin  (China). 
For  primary  bibliographic  entry  see  Field  7B. 
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DATA  PROCESSING  FOR  THE  DETERMINA- 
TION OF  PIGMENTS  AND  SUSPENDED 
SOLIDS  FROM  THEMATIC  MAPPER  DATA. 

Freiburg  Univ.  (Germany,  F.R.).  Inst,  for  Physical 

Geography. 

For  primary  bibliographic  entry  see  Field  7B. 
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MONITORING  OF  SUSPENDED  SEDIMENTS 
IN  JATILUHUR  RESERVOIR  USING  SATEL- 
LITE IMAGES. 

Waterloopkundig     Lab.     te     Delft,     Emmeloord 

(Netherlands).  De  Voorst  Lab. 

For  primary  bibliographic  entry  see  Field  7B. 
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ESTIMATION  OF  THE  AREA  OF  LAKE 
KARIBA,  ZIMBABWE,  USING  LANDSAT  MSS 
IMAGERY. 

Aston  Univ.,  Birmingham  (England).  Remote 
Sensing  Unit. 

For  primary  bibliographic  entry  see  Field  7B. 
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WETLAND  SOIL  FORMATION  IN  THE  RAP- 
IDLY SUBSIDING  MISSISSIPPI  RIVER  DEL- 
TAIC PLAIN:  MINERAL  AND  ORGANIC 
MATTER  RELATIONSHIPS. 

Louisiana  State  Univ.,  Baton  Rouge.  Center  for 
Wetland  Resources. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-03978 


REAL-TIME   SAMPLING    STRATEGIES    FOR 
ESTIMATING  NUTRIENT  LOADINGS. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5A. 
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EFFECT  OF  WIND  ON  THE  DISTRIBUTION 
OF  PHYTOPLANKTON  CELLS  IN  LAKES. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Canberra  (Australia). 

I.  T.  Webster. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  5,  p  989-1001,  July  1990.  9  fig,  26  ref. 

Descriptors:  *Hydrologic  models,  *Lakes,  'Lim- 
nology, 'Mathematical  models,  'Phytoplankton, 
•Wind  tides,  Floating,  Heterogeneity,  Light  re- 
quirements, Nutrient  concentrations,  Sinking,  Spa- 
tial distribution,  Stratification. 

Wind-induced  motions  influence  the  distributions 
of  phytoplankton  cells  in  lakes,  determining  the 
availability  of  nutrients  and  light  necessary  to  their 
growth.  A  model  is  developed  that  demonstrates 
how  the  tendency  of  phytoplankton  cells  to  float 
or  sink,  coupled  with  wind-induced  circulations, 
leads  to  horizontal  heterogeneity  in  phytoplankton 
concentrations  in  lakes.  For  the  unstratified  case 
after  steady  state  conditions  have  been  attained, 
modeled  concentrations  are  approximately  uniform 
in  the  vertical,  but  they  increase  (or  decrease)  at  an 
exponential  rate  toward  the  downwind  end  of  the 
lake  is  the  plankton  cells  float  (or  sink).  The  rate  of 
increase  or  decrease  of  concentration  along  the 
downwind  axis  of  the  lake  is  shown  to  depend 
simply  on  wind  speed,  rising  or  sinking  velocity, 
and  lake  water  depth.  The  degree  of  phytoplank- 
ton heterogeneity  in  a  lake  depends  on  the  ratio  of 
the  spatial  scale  over  which  concentration  varies  to 
the  length  of  the  lake.  Under  certain  conditions, 
the  model  can  be  extended  to  stratified  lakes  as 
well.  Thus,  the  model  can  explain  some  observa- 
tions of  heterogeneity  in  plankton  concentration 
within  both  unstratified  and  stratified  lakes.  (Au- 
thor's abstract) 
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INTERANNUAL  FLUCTUATIONS  IN  PRI- 
MARY PRODUCTION:  DIRECT  PHYSICAL 
EFFECTS  AND  THE  TROPHIC  CASCADE  AT 
CASTLE  LAKE,  CALIFORNIA. 

California  Univ.,   Davis.   Div.   of  Environmental 

Studies. 

A.  D.  Jassby,  T.  M.  Powell,  and  C.  R.  Goldman. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  5,  p  1021-1038,  July  1990.  9  fig,  5  tab,  75  ref. 

NSF  Grant  BSR  87-05170. 

Descriptors:  'California,  'Castle  Lake,  'Climatol- 
ogy, 'Fluctuations,  'Limnology,  'Physical  proper- 
ties, 'Primary  production,  'Trophic  level,  Ecosys- 
tems, El  Nino/Southern  Oscillation,  Rainbow 
trout,  Seasonal  variation,  Variability,  Waterfleas. 


Direct  physical  effects  and  cascading  trophic  inter- 
actions operate  together  to  determine  interannual 
variability  in  the  seasonal  pattern  of  primary  pro- 
ductivity at  Castle  Lake,  California.  Principal  com- 
ponent analysis  was  used  to  investigate  the  depth- 
time  distribution  of  productivity  for  summers  1961 
to  1986.  Two  characteristic  patterns  were  found, 
together  accounting  for  60  to  70%  of  the  year-to- 
year  variability.  The  first  pattern  corresponds  to 
the  deep  productivity  maximum  that  forms  in  the 
hypolimnion  in  June  and  July.  Variability  in  this 
first  pattern  arises  from  the  direct  effects  on  phyto- 
plankton populations  of  year-to-year  changes  in 
timing  of  ice  breakup  and  hydraulic  flushing  in 
spring.  The  first  pattern  is  unusually  strong  or 
weak,  compared  to  the  long-term  average,  during 
the  phenomenon  of  El  Nino-Southern  Oscillation. 
A  second  characteristic  pattern  corresponds  to  the 
mixed-layer  productivity  maximum  that  develops 
in  August  and  September.  Variability  in  this 
second  pattern  arises  from  trophic  interactions  at 
higher  levels:  rainbow  trout  feed  on  late-summer 
Daphnia  rosea  populations,  which  in  turn  graze  on 
the  mixed-layer  algal  community.  In  addition, 
some  of  the  variability  in  the  rainbow  trout  popula- 
tion arises  from  year-to-year  differences  in  angling 
pressure  from  humans.  These  results  demonstrate 
how  interannual  variability  in  an  ecosystem  prop- 
erty (primary  productivity)  can  be  controlled  by 
forces  acting  simultaneously  through  the  top  and 
base  of  the  food  web.  (Author's  abstract) 
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DYNAMIC  BEHAVIOR  OF  SUSPENDED  SEDI- 
MENT CONCENTRATIONS  IN  A  SHALLOW 
LAKE  PERTURBED  BY  EPISODIC  WIND 
EVENTS. 

North  Carolina  Univ.  at  Morehead  City.  Inst,  of 

Marine  Sciences. 

R.  A.  Luettich,  D.  R.  F.  Harleman,  and  L. 

Somlyody. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  5,  p  1050-1067,  July  1990.  8  fig,  2  tab,  43  ref. 

Descriptors:  'Lakes,  'Limnology,  'Sediment  con- 
centration, 'Suspended  sediments,  'Wind,  Data 
collections,  Deposition,  Dynamics,  Fall  velocity, 
Grain  size,  Hungary,  Lake  Balaton,  Mathematical 
models,  Particle  size. 

Due  to  their  small  fall  velocities,  fine-grained  parti- 
cles are  transported  easily  by  flows.  An  under- 
standing of  the  dynamic  behavior  of  these  particles 
is  particularly  important  in  shallow  lakes,  since 
there  they  may  repeatedly  settle  to  the  bottom  and 
be  resuspended  throughout  the  water  column. 
Field  experiments  were  conducted  in  Lake  Bala- 
ton, a  large  (surface  area,  600  sq.  km.)  but  shallow 
(mean  depth,  3.2  m)  lake  in  Hungary,  to  quantify 
the  resuspension  and  deposition  of  bottom  sedi- 
ment due  to  episodic  storm  events.  Measurements 
were  made  of  wind  speed  and  direction,  surface 
waves,  mean  water  velocity,  and  suspended  sedi- 
ment concentration.  During  significant  wind 
events,  the  computed  bottom  stress  due  to  surface 
waves  dominated  that  due  to  the  mean  current,  and 
therefore  surface  waves  were  assumed  to  be  the 
major  cause  of  sediment  resuspension.  A  simple 
model  for  the  depth-averaged  suspended  sediment 
concentration  based  on  surface  wave  height  was 
calibrated  with  about  10  h  of  data  collected  during 
one  storm  event  and  verified  against  15  d  of  data 
collected  at  the  same  site.  The  success  of  the 
suspended  sediment  model,  which  assumes  that  the 
bottom  sediment  was  noncohesive,  is  surprising 
since  the  bottom  material  was  composed  predomi- 
nantly of  sediment  in  the  clay  and  fine-silt  size 
ranges.  This  fit  may  indicate  the  presence  of  a  thin 
surface  layer  of  loosely  bound  sediment  that  is 
continuously  involved  in  resuspension.  The  sus- 
pended sediment  model  could  easily  be  integrated 
into  a  water  quality  model,  provided  that  lateral 
transport  is  negligible,  or  it  could  be  used  to  pro- 
vide the  bottom  boundary  condition  for  a  more 
general  suspended  sediment  transport  model  in 
which  advective  transport  is  included.  (Author's 
abstract) 
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GRANITE  WEATHERING  AND  THE  SENSI- 
TIVITY OF  ALPINE  LAKES  TO  ACID  DEPOSI- 
TION. 


R.  E.  Stauffer. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  5,  p  1112-1134,  July  1990.  6  fig,  8  tab,  58  ref. 

Descriptors:  'Acid  rain  effects,  'Alpine  regions, 
'Mountain  lakes,  'Atmospheric  chemistry,  'Gran- 
ites, 'Lake  acidification,  'Limnology,  'Sensitivity 
analysis,  'Thermodynamics,  'Weathering,  Acidity, 
Calcium,  Carbon  dioxide,  Dissolved  organic 
carbon,  Glaciation,  Mathematical  models,  Sodium, 
Soil  chemistry,  Stoichiometry. 

Lake  chemical  data  from  the  National  Surface 
Water  Survey  were  corrected  for  the  effects  of 
regional  atmospheric  deposition  and  then  used  to 
evaluate  the  role  of  weathering  in  supplying  base 
cations,  silica,  sulfate,  and  alkalinity  to  surface 
waters  in  alpine  versus  subalpine  and  in  glaciated 
versus  unglaciated  granitic  terrane  of  the  western 
and  southeastern  United  States.  Thermodynamic 
models,  idealized  reaction  stoichiometry,  and  mul- 
tivariate regression  involving  solutes  and  geo- 
graphic variables  indicate  that  irreversible  weath- 
ering can  largely  account  for  lake  chemistry.  By 
contrast,  relatively  minor  roles  are  played  by  re- 
versible ion  exchange  in  soils  and  sediments,  terres- 
trial bioaccumulation,  and  transformation  in  lakes. 
The  regional  patterns  in  lake  acidity  components 
(nitrate,  sulfate,  dissolved  organic  carbon,  carbon 
dioxide)  and  statistical  relationships  between  acidi- 
ty and  base  cations  demonstrate  that  rock  weather- 
ing is  limited  by  acid  inputs  in  many  alpine  catch- 
ments prior  to  fall  overturn.  The  empirical  success 
of  the  Henriksen  alkalinity  model  depends  on  a 
high  calcium:sodium  weathering  ratio.  The  latter 
increases  with  increasing  physical  disturbance  of 
the  catchment  (juvenility),  hence  under  natural 
circumstances  attains  a  maximum  as  a  result  of  on- 
going or  recent  glaciation.  The  Henriksen  model 
fails  in  geochemically  old  terrane,  where  cation 
losses  accompanying  silicate  weathering  attain 
steady  state  proportions.  (Author's  abstract) 
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DENITRIFICATION  AND  PHOTOSYNTHESIS 
IN  STREAM  SEDIMENT  STUDIED  WITH  MI- 
CROSENSOR  AND  WHOLE-CORE  TECH- 
NIQUES. 

Aarhus  Univ.  (Denmark).   Inst,  of  Ecology  and 

Genetics. 

L.  P.  Nielsen,  P.  B.  Christensen,  N.  P.  Revsbech, 

and  J.  Sorenson. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  5,  p  1135-1144,  July  1990.  4  fig,  1  tab,  27  ref. 

Descriptors:  'Denitrification,  'Photosynthesis, 
•Sediment  chemistry,  'Streams,  Aerobic  condi- 
tions, Algal  growth,  Ammonium  ion,  Light  intensi- 
ty, Microsensors,  Nitrates,  Oxygenation,  Plant 
physiology. 

The  effect  of  light  on  benthic  photosynthesis,  deni- 
trification, and  assimilation  of  ammonium  ion  and 
nitrate  ion  in  stream  sediments  was  studied  with 
whole-core  techniques  and  with  oxygen  and  nitro- 
gen dioxide  microsensors.  Photosynthetic  oxygen 
production  increased  the  thickness  of  the  aerobic 
surface  layer  from  1.5  mm  in  the  dark  to  approxi- 
mately 3.5  mm  at  a  light  intensity  saturating  photo- 
synthesis. The  oxygen  flux  changed  concurrently 
from  net  uptake  to  net  release  and  the  overall  rate 
of  denitrification  was  reduced  by  70%.  Denitrifica- 
tion was  always  restricted  to  a  narrow  zone  imme- 
diately below  the  aerobic-anaerobic  interface.  Cal- 
culated nitrate  ion  microprofiles  showed  that  the 
overall  denitrification  was  primarily  dependent  on 
the  thickness  of  the  aerobic  layer  which  acted  as  a 
barrier  for  diffusion  of  nitrate  ions  from  the  overly- 
ing water.  In  the  light,  algal  nitrate  ion  assimilation 
could  exceed  nitrate  ion  consumption  by  denitrifi- 
cation when  availability  of  ammonium  ion  was 
low.  Assimilation  of  nitrate,  however,  had  no  influ- 
ence on  the  flux  of  nitrate  ion  to  the  denitrification 
zone,  since  assimilation  occurred  relatively  close  to 
the  sediment  surface.  (Author's  abstract) 
W9 1-03999 


IRON  REDOX  EFFECTS  ON  PHOTOSYNTHE- 
SIS PHOSPHORUS  RELEASE  FROM  DIS- 
SOLVED HUMIC  MATERIALS. 
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Kent  State  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

J.  B.  Cotner,  and  R.  T.  Heath. 
Limnology  and  Oceanography  LIOCAH,  Vol.  35, 
No.  5,  p  1175-1181,  July  1990.  5  fig,  3  tab,  23  ref. 

Descriptors:  'Acid  lakes,  'Cycling  nutrients, 
•Humic  substances,  *Iron  compounds,  'Limnolo- 
gy, 'Phosphorus,  'Photosynthesis,  Chlorophyll  a. 
Nutrient  uptake,  Chromatography,  Dissolved  or- 
ganic carbon,  Orthophosphates,  Oxidation,  Photor- 
eduction. 

The  concentration  of  Fe(3  +  )  in  a  lake  can  be 
important  to  the  dynamics  of  phosphorus  because 
orthophosphate  sorbs  to  the  surfaces  of  ferric 
oxides  and  precipitates  with  these  colloids  under 
aerobic  conditions.  Factors  controlling  the  release 
of  phosphorus  (including  redox  potential  and  dis- 
solved organic  carbon  compound  levels)  from  dis- 
solved humic  material-iron  complexes  were  studied 
in  an  acid  bog  lake.  Gel-permeation  chromatogra- 
phy of  lake  water  labeled  with  phosphate-32  ions 
was  used  to  separate  high-molecular  weight  and 
low-molecular  weight  fractions  of  phosphorus 
compounds.  Ferric  ion  additions  and  irradiation 
with  ultraviolet  (UV)  light  increased  the  release  of 
a  labeled  compound  coeluting  with  orthophos- 
phate from  void  volume  fractions.  Oxidation  rates 
of  Fe(2-(-)  in  whole  lake  water  were  much  slower 
than  photoreduction  rates,  which  suggests  that,  in 
UV  light,  iron  accumulated  as  Fe(2  +  ).  Fe(2  +  ) 
concentrations  decreased  concomitant  with  a  June 
increase  in  chlorophyll  a  in  the  lake  water.  Biotic 
uptake  of  Fe(2-(-)  may  deplete  the  ambient  pool  of 
both  Fe(2  +  )  and  Fe(3-t-)  in  summer  and  make 
photosensitive  processes  less  important  at  this  time. 
(Author's  abstract) 
W91-O4O0O 


TRANSBOUNDARY  METAL  POLLUTION  OF 
THE  COLUMBIA  RIVER  (FRANKLIN  D.  ROO- 
SEVELT LAKE). 

Washington  State  Dept.  of  Ecology,  Olympia. 
For  primary  bibliographic  entry  see  Field  5B. 
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TIME-  AND  VERTICAL  DISTRIBUTION  OF 
BACTERIOPLANKTON  IN  A  SHALLOW  EU- 
TROPHIC  RESERVOIR. 

Karlova  Univ.,  Prague  (Czechoslovakia).  Dept.  of 
Hydrogeology  and  Engineering  Geology. 
R.  Markosova,  M.  Benediktova,  and  A.  Volkova. 
Water  Research  WATRAG,  Vol.  24,  No.  9,  p 
1057-1067,  September  1990.  8  fig,  4  tab,  37  ref. 

Descriptors:  'Aquatic  bacteria,  'Eutrophic  lakes, 
'Limnology,  'Plankton,  'Reservoirs,  'Temporal 
distribution,  'Vertical  distribution,  Ammonia,  Bio- 
logical oxygen  demand,  Chlorophyll,  Coliforms, 
Dissolved  oxygen,  Seasonal  variation,  Stratifica- 
tion, Streptococcus. 

Development  of  bacterioplankton  was  assessed 
during  two  subsequent  seasons  in  the  eutrophic 
Hostivar  reservoir,  Prague,  Czechoslovakia. 
Counts  of  planktonic  bacteria,  contents  of  oxygen, 
ammonium  and  chlorophyll  a,  as  well  as  BOD1 
and  BOD5  values  exhibited  large  vertical  (0-7  m 
depth)  and  seasonal  (April-October)  fluctuations. 
Direct  microscopic  counts  of  bacterioplankton, 
colony  forming  units  (cfu)  of  mesophilic,  coliform 
and  fecal  streptococci  showed  clear  vertical  strati- 
fication. Highest  bacterial  density  was  always  ob- 
served at  a  maximal  depth  of  7  m,  whereas  the 
profile  under  the  surface  had  the  lowest  numbers. 
Bacterioplankton  numbers  estimated  by  microsco- 
py counting  from  sampling  depths  (0.1,  3,  and  7  m) 
were  of  mean  (minimum-maximum)  values:  1.92 
(0.42-3.63),  2.37  (0.79-7.60)  and  3.09  (0.75-8.78)  mil- 
lion cells/milliliter.  The  major  controlling  factor 
over  the  BOD  values  in  the  epilimnion  was  the 
phytoplankton  production,  whereas  the  BOD 
values  in  the  hypolimnion  were  controlled  most 
probably  by  decomposition  processes.  Extensive 
bacterial  proliferation  was  found  during  the  second 
half  of  the  summer  period  in  the  anoxic  hypolim- 
nion. Maximum  values  (8.78  million  cells/ml)  were 
correlated  with  the  extreme  ammonium  concentra- 
tion (maximum  6.018  micrograms/L)  with  a  corre- 
lation coefficient  r  =  0.74.  The  chlorophyll  a  con- 


centration was  relatively  high  (37-130  micro- 
grams/L) and  its  contribution  to  the  total  nutrient 
pool  was  calculated  to  have  been  44%  and  57%  in 
the  first  and  second  year,  respectively.  (Author's 
abstract) 
W9 1-04034 


IMPLICATIONS  FOR  THE  DESIGN  OF  ARTI- 
FICIAL LAKES  OF  A  STUDY  OF  THE  CRAI- 
GAVON  LAKES. 

Ulster  Univ.,  Ballyronan  (Northern  Ireland). 
Freshwater  Lab. 

For  primary  bibliographic  entry  see  Field  4A. 
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SEASONAL  COMPARISONS  OF  WEIGHT 
LOSS  FOR  TWO  TYPES  OF  TYPHA  GLAUCA 
GODR.  LEAF  LITTER. 

Utah  State  Univ.,  Logan.  Dept.  of  Fisheries  and 

Wildlife. 

J.  W.  Nelson,  J.  A.  Kadlec,  and  H.  R.  Murkin. 

Aquatic  Botany  AQBODS,  Vol.  37,  No.  4,  p  299- 

314,  September  1990.  4  fig,  6  tab,  27  ref. 

Descriptors:  'Cattails,  'Decomposing  organic 
matter,  'Leaves,  'Limnology,  'Litter,  'Marsh 
plants,  'Wetlands,  Canada,  Manitoba,  Marshes, 
Muskrats,  Nitrogen,  Phosphorus,  Seasonal  varia- 
tion. 

Samples  of  living  (2.8%  nitrogen,  0.3%  phospho- 
rous) and  naturally  senesced  (0.6%  nitrogen, 
0.05%  phosphorus)  leaves  of  cattail  (Typha  glauca 
Godr.)  were  collected  from  a  shallowly  flooded 
stand  during  July  1979  and  February  1980,  respec- 
tively. Decomposition  patterns  of  the  two  litter 
types  were  compared  by  adding  and  removing 
litter  samples  from  the  Delta  Marsh,  Manitoba, 
Canada  at  various  intervals  during  the  growing 
season.  Green  leaf  material,  collected  just  before 
flowering,  decomposed  more  rapidly  than  senesced 
litter  during  all  time  periods.  Simple  exponential 
decomposition  rates  differed  significantly;  -0.0241/ 
day  for  green  litter  versus  -0.01 10/day  for  senesced 
litter.  Initial  rates  of  organic  dry  weight  loss  were 
not  different  between  seasons  for  either  litter  type, 
but  inital  rates  declined  faster  later  in  the  summer. 
Less  organic  weight  was  lost  during  late  summer 
after  2  and  30  days  of  incubation  for  both  types  of 
litter.  However,  seasonal  effects  could  not  be  de- 
tected after  longer  treatment  periods.  During  late 
summer,  siltation  of  wind-suspended  sediments  ap- 
parently impeded  decomposition  by  depressing 
oxygen  levels  and  invertebrate  activity  in  the  litter 
samples.  Up  to  21  and  36  times  more  nitrogen  and 
phosphorous,  respectively  would  be  released  from 
litter  toppled  by  muskrat  feeding  activity  than  by 
natural  toppling  of  dead  plant  material  during  the 
growing  season.  (Author's  abstract) 
W9 1-04050 


EVAPOTRANSPIRATION       FROM       SEDGE- 
DOMINATED  WETLAND  SURFACES. 

Trent  Univ.,  Peterborough  (Ontario).  Dept.  of  Ge- 
ography. 

For   primary  bibliographic  entry  see   Field   2D. 
W91-04051 


COMMUNITY  PATTERNS  AND  ENVIRON- 
MENTAL GRADIENTS  OF  BUTTONBUSH,  CE- 
PHALANTHUS  OCCIDENTALIS,  PONDS  IN 
LOWLAND  FORESTS  OF  SOUTHERN  ON- 
TARIO. 

Minnesota  Univ.,  Minneapolis.  Dept.  of  Ecology 
and  Behavioral  Biology. 
For  primary  bibliographic  entry  see  Field  21. 
W9 1-04056 


PINTAIL,  ANAS  ACUTA,  USE  OF  MAN-MADE 
PONDS  IN  QUEBEC. 

Quebec  Univ.,  Trois-Rivieres.  Dept.  de  Chimie- 

Biologie. 

For  primary  bibliographic  entry  see   Field   6G. 
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SIMULATION  OF  NONSTATIONARY,  NON- 
GAUSSIAN  WATER  LEVELS  ON  GREAT 
LAKES. 


Coastal  Engineering  Research  Center,  Vicksburg, 

MS. 

T.  L.  Walton,  and  L.  E.  Borgman. 

Journal  of  Waterway,   Port,  Coastal  and  Ocean 

Engineering  (ASCE)  JWPED5,  Vol.  116,  No.  6,  p 

664-685,  November/December  1990.  21  fig,  9  ref, 

append. 

Descriptors:  'Computer  models,  'Great  Lakes, 
•Lake  morphometry,  'Mathematical  models, 
'Simulation  analysis,  'Water  level,  Computers, 
Gaussian  time  series,  Mathematical  equations,  Sta- 
tistical analysis,  Water  level  fluctuations. 

Nonstationary  non-Gaussian  time  series  having 
correlation  structure  are  common  to  the  coastal 
engineering  field.  A  methodology  for  simulating 
nonstationary  non-Gaussian  water  levels  on  the 
Great  Lakes  was  developed  for  use  in  providing 
input  scenarios  for  erosion  modeling  on  the  Great 
Lakes.  The  methodology  utilizes  a  low-pass  filter- 
ing technique  to  reduce  the  data  to  a  stationary 
time  series  after  which  the  data  was  transformed  to 
a  Gaussian  series  via  use  of  the  empirical  distribu- 
tion function  coupled  with  a  specialized  tail-fitting 
procedure  for  the  extreme  values  in  the  data.  The 
reduced  series  can  then  be  resimulated  in  the  fre- 
quency or  time  domain.  The  method  allows  for  the 
exact  duplication  of  the  univariate  probability  law 
contained  in  the  data  behavior  and  is  thus  capable 
of  producing  non-Gaussian  process  behavior  relat- 
ed to  skewness  and  high-order  moments.  It  is  un- 
derstood that  some  of  the  high-order  bivariate 
moments  may  not  be  properly  reproduced  by  this 
transformation  to  Gaussian  (and  the  inverse  trans- 
formation). Applications  for  which  the  higher- 
order  bivariate  (trivariate,  etc.)  moments  are  im- 
portant should  consider  other  techniques,  perhaps 
based  on  Volterra  series.  The  method  also  allows 
for  the  treatment  of  nonstationarity  in  mean  and 
variance  either  through  including  the  bursts  of 
nonstationarity  of  data  in  deterministic  fashion  or 
through  a  hierarchy  of  simulation.  (Mertz-PTT) 
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ERROR  ANALYSIS  OF  LIMITING-CASE  SO- 
LUTIONS TO  THE  STEADY-STATE-BIOFILM 
MODEL. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For  primary   bibliographic  entry   see   Field   5D. 
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STATUS  OF  THE  FOURHORN  SCULPIN, 
MYOXOCEPHALUS  QUADRICORNIS,  IN 
CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
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STATUS    OF    THE    SPOONHEAD    SCULPIN, 
COTTUS  RICEI,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
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STATUS  OF  THE  BLACKLINE  PRICKLEBACK, 
ACANTHOLUMPENUS  MACKAYI,  IN 

CANADA 

J.  Houston,  and  D.  E.  McAllister. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104, 

No.  1,  p  24-28,  January /March  1990.  3  fig,  12  ref. 

Descriptors:  'Aquatic  habitats,  'Canada,  'Fish 
populations,  'Limiting  factors,  'Prickleback,  'Spa- 
tial distribution,  'Water  pollution  effects,  Beaufort 
Sea,  Fisheries,  Oil  industry,  Oil  spills.  Population 
dynamics. 

The  Blackline  Prickleback,  Acantholumpenus 
mackayi,  is  one  of  the  larger  eelblennies  of  the 
North  Pacific  and  Arctic  oceans.  The  Canadian 
range  probably  represents  the  northeastern  fringe 
of  the  range  and  is  limited  to  the  Beaufort  Sea  in 
the  vicinity  of  the  Tuktoyaktuk  Peninsula.  The 
species  is  probably  euryhaline,  benthophagic  and 
found  over  sand,  mud  or  silty  bottom  at  depths  to 
60  m.  Very  little  is  known  of  the  biology  of  the 
species,  especially  in  Canadian  waters  where  it  is 
rare  and  vulnerable.  The  future  of  these  fish  in 


Canada  is  threatened  by  possible  habitat  loss  or 
degradation  through  activities  connected  with  the 
exploration  and  development  of  hydrocarbon  de- 
posits in  the  area.  In  Japan  the  Blackline  Prickle- 
back  is  used  for  food.  Perturbations  in  the  near 
shore  environment  could  have  deleterious  effects 
on  spawning  habitat  and  nursery  areas  of  the 
larvae.  Dredging  and  drilling  activities  and  vessel 
traffic  in  the  region  of  Tuktoyaktuk  Harbor  could 
threaten  the  continued  existence  of  the  species  in 
Canadian  waters.  (Geiger-PTT) 
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STATUS  OF  THE  BROOK  SILVERSIDE,  LABI- 
DESTHES  SICCULUS,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
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STATUS  OF  THE  BANDED  KILLIFISH,  FUN- 
DULUS  DIAPHANUS,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
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STATUS  OF  THE  LEAST  DARTER,  ETHEOS- 
TOMA  MICROPERCA,  IN  CANADA. 

K.  W.  Dalton. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104, 

No.  1,  p  53-58,  January/March  1990.  3  fig,  18  ref. 

Descriptors:  *Canada,  'Construction,  'Darters, 
'Endangered  species,  *Fish  populations,  'Limiting 
factors,  'Population  dynamics,  'Water  pollution 
effects,  Aquatic  habitats,  Competition,  Fertilizers, 
Pesticides,  Road  construction,  Spatial  distribution, 
Swamps,  Temperature  effects,  Turbidity,  Urban- 
ization. 

Least  Darters,  Etheostoma  microperca,  are  very 
small  fish  found  in  clear,  quiet,  well  vegetated 
waters  in  central  North  America  and  the  Ozark 
uplands.  The  Canadian  distribution  is  restricted  to 
southern  Ontario  although  this  is  not  the  Northern 
fringe  of  the  species  range.  Both  American  and 
Canadian  ranges  have  declined,  but  remaining  On- 
tario populations  seem  to  be  stable.  These  fish  do 
not  appear  to  be  vulnerable  in  Canada,  but  the 
status  should  be  re-evaluated  in  a  few  years.  Its 
need  for  clear  water  exposes  the  species  to  loss  of 
habitat  through  human  activities  such  as  channel- 
ization, shoreline  development,  road  construction, 
drainage  of  swamps,  and  impoundments.  Water 
temperature  appears  to  limit  the  northern  range  of 
the  species.  Pollutants  from  industrial  and  domestic 
activities,  such  as  extensive  pesticide  and  fertilizer 
use,  also  have  deleterious  effects  on  populations  of 
Least  Darter.  Directed  surveys  are  needed  for 
proper  evaluation  of  populations  because  of  the 
Least  Darter's  small  size  and  elusive  habits. 
(Geiger-PTT) 
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STATUS  OF  THE  RIVER  DARTER,  PERCINA 
SHUMARDI,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
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STATUS  OF  THE  REDBREAST  SUNFISH,  LE- 
POMIS  AURITUS,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
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STATUS    OF   THE    ORANGESPOTTED    SUN- 
FISH,  LEPOMIS  HUMILIS,  IN  CANADA. 

Missouri    Univ.-Columbia.    School    of    Forestry, 
Fisheries  and  Wildlife. 

For  primary  bibliographic  entry  see  Field  5C. 
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STATUS  OF  THE  BIGMOUTH  BUFFALO,  IC- 
TIOBUS  CYPRINELLUS,  IN  CANADA. 

C.  D.  Goodchild. 

Canadian   Field-Naturalist   CAFNAK,    Vol.    104, 

No.  1,  p  87-97,  January /March  1990.  3  fig,  45  ref. 

Descriptors:  'Buffalo  fish,  'Canada,  'Endangered 
species,  'Limiting  factors,  'Population  dynamics, 


'Water  pollution  effects,  Competition,  Fish  popu- 
lations, Flooding,  Spatial  distribution,  Spawning, 
Turbidity. 

The  Bigmouth  Buffalo,  Ictiobus  cyprinellus,  is  rare 
in  Canada  where  its  distribution  is  disjunct  and 
exceedingly  limited.  In  Saskatchewan,  populations 
in  some  streams  are  large  enough  to  support  a 
limited  commercial  fishery  but  elsewhere  in  Mani- 
toba and  Ontario,  populations  are  extremely  small 
and  tenuous  judging  from  the  very  few  specimens 
that  have  been  collected.  In  contrast,  the  species  is 
widespread  and  abundant  throughout  the  Missis- 
sippi River  Basin  in  the  United  States.  Primary 
limiting  factors  appear  to  be  temperature  and 
spring  flooding  to  elicit  spawning.  There  is  little 
evidence  of  predation  by  other  fish.  Turbidity, 
siltation  and  eutrophication  are  tolerated  by  the 
fish.  However,  use  of  toxicants  to  eradicate  other 
fish  also  killed  Bigmouth  Buffalo  in  the  areas  of  the 
Upper  Rock  River  drainage  of  Wisconsin.  Inter- 
specific competition  may  be  a  limiting  factor  in  this 
species,  but  has  not  been  extensively  studied. 
(Geiger-PTT) 
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STATUS  OF  THE  BLACK  BUFFALO,  ICTIO- 
BUS NIGER,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
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STATUS  OF  THE  GOLDEN  REDHORSE,  MOX- 
OSTOMA  ERYTHRURUM,  IN  CANADA. 

C.  D.  Goodchild. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104, 

No.  1,  p  103-111,  January/March  1990.  4  fig,  44 

ref. 

Descriptors:  'Canada,  'Dam  effects,  'Fish  popula- 
tions, 'Limiting  factors,  'Population  dynamics, 
'Sucker,  'Water  pollution  effects,  Aquatic  habi- 
tats, Channeling,  Competition,  Endangered  spe- 
cies, Predation,  Silting,  Spatial  distribution. 

The  Golden  Redhorse,  Moxostoma  erythrurum,  is 
known  from  the  Lake  Huron,  Lake  St.  Clair,  and 
Lake  Erie  drainages  in  southwestern  Ontario. 
Recent  records  from  the  Niagara  River  in  Ontario 
and  the  Red  River  in  Manitoba,  indicate  that  its 
range  is  either  expanding  or  more  extensive  than 
had  previously  been  thought.  This  species  is  diffi- 
cult to  identify  and  is  often  overlooked  or  misiden- 
tified.  Three  other  species  of  Moxostoma  are  either 
threatened  or  rare  in  Canada.  Canadian  popula- 
tions are  contiguous  with  those  in  the  United 
States,  but  are  at  the  northern  limit  of  the  range  of 
the  species.  Little  is  known  of  M.  erythrurum 
biology  in  Canada,  but  it  does  not  appear  to  be  in 
great  jeopardy  at  this  time.  Although  apparently 
more  tolerant  to  habitat  alterations  than  the  Black 
Redhorse,  it  does  seem  to  be  susceptible  to  changes 
that  affect  stream  depth  or  velocity  of  flow  such  as 
damming,  channelization,  or  siltation.  The  degree 
of  impact  from  agricultural  practices  is  uncertain, 
but  bound  to  have  a  negative  effect  on  Golden 
Redhorse  populations.  Angling  probably  has  a  neg- 
ligible effect  on  Redhorse  populations.  Both  young 
and  adults  of  this  species  probably  do  not  compete 
for  food  or  space  with  more  valued  species.  Except 
for  young  fish,  Golden  Redhorses  are  not  likely 
subject  to  significant  predation.  (Geiger-PTT) 
W9 1-04099 


HYDROLOGY  OF  A  HEADWATER  BASIN 
WETLAND:  GROUNDWATER  DISCHARGE 
AND  WETLAND  MAINTENANCE. 

York  Univ.,  North  York  (Ontario).  Dept.  of  Geog- 
raphy. 

N.  T.  Roulet. 

Hydrological  Processes  HYPRE3,  Vol.  4,  No.  4,  p 
387-400,  October/December  1990.   10  fig,  20  ref. 

Descriptors:  'Groundwater  movement,  'Seepage 
springs,  'Surface-groundwater  relations,  'Swamps, 
'Wetlands,  Aquifers,  Headwaters,  Ontario. 

The  link  between  groundwater  and  surface  hydrol- 
ogy in  a  small  headwater  drainage  basin  in  the 
zone  of  glacial  deposition  of  southern  Ontario 
south  of  the  Precambrian  Shield  was  examined  for 


WATER  CYCLE— Field  2 
Lakes — Group  2H 

two  years.  The  basin  is  situated  in  a  discharge  zone 
of  a  regional  aquifer  and  contains  a  small  treed 
spring-fed  swamp.  The  swamp  exists  because  of 
the  groundwater  and  has  little  effect  on  the  mainte- 
nance of  streamflow.  Groundwater  input  to  the 
swamp  is  an  order  of  magnitude  larger  than  pre- 
cipitation. Groundwater  of  local  and  regional 
origin  passes  through  the  swamp  by  two  routes: 
surface  streamlets,  where  groundwater  that 
emerges  at  specific  seepage  points  in  the  swamp  is 
conveyed  over  the  ground  surface  with  little  inter- 
action with  the  swamp  itself,  and  by  diffuse  seep- 
age in  the  swamp  and  through  the  bed  of  the 
stream.  While  the  diffuse  seepage  input  is  the 
smaller  component  of  groundwater  it  maintains  the 
swamp's  saturation.  Groundwater  input  to  the 
swamp  from  the  specific  seepage-points  and  diffuse 
flow  varies  little  over  a  year;  therefore  the  satura- 
tion of  the  swamp  and  baseflow  from  the  basin 
display  little  seasonal  variation  compared  to  other 
wetland  types.  The  existence  of  the  valley  bottom 
in  the  headwater  basin  alters  the  seasonal  and 
storm  hydrology  and  is  important  to  biogeochemi- 
cal  transformation  of  emerging  groundwater.  (Au- 
thor's abstract) 
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CARBON,  NITROGEN  AND  PHOSPHORUS 
STATUS  IN  DAPHNIA  AT  VARYING  FOOD 
CONDITIONS. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

D.  O.  Hessen. 

Journal  of  Plankton  Research  JPLRD9,  Vol.  12, 

No.  6,  p  1239-1249,  November  1990.  5  fig,  5  tab,  34 

ref. 

Descriptors:  'Cycling  nutrients,  'Daphnia,  'Lakes, 
'Limnology,  'Nutrients,  'Plankton,  Aquatic  ani- 
mals, Biomass,  Carbon,  Foods,  Grazing,  Nitrogen, 
Phosphorus,  Phytoplankton,  Zooplankton. 

Zooplankton  constitute  an  important  part  of  the 
particulate  pool  of  elements  in  most  waters,  and 
play  an  important  role  in  regulating  the  phyto- 
plankton community  by  grazing  and  nutrient  re- 
lease. During  the  past  few  years,  increased  atten- 
tion has  been  paid  not  only  to  the  quantitative 
aspect  of  nutrient  release,  but  also  to  the  relative 
release  as  varying  N:P  ratios  may  strongly  affect 
competition  between  algal  species.  The  effects  of 
absolute  and  relative  amounts  of  C,  N,  and  P  in  the 
food  on  the  stoichiometry  of  a  cultured  clone  of 
the  planktonic  crustacean  Daphnia  magna  was 
studied  using  repeated  experiments  with  chemostat 
cultures.  The  D.  magna  was  fed  varying  quantities 
or  quality  (C:N:P  ratio)  of  phytoplankton  in  a 
flow-through  chemostat  culture.  Size-specific  dry 
weight  (DW)  and  egg  production  varied  with  a 
factor  of  >  3,  mainly  governed  by  food  quantity.  A 
maximum  was  reached  at  approximately  4  mg  C/ 
L.  Mean  C/DW  was  43.96  plus-or-minus  4.43% 
and  insignificant  variations  were  recorded  between 
the  groups  of  fed  animals,  but  a  decrease  to  38.09 
was  found  in  starved  animals.  Mean  N/DW  was 
8.18  plus-or-minus  1.02%  with  small  variation  be- 
tween the  treatments,  and  again  with  the  lowest 
value  in  starved  individuals.  The  mean  P/DW  of 
1.38  plus-or-minus  0.3%  of  DW,  was  largely  unaf- 
fected by  food  quantity  or  the  absolute  and  relative 
supply  of  particulate  P  in  the  food.  The  results 
indicate  a  rather  constant  element/DW  ratio  in 
Daphnia  within  normal  ranges  of  food  supply.  This 
has  strong  implications  for  biomass  determinations, 
and  is  in  particular  important  when  modeling  ele- 
mental turnover  and  release  from  Daphnia 
(Geiger-PTT) 
W91-04111 


MIDWATER  AND  EPIBENTHIC  BEHAVIORS 
OF    MYSIS    RELICTA    LOVEN:    OBSERVA- 
TIONS FROM  THE  JOHNSON-SEA-LINK  II 
SUBMERSIBLE    IN    LAKE    SUPERIOR    AND 
FROM  A  REMOTELY  OPERATED  VEHICLE 
IN  NORTHERN  LAKE  MICHIGAN. 
Michigan   Univ.,   Ann   Arbor.    Great   Lakes   and 
Marine  Waters  Center. 
J.  A.  Bowers,  W.  E.  Cooper,  and  D.  J.  Hall. 
Journal  of  Plankton  Research  JPLRD9,  Vol.  12, 
No.  6,  p  1279-1286,  November  1990.  1  fig,  45  ref. 
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Field  2— WATER  CYCLE 
Group  2H — Lakes 


Descriptors:  *Benthic  fauna,  •Biological  studies, 
•Canada,  'Lake  sediments,  •Limnology,  *Shrimp, 
Aquatic  life,  Bioturbation,  Lakes,  Sediments,  Sub- 
marines. 

Submersible  dives  by  the  Johnson-Sea-Link  II  pro- 
vided an  opportunity  to  observe  the  opossum 
shrimp,  Mysis  relicta,  in  Lake  Superior.  Observa- 
tions included  probable  mating,  midwater  and 
benthic  responses,  and  several  swimming  modes. 
While  mating  the  male  and  female  were  joined  in  a 
ventral  to  ventral  position  by  interlaced  thoracic 
appendages.  During  the  evening  ascent  or  pre- 
dawn descent  mysids  actively  swam  vertically  up- 
wards and  downwards  using  their  thoracic  ap- 
pendages which  beat  metachronally.  When  escap- 
ing from  the  bottom,  mysids  thrust  their  abdomens 
downwards  and  rapidly  accelerate  directly  for- 
wards. The  midwater  response,  significantly 
slower  than  the  benthic  response,  was  a  jerky 
laterally  undulatory  movement  which  propelled 
the  animal  at  a  45  degree  angle  from  the  forward 
motion.  In  a  cruising  mode  Mysis  swims  with  its 
periopods,  parallel  to  the  bottom,  at  approximate 
speeds  of  2-5  cm  to  the  (-1)  power.  A  remotely 
operated  vehicle  was  employed  to  observe  mysids 
at  close  range  at  the  sediment-water  interface  at 
deep-water  and  nearshore  stations  in  northern 
Lake  Michigan  during  May  23-25,  1987.  At  the  20- 
m  inshore  station  mysids  occurred  in  significant 
numbers  during  the  day  in  very  bright  light.  Mysid 
swimming  behavior  on  the  bottom  at  deep-water 
stations  significantly  fashioned  the  sediment  land- 
scape, a  potentially  important  form  of  superficial 
bioturbation.  (Author's  abstract) 
W91-04113 


SET  MEMBERSHIP  APPROACH  TO  IDENTI- 
FICATION AND  PREDICTION  OF  LAKE  EU- 
TROPHICATION. 

Technische    Univ.    Twente,    Enschede    (Nether- 
lands). Dept.  of  Chemical  Engineering. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-04119 


IRON  TRANSPORT  AND  DISTRIBUTION  BE- 
TWEEN FRESHWATER  AND  SEDIMENTS 
OVER  DIFFERENT  TIME  SCALES. 

Atomic  Energy  of  Canada  Ltd.,  Chalk  River  (On- 
tario). Chalk  River  Nuclear  Labs. 
A.  F.  Vezina,  and  R.  J.  Cornett. 
Geochimica   et   Cosmochimica   Acta   GCACAK, 
Vol.  54,  No.  10,  p  2635-2644,  October  1990.  5  fig,  6 
tab,  38  fig. 

Descriptors:  'Adsorption,  *Iron,  *Limnology, 
•Particulate  matter,  'Sediments,  'Water  chemis- 
try, Adsorption  kinetics,  Iron  radioisotopes,  Iso- 
topic  tracers,  Lake  sediments,  Model  studies,  Sedi- 
ment-water interfaces,  Solute  transport. 

Observations  on  the  removal  of  radioactive  and 
stable  Fe  in  experimental  limnocorrals  were  used 
to  test  different  sediment-water  exchange  models. 
The  removal  of  Fe-59  from  the  water  column  was 
rapid  (10-15%  per  day)  but  relatively  insensitive  to 
particle  concentration.  Radioactive  and  stable  Fe 
were  more  concentrated  on  suspended  particles 
than  on  settling  particles  caught  by  sediment  traps. 
Also,  the  distribution  coefficient  of  stable  Fe  was 
higher  in  the  water  column  than  in  the  bottom 
sediments.  Modelling  of  Fe-59  dynamics  shows 
that:  (1)  adsorption  of  non-filterable  (dissolved  and 
colloidal)  Fe  onto  filterable  particles  was  basically 
instantaneous  at  the  natural  suspended  particle 
concentrations  encountered  in  the  experiments;  (2) 
the  removal  of  Fe  from  the  water  column  of  the 
lake  depends  on  the  coagulation  rate  of  non-set- 
tling filterable  particles  into  settling  particles;  and 
(3)  non-settling  particles  sorb  Fe  more  strongly 
than  settling  particles.  The  model  developed  and 
tested  using  short-term  Fe-59  tracer  experiments 
simulated  the  distribution  of  stable  Fe  between  the 
water  column  and  the  sediments  despite  the  differ- 
ent distributions  of  stable  Fe  and  Fe-59  and  the 
different  time  scales  of  processes  that  could  influ- 
ence the  behavior  of  the  isotopes.  (Author's  ab- 
stract) 
W91-04154 


KSTIMATION  OF  RESERVOIR  SURFACE 
AREAS  USING  SATELLITE  IMAGERY,  UPPER 
GUNNISON  RIVER  BASIN,  COLORADO. 

Bureau  of  Reclamation,  Denver,  CO. 

For   primary   bibliographic   entry   see   Field   2D. 

W9 1-04234 


DOMINANT  PHYTOPLANKTERS  AND  ENVI- 
RONMENTAL VARIABLES  IN  ROODEPLAAT 
DAM,  PRETORIA,  SOUTH  AFRICA. 

Orange   Free   State   Univ.,    Bloemfontein   (South 

Africa).  Dept.  of  Botany. 

A.  J.  H.  Pieterse,  and  M.  A.  Rohrbeck. 

Water  SA  WASADV,  Vol.  16,  No.  4,  p  211-218, 

October  1990.  3  fig,  7  tab,  25  ref. 

Descriptors:  'Limiting  nutrients,  'Limnology, 
•Phytoplankton,  'Population  dynamics,  'Reser- 
voirs, 'Species  composition,  Biomass,  Cyanobac- 
teria,  Dams,  Population  density,  Pretoria,  Roode- 
plaat  Dam,  Seasonal  variation,  South  Africa. 

The  sequence  of  dominant  phytoplankton  popula- 
tions in  Roodeplaat  Dam  was  investigated  and 
related  to  certain  environmental  variables.  Of  the 
inflowing  streams,  the  Pienaars  River  is  the  major 
contributor  of  dissolved  substances  resulting  in  the 
occurrence  of  nutrient  and  phytoplankton  gradi- 
ents in  the  impoundment.  Microcystis  aeruginosa, 
M.  incerta,  Anabaena  circinalis  (cyanobacteria), 
Pediastrum  duplex,  Sphaerocystis  schroeteri  (green 
algae)  and  Melosira  granulata  (diatom)  were  the 
dominant  (reaching  highest  biomass  concentra- 
tions) phytoplankton  populations.  Marked  spatial 
differences  in  phytoplankton  composition  were  re- 
corded. Cyanobacteria  were  almost  always  domi- 
nant in  the  impoundment  at  the  Pienaars  River  and 
Hartbees  Spruit  sampling  positions,  while  green 
algae  and  diatoms  were  at  times  better  represented 
at  the  dam  wall  and  Edenvale  Spruit  sampling 
positions.  Seasonal  sequential  patterns  were  most 
probably  influenced  by  temperature,  the  onset  and 
duration  of  stratification,  underwater  light  avail- 
ability, water  inflow  (i.e.  water  retention  time)  and 
possibly  turnover.  Inorganic  phosphorous  was  the 
primary  growth-rate  limiting  nutrient,  but  annual 
differences  in  phytoplankton  composition,  such  as 
the  appearance  and  dominance  of  Anabaena  circin- 
alis (a  nitrogen  fixer),  may  have  occurred  because 
inorganic  nitrogen  became  increasingly  important 
as  a  growth-rate  limiting  nutrient.  (Author's  ab- 
stract) 
W91-04312 


GROUNDWATER-LAKE  INTERACTIONS:  I. 
ACCURACY  OF  SEEPAGE  METER  ESTI- 
MATES OF  LAKE  SEEPAGE. 

Alberta  Univ.,  Edmonton.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04393 


GROUNDWATER-LAKE  INTERACTIONS:  n. 
NEARSHORE  SEEPAGE  PATTERNS  AND  THE 
CONTRIBUTION  OF  GROUND  WATER  TO 
LAKES  IN  CENTRAL  ALBERTA. 

Alberta  Univ.,  Edmonton.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04394 


GROUNDWATER  EXCHANGE  RATE  OF  THE 
SOUTHERN  BALTIC  COASTAL  LOWLAND. 

Gdansk  Technical  Univ.  (Poland).  Inst,  of  Hyrdo- 

technics. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04404 


CHANGES  IN  THE  CHEMICAL  COMPOSI- 
TION OF  CARBOHYDRATES  AND  PROTEINS 
IN  SURFACE  WATER  DURING  A  BLOOM  OF 
MICROCYSTIS  IN  LAKE  SUWA. 

Yamanashi  Univ.,  Kofu  (Japan).  Dept.  of  Environ- 
mental Engineering. 
Y.  Amemiya,  K.  Kato,  T.  Okino,  and  O. 
Nakayama. 

Ecological  Research  (Kyoto)  ECRSEX,  Vol.  5, 
No.  2,  p  153-162,  August  1990.3  fig,  4  tab,  14  ref. 
Grant-in-Aid,  Ministry  of  Education,  Science  and 
Culture,  Japan  63304002. 


Descriptors:  'Algae,  'Algal  blooms,  'Carbohy- 
drates, 'Eutrophic  lakes,  'Japan,  'Limnology, 
•Microcystis,  'Proteins,  Amino  acids,  Eutrophica- 
tion,  Lake  Suwa,  Light,  Metabolism,  Nutrients, 
Seasonal  distribution,  Sugars. 

Carbohydrates  and  proteins  in  surface  water 
during  a  bloom  of  Microcystis,  the  dominant 
summer  phytoplankton  in  Lake  Suwa,  Japan,  were 
analyzed  to  evaluate  the  role  of  Microcystis  in 
organic  matter  metabolism.  Glucose  was  the  pre- 
dominant sugar  constituent  of  the  cellular  carbohy- 
drate fraction  and  decreased  in  quantity  form  the 
inside  towards  the  outside  of  the  cell  through  the 
slime  layer.  Other  constituent  sugars,  in  contrast, 
were  present  in  larger  proportions  in  the  lake 
water.  Although  the  sugar  composition  of  the  cells 
did  not  change  in  July  and  August,  during  the  first 
period  of  Microcystis  bloom,  it  changed  apprecia- 
bly in  September  when  the  water  temperature  de- 
creased below  20  C  accompanied  by  the  decrease 
in  solar  radiation  and  a  marked  change  in  nutrient 
concentration.  It  appears  that  the  sugar  composi- 
tion of  the  cells  may  change  in  response  to  some 
environmental  stresses.  In  addition,  a  temporal 
change  in  the  sugar  composition  was  found,  par- 
ticularly in  the  fraction  containing  the  slime  ex- 
tracted by  shaking.  Among  the  constituent  amino 
acids  of  the  cells,  the  percentage  of  arginine,  aspar- 
tic  acid,  and  leucine  decreased  from  inside  toward 
the  outside  of  the  cell,  whereas  glutamic  acid, 
threonine,  serine,  and  glycine  showed  an  opposite 
trend.  In  contrast  to  the  carbohydrates,  the  per- 
centage composition  of  each  amino  acid  varied 
little  throughout  the  period  of  the  bloom.  (Au- 
thor's abstract) 
W91-O4410 


EFFECTS  OF  WATER  LEVEL  FLUCTUATION 
ON  THE  GROWTH  OF  NELUMBO  NUCIFERA 
GAERTN.  IN  LAKE  KASUMIGAURA,  JAPAN. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan).  Environmental  Biology  Div. 

S.  Nohara,  and  T.  Tsuchiya. 

Ecological  Research  (Kyoto)  ECRSEX,  Vol.  5, 

No.   2,  p  237-252,   August   1990.    II   fig,   32  ref. 

Descriptors:  'Aquatic  plants,  'Japan,  'Limnology, 
•Macrophytes,  'Plant  growth,  'Water  level  fluctu- 
ations, Biomass,  Lake  Kasumiguara,  Leaf  area 
index,  Lotus,  Typhoons. 

Investigations  were  made  of  the  growth  of  the 
lotus,  Nelumbo  nucifera,  in  a  natural  stand  in  Lake 
Kasumiguara,  Japan.  A  rise  of  1.0  m  in  the  water 
level  after  a  typhoon  in  August  1986  caused  a 
subsequent  decrease  in  biomass  of  N.  nucifera  from 
the  maximum  of  291  g  dry  weight  (dw)/sq  m  in 
July  to  a  minimum  of  75  g  dw/sq  m.  The  biomass 
recovered  thereafter  in  shallower  regions.  The  un- 
derground biomass  in  October  tended  to  increase 
toward  the  shore.  The  total  leaf  area  index  (LAI) 
is  the  sum  of  LAI  of  floating  leaves  and  emergent 
leaves.  The  maximum  total  LAI  was  1.3  and  2.8  sq 
m/sq  m  in  1986  and  1987,  respectively.  LAI  of 
floating  leaves  did  not  exceed  1  sq  m/sq  m.  The 
elongation  rates  of  the  petiole  of  floating  and  emer- 
gent leaves  just  after  unrolling  were  2.6  and  3.4 
cm/day,  respectively.  The  sudden  rise  in  water 
level  (25  cm/day)  after  the  typhoon  in  August 
1986  caused  drowning  and  subsequent  decomposi- 
tion of  the  mature  leaves.  Only  the  young  leaves 
were  able  to  elongate,  allowing  their  laminae  to 
reach  the  water  surface.  The  fluctuation  in  water 
level,  characterized  by  the  amplitude  and  duration 
of  flooding  and  the  time  of  flooding  in  the  life 
cycle,  is  an  important  factor  determining  the 
growth  and  survival  of  N.  nucifera  in  Lake  Kasu- 
migaura.  (Author's  abstract) 
W91-04411 


SOME  LIMNOLOGICAL  OBSERVATIONS  ON 
RIVER  GANGA. 

Central   Drug   Research   Inst.,   Lucknow   (India). 

Fermentation  Technology  Div. 

C.  K.  M.  Tripathi. 

Geophytology  GPHTAR,  Vol.   19,  No.   1,  p  4-9, 

June  1989.  4  fig,  2  tab,  23  ref. 


WATER  CYCLE— Field  2 
Lakes — Group  2H 


Descriptors:  'Ganges  River,  'India,  'Limnology, 
•Phytoplankton,  'Species  diversity,  Ammonia, 
Chlorides,  Dissolved  oxygen,  Dissolved  solids,  Ni- 
trates, Nitrogen,  Temperature,  Transparency, 
Water  quality. 

The  River  Ganga  (India)  differs  significantly  from 
other  rivers,  especially  at  Varanasi,  because  of 
geology  and  geography.  Studies  on  the  phyto- 
plankton and  its  community  structure  were  con- 
ducted for  2.5  yr  to  determine  seasonal  variation 
and  to  uncover  correlations  among  different  bio- 
logical and  physico-chemical  factors  pertaining  to 
water  quality.  Total  number  of  species  is  strongly 
positively  correlated  with  N,  equitability  index 
(calculated  with  Pielou's  formula)  transparency, 
and  dissolved  oxygen  and  negatively  correlated 
with  temperature,  total  solids,  nitrate,  and  ammo- 
nia. Equitability,  transparency,  and  dissolved 
oxygen  showed  a  strong  positive  correlation  with 
the  Shannon-Weaver  diversity  index,  whereas  tem- 
perature, total  solids,  nitrate,  nitrite,  ammonia,  and 
chloride  showed  strong  negative  correlation  with 
species  diversity.  The  river  is  maintaining  a  fairly 
good  quality  of  water  as  far  as  biological  param- 
eters are  concerned.  The  river  maintains  excellent 
physico-chemical  conditions  for  the  proper  devel- 
opment of  biological  communities.  These  physico- 
chemical  and  biological  parameters  show  well-de- 
marcated seasonal  variations  and  influence  each 
other  in  permissible  ranges.  (Rochester-PTT) 
W91-04418 


INFLUENCE  OF  WATER  CHEMISTRY  ON 
SIZE  STRUCTURE  OF  ZOOPLANKTON  AS- 
SEMBLAGES. 

Michigan  State  Univ.,  Hickory  Corners.  W.K. 
Kellogg  Biological  Station. 
A.  J.  Tessier,  and  R.  J.  Horwitz. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  10,  p  1937-1943, 
October  1990.  4  fig,  4  tab,  39  ref.  NSF  Grant  BSR- 
8614765. 

Descriptors:  'Acid  rain,  'Hardness,  'Limnology, 
•Species  diversity,  'Water  chemistry,  'Zooplank- 
ton,  Alkalinity,  Calcium,  Hydrogen  ion  concentra- 
tion, New  England,  New  Jersey,  New  York,  Penn- 
sylvania, Spatial  distribution,  Waterfleas. 

A  stratified-random  selection  of  all  lakes  in  the 
northeastern  United  States  was  sampled  for  zoo- 
plankton  composition,  and  physical  and  chemical 
characteristics  during  midsummer  1986.  In  all,  146 
lakes  were  sampled  from  five  geographic  subre- 
gions  and  three  categories  of  water  alkalinity.  No 
significant  variation  in  total  zooplankton  abun- 
dance among  regions  or  alkalinity  categories  was 
found;  however,  the  body-size  structure  of  assem- 
blages was  dependent  on  both  alkalinity  and  geo- 
graphic subregion.  The  largest  change  in  size 
structure  occurred  at  alkalinity  levels  >  150  mi- 
croequivalents/L  and  pH  >  7.0,  and  appeared  less 
related  to  change  in  pH  than  to  variation  in  water 
hardness.  This  shift  of  size  structure  was  caused  by 
a  loss  of  large-bodied  zooplankton  and  an  increase 
in  small  rotifers  with  decreasing  water  hardness. 
Exploratory  analysis  revealed  that  lake  stratifica- 
tion also  explained  significant  variation  in  zoo- 
plankton size  structure,  but  was  largely  independ- 
ent of  the  effects  of  water  chemistry.  The  associa- 
tion of  large  zooplankton  with  hard  water  appears 
to  be  casual;  large-bodied  cladocerans  may  require 
high  calcium  levels.  (Author's  abstract) 
W9 1-04442 


BENTHOS  RESPONSE  TO  DISTURBANCE  IN 
WESTERN  LAKE  ERIE:  FIELD  EXPERI- 
MENTS. 

DePauw  Univ.,  Greencastle,  IN.  Dept.  of  Geology 
and  Geography. 
F.  M.  Soster,  and  P.  L.  McCall. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  10,  p  1970-1985, 
October  1990.  7  fig,  7  tab,  74  ref.  NSF  Grants 
OCE-77-24613,  OCE  80-05103;  NOAA  Grant  NA- 
RED-00036. 

Descriptors:  'Aquatic  animals,  'Benthic  fauna, 
•Bottom  sampling,  'Lake  Erie,  'Limnology,  'Suc- 
cession, Colonization,  Lakes,  Life  cycles,  Popula- 
tion density,  Seasonal  variation,  Species  diversity. 


Open  space  (defaunated  sediment)  was  provided 
on  the  floor  of  Lake  Erie  on  1 1  occasions  during 
different  seasons  over  a  26  month  period.  The 
benthic  community  that  developed  was  sampled 
over  time  and  compared  with  the  nearby  undis- 
turbed bottom  community.  A  consistent  succession 
of  functional  and  adaptive  types  was  observed. 
Early  colonizers  (ostracods,  naidid  oligochaetes, 
chironomids)  exceeded  their  natural  abundances  by 
two  to  seven  times  within  40  days,  but  decreased  in 
abundance  later.  They  are  small  and  mobile,  live 
and  feed  close  to  the  sediment-water  interface,  and 
reproduce  often.  Late  colonizers  (Limnodrilus 
spp.,  Ilyodrilus  templetoni,  and  pisidiid  bivalves) 
reached  natural  abundances  only  after  several 
months  if  at  all.  They  are  large,  infaunal  dwellers 
that  grow  slowly  and  reproduce  late  in  life.  An 
intermediate  group  (Arcteonis  lomondi,  Specaria 
josinae,  Pristina  acuminata,  Dero  digitata,  Procla- 
dius  sp.,  and  Coelotanypus  sp.)  reached  their  natu- 
ral abundances  early  but  did  not  exceed  them.  This 
successional  sequence  of  functional  and  adaptive 
types  appeared  to  be  a  general  response  by  both 
shallow  freshwater  sublittoral  and  shallow  marine 
subtidal  macrofauna  to  space-providing  disturb- 
ances despite  radical  taxonomic  dissimilarity.  (See 
also  W9 1-04444)  (Author's  abstract) 
W9 1-04443 


BENTHOS  RESPONSE  TO  DISTURBANCE  IN 
WESTERN  LAKE  ERIE:  REGIONAL  FAUNAL 
SURVEYS. 

Case  Western  Reserve  Univ.,  Cleveland,  OH. 
Dept.  of  Geological  Sciences. 
P.  L.  McCall,  and  F.  M.  Soster. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  10,  p  1996-2009, 
October  1990.  5  fig,  10  tab,  55  ref.  NSF  Grant 
OCE  80-05103,  NOAA  Grant  NA-RED-00036. 

Descriptors:  'Aquatic  animals,  'Benthic  fauna, 
•Bottom  sampling,  'Lake  Erie,  'Species  diversity, 
♦Succession,  Grain  size,  Lake  sediments,  Spatial 
distribution,  Stress  gradients,  Wind-driven  cur- 
rents. 

Infauna  at  six  stations  in  western  Lake  Erie  was 
sampled  on  four  occasions  during  1981-1982  to 
determine  if  natural  patterns  of  distribution  and 
abundance  reflected  the  response  to  disturbance 
that  was  revealed  previously  in  tray  colonization 
experiments.  The  distribution  of  opportunist  spe- 
cies was  patchy  and  positively  associated  with  a 
gradient  of  bottom  disturbance  due  to  prevailing 
southwest  winds.  Distribution  of  late  colonizers 
was  more  even  and  either  unrelated  to  the  gradient 
or  more  abundant  in  lower  stress  regions.  Sediment 
grain  size  was  not  a  significant  predictor  of 
benthos  distribution,  except  to  the  extent  that  it 
covaried  with  bottom  stress  gradients.  Small,  shal- 
low-dwelling, early  colonizers  appeared  to  suffer 
higher  mortality  during  an  unusually  windy  period 
(October  1981  to  April  1982)  than  the  larger, 
deeper-dwelling,  late  colonizers.  A  portion  of  the 
spatial  and  temporal  variability  of  benthos  in  large, 
shallow  lakes  is  probably  the  result  of  differential 
adaptation  to  a  variety  of  bottom  disturbances. 
(See  also  W9 1-04443)  (Author's  abstract) 
W9 1-04444 


FOOD  CHAIN  STRUCTURE  IN  ONTARIO 
LAKES  DETERMINES  PCB  LEVELS  IN  LAKE 
TROUT  (SALVELINUS  NAMAYCUSH)  AND 
OTHER  PELAGIC  FISH. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Biol- 
ogy. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04445 


OPTIMIZATION  OF  INSECTICIDE  TREAT- 
MENTS IN  RIVERS:  AN  APPLICATION  OF 
GRAPH  THEORY  FOR  PLANNING  A  BLACK 
FLY  LARVAE  CONTROL  PROGRAM. 

Quebec  Univ.,  Trois-Rivieres.  Groupe  de  Recher- 
che sur  les  Insectes. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-04446 


DIRECT  AND  INDIRECT  EFFECTS  OF  CON- 
SUMERS ON  BENTHIC  ALGAE  IN  ISOLATED 
POOLS  OF  AN  EPHEMERAL  STREAM. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04447 


ARTIFICIAL  SEDIMENTS  FOR  USE  IN  TESTS 
WITH  WETLAND  PLANTS. 

Environmental  Protection  Agency,  Gulf  Breeze, 
FL.   Gulf  Breeze  Environmental   Research   Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-04453 


NITRATE  AND  AMMONIUM  UPTAKE  BY 
PHYTOPLANKTON  POPULATIONS  DURING 
THE  SPRING  BLOOM  IN  AUKE  BAY, 
ALASKA. 

Oceanic  Inst.,  Waimanalo,  HI. 

J.  Kanda,  D.  A.  Ziemann,  L.  D.  Conquest,  and  P. 

K.  Bienfang. 

Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 

Vol.  30,  No.  5,  p  509-524,  May  1990.  11  fig,  2  tab, 

37    ref    NOAA/NMFS    Contract    NA-85-ABH- 

0022. 

Descriptors:  'Alaska,  'Algal  blooms,  'Algal 
growth,  'Ammonium,  'Auke  Bay,  'Limiting  nu- 
trients, 'Nitrates,  'Nutrients,  'Phytoplankton, 
'Plant  metabolism,  Biomass,  Light  intensity,  Plant 
physiology,  Seasonal  variation,  Tracer  studies, 
Uptake. 

The  importance  of  nitrate  and  ammonium  as  phy- 
toplankton nitrogen  sources  was  examined  by  ni- 
trogen-15  tracer  experiments  during  the  spring 
bloom  in  Auke  Bay,  Alaska.  Nitrate  and  ammoni- 
um uptake  rates  as  functions  of  substrate  concen- 
trations and  light  intensity  were  experimentally 
determined.  During  the  early  phase  of  biomass 
increase,  nitrate  contributed  nearly  all  of  the  nitro- 
gen uptake.  Ammonium  turnover  time  was  several 
hours,  and  the  high  contribution  of  nitrate  reflect- 
ed the  limited  ammonium  supply.  The  contribution 
of  ammonium  increased  during  the  later  period  of 
biomass  increase.  After  the  biomass  maximum,  am- 
monium contributed  the  majority  of  nitrogen,  with 
occasional  and  sporadic  supplies  of  nitrate  causing 
a  biomass  increase.  Under  nutrient-repleted  condi- 
tions during  the  early  part  of  the  bloom,  the  nitrate 
uptake  rate  was  similar  to  that  of  ammonium  under 
subsaturating  light  intensities  (<200  microE/sq  m/ 
sec)  and  nitrate  concentrations  (<  1.5  microM),  but 
higher  under  saturating  light  intensities  and  nitrate 
conditions.  After  the  bloom  peak,  under  nutrient- 
depleted  conditions,  the  nitrate  uptake  rate  was 
lower  than  that  of  ammonium  for  all  light  intensi- 
ties and  nitrate  concentrations.  Time-course  analy- 
sis of  nitrogen- 15  uptake  and  partitioning  into  mac- 
romolecule  fraction  indicated  a  physiological  nitro- 
gen deficiency  during  this  period.  Cumulative  ni- 
trate uptake  estimated  from  nitrogen- 15  tracer  ex- 
periments was  comparable  to  the  net  decrease  in 
nitrate  in  the  water  column;  new  production  de- 
fined as  nitrate  uptake  was  greater  than  the  sedi- 
mentation loss,  which  accounted  for  77%  of  the 
nitrate  decrease.  (Author's  abstract) 
W9 1-04461 


SEA  LEVEL  RISE  AND  FRINGE  WETLANDS 
IN  NORTH  CAROLINA:  RECOMMENDA- 
TIONS FROM  A  WORKSHOP  ON  MANAGE- 
MENT AND  RESEARCH. 

East  Carolina  Univ.,   Greenville,   NC.   Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  2L. 

W91-04512 


SUBMERSED  MACROPHYTE  GROWTH  AT 
LOW  PH:  I.  C02  ENRICHMENT  EFFECTS 
WITH  FERTILE  SEDIMENT. 

State  Univ.  of  New  York  at  Binghamton.  Dept.  of 
Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04529 
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PROCESS  OF  COLONIZATION  IN  ANTARC- 
TIC TERRESTRIAL  AND  FRESHWATER  ECO- 
SYSTEMS. 

British  Antarctic   Survey,  Cambridge  (England). 

J.  C.  Ellis-Evans,  and  D.  Walton. 

Proceedings  of  the  NIPR  Symposium  on   Polar 

Biology,  No.  3,  p  151-163,  March  1990.  5  fig,  1  tab, 

40ref. 

Descriptors:  'Antarctica,  'Colonization,  'Ecosys- 
tems, 'Polar  regions,  'Species  diversity,  Repro- 
duction, Spatial  distribution,  Temporal  distribu- 
tion. 

Severe  and  depauperate  ecosystems  provide  excel- 
lent sites  for  studies  of  colonization.  Energy  and 
resource  limitations  act  as  effective  filters  to  estab- 
lishment and  development  of  communities.  Propa- 
gule  availability  must  be  considered  from  both 
local  and  long-distance  sources  with  consequent 
effects  on  dispersion  and  viability.  Predominant 
emphasis  on  asexual  reproduction  in  many  groups 
imposes  a  further  limitation  on  populations  at  the 
genetic  level.  At  present  little  is  known  of  the 
frequency  and  success  of  individual  colonization 
events  in  any  Antarctic  site,  but  critical  factors  in 
the  process  are  beginning  to  be  identified.  Success- 
ful colonization  is  comprised  of  four  components:  a 
viable  propagule,  a  suitable  transport  mechanism, 
an  acceptable  new  microhabitat,  and  successful 
growth  and  reproduction.  To  establish  the  compo- 
sition of  the  propagule  rain  and  the  spatial  or 
temporal  aspects  of  transport  to  the  Antarctic,  an 
international  program  such  as  BIOTAS  seems  nec- 
essary. (Brunone-PTT) 
W91-04531 


MICRO-INVERTEBRATE  COMMUNITY 

STRUCTURE  WITHIN  A  MARITIME  ANT- 
ARCTIC LAKE. 

British  Antarctic  Survey,  Cambridge  (England). 
S.  J.  Mclnnes,  and  J.  C.  Ellis-Evans. 
Proceedings  of  the  NIPR  Symposium  on  Polar 
Biology,  No.  3,  p  179-189,  March  1990.  5  fig,  13 
ref. 

Descriptors:  'Antarctica,  'Benthic  fauna,  'Ecosys- 
tems, 'Limnology,  'Polar  regions,  'Species  diver- 
sity, 'Waterbears,  Cyanophyta,  Invertebrates,  Oli- 
gotrophic  lakes,  Population  dynamics,  Seasonal 
variation,  South  Orkney  Islands. 

The  data  set  was  obtained  from  a  transect  across  a 
depth  profile  in  Sombre  Lake,  a  small  oligotrophic 
lake  on  Signy  Island,  South  Orkney  Islands.  Con- 
siderable range  existed  in  both  substrate  type  and 
the  degree  of  seasonal  change  in  environmental 
variables  experienced  along  the  depth  transect. 
The  fauna,  composed  of  benthic  micro-inverte- 
brates, was  readily  observed  grazing  on  the  surface 
of  the  cyanobacterial  mats  that  form  a  thin  cover 
on  the  surface  of  the  sediments.  Algal  mat  compo- 
sition varied  in  response  to  factors  such  as  light, 
climate,  and  ice  scour.  Micro-invertebrate  species 
diversity  was  limited,  but  population  numbers  were 
high.  Throughout  the  transect  distinct  depth/habi- 
tat preferences  were  noted  within  groups  and  spe- 
cies. In  shallow  sites,  which  are  ice-free  only  in 
summer,  Isohypsibius  'rough'  and  Notholca  wal- 
terkosteri  occurred  in  high  numbers.  In  the  deep 
sites  there  were  species  apparently  capable  of  tol- 
erating winter  anoxia,  these  being  largely  com- 
prised of  tardigrades,  and  in  particular,  Isohypsi- 
bius 'smooth'.  Frozen  material  could  be  used  for 
qualitative  distribution  studies,  thus  permitting 
larger  numbers  of  samples  to  be  taken,  but  could 
not  be  used  to  indicate  the  proportions  of  live  and 
dead  animals.  Single  site  sampling  will  potentially 
give  misleading  data  on  faunal  diversity  and  popu- 
lation numbers  within  a  lake.  (Brunone-PTT) 
W91-04532 


CHARACTERIZATION  AND  HABITATS  OF 
BACTERIA  AND  YEASTS  ISOLATED  FROM 
LAKE  VANDA  IN  ANTARCTICA. 

Science  Univ.  of  Tokyo  (Japan).  Dept.  of  Biology. 
H.  Nagashima,  J.  Nishikawa,  G.  I.  Matsumoto,  and 
H.  Itzuka. 

Proceedings  of  the  NIPR  Symposium  on  Polar 
Biology,  No.  3,  p  190-200,  March  1990.  5  fig,  4  tab, 
21  ref. 


Descriptors:  'Antarctica,  'Bacteria,  'Lake  Vanda, 
•Limnology,  'Polar  regions,  'Population  dynam- 
ics, 'Species  diversity,  'Yeasts,  Aerobic  bacteria, 
Bacterial  physiology,  Fatty  acids,  Salt  tolerance, 
Water  depth. 

Several  strains  of  bacteria  and  yeast  were  isolated 
at  various  depths  of  a  meromictic  lake,  Lake 
Vanda,  to  clarify  their  physiological  properties  in 
relation  to  their  habitats.  Gram-negative  rods, 
strains  T-l,  T-2,  T-14,  3B,  and  Pseudomonas  sp. 
3G,  were  isolated  at  depths  of  above  30  m  where 
the  temperature  is  5  to  7  C  and  the  chlorinity  is 
low.  T-l,  T-6,  3B,  and  3G  grow  aerobically  below 
27  C,  optimally  below  20  C  under  low  salt  concen- 
trations (<1%  NaCl).  Gram-negative  aerobic 
cocci,  strains  13A-F,  were  isolated  at  a  depth  of  69 
m  near  the  bottom  where  the  temperature  is  24  C 
and  the  chlorinity  is  high,  up  to  76.5  g/kg.  Strain 
13A  grows  aerobically  at  12  to  36  C,  optimally 
about  30  C  under  the  addition  of  0  to  10%  NaCl  to 
the  culture  medium.  T-l,  T-6,  3G  and  13A  contain 
more  than  81%  of  unsaturated  fatty  acids  such  as 
oleic  acid  (18:1)  and  palmitoleic  acid  (16:1).  The 
yeast  Candida  sp.  strains  T-3,  T-4,  T-5,  T-9,  and  T- 
1 1  isolated  at  a  depth  of  5  m  grow  below  25  C, 
optimally  about  15  C.  They  are  fermentable  and 
can  utilize  various  sugars  such  as  glucose  and 
sucrose.  T-5  and  T-9  have  74%  and  86%  of  unsatu- 
rated fatty  acids  such  as  lineolic  acid  (18:2),  respec- 
tively. The  presences  of  psychrophilic  bacteria  and 
yeasts  in  the  water  column  (5  to  30  m),  and  of 
halotolerant  bacteria  in  the  bottom  water  (69  m) 
well  correspond  to  the  meromictic  property  of  the 
lake.  (Author's  abstract) 
W91-04533 


SEASONAL  CHANGES  OF  WATER  TEMPERA- 
TURE AND  CHLOROPHYLL  CONCENTRA- 
TION IN  LAKE  O-IKE. 

National  Inst,  of  Polar  Research,  Tokyo  (Japan). 
Y.  Ohyama,  K.  Morimoto,  and  Y.  Mochida. 
Proceedings  of  the  NIPR  Symposium  on   Polar 
Biology,  No.  3,  p  201-206,  March  1990.  4  fig,  8  ref. 

Descriptors:  'Algal  blooms,  'Antarctica,  'Chloro- 
phyll, 'Lake  O-ike,  'Limnology,  'Seasonal  varia- 
tion, 'Water  temperature,  Lake  morphology,  Plant 
growth,  Polar  regions,  Water  depth. 

Seasonal  observations  of  water  temperature  and 
chlorophyll  concentrations  were  carried  out  in 
Lake  O-ike  near  Syowa  Station,  Antarctica  in 
1987.  Water  sampling  was  begun  at  the  end  of 
March,  performed  almost  every  month,  and  con- 
tinued to  January,  1988.  The  lake  surface  was 
covered  with  ice  during  ten  months  from  March  to 
December.  The  lake  water  was  cooled  through  the 
surface  from  March  to  August,  but  the  bottom 
water  remained  above  3  C  even  at  the  coldest 
season.  According  to  the  results  of  chlorophyll 
measurement  ,  the  phytoplankton  bloom  seemed  to 
occur  in  April  (0.80  mg/cu  m  chlorophyll)  and 
September  (1.82  mg/cu  m  chlorophyll),  mainly  at 
lower  water  layers.  (Author's  abstract) 
W91-04534 


HYDRAULIC  CHARACTERISTICS  OF  FOUR 
PEATLANDS  IN  MINNESOTA. 

Ruppin  Inst.,  Emek  Hefer  (Israel). 

A.  Gafni,  and  K.  N.  Brooks. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 

70,  No.  2,  p  239-253,  May  1990.  9  fig,  3  tab,  62  ref. 

Descriptors:  'Groundwater  movement,  'Hydrau- 
lic properties,  'Hydrologic  properties,  'Minnesota, 
•Organic  soils,  'Peat  bogs,  'Peat  soils,  'Soil  water, 
•Wetlands,  Aquifer  characteristics,  Darcys  law, 
Decomposition,  Flow  velocity,  Hydraulic  conduc- 
tivity, Hydraulic  gradient. 

Peatlands  comprise  some  of  the  largest  contiguous 
wetlands  in  Nurth  America.  Current  and  anticipat- 
ed mining  of  peatlands  for  purposes  of  horticultur- 
al and  energy  production  have  raised  questions 
concerning  the  hydrologic  impacts  associated  with 
such  development.  A  field  study  in  northern  Min- 
nesota was  conducted  to  assess  the  relative  impor- 
tance of  factors  that  control  lateral  water  move- 
ment in  peatlands.  Hydraulic  gradients  and 
groundwater   velocities   were   measured   for   one 


mined  and  three  unmined  peatlands.  Groundwater 
velocities  were  measured  at  shallow  depths  in  the 
organic  soil  using  the  point  dilution  method.  Hy- 
draulic conductivities  at  different  soil  depths  were 
estimated  by  applying  the  field  measurements  to 
Darcy's  Law.  Hydraulic  gradients  were  persistent 
from  early  summer  through  fall  and  were  generally 
less  than  0.1%,  a  major  factor  governing  rates  of 
lateral  water  movement  in  undisturbed  peatlands. 
Maximum  groundwater  velocities  averaged  0.49 
cm/h  in  the  upper  and  least  decomposed  peat 
layers  and  diminished  dramatically  with  depth  and 
increasing  decomposition.  The  von-Post  scale  of 
peat  decomposition  was  found  to  be  useful  in  pre- 
dicting the  hydraulic  conductivity  of  peat  layers. 
The  rate  of  water  movement  at  depths  below  35 
cm  in  the  natural  peatlands  averaged  less  than  0.03 
cm/h.  The  data  contribute  to  a  better  understand- 
ing of  the  hydrologic  function  of  peatlands.  (Au- 
thor's abstract) 
W91-04553 


ANNUAL  PRODUCTION  AND  PRODUCTION: 
BIOMASS  RATIOS  FOR  THREE  SPECIES  OF 
STREAM  TROUT  IN  LAKE  SUPERIOR  TRIBU- 
TARIES. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Fisheries  and 

Wildlife. 

T.  F.  Waters,  M.  T.  Doherty,  and  C.  C.  Krueger. 

Transactions  of  the  American   Fisheries  Society 

TAFSAI,  Vol.  119,  No.  3,  p  470-474,  May  1990.  1 

fig,  1  tab,  21  ref.  NSF  Grant  DEB76-09761. 

Descriptors:  'Fish  populations,  'Great  Lakes, 
'Stream  fisheries,  'Trout,  Alkalinity,  Biomass, 
Growth  rate  method,  Productivity,  Standing 
stock. 

Estimates  of  annual  production  of  stream  trout  in 
two  Lake  Superior  tributaries  in  northeastern  Min- 
nesota were  made  in  1977-1978.  The  Caribou  River 
(total  alkalinity,  34  mg/L  as  CaC03)  drains  part  of 
the  north  shore  of  Lake  Superior  in  an  igneous 
rock  geology.  The  Blackhoof  River  (total  alkalini- 
ty, 83  mg/L)  drains  glacial  drift  and  lake  clay  at 
the  western  end  of  Lake  Superior.  Annual  produc- 
tion of  the  salmonine  populations  was  estimated  by 
the  instantaneous  growth  rate  method.  Annual  pro- 
duction of  brook  trout  Salvelinum  fontinalis  in  the 
Caribou  River  was  estimated  to  be  58.0  kg  (wet 
weight)  per  hectare,  reflecting  low  water  fertility. 
In  the  Blackhoof  River,  annual  production  consist- 
ed of  43.5  kg  of  brown  trout  Sal  mo  trutta  and  95.7 
kg  of  juvenile  rainbow  trout  Oncorhynchus  mykiss 
per  hectare.  The  total  salmonid  production  of 
139.2  kg/hectare  in  the  Blackhoof  River  appeared 
to  reflect  an  intermediate  level  of  water  fertility. 
Ratios  of  annual  production:  mean  standing  stock 
were  calculated  to  be  2.2  for  juvenile  rainbow 
trout,  1.7  for  brook  trout,  and  0.9  for  brown  trout. 
These  values  suggest  an  inverse  relation  between 
standing  stock  and  number  of  age-groups  present 
(three  for  rainbow  trout,  four  for  brook  trout,  and 
six  for  brown  trout).  (Author's  abstract) 
W9 1-04589 


CLASSIFICATION  OF  TEXAS  RESERVOIRS 
IN  RELATION  TO  LIMNOLOGY  AND  FISH 
COMMUNITY  ASSOCIATIONS. 

Texas  Parks  and  Wildlife  Dept.,   Austin.   Inland 

Fisheries  Branch. 

W.  B.  Dolman. 

Transactions  of  the  American  Fisheries  Society 

TAFSAI,  Vol.  119,  No.  3,  p  511-520,  May  1990.  3 

fig,  6  tab,  15  ref.  Fish  and  Wildlife  Service  Fish 

Restoration  Project  F-30-R. 

Descriptors:  'Fish  populations,  'Fisheries,  'Lim- 
nology, 'Reservoirs,  'Statistical  models,  'Texas, 
Classification  systems,  Cluster  analysis,  Communi- 
ty structure,  Monitoring,  Species  associations. 

A  cluster  analysis  was  used  to  examine  associations 
among  20  fish  species  in  order  to  develop  a  classifi- 
cation scheme  for  132  large  Texas  reservoirs.  Five 
major  groups  of  reservoirs  were  identified  by  clus- 
ter analysis  based  on  species  associations.  Of  29 
reservoirs  surveyed  previously,  76%  were  classi- 
fied into  the  same  species  associations  from  one 
survey  to  the  next.  When  19  environmental  varia- 
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bles  were  used  in  canonical  correlation  analysis  of 
the  five  reservoir  groups,  a  general  east-to-west 
separation  of  species  associations  by  water  quality 
and  a  northwest-to-southeast  separation  by  surface 
elevation  and  growing  season  were  found.  A  dis- 
criminant functions  model  based  on  a  reduced  set 
of  nine  environmental  variables  had  an  unbiased 
error  rate  of  18%  for  predicting  the  species  asso- 
ciation in  unclassified  reservoirs.  A  stratified  sam- 
pling scheme  based  on  the  classification  model 
decreased  the  variance  of  statewide  electrofishing 
catch  per  effort  up  to  43%  for  bluegill  Lepomis 
macrochirus  and  23%  for  largemouth  bass  Microp- 
terus  salmoides  over  a  simple  random  sample  of 
reservoirs.  The  model  provides  a  strategy  for  mon- 
itoring statewide  fishery  trends  based  on  surveys  of 
representative  reservoirs  with  each  species  associa- 
tion. Managers  may  use  fishery  variables  other 
than  species  abundance  to  develop  models  with 
specific  objectives.  Classification  models  may  also 
be  used  to  allocate  available  management  resources 
based  on  the  number  of  reservoirs  with  each  spe- 
cies association  or  to  develop  regional  objectives 
for  fishery  population  characteristics  such  as 
growth,  condition,  and  recruitment  rates.  (White- 
Reimer-PTT) 
W91-04591 

DISTRIBUTIONS  AND  ABUNDANCES  OF 
EARLY  LIFE  STAGES  OF  FISHES  IN  A  FLOR- 
U>A  LAKE  DOMINATED  BY  AQUATIC  MA- 
CROPHYTES. 

Florida  Cooperative  Fish  and  Wildlife  Research 
Unit,  Gainesville. 

R.  Conrow,  A.  V.  Zale,  and  R.  W.  Gregory. 
Transactions  of  the  American  Fisheries  Society 
TAFSAI,  Vol.  119,  No.  3,  p  521-528,  May  1990.  3 
fig,  1  tab,  38  ref. 

Descriptors:  *  Aquatic  plants,  *Fish  populations, 
•Florida,  'Lake  fisheries,  *Limnology,  'Macro- 
phytes,  Habitats,  Hydrilla,  Juveniles,  Larvae,  Life 
stages,  Panic  grass,  Spawning. 

The  early  life  stages  of  fishes  were  sampled  with 
tow  nets  and  light  traps  in  Orange  Lake,  Florida  in 
order  to  determine  the  habitat  use  and  seasonal 
occurrences  of  larval  and  juvenile  fishes  in  a  lake 
dominated  by  aquatic  vegetation.  From  June  1983 
to  June  1984,  four  habitats  were  sampled,  one  open 
water  and  three  vegetated.  Vegetated  zones  were 
dominated  by  panic  grass,  Panicum  species,  hy- 
drilla, Hydrilla  verticillata,  or  a  community  of 
mixed  floating  and  emergent  vegetation.  Vegetated 
zones  of  any  type  were  important  nursery  areas  for 
the  fish  assemblage.  Mixed  vegetation  was  an  im- 
portant nursery  area  for  juvenile  fish  of  many 
species,  perhaps  due  to  its  structural  complexity, 
and  the  panic  grass  was  especially  important  for 
larvae.  Larvae  of  most  species  first  appeared  in 
Orange  Lake  at  temperatures  similar  to  those  at 
which  they  appear  in  temperate  lakes,  but  larvae 
were  present  on  almost  all  sampling  dates  (includ- 
ing those  in  winter).  Larvae  of  golden  shiners 
Notemigonus  crysoleucas,  threadfin  shad  Doro- 
soma  petenense,  and  gizzard  shad  D.  cepedianum 
appeared  on  earlier  dates  than  in  temperate  sys- 
tems. Larvae  of  individual  species  were  present 
over  a  longer  period  than  in  temperate  systems, 
reflecting  longer  spawning  seasons  in  Orange 
Lake.  Habitat  use  by  larvae  was  variable  for  sever- 
al species;  larval  bluegills  Lepomis  macrochirus, 
which  are  typically  considered  limnetic,  inhabited 
panic  grass  and  hydrilla,  in  addition  to  open  water. 
(Author's  abstract) 
W9 1-04592 


MOVEMENTS  AND  HABITAT  USE  BY  GRASS 
CARP  IN  A  LARGE  MAINSTREAM  RESER- 
VOIR. 

Alabama    Cooperative    Fishery    Research    Unit, 

Auburn. 

M.  B.  Bain,  D.  H.  Webb,  M.  D.  Tengedal,  and  L. 

N.  Mangum. 

Transactions  of  the  American  Fisheries  Society 

TAFSAI,  Vol.  119,  No.  3,  p  553-561,  May  1990.  4 

fig,  39  ref. 

Descriptors:  *Aquatic  weed  control,  *Carp,  'Fish 
populations,  'Hydrilla,  'Macrophytes,  'Reservoir 
fisheries,  'Tennessee  River,  Aquatic  plants,  Dis- 


persion patterns,  Fish  behavior,  Life  stages,  Moni- 
toring, Temperature  effects. 

Triploid  grass  carp  Ctenopharyngodon  idella  were 
experimentally  stocked  in  a  large,  open,  main- 
stream reservoir  on  the  Tennessee  River  in  order 
to  describe  their  movement  and  dispersion  pat- 
terns, and  to  determine  if  areas  infested  with  hy- 
drilla Hydrilla  verticillata  were  preferentially  used. 
Radio  transmitters  were  surgically  implanted  in  25 
immature  grass  carp  in  1987  and  10  mature  fish  in 
1988.  Dispersion  and  use  of  vegetated  habitat  were 
analyzed  separately  for  summer  (warmwater)  and 
fall-spring  (coldwater)  periods  for  grass  carp 
stocked  in  1987.  The  fish  moved  an  average  of  2.2 
km  (0.5-6.3  km)  during  summer  1987  and  0.4  km 
during  the  fall-spring  period.  The  grass  carp 
marked  in  1987  tended  to  move  upstream  during 
the  summer,  ranged  over  an  average  area  of  only 
0.10  sq  km  (0.02-0.30  sq  km),  and  moved  even  less 
during  the  fall-spring  period.  The  submersed  plant 
communities  most  used  by  the  grass  carp  in  1987 
were  dominated  by  hydrilla  and  all  relocated  fish 
were  in  vegetated  areas.  The  adult  grass  carp 
marked  in  1988  moved  an  average  of  32.7  km  (0.7- 
71.1  km)  during  a  4-month  monitoring  period,  did 
not  reduce  movements  when  water  temperature 
declined,  traveled  both  upstream  and  downstream, 
and  ranged  well  beyond  hydrilla  colonies.  The 
difference  in  behavior  between  fish  stocked  in  1987 
and  those  stocked  in  1988  appeared  to  be  related  to 
life  history  stage  (juvemles  versus  adults).  Thus, 
juvenile  triploid  grass  carp  seem  more  likely  to 
provide  effective  hydrilla  control  in  target  areas 
than  adults.  (Author's  abstract) 
W9 1-04593 


SUSPENDED-SEDIMENT  DATA  IN  THE 
UPPER  RIO  GRANDE  DE  LOIZA  BASIN, 
PUERTO  RICO. 

Geological  Survey,  San  Juan,  PR. 
S.  Guzman-Rios. 

Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Open- 
File  Report  88-324,  1989.  42p,  14  fig,  17  tab,  9  ref. 
in  coop,  with  the  Puerto  Rico  Dept.  of  Natural 
Resources,  Environmental  Quality  Board,  Aque- 
duct and  Sewer  Authority,  US  Army  Corps  of 
Engineers,  and  the  US  Dept.  of  Agriculture,  Soil 
Conservation  Service. 

Descriptors:  *Data  acquisition,  *Puerto  Rico, 
•Reservoir  silting,  *Rio  Grande  de  Loiza,  *Silting, 
♦Suspended  sediments,  Clays,  Fluvial  sediments, 
Particle  size,  Sand,  Sediment  transport,  Silt,  Sus- 
pended load. 

Fluvial  sediment,  a  widely  recognized  pollutant  of 
surface  water,  is  reducing  the  efficiency  and  useful 
life  of  almost  all  reservoirs  in  Puerto  Rico.  Sedi- 
ment transported  from  the  upper  basin  of  the  Rio 
Grande  de  Loiza  is  eventually  deposited  in  the 
bottom  of  Lago  Loiza,  a  water  reservoir.  Suspend- 
ed sediment  data  were  collected  from  1983  to  1986 
from  a  208  sq  mi  area  extending  from  the  headwa- 
ters of  Rio  Grande  de  Loiza  to  the  Lago  Loiza. 
The  drainage  areas  range  from  0.82  sq  mi  to  89.8  sq 
mi.  Results  are  based  on  three  years  of  data  from  a 
network  of  five  daily-record  stations  and  five  par- 
tial-record stations.  A  total  of  2,114  sediment  sam- 
ples were  collected  and  analyzed  during  the  inves- 
tigation. Instantaneous  concentrations  of  suspend- 
ed sediment  varied  from  0  to  56,100  mg/L.  Instan- 
taneous suspended  sediment  loads  ranged  from  0 
tons/day  to  817,000  tons/day.  A  total  of  152  sus- 
pended sediment  samples  were  analyzed  for  parti- 
cle size  distribution.  Suspended  sediment  in  the 
streams  is  composed  mostly  of  silt  and  clay.  Sand 
content  ranged  from  6  to  80%  during  high  flows. 
(Author's  abstract) 
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August  1989.  66p. 

Descriptors:  'Bibliographies,  'Humic  acids,  'Nat- 
ural waters,  'Wastewater  treatment,  Chemical  pre- 
cipitation, Chlorinated  hydrocarbons,  Fulvic  acids, 
Metals. 

This  bibliography  contains  citations  concerning  the 
absorptive  and  complexation  properties  of  humic 
and  fulvic  acids.  Characterization  and  the  occur- 
rence of  these  acids  in  wastewater  systems  and 
natural  systems  is  studied.  The  interaction  of 
humic  substances  with  metallic  pollutants  and 
chlorinated  hydrocarbons,  and  removal  of  humic 
acids  by  precipitation  are  among  the  topics  dis- 
cussed. Wastewater  treatment  processes  are  dis- 
cussed in  separate  bibliographies.  (This  new  bibli- 
ography contains  188  citations  fully  indexed  with  a 
title  list.)  (Author's  abstract) 
W9 1-0465  5 


HUMIC  ACIDS:  CHARACTERIZATION   AND 
INTERACTIONS        IN        NATURAL        AND 
WASTEWATER  SYSTEMS  (JAN  78-JUL  89). 
National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-867857. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 


STREAM  GEOMORPHOLOGY:  EFFECTS  ON 
PERIPHYTON  STANDING  CROP  AND  PRI- 
MARY PRODUCTION. 

New  Mexico  Univ.,  Albuquerque.  Dept.  of  Biol- 
ogy. 

For  primary  bibliographic  entry  see  Field  6G. 
W91-04714 


ALGAL  COLONIZATION  UNDER  FOUR  EX- 
PERIMENTALLY-CONTROLLED CURRENT 
REGIMES  IN  A  HIGH  MOUNTAIN  STREAM. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Biol- 
ogy- 

For  primary  bibliographic  entry  see  Field  2E. 
W91-04715 


SMALL  FLUME  FOR  STUDYING  THE  INFLU- 
ENCE OF  HYDRODYNAMIC  FACTORS  ON 
BENTHIC  INVERTEBRATE  BEHAVIOR. 

Alberta  Univ.,  Edmonton.  Dept.  of  Entomology. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-04716 


LIMNOLOGY  OF  THE  SOUTHERN  ACID 
PEAT  FLATS,  SOUTH-WESTERN  AUSTRALIA. 

Western  Australia  Univ.,  Nedlands.  Dept.  of  Zool- 
ogy- 

B.  J.  Pusey,  and  D.  H.  Edward. 
Journal  of  the  Royal  Society  of  Western  Australia 
JRSUAU,  Vol.  73,  No.  2,  p  29-46,  1990.  7  fig,  7 
tab,  49  ref. 

Descriptors:  'Australia,  'Ephemeral  lakes,  'Inver- 
tebrates, 'Limnology,  'Peat  bogs,  'Species  diver- 
sity, 'Water  chemistry,  'Wetlands,  Acidic  water, 
Aquatic  habitats,  Benthos,  Crustaceans,  Hydrogen 
ion  concentration,  Ponds,  Seasonal  variation,  Spe- 
cies composition,  Zooplankton. 

Temporal  changes  in  water  chemistry  and  inverte- 
brate community  composition,  abundance  and  di- 
versity were  monitored  for  two  years  and  one 
year,  respectively,  for  aquatic  habitats  in  an  exten- 
sive area  of  coastal  wetlands  of  South-western 
Australia.  The  locations  sampled  included  perma- 
nent and  temporary  lotic  and  lentic  environments. 
pH  was  low  and  declined  to  a  minimum  of  4.1  in 
winter.  Water  transparency  was  also  low  due  to 
high  levels  of  dissolved  organic  substances.  A  dis- 
tinct effect  of  season  on  water  chemistry  was  ob- 
served in  contrast  to  changes  reported  for  other 
small  Australian  ponds,  temporary  or  otherwise. 
Significant  temporal  changes  in  the  density,  diver- 
sity and  composition  of  the  invertebrate  fauna 
(zooplankton  and  zoobenthos)  were  recorded.  Fish 
predation  was  potentially  an  important  determi- 
nant of  invertebrate  diversity  and  community 
structure.  Few  of  the  insect  fauna  showed  adapta- 
tions to  ephemerality  and  fauna  known  to  be  asso- 
ciated with  temporary  waters  were,  in  general, 
lacking.  This  is  suggested  to  be  due  to  the  predict- 
able seasonality  of  the  climate  which  allows  little 
distinction  between  temporary  and  permanent 
habitats  for  a  highly  seasonal  fauna.  Similarity  of 
species  composition  between  locations  was  low  for 
insect  fauna,  reflecting  the  lack  of  specific  drought 
survival  mechanisms  and  the  importance  of  oppor- 
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tunism  and  colonization  ability.  Assemblage  simi- 
larity was  greatest  for  the  crustacean  fauna  and 
was  attributed  to  a  greater  prevalence  of  drought 
survival  mechanisms.  (Author's  abstract) 
W91-04717 


IN  SITU  TECHNIQUE  TO  MEASURE  BACTE- 
RIAL CHEMOTAXIS  IN  NATURAL  AQUATIC 
ENVIRONMENTS. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Biology. 
N.  Kangatharalingam,  L.  Wang,  and  J.  C.  Priscu 
Microbial  Ecology  MCBEBU,  Vol.  20,  No.  I   p  3- 
10,  July/August  1990.  2  fig,  2  tab,  12  ref. 

Descriptors:  'Aquatic  bacteria,  'Attractants,  ♦Bac- 
teria, 'Chemotaxis,  'Glucose,  'Laboratory  meth- 
ods, 'Limnology,  'Sodium  chloride,  Assay,  Eutro- 
phic  lakes,  Fluorescence,  Natural  waters,  Reser- 
voirs. 

A  simple  and  reliable  technique  was  developed  to 
study  bacterial  chemotaxis  in  natural  aquatic  envi- 
ronments. The  technique  uses  the  test  chemicals 
(attractants)  in  known  volumes  of  semi-solid  agar 
media  placed  in  double  layered,  highly  porous, 
polyester  tubes.  Following  in  situ  incubations,  bac- 
teria attracted  by  the  test  chemicals  are  enumer- 
ated with  fluorescence  microscopy  following  acri- 
dine  orange  staining.  Studies  in  a  eutrophic  reser- 
voir showed  that  significant  numbers  of  bacteria 
were  attracted  to  D-glucose  and  glycine.  No  sig- 
nificant attractant  effects  were  observed  with  L- 
serine,  sodium  succinate,  or  sodium  chloride. 
Sodium  chloride  and  sodium  succinate  treatments 
repulsed  18%  and  2%  bacteria,  respectively,  com- 
pared to  the  controls.  This  repulsion  was  not  statis- 
tically significant.  (Geiger-PTT) 
W9 1-04722 


PERSISTENCE  OF  GENETICALLY  ENGI- 
NEERED ERWINIA  CAROTOVORA  IN  PER- 
TURBED AND  UNPERTURBED  AQUATIC  MI- 
CROCOSMS AND  EFFECT  ON  RECOVERY  OF 
INDIGENOUS  BACTERIA. 
Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

V.  S.  Scanferlato,  G.  H.  Lacy,  and  J.  Cairns. 
Microbial  Ecology  MCBEBU,  Vol.  20,  No    1    p 
11-20,  July/August  1990.  3  fig,  30  ref. 

Descriptors:  'Aquatic  bacteria,  'Colonization, 
•Erwinia,  'Genetic  engineering,  'Thermal  stress, 
•Water  pollution  effects,  Competition,  Nutrients, 
Predation,  Thermal  pollution. 

Genetically  engineered  Erwinia  carotovora  persist- 
ed significantly  longer  in  thermally  perturbed  mi- 
crocosms (35  days)  than  in  non-stressed  micro- 
cosms (5  days).  Decreased  pressure  of  competitors 
and  predators  and  increased  nutrient  availability 
were  examined  as  the  most  probable  reasons  for 
greater  vulnerability  of  perturbed  microcosms  to 
colonization  by  genetically  engineered  microorga- 
nisms (GEMs).  Indigenous  bacteria  that  competed 
with  GEMs  for  the  same  nutrient  sources  (protein, 
cellulose,  pectate)  were  present  immediately  after 
perturbation  in  densities  one  to  two  orders  of  mag- 
nitude lower  than  in  unperturbed  microcosms,  but 
their  populations  increased  to  densities  significant- 
ly higher  than  in  unperturbed  microcosms  10  to  15 
days  after  inoculation.  Predators  of  bacteria  (pro- 
tozoans, cladocerans,  nematodes,  and  rotifers) 
were  present  during  the  experiment  in  unperturbed 
microcosms,  while  dense  populations  of  bacterio- 
vorous  nanoflagellates  developed  in  perturbed  mi- 
crocosms. Preemptive  inoculation  of  perturbed  mi- 
crocosms with  GEMs  did  not  have  a  long-lasting 
effect  on  the  recovery  of  total,  proteolytic,  cellulo- 
lytic,  and  pectolytic  bacteria  in  perturbed  micro- 
cosms, indicating  the  absence  of  competitive  exclu- 
sion. (Author's  abstract) 
W9 1-04723 


of  Marine  Science. 

W.  H.  Jeffrey,  J.  H.  Paul,  L.  H.  Cazares,  M.  F. 
DeFlaun,  and  A.  W.  David. 

Microbial  Ecology  MCBEBU,  Vol.  20,  No.  1,  p 
21-35,  July/August  1990.  4  fig,  4  tab,  44  ref.  De- 
partment of  Commerce  Grant  NA86AA-D-SG068 
NSF  Grant  BSR  8605170. 

Descriptors:  'Bacteria,  *DNA,  'Nucleic  acids, 
'Nutrients,  'Radioactive  tracers,  'Tracers,  Alafia 
River,  Aquatic  bacteria,  Bayboro  Harbor,  Chloro- 
phyll a,  Crystal  River,  Diurnal  variation,  Florida, 
Medard  Reservoir,  Nitrogen,  Organic  carbon, 
Phosphates,  Reservoirs,  Rivers,  Salinity. 

During  routine  (H3)-thymidine  incorporation 
measurements  of  environmental  samples,  signifi- 
cant amounts  of  radioactivity  are  often  incorporat- 
ed into  macromolecules  other  than  DNA.  Al- 
though the  percentage  of  nonspecific  labeling 
varies  both  temporally  and  spatially,  the  causes  of 
these  variations  remain  unknown.  Correlations  be- 
tween the  percent  incorporated  radioactivity  in 
DNA  and  a  variety  of  experimental  and  environ- 
mental parameters  measured  in  the  Alafia  River, 
Crystal  River,  Medard  Reservoir,  and  Bayboro 
Harbor  in  Florida  were  examined.  The  amount  of 
radioactivity  incorporated  into  DNA  ranged  from 
6  to  95%.  Nonspecific  labeling  began  immediately 
upon  the  addition  of  (H3)-thymidine  and  was  linear 
over  time.  Labeling  patterns  were  independent  of 
both  the  amount  of  thymidine  added  and  cell-size 
fraction.  A  two  year  study  of  Bayboro  Harbor 
indicated  no  conclusive  relationship  between  non- 
specific labeling  and  seasonality.  The  amount  of 
radioactivity  incorporated  into  DNA  was  inverse- 
ly correlated  with  total  rates  of  thymidine  incorpo- 
ration and  a  strong  diurnal  pattern  was  observed  in 
the  Crystal  River.  No  consistent  relationship  was 
observed  between  labeling  patterns  and  primary 
productivity,  chlorophyll  a,  particulate  DNA,  dis- 
solved DNA,  bacterial  cell  numbers,  temperature, 
salinity,  or  dissolved  organic  carbon.  The  only 
relationship  with  dissolved  inorganic  nutrients  (N 
and  P)  occurred  in  the  Crystal  River.  In  this 
phosphate  limited  river,  the  percent  of  radioactiv- 
ity incorporated  into  DNA  was  positively  correlat- 
ed with  phosphate  concentrations.  These  results 
indicated  that  nonspecific  labeling  is  not  dependent 
on  any  one  parameter  but  may  be  a  function  of 
many  interacting  environmental  factors  or  a  func- 
tion of  the  specific  ambient  bacterial  population. 
(Author's  abstract) 
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MICROBIAL  MANGANESE  REDUCTION  ME- 
DIATED BY  BACTERIAL  STRAINS  ISOLATED 
FROM  AQUIFER  SEDIMENTS. 

Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  de  Mi- 
crobiologie-Physiologique  et  Appliqueee. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-04726 


CORRELATION  OF  NONSPECIFIC  MACRO- 
MOLECULAR  LABELING  WITH  ENVIRON- 
MENTAL PARAMETERS  DURING 
(H3)THYMH>INE  INCORPORATION  IN  THE 
WATERS  OF  SOUTHWEST  FLORIDA. 
University  of  South  Florida,  St.  Petersburg.  Dept. 


SEASONAL  DEVELOPMENT  OF  ANOXY- 
GENIC  PHOTOTROPHIC  BACTERIA  IN  A 
HOLOMICTIC  DRUMLIN  LAKE  (SCHLEIN- 
SEE,  F.R.G). 

Konstanz  Univ.  (Germany,  F.R.).  Fakultaet  fuer 

Biologie. 

B.  Eichler,  and  N.  Pfennig. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.  4,  p  369-392,  October  1990.  10  fig,  6  tab,  44 

ref. 

Descriptors:  'Aquatic  bacteria,  'Lakes,  'Limnolo- 
gy, 'Photosynthesis,  'Sulfur  bacteria,  'Thermal 
stratification,  Iron,  Lake  sediments,  Manganese, 
Organic  matter,  Seasonal  variation. 

The  seasonal  development  of  the  population  of 
anoxygenic  phototrophic  bacteria  in  a  holomictic 
stratified  freshwater  lake  was  studied  and  correlat- 
ed with  in  situ-determinations  of  physical,  chemi- 
cal and  biological  parameters  as  well  as  with  pure 
culture  studies  of  the  predominant  species.  With 
the  onset  of  thermal  stratification  in  spring,  gasva- 
cuolated  phototrophic  bacteria  rose  from  the  sedi- 
ment concomitant  to  the  development  of  the 
anoxic  sulfide  containing  hypolimnion.  The  reduc- 
ing conditions  at  the  sediment  surface  led  to  the 
disintegration  of  aggregates  which  contained  pho- 


totrophic bacteria  and  insoluble  oxidized  iron  and 
manganese  compounds.  Mass  development  of  pho- 
totrophic bacteria  occurred  at  the  chemocline  and 
was  mainly  due  to  multiplication  of  Thiopedia 
rosea  and  Amoebobacter  purpureus  during 
summer  stratification.  Growth  of  these  purple 
sulfur  bacteria  was  primarily  light  limited.  Green 
photosynthetic  bacteria  developed  above  (Chlor- 
onema)  or  under  (Pelochromatium  consortium)  the 
layer  of  Chromatiaceae  at  the  end  of  summer  strat- 
ification. During  fall  overturn  oxygenated  water 
caused  the  oxidation  of  reduced  S-,  Fe-,  and  Mn- 
compounds  the  oxidized  products  of  which  preci- 
pitated. Phototrophic  bacteria  and  particulate  or- 
ganic matter  became  coprecipitated  with  the  min- 
erals and  stayed  over  winter  at  the  sediment  sur- 
face. (Author's  abstract) 
W9 1-04736 


BASIN  MORPHOLOGY  IN  RELATION  TO 
CHEMICAL  AND  ECOLOGICAL  CHARAC- 
TERISTICS OF  LAKES  ON  THE  ORINOCO 
RIVER  FLOODPLAIN,  VENEZUELA. 

Colorado  Univ.  at  Boulder.  Dept.  of  Environmen- 
tal, Population,  and  Organismic  Biology. 
S.  K.  Hamilton,  and  W.  M.  Lewis. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol  119 
No.  4,  p  393-425,  October  1990.  13  fig,  9  tab,  46 
ref.  NSF  Grants  DEB81 16725,  BSR8315410,  and 
BSR8604655. 

Descriptors:  'Flood  plains,  'Lake  basins,  'Lake 
morphology,  'Limnology,  'Orinoco  River,  'Ven- 
ezuela, 'Water  chemistry,  Hydrologic  budget, 
Ions,  Lake  sediments,  Runoff. 

The   relation    between   chemical   and   ecological 
characteristics  and  basin  morphology  in  lakes  on 
the  Orinoco  River  floodplain  of  Venezuela  was 
analyzed     through     measurements     of    dissolved 
oxygen,    major   ions,    nutrients,    particulates,   and 
chlorophyll-a  over  an  annual  cycle  for  five  lakes 
and   upon   less   frequent   samples   from   28   lakes. 
Major  ions  served   as   tracers  of  water  sources 
(river  and  local  rain)  to  the  lakes.  The  ratio  of 
maximum  length  to  maximum  width  was  used  to 
distinguish  lakes  during  inundation.  Channel  lakes 
(length.width  >   5)  have  detectable  currents  and 
short  water  residence  times;  their  chemistry  resem- 
bles that  of  the  source  water,  with  little  change  in 
suspended    particulates   or   in    concentrations   of 
labile     nutrients,     and     negligible     phytoplankton 
growth.  Dish  lakes  (length:width  <  5)  have  rela- 
tively low  rates  of  water  movement  and  longer 
water  residence  times,  and  deviate  in  chemistry 
from  the  source  water  because  of  sedimentation  of 
inorganic  particulates,  depletion  of  nitrate,  growth 
of   phytoplankton,    and    depletion    of   dissolved 
oxygen.  Major  ion  data  indicate  that  local  rainfall 
was  not  a  detectable  source  of  water  to  lakes 
during  inundation.  During  isolation,  major  ion  data 
show  a  significant   but   variable  contribution   of 
local  water  (rain  and  runoff)  to  the  water  budget  of 
the  lakes  which  made  prediction  of  lake  character- 
istics difficult.  Lake  morphology  (particularly  the 
ratio  of  surface  area  to  volume)  was  just  one  of 
several  determinants  of  the  importance  of  local 
waters  to  a  given  lake;  other  factors  included  posi- 
tion on  the  floodplain  and  the  presence  of  perenni- 
al streams.   In  one  lake  for  which  detailed  data 
were  available,  changes  in  the  intensity  of  sediment 
resuspension    during    isolation    were    predictable 
from  wind  velocity,  effective  fetch,  and  the  mean 
depth  of  the  lake.  (Author's  abstract) 
W9 1-04737 


INFLUENCE  OF  CHIRONOMU)  LARVAE  ON 
SEDIMENT  OXYGEN  MICROPROFILES. 

Konstanz  Univ.  (Germany,  F.R.).  Fakultaet  fuer 

Biologie. 

P.  Frenzel. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.   4,   p  427^*37,   October    1990.   6   fig,   47   ref. 

Deutsche     Forschungsgemeinschaft     Grant     SFB 

248. 

Descriptors:  'Dissolved  oxygen,  'Ecological  ef- 
fects, 'Lake  sediments,  'Limnology,  'Midges,  En- 
vironmental effects,  Lake  Constance,  Sediment- 
water  interfaces. 
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Sediment  microprofiles  were  performed  at  Lake 
Constance  in  the  profundal  zone  to  determine  the 
effects  of  Chironomidae  tunneling  on  sediment 
oxygen  levels.  At  4  C,  larvae  of  Microspectra  sp. 
showed  an  activity  pattern  with  active  periods  of 
10  to  20  minutes  and  resting  phases  of  20  to  40 
minutes.  Oxygen  concentration  in  front  of  the  tube 
showed  large  fluctuations,  indicating  periodic  out- 
flow of  water  with  low  oxygen  concentration.  In 
the  sediment  surrounding  the  tube  fluctuations 
were  detected  in  a  distance  up  to  2.5  mm  from  the 
tube  lining.  In  a  ten  minute  period,  conditions  in 
the  sediment  surrounding  a  tube  may  shift  from 
oxic  to  anoxic  and  vice  versa.  In  the  profundal 
zone  of  Lake  Constance,  abundance  of  larvae  was 
too  low  to  cause  any  reliable  effect  upon  sediment 
water  interactions,  while  in  the  littoriprofundal 
zone,  an  increase  of  aerobic  sediment  volume  of 
25%  was  possible.  Such  extreme  chironomid  densi- 
ties have  been  reported  from  sediments  at  the 
inflow  of  large  rivers,  so  that  in  these  habitats 
exchange  processes  should  be  dominated  by  biotur- 
bation.  (Geiger-PTT) 
W91-04738 


SEASONAL  DYNAMICS  AND  PRODUCTION 
OF  ClflRONOMIDAE  IN  A  LARGE  LOW- 
LAND RIVER  UPSTREAM  AND  DOWN- 
STREAM FROM  A  NEW  RESERVOIR  IN  CEN- 
TRAL POLAND. 

Lodz  Univ.  (Poland).  Dept.  of  Ecology  and  Verte- 
brate Zoology.  .  . 
M.  Grzybkowska,  J.  Hejduk,  and  P.  Ziehnski. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  119, 
No.  4,  p  439-455,  October  1990.  7  fig,  3  tab,  33  ref. 
Institute  of  Ecology  of  the  Polish  Academy  of 
Sciences  CPBP  04.09. 

Descriptors:  'Benthos,  *Dam  effects,  *Limnology, 
•Midges,  'Population  density,  'Population  dynam- 
ics, Aquatic  habitats,  Aquatic  populations,  Envi- 
ronmental effects,  Macroinvertebrates,  Poland, 
Reservoirs,  Seasonal  variation,  Species  composi- 
tion, Species  diversity,  Warta  River. 

Benthic  macroinvertebrates  were  investigated  in 
one  transect  established  above  (Ta)  and  one  down- 
stream (Td)  of  a  new  dam  reservoir  constructed  in 
a  7th  stream  order  section  of  the  Warta  River, 
Poland.  In  both  transects  density  was  highest  near 
the  banks  and  decreased  abruptly  towards  the  mid- 
river,  but  the  transect  means  were  similar,  1228 
individuals/sq  m  in  Ta  and  1546  in  Td.  Chironomi- 
dae dominated,  reaching  60.0%  of  total  macro- 
benthos  abundance  in  Ta  and  58.6%  in  Td,  and 
their  species  richness  was  higher  in  Ta  (37  species, 
including  11  Orthocladiinae)  than  in  Td  (26,  in- 
cluding 4  Orthocladiinae).  Both  transects  were 
dominated  by  gathering  collectors:  Chironomini: 
Ch.  thummi  (9.2%  of  total  macrobenthos  abun- 
dance in  Ta  and  6.2%  in  Td),  G.  gripekoveni 
(12.6%  and  16.7%),  P.  albimanus  (16.7%  and 
14.2%),  P.  demeijerei  (5.0%  and  8.1%)  and  by 
Orthocladiinae:  C.  sylvestris  (23.9%  and  41.4%). 
Filtering  collectors  (Tanytarsini)  were  abundant 
only  in  Ta;  P.  confusus  constituted  25.1%  in  Ta 
and  only  1.0%  in  Td.  The  abundance  of  predators 
(Tanypodinae)  was  low  (0.7%  in  Ta  and  0.1%  in 
Td).  Annual  production  of  Chironomidae  larvae  in 
both  transects  was  similar:  2.490  g  dry  wt/sq  m/yr 
in  Ta  and  2.970  in  Td.  The  most  productive  were 
two  large  species  inhabiting  bands  along  the  banks: 
G.  gripekoveni  (26.3%  in  Ta  and  44.4%  in  Td)  and 
Ch.  thummi  (17.1%  in  Ta  and  7.3%  in  Td).  (Au- 
thor's abstract) 
W91-04739 


PROTEIN-MEDIATED  SELENIUM  BIOMETH- 
YLATION  IN  EVAPORATION  POND  WATER. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04744 


MODELING  TRANSFER  OF  CS137  FALLOUT 
IN  A  LARGE  FINNISH  WATERCOURSE. 

Valtion  Teknillinen  Tutkimuskeskus,  Espoo  (Fin- 
land). Nuclear  Engineering  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04749 


WERNER  SCHNESE  AND  THE  DEVELOP- 
MENT OF  COASTAL  WATERS  ECOLOGY  IN 
ROSTOCK,  GDR. 

Rostock  Univ.  (German  D.R.).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2L. 
W91-04750 


PHOSPHORUS  BUDGET  FOR  DAL,  A  HIMA- 
LAYAN LAKE. 

Kashmir  Univ.,  Srinagar  (India).  Dept.  of  Botany. 
M.  Ishaq,  and  V.  Kaul. 

Internationale  Revue  der  Gesamten  Hydrobiologie 
IGHYAZ,  Vol.  75,  No.  1,  p  59-69,  1990.  7  fig,  7 
tab,  21  ref. 

Descriptors:  'Lakes,  'Limnology,  'Mountain 
lakes,  'Phosphorus,  'Retention  time,  Flushing, 
Hydrologic  budget,  Lake  Dal,  Lake  sediments, 
Macrophytes,  Marl. 

The  phosphorus  budget  of  Dal  Lake  in  Kashmir  is 
described  for  a  12  month  period.  The  lake  is  char- 
acterized by  high  P-loading  (7.5  g/sq  m/a)  and  had 
high  P-retention  (retention  coefficient  0.320).  P- 
loading  in  the  lake  showed  a  positive  relationship 
with  flushing  rate  and  a  negative  relationship  with 
P-retention.  A  negative  relation  was  similarly 
found  between  flushing  and  P-retention  in  the  lake. 
The  total  phosphorus  budget  of  Dal  Lake  for  the 
year  1981-1982  revealed  an  input  of  94.22  million 
g,  an  output  of  63.14  million  g  and  a  retention  of 
31.08  million  g.  High  P-retention  is  mainly  due  to 
the  marl  character  of  the  lake.  Sediment  holds 
about  99%  of  total  P-pool  in  the  lake  whereas  1% 
is  equally  distributed  between  water  and  macro- 
phytic  compartments.  Interrelations  of  flushing  of 
water,  P-loading  and  P-retention  in  the  lake  sug- 
gest some  important  influence  of  flushing  on  the  P- 
balance  in  the  lake.  P  alone  does  not  seem  to  have 
any  direct  role  in  growth  limitation  in  the  lake. 
(Geiger-PTT) 
W9 1-04751 


Descriptors:  'Amazon  River,  'Aquatic  habitats, 
'Conservation,  'Fish,  'Fish  populations,  'Forest 
ecosystems,  'Species  diversity,  'Vegetation  ef- 
fects, Biomass,  Blackwaters,  Deforestation,  Dis- 
turbance, Economic  aspects,  Evolution,  Humic 
acids,  Nutrient  availability,  Seasonal  variation, 
Temporal  distribution. 

Water  depth  in  the  Amazon  basin  can  differ  by 
more  than  11  m  between  low  and  high  water 
periods  in  the  annual  cycle.  When  the  water  is 
high,  the  forest  streams  inundate  the  surrounding 
low-lying  forest  creating  vast  lakes.  The  water 
originates  from  the  forest  rich  in  humic  acids  and 
low  in  dissolved  nutrients.  Such  waters  are  termed 
blackwaters.  Igapo  is  the  specialized  inundation 
forest  of  blackwater  regions.  Until  recently,  black- 
water  fauna  was  considered  impoverished  and  of 
low  biomass.  However,  these  forests  hold  a  spe- 
cialized fauna  living  within  and  upon  allochthon- 
ous  input  from  the  forest.  Within  submerged  litter 
banks  a  diverse  ichthyofauna  forming  dense  local 
populations  has  been  found.  This  community  is 
highly  vulnerable  to  deforestation  and  the  long- 
term  future  of  the  community  can  only  be  assured 
if  the  forest  is  conserved.  These  fish  can  adapt  to 
disturbance,  as  the  community  has  evolved  to  live 
with  changing  water  levels  and  the  loss  of  sub- 
merged wood  and  leaf-litter  habitat.  The  Igapo 
community  is  a  remarkable  example  of  a  climax 
community  exhibiting  high  diversity  and  low  total 
population  sizes  within  a  variable  habitat.  Its  con- 
servation is  of  economic  importance  to  the  local 
human  population  whose  diet  includes  a  high  pro- 
portion of  fish.  (Author's  abstract) 
W9 1-04784 

CONSERVATION   STATUS  OF  THE  NORTH 
AMERICAN  FISH  FAUNA  IN  FRESH  WATER. 

Bureau  of  Land  Management,  Washington,  DC. 
Wildlife  and  Fisheries  Div. 

For  primary   bibliographic   entry   see   Field   6G. 
W9 1-04785 


SEASONAL  CHANGES  IN  THE  CHEMICAL 
COMPOSITION  OF  CERATOPHYLLUM  DE- 
MERSUM  L.  IN  A  SMALL  POND. 

Winnipeg  Univ.  (Manitoba).  Dept.  of  Biology. 
E.  Pip,  and  K.  Philipp. 

Internationale  Revue  der  Gesamten  Hydrobiologie 
IGHYAZ,  Vol.  75,  No.  1,  p  71-78,  1990.  4  fig,  2 
tab,  21  ref. 

Descriptors:  'Aquatic  plants,  'Carbohydrates, 
•Fatty  acids,  'Limnology,  'Proteins,  Macro- 
phytes, Ponds,  Seasonal  variation. 

Seasonal  content  of  total  soluble  carbohydrate, 
total  soluble  protein,  free  fatty  acids  and  alkaloids 
were  examined  in  a  population  of  Ceratophyllum 
demersum  growing  in  a  pond  on  the  southwestern 
edge  of  the  Canadian  Shield.  Total  soluble  carbo- 
hydrate and  total  soluble  protein  were  inversely 
correlated.  Free  fatty  acids  were  dominated  by 
(16:0+16:1),  18:2  and  18:3.  Relative  proportions  of 
the  different  free  fatty  acids  remained  roughly 
constant  throughout  the  season.  Alkaloid  concen- 
trations showed  large  fluctuations,  with  the  highest 
values  found  during  the  first  half  of  the  season. 
Carbohydrate  and  protein  contents  of  associated 
periphyton  were  not  correlated  with  host  macro- 
phyte  metabolism.  (Author's  abstract) 
W91-04752 


RELIABILITY  OF  ANALYSES  OF  HG,  FE,  CA, 
K,  P,  PH,  ALKALINITY,  CONDUCTIVITY, 
HARDNESS  AND  COLOUR  FROM  LAKES. 

Uppsala  Univ.  (Sweden).  Dept.  of  Hydrology. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-04753 


FISH  OF  THE  AMAZONIAN  IGAPO:  STABILI- 
TY AND  CONSERVATION  IN  A  HIGH  DIVER- 
SITY-LOW BIOMASS  SYSTEM. 

Central    Electricity    Generating    Board,    Fawley 

(England).  Marine  Biological  Unit. 

P.  A.  Henderson. 

Journal  of  Fish  Biology  JFIBA9,  Vol.   37,   No. 

Supp,  p  61-66,  1990.  1  fig,  1  tab,  11  ref. 


THREATENED  FISHES  OF  BAROMBI  MBO:  A 
CRATER  LAKE  IN  CAMEROON. 

Horniman  Museum,  London  (England). 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-04791 


STRUCTURE  OF  EPILITHON  IN  SOME 
ACIDIC  AND  CIRCUMNEUTRAL  STREAMS 
IN  SOUTH  WESTLAND,  NEW  ZEALAND. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Zoology. 

K.  J.  Collier,  and  M.  J.  Winterbourn. 

New  Zealand  Natural  Sciences  NZNSEZ,  Vol.  17, 

p  1-11,  1990.  4  fig,  47  ref. 

Descriptors:  'Acid  rain  effects,  'Acid  streams, 
'Epilithon,  'Stream  biota,  Acidic  water,  Algae, 
Chlorophyll,  Cyanophyta,  Diatoms,  Electron  mi- 
croscopy, Filamentous  algae,  Fragilaria,  Gom- 
phonema,  New  Zealand,  Streams. 

The  composition  and  biomass  of  epilithon  coloniz- 
ing introduced  substrata  was  investigated  in  two 
acid  (pH  4.3-5.7),  brownwater  and  two  circumneu- 
tral  (pH  6.6-8.0),  clearwater  streams  in  South 
Westland,  New  Zealand.  Scanning  electron  mi- 
croscopy showed  that  epilithon  in  the  circumneu- 
tral  streams  was  composed  primarily  of  diatoms 
(mostly  Gomphonema  subclavatum  and  Ach- 
nanthes  minutissima)  and  blue-green  algae,  where- 
as in  the  acid  streams  other  species  of  diatoms 
(mainly  Fragilaria  and  Eunotia  species),  filamen- 
tous algae  (including  Stigeoclonium  sp.  and  Tri- 
bonema  sp.)  and  deposits  of  amophous  material 
(possibly  adsorbed  or  precipitated  organic  carbon) 
were  common.  Energy-dispersive  X-ray  analysis 
indicated  that  silicon  was  the  most  abundant  ele- 
ment in  epilithon  at  all  sites,  presumably  reflecting 
the  presence  of  siliceous  diatom  frustules  or  miner- 
al particles.  Calcium  was  significantly  more  abun- 
dant (4-30  times)  in  epilithon  from  the  circumneu- 
tral  streams,  whereas  iron  was  significantly  more 
common  in  epilithon  at  one  of  the  acid,  brown- 
water  sites.  The  ratios  of  organic  carbon  to  chloro- 
phyll a  +  phaeophytin  a  concentration  were  sig- 
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nificantly  greater  at  acid  than  circumneutral  sites, 
indicating  that  algae  comprised  proportionately 
less  of  the  epilithic  carbon  at  the  former  sites. 
Adsorbed  or  precipitated  organic  carbon  appears 
to  be  a  major  component  of  epilithon  in  acid, 
brownwater  streams,  whereas  low  algal  biomass 
may  be  maintained  by  a  combination  of  nutrient- 
limitation,  growth  inhibition  by  humic  substances, 
and  physical  abrasion  of  stone  surfaces.  (Author's 
abstract) 
W9 1-048 12 


MANAGING  A  LAKE  FOR  WATER  CONTROL 
AND  WETLANDS  CREATION. 

Black  and  Veatch,  Kansas  City,  MO. 

For  primary  bibliographic  entry  see  Field  4A 

W9 1-04849 


SUMMARY  OF  SELECTED  CHARACTERIS- 
TICS OF  LARGE  RESERVOIRS  IN  THE 
UNITED  STATES  AND  PUERTO  RICO,  1988. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 
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ACUTE  TEMPERATURE  AND  OXYGEN 
STRESS  AMONG  GENOTYPES  OF  DAPHNIA 
PULEX  AND  SIMOCEPHALUS  VETULUS 
(CLADOCERA,  DAPHNIIDAE)  IN  RELATION 
TO  ENVIRONMENTAL  CONDITIONS. 
Manitoba  Univ.,  Winnipeg.  Dept.  of  Zoology. 
S.  LaBerge,  and  B.  J.  Hann. 

Canadian  Journal  of  Zoology  CJZOAG,  Vol.  68, 
No.  11,  p  2257-2263,  November  1990.  2  fie,  4  tab, 
37  ref. 

Descriptors:  'Aquatic  animals,  'Aquatic  environ- 
ment, 'Ecosystems,  'Environmental  effects,  'Ge- 
netics, 'Limnology,  'Oxygen  requirements,  'Spe- 
cies diversity,  'Temperature  effects,  'Waterfleas, 
Animal  physiology,  Electrophoresis,  Environment, 
Oxygen  depletion,  Temporal  variation,  Tolerance. 

The  interactions  among  the  genetics,  physiology, 
and  ecology  of  Daphnia  pulex  and  Simocephalus 
vetulus  inhabiting  an  ephemeral  pond  were  investi- 
gated. Electrophoretic  analysis  of  four  loci  re- 
vealed high  genetic  diversity  and  genotype  exist- 
ence within  each  species.  In  a  total  of  227  D.  pulex 
individuals,  92  unique  genotypes  were  found,  and 
for  112  S.  vetulus  individuals,  18  unique  genotypes 
were  found.  Daphnia  pulex  inhabited  the  pond 
early  in  the  summer,  but  later  S.  vetulus  became 
dominant.  Biweekly  sampling  through  the  open 
water  period  allowed  environmental  parameters 
such  as  water  temperature  and  oxygen  saturation 
to  be  monitored,  and  the  condition  of  the  animals 
to  be  monitored  via  egg  number,  lipid  content  and 
ovary  development,  carapace  length,  and  hemo- 
globin content.  In  laboratory  experiments,  S.  vetu- 
lus was  found  to  be  more  tolerant  of  high  tempera- 
ture and  low  oxygen  saturation  than  D.  pulex.  In 
addition  to  these  interspecific  tolerance  differ- 
ences, there  were  genotypic  differences  within 
each  species  in  temperature  tolerances.  The  labora- 
tory-determined genetic  and  physiological  differ- 
ences within  and  between  species  have  been  relat- 
ed to  the  temporal  variation  in  environmental  con- 
ditions experienced  directly  in  the  pond.  Thus,  the 
rapid  changes  in  pond  conditions  appear  to  play  a 
large  role  in  determining  the  species  and  genotypes 
able  to  exist  in  such  an  unpredictable  environment. 
(Author's  abstract) 
W9 1-04908 


For  primary  bibliographic  entry  see  Field  7C. 
W9 1-03944 


CORRELATION  OF  REFLECTANCE  AND 
CHLOROPHYLL  FLUORESCENCE  SIGNA- 
TURES OF  HEALTHY  AND  DAMAGED 
FOREST  TREES. 

Karlsruhe  Univ.  (Germany,  F.R.).  Botanisches 
Inst.  II. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03946 


CORRELATION  OF  RADAR  REFLECTIVITY 
AND  CHLOROPHYLL  FLUORESCENCE  OF 
FOREST  TREES. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Elek- 
trotechnische  Gundlagen  der  Informatik. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03947 


WATER  RELATIONS  OF  A  WALNUT  OR- 
CHARD: SIMULTANEOUS  MEASUREMENT 
WITH  REMOTE  SENSING. 

Michigan  Univ.,  Ann  Arbor.   Biological   Station. 
For  primary  bibliographic  entry  see  Field  7B 
W9 1-03966 


ECOLOGY  AND  MANAGEMENT  OF  WATER 
PLANTS  IN  LOWLAND  STREAMS. 

For  primary  bibliographic  entry  see  Field  4A. 
W9 1-03968 


GROUNDWATER  AND  WETLAND  CONTRI- 
BUTIONS TO  STREAM  ACIDIFICATION:  AN 
ISOTOPIC  ANALYSIS. 

Trent  Univ.,  Peterborough  (Ontario).  Watershed 
Ecosystems  Program. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04928 
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IGARSS  '88.  REMOTE  SENSING:  MOVING  TO- 
WARDS THE  21ST  CENTURY. 


RELATIVE  DROUGHT  RESISTANCE  OF  TRIS- 
TANIOPSIS  LAURINA  AND  ACMENA 
SMITHII  FROM  RIPARIAN  WARM  TEMPER- 
ATE RAINFOREST  IN  VICTORIA. 

Melbourne  Univ.,  Parkville  (Australia).   Dept.  of 

Botany. 

D.  R.  Melick. 

Australian  Journal  of  Botany  AJBTAP,  Vol    38 

No.  4,  p  361-370,  1990.  2  fig,  2  tab,  28  ref. 

Descriptors:  'Australia,  'Drought  resistance, 
•Plant-water  relationships,  'Rain  forests,  'Riparian 
vegetation,  Drought  effects,  Leaves,  Plant  physiol- 
ogy, Temperate  zone,  Wilting. 

The  drought  tolerances  of  the  warm  temperate 
rainforest  species  Tristaniopsis  laurina  and  Acmena 
smithii  were  examined.  Using  pressure  bomb  tech- 
niques the  tissue  water  relations  of  hardened  juve- 
nile and  adult  material  were  measured.  T.  laurina 
showed  relatively  little  physiological  drought  tol- 
erance in  either  the  juvenile  or  adult  plants,  where- 
as A.  smithii  showed  an  increase  in  physiological 
drought  tolerance  in  adult  plants.  Direct  observa- 
tions of  droughted  hardened  9-month-old  seedlings 
revealed  a  relatively  high  leaf  conductance  in  T. 
laurina  seedlings  with  wilting  becoming  general- 
ized after  9  days  of  draughting.  All  T.  laurina 
plants  rehydrated  after  15  days  of  drought  sur- 
vived albeit  with  significant  leaf  abscission,  but 
only  2  of  the  5  plants  rehydrated  after  20  days  of 
drought  recovered  and  these  were  defoliated.  Sto- 
matal  resistances  were  higher  in  droughted  A. 
smithii  seedlings  and  wilting  did  not  become  gener- 
alized until  after  14  days  of  draughting.  All  A. 
smithii  plants  recovered  when  rehydrated  after  20 
days  of  draughting  with  little  or  no  sign  of  leaf 
abscission.  Leaves  of  T.  laurina  and  A.  smithii 
became  scorched  when  subjected  to  temperatures 
of  50  degrees  celsius  and  60  degrees  Celsius  respec- 
tively. These  differences  may  be  very  important  in 
delimiting  the  distribution  of  these  species  in  the 
relatively  dry  warm  temperate  rainforest  commu- 
nities of  the  Gippsland  region  in  the  state  of  Victo- 
ria, Australia.  (See  also  W91-04055)  (Author's  ab- 
stract) 
W9 1-04054 


FLOOD  RESISTANCE  OF  TRISTANIOPSIS 
LAURINA  AND  ACMENA  SMITHII  FROM  RI- 
PARIAN WARM  TEMPERATE  RAINFOREST 
IN  VICTORIA. 

Melbourne  Univ.,  Parkville  (Australia).  Dept.  of 

Botany. 

D.  R.  Melick. 


Australian  Journal  of  Botany  AJBTAP,  Vol  38 
No.  4,  p  371-381,  1990.  5  fig,  2  tab,  26  ref. 

Descriptors:  'Australia,  'Flood  resistance,  'Plant- 
water  relationships,  'Rain  forests,  'Riparian  vege- 
tation, Flood  damage,  Light  effects,  Plant  growth, 
Temperate  zone,  Vegetation  regrowth. 

The  responses  of  seedlings  of  Tristaniopsis  laurina 
and  Acmena  smithii,  two  important  tree  species  in 
riparian  warm  temperate  rainforest  communities  in 
the  state  of  Victoria,  Australia,  were  investigated 
in  relation  to  flood  disturbances.  Freshly  germinat- 
ed A.  smithii  seedlings  died  within  5  weeks  of 
complete  waterlogging  in  the  greenhouse,  and  al- 
though the  young  T.  laurina  seedlings  survived 
waterlogging  for  14  weeks,  their  growth  rate  was 
curtailed.  Nine-month-old  seedlings  of  both  species 
were  found  to  be  relatively  tolerant  to  waterlog- 
ging, forming  aerenchymatous  surface  roots  after 
40  days  of  flooding.  Neither  species  suffered  leaf 
abscission  or  demonstrated  any  other  signs  of 
water  stress  commonly  associated  with  flood  intol- 
erant species.  In  experiments  to  determine  the  resil- 
ience of  these  species  to  physical  flood  damage, 
both  species  also  demonstrated  a  capacity  to  regen- 
erate vegetatively  following  the  removal  of  above- 
ground  parts  in  young  seedlings.  The  heartwood  of 
T.  laurina  was  found  to  be  more  decay  resistant 
than  that  of  other  species  in  the  field  including  that 
of  A.  smithii.  T.  laurina  is  well  adapted  to  flood 
regimes,  requiring  moist,  relatively  high-light  envi- 
ronments for  seedling  growth  and  development; 
thus,  it  is  restricted  to  flood-disturbed  environ- 
ments within  the  rainforest.  However,  A.  smithii, 
although  able  to  survive  flood  disturbance  is  also 
capable  of  regeneration  within  an  undisturbed  rain- 
forest away  from  riparian  sites  due  to  its  greater 
drought  and  shade  tolerance.  (See  also  W9 1-04054) 
(Fleishman-PTT) 
W9 1-04055 


COMMUNITY  PATTERNS  AND  ENVIRON- 
MENTAL GRADIENTS  OF  BUTTONBUSH,  CE- 
PHALANTHUS  OCCIDENTALS,  PONDS  IN 
LOWLAND  FORESTS  OF  SOUTHERN  ON- 
TARIO. 

Minnesota  Univ.,  Minneapolis.  Dept.  of  Ecology 
and  Behavioral  Biology. 
D.  Faber-Langendoen,  and  P.  F.  Maycock. 
Canadian   Field-Naturalist   CAFNAK,   Vol.    103, 
No.  4,  p  479-485,  October/December  1989.  3  fie,  3 
tab,  17  ref. 

Descriptors:  'Environmental  gradient,  'Forest 
ecosystems,  'Limnology,  'Ontario,  'Plant-water 
relationships,  'Ponds,  'Wetlands,  Ecological  dis- 
tribution, Emergent  aquatic  plants,  Flooding,  Spe- 
cies composition,  Species  diversity. 

Ten  buttonbush  (Cephalanthus  occidentalis)  ponds 
in  two  lowland  forests  of  southern  Ontario  were 
sampled  for  plant  composition  and  environmental 
factors.  Species  presence  was  recorded  in  four 
zones:  forest,  mound,  platform,  and  emergent. 
Water  fluctuations  were  measured  for  2  years. 
Species  distributions  across  zones  within  sites 
(coarse-scale  gradient)  were  limited  by  steep  envi- 
ronmental gradients  related  to  permanent  inunda- 
tion and  presence  or  absence  of  flooding  between 
the  pond  and  forest  floor.  Cephalanthus  occidenta- 
lis, Fraxinus  pennsylvanica  (green  ash),  Ulmus 
americana  (American  elm),  and  Acer  saccharinum 
(silver  maple)  were  the  only  woody  taxa  more 
common  in  the  platform  than  in  the  forest  zone. 
Cephalanthus  was  restricted  primarily  to  the  plat- 
form and  emergent  zones.  Species  richness  de- 
clined from  forest  to  emergent  zone.  Species  distri- 
butions between  ponds  for  the  platform  zone  only 
(fine-scale  gradient)  were  analyzed  by  detrended 
correspondence  analysis.  The  primary  composi- 
tional gradient  was  correlated  with  variation  in 
water  fluctuations,  pond  size,  and  soil  moisture. 
Abundance  patterns  for  Cephalanthus,  however, 
were  influenced  by  another  factor:  water  depth. 
These  analyses  suggest  how  two  scales  of  environ- 
mental gradients  influence  species  distributions 
within  buttonbush  ponds;  the  zonal  coarse-scale 
gradient  caused  by  flooded/not  flooded  conditions, 
and  the  fine-scale  continuous  gradient  caused  by 
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variations   between    ponds    in    water    fluctuation 
within  a  zone.  (Author's  abstract) 
W9 1-04056 


RAINFALL  INTERCEPTION  IN  TWO  TROPI- 
CAL MONTANE  RAIN  FORESTS,  COLOMBIA. 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Plant  Ecology. 

E.  J.  Veneklaas,  and  R.  Van  Ek. 

Hydrological  Processes  HYPRE3,  Vol.  4,  No.  4,  p 

311-326,  October/December  1990.  10  fig,  4  tab,  32 

ref.  Netherlands  Foundation  for  the  Advancement 

of  Tropical  Research  W84-236. 

Descriptors:  'Colombia,  *Interception,  *Rain  for- 
ests, 'Storage  capacity,  *Tropical  regions,  Andes 
Mountains,  Canopy,  Epiphytes,  Evaporation,  Hy- 
drologic  budget,  Mountains,  Rainfall  distribution. 

Rainfall  interception  was  studied  during  one  com- 
plete year  in  two  montane  rain  forests  in  the  Co- 
lombian Andes  at  altitudes  of  2550  and  3370  m. 
Additional  measurements  were  made  in  a  subse- 
quent period  at  3370  m,  comparing  two  plots  with 
different  tree  genera.  Special  attention  was  paid  to 
the  possible  consequences  of  the  abundant  epiphy- 
tic vegetation,  representing  a  high  but  spatially 
variable  storage  capacity.  On  an  annual  basis,  inter- 
ception amounted  to  262  mm  (12.4%)  of  2115  mm 
incident  precipitation  at  2550  m,  and  to  265  mm 
(18.3%)  of  1453  mm  incident  precipitation  at  3370 
m.  There  was  no  evidence  for  fog  precipitation. 
The  fact  that,  in  spite  of  lower  annual  rainfall  and 
lower  evaporation  rate,  absolute  quantity  of  inter- 
ception at  3370  m  was  not  lower  than  at  2440  m  is 
probably  related  to  differences  in  rainfall  distribu- 
tion and  canopy  storage  capacities.  The  different 
responses  of  the  two  tree  genera  (characterized  by 
distinct  epiphyte  cover)  and  the  lower  interception 
after  prolonged  wet  periods  support  the  idea  that 
epiphytes  play  a  significant  role  in  the  interception 
process.  A  realistic  description  of  the  water  bal- 
ance of  such  ecosystems  will  require  the  adaptation 
of  existing  interception  models.  (Author's  abstract) 
W91-04101 


NATURAL  CONSUMPTIVE  USE  BY  TULES, 
GRASSLANDS,  AND  RIPARIAN  FORESTS, 
CALIFORNIA  CENTRAL  VALLEY. 

D.  R.  Dawdy. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  621-631,  1  fig,  7  tab,  27  ref. 

Descriptors:  'California,  *Consumptive  use,  'En- 
vironmental effects,  *Land  use,  'Plant- water  rela- 
tionships, *Water  resources  development,  *Water 
use,  'Water  use  data,  Grasslands,  Riparian  vegeta- 
tion, River  flow,  Runoff,  San  Francisco  Bay, 
Water  loss. 

The  California  State  Water  Resources  Control 
Board  is  conducting  hearings  to  set  quantity  and 
quality  standards  for  river  flows  into  San  Francis- 
co Bay.  Comparisons  of  present  conditions  with 
'natural  conditions'  prior  to  European  settlement 
were  introduced  into  the  hearings.  Consumptive 
use  relations  were  developed  for  various  riparian 
and  water-related  plants,  and  estimates  of  the  total 
annual  volume  of  runoff  production  and  consump- 
tive use  were  developed.  Consumptive  losses 
under  natural  conditions  in  the  Central  Valley  of 
California  were  on  the  order  of  11  to  15  million 
acre-feet/year  with  an  average  net  outflow  on  the 
order  of  the  magnitude  of  the  unimpaired  flow. 
The  phase  has  shifted  from  the  natural  to  the 
unimpaired  condition  with  elimination  of  natural 
storage  in  the  system.  Development  of  the  basin 
has  reduced  outflows  to  the  Bay,  and  further  de- 
velopment will  reduce  the  flows  even  more.  (See 
also  W91-04161)  (Lantz-PTT) 
W9 1-04227 


MONITORING  MOISTURE  STORAGE  IN 
TREES  USING  TIME  DOMAIN  REFLECTOM- 
ETRY. 

Geological  Survey,  Menlo  Park,  CA. 

J.  Constantz,  and  F.  Murphy. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 


4,  p  31-42,  November  1990.  7  fig,  1  tab,  17  ref. 

Descriptors:  'Instrumentation,  'Measuring  instru- 
ments, 'Plant- water  relationships,  'Trees,  Califor- 
nia, Monitoring,  On-site  tests,  Performance  evalua- 
tion, Soil  water,  Time  domain  reflectometry, 
Walnut  trees,  Water  storage. 

Laboratory  and  field  tests  were  performed  to  ex- 
amine the  feasibility  of  using  time  domain  reflec- 
trometry  (TDR)  to  monitor  changes  in  the  mois- 
ture storage  of  the  woody  parts  of  trees.  To  serve 
as  wave  guides  for  the  TDR  signal,  pairs  of  stain- 
less steel  rods  (13  cm  long,  0.32  cm  in  diameter, 
and  2.5  cm  separation)  were  driven  into  parallel 
pilot  holes  drilled  into  the  woody  parts  of  trees, 
and  a  cable  testing  oscilloscope  was  used  to  deter- 
mine the  apparent  dielectric  constant.  A  calibration 
curve  was  developed  and  used  to  estimate  the 
volumetric  water  content  to  a  dept  of  13  cm  in 
living  trees.  One  field  experiment  was  conducted 
on  an  English  walnut  tree  (Juglans  regia)  with  a 
diameter  of  40  cm,  growing  in  a  flood-irrigated 
orchard  on  a  Hanford  sandy  loam  near  Modesto, 
California.  The  moisture  content  determined  by 
TDR  showed  a  gradual  decrease  from  0.44  to  0.42 
cu  cm/cu  cm  over  a  2-wk  period  prior  to  flood 
irrigation,  followed  by  a  rapid  rise  to  0.47  cu  cm/ 
cu  cm  over  a  4-day  period  after  irrigation,  then 
again  a  gradual  decline  approaching  the  next  irri- 
gation. A  second  field  experiment  was  made  on  10 
evergreen  and  deciduous  trees  with  diameters 
ranging  from  30  to  120  cm,  growing  in  the  foothills 
of  the  Coast  Range  of  central  California.  Most 
trees  showed  an  early  spring  maximum  in  moisture 
content  determined  by  TDR  associated  with  leaf 
growth,  and  a  late  summer  minimum  in  moisture 
content  associated  with  the  end  of  the  dry  season. 
Moisture  contents  ranged  from  0.20  to  0.70  cu  cm/ 
cu  cm,  with  an  annual  percentage  change  in  mois- 
ture of  15-70%  depending  on  species  and  environ- 
mental conditions.  A  final  field  test  was  performed 
in  northern  New  Mexico  to  examine  the  effect  of 
trunk  freezing  on  TDR  measurements.  This  test 
confirmed  that  freezing  conditions  were  recorded 
as  a  total  loss  of  liquid  water  by  the  TDR  method. 
These  results  suggest  that  further  TDR  calibration 
of  wood,  plus  some  understanding  of  the  relation 
between  tree  moisture  and  physiological  stress, 
could  be  useful  to  several  disciplines,  ranging  from 
irrigation  scheduling  to  watershed  management  to 
forest  ecology.  (Author's  abstract) 
W9 1-04388 


RESPONSE  OF  YELLOW-POPLAR  (LIRIO- 
DENDRON  TULIPIFERA  L.)  SEEDLINGS  TO 
SIMULATED  ACID  RAIN  AND  OZONE-2. 
EFFECT  ON  THROUGHFALL  CHEMISTRY 
AND  NUTRIENTS  IN  THE  LEAVES. 
Northeastern  Forest  Experiment  Station,  Dela- 
ware, OH. 
G.  A.  Schier. 

Environmental  and  Experimental  Botany 
EEBODM,  Vol.  30,  No.  3,  p  325-331,  July  1990.  6 
tab,  17  ref. 

Descriptors:  'Acid  rain  effects,  'Nutrition, 
'Ozone,  'Throughfall,  'Water  chemistry,  'Yellow 
poplar,  Hydrogen  ion  concentration,  Iron,  Leach- 
ing, Manganese,  Plant  metabolism,  Plant  physiolo- 
gy, Zinc. 

Each  week  1 -year-old  yellow-poplar  seedlings 
grown  in  a  greenhouse  were  fumigated  with  0.0, 
0.05,  0.1,  or  0.2  microl/L  ozone  for  8  hours  on  3 
consecutive  days  and  treated  once  with  1.25  cm 
simulated  acid  rain  of  pH  5.5,  4.0,  and  3.0.  Effects 
of  ozone  and  acid  rain  on  throughfall  chemistry 
after  16  weeks  of  treatment  and  on  mineral  ele- 
ments in  the  foliage  of  seedlings  harvested  on 
September  1  were  determined.  Except  for  potassi- 
um, the  concentration  of  elements  detected  in 
throughfall  (potassium,  calcium,  magnesium,  iron 
and  zinc)  grew  with  increasing  acidity  of  the  rain 
solution.  Foliar  leaching  of  mineral  elements  by 
pH  3.0  rain  was  increased  by  high  levels  of  ozone. 
The  concentration  of  most  elements  in  yellow- 
poplar  leaves  was  affected  by  ozone  or  rain  acidi- 
ty. Rains  of  high  acidity  (<pH  5.5)  increased  the 
concentrations  of  nitrogen,  potassium,  phosphorus, 
calcium  and  manganese  in  seedling  leaves.  Ozone 
treatment  increased  the  concentration  of  manga- 


nese, iron,  and  zinc.  The  concentration  of  manga- 
nese showed  the  greatest  response  to  treatment 
with  ozone  or  acid  rain.  (Author's  abstract) 
W91-04451 


FOLIAR  RETENTION  OF  15-N-NITRATE  AND 
15-N-AMMONIUM  BY  RED  MAPLE  (ACER 
RUBRUM)  AND  WHITE  OAK  (QUERCUS 
ALBA)  LEAVES  FROM  SIMULATED  RAIN. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04452 


ARTIFICIAL  SEDIMENTS  FOR  USE  IN  TESTS 
WITH  WETLAND  PLANTS. 

Environmental  Protection  Agency,  Gulf  Breeze, 
FL.  Gulf  Breeze  Environmental  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-04453 


ESTIMATION  OF  TRANSPIRATION  BY 
SINGLE  TREES:  COMPARISON  OF  A  VENTI- 
LATED CHAMBER,  LEAF  ENERGY  BUDGETS 
AND  A  COMBINATION  EQUATION. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Clayton  (Australia).  Div.  of  Forestry 
and  Forest  Products. 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-04484 


STOMATAL  RESISTANCE  MODEL  ILLUS- 
TRATING PLANT  VS.  EXTERNAL  CONTROL 
OF  TRANSPIRATION. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Meteorology. 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-04489 


REMOTE  ESTIMATION  OF  SOIL  MOISTURE 
AVAILABILITY  AND  FRACTIONAL  VEGETA- 
TION COVER  FOR  AGRICULTURAL  FIELDS. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Meteorology. 

For  primary  bibliographic  entry   see   Field   2G. 

W91-04491 


AQUA,  A  MODEL  TO  EVALUATE  WATER 
DEFICITS  AND  EXCESSES  IN  TROPICAL 
CROPPING:  PART  II.  REGIONAL  YIELD  PRE- 
DICTION. 

Costa  Rica  Univ.,  San  Jose.  Dept.  of  Agricultural 

Engineering. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-04494 


PRECIPITATION  AND  TEMPERATURE  RE- 
GIMES IN  UPLAND  BALOCHISTAN:  THEIR 
INFLUENCE  ON  RAIN-FED  CROP  PRODUC- 
TION. 

International  Center  for  Agricultural  Research  in 

the  Dry  Areas. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-04498 


CARBON  DIOXIDE  AND  WATER  LEVEL  EF- 
FECTS ON  YIELD  AND  WATER  USE  OF 
WINTER  WHEAT. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Agrono- 
my. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04499 


WATER  USE  BY  MONOCROPPED  AND  IN- 
TERCROPPED COWPEA  AND  SORGHUM 
GROWN  AFTER  RICE. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04500 
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LINE-SOURCE  VS.  IRRIGATED/NONIRRI- 
GATED  TREATMENTS  FOR  EVALUATION  OF 
GENOTYPE  DROUGHT  RESPONSE. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Patancheru  (India).  Cereals  Pro- 
gram. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04501 


ROOT  ZONE  WATER  BALANCES  OF  THREE 
LOW-INPUT  MILLET  FIELDS  IN  NIGER 
WEST  AFRICA. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Soil  and  Crop  Sciences. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-04504 


CANOPY  TEMPERATURE  AND  STOMATAL 
CONDUCTANCE  OF  WATER-STRESSED  DOR- 
MANT AND  NONDORMANT  ALFALFA 
TYPES. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04507 


GROWTH  RESPONSES,  ION  RELATIONS, 
AND  OSMOTIC  ADAPTATIONS  OF  ELEVEN 
C4  TURFGRASSES  TO  SALINITY. 

Hawaii  Univ.,  Honolulu.   Dept.  of  Horticulture. 
For  primary  bibliographic  entry  see  Field  3C. 
W9 1-04508 


EFFECT  OF  TILLAGE  ON  SOIL  WATER  AND 
ALFALFA  ESTABLISHMENT  IN  CORN  STUB- 
BLE. 

For  primary  bibliographic  entry  see  Field  3F. 
W91-04537 


EFFECTS  OF  NITROGEN  AND  WATER  MAN- 
AGEMENT PRACTICES  ON  YIELD,  GRAIN 
QUALITY,  AND  MILLING  OUT-TURN  OF 
RICE. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 
For  primary  bibliographic  entry  see  Field  3F. 
W91-04538 


GROWTH  RESPONSE  OF  PHASEOLUS  VUL- 
GARIS TO  VARYING  SALINITY  REGIMES. 

Oklahoma  Univ.,  Norman.  Dept.  of  Botany  and 

Microbiology. 

For  primary  bibliographic  entry  see  Field  3C. 

W9 1-04559 


EFFECT  OF  SIMULATED  ACIDIC  FOG  ON 
CARBOHYDRATE  LEACHING,  C02  ASSIMI- 
LATION AND  DEVELOPMENT  OF  DAMAGE 
SYMPTOMS  IN  YOUNG  SPRUCE  TREES 
(PICEA  ABIES  L.  KARST). 

Giessen  Univ.  (Germany,  F.R.).  Inst,  of  Plant  Nu- 
trition. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04560 


EFFECTS    OF    IRRIGATION    REGIMES    ON 
YIELD  AND  WATER  USE  BY  SWEETPOTATO. 

Georgia  Coastal  Plain  Experiment  Station,  Tifton. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04564 


RESPONSE  OF  SEED  CARROT  TO  VARIOUS 
WATER  REGIMES:  I.  VEGETATIVE  GROWTH 
AND  PLANT  WATER  RELATIONS. 

Agricultural  Research  Service,  Fresno,  CA.  Water 
Management  Research  Lab. 
R.  B.  Hutmacher,  J.  J.  Steiner,  J.  E.  Ayars,  A.  B. 
Mantel,  and  S.  S.  Vail. 

Journal  of  the  American  Society  for  Horticultural 
Science  JOSHB5,  Vol.  115,  No.  5,  p  715-721,  Sep- 
tember 1990.  6  fig,  5  tab,  14  ref. 

Descriptors:  'Carrots,  'Irrigation  requirements, 
•Plant  growth,  'Seeds,  'Soil  moisture  deficiency, 
•Soil-water-plant  relationships,  Crop  yield, 
Drought  effects,  Evapotranspiration,  Hydrological 
regime,  Leaves,  Loam,  Moisture  tension,  Roots, 
Sand,  Soil  water,  Water  stress. 


Regions  for  successful  production  of  carrot  seed 
are  generally  restricted  to  those  with  negligible 
summer  rainfall  to  provide  acceptable  drying  con- 
ditions for  the  seed  before  harvest.  The  influence 
of  irrigation  frequency  and  the  severity  and  rate  of 
development  of  soil  water  deficits  on  the  vegeta- 
tive growth  and  water  status  of  carrots  (Daucus 
carota  L.  var.  sativa  DC.)  grown  for  seed  were 
investigated  in  a  fine  sandy  loam  soil.  Beginning 
with  the  period  of  rapid  development  of  primary 
umbels,  various  irrigation  frequencies  (daily  vs. 
intervals  corresponding  to  30  mm  of  accumulated 
crop  evapotranspiration  (ET))  were  investigated  at 
irrigation  rates  ranging  from  40%  to  120%  of 
estimated  ET.  The  magnitude  and  rate  of  develop- 
ment of  soil  water  deficits  markedly  influenced 
carrot  responses  to  developing  water  deficits.  Sto- 
matal  conductance  and  leaf  water  potential  meas- 
urements exhibited  some  potential  for  use  in  irriga- 
tion scheduling  and  were  the  most  sensitive  and 
consistent  indicators  of  plant  water  status.  Under 
low-frequency  continuous-deficit  irrigation,  a  com- 
bination of  moderate  reductions  in  stomatal  con- 
ductance and  major  reductions  in  peak  leaf  area 
and  late-season  maintenance  of  viable  leaf  area 
occurred.  These  responses  were  effective  water- 
conserving  mechanisms,  allowing  growth  at  a  re- 
duced rate  and  continued  development  of  viable 
seed.  In  contrast,  rapid  development  of  soil  water 
deficits  resulted  in  nearly  complete  stomatal  clo- 
sure, cessation  of  growth,  and  rapid  reductions  in 
leaf  area.  (See  also  W9 1-04566)  (Author's  abstract) 
W9 1-04565 


RESPONSE  OF  SEED  CARROT  TO  VARIOUS 
WATER  REGIMES:  II.  REPRODUCTIVE  DE- 
VELOPMENT, SEED  YIELD,  AND  SEED 
QUALITY. 

National  Forage  Seed  Production  Research 
Center,  Corvallis,  OR. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04566 


YIELD  OF  SUCCESSIVELY  CROPPED  POLY- 
ETHYLENE-MULCHED VEGETABLES  AS  AF- 
FECTED BY  IRRIGATION  METHOD  AND 
FERTILIZATION  MANAGEMENT. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04567 


23.  Erosion  and  Sedimentation 


QUANTITATIVE  REMOTE  DETECTION  OF 
SUSPENDED  SEDIMENT  CONTENT  AND 
CHLOROPHYLL  CONCENTRATION  OF 
WATER  IN  DIFFERENT  DEPTHS. 

Institute  of  Karst  Geology,  Guilin  (China). 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03949 


IMPACT  OF  MULTIVIEWING  REFLECTANCE 
DATA  ON  THE  ESTIMATION  OF  SUSPEND- 
ED SEDIMENT  CONCENTRATION. 

Instituto  de  Pesquisas  Espaciais,  Sao  Jose  dos 
Campos  (Brazil). 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03951 


MONITORING  OF  SUSPENDED  SEDIMENTS 
IN  JATILUHUR  RESERVOIR  USING  SATEL- 
LITE IMAGES. 

Waterloopkundig     Lab.     te     Delft,     Emmeloord 
(Netherlands).  De  Voorst  Lab. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03954 


WETLAND  SOIL  FORMATION  IN  THE  RAP- 
IDLY SUBSIDING  MISSISSIPPI  RIVER  DEL- 
TAIC PLAIN:  MINERAL  AND  ORGANIC 
MATTER  RELATIONSHIPS. 

Louisiana  State  Univ.,  Baton  Rouge.  Center  for 
Wetland  Resources. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-03978 


DISSOLUTION  OF  FELDSPARS  IN  THE 
PRESENCE  OF  NATURAL,  ORGANIC  SO- 
LUTES. 

Sveriges    Lantbruksuniversitet,    Umea.    Dept.    of 

Forest  Site  Research. 

U.  Lundstrom,  and  L.-O.  Ohman. 

Journal  of  Soil  Science  JSSCAH,  Vol.  41,  No  3,  p 

359-369,  September  1990.  5  fig,  4  tab,  26  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Disso- 
lution, 'Feldspar,  'Hydrogen  ion  concentration, 
•Organic  compounds,  •Solutes,  'Weathering,  Acid 
precipitation,  Acidification,  Groundwater,  Micro- 
organisms, Plant  growth,  Silt,  Soil  chemistry,  Soil 
genesis,  Soil  water,  Streamflow,  Suspended  solids, 
Temporal  distribution. 

Chemical  weathering  is  the  only  long-term  soil 
process,  apart  from  transitory  reduction  processes, 
by  which  hydrogen  ions  emanating  from  growing 
plants  or  from  acid  precipitation  can  be  neutral- 
ized. The  rate  at  which  a  soil  is  weathered  deter- 
mines its  sensitivity  to  acidification.  The  dissolu- 
tion rates  of  feldspars  in  the  presence  of  naturally 
occurring  organic  solutes  were  compared  at  pH 
5.1.  Natural  silt  or  ground  feldspar  minerals  were 
suspended  in  water,  stream  water,  soil  water,  water 
extracts  of  peat  and  mor  and  a  citrate  solution  for 
approximately  100  days.  The  increase  of  major 
cations  and  silicic  acid  in  the  aqueous  phase  was 
determined  by  periodic  sampling  and  rates  of  dis- 
solution were  calculated  when  concentration  in- 
creased linearly  with  time.  The  dissolution  rate  for 
the  major  cations  was  2.7  +/-0.9  (n  =  3)  times 
greater  for  stream  water  and  2.4  +/-0.4  (n  =  5) 
times  greater  for  mor  and  peat  extract  than  for 
distilled  water.  For  citrate,  the  rate  was  greater  by 
1.7  +/-0.3  (n  =  3)  times.  By  inoculating  the  suspen- 
sions with  microorganisms  weathering  rates  de- 
creased to  the  value  for  distilled  water,  suggesting 
that  the  microorganisms  consumed  some  active 
fraction  of  the  organic  solutes.  (Author's  abstract) 
W9 1-03986 


SOIL  ORGANIC  MATTER,  AIR  ENCAPSULA- 
TION AND  WATER-STABLE  AGGREGATION. 

Sydney  Univ.  (Australia).  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2G 
W9 1-03988 


DYNAMIC  BEHAVIOR  OF  SUSPENDED  SEDI- 
MENT CONCENTRATIONS  IN  A  SHALLOW 
LAKE  PERTURBED  BY  EPISODIC  WIND 
EVENTS. 

North  Carolina  Univ.  at  Morehead  City.  Inst,  of 
Marine  Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-03997 


DENTTRIFICATION  AND  PHOTOSYNTHESIS 
IN  STREAM  SEDIMENT  STUDIED  WITH  MI- 
CROSENSOR  AND  WHOLE-CORE  TECH- 
NIQUES. 

Aarhus  Univ.   (Denmark).   Inst,   of  Ecology  and 

Genetics. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-03999 


COLLECTION  AND  ANALYSIS  OF  COLLOI- 
DAL PARTICLES  TRANSPORTED  IN  THE 
MISSISSIPPI  RIVER,  U.S.A. 

Geological  Survey,  San  Diego,  CA. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04030 


MODELING  OF  STRONTIUM  SORPTION 
AND  SPECIATION  IN  A  NATURAL  SEDI- 
MENT-GROUND WATER  SYSTEM. 

Technische  Univ.  Muenchen,  Garching  (Germany, 
F.R.).  Lehrstuhl  und  Inst,  fuer  Radiochemie. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04032 


SORPTION  OF  N-HETEROCYCLIC  COM- 
POUNDS ON  REFERENCE  AND  SUBSUR- 
FACE SMECTITE  CLAY  ISOLATES. 
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WATER  CYCLE— Field  2 
Erosion  and  Sedimentation — Group  2J 


Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04033 


THICK  AND  FAST:  SEDIMENTATION  IN  A 
PLEISTOCENE  FIORD  LAKE  OF  BRITISH 
COLUMBIA,  CANADA. 

Toronto  Univ.  (Ontario).  Dept.  of  Geology. 
N.  Eyles,  H.  T.  Mullins,  and  A.  C.  Hine. 
Geology  GLGYBA,  Vol.  18,  No.  11,  p  1153-1157, 
November  1990.  4  fig,  21  ref. 

Descriptors:  'Canada,  *Fjords,  *Geohydrology, 
•Glaciohydrology,  *Lake  sediments,  'Paleohydro- 
logy,  *Sedimentation,  Geologic  history,  Glacial 
sediments,  Glaciation,  Lake  basins,  Seismic  explo- 
ration, Snowmelt. 

The  central  interior  plateau  of  British  Columbia, 
Canada,  is  dissected  by  numerous  elongate,  glacial- 
ly overdeepened  lake  basins  akin  to  coastal  fjords. 
An  air-gun  seismic-reflection  investigation  (242  km 
of  trackline)  of  Okanagan  Lake  (120  km  long,  3.5 
km  wide)  shows  that  the  Pleistocene  sediment  fill 
is  up  to  792  m  thick  and  that  bedrock  has  been 
excavated  by  repeated  Pleistocene  glacial  erosion 
to  nearly  650  m  below  sea  level.  The  depth  of 
bedrock  incision  below  the  surrounding  plateau  is 
more  than  2000  m,  exceeding  that  of  the  Grand 
Canyon  in  Arizona.  The  total  volume  of  sediment 
infill  within  the  narrow  trenchlike  basin  is  more 
than  90  cu  km,  and  several  lines  of  evidence  sug- 
gest that  this  fill  accumulated  rapidly  during  a 
single  phase  of  glaciolacustrine  sedimentation 
during  late  Wisconsin  deglaciation  of  the  region 
after  15  ka.  Similar  fjord-lake  basins,  up  to  100  km 
long,  are  common  in  the  interior  of  British  Colum- 
bia. If  the  data  from  Okanagan  are  representative, 
these  basins  may  represent  a  major  previously  un- 
recognized component  of  the  total  glacial  sediment 
flux  to  the  ocean.  Overdeepening  below  sea  level 
and  the  focusing  of  large  volumes  of  glacial  sedi- 
ment and  meltwater  into  such  basins  are  of  consid- 
erable glaciologic  significance  and  may  record  the 
fast,  unstable  flow  of  'ice  streams'  during  deglacia- 
tion of  the  Cordilleran  ice  sheet.  (Author's  ab- 
stract) 
W91-04110 


ASSESSMENT  OF  RUNOFF  AND  SUSPENDED 
SEDIMENT  YIELD  IN  A  PARTIALLY  FOR- 
ESTED CATCHMENT  IN  SOUTHERN  CHILE. 

Universidad  Austral  de  Chile,  Valdivia.  Inst,  de 

Manajo  Forestal. 

For  primary  bibliographic  entry  see  Field  4C. 

W91-04118 


AT-A-POINT  BED  LOAD  SAMPLING  IN  THE 
PRESENCE  OF  DUNES. 

Indiana  State  Univ.,  Terre  Haute.  Dept.  of  Geog- 
raphy and  Geology. 

B.  Gomez,  D.  W.  Hubbell,  and  H.  H.  Stevens. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  11,  p  2717-2731,  November  1990.  13  fig,  5  tab, 
33  ref. 

Descriptors:  *Bed  load,  *Bottom  sampling,  *Data 
acquisition,  *Dunes,  'Sampling,  'Sediment  trans- 
port, 'Streambeds,  Bed-load  discharge,  Stream- 
flow,  Streamflow  data. 

Even  during  constant,  or  virtually  constant,  flow 
conditions,  bed  load  transport  rates  are  known  to 
vary  over  a  range  of  temporal  scales.  Previous 
studies  have  emphasized  that  in  order  to  provide 
an  accurate  estimate  of  the  mean  bed  load  trans- 
port rate  at  a  given  point,  either  many  samples 
must  be  collected  repeatedly  or  the  sampling  time 
must  be  long.  Errors  associated  with  at-a-point  bed 
load  sampling  during  steady  flow  conditions  in  the 
presence  of  dunes  were  systematically  evaluated 
and  provided  as  an  indication  of  the  way  in  which 
sampling  should  proceed  in  order  to  minimize  sam- 
pling errors.  The  analysis  was  undertaken  using 
laboratory  data  and  a  theoretical  probability  distri- 
bution function.  It  assumed  that  bed  load  samplers 
had  an  efficiency  of  100%  and  that  the  flow  condi- 
tions and  the  configuration  of  the  primary  bed 
forms  remained  constant  during  the  sampling 
period.  In  the  presence  of  dunes,  sampling  should 


be  accomplished  using:  (1)  the  shortest  practicable 
sampling  time  for  each  sample,  (2)  short,  equally 
spaced  time  intervals  between  samples,  and  (3)  as 
long  a  sampling  period  as  is  necessary  to  ensure 
that  at  least  one  primary  bed  form  has  passed  the 
sampling  point.  Such  procedures  will  provide  in- 
formation about  high  and  low-frequency  fluctua- 
tions in  at-a-point  bed  load  transport  rates  and  a 
reasonably  reliable  estimate  of  the  mean  bed  load 
transport  rate.  Only  about  21  sequential  samples 
were  required  to  estimate  the  mean  bed  load  trans- 
port rate  at  any  given  point.  However,  because  the 
sampling  time  generally  was  short  in  comparison 
with  the  time  that  it  takes  a  dune  to  pass  the 
sampling  point,  between  50  and  100  samples  were 
needed  to  define  both  high  and  low-frequency  at-a- 
point  rate  variations.  A  knowledge  of  the  prevail- 
ing bed  configuration  was  necessary  in  order  to 
ensure  that  sampling  proceeded  in  accordance  with 
these  requirements.  (Author's  abstract) 
W91-04125 


IRON  TRANSPORT  AND  DISTRIBUTION  BE- 
TWEEN FRESHWATER  AND  SEDIMENTS 
OVER  DIFFERENT  TIME  SCALES. 

Atomic  Energy  of  Canada  Ltd.,  Chalk  River  (On- 
tario). Chalk  River  Nuclear  Labs. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-04154 


OXIDATION  AND  REDUCTION  OF  RADIO- 
LABELED INORGANIC  SULFUR  COM- 
POUNDS IN  AN  ESTUARINE  SEDIMENT, 
KYSING  FJORD,  DENMARK. 

Aarhus  Univ.  (Denmark).  Inst,  of  Ecology  and 

Genetics. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-04155 


TRACE    METAL    IONS    IN    GANGA    WATER 
SYSTEM. 

Industrial  Toxicology  Research  Centre,  Lucknow 

(India). 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-04259 


SETTLING  SPEED  OF  FLOCS  IN  FRESH 
WATER  AND  SEAWATER. 

California  Univ.,  Santa  Barbara.  Dept.  of  Mechani- 
cal and  Environmental  Engineering. 
P.  Y.  Burban,  Y.  J.  Xu,  J.  McNeil,  and  W.  Lick. 
Journal    of   Geophysical    Research    (C)    Oceans 
JGRCEY,  Vol.  95,  No.  10,  p  18,213-18,220,  Octo- 
ber 15,  1990.  5  fig,  1  tab,  25  ref. 

Descriptors:  *Flocculation,  'Freshwater,  'Sea- 
water,  'Sedimentation,  'Sedimentation  rates,  Ag- 
gregates, Particle  size,  River  sediments,  Salinity, 
Sediment  concentration. 

The  settling  speeds  of  floes  of  fine-grained,  natural 
sediments  approximately  10-200  micron  in  diame- 
ter have  been  measured  in  both  freshwater  and 
seawater.  These  floes  were  formed  at  fluid  shears 
of  100,  200,  and  400  per  second  and  at  sediment 
concentrations  of  10,  100,  and  400  mg/L,  values 
typical  of  conditions  in  the  near-shore  areas  of 
lakes  and  oceans,  especially  during  storm  condi- 
tions. It  was  demonstrated  that  he  settling  speed  of 
a  floe  is  a  strong  function  of  fluid  shear  and  sedi- 
ment concentration  as  well  as  of  the  diameter  of 
the  floe,  but  is  a  weak  function  of  salinity.  For  the 
same  diameter  and  salinity,  floes  produced  at  the 
lower  fluid  shears  and  sediment  concentrations 
have  lower  settling  speeds  than  do  floes  produced 
at  higher  fluid  shears  and  sediment  concentrations. 
If  the  conditions  of  fluid  shear  and  sediment  con- 
centration under  which  the  floes  were  produced 
are  unknown  or  ignored,  it  was  shown  that  the 
settling  speed  of  a  floe  is  a  weak  function  of 
diameter  and  salinity.  (Author's  abstract) 
W9 1-04296 


NEW  NUMERICAL/PHYSICAL  FRAMEWORK 
FOR  MOBILE-BED  MODELLING,  PART  I: 
NUMERICAL  AND  PHYSICAL  PRINCIPLES. 

Iowa  Univ.,  Iowa  City. 

F.  M.  Holly,  and  J.  L.  Rahuel. 


Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 
No.  4,  p  401-416,  1990.  1  fig,  30  ref.  NSF  Grant 
MSM-85-18166. 

Descriptors:  'Alluvial  channels,  'Bed  load,  'Chan- 
nel morphology,  'Model  studies,  'River  beds, 
•Sediment  transport,  Flow  equations,  Flow 
models,  Hydraulics,  Mobile  beds,  River  flow,  Sedi- 
ment load,  Simulation  analysis,  St  Venant  equation. 

A  new  computational  framework  for  one-dimen- 
sional simulation  of  the  long-term  evolution  of 
alluvial  rivers  in  response  to  hydraulic,  hydrologic, 
and  sedimentary  perturbations  (mobile  bed  simula- 
tion) has  been  developed.  The  approach  is  based 
on  use  of  the  full  de  St.  Venant  flow  equations, 
treatment  of  sediment  mixtures,  recognition  of  the 
distinctly  different  physics  of  suspended  load  and 
bedload  movement,  use  of  a  spatial-delay  loading 
law  for  bedload,  and  fully  coupled,  implicit  numer- 
ical solution  of  the  resulting  set  of  partial-differen- 
tial equations.  In  eliminating  most  of  the  conceptu- 
al and  numerical  weaknesses  of  existing  methods, 
the  new  approach  establishes  a  new  standard  of 
fidelity  to  the  governing  conservation  laws,  what- 
ever be  the  particular  empirical  sediment  relations 
employed  for  a  particular  application.  The  method 
is  a  generic  one,  intended  for  use  with  the  particu- 
lar empirical  relations  that  are  most  appropriate  for 
processes  such  as  suspended-load  entrainment,  allu- 
vial roughness,  bedload  equilibrium  capacity,  or 
hiding  factor.  (MacKeen-PTT) 
W9 1-04303 


SURFACE-BASED  BEDLOAD  TRANSPORT 
RELATION  FOR  GRAVEL  RIVERS. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

G.  Parker. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 

No.  4,  p  417-436,  1990.  8  fig,  1  tab,  33  ref. 

Descriptors:  'Bed  load,  'Gravel,  'Model  studies, 
'River  sediments,  'Sediment  transport,  Gravel 
rivers,  Particle  size,  River  beds,  Sediment  load, 
Sediment  yield. 

Bedload  transport  in  gravel-bed  rivers  is  accom- 
plished by  means  of  the  mobilization  of  grains 
exposed  on  the  bed  surface.  This  mobilization  is 
due  to  the  action  of  fluid  forces  on  the  exposed 
grains.  Substrate  particles  can  participate  in  the 
bedload  only  to  the  extent  that  local  or  global 
scour  results  in  their  exposure  on  the  surface.  It 
follows  that  a  calculation  of  the  bedload  transport 
rate  of  mixtures  should  be  based  on  the  availability 
of  each  size  range  in  the  surface  layer.  An  existing 
substrate-based  gravel  transport  relation  was  trans- 
formed into  a  surface-based  relation.  Implicit  in  the 
transformation  is  the  concept  of  hiding,  according 
to  which  coarser  surface  grains  are  intrinsically 
less  mobile  than  finer  surface  grains.  The  quantifi- 
cation of  hiding  allows  for  differential  transport  of 
grains  of  varying  sizes,  and  at  the  same  time  allows 
for  the  formation  of  a  mobile  armor.  The  surface- 
based  relation  can  be  expected  to  apply  to  both 
equilibrium  and  disequilibrium  conditions,  as  long 
as  the  time  and  length  scales  of  the  disequilibrium 
are  large  compared  to  the  time  (length)  required 
for  gravel  to  respond  to  altered  bed  shear  stress.  In 
the  limit  of  uniform  material,  the  relation  reduces 
to  a  plausible  form  that  compares  well  with  exist- 
ing relations.  The  proposed  relation  has  the  advan- 
tage of  being  based  solely  on  field  data  for  gravel 
rivers.  (MacKeen-PTT) 
W9 1-04304 


EXPERIMENTAL  STUDY  OF  THE  EFFECT  OF 
BED  GRAIN  ROUGHNESS  ON  SEDIMENT 
SORTING  BY  ENTRAINMENT. 

University   of  the   Witwatersrand,   Johannesburg 
(South  Africa).  Dept.  of  Civil  Engineering. 
C.  S.  James,  G.  Lymberopoulos,  and  P.  Scalla. 
Water  SA  WASADV,  Vol.  16,  No.  4,  p  257-264, 
October  1990.  12  fig,  2  tab,  7  ref. 

Descriptors:  'Bed  load,  'Entrainment,  'Hydraulic 
roughness,  'Sediment  sorting,  'Sediment  trans- 
port,  'Sediments,   Bed  grain   roughness,   Experi- 
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mental  data,  Flow  velocity,  Particle  size,  Shear 
stress. 

A  series  of  experiments  was  conducted  to  investi- 
gate the  effect  of  bed  grain  roughness  on  the 
sorting  of  mixed-size  sediments  during  entrap- 
ment. Loose  sediments  were  entrained  off  stabi- 
lized beds  with  different  roughness  and  the  masses 
and  size  characteristics  of  the  permanently  trapped 
material  was  analyzed.  Entrainment  of  sediment 
from  a  rough  bed  increased  with  increasing  flow 
velocity  or  bed  shear  stress  and  decreased  with 
increasing  bed  roughness.  The  dependence  on 
these  factors  decreased  as  the  sediment  size  in- 
creased relative  to  the  bed  roughness.  The  shape  of 
the  bed  roughness  elements  had  a  significant  effect 
on  entrainment,  with  increased  angularity  inhibit- 
ing entrainment.  Significant  sorting  by  size  oc- 
curred during  entrainment.  Generally,  the  coarser 
grains  in  the  mixtures  tested  were  more  easily 
entrained  than  the  finer  ones,  a  tendency  which 
increased  with  decreasing  bed  roughness.  Under 
certain  conditions  intermediate  sizes  were  more 
easily  entrained  than  both  finer  and  coarser  ones, 
suggesting  that  entrainment  sorting  could  be  a 
cause  of  the  bimodal  fluvial  sediments  common  in 
nature.  (MacKeen-PTT) 
W91-04316 


SEDIMENT    IN    SEWERS:    INITIATION    OF 
TRANSPORT. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 

of  Civil  Engineering. 

For  primary   bibliographic   entry  see   Field   5D. 

W91-04351 


SEWER  SEDIMENT  AND  ITS  RELATION 
WITH  THE  QUALITY  CHARACTERISTICS  OF 
COMBINED  SEWER  FLOWS. 

Universite  Libre  de  Bruxelles  (Belgium).  Lab.  de 

Traitement  des  Eaux  et  Pollution. 

For  primary   bibliographic  entry  see  Field   5D. 

W91-04352 


SEDIMENT  MOVEMENT  INTO  THE  COM- 
BINED TRUNK  SEWER  NO.  13  IN  MAR- 
SEILLE. 

Centre  National  de  la  Recherche  Scientifique, 
Toulouse  (France).  Inst,  de  Mecanique  des  Fluides. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04353 


SEDIMENT     MOVEMENT     IN     COMBINED 
SEWERS  IN  DUNDEE. 

Dundee  Coll.  of  Technology  (Scotland).  Dept.  of 

Civil  Engineering. 

For   primary   bibliographic   entry   see   Field    5D. 

W91-04358 


PARTITIONING  OF  UNSUBSTITUTED  POLY- 
CYCLIC  AROMATIC  HYDROCARBONS  BE- 
TWEEN SURFACE  SEDIMENTS  AND  THE 
WATER  COLUMN  IN  THE  BRISBANE  RIVER 
ESTUARY. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04361 


ESTUARY  SEDIMENTS  OF  THE  YOSHINO 
RIVER-STUDY  ON  ESTUARY  SEDIMENTS, 
PART  2. 

Kochi  Univ.  (Japan).  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-04439 


ARTIFICIAL  SEDIMENTS  FOR  USE  IN  TESTS 
WITH  WETLAND  PLANTS. 

Environmental   Protection  Agency,  Gulf  Breeze, 
FL.   Gulf  Breeze  Environmental   Research   Lab. 
G.  E.  Walsh,  D.  E.  Weber,  L.  K.  Brashers,  and  T. 
L.  Simon. 

Environmental  and  Experimental  Botany 
EEBODM,  Vol.  30,  No.  3,  p  391-396,  July  1990.  6 
tab,  21  ref. 


Descriptors:  'Aquatic  plants,  'Plant  growth, 
•Sediments,  'Wetlands,  Cations,  Grain  size, 
Microorganisms,  Sediment  chemistry. 

Artificial  sediments  are  described  for  use  in  studies 
on  rooted  marsh  plants.  The  sediments,  which  are 
similar  in  particle  size  distribution  to  natural  sedi- 
ments, are  formulated  from  commercially  available 
sand,  silt,  clay  and  organic  matter.  Average  surviv- 
al rates  of  seedlings  of  Echinochloa  crusgalli  var 
crusgalli,  Scirpus  paludosus  and  Spartina  alterni- 
flora  were  93.4%,,  90.4%  and  89.4%,  respectively. 
Average  seedling  weight  of  each  species  was  unaf- 
fected by  percentage  sand,  silt,  clay,  organic 
matter,  pH  or  cation  exchange  capacity  except  for 
Scirpus  paludosus,  which  required  organic  matter 
in  the  sediment  for  maximal  growth  and  whose 
growth  was  affected  by  the  relationship  between 
particle  size  and  percentage  sand.  These  formula- 
tions have  advantages  over  commercial  potting 
mixes  and  other  plant  growth  media  because  they 
allow  design  of  well-defined  sediments  for  specific 
purposes.  The  artificial  formulations  also  do  not 
have  the  disadvantages  of  natural  sediments  which 
may  change  drastically  during  a  test,  may  contain 
toxic  chemicals,  weed  seeds,  or  undesirable  mi- 
crobes and  animals,  and  which  may  not  be  of 
desirable  composition.  (Brunone-PTT) 
W9 1-04453 


TIDAL  VELOCITY  ASYMMETRIES  AND  BED- 
LOAD  TRANSPORT  IN  SHALLOW  EMBAY- 
MENTS. 

Woods  Hole  Oceanographic  Institution,  MA. 
V.  A.  Fry,  and  D.  G.  Aubrey. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  30,  No.  5,  p  453-473,  May  1990.  12  fig,  1  tab, 
18  ref. 

Descriptors:  'Bays,  'Bed  load,  'Mathematical 
models,  'Sediment  transport,  'Tidal  currents, 
Channels,  Embayments,  Finite  difference  methods, 
Numerical  analysis,  Shallow  water. 

Tidal  circulation  can  cause  a  net  transport  of  sedi- 
ment when  the  tidal  velocity  is  asymmetric  about  a 
zero  mean  (flood  or  ebb  dominant)  and  the  sedi- 
ment transport  rate  is  related  nonlinearly  to  veloci- 
ty. The  relationship  between  tidal  elevation  and 
velocity  permits  determination  from  tidal  gauge 
data  and  sediment  transport  relations  whether  tidal 
asymmetry  needs  to  be  considered  as  a  mechanism 
for  net  sediment  transport  in  the  embayment  of 
interest.  A  relationship  between  elevation  and  ve- 
locity in  a  shallow  water,  nonlinear  system  is  de- 
rived through  the  continuity  equation  and  shown 
to  be  significantly  different  than  the  linear  relation. 
Finite  difference  numerical  solutions  of  the  one- 
dimensional,  shallow  water  nonlinear  equations  are 
compared  to  the  continuity  relation  and  are  in 
agreement  especially  toward  the  landward  end  of 
the  channel.  Tide  gauge  data  collected  at  the  land- 
ward end  of  the  embayment  are  most  useful  for 
predicting  velocity  asymmetries  throughout  a 
major  portion  of  the  embayment  channel.  The 
ratio  of  flood-to-ebb  bedload  transport  and  its  rela- 
tion to  an  asymmetric  tidal  elevation  has  been 
determined  for  both  the  linear  relation  between 
elevation  and  velocity  and  the  nonlinear  relation. 
Results  show  that  the  ratio  of  flood-to-ebb  bedload 
transport  as  calculated  from  the  nonlinear  relation 
between  elevation  and  velocity  is  similar  to  the 
flood-to-ebb  ratio  calculated  from  the  linear  rela- 
tion because  of  offsetting  effects.  (Author's  ab- 
stract) 
W9 1-04459 


DISTRIBUTION  AND  COMPOSITION  OF 
SUSPENDED  PARTICULATE  MATERIAL  IN 
THE  CLYDE  ESTUARY  AND  ASSOCIATED 
SEA  LOCHS. 

Marine  Lab.,  Aberdeen  (Scotland). 

For  primary  bibliographic  entry  see  Field  2L. 

W91-04460 


INFLUENCE  OF  PIG  FARMING  ON  THE 
COPPER  CONTENT  OF  ESTUARINE  SEDI- 
MENTS IN  BRITTANY,  FRANCE. 

Institut  Francais  de  Recherche  pour  l'Exploitation 
de  la  Mer.  Brest.  Dept.  Environnement  Littoral. 


For  primary  bibliographic  entry  see  Field  5B. 
W91-04515 


CU  AND  CD  ASSOCIATED  WITH  SUSPENDED 
PARTICULATE  MATTER  IN  TORRES  STRAIT. 

Sydney   Univ.   (Australia).   Ocean   Sciences   Inst. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04524 


GUELPH  RAINFALL  SIMULATOR  II:  PART  1. 
SIMULATED  RAINFALL  CHARACTERISTICS. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-04547 


GUELPH  RAINFALL  SIMULATOR  II:  PART  2. 
A  COMPARISON  OF  NATURAL  AND  SIMU- 
LATED RAINFALL  CHARACTERISTICS. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-04548 


EFFECTS  OF  POTATO  CROPPING  PRAC- 
TICES ON  WATER  RUNOFF  AND  SOIL  ERO- 
SION. 

Agriculture    Canada,    Fredericton    (New    Bruns- 
wick). Research  Station. 
T.  L.  Chow,  J.  L.  Daigle,  I.  Ghanem,  and  H. 
Cormier. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 
70,  No.  2,  p  137-148,  May  1990.  6  fig,  2  tab,  19  ref. 

Descriptors:  'Agricultural  practices,  'Agricultural 
runoff,  'Canada,  'Planting  management,  'Soil  ero- 
sion, 'Surface  runoff,  'Surface  water,  Clovers, 
Cropland,  Erodibility,  Fallowing,  Farm  manage- 
ment, New  Brunswick,  Potatoes,  Slope  effects, 
Slope  stability,  Soil  conservation,  Soil  manage- 
ment, Universal  soil  loss  equation. 

Accelerated  soil  erosion  by  water  is  the  most 
severe  and  widespread  soil  degradation  problem  in 
the  Maritime  provinces  of  Canada.  It  constitutes  a 
serious  potential  problem  on  most  agricultural 
lands  if  they  are  planted  by  row  crops.  Using 
runoff-erosion  plots  (10  m  wide  x  30  m  long),  the 
effects  of  cropping  practices  on  surface  runoff  and 
soil  loss  were  examined  on  a  Hommesville  gravelly 
loam  soil  to  evaluate  the  applicability  of  the  Uni- 
versal Soil  Loss  Equation  in  New  Brunswick, 
Canada.  The  amount  of  water  runoff  and  soil  loss 
from  continuous  fallow,  up-and-down  slope  plant- 
ing of  potatoes  (Solanum  tuberosum),  and  clover 
(Trifolium  pratense)  on  8  and  11%  slopes  were 
measured  from  1983  to  1985.  In  addition,  runoff 
and  soil  loss  from  contour  planting  of  potatoes 
were  measured  on  the  11%  slope.  Slope  planting  of 
potatoes  resulted  in  higher  runoff  and  soil  loss  than 
on  fallow  plots.  There  was  considerable  reduction 
in  runoff  and  soil  loss  when  potatoes  were  planted 
along  the  contour.  Runoff  and  soil  loss  under 
clover  were  negligible.  Rainfall  erosion  index  and 
slope  length  and  steepness  correlated  well  with  the 
measured  soil  losses.  However,  both  the  measured 
soil  erodibility  factor  and  the  cover  and  manage- 
ment factor  deviated  markedly  from  the  current 
values  used  for  conservation  planning.  (Author's 
abstract) 
W91-04552 


BIOACCUMULATION         BIOASSAY         FOR 
FRESHWATER  SEDIMENTS. 

Fish  and  Wildlife  Service,  Ann  Arbor,  MI.  Great 
Lakes  Fishery  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04630 


INFLUENCE  OF  CHIRONOMID  LARVAE  ON 
SEDIMENT  OXYGEN  MICROPROFILES. 

Konstanz  Univ.  (Germany,  F.R.).  Fakultaet  fuer 

Biologie. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-04738 
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TOXICITY   OF   CADMIUM    IN   SEDIMENTS: 
THE  ROLE  OF  ACID  VOLATILE  SULFIDE. 

Manhattan  Coll.,  Bronx,  NY.  Environmental  Engi- 
neering and  Science  Program. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04746 


EFFECT  OF  ANTECEDENT  SOIL  MOISTURE 
ON  SPLASH  DETACHMENT  UNDER  SIMU- 
LATED RAINFALL. 

Agricultural  Research  Service,  Tifton,  GA.  South- 
east Watershed  Research  Lab. 
C.  C.  Truman,  and  J.  M.  Bradford. 
Soil  Science  SOSCAK,  Vol.  150,  No.  5,  p  787-798, 
1990.  5  fig,  8  tab,  21  ref. 

Descriptors:  'Antecedent  moisture,  'Rainfall 
impact,  'Rainfall  intensity,  'Simulated  rainfall, 
'Soil  erosion,  'Soil  water,  Clays,  Loam,  Rainfall, 
Shear  strength,  Soil  management,  Soil  types. 

Antecedent  soil  water  content  is  an  important  vari- 
able affecting  soil  erosion  processes  and  may  be 
responsible  for  much  of  the  variation  in  splash  and 
wash  erosion  rates.  The  effects  of  antecedent  water 
content  on  splash  detachment  and  on  soil  splash 
was  studied.  Five  soils  ranging  in  texture  from 
sandy  loam  to  clay  were  exposed  to  simulated 
rainfall  with  an  intensity  of  approximately  64  mm/ 
h  for  one  hour.  Wash,  splash,  runoff,  and  infiltra- 
tion were  measured  for  near-saturated  (-0.5  kPa) 
and  air-dried  soils  in  0.14  sq.  m  aluminum  erosion 
pans.  Changes  in  the  soil  surface  were  monitored 
with  a  fall-cone  device.  Prewetting  significantly 
reduced  runoff  occurring  over  a  60-minute  rainfall 
period  for  the  Heiden  clay  only.  Prewetting  re- 
duced splash  detachment  rates  for  all  soils  except 
the  Miami  silt  loam,  with  the  greatest  reduction  for 
the  Heiden  clay.  Total  splash  for  the  air-dried  and 
prewetted  Heiden  clay  was  770.1  and  169.4  g  in  60 
minutes,  respectively.  Prewetting  increased  soil 
shear  strength  following  60  minutes  of  rainfall  for 
all  soils.  Development  of  a  surface  seal  controlled 
the  amount  of  soil  detached  from  the  Miami  silt 
loam.  Miami  silt  loam  had  the  highest  final  shear 
strength  values  for  air-dried  and  prewetted  soils 
and  the  highest  difference  between  initial  and  final 
shear  strength  among  prewetted  soils.  Prewetted 
wash  and  splash  sediment  size  was  larger  than  that 
for  air-dried  sediments.  Antecedent  soil  moisture 
conditions  prior  to  rainfall  influenced  the  amount 
of  splash  detachment  and  the  physical  processes 
that  control  amount  of  splash.  (Author's  abstract) 
W9 1-04800 


STATE-OF-THE-ART  TIMBER  HARVEST  IN 
AN  ARIZONA  MIXED  CONIFER  FOREST  HAS 
MINIMAL  EFFECT  ON  OVERLAND  FLOW 
AND  EROSION. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Fort  Collins,  CO. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-04803 


TRANSPORT  OF  SUSPENDED  SEDIMENT 
AND  DISSOLVED  MATERIAL  FROM  THE 
ANDES  TO  THE  RIO  DE  LA  PLATA  BY  THE 
BOLD/IAN  TRD3UTARIES  OF  THE  RIO 
PARAGUAY  (RIOS  PILCOMAYO  AND  BER- 
MEJO),  (TRANSPORT  DE  MATIERES  DIS- 
SOUTES  ET  PARTICULAIRES  DES  ANDES 
VERS  LE  RIO  DE  LA  PLATA  PAR  LES  TRIBU- 
TAIRES  BOLD7IENS  (RIOS  PILCOMAYO  ET 
BERMEJO)  DE  RIO  PARAGUAY). 
Office  de  la  Recherche  Scientifique  et  Technique 
Outre-Mer,  La  Paz  (Bolivia). 
J.  L.  Guyot,  H.  Calle,  J.  Cortes,  and  M.  Pereira. 
Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 
No.  6,  p  653-665,  December  1990.  7  fig,  4  tab,  14 
ref.  English  summary. 

Descriptors:  'Andes,  'Bolivia,  'Paraguay  River, 
'Rio  de  la  Plata,  'Sediment  load,  'Sediment  trans- 
port, 'Suspended  sediments,  Bermejo  River,  Fluvi- 
al sediments,  Hydrologic  data  collections,  Pilco- 
mayo  River,  River  sediments,  Rivers,  Sediment- 
carrying  capacity,  Sedimentation. 

The  data  collected  from  1 3  gauging  stations  in  the 
SENAMHI  (Servicio  Nacional  de  Meteorologia  e 


Hidrologia  de  Bolivia)  and  ENDE  (Empresa  Na- 
cional de  Electricidad  de  Bolivia)  networks  (be- 
tween 1975  and  1983),  permit  estimations  of  the 
suspended  sediment  and  dissolved  material  yields 
in  the  Andean  drainage  basins  of  the  Pilcomayo 
and  Bermejo  rivers,  tributaries  of  the  Rio  Para- 
guay. In  Bolivia,  results  from  the  Rio  Pilcomayo 
drainage  basin  show  that  the  greatest  part  of  the 
transport  from  the  basin  consists  of  suspended  sedi- 
ment (90%).  The  sediment  yield  measured  at  the 
Andean  exit  of  the  Rio  Pilcomayo  (80,000,000  ton/ 
year)  is  of  the  same  order  of  size  as  that  observed 
2000  km  downstream  in  the  Middle  Parana.  (Au- 
thor's abstract) 
W9 1-04805 


MODEL  FOR  COMPACTION  OF  SEDIMEN- 
TARY BASINS. 

Institutt  for  Energiteknikk,  Kjeller  (Norway). 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04835 


EROSION  AND  SEDIMENT  CONTROL,  THE 
MARYLAND  WAY. 

Maryland   State   Highway  Administration,   Balti- 
more. 

For   primary  bibliographic   entry   see  Field  4D. 
W91-04852 


DATA  THAT  DESCRIBED  AT-A-POINT  TEM- 
PORAL VARIATIONS  IN  THE  TRANSPORT 
RATE  AND  PARTICLE-SIZE  DISTRIBUTION 
OF  BEDLOAD-EAST  FORK  RIVER,  WYO- 
MING, AND  FALL  RD/ER,  COLORADO. 
Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

B.  Gomez,  and  W.  W.  Emmett. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  90-193,  1990.  48p,  3  tab,  14  ref. 

Descriptors:  'Bed  load,  'Channel  morphology, 
'Sediment  transport,  Colorado,  Dunes,  Particle 
size,  Wyoming. 

Data  from  the  East  Fork  River,  Wyoming,  and  the 
Fall  River,  Colorado,  that  document  at-a-point 
temporal  variations  in  the  transport  rate  and  parti- 
cle-size distribution  of  bedload,  associated  with  the 
downstream  migration  of  dunes,  are  presented. 
Bedload  sampling  was  undertaken,  using  a  76.2  x 
76.2  mm  Helley-Smith  sampler,  on  three  separate 
occasions  at  each  site  in  June  1988.  In  each  in- 
stance, the  sampling  time  was  30  seconds  and  the 
sampling  intervals  5  minutes.  The  sampling  period 
ranged  from  4.92  to  8.25  hours.  Water  stage  did 
not  vary  appreciably  during  any  of  the  sampling 
periods.  (USGS) 
W9 1-04879 


CHEMICAL  WEATHERING  IN  THE  LOCH 
VALE  WATERSHED,  ROCKY  MOUNTAIN  NA- 
TIONAL PARK,  COLORADO. 

Wyoming  Univ.,  Laramie.  Dept.  of  Geology  and 

Geophysics. 

M.  A.  Mast,  J.  I.  Drever,  and  J.  Baron. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  12,  p  2971-2978,  December  1990.  4  fig,  4  tab, 

51  ref.  NSF  Grant  EAR-8306567. 

Descriptors:  'Acid  rain,  'Air  pollution  effects, 
'Colorado,  'Geochemistry,  'Mountain  streams, 
'Solute  transport,  'Water  chemistry,  'Weathering, 
Acidification,  Erosion,  Forest  hydrology,  Rocky 
Mountain  National  Park,  Snowmelt,  Soil  forma- 
tion. 

Mineralogic,  hydrologic,  and  geochemical  data 
were  used  to  determine  the  source  of  solutes  to 
surface  waters  draining  the  Loch  Vale  Watershed 
(LVWS),  and  alpine-subalpine  drainage  located  in 
the  Front  Range  of  Colorado.  The  flux  of  dis- 
solved solids  from  LVWS  is  primarily  controlled 
by  interactions  between  snowmelt  and  materials 
derived  from  the  local  bedrock;  the  biomass  has 
only  a  minor  effect  on  solute  budgets  except  for 
ammonium.  LVWS  is  underlain  by  Precambrian 
granite  and  gneiss,  the  major  minerals  indicate  that 
the  weathering  of  calcite  contributes  nearly  40% 


of  the  cations  derived  within  the  basin.  The  impor- 
tance of  calcite  weathering  in  LVWS  is  a  result  of 
its  chemical  reactivity  and  the  high  rate  of  physical 
erosion  in  this  alpine  environment.  The  average 
cationitic  denudation  rate  in  the  drainage  (390  eq/ 
ha/yr)  is  similar  to  long-term  rates  in  forested 
Adirondack  watersheds  (500  to  600  eq/ha/yr),  but 
much  lower  than  the  average  for  the  North  Ameri- 
can Continent  (3800  eq/ha/yr).  Surface  waters  in 
LVWS  are  susceptible  to  acidification  should  acid 
deposition  from  the  atmospheric  increase.  (Au- 
thor's abstract) 
W9 1-04926 


INFLUENCE  OF  TEMPERATURE  AND  MIN- 
ERAL SURFACE  CHARACTERISTICS  ON 
FELDSPAR  WEATHERING  RATES  IN  NATU- 
RAL AND  ARTIFICIAL  SYSTEMS:  A  FIRST 
APPROXIMATION. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Geo- 
logical Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-04932 


2K.  Chemical  Processes 


OPTICAL  PROPERTIES  OF  SEAWATER 
BODIES:  MEASUREMENTS  WITH  AN  UN- 
DERWATER RADIOMETER  AND  A  HIGH- 
RESOLUTION  SPECTRORADIOMETER. 

Commission  of  the  European  Communities,  Ispra 

(Italy).  Joint  Research  Centre. 

For  primary  bibliographic  entry  see  Field  7B. 

W91-03950 


TOTAL     PARAMETER     WATER     ANALYSIS 
COMES  UNDER  THE  MICROSCOPE. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-03970 


DISSOLUTION  OF  FELDSPARS  IN  THE 
PRESENCE  OF  NATURAL,  ORGANIC  SO- 
LUTES. 

Sveriges  Lantbruksuniversitet,  Umea.  Dept.  of 
Forest  Site  Research. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-03986 


SOIL  ORGANIC  MATTER,  AIR  ENCAPSULA- 
TION AND  WATER-STABLE  AGGREGATION. 

Sydney  Univ.  (Australia).  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-03988 


GRANITE  WEATHERING  AND  THE  SENSI- 
TIVITY OF  ALPINE  LAKES  TO  ACID  DEPOSI- 
TION. 

For  primary  bibliographic  entry  see  Field  2H. 
W91-03998 


IRON  REDOX  EFFECTS  ON  PHOTOSYNTHE- 
SIS PHOSPHORUS  RELEASE  FROM  DIS- 
SOLVED HUMIC  MATERIALS. 

Kent  State  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04000 


MANGANESE  SPECIATION  IN  DILUTE 
WATERS  OF  THE  PRECAMBRIAN  SHIELD, 
CANADA. 

Ontario  Ministry  of  the  Environment,  Dorchester. 

Dorset  Research  Center. 

B.  D.  LaZerte,  and  K.  Burling. 

Water  Research  WATRAG,  Vol.   24,  No.  9,  p 

1097-1101,  September  1990.  7  fig,   1  tab,  21  ref. 

Descriptors:  'Canada,  'Manganese,  'Organic 
carbon,  'Voltammetry,  'Water  chemistry,  Col- 
loids, Hydrogen  ion  concentration,  Lakes,  Specia- 
tion,  Streams. 

The  relative  abundance  of  two  operationally  de- 
fined manganese   fractions  (0.4  micron   filterable 
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Group  2K — Chemical  Processes 


Mn  and  DPASV  labile  Mn)  was  determined  in 
waters  (lakes,  streams,  and  soil  water  seeps)  drain- 
ing the  Precambrian  shield  of  Canada.  In  contrast 
to  its  physical  state  in  some  geographical  areas, 
manganese  in  waters  draining  the  Precambrian 
shield  is  mostly  non-particulate.  Using  a  differen- 
tial pulse  anodic  stripping  voltammetry  speciation 
technique,  a  trend  was  demonstrated  from  ionic 
Mn(II)  dominance  at  low  pH  to  an  increasing 
proportion  of  colloidal  manganese  oxyhydroxides 
at  pH  >  or  =  5.5  in  non-dystrophic  waters.  The 
relationship  of  Mn(II)  with  pH  in  the  oxic,  non- 
dystrophic  samples  is  consistent  with  a  Hausman- 
nite  or  Feitknechtite  controlling  phase.  (Author's 
abstract) 
W9 1-04039 


DIMETHYL  SULFIDE  PRODUCTION  FROM 
DIMETHYLSULFONIOPROPIONATE  IN 

COASTAL  SEAWATER  SAMPLES  AND  BAC- 
TERIAL CULTURES. 

Georgia  Univ.,  Sapelo  Island.  Marine  Inst. 
R.  P.  Kiene. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  11,  p  3292-3297,  Novem- 
ber 1990.  6  fig,  1  tab,  35  ref.  NSF  Grant  OCE- 
8817442. 

Descriptors:  'Acid  rain,  *Coastal  waters,  'Envi- 
ronmental chemistry,  'Sulfur  cycle,  Atmospheric 
chemistry,  Bacteria,  Bacterial  growth,  Dimethyl 
sulfide,  Laboratory  methods,  Seawater,  Water 
chemistry. 

On  a  global  scale,  the  oceans  contribute  about  50% 
of  the  biogenic  sulfur  input  to  the  atmosphere; 
approximately  90%  of  this  emission  is  in  the  form 
of  dimethyl  sulfide.  Since  the  flux  of  dimethyl 
sulfide  from  the  oceans  is  highly  dependent  on  the 
concentration  of  dimethyl  sulfide  in  surface  sea- 
water,  it  is  critical  that  the  dynamics  of  the  dimeth- 
yl sulfide  pool  are  understood.  Dimethyl  sulfide 
was  produced  immediately  after  the  addition  of  0. 1 
to  2  micromoles  beta-dimethylsulfonio-propionate 
to  coastal  seawater  samples.  Azide  had  little  effect 
on  the  initial  rate  of  dimethyl  sulfide  production 
from  0.5  micromoles  added  to  beta-dimethylsul- 
fonio-propionate,  but  decreased  the  rate  of  produc- 
tion after  6  hours.  Filtration  of  water  samples 
through  membrane  filters  greatly  reduced  dimethyl 
sulfide  production  from  approximately  10  hours, 
after  which  time  dimethyl  sulfide  production  re- 
sumed at  a  high  rate.  Autoclaving  completely 
eliminated  the  production  of  dimethyl  sulfide.  The 
antibiotics  chloramphenicol,  tetracycline,  kanamy- 
cin,  and  vancomycin  all  had  little  effect  on  the 
accumulation  of  dimethyl  sulfide  over  the  first  few 
hours  of  incubation,  but  produced  significant  inhi- 
bition thereafter.  The  effects  of  individual  antibiot- 
ics were  additive.  Chloroform  over  a  range  of 
concentrations  had  no  effects  on  dimethyl  sulfide 
production.  Similarly,  organic  amendments,  in- 
cluding acrylate,  glucose,  protein,  and  starch,  did 
not  affect  dimethyl  sulfide  accumulation  from  beta- 
dimethylsulfonio-propionate.  Acrylate,  a  product 
of  the  enzymatic  cleavage  of  beta-dimethylsul- 
fonio-propionate,  was  metabolized  in  seawater 
samples,  and  two  strains  of  bacteria  were  isolated 
with  this  compound  as  the  growth  substrate.  These 
bacteria  produced  dimethyl  sulfide  from  beta-di- 
methylsulfonio-propionate.  The  sensitivity  to  in- 
hibitors, with  respect  to  growth  and  enzyme  activi- 
ty, varied  from  strain  to  strain.  (Mertz-PTT) 
W91-04064 


BROMATE  PRODUCTION  IN  CHLORINATED 
WATERS:  REACTION  OF  MONOCHLORA- 
MINE  AND  HYPOBROMLTE. 

University   of  East   Anglia,   Norwich   (England). 
School  of  Environmental  Sciences. 
A.  Bousher,  P.  Brimblecombe,  and  D.  Midgley. 
Water  Research  WATRAG,  Vol.  24,  No.   10,  p 
1285-1294,  October  1990.  9  fig,  3  tab,  24  ref. 

Descriptors:  'Bromine  compounds,  'Chemical 
analysis,  'Chlorination,  'Pollutant  identification, 
'Residual  chlorine,  'Water  pollution  sources,  Bro- 
mates.  Chemical  reactions,  Chlorine,  Disinfection, 
Fouling,  Water  treatment. 

Chlorine  is  added  to  the  cooling  water  of  power 
stations  and  other  large  industriaJ  plant  waters  in 


order  to  prevent  biological  fouling  of  the  condens- 
ers. Residual  chlorine  is  known  to  consist  of  a 
variety  of  chemical  species.  This  is  particularly  so 
in  sea  water,  where  the  presence  of  bromide  results 
in  most  of  the  residual  chlorine  being  present  as 
bromine-containing  species.  Voltammetric  studies 
were  carried  out  with  a  Princeton  Applied  Re- 
search polarograph.  A  0.0012  mole/decameter 
monochlorine  solution  was  mixed  with  an  equal 
volume  of  sodium  hypobromite  solution  and  al- 
lowed to  react  for  30  minutes  at  room  temperature 
before  the  absorbance  spectrum  was  recorded. 
Mixed  solutions  produced  bromate,  rather  than  the 
NHBrCl  that  might  have  been  expected.  Bromate 
was  identified  by  ultra  violet  spectrophotometry 
and  polarography.  The  stoichiometric  ratio  for  the 
reaction  showed  that,  in  excess  monochloramine,  1 
mole  of  hypobromite  reacted  with  2  moles  of 
monochloramine,  while  in  excess  hypobromite,  2 
moles  of  hypobromite  reacted  with  1  mole  of 
monochloramine.  The  rate  of  loss  of  hypobromite 
was  followed  voltammetrically  at  a  rotating  plati- 
num electrode  and  was  found  to  be  first-order  with 
respect  to  hypobromite  and  hydroxide  ion  concen- 
trations. It  was  established  that  ion-pair  formation 
between  hypobromite  and  sodium  retards  the  reac- 
tion. Retardation  by  bromide  (but  not  by  other 
anions)  indicates  that  bromite  as  an  intermediate 
step  in  its  formation  appears  to  be  rate-determin- 
ing. (Mertz-PTT) 
W9 1-04085 


PREDICTION  OF  THE  TEMPERATURE  DE- 
PENDENCE OF  ELECTRICAL  CONDUCT- 
ANCE FOR  RIVER  WATERS. 

Freshwater  Biological  Association,  Wareham 
(England).  River  Lab. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04086 


SHORTCOMINGS  OF  GRAN  TITRATION 
PROCEDURES  FOR  DETERMINATION  OF 
ALKALINITY  AND  WEAK  ACIDS  IN  HUMIC 
WATER. 

National  Inst,  of  Public  Health,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04087 


SULFUR  ISOTOPE  EVIDENCE  FOR  REGION- 
AL RECHARGE  OF  SALINE  WATER  DURING 
CONTINENTAL  GLACIATION,  NORTH-CEN- 
TRAL UNITED  STATES. 

Syracuse  Univ.,  NY.  Dept.  of  Geology. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-04107 


HYDROGEOLOGY  OF  AN  ANCIENT  ARID 
CLOSED  BASIN:  IMPLICATIONS  FOR  TABU- 
LAR SANDSTONE-HOSTED  URANIUM  DE- 
POSITS. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-04108 


OXIDATION  AND  REDUCTION  OF  RADIO- 
LABELED INORGANIC  SULFUR  COM- 
POUNDS IN  AN  ESTUARINE  SEDIMENT, 
KYSING  FJORD,  DENMARK. 

Aarhus  Univ.   (Denmark).   Inst,   of  Ecology  and 

Genetics. 

H.  Fossing,  and  B.  B.  Jorgensen. 

Geochimica   et   Cosmochimica   Acta   GCACAK, 

Vol.  54,  No.  10,  p  2731-2742,  October  1990.  13  fig, 

41  ref.  Danish  Ministry  of  the  Environment  and 

the    Danish    Natural    Science    Research    Council 

Grants  No.  115735,  116308,  and  116711. 

Descriptors:  'Estuarine  sediments,  'Radioactive 
tracers,  'Sulfur  compounds,  'Sulfur  cycle,  Den- 
mark, Kysing  Fjord,  Oxidation,  Reduction,  Sedi- 
ment analysis.  Soil  cores. 

S-35-labeled  sulfate,  thiosulfate,  elemental  sulfur, 
total  divalent  sulfur  (  =  H2S  +  HS(-)  +  S(-2)  and 
pyrite  were  used  to  trace  the  oxidative  and  reduc- 
tive pathways  of  the  sulfur  cycle.  The  transforma- 
tion of  inorganic  sulfur  compounds  was  studied  in 
8-cm  long  undisturbed  estuarine  sediment  cores  in 


time  course  experiments  of  up  to  24  h.  All  of  the 
tracers,  except  for  pyrite,  were  oxidized  and/or 
reduced  at  all  depths.  More  than  65%  of  the  S35 
from  (S35)sulfate  reduction  was  recovered  as  ele- 
mental sulfur  in  the  top  two  cm  of  the  sediment.  At 
depths  greater  than  2  cm,  nearly  all  of  the  reduced 
(S35)sulfate  was  recovered  as  hydrogen  sulfide 
plus  pyrite.  Thiosulfate  was  not  detected  in  the 
sediment.  From  the  combined  data  of  outer-la- 
belled and  inner-labelled  (S35)thiosulfate  injec- 
tions, concurrent  oxidation,  reduction,  and  dispro- 
portionation  of  thiosulfate  tracer  were  demonstrat- 
ed. In  oxidized  surface  sediment  the  three  process- 
es comprised  10,  24,  and  66%,  respectively,  of  the 
metabolized  (S35)thiosulfate.  In  reduced  sediment 
these  percentages  were  16,  45,  and  39%.  Injections 
of  (S35)sulfide  into  thiosulfate-spiked  sediment 
cores  produced  71%  (S35)sulfate  and  29% 
(S35)thiosulfate  (%  of  the  total  labeled  sulfate  and 
thiosulfate)  in  the  oxidized  zone  and  8% 
(S35)sulfate  and  92%  (S35)thiosulfate  in  the  re- 
duced zone.  A  similar  experiment  with  S35-labeled 
elemental  sulfur  resulted  in  62%  of  the  label  in 
sulfate  and  38%  in  thiosulfate  in  the  oxidized  zone 
and  22%  in  sulfate,  78%  in  thiosulfate  in  the  re- 
duced zone.  More  than  half  of  the  labeled  elemen- 
tal sulfur  and  sulfide  oxidation  to  sulfate  was  calcu- 
lated to  have  proceeded  through  thiosulfate  in  the 
reduced  sediment.  In  oxidized  sediment  these  per- 
centages were  15%  for  sulfide  and  21%  for  ele- 
mental sulfur.  Thiosulfate  was  thus  a  key  interme- 
diate in  the  sulfur  cycle.  (Author's  abstract) 
W91-04155 


CHARACTERISTICS    OF    SURFACTANTS    IN 
TOXICITY  IDENTIFICATION  EVALUATIONS. 

Environmental  Research  Lab.,  Duluth,  MN. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04246 


TRACE  METAL  IONS  IN  GANGA  WATER 
SYSTEM. 

Industrial  Toxicology  Research  Centre,  Lucknow 

(India). 

D.  P.  Modak,  K.  P.  Singh,  S.  Ahmed,  and  P.  K. 

Ray. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  275- 

287,  1990.  3  fig,  4  tab,  10  ref. 

Descriptors:  'Ganges  River,  'Geochemistry, 
'India,  'Rivers,  'Sediment  transport,  'Trace 
metals,  'Water  chemistry,  Alkalinity,  Arsenic,  Bay 
of  Bengal,  Cadmium,  Carbonates,  Chemical  com- 
position, Chromium,  Copper,  Data  acquisition, 
Data  collections,  Databases,  Emission  spectrosco- 
py, Gypsum,  Iron,  Lead,  Manganese,  Nickel, 
Pyrite,  Seasonal  variation,  Streamflow,  Sulfates, 
Water  analysis,  Water  quality,  Zinc. 

Trace  elements  in  ocean  water  result  from  rivers, 
the  atmosphere,  and  volcanic  activities.  Globally, 
in  terms  of  sediment  transport,  the  river  Ganges 
appears  to  occupy  first  place.  However,  in  terms  of 
the  flow  of  the  river  water,  the  Ganges  occupies 
fourth  place.  The  Ganges  and  its  tributaries  are 
typical  carbonate  rivers  with  alkalinity  accounting 
for  over  half  the  anion  balance.  The  major  inor- 
ganic anion,  after  C03(2-)  is  S04(2-),  reflecting  the 
dissolution  of  carbonate  bearing  rocks,  pyrites,  and 
gypsum  in  the  upper  reaches  of  the  river.  The 
trace  metal  composition  of  the  river  Ganges  and 
influx  of  metals  to  the  Bay  of  Bengal  were  sampled 
at  monitoring  stations  selected  with  a  view  to 
generating  a  data  base  on  the  quality  of  the  Indian 
river  systems.  All  samples  were  collected  as  com- 
posite samples  each  month  for  a  period  of  two 
years.  Data  obtained  in  the  study  show  that  the 
river  Ganges  transports  0.00005  million  tons  (MT) 
of  As  and  Cd,  0.015  MT  of  Cr,  0.007  MT  of  Cu, 
4.1  MT  of  Fe,  0.014  MT  of  PB,  0.056  MT  of  Mn, 
0.005  MT  of  Ni,  and  0. 14  MT  of  Zn  each  year.  The 
quantity  of  trace  metals  are  dictated  by  the  weath- 
ering of  rocks  and  minerals,  soil  erosion,  industrial 
activities  and  influxes  from  various  tributaries.  The 
concentrations  of  most  of  the  metals  were  found  to 
be  highest  during  peak  flow  conditions,  with  con- 
centrations dropping  during  moderate  flow  and 
lean  flow.  Trace  metal  composition  of  the  river 
Ganges  was  found  to  be  similar  to  that  of  the 
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Rhine  river,  but  less  than  those  of  the  Amazon  and 
Mississippi  rivers.  (Korn-PTT) 
W9 1-04259 


PH  OF  CLAY  SUSPENSIONS  IN  THE  FIELD 
AND  LABORATORY,  AND  METHODS  OF 
MEASUREMENT  OF  THEIR  PH. 

Missouri  Univ.,  Columbia.  Dept.  of  Geology. 
W.  D.  Keller,  and  K.  Matlack. 
Applied  Clay  Science  ACLSER,  Vol.  5,  No.  2,  p 
123-133,  August  1990.  2  tab,   13  ref.  NSF  Grant 
EAR  81 19592  and  G9 159. 

Descriptors:  'Analytical  methods,  "Chemical 
properties,  *Clay  minerals,  *Clays,  'Hydrogen  ion 
concentration,  'Water  chemistry,  Chemical  analy- 
sis, Chemical  interactions,  Colorimetry,  Data  ac- 
quisition, Geochemistry,  Ion-selective  electrodes, 
Water  analysis. 

The  pH  of  aqueous  effluent  from  rocks,  and  water 
(including  glacial  milk)  flowing  across  various 
kinds  of  rocks,  is  influenced  by  the  composition  of 
the  rocks.  The  pH  of  water  standing  in  pools  in 
deposits  of  kaolin-family  clays  tends  to  be  low,  i.e., 
pH  4  to  5.  Streams  draining  such  clay-containing 
areas  commonly  also  yield  pH  values  below  7, 
whereas  streams  flowing  over  primary,  and  clay- 
parent,  silicate  rocks  typically  yield  a  pH  of  7  or 
higher.  Therefore,  testing  the  pH  of  streams  may 
aid  in  clay-prospecting  in  igneous  country-rock 
areas.  Laboratory-prepared  suspensions  of  clays, 
similar  to  natural  clay  sols,  are  acid  within  the 
kaolin  family  but  may  be  alkaline  with  Na-smec- 
tite.  Measurements  of  pH  made  on  the  visually 
clear  supernatants  of  clay  sols  using  colorimetric 
test  paper  and  glass  electrode  methods  indicate 
that  the  colorimetric  method  yields  the  most  repre- 
sentative results.  Apparently,  the  multitude  of 
clay-surface  properties  and  charge  effects  from 
clay  in  even  the  visually  clear  sol  override  and 
mask  the  specific  electrical  properties  by  which  an 
electrometric  methods  measures  the  pH  value  of  a 
clean  ionic-molecular  solution.  (Author's  abstract) 
W9 1-04269 


HYDROTHERMAL  PETROLEUMS  FROM 
YELLOWSTONE  NATIONAL  PARK,  WYO- 
MING, USA. 

Oregon  State  Univ.,  Corvallis.  Coll.  of  Oceanogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04270 


PORE-WATER  GEOCHEMISTRY  AND  THE 
MINERALOGY  OF  THE  VADOSE  ZONE  OF 
SULFIDE  TAILINGS,  WATTE  AMULET, 
QUEBEC,  CANADA. 

Waterloo  Centre  for  Groundwater  Research  (On- 
tario). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04271 


NUMERICAL  METHOD  FOR  PARAMETERI- 
ZATION OF  ATMOSPHERIC  CHEMISTRY: 
COMPUTATION  OF  TROPOSPHERIC  OH. 

Harvard  Univ.,  Cambridge,  MA.  Div.  of  Applied 
Sciences 

C.  M.  Spivakovsky,  S.  C.  Wofsy,  and  M.  J. 
Prather. 

Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  11,  p  18,433-18,439,  Octo- 
ber 20,  1990.  3  fig,  2  tab,  6  ref.  NASA  Grant 
NAG5-719,  NSF  Grant  ATM84-13153. 

Descriptors:  'Atmospheric  chemistry,  'Computer 
models,  'Mathematical  models,  'Numerical  analy- 
sis, 'Path  of  pollutants,  Albedo,  Environmental 
tracers,  Hydroxyl  radicals,  Parameterization,  Sta- 
tistical analysis,  Three-dimensional  model. 

An  efficient  and  stable  computational  scheme  for 
parameterization  of  atmospheric  chemistry  is  de- 
scribed. The  24-h  average  concentration  of  OH  is 
represented  as  a  set  of  high-order  polynomials  in 
variables  such  as  temperature,  densities  of  water, 
carbon  monoxide,  ozone  and  nitrogen  oxides  as 
well  as  variables  determining  solar  irradiance: 
cloud    cover,    density    of    the    overhead    ozone 


column,  surface  albedo,  latitude,  and  solar  declina- 
tion. This  parameterization  of  OH  chemistry  was 
used  in  the  three-dimensional  study  of  global  distri- 
bution of  trichloroethane.  The  proposed  computa- 
tional scheme  can  be  used  for  parameterization  of 
rates  of  chemical  production  and  loss  or  of  any 
other  output  of  a  full  chemical  model.  Coefficients 
for  the  polynomials  are  computed  to  provide  the 
least  squares  fit  to  results  of  the  full  chemical 
model.  Highly  overdetermined  systems  are  used 
with  the  sets  of  independent  variables  selected 
randomly  in  accordance  with  the  distributions  ex- 
pected in  the  atmosphere.  The  least  squares  prob- 
lem is  solved  using  the  Householder  method  of 
triangulation  (by  orthogonal  transformations).  The 
method  allows  detection  and  rectification  of  ill- 
defined  conditions  (i.e.,  linear  dependence  among 
terms),  as  well  as  evaluation  of  the  individual  con- 
tribution of  each  term  of  the  polynomial  in  reduc- 
ing the  residual  vector.  On  the  basis  of  that  infor- 
mation the  terms  that  have  little  bearing  on  the 
residual  norm  are  discarded.  Once  the  domain  and 
the  statistical  distributions  of  independent  variables 
are  chosen,  the  entire  parameterization  process  is 
implemented  as  a  complete  sequence  of  computer 
programs  requiring  no  subjective  analysis.  The 
output  of  the  procedure  includes  estimates  of  accu- 
racy of  the  approximation  against  an  independent 
sample  of  points,  and  computer  written  FOR- 
TRAN subroutines  to  compute  the  polynomials. 
(See  also  W9 1-04300)  (Author's  abstract) 
W9 1-04299 


TROPOSPHERIC  OH  IN  A  THREE-DIMEN- 
SIONAL CHEMICAL  TRACER  MODEL:  AN 
ASSESSMENT  BASED  ON  OBSERVATIONS 
OF  CH3CCL3. 

Harvard  Univ.,  Cambridge,  MA.  Div.  of  Applied 

Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
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SMOG-FOG-SMOG  CYCLE  AND  ACID  DEPO- 
SITION. 

California  Inst,  of  Tech.,  Pasadena.  Dept.  of 
Chemical  Engineering. 
S.  N.  Pandis,  J.  H.  Seinfeld,  and  C.  Pilinis. 
Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  11,  p  18,489-18,500,  Octo- 
ber 20,  1990.  9  fig,  1  tab,  28  ref.  State  of  California 
Air  Resources  Board  Agreement  A932-079. 

Descriptors:  'Acid  rain,  'Aerosols,  'Air  pollution, 
'Atmospheric  chemistry,  'Fog,  'Model  studies, 
•Path  of  pollutants,  Fluid  drops,  Particle  size,  Sul- 
fates, Urban  areas. 

A  model  including  descriptions  of  aerosol  and 
droplet  microphysics,  gas  and  aqueous-phase 
chemistry,  and  deposition  is  used  to  study  the 
transformation  of  aerosol  to  fog  droplets  and  back 
to  aerosol  in  an  urban  environment.  Fogs  in  pollut- 
ed environments  have  the  potential  to  increase 
aerosol  sulfate  concentrations  but  at  the  same  time 
to  cause  reductions  in  the  aerosol  concentration  of 
nitrate,  chloride,  ammonium  and  sodium  as  well  as 
in  the  total  aerosol  mass  concentration.  The  sulfate 
produced  during  fog  episodes  favors  the  aerosol 
particles  that  have  access  to  most  of  the  fog  liquid 
water  which  are  usually  the  large  particles.  Aero- 
sol scavenging  efficiencies  of  around  80%  were 
calculated  for  urban  fogs.  Sampling  and  subsequent 
mixing  of  fog  droplets  of  different  sizes  may  result 
in  measured  concentrations  that  are  not  fully  repre- 
sentative of  the  fogwater  chemical  composition 
and  can  introduce  errors  in  the  reported  values  of 
the  ionic  species  deposition  velocities.  Differences 
in  the  major  ionic  species  deposition  velocities  can 
be  explained  by  their  distribution  over  the  droplet 
size  spectrum  and  can  be  corrected  with  the  spe- 
cies average  diameter.  Two  different  expressions 
were  derived  for  use  in  fog  models  for  the  calcula- 
tion of  liquid  water  deposition  velocity  during  fog 
growth  and  dissipation  stages.  (Author's  abstract) 
W91-04301 


ONE-DIMENSIONAL  NUMERICAL  MODEL 
TO  SIMULATE  FORMATION  AND  BALANCE 
OF  SULFATE  DURING  RADIATION  FOG 
EVENTS. 


WATER  CYCLE— Field  2 
Chemical  Processes — Group  2K 

Munich  Univ.  (Germany,  F.R.).  Meteorologisches 
Inst. 

R.  Forkel,  W.  Seidl,  R.  Dlugi,  and  E.  Deigele. 
Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  11,  p  18,501-18,515,  Octo- 
ber 20,  1990.  9  fig,  6  tab,  63  ref,  append.  BMFT 
(Ministry  for  Research  and  Technology  of  the 
FRG)  Project  07442033. 

Descriptors:  'Acid  rain,  'Atmospheric  chemistry, 
'Fog,  'Mathematical  models,  'Sulfates,  Acidic 
water,  Acidification,  Aerosols,  Atmospheric  water, 
Simulation  analysis,  Soil  properties,  Water  chemis- 
try. 

A  one-dimensional  numerical  model  of  the  atmos- 
pheric boundary  layer  is  coupled  with  a  bulk  phase 
aqueous  chemistry  model  to  simulate  meteorologi- 
cal conditions,  sulfate  production,  and  pH  values 
during  radiation  fog  events.  The  boundary  layer 
model  includes  prognostic  equations  for  atmos- 
pheric temperature,  specific  humidity,  liquid  water 
content,  wind  speed,  and  the  concentrations  of  the 
gas  phase  and  liquid  phase  chemical  reactants. 
Within  the  soil,  temperature  and  liquid  water  con- 
tent are  predicted.  A  hybrid  equilibrium  and  kinet- 
ic aqueous  chemistry  model  is  used  to  predict 
reactant  concentrations  in  the  fog  water.  The 
model  is  used  to  investigate  the  influence  of  soluble 
aerosol  material  and  of  trace  gases  on  sulfur  diox- 
ide oxidation,  on  fog  water  pH,  and  on  deposition 
fluxes  due  to  sedimentation.  As  the  meteorological 
conditions  have  an  influence  on  fog  height,  liquid 
water  content,  and  duration,  not  only  the  initial 
aerosol  composition  and  the  trace  gas  concentra- 
tions but  also  the  thermodynamic  an  dynamic  con- 
ditions of  the  atmosphere  and  soil  properties  have 
an  impact  on  liquid  phase  sulfate  production 
during  the  fog  event.  With  the  exception  of  the 
dissipation  stage,  the  turbulent  transport  of  oxi- 
dants from  aloft  into  the  fog  layer  has  only  a  small 
influence  on  the  production  of  sulfate  within  a  fog 
layer.  An  important  mechanism  for  downward 
supply  of  fresh  material  is  the  rise  of  the  fog  top, 
followed  by  sedimentation  of  droplets.  Sedimenta- 
tion also  results  in  the  removal  of  a  considerable 
amount  of  aerosol  material  from  the  fog  layer. 
(Author's  abstract) 
W9 1-04302 


POTENTIAL  EFFECTS  OF  RAISENG  PH  FOR 
CORROSION  CONTROL  ON  THE  AESTHETIC 
QUALITIES  OF  A  WATER  SUPPLY. 

Whitman  and  Howard,  Inc.,  Wellesley,  MA. 
For  primary  bibliographic  entry  see  Field  5F. 
W91-04370 


EFFECT  OF  OZONATION  ON  THE  REMOVAL 
OF  ORGANICS  BY  COAGULATION/FLOCCU- 
LATION. 

Poitiers  Univ.  (France).  Lab.  de  Chimie  de  l'Eau  et 
des  Nuisances. 

For  primary  bibliographic  entry  see  Field  5F. 
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STATISTICAL  ANALYSIS  OF  THE  HYDRO- 
CHEMISTRY  OF  GROUND  WATERS  IN  CO- 
LUMBIA RIVER  BASALTS. 

Idaho  Univ.,  Moscow.  Coll.  of  Mines  and  Earth 

Resources. 

For  primary  bibliographic  entry  see  Field  2F. 
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RELATIONSHIPS  BETWEEN  GROUNDWAT- 
ER CONTAMINATION  AND  MAJOR-ION 
CHEMISTRY  IN  A  KARST  AQUIFER. 

Kentucky  Univ.,  Lexington. 

For  primary  bibliographic  entry  see  Field  5B. 
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RESPONSE  OF  YELLOW-POPLAR  (LIRIO- 
DENDRON  TULIPIFERA  L.)  SEEDLINGS  TO 
SIMULATED  ACID  RAIN  AND  OZONE-2. 
EFFECT  ON  THROUGHFALL  CHEMISTRY 
AND  NUTRIENTS  IN  THE  LEAVES. 
Northeastern  Forest  Experiment  Station,  Dela- 
ware, OH. 
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For  primary  bibliographic  entry  see  Field  21. 
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GEOTHERMAL  RESOURCES  OF  THE  WEST- 
ERN ARM  OF  THE  BLACK  ROCK  DESERT, 
NORTHWESTERN  NEVADA:  PART  II,  AQUE- 
OUS GEOCHEMISTRY  AND  HYDROLOGY. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

A.  H.  Welch,  and  A.  M.  Preissler. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources    Investigations   Report   87-4062, 
1990.  91p,  22  fig,  8  tab,  80  ref. 

Descriptors:  'Geochemistry,  •Geothermal  re- 
sources, 'Geothermal  studies,  'Isotope  studies, 
•Nevada,  Black  Rock  Desert,  Evaporation,  Geo- 
thermal water,  Hydrology,  Salinity,  Thermal 
water,  Thermodynamics,  Water  chemistry. 

The  western  arm  of  the  Black  Rock  Desert, 
Nevada,  includes  several  distinct  hydrothermal 
systems,  some  of  which  exceed  150  C  and  may 
exceed  200  C  at  depth,  determined  on  the  basis  of 
chemical  geothermometry.  The  cation  composition 
of  the  thermal  water  appears  to  be  controlled  by 
aluminosilicate  minerals  that  are  common  in  other 
active  geothermal  systems.  Estimates  of  the  equi- 
librium temperatures  at  which  some  mineral  pairs 
are  stable,  when  compared  with  the  more  com- 
monly applied  geothermometer  estimates,  indicate 
that  thermodynamic  data  may  be  useful  for  esti- 
mating deep  aquifer  temperatures.  Thermal  water 
at  Great  Boiling  and  Mud  Springs,  which  has  a 
chloride  concentration  of  about  2,000  mg/L  and  a 
total  dissolved-solids  concentration  of  4,500  mg/L, 
appears  to  have  been  affected  by  shallow  evapo- 
transpiration  in  an  adjacent  playa  prior  to  deep 
circulation.  This  model  of  recharge  within  the 
basin  floor  is  distinctly  different  from  models  pro- 
posed for  most  other  geothermal  systems  in  the 
northern  Great  Basin.  (USGS) 
W9 1-04462 


HYDROGEOCHEMICAL  DATA  FROM  AN 
ACIDIC  DEPOSITION  STUDY  AT  MCDON- 
ALDS BRANCH  BASIN  IN  THE  NEW  JERSEY 
PINELANDS,  1983-86. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 
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GROUND-WATER-QUALITY  ASSESSMENT 
OF  THE  CARSON  RIVER  BASIN,  NEVADA 
AND  CALIFORNIA:  ANALYSIS  OF  AVAIL- 
ABLE  WATER-QUALITY  DATA  THROUGH 
1987. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

A.  H.  Welch,  R.  W.  Plume,  E.  A.  Frick,  and  J.  L. 
Hughes. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-382,  1989.  115p,  35  fig,  17  tab, 
1  pi,  86  ref. 

Descriptors:  'Arsenic,  'Carson  River  Basin, 
•Groundwater  pollution,  'Groundwater  quality, 
•Iron,  'Manganese,  'Nevada,  'Water  pollution 
sources,  'Water  quality,  Alluvial  aquifers,  Arid 
zone,  Dissolved  solids,  Fluorides,  Groundwater, 
Hydrogeology,  Water  supply,  Water  use,  Well 
water. 

Data  on  groundwater  quality,  hydrogeology,  and 
land  and  water  use  for  the  Carson  River  basin, 
Nevada  and  California  were  analyzed  as  part  of  the 
U.S.  Geological  Survey  National  Water-Quality 
Assessment  program.  The  basin  consists  of  six  hy- 
drographic  areas— a  mountainous  headwaters  area 
and  five  downstream  areas  interconnected  by  the 
Carson  River.  Each  valley  contains  one  or  more 
basin-fill  aquifers.  The  data  on  groundwater  qual- 
ity came  from  several  agencies  and  were  screened 
to  verify  site  location  and  to  avoid  analyses  of 
treated  water.  The  screened  data  are  stored  in  the 
U.S.  Geological  Survey  National  Water  Informa- 
tion System  data  base.  Differences  in  sample-col- 


lection and  preservation  procedures  among  some 
of  the  data-collection  agencies  restrict  use  of  the 
data  to  a  descriptive  analysis.  Drinking  water 
standards  were  employed  as  the  basis  for  evaluat- 
ing reported  concentrations.  Frequencies  with 
which  primary  or  secondary  standards  are  exceed- 
ed increase  from  upstream  parts  of  the  basin  to 
downstream  parts.  Primary  standards  commonly 
exceeded  are  fluoride  in  upstream  areas  and  arsenic 
and  fluoride  in  downstream  areas.  Secondary 
standards  commonly  exceeded  are  iron  and  manga- 
nese in  upstream  areas  and  chloride,  dissolved 
solids,  iron,  manganese,  and  sulfate  in  downstream 
areas.  The  poorer-quality  groundwater  generally  is 
a  result  of  natural  geochemical  reactions,  rather 
than  the  introduction  of  chemicals  by  man.  Limit- 
ed data  indicate,  however,  that  manmade  organic 
compounds  are  present,  mostly  at  or  near  urban 
land.  (USGS) 
W9 1-04476 


DISSOLVED  ARSENIC  IN  THE  ST.  LAW- 
RENCE ESTUARY  AND  THE  SAGUENAY 
FJORD,  CANADA. 

Institut  Maurice-Lamontagne,  Mont-Joli  (Quebec). 
For  primary  bibliographic  entry  see  Field  5B. 
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USE  OF  FLUORESCENCE  SPECTROSCOPY 
TO  STUDY  HERBICIDE-HUMIC  ACID  INTER- 
ACTIONS: PRELIMINARY  OBSERVATIONS. 

Agriculture  Canada,  Lethbridge  (Alberta).  Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  5B. 
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GEOHYDROLOGY  AND  WATER  QUALITY 
OF  CONFINED-DRIFT  AQUIFERS  IN  THE 
BROOTEN-BELGRADE  AREA,  WEST-CEN- 
TRAL MINNESOTA. 

Geological  Survey,  St.  Paul,  MN. 

For  primary  bibliographic  entry  see  Field  2F. 
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MICROBIAL  MANGANESE  REDUCTION  ME- 
DIATED BY  BACTERIAL  STRAINS  ISOLATED 
FROM  AQUIFER  SEDIMENTS. 

Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  de  Mi- 

crobiologie-Physiologique  et  Appliqueee. 

J.  Di-Ruggiero,  and  A.  M.  Gounot. 

Microbial  Ecology  MCBEBU,  Vol.  20,  No.  I,  p 

53-63,  July/August  1990.  3  fig,  4  tab,  32  ref. 

Descriptors:  'Aquatic  bacteria,  'Aquifers,  'Bacte- 
ria, 'Geochemistry,  'Manganese,  'Microbial  deg- 
radation, 'Sediments,  'Water  chemistry,  Acineto- 
bacter,  Bacillus,  Conductivity,  Corynebacterium, 
Culturing  techniques,  Escherichia  coli,  Hydrogen 
ion  concentration,  Laboratory  methods,  Pseudo- 
monas. 

One  hundred  and  five  bacterial  strains  isolated 
from  aquifer  sediments  from  the  Rhone  valley, 
France  and  Escherichia  coli  ML30S  were  tested 
for  their  ability  to  reduce  manganese  oxides. 
Eighty-two  strains,  including  E.  coli,  reduced  man- 
ganese. In  most  cases  the  bacterial  activity  de- 
creased the  pH  and  Eh  below  6.75  and  350  mV, 
respectively,  enhancing  a  spontaneous  and  nonspe- 
cific reduction  of  manganese.  For  12  strains  the 
reduction  was  specifically  catalyzed  by  bacteria; 
the  high  pH  and  Eh  values  would  not  permit  a 
spontaneous  reduction  of  manganese.  Some  of  the 
most  active  strains  were  identified  as  genera 
common  in  soils  and  waters,  i.e.,  Pseudomonas, 
Bacillus,  Corynebacterium,  and  Acinetobacter. 
Two  strains  were  studied  in  detail.  One  of  the 
strains,  identified  as  Pseudomonas  fluorescens,  re- 
quired contact  between  the  cells  and  the  manga- 
nese oxides  for  reduction  to  occur.  The  reduction 
was  inhibited  by  15  mM  of  sodium  azide.  The 
other  strain,  identified  as  Acinetobacter  johnsonii, 
catalyzed  manganese  reduction  by  an  inductive 
and  dialyzable  substance  which  was  excreted  by 
the  bacteria.  The  mechanism  involved  has  not  been 
previously  demonstrated.  (Author's  abstract) 
W9 1-04726 


REACTIONS  BETWEEN  ALUMINUM  AND 
SULFATE  IN  DILUTE  NUTRIENT  SOLU- 
TIONS WITH  VARYING  DEGREES  OF  HY- 
DROLYSIS. 

Florida   Univ.,   Lake   Alfred.   Citrus   Experiment 

Station. 

A  K.  Alva,  G.  L.  Kerven,  D.  G.  Edwards,  and  C. 

J.  Asher. 

Soil  Science  SOSCAK,  Vol.  150,  No.  2,  p  495-505, 

1990.  5  fig,  3  tab,  32  ref. 

Descriptors:  'Aluminum,  'Hydrolysis,  'Nutrient 
concentrations,  'Soil  chemistry,  'Soil  water,  'Sul- 
fates, Molar  ratio.  Precipitates,  Soil  solution,  Soil- 
water-plant  relationships,  Speciation,  Supersatura- 
tion. 

A  clear  understanding  of  the  forms  of  aluminum 
present  in  solutions  is  necessary  to  diagnose  Al 
toxicity  properly  in  plant  root  environments.  In 
soil  solutions,  interaction  of  Al  with  organic  li- 
gands  plays  an  important  role  in  determining  the 
concentration  of  biologically-active  Al.  Effects  of 
hydrolysis  of  aluminum  (300  microM)  at  hydrox- 
ide/aluminum molar  ratios  of  0,  1,  or  2  on  forms  of 
aluminum  were  studied  in  de-ionized  water  and  in 
a  dilute  nutrient  solution  matrix  during  20  days  of 
aging.  In  the  dilute  nutrient  solution  series,  varying 
sulfate  additions  were  made  to  obtain  a  sulfate/ 
aluminum  molar  ratio  of  5  or  20.  Aluminum  was 
supplied  as  Aluminum  potassium  sulfate  or  alumi- 
num nitrate  and  additional  sulfate  was  supplied  as 
calcium  sulfate.  The  solution  pH  varied  from  4.2  to 
4.7  with  increase  in  degree  of  hydrolysis.  The 
trends  in  pH  with  time  were  generally  similar  in 
the  absence  or  presence  of  basal  nutrients.  In  the 
absence  of  basal  nutrients,  increase  in  hydroxide/ 
aluminum  molar  ratio  decreased  the  concentration 
of  total  aluminum  in  solution  with  aluminum  potas- 
sium sulfate  but  not  with  aluminum  nitrate.  How- 
ever, in  the  presence  of  basal  nutrients,  concentra- 
tions of  total  and  raonomeric  aluminum  only  in 
hydrolyzed  aluminum  solutions.  Precipitates  found 
in  hydrolyzed  aluminum  solutions  were  amorphous 
and  contained  aluminum  and  sulfur,  with  the 
sulfur/aluminum  ratio  ranging  from  0.15  to  0.27, 
depending  on  the  source  of  aluminum,  the  degree 
of  hydrolysis,  the  presence  of  basal  nutrients,  and 
the  sulfate/aluminura  molar  ratio.  Speciation  cal- 
culations using  the  MINTEQ  program  showed 
supersaturation  with  respect  to  aluminum  hydroxy- 
sulfate  and  alunite  in  solutions  containing  a  sulfate/ 
aluminum  molar  ratio  of  5  or  20  using  either  alumi- 
num potassium  sulfate  or  aluminum  nitrate,  and  in 
solutions  containing  aluminum  potassium  sulfate 
with  no  addition  of  sulfate.  (Author's  abstract) 
W91-04910 


DEGRADATION  OF  ATRAZTNE  IN  SOIL 
THROUGH  INDUCED  PHOTOCATALYTIC 
PROCESSES. 

Parma  Univ.  (Italy).  1st.  di  Chimica  Fisica  Appli- 

cata. 

For  primary  bibliographic  entry  see  Field  5B. 
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ISOTOPIC  EVOLUTION  OF  RIVER  WATER 
IN  THE  NORTHERN  CHILE  REGION. 

Waterloo  Centre  for  Groundwater  Research  (On- 
tario). 

R.  Aravena,  and  O.  Suzuki. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  2887-2895,  December  1990.  5  fig,  3  tab, 
45  ref. 

Descriptors:  'Carbon  isotopes,  'Chile,  'Geohy- 
drology,  'Groundwater  resources,  'Hydrogen  iso- 
topes, 'Isotope  studies,  'Oxygen  isotopes,  'Rivers, 
•Water  resources,  Atmosphere,  Carbon  cycle, 
Carbon  dioxide,  Geothermal  water,  Groundwater 
recharge,  Organic  carbon,  Paleohydrology,  Tribu- 
taries, Water  chemistry. 

Two  main  northern  Chilean  rivers,  the  Loa  and 
Tarapaca,  were  investigated  regarding  their  isotop- 
ic  characteristics.  Groundwater  associated  with 
various  recharge  zones,  and  the  input  of  tributaries 
along  their  courses,  mainly  control  their  (oxygen- 
18,  hydrogen)  isotopic  composition  of  the  rivers. 
In  the  Loa  river,  carbon  isotopic  exchange  be- 
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tween  dissolved  inorganic  carbon  (DIC)  and  at- 
mospheric carbon  dioxide  plays  a  minor  role  in  the 
inorganic  carbon  cycle  of  the  Loa  river.  The 
carbon  isotopic  composition  (carbon- 14,  carbon- 
13)  of  this  river  is  probably  controlled  by  carbon 
sources  associated  with  volcanic  and  geothermal 
activities  and  by  the  deposition  of  travertines.  For 
the  Tarapaca  river  the  carbon  isotope  content  of 
the  DIC  reflects  the  input  of  recirculated  water 
from  irrigated  areas  along  the  river  and  carbon 
isotopic  exchange.  These  results  imply  that  the 
input  of  volcanic  and/or  geothermal  carbon  diox- 
ide into  the  DIC  pool  has  to  be  evaluated  in  order 
to  use  carbon  isotopes  as  a  dating  tool  for  ground- 
water in  the  Loa  basin  and  that  modern  conditions 
are  not  analogous  to  the  paleohydrology  of  the 
Tarapaca  river.  (Author's  abstract) 
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DISSOLVED  ORGANIC  CARBON  CYCLING  IN 
FORESTED  WATERSHEDS:  A  CARBON  ISO- 
TOPE APPROACH. 

Waterloo  Centre  for  Groundwater  Research  (On- 
tario). 

S.  L.  Schiff,  R.  Aravena,  S.  E.  Trumbore,  and  P.  J. 
Dillon. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  2949-2957,  December  1990.  4  fig,  2  tab, 
42  ref. 

Descriptors:  *Acid  rain  effects,  'Carbon  cycle, 
♦Carbon  isotopes,  *Dissolved  organic  carbon, 
•Forest  watersheds,  *Isotope  studies,  *Water 
chemistry,  Acid  rain,  Aquifers,  Ontario,  Path  of 
pollutants,  Soil  chemistry,  Trace  metals. 

Dissolved  organic  carbon  (DOC)  is  important  in 
the  acid-base  chemistry  of  acid-sensitive  freshwa- 
ter systems;  in  the  complexation,  mobility,  persist- 
ence, and  toxicity  of  metals  and  other  pollutants; 
and  in  lake  carbon  metabolism.  Carbon  isotopes 
(carbon-13  and  carbon-14)  are  used  to  study  the 
origin,  transport  and  fate  of  DOC  in  a  softwater 
catchment  in  central  Ontario.  Precipitation,  soil 
percolates,  groundwaters,  stream,  beaver  pond, 
and  lake  waters,  and  lake  sediment  pore  water 
were  characterized  chemically  and  isotopically.  In 
addition  to  total  DOC,  isotopic  measurements 
were  made  on  the  humic  and  fulvic  DOC  frac- 
tions. The  lake  is  a  net  sink  for  DOC.  Delta 
carbon-14  results  indicate  that  the  turnover  time  of 
most  of  the  DOC  in  streams,  lakes,  and  wetlands  is 
fast,  less  than  40  years,  and  on  the  same  time  scale 
as  changes  in  acidic  deposition.  DOC  in  ground- 
waters is  composed  of  older  carbon  than  surface 
waters,  indicating  extensive  cycling  of  DOC  in  the 
upper  soil  zone  or  aquifer.  (Author's  abstract) 
W9 1-04924 


CHEMICAL  WEATHERING  IN  THE  LOCH 
VALE  WATERSHED,  ROCKY  MOUNTAIN  NA- 
TIONAL PARK,  COLORADO. 

Wyoming  Univ.,  Laramie.  Dept.  of  Geology  and 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-04926 


GROUNDWATER  AND  WETLAND  CONTRI- 
BUTIONS TO  STREAM  ACIDIFICATION:  AN 
ISOTOPIC  ANALYSIS. 

Trent  Univ.,  Peterborough  (Ontario).  Watershed 
Ecosystems  Program. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04928 


MECHANISMS  AFFECTING  STREAMFLOW 
AND  STREAM  WATER  QUALITY:  AN  AP- 
PROACH VIA  STABLE  ISOTOPE,  HYDRO- 
GEOCHEMICAL,  AND  TIME  SERIES  ANALY- 
SIS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Wembley  (Australia).  Div.  of  Water 
Resources. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04929 


HYDROGEOCHEMICAL    RESPONSE    OF    A 
FORESTED  WATERSHED  TO  STORMS:  EF- 


FECTS  OF   PREFERENTIAL   FLOW   ALONG 
SHALLOW  AND  DEEP  PATHWAYS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-O4930 


INFLUENCE  OF  TEMPERATURE  AND  MIN- 
ERAL SURFACE  CHARACTERISTICS  ON 
FELDSPAR  WEATHERING  RATES  IN  NATU- 
RAL AND  ARTIFICIAL  SYSTEMS:  A  FIRST 
APPROXIMATION. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Geo- 
logical Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04932 


LINKING  HYDROLOGICAL,  GEOCHEMICAL, 
AND  SOU,  CHEMICAL  PROCESSES  ON  THE 
CATCHMENT  SCALE:  AN  INTERPLAY  BE- 
TWEEN MODELING  AND  FIELD  WORK. 

Senter  for  Industriforskning,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  2A. 
W91-04935 


CHEMISTRY  OF  IRON,  ALUMINIUM,  AND 
DISSOLVED      ORGANIC      MATERIAL      IN 
THREE  ACIDIC,  METAL-ENRICHED,  MOUN- 
TAIN STREAMS,  AS  CONTROLLED  BY  WA- 
TERSHED AND  IN-STREAM  PROCESSES. 
Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04936 


2L.  Estuaries 


OPTICAL  PROPERTIES  OF  SEAWATER 
BODIES:  MEASUREMENTS  WITH  AN  UN- 
DERWATER RADIOMETER  AND  A  HIGH- 
RESOLUTION  SPECTRORADIOMETER. 

Commission  of  the  European  Communities,  Ispra 
(Italy).  Joint  Research  Centre. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03950 


MONITORING  OFFSHORE  WATER  QUALITY 
FROM  SPACE. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia). 

For  primary  bibliographic  entry  see  Field  7B. 

W91-03953 


PRELIMINARY  STUDY  ON  NEARSHORE 
WATER  IN  CHINA  WITH  NOAA  SATELLITE 
IMAGES. 

National    Bureau    of   Oceanography,    Hangzhou 
(China).  Second  Inst,  of  Oceanography. 
For  primary  bibliographic  entry  see  Field  7B. 
W91-03955 


WETLAND  SOIL  FORMATION  IN  THE  RAP- 
IDLY SUBSIDING  MISSISSIPPI  RIVER  DEL- 
TAIC PLAIN:  MINERAL  AND  ORGANIC 
MATTER  RELATIONSHIPS. 

Louisiana  State  Univ.,  Baton  Rouge.  Center  for 
Wetland  Resources. 

J.  A.  Nyman,  R.  D.  Delaune,  and  W.  H.  Patrick. 
Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 
Vol.  31,  No.  1,  p  57-69,  July  1990.  5  fig,  1  tab,  34 
ref.  USGS  Grant  No.  14-08-0001-23411. 

Descriptors:  'Minerals,  'Mississippi  River  Delta, 
•Organic  matter,  'Soil  genesis,  'Wetlands,  Coastal 
marshes,  Rainfall,  Saline-freshwater  interfaces,  Sa- 
linity, Sediments,  Soil  profiles,  Spartina,  Submer- 
gence. 

The  elevation  of  submerging  coastal  marshes  is 
maintained  by  vertical  accretion  of  mineral  and 
organic  matter.  Submergence  rates  currently 
exceed  0.1  cm/yr  in  the  Mississippi  Deltaic  Plain 
and  are  expected  to  increase.  Mineral  matter-or- 
ganic matter  relationships  were  examined  in  sur- 
face profiles  of  Mississippi  Deltaic  Plain  soil  from 
both  Active  Delta  Zone  marsh  (which  receives 


freshwater  and  mineral  sediment  from  the  Atchafa- 
laya  or  Mississippi  Rivers)  and  Inactive  Delta 
Zone  marsh  (which  relies  on  rainfall  for  freshwater 
and  on  reworked  sediments  for  mineral  matter)  to 
gain  insights  into  marsh  soil  structure  and  forma- 
tion. Mineral  and  organic  matter  accounted  for  4 
to  14%  of  soil  volume.  The  remainder  was  pore 
space  and  was  occupied  by  water  and  entrapped 
gases.  Organic  matter  occupied  more  volume  than 
mineral  matter  in  all  but  saline  marsh  soil.  The 
regular  influx  of  mineral  matter  to  active  fresh 
marsh  resulted  in  active  fresh  marsh  soil  containing 
twice  as  much  mineral  and  organic  matter  as  inac- 
tive fresh  marsh  soil.  Within  the  Inactive  Delta 
Zone,  the  volume  of  mineral  and  organic  matter 
increased  from  fresh  (inland)  to  saline  (seaward) 
marshes.  Saline  marsh  soil  required  1.7  times  as 
much  mineral  matter  as  brackish  marsh  soil  to 
vertically  accrete  at  similar  rates,  possibly  as  a 
result  of  soil  bulk  density  requirements  of  the  dom- 
inant saline  marsh  plant,  Spartina  alterniflora.  Ver- 
tical accretion  rates  were  highest  in  the  Active 
Delta  Zone,  probably  as  a  result  of  increased  min- 
eral matter  availability  and  delivery.  Current,  best 
estimates  of  the  combination  of  mineral  and  organ- 
ic matter  required  (g/sq  m/yr)  to  maintain  marsh 
surface-water  level  relationship  are  fresh  marsh: 
organic  matter  =  1700  +  269x,  mineral  matter  = 
424x;  brackish  marsh:  organic  matter  =  553  + 
583x,  mineral  matter  =  1052x;  saline  marsh:  organ- 
ic matter  =  923  +  60  lx,  mineral  matter  =  1798x, 
where  x  =  the  rate  of  submergence  (cm/yr).  (Au- 
thor's abstract) 
W9 1-03978 


ASSESSMENT  OF  METAL  CONTAMINATION 
OF  SEDIMENTS  IN  THE  HUMBER  ESTUARY, 
U.K. 

Hull  Univ.  (England).  Dept.  of  Applied  Biology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-03979 


PATHWAYS  OF  SILVER  UPTAKE  AND  ACCU- 
MULATION BY  THE  AMERICAN  OYSTER 
(CRASSOSTREA  VIRGINICA)  IN  THE  CHESA- 
PEAKE BAY. 

Academy   of  Natural    Sciences   of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-03980 


CAUSES  OF  LIGHT  ATTENUATION  IN  NINE 
NEW  ZEALAND  ESTUARIES. 

Department  of  Scientific  and  Industrial  Research, 
Hamilton  (New  Zealand).  Water  Quality  Centre. 
W.  N.  Vant. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  2,  p  125-137,  August  1990.  7  fig,  4  tab, 
36  ref. 

Descriptors:  'Estuaries,  'Estuarine  environment, 
'Light  penetration,  'New  Zealand,  'Turbidity, 
Biomass,  Chlorophyll,  Climates,  Floodwater, 
Mathematical  models,  Mixing,  Phytoplankton, 
Plant  growth,  Seasonal  variation,  Suspended  sedi- 
ments, Tidal  effects. 

The  optical  properties  of  a  water  body  determine 
the  underwater  light  climate  for  plant  growth,  as 
well  as  important  aspects  of  its  appearance.  Optical 
properties  and  the  constituent  composition  of  the 
waters  of  nine  northern  New  Zealand  estuaries 
were  determined  during  1988-1989.  Substantial 
variation  was  found  both  within  and  between  the 
estuaries.  For  characteristics  such  as  beam  attenu- 
ation, turbidity  and  suspended  solids,  sources  of 
variation  in  particular  estuaries  included:  state  of 
the  tide  (causing  three-fold  differences);  seasonal 
changes  (five-fold  to  ten-fold);  incomplete  mixing; 
both  horizontal  (two-fold  to  three-fold)  and,  in  one 
case,  vertical  (about  two-fold);  and  the  presence  of 
floodwaters  (at  least  five-fold).  The  waters  at  the 
estuary  mouths  were  fairly  turbid  (Secchi  depths 
1.2  to  4.4  m),  and  were  comparatively  bright  (PAR 
reflectance  6  to  12%),  because  the  constituents 
tended  to  scatter  more  light  than  they  absorbed  (7 
to  17  times  more  on  average).  Phytoplankton  bio- 
mass was  low  (chlorophyll  a,  0.5  to  5  mg/cu  m) 
and  suspended  particulates  were  mostly  inorganic 
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(82%).  Equations  were  derived  which  describe 
how  the  water  constituents  affect  the  estuaries' 
optical  properties.  Reasonably  reliable  predictions 
resulted  when  the  equations  were  tested  against  a 
separate  data  set.  The  inorganic  suspensoids  (  3  to 
11  g/cu  m)  caused  56%  of  beam  attenuation,  four 
times  that  caused  by  phytoplankton.  Scattering  per 
unit  mass  of  suspensoids  was  several  times  lower 
than  that  found  in  some  New  Zealand  lakes  be- 
cause of  the  larger  average  particle  size  of  the 
estuarine  material.  Oxidation  pond  effluent  dis- 
charged to  one  of  the  estuaries  had  little  effect  on 
beam  attenuation  there.  (Author's  abstract) 
W9 1-03981 


SEASONAL  ABUNDANCES  OF  PLANKTONIC 
CILIATES  AND  MICROFLAGELLATES  IN 
MESOHALINE  CHESAPEAKE  BAY  WATERS. 

Johns  Hopkins  Univ.,   Shady   Side,   MD.   Chesa- 
peake Bay  Inst. 
J.  R.  Dolan,  and  D.  W.  Coats. 
Estuarine,   Coastal  and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  2,  p  157-175,  August  1990.  8  fig,  3  tab, 
77  ref.  NSF  Grant  OCE88-00076. 

Descriptors:  'Chesapeake  Bay,  *Ciliates,  'Estua- 
rine environment,  •Flagellates,  'Population  densi- 
ty, 'Seasonal  variation,  Bacterial  physiology, 
Brackish  water,  Chlorophyll,  Eutrophication,  Phy- 
toplankton, Temporal  distribution. 

Ciliate,  heterotrophic  microflagellate  (hflag)  and 
autotrophic  microflagellate  (aflag)  abundances  are 
reported  for  mesohaline  Chesapeake  Bay  waters 
based  on  samples  gathered  from  April  through 
October  1985  to  1987.  Total  water  column  aver- 
ages for  ciliate  and  microflagellate  abundances 
were  typical  of  eutrophic  marine  systems.  Ciliate 
density  ranged  from  17.2  cells/ml  in  April  to  1.8 
cells/ml  in  September;  hflag  ranged  from  3700 
cells/ml  in  June  to  1 100  cells/ml  in  October.  In 
spring,  the  majority  of  ciliate  and  hflag  standing 
stocks  (70%  and  64%,  respectively)  were  located 
in  bottom  and  transition  waters;  during  summer 
months  the  majority  (approximately  85%  of  both 
groups)  were  in  surface  and  transition  waters. 
During  fall,  ciliate  stock  was  concentrated  (72%) 
in  surface  waters  and  hflag  were  relatively  evenly 
distributed  in  the  three  water  column  zones.  Ciliate 
and  microflagellate  numbers  were  not  directly  re- 
lated to  chlorophyll  a  concentrations  except  in  the 
bottom  layer,  where  simultaneous  declines  accom- 
panied anoxia.  Ciliate  concentrations  correlated 
with  total  numbers  of  microflagellates  and  hflag 
abundance,  but  not  aflag  density.  The  abundance 
trends  of  ciliates  in  the  Chesapeake  Bay  could  be  a 
function  of  food  availability,  but  there  are  no  data 
available  on  seasonal  shifts  in  bacterial  production 
with  which  to  evaluate  this  hypothesis.  Prelimi- 
nary reports  giving  estimates  of  in  situ  ciliate  graz- 
ing rates  on  phytoplankton  and  bacterioplankton  in 
Chesapeake  waters  have  emphasized  findings  of 
temporal  and  spatial  variability,  but  further  work 
to  clarify  the  magnitude  and  regulating  factors  is 
needed.  (Author's  abstract) 
W9 1-03982 


SUCCESSIVE  APPEARANCE  OF  SUBFOSSIX 

PHYTOPLANKTON  SPECIES  IN  HOLOCENE 

SEDIMENTS  OF  THE  NORTHERN  ADRIATIC 

AND  ITS   RELATION  TO  THE  INCREASED 

EUTROPHICATION  PRESSURE. 

Institut    Rudjer    Boskovic,    Rovinj    (Yugoslavia). 

Centar  za  Istrazivanje  Mora. 

S.  Puskaric,  G.  W.  Berger,  and  F.  J.  Jorissen. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  2,  p  177-187,  August  1990.  6  fig,  31 

ref. 

Descriptors:  'Adriatic  Sea,  'Eutrophication, 
•Marine  sediments,  'Phytoplankton,  'Water  pollu- 
tion effects,  Bioturbation,  Diatoms,  Flagellates, 
Oxygen  requirements,  Phosphorus,  Preservation, 
Succession. 

The  shallow  waters  of  the  northern  Adriatic  cover 
a  more  or  less  smooth  part  of  the  continental  shelf. 
According  to  successive  appearance  of  subfossil 
diatom,  ebridian  and  silicoflagellate  remains  found 
in  three  sediment  cores,  levels  of  dissolution  of 
biogenic   opal   are   determined.    Successive   entry 


levels  of  siliceous  organisms  could  reflect  the 
oxygen  history  of  the  basin.  On  the  basis  of  the 
better  preserved  coccolithophorid  remains  and  an 
absolute  time  scale  provided  by  excess  lead-210 
profiles,  changes  in  primary  productivity  occur. 
The  absence  of  diatoms  with  fragile  skeletons  point 
out  that  selective  dissolution  of  opal  in  the  north- 
ern Adriatic  sediments  indeed  take  place.  As  ap- 
pearances of  heavily  silicified  diatoms  are  not  ac- 
companied by  other,  more  delicate  diatom  taxa, 
the  diatom  entry  levels  seem  to  show  the  depths  of 
preservation  of  biogenic  opal  in  the  northern  Adri- 
atic sediments.  Under  anoxic  conditions,  bioturba- 
tion tends  to  be  minimal,  and  the  organic  compo- 
nents of  the  pellets  are  not  oxidized.  Both  factors 
strongly  increase  the  preservation  potential  of  the 
pellets,  and,  by  their  protective  force,  also  of  the 
siliceous  remains  themselves.  Entry  levels  of  the 
various  siliceous  phytoplankton  taxa  could  indicate 
the  precise  moments  from  which  the  oxygen  con- 
centrations in  the  bottom  environments  allowed 
the  permanent  preservation  of  the  successive  taxa. 
The  sudden  increase  of  all  phytoplankton  remains 
in  the  last  40  years  ago  is  clearly  connected  with 
the  post-war  increase  of  phosphorus  load  originat- 
ing from  human  activities,  particularly  from  deter- 
gents from  Italy.  In  the  case  of  coccolithophorids, 
the  increase  is  probably  real;  in  the  case  of  siliceous 
remains,  the  increase  could  be  caused  by  preserva- 
tion potential  as  a  result  of  the  further  decreasing 
oxygen  concentrations  in  the  bottom  environment. 
(Brunone-PTT) 
W91-03983 


SEASONAL  OCCURRENCE  OF  AUTOTRO- 
PHIC NAKED  NANOFLAGELLATES  IN  KIEL 
BIGHT,  WESTERN  BALTIC. 

Kiel  Univ.  (Germany,  F.R.).   Inst,   fuer  Meeres- 

kunde. 

F.  J.  Jochem. 

Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 

Vol.  31,  No.  2,  p  189-202,  August  1990.  2  fig,  3  tab, 

49  ref. 

Descriptors:  'Algae,  'Autotrophic  algae,  'Baltic 
Sea,  'Flagellates,  'Kiel  Bight,  'Phytoplankton, 
•Plant  metabolism,  *Red  tide,  •Sampling,  •Season- 
al variation,  Filtration,  Light  microscopy,  Species 
diversity. 

Nanoplankton  may  account  for  80  to  100%  of 
phytoplankton  biomass  and  productivity  during 
summer,  and  picoplankton  for  up  to  33%.  From 
April  to  October  1986,  the  occurrence  of  autotro- 
phic, mainly  naked  nanoflagellates  was  surveyed 
qualitatively  and  semi-quantitatively  at  four  sta- 
tions in  Kiel  Bight  and  Kiel  Fjord  by  use  of  the 
dilution  culture  technique  and  light  microscopy  of 
live  preparation.  In  April,  the  flagellate  community 
was  characterized  by  species  mostly  >  10  microm 
(Cryptomonas  pseudobaltica,  Katodinium  rotunda- 
tum,  Pseudopedinella  pyriforme,  Heterosigma 
akashiwo).  After  a  bloom  of  Dictyocha  speculum 
in  May,  mainly  smaller  species  occurred  during 
summer  (Dicrateria/Imantonia  sp.,  Nephroselmis 
pyriformis,  Ochromonas  minima  and  others).  From 
late  August  onwards  Prorocentrum  minimum  oc- 
curred and  formed  a  red  tide  in  Kiel  Fjord.  Based 
on  their  seasonal  occurrence,  temperature  ranges 
are  derived  for  each  species.  Because  different 
flagellate  species  may  exhibit  different  life  strate- 
gies and  physiological  properties,  more  studies  on 
seasonal  succession  patterns  including  species  iden- 
tification at  least  on  a  light  microscopic  level  are 
needed.  Since  the  dilution  culture  technique  is  both 
selective  and  very  time-consuming,  concentration 
of  live  specimens  by  the  tangential  flow  filtration 
may  be  a  valuable  tool  to  get  a  qualitative  or  semi- 
qualitative  impression  of  nanoflagellate  popula- 
tions. (Author's  abstract) 
W9 1-03984 


MIXING  AND  CIRCULATION  IN  THE  SUN- 
DAYS RIVER  ESTUARY,  SOUTH  AFRICA. 

Port    Elizabeth    Univ.    (South    Africa).    Inst,    for 

Coastal  Research. 

H.  M.  MacKay,  and  E.  H.  Schumann. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  2,  p  203-216,  August  1990.  9  fig,  25 

ref. 


Descriptors:  *Estuaries,  •Mixing,  'South  Africa, 
•Sundays  River  Estuary,  'Tidal  currents,  'Water 
circulation,  Salinity,  Seasonal  variation,  Stratifica- 
tion, Water  temperature. 

In  the  winter  of  1987,  a  field  exercise  of  6  weeks' 
duration  was  carried  out  to  investigate  tidal  dy- 
namics and  circulation  patterns  in  the  Sundays 
River  estuary,  on  the  south  east  coast  of  South 
Africa.  Measurements  included  continuous  moni- 
toring of  water  levels  inside  and  outside  the  estu- 
ary, salinity  and  temperature  profiles  along  the 
estuary  at  slack  tides,  current  velocity  profiles  and 
near-bottom  currents.  The  estuary  was  found  to  be 
in  a  highly  stratified  state  at  neap  tides,  but  became 
completely  mixed  at  spring  tides.  Dynamically,  the 
estuary  can  be  divided  into  four  longitudinal  sec- 
tions, each  with  an  essentially  different  circulation 
pattern.  Stratification  and  mixing  in  the  water 
column  appears  to  depend  on  semidiurnal  tides  in 
the  local  coastal  ocean;  the  spring-neap  tidal  cycle; 
and  freshwater  input.  Direct  effects  of  wind  mixing 
were  not  observed.  Frequent  visual  observations  of 
the  phenomena  of  axial  convergence  are  supported 
by  water  temperature  and  current  velocity  data. 
(Author's  abstract) 
W91-03985 


DIMETHYL  SULFIDE  PRODUCTION   FROM 
DIMETHYLSULFONIOPROPIONATE  IN 

COASTAL  SEA  WATER  SAMPLES  AND  BAC- 
TERIAL CULTURES. 

Georgia  Univ.,  Sapelo  Island.  Marine  Inst. 
For  primary  bibliographic  entry  see  Field  2K. 
W91-04064 


ADVECTION  OF  EUPHAUSIIDS  IN  A  NOR- 
WEGIAN FJORD  SYSTEM  SUBJECT  TO  AL- 
TERED FRESHWATER  INPUT  BY  HYDRO- 
ELECTRIC POWER  PRODUCTION. 

Bergen  Univ.  (Norway).   Dept.  of  Fisheries  and 

Marine  Biology. 

For   primary   bibliographic   entry   see   Field   6G. 

W91-04112 


PCB  MOVEMENT,  DECHLORINATION,  AND 
DETOXICATION  IN  THE  ACUSHNET  ESTU- 
ARY. 

General  Electric  Co.,  Schenectady,  NY.  Research 

and  Development  Center. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04141 


OXIDATION  AND  REDUCTION  OF  RADIO- 
LABELED INORGANIC  SULFUR  COM- 
POUNDS IN  AN  ESTUARINE  SEDIMENT, 
KYSING  FJORD,  DENMARK. 

Aarhus  Univ.  (Denmark).   Inst,  of  Ecology  and 

Genetics. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-04155 


INVESTIGATION  OF  THE  ALLOCATION  OF 
SAMPLING  STATIONS  DURING  ESTUARINE 
SURVEYS. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  7A. 

W91-04198 


IMPORTANCE  OF  SPHEROIDAL  CARBONA- 
CEOUS PARTICLES  (SCPS)  FOR  THE  DISTRI- 
BUTION OF  PARTICULATE  POLYCYCLIC 
AROMATIC  HYDROCARBONS  (PAHS)  IN  AN 
ESTUARINE-LIKE  URBAN  COASTAL  WATER 
AREA. 

Stockholm  Univ.  (Sweden).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5B. 
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SUB-RECENT  BRYOZOAN-SERPULID  BUILD- 
UPS IN  THE  COORONG  LAGOON,  SOUTH 
AUSTRALIA. 

Adelaide  Univ.  (Australia).  Dept.  of  Geology  and 
Geophysics. 


WATER  CYCLE— Field  2 
Estuaries — Group  2L 


Y.  Bone,  and  R.  E.  Wass. 

Australian   Journal   of  Earth   Sciences   AJESE7, 

Vol.  37,  No.  2,  p  207-214,  June  1990.  9  fig,  1  tab,  26 

ref. 

Descriptors:  'Australia,  'Ecological  effects,  'Estu- 
aries, 'Estuarine  environment,  'Invertebrates,  'La- 
goons, 'Marine  animals,  'Paleoecology,  Bryo- 
zoans,  Colonization,  Ecological  distribution,  Hy- 
persalinity,  Intertidal  areas,  Radioactive  dating, 
Reefs,  Serpulids,  Species  diversity,  Subtidal  areas, 
Succession,  Temperature  effects,  Water  depth. 

Genera  and/or  species  in  any  particular  area  are 
controlled  by  environmental  factors  such  as  water 
depth,  salinity,  nutrient  availability,  substrate  and 
the  presence  of  other  fauna  and/or  flora  more 
opportunistic  than  themselves.  A  study  was  under- 
taken to  describe  small  but  lateral  extensive  build- 
ups composed  of  a  bryozoan  (Membranipora  acicu- 
lata)  and  serpulid  worms  in  the  Coorong  lagoon, 
South  Australia,  and  to  interpret  their  origin,  cli- 
matic and  environmental  significance.  The  use  of 
14C  dating  indicated  that  the  main  growth  phase 
of  the  buildups  was  a  Late  Holocene  phenomenon 
which  took  place  some  700  years  ago.  Field  evi- 
dence indicated  that  since  then  there  has  been  a 
gradual  reversal  of  the  dominant  organism  forming 
the  buildups  during  the  geologically  short  period. 
In  the  sub-Recent,  M.  aciculata  was  dominant, 
whereas  now  serpulids  dominate  the  scene.  The 
buildups,  once  established,  did  not  follow  the 
normal  succession  pattern  in  which  colonization 
was  followed  by  rapid  and  complex  diversification, 
leading  to  a  climax  population.  Rather,  the  build- 
ups only  consisted  of  two  organisms.  This  limited 
assemblage  suggests  that  the  Coorong  was  already 
an  inhospitable  environment  at  the  time  of  coloni- 
zation, some  700  years  ago.  Based  on  a  study  of  the 
ecology  of  the  area,  it  appears  that  the  environ- 
ment of  the  lagoon  changed  from  subtidal  to  inter- 
tidal during  the  last  700  years.  In  addition,  it  is 
unusual  for  bryozoan  deposits  to  be  monospecific. 
This  monospecificity  suggests  an  element  of 
chance  was  involved  in  the  colonization  of  this 
harsh  environment,  and  emphasizes  the  fragility  of 
its  maintenance.  (Korn-PTT) 
W9 1-04272 


COMPUTER  SIMULATION  OF  TIDE-IN- 
DUCED RESIDUAL  TRANSPORT  IN  A 
COASTAL  LAGOON. 

Harbor  Branch  Inst.,  Inc.,  Fort  Pierce,  FL. 
N.  P.  Smith. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  95,  No.  10,  p  18,205-18,211,  Octo- 
ber 15,  1990.  2  fig,  4  tab,  19  ref. 

Descriptors:  'Coastal  lagoons,  'Florida,  'Indian 
River  Lagoon,  'Model  studies,  'Simulation  analy- 
sis, 'Tidal  currents,  'Water  transport,  Computer 
models,  Flow  characteristics,  Mass  transport,  Re- 
sidual flow,  Tidal  waves,  Water  circulation. 

A  two-dimensional,  four-layer  numerical  model  of 
tidally  induced  residual  flow  was  used  to  quantify 
longitudinal  transport  through  the  interior  of 
Indian  River  lagoon,  on  Florida's  Atlantic  coast. 
Water  depths  and  surface  slopes  at  the  approxi- 
mate midpoint  between  two  inlets  were  calculated 
by  assuming  that  the  tide  in  the  interior  of  the 
lagoon  is  the  superposition  of  exponentially 
damped  sine  waves  representing  six  tidal  constitu- 
ents. Tidal  waves  moving  south  from  one  inlet  are 
modified  significantly  by  the  same  six  constituents 
moving  north  from  a  second  inlet.  The  net  slope  as 
they  pass  through  each  other  at  the  study  site 
quantifies  the  barotropic  pressure  gradient.  Tidal 
period  variations  in  longitudinal  flow  were  simulat- 
ed as  a  response  to  the  barotropic  pressure  gradi- 
ent, vertical  eddy  viscosity,  and  horizontal  and 
vertical  advective  accelerations.  The  model  was 
tuned  and  simplifications  were  verified  by  compar- 
ing amplitudes  and  phase  angles  with  values  com- 
puted from  currents  and  water  levels  measured 
over  a  65-day  period  in  the  summer  of  1981.  Re- 
sults indicated  a  depth-averaged  tidally  induced 
residual  flow  of  0.8  cm/s  at  the  study  site.  The 
residual  flow  varied  from  0.1  to  1.2  cm/s  over  a 
synodic  lunar  month.  Just  under  two-thirds  of  the 
total  is  explained  by  Stokes  transport;  Eulerian 
mass  transport  contributes  slightly  more  than  one- 


third.  The  total  mass  transport  residual  current 
through  individual  layers  decreased  from  1.0  cm/s 
in  the  top  layer  to  0.6  cm/s  in  the  lowest  75  cm. 
An  analysis  of  individual  terms  in  the  momentum 
equation  indicated  that  the  force  balance  is  domi- 
nated by  the  barotropic  pressure  gradient  and  ver- 
tical eddy  viscosity  forces.  The  significance  of 
tidally  induced  residual  flow  lies  in  the  baseline 
level  of  transport  it  provides  at  times  of  low  wind 
speeds.  (Author's  abstract) 
W9 1-04295 


SETTLING    SPEED    OF    FLOCS    IN    FRESH 
WATER  AND  SEA  WATER. 

California  Univ.,  Santa  Barbara.  Dept.  of  Mechani- 
cal and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  2J. 
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CURRENT  AND  SEA  LEVEL  VARIABILITY  IN 
THE  CHESAPEAKE  AND  DELAWARE  CANAL. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
K.  C.  Wong. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  95,  No.  10,  p  18,343-18,352,  Octo- 
ber 15,  1990.  8  fig,  2  tab,  10  ref.  NSF  Grant  OCE- 
8515735  and  NOAA  Office  of  Sea  Grant 
NA85AA-D-SG033. 

Descriptors:  'Chesapeake  and  Delaware  Canal, 
•Sea  level,  'Tidal  amplitude,  'Tidal  currents, 
♦Tides,  Delaware  Bay,  Diurnal  variation,  Frequen- 
cy distribution,   Model  studies,  Water  transport. 

Current  and  sea  level  observations  in  the  Chesa- 
peake and  Delaware  (C  and  D)  Canal  were  used  to 
examine  the  frequency-dependent  spatial  distribu- 
tions of  tidal  and  subtidal  variability  along  the 
canal.  To  first  order  of  approximation,  the  C  and 
D  Canal  was  shown  to  be  a  linear  system.  A 
linearized,  frequency-dependent  analytical  model 
was  developed  to  examine  details  in  the  tidal  and 
subtidal  variability  along  the  canal,  and  results 
agreed  well  with  observations.  The  principal  semi- 
diurnal tides  (M2)  at  the  two  ends  of  the  canal  are 
roughly  in  phase,  but  differ  substantially  in  ampli- 
tude. The  amplitude  of  the  M2  tide  increases  mon- 
otonically  from  the  Chesapeake  end  of  the  canal 
toward  the  Delaware  end.  The  amplitude  of  the 
M2  current  is  on  the  order  of  60  cm/s,  and  it  is 
higher  in  the  western  part  of  the  canal  than  in  the 
eastern  part.  The  amplitudes  of  the  principal  diur- 
nal tides  (Kl)  at  the  two  ends  of  the  canal  are 
much  smaller  than  those  for  M2,  but  the  Kl  tides 
at  the  ends  are  nearly  180  degrees  out  of  phase 
with  each  other.  The  amplitude  of  the  Kl  tide 
decreases  toward  the  interior  of  the  canal  from 
both  ends.  Relatively  strong  Kl  current  on  the 
order  of  20  cm/s  exists  in  the  canal,  and  its  ampli- 
tude shows  only  slight  variation  along  the  canal. 
There  are  substantial  differences  in  the  subtidal  sea 
level  fluctuations  along  the  canal,  resulting  in 
strong  subtidal  currents  which  may  exceed  70  cm/ 
s.  The  importance  of  the  C  and  D  Canal  to  the 
upper  Delaware  Bay  was  assessed  by  comparing 
the  volume  flux  through  the  canal  relative  to  that 
in  the  upper  Delaware.  It  was  shown  that  the 
influence  of  the  canal  on  the  Delaware  depends 
strongly  on  the  time  scales  involved.  It  appears 
that  the  C  and  D  Canal  is  not  important  to  the 
overall  tidal  response  in  upper  Delaware  Bay,  but 
the  subtidal  volume  flux  through  the  canal  must  be 
included  for  a  proper  assessment  of  the  dynamics 
of  upper  Delaware  Bay  at  subtidal  frequencies. 
(Author's  abstract) 
W9 1-04297 


NOTE  ON  THE  ATTENUATION  OF  SURFACE 
GRAVITY  WAVES  BY  RAINFALL. 

Naval  Postgraduate  School,  Monterey,  CA.  Dept. 
of  Oceanography. 
J.  A.  Nystuen. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  95,  No.  10,  p  18,353-18,355,  Octo- 
ber 15,  1990.  1  fig,  13  ref. 

Descriptors:  'Gravity  waves,  'Ocean  waves, 
'Radar,  'Rainfall,  'Surface  water,  'Water  surface 
profiles,  Attenuation,  Mathematical  models, 
Remote  sensing,  Turbulent  flow,  Wavelengths. 


Rainfall  has  long  been  associated  with  damping  of 
short  surface  gravity  waves.  A  theory  is  presented 
which  uses  a  thin  rain-induced  turbulent  surface 
layer  to  explain  the  enhanced  attenuation.  In  the 
presence  of  a  thin  turbulent  surface  layer,  the  e- 
folding  attenuation  time  for  the  30  cm  wavelength 
surface  gravity  waves  needed  for  remote  sensing  of 
the  ocean  surface  using  synthetic  aperture  radar 
(SAR)  is  reduced  from  several  minutes  to  several 
seconds.  This  explains  the  observation  of  low  SAR 
radar  return  from  regions  of  high  rainfall.  Longer 
wavelengths  are  also  affected  depending  on  the 
strength  of  the  mixing  and  the  thickness  of  the 
turbulent  layer.  (Author's  abstract) 
W9 1-04298 


PARTITIONING  OF  UNSUBSTITUTED  POLY- 
CYCLIC  AROMATIC  HYDROCARBONS  BE- 
TWEEN SURFACE  SEDIMENTS  AND  THE 
WATER  COLUMN  IN  THE  BRISBANE  RD7ER 
ESTUARY. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  5B. 
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CYTOLOGICAL  STUDY  OF  VACUOLATED 
CELLS  AND  OTHER  ABERRANT  HEPATO- 
CYTES  IN  WINTER  FLOUNDER  FROM 
BOSTON  HARBOR. 

Rhode  Island  Univ.,  Kingston.  Coll.  of  Resource 

Development. 

For  primary  bibliographic  entry  see  Field  5C. 
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APPLICATION  OF  FACTOR  ANALYSIS  TO 
THE  HYDROGEOCHEMICAL  STUDY  OF  A 
COASTAL  AQUIFER. 

Alicante  Univ.   (Spain).   Div.   de  Ingenieria  Qui- 

mica. 

For  primary  bibliographic  entry  see  Field  2F. 
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DAY-TO-DAY  VARIABILITY  IN  THE  PLANK- 
TON COMMUNITY  OF  A  COASTAL  SHAL- 
LOW EMBAYMENT  IN  RESPONSE  TO 
CHANGES  IN  RIVER  RUNOFF  AND  WATER 
TURBULENCE. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Lab. 
de  Ecologia. 

C.  Garcia-Soto,  I.  de  Madariaga,  F.  Villate,  and  E. 
Orive. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  3,  p  217-229,  September  1990.  6  fig,  3 
tab,  22  ref. 

Descriptors:  'Plankton,  'Population  dynamics, 
•Runoff,  'Spain,  'Turbulence,  Animal  behavior, 
Bay  of  Plencia,  Diatoms,  Nutrients,  Phytoplank- 
ton,  Primary  productivity,  Saline-freshwater  inter- 
faces, Zooplankton. 

The  day-to-day  variations  over  a  17-day  period  in 
the  plankton  community  of  a  shallow  embayment 
located  in  the  Bay  of  Plencia  (Cantabric  Sea, 
Spain,  adjacent  to  the  Bay  of  Biscay)  were  studied 
and  related  to  changing  environmental  conditions. 
Fluctuations  in  river  runoff  due  to  several  rain 
pulses  determined  most  of  the  changes  in  the 
chemical  properties  of  the  embayment.  Other 
physical  forcing  functions,  such  wave-originated 
high  turbulence  in  the  water  column,  regulated  the 
quantity  and  quality  of  seston  and  chlorophyll  a. 
As  a  response  to  the  combined  effects  of  these 
processes,  different  patterns  of  variation  were  ob- 
served in  phyto-,  and  zooplankton  populations. 
Skeletonema  costatum  developed  after  nutrient 
inputs  into  the  system  and  resulted  in  enhanced 
primary  production  levels.  Population  growth  also 
was  controlled  by  turbulence,  whereas  the  disap- 
pearance of  this  pulse  could  be  associated  with  the 
depletion  of  silicate.  Zooplankton  abundance  fluc- 
tuations can  be  explained  mainly  by  the  motility  of 
these  organisms,  which  permits  them  to  avoid  the 
environmental  stress  imposed  by  water  turbulence 
and  sediment  resuspension.  (Author's  abstract) 
W91-04412 


47 


Field  2— WATER  CYCLE 
Group  2L — Estuaries 


TIME-DEPENDENT,  THREE-DIMENSIONAL 
MODEL  OF  THE  DELAWARE  BAY  AND 
RIVER  SYSTEM:  PART  I.  DESCRIPTION  OF 
THE  MODEL  AND  TIDAL  ANALYSIS. 

Princeton  Univ.,  NJ.  Program  in  Atmospheric  and 

Oceanic  Sciences. 

B.  Galperin,  and  G.  L.  Mellor. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  3,  p  231-253,  September  1990.  11  fig,  2 

tab,  29  ref.  NOAA  Grant  NA84EAD00057. 

Descriptors:  'Continental  shelf,  *Delaware  Bay, 
'Delaware  River,  •Estuaries,  •Estuarine  environ- 
ment, 'Model  studies,  •Tides,  Mathematical 
models,  Numerical  analysis,  Three-dimensional 
model,  Tidal  amplitude. 

A  three-dimensional,  time-dependent  numerical 
model  is  used  to  simulate  the  dynamics  and  ther- 
modynamics of  Delaware  Bay,  Delaware  River, 
and  the  adjacent  continental  shelf.  This  represents 
the  first  attempt  to  model  an  estuary  and  the 
continental  shelf  as  a  coupled  hydrodynamic  and 
thermodynamic  system.  Numerical  results  of  the 
model  were  compared  with  surface  elevation  data 
at  several  locations  throughout  the  Bay  and  River 
and  with  observations  collected  by  the  National 
Ocean  Service  during  their  1984-1985  circulatory 
study.  A  vertically  integrated,  two-dimensional 
version  of  the  model  predicts  realistic  amplitudes 
but  with  some  phase  error.  The  full  three-dimen- 
sional version  of  the  model  reduces  the  phase 
error,  but  underpredicts  the  tidal  range.  This  is  due 
to  the  higher  values  of  horizontal  viscosity  re- 
quired by  the  three-dimensional  model.  The  model 
accounts  for  non-linear,  shallow-water  effects  and 
reproduces  the  observed  amplification  of  the  high- 
frequency  tidal  components  from  the  mouth  of  the 
Bay  to  the  head  of  the  estuary  at  Trenton,  NJ.  (See 
also  W9 1-044 14)  (Author's  abstract) 
W91-04413 


TIME-DEPENDENT,  THREE-DIMENSIONAL 
MODEL  OF  THE  DELAWARE  BAY  AND 
RIVER  SYSTEM:  PART  2.  THREE-DIMEN- 
SIONAL FLOW  FIELDS  AND  RESIDUAL  CIR- 
CULATION. 

Princeton  Univ.,  NJ.  Program  in  Atmospheric  and 
Oceanic  Sciences. 
B.  Galperin,  and  G.  L.  Mielor. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  3,  p  255-281,  September  1990.  19  fig,  1 
tab,  12  ref.  NOAA  Grant  NA84EAD0O057. 

Descriptors:  •Continental  shelf,  •Delaware  Bay, 
•Delaware  River,  *Estuaries,  'Estuarine  environ- 
ment, 'Model  studies,  'Tidal  currents,  'Tides, 
•Water  circulation,  Gulf  Stream,  Mathematical 
models,  Numerical  analysis,  Salinity,  Three-dimen- 
sional model. 

A  three-dimensional,  time-dependent,  numerical 
model  of  the  Delaware  Bay,  Delaware  River,  and 
adjacent  continental  shelf  is  capable  of  realistic 
simulation  of  current  and  salinity  distributions, 
tidal  cycle  variability,  events  of  strong  mixing 
caused  by  high  winds,  and  rapid  salinity  changes 
due  to  high  river  runoff.  The  25-hr  average  subti- 
dal  circulation  depends  strongly  on  the  wind  forc- 
ing. Monthly  residual  currents  and  salinity  distribu- 
tions demonstrate  a  classical  two-layer  estuarine 
circulation  wherein  water  of  relatively  low  salinity 
flows  at  the  surface  and  compensating  water  of 
high  salinity  from  the  shelf  flows  at  the  bottom. 
The  salinity  intrusion  is  most  vigorous  along  deep 
channels  in  the  Bay.  Winds  can  generate  salinity 
fronts  inside  and  outside  the  Bay  and  enhance  or 
weaken  the  two-layer  circulation  pattern.  Since  the 
portion  of  the  continental  shelf  included  in  the 
model  is  limited,  the  model  shelf  circulation  is 
locally  wind-driven  and  excludes  such  effects  as 
coastally  trapped  waves  and  interaction  with  Gulf 
Stream  rings.  Nevertheless,  a  significant  portion  of 
the  coastal  elevation  variability  is  hindcast  by  the 
model.  Also,  inclusion  of  the  shelf  improves  simu- 
lation of  salinity  inside  the  Bay  compared  with 
simulations  where  the  salinity  boundary  condition 
is  specified  at  the  mouth  of  the  Bay.  (See  also  W91- 
04413)  (Author's  abstract) 
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PHYSICAL  CHARACTERISTICS  OF  THE 
BAHIA  BLANCA  ESTUARY  (ARGENTINA). 

Instituto     Argentino     de     Oceanografia,     Bahia 

Blanca. 

M.  C.  Piccolo,  and  G.  M.  E.  Perillo. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  3,  p  303-317,  September  1990.  14  fig, 

28  ref.  Consejo  Nacional  de  Investigaciones  Cienti- 

ficas  y  Tecnicas  (Argentina)  Grants  PID  3901501/ 

85  and  PID  3901502/85. 

Descriptors:  'Argentina,  'Estuaries,  'Estuarine 
environment,  'Salinity,  'Temperature,  'Tidal  cur- 
rents, Bahia  Blanca  Estuary,  Evaporation,  Mass 
transport,  Saline-freshwater  interfaces,  Salt  flats, 
Tides. 

Temperature,  salinity,  and  current  velocity  and 
direction  data  were  obtained  for  the  Bahia  Blanca 
Estuary  (Argentina).  Data  were  gathered  in  verti- 
cal profiles  made  in  longitudinal  as  well  as  in 
hourly  surveys.  Freshwater  runoff  averages  2  cu 
m/sec,  but  peak  floods  can  reach  10-50  cu  m/sec. 
The  temperature  distribution  is  quite  homogeneous 
in  the  estuary.  Based  on  the  salinity  distribution, 
the  estuary  can  be  divided  into  two  sectors:  an 
inner  one  showing  partially  mixed  characteristics 
with  a  strong  tendency  to  become  sectionally  ho- 
mogeneous during  runoff  conditions  similar  to  the 
historical  averages,  and  an  outer  sector  that  is 
sectionally  homogeneous.  Salinity  values  in  the 
inner  sector  may  be  larger  than  those  observed  in 
the  inner  continental  shelf.  This  is  initiated  by  the 
restricted  circulation  in  the  inner  estuary  and 
added  to  by  the  tidal  washing  of  back-estuary  salt 
flats  and  by  evaporation  processes.  Analysis  of  the 
residual  circulation  shows  a  marked  difference  in 
the  direction  of  mass  transport.  In  the  deeper  re- 
gions of  the  sections  (northern  flank)  the  flow 
reverses  with  depth,  being  headward  near  the 
bottom.  However,  net  transport  is  landward  in  the 
shallower  parts.  (Author's  abstract) 
W91-04415 


TIDAL  DYNAMICS  IN  A  COUPLED  OCEAN/ 
LAKE  SYSTEM. 

Dartmouth  Coll.,  Hanover,  NH. 

D.  R.  Lynch,  F.  E.  Werner,  J.  M.  Molines,  and  M. 

Fornerino. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  3,  p  319-343,  September  1990.  17  fig,  4 

tab,  32  ref.  NSF  Grants  INT-8514156  and  CEE- 

8352226. 

Descriptors:  'Gulf  of  Venezuelo,  'Estuaries, 
•Venezuela,  *Tides,  'Model  studies,  Mathematical 
models,  Tidal  currents,  Three-dimensional  model, 
Two-dimensional  model,  'Lake  Maracaibo,  Tab- 
lazo  Bay,  Waves. 

Barotropic  tides  were  studied  in  the  Lake  Maracai- 
bo system,  Venezuela.  The  system  consists  of  two 
larger  water  bodies,  the  Gulf  of  Venezuela  and 
Lake  Maracaibo,  connected  by  the  Strait  of  Mara- 
caibo and  Tablazo  Bay.  The  dominant  semi-diurnal 
tide  resonates  in  the  gulf  and  co-oscillates  roughly 
180  degrees  out  of  phase  in  the  lake.  The  narrow 
strait  and  shallow  bay  regulate  their  dynamical 
interaction.  Two-dimensional  and  three-dimension- 
al finite  element  models  are  used  in  conjunction 
with  a  fresh  analysis  of  tidal  data  at  seven  stations, 
several  of  which  lie  in  the  strait  and  bay.  A  cou- 
pled model  of  the  whole  system  is  necessary  to 
properly  interpret  these  data,  which  show  the  in- 
fluence of  small-scale,  near-field  effects  superim- 
posed on  the  larger-scale  dynamics  of  the  gulf  and 
lake.  The  detailed  geometry  at  the  connections 
with  the  gulf  and  the  lake  also  plays  a  significant 
role  in  the  local  response  in  the  strait  and  bay.  Co- 
tidal  charts  are  presented  for  nine  major  astronomi- 
cal and  shallow  water  tidal  constituents  found  in 
the  data.  The  velocity  structure  derived  under 
simple  eddy  viscosity  assumptions  is  highly  dy- 
namic. A  characteristic  phase  lead  is  found  in 
velocities  at  depth  and  near  the  shore,  where  verti- 
cal shear  dominates  over  inertia  in  the  force.  (Au- 
thor's abstract) 
W91-04416 


FLUSHING  OF  A  COASTAL  LAGOON  IN  THE 
RED  SEA. 


King    Abdulaziz    Univ.,    Jeddah    (Saudi    Arabia). 

Faculty  of  Marine  Science. 

S.  A.  R.  Sultan,  and  F.  Ahmad. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  3,  p  345-349,  September  1990.  1  fig,  1 

tab,  13  ref.  King  Abdulaziz  University  Grant  015/ 

1409. 

Descriptors:  'Coastal  lagoons,  'Flushing,  'Saudi 
Arabia,  'Tides,  Aquaculture,  Arid  zone,  Hypersa- 
linity,  Red  Sea,  Seasonal  distribution,  Shu'aiba 
Lagoon. 

Shu'aiba  Lagoon  (lat.  20  deg  45  min  N,  long.  39 
deg  28  min  E)  is  located  on  the  eastern  coast  of  the 
Red  Sea  (Saudi  Arabia).  It  is  relatively  shallow 
with  an  area  of  approximately  11.7  sq  km.  The 
inlet  to  the  lagoon  is  narrow,  with  a  cross-sectional 
area  of  about  245  sq  m.  This  lagoon  is  a  future  site 
for  mariculture  development.  With  this  objective 
in  view,  the  flushing  time  scale  of  the  lagoon  was 
calculated,  as  flushing  is  an  important  abiotic 
factor  in  lagoon  ecology.  The  average  flushing 
time  for  the  months  February  to  June  and  Septem- 
ber to  November  is  about  20  days.  Oceanic  inputs 
play  an  important  part  in  the  process  of  fertiliza- 
tion of  the  lagoons.  The  marine  environment  in 
arid  zone  lagoons  is  under  natural  stress  due  to 
high  temperatures  and  salinities.  However,  the 
flushing  time  scale  of  20  days  may  not  exert  intol- 
erable stress  on  the  ecology  of  the  Shu'aiba 
Lagoon.  (Author's  abstract) 
W91-04417 


PRODUCTIVITY  AND  NUTRIENT  RELATION- 
SHIPS   IN    PSAMMOPHYTIC    VERSUS    EPI- 
LITHIC  FORMS  OF  BRYOPSIDALES  (CHLOR- 
OPHYTA):    COMPARISONS    BASED    ON    A 
SHORT-TERM  PHYSIOLOGICAL  ASSAY. 
National  Museum  of  Natural  History,  Washington, 
DC.  Dept.  of  Botany. 
M.  M.  Littler,  and  D.  S.  Littler. 
Hydrobiologia   HYDRB8,   Vol.    204/5,   p   49-55, 
September  28,  1990.  2  fig,  46  ref. 

Descriptors:  'Algae,  'Aquatic  habitats,  'Aquatic 
productivity,  'Chlorophyta,  'Corals,  'Limiting 
nutrients,  'Reefs,  Nitrogen,  Phosphorus,  Photo- 
synthesis, Physiological  ecology,  Plant  physiology. 

Members  of  the  green  algal  order  Bryopsidales  (= 
Caulerpales)  are  important  calcifying  agents  of 
tropical  reefs  and  comprise  two  fundamentally  dif- 
ferent life-form  groups:  (1)  epilithic  species  with 
limited  attachment  structures  and  (2)  psammophy- 
tic  forms  that  have  extensive  subterranean  rhizoi- 
dal  systems.  Because  the  shallow-water  habitats  of 
the  former  have  relatively  low  N  and  inorganic  P 
ratios  compared  to  the  pore  waters  of  the  sedimen- 
tary carbonate-rich  substrata  in  which  the  latter 
are  anchored,  it  was  hypothesized  that  epilithic 
forms  should  tend  to  be  relatively  more  limited  by 
N,  whereas  psammophytic  species  should  tend  to 
show  inorganic  P  limitation.  In  partial  support  the 
hypothesis,  light-saturated  net  photosynthesis 
(Pmax)  in  the  epilithic  forms,  Halimeda  opuntia,  H. 
lacrimosa,  and  H.  copiosa,  tended  to  be  enhanced 
by  N,  whereas  inorganic  P  was  inhibitory  or  had 
no  effect.  In  contrast,  the  psammophytic  forms, 
Udotea  sp.,  U.  conglutinata,  H.  monile,  H.  tuna, 
and  H.  simuians,  tended  to  be  stimulated  more  by 
inorganic  P,  whereas  N  had  little  effect.  The  utility 
of  a  bioassay  to  assess  macroalgal  nutrient  limita- 
tion, based  on  a  physiological  response  (net  Pmax) 
to  short-term  nutrient  pulses,  is  demonstrated.  (Au- 
thor's abstract) 
W91-04419 


EFFECTS  OF  ACID  WASTES  FROM  TITANI- 
UM DIOXIDE  PRODUCTION  ON  BIOMASS 
AND  SPECDIS  RICHNESS  OF  BENTHIC 
ALGAE. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-04420 


CANOPY       CHARACTERISTICS       OF      THE 
BROWN  ALGA  SARGASSUM  MUTICUM  (FU- 


WATER  CYCLE— Field  2 
Estuaries — Group  2L 


CALES,  PHAEOPHYTA)  IN  LAKE  GREVELIN- 
GEN,  SOUTHWEST  NETHERLANDS. 

University   of  the   Witwatersrand,   Johannesburg 

(South  Africa).  Dept.  of  Botany. 

A.  T.  Critchley,  P.  R.  M.  De  Visscher,  and  P.  H. 

Nienhuis. 

Hydrobiologia  HYDRB8,  Vol.  204/5,  p  211-217, 

September  28,  1990.  3  fig,  2  tab,  28  ref. 

Descriptors:  'Algae,  *Aquatic  populations, 
•Aquatic  productivity,  'Introduced  species, 
•Phaeophyta,  *Sargassum,  *The  Netherlands, 
Lake  Gevelingen,  Lake  Veere,  Photosynthesis, 
Primary  productivity,  Scheldt  Estuary,  Shading, 
Water  temperature. 

The  distribution  of  the  invasive  brown  alga  Sargas- 
sum  muticum  in  the  southwest  Netherlands  was 
determined.  Populations  of  the  alga  were  found  to 
have  remained  at  their  1985  level  in  Lake  Greve- 
lingen,  with  a  small  eastward  expansion  into  the 
Eastern  Scheldt  estuary.  A  new  population  for  the 
brackish,  non-tidal  Lake  Veere  was  detected. 
Within  Lake  Grevelingen  S.  muticum  forms  a  per- 
sistent, extensive  canopy  of  100%  cover  (4442.5  + 
or  -525.6  g  fresh  wt/sq  m;  640.3  +  or  -75.8  g  dry 
wt/sq  m)  that  has  a  marked  effect  upon  the  pene- 
tration of  photosynthetically  active  radiation 
(PAR)  (reduced  by  97%  at  0.1  m).  Surface  sea 
water  temperatures  can  be  elevated  by  2.7  C  above 
water  not  associated  with  a  Sargassum  canopy; 
furthermore,  the  dense  canopy  shades  and  hence 
reduces  water  temperatures  below  0.1  m  depth. 
Productivity  studies  indicate  that  assimilation 
occurs  in  the  upper  levels  of  the  canopy  (57.09 
micrograms  C/mg  dry  wt/sq  m  at  a  mean  PAR 
rate  of  016.7  Joules/sq  cm/hr).  Self-shading  and  a 
resultant  decrease  in  the  rate  of  assimilation  was 
evident  below  the  canopy.  (Author's  abstract) 
W91-04421 


ABUNDANCE  CHANGES  IN  LAMINARIA 
SETCHELLII  AND  PTERYGOPHORA  CALI- 
FORNICA  (LAMINARIALES,  PHAEOPHYTA) 
NEAR  THE  DIABLO  CANYON  POWER 
PLANT. 

California  Inst,  of  Tech.,  Pasadena.  W.M.  Keck 
Engineering  Lab.  of  Hydraulics  and  Water  Re- 
sources. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04422 


ECONOMICALLY  IMPORTANT  SEAWEEDS 
IN  MAR  PICCOLO,  TARANTO  (SOUTHERN 
ITALY):  A  SURVEY. 

Istituto  Sperimentale  Talassografico  'Attilio  Cer- 
ruti',  Taranto  (Italy). 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04423 


TOXICITY  OF  SEWAGE-CONTAMINATED 
SEDIMENT  CORES  TO  MACROCYSTIS  PYRI- 
FERA  (LAMINARIALES,  PHAEOPHYTA)  GA- 
METOPHYTES  DETERMINED  BY  DIGITAL 
IMAGE  ANALYSIS. 

California  Inst,  of  Tech.,  Pasadena.  W.M.  Keck 
Engineering  Lab.  of  Hydraulics  and  Water  Re- 
sources. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04424 


ESTUARY  SEDIMENTS  OF  THE  YOSHINO 
RIVER-STUDY  ON  ESTUARY  SEDIMENTS, 
PART  2. 

Kochi  Univ.  (Japan).  Dept.  of  Geology. 

T.  Mitusio,  and  N.  Hirai. 

Bulletin  of  Marine  Sciences  and  Fisheries,  Kochi 

University,  No.  11,  p  69-77,  December  1989.  6  fig, 

2  tab,  17  ref.  English  summary. 

Descriptors:  *  Estuaries,  *  Japan,  'Sediment  chem- 
istry, 'Sediments,  'Yoshino  River,  Grain  size,  Or- 
ganic matter. 

Estuary  sediments  of  the  Yoshino  River  locating  in 
Tokushima  City  were  studied.  Seven  sediments 
collected  are  rather  well-sorted  medium  sand,  and 
are  mostly  composed  of  non-bioclastic  sediments 
with  a  small  amount  of  bioclastics  such  as  shell 


fragments.  The  contents  of  carbon  and  nitrogen 
increase  as  the  mud  increases.  (Author's  abstract) 
W9 1-04439 


TIDAL  VELOCITY  ASYMMETRIES  AND  BED- 
LOAD  TRANSPORT  IN  SHALLOW  EMBAY- 
MENTS. 

Woods  Hole  Oceanographic  Institution,  MA. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-04459 


DISTRIBUTION  AND  COMPOSITION  OF  SUS- 
PENDED PARTICULATE  MATERIAL  IN  THE 
CLYDE  ESTUARY  AND  ASSOCIATED  SEA 
LOCHS. 

Marine  Lab.,  Aberdeen  (Scotland). 

P.  W.  Balls. 

Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 

Vol.  30,  No.  5,  p  475-487,  May  1990.  6  fig,  4  tab,  43 

ref. 

Descriptors:  'Clyde  Estuary,  'Estuaries,  'Organic 
matter,  'Sediments,  'Suspended  sediments,  'Sus- 
pended solids,  'Trace  metals,  Firth  of  Clyde,  Sea- 
sonal variation,  Sediment  chemistry,  Water  chem- 
istry, Water  depth. 

The  composition  of  suspended  particulate  material 
(SPM)  from  the  Clyde  Estuary  and  the  Firth  of 
Clyde  (including  its  sea  lochs)  has  been  investigat- 
ed. The  concentration  in  SPM  of  particulate  or- 
ganic carbon  (POC),  iron,  manganese,  zinc,  lead, 
copper,  and  cadmium  are  reported.  High  POC 
concentrations  in  surface  waters  were  associated 
with  phytoplankton.  Surface  water  SPM  contained 
higher  concentrations  of  cadmium  and  zinc  than 
that  from  deeper  waters.  By  contrast,  concentra- 
tions of  iron,  manganese,  lead,  and  copper  (en- 
riched in  crustal  material  relative  to  phytoplank- 
ton) were  higher  in  subsurface  SPM.  Trace  metal 
concentrations  in  SPM  were  better  correlated  to 
iron  than  to  manganese.  Estuarine  particles  were 
enriched  in  trace  metals  relative  to  other  areas,  the 
higher  iron  concentrations  in  the  estuary  were, 
however,  insufficient  to  account  for  this  enrich- 
ment. Seasonal  variability  in  the  trace  metal  com- 
position of  surface  SPM  should  be  revealed 
through  careful  study.  Elements  enriched  in  crustal 
material  show  higher  concentrations  in  winter  than 
in  spring.  (Author's  abstract) 
W9 1-04460 


NITRATE  AND  AMMONIUM  UPTAKE  BY 
PHYTOPLANKTON  POPULATIONS  DURING 
THE  SPRING  BLOOM  IN  AUKE  BAY, 
ALASKA. 

Oceanic  Inst.,  Waimanalo,  HI. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-04461 


GROUND-WATER     FLOW     IN     THE     NEW 
JERSEY  COASTAL  PLAIN. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04471 


SEA  LEVEL  RISE  AND  FRINGE  WETLANDS 
IN  NORTH  CAROLINA:  RECOMMENDA- 
TIONS FROM  A  WORKSHOP  ON  MANAGE- 
MENT AND  RESEARCH. 

East   Carolina   Univ.,   Greenville,   NC.   Dept.   of 

Biology. 

M.  M.  Brinson,  and  K.  K.  Moorhead. 

Journal  of  the  Elisha  Mitchell  Scientific  Society 

JEMSA5,  Vol.  105,  No.  4,  p  149-157,  Winter  1989. 

9  ref.  DOE  Contract  DE-AC09-76FROO-819. 

Descriptors:  'Estuaries,  'Global  warming,  'North 
Carolina,  'Sea  level,  'Wetlands,  'Workshops,  Cli- 
mates, Ditches,  Erosion,  Reservoirs,  Resource 
management,  Shoreline,  Shores,  Water  circulation. 

At  a  workshop  held  on  March  1,  1989,  recommen- 
dations were  made  for  management  and  research 
on  the  wetlands  that  occupy  much  of  the  estuarine 
shorelines  in  North  Carolina.  Acceleration  in  the 
rate  of  sea  level  rise  caused  by  global  warming  will 


alter  the  location  and  quality  of  fringe  wetlands  in 
the  state.  Management  recommendations  fell  into 
two  categories:  those  that  are  possible  with  current 
frameworks  and  those  that  will  require  changes  in 
existing  regulations.  The  first  category  can  be  im- 
plemented largely  by  understanding  the  short  and 
long  term  implications  of  sea  level  rise  for  coastal 
wetlands  and  adjacent  regions.  Planning  will  re- 
quire cost-benefit  analyses,  better  estimation  of  sea 
level  rise,  updating  maps  of  'flood-prone  areas', 
creative  approaches  to  wildlife,  fisheries,  and  silvi- 
culture management  in  the  flood  plain.  The  second 
category  will  require  removal  of  incentives  for 
wetland  alteration  and  creation  of  disincentives  for 
activities  that  interfere  with  shorelines  processes 
important  to  wetland  maintenance.  Research  is 
needed  to  reduce  the  many  uncertainties  that  exist 
on  rates  and  timing  of  sea  level  rise,  site-specific 
changes  in  shoreline  position  and  erosion  rates,  and 
the  influence  of  larger  scale  phenomena  such  as 
climatic  patterns  and  oceanic  circulation  on  wet- 
land ecosystems.  Rates  of  accretion  of  wetland 
surfaces;  effects  of  alterations  such  as  ditches,  im- 
poundments, and  altered  hydrology;  and  the  eco- 
logical role  of  wetlands  on  a  landscape  scale  are  a 
few  of  the  issues  which  need  to  be  addressed. 
(Brunone-PTT) 
W91-04512 


INFLUENCE  OF  PIG  FARMING  ON  THE 
COPPER  CONTENT  OF  ESTUARINE  SEDI- 
MENTS IN  BRITTANY,  FRANCE. 

Institut  Francais  de  Recherche  pour  l'Exploitation 
de  la  Mer,  Brest.  Dept.  Environnement  Littoral. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-045 15 


COMPARISON  OF  TRACE  METALS  DATA  IN 
MUSSELS  AND  OYSTERS  FROM  A  MUSSEL 
WATCH  PROGRAMME  OF  THE  1970S  WITH 
THOSE  FROM  A  1980S  PROGRAMME. 

National  Ocean  Service,  Rockville,  MD. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04517 


PETROLEUM  AROMATIC  HYDROCARBONS 
IN  SURFACE  WATERS  AROUND  ELEPHANT 
ISLAND,  ANTARCTIC  PENINSULA. 

Sao  Paulo  Univ.  (Brazil).  Inst.  Oceanografico. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04518 


DISSOLVED  ARSENIC  IN  THE  ST.  LAW- 
RENCE ESTUARY  AND  THE  SAGUENAY 
FJORD,  CANADA. 

Institut  Maurice-Lamontagne,  Mont-Joli  (Quebec). 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04519 


KELP  RESPONSE  FOLLOWING  THE  WORLD 
PRODIGY  OIL  SPILL. 

Smith  Coll.,  Northampton,  MA.  Dept.  of  Biologi- 
cal Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04521 


BENTHOS   ON  TAILINGS   BEDS   FROM   AN 
ABANDONED  COASTAL  MINE. 

Victoria  Univ.  (British  Columbia).  Dept.  of  Biol- 
ogy- . 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04522 


MERSEY  OIL  SPILL,  AUGUST,  1989:  A  CASE 
OF  SEDIMENTS  CONTAMINATING  THE  OIL. 

Liverpool   Univ.   (England).   Oceanography   Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04523 


CU  AND  CD  ASSOCIATED  WITH  SUSPENDED 
PARTICULATE  MATTER  IN  TORRES  STRAIT. 

Sydney   Univ.   (Australia).   Ocean   Sciences   Inst. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04524 
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TRACE  METAL  CONCENTRATIONS  IN  MAN- 
GROVE OYSTER  (CRASSOSTREA  CORTE- 
ZIENSIS)  FROM  TROPICAL  LAGOON  ENVI- 
RONMENTS, MEXICO. 

Universidad     Nacional     Autonoma     de     Mexico, 

Mexico  City.  Inst,  de  Ciencias  del  Mar  y  Limnolo- 

gia. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04525 


SEX-  AND  MATURITY-RELATED  HEAVY 
METAL  ACCUMULATIONS  IN  THE  ANTARC- 
TIC KRILL  EUPHAUSIA  SUPERBA. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04530 


SELENIUM  AND  OTHER  ELEMENTS  IN  JU- 
VENILE STRIPED  BASS  FROM  THE  SAN 
JOAQUIN  VALLEY  AND  SAN  FRANCISCO 
ESTUARY,  CALIFORNIA. 

National  Fisheries  Contaminant  Research  Center, 
Dixon,  CA.  Field  Research  Station-Dixon. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04577 


OBSERVATIONS  ON  DOUBLE  CHLORO- 
PHYLL MAXIMA  IN  THE  VICINITY  OF  THE 
FRASER  RIVER  PLUME,  STRAIT  OF  GEOR- 
GIA, BRITISH  COLUMBIA. 

British  Columbia  Univ.,  Vancouver.  Dept.  of 
Oceanography. 

W.  P.  Cochlan,  P.  J.  Harrison,  P.  J.  Clifford,  and 
K.Yin. 

Journal  of  Experimental  Marine  Biology  and  Ecol- 
ogy JEMBAM,  Vol.  143,  No.  1/2,  p  139-146, 
October  30,  1990.  2  fig,  17  ref. 

Descriptors:  'Algal  blooms,  'British  Columbia, 
•Chlorophyll,  'Estuarine  environment,  'Phyto- 
plankton,  'Plumes,  'Population  dynamics,  'River 
mouth,  'Saline-freshwater  interfaces,  Advection, 
Chemical  analysis,  Fraser  River,  Halocline,  Nutri- 
ents, Strait  of  Georgia,  Thermocline,  Vertical  dis- 
tribution, Water  sampling. 

During  a  cruise  to  study  nutrient  and  phytoplank- 
ton  dynamics  in  the  vicinity  of  the  Fraser  River 
plume,  vertical  profiles  of  in  vivo  fluorescence, 
temperature,  salinity,  nitrate  and  silicate  were 
taken.  Double  chlorophyll  maxima  at  4  to  6  and  12 
to  14  m  were  observed  only  during  the  late  flood 
tide  at  two  stations  on  one  day  and  at  one  station 
the  following  day  during  the  1 1  day  cruise.  Ac- 
companying vertical  profiles  of  nitrate  and  silicate 
at  two  stations  showed  concentrations  minima  at 
depths  corresponding  approximately  to  the  chloro- 
phyll maxima.  The  upper  chlorophyll  maximum 
occurred  at  the  base  of  the  thermocline  and  halo- 
cline and  at  the  beginning  of  the  nitracline,  while 
the  lower,  chlorophyll  maximum  was  not  associat- 
ed with  any  features  in  the  temperature  or  salinity 
vertical  profiles,  although  minima  in  nitrate  and 
silicate  were  associated  with  it.  The  most  plausible 
explanation  for  the  observed  double  chlorophyll 
maxima  is  that  the  upper  chlorophyll  minimum 
formed  in  plume  water  while  the  lower  chloro- 
phyll minimum  originated  in  waters  seaward  of  the 
plume  and  was  advected  to  the  plume  area  during 
flood  tides  and  possibly  entrained  into  the  plume  as 
the  freshwater  plume  flowed  seaward.  Hence  both 
maxima  probably  formed  due  to  nitrogen  limitation 
of  the  surface  waters,  but  at  two  different  depths 
and  flood  tides  superimposed  the  two  maxima  on 
top  of  each  other  due  to  density  differences  in  the 
two  water  masses.  These  observations  suggest  that 
double  chlorophyll  maxima  may  only  be  observed 
in  this  riverine  plume  front  during  late  flood  tides 
and  only  if  a  relatively  deep  (i.e.,  deeper  than  the 
plume  maximum)  chlorophyll  maximum  is  formed 
in  waters  beyond  the  plume.  Other  plausible  causes 
include  interweaving  water  masses,  successive 
phytoplankton  blooms,  selective  zooplankton  graz- 
ing, sampling  error,  and  vertically  migrating  dino- 
flagellates  and  flagellates.  (Author's  abstract) 
W91-04633 


NITZSCHIA  PSEUDODELICATISSIMA:  A 
SOURCE  OF  DOMOIC  ACID  IN  THE  BAY  OF 
FUNDY,  EASTERN  CANADA. 

Department  of  Fisheries  and  Oceans,  St.  Andrews 

(New  Brunswick).  Biological  Station. 

J.  L.  Martin,  K.  Haya,  L.  E.  Burridge,  and  D.  J. 

Wildish. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

67,  No.  2,  p  177-182,  October  18,  1990.  2  fig,  2  tab, 

15  ref. 

Descriptors:  'Algal  toxins,  'Bay  of  Fundy, 
'Clams,  'Diatoms,  'Estuarine  environment, 
'Marine  algae,  'Mussels,  'Toxins,  Bioaccumula- 
tion,  Biological  magnification,  Food  poisoning, 
Mollusks,  Path  of  pollutants. 

Domoic  acid  has  been  indentified  as  the  cause  of 
food  poisoning  from  consumption  of  shellfish  in 
Canada.  Circumstantial  evidence  shows  that 
domoic  acid  detected  in  softshell  clams  Mya  aren- 
aria  and  blue  mussels  Mytilus  edulis  from  the 
southwestern  Bay  of  Fundy,  eastern  Canada, 
during  July  to  October  1988  was  obtained  by  feed- 
ing on  the  pennate  diatom  Nitzschia  pseudodelica- 
tissima.  This  microalga  was  the  most  abundant 
organism  observed  in  the  weekly  samples  collected 
at  the  surface,  10  m  depth,  and  bottom  from  nearly 
all  of  the  19  locations  sampled  during  the  same 
period.  Phytoplankton  net  hauls  consisting  princi- 
pally of  N.  pseudodelicatissima  contained  domoic 
acid  levels  of  up  to  3.5  micrograms/g.  Isolates  of  9 
dominant  phytoplankton  species  occurring  in  the 
southwestern  Bay  of  Fundy  during  July  to  Octo- 
ber 1988  were  cultured  and  tested  for  the  presence 
of  domoic  acid;  only  N.  pseudodelicatissima  cul- 
tures produced  the  toxin  at  concentrations  of  .007 
picograms  to  .098  picograms/cell.  Since  cultures  of 
N.  pseudodelicatissima  were  not  axenic,  the  possi- 
bility exists  that  either  an  intra  or  extracellular 
microorganism  is  acting  independently,  or  in  asso- 
ciation with  the  diatom,  to  produce  domoic  acid. 
(Author's  abstract) 
W9 1-04720 


DISTRIBUTION  AND  ABUNDANCE  OF  PA- 
CHYMELANIA  AURJTA  IN  LAGOS  LAGOON, 
NIGERIA. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04741 


ENHANCED  PRIMARY  PRODUCTION  AT 
THE  PLUME/OCEANIC  INTERFACE  OF  THE 
MISSISSIPPI  RIVER. 

University  of  Southern  Mississippi,  Bay  St.  Louis. 
Center  for  Marine  Science. 
S.  E.  Lohrenz,  M.  J.  Dagg,  and  T.  E.  Whitledge. 
Continental  Shelf  Research  CSHRDZ,  Vol.    10, 
No.  7,  p  639-664,  July  1990.  12  fig,  4  tab,  69  ref. 
ONR  Contract  N00014-88-K-0155. 

Descriptors:  'Estuaries,  'Mathematical  models, 
'Mississippi  River,  'Plumes,  'Primary  productivi- 
ty, Biomass,  Light  penetration,  Nutrients,  Phyto- 
plankton, Saline-freshwater  interfaces,  Salinity. 

Mechanistic  and  empirical  models  were  used  to 
examine  relationships  between  primary  production 
and  environmental  variables  along  the  Mississippi 
River  plume/oceanic  gradient  off  Southwest  Pass, 
Louisiana.  A  large  proportion  of  variation  in  pri- 
mary production  could  be  explained  on  the  basis  of 
light  and  biomass.  However,  comparison  of  ob- 
served chlorophyll  concentrations  with  those  pre- 
dicted using  a  steady-state  light  limitation  model 
suggested  factors  in  addition  to  light  availability 
constrained  maximum  biomass  levels  in  the  plume. 
Factors  which  may  have  contributed  to  low  ob- 
served biomass  included  growth  limitation  or  inhi- 
bition by  substances  not  measured,  losses  due  to 
grazing  and  sinking,  and  a  short  residence  time  for 
plume  waters,  which  may  have  prevented  popula- 
tions from  reaching  steady  state.  The  dissipative 
effects  associated  with  plume/oceanic  mixing  may 
have  been  enhanced  by  potential  inhibitory  effects 
of  large  and  varying  salinity  gradients.  Nutrient- 
salinity  distributions,  in  conjunction  with  approxi- 
mate calculations  of  primary  consumption  of  river- 
ine nutrient  sources  by  phytoplankton,  suggested 
that  biomass  and  production  were  controlled  by 


nutrient  supply  at  salinities  above  30.  (Author's 

abstract) 

W9 1-04742 


WERNER  SCHNESE  AND  THE  DEVELOP- 
MENT OF  COASTAL  WATERS  ECOLOGY  IN 
ROSTOCK,  GDR. 

Rostock  Univ.  (German  DR.).  Dept.  of  Biology. 
U.  Schiewer. 

Internationale  Revue  der  Gesamten  Hydrobiologie 
IGHYAZ,  Vol.  75,  No.  1,  p  1-13,  1990.  11  fig,  1 
tab,  22  ref. 

Descriptors:  'Baltic  Sea,  'Coastal  waters,  'Ecolo- 
gy, 'Ecosystems,  'Germany,  Aquatic  bacteria, 
Brackish  water,  Enzymes,  Fish,  Food  chains, 
Model  studies,  Zooplankton. 

A  survey  was  made  on  the  coastal  water  ecosys- 
tems of  the  Darss-Zingst  Bodden  chain,  a  chain  of 
shallow  estuarine  waters  on  the  southern  coast  of 
the  Baltic  Sea.  Studies  clarifying  the  ammonia 
rhythm  of  field  cyanobacteria  populations  indicat- 
ed that,  under  growth  limited  conditions  and  NH4 
surplus,  there  is  clearly  an  NH4  pool,  the  forma- 
tion and  reduction  of  which  requires  energy,  and 
which  is  regulated  by  the  glutamine  synthetase- 
glutamate  synthase  pathway.  Assessment  of  the 
biomass  and  potential  photosynthetic  activity  of 
cyanobacteria  by  use  of  in  situ  fluorescence 
method  underestimated  the  cyanobacteria.  Exact 
measurement  is  only  possible  through  activation  of 
the  chlorophyll  fluorescence  at  wavelength  620 
nm.  Population  ecology  studies  have  been  com- 
pleted on  the  copepods,  while  there  are  still  gaps  in 
the  information  about  the  small  rotifers.  Extensive 
analyses  of  invertebrate  macrofauna  on  the  popula- 
tion ecology  level  give  a  valuable  basis  for  the 
estimation  of  energy  flow  and  material  circulation 
in  the  boddens  and  of  the  qualitative  and  quantita- 
tive nutritional  potential  of  the  fish.  At  the  begin- 
ning of  the  1980s,  multidisciplinary  mesocosm  ex- 
periments substantiated  the  dominant  role  of  mi- 
crobial food  webs  in  the  flow  of  energy  and  circu- 
lation of  matter  in  the  Darss-Zingst  Bodden  chain. 
Restoration  goals  for  the  Darss-Zingst  Bodden  in- 
clude an  external  load  reduction  of  65%  for  the 
1986-1990  period.  Future  research  will  focus  on 
the  establishment  of  a  standard  for  coastal  water 
assessment,  protection  of  reproduction  of  the 
spring  herring,  and  trouble-free  operation  of  the 
nuclear  powerplant  at  Lubmin.  (Geiger-PTT) 
W9 1-04750 


DESORPTION  KINETICS  AND  MOBILITY  OF 
SOME  RADIONUCLIDES  IN  SEDIMENTS. 

Kyoto   Univ.,   Osaka  (Japan).   Research   Reactor 

Inst. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04776 


STABILITY  ANALYSIS  OF  A  TWO-INLET  BAY 
SYSTEM. 

Rosenstiel  School  of  Marine  and  Atmospheric  Sci- 
ence, Miami,  FL.  Div.  of  Applied  Marine  Physics. 
J.  van  de  Kreeke. 

Coastal  Engineering  COENDE,  Vol.  14,  No.  6,  p 
481-497,  December  1990.  12  fig,  2  tab,  13  ref. 
NOAA  grant  NA  86AA-D-SGO68. 

Descriptors:  'Bays,  'Florida,  'Model  studies, 
•Tidal  hydraulics,  'Tides,  Diurnal  variation,  Shear 
stress,  Tidal  currents,  Velocity. 

The  stability  analysis  for  a  double-inlet  bay  system 
was  applied  to  an  inlet  system  resembling  Big 
Marco  Pass  and  Capri  Pass  on  the  lower  west 
coast  of  Florida.  Since  the  opening  of  Capri  Pass  in 
1967,  the  length  of  Big  Marco  Pass  has  increased 
from  2000  m  in  1967  to  3000  m  in  1988  and  the 
cross-sectional  area  has  decreased  from  1200  sq  m 
in  1967  to  1000  sq  m  in  1988.  Since  1967,  the  cross- 
sectional  area  of  Capri  Pass  has  steadily  increased 
and  in  1988  was  700  sq  m.  Tides  off  the  inlets  are 
of  the  mixed  type  with  a  diurnal  range  of  1  m.  The 
gross  littoral  transport  rate  in  the  vicinity  of  the 
inlets  is  estimated  at  150,000  cu  m/y.  For  each  inlet 
the  maximum  tidal  velocities  were  calculated  as  a 
function  of  the  gorge  cross-sectional  areas  using  a 
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lumped-parameter  model  to  describe  the  hydro- 
dynamics of  the  flow.  In  the  model  it  was  assumed 
that  the  bay  level  fluctuates  uniformly  and  the  bay 
surface  area  remains  constant.  The  velocities  were 
used  to  calculate  the  tidal  maximum  of  the  bottom 
shear  stress  in  each  inlet  as  a  function  of  the  cross- 
sectional  areas  of  the  two  inlets  (  =  closure  sur- 
face). Values  of  the  equilibrium  shear  stress  were 
derived  from  an  empirical  relationship  between 
cross-sectional  area  and  tidal  prism  for  stable  inlets 
along  the  west  coast  of  Florida.  Closure  surfaces 
and  equilibrium  stress  values  were  calculated  for 
values  of  friction  factors  ranging  from  F  =  .004  to 
F  =  .006.  Using  the  closure  surfaces  and  equilibri- 
um stress  values,  the  equilibrium  flow  curve  for 
each  inlet  was  determined.  The  equilibrium  flow 
curve  represents  the  locus  of  the  combination  of 
cross-sectional  areas  for  which  the  actual  bottom 
shear  stress  in  the  inlet  equals  the  equilibrium  shear 
stress.  Based  on  the  equilibrium  flow  curves  and 
the  known  values  of  the  cross-sectional  areas  of  the 
two  inlets  in  1988,  it  is  expected  that,  ultimately, 
Big  Marco  Pass  will  close  and  Capri  Pass  will 
remain  as  the  sole  inlet  with  a  cross-sectional  area 
of  1250  sq  m  and  a  maximum  tidal  velocity  pertain- 
ing to  a  diurnal  tide  of  0.85  m/s.  (Author's  ab- 
stract) 
W9 1-04836 


3.  WATER  SUPPLY 
AUGMENTATION 
AND  CONSERVATION 

3A.  Saline  Water  Conversion 


DYNAMICALLY  FORMED  HYDROUS 
ZIRCONIUM(IV)  OXIDE-POLYELECTRO- 

LYTE  MEMBRANES:  IX.  POLY(ACRYLIC 
ACro-CO-HYDROXYETHYL  ACRYLATE)  AND 
POLVXACRYLIC  ACID  CO-HYDROXYETHYL 
METHACRYLATE)  MEMBRANES. 
Stellenbosch  Univ.  (South  Africa).  Inst,  for  Poly- 
mer Science. 

A.  J.  van  Reenen,  S.  Gerber,  and  R.  D.  Sanderson. 
Water  SA  WASADV,  Vol.  16,  No.  4,  p  219-226, 
October  1990.  13  fig,  6  tab,  11  ref. 

Descriptors:  'Desalination,  'Membrane  processes, 
•Membranes,  *Polymers,  *Salt  rejection,  ♦Semi- 
permeable membranes,  Acrylic  acid,  Dynamic 
membranes,  Hydrogen  ion  concentration,  Mem- 
brane synthesis,  Polyelectrolytes,  Zirconium  oxide. 

Dynamic  membranes  for  desalination  were  pre- 
pared using  polyelectrolytes  other  than 
poly(acrylic  acid).  A  series  of  two  different  co- 
polymers were  synthesized:  (1)  poly  (acrylic  acid- 
co-hydroxyethyl  acrylate)(Cl  to  C3)  and  (2) 
poly(acrylic  acid-co-hydroxyethyl 

methacrylate)(C4  to  C6).  Hydrous  zirconium(IV) 
oxide-Cl  to  C6  membranes  were  dynamically 
formed.  The  acrylic  acid  content  was  varied  be- 
tween 20  and  80%  in  both  copolymer  ranges.  With 
the  exception  of  the  Zr-C6  membrane,  decreasing 
acrylic  acid  concentration  decreased  the  influence 
of  feed  salt  concentration  on  salt  rejection.  Increas- 
ing the  pH  of  the  feed  solution  from  5  to  9  led  to 
increased  salt  rejection  due  to  the  ion  exchange 
properties  of  the  membrane  and  a  decrease  in 
membrane  flux.  The  membranes  became  less  sensi- 
tive to  an  increase  in  pH  as  the  acrylic  acid  content 
increased.  It  is  concluded  that  although  the  pres- 
ence of  comonomers  with  acrylic  acid  in  the  co- 
polymers does  not  lead  to  increased  salt  rejection, 
the  presence  of  the  comonomers  makes  the  mem- 
branes less  sensitive  to  variations  in  the  feed  salt 
concentration.  It  is  suggested  that  the  use  of  mate- 
rials having  different  molecular  masses  may  in- 
crease membrane  performance.  (MacKeen-PTT) 
W91-04313 


MINIMISING    LIQUID    DISCHARGE    FROM 
LARGE  POWER  PLANTS. 

Eskom,   Johannesburg  (South  Africa).   Chemical 
Engineering  and  Chemistry  Div. 
For   primary   bibliographic   entry   see   Field   5D. 
W9 1-04321 


FROM  BRINE  TO  SUBLIME. 

Camp,  Dresser  and  McKee,  Inc.,  Ontario,  CA. 
D.  Smith. 

Public  Works  PUWOAH,  Vol.  121,  No.  13,  p  35- 
37,  December  1990. 

Descriptors:  'Brines,  'California,  'Desalination, 
'Groundwater  potential,  'Reclaimed  water,  Ar- 
lington Basin,  Brackish  water,  Dissolved  solids, 
Groundwater  movement,  Nitrates. 

The  recently  completed  Arlington  Basin  desalina- 
tion project,  located  in  Riverside,  California,  treats 
six  mgd  of  brackish  groundwater  and  turns  it  into  a 
valuable  resource  for  direct  use  or  local  ground- 
water replenishment.  Brought  on-line  in  June  1990, 
the  facility  consists  of  five  200-ft  deep,  alluvial 
groundwater  extraction  wells  that  will  produce  the 
seven  mgd  of  raw  water  needed  to  produce  six 
mgd  of  treated  water.  The  treatment  process  re- 
duces total  dissolved  solids  in  the  groundwater 
from  levels  as  high  as  1,000  to  1,100  ppm  to  about 
500  ppm  and  also  reduces  nitrates  from  levels  of 
about  90  ppm  to  42  ppm.  Based  on  computer 
simulations  of  well  water  level  drawdown  and 
subbasin  groundwater  movement,  the  wells  were 
sited  to  optimize  the  movement  of  groundwater 
within  the  subbasin.  This  movement  will  promote 
the  gradual  improvement  in  subbasin  water  quality 
by  inducing  a  natural  inflow  of  better  quality  water 
form  the  periphery  of  the  subbasin.  This  gradual 
process  will  take  20  to  40  years  before  the  ground- 
water will  improve  to  the  point  where  it  can 
potentially  be  used  without  treatment  for  domestic 
purposes.  (White-Reimer-PTT) 
W9 1-04847 


AROMATIC  POLYAMIDE  HYDRAZIDE 
MEMBRANES  FOR  REVERSE  OSMOSIS  SEP- 
ARATIONS. 

Bhabha  Atomic  Research  Centre,  Bombay  (India). 

Desalination  Div. 

R.  C.  Bindal,  V.  Ramachandhran,  B.  M.  Misra,  and 

M.  P.  S.  Ramani. 

Separation    Science    and    Technology    SSTEDS, 

Vol.  25,  No.  9/10,  p  1053-1062,  July/August  1990. 

2  fig,  5  tab,  19  ref. 

Descriptors:  'Desalination,  'Membranes,  'Poly- 
mers, 'Reverse  osmosis,  'Wastewater  treatment, 
Ammonium,  Nitrates,  Performance  evaluation, 
Permselective  membranes,  Radioactive  wastes. 

Wholly  aromatic  polyamide  hydrazide  (PAH) 
polymers  were  synthesized  by  low  temperature 
polycondensation  from  freshly  prepared  m-amino 
benzhydrazide,  p-amino  benzhydrazide,  isophtha- 
loyl  chloride,  and  terephthaloyl  chlorides  in  di- 
methyl acetamide  solvent.  A  series  of  film-forming 
polymers  prepared  by  altering  the  molar  ratios  of 
the  reacting  monomers  was  characterized  in  terms 
of  %  moisture  regain,  and  x-rays.  Asymmetric 
membranes  prepared  from  selected  polymer  sam- 
ples were  tested  in  reverse  osmosis  (RO)  test  cells, 
and  the  pure  water  permeability  and  the  membrane 
constant  were  determined.  Membranes  with  a  60/ 
40  molar  ratio  of  metaVpara-substituted  monomers 
appear  to  give  optimum  performance  with  feed 
concentrations  in  the  range  encountered  in  sea 
water  desalination,  and  solute  separations  close  to 
98%  could  be  achieved.  Whereas  this  may  not  be 
sufficient  to  obtain  potable  water  from  sea  water,  it 
may  meet  situations  where  higher  product  salinity 
with  a  lower  recovery  can  be  practiced.  However, 
further  work  is  necessary  to  obtain  a  satisfactory 
sea  water  RO  membrane.  Another  potential  area 
for  the  application  of  these  membranes  is  in  low 
level  radioactive  waste  treatment.  Even  with  the 
solute  rejections  achieved  in  the  above  experi- 
ments, these  membranes  have  the  potential  to  give 
higher  decontamination  factors  (DF)  than  cellulose 
acetate  membranes  and  even  in  other  methods  of 
decontamination,  except  for  evaporation  (which  in 
any  case  is  energy  intensive).  These  membranes 
also  appear  to  be  potential  candidates  for  the  treat- 
ment of  effluents  containing  ammonium  and  ni- 
trates. Further  work  with  modified  polymers  ap- 
pears to  give  promise  of  better  solute  rejection  and 
hence  suitability  for  sea  water  desalination.  (Lantz- 
PTT) 
W9 1-04906 
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WATER  CONSERVATION  FOR  DROUGHT 
MANAGEMENT. 

Agricultural     Research     Service,     Phoenix,     AZ. 
Water  Conservation  Lab. 
H.  Bouwer. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  499-505. 

Descriptors:  'Drought  effects,  'Water  conserva- 
tion, 'Water  resources  management,  'Water  use 
data,  Cloud  seeding,  Drought,  Evapotranspiration, 
Groundwater  recharge,  Water  reuse,  Water  trans- 
fer. 

Water  conservation  can  be  achieved  by  reducing 
evaporation,  transpiration,  and  quality  degradation; 
and  by  cloud  seeding,  enhancing  groundwater  re- 
charge, and  treating  or  reusing  sewage  or  other 
contaminated  water.  Arid  and  semiarid  regions 
commonly  have  widely  fluctuating  seasonal  or 
annual  rainfall.  In  these  water-short  areas,  there 
usually  is  no  single  solution  for  solving  problems  of 
inadequate  water  supplies.  Rather,  a  broad  ap- 
proach is  needed,  saving  water,  using  water  more 
efficiently,  and  reusing  water  wherever  possible. 
Only  then  can  limited  water  supplies  be  effectively 
managed.  (See  also  W91-04161)  (Lantz-PTT) 
W91-04214 


PHOENIX  WATER  RESOURCE  PLAN--1987. 

Phoenix  City  Water  and  Wastewater  Dept.,  AZ. 
For  primary  bibliographic  entry  see  Field  6A. 
W9 1-04245 


EVAPORATION  REDUCTION  IN  STOCK 
TANKS  FOR  INCREASING  WATER  SUPPLIES. 

Central  Arid  Zone  Research  Inst.,  Jodhpur  (India). 
M.  A.  Khan,  and  V.  C.  Issac. 
Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 
4,  p  21-29,  November  1990.  1  fig,  2  tab,   14  ref. 

Descriptors:  'Arid  lands,  'Evaporation  control, 
'India,  'Water  conservation,  'Water  tanks,  Cost 
analysis,  Livestock,  Potable  water,  Rajasthan,  Sur- 
face films,  Tank  covers,  Water  supply  develop- 
ment. 

Evaporation  from  a  free  water  surface  is,  in  arid 
regions,  a  major  constraint  in  developing  local 
water  supplies  for  human  and  livestock  consump- 
tion. Conserving  stored  rainwater  in  existing  stor- 
age facilities  by  reducing  evaporation  losses  is  the 
most  economical  means  for  providing  usable  water 
supplies  for  a  longer  period.  Studies  were  conduct- 
ed in  Rajasthan,  India,  to  evaluate  the  performance 
of  shading  and  floating  materials  in  reducing  evap- 
oration from  a  free  water  surface.  White  polyeth- 
ene  sheet  used  for  shading  the  water  surface  re- 
duced evaporation  by  91%  and  cost  Rs.  2.54  (US$ 
0.15)  per  1000  L.  Floating  materials  evaluated 
were  polyethene  sheet,  foam  rubber  sheet,  polysty- 
rene sheet,  bamboo,  and  Sacchrum  munja.  Evapo- 
ration reduction  for  a  19-month  test  period  ranged 
from  37%  for  S.  munja  to  82%  for  polystyrene 
sheet.  Foam  rubber  sheet,  polyethene  sheet,  and 
bamboo  reduced  evaporation  by  74,  66,  and  53%, 
respectively.  The  polystyrene  sheet  and  polyeth- 
ene sheet  covers  were  the  most  economical,  saving 
water  at  a  cost  of  Rs.  3.07  (US$  0.19)  and  Rs.  4.44 
(US$  0.27)  per  1000  L,  respectively.  (Author's 
abstract) 
W9 1-04387 


ESTIMATES  OF  CONSUMPTIVE  USE  AND 
GROUND-WATER  RETURN  FLOW  AND  THE 
EFFECT  OF  RISING  AND  SUSTAINED  HIGH 
RIVER  STAGE  ON  THE  METHOD  OF  ESTI- 
MATION IN  CIBOLA  VALLEY,  ARIZONA 
AND  CALIFORNIA,  1983  AND  1984. 
Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  4B. 
W91-04465 


51 


Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 


Group  3C— Use  Of  Water  Of  Impaired  Quality 


3C.  Use  Of  Water  Of  Impaired 
Quality 


DEEP  WASTEWATER  RESERVOIRS  IN 
ISRAEL:  EMPIRICAL  DATA  FOR  MONITOR- 
ING AND  CONTROL. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Div.  of  Envi- 
ronmental Sciences. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04036 


EFFECTS  OF  SALINITY  ON  RIVER,  STREAM 
AND  WETLAND  ECOSYSTEMS  IN  VICTORIA, 
AUSTRALIA. 

Chisholm  Inst,  of  Tech.,   Melbourne  (Australia). 
Center  for  Stream  Ecology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04040 


COSTS    OF    WASTEWATER    USE    IN    THE 
TUCSON  BASIN. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  6C. 

W91-04195 


GROWTH  RESPONSES,  ION  RELATIONS, 
AND  OSMOTIC  ADAPTATIONS  OF  ELEVEN 
C4  TURFGRASSES  TO  SALINITY. 

Hawaii  Univ.,  Honolulu.   Dept.  of  Horticulture. 

K.  B.  Marcum,  and  C.  L.  Murdoch. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  5,  p 

892-896,  September/October  1990.  9  fig,  1  tab,  23 

ref. 

Descriptors:  •Agronomy,  *Plant  growth,  *Plant 
physiology,  'Saline  soils,  'Salt  tolerance,  •Soil- 
water-plant  relationships,  'Turf  grasses,  Bermuda- 
grass,  Hawaii,  Ions,  Leaves,  Osmoregulation, 
Roots,  Saline  water,  Sodium  chloride. 

Shortages  of  fresh  water,  coupled  with  soil  salini- 
zation  in  many  areas  have  resulted  an  increased 
need  for  salt  tolerant  turf  grasses.  A  study  was 
conducted  to  compare  growth  and  physiological 
responses  of  eleven  C4  turf  grasses  (grasses  which 
utilize  the  C-4  carboxylic  acid  pathway  in  photo- 
synthesis) to  salinity.  Grasses  were  grown  in  solu- 
tion culture  in  a  glasshouse,  with  sodium  chloride 
(NaCI)  added  to  achieve  salinities  of  0.7,  10,  20, 
and  30  dS/m  (0,  99,  198,  and  298  mM  NaCI). 
Grasses  were  ranked  for  salinity  tolerance  accord- 
ing to  their  relative  top  growth  reductions  with 
increasing  salinity.  Tolerant  grasses  included  a 
Hawaii  selection  of  seashore  paspalum,  two  St. 
Augustine  grasses,  and  manilagrass.  Bermuda- 
grasses  tested  were  generally  less  tolerant  to  salini- 
ty. Shoot  and  root  Na  and  CI  concentrations 
reached  very  high  levels  in  St.  Augustine  grasses, 
and  were  relatively  high  in  seashore  paspalum  and 
Japanese  lawngrass.  In  contrast,  manilagrass  and 
bermudagrasses  maintained  low  levels  of  Na  and 
CI  under  high  salinity  which  is  indicative  of  ion 
regulation,  due  in  part  to  efficient  leaf  salt  glands. 
Seashore  paspalum  maintained  higher  shoot  and 
root  potassium  (K)  concentrations  under  high  sa- 
linity than  did  other  grasses.  All  grasses  adjusted 
osmotically  under  increasing  salinity,  although  St. 
Augustine  grasses  and  seashore  paspalum  accumu- 
lated Na  and  CI  in  the  shoots  to  relatively  high 
levels,  they  maintained  much  higher  tissue  water 
levels  than  did  other  grasses,  resulting  in  interme- 
diate sap  osmolalities.  (Author's  abstract) 
W9 1-04508 


IRRIGATION  OF  TURFGRASS  WITH  SEC- 
ONDARY SEWAGE  EFFLUENT:  I.  SOIL  AND 
LEACHATE  WATER  QUALITY. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

A.  R.  Hayes,  C.  F.  Mancino,  and  I.  L.  Pepper. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  5,  p 

939-943,  September/October  1990.  2  fig,  5  tab,  26 

ref. 

Descriptors:  'Impaired  water  use.  'Secondary 
wastewater.  'Turf  grasses,  'Wastewater  irrigation. 


'Water  pollution  effects,  'Water  quality,  'Water 
reuse,  Conductivity,  Drinking  water,  Irrigation 
water,  Leachates,  Potable  water,  Soil  contamina- 
tion, Water  resources  management. 

In  arid  climates  water  is  a  limited  resource,  and 
turf  grass  is  often  irrigated  with  municipal  effluent. 
However,  the  effects  on  soil  and  leachate  water 
quality  of  continuous  turf  grass  irrigation  with 
sewage  effluent  need  to  be  evaluated.  A  field  ex- 
periment was  performed  to  evaluate  the  effect  of 
secondary  treated  municipal  effluent  irrigation  on 
soil  and  leachate  properties  under  a  turf  ground- 
cover  during  the  first  16  months  of  irrigation. 
Research  plots  were  irrigated  identically  with 
either  effluent  or  potable  water  using  a  leaching 
fraction  of  approximately  20%.  Effluent  irrigation 
resulted  in  significant  changes  in  soil  properties 
after  a  relatively  short  period  of  time.  After  16 
months  of  use,  when  compared  with  potable  irriga- 
tion, effluent  was  found  to  increase  electrical  con- 
ductivity (EC)  by  0.5  dS/m,  N03-N  by  7.8  mg/kg, 
P  by  31.7  mg/kg,  K  by  134  mg/kg,  Na  by  6.0 
mmol/L,  and  the  exchangeable  sodium  percentage 
(ESP)  by  6.8.  Soil  Ca  +  Mg  concentrations  were 
greater  under  effluent  irrigation  by  0.5  mmol/L 
but  decreased  during  the  study  period.  Soil  pH  was 
not  significantly  different  from  potable  irrigation. 
Leachates  collected  at  0.61-m  depth  indicated  that 
effluent  soil  leachates  were  higher  than  potable 
leachates  in  EC  (by  0.2  dS/m)  and  Na  content  (by 
0.8  mmol/L).  The  increase  did  not  exceed  current 
recommended  limits  for  drinking  water  quality. 
(See  also  W9 1-045 10)  (Author's  abstract) 
W9 1-04509 


IRRIGATION  OF  TURFGRASS  WITH  SEC- 
ONDARY SEWAGE  EFFLUENT:  II.  TURF 
QUALITY. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

A.  R.  Hayes,  C.  F.  Mancino,  W.  Y.  Forden,  D.  M. 

Kopec,  and  I.  L.  Pepper. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  5,  p 

943-946,  September/October  1990.  1  fig,  2  tab,  15 

ref. 

Descriptors:  'Impaired  water  use,  'Irrigation  prac 
tices,  'Secondary  wastewater,  'Turf  grasses, 
'Wastewater  irrigation,  'Water  pollution  effects, 
•Water  quality,  *Water  reuse,  Bermudagrass,  Fer 
tilization,  Golf  courses,  Irrigation  water,  Leaching 
Nutrients,  Perennial  ryegrass,  Potable  water 
Seeds,  Soil  contamination,  Water  resources  man 
agement. 

Due  to  limited  water  resources,  golf  course  irriga- 
tion with  municipal  sewage  effluent  is  a  common 
practice,  and,  in  some  areas  of  the  U.S.  Desert 
Southwest,  mandatory.  However,  effluent  irriga- 
tion changes  soil  properties  and  therefore  different 
management  practices  are  needed  for  good  quality 
turf  grass.  A  field  experiment  was  performed  to 
evaluate  the  continuous  use  of  secondary  treated 
municipal  sewage  effluent  on  turf  grass  quality 
over  a  64-week  period.  In  April  1987,  common 
bermudagrass  was  seeded  to  a  Sonoita  gravelly 
sandy  loam  and  maintained  under  fairway  condi- 
tions. In  October  of  that  year,  perennial  ryegrass 
was  overseeded  to  maintain  an  actively  growing 
turf.  Plots  were  irrigated  identically  with  either 
effluent  or  potable  water.  Effluent  irrigation  led  to 
significantly  lower  seed  emergence  but  improved 
seed  establishment.  Turf  quality  was  assessed  under 
each  irrigation  with  four  N  fertilization  rates  of  0, 
16.1,  32.3,  and  48.4  kg  N/ha/4-wks.  Established 
effluent  irrigated  turf  did  not  show  signs  of  osmot- 
ic stress  with  the  leaching  fraction  employed.  Ef- 
fluent provided  significant  amounts  of  nutrients  at 
high  application  rates.  No  single  fertilization  rate 
or  irrigation  regime  consistently  produced  a  supe- 
rior turf  quality  over  the  course  of  the  study. 
Effluent  irrigated  turf  showed  signs  of  overfertili- 
zation,  greater  heat  stress,  and  chlorosis  of  over- 
seeded  ryegrass  stands  during  the  summer  months 
on  plots  receiving  N  fertilizer  amendments.  Munic- 
ipal effluent  did  produce  a  high  quality  turf,  but 
the  greater  soluble  salt  and  nutrient  content  of  the 
water  necessitate  special  management  strategies. 
(See  also  W9 1-04509)  (Author's  abstract) 
W91-04510 


SAND  CULTURE  OF  VEGETABLES  USING 
RECIRCULATED  AQUACULTURAL  EF- 
FLUENTS. 

North  Carolina  State  Univ.,  Raleigh.  Dept.  of  Hor- 
ticultural Science. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04542 


SALT  OF  THE  EARTH:  SECONDARY  SOIL 
SALINIZATION  IN  THE  AUSTRALIAN 
WHEAT  BELT. 

Western  Australia  Univ.,  Nedlands.  Dept.  of  Ge- 
ography. 
A.  J.  Conacher. 

Environment  ENVTAR,  Vol.  32,  No.  6,  p  4-9,40- 
42,  July/August  1990.  2  fig,  27  ref. 

Descriptors:  'Australia,  'Cropland,  'Saline  soils, 
•Surface-ground water  relations,  •Water  table  rise, 
•Waterlogging,  Cereal  crops,  Deforestation,  Eco- 
systems, Environmental  policy,  Farming,  Govern- 
mental interrelations,  Grazing,  Hydrologic  cycle, 
Land  development,  Land  management,  Land  use, 
Overland  flow,  Research  priorities,  Saline  ground- 
water, Saline  water  systems,  Soil  conservation, 
Vegetation. 

Thirty-nine  percent  of  the  13,400  farmers  through- 
out southwestern  Australia  have  reported  that 
their  land  suffers  from  secondary  soil  salinization. 
Virtually  all  of  this  salinity  is  found  in  the  rainfed 
wheatbelt  of  the  state  of  Western  Australia,  where 
some  13  million  ha  of  indigenous  woodland  have 
been  cleared  to  establish  a  mixed  agricultural  econ- 
omy of  cereal  crops  and  sheepfarming.  In  the  past, 
it  was  determined  that  soil  salinization  is  due  to  a 
rising  groundwater  table  caused  by  land  clearing, 
and  by  waterlogging  caused  by  throughflow  and 
overland  flow.  However,  disagreement  over  the 
causal  mechanisms  has  given  rise  to  disagreement 
over  the  necessary  remedial  measures.  In  1978,  a 
group  of  farmers  formed  the  Whittington  Intercep- 
tor Salt  Affected  Land  Treatment  Society  (WI- 
SALTS)  to  promote  the  use  of  interception  meth- 
ods of  salinity  control,  which  is  discouraged  by  the 
Department  of  Agriculture  because  of  its  econom- 
ic inefficiency.  Recent  research  on  the  processes 
responsible  for  secondary  salinization  reveals  that 
throughflow  is  the  dominant  mechanism  transport- 
ing water  and  salts  to  low-lying  areas  (salt  scalds). 
One  of  the  more  important  realizations  regarding 
secondary  soil  salinization  is  that  this  problem  is 
only  one  manifestation  of  a  severely  disrupted  eco- 
system. Replacement  of  the  natural  vegetation 
with  crops  and  pasture  disturbs  the  terrestrial  por- 
tion of  the  hydrologic  cycle  and  the  pattern  of 
groundwater  movements  in  particular.  The  Land 
Management  Society  (LMS)  and  Soil  Conserva- 
tion Districts  were  formed  in  the  early  1980s  to 
approach  these  problems.  However,  Western  Aus- 
tralians continue  to  suffer  from  the  rather  crucial 
division  of  responsibilities  between  government 
agencies.  (Fish-PTT) 
W91-04557 


GROWTH  RESPONSE  OF  PHASEOLUS  VUL- 
GARIS TO  VARYING  SALINITY  REGIMES. 

Oklahoma  Univ.,  Norman.   Dept.  of  Botany  and 

Microbiology. 

K.  Wignarajah. 

Environmental        and        Experimental        Botany 

EEBODM,  Vol.  30,  No.  2,  p  141-147,  April  1990.  5 

fig,  2  tab,  24  ref. 

Descriptors:  'Beans,  'Plant  growth,  'Saline  soils, 
'Salt  stress,  'Salt  tolerance,  'Soil-water-plant  rela- 
tionships, Irrigation  effects,  Leaves,  Plant  physiol- 
ogy, Vegetable  crops,  Water  pollution  effects. 

It  is  estimated  that  40,000,000  ha  of  the  world's 
220,000,000  ha  irrigated  soils  are  affected  by  salini- 
ty. High  concentrations  of  sodium  chloride  result 
in  marked  changes  of  the  growth  pattern  of  plants, 
usually  resulting  in  suppression  of  growth  in  meso- 
phytic  and  crop  plants.  Kidney  beans  (Phaseolus 
vulgaris)  were  tested  in  four  different  levels  of 
NaCI  solutions  (0,  48,  72,  and  96  mM)  to  determine 
the  effects  of  salinity  on  growth.  It  was  found  that 
the  beans  tolerate  low  (48  mM  NaCI),  but  not 
higher  levels  (72  and  96  mM   NaCI)  of  salinity 


52 


WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION— Field  3 
Conservation  In  Domestic  and  Municipal  Use — Group  3D 


stress.  At  the  low  salinity  stress,  there  is  an  initial 
delay  in  development  (morphogenetic  shift)  of  the 
leaves.  Salinity  affects  shoot  growth  more  than 
root  growth.  Osmotic  adjustment  to  salt  stress 
results  in  an  increased  water  content  in  the  leaves. 
These  results  suggest  that  two  major  physiological 
traits  enable  the  plants  to  tolerate  salinity:  (1)  com- 
pensatory growth  following  adjustment  to  salinity, 
and  (2)  ability  to  increase  both  leaf  area  ratio  and 
net  assimilation  rate  to  achieve  this  increased 
growth.  These  characteristics  are  important  physi- 
ological traits  which  can  be  used  in  screening  for 
potential  salt-tolerant  lines  of  beans  and  other  crop 
plants.  (Author's  abstract) 
W91-04559 


LEACHING  OF  A  HIGHLY  SALINE-SODIC 
SOIL  IN  SOUTHERN  ALBERTA:  A  LABORA- 
TORY STUDY. 

Alberta  Agriculture,  Lethbridge.  Land  Evaluation 

and  Reclamation  Branch. 

D.  B.  Harker,  and  D.  E.  Mikalson. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 

70,  No.  3,  p  509-514,  August,  1990.  3  fig,  1  tab,  17 

ref. 

Descriptors:  *Alberta,  'Irrigation  effects,  'Leach- 
ing, 'Saline  soils,  'Soil  reclamation,  Hydraulic 
conductivity,  Infiltration,  Water  table,  Waterlog- 
ging. 

It  has  been  estimated  that  from  10  to  30%  of 
irrigated  lands  in  southern  Alberta  are  affected  by 
salinity  and  water  logging  problems.  Reclamation 
of  these  soils  may  be  accomplished  by  controlling 
the  excess  water  source  and/or  by  providing  ade- 
quate drainage  to  lower  the  water  table  followed 
by  leaching  of  soil  salts  as  water  from  irrigation 
and  precipitation  drain  through  the  soil.  The 
amount  of  leaching  water  and  the  amount  of  time 
that  will  be  required  to  reclaim  a  soil  will  depend 
on  the  depth  of  soil  to  be  reclaimed,  the  initial 
salinity  level,  the  type  of  salts  present  and  soil 
characteristics  such  as  texture,  structure,  infiltra- 
tion and  permeability.  Moderate  to  highly  saline- 
sodic  soil  cores  extracted  from  a  Brown  Solodized 
Solonetzic  soil  were  leached  in  the  laboratory 
using  good-quality  irrigation  water  to  determine 
relative  salt  removal  with  time.  Leaching  curves 
comparing  the  relative  concentration  of  salts 
against  the  relative  depth  of  leaching  water  applied 
were  similar  over  a  wide  range  of  salinities  and 
hydraulic  conductivities.  The  time  required  to 
transmit  an  equivalent  depth  of  water  through  the 
soil  core  and  achieve  a  salinity  reduction  of  about 
75%  ranged  from  less  than  2  d  to  an  estimated  15 
mo.  The  primary  limitation  to  reclamation  in  these 
soils  was  the  low  hydraulic  conductivity  rather 
than  the  initial  salt  content  or  depth  of  leaching 
water  required.  (White-Reimer-PTT) 
W91-04586 


REALIZING  THE  BENEFITS  OF  WATER 
REUSE  IN  DEVELOPING  COUNTRIES. 

Camp,  Dresser  and  McK.ee,  Inc.,  Raleigh,  NC. 
D.  A.  Okun. 

Water  Environment  &  Technology  WAETEJ, 
Vol.  2,  No.  11,  p  78-82,  November  1990.  1  fig,  4 
tab,  4  ref. 

Descriptors:  'Developing  countries,  'Reclaimed 
water,  'Water  demand,  'Water  reuse,  Case  studies, 
Economic  aspects,  Industrial  water,  Planning, 
Urban  areas. 

The  water  supply  demands  of  growing  urban  re- 
gions will  outstrip  available  water  resources  espe- 
cially in  developing  areas  such  as  Asia,  Africa,  and 
Latin  America.  In  industrialized  countries,  the 
practice  of  water  reclamation  for  nonpotable  pur- 
poses has  been  increasingly  relied  on  to  provide  a 
new  source  of  water  to  meet  urban  needs.  Since 
the  costs  of  developing  new  water  resources  for 
urban  areas  are  high,  water  reclamation  for  reuse 
may  well  be  economically  attractive.  Direct  pota- 
ble reuse  should  not  be  considered  because  it  is  not 
yet  proven  or  acceptable,  nor  is  it  likely  to  be  in 
the  current  planning  horizon.  For  a  water-reclama- 
tion program  to  be  instituted,  urban  areas  must  be 
sewered.  The  typical  approach  involves  the  recla- 
mation  of  wastewater   for   a   single   large   user. 


Power  plants  with  evaporative  cooling  towers  are 
large  users  of  reclaimed  water.  The  most  practical 
approach  in  developing  countries  is  to  coordinate 
wastewater  treatment  projects  with  water  reuse 
programs.  Planners  can  lower  costs  by  considering 
water  reclamation  in  initial  planning  stages  and  by 
situating  plants  in  appropriate  areas.  Where  the 
impetus  for  reuse  comes  from  water  resource 
needs,  the  plants  should  be  located  upstream  on  the 
sewerage  system,  nearer  the  potential  markets. 
This  has  a  further  advantage  in  that  reclaimed 
water  that  is  not  sold  can  help  sustain  the  flow  in 
urban  streams  that  would  otherwise  be  dry.  Exam- 
ples of  potential  and  ongoing  water  reuse  programs 
in  Brazil,  China,  the  United  States,  and  Africa 
illustrate  the  benefits  of  water  reclamation.  Be- 
cause the  value  of  water  in  urban  and  industrial 
uses  is  much  greater  than  in  agriculture,  the  cost- 
recovery  potential  to  municipalities  providing  the 
reclamation  service  gives  better  assurance  that  the 
system  will  be  properly  managed  than  if  the  re- 
claimed water  were  used  solely  for  agriculture. 
(White-Reimer-PTT) 
W91-04604 


U.S.  WATER  REUSE:  CURRENT  STATUS  AND 
FUTURE  TRENDS. 

CH2M/Hill,  Denver,  CO. 

K.  J.  Miller. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.  11,  p  83-89,  November  1990.  5  tab. 

Descriptors:  'Reclaimed  water,  'United  States, 
'Water  demand,  'Water  reuse,  Agriculture,  Case 
studies,  Florida,  Industrial  water,  Irrigation,  Mu- 
nicipal water,  Potable  water,  Public  health, 
Tampa. 

The  history  of  water  reuse  in  the  U.S.  and  exam- 
ples of  various  planned  and  unplanned,  direct  and 
indirect  water  reuse  throughout  the  country  are 
presented.  Benefits  attributable  to  wastewater  rec- 
lamation generally  fall  into  two  categories:  supple- 
menting available  resources  and  pollution  abate- 
ment. Water  reclamation  and  reuse  supplement  or 
enlarge  what  may  otherwise  be  a  fixed  quantity  of 
water  available  for  use  in  a  given  area.  In  the  U.S. 
today,  water  reuse  practices  can  be  broken  down 
into  the  following  categories:  indirect  potable 
reuse,  agricultural  reuse,  urban  landscape  irriga- 
tion, industrial  reuse,  groundwater  recharge,  and 
potable  reuse  demonstration.  In  Tampa,  Florida  a 
research  program  has  been  designed  to  determine 
the  health  risks  associated  with  reuse  of  a  pilot 
plant  water  as  a  component  blended  into  a  raw 
potable  water  supply.  The  final  product  will  be 
placed  into  the  Tampa  bypass  canal  to  recharge  an 
adjacent  aquifer  and  then  flow  into  the  Hillsboro 
River  upstream  of  a  raw  water  intake.  To  date, 
water  quality  parameters  of  the  treated  water 
exceed  those  of  the  river  water.  Water  reuse  in 
both  the  U.S.  and  worldwide  will  inevitably  in- 
crease as  existing  water  supplies  are  incapable  of 
meeting  future  demand  brought  about  by  increas- 
ing world  populations  and  industrialization.  The 
municipal,  industrial,  and  agricultural  demands  will 
have  to  be  met;  probably  by  expanded  water  reuse 
programs.  (White-Reimer-PTT) 
W9 1-04605 


SOIL  SALINITY:  IRRIGATION  PRACTICES 
AND  EFFECTS  ON  CROPS  AND  GROUND 
WATER  (JAN  77-JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-867097. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
August  1989.  129p. 

Descriptors:  'Bibliographies,  'Groundwater  qual- 
ity, 'Impaired  water  use,  'Irrigation  practices, 
'Saline  water,  'Salinity,  Beans,  Brackish  water, 
Citrus  crops,  Grain  crops,  Saline  groundwater, 
Saline  soils,  Salt  tolerance. 

This  bibliography  contains  citations  concerning  the 
effects  on  crops  and  groundwater  from  saline  irri- 
gation waters.  The  salt  tolerance  of  crops,  includ- 
ing beans,  grains,  and  citrus  fruits,  are  examined. 
Soil  and  groundwater  salinity,  and  surface  water 


salinity  are  discussed,  and  the  sources  of  brackish 
waters  are  considered.  (This  updated  bibliography 
contains  271  citations,  83  of  which  are  new  entries 
to  the  previous  edition.)  (Author's  abstract) 
W9 1-04649 


FROM  BRINE  TO  SUBLIME. 

Camp,  Dresser  and  McKee,   Inc.,  Ontario,  CA. 
For  primary  bibliographic  entry  see  Field  3A. 
W9 1-04847 


3D.  Conservation  In  Domestic  and 
Municipal  Use 


REDUCING  WATER  DEMAND  DURING 
DROUGHT  YEARS. 

East  Bay  Municipal  Utility  District,  Oakland,  CA. 
J.  B.  Gilbert,  W.  J.  Bishop,  and  J.  A.  Weber. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  5,  p  34-39,  May  1990.  4 
fig,  3  tab,  2  ref. 

Descriptors:  'Drought,  'Water  conservation, 
'Water  costs,  'Water  demand,  'Water  use,  Irriga- 
tion, Metropolitan  water  management,  Public  rela- 
tions, Regulations,  Water  policy. 

Responding  to  second  and  third  consecutive 
drought  years,  Oakland,  CA's  East  Bay  Municipal 
Utility  District  implemented  drought  programs 
with  mandatory  conservation  goals  individually 
specified  for  5  customer  groups-single-family  resi- 
dential, multifamily  residential,  industrial  commer- 
cial, and  irrigation.  A  strict  drought  ordinance  was 
passed  which  regulates  vehicle  washing  and  expan- 
sion of  existing  lawn  areas,  specifies  that  new  serv- 
ice connections  be  drought-compliant,  and  does 
not  allow  annexation  of  territory  outside  the  dis- 
trict's ultimate  service  boundary.  A  'wastewatcher 
patrol'  will  be  established  to  identify  violations  and 
flow-restricting  devices  will  be  installed  in  the 
event  of  prolonged  noncompliance.  To  provide  a 
financial  incentive  to  all  customers,  an  inclining- 
block  rate  structure  was  established  that  progres- 
sively increases  the  cost  of  water  use  above  a  base 
allotment.  An  extensive  public  relations  campaign 
was  conducted  using  radio  spots,  billboards,  news- 
paper ads,  and  shopping-mall  displays.  Conserva- 
tion education  programs  in  local  schools  were  ex- 
panded by  providing  additional  publications,  class- 
room presentations,  and  take-home  materials.  A 
sympathetic  press  corps  also  provided  daily  re- 
minders of  the  shortage  conditions.  These  meas- 
ures collectively  achieved  reductions  in  consump- 
tion during  the  summers  of  1988  and  1989  of  30 
and  27  percent,  respectively,  compared  with  the  25 
and  15  percent  conservation  levels  that  had  been 
established  for  these  periods.  (Doyle-PTT) 
W91-03971 


WATER-USE  EFFICIENCY  STANDARDS  FOR 
PLUMBING  FIXTURES:  BENEFITS  OF  NA- 
TIONAL LEGISLATION. 

Brown  and  Caldwell,  Boston,  MA. 

A.  Vickers. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  5,  p  51-54,  May  1990.  5 

tab,  14  ref. 

Descriptors:  'Domestic  water,  'Legislation, 
•Standards,  'Water  conservation,  'Water  use  effi- 
ciency, National  Plumbing  Products  Efficiency 
Act,  Plumbing,  Regulations,  Water  management, 
Water  use. 

The  proposed  National  Plumbing  Products  Effi- 
ciency Act,  also  known  as  the  Atkins-Fowler  bill, 
would  establish  nationwide  water-use  standards  for 
plumbing  fixtures  and  appliances,  labeling  require- 
ments, and  a  national  water  use  data  base.  Reduc- 
tion of  water  use  by  efficient  low  volume  shower- 
heads,  faucets,  flush  toilets.and  urinals  is  intended 
to  reduce  the  costs  of  developing  new  sources  of 
raw  water,  and  treatment  plant  construction  or 
enlargement,  as  well  as  protect  groundwater  wells 
from  contamination.  Potential  benefits  of  this  legis- 
lation include  the  creation  of  a  national  conserva- 
tion policy  and  the  institutional  framework  neces- 
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sary  to  ensure  adequate  future  supplies  of  water. 

(Doyle-PTT) 

W91-03972 


CONSERVATION  IN  ARABIAN  GULF  COUN- 
TRIES. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia). 

For   primary  bibliographic   entry  see   Field   6D. 
W9 1-03973 


OPERATING  THE  SEATTLE  WATER  SYSTEM 
DURING  THE  1987  DROUGHT. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

D.  P.  Lettenmaier,  E.  F.  Wood,  and  D.  B. 
Parkinson. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  5,  p  55-60,  May  1990.  6 
fig,  1  tab,  10  ref. 

Descriptors:  'Drought,  •Metropolitan  water  man- 
agement, •Model  studies,  *Seattle,  •Water  short- 
age, Hydrologic  models,  Seattle  Water  Depart- 
ment, Snowmelt,  Streamflow  forecasting,  Water 
resources  management. 

The  Seattle  Water  Department  receives  its  supply 
from  reservoirs  on  the  Cedar  and  Tolt  rivers, 
which  drain  the  western  slopes  of  the  Cascade 
Mountains.  Most  droughts  in  the  Northwest  are 
the  result  of  deficient  winter  snowfall.  The  1987 
drought  was  unusual  in  that  the  previous  winter's 
precipitation  was  close  to  normal,  but  the  summer 
dry  period  extended  into  the  late  fall,  causing  a 
severe  water  shortage.  For  this  reason,  a  medium- 
term  forecast  model  was  developed  to  assist  in  the 
evaluation  of  the  management  alternatives  during  a 
critical  16- week  period  from  late  summer  to  late 
fall  1987.  A  key  feature  of  the  model  was  that  it 
predicted  a  best  forecast  at  each  of  four  inflow 
points,  as  well  as  the  probability  distribution  of  the 
forecasts.  (Author's  abstract) 
W9 1-03974 


WATER  USE  IN  KENTUCKY,  1985,  WITH  EM- 
PHASIS ON  THE  KENTUCKY  RIVER  BASIN. 

Geological   Survey,    Louisville,   KY.    Water   Re- 
sources Div. 

For   primary   bibliographic   entry   see   Field    6D. 
W91-04171 


COMMODITY  PRICES,  DEMAND  CHARGES, 
IMPACT  FEES  AND  WATER  SERVICES. 

Georgia  Univ.,  Athens.  Inst,  of  Natural  Resources. 
For  primary  bibliographic  entry  see  Field  6C. 
W91-04177 


PRICE  AND  INCOME  ELASTICITIES  IN  THE 
ANALYSIS  OF  WATER  DEMANDS  FOR  THE 
CITY  OF  HAYS,  KANSAS. 

Missouri  Univ.-Rolla.  Dept.  of  Economics. 
For  primary  bibliographic  entry  see  Field  6C. 
W91-04178 


MEASURING  THE  PUBLIC'S  PERCEPTION 
OF  WATER  RESOURCES  USING  THE  CON- 
TINGENT VALUATION  METHOD. 

New  Hampshire  Dept.  of  Resources  and  Econom- 
ic Development,  Concord. 
For  primary  bibliographic  entry  see  Field  6A. 
W91-04179 


PRACTICAL  APPLICATION  OF  THE  WATER 
BALANCE  APPROACH  FOR  MEASURING 
CANAL  CONVEYANCE  LOSSES. 

Rice  (Leonard)  Consulting  Water  Engineers,  Inc., 
Denver,  CO. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04226 


FORECASTING  MUNICIPAL  WATER 

DEMAND    AND    CONSERVATION    EVALUA- 
TION: THE  IWR-MAIN  SYSTEM  5.1. 

Planning  and  Management  Consultants  Ltd.,  Car- 


bondale,  IL. 

For   primary   bibliographic   entry   see   Field    6D. 

W9 1-04242 


ROLE  OF  THE  FIRE  MARSHAL'S  OFFICE. 

For   primary   bibliographic   entry   see   Field    6D. 
W9 1-04843 
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TREATED  MUNICIPAL  SEWAGE  EFFLUENT 
AS  A  SOURCE  OF  POWER  PLANT  COOLING 
TOWER  MAKEUP  WATER. 

Water  Reclamation  Facility,  Phoenix,  AZ. 

For   primary   bibliographic   entry   see   Field    5D. 

W9 1-04221 


CONSERVING  WATER  RESOURCES 

THROUGH  INTEGRATED  POWERPLANT 
WATER  MANAGEMENT. 

San  Juan  Generating  Station,  Waterflow,  NM. 
D.  H.  Paul. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  581-584,  3  ref. 

Descriptors:  •  Industrial  water,  •Powerplants, 
•Water  conservation,  *Water  resources  manage- 
ment, *Water  use  data,  Economic  aspects,  Educa- 
tion, Personnel,  Policy  making,  Training, 
Wastewater  treatment,  Wastewater  utilization, 
Water  reuse. 

Conserving  water  resources  requires  an  integrated 
approach.  Equipment  and  process  may  be  modified 
or  optimized  to  achieve  water  conservation.  In 
many  cases,  more  importantly,  personnel  may  be 
trained  and  optimized  to  achieve  the  greatest  water 
resources  management.  At  the  San  Juan  Generat- 
ing Station,  an  integrated  approach  to  water  re- 
sources management  has  been  implemented  since 
the  early  1980s.  The  water  resource  management 
approach  includes  three  major  areas  to  be  integrat- 
ed: equipment,  process,  and  people.  The  equipment 
was  designed  and  constructed  to  meet  the  existing 
problem  of  achieving  and  maintaining  zero  dis- 
charge. The  equipment  is  optimized  by  extensive, 
4-year,  maintenance  training  programs.  The  water 
treatment  and  wastewater  recovery  processes  con- 
tinue to  be  optimized  to  meet  current  business  and 
economic  situations.  These  optimizations  are  made 
possible  and  are  many  times  initiated  by  the  highly 
trained  operating  personnel.  The  most  important 
element  in  water  resources  management  is  people. 
Optimizing  people  through  training  and  supportive 
management  is  a  challenge  for  all  businesses.  At 
the  San  Juan  Generating  Station,  the  challenge 
continues  to  be  met  by  ongoing  annual  training  in 
the  areas  of:  (1)  technical  training;  (2)  nontechnical 
training  (e.g.,  cost  reduction  techniques);  and  (3) 
supportive-management-style  training.  The  results 
of  this  integrated  approach  include  operation  and 
maintenance  savings  of  about  $1  million  per  year. 
Additionally,  wastewater  processing  quantity  and 
costs  continue  to  decrease.  (See  also  W91-04161) 
(Lantz-PTT) 
W9 1-04222 


PLANNING  FOR  USE  OF  UNCONVENTIONAL 
WATER  SOURCES. 

Electric  Power  Research  Inst.,  Palo  Alto,  CA. 
Planning  and  Evaluation  Div. 
E.  G.  Altouney,  and  R.  F.  Ehrhardt. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  585-589,  1  tab. 

Descriptors:  'Industrial  water,  'Planning,  'Water 
conservation,  'Water  resources  management, 
•Water  supply,  *Water  use  data.  Cooling  water, 
Electric  powerplants.  Management  planning, 
Water  reuse,  Water  use. 

Alternatives  to  readily  accessible  freshwater 
sources  are  an  important  priority  for  high  volume 
water  users  such  as  steam  electric  power  plants. 


This  need  has  been  faced  by  electric  utilities  in 
naturally  arid  areas  for  at  least  two  decades.  Even 
in  naturally  water  rich  areas,  unconventional 
sources  can  be  expected  to  become  more  important 
as  competition  increases  for  available  freshwater 
supplies.  Unconventional  sources  of  water  supply 
can  enable  facility  siting  and  operation  which 
might  not  otherwise  be  possible  if  only  convention- 
al sources  were  considered.  One  planning  method 
requires  follows  the  following  8-step  procedure: 
(1)  Specify  site  location  and  cooling  system  char- 
acteristics; (2)  Specify  candidate  cooling  water 
sources;  (3)  Determine  water  flow  and  consump- 
tion requirements  of  the  cooling  system;  (4)  Deter- 
mine physical  accessibility;  (5)  Determine  legal 
availability;  (6)  Determine  environmental  accept- 
ability; (7)  Determine  technical  performance  ac- 
ceptability; and  (8)  Calculate  grant  total  and  com- 
pare alternative  cooling  water  sources.  (See  also 
W91-04161)  (Lantz-PTT) 
W9 1-04223 


WATER  RESOURCES  AND  THE  ELECTRIC 
POWER  INDUSTRY:  AN  AUSTRALIAN  PER- 
SPECTIVE. 

J.  K.  Laughlin,  D.  V.  McCrohan,  and  R.  E.  Black. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  591-599,  5  tab,  5  ref. 

Descriptors:  'Alternative  water  use,  'Australia, 
•Economic  aspects,  'Electric  powerplants,  'Indus- 
trial water,  'Water  resources  management,  'Water 
use  data,  Case  studies,  Lochiel  Power  Station, 
Wastewater  utilization,  Water  conservation,  Water 
reuse. 

Australia  is  the  dryest  continent  on  earth.  The 
relationships  between  water  resources  and  power- 
plants  in  continental  Australia  have  much  in 
common  with  those  found  in  the  southwestern 
United  States.  Similar  to  the  U.S.,  most  of  Austra- 
lia's vast  coal  resources  are  located  inland  in  areas 
where  high  quality  water  is  limited.  While  new 
coastal  powerplant  sites  are  still  available  in  some 
areas,  Australia's  electric  generating  authorities 
and  water  resource  planning  agencies  are  now 
facing  the  challenges  of  allocation  and  pricing  of 
high  quality  wastewater  supplies  versus  the  devel- 
opment and  treatment  of  low  quality  water  sup- 
plies for  inland  powerplant  locations.  A  study  of 
the  Lochiel  Power  Station  was  made  to  determine 
the  economics  of  alternative  water  supply  sources. 
Results  suggest  that:  (1)  a  mine  water/groundwat- 
er  supply  is  the  most  economic  source;  (2)  dry  ash 
handling  is  less  expensive;  (3)  Murray  River 
Water,  although  the  most  suitable  for  cooling 
make-up,  is  too  expensive;  (4)  cooling  towers  were 
less  expensive  than  a  closed  cycle  cooling  lake 
because  of  lower  make-up  requirements;  (5)  poten- 
tial degradation  of  groundwater  quality  is  likely, 
and  the  volume  of  mine  water  is  uncertain.  Hence, 
future  powerplants  at  inland  locations  will  contin- 
ue to  face  difficulties  in  identifying  suitable  water 
supplies  at  a  reasonable  cost.  (See  also  W91-04161) 
(Lantz-PTT) 
W9 1-04224 


INDUSTRIAL  WATER  USE  AND  STRUCTUR- 
AL CHANGE. 

Inland    Waters    Directorate,    Ottawa    (Ontario). 
Water  Planning  and  Management  Branch. 
D.  M.  Tate. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  601-609,  2  tab,  10  ref. 

Descriptors:  'Industrial  water,  'Water  use,  'Water 
use  data,  Case  studies.  Economic  aspects,  Social 
aspects,  Technology,  Water  resources  develop- 
ment. 

Structural  and  technological  changes,  which  have 
occurred  continuously  throughout  history,  are 
largely  responsible  for  the  economic  advancement 
of  societies,  and  the  remnants  of  past  economic 
structures  and  past  technologies  may  be  seen  into 
the  present  day.  Since  structural  and  technological 
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change  is  such  a  fundamental  factor  in  economic 
development,  it  has  important  effects  on  resource 
use.  Past  studies  of  the  interfaces  between  structur- 
al and  technological  change  and  water  resource 
use  have  focused  at  the  micro  or  local  level, 
whereby  one,  or  a  small  number  of  activities  (or 
industries,  in  this  case)  are  studies  to  determine 
water  use  implications  of  varying  technologies. 
Factors  examined  include  the  level  of  economic 
demand,  the  types  of  production  technology  in  use 
and  the  various  water  use  patterns  employed  in 
different  industries.  The  case  studies  conducted  to 
date  indicate  that  plant  production  technology 
tends  to  decrease  industrial  water  use  over  time, 
while  economic  activity  tends  to  increase  it.  The 
actual  water  use  patterns  and  changes  are  therefore 
fairly  stable,  and  are  variable,  but  relatively  minor, 
in  their  impacts  on  changing  water  use  volumes. 
(See  also  W91-04161)  (Lantz-PTT) 
W91-04225 


RESISTANCE  TO  MICROBIOLOGICAL  DETE- 
RIORATION OF  GEOTEXTILES  USED 
AROUND  AGRICULTURAL  DRAINS:  A 
REVIEW. 

Alberta  Univ.,  Edmonton.  Dept.  of  Clothing  and 

Textiles. 

For  primary  bibliographic   entry   see  Field   8G. 

W9 1-04545 


STAR  FIRE  MINE  RECLAMATION  EXPERI- 
ENCE. 

Kentucky  Univ.,  Lexington.  Dept.  of  Horticulture 
and  Landscape  Architecture. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-04562 


FLORIDA'S  REUSE  PROGRAM  PAVES  THE 
WAY. 

Florida  State  Dept.  of  Environmental  Regulation, 

Tallahassee. 

For  primary  bibliographic   entry  see  Field   5D. 

W91-04822 
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CONSERVATION  IN  ARABIAN  GULF  COUN- 
TRIES. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia). 

For  primary   bibliographic   entry   see   Field   6D. 
W9 1-03973 


NITRATE-N  IN  THE  SOIL  PROFILE  AND 
TILE  DRAINAGE  WATER  AS  INFLUENCED 
BY  TILLAGE. 

Minnesota    Univ. -Waseca.    Southern    Experiment 

Station. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04004 


CASE  STUDY  IN  SURVEY  DEVELOPMENT: 
1988  FARM  AND  RANCH  IRRIGATION 
SURVEY. 

Bureau  of  the  Census,  Washington,  DC. 

For  primary  bibliographic  entry  see  Field   6D. 

W91-04164 


EFFECTS  OF  A  PUMPING  TAX  ON  GROUND 
WATER  DEMAND  BY  IRRIGATORS. 

Economic   Research    Service,    Washington,    DC. 

Soil  and  Water  Branch. 

For  primary  bibliographic  entry  see  Field  6C. 

W91-04180 


EFFECTS  OF  REGIONAL  GROUND-WATER 
LEVEL  DECLINES  ON  STREAMFLOW  IN 
THE  OKLAHOMA  PANHANDLE. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  6G. 
W91-04189 


EFFECTS  OF  IRRIGATION  PUMPAGE  IN 
NORTHWESTERN  INDIANA,  AND  THE  LEG- 
ISLATIVE PROCESS. 

Indiana  State  Dept.  of  Natural  Resources,  Indian- 
apolis. Div.  of  Water. 
M.  E.  Basch,  and  E.  J.  Crompton. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  455-463,  3  fig,  8  ref. 

Descriptors:  'Groundwater  level,  *Groundwater 
mining,  'Indiana,  'Irrigation  effects,  'Legislation, 
•Water  use  data,  'Wells,  Competing  use,  Domestic 
water,  Groundwater  budget,  Groundwater  re- 
sources, Irrigation,  Water  Rights  Emergency  Reg- 
ulation, Water  rights,  Water  use. 

Irrigation  has  been  practiced  since  the  early  1950s 
in  Jasper  and  Newton  Counties,  Indiana,  but  did 
not  become  widespread  until  the  early  1980s.  In 
1981,  nearly  40  bedrock  wells  were  reported  to  be 
effected  by  groundwater  level  declines  induced  by 
irrigation.  From  1982  through  1986,  about  100 
additional  domestic  and  livestock  wells  were  re- 
ported to  be  affected  by  irrigation  pumpage  in 
Jasper  and  Newton  Counties.  Because  of  this  in- 
creased pumpage,  and  the  resultant  lowering  of  the 
groundwater  levels  which  adversely  affected  do- 
mestic and  livestock  wells  in  these  two  counties, 
the  1982  Indiana  General  Assembly  enacted  the 
Water  Rights  Emergency  Regulation  statute.  This 
statute  attempted  to  strike  a  necessary  balance 
between  the  need  to  fully  develop  the  groundwat- 
er resource  in  these  two  counties,  while  at  the 
same  time  protecting  the  water  supplies  of  domes- 
tic users  and  other  owners  of  small  capacity  wells. 
In  1985,  the  'Water  Rights  Emergency  Regulation' 
statute  was  amended  to  include  all  of  Indiana. 
Since  the  Statewide  enactment  of  the  Regulation, 
the  Indiana  Department  of  Natural  Resources,  Di- 
vision of  Water,  has  investigated  nearly  100  com- 
plaints from  domestic  well  owners  who  believed 
their  water  supplies  have  been  affected  by  adjacent 
large  groundwater  withdrawals.  About  one-third 
of  the  investigations  revealed  that  there  had  been  a 
substantial  lowering  of  groundwater  levels,  which 
caused  the  well  failures.  Most  of  the  well  problems 
were  corrected  by  the  affecting  large-capacity 
users  without  enacting  the  provisions  of  the  law. 
(See  also  W9 1-04161)  (Lantz-PTT) 
W91-04210 


PRACTICAL  APPLICATION  OF  THE  WATER 
BALANCE  APPROACH  FOR  MEASURING 
CANAL  CONVEYANCE  LOSSES. 

Rice  (Leonard)  Consulting  Water  Engineers,  Inc., 
Denver,  CO. 
G.  Roush. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  61 1-619,  1  fig,  2  tab,  3  ref. 

Descriptors:  'Hydrologic  budget,  'Irrigation 
canals,  'Irrigation  water,  'Municipal  water, 
•Water  conservation,  'Water  loss,  'Water  use, 
•Water  use  data,  Canals,  Case  studies,  Colorado, 
Competing  use,  Consumptive  use.  Decision 
making,  Water  conveyance,  Water  supply. 

Competition  for  water  supplies,  especially  in  areas 
of  population  growth,  has  forced  water  managers 
to  evaluate  various  alternative  water  supplies.  A 
variable  usually  included  as  part  of  the  analysis  is 
conveyance  loss.  Reduction  of  conveyance  losses 
not  only  enhances  existing  water  supplies  but  also 
the  expected  yields  of  future  alternative  water 
supplies  carried  in  the  same  structure.  To  make 
sound  decisions,  water  managers  need  better  defi- 
nition of  the  canal  conveyance  losses  and  gains, 
than  those  typically  provided  by  ditch  operators. 
A  case  study  describes  a  method  that  can  easily  be 
applied  to  determine  the  conveyance  losses  and 
gains  along  a  ditch.  The  net  conveyance  loss  along 
the  Church  Ditch  in  Colorado  was  recently  esti- 
mated and  is  the  example  used  in  this  study.  The 
unlined  Church  Ditch  is  more  than  26  miles  long, 
has  83  active  lateral  headgates,  and  has  a  current 
capacity  of  82  cu  ft/s.  At  the  time  conveyance 
losses  were  estimated,  approximately  35  sq  ft/s 
were  being  diverted  at  the  headgates.  Items  pre- 


sented here  include  guidelines  used  to  determine 
the  best  time  for  making  filed  measurements,  water 
measurement  techniques  used,  water  balance  calcu- 
lations, results,  accuracy  of  results,  man-days  in- 
volved, and  problems  encountered.  (See  also  W91- 
04161)  (Author's  abstract) 
W9 1-04226 


ESTIMATION  OF  SURFACE-WATER  WITH- 
DRAWALS FOR  IRRIGATION  AND  IRRIGAT- 
ED ACREAGE,  1985,  GALLATIN  COUNTY, 
MONTANA. 

Geological  Survey,  Helena,  MT.  Water  Resources 
Div. 

C.  Parrett,  and  D.  R.  Johnson. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  641-647,  1  fig,  2  tab,  5  ref. 

Descriptors:  *Data  interpretation,  'Irrigation 
water,  *Selective  withdrawal,  *Surface  water, 
•Water  use,  *Water  use  data,  Consumptive  use, 
Flow  discharge,  Gallatin  County,  Irrigation  canals, 
Irrigation  efficiency,  Landsat  images,  Montana, 
Surveys,  Water  conservation. 

Periodic  discharge  measurements  and  an  onsite 
survey  were  used  to  estimate  surface  water  with- 
drawals for  irrigation  and  irrigated  acreage  during 
1985  in  Gallatin  County,  Montana.  On  the  basis  of 
periodic  measurements  of  discharge  at  51  canals, 
surface  water  withdrawals  for  irrigation  were  esti- 
mated to  be  386,000  acre-feet.  On  the  basis  of  a 
technique  of  coupling  consumptive  use  with  over- 
all irrigation  efficiency  in  the  county,  withdrawals 
for  irrigation  were  estimated  at  408,000  acre-feet. 
Irrigated  acreage  was  determined  by  onsite  survey 
to  be  81,500  acres.  Irrigated  acreage  estimates  from 
the  US  Soil  Conservation  Service,  the  Montana 
Department  of  Natural  Resources  and  Conserva- 
tion, and  the  Montana  Department  of  Agriculture 
ranged  from  94-173%  on  the  onsite  surveyed  acre- 
age. Visual  interpretation  of  Landsat  imagery  was 
used  to  estimate  irrigated  acreage  for  1985,  but  the 
estimate  was  almost  twice  as  large  as  the  onsite 
surveyed  acreage.  The  periodic  measurement  tech- 
nique for  estimating  irrigation  withdrawals  has  lim- 
itations. Three  of  the  most  important  are:  (1)  If 
discharge  in  the  canals  changes  substantially  be- 
tween visits,  errors  in  computed  volumes  can  be 
large;  (2)  The  measurement  plan  may  omit  some 
principle  canals;  and  (3)  The  measurement  plan 
may  omit  so  many  small  canals  that  county  totals 
are  affected.  (See  also  W91-04161)  (Author's  ab- 
stract) 
W9 1-04229 


FLOAT-POT      ASSEMBLY      TO      MEASURE 
WATER  LEVELS  IN  AN  IRRIGATION  CANAL. 

Agriculture    Canada,    Lethbridge    (Alberta).    Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  7B. 
W91-04230 


ESTIMATION  OF  GROUND-WATER  USE  FOR 
IRRIGATION  IN  EASTERN  WASHINGTON 
USING  LANDSAT  IMAGERY. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

P.  Van  Metre,  and  P.  Seevers. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  667-679,  1  fig,  6  tab,  13  ref. 

Descriptors:  'Agricultural  water,  *Data  interpreta- 
tion, 'Groundwater  irrigation,  'Landsat  images, 
'Washington,  'Water  use,  'Water  use  data,  Data 
acquisition,  Groundwater  mining,  Groundwater 
resources,  Mapping,  Remote  sensing,  Satellite 
technology. 

A  method  for  estimating  groundwater  pumpage 
for  irrigation  was  developed  for  an  area  of  approxi- 
mately 8,900  square  miles  on  the  Columbia  Plateau 
of  Eastern  Washington.  The  method  combines 
water  application  rates  estimated  from  sample  data 
with   acreage   of  irrigated    crops    mapped    using 
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Landsat  imagery.  Data  from  two  passes  from 
Landsat's  multi-spectral  scanner  were  analyzed  to 
map  irrigated  crops  for  the  study  area.  Analysis  of 
data  from  one  pass  of  the  Landsat  thematic  mapper 
gave  a  6%  improvement  in  accuracy  over  the 
multispectral  scanner  analysis.  A  total  of  576  sam- 
ples were  collected  for  the  1982-85  irrigation  sea- 
sons, each  sample  consisting  of  an  annual  water 
application  rate  associated  with  a  particular  crop. 
The  samples  were  used  to  develop  a  regression 
equation  for  estimating  annual  water  application 
rates  as  a  function  of  crop  type,  annual  precipita- 
tion, available  water  capacity  of  the  soil,  and  irri- 
gation system  type.  Annual  water  application  rates, 
expressed  as  a  depth  of  water,  then  were  multiplied 
by  irrigated  area  as  mapped  by  Landsat  to  yield 
volume  of  water  pumped  for  irrigation  in  1985. 
(See  also  W91-04161)  (Author's  abstract) 
W9 1-04232 


APPLICATION  OF  REMOTE  SENSING  AND 
GIS  TO  ESTIMATE  IRRIGATION  WATER  USE 
IN  THE  UPPER  GUNNISON  RIVER  BASIN  IN 
COLORADO. 

Bureau  of  Reclamation,  Denver,  CO. 
J.  P.  Verdin,  L.  Hall,  J.  Halls,  and  P.  Davidson. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  681-689,  2  fig,  3  tab,  7  ref. 

Descriptors:  'Databases,  'Geographic  information 
systems,  'Gunnison  River  Basin,  'Irrigation  water, 
•Remote  sensing,  'Water  use,  'Water  use  data, 
Aerial  photography,  Colorado,  Consumptive  use, 
Data  acquisition,  Digital  map  data,  Landsat 
images,  Mapping,  Maps,  Satellite  technology, 
Water  resources  data. 

A  digital  geographic  database  has  been  assembled 
for  the  Upper  Gunnison  River  basin  of  Colorado 
to  estimate  consumptive  water  use.  Irrigated  par- 
cels of  land  were  photointerpreted  on  1:24,000 
scale  NHAP  (National  High  Altitude  Photogra- 
phy) color  infrared  prints.  Field  boundaries  were 
transferred  to  USGS  7.5  minute  quadrangle  map 
bases  with  reference  to  USGS  orthophoto  quad- 
rangle maps.  Orthophotos  were  used  to  ensure 
plainimetric  accuracy  prior  to  digitation.  Each  irri- 
gated parcel  was  digitized  with  the  following  at- 
tributes: basin,  quadrangle  name,  county,  township, 
range,  and  section.  Irrigation  land  use  attributes 
were  derived  from  the  parcels  by  digitally  overlay- 
ing them  on  vegetation  index  images  prepared 
from  1987  SPOT  (Systeme  Probatoire  d'Observa- 
tion  de  la  Terre)  and  Landsat  satellite  scenes.  The 
database  was  designed  as  a  permanent  tool  which 
can  be  reused  in  future  years  with  new  satellite 
imagery  to  generate  irrigated  acreage  summaries. 
Acreage  derived  for  1987  were  used  to  make  con- 
sumptive use  estimates  for  the  basin.  These  figures 
will  be  compared  with  water  use  estimates  ob- 
tained by  conventional  sources.  (See  also  W91- 
04161)  (Lantz-PTT) 
W9 1-04233 


CONSTANT  DISCHARGE  DEVICE  FOR  FIELD 
IRRIGATION. 

Karlsruhe  Univ.  (Germany,  F.R.). 

A.  P.  Larsen,  and  P.  K.  Mishra. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 

No.  4,  p  481-489,  1990.  6  fig,  5  ref. 

Descriptors:  'Flow  regulators,  'Irrigation,  'Irriga- 
tion design,  'Surface  irrigation,  Control  systems, 
Design  criteria.  Field  modules,  Flow  discharge, 
Irrigation  canals. 

The  delivery  of  water  through  a  control  structure, 
which  maintains  constant  flow  at  a  known  rate,  is 
employed  in  many  surface  irrigation  systems.  A 
module  for  constant  discharge  field  outlets  was 
designed  and  tested  in  the  laboratory.  The  module 
was  constructed  of  PVC  and  Perspex;  its  dimen- 
sions were:  0.1  m  width,  0.45  m  height,  and  1.0  m 
length.  Design  discharges  between  2  and  7  L/s 
could  be  handled  within  +/-5%  with  water  level 
variations  in  the  field  delivery  canal  between  15 
and  25  cm.  This  figure  was  based  on  experience 
from  Indian  field  delivery  canals.  The  module  has 
a  simple  design  and  contains  no  moving  parts.  In 


order  to  maintain  a  constant  discharge  when  the 
head  varies,  an  internal  change  of  flow  structure  is 
accomplished  by  construction  of  a  series  of  baffles. 
The  internal  width  of  the  module  and  the  baffle 
dimensions  require  accurate  construction,  which, 
however,  could  be  achieved  satisfactorily  in  most 
village  shops.  At  a  weight  of  under  10  kg,  the 
module  is  portable.  The  module  would  pass  sedi- 
ment without  interfering  with  its  performance. 
Larger  water-logged  debris  should  be  prevented 
from  entering  the  module.  (MacKeen-PTT) 
W9 1-04307 


EVAPORATION      REDUCTION      IN     STOCK 
TANKS  FOR  INCREASING  WATER  SUPPLIES. 

Centra)  Arid  Zone  Research  Inst.,  Jodhpur  (India). 
For  primary  bibliographic  entry  see  Field  3B. 
W9 1-04387 


SOILWATER  DISTRIBUTION  IN  A  NONUNI- 
FORMLY  IRRIGATED  FIELD  WITH  ROOT 
EXTRACTION. 

Hebrew    Univ.    of   Jerusalem    (Israel).    Seagram 

Centre  for  Soil  and  Water  Sciences. 

R.  Wallach. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  137-150,  November  1990.  6  fig,  19  ref. 

Descriptors:  'Irrigation  water,  'Mathematical 
equations,  'Soil  water,  'Soil-water-plant  relation- 
ships, 'Sprinkler  irrigation,  'Unsaturated  flow, 
Hydraulic  conductivity,  Irrigation  design,  Pressure 
head,  Soil  types,  Spatial  distribution. 

A  steady-state  solution  was  developed  for  two- 
dimensional  distributions  of  irrigation  water  flux  at 
the  soil  surface  and  water  extraction  by  plant 
roots.  The  solution  of  the  linear  equation  is  based 
on  the  small  perturbations  method,  in  which  a 
small  parameter  is  introduced  into  the  governing 
differential  equation.  For  the  sprinkler  irrigation 
method,  this  parameter  is  determined  by  scaling 
the  soil  characteristic  length  by  the  distance  be- 
tween the  sprinklers.  Linearization  is  attained  by 
assuming  that  the  unsaturated  hydraulic  conductiv- 
ity is  exponentially  related  to  the  pressure  head. 
Vertical  distribution  of  the  two-dimensional  plant- 
root  uptake  is  based  on  the  one-dimensional  model, 
which  meets  the  approximation  that  the  extraction 
pattern  of  plant  roots  is  40,  30,  20,  and  10%  of  the 
total  transpiration  requirements  in  each  successive- 
ly deeper  quarter  of  the  root  zone.  Water  extrac- 
tion by  plant  roots  increases  lateral  unsaturated 
flow  beyond  that  which  occurs  as  a  result  of 
irrigation  nonuniformity.  However,  for  a  homoge- 
neous soil  profile,  this  lateral  flow  component  in- 
creases water  availability  to  those  parts  of  the  field 
where  water  shortages  occur  because  of  irrigation 
nonuniformity.  Indeed,  actual  irrigation  uniformity 
increases  as  measured  by  the  decrease  in  the  ampli- 
tude of  the  vertical  flux  around  the  mean.  Younger 
plants  suffer  more  from  spatial  fluctuations  of  irri- 
gation water  than  do  older  plants,  which  have 
deeper  roots.  Actual  irrigation  uniformity,  as  meas- 
ured by  water  availability  to  roots,  also  is  affected 
by  the  distance  between  sprinklers  and  by  soil 
type.  (Author's  abstract) 
W9 1-04395 


REGIONAL  COOPERATION  IN  THE  USE  OF 
IRRIGATION  WATER:  EFFICIENCY  AND 
INCOME  DISTRIBUTION. 

Hebrew  Univ.  of  Jerusalem,  Rehovoth  (Israel). 
Faculty  of  Agriculture. 

For  primary  bibliographic  entry  see  Field  6C. 
W9 1-04436 


RISK-EFFICIENT  IRRIGATION  STRATEGIES 
FOR  WHEAT. 

Western  Australia  Univ.,  Nedlands.  Inst,  of  Agri- 
culture. 
S.  Pandey. 

Agricultural  Economics,  Vol.  4,  No.  1,  p  59-71, 
1990.  1  fig,  4  tab,  36  ref. 

Descriptors:  'Agriculture,  'Economic  aspects,  'Ir- 
rigation, 'Irrigation  design,  'Risk  assessment, 
•Wheat,  India,  Mathematical  models.  Plant 
growth,  Water  use. 


Agricultural  production  is  risky.  When  farmers  are 
risk  averse,  they  are  likely  to  put  a  premium  on 
production  methods  that  reduce  perceived  risks. 
Irrigation  is  generally  believed  to  be  a  risk-reduc- 
ing input.  By  using  the  concept  of  stochastic  domi- 
nance, risk-efficient  irrigation  policies  for  wheat 
grown  in  central  India  are  identified  and  quantita- 
tive estimates  of  benefits  due  to  risk  reductions  are 
obtained.  The  policy  of  applying  60  mm  of  water 
in  growth  stages  2,  3,  and  4  was  found  to  be  risk 
efficient  at  low  levels  of  risk  aversion.  The  efficient 
schedule  for  a  higher  level  of  risk  aversion  was  to 
skip  irrigation  in  the  second  stage.  This  contrasts 
with  the  extension  advice  of  applying  about  60  mm 
in  each  of  the  four  stages.  The  usual  rationale  for 
an  intensive  irrigation  as  a  risk-reducing  strategy  is 
not  supported  by  this  study.  In  fact,  increased  risk 
aversion  within  the  preference  interval  examined 
resulted  in  reduced  water  usage.  Such  benefits 
were  found  to  be  of  a  large  order  of  magnitude. 
The  results  indicate  that  benefits  in  terms  of  reduc- 
tion in  risk  may  be  a  significant  proportion  of  the 
difference  in  mean  net  returns  with  and  without 
irrigation.  The  more  common  methods  such  as 
mean  variance  analysis  tended  to  over-estimate  the 
benefits.  (Brunone-PTT) 
W9 1-04437 


IMPACT  OF  INFORMATION  ON  ENVIRON- 
MENTAL COMMODITY  VALUATION  DECI- 
SIONS. 

Georgia  Univ.,  Athens.  Dept.  of  Agricultural  Eco- 
nomics. 

For  primary  bibliographic  entry  see  Field  6C. 
W9 1-04438 


COMPARATTVE  STATISTICAL  VALIDATION 
OF  TWO  TEN-DAY  WATER-USE  MODELS 
AND  OF  THREE  YIELD-REDUCTION  HY- 
POTHESES FOR  YIELD  ASSESSMENT  IN 
BOTSWANA. 

Ghent  Rijksuniversiteit  (Belgium).  Faculteit  Land- 
bouwwetenschappen. 

For  primary  bibliographic  entry  see  Field  6D. 
W9 1-04485 


BELLANI  EVAPORATION  VARIATION  IN 
HILL-LAND  PASTURE. 

Agricultural  Research  Service,  Beckley,  WV.  Ap- 
palachian Soil  and  Water  Conservation  Research 
Lab. 

For  primary  bibliographic  entry  see  Field  2D. 
W91-04486 


EXPLOITING  RAINY  SEASON  POTENTIAL 
FROM  THE  ONSET  OF  RAINS  IN  THE  SAHE- 
LIAN  ZONE  OF  WEST  AFRICA. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Niamey  (Niger). 
M.  V.  K.  Sivakumar. 

Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  51,  No.  3/4,  p  321-332,  July  1990.  6  fig,  3  tab, 
13  ref. 

Descriptors:  'Agricultural  hydrology,  'Agricul- 
tural practices,  'Climatology,  'Crop  production, 
•Precipitation,  'Sahel,  *  Soil- water-plant  relation- 
ships, 'West  Africa,  Farming,  Frequency  analysis, 
Hay,  Initial  precipitation,  Irrigation,  Niger,  Plant- 
ing management,  Rain,  Soil  water  potential. 

Field  studies  were  conducted  in  Niger  during  1986 
and  1987  to  test  the  methodology  that  the  potential 
of  the  rainy  season  in  the  Sahelian  zone  of  West 
Africa  can  be  determined  from  the  date  of  onset  of 
rains.  An  early  onset  of  rains  treatment,  imposed 
with  supplemental  irrigation,  was  compared  with 
the  natural  onset  of  rains.  In  1986,  natural  onset 
was  early,  while  in  1987  it  was  considerably  late. 
In  both  the  seasons,  dry  matter  production  of 
millet  in  the  early  onset  of  rains  treatment  reached 
7  t/ha,  while  late  onset  resulted  in  only  3  t/ha. 
Data  on  soil  water  profiles  showed  that  at  the  time 
of  the  millet  harvest  in  the  early  rains  treatment, 
profile  soil  water  is  adequate  to  establish  a  second 
crop  of  cowpea  for  hay.  This  enables  efficient 
exploitation  of  soil  moisture.  In  addition,  the  com- 
bined water  use  of  the  two  crops  in  the  early  rains 
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treatment  was  much  higher.  Comparison  of  stored 
soil  water  at  the  time  of  cowpea  harvest  with  that 
in  the  fallow  plots  after  millet  revealed  no  signifi- 
cant difference.  Results  of  this  study  suggest  that 
by  tailoring  management  tactics  to  weather  condi- 
tions, in  years  with  early  onset  of  rains  it  is  possible 
to  establish  a  second  crop  of  cowpea  for  hay  in  the 
Sahelian  zone  where  the  farmers  traditionally  only 
grow  millet.  Some  constraints  of  the  millet-cowpea 
relay  crop  system  include:  a  labor-intensive  bottle- 
neck, insect  and  bird  attacks  of  the  more  sensitive 
short-duration  millet  cultivars;  and  the  need  for 
millet  stalks  for  livestock  feed  instead  of  cowpea 
mulch.  The  potential  of  the  system  suggested  here 
needs  more  intensive  studies  by  agronomists,  soil 
scientists,  and  economists.  (Author's  abstract) 
W9 1-04488 


AQUA,  A  MODEL  TO  EVALUATE  WATER 
DEFICITS  AND  EXCESSES  IN  TROPICAL 
CROPPING:  PART  II.  REGIONAL  YIELD  PRE- 
DICTION. 

Costa  Rica  Univ.,  San  Jose.  Dept.  of  Agricultural 

Engineering. 

R.  A.  Radulovich. 

Agricultural  and  Forest  Meteorology  AFMEEB, 

Vol.  52,  No.  3/4,  p  253-261,  September  1990.  3  fig, 

1  tab,  19  ref. 

Descriptors:  'AQUA  model,  *Agricultural  hydrol- 
ogy, *Climatology,  'Crop  yield,  *Hydrologic 
budget,  'Model  studies,  'Regression  analysis, 
•Tropical  regions,  *Water  stress,  Beans,  Corn, 
Costa  Rica,  Crop  production,  Cropland,  Excess 
rainfall,  Hydrologic  models,  Planting  management, 
Rice. 

Rainfed  tropical  crop  production  is  characterized 
by  variable  yield  behavior,  largely  due  to  as  yet 
poorly  quantified  and  even  more  poorly  managed 
water  deficit  and  excess  effects,  together  compris- 
ing a  water  stress  complex.  Indices  of  water  deficit 
(IDef)  and  of  deficit  +  excess  (IStres)  produced 
with  the  water  balance  model  AQUA  were  corre- 
lated against  rainfed  regional  yields  of  one  annual 
planting  of  rice  and  beans,  and  of  two  planting 
dates  of  maize,  using  data  from  Costa  Rica.  It  was 
found  that  the  linear  regression  model  best  fitted 
the  data.  Although  water  deficits  explained  most  of 
the  year-to-year  yield  variability,  the  regression 
analysis  indicated  that  a  portion  of  yield  reductions 
are  the  result  of  water  excess.  Yields  predicted  for 

2  years  were  not  significantly  different  from  actual 
yields,  using  either  index.  Yield  variability  by  using 
IStres  was  90%  for  rice,  70%  for  beans,  and  61% 
and  83%  for  first  and  second  maize  plantings, 
respectively.  After  converting  yields  to  a  relative 
basis,  both  maize  plantings  were  grouped  in  one 
regression  analysis  and  71%  of  yield  variability 
was  explained  by  using  IStres.  After  converting 
yields  of  all  three  crops  and  two  maize  plantings  to 
their  respective  relative  values,  one  single  regres- 
sion was  run  using  only  deficits  through  IDef.  A 
simple  water  balance  model  like  this,  that  can 
explain  from  60  to  90%  of  regional  yield  variability 
of  individual  plantings,  from  80  to  90%  of  variabil- 
ity of  individual  crops,  and  76%  of  the  variability 
of  all  three  crops  and  planting  dates  when  re- 
gressed together,  can  have  many  uses  such  as  yield 
forecasting,  crop  zoning  and  regionalization,  and  a 
series  of  analyses  of  climates  and  expected  re- 
sponses of  crops  that  at  present  have  only  a  loose 
connection  with  yield.  (Fish-PTT) 

W9 1-04494 


WORLD  GRAIN  YIELDS,  SNOW  COVER, 
SOLAR  ACTIVITY  AND  QUASI-BD2NNIAL  OS- 
CILLATION RELATIONSHIP'S. 

Kansas  Univ.,   Lawrence.   Dept.  of  Physics  and 

Astronomy. 

C.  M.  Laird,  R.  D.  Laird,  E.  J.  Zeller,  and  G.  A. 

M.  Dreschhoff. 

Agricultural  and  Forest  Meteorology  AFMEEB, 

Vol.  52,  No.  3/4,  p  263-274,  September  1990.  2  fig, 

3  tab,  27  ref. 

Descriptors:  'Climatology,  "Crop  yield,  'Model 
studies,  'Snow  cover,  'Solar  energy,  Economic 
prediction,  Grain  crops,  Meteorology,  Regression 
analysis,  Statistical  analysis. 


Various  terrestrial  parameters  have  been  used  to 
reconstruct  the  influence  of  weather  and  climate 
over  a  range  of  time  intervals  and  on  local  to 
global  scales.  Grain  yield  provides  a  climate  index 
on  a  relatively  short  scale,  but  is  controlled  by 
many  factors  which  are  the  aggregate  effects  of 
both  natural  and  human  inputs  over  the  course  of  a 
crop  season.  Approximately  70%  of  the  year-to- 
year  variability  in  world  grain  yields  for  1968-1987 
can  be  explained  statistically  by  a  simple  linear 
regression  model  involving  three  variables:  yields, 
winter  northern  hemisphere  areal  snow  cover,  and 
annual  solar  activity  in  the  preceding  year.  Eighty- 
five  percent  of  the  world  grain  yield  variability  can 
be  explained  by  this  model,  due  to  an  enhanced 
solar  signal,  in  years  when  the  Quasi-Biennial  Os- 
cillation is  in  its  west  phase.  This  result  is  bolstered 
by  recent  similar  findings  by  others  and  supports 
the  detectable  impact  of  solar  activity  on  weather 
in  the  stratosphere  and  troposphere  when  meas- 
ured on  a  global  scale.  (Fish-PTT) 
W9 1-04495 


DETERMINATION  OF  SOIL  WATER  EVAPO- 
RATION AND  TRANSPIRATION  FROM 
ENERGY  BALANCE  AND  STEM  FLOW  MEAS- 
UREMENTS. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Agrono- 
my. 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-04496 


EVAPOTRANSPIRATION  AND  YIELD  OF  IR- 
RIGATED CHICKPEA. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Patancheru  (India). 
For  primary  bibliographic   entry  see  Field   2D. 
W9 1-04497 


PRECIPITATION  AND  TEMPERATURE  RE- 
GIMES IN  UPLAND  BALOCHISTAN:  THEIR 
INFLUENCE  ON  RAIN-FED  CROP  PRODUC- 
TION. 

International  Center  for  Agricultural  Research  in 

the  Dry  Areas. 

D.  J.  Rees,  A.  Samiullah,  F.  Rehman,  C.  H.  R. 

Kidd,  and  J.  D.  H.  Keatinge. 

Agricultural  and  Forest  Meteorology  AFMEEB, 

Vol.  52,  No.  3/4,  p  381-396,  September  1990.  9  fig, 

3  tab,  20  ref. 

Descriptors:  'Baluchistan,  'Climatology,  'Crop 
production,  'Pakistan,  'Plant-water  relationships, 
'Planting  management,  'Precipitation,  'Tempera- 
ture effects,  Annual  precipitation,  Cereals,  Cold 
resistance,  Drought  resistance,  Probability  studies, 
Probable  maximum  precipitation,  Seasonal  varia- 
tion, Water  stress. 

Rainfall  and  temperature  regimes  for  three  con- 
trasting locations  in  the  200-250  mm  annual  pre- 
cipitation zone  of  upland  Balochistan  were  investi- 
gated to  determine  their  implications  for  crop  pro- 
duction. Rainfall  dependability  throughout  upland 
Balochistan  is  generally  low.  Forty-percent  of 
median  rainfall  occurs  during  July  and  August  at 
eastern  and  southern  locations,  permitting  autumn 
sowing  of  winter  cereals  in  six  (Loralai)  or  seven 
(Khudzar)  years  in  ten;  in  contrast  to  western  and 
northern  areas  (e.g.,  Quetta),  where  less  than  10% 
of  median  rainfall  occurs  in  summer,  and  autumn 
sowing  can  be  expected  in  only  two  or  three  years 
in  ten.  Cumulative  probabilities  of  sufficient  rain- 
fall for  spring  sowing  are  93%  for  Quetta,  but  less 
than  60%  for  Loralai  and  Khudzar.  Mean  maxi- 
mum and  minimum  temperatures  vary  with  eleva- 
tion and  location,  ranging  between  38  and  minus  3 
C,  with  up  to  99  days  below  0  C.  The  periods 
within  which  at  least  one  frost  may  occur  at  50% 
exceedance  probability  vary  with  location  from  87 
to  161  days.  At  the  higher  elevation  location, 
Quetta,  low  temperatures  delay  spring  planting,  in 
contrast  to  the  other  locations  where  there  is  no 
serious  temperature  restriction  for  sowing.  Upland 
Balochistan  has  one  of  the  more  severe  climates  for 
temperate  crop  production  in  West  Asia,  with  low 
and  undependable  rainfall  (partially  relieved  by 
water  harvesting  practices)  and  considerable  cold 
stress  at  elevations  above  1500  m.  Cold-resistant, 
drought-tolerant   winter   crops   are   required   for 


eastern  and  southern  areas,  and  drought-resistant, 
short-season  crops  for  more  western  and  northern 
areas.  (Author's  abstract) 
W9 1-04498 


CARBON  DIOXIDE  AND  WATER  LEVEL  EF- 
FECTS ON  YIELD  AND  WATER  USE  OF 
WINTER  WHEAT. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Agrono- 
my. 

U.  N.  Chaudhuri,  M.  B.  Kirkham,  and  E.  T. 
Kanemasu. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  3,  p 
637-641,  May /June  1990.  3  fig,  3  tab,  24  ref. 

Descriptors:  'Agronomy,  'Carbon  dioxide,  'Cli- 
matology, 'Crop  yield,  'Global  warming,  'Green- 
house effect,  'Water  level,  'Water  requirements, 
'Water  use,  'Wheat,  Field  tests,  Grain  crops,  Plant 
growth,  Soil-water-plant  relationships,  Transpira- 
tion. 

The  concentration  of  carbon  dioxide  (C02)  in  the 
atmosphere  has  risen  from  315  microL/L  in  1958 
to  the  present  345  microL/L,  increasing  at  a  rate 
of  1.5  to  2.0  microL/L.  Increasing  levels  of  atmos- 
pheric carbon  dioxide  may  have  major  effects  on 
yield  and  water  use  of  winter  wheat  (Triticum 
aestivum  L.).  The  effect  of  elevated  levels  of  C02 
on  grain  yield  and  water  use  from  planting  to 
harvest  was  studied  for  two  water  levels.  'Newton' 
winter  wheat  was  grown  in  the  field  under  ambient 
(340  microL/L)  and  elevated  levels  (485,  660,  and 
825  microL/L)  of  C02,  during  three  growing  sea- 
sons, in  16  underground  boxes  (77  cm  long,  37  cm 
wide,  and  180  cm  deep)  containing  a  Muir  silt 
loam.  Water  in  half  of  the  boxes  was  maintained  at 
0.38  cu  m/cu  m  (high  water  level)  and  in  the  other 
half  between  0.14  to  0.25  cu  m/cu  m  (low  water 
level).  Boxes  were  weighed  in  the  fall  and  spring 
to  determine  the  amount  of  water  use  by  transpira- 
tion. Plastic  chambers  (121  by  92  by  168  cm) 
covered  the  boxes  to  maintain  different  C02  levels. 
Grain  yield  of  the  high-water-level  wheat  grown 
under  ambient  C02  was  about  the  same  as  the 
grain  yield  of  low-water-level  wheat  grown  at  the 
highest  level  of  C02  (835  microL/L).  Similar  re- 
sults were  obtained  for  yield  components  (spike 
number,  spike  weight,  kernels/spike,  and  kernel 
weight).  High-water-level  wheat  grown  with  825 
microL/L  C02  transpired  more  water  than  low- 
water-level  wheat  grown  under  ambient  levels  of 
C02.  Under  high  and  low  water  levels,  29  and 
31%  less  water  was  required,  respectively,  to 
produce  a  gram  of  grain  when  the  C02  concentra- 
tion was  raised  from  ambient  to  825  microL/L. 
Results  show  that  the  water  requirement  of  wheat 
is  reduced  by  about  30%  by  elevated  (1.4  times 
present  ambient)  C02.  (Author's  abstract) 
W9 1-04499 


WATER  USE  BY  MONOCROPPED  AND  IN- 
TERCROPPED COWPEA  AND  SORGHUM 
GROWN  AFTER  RICE. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Soil  Sci- 
ence. 

R.  A.  Morris,  A.  N.  Villegas,  A.  Polthanee,  and  H. 
S.  Centeno. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  4,  p 
664-668,  July/August  1990.   1   fig,  6  tab,   17  ref. 

Descriptors:  'Agronomy,  'Crop  production, 
•Planting  management,  'Soil-water-plant  relation- 
ships, 'Water  requirements,  'Water  use  efficiency, 
Clay  loam,  Fallowing,  Glucose,  Grain  crops,  Hay, 
Legumes,  Pasture  management,  Precipitation, 
Rice,  Soil  water,  Sorghum,  Water  use. 

Water  remaining  in  the  soil  after  flooded  rice 
(Oryza  sativa  L.)  is  a  major  source  for  crops 
grown  during  the  dry  season.  To  develop  im- 
proved management  systems,  quantitative  informa- 
tion describing  water  extraction  from  previously 
puddled  and  flooded  fields  is  needed.  Water  used 
by  monocropped  and  intercropped  cowpea  (Vigna 
unguiculata  L.)  and  sorghum  (Sorghum  bicolor  L.) 
treatments  grown  on  a  fine,  mixed,  nonacid  isohy- 
perthermic  clay  loam  after  harvesting  flooded  rice 
was  compared  to  water  lost  from  a  fallow  treat- 
ment. Determinations  were  to  1.1  m.  Water  used 
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before  cowpea  harvest  was  similar  within  a  treat- 
ment among  years,  but  among  treatments  mono- 
cropped  cowpea  used  172  mm,  monocropped  sor- 
fhum  135  mm,  the  intercrop  162  mm,  and  fallow 
21  mm.  Water  used  between  cowpea,  mono- 
cropped  sarghum,  and  the  intercrop  were  11.3, 
12.4,  and  16.5  kg  glucase/ha/mm.  Monocropped 
cowpea  and  sorghum  harvests  ranged  from  22  to 
118  mm,  varying  with  rainfall  after  cowpea  har- 
vest. Species  were  compared  by  expressing  grain 
yields  in  Mg  glucose/hectare  required  to  synthe- 
size grain.  Glucose  equivalent  yields  from  mono- 
cropped  cowpea  ranged  from  1.90  to  1.98  Mg 
glucose/ha,  monocropped  sorghum  from  1.99  to 
3.66  Mg  glucose/ha,  and  the  intercrop  from  1.99  to 
4.36  Mg  glucose/ha.  Mean  water  use  efficiency  by 
monocropped  cowpea  and  the  cowpea-sorghum 
intercrop  each  use  about  50%  more  water  than  is 
lost  from  fallow.  Whereas  the  cowpea  monocrop 
and  the  intercrop  use  about  the  same  quantities  of 
water  when  grown  during  the  dry  season  after 
rice,  the  intercrop  will  use  water  more  efficiently 
but  yields  will  not  be  as  stable  as  those  from 
monocropped  cowpea.  (Author's  abstract) 
W9 1-04500 


LINE-SOURCE  VS.  IRRIGATED/NONIRRI- 
GATED  TREATMENTS  FOR  EVALUATION  OF 
GENOTYPE  DROUGHT  RESPONSE. 

International  Crops  Research  Inst,  for  the  Semi- 
Arid  Tropics,  Patancheru  (India).  Cereals  Pro- 
gram. 

V.  Mahalakshmi,  F.  R.  Bidinger,  and  G.  D.  P. 
Rao. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  4,  p 
841-844,  July/August   1990.  2  fig,  2  tab,   13  ref. 

Descriptors:  *  Agronomy,  *  Drought  resistance, 
•Irrigation  effects,  'Soil-water-plant  relationships, 
•Water  management,  Crop  yield,  Grain  crops, 
Hay,  Performance  evaluation,  Regression  analysis, 
Screening,  Soil  water,  Sprinkler  irrigation,  Water 
deficit,  Water  stress. 

The  need  for  efficient  and  effective  screening  for 
drought  response  of  crops  is  well-recognized.  The 
line-source  sprinkler  technique  used  in  many  crop 
breeding  programs  to  evaluate  genotype  response 
to  drought  stress  has  the  advantage  over  the  tradi- 
tional irrigated/nonirrigated  or  uniform  plot  tech- 
nique in  that  it  creates  a  continuous  range  of  mois- 
ture deficits  which  permit  the  estimation  of  geno- 
type response.  In  situations  where  the  response  is 
linear,  however,  the  line  source  may  not  provide 
additional  information  compared  to  that  available 
from  the  uniform  plot,  if  both  techniques  sample 
the  same  range  of  moisture  deficits.  Field  experi- 
ments were  conducted  over  two  years  to  compare 
both  screening  techniques  for  evaluating  genotype 
response  of  pearl  millet  (Pennisetum  glaucum  (L.) 
R.  Br.)  to  water  deficit  at  grain  filling.  The  soil 
was  an  Alfisol  with  approximately  60  mm  of  plant- 
available  moisture.  Mean  grain  yields  for  individ- 
ual positions  along  the  moisture  gradient  in  the  line 
source,  and  means  over  genotypes  for  each  repli- 
cate in  the  uniform  plot  were  used  as  independent 
variables  (environment  means)  to  estimate  individ- 
ual genotype  stress  response  by  regression.  Pre- 
dicted genotype  grain  yield  at  250  g/sq  m  mean 
yield  from  the  two  techniques  in  either  year. 
Slopes  differed  in  only  four  of  the  32  genotypes  in 
1982  and  two  of  the  eight  genotypes  in  1984.  When 
genotype  response  to  the  stress  is  linear,  the  sim- 
pler uniform  plot  technique  can  be  used  for  prelim- 
inary genotype  evaluation  with  little  loss  of  infor- 
mation. (Author's  abstract) 
W9 1-04501 


SPRINKLER  VS.  FLOOD  IRRIGATION  IN 
TRADITIONAL  RICE  PRODUCTION  RE- 
GIONS OF  SOUTHEAST  TEXAS. 

Agricultural     Research     and     Extension     Center, 

Beaumont,  TX. 

G.  N.  McCauley. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  4,  p 

677-682,  July/August  1990.  7  tab,  25  ref. 

Descriptors:  'Crop  production,  *Flood  irrigation, 
•Irrigation  requirements,  'Rice,  'Sprinkler  irriga- 
tion, 'Texas,  Cereals,  Crop  yield,  Economic  as- 
pects, Evapotranspiration,  Grain  crops,  Plant 
growth. 


Rice  (Oryza  sativa  L.)  is  a  major  cereal  grain  crop 
that  is  adapted  to  flood-irrigated  conditions.  How- 
ever, sprinkler  irrigation  of  rice  could  conserve 
water  and  lower  production  costs.  Tests  were  con- 
ducted for  three  years  (1982-1984)  on  a  Beaumont 
clay  soil  to  evaluate  12  rice  cultivars  under  flood 
and  three  levels  of  sprinkler  irrigation.  Plant 
growth  (height),  plant  development  (days  to  head- 
ing and  harvest),  yield,  yield  components,  and 
quality  were  monitored.  Irrigation  treatments  were 
main  plots  and  cultivars  were  subplots.  Irrigation 
treatments  100,  50,  and  25  replaced  100,  50,  and 
25%  of  estimated  evapotranspiration  (ET).  Total 
water  applied  was  931  mm  (1982),  1 171  mm  (1983), 
and  1061  mm  (1984)  for  Treatment  100.  These 
applications  exceeded  the  ET  of  flooded  rice  by 
331  to  571  mm.  Compared  to  flood  irrigation, 
sprinkler  treatments  reduced  plant  height  by  0.09 
to  0.28  m.  Days  to  heading  varied  by  cultivar  and 
irrigation  treatment  while  days  to  harvest  was  not 
affected  by  the  irrigation  treatments.  Milled  grain 
was  not  influenced  by  irrigation.  Compared  to  the 
average  yield  for  flood  irrigation,  sprinkler  irriga- 
tion reduced  yield  over  20%  with  Treatment  100 
and  key  cultivar  yields  were  reduced  28%.  Yield 
loss  from  Treatment  100  could  not  be  attributed  to 
weeds,  diseases,  or  water  availability.  Yield  loss 
was  due  to  reduced  florets/panicle  and  reduced 
fertile  florets.  With  a  yield  differential  in  excess  of 
20%,  sprinkler  irrigation  does  not  appear  to  be  a 
viable  alternative  to  conventional  flood  irrigation 
in  traditional  rice-growing  areas.  (Author's  ab- 
stract) 
W9 1-04502 


DIURNAL  VARIATION  OF  CROP  HYDRAU- 
LIC RESISTANCE:  A  NEW  ANALYSIS. 

Hawke's  Bay  Agricultural  Research  Centre,  Hast- 
ings (New  Zealand). 

For   primary  bibliographic   entry   see   Field   2D. 
W9 1-04503 


ROOT  ZONE  WATER  BALANCES  OF  THREE 
LOW-INPUT  MILLET  FIELDS  IN  NIGER, 
WEST  AFRICA. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 
Soil  and  Crop  Sciences. 

W.  A.  Payne,  C.  W.  Wendt,  and  R.  J.  Lascano. 
Agronomy  Journal  AGJOAT,  Vol.  82,  No.  4,  p 
813-819,  July/August   1990.  9  fig,   1  tab,  22  ref. 
United  States  Agency  for  International  Develop- 
ment grant  TropSoils  CRSP  DAN  1311. 

Descriptors:  'Agronomy,  'Hydrologic  budget, 
•Niger,  'Plant  water  potential,  'Rainfall,  'Root 
zone,  'Soil-water-plant  relationships,  Drainage, 
Evapotranspiration,  Grain  crops,  Hay,  Rain  gages, 
Roots,  Water  supply,  West  Africa. 

It  is  often  assumed  that  pearl  millet  (Pennisetum 
americanum  L.)  production  is  limited  by  water 
supply  despite  the  fact  that  little  published  data 
exist  on  water  balances  of  low-input  millet  fields. 
A  study  was  conducted  on  sandy  soils  in  Niger, 
West  Africa,  during  the  1985  growing  season. 
Fields  were  near  the  villages  of  Chikal,  N'Dounga, 
and  Kala  Pate,  which  received  223,  344,  and  428 
mm  of  total  rainfall,  respectively.  Water  balances 
were  calculated  to  the  depth  of  maximum  root 
penetration,  which  was  determined  at  harvest  by 
digging  pits.  Measurements  were  made  using  a 
field-calibrated  neutron  probe  and  nonrecording 
rain  gages.  Results  indicate  that  depth  of  maximum 
root  penetration  was  not  correlated  with  rainfall 
received  after  planting.  Seasonal  crop  water  supply 
was  greatest  at  N'Dounga,  where  root  develop- 
ment was  greatest.  Drainage  below  the  zone  of 
maximum  root  penetration  was  significant  at  Kala 
Pate  at  43  days  after  sowing,  when  cumulative 
rainfall  was  only  143  mm,  but  negligible  at  the 
other  sites.  Drainage  could  not  be  separated  from 
evapotranspiration  at  Kala  Pate  67  days  after 
sowing  and  thereafter.  Total  evapotranspiration 
was  272  mm  at  N'Dounga  and  201  mm  at  Chikal. 
Cumulative  change  in  water  storage  in  the  zone  of 
maximum  root  penetration  was  0  mm  at  Chikal,  39 
mm  at  N'Dounga,  and  46  mm  at  Kala  Pate.  Based 
on  the  amount  of  water  held  above  minus  1500  kPa 
in  the  zone  of  maximum  root  penetration  and  pro- 
file water  distribution,  it  can  be  concluded  that 
water  supply  was  the  primary  limiting  constraint 


only  at  Chikal  in  1985.  Similar  conclusions  were 
obtained  using  the  amount  of  root  zone  water  held 
above  minus  100  kPa.  Water  supply  may  not  be 
assumed  a  priori  to  be  the  primary  production 
constraint  to  low  input  millet  fields.  (Author's  ab- 
stract) 
W9 1-04504 


WATER  RELATIONS  OF  DIFFERENTIALLY 
IRRIGATED  COTTON  EXPOSED  TO  OZONE. 

California  Univ.,  Riverside.  Statewide  Air  Pollu- 
tion Research  Center. 
P.  J.  Temple. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  4,  p 
800-805,  July/August   1990.   2  fig,  5  tab,  25  ref 

Descriptors:  'Air  pollution  effects,  'Drought  ef- 
fects, 'Irrigation  effects,  'Ozone,  'Soil-water-plant 
relationships,  California,  Cotton,  Leaves,  Loam, 
Plant  growth,  Root  development,  Soil  water, 
Water  stress,  Water  use. 

Cotton  (Gossypium  hirsutum  L.)  is  grown  in  areas 
of  the  southern  and  western  U.S.  where  both 
drought  stress  and  chronic  ozone  (03)  pollution 
are  known  to  reduce  growth  and  yield  of  this 
economically  important  crop.  A  field  study  was 
performed  to  test  the  hypothesis  that  plants  chron- 
ically exposed  to  03  may  be  more  susceptible  to 
drought  because  03  typically  inhibits  root  growth 
and  increases  shoot-root  ratios  in  plants.  Cotton 
was  grown  in  open-top  chambers  on  coarse  sandy 
loam  in  Riverside,  California.  Plants  were  grown 
under  three  irrigation  regimes:  optimum  water  for 
lint  production  (OW),  suboptimum  or  moderate 
drought  stress  (SO),  and  severely  drought  stressed 
(SS)  and  were  exposed  to  seasonal  12-hour  (0800- 
2000)  03  concentrations  of  0.015,  0.074,  0.094,  or 
0.111  microL/L.  Leaf  xylem  pressure  potentials 
and  soil  water  content  were  measured  weekly  from 
June  to  October.  Mean  seasonal  leaf  pressure  po- 
tentials increased  from  minus  1.89  MPa  to  minus 
1.72  MPa  in  low  to  high  03  treatments,  averaged 
across  soil  water  regimes.  Ozone  had  no  effect  on 
seasonal  water  use  of  cotton,  but  water  use  effi- 
ciency was  significantly  reduced  by  03  in  OW  and 
SO,  but  not  in  SS  treatments.  Drought-stressed 
plants  extracted  proportionally  greater  amounts  of 
water  from  deeper  in  the  soil  profile  than  OW 
cotton,  and  03  had  no  apparent  effect  on  this 
redistribution  of  roots  in  the  soil.  Since  03  had  no 
apparent  effect  on  the  ability  of  drought-stressed 
cotton  to  maintain  leaf  xylem  pressure  potentials 
and  to  increase  root  growth  relative  to  shoot 
growth,  this  suggests  that  03  may  have  little  or  no 
effect  on  the  potential  of  cotton  to  adapt  to  or 
tolerate  drought.  (Author's  abstract) 
W9 1-04505 


TILLAGE  AND  COVER  CROP  MANAGEMENT 
FOR  SOIL  WATER  CONSERVATION. 

Kentucky  Agricultural  Experiment  Station,  Lex- 
ington. Dept.  of  Agronomy. 
A.  Munawar,  R.  L.  Blevins,  W.  W.  Frye,  and  M. 
R.  Saul. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  4,  p 
773-777,  July/August   1990.   1  fig,  7  tab,  22  ref. 

Descriptors:  'Agricultural  practices,  'Agronomy, 
•Conservation  tillage,  'Cover  crops,  'Crop  yield, 
'Planting  management,  'Soil  water,  'Tillage, 
'Water  conservation,  Cereal  crops,  Corn,  Crop 
production,  Fertilization,  Grain  crops,  Kentucky, 
Nitrogen,  Pasture  management,  Soil  surfaces,  Soil 
temperature. 

The  effectiveness  of  a  conservation  tillage  system 
depends  on  the  amount  and  distribution  of  plant 
residues  left  on  the  soil  surface.  The  effects  of 
tillage  systems,  nitrogen  (N)  fertilizer  rates,  and 
cover  crop  management  were  determined  on  soil 
temperature,  soil  moisture,  and  corn  (Zea  mays  L.) 
yields  at  a  study  site  in  Lexington,  Kentucky. 
Tillage  treatments  were  chisel-plow  tillage,  con- 
ventional tillage  (moldboard  plowing  and  disking), 
disk  tillage,  and  no-tillage.  Nitrogen  fertilizer  at 
rates  of  0,  75,  150,  or  225  kg  N/ha  were  broadcast 
on  the  soil  surface.  Rye  (Secale  cereale  L.)  on  one- 
half  of  each  split  plot  was  killed  3  weeks  before 
corn  planting  time,  while  the  other  half  was  al- 
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lowed  to  grow  until  the  corn  was  planted.  Corn 
yields  in  1986  were  4.41,  4.03,  3.64,  and  2.25  Mg/ 
ha  for  no-tillage,chisel-plow  tillage,  disk  tillage, 
and  conventional  tillage,  respectively.  The  yields 
were  significantly  greater  with  early  killed  rye 
(3.85  and  5.05  Mg/ha  in  1986  and  1987,  respective- 
ly). Soil  temperature  tended  to  be  slightly  higher 
under  the  late-killed  rye  mulch  in  1986  with  no 
significant  difference  in  1985.  Soil  moisture  content 
was  significantly  higher  for  early  killed  rye  treat- 
ment in  the  early  part  of  the  season  in  1986  because 
there  was  less  soil  moisture  depletion  due  to  the 
growing  rye.  (Author's  abstract) 
W9 1-04506 


CANOPY  TEMPERATURE  AND  STOMATAL 
CONDUCTANCE  OF  WATER-STRESSED  DOR- 
MANT AND  NONDORMANT  ALFALFA 
TYPES. 

M.  J.  Hattendorf,  D.  W.  Evans,  and  R.  N.  Peaden. 
Agronomy  Journal  AGJOAT,  Vol.  82,  No.  5,  p 
873-877,  September/October  1990.  2  fig,  6  tab,  27 
ref. 

Descriptors:  *Agronomy,  'Alfalfa,  'Canopy, 
•Soil-water-plant  relationships,  'Water  stress,  Air 
temperature,  Crop  yield,  Sprinkler  irrigation,  Sto- 
matal  transpiration,  Vapor  pressure,  Washington, 
Water  use  efficiency. 

Alfalfa  (Medicago  sativa  L.)  from  diverse  origins 
may  respond  differently  to  water  stress.  Dormant 
and  nondormant-type  alfalfa  response  to  water 
stress  was  assessed  by  canopy  temperature  and 
stomatal  conductance.  The  effects  of  continuous 
deficit  irrigation  produced  by  a  line-source  sprin- 
kler system  on  'Vernal'  (dormant  type),  'Vernema' 
(intermediate  dormancy  type),  and  'CUF  101' 
(nondormant  type)  were  investigated  at  Prosser, 
Washington,  on  a  Warden  loam.  Water  stress  was 
expressed  as  the  Crop  Water  Stress  Index  (CWSI), 
a  canopy-temperature-based  indicator  of  water 
stress.  The  Y-intercepts  of  Vernal  and  CUF  101 
canopy  air-temperature/vapor  pressure  deficit 
curves  were  significantly  different  with  CUF  101 
0.6  C  higher  than  Vernal.  Mean  canopy  resistance 
to  vapor  transport  was  33%  greater  for  CUF  101 
than  for  Vernal.  Slopes  of  stomatal  conductance/ 
CWSI  curves  were  similar,  but  stomatal  conduct- 
ance at  zero  CWSI  of  CUF  101  was  60%  of 
Vernal.  Total  water  use  and  yields  of  Vernal, 
Vernema,  and  CUF  101  were  not  significantly 
different  among  cultivars,  although  CUF  101  mean 
daily  water  use  was  2.1  mm  greater  than  Vernal 
water  use  early  in  the  growth  cycle.  Higher 
canopy  temperature  for  CUF  101  was  consistent 
with  lower  CUF  101  stomatal  conductance.  The 
differences  in  canopy  temperature  and  stomatal 
conductance  were  related  to  dormancy  type. 
Lower  transpiration  of  CUF  101  at  full  canopy 
cover  has  implications  for  development  of  more 
water-use-efficient  alfalfa.  (Author's  abstract) 
W9 1-04507 


IRRIGATION  OF  TURFGRASS  WITH  SEC- 
ONDARY SEWAGE  EFFLUENT:  I.  SOIL  AND 
LEACHATE  WATER  QUALITY. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For  primary  bibliographic  entry  see  Field  3C. 

W9 1-04509 


ntRIGATION  OF  TURFGRASS  WITH  SEC- 
ONDARY SEWAGE  EFFLUENT:  n.  TURF 
QUALITY. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For  primary  bibliographic  entry  see  Field  3C. 
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ECONOMIC  EFFECTS  OF  LONG-TERM  RE- 
STRICTIONS ON  DRAINAGE  WATER  DIS- 
POSAL. 

Rhode  Island  Univ.,  Kingston.  Dept.  of  Resource 

Economics. 

For  primary   bibliographic  entry  see   Field   5G. 
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EVALUATION  OF  A  SUBSURFACE  'POP-UP' 
SPRINKLER. 

Max  C.  Fleischmann  Coll.  of  Agriculture,  Reno, 

NV. 

W.  W.  Miller,  C.  N.  Mahannah,  R.  L.  Shane,  E.  H. 

Jensen,  and  W.  W.  Finke. 

Applied  Agricultural  Research  AAREEZ,  Vol.  5, 

No.  1,  p  56-62,  Winter  1990.  3  fig,  2  tab,  18  ref. 

Descriptors:  'Agricultural  engineering,  'Econom- 
ic evaluation,  'Irrigation  engineering,  'Sprinkler 
irrigation,  'Subsurface  irrigation,  Cost-benefit 
analysis,  Irrigation  design,  Nevada,  Performance 
evaluation,  Water  management. 

Most  agricultural  sprinkler  irrigated  acreage  today 
is  under  hand-move  or  motor-driven  systems.  The 
present  trend  is  toward  alternatives  that  are  less 
labor-intensive.  Permanent  highly-automated  sys- 
tems in  which  all  components  are  deeply  buried 
are  attractive  because  of  the  low  labor  use  and  in 
the  retraction  mode  the  entire  system  is  removed 
from  potential  damage  during  tillage,  harvesting, 
grazing  of  livestock,  or  from  vandalism.  One 
unique  system,  AGRI-POP,  in  which  the  riser  and 
rotating  sprinklers  are  completely  retractable  and 
extensible,  was  recently  developed.  Initial  field  ex- 
perience in  using  this  system  in  western  Nevada 
exposed  several  design  problems.  Correcting 
design  flaws  resulted  in  a  fully  functional  system. 
However,  at  an  investment  cost  of  about  $5,601/ha 
($2,268/ A)  greater  than  the  closest  solid-set  alter- 
native and  about  $7,000/ha  ($2,835/A)  greater 
than  the  least  expensive  hand-line  system,  AGRI- 
POP  presently  is  not  an  economically  viable  alter- 
native for  most  commercial  agricultural  applica- 
tions. Improved  economics  would  result  if  the 
system  were  mass-produced  and  if  relative  costs  of 
labor  increase.  In  addition,  the  system  could  be 
particularly  useful  where  strict  environmental  and 
water  management  controls  are  desired.  There 
may  also  be  some  unique  recreational  and  horticul- 
tural applications,  such  as  for  athletic  fields,  public 
parks,  golf  courses,  or  other  high-traffic  areas. 
(Author's  abstract) 
W91-04536 


EFFECT  OF  TILLAGE  ON  SOIL  WATER  AND 
ALFALFA  ESTABLISHMENT  IN  CORN  STUB- 
BLE. 

W.  L.  Stout,  R.  A.  Byers,  C.  C  Bahler,  and  L.  D. 

Hoffman. 

Applied  Agricultural  Research  AAREEZ,  Vol.  5, 

No.  3,  p   176-180,  Summer   1990.  5  tab,   18  ref. 

Descriptors:  'Agricultural  engineering,  'Alfalfa, 
'Cover  crops,  'Crop  yield,  *No-till  cultivation, 
'Soil  water  table,  'Soil-water-plant  relationships, 
•Tillage,  Corn,  Grain  crops,  Pennsylvania,  Seed- 
lings, Silage,  Soil  conservation,  Soil  water. 

The  effect  of  soil  water  on  alfalfa  (Medicago  sativa 
L.)  seedling  growth  during  no-till  establishment 
into  corn  stubble  has  not  been  documented.  An 
experiment  was  performed  to  evaluate  the  effects 
of  differences  in  soil  water  levels  resulting  from 
different  tillage  methods  and  seeding  dates  on  alfal- 
fa emergence  and  seedling  growth.  The  study  site 
was  located  at  the  Rock  Spring  Agricultural  Re- 
search Center  in  Centre  County,  Pennsylvania,  on 
a  Hublersburg  silt  loam  soil  in  1986  and  1987  and  a 
Hagerstown  silt  loam  soil  in  1988.  Alfalfa  was 
drilled  no-till  into  stubbles  from  corn  harvested  for 
grain  (NT-G),  silage  (NT-S),  or  silage  plus  a  rye 
(Secale  cereale  L.  cv.  common)  cover  crop  (NT- 
SR),  and  seeded  into  a  conventionally-prepared 
seedbed  resulting  from  corn  harvested  for  grain 
(CT).  Seeding  dates  were  early  April,  late  April, 
and  mid-May.  Soil  water  content  was  not  adverse- 
ly affected  by  the  inclusion  of  the  rye  cover  crop 
in  the  NT-SR  treatment.  Good  stands  of  over  70% 
seedling  frequency  were  obtained  with  all  treat- 
ments, but  the  NT-S  treatment  had  significantly 
higher  seedling  yields,  yields  at  one-tenth  bloom, 
and  total  seedling  year  yields  than  the  others. 
Seedling  yields  were  significantly  lower  in  the  NT- 
SR  treatment;  however,  rye  silage  yields  made  this 
treatment  one  of  the  most  productive  in  the  seed- 
ling year.  In  addition,  the  rye  cover  crop  of  the 
NT-SR  treatment  provides  a  conservation  cover 
during  the  winter  and  a  means  of  capturing  nitrate 
left  over  from  the  corn  crop  or  mineralized  during 


the  early  spring.  In  the  first  production  year,  there 
was  no  significant  effect  of  tillage  or  seeding  date 
on  first  harvest  yields.  (Author's  abstract) 
W9 1-04537 


EFFECTS  OF  NITROGEN  AND  WATER  MAN- 
AGEMENT PRACTICES  ON  YIELD,  GRAIN 
QUALITY,  AND  MILLING  OUT-TURN  OF 
RICE. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 

K.  S.  Sajwan,  D.  I.  Kaplan,  B.  N.  Mittra,  and  H. 

K.  Pande. 

Applied  Agricultural  Research  AAREEZ,  Vol.  5, 

No.  3,  p  198-204,  Summer  1990.  1  fig,  7  tab,  17  ref. 

Descriptors:  'Agricultural  engineering,  'Agricul- 
tural practices,  'Agronomy,  'Crop  yield,  'Irriga- 
tion design,  'Rice,  'Water  management,  Crop  pro- 
duction, Fertilization,  Grain  crops,  Nitrogen, 
Planting  management,  Submergence. 

Nitrogen  fertilization  and  water  management  are 
important  agronomic  practices  for  creating  a  suita- 
ble field  environment  for  successful  production  of 
rice.  Field  experiments  were  conducted  during 
both  the  wet  (June-November)  and  dry  (January- 
May)  seasons  to  study  the  effects  of  nitrogen  (N) 
fertilization  and  water  management  practices  on 
yield,  grain  quality,  and  milling  out-turn  of  rice 
(Oryza  sativa  L.).  Among  varieties,  Jaya  not  only 
had  the  greatest  yield,  it  also  responded  the  most 
to  N  fertilization.  Pusa  2-21  had  the  poorest  grain 
yields;  however,  it  had  the  highest  protein  content, 
grain  hardness,  and  head  yield.  Significant  im- 
provement in  yield,  yield  attributes,  protein  con- 
tent, grain  hardness,  and  head  yield  was  obtained 
from  N  applications  up  to  90  kg  N/ha  during  the 
wet  season  and  up  to  120  kg  N/ha  during  the  dry 
season.  Among  water  management  practices,  con- 
tinuous or  phasic  submergence  of  the  paddy  field 
proved  to  be  more  beneficial  to  the  crop  than 
cyclic  submergence.  However,  the  beneficial  effect 
of  submergence  on  grain  yield  was  observed  only 
during  the  dry  season.  (Author's  abstract) 
W91-04538 


SURFACE  WATER  MANAGEMENT  FOR 
CROP  PRODUCTION  ON  HIGHLY  ERODI- 
BLE  LAND. 

North  Carolina  State  Univ.,  Raleigh. 

For  primary  bibliographic  entry  see  Field  4D. 
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APPLIED  WATER  REQUIREMENTS  FOR 
SPRINKLER  IRRIGATED  ALFALFA  IN  WEST- 
ERN NEVADA. 

Nevada  Univ.,  Reno.  Dept.  of  Range,  Wildlife  and 

Forestry. 

M.  K.  Kimbell,  W.  W.  Miller,  C.  N.  Mahannah, 

and  E.  H.  Jensen. 

Applied  Agricultural  Research  AAREEZ,  Vol.  5, 

No.  4,  p  268-275,  Fall  1990.  4  fig,  3  tab,  29  ref. 

Descriptors:  'Alfalfa,  'Irrigation,  'Irrigation  engi- 
neering, 'Nevada,  'Sprinkler  irrigation,  'Water 
requirements,  'Water  use,  Arid  lands,  Crop  yield, 
Evapotranspiration,  Farming,  Fungicides,  Irriga- 
tion efficiency,  Irrigation  water,  Model  studies, 
Precipitation. 

Applied  water  production  functions  may  be  par- 
ticularly beneficial  in  arid  areas  such  as  western 
Nevada.  In  order  to  study  the  usefulness  of  such 
functions,  four  irrigation  regimes  based  on  50,  75, 
100,  and  125%  of  the  FAO  modified  Pan  Evapora- 
tion (irrigation  treatments  I-IV,  respectively)  were 
applied  for  three  years  to  two  fungicide  and  six 
cultivar  treatments  on  a  4.9  ha  parcel.  No  signifi- 
cant yield  differences  were  found  between  fungi- 
cide treatments  and  five  of  the  six  cultivars.  Signifi- 
cant differences  were  found  in  cultivar  and  bulk 
field  yields  between  water  treatments  I  and  II,  and 
II  and  III,  but  not  III  and  IV.  Field  yields  were  15- 
20%  lower  than  cultivar  yields.  Polynomial  ap- 
plied water  and  linear  evapotranspiration  of  alfalfa 
(ETcrop)  production  functions  were  developed. 
Data  over  the  three-year  study  period  demonstrat- 
ed a  maximum  yield  of  17  Mg/ha  corresponded  to 
an  ETcrop  of  117  cm,  and  required  146  cm  of 
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irrigation  applied  water  (IAW).  Lower  amounts 
significantly  reduced  yields.  The  water  require- 
ment derived  in  this  investigation  was  based  on  an 
application  efficiency  (application  uniformity  and 
system  irrigation  efficiency)  of  0.75  for  sprinkler 
irrigated  alfalfa  in  western  Nevada.  Since  water 
requirements  based  upon  model  estimation  of 
ETcrop  do  not  take  application  efficiency  into 
account,  the  applied  water  relationship  can  help  to 
better  delineate  potential  yield  levels  under  various 
scenarios  of  farm  delivery  water  allocation  and 
farm  application  efficiency.  That  is,  IAW  require- 
ment could  be  adjusted  on  an  individual  basis  by 
simply  incorporating  the  appropriate  application 
uniformity,  system  irrigation  efficiency,  and  local- 
ized precipitation.  (Author's  abstract) 
W9 1-04540 


LOCALIZED  FIELD  IRRIGATION  EFFICIEN- 
CIES FROM  SOIL  SALINITY  SAMPLES. 

Arizona  Univ.,  Tucson. 

J.  E.  Watson,  and  R.  D.  Gibson. 

Applied  Agricultural  Research  AAREEZ,  Vol.  5, 

No.  4,  p  276-279,  Fall  1990.  3  fig,  9  ref. 

Descriptors:  'Agricultural  hydrology,  *Analytical 
techniques,  *Cropland,  'Irrigation  efficiency,  •Irri- 
gation water,  'Saline  soils,  Arizona,  Deep  percola- 
tion, Estimating  equations,  Farming,  Field  tests, 
Leaching,  Root  zone,  Salts,  Soil  tests. 

Recent  trends  within  the  U.S.  are  encouraging 
managers  of  irrigated  agricultural  operations  to 
carefully  evaluate  their  irrigation  practices.  Esti- 
mation of  losses  of  irrigation  water  from  a  field 
through  deep  percolation  requires  that  field  sam- 
pling be  carried  out.  All  irrigation  waters  contain 
mineral  salts.  As  a  result  of  water  removal  by  the 
processes  of  transpiration  and  evaporation,  the 
concentration  of  salts  remaining  in  the  soil  in- 
creases. A  method  has  been  developed  for  deter- 
mining the  amount  of  deep  leaching  of  applied 
irrigation  water,  using  a  relationship  between  the 
leaching  fraction  (the  fraction  of  applied  irrigation 
water  that  is  leached  below  the  crop  root  zone) 
and  soil  salt  concentration.  The  assumptions  that 
must  be  met  for  the  procedure  to  work  effectively 
are  that  (1)  the  salt  concentration  of  the  irrigation 
water  is  relatively  constant,  (2)  the  time  period  of 
concern  is  much  greater  than  the  length  of  time  it 
takes  the  water  and  salt  to  pass  through  the  root 
zone,  (3)  the  rate  of  salt  movement  through  the 
root  zone  is  relatively  constant,  and  (4)  no  signifi- 
cant upward  flow  occurs  from  a  water  table.  The 
field  variability  of  the  estimated  leaching  fraction 
is  much  less  than  the  variability  of  the  soil  salinity 
samples.  A  specific  site  on  a  grower  cooperator's 
farm  near  Casa  Grande,  Arizona,  was  used  as  an 
example.  The  field  site  evaluated  at  12  separate 
locations  had  estimated  'local'  efficiencies  that 
ranged  from  72%  to  87%.  The  mean  field  efficien- 
cy estimated  from  these  sites  was  83%,  with  a  5% 
coefficient  of  variation,  based  upon  the  deepest 
samples  taken.  The  amount  of  applied  irrigation 
water  that  annually  moved  below  the  root  zone 
was  estimated  to  be  about  8.2  acre  inches  per  acre. 
(Fish-PTT) 
W91-04541 


SAND  CULTURE  OF  VEGETABLES  USING 
RECIRCULATED  AQUACULTURAL  EF- 
FLUENTS. 

North  Carolina  State  Univ.,  Raleigh.  Dept.  of  Hor- 
ticultural Science. 

M.  R.  McMurtry,  P.  V.  Nelson,  D.  C.  Sanders,  and 
L.  Hodges. 

Applied  Agricultural  Research  AAREEZ,  Vol.  5, 
No.  4,  p  280-284,  Fall   1990.  2  fig,  4  tab,  20  ref. 

Descriptors:  'Aquaculture,  'Biofiltration,  'Cultur- 
ing  techniques,  *Farm  wastes,  'Fish  farming, 
•Soil-water-plant  relationships,  'Vegetable  crops, 
•Wastewater  utilization,  •Water  reuse,  Aquatic 
plants.  Beans,  Fish  food,  Fish  management,  Foods, 
Recirculated  water.  Sand  filters,  Tilapia,  Toma- 
toes, Water  quality. 

Benefits  of  integrating  aquaculture  and  olericulture 
in  a  controlled  environment  include  conservation 
of  soil,  water,  and  plant  nutrients;  production  of 
high-quality  food  products  in  close  proximity  to 


center  of  need;  and  reduction  of  operating  costs. 
Operation  of  such  a  system  is  applicable  wherever 
fish  and  fresh  vegetables  are  in  high  demand.  Fish 
production  and  biofiltration  provided  by  sand-cul- 
tured vegetable  crops  were  linked  in  a  closed 
system  of  recirculating  water,  in  order  to  deter- 
mine if  vegetables  growing  in  sand  beds  could 
provide  sufficient  filtration  of  recirculated  water 
for  fish  production  and  receive  adequate  mineral 
nutrition  from  only  fish  waters.  Blue  tilapia  (Sar- 
otherodon  aureus  L.)  were  stocked  as  mixed-sex 
fingerlings  at  a  density  of  1.68  kg/cu  m  (0.105  lb/ 
cu  ft).  Fish  were  fed  a  commercial  chow.  Green- 
house-grown bush  bean  (Phaseolus  vulgaris  L.), 
cucumber  (Cucumis  sativus  L.),  and  tomato  (Lyco- 
persicon  esculentum  Mill.)  were  irrigated  with 
water  drawn  from  the  bottom  of  the  tilapia  tank 
for  30  minutes  every  three  hours  during  the  day- 
light hours.  Drainage  from  the  0.5-m  deep  sand 
beds  was  returned  to  the  fish  tank.  Each  crop  was 
also  grown  in  a  sandy  loam  soil.  Feeding  1  kg  (2.20 
lb)  of  fish  food  produced  an  increase  of  0.76  kg 
(1.68  lb)  fish  and  1.66  kg  (3.66  lb)  of  vegetables. 
Both  water  quality  and  nutrient  content  were  ade- 
quate for  tilapia  and  plant  growth  in  sand  culture 
with  no  supplemental  fertilization.  The  feasibility 
of  an  integrated,  recirculatory  system  for  concur- 
rent production  of  vegetables  and  fish  with  no 
additional  fertilizer  application  was  demonstrated. 
(Author's  abstract) 
W9 1-04542 


INTENSIVE  POTATO  PRODUCTION  EF- 
FECTS ON  NITRATE-N  CONCENTRATIONS 
OF  RURAL  NEW  BRUNSWICK  WELL  WATER. 

Agriculture    Canada,    Fredericton    (New    Bruns- 
wick). Research  Station. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04546 


EFFECTS  OF  FALL  SUBSOILING  AND  SNOW 
MANAGEMENT  ON  WATER  CONSERVATION 
AND  CONTINUOUS  SPRING  WHEAT  YIELDS 
IN  SOUTHWESTERN  SASKATCHEWAN. 

Agriculture   Canada,    Swift   Current   (Saskatche- 
wan). Research  Station. 
B.  G.  McConkey,  H.  Steppuhn,  and  W. 
Nicholaichuk. 

Canadian  Agricultural  Engineering  CAEOAI, 
Vol.  32,  No.  2,  p  225-234,  July  1990.  4  fig,  5  tab,  54 
ref. 

Descriptors:  'Agricultural  engineering,  'Agricul- 
tural practices,  'Crop  yield,  'Saskatchewan, 
'Snow  management,  'Subsoil,  'Tillage,  'Water 
conservation,  Canada,  Crop  production,  Economic 
aspects,  Grain  crops,  Induced  infiltration,  Infiltra- 
tion, Precipitation,  Root  zone,  Semiarid  lands, 
Snowmelt,  Snowpack,  Water  resources  manage- 
ment, Wheat. 

Low  amounts  and  variable  distribution  of  precipi- 
tation represent  the  greatest  limitation  to  crop  pro- 
duction in  the  semiarid  portion  of  the  Canadian 
Prairies.  It  has  been  suggested  that  retaining  snow 
on  the  field  offers  the  greatest  potential  for  increas- 
ing the  amount  of  water  available  for  crops  in  this 
regions.  The  effects  of  snow  management  and  one- 
time autumn  subsoiling  (deep  tillage)  on  grain 
yields  and  water  conservation  for  continuous  zero- 
till  spring  wheat  (Triticum  aestivum  L.)  were  as- 
sessed over  a  four-year  period  in  two  separate 
experiments  in  Saskatchewan,  Canada.  Although 
snow  management  practices  resulted  in  a  winter 
snowpack  averaging  twice  that  obtained  with  con- 
ventional height  stubble,  restricted  infiltration  pre- 
vented this  water  from  affecting  water  conserva- 
tion or  wheat  yields.  Subsoiling  in  the  autumn  to  a 
35-cm  depth  substantially  increased  snowmelt  infil- 
tration for  the  first  crop  year  after  the  subsoiling. 
In  subsequent  years,  fall  subsoiling  did  not  signifi- 
cantly increase  the  amount  of  snowmelt  infiltra- 
tion, although  it  did  increase  the  depth  to  which 
snowmelt  had  penetrated.  Water  extraction  from 
the  root  zone  was  greater  between  seeding  and 
harvest  under  subsoiling.  For  the  four  crop  years 
following  subsoiling,  subsoiling  increased  grain 
yields  over  the  control  treatment  by  an  average  of 
7%  when  conventional  height  stubble  was  left,  and 
by  an  average  of  20%  when  snow  management 
was  practiced.  The  yield  benefit  from  subsoiling 


persisted  for  three  years  when  snow  management 
by  tall  wheat  stubble  trap  strips  retained  a  snow- 
pack equivalent  of  at  least  4.9  cm.  However,  the 
overall  profitability  of  one-time  fall  subsoiling  re- 
mains to  be  determined.  (Author's  abstract) 
W9 1-04549 


LONG-TERM   SOIL   MOISTURE   STATUS   IN 
SOUTHERN  ALBERTA. 

Agriculture   Canada,    Lethbridge    (Alberta).    Re- 
search Station. 

For  primary   bibliographic   entry  see   Field   2G. 
W9 1-04551 


EFFECTS  OF  POTATO  CROPPING  PRAC- 
TICES ON  WATER  RUNOFF  AND  SOIL  ERO- 
SION. 

Agriculture    Canada,    Fredericton    (New    Bruns- 
wick). Research  Station. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-04552 


EFFECT  OF  SOIL  WATER  CONTENT  ON  THE 
WINTER  SURVIVAL  OF  WINTER  WHEAT, 
RYE  AND  TRITICALE. 

Agriculture  Canada,  Sainte-Foy  (Quebec).  Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-04554 


NEW  STRATEGIES  FOR  SOIL  CONSERVA- 
TION. 

Food  and  Agriculture  Organization  of  the  United 
Nations,  Rome  (Italy).  Land  and  Water  Develop- 
ment Div. 

For  primary  bibliographic  entry  see  Field  4D. 
W9 1-04561 


EFFECTS  OF  IRRIGATION  REGIMES  ON 
YIELD  AND  WATER  USE  BY  SWEETPOTATO. 

Georgia  Coastal  Plain  Experiment  Station,  Tifton. 
D.  A.  Smittle,  M.  R.  Hall,  and  J.  R.  Stansell. 
Journal  of  the  American  Society  for  Horticultural 
Science  JOSHB5,  Vol.  115,  No.  5,  p  712-714,  Sep- 
tember 1990.  4  tab,  15  ref. 

Descriptors:  'Crop  yield,  'Irrigation  effects,  'Irri- 
gation requirements,  'Plant  growth,  'Soil-water- 
plant  relationships,  'Sweet  potatoes,  'Water  use, 
Hydrological  regime,  Loam,  Moisture  tension,  Re- 
gression analysis,  Roots,  Sand,  Soil  water,  Water 
stress. 

Sweet  potatoes  were  grown  on  two  soil  types  in 
drainage  lysimeters  under  controlled  soil  water 
regimes  during  1982  and  1983  to  determine  yield 
and  water  use  responses.  Water  regimes  consisted 
of  irrigating  the  sweet  potatoes  throughout  growth 
when  soil  water  tension  at  23  cm  exceeded  25,  50, 
or  100  kPa  or  by  allowing  a  100-kPa  water  stress 
before  root  enlargement,  during  early  root  enlarge- 
ment, or  throughout  root  enlargement.  Water  use 
and  marketable  yields  were  greater  when  sweet 
potatoes  were  grown  on  a  Tifton  loamy  sand  than 
when  grown  on  a  Benifay  sand.  Water  use,  market- 
able yield,  and  yield  of  U.S.  no.  1  grade  roots 
generally  decreased  when  soil  water  tensions  ex- 
ceeded 25  kPa  before  irrigation,  although  soil 
water  stress  of  100  kPa  during  storage  root  devel- 
opment did  not  significantly  affect  yield.  Regres- 
sion equations  were  used  to  describe  the  relation- 
ships of  water  use  to  plant  age  and  to  compute 
daily  evapotranspiration:  pan  evaporation  ratios 
(crop  factors)  for  sweet  potatoes  irrigated  at  25,  50, 
and  100  kPa  of  soil  water  tension.  Crop  factor 
values  for  sweet  potatoes  initially  increase  and  then 
decrease  with  age.  It  was  shown  that  yield  of  U.S. 
no.  1  sweet  potatoes  was  greatest  with  irrigation 
applications  when  the  soil  water  tension  at  23  cm 
reached  25  kPa.  This  irrigation  regime  also  re- 
quired more  water  than  did  irrigation  at  50  and  100 
kPa  throughout  growth  or  when  a  100-kPa  water 
stress  occurred  before  or  after  initiation  of  storage 
root  development.  (Author's  abstract) 
W9 1-04564 
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RESPONSE  OF  SEED  CARROT  TO  VARIOUS 
WATER  REGIMES:  I.  VEGETATIVE  GROWTH 
AND  PLANT  WATER  RELATIONS. 

Agricultural  Research  Service,  Fresno,  CA.  Water 
Management  Research  Lab. 
For  primary  bibliographic  entry  see  Field  21. 
W9 1-04565 

RESPONSE  OF  SEED  CARROT  TO  VARIOUS 
WATER  REGIMES:  II.  REPRODUCTIVE  DE- 
VELOPMENT, SEED  YIELD,  AND  SEED 
QUALITY. 

National  Forage  Seed  Production  Research 
Center,  Corvallis,  OR. 

J.  J.  Steiner,  R.  B.  Hutmacher,  A.  B.  Mantel,  J.  E. 
Ayars,  and  S.  S.  Vail. 

Journal  of  the  American  Society  for  Horticultural 
Science  JOSHB5,  Vol.  115,  No.  5,  p  722-727,  Sep- 
tember 1990.  7  fig,  2  tab,  13  ref. 

Descriptors:  *Carrots,  'Irrigation  requirements, 
•Plant  growth,  'Seeds,  *Soil-water-plant  relation- 
ships, Crop  yield,  Drought  effects,  Evapotranspira- 
tion,  Germination,  Hydrological  regime,  Loam, 
Mature  growth  stage,  Moisture  tension,  Roots, 
Sand,  Soil  moisture  deficiency,  Soil  water,  Water 
stress. 

The  seed  carrot  plant  (Daucus  carota  L.  var.  sativa 
DC.)  grows  in  an  indeterminate  fashion,  producing 
seed  in  umbels  that  arise  from  multi-rank  ordered 
branches.  As  a  result,  there  is  a  great  deal  of 
variability  in  the  maturity  of  the  seed  at  harvest. 
Seed  yield  and  quality  of  carrot  are  influenced  by  a 
wide  range  of  water  application  regimes  and 
levels.  Irrigation  treatments  were  imposed  begin- 
ning at  the  time  of  extension  of  the  primary  umbel 
and  extending  throughout  the  reproductive  devel- 
opment period.  The  three  application  regimes  used 
were:  (1)  a  high-frequency,  low- water  deficit  treat- 
ment (100%  of  daily  accumulated  crop  evapotran- 
spiration  (ET));  (2)  a  series  of  five  low-frequency 
(irrigated  after  30  mm  of  accumulated  ET)  applica- 
tion treatments  with  a  range  of  water  deficits  from 
moderate  to  minimal  (40%  to  120%  of  ET  ap- 
plied); and  (3)  a  series  of  three  treatments  that  had 
rapidly  developing  water  deficits  applied  by  termi- 
nating irrigation  at  7,  5,  and  2  weeks  before  harvest 
after  being  grown  under  low-stress  conditions. 
Pure  live  seed  was  optimized  by  different  treat- 
ments within  each  of  the  three  application  regimes. 
Maximum  yields  were  achieved  with  short-term  (2- 
week)  rapidly  developing  water  deficits  near  har- 
vest, moderate  deficit  irrigation  with  60%  to  80% 
of  ET  applied  after  30  mm  of  ET  or  with  a  low 
water  deficit,  high-frequency  application.  Seed 
germination  percentage  decreased  as  the  amount  of 
applied  water  increased.  This  effect  was  more  pro- 
nounced in  the  later-developing  umbel  orders. 
However,  seed  quality  measured  as  seedling  root 
length  was  improved  with  increasing  water  appli- 
cation. (See  also  W9 1-04565)  (Author's  abstract) 
W9 1-04566 


YIELD  OF  SUCCESSIVELY  CROPPED  POLY- 
ETHYLENE-MULCHED VEGETABLES  AS  AF- 
FECTED BY  IRRIGATION  METHOD  AND 
FERTILIZATION  MANAGEMENT. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

G.  H.  Clough,  S.  J.  Locascio,  and  S.  M.  Olson. 
Journal  of  the  American  Society  for  Horticultural 
Science  JOSHB5,  Vol.  115,  No.  6,  p  884-887,  No- 
vember 1990.  8  tab,  13  ref. 

Descriptors:  *Crop  yield,  'Fertilization,  'Irriga- 
tion effects,  'Irrigation  engineering,  'Mulching, 
•Planting  management,  'Soil-water-plant  relation- 
ships, 'Vegetable  crops,  Broccoli,  Drip  irrigation, 
Loam,  Nitrogen,  Potassium,  Sand,  Tomatoes. 

While  the  value  of  irrigation  or  mulch  in  the 
production  of  vegetable  crops  has  been  well  docu- 
mented, irrigation  and  mulch  used  together  can 
greatly  increase  yields  over  either  used  alone. 
Broccoli  (Brassica  oleracea  L.  var.  italica),  fol- 
lowed by  tomato  (Lycopersicon  esculentum  Mill.) 
or  squash  (Cucurbita  pepo  L.  var.  melopepo),  and 
then  broccoli  were  produced  in  succession  re-using 
the  same  polyethylene-mulched  beds  at  two  loca- 
tion with  different  soil  types.  First-crop  broccoli 


yield  was  earlier  and  greater  with  drip  than  with 
overhead  irrigation  and  increased  as  N-K  rate  in- 
creased from  135-202  to  270-404  kg/ha.  On  a  fine 
sandy  soil,  yields  of  second  and  third  crops  pro- 
duced with  residual  or  concurrent  fertilization  in- 
creased with  an  increase  in  N-K  rate.  On  a  loamy 
fine  sandy  soil,  yields  also  increased  as  the  rate  of 
residual  N-K  increased;  yields  of  second  and  third 
crops  did  not  respond  to  rate  of  concurrently 
applied  N-K,  but  were  higher  with  concurrent 
than  with  residual  fertilization,  except  total  tomato 
yields  were  similar  with  either  application  time. 
With  drip  irrigation  and  concurrent  weekly  furti- 
gation, yields  equalled  or  exceeded  those  obtained 
with  preplant  fertilization  and  overhead  irrigation. 
(Author's  abstract) 
W9 1-04567 


SOIL  TEMPERATURE  UNDER  CONVEN- 
TIONAL AND  MINIMUM  TILLAGE:  SIMULA- 
TION AND  EXPERIMENTAL  VERIFICATION. 

Alberta  Univ.,  Edmonton.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2G. 
W91-04582 


SOIL  SALINITY:  IRRIGATION  PRACTICES 
AND  EFFECTS  ON  CROPS  AND  GROUND 
WATER  (JAN  77-JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  3C. 
W9 1-04649 


IRRIGATION  EFFECTS  ON  PLANT  WATER 
RELATIONS  AND  PRODUCTIVITY  OF 
THOMPSON  SEEDLESS  GRAPEVINES. 

California  Univ.,  Davis.  Dept.  of  Viticulture  and 

Enology. 

D.  W.  Grimes,  and  L.  E.  Williams. 

Crop  Science  CRPSAY,  Vol.  30,  No.  2,  p  255-260, 

March/ April  1990.  5  fig,  2  tab,  28  ref. 

Descriptors:  'Crop  production,  'Fruit  crops,  'Irri- 
gation, 'Irrigation  effects,  'Irrigation  programs, 
'Plant  physiology,  'Plant  water  potential,  'Soil- 
water-plant  relationships,  'Vine  crops,  'Water  re- 
quirements, California,  Evapotranspiration,  Model 
studies,  Planting  management,  Soil  types,  Water 
resources  management. 

An  optimum  irrigation  management  strategy  re- 
quires information  on  the  yield  loss  associated  with 
quantified  field  water  deficits  and  the  ability  to 
assess  the  adequacy  of  irrigation  intensity  during 
the  growing  season.  A  water  production  function 
was  developed  for  grape  (Vitis  vinifera  L.)  and 
plant-based  water-status  measurement  techniques 
and  critical  values  that  assess  irrigation  regime 
adequacy  were  established.  Field  studies  were  con- 
ducted for  three  years  with  Thompson  Seedless 
grapevine  on  Panoche  clay  loam  (fine-loamy, 
mixed  (calcareous),  thermic  Typic  Torriothent) 
and  Hanford  sandy  loam  (coarse-loamy,  mixed, 
non-acid,  thermic  Typic  Xerorthent)  in  the  San 
Joaquin  Valley  of  California.  Differential  irrigation 
quantities  were  supplied  in  several  increments 
ranging  from  40  to  120%  of  the  expected  non- 
stressed  crop  evapotranspiration.  Midday  measure- 
ments of  leaf  water  potential,  crop  water  stress 
index  (CWSI),  and  stomatal  conductance  were 
closely  associated  with  imposed  water  deficits  and 
the  resulting  grape  yields.  All  plant-based  water- 
status  reflecting  measurements  were  highly  corre- 
lated. Grape  yields  followed  declining  water  avail- 
ability essentially  linearly  over  the  range  of  avail- 
able data.  A  50%  reduction  in  expected  nonstress 
crop  evapotranspiration  resulted  in  a  26%  yield 
loss.  Irrigation  intensities  that  resulted  in  leaf  water 
potential  >  -0.9  MPa,  CWSI  >  0.2,  and  stomatal 
conductance  >  0.008  m/sec  maintained  high  grape 
productivity.  These  results  can  be  used  to  profit- 
maximize  irrigation  water  as  a  production  input. 
(Author's  abstract) 
W91-04780 


CARBON  ISOTOPE  DISCRIMINATION:  PO- 
TENTIAL IN  SCREENING  COOL-SEASON 
GRASSES  FOR  WATER-LIMITED  ENVIRON- 
MENTS. 


Agricultural  Research  Service,  Logan,  UT. 

D.  A.  Johnson,  K.  H.  Asay,  L.  L.  Tieszen,  J.  R. 

Ehrlinger,  and  P.  G.  Jefferson. 

Crop  Science  CRPSAY,  Vol.  30,  No.  2,  p  338-343, 

March/ April  1990.  2  fig,  3  tab,  26  ref.  USD  A  Crop 

Science  Research  Center  Grant  No.  86-CRSR-2- 

2962. 

Descriptors:  'Carbon  isotopes,  'Environmental  ef- 
fects, 'Grasses,  'Limiting  factors,  'Plant-water  re- 
lationships, 'Water  use  efficiency,  Genetics,  Irriga- 
tion effects,  Photosynthesis,  Plant  water  potential, 
Seasonal  variation,  Water  resources  management. 

Carbon  isotope  discrimination  (delta)  has  been 
shown  to  be  negatively  related  to  water  use  effi- 
ciency (WUE)  in  several  C-3  crop  species  and  has 
been  proposed  as  a  criterion  to  select  for  improved 
WUE  in  plant  breeding  programs.  Whether  delta  is 
related  to  WUE  in  crested  wheatgrass  (Agropyron 
desertorum  and  Altai  wildrye  (Leymus  angustus 
was  studied  and  the  influence  of  drought  on  the 
magnitude  of  genetic  variability  and  broad-sense 
heritability  of  delta  among  clones  of  crested 
wheatgrass  was  evaluated.  In  a  greenhouse  pot 
experiment,  delta  was  negatively  related  to  WUE 
in  crested  wheatgrass  (r  =  -0.73,  significant  at  P  < 
0.01)  and  Altai  wildrye  (r  =  -0.81).  In  field  studies, 
a  line-source  sprinkler  system  operated  in  conjunc- 
tion with  an  automated  rainout  shelter  imposed  a 
continuously  variable  water  application  on  29 
vegetatively  propagated  clones  of  crested  wheat- 
grass.  Three  water  levels  along  the  water  applica- 
tion gradient  were  selected  for  sampling  and 
forage  dry  weights  and  delta  values  were  deter- 
mined for  two  harvests  in  1986  and  one  harvest  in 
1987.  In  the  field  experiment,  delta  declined  as  less 
water  was  applied  and  was  positively  associated 
with  forage  yield  at  each  of  the  three  harvests  (r  = 
0.59,  0.44,  and  0.80,  respectively).  Significant  vari- 
ability for  delta  was  detected  among  the  clones  for 
the  two  peak-season  harvests,  but  not  for  the  late- 
season  harvest  in  1986.  Broad-sense  heritability  for 
delta  was  0.49  in  the  analysis  of  data  combined 
over  harvests  and  water  levels.  Genetic  variances 
and  broad-sense  heritabilities  (H)  for  delta  were 
generally  greater  at  the  high  (H  =  0.52)  and 
intermediate  (H  =  0.52)  water  applications  than  at 
the  low  water  applications  (H  =  0.37),  and  coeffi- 
cients of  variation  for  delta  were  typically  less  than 
4.5%.  Selection  for  delta  appears  to  be  a  promising 
screening  tool  for  the  development  of  crested 
wheatgrass  populations  that  are  productive  and 
make  efficient  use  of  limited  water  resources.  (Au- 
thor's abstract) 
W91-04781 


CORN,  SORGHUM,  AND  SOYBEAN  RE- 
SPONSE TO  IRRIGATION  IN  THE  MISSISSIP- 
PI RIVER  ALLUVIAL  PLAIN. 

Agricultural    Research    Service,    Stoneville,   MS. 
Soybean  Production  Research  Unit. 
L.  G.  Heatherly,  R.  A.  Wesley,  and  C.  D.  Elmore. 
Crop  Science  CRPSAY,  Vol.  30,  No.  3,  p  665-672, 
May /June  1990.  8  tab,  12  ref. 

Descriptors:  'Corn,  'Crop  production,  'Irrigation 
requirements,  'Mississippi  River,  'Soil- water-plant 
relationships,  'Sorghum,  'Soybeans,  Economic  as- 
pects, Plant  physiology,  Seasonal  variation,  Soil 
types,  Water  resources  management,  Weeds. 

The  most  agronomically  efficient  use  of  irrigation 
water  is  for  those  crops  that  give  the  greatest 
response.  In  the  Mississippi  River  alluvial  plain,  the 
primary  irrigated  crop  is  soybean  (Glycine  max  (L) 
Merr.),  but  the  response  of  soybean  to  irrigation 
has  not  been  compared  to  that  of  other  crops. 
Irrigated  and  nonirrigated  experiments  were  con- 
ducted from  1984  through  1987  on  Tunica  clay 
(clayey  over  loamy,  montmorillonitic,  nonacid, 
thermic  Vertic  Haplaquept)  to  determine  the  effect 
of  irrigation  on  field-grown  corn  (Zea  mays  L.), 
sorghum  (Sorghum  bicolor  (L.)  Moench),  and  soy- 
bean yield  and  yield  components.  Shifts  in  weed 
species  composition  resulting  from  continuous 
monocropping  with  these  crops  also  were  quanti- 
fied. Irrigation  was  applied  from  beginning  bloom 
to  near  maturity  of  each  crop  whenever  soil  water 
potential  at  the  30-cm  soil  depth  averaged  about  - 
70  kPa.  Irrigation  did  not  consistently  affect  weed 
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cover  in  any  of  the  crops.  Weed  level  differences 
among  crops  resulted  from  different  weed  control 
programs  for  each  continuous  cropping  system. 
Differences  between  average  seed  yields  of  irrigat- 
ed (I)  and  nonirrigated  (NI)  corn,  sorghum,  and 
soybean  were  2886,  694,  and  1574  kg/ha,  respec- 
tively. Sorghum  produced  the  most  stable  nonirri- 
gated yield  and  the  smallest  increase  in  monetary 
return  from  irrigation.  Differences  between  I  and 
NI  corn  and  soybean  yields  were  associated  with 
increased  number  of  seed.  Smaller  sorghum  yield 
differences  were  associated  with  differences  in 
seed  weight  or  a  combination  of  differences  in  seed 
weight  and  number  of  seed.  Across  the  4  years, 
irrigation  of  corn  and  soybean  produced  nearly 
equal  increases  in  gross  income  per  unit  of  land 
area,  but  irrigation  efficiency  for  soybean  was 
lower  because  achieving  the  increased  return  from 
irrigation  required  nearly  twice  as  much  water  for 
soybean  as  for  corn.  (Author's  abstract) 
W9 1-04782 


4.  WATER  QUANTITY 
MANAGEMENT  AND 
CONTROL 

4A.  Control  Of  Water  On  The 
Surface 


ECOLOGY  AND  MANAGEMENT  OF  WATER 
PLANTS  rN  LOWLAND  STREAMS. 

F.  H.  Dawson. 

Annual  Report  -  Freshwater  Biological  Associa- 
tion FBARAD,  p  43-60,  1989.  7  fig,  27  ref. 

Descriptors:  *Aquatic  plants,  'Aquatic  weed  con- 
trol, 'Environmental  control,  'Plant  growth, 
•Stream  ecology,  Biomass,  Economic  aspects, 
Flood  control,  Light  effects,  Limiting  nutrients, 
Research  priorities,  Species  composition,  Vegeta- 
tion regrowth. 

Growth  of  water  plants  in  lowland  streams  is 
particularly  vigorous  in  unshaded  areas  during  the 
spring  and  summer.  This  can  cause  stream  levels 
and  soil  water  tables  to  rise  increasing  the  risk  of 
summer  flooding.  Cutting  the  plants  during  the 
spring  and  summer  has  proved  to  be  only  a  short- 
term  solution  since  reducing  biomass  in  the  stream 
accelerates  conditions  for  regrowth.  Alternative 
control  techniques  based  on  knowledge  of  the  biol- 
ogy of  the  plants  and  their  environmental  interac- 
tions include  changes  in  the  timing  and  extent  of 
cutting,  manipulating  the  plant's  environment 
through  use  of  shading,  regulating  the  supply  of 
nutrients,  and  changing  the  quantity  or  species 
composition  of  plant  communities.  Such  techniques 
should  seek  to  reduce  ecological  stress  and  man- 
agement effort,  but  information  is  still  required  on 
both  basic  data  and  cost/benefit  analyses  of  current 
methods,  and  biological  studies  of  the  problem 
plants.  (Doyle-PTT) 
W9 1-03968 


GOAL-PROGRAMMING    TECHNIQUES    FOR 
OPTIMAL  RESERVOIR  OPERATIONS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  6A. 
W9 1-03994 


AGRICULTURAL  CHEMICAL  MANAGEMENT 
PRACTICES  TO  REDUCE  LOSSES  DUE  TO 
DRAINAGE. 

Iowa  State   Univ.,   Ames.   Dept.   of  Agricultural 

Engineering 

For   primary   bibliographic   entry   see   Field    5G. 

W91-O4006 


IMPLICATIONS  FOR  THE  DESIGN  OF  ARTI- 
FICIAL LAKES  OF  A  STUDY  OF  THE  CRAI- 
GAVON  LAKES. 

Ulster     Univ.,     Ballyronan     (Northern     Ireland). 

Freshwater  Lab. 

B.  Rippey. 

Water  Research   WATRAG,   Vol.   24,   No.   9,   p 


1085-1089,  September   1990.   1   fig,  3  tab,  22  ref. 

Descriptors:  'Artificial  lakes,  'Design  criteria, 
'Eutrophic  lakes,  'Phosphorus,  'Urban  runoff, 
•Water  quality,  Aquatic  plants,  Flood  control,  Ma- 
crophytes,  Northern  Ireland,  Recreation,  Shallow 
water,   Storm   water  management.   Water  depth. 

Two  linked  artificial  lakes  in  the  new  town  of 
Craigavon  in  Northern  Ireland  are  used  for  both 
stormwater  management  and  recreation.  The  eu- 
trophic lakes  have  not  only  fulfilled  their  engineer- 
ing function  of  preventing  flooding  from  urban 
runoff  but  the  water  quality  has  been  high  enough 
to  allow  recreation  on  and  beside  them.  A  study  of 
water  quality  has  shown  that  phosphorus  loading- 
trophic  state  models  apply  to  these  artificial  lakes. 
These  models  may  be  able  to  be  used  elsewhere  to 
achieve  optimum  design  and  acceptable  water 
quality.  The  phosphorus  loading-trophic  state 
models  may  be  used  to  explore  how  water  quality 
varies  with  lake  depth  and  decide  if  the  costs  of 
excavation  of  deeper  lakes  are  justified.  When  de- 
ciding which  areas  should  drain  to  an  artificial 
lake,  estimates  of  the  water  quality  can  be  made 
and  the  best  solution  chosen.  The  high  cost  of 
excavating  lakes  means  that  most  of  the  lakes  will 
be  fairly  shallow.  The  growth  of  macrophytes  in 
the  shallow  lakes  can  be  controlled  by  yearly 
mechanical  cutting.  (Geiger-PTT) 
W9 1-04037 


SELECTIVE  MEDIUM  FOR  ISOLATION  OF 
MYCOLEPTODISCUS  TERRESTRIS  FROM 
SOIL  SEDIMENTS  OF  AQUATIC  ENVIRON- 
MENTS. 

EcoScience  Labs.,  Inc.,  Amherst,  MA. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-04063 


INVENTORY      OF      INTERBASIN      WATER 
TRANSFERS  IN  MINNESOTA. 

Geological    Survey,    St.    Paul,    MN.    Water    Re- 
sources Div. 

For   primary   bibliographic   entry   see   Field   6D. 
W91-04172 


LAND   USE   PRACTICES   AND   WATER   DIS- 
PUTES. 

Auburn   Univ.,   AL.   Water   Resources   Research 

Inst. 

For  primary  bibliographic  entry  see  Field  6E. 

W9 1-04205 


FLOW  CHARACTERISTICS  OF  STREAMS 
THAT  DRAIN  THE  FORT  APACHE  AND  SAN 
CARLOS  INDIAN  RESERVATIONS,  EAST- 
CENTRAL  ARIZONA,  1930-86. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-04469 


MOVEMENTS  AND  HABITAT  USE  BY  GRASS 
CARP  IN  A  LARGE  MAINSTREAM  RESER- 
VOIR. 

Alabama    Cooperative    Fishery    Research    Unit, 

Auburn. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-04593 


STREAMFLOW  CHARACTERISTICS  OF 
SMALL  TRIBUTARIES  OF  ROCK  CREEK, 
MILK  RIVER  BASIN,  MONTANA  BASE 
PERIOD  WATER  YEARS  1983-1987. 

Geological  Survey,  Helena,  MT. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-04634 


REMARKS  ON  THE  APPLICATION  OF  A 
RISK-AVERSE  APPROACH  TO  THE  MAN- 
AGEMENT OF  'EL  CARRIZAL'  RESERVOIR. 

Brescia  Univ.  (Italy).  Dipt,  di  Automazione  Indus- 
male. 

For  primary  bibliographic  entry  see  Field  6A. 
W9 1-04827 


URBAN  STORMWATER:  AN  OVERVIEW  FOR 
MUNICIPALITIES. 

Woodward-Clyde  Consultants,  Oakland,  CA. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04848 


MANAGING  A  LAKE  FOR  WATER  CONTROL 
AND  WETLANDS  CREATION. 

Black  and  Veatch,  Kansas  City,  MO. 

W.  N.  Keith,  and  S.  L.  Ketchum. 

Public  Works  PUWOAH,  Vol.  121,  No.  13,  p  43- 

45,  67,  December  1990. 


— -s:     -^auiorma,     'Lake     management, 
'Reservoir  operation,  'Water  conservation,  'Wet- 
ids,  Development,  Inlets,  Lake  Elsinore,  Pump- 
ing plants,  Riparian  land,  Water  management,  Well 
labilitation. 


Descriptors:      'California, 
'Reservoir  oper 
lands,  Developr 
ing  plants,  Rip 
rehabilitation. 

With  ever  growing  demands  on  a  finite  supply, 
water  conservation  is  a  familiar  element  in  South- 
ern California  public  works  planning.  An  area  ex- 
periencing such  growing  pains  is  the  City  of  Lake 
Elsinore,  located  approximately  70  miles  southeast 
of  downtown  Los  Angeles.  Lake  Elsinore  is  the 
only  natural  reservoir  in  the  watershed.  The  lake 
has  a  large  surface  area  that  because  of  the  dry 
climatic  conditions  loses  tremendous  amounts  of 
water  to  evaporation.  As  a  result  of  the  receding 
water  surface  that  is  due  to  this  evaporation,  build- 
ing development  tends  to  advance  toward  the  lake 
edges,  and  flooding  (although  rare)  is  devastating. 
Therefore,  a  multi-purpose  water  conservation 
project  was  designed.  Included  in  the  project  were 
plans  for  a  main  levee;  well  rehabilitation,  lake- 
type  inlet,  and  island  grading;  a  channel-type  inlet, 
pumping  station,  and  wetlands  grading;  and  wet- 
lands habitat  and  planting.  This  plan  will  result  in 
constraining  the  lake  fluctuations  within  a  22-ft 
range  that  will  eliminate  many  of  the  problems 
caused  by  the  unmanaged  conditions.  Developing 
340  acres  of  adjacent  land  into  wetlands  and  a  one- 
mile  long  linear  riparian  habitat  feature  will  also 
enhance  the  lake  area  and  contribute  to  manage- 
ment goals.  An  ongoing  aspect  of  the  project  is  a 
series  of  workshops  held  in  conjunction  with  feder- 
al and  state  resource  agencies.  Because  several 
agencies  have  a  legitimate  interest  in  the  Lake 
Elsinore  Lake  Management  Project,  its  success 
hinges  largely  on  effective  teamwork.  (White- 
Reimer-PTT) 
W9 1-04849 


MULTIPURPOSE  STORMWATER  DETEN- 
TION PONDS. 

Wright  Water  Engineers,  Inc.,  Denver,  CO. 

J.  E.  Jones. 

Public  Works  PUWOAH,  Vol.  121,  No.  13,  p  52- 

53,  December  1990. 

Descriptors:  'Aesthetics,  'Detention  ponds, 
'Storm  runoff,  'Storm  water  management,  'Urban 
hydrology,  Design  criteria,  Drainage,  Multipur- 
pose ponds,  Water  quality. 

Multipurpose  detention  pond  concepts  for  both 
'wet'  ponds  (those  that  maintain  water  permanent- 
ly) and  'dry'  ponds  (those  that  retain  stormwater 
briefly  during  and  after  floods)  are  summarized. 
Regardless  of  the  specific  functions  that  the  design- 
er attempts  to  fulfill,  the  pond  must  be:  (1)  safe, 
from  the  standpoint  of  public  visitors  or  users  of 
the  facility;  (2)  hydrologically  and  hydraulicaJly 
sound;  (3)  maintainable  at  low  cost;  (4)  structurally 
sound  if  a  severe  flood  occurs,  possibly  up  to  the 
probable  maximum  flood;  and  (5)  pleasant  to  view; 
considered  an  asset  rather  than  a  nuisance.  Specific 
purposes  for  stormwater  detention  ponds  other 
than  runoff  containment  include:  (a)  water  quality 
enhancement;  (b)  enhanced  property  values  and 
community  focal  points;  (c)  wildlife  habitat  en- 
hancement; and  (d)  active  recreational  potential. 
Unfortunately,  many  ponds  are  built  because  a 
developer  had  to  demonstrate  that  'post-develop- 
ment discharges  will  not  exceed  pre-development 
discharges.'  Detention  pond  design  needs  to  be  for 
more  than  this.  It  is  incumbent  upon  the  drainage 
designer  to  evaluate  multiple  purpose  objectives 
for  wet  and  dry  stormwater  detention  ponds. 
(White-Reimer-PTT) 
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W9 1-04851 

4B.  Groundwater  Management 

PROTECTING  GROUND  WATER  FROM  THE 
BOTTOM  UP:  LOCAL  RESPONSES  TO  WELL- 
HEAD PROTECTION. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-03921 


CASE  STUDY  OF  REGIONAL  EFFORT:  WELL- 
HEAD DELINEATION  AS  A  TOOL  FOR  FOS- 
TERING REGIONAL  COOPERATION. 

North  Kingstown  Dept.  of  Planning  and  Develop- 
ment, RI. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-03924 


AQUIFER  PROTECTION  THROUGH  LARGE 
SCALE  COMPUTER  MODELLING. 

Dufresne-Henry,  Inc.,  Westford,  MA. 
D.  F.  Edson. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  119-121. 

Descriptors:  'Aquifer  management,  'Computer 
models,  'Groundwater  management,  'Groundwat- 
er quality,  'Massachusetts,  'Model  studies,  'Water 
pollution  control,  'Water  pollution  prevention, 
'Wellhead  protection,  Groundwater,  Groundwat- 
er pollution,  Groundwater  resources,  MODFLOW 
model. 

The  Barnes  Aquifer,  one  of  the  largest  in  central 
and  western  Massachusetts,  extends  over  the  east- 
ern portion  of  the  City  of  Westfield.  The  City  has 
developed  six  wells  in  this  aquifer,  each  producing 
between  1,400  and  1,600  gallons  per  minute,  repre- 
senting 90%  of  the  water  supply  capability  of  the 
aquifer.  In  1985,  the  City  enacted  a  set  of  aquifer 
protection  bylaws  and  developed  a  wellhead  pro- 
tection district  map  based  upon  surficial  geology 
and  topography.  In  1989,  a  more  detailed  and 
thorough  delineation  of  wellhead  protection  areas 
was  completed  by  use  of  a  large  scale  hydrogeolo- 
gic  computer  modeling.  Wellhead  protection  areas 
were  detailed  using  MODFLOW,  a  three-dimen- 
sional finite  difference  groundwater  flow  model 
developed  by  the  US  Geologic  Survey  (USGS). 
The  area  modeled  was  14,000  feet  by  32,000  feet, 
represented  by  a  33  by  70  grid  system  yielding 
2,310  model  nodes.  Node  spacing  varied  between 
400  and  900  feet.  Aquifer  characteristics  incorpo- 
rated into  the  model  included  aquifer  permeability, 
saturated  thickness,  storativity,  initial  head  distri- 
bution, induced  infiltration  from  surface  water 
bodies,  till  barrier  boundaries,  and  pumping  well 
withdrawal  rates.  The  data  were  obtained  from 
City  well  testing  records  and  a  USGS  water  re- 
source investigation  of  the  area.  Wellhead  protec- 
tion districts  were  developed  based  upon  criteria 
contained  in  Massachusetts  state  guidelines  for 
Zone  II,  which  includes  180  days  of  continuous 
pumping  with  no  recharge  from  precipitation.  (See 
also  W91-03921)  (Tappert-PTT) 
W91-03929 


REAL-TIME  APPROACH  TO  MANAGEMENT 
AND  MONITORING  OF  GROUNDWATER  HY- 
DRAULICS. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-04128 


GROUND-WATER  BANKING  IN  KERN 
COUNTY,  CALIFORNIA. 

Kern  County  Water  Agency,  Bakersfield,  CA. 
S.  T.  Pyle. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  251-260,  1  fig,  2  tab. 


Descriptors:  'California,  'Conjunctive  use, 
'Groundwater  management,  'Groundwater  stor- 
age, 'Water  resources  management,  'Water  use 
data,  Groundwater  budget,  Water  supply,  Water 
use. 

Groundwater  banking  is  an  emerging  water  man- 
agement technique  that  uses  groundwater  storage 
capacity  in  the  same  manner  as  a  surface  water 
reservoir.  Conjunctive  use  of  surface  water  and 
groundwater  is  a  well  developed  practice  where 
both  sources  are  available.  Water  and  irrigation 
districts  are  able  to  augment  water  supplies  by 
conjunctive  use  with  recharge  programs  to  con- 
serve excess  surface  water  and  by  installing  wells 
to  pump  groundwater  into  canals  otherwise  used 
for  distribution  of  surface  water.  These  programs 
are  operated  using  the  groundwater  storage  basin 
as  a  common  pool.  Groundwater  banking  depends 
on  similar  physical  practices  and  on  the  legal  au- 
thority of  an  entity  (municipality  or  water  or  irri- 
gation district)  to  store  a  specific  volume  of  water 
and  to  reclaim  the  same  volume  of  water.  Conjunc- 
tive use  programs  are  presented  as  part  of  this 
study,  which  have  been  forerunners  of  banking  as 
well  as  groundwater  banking  programs  now  in 
operation  and  plans  for  expansion  of  the  banking 
concept.  (See  also  W91-04161)  (Author's  abstract) 
W91-04190 


SOCIALLY  OPTIMAL  AND  MARKET  UTILI- 
ZATION OF  GROUND-WATER  RESOURCES. 

National  Ecology  Center,  Fort  Collins,  CO. 
A.  J.  Douglas. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  261-272,  13  ref. 

Descriptors:  'Economic  aspects,  'Groundwater 
management,  'Groundwater  resources,  'Water  re- 
sources management,  'Water  use  data,  Aquifers, 
Groundwater  budget,  Groundwater  pumping, 
Groundwater  storage,  Model  studies,  Pumping. 

The  tools  and  techniques  of  neoclassical  economic 
analysis  were  applied  to  the  study  of  the  socially 
optimal  and  market  application  of  groundwater 
resources.  The  analysis  was  based  on  three  papers 
that  apply  modern  mathematical  control  theory  to 
the  problem  of  selecting  optimal  dynamic  strate- 
gies for  the  management  of  groundwater  re- 
sources. The  economic  implications  of  these  math- 
ematical models  are  condensed  and  summarized. 
Perhaps  the  most  sweeping  issue  investigated  is 
that  of  conserving  the  resource.  Results  indicate 
that  the  level  of  storage  yields  certain  non  market 
benefits.  In  cases  in  which  there  is  an  optional 
stationary  rate  of  pumping  and  storage,  the  model 
analyzes  the  impacts  of  shifts  in  various  economic 
parameters  including  the  cost  of  pumping  and  the 
rate  of  discount.  (See  also  W9 1-041 61)  (Lantz- 
PTT) 
W91-04191 


WATER  CONSERVATION,  MYTH  OR  MAN- 
DATE, AN  ARID  SOUTHWEST  PERSPECTIVE. 

Las  Vegas  Valley  Water  District,  NV. 

For   primary   bibliographic   entry   see   Field   6D. 

W91-04192 


WELL  FIELD  MANAGEMENT  FOR  OPER- 
ATIONAL EFFICIENCY. 

Texas  Tech  Univ.,  Lubbock. 
B.  J.  Claborn,  and  K.  A.  Rainwater. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  361-370,  1  fig,  2  tab,  12  ref. 

Descriptors:  'Groundwater  management,  'Water 
resources  management,  'Water  use  data,  'Well 
fields,  Aquifers,  Conservation,  Costs,  Groundwat- 
er resources,  Model  studies,  Simulation  analysis, 
Water  supply. 

Many  municipalities  rely  on  groundwater  for  at 
least  a  portion  of  their  water  supply;  the  ground- 
water for  a  city  is  usually  collected  from  an  exist- 
ing well  field.  A  major  component  of  the  oper- 


ational expense  is  the  power  cost  for  pumping, 
which  includes  the  vertical  lifts  and  the  head  losses 
through  the  collection  piping  to  the  storage  facili- 
ty. When  the  demand  served  by  the  well  field  is 
significantly  less  than  its  total  capacity,  there  is  a 
potential  for  energy  efficient  management  deci- 
sions as  the  wells  are  selected  to  meet  that  demand. 
Such  decisions  should  consider  both  transient 
drawdown  at  each  well,  and  the  energy  losses 
between  the  wells  and  the  storage  facility.  A  simu- 
lation model  has  been  assembled  for  use  with 
microcomputers  to  assist  an  operator  with  these 
decisions.  Input  information  includes  hydraulic  pa- 
rameters for  the  aquifer,  wells  and  collection 
system.  For  a  given  demand,  the  model  output 
provides  an  estimate  of  the  best  combination  of 
wells  to  meet  that  flow  rate.  (See  also  W9 1-041 61) 
(Author's  abstract) 
W9 1-04200 


EFFECTS  OF  IRRIGATION  PUMPAGE  IN 
NORTHWESTERN  INDIANA,  AND  THE  LEG- 
ISLATD/E  PROCESS. 

Indiana  State  Dept.  of  Natural  Resources,  Indian- 
apolis. Div.  of  Water. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-042 10 


CAN  CONTAMINATED,  FRACTURED, 
POROUS  AQUIFERS  BE  RESTORED. 

Ministry  of  Agriculture,  Jerusalem  (Israel).  Hydro- 
logical  Service. 

For  primary  bibliographic  entry  see  Field  5G. 
W91-04311 

GROUNDWATER  RESOURCES  DEVELOP- 
MENT IN  THE  EASTERN  SAHARA. 

Birmingham  Univ.  (England).  Hydrogeology  Sec- 
tion. 

J.  W.  Lloyd. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 
4,  p  71-87,  November  1990.  14  fig,  1  tab,  26  ref. 

Descriptors:  'Arid  lands,  'Groundwater  potential, 
'Sahara,  'Water  resources  development,  Aquifers, 
Developing  countries,  Economic  aspects,  Egypt, 
Groundwater  mining,  Industrial  water,  Irrigation 
water,  Libya,  Nile  River,  Sudan,  Water  supply. 

In  the  eastern  Sahara  groundwater  is  present  in  a 
range  of  geological  strata  and  has  been  used  for 
centuries  for  small-scale  potable  supplies  and  for 
irrigation.  Increasing  pressure  of  population  and 
industrial  development,  and  the  uncertainty  of  Nile 
River  flow  in  the  Sudan  and  Egypt,  are  focusing 
unprecedented  attention  on  the  groundwater  po- 
tential. Studies  of  groundwater  in  this  area  stimu- 
lated by  this  increasing  water  requirement  have 
demonstrated  that  major  groundwater  resources 
exist  that  can  be  developed  by  abstraction  adjacent 
to  the  River  Nile,  by  groundwater  mining  or  by 
abstraction  from  throughflow.  Groundwater  origi- 
nating from  paleo-recharge  is  abundant  in  the 
Nubian  sandstone  aquifer  and  associated  Tertiary 
aquifers  in  the  northeastern  Sahara.  Much  of  the 
groundwater  is  of  extremely  good  quality  and  can 
be  used  for  development  by  abstraction  and  aquifer 
storage  manipulation  close  to  the  Nile,  by  mining 
in  the  unconfined  areas  and  by  abstraction  from 
throughput  in  the  confined  areas.  The  potential  for 
groundwater  abstraction  is  considerable  and  water 
availability  should  not  constrain  industrial  and  irri- 
gation development.  To  avoid  problems  of  devel- 
oping the  desert,  the  Libyan  government  has 
chosen  to  convey  groundwater  to  the  population 
at  the  coast.  The  solution  is  extremely  expensive 
but  is  the  most  logical  under  the  present  circum- 
stances and  may  point  the  way  to  groundwater 
development  elsewhere  in  the  region.  Without 
similar  conveyance  schemes,  groundwater  devel- 
opment may  not  have  the  impact  that  would  be 
expected  from  the  vast  resources  that  are  present 
beneath  the  northeastern  Sahara.  (Rochester-PTT) 
W9 1-04391 


GEOTHERMAL  RESOURCES  OF  THE  WEST- 
ERN ARM  OF  THE  BLACK  ROCK  DESERT, 
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Field  4— WATER  QUANTITY  MANAGEMENT  AND  CONTROL 


Group  4B — Groundwater  Management 


NORTHWESTERN  NEVADA:  PART  II,  AQUE- 
OUS GEOCHEMISTRY  AND  HYDROLOGY. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-04462 


CONCEPT  OF  THE  SHALLOW  GROUND- 
WATER SYSTEM  ALONG  THE  NORTH 
PLATTE  RIVER,  SOUTH-CENTRAL  WYO- 
MING. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04463 


ESTIMATES  OF  CONSUMPTIVE  USE  AND 
GROUND-WATER  RETURN  FLOW  AND  THE 
EFFECT  OF  RISING  AND  SUSTAINED  HIGH 
RIVER  STAGE  ON  THE  METHOD  OF  ESTI- 
MATION IN  CIBOLA  VALLEY,  ARIZONA 
AND  CALIFORNIA,  1983  AND  1984. 
Geological  Survey,  Tucson,  AZ.  Water  Resources 
Div. 

S.  J.  Owen-Joyce. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4194, 
1990.  41p,  15  fig,  5  tab,  21  ref.  Project  No.  AZ085. 

Descriptors:  *Arizona,  *California,  *Cibola 
Valley,  *Consumptive  use,  •Irrigation-return  flow, 
•Return  flow,  *Water  use,  Agriculture,  Evapo- 
transpiration,  Hydrologic  systems,  Irrigation 
water,  Lower  Colorado  River,  Phreatophytes, 
Southwestern  United  States,  Vegetation,  Water 
level. 

In  Cibola  Valley,  Arizona,  water  is  pumped  from 
the  Colorado  River  to  irrigate  crops  and  to  main- 
tain wildlife  habitat.  Unused  water  percolates  to 
the  water  table  and,  as  groundwater,  moves  down- 
gradient  into  areas  of  phreatophytes,  into  a  drain- 
age ditch,  out  of  the  flood  plain,  and  back  to  the 
river.  In  1983  and  1984,  groundwater  return  flow 
was  negligible  because  in  most  of  Cibola  Valley 
the  river  lost  water  to  the  aquifer.  Evapotranspira- 
tion  was  used  as  an  approximation  for  consumptive 
use  by  vegetation.  Evapotranspiration  was  calcu- 
lated as  the  sum  of  the  products  of  the  area  of 
vegetation  types  and  water-use  rate  by  vegetation 
type.  Evapotranspiration  was  estimated  to  be 
70,100  acre-ft  in  1983  and  62,600  acre-ft  in  1984. 
These  estimates  may  be  in  error  because  of  the 
effect  of  sustained  inundation  on  the  rate  of  water 
use  by  phreatophytes.  The  effects  cannot  be  quan- 
tified and  therefore  adjustments  to  rates  calculated 
for  dry-surface  conditions  could  not  be  made.  The 
method  of  estimating  consumptive  use  of  water  by 
vegetation  and  groundwater  return  flow  is  affected 
by  changing  conditions  during  years  of  rising  and 
sustained  high  river  stage  caused  by  flood-control 
releases  at  Parker  Dam.  Most  of  the  bank  storage 
that  will  return  to  the  river  when  the  high  river 
stage  subsides  did  not  originate  as  irrigation  water. 
High  river  stage  caused  some  areas  to  be  flooded 
directly  or  raised  groundwater  levels  above  the 
land  surface.  No  crops  could  be  grown  in  flooded 
fields.  The  decreased  depth  to  water  and  inunda- 
tion with  fresh  water  resulted  in  new  phreatophyte 
growth  in  some  areas.  In  some  areas  that  were 
flooded,  many  phreatophytes  died.  Changes  in  the 
inundated  and  flooded  areas  throughout  the  years 
made  it  difficult  to  estimate  the  evaporation  losses 
from  the  increased  water  surface.  (USGS) 
W9 1-04465 


GROUND-WATER  RESOURCES  OF  HONEY 
LAKE  VALLEY,  LASSEN  COUNTY,  CALIFOR- 
NIA, AND  WASHOE  COUNTY,  NEVADA. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-04466 


GROUND-WATER  WITHDRAWALS,  WATER- 
LEVEL  CHANGES,  LAND-SURFACE  SUBSID- 
ENCE, AND  GROUND-WATER  QUALrTY  IN 
FORT  BEND  COUNTY,  TEXAS,  1969-87. 


Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

G.  L.  Locke. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  90-4012, 
1990.  155p,  17  fig,  7  tab,  31  ref. 

Descriptors:  'Aquifers,  'Compaction,  •Geohydro- 
logy,  'Groundwater  resources,  'Subsidence, 
•Water  use,  Compressibility,  Irrigation  wells, 
Pumpage,  Specific  conductance,  Water  level, 
Water  quality. 

Fort  Bend  County,  Texas,  one  of  the  fastest  grow- 
ing counties  in  the  U.S.,  is  dependent  entirely  on 
groundwater  for  public  supply.  Withdrawals  for 
public  supply  increased  from  4  Mgal/d  (million 
gallons  per  day)  in  1969  to  28  Mgal/d  in  1986. 
Total  withdrawals  increased  from  56  Mgal/day  in 
1969  to  72  Mgal/day  in  1982,  but  decreased  be- 
cause of  reductions  in  irrigation  withdrawals,  to  53 
Mgal/d  in  1986.  The  net  decline  in  the  potentiome- 
tric  surfaces  from  1969  to  1987  ranged  from  less 
than  4  ft  in  the  upper  unit  and  100  ft  in  the  lower 
unit  of  the  Chicot  aquifer  to  125  ft  in  the  Evange- 
line aquifer.  The  northeastern  part  of  the  county  is 
most  susceptible  to  land-surface  subsidence.  From 
1969-87,  chloride  concentrations  differed  by  less 
than  15  mg/L.  The  median  concentrations  of  dis- 
solved solids  were  475  mg/L  in  the  upper  unit  of 
the  Chicot,  337  mg/L  in  the  lower  unit,  and  307 
mg/L  in  the  Evangeline.  Between  1968-69  and 
1987,  water  levels  in  wells  in  the  upper  unit  of  the 
Chicot  generally  fluctuated  less  than  4  ft  and  de- 
clined in  wells  in  the  lower  unit  of  the  Chicot  from 
less  than  10  ft  in  most  of  western  Fort  Bend 
County  to  100  ft  in  the  northeast.  Hydrographs  of 
wells  completed  in  the  lower  unit  of  the  Chicot 
showed  that  water  levels  continued  to  decline 
from  1969  to  the  early  1980's.  The  hydrographs  of 
wells  located  outside  of  the  northeast  area  general- 
ly show  a  stabilization  of  water  levels  after  1982, 
corresponding  to  the  reductions  in  withdrawals  in 
the  county  and  neighboring  Houston  metropolitan 
area.  Withdrawals  from  the  Evangeline  aquifer 
increased  from  15%  of  the  total  withdrawals  in 
1969  to  50%  in  1986.  Water-level  declines  in  wells 
screened  in  the  Evangeline  aquifer  during  1969-86 
ranged  from  less  than  25  ft  in  northwestern  Fort 
Bend  County  to  125  ft  in  the  northeast.  In  the 
southwestern  one-fourth  of  the  county,  decline 
was  less  than  50  ft.  (USGS) 
W9 1-04467 


PRINCIPAL  FACTS  FOR  GRAVITY  STATIONS 
IN  THE  ELKO,  STEPTOE  VALLEY,  COYOTE 
SPRING  VALLEY,  AND  SHEEP  RANGE 
AREAS,  EASTERN  AND  SOUTHERN 
NEVADA. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04473 


GROUND-WATER  LEVELS  IN  WATER  YEAR 
1987  AND  ESTIMATED  GROUND-WATER 
PUMPAGE  IN  WATER  YEARS  1986-87, 
CARSON  VALLEY,  DOUGLAS  COUNTY, 
NEVADA. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04474 


DOCUMENTATION  OF  MODEL  INPUT  AND 
OUTPUT  VALUES  FOR  THE  GEOHYDRO- 
LOGY  AND  MATHEMATICAL  SIMULATION 
OF  THE  PAJARO  VALLEY  AQUIFER 
SYSTEM,  SANTA  CRUZ  AND  MONTEREY 
COUNTIES,  CALIFORNIA. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

H.  T.  Mitten,  and  C.  J.  Longquist. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  90-196,  1990.  4p,  1  fig,  3  tab,  2 
ref. 


Descriptors:  'California,  'Geohydrology, 

•Groundwater,    'Model   studies,    'Pajaro   Valley, 
Aquifers,  Monterey  County,  Santa  Cruz  County. 

This  report  contains  listings  of  the  model  input  and 
sample  output  for  simulation  of  the  Pajaro  Valley 
aquifer  system,  Santa  Cruz  and  Monterey  Coun- 
ties, California.  The  files  are  contained  on  a  5  1/4- 
inch  diskette.  The  decompressed  files  require  ap- 
proximately 5.3  megabytes  of  disk  space  on  an 
IBM-compatible  microcomputer.  (USGS) 
W9 1-04477 


GROUND-WATER  LEVELS  IN  THE  ALLUVI- 
AL  AQUIFER  IN  EASTERN  ARKANSAS,  1989. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04479 


GROUNDWATER     RESOURCES     OF     PIKE 
COUNTY,  PENNSYLVANIA. 

Geological  Survey,  Harrisburg,  PA. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-04641 


RECORDS  OF  WELLS  AND  CHEMICAL 
ANALYSES  OF  GROUND  WATER  IN  DEUEL 
AND  HAMLIN  COUNTIES,  SOUTH  DAKOTA. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9 1-04865 


GROUND-WATER  RESOURCES  OF  SELECT- 
ED HIGH  VOLCANIC  ISLANDS  OF  TRUK 
WITH  EMPHASIS  ON  SMALL  VILLAGE  SUP- 
PLIES. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04866 


GROUND-WATER    CONDITIONS    IN    UTAH, 
SPRING  OF  1990. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04870 


SALT-DOME  LOCATIONS  IN  THE  GULF 
COASTAL  PLAIN,  SOUTH-CENTRAL  UNITED 
STATES. 

Geological  Survey,  Austin,  TX.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04880 


WATER    RESOURCES    OF   THE    DESCANSO 
AREA,  SAN  DIEGO  COUNTY,  CALIFORNIA. 

Geological   Survey,   San   Diego,  CA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04882 


DIGITAL  SIMULATION  OF  THE  GLACIAL- 
AQUIFER  SYSTEM  IN  THE  NORTHERN 
THREE-FOURTHS  OF  BROWN  COUNTY, 
SOUTH  DAKOTA. 

Geological  Survey,  Huron,  SD.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04884 


GROUND-WATER  PUMPAGE  AND  WATER- 
LEVEL  DECLINES  IN  THE  PEEDEE  AND 
BLACK  CREEK  AQUIFERS  IN  ONSLOW  AND 
JONES  COUNTIES,  NORTH  CAROLINA,  1900- 
86. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-O490I 
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WATER  QUANTITY  MANAGEMENT  AND  CONTROL— Field  4 
Effects  On  Water  Of  Man's  Non-Water  Activities— Group  4C 


4C.  Effects  On  Water  Of 
Man's  Non-Water 
Activities 


LANDSAT  TM  STUDY  OF  AFFORESTATION 
IN  NORTHERN  SCOTLAND  AND  ITS  IMPACT 
ON  BREEDING  BIRD  POPULATIONS. 

National   Remote   Sensing   Centre,   Farnborough 

(England). 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-03948 


PROPOSED  MODEL  FOR  EVALUATING 
URBAN  HYDROLOGIC  CHANGE. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

M.  Wigmosta,  and  S.  J.  Burges. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  6,  p  742- 
763,  November/December  1990.  11  fig,  3  tab,  20 
ref.  USGS  Award  1 4-08-000 1-G 1300. 

Descriptors:  *Evapotranspiration,  *Land  use, 
•Mathematical  models,  'Model  studies,  •Precipita- 
tion, 'Urban  hydrology,  Flow  rates,  Overland 
flow,  Saturation,  Storm  runoff,  Storm  seepage, 
Urban  planning. 

Evaluation  of  the  effects  of  land-use  change  in  a 
natural  catchment  and  what  can  be  done  to  miti- 
gate these  effects  requires  accurate  quantitative 
representation  of  the  mechanisms  by  which  pre- 
cipitation contributes  to  runoff  in  the  natural  and 
changed  states.  The  locations  of  flow  production 
zones  must  be  predicted,  how  these  zones  change 
with  time,  and  where  flow  from  each  zone  enters 
the  channel  system.  A  model  is  presented  that 
simulates  flux  rates  and  spatial  distributions  of  eva- 
potranspiration,  Horton  and  saturated  overland 
flow,  subsurface  storm  flow,  and  dry-weather  base 
flow.  The  model  is  operated  continuously  in  time 
and  has  parameters  that  are  readily  measured  or 
estimated,  allowing  land  use  changes  (forest  cover 
removal,  regrading,  litter  zone  removal)  to  be  ex- 
plicitly represented.  The  model  is  applied  to  a  39 
ha  ungauged  catchment  in  King  County,  Washing- 
ton, and  an  approximate  calibration  is  achieved  by 
comparing  the  location  of  simulated  runoff  produc- 
tion zones  against  field  mapped  locations.  The 
model  is  used  to  explore  the  relative  temporal  and 
spatial  effects  of  land  use  change  on  storm  hydro- 
graphs,  flow  duration,  and  long  term  mass  balance. 
A  model  structure  permitting  comparison  of  di- 
rectly observable  field  states  with  comparable 
model  predicted  states  is  very  useful.  (Author's 
abstract) 
W9 1-03990 


ASSESSMENT  OF  RUNOFF  AND  SUSPENDED 
SEDIMENT  YIELD  IN  A  PARTIALLY  FOR- 
ESTED CATCHMENT  IN  SOUTHERN  CHILE. 

Universidad  Austral  de  Chile,  Valdivia.  Inst,  de 

Manajo  Forestal. 

A.  Iroume. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  11,  p  2637-2642,  November  1990.  6  fig,  2  tab, 

31  ref. 

Descriptors:  *Environmental  effects,  'Erosion, 
•Forest  hydrology,  *Forestry,  *Land  use,  •Rain- 
fall-runoff relationships,  •Runoff,  *Soil  erosion, 
Baseline  studies,  Chile,  Forests,  Precipitation  rate, 
Rainfall,  Sediment  yield,  Silviculture,  Surface 
runoff,  Suspended  sediments. 

Forestry-related  activities  are  usually  associated 
with  accelerated  erosion  and  increased  soil  deterio- 
ration and  suspended  loads  in  rivers.  There  is  a 
lack  of  quantitative  data  concerning  the  potential 
impacts  of  silvicultural  and  land  use  changes  on 
soils  and  rivers  in  southern  Chile.  The  Faculty  of 
Forest  Sciences  of  Universidad  Austral  de  Chile  is 
studying  an  experimental  watershed  intended 
partly  to  provide  data  on  the  impact  of  silviculture 
and  land  use  changes.  A  12-month  study  of  runoff 
and  suspended  sediment  yield  was  undertaken  in  a 
0.93  square  km  catchment  in  southern  Chile. 
About  27%  of  the  catchment  was  under  natural 
forests,  33%  was  covered  with  radiata  pine,  plant- 


ed between  1976  and  1982,  and  the  remaining  40% 
was  grassland.  Rainfall  for  the  period  December 
1983-November  1984  was  estimated  at  2170  mm 
and  total  runoff  was  1150  mm,  representing  a 
runoff  coefficient  of  0.53.  Suspended  sediment  con- 
centrations ranged  between  14  and  186  mg/L,  with 
an  average  of  7 1  mg/L.  Suspended  sediment  yield 
was  estimated  at  84  ton  or  90  ton/square  km/year. 
(Mertz-PTT) 
W91-04118 


USE  OF  DEPARTURE  ANALYSIS  IN  DECI- 
SION MAKING. 

National  Park  Service,  Fort  Collins,  CO.  Water 
Resources  Div. 

O.  R.  Williams,  S.  L.  Ponce,  and  A.  E.  Johns. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a    Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  447-453,  17  ref. 

Descriptors:  *Decision  making,  'Land  manage- 
ment, *Land  use,  *Water  resources  management, 
•Water  use  data,  Case  studies,  National  Park  Serv- 
ice, Policy  making,  Resources  management. 

The  effects  of  land  management  decisions  upon 
other  resource  values  are  of  increasing  conse- 
quence as  resources  become  more  and  more 
scarce.  Land  managers  must  be  prepared  to  use  the 
state  of  the  science  to  make  as  nearly  complete  an 
analysis  as  is  feasible  to  determine  all  resource 
impacts  consequent  to  the  implementation  of  a  land 
management  decision.  A  case  study  is  presented  to 
describe  the  'Departure  Analysis'  methodology 
used  by  the  National  Park  Service  to  make  man- 
agement evaluations  of  decisions  effecting  natural 
resources  within  units  of  the  National  Park  Serv- 
ice, using  Zion  National  Park  as  the  example.  The 
departure  analysis  began  with  a  field  inventory 
designed  to  identify  park  resources  attributes 
which  are  related  to  or  dependent  upon  either 
surface  or  subsurface  sources  of  water.  Along  with 
the  field  effort,  an  extensive  literature  review  was 
conducted  which  included  historic  documentation 
regarding  park  resources.  The  next  step  in  the 
analysis  was  the  simulation  perturbation  of  existing 
hydrologic  regimes.  To  accomplish  this,  standard 
hydrologic  and  engineering  approaches  were  em- 
ployed. Existing  formulae  and  computer  models 
were  calibrated  and  verified  with  measured  data 
and  then  supplies  with  input  data  that  represent 
hypothetical  alterations  of  historic  flow.  These 
simulated  responses  and  their  associated  effects 
upon  water  related  resource  attributes  were  then 
compared  to  existing  conditions  as  determined  by 
field  measurement  and  expert  opinion.  Changes 
from  the  existing  condition  can  be  associated  with 
simulated  changes  in  the  hydrologic  regime  to 
indicate  magnitudes  of  both  the  effect  and  the 
perturbation  which  caused  it.  By  the  same  token, 
barometer  responses  can  be  identified  which 
presage  system  responses  in  instances  where  hy- 
drologic regime  alterations  have  occurred  or  will 
occur.  (See  also  W9 1-041 61)  (Lantz-PTT) 
W9 1-04209 


table  along  with  the  low  rates  of  recharge  means 
that  there  is  a  considerable  delay  in  the  response  of 
the  aquifer  to  the  increased  recharge.  The  rates  of 
pre-clearing  and  post-clearing  recharge,  and  the 
time  delay  in  aquifer  response  have  been  estimated 
using  unsaturated  zone  chloride  and  matric  suction 
profiles.  Predictions  of  the  time  lag  in  aquifer 
response  have  been  verified  using  bore  hydro- 
graphs.  The  results  of  these  analyses  suggest  that 
where  the  soils  are  light  textured,  and  the  water 
table  is  less  than  40  m  below  the  soil  surface,  it  is 
now  rising.  Where  the  soils  are  heavier  textured,  it 
is  estimated  that  the  water  table  is  rising  only 
where  it  is  less  than  10  m  below  the  soil  surface. 
The  effect  of  the  increased  recharge  rates  on  the 
salinity  of  the  River  Murray,  a  major  water  re- 
source, have  been  predicted  using  a  groundwater 
model  of  the  region.  The  predictions  suggest  that 
the  salinity  of  the  river  will  increase  about  1 
micro/cm/yr  over  the  next  50  yr  and  beyond. 
(Author's  abstract) 
W91-04386 


GROUNDWATER  RESPONSE  TO  REFOREST- 
ATION IN  THE  DARLING  RANGE  OF  WEST- 
ERN AUSTRALIA. 

Water  Authority  of  Western  Australia,  Perth. 

R.  W.  Bell,  N.  J.  Schofield,  I.  C.  Loh,  and  M.  A. 

Ban. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  179-200,  November  1990.  9  fig,  2  tab,  26  ref. 

Descriptors:  •Australia,  'Groundwater  recharge, 
•Reforestation,  'Saline  water,  *Soil-water-plant 
relationships,  •  Vegetation  effects,  *  Water  table 
rise,  Darling  Range,  Groundwater  level,  Land  use, 
Rainfall,  Salinity,  Surface-groundwater  relations, 
Water  table. 

Replacement  of  deep-rooted  perennial  vegetation 
with  annual  crops  and  pastures  has  led  to  rising 
groundwater  tables  and  transport  of  previously 
stored  salts  to  streams  in  southwest  Western  Aus- 
tralia. Trials  to  determine  the  potential  of  various 
reforestation  strategies  to  reverse  this  process  by 
lowering  the  groundwater  table  were  commenced 
at  1976-1981.  Results  are  reported  from  six  experi- 
mental sites  for  the  period  1979-1986.  Despite  the 
fact  that  the  mean  annual  rainfall  of  the  experimen- 
tal period  was  10%  below  the  1926-1986  mean, 
groundwater  levels  under  pasture  rose  by  up  to  1.2 
m.  The  change  in  groundwater  levels  beneath  re- 
forestation ranged  from  a  0.6-m  increase  to  a  3-m 
decrease  relative  to  the  ground  surface.  Ground- 
water levels  under  reforestation  in  all  cases  de- 
creased relative  to  groundwater  levels  under  pas- 
ture. The  magnitude  of  this  reduction  increased 
with  the  proportion  of  cleared  area  reforested  and 
with  the  crown  cover  of  the  reforestation.  The 
salinity  of  the  water  table  decreased  by  12%  under 
reforestation  and  by  32%  under  pasture  over  the 
period  1979-1986.  (Author's  abstract) 
W9 1-04398 


LAND  CLEARANCE  AND  RIVER  SALINISA- 
TION  IN  THE  WESTERN  MURRAY  BASIN, 
AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Glen  Osmond  (Australia).  Div.  of 

Water  Resources. 

G.  B.  Allison,  P.  G.  Cook,  S.  R.  Barnett,  G.  R. 

Walker,  and  I.  D.  Jolly. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  1-20,  November  1990.   10  fig,   1  tab,  43  ref. 

Descriptors:  *Australia,  *Groundwater  recharge, 
•Land  use,  *Salinity,  *Salinization,  •Surface- 
groundwater  relations,  *Water  pollution  sources, 
Aquifers,  Chlorides,  Groundwater  models,  Land 
clearing,  Mathematical  models,  Murray  Basin,  Pre- 
diction, River  Murray,  Semiarid  lands,  Vegetation 
effects,  Water  table. 

The  clearing  of  native  vegetation  in  a  semiarid 
region  of  southern  Australia  has  led  to  increases  in 
groundwater  recharge  of  about  two  orders  of  mag- 
nitude. Although  most  of  the  clearing  took  place 
early  in  this  century,   the  generally  deep  water 


OPTIMIZATION  OF  INSECTICIDE  TREAT- 
MENTS IN  RIVERS:  AN  APPLICATION  OF 
GRAPH  THEORY  FOR  PLANNING  A  BLACK 
FLY  LARVAE  CONTROL  PROGRAM. 

Quebec  Univ.,  Trois-Rivieres.  Groupe  de  Recher- 
che sur  les  Insectes. 
A.  Chalifour,  J.  Boisvert,  and  C.  Back. 
Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.    10,  p  2049-2056, 
October  1990.  2  fig,  2  tab,  23  ref. 

Descriptors:  *Black  flies,  *Insect  control,  •Insecti- 
cides, •Larvicides,  *Mathematical  models, 
•Rivers,  Africa,  Bacterial  toxins,  Economic  as- 
pects, Juvenile  growth  stage,  Transport  equation. 

Combining  a  model  of  susceptibility  of  black  fly 
larvae  to  commercial  formulation  of  Bacillus  thur- 
ingiensis  var.  israelensis  and  a  one-dimensional 
transport  equation  in  a  river,  the  quantity  of  larvi- 
cide  that  should  be  applied  at  a  given  site  in  order 
to  achieve  a  given  mortality  downstream  can  be 
calculated.  The  obtained  relation,  a  function  of 
biological  and  hydrological  parameters,  enabled 
the  calculation  of  costs  related  to  the  treatment  of 
a  section  of  river.  An  optimal  strategy  of  treatment 
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can  be  determined  thai  minimizes  the  quantity  of 
an  insecticide  applied  and  the  logistic  movement 
between  injection  sites.  Optimal  solution  is  found 
with  the  aid  of  an  algorithm  developed  in  oper- 
ations research  theory  to  solve  this  combinatorial 
problem.  An  experimental  treatment  conducted  in 
the  Onchocerciasis  Control  Program  in  West 
Africa  is  an  example  of  the  model's  application  to 
illustrate  the  savings  of  insecticide,  time  and 
money  using  this  approach.  (Author's  abstract) 
W9 1  -04446 


EFFECTS  OF  URBANIZATION  ON  PEAK 
STREAMFLOWS  IN  FOUR  CONNECTICUT 
COMMUNITIES,  1980-84. 

Geological    Survey,    Hartford,    CT.    Water    Re- 
sources Div. 
L.  A.  Weiss. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  89-4167 
1990.  40p,  16  fig,  9  tab,  19  ref. 

Descriptors:  *Connecticut,  'Mathematical  models, 
•Peak  flow,  •Rainfall-runoff  relationships,  *Urban 
hydrology,  'Urban  runoff,  Betts  Pond  Brook, 
Freshwater  Brook,  Glacial  deposits,  Harbor 
Brook,  Keelers  Brook,  Piper  Brook,  Rainfall  infil- 
tration, Runoff  simulation,  Surface  water,  Willow 
Brook. 

Ratios  of  peak  flows  in  urban  basins  to  peak  flows 
in  rural  basins  in  Connecticut  are  about  1.5  to  6.1 
for  the  2-year  flood  and  1.1  to  4.3  for  the  100-year 
flood.  The  lower  ratios,  in  each  case,  apply  where 
30%  of  the  area  is  served  by  storm  sewers,  and  the 
higher  ratios  apply  where  90%  of  the  area  is 
served  by  storm  sewers.  Peak  flows  for  six  small 
urban  streams  were  determined  from  rainfall  and 
runoff  data  collected  from  1981  to  1984  and  from  a 
distributed-routing  rainfall-runoff  model  that  simu- 
lated storm  runoff  for  the  period  1951-80.  Recur- 
rence intervals  of  the  peak  flows  for  these  streams 
and  three  other  urban  streams  were  estimated 
using  the  log-Pearson  Type  III  method  and  com- 
pared with  peak  flows  for  rural  streams  that  were 
computed  from  regression  equations.  A  compari- 
son of  the  ratios  of  urban  to  rural  peak  flows  shows 
that  basins  where  more  than  50%  of  the  area  is 
served  by  storm  sewers  have  urban  to  rural  ratios 
that  are  outside  the  95%  confidence  limits  of  the 
rural  regression  equations.  Peak  flows  for  such 
areas  can  be  adjusted  graphically  for  the  effects  of 
urbanization  if  the  streams  drain  less  than  10  sq  mi 
and  manmade  storage  is  less  than  4.5  million  cu  ft/ 
sq  mi.  (USGS) 
W91-04464 


HYDRAULIC  CHARACTERISTICS  OF  FOUR 
PEATLANDS  IN  MINNESOTA. 

Ruppin  Inst.,  Emek  Hefer  (Israel). 

For  primary  bibliographic  entry  see  Field  2H. 

W91-04553 


STAR  FIRE  MINE  RECLAMATION  EXPERI- 
ENCE. 

Kentucky  Univ.,  Lexington.  Dept.  of  Horticulture 

and  Landscape  Architecture. 

T.  J.  Nieman,  and  D.  Meshako. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.   45,   No.   5,   p   529-532,   September/October 

1990.  3  fig,  2  ref. 

Descriptors:  'Coal  mining  effects,  'Community 
development,  'Kentucky,  'Land  management, 
•Land  reclamation,  'Strip  mines,  Aesthetics,  Arti- 
ficial lakes,  Environmental  engineering,  Fish  stock- 
ing, Geese,  Land  development,  Land  use,  Long- 
term  planning,  Management  planning,  Resources 
development,  Short-term  planning,  Soil  manage- 
ment, Strip  mine  lakes,  Vegetation  establishment. 

Planning  for  higher  and  better  post-mining  use  in 
the  coal-producing  region  of  eastern  Kentucky  will 
not  only  benefit  the  mine  owner  but  enhance  com- 
munity development.  The  1977  Surface  Mining 
Control  and  Reclamation  Act  was  instrumental 
toward  helping  resolve  the  environmental  and  aes- 
thetic problems  associated  with  surface  mining; 
however,  coal  operators  were  not  anxious  to  re- 


claim the  land,  because  if  mining  technology  were 
to  advance  or  if  the  price  of  coal  were  to  rise, 
remining  could  occur.  Leasing  of  subsurface  min- 
eral rights  is  another  issue  that  exacerbates  the 
reclamation  situation.  The  present  Star  Fire  mine 
in  Kentucky  has  no  lease  holdings,  so  it  is  in  the 
owner's  best  interest  to  reclaim  the  site  in  a  way 
that  creates  a  post-mining  land  value.  Star  Fire  is 
now  being  mined  using  the  mountaintop  removal/ 
valley  fill  process,  creating  more  than  5,000  acres 
of  flood-free,  potentially-developable,  gently  roll- 
ing hills  by  the  end  of  the  mining  operation.  Re- 
search was  initiated  into  the  development  of  a 
planning  model  and  a  long-term  comprehensive 
land  use  plan  based  on  a  regional  needs  assessment. 
One  short-term  goal  has  been  reached  thus  far:  a 
35-acre  lake  to  be  used  as  a  Canada  goose  refuge 
has  been  constructed  on  top  of  unconsolidated 
mine  spoils,  and  the  lake  has  successfully  been 
revegetated,  and  stocked  with  geese  and  fish.  The 
long-term  plan  includes  opportunities  for  economic 
diversification  and  the  development  of  land  forms 
that  will  best  accommodate  these  opportunities.  As 
scenarios,  including  industrial  and  residential  de- 
velopment, agriculture,  and  wildlife  habitat,  as 
well  as  the  supporting  infrastructure  and  amenities, 
are  proposed,  the  land  forms  that  best  suit  the  land 
uses  will  be  investigated  and  modeled.  (Fish-PTD 
W9 1-04562  ' 


STATE-OF-THE-ART  TIMBER  HARVEST  IN 
AN  ARIZONA  MIXED  CONIFER  FOREST  HAS 
MINIMAL  EFFECT  ON  OVERLAND  FLOW 
AND  EROSION. 

Rocky  Mountain  Forest  and  Range  Experiment 

Station,  Fort  Collins,  CO. 

B.  H.  Heede,  and  R.  M.  King. 

Hydrological  Sciences  Journal  HSJODN,  Vol  35 

No.  6,  p  623-635,  December  1990.  4  fig,  2  tab,  21 

ref. 

Descriptors:  'Arizona,  'Coniferous  forests,  'Ero- 
sion rates,  'Forest  management,  'Logging,  'Over- 
land flow,  'Rainfall-runoff  relationships,  'Sedi- 
ment discharge,  'Soil  erosion,  Erosion  control, 
Lumber  industry,  Peak  flow,  Sedimentation,  Sur- 
face flow. 

When  the  Thomas  Creek,  Arizona  watershed  was 
logged  for  the  first  time,  the  latest  state-of-the-art 
harvesting  was  applied.  Trees  were  cut  in  patches 
and  by  group  selection,  and  logs  skidded  by  crawl- 
er tractor.  Although  overland  flow  and  sediment 
delivery,  measured  on  small  sub-drainages  of  the 
watershed,  were  inconsequential,  sediment  deliv- 
eries from  severely  disturbed  areas  and  undisturbed 
forest  floor  were  significantly  different  (41  kg/ 
hectare/year  for  disturbed  areas  and  6  kg/hectare/ 
year  for  undisturbed  areas).  The  highest  erosion 
rates  (128  kg/hectare/year)  were  created  by  moni- 
toring activities  which  entailed  the  use  of  over- 
snow  vehicles  and  trail  bikes.  Nearly  instantaneous 
rises  in  the  hydrograph  at  the  start  of  storms  were 
caused  by  pipe  flows.  Significant  increases  of  flow 
volumes  and  peak  flows  after  timber  harvest  in- 
creased magnitudes  of  channel  adjustment  process- 
es (erosion)  that  had  existed  already  before  log- 
ging. This  development  was  judged  positively,  be- 
cause it  suggests  more  rapid  attainment  of  a  new 
dynamic  equilibrium.  The  study  demonstrated  that 
mixed  conifer  forests  can  be  harvested  without 
detrimental  effects  on  the  watershed  if  state-of-the 
art  techniques  are  used.  (Author's  abstract) 
W9 1-04803 
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FINITE  ELEMENT  WATERSHED  MODELING: 
ONE-DIMENSIONAL  ELEMENTS. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Agri- 
cultural Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-03993 


SURFACE  WATER  MANAGEMENT  FOR 
CROP  PRODUCTION  ON  HIGHLY  ERODI- 
BLE  LAND. 

North  Carolina  State  Univ.,  Raleigh. 

G.  C.  Naderman,  J.  R.  Hansard,  and  H.  P.  Denton. 


Applied  Agricultural  Research  AAREEZ,  Vol  5 
No.  4,  p  243-254,  Fall   1990.   1  fig,  2  tab,  42  ref 

Descriptors:  'Agricultural  engineering,  'Crop  pro- 
duction, 'Erodibility,  'Erosion  control,  'Surface 
water,  'Water  conservation,  'Water  management, 
Cropland,  Economic  evaluation,  Farming,  Soil 
conservation,  Soil  erosion,  Soil  management,  Till- 
age. 

Management  of  surface  water  has  four  broad  ob- 
jectives: (1)  appropriate  removal  of  excess  water 
during  wet  periods,  (2)  water  conservation  for 
crop  use,  (3)  on-site  erosion  control  to  protect 
long-term  soil  productivity  and  reduce  short-term 
damages,  and  (4)  off-site  damage  prevention  from 
sedimentation  and  water  pollution.  For  production 
of  crops  on  erodible  land,  the  importance  of  water 
conservation  to  enhance  yield  and  potential  profits 
must  be  emphasized.  Economic  studies  conclude 
that  structural  approaches  to  control  on-site  ero- 
sion, such  as  terraces,  diversions,  sediment  basins, 
sod  waterways,  and  field  borders,  are  seldom  prof- 
itable in  terms  of  protecting  soil  productivity.  Cul- 
tural approaches  include  contour  farming,  crop 
rotation,  stripcropping,  and  conservation  tillage. 
Applications  of  these  concepts  in  the  southeastern 
U.S.  show  that  the  use  of  a  tillage  and  cropping 
system  designed  for  erosion  protection  is  economi- 
cally more  attractive  than  structures  especially  if 
the  cropping  system  does  not  greatly  reduce  the 
total  value  of  farm  products  sold.  In  contrast  to  the 
on-site  losses,  annual  costs  of  off-site  damages  from 
cropland  erosion  and  runoff  are  probably  10  to  55 
times  as  great.  Grain  crop  production  on  highly 
erodible  land  continues  to  be  difficult  and  risky. 
Whether  farmers  can  achieve  this  profitably,  and 
with  conservation  compliance  as  defined  by  the 
1985  Food  Security  Act,  will  greatly  depend  upon 
the  alternative  types  of  land  available  and  the 
extent  of  conservation  treatment  required.  (Au- 
thor's abstract) 
W9 1-04539 


EFFECTS  OF  POTATO  CROPPING  PRAC- 
TICES ON  WATER  RUNOFF  AND  SOIL  ERO- 
SION. 

Agriculture    Canada,    Fredericton    (New    Bruns- 
wick). Research  Station. 
For  primary  bibliographic  entry  see  Field  2J 
W91-04552 


NEW  STRATEGIES  FOR  SOIX  CONSERVA- 
TION. 

Food  and  Agriculture  Organization  of  the  United 
Nations,  Rome  (Italy).  Land  and  Water  Develop- 
ment Div. 
D.  W.  Sanders. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 
Vol.  45,  No.  5,  p  511-516,  September/October 
1990.  3  fig,  Href. 

Descriptors:  'Agricultural  practices,  'Environ- 
mental policy,  'Erosion  control,  'Land  manage- 
ment, 'Land  resources,  'Land  use,  *Policy 
making,  'Resources  management,  'Soil  conserva- 
tion, Farm  management,  Future  planning,  Govern- 
ment supports,  Planning,  Public  participation, 
Rural  areas,  Social  aspects,  Soil  erosion. 

Traditional  land  conservation  systems  have  elicited 
great  interest  of  late,  and  a  number  of  studies  have 
been  conducted  recently  to  find  out  more  about 
them  and  to  see  if  they  can  be  adapted  to  present- 
day  conditions.  However,  many  of  the  ancient 
systems  are  breaking  down  or  being  abandoned. 
Before  new  policies  and  strategies  for  soil  conser- 
vation programs  can  be  developed  based  on  tradi- 
tional systems,  the  extent  to  which  factors  leading 
to  the  abandonment  of  the  old  systems  are  related 
to  those  restricting  the  use  of  modern  systems,  and 
social  structures  of  today  which  may  be  responsi- 
ble for  these  effects,  must  be  understood.  The 
practical  application  of  modern-day  soil  conserva- 
tion began  on  a  large  scale  in  the  1930s,  and 
generally  involves  a  three-step  approach:  identifi- 
cation of  the  problem,  planning  control  measures, 
and  implementation  of  the  plan.  Problems  with  this 
approach  include  emphasis  on  physical  conserva- 
tion measures  (symptoms)  instead  of  on  incorrect 


66 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Identification  Of  Pollutants — Group  5A 


land  use  (problem),  and  lack  of  attention  to  future 
needs  of  farmers.  New  policies  and  strategies  can 
be  effective  only  if  they  aim  to  achieve  conserva- 
tion through  a  more  effective  approach-one  that 
will  ensure  the  large-scale  participation  of  rural 
people  in  conservation--by  identifying  the  causes 
of  land  degradation,  involving  the  farmer,  and 
selecting  the  right  technologies.  A  framework  for 
implementation  must  include  improving  land  use, 
encouraging  the  participation  of  land  users,  devel- 
oping institutions  and  an  advisory  committee, 
strengthening  government  services,  preparing  a 
sound  legal  base,  manpower  and  training,  identify- 
ing research  needs,  and  developing  conservation 
programs  at  national,  district,  and  local  levels. 
(Fish-PTT) 
W91-04561 


STATE-OF-THE-ART  TIMBER  HARVEST  IN 
AN  ARIZONA  MIXED  CONIFER  FOREST  HAS 
MINIMAL  EFFECT  ON  OVERLAND  FLOW 
AND  EROSION. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Fort  Collins,  CO. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-04803 


EROSION  AND  SEDIMENT  CONTROL,  THE 
MARYLAND  WAY. 

Maryland  State  Highway  Administration,  Balti- 
more. 

E.  G.  Stein. 

Public  Works  PUWOAH,  Vol.  121,  No.  13,  p  54- 
56,  December  1990. 

Descriptors:  'Erosion,  'Erosion  control,  'Mary- 
land, 'Sedimentation,  Grading,  Highway  effects, 
Regulations,  Slopes,  Soil  stabilization,  Surface 
runoff. 

Before  1984  the  Maryland  State  Highway  Admin- 
istration (SHA)  did  not  give  a  high  priority  to 
controlling  sediment  runoff  during  highway  con- 
struction. In  1984  several  changes  were  occurring 
that  dictated  modifying  the  way  SHA  approached 
controlling  sediment  runoff  and  erosion  during 
construction.  The  overall  concept  for  erosion  and 
sediment  control  can  be  broken  down  into  three 
major  elements.  The  first  and  most  obvious  ele- 
ment is  installing  perimeter  controls  before  grub- 
bing begins.  After  these  controls  are  established, 
the  actual  grading  operation  commences  with  ex- 
cavation of  sediment  basins  during  construction 
and  stormwater  management  ponds  once  the  con- 
struction is  completed  and  all  disturbed  areas  are 
stabilized.  The  second  major  element  is  to  provide 
flexibility  in  the  plan  to  address  changing  field 
conditions  and  problem  areas  not  identified  during 
project  design.  The  third  major  element  addresses 
the  construction  of  major  water  crossings,  which 
require  a  'Waterway  Construction  Permit'  for  any 
stream  crossing  having  a  drainage  area  of  400  acres 
or  better.  Disturbance  is  further  limited  by  not 
allowing  a  contractor  to  grade  a  unit  greater  than 
20  acres  at  any  one  time.  Early  stabilization  of 
exposed  soils  is  one  of  the  most  effective  controls 
available.  Once  the  grading  operation  is  complet- 
ed, and  in  areas  of  temporary  work  stoppages 
where  slopes  are  steeper  than  3:1,  stabilization 
must  be  completed  within  seven  calendar  days.  In 
addition,  the  controls  are  inspected  during  and 
immediately  after  every  storm  event.  Although 
these  controls  have  resulted  in  an  average  increase 
of  7.5%  in  construction  costs,  water  quality  in 
Chesapeake  Bay  has  improved  and  populations  of 
rock  fish  and  channel  crabs  have  increased  since 
the  control  were  implemented.  (White-Reimer- 
PTT) 
W91-04852 


DECISION  SUPPORT  FOR  BEST  MANAGE- 
MENT PRACTICE  SELECTION. 

Purdue  Univ.,  Lafayette,  IN.  Water  Resources  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  6A. 
W9 1-04905 
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TOTAL  PARAMETER  WATER  ANALYSIS 
COMES  UNDER  THE  MICROSCOPE. 

R.  Green. 

Water   &   Waste   Treatment  Journal   WWTJAA, 

Vol.  32,  No.  5,  p.  30,  May  1989.  2  fig. 

Descriptors:  'Chemical  analysis,  'Measuring  in- 
struments, 'Monitoring,  'Organic  carbon,  'Pollut- 
ant identification,  'Water  analysis,  Analytical  tech- 
niques, Autoanalyzers,  Automation,  Dissolved  or- 
ganic carbon,  Total  organic  carbon. 

Practical  instruments  for  automatic  and  semi-auto- 
matic measuring  and  recording  of  water  pollution 
levels  are  available  which  will  reliably  sample, 
condition,  and  measure  TOC  (total  organic 
carbon),  TIC  (total  inorganic  carbon),  and  DOC 
(dissolved  organic  carbon).  In  a  typical  example  of 
such  'total  parameter'  devices,  filtered  water  is 
dripped  into  a  very  hot  reactor.  The  carbon  con- 
tained in  the  sample  is  burned  to  carbon  dioxide 
with  atmospheric  oxygen.  After  separating  the 
water,  the  gas  stream  enters  an  infrared  gas  analyz- 
er whose  indicated  carbon  dioxide  value  is  directly 
proportional  to  the  TOC  value.  More  highly-auto- 
mated versions  of  this  type  of  analyzer  also  exist. 
These  allow  the  performance  of  many  additional 
functions-periodic  checking  with  zero  and  with  a 
calibration  solution,  automatic  switching  of  meas- 
uring ranges,  filtration  for  sample  conditioning,  or 
recording  of  the  TOC  value  with  a  line  recorder. 
Other  equipment  is  available,  including  sample  se- 
quencers, automatic  acidification,  and  parallel  or 
successive  measurement  of  TOC  and  TIC.  A  dif- 
ferent measuring  principle  is  generally  employed 
for  the  determination  of  DOC.  It  does  not  use  the 
thermal  process  for  converting  the  carbon  in  the 
water  sample  into  carbon  dioxide,  but  rather  a 
photochemical  process,  using  an  ultraviolet  lamp 
of  very  short  wavelength  radiation.  These  types  of 
instruments  are  of  particular  benefit  to  water  pollu- 
tion monitoring  organizations,  which  will  always 
welcome  faster  throughput  and  increased  accura- 
cy. (Doyle-PTT) 
W9 1-03970 


MEASURING  ALUMINUM  DURING  WATER 
TREATMENT:  METHODOLOGY  AND  APPLI- 
CATION. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 
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REAL-TIME  SAMPLING  STRATEGIES  FOR 
ESTIMATING  NUTRIENT  LOADINGS. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 
D.  H.  Burn. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  6,  p  727- 
741,  November/December  1990.  2  fig,  1  tab,  8  ref. 

Descriptors:  'Freshwater,  'Nutrient  transport, 
'Pollutant  identification,  'Sampling,  'Water  analy- 
sis, 'Water  pollution,  'Water  quality,  'Water  sam- 
pling, Decision  making,  Mathematical  models,  Pre- 
cision, River  flow,  Streamflow. 

The  estimation  of  nutrient  or  pollutant  loading  in 
rivers  is  a  problem  in  efficiency.  Reliable  estimates 
are  required  to  make  optimal  decisions  using  col- 
lected data,  while  still  considering  cost  minimiza- 
tion. An  investigation  of  water  quality  sampling 
strategies  applicable  to  real  time  sampling  pro- 
grams are  presented,  designed  to  be  a  component 
of  the  data  collection  process  for  the  determination 
of  the  annual  mass  load  of  pollutants,  or  nutrients, 
in  a  river.  The  sampling  schemes  are  intended  for 
use  in  situations  where  stream  flow  data  are  col- 
lected regularly,  but  concentration  data  are  col- 
lected during  only  a  limited  number  of  time  peri- 


ods. The  sampling  strategies  are  evaluated  through 
the  use  of  a  Monte  Carlo  experiment  that  created 
synthetic  stream  flow  and  associated  nutrient  con- 
centration data.  The  performance  of  each  sampling 
strategy  is  evaluated  and  compared  in  terms  of  an 
accuracy  measure  and  a  precision  measure  to  es- 
tablish the  relative  merits  of  the  proposed  schemes. 
A  sampling  scheme  incorporating  stratified  sam- 
pling with  real-time  updating  of  the  sampling  char- 
acteristics is  found  to  give  the  best  estimate  of  the 
annual  mass  load.  (Author's  abstract) 
W9 1-03989 


DEVELOPMENT  OF  AN  ESTUARINE  SEDI- 
MENT BURROWING  BIOASSAY  FOR  SHIP- 
BOARD USE. 

District  of  Columbia  Univ.,  Washington.  Dept.  of 

Biology. 

H.  L.  Phelps. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  5,  p  722-728, 

November  1990.  3  tab,  14  ref. 

Descriptors:  'Analytical  methods,  'Animal  behav- 
ior, 'Bioassay,  'Clams,  'Estuarine  sediments,  'Pol- 
lutant identification,  'Toxicity,  Copper,  Field  tests, 
Marine  pollution,  Salinity,  Sediment  contamina- 
tion, Water  pollution  effects. 

Estuarine  sediments,  particularly  muds,  are  accu- 
mulators of  pollutants.  A  rapid  estuarine  sediment 
bioassay  based  on  the  burrowing  speed  of  a  soft- 
shell  clam,  Mya  arenaria,  was  extensively  tested  in 
the  laboratory.  This  bioassay  on  shipboard  might 
be  useful  in  determining  sites  with  in  situ  toxicity 
where  additional  synoptic  sampling  should  be 
made  for  biological  and  chemical  components  of 
the  Sediment  Quality  Triad,  such  as  community 
structure  and  chemical  contaminants.  The  bioassay 
is  conducted  by  placing  20  clams  on  a  one  liter 
sediment  sample  in  a  plastic  box  with  13.5  sq  cm 
surface  area  and  5  cm  of  water,  noting  the  number 
of  clams  completely  burrowed  at  increasing  inter- 
vals, and  calculating  the  estimated  time  for  50%  of 
clams  to  burrow  (ET50)  by  Logit  analysis.  A 
sediment  was  considered  significantly  different  if 
the  bioassay  ET50  95%  F.L.  exceeded  the  simulta- 
neous control  sediment  bioassay  ET50  95%  F.  L. 
Laboratory  comparison  of  clam  burrowing  speeds 
in  different  sediment  types  showed  no  significant 
difference  between  fine  sand,  coarse  sand,  and 
muddy  sand,  and  only  marginally  slower  speed  in 
mud  sediment.  Laboratory  bioassays  with  different 
sediment  salinities  found  slight  but  significant  in- 
crease in  burrowing  speed  only  at  32  ppt  sediment 
salinity.  When  the  collected  cruise  sediment  sam- 
ples were  re-tested  in  the  laboratory  with  overlaid 
water  at  13  ppt,  11  out  of  39  sediments  (28%) 
showed  significant  inhibition  of  clam  burrowing 
speed.  Copper  spiking  of  marine  sediment  found 
clam  burrowing  inhibition  related  only  to  changes 
in  sediment  pore-water  copper,  not  total  sorbed 
copper.  All  of  the  retested  sediment  samples 
showed  loss  of  burrowing  inhibition  by  the  third 
day  of  testing  (fifth  day  post-cruise).  The  post- 
cruise  testing  showed  the  importance  of  conduct- 
ing the  bioassay  within  five  days  of  sediment  col- 
lection. The  clam  burrowing  bioassay  is  compact 
and  can  be  used  on  shipboard  to  rapidly  screen 
euryhaline  sediments  collected  during  a  cruise,  in- 
dicating the  immediate  need  for  more  sampling  to 
determine  the  cause  of  the  burrowing  inhibition. 
As  estuarine  conditions  greatly  affect  chemical 
bioavailability,  this  bioassay  would  be  helpful  in 
determining  the  conditions  of  significant  toxicant 
release  from  sediment.  (Brunone-PTT) 
W91-04017 


CRAYFISH  AS  A  'BIOLOGICAL  INDICATOR' 
OF  AQUATIC  CONTAMINATION  BY  HEAVY 
METALS. 

Laurentian  Univ.,  Sudbury  (Ontario).  Dept.  of  Bi- 
ology. 

M.  A.  Alikhan,  G.  Bagatto,  and  S.  Zia. 
Water  Research  WATRAG,  Vol.   24,  No.  9,  p 
1069-1076,  September  1990.  5  fig,  5  tab,  43  ref. 

Descriptors:  'Bioaccumulation,  'Bioindicators, 
'Crayfish,  'Heavy  metals,  Cadmium,  Copper, 
Gills,    Industrial    water,    Iron,    Lake    sediments, 
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Lakes,  Magnesium,  Manganese,  Nickel,  Smelters, 
Tissue  analysis,  Water  pollution  effects,  Water  pol- 
lution sources. 

Cu,  Cd,  Mg,  Mn  and  Ni  concentrations  in  whole 
crayfish,  Cambarus  bartoni,  trapped  from  Nepah- 
win  Lake,  Joe  Lake  and  Wizard  Lake,  lying  at 
distances  of  10,  30,  and  150  km,  respectively,  from 
the   Sudbury   smelters   in    Northeastern   Ontario, 
showed  an  inverse  relationship  with  the  distance  of 
the  habitat  from  the  emission  site.  Highest  concen- 
trations of  Cu  were  observed  in  the  hepatopan- 
creas, Cd  in  the  hepatopancreas  and  the  gut,  Fe 
and  Mn  in  the  gut,  and  Mg  in  the  exoskeleton. 
Tissue  concentrations  of  Ni  and  Zn  were  highly 
variable.  Differences  between  males  and  females  at 
each  sampling  site  were  not  significant  at  the  5% 
level.  The  general  relationship  between  crayfish 
tissue  metal  concentrations  at  the  three  sites  was 
Cu    >    Mg    >    Mn    >    Zn    >    Ni    >    Cd.   This 
observed   relationship,   except   for   Mg   and   Mn, 
agreed  with  the  concentration  relationship  of  these 
metals  in  the  water  and  the  sediments  (top  10-20 
cm)  in  the  three  lakes.  In  laboratory  studies,  Cu 
concentrations  in  the  hepatopancreas,  gills,  exoske- 
leton and  the  viscera  increased  significantly  over 
the  control  during  the  4-weeks  exposure  to  125, 
250  and  500  micrograms  Cu/L.  Hepatopancreas,  in 
general,  had  the  highest  Cu  concentration,  and  the 
exoskeleton,  the  lowest.  Relationship  between  Ni 
exposure  and  the  tissue  Ni  concentrations  in  the 
four  treatments  was  800  micrograms  Ni/L  >  400 
micrograms  Ni/L    =    200  micrograms  Ni/L   > 
control,  while  between  the  exposure  periods  and 
the  tissue  Ni  concentrations  was  week  4  >  week  1 
>  week  3  =  week  2.  Highest  Ni  concentrations  at 
the  end  of  the  4-week  exposure  to  Ni  were  ob- 
served in  the  gut,  gills  and  the  hepatopancreas,  and 
the  lowest  in  the  viscera.  The  present  study  sug- 
gests that  Cambarus  bartoni  is  a  reliable  indicator 
of  the  presence  of  class  B  and  borderline  elements 
with  specific  gravity  >  5  in  the  aquatic  environ- 
ment. However,  their  value  as  biomonitors  of  vari- 
ations in  Cu  and  Ni  concentrations  in  freshwater 
ecosystems  is  debatable.  (Author's  abstract) 
W91-04035 


OZONATION  OF  PYRENE  IN  AQUEOUS  SO- 
LUTION. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Public  Health  Engineering  Lab. 
For  primary  bibliographic  entry  see  Field  5F. 
W91-04041 


RESIN  CONCENTRATION  OF  BY-PRODUCTS 
FROM  CHLORINATION  OF  AQUATIC 
HUMIC  SUBSTANCES. 

Ecole  Nationale  Superieure  de  Chimie  de  Rennes 

(France).  Lab.  de  Chimie  des  Nuisances  et  Genie 

de  l'Environnement. 

For  primary  bibliographic  entry  see  Field  5F. 
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TRACE  NUTRIENT  DEFICIENCY  IN  DAPH- 
NIA  MAGNA  CULTURED  IN  STANDARD 
MEDIUM  FOR  TOXICITY  TESTING:  EFFECTS 
OF  THE  OPTIMIZATION  OF  CULTURE  CON- 
DITIONS ON  UFE  HISTORY  PARAMETERS 
OF  D.  MAGNA. 

Heidelberg  Univ.  (Germany,  F.R.).  Dept.  of  Zool- 
ogy 1. 

B.  P.  Elendt,  and  W.  R.  Bias. 
Water  Research  WATRAG,  Vol.  24,  No.  9,  p 
1157-1167,  September  1990.   1  fig,  9  tab,  42  ref. 
Federal  Environmental  Agency,  Research  and  De- 
velopment Project  106-03-072. 

Descriptors:  'Bioindicators,  'Culturing  techniques, 
•Daphnia,  *Growth  media,  'Laboratory  methods, 
•Nutrients,  'Selenium,  'Toxicity,  Growth,  Testing 
procedures.  Trace  levels. 

The  suitability  of  various  synthetic  media  for  the 
culture  of  Daphnia  magna  was  tested.  Daphnids 
cultured  in  a  standard  medium  for  toxicity  testing 
proposed  by  ISO  showed  low  reproduction,  re- 
duced growth,  high  number  of  undeveloped  parth- 
enogentic  eggs  and  high  mortality  of  neonates  and 
adults.  Animals  cultured  in  the  ISO  medium  lost 
parts  of  their  second  antennae  due  to  selenium 


deficiency.  The  addition  of  selenium  to  the  ISO 
medium  clearly  improved  the  quality  of  this 
medium.  However,  results  of  several  tests  were 
more  variable  than  when  a  medium  with  a  complex 
trace  element  composition  (medium  M4)  was  used. 
Medium  M4  has  allowed  continuous  culture  of 
daphnids  for  three  years  without  any  signs  of  re- 
duced viability  or  reproduction.  A  mean  reproduc- 
tion rate  of  about  140  progeny/parent  daphnid  was 
calculated  from  19  nonsimultaneous  experiments. 
Neither  a  fourfold  increase  nor  a  reduction  to  one 
tenth  of  the  trace  element  concentration  of  M4  had 
any  effect  on  reproduction,  growth  or  survival  of 
daphnids.  Since  ion-exchanger  cartridges  can  leach 
detrimental  substances  into  the  matrix  water,  only 
ultrapure  matrix  waters  should  be  used  for  the 
preparation  of  culture  media.  (Author's  abstract) 
W91-04047 


INFLUENCE  OF  WATER  COMPOSITION  ON 
THE  CHRONIC  TOXICITY  OF  3,4-DICHLOR- 
OANILINE  TO  DAPHNIA  MAGNA. 

Heidelberg  Univ.  (Germany,  F.R.).  Dept.  of  Zool- 
ogy 1. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-04048 


TOTAL  ORGANIC  HALOGENS  (TOX)  ANALY- 
SIS IN  ETHER  SOLUTIONS. 

Ecole  Nationale  Superieure  de  Chimie  de  Rennes 

(France).  Lab.  de  Chimie  des  Nuisances  et  Genie 

de  l'Environnement. 

P.  LeCloirec,  R.  M.  Lelacheur,  J.  D.  Johnson,  and 

R.  F.  Christman. 

Water  Research  WATRAG,  Vol.  24,  No    9    p 

1173-1176,  September   1990.   1  fig,  3  tab,   12  ref 

NSF  Grant  CEE  83-12997. 

Descriptors:  'Halogenated  compounds,  'Organic 
compounds,  'Pollutant  identification,  'Water  anal- 
ysis, Activated  carbon,  Adsorption,  Chlorinated 
hydrocarbons,  Pyrolysis. 

A  new  procedure  to  determine  total  organic  halo- 
gens (TOX)  recovered  in  ether  extracts  was  devel- 
oped as  a  modification  of  the  EPA  standard 
method  for  TOX  analysis  in  aqueous  solutions.  A 
volume  of  sample  was  injected  directly  into  the 
activated  carbon  in  the  pyrolysis  furnace  sample 
boat.  Good  recoveries  (80-100%)  were  found  for 
all  the  model  compound  solutions,  except  for  the 
n-chloroalkanes.  In  this  case,  the  molecules  are 
long  chain  aliphatics  and  were  not  easily  pyrolyzed 
in  the  furnace.  A  linear  correlation  was  found 
between  the  percentage  recovery  of  these  aliphatic 
compounds  and  the  number  of  carbons  in  the  mole- 
cule. The  precision  of  the  method  was  found  to  be 
2-3%  for  TOX  in  the  1,000-100,000  nanogram  in- 
jected range.  (Author's  abstract) 
W9 1-04049 


IMPROVED  MEMBRANE  FILTRATION 
METHOD  INCORPORATING  CATALASE  AND 
SODIUM  PYRUVATE  FOR  DETECTION  OF 
CHLORINE-STRESSED  COLIFORM  BACTE- 
RIA. 

West  Virginia  Univ.,  Morgantown.  Div.  of  Plant 
and  Soil  Sciences. 

J.  P.  Calabrese,  and  G.  K.  Bissonnette. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  56,  No.  11,  p  3558-3564,  Novem- 
ber 1990.  2  fig,  4  tab,  45  ref. 

Descriptors:  'Bioindicators,  'Conforms,  'Micro- 
biological studies,  'Pollutant  identification,  'Selec- 
tive media,  'Water  analysis,  Chlorination,  Disin- 
fection, Escherichia  coli,  Fecal  coliforms,  Labora- 
tory methods,  Water  quality,  Water  treatment. 

Chlorination  is  the  most  widely  used  method  in  the 
United  State  for  disinfection  of  potable  waters  and 
municipal  sewage  discharges.  It  is  well  recognized 
that  coliforms  subjected  to  chlorine  may  become 
stressed,  resulting  in  a  reduced  ability  of  these 
injured  bacteria  to  proliferate  on  selective  media 
employed  from  their  detection.  Failure  to  detect 
coliforms  can  lead  to  an  overly  optimistic  estimate 
of  the  safety  of  a  water.  In  vitro  pure  culture 
studies  were  conducted  on  three  different  strains  of 
Escherichia  coli  to  determine  the  effect  of  chlorin- 


ation on  catalase  activity.  In  each  case,  stationary- 
phase  cells  exhibited  significant  reductions  in 
enzyme  activity  following  exposure  to  chlorine. 
Mean  differences  in  activity  between  control  and 
chlorine-stressed  cells  varied,  depending  on  E.  coli 
strain.  Following  initial  enzyme  studies,  resuscita- 
tion experiments  utilizing  the  membrane  filtration 
technique  were  conducted  on  chlorinated  sewage 
effluent.  Five  different  amendments,  including  cat- 
alase, heat-inactivated  catalase,  sodium  pyruvate, 
and  catalase-sodium  pyruvate  combination,  and 
acetic  acid,  were  tested  for  their  ability  to  enhance 
the  detection  of  chlorine-stressed  cells  on  different 
media.  Significant  increases  in  recovery  of  fecal 
coliforms  on  M-fecal  coliform  (M-FC)  media,  total 
coliforms  on  mT7  and  M-Endo  media,  and  total 
heterotrophs  on  TGY  media  were  obtained  on 
plates  containing  catalase,  pyruvate,  or  the  combi- 
nation of  these  compounds.  Supplementation  with 
heat-inactivated  catalase  and  acetic  acid  did  not 
improve  recovery  of  chlorine-stressed  cells  com- 
pared with  recovery  on  nonamended  media.  Subse- 
quent analysis  of  colonies  from  plates  containing 
compounds  which  enhanced  recovery  indicated 
coliform  verification  percentages  of  >  80%  on  M- 
FC  media,  >  90%  on  mT7  media,  and  >  94%  on 
M-Endo  media.  These  data  suggest  that  the  addi- 
tion of  peroxide-degrading  compound  to  various 
standard  recovery  media  may  improve  the  detec- 
tion of  both  coliform  and  heterotrophic  bacteria  in 
chlorinated  waters.  (Mertz-PTT) 
W9 1-04067 


DISTRIBUTION  OF  MYCOBACTERIA  IN  DIF- 
FERENT TYPES  OF  WATER  IN  ISRAEL. 

Hadassah    Medical    School,    Jerusalem    (Israel). 
Dept.  of  Environmental  Health. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04077 


IDENTIFICATION  OF  THE  DERTVATTVES  OF 
CI.  REACTTVE  BLUE  19  IN  TEXTILE 
WASTEWATER. 

Georgia  Inst,  of  Tech.,  Atlanta. 

S.  R.  Camp,  and  P.  E.  Sturrock. 

Water  Research  WATRAG,  Vol.  24,  No.   10,  p 

1275-1278,  October  1990.  3  fig,  8  ref.  EPA  and 

Georgia  Tech  Research  Corporation  cooperative 

agreement  CR-8 146 18-0 1-0. 

Descriptors:  'Chemical  analysis,  'Dyes,  'Pollutant 
identification,  'Textile  mill  wastes,  'Water  analy- 
sis, High  performance  liquid  chromatography,  Or- 
ganic compounds,  Vinyl  sulfone. 

Reactive  dyes  are  becoming  more  popular  in  the 
textile  manufacturing  industry.  The  biggest  prob- 
lem with  reactive  dyes,  however,  is  the  competi- 
tion between  the  reaction  of  the  dye  with  the 
textile  substrate  and  the  reaction  of  the  dye  with 
water.  Presently,  fixation  rates  can  vary  from  60  to 
90%,  leaving  large  concentrations  of  unfixed  dyes 
in  the  wastewater.  Unfortunately,  most  commonly 
used  wastewater  treatment  procedures  do  not 
remove  these  dyestuffs  sufficiently.  An  analytical 
procedure  was  developed  using  a  swept-potential 
electrochemical  detector  and  high  performance 
liquid  chromatography  for  the  separation  and  iden- 
tification of  the  hydroxy  and  vinyl  sulfone  deriva- 
tives of  Reactive  Blue  19  in  textile  wastewater. 
The  concentration  of  the  vinyl  sulfone  in  the  tex- 
tile mill  effluent  was  estimated  to  be  760  ppb  by 
comparison  to  the  standard  curve.  The  concentra- 
tion of  the  hydroxylate  was  estimated  to  be  80  ppb. 
The  three-dimensional  data  from  the  instrument 
provides  an  extra  parameter  (potential),  which  per- 
mits easier  and  more  accurate  identification.  It  was 
determined  that  the  vinyl  sulfone  form  of  the  dye 
was  the  predominant  derivative  in  the  wastewater 
sample.  (Mertz-PTT) 
W9 1-04083 


JACKNIFE  AND  BOOTSTRAP  ESTIMATION 
OF  BIOLOGICAL  INDEX  OF  WATER  QUAL- 
ITY. 

Museo   Nacional   de  Ciencias   Naturales,   Madrid 

(Spain). 

A.  G.  Valdecasas,  and  A.  Baltanas. 

Water  Research  WATRAG,  Vol.  24,  No.   10,  p 
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1279-1283,  October  1990.  2  fig,  2  tab,  17  ref. 
CAICYT  Grant  no.  PR84-0181. 

Descriptors:  *Biological  index,  *Pollution  index, 
•Statistical  analysis,  •Statistical  methods,  *Water 
analysis,  'Water  quality,  Bootstrap  method,  Jack- 
nife  method. 

Many  biological  indices  of  water  quality  are  gener- 
ally used  with  a  very  low  number  of  field  samples 
to  estimate  water  conditions.  This  precludes  the 
application  of  traditional  statistical  techniques  in 
order  to  test  for  significant  differences  between 
values  of  the  indices  for  different  sampling  stations. 
Two  non-standard  statistical  methods  now  in 
common  use,  namely  the  jacknife  and  the  boot- 
strap, could  be  proficiently  applied  to  obtain  a 
quantitative  measure  of  the  indicator  power  of 
biological  indices.  Species  in  the  saprobic  system 
(initiated  in  1902)  are  classified  by  their  saprobic 
values.  The  saprobic  value  is  obtained  empirically 
by  observing  in  nature  the  kind  of  water  in  which  a 
species  does  best.  A  numerical  index  has  been 
previously  proposed  that  summarizes  the  array  of 
species'  saprobities  obtained  at  each  sampling  sta- 
tion. This  index  has  gained  popularity  since  its 
proposal,  especially  through  the  diffusion  given  by 
general  water  treatises.  In  this  index,  saprobic 
values  are  fixed,  but  in  more  complex  systems  a 
certain  variability  is  taken  into  account  before  ob- 
taining the  final  value  of  saprobity  for  a  sampling 
station.  Using  the  jacknife  estimation  method,  five 
mean  values  of  the  Pantle  and  Buck  index,  and 
their  respective  confidence  limits,  were  obtained 
from  the  observed  sample.  No  significant  differ- 
ences were  obtained  among  the  means  of  the  dif- 
ferent stations.  The  bootstrap  estimation  method 
provided  a  distribution  of  1000  values  of  indices 
for  each  sampling  station.  As  occurred  with  jack- 
nife analysis,  no  differences  were  observed  among 
the  sampling  stations.  (Mertz-PTT) 
W9 1-04084 


ISOLATION  AND  PRECONCENTRATION  OF 
VOLATILE  ORGANIC  COMPOUNDS  FROM 
WATER. 

Gdansk  Technical  Univ.  (Poland).  Inst,  of  Inor- 
ganic Chemistry  and  Technology. 
J.  Namiesnik,  T.  Gorecki,  and  M.  Biziuk. 
Analytica  Chimica  Acta  ACACAM,  Vol.  237,  No. 
1,  p  1-60,  October  1990.  26  fig,  7  tab,  695  ref. 

Descriptors:  'Analytical  methods,  *Gas  chroma- 
tography, 'Pollutant  identification,  'Sample  prepa- 
ration, 'Volatile  organic  compounds,  'Water  anal- 
ysis, Adsorption,  Extraction,  Literature  review, 
Membranes,  Organic  compounds,  Preconcentra- 
tion,  Trace  levels. 

Methods  for  the  isolation  and/or  concentration  of 
volatile  organic  compounds  from  water  samples 
for  trace  organic  analysis  by  gas  chromatography 
are  reviewed.  The  liquid-liquid  extraction  (LLE) 
method  utilizes  partitioning  of  toxic  compounds 
into  a  suitable  organic  solvent  from  an  aqueous 
mixture.  As  part  of  its  master  scheme  for  the 
analysis  of  114  organic  priority  pollutants,  the 
EPA  has  proposed  a  number  of  methods  utilizing 
LLE  as  the  first  step  in  the  analytical  procedure. 
Another  method  of  enrichment  of  trace  organic 
compounds  is  adsorption  on  solid  materials,  which 
have  high  specific  surface  area,  an  ability  to  adsorb 
a  wide  variety  of  organic  compounds  from  large 
volumes  of  water,  and  are  chemically  inert.  A 
third  group  of  methods  for  the  extraction  of  organ- 
ic compounds  from  an  aqueous  phase  utilizes  a 
gaseous  phase.  These  methods  comprise  the  gas 
stripping  and  static  and  dynamic  headspace  tech- 
niques. Permeation  through  membranes  made  of 
suitable  hydrophobic  materials  is  a  fourth  ap- 
proach used  for  the  isolation  of  volatile  organic 
compounds  from  the  aqueous  phase.  Some  volume 
reduction  methods  for  preparing  organic  concen- 
trates include  freeze  concentration,  freeze  drying, 
vacuum  evaporation,  reverse  osmosis,  and  ultrafil- 
tration. Trace  organic  analysis  by  gas  chromatog- 
raphy often  requires  an  additional  stage  of  precon- 
centration.  The  selection  of  the  sampling  proce- 
dure and  subsequent  introduction  of  the  analytes 
into  a  gas  chromatograph  depend  on  various  fac- 
tors, such  as  the  physicochemical  characteristics  of 
the  trapping  medium  and  the  thermal  lability  and 
volatility  of  the  analytes.  (MacKeen-PTT) 


W91-04139 

LEAD  HYDRIDE  GENERATION  IN  A  LACTIC 
ACID-POTASSIUM  DICHROMATE  MEDIUM 
AND  ITS  APPLICATION  TO  THE  DETERMI- 
NATION OF  LEAD  IN  FISH,  VEGETABLE 
AND  DRINK  SAMPLES. 

Universidad    Complutense    de    Madrid    (Spain). 
Dept.  de  Quimica  Industrial. 
Y.  Madrid,  J.  Meseguer,  M.  Bonilla,  and  C. 
Camara. 

Analytica  Chimica  Acta  ACACAM,  Vol.  237,  No. 
1,  p  181-187,  October  1990.  4  fig,  2  tab,  14  ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Lead,  'Pollutant  identification,  'Water  anal- 
ysis, Drinking  water,  Fish,  Hydride  generation, 
Precision,  Sample  preparation,  Sensitivity,  Trace 
levels. 

The  effect  of  different  acids  on  the  efficiency  of 
lead  hydride  generation  in  potassium  dichromate 
oxidant  medium  was  investigated  and  lactic  acid- 
potassium  dichromate  was  found  to  give  optimum 
lead  hydride  generation.  Various  parameters  af- 
fecting sensitivity  and  the  influence  of  interfering 
ions  were  studied.  The  sensitivity  of  the  method 
(0.44  ng)  is  greater  than  published  values  for  am- 
monium peroxodisulfate-nitric  acid  (20.0  ng)  and 
hydrogen  peroxide-nitric  acid  (10.0  ng)  media. 
This  may  be  due  to  lactic  acid  stabilizing  the 
Pb(IV)  metastable  compounds  more  effectively, 
acting  as  intermediate  species  in  lead  hydride  for- 
mation. The  method  was  applied  to  the  determina- 
tion of  lead  in  liquids  (tap  water  and  wine)  and  fish 
and  vegetable  samples.  The  liquids  were  analyzed 
directly  without  preconcentration  or  mineraliza- 
tion and  the  solids  after  wet  digestion  or  slurry 
formation;  these  two  sample  preparation  methods 
gave  similar  results.  The  precision  of  the  method 
was  5.1%  (mean  of  10  values  between  batches)  for 
25  ng  of  lead.  The  detection  limits  were  0.04  and 
0.10  microg/g  for  fish  and  vegetable  samples,  re- 
spectively. In  liquids  the  detection  limits  were 
0.005  and  0.02  microg/ml  for  tap  water  and  wine, 
respectively.  The  method  involves  less  sample  han- 
dling with  a  consequent  smaller  risk  of  sample 
contamination.  (MacKeen-PTT) 
W91-04140 


ANAEROBIC  MICROBIAL  DEGRADATION 
OF  ACRIDINE  AND  THE  APPLICATION  OF 
REMOTE  FIBER  SPECTROSCOPY  TO  MONI- 
TOR THE  TRANSFORMATION  PROCESS. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04142 


EVALUATION  OF  SUCROSE  AS  AN  ALTER- 
NATIVE TO  SODIUM  CHLORIDE  IN  THE  MI- 
CROTOX  ASSAY:  COMPARISON  TO  FISH 
AND  CLADOCERAN  TESTS  WITH  FRESHWA- 
TER EFFLUENTS. 

Environmental  Research  Lab.-Duluth,  MN. 
G.  T.  Ankley,  G.  S.  Peterson,  J.  R.  Amato,  and  J. 
J.  Jenson. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  10,  p  1305-1310,  1990.  2 
tab,  16  ref. 

Descriptors:  'Aquatic  animals,  'Effluents,  'Fat- 
head minnows,  'In  vitro  tests,  'Microtox  assay, 
•Pollutant  identification,  'Toxicity,  'Toxicology, 
'Water  pollution  effects,  'Waterfleas,  Acute  toxic- 
ity, Analytical  methods,  Freshwater,  In  vivo  tests, 
Toxicity  tests. 

The  toxicity  of  44  freshwater  effluents  was  evalu- 
ated using  the  fathead  minnow  (Pimephales  prome- 
las),  a  cladoceran  (Ceriodaphnia  dubia)  and  Micro- 
tox (Photobacterium  phosphoreum).  The  Microtox 
assay  was  conducted  in  both  sodium  chloride  and 
sucrose  for  osmotic  protection  of  the  bacteria  in  an 
effort  to  determine  whether  the  use  of  sucrose 
increased  the  sensitivity  of  Microtox  to  samples 
exhibiting  toxicity  to  the  fish  and  cladoceran  spe- 
cies. Twenty-three  of  the  effluents  tested  were 
toxic  to  fathead  minnows  and/or  C.  dubia;  of 
these,  Microtox  was  sensitive  to  10  when  tested  in 


NaCl  and  seven  when  tested  in  sucrose.  In  one 
instance  testing  in  sucrose  predicted  toxicity  to  the 
fish  and  cladoceran  species  when  testing  in  NaCl 
did  not.  Single  chemical  tests  demonstrated  that 
Microtox  sensitivity  was  greater  to  zinc  chloride, 
nickel  chloride  and  methanol  when  tested  in  su- 
crose as  opposed  to  NaCl,  about  equal  to  copper 
sulfate  and  phenol  in  sucrose  and  NaCl,  and  was 
far  greater  to  chlorine  when  tested  in  NaCl  than  in 
sucrose.  These  results,  as  well  as  data  from  Micro- 
tox assays  with  effluents  containing  known  toxi- 
cants, suggest  that  the  use  of  sucrose,  in  conjunc- 
tion with  NaCl,  for  osmotic  adjustment  in  the 
assay  could  be  helpful  as  part  of  a  suite  of  tests  for 
identifying  general  classes  of  compounds  responsi- 
ble for  toxicity  in  freshwater  effluents.  (Author's 
abstract) 
W91-04151 


CHARACTERISTICS  OF  SURFACTANTS  IN 
TOXICITY  IDENTIFICATION  EVALUATIONS. 

Environmental  Research  Lab.,  Duluth,  MN. 

G.  T.  Ankley,  G.  S.  Peterson,  M.  T.  Lukasewycz, 

and  D.  A.  Jensen. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  3-12, 

1990.  5  tab,  15  ref. 

Descriptors:  'Aeration,  'Filtration,  'Pollutant 
identification,  'Surfactants,  'Toxicity, 

'Wastewater  analysis,  'Water  analysis,  Analytical 
methods,  Analytical  techniques,  EPA  methods,  Ef- 
fluent limitations,  Effluents,  Experimental  design, 
Lethal  limit,  Particulate  matter,  Permits,  Toxicity 
identification  evaluation,  Water  quality  standards. 

Recent  developments  have  enabled  the  incorpora- 
tion of  toxicity  limits  into  permits  for  point-source 
dischargers  in  the  United  Sates.  Therefore,  it 
became  necessary  to  develop  methods  that  would 
enable  dischargers  to  identify  specific  compounds 
responsible  for  toxicity  in  their  effluents.  A  series 
of  experiments  were  conducted  to  study  the  behav- 
ior of  a  number  of  anionic,  nonionic  and  cationic 
surfactants  in  manipulations  associated  with  toxici- 
ty identification  evaluations  (TIEs).  The  results  of 
the  experiments  indicated  that,  regardless  of  class 
(i.e.,  anionic,  nonionic,  cationic),  surfactants  are 
likely  to  be  removed,  at  least  to  some  extent,  from 
effluent  samples  by  aeration.  It  was  also  found  that 
toxicity  due  to  surfactants  can  be  reduced  by  filter- 
ing effluent  samples,  and  the  amount  of  toxicity 
lost  upon  filtration  almost  certainly  depends  upon 
particulate  concentration  in  the  sample.  Finally,  it 
was  determined  that  C18  solid  phase  extraction 
(SPE)  is  extremely  efficient  at  removing  surfac- 
tant-associated toxicity  from  aqueous  samples. 
However,  for  cationic  classes  of  surfactants  it  may 
not  be  possible  to  recover  them  from  the  column 
with  methanol/water  elutions.  Overall,  if  a  test 
effluent  displays  several,  or  all,  of  the  above  char- 
acteristics in  a  TIE,  this  is  a  strong  basis  for 
suspecting  that  surfactants  may  be  contributing  to 
toxicity.  Unfortunately,  surfactants  can  be  difficult 
to  deal  with  analytically  because  it  is  not  possible 
to  fractionate,  identify  or  quantify  them  using  tech- 
niques suitable  for  nonpolar  organics  such  as  pesti- 
cides (e.g.,  gas  chromatography /mass  spectrosco- 
py). However,  knowledge  of  the  type  of  discharge 
being  subjected  to  the  TIE  may  enable  one  to 
target  specific  surfactants,  or  classes  of  surfactants, 
for  analysis.  (Korn-PTT) 
W9 1-04246 


QUANTIFICATION  OF  TOXAPHENE  RESI- 
DUES IN  FISH  AND  FISH  PRODUCTS  USING 
A  NEW  ANALYTICAL  STANDARD. 

Gesamthochschule  Kassel  (Germany,  F.R.).  Dept. 

of  Analytical  Chemistry. 

G.  Lach,  and  H.  Parlar. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  29- 

34,  1990.  1  fig,  2  tab,  22  ref. 

Descriptors:  'Analytical  techniques,  'Chlorinated 
hydrocarbons,  'Fish,  'Gas  chromatography, 
'Mass  spectrometry,  'Pesticide  residues,  'Pollut- 
ant identification,  'Toxaphenes,  Environmental 
samples,  Insecticides,  Negative  ion  mass  spectrom- 
etry, Polychlorinated  bornanes,  Selected  Ion  Mon- 
itoring, Standards. 
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Toxaphene,  the  most  heavily  used  chlorinated  hy- 
drocarbon insecticide,  is  difficult  to  quantify,  be- 
cause it  is  a  mixture  of  more  than  200  compounds, 
primarily  polychlorinated  bornanes.  These  compo- 
nents elute  over  a  wide  range  of  GC  retention 
times  and  are  not  completely  resolvable  even  by 
capillary  columns.  This  is  further  complicated  by 
interference  with  other  organochlorine  contami- 
nants, some  of  which  can  be  eliminated  by  adsorp- 
tion column  chromatography.  Unfortunately,  any 
additional  clean-up  procedures  reduce  recoveries, 
cause  poor  reproducibility  and  thus,  compromise 
accuracy  and  sensitivity.  Although  selectivity  can 
be  achieved  by  use  of  negative  ion  mass  spectrom- 
etry-selected  ion  monitoring  (NICI-SIM),  the  GC 
analyses  of  environmental  samples  are  furthermore 
complicated  by  changes  in  the  original  composi- 
tion of  the  chlorobornanes  due  to  chemical  and 
metabolic  conversions.  Differences  in  the  degree  of 
chlorination  or  in  positional  isomerization  influ- 
ence NICI-SIM  response  significantly.  Quantifica- 
tion using  a  technical  standard  can  therefore  lead 
to  erroneous  results.  Considering  conversion  and 
accumulation  processes  of  toxaphene  components 
in  the  environment,  a  chlorobornane  mixture  was 
prepared  yielding  a  GC-NICI-SIM  chromatogram, 
which  resembles  very  much  that  of  the  residues 
obtained  from  fish  tissues.  This  mixture  can  then  be 
used  as  a  representative  standard  for  the  exact 
quantification  of  toxaphene  residues  in  fish  and  fish 
products.  (Author's  abstract) 
W9 1-04248 


COMPARATIVE  EVALUATION  OF  SOXHLET 
AND  SONICATION  EXTRACTION  IN  THE  DE- 
TERMINATION OF  POLYNUCLEAR  ARO- 
MATIC HYDROCARBONS  IN  SOIL. 

Environmental    Monitoring    Systems    Lab.,    Las 

Vegas,  NV.  Methods  Development  Branch. 

G.  M.  Brilis,  and  P.  J.  Marsden. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  91- 

98,  1990.  8  fig,  3  tab,  3  ref. 

Descriptors:  'Analytical  methods,  'Analytical 
techniques,  'Pollutant  identification,  'Polycyclic 
aromatic  hydrocarbons,  'Sample  preparation, 
•Soil  analysis,  Experimental  data,  Experimental 
design,  Sonication  extraction,  Soxhlet  extraction. 

The  recovery  of  polynuclear  aromatic  hydrocar- 
bons (PNAs)  from  soil  is  influenced  by  a  number 
of  phenomena:  the  partition  coefficient  between 
the  solvent  and  the  sample  matrix;  the  contact 
between  the  solvent  and  the  soil  particles;  and  the 
method  of  extraction.  Accordingly,  a  study  was 
made  to  compare  the  efficiency  of  the  Soxhlet  and 
sonication  extraction  methods,  using  different  sol- 
vent systems,  for  the  analysis  of  polynuclear  aro- 
matic hydrocarbons  in  soil.  Soxhlet  extraction 
using  acetone/hexane  gave  somewhat  higher  re- 
coveries than  sonication  with  acetone/methylene 
chloride  for  most  of  the  creosote  contaminated 
soils.  However,  sonication  may  be  more  effective 
for  free-flowing  soil  samples  that  contain  low 
levels  (less  than  1-2  mg/g  total  PNAs).  There  is 
insufficient  data  to  state  that  one  extraction  proce- 
dure is  consistently  best.  Because  these  differences 
are  generally  small  (approximately  12%),  the  use 
of  alternate  extraction  procedures  must  be  consid- 
ered when  analyzing  complex  samples.  The  study 
suggests  that  analysts  need  flexibility  to  use  alter- 
native sample  preparation  procedures  when  char- 
acterizing complex  environmental/waste  samples. 
(Korn-PTT) 
W9 1-04251 


ORGANIC  HALOGEN  GROUP  PARAMETERS 
IN  GROUND  WATER  INVESTIGATION,  PART 
III. 

Technical  Univ.  of  Denmark,  Lyngby.   Inst,   for 

Applied  Geology. 

C.  Gron. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  135- 

152,  1990.  1  fig,  9  tab,  68  ref. 

Descriptors:  'Analytical  methods,  'Chlorinated 
hydrocarbons,  'Groundwater  pollution,  'Haloge- 
nated  compounds,  'Pesticides,  'Pollutant  identifi- 
cation, 'Polychlorinated  biphenyls,  Absorbable  or- 
ganic halogens,  Extractable  organic  halogens, 
Humic  substances,  Iodine,  Organic  pesticides,  Or- 


ganic  solvents,    Polarity,    Volatile   organic   com- 
pounds, Volatile  organic  halogens,  Volatility. 

The  majority  of  the  organic  contaminants  that 
frequently  occur  in  ground  water  belong  to  the 
group  of  halogenated  organics.  A  set  of  analytical 
methods  for  the  determination  of  the  organic  halo- 
gen group  parameters  adsorbable  organic  halogen 
(AOX),  extractable  organic  halogens  (EOX)  and 
volatile  organic  halogens  (VOX)  has  been  devel- 
oped and  tested  for  applicability  in  groundwater 
studies.  Whereas  the  AOX  method  covers  most 
organic  halogen  compounds  of  common  occur- 
rence as  groundwater  pollutants,  the  EOX  results 
express  the  contents  of  nonpolar  compounds  such 
as  several  chlorinated  pesticides  and  polychlorinat- 
ed biphenyls  (PCBs),  and  the  VOX  method  in- 
cludes volatile  haloorganics  such  as  frequently 
used  chlorinated  solvents.  The  methods  can  be 
applied  in  the  range  0.5-100  micrograms  Cl/L  with 
a  relative  standard  deviation  of  5-10%.  Each 
method  suffers  from  drawbacks.  The  recoveries  of 
volatile  organic  compounds  by  AOX  are  slightly 
low,  and  the  susceptibility  to  bias  by  iodide  and 
iodate  urges  for  caution  in  interpreting  elevated 
AOX  values.  The  EOX  method  is  sensitive  to 
cooccurrence  of  humic  organic  matter,  which 
causes  reduced  recoveries  of  apolar  haloorganics. 
The  recoveries  of  volatile  haloorganics  by  the 
VOX  method  are  slightly  decreased,  if  non-haloge- 
nated  volatile  organics  such  as  1,2-dimethylben- 
zene  are  present  at  the  10  mg/L  level.  Used  in 
combination,  the  three  organic  halogen  group  pa- 
rameters constitute  a  useful  and  cost  effective  tool 
for  the  evaluation  of  groundwater  pollution  with 
halogenated  organics.  (Korn-PTT) 
W9 1-04252 


LONG-TERM  TRENDS  OF  DDT  AND  PCB 
CONCENTRATIONS  IN  MUSSELS  (MYTILUS 
GALLOPROVINCIALIS). 

Institut    Rudjer    Boskovic,    Zagreb   (Yugoslavia). 
Center  for  Marine  Research. 
For  primary  bibliographic  entry  see  Field  5B 
W9 1-04253 


BASELINE  ASSESSMENT  OF  PCDDS/PCDFS 
IN  THE  VICINITY  OF  THE  ELK  RIVER,  MIN- 
NESOTA GENERATING  STATION. 

ENSR,  Fort  Collins,  CO. 

For  primary  bibliographic  entry  see  Field  5B 

W9 1-04254 


DETERMINATION  OF  MONO-  AND  NON- 
ORTHO  COPLANAR  PCBS  IN  FISH. 

New  York  State  Dept.  of  Health,  Albany.  Wads- 
worth  Center  for  Labs,  and  Research. 
C.  S.  Hong,  and  B.  Bush. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  173- 
181,  1990.  5  fig,  3  tab,  21  ref.  NO  A  A  Office  of  Sea 
Grant,  U.  S.  Department  of  Commerce  Grant 
NA90AA-D-SG078. 

Descriptors:  'Activated  carbon,  'Analytical  tech- 
niques, 'Aroclors,  'Fish,  'Gas  chromatography, 
'Path  of  pollutants,  'Pollutant  identification,  'Pol- 
ychlorinated biphenyls,  'Sample  preparation, 
'Striped  bass,  Biological  samples,  Carbon  chroma- 
tography, High  resolution  gas  chromatography, 
Hudson  River,  New  York  Bight. 

An  analytical  method  has  been  developed  for  the 
determination  of  four  non-ortho  and  eight  mono- 
ortho  coplanar  PCBs.  The  need  for  a  simple  ana- 
lytical method  for  the  isolation  of  mono-and  non- 
ortho  coplanar  PCBs  in  environmental  samples 
stems  from  evidence  that  a  large  part  of  Aroclor 
liver  enzyme  induction  activity  is  correlated  with 
the  small  amounts  of  those  mono-ortho  and  non- 
ortho  coplanar  PCBs  present  in  the  Aroclor  mix- 
tures. The  analytical  method  fully  exploits  the  po- 
tential of  activated  carbon  as  an  absorbent  for  the 
isolation  of  these  PCBs  and  permits  the  determina- 
tion of  these  PCB  residues  in  fish  samples  at  parts- 
per-trillion  levels.  The  method  combines  a  simple 
sulfuric  acid  cleanup  method  coupled  with  carbon 
chromatography  and  high-resolution  gas  chroma- 
tography. The  analytical  technique  permits  rapid 
separation  and  identification  of  individual  PCB 
congeners.  Residues  of  thes  PCB  congeners  were 


detected  in  Hudson  River  striped  bass  at  1.7  ppt; 
residues  from  fish  from  other  sampling  sites  in  the 
New  York  Bight  were  below  the  ppt  level.  The 
method  is  also  simple,  rapid,  sensitive  and  specific 
for  routine  analysis  for  these  non-ortho  and  mono- 
ortho  coplanar  PCBs  in  the  environmental  sam- 
ples. (Korn-PTT) 
W9 1-04255 


FORMS  OF  METALS  IN  A  SEDIMENT  CORE 
OF  A  SEVERELY  ACIDIFIED  NORTHERN 
BLACK  FOREST  LAKE. 

Bayerisches    Landesamt    fuer    Wasserwirtschaft, 

Munich  (Germany,  F.R.). 

C.  E.  W.  Steinberg,  and  H.  Hogel. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  201- 

213,  1990.  12  fig,  2  tab,  28  ref.  Umweltbundesamt 

Berlin,     FRG     under     UFO-Plan     Nr.     Wasser 

10204333. 

Descriptors:  'Acid  lakes,  'Acid  rain  effects, 
•Heavy  metals,  *Lakes,  •Paleolimnology,  *Path  of 
pollutants,  'Water  pollution  sources,  Aluminum, 
Black  Forest,  Bonding,  Bonding  strength,  Cadmi- 
um, Calcium,  Chemical  speciation,  Chromium, 
Copper,  Germany,  Iron,  Lead,  Magnesium,  Man- 
ganese, Metals,  Pollutant  identification,  Sediment 
analysis,  Sediment  chemistry,  Sequential  chemical 
extraction,  Toxicity,  Zinc. 

Sequential  chemical  extraction  indicates  roughly 
two  major  periods  of  metal  enrichments:  (1)  near 
and  below  the  15  cm  deep  layer,  the  metal  concen- 
trations and  speciations  seem  to  be  influenced  by 
increased  eroding  material  after  a  heavy  forest  fire 
in  1800,  which  was  indicated  by  the  presence  of 
charcoal  in  the  sediment  layers  concerned,  and 
emissions  of  local  glass  processing  industries  in 
historical  times.  This  seems  to  apply  for  Cu,  Cr, 
Cd,  and  Pb.  However,  there  are  only  slight  corre- 
lations between  these  metals;  and  (2)  above  12  cm 
depth.  With  Fe,  Zn,  Cd,  Pb,  Mg  and  Ca,  this 
enrichment  period  exhibits  two  maxima  (around 
10-1 1  cm  and  above  6-7  cm).  Above  a  depth  of  15 
cm  all  metals  reflect  the  most  recent  history  of 
deposition  of  so-called  air  borne  pollutants,  which 
is  directly  or  indirectly  connected  with  the  acidifi- 
cation of  the  northern  Black  Forest.  Zn  and  Cd 
found  in  elevated  concentrations  in  fossil  fuels, 
such  as  coal,  show  distinct  maxima  around  the  10 
cm  deep  layers.  Consequently,  the  main  source  of 
pollutants  and  acidity  in  Huzenbachersee  is  atmos- 
pheric deposition,  originating  from  emissions  of  the 
adjacent  industrial  region.  In  the  uppermost  sedi- 
ment layers  the  bonding  strength  of  several  metals 
showed  a  decreasing  tendency  while  there  was  an 
increasing  tendency  for  exchangeable  and  easily 
reducible  fractions.  As  a  result,  secondary  contami- 
nation of  the  water  column  can  occur  through 
sediment  release  especially  with  Zn  and  Cd 
(Korn-PTT) 
W9 1-04257 


POLYCHLORINATED   DIBENZOFURANS   IN 
THE  EDIBLE  PORTION  OF  SELECTED  FISH. 

Food  and  Drug  Administration,  Washington,  DC. 

Contaminants  Chemistry  Div. 

For  primary  bibliographic  entry  see  Field  5B. 
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ANALYSIS  OF  ATMOSPHERIC  PRECD7ITA- 
TION  BY  REVERSED-PHASE  ION-PAIR 
CHROMATOGRAPHY. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 

Analytical  Chemistry. 

Q.  Xianren,  and  W.  Baeyens. 

Journal  of  Chromatography  JOCRAM,  Vol.  514, 

No.  2,  p  362-370,  August  29,  1990.  5  fig,  4  tab,  14 

ref. 

Descriptors:  'Acid  rain,  'Aerosols,  'Analytical 
methods,  'Chemistry  of  precipitation,  'High  per- 
formance liquid  chromatography,  'Precipitation 
scavenging,  'Sulfates,  'Water  analysis,  Anions,  At- 
mospheric chemistry,  Atmospheric  water,  Bro- 
mides, Chlorides,  Detection  limits,  Ion  exchange 
chromatography,  Nitrates,  Nitrites,  Reverse-phase 
ion-pair  chromatography,   Separation   techniques. 
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In  recent  years  much  effort  has  been  applied  to  the 
use  of  high-performance  liquid  chromatography 
(HPLC)  for  the  separation  and  determination  of 
inorganic  anions.  In  the  current  investigation,  a 
reversed-phase  Partisil  10  ODS-3  column  was  eval- 
uated for  the  rapid  determination  of  several  anions 
(chloride,  nitrite,  bromide,  nitrate,  and  sulfate)  in 
environmental  samples.  It  was  found  that  a  combi- 
nation of  8  mM  tetrabutylammonium  iodide 
(TBAI)  and  1  mM  potassium  hydrogenphthalate 
(KHP)  at  pH  6  was  a  very  suitable  eluent  for  the 
separation  of  those  anions  with  this  column.  The 
method  was  applied  to  rainwater  and  aerosol  sam- 
ples and  the  results  were  compared  with  those 
obtained  with  a  PRP-X100  (Hamilton)  ion-ex- 
change column.  The  reproducibility  of  triplicate 
measurements  ranged  between  0.5  and  0.9  %  for 
Cl(-),  N02(-),  Br(-),  N03(-),  and  S04(2-).  The 
detection  limit  was  0.1-0.2  ppm  with  a  100  micro- 
liter injection  sample  volume.  An  investigation  of 
the  reproducibility  also  revealed  that  the  anion 
concentrations  in  rain  decrease  in  a  hyperbolic 
way  with  the  amount  of  precipitation.  The  hyper- 
bolic relationship  reflects  the  fact  that  in  the  last 
stages  (sequences)  of  the  rainwater  samples,  the 
anion  concentration  tends  to  a  constant  value 
which  corresponds  to  the  initial  or  cloud  vapor 
concentration.  This  concentration  is  a  measure  of 
the  background  concentration  of  the  dissolved 
anions  in  raindrops.  Also,  in  the  initial  stages  (se- 
quences) of  the  rainwater  samples,  the  anion  con- 
centration is  much  higher  owing  to  an  additional 
amount  of  salts  which  will  be  incorporated  and 
solubilized  in  the  raindrops  during  their  fall.  This 
additional  amount  is  thus  a  measure  of  the  scaveng- 
ing efficiency  of  anions  from  aerosols  by  the  rain- 
drops. (Korn-PTT) 
W9 1-04265 


CAPILLARY  ZONE  ELECTROPHORETIC 
SEPARATION  OF  CHLOROPHENOLS  IN  IN- 
DUSTRIAL WASTE  WATER  WITH  ON- 
COLUMN  ELECTROCHEMICAL  DETECTION. 

Anamed  Instruments  Ltd.,  Bombay  (India).  Ap- 

plictions  and  Methods  Development  Lab. 

C.  D.  Gaitonde,  and  P.  V.  Pathak. 

Journal  of  Chromatography  JOCRAM,  Vol.  514, 

No.  2,  p  389-393,  August  29,  1990.  4  fig,  1  tab,  26 

ref. 

Descriptors:  'Analytical  methods,  'Electrophore- 
sis, 'Phenols,  'Separation  techniques,  'Wastewater 
analysis,  'Water  analysis,  Capillary  zone  electro- 
phoresis, Chlorinated  aromatic  compounds,  Detec- 
tion limits,  Industrial  wastewater,  Pollutant  identi- 
fication, Wastewater. 

Phenolic  compounds,  in  particular  chlorinated 
phenols  as  pollutants  in  drinking  water,  cause  con- 
cern because  of  their  high  toxicity  and  wide  distri- 
bution. The  release  of  these  chlorophenols  through 
waste  water  has  led  to  the  need  for  methods  for 
monitoring  these  compounds  in  industrial  effluents 
and  natural  waters.  A  study  was  undertaken  to 
investigate  the  suitability  of  capillary  zone  electro- 
phoresis (CZE)  for  the  separation  of  chlorinated 
phenols  in  industrial  waste  waters.  A  fused-silica 
capillary  was  employed  with  an  applied  potential 
of  20  kV.  Attempts  were  made  to  optimize  the 
separation  conditions  by  using  different  capillary 
lengths  of  400,  500,  600,  650,  800,  and  1000  mm. 
Detection  was  performed  with  an  on-column  elec- 
trochemical detector  using  an  oxidation  potential 
of  (+)  1.4  V  and  modified  with  carbon  fibres.  It  is 
believed  that  the  use  of  an  on-line  electrochemical 
detector  provides  excellent  sensitivity  and  selectiv- 
ity without  derivatization  or  tedious  extraction  of 
the  sample.  The  results  of  the  experiments  indicate 
that,  as  the  length  of  the  capillary  increases  beyond 
650  mm,  the  theoretical  plate  number  increases, 
thereby  prolonging  the  separation  of  2-chloro- 
phenol  from  other  components  and  causing  peak 
broadening.  Important  contributors  to  the  peak 
broadening  effect  were  found  to  be  longitudinal 
diffusion  resulting  in  a  flat  flow  profile  and  interac- 
tions between  capillary  walls  and  analytes.  Detec- 
tion levels  in  the  picomole  range  were  achieved 
with  separation  efficiencies  of  the  order  of  320,000 
theoretical  plates.  (Korn-PTT) 
W9 1-04266 


GAS  CHROMATOGRAPHIC  AND  MASS  SPEC- 
TROMETRY DETERMINATION  OF  NI- 
TROAROMATICS  IN  WATER. 

Fraunhofer-Inst.   fuer   Toxikologie   und   Aerosol- 

forschung,  Hanover  (Germany,  F.R.). 

J.  Feltes,  K.  Levsen,  D.  Volmer,  and  M. 

Spiekermann. 

Journal  of  Chromatography  JOCRAM,  Vol.  518, 

No.  1,  p  21-40,  September  28,  1990.  6  fig,  9  tab,  28 

ref. 

Descriptors:  'Analytical  methods,  'Aromatic  com- 
pounds, 'Electron  capture  gas  chromatography, 
'Gas  chromatography,  'Mass  spectrometry,  'Ni- 
trogen compounds,  'Pollutant  identification, 
'Water  analysis,  Instrumentation,  Nitroaromatic 
compounds,  Water  quality  data. 

The  determination  of  a  large  number  of  nitro  com- 
pounds with  a  variety  of  functional  groups  was 
investigated  using  gas  chromatography  with  both 
an  electron  capture  detector  (ECD)  and  chemilu- 
minescence  detector  (TEA).  In  addition,  the  use  of 
gas  chromatography /mass  spectrometry  (GC/MS) 
with  either  electron  impact  (EI),  positive-ion 
chemical  ionization  (PICI)  or  negative-ion  chemi- 
cal ionization  (NICI)  detection  was  also  studied. 
Nitroaromatic  compounds  can  be  extracted  from 
aqueous  samples  with  high  recoveries  by  liquid- 
liquid  extraction  with  dichloromethane  or  by  ad- 
sorption on  Amberlite  resins,  while  lower  and 
strongly  varying  recoveries  are  found  if  solid- 
phase  extraction  with  phenyl-,  octadecyl-,  or 
cyano-bonded  phases  is  employed.  As  a  result  of 
their  high  electron  affinities,  nitroaromatic  com- 
pounds can  be  determined  with  high  sensitivity  by 
GC  using  ECD.  If,  however,  highly  polluted  sur- 
face water  is  to  be  investigated,  ECD  is  not  suffi- 
ciently selective  for  an  unambiguous  compound 
assignment.  In  contrast,  TEA  is  much  more  selec- 
tive for  nitro  compounds,  allowing  a  reliable  peak 
assignment  if  reference  compounds  are  available. 
The  major  disadvantage  of  the  TEA  detector  is  its 
lower  sensitivity  (compared  with  the  ECD),  which 
precludes  the  analysis  of  weakly  polluted  water. 
Definite  compound  assignment  can  be  achieved 
with  GC-MS,  where  NICI  is  more  sensitive  and 
selective  than  EI,  but  gives  fewer  structure-specif- 
ic fragments.  (Korn-PTT) 
W9 1-04267 


SIMULTANEOUS  DETERMINATION  OF 
TRACE  CONCENTRATIONS  OF  BENOMYL, 
CARBENDAZIM  (MBO  AND  NINE  OTHER 
PESTICIDES  IN  WATER  USING  AN  AUTO- 
MATED ON-LINE  PRE-CONCENTRATION 
HIGH-PERFORMANCE  LIQUID  CHROMATO- 
GRAPHIC METHOD. 

Brock  Univ.,  St.  Catharines  (Ontario).  Dept.  of 
Chemistry. 

C.  H.  Marvin,  I.  D.  Brindle,  R.  P.  Singh,  C.  D. 
Hall,  and  M.  Chiba. 

Journal  of  Chromatography  JOCRAM,  Vol.  518, 
No.  1,  p  242-249,  September  28,  1990.  3  fig,  1  tab, 
13  ref. 

Descriptors:  'Analytical  methods,  'Carbamate 
pesticides,  'Fungicides,  'High  performance  liquid 
chromatography,  'Pesticides,  'Pollutant  identifica- 
tion, Agricultural  runoff,  Aminocarb,  Barban,  Ben- 
omyl,  Butylate,  Captan,  Carbaryl,  Carbendazim, 
Carbofuran,  Chemical  analysis,  Chloropropham, 
Detection  limits,  Propham,  Propoxur,  Water  anal- 
ysis, Water  quality  data. 

The  analysis  of  benomyl  residues  in  water  is  made 
difficult  by  the  varying  instability  of  the  compound 
in  different  organic  solvents  and  its  low  solubility 
in  water.  Benomyl  also  decomposes  in  water,  but 
at  a  rate  slower  than  that  in  organic  solvent.  High- 
performance  liquid  chromatography  (HPLC)  the 
usual  method  for  the  analysis  of  benomyl  in  aque- 
ous media,  employs  the  determination  of  the  degra- 
dation product  methyl  2-benzimidazolecarbamate 
(carbendazim  or  MBC)  after  quantitative  conver- 
sion of  the  benomyl  parent  compound.  The  study 
investigates  the  use  of  an  HPLC  method  for  the 
simultaneous  determination  of  benomyl  and  MBC 
in  aqueous  samples  at  the  ppb  level.  Benomyl  is 
determined  as  the  intact  parent  compound  and  any 
MBC  in  the  sample  can  be  determined  exclusively 
as  the  natural  degradation  product.  The  method 


incorporates  the  use  of  an  automated  on-line  pre- 
concentration  column  in  conjunction  with  HPLC 
and  ultraviolet  (UV)  detection.  On-line  pre-con- 
centration  (or  trace  enrichment)  offers  the  possibil- 
ity of  isolating  intact  analytes  directly  from  an 
aqueous  sample  matrix  by  retaining  them  on  a  solid 
sorbent  contained  in  a  short  pre-column.  A  subse- 
quent valve  switching  allows  the  mobile  phase  to 
flush  analytes  from  the  pre-column  to  the  HPLC 
analytical  column  without  further  sample  manipu- 
lation. A  series  tests  were  conducted  to  evaluate 
this  analytical  method.  It  was  determined  that  uni- 
directional elution  from  a  C18  pre-column  onto  a 
C18  analytical  column  was  the  best  combination  of 
experimental  conditions.  (Korn-PTT) 
W9 1-04268 


IMMOBILIZED  PLANT  THYLAKOID  MEM- 
BRANES AS  A  BIOSENSOR  FOR  HERBI- 
CIDES. 

Quebec  Univ.,  Trois-Rivieres.  Centre  de  Recher- 
che en  Photobiophysique. 
M.  Purcell,  R.  Carpentier,  D.  Belanger,  and  G 
Fortier. 

Biotechnology  Techniques  BTECE6,  Vol.  4,  No. 
5,  p  363-368,  September/October  1990.  3  fig,  1  tab, 
1 1  ref. 

Descriptors:  'Analytical  techniques,  'Atrazine, 
•Bioassay,  'Diuron,  'Electrochemistry,  'Herbi- 
cides, 'Plant  tissues,  'Pollutant  identification, 
'Toxicity,  Biosensors,  Biotechnology,  Detection 
limits,  Inhibition,  Monitoring,  Photosynthesis, 
Spinach,  Thylakoid  membranes,  Water  quality. 

The  monitoring  of  water  toxicity  is  of  great  impor- 
tance since  pollution  from  industrial  and  agricul- 
tural sources  has  become  widespread.  Thylakoid 
membranes  isolated  from  spinach  leaves  were  used 
as  the  biological  sensing  material  to  elaborate  a 
biosensor  for  the  detection  of  small  amounts  of  the 
herbicides  atrazine  and  diuron.  Free  and  immobi- 
lized thylakoid  membranes  were  compared  for 
their  responses  to  inhibition  by  herbicides  by  fol- 
lowing the  variation  of  the  photocurrent.  The  re- 
sults of  the  study  revealed  that  the  immobilization 
of  thylakoid  membranes  increased  the  detection 
limit  for  diuron  and  atrazine.  The  maximum  con- 
centrations of  diuron  and  atrazine  that  can  be 
retrieved  in  water  are  180  and  330  micromole, 
respectively,  based  on  their  maximal  solubility. 
The  limit  of  detection  for  both  herbicides  by  the 
immobilized  thylakoid  membrane  was  found  to  be 
1  micromole  for  atrazine  and  0.07  micromole  for 
diuron.  (Korn-PTT) 
W91-04275 


QUALITY  ASSURANCE  IN  ANALYSIS  OF  EN- 
VIRONMENTAL MATRICES  FOR  PCDDS 
AND  PCDFS. 

Department  of  Fisheries  and  Oceans,  Burlington 

(Ontario).    Great    Lakes    Lab.    for   Fisheries   and 

Aquatic  Sciences. 

D.  B.  Sergeant. 

Chemosphere  CMSHAF,  Vol.  20,  No.   10-12,  p 

1263-1268,  1990.  9  ref. 

Descriptors:  'Data  quality  control,  'Dioxins, 
'Furans,  'Halogenated  compounds,  'Pollutant 
identification,  'Quality  control,  Analytical  tech- 
niques, Detection  limits,  Handbooks,  Laboratory 
methods,  Precision,  Protocols. 

Quality  assurance  (QA)  is  an  essential  part  of  all 
analytical  programs.  It  is  even  more  critical  when 
the  analyses  are  performed  at  the  parts-per-trillion 
or  ultra-trace  level,  which  is  the  case  for  chlorinat- 
ed dioxins  and  dibenzofurans.  A  comprehensive 
dioxin/furan  QA  protocol  was  developed  by  the 
Dioxin  Quality  Assurance  Committee  (DQAC) 
and  applied  to  two  different  analysis  programs. 
Despite  initial  program  startup  problems  the  docu- 
ment served  its  purpose  well.  Initial  problems  dis- 
appeared after  2-3  data  sets  had  been  analyzed  and 
reviewed.  Intensive  communication  at  the  early 
stages  of  such  contracts  would  probably  eliminate 
most  of  these  problems.  Data  was  assessed  against 
the  QA  criteria  and  either  accepted  or  referred 
back  to  the  laboratory  for  resolution  of  the  errors 
or  re-analysis  of  the  sample  if  the  problem  indicat- 
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ed  a  low  surrogate  recovery  or  a  severe  cleanup 
problem  that  could  not  be  removed  by  performing 
additional  cleanups  on  the  existing  sample  extract. 
Use  of  common  standard  solutions  not  only  re- 
duces analytical  variations  between  laboratories 
but  also  ensures  that  there  were  no  dilution  errors 
or  changes  to  concentrations  due  to  evaporation 
over  the  course  of  such  programs.  Revision  of  the 
document  reflecting  some  of  the  recent  changes 
would  further  improve  its  effectiveness.  (Korn- 
PTT) 
W9 1-04276 


QUALITY  ASSURANCE/QUALITY  CONTROL 
ASSESSMENT  FOR  A  COLLABORATIVE 
STUDY  OF  2,3,7,8-TCDD  BIOACCUMULATION 
IN  LAKE  ONTARIO. 

New  York  State  Dept.  of  Health,  Albany.  Wads- 
worth  Center  for  Labs,  and  Research. 
For  primary  bibliographic  entry  see  Field  5B. 
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ASSESSMENT  OF  REFERENCE  MATERIALS 
FOR  APPLICATION  TO  PCDD/PCDF  ANALY- 
SIS. 

Zenon  Environmental,  Inc.,  Burlington  (Ontario). 
M.  G.  Foster,  H.  Huneault,  O.  Cosby,  R.  E. 
Clement,  and  C.  Tashiro. 

Chemosphere  CMSHAF,  Vol.  20,  No.  10-12,  p 
1285-1290,  1990.  4  tab,  4  ref. 

Descriptors:  *Dioxins,  *Fly  ash,  *Furans,  'Halo- 
genated  compounds,  'Laboratory  methods,  *Plant 
tissues,  'Pollutant  identification,  'Quality  control, 
•Sediment  analysis,  'Standard  reference  materials, 
•Standards,  Analytical  techniques,  Citrus  leaf, 
Comparison  studies,  Data  analysis,  Data  quality 
control,  Detection  limits,  Marine  sediments,  Preci- 
sion, River  sediments. 

The  analysis  of  polychlorinated  dibenzo(p)dioxins 
(PCDD)  and  dibenzofurans  (PCDF)  in  environ- 
mental samples  involves  many  complex  steps  prior 
to  results  generation.  In  order  to  assess  the  applica- 
bility of  currently  available  Standard  Reference 
Materials  (SRM)  to  the  analysis  of  PCDDs  and 
PCDFs,  a  variety  of  materials  representing  typical 
environmental  samples  were  screened  for  the  pres- 
ence of  significant  levels  of  PCDD  and  PCDF. 
The  screening  results  identified  several  new  candi- 
dates for  use  as  laboratory  reference  materials  for 
PCDD  and  PCDF  analysis.  These  included  matri- 
ces which  contained  only  limited  PCDD  and 
PCDF  contamination  of  the  higher  congener 
groups.  They  included  municipal  fly  ash,  marine 
sediment,  river  sediment,  and  citrus  leaf.  Several 
reference  materials,  which  contained  no  detectable 
concentrations  of  PCDD/PCDF,  were  found  and 
could  be  useful  adjuncts  to  a  laboratory's  quality 
assurance  (QA)  program  in  their  application  as 
known  blank  sample  matrices  which  can  be  used  as 
method  blanks  or  as  blank  matrices  for  spiking 
studies.  An  attempt  was  also  made  to  establish 
within-lab  and  between-lab  precision  between  the 
two  laboratories  participating  in  the  study  based  on 
a  more  detailed  analysis  of  the  selected  environ- 
mental samples.  Intercomparison  studies  revealed 
that  within-lab  precision  was  similar  in  both  labs. 
However,  significant  differences  in  quantification 
were  observed  in  the  fly  ash  samples,  likely  due  to 
methodology  variations.  Additional  methodology 
studies  are  required  in  order  to  investigate  the 
effect  of  the  variations  used,  in  particular  the  appli- 
cation of  acid  digestion  to  the  analysis  of  fly  ash 
samples.  (Korn-PTT) 
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Supercritical  fluid  extraction  (SFE)  is  an  extraction 
procedure  which  uses  a  fluid  that  is  in  the  supercri- 
tical state  (i.e.,  above  its  critical  temperature  and 
pressure)  as  the  extraction  medium,  rather  than  the 
typical  liquid  solvents  used  for  Soxhlet  extraction. 
SFE  was  evaluated  as  an  alternative  procedure  to 
conventional  solvent  extraction  for  the  determina- 
tion of  polychlorinated  dibenzo-p-dioxins 
(PCDDs)  and  polychlorinated  dibenzofurans 
(PCDFs)  from  three  soil  samples.  Samples  were 
extracted  using  supercritical  carbon  dioxide.  The 
sample  extracts  were  then  quantified  using  gas 
chromatography/mass  spectrometry  (GC/MS). 
High  recoveries  were  obtained  for  all  spiked  com- 
pounds, representing  levels  of  chlorination  from 
tetrachloro-congeners  through  octochloro-con- 
geners.  A  comparison  of  SFE  with  conventional 
solvent  extraction  using  a  soil  known  to  contain 
dioxins  indicated  that  the  levels  obtained  by  SFE 
were  approximately  30-50%  of  the  levels  observed 
using  Soxhlet  techniques.  However,  the  potential 
savings  in  time  and  sample  preparation  costs  are  so 
great  that  additional  optimization  is  warranted. 
Although  additional  optimization  is  necessary,  the 
preliminary  data  indicate  that  SFE  could  be  a 
viable  alternative  to  solvent  extraction.  (Author's 
abstract) 
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The  analysis  of  environmental  samples  for  PCDD 
and  PCDF  requires  rigorous  methodology  for 
positive  identification  and  quantitation.  Extreme 
care  is  required  in  sample  preparation  and  meas- 
urement procedures  in  order  to  eliminate  the  possi- 
bility of  false  positive  or  false  negative  results  due 
to  interferences.  However,  the  analytical  method- 
ology can  be  simplified  if  a  special  isomer-specific 
capillary  column  for  gas  chromatography  (GC) 
can  separate  the  interfering  compounds  as  well  as 
the  isomers  in  all  congener  groups  of  dioxins  and 
dibenzofurans.  A  new  stationary  phase  for  the  GC 
capillary  column  has  been  developed.  Fused  silica 
capillary  tubing  was  coated  by  the  newly  devel- 
oped liquid  crystalline  polysiloxane  stationary 
phase.  In  order  to  determine  the  selectivity  of  this 
new  column,  a  mixture  of  PCDD/PCDF  and 
standards  of  2,3,7,8-substituted  PCDD/PCDF  iso- 
mers were  synthesized.  Analysis  of  PCDD  and 
PCDF  were  then  performed  using  gas  chromatog- 
raphy/mass spectrometry  (GC/MS).  Results  of  the 
investigation  revealed  that  the  new  column  could 
be  used  for  the  analyses  of  total  PCDD/PCDF  in 
all  kinds  of  environmental  samples.  The  most  toxic 
isomer  was  eluted  as  the  last  isomer  in  all  22  tetra 
isomers  using  the  new  column  with  GC/MS.  In 
addition,  more  than  a  one  minute  retention  time 
difference  was  noted  between  closely  eluting  iso- 
mers. This  guarantees  no  overlap  even  in  the  case 
of  column  deterioration  or  very  high  concentra- 
tions of  PCDD/PCDF  isomers.  (Korn-PTT) 
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The  trend  in  the  analysis  of  chlorinated  dibenzo-p- 
dioxins  (CDDs)  and  dibenzofurans  (CDFs)  in 
recent  years  has  been  towards  searching  for  much 
lower  levels  in  more  complex  matrices.  The  many 
interfering  compounds  and  ultra-trace  levels  of 
CDD  and  CDF  in  matrices  such  as  pulp  and  paper, 
sediments,  milk,  etc.,  make  selectivity  a  consider- 
ation that  is  as  important  as  sensitivity.  Recently, 
capillary  column  high  resolution  gas  chromatogra- 
phy/tandem  mass  spectrometry  (HRGC/MS/MS) 
has  shown  itself  to  be  an  analytical  method  capable 
of  meeting  the  requirements  of  selectivity  and  sen- 
sitivity in  CDD  and  CDF  measurements.  By  using 
a  direct  insertion  probe  containing  approximately 
1-3  micrograms  of  CDD  and  CDF,  a  triple  quadru- 
pole mass  spectrometry  can  be  optimized  and 
limits  of  detection  (200  to  600  fg)  that  begin  to 
approach  those  obtained  by  high  resolution  gas 
chromatography/high  resolution  mass  spectrome- 
try (HRGC/HRMS).  A  series  of  sample  extract 
preparations  were  quantitized  using  HRGC/MS/ 
MS  and  the  results  compared  to  results  obtained 
using  HRGC/HRMS.  Both  HRGC/MS/MS  and 
HRGC/HRMS  were  found  to  filter  out  different 
interferences,  but  neither  technique  could  remove 
all  interferences.  However,  both  techniques  ap- 
peared to  be  complimentary.  (Korn-PTT) 
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A  persistent  class  of  toxic  chlorinated  organics  are 
the  polychlorinated  dicyclopentadienes.  These 
compounds  have  been  used  as  pesticides  under  the 
trade  name  of  Chlordane  for  the  past  forty  years 
and  are  present  in  various  phases  of  the  environ- 
ment. A  chromatographic  method  was  evaluated 
for  use  in  determining  the  level  of  chlordane  in 
several  fish  and  sediment  samples  taken  from  the 
Meramec  river  (a  tributary  of  the  Missouri  river). 
The  analytical  method  involved  the  use  of  a  dual 
column  reaction  gas  chromatographic  system.  The 
system  can  be  used  in  the  dual  column  mode  or  in 
the  dual  column  reaction  mode.  The  dual  column 
reaction  mode  was  selected  for  analysis  of  the 
environmental  samples.  In  this  mode,  the  analytes 
of  interest  are  transferred  after  separation  in  the 
first  column.  The  analyte  is  then  subjected  to  an  in- 
line reaction  in  a  nickel  tube,  and  the  products  and 
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residual  analyte  are  then  separated  by  the  second 
column.  The  reaction  found  to  be  the  most  amena- 
ble for  the  present  system  was  hydrodehalogena- 
tion.  By  subjecting  the  analytes  to  an  in-line  reac- 
tion, a  greater  degree  of  certainty  was  achieved  in 
the  sample  analyses.  The  results  of  the  tests  re- 
vealed the  presence  of  chlorinated  dicyclopenta- 
dienes  in  a  sediment  sample.  This  was  believed  to 
indicate  that  the  chlordane  contamination  in  the 
Meramec  river  came  from  a  relatively  recent 
source.  In  general,  the  overall  results  of  the  investi- 
gation demonstrated  the  applicability  of  the  dual 
column  reaction  system  for  confirmatory  analysis 
of  polychlorinated  compounds  in  environmental 
samples.  (Korn-PTT) 
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Immunoassays  (IAs)  are  potentially  valuable  tools 
for  use  in  screening  environmental  samples  for  a 
broad  range  of  contaminants,  such  as  polychlori- 
nated dibenzo-p-dioxins  (PCDDs).  IAs  are  sensi- 
tive and  selective  tests  that  are  increasingly  being 
used  to  cost  effectively  detect  environmental  con- 
taminants. The  quantification  steps  most  common- 
ly used  in  IAs  measure  either  radioactivity  (ra- 
dioimmunoassay (RIA))  or  enzyme  activity 
(enzyme  immunoassay  (EIA)).  In  a  typical  RIA 
procedure,  the  analyte  competes  for  antibody  bind- 
ing sites  with  radio-labelled  analyte.  The  quantity 
of  analyte  in  a  sample  is  inversely  proportional  to 
the  amount  of  bound  radioactivity.  The  perform- 
ance of  the  RIA  for  PCDDs  was  investigated  for 
this  study  using  4  solubilization  systems.  These 
system  included  Cutscum,  Triton,  horse  serum, 
and  dimethyl  sulfoxide  (DMSO).  The  results  of  the 
investigation  revealed  that  the  DMSO-based  assay 
appeared  to  be  the  most  sensitive  and  was  more 
precise  than  either  the  detergent-based  or  serum- 
based  assays.  Besides  improving  assay  response, 
use  of  DMSO  in  the  RIA  eliminated  a  solvent 
removal  step  and  simplified  the  assay  calibration 
curve's  preparation.  Finally,  it  was  determined  that 
an  acceleration  of  the  separation  of  bound  from 
unbound  radioactivity  could  be  achieved  without 
adversely  affecting  assay  performance.  (Korn- 
PTT) 
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One  approach  to  estimating  the  toxicity  of  an 
environmental  sample  would  be  to  use  some  kind 
of  in  vitro  bioassay,  so  that  an  appropriate  measure 
of  toxicity  of  the  complete  sample  could  be  ob- 
tained directly.  Many  of  the  toxic  responses  of 
polychlorinated  dibenzo-p-dioxins  (PCDDs)  and 
polychlorinated  dibenzofurans  (PCDFs)  in  mam- 
mals are  mediated  through  their  interaction  with 
an  intracellular  protein  known  either  as  the  aryl 


hydrocarbon  (Ah)  receptor.  This  protein  binds  te- 
trachlorodibenzo-p-dioxins  (TCDD)  and  stereo- 
chemically  related  compounds  with  high  affinity 
and  specificity.  Structure-activity  relationships 
have  shown  that  TCDD  binds  most  strongly  to  the 
Ah  receptor.  Consequently,  an  assay  based  upon 
the  strength  of  binding  of  the  toxicants  in  an  envi- 
ronmental sample  to  a  fixed  amount  of  Ah  receptor 
could  form  the  basis  of  an  assay  for  PCDDs, 
PCDFs,  and  other  similar  compounds.  Such  an 
assay  would  utilize  the  Ah  receptor  as  a  biochemi- 
cal reagent,  and  would  be  rapid  and  inexpensive.  A 
total  of  eleven  mixtures  were  analyzed  using  this  in 
vitro  bioassay.  Radiolabeled  (tritium)  compounds 
were  used  to  follow  the  course  of  the  reaction.  The 
experiments  were  performed  as  a  competition,  in 
which  the  environmental  sample  competed  with  a 
fixed  quantity  of  radiolabeled  PCDD  for  a  fixed 
quantity  of  the  Ah  receptor.  The  amount  of  radio- 
labelled  TCDD-Ah  receptor  complex  correspond- 
ing to  each  concentration  of  unlabelled  TCDD 
was  obtained  by  the  use  of  the  hydroxylapatite 
assay.  The  preliminary  results  of  the  investigation 
revealed  that  the  mixtures  behaved  almost  addi- 
tively.  The  sensitivity  and  the  detection  limit  of  the 
assay  was  restricted  by  the  relatively  low  specific 
activity  of  the  tritium  in  the  radioactive  TCDD. 
(Korn-PTT) 
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At  least  36  million  pounds  of  brominated  flame 
retardants  are  used  annually  in  the  United  Sates. 
The  need  for  analysis  of  environmental  samples  for 
brominated  dibenzo-p-dioxins  (PCDDs),  dibenzo- 
furans (PCDFs),  and  related  compounds  has  re- 
cently been  recognized.  Soxhlet  extraction  with 
benzene  or  toluene  was  found  to  be  effective  for 
most  sample  matrices.  Extract  cleanup  was  accom- 
plished with  EPA-test  gravity  column  technology: 
multi-phase  silica,  acidic  alumina,  and  AX-21 
carbon  on  silica.  Analysis  of  the  various  sample 
extracts  by  gas  chromatography/mass  spectrome- 
try was  accomplished  with  both  low  resolution 
and  high  resolution  mass  spectrometers.  The  re- 
sults of  the  investigation  revealed  that  the  majority 
of  the  brominated  PCDDs  and  PCDFs  entered  the 
waste  stream  via  thermoplastic  resin  waste  in  land- 
fills, municipal  incinerator  fly  ash,  and  automotive 
'fluff  (the  ground-up  residue  from  junked  cars 
which  remains  after  the  bulk  metals  have  been 
reclaimed).  However,  it  was  determined  that  the 
use  of  high  resolution  mass  spectrometry  did  not 
remove  analytical  interferences  in  brominated  sub- 
stances. Therefore,  emphasis  should  be  placed  on 
the  areas  of  sample  preparation  and  gas  chromato- 
graphic separation.  The  use  of  non-polar  gas  chro- 
matograph  (GC)  columns  was  found  to  offer  two 
very  important  advantages:  (1)  shorter  retention 
times  could  be  achieved  with  the  non-polar  col- 
umns than  with  polar  GC  columns  for  faster  analy- 
sis, and  (2)  PCDD  and  PCDF  retention  index 
models  could  be  applied.  However,  improvements 
in  GC  column  phase,  film  thickness,  and  bore 
diameter  (to  minimize  overloading)  could  also  im- 
prove the  separation  of  various  brominated  com- 
pounds. (Korn-PTT) 
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RY, SELENIUM,  AND  ZINC  IN  U.S.  FRESH- 
WATER FISH,  1976-1984. 

National  Fisheries  Contaminant  Research  Center, 
Columbia,  MO. 

For  primary  bibliographic  entry  see  Field  5G. 
W91-04578 


NATIONAL  CONTAMINANT  BIOMONITOR- 
ING  PROGRAM:  RESIDUES  OF  ORGANOCH- 
LORINE  CHEMICALS  IN  U.S.  FRESHWATER 
FISH,  1976-1984. 

National  Fisheries  Contaminant  Research  Center, 
Columbia,  MO. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-04579 


SEDIMENT-CONTACT  BIOASSAY  WITH 
PHOTOBACTERIUM  PHOSPHOREUM. 

Redeemer  Coll.,  Ancaster  (Ontario). 
H.  Brouwer,  T.  Murphy,  and  L.  McArdle. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  11,  p  1353-1358,  1990.  3  fig, 
3  tab,  14  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Biolu- 
minescence,  'Microtox  assay,  'Pollutant  identifica- 
tion, 'Sediment  contamination,  Bacteria,  Perform- 
ance evaluation,  Polychlorinated  biphenyls,  Toxic- 
ity, Water  pollution  effects. 

The  change  in  the  bacterial  luminescence  when 
Photobacterium  is  exposed  to  toxic  chemicals  can 
be  used  as  an  indication  of  organic  and  metallic 
toxicity.  This  study  reports  a  new,  rapid  test  for 
the  toxicity  screening  of  sediments  using  inhibition 
of  Photobacterium  phosphoreum.  The  bacteria  are 
placed  in  direct  contact  with  the  sediment  and  the 
change  in  luminescence  of  the  Photobacterium  is 
used  to  determine  the  toxicity  of  the  sediment 
relative  to  a  control  site.  The  research  site  was 
Hamilton  Harbor,  a  heavily  industrialized  harbor 
at  the  extreme  western  end  of  Lake  Ontario.  Data 
from  the  sediment-contact  method  indicated  that 
the  most  toxic  sites  in  Hamilton  Harbor  are  found 
along  the  southern  shore  near  municipal  storm 
water  and  industrial  discharge  pipes.  The  sedi- 
ment-contact bioassay  appears  to  be  more  sensitive 
to  hydrophobic  contaminants  such  as  a  polychlori- 
nated biphenyl  than  the  standard  sediment  elutriate 
test  with  the  MicrotoxCTM)  bioassay.  The  greatest 
advantage  of  the  sediment-contact  Photobacterium 
method  is  that  the  toxicity  of  the  entire  sediment  is 
measured.  Most  bioassays  with  whole  sediment  use 
Chironomus  or  Pontoporeia,  and  are  time-consum- 
ing and  unsuitable  for  either  a  screening  test  or 
resolution  of  the  spatial  variation  in  toxicity.  (Ver- 
Nooy-PTT) 
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W9 1-04626 


BIOACCUMULATION  BIOASSAY  FOR 
FRESHWATER  SEDIMENTS. 

Fish  and  Wildlife  Service,  Ann  Arbor,  MI.  Great 

Lakes  Fishery  Lab. 

M.  J  Mac,  G.  E.  Noguchi,  R.  J.  Hesselberg,  C.  C. 

Edsall,  and  J.  A.  Shoesmith. 

Environmental       Toxicology       and       Chemistry 

ETOCDK,  Vol.  9,  No.  11,  p  1405-1414,  1990.  6 

tab,  33  ref. 

Descriptors:  'Bioaccumulation,  'Bioassay,  'Earth- 
worms, 'Lake  sediments,  'Minnow,  'Pollutant 
identification,  'River  sediments,  'Sediment  con- 
tamination, 'Water  pollution  effects,  Bioavailabi- 
lity, Fathead  minnows,  Food  chains,  Heavy 
metals,  Invertebrates,  Laboratory  methods,  Mercu- 
ry, Mortality,  Polychlorinated  biphenyls,  Toxicity, 
Zinc. 

Sediments  pose  a  particularly  difficult  resource 
management  problem  because  of  their  propensity 
to  act  as  sources  of  accumulable  contaminants  to 
aquatic  organisms  and  terrestrial  biota  dependent 
upon  aquatic  food  chains.  A  laboratory  bioassay  is 
described  for  determining  the  bioavailability  of 
contaminants  from  freshwater  sediments.  The  bio- 
assay consists  of  10  day  exposures  to  whole  sedi- 
ments under  flow-through  conditions.  After  testing 
five  species,  the  fathead  minnow  (Pimephales  pro- 
melas)  and  the  earthworm  (Lumbricus  terrestris) 
were  recommended  for  use  in  the  test.  When  the 
availability  of  polychlorinated  biphenyls  (PCBs), 
mercury  (Hg)  and  zinc  (Zn)  from  Great  Lakes 
sediments  (Raisin  River,  Detroit  River,  and  Toledo 
Harbor)  were  examined  in  laboratory  exposures, 
only  the  PCBs  were  accumulated.  All  sediments 
over  0. 1  micrograms/g  produced  significant  bioac- 
cumlation  of  PCBs  in  both  species.  Fathead  min- 
nows suffered  elevated  mortality  (27.5%  versus  0 
to  8.3%  in  reference  sediments)  in  sediments  from 
the  Detroit  river  site.  A  field  validation  study 
demonstrated  that  the  magnitude  of  accumulation 
in  laboratory  exposures  was  similar  to  that  in  orga- 
nisms caged  in  the  field.  A  protocol  is  recommend- 
ed for  using  the  test  as  a  standardized  bioaccumula- 
tion  bioassay.  (Author's  abstract) 
W9 1-04630 


BIOTRANSFORMATION  ACTIVITIES  OF 
FERAL  FISH  IN  WATERS  RECEIVING 
BLEACHED  PULP  MILL  EFFLUENTS. 

Kuopio  Univ.  (Finland).  Dept.  of  Physiology. 
P.  Lindstrom-Seppa,  and  A.  Oikari. 
Environmental       Toxicology       and       Chemistry 
ETOCDK,  Vol.  9,  No.  11,  p  1415-1424,  1990.  1  fig, 
6  tab,  29  ref. 

Descriptors:  'Bioindicators,  'Biotransformation, 
'Bleaching  wastes,  'Bream,  'Path  of  pollutants, 
'Perch,  'Pulp  wastes,  'Roach,  'Water  pollution 
effects,  Biochemical  tests,  Cytochromes,  Enzymes, 
Finland,  Lake  fisheries,  Liver. 

Perch  (Perca  fluviatilis  L.),  roach  (Rutilus  rutilus 
L.)  and  bream  (Abramis  brama  L.)  were  collected 
from  an  area  in  the  southern  part  of  Lake  Saimaa 
(Finland),  which  is  polluted  by  effluents  from  the 
pulp  and  paper  industry,  and  compared  to  fish 
caught  at  several  upstream  locations  in  the  same 
lake  system.  Livers  were  sampled  in  the  field,  and 
polysubstrate  monooxygenase  (PSMO)  activities 
and  other  parameters  of  the  microsomal  cytoch- 
rome P-450  system,  as  well  as  conjugation  en- 
zymes, were  later  analyzed  in  the  laboratory.  The 
enzymes  assayed  included  7-ethoxyresorufin  O- 
deethylase,  pentoxyresorufin  O-dealkylase, 
benzo(a)pyrene  hydroxylase,  UDP-glucuronosyl- 
transferase  and  glutathione  S-transferase.  The  in- 
fluence of  effluents  discharged  from  the  mill, 
which  produces  chlorine-beached  kraft  pulp,  was 
seen  in  each  fish  species  as  elevations  of  liver 
PSMO  activities.  The  content  of  total  glutathione 
was  increased  in  fish  collected  from  the  most  pol- 
luted areas,  but  the  changes  in  conjugation  en- 
zymes were  not  as  clearly  related  to  the  pollution 
gradient.  These  results  were  compared  to  analyses 
from  several  control  areas  located  at  various  dis- 
tances upstream  from  the  industry  investigated.  To 
assess  the  possible  influence  of  another  pulp  mill, 


Baikalsk  Cellulose  Combine,  hepatic  PSMO  activi- 
ties of  Cottus  kessleri  and  Paracottus  kneri,  two 
sculpins  endemic  to  Lake  Baikal  (USSR),  were 
also  measured.  No  effects  were  observed.  In  con- 
clusion, PSMO  enzymes  analyzed  from  stationary 
feral  fish  can  serve  as  a  tool  for  assessing  and 
monitoring  chemical  contamination  caused  by  pulp 
and  paper  mill  effluents.  (Author's  abstract) 
W9 1-04631 


DERIVATION  OF  A  FRESHWATER  SILVER 
CRITERIA  FOR  THE  NEW  RIVER,  VIRGINIA, 
USING  REPRESENTATIVE  SPECIES. 

Biological  Monitoring,  Inc.,  Blacksburg,  VA. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04632 


STORAGE  TANK  MONITORING  (EXCLUDES 
RADIOACTIVE  WASTE  STORAGE  TANKS) 
(JAN  76--JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-866396. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
July  1989.  36p. 

Descriptors:  'Bibliographies,  'Hazardous  wastes, 
'Monitoring,  'Storage  tanks,  'Water  pollution 
sources,  'Water  quality,  Leakage,  Path  of  pollut- 
ants, Pesticides,  Solvents,  Waste  disposal. 

This  bibliography  contains  citations  concerning  the 
monitoring  of  storage  tanks  containing  toxic  and 
environmentally  hazardous  materials  other  than  ra- 
dioactive wastes.  Leak  testing,  leak  detecting  and 
leak  prediction  methods  and  programs  are  cited. 
Major  concerns  deal  with  water  pollution  by  sub- 
stances such  as  fuels,  pesticides,  waste  soil,  and 
solvents.  In  addition  to  leak  monitoring,  references 
to  inventory  and  location  monitoring  are  also  men- 
tioned. Storage  of  radioactive  wastes  is  discussed 
in  a  separate  bibliography.  (This  new  bibliography 
contains  66  citations  fully  indexed  with  a  title  list). 
(Author's  abstract) 
W9 1-04652 


CONTINUOUS  AND  PASSIVE  ENVIRONMEN- 
TAL RADON  MONITORING:  MEASURING 
METHODS  AND  HEALTH  EFFECTS  (JAN  75-- 
JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-866719. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
August  1989.  153p. 

Descriptors:  'Bibliographies,  'Data  acquisition, 
•Monitoring,  'Path  of  pollutants,  'Radon,  Measur- 
ing instruments,  Public  health,  Radiation,  Spectros- 
copy. 

This  bibliography  contains  citations  concerning 
continuous  and  passive  radon  (Rn)  and  R  daugh- 
ters monitoring,  measuring  methods,  equipment, 
and  health  effects  from  their  concentration  in  air, 
water,  and  soils.  The  design,  development,  and 
evaluation  of  Rn  monitoring  and  detection  devices 
are  presented,  including  alpha  spectroscopy  and 
dosimetry,  track  detecting  and  scintillation,  ther- 
moluminescent, electret,  and  electrod  collection. 
Sources  of  Rn  concentration  levels  found  in  build- 
ing materials,  ventilation  systems,  soils,  and 
groundwater  are  considered.  Lung  cancer  associat- 
ed risks  from  Rn  radiation  exposure  are  examined. 
Radon  monitoring  in  mining  operations  is  ex- 
cluded. (This  updated  bibliography  contains  350 
citations,  68  of  which  are  new  entries  to  the  previ- 
ous edition.)  (Author's  abstract) 
W9 1-04654 


CORRELATION  OF  CADMIUM  SHELL- 
WEIGHT  INDEX  WITH  ENVIRONMENTAL 
STRESS  INDICATORS  AT  THE  CELLULAR 
AND  ORGANISMIC  LEVELS  IN  LITTORINA 
LITTOREA. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Zientzi 
Fakultatea. 


I.  Marigomez,  M.  P.  Ireland,  and  E.  Angulo. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
67,  No.  2,  p  171-176,  October  18,  1990.  I  fig,  2  tab, 
41  ref.  Basque  Government  Research  Project  X- 
86.041  and  University  of  the  Basque  Country 
F.P.I,  and  P.  P.  Grant,  1988. 

Descriptors:  'Bioaccumulation,  'Bioindicators, 
'Cadmium,  'Mollusks,  'Statistical  analysis,  'Sub- 
lethal effects,  'Toxicity,  'Water  pollution  effects, 
Bioavailability,  Heavy  metals,  Regression  analysis. 

Winkles  Littorina  littorea  were  exposed  to  suble- 
thal concentrations  of  cadmium  (Cd)  in  the  labora- 
tory, and  selective  parameters  indicative  of  bioa- 
vailable  contamination  and  of  environmental  stress 
caused  by  sublethal  pollution  were  calculated.  Sig- 
nificant linear  correlations  were  found  between  the 
Cd  index  and  the  following  environmental  stress 
indices:  flesh  condition  index;  mean  epithelial 
thickness,  mean  diverticular  radius  and  mean  lu- 
minal radius,  mean  epithelial  thickness  of  the  diges- 
tive tubules;  numerical  density  and  surface  density 
of  digestive  lysosomes.  A  significant  linear  regres- 
sion was  found  in  all  cases,  indicating  that  the 
changes  in  all  the  environmental  stress  indicators 
studied  may  be  explained  by  changes  in  the  organ- 
ismic  Cd  index.  Such  relationships  could  be  ap- 
plied to  field  studies  in  an  attempt  to  estimate  the 
presence  of  bioavailable  contaminants  and  their 
effects  on  living  organisms.  (Author's  abstract) 
W91-04719 


USE  OF  ACETYLCHOLINESTERASE  ACTIVI- 
TY TO  DETECT  SUBLETHAL  TOXICITY  IN 
STREAM  INVERTEBRATES  EXPOSED  TO 
LOW  CONCENTRATIONS  OF  ORGANOPHOS- 
PHATE  INSECTICIDES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
K.  E.  Day,  and  I.  M.  Scott. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  2,  p 
101-1 14,  1990.  4  fig,  3  tab,  35  ref. 

Descriptors:  'Acetylcholinesterase,  'Bioindicators, 
'Insecticides,  'Invertebrates,  'Organophosphorus 
pesticides,  'Sublethal  effects,  'Toxicity,  'Toxicol- 
ogy, Bioassay,  Daphnia,  Fenitrothion. 

Acetylcholinesterase  (AChE)  activity  was  meas- 
ured in  selected  species  of  aquatic  invertebrates 
using  two  methodologies  based  on  the  Ellman 
technique  (a  modified  kit  procedure  using  the  spec- 
trophotometer and  a  microplate  assay).  Levels  of 
AChE  ranged  from  12.7  microU/mg  protein  for 
Daphnia  magna  to  96.9  microU/mg  protein  for 
Hydropsyche  spp.  The  coefficients  of  variation 
(CVs)  for  the  microplate  technique  were  much 
lower  than  the  CVs  for  the  modified  kit  procedure 
(e.g.,  6.9  to  25.5%  vs.  34.6  to  55.4%)  and  allowed 
measurements  within  single  whole  organisms  or 
individual  head  capsules.  Exposure  of  invertebrates 
to  low  concentrations  of  the  organophosphate  in- 
secticides, azinphosmethyl  and  fenitrothion,  did 
not  result  in  a  significant  depression  in  AChE 
levels  with  one  exception,  i.e.  levels  of  AChE  in 
Hyalella  azteca  declined  to  55.2%  of  control  levels 
following  24  hr  exposure  to  2.0  micrograms  azino- 
phosmethyl/L.  Exposure  for  longer  periods  (48  to 
96  hr)  did  not  result  in  reduced  levels.  Exposure  of 
the  stonefly,  Claassenia  sp.,  to  chlorpyrifos  signifi- 
cantly lowered  AChE  levels  by  30.7-45.1%  at  con- 
centrations approaching  lethality  (>  or  =  40  mi- 
crograms/L).  The  results  indicate  that  measure- 
ment of  the  activity  of  AChE  in  aquatic  inverte- 
brates exposed  to  field  concentrations  of  organo- 
phosphate insecticides  may  be  a  useful  biochemical 
technique  but  only  for  detecting  acute  toxicity 
following  exposure  in  the  field.  In  addition,  choice 
of  species  may  be  important  in  the  detection  of 
sublethal  effects.  (Author's  abstract) 
W9 1-04735 


PREPARATION   OF   BENTHIC   SUBSTRATES 
FOR  SEDIMENT  TOXICITY  TESTING. 

Environmental  Research  Lab.-Narragansett,  New- 
port,   OR.    Mark    O    Hatfield    Marine    Science 
Center. 
J.  K.  P.  Jones. 
Environmental       Toxicology       and       Chemistry 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


ETOCDK,  Vol.  9,  No.  12,  p  1523-1529,  1990.  1  fig, 
2  tab,  17ref. 

Descriptors:     *Benthos,      'Sample     preparation, 
•Sediments,  *Toxicity,  Bioassay,  Mixing. 

A  jar-rolling  apparatus  was  constructed  to  prepare 
test  substrates  using  sediments  spiked  with  labora- 
tory chemicals,  the  toxicity  of  which  were  assessed 
with  the  Rhepoxynius  abronius  bioassay.  Test  sedi- 
ments were  mixed  by  rolling  them  for  several 
hours  in  one-gallon  glass  jars.  Mixing  was  consid- 
ered adequate  based  on  the  analytical  results  of 
sediment  samples  that  were  collected  at  locations 
along  the  longitudinal  axis  within  each  horizontal- 
ly lying  jar  immediately  after  rolling.  However, 
because  comparative  standards  did  not  exist,  defini- 
tive conclusions  of  mixing  thoroughness  could  not 
be  drawn.  Coefficients  of  variation,  used  to  assess 
mixing  within  jars,  were  11.5%  or  less  (mean 
5.1%).  Mixing  was  not  significantly  different 
among  replicated  jars  but,  in  some  jars,  was  signifi- 
cantly different  among  within-jar  sample  locations. 
(Author's  abstract) 
W9 1-04748 


RELIABILITY  OF  ANALYSES  OF  HG,  FE,  CA, 
K,  P,  PH,  ALKALINITY,  CONDUCTIVITY, 
HARDNESS  AND  COLOUR  FROM  LAKES. 

Uppsala  Univ.  (Sweden).  Dept.  of  Hydrology. 
L.  Hakanson,  H.  Borg,  and  R.  Uhrberg. 
Internationale  Revue  der  Gesamten  Hydrobiologie 
IGHYAZ,  Vol.  75,  No.  1,  p  79-94,  1990.  8  fig,  8 
tab,  19  ref. 

Descriptors:  *Fish,  *Lake  sediments,  *Mercury, 
•Metals,  *Physicochemical  properties,  *Pollutant 
identification,  'Quality  assurance,  'Water  analysis, 
Alkalinity,  Calcium,  Color,  Comparison  studies, 
Conductivity,  Data  interpretation,  Hardness,  Hy- 
drogen ion  concentration,  Iron,  Phosphorus,  Potas- 
sium, Synoptic  analysis. 

Analytical  quality  controls  of  mercury  analysis  of 
fish  and  sediments,  and  analyses  of  Fe,  Ca,  total  P, 
K,  pH,  alkalinity,  conductivity,  color  and  hardness 
(Ca  +  Mg)  of  lake  water  samples  were  undertaken 
by  an  overall  inter-laboratory  comparison  between 
the  parameters.  Results  from  six  laboratories 
showed  that  pH  gives  the  lowest  (average)  relative 
standard  deviation  (error)  of  about  2%.  Conductiv- 
ity gives  an  error  of  approximately  5-7%.  Alkalini- 
ty yields  an  average  error  of  as  much  as  13-25%. 
Color  gives  a  high  error  of  9-15%.  Hardness  gives 
a  relative  standard  deviation  of  about  6-7%.  Of  the 
other  parameters  (Hg-,  Fe,  Ca,  and  P),  Hg  gives 
the  best  reliability  and  Fe  and  P  the  lowest.  (Au- 
thor's abstract) 
W91-04753 


COSTS  OF  GROUNDWATER  CONTAMINA- 
TION TO  THE  SOUTHINGTON  WATER 
WORKS  DEPARTMENT. 

Southington  Water  Dept.,  CT. 
G.  J.  Bligh. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  3,  p  214-215, 
September  1990. 

Descriptors:  'Chlorinated  hydrocarbons,  'Con- 
necticut, 'Estimated  costs,  'Groundwater  pollu- 
tion, 'Volatile  organic  compounds,  Southington, 
Water  resources,  Water  supply,  Wells. 

The  Southington  Water  Department  in  Southing- 
ton, Connecticut,  relied  on  a  groundwater  supply 
of  nine  wells  located  throughout  the  town  and  a 
small  reservoir  system,  all  of  which  feed  directly 
into  the  distribution  system.  Four  of  the  nine  wells 
have  been  closed  due  to  contamination  by  volatile 
chlorinated  hydrocarbon,  contaminants.  New  well- 
fields  have  had  to  be  developed,  and  the  estimate 
to  fully  develop  the  new  wellfields  is  between  $1.5 
million  to  $2.0  million.  Reactivation  of  the  con- 
taminated wells  could  cost  from  $2.5  to  $4.0  mil- 
lion. It  was  concluded  that  the  direct  costs  of 
additional  plant  and  equipment  that  were  incurred 
along  with  the  as  yet  unquantifiable  losses  of  the 
town's  major  water  resources  justifies  the  funding 
of  a  comprehensive  aquifer  protection  program. 
(White-Reimer-PTT) 
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CASE  STUDY  OF  REGIONAL  EFFORT:  WELL- 
HEAD DELINEATION  AS  A  TOOL  FOR  FOS- 
TERING REGIONAL  COOPERATION. 

North  Kingstown  Dept.  of  Planning  and  Develop- 
ment, RI. 

M.  F.  Cohen,  and  T.  Brown. 
IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  37-51.  2  fig,  4  ref. 

Descriptors:  'Groundwater  management, 

'Groundwater  quality,  'Regional  planning, 
'Rhode  Island,  'Water  pollution  control,  'Water 
pollution  prevention,  'Well  regulations,  'Wellhead 
protection,  Aquifer  management,  Groundwater, 
Groundwater  pollution,  Groundwater  resources, 
Legal  aspects. 

The  Hunt  Aquifer  in  Rhode  Island  has  the  capac- 
ity to  deliver  eight  million  gallons  of  water  per 
day.  The  waters  of  the  Hunt  Aquifer  are  distribut- 
ed to  a  population  of  over  50,000  people  by  three 
different  water  suppliers.  Five  public  supply  wells 
lie  within  1,000  feet  of  one  another.  The  primary 
reservoir  area  is  located  at  the  boundary  conflu- 
ence of  three  municipalities,  each  with  distinct 
political  and  land  use  control.  Wellhead  delinea- 
tion has  become  the  vehicle  for  fostering  a  regional 
cooperative  effort.  The  water  suppliers  have  rec- 
ognized that  the  results  of  a  wellhead  delineation 
study  can  be  used  to  (1)  determine  future  acquisi- 
tions to  protect  wellheads;  (2)  assign  locations  for 
monitoring  potential  contamination  sites;  and  (3) 
provide  information  and  direction  to  the  three 
municipalities  for  land  use  regulation  purposes. 
Additionally,  it  was  recognized  that  the  proximity 
of  the  wells  and  the  likely  pumping  interaction 
necessitated  a  joint  effort.  To  this  end  the  three 
water  suppliers  have  committed  funding  available 
in  July,  1989  to  contract  for  consulting  services  to 
conduct  the  wellhead  delineation  study.  Since  No- 
vember 1988,  an  ad  hoc  committee  composed  of 
representatives  of  the  water  suppliers  and  the  mu- 
nicipalities has  been  meeting  to  discuss  issues  relat- 
ed to  groundwater  protection  as  well  as  institution- 
al constraints  to  regional  cooperation.  Dissimilar 
municipal  zoning,  subdivision,  and  other  regula- 
tions are  being  reviewed.  To  expand  the  current 
information  base  available  for  the  wellhead  study, 
the  water  suppliers  have  authorized  a  cooperative 
water  quality  sampling  program  for  their  wells. 
The  municipalities  have  inventoried  land  uses  with 
potential  for  contamination,  and  respective  fire  de- 
partments have  focussed  on  the  well  area  for 
MSDS  inventorying.  Formalization  of  committee 
efforts  is  anticipated.  Wellhead  delineation  became 
a  tool  for  fostering  a  regional  cooperative  effort 
for  protecting  the  groundwaters  of  the  Hunt  Aqui- 
fer. (See  also  W9 1-03921)  (Author's  abstract) 
W9 1-03924 


MODEL  FOR  RURAL  COMMUNITIES  TO 
ASSESS  THREATS  TO  GROUND  WATER 
QUALITY. 

Franklin  County  Planning  Dept.,  Greenfield,  MA. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-03925 


DETERMINING  THE  AREA  OF  CONTRIBU- 
TION TO  A  WELL  FIELD:  A  CASE  STUDY 
AND  METHODOLOGY  FOR  WELLHEAD 
PROTECTION. 

BCI  Geonetics,  Inc.,  Laconia,  NH. 

For  primary  bibliographic   entry   see   Field   5G. 

W9 1-03930 


USE  OF  TIME  OF  TRAVEL  IN  ZONE  OF  CON- 
TRIBUTION DELINEATION  AND  AQUIFER 
CONTAMINATION  WARNING. 

Island  Design,  New  Hartford,  CT. 
J.  C.  Hall. 


IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  137-143. 

Descriptors:  'Computer  models,  'Groundwater 
movement,  'Model  studies,  'PLASM  model, 
'Path  of  pollutants,  'Water  pollution  prevention, 
•Wellhead  protection,  Aquifer  management, 
Groundwater,  Groundwater  management, 
Groundwater  resources. 

Determination  of  the  zone  of  contribution  for 
water  supply  wells  has  traditionally  depended 
upon  the  use  of  drawdown  data  under  specified 
conditions.  Recent  advances  in  computer  modeling 
make  possible  the  determination  of  travel  time  as 
well  as  drawdown.  Advantages  of  using  travel 
time  rather  than  drawdown  include  freedom  from 
the  influence  of  significantly  sloping  piezometric 
surfaces,  proper  accounting  for  the  effects  of  high 
permeability  strata  in  the  aquifer,  proper  inclusion 
of  recharge  from  nearby  low-permeability  areas, 
and  clear  delineation  of  where  monitoring  should 
occur  for  definite  warning  times.  It  is  essential  that 
the  model  used  adequately  represent,  at  each  node, 
all  of  the  significant  strata  and  their  permeabilities. 
This  in  particularly  important  in  glacial  sediments. 
Models  are  available  that  are  essentially  two-di- 
mensional regarding  head  field  output  but  accept 
differences  in  stratigraphy  at  each  node;  these  are 
generally  preferable  to  strictly  two-dimensional 
models  such  as  PLASM  or  three-dimensional 
models  that  may  require  an  excessive  number  of 
layers.  The  model  should  be  constructed  so  that 
the  grid  covers  the  entire  watershed  of  the  aquifer, 
if  at  all  possible.  Calibration  of  models  to  be  used 
for  time  of  travel  outputs  must  be  done  with  a 
great  deal  of  care.  Permeability  should  be  adjusted 
for  calibration  only  to  the  extent  that  is  consistent 
with  the  materials  and  the  geologic  interpretation 
of  the  area.  Difficulties  in  calibration  often  indicate 
errors  in  geologic  interpretation,  which  should  be 
resolved  with  further  field  investigation.  In  gener- 
al, considerably  more  input  is  required  to  develop 
a  time  of  travel  model  than  is  normally  used  to 
develop  a  simple  flow  model.  (See  also  W91- 
03921)  (Tappert-PTT) 
W9 1-03931 


DEVELOPMENT  OF  AQUIFER  PROTECTION 
ZONES  AND  EVALUATION  OF  CONTAMINA- 
TION POTENTIAL  IN  TOWN  OF  CHELMS- 
FORD MUNICIPAL  WELLS. 

Wehran  Engineering  Corp.,  Methuen,  MA. 

For  primary  bibliographic   entry   see  Field   5G. 

W91-03933 


DETERMINING  THE  DEVELOPMENT  PO- 
TENTIAL WITHIN  WELLHEAD  PROTEC- 
TION AREAS  AND  RESULTING  IMPACTS 
FROM  NITROGEN  LOADING. 

Horsley,  Witten  and  Hegemann,  Inc.,  Cambridge, 

Ma. 

For  primary  bibliographic  entry  see   Field   5G 

W9 1-03934 


PLANNING  TECHNIQUES  FOR  ESTIMATING 
GROUNDWATER  IMPACTS  OF  ON-SITE 
SEPTIC  SYSTEMS. 

Camp,  Dresser  and  McKee,  Inc.,  Boston,  MA. 
E.  Beardsley,  and  C.  Lurie. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  237-254.  3  fig,  2  tab,  11  ref. 

Descriptors:  'Groundwater  pollution,  'Model 
studies,  *Nitrates,  'Nitrogen,  'Planning,  'Septic 
tanks,  'Water  pollution  control,  'Water  pollution 
sources,  Groundwater,  Wastewater. 

Septic  systems  rely  on  several  processes  for  purifi- 
cation of  wastewater  and  pose  a  potential  risk  of 
contamination    to    groundwater,    particularly    in 
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areas  with  highly  permeable  soils,  high  groundwat- 
er, or  bedrock  fractures.  Cumulative  effects  of 
septic  systems  make  pollution  from  septic  systems 
a  serious  hazard  to  groundwater.  There  are  two 
distinct  approaches  to  planning  and  management  of 
individual  septic  systems;  maintenance  and  reha- 
bilitation of  existing  systems,  and  proper  siting  of 
future  systems.  Maintenance,  upgrade,  and/or  re- 
habilitation of  existing  systems  is  critical  to  prevent 
pollution  of  groundwater  and  is  a  method  for 
managing  existing  situations.  Planning  for  the  ade- 
quate siting  of  systems  can  prevent  future  contami- 
nation problems.  Two  analytical  planning  tech- 
niques can  be  used  to  assess  the  impact  of  individ- 
ual septic  systems  from  residential  development  on 
groundwater  quality:  residential  build-out  analysis 
and  nutrient  loading  models.  Build-out  analysis  is 
best  used  as  a  rule  of  thumb  analysis  to  give  an  idea 
of  order  of  magnitude  of  a  situation,  and  to  identify 
geographical  areas  of  concern.  Nutrient  loading 
calculations  are  performed  to  estimate  the  nutrient 
contribution  from  septic  systems  to  groundwater. 
Nitrate  loading  is  an  important  technique  because 
it  is  the  most  readily  available  method  for  quantify- 
ing the  cumulative  effects  of  septic  systems  on 
groundwater.  However,  application  of  this  tech- 
nique should  be  undertaken  with  a  thorough  un- 
derstanding of  its  inherent  assumptions.  Existing 
septic  system  regulations  of  most  New  England 
states  are  limited  in  that  they  do  not  contain  an 
upper  limit  on  permeability,  but  adopt  a  site  by  site 
rather  than  cumulative  approach  to  management  of 
septic  system  siting.  (See  also  W91-03921)  (Au- 
thor's abstract) 
W9 1-03937 


PRIVATE  WELL  PROTECTION  IN  SAND  AND 
GRAVEL  AQUIFERS. 

K-V  Associates,  Inc.,  Falmouth,  MA. 

For  primary   bibliographic   entry  see   Field   5G. 

W9 1-03943 


ASSESSMENT  OF  METAL  CONTAMINATION 
OF  SEDIMENTS  IN  THE  HUMBER  ESTUARY, 
U.K. 

Hull  Univ.  (England).  Dept.  of  Applied  Biology. 

A.  Grant,  and  R.  Middleton. 

Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 

Vol.  31,  No.  1,  p  71-85,  July  1990.  4  fig,  6  tab,  46 

ref. 

Descriptors:  'Estuaries,  'Heavy  metals,  'Humber 
Estuary,  'Path  of  pollutants,  'Sediment  chemistry, 
'Trace  metals,  Arsenic,  Chromium,  Copper,  Estu- 
arine sediments,  Grain  size,  Iron,  Lead,  Manga- 
nese, Marine  sediments.  Nickel,  Niobium,  Normal- 
ization, Phosphorus,  Titanium,  Variability,  Yttri- 
um, Zinc. 

Overall  assessments  of  the  degree  of  metal  con- 
tamination in  estuarine  and  marine  sediments  are 
difficult  because  of  the  variations  in  analytical  pro- 
cedures between  studies  and  the  presence  of  an 
unknown  natural  background  in  the  sediment. 
Measurement  of  total  (rather  than  extractable) 
metal  and  normalization  of  concentrations  as  ratios 
to  an  element  associated  with  clays  provides  a 
solution  to  the  analytical  variations.  Expressing 
these  values  as  enrichment  factors  relative  to  pre- 
industrial  sediments  from  the  same  environment 
solves  the  problem  of  background  knowledge. 
Levels  of  anthropogenic  enrichment  of  intertidal 
sediments  in  the  Humber  Estuary  have  been  as- 
sessed relative  to  a  baseline  provided  by  sediments 
deposited  in  the  Humber  approximately  5000  years 
B.P.  A  sample  of  consolidated  Holocene  mud  esti- 
mated to  be  at  least  100  years  old  confirmed  the 
appropriateness  of  this  baseline.  Normalization  rel- 
ative to  Rb,  which  is  not  anthropogenically  en- 
riched, was  the  most  suitable  way  to  adjust  for 
grain  size.  Levels  of  Ti,  Fe,  P,  V,  Cr,  Mn,  Ni,  Cu, 
Zn,  As,  Y,  Nb,  and  Pb  are  elevated  above  this 
baseline.  The  most  marked  enrichments  (between 
3.5-fold  and  6-fold)  are  of  P,  As,  Pb,  Cu,  and  Zn. 
Normalized  concentrations  were  spatially  rather 
uniform  with  two  exceptions.  A  single  sample  from 
the  north  bank  showed  elevated  levels  of  Pb,  Cu, 
Zn,  and  Cr.  An  area  receiving  effluents  from  an 
industrialized  zone  on  the  south  bank,  including 
two  titanium  dioxide  processing  factories,  showed 
high  levels  of  a  number  of  elements,  particularly 


Nb.  Nb  may  be  a  valuable  tracer  for  effluents  from 
the  sulfate  process  of  titanium  dioxide  extraction. 
(Author's  abstract) 
W9 1-03979 


PATHWAYS  OF  SILVER  UPTAKE  AND  ACCU- 
MULATION BY  THE  AMERICAN  OYSTER 
(CRASSOSTREA  VIRGINICA)  IN  THE  CHESA- 
PEAKE BAY. 

Academy  of  Natural  Sciences  of  Philadelphia, 
Benedict,  MD.  Benedict  Estuarine  Research  Lab. 
G  R.  Abbe,  and  J.  G.  Sanders. 
Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  2,  p  1 13-123,  August  1990.  4  fig,  1  tab, 
36  ref. 

Descriptors:  'Animal  metabolism,  'Animal  physi- 
ology, 'Bioaccumulation,  'Chesapeake  Bay,  'Mol- 
lusks,  'Oysters,  'Path  of  pollutants,  'Silver, 
Aquatic  animals,  Phytoplankton,  Sediment  chemis- 
try. 

The  ability  of  aquatic  animals  to  accumulate  and 
concentrate  metals  to  many  times  environmental 
concentrations  is  found  in  both  plants  and  animals. 
Metabolic  pathways  of  silver  (Ag)  accumulation 
were  examined  by  exposing  hatchery-reared  oys- 
ters to  Ag  in  a  variety  of  forms  including  dissolved 
in  water,  associated  with  phytoplankton,  and 
sorbed  to  sediments.  Silver  dissolved  in  water  (2 
and  5  microg/L)  was  rapidly  accumulated,  with 
oysters  reaching  soft  tissue  concentrations  of  4  to  6 
microg/g  (several  times  that  of  controls)  in  3  to  4 
weeks.  Uptake  was  negligible  from  suspended  sedi- 
ments as  oysters  rejected  the  particles  as  pseudo- 
feces.  Uptake  of  Ag  associated  with  algal  cells  was 
negligible  also:  virtually  all  of  this  Ag  passed 
through  the  oysters  and  was  eliminated  in  the 
feces.  Thus,  the  major  pathway  of  accumulation  in 
these  studies  was  from  dissolved  silver.  (Author's 
abstract) 
W9 1-03980 


HEAVY  METALS  IN  THE  ANTARCTIC  SCAL- 
LOP ADAMUSSIUM  COLBECKI. 

Modena  Univ.  (Italy).  Dipt,  di  Biologia  Animate. 
M.  Mauri,  E.  Orlando,  M.  Nigro,  and  F.  Regoli. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
67,  No.  1,  p  27-33,  September  20,  1990.  5  fig,  4  tab, 
25  ref. 

Descriptors:  'Antarctica,  'Baseline  studies, 
'Bioaccumulation,  'Ecosystems,  'Heavy  metals, 
•Mollusks,  'Scallops,  Animal  metabolism,  Animal 
physiology,  Cadmium,  Chromium,  Copper,  Iron, 
Manganese,  Path  of  pollutants,  Trace  metals,  Zinc. 

Collecting  new  environmental  data  will  serve  as  a 
baseline  for  evaluating  future  environmental 
impact  of  pollutants  in  the  Antarctic.  Copper,  iron, 
chromium,  cadmium,  manganese,  and  zinc  concen- 
trations were  determined  in  different  organs  of  the 
Antarctic  scallop  Adamussium  colbecki  (Smith) 
and  compared  with  those  found  in  Pecten  jacobeus 
L.,  a  scallop  of  temperate  waters,  and  with  litera- 
ture values  for  other  Pectinidae.  The  digestive 
gland  of  A.  colbecki  was  the  target  organ  for 
copper,  iron,  chromium,  and  cadmium,  whereas 
manganese  and  zinc  were  found  mainly  in  the 
kidney.  Cadmium  concentration  in  the  digestive 
gland  of  A.  colbecki  was  higher  that  in  the  same 
organ  of  P.  jacobeus,  indicating  a  marked  ability  of 
the  Antarctic  scallop  to  concentrate  this  metal. 
However,  in  A.  colbecki  renal  concentrations  of 
both  manganese  and  zinc  were  considerably  lower 
than  those  measured  in  P.  jacobeus  and  other  Pec- 
tinidae, and  may  be  related  to  the  scarcity  of 
concretions  observed  in  the  kidney.  (Author's  ab- 
stract) 
W9 1-04002 


CONTINUING  IMPORTANCE  OF  NITRATE 
CONTAMINATION  OF  GROUNDWATER  AND 
WELLS  IN  RURAL  AREAS. 

Colorado  Dept.  of  Health,  Denver.  Disease  Con- 
trol and  Epidemiology  Div. 
C.  J.  Johnson,  and  B.  C.  Kross. 
American  Journal  of  Industrial  Medicine  AJIMD8, 
Vol.  18,  No.  4,  p  449-456,  1990.  41  ref. 


Descriptors:  'Drinking  water,  'Groundwater  pol- 
lution, 'Minnesota,  'Nitrates,  'Path  of  pollutants, 
•Rural  areas,  'South  Dakota,  'Water  pollution 
effects,  'Wells,  Agricultural  runoff,  Contamina- 
tion, Epidemiology,  Fertilizers,  Groundwater, 
Human  population,  Livestock,  Methemoglobine- 
mia, Mortality,  Water  quality  standards,  Well 
water. 

The  contamination  of  groundwater  and  rural 
drinking  water  supplies  by  nitrates  from  livestock 
and  human  excrement,  other  organic  waste,  or 
chemical  fertilizers  is  a  potential  hazard  through- 
out the  world.  Infant  illness  and  death  from  nitrate- 
induced  methemoglobinemia  is  probably  often  mis- 
diagnosed, perhaps  as  sudden  infant  death  syn- 
drome, and  certainly  contributes  to  the  national 
infant  death  rate  statistics.  A  1950  report  listed  144 
cases  of  infant  methemoglobinemia  with  14  deaths 
in  one  30-month  period  in  Minnesota.  Infant  deaths 
resulting  from  misdiagnosis  of  this  preventable, 
treatable  intoxication  were  still  occurring  as  re- 
cently as  1986  in  South  Dakota.  In  this  state,  about 
39%  of  dug  or  bored  wells  were  unsafe  due  to  high 
nitrate  content,  compared  with  22%  of  drilled 
wells  and  16%  of  driven  wells.  Properly  construct- 
ed wells  more  than  30  m  deep  are  more  likely  to  be 
safe.  Groundwater  concentrations  of  nitrate  may 
be  unsafe  for  consumption,  and  standards  are 
needed  to  regulate  such  contamination.  Such 
standards  could  serve  as  guidelines  and  could  be 
enforceable  in  the  case  of  water  systems  dependent 
on  wells.  (Author's  abstract) 
W9 1-04003 


NITRATE-N  IN  THE  SOIL  PROFILE  AND 
TTLE  DRAINAGE  WATER  AS  INFLUENCED 
BY  TILLAGE. 

Minnesota    Univ.-Waseca.    Southern    Experiment 

Station. 

G  W.  Randall. 

American  Journal  of  Industrial  Medicine  AJIMD8, 

Vol.  18,  No.  4,  p  457-460,  1990.  3  tab. 

Descriptors:  'Agricultural  practices,  'Drainage 
water,  'Nitrates,  'Nitrogen,  'Nonpoint  pollution 
sources,  'Runoff,  'Soil  chemistry,  'Tile  drainage, 
•Tillage,  'Water  pollution  sources,  Accumulation, 
Infiltration,  Leaching,  Percolation,  Precipitation, 
Rainfall,  Soil  types. 

Conservation  tillage  systems  facilitate  the  infiltra- 
tion of  greater  amounts  of  precipitation  into  the 
soil  profile  by  reducing  surface  runoff.  Higher 
infiltration  and  percolation  rates  are  often  linked  to 
potentially  higher  leaching  losses  of  agricultural 
chemicals.  Soil  samples  were  taken  in  1  ft  incre- 
ments to  a  depth  of  5  ft  to  ascertain  the  accumula- 
tion and  distribution  of  nitrate-nitrogen  in  the  soil 
profile  as  influenced  by  tillage.  Two  long-term 
tillage  studies  on  fine-textured,  clay  loam  soils 
were  sampled  in  July  and  November  1977  follow- 
ing two  years  of  limited  rainfall.  Nitrate-N  accu- 
mulation in  the  0  to  3  foot  profile  in  late  July  was 
reduced  by  75%  (no  tillage)  to  38%  (chisel  plow) 
compared  with  the  conventional  moldboard  tillage 
system  in  this  8-year-old  study.  Accumulation  in 
the  0  to  5  foot  profile  after  harvest  was  751,  546, 
345,  and  198  lb  nitrate-n/acre  for  the  moldboard 
plow,  chisel-plow,  disk-tillage,  and  no-tillage  sys- 
tems, respectively.  Another  3-year  study  showed 
accumulations  of  625,  619,  468,  and  391  lbs  nitrate- 
N/acre  after  harvest  with  the  moldboard  plow, 
ridge-plant,  chisel-plow,  and  no-tillage  systems,  re- 
spectively. These  results  indicate  that  tillage  can 
have  substantial  effects  on  the  accumulation  of 
nitrate  in  soils  and  that  additional  research  is 
needed  to  determine  the  mechanism  responsible  for 
these  differences.  (Author's  abstract) 
W91-04004 


PESTICIDE  LOSS  TO  THE  ATMOSPHERE. 

Department  of  Agriculture,  Beltsville,  MD. 

J.  R.  Plimmer. 

American  Journal  of  Industrial  Medicine  AJIMD8, 

Vol.  18,  No.  4,  p  461-466,  1990.  8  ref. 

Descriptors:  'Air  pollution,  'Air  pollution  sources, 
•Atmospheric  chemistry,  'Path  of  pollutants, 
•Pesticide  kinetics,   'Pesticides,  Air  pollution  ef- 
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fects,  Groundwater,  Particulate  matter,  Population 
exposure,  Rainfall,  Runoff,  Volatile  organic  com- 
pounds, Wind  erosion. 

Pesticides  may  be  transformed  by  chemical  and 
biological  processes  or  transported  from  the  site  of 
application  by  several  processes  including  runoff, 
movement  through  the  soil  to  ground  water,  vola- 
tilization, transport  on  soil  particles,  and  wind  ero- 
sion. Contamination  of  water  by  pesticide  residues 
is  a  matter  of  concern  as  is  contamination  of  the 
earth's  atmosphere.  The  form  in  which  a  pesticide 
enters  the  air  and  the  dimensions  of  pesticide- 
containing  particulate  matter  affect  movement  and 
deposition.  Local  transport  over  distances  of  sever- 
al miles  may  be  responsible  for  adverse  effects  on 
nontarget  species.  Effects  of  long-range  transport 
are  more  difficult  to  assess,  but  pesticides  increase 
the  burden  of  organic  chemicals  in  the  atmosphere. 
Field  measurements  of  pesticide  volatilization  and 
deposition  of  residues  in  rainfall,  particulate 
matter,  fog,  etc.  provide  information  on  the  rela- 
tive importance  of  these  processes.  Adequate  infor- 
mation concerning  chemical  reactions  of  pesticides 
in  air  is  lacking.  Potential  losses  of  pesticide  resi- 
dues to  the  air  should  be  taken  into  account  in 
selecting  pesticide  formulations  and  application 
methods,  to  minimize  low-level  human  and  envi- 
ronmental exposure.  (Author's  abstract) 
W9 1-04005 


AGRICULTURAL  CHEMICAL  MANAGEMENT 
PRACTICES  TO  REDUCE  LOSSES  DUE  TO 
DRAINAGE. 

Iowa  State  Univ.,  Ames.   Dept.  of  Agricultural 

Engineering. 

For  primary  bibliographic  entry   see  Field   5G. 

W91-04006 


PERSISTENT  POLLUTANTS  IN  FISH-EATING 
SEA  BIRDS-BIOACCUMULATION,  METABO- 
LISM, AND  EFFECTS. 

Reading  Univ.  (England).  Dept.  of  Physiology  and 

Biochemistry. 

C.  H.  Walker. 

Aquatic  Toxicology  AQTODG,  Vol.  17,  No.  4,  p 

293-324,  October  1990.  1  fig,  6  tab,  68  ref. 

Descriptors:  *Bioaccumulation,  'Literature 
review,  'Marine  pollution,  'Metabolism,  'Path  of 
pollutants,  'Pesticides,  'Water  birds,  'Water  pollu- 
tion effects,  DDE,  DDT,  Dieldrin,  Ecosystems, 
Food  chains,  Polychlorinated  biphenyls,  Preda- 
tion,  Toxicity,  Trophic  level. 

Predators  tend  to  be  vulnerable  to  the  effects  of 
persistent  pollutants.  Some  very  persistent  com- 
pounds undergo  bioaccumulation,  as  they  move  up 
through  the  trophic  levels  of  ecosystems,  with  the 
consequence  that  predators  are  exposed  to  particu- 
larly high  levels  of  them.  The  uptake  and  bioaccu- 
mulation of  persistent  organic  pollutants  by  fish- 
eating  sea  birds  is  important  for  two  reasons:  the 
possible  harmful  effects  of  these  pollutants  on  sea 
bird  populations;  and  the  use  of  data  obtained  with 
sea  birds  to  indicate  the  pollution  of  marine  ecosys- 
tems. Data  on  persistent  residues  is  primarily  for 
DDE,  dieldrin,  and  PCB  congeners,  because  of  the 
extensive  monitoring  of  these  compounds.  These 
compounds  are  ubiquitous  in  marine  food  chains, 
and  the  highest  concentrations  are  usually  found  in 
sea  birds  and  other  terminal  predators.  The  extent 
to  which  compounds  bioaccumulate  with  move- 
ment through  the  food  chain  depends  not  only 
upon  the  metabolic  capacity  of  the  different  spe- 
cies of  seabirds,  but  also  on  the  ease  with  which 
the  compounds  can  be  metabolized.  PCBs  with 
chlorinated  m  and  p  positions  will  tend  to  accumu- 
late; others  with  unsubstituted  adjacent  m  and  p 
positions  will  tend  to  be  metabolized  out.  Additive 
effects  such  as  synergism  and  potentiation  may 
cause  differential  toxicity.  Fish-eating  seabirds  can 
be  used  to  monitor  persistent  residues  in  marine 
ecosystems.  The  sampling  of  eggs  provides  a  useful 
means  of  systematically  monitoring  levels  in  sea 
bird  populations,  and  has  been  widely  employed. 
In  the  future,  greater  use  may  be  made  of  the 
measurement  of  characteristic  biochemical  re- 
sponses to  pollutants.  (Brunone-PTT) 
W91-04011 


TRANSBOUNDARY  METAL  POLLUTION  OF 
THE  COLUMBIA  RIVER  (FRANKLIN  D.  ROO- 
SEVELT LAKE). 

Washington  State  Dept.  of  Ecology,  Olympia. 
A.  Johnson,  D.  Norton,  B.  Yake,  and  S.  Twiss. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  45,  No.  5,  p  703-710, 
November  1990.  1  fig,  3  tab,  15  ref. 

Descriptors:  'Columbia  River,  'Heavy  metals, 
•Industrial  wastes,  'International  waters,  'Path  of 
pollutants,  'Reservoirs,  Arsenic,  Cadmium, 
Copper,  Lead,  Mercury,  Sediment  analysis,  Zinc. 

Franklin  D.  Roosevelt  Lake  in  northeast  Washing- 
ton State  is  the  Columbia  River  reservoir  formed 
by  Grand  Coulee  Dam.  The  Washington  Depart- 
ment of  Ecology  has  received  sporadic  water  qual- 
ity alerts  from  the  Geological  Survey  warning  that 
cadmium  and  mercury  concentrations  in  the  upper 
reaches  of  the  lake  exceeded  Environmental  Pro- 
tection Agency  water  quality  criteria.  Sediment 
samples  were  collected  with  a  0.1  sq.  m.  stainless 
steel  van  Veen  grab  along  a  longitudinal  transect 
from  the  Canadian  border  to  Grand  Coulee  Dam 
and  at  the  mouths  of  the  Colville,  Kettle,  Spokane, 
and  Sanpoil  Rivers,  the  lake's  major  tributaries. 
Samples  were  analyzed  for  zinc,  copper,  lead,  ar- 
senic, cadmium,  mercury,  grain  size,  and  total  or- 
ganic carbon.  Strong  longitudinal  gradients  in 
metals  concentrations  were  evident.  Sandy  materi- 
al collected  in  the  upper  lake  contained  the  highest 
concentrations  of  zinc,  copper,  and  arsenic.  Maxi- 
mum concentrations  occurred  at  the  border  and 
decreased  rapidly  downstream  to  Kettle  Falls, 
below  which  they  remained  relatively  constant. 
Contrasting  gradients  were  observed  for  cadmium 
and  mercury  which  increased  with  relative  dis- 
tance downstream  of  the  border  and  reached  maxi- 
mum levels  in  the  finer  sediments  below  Kettle 
Falls.  The  highest  concentrations  of  lead  occurred 
in  the  middle  reaches  of  the  lake;  but  the  overall 
range  in  concentrations  was  not  large.  The  high 
metals  concentrations  in  Lake  Roosevelt  sediments 
are  thought  to  be  primarily  due  to  discharges  from 
the  Cominco  Limited  lead-zinc  smelter  and  refin- 
ery, approximately  10  miles  above  the  international 
border.  The  steep  gradients  in  Zn,  Cu,  and  As 
concentrations  in  upper  Lake  Roosevelt  are  prob- 
ably due  to  slag  which  is  discharged  from  Co- 
minco in  the  form  of  a  coarse-grained  sand.  The 
elevated  zinc  and  cadmium  concentrations  ob- 
served in  sediments  of  the  Spokane  River  arm 
probably  reflect  mining  and  related  activities  along 
the  Coeur  d'Alene  River  in  Northern  Idaho  which 
resulted  in  contamination  of  the  Spokane  River. 
(Brunone-PTT) 
W91-04016 


TISSUE  DISTRIBUTION  OF  MERCURY  AND 
SELENIUM  IN  MINNOWS,  PHOXINUS 
PHOXINUS. 

Southeast   Asian   Fisheries   Development   Center, 

Binangonan  (Philippines).  Binangonan  Freshwater 

Station. 

M.  L.  A.  Cuvin-Aralar,  and  R.  W.  Furness. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  5,  p  775-782, 

November  1990.  2  fig,  2  tab,  15  ref. 

Descriptors:  'Bioaccumulation,  'Fish  physiology, 
'Mercury,  'Minnow,  'Path  of  pollutants,  'Seleni- 
um, Gut,  Histology,  Kidneys,  Liver,  Selenium  ra- 
dioisotopes, Water  pollution  effects. 

The  effect  of  selenium  on  the  distribution  pattern 
of  mercury  in  Phoxinus  phoxinus  was  investigated, 
as  well  as  the  effect  of  mercury  on  the  tissue 
distribution  of  selenium.  For  the  study  of  tissue 
distribution  of  mercury,  groups  of  14  fish  were 
placed  in  tanks  containing  either  0.1  microg/L 
mercury  or  0. 1  microg/L  selenium.  The  water  was 
changed  each  day  to  maintain  mercury  and  seleni- 
um levels.  For  the  study  on  tissue  distribution  of 
selenium,  fish  were  placed  in  beakers  containing 
either  10  microCi  selenium-75  or  both  0.1  microg/ 
L  mercury  and  10  micro  Ci  selenium-75.  Kidneys 
showed  the  highest  concentration  of  mercury 
(1.032  microg/g)  and  the  gonads  contained  the 
lowest  mercury  concentrations.  In  fish  exposed  to 
both  mercury  and  selenium,  the  kidney  also 
showed  the  highest  mercury  content,  and  the  vis- 


ceral remains,  muscle,  and  gonads  had  the  lowest 
mercury  levels.  T-tests  showed  no  significant  dif- 
ferences between  the  two  treatments.  Results  also 
showed  that,  with  the  exception  of  the  kidney, 
mercury  levels  in  other  tissues  were  generally 
higher  in  selenium  treated  groups,  suggesting  di- 
version of  mercury  to  other  tissues.  The  gut  and 
liver  had  highest  concentrations  of  radioactive  se- 
lenium, and  the  muscle  tissue  had  the  lowest  con- 
centration. Selenium  appears  to  accumulate  specifi- 
cally in  the  gut  and  liver,  unlike  mercury  which 
accumulates  in  the  kidney.  (Brunone-PTT) 
W9 1-04025 


LEVELS  OF  POLYCHLORINATED  BIPHEN- 
YLS, ORGANOCHLORINE  PESTICIDES, 
MERCURY,  CADMIUM,  COPPER,  SELENI- 
UM, ARSENIC,  AND  ZINC  IN  THE  HARBOUR 
SEAL,  PHOCA  VITULINA,  IN  NORWEGIAN 
WATERS. 

Norges  Veterinaerhoegskole,  Oslo.  Inst,  for  Far- 
makologi  og  Toksikologi. 
J.  U.  Skaare,  N.  H.  Markussen,  G.  Norheim,  S. 
Haugen,  and  G.  Holt. 

Environmental  Pollution  ENPOEK,  Vol.  66,  No. 
4,  p  309-324,  1990.  2  fig,  4  tab,  44  ref. 

Descriptors:  'Bioaccumulation,  'Chlorinated  hy- 
drocarbon insecticides,  'Heavy  metals,  'Marine 
pollution,  'Norway,  'Path  of  pollutants,  'Pesti- 
cides, 'Polychlorinated  biphenyls,  'Seals,  Arsenic, 
Benzene  hexachloride,  Blubber,  Cadmium,  Chlor- 
dane,  Copper,  DDT,  Liver,  Mercury,  Selenium, 
Tissue  analysis,  Zinc. 

Levels  of  the  chlorinated  hydrocarbons,  polychlo- 
rinated biphenyls  (PCBs),  total  DDT,  alpha-hex- 
achlorocyclohexane  (HCH),  beta-HCH,  and 
gamma-HCH,  hexachlorobenzene  (HCB),  and  ox- 
ychlordane  in  blubber,  and  the  elements  mercury, 
cadmium,  copper,  selenium,  arsenic,  and  zinc,  in 
liver,  of  82  harbor  seals,  Phoca  vitulina,  were 
determined.  The  seals  were  found  dead  or  dying  in 
Norwegian  waters  during  the  disease  outbreak 
caused  by  a  morbilli  virus  in  1988.  Of  the  chlorin- 
ated hydrocarbons,  the  highest  concentrations 
were  found  of  PCBs,  which  were  2  to  4  times 
higher  than  the  total  DDT  concentrations.  The 
PCB  and  total  DDT  concentrations  ranged  from 
0.4  to  38  and  0.1  to  8.8  mg/kg,  respectively;  mer- 
cury concentrations  ranged  from  0.1  to  89  mg/kg. 
Significantly  higher  mean  levels  of  PCBs  (13  mg/ 
kg)  and  mercury  (16  mg/kg)  were  found  in  blubber 
and  liver,  respectively,  of  seals  from  the  southern 
coast  of  Norway.  The  corresponding  mean  levels 
in  seals  from  the  Oslofjord  (8.8  and  4.1  mg/kg)  and 
at  the  northwestern  coast  were  5.8  and  7.9  mg/kg, 
respectively.  A  significant  positive  correlation  was 
found  between  the  concentrations  of  selenium  and 
mercury.  When  the  seals  were  grouped  according 
to  sex  and  age,  females  of  age-class  >  1  and  pups  of 
both  sexes  had  significantly  lower  PCB  and  total 
DDT  levels  than  males  age-class  >  1.  Significantly 
higher  hepatic  mercury  levels  were  found  in  seals 
age-class  >  1  as  compared  to  pups.  Low  levels  of 
the  other  organochlorines,  cadmium,  and  arsenic, 
were  found.  Copper  and  zinc  were  considered  to 
be  present  at  normal  physiological  levels.  The  or- 
ganochlorine  and  heavy  metal  concentrations  gave 
no  support  to  suggestions  that  organochlorines  and 
heavy  metal  pollution  may  be  directly  involved  in 
the  observed  seal  deaths.  (Author's  abstract) 
W9 1-04026 


ORGANOCHLORINES  IN  DIFFERENT  FRAC- 
TIONS OF  SEDIMENTS  AND  IN  DIFFERENT 
PLANKTONIC  COMPARTMENTS  OF  THE 
BELGIAN  CONTINENTAL  SHELF  AND  THE 
SCHELDT  ESTUARY. 

Vrije  Univ.,  Brussels  (Belgium).  Lab.  voor  Ecotox- 
icologie. 

K.  Delbecke,  C.  R.  Joiris,  and  M.  Bossicart. 
Environmental  Pollution  ENPOEK,  Vol.  66,  No. 
4,  p  325-349,  1990.  16  fig,  3  tab,  16  ref. 

Descriptors:  'Belgium,  'Chlorinated  hydrocar- 
bons, 'Continental  shelf,  'Estuaries,  'Marine  sedi- 
ments, 'North  Sea,  'Path  of  pollutants,  'Plankton, 
•Scheldt  Estuary,  'Sediment  chemistry,  'Toxicol- 
ogy,    Adsorption,     Distribution     patterns,     Food 
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chains,  Lipids,  Metabolism,  Polychlorinated  bi- 
phenyls,  Suspended  sediments,  Zooplankton. 

PCB  levels  in  sediments  (bulk  and  fraction  <63 
microm),  suspended  matter  and  zooplankton  from 
the  Belgian  continental  shelf  of  the  North  Sea  and 
the  Scheldt  estuary  were  evaluated  in  relation  to 
their  organic  carbon  content,  their  lipid  content 
and,  for  sediments,  their  particle  size  distribution. 
PCB  accumulation  mechanisms  are  evaluated,  con- 
sidering the  importance  of  direct  contamination 
(adsorption  onto  the  cell  surfaces,  absorption 
through  the  cell  walls  and  partitioning  into  the  cell 
lipids)  for  suspended  matter  and  sediments,  and  of 
indirect  contamination  through  the  food  for  zoo- 
plankton. Differences  in  PCB  pattern  are  encoun- 
tered between  the  standard  mixture,  sediments, 
suspended  matter,  and  zooplankton.  PCB  residues 
in  the  sediments  are  remobilized  after  their  associ- 
ated biological  matter  is  mineralized  and  redistrib- 
uted in  the  interstitial  water  and  the  water  column. 
Since  a  certain  time  is  necessary  for  reaching  the 
sorption/desorption  equilibrium  between  the  sedi- 
ments and  the  water,  local  dumping  of  PCB  rich  or 
poor  silt  can  influence  the  PCB  contamination  of 
the  sediments  in  the  estuary,  but  cannot  be  related 
to  the  lipid  content  of  the  sediments.  A  decrease  in 
PCB  concentration  from  the  coastal  area  into  the 
open  sea  seems  to  occur  in  suspended  matter  and 
zooplankton.  In  zooplankton,  the  PCB  levels  are 
higher  on  a  dry  weight  basis,  but  lower  on  a  lipid 
weight  basis,  than  in  suspended  matter.  The  ab- 
sence of  a  relationship  between  PCB  load  and  lipid 
content  indicates  an  indirect  contamination 
through  food  intake,  followed  by  a  dilution  of 
these  organochlorines  in  the  autogenically  formed, 
PCB  free,  zooplankton  lipids  and  a  biologically 
regulated  elimination  mechanism.  (Brunone-PTT) 
W9 1-04027 


EXPERIMENTAL  STUDY  OF  NON-UNIFORM 
FLOW  IN  GRANULAR  POROUS  MEDIA. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
For   primary   bibliographic   entry   see   Field   2G. 
W9 1-04029 


COLLECTION  AND  ANALYSIS  OF  COLLOI- 
DAL PARTICLES  TRANSPORTED  IN  THE 
MISSISSIPPI  RD7ER,  U.S.A. 

Geological  Survey,  San  Diego,  CA. 

T.  F.  Rees,  and  J.  F.  Ranville. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

6,  No.  3,  p  241-250,  October  1990.  4  fig,  2  tab,  14 

ref. 

Descriptors:  *Colloids,  'Mississippi  River,  *Path 
of  pollutants,  •Sediment  transport,  Illinois  River, 
Missouri  River,  Particulate  matter,  Sampling,  Sus- 
pended sediments,  Water  analysis. 

The  U.S.  Geological  Survey  collected,  concentrat- 
ed and  characterized  colloidal  materials  from  the 
Mississippi  River  as  part  of  the  Mississippi  River 
Project.  Grab  samples  and  discharge-weighted, 
vertically  integrated  samples  were  taken  at  river 
mile  179.3  at  St.  Louis,  Missouri.  Samples  collected 
on  July  22,  1987  illustrate  the  types  of  results 
produced.  The  St.  Louis  section  is  unmixed,  and 
distinct  influences  from  the  Illinois,  upper  Missis- 
sippi and  Missouri  Rivers  can  be  seen  from  the  left 
bank,  mid-channel  and  right  bank,  respectively. 
Total  discharge  past  the  St.  Louis  section  on  the 
date  sampled  was  3900  cu  m/sec.  Total  suspended 
sediment  concentration  was  676  mg/L,  of  which 
348  mg/L  were  colloids  <  or  =  3  microns.  Parti- 
cle size  distributions  were  determined  using  photon 
correlation  spectroscopy  (PCS),  photosedimenta- 
tion  analysis  (PSA)  and  scanning  electron  micros- 
copy (SEM).  For  PCS,  the  weight  mean  was  330 
nanometers,  polydispersity  0.698,  turbidimetric 
mean  500  nanometers  and  mass  median  diameter 
277  nanometers.  For  PSA,  the  weight  mean  was 
370  nanometers,  polydispersity  2.57,  turbidometric 
mean  548  nanometers  and  mass  median  diameter 
268  nanometers.  Except  for  the  polydispersity, 
both  techniques  gave  very  similar  results.  From 
the  measured  distribution,  a  specific  surface  area  of 
10.3  sq  m/gm  colloid  can  be  calculated.  Mineralo- 
gy of  the  Mississippi  River  colloids  at  St.  Louis 
were  dominated  almost  entirely  by  those  transport- 


ed from  the  Missouri  River.  Electrophoretic  mo- 
bilities for  colloids  collected  from  the  Mississippi 
River  at  St.  Louis  were  intermediate  between  col- 
loids from  the  Illinois  and  Missouri  Rivers.  The 
presence  of  organic  materials  was  also  indicated  by 
the  measured  %C  for  the  colloids,  which  was 
5.6%  in  the  Illinois  River,  3.3%  in  the  Missouri 
River  and  3.2%  in  the  Mississippi  River  at  St. 
Louis.  Work  is  under  way  to  elucidate  the  nature 
of  these  coatings.  (Geiger-PTT) 
W9 1-04030 


COLLOID-RELATED  INFILTRATION  OF 
TRACE  METALS  FROM  A  RIVER  TO  SHAL- 
LOW GROUNDWATER. 

Bern  Univ.  (Switzerland).  Radiochemisches  Lab. 
U.  E.  Waber,  C.  Lienert,  and  H.  R.  Von  Gunten. 
Journal  of  Contaminant  Hydrology  JCOHE6,  Vol 
6,  No.  3,  p  251-265,  October  1990.  3  tab,  25  ref. 

Descriptors:  *Colloids,  'Groundwater  pollution, 
'Path  of  pollutants,  'Surface-groundwater  rela- 
tions, 'Trace  metals,  'Water  pollution  sources, 
Aluminum,  Aquifers,  Cadmium,  Copper,  Glatt 
River,  Heavy  metals,  Iron,  Manganese,  Silicon, 
Switzerland,  Ultrafiltration,  Water  analysis,  Zinc. 

The  role  of  colloids  for  the  transport  of  the  trace 
metals  Al,  Cd,  Cu,  Fe,  Mn,  and  Zn  was  investigat- 
ed in  the  River  Glatt  and  in  a  groundwater  infiltra- 
tion zone  near  Glattfelden,  Switzerland.  Ultrafil- 
tration techniques  were  applied  to  fractionate  col- 
loids in  the  size  range  2-450  nanometers.  From  the 
analysis  of  the  above  elements,  Si  and  total  organic 
carbon,  it  was  concluded  that  colloids  play  a  minor 
role  for  the  transport  of  trace  metals  in  the  river 
and  from  the  river  into  the  adjacent  heterogeneous 
aquifer.  Colloids  in  the  river  and  in  the  aquifer 
show  a  different  element  distribution.  In  general, 
filtration  through  450-nanometers  filters  is  an  ade- 
quate method  for  the  separation  of  solids  and  liq- 
uids in  natural  water  systems.  The  results  of  the 
case  study  may  be  applied  to  other  shallow  hetero- 
geneous aquifers  with  interstitial  porosity.  Ex- 
tended aquifers  of  this  composition  are  mainly 
found  in  Alpine  and  peri-Alpine  locations,  but  also 
elsewhere.  (Author's  abstract) 
W91-O4031 


MODELING  OF  STRONTIUM  SORPTION 
AND  SPECIATION  IN  A  NATURAL  SEDI- 
MENT-GROUNDWATER  SYSTEM. 

Technische  Univ.  Muenchen,  Garching  (Germany, 
F.R.).  Lehrstuhl  und  Inst,  fuer  Radiochemie. 
V.  Koss,  and  J.  I.  Kim. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
6,  No.  3,  p  267-280,  October  1990.  6  fig,  3  tab,  20 
ref.  BMFT,  Foerderkennzeichen  02  U57  05  2. 

Descriptors:  'Groundwater  pollution,  'Model 
studies,  'Path  of  pollutants,  'Sediment  transport, 
'Sorption,  'Strontium,  Cations,  Computer  models, 
Ion  exchange,  Mathematical  models,  Radioactive 
wastes. 

The  sorption  of  strontium  (Sr)  in  21  natural  sedi- 
ment-groundwater  systems  from  Gorleben,  Ger- 
many was  modeled  using  a  simple  surface  com- 
plexation  model.  An  apparent  constant  of  Sr  sorp- 
tion was  computed  taking  into  account  bulk  cation- 
exchange  capacity  of  the  sediment,  the  analytical 
composition  of  groundwater,  and  experimental 
sorption  data  obtained  from  related  systems.  The 
method  of  determining  the  prevailing  surface  com- 
plex was  described  using  changing  properties  of 
the  natural  systems.  Apparent  sorption  constants  of 
natural  groundwater  components,  Ca(  +  2), 
Mg(  +  2),  K(  +  ),  and  Na(  +  ),  were  estimated.  Com- 
petition from  natural  groundwater  components  for 
sorption  were  taken  into  account.  Calculations 
with  the  geochemical  code  MINEQL  showed 
groundwater  components  and  SR(2  +  )  to  be  nearly 
uncomplexed  in  groundwaters  of  sandy  systems 
but  considerably  complexed  in  model  waters  of 
clayey  ones.  The  main  parameters  governing 
Sr(-t-2)  sorption  are  cation-exchange  capacity  of 
the  sediment  and  ionic  strength  of  the  groundwat- 
er. The  apparent  formation  constants  decreased 
with  increasing  ionic  strength  for  all  supposed 
surface  complexes  though  an  activity  coefficient 
correction  is  done  by  MINEQL.  The  model  de- 


scribes the  influence  of  experimental  volume  to 
mass  ratio  and  of  Sr(  +  2)  concentration  on  sorption 
and  allows  one  to  compare  the  varying  sorption 
data  of  similar  systems.  The  amount  of  sorbed 
Sr(  +  2)  increases  with  increasing  mass  to  volume 
ratio,  i.e.  with  increasing  sorption  site  concentra- 
tion. With  increasing  concentrations  of  Sr(  +  2)  the 
amount  of  sorbed  Sr(  +  2)  increases  but  the  fraction 
of  sorbed  Sr(  +  2)  decreases.  (Geiger-PTT) 
W9 1-04032 


SORPTION  OF  N-HETEROCYCLIC  COM- 
POUNDS ON  REFERENCE  AND  SUBSUR- 
FACE SMECTITE  CLAY  ISOLATES. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
J.  M.  Zachara,  C  C.  Ainsworth,  and  S.  C.  Smith. 
Journal  of  Contaminant  Hydrology  JCOHE6,  Vol 
6,  No.  3,  p  281-305,  October  1990.  9  fig,  4  tab,  60 
ref.  DOE  Contract  DE-AC06-76RLO  1830. 

Descriptors:  'Clays,  'Groundwater  pollution, 
•Montmorillonite,  'Nitrogen  compounds,  'Sorp- 
tion, Adsorption  kinetics,  Industrial  wastes,  Ion 
exchange,  Path  of  pollutants. 

The  sorption  of  the  nitrogen  heterocycle  com- 
pounds (NHC)  pyridine,  quinoline  and  acridine  to 
subsurface  materials  controls  their  concentrations 
in  groundwater.  The  sorption  of  these  compounds 
was  measured  from  Na  and  Ca  electrolyte  solu- 
tions on  specimen  montmorillonite  (SWyl)  and 
natural  smectite  clays  isolated  from  subsurface  ma- 
terials. Sorption  was  dominated  by  highly  selective 
exchange  for  the  NHC  cation  with  neutral  species 
sorption  noted  only  at  high  surface  concentrations. 
The  selectivity  sequence  acridine  >  quinoline  > 
pyridine  was  observed  on  all  smectites.  Na-saturat- 
ed  SWy  I  and  natural  smectites  sorbed  NHC  com- 
pounds comparably.  Exchange  constants  on  the 
Na-smectites  were  fairly  constant  with  surface 
coverage  and  correlated  with  the  octanol-water 
partition  coefficients  of  the  NHC  and  calculated 
formal  charge  on  specific  atom  centers  in  the  mole- 
cules. In  contrast,  the  exchange  of  NHC  differed 
between  Ca-saturated  SWyl  and  natural  clays.  Ca 
saturation  decreased  NHC  sorption  only  on  SWyl. 
Exchange  constants  for  the  Ca-smectites  varied 
with  surface  coverage,  and  the  natural  Ca-smec- 
tites exhibited  higher  affinity  for  NHC  than  Ca- 
SWyl.  Mineralogic  differences  between  the  speci- 
men and  natural  smectites  are  believed  to  effect 
NHC  exchange  when  the  smectite  clays  are  aggre- 
gated as  quasi -crystals  in  Ca  suspensions.  Organic 
material  and  Fe-oxides  associated  with  natural 
smectites  had  no  observable  effect  on  NHC  ad- 
sorption. (Author's  abstract) 
W9 1-04033 


CRAYFISH  AS  A  'BIOLOGICAL  INDICATOR* 
OF  AQUATIC  CONTAMINATION  BY  HEAVY 
METALS. 

Laurentian  Univ.,  Sudbury  (Ontario).  Dept.  of  Bi- 
ology. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-04035 


BINDING  OF  CU(in  TO  ALGAE  IN  A  METAL 
BUFFER. 

Eidgenoessische   Anstalt   fuer   Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,   Due- 

bendorf  (Switzerland). 

H.  B.  Xue,  and  L.  Sigg. 

Water  Research  WATRAG,  Vol.  24,  No.  9,  p 

1129-1136,  September  1990.  6  fig,  2  tab,  35  ref. 

Descriptors:  'Adsorption,  'Algae,  'Copper, 
•Metal  complexes,  'Path  of  pollutants,  Buffering, 
Fate  of  pollutants,  Heavy  metals,  Hydrogen  ion 
concentration,  Speciation,  Toxicity. 

The  interactions  of  Cu(II)  with  algal  surfaces  and 
exudates  were  studied  in  metal-NTA  buffers  by  a 
combination  of  several  analytical  techniques.  Sus- 
pensions of  living  algae  in  the  presence  of  NTA 
were  titrated  at  constant  pH  with  Cu(II).  The 
various  Cu  species  were  determined  as  follows:  a 
copper  ion  selective  electrode  was  used  reliably  in 
the  pCu  range  9-12;  differential  pulse  polarography 
was  used  to  measure  separately  Cu(II)-NTA  com- 
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plexes  and  labile  Cu(II)  species  and  to  evaluate  the 
complexation  of  copper  by  ligands  in  solution; 
copper  bound  to  the  algal  surfaces  was  extracted 
by  acid  treatment  and  measured  by  atomic  absorp- 
tion spectrophotometry.  Thus,  both  the  binding  of 
Cu  to  the  algal  surfaces  and  to  exudates  excreted 
by  the  algae  were  determined.  The  results  were 
interpreted  in  terms  of  conditional  equilibrium  con- 
stants valid  at  a  given  pH;  the  conditional  con- 
stants, both  for  the  binding  to  the  surfaces  and 
with  the  exudates  increase  in  the  pH  range  5.0-6.5. 
Simple  equilibrium  models  using  the  experimental- 
ly determined  binding  capacities  and  equilibrium 
constants  were  able  to  simulate  the  results  and  to 
evaluate  the  speciation  of  copper.  Under  the  exper- 
imental conditions  used,  the  binding  of  Cu(II)  to 
algal  exudates  has  a  more  significant  effect  on 
copper  speciation  than  the  binding  to  the  algal 
surfaces.  These  extracellular  ligands  may  play  an 
important  role  in  decreasing  the  concentration  of 
free  copper  ion  and  thus  mitigating  the  potential 
toxic  effects  in  organisms.  (Author's  abstract) 
W9 1-04043 


DIFFERENT  SURFACE  GEOLOGY  IN  DEN- 
MARK, THE  FAROE  ISLANDS  AND  GREEN- 
LAND INFLUENCES  THE  RADIOLOGICAL 
CONTAMINATION  OF  DRINKING  WATER. 

Risoe  National  Lab.,  Roskilde  (Denmark).  Health 

Physics  Dept. 

H.  J.  M.  Hansen,  and  A.  Aarkrog. 

Water  Research  WATRAG,  Vol.  24,  No.  9,  p 

1137-1141,  September  1990.  3  fig,  3  tab,  10  ref. 

Descriptors:  *Cesium  radioisotopes,  *Chernobyl 
accident,  'Denmark,  'Drinking  water,  'Faeroe  Is- 
lands, 'Fallout,  'Greenland,  'Strontium  radioiso- 
topes, 'Water  pollution  sources,  Groundwater  pol- 
lution, Nuclear  accidents,  Path  of  pollutants,  Popu- 
lation exposure,  Streams,  Surface  water. 

The  contamination  of  water  resources  in  Denmark, 
the  Faroe  Islands,  and  Greenland  with  strontium- 
90  from  nuclear  weapons  fallout  and  cesium- 137 
from  the  nuclear  accident  at  Chernobyl  was  com- 
pared. Precipitation,  groundwater  and  drinking 
water  samples  were  collected  from  various  loca- 
tions throughout  the  regions  and  levels  of  the 
radioactive  isotopes  were  determined  by  radioas- 
says.  Danish  groundwater  used  as  drinking  water 
was  nearly  totally  protected  by  morainic  surface 
soils  from  radioactive  isotope  contamination.  Far- 
oese  drinking  water  from  streams  that  run  along  a 
peaty  soil  surface  had  a  30  times  higher  contamina- 
tion level  and  contributed  about  3%  to  the  total 
contamination  of  the  human  diet.  The  drinking 
water  in  Greenland  was  taken  from  streams  that 
run  along  a  morainic  soil  surface.  It  showed  con- 
tamination levels  that  were  100  times  higher  than 
in  Denmark  and  contributed  about  15%  to  the 
total  contamination  of  the  human  diet  during  the 
last  10  years.  (Author's  abstract) 
W91-04044 


SPATIAL  AND  TEMPORAL  TRENDS  IN  OR- 

GANOCHLORINE      CONTAMINATION      OF 

DAB  (LIMANDA  LIMANDA)  AND  FLOUNDER 

(PLATICHTHYS    FLESUS)    IN    THE    NORTH 

SEA. 

H.  Buther. 

Archiv  fuer  Fischereiwissenschaft  AVFSAO,  Vol. 

40,  No.  1/2,  p  133-152,  August  1990.  10  fig,  1  tab, 

34  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Fish, 
'Marine  pollution,  'North  Sea,  'Path  of  pollut- 
ants, Chlorinated  aromatic  compounds,  DDT,  Es- 
tuaries, Liver,  Polychlorinated  biphenyls. 

Contamination  by  organochlorine  compounds  was 
investigated  in  flounder  (Platichthys  flesus)  in  the 
German  Wadden  Sea  and  its  estuaries  and  in  dab 
(Limanda  limanda)  in  the  German  Bight  and  the 
North  Sea.  As  shown  by  analyses  of  their  liver  fat, 
the  flounders  from  the  Elbe  estuary  were  most 
highly  contaminated  with  all  compounds  under 
investigation,  such  as  pentachlorobenzene  (PeCB), 
hexachlorobenzene  (HCB),  octachlorostyrene 
(OCS),  the  hexachlorocyclohexanes  (HCHs), 
DDT  and  its  metabolites  DDE  and  DDD  (DDTs), 
and  the  polychlorinated  biphenyls  (PCBs).  Con- 


centrations of  PCBs,  which  is  responsible  for  most 
of  the  contamination  of  fishes  with  these  com- 
pounds, were  similar  in  flounders  from  the  estu- 
aries of  the  Weser  and  Ems  to  those  in  flounders 
from  the  Elbe  estuary.  In  the  inner  German  Bight 
the  contamination  in  dab  liver  was  two  to  ten  times 
lower  than  in  the  fat  of  flounder  liver  in  the  Elbe 
estuary.  In  the  area  of  the  German  Bight  a  trend  of 
decreasing  concentrations  towards  offshore  sta- 
tions was  noted.  However,  over  the  whole  area  of 
the  North  Sea  this  trend  was  no  longer  apparent 
for  some  compounds,  and  indeed  partly  reversed 
(e.g.,  for  alpha-HCH).  In  an  interregional  compari- 
son in  May  1988,  dabs  in  the  international  inciner- 
ation area  for  chlorinated  wastes  in  the  North  Sea 
were  most  highly  contaminated  with  HCB  and 
especially  OCS.  From  1979  until  1988,  decreasing 
organochlorine  concentrations  were  found  only  for 
alpha-HCH,  DDT,  and  DDD.  The  contamination 
of  dabs  with  PCBs  and  DDE  was  highest  in  May 
1988.  It  is  therefore  recommended  that  more  easily 
decomposable  and  less  toxic  substitutes  for  organ- 
ochlorine compounds  be  developed.  (Author's  ab- 
stract) 
W91-04053 


TRANSFORMATION  OF  CARBON  TETRA- 
CHLORIDE BY  PSEUDOMONAS  SP.  STRAIN 
KC  UNDER  DENITRIFICATION  CONDI- 
TIONS. 

Stanford  Univ.,  CA.  Dept.  of  Environmental  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-04060 


CHLOROPHENOL  DEGRADATION  COU- 
PLED TO  SULFATE  REDUCTION. 

New  York  Univ.  Medical  Center,  NY.  Dept.  of 
Microbiology. 

M.  M.  Haggblom,  and  L.  Y.  Young. 
Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  11,  p  3255-3260,  Novem- 
ber 1990.  3  tab,  3  fig,  38  ref.  EPA  Grant  CR- 
814611  and  Public  Health  Service  Grant  ESO 
4895. 

Descriptors:  'Biodegradation,  'Chlorinated  hydro- 
carbons, 'Fate  of  pollutants,  'Phenols,  'Sulfates, 
Biological  oxidation,  Bioremediation,  Degradation, 
Estuarine  sediments,  Halogenated  hydrocarbons, 
Molybdate,  Sulfur  bacteria,  Waste  treatment, 
Wastewater  treatment. 

Chlorinated  phenols  are  common  environmental 
contaminants,  often  formed  as  by-products  when 
chlorine  is  used  for  bleaching  of  pulp,  and  for  the 
disinfection  of  drinking  water  and  wastewater. 
Chlorophenol  degradation  was  studied  under  sul- 
fate-reducing  conditions  with  an  estuarine  sedi- 
ment inoculum  taken  from  the  East  River,  New 
York  City.  These  cultures  degraded  0. 1  millimoles 
2-chlorophenol,  3-chlorophenol,  4-chlorophenol 
and  2,4-dichlorophenol  within  120  to  220  days,  but 
after  refeeding  with  chlorophenols  degradation 
took  place  in  40  days  or  less.  Further  refeeding 
greatly  enhanced  the  rate  of  degradation.  Sulfate 
consumption  by  the  cultures  corresponded  to  the 
stoichiometric  values  expected  for  complete  oxida- 
tion of  the  chlorophenol  to  C02.  Formation  of 
sulfide  from  sulfate  was  confirmed  with  a  radio- 
tracer technique.  No  methane  was  formed,  verify- 
ing that  sulfate  reduction  was  the  electron  sink. 
Addition  of  molybdate,  a  specific  inhibitor  of  sul- 
fate reduction,  inhibited  chlorophenol  degradation 
completely.  These  results  indicate  that  the  chloro- 
phenols were  mineralized  under  sulfidogenic  con- 
ditions and  that  substrate  oxidation  was  coupled  to 
sulfate  reduction.  In  acclimated  cultures  the  three 
monochlorophenol  isomers  and  2,4-dichlorophenol 
were  degraded  at  rates  of  8  to  37  micromoles/L/ 
day.  The  relative  rates  of  degradation  were  4- 
chlorophenol  >  3-chlorophenol  >  2-chloro- 
phenol, 2,4-dichlorophenol.  Sulfidogenic  cultures 
initiated  with  biomass  from  an  anaerobic  bioreac- 
tor  used  in  the  treatment  of  pulp-bleaching  ef- 
fluents dechlorinated  2,4-dichlorophenol  to  4- 
chlorophenol,  which  persisted,  whereas  2,6-dich- 
lorophenol  was  sequentially  dechlorinated  first  to 
2-chlorophenol  and  then  to  phenol.  (Mertz-PTT) 
W9 1-04061 


DISSIMILATORY  SELENATE  REDUCTION 
POTENTIALS  IN  A  DIVERSITY  OF  SEDI- 
MENT TYPES. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 

N.  A.  Steinberg,  and  R.  S.  Oremland. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  56,  No.  11,  p  3550-3557,  Novem- 
ber 1990.  5  fig,  3  tab,  27  ref. 

Descriptors:  'Agricultural  water,  'Anaerobic  bac- 
teria, 'Biodegradation,  'Path  of  pollutants,  'Sedi- 
ment contamination,  'Selenium,  Bacteria,  Chemi- 
cal reduction,  Fate  of  pollutants,  Hydrogen  ion 
concentration,  Nevada,  Organic  carbon,  Salinity. 

The  presence  of  toxic  selenium  oxyanions  in  agri- 
cultural wastewaters  which  drain  from  seleniferous 
soils  is  wide-spread  in  the  western  United  States 
and  poses  serious  environmental  problems.  Dis- 
similatory  reduction  of  selenate,  primarily  to  ele- 
mental selenium,  occurs  in  anaerobic  sediments. 
Potential  rates  of  bacterial  dissimilatory  reduction 
of  75-Se04(2-)  to  75-Se(0)  in  a  diversity  of  sedi- 
ment types  were  measured.  Salinities  ranged  from 
freshwater  (salinity  =  1  g/L)  to  hypersaline  (salin- 
ity +  320  g/L)  and  pH  values  ranged  from  7. 1  to 
9.8.  Significant  biological  selenate  reduction  oc- 
curred in  all  samples  with  salinities  from  1  to  250 
g/L  but  not  in  samples  with  a  salinity  of  320  g/L. 
Potential  selenate  reduction  rates  ranged  from  0.07 
to  22  micromoles  of  Se04(2-)  reduced/L/hour. 
Activity  followed  Michaelis-Menten  kinetics  in  re- 
lation to  Se04(2-)  concentration.  There  was  no 
linear  correlation  between  potential  rates  of 
Se04(2-)  reduction  and  salinity,  pH,  concentra- 
tions of  total  Se,  porosity,  or  organic  carbon  in  the 
sediments.  However,  potential  selenate  reduction 
was  correlated  with  apparent  kinetics  reflecting 
enzymatic  affinity  for  selenate  and  with  potential 
rates  of  denitrification.  N03(),  N02(-),  Mo04(2-), 
and  W04(2-)  inhibited  selenate  reduction  activity 
to  different  extents  in  sediments  from  both  Hunter 
Drain  and  Massie  Slough,  Nevada.  Sulfate  partial- 
ly inhibited  activity  in  sediment  from  freshwater 
Massie  Slough  samples  but  not  from  the  saline 
Hunter  Drain  samples.  Dissimilatory  selenate  re- 
duction in  sediments  appears  widespread  in  nature. 
In  addition,  in  situ  selenate  reduction  is  a  first- 
order  reaction,  because  the  ambient  concentrations 
of  selenium  oxyanions  in  the  sediments  were  orders 
of  magnitude  less  than  their  kinetic  parameter  re- 
flecting enzymatic  affinity  for  selenate.  (Mertz- 
PTT) 
W9 1-04066 


IDENTIFICATION  AND  CATABOLIC  ACTTVI- 
TY  OF  WELL-DERD7ED  GASOLINE-DEGRAD- 
ING BACTERIA  FROM  A  CONTAMINATED 
AQUIFER. 

Orange  County  Water  District,  Fountain  Valley, 
CA.  Biotechnology  Dept. 

H.  F.  Ridgeway,  J.  Safarik,  D.  Phipps,  P.  Carl,  and 
D.  Clark. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  11,  p  3565-3575,  Novem- 
ber 1990.  6  fig,  2  tab,  30  ref.  USGS  Grant  14-08- 
0001-G1126. 

Descriptors:  'Bacteria,  'Biodegradation,  'Biologi- 
cal treatment,  'Fate  of  pollutants,  'Gasoline,  'Hy- 
drocarbons, 'Water  pollution  treatment,  Aquatic 
bacteria,  Aquifers,  Bacterial  analysis,  Benzenes, 
Degradation,  Groundwater  pollution,  Microbial 
degradation,  Microorganisms,  Organic  com- 
pounds, Pseudomonas,  Toluene,  Xylenes. 

Many  gasoline  hydrocarbons  can  be  biodegraded 
or  co-metabolized  by  native  groundwater  micro- 
flora given  appropriate  inorganic  nutrient  supple- 
mentation. Approximately  300  gasoline-degrading 
bacteria  were  isolated  from  well  water  and  core 
material  from  a  shallow  coastal  aquifer  contaminat- 
ed with  unleaded  gasoline.  The  aquifer  was  under- 
lying the  U.S  Naval  Weapons  Station  in  Seal 
Beach,  California.  Identification  of  244  isolates  re- 
vealed four  genera:  Pseudomonas,  Alcaligenes, 
Nocardia,  and  Micrococcus,  with  pseudomonads 
making  up  86.9%  of  bacteria  identified.  A  total  of 
297  isolates  was  sorted  into  111  catabolic  groups 
on  the  basis  of  aerobic  growth  responses  on  15 
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gasoline  hydrocarbons.  Each  test  hydrocarbon  was 
degraded  by  at  least  one  isolate.  Toluene,  p-xylene, 
ethylbenzene,  and  1,2,4-trimethylbenzene  were 
most  frequently  utilized  as  growth  substrates, 
whereas  cyclic  and  branched  alkanes  were  least 
utilized.  Most  isolates  were  able  to  grow  on  2  or  3 
different  hydrocarbons,  and  nearly  75%  utilized 
toluene  as  a  sole  source  of  carbon  and  energy. 
Isolates  were  remarkably  specific  for  hydrocarbon 
usage,  often  catabolizing  only  one  of  several  close- 
ly related  compounds.  A  subset  of  220  isolates  was 
sorted  into  51  groups  by  polyacrylamide  gel  elec- 
trophoresis. Pseudomonas  aeruginosa  was  parti- 
tioned into  16  protein-banding  groups  whose  cata- 
bolic  activities  were  largely  restricted  to  substitut- 
ed aromatics.  Different  growth  responses  on  the 
same  hydrocarbon,  implying  marked  strain  diversi- 
ty. The  catabolic  activities  of  well-derived,  gaso- 
line-degrading bacteria  associated  with  this  con- 
taminated aquifer  are  consonant  with  in  situ  adap- 
tation at  the  site.  (Mertz-PTT) 
W9 1-04068 


KINETIC  MODEL  FOR  BIOCONCENTRA- 
TION  OF  LIPOPHILIC  COMPOUNDS  BY  OLI- 
GOCHAETES. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
A.  J.  Gabric,  D.  W.  Connell,  and  P.  R.  Bell. 
Water  Research  WATRAG,  Vol.  24,  No.   10,  p 
1225-1231,  October  1990.  1  tab,  5  fig,  13  ref. 

Descriptors:  'Bioconcentration,  *Biological  mag- 
nification, *Interstitial  water,  'Kinetics,  •Mathe- 
matical models,  *01igochaetes,  "Organic  com- 
pounds, 'Path  of  pollutants,  Annelids,  Equilibrium, 
Mathematical  studies,  Soil  water. 

Bioconcentration  of  lipophilic  compounds  by  oli- 
gochaete  worms  was  modelled  as  consecutive  par- 
tition equilibria-first  between  sediment  and  inter- 
stitial water,  and  then  between  interstitial  water 
and  worm.  Each  interphase  process  was  assumed 
to  proceed  according  to  first  order  kinetics.  The 
resulting  expression  for  the  biotic  concentration  as 
a  function  of  time  was  fitted  to  experimental  data 
over  the  range  of  3  </=  log  Kow  (octanol  to 
water  partition  coefficient)  </=  6  by  varying  the 
kinetic  rate  constants  using  a  constrained,  nonlin- 
ear least  squares  procedure.  Relationships  between 
uptake  and  clearance  rate  constants  and  log  Kow 
were  in  accord  with  existing  theory.  The  regres- 
sion equation  between  the  equilibrium  bioconcen- 
tration factor,  (Kb)  and  Kow  also  was  in  general 
agreement  with  previous  relationships  established 
for  other  aquatic  organisms.  For  many  of  the  high 
Kow  compounds  equilibration  times  were  longer 
than  could  be  reasonably  achieved  in  laboratory 
experiments.  The  methodology  presented  has  an 
advantage  in  that  it  does  not  require  the  establish- 
ment of  equilibrium  for  the  estimation  of  Kb  since 
the  ratio  of  derived  rate  constants  rather  than 
biotic  and  water  concentrations  was  used.  (Au- 
thor's abstract) 
W9 1-04076 


DISTRIBUTION  OF  MYCOBACTERIA  IN  DIF- 
FERENT TYPES  OF  WATER  IN  ISRAEL. 

Hadassah    Medical    School,    Jerusalem    (Israel). 

Dept.  of  Environmental  Health. 

H.  Haas,  and  B.  Fattal. 

Water  Research  WATRAG,  Vol.  24,  No.   10,  p 

1233-1235,  October  1990.  1  fig,  3  tab,  18  ref. 

Descriptors:  •Distribution  patterns,  'Israel,  'Mi- 
crobiological studies,  'Mycobacterium,  'Water 
pollution  sources,  Drinking  water,  Microorga- 
nisms, Pathogenic  microorganisms,  Pollutant  iden- 
tification, Species  composition,  Wastewater  analy- 
sis, Water  analysis,  Water  quality,  Water  sampling. 

Infections  caused  by  mycobacteria  other  than  My- 
cobacterium tuberculosis  are  increasingly  reported. 
The  atypical  mycobacteria  are  environmental 
microorganisms  widely  distributed  in  nature;  their 
main  reservoir  is  water.  People  susceptible  to  dis- 
ease caused  by  atypical  mycobacteria  are  mostly 
immunocompromised  patients,  but  severe  infec- 
tions in  otherwise  healthy  people  have  also  been 
reported.  Seventy-five  water  samples  were  collect- 
ed from  26  sampling  sites  in  Israel  and  examined 


for  the  presence  of  atypical  mycobacteria.  Differ- 
ent species  of  mycobacteria  which  were  normally 
widely  distributed  in  the  environment  were  found 
in  16  (21%)  of  the  samples  with  the  number  of 
wastewater  positives  two  times  higher  than  that 
found  in  the  non-wastewater.  Seven  species  of 
atypical  mycobacteria,  some  of  which  could  be 
pathogenic  to  man,  were  isolated;  three  were 
found  only  in  non-wastewater,  one  in  wastewater 
and  the  remainder  were  detected  in  both.  The  most 
common  species  were  Mycobacterium  nonchromo- 
genicum,  M.  gordonae,  and  M.  terrae.  (Mertz- 
PTT) 
W9 1-04077 


MODELLING  THE  CONSUMPTION  OF  DIS- 
SOLVED CONTAMINANTS  BY  BIOFILM  PER- 
IPHYTON  IN  OPEN-CHANNEL  FLOW. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
Y.  L.  Lau. 

Water  Research  WATRAG,  Vol.  24,  No.  10,  p 
1269-1274,  October  1990.  4  fig,  13  ref. 

Descriptors:  'Biofilms,  'Fate  of  pollutants,  'Model 
studies,  'Open-channel  flow,  'Path  of  pollutants, 
'Periphyton,  'Self-purification,  Algae,  Bacteria, 
Chemical  wastes,  Microorganisms,  Streambeds, 
Water  treatment. 

Stable  surfaces  in  stream  beds  are  often  covered  by 
a  layer  of  slime  which  is  actually  an  attached  film 
of  bacteria,  algae  and  other  materials.  Microbiolo- 
gical, physical  and  chemical  activity  within  the 
biofilm  or  periphyton  can  remove  the  dissolved 
chemicals  from  the  water  above  the  film  and  can 
contribute  significantly  to  the  purification  process 
in  shallow,  flowing  streams.  An  analytical  model  is 
developed  of  the  decrease  in  dissolved  contami- 
nant concentration  in  an  open  channel  flow 
through  the  consumption  by  a  bottom  biofilm.  This 
idealized  model  considers  the  flux  of  the  contami- 
nant by:  (1)  diffusion  through  the  concentration 
boundary  layer  into  the  biofilm;  and  (2)  diffusion 
and  reaction  within  the  biofilm.  Solutions  for  zero- 
order  kinetics  were  derived  that  show  that  the  rate 
of  change  of  the  concentration  in  the  main  flow  is 
directly  related  to  the  kinetics  within  the  biofilm. 
It  has  been  shown  that  the  diffusion  resistance 
through  the  concentration  boundary  layer  just 
above  the  biofilm  is  directly  proportional  to  the 
thickness  of  the  layer,  and  that  changes  in  the 
sublayer  thickness  can  significantly  affect  the  rate 
of  decrease  of  the  substrate  concentration  in  the 
main  flow.  (Mertz-PTT) 
W9 1-04082 


SHORTCOMINGS  OF  GRAN  TITRATION 
PROCEDURES  FOR  DETERMINATION  OF 
ALKALINITY  AND  WEAK  ACIDS  IN  HUMIC 
WATER. 

National  Inst,  of  Public  Health,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04087 


USE  OF  PRACTICAL  ASPECTS  OF  SOIL  BE- 
HAVIOUR TO  EVALUATE  DIFFERENT 
METHODS  TO  GENERATE  SOIL  HYDRAU- 
LIC FUNCTIONS. 

Winand  Staring  Centre  for  Integrated  Land,  Soil 
and  Water  Research,  Wageningen  (Netherlands). 
For  primary  bibliographic  entry  see  Field  2G. 
W91-04100 


PROCESSES  OF  WATER  MOVEMENT 
THROUGH  A  CHALK  COOMBE  DEPOSIT  IN 
SOUTHEAST  ENGLAND. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2F. 
W91-04104 


SOLUTION  OF  THE  TRANSPORT  EQUATION 
BY  THE  COLLOCATION  METHOD  IN  CON- 
JUNCTION Wmi  THE  ADAPTIVE  HERMITE 
ELEMENT  FAMILY. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Dept.  of  Civil  Engineering. 
M.  A.  Bhuiyan,  R.  I.  Allayla,  T.  Hussain,  A.  M. 


Ishaq,  and  M.  F.  N.  Mohsen. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  11,  p  2661-2677,  November  1990.  14  fig,  8  ref, 
2  append. 

Descriptors:  'Advection,  'Dispersion,  'Finite  ele- 
ment analysis,  'Mathematical  models,  'Model 
studies,  'Path  of  pollutants,  'Plumes,  'Solute 
transport,  Data  interpretation,  Finite  element 
method,  Mathematical  analysis,  Mathematical  stud- 
ies. 

The  advection-dispersion  transport  equation  be- 
haves as  a  first-order  hyperbolic  equation  rather 
than  as  a  second-order  parabolic  equation  due  to 
advection  dominance.  The  solution  of  the  advec- 
tion-dominated  transport  equation  exhibits  behav- 
ior whose  structure  is  localized  in  small  subregions 
of  the  spatial  domain.  This  requires  placing  a  high- 
resolution  spatial  grid  in  their  vicinity.  In  an  at- 
tempt to  increase  the  spatial  resolution,  a  family  of 
16  adaptive  Hermite  elements  was  developed.  Col- 
location methodology  in  conjunction  with  these 
adaptive  families  produced  a  matrix  whose  band- 
width was  larger  than  using  cubic  Hermite  ele- 
ments all  over  the  solution  domain.  A  special  tech- 
nique was  devised  to  condense  out  this  bandwidth 
prior  to  the  solution  of  the  global  system.  The 
numerical  solutions  were  tested  against  the  avail- 
able one-dimensional  and  two-dimensional  analyti- 
cal solutions.  For  the  discretization  attempted,  the 
code  was  tested  up  to  a  Peclet  number  of  600  in 
one  dimension  and  200  in  two  dimensions.  The 
analysis  demonstrated  the  feasibility  of  employing 
the  adaptive  Hermitian  element  family  in  the  solu- 
tion of  the  advection-dispersion  transport  equation 
in  a  collocation-finite  element  approach.  The  de- 
veloped code  compared  well  with  analytical  solu- 
tions in  both  one  and  two  dimensions.  The  method 
was  shown  to  be  exceedingly  accurate  for  prob- 
lems involving  solutions  exhibiting  sharp  fronts.  In 
one-dimensional  analysis,  the  use  of  a  higher-order 
element  near  a  steep  gradient  front  demonstrated  a 
more  judicious  allocation  of  computational  effort 
than  using  higher-order  elements  everywhere.  This 
explained  the  rapid  rate  of  convergence  for  adapt- 
ive elements.  (Mertz-PTT) 
W91-04121 


EVALUATION  OF  FTVE  SIMULATION 
MODELS  FOR  PREDICTING  ALDICARB  AND 
BROMIDE  BEHAVIOR  UNDER  FIELD  CON- 
DITIONS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
K.  D.  Pennel,  A.  G.  Hornsby,  R.  E.  Jessup,  and 
P.S.C.  Rao. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  11,  p  2679-2693,  November  1990.  11  fig,  7  tab, 
30  ref.  Florida  Department  of  Environmental  Reg- 
ulation contracts  WH-149  and  WM-255. 

Descriptors:  'Aldicarb,  'Bromides,  'Groundwater 
pollution,  'Model  studies,  'Path  of  pollutants, 
•Simulation  analysis,  Comparison  studies,  Comput- 
er models,  Degradation,  Leaching,  Pesticides, 
Solute  transport. 

Five  pesticide  simulation  models  (Chemical  Move- 
ment in  Layered  Soils  (CLMS),  Method  of  Under- 
ground Solute  Evaluation  (MOUSE),  Pesticide 
Root  Zone  Model  (PRZM),  Groundwater  Leading 
Effects  of  Agriculture  Management  Systems 
(GLEAMS),  and  Leaching  Estimation  and  Chem- 
istry Model-Pesticides  (LEACHMP))  were  evalu- 
ated using  data  for  the  transport  and  transforma- 
tion of  aldicarb  and  bromide  in  the  unsaturated 
zone.  Although  these  models  have  been  tested 
separately,  to  date  no  effort  has  been  made  to 
evaluate  all  of  them  using  a  comprehensive  data  set 
from  a  single  field  study.  Model  performance  was 
evaluated  based  on  their  ability  to  predict:  the 
depth  of  solute  center  of  mass,  solute  dissipation, 
and  solute  concentration  distributions  within  the 
soil  profile.  GLEAMS  and  MOUSE  models  under- 
estimated bromide  and  alicarb  dissipation,  while 
the  other  models  provided  satisfactory  predictions 
of  both  solute  center  of  mass  and  pesticide  degra- 
dation. None  of  the  models  accurately  described 
measured  solute  concentration  distributions.  The 
selection  of  either  CMLS,  LEACHMP,  or  PRZM 
models  should  be  based  on  the  availability  of  input 
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data,  output  desired,  soil  properties,  and  the  pesti- 
cide to  be  simulated.  CMLS  was  easy  to  use  and 
provided  graphs  and  tabular  output.  It  is  recom- 
mended as  both  a  management  and  teaching  tool. 
PLRZM  model  is  recommended  as  a  management 
model  for  users  who  desire  concentration  distribu- 
tions but  are  not  interested  in  the  behavior  of 
metabolites,  or  select  pesticides  that  do  not  have 
metabolites  of  environmental  concern.  The 
LEACHMP  model  was  the  most  complex  of  the 
five  models  and  was  the  most  difficult  to  execute; 
therefore  it  is  recommended  for  use  by  scientists 
and  experienced  modelers  who  desire  simulations 
of  all  pesticide  components.  Due  to  MOUSE 
model  input  and  output  constraints,  it  is  recom- 
mended as  an  educational  tool.  The  GLEAMS 
model  appeared  to  have  limited  utility  for  predict- 
ing pesticide  fate  and  transport  in  the  unsaturated 
zone.  (Mertz-PTT) 
W91-04122 


CELL  ANALYTICAL-NUMERICAL  METHOD 
FOR  SOLUTION  OF  THE  ADVECTION-DIS- 
PERSION  EQUATION:  TWO-DIMENSIONAL 
PROBLEMS. 

Illinois  Univ.,  Urbana.  Dept.  of  Civil  Engineering. 

O.  A.  Elnawawy,  A.  J.  Valocchi,  and  A.  M. 

Ougouag. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  11,  p  2705-2716,  November  1990.  10  fig,  2  tab, 

27  ref,  2  append.  NSF  Grant  ECE  84-18644  and 

USGS  Grant  14-08-001-G1299. 

Descriptors:  'Groundwater  movement,  ♦Mathe- 
matical studies,  'Model  studies,  'Path  of  pollut- 
ants, 'Solute  transport,  Analytical  methods,  Data 
interpretation,  Groundwater,  Hydraulics,  Mathe- 
matical equations,  Mathematical  models. 

A  new  numerical  scheme  for  the  efficient  solution 
of  groundwater  solute  transport  problems  was  de- 
veloped and  evaluated,  called  the  cell  analytical- 
numerical  (CAN)  method.  This  method  is  an  ex- 
tension of  the  so-called  nodal  methods  that  have 
been  developed  in  the  nuclear  engineering  area  for 
solving  neutron  diffusion  problems.  The  cell  ana- 
lytical-numerical method  is  based  upon  decomposi- 
tion of  the  solution  domain  into  a  number  of  rec- 
tangular cells  (volume  subdomains);  each  cell  is 
homogeneous  so  that  a  local  analytic  solution  to 
the  solute  transport  equation  can  be  obtained.  A 
first-order  accurate  finite  difference  approximation 
of  the  time  derivative  followed  by  a  transverse 
averaging  procedure  is  used  to  transform  the  gov- 
erning partial  differential  equation  into  a  set  of 
coupled  one-dimensional  ordinary  differential 
equations  for  the  transverse  moments  of  the  con- 
centration. The  local  analytical  solution  is  there- 
fore found  in  terms  of  these  moments.  Solute  mass 
flux  continuity  across  cell  surfaces,  along  with  the 
local  analytical  solution,  is  used  to  construct  an 
algebraic  relationship  between  concentration 
moment  values  at  adjacent  cell  surfaces.  Assem- 
bling all  the  cells  together  results  in  a  set  of  cou- 
pled tridiagonal  matrix  equations,  one  set  for  each 
spatial  direction,  which  can  be  solved  very  effi- 
ciently. The  cell  analytical-numerical  method  is 
applied  to  several  simple  test  problems  involving 
uniform  flow  in  homogeneous  aquifers.  While  the 
method  lacks  geometrical  flexibility,  it  offers  a 
spatial  approximation  that  is  demonstrated  to  have 
high  accuracy  and  minimal  grid  orientation  error, 
even  when  applied  to  coarse  meshes.  (Author's 
abstract) 
W91-04124 


COMPARISON  OF  PHOTON  CORRELATION 
SPECTROSCOPY  WITH  PHOTOSEDIMENTA- 
TION  ANALYSIS  FOR  THE  DETERMINA- 
TION OF  AQUEOUS  COLLOID  SIZE  DISTRI- 
BUTIONS. 

Geological  Survey,  San  Diego,  CA. 
T.  F.  Rees. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  11,  p  2777-2781,  November  1990.  1  fig,  3  tab,  9 
ref. 

Descriptors:  'Colloids,  'Data  acquisition,  'Instru- 
mentation, 'Path  of  pollutants,  'Spectroscopy, 
•Water  analysis,  Geochemistry,  Sediment  trans- 
port, Sedimentation,  Solute  transport,  Water  pollu- 
tion sources. 


Colloidal  materials,  dispersed  phases  with  dimen- 
sions between  0.001  and  1  micrometer,  are  poten- 
tial transport  media  for  a  variety  of  contaminants 
in  surface  and  groundwater.  Characterization  of 
these  colloids,  and  identification  of  the  parameters 
that  control  their  movement,  are  necessary  before 
transport  simulations  can  be  attempted.  Two  tech- 
niques that  can  be  used  to  determine  the  particle 
size  distribution  of  colloidal  materials  suspended  in 
natural  waters  are  compared.  Photon  correlation 
spectroscopy  utilizes  the  Doppler  frequency  shift 
of  photons  scattered  off  particles  undergoing 
Brownian  motion  to  determine  the  size  of  colloids 
suspended  in  water.  Photosedimentation  analysis 
measures  the  time-dependent  change  in  optical 
density  of  a  suspension  of  colloidal  particles  under- 
going centrifugation.  A  description  of  both  tech- 
niques, important  underlying  assumptions,  and  lim- 
itations are  given.  Results  for  a  series  of  river 
water  samples  show  that  the  colloid-size  distribu- 
tion means  are  statistically  identical  as  determined 
by  both  techniques.  This  is  also  true  of  the  mass 
median  diameter,  even  though  mass  media  diame- 
ter values  determined  by  photosedimentation  anal- 
ysis are  consistently  smaller  than  those  determined 
by  particle  size  spectroscopy.  Because  of  this  small 
negative  bias,  the  skew  parameters  for  the  distribu- 
tions are  generally  smaller  for  the  particle  size 
spectroscopy-determined  distributions  than  for  the 
photosedimentation  analysis-determined  distribu- 
tions. Smaller  polydispersity  indices  for  the  distri- 
butions can  also  be  determined  by  particle-size 
spectroscopy.  (Author's  abstract) 
W91-04131 


DISSOLUTION  OF  TRAPPED  NONAQUEOUS 
PHASE  LIQUIDS:  MASS  TRANSFER  CHAR- 
ACTERISTICS. 

North  Carolina  Univ.,  Chapel  Hill.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering. 
C.  T.  Miller,  M.  M.  Poirier-McNeill,  and  A.  S. 
Mayer. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  11,  p  2783-2796,  November  1990.  10  fig,  3  tab, 
69  ref. 

Descriptors:  'Groundwater  pollution,  'Mass  trans- 
fer, 'Path  of  pollutants,  'Toluene,  Flow  velocity, 
Solute  transport. 

Many  groundwater  contamination  incidents  begin 
with  the  release  of  an  essentially  immiscible  fluid 
into  the  subsurface  environment.  Once  in  the  sub- 
surface, an  immiscible  fluid  participates  in  a  com- 
plex pattern  of  transport  processes.  For  immiscible 
fluids  that  are  commonly  found  in  contaminated 
groundwater  environments  the  interphase  mass 
transfer  between  the  nonaqueous  phase  liquid 
phase  and  the  aqueous  phase  is  an  important  proc- 
ess. An  experimental  apparatus  and  procedure 
were  used  to  isolate  and  measure  mass  transfer 
between  toluene  and  water  in  glass  bead  media 
systems.  The  rate  of  interphase  mass  transfer  was 
investigated  in  two-fluid  systems  as  a  function  of 
aqueous  phase  velocity,  aqueous  and  nonaqueous- 
phase  fluid  saturations,  and  porous  media  charac- 
teristics. The  rate  of  interphase  mass  transfer  was 
found  to  be  directly  related  to  aqueous  phase  ve- 
locity and  nonaqueous  phase  fluid  saturation  level, 
but  no  significant  relation  to  mean  particle  size  was 
found.  Correlation  expressions  for  the  rate  of  inter- 
phase mass  transfer  were  developed  using  relevant 
dimensionless  parameters  and  were  compared  to 
literature  values.  Equilibrium  between  the  two 
fluid  phases  investigated  was  shown  to  be  achieved 
rapidly  over  wide  ranges  of  nonaqueous  phase 
fluid  saturations  and  aqueous  phase  velocities.  The 
derived  correlations  provided  a  means  for  estimat- 
ing the  appropriateness  of  the  local  equilibrium 
assumption  for  a  nonaqueous  phase  liquid-aqueous 
phase  couple  in  multiphase  groundwater  systems. 
(Author's  abstract) 
W91-04132 


USE  OF  NUCLEAR  MAGNETIC  RESONANCE 
AS  AN  EXPERIMENTAL  PROBE  IN  MULTI- 
PHASE SYSTEMS:  DETERMINATION  OF  THE 
INSTRUMENT  WEIGHT  FUNCTION  FOR 
MEASUREMENTS  OF  LIQUID-PHASE 
VOLUME  FRACTIONS. 
California  Univ.,  Davis. 


For  primary  bibliographic  entry  see  Field  7B. 
W91-04134 


DIFFUSION  IN  THE  MATRIX  OF  GRANITIC 
ROCK:  FIELD  TEST  IN  THE  STRIP  A  MINE. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 

of  Chemical  Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-04137 


DEW  CHEMISTRY  AND  ACID  DEPOSITION 
IN  GLENDORA,  CALIFORNIA,  DURING  THE 
1986  CARBONACEOUS  SPECIES  METHODS 
COMPARISON  STUDY. 

Ford  Motor  Co.,  Dearborn,  MI.  Research  Staff. 
W.  R.  Pierson,  and  W.  W.  Brachaczek. 
Aerosol  Science  and  Technology  ASTYDQ,  Vol. 
12,  p  8-27,  1990.  5  tab,  57  ref. 

Descriptors:  'Acid  rain,  'Acidic  water,  'Califor- 
nia, 'Dew,  'Path  of  pollutants,  'Water  chemistry, 
•Water  pollution  sources,  Acidification,  Dry  depo- 
sition, Glendora,  Hydrogen  ion  concentration, 
Nitric  acid,  Organic  acids,  Sulfur,  Sulfuric  acid. 

Dew  was  collected  and  analyzed  during  the  Car- 
bonaceous Species  Methods  Comparison  Study  in 
the  Los  Angeles  basin  (Glendora,  California)  in 
August  1986.  Formate,  acetate,  and  other  carboxy- 
late  anions  were  consistently  observed,  with  for- 
mate generally  being  the  most  abundant  anion  in 
the  dew.  These  carboxylate  anions  appear  to  be 
attributable  to  deposition  of  carboxylic  acids  from 
the  ambient  air.  Free  acid  (H+)  was  only  about 
one-fifth  of  the  total  dew  acidity;  carboxylic  acids 
could  have  accounted  for  half  of  the  remainder. 
The  H+  concentrations  were  far  lower  than  in 
dew  in  the  northeast  United  States  (respective  pH 
averages  4.7  and  4.0).  Whereas  dew  in  the  North- 
east was  essentially  a  dilute  nitric  acid/sulfuric  acid 
mixture,  that  in  Glendora  contained  substantial 
amounts  of  many  other  inorganic  species.  S(IV)  in 
the  dew  in  Glendora  was  stable  against  oxidation, 
even  by  hydrogen  peroxide,  probably  signifying 
formation  of  the  bisulfite  adduct  with  formalde- 
hyde (considerable  amounts  of  formaldehyde  and 
acetaldehyde  were  present),  in  contrast  to  the 
S(IV)  behavior  in  dew  in  the  Northeast.  The  Glen- 
dora dew  results  are  consistent  with  1985  observa- 
tions in  Claremont,  17  km  away.  Dew  appears  to 
play  only  a  minor  role  in  the  acid  deposition 
budget  in  the  Los  Angeles  basin.  Daytime  dry 
deposition  of  nitric  acid  (g)  (and  possibly  of  car- 
boxylic acids)  is  far  more  important.  In  turn,  dry 
deposition  appears  to  be  far  more  important  than 
rainfall  in  the  acid  deposition  budget  of  the  Los 
Angeles  basin,  which  is  yet  probably  far  smaller 
per  unit  surface  area  than  in  parts  of  the  Northeast. 
(Author's  abstract) 
W91-04138 


PCB  MOVEMENT,  DECHLORINATION,  AND 
DETOXICATION  IN  THE  ACUSHNET  ESTU- 
ARY. 

General  Electric  Co.,  Schenectady,  NY.  Research 

and  Development  Center. 

J.  F.  Brown,  and  R.  E.  Wagner. 

Environmental      Toxicology      and      Chemistry 

ETOCDK,  Vol.  9,  No.  10,  p  1215-1233,  1990.  5  fig, 

5  tab,  29  ref. 

Descriptors:  'Biodegradation,  'Estuarine  sedi- 
ments, 'Fate  of  pollutants,  'Marine  sediments, 
•Path  of  pollutants,  'Polychlorinated  biphenyls, 
•Sediment  contamination,  Acushnet  Estuary,  Aro- 
clors,  Marine  pollution,  Massachusetts,  New  Bed- 
ford, Solute  transport. 

Congener-specific  analyses  of  the  polychlorinated 
biphenyls  (PCBs)  in  Acushnet  Estuary  (New  Bed- 
ford, Massachusetts)  sediments  and  waters  were 
undertaken  to  identify  the  PCB  alteration  and 
transport  processes  occurring  in  coastal  marine 
sediments.  These  analyses  indicated  that  (1)  the 
PCBs  deposited  at  the  sediment  sites  sampled  had 
originally  consisted  of  Aroclors  1242  and  1254,  in 
widely  varying  proportions;  (2)  these  PCBs  had 
undergone  vertical  movement  within  the  sedi- 
ments,  rather  than  remaining  stratified,  but  not 
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horizontal  translocation  between  sites;  (3)  they  had 
also  undergone  extraction  into  the  water,  albeit  at 
declining  rates,  with  some  consequent  changes  in 
composition;  but  (4)  the  major  compositional 
change  was  caused  by  a  previously  unreported 
type  of  reductive  dechlorination  process,  designat- 
ed process  H.  This  presumably  anaerobic  microbial 
process,  subsequently  identified  at  several  other 
locations  as  well,  had  selectively  removed  non- 
ortho  chlorines  from  most  of  the  higher  PCB  con- 
geners, especially  those  associated  with  acute  toxic 
effects.  It  appeared  to  have  begun  near  the  upper 
end  of  the  estuary  and  not  yet  reached  its  lower 
portions,  thus  providing  a  marker  for  tracing  the 
origins  of  the  PCBs  in  estuarine  water  samples 
(Author's  abstract) 
W91-04141 


ANAEROBIC  MICROBIAL  DEGRADATION 
OF  ACRIDINE  AND  THE  APPLICATION  OF 
REMOTE  FIBER  SPECTROSCOPY  TO  MONI- 
TOR THE  TRANSFORMATION  PROCESS. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

J.  P.  Knezovich,  D.  J.  Bishop,  T.  J.  Kulp,  D. 
Grbic-Galic,  and  J.  Dewitt. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  10,  p  1235-1243,  1990.  5  fig, 
1  tab,  28  ref.  Dept.  of  Energy  Contract  W-7405- 
Eng-48. 

Descriptors:  *Anaerobic  bacteria,  'Analytical 
methods,  *Biodegradation,  'Fate  of  pollutants,  'In 
situ  tests,  *Laboratory  methods,  'Organic  com- 
pounds, Acridine,  Anaerobic  conditions,  Microbial 
degradation,  Oxidation,  Polycyclic  aromatic  hy- 
drocarbons, Remote  fiber  spectroscopy,  Spectros- 
copy. 

Anaerobic  microbial  transformation  of  a  polynu- 
clear  nitrogen  heterocycle,  acridine,  was  studied  in 
laboratory  microcosms  with  three  different  ino- 
cula:  a  stabilized,  mixed  culture  growing  on  ferulic 
acid  that  was  originally  enriched  from  anaerobic 
sewage  sludge,  and  sulfate-reducing  and  methano- 
genic  aquifer  materials  from  two  sites  at  a  ground- 
water aquifer  contaminated  by  landfill  leachate. 
Acridine  degradation  was  investigated  under  meth- 
anogenic,  denitrifying  and  sulfate-reducing  condi- 
tions at  concentrations  of  1  to  6  microg/ml.  Sub- 
strate degradation  was  followed  using  two  stand- 
ard analytical  techniques  (high  performance  liquid 
chromatography  and  gas  chromatography/mass 
spectrometry  (GC/MS))  and  a  new,  in  situ  remote 
fiber  spectroscopic  (RFS)  technique.  This  RFS 
was  used  successfully  to  follow  changes  in  concen- 
tration of  acridine  with  time,  which  indicates  that 
the  technique  has  a  significant  potential  for  moni- 
toring the  degradation  process  in  environmental 
media.  Acridine  was  degraded  extensively  in  one 
to  three  weeks  under  each  of  the  conditions  stud- 
ied. A  range  of  heterocyclic,  homocyclic  aromatic 
and  aliphatic  intermediates  was  identified  by  GC/ 
MS  analyses.  On  the  basis  of  these  compounds,  a 
tentative  route  of  anaerobic  acridine  transforma- 
tion is  proposed  that  begins  with  oxidation  and 
proceeds  through  the  common  degradative  route 
for  oxidized  aromatic  compounds.  (Author's  ab- 
stract) 
W91-04142 


MONITORING  LINEAR  ALKYL  BENZENE 
SULFONATE  IN  THE  ENVIRONMENT:  1973- 
1986. 

Procter  and  Gamble  Co.,  Cincinnati,  OH.  Ivory- 
dale  Technical  Center. 
R.  A.  Rapaport,  and  W.  S.  Eckhoff. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  10,  p  1245-1257,  1990.  6  fig, 
6  tab,  25  ref. 

Descriptors:  'Biodegradation,  •Detergents,  •Or- 
ganic compounds,  'Path  of  pollutants,  'Surfac- 
tants, 'Wastewater  treatment,  'Water  pollution 
control,  'Water  quality,  Linear  alkyl  benzene  sul- 
fonate, Monitoring,  Sludge,  Soil  amendments,  Soil 
contamination,  Wastewater  analysis. 

Linear  alkyl  benzene  sulfonate  (LAS)  is  the  major 
anionic  surfactant  used  at  present  in  detergent  for- 
mulations, comprising  an  estimated  28%  of  all  syn- 


thetic surfactants.  Results  from  extensive  monitor- 
ing from  1973  to  1986  indicate  that  LAS  is  exten- 
sively removed  by  sewage  treatment  with  resulting 
river  water  concentrations  in  the  low  ppb  range. 
Wastewater  treatment  plant  removal  efficiencies 
exceed  those  for  biochemical  oxygen  demand 
(BOD);  they  average  98%  for  activated  sludge, 
80%  for  trickling  filters  and  27%  for  primary 
clarification.  Concentrations  in  influent  sewage 
(mean  3.5  mg/L),  effluent  sewage  (mean  0.06-2.1 
mg/L),  and  in  river  waters  (<0.005-0.3  mg/L)  are 
in  agreement  with  predicted  concentrations  and 
measurements  by  other  investigators.  Levels  of 
LAS  in  soil  cores  analyzed  shortly  after  sludge 
amendment  range  from  <  3  to  47  mgAg  and  are 
consistent  with  sludge  loading  rates  and  biodegra- 
dation of  LAS  from  the  previous  year's  sludge 
application.  Removal  of  LAS  occurs  by  biodegra- 
dation in  all  compartments  and  sorption/settling 
from  the  water  column.  Longer  chain  length,  more 
sorptive  LAS  homologs  are  relatively  enriched  in 
sludge  soils  and  in  river  sediments;  thus  the  aver- 
age LAS  chain  length  was  found  to  be  higher  in 
those  compartments.  Results  obtained  from  long- 
term  monitoring  support  the  rapid  removal  of  LAS 
by  biodegradation  in  the  environment.  (Author's 
abstract) 
W91-04143 


SORPTION  OF  ORGANIC  ACID  COMPOUNDS 
TO  SEDIMENTS:  INITIAL  MODEL  DEVELOP- 
MENT. 

Environmental  Protection  Agency,  Athens,  GA. 

Southeast  Environmental  Research  Lab 

C.  T.  Jafvert. 

Environmental      Toxicology      and      Chemistry 

ETOCDK,  Vol.  9,  No.  10,  p  1259-1268,  1990.  7  fig 

3  tab,  16  ref.  8 

Descriptors:  'Adsorption,  'Fate  of  pollutants, 
•Mathematical  models,  'Model  studies,  'Organic 
acids,  'Path  of  pollutants,  'Sediments,  Anions, 
Dissociation  constant,  Hydrogen  ion  concentra- 
tion, Organic  compounds,  Sediment  contamina- 
tion, Sorption. 

The  adsorption  to  sediments  and  saturated  soils  of 
selected  organic  acid  compounds,  which  signifi- 
cantly affects  their  movement  and  persistence  in 
the  environment,  was  examined  as  a  function  of 
compound  and  sediment  properties.  Intrinsic  com- 
pound properties  examined  included  the  dissocia- 
tion constant  (pKa)  and  hydrophobic  character. 
Properties  of  the  sediment  examined  included  ionic 
strength  and  composition,  organic  carbon  content 
and  aqueous  phase  pH.  By  varying  these  proper- 
ties, adsorption  of  both  the  neutral  and  anionic 
forms  of  these  compounds  was  shown  to  occur. 
Adsorption  of  the  neutral  species  occurs  similarly 
to  that  of  other  hydrophobic  compounds  that  do 
not  contain  acidic  functional  groups.  Adsorption  of 
the  anionic  species  to  a  specific  sediment  was  mod- 
eled as  a  linearly  dependent  function  of  pH.  Com- 
pounds used  in  the  study  included  2,4-dinitro-o- 
cresol  (DNOC),  2-(2,4,5- 

trichlorophenoxy)propanoic  acid  (silvex),  pentach- 
lorophenol  (PCP),  4-chloro-a-(4- 

chlorophenyl)benzeneacetic   acid   (DDA)   and   4- 
(2,4-dichlorophenoxy)butyric  acid  (2,4-DB).  (Au- 
thor's abstract) 
W91-04144 


LD?ID-PARTTriONING  AND  DISPOSITION 
OF  BENZO(A)PYRENE  AND  HEXACHLORO- 
BIPHENYL  IN  LAKE  MICHIGAN  PONTO- 
POREIA  HOYI  AND  MYSIS  RELICTA. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 

W.  S.  Gardner,  F.  F.  Landrum,  and  J.  F. 
Cavaletto. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  10,  p  1269-1278,  1990.  4  fig, 
4  tab,  25  ref. 

Descriptors:  'Aromatic  compounds,  'Bioaccumu- 
lation,  'Biotransformation,  'Invertebrates,  'Lipids, 
•Organic  compounds,  'Path  of  pollutants,  Amphi- 
pods,  Aquatic  animals,  Benz(a)pyrene,  Crusta- 
ceans, Hexachlorobiphenyl,  Lake  Michigan. 


Two  Lake  Michigan  macroinvertcbrates,  Ponto- 
poreia  hoyi  and  Mysis  relicta,  exhibited  major  dif- 
ferences in  the  disposition  of  the  lipophilic  con- 
taminants, (H-3)benzo(a)pyrene  (BaP)  and  (C- 
I4)2,4,5,2',4',5'-hexachlorobiphenyl  (HCB).  Inter- 
actions of  these  contaminants  with  major  lipid 
classes  (triglycerols  and  phospholipids)  were  exam- 
ined by  centrifuging  aqueous  whole  organism  ho- 
mogenates  of  labeled  animals  into  three  discrete 
layers  that  were  operationally  defined  as  'buoyant- 
lipid',  'particle',  and  'aqueous'  fractions.  The  buoy- 
ant-lipid  fraction  contained  most  of  the  energy 
storing  triacylglycerols,  whereas  the  particle  and 
aqueous  fractions  contained  most  of  the  membrane 
phospholipids.  During  2  to  4  d  experiments,  un- 
modified BaP  and  HCB  partitioned  among  the 
three  fractions  in  proportion  to  the  distribution  of 
total  lipids  in  both  species,  but  in  M.  relicta  most  of 
the  BaP  was  biotransformed  into  polar  metabolites 
that  were  selectively  found  in  the  aqueous  and 
particle  fractions.  Apparently  HCB  was  not  sub- 
stantially biotransformed  in  either  species  but  took 
longer  (about  2  d)  to  reach  steady  state  among 
lipid  pools  in  M.  relicta  than  it  did  in  P.  hoyi  (<1 
d).  Although  the  contaminants  did  not  always 
completely  reach  steady  state  in  the  organisms 
with  respect  to  the  external  environments  during 
these  relatively  short  experiments,  they  appeared 
to  reach  steady  state  among  lipid  pools  within  the 
organisms.  (Author's  abstract) 
W91-04145 


CHLOROACETONES  IN  PULP  MILL  CHLOR- 
INATION-STAGE  EFFLUENTS. 

CanSyn  Chemical  Corp.,  Toronto  (Ontario). 
A.  B.  Mckague,  D.  Bradley,  H.  P.  Meier,  D. 
Monteith,  and  J.  L.  Betts. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  10,  p  1301-1303,  1990  2 
tab,  16  ref. 

Descriptors:  'Acute  toxicity,  'Chloroacetones, 
•Effluents,  'Industrial  wastes,  'Path  of  pollutants, 
•Pulp  wastes,  'Water  pollution  effects,  Canada, 
Chlorinated  hydrocarbons,  Chlorination,  Fish, 
Lethal  limit,  Pulp  and  paper  industry. 

Chloroacetones  in  chlorination-stage  effluents  from 
a  variety  of  Canadian  pulp  and  paper  mills  were 
analyzed  and  tested  for  acute  toxicity  in  juvenile 
rainbow  trout  (Salmo  gairdneri).  Ninety-six  hour 
LC50  values  for  1,1,3-trichloroacetone,  1,1,3,3-te- 
trachloroacetone,  pentachloroacetone,  and  hexach- 
loroacetone  for  S.  gairdneri  were  2.3,  11.0,  25.0, 
and  >25  mg/L,  respectively.  Levels  in  chlorina- 
tion-stage effluents  from  eight  pulp  mills  sampled 
across  Canada  were  as  follows:  trichloroacetone, 
<0.1  to  2.4  mg/L;  tetrachloroacetone,  0.4  to  6.9 
mg/L;  pentachloroacetone,  0.1  to  7.5  mg/L;  and 
hexachloroacetone,  <0.1  to  0.6  mg/L.  Combined 
levels  of  chloroacetones  ranged  from  0.9  to  17.0 
mg/L.  The  results  indicate  that  combined  levels  of 
chloroacetones  contribute  to  the  acute  toxicity  of 
chlorination-stage  effluent  to  fish.  Because  the 
chloroacetones  are  unstable,  they  do  not  pose  an 
environmental  threat  and  have  not  been  identified 
in  final  mill  effluent.  (MacKeen-PTT) 
W91-O4150 


SURFACE-WATER  CONTAINMENT  ROUTING 
USING  A  DIGITAL  STREAM  INFORMATION 
SYSTEM. 

Geological  Survey,  Portland,  OR. 
T.  M.  Broad. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  203-215,  7  fig,  8  ref. 

Descriptors:  'Data  storage  and  retrieval,  'Data- 
bases, 'Geographic  information  systems,  'Path  of 
pollutants,  'Routing,  'Traveltime,  'Water  re- 
sources data,  'Water  use,  'Water  use  data,  Case 
studies,  Flow  profiles,  Information  systems, 
Oregon,  Surface  water,  Umqua  River. 

The  US  Geological  Survey  (USGS)  is  proposing 
to  redesign  its  site  specific  water  use  database  into 
a  topologic  site-specific  water  use  database  that 
depicts  water  use  as  an  integral  part  of  the  hydro- 
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logic  cycle.  This  new  database  is  to  be  compatible 
with  the  theory  of  geographic  information  systems. 
By  placing  water  use  and  other  hydrologic  data 
into  the  geographic  information  system  frame- 
work, a  Stream  Information  System  (SIS)  can  be 
developed.  A  SIS  allows  a  user  to  combine  the 
spatial  and  topologic  attributes  of  a  basin  with 
stream  characteristics,  such  as  discharge,  gradient, 
sinuosity,  length,  time  of  travel,  and  water  use  to 
develop  models  that  simulate  discharge,  time  of 
travel,  supply  and  demand,  and  solute  transport. 
One  application  of  the  SIS  is  explored  for  the 
Umqua  River  of  southwestern  Oregon,  where  most 
users  rely  on  surface  water  supplies.  These  surface 
water  supplies  are  occasionally  contaminated  by 
tractor  trailer  spills  or  by  overflows  of  sewage 
treatment  plants.  Time-of  travel  data  are  integrated 
into  the  SIS  to  predict  the  time  required  for  a 
contaminant  to  travel  from  the  spill  site  to  a  down- 
stream user  at  a  known  value  of  discharge.  (See 
also  W91-04161)  (Author's  abstract) 
W91-04185 


POPULATIONS  AFFECTED  BY  PESTICIDES 
IN  PUBLIC  GROUND-WATER  SUPPLIES  IN 
IOWA. 

Geological  Survey,  Iowa  City,  IA.  Water  Re- 
sources Div. 

J.  N.  Thamke,  and  M.  L.  Clark. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  381-388,  3  fig,  1  tab,  11  ref. 

Descriptors:  'Groundwater  pollution,  'Iowa, 
*Path  of  pollutants,  'Pesticides,  'Public  health, 
•Water  quality,  'Water  use  data,  Alachlor,  Atra- 
zine,  Cyanazine,  Metolachlor,  Metribuzin,  Moni- 
toring, Terbufos,  Water  quality  control,  Water 
supply. 

During  1987,  nearly  200  public  supply  wells  in 
Iowa  were  sampled  for  detectable  concentrations 
of  pesticides.  It  was  demonstrated  that  50  public 
supply  wells  contained  detectable  concentrations 
of  one  or  more  pesticides.  The  pesticides,  in  de- 
creasing frequency  of  detection  were:  atrazine,  me- 
tolaclor,  alachlor,  cyanazine,  metribuzin,  and  ter- 
bufos. During  1987,  a  total  of  25,200  million  gal- 
lons of  water  were  withdrawn  by  the  50  public 
supplies  to  serve  a  population  of  310,000  which  is 
nearly  1 1  %  of  the  total  population  in  Iowa.  Atra- 
zine was  detected  in  47  public  supplies  which 
withdrew  24,600  million  gallons  of  groundwater 
during  1987  and  served  a  population  of  297,000. 
Twelve  public  supplies  with  detectable  concentra- 
tions of  metolachlor  in  their  wells  withdrew  1 1,200 
million  gallons  and  served  141,000  people.  Alach- 
lor was  detected  in  samples  from  9  public  supplies 
which  withdrew  430  million  gallons  of  groundwat- 
er and  served  a  population  of  9,420.  The  8  public 
supplies  with  detection  of  cyanazine  withdrew 
nearly  204  million  gallons  of  groundwater  and 
delivered  water  to  4,980  people.  Metribuzin  was 
detected  in  8  public  supplies  which  withdrew 
nearly  281  million  gallons  of  groundwater  and 
served  a  population  of  6,430.  Only  one  public 
supply  had  a  detectable  level  of  terbufos,  and 
withdrew  0.73  million  gallons  of  groundwater  to 
serve  74  people.  (See  also  W9 1-04161)  (Author's 
abstract) 
W9 1-04202 


CHARACTERISTIC  CHLORINATED  HYDRO- 
CARBON PATTERNS  IN  THE  BLUBBER  OF 
SEALS  FROM  DIFFERENT  MARINE  RE- 
GIONS. 

Hohenheim  Univ.,  Stuttgart  (Germany,  F.R.).  Inst. 

fuer  Lebensmittelchemie. 

B.  Luckas,  W.  Vetter,  P.  Fischer,  G.  Heidemann, 

and  J.  Plotz. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  13- 

19,  1990.  4  fig,  1  tab,  11  ref. 

Descriptors:  'Arctic  Ocean,  'Baltic  Sea,  'Chlorin- 
ated hydrocarbons,  'Gas  chromatography,  'North 
Atlantic  Ocean,  'North  Sea,  'Path  of  pollutants, 
•Polychlorinated  biphenyls,  'Seals,  'Spatial  distri- 
bution, 'Weddell  Sea,  Benzene  hexachloride,  Blub- 
ber, DDT,  Hexachlorobenzene,  Pollutant  identifi- 
cation. 


The  investigation  of  occurrence  and  distribution  of 
chlorinated  hydrocarbon  compounds,  such  as  hex- 
achlorobenzene (HCB),  hexachlorocyclohexane 
isomers  (HCH),  p,p'-DDT  and  its  metabolites 
(p,p'-DDE  and  p,p'-DDD)  and  polychlorinated  bi- 
phenyls (PCB),  have  shown  significant  differences 
between  several  marine  regions.  Samples  of  seal 
blubber  from  several  marine  regions  (Arctic,  Ice- 
land, North  Sea,  Baltic,  and  Antarctica)  were  ana- 
lyzed, using  a  gas  chromatograph,  for  chlorinated 
hydrocarbon  contamination.  The  blubber  was  ob- 
tained from  Common  Seals  (Phoca  vitulina)  of  the 
North  Sea,  the  Baltic  Sea  and  the  North  Atlantic, 
Ringed  Seals  (Pusa  hispida)  caught  in  the  Arctic 
region,  as  well  as  Weddell  Seals  (Leptonychotes 
weddellii)  of  the  Weddell  Sea.  Varying  concentra- 
tions of  organochlorines  in  the  blubber  resulted  in 
characteristic  contamination  patterns.  The  results 
of  the  study  showed  that  remarkably  high  amounts 
of  HCH  and  HCB  were  found  in  the  blubber  of 
animals  from  the  Arctic  and  Antarctic  regions. 
The  DDT  contamination  increases  from  the  Arctic 
to  southern  waters.  However,  DDT-pertaining  res- 
idues are  found  in  substantial  amount  in  all  regions, 
even  in  the  Antarctic.  PCB  content  in  seals  from 
the  northern  hemisphere  increases  even  more 
markedly  from  the  north  to  the  south.  In  samples 
from  the  Antarctic,  PCB  are  also  present  but  do 
not  dominate  the  chromatograms.  Seals  from  the 
North  Sea  and  the  Baltic  display  almost  equal  PCB 
content  in  the  blubber.  The  synoptical  consider- 
ation of  selected  organochlorine  residue  concentra- 
tions allows  an  evaluation  of  both  regional  loads 
and  global  expansion  of  pollution  with  chlorinated 
hydrocarbons.  (Korn-PTT) 
W9 1-04247 


IMPORTANCE  OF  SPHEROIDAL  CARBONA- 
CEOUS PARTICLES  (SCPS)  FOR  THE  DISTRI- 
BUTION OF  PARTICULATE  POLYCYCLIC 
AROMATIC  HYDROCARBONS  (PAHS)  IN  AN 
ESTUARINE-LIKE  URBAN  COASTAL  WATER 
AREA. 

Stockholm  Univ.  (Sweden).  Dept.  of  Zoology. 
D.  Broman,  C.  Naf,  M.  Wik,  and  I.  Renberg. 
Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  69- 
77,  1990.  3  fig,  3  tab,  13  ref. 

Descriptors:  'Particulate  matter,  'Path  of  pollut- 
ants, 'Polycyclic  aromatic  hydrocarbons,  Aero- 
sols, Air  pollution,  Baltic  Sea,  Carcinogens,  Corre- 
lation analysis,  Data  acquisition,  Gas  chromatogra- 
phy, Mass  spectrometry,  Settling  particulate 
matter,  Suspended  particulate  matter,  Sweden. 

Polycyclic  aromatic  hydrocarbons  (PAHs)  consti- 
tute a  large  group  of  toxic  compounds  which  origi- 
nate from  the  incomplete  combustion  of  organic 
material  and  of  which  some  also  have  a  mutagenic 
and/or  carcinogenic  potential.  Earlier  investiga- 
tions have  shown  that  PAHs,  to  a  large  extent,  are 
associated  with  the  sub-micron  fraction  of  particu- 
late matter  of  atmospheric  aerosols.  To  investigate 
the  correlation  between  PAHs  and  spheroidal  car- 
bonaceous particles  (SCPs)  derived  from  fossil  fuel 
combustion,  analyses  were  carried  out  on  suspend- 
ed particulate  matter  (SUPM)  and  settling  particu- 
late matter  (SPM)  along  the  coastal  waters  of  the 
Baltic  Sea  near  Stockholm.  The  SUPM  was  col- 
lected with  a  large  volume  tangential  flow  filtra- 
tion technique  and  the  SPM  was  collected  with 
sediment  traps  at  different  stations  at  different 
depths  and  seasons.  A  total  of  18  PAH  samples 
were  analyzed  using  gas  chromatography/mass 
spectrometry  techniques.  Of  the  18  PAHs  ana- 
lyzed, all  except  anthracene,  1-,  and  3-methylphen- 
anthrene,  2-methylpyrene,  and  perylene  showed 
significant  correlations  (r  =  0.81-0.93)  to  the 
SCPs.  Because  of  the  gravitational  settling  capac- 
ity of  the  SCPs,  the  deposition  patterns  in  the 
surroundings  of  a  point-source  ought  to  have  a 
more  pronounced  exponential  decline  than  the  sub- 
micron  particles.  The  long  residence  time  in  the 
atmosphere  for  the  sub-micron  particles  probably 
results  in  a  relatively  uniform  distribution  except 
for  those  areas  surrounding  the  source.  Because  of 
the  porous  and  hollow  composition  of  the  coarse 
carbonaceous  particles  analyzed  here,  the  gravita- 
tional settling  in  air  is  probably  slower  than  could 
be  calculated  from  the  optical  diameter  (>  0.3  cm/ 
s)  and  makes  the  settling  area  around  a  point 
source  larger  than  could  be  expected.  (Korn-PTT) 


W9 1-04249 

CHARACTERISTIC  CONTAMINATION 

LEVELS  FOR  POLYCHLORINATED  HYDRO- 
CARBONS, DIBENZOFURANS  AND  DI- 
BENZO-P-DIOXINS  IN  BREAM  (ABRAMIS 
BRAMA)  FROM  THE  RIVER  ELBE. 
Hohenheim  Univ.,  Stuttgart  (Germany,  F.R.).  Inst, 
fuer  Lebensmittelchemie. 
B.  Luckas,  and  M.  Oehme. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  79- 
89,  1990.  3  fig,  2  tab,  25  ref. 

Descriptors:  'Bioaccumulation,  'Bream,  'Chlorin- 
ated hydrocarbons,  'DDD,  'DDE,  *DDT,  'Diox- 
ins,  'Fish,  'Path  of  pollutants,  'Polychlorinated 
biphenyls,  'Pulp  wastes,  Benzene  hexachloride, 
Elbe  River,  Estuaries,  Furans,  Gas  chromatogra- 
phy, Germany,  Hexachlorobenzene,  Octochloros- 
tyrene,  Pesticides,  Water  pollution  sources,  Weser 
River. 

A  preliminary  study  of  the  content  of  polychlori- 
nated pesticides  and  aromatics  in  flounder  from  the 
Weser  and  Elbe  estuary  in  the  Federal  Republic  of 
Germany  showed  significant  differences  in  the 
concentration  ratios  between  the  different  com- 
pounds. Mainly  polychlorinated  biphenyls  (PCB) 
and  very  low  amounts  of  hexachlorobenzene 
(HCB),  octachlorostyrene  (OCS),  hexachlorocy- 
clohexanes  (HCH),  DDT  and  DDT-metabolites 
were  found  in  fish  from  the  Weser.  Flounder  from 
the  Elbe  were  heavily  contaminated  with  HCB, 
OCS,  p,p'-DDD  and  p,p'-DDE  in  addition  to  the 
relatively  high  levels  of  PCB.  To  investigate  the 
origin  of  these  contaminants  further,  fish  from  8 
different  sites  of  the  river  Elbe  were  collected  in 
the  spring  of  1986.  Polychlorinated  pesticides,  aro- 
matics, dibenzofurans  (PCDF)  and  dibenzo-p-diox- 
ins  (PCDD)  were  determined  in  bream  from  these 
8  different  locations.  All  samples  taken  from  the 
estuary  (river  km  675)  to  the  border  of  the  German 
Democratic  Republic  (river  km  492)  showed  a 
very  similar  pattern  where  HCB  and  OCS  were 
the  dominant  compounds.  HCB  and  OCS  are 
mainly  formed  as  undesired  byproducts  of  industri- 
al procedures  such  as  metal  processing  where  chlo- 
rine and  carbon  are  present  at  high  temperature  or 
as  a  result  of  catalytic  reactions.  Furthermore, 
beta-HCH  and  p,p'-DDD  are  the  most  abundant 
compounds  of  the  HCH  and  DDT  group,  respec- 
tively, which  is  different  compared  to  studies  of 
fish  from  other  rivers.  Taking  the  low  fat  percent- 
age of  <1%  (w/w)  into  account,  considerable 
concentrations  of  PCDF  and  PCDD  were  found  in 
5  single  samples.  Two  pulp  mills  were  identified  as 
sources.  In  addition,  2,3,7,8-chlorine-substituted 
PCDF  was  found  to  be  the  most  pronounced 
isomer  in  the  bream  samples.  (Korn-PTT) 
W91-04250 


LONG-TERM  TRENDS  OF  DDT  AND  PCB 
CONCENTRATIONS  IN  MUSSELS  (MYTILUS 
GALLOPROVINCIALIS). 

Institut   Rudjer   Boskovic,    Zagreb   (Yugoslavia). 

Center  for  Marine  Research. 

N.  Picer,  and  M.  Picer. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  153- 

158,  1990.  3  fig,  1  tab,  10  ref. 

Descriptors:  'Bioindicators,  'Chlorinated  hydro- 
carbons, 'DDT,  'Mussels,  'Mytilus,  *PCB,  'Path 
of  pollutants,  'Pollutant  identification,  'Water  pol- 
lution sources,  Adriatic  Sea,  Mediterranean  Sea, 
Mollusks,  Regression  analysis,  Rijeka  Bay. 

As  early  as  1973,  declining  DDT  residues  in  estua- 
rine  mollusks  in  the  Mediterranean  Sea  were 
noted.  Although  mussels  are  a  very  popular  indica- 
tor organism  for  metal  and  organic  pollutants, 
there  is  a  very  limited  amount  of  information  avail- 
able describing  the  long-term  monitoring  of  DDTs 
and  polychlorinated  biphenyls  (PCBs)  in  mussels. 
Samples  of  mussel  tissue  were  collected  from  vari- 
ous places  in  the  Rijeka  Bay  in  the  Adriatic  Sea. 
The  results  of  the  investigation  showed  that  total 
DDT  and  PCB  concentrations  in  mussels  from  the 
Rijeka  Bay  declined  from  1974  to  1989.  DDT 
concentrations  declined  in  a  manner  following  first 
order  loss  kinetics,  confirmed  by  linear  regression 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B— Sources  Of  Pollution 


analysis  after  the  logarithmic  linearization  of  the 
concentration  data.  The  slowing  in  the  decline  of 
PCBs  may  signify  that  the  decline  in  the  environ- 
mental concentrations  brought  about  by  existing 
bans  and  restrictions  on  the  use  of  these  com- 
pounds has  been  achieved,  and  a  new  equilibrium 
is  being  approached.  In  addition,  the  study  indicat- 
ed that  DDT  and  PCB  levels  in  mussel  tissue  often 
differed  dramatically  in  samples  collected  at  the 
same  time  from  nearby  stations.  This  was  believed 
to  be  due  to  the  fact  that  the  waters  of  the  first 
station  had  been  contaminated  with  waste  waters 
and  those  of  the  second  station  had  not.  Therefore 
it  is  necessary  to  be  very  cautious  in  using  mussels 
as  indicator  organisms  for  the  estimation  of  chlor- 
inated hydrocarbon  pollution  in  the  larger  marine 
ecosystem.  (Korn-PTT) 
W9 1-04253 


BASELINE  ASSESSMENT  OF  PCDDS/PCDFS 
IN  THE  VICINITY  OF  THE  ELK  RIVER,  MIN- 
NESOTA GENERATING  STATION. 

ENSR,  Fort  Collins,  CO. 

L.  W.  Reed,  G.  T.  Hunt,  B.  E.  Maisel,  M.  Hoyt, 

and  D.  Keefe. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  159- 

171,  1990.  3  fig,  4  tab,  16  ref. 

Descriptors:  'Baseline  studies,  *Dioxins,  *Path  of 
pollutants,  'Pollutant  identification,  'Sediment 
analysis,  'Soil  analysis,  'Water  pollution  sources, 
Agriculture,  Elk  River,  Fish,  Furans,  Hay,  Maize, 
Minnesota,  Seasonal  variation. 

A  study  of  tetra-,  through  octa-chlorinated  dioxins 
and  furans  in  multiple  media  has  been  performed  at 
a  the  Elk  River  Electric  Generating  Station 
(ERGS)  in  Elk  River,  Minnesota.  The  investiga- 
tion assessed  background  polychlorinated  dibenzo- 
p-dioxins  (PCDD)/polychlorinated  dibenzofurans 
(PCDF)  levels  in  various  media,  including  air,  soil, 
hay,  corn,  sediment,  and  fish.  The  land  use  sur- 
rounding the  facility  is  dominated  by  agriculture. 
The  average  ambient  wintertime  PCDDs/PCDFs 
data  for  the  C14  through  C18  congener  class  sums 
showed  a  profile  suggesting  combustion  source 
influence,  with  higher  average  concentration  fol- 
lowing increased  chlorine  substitution.  This  profile 
was  more  pronounced  in  the  summertime  samples. 
Also,  average  ambient  summertime  levels  of  the 
tetra  through  octa  congener  classes  were  lower 
than  those  observed  during  wintertime.  The  soils 
data  were  high  in  the  octachlorinated  isomers, 
OCDD  (340-3300  ppt)  and  OCDF  (nd-269  ppt). 
The  corn  and  hay  measurements  are  believed  to 
represent  deposition  on  the  foliage  of  dioxin  and 
dibenzofuran-contaminated  dust.  The  hay  had 
measurements  for  a  greater  number  of  isomers  than 
corn.  All  crop  samples  had  OCDD  with  corn 
ranging  from  72-168  ppt  OCDD  and  hay  ranging 
from  270-297  ppt  OCDD.  The  aquatic  systems 
were  similar  to  transition  areas  from  rural  to  urban. 
The  sediment  samples  had  profiles  similar  to  com- 
bustion sources.  In  the  fish  samples  no  2,3,7,8- 
TCDD  was  identified.  However,  one  fish  had  3.9 
ppt  total  TCDD.  All  fish  samples  were  found  to 
have  2,3,7,8-TCDF.  The  Mississippi  River  samples 
had  more  isomers  than  Lake  Orono  and  for  the 
isomers  in  common  the  concentrations  were  higher 
in  the  Mississippi  River  fish  samples.  The  fish 
samples  had  lower  concentrations  of  all  isomers 
than  contaminated  water  bodies  such  as  Lake  Erie 
and  Lake  Ontario.  (Korn-PTT) 
W9 1-04254 


DETERMINATION    OF    MONO-    AND    NON- 
ORTHO  COPLANAR  PCBS  IN  FISH. 

New  York  State  Dept.  of  Health,  Albany.  Wads- 
worth  Center  for  Labs,  and  Research. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-04255 


BEHAVIOR  OF  DIAZINON  IN  A  PERCH  SPE- 
CIES. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 

m.b  H.  Muenchen,  Neuherberg  (Germany,  F.R.). 

Inst,  fuer  Oekologische  Chemie. 

A.  E.  El  Arab,  A.  Attar,  L.  Ballhorn,  D.  Freitag, 

and  F.  Korte. 

Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  193- 


199,  1990.  3  fig,  2  tab,  9  ref. 

Descriptors:  *Acaricides,  'Bioaccumulation,  •Bio- 
degradation,  *Diazinon,  *Fate  of  pollutants,  •In- 
secticides, *Organophosphorus  pesticides,  'Path  of 
pollutants,  'Perch,  Agricultural  runoff,  Agronom- 
ic crops,  Carbon  radioisotopes,  Egypt,  Fish,  Fish 
physiology,  Gas  chromatography,  High  perform- 
ance liquid  chromatography,  Mass  spectrometry, 
Metabolism,  Radioactive  tracers,  Rice. 

In  Egypt  and  other  countries  of  warmer  climate, 
diazinon  is  a  widely  used  insecticide  in  rice  fields 
in  which  fish  are  kept  for  consumer  use.  To  inves- 
tigate the  bioaccumulation  and  metabolism  of  dia- 
zinon and  its  metabolites  in  fresh  water  fish,  a 
series  of  tests  were  conducted  using  14C-labelled 
diazinon  in  perch  (Sarotherodon  galilaeus)  which 
is  found  in  Asia  Minor  and  East  Africa.  The  results 
of  the  investigation  revealed  that,  compared  to 
other  lipophilic  compounds  such  as  DDT  and  Lin- 
dane, the  bioaccumulation  factor  of  diazinon  was 
found  to  be  lower  by  a  factor  of  more  than  10.  The 
highest  concentrations  of  diazinon  and/or  its  meta- 
bolites were  found  in  the  vertebral  cord  and  the 
lowest  concentrations  were  found  in  muscle.  It  was 
likewise  demonstrated  that  depletion  of  diazinon 
and  its  metabolites  were  fast.  After  three  days  only 
9%  of  the  original  concentration  remained  in  fish 
kept  in  clear  water.  The  substance  was  readily 
metabolized  mainly  by  cleavage  of  the  phosphoric 
acid  moiety  of  the  molecule.  Since  depletion  of 
diazinon  from  fish  is  fast,  the  results  of  these  ex- 
periments suggest  that  living  fish  meant  for  human 
consumption  should  be  kept  in  fresh  water  for  a 
few  days  prior  to  use.  (Korn-PTT) 
W9 1-04256 


FORMS  OF  METALS  IN  A  SEDIMENT  CORE 
OF  A  SEVERELY  ACIDIFIED  NORTHERN 
BLACK  FOREST  LAKE. 

Bayerisches     Landesamt     fuer    Wasserwirtschaft, 
Munich  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04257 


POLYCHLORINATED    DIBENZOFURANS    IN 
THE  EDIBLE  PORTION  OF  SELECTED  FISH. 

Food  and  Drug  Administration,  Washington,  DC. 
Contaminants  Chemistry  Div. 
A.  M.  Gardner,  and  K.  D.  White. 
Chemosphere  CMSHAF,  Vol.  21,  No.  1/2,  p  215- 
222,  1990.  4  tab,  26  ref. 

Descriptors:  'Bioaccumulation,  *Fish,  'Furans, 
•Path  of  pollutants,  'Polychlorinated  biphenyls, 
Adsorbents,  Analytical  methods,  Analytical  tech 
niques,  Column  chromatography,  Gas  chromatog- 
raphy, Incineration,  Mass  spectrometry,  Pollutant 
identification. 

Fillets  of  35  fish  were  examined  for  parts-per- 
trillion  (ppt)  levels  of  Polychlorinated  dibenzofur- 
ans (PCDFs).  The  fish  were  obtained  from  sites 
contaminated  with  industrial  chemicals  or  con- 
tained known  or  suspected  levels  of  PCBs.  PCDFs 
were  extracted  and  cleaned  up  by  column  chroma- 
tography on  a  series  of  modified  silica  gel,  carbon, 
and  alumina  adsorbents.  Selected-ion  mass  spec- 
trometry following  capillary  gas  chromatography 
was  used  for  quantitation.  The  predominant 
PCDFs  found  were  2,3,7,8-tetrachlorodibenzo- 
furan,  which  occurred  in  12  fish  at  an  average  of 
25  ppt  (range  3-93  ppt),  and  2,3,4,7,8-pentachloro- 
dibenzofuran,  which  occurred  in  14  fish  at  an 
average  of  34  ppt  (range  4-113  ppt).  Other  tn-, 
tetra-,  penta-,  hexa-,  and  heptachlorodibenzofurans 
were  found  with  less  frequency;  all  of  these  were 
tentatively  identified  as  2,4,6-substituted  PCDFs, 
that  is,  they  were  chlorinated  at  the  2,  4,  and  6 
positions.  PCDFs  were  not  found  in  17  fish  (limit 
of  detection  in  the  range  1-15  ppt).  None  of  the  fish 
contained  more  than  1 50  ppt  of  PCDF  congeners. 
Since  the  selection  of  these  samples  was  deliberate- 
ly biased  toward  areas  of  known  PCDF  contami- 
nation, it  is  unlikely  that  individual  congeners  of 
bio-incurred  PCDFs  currently  exceed  this  level  in 
fish  fillets.  (Korn-PTT) 
W91-04258 


POTENTIAL  SIGNIFICANCE  OF  MICROBIAL 
ACTIVITY  IN  RADIOACTIVE  WASTE  DISPOS- 
AL. 

Nuclear  Electric,  Barnwood  (England). 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-04260 


DISPOSAL  OF  LOW-  AND  INTERMEDIATE- 
LEVEL  WASTE  IN  SWITZERLAND:  BASIC  AS- 
PECTS OF  POTENTIAL  RELEVANCE  TO  MI- 
CROBIAL EFFECTS. 

Nationale  Genossenschaft  fuer  die  Lagerung  Ra- 
dioaktiver  Abfaelle,  Baden  (Switzerland). 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04261 


SWEDISH  FINAL  REPOSITORY  AND  THE 
POSSIBLE  RISK  OF  INTERACTIONS  BY  MI- 
CROBIAL ACTIVITIES. 

Foersvarets  Forskningsanstalt,  Umea  (Sweden). 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04262 


MICROBIAL  ACTIVITY  IN  THE  TERRESTRI- 
AL  SUBSURFACE. 

Pennsylvania  State  Univ.,  University  Park.  Lab.  of 
Soil  Science. 

J.  P.  Kaiser,  and  J.  M.  Bollag. 
Experientia  EXPEAM,  Vol.  46,  No.  8,  p  797-806, 
August  15,  1990.  4  tab,  77  ref.  Department  of 
Energy,  Subsurface  Transport  Program  Grant 
DE-FG02-87  ER60556  and  E.  I.  duPont  de  Ne- 
mours and  Company  Grant  AX  0720809. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
'Groundwater  pollution,  'Microbial  degradation, 
•Microbiological  studies,  'Microorganisms,  'Path 
of  pollutants,  'Reviews,  'Water  pollution  sources, 
Aerobic  bacteria,  Anaerobic  bacteria,  Aquifers, 
Bacteria,  Nutrients,  Permeability,  Soil  chemistry. 

The  problem  of  groundwater  protection  was  re- 
viewed with  respect  to  subsurface  microbial  activi- 
ty. Although  groundwater  is  more  difficult  to  con- 
tamiate  than  surface  water,  leachates  from  toxic 
waste  dumps  and  landfills  can  percolate  into  sub- 
surface zones  and  contaminate  groundwater.  Pre- 
vailing conditions  in  the  subsurface  habitat  such  as 
nutrient  availability,  soil  composition,  redox  poten- 
tial, permeability  and  a  variety  of  other  factors  can 
influence  the  microflora  that  flourish  in  a  given 
environment.  Microbial  diversity  varies  between 
geological  formations,  but,  in  general,  sandy  soils 
support  growth  better  than  soils  rich  in  clay.  Bac- 
teria predominate  in  subsurface  sediments,  while 
eukaryotes  constitute  only  1-2  %  of  the  microorga- 
nisms. Recent  investigations  revealed  that  most 
uncontaminated  subsurface  soils  support  the 
growth  of  aerobic  heteroorganotrophic  bacteria, 
but,  obviously,  anaerobic  microorganisms  also  exist 
in  the  deeper  subsurface  habitat.  The  microorga- 
nisms residing  below  the  surface  of  the  earth  are 
capable  of  degrading  both  natural  and  xenobiotic 
contaminants  and  can  thereby  adapt  to  growth 
under  polluted  conditions.  (Korn-PTT) 
W9 1-04263 


PORE-WATER  GEOCHEMISTRY  AND  THE 
MINERALOGY  OF  THE  VADOSE  ZONE  OF 
SULFIDE  TAILINGS,  WATTE  AMULET, 
QUEBEC,  CANADA. 

Waterloo  Centre  for  Groundwater  Research  (On- 
tario). 

D.  W.  Blowes,  and  J.  L.  Jambor. 
Applied  Geochemistry  APPGEY,  Vol.  5,  No.  3,  p 
327-346,  April/June   1990.    11   fig,  6  tab,  43  ref. 

Descriptors:  'Acid  mine  drainage,  'Canada,  'Geo- 
chemistry, 'Groundwater  chemistry,  'Interstitial 
water,  'Mine  wastes,  'Mineralogy,  'Path  of  pol- 
lutants, 'Quebec,  'Sulfides,  'Vadose  zone,  'Water 
pollution  sources,  Acid  neutralization,  Adsorption- 
coprecipitation  reactions,  Chemical  analysis, 
Chemical  composition,  Chemical  interactions, 
Copper,  Crystal-structural  replacement,  Dissolved 
solids,  Hydrogen  ion  concentration,  Metals,  Oxida- 
tion, Precipitation-dissolution  reactions,  Secondary 
mineral  phases,  Solubility,  Zinc,  Zones. 
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Low-pH  waters,  requiring  treatment  because  of 
high  concentrations  of  dissolved  metals,  are  being 
discharged  from  a  decommissioned  tailings  im- 
poundment at  the  former  Wake  Amulet  Zn-Cu 
mine  in  northeastern  Quebec,  Canada.  A  detailed 
study  of  the  vadose  zone  of  the  tailings  comparing 
mineralogical  and  geochemical  analyses  of  the  tail- 
ings solids  with  geochemical  analysis  of  the  tailings 
pore  water  and  pore  gas  indicates  the  presence  of 
three  zones  within  the  tailings.  These  zones  include 
an  upper  sulfide-depleted  zone  in  which  the  sul- 
fides have  been  extensively  removed  and  oxidation 
is  largely  complete,  an  intermediated  zone,  where 
sulfide  oxidation  and  acid  neutralization  reactions 
are  occurring,  and  an  unoxidized  zone  below  the 
depth  of  oxygen  penetration,  where  sulfides  are 
unoxidized.  High  aqueous  concentrations  of  dis- 
solved solids  are  being  displaced  downward  from 
the  sulfide-depleted  zone,  through  the  unoxidized 
zone  toward  the  water  table.  Sulfide-oxidation  and 
acid  neutralization  reactions  have  generated  con- 
centrations of  dissolved  solids  high  enough  to  lead 
to  the  precipitation  of  a  series  of  secondary  solid 
phases.  Precipitation-dissolution  reactions  involv- 
ing these  solid  phases  control  the  concentrations  of 
the  major  ions  in  the  tailings  pore  water.  Concen- 
trations of  dissolved  metals  are  controlled  by  pre- 
cipitation-dissolution, crystal-structural  replace- 
ment, and  adsorption/coprecipitation  reactions. 
Predictions  based  on  the  observed  data  and  numer- 
ical simulations  suggest  that,  in  the  absence  of  an 
effective  remedial  program,  sulfide  oxidation  and 
H(+)  production  will  continue  for  several  centur- 
ies. (Author's  abstract) 
W91-04271 


PARAMETRIC  STUDY  OF  DIETHYL 
PHTHALATE  BIODEGRADATION. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
G.  Zhang,  and  K.  F.  Reardon. 
Biotechnology  Letters  BILED3,  Vol.  12,  No.  9,  p 
639-704,  September  1990.  7  fig,  2  tab,  8  ref. 

Descriptors:  *Biodegradation,  'Bioremediation, 
•Decontamination,  *Fate  of  pollutants,  ♦Microor- 
ganisms, 'Phthalates,  Aerobic  bacteria,  Aerobic 
conditions,  Aerobic  digestion,  Anaerobic  condi- 
tions, Anaerobic  digestion,  Biotechnology,  Diethyl 
phthalate,  Dissolved  oxygen,  Facultative  microor- 
ganisms, Nutrients,  Soil  contamination, 
Wastewater  treatment. 

Phthalic  acid  esters,  used  primarily  as  plasticizers, 
are  nearly  ubiquitous  soil  and  water  contaminants. 
As  a  first  step  in  a  project  on  soil  bioremediation, 
the  effects  of  several  environmental  factors  (i.e., 
temperature,  initial  primary  substrate  concentra- 
tion, secondary  substrates  and  organic  and  inor- 
ganic nutrients,  and  dissolved  oxygen)  on  the  bio- 
degradation  of  diethyl  phthalate  (DEP)  under  aer- 
obic and  anaerobic  conditions  were  investigated. 
Both  aerobic  and  facultative  DEP-degrading 
microorganisms  were  isolated  from  wastewater 
treatment  plant  sludge  to  be  used  in  a  series  of 
shake  flask  and  fermenter  experiments.  In  a  series 
of  tests  performed  to  evaluate  the  effects  of  the 
initial  DEP  concentration  on  DEP  degradation  it 
was  found  that  the  aerobic  strains  exhibited  ex- 
tended lag  times  at  higher  DEP  concentrations. 
However,  once  the  degradation  started,  its  rate 
was  not  inhibited.  Under  anaerobic  conditions,  no 
extended  lag  times  were  seen.  The  results  of  a 
second  series  of  tests  conducted  to  investigate  the 
effects  of  medium  components  and  alternative  sub- 
strates indicate  that  yeast  extract  promoted  cell 
growth  but  inhibited  DEP  degradation  in  the  aero- 
bic strains,  while  dextrose  and  ethanol  addition 
slowed  the  rate  of  degradation  slightly.  The  same 
tests  performed  with  the  facultative  strains  showed 
that  the  addition  of  yeast  extract,  dextrose,  or 
ethanol  resulted  in  lower  degradation  rates,  but 
casamino  acids  were  found  to  increase  the  rate  of 
DEP  breakdown  to  a  large  degree.  For  a  third 
series  of  tests,  it  was  determined  that  low  dissolved 
oxygen  levels  decreased  the  rate  of  DEP  degrada- 
tion. Finally,  it  was  determined  that  the  aerobic 
strains  degraded  best  in  a  temperature  range  of  1 5 
and  25  C,  while  the  facultative  strains  appear  to 
have  an  optimum  near  1 5  C.  (Korn-PTT) 
W9 1-04274 


QUALITY  ASSURANCE/QUALITY  CONTROL 
ASSESSMENT  FOR  A  COLLABORATIVE 
STUDY  OF  2,3,7,8-TCDD  BIOACCUMULATION 
IN  LAKE  ONTARIO. 

New  York  State  Dept.  of  Health,  Albany.  Wads- 
worth  Center  for  Labs,  and  Research. 
P.  O'Keefe,  L.  Wilson,  C.  Buckingham,  and  L. 
Raffert. 

Chemosphere  CMSHAF,  Vol.  20,  No.  10-12,  p 
1277-1284,  1990.  1,  fig,  5  tab,  2  ref.  NYSDEC 
Contract  No.  C001880. 

Descriptors:  *Bioaccumulation,  *Data  quality  con- 
trol, •Dioxins,  'Halogenated  compounds,  •Labo- 
ratory methods,  'Lake  Ontario,  'Path  of  pollut- 
ants, *Pollutant  identification,  'Quality  control, 
Analytical  techniques,  Data  analysis,  Fish,  Inter- 
agency cooperation,  Precision,  Sediment  analysis, 
Tissue  analysis,  Trout,  Water  analysis. 

A  collaborative  study  of  2,3,7,8-tetrachlorodiben- 
zodioxin  (2,3,7,8-TCDD)  bioaccumulation  in  Lake 
Ontario  was  carried  out  by  the  U.  S.  Environmen- 
tal Protection  Agency  (EPA)  and  the  New  York 
State  Department  of  Health  (NYSDOH).  There 
were  two  major  parts  of  the  study  which  included: 
(1)  laboratory  uptake  and  depuration  experiments 
using  lake  trout  as  the  test  organism  and  (2)  field 
measurements  of  2,3,7,8-TCDD  in  five  species  of 
fish  and  in  sediments.  The  total  number  of  samples 
of  fish  tissue,  fish  food,  water  and  sediment  ana- 
lyzed in  the  study  exceeded  500.  The  most  exten- 
sive quality  assurance/quality  control  (QA/QC) 
procedures  were  associated  with  2,3,7,8-TCDD 
determinations  in  fish  and  sediments.  However, 
QA/QC  data  were  also  obtained  for  2,3,7,8-TCDD 
determinations  in  fish  food  and  water  from  the 
laboratory  exposure  study,  lipid  determinations  in 
fish  and  for  measurements  of  particle  size,  radionu- 
clide and  total  organic  carbon  concentration  in 
sediments.  The  results  of  the  study  revealed  that, 
with  the  exception  of  the  results  from  one  of  the 
fish  samples  from  both  the  field  and  the  laboratory 
studies,  the  QA/QC  check  sample  results  were 
within  the  accuracy  criterion  of  the  study  (i.e. 
50%).  There  was  a  trend  of  increasing  accuracy  at 
higher  concentration  levels  and  at  concentrations 
greater  than  5  picograms/gram;  results  from  the 
laboratory  and  field  studies  showed  maximum  ac- 
curacy deviations  of  less  than  18%  and  34%,  re- 
spectively. For  the  second  half  of  the  QA/QC 
program,  field  and  laboratory  samples  were  ana- 
lyzed by  the  laboratories  of  the  two  different  par- 
ticipating agencies.  For  five  of  the  six  samples 
(80%)  where  both  laboratories  obtained  positive 
results,  there  was  a  maximum  deviation  between 
the  laboratories  of  35%.  (Korn-PTT) 
W9 1-04277 


MONITORING  DIOXINS  AND  DIBENZOFUR- 
ANS  IN  PRECIPITATION  IN  ONTARIO. 

Ontario  Ministry  of  the  Environment,  Toronto. 

Air  Resources  Branch. 

N.  W.  Reid,  D.  B.  Orr,  M.  N.  Shackleton,  M.  A. 

Lusis,  and  C.  Tashiro. 

Chemosphere  CMSHAF,  Vol.  20,  No.    10-12,  p 

1467-1472,  1990.  2  tab,  2  ref. 

Descriptors:  *Analytical  methods,  'Chemistry  of 
precipitation,  'Dioxins,  'Furans,  'Halogenated 
compounds,  'Monitoring,  'Ontario,  'Pollutant 
identification,  'Water  analysis,  Atmospheric  depo- 
sition, Mass  spectrometry,  Path  of  pollutants,  Pre- 
cipitation, Rural  areas,  Sampling,  Seasonal  varia- 
tion, Urban  areas. 

The  concentrations  of  polychlorinated  dibenzo-p- 
dioxins  (PCDDs)  and  polychlorinated  dibenzofur- 
ans  (PCDFs)  in  precipitation  were  monitored  at 
both  an  urban  and  a  rural  location  in  Ontario  as 
part  of  a  monitoring  program.  A  wet-only  collec- 
tor was  used  to  collect  the  precipitation  in  a 
cleaned  glass  jug.  The  sampling  period  was  28 
days.  Solvent  extracts  of  the  samples  were  ana- 
lyzed using  mass  spectrometry.  The  results  of  the 
monitoring  investigation  revealed  that  the  concen- 
trations of  PCDD  and  PCDF  in  precipitation  in 
Ontario  were  very  low.  The  most  prevalent  isomer 
was  octa-PCDD,  which  was  detected  more  fre- 
quently and  at  higher  concentrations,  in  precipita- 
tion samples  collected  at  the  rural  site.  The  highest 
levels  of  octa-PCDD  at  the  rural  site  tended  to 


occur  in  the  winter,  and  so  may  be  associated  with 
the  burning  of  wood.  The  sensitivity  of  the  method 
was  significantly  improved  by  doubling  the  sam- 
pling period  to  56  days  and  by  using  high  resolu- 
tion mass  spectrometry.  (Korn-PTT) 
W91-04288 


RESULTS  FROM  THE  FIRST  YEAR  OF  THE 
SWEDISH  DIOXIN  SURVEY. 

National  Swedish  Environment  Protection  Board, 

Solna. 

C.  deWit,  B.  Jansson,  M.  Strandell,  P.  Jonsson,  and 

P.  A.  Berggvist. 

Chemosphere  CMSHAF,  Vol.  20,  No.   10-12,  p 

1473-1480,  1990.  3  fig,  2  tab,  11  ref. 
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Herring,  Moose,  Muscle,  Water  pollution  sources, 
Wolf. 

The  Swedish  Environmental  Protection  Agency  is 
currently  carrying  out  a  three-year  survey  of  the 
levels  and  sources  of  polychlorinated  dibenzo-p- 
dioxins  (PCDDs),  dibenzofurans  (PCDFs),  and 
other  dioxin-like  substances  in  the  environment. 
During  the  first  year,  approximately  200  samples 
were  analyzed.  Biological  samples  included  in  the 
survey  were  food,  raw  and  fried  herring,  wolf 
muscle,  moose  tallow,  and  burbot  livers.  A  sedi- 
ment core  was  also  taken  from  the  Baltic  Sea  and 
leach  water  samples  were  obtained  from  three 
garbage  dumps.  Results  of  the  sampling  survey 
revealed  that  the  levels  of  PCDD  and  PCDF  were 
at  or  below  detection  limits  in  the  food.  This  made 
estimates  of  the  average  weekly  dietary  intake  of 
PCDDs  and  PCDFs  difficult  to  calculate.  The 
results  of  the  survey  for  herring  samples  revealed 
that,  on  a  lipid  weight  basis,  the  concentrations  of 
PCDD/F  in  herring  were  similar  in  both  raw  and 
fried  herring.  A  determination  of  the  PCDD/F 
levels  in  moose  tallow  revealed  that  they  had 
lower  PCDD/F  levels  than  wolf  muscle  samples 
obtained  from  the  same  area.  An  analysis  of  the 
levels  of  PCDD/F  in  burbot  liver  samples  showed 
them  to  be  much  higher  near  industrial  discharges 
than  in  a  more  undisturbed  area.  The  concentra- 
tions of  PCDD/F  for  sediment  samples  revealed 
that  the  top  4  cm  of  the  core  contained  the  highest 
levels  of  PCDD/F.  Thereafter,  the  levels  dropped 
and  reached  a  low  level  indicating  contamination 
during  sampling  and  not  the  presence  of  PCDD/F. 
An  analysis  of  leach  water  from  city  dumps  re- 
vealed low  levels  of  PCDD/F  but  a  leachate  anal- 
ysis from  an  industrial  dump  showed  higher  levels 
and  a  different  congener  pattern.  (See  also  W91- 
04290  and  W9 1-04291)  (Korn-PTT) 
W9 1-04289 


ANALYSIS  OF  NON-ORTHO  POLYCHLORI- 
NATED BIPHENYLS  AND  POLYCHLORINAT- 
ED NAPHTHALENES  IN  SWEDISH  DIOXIN 
SURVEY  SAMPLES. 

National  Swedish  Environment  Protection  Board, 

Solna.  Special  Analytical  Lab. 
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cal analysis,  Cod,  Data  collections,  Dioxins, 
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The  coplanar  (non-ortho)  polychlorinated  biphen- 
yls (pPCB),  polychlorinated  dibenzo-p-dioxins 
(PCDD),  polychlorinated  dibenzofurans  (PCDF), 
and  polychlorinated  naphthalenes  (PCN)  show 
high  levels  of  biological  activity  and  are  being 
analyzed  as  part  of  the  Swedish  Dioxin  Survey. 
This  report  presents  the  results  obtained  from  an 
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analysis  of  pPCB  and  PCN  levels  in  biological 
(herring,  pike,  cod)  and  sediment  samples.  The 
results  of  the  investigation  revealed  that  the  pre- 
dominant congeners  found  in  biological  samples 
were  3,3',4',4'-tetrachlorobiphenyl,  3,3',4,4',5-pen- 
tachlorobiphenyl,  two  early  eluting  pentachloron- 
aphthalenes,  and  one  early  eluting  hexachloron- 
aphthalene.  Baltic  herring  showed  seasonal  differ- 
ences in  pPCB  and  PCN  levels.  The  lipid  weight 
levels  in  cod  muscle  and  liver  were  very  similar 
despite  differences  in  fat  content.  Pike  and  sedi- 
ment from  a  PCB-contaminated  river  contained 
very  high  levels  of  pPCB  and  PCN  but  had  PCDD 
and  PCDF  levels  that  were  not  unusually  high. 
There  were  differences  in  the  levels  and  isomer 
pattern  between  the  sediment  and  pike  indicating 
metabolism  and  bioaccumulation.  There  was  a  sig- 
nificant correlation  between  total  and  planar  PCB 
content  in  herring  and  cod  samples.  The  toxic 
potential  of  pPCB  in  most  of  the  fish  samples  was 
found  to  be  more  than  equal  to  that  of  PCDD/F 
(See  W9 1-04289  thru  W9 1-04291)  (Author's  ab- 
stract) 
W9 1  -04290 


LEVELS  AND  POSSIBLE  SOURCES  OF 
PCDD/PCDF  IN  SEDIMENT  AND  PIKE  SAM- 
PLES FROM  SWEDISH  LAKES  AND  RIVERS- 
PART  ONE. 
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Chemistry. 
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ychlorinated dibenzo-p-dioxins,  Polychlorinated 
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Survey. 

One  goal  of  the  Swedish  Dioxin  Survey  is  to 
determine  the  levels  of  polychlorinated  dibenzo-p- 
dioxins  (PCDD)  and  polychlorinated  dibenzofur- 
ans (PCDF)  in  sediment  and  pike  from  contaminat- 
ed and  uncontaminated  Swedish  lakes  and  to  iden- 
tify the  contamination  sources.  For  the  current 
study,  a  total  of  16  samples  of  bottom  sediment 
were  collected  along  the  coast  line  of  two  lakes 
and  one  river  near  different  types  of  industries. 
Pike  muscle  samples  were  composites  of  2-5  indi- 
viduals. A  multivariate  statistical  analysis  was  per- 
formed on  the  data  generated  in  this  investigation. 
The  results  of  the  investigation  showed  back- 
ground levels  of  PCDD/F  in  some  lakes  which 
could  only  be  explained  by  atmospheric  input.  In 
some  lakes,  paper  mill  emissions  of  chlorinated 
PCDD/F  gave  high  levels  of  local  contamination 
within  short  distances  (<1  km)  from  the  source. 
PCDD/F  from  paper  mill  effluents  were  transport- 
ed long  distances  and  traces  could  be  detected 
over  the  entire  lake  area.  The  PCDD/F  levels  in 
pike  were  correlated  with  levels  in  the  underlying 
sediment.  (See  W91-04289  thru  W91-O4290)  (Au- 
thor's abstract) 
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LECTED PCDD/FS. 
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In  1983,  several  species  of  fish  from  Newark  Bay, 
New  Jersey,  and  contiguous  waters  were  reported 
to  contain  levels  of  2,3,7,8-tetrachlorodibenzo-p- 
dioxins  (TCDD)  in  excess  of  the  U.  S.  Environ- 
mental Protection  Agency  (EPA)  'no  consump- 
tion' level  of  50  ppt.  A  possible  source  of  this 
TCDD  contamination  has  been  a  chemical  manu- 
facturing plant  which  synthesized  2,4,5-T  from 
1948-1969.  It  is  well  known  that  the  highly  toxic 
2,3,7,8-TCDD  is  an  unwanted  impurity  in  2,4,5-T. 
Soils  from  the  plant  were  found  to  be  highly 
contaminated  with  2,3,7,8-TCDD.  This  chemical 
manufacturing  plant  is  located  on  the  Passaic 
River,  approximately  3  km  upstream  of  Newark 
Bay.  To  assess  the  magnitude  and  extent  of  2,3, 7,8- 
tetrachlorodibenzo-p-dioxins  (TCDD)  contamina- 
tion, sediment  cores  from  the  Newark  Bay  estuary 
and  contiguous  waters  (i.e.,  Passaic  River  and  New 
York  harbor)  were  collected  and  dated  by  radio- 
chemical methods.  The  core  sections  from  two 
time  horizons  were  analyzed  for  selected  polychlo- 
rinated dibenzo-p-dioxins  (PCDD)  and  polychlori- 
nated dibenzofurans  (PCDF)  using  high  resolution 
gas  chromatography  (HRGQ/high  resolution 
mass  spectrometry  (HRMS).  The  analysis  of  sedi- 
ment core  samples  from  the  Newark  Bay  and 
Passaic  River  near  the  plant  were  characterized  by 
a  predominance  of  2,3,7,8-TCDD.  The  results  of 
the  investigation  indicate  that  the  production  of 
2,4,5-T  at  the  chemical  manufacturing  plant  was  a 
significant  source  of  the  2,3,7,8-TCDD  contamina- 
tion in  the  Newark  Bay  and  contiguous  waters 
(Korn-PTT) 
W9 1-04292 


ESTIMATION  OF  THE  ENVIRONMENTAL 
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PAL SOLID  WASTE  INCINERATORS. 
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In  Japan  polychlorinated-p-dioxins  (PCDDs)  have 
been  detected  in  air,  seawater,  river  water,  sedi- 
ment, and  biota.  Municipal  solid-waste  incinerators 
are  a  major  source  of  these  pollutants.  Japanese 
emission  data  were  collected  and  analyzed  to  esti- 
mate the  release  of  PCDDs  into  the  environment 
from  municipal  incinerators.  A  compartmental 
model  was  used  to  calculate  the  environmental 
concentration  of  the  released  PCDDs  and  the  pre- 
dicted concentrations  were  then  compared  with 
observed  concentrations.  The  model  consists  of  six 
compartments:  (1)  air  (gas),  (2)  air  (aerosols),  (3) 
water  (dissolved  matter),  (4)  water  (suspended 
solids),  (5)  water  (sediments),  and  (6)  soil.  The 
predicted  concentrations  in  the  sediment  compart- 
ment seemed  too  small  compared  with  the  ob- 
served ones.  The  difference  may  indicate  that  stack 
emissions  and  leaching  from  fly  ash  in  landfill  sites 
do  not  significantly  affect  the  sediment  compart- 
ment. The  data  suggest  that  the  model  should 
include  wastewater  effluent  sources  and  other 
transfer  paths,  such  as  wet  deposition  and  transport 
of  soil  particles  by  runoff.  (Shidler-PTT) 
W9 1-04294 


NUMERICAL  METHOD  FOR  PARAMETERI- 
ZATION OF  ATMOSPHERIC  CHEMISTRY: 
COMPUTATION  OF  TROPOSPHERIC  OH. 

Harvard  Univ.,  Cambridge,  MA.  Div.  of  Applied 

Sciences. 

For  primary  bibliographic  entry  see  Field  2K. 
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TROPOSPHERIC  OH  IN  A  THREE-DIMEN- 
SIONAL CHEMICAL  TRACER  MODEL:  AN 
ASSESSMENT  BASED  ON  OBSERVATIONS 
OF  CH3CCL3. 

Harvard  Univ.,  Cambridge,  MA.  Div.  of  Applied 

Sciences. 

C  M.  Spivakovsky,  R.  Yevich,  J.  A.  Logan,  S.  C 


Wofsy,  and  M.  B.  McElroy. 

Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  11,  p  18,441-18,471,  Octo- 
ber 20,  1990.  31  fig,  10  tab,  90  ref,  2  append. 
NASA  GrantGrant  NAG5-719,  NSF  Grant 
ATM84-13153,  EPA  Grant  R814535010. 

Descriptors:  'Atmospheric  chemistry,  'Environ- 
mental tracers,  'Mathematical  models,  'Path  of 
pollutants,  'Trichloroethane,  Chlorinated  hydro- 
carbons, Computer  models,  Global  distribution, 
Hydroxy!  radicals,  Model  studies. 

The  three-dimensional  global  distribution  of  OH 
over  a  year  was  calculated  as  a  function  of  temper- 
ature, ultraviolet  irradiance,  and  densities  of  water, 
carbon  dioxide,  ozone,  methane  and  nitrogen 
oxides.  The  concentration  of  OH  was  computed 
within  a  chemical  tracer  model  (CTM)  with  an 
accuracy  comparable  to  that  of  a  detailed  photo- 
chemical model.  The  CTM  was  used  to  simulate 
the  global  distribution  of  trichloroethane  (TCE). 
The  computed  distribution  of  OH  implies  a  lifetime 
of  5.5  years  for  TCE.  Analysis  of  the  long-term 
trend  in  TCE  as  defined  by  observations  suggests  a 
lifetime  of  6.2  years,  indicating  that  model  levels  of 
OH  may  be  too  high  by  about  13%.  This  estimate 
for  the  lifetime  depends  on  industry  data  for  global 
emissions  and  on  the  absolute  calibration  of  obser- 
vations. It  is  argued  that  seasonal  variations  of 
TCE  provide  an  independent  test  for  computed 
OH  fields  that  is  insensitive  to  the  uncertainties  in 
the  budget  of  TCE.  The  annual  cycle  of  TCE  from 
about  25  degrees  S  to  the  South  Pole  is  dominated 
by  seasonal  changes  in  OH.  Observed  seasonal 
variations  of  TCE  indicate  that  the  OH  field  south 
of  20  +  /-4  deg  S  should  be  scaled  by  0.75  +/-0.25 
from  computed  values,  consistent  with  the  result 
based  on  long-term  trends.  If  use  of  TCE  is  phased 
out  (as  envisioned  by  the  Montreal  protocol),  the 
dynamically  driven  seasonal  variations  of  TCE 
will  decrease  dramatically,  whereas  the  chemically 
driven  variations  will  remain  proportional  to  the 
concentration  of  TCE;  then  the  annual  cycle  in 
northern  mid-latitudes  will  provide  a  measure  of 
OH  as  does  at  present  the  annual  cycle  in  southern 
mid-latitudes.  If  emissions  of  TCE  were  to  cease, 
the  tropical  depression  in  the  concentration  of 
TCE  caused  by  high  levels  of  OH  in  the  tropics 
may  provide  an  additional  means  to  test  OH 
models.  (See  also  W9 1-04299)  (Author's  abstract) 
W9 1-04300 


SMOG-FOG-SMOG  CYCLE  AND  ACID  DEPO- 
SITION. 

California    Inst,    of   Tech.,    Pasadena.    Dept.    of 

Chemical  Engineering. 

For  primary  bibliographic  entry  see  Field  2K. 
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ONE-DIMENSIONAL  NUMERICAL  MODEL 
TO  SIMULATE  FORMATION  AND  BALANCE 
OF  SULFATE  DURING  RADLVTION  FOG 
EVENTS. 

Munich  Univ.  (Germany,  F.R.).  Meteorologisches 

Inst. 

For  primary  bibliographic  entry  see  Field  2K. 
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TIME-LINE  INTERPOLATION  FOR  SOLU- 
TION OF  THE  DISPERSION  EQUATION. 

National   Chiao  Tung   Univ.,   Hsinchu  (Taiwan). 

Dept.  of  Civil  Engineering. 

J.  C.  Yang,  and  E.  L.  Hsu. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 

No.   4,   p   503-520,    1990.   6  fig,    13   ref,   append. 

Descriptors:  'Advection,  'Diffusion,  'Dispersion, 
'Dispersion  equation,  'Finite  difference  methods, 
'Mathematical  analysis,  'Model  studies,  'Path  of 
pollutants,  Courant  number,  Simulation  analysis, 
Temporal  interpolation. 

Among  all  finite  difference  schemes  for  solving  the 
advection  portion  of  the  dispersion  equation,  the 
Holly-Preissman's  two-point  method  (H-P  method) 
introduces  the  least  numerical  damping  and  phase 
errors.  The  key  of  this  method  is  the  use  of  a  cubic 
interpolating  polynomial  for  searching  the  charac- 
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teristic  trajectory  on  the  spatial  axis.  This  polyno- 
mial is  constructed  with  the  use  of  parameters 
including  dependent  variables  and  their  space  de- 
rivatives for  two  grid  points  on  the  spatial  axis.  A 
new  interpolation  technique  has  been  constructed 
following  a  similar  idea,  which  uses  the  dependent 
variables  and  their  temporal  derivatives  for  two 
points  on  the  time  axis  as  the  parameters  for  the 
polynomial.  Through  the  error  analyses  performed 
on  the  numerical  damping  and  phase  errors  for  the 
linear  advection  equation,  it  has  been  observed  that 
this  new  technique  gives  a  more  accurate  solution 
than  the  H-P  method.  A  simple  hypothetical  model 
was  constructed  to  demonstrate  the  merits  of  the 
new  technique.  For  the  pure  advection  and  advec- 
tion-diffusion  problems,  based  on  the  simulations 
demonstrated,  the  newly  proposed  temporal  inter- 
polation technique  gives  better  results  when  the 
Courant  number  is  less  than  1.0.  (Author's  ab- 
stract) 
W9 1-04309 


GASOLINE  LEAD  IN  WEST  GERMAN  SOILS. 

Heidelberg  Univ.  (Germany,  F.R.).  Inst,  fuer  Urn- 

weltphysik. 

H.  Dorr,  K.  O.  Munnich,  A.  Mangini,  and  W. 

Schmitz. 

Naturwissenschaften  NATWAY,  Vol.  77,  No.  9,  p 

428-430,  September  1990.  3  fig,  1  tab,  10  ref  State 

Government   of  Baden-Wurttemberg   Grant   PW 

87060. 

Descriptors:  *Air  pollution,  'Gasoline,  'Germany, 
•Lead,  *Path  of  pollutants,  *Soil  contamination, 
Air  pollution  sources,  Environmental  quality, 
Frankfurt,  Lake  sediments,  Mass  balance,  Pollution 
load. 

A  simplified  mass  balance  of  atmospheric  lead  in 
West  Germany  was  presented.  Gasoline  lead  since 
1950  was  found  to  be  distributed  rather  homogene- 
ously over  the  entire  country,  stored  in  the  top  20 
cm  of  the  soil.  The  average  anthropogenic  lead 
inventories  were  10.8,  3.4,  and  1.4  g/sq  m  at  urban, 
semi-urban  and  rural  sites,  respectively.  To  check 
the  assumption  that  the  source  of  the  observed 
anthropogenic  lead  in  soils  is  the  burning  of  leaded 
gasoline,  the  atmospheric  gasoline  lead  input  func- 
tion was  reconstructed  for  West  Germany.  A  good 
correlation  was  observed  between  the  annual  mean 
atmospheric  lead  content  and  gasoline  lead  exhaust 
in  West  Germany  for  the  period  1972-1986.  In  the 
city  and  in  the  suburbs  of  Frankfurt  (ca.  1  million 
inhabitants)  the  local  lead  source  density  was  more 
than  ten  times  higher  than  the  country-wide  aver- 
age. The  validity  of  the  reconstructed  gasoline  lead 
input  function  was  also  suggested  by  lead  concen- 
tration profiles  observed  in  lake  sediments  in  south- 
ern Germany  showing  a  pronounced  lead  concen- 
tration maximum  at  a  sediment  depth  representing 
the  year  1970.  The  measured  soil  lead  inventories 
at  all  sites  so  far  investigated  were  found  to  be 
slightly  higher  than  expected  from  the  atmospheric 
input  function.  This  is  probably  due  to  a  more 
efficient  removal  of  lead  from  the  atmosphere  at 
forested  sampling  sites.  It  is  concluded  that  a  re- 
duction of  gasoline  lead  emission  will  considerably 
improve  air  and  food  quality  in  West  Germany, 
while  the  lead  contamination  of  mushrooms  and 
plants  by  uptake  from  the  soil  will  remain  at  the 
present  level  for  the  next  century.  (MacKeen-PTT) 
W91-04310 


FACTORS  INFLUENCING  THE  CHEMICAL 
CHARACTERISTICS  OF  LANDFILL  LEA- 
CHATES. 

Ross  Consultancy,  Tygerpark  (South  Africa). 
W  R  Ross 

Water  SA  WASADV,  Vol.  16,  No.  4,  p  275-280, 
October  1990.  4  fig,  2  tab,  15  ref. 

Descriptors:  'Landfills,  'Leachates,  'Path  of  pol- 
lutants, 'Sanitary  landfills,  'Solid  waste  disposal, 
'Water  pollution  sources,  Biodegradation,  Cape 
Town,  Chemical  oxygen  demand,  Coastal  Park 
landfill  site,  Decomposing  organic  matter,  Dis- 
solved solids,  Metals,  Nitrogen  compounds,  South 
Africa,  Sulfates. 

The  stabilization  of  municipal  refuse  in  sanitary 
landfills  gives  rise  to  leachates  which  are  often 


highly  polluted.  Leachate  data  obtained  from  the 
Coastal  Park  landfill  site  near  Cape  Town  were 
used  to  illustrate  the  stabilization  process  and  natu- 
rally occurring  decomposition  phases  of  the  refuse 
mass.  The  total  dissolved  solids  concentration  indi- 
cated that  the  leachate  was  originally  markedly 
saline.  The  chemical  oxygen  demand  (COD)  value 
provides  a  good  approximation  of  organics  in  the 
leachate.  The  COD  of  the  Coastal  Park  landfill 
Cell  No.  1  reached  a  peak  value  of  56  g/L  after  1 
y,  decreasing  to  2  g/L  by  the  third  year.  The 
ammonia-N  concentration  was  still  fairly  high 
(1,340  mg/L)  after  42  months  of  stabilization,  indi- 
cating continuing  decomposition  of  organic  nitro- 
gen in  the  refuse  mass.  The  presence  of  oxidized 
forms  of  nitrogen  in  the  leachate  indicated  that 
nitrification  of  ammonia  had  taken  place.  The 
leachate  pH  was  below  6  during  the  acid  formation 
phase  and  had  increased  to  above  7.5  at  30  mo.  A 
decrease  in  sulfate  concentration  from  886  mg/L 
initially  to  37  mg/L  after  42  mo  indicated  the 
presence  of  sulfate  reducing  bacteria.  High  concen- 
trations of  toxic  metals  after  5  mo  may  inhibit  the 
biological  activity  of  the  refuse  mass.  It  is  conclud- 
ed that  the  chemical  composition  of  the  leachate 
from  the  Coastal  Park  landfill  site  is  similar  to  that 
reported  for  other  'young'  landfill  sites.  Due  to  the 
pollution  hazard  of  landfill  leachates,  an  integrated 
sewage  and  refuse  treatment  system  is  recommend- 
ed. (MacKeen-PTT) 
W91-04319 


BIOACCUMULATION  OF  SELECTED  HEAVY 
METALS  BY  THE  WATER  FERN,  AZOLLA  FI- 
LICULOIDES  LAM.  IN  A  WETLAND  ECOSYS- 
TEM AFFECTED  BY  SEWAGE,  MINE  AND  IN- 
DUSTRIAL POLLUTION. 

Rand  Afrikaans  Univ.,  Johannesburg  (South 
Africa).  Dept.  of  Zoology. 

L.  P.  D.  de  Wet,  H.  J.  Schoonbee,  J.  Pretorius,  and 
L.  M.  Bezuidenhout. 

Water  SA  WASADV,  Vol.  16,  No.  4,  p  281-286, 
October  1990.  1  fig,  3  tab,  46  ref. 

Descriptors:  'Aquatic  plants,  'Bioaccumulation, 
'Heavy  metals,  'Path  of  pollutants,  'South  Africa, 
'Wastewater  treatment,  'Water  fern,  'Wetland 
treatment,  'Wetland  waste  treatment,  Blesbok 
Spruit  wetlands,  Chromium,  Copper,  Industrial 
wastes,  Iron,  Lead,  Manganese,  Mine  wastes, 
Nickel,  Transvaal,  Wastewater  pollution,  Water 
pollution,  Water  pollution  treatment,  Wetlands, 
Zinc. 

The  bioaccumulation  of  the  heavy  metals  Fe,  Cu, 
Ni,  Pb,  Zn,  Mn  and  Cr  by  the  water  fern  Azolla 
filiculoides  Lam.  in  a  polluted  wetland  ecosystem 
was  investigated.  The  Blesbok  Spruit  wetlands, 
Transvaal,  has  received  effluents  and  seepage 
waters  from  surrounding  mines  and  industries  as 
well  as  discharges  of  treated  sewage  effluent  for 
the  past  80  y.  The  sequence  of  heavy  metals  from 
the  sediments  at  four  localities  in  the  wetlands  was, 
in  descending  order  of  concentration: 
Fe>Zn>Mn>Ni>Cr>Cu>Pb.  Extremely  high 
values  of  iron  occurred  in  the  sediments  at  all  four 
locations  (7,528-59,598  mg/g).  The  metals  reaching 
the  highest  concentration  levels  in  A.  filiculoides 
were  Fe  and  Mn.  In  terms  of  bioaccumulation 
factor,  Mn  was  best  absorbed  (2,065%)  followed 
by  Pb  (607%),  Ni  (85%),  and  Cu  (70%).  It  is 
concluded  that  if  an  active  cropping  program  of  A. 
filiculoides  can  take  place  throughout  the  year, 
substantial  quantities  of  heavy  metals  can  be  re- 
moved with  the  plant  material  from  the  aquatic 
environment.  (MacKeen-PTT) 
W9 1-04320 


DEVELOPMENT  OF  A  METHODOLOGY  TO 
DETERMINE  THE  POLLUTION  DIS- 
CHARGED BY  A  COMBINED  SEWER  NET- 
WORK. 

Institut  National  des  Sciences  Appliquees  de  Lyon, 

Villeurbanne  (France).  Dept.  Genie  Civil  et  Ur- 

banisme. 

M.  Cherrered,  and  B.  Chocat. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.   10/11,  p  15-22,  1990.8  fig,   1  tab,  3  ref. 

Descriptors:  'Combined  sewer  overflows, 
'France,   'Storm  water,   'Urban  runoff,   'Water 


pollution  sources,  Case  studies,  Computer  models, 
Environmental  impact,  Urban  hydrology,  Water 
pollution  effects,  Water  quality  management. 

Until  a  few  years  ago,  there  was  not  much  research 
in  France  into  combined  sewer  overflow  phenom- 
ena in  storm  weather.  Urban  runoff  water  has 
always  been  considered  'clean'  and  it  was  consid- 
ered that  the  dilution  of  dry  weather  flows  in 
storm  water  decreased  the  impact  of  pollution 
generated  by  overflows.  With  increased  urban  de- 
velopment and  realization  of  the  importance  of 
pollution  caused  by  urban  runoff,  some  quality 
studies  of  receiving  waters  show  that  combined 
sewer  networks  represent  an  important  pollution 
source  for  the  natural  environment,  due  to  the 
increasing  relative  effect  of  combined  sewer  over- 
flow discharge  into  receiving  waters.  Thus,  com- 
bined sewer  overflows  have  until  recently  been  the 
least  known  part  of  the  sewer  system.  Methodolo- 
gy to  estimate  combined  overflows  has  been  devel- 
oped after  evaluation  of  data  result  from  ten 
French  real  case  studies  where  such  problems 
were  observed.  This  study  has  been  realized  in 
four  steps:  (1)  a  bibliography  study  to  discover  the 
actual  state  of  the  problem  in  terms  of  existent 
methods  concerning  both  experimentation  and 
modeling  and  to  define  research  needs;  (2)  ten 
French  studies  have  been  selected,  analyzed,  used 
to  define  the  different  methods  used,  and  to  show 
methodological  lacunas  from  the  observations  and 
results,  and  to  propose  elements  of  improvement; 
(3)  methods  and  new  propositions  have  been  de- 
fined and  a  coherent  methodological  diagram  has 
been  developed  to  compare  and  test  these  methods; 
and  (4)  computer  tools  have  been  conceived  and 
tested  in  the  ten  study  cases.  The  tests  are  being 
carried  out  and  some  results  have  been  obtained, 
but  will  not  be  published  until  complete.  (Author's 
abstract) 
W91-04324 


EVALUATION  OF  POLLUTANT  LOADS 
FROM  URBAN  NONPOINT  SOURCES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

J.  Marsalek. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  10/11,  p  23-30,  1990.  1  fig,  2  tab,  23  ref. 

Descriptors:  'Nonpoint  pollution  sources,  'Storm 
water,  'Urban  hydrology,  'Urban  runoff,  'Water 
pollution  effects,  'Water  pollution  sources,  Data- 
bases, Great  Lakes,  Statistical  analysis. 

In  preparation  of  remedial  action  plans  for  areas  of 
environmental  concern  in  the  Great  Lakes  Basin, 
the  magnitude  of  pollutant  contributions  from 
point  as  well  as  nonpoint  sources  needs  to  be 
assessed.  For  screening  evaluations  of  urban  non- 
point  source  pollution,  a  statistically-based  method 
was  applied  in  one  of  the  areas  of  concern.  This 
method  computes  the  annual  pollutant  load  as  a 
product  of  the  annual  runoff  and  the  mean  pollut- 
ant concentration  derived  from  a  lognormal  distri- 
bution of  concentrations.  Approximate  confidence 
intervals  can  be  determined  for  the  mean  concen- 
tration and  used  to  compute  confidence  intervals 
of  the  loads.  For  common  constituents,  this  meth- 
odology yields  results  consistent  with  those  ob- 
tained from  general  storm  water  quality  databases. 
For  uncommon  constituents  (e.g.,  toxic  trace  sub- 
stances), the  utility  of  general  databases  diminishes, 
as  strong  local  sources  may  control  the  loads. 
Application  of  this  screening  procedure  in  the 
Upper  Great  Lakes  Connecting  Channels  area 
showed  that,  for  most  constituents,  the  point 
sources  controlled  the  overall  loads  discharged  to 
the  receiving  waters.  The  attainment  of  water 
quality  objectives  in  the  receiving  waters  required 
pollution  control  orders  for  seven  constituents.  For 
most  constituents  with  significant  runoff  loads, 
storm  water  may  require  dilutions  up  to  50  times  to 
meet  the  ambient  water  quality  objectives  and  such 
dilutions  are  generally  available.  (Fish-PTT) 
W9 1-04325 


COMPARISON  OF  OVERFLOWS  FROM  SEP- 
ARATE AND  COMBINED  SEWERS-QUANTI- 
TY AND  QUALITY. 
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University    of   Technology    Sydney,    Broadway 
(Australia).  School  of  Civil  Engineering. 
For   primary   bibliographic   entry   see   Field   5D. 
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QUALITY  OF  SEWAGE  FLOWS  AND  SEDI- 
MENT IN  DUNDEE. 

Dundee  Inst,  of  Tech.  (Scotland).  Dept.  of  Civil 
Engineering,  Surveying  and  Building. 
R.  M.  Ashley,  B.  P.  Coghlan,  and  C.  Jefferies. 
Water  Science  and  Technology  WSTED4,  Vol 
22,  No.  10/11,  p  39-46,  1990.  11  fig,  2  tab,  6  ref. 

Descriptors:  'Combined  sewer  overflows, 
•Dundee,  'Mass  balance,  'Pollutant  load,  'Scot- 
land, 'Sediment  transport,  'Sewer  systems, 
•Solute  transport,  'Storm  runoff,  'Storm  water, 
•Urban  runoff,  Chemical  properties,  Deposition, 
Erosion,  Sewer  hydraulics,  Storm  sewers.  Storm 
wastewater,  Suspended  sediments,  Urban  hydrolo- 
gy, Water  pollution  effects. 

Interrelated  studies  are  underway  in  Dundee,  Scot- 
land, to  investigate  the  nature,  origins,  disposition, 
and  movements  of  sewer  sediments  and  associated 
pollutants.  These  studies  have  provided  support  for 
a  proposed  subjective  classification  system  for 
combined  sewer  sediments  based  on  visual  appear- 
ance, occurrence,  and  polluting  strength.  Data  ob- 
tained from  samples  of  suspended  sediments  at 
either  end  of  a  175-m  length  of  the  main  Dundee 
sewer  during  dry  weather  and  storm  flows  have 
been  used  to  carry  out  a  mass  balance  for  the 
length  over  a  one-month  period.  It  was  found  that 
there  is  a  much  greater  variability  in  the  chemical 
characteristics  between  the  two  sampling  points, 
and  it  can  therefore  be  concluded  that  in  this 
length  of  sewer  there  is  a  degree  of  uniformity  in 
the  transport  of  suspended  sediments,  whereas  the 
dissolved  pollutants  are  more  spatially  variable. 
There  is  no  consistent  pattern  for  erosion  or  depo- 
sition within  the  sewer  length  as  a  consequence  of 
storm  flows.  Similar  storms  in  terms  of  volume  or 
intensity  may  result  in  a  net  erosion  or  deposition. 
Despite  the  obvious  limitations,  the  results  com- 
pare surprisingly  well  with  the  observed  changes 
in  the  volume  of  bed  deposits  along  the  length  for 
the  same  period.  It  may  be  concluded  that  this 
subjective  sediment  classification  system  is  a  viable 
basis  for  characterizing  combined  sewer  sediments 
in  terms  of  physical  and  chemical  properties  with 
regard  to  pollution  loads  and  hydraulic  constric- 
tion. (Fish-PTT) 
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Relatively  little  data  are  available  on  bacterial  pop- 
ulations in  combined  sewer  systems.  Studies  of  the 
populations  of  coliforms  and  fecal  streptococci  in 
sewage  and  sewage  sediments  have  been  carried 
out  in  Dundee,  Scotland.  Samples  were  obtained 
and  tested  by  standard  methods  from  five  storm 
and  five  dry  weather  flow  events,  in  order  to 
determine  whether  variations  in  the  bacterial  con- 
tent of  sewage  effluent  and  sewer  sediments  could 
be  correlated  with  parameters  such  as  flow  rate 
and  time.  It  was  concluded  that  such  a  correlation 
can  be  made  for  dry  weather  flows.  A  study  of  the 
dry  weather  flow  bacterial  data  showed  that  depo- 
sition and  erosion  of  in-sewer  sediment  can  be 
inferred  for  different  times  of  the  day.  Between 
10.00  and  22.00  hrs,  both  flow  and  total  suspended 
solids  remained  relatively  constant.  During  this 
period,  however,  the  total  and  fecal  coliform 
counts  reached  peaks  at  different  times,  suggesting 
that  during  the  first  part  of  the  period  fresh  sewage 
solids  are  being  washed  down  but  at  later  times  the 


previously-deposited  sediment  bed  is  eroded.  Be- 
tween 10.00  and  22.00  hrs,  the  bed  deposits  accu- 
mulated. A  daily  variation  for  winter  and  spring 
conditions  was  observed.  No  consistent  variation 
could  be  determined  for  the  storm  events  studied. 
(Fish-PTT) 
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The  evaluation  of  the  controls  on,  and  the  impacts 
of,  toxic  heavy  metals  discharged  to  urban  receiv- 
ing waters  by  storm  water  runoff  has  received 
relatively  little  attention.  Biogeochemical  process- 
es, affecting  metal  speciation  in  a  gully  pot  system 
and  at  storm  water  outfalls,  were  investigated. 
Ionic  lead  and  copper  species  released  from  road 
sediments  by  acid  rain  are  scavenged  by  dissolved 
organic  material  and  suspended  solids  as  a  result  of 
a  rise  in  pH  through  the  road/gullypot  system. 
Cadmium  and  zinc  tend  to  remain  in  the  dissolved 
phase.  Bacterial  activity  and  acid  dissolution 
produce  increases  in  dissolved  metal  in  the  gully- 
pot  liquor  and  it  is  these  metals  which  contribute 
to  the  early  storm  profile.  Metals  in  basal  gullypot 
sediments  are  readily  mobilized  during  high 
volume/intensity  storms.  The  resulting  storm 
water  contains  dissolved  ionic  forms  of  cadmium 
and  zinc,  while  lead  is  mostly  adsorbed  to  suspend- 
ed solid  surfaces.  Copper  also  binds  to  solids,  al- 
though approximately  50%  is  transported  by  dis- 
solved organic  material.  For  the  separation  of  di- 
rectly toxic  metal  species,  anodic  stripping  voltam- 
metry  at  polymer-coated  electrodes  is  preferred. 
Lead  and  copper  are  present  as  iron/humic  col- 
loids and  organic  complexes  respectively,  which 
are  not  directly  toxic  to  algae.  Cadmium  is  pre- 
dominantly ionic  and  inorganically  complexed  and 
therefore  directly  toxic.  It  is  recommended  that  the 
highly  toxic  lipid  soluble  metal  species  should  be 
analyzed  in  storm  water.  (Author's  abstract) 
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Previous  research  on  combined  sewer  overflows 
(CSOs)  has  shown  that  the  suspended  solids  (SS) 
concentrations  in  overflowing  waters  are  much 
higher  than  in  those  of  effluents  of  sewage  treat- 
ment plants.  Hence  CSOs  are  major  contributors  in 
the  pollution  load  discharged  into  receiving 
waters.  Measured  absolute  concentrations  and  the 
distributions  of  sedimentation  rates  (DSRs)  of  SS 
and  heavy  metals  in  CSOs  show  a  strong  variation 
between  events.  The  load  of  SS  discharged  by 
CSOs  exist  for  30%  to  50%  of  readily  settleable 
particles;  a  large  part  of  the  load  of  SS  will  settle 
near  the  outlet.  These  variations  can  be  explained 
partly  by  a  relationship  between  the  maximum 
discharge  rate  during  an  overflow  and  (a)  the 
concentrations  of  SS  and  the  heavy  metals  lead 


and  zinc,  and  (b)  the  fraction  of  the  DSR  with  high 
settling  rates  and  the  associated  lead  concentra- 
tions. However,  no  unambiguous  relationship  be- 
tween the  DSR  for  the  SS  concentrations  and  the 
associated  heavy  metal  concentrations  has  been 
detected.  In  contrast  to  the  general  experience  a 
specific  association  of  heavy  metals  with  the  fine 
fraction  (low  settling  rates)  in  the  SS  of  CSOs  has 
not  been  found.  The  measured  DSRs  of  SS  and 
heavy  metals  have  been  used  as  input  to  a  receiv- 
ing water  quality  model.  The  simulated  response  is 
satisfactory,  with  regard  to  SS  concentrations  but 
not  for  heavy  metals.  (Author's  abstract) 
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As  a  result  of  urbanization,  the  pollutant  dis- 
charges from  sources  such  as  treatment  plant  ef- 
fluents and  polluted  storm  waters  are  responsible 
for  an  unacceptable  water  quality  in  the  receiving 
waters.  In  particular,  combined  sewer  system  over- 
flows may  produce  great  damage  due  to  a  shock 
effect.  To  reduce  these  combined  sewer  overflow 
discharges,  the  most  frequently-used  method  is  to 
build  storm  water  storage  tanks.  During  storm 
water  runoff,  the  hydraulic  load  of  wastewater 
treatment  plants  increases  with  additional  retention 
storage.  This  might  decrease  the  treatment  efficien- 
cy and  thereby  decrease  the  benefit  of  storm  water 
storage  tanks.  The  dynamic  dependence  between 
transport,  storage,  and  treatment  is  usually  not 
taken  into  account.  This  dependence  must  be  ac- 
counted for  when  planning  treatment  plants  and 
calculating  storage  capacities  in  order  to  minimize 
the  total  pollution  load  to  the  receiving  waters.  A 
numerical  model  has  been  developed  that  enables 
the  biological  oxygen  demand  discharges  to  be 
continuously  calculated.  The  pollutant  transport 
process  within  the  networks  and  the  purification 
process  within  the  treatment  plants  were  simulat- 
ed. The  results  of  the  simulation  illustrate  a  statisti- 
cal balance  of  the  efficiency  of  storm  water  tanks 
and  the  operation  of  combined  sewer  systems  and 
treatment  plants.  (Author's  abstract) 
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A  simple  model,  based  on  tanks  in  series,  for  the 
estimation  of  mean  annual  loads  and  frequency 
distributions  of  loads  from  combined  sewer  sys- 
tems has  been  developed.  The  input  data,  dry 
weather  flow,  dry  weather  quality,  and  storm 
water  quality  are  estimated  from  treatment  plant 
influent  data.  Two  similar  methods  for  the  estima- 
tion of  flow-average  storm  water  quality  were 
tested  by  using  treatment  plant  influent  data  gener- 
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ated  by  the  model  in  comparison  with  the  model 
input.  Both  methods  are  based  on  daily  mass  bal- 
ances, but  differ  slightly  with  respect  to  the  aver- 
aging procedures  used.  The  performance  of  both 
methods  is  about  the  same.  They  show  a  small  bias, 
but  the  variability  introduced  is  small  when  com- 
pared with  the  variation  occurring  in  real  storm 
water  quality  data.  Application  of  one  of  the  meth- 
ods on  field  data  revealed  no  distinct  relationships 
between  the  flow-averaged  storm  water  quality 
concentration  and  the  dry  weather  period  or  the 
total  daily  rain  depth.  By  combination  of  continu- 
ous and  Monte  Carlo  simulation  techniques  the 
model  can  be  used  to  estimate  mean  annual  loads 
and  frequency  distribution  of  loads  from  combined 
sewer  overflows.  For  the  extreme  events  a  large 
90%  confidence  interval  was  found  due  to  the 
large  variations  in  storm  water  quality.  (Author's 
abstract) 
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It  has  become  evident  that  emission  control  stand- 
ards for  storm  water  overflow  design  are  practical, 
but  not  sufficient  to  guarantee  ecologically-bal- 
anced quantity  and  quality  characteristics  of  re- 
ceiving natural  water  bodies.  The  quality  and 
quantity  of  both  storm  water  overflow  and  the 
receiving  water  should  be  considered  at  the  same 
time.  An  continuous  complex  hydrological  (quanti- 
ty) model  for  simulating  combined  urban  and  rural 
runoff  processes  was  applied  to  a  small  catchment 
in  Northrhine-Westphalia,  Germany,  to  get  more 
information  on  its  suitability  as  a  modern  planning 
tool.  The  frequency  of  the  mixing  characteristics 
of  overflow  and  riverflow  was  determined  by 
combined  continuous  long-term  simulation  to  re- 
ceive a  quantitative  emission  criterion.  By  compar- 
ing runoff  from  an  assumed  natural  watershed  to 
different  planning  alternatives,  measures  could  be 
identified  for  compensating  human  impacts  to  a 
considerable  extent.  In  contrast  to  existing  emission 
standards,  the  methodology  provides  knowledge  of 
the  magnitude  and  frequency  of  disturbance  of 
natural  flow  in  receiving  water  bodies;  the  applica- 
tion of  standardized  design  rules  for  combined 
sewer  systems  should  be  replaced  by  the  applica- 
tion of  individual  hydrological  complex  investiga- 
tions. Data  availability  and  computational  efforts 
are  suitable  for  general  application.  (Fish-PTT) 
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An  investigation  is  being  carried  out  in  North 
Rhine-Westphalia,  Germany,  to  compare  and 
evaluate  different  methods  for  the  calculation  of 
pollutant  loads.  The  investigation  consists  of  two 
parts:  (1)  measurements  in  the  variously-configured 
combined  sewer  systems  of  two  partial  catchment 
areas  to  form  the  basis  for  the  calculation  compari- 
sons and  to  obtain  advanced  knowledge  of  meas- 


urement techniques;  and  (2)  comparison  of  15  dif- 
ferent pollutant  load  calculation  methods,  with  and 
without  calibration,  for  both  the  catchment  areas. 
The  measurement  projects  have  been  running  suc- 
cessfully since  1987.  The  database  for  the  model 
calibrations  is  available  for  one  partial  catchment. 
The  comparison  of  the  models  without  calibration 
has  already  been  completed.  Results  obtained  thus 
far  show  that  too  high  confidence  in  the  correct- 
ness of  computer  programs  leads  to  neglect  of 
simple  checks  of  the  results.  The  user's  experience 
and  qualifications  substantially  influences  the  qual- 
ity of  the  results.  The  modeling  of  hydraulic  substi- 
tution systems  for  discharge  and  storage  systems  is 
an  important  source  of  mistakes.  Development  of 
models  must  be  accompanied  by  extensive  tests 
and  checks.  Susceptibility  to  error  increases  with 
greater  complexity  of  models.  Variation  of  results 
is  much  greater  relative  to  water  quality  than  to 
quantity.  For  calibration  and  development  of  pol- 
lutant load  calculation  methods,  good  measured 
data  is  necessary.  Calibration  for  practical  pur- 
poses requires  water  quantir'  data  in  any  case,  and 
water  quality  data  is  desirable.  The  development  of 
models  cannot  reduce  the  need  for  more  water 
quality  data.  (Fish-PTT) 
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MOSQITO  (Modeling  of  Storm  Quality  Including 
Tank  Overflows)  is  the  initial  version  of  a  sewer 
flow  quality  model  being  developed  as  part  of  the 
U.K.  River  Basin  Management  program.  MOS- 
QITO I  simulates  the  time-varying  behavior  of 
suspended  solids,  biochemical  oxygen  demand, 
chemical  oxygen  demand,  ammoniacal  nitrogen, 
and  hydrogen  sulfide  on  catchment  surfaces  and  in 
sewer  systems.  The  model  produces  discharge  pol- 
lutographs  for  these  determinands  which  can  be 
used  as  input  to  a  river  water  quality  model.  MOS- 
QITO consists  of  four  submodels  which  represent 
washoff  from  catchment  surfaces,  foul  water 
inflow,  pollutant  behavior  in  pipes  and  channels, 
and  pollutant  behavior  in  ancillary  structures 
within  drainage  systems.  Calibration  and  verifica- 
tion of  the  model  are  being  carried  our  using  data 
from  a  variety  of  experimental  catchments  in  the 
U.K.  Initial  results  indicate  that  suspended  solids 
are  underpredicted,  possibly  because  the  estimates 
of  the  calibration  parameters  are  low,  or  sediment 
deposits  were  present  in  the  system  at  the  start  of 
the  monitored  events  and  were  eroded  by  the 
storm  flows,  thus  increasing  the  mass  of  sediment 
discharged  at  the  outfall.  Dispersion  was  signifi- 
cant in  sewers  and  therefore  should  be  included  in 
MOSQITO.  The  model  will  probably  find  most 
frequent  practical  application  in  sewerage  rehabili- 
tation studies  and  must  therefore  be  capable  of 
producing  acceptable  simulations  of  pollutant  load- 
ing without  extensive  site-specific  calibration. 
Work  to  date,  on  both  separate  and  combined 
systems,  indicates  that  MOSQITO  will  provide  an 
effective  tool  for  modeling  a  number  of  crucial 
water  quality  determinands  in  sewer  systems. 
(Fish-PTT) 
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Immediate  effects  of  (combined)  sewer  overflows 
are  mainly  due  to  the  physical  phenomena  of  flush- 
ing and  scouring,  and  to  the  high-rate  processes 
associated  with  the  dissolved  reactive  compounds 
in  the  discharged  water.  Delayed  and  frequently 
prolonged  consequences  are  predominantly  due  to 
particulate  material  in  the  overflow.  The  fluxes  of 
oxygen  into  sediments  and  the  release  rate  of 
chemical  oxygen  demand  (COD),  methane,  and 
nitrogen  after  deposition  of  fresh  sewage  sludge 
were  measured  in  an  experimental  laboratory  appa- 
ratus. Effects  of  the  initial  surface  loading  revealed 
a  progressive  contribution  of  COD  release  to  the 
flux  of  oxygen  equivalent  to  increased  loading. 
Lower  oxygen  concentrations  had  the  same  effect. 
The  actual  conversion  rate  of  the  organics  in  the 
sediments  was  lower  than  the  potential  maximal 
aerobic  degradation  rate  and  higher  than  the  anaer- 
obic rate  of  hydrolysis.  Preferential  oxidation  of 
soluble  organics  at  the  sediment  interface  over 
particulate  material  limits  the  release  of  COD 
except  for  high-loaded  systems  or  at  low  dissolved 
oxygen  concentrations.  (Fish-PTT) 
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STORM  WATER  RUNOFF  OF  HYDROCAR- 
BONS IN  THE  TAMA  RIVER  BASIN  IN 
TOKYO  (JAPAN)  AND  THEIR  FATE  IN  THE 
RIVER. 

Tokyo    Univ.    of    Agriculture    and    Technology 

(Japan).  Dept.  of  Chemical  Engineering. 

A.  Yamane,  I.  Nagashima,  T.  Okubo,  M.  Okada, 

and  A.  Murakami. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  119-126,  1990.  6  fig,  1  tab,  24  ref. 

Descriptors:  'Aliphatic  hydrocarbons,  *Japan, 
•Path  of  pollutants,  *Polycyclic  aromatic  hydro- 
carbons, *Storm  runoff,  •Storm  water,  'Urban 
runoff,  'Water  pollution  sources,  Dusts,  Environ- 
mental impact,  Fate  of  pollutants,  Highway  effects, 
Roads,  Stream  pollution,  Suspended  sediments, 
Urban  hydrology,  Water  level. 

Storm  water  runoff  pollution  in  urban  areas  has  a 
significant  impact  on  the  aquatic  environment.  The 
origin,  transport,  and  fate  of  hydrocarbons  in  the 
Nogawa  River,  a  typical  urban  river  running 
through  a  residential  area  in  suburban  Tokyo, 
Japan,  were  studied  at  both  normal  and  high  water 
levels.  It  was  concluded  that  aliphatic  hydrocar- 
bons found  in  the  water  of  the  Nogawa  River 
during  normal  water  levels  originated  mainly  from 
gray  water.  Aliphatic  hydrocarbons  found  during 
high  water  levels  originated  mainly  from  runoff 
water.  They  came  from  roadside  dust  or  emissions 
from  automobiles,  and  were  washed  off  into  storm 
water  drains  by  storm  water.  The  resuspension  of 
sediment  may  also  contribute  to  hydrocarbon 
levels  during  high  water  levels.  Polycyclic  aromat- 
ic hydrocarbon  contents  in  roadside  dust  came 
from  Route  20,  which  has  heavy  traffic,  were  the 
same  as  those  in  the  street  dust  near  the  Nogawa 
River  (an  area  with  light  traffic).  Thus,  automobile 
emissions  were  not  the  major  source  of  polycyclic 
aromatic  hydrocarbons.  (Fish-PTT) 
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EVALUATION  OF  THE  IMPACTS  OF  DIS- 
CHARGES FROM  SURFACE  WATER  SEWER 
OUTFALLS. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5C. 
W91-04338 


DISSOLVED  OXYGEN  STREAM  MODEL  FOR 
COMBINED  SEWER  OVERFLOWS. 

Aalborg  Universitetscenter  (Denmark).  Hydraulics 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


and  Coastal  Engineering  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 
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SEWER  SEDIMENT  AND  ITS  RELATION 
WITH  THE  QUALITY  CHARACTERISTICS  OF 
COMBINED  SEWER  FLOWS. 

Universite  Libre  de  Bruxelles  (Belgium).  Lab.  de 
Traitement  des  Eaux  et  Pollution. 
For   primary   bibliographic   entry   see   Field   5D. 
W9 1-04352 


IMPACT  OF  OVERFLOW  ON  SURFACE 
WATER  QUALITY  IN  EAST  BRABANT,  THE 
NETHERLANDS. 

East  Brabant  Dept.  of  Technology,  Boxtel  (Neth- 
erlands). 

For  primary  bibliographic  entry  see  Field  5C. 
W91-04356 


PARTITIONING  OF  UNSUBSTITUTED  POLY- 
CYCLIC  AROMATIC  HYDROCARBONS  BE- 
TWEEN SURFACE  SEDIMENTS  AND  THE 
WATER  COLUMN  IN  THE  BRISBANE  RIVER 
ESTUARY. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
S.  I.  Kayal,  and  D.  W.  Connell. 
Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  41,  No.  4,  p  443-456,  1990.  5 
tab,  3  fig,  28  ref. 

Descriptors:  *Estuarine  sediments,  *Path  of  pollut- 
ants, *Polycyclic  aromatic  hydrocarbons,  *Water 
pollution,  *Water  sampling,  Australia,  Brisbane 
River  Estuary,  Chemical  analysis,  Partition  coeffi- 
cient, Pollutant  identification,  Sediment  analysis, 
Sediment  contamination. 

Polycyclic  aromatic  hydrocarbons  (PAHs)  are 
among  the  most  widely  distributed  groups  of  or- 
ganic environmental  pollutants.  In  all,  23  sediment 
samples  and  8  water  column  samples  from  the 
Brisbane  River  estuary,  Queensland,  Australia, 
were  analyzed  for  polycyclic  aromatic  hydrocar- 
bons in  order  to  assess  the  field  partitioning  behav- 
ior of  these  hydrocarbons.  Twelve  PAHs,  ranging 
in  molecular  weight  from  naphthalene  to 
benzo(a)pyrene,  were  identified  and  quantified. 
Their  partition  coefficients,  indexed  to  sediment 
organic  carbon  and  lipid  content,  were  calculated 
after  filtering  to  remove  particulates  and  making  a 
calculated  adjustment  for  colloids,  or  organic 
matter,  in  the  water  phase.  In  logarithmic  form, 
the  partition  coefficients  were  related  to  the  phy- 
sico-chemical properties  of  the  compounds  (octa- 
nol-to-water  partition  coefficient  (K(ow),  aqueous 
solubility,  and  gas  chromatograph  relative  reten- 
tion time)  by  relationships  having  a  parabolic  shape 
rather  than  being  linear.  However,  compounds 
with  log  K(ow)  values  of  less  than  5.5  gave  linear 
relationships  comparable  to,  but  distinctly  different 
from  those  obtained  from  laboratory  experiments. 
It  is  suggested  that  field  conditions  have  distinctive 
differences  from  laboratory  experiments  that  do 
not  allow  the  direct  translation  of  laboratory-based 
relationships  to  the  natural  aquatic  environment. 
(Author's  abstract) 
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GIARDIASIS  OUTBREAK  FROM  A  CHLORIN- 
ATED COMMUNITY  WATER  SUPPLY. 

South  Okanagan   Health   Unit,   Kelowna  (British 

Columbia). 

W.  P.  Moorehead,  R.  Guaspanni,  C.  A.  Donovan, 

R.  G.  Mathias,  and  R.  Cottle 

Canadian  Journal  of  Public  Health  CJPEA4,  Vol. 

81,  No.  5,  p  358-362,  September/October  1990.  4 

fig,  9  ref. 

Descriptors:  'Beavers,  'Epidemiology,  'Giardia- 
sis, 'Human  diseases,  'Path  of  pollutants,  'Patho- 
genic bacteria,  'Public  health,  'Water  pollution 
sources,  Canada,  Population  exposure.  Water  pol- 
lution effects. 

A  recent  survey  of  trapped  beaver  in  British  Co- 
lumbia indicates  there  is  widespread  infection  of 
beaver  by  Giardia  involving  a  large  number  of 


watersheds  and  drinking  water  sources.  A  giardia- 
sis outbreak  from  a  chlorinated,  unfiltered  surface 
water  supply  in  Penticton,  British  Columbia  (popu- 
lation 25,000)  from  June  to  August  1986  resulted  in 
362  laboratory-confirmed  cases.  The  community 
utilizes  chlorinated  surface  water  from  a  creek  and 
lower  reservoir,  and  from  a  well.  A  telephone 
survey  estimated  an  attack  rate  of  over  12%.  A 
reservoir  pond  containing  Giardia-infected  beaver 
was  implicated  as  the  source.  No  significant  asso- 
ciations were  found  from  a  case-control  study  with 
65  cases.  A  retrospective  case-finding  survey  of 
records  from  eight  (out  of  35)  general  physicians 
estimated  that  1,500  physician  visits  occurred  and 
produced  an  epidemic  curve  in  close  parallel  with 
that  from  laboratory-confirmed  and  reported  cases. 
Despite  improvements  on  the  reservoir,  another 
outbreak  occurred  when  this  water  source  was 
reinstituted  in  October  for  several  weeks,  confirm- 
ing the  conclusion  that  it  was  the  source  of  the  first 
outbreak.  Various  options  for  reducing  the  risk  of 
future  outbreaks  are  being  explored  including  full 
water  treatment.  (Author's  abstract) 
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SUBCELLULAR  LOCALIZATION  OF  ACID- 
RAIN  TRANSPORTED  ALUMINUM  IN  GILLS 
AND  KIDNEYS  OF  TROUT  FROM  STREAMS 
OF  THE  VOSGES:  PRELIMINARY  RESULTS, 
(LOCALISATION  SUBCELLULAIRE  DE  L'A- 
LUMINIUM  VEHICULE  PAR  LES  PLUIES 
ACIDES  DANS  LES  REINS  ET  BRANCHIES 
DE  TRUITE  DES  VOSGES.  DONNEES  PRELI- 
MINAIRES). 

Clermont-Ferrand- 1  Univ.  (France).  Faculte  de 
Medecine  et  de  Pharmacie. 

C.  Galle,  C.  Chassard-Bouchaud,  J.  C.  Massabuau, 
F.  Escaig,  and  P.  Boumati. 

Comptes  Rendus  de  l'Academie  des  Sciences 
(Serie  3)  Sciences  de  la  Vie  CRAMED,  Vol.  311, 
No.  9,  p  301-307,  October  25,  1990.  1  tab,  4  fig,  16 
ref.  (English  summary). 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Alu- 
minum, 'Fish  pathology,  'Trout,  'Water  pollution 
effects,  Animal  tissues,  France,  Gills,  Kidneys,  Mi- 
croscopic analysis,  Path  of  pollutants. 

Aluminum  could  be  the  most  toxic  element  for  fish 
that  is  produced  by  acid  rain.  Aluminum  concen- 
trations in  fish  gills  have  been  studied,  but  the 
intracellular  location  of  deposits  is  still  not  known. 
In  this  study  of  trout  gills  and  kidneys,  trout 
(Salmo  trutta  fario)  were  taken  from  an  acidified 
stream  in  the  Vosges  mountains.  Secondary  ion 
emission  (ion  microscope)  and  X-ray  spectrometry 
(electron  microprobe)  were  used  to  detect  intracel- 
lular localization  of  metals  in  gills  and  kidneys.  In 
kidneys,  aluminum  was  concentrated  in  melano- 
somes  of  melanoctyes.  In  gills,  aluminum  was  de- 
tected in  melanosomes,  and  at  a  higher  concentra- 
tion in  lysosomes  of  macrophages.  In  some  other 
trout  sampled  during  1987  snowmelt,  aluminum  in 
lysosomes  of  the  kidneys'  tubular  cells  were  found, 
like  in  mammalians.  However,  in  this  study,  before 
the  sampling  days,  winter  and  spring  were  espe- 
cially dry,  the  water  had  low  acidity,  and  no 
aluminum  was  found  in  the  kidneys'  tubular  cells, 
perhaps  because  lysosomes  were  excreted  soon 
after  intoxication  as  in  mammals.  (VerNooy-PTT) 
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WATERBORNE  OUTBREAK  OF  LEPTOSPI- 
ROSIS AMONG  UNITED  STATES  MILITARY 
PERSONNEL  IN  OKINAWA,  JAPAN. 

3rd  Marine  Division,  FMFPAC,  Okinawa,  Japan. 

A.  Corwin,  A.  Ryan,  W.  Bloys,  R.  Thomas,  and  B. 

Deniega. 

International   Journal   of  Epidemiology   IJEPBF, 

Vol.  19,  No.  3,  p  743-748,  September  1990.  5  tab, 

13  ref. 

Descriptors:  'Epidemiology,  'Human  diseases, 
'Leptospirosis,  'Pathogenic  bacteria,  'Swimming, 
'Water  pollution  effects,  'Water  pollution  sources, 
Japan,  Military  reservations,  Okinawa,  Population 
exposure,  Public  health. 

A  waterborne  outbreak  of  leptospirosis  occurred 
among  US  military  personnel  during  September 
1987,  on   the  island  of  Okinawa,   Japan.   Micro- 


agglutination  titers  for  leptospiral  antigen  of  >  or 
=  200  were  detected  in  hospitalized  adult  males 
averaging  22.5  years  of  age  with  symptoms  com- 
patible with  leptospirosis.  Epidemiological  findings 
revealed  two  case  clusters  distinguished  by  time 
and  place  of  exposure.  The  overall  attack  rates 
among  recreational  swimmers  and  combat  skills 
training  participants  were  467/1000  (7/15)  and 
183/1000  (15/32),  respectively.  Swallowing  of 
water  differentiated  individuals  with  laboratory- 
confirmed  infection  from  those  with  no  infection, 
while  water  immersion  alone  did  not  appear  to 
result  in  leptospiral  infection.  The  seemingly  high 
attack  rates  for  the  two  recognized  case  clusters 
were  most  likely  attributable  to  the  unusually  dry 
weather  recorded  during  July  and  August  1987, 
just  prior  to  and  during  exposure.  Subnormal  rain- 
fall probably  led  to  the  concentration  of  infected 
animal  populations  around  remaining  sources  of 
water  and  may  have  contributed  to  the  risk  of 
exposure  associated  with  this  outbreak.  (Author's 
abstract) 
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WATER  CONTACT  AND  SCHISTOSOMA  HAE- 
MATOBIUM INFECTION:  A  CASE  STUDY 
FROM  AN  UPPER  EGYPTIAN  VILLAGE. 

United  States  Medical  Research  Unit  Number  3, 
Cairo,  Egypt. 

H.  Kloos,  G  I.  Higashi,  V.  D.  Schinski,  N.  S. 
Mansour,  and  K.  D.  Murrell. 
International  Journal  of  Epidemiology   IJEPBF, 
Vol.  19,  No.  3,  p  749-758,  September  1990.  2  fig,  5 
tab,  37  ref.  US  Medical  Research  and  Develop- 
ment Command,  WA  Unit  MR0410901-0153. 

Descriptors:  'Egypt,  'Epidemiology,  'Human 
pathogens,  'Nile  River,  'Public  health,  'Schistoso- 
miasis, 'Swimming,  'Water  pollution  effects,  Case 
studies,  Cercariae,  Multivariate  analysis,  Popula- 
tion exposure. 

The  quantitative  relationship  between  water  con- 
tact and  Schistosoma  haematobium  infection  was 
studied  in  a  cohort  of  male  school  children  aged  6 
to  17  in  El  Ayaisha  village,  Upper  Egypt,  during  a 
two  year  study.  An  exposure  index  (total  body 
minutes,  TBM)  was  used  to  identify  the  activities 
responsible  for  exposure  to  cercariae-infested 
water  and  to  examine  the  relationship  between 
water  contact  and  infection.  Results  show  that 
65%  of  all  contacts  and  86%  of  all  TBM  were  due 
to  swimming  in  the  Nile  and  canals  and  that  swim- 
ming was  the  most  important  exposure  and  con- 
tamination activity.  Using  multivariate  analysis, 
several  sites,  study  periods,  residence  groups  and 
primarily  canal  contacts  were  significantly  corre- 
lated with  egg-counts.  Positive  relationships  could 
also  be  identified  using  egg-counts  with  water  con- 
tact data  from  preceding  study  periods,  indicating 
the  influence  of  pre-existing  infections,  prepatency 
and  seasonality  of  water  contact  and  transmission. 
TBM  were  usually  more  significantly  correlated 
with  egg-counts  than  frequency  and  duration  of 
contact.  The  relevance  of  the  findings  for  control 
programs  and  the  use  of  school  children  and  the 
exposure  index  for  water  contact  studies  are  dis- 
cussed. Although  the  exposure  index  which  incor- 
porates a  measure  of  intensity  of  water  contact 
proved  to  be  more  appropriate  than  mere  duration 
and  frequency  of  exposure,  this  study  indicates  that 
water  contacts  should  be  weighted  further  accord- 
ing to  season,  site  and  possible  time  of  day.  (Au- 
thor's abstract) 
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LISTERIA  MONOCYTOGENES  CONTAMINA- 
TION OF  CROPS  GROWN  ON  SOIL  TREATED 
WITH  SEWAGE  SLUDGE  CAKE. 

Biological  Research  Center,  Baghdad  (Iraq). 
M.  R.  Al-Ghazali,  and  S.  K.  Al-Azawi. 
Journal  of  Applied  Bacteriology  JABAA4,  Vol. 
69,  No.  5,  p  642-647,  November  1990.  5  tab,  28  ref. 

Descriptors:  'Fertilization,  'Human  pathogens, 
'Listeria,  'Path  of  pollutants,  'Sludge  utilization, 
•Soil  contamination,  Alfalfa,  Iraq,  Pathogens, 
Plant  tissues,  Population  exposure,  Soil  amend- 
ments, Soil  analysis. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


Listeria  monocytogenes  is  a  widely  distributed  en- 
vironmental contaminant,  primarily  believed  to  be 
transmitted  to  humans  and  animals  through  con- 
taminated foods  at  any  point  in  the  food  chain.  The 
use  of  raw  fertilizers  contributes  to  contamination. 
L.  monocytogenes  was  found  in  the  sewage  sludge 
cake  which  is  commonly  used  as  an  agricultural 
fertilizer  in  Iraq.  Soils  treated  with  this  material 
were  contaminated  with  the  organism.  Pot  and 
field  experiments  showed  that  crops  grown  on 
treated  soil  became  contaminated  with  L.  monocy- 
togenes. When  alfalfa  plants  were  grown  on  farm- 
land soil  treated  with  sewage  sludge  cake,  listerias 
were  found  on  10%  of  50  plants  sampled  at  har- 
vest, but  the  organism  was  detected  only  in  low 
numbers  on  these  crops  (<  or  =  5  cells/g).  This, 
however,  could  add  to  the  risk  to  animals  and  man. 
(Author's  abstract) 
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ALTERATIONS  IN  THE  MAJOR  HETERO- 
TROPHIC BACTERIAL  POPULATIONS  ISO- 
LATED FROM  A  STILL  BOTTLED  MINERAL 
WATER. 

Coimbra  Univ.  (Portugal).  Dept.  de  Zoologia. 
P.  V.  Morais,  and  M.  S.  da  Costa. 
Journal  of  Applied  Bacteriology  JABAA4,  Vol. 
69,  No.  5,  p  750-757,  November  1990.  4  fig,  1  tab, 
22  ref. 

Descriptors:  *Bottled  water,  *Drinking  water, 
♦Heterotrophic  bacteria,  'Mineral  water,  'Pseudo- 
monas,  *Water  pollution  sources,  Bacterial  analy- 
sis, Chemical  analysis,  Incubation,  Population  dy- 


In  Europe,  bottled  mineral  waters  cannot  be  treat- 
ed for  the  elimination  of  microorganisms  by  disin- 
fection or  sterilization,  but  it  is  also  clearly  stated 
that  the  recoverable  bacterial  counts  should  result 
only  from  a  normal  increase  of  bacteria  present  in 
the  source.  The  heterotrophic  bacterial  population 
of  a  bottled  mineral  water  stored  in  returnable 
glass  bottles  and  in  polyvinyl  chloride  (PVC)  bot- 
tles at  room  temperature  was  studied  over  9  to  12 
months.  The  plate  counts  in  R2A  medium  incubat- 
ed at  22  and  37  C  were  low  initially,  increasing  to 
10,000  to  100,000  colony-forming  units/ml  within  a 
few  days  of  bottling.  The  number  of  bacteria  re- 
covered at  22  C  from  PVC  bottles  was  fairly 
constant  during  the  storage  period,  but  the  popula- 
tion isolated  at  37  C  decreased  markedly  after 
storage  for  1  year.  The  major  components  of  the 
population  were  Pseudomonas  strains,  one  of 
which  was  identified  as  Pseudomonas  vesicularis. 
Major  changes  took  place  during  storage;  two 
groups  of  bacteria  (B  and  C)  were  dominant  initial- 
ly, but  during  the  latter  period  of  storage  other 
groups  (F,  G  and  H)  increased  in  number.  These 
results  show  that  long-term  changes  in  the  major 
heterotrophic  bacterial  populations  of  bottled  min- 
eral water  occur  which  may  reflect  changes  in 
available  nutrients,  a  decrease  in  viability  of  some 
strains,  competition,  antagonism  or  other  factors 
not  yet  understood.  Producers  should  examine  and 
characterize  major  bacterial  populations  at  the 
source  and  in  bottled  water  in  addition  to  the 
routine  microbiological  control  procedures.  (Au- 
thor's abstract) 
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THERMOPHILIC  CAMPYLOBACTERS  IN 
SURFACE  WATERS  AROUND  LANCASTER, 
UK:  NEGATIVE  CORRELATION  WITH  CAM- 
PYLOBACTER INFECTIONS  IN  THE  COM- 
MUNITY. 

Lancaster  Univ.  (England).  Div.  of  Biological  Sci- 
ences. 

K.  Jones,  M.  Betaieb,  and  D.  R.  Telford. 
Journal  of  Applied  Bacteriology  JABAA4,  Vol. 
69,  No.  5,  p  758-764,  November  1990.  7  tab,  27  ref. 

Descriptors:  'Campylobacter,  'Human  diseases, 
♦Path  of  pollutants,  'Pathogens,  'Population  expo- 
sure, 'Public  health,  Bacterial  analysis,  Correlation 
analysis,  Drinking  water,  Lancaster,  Monitoring, 
Seasonal  variation,  Surface  water  data,  United 
Kingdom,  Water  pollution,  Water  sampling. 

The  incidence  of  Campylobacter  enteritis  in  Lan- 
caster City  Health  Authority  is  three  times  the  UK 


average  for  similar  sizes  of  population  and  has 
marked  seasonal  peaks  in  May  and  June.  Environ- 
mental monitoring  of  surface  waters  around  Lan- 
caster showed  that  thermophilic  Campylobacters 
were  absent  from  drinking  water  from  the  fells  and 
from  the  clean  upper  reaches  of  the  River  Conder 
but  were  present  in  the  main  rivers  entering  More- 
cambe  Bay,  the  lower  reaches  of  the  River 
Conder,  the  Lancaster  canal,  and  seawater  from 
the  Lune  estuary  and  Morecambe  Bay.  All  the 
surface  waters  tested  showed  the  same  seasonality, 
namely,  higher  numbers  in  the  winter  months  and 
low  numbers  or  none  in  May,  June  and  July.  The 
absence  of  thermophilic  Campylobacters  in  the 
summer  months  may  be  due  to  high  sunshine 
levels,  because  experiments  on  the  effects  of  light 
showed  that  Campylobacters  in  sewage  effluent 
and  seawater  were  eliminated  within  60  and  30  min 
of  daylight  respectively,  but  survived  for  24  hours 
in  darkness.  As  the  concentration  of  Campylo- 
bacters in  surface  waters  were  at  their  lowest 
precisely  at  the  time  of  peak  infections  in  the 
community  it  is  unlikely  that  surface  waters  form 
Lancaster's  reservoir  of  Campylobacter  infection 
for  the  community.  (Author's  abstract) 
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TROUBLESHOOTING  AN  EXISTING  TREAT- 
MENT PLANT. 

Black  and  Veatch,  Cincinnati,  OH. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-04373 


WATER  DISINFECTION:  A  RELATIONSHIP 
BETWEEN  OZONE  AND  ALDEHYDE  PRO- 
DUCTION. 

Turin  Univ.  (Italy).  Dept.  of  Hygiene  and  Commu- 
nity Medicine. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04378 


OZONATION  OF  SULFUR-CONTAINING  ALI- 
PHATIC COMPOUNDS  IN  AQUEOUS  SOLU- 
TION: I. 

Kernforschungszentrum  Karlsruhe  G.m.b.H.  (Ger- 
many, F.R.).  Abt.  Wassertechnologie. 
For  primary  bibliographic  entry  see  Field  5F. 
W91-04384 


QUINOXALINE  OZONATION  IN  AQUEOUS 
SOLUTION. 

Naples  Univ.  (Italy).  1st.  di  Ricerche  sulla  Com- 

bustione. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-04385 


LAND  CLEARANCE  AND  RD7ER  SALINISA- 
TION  IN  THE  WESTERN  MURRAY  BASIN, 
AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Glen  Osmond  (Australia).  Div.  of 
Water  Resources. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-04386 


SOLUTIONS  OF  ONE-DIMENSIONAL  WATER 
FLOW  AND  MASS  TRANSPORT  EQUATIONS 
IN  VARIABLY  SATURATED  POROUS  MEDIA 
BY  THE  FINITE  ELEMENT  METHOD. 

Thessaloniki  Univ.,  Salonika  (Greece).  School  of 

Agriculture. 

V.  Z.  Antonopoulos,  and  Z.  G.  Papazafiriou. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  151-167,  November  1990.  8  fig,  15  ref,  append. 

Descriptors:  'Fjpite  element  method,  'Ground- 
water movement,  'Model  studies,  'Path  of  pollut- 
ants, 'Porous  media,  'Saturated  flow,  'Solute 
transport,  'Unsaturated  flow,  Greens  theorem, 
Mathematical  equations,  Mathematical  models, 
Peclet  number,  Vertical  flow. 

The  study  of  simultaneous  movement  of  water  and 
transport  of  solutes  under  transient  unsaturated- 
saturated  conditions  is  important  in  many  branches 
of  agriculture,  environmental  engineering,  and 
groundwater  pollution.   The  Galerkin  finite  ele- 


ment method  is  used  to  solve  problems  of  one- 
dimensional,  vertical  flow  of  water  and  mass  trans- 
port of  conservative  solutes  in  variably  saturated 
porous  media.  The  method  is  applied  to  solve  the 
original  equation  of  mass  transport,  where  Green's 
theorem  is  used  to  remove  the  second  derivatives, 
either  of  the  total  mass  flux  (convection  and  dis- 
persion) term  or  the  flux  due  only  to  dispersion. 
The  method  also  is  applied  to  solve  a  modified 
mass  transport  equation.  In  all  cases,  linear  one- 
dimensional  elements  are  used.  The  resulting  com- 
putational schemes  are  applied  to  (1)  a  clay  loam 
soil,  where  the  flow  conditions  lead  to  small  Peclet 
numbers,  ranging  from  0.5  to  2.4,  (2)  a  sandy  soil, 
where  the  Peclet  numbers  ranged  from  7.5  to  32.7, 
and  (3)  another  sandy  soil,  where  the  Peclet  num- 
bers ranged  from  24  to  50.  The  modified  mass 
transport  equation  gives  better  results  than  does 
the  original  equation.  Comparison  of  the  solutions 
obtained  by  the  application  of  the  original  equation 
shows  that  the  results  obtained  by  removing  the 
second  derivatives  of  the  dispersion  term  are  close 
to  those  obtained  by  the  modified  equation.  (Au- 
thor's abstract) 
W9 1-04396 


RELATIONSHIPS  BETWEEN  GROUNDWAT- 
ER CONTAMINATION  AND  MAJOR-ION 
CHEMISTRY  IN  A  KARST  AQUIFER. 

Kentucky  Univ.,  Lexington. 

B.  R.  Scanlon. 

Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 

4,  p  271-291,  November  1990.  13  fig,  2  tab,  26  ref. 

Descriptors:  'Groundwater  pollution,  'Karst, 
'Aquifers,  'Kentucky,  'Path  of  pollutants,  'Water 
chemistry,  Bioindicators,  Fertilizers,  Groundwater 
movement,  Monitoring,  Nitrates,  Organic  matter, 
Self-purification,  Site  selection,  Waste  disposal, 
Water  classification,  Water  pollution  sources. 

Groundwater  contamination  was  examined  within 
a  rural  setting  of  the  Inner  Bluegrass  Karst  Region 
of  central  Kentucky,  where  potential  contaminant 
sources  include  soil  organic  matter,  organic  and 
inorganic  fertilizer,  and  septic  tank  effluents.  Data 
on  nitrate  concentrations  and  indicator  bacteria  in 
water  from  wells  and  springs  were  compared  with 
physical  and  chemical  attributes  of  the  groundwat- 
er system.  Bacterial  densities  greater  than  the  rec- 
ommended limit  were  found  in  all  springs  and 
approximately  half  of  the  wells,  whereas  nitrate 
concentrations  >  45  mg/L  were  restricted  to  20% 
of  the  springs  and  10%  of  the  wells.  Nitrate  con- 
centrations varied  markedly  in  closely  spaced 
wells  and  springs,  which  indicates  that  land  use  is 
not  the  primary  control  on  groundwater  contami- 
nation. Groundwater  contamination  is  related  to 
the  distribution  of  chemical  water  types  in  the 
study  area.  All  Ca  subtype  water  was  contaminat- 
ed with  nitrate  and  bacteria.  Temporal  fluctuations 
in  nitrate  concentrations  of  Ca  subtype  water  are 
attributed  to  seasonal  fluctuations  in  recharge  and 
in  plant  growth.  Ca-Mg  subtype  water  generally 
was  not  contaminated  and  Na-HC03  and  Na-Cl 
water  types  were  not  contaminated.  Ca-Mg  sub- 
type water,  and  Na-HC03  and  Na-CL  water  types 
are  associated  with  longer  residence  times  and 
reducing  conditions,  which  allow  bacterial  die-off 
and  denitrification,  respectively.  Differences  in  res- 
idence time  and  reducing  conditions  among  the 
chemical  water  types  and  subtypes  are  attributed 
to  variations  in  rock  permeability  and  to  occur- 
rence of  horizontal  shales  that  control  the  rate  and 
depth  of  active  groundwater  circulation.  This  rela- 
tionship between  chemical  water  types  and  con- 
taminant concentrations  is  important  for  ground- 
water monitoring  programs  and  the  siting  of 
waste-disposal  facilities.  (Author's  abstract) 
W91-04403 


METEOROLOGICAL  FACTORS  INFLUENC- 
ING THE  RADIOACTIVE  DEPOSITION  IN 
FINLAND  AFTER  THE  CHERNOBYL  ACCI- 
DENT. 

Helsinki  Univ.  (Finland).  Dept.  of  Meteorology. 
T.  Puhakka,  K.  Jylha,  P.  Saarikivi,  J.  Koistinen, 
and  J.  Koivukoski. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  9,  p  813-829,  September  1990.  12  fig,  44  ref. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B— Sources  Of  Pollution 


Descriptors:  'Chernobyl  accident,  'Fallout,  'Fin- 
land, 'Meteorology,  'Path  of  pollutants,  'Radioac- 
tive wastes,  'Rainfall  distribution.  Correlation 
analysis,  Europe,  Spatial  distribution,  Weather 
radar.  Wet  deposition. 

After  the  accident  at  the  Chernobyl  nuclear  power 
plant  on  26  April  1986,  much  of  Europe  was 
affected  by  radioactive  pollution.  The  first  releases 
were  transported  toward  Scandinavia,  where  most 
of  the  fallout  was  attributable  to  wet  deposition. 
The  synoptic  scale  and  mesoscale  meteorological 
conditions  influencing  the  transport,  and  meteoro- 
logical factors  related  to  the  observed  transport  in 
southern  Finland  were  analyzed.  The  study  fo- 
cused on  the  role  of  rainfall  in  the  final  deposition 
onto  the  ground,  as  indicated  by  radar  data.  Al- 
though the  large-scale  transport  from  Chernobyl 
could  be  estimated  roughly  by  simple  methods 
using  routine  synoptic  data,  some  essential  smaller- 
scale  features  could  not  be  understood  before  an 
isentropic  trajectory  analysis,  together  with  a  con- 
ceptual model  of  a  cyclone  and  its  related  convey- 
er belts,  was  applied.  The  main  result  of  the  study 
was  the  good  correlation  between  the  radioactive 
fallout  and  the  corresponding  areal  distribution  of 
rainfall  measured  by  weather  radar.  (Author's  ab- 
stract) 
W9 1-04430 


RESULTS  OF  A  TEN- YEAR  STUDY  (1976-1986) 
OF    THE    POPULATIONS     IN    SOFT    SUB- 
STRATES OFF  A  WASTEWATER  OUTFALL: 
MARSEILLE-CORTIOU.      (LES      ENSEIGNE- 
MENTS  D'UNE  ETUDE  SUR  DIX  ANS  (1976- 
1986)   DES   PEUPLEMENTS   DE   SUBSTRATS 
MEUBLES    AU    LARGE    D'UN    EMISSAIRE 
D'EAUX  USEES:  MARSEILLE-CORTIOU). 
Centre  d'Oceanologie  de  Marseille  (France). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04440 


CHANGES  IN  FISH  MERCURY  CONCENTRA- 
TIONS IN  AN  INTENSD/ELY  FISHED  LAKE. 

Water  and  Environment  Research  Inst.,  Helsinki 
(Finland). 
M.  Verta. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  10,  p  1888-1897, 
October  1990.  6  fig,  4  tab,  34  ref. 

Descriptors:  'Bioaccumulation,  'Heavy  metals, 
•Lake  restoration,  'Mercury,  'Path  of  pollutants, 
•Water  pollution,  Biomass,  Fish  metabolism,  Fish- 
ing, Food  chains,  Lake  fisheries. 

A  small  polyhumic  lake  inhabited  by  northern  pike 
(Esox  lucius),  burbot  (Lota  lota),  perch  (Perca 
fluviatilis),  roach  (Rutilus  rutilus),  and  eel  (Anguil- 
la  anguilla)  was  fished  intensively  during  spring 
1984  and  1985  to  lower  the  high  mercury  levels  in 
the  top  predator,  northern  pike.  A  total  catch  of 
29.5  kg/ha  (74%  roach)  was  removed  which  repre- 
sented about  50%  of  the  total  fish  biomass.  Mercu- 
ry concentrations  in  burbot,  large  pike,  and  small 
roach  had  decreased  by  1987  and  1988,  but  in- 
creased in  young  pike  and  some  perch.  Northern 
pike  had  the  clearest  increase  in  growth  rate,  while 
that  of  perch  and  roach  levelled  off  within  3  years 
at  the  prefishing  level.  Only  a  small  increase  in 
growth  rate  of  burbot  occurred.  The  yearly  accu- 
mulation of  mercury  in  northern  pike  remained 
constant,  and  the  decrease  in  mercury  accumula- 
tion was  apparently  due  to  growth  dilution.  The 
decrease  in  mercury  accumulation  of  burbot  and 
roach  is  explained  by  a  switch  to  a  diet  with  lower 
mercury  levels  or  a  decrease  in  water  methylmer- 
cury  concentrations.  The  amount  of  methylmer- 
cury  removed  from  the  lake  by  fishing  was  equiva- 
lent to  several  years  of  calculated  mercury  methy- 
lation  and  accumulation  in  the  fish.  Overfishing 
may  be  a  feasible  means  of  lowering  methylmer- 
cury  levels  in  this  type  of  oligotrophic  lake.  (Au- 
thor's abstract) 
W91-04441 


INFLUENCE  OF  WATER  CHEMISTRY  ON 
SIZE  STRUCTURE  OF  ZOOPLANKTON  AS- 
SEMBLAGES. 

Michigan    State   Univ.,    Hickory   Corners.    W.K. 


Kellogg  Biological  Station. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-04442 


FOOD  CHAIN  STRUCTURE  IN  ONTARIO 
LAKES  DETERMINES  PCB  LEVELS  IN  LAKE 
TROUT  (SALVELINUS  NAMAYCUSH)  AND 
OTHER  PELAGIC  FISH. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Biol- 
ogy- 

J.  B.  Rasmussen,  D.  J.  Rowan,  D.  R.  S.  Lean,  and 
J.  H.  Carey. 

Canadian  Journal  of  Fisheries  and  Aquatic  Sci- 
ences CJFSDX,  Vol.  47,  No.  10,  p  2030-2038, 
October  1990.  1  fig,  3  tab,  67  ref. 

Descriptors:  'Bioaccumulation,  'Food  chains, 
'Ontario,  'Path  of  pollutants,  'Polychlorinated  bi- 
phenyls,  'Trout,  Air  pollution,  Atmospheric  circu- 
lation, Dispersal,  Fish  physiology,  Trophic  level. 

The  trophic  structure  of  pelagic  communities  in 
lakes  of  glaciated  regions  is  highly  variable  due  to 
restricted  dispersal  of  glacial  relict  taxa  and  recent 
species  introductions.  Much  of  the  enormous  be- 
tween-lake  variability  in  PCB  levels  in  lake  trout 
flesh  (15  to  10,000  ng/g)  from  the  St.  Lawrence 
system  results  from  differences  in  the  length  of 
pelagic  food  chains.  Ontario  Ministry  of  the  Envi- 
ronment data  (1987  to  1981)  on  PCB  concentra- 
tions in  lake  trout  flesh  indicate  that  PCB  concen- 
trations increased  with  the  length  of  the  food  chain 
and  tissue  lipid  content,  and  decreased  with  dis- 
tance north  of  urban-industrial  centers.  Each 
trophic  level  contributed  about  a  3.5-fold  biomag- 
nification  factor  to  the  PCB  concentrations  in  the 
trout,  and  the  lipid  content  of  the  trout  flesh  in- 
creased by  a  factor  of  1.5  for  each  additional 
trophic  level.  An  empirical  model  capable  of  pre- 
dicting PCB  levels  in  pelagic  salmonids  and  forage 
fish  (smelt  and  coregonids)  indicated  that  biomag- 
nification  of  small  atmospheric  inputs  of  persistent 
lipophilic  contaminants  can  explain  the  frequent 
occurrence  of  high  levels  of  contaminants  in  some 
biota  from  remote  areas,  and  that  species  introduc- 
tions that  lengthen  food  chains  will  lead  to  signifi- 
cant increases  in  levels  of  atmospherically  dis- 
persed persistent  organic  contaminants  in  top  pred- 
ators. (Author's  abstract) 
W9 1-04445 


HEALTH  EFFECTS  OF  BEACH  WATER  POL- 
LUTION IN  HONG  KONG. 

Hong  Kong  Environmental  Protection  Dept. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04454 


INCIDENCE  OF  VIRULENCE  FACTORS  IN 
MESOPHILIC  AEROMONAS  SPECIES  ISO- 
LATED FROM  FARM  ANIMALS  AND  THEIR 
ENVIRONMENT. 

University  Hospital  of  Wales,  Cardiff.  Public 
Health  Lab. 

S.  J.  Gray,  D.  J.  Stickler,  and  T  N.  Bryant. 
Epidemiology  and  Infection  EPINEU,  Vol.   105, 
No.  2,  p  277-294,  October   1990.  4  tab,   52  ref. 

Descriptors:  'Aeromonas,  'Bacterial  toxins, 
•Farm  wastes,  'Fecal  coliforms,  'Feces,  'Human 
pathogens,  'Virulence,  'Water  pollution  sources, 
Cytotoxicity,  Microbiological  analysis,  Statistical 
analysis. 

Sixty-one  isolates  of  Aeromonas  spp.  from  the 
feces  of  pigs,  cows  and  a  variety  of  associated 
environmental  sources  were  examined  for  the  char- 
acteristics that  are  reputed  to  have  roles  in  patho- 
genicity. Most  isolates  of  Aeromonas  hydrophila 
were  cytotoxic  (96.4%)  and  were  capable  of  pro- 
ducing cell  elongation  factor  (75%)  and  hemagglu- 
tinins (67.9%).  In  contrast,  few  of  the  Aeromonas 
caviae  isolates  produced  these  three  markers 
(13.6%,  27.3%  and  36.4%  respectively).  In  gener- 
al, Aeromonas  sobria  occupied  an  intermediate  po- 
sition (36.4%,  27.3%  and  54.5%),  but  they  did 
produce  the  highest  mean  invasion  index  for  HEp- 
2  cells.  Statistical  analysis  revealed  significant  asso- 
ciations between  these  factors.  Many  isolates  of 
aeromonads  from  water  and  animals  possessed  the 
full  battery  of  putative  virulence  factors.  (Author's 
abstract) 


W9 1-04455 


FAECAL  CONTAMINATION  OF  WATER  AND 
FINGERTIP-RINSES  AS  A  METHOD  FOR 
EVALUATING  THE  EFFECT  OF  LOW-COST 
WATER  SUPPLY  AND  SANITATION  ACTIVI- 
TIES ON  FAECO-ORAL  DISEASE  TRANSMIS- 
SION. I.  A  CASE  STUDY  IN  RURAL  NORTH- 
EAST THAILAND. 

Leeds  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04456 


FAECAL  CONTAMINATION  OF  WATER  AND 
FINGERTIP-RINSES  AS  A  METHOD  FOR 
EVALUATING  THE  EFFECT  OF  LOW-COST 
WATER  SUPPLY  AND  SANITATION  ACTIVI- 
TIES ON  FAECO-ORAL  DISEASE  TRANSMIS- 
SION. II.  A  HYGIENE  INTERVENTION 
STUDY  IN  RURAL  NORTH-EAST  THAILAND. 
Leeds  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5F. 
W91-04457 


GC/MS  BASED  ANALYSES  OF  INDIVIDUAL 

ORGANIC       CONSTITUENTS       OF      CHAO 

PHRAYA   RIVER   WATER   AND  ESTIMATED 

DISCHARGE  RATES  INTO  THE  UPPER  GULF 

OF  THAILAND. 

Kiel  Univ.  (Germany,  F.R.).  Inst,   fuer  Meeres- 

kunde. 

M.  Ehrhardt,  G.  Wattayakorn,  and  R.  Dawson. 

Estuarine,   Coastal   and   Shelf  Science  ECSSD3, 

Vol.  30,  No.  5,  p  439-451,  May  1990.  9  fig,  6  tab,  8 

ref. 

Descriptors:  'Organic  pollutants,  'Path  of  pollut- 
ants, 'Pollutant  identification,  'Stream  pollution, 
•Thailand,  'Water  pollution  sources,  Chao  Phraya 
River,  Gas  chromatography,  Hydrocarbons,  Mass 
spectroscopy,  Organic  matter. 

Detailed  gas  chromatography/mass  spectroscopy 
based  chemical  analyses  of  organic  concentrates 
from  the  Chao  Phraya  River  obtained  from  a 
water  sample  collected  in  the  Bangkok  metropoli- 
tan area  indicated  that  hydrocarbons  of  petroleum 
or  combustion  sources  may  be  minor  constituents 
of  the  dissolved  lipophilic  fraction  relative  to  bio- 
genic hydrocarbons  and  industrial  chemicals. 
Using  data  on  river  discharge  and  the  concentra- 
tions measured  in  an  integrated  sample,  tentative 
input  rates  into  the  Upper  Gulf  of  Thailand  for 
characterized  chemicals  are  calculated.  A  suite  of 
isometric  phenoxytetradecanes  of  almost  certain 
anthropogenic  origin,  whose  combined  concentra- 
tions far  exceed  those  of  any  other  characterized 
lipophilic  material  was  detected.  Further  investiga- 
tions on  their  environmental  effects  may  be  expedi- 
ent before  embarking  on  costly  ventures  to  moni- 
tor the  more  common  constituents  such  as  petrole- 
um residues  or  halogenated  hydrocarbons,  an  ap- 
proach which  may  altogether  miss  contaminants  of 
equal  or  greater  importance.  (Author's  abstract) 
W91-04458 


HYDROGEOLOGY  AND  GROUND-WATER- 
QUALITY  CONDITIONS  AT  THE  EMPORIA- 
LYON  COUNTY  LANDFILL,  EASTERN 
KANSAS,  1988. 

Geological  Survey,  Lawrence,  KS.  Water  Re- 
sources Div. 

N.  C.  Myers,  and  P.  R.  Bigsby. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  90-4043, 
1990.  42p,  13  fig,  11  tab,  28  ref.  Project  No. 
KS138. 

Descriptors:  'Geohydrology,  •Groundwater, 
•Groundwater  movement,  'Groundwater  pollu- 
tion, 'Landfills,  'Path  of  pollutants,  'Water  pollu- 
tion sources,  Contamination,  Emporia,  Kansas, 
Pollutants,  Water  quality. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Hydrogeology  and  water-quality  conditions  at  the 
Emporia-Lyon  County  Landfill,  eastern  Kansas, 
were  investigated  from  April  1988  through  April 
1989.  Potentiometric-surface  maps  indicated 
groundwater  movement  from  the  northeast  and 
northwest  towards  the  landfill  and  then  south 
through  the  landfill  to  the  Cottonwood  River.  The 
maps  indicate  that  during  periods  of  low  ground- 
water levels,  groundwater  flows  northward  in  the 
north-west  part  of  the  landfill,  which  may  have 
been  induced  by  water  withdrawal  from  wells 
north  of  the  landfill  or  by  water  ponded  in  waste 
lagoons  south  and  west  of  the  landfill.  Chemical 
analysis  of  water  samples  from  monitoring  wells 
upgradient  and  downgradient  of  the  landfill  indi- 
cate calcium  bicarbonate  to  be  the  dominant  water 
type.  No  inorganic  or  organic  chemical  concentra- 
tions exceeded  Kansas  or  Federal  primary  drink- 
ing-water standards.  Kansas  secondary  drinking- 
water  standards  were  equaled  or  exceeded,  howev- 
er, in  water  from  some  or  all  wells  for  total  hard- 
ness, dissolved  solids,  iron,  and  manganese.  Water 
from  one  upgradient  well  contained  larger  concen- 
trations of  dissolved  oxygen  and  nitrate,  and  small- 
er concentrations  of  bicarbonate,  alkalinity,  ammo- 
nia, arsenic,  iron,  and  manganese  as  compared  to 
all  other  monitoring  wells.  Results  of  this  investi- 
gation indicate  that  groundwater  quality  downgra- 
dient of  well  MW-2  has  increased  concentrations 
of  some  inorganic  and  organic  compounds.  Due  to 
the  industrial  nature  of  the  area  and  the  changing 
directions  of  groundwater  flow,  it  is  not  clear  what 
the  source  of  these  compounds  might  be.  Long- 
term  monitoring,  additional  wells,  and  access  to 
nearby  waste  lagoons  and  waste-lagoon  monitoring 
wells  would  help  define  the  sources  of  increased 
inorganic  and  organic  compounds.  (USGS) 
W9 1-04468 

HYDROGEOCHEMICAL  DATA  FROM  AN 
ACIDIC  DEPOSITION  STUDY  AT  MCDON- 
ALDS BRANCH  BASIN  IN  THE  NEW  JERSEY 
PINELANDS,  1983-86. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 
Div. 

D.  G.  Lord,  J.  L.  Barringer,  P.  A.  Johnsson,  P.  F. 
Schuster,  and  R.  L.  Walker. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  88-500,  1990.  132p,  18  fig,  24  tab, 
64ref. 

Descriptors:  *Acid  rain,  *New  Jersey,  *Water 
quality,  Groundwater  quality,  Water  chemistry, 
Water  pollution  sources. 

Data  from  a  1983-86  acidic-deposition  study  at 
McDonalds  Branch  basin,  a  small  (2.35-sq-mi)  for- 
ested watershed  in  Lebanon  State  Forest,  New 
Jersey  include  mineralogy  of  soil  and  depositional 
clays;  physical  and  chemical  analyses  of  soils;  hy- 
drologic  measurements  (precipitation  and  through- 
fall  amounts,  stream  stage  and  discharge,  and 
water-table  altitudes);  and  water  quality  data  from 
precipitation,  throughfall,  soil  water,  surface 
water,  and  groundwater.  Site  locations,  collector 
designs,  and  well-construction  data  also  are  pre- 
sented. The  pH  of  bulk  precipitation  to  McDon- 
alds Branch  basin  over  the  sampling  period  (Janu- 
ary 1985  to  March  1986)  ranged  from  4.0  to  4.7, 
with  a  mean  of  approximately  4.3.  Stream  pH 
ranged  from  3.2  to  4.8  and  generally  increased  in  a 
downstream  direction.  In  general  sulfate  was  the 
dominant  anion  throughout  the  basin.  Aluminum 
concentrations  commonly  were  elevated  in  surface 
and  groundwaters,  and  were  as  high  as  10,000 
micrograms/L  at  one  upstream  site  on  McDonalds 
Branch.  Dissolved  organic  carbon  was  an  impor- 
tant component  of  stream  waters  in  some  locations 
and  ranged  in  concentration  from  1/1  to  37  mg/L. 
(USGS) 
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GROUND-WATER-QUALITY  ASSESSMENT 
OF  THE  CARSON  RD/ER  BASIN,  NEVADA 
AND  CALIFORNIA:  ANALYSIS  OF  AVAIL- 
ABLE WATER-QUALITY  DATA  THROUGH 
1987. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 
For  primary  bibliographic  entry  see  Field  2K. 
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PURGEABLE  ORGANIC  COMPOUNDS  IN 
GROUND  WATER  AT  THE  IDAHO  NATION- 
AL ENGINEERING  LABORATORY,  IDAHO-- 
1988  AND  1989. 

Geological  Survey,  Idaho  Falls,  ID.  Water  Re- 
sources Div. 
L.  J.  Mann. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  90-367,  1990.  17p,  2  fig,  2  tab,  13 
ref.  Contract  No.  DE-AI07-81  ID  12306.  Project 
No.  ID-165. 

Descriptors:  *Data  collections,  *Groundwater  pol- 
lution, *Organic  compounds,  *Water  pollution 
sources,  *Water  quality,  Chemical  analysis, 
Groundwater,  Quality  control. 

Groundwater  samples  from  38  wells  at  the  Idaho 
National  Engineering  Laboratory  were  analyzed 
for  36  purgeable  organic  compounds  in  1988-89. 
Thirty-six  of  the  wells  obtain  water  from  the  Snake 
River  Plain  aquifer  and  were  equipped  with  dedi- 
cated or  portable  pumps.  Water  samples  from  one 
well  that  obtains  water  from  the  aquifer  and  one 
that  obtains  water  from  a  perched  groundwater 
zone  were  collected  using  a  thief  sampler.  Analy- 
ses of  water  from  22  wells  indicated  the  aquifer 
locally  contained  detectable  concentrations  of  at 
least  1  of  19  purgeable  organic  compounds,  mainly 
carbon  tetrachloride,  1,1,1-trichloroethane,  and 
trichloroethylene.  Except  for  five  wells,  the  maxi- 
mum concentration  of  a  specific  compound  in 
groundwater  was  6.4  microgram/L  or  less;  con- 
centrations of  most  compounds  were  less  than  0.2 
microgram/L.  Water  from  four  wells  at  and  near 
the  Test  Area  North  contained  from  44  to  29,000 
micrograms/L  of  trichloroethylene.  Water  from  a 
well  that  obtains  water  from  a  discontinuous 
perched  groundwater  zone  at  the  Radioactive 
Waste  Management  Complex  contained  1,400  mi- 
crograms/L of  carbon  tetrachloride,  940  micro- 
grams/L of  chloroform,  250  micrograms/L  of 
1,1,1-trichloroethane,  and  1,100  micrograms/L 
trichloroethylene.  Selected  purgeable  organic 
compounds,  such  as  total  xylene  and  methylene 
chloride,  were  detected  in  some  groundwater  sam- 
ples and  some  blank  samples  consisting  of  boiled 
deionized  water.  Their  presence  in  the  blank  sam- 
ples suggest  the  compounds  could  have  been  inad- 
vertently introduced  into  the  groundwater  sampled 
during  or  subsequent  to  collection.  (USGS) 
W91-04478 


IRRIGATION  OF  TURFGRASS  WITH  SEC- 
ONDARY SEWAGE  EFFLUENT:  I.  SOIL  AND 
LEACHATE  WATER  QUALITY. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For  primary  bibliographic  entry  see  Field  3C. 
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IRRIGATION  OF  TURFGRASS  WITH  SEC- 
ONDARY SEWAGE  EFFLUENT:  II.  TURF 
QUALITY. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For  primary  bibliographic  entry  see  Field  3C. 
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DAILY  U  INTAKE  IN  UTAH  RESIDENTS 
FROM  FOOD  AND  DRINKING  WATER. 

Utah  Univ.,  Salt  Lake  City.  School  of  Medicine. 
N.  P.  Singh,  D.  P.  Burleigh,  H.  M.  Ruth,  and  M. 
E.  Wrenn. 

Health  Physics  HLTPAO,  Vol.  59,  No.  3,  p  333- 
337,  September  1990.  4  fig,  1  tab,  14  ref.  EPA 
Grant  CR8- 1268 1-01. 

Descriptors:  *Drinking  water,  *Human  physiolo- 
gy, *Path  of  pollutants,  'Uranium,  *Uranium  ra- 
dioisotopes, *Utah,  *Water  pollution,  Dietary 
intake,  Feces,  Urine. 

Uranium  is  accumulated  in  the  human  body  by  the 
ingestion  of  food  and  drinking  water  and  the  inha- 
lation of  dust  particles.  Uranium  measurements  in 


Sources  Of  Pollution — Group  5B 

urine  and  feces  were  investigated  in  twelve  human 
subjects  in  Utah.  All  twelve  subjects  were  normal 
in  kidney  function  and  free  of  any  indication  of 
complicating  pathology.  The  concentration  of  ura- 
nium isotopes  in  urine,  feces,  and  drinking  water 
were  determined  using  a  solid  state  alpha  spec- 
trometer. Results  suggest  that  the  daily  uranium 
intake  in  the  Utah  population  is  higher  than  that  of 
New  York  City,  Chicago,  and  San  Francisco  resi- 
dents. The  uranium  concentration  in  Salt  Lake 
City  drinking  water  is  higher  than  the  uranium 
concentration  in  New  York  City  tap  water,  and  the 
total  dietary  intake  of  uranium  in  the  Salt  Lake 
City,  which  is  half  the  Utah  population,  is  higher 
than  that  of  New  York  City,  Chicago,  and  San 
Francisco  residents.  No  relationship  existed  be- 
tween the  subjects'  age  and  the  daily  uranium 
excretion,  between  the  fecal  wet  weight  and  the 
daily  uranium  excretion,  and  the  daily  uranium 
intake  varied  from  person  to  person  and  day  to  day 
for  each  individual.  A  better  way  to  estimate  the 
daily  uranium  intake  in  man  is  to  determine  the 
total  daily  urinary  and  fecal  excretions  of  uranium, 
rather  than  estimating  from  the  uranium  concentra- 
tions in  various  food  items.  (Brunone-PTT) 
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INTENSE  AND  LOCALIZED  BENTHIC 
MARINE  POLLUTION  AROUND  MCMURDO 
STATION,  ANTARCTICA. 

Moss  Landing  Marine  Labs.,  CA. 

H.  S.  Lenihan,  J.  S.  Oliver,  J.  M.  Oakden,  and  M. 

D.  Stephenson. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

9,  p  422-430,  September  1990.  4  fig,  3  tab,  32  ref. 

NSF  Grant  NSF-DPP  8716460. 

Descriptors:  *Antarctica,  *Benthic  fauna,  •Hydro- 
carbons, *Marine  animals,  *Marine  pollution, 
*McMurdo  Station,  *Path  of  pollutants,  *Polar 
regions,  'Water  pollution  sources,  Ecosystems, 
Heavy  metals,  Marine  sediments,  Polychaetes, 
Sediment  chemistry,  Species  diversity,  Trace 
metals,  Winter  Quarters  Bay. 

Benthic  sediments  and  animals  are  highly  modified 
by  human  activities  at  McMurdo  Station,  the  larg- 
est human  settlement  in  Antarctica.  The  quantity 
of  anthropogenic  debris,  contamination  of  marine 
sediments  with  hydrocarbons  and  metals,  and  gross 
changes  in  benthic  communities  are  largely  con- 
fined to  Winter  Quarters  Bay,  adjacent  to  the 
former  dump  site  and  the  ice  dock  used  by  visiting 
ships.  Levels  of  purgeable  hydrocarbons  in  bay 
sediments  are  as  high  as  4500  ppm.  Metals  levels 
are  mostly  high  within  the  bay,  but  are  not  greater 
than  in  the  most  polluted  temperate  habitats. 
Levels  of  anthropogenic  chemicals  are  significant- 
ly higher  in  the  back  bay  compared  to  stations 
established  at  different  distances  from  the  bay 
(along  three  potential  contamination  gradients),  in- 
cluding reference  sites  many  kilometers  away.  Sig- 
nificant negative  correlations  exist  between  the 
total  number  of  infauna  or  epifauna  and  the  con- 
centrations of  hydrocarbons  and  most  metals  in 
sediments.  The  few  animals  living  in  the  back  bay 
are  motile  polychaete  worms  with  opportunistic 
life  histories.  The  local  physical  setting  apparently 
permits  little  transport  of  contaminated  sediments 
from  the  bay,  which  is  flanked  on  one  side  by  a 
large  submarine  ridge  and  on  the  other  from  Hut 
Point.  Hut  Point  also  protects  the  bay  from  ocean- 
ic conditions.  The  back  bay  is  over  30  m  deep  and 
the  ridge  top  is  only  18  m  deep.  The  gradient  of 
chemical  and  community  change  is  extremely 
steep,  but  observable  ecological  impacts  exist  out- 
side the  bay  along  the  front  of  the  station.  Al- 
though most  historical  inputs  of  pollution  are  re- 
moved or  reduced  and  continued  cleanup  is 
planned,  Winter  Quarters  Bay  may  require  many 
decades  to  recover.  (Author's  abstract) 
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INFLUENCE  OF  PIG  FARMING  ON  THE 
COPPER  CONTENT  OF  ESTUARINE  SEDI- 
MENTS IN  BRITTANY,  FRANCE. 

Institut  Francais  de  Recherche  pour  l'Exploitation 
de  la  Mer,  Brest.  Dept.  Environnement  Littoral. 
G.  Arzul,  and  J.-F.  Maguer. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
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9,  p  431-434,  September  1990.  5  fig,  1  tab,  16  ref. 

Descriptors:  'Agricultural  runoff,  'Copper,  'Estu- 
anne  sediments,  'Farm  wastes,  'France,  'Hogs 
•Path  of  pollutants,  'Sediment  concentration! 
Water  pollution  sources,  Rainwater,  Trace 
metals. 

Feed  given  to  pigs  contains  trace  minerals,  includ- 
ing copper  at  a  concentration  of  about  125  mg/kg 
of  whole  feed,  representing  a  mean  addition,  via 
slurry  application,  of  about  0.6  kg  copper/ha/yr 
This  copper  is  lost  from  the  soil  mainly  by  rain- 
water washout,  passing  via  streams  to  nearby  estu- 
aries. Total  copper  content  in  sediment  from  differ- 
ent estuaries  has  been  measured  along  Brittany 
coast  (France).  A  direct  relationship  exists  between 
grain  size  and  copper  concentration,  with  higher 
concentrations  in  the  fine  grain  fraction.  The  rela- 
tionship between  copper  content  and  organic 
matter  approximates  a  linear  relationship.  The  best 
correlation  was  a  semilogarithmic  relationship  be- 
tween total  copper  concentration  and  pigs  (exclud- 
ing suckling  pigs)  per  ha  cultivated  in  the  same 
canton.  The  copper  content  in  estuarine  sediments 
is  an  indicator  of  the  intensity  of  pig  farming 
within  about  10  km.  With  increases  in  both  copper 
and  organic  matter,  copper  levels  would  have  to 
reach  more  than  200  microg  copper/g  (four  times 
the  highest  level  in  this  survey)  before  they  were 
comparable  with  those  levels  found  in  harbor  and 
industrial  areas,  and  more  than  1000  microg 
copper/g  to  rank  with  levels  in  mining  regions 
(Brunone-PTT) 
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COMPARISON  OF  ORGANOCHLORINE  RES- 
IDUE LEVELS  IN  THE  STRIPED  DOLPHIN 
FROM  WESTERN  NORTH  PACIFIC,  1978-79 
AND  1986. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 
B.  G.  Loganathan,  S.  Tanabe,  H.  Tanaka,  S. 
Watanabe,  and  N.  Miyazaki. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No 
9,  p  435-439,  September  1990.  1  fig,  2  tab,  44  ref 
Ministry  of  Education,   Science  and  Culture  of 
Japan  Grant-in-Aid  Project  No.  63041094. 

Descriptors:  'Bioaccumulation,  'Cetaceans, 
'Marine  animals,  'Marine  pollution,  'Organoch- 
lorines,  'Pacific  Ocean,  'Path  of  pollutants,  'Por- 
poises, 'Water  pollution,  Animal  metabolism,  Con- 
tamination, DDT,  Japan,  Mammals,  Polychlorinat- 
ed  biphenyls. 

Blubber  samples  of  adult  male  striped  dolphins 
(Stenella  coeruleoalba)  from  the  Pacific  coast  of 
Japan  collected  during  1978-1979  and  1986  were 
analyzed  for  persistent  organochlorines  such  as 
PCB  isomers  and  congeners,  DDT  compounds, 
HCH  (BHC)  isomers  and  HCB  to  investigate  long- 
term  changes  in  the  residue  levels  of  these  con- 
taminants. Comparison  of  the  organochlorine 
levels  using  dolphins  of  the  same  age  revealed  that 
the  level  of  contamination  remains  unchanged  for 
PCBs  and  DDTs  during  the  above  period,  while 
HCHs  and  HCB  showed  significant  decreases. 
Unlike  terrestrial  animals  contaminated  by  point 
source  pollution,  the  striped  dolphin  is  living  in 
areas  far  from  the  contamination  source.  Present 
data  indicate  that  persistent  organochlorine  con- 
tamination is  still  continuing  in  the  remote  marine 
environment.  (Author's  abstract) 
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COMPARISON  OF  TRACE  METALS  DATA  IN 
MUSSELS  AND  OYSTERS  FROM  A  MUSSEL 
WATCH  PROGRAMME  OF  THE  1970S  WITH 
THOSE  FROM  A  1980S  PROGRAMME. 

National  Ocean  Service,  Rockville,  MD. 

G  G.  Lauenstein,  A.  Robertson,  and  T.  P. 

O'Connor. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol  21   No 

9,  p  440-477,  September  1990.  2  fig,  Stab,  12  ref. 

Descriptors:  'Bioindicators,  'Marine  pollution, 
'Mollusks,  'Path  of  pollutants,  'Trace  metals, 
Cadmium,  Comparison  studies,  Copper,  Lead, 
Mussels,  Nickel,  Oysters,  Silver,  Statistical  analy- 
sis, Zinc. 


Two  Mussel  Watch  programs  have  collected  and 
analyzed  cadmium,  copper,  lead,  nickel,  silver,  and 
zinc  concentrations  in  bivalve  molluscs  around  the 
coasts  of  the  United  States  annually  from  two 
periods  of  three  years,  one  in  the  late  1970s  the 
other  in  the  late  1980s.  Fifty  sites  were  common  to 
both  programs.  The  two  3-year  data  sets  have  been 
compared  by  the  use  of  two  nonparametric  tech- 
niques to  identify  changes  over  the  ten  year  sepa- 
rating the  programs.  By  the  sign  test,  mean  con- 
centrations of  lead  were  shown  to  have  decreased 
on  a  national  scale.  When  the  results  for  each  metal 
were  compared  station-by-station  using  the  Mann- 
Whitney  U-test,  substantially  more  sites  were 
found  with  decreases  in  cadmium  and  lead  than 
with  increases.  For  copper  the  converse  held,  sub- 
stantially more  sites  with  increases  being  noted.  On 
a  national  scale,  silver,  nickel  and  zinc  showed 
little  evidence  of  change  between  the  two  data 
sets.  (Author's  abstract) 
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PETROLEUM  AROMATIC  HYDROCARBONS 
IN  SURFACE  WATERS  AROUND  ELEPHANT 
ISLAND,  ANTARCTIC  PENINSULA. 

Sao  Paulo  Univ.  (Brazil).  Inst.  Oceanografico 
R.  R.  Weber,  and  M.  C.  Bicego. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol   21   No 
9,  p  448-449,  September  1990.  1  fig,  1  tab,  6  ref 

Descriptors:  'Antarctica,  'Baseline  studies,  'Hy- 
drocarbons, 'Marine  environment,  'Polycyclic  ar- 
omatic hydrocarbons,  Elephant  Island,  Polar  re- 
gions, Spectral  analysis,  Water  pollution. 

In  order  to  make  an  accurate  baseline  assessment 
of  hydrocarbons  in  Antarctic  water  before  drilling 
for  oil  on  the  continental  shelf,  a  survey  was 
performed  on  aromatic  hydrocarbons  in  the  sur- 
face waters  around  Elephant  Island,  on  the  Ant- 
arctic Peninsula,  during  the  Fifth  Brazilian  Antarc- 
tic Cruise  of  R.  V.  Prof.  W.  Besnard  in  the  summer 
of  1987.  The  level  of  dissolved  or  dispersed  aro- 
matic hydrocarbons  in  2  L  water  samples  from  1  m 
depth  were  measured  by  spectrofluorometry.  The 
waters  around  Elephant  Island  are  typical  of  a 
very  clean  marine  environment.  All  samples 
present  levels  of  polycyclic  aromatic  hydrocarbons 
below  1  microg/L,  indicating  no  petroleum  pollu- 
tion. (Brunone-PTT) 
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DISSOLVED  ARSENIC  IN  THE  ST.  LAW- 
RENCE ESTUARY  AND  THE  SAGUENAY 
FJORD,  CANADA. 

Institut  Maurice-Lamontagne,  Mont-Joli  (Quebec). 
G.  H.  Tremblay,  and  C  Gobeil. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21   No 
10,  p  465-469,  1990.  5  fig,  38  ref. 

Descriptors:  'Arsenic,  'Estuaries,  'Geochemistry, 
'Path  of  pollutants,  'Saguenay  Fjord,  *St  Law- 
rence Estuary,  'Trace  metals,  Catchment  areas, 
Fjords,  River  systems,  Spatial  distribution,  Topog- 
raphy. 

Over  the  salinity  range  of  0  to  31  ppt,  total  dis- 
solved arsenic  increased  from  6.6  nM  to  18.9  nM  in 
the  St.  Lawrence  Estuary  and  from  1.1  nM  to  18.7 
nM  in  its  tributary,  Saguenay  Fjord.  Arsenic  con- 
centrations in  the  riverine  end-members  were  simi- 
lar to  the  lowest  values  found  in  other  world  rivers 
and  reflect  the  geology  of  the  respective  drainage 
basins.  In  the  two  study  areas,  arsenic  was  nearly 
conservative  during  estuarine  mixing.  A  close  ex- 
amination of  the  spatial  distribution  of  arsenic  in 
the  interior  basin  of  the  Saguenay  Fjord  suggests, 
however,  an  enrichment  of  arsenic  in  the  bottom 
waters  by  a  flux  from  the  sediments.  These  results 
show  that  the  St.  Lawrence  and  the  Saguenay  do 
not  display  the  effects  of  air-borne  or  water-borne 
contamination  observed  in  some  industrialized 
rivers  and  estuaries.  (Author's  abstract) 
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POLYCYCLIC  AROMATIC  HYDROCARBONS 
IN  MUSCLE  TISSUE  OF  MARINE  MAMMALS 
FROM  THE  NORTHWEST  ATLANTIC. 

Department  of  Fisheries  and  Oceans,  St.  John's 
(Newfoundland).  Science  Branch. 


J.  Hellou,  G.  Stenson,  I.  H.  Ni,  and  J.  F.  Payne. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol  21   No 
10,  p  469-473,  1990.  1  fig,  2  tab,  31  ref. 

Descriptors:  'Atlantic  Ocean,  'Marine  mammals, 
Path  of  pollutants,  'Polycyclic  aromatic  hydro- 
carbons, 'Seals,  'Whales,  Animal  metabolism, 
Baseline  studies,  Canada,  Chrysene,  Hydrocarbons 
Water  pollution. 

Because  virtually  no  available  data  exist  on  polycy- 
clic aromatic  hydrocarbons  (PAH)  in  marine  mam- 
mals a  baseline  study  was  conducted  off  the  eastern 
coast  of  Canada,  an  area  stated  for  petroleum 
development.  Total  PAH  concentrations  were  de- 
termined in  terms  of  chrysene  and  petroleum  hy- 
drocarbon equivalents  in  muscle  tissues  of  four 
species  of  seals  and  six  species  of  whales  from 
waters  around  Newfoundland  and  Labrador 
Values  expressed  on  a  dry  weight  basis  ranged 
from  0.10  to  1.21  ppm  for  chrysene  equivalents  and 
0.26  to  5.51  ppm  for  petroleum  equivalents.  The 
relatively  high  levels  found  in  some  animals  from 
fishing  areas  demonstrate  a  need  for  more  compre- 
hensive information  on  PAH  in  marine  mammals 
(Author's  abstract) 
W9 1-04520 


MERSEY  OIL  SPILL,  AUGUST,  1989:  A  CASE 
OF  SEDIMENTS  CONTAMINATING  THE  OIL. 

Liverpool   Univ.   (England).   Oceanography   Lab. 
N.  J.  Davies,  and  G  A.  Wolff. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol  21   No 
10,  p  481-484,  1990.  4  fig,  7  ref. 

Descriptors:  'Contamination,  'England,  'Hydro- 
carbons, 'Mersey  Estuary,  'Oil  spills,  'Path  of 
pollutants,  'Sediment  contamination,  'Water  pol- 
lution sources,  Baseline  studies,  Chemical  degrada- 
tion, Estuaries. 

On  August  19,  1989,  150  tons  of  crude  oil  were 
accidentally  spilled  into  the  Mersey  Estuary,  UK 
from  the  Shell  refinery  at  Stanlow,  Ellesmere  Port. 
Large  areas  of  the  estuary  were  oiled.  Oil  and 
sediment  core  samples  were  collected  from  several 
sites  on  August  20.  Results  from  core  samples  in 
the  Upper  Estuary  (Widnes)  indicate  that  the  effect 
of  the  spilled  oil  on  the  levels  of  hydrocarbons  in 
the  sediments  is  minimal,  due  to  the  exceptionally 
high  background  hydrocarbon  contaminant  levels 
present.  Such  high  levels  make  time-course  studies 
of  the  degradation  of  residual  contaminants  from 
the  spilled  oil  by  conventional  fingerprinting  meth- 
ods difficult.  (Author's  abstract) 
W91-04523 


CU  AND  CD  ASSOCIATED  WITH  SUSPENDED 
PARTICULATE  MATTER  IN  TORRES  STRAIT. 

Sydney   Univ.   (Australia).   Ocean   Sciences   Inst. 
E.  K.  Baker,  P.  T.  Harris,  and  R.  W.  Beck. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol   21   No 
10,  p  484-486,  1990.  1  fig,  1  tab,  5  ref. 

Descriptors:  'Cadmium,  'Contamination, 

•Copper,  'Heavy  metals,  'Mine  wastes,  'Papua 
New  Guinea,  'Suspended  solids,  'Torres  Strait, 
•Trace  metals,  'Water  pollution  sources,  Catch- 
ment areas,  Flow  rates,  Fly  River  Delta,  River 
systems,  Suspended  sediments. 

Torres  Strait  is  the  shallow  expanse  of  water  be- 
tween the  Cape  York  Peninsula  and  Papua  New 
Guinea.  The  Fly  River  system  of  Papua  New 
Guinea  has  an  average  annual  discharge  of  6000  cu 
m/sec  and  is  a  direct  fluvial  source  to  the  northern 
part  of  Torres  Strait.  The  purpose  of  this  study 
was  to  determine  heavy  metal  levels  associated 
with  the  suspended  particulate  matter  in  the  waters 
adjacent  to  the  Fly  River  mouths  and  northeastern 
section  of  Torres  Strait  and  to  ascertain  whether 
any  metal  pollution  has  occurred  as  a  result  of  the 
mining  activities.  Suspended  sediment  samples 
were  collected  from  surface  water  at  23  locations 
during  March  1989  and  analyzed  by  carbon  fur- 
nace atomic  absorption.  The  results  indicate  that 
the  highest  levels  of  cadmium  and  copper  were 
found  at  the  station  closest  to  the  Fly  River.  Cad- 
mium concentrations  exceeding  0.1  ppb  were 
found  at  seven  of  the  23  stations.  Such  levels  must 
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be  considered  abnormally  high,  as  this  is  a  measure 
of  the  concentration  only  in  the  particulate  form. 
The  suspended  particulate  matter  in  Torres  Strait 
water  is  contaminated  with  copper  and  cadmium. 
The  highest  values  (13.3  ppb  and  0.8  ppb  for 
copper  and  cadmium,  respectively)  were  much 
greater  that  those  expected  background  values. 
Since  both  of  these  values  were  recorded  nearest 
the  Fly  River  delta,  this  catchment  is  probably  the 
source  for  these  metals  from  mining  operations. 
(Brunone-PTT) 
W9 1-04524 


TRACE  METAL  CONCENTRATIONS  IN  MAN- 
GROVE OYSTER  (CRASSOSTREA  CORTE- 
ZIENSIS)  FROM  TROPICAL  LAGOON  ENVI- 
RONMENTS, MEXICO. 

Universidad    Nacional    Autonoma    de    Mexico, 

Mexico  City.  Inst,  de  Ciencias  del  Mar  y  Limnolo- 

gia. 

J.  I.  Osuna  Lopez,  H.  M.  Zazueta-Padilla,  A. 

Rodriguez-Higuera,  and  F.  Paez-Osuna. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

10,  p  486-488,  1990.  2  fig,  2  tab,  9  ref. 

Descriptors:  'Animal  metabolism,  'Bioaccumula- 
tion,  *Lagoons,  'Mexico,  'Mollusks,  'Path  of  pol- 
lutants, 'Pollutant  identification,  'Seasonal  varia- 
tion, 'Trace  metals,  Cadmium,  Chromium,  Cobalt, 
Contamination,  Copper,  Heavy  metals,  Iron,  Man- 
ganese, Mangrove  trees,  Nickel,  Silver,  Zinc. 

A  population  of  Crassostrea  corteziensis  was  col- 
lected at  four  seasonal  intervals  between  October 
1987  and  July  1988,  in  the  Mazatlan  harbor,  a  small 
coastal  lagoon  barred  by  an  inner  shelf.  Total  flesh 
metal  concentrations  in  organisms  sampled  from 
three  defined  sections  of  the  mangrove  roots  (sedi- 
ment surface  to  20  cm,  20-40  cm,  and  40-60  cm)  at 
the  selected  sites  were  determined.  Oysters  were 
measured  and  removed  from  their  shells.  Samples 
were  analyzed  by  flame  spectroscopy.  The  highest 
concentrations  oif  metals  were  found  in  oyster  sam- 
ples of  44.3  +/-3.0  mm  (range  of  41.2-49.2  mm) 
rather  than  in  34.5  +/-2.6  mm  (range  of  30.7-39.0 
mm)  length.  Maximum  concentrations  of  copper, 
cobalt,  nickel,  manganese  and  zinc  were  recorded 
in  autumn  or  winter,  while  chromium,  silver,  iron 
and  cadmium  do  not  appear  to  exhibit  systematic 
seasonal  variations.  With  respect  to  variations  in 
metal  concentrations  associated  with  the  three  in- 
tervals sampled  for  copper,  nickel,  lead,  cadmium 
and  silver,  highest  concentrations  occur  in  oyster 
that  inhabit  the  upper  sections  (40-60  cm).  Only 
copper  and  cobalt  exhibit  significantly  different 
concentrations  for  the  depth  intervals  at  the  95% 
confidence  level.  With  the  exception  of  zinc,  the 
levels  in  this  study  were  low  or  comparable  to 
oysters  from  Hansan-Koje  Bay,  Korea;  gulf  of 
Thailand,  or  from  the  northwest  coast  of  Mexico 
(all  locations  with  moderate  or  low  trace  metal 
contamination).  Zinc  levels  are  similar  to  the  levels 
found  in  C.  echinata  from  Darwin,  Australia,  a 
moderately  polluted  harbor.  (Brunone-PTT) 
W91-04525 


SEX-  AND  MATURITY-RELATED  HEAVY 
METAL  ACCUMULATIONS  IN  THE  ANTARC- 
TIC KRILL  EUPHAUSIA  SUPERBA. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 
Y.  Yamamoto,  K.  Honda,  Y.  Endo,  and  R. 
Tatsukawa. 

Proceedings  of  the  NIPR  Symposium  on  Polar 
Biology,  No.  3,  p  57-63,  March  1990.  2  fig,  3  tab, 
24  ref.  Ministry  of  Education,  Science  and  Culture, 
Japan.  Project  No.  63790368. 

Descriptors:  'Bioaccumulation,  'Bioindicators, 
•Crustaceans,  'Heavy  metals,  'Krill,  'Path  of  pol- 
lutants, Animal  physiology,  Antarctic,  Copper,  Ju- 
venile growth  stage,  Polar  regions,  Proteins,  Scotia 
Sea,  Zooplankton. 

Concentrations  of  heavy  metals  and  their  chemical 
forms  were  sampled  in  the  Antarctic  krill  (Euphau- 
sia  superba)  collected  from  the  Scotia  Sea  in  De- 
cember, 1987  and  the  results  were  analyzed  in 
relation  to  sex  and  maturity  stages.  The  whole 
body  metal  concentrations  were  in  the  order  of 
zinc  approximately  =  copper  >  iron  >  manga- 


nese >  nickel  >  cadmium.  The  values  of  iron, 
manganese,  and  zinc  were  higher  in  females  than  in 
males.  The  values  of  copper,  iron,  nickel,  and 
cadmium  in  adult  females  were  highest  in  stage 
IIIA.  The  values  for  copper  were  higher  in  juve- 
niles than  in  adults.  Concentrations  of  the  metals 
were  generally  higher  in  the  cephalothorax  than  in 
the  abdomen.  A  majority  of  the  copper  in  the 
cephalothorax  was  found  as  copper  binding  pro- 
teins, which  were  usually  hemocyanin  and  metal- 
lothionein.  Changes  in  amounts  of  copper  binding 
proteins  by  physiological  conditions  might  be  im- 
portant in  the  variability  of  copper  concentrations 
between  sexes  and  between  maturity  stages  of  the 
Antarctic  krill.  (Author's  abstract) 
W91-04530 


INTENSIVE  POTATO  PRODUCTION  EF- 
FECTS ON  NITRATE-N  CONCENTRATIONS 
OF  RURAL  NEW  BRUNSWICK  WELL  WATER. 

Agriculture  Canada,  Fredericton  (New  Bruns- 
wick). Research  Station. 

J.  E.  Richards,  P.  H.  Milburn,  A.  A.  Maclean,  and 
G.  P.  Demerchant. 

Canadian  Agricultural  Engineering  CAEOAI, 
Vol.  32,  No.  2,  p  189-196,  July  1990.  5  fig,  3  tab,  36 
ref. 

Descriptors:  'Canada,  'Crop  production,  'Fertiliz- 
ers, 'Groundwater  pollution,  'New  Brunswick, 
'Nitrates,  'Nonpoint  pollution  sources,  'Potatoes, 
'Rural  areas,  'Water  pollution  sources,  Agricul- 
tural hydrology,  Coliforms,  Farms,  Land  use,  Nu- 
trient transport,  Well  water. 

There  is  considerable  current  worldwide  concern 
about  the  effects  of  intensive  agricultural  produc- 
tion on  groundwater  quality.  A  study  was  con- 
ducted to  determine  if  the  intensity  of  agricultural 
land  use,  in  particular  potato  production,  was  relat- 
ed to  nitrate-N  (N03-N)  concentrations  in  private 
rural  groundwater  wells  in  New  Brunswick, 
Canada,  and  to  determine  if  the  concentration  of 
N03-N  changed  over  15  years  in  these  wells. 
Samples  of  47  wells  were  taken  from  1973  to  1976 
and  in  1988  from  farms  in  three  agricultural  re- 
gions in  northwestern  New  Brunswick.  Wells  in  a 
rural  nonagricultural  region  near  Fredericton  were 
sampled  in  1988.  The  most  intensely-cropped 
region  (St.  Andre)  had  20-25%  of  its  land  area 
cropped  to  potatoes;  the  other  two  agricultural 
regions  had  substantially  less  area  cropped  to  pota- 
toes (7-9%).  Mean  N03-N  concentrations  were 
least  in  the  Fredericton  region  (1.1  mg/L)  and 
greatest  in  the  St.  Andre  region  (9.5  mg/L).  Ele- 
vated N03-N  concentrations  were  due  to  nonpoint 
effects;  average  N03-N  concentrations  of  the  three 
agricultural  study  regions  were  unaltered  when 
waters  containing  more  than  10  coliform  bacteria 
per  100  ml  were  removed  from  analysis,  suggesting 
that  N03-N  in  well  waters  was  derived  from  soil- 
N  or  fertilizer-N.  The  mean  concentration  of  N03- 
N  in  wells  of  the  study  agricultural  regions  was 
associated  with  the  proportion  of  the  land  base 
cropped  to  potatoes.  In  one  of  the  agricultural 
study  regions,  the  mean  concentration  of  N03-N 
decreased  over  the  course  of  the  study  while  there 
was  no  significant  change  in  N03-N  concentra- 
tions in  the  other  two  agricultural  study  regions. 
(Author's  abstract) 
W9 1-04546 


GLOBAL  METAL  POLLUTION:  POISONING 
THE  BIOSPHERE. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). 

J.  O.  Nriagu. 

Environment  ENVTAR,  Vol.  32,  No.  7,  p  7-11,28- 
33,  September  1990.  1  fig,  6  tab,  43  ref. 

Descriptors:  'Air  pollution  sources,  'Environmen- 
tal impact,  'Human  population,  'Industrial  devel- 
opment, 'Industrial  wastes,  'Metals,  'Path  of  pol- 
lutants, 'Trace  metals,  'Water  pollution  sources, 
Antimony,  Arsenic,  Atmosphere,  Cadmium, 
Copper,  Developing  countries,  Economic  growth, 
Fate  of  pollutants,  Lead,  Mercury,  Nickel,  Public 
health,  Soil  contamination,  Urban  areas,  Vanadi- 
um, Zinc. 

Marked  increases  in  global  population  and  in  the 
gross   national   products  of  developed   countries 


since  the  beginning  of  this  century  have  been  ac- 
companied by  a  rapid  increase  in  metal  production. 
Each  new  process  or  compound  used  in  scientific 
research  and  development  can  generate  a  different 
type  of  metallic  waste,  and  such  waste  is  usually 
discharged  into  the  environment,  where  it  can 
disrupt  natural  processes  and  endanger  human 
health.  Industrial  emissions  have  become  domi- 
nantly  responsible  for  most  of  the  trace  elements  in 
the  air.  Anthropogenic  emissions  of  lead,  cadmium, 
vanadium,  and  zinc  exceed  the  fluxes  from  natural 
sources  by  28-,  6-,  3-,  and  3-fold,  respectively. 
Industrial  contributions  of  arsenic,  copper,  mercu- 
ry, nickel,  and  antimony  amount  to  100  to  200%  of 
emissions  from  natural  sources.  The  metals  re- 
leased from  industrial  sources  are  rapidly  dispersed 
into  different  environmental  compartments;  urban 
environments  are  'hot  spots'  of  toxic  metals,  ex- 
ceeding airborne  trace  metal  levels  of  rural  areas 
by  5  to  10-fold  and  levels  in  remote  locations  by 
more  than  100-fold  for  many  elements.  The  highest 
concentrations  of  lead  in  the  marine  atmosphere 
are  found  near  the  urban-industrial  areas  of  West- 
ern Europe  and  eastern  North  America,  and  the 
lowest  levels  are  found  in  Antarctica.  Soils  repre- 
sent the  ultimate  sink  for  trace  metals  in  continen- 
tal areas.  Environmental  metal  pollution  may 
either  result  in  direct  assaults  on  human  health  or 
have  indirect  effects  on  human  welfare  by  interfer- 
ing with  the  integrity  and  vitality  of  the  life-sup- 
port systems.  Economic  pressures  are  likely  to 
stimulate  increased  metal  loadings  into  the  envi- 
ronmental compartments  of  developing  countries. 
(Fish-PTT) 
W9 1-04558 


DESIGN     AND     PERFORMANCE     OF     AN 
ACIDIC  PRECIPITATION  DELTVERY 

SYSTEM  FOR  FIELD  INVESTIGATION  WITH 
PLANTS. 

Boyce  Thompson  Inst,  for  Plant  Research,  Ithaca, 

NY. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-04568 


EXPOSURE  ASSESSMENT  OF  SEWAGE 
TREATMENT  PLANT  EFFLUENT  BY  A  SE- 
LECTED CHEMICAL  MARKER  METHOD. 

Clement  Associates,  Inc.,  Fairfax,  VA. 

For  primary  bibliographic   entry  see   Field   5D. 

W9 1-04570 


EFFECTS  OF  CADMIUM  IN  FRESHWATER 
CLAMS.  I.  INTERACTION  WITH  ESSENTIAL 
ELEMENTS  IN  ANODONTA  CYGNEA. 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Experimental  Zoology. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-04572 


METAL  CONCENTRATIONS  IN  PELAGIC 
SEABIRDS  FROM  THE  NORTH  PACIFIC 
OCEAN. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 
K.  Honda,  J.  E.  Marcovecchio,  S.  Kan,  R. 
Tatsukawa,  and  H.  Ogi. 

Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  19,  No.  5,  p  704-711, 
September/October,  1990.  1  fig,  3  tab,  36  ref. 
Toyota  Foundation  Grant  85-1-134-359,  87-111-020. 

Descriptors:  'Bioaccumulation,  'Heavy  metals, 
♦Pacific  Ocean,  'Path  of  pollutants,  'Water  birds, 
Cadmium,  Copper,  Geographical  variation,  Iron, 
Japan,  Manganese,  Mercury,  Tissue  analysis,  Zinc. 

Concentrations  of  four  essential  elements  (Fe,  Mn, 
Zn,  and  Cu)  and  two  toxic  metals  (Cd  and  Hg) 
were  measured  in  selected  tissues  of  19  pelagic 
seabird  species  collected  in  the  North  Pacific  and 
neighboring  waters.  Essential  metal  concentrations 
were  generally  highest  in  the  liver  and  less  variable 
than  toxic  metals  among  species  and  also  within 
each  species.  Fe  concentrations  in  the  muscle  were 
higher  in  Alcidae  than  in  the  other  families,  where- 
as the  opposite  trend  was  found  for  Fe  and  Mn  in 
the  liver.  Zn  concentrations  varied  among  species, 
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depending  on  the  Cd  concentrations.  On  the  other 
hand,  toxic  metal  concentrations  were  highest  in 
the  liver  or  kidney  and  varied  widely  among  spe- 
cies, greatly  depending  on  differences  in  the  diet 
among  species.  Extraordinarily  high  Hg  concentra- 
tions were  found  in  Black-footed  Albatrosses,  Dio- 
medea  nigripes,  exceeding  300  microg/g  wet 
weight  in  some,  and  seemed  to  be  due  to  con- 
straints on  the  elimination  of  Hg.  Also,  some  geo- 
graphical differences  in  Cd  and  Hg  concentrations 
of  the  seabirds  were  observed.  The  study  areas  in 
the  North  Pacific  ocean  are  far  from  industrial 
sites,  but  they  are  on  both  the  sea  areas  around 
Japan  and  the  eastern  Gulf  of  Alaska,  where  vol- 
canic activity  and  ocean  dumping  occur.  This, 
however,  cannot  be  the  main  cause  of  high  metai 
levels  in  the  North  Pacific  seabirds,  because  spe- 
cies with  local  feeding  habits  have  less,  and  not 
more,  metals  in  their  tissues  than  do  wide-ranging 
species.  The  concentrations  of  Cd  and  Hg  reported 
in  this  study  appear  to  be  natural  rather  than  due  to 
environmental  pollution.  (Author's  abstract) 
W91-04575 


RECENT  INFLUXES  OF  METALS  INTO  LAKE 
PEPIN,  A  NATURAL  LAKE  ON  THE  UPPER 
MISSISSIPPI  RIVER. 

Wisconsin  Univ. -La  Crosse.  River  Studies  Center. 

R.  G.  Rada,  J.  G.  Wiener,  P.  A.  Bailey,  and  D  E 

Powell. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  712-716, 

September/October,    1990.   4   fig,    1    tab,   26   ref. 

Descriptors:  'Heavy  metals,  'Minnesota,  'Missis- 
sippi River,  'Path  of  pollutants,  'Sediment  con- 
tamination, 'Water  pollution  sources,  Aluminum, 
Cadmium,  Chromium,  Copper,  Cores,  Lake  Pepin, 
Lead,  Nickel,  Radioactive  dating,  Spatial  varia- 
tion, Zinc. 

The  recent  chronology  of  metal  deposition  was 
examined  in  Lake  Pepin,  a  large  natural  lake  on  the 
Upper  Mississippi  River  about  75  km  downstream 
from  the  Minneapolis-St.  Paul,  Minnesota,  metro- 
politan area.  The  lake,  which  has  a  high  trapping 
efficiency  for  suspended  sediments,  serves  as  a  sink 
for  metals  from  industrial  and  domestic  effluents 
discharged  into  the  river.  Sediment  cores  collected 
in  1981  from  seven  locations  in  the  lake  were 
analyzed  for  Cd,  Cr,  Cu,  Ni,  Pb,  Zn,  and  Al  (a 
reference  element).  Data  of  a  core  with  Csl37 
indicated  that  inputs  of  these  metals  increased 
markedly  in  the  late  1950s,  peaked  in  the  early 
1970s,  and  decreased  in  the  late  1970s  to  1981. 
Sediment  enrichment  factors  decreased  in  the 
order  Pb>Cd>Cu>/  =  Cr>Zn>Ni.  The  depth 
of  the  most  highly  contaminated  strata  in  the  core 
profiles  decreased  longitudinally  from  upstream  to 
downstream-paralleling  the  upstream-to-down- 
stream  decrease  in  sedimentation  rates.  Changes  in 
metal  inputs  to  the  lake  would  be  most  readily 
detected  by  analysis  of  sediments  from  the  upper- 
most reaches,  but  the  potential  for  release  of  sedi- 
ment-associated metals  to  the  water  column  is 
probably  greatest  in  downstream  reaches.  The 
quality  of  water  and  sediments  in  the  river  between 
the  Minneapolis-St.  Paul  metropolitan  area  and 
Lake  Pepin  has  improved,  but  the  surficial  sedi- 
ments remain  measurably  contaminated  with 
metals  and  perhaps  other  toxic  substances,  posing 
unknown,  but  potential,  risks  to  riverine  biota. 
(Author's  abstract) 
W9 1-04576 


SELENIUM  AND  OTHER  ELEMENTS  IN  JU- 
VENILE STRIPED  BASS  FROM  THE  SAN 
JOAQUIN  VALLEY  AND  SAN  FRANCISCO 
ESTUARY,  CALIFORNIA. 

National  Fisheries  Contaminant  Research  Center, 

Dixon,  CA.  Field  Research  Station-Dixon. 

M.  K.  Saiki,  and  D.  U  Palawski. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  717-730, 

September/October,    1990.    2   fig,   6   tab,    54   ref. 

Descriptors:  'California,  'Fish  physiology, 
•Heavy  metals,  'Nonpoint  pollution  sources,  'San 
Joaquin  Valley,  'Selenium,  'Striped  bass,  'Water 
pollution  sources,  Agricultural  runoff,  Aluminum, 
Arsenic,    Barium,    Beryllium,    Boron,    Cadmium, 


Chromium,  Copper,  Drainage  water,  Iron,  Lead, 
Magnesium,  Mercury,  Molybdenum,  Nickel,  San 
Francisco  Estuary,  Strontium,  Vanadium,  Zinc. 

Concentrations  of  selenium  and  other  trace  ele- 
ments were  determined  in  55  whole  body  samples 
of  juvenile  anadromous  striped  bass  (Morone  saxa- 
tilis)  from  the  San  Joaquin  Valley  and  San  Francis- 
co Estuary,  California.  The  fish  (</=  1  yr  old-the 
predominant  life  stage  in  the  San  Joaquin  Valley) 
were  collected  in  September-December  1986  from 
19  sites  in  the  Valley  and  3  sites  in  the  Estuary,  and 
analyzed  for  the  following  elements:  aluminum, 
arsenic,  boron,  barium,  beryllium,  cadmium,  chro- 
mium, copper,  iron,  mercury,  magnesium,  molyb- 
denum, nickel,  lead,  selenium,  strontium,  vanadi- 
um, and  zinc.  When  compared  to  concentrations  in 
whole  freshwater  fish  measured  by  surveys  from 
other  waters,  a  few  samples  contained  higher 
levels,  of  As,  Cd,  Cu,  Pb,  and  Se.  The  median 
concentrations  of  Al,  As,  Cu,  Fe,  Mg,  Se,  and  Sr 
also  differed  significantly  (P</  =  0.05)  among 
sites.  However,  only  Se  concentrations  were  high- 
est (up  to  7.9  microg/g  dry  wt)  in  samples  from 
Valley  sites  exposed  to  agricultural  subsurface 
(tile)  drainwater;  concentrations  were  lower  in 
samples  collected  elsewhere.  Water  quality  varia- 
bles-especially  those  strongly  influenced  by  tile 
drainwater  (conductivity,  total  dissolved  solids, 
total  alkalinity,  and  total  hardness)~were  also  sig- 
nificantly correlated  (P</  =  0.05)  with  Se  concen- 
trations in  fish.  Selenium  concentrations  in  striped 
bass  from  the  Estuary  were  only  one-fourth  to  one- 
half  the  concentrations  measured  in  the  most  con- 
taminated fish  from  the  San  Joaquin  River.  (Au- 
thor's abstract) 
W9 1-04577 


NATIONAL  CONTAMINANT  BIOMONITOR- 
ING  PROGRAM:  CONCENTRATIONS  OF  AR- 
SENIC, CADMIUM,  COPPER,  LEAD,  MERCU- 
RY, SELENIUM,  AND  ZINC  IN  U.S.  FRESH- 
WATER FISH,  1976-1984. 

National  Fisheries  Contaminant  Research  Center, 
Columbia,  MO. 

For  primary  bibliographic  entry  see  Field  5G 
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NATIONAL  CONTAMINANT  BIOMONITOR- 
ING  PROGRAM:  RESIDUES  OF  ORGANOCH- 
LORINE  CHEMICALS  IN  U.S.  FRESHWATER 
FISH,  1976-1984. 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

For   primary   bibliographic   entry   see   Field   5G. 

W91-04579 


DEGRADATION  STUDIES  WITH  14C-FENOX- 
APROP  IN  PRAIRIE  SOILS. 

Agriculture  Canada,  Regina  (Saskatchewan).  Re- 
search Station. 

A.  E.  Smith,  and  A.  J.  Aubin. 
Canadian  Journal  of  Soil  Science  CJSSAR,  Vol 
70,  No.  3,  p  343-350,  August  1990.  1  fig,  3  tab,  18 
ref. 

Descriptors.  'Fate  of  pollutants,  'Herbicides, 
•Path  of  pollutants,  'Soil  contamination,  Degrada- 
tion products,  Fenoxaprop,  Fulvic  acids,  Humic 
acids,  Persistence,  Prairies,  Saskatchewan. 

The  persistence  of  14C-fenoxaprop  acid,  the  major 
degradation  product  of  the  herbicide  14C-fenoxa- 
prop-ethyl,  was  studied  at  different  controlled  tem- 
perature and  moisture  conditions  in  three  Saskatch- 
ewan soils.  At  85%  of  field  capacity,  degradation 
approximated  to  first-order  kinetics  at  soil  tempera- 
tures of  10,  20,  and  30  C,  with  half-life  values 
ranging  from  42  to  5  d.  In  a  clay  at  20  C,  there  was 
no  effect  of  moisture,  between  50%  and  100%  field 
capacity,  on  the  rate  of  14C-fenoxaprop  acid 
breakdown.  There  was  no  loss  of  radioactivity 
after  65-d  in  air  dry  soils.  In  all  soils  incubated  at 
85%  field  capacity  and  20  C  with  14C-fenoxaprop- 
ethyl,  uniformly  labeled  in  the  chlorophenyl  ring, 
there  was  evolution  of  14C02  indicating  ring  fis- 
sion. Over  a  56-d  incubation  period,  10-15%  of  the 
applied  radioactivity  was  released  from  the  treated 
soils  as  14C02.  Extraction  with  ammoniated  aceto- 
nitrile  recovered  14-19%  of  the  original  radioactiv- 


ity; between  3  and  5%  of  the  initial  14C  was 
incorporated  into  soil  microbial  biomass;  and  17- 
25%  into  the  fulvic  acid,  7-12%  into  the  humic 
acid,  and  30-34%  into  the  humin  soil  fractions. 
(Author's  abstract) 
W9 1-04584 


USE  OF  FLUORESCENCE  SPECTROSCOPY 
TO  STUDY  HERBICIDE-HUMIC  ACID  INTER 
ACTIONS:  PRELIMINARY  OBSERVATIONS. 

Agriculture    Canada,    Lethbridge    (Alberta).    Re- 
search Station. 
B.  M.  Olson. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol 
70,  No.  3,  p  515-518,  August,  1990.   1  fig,  9  ref. 

Descriptors:  'Fate  of  pollutants,  'Fluorescence 
spectroscopy,  'Herbicides,  'Humic  acids,  'Labo- 
ratory methods,  'Path  of  pollutants,  Copper,  Hy- 
drogen ion  concentration,  Paraquat,  Scotland,  Si- 
metryn. 

The  use  of  fluorescence  spectroscopy  for  the  study 
of  herbicide  and  humic  acid  interactions  was  inves- 
tigated. Humic  acid  was  extracted  from  Tilly- 
corthie  peat  collected  from  a  site  near  Pitmedden, 
Scotland.  Fluorescence  spectroscopy  was  then 
used  to  study  the  interaction  of  humic  acid  with 
Cu(2  +  ),  paraquat,  and  simetryn.  Copper  was  se- 
lected to  demonstrate  the  quenching  effect  of  a 
metal  ion  on  humic  acid  fluorescence.  Paraquat 
was  selected  because  of  its  permanent  positive 
charge.  Simetryn,  on  the  other  hand,  is  a  member 
of  the  s-triazine  herbicide  group  of  weak  bases. 
Depending  on  the  pH,  simetryn  with  a  pKa  of  4.0 
can  be  either  unprotonated  or  protonated.  To  com- 
pare the  effects  of  the  three  solutes  on  the  humic 
acid,  fluorescence  intensity  values  at  300  nm  exci- 
tation wavelength  were  selected.  At  this  wave- 
length the  fluorescence  intensities  of  the  solutes 
and  solvent  were  near  zero.  Paraquat  and  Cu(2  +  ) 
quenched  the  fluorescence  of  humic  acid  by  as 
much  as  74  and  89%,  respectively.  Simetryn  did 
not  quench  the  fluorescence  of  humic  acid,  even  at 
pH  4  under  which  conditions  simetryn  would  have 
carried  a  positive  charge  due  to  protonation.  The 
difference  in  electron  acceptance  may  be  important 
regarding  other  mechanisms  of  interaction  between 
simetryn  and  humic  acid  such  as  hydrophobic 
bonding  and  H-bonding.  (White-Reimer-PTT) 
W91-04587 


CONCENTRATIONS  OF  BORON,  MOLYBDE- 
NUM, AND  SELENIUM  IN  CHINOOK 
SALMON. 

National  Fisheries  Contaminant  Research  Center, 
Yankton,  SD.  Field  Research  Station. 
S.  J.  Hamilton,  and  R.  H.  Wiedmeyer. 
Transactions  of  the  American  Fisheries  Society 
TAFSAI,  Vol.  119,  No.  3,  p  500-510,  May  1990.  4 
tab,  36  ref. 

Descriptors:  'Bioassay,  'Boron,  'Drainage  water, 
•Fish  physiology,  'Heavy  metals,  'Molybdenum, 
•Nonpoint  pollution  sources,  'Salmon,  'Selenium, 
•Water  pollution  effects,  Agricultural  runoff, 
Brackish  water,  Chinook  salmon,  Freshwater,  Sel- 
enate,  Selenite,  Survival,  Well  water. 

The  concentrations  of  boron,  molybdenum,  and 
selenium  in  young  chinook  salmon  Oncorhynchus 
tshawytscha  were  determined  in  three  partial  life 
cycle  chronic  toxicity  studies.  In  each  study,  fish 
were  exposed  to  a  mixture  of  boron,  molybdenum, 
selenate,  and  selenite  in  the  proportions  found  in 
subsurface  agricultural  drainage  water  in  the  basin 
of  the  San  Joaquin  Valley,  California.  Tests  were 
conducted  in  well  water  and  in  site-specific  fresh 
and  brackish  waters.  No  boron  or  molybdenum 
was  detected  in  fish  exposed  to  concentrations  as 
high  as  6,046  microg  boron/L  and  193  microg 
molybdenum/L  for  90  d  in  well  water  or  fresh 
water;  however,  whole-body  concentrations  of  se- 
lenium increased  with  increasing  exposure  concen- 
trations in  well  water  and  fresh  water,  but  not  in 
brackish  water.  Concentrations  of  selenium  in  chi- 
nook salmon  were  strongly  correlated  with  re- 
duced survival  and  growth  of  fish  in  well  water 
and  with  reduced  survival  in  a  15-d  seawater  chal- 
lenge test  of  fish  from  fresh  water.  Concentrations 
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of  selenium  in  fish  seemed  to  reach  a  steady  state 
after  60  d  of  exposure  in  well  water  or  fresh  water. 
Fish  in  brackish  water  had  only  background  con- 
centrations of  selenium  after  60  d  of  exposure,  and 
no  effects  on  survival  and  growth  in  brackish 
water  or  on  survival  in  a  10-d  seawater  challenge 
test  were  exhibited.  This  lack  of  effect  in  brackish 
water  was  attributed  to  initiation  of  the  study  with 
advanced  fry,  which  were  apparently  better  able  to 
metabolize  the  trace  element  mixture  than  were  the 
younger  fish  used  in  studies  with  well  water  and 
fresh  water.  In  all  three  experimental  waters,  con- 
centration factors  (whole-body  concentration/wa- 
terborne  concentration)  for  selenium  decreased 
with  increasing  exposure  concentrations,  suggest- 
ing decreased  uptake  or  increased  excretion,  or 
both,  of  selenium  at  the  higher  concentrations. 
(Author's  abstract) 
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SELENIUM  IN  WETLANDS  AND  WATER- 
FOWL FOODS  AT  KESTERSON  RESERVOIR, 
CALIFORNIA,  1984. 

Oregon  Cooperative  Fishery  Research  Unit,  Cor- 

vallis. 

C.  A.  Schuler,  R.  G.  Anthony,  and  H.  M. 

Ohlendorf. 

Archives   of  Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  6,  p  845-853, 

1990.  3  fig,  3  tab,  47  ref. 

Descriptors:  'California,  *Food  chains,  *Kesterson 
Reservoir,  *Path  of  pollutants,  *Plant  tissues, 
•Sediment  contamination,  *Selenium,  *Waterfowl, 
•Wetlands,  Agricultural  runoff,  Animal  tissues, 
Aquatic  insects,  Bioaccumulation,  Saline  water, 
Seasonal  variation,  Tissue  analysis,  Water  pollution 
effects. 

Kesterson  Reservoir  (Kesterson,  CA)  received 
subsurface  agricultural  drainwater  containing  high 
levels  of  salts  and  selenium  from  farmland  in  the 
San  Joaquin  Valley  of  California.  The  accumula- 
tion of  selenium  in  wetlands  and  waterfowl  foods 
at  Kesterson  was  investigated  during  May,  August, 
and  December  of  1984.  High  concentrations  of 
selenium  were  found  in  water  sediments,  terrestrial 
and  aquatic  vegetation,  and  aquatic  insects.  Mean 
selenium  concentrations  in  aquatic  plants  and  in- 
sects ranged  from  1.5  to  170  micrograms/g  dry 
weight  and  were  about  1 1  to  290  times  those  found 
at  a  nearby  reference  site.  Concentrations  in  some 
waterfowl  food  plants  and  insects  at  Kesterson 
were  up  to  64  times  those  reported  to  be  a  health 
hazard  to  birds.  Selenium  concentrations  were 
more  seasonally  variable  in  aquatic  plats  than  in 
aquatic  insects.  Few  differences  in  selenium  accu- 
mulation were  found  among  ponds.  Deposition  of 
selenium  in  plant  parts  was  not  uniform;  rhizomes 
contained  higher  concentrations  than  seeds,  and 
leaves  were  intermediate.  Most  biota  bioaccumu- 
lated  maximum  selenium  concentrations  that  were 
1000  to  nearly  5000  times  the  concentration  in 
water.  (Author's  abstract) 
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CADMIUM  ACCUMULATION  AND  METAL- 
LOTHIONEIN-LIKE  PROTEINS  IN  THE  SEA 
STAR  ASTERIAS  RUBENS. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Group  for  Aquatic  Toxicology. 

P.  J.  den  Besten,  H.  J.  Herwig,  D.  I.  Zandee,  and 

P.  A.  Voogt. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  6,  p  858-862, 

1990.  4  fig,  1  tab,  21  ref. 

Descriptors:  *Bioaccumulation,  *Bioassay,  •Cad- 
mium, •Echinoderms,  •Metallothioneins,  *Path  of 
pollutants,  *Proteins,  Animal  tissues,  Chronic  ex- 
posure, Heavy  metals,  Kinetics,  Sublethal  effects, 
Tissue  analysis,  Toxicity,  Water  pollution  effects. 

Sea  stars  were  exposed  for  four  months  to  cadmi- 
um at  50  micrograms  Cd/L.  The  cadmium  content 
of  stomachs,  pyloric  caeca,  gonads  and  body  wall 
was  determined  after  2,  4,  6,  8,  and  16  weeks  of 
exposure.  The  highest  accumulation  rates  were 
found  for  body  wall  and  pyloric  caeca.  The  lowest 
accumulation  rate  was  found  for  the  gonads.  In  all 
tissues  cadmium  accumulation  showed  saturation 


kinetics.  The  body  wall  contained  the  largest  part 
of  the  accumulated  cadmium.  Sephadex  G-75  gel 
filtration  experiments  demonstrated  the  presence  of 
metal-binding,  metallothionein  (MT)-like  proteins 
with  a  molecular  weight  of  10.8  kD  in  cytosolic 
fractions  of  pyloric  caeca  from  unexposed  sea 
stars.  The  MT-like  proteins  contained  mainly  zinc 
and  a  small  amount  of  copper.  During  exposure, 
the  MT-like  proteins  accumulated  cadmium  at  a 
relatively  high  rate,  but  a  steady  state  was  reached 
after  8  weeks,  indicating  that  in  vivo,  the  Cd- 
binding  capacity  of  theses  proteins  was  limited. 
When  pyloric  caeca  cytosol  from  unexposed  sea 
stars  was  incubated  with  cadmium  in  vitro,  the 
MT-like  proteins  could  bind  larger  amounts  of 
cadmium  than  in  vivo  during  the  Cd  exposure. 
After  16  weeks  of  Cd  exposure,  the  in  vitro  Cd- 
binding  capacity  had  hardly  increased.  Low-mo- 
lecular-weight metal-binding  proteins  were  absent 
in  cytosolic  fractions  of  the  testes,  ovaries  and 
oocytes  from  Cd-exposed  sea  stars,  even  after  four 
months  of  exposure.  The  cadmium  accumulated  in 
the  gonads  was  bound  exclusively  to  high-molecu- 
lar-weight  proteins,  which  accumulated  cadmium 
at  a  relatively  low  rate,  compared  to  the  MT-like 
proteins  in  the  pyloric  caeca.  The  absence  of  MT- 
like  proteins  in  the  gonads  may  explain  the  low 
cadmium  accumulation  rates  found  for  theses 
organs,  but  as  a  consequence,  the  accumulated 
cadmium  is  not  detoxified.  (Author's  abstract) 
W91-04615 


EFFECTS  AND  FATE  OF  CADMIUM  DURING 
TOXICITY  TESTS  WITH  CHIRONOMUS  RI- 
PARIUS;  THE  INFLUENCE  OF  FOOD  AND 
ARTIFICIAL  SEDIMENT. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
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CADMIUM  BIOAVAILABILITY  TO  THREE 
ESTUARINE  ANIMALS  IN  RELATION  TO 
GEOCHEMICAL  FRACTIONS  TO  SEDI- 
MENTS. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Geo- 
physical Sciences. 
J.  H.  Rule,  and  R.  W.  Alden. 
Archives   of  Environmental    Contamination    and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  878-885, 
1990.  10  fig,  1  tab,  33  ref. 

Descriptors:  *Bioaccumulation,  'Bioavailability, 
•Cadmium,  *Estuarine  environment,  *Estuarine 
sediments,  *Grass  shrimp,  *Path  of  pollutants,  *Po- 
lychaetes,  *Sea  mussels,  'Sediment  contamination, 
Animal  tissues,  Geochemistry,  Heavy  metals,  Mor- 
tality, Sediment  analysis,  Statistical  models,  Tissue 
analysis,  Toxicity. 

The  effects  of  sediment  characteristics  and  geo- 
chemical  fractions  on  the  biological  availability  of 
cadmium  to  estuarine  animals  were  studied.  Grass 
shrimp  (Palaemonetes  pugio),  blue  mussels  (Myti- 
lus  edulis)  and  a  polychaete  (Nereis  virens)  were 
exposed  to  Cd-treated  sediment  for  14  days.  The 
test  populations  were  evaluated  for  mortalities, 
oxygen  consumption  (except  N.  virens),  and  bioac- 
cumulation of  Cd.  Sediment  Cd  was  extracted 
sequentially  to  determine  the  exchangeable  (EP), 
easily  reducuble  (ERP),  organic-sulfide  (OSP), 
moderately  reducible  (MRP),  and  acid  extractable 
(AEP)  geochemical  phases.  The  shrimp  displayed 
significant  respiration  effects;  shrimp  and  mussels 
bioaccumulated  Cd,  particularly  in  the  Cd-sand 
treatments.  The  polychaete  did  not  bioaccumulate 
Cd.  The  OSP  contained  the  greatest  concentra- 
tions of  Cd  in  all  treatments.  The  Cd-sands  were 
characterized  by  relatively  higher  levels  of  EP  and 
ERP  than  for  silts  or  clays.  The  EP  and  ERP 
fractions  of  all  sediments  were  directly  related  to 
the  Cd  body  burdens  of  the  test  species.  A  statisti- 
cal model  was  developed  that  describes  the  bioac- 
cumulation of  Cd  as  a  function  of  EP  and  ERP 
geochemical  fractions  of  sediment  Cd  for  M. 
edulis.  There  appeared  to  be  a  finite  amount  of  Cd 
which  could  be  incorporated  into  the  ERP,  since 
these  concentrations  were  very  similar  for  both 
treatment  levels  and  most  of  the  additional  Cd  in 
the  higher  treatment  partitioned  into  the  OSP. 
Analytical   protocols   focusing   upon   these  easily 


extractable  fractions  will  provide  a  more  ecologi- 
cally realistic  picture  of  the  significance  of  metals 
contamination  than  will  bulk  sediment  analyses  or 
those  using  strong  extraction  techniques.  (Author's 
abstract) 
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ASSIMILATION  OF  POLYCHLORINATED  BI- 
PHENYLS  BY  A  MARINE  MOLLUSC  AND 
COMPARISON  WITH  A  RAT. 

State  Univ.  of  New  York  at  Albany.  School  of 
Public  Health. 

B.  Jahan-Parwar,  L.  W.  Wood,  and  B.  Bush. 
Archives   of  Environmental    Contamination    and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  944-951, 
1990.  3  fig,  3  tab,  34  ref. 

Descriptors:  *Animal  metabolism,  •Bioaccumula- 
tion, 'Gastropods,  'Metabolites,  *Mollusks,  *Path 
of  pollutants,  •Polychlorinated  biphenyls,  'Ro- 
dents, Algae,  Animal  tissues,  Bioassay,  Compari- 
son studies,  Fate  of  pollutants,  Structure-activity 
relationships,  Tissue  analysis. 

The  marine  mollusc  Aplysia  californica  was  fed 
seaweed  Rhodymenia  palmata  contaminated  with 
polychlorinated  biphenyls  (PCBs)  at  a  high  (exper- 
imental) and  low  (control)  level  for  a  period  of  18 
days  in  flow-through  systems  which  limited  the 
animals  to  dietary  uptake.  The  assimilation  of 
PCBs,  determined  by  subtraction  of  fecal  output 
from  food  intake,  was  greater  at  the  high  dosage 
(94  +  /-29%)  than  at  the  low  dosage  (84  +  /-22%). 
Assimilation  selectivity  of  the  different  congeners 
favored  those  with  lower  chlorine  content,  and 
discriminated  against  those  chlorinated  in  the  para 
position  on  one  of  the  rings.  After  assimilation, 
selectivity  for  incorporation  into  the  hepatopan- 
creas  favored  those  congeners  with  higher  chlorine 
contents  over  those  with  but  1  to  3  chlorines  on 
the  molecule.  Similarities  between  incorporation 
into  the  liver  of  rats  and  into  the  hepatopancreas  of 
Aplysia  were  found,  suggesting  that  common 
mechanisms  for  bioaccumulation,  and  by  extension, 
physiological  effects,  may  be  present  in  such  di- 
verse species  of  the  animal  kingdom.  (Author's 
abstract) 
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INDOOR  RADON  AND  WELL  WATER 
RADON  IN  VIRGINIA  AND  MARYLAND. 

George  Mason  Univ.,  Fairfax,  VA.  Center  of  Basic 
and  Applied  Science. 

D.  G.  Mose,  G.  W.  Mushrush,  and  C.  Chrosniak. 
Archives   of  Environmental    Contamination   and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  952-956, 
1990.  4  fig,5  tab,  13  ref. 

Descriptors:  *Air  pollution  sources,  *Domestic 
water,  'Groundwater  pollution,  'Maryland,  'Path 
of  pollutants,  'Radioactivity,  'Radon,  'Soil  gases, 
'Virginia,  Hazard  assessment,  Housing,  Monitor- 
ing, Seasonal  variation,  Water  pollution. 

The  domestic  use  of  radioactive  water  has  long 
been  a  cause  for  concern,  but  only  a  few  studies 
have  examined  prolonged  exposure  to  radionuclide 
concentrations  found  in  natural  settings.  This  paper 
reports  on  the  indoor  radon  concentrations  from 
1500  homes  in  northern  Virginia  and  southern 
Maryland  and  well  water  radon  from  700  homes  in 
the  same  area.  Indoor  radon  concentrations  are 
almost  all  between  1  and  about  40  pCi/L.  Differ- 
ences in  weather,  basement  wall  construction,  and 
home  heating  system  influence  indoor  radon  de- 
rived from  the  soil.  The  winter  season  shows  the 
highest  values  with  about  25%  of  the  homes  over 
this  level.  This  seasonal  variation  is  related  to 
home  ventilation.  Waterborne  radon  in  homes  with 
private  well  ranges  from  about  100  pCi/L  to  about 
8000  pCi/L.  In  small  homes,  indoor  radon  can  be 
significantly  increased  by  outgassing  of  the  home 
water  supply,  even  at  water  radon  levels  of  less 
than  10,000  pCi/L.  This  was  examined  by  monitor- 
ing radon  levels  in  a  50  square  foot  bathroom  in 
which  the  shower  was  left  on  for  several  hours. 
There  was  a  significant  increase  in  radon  levels, 
from  29  to  350  pCi  over  a  5  hour  period.  The 
extent  to  which  the  waterborne  radon  concentra- 
tion affects  the  concentration  of  indoor  radon  is 
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determined  by  the  volume  of  the  home,  in  combi- 
nation with  the  radon  content  of  water  used  in  the 
home.  (Author's  abstract) 
W9 1-04624 


ACIDITY  AS  A  FACTOR  IN  LEACHING  OF 
COPPER,  CHROMIUM  AND  ARSENIC  FROM 
CCA  TREATED  DIMENSION  LUMBER. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

J.  E.  Warner,  and  K.  R.  Solomon. 

Environmental       Toxicology      and      Chemistry 

ETOCDK,  Vol.  9,  No.  11,  p  1331-1337,  1990.  5  fig, 

3  tab,  19ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
•Acidic  water,  *Arsenic  compounds,  "Chromium, 
•Copper,  *Leaching,  *Lumber,  *Path  of  pollut- 
ants, *Wood  preservatives,  Atomic  absorption 
spectroscopy,  Environmental  impact,  Hardwood, 
Heavy  metals,  Infiltration,  Preservation. 

Because  of  the  problems  and  restrictions  associated 
with  organic  wood  preservatives,  inorganic  pre- 
servative chemicals,  especially  the  CCA  (chromat- 
ed  copper  arsenate)  compounds,  are  frequently 
used.  The  purpose  of  this  study  was  to  establish  the 
magnitude  of  worst  case  leaching  events  that  can 
be  expected  to  occur  with  CCA-treated  materials 
available  for  public  and  commercial  use.  Samples 
of  new  and  weathered  utility  lumber  pressure- 
treated  with  chromated  copper  arsenate  were 
tested  for  leaching  of  copper,  chromium  and  ar- 
senic by  submersion  in  leaching  baths  of  various 
pH  levels.  Accumulation  of  metals  was  monitored 
in  leachate  at  pH  3.5,  4.5,  5.5,  7.0  and  8.5  over  a 
period  of  40  days  by  atomic  absorption  spectrosco- 
py. Copper,  chromium  and  arsenic  were  found  in 
the  leachate  of  both  new  and  weathered  wood 
with  significantly  higher  levels  of  all  metal  occur- 
ring at  acidic  pH  levels.  Up  to  100%  of  CCA 
treatment  metals  were  found  to  have  leached  at  pH 
3.5,  whereas  a  maximum  of  9%  of  metals  leached 
at  pH  8.5.  Metal  leaching  was  found  to  be  higher 
in  citric  acid  than  in  dilute  sulfuric  acid  solutions. 
Leaching  of  copper,  chromium  and  arsenic  was 
not  proportional  to  the  amount  of  metal  present 
before  leaching.  Although  it  is  too  early  to  fully 
assess  the  toxicological  significance  of  the  use  of 
CCA-treated  wood  in  the  environment,  this  study 
suggests  that  leaching  of  metals  from  treated  wood 
in  acidic  waters  (natural  or  resulting  from  acidic 
precipitation)  may  present  an  unacceptable  envi- 
ronmental risk.  (Author's  abstract) 
W9 1-04625 


AQUATIC  ENVIRONMENTAL  FATE  OF  NI- 
TROGUANIDINE. 

SRI   International,    Menlo   Park,   CA.   Chemistry 

Lab. 

W.  R.  Haag,  R.  Spanggord,  T.  Mill,  R.  T.  Podoll, 

and  T.  W.  Chou. 

Environmental       Toxicology       and       Chemistry 

ETOCDK,  Vol.  9,  No.  11,  p  1359-1367,  1990.  6  fig, 

3  tab,    17  ref.   US  Army   Medical   Research  and 

Development   Command   Contract   DAMD 17-84- 

C-4252. 

Descriptors:  'Aquatic  environment,  'Biodegrada- 
tion,  'Explosives,  'Fate  of  pollutants,  'Nitroguani- 
dine,  'Path  of  pollutants,  'Photolysis,  Anaerobic 
bacteria,  Bioaccumulation,  Degradation,  Metabo- 
lites, Nitrogen  compounds,  Oxidation. 

Nitroguanidine  (NQ)  is  a  propellant  used  in  mili- 
tary operations  which  may  enter  the  aquatic  envi- 
ronment during  its  production,  use  or  disposal.  It 
was  determined  that  the  environmental  fate  of  NQ 
in  surface  waters  is  dominated  by  photolysis  with 
surface  half-lives  at  40  degrees  North  latitude  rang- 
ing from  0.6  days  in  summer  to  2.3  days  in  winter. 
The  environmental  quantum  yield  is  0.01.  The  NQ 
is  initially  photolyzed  to  nitrite  and  hydroxyguani- 
dine;  nitrite  is  photochemically  converted  to  ni- 
trate, and  hydroxyguanidine  undergoes  sensitized 
photolysis  to  unknown  products.  The  photooxida- 
tion  of  nitrite  is  assisted  by  organic  material  in  a 
process  not  involving  hydrogen  peroxide  or  singlet 
oxygen.  Nitroguanidine  biotransforms  cometaboli- 
cally;  in  the  absence  of  extra  organic  nutrients  the 
second-order  rate  constant  was  (3.8  +/-0.9)  x  10  to 


the  minus  10  power  mL/cell/hour.  Half-life  esti- 
mates for  aerobic,  aquatic  biotransformation  range 
from  1  to  100  days.  Cyanamide  appears  to  be  an 
end  product  of  NQ  use  and  no  intermediate  bio- 
transformation products  were  observed.  Nitro- 
guanidine is  expected  to  move  readily  through 
soils  (soil  sorption  coefficient  K  sub  p  <  0.1); 
however,  anaerobic  biotransformation  occurs  read- 
ily in  soil,  with  an  estimated  half-life  of  4  days. 
Other  fate  parameters  measured  at  25  C  are  a 
water  solubility  of  2600  +/-100  ppm,  octanol/ 
water  partition  coefficient  of  0.148  +  /-0.001, 
Henry's  constant  of  <  .000007,  base  hydrolysis 
constant  of  0.3  +/-0.1  millimoles/sec,  neutral  hy- 
drolysis constant  <  or  =  0.02  micromoles/sec, 
and  biouptake  constants  of  1 10  g  dry  cells/g  water 
for  Anabena  flos-aquae  and  150  g  dry  cells/g  water 
for  Selenastrum  capricornutum.  (Author's  abstract) 
W9 1-04627 


USE  OF  BIODEGRADATION  DATA  IN  CHEM- 
ICAL ASSESSMENT. 

Procter  and  Gamble  Co.,  Cincinnati,  OH.  Environ- 
mental Safety  Dept. 

R.  J.  Shimp,  R.  J.  Larson,  and  R.  S.  Boethling. 
Environmental       Toxicology       and       Chemistry 
ETOCDK,  Vol.  9,  No.  1 1,  p  1369-1377,  1990.  6  fig, 
24  ref. 

Descriptors:  'Biodegradation,  'Environmental 
impact,  'Fate  of  pollutants,  'Path  of  pollutants, 
•Risk  assessment,  Data  interpretation,  Hazard  as- 
sessment, Kinetics,  Model  studies,  Pollution  load. 

Biodegradation  is  an  important  removal  mecha- 
nism for  consumer  product  chemicals  released  in 
large  volumes  to  aquatic  and  terrestrial  environ- 
ments. It  results  in  a  decrease  in  the  mass  or  load  of 
chemicals  present  in  the  environment  and  is  key  in 
preventing  accumulation  and  persistence  of  chemi- 
cals. Although  biodegradation  is  an  important 
process  in  minimizing  potentially  adverse  impacts 
on  environmental  systems,  it  has  not  been  tradi- 
tionally considered  quantitatively  in  environmental 
assessments.  Efforts  to  use  such  data  have  princi- 
pally focused  on  either  wholly  qualitative  evalua- 
tion of  a  material's  biodegradation  properties  (e.g., 
'fast'  or  'slow'),  or  rigorous  quantitative  models  to 
predict  exposure  concentrations  in  particular  set- 
tings. This  paper  outlines  an  alternative  approach 
which  provides  a  semi-quantitative  analysis  com- 
bining biodegradation  rate  data  with  an  assessment 
of  environmental  exposure.  The  approach  is  a  ge- 
neric one  that  relates  biodegradation  half-lives  to 
rates  of  transport  and  residence  times  in  specific 
environmental  compartments  (e.g.,  agricultural 
soil,  rivers).  It  establishes  the  kinetic  criteria 
needed  to  make  biodegradation  a  'practically  sig- 
nificant' removal  mechanism  in  a  given  environ- 
mental compartment.  It  is  broadly  applicable  to 
chemicals  which  exhibit  pseudo  first  order  biode- 
gradation kinetics  at  realistic  environmental  con- 
centrations. (Author's  abstract) 
W9 1-04628 


BIOTRANSFORMATION  ACTIVITIES  OF 
FERAL  FISH  IN  WATERS  RECEIVING 
BLEACHED  PULP  MILL  EFFLUENTS. 

Kuopio  Univ.  (Finland).  Dept.  of  Physiology. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04631 


EFFECTS  OF  ACIDIC  PRECIPITATION  ON 
THE  WATER  QUALITY  OF  STREAMS  IN  THE 
LAUREL  HILL  AREA  SOMERSET  COUNTY, 
PENNSYLVANIA,  1983-86. 

Geological  Survey,  Harrisburg,  PA. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-04636 


PLAN  OF  STUDY  FOR  SELECTED  TOXIC 
SUBSTANCES  IN  THE  CALCASIEU  RIVER, 
LOUISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 
D.  K.  Demcheck,  C.  R.  Demas,  and  P.  B. 
Curwick. 

Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Open- 


File  Report  90-148,  1990.  29p,  5  fig,  5  tab,  11  ref. 

Descriptors:  'Calcasieu  River,  'Data  acquisition, 
•Data  requirements,  'Louisiana,  'Path  of  pollut- 
ants, 'Toxic  wastes,  Ammonia,  Benzenes,  Bioaccu- 
mulation, Biodegradation,  Chromium,  Clams, 
Crabs,  Fish,  Heavy  metals,  Iron,  Mercury, 
Naphthalenes,  Nitrates,  Nitrites,  Sediment  con- 
tamination, Streamflow. 

In  1984  the  U.S.  Geological  Survey  established  the 
Toxic  Substances  Hydrology,  Surface-Water  Con- 
tamination Program.  As  part  of  this  program,  an 
investigation  of  the  lower  Calcasieu  River,  Louisi- 
ana, began  in  1985  to  define  the  magnitude  and 
distribution  of  selected  toxic  substances  in  the  Cal- 
casieu River  and  the  physical  and  chemical  proc- 
esses that  govern  their  fate.  The  major  elements  of 
the  investigation  are:  (1)  a  compilation  of  previous 
studies  of  the  Calcasieu  River  by  various  Federal, 
State,  and  local  agencies;  (2)  reconnaissance  sur- 
veys of  chemical  constituents  in  the  water  column 
and  bottom  material;  (3)  a  remobilization  study  to 
determine  how  strongly  semivolatile  organic  com- 
pounds are  bound  to  bottom  material  and  whether, 
upon  exposure  to  waters  with  varying  concentra- 
tions of  dissolved  solids,  they  dissolve  into  the 
water  column;  (4)  a  study  of  microbial  degradation 
to  determine  whether  anaerobic  bacterial  activity 
is  a  significant  factor  in  the  fate  of  semivolatile 
organic  compounds  in  the  bottom  materials;  (5) 
studies  of  the  presence  of  synthetic  organic  com- 
pounds in  the  tissues  of  fish,  clams,  and  crabs  to 
determine  if  bio-accumulation  of  these  compounds 
is  occurring;  (6)  volatilization  studies  of  com- 
pounds such  as  bromoform  and  chloroform  to  de- 
termine the  relative  importance  of  dilution  and 
volatilization  in  the  partitioning  of  the  environ- 
ment; (7)  sediment-water  interface  studies  to  deter- 
mine the  rate  of  upward  water  movement  through 
the  bottom  material  to  estimate  on-bottom  resi- 
dence time  and  instream  concentrations  of  selected 
soluble  compounds;  and  (8)  the  development  of  a 
streamflow  model  to  provide  a  hydrologic  frame- 
work for  water  quality  analysis.  Preliminary  results 
were  used  to  select  for  intensive  study  of  the 
following  substances  in  water,  bottom  material, 
and  biota:  ammonia,  nitrite  plus  nitrate,  chromium, 
iron,  mercury,  bromoform,  chloroform,  1,2-dich- 
loroethane,  hexachlorobenzene,  hexachlorobuta- 
diene,  naphthalene,  octachloronaphthalene,  benzo- 
pyrene,  and  benzoperylene.  (Author's  abstract) 
W9 1-04637 


SUSPENDED-SEDIMENT  DATA  IN  THE 
UPPER  RIO  GRANDE  DE  LOIZA  BASIN, 
PUERTO  RICO. 

Geological  Survey,  San  Juan,  PR. 

For  primary  bibliographic  entry  see  Field  2H. 
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GROUND-WATER  QUALITY  NEAR  A  SCAV- 
ENGER-WASTE-DISPOSAL FACILrTY  IN 
MANORVILLE,  SUFFOLK  COUNTY,  NEW 
YORK,  1984-85. 

Geological  Survey,  Syosset,  NY.  Water  Resources 
Div. 

M.  P.  Scorca. 

Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water- 
Resources  Investigations  Report  88-4074,  1990.  45 
p,  16  fig,  4  tab,  31  ref,  3  append.  Prepared  in 
cooperation  with  the  Town  of  Brooklyn. 

Descriptors:  'Geochemistry,  'Groundwater  qual- 
ity, 'Infiltration  basins,  'Path  of  pollutants, 
•Wastewater  disposal.  Benzenes,  Calcium,  Chlor- 
ides, Dissolved  solids,  Glacial  aquifers,  Glacial 
sediments,  Magnesium,  Monitoring,  New  York, 
Potassium,  Sodium,  Specific  conductivity,  Water 
quality 

Sludge  from  sewage  treatment  plants  and  septic 
tanks  was  discharged  to  unlined  infiltration  basins 
at  a  scavenger-waste-disposal  facility  in  Manor- 
ville,  in  south-central  Suffolk  County,  New  York, 
during  1964-82,  and  solid  waste  was  accepted 
during  1960-72.  Three  test  borings  were  made  at 
the  site  and  groundwater  samples  collected  in  1984 
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and  1985  to  examine  the  effects  of  the  waste  on 
local  groundwater  quality  in  the  upper  glacial  aq- 
uifer. The  test  borings  reveal  that  180  to  205  ft  of 
well-sorted  glacial  outwash  sediments  overlie  de- 
posits of  the  Matawan  Group  and  Magothy  For- 
mation, undifferentiated.  A  sandy  facies  of  the 
Gardiners  Clay  may  be  present  in  the  southern  half 
of  the  0.88-sq-mi  study  area.  Observation  wells 
were  installed  in  clusters  along  flow  lines  hydrauli- 
cally  downgradient  from  the  facility,  and  water 
samples  were  collected  from  29  wells  in  1984  and 
from  63  wells  in  1985.  Geochemical  data  indicate 
that  a  1,300-ft-wide  plume  of  contaminated  water 
has  moved  4,700  ft  downgradient  from  the  disposal 
site.  Samples  of  plume  water  had  higher  specific 
conductance,  lower  dissolved  oxygen  concentra- 
tions, and  higher  concentrations  of  dissolved 
solids,  chloride,  sodium,  calcium,  potassium,  mag- 
nesium, and  chlorobenzene  than  did  samples  from 
uncontaminated  areas.  The  median  background 
dissolved  solids  concentration  of  23  mg/L  (milli- 
grams per  liter)  in  water  from  wells  in  areas  unaf- 
fected by  the  plume  is  considerably  lower  than  the 
median  concentration  of  190  mg/L  for  plume 
water,  which  indicates  that  dissolved  solids  con- 
centration and  specific  conductance  are  useful  indi- 
cators of  the  plume's  extent.  Dissolved  iron  con- 
centrations in  groundwater  are  elevated  for  at  least 
1,400  ft  downgradient  from  a  site  as  a  result  of 
chemical  (oxidation-reduction)  alteration  to  the 
more  soluble  ferrous  state.  The  geochemical  condi- 
tion of  groundwater  near  this  facility  shows  gener- 
al similarities  and  particular  differences  to  previ- 
ously studied  landfills  located  in  glacial  outwash 
deposits.  (Author's  abstract) 
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SUPERFUND  RECORD  OF  DECISION:  PER- 
DIDO  GROUNDWATER,  AL. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-04648 


HEAVY  METALS  IN  DRINKING  WATER: 
STANDARDS,  SOURCES,  AND  EFFECTS  (JAN 
70--JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04650 


STORAGE  TANK  MONITORING  (EXCLUDES 
RADIOACTIVE  WASTE  STORAGE  TANKS) 
(JAN  76--JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-04652 


CONTINUOUS  AND  PASSIVE  ENVIRONMEN- 
TAL RADON  MONITORING:  MEASURING 
METHODS  AND  HEALTH  EFFECTS  (JAN  75- 
JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04654 


BIODEGRADATION  OF  PESTICIDES  (DEC 
85-MAY  90). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-871989. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
June  1990.  97p. 

Descriptors:  'Bibliographies,  *Biodegradation, 
♦Fate  of  pollutants,  'Pesticides,  *Wastewater  treat- 
ment, Carbamates,  DDT,  Enzymes,  Fungicides, 
Herbicides,  Malathion,  Microbial  degradation,  Or- 
ganophosphorus  pesticides,  Parathion,  Path  of  pol- 
lutants, Rodenticides,  Waste  treatment. 

This  bibliography  contains  citations  concerning  the 
biological  degradation  of  pesticides.  Pesticides 
such  as  malathion,  parathion  and  DDT,  organo- 


phosphates  and  carbamates,  herbicides,  fungicides, 
and  rodenticides  are  examined.  The  isolation  of 
enzymes  specifically  able  to  degrade  pesticides, 
field  studies  of  natural  degradation  and  migration 
of  pesticides,  and  test  tube  examination  of  microbi- 
al organisms  with  the  ability  to  digest  pesticides 
are  covered.  Degradation  products,  effects  of 
available  nutrients  on  microbial  degradation,  and 
pesticide  resistance  in  natural  ecosystems  are  also 
among  the  topics  discussed.  (This  updated  bibliog- 
raphy contains  237  citations,  30  of  which  are  new 
entries  to  the  previous  edition.)  (Author's  abstract) 
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BIODEGRADATION    OF    PESTICIDES    AND 
HERBICIDES  (MAR  78--MAR  90). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For   primary   bibliographic   entry   see   Field   5D. 
W9 1-04659 


SUBSOIL  PERCOLATION  OF  SEWAGE:  PURI- 
FICATION EFFICIENCY  OF  UNSATURATED 
ZONE  AND  MASS  BALANCE  OF  ORGANIC 
LOAD. 

Technische    Univ.    Muenchen    (Germany,    F.R.). 

Lehrstuhl   und   Pruefamt   fuer  Wasserguetewirts- 

chaft  und  Gesundheitsingenieurwesen. 

For  primary  bibliographic  entry  see   Field   5D. 
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NITZSCHIA  PSEUDODELICATISSIMA:  A 
SOURCE  OF  DOMOIC  ACID  IN  THE  BAY  OF 
FUNDY,  EASTERN  CANADA. 

Department  of  Fisheries  and  Oceans,  St.  Andrews 
(New  Brunswick).  Biological  Station. 
For  primary  bibliographic  entry  see  Field  2L. 
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INFLUENCE  OF  CHLORINE  SUBSTITUTION 
PATTERN  ON  THE  DEGRADATION  OF  POL- 
YCHLORINATED  BIPHENYLS  BY  EIGHT 
BACTERIAL  STRAINS. 

General  Electric  Corporate  Research  and  Devel- 
opment, Schenectady,  NY. 
D.  L.  Bedard,  and  M.  L.  Haberl. 
Microbial  Ecology  MCBEBU,  Vol.  20,  No.  2,  p 
87-102,  1990.  3  fig,  3  tab,  18  ref. 

Descriptors:  *Alcaligenes,  "Biodegradation,  "Cor- 
ynebacterium,  *  Poly  chlorinated  biphenyls,  "Pseu- 
domonas,  Bacteria,  Fate  of  pollutants,  Microbial 
degradation. 

The  metabolism  of  eight  di-and  tri-chlorobiphenyls 
by  eight  bacterial  strains  was  compared.  The  poly- 
chlorinated  biphenyl  (PCB)  congeners  used  were 
2,3-,  2,3'-,  2,4'-,  3,3'-,2,3,3'-,  2,4,4'-,  2,5,3'-,  and 
3,4,2'-chlorobiphenyl.  The  bacterial  strains  used 
were  Corynebacterium  sp.  MB1,  Alcaligenes 
strains  A.  eutrophus  H850  and  A.  faecalis  Pi434, 
and  Pseudomonas  strains  LB400  and  HI  130,  P. 
testosteroni  H430  and  H336,  and  P.  cepacia  H201. 
Both  the  relative  rates  of  primary  degradation  of 
PCBs  and  the  choice  of  the  ring  attacked  were 
dependent  on  the  bacterial  strain  used.  The  bacte- 
rial strains  exhibited  considerable  differences  in 
their  relative  reactivity  preferences  for  attack  on 
mono-and  dichlorophenyl  groups  and  in  the  degree 
to  which  the  attack  was  affected  by  the  chlorine 
substitution  pattern  on  the  nonreacting  ring.  For 
MB1  the  reactivity  pattern  was  3-chlorophenyl  > 
or  =  4-chlorophenyl  >  >  2-chlorophenyl  with  no 
attack  on  2,4-chlorophenyl  or  2,5-chlorophenyl 
groups.  Strains  HI  130,  H430,  H201,  and  Pi434 
exhibited  the  same  reactivity  preferences  as  MB1, 
but  for  these  strains  (and  for  all  others  tested)  the 
chlorination  pattern  on  the  nonreacting  ring  had  a 
strong  effect.  For  strain  H336  the  reactivity  prefer- 
ence was  4-chlorophenyl  >  or  =  2-chlorophenyl 
>  2,4-chlorophenyl  >  or  =  3-chlorophenyl,  with 
no  evidence  of  attack  on  2,5-chlorophenyl  rings. 
For  strains  H850  and  LB400  the  relative  reactivity 
was  2-chlorophenyl  >  2,5-chlorophenyl  >  3- 
chlorophenyl  >>  2,4-chlorophenyl  >  4-chloro- 
phenyl. It  is  suggested  that  the  eight  bacterial 
strains  represent  four  distinct  classes  of  biphenyl/ 
PCB-dioxygenase  activity.  Products  formed  were 
largely   strain-independent   and   were   determined 


primarily  by  the  chlorine  substitution  pattern  on 
the  reacting  ring.  When  the  reacting  ring  was  an 
unsubstituted  phenyl  or  a  2-chlorophenyl  group, 
the  products  were  chlorobenzoic  acids  in  high 
yields;  for  a  3-chlorophenyl  ring,  both  chloroben- 
zoic acids  and  chloroacetophenones  in  moderate 
yields;  and  for  a  4-chlorophenyl  or  2,4-chloro- 
phenyl group,  chlorobenzoic  acids  in  low  yields 
with  an  apparent  accumulation  of  meta  ring-fission 
product.  Strains  H850  and  LB400  degraded  the  3- 
chlorobenzoic  acid  that  they  produced  from  the 
degradation  of  2,3'-chlorobiphenyl.  (Author's  ab- 
stract) 
W9 1-04727 


ISOLATION  AND  PARTIAL  CHARACTERIZA- 
TION OF  A  CLOSTRIDIUM  SPECIES  TRANS- 
FORMING PARAHYDROXYBENZOATE  AND 
3,4-DIHYDROXYBENZOATE  AND  PRODUC- 
ING PHENOLS  AS  THE  FINAL  TRANSFOR- 
MATION PRODUCTS. 

Georgia  Univ.,  Athens.  Dept.  of  Microbiology. 
X.  Zhang,  and  J.  Wiegel. 

Microbial  Ecology  MCBEBU,  Vol.  20,  No.  2,  p 
103-121,  1990.  10  fig,  61  ref.  Department  of  Energy 
Grant  DE-FG09-86ER13614. 

Descriptors:  'Aromatic  compounds,  "Biodegrada- 
tion,  "Chlorinated  hydrocarbons,  "Clostridium, 
"Fate  of  pollutants,  "Hydrocarbons,  "Lake  sedi- 
ments, "Mineralization,  "Phenols,  Fermentation, 
Microbial  degradation. 

Organisms  present  in  methanogenic  freshwater 
lake  sediments  from  the  vicinity  of  Athens,  Geor- 
gia, were  adapted  to  mineralize  2,4-dichloro- 
phenol.  Repeated  addition  of  0.5  to  2.7  mmol/L  of 
phenol,  and  later  of  0.5-6.2  mmol/L  p-hydroxyben- 
zoate  (p-OHB),  to  such  enrichments  led  to  the 
conversion  of  p-OHB  to  phenol  at  a  rate  of  up  to 
100  mmol  p-OHB/L/day.  Subsequently,  a  spore- 
forming,  obligately  anaerobic  bacterium,  strain 
JW/Z-1,  was  isolated  which  transformed  p-OHB 
to  phenol  and  3,4-dihydroxybenzoate  (3,4-OHB)  to 
catechol  (1,2-dihydroxybenzene)  stoichiometrical- 
ly  without  further  metabolism  of  the  phenols.  The 
strain  did  not  transform  benzoate,  4-chlorophenol, 
2,4-dichlorophenol,  4-chlorobenzoate,  o-and  m-hy- 
droxybenzoate,  2,4-and  3,5-dihydroxybenzoate, 
2,3,4-and  2,4,5-trihydroxybenzoate,  or  4-aminoben- 
zoate.  Yeast  extract  was  required  for  growth  of 
strain  JW/Z-1  and  only  high  concentrations  of 
casein  hydrolysate  or  tryptone  could  substitute  it, 
to  some  extent.  Except  for  sodium  acetate,  and 
some  amino  acids  together  with  a  20-fold  increased 
concentration  of  vitamins,  no  single  carbohydrate 
or  defined  organic  compound  has  been  found  to 
support  growth  of  this  strain  in  the  presence  (or  in 
the  absence)  of  0.2  to  0.5%  (w/v)  yeast  extract. 
The  fermentation  products  during  growth  on  yeast 
extract  indicated  that  the  metabolism  of  amino  acid 
degradation  was  the  major  source  for  growth.  The 
decarboxylating  activity  was  inducible  by  p-OHB 
for  the  decarboxylation  of  p-OHB,  and  at  a  lower 
rate  for  3,4-OHB,  and  by  3,4-OHB  only  for  3,4- 
OHB,  suggesting  that  two  different  enzyme  sys- 
tems exist.  The  addition  of  the  aromatic  amino 
acids  phenol  or  benzoate  did  not  induce  the  decar- 
boxylation activity  in  cultures  growing  with  yeast 
extract.  Growth  was  observed  at  temperatures 
ranging  from  12-41  C  (T  opt,  33-34  C)  and  at  pH- 
values  ranging  from  6.0-10.0  (pH  opt,  7.2-8.2).  The 
shortest  doubling  time  observed  for  strain  JW/Z-1 
was  3.2  hr.  (Author's  abstract) 
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ANAEROBIC  BIODEGRADATION  OF  PARA- 
CRESOL  UNDER  THREE  REDUCING  CONDI- 
TIONS. 

New  York  Univ.  Medical  Center,  NY.  Dept.  of 

Microbiology. 

M.  M.  Haggblom,  M.  D.  Rivera,  I.  D.  Bossert,  J. 

E.  Rogers,  and  L.  Y.  Young. 

Microbial  Ecology  MCBEBU,  Vol.  20,  No.  2,  p 

141-150,  1990.  5  fig,  2  tab,  35  ref.  EPA  CR-814611 

and  NIEHS  ES04895. 

Descriptors:  "Anaerobic  conditions,  "Biodegrada- 
tion,  "Fate  of  pollutants,  "Lake  sediments,  "Phen- 
ols,   Aromatic    compounds,    Creosote,    Culturing 
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techniques,  Denitrification,  Laboratory  methods 
Metabolism,  Methanogenesis,  Microbial  degrada- 
tion. ° 

The  anaerobic  degradation  of  p-cresol,  a  common 
contaminant  of  groundwaters  due  to  the  use  of 
creosote,    was    studied    with    one    lake   sediment 
source  under  three  reducing  conditions,  namely 
denitrifying,  sulfidogenic,  and  methanogenic.  Loss 
of  p-cresol  (ImM)  in  all  the  anaerobic  systems  took 
initially  3  to  4  weeks.  In  acclimated  cultures  p- 
cresol  was  degraded  in  less  than  a  week.  p-Cresol 
was   completely   metabolized   under  denitrifying, 
sulfidogenic,   and   methanogenic  conditions,   with 
formation  of  nitrogen  gas,  loss  of  sulfate,  and  for- 
mation of  methane  and  carbon  dioxide,  respective- 
ly. p-Cresol  metabolism  proceeded  through  p-hy- 
droxybenzaldehyde  and  p-hydroxybenzoate  under 
denitrifying  and  methanogenic  conditions.  These 
compounds  were  rapidly  degraded  in  cultures  ac- 
climated to  p-cresol  under  all  three  reducing  con- 
ditions. These  results  suggest  that  the  initial  path- 
way of  p-cresol   degradation   is  the  same   under 
denitrifying,  sulfidogenic,  and  methanogenic  con- 
ditions and  proceeds  via  oxidation  of  the  methyl 
substituent  to  p-hydroxybenzaldehyde  and  p-hy- 
droxybenzoate. The  initial  rate  of  p-hydroxyben- 
zaldehyde degradation  was  high  in  both  the  unac- 
chmated  cultures  and  in  the  cultures  acclimated  to 
p-cresol,  suggesting  that  this  step  is  nonspecific 
Benzoate  was  additionally  detected  as  a  metabolite 
following  p-hydroxybenzoate  in  the  methanogenic 
cultures,  but  not  in  the  denitrifying  or  sulfidogenic 
cultures.  The  degradation  pathway  therefore  may 
diverge    after   p-hydroxybenzoate    formation   de- 
pending on  which  electron  acceptor  is  available 
(Author's  abstract) 
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EFFECT  ON  MINERAL  MEDIA  ON  TRICH- 
LOROETHYLENE  OXIDATION  BY  AQUIFER 
METHANOTROPHS. 

Stanford  Univ.,  CA.  Dept.  of  Environmental  Engi- 
neering. 

S.  M.  Henry,  and  D.  Grbic-Galic. 
Microbial  Ecology  MCBEBU,  Vol.  20,  No   2    p 
151-169,  1990.  4  fig,  4  tab,  42  ref.  EPA  grant  CR 
812220. 

Descriptors:  'Aquatic  bacteria,  *Aquifer  restora- 
tion, 'Biodegradation,  'Fate  of  pollutants,  'Oxida- 
tion, *Trichloroethylene,  'Water  pollution  treat- 
ment. In  situ  treatment,  Microbial  degradation. 

The  effect  of  growth  in  different  mineral  media  on 
subsequent  oxidation  of  trichloroethylene  (TCE) 
by  type  I  and  type  II  aquifer  methanotrophs  was 
evaluated.  Mixed  culture  MM1,  containing  a  type 
II  methanotroph,  and  a  type  I  pure  culture  tenta- 
tively identified  as  a  Methylomonas  sp.,  were  en- 
riched   and    isolated     from    an     uncontaminated 
groundwater  aquifer.  The  second-order  rate  coeffi- 
cients for  TCE  oxidation  by  these  cultures  varied 
by  more  than  an  order  of  magnitude  when  the 
cultures  were  grown  in  different  mineral  media. 
The  presence  of  a  chelator  (NaEDTA)  in  one  of 
these  media  (Whittenbury)  significantly  enhanced 
rates  of  TCE  oxidation  by  all  the  cultures  tested. 
When  pregrown  in  this  mineral  medium,  the  rest- 
ing cells  of  the  pure  culture  Methylomonas  sp. 
MM2  exhibited  second-order  TCE  oxidation  rates 
as  great  as  0.78  L/mg/day,  whereas  when  pre- 
grown in  Whittenbury  lacking  the  chelator,  the 
rates  did  not  exceed  0.018  L/mg/day.  The  rate  of 
TCE  oxidation  by  Methylomonas  sp.  MM2  pre- 
grown in  another  mineral  medium  devoid  of  chela- 
tors   (Fogel)    was    0.26    L/mg/day,    and    adding 
EDTA  to  this  medium  did  not  affect  the  rate. 
Adding  1.6  microM  Cu  to  both  Whittenbury  and 
Fogel    media   reduced    the   TCE   oxidation   rates 
about  an  order  of  magnitude;  subsequent  addition 
of   84    microM    EDTA    partially    alleviated    this 
effect.  The  maximal  rate  for  TCE  oxidation  by 
Methylomonas  sp.  MM2  were  significantly  higher, 
and  the  half  saturation  coefficients  for  TCE  signifi- 
cantly lower,  following  growth  in  the  presence  of 
EDTA.  Stationary  phase  TCE  oxidation  rates  as 
great  as  2.3  L/mg/day  were  achieved  when  Meth- 
ylomonas    sp.     MM2,     grown     in     Whittenbury 
medium,  was  provided  formate  as  reducing  agent. 
Omitting  EDTA  from  Whittenbury  medium  also 
significantly  reduced  the  methane  oxidation  rate 


and  the  growth  yield.  Cu  addition  did  not  signifi- 
cantly affect  the  methane  oxidation  rate  or  growth 
yield.  The  findings  suggest  that  indigenous  meth- 
anotrophs are  capable  of  transforming  TCE  at 
rates  suitable  for  bioremediation  applications 
(Geiger-PTT) 
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REDUCTIVE  DECHLORINATION  OF  DICH- 
LOROPHENOLS  BY  NONADAPTED  AND 
ADAPTED  MICROBIAL  COMMUNITIES  IN 
POND  SEDIMENTS. 

Technology  Applications,  Inc.,  Athens,  GA 
D.  D.  Hale,  J.  E.  Rogers,  and  J.  Wiegel 
Microbial  Ecology  MCBEBU,  Vol.  20,  No   2   d 
185-196,  1990.  3  fig,  3  tab,  21  ref.  '     ' 

Descriptors:  'Biodegradation,  *Fate  of  pollutants, 
Lake  sediments,  'Microbial  degradation,  'Phen- 
ols, Chlorinated  hydrocarbons. 

Fresh  and  dichlorophenol  (DCP)-adapted  sedi- 
ments from  two  ponds  near  Athens,  Georgia  ex- 
hibited distinctly  different  dechlorinating  activities. 
These  differences  centered  on  the  relative  rates  of 
reductive  dechlorination  in  both  fresh  and  adapted 
sediments  and  on  the  substrate  specificity  of  the 
adapted  sediments.  Fresh  Cherokee  Trailer  Park 
Pond  sediment  dechlorinated  2,3-,  2,4-,  and  2,6- 
DCP  to  monochlorophenols  at  a  faster  rate  and 
after  a  shorter  lag  period  than  fresh  Bolton's  Pond 
sediment.  Lag  periods  were  not  observed  in  either 
Cherokee  or  Bolton's  sediments  that  had  been 
adapted  to  dechlorinate  either  2,3-,  2,4-,  or  2,6- 
DCP.  Adapted  Cherokee  sediments  exhibited 
faster  dechlorinating  rates  and  a  broader  substrate 
specificity  than  the  adapted  Bolton's  sediments 
The  broad  substrate  specificity  of  each  of  the 
adapted  Cherokee  sediments  contrasted  sharply 
with  the  narrow  specificity  of  the  2,6-DCP-adapt- 
ed  Bolton's  sediment.  The  preference  for  reductive 
dechlorination  was  ortho  >  meta  or  para  in  sedi- 
ments from  both  ponds.  (Author's  abstract) 
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PHARMACOKINETIC  MODELING  IN 
AQUATIC  ANIMALS:  I.  MODELS  AND  CON- 
CEPTS. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 
Toxicology  and  Chemistry  Research  Lab. 
M.  G.  Barron,  G.  R.  Stehly,  and  W.  L.  Hayton 
Aquatic  Toxicology  AQTODG,  Vol.  18,  No  2   d 
61-86,  1990.  3  fig,  2  tab,  60  ref. 

Descriptors:  'Aquatic  animals,  'Bioaccumulation, 
'Kinetics,  'Mathematical  models,  'Model  studies, 
'Pharmacokinetics,  'Toxicology,  Biotransforma- 
tion, Fate  of  pollutants,  Fish,  Metabolism. 

Pharmacokinetic  modeling  in  aquatic  animals  using 
multicompartmental,     clearance-based,     non-com- 
partmental   and   physiologically-based    pharmaco- 
kinetic models  should  be  considered  as  an  alterna- 
tive to  traditional  approaches,  which  assume  that 
the  animal  acts  as  a  single  homogeneous  compart- 
ment based  on  apparent  monoexponential  elimina- 
tion. Multicompartmental  models  are  a  necessary 
increase  in  complexity  when  elimination  is  biphasic 
or  when  there  is  a  widely  different  distribution 
between  high  perfusion  and  low  perfusion  tissues. 
Alternatives    to    traditional    rate-constant    based 
models  are  clearance-based  compartmental  models, 
which  have  parameters  that  may  be  interpreted  in 
terms  of  the  controlling   physiological   and   bio- 
chemical processes.  Compartmental  models  have 
been  predominantly  applied  in  aquatic  toxicology. 
Non-compartmental  methods  characterize  uptake, 
bioaccumulation,  distribution,  elimination,  and  per- 
sistence without  making  assumptions  about  the  un- 
derlying model  topology.  Development  of  physio- 
logically-based models  is  highly  desirable  because 
they  allow  extrapolation   to  other  species,   body 
sizes  and  environmental  conditions.  (Author's  ab- 
stract) 
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BIOLOGICAL  TRANSFORMATIONS  OF  1,1,1- 
TRICHLOROETHANE  IN  SUBSURFACE 
SOILS  AND  GROUND  WATER. 

Dow  Chemical  Co.,  Midland,  MI.  Health  and  En- 


vironmental Sciences. 

G.  M.  Klecka,  S.  J.  Gonsior,  and  D.  A.  Markham 
^™"m»1fl,      Toxicology       and       Chemistry 
ETOCDK,  Vol.  9,  No.  12,  p  1437-1451,  1990.  6  fig 
2  tab,  44  ref. 

Descriptors:  'Biodegradation,  'Biotransformation, 
Chlorinated   hydrocarbons,    'Fate  of  pollutants 
Groundwater  pollution,  'Soil  contamination,  Al- 
luvial aquifers,  Microbial  degradation. 

1,1,1-Trichloroethane  was  readily  degraded  in 
samples  from  an  alluvial  aquifer  under  both  meth- 
anogenic and  sulfate  reducing  conditions.  No  lag 
period  was  noted  prior  to  disappearance  of  the 
parent  compound.  Products  detected  in  the  reac- 
tion mixtures  included  1,1-dichloroethane,  chlor- 
oethane,  1,1-dichloroethene,  acetic  acid  and  carbon 
dioxide.  No  other  chlorinated  metabolites  were 
detected.  Biological  reductive  dehalogenation  was 
responsible  for  the  metabolism  of  1,1,1-trichlor- 
oethane  to  1,1-dichloroethane  and  to  chloroethane 
Abiotic  transformations  resulted  in  1,1-dichlor- 
oethene and  acetic  acid.  However,  biological 
mechanisms  also  appeared  to  contribute  to  the 
formation  of  acetic  acid,  which  was  subsequently 
mineralized  to  carbon  dioxide.  Pseudo-first-order 
rate  constants  estimated  for  the  biotransformation 
of  1,1,1-trichloroethane  were  in  the  range  of 
0.0034/day  to  0.015/day,  whereas  the  rate  constant 
for  abiotic  degradation  was  approximately  0.0006/ 
day.  Biotransformation  of  the  compound  was  not 
observed  in  aquifer  samples  under  aerobic  or  deni- 
trifying conditions.  (Author's  abstract) 
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PROTEIN-MEDIATED  SELENIUM  BIOMETH- 
YLATION  IN  EVAPORATION  POND  WATER. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 

E.  T.  Thompson-Eagle,  and  W.  T.  Frankenberger. 
Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  12,  p  1453-1462,  1990.  2  fig, 
3  tab,  38  ref.  Federal-State  San  Joaquin  Valley 
Drainage  Program  Contract  No.  7-FC-20-O5110. 

Descriptors:  'Biodegradation,  'Bioremediation 
•Methylation,  'Path  of  pollutants,  'Proteins,  'San 
Joaquin  Valley,  'Selenium,  Agricultural  runoff, 
Evaporation  ponds,  Fate  of  pollutants. 

The  stimulatory  properties  of  proteins  and  their 
components  were  examined  with  respect  to  biolog- 
ical    selenium     dissipation.     Laboratory     studies 
showed  that  Se  biomethylation  is  protein-peptide- 
limited    rather    than    nitrogen-,    amino    acid-,   or 
carbon-limited.  Crude  casein  and  its  components, 
delta,  beta,  and  kappa-caseins  and  peptides  (I  g 
carbon/L  pond  water)  were  equally  stimulatory 
producing  a  >  50-fold  enhancement  in  demethylse- 
lenide  (DMSe)  yield.  Dephosphorylation  of  casein 
resulted  in  a  57%  reduction  in  Se  volatilization. 
Dialysis  studies  indicated  that  the  active  ingredient 
of  casein  is  likely  to  ba  a  peptide  or  peptide  mix- 
ture. Casein  did  not  appear  to  increase  Se  methyla- 
tion through  any  physicochemical  characteristics 
such  as  a  change  in  pH  or  chelation  of  pond  water 
ions.  Alternative  protein  sources  including  cotton- 
seed meal,  cheese  whey  and  yeast  sludge  dramati- 
cally increased  methylation  (29-fold,  300-fold  and 
42-fold,    respectively)   over   unamended   samples, 
with  over  10%  of  the  Se  inventory  converted  into 
DMSe  in  17  days.  A  single  casein  amendment  (0.2 
g  C/L)  to  water  columns  in  the  field  caused  a  38% 
Se  loss  from  the  initial  inventory  of  A  San  Joaquin 
Valley  evaporation  pond  in  142  days.  Under  opti- 
mum conditions,  protein-mediated  deselenification 
of  agricultural  drainage  water  is  a  promising  and 
novel    bioremediation    technique   to   permanently 
remove  Se  on  site.  (Author's  abstract) 
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DIETARY  ACCUMULATION  AND  SUS- 
TAINED HEPATIC  MIXED  FUNCTION  OXI- 
DASE ENZYME  INDUCTION  BY  2,3,4,7,8-PEN- 
TACHLORODIBENZOFURAN  IN  RAINBOW 
TROUT. 

Department  of  Fisheries  and  Oceans,   Winnipeg 
(Manitoba).  Freshwater  Inst. 
For  primary  bibliographic  entry  see  Field  5C. 
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MODELING  TRANSFER  OF  CS137  FALLOUT 
IN  A  LARGE  FINNISH  WATERCOURSE. 

Valtion  Teknillinen  Tutkimuskeskus,  Espoo  (Fin- 
land). Nuclear  Engineering  Lab. 
R.  Korhonen. 

Health  Physics  HLTPAO,  Vol.  59,  No.  4,  p  443- 
454,  October  1990.  8  fig,  6  tab,  10  ref. 

Descriptors:  *Bioaccumulation,  'Cesium  radioiso- 
topes, 'Chernobyl  accident,  'Fallout,  'Finland, 
•Path  of  pollutants,  Lake  Paijanne,  Lakes,  Model 
studies,  Perch,  Pike,  Radioactive  wastes,  Roach. 

Transfer  of  radioactive  cesium  (Csl37)  fallout  de- 
posited onto  the  Kymijoki  drainage  area  after  the 
Chernobyl  accident  was  calculated  using  the  dy- 
namic compartment  model  DETRA.  The  model 
includes  a  fish  model  for  roach,  nonpredatory  and 
predatory  perches,  and  pike.  Fallout  was  assumed 
to  consist  of  a  soluble  and  insoluble  component, 
behaving  differently  in  the  environment.  Model 
predictions  were  compared  with  measured  concen- 
trations. Lake  Paijanne,  the  largest  lake  of  the 
watercourse,  was  studied  most  extensively.  Calcu- 
lated concentrations  in  lake  water  were  consistent 
with  measured  concentrations.  However,  calculat- 
ed concentrations  in  fish  were  lower  than  meas- 
ured concentrations.  To  test  the  model  by  using 
additional  experimental  data,  transfer  of  nuclear 
weapons  testing  fallout  was  also  calculated.  The 
processes  that  cause  the  rather  rapid  removal  of 
Csl37  from  lake  water  need  to  be  studied  further 
using  more  detailed  data.  In  the  long  term,  runoff 
and  resuspension  of  sedimentary  material  were 
considered  to  be  important  in  causing  concentra- 
tions in  lake  water.  (Author's  abstract) 
W91-04749 


BIOTURBATION:  A  FACILITATOR  OF  CON- 
TAMINANT TRANSPORT  IN  BED  SEDIMENT. 

Balsam  Environmental  Consultants,   Inc.,  Salem, 

NH. 

W.  S.  Bosworth,  and  L.  J.  Thibodeaux. 

Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 

p  211-217,  November  1990.  7  fig,   1  tab,  48  ref. 

Descriptors:  'Benthos,  'Bioturbation,  'Path  of 
pollutants,  'Sediment  contamination,  'Spoil  banks, 
'Water  pollution  control,  Benthic  environment, 
Benthic  fauna,  Bottom  sediments,  Sediment-water 
interfaces,  Sediments,  Soil  contamination. 

The  biological  activity  of  benthic  organisms  (bio- 
turbation) in  bed  sediments  can  be  significantly 
more  important  than  physicochemical  processes  in 
the  movement  of  sediment  particles  and  interstitial 
constituents  within  the  sediment  column  and  to  the 
overlying  water.  Bioturbation-driven  transport 
processes  may  be  several  orders  of  magnitude 
more  rapid  than  molecular-driven  processes  for 
some  constituents  (for  example,  particle  reactive 
compounds  like  polychlorinated  biphenyls)  when 
considered  on  a  chemical  pore  water  concentration 
gradient  basis.  Benthic  organisms  affect  particle 
redistribution  and  solute  transport  by  burrowing, 
ingestion/excretion,  tube-building  and  biodeposi- 
tion.  In  most  benthic  environments,  whether  fresh- 
water, estuarine  or  marine,  numbers  of  organisms 
and  rates  of  sediment  turnover  are  highest  in  the 
oxygenated  zone  above  the  redox  boundary,  gener- 
ally the  top  2-5  cm  of  the  sediment  column.  How- 
ever, a  variety  of  organisms  penetrate  deeper  into 
the  sediment  and  may  also  be  important  in  trans- 
port of  both  dissolved  and  particle  reactive  con- 
stituents. When  considering  capping  of  contaminat- 
ed sediment  in  place  or  capping  of  contaminated 
dredge  spoils,  the  effects  of  bioturbation  on  the 
mobility  of  the  contaminants  must  first  be  consid- 
ered before  establishing  engineering  design  criteria. 
Capping  of  contaminated  bed  sediments  or  dredge 
spoils  can  elevate  the  bioturbated  zone  above  the 
contaminated  bed  sediment  and  thus  potentially 
reduce  the  rate  of  contaminant  transport  by  several 
orders  of  magnitude.  (Author's  abstract) 
W9 1-04765 


RADIOACTIVE  FALLOUT  RECONSTRUC- 
TION FROM  CONTEMPORARY  MEASURE- 
MENTS OF  RESERVOIR  SEDIMENTS. 


Department  of  Energy,  New  York.  Environmental 

Measurements  Lab. 

P.  W.  Krey,  M.  Heit,  and  K.  M.  Miller. 

Health  Physics  HLTPAO,  Vol.  59,  No.  5,  p  541- 

554,  November  1990.  7  fig,  5  tab,  22  ref. 

Descriptors:  'Cesium  radioisotopes,  'Fallout, 
'Lake  sediments,  'Radioactivity,  'Sediment  con- 
tamination, 'Water  pollution  sources,  Isotope  stud- 
ies, Nevada  Test  Site,  Nuclear  explosions,  South- 
western United  States,  Watersheds. 

The  reconstruction  of  the  radioactive  fallout  in  the 
Southwestern  U.S.  from  nuclear  tests  conducted  at 
the  Nevada  Test  Site  has  received  considerable 
attention.  The  temporal  history  of  atmospheric 
deposition  to  a  watershed  area  can  be  preserved  in 
the  sediment  of  a  lake  or  reservoir  that  is  supplied 
by  the  watershed.  The  137Cs  and  isotopic  Pu 
concentrations  with  depth  were  determined  in  the 
sediments  of  two  reservoirs,  Enterprise  and  Deer 
Creek,  which  are  located  in  widely  separated  re- 
gions of  the  state  of  Utah.  The  data  not  only 
reconstruct  the  history  of  the  total  radioactive 
fallout  in  the  area,  but  also  permit  estimating  the 
contributions  from  global  sources  and  from  the 
Nevada  Test  Site  detonations  in  the  1950s.  Al- 
though the  two  reservoirs  studied  were  located  in 
widely  different  regions  of  the  state  of  Utah  and 
were  markedly  different  in  their  proximity  to  the 
Nevada  Test  Site,  the  estimate  of  the  Nevada  Test 
Site  137Cs  deposition  and  of  the  integrated  air 
exposure  at  each  watershed  were  about  the  same  at 
around  40  millibequerel/square  cm,  decay  correct- 
ed to  1982  and  .00026  C/kg,  respectively.  These 
results  agree  with  earlier  estimates  of  the  Nevada 
Test  Site  137Cs  fallout  and  integrated  air  exposures 
in  these  areas.  At  the  Enterprise  Reservoir,  results 
agree  with  the  estimated  exposure  calculated  from 
the  postshot  radiation  monitoring  conducted  in  the 
1950s.  In  addition,  there  is  consistent  evidence  that 
239Pu  -I-  240Pu  fallout  is  more  transportable  from 
the  watershed  to  the  reservoir  sediment  than  137Cs 
at  the  two  reservoirs  studied.  (Mertz-PTT) 
W91-04775 


DESORPTION  KINETICS  AND  MOBILITY  OF 
SOME  RADIONUCLIDES  IN  SEDIMENTS. 

Kyoto  Univ.,   Osaka  (Japan).   Research   Reactor 

Inst. 

M.  Fukui. 

Health  Physics  HLTPAO,  Vol.  59,  No.  6,  p  879- 

889,  December  1990.  9  fig,  1  tab,  17  ref. 

Descriptors:  'Coastal  waters,  'Nuclear  power- 
plants,  'Path  of  pollutants,  'Radioactive  wastes, 
•Radioisotopes,  'Sediment  contamination,  'Water 
pollution  sources,  Cesium  radioisotopes,  Coasts, 
Cobalt  radioisotopes,  Manganese  radioisotopes, 
Strontium  radioisotopes,  Zinc  radioisotopes. 

It  is  important  to  predict  the  fate  of  radionuclides 
released  from  nuclear  power  plants  in  coastal  areas 
for  assessing  the  likely  radiation  exposure  doses  to 
the  human  population.  Bottom  sediments  contami- 
nated by  radioactive  trace  metals  may  be  ingested 
by  fish  with  the  prey.  The  desorption  kinetics  of 
five  radionuclides,  85Sr,  137Cs,  60Co,  54Mn,  and 
65Zn,  were  studied  for  several  coastal  sediments,  a 
few  limnetic  sediments,  and  one  subsoil,  using  vari- 
ous aqueous  solutions  for  extraction  in  batch  sys- 
tems. In  a  2-week  desorption  experiment,  >90%  of 
most  radionuclides  sorbed  were  extracted  by  6N- 
HC1,  whereas  in  1N-HC1  about  30%  of  the  137Cs 
was  retained  within  the  sediments  and  soil  due  to 
its  fixation  following  intraparticle  diffusion.  For 
longer  desorption  periods  (6  weeks),  reversible 
sorption  with  sediments  could  be  seen  for  the 
137Cs  compared  with  the  other  four  radionuclides 
in  seawater.  The  EDTA-2Na  solution  extracted 
>70%  of  65Zn,  54Mn,  and  60Co,  and  the  ammoni- 
um oxalate  extracted  >60%  of  54Mn  and  60Co. 
Readily  exchangeable  cations  extracted  by  ammo- 
nium acetate  were  >80%  for  85Sr,  about  50%  for 
137Cs,  and  40%  for  60Co  and  54Mn.  Many  of  the 
distribution  coefficients  for  these  radionuclides  in 
coastal  sediments  obtained  by  desorption  experi- 
ments were  one  order  of  magnitude  or  more  larger 
than  those  obtained  by  the  adsorption  experiments. 
For  85Sr,  larger-than-expected  distribution  coeffi- 
cients were  obtained  in  the  desorption  experiments, 
an  indication  of  the  irreversible  formation  of  metal- 
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oxyhydroxides  during  a  slow  reaction.  Using  batch 
and  column  diffusion  experiments,  it  was  recog- 
nized that  60Co  and  54Mn  are  less  strongly  associ- 
ated with  coastal  sediments  under  suboxic  condi- 
tions, and  their  migration  rates  are  greater  in 
deeper  layers  of  sediment  than  in  the  top  layer,  an 
indication  that  a  single  kinetics  model  is  inappro- 
priate to  forecast  the  behavior  of  radionuclides 
near  sediment  surface  layers.  (Mertz-PTT) 
W9 1-04776 


RADON  IN  THE  HUMAN  BODY  FROM 
DRINKING  WATER. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
T.  A.  Gosink,  M.  Baskaran,  and  D.  F.  Holleman. 
Health  Physics  HLTPAO,  Vol.  59,  No.  6,  p  919- 
924,  December  1990.  1  fig,  2  tab,  22  ref. 

Descriptors:  'Bioaccumulation,  'Drinking  water, 
•Path  of  pollutants,  'Radon,  'Water  pollution 
sources,  Potable  water,  Public  health,  Radioiso- 
topes, Water  pollution. 

Much  attention  has  been  given  recently  to  the 
accumulation  of  222Rn  in  buildings  and  the  result- 
ing potential  health  hazard  from  inhalation  of 
short-lived  daughters  of  Rn.  More  than  half  the 
U.S.  population  obtains  its  water  from  wells.  From 
the  several  hundred  analyses  of  public  wells  the 
average  radon  concentration  is  about  40  bequerel/ 
L.  Several  studies  have  considered  the  water-de- 
rived radiation  in  household  air  delivered  to  the 
lungs  or  to  the  gastrointestinal  tract.  The  direct 
contribution  of  radiation  from  Rn  in  drinking 
water  to  the  entire  body  was  examined.  Radon 
from  drinking  water  may  not  be  rapidly  eliminated 
by  respiration  and  may  remain  in  the  body  for  12 
hours,  depending  on  physical  activity.  The  whole- 
body  dose  directly  from  water  ingestion  is  usually 
less  than  10%  of  the  total  dose  from  Rn  and  its 
short-lived  daughters.  However,  radiation  doses 
due  to  ingestion  of  water  containing  370  bequerel/ 
L  Rn  may  be  a  great  as  50%  of  the  recommended 
limit  for  the  general  population.  This  is  in  addition 
to  the  nearly  1350  microsieverts  annually  delivered 
to  the  lungs  in  an  average  home  from  airborne 
short-lived  Rn  daughters,  of  which  around  20% 
may  be  attributable  to  domestic  water  use  other 
than  drinking.  These  factors  combine  to  yield  80% 
to  90%  of  either  the  1700  microsieverts  recom- 
mended limit  for  the  general  public  or  the  5000 
microsievert/year  recommended  limit  for  individ- 
uals. (Mertz-PTT) 
W9 1-04777 


LEGIONELLA       IN       DUBLIN       HOSPITAL 
WATER  SUPPLIES. 

Mater   Misericordiae   Hospital,   Dublin  (Ireland). 

Dept.  of  Microbiology. 

For  primary  bibliographic  entry  see  Field  5F. 

W91-04778 


ADSORPTION  OF  CHLORDIMEFORM  BY 
HUMIC  SUBSTANCES  FROM  DIFFERENT 
SOILS. 

Instituto  de  Recursos  Naturales  y  Agrobiologia, 

Seville  (Spain). 

C.  Maqueda,  E.  Morillo,  J.  L.  Perez  Rodriguez, 

and  A.  Justo. 

Soil  Science  SOSCAK,  Vol.  150,  No.  1,  p  431-437, 

1990.  6  fig,  2  tab,  12  ref. 

Descriptors:  'Adsorption,  'Chlordimeform, 
'Fulvic  acids,  'Humic  acids,  'Path  of  pollutants, 
•Soil  chemistry,  Cation  exchange,  Functional 
groups,  Pesticides,  Soil  types,  Structure-activity 
relationships. 

The  interaction  of  the  cationic  pesticide  chlordime- 
form with  humic  and  fulvic  acids  from  different 
soils  was  investigated.  The  humic  acids  used  were 
extracted  from  four  soils:  two  classified  as  typic 
Chromoxerert,  one  classified  as  Podsol,  and  one 
classified  as  Andosol.  The  fulvic  acids  used  were 
from  the  Podsol  and  Andosol  soils.  The  mecha- 
nism of  chlordimeform  adsorption  is  essentially  a 
cation  exchange  reaction.  Adsorption  is  influenced 
by  the  origin  of  the  humic  substances  because  of 
the  different  content  in  functional  groups.  Fulvic 
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acids  adsorb  in  lower  proportion  than  humic  acids 
trom  the  same  soil,  despite  the  higher  content  in 
functional  groups.  (Brunone-PTT) 
W9 1-04798 


CONTAMINATION  OF  SOIL  WITH  OILFIELD 

SmINchlAoNr,oeECLAMAT,ON  ™SK 

Agricultural    Research    Service,    Mandan,    ND 
Northern  Great  Plains  Research  Center 

W9ri-04799ry   bibliographic  entrv  see   Field   SO. 


TAMSHUI  RIVER  CLEANUP. 

W91-048^8ry   bibliographic  entry  ««   Fie|d   5D. 


o?-MP,ARISON  OF  CAPILLARY  PRESSURE-- 
?ATURA£ON  RELATIONS  FOR  DRAINAGE 
JNr^.rVOAND  THREE-FLUID  POROUS 
MEDIA. 

Princeton  Univ.,  NJ.  Dept.  of  Civil  Engineering 

and  Operations  Research. 

For  primary  bibliographic  entry  see  Field  2F. 


PARALLEL  COMPUTING  FOR  SOLUTE 
™£5E°RT  MO°ELS  VIA  ALTERNATING 
DIRECTION  COLLOCATION. 

Wyoming  Univ.,  Laramie.  Dept.  of  Mathematics. 

M.  C.  Curran,  and  M.  B.  Allen. 

Advances  in  Water  Resources  AWREDI,  Vol    13 

Ktrar?  S  1990'  5  fig'  15  ref  NSF  «rant  R": 
8010080,  BPA  cooperative  agreement  CR8 13928- 

01-0,  and  ONR  contract  0O14-88-K-O37O. 

Descriptors:  ♦Algorithms,  *Collocation,  'Comput- 
er programs,  'Groundwater  pollution,  •Ground- 
water transport,  'Model  studies,  'Parallel  process- 
ing, Solute  transport,  Alternating-direction  collo- 
cation, Computers,  Dimensional  analysis. 

The  algorithmic  aspects  of  an  alternating-direction 
scheme  for  finite-element  collocation,  especially  as 
implemented  for  the  two-dimensional  advection- 
difiusion  equation   governing  solute  transport  in 
groundwater  were  examined  and  reviewed    The 
purpose   of  the   alternating-direction   collocation 
(ADC)  method  is  to  modify  the  ordinary  two- 
dimensional  collation  procedure  via  an  operator 
splitting.  This  splitting  reduces  the  discrete  prob- 
lem to  one  involving  a  sequence  of  matrix  equa- 
tions, each  of  which  has  the  same  sparse  structure 
as  the  one-dimensional  collocation  system    ADC 
was   implemented   on   an   AUiant   FX/8   parallel 
processing  computer.  The  Alliant  allows  users  to 
control   concurrency   within   a  standard   Fortran 
code  through  the  use  of  compiler  directives.  From 
operation  counts  alone,  it  has  been  clear  for  some 
time  that  ADC  offers  distinct  efficiencies  over 
standard  methods  for  two-dimensional  collocation 
in    a    serial    computing    environment.    With    the 
advent  of  practical  parallel  computers,  ADC  hold 
even  more  promise,  since  the  splitting  scheme  con- 
verts a  fully  two-dimensional  problem  into  a  se- 
quence of 'one-dimensional'  problems  that  are  ame- 
nable to  concurrent  processing.  Similar  observa- 
tions should  hold  for  other  alternating-direction 
methods,    including    techniques    for    multidimen- 
sional  finite-difference  and   Galerkin   approxima- 
tions. (White-Reimer-PTT) 
W9 1-04826 


PARALLEL  LEAST  SQUARES  COLLOCATION 
CONJUGATE  GRADIENT  APPROACH  FOR 
THE  ADVECTION  DIFFUSION  EQUATION 

Princeton  Univ.,  NJ.  Dept.  of  Civil  Engineering 
and  Operations  Research. 
For  primary  bibliographic  entry  see  Field  7C 
W9 1-04832 


TASTE  AND  ODOR  EPISODES  AT  WACHU- 
SETT  RESERVOIR. 

Massachusetts       Water       Resources      Authority 
Boston.  Harbor  Studies  Dept. 
For  primary  bibliographic  entry  see  Field  5F 
W9 1-04840 


KrfSAJ!  STORMWATER:  AN  OVERVIEW  FOR 
MUNICIPALITIES. 

Woodward-Clyde  Consultants,  Oakland  CA 
G.  Boyd,  and  N.  Gardiner. 

Public  Works  PUWOAH,  Vol.  121,  No.  13,  p  39- 
42,  72,  December  1990.  2  tab. 

Descriptors:  'Path  of  pollutants,  'Runoff,  'Storm 
water,  'Urban  hydrology,  'Urban  runoff.  Convey- 
ance structures,  Nutrients,  Pollutant  identification 
Regulations,  Sediments,  Toxic  materials. 

A  general  background  description  of  the  major 
processes  that  lead  to  stormwater-related   water 
quality  problems  is  presented.  During  the  past  20 
years,  the  findings  from  several  major  research  and 
demonstration  programs  have  shown  that  urban 
stormwater  typically  contains  pollutants  that  limit 
its  subsequent  use  as  a  resource  and/or  may  lead  to 
impacts  when  it  is  discharged  to  receiving  waters 
The  increased  recognition  of  the  pollution  poten- 
tial of  urban  stormwater  has  led  to  several  impor- 
tant regulatory  developments,  including  the  fol- 
lowing: (1)  EPA  has  developed  regulations  that 
require  municipalities  and  industries  to  apply  for 
and  obtain  stormwater  discharge  permits  under 
amended  provisions  of  the  National  Pollutant  Dis- 
charge Elimination  System  (NPDES);  and  (2)  sev- 
eral EPA  regional  offices  and  state-level  water 
quality  control  agencies  have  also  initiated  focused 
programs  that   have  required  certain  designated 
municipal  and  industrial  stormwater  dischargers  to 
define  and  describe  their  stormwater  conveyance 
systems,  and  develop  and  implement  practical  pro- 
grams for  controlling  stormwater  quality.  There- 
fore, it  becomes  necessary  to  identify  the  processes 
that  create  polluted  stormwater.  Major  stormwater 
processes  include  atmospheric  scrubbing,  surface 
wash-off,  erosion  and  scour,  chemical  transport 
meteorological  conditions,  and  watershed  charac- 
teristics. The  principal  types  of  pollutants  found  in 
stormwater  are  sediment,  oxygen  demanding  sub- 
stances, nutrients,  toxic  substances,  oil  and  grease 
and  bacteria.  The  general  philosophy  guiding  the 
municipal  stormwater  regulations  is  that  control 
strategies   and   programs   should   be  site-specific 
rather  than  generalized  in  their  approach.  fWhite- 
Reimer-PTT) 
W9 1-04848 


l^DL4NA  WATER  QUALITY,  1988.  MONITOR 
STATION  RECORDS,  RIVERS  AND  STREAMS 

Indiana  Dept.  of  Environmental  Management   In- 
dianapolis. Office  of  Water  Management. 
Indiana   Department   of  Environmental   Manage- 
ment, (1988).  160p,  1  append. 

Descriptors:  'Hydrologic  data  collections,  'Indi- 
ana, Monitoring,  'Surface  water  data,  'Water 
quality,  'Water  quality  data.  Bacteria]  analysis, 
Chemical  properties,  Microbiological  studies 
Physical  properties,  Plankton,  Rivers,  Streams 
Surface  water. 


This  is  the  thirty-first  annual  water  quality  report 
?nciheJna-'or  surface  waters  of  Indiana.  In  April 
1957,  the  Division  of  Sanitary  Engineering,  Indi- 
ana State  Board  of  Health,  established  49  sites  for 
the  biweekly  collection  of  samples  for  physical, 
chemical,  and  bacteriological  analyses,  and  10  of 
the  stations  were  sampled  for  radiological  analyses. 
Various  changes  and  improvements  have  been 
made  since  the  program  was  established  in  1957 
On  April  1,  1986,  the  Indiana  Department  of  Envi- 
ronmental Management  assumed  this  program's 
duties.  The  report  details  the  analyses  conducted 
?oo  I05  stat,ons  that  were  included  in  the  total 
1988  program.  Physical,  chemical,  and  bacteriolog- 
ical analyses  were  made  on  samples  collected  from 
all  105  of  these  stations  and  plankton  analyses  from 
40.  (Lantz-PTT) 
W9 1-04857 


DATA  ON  POLYCHLORINATED  BIPHENYLS 
DIELDRIN,  LEAD,  AND  CADMIUM  IN  WIS-' 
CONSIN  AND  UPPER  MICHIGAN  TRIBUTAR- 
IES TO  GREEN  BAY,  JULY  1987  THROUGH 
APRIL  1988. 

Geological    Survey,    Madison,    WI.    Water    Re- 
sources Div. 
L  B.  House. 


Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225  USGS 
Open-File  Report  89-52,  September  1990.  7p,  1  fie 
3  tab,  2  ref.  "' 

Descriptors:  'Cadmium,  'Green  Bay,  'Heavy 
metals  'Lead,  'Michigan,  'Polychlorinated  bi- 
phenyls,  'Water  pollution  sources,  'Wisconsin 
Tributaries. 

The  U.S.  Geological  Survey  sampled  the  bottom 
sediment  and  water  column  of  1 1  streams  tributary 
to  western  Green  Bay  for  polychlorinated  biphen- 
yls,  lead,  and  cadmium.  Four  of  these  streams  also 
were  sampled  for  dieldrin,  a  pesticide  previously 
used  in  agricultural  areas  of  the  watershed  An 
additional  11  streams  tributary  to  eastern  Green 
Bay  were  sampled  for  dieldrin  in  the  bottom  sedi- 
ment and  storm  runoff.  Samples  were  collected 
from  July  1987  through  April  1988.  The  results  of 
the  sampling  did  not  show  the  presence  of  detecta- 
ble concentrations  of  dieldrin  in  the  sampled  tribu- 
taries. A  low  concentration  of  polychlorinated  bi- 
phenyls  (10  mg/kg)  was  found  in  the  bottom  sedi- 
ment of  Duck  Creek,  a  western-shore  tributary 
near  the  city  of  Green  Bay.  Lead  (10  mgAg)  also 
was  found  in  the  bottom  sediment  of  the  Suamico 
River  near  the  mouth.  Lead  (4  micrograms/L)  was 
detected  in  the  spring-runoff  sample  from  the  Fish- 
(USGS)'Ver'  a  tributary  from  "PP^  Michigan. 
W9 1-04861 


PRELIMINARY  INVESTIGATION  OF  SOIL 
AND  GROUND-WATER  CONTAMINATION 
£7™™  S;.ARMY  PETROLEUM  TRAINING 
l^PlSkJ0*1  LEE.  VIRGINIA,  SEPTEM- 
BER-OCTOBER  1989. 

Geological  Survey,  Richmond,  VA.  Water  Re- 
sources Div. 

W.  G.  Wright,  and  J.  D.  Powell. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225  USGS 
Open-File  Report  90-387,  1990.  28p,  9  fig,  9  tab,  12 

Descriptors:  'Groundwater  pollution,  'Military 
reservations,  'Oil  pollution,  'Virginia,  'Water  pol- 
lution sources,  Monitoring. 


Fuel-oil  constituents  in  the  soil  and  groundwater  at 
the  Fort  Lee  Petroleum  Training  Facility  near 
Petersburg,   Virginia,   were  studied   by  the  US 
Geological  Survey  (USGS)  in  cooperation  with 
the  Department  of  Defense,  U.S.  Army.  The  study 
included  installation  of  25  groundwater  monitoring 
wells  and  description  of  groundwater  flow  patterns 
of  the  shallow-aquifer  system  underlying  the  facili- 
ty. Soil  and  groundwater  samples  were  collected 
to  determine  the  concentrations  of  fuel-oil  constitu- 
ents and  to  determine  the  potential   for  off-site 
migration  of  the  constituents.  Total  petroleum  hy- 
drocarbon  concentrations   up   to    18,400   mg/km 
were  reported  in  soil  samples.  Concentrations  of 
benzene  m  water  from  wells  at  the  facility  were  up 
to  130  micrograms  per  liter  (ug/L),  and  concentra- 
tions of  ethylbenzene  and  xylene  were  up  to  54  and 
120  ug/L,  respectively.  Potential  exists  for  off-site 
migration  of  the  contaminants  and  migration  of 
contaminants  downward  to  deeper  aquifers.  Fur- 
ther investigations  of  these  potential  contamina- 
tion-migration pathways  are  warranted.  Risk  iden- 
tification at  the  Petroleum  Training  Facility  cannot 
be  properly  addressed  because  the  distribution  of 
the  fuel-oil  constituents  has  not  been  fully  charac- 
terized. Preliminary  identification  of  risk,  however 
is  presented  by  an  examination  of  toxicity  data  for 
the  chemical  constituents  reported  in  the  ground- 
water at  the  facility.  Concentrations  of  constituents 
were    compared    to    the    maximum    contaminant 
levels  (MCLs)  for  drinking  water  established  by 
the     U.S.     Environmental     Protection     Agency 
(USEPA).    Concentrations   of  benzene   in   water 
from  wells  at  the  facility  exceed  the  USEPA 's  5 
ug/L  MCL  by  as  much  as  26  times.  Sufficient  data 
are  not  available  to  fully  design  the  remedial-action 
plan  for  the  facility;  however,  general  responses  to 
contamination  of  the  type  associated  with  the  facil- 
ity include  no-action,  monitoring,  institutional  con- 
trols, removal,  and  treatment.  (USGS) 
W9 1-04864 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


TRENDS  AND  COMPARISON  OF  WATER 
QUALITY  AND  BOTTOM  MATERIAL  OF 
NORTHEASTERN  ARKANSAS  STREAMS, 
1974-85,  AND  EFFECTS  OF  PLANNED  DIVER- 
SIONS. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 
J.  C.  Petersen. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  90-4017, 
August  1990.  215p,  5  fig,  140  tab,  71  ref. 

Descriptors:  'Arkansas,  'Water  pollution  sources, 
♦Water  quality,  Diversion,  Seasonal  variation, 
Sediments,  Statistics,  Time  series  analysis. 

Water  quality  of  several  rivers  in  Arkansas  was 
compared  using  median  values  at  individual  water 
quality  stations.  Differences  were  detected  in  sev- 
eral properties,  including  common  dissolved  con- 
stituents, alkalinity,  nutrients,  fecal  coliform  bacte- 
ria, trace  metals,  pesticides,  and  sediment.  In 
bottom  material,  organochlorine  pesticides  were 
detected  much  more  frequently  than  organophos- 
phorus  pesticides  and  were  higher  in  rivers  with 
beds  of  fine-gradient  particles.  Time  trends  were 
examined  using  the  Seasonal  Kendall  test.  Trends 
in  conductance,  sodium  adsorption  ratio,  chloride, 
phosphorus,  and  ammonia  were  usually  not  detect- 
able. Sulfate  concentrations  were  increasing  at  ap- 
proximately one-half  of  the  stations  studied  while 
fecal-coliform  bacteria  concentrations  decreased  at 
approximately  one-half  of  the  stations.  The  most 
potentially  detrimental  effects  upon  water  quality 
resulting  from  surface  water  diversions  were  relat- 
ed to  increases  of  common  dissolved  constituents. 
From  available  data,  the  largest  of  these  increases 
would  be  caused  by  diversion  from  the  Arkansas 
River.  Potential  effects  not  specifically  examined 
include  resuspension  of  bottom  materials  resulting 
from  construction  and  operation  of  the  diversion 
system.  Use  of  some  surface  waters  for  artificial 
recharge  of  the  alluvial  aquifer  may  adversely 
affect  the  recharge  systems  or  the  aquifer.  Possible 
effects  include  plugging  of  the  injection  well  and 
the  aquifer.  (USGS) 
W9 1-04867 

DEGRADATION  OF  ATRAZINE  IN  SOIL 
THROUGH  INDUCED  PHOTOCATALYTIC 
PROCESSES. 

Parma  Univ.  (Italy).  1st.  di  Chimica  Fisica  Apph- 

E.  Pelizzetti,  V.  Carlin,  V.  Maurino,  C.  Minero, 
and  M.  Dolci. 

Soil  Science  SOSCAK,  Vol.  150,  No.  2,  p  523-526, 
1990.  2  fig,  1  tab,  23  ref. 

Descriptors:  *Atrazine,  *Chemical  degradation, 
*Fate  of  pollutants,  'Photolysis,  *Soil  contamina- 
tion, "Trace  metals,  *Triazine  herbicides,  Cataly- 
sis, Herbicides,  Oxides,  Semiconductors,  Soil 
chemistry,  Solar  radiation. 

Photocatalytic  degradation  of  atrazine,  a  s-triazine 
herbicide,  was  observed  in  the  presence  of  semi- 
conductor metal  oxide  particulates  (titanium  oxide, 
zinc  oxide)  suspended  in  aqueous  solution  under 
simulated  sunlight  irradiation.  The  half-life  for  the 
process  is  approximately  5  and  80  minutes  for 
titanium  oxide  and  zinc  oxide,  respectively  (at  an 
initial  atrazine  concentration  of  25  mg/L  with  0.5 
g  of  semiconductor  per  L  and  with  a  photon  flux 
of  .00003  einstein/min,  and  over  a  cell  cross  sec- 
tion of  4  sq.  cm).  The  weak  catalytic  activity  of  the 
soils  (2  g/L)  is  dramatically  increased  by  the  addi- 
tion of  0.5  g  of  the  semiconductor  per  liter.  Half 
lives  are  10  to  40  minutes,  depending  on  the  nature 
of  the  soil.  Small  additions  to  soil  of  semiconductor 
oxides  greatly  increases  the  photodegradation  rate 
of  atrazine  under  simulated  solar  radiation.  Photo- 
catalytic  processes  may  represent  relevant  degra- 
dation pathways  for  agrochemicals.  These  results 
suggest  that  degradation  of  compounds  present  in 
the  soil  may  be  possible  with  the  addition  of  limit- 
ed amounts  of  semiconductor  oxides.  (Brunone- 
PTT) 
W91-04911 


TRIANGULAR  FINITE  VOLUME  APPROACH 
WITH  HIGH-RESOLUTION  UPWIND  TERMS 


FOR  THE  SOLUTION  OF  GROUNDWATER 
TRANSPORT  EQUATIONS. 

California  Univ.,  Los  Angeles.  Dept.  of  Civil  Engi- 
neering. 

M.  Putti,  W.  W.  G  Yeh,  and  W.  A.  Mulder. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  2865-2880,  December  1990.  16  fig,  2  tab, 
20  ref.  NSF  Grant  DMS  88-1 1863,  Naval  Research 
Grant  N0014-86-K-0691. 

Descriptors:  'Groundwater  movement,  'Ground- 
water pollution,  'Mathematical  models,  'Model 
studies,  'Path  of  pollutants,  'Solute  transport, 
Contamination,  Finite  difference  methods,  Finite 
element  method,  Mathematical  analysis,  Statistical 
methods,  Viscosity. 

A  finite  volume  approach  for  the  solution  of  the 
contaminant  transport  equation  in  groundwater  is 
developed  by  defining  a  triangular  control  volume 
over  which  the  dependent  variable  of  the  govern- 
ing equation  is  averaged.  The  solution  combines 
flexibility  in  handling  complex  geometries  intrinsic 
to  finite  element  methods  with  the  simplicity  of 
finite  difference  techniques.  High-resolution 
upwind  schemes  are  employed  for  the  discretiza- 
tion of  the  advective  terms.  The  technique  is  based 
on  the  concept  of  monotone  interpolation  to  ensure 
the  monotonicity  preserving  property  of  the 
scheme,  and  on  the  exact  solution  of  local  Riemann 
problems  at  the  interface  between  neighboring 
control  volumes.  In  this  way,  numerical  oscilla- 
tions are  completely  avoided  for  a  full  range  of  cell 
Peclet  numbers.  Together  with  the  discretization 
of  the  dispersive  fluxes,  an  approximation  is  ob- 
tained that  is  locally  first  order,  but  globally  of 
second-order  accuracy.  As  compared  to  usual 
upwind  schemes,  much  smaller  amounts  of  numeri- 
cal viscosity  are  introduced  when  sharp  concentra- 
tion fronts  occur.  A  number  of  numerical  tests 
show  good  agreement  with  analytical  solutions. 
(Author's  abstract) 
W91-04915 


DISSOLVED  ORGANIC  CARBON  CYCLING  IN 
FORESTED  WATERSHEDS:  A  CARBON  ISO- 
TOPE APPROACH. 

Waterloo  Centre  for  Groundwater  Research  (On- 
tario). 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-04924 


HYDROLOGIC  FLOW  PATH  DEFINITION 
AND  PARTITIONING  OF  SPRING 
MELTWATER. 

Laval  Univ.,  Quebec.  Lab.  d'Hydrologie  Fores- 
tiere. 

C.  P.  Maule,  and  J.  Stein. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  2959-2970,  December  1990.  7  fig,  3  tab, 
31  ref,  append.  Inland  Water  Directorate  of  Envi- 
ronmental Canada,  Quebec  Region  Contract  KA- 
313-6-2115. 

Descriptors:  'Acid  rain,  'Acid  rain  effects, 
'Canada,  'Hydrologic  cycle,  'Path  of  pollutants, 
'Snowmelt,  Environmental  tracers,  Isotope  stud- 
ies, Isotopic  tracers,  Lake  acidification,  Stream 
acidification,  Watersheds. 

More  than  half  of  the  annual  acidic  deposition  to 
Canada's  boreal  forests  is  released  during  spring 
snowmelt.  To  evaluate  the  impact  of  this  acidity 
upon  the  aquatic  environment,  the  sources  and 
hydrologic  pathways  must  be  defined.  Two  envi- 
ronmental tracers,  oxygen- 18  and  silica,  were  used 
to  meet  this  objective  for  spring  snowmelt  at  Lac 
Laflamme.  Stream  water  could  be  partitioned  into 
four  distinct  waters  based  upon  event  and  flow 
path;  however,  similar  division  for  lake  water  was 
not  possible  due  to  inconsistencies  between  tracer 
contents  in  the  lake  water.  In  terms  of  the  major 
source  of  acidity,  snow  meltwater,  stream  water 
had  an  average  meltwater  content  of  70%  while 
near-shore  lake  water  ranged  from  greater  than 
70%  at  spring  melt  commencement  to  less  than 
45%  at  the  end.  These  high  amounts  of  meltwater 
represent  a  severe  hazard  for  the  potential  occur- 
rence of  'acid  shock'  of  nearshore  spawning 
grounds.  (Author's  abstract) 
W91-04925 


IDENTIFIABILITY  OF  CONCEPTUAL  HY- 
DROCHEMICAL  MODELS. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Dept.  of  Civil  Engineering. 
F.  M.  Kleissen,  M.  B.  Beck,  and  H.  S.  Wheater. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  2979-2992,  December  1990.  9  fig,  2  tab, 
46  ref. 

Descriptors:  'Acid  rain,  'Flow  models,  'Hydro- 
logic  models,  'Model  studies,  'Parameter  estima- 
tion, 'Path  of  pollutants,  'Water  chemistry,  Flow 
pattern,  Identifiability,  Steady  state,  Stochastic 
models,  Tracer  studies,  Uncertainty,  Watersheds. 

Estimating  a  uniquely  best  set  of  values  for  the 
parameters  of  conceptual  hydrological  models  has 
long  been  a  problem  of  considerable  concern. 
More  recent  interest  in  using  these  models  to  deter- 
mine the  flow  paths  of  water  passing  through 
catchments  experiencing  acidification  has  sharp- 
ened the  focus  of  such  concern  on  the  role  of 
tracer  observations  in  model  and  parameter  identi- 
fiability. Working  with  relatively  simple  linear  and 
nonlinear  two-store  models,  the  deterministic  anal- 
ysis involves  merely  algebraic  manipulation  of  the 
model's  steady  state  description.  While  this  form  of 
analysis  is  of  limited  applicability  (even  with  the 
assistance  of  computer  algebra),  the  availability  of 
tracer  observations  enhances  model  identifiability 
in  all  the  cases  examined.  More  complex  model 
structures,  and  the  effects  of  model  and  observa- 
tion uncertainty,  can  be  explored  within  a  stochas- 
tic framework  based  on  filtering  theory.  The  avail- 
ability of  two  tracer  signals  does  not  necessarily 
improve  identifiability  beyond  what  is  possible 
with  just  a  single  tracer  measurement.  A  basis 
exists  for  the  cross-referencing  of  identifiability 
results  between  the  deterministic  and  stochastic 
frameworks.  (Author's  abstract) 
W9 1-04927 


GROUNDWATER  AND  WETLAND  CONTRI- 
BUTIONS TO  STREAM  ACIDIFICATION:  AN 
ISOTOPIC  ANALYSIS. 

Trent  Univ.,  Peterborough  (Ontario).  Watershed 

Ecosystems  Program. 

C.  Wels,  R.  J.  Cornett,  and  B.  D.  LaZerte. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  12,  p  2993-3003,  December  1990.  8  fig,  7  tab, 

45  ref. 

Descriptors:  'Acid  rain,  'Acidification,  'Geo- 
chemistry, 'Groundwater,  'Isotope  studies, 
'Streams,  'Water  pollution  sources,  'Wetlands, 
Canada,  Hydrogen  ion  concentration,  Hydro- 
graphs,  Precambrian  Shield,  Residence  time, 
Runoff. 

Stream  water  pH  may  be  influenced  by  the  flow 
paths  and  the  residence  time  of  water  that  contrib- 
utes to  streamflow,  when  these  hydrologic  factors 
interact  with  the  biogeochemical  processes  that 
neutralize  hydrogen  ions  in  the  catchment.  Meas- 
ures of  the  volumes  of  groundwater  contributing 
to  streamflow,  the  groundwater  residence  times, 
and  the  sources  of  stream  water  acidity  found 
during  spring  runoff  in  three  basins  on  the  Canadi- 
an Shield  are  given.  Isotopic  hydrograph  separa- 
tions were  used  to  estimate  the  relative  contribu- 
tions of  groundwater  to  spring  runoff.  The  contri- 
butions of  old  (premelt)  groundwater  to  spring 
runoff  were  greater  (60%)  in  a  well-buffered, 
third-order  basin  than  in  a  more  acidic  first-order 
basin  (49%).  Using  a  simple  mixing  model,  a  larger 
groundwater  reservoir  (420  mm  unit  depth)  and 
longer  residence  time  (162  days)  were  estimated  in 
the  third-order  basin.  The  lowest  stream  pH  (4.8) 
was  observed  in  a  second-order  basin  with  a  wet- 
land that  collects  drainage  from  about  79%  of  the 
basin.  In  this  basin,  the  principal  source  of  hydro- 
gen ions  was  the  conifer-sphagnum  wetland.  The 
hypotheses  that  the  pH  of  these  streams  was  pro- 
portional to  a  fraction  of  streamflow  contributed 
by  groundwater  or  the  residence  time  of  water  in  a 
basin  are  rejected.  More  attention  must  be  focused 
upon  the  source  of  acidity  generated  in  wetlands, 
since  these  are  ubiquitous  in  small  basins.  (Author's 
abstract) 
W9 1-04928 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C— Effects  Of  Pollution 


5C.  Effects  Of  Pollution 


SUCCESSIVE  APPEARANCE  OF  SUBFOSSIL 

PHYTOPLANKTON  SPECIES  IN  HOLOCENE 

SEDIMENTS  OF  THE  NORTHERN  ADRIATIC 

AND  ITS   RELATION   TO  THE   INCREASED 

EUTROPHICATION  PRESSURE. 

Institut    Rudjer    Boskovic,    Rovinj    (Yugoslavia). 

Centar  za  Istrazivanje  Mora. 

For  primary  bibliographic  entry  see  Field  2L. 

W9 1-03983 


GRANITE  WEATHERING  AND  THE  SENSI- 
TIVITY OF  ALPINE  LAKES  TO  ACID  DEPOSI- 
TION. 

For  primary  bibliographic  entry  see  Field  2H 
W9 1-03998 


INDIRECT  EFFECTS  OF  AN  OIL  SPILL:  RE- 
PRODUCTIVE FAILURE  IN  A  POPULATION 
OF  SOUTH  POLAR  SKUAS  FOLLOWING  THE 
'BAHIA  PARAISO*  OIL  SPILL  IN  ANTARCTI- 
CA. 

California  Univ.,   Irvine.   Dept.  of  Ecology  and 
Evolutionary  Biology. 
Z.  A.  Eppley,  and  M.  A.  Rubega. 
Marine  Ecology  Progress  Series  MESEDT,  Vol 
67,  No.  1,  p  1-6,  September  20,  1990.  2  fig,  1  tab,  34 
ref.  NSF  Grant  DPP87 16005. 

Descriptors:  *Animal  physiology,  *Antarctica, 
•Behavior,  'Marine  pollution,  *Oil  spills,  'Popula- 
tion dynamics,  'Reproductive  failure,  *Skuas, 
•Water  birds,  *Water  pollution  effects,  Animai 
growth,  Ecosystems,  Fouling,  Poisoning,  Preda- 
tion,  Temporal  distribution,  Toxicity. 

Oil  spills  may  have  diverse  negative  impacts  on 
organisms,  exerting  direct  effects  (such  as  fouling 
or  poisoning)  or  indirect  effects  (by  influencing  a 
species'  predator  or  prey).  A  complete  reproduc- 
tive failure  was  reported  in  a  population  of  seabirds 
as  an  indirect  result  of  the  'Bahia  Paraiso'  oil  spill 
near  Palmer  Station  in  Antarctica.  Mortality 
among  nestling  South  Polar  skuas  was  highly  com- 
pressed in  time  and  coincident  with  the  spill. 
Adults  were  observed  to  forage  in  oil  slicks  and 
became  fouled,  but  there  was  no  transfer  of  oil  to 
eggs  or  chicks.  Young  showed  no  evidence  of 
toxicity  (low  growth  rates  or  hemorrhagic  gas- 
troenteritis) and  adult  mortality  was  minimal.  In- 
stances of  parental  neglect  increased  ten-fold  after 
the  spill  and  undefended  chicks  were  attacked  by 
neighboring  skuas.  Exposure  to  oil  appeared  to 
cause  a  short-term  disruption  of  normal  parental 
attendance  behavior  which  exposed  young  to  fatal 
interspecific  aggression.  This  example  emphasizes 
that  behavior  and  ecological  interactions  play 
major  roles  in  determining  the  effects  of  oil  on 
species.  While  these  factors  may  be  understood 
post  hoc,  correctly  predicting  the  effects  of  envi- 
ronmental perturbations  on  species  is  a  formidable 
task.  (Author's  abstract) 
W91-04001 


CONTINUING  IMPORTANCE  OF  NITRATE 
CONTAMINATION  OF  GROUNDWATER  AND 
WELLS  IN  RURAL  AREAS. 

Colorado  Dept.  of  Health,  Denver.  Disease  Con- 
trol and  Epidemiology  Div. 
For  primary  bibliographic  entry  see  Field  5B 
W9I-04003 


CALIFORNIA'S  PROPOSITION  65:  EXTRAPO- 
LATING ANIMAL  TOXICITY  TO  HUMANS. 

California  Univ.,  Davis.  Dept.  of  Environmental 

Toxicology. 

For  primary  bibliographic  entry  see  Field  6E. 

W9 1-04008 


PERSISTENT  POLLUTANTS  IN  FISH-EATING 
SEA  BIRDS-BIOACCUMULATION,  METABO- 
LISM, AND  EFFECTS. 

Reading  Univ.  (England).  Dept.  of  Physiology  and 

Biochemistry. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04011 


CYTOPATHOLOGICAL  INVESTIGATIONS  OF 
DIGESTIVE  TRACT  AND  STORAGE  CELLS  IN 
DAPHNIA  MAGNA  EXPOSED  TO  CADMIUM 
AND  TRIBUTYLTIN. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Group  for  Aquatic  Toxicology. 

C.  W.  M.  Bodar,  E.  G.  van  Donselaar,  and  H.  J. 

Herwig. 

Aquatic  Toxicology  AQTODG,  Vol.  17,  No  4,  p 

325-338,  October  1990.  8  fig,  1  tab,  33  ref. 

Descriptors:  'Animal  pathology,  'Antifoulants, 
•Cadmium,  *Cytology,  'Digestion,  'Organotin 
compounds,  'Tributyltin,  'Water  pollution  effects, 
'Waterfleas,  Aquatic  animals,  Behavior,  Food  col- 
lection, Glycogen,  Histology,  Metabolism,  Repro- 
duction, Ultrastructure. 

Histopathological  effects  on  the  ultrastructural  or- 
ganization of  digestive  tract  and  storage  cells  of 
Daphnia  magna  were  examined  after  a  7-day  expo- 
sure to  cadmium  or  tributyltin  chloride.  No  dis- 
tinct cytological  changes  were  noted  in  the  tissues 
of  Daphnia  magna  exposed  to  10  microg  cadmi- 
um/L.  In  animals  exposed  to  20  microg  cadmium/ 
L,  however,  there  was  a  slight  decline  in  the 
glycogen  content  of  the  storage  cells  and  some 
structural  changes  in  the  mitochondria  of  these 
cells.  By  contrast,  in  daphnids  exposed  to  1  or  5 
microg  tributyltin  chloride/L  the  ultrastructural 
integrity  of  storage  cells  appeared  to  be  seriously 
affected.  In  addition,  conspicuous  lipid  accumula- 
tions were  observed  in  posterior  gut  epithelium 
and  in  a  specific  hemolymphatic  cell-type  of  tribu- 
tyltin chloride-exposed  Daphnia  magna.  The  re- 
sults reflect  functional  impairments  in  swimming 
behavior,  food  collecting  apparatus,  and  storage 
cells.  Previous  studies  have  noted  impairments  in 
reproductive  output,  but  no  conclusive  explanation 
can  be  given,  other  than  a  reduction  of  available 
resources  in  relation  with  an  impaired  food  uptake. 
(Author's  abstract) 
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ECDYSTEROIDS  IN  DAPHNIA  MAGNA- 
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The  role  of  ecdysteroids  in  molting  and  reproduc- 
tion of  Daphnia  magna  was  examined  as  to  wheth- 
er changes  in  the  hormone  levels  could  cause 
disturbances  in  these  processes.  Six  concentrations 
of  ecdysone  and  20-hydroxyecdysone,  ranging 
from  .00000001  M  to  .000001  M,  were  adminis- 
tered to  daphnids  exogenously.  Treatment  with 
high  concentrations  of  both  ecdysteroids  resulted 
in  unsuccessful  exuviations  and  a  decline  in  the 
number  of  progeny  per  female.  The  size  of  the 
neonates,  however,  appeared  to  be  unaffected.  20- 
Hydroxyecdysone  was  demonstrated  to  be  more 
effective  than  ecdysone.  The  presence  of  ecdyster- 
oids in  whole-body  extracts  of  adult  females  was 
demonstrated  using  an  enzyme  immunoassay.  Ad- 
ditionally, ecdysteroid  concentrations  in  daphnids 
were  found  to  be  affected  by  cadmium  exposure  at 
concentrations  of  5.0,  10.0,  and  20.0  microg/L. 
Changed  ecdysteroid  concentrations  could  have 
caused  the  molting  impairments  in  cadmium-ex- 
posed daphnids.  There  was  no  indication  that  the 
endocrine  response  of  Daphnia  magna  to  cadmium 
exposure  was  also  responsible  for  the  cadmium- 
induced  decline  in  neonate  size.  (Author's  abstract) 
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Isolated  abdominal  frog  skin,  when  mounted  on  an 
in  vitro  chamber  actively  transports  sodium  from 
the  pond-side  bathing  solution  to  the  serosal-side. 
Net  transport  of  sodium  is  accomplished  by  the 
differential  permeabilities  of  the  pond-side  mem- 
brane and  the  basolateral  membrane,  resulting  in 
no  net  potassium  transport  and  a  measurable  net 
sodium  transport  towards  the  basolateral  side  of 
the  skin.  Naphthalene,  a  polycyclic  aromatic  hy- 
drocarbon, occurs  in  oil  by-products  and  in  crude 
oil.  Naphthalene  and  similar  compounds  have  been 
identified  as  acutely  toxic  petroleum  products. 
Naphthalene  has  been  shown  to  modify  sodium/ 
potassium  ATPase  of  aquatic  invertebrates  and 
inhibit  mitochondrial  respiration.  An  initial  1  mg/ 
L  dose  of  naphthalene  caused  a  drop  in  the  internal 
skin  circuit  (ISC),  and  subsequent  applications  of 
naphthalene  evinced  more  predictable  responses 
Naphthalene  has  an  EC50  at  30  min  after  applica- 
tion of  4.4  mg/L,  determined  from  eleven  frogs. 
Naphthalene  had  no  effect  when  administered  to 
the  blood  side  of  the  frog  skin.  The  ISC  increased 
corresponding  to  an  increase  in  sodium  transport. 
The  mode  of  action  in  these  experiments  was  prob- 
ably on  the  entry  of  sodium  into  the  cell.  (Brun- 
one-PTT) 
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During  an  oil  spill,  contingency  arrangements  are 
made  to  limit  environmental  damage.  One  method 
is  the  use  of  chemical  dispersants  which  break  up 
the  oil  slick  into  oil  and  water  emulsions.  Some  of 
these    dispersants    have    been    shown    to    cause 
damage  to  the  respiratory  epithelium  of  fish  gills. 
In  order  to  estimate  the  environmental  impact  of 
oil  spillage  and  of  chemicals  used  in  cleanup  oper- 
ations,  the  toxicities  of  crude  oil  and  chemical 
dispersants  alone  and  in  combination  were  investi- 
gated. Asabo  16c  crude  oil  and  the  chemical  dis- 
persants Teepol  and  Conco-k  were  tested  using 
fish  of  the  genera  Clarias  and  Barbus.  The  LC50 
was  estimated  by  graphical  interpolation  and  an 
approximate  nomographic  method.  The  calculated 
crude  oil  LC50  was  21.5,  16.5,  and  8.6  ml/L  for  24, 
48,  and  96  hour  test  periods,  respectively.  Conco-k 
had  LC50s  of  11.5,  7.6,  5.7  ml/L  and  Teepol  had 
LC50s  of  7.8,  6.0,  and  5.9  ml/L  for  the  same  test 
periods.  Combinations  of  crude  oil  and  oil  dispers- 
ant  were  more  toxic  than  each  chemical  alone. 
Therefore,  the  use  of  an  oil  dispersant  in  the  event 
of  an  oil  spill  calls  for  caution  and  evaluation  of  the 
impact  on  the  fauna  in  the  area.  (Biainone-PTT) 
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Acetylcholine,  Agricultural  chemicals,  Animal  pa- 
thology, Bioassay,  Embryonic  growth  stage, 
Lethal  limit,  Marine  pollution. 

Organophosphates  and  carbamates  are  extensively 
used  pesticides,  both  in  agriculture  and  in  domestic 
pest  control.  Increasing  attention  is  being  paid  to 
their  effects  on  non-target  marine  organisms.  This 
study  investigated  the  effects  of  two  intensively 
used  pesticides  ethyl-parathion  (DNTP)  and  car- 
baryl  (CARB),  on  early  developmental  stages  of 
the  sea  urchin  Pseudechinus  magellanicus,  and  at- 
tempted to  improve  laboratory  manipulation  of  sea 
urchins  to  avoid  developmental  abnormalities 
which  might  interfere  with  the  evaluation  of  toxic 
effects  of  xenobiotics.  The  effects  of  the  pesticides 
on  early  development  of  the  sea  urchin  were  exam- 
ined in  the  following  stages:  blastula,  gastrula, 
prism  and  pluteus.  Assay  concentrations  were  18, 
32,  56,  100  and  180  microg/L  for  both  pesticides. 
The  pesticides  were  extremely  toxic  during  early 
developmental  stages,  with  EC50  values  ranging 
from  157  microg/L  to  2.8  microg/L.  In  DNTP, 
the  EC50  values  at  the  blastula  and  gastrula  stages 
are  similar,  while  at  the  prism  stage  the  EC50  is 
significantly  lower.  This  increase  in  DNTP  toxici- 
ty could  be  attributed  to  a  greater  penetration  and 
to  the  mode  of  action  of  the  pesticide.  DNTP 
produces  an  accumulation  of  acetylcholine,  which 
impairs  the  development  of  sea  urchin  embryos  by 
inhibition  of  cellular  division  and  morphogenesis. 
In  CARB,  the  developmental  stages  with  active 
cleavage  and  cellular  mobilization  (blastula  and 
gastrula)  were  more  sensitive  than  the  prism  and 
pluteus  stages.  The  decrease  in  toxicity  after  gas- 
trulation  could  be  attributed  to  an  increase  in  de- 
toxification processes  by  the  cytochrome  oxidase 
system.  (Brunone-PTT) 
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The  contamination  of  water  resources  by  pesti- 
cides may  affect  nontarget  aquatic  organisms  in- 
cluding fish.  Any  change  in  the  environment  may 
adversely  affect  reproductive  physiology.  Compar- 
ative histopathological  effects  of  three  pesticides 
(carbofuran,  endosulfan,  and  methyl  parathion) 
were  examined  in  the  ovaries  of  a  carp  minnow 
Rasbora  daniconius.  Groups  of  about  50  fish  were 
exposed  to  sublethal  doses  of  0.001  mg/L  endosul- 
fan, 0.1  mg/L  carbofuran,  and  0.1  mg/L  methyl 
parathion  for  75  days.  T-tests  were  used  to  find 
statistical  relationships  between  treated  and  control 
groups.  The  exposure  of  fish  to  endosulfan,  carbo- 
furan, and  methyl  parathion  produced  several  dele- 
terious effects:  peritoneal  linings  were  severely 
damaged  on  prolonged  exposure  to  methyl  parath- 
ion; necrosis  and  fibrosis  in  connective  tissue  was 
seen  in  all  three  treatments,  as  was  dilation  of 
blood  vessels.  Diameters  of  oocytes  decreased  with 
progressive  duration  of  the  exposure  as  compared 
with  controls,  and  oocyte  walls  often  ruptured. 
Cortical  alveoli  and  yolk  globules  disintegrated  in 
mature  oocytes.  (Brunone-PTT) 
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Chlorpyrifos,  a  widely  used  multipurpose  organo- 
phosphate  insecticide,  was  tested  on  the  kidney  of 
a  freshwater  catfish,  Heteropneustes  fossilis.  One 
group  of  40  fish  was  exposed  to  chlorpyrifos  at  a 
concentration  of  2  mg/L;  another  served  as  the 
control.  No  marked  histological  changes  were 
noted  up  to  48  hours,  but  after  72  hours,  the 
glomeruli  are  shrunken  and  the  blood  cells  in  glo- 
merular tuft  become  vacuolated.  After  96  hours, 
these  changes  are  exaggerated  and  necrosis  is  seen. 
This  necrosis  has  been  noted  in  other  fish  after 
exposure  to  pollutants.  (Brunone-PTT) 
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Large  amounts  of  heavy  metals  are  discharged 
along  with  other  toxic  chemicals  into  industrial 
wastewater.  The  toxicities  of  nickel  and  other 
components  in  the  nickel  electroplating  water  on 
the  growth  of  Chlorella  pyrenoidosa,  an  important 
primary  producer  in  small  ponds  in  Hong  Kong  is 
investigated  to  evaluate  the  effects  of  nickel  elec- 
troplating water  on  different  trophic  components 
of  the  food  chains  in  small  aquatic  ecosystems. 
Five  ml  aliquots  of  algal  cells  from  a  late  log  phase 
culture  were  inoculated  into  solution  containing  1 , 
2,  4,  8,  16,  or  20  mg/L  of  nickel  from  electroplat- 
ing water  (EW),  various  concentrations  of  boric 
acid  (0.1,  0.2,  0.4,  0.8,  or  1.6  mg/L)  and  controls. 
Results  indicate  that  growth  rate  was  as  sensitive 
as  area  under  the  growth  curve  for  the  detection  of 
toxic  effects  of  nickel  to  Chlorella  pyrenoidosa. 
Toxicity  of  nickel  was  apparently  higher  in  EW 
than  in  nickel  sulfate  (NS)  or  nickel  chloride  (NC). 
The  presence  of  4  mg/L  of  nickel  from  EW  signifi- 
cantly inhibits  the  growth  of  the  alga,  while  4  mg/ 
L  from  NS  or  NC  showed  no  inhibitory  effect  on 
the  algal  growth.  Higher  inhibition  of  algal  growth 
was  observed  in  the  presence  of  0.4  mg/L  or 
higher  concentrations  of  boron  ion.  The  presence 
of  increasing  concentrations  of  boron  ion  was  the 
summation  of  the  toxicity  of  boron  ion  and  nickel 
ion.  Individual  or  joint  effects  of  individual  compo- 
nents in  electroplating  wastewater  should  be  deter- 
mined in  order  to  evaluate  the  hazard  of  electro- 
plating wastewater  to  living  organisms  in  the  eco- 
system. (Brunone-PTT) 
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The  toxic  potential  of  sublethal  concentrations  of 
sodium  fluoride  on  acetylcholinesterase  (AchE)  ac- 
tivity in  various  tissues  and  on  time-course  alter- 
ations in  whole  animal  oxygen  uptake  in  a  freshwa- 
ter field  crab,  Barytelphusa  guerini  were  evaluated. 
To  determine  the  LC50,  animals  were  exposed  to 
six  serial  concentrations  of  sodium  fluoride.  Leg 
muscle,  hepatopancreas,  heart,  gill,  and  thoracic 
ganglion  tissues  were  isolated  after  the  experiment 
for  analysis  of  AchE  activity.  Oxygen  consump- 
tion of  the  crabs  was  measured  and  expressed  as  ml 
of  oxygen  per  gram  weight  per  hour.  Students  t- 
test  was  used  to  compare  the  differences  between 
control  and  experimental  groups.  Oxygen  con- 
sumption showed  an  initial  increase,  followed  by  a 
gradual  respiratory  rate  depression  over  a  pro- 
longed exposure  period.  This  result  may  occur 
because  of  the  fluoride  stress,  and  its  effect  on 
cellular  energetics.  AchE  activity  increased  on  the 
fourth  day,  also  possibly  attributable  to  fluoride 
stress.  AchE  activity  was  significantly  inhibited  in 
all  tissues  on  the  fifteenth  day  of  exposure.  The 
deviation  in  the  response  in  the  initial  period  needs 
further  investigation  on  the  availability  of  the  ATP 
reserves  as  these  are  essential  for  maintaining  neur- 
onal activity.  (Brunone-PTT) 
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Mercury  presents  potential  hazards,  even  at  low 
concentrations,  due  to  enrichment  in  the  food 
chain  mainly  through  aquatic  systems.  A  range  of 
concentrations  of  mercury  chloride,  mercury  di- 
chloride  and  mercury  oxide  (.01  M,  .001  M,  .0001 
M,  .00001  M,  and  .000001  M)  was  selected  for 
studying  cytological  effects  on  the  primary  root 
meristem  of  the  onion,  Allium  cepa.  Approximate- 
ly 1000  cells  from  at  least  6  meristems  from  3 
replicates  were  screened  for  mitotic  indices.  The 
mean  percentages  of  aberrant  cells  were  graphed 
and  the  aberrations  documented  with  photomicro- 
graphs. After  thirty  minutes  treatment,  the  mercu- 
ry-treated tissues  showed  a  much  lower  mitotic 
index  than  the  controls,  indicating  that  the  chemi- 
cals were  mitodepressant.  When  the  treatment  time 
was  increased  and  the  concentrations  decreased, 
the  mitotic  index  increased  inversely.  Among  the 
different  treatment  times,  the  toxicity  ranged  from 
30  minutes  to  6  hours.  All  three  mercuric  com- 
pounds were  clastogens  and  produced  a  high  rate 
of  chromosomal  breakage.  Various  cytological  ab- 
normalities from  these  water  pollutants  produce 
deleterious  effects  on  living  cells.  (Brunone-PTT) 
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Data  on  individual  species  were  used  to  determine 
the  possible  adverse  effects  of  saline  wastewater 
discharges  on  aquatic  ecosystems  in  Australia,  in 
particular,  lowland  rivers  and  streams  and  wet- 
lands. In  these  freshwater  systems,  the  macroinver- 
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tebrates  and  plants  (riparian  vegetation,  macro- 
phytes,  and  micro-algae)  were  considered  to  be  the 
most  salt  sensitive  biological  communities,  with 
direct  adverse  biological  effects  likely  to  occur 
when  salinity  is  increased  to  around  1000  mg/L 
More  subtle  sub-lethal  and  indirect  effects  possibly 
occur  at  salinities  below  this  level,  however  the 
scientific  data  are  not  presently  available  to  assess 
the  extent  that  this  might  occur.  To  compensate 
tor  these  uncertainties,  detailed  biological  studies 
should  be  undertaken  in  all  cases  where  salinity 
control  measures  are  proposed  that  could  lead  to 
increased  salinity  in  a  receiving  river,  stream  or 
wetland.  These  should  include  pre-release  studies 
as  well  as  post-release  studies.  Post-release  studies 
should  involve  long-term  biological  monitoring  of 
the  system  to  ensure  that  subtle  changes  to  the 
ecosystem  are  not  occurring  over  an  extended  time 
period.  (Geiger-PTT) 
W9 1-04040 


TRACE  NUTRIENT  DEFICIENCY  IN  DAPH- 
w™.MAGNA  CULTURED  IN  STANDARD 
MEDIUM  FOR  TOXICITY  TESTING:  EFFECTS 
OF  THE  OPTIMIZATION  OF  CULTURE  CON- 
DITIONS  ON  LIFE  HISTORY  PARAMETERS 
OF  D.  MAGNA. 

Heidelberg  Univ.  (Germany,  F.R.).  Dept.  of  Zool- 
ogy 1. 

For  primary  bibliographic  entry  see  Field  5A. 
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INFLUENCE  OF  WATER  COMPOSITION  ON 
THE  CHRONIC  TOXICITY  OF  3,4-DICHLOR- 
OANILINE  TO  DAPHNIA  MAGNA. 

Heidelberg  Univ.  (Germany,  F.R.).  Dept.  of  Zool- 
ogy 1. 

B.  P.  Elendt. 

Water  Research  WATRAG,  Vol.  24,  No  9  p 
1169-1172,  September  1990.  2  tab,  15  ref.  Federal 
Environmental  Agency,  Research  and  Develop- 
ment Project  106-03-072. 

Descriptors:  'Bioindicators,  'Chlorinated  hydro- 
carbons, 'Chronic  toxicity,  ♦Daphnia,  'Growth 
media,  'Laboratory  methods,  'Water  pollution  ef- 
fects, Culturing  techniques,  Testing  procedures 
Trace  elements,  Water  analysis. 

The  influence  of  the  composition  of  two  synthetic 
media  on  the  sensitivity  of  daphnia  magna  to  3  4- 
dichloroaniline  (3,4-DCA)  was  tested  in  parallel. 
The  two  media  differed  in  their  content  of  trace 
elements.  Medium  M6  had  only  one-tenth  of  the 
trace  element  content  of  medium  M4.  The  two 
media  yielded  similar  results.  The  no  observed 
effect  concentrations  (NOECs)  for  the  reproduc- 
tion of  live  neonates,  the  most  sensitive  indicator  of 
toxicant  stress,  were  6  micrograms/L  3,4-DCA. 
The  development  of  parthenogenetic  eggs  and  em- 
bryos was  affected  by  the  toxicant  at  concentra- 
tions >  or  =  12  micrograms/L.  It  may  be  con- 
cluded that  the  trace  element  content  of  medium 
M4  does  not  exert  a  stress  on  Daphnia,  which 
could  in  turn  influence  the  toxicity  of  3,4-DCA. 
The  results  are  in  line  with  earlier  experiments 
using  similar  experimental  conditions.  This  reflects 
a  good  reproducibility  of  results  of  chronic  toxicity 
tests  in  a  synthetic  medium.   (Author's  abstract) 


Quantitative  studies  to  correlate  fish  LC50  data  to 
physical-chemical  properties  indicate  that  LC50 
values  of  reactive  chemicals  depend  on  hydropho- 
bicity  as  well  as  chemical  reactivity.  Direct  elec- 
trophihc  chemical  reactions  can  be  classified  as 
acylation  reactions,  reactions  with  isocyanates  re- 
actions with  carbonyl  compounds,  alkylation  and 
arylation  of  sulfhydryl  (SH)  groups,  SH  reactions 
with  organometallic  compounds  and  their  deriva- 
tive organic  compounds,  and  other  miscellaneous 
reactions  with  SH  groups.  This  classification  might 
be  useful  to  identify  chemicals  that  are  more  effec- 
tive at  lower  concentrations  than  unreactive  com- 
pounds. Chemicals  that  require  bioactivation  are 
n°l  .mcluded  because  no  information  is  available  on 
the  influence  of  bioactivation  on  acute  toxic  effects 
in  aquatic  organisms.  (Fleishman-PTT) 
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ELECTROPHILES  AND  ACUTE  TOXICITY  TO 
FISH. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Inst,  of  Toxicology. 

J.  L.  M.  Hermens. 

Environmental    Health    Perspectives    EVHPAZ 

Vol.  87,  p  219-225,  July  1990.  4  tab,  32  ref. 

Descriptors:  'Acute  toxicity,  'Electrophilic  com- 
pounds, 'Fish,  'Toxicology,  'Water  pollution  ef- 
fects, Chemical  reactions,  Hydrophobic  com- 
pounds. Lethal  limit,  Physicochemical  properties, 
Structure-activity  relationships. 

Effective  concentrations  in  fish  LC50  tests  with 
directly-acting  electrophiles  are  lower  than  those 
of  unreactive  chemicals  that  act  by  narcosis.  LC50 
values  of  more  hydrophobic  reactive  chemicals 
tend  to  approach  those  of  unreactive  chemicals. 


EFFECTS  OF  HG(2  +  ),  CH3-HG(  +  ),  AND  TEM- 
PERATURE ON  THE  EXPRESSION  OF  MER- 
CURY RESISTANCE  GENES  IN  ENVIRON- 
MENTAL BACTERIA. 

California  Univ.,  Irvine.  Program  in  Social  Ecolo- 
gy- 

Y.-L.  Tsai,  and  B.  H.  Olson. 

AK'ifi^  and  Environmental  Microbiology 
AE^F>  y°'-  56'  No  "•  P  3266-3272,  Novem 
ber  1990.  5  fig,  2  tab,  35  ref.  EPEI  Grant  8000-25. 

Descriptors:  'Genetics,  'Mercury,  'Water  pollu- 
tion effects,  Bacteria,  Biochemistry,  Enzymes 
Heavy  metals,  Microbiological  studies. 

Mercury  has  received  considerable  attention  be- 
cause of  its  high  toxicity  and  it  has  become  an 
excellent  model  chemical  for  the  study  of  biotrans- 
formation of  metal  salts.  The  complete  detoxifica- 
tion of  mercury  involves  the  reduction  of  the  form 
to  the  less  toxic  elemental  mercury.  Mercuric  re- 
ductase, the  enzyme  encoded  by  the  merA  gene,  is 
involved  in  the  conversion  of  Hg(2  +  )  to  Hg(0), 
and  the  organomercurial  lyase  enzyme  encoded  by 
the  merB  gene  is  involved  in  the  cleavage  of  H3C- 
Hg  bond   to   release   Hg(2  +  ).   Mercury   resistant 
bacteria  isolated  from  mercury-polluted  sediments 
have  been  found  to  transform  organic  and  inorgan- 
ic mercury  to  Hg(0).  Twenty  different  bacterial 
isolates  obtained  from  a  mercury-contaminated  site 
in  Oak  Ridge,  Tennessee,  were  grown  on  plate 
count    agar    amended    with    25    microgram    of 
Hg(2  +  )  or  3  microgram  of  CH3-Hg(  +  )  per  ml 
The  total  cellular  RNA  was  extracted  from  each 
isolate   by   an   acid-guanidine-thiocyanate-phenol- 
cnloroform  method.  The  transcripts  of  merA  and 
merB  were  detected  and  quantitated  by  Northern 
RNA  hybridization.  A  qualitative  assay  of  mercu- 
ric reductase   was   used   to  confirm   the  enzyme 
activity.  Low  temperature  (4  C)  with  the  presence 
of  Hg(2  +  )  significantly  increased  the  net  merA 
transcripts  of  mid-log-phase  cells  of  six  environ- 
mental isolates.  The  net  merA  transcript  produc- 
tion by  18  of  the  isolates  increased  when  they  were 
grown  on  50%  plate  count  broth  with  25  micro- 
gram of  Hg(2  +  )  per  ml,  but  only  8  isolates  showed 
increased    production    of  merB    transcripts     The 
MICs  of  Hg(2  +  )  and  CH3-Hg(  +  )  for  10  methyl 
mercury-resistant  isolates  ranged  from  45  to  110 
microgram  of  Hg(2  +  )  and  0.6  to  4.5  microgram  of 
CH3-Hg(  +  )   per   ml.    CH3-Hg(  +  )   was   able   to 
induce  the  expression  of  merB  in  70%  of  methyl 
mercury-resistant  strains.  (Mertz-PTT) 
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DECREASED  PERFORMANCE  OF  RAINBOW 
TROUT  ONCORHYNCHUS  MYKISS  EMER- 
GENCE BEHAVIORS  FOLLOWING  EMBRY- 
ONIC EXPOSURE  TO  BENZO(A)PYRENE. 

Washington   Univ.,   Seattle.   Coll.   of  Ocean   and 

Fishery  Sciences. 

G.  K.  Ostrander,  J.  J.  Anderson,  J.  P.  Fisher,  M. 

L.  Landolt,  and  R.  M.  Kocan. 

Fishery  Bulletin  FSYBAY,  Vol.  88,  No.  3,  p  551- 

555,  1990.  2  fig,  2  tab,  10  ref.  U.S.  EPA  grant  R- 

Descriptors:  'Benz(a)pyrene,  'Ecotoxicology, 
•Trout,  'Water  pollution  effects,  Aromatic  com- 
pounds, Benzenes,  Carcinogens,  Ecological  effects, 
Fish  behavior,  Hydrocarbons,  Life  history  studies,' 
Organic  compounds,  Sublethal  effects,  Toxicity, 
Water  pollution. 


One  class  of  compounds,  the  aromatic  hydrocar- 
bons, has  been  implicated  in  carcinogenesis  in  feral 
fish  populations.  More  subtle,  yet  profound,  behav- 
ioral effects  during  early  development  may  also 
result.  Low  levels  of  toxicants  may  affect  impor- 
tant early  life-history  behaviors  critical  to  survival 
The  sublethal  effects  induced  by  a  model  carcino- 
gen and  environmental  contaminant  on  salmonid 
emergence  behaviors  were  examined.  Rainbow 
trout  embryos  were  exposed  for  24  hours  to  25 
microgram/mL  of  benzo(a)pyrene  one  week  prior 
to  hatching.  Exposures  occurred  during  the  late 
organogenesis  period  of  development  and  allowed 
assessment  of  how  a  single  embryonic  exposure 
might  affect  emergence  behaviors  nearly  6  weeks 
later.  Though  no  differences  in  numbers  of  alevins 
successfully  emerging  were  observed,  a  significant 
decrease  was  noted  in  performance  of  the  upstream 
orientation  behaviors  characteristic  of  emergence 
among  wild  individuals.  Emergence  and  orienta- 
tion are  activities  that  terminate  a  sequence  of 
early-life  behaviors  critical  for  salmonid  survival 
These  experiments  indicated  that  fish  exposed  to 
benzo(a)pyrene  had  a  greater  chance  of  ending  up 
in  the  downstream  compartment.  This  could  result 
if  fish  exposed  to  benzo(a)pyrene  became  fatigued 
taster  or  swam  upstream  slower.  (Mertz-PTO 
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STATUS  OF  THE  FOURHORN  SCULPIN, 
MYOXOCEPHALUS  QUADRICORNIS,  IN 
CANADA. 

J.  Houston. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104 

No.  1,  p  7-13,  January  /March  1990.  2  fig,  34  ref 

Descriptors:  'Canada,  'Fish  populations,  'Limit- 
ing factors,  'Pesticides,  'Sculpin,  'Spatial  distribu- 
tion, 'Water  pollution  effects,  Alewife,  Arctic 
zone,  Chronic  toxicity,  Competition,  Endangered 
species,  Food  chains,  Mining  wastes,  Predation 
Saline  lakes,  Species  composition,  Whitefish. 

The  Fourhorn  Sculpin,  Myoxocephalus  quadricor- 
nis,  is  a  widespread  marine  species,  closely  related 
to,  and  the  probable  progenitor  of,  the  freshwater 
Deepwater    sculpin,    Myoxocephalus    thompsoni. 
The  species  is  widely  distributed  and  abundant  in 
the  Canadian  Arctic  and  is  an  important  forage 
species  for  other  fish  and  for  waterfowl.  Marine 
populations  are  secure  but  evolving  isolates  in  eur- 
yhahne  lakes  of  the  Canadian  Arctic  Archipelago 
are  probably  vulnerable  as  these  lakes  are  sensitive 
to  perturbations.  Saline  lake  populations  may  be 
susceptible  to  chronic  trace  contaminant  exposure, 
pesticide  exposure  or  to  shifts  in  species  composi- 
tion. Bacteria  important  in  the  food  chain  of  the 
Fourhorn   Sculpin   in   Garrow   Lake,   Cornwallis 
Island,    Northwest    Territories   are   impacted    by 
mining   waste  pumped   from   a  nearby   lead-zinc 
mine.  The  demise  of  the  freshwater  form,  Myoxo- 
cephalus  thompsoni,   in   Lake  Ontario  has  been 
attributed  to  chronic  pesticide  and  herbidcide  pol- 
lution or  recruitment  failure  as  a  result  of  predation 
or  competition  by  Alewife.  The  Fourhorn  Sculpin 
is  also  subject  to  intense  predation  in  shallow  water 
by  gulls,  waterfowl  and  shorebirds.  The  species  is 
also  eaten  by  whitefish,  Arctic  Char,  eelpouts  and 
other  Cottidae  including  other  members  of  its  own 
species.  (Geiger-PTT) 
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STATUS  OF  THE  SPOONHEAD  SCULPIN. 
COTTUS  RICEI,  IN  CANADA. 

J.  Houston. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104 

No.  1,  p  14-19,  January/March  1990.  2  fig,  21  ref 

Descriptors:  'Canada,  'Chronic  toxicity,  'Fish 
populations,  'Limiting  factors,  'Population  dy- 
namics, 'Sculpin,  'Water  pollution  effects.  Aquat- 
ic habitats,  Endangered  species,  Lakes,  Predation, 
Spatial  distribution. 

The  Spoonhead  Sculpin,  Cottus  ricei,  is  the  most 
distinct  North  America  member  of  the  genus  and 
on  this  continent  is  most  closely  related  to  the 
European  Cottus  gobei  species  group.  The  species 
is  widespread  east  of  the  Great  Divide  ranging  into 
Quebec  and  north  to  the  mouth  of  the  Mackenzie 
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River  and  other  drainages  into  Hudson  and  James 
Bays.  It  has  been  recorded  from  all  of  the  Great 
Lakes,  but  may  be  declining  in  Lake  Erie  and 
declining  or  extirpated  from  Lake  Ontario.  Else- 
where, the  species  is  common  where  found  and 
collection  efforts  in  the  1970s  have  filled  in  many 
information  gaps  on  the  distribution  in  Ontario  and 
Quebec.  The  distribution  of  the  species  appears  to 
be  closely  related  to  glacial  lakes  created  at  the 
end  of  the  Wisconsin  period  of  glaciation.  Post- 
glacial dispersion  of  the  species  may  still  be  occur- 
ring as  drainage  systems  adjust  to  isostatic  re- 
bound. The  species  may  be  susceptible  to  chronic 
trace  contaminant  exposure,  or  to  shifts  in  species 
composition  in  the  deepwater  community,  as  indi- 
cated for  the  Deepwater  Sculpin,  but  this  remains 
to  be  shown.  Habitat  changes  and  degradation  due 
to  silting  may  be  limiting  distribution  in  southwest- 
ern Ontario.  (Geiger-PTT) 
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STATUS  OF  THE  BLACKLINE  PRICKLEBACK, 
ACANTHOLUMPENUS  MACKAYI,  IN 
CANADA. 

For  primary  bibliographic  entry  see  Field  2H. 
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STATUS  OF  THE  BROOK  SILVERSIDE,  LABI- 
DESTHES  SICCULUS,  IN  CANADA. 

C.  D.  Goodchild. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104, 

No.  1,  p  36-44,  January/March  1990.  4  fig,  42  ref. 

Descriptors:  'Canada,  *Fish  populations,  •Limit- 
ing factors,  'Population  dynamics,  'Silverside, 
•Turbidity,  'Urbanization,  *Water  pollution  ef- 
fects, Aquatic  habitats,  Competition,  Predation, 
Spatial  distribution,  Temperature  effects. 

The  Brook  Silverside,  Labidesthes  sicculus,  is  con- 
fined to  a  small  region  in  south-central  Canada. 
Populations  of  Brook  Silverside  are  contiguous 
with  those  in  the  United  States,  but  are  at  the 
northern  limit  of  the  species  range.  Although  there 
have  been  no  population  studies,  collection  records 
do  not  indicate  any  evidence  of  a  decline.  Popula- 
tions appear  to  be  relatively  stable  and  could  be 
expanding  slightly.  Somewhat  tolerant  of  alter- 
ations in  habitat,  it  is  extremely  sensitive  to  turbidi- 
ty and  interspecific  competition.  This  coupled  with 
its  one-year  life  cycle  has  the  potential  of  com- 
pletely decimating  populations  in  a  very  short  time 
span.  Regular  monitoring  of  this  species  should  be 
encouraged.  L.  sicculus  is  particularly  susceptible 
to  increased  turbidity,  a  condition  which  has 
become  more  widespread  in  southern  Ontario  as  a 
result  of  urbanization,  construction  and  agricultur- 
al activities.  It  disappears  from  waters  that  become 
turbid  perhaps  as  a  result  of  an  inability  to  feed. 
Competition  with  other  atherinids  also  limits  the 
ability  of  L.  sicculus  to  feed.  Predation  by  other 
species  may  be  a  limiting  factor  for  Brook  Silver- 
side  because  they  are  common  forage  for  many 
species.  Extremes  in  water  temperature  during 
winter  (<  7  C)  could  eliminate  an  entire  popula- 
tion of  L.  sicculus  from  an  area.  (Geiger-PTT) 
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STATUS  OF  THE  BANDED  KTLLIFISH,  FUN- 
DULUS  DIAPHANUS,  IN  CANADA. 

J.  Houston. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104, 

No.  1,  p  45-52,  January/March  1990.  3  fig,  41  ref. 

Descriptors:  'Canada,  *Fish  populations,  'Killi- 
fish,  'Limiting  factors,  'Pesticides,  'Population 
dynamics,  'Water  pollution  effects,  Aquatic  habi- 
tats, Competition,  Hudson  River,  Predation,  Spa- 
tial distribution. 

The  Banded  Killifish,  Fundulus  diaphanus,  is  one 
of  three  species  of  the  genus  occurring  in  Canadian 
waters  and  is  a  species  preferring  the  quiet  waters 
of  lakes  and  ponds.  It  tolerates  temperatures  in 
excess  of  30  C,  but  prefers  temperatures  in  the 
range  of  21  to  28  C.  They  are  often  used  by  anglers 
as  bait  and  can  survive  in  water  with  low  oxygen 
content  for  extended  periods  of  time.  In  Canada, 
the  Banded  Killifish  is  widely  distributed  in  the 
Maritime  Provinces  but  is  known  from  only  a  few 


localities  in  Newfoundland.  The  range  extends 
west  through  southern  Quebec  and  Ontario  in  the 
Great  Lakes  watershed  to  Lake  Huron.  Banded 
Killifish  have  been  recorded  from  the  Red  River  at 
Winnipeg,  Manitoba,  Crowduck  Lake,  Manitoba 
and  Lake  of  the  Woods,  Ontario.  The  species  has 
an  extremely  limited  distribution  in  Newfoundland 
and  Manitoba  where  further  immigration  in  these 
areas  is  unlikely  due  to  lack  of  suitable  habitat  or 
barriers  to  dispersion.  Chronic  exposure  to  aquatic 
contaminants  such  as  pesticides  may  produce  phys- 
iological symptoms  and  death  of  fish.  Experiments 
carried  out  with  Banded  Killifish  from  the  Hudson 
River  indicate  that  there  were  no  substantial  ef- 
fects to  the  species  from  chronic  exposure  to  chlor- 
inated hydrocarbons  or  organic  phosphates  at 
levels  present  in  the  river  water.  (Geiger-PTT) 
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STATUS  OF  THE  LEAST  DARTER,  ETHEOS- 
TOMA  MICROPERCA,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  2H. 
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STATUS  OF  THE  RIVER  DARTER,  PERCTNA 
SHUMARDI,  IN  CANADA. 

K.  W.  Dalton. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104, 

No.  1,  p  59-63,  January/March  1990.  3  fig,  11  ref. 

Descriptors:  'Canada,  'Darters,  'Endangered  spe- 
cies, 'Fish  populations,  'Limiting  factors,  'Popu- 
lation dynamics,  'Urbanization,  'Water  pollution 
effects,  Aquatic  habitats,  Channeling,  Dredging, 
Spatial  distribution,  Turbidity. 

The  River  Darter,  Percina  shumardi,  is  a  small 
percid  of  larger  streams,  rivers,  and  some  inland 
lakes  of  Manitoba  and  northwestern  Ontario,  in 
Canada,  as  well  as  in  the  United  States.  The  species 
is  also  known  from  the  Lake  St.  Clair  drainage  of 
southwestern  Ontario.  Very  little  is  known  of  the 
biology  or  ecology  of  the  species  in  Canada  and  it 
does  not  seem  to  be  abundant  anywhere,  although 
populations  appear  to  be  stable.  The  River  Darter 
is  believed  to  be  limited  to  large  streams  and  lakes 
and  is  more  tolerant  of  turbidity  than  other  darters. 
It  even  seems  to  prefer  shallow  water  in  turbid 
locations.  Pollution  does  not  appear  to  be  a  major 
limiting  factor  in  the  western  Canadian  range  of 
River  Darters,  but  could  be  limiting  in  southwest- 
ern Ontario.  Pollution  in  Illinois  reportedly  killed 
River  Darters.  Impoundments,  dredging  and  chan- 
nelization have  led  to  the  extirpation  of  the  fish 
from  some  American  rivers.  (Geiger-PTT) 
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STATUS  OF  THE  REDBREAST  SUNFISH,  LE- 
POMIS  AURITUS,  ES  CANADA. 

J.  Houston. 

Canadian  Field-Naturalist  CAFNAK,  Vol.  104, 
No.  1,  p  64-68,  January/March  1990.  2  fig,  1  tab, 
13  ref. 

Descriptors:  'Canada,  'Endangered  species,  'Lim- 
iting factors,  'Population  dynamics,  'Sunfish, 
'Water  pollution  effects,  Agricultural  runoff, 
Aquatic  habitats.  Fish  populations,  Industrial 
wastes,  Pesticides,  Pulp  and  paper  industry,  Spatial 
distribution. 

The  Redbreast  Sunfish,  Lepomis  auritus,  is  one  of 
the  smaller  centrarchids.  The  native  range  is  con- 
fined to  the  Atlantic  drainage  east  of  the  Appa- 
lachians. In  Canada,  the  species  is  found  only  in 
New  Brunswick  where  it  has  a  restricted  distribu- 
tion. It  is  often  overlooked  because  of  its  small  size 
and  its  similarity  to  smaller  members  of  other 
centrarchid  species.  No  reliable  information  of  the 
effects  of  aquatic  contaminants  on  the  species  in 
the  New  Brunswick  range  is  available,  but  these 
waters  are  subject  to  chemical  pollution  from  in- 
dustry (particularly  the  pulp  and  paper  industry), 
agricultural  runoff,  urban  wastes  and  pesticides 
(silviculture  insect  control  programs).  Due  to  the 
restricted  range  of  the  species  and  the  potential 
risk  of  contamination  in  the  watersheds  where  the 
species  exists,  the  Redbreast  sunfish  should  be  con- 
sidered vulnerable  in  Canada.  (Author's  abstract) 
W9 1-04095 


STATUS  OF  THE  ORANGESPOTTED  SUN- 
FISH, LEPOMIS  HUMILIS,  IN  CANADA. 

Missouri    Univ. -Columbia.    School    of   Forestry, 

Fisheries  and  Wildlife. 

D.  B.  Noltie. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104, 

No.  1,  p  69-86,  January/March  1990.  3  fig,  2  tab, 

177  ref. 

Descriptors:  'Canada,  'Endangered  species,  'Lim- 
iting factors,  'Population  dynamics,  'Sunfish, 
'Water  pollution  effects,  Aquatic  habitats,  Compe- 
tition, Fish  populations,  Heavy  metals,  Industrial 
wastewater,  Oil  pollution,  Predation,  Spatial  distri- 
bution. 

The  Orangespotted  Sunfish,  Lepomis  humilis,  has 
only  recently  been  described  as  a  member  of  the 
fish  fauna  of  Canada.  Its  known  range  in  Canada  is 
restricted  to  only  three  locations  in  southwestern 
Ontario.  Population  estimates  and  trends  have  not 
been  established,  but  prospects  for  the  species 
long-term  establishment  in  Ontario  appear  good 
given  trends  in  southern  populations.  The  species' 
habitat  in  Ontario  is  primarily  low-gradient,  slow- 
flowing  streams  having  turbid  waters,  silt,  clay  or 
mud  bottoms,  and  minimal  submerged  aquatic 
vegetation,  a  feature  shared  with  more  southerly 
populations.  The  changing  face  of  southwestern 
Ontario  stream  habitats  has  favored  their  invasion, 
and  continuing  agricultural  impact  bodes  well  for 
the  numerical  and  geographical  increase  of  the 
species  in  Canada.  At  present,  the  species  is  subject 
to  no  specific  protection,  but  given  the  great 
beauty  of  L.  humilis  among  Canadian  fishes,  a 
designation  of  vulnerable  is  suggested  given  its  low 
numbers  and  extremely  limited  distribution.  Small 
numbers  of  larger  Orangespotted  Sunfish  are  taken 
by  anglers  as  panfish.  Its  numbers  may  also  be 
limited  by  competition  with  other  small  native 
centrarchids  and  predation  by  other  species.  The 
species  tolerance  of  oil  refinery  wastewaters  is 
considered  good,  but  many  fractions  of  oil  refinery 
wastes  are  considered  lethal  to  Orangespotted  Sun- 
fish, especially  smaller  individuals.  Zinc  and  cad- 
mium concentrations  in  a  small  sample  of  L.  humi- 
lis were  high  relative  to  a  variety  of  species  exam- 
ined, suggesting  that  the  accumulation  of  environ- 
mental contaminants  might  limit  population  num- 
bers. Individuals  also  accumulated  organochlor- 
ines,  heavy  metals,  and  other  elemental  contami- 
nants. (Geiger-PTT) 
W9 1-04096 


STATUS  OF  THE  BIGMOUTH  BUFFALO,  IC- 
TIOBUS  CYPRINELLUS,  DW  CANADA. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04097 

STATUS  OF  THE  BLACK  BUFFALO,  ICTIO- 
BUS  NIGER,  IN  CANADA. 

J.  Houston. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    104, 

No.  1,  p  98-102,  January/March  1990.  3  fig,  11  ref. 

Descriptors:  'Buffalo  fish,  'Fish  populations, 
•Limiting  factors,  'Population  dynamics,  'Water 
pollution  effects,  Aquatic  habitats,  Canada,  Dam 
effects,  Endangered  species,  Lake  Erie,  Spatial  dis- 
tribution, Turbidity. 

The  Black  Buffalo,  Ictiobus  niger,  has  only  recent- 
ly been  reported  from  Canadian  waters  in  the 
western  end  of  Lake  Erie.  One  earlier  United 
States  record  for  western  Lake  Erie  is  also  known. 
The  species  is  less  common  than  the  other  buffalo 
fish  and  appears  to  have  declined  or  been  extirpat- 
ed in  portions  of  its  United  States  range,  but  has 
extended  its  range  elsewhere  through  introduc- 
tions. The  lower  Great  Lakes  appear  to  be  within 
the  native  range.  The  species  is  rare  in  Canadian 
waters.  No  specific  limiting  factors  have  been  indi- 
cated, except  that  the  Black  Buffalo  is  intolerant  of 
pollution.  Ictiobus  niger  seems  less  tolerant  of  tur- 
bidity than  the  Smallmouth  Buffalo,  and  may  be 
limited  by  availability  of  suitable  habitat  and  by 
damming  of  rivers  for  hydroelectric  developments. 
It  does  adapt  to  life  in  impoundments,  and  could  be 
utilized  as  a  source  of  protein.  Black  Buffalo  may 
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aJso  be  limited  by  competition  with  Carp.  (Geiger- 
W9 1-04098 


STATUS  OF  THE  GOLDEN  REDHORSE,  MOX- 
OSTOMA  ERYTHRURUM,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  2H. 
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SET  MEMBERSHIP  APPROACH  TO  IDENTI- 
FICATION AND  PREDICTION  OF  LAKE  EU- 
TROPHICATION. 

Technische    Univ.    Twente,    Enschede    (Nether- 
lands). Dept.  of  Chemical  Engineering. 
K.  Keesman,  and  G.  van  Straten. 
Water  Resources  Research  WRERAQ    Vol    26 
No.  11,  p  2643-2652,  November  1990.  7  fig   2  tab' 
25  ref,  append. 

Descriptors:  'Ecosystems,  •Eutrophic  lakes,  *Eu- 
trophication,  'Mathematical  models,  'Model  stud- 
ies, 'Water  pollution  effects,  Algal  growth,  Data 
interpretation,  Mathematical  studies,  Theoretical 
studies. 

Generally,  ecosystems  modeling  is  obstructed  by 
the  problem  of  sparse  and  unreliable  data,  and  lack 
of  knowledge  about  processes  dominating  the 
system.  Under  these  circumstances,  set  theoretic 
uncertainty  models  are  an  appropriate  alternative 
to  probabilistic  models.  The  only  requirement  is 
that  the  uncertainty  is  pointwise  bounded.  A  newly 
developed  set  membership  identification  procedure 
is  demonstrated  by  an  application  to  the  modeling 
of  shallow  lake  eutrophication.  First,  a  set  of  pa- 
rameter vectors  is  identified.  Analysis  of  the  set 
reveals  a  dominant  direction  spanned  by  four  algal 
growth  and  death  parameters.  Second,  on  the  basis 
of  additional  fuzzy  set  theoretic  assumptions,  a 
formal  min-max  estimation  is  performed  to  obtain 
information  about  the  model  validity.  If  the  model 
appears  to  be  (partially)  invalid,  the  degree  of 
invalidity,  affecting  the  model  prediction  uncer- 
tainty, can  be  represented  by  an  estimate  of  the 
model  structure  error  in  addition  to  the  uncertainty 
contained  in  the  identified  set  of  parameter  vec- 
tors. (Author's  abstract) 
W91-04119 


Biology. 

P.  L.  Williams,  and  D.  B.  Dusenbery 

c™£™enw,  Toxicol°8y  ^d  Chemistry 
ETOCDK,  Vol.  9,  No.   10,  p  1285-1290    1990    3 

0H02095ref'   NI°SH  Gram  S°H  (AHR)   '    R°3 

Descriptors:  'Bioassay,  'Environmental  protec- 
tion, 'Nematodes,  'Toxicity,  'Toxicology,  'Water 
pollution  effects,  'Water  quality  monitoring,  Ele- 
ments, Hazard  assessment,  Invertebrates,  Labora- 
tory methods,  Lethal  limit,  Metals,  Test  species. 

An  aquatic  toxicity  test  has  been  developed  using  a 
species  of  free-living  nematode,  Caenorhabditis 
elegans.  The  testing  was  performed  with  soluble 
forms  of  Ag,  Hg,  Cu,  Be,  Al,  Pb,  Cr,  As,  Tl,  Zn, 
Cd,  Ni,  Sr,  and  Sb.  The  LC50  values  for  1  and  4  d 
of  exposure  were  determined  and  compared  to  the 
published  invertebrate  data.  With  C.  elegans  Pb 
Cr  and  Cd  were  found  to  have  the  lowest  96-h 
LC50  (0.06  mg/L)  and  Sr  had  the  highest  LC50 
(465  mg/L).  All  the  metals  except  As  have  a 
significantly  lower  96-hr  LC50  (from  20  to  15  000 
times  lower)  than  24-h  LC50.  Comparison  with 
published  data  for  other  invertebrates  indicated 
that  C.  elegans  was  more  sensitive  to  Pb,  Cr,  and 
Be  and  less  sensitive  to  As  than  any  of  the  other 
organisms  that  have  been  tested.  Given  the  ease  in 
cultunng  and  the  extensive  knowledge  of  the  basic 
biology  of  C.  elegans,  coupled  with  the  ecological 
abundance  of  nematodes,  the  method  is  worthy  of 
further  study  to  determine  its  usefulness  as  an 
aquatic  test  species.  (Author's  abstract) 
W91-04147 


ARE  LABORATORY-DERIVED  TOXICITY 
DATA  FOR  FRESHWATER  ALGAE  WORTH 
THE  EFFORT. 

Battelle,  Columbus,  OH.  Environmental  Biology 

and  Assessment. 

M.  A.  Lewis. 

Environmental       Toxicology       and       Chemistry 

ETOCDK,  Vol.  9,  No.  10,  p  1279-1284    1990   2 

tab,  50  ref. 

Descriptors:   'Algae,   'Environmental   protection 
Toxicity,  'Toxicology,  'Water  pollution  effects, 
Water  quality  monitoring,  Chemicals,  Effluents, 
Environmental  impact,  Hazard  assessment,  Labo- 
ratory methods,  Literature  review. 

Algal  toxicity  test  results  are  increasingly  being 
considered  in  the  evaluation  of  the  environmental 
safety  of  chemicals  and  effluents.  The  ability  of  the 
current  standard  toxicity  test  methods  to  provide 
data  useful  in  the  safety  assessment  process  was 
reviewed.  It  was  concluded  that  there  are  too  few 
data  supporting  the  environmental  relevance  of 
those  results  derived  using  the  standard  methods  in 
their  present  format.  The  current  algal  toxicity 
data  base  shows  that  interspecific  variation  in  re- 
sponse to  chemicals  is  significant  and  that  field 
validation  of  most  laboratory-derived  results  is 
lacking.  Therefore,  multiple  test  species  should  be 
used  in  algal  toxicity  tests  and  the  biological  sig- 
nificance of  the  recommended  end  points,  includ- 
ing stimulation,  needs  definition  before  the  results 
can  be  expanded  to  natural  algal  communities  and 
be  useful  in  predicting  environmental  impact.  (Au- 
thor's abstract) 
W91-04I46 


ACUTE  TOXICITY  OF  ISOMERS  OF  THE 
PYRETHROID  INSECTICIDE  DELTAMETH- 
RTN  AND  ITS  MAJOR  DEGRADATION  PROD- 
UCTS TO  DAPHNIA  MAGNA. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
K.  E.  Day,  and  R.  J.  Maguire. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  9,  No.  10,  p  1297-1300,  1990    1 
tab,  15  ref. 

Descriptors:  'Acute  toxicity,  'Aquatic  animals, 
Insecticides,  'Pyrethrins,  'Toxicology,  'Water 
pollution  effects,  'Waterfleas,  Arthropods,  Crusta- 
ceans, Degradation  products,  Deltamethrin,  Iso- 
mers. 

The  acute  toxicities  (4-h,  24-h  and  48-h)  of  eight 
stereoisomers  and  four  major  breakdown  products 
of  deltamethrin  to  Daphnia  magna  were  deter- 
mined. Parent  deltamethrin  (isomer  1)  was  the 
most  toxic,  with  EC50  values  in  the  range  of  0.05 
to  1.75  microg/L,  concentrations  that  have  been 
observed  in  the  surface  microlayer  and  subsurface 
water  in  field  studies.  The  other  three  isomers  (2-, 
3-,  and  4-deItamethrin)  were  two-fold  to  ten-fold 
less  toxic  than  1 -deltamethrin.  Isomers  1',  2',  3'  and 
4'  plus  the  four  breakdown  products  studied  dis- 
played no  significant  toxicity.  1 -deltamethrin  can 
be  converted  in  natural  water  to  2'-,  3-,  and  4'- 
deltamethrin.  Because  3-deltamethrin  is  toxic  to  D. 
magna,  this  isomerization  is  only  a  partial  detoxifi- 
cation step  as  far  as  some  aquatic  organisms  are 
concerned.  (Author's  abstract) 
W91-04149 


A  remote  in  situ  apparatus  for  ambient  toxicity 
testing    of   prolarval    and    yearling    striped    bass 
Morone  saxatihs,  was  designed  and  tested  in  the 
upper  Chesapeake  Bay  and  Potomac  River  during 
the   1989  spawning  season.  The  apparatus  was  a 
catamaran  design  housing  a  continuous  composite 
sampler  which  collected  water  samples  for  con- 
taminants analysis.  Prolarval  and  yearling  testing 
chambers  had  loading  capacities  of  500  and   10 
animals,    respectively.    Water   quality   parameters 
(temperature,  pH,  conductivity,  salinity  and  dis- 
solved oxygen)  were  measured  at   1  h  intervals 
The  range  of  prolarvae  survival  during  three  96-h 
exposures  at  three  Potomac  River  sites  was  3-33% 
whereas  control  survival  was  83-92%.  For  three 
Upper  Chesapeake   Bay   sites  prolarvae  survival 
was  6-52%  versus  77-87%  for  controls.  Low  year- 
ling survival  (5-80%)  at  the  end  of  28-d  in  situ 
exposure  was  seen  at  three  Potomac  River  sites 
Conversely,  high  yearling  survival  (98-100%)  was 
observed  at  three  Upper  Bay  sites.  Contaminants 
detected   in  composite  samples  from   the  Upper 
Chesapeake  Bay  included  Cd  (6.7  microg/L),  Cr 
(19  microg/L),  Cu  (67  microg/L),  and   Pb  (4  1 
microg/L),  as  well  as  a  number  of  insecticides. 
Composite  samples  from  the  Potomac  River  had 
maximum  concentrations  of  29  microg/L  Cr  and 
12  microg/L  As.  It  is  concluded  that  the  apparatus 
is  suitable  for  ambient  toxicity  testing  in  river  and 
estuarine  environments.  (MacKeen-PTT) 
W91-04152 


AQUATIC  TOXICITY  TESTING   USING  THE 
NEMATODE,  CAENORHABDITIS  ELEGANS. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Applied 


REMOTE  IN  SITU  APPARATUS  FOR  AMBI- 
ENT TOXICITY  TESTING  OF  LARVAL  AND 
YEARLING  FISH  IN  RIVER  OR  ESTUARINE 
SYSTEMS. 

Johns  Hopkins  Univ.,  Shady  Side,  MD.  Aquatic 

Ecology  Section. 

M.  C.  Ziegenfuss,  L.  W.  Hall,  S.  J.  Bushong,  J  A 

Sullivan,  and  M.  A.  Unger. 

Environmental      Toxicology      and      Chemistry 

ETOCDK,  Vol.  9,  No.  10,  p  1311-1315,  1990.  4  fig, 

13  ref.  U.S.  Fish  and  Wildlife  Service  Cooperative 

Agreement  No.  14-16-0009-87-924. 

Descriptors:  'Analytical  methods,  'Fish,  'Pollut- 
ant identification,  'Testing  procedures,  'Toxicity, 
•Toxicology,  'Water  pollution  effects,  Bass, 
Chesapeake  Bay,  Estuaries,  Instrumentation,  Poto- 
mac River,  Rivers,  Water  quality  monitoring. 


EFFECTS  OF  SELECTED  PCB  CONGENERS 
ON  SURVIVAL,  GROWTH,  AND  REPRODUC 
TION  IN  DAPHNIA  MAGNA. 

Army  Engineer  Waterways  Experiment  Station 

Vicksburg,  MS. 

T.  M.  Dillon,  W.  H.  Benson,  R.  A.  Stackhouse 

and  A.  M.  Crider. 

Environmental       Toxicology       and       Chemistry 

ETOCDK,  Vol.  9,  No.  10,  p  1317-1326,  1990  5  fig 

4  tab,  82  ref. 

Descriptors:  'Aquatic  animals,  'Bioindicators 
•Polychlorinated  biphenyls,  'Toxicity,  'Toxicol- 
ogy, 'Water  pollution  effects,  'Waterfleas,  Animal 
growth,  Biomass,  Chronic  toxicity,  Congeners,  Re- 
production, Sublethal  effects,  Survival. 

The  effects  of  individual  polychlorinated  biphenyl 
(PCB)  congeners  on  survival,  growth  and  repro- 
duction  in   the   freshwater   cladoceran,   Daphnia 
magna,    were    determined.    Congeners   evaluated 
(IUPAC  numbers  52,  77,  101,  118,  138,  153,  180) 
represent  a  variety  of  microsomal  mixed-function 
oxidase  (MFO)  inducers.  After  21  d  of  static  re- 
newal exposure,  Daphnia  survival  was  high  (88- 
100%)  in  all  congener  treatments  and  unaffected 
by  any  PCB.  Polychlorinated  biphenyl  congeners 
had   little   to  no  detectable   sublethal   effects  on 
reproduction  and  growth.  The  number  of  neonates 
produced  was  either  unaffected  (congeners  52,  77, 
118)  or  enhanced  (congeners  101,  138,  153,  180). 
Effects  on  total  biomass  were  mixed  and  the  mag- 
nitude of  significant  differences,  when  observed, 
was  small.  Diminished  biomass  was  observed  in 
Daphnia  exposed   to  congener    101    whereas  in- 
creases occurred  in  treatments  with  congeners  52 
and    118.   Both  elevated  and  diminished  biomass 
was  observed  in  animals  exposed  to  congener  77 
Congeners   138,    153  and    180  had   no  significant 
effect  on  Daphnia  biomass.  Daphnia  accumulated 
substantial  amounts  of  all  PCBs  even  though  mini- 
mal effects  on  survival,  growth  and  reproduction 
were  observed.  Mean  tissue  concentrations  ranged 
from  approximately  2.0  to  130  ng/mg  dry  weight. 
These  tissue  residues  are  one  to  several  orders  of 
magnitude  greater  than  those  observed  in  fish  and 
aquatic  invertebrates  collected  in  and  around  in- 
dustrial waterways  of  the  Great  Lakes.  Because 
the  concept  of  PCB  toxicity  has  been  developed 
primarily   through   technical   findings  with   mam- 
mals, caution  should  be  exercised  when  applying 
those  concepts  to  aquatic  fish  and  invertebrates. 
(Author's  abstract) 
W91-04153 


CLIMATE  CHANGE  AND  CHANGES  IN  CALI- 
FORNIA SNOWMELT-RUNOFF  PATTERNS. 

California  State  Dept.  of  Water  Resources,  Sacra- 
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mento.  Div.  of  Flood  Management. 

For  primary  bibliographic  entry  see  Field  2B. 
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BEHAVIOR  OF  DIAZINON  IN  A  PERCH  SPE- 
CIES. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 
m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R.). 
Inst,  fuer  Oekologische  Chemie. 
For  primary  bibliographic  entry  see  Field  5B. 
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URBAN  STORM-INDUCED  DISCHARGE  IM- 
PACTS: US  ENVIRONMENTAL  PROTECTION 
AGENCY  RESEARCH  PROGRAM  REVIEW. 

Environmental  Protection  Agency,  Edison,  NJ. 
Storm  and  Combined  Sewer  Technology  Branch. 
R.  Field,  and  R.  E.  Pitt. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  10/11,  p  1-7,  1990.  26  ref. 

Descriptors:  •Environmental  impact,  'Storm 
water,  *Urban  hydrology,  *Urban  runoff,  *Water 
pollution  effects,  Administrative  agencies,  Aquatic 
life,  California,  Deposition,  Experimental  design, 
Flow  rates,  Sediment  transport,  Storm  sewers, 
Urban  watersheds,  Washington,  Water  chemistry, 
Water  pollution  sources. 

The  effects  of  storm-induced  discharges  on  receiv- 
ing water  aquatic  organisms  or  other  beneficial 
uses  is  very  site-specific.  It  is  therefore  necessary 
to  carefully  design  comprehensive,  long-term  stud- 
ies to  investigate  urban  runoff  problems  on  a  site- 
specific  basis.  Sediment  transport,  deposition, 
chemistry,  and  aquatic  biology  play  key  roles  in 
urban  receiving  waters  and  need  additional  re- 
search. Two  West  Coast  studies  sponsored  by  the 
Storm  and  Combined  Sewer  program  of  the  U.S. 
Environmental  Protection  Agency  both  found  sig- 
nificant aquatic  life  beneficial  use  impairments  in 
urban  creeks,  but  the  possible  causes  were  quite 
different.  The  Coyote  Creek  (San  Jose,  California) 
study  found  major  accumulations  of  toxic  sedi- 
ments in  the  urban  reaches  of  the  creek,  while  the 
Bellevue  (Washington)  study  found  very  little 
toxic  material  in  the  sediments.  The  Bellevue  urban 
creek  had  a  very  large  carrying  capacity  for  sedi- 
ment and  high  flow  rates  which  apparently  flushed 
the  toxic  sediments  through  the  creek  and  into 
Lake  Washington.  Fish  kills  were  observed  in 
Bellevue,  but  they  were  associated  with  illegal 
storm  drain  discharges  during  dry  weather.  The 
long-term  aquatic  life  effects  of  urban  runoff  are 
probably  more  important  than  short-term  effects 
associated  with  specific  events,  and  are  probably 
related  to  the  deposition  and  resuspension  of  toxic 
sediments,  or  the  inability  of  the  aquatic  organisms 
to  adjust  to  repeated  exposures  to  high  concentra- 
tions of  toxic  materials  or  high  flow  rates.  Long- 
term  effects  may  only  be  expressed  at  great  dis- 
tances downstream  from  discharge  locations,  or  in 
accumulating  areas  (lakes).  (Fish-PTT) 
W91-04322 


FURTHER  RESEARCH  NEEDS  FOR  IMPACT 
ESTIMATES  OF  URBAN  STORM  WATER 
POLLUTION. 

Montpellier-2  Univ.  (France).  Lab.  d'Hydrologie 

et  de  Modelisation. 

M.  Desbordes,  and  J.  C.  Hemain. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  9-14,  1990.  13  ref. 

Descriptors:  *Environmental  impact,  *France, 
•Research  priorities,  *Storm  water,  'Urban  hy- 
drology, 'Urban  runoff,  'Water  pollution  effects, 
Sewer  systems,  Urban  planning,  Water  pollution 
control,  Water  quality  management,  Water  treat- 
ment facilities. 

After  some  15  years  of  research  on  urban  runoff 
pollution  characterization  and  modeling,  it  has 
become  apparent  that  much  more  attention  should 
be  paid  to  storm  water  impacts  upon  receiving 
water  bodies.  Examination  of  the  existing  situation, 
based  on  the  French  experience  of  urban  hydrolo- 
gical  research,  may  help  to  re-examine  some  theo- 
retical and  experimental  aspects  for  which  a  gener- 
al agreement  does  not  yet  exist.  Since  the  early 


1960s,  quality  survey  and  restoration  of  receiving 
water  bodies  has  been  a  constant  objective  for 
many  French  ministries,  agencies,  and  institutions. 
One  of  the  first  of  many  actions  was  to  control 
localized  pollution  sources  from  treatment  plants; 
however,  the  actual  pollution  removal  is  not  great- 
er than  30%  of  the  pollution  load.  Recent  sewer 
network  'diagnosis'  studies  have  clearly  demon- 
strated the  frequent  incidences  of  sewers  and  small 
treatment  plant  failures  in  terms  of  the  general 
pollution  impacts  on  receiving  waters.  At  the  same 
time,  studies  related  to  urban  runoff  pollution  have 
identified  a  considerable  number  of  other  pollution 
sources  that  have  not  been  taken  into  account  in 
the  past  when  designing  land  use  changes,  sewer 
networks,  and  treatment  plants.  It  appears  that  the 
urban  water  pollution  problem  must  be  attacked 
from  an  environmental  point  of  view,  as  well  as 
from  scientific,  technical,  socioeconomical,  and 
even  educational  and  cultural  aspects.  The  main 
elements  that  are  encountered  today  in  the  study  of 
urban  pollution  include:  burden  of  existing  sewer 
systems,  reliability  of  urban  pollution  impact  esti- 
mates, and  gaps  between  field  demands  and  re- 
searchers' actual  knowledge.  Consequently,  a 
methodological  approach  needs  to  be  developed  to 
deal  with  the  practical  and  the  research  levels  of 
investigation.  (Fish-PTT) 
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A  broad-based  approach  has  been  used  to  assess 
the  impacts  of  discharge  to  rivers  from  47  surface 
water  sewers  in  the  U.K.  to  determine  whether 
such  discharges  are  damaging  to  stream  quality. 
Three  parameters  were  studied,  all  of  which  could 
reflect  the  effects  of  intermittent  pollution  on 
stream  quality  during  dry  weather:  the  numbers 
and  types  of  benthic  macroinvertebrates  upstream 
and  downstream  of  the  outfalls,  the  concentrations 
of  metals  in  algae  upstream  and  downstream  of  the 
outfalls,  and  the  concentrations  of  metals  in  sedi- 
ments upstream  and  downstream  of  the  outfalls. 
The  field  survey  showed  that  discharges  from  sur- 
face water  sewers  have  a  measurable  impact  on 
receiving  stream  quality,  which  varies  from  site  to 
site.  The  overall  effect  is  a  deterioration  in  water 
quality  which  can  impair  the  use  of  the  water- 
course downstream  of  the  outfall.  Overall,  there 
was  a  small  but  significant  fall  in  biological  quality. 
There  was  no  detectable  impact  on  the  levels  of 
metals  in  either  sediment  or  algae  samples  taken 
upstream  and  downstream  of  the  outfalls.  Catch- 
ment characteristics  influence  impact  and  could  be 
used  to  predict  the  likely  impact  of  proposed  out- 
falls from  new  developments.  Catchment  area  and 
land  use  both  influenced  impacts  at  the  study  sites, 
with  reductions  in  quality  more  likely  to  occur 
downstream  of  outfalls  from  large  catchments,  and 
the  highest  impacts  at  industrial  and  highway  out- 
fall sites.  At  least  28%  of  the  sites  studied  had 
connections  to  the  foul  system,  and  a  further  14% 
were  observed  to  be  discharging  during  dry 
weather.  Most  outfalls  with  sewage  contamination 
were  damaging  to  water  quality.  The  quality  of  the 
receiving  stream  was  an  important  factor  in  deter- 
mining outfall  impact.  (Fish-PTT) 
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Dissolved  oxygen  (DO)  depletion  in  receiving 
streams  is  a  well-known  impact  of  sewage  disposal. 
Due  to  the  fact  that  the  concentration  of  degrad- 
able  organic  matter  in  combined  sewage  may  be 
relatively  high,  it  is  not  surprising  that  the  poten- 
tial effect  of  combined  sewage  overflows  (CSOs) 
on  the  DO  concentration  of  receiving  streams  may 
be  harmful  and  often  more  important  than  the 
continuous  discharges  from,  for  example, 
wastewater  treatment  plants.  During  a  CSO  event 
a  distinction  between  immediate  and  delayed  DO 
consumption  in  the  stream  caused  by  biodegrada- 
tion of  soluble  and  particulate  organics,  respective- 
ly, is  made.  Two  DO  models  have  been  developed 
in  order  to  simulate  the  combined  dry  weather  and 
wet  weather  effects.  The  first  one  is  a  simplified 
model  based  on  the  concept  of  an  extended  Street- 
er-Phelps equation  and  the  second  one  is  an  ad- 
vanced model,  which  is  made  from  two  integrated 
parts:  a  hydrodynamic  and  a  transport-dispersion 
model.  For  the  case  of  CSOs  to  a  small  stream 
with  almost  uniform  flow,  the  simplified  DO 
model  results  in  DO  concentrations  comparable  to 
similar  results  from  the  advanced  DO  model  when 
the  immediate  oxygen  consumption  is  neglected.  It 
should  be  noted  that  the  duration  of  computation 
will  increase  by  a  factor  of  about  1000  per  CSO 
event,  when  choosing  the  advanced  model  instead 
of  the  simple  model.  However,  it  is  important  to 
stress  that  the  advanced  model  is  a  valuable  tool 
for  simulating  detailed  phenomena  related  to  a 
single  event.  Therefore,  it  can  be  concluded  that 
the  simple  model,  in  the  case  of  proper  prerequi- 
sites, should  be  used  for  extreme  event  statistics 
while  the  advanced  model  should  be  chosen  for 
single  event  analysis.  (Fish-PTT) 
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From  1985  to  1987,  long-term  and  more  or  less 
permanent  effects  of  discharges  from  combined  or 
separate  sewer  systems  on  communities  of  sessile 
diatoms  and  macroinvertebrates  in  receiving 
waters  were  studied  at  46  locations  throughout 
The  Netherlands.  The  results  were  related  to  the 
type  of  sewer  system,  the  discharges,  and  the  char- 
acteristics of  the  receiving  water,  and  compared 
with  results  from  samples  taken  from  a  correspond- 
ing water  not  influenced  by  sewer  overflows  (the 
reference  water).  It  was  found  that,  in  general, 
communities  of  sessile  diatoms  and  macroinverte- 
brates indicate  a  more  severe  organic  pollution  and 
disturbance  of  receiving  waters  compared  with 
reference  waters.  In  the  immediate  vicinity  of  the 
overflows,  these  communities  were  more  disturbed 
than  at  some  distance.  In  small  ditches,  effects 
were  more  pronounced  compared  with  large  wa- 
terbodies  and  waters  with  a  constant  flow  regime. 
Finally,  effects  of  combined  sewer  overflows  were 
more  pronounced  than  effects  of  discharges  from 
separate  sewer  systems,  except  for  locations  in 
industrial  areas.  (Author's  abstract) 
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From  1985  to  1987,  effects  of  sewer  discharges  on 
communities  of  phytoplankton  and  zooplankton  in 
receiving     waters     were     studied     at     locations 
hroughout  The  Netherlands.  The  results  were  re- 
lated to  the  type  of  sewer  system,  the  discharges, 
and  the  characteristics  of  the  receiving  water  and 
were  compared   with   those   from   samples  taken 
trom   a  corresponding   water   not   influenced   by 
sewer   discharges   (the   reference   water).    It   was 
found  that  often  either  phytoplankton  or  zooplank- 
ton  communities   could   be   used   successfully   to 
describe  the  short-term  and  medium-term  effects  of 
the  discharges  on  the  water  quality  of  the  involved 
nabitats.  Plankton  communities  could  also  indicate 
permanent  effects  due  to  higher  saprobic  levels  in 
the   receiving   water  compared   to   the   reference 
water:   an   obvious   result   of  urban   storm   water 
discharges.   In   small  and  medium-sized  stagnant 
waters,  particularly  in  the  immediate  vicinity  of 
the  overflows,   effects  on   plankton   communities 
were  more  pronounced  compared  to  large  and 
running  waters.  Combined  sewer  system  overflows 
often  proved  to  affect  plankton  communities  more 
severely  than  separate  sewer  system  discharges 
except  for  some  locations  in  industrial  areas   (Au- 
thor s  abstract) 
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Intermittent  discharges  of  storm  sewage  from  com- 
bined sewer  overflows  continue  to  be  one  of  the 
principal   causes  of  poor  water  quality  in  many 
urban  rivers  in  the  U.K.  The  study  of  how  dis- 
charges of  varying  magnitude,  duration,  and  fre- 
quency affect  the  ecological  quality  of  receiving 
waters  is  of  critical  importance  for  deriving  mean- 
ingful  water   quality   criteria   for   the  control   of 
intermittent  pollution.  A  study  has  been  carried 
out  on  Pendle  Water,  a  river  which  flows  through 
the  urban  catchment  of  Burnley,  Lancashire   Eng- 
land. In  situ  bioassays  have  been  deployed  to  deter- 
mine the  impact  of  storm  sewage  discharges  during 
heavy  rainfall  events  on  benthic  invertebrate  com 
munities  and  physiological  responses  in  fish   It  was 
concluded    that    major   storm    events   on    Pendle 
Water  result  in  significant  reductions  in  the  densi- 
ties of  certain  benthic  macroinvertebrate  species 
Results  of  experiments  with  caged  invertebrates 
suggest    that    mortalities    are    high    during    such 
events.  Discharges  of  storm  sewage  may  exert  a 
chronic  effect  on  the  benthos  leading  to  alterations 
in  community  structure.  Biological  scores  related 
to  organic   pollution   and   species  diversity   were 
botli    reduced    downstream    of  combined    sewer 
overflows  and  communities  were  characterized  by 
large  numbers  of  oligochaetes.   In  situ  bioassays 
may  be  usefully  deployed   to  examine  biological 
responses  to  storm  episodes  of  differing  magnitude 
duration,  and  frequency.  These  will  provide  infor- 
mation for  the  field   validation  of  water  quality 
criteria  for  intermittent  pollution  control  derived 
from  laboratory  ecotoxicological  data.  (Fish-PTT) 
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European   environmental    legislature   is   primarily 
based   on   a  common   toxicity   analysis  approach 
with  ambient  pollutant  concentrations  forming  the 
basis  for  the  development  of  water  quality  criteria 
I  he  method  used  to  identify  such  standards  for 
environmental   protection  is  essentially  based  on 
fixed  dose-response  rates  as  determined  from  con- 
ventional laboratory  bioassays.  A  biological  assess- 
ment of  the  use  of  in  situ  indicator  organism  testing 
procedures  has  been  made  for  the  development  of 
toxic  criteria  and  a  comparison  of  field  experience 
with    aboratory  toxicity  tests.   Metal  uptake  and 
mortality  rates  were  determined  for  selected  body 
areas    of   the    freshwater    amphipod,    Gammarus 
pulex,  under  both  in  situ  stream  and  laboratory  test 
conditions.  Metal  equilibrium  concentration  levels 
were  achieved   in   soft   tissue  within   five  to  six 
weeks  exposure  in  the  field  with  four-fold  to  five- 
told    increases    over    background    control    levels 
noted  for  saturation  levels  in  caged  organisms  at 
sites  subject  to  sewer  discharges.  Laboratory  bioas- 
says yielded  short-term  LC20  values  in  the  order 
Pb>Cu>Zn,  although  there  was  little  difference 
in  metal  toxicities  over  exposure  periods  of  about 
one  week.   The  controlled   toxicity  tests  demon- 
strated a  substantial  short-term  toxic  enhancement 
W9 1  04343  S'tU  f'eld  bioassays'  (Author's  abstract) 
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negative  effect  on  water  quality.  Consequently  the 
water  quality  standards  in  force  will  not  be 
achieved.  In  order  to  meet  these  water  quality 
standards  it  will  be  necessary  to  provide  additional 
overflow  structures,  such  as  storage  basins.  (Fish- 
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Wastewater  disposal. 

The  concentration  of  pollutants  that  can  be  washed 
out  from  the  sewer  system  following  the  onset  of 
rain  can  be  high  enough  to  cause  a  fishkill  in  the 

nlCeJM»g„nVer,  7he  short-(erm  t°*ic.ty  of  ammo- 
nia (NH3)  and  low  oxygen  was  determined  for 
different  species  of  aquatic  insects  (mayflies  and 
stoneflies).  The  experiments  were  carried  out  in 
aboratory  channels.  Compared  with  fish  species, 
the  investigated  macroinvertebrates  were  much 
less  sensitive.  Hence,  if  ecotoxicological  criteria 
tor  the  wet  weather  situation  are  developed  for 
ammonia  and  oxygen,  the  requirements  of  sensitive 
fish 1  species  should  be  considered  first.  In  Switzer- 
land, exceedances  of  the  NH3  short-term  threshold 
concentration  caused  by  combined  sewer  overflow 
occur  mostly  in  too-small  receiving  waters  during 
summer  thunderstorms.  (Author's  abstract) 
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There  are  more  than  900  overflow  locations  from 
the  combined  sewerage  system  in  East  Brabant 
The  Netherlands.  The  De  Aa  Water  Board  con- 
tains 220  overflow  locations  in  its  administrative 
area.   Based  on  an  occurrence  of  overflow  in  a 
standard  rainshower  of  60  L/s  ha  in  dry  weather 
conditions,  the  discharge  capacity  of  the  overflows 
according  to  the  basic  sewerage  system  plans  of 
the  municipalities,  and  an  estimation  of  the  water 
drainage  of  the  receiving  watercourses,  two  cate- 
gories of  watercourses  can  be  distinguished.  Cate- 
gory 1  comprises  those  watercourses  which  drain 
overflow   water   exclusively.    The   surface   water 
quality  at  the  overflow  will  be  completely  deter- 
mined by  overflow  water.  In  Category  2  water- 
courses there  will  be  some  dilution,  but  the  water 
quality  will  still  essentially  be  controlled  by  the 
overflow  water.   In  the  De  Aa  area,   149  water- 
courses belong  to  one  of  these  two  categories  The 
Dungense  Loop  is  classified  as  category   1    and 
after  an  overflow  in  a  dry  weather  period,  dis- 
solved    oxygen,     ammonium,     and     biochemical 
oxygen  demand  (BOD)  did  not  meet  the  water 
quality  standards.  The  River  Dommel  (Category  2) 
had  relatively  high  concentrations  of  BOD,  nitro- 
gen, phosphates,  and  heavy  metals  after  overflows 
It  can  be  concluded  that  overflows  have  a  very 


A  light  and  electron  microscopic  study  of  hepato- 
cytes in  female  winter  flounder  (Pseudopleuron- 
ectes  amencanus)   from   Boston   Harbor   has  re- 
vealed 3  types  of  abnormal  parenchymal  cells  in 
the  livers  of  these  fish.  Electron-lucent  or  'light' 
appearing  hepatocytes  had  the  following  cytologi- 
cal  features  indicative  of  necrosis  and  cell  death  an 
overall  edematous  (Hydropic)  appearance;  swollen 
nuclei    with    marginated    chromatin;    moderately 
swollen,  dense  mitochondria  with  flocculent  densi- 
ties; fragmented  profiles  of  endoplasmic  reticulum 
membranes;   and   lysosome-like   bodies.   Electron- 
dense     or     'dark'-appearing     hepatocytes     were 
shrunken   and   irregular   in   shape,   had   a   highly 
condensed  cytoplasm,  and  had  dense  nuclei  that 
frequently  contained  vacuoles.   In  addition    vari- 
ably sized,  organelle-containing  fragments  of  these 
cells  were  infrequently  observed  in  adjacent  'light' 
hepatocytes  of  histiocytes  possibly  resulting  from 
apoptosis.    Vacuolated    hepatocytes    arranged    in 
ductular   or   acinar   configurations   demonstrated 
signs  of  chronic  cell  injury  such  as  numerous  auto- 
phagic vacuoles,  condensed  mitochondria,  and  a 
modified  endoplasmic  reticulum  system,  the  dilated 
cisternae  of  which   appeared   to   form   the   large 
vacuole  of  the  cell.  While  experimental  verification 
is  lacking,  it  is  presumed  that  the  various  hepato- 
cyte  alterations  observed  in  the  fish  were  induced 
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by  environmental  hepatotoxins.  Further  studies  on 
the  vacuolated  cells  and  their  possible  relationship 
to  neoplasia  are  warranted  since  a  recent  study 
found  15%  (20)  of  winter  founder  samples  from 
Boston  Harbor  with  neoplastic  lesions.  (Author's 
abstract) 
W9 1-04363 


SUBCELLULAR  LOCALIZATION  OF  ACID- 
RAIN  TRANSPORTED  ALUMINUM  IN  GILLS 
AND  KIDNEYS  OF  TROUT  FROM  STREAMS 
OF  THE  VOSGES:  PRELIMINARY  RESULTS, 
(LOCALISATION  SUBCELLULAIRE  DE  L'A- 
LUMINIUM  VEHICULE  PAR  LES  PLUIES 
ACIDES  DANS  LES  REINS  ET  BRANCHIES 
DE  TRUITE  DES  VOSGES.  DONNEES  PRELI- 
MINAIRES). 

Clermont-Ferrand- 1    Univ.   (France).   Faculte   de 
Medecine  et  de  Pharmacie. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04364 


WATERBORNE  OUTBREAK  OF  LEPTOSPI- 
ROSIS AMONG  UNITED  STATES  MILITARY 
PERSONNEL  IN  OKINAWA,  JAPAN. 

3rd  Marine  Division,  FMFPAC,  Okinawa,  Japan. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04365 

WATER  CONTACT  AND  SCHISTOSOMA  HAE- 
MATOBIUM INFECTION:  A  CASE  STUDY 
FROM  AN  UPPER  EGYPTIAN  VILLAGE. 

United  States  Medical  Research  Unit  Number  3, 
Cairo,  Egypt. 

For  primary  bibliographic  entry  see  Field  5U. 
W9 1-04366 


be  established  whether  the  mortality  which  occurs 
during  zinc  exposure  in  low  salinity  is  a  direct 
consequence  of  decreased  osmoregulatory  capacity 
or  is  a  secondary  effect  of  metal  toxicity.  (Author's 
abstract) 
W9 1-04376 


EFFECTS  OF  ACID  WASTES  FROM  TITANI- 
UM DIOXIDE  PRODUCTION  ON  BIOMASS 
AND  SPECIES  RICHNESS  OF  BENTHIC 
ALGAE. 

Norsk  Inst,  for  Vannforskning,  Oslo. 

T.  Bokn. 

Hydrobiologia  HYDRB8,  Vol.  204/5,  p  197-303, 

September  28,  1990.  4  fig,  1  tab,  27  ref. 

Descriptors:  'Acidic  water,  *Algae,  'Chemical 
wastes,  *Estuarine  environment,  'Norway,  'Tox- 
icity, 'Wastewater  pollution,  'Water  pollution  ef- 
fects, Aquatic  habitats,  Bioassay,  Diatoms,  Fucus, 
Plant  pathology,  Titanium  dioxide. 

Titanium  dioxide  wastes  are  suspected  to  be  toxic 
to  rocky  shore  communities  in  an  estuary  in  south- 
east Norway.  An  experimental  project  lasting  2  yr 
examined  whether  titanium  dioxide  wastes  affected 
recolonization  by  rocky  shore  organisms.  The  ex- 
periments were  performed  in  situ  in  six  tanks  (each 
with  9  cu  m  of  brackish  water)  at  two  different 
levels  of  salinity.  Three  different  concentrations  of 
industrial  waste  water  were  used.  The  growth 
season  of  1986  was  dry  and  sunny  compared  to 
1987,  causing  reduction  of  growth  on  exposed 
granite  chips  compared  to  controls.  At  the  two 
highest  waste  concentrations  in  the  tanks,  Fucus 
serratus  was  observed  with  necrotic  tissue  both 
years,  and  in  1986  benthic  diatoms  were  scarce. 
(Author's  abstract) 
W9 1-04420 


THERMOPHILIC  CAMPYLOBACTERS  IN 
SURFACE  WATERS  AROUND  LANCASTER, 
UK:  NEGATIVE  CORRELATION  WITH  CAM- 
PYLOBACTER INFECTIONS  IN  THE  COM- 
MUNITY. 

Lancaster  Univ.  (England).  Div.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04369 

EFFECT  OF  ZINC  ON   OSMOREGULATION 

OF    GAMMARUS     DUEBENI     (CRUSTACEA: 

AMPHIPODS)    FROM   THE    ESTUARY    AND 

THE    SEWAGE    TREATMENT    WORKS     AT 

LOOE,  CORNWALL. 

Polytechnic    South    West,    Plymouth    (England). 

Dept.  of  Biological  Sciences. 

I.  T.  Johnson,  and  M.  B.  Jones. 

Ophelia  OPHLAN,  Vol.  31,  No.  3,  p  187-196,  15 

November  1990.  3  fig,  1  tab,  28  ref. 

Descriptors:  'Amphipods,  'Estuaries,  'Osmoregu- 
lation, 'Toxicity,  'Water  pollution  effects,  'Zinc, 
Bioassay,  Chronic  toxicity,  Comparison  studies, 
England,  Heavy  metals,  Population  exposure,  Sub- 
lethal effects,  Tolerance,  Water  treatment  facilities. 

At  Looe,  Cornwall  (South-west  England),  the  eur- 
yhaline  amphipod  Gammarus  duebeni  Liljeborg 
has  colonized  the  unique  habitat  of  a  sewage  treat- 
ment works.  The  osmoregulatory  capacity  of 
Gammarus  from  the  estuary  and  the  sewage  treat- 
ment works  was  compared.  In  unpolluted  media, 
certain  inter-populational  differences  in  osmoregu- 
latory and  cuticle  water  permeability  responses 
were  identified;  however,  there  were  not  consist- 
ent. Estuarine  and  'sewage'  Gammarus  showed  no 
hemolymph  change  when  exposed  to  a  range  of 
external  zinc  concentrations  at  high  salinity  (30 
ppt).  Impairment  of  osmoregulatory  capacity,  rela- 
tive to  non-polluted  levels,  occurred  at  low  salinity 
(10  ppt),  but  only  at  zinc  concentrations  >  or  = 
500  micrograms  Zn/L.  For  each  population,  de- 
pression of  hemolymph  osmolality  was  apparently 
the  result  of  reduced  levels  of  blood  sodium  (and 
presumably  chloride)  rather  than  any  zinc-induced 
charges  in  cuticle  water  permeability.  These  results 
are  discussed  with  reference  to  previously  identi- 
fied evidence,  from  these  populations,  for  en- 
hanced zinc  tolerance  in  sewage  works  gammarids 
as  a  result  of  long-term  zinc  exposure.  It  remains  to 


ABUNDANCE  CHANGES  IN  LAMINARIA  SET- 
CHELLII  AND  PTERYGOPHORA  CALIFOR- 
NIA (LAMINARIALES,  PHAEOPHYTA) 
NEAR  THE  DIABLO  CANYON  POWER 
PLANT. 

California  Inst,  of  Tech.,  Pasadena.  W.M.  Keck 
Engineering  Lab.  of  Hydraulics  and  Water  Re- 
sources. 

W  J  North,  E.  K.  Anderson,  and  F.  A.  Chapman. 
Hydrobiologia  HYDRB8,  Vol.  204/5,  p  233-239, 
September  28,  1990.  6  fig,  1  tab,  3  ref. 

Descriptors:  'Algae,  'California,  'Kelps,  'Marine 
pollution,  'Nuclear  powerplants,  'Thermal  pollu- 
tion, 'Water  pollution  effects,  Coastal  waters, 
Diablo  Canyon  Power  Plant,  Mortality,  Water 
depth,  Water  temperature. 

Abundances  of  Laminaria  setchellii  and  Pterygo- 
phora  californica  were  determined  three  times  per 
year  for  2  yr  before  startup  of  the  Diablo  Canyon 
Power  Plant  (California)  and  thereafter  for  3  yr 
during  which  time  the  plant  was  in  operation.  The 
test  site  was  situated  at  3  m  depth  and  was  exposed 
almost  continuously  to  heated  effluent  during  plant 
operation.  A  control  population  was  established 
about  60  m  away  from  the  test  site  and  at  an  8  m 
depth  (i.e.,  lying  below  the  heated  plume).  Abun- 
dances at  both  sites  are  relatively  stable  during  the 
preoperational  period.  Abundances  of  Laminaria 
and  Pterygophora  declined,  mortality  increased, 
and  recruitment  ceased  at  the  test  site  following 
plant  operation  and  the  discharge  of  heated  efflu- 
ent. In  contrast,  Laminaria  abundance  remained 
stable  at  the  control  site  and  a  strong  recruitment 
episode  markedly  increased  Pterygophora  densities 
during  1987,  the  final  year  of  our  study.  Complete 
losses  of  Laminaria  and  Pterygophora  also  were 
observed  in  nearby  shallow  portions  of  Diablo 
Cove  exposed  to  the  thermal  plume.  Laminaria 
was  more  sensitive  to  heated  effluent  than  Pterygo- 
phora. Adults  of  both  species  were  more  sensitive 
than  juveniles.  (Author's  abstract) 
W9 1-04422 

ECONOMICALLY  IMPORTANT  SEAWEEDS 
IN  MAR  PICCOLO,  TARANTO  (SOUTHERN 
ITALY):  A  SURVEY. 

Istituto  Sperimentale  Talassografico  'Attilio  Cer- 
ruti',  Taranto  (Italy). 


E.  Cecere. 

Hydrobiologia  HYDRB8,  Vol.  204/5,  p  281-286, 

September  28,  1990.  1  fig,  2  tab,  10  ref. 

Descriptors:  'Algae,  'Italy,  'Marine  algae, 
•Marine  pollution,  'Wastewater  pollution,  'Water 
pollution  effects,  Aquaculture,  Economic  feasibili- 
ty, Mar  Piccolo  Basin,  Taranto,  Wastewater  treat- 
ment. 

A  preliminary  survey  was  carried  out  of  the 
marine  algae  in  the  Mar  Piccolo  Basin,  Taranto 
(southern  Italy),  in  order  to  assess  the  degree  of 
sewage  pollution  and  to  determine  the  presence  of 
any  economically  important  species  that  might  be 
productively  utilized.  The  following  commercial 
species,  belonging  to  a  drift  algal  community,  were 
found:  Gracilaria  bursa-pastoris,  G.  cf.  verrucosa, 
Solieria  sp.,  and  S.  filiformis.  The  species  showed 
an  aggregated  distribution  within  the  community 
and  a  clear  cyclic  annual  pattern.  G.  bursa-pastoris 
exhibited  the  highest  mean  biomass  values  in  May, 
whereas  Solieria  spp.  were  most  abundant  in  Octo- 
ber. At  present,  only  the  harvesting  of  G.  bursa- 
pastoris  appears  profitable.  Further  detailed  studies 
are  required  to  more  fully  assess  the  standing  crop 
of  the  Solieria  spp.  and  G.  cf.  verrucosa.  Consider- 
ing the  environmental  situation  in  the  basin,  it 
might  be  more  appropriate  to  cultivate,  rather  than 
harvest,  these  commercially  important  seaweeds. 
With  the  large  number  of  sewage  outlet  plants 
available  in  the  basin,  the  cultivation  of  seaweeds 
in  a  wastewater  treatment-aquaculture  system 
should  be  considered.  (Author's  abstract) 
W9 1-04423 


TOXICITY  OF  SEWAGE-CONTAMINATED 
SEDIMENT  CORES  TO  MACROCYSTIS  PYRI- 
FERA  (LAMINARIALES,  PHAEOPHYTA)  GA- 
METOPHYTES  DETERMINED  BY  DIGITAL 
IMAGE  ANALYSIS. 

California  Inst,  of  Tech.,  Pasadena.  W.M.  Keck 
Engineering  Lab.  of  Hydraulics  and  Water  Re- 
sources. 

D.  E.  James,  J.  K.  Stull,  and  W.  J.  North. 
Hydrobiologia  HYDRB8,  Vol.  204/5,  p  483-489, 
September  28,  1990.  1  fig,  2  tab,  20  ref. 

Descriptors:  'California,  'Kelps,  'Marine  pollu- 
tion, 'Sediment  contamination,  'Suspended  sedi- 
ments, 'Toxicity,  'Wastewater  disposal,  'Water 
pollution  effects,  Bioassay,  Cadmium,  Chromium, 
DDE,  Digital  image  analysis,  Heavy  metals,  Insec- 
ticides, Palos  Verdes  Peninsula,  Plant  pathology, 
Wastewater  outfall,  Zinc. 

Macrocystsis  pyrifera  gametophytes  were  exposed 
in  batch  culture  to  varying  mass  concentrations  of 
buried,  sewage-contaminated,  historically  dis- 
charged sediment  that  had  been  sampled  from  two 
sites  off  Palos  Verdes  Peninsula,  California.  Signifi- 
cant gametophytic  vegetative  growth  inhibition 
was  detected  in  six  days,  using  digital  image  analy- 
sis at  sediment  loadings  ranging  from  0.15  to  14.5  g 
in  500  mL  nutrient-enriched  seawater.  Inhibition 
declined  at  low  sediment  loadings  and  increased  at 
high  loadings  as  cultures  aged.  Sediments  corre- 
sponding to  the  historic  emissions  peak  taken  2  km 
from  the  Joint  Water  Pollution  Control  Plant  out- 
fall inhibited  vegetative  growth  more  than  did 
sediments  sampled  13  km  distant.  Analysis  showed 
elevated  aqueous  Cd(II),  Cr(II),  and  p,p'-DDE 
concentrations  in  high  sediment-loading  culture 
medium.  Inhibition  by  Zn(II)  alone  was  observed 
at  similar  concentrations  in  other  experiments,  but 
synergism  or  antagonism  by  other  toxicants  re- 
mains possible.  (Author's  abstract) 
W9 1-04424 


RESULTS  OF  A  TEN- YEAR  STUDY  (1976-1986) 
OF    THE    POPULATIONS    IN    SOFT    SUB- 
STRATES OFF  A  WASTEWATER  OUTFALL: 
MARSEILLE-CORTIOU.      (LES      ENSEIGNE- 
MENTS  D'UNE  ETUDE  SUR  DIX  ANS  (1976- 
1986)   DES   PEUPLEMENTS   DE   SUBSTRATS 
MEUBLES    AU    LARGE    D'UN    EMISSAIRE 
D'EAUX  USEES:  MARSEILLE-CORTIOU). 
Centre  d'Oceanologie  de  Marseille  (France). 
G.  Bellan,  and  M.  Bourcier. 
Cahiers  de  Biologie  Marine  CBIMA5,  Vol.  31,  No. 
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2,  p  225-249,  1990.  5  fig,  5  lab,  28  ref.  English 
summary. 

Descriptors:  'Aquatic  organisms,  'Ecosystems, 
•France,  'Marseilles,  'Outfall  sewers,  'Path  of 
pollutants,  'Species  diversity,  'Wastewater  pollu- 
tion, 'Water  pollution  effects,  Benthos,  Interstitial 
water,  Sediment  chemistry,  Statistical  analysis, 
Succession. 

Since  the  beginning  of  the  sixties,  benthic  assem- 
blages established  on  soft  substrates  have  been 
studied  in  the  vicinity  in  the  Cortiou  cove  of  the 
main  sewer  of  the  City  of  Marseilles.  The  noxious 
effects  of  the  sewer  are  no  longer  considerable.  In 
the  seventies,  a  succession  of  catastrophic  episodes 
linked  with  modifications  in  the  nature  and  volume 
of  discharged  waters  have  resulted  in  the  more  or 
less  marked  disruption  of  the  community  structure 
in  an  area  of  more  than  30  sq  km.  The  physiologi- 
cal studies  (and  their  relations  with  the  chemistry 
of  sediments  and  interstitial  waters)  were  conduct- 
ed in  1976.  Among  the  40  sampled  stations,  six 
were  chosen  for  resampling  in  1980  and  1986. 
During  this  period  of  ten  years,  a  loss  of  species 
diversity  took  place.  The  population  of  the  H3 
station,  the  closest  to  the  outfall,  is  distinct  from 
the  others.  At  the  other  stations,  a  progressive 
evolution  from  a  1976  state  to  a  1986  state  with 
evidence  of  heavy  degradation  leading  to  the 
present  community.  These  results  are  shown  in 
statistical  analyses,  especially  in  correspondence 
factorial  analysis.  This  research  has  contributed  to 
the  design  of  the  large  depurator  plant  of  the  City 
of  Marseilles  and  to  various  subsequent  processes 
to  control  the  effects  of  pollution.  (Author's  ab- 
stract) 
W91-04440 


TOXICITY  OF  INORGANIC  SELENIUM  TO 
THE  GREEN  ALGA  SELENASTRUM  CAPRI- 
CORNUTUM  PRINTZ. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Environ- 
mental Engineering. 
A.  M.  Ibrahim,  and  A.  Spacie. 
Environmental        and        Experimental        Botany 
EEBODM,  Vol.  30,  No.  3,  p  265-269,  July  1990.  4 
fig,  17  ref. 

Descriptors:  'Algal  growth,  'Chlorophyta,  'Sele- 
nium, 'Toxicity,  'Trace  metals,  'Water  pollution 
effects,  Statistical  analysis. 

The  selenate(VI)  and  selenite(IV)  forms  of  seleni- 
um were  found  to  be  acutely  toxic  to  the  freshwa- 
ter green  alga  Selenastrum  capricornutum  Printz. 
The  concentrations  causing  50%  growth  inhibition 
(EC50)  in  24  hours  were  61.5  mg  Se/L  for  selenate 
and  143  mg  Se/L  for  selenite.  Subsequent  EC50 
values  for  selenite  were  100  mg  Se/L  at  2  days;  96 
mg  Se/L  at  4  days;  and  65  mg  Se/L  at  6  days. 
Selenate  was  more  toxic,  producing  88%  growth 
inhibition  in  6  days  at  40  mg  Se/L  compared  to 
18%  for  selenite  at  the  same  concentration.  The 
relationship  between  growth  inhibition  and  seleni- 
um concentration  was  found  to  be  linear  over  the 
range  of  concentrations  tested  for  both  the  selenate 
and  selenite.  Considering  the  interest  in  the  envi- 
ronmental hazards  of  selenium,  more  chemical  and 
toxicological  studies  for  selenium  should  be  per- 
formed under  well-defined  conditions.  (Author's 
abstract) 
W9 1-04448 


EFFECT  OF  SIMULATED  ACID  RAIN  ON  RE- 
PRODUCTIVE ATTRIBUTES  OF  RED  SPRUCE 
(PICEA  RUBENS  SARG). 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Forestry. 
P.  P.  Feret,  K.  E.  Diebel,  and  T.  L.  Sharik. 
Environmental        and        Experimental        Botany 
EEBODM,  Vol.  30,  No.  3,  p  309-312,  July  1990.  1 
tab,  21  ref. 

Descriptors:  'Acid  rain,  'Plant  physiology, 
'Spruce  trees,  'Toxicity,  Air  pollution  effects, 
Germination,  Hydrogen  ion  concentration,  Plant 
growth,  Simulated  rainfall,  Water  pollution  effects. 

Red  spruce  (Picea  rubens)  growth  and  reproduc- 
tion  is  declining  in   many   areas  of  the  eastern 


United  States.  An  often  cited  cause  of  this  decline 
is  air  pollution.  In  this  study,  simulated  acid  rain 
was  used  to  examine  the  effects  of  low  pH  on  the 
female  reproductive  structures  of  five  red  spruce 
trees  showing  no  signs  of  pollution  damage.  Cone 
scale  weight,  seed  weight,  number  of  seeds  per 
cone,  and  per  cent  germination  of  filled  seed  did 
not  differ  significantly  among  the  acid  rain  treat- 
ments. The  percentage  of  filled  seed  per  cone  was 
significantly  reduced  as  the  pH  of  the  simulated 
rain  solutions  declined.  The  results  indicate  that 
although  acid  rain  may  reduce  successful  fertiliza- 
tion, the  number  of  seeds  produced  on  healthy 
trees  should  be  sufficient  to  ensure  future  genera- 
tions of  red  spruce.  Further  studies  comparing  the 
reproduction  of  trees  with  visible  foliar  damage  to 
healthy  trees  are  needed  to  fully  assess  the  prob- 
lem. (Author's  abstract) 
W9 1-04449 


RESPONSE  OF  GROWTH,  PHOTOSYNTHE- 
SIS, AND  MINERAL  NUTRITION  OF  RED 
SPRUCE  SEEDLINGS  TO  OZONE  AND 
ACIDIC  CLOUD  DEPOSITION. 

Tennessee  Valley  Authority,  Muscle  Shoals,  AL. 
F.  C.  Thornton,  P.  A.  Pier,  and  C.  McDuffie. 
Environmental        and        Experimental        Botany 
EEBODM,  Vol.  30,  No.  3,  p  313-323,  July  1990.  2 
fig,  6  tab,  31  ref. 

Descriptors:  'Acid  rain  effects,  'Appalachian 
Mountains,  'Cloud  liquid  water,  'Nutrition, 
'Ozone,  *Photosynthesis,  *Plant  growth,  *Spruce 
trees,  Biomass,  Nitrogen,  Respiration,  Soil  chemis- 
try, Statistical  analysis,  Sulfur. 

A  field  exclusion  chamber  study  was  established  at 
a  high  elevation  site  in  the  Appalachian  Mountains 
to  determine  the  individual  and  combined  effects 
of  cloud  water  and  ozone  on  the  growth  and 
physiological  response  of  red  spruce  seedlings. 
Native  seedlings  from  the  study  site,  Whitetop 
Mountain,  Virginia  (1689  m),  and  seedlings  grown 
from  seed  obtained  from  the  Great  Smoky  Moun- 
tains in  Tennessee  were  used  in  the  study.  Three 
replicates  of  the  chamber  treatments  consisting  of 
(1)  exclusion  of  clouds  and  ozone,  (2)  exposure  to 
ambient  ozone  with  clouds  removed,  and  (3)  expo- 
sure to  both  ambient  cloud  and  ozone  were  used  in 
the  study.  Except  for  a  statistically  significant  in- 
crease in  current  year  needle  biomass  of  native 
seedlings  in  treatments  removing  clouds  or  clouds 
and  ozone,  treatment  effects  were  minimal.  Period- 
ic gas  exchange  measurements  of  seedlings  taken 
throughout  the  growing  season  indicated  that 
treatment-dependent  effects  on  photosynthesis  and 
respiration  of  both  seedling  types  were  few.  Seed- 
lings exposed  to  cloud  moisture  appeared  to  accu- 
mulate greater  levels  of  nitrogen  but  not  sulfur. 
Increased  nutrient  leaching  of  foliar  ions  was  not 
consistently  observed,  and  soil  exchangeable  ca- 
tions did  not  differ  among  treatments.  These  data 
do  not  indicate  treatment-induced  changes  in  seed- 
ling growth  that  would  serve  as  primary  cause(s) 
in  recently  reported  red  spruce  decline  at  high 
elevation.  (Author's  abstract) 
W9 1-04450 


FOLIAR  RETENTION  OF  15-N-NLTRATE  AND 
15-N-AMMONIUM  BY  RED  MAPLE  (ACER 
RUBRUM)  AND  WHITE  OAK  (QUERCUS 
ALBA)  LEAVES  FROM  SIMULATED  RAIN. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

C.  T.  Garten,  and  P.  J.  Hanson. 
Environmental       and       Experimental       Botany 
EEBODM,  Vol.  30,  No.  3,  p  333-342,  1990.  2  fig,  3 
tab,  14  ref. 

Descriptors:  'Acid  rain  effects,  *Air  pollution  ef- 
fects, 'Ammonium,  'Maple  trees,  'Nitrogen  cycle, 
•Nutrients,  'Oak  trees,  'Plant  physiology,  Forests, 
Hydrogen  ion  concentration,  Nitrates,  Nitrogen 
radioisotopes,  Nutrition. 

Studies  of  nitrogen  cycling  in  forests  indicate  that 
trees  assimilate  atmospheric  nitrate  and  ammonium 
and  that  differences  between  atmospheric  deposi- 
tion to  the  forest  canopy  and  deposition  measured 
in  forest  throughfall  can  be  attributed  to  the  re- 
moval of  these  ions  from  rain  by  tree  leaves.  Red 


maple  and  white  oak  leaves  were  exposed  to  artifi- 
cial rain  solutions  (pH  4.1)  containing  nitrogen- 15 
labeled  nitrate  (3.5  microg  N/ml)  or  ammonium 
(2.2  mg  N/ml).  At  two  time  intervals  after  expo- 
sure (approximately  3  hr  and  2  days)  an  exposed 
leaf  and  a  control  (non-exposed)  leaf  were  re- 
moved from  replicate  seedlings.  Based  on  results 
from  nitrogen- 15  analysis,  most  of  the  nitrate  ap- 
plied to  tree  leaves  was  removed  by  washing  with 
water;  the  mean  per  cent  removal  (-(-/-standard 
error,  N  =  4)  was  87  +/-1  and  73  +/-4%  of  the 
nitrogen- 15  labeled  nitrate  applied  to  red  maple 
and  white  oak  leaves,  respectively.  Relative  reten- 
tion of  nitrogen- 15  labeled  ammonium  by  the 
leaves  was  greater  than  that  observed  for  nitrogen- 
15  labeled  nitrate.  In  red  maple  and  white  oak 
leaves,  58  +/-9%  and  84  +/-7%  (mean  -(-/-stand- 
ard error,  N  =  4)  respectively,  of  the  applied 
ammonium  was  not  removed  by  washing  treat- 
ments. Results  show  that  the  foliar  uptake  of  nitro- 
gen-15  labeled  ammonium  from  simulated  rain  by 
deciduous  tree  leaves  is  greater  than  that  for  nitro- 
gen-15  labeled  nitrate  ions.  Greater  retention  of 
ammonium  ions  than  nitrate  ions  by  red  maple  and 
white  oak  leaves  from  simulated  rainfall  is  consist- 
ent with  field  observations  showing  a  preferential 
retention  of  ammonium  from  rainfall  by  forest  can- 
opies. As  nitrogen  chemistry  and  the  relative  im- 
portance of  nitrogen  compounds  in  the  atmosphere 
change  in  response  to  proposed  emissions  reduc- 
tions (and  possibly  climate  change),  an  improved 
understanding  of  the  fate  of  airborne  nitrogen  com- 
pounds in  forest  biogeochemical  cycles  will  be 
necessary.  (Author's  abstract) 
W9 1-04452 


HEALTH  EFFECTS  OF  BEACH  WATER  POL- 
LUTION IN  HONG  KONG. 

Hong  Kong  Environmental  Protection  Dept. 
W.  H.  S.  Cheung,  K.  C.  K.  Chang,  R.  P.  S.  Hung, 
and  J.  W.  L.  Kleevens. 

Epidemiology  and  Infection  EPINEU,  Vol.  105, 
No.  1,  p  139-162,  August  1990.  3  fig,  10  tab,  41  ref. 

Descriptors:  'Beaches,  'Coastal  waters,  'Epidemi- 
ology, 'Hong  Kong,  'Human  diseases,  'Path  of 
pollutants,  'Water  pollution,  Escherichia  coli, 
Fecal  coliforms,  Microbiological  studies. 

Prospective  epidemiological  studies  of  beach  water 
pollution  were  conducted  in  Hong  Kong  in  the 
summers  of  1986  and  1987.  For  the  main  study  in 
1987,  a  total  of  18,741  usable  responses  were  ob- 
tained from  beachgoers  on  nine  beaches  at  week- 
ends. The  study  indicated  the  overall  perceived 
symptom  rates  for  gastrointestinal,  ear,  eye,  skin, 
respiratory,  fever,  and  total  illness  were  significant- 
ly higher  for  swimmers  than  non-swimmers,  and 
the  swimming-associated  symptom  rate  for  gastro- 
intestinal, skin,  respiratory  and  total  illness  were 
higher  at  barely  acceptable  beaches  than  at  rela- 
tively unpolluted  ones.  Escherichia  coli  was  found 
to  be  the  best  indicator  of  the  health  effects  associ- 
ated with  swimming-associated  gastroenteritis  and 
skin  symptom  rates  when  compared  with  other 
microbial  indicators.  A  linear  relationship  between 
Escherichia  coli  and  the  combined  symptom  rates 
was  established.  Staphylococci  were  correlated 
with  ear,  respiratory  and  total  illness,  but  could  not 
be  used  for  predicting  swimming-associated  health 
risks.  They  should  be  used  to  complement  Escheri- 
chia coli.  (Author's  abstract) 
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FAECAL  CONTAMINATION  OF  WATER  AND 
FINGERTIP-RINSES  AS  A  METHOD  FOR 
EVALUATING  THE  EFFECT  OF  LOW-COST 
WATER  SUPPLY  AND  SANITATION  ACTIVI- 
TIES ON  FAECO-ORAL  DISEASE  TRANSMIS- 
SION, n.  A  HYGDZNE  INTERVENTION 
STUDY  IN  RURAL  NORTH-EAST  THATLAND. 
Leeds  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5F. 
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WATER   RELATIONS   OF  DIFFERENTIALLY 
IRRIGATED  COTTON  EXPOSED  TO  OZONE. 

California  Univ.,  Riverside.  Statewide  Air  Pollu- 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Effects  Of  Pollution — Group  5C 


tion  Research  Center. 

For  primary  bibliographic  entry  see  Field  3F. 
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INTENSE  AND  LOCALIZED  BENTHIC 
MARINE  POLLUTION  AROUND  MCMURDO 
STATION,  ANTARCTICA. 

Moss  Landing  Marine  Labs.,  CA. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04514 

KELP  RESPONSE  FOLLOWING  THE  WORLD 
PRODIGY  OD1  SPILL. 

Smith  Coll.,  Northampton,  MA.  Dept.  of  Biologi- 
cal Sciences. 

P.  Peckol,  S.  C.  Levings,  and  S.  D.  Garnty. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
10,  p  473-476,  1990.  1  fig,  2  tab,  22  ref. 

Descriptors:  *Hydrocarbons,  'Kelps,  *Marine  pol- 
lution, *Narragansett  Bay,  *Oil  spills,  *Rhode 
Island,  *Water  pollution,  *Water  pollution  effects, 
Algal  growth,  Pigments,  Plant  physiology,  Water 
depth. 

Associated  with  the  June  1989  grounding  of  the 
tanker  World  Prodigy  on  Brenton  Reef,  Rhode 
Island,  approximately  922  tons  of  Number  2  fuel 
oil  were  released  into  surrounding  coastal  waters. 
Effects  of  oiling  on  the  subtidal  kelps  Laminarina 
saccharina  and  L.  digitata  were  investigated.  Kelp 
condition,  growth  rates  with  depth,  and  pigment 
acclimation  were  compared  with  pre-spill  measure- 
ments of  kelp  performance  at  the  same  site  in  1984 
to  1987.  No  evidence  was  found  that  kelps  were 
detrimentally  affected  by  oiling;  no  necrotic  or 
bleached  tissue  on  any  kelps  in  an  oiled  cove  were 
noted.  Growth  rates  of  both  species  were  within 
the  range  of  the  previous  years'  data  and  pigment 
acclimation  was  similar  for  all  years.  Lowest 
growth  rates  occurred  in  1985  during  a  severe 
brown  tide.  This  study  and  other  data  suggest  that 
Narragansett  Bay  was  spared  potential  disaster  be- 
cause little  fuel  oil  mixed  into  the  water  column 
and  contacted  subtidal  organisms.  (Author's  ab- 
stract) 
W9 1-04521 


BENTHOS  ON  TAILINGS  BEDS  FROM  AN 
ABANDONED  COASTAL  MINE. 

Victoria  Univ.  (British  Columbia).  Dept.  of  Biol- 
ogy. 

D.  V.  Ellis,  and  P.  M.  Hoover. 
Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
10,  p  477-480,  1990.  2  fig,  2  tab,  8  ref. 

Descriptors:  'Benthos,  'Ecosystems,  'Marine  pol- 
lution, 'Mine  wastes,  'Species  diversity,  'Water 
pollution  effects,  Aquatic  animals,  Canada,  Howe 
Sound,  Statistical  analysis. 

In  the  Howe  Sound,  on  the  west  coast  of  Canada, 
the  marine  benthos  which  had  recolonized  the  site 
of  a  mine  tailings  discharge  12  years  after  copper 
mining  activity  had  ceased  was  compared  to  an 
adjacent  area  in  which  no  tailings  were  found.  Test 
(tailings)  and  Reference  (no  tailings)  sampling  sta- 
tions consistently  separated  in  a  series  of  six  cluster 
analyses.  They  invariably  provided  the  last  link- 
ages, demonstrating  that  biological  differences  be- 
tween tailing  and  non-tailing  areas  remain  after  12 
years.  Tailing  station  faunas  were  less  diverse  than 
those  at  non-tailing  stations,  and  each  had  charac- 
teristic faunas.  Shallow  (25  m)  and  deep  (100  m) 
stations  clustered  together  for  both  Test  and  Refer- 
ence transects,  but  were  significantly  different  (P 
<  0.05).  A  progressive  increase  in  diversity  existed 
from  shallow  to  deep  stations,  and  from  tailings  to 
no  tailings,  and  different  highly  abundant  species 
were  found  at  each  station.  The  pattern  of  clusters 
and  their  significance  was  not  affected  by  reducing 
taxa  for  the  analyses  to  only  those  fully  identified 
to  species.  Screening  specimens  from  deposits 
using  2  mm  and  0.5  mm  mesh  sieves,  gave  paired 
data  sets,  which  clustered  together  for  each  sam- 
pling station.  Only  in  one  case  were  these  sieve 
clusters  significantly  different,  suggesting  that 
sieve  mesh  size  in  this  investigation  did  not  serious- 
ly influence  the  results.  (Author's  abstract) 
W9 1-04522 


DO  ORGANIC  AND  ANTHROPOGENIC  ACID- 
ITY HAVE  SIMILAR  EFFECTS  ON  AQUATIC 

FAUNA.  ,     JN 

Canterbury  Univ.,  Christchurch  (New  Zealand). 
School  of  Forestry. 

K.  J.  Collier,  O.  J.  Bell,  A.  K.  Graesser,  M.  R. 
Main,  and  M.  J.  Winterbourn. 
OIKOS  OIKSAA,  Vol.  59,  No.  1,  p  33-38,  Sep- 
tember 1990.  3  tab,  59  ref. 

Descriptors:  'Acid  rain  effects,  'Acid  streams, 
•Acidic  water,  'Ecosystems,  'Humic  acids,  'Hy- 
drogen ion  concentration,  'New  Zealand,  'Stream 
biota,  'Water  pollution  effects,  Adaptation,  Alumi- 
num, Animal  physiology,  Aquatic  insects,  Evolu- 
tion, Organic  acids,  Physicochemical  properties, 
Tolerance,  Toxicity. 

In  Westland,  New  Zealand,  there  are  many  brown- 
water  streams  with  naturally  low  pH  (often  around 
4)  brought  about  by  high  concentrations  of  organic 
acids.  Up  to  90%  of  dissolved  aluminum  in  these 
humic  streams  is  bound  to  organic  matter  and  is 
therefore  non-toxic.  This  condition  permitted  the 
investigation  of  effects  of  long-term,  natural  acidity 
on  aquatic  biota  without  the  compounding  effects 
of  high  concentrations  of  toxic  aluminum  that  are 
found  in  many  anthropogenically-acidified,  clear- 
water  streams  of  the  Northern  Hemisphere.  Most 
fish  are  absent  from  Northern  Hemisphere  clear- 
water  habitats  with  pH  <  5.  However,  in  West- 
land,  9  out  of  14  native  fish  species  were  found  in 
brown  waters  with  pH  below  5,  and  seven  species 
were  taken  from  waters  with  pH  <  4.5.  Further- 
more, 34  of  the  37  most  widespread  aquatic  insect 
taxa  were  recorded  in  Westland  streams  with  pH 
<  5,  and  24  were  taken  from  sites  with  pH  <  4.5. 
Clearly,  many  members  of  the  freshwater  fauna  in 
Westland  are  well-adapted  for  life  in  waters  of  low 
pH.  Physiological  adaptations  enabling  this  toler- 
ance may  be  the  same  as  those  that  evolved  in 
response  to  the  physicochemical  variability  associ- 
ated with  the  unpredictable  flow  regimes  of  West- 
land  streams.  Tolerances  of  low  pH  have  been 
documented  in  aquatic  fauna  from  some  naturally 
acidic,  humic  waters  of  the  Northern  Hemisphere, 
although  degree  of  tolerance  can  vary  within  as 
well  as  between  species.  Colonization  of  recently- 
acidified  waters  by  acid-tolerant  strains  may  cause 
more  subtle  changes  in  community  structure  than 
can  be  detected  by  conventional  ecological  tech- 
niques. (Author's  abstract) 
W9 1-04528 


SUBMERSED  MACROPHYTE  GROWTH  AT 
LOW  PH:  I.  C02  ENRICHMENT  EFFECTS 
WITH  FERTILE  SEDIMENT. 

State  Univ.  of  New  York  at  Binghamton.  Dept.  of 

Biological  Sciences. 

J  E.  Titus,  R.  S.  Feldman,  and  D.  Grise. 

Oecologia  OECOBX,  Vol.  84,  No.  3,  p  307-313, 

October  1990.  3  fig,  3  tab,  27  ref.  NSF  Grant  BSR 

8506730. 

Descriptors:  'Acid  rain  effects,  'Carbon  dioxide, 
♦Hydrogen  ion  concentration,  'Nutrient  concen- 
trations, 'Plant  growth,  'Plant  physiology,  'Sub- 
merged plants,  'Water  pollution  effects,  Acidic 
lakes,  Aluminum,  Nutrition,  Sediment  chemistry, 
Wild  celery. 

Vallisneria  americana  (wild  celery)  was  grown  for 
six  weeks  in  a  greenhouse  on  relatively  fertile 
sediment  to  test  for  factors  other  than  nutrient 
limitation  which  may  slow  growth  of  this  sub- 
mersed macrophyte  at  pH  5.  On  the  basis  of  dry 
mass  accumulated,  (1)  low  pH  significantly  de- 
pressed Vallisneria  growth  at  constant  free  carbon 
dioxide  levels;  (2)  free  carbon  dioxide  enrichment, 
however,  greatly  stimulated  Vallisneria  growth  at 
pH  5,  by  2.8-fold  and  10-fold  at  3.2  times  and  10 
times  air-equilibrated  carbon  dioxide  levels,  respec- 
tively; and  (3)  growth  was  greater  by  far  at  pH  5 
than  at  higher  pH  with  constant  total  dissolved 
inorganic  carbon  (DIC).  Free  carbon  dioxide  avail- 
ability was  thus  an  important  controller  of  growth 
at  low  pH  by  Vallisneria  americana  on  fertile  sedi- 
ment, and  low  pH  was  not  directly  deleterious. 
Field  surveys  of  acidic  lakes  in  the  Adirondack 
Mountains  of  New  York  State  revealed  that  DIC 
levels  in  low  pH  lakes  were  often  well  above 
equilibrium  values  and  could  potentially  support 


vigorous  macrophyte  growth.  Aluminum  and/or 
iron  toxicity  did  not  appear  to  impair  growth  at 
low  pH,  and  aluminum  concentrations  in  Vallis- 
neria shoots  significantly  decreased  with  increasing 
free  carbon  dioxide  concentrations  at  pH  5.0,  per- 
haps due  to  growth  dilution.  Rosette  production  (a 
measure  of  asexual  reproduction),  maximum  leaf 
length,  and  extent  of  flowering  within  treatments 
were  positively  correlated  with  plant  biomass, 
rather  than  with  pH  or  free  carbon  dioxide  levels 
per  se.  (Author's  abstract) 
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EFFECT  OF  SIMULATED  ACIDIC  FOG  ON 
CARBOHYDRATE  LEACHING,  C02  ASSIMI- 
LATION AND  DEVELOPMENT  OF  DAMAGE 
SYMPTOMS  IN  YOUNG  SPRUCE  TREES 
(PICEA  ABIES  L.  KARST). 
Giessen  Univ.  (Germany,  F.R.).  Inst,  of  Plant  Nu- 
trition. 

K.  Mengel,  M.  T.  Breininger,  and  H.  J.  Lutz. 
Environmental        and        Experimental        Botany 
EEBODM,  Vol.  30,  No.  2,  p  165-173,  April  1990.  4 
fig,  2  tab,  26  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Air 
pollution  effects,  'Artificial  precipitation,  'Fog, 
'Plant  pathology,  'Plant  physiology,  'Spruce 
trees,  Carbohydrates,  Carbon  dioxide,  Glucose, 
Leaching,  Leaves,  Photosynthesis,  Plant  growth, 
Roots,  Starch,  Stress. 

Research  in  recent  years  on  acid  rain  has  shown 
that  the  acidity  of  fine  droplets  of  fog  is  important. 
The  effect  of  acidic  fog  on  carbohydrate  leaching, 
C02  assimilation,  carbohydrate  status,  and  cuticle 
development  of  young  spruce  trees  was  studied  in 
a  greenhouse  experiment.  Over  a  period  of  9  weeks 
the  plants  were  subjected  to  fog  application  on  27 
occasions.  In  one  treatment  trees  were  exposed  to 
a  fog  of  pH  5.00  (control  treatment).  Leaching 
rates  for  carbohydrates  (sucrose,  glucose,  fructose) 
were  significantly  higher  in  the  acidic  fog  treat- 
ment than  in  the  control  treatment.  The  total 
amount  of  carbohydrates  leached  out  of  the  trees 
by  acidic  fog,  however,  was  low  and  amounted  to 
less  than  1%  of  the  nonstructural  carbohydrates  in 
the  needles.  Trees  which  had  been  exposed  to 
acidic  fog  were  not  affected  in  photosynthesis  and 
in  the  distribution  of  photosynthates  to  various 
plant  parts.  In  the  younger  needles  significantly 
lower  concentrations  of  starch,  glucose,  and  fruc- 
tose were  found  in  the  treatment  with  acidic  fog  as 
compared  with  the  control  plants.  Also  the  starch 
concentration  in  the  roots  of  the  control  plant  was 
significantly  higher  than  that  in  the  plants  exposed 
to  acidic  fog.  These  findings  are  suggestive  of  a 
stress  situation  with  a  high  energy  demand.  Appli- 
cation of  acidic  fog  resulted  in  a  disintegration  of 
the  epicuticular  wax  layer  and  of  the  epistomatal 
wax  props.  In  the  treatment  with  acidic  fog  some 
needles  of  the  current  year  turned  reddish-brown 
and  some  older  needles  became  chlorotic  and  later 
brown.  These  needles  were  shed  to  a  large  degree. 
Needle  loss  of  the  trees  exposed  to  acidic  fog  was 
significantly  higher  than  that  of  the  control  trees. 
(Author's  abstract) 
W9 1-04560 

DESIGN  AND  PERFORMANCE  OF  AN 
ACIDIC  PRECIPITATION  DELIVERY 

SYSTEM  FOR  FIELD  INVESTIGATION  WITH 
PLANTS. 

Boyce  Thompson  Inst,  for  Plant  Research,  Ithaca, 
NY. 

T.  L.  Lauver,  J.  A.  Laurence,  and  R.  J.  Kohut. 
Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  19,  No.  5,  p  629-634, 
September/October,  1990.  4  fig,  2  tab,  22  ref. 
Electric  Power  Research  Institute  Contract 
RP2799-1. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Air 
pollution  effects,  'Field  tests,  'Simulated  rainfall, 
'Trees,  Equipment  design,  Ozone,  Spruce  trees. 

An  acidic  precipitation  delivery  system  was  de- 
signed and  constructed  for  use  in  a  field  investiga- 
tion of  the  response  of  red  spruce  saplings  (Picea 
rubens  Sarg.)  to  the  interactive  stresses  of  ozone 
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and  acid  rain.  The  system  utilizes  hydraulic,  solid- 
cone  spray  nozzles  to  produce  simulated  rainfall 
with  droplet  size  distributions  approximating  natu- 
ral rain  events,  which  are  of  low  intensity,  i.e., 
about  1-1.5  cm/hr,  and  are  relatively  uniform  in 
distribution  of  volume  over  a  2.4  m  diameter  plot. 
Three  different  pH  treatments  (3.1,  4.1,  5.1)  were 
dispensed  randomly  to  each  of  three  treatment 
subplots  located  in  twelve  open-top  field  chambers 
and  three  ambient  control  chambers.  Storage  ca- 
pacity of  the  system  permitted  a  2.3  hr  rain  event. 
Construction  materials  used  were  chosen  for  resist- 
ance to  the  corrosive  nature  of  the  rain  simulant, 
stability  to  ambient  UV  radiation,  and  resistance  to 
penetration  by  sunlight.  Simulated  events  were  not 
synchronized  to  ambient  events,  but  were  sched- 
uled to  prevent  moisture  deficits.  The  system  has 
reliably  applied  simulated  rain  to  90  red  spruce 
trees  for  the  past  two  experimental  seasons,  and 
has  been  tailored  to  meet  some  unique  project 
needs  including  the  size  of  the  trees  and  the 
number  of  subplots  to  treat.  (Author's  abstract) 
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TOXICITY  OF  ZINC  AND  BLEACHED  KRAFT 
MILL  EFFLUENT  TO  LARVAL  ENGLISH 
SOLE  (PAROPHRYS  VETULUS)  AND  TOPS- 
MELT  (ATHERINOPS  AFFINIS). 

California    Univ.,    Bodega    Bay.    Bodega   Marine 

Lab. 

J.  M.  Shenker,  and  G.  N.  Cherr. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  680-685, 

September/October,    1990.   4  fig,   2  tab,   31    ref. 

Descriptors:  *Bioassay,  'Fish,  'Fish  pathology, 
•Pulp  wastes,  'Toxicity,  'Water  pollution  effects, 
•Zinc,  Acute  toxicity,  Fish  eggs,  Growth,  Larvae, 
Sole,  Zinc  sulfate. 

Toxicity  test  protocols  were  developed  for  larvae 
of  two  species  of  marine  fishes  of  the  Pacific  coast 
of  the  United  States.  During  winter  months,  larvae 
were  obtained  from  adult  English  sole  (Parophrys 
vetulus)  spawned  in  the  laboratory.  Newly- 
hatched,  nonfeeding  larvae  were  used  in  96-hr 
experiments  to  determine  their  acute  sensitivity  to 
inorganic  and  organic  toxicants.  Exposure  to 
ZnS04  produced  a  96-hr  LC50  of  14.5  mg  Zn/L. 
A  complex  and  variable  organic  effluent  (untreated 
bleached  kraft  mill  effluent;  BKME)  yielded  96-hr 
LC50s  ranging  from  1.2-9.3%  BKME.  Larvae 
were  obtained  from  eggs  collected  from  wild  and 
laboratory  populations  of  the  spring  and  summer- 
spawning  topsmelt  (Atherinops  affinis).  Both  acute 
(96-hr)  mortality  and  longer-term  (7-14  days) 
growth  responses  of  topsmelt  larvae  to  BKME 
were  determined.  Acute  toxicity  levels  (96-hr 
LC50s)  ranged  from  6.2-9.7%  BKME.  No  Ob- 
served Effect  Levels  (NOELs)  for  7  and  14  day 
exposures  ranged  from  1.0-3.0%  BKME.  Larval 
growth  was  the  most  sensitive  indicator  of  toxicity 
in  two  of  the  six  experiments.  In  the  other  four 
trials,  significant  mortality  occurred  at  lower 
BKME  concentrations  than  did  growth  inhibition. 
Both  the  English  sole  and  topsmelt  bioassays  indi- 
cated significant  variability  in  BKME  toxicity. 
(Author's  abstract) 
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EFFECTS  OF  CADMIUM  IN  FRESHWATER 
CLAMS.  I.  INTERACTION  WITH  ESSENTIAL 
ELEMENTS  IN  ANODONTA  CYGNEA. 

Utrecht  Rijksuniversiteit  (Netherlands).   Dept.  of 

Experimental  Zoology. 

J.  Hemelraad,  D.  A.  Holwerda,  H.  J.  A.  Winjnne, 

and  D.  I.  Zandee. 

Archives   of  Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  686-690, 

September/October,    1990.    2   fig,   2   tab,    16  ref. 

Descriptors:  'Bioaccumulation,  'Cadmium, 
•Clams,  *Heavy  metals,  *Mollusks,  *Toxicity, 
•Water  pollution  effects,  Animal  physiology,  He- 
molymph, Ligands,  Magnesium,  Sodium,  Tissues, 
Zinc. 

The  elemental  composition  of  the  freshwater  clam, 
Anodonta  cygnea,  was  investigated  in  response  to 
exposure  to  cadmium  at  50  ppb  Cd  during  12 
weeks.    Accumulation   of  cadmium   affected    the 


composition  in  various  tissues  and  hemolymph. 
From  2  to  8  weeks  of  exposure  considerable  loss  of 
sodium  occurred,  to  about  half  the  levels  in  control 
animals.  During  the  last  four  weeks  of  exposure, 
sodium  concentrations  stabilized  at  the  decreased 
level  while  those  of  potassium  started  to  decline. 
Minor  changes  were  noticeable  for  other  elements. 
Calcium  and  iron  tended  to  increase  in  all  organs 
examined  while  magnesium  levels  remained  con- 
stant. Zinc  increased  slightly  during  exposure  to 
cadmium.  For  some  elements,  especially  zinc  and 
sulfur,  hemolymph  concentrations  showed  a  re- 
sponse opposite  to  those  in  tissues.  Concentrations 
of  Al,  B,  Ba  Be,  Ce,  Co,  Cr,  Cu,  Li,  Mn,  Mo,  Ni, 
P,  Pb,  Sn,  Sr,  Ti,  V,  Y,  and  Zr  did  not  change 
during  Cd  exposure.  The  small  increase  of  zinc  in 
most  of  the  organs  is  attributable  to  an  increase  of 
specific  metal  binding  proteins  in  the  cytoplasm. 
The  existence  of  such  ligands  has  been  shown  in  A. 
cygnea.  Metallothionein  (MT)-like  proteins  are  ca- 
pable of  binding  Cd(2  +  )  and  Zn(2  +  ).  Induction  of 
MT-like  proteins,  as  a  result  of  Cd  accumulation, 
will  lead  to  a  concomitant  sequestering  of  zinc  in 
the  tissues.  (See  also  W91-04573  and  W91-04574) 
(Author's  abstract) 
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EFFECTS  OF  CADMIUM  IN  FRESHWATER 
CLAMS.  II.  ULTRASTRUCTURAL  CHANGES 
IN  THE  RENAL  SYSTEM  OF  ANODONTA 
CYGNEA. 

Utrecht  Rijksuniversiteit  (Netherlands).   Dept.  of 

Experimental  Zoology. 

J.  Hemelraad,  H.  J.  Herwig,  E.  G.  van  Deonselaar, 

D.  A.  Holwerda,  and  D.  I.  Zandee. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  691-698, 

September/October,    1990.   6   fig,    1    tab,   22   ref. 

Descriptors:  •Animal  physiology,  *Cadmium, 
•Clams,  'Cytology,  'Heavy  metals,  'Kidneys, 
•Mollusks,  'Toxicity,  'Water  pollution  effects, 
Cadmium  chloride,  Chronic  toxicity,  Lysosomes, 
Metabolism,  Mitochondria. 

An  ultrastructure  study  was  made  of  the  renal 
system  of  freshwater  clams,  Anodonta  cygnea,  that 
had  been  exposed  to  cadmium  chloride  (50  microg 
Cd/L)  for  12  weeks.  By  stereological  analysis  an 
extended  lysosomal  system  and  a  decreased 
number  of  mitochondria  was  apparent  in  the  epith- 
elial cells  lining  the  proximal  compartment  of  the 
kidney.  The  increase  of  the  lysosomal  system  was 
mainly  accountable  to  the  appearance  of  a  distinct 
type  of  lysosome,  that  accumulated  in  the  apical 
cell  region.  The  decrease  of  the  mitochondrial 
population  was  accompanied  by  a  considerable 
swelling  of  the  individual  mitochondria.  Finally,  a 
severe  reduction  of  the  glycogen  stores  was  no- 
ticed. Similar,  but  less  obvious,  changes  occurred 
in  the  distal  kidney  compartment.  The  results  sug- 
gest that  long-term  exposure  of  Anodonta  cygnea 
to  cadmium  stimulates  the  lysosomal  system  and 
disturbs  the  function  of  organelles  involved  in  the 
energy  metabolism  of  resorptive  kidney  cells.  (See 
also  W9 1-04572  and  W9 1-04574)  (Author's  ab- 
stract) 
W91-04573 


EFFECTS  OF  CADMIUM  IN  FRESHWATER 
CLAMS.  III.  INTERACTION  WITH  ENERGY 
METABOLISM  IN  ANODONTA  CYGNEA. 

Utrecht  Rijksuniversiteit  (Netherlands).   Dept.  of 

Experimental  Zoology. 

J.  Hemelraad,  D.  A.  Holwerda,  H.  J.  Herwig,  and 

D.  I.  Zandee. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  699-703, 

September/October,    1990.    1    fig,    1    tab,    19  ref. 

Descriptors:  'Animal  physiology,  'Cadmium, 
'Clams,  'Heavy  metals,  'Metabolism,  'Toxicity, 
•Water  pollution  effects,  Chronic  toxicity,  Glu- 
cose, Glycogen,  Lactate,  Mitochondria,  Proteins. 

Freshwater  clams,  Anodonta  cygnea,  were  ex- 
posed to  cadmium,  at  50  ppb,  to  investigate  the 
effects  of  semi-chronic  exposure  on  energy  metab- 
olism. Parameters  examined  included:  adenylate 
energy  charge  (AEC),  glycogen  content,  blood 
glucose  and  protein  concentration,  the  accumula- 


tion of  anaerobic  metabolic  end  products,  (lactate 
and  succinate),  and  mitochondrial  NADH-oxidase 
activity.  In  all  tissues,  AEC  was  significantly  low- 
ered after  12  weeks.  Glycogen  contents  of  the 
separate  organs,  except  for  the  gills,  were  dimin- 
ished to  one  half  those  of  control  animals.  Hemo- 
lymph glucose  increased  between  4  and  8  weeks, 
whereas  protein  in  hemolymph  steadily  decreased, 
to  about  one  half  the  concentration  of  controls  at 
12  weeks.  Lactate  increased  in  mantle  and  midgut 
gland,  whereas  in  gill  only  an  initial  accumulation 
was  found  after  2  weeks  of  exposure.  Succinate 
concentrations  increased  in  all  organs  between  4 
and  8  weeks  of  Cd  exposure.  Thereafter,  no  further 
accumulation  occurred.  From  the  onset  of  expo- 
sure to  cadmium  there  was  a  gradual  reduction  of 
NADH-oxidase  activity  of  gill  mitochondria, 
down  to  60%  of  the  control  value  after  12  weeks. 
The  data  indicate  an  impairment  of  oxidative  car- 
bohydrate metabolism  that  is  brought  about  by  a 
metabolic  blockade,  rather  than  by  (partial)  anaer- 
obiosis  as  a  consequence  of  shell  closure.  (See  also 
W9 1-04572  and  W9 1-04573)  (Author's  abstract) 
W9 1-04574 


EFFECT  OF  COPPER  ON  THE  EMBRYONIC 
DEVELOPMENT  AND  HATCHING  OF  SEPIA 
OFFICINALIS  L. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Dept. 

of  Zoology  I. 

W.  P.  Paulij,  W.  Zurburg,  J.  M.  Denuce,  and  E.  J. 

van  Hannen. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  797-801, 

September/October,    1990.   6  fig,    1    tab,   23   ref. 

Descriptors:  *Copper,  *Fish  physiology,  *Heavy 
metals,  'Water  pollution  effects,  Cuttlefish,  Em- 
bryos, Hatching  rate,  Morphology,  Perivitelline 
fluid. 

In  order  to  measure  the  effects  of  copper  on  em- 
bryonic development  and  hatching  of  the  cuttlefish 
(Sepia  officinalis),  embryos  were  exposed  to  a 
range  of  copper  concentrations.  It  was  found  that 
copper  exerts  a  profound  effect  on  both  hatching 
stage  and  time-to-hatching.  At  high  copper  con- 
centrations (50-200  ppb  Cu(2  +  )),  the  embryos 
hatch  earlier  than  the  controls  but  have  a  lower 
survival  potential.  No  external  morphological  mal- 
formations were  observed.  Although  copper  did 
not  accumulate  in  the  embryo  or  in  the  vitellus,  it 
was  absorbed  by  the  envelope  and/or  the  chorion. 
It  is  possible  that  copper  changes  the  physico- 
chemical  properties  of  the  envelope  and/or  the 
chorion,  and  in  the  late  embryonic  stages  the  pro- 
tection by  either  one  could  decline.  It  is  possible 
that  the  concentration  of  copper  in  the  perivitelline 
fluid  surrounding  the  embryo  increases  to  a  point 
that  the  copper  affects  the  embryo  and  causes 
premature  hatching.  This  would  explain  the  influ- 
ence of  copper  on  hatching  time.  (White-Reimer- 
PTT) 
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CONCENTRATIONS  OF  BORON,  MOLYBDE- 
NUM, AND  SELENIUM  IN  CHINOOK 
SALMON. 

National  Fisheries  Contaminant  Research  Center, 
Yankton,  SD.  Field  Research  Station. 
For  primary  bibliographic  entry  see  Field  5B. 
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AIR  TOXICS  PROJECT  STUDIES  HEALTH 
RISKS  FROM  WASTEWATER  TREATMENT 
PLANT  EMISSIONS. 

Pirnie  (Malcolm),  Inc.,  White  Plains,  NY. 

For   primary   bibliographic   entry   see   Field    5D. 
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PLASMA  VITELLOGENIN  LEVELS  EV  PRE- 
SPAWNEVG  RAINBOW  TROUT,  ONCORHYN- 
CHUS  MYKISS,  DURING  ACTO  EXPOSURE. 

Concordia     Univ.,     Loyola     Campus,     Montreal 
(Quebec).  Dept.  of  Biology. 
R.  L.  Roy,  S.  M.  Ruby,  D.  R.  Idler,  and  Y.  So. 
Archives   of  Environmental    Contamination   and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  803-806, 


114 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Effects  Of  Pollution— Group  5C 


1990.  2  fig,  2  tab,  17  ref. 

Descriptors:  *Acid  rain  effects,  'Acidic  water, 
♦Fish  eggs,  'Immunoassay,  'Spawning,  *Trout, 
•Vitellogenin,  'Water  pollution  effects,  Bioassay, 
Biochemical  tests,  Blood,  Fish  physiology,  Hydro- 
gen ion  concentration,  Proteins,  Sublethal  effects. 

Vitellogenic  Rainbow  trout  (Oncorhynchus 
mykiss)  were  exposed  to  pH  7.6,  5.6,  and  4.5  for  20 
days.  Plasma  vitellogenin  (Vg)  which  is  an  indica- 
tor of  the  level  of  exogenous  yolk  precursors  syn- 
thesized in  the  liver,  and  transported  to  the  ovary 
was  measured  in  sexually  maturing  females  using  a 
sensitive  homologous  radioimmunoassay  specific 
for  rainbow  trout.  During  the  September-October 
experiments,  Vg  levels  significantly  increased  at 
pH  7.6  and  5.6  over  the  20-day  exposure  period.  At 
pH  4.5,  however,  Vg  levels  did  not  change  during 
the  experimental  period.  Based  on  the  differences 
between  day  0  and  20  plasma  Vg  levels,  females  at 
pH  7.6,  5.6,  and  4.5  produced  0.357,  0.188  and 
0.084  mg/mL/day  Vg,  respectively.  The  use  of 
this  sensitive  homologous  radioimmunoassay  has 
confirmed  the  effect  upon  the  reproductive  mecha- 
nism of  vitellogenesis  at  pH  4.5.  Lower  levels  of 
this  important  yolk  source  in  the  oocyte  could 
alter  the  successful  development  of  the  embryo 
during  later  stages  of  development.  This  assay 
provides  a  direct  measure  of  Vg  levels  and  permits 
the  most  accurate  assessment  to  date  of  the  effect 
of  acid  stress  on  Vg  yolk  production  in  rainbow 
trout.  (Author's  abstract) 
W91-04609 


FLOW  CYTOMETRIC  COMPARISON  OF  DNA 
CONTENT  AND  GLUTATHIONE  LEVELS  IN 
HEPATOCYTES  OF  ENGLISH  SOLE  (PARO- 
PHYRS  VETULUS)  FROM  AREAS  OF  DIFFER- 
ING WATER  QUALITY. 

Pacific  Northwest  Research  Foundation,  Seattle, 
WA. 

N.  K.  Jenner,  G.  K.  Ostrander,  T.  J.  Kavanagh,  J. 
C.  Livesey,  and  M.  W.  Shen. 
Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  807-815, 
1990.  2  fig,  2  tab,  42  ref.  NIH,  NIEHS  Grant 
ES04370  and  Post-doctoral  Environmental  Pathol- 
ogy Training  Grant  ES07032. 

Descriptors:  'Cytology,  *DNA,  'Fish  diseases, 
•Fish  pathology,  'Glutathione,  'Liver,  'Sole, 
'Toxicology,  'Water  pollution  effects,  Animal  tis- 
sues, Bioassay,  Carcinogens,  Chronic  effects,  Fish 
toxins,  Population  exposure,  Puget  Sound. 

English  sole  (Parophyrs  vetulus)  in  Puget  Sound, 
Washington  are  at   risk  of  hepatocarcinogenesis 
specifically  in  areas  adjacent  to  polluting  industrial 
effluents.  A  question  concerning  population  and 
ecosystem  survival  is  whether  any  of  the  effects  of 
etiopathologic  change  are  reversible.  This  has  been 
approached  by  looking  for  evidence  of  tumor  ac- 
celerating effects  in  an  exposed  population.  Cellu- 
lar parameters  were  determined  by  flow  cytometry 
for  hepatocytes  of  English  sole.  Cells  containing 
hyperdiploid  DNA  not  present  in  fish  from  refer- 
ence waters,  Port  Madison,  were  found  in  all  non- 
tumor-bearing  and  tumor  bearing  fish  taken  from  a 
polluted  site.  Eagle  Harbor,  where  incidence  of 
hepatic  neoplasia  approaches  30%.  Induction  of 
altered  DNA  content  in  the  exposed  general  hepa- 
tocyte  population  suggests  environmental  induc- 
tion rather  than  an  association  with  lesions  per  se. 
In  contrast,  glutathione  levels  in  hepatocytes  (0.8 
to  3.2  nmol/mg  protein),  were  little  influenced  by 
the  exposure  site,  consistent  with  the  apparent  lack 
of  protection  against  chemically  induced  carcino- 
genesis  in   English   sole.   Association   of  altered 
DNA  content  with  exposure  site  is  significant  for 
its  potential  contribution  to  biological  acceleration 
and  evidence  of  tumor  promotion  found  at  the 
tissue  and  organismic  levels.  The  results  support 
the  notion  that  hepatocarcinogenesis  in  English 
sole  in  Eagle  Harbor  has  a  multi-year  exposure 
etiology,  in  which  potentially  reversible  accelerat- 
ing influences  have  a  role,  and  that  glutathione 
conjugation  is  an  inadequate  mode  of  detoxifica- 
tion for  these  fish.  (Author's  abstract) 
W91-04610 


CHANGES  IN  INTRACELLULAR  FREE 
AMINO  ACIDS  IN  TISSUES  OF  THE  CAGED 
MUSSEL,  ELLIFTIO  COMPLANATA,  EX- 
POSED TO  CONTAMINATED  ENVIRON- 
MENTS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
K.  E.  Day,  J.  L.  Metcalfe,  and  S.  P.  Batchelor. 
Archives   of  Environmental   Contamination   and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  816-827, 
1990.  1  fig,  8  tab,  37  ref. 

Descriptors:  'Amino  acids,  'Biochemical  tests, 
•Freshwater  mussels,  'Mussels,  'Population  expo- 
sure, 'Stream  pollution,  'Water  pollution  effects, 
Agricultural  runoff,  Animal  physiology,  Animal 
tissues,  Bioassay,  Gills,  Mollusks,  Municipal 
wastes,  Muscle,  Quebec,  Sublethal  effects,  Tissue 
analysis,  Toxicity. 

Intracellular  tissue  concentrations  of  free  amino 
acids  (FAA)  were  monitored  in  caged  mussels 
(Elliptio  complanata)  exposed  in  situ  for  27  to  29 
days  and  77  to  79  days  in  the  Yamaska  River 
watershed  (Quebec,  Canada).  Total  concentrations 
of  FAA  (nmol/mg  wet  weight)  increased  in  both 
mantle  and  adductor  muscle  tissue  at  several  sites 
impacted  by  agricultural  runoff  and  urban  effluent 
from  municipal  sewage  and  light  industries,  when 
compared  to  levels  in  mussels  located  at  a  site  with 
little  anthropogenic  impact.  Consistent  changes  in 
the  percent  composition  of  individual  FAA  to  the 
total  FAA  pool  included  decreases  in  serine,  threo- 
nine, glycine  and  valine  as  well  as  increases  in 
glutamic  acid  and  glutamine  at  27  to  29  days,  but 
results  were  not  consistent  with  longer  exposure 
and  varied  amongst  sites.  Few  changes  in  total  or 
individual  FAA  were  observed  in  gill  tissue.  Re- 
sults suggest  that  increases  and/or  decreases  in 
total  FAA  in  some  tissues  of  freshwater  bivalves 
may  be  indicative  of  generalized  stress  induced  by 
a  variety  of  environmental  factors  and  may  be 
useful  as  an  in  situ  biochemical  index  of  toxicity. 
(Author's  abstract) 
W91-04611 

SUBCHRONIC  EFFECTS  OF  SODIUM  SELE- 
NITE  AND  SELENOMETHIONINE  ON  SEV- 
ERAL IMMUNE-FUNCTIONS  IN  MALLARDS. 

Corvallis  Environmental  Research  Lab.,  OR. 
A.  Fairbrother,  and  J.  Fowles. 
Archives   of  Environmental    Contamination   and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  836-844, 
1990.  7  fig,  2  tab,  39  ref. 

Descriptors:  'Ducks,  'Immunoassay,  'Selenium, 
'Selenomethionine,  'Water  pollution  effects, 
Animal  tissues,  Bioassay,  Heavy  metals,  Sublethal 
effects,  Tissue  analysis,  Toxicity,  Water  birds. 

The  subchronic  effects  of  selenomethionine  (SeM) 
and  sodium  selenite  (SeL)  on  several  immunologic, 
hematologic,  and  serologic  parameters  in  mallards 
were  measured  using  concentrations  in  drinking 
water  of  0,  0.5,  and  3.5  mg/L  selenium  (Se)  as  SeL 
and  2.2  mg/L  (Se)  as  SeM.  Cyclophosphamide 
(CP)  was  used  as  an  immunosuppressive  control  at 
20  mg/L.  A  battery  of  in  vivo  and  in  vitro  immun- 
ologic assays  was  performed  on  each  bird  through- 
out the   12  week  study.  The  SeM-treated  birds 
displayed  a  significantly  impaired  delayed-type  hy- 
persensitive  (DTH)   response   to   tuberculin   (M. 
bovis),   as  measured  by  the   number  of  positive 
reactions  present  24  hours  post  PPD  challenge  (p 
<  or  =  0.05).  The  SeM-treated  group  also  exhibit- 
ed a  significantly  increased  serum  alanine  amino- 
transferase (ALT)  activity  and  an  increased  plasma 
glutathione  peroxidase  (GPX)  activity  (p  <  or  = 
0.05).    Selenium   concentration   in   the   liver   and 
breast  muscle  of  SeM-treated  birds  was  significant- 
ly elevated  4  and  14-fold,  respectively,  over  con- 
trols (p  <  0.05).  Body  weight  and  water  consump- 
tion of  treated  birds  did  not  differ  from  controls 
and  organ  weights  were  not  significantly  affected 
by  any  Se  treatment.  Sodium  selenite-treated  birds 
displayed   no   detectable   differences   in   immune- 
function  or  Se  accumulation  in  tissues  as  compared 
to  controls.  Serum  ALT  activity  was  significantly 
increased  in  the  3.5  mg/L  group,  although  to  a 
lesser  extent  than  in  SeM-treated  birds.  Cyclophos- 
phamide significantly  depressed  white  blood  cell 
number,  testes,  weights,  and  also  suppressed  the 


DTH  reaction.  Concentrations  of  Se  as  SeL  did 
not  affect  the  immune  system,  whereas  low  con- 
centrations of  SeM  (2.2  mg/L  Se)  appeared  to 
suppress  certain  aspects  of  the  mallard  immune 
response.  (Author's  abstract) 
W91-04612 

INFLUENCE  OF  IN  VIVO  EXPOSURE  TO  TRI- 
BUTYLTIN  ON  REACTIVE  OXYGEN  FORMA- 
TION IN  OYSTER  TOADFISH  MACRO- 
PHAGES. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
C.  D.  Rice,  and  B.  A.  Weeks. 

Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  854-857, 
1990.  3  fig,  18  ref. 

Descriptors:  'Antifoulants,  'Fish,  'Macrophages, 
'Organotin  compounds,  'Tin,  'Toadfish,  'Toxici- 
ty, 'Toxicology,  'Water  pollution  effects,  Bioas- 
say, Blood,  Dose-response  relationships,  Fish  phys- 
iology, Immunoassay,  In  vivo  tests,  Luminescence, 
Sublethal  effects. 

The  influence  of  in  vivo  tributyltin  (TBT)  expo- 
sure on  macrophage  activation  was  compared  to 
previously  reported  responses  resulting  from  in 
vitro  exposure.  Oyster  toadfish  (Opsanus  tau)  were 
treated  weekly  for  six  weeks  with  either  sham, 
vehicle,  0.250,  0.750,  or  2.5  mg/kg  TBT.  Resident 
peritoneal  macrophages  were  isolated  and  chemilu- 
minescence  stimulated  by  TBT  (50  micrograms/L) 
and  synergistic  combinations  of  the  tumor  promo- 
tor  myristate  acetate  (PMA)  and  calcium  iono- 
phore  (A23187)  was  compared  between  treatment 
groups.  Chemiluminescence  was  reduced  in  a  dose- 
dependent  manner  in  response  to  both  PMA  with 
A23187  and  TBT  (50  micrograms/L)  stimulation. 
The  intracellular  signal  transduction  involved  in 
this  chemiluminescence  primarily  involves  the  mo- 
bilization of  calcium  ions  and  subsequent  events.  It 
is  suggested  that  a  mode  of  toxicity  of  TBT  to 
macrophage  function  is  linked  to  an  interference  of 
calcium  flux  by  affecting  membrane  integrity.  (Au- 
thor's abstract) 
W91-04614 

ULTRASTRUCTURAL  ALTERATIONS  IN  THE 
RENAL  EPITHELIUM  OF  CADMIUM-TREAT- 
ED LITTORINA  LITTOREA  (L). 
Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Zientzi 
Fakultatea. 

J.  A.  Marigomez,  M.  P.  Cajaraville,  E.  Angulo, 
and  J.  Moya. 

Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  863-871, 
1990.  27  fig,  30  ref.  Basque  Government  Project  X- 
86.041. 

Descriptors:  'Animal  pathology,  'Cadmium, 
'Gastropods,  'Kidneys,  'Tissue  analysis,  'Toxici- 
ty, 'Water  pollution  effects,  Animal  tissues,  Bioas- 
say,  Cytology,   Heavy  metals,   Sublethal  effects. 

Ultrastructural  studies  have  been  made  to  assess 
the  effects  of  the  sublethal  exposure  to  cadmium  on 
the  kidney  of  the  prosobranch  gastropod  (common 
periwinkle)  Littorina  littorea.  Groups  of  winkles 
were  subjected  to  cadmium  exposure  at  the  suble- 
thal concentrations  of  0,  0.5,  and  1.25  mg  Cd/L  in 
a  double  series  for  27  days.  During  the  experimen- 
tal conditions,  cadmium  concentration  in  the 
kidney  was  dose  and  time-dependent.  Two  types  of 
response  were  found;  one  includes  the  increase  in 
excretory  activity  after  exposure  to  low  cadmium 
concentrations  or  to  high  concentrations  at  short 
periods  of  time.  The  second  consists  of  the  patho- 
logical effects  produced  by  stronger  treatments. 
Results  indicate  that  increased  excretion  and  pro- 
tein synthesis  lead  to  alterations  in  cellular  trans- 
port which  result  in  a  saturation  of  the  homeostatic 
regulatory  capability.  Subsequently,  cellular  auto- 
lysis takes  place  resulting  in  nuclear  pycnosis  and 
cytoplasmatic  hydropic  degeneration.  The  resist- 
ance of  the  plasma  membrane  and  the  junctional 
complexes  maintain  the  structural  consistence  of 
the  epithelium,  which  lies  on  a  reduced  blood  sinus 
with  increased  amounts  of  hemocytes.  These  ob- 
servations agree  with  the  general  results  on  suba- 
cute toxicity  in  a  wide  range  of  animal  groups,  but 
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differ  from  those  concerning  direct  poisoning  due 
to  cadmium  in  phylogenetically  close  species.  (Au- 
thor's abstract) 
W9I-04616 


EFFECTS  AND  FATE  OF  CADMIUM  DURING 
TOXICITY  TESTS  WITH  CHIRONOMUS  RI- 
PARIUS;  THE  INFLUENCE  OF  FOOD  AND 
ARTIFICIAL  SEDIMENT. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

D.  Pascoe,  A.  F.  Brown,  B.  M.  J.  Evans,  and  C. 

McKavanagh. 

Archives   of  Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  6,  p  872-877, 

1990.  3  fig,  6  tab,  19  ref.  NERC  Research  Grant 

GR36104. 

Descriptors:  •Cadmium,  'Midges,  'Path  of  pollut- 
ants, 'Sediment  contamination,  'Toxicity,  *Water 
pollution  effects,  Bioassay,  Dose-response  relation- 
ships, Fate  of  pollutants,  Foods,  Heavy  metals, 
Laboratory  methods,  Larvae,  Median  tolerance 
limit,  Mortality. 

Chironomus  riparius  (Diptera:  Insecta)  has  been 
recommended  for  use  in  the  assessment  of  sediment 
toxicity.  The  separate  and  joint  effects  of  two 
factors,  i.e.,  the  presence  of  food  and  artificial 
sediment  during  a  test,  on  the  response  of  the 
benthic  detritivorous  larvae  of  Chironomus  ripar- 
ius to  cadmium  were  examined.  Using  a  range  of 
cadmium  concentrations  (30  to  4200  mg/L),  the 
following  data  were  obtained:  the  mortality  re- 
sponse with  increasing  exposure  time  and  the 
median  lethal  (LT50)  time  at  70  to  2500  mg  Cd/L; 
the  24  hour  median  lethal  concentration  or  LC50 
(2030  to  3180  mg  Cd/L;  the  48  hour  LC50  (270  to 
1030  mg  Cd/L;  and  the  96  hour  LC50  (82  to  155 
mg  Cd/L).  These  tests  with  fourth  instar  C.  ripar- 
ius larvae  revealed  that  the  presence  of  food,  either 
alone  or  incorporated  into  artificial  sediment,  in- 
creased the  apparent  toxicity  of  cadmium,  while 
the  presence  of  artificial  sediment  alone  decreased 
toxicity.  An  additional  series  of  experiments  was 
devised  to  examine  the  chemical  fate  and  partition- 
ing of  cadmium  within  the  various  compartments 
of  a  static  toxicity  test  system.  A  rapid  transfer  of 
cadmium  from  the  test  solution  to  the  food  or 
food-artificial  sediment  mixture  was  demonstrated. 
(VerNooy-PTT) 
W91-04617 


SOME  EVIDENCE  FOR  AN  EFFECT  OF  IN- 
GESTED PETROLEUM  ON  THE  FERTILITY 
OF  THE  MALLARD  DRAKE  (ANAS  PLATYR- 
HYNCHOS). 

California  Univ.,  Santa  Barbara.  Dept.  of  Biologi- 
cal Sciences. 

W.  N.  Holmes,  and  K.  P.  Cavanaugh. 
Archives   of  Environmental    Contamination    and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  898-901, 
1990.  2  tab,  19  ref. 

Descriptors:  •Ducks,  •Fertility,  •Oil,  *Oil  pollu- 
tion, 'Toxicity,  'Water  pollution  effects,  'Water- 
fowl, Bioassay,  Foods,  Morbidity,  Sublethal  ef- 
fects. 

The  male  and  female  of  monogamous  pairs  of 
mallard  ducks  were  housed  separately  on  each  side 
of  a  removable  wire-mesh  partition  and  each  bird 
was  fed  either  uncontaminated  food  or  food  that 
had  been  contaminated  with  South  Louisiana 
crude  oil  (3  ml/100  g  dry  weight  food).  Food  was 
removed  from  both  sides  of  the  cage  for  five  hours 
each  day,  and  during  this  interval  the  partition  was 
removed  to  permit  the  birds  to  interact  physically. 
When  both  sexes  consumed  uncontaminated  food, 
the  imposition  of  this  interrupted  feeding  regime 
did  not  alter  the  normal  temporal  pattern  of  ovari- 
an development  in  the  female,  and  the  ability  of  the 
male  to  fertilize  eggs  laid  by  the  female  was  not 
impaired.  When  the  male,  but  not  the  female,  con- 
sumed petroleum-contaminated  food,  ovarian  de- 
velopment was  normal  but  the  ability  of  the  male 
to  fertilize  the  eggs  was  significantly  reduced. 
However,  when  only  the  female  consumed  con- 
taminated food,  ovarian  development  was  slowed 
significantly  and  the  frequency  of  fertilization  was 
lowered  to  the  same  extent  that  it  was  when  only 


the  male  consumed  contaminated  food.  These  ef- 
fects suggest  that  ingested  petroleum  contaminants 
may  impair  the  development  of  photostimulated 
gonadal  endocrine  function  in  both  the  male  and 
the  female.  (Author's  abstract) 
W91-04619 


EFFECTS  OF  EXPOSURE  OF  INCUBATING 
ADULT  AND  YOUNG  HERRING  GULLS  TO  A 
SIMULATED  NO.  2  FUEL  OIL  SLICK. 

Canadian    Wildlife    Service,    Ottawa    (Ontario). 
Wildlife  Toxicology  Div. 
A.  Harfenist,  A.  P.  Gilman,  and  K.  L.  Maus. 
Archives   of   Environmental    Contamination    and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  902-906, 
1990.  3  tab,  22  ref. 

Descriptors:  'Eggs,  'Embryonic  growth  stage, 
•Gulls,  *Oil  pollution,  'Oil  slicks,  'Toxicity, 
•Water  pollution  effects,  Bioassay,  Canada,  Great 
Lakes,  Hatching,  Incubation,  Mortality,  Popula- 
tion exposure,  Sublethal  effects,  Survival,  Water 
birds. 

Naturally  incubating  herring  gulls  (Larus  argenta- 
tus)  were  exposed  to  No.  2  fuel  oil.  The  gulls  were 
treated  either  early  (seven  to  ten  days  after  clutch 
completion)  or  late  (when  the  second  egg  of  the 
clutch  reached  the  pip  stage)  in  incubation.  Hatch- 
ing success  of  eggs  of  adults  oiled  early  in  incuba- 
tion was  reduced  at  321  mL  oil/sq  m  and  survival 
of  young  to  seven  days  post-hatch  was  reduced  at 
both  107  and  321  mL/sq  m.  This  decrease  in 
survival  at  107  mL/sq  m  suggests  that  a  concentra- 
tion of  oil  which  is  not  lethal  to  the  embryos  may 
have  a  sublethal  effect  which  reduces  chick  viabili- 
ty. When  adults  were  oiled  late  in  incubation,  the 
only  effect  noted  was  decreased  hatching  success 
at  321  mL/sq  m.  Chicks  between  five  and  nine 
days  of  age  which  were  exposed  to  an  artificial 
slick  of  321  mL  No.  2  fuel  oil/sq  m  exhibited 
decreased  survival  to  seven  days  post-treatment. 
Since  107  mL/sq  m  is  more  than  20  times  the 
maximum  thickness  of  No.  2  fuel  oil  slicks  which 
have  been  measured  on  the  Great  Lakes,  a  single 
exposure  of  an  adult  at  the  incubation  stages  tested 
or  of  a  young  chick  to  a  free-floating  oil  slick 
would  probably  not  cause  a  significant  reduction  in 
hatching  success  or  survival  of  young.  The  effects 
of  repeated  exposure  to  a  fresh  fuel  oil  slick  are 
unknown.  (Author's  abstract) 
W9 1-04620 


EFFECTS  OF  DICOFOL  ON  MALLARD  EGG- 
SHELL QUALITY. 

NSI  Technology  Services  Corp.,  Corvallis,  OR. 
J.  K.  Bennett,  S.  E.  Dominguez,  and  W.  L.  Griffis. 
Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  907-912, 
1990.  5  tab,  18  ref. 

Descriptors:  'Dicofol,  'Ducks,  'Eggs,  'Embryon- 
ic growth  stage,  'Halogenated  pesticides,  'Pesti- 
cide toxicity,  'Pesticides,  'Water  pollution  effects, 
Bioassay,  Eggshells,  Morbidity,  Population  expo- 
sure, Toxicity. 

Dicofol  is  an  organochlorine  acaracide  structurally 
similar  to  DDE  and  there  is  concern  that  it  may 
effect  avian  reproduction.  Effects  of  dietary  dico- 
fol on  mallard  (Anas  platyrhynchos)  egg  produc- 
tion and  eggshell  quality  were  evaluated;  the  mal- 
lard is  moderately  sensitive  to  DDE  shell-thinning 
toxicity.  Hens  in  egg  production  were  fed  either  0, 
3,  10,  30,  or  100  micrograms/g  dicofol  for  42  days 
(the  formulation  of  dicofol  contained  <  0.1% 
DDT-related  impurities).  A  positive  control  study 
was  also  conducted  in  which  mallard  hens  in  egg 
production  were  fed  0,  3,  10,  and  100  micrograms/ 
g  DDE  for  42  days.  Egg  weight,  shell  thickness, 
shell  strength,  and  dried  shell  weight  were  meas- 
ured for  all  eggs  produced.  Egg  production  was 
not  affected  by  dicofol  diets,  but  the  percentages  of 
cracked  and  soft-shelled  eggs  from  birds  on  the  100 
micrograms/g  dicofol  diet  were  significantly  (p  < 
0.05)  greater.  Shell  strength,  thickness,  and  weight 
were  negatively  related  to  dicofol  dietary  concen- 
trations. Shell  quality  was  reduced  after  one  day  of 
treatment  with  some  dicofol  diets.  Effects  of  simi- 
lar character  and  magnitude  were  observed  in  eggs 
from  positive  control  birds  fed  DDE.  The  data 


demonstrate  that  dietary  exposure  to  the  technical 
formulation   of  dicofol    that   contains    <    0.01% 
DDT-r   significantly    affected    mallard    eggshells. 
(Author's  abstract) 
W91-04621 


TOXICITY  OF  PHENOL  TO  THE  FRESHWA- 
TER CRUSTACEAN  ASELLUS  AQUATICUS 
(L.)  DURING  EPISODIC  EXPOSURE-RELA- 
TIONSHIP BETWEEN  SUB-LETHAL  RE- 
SPONSES AND  BODY  PHENOL  CONCENTRA- 
TIONS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

C.  P.  McCahon,  S.  F.  Barton,  and  D.  Pascoe. 
Archives    of   Environmental    Contamination    and 
Toxicology  AECTCV,  Vol.  19,  No.  6,  p  926-929, 
1990.  1  fig,  3  tab,  43  ref. 

Descriptors:  'Isopods,  'Phenols,  'Toxicity,  'Toxi- 
cology, 'Water  pollution  effects,  Animal  tissues, 
Bioassay,  Crustaceans,  Immobilization,  Population 
exposure,  Spills,  Sublethal  effects,  Temperature  ef- 
fects, Tissue  analysis. 

Little  is  known  about  the  effects  on  biota  of  short 
exposure  periods  to  relatively  high  concentrations 
of  phenol  as  might  occur  following  a  deliberate  or 
accidental  discharge  to  a  receiving  water.  In  this 
study,  the  toxicity  of  phenol  to  the  freshwater 
crustacean  Asellus  aquaticus  was  assessed  at  10  and 
20  C,  using  100  mg/L  and  150  mg/L  phenol. 
Response  criteria  were  immobilization  and  recov- 
ery. The  time  to  immobilization  was  significantly 
faster  at  10  C  than  at  20  C  at  100  mg/L  phenol 
(197.1  versus  676.8  min),  but  not  at  150  mg/L  (43.4 
versus  45.6  min,  respectively).  Recovery  from  im- 
mobilization in  clean  water  was  significantly  faster 
at  20  C  (5.7  and  9.2  min)  than  at  10  C  (17.0  and 
25.8  min).  Both  response  criteria  correlated  well 
with  recorded  body  concentrations  of  phenol.  (Au- 
thor's abstract) 
W9 1-04622 


TOXICITY  OF  AN  OIL  DISPERSANT  TO  THE 
EARLY  LIFE  STAGES  OF  FOUR  CALIFORNIA 
MARINE  SPECTES. 

California  Univ.,  Santa  Cruz.  Inst,  of  Marine  Sci- 
ences. 

M.  M.  Singer,  D.  L.  Smalheer,  R.  S.  Tjeerdema, 
and  M.  Martin. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  1 1,  p  1387-1395,  1990.  5  fig, 
2  tab,  34  ref. 

Descriptors:  'Abalone,  'Dispersants,  'Kelps,  'Oil 
dispersants,  'Opossum-shrimp,  'Surfactants, 
'Topsmelt,  'Toxicity,  'Toxicology,  'Water  pollu- 
tion effects,  Bioassay,  Crustaceans,  Immature 
growth  stage,  Marine  animals,  Oil  spills,  Popula- 
tion exposure. 

Of  the  six  dispersant  chemicals  now  approved  for 
use  on  oil  spills  in  California,  Corexit  9527(TM)  is 
most  commonly  stockpiled  by  oil  response  coop- 
eratives. Continuous-flow  toxicity  tests  using  the 
oil  dispersant  Corexit  9527,  a  mixture  of  nonionic 
(48%)  and  anionic  (35%)  surfactants  in  a  hydrocar- 
bon solvent  (17%),  were  performed  on  the  early 
life  stages  of  four  California  marine  species.  Newly 
released  zoospores  of  the  giant  kelp,  Macrocystis 
pyrifera,  embryos  of  the  red  abalone,  Haliotis 
rufescens,  4-day  old  juveniles  of  the  mysid,  Holme- 
simysis  costata  and  10  day  old  larvae  of  the  tops- 
melt,  Atherinops  affinis,  were  all  used  in  triplicate 
48  and  96  hour  tests.  Quantitative  verification  of 
dispersant  concentrations  using  ultraviolet  spectro- 
photometry was  performed  twice  daily  during  test- 
ing. Results  indicated  growth  of  kelp  gameto- 
phytes  was  significantly  reduced  at  <  2.4  ppm 
after  a  48  hour  exposure.  Of  the  three  animals 
tested,  developing  red  abalone  were  the  most  sensi- 
tive (no  observed  effect  concentration;  NOEC  = 
0.63  to  1.50  ppm;  LC50  =  1.60  to  2.20  ppm). 
Mysid  juveniles  were  intermediate  in  sensitivity 
(NOEC  =  1.66  to  4.20  ppm;  LC50  =  4.26  to  7.26 
ppm),  whereas  topsmelt  larvae  were  the  least  sensi- 
tive (NOEC  =  12.27  to  14.18  ppm;  LC50  =  25.51 
to  40.63  ppm).  Reproducibility  of  test  data  was 
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very   high   (coefficient   of  variation    =    15.7   to 
27. 1  %).  (Author's  abstract) 
W9 1-04629 


DERIVATION  OF  A  FRESHWATER  SILVER 
CRITERIA  FOR  THE  NEW  RIVER,  VIRGINIA, 
USING  REPRESENTATIVE  SPECIES. 

Biological  Monitoring,  Inc.,  Blacksburg,  VA. 

J.  M.  Diamond,  D.  G.  Mackler,  M.  Collins,  and  D. 

Gruber. 

Environmental      Toxicology      and      Chemistry 

ETOCDK,  Vol.  9,  No.  11,  p  1425-1434,  1990.  4  fig, 

5  tab,  23  ref. 

Descriptors:  *Bioassay,  *Chronic  toxicity, 
•Hazard  assessment,  'Silver,  *Stream  biota,  ♦Toxi- 
cology, 'Virginia,  *Water  pollution  effects, 
•Water  quality  standards,  Data  interpretation,  In- 
vertebrates, New  River,  Population  exposure,  Sub- 
lethal effects. 

The  Environmental  Protection  Agency  (EPA)  has 
not  published  a  30  day  average  or  continuous 
criterion  for  silver  due  to  the  apparent  toxicity  of 
this  element  and  the  lack  of  available  chronic 
exposure  data.  Acute  effects  on  nine  species  repre- 
sentative or  indigenous  to  the  New  River,  Virgin- 
ia, and  sublethal  effects  on  three  of  those  species 
using  the  Resident  Species  Approach  were  exam- 
ined. The  results  showed  that  invertebrates  were 
much  more  sensitive  to  silver  than  fish,  including 
juvenile  rainbow  trout  (Oncorhynchus  mykiss). 
Hyalella  azteca  (amphipod)  were  the  most  sensi- 
tive species  followed  by  the  mayflies  Stenonema 
sp.  and  Isonychia  bicolor  and  the  stonefly  Leuctra 
sp.  The  Final  Acute  Value  in  this  study  was  1.32 
micrograms/L  total  recoverable  silver.  In  suble- 
thal tests,  Isonychia  growth,  as  measured  by  the 
number  of  molts  over  time,  was  the  most  sensitive 
effect  observed.  Estimated  acute:'chronic'  ratios 
ranged  from  2  to  34  with  Corbicula  fluminea 
having  the  largest  ratio.  Study  results,  along  with 
available  published  data,  suggest  a  Final  Chronic 
Value  of  0.13  micrograms/L  total  silver  which  is 
approximately  one-half  the  level  obtained  using  the 
EPA  acute  formula  and  ambient  water  hardness. 
These  results  suggest  that  a  continuous  criterion 
for  silver  may  be  predictable  using  the  hardness- 
dependent  formula  and  a  safety  factor  of  0.5.  (Au- 
thor's abstract) 
W9 1-04632 


EFFECTS  OF  ACIDIC  PRECIPITATION  ON 
THE  WATER  QUALITY  OF  STREAMS  IN  THE 
LAUREL  HILL  AREA,  SOMERSET  COUNTY, 
PENNSYLVANIA,  1983-86. 

Geological  Survey,  Harrisburg,  PA. 
J.  L.  Barker,  and  E.  C.  Witt. 
Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water- 
Resources  Investigations  Report  89-4113,  1990. 
72p,  19  fig,  15  tab,  36  ref.  Prepared  in  cooperation 
with  U.S.  Environmental  Protection  Agency. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  *Path 
of  pollutants,  'Pennsylvania,  'Water  chemistry, 
•Water  pollution  effects,  'Water  quality,  Acid 
neutralizing  capacity,  Acidification,  Aluminum, 
Bens  Creek,  Chlorides,  Geochemistry,  Hydrogen 
ion  concentration,  Nitrates,  Precipitation,  Runoff, 
Silica,  Snowmelt,  Sulfates. 

Five  headwater  streams  in  the  Laurel  Hill  area  in 
southwestern  Pennsylvania  were  investigated  from 
September  1983  through  February  1986  to  deter- 
mine possible  effects  of  acidic  precipitation  on 
water  quality.  Precipitation  in  the  Laurel  Hill  area 
is  among  the  most  acidic  in  the  Nation,  with  a 
mean  volume-weighted  pH  of  4.06.  Sulfate  is  the 
dominant  acid-forming  anion,  averaging  3.6  mg/L 
or  about  50  kg/hectare  in  wet  deposition  alone. 
Nitrate  averages  about  2  mg/L  or  7  kg/hectare  in 
the  study  area.  Stream  chemistry  in  the  five 
streams  is  quite  variable  and  apparently  is  influ- 
enced to  a  large  degree  by  the  bedrock  geology 
and  by  small  amounts  of  alkaline  material  in  water- 
shed soils.  Three  of  the  five  streams  with  no  or 
little  acid-neutralizing  capacity  presently  are 
devoid  of  fish  because  of  low  pH  and  elevated 
aluminum   concentrations.   Aluminum   concentra- 


tions increase  in  the  other  two  streams  during 
rainfall  and  snowmelt  despite  comparatively 
higher  base  flow  and  acid-neutralizing  capacities. 
Comparison  of  the  chemistry  of  streamflow  during 
14  storm  events  at  South  Fork  Bens  Creek  and 
North  Bens  Creek  reveals  similar  chemical  re- 
sponses when  discharge  suddenly  increases.  Con- 
centrations of  dissolved  metals  and  sulfate  in- 
creased during  stormflow  and  snowmelt  runoff, 
whereas  concentrations  of  base  cations,  silica,  and 
chloride  decreased.  Nitrate  concentrations  were 
not  affected  by  rainfall  runoff  but  tended  to  in- 
crease with  snowmelt  runoff.  (Author's  abstract) 
W9 1-04636 


CORRELATION  OF  CADMIUM  SHELL- 
WEIGHT  INDEX  WITH  ENVIRONMENTAL 
STRESS  INDICATORS  AT  THE  CELLULAR 
AND  ORGANISMIC  LEVELS  IN  LITTORINA 
LITTOREA. 

Universidad  del  Pais  Vasco,  Bilbao  (Spain).  Zientzi 
Fakultatea. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-04719 


TAXONOMIC  LEVEL  AND  SAMPLE  SIZE 
SUFFICIENT  FOR  ASSESSING  POLLUTION 
IMPACTS  ON  THE  SOUTHERN  CALIFORNIA 
BIGHT  MACROBENTHOS. 

Environmental  Research  Lab.-Narragansett,  New- 
port, OR.  Mark  O.  Hatfield  Marine  Science 
Center. 

S.  P.  Ferraro,  and  F.  A.  Cole. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
67,  No.  3,  p  251-262,  November  1990.  5  fig,  5  tab, 
70  ref. 

Descriptors:  'Benthos,  'Network  design,  'Sam- 
pling, 'Statistical  analysis,  'Water  pollution  ef- 
fects, Analysis  of  variance,  Comparison  studies, 
Data  interpretation,  Error  analysis,  Taxonomy. 

Macrobenthic  data  from  samples  taken  in  1980, 
1983,  and  1985  along  a  pollution  gradient  in  the 
Southern  California  Bight  were  analyzed  at  five 
taxonomic  levels  (species,  genus,  family,  order, 
phylum)  to  determine  the  taxon  and  sample  size 
sufficient  for  assessing  pollution  impacts  on  five 
measures  of  community  structure.  Two  statistical 
designs  were  compared:  a  t-test  for  differences 
between  reference  and  impacted  stations  where  the 
error  term  was  (1)  among-year  variation  at  the 
reference  station  (impact  effects  design),  (2)  repli- 
cate (within-station)  sampling  error  (location  ef- 
fects design).  The  estimated  statistical  power  (1- 
beta)  to  detect  impacts  was  a  function  of  type  and 
magnitude  of  impact,  level  of  taxonomic  identifica- 
tion, the  statistical  design,  and  the  sample  size  (ni 
=  number  of  sampling  years  at  the  reference  sta- 
tion for  the  impact  effects  design,  and  nl  = 
number  of  replicate  samples  per  station  for  the 
location  effects  design).  Four  replicate  0.1  sq  m 
van  Veen  grabs  per  station  were  needed  to  ensure 
community-wide,  unbiased  estimates  of  Shannon's, 
1 -Simpson's  and  Mcintosh's  Index.  Family-level 
identification  appeared  to  be  a  good  choice  for 
assessing  pollution  impacts  at  the  study  site  as  it 
ensured  a  high  probability  (1-beta  >  or  =  0.80)  of 
detecting  intermediate  or  larger  impacts  on  most 
(impact  effects  design)  or  all  (location  effects 
design)  of  five  measures  of  community  structure 
when  ni  and  nl  >  or  =  4.  The  level  of  taxonomic 
identification  and  sample  size  should  be  considered 
along  with  other  sampling  variables  (e.g.  sample 
unit  size,  sieve  mesh  size)  when  seeking  a  statisti- 
cally rigorous,  cost-effective  study  design  suffi- 
cient to  meet  pollution  assessment  objectives.  (Au- 
thor's abstract) 
W9 1-04721 


PERSISTENCE  OF  GENETICALLY  ENGI- 
NEERED ERWINIA  CAROTOVORA  IN  PER- 
TURBED AND  UNPERTURBED  AQUATIC  MI- 
CROCOSMS AND  EFFECT  ON  RECOVERY  OF 
INDIGENOUS  BACTERIA. 
Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg. Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  2H. 
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IMPACT  OF  VOLATILE  AROMATIC  HYDRO- 
CARBONS, ALONE  AND  IN  COMBINATION, 
ON  GROWTH  OF  THE  FRESHWATER  ALGA 
SELENASTRUM  CAPRICORNUTUM. 

Waterloo  Univ.  (Ontario).  Dept.  of  Biology. 
D.  C.  Herman,  W.  E.  Inniss,  and  C.  I.  Mayfield. 
Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  2,  p 
87-100,  1990.  5  fig,  2  tab,  29  ref. 

Descriptors:  'Aromatic  compounds,  'Bioassay, 
•Chrysophyta,  •Hydrocarbons,  'Synergistic  ef- 
fects, 'Toxicity,  Algal  growth,  Benzenes,  To- 
luenes, Xylenes. 

A  sealed,  air-tight  exposure  system  was  used  to  test 
the  toxicity  of  aromatic  hydrocarbons  on  the  rep- 
resentative green  alga,  Selenastrum  capricornutum. 
The  growth  of  S.  capricornutum  was  inhibited 
within  the  sealed  flasks  due  to  restricted  gas  ex- 
change, but  inhibition  was  overcome  by  the  addi- 
tion of  a  sodium  bicarbonate  solution  (0.4%  w/v) 
to  the  growth  medium.  Toxicity  was  determined  as 
the  concentration  required  to  reduce  growth  by 
50%  following  an  8-day  exposure  period  (EC50). 
Growth  of  algal  cells  was  determined  by  direct 
counting  with  a  hemocytometer.  Relative  toxicity 
of  6  aromatic  hydrocarbons  was,  in  order  of  in- 
creasing toxicity,  benzene  (EC50  =  41.0  mg/L), 
toluene  (0.4  mg/L),  ethyl-benzene  (4.8  mg/L)  and 
p-,  m-,  and,  o-xylene  (between  3.9-4.4  mg/L).  Ex- 
amination of  the  toxicity  of  hydrocarbon  mixtures 
revealed  an  additive  toxicological  interaction  be- 
tween benzene,  toluene  and  m-xylene,  indicating 
that  the  toxicity  of  a  mixture  can  be  predicted  from 
the  sum  of  the  toxicities  of  each  component.  A 
synergistic  interaction  was  evident  between  ben- 
zene and  toluene  at  higher  concentration  levels, 
but  the  interpretation  of  synergism  is  complicated 
by  a  rapid  increase  in  sensitivity  of  algae  to  greater 
toluene  concentrations.  (Author's  abstract) 
W9 1-04734 


USE  OF  ACETYLCHOLINESTERASE  ACTIVI- 
TY TO  DETECT  SUBLETHAL  TOXICITY  IN 
STREAM  INVERTEBRATES  EXPOSED  TO 
LOW  CONCENTRATIONS  OF  ORGANOPHOS- 
PHATE  INSECTICIDES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-04735 


DISTRIBUTION  AND  ABUNDANCE  OF  PA- 
CHYMELANIA  AURITA  IN  LAGOS  LAGOON, 
NIGERIA. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Zoology. 

E.  A.  Ajao,  and  S.  O.  Fagade. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.  4,  p  475-488,  October  1990.  4  fig,  3  tab,  23  ref. 

Descriptors:  'Estuarine  fisheries,  'Gastropods, 
•Lagoons,  *Mollusks,  *Population  density,  'Water 
pollution  effects,  Environmental  effects,  Nigeria, 
Physicochemical  properties,  Spatial  distribution, 
Textile  mill  wastes. 

The  distribution,  abundance  and  life  cycle  of  Pa- 
chymelania  aurita  Muller  in  Lagos  lagoon  were 
studied  at  26  stations  during  the  dry  season  (Febru- 
ary) and  wet  seasons  (June).  At  each  station,  phys- 
icochemical parameters  were  sampled  and  anthro- 
pogenic influences  were  noted.  P.  aurita  occurred 
in  large  densities  in  the  shallow  shoal  sands  in  the 
north  and  north-eastern  rims  of  the  lagoon  where 
the  bottom  sediments  were  well-sorted  and  con- 
tained little  or  no  silt.  P.  aurita  is  euryhaline  and 
was  observed  in  the  lagoon  year  round.  The  spe- 
cies is  unisexual  and  had  a  definite  breeding  season 
which  coincided  with  the  end  of  the  rainy  season 
and  beginning  of  the  dry  season.  The  presence  of 
varying  sediment  types  was  reflected  in  the  level 
of  associated  organic  matter.  High  organic  matter 
at  station  20  was  associated  with  industrial  wastes 
containing  fibers  from  a  textile  mill.  At  stations  21 
and  23  it  was  associated  with  the  disposal  of  do- 
mestic sewage  and  at  station  26  with  dead  decay- 
ing mangrove  roots.  The  species  is  a  ciliary  feeder 
which  would  be  limited  in  abundance  in  habitats 
containing  high  organic  matter.  (Geiger-PTT) 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C— Effects  Of  Pollution 


DIETARY  ACCUMULATION  AND  SUS- 
TAINED HEPATIC  MIXED  FUNCTION  OXI- 
DASE ENZYME  INDUCTION  BY  2,3,4,7,8-PEN- 
TACHLORODIBENZOFURAN  IN  RAINBOW 
TROUT. 

Department   of  Fisheries  and   Oceans,   Winnipeg 
(Manitoba).  Freshwater  Inst. 
D.  C.  G.  Muir,  A.  L.  Yarechewski,  D.  A.  Metner, 
W.  L.  Lockhart,  and  G.  R.  B.  Webster. 
Environmental      Toxicology      and       Chemistry 
ETOCDK,  Vol.  9,  No.  12,  p  1463-1472,  1990.  3  fie 
4  tab,  33  ref. 

Descriptors:  •Bioaccumulation,  'Chlorinated  hy- 
drocarbons, 'Enzymes,  'Path  of  pollutants,  'Tox- 
icity, 'Trout,  Water  pollution  effects. 

Accumulation  of  and  hepatic  monooxygenase  in- 
duction by  2,3,4,7,8-pentachlorodibenzofuran 
(PnCDF)  were  studied  in  juvenile  rainbow  trout 
(Onchorhynchus  mykiss)  by  feeding  treated  food 
for  31  days  followed  by  a  180  day  depuration 
period.  Efficiency  of  assimilation  was  44  and  41% 
at  exposure  concentrations  of  9.0  and  0.82  nano- 
grams/g  PnCDF,  respectively.  Depuration  of 
PnCDF  followed  first-order  kinetics  with  half- 
lives  (based  on  toluene  extraction  of  C14-radiolabel 
corrected  for  growth  dilution)  of  61  and  69  days  at 
the  low  and  high  exposure  concentrations,  respec- 
tively. Monooxygenase  enzyme  induction  meas- 
ured by  the  ethoxyresorufin-O-deethylase  (EROD) 
activity  in  individual  trout  livers  was  84-and  four- 
fold higher  after  31  days  of  exposure  to  9.0  and 
0.82  nanograms/g,  respectively,  than  in  livers  of 
unexposed  fish.  Sustained  EROD  activity  at  the 
high  treatment  concentrations  was  observed 
during  the  1 80  day  depuration  phase.  Ethoxyresor- 
ufin-O-deethylase activity  declined  at  approximate- 
ly half  the  rate  of  elimination  of  PnCDF.  No 
significant  differences  between  growth  rates  of 
treated  and  control  fish  were  found.  (Author's 
abstract) 
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TOXICITY  OF  CADMIUM  IN  SEDIMENTS: 
THE  ROLE  OF  ACID  VOLATILE  SULFIDE. 

Manhattan  Coll.,  Bronx,  NY.  Environmental  Engi- 
neering and  Science  Program. 
D.  M.  DiToro,  J.  D.  Mahony,  D.  J.  Hansen,  K.  J 
Scott,  and  M.  B.  Hicks. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  9,  No.  12,  p  1487-1502,  1990.  6  fig, 
4  tab,  39  ref,  append.  EPA  Cooperative  Agree- 
ment CR8 12824-01. 

Descriptors:  'Bioavailability,  'Cadmium,  'Marine 
sediments,  'Sulfides,  'Toxicity,  Amphipods, 
Heavy  metals,  Interstitial  water,  Sorption. 

The  toxicity  of  chemicals  in  sediments  is  influ- 
enced by  the  extent  that  chemicals  bind  to  the 
sediment.  Acid  volatile  sulfide  (AVS)  is  the  sedi- 
ment phase  that  determines  the  LC50  for  cadmium 
in  the  marine  sediments  tested.  AVS  is  a  reactive 
pool  of  solid  phase  sulfide  that  is  available  to  bind 
with  metals.  Amphipod  sediment  toxicity  tests 
were  conducted  in  the  laboratory  and  the  observed 
amphipod  LC50  on  a  normalized  cadmium  concen- 
tration basis  is  the  same  for  sediments  with  over  an 
order  of  magnitude  difference  in  dry  weight  nor- 
malized cadmium  LC50s.  Because  other  toxic 
metals  also  form  insoluble  sulfides,  it  is  likely  that 
AVS  is  important  in  determining  their  toxicity  in 
sediments  as  well.  Most  freshwater  and  marine 
sediments  contain  sufficient  acid  volatile  sulfide  for 
this  phase  to  be  the  predominant  determinant  of 
toxicity.  The  other  sorption  phases  are  expected  to 
be  important  only  for  low  AVS  sediments,  for 
example,  fully  oxidized  sediments.  From  the  point 
of  view  of  sediment  quality  criteria  the  other  sorp- 
tion phases  would  be  important  for  metals  with 
large  partition  coefficients  and  large  chronic  water 
quality  criteria.  (Author's  abstract) 
W9 1-04746 


M.  DeGraeve,  and  T.  L.  Pollock. 
Environmental       Toxicology       and       Chemistry 
ETOCDK,  Vol.  9,  No.  12,  p  1513-1521,  1990.  1  fie 
5  tab,  20  ref. 

Descriptors:  'Bass,  'Fish  behavior,  'Oil  wastes, 
•Trout,  'Water  pollution  effects,  Amino  acids, 
Phenols,  San  Francisco  Bay,  Toxicity. 

Preference-avoidance  tests  using  a  modified  Y- 
maze  test  apparatus  were  conducted  with  juvenile 
striped  bass,  Morone  saxatilis,  and  steelhead  (rain- 
bow) trout,  Oncorhynchus  mykiss  (formerly  Salmo 
gairdneri),  exposed  to  a  refinery  effluent  dis- 
charged into  San  Francisco  Bay.  The  test  system 
was  set  up  on  site  at  the  refinery,  and  the  perform- 
ance of  the  test  system  was  validated  using  two 
reference  materials,  phenol  (reference  avoidant) 
and  a  mixture  of  amino  acids  (reference  attractant). 
Both  species  of  fish  were  tested  at  four  effluent 
concentrations  ranging  from  0.1  to  10%  with  two 
different  dilution  waters,  the  receiving  water  and  a 
known  high-quality  natural  seawater.  The  results 
of  this  study  indicated  that  juveniles  of  both  spe- 
cies tended  to  avoid  the  effluent  at  concentrations 
that  might  be  expected  to  occur  within  a  short 
distance  of  the  refinery  outfall  diffuser.  At  concen- 
trations that  would  occur  outside  the  zone  of  initial 
dilution,  neither  species  of  fish  exhibited  a  prefer- 
ence of  avoidance  response  to  the  refinery  effluent. 
(Author's  abstract) 
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PREPARATION  OF  BENTHIC  SUBSTRATES 
FOR  SEDIMENT  TOXICITY  TESTING. 

Environmental  Research  Lab.-Narragansett,  New- 
port, OR.  Mark  O.  Hatfield  Marine  Science 
Center. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04748 


RETROSPECTIVE  COHORT  MORTALITY 
STUDY  OF  CANCER  AMONG  SEWAGE 
PLANT  WORKERS. 

State  Univ.  of  New  York  at  Buffalo.  School  of 

Medicine. 

For   primary   bibliographic   entry   see   Field   5D. 

W91-04754 


INVESTIGATION  OF  PREFERENCE-AVOID- 
ANCE RESPONSES  TO  AN  OIL  REFINERY 
EFFLUENT  WITH  STRIPED  BASS  AND 
STEELHEAD  TROUT. 

Antigo  City  Engineer,  WI. 

R.  S.  Carr,  M.  E.  Barrows,  N.  G.  Reichenbach,  G. 


EFFECTS  OF  ACID  PRECIPITATION  ON  RE- 
PRODUCTION IN  BIRDS. 

Instituut   voor   Oecologisch   Onderzoek,   Heteren 

(Netherlands). 

J.  Graveland. 

Experientia  EXPEAM,  Vol.  46,  No.  9,  p  962-970, 

September  15,  1990.  118  ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
'Birds,  'Reproducibility,  'Water  birds,  'Water 
pollution  effects,  Acidic  water,  Ecological  effects, 
Environmental  effects,  Forest  ecosystems,  Litera- 
ture review,  Reviews,  Transparency,  Water  pollu- 
tion sources. 

Acifidication  in  aquatic  habitats  reduces  the  repro- 
ductive success  of  both  piscivorous  and  non-pisci- 
vorous birds,  mainly  by  reducing  the  food  supply. 
Piscivorous  birds  find  some  compensation  in  an 
increased  transparency  of  the  water,  non-piscivor- 
ous birds  in  less  competition  for  invertebrate  prey 
by  fish.  Acidification  in  forests  often  has  large 
impacts  on  insect  populations  but  how  this  affects 
forest  birds  is  unknown.  Some  wood  peckers  and 
nuthatches  temporarily  benefit  from  an  increase  in 
standing  dead  timber.  In  advanced  stages  of  forest 
dieback  the  breeding  density  of  forest  birds  is  very 
much  reduced,  but  species  of  open  woodland  in- 
crease. Calcium  deficiency  reduces  the  reproduc- 
tive output  of  some  passerine  species,  but  the 
extent  of  this  phenomenon  is  unknown.  Increased 
exposure  to  toxic  metals  has  reduced  the  reproduc- 
tive success  of  some  lake  dwelling  species.  It  is 
difficult  to  assess  the  effect  of  acid  precipitation  on 
birds  since  acidification  affects  ecosystems  in  many 
ways,  the  evidence  is  largely  correlative  and  reli- 
able estimates  of  the  population  size  are  often 
lacking.  Future  studies  should  concentrate  on  care- 
fully selected  indicator  species  suitable  for  detailed 
data  collection.  (Author's  abstract) 
W9 1-04774 


ACUTE  EPIDEMIC  ALUMINIUM  OSTEOMA- 
LACIA SECONDARY  TO  WATER  SUPPLY 
CONTAMINATION. 

Meath  Hospital,  Dublin  (Ireland).  Dept.  of  Clinical 

Medicine. 

A.  A.  J.  O'Brien,  D.  P.  Moore,  and  J.  A.  B. 

Keogh. 

Irish  Journal  of  Medical  Science  IJMSAT,  Vol. 

159,  No.  3,  p  71-73,  March   1990.  3  tab,   19  ref. 

Descriptors:  'Alum,  'Aluminum,  'Human  dis- 
eases, 'Water  pollution  effects,  'Water  treatment, 
Bone  disorders,  Ireland,  Osteomalacia,  Sand  filtra- 
tion, Water  pollution. 

The  syndrome  of  aluminum  osteomalacia  is  well 
recognized  in  patients  on  maintenance  hemodialy- 
sis for  many  years.  Water  contamination  is  the 
major  culprit  in  hemodialysis  units.  When  the  alu- 
minum content  of  the  water  supply  in  the  Hemo- 
dialysis Unit  at  Meath  Hospital,  Dublin,  Ireland 
rose  from  <0.5  micromole/L  to  6  micromoles/L 
over  a  two  month  period,  bone  biopsies  and  desfer- 
rioxamine  infusion  tests  were  carried  out  on  12 
patients  who  had  been  on  hemodialysis  for  less 
than  one  year  and  had  normal  serum  aluminum 
levels.  The  patients  had  no  bone  symptoms.  Eight 
patients  had  positive  aluminum  bone  stains.  This 
aluminum  osteomalacia  group  had  a  mean  parathy- 
roid hormone  concentration  of  1.4  mg/ml,  whereas 
the  non-aluminum  osteomalacia  group  had  a  mean 
parathyroid  hormone  level  of  2.9  mg/ml.  The  dif- 
ference in  mean  parathyroid  hormone  concentra- 
tion is  significant.  There  was  no  evidence  of  ence- 
phalopathy, fractures  or  microcytic  anemia  in  the 
aluminum  osteomalacia  positive  group.  The  alumi- 
num contamination  of  the  water  supply  occurred 
because  of  a  change  in  the  reservoir  purification 
system  from  sand-filtration  to  alum.  (Mertz-PTT) 
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LAKE  ENRICHMENT  AND  THE  STATUS  OF 

WINDERMERE    CHARR,    SALVELINUS    AL- 

PINUS  (L). 

Freshwater     Biological     Association,     Ambleside 

(England).  Windermere  Lab. 

C.  A.  Mills,  S.  I.  Heaney,  C.  Butterwick,  J.  E. 

Corry,  and  J.  M.  Elliot. 

Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 

Supp,  p  167-174,  1990.  2  fig,  22  ref. 

Descriptors:  'Char,  'England,  'Eutrophication, 
'Fish  conservation,  'Lakes,  'Trout,  'Water  pollu- 
tion effects,  Aquatic  habitats,  Climatic  changes, 
Freshwater  pollution,  Genetics,  Oxygen  require- 
ments, Population  density,  Sewage,  Temperature, 
Trophic  level. 

All  English  populations  of  Arctic  char,  Salvelinus 
alpinus  (L.)  are  found  in  the  Lake  District  (north- 
west England).  At  least  four  races  of  char  exist  in 
Windermere,  the  largest  lake  in  England;  the 
North  and  South  basins  of  the  lake  each  contain 
two  distinct  races  that  spawn  in  autumn  and 
spring,  respectively.  The  spring  spawners  in  both 
basins  probably  represent  less  than  15%  of  the  total 
population  in  the  lake.  Changes  in  the  population 
density  of  char  in  the  lake  are  examined  in  relation 
to  the  trophic  status  of  the  lake.  Other  factors  that 
could  possibly  affect  the  char  population  are  re- 
viewed, especially  the  influence  of  climate  change. 
The  greatest  immediate  problem  confronting  char 
populations  in  Windermere  is  the  marked  increase 
in  deep  water  deoxygenation.  Reduced  oxygen 
concentrations  will  presumably  restrict  the  char's 
feeding  range  during  the  summer  months.  A  pro- 
gram for  the  reduction  of  sewage-borne  phospho- 
rus to  Windermere  has  been  started  by  North  West 
Water,  with  the  aim  of  reversing  the  process  of 
eutrophication.  A  predicted  change  in  climate 
could  cause  additional  threats  to  the  char  popula- 
tion, because  the  clear  eggs  are  extremely  sensitive 
to  temperatures  above  8  C,  especially  during  the 
first  few  days  of  development  and  again  when 
close  to  hatching.  (Brunone-PTT) 
W91-04788 
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Departamento  de  Zoologia  e  Antropologia,  Facul- 

dade  de  Ciencias  de  Lisboa,  Campo  Grande,  Bloco 

C2,  3  Piso,  1700  Lisbon,  Portugal. 

C  A  Assis. 

Journal  of  Fish  Biology  JFIBA9,  Vol.  37,  No. 

Supp,  p  225-226,  1990.  1  fig,  3  ref. 

Descriptors:  *Anadromous  fish,  *Aquatic  habitats, 
•Endangered  species,  'Fish  conservation,  •Portu- 
gal, *Species  diversity,  *Tagus  River,  Dam  con- 
struction, Fish  behavior,  Fish  migration,  Freshwa- 
ter, Lamprey,  Path  of  pollutants,  Population  densi- 
ty, River  fisheries,  Shad,  Sturgeon,  Water  pollu- 
tion effects. 

The  great  majority  of  European  anadromous  fishes 
are  threatened  species.  The  River  Tagus,  on  the 
Iberian  Peninsula,  is  more  than  1100  km  in  length. 
Four  anadromous  fish  species  occur  in  this  basin 
but  they  no  longer  reach  the  upper  part  of  the 
basin.  In  Portugal,  the  sea  lamprey  and  the  twaite 
shad  are  still  common;  the  allis  shad  is  rapidly 
declining;  the  river  lamprey  is  rare.  The  sturgeon 
no  longer  occurs  in  the  River  Tagus.  In  the  Tagus 
basin,  countless  sources  of  all  types  of  industrial 
and  urban  pollution  exist,  whose  effluents  are  not 
subjected,  in  most  cases,  to  previous  treatment. 
The  estuary  is  completely  surrounded  by  Lisbon 
and  its  suburbs,  which  produce  an  enormous 
amount  of  domestic  sewage;  additionally,  there  are 
some  600  sources  of  industrial  pollution.  Up  river, 
in  Portugal,  the  main  sources  of  pollution  are  the 
cities  of  Santarem,  Abrantes,  Castelo  Branco  and 
Portalegre,  and  industries  dealing  with  cellulose, 
oils  for  human  food  and  milk  and  tomato  deriva- 
tives. Although  most  anadromous  fish  species  used 
to  live  in  the  whole  Tagus  basin,  reaching  its 
Spanish  portion,  they  are  now  limited  to  the  lower 
200  km  of  the  main  Tagus  river  because  of  two 
dams  which  are  impassable  barriers.  The  dams  are 
at  Belver  and  at  Castelo  de  Bode.  The  reservoir 
contains  a  landlocked  population  of  allis  shad 
which,  due  to  its  poor  quality,  has  a  low  commer- 
cial value  and  is  therefore  not  fished.  The  con- 
struction of  two  more  dams  is  planned  for  the 
River  Tagus.  If  provisions  are  not  made  to  guaran- 
tee the  passage  of  migratory  fish,  their  progression 
up  river  will  be  even  more  limited  than  at  present. 
Fisherman  cause  an  impact  on  the  anadromous  fish 
stocks  on  two  levels:  pre-reproductive  migrating 
adults  are  caught  in  large  numbers  in  areas  where 
they  are  forced  to  concentrate  below  the  dams, 
and  juveniles  are  caught  in  fishing  gear  utilized  for 
other  species  in  the  estuary.  To  preserve  the  anad- 
romous species,  detailed  studies  on  the  bioecology 
of  the  migrant  population  should  be  promoted, 
levels  of  pollution  should  be  decreased,  functional 
and  efficient  fishways  in  dams  should  be  provided, 
and  closed  fishing  seasons  should  be  created. 
(Brunone-PTT) 
W9 1-04794 


ENVIRONMENTAL  PROTECTION  IN  EAST- 
ERN EUROPE. 

Institute  for  Soil  Fertility,  Haren  (Netherlands). 

Dept.  of  Soil  Physics  and  Root  Ecology. 

For   primary   bibliographic   entry   see   Field   5G. 
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BACTERIAL  HETEROTROPHIC  ACTIVITY  IN 

THE  RIVER  SEINE:  TRITIATED  THYMIDINE 

AND  LEUCINE  INCORPORATION  PROFILES 

(ACnVJTE  BACTERIENNE  HETEROTROPHE 

DANS  LA  SEINE:  PROFILS  D'lNCORPORA- 

TION  DE  THYMIDINE  ET  DE  LEUCINE  TRI- 

TIEES). 

Universite  Libre  de  Bruxelles  (Belgium).  Groupe 

de  Microbiologie  des  Milieux  Aquatiques. 

P.  Servais,  and  J.  Gamier. 

Comptes    Rendus    de    l'Academie    des    Sciences 

(Serie  3)  Sciences  de  la  Vie  CRAMED,  Vol.  311, 

No.  10,  p  353-360,  November  1990.  3  fig,  1 1  ref. 

English  summary. 

Descriptors:  'Aquatic  bacteria,  *Bacterial  analysis, 
•France,  'Organic  matter,  'Proteins,  'Seine  River, 
•Wastewater  pollution,  'Water  pollution  effects, 
Comparative  studies,  Deoxyribonucleic  acid,  Leu- 
cine, Paris,  Protein  synthesis,  Radioactive  tracers, 
Thymidine. 


In  aquatic  ecosystems,  the  utilization  of  organic 
matter  by  heterotrophic  microorganisms,  especial- 
ly bacteria,  is  a  major  process  governing  the  func- 
tion of  these  ecosystems.  Therefore,  a  variety  of 
methods  have  been  proposed  for  measuring  bacte- 
rial heterotrophic  activity  in  aquatic  ecosystems 
that  are  principally  based  on  the  use  of  radioactive 
tracers.  A  comparative  study  was  conducted  to 
evaluate  two  methods:  the  tritiated  thymidine  in- 
corporation method  based  on  the  proportionality 
between  DNA  synthesis  and  the  rate  of  bacterial 
division;  and  the  use  of  tritiated  leucine  incorpora- 
tion to  evaluate  the  protein  synthesis  rate  which 
can  be  a  good  estimation  of  bacterial  production. 
The  study  was  conducted  on  the  River  Seine  in 
October  1989  at  18  stations  along  300  km  of  river, 
between  Montereau,  at  the  confluence  with  the 
River  Yonne,  and  Poses,  near  the  estuary.  The  rate 
of  thymidine  incorporation  along  the  course  of  the 
river  was  essentially  characterized  by  low  values 
upstream  of  Paris  and  a  large  increase  in  the  area 
surrounding  Paris,  with  a  maximum  value  just 
downstream  of  the  sewage  treatment  plant  of 
Acheres.  Similar  trends  were  observed  with  the 
leucine  incorporation  method.  The  comparative 
study  of  leucine  and  thymidine  incorporation  rates, 
coupled  with  the  bacterial  enumerations,  led  to  the 
distinction  of  two  bacterial  populations.  The  al- 
lochthonous  populations  brought  by  the  urban 
sewage  differed  from  the  autochthonous  popula- 
tion both  morphologically  (higher  biovolume)  and 
physiologically  (higher  ratio  of  leucine  to  thymi- 
dine incorporation  rates).  The  allochthonous  popu- 
lations rapidly  decreased  after  their  input  into  the 
river;  the  disappearance  processes  seemed  to  be 
higher  for  this  population  than  for  the  autochthon- 
ous bacteria.  These  large  sized  bacteria  are  indeed 
accessible  to  a  wider  number  of  grazers  and  their 
sedimentation  should  be  higher.  (White-Reimer- 
PTT) 
W9 1-04837 


CHEMICAL  WEATHERING  IN  THE  LOCH 
VALE  WATERSHED,  ROCKY  MOUNTAIN  NA- 
TIONAL PARK,  COLORADO. 

Wyoming  Univ.,  Laramie.  Dept.  of  Geology  and 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2J. 
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weathered  feldspars  have  lost  much  of  their  most 
reactive  surface  to  the  formation  of  etch  pits.  Hy- 
drological  factors  such  as  inhomogeneous  access  of 
percolating  fluids  to  mineral  surfaces  may  also 
reduce  the  proportion  of  mineral  surface  area  re- 
acting in  natural  systems.  (Brunone-PTT) 
W91-04932 
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AEROBIC  TREATMENT  OF  DAIRY 
WASTEWATER. 

Hong  Kong  Univ.  Dept.  of  Civil  Engineering. 
H.  H.  P.  Fang. 

Biotechnology  Techniques  BTECE6,  Vol.  4,  No. 
1,  p  1-4,  Jan/Feb  90.  3  fig,  1  tab,  3  ref. 

Descriptors:  'Activated  sludge  process,  'Carbon 
removal,  'Dairy  industry,  'Food-processing 
wastes,  'Nitrogen  removal,  'Wastewater  treat- 
ment, Biological  oxygen  demand,  Effluent  charges, 
Kjeldahl  procedure,  Pilot  plants,  Sludge  seeding. 

A  dairy  plant  which  recovers  casein  and  lactose 
from  cheese  whey  had  to  pay  a  substantial  mone- 
tary penalty  in  order  to  discharge  its  wastewater  to 
the  municipal  sewer.  This  wastewater  had  an  aver- 
age biological  oxygen  demand  (BOD5)  of  1060 
mg/L  and  an  average  total  Kjeldahl  nitrogen 
(TKN)  of  109  mg/L.  In  order  to  reduce  discharge 
costs,  a  pilot  wastewater  treatment  facility  was 
built  on-site  to  examine  the  effectiveness  of  reduc- 
ing the  carbonaceous  and  nitrogenous  pollutant 
levels  in  the  plant  wastewater  by  the  activated 
sludge  process.  The  pilot  plant  was  designed  to 
continuously  treat  230  L/hr  of  plant  wastewater 
and  consisted  of  an  equalization  tank  and  three 
reactors  in  series,  which  were  seeded  with  activat- 
ed sludge  from  a  local  municipal  secondary 
wastewater-treatment  plant.  With  an  overall  reten- 
tion time  of  19.8  hrs,  the  final  effluent  contained  9 
mg/L  of  BOD5  and  10  mg/L  of  TKN,  corre- 
sponding to  respective  reductions  of  99%  and 
91%.  (Doyle-PTT) 
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INFLUENCE  OF  TEMPERATURE  AND  MIN- 
ERAL SURFACE  CHARACTERISTICS  ON 
FELDSPAR  WEATHERING  RATES  IN  NATU- 
RAL AND  ARTIFICIAL  SYSTEMS:  A  FIRST 
APPROXIMATION. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Geo- 
logical Sciences. 
M.  A.  Velbel. 

Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  3049-3053,  December  1990.  1  tab,  47  ref. 
NSF  Grant  No.  BSR-85 14328. 

Descriptors:  *Acid  rain  effects,  'Acidification, 
•Crystalline  rocks,  'Feldspar,  'Geochemistry, 
♦Silicates,  'Temperature  effects,  'Weathering, 
Etch  pits,  Hydrogen  ion  concentration,  Hydroly- 
sis, Neutralization,  Percolation,  Soil  formation. 

Landscapes  underlain  by  crystalline  silicate  bed- 
rock are  the  most  sensitive  to  acidification,  because 
the  silicate  minerals  of  which  they  are  composed 
do  not  react  with  throughgoing  solutions  quickly 
enough  to  neutralize  the  added  acidity  or  to  release 
sufficient  quantities  of  base  cations  to  the  soil- 
exchange  complex.  Despite  the  abundance  of  pub- 
lished research  on  the  geochemical  kinetics  of  sili- 
cate mineral/water  interactions,  silicate-mineral 
weathering  rates  in  natural  systems  are  poorly 
understood.  Rates  of  alkali  feldspar  hydrolysis  in 
the  near-neutral  pH  range  up  to  3  orders  of  magni- 
tude slower  in  natural  systems  than  in  laboratory 
experiments.  Correcting  for  differences  in  tempera- 
ture between  natural  weathering  and  laboratory 
systems  reduces  the  disparity  by  as  much  as  a 
factor  of  5.  Any  remaining  disparity  can  be  ac- 
counted for  by  differences  in  the  ratio  of  effective 
surface  area  to  total  surface  area;  the  ratio  of 
effective-to-total  surface  area  in  natural  systems  is 
generally  considerably  smaller  than  in  laboratory 
systems.  This  may  be  related  to  experimental  prep- 
aration  artifacts   and   to   the   fact   that   naturally 


DEEP  WASTEWATER  RESERVOIRS  IN 
ISRAEL:  EMPIRICAL  DATA  FOR  MONITOR- 
ING AND  CONTROL. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Div.  of  Envi- 
ronmental Sciences. 

For  primary  bibliographic  entry  see  Field  5E. 
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AUTOCATALYTIC  MODEL  FOR  THE  KINET- 
ICS OF  BOD  TEST. 

Nanjing  Inst,   of  Technology  (China).   Dept.   of 

Applied  Chemistry. 

Y.  Maoyu. 

Water  Research  WATRAG,  Vol.   24,  No.  9,  p 

1091-1095,   September   1990.  9  fig,  2  tab,  4  ref. 

Descriptors:  'Biochemical  oxygen  demand,  •Ki- 
netics, *Mathematical  models,  *Model  studies, 
•Oxidation,  'Wastewater  analysis,  'Wastewater 
treatment,  'Water  analysis,  Biodegradation,  Dis- 
solved oxygen. 

An  autocatalytic  model  for  the  oxidation  of  carbo- 
naceous matter  is  based  on  an  analysis  of  BOD 
experimental  results.  The  autocatalytic  kinetics 
model  can  satisfactorily  explain  the  problem  of  the 
lag  period  in  BOD  tests,  as  verified  by  experimen- 
tal results.  If  the  size  of  inocula  and/or  the  micro- 
bial activities  increases  adequately,  the  autocataly- 
tic kinetics  model  can  be  expressed  as  first-order 
kinetics.  If  the  size  of  the  inocula  and/or  the 
microbial  activities  increases  greatly,  the  autocata- 
lytic model  follows  second-order  kinetics.  By  dilu- 
tion the  time  courses  of  BOD  were  determined  for 
three  types  of  water  samples.  Results  showed  that 
whether  or  not  there  is  an  initial  lag  period  in  the 
oxidation  of  carbonaceous  matter,  the  experimental 
results  conform  to  the  autocatalytic  model  and  that 
if  the  size  of  inocula  and  the  microbial  activities 
increase  adequately,  the  model  can  be  converted 
into  a  first-order  kinetics  equation.  (Geiger-PTT) 
W9 1-04038 
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EFFICIENCY  OF  ROTATING  BIOLOGICAL 
CONTACTOR  IN  REMOVING  PATHOGENIC 
BACTERIA  FROM  DOMESTIC  SEWAGE. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Sherman 

Center  for  Research  in  Environmental  and  Water 

Resources  Engineering. 

M.  Sagy,  and  Y.  Kott. 

Water  Research  WATRAG,  Vol.   24,  No.   9,  p 

1125-1128,  September  1990.  5  fig,   1   tab,  21   ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Coliforms,  'Domestic  wastes,  "Municipal 
wastewater,  'Salmonella,  'Wastewater  treatment, 
Bacteria,  Biochemical  oxygen  demand,  Fecal  coli- 
forms,  Separation  techniques. 

Fecal  coliform  bacteria  and  Salmonella  typhimur- 
ium  die-off  were  examined  in  an  experimental  ro- 
tating biological  contactor  which  received  settled 
domestic  sewage  from  a  city  main  sewer.  During 
the  four  seasons  of  the  year,  pH  of  effluents  was 
always  8.0.  Dissolved  oxygen  was  always  present 
in  the  bath  compartment  and  although  influent 
BODS  fluctuated  between  70-250  mg/L,  the  efflu- 
ent BOD5  was  about  10  mg/L.  Varying  hydraulic 
loads  did  not  influence  the  number  of  coliform  or 
fecal  coliform  bacterial  numbers.  There  was  a  sig- 
nificant difference  in  survival  of  fecal  coliform 
placed  in  dialysis  bags  attached  to  the  rotating 
disks  (drum)  and  to  those  submerged  in  the  bath; 
the  latter  died  much  more  slowly.  When  the  dialy- 
sis bags  containing  S.  typhimurium  were  placed  in 
the  bath,  the  bags  that  did  not  contain  algae  (dia- 
toms and  Oscillatoria),  showed  slower  die-offs 
which  were  one  order  of  magnitude  within  1  day, 
compared  to  more  than  two  orders  of  magnitude  in 
bags  that  contained  the  algae.  It  is  assumed  that 
rotating  biological  contactors  are  very  efficient  in 
removing  pathogenic  bacteria  found  in  domestic 
sewage.  (Author's  abstract) 
W9 1-04042 


EFFECTS  OF  PH  AND  OXIDATION  STATE  OF 
CHROMIUM  ON  THE  BEHAVIOR  OF  CHRO- 
MIUM IN  THE  ACTIVATED  SLUDGE  PROC- 
ESS. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan).  Water  and  Soil  Environment  Div. 
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Water  Research  WATRAG,  Vol.   24,   No.   9,  p 

1143-1150,  September  1990.  8  fig,  2  tab,  23  ref. 

Descriptors:  'Activated  sludge  process,  'Chromi- 
um, 'Hydrogen  ion  concentration,  'Oxidation, 
'Wastewater  treatment,  Adsorption,  Separation 
techniques. 

The  behavior  of  chromium  (Cr)  in  the  activated 
sludge  process  was  evaluated  in  laboratory-scale, 
fill-and-draw  activated  sludge  experiments.  Both 
pH  and  the  oxidation  state  of  chromium  were 
confirmed  as  critical  parameters  in  the  activated 
sludge  process  for  evaluating  the  behavior  of  chro- 
mium. More  than  55%  of  chromium  was  removed 
when  trivalent  chromium  (Cr(III))  was  introduced 
into  the  influent  while  less  than  60%  was  removed 
when  hexavalent  chromium  (Cr(VI))  was  added 
over  a  pH  range  from  5  to  9.  As  pH  was  increased, 
the  removal  increased  when  Cr(III)  was  intro- 
duced but  the  reverse  occurred  with  Cr(VI).  Intro- 
duction of  Cr(VI)  into  the  influent  resulted  in  less 
than  80%  of  chromium  associated  with  solids; 
however,  with  Cr(III),  more  than  90%  of  chromi- 
um was  bound  with  solids.  These  results  suggest 
that  the  activated  sludge  process  is  capable  of 
controlling  the  transport  of  Cr(III)  to  the  environ- 
ment but  such  is  not  the  case  for  Cr(VI).  Theoreti- 
cal consideration  based  on  thermodynamics  pre- 
dicted that  no  reduction  of  Cr(VI)  to  Cr(III) 
should  occur  and  the  only  redox  reaction  should 
be  the  oxidation  of  Cr(III)  to  Cr(VI).  However,  no 
oxidation  of  Cr(III)  to  Cr(VI)  was  observed;  some 
Cr(VI)  was  reduced  to  Cr(III).  Kinetic  constraints 
may  have  impeded  the  oxidation  of  Cr(III).  Under 
the  conditions  of  this  study,  Cr(III)  may  have  been 
removed  through  adsorption  rather  than  precipita- 
tion as  Cr(OH)3.  Cr(VI)  might  be  adsorbed  on  the 
bacterial  surface  through  specific  adsorption.  (Au- 
thor's abstract) 
W91-04045 


INFLUENCE  OF  PHOSPHORUS  ON  GROWTH 
AND  NUTRIENT  STORAGE  BY  WATER  HYA- 
CINTH (EICHHORNIA  CRASSIPES  (MART.) 
SOLMS)  PLANTS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
K.  R.  Reddy,  M.  Agami,  and  J.  C.  Tucker. 
Aquatic  Botany  AQBODS,  Vol.  37,  No.  4,  p  355- 
365,  September  1990.  7  fig,  2  tab,  27  ref. 

Descriptors:  'Lake  restoration,  'Limnology,  'Nu- 
trients, 'Phosphorus,  'Plant  growth,  'Wastewater 
treatment,  'Water  hyacinth,  'Water  treatment, 
Aquatic  plants,  Aquatic  productivity,  Biomass,  Ni- 
trogen, Potassium. 

The  net  productivity  and  nutrient  (phosphorus  (P), 
Nitrogen  (N),  and  potassium  (K))  uptake  and  stor- 
age by  water  hyacinth  (Eichhornia  crassipes)  were 
evaluated  at  potassium  concentrations  of  0.06,  0.26, 
0.56,  1.06,  2.56,  and  10.06  milligrams  potassium  per 
liter  in  the  culture  medium,  using  1000-liter  out- 
door tanks  with  a  surface  area  of  1.7  square  meters. 
Biomass  yield  increased  with  an  increase  of  potas- 
sium up  to  1.06  milligrams  per  liter,  but  higher 
concentrations  did  not  increase  biomass  yield. 
Phosphorus  storage  by  water  hyacinth  increased 
and  decreased  in  response  to  potassium  concentra- 
tions in  the  water.  Maximum  net  productivity  was 
measured  at  a  plant  tissue  potassium  content  of  4.3 
milligrams  potassium  per  gram.  Further  increase  in 
tissue  potassium  did  not  increase  productivity. 
Plant  density  affected  potassium  storage  in  the 
tissue.  When  water  hyacinth  plants  were  cultured 
at  a  low  potassium  concentration  (0.06  milligrams 
per  liter),  plant  tissue  potassium  decreased  by  50% 
within  the  first  week  of  growth.  Nitrogen  and 
potassium  storage  in  plant  tissue  increased  with 
potassium  supply  of  up  to  2.56  and  1.06  milligrams 
potassium  per  liter  in  the  culture  medium,  repecti- 
vely.  (Author's  abstract) 
W9 1-04052 


ERROR  ANALYSIS  OF  LIMITING-CASE  SO- 
LUTIONS TO  THE  STEADY-STATE-BIOFILM 
MODEL. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

P.  B.  Saez,  and  B.  E.  Rittmann. 

Water  Research  WATRAG,  Vol.  24,  No.   10,  p 

1181-1185,  October  1990.  1  fig,  2  tab,  13  ref.  NSF 

grant  ECE-83-5 1841. 

Descriptors:  'Biofilms,  'Growth  kinetics,  'Lim- 
nology, 'Mathematical  models,  'Wastewater  treat- 
ment, Computers,  Growth,  Kinetics,  Microorga- 
nisms, Model  studies. 

Although  mechanistic  biofilm-kinetic  modeling  has 
been  advanced  by  the  work  of  many  groups  and  is 
becoming  a  mature  discipline,  it  is  not  widely  used 
for  practical  process  analysis  and  design.  One  of 
the  difficulties  of  using  mechanistic  biofilm  models 
for  estimating  substrate  flux  is  that  closed  analyti- 
cal solutions  are  not  available  unless  simplifying 
assumptions  are  made.  Imposition  of  simplifying 
assumptions  can  cause  errors  in  the  computation  of 
the  substrate  flux.  Simple  analytical  solutions  for 
the  limiting  cases  of  deep,  fully  penetrated,  first- 
order  and  zero-order  biofilms  were  evaluated  for 
accuracy  by  comparison  with  the  full  solution  of 
the  steady-state-biofilm  model.  The  fundamental 
dimensionless  parameter  Smin  (it  describes  the  rel- 
ative growth  potential  of  the  microorganisms 
within  a  given  system)  was  critical  to  the  evalua- 
tion. Deep  solutions  were  accurate  when  Ss  (sub- 
strate concentration  at  the  liquid/biofilm  interface 
divided  by  the  half-maximum-rate  concentration) 
divided  by  the  relative  growth  potential  of  the 
microorganisms  within  the  system  is  large  enough, 
but  fully  penetrated  solutions  rarely  were  accurate. 
First-order  solutions  were  accurate  when  the  rela- 
tive growth  potential  of  the  microorganisms 
(Smin)  was  less  than  about  0.003  and  zero-order 
solutions  were  accurate  when  Smin  was  greater 
than  about  100.  Most  of  the  expected  range  of  the 
relative  growth  potential  of  the  microorganisms 
was  accurately  represented  only  by  the  full  solu- 
tion, unless  Ss  (substrate  concentration  at  the 
liquid/biofilm  interface  divided  by  the  half-maxi- 
mum-rate concentration)  divided  by  the  relative 
growth  potential  of  the  microorganisms  (Smin) 
was  significantly  greater  than    1.0.  This  analysis 


emphasizes  that   the   limiting-case  solutions   have 
restrictive  ranges  of  applicability  for  steady-state 
biofilms.  (Mertz-PTT) 
W91-04071 


ADSORPTION  ISOTHERMS:  ILLUSIVE  CA- 
PACITY AND  ROLE  OF  OXYGEN. 

Cincinnati  Univ.,  OH.  Dept.  of  Civil  and  Environ- 
mental Engineering. 

R.  D.  Vidic,  M.  T.  Suidan,  U.  K.  Traegner,  and  G 
F.  Nakhla. 

Water  Research  WATRAG,  Vol.  24,  No.  10,  p 
1 187-1 195,  October  1990.  6  fig,  4  tab,  17  ref. 

Descriptors:  'Adsorption,  'Anaerobic  conditions, 
•Granular  activated  carbon,  'Organic  pollutants, 
•Water  treatment,  Aerobic  conditions,  Chemical 
reactions,  Cresol,  Degradation,  Organic  com- 
pounds, Oxygen,  Phenols,  Water  pollution  treat- 
ment. 

Granular  activated  carbon  is  widely  used  in  both 
water  and  wastewater  treatment  as  an  adsorbent 
for  the  removal  of  organic  pollutants.  One  of  the 
key  components  needed  for  the  scale-up  of  experi- 
mental data  and  for  the  prediction  of  adsorber 
performance  is  the  capacity  of  granular  activated 
carbon  for  the  retention  of  organic  compound.  The 
influence  of  molecular  oxygen  on  the  adsorptive 
capacity  of  granular  activated  carbon  was  exam- 
ined. A  new  experimental  procedure  for  determin- 
ing adsorption  isotherms  was  introduced.  This  pro- 
cedure, denoted  as  anaerobic,  differs  from  the  cur- 
rently used  techniques,  denoted  as  aerobic  in  that 
oxygen  was  repeatedly  purged  from  the  test  envi- 
ronment. Results  showed  that  the  capacity  of 
granular  activated  carbon  for  the  retention  of  0- 
cresol  could  increase  up  to  3-fold  in  the  presence 
of  oxygen  when  compared  to  the  anaerobic  capac- 
ity. The  same  trend  was  observed  for  the  adsorp- 
tion of  phenol  and  3-ethylphenol.  It  was  shown 
that  this  increase  in  capacity  could  not  be  attrib- 
uted to  biological  degradation  of  these  adsorbates 
in  the  presence  of  oxygen.  It  was  speculated  that 
this  phenomenon  was  due  to  chemical  reactions 
between  the  adsorbates  and  molecular  oxygen  that 
were  catalyzed  by  the  activated  carbon  surface  and 
occurred  at  a  different  time  scale  than  physical 
adsorption.  Initial  portions  of  breakthrough  curves 
for  0-cresol  were  very  accurately  predicted  using 
capacities  depicted  by  the  anaerobic  isotherm, 
while  the  total  granular  activated  carbon  adsorp- 
tive capacity  for  0-cresol,  as  determined  from 
breakthrough  experiments,  appeared  to  agree 
closely  with  the  capacity  predicted  from  the  aero- 
bic isotherm.  (Mertz-PTT) 
W9 1-04072 


OPTIMAL  CONTROL  OF  THE  ACTIVATED 
SLUDGE  PROCESS. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

J.  C.  Kabouris,  and  A.  P.  Georgakakos. 

Water  Research  WATRAG,  Vol.  24,  No.   10,  p 

1197-1208,   October    1990.   6   fig,   2   tab,   44   ref, 

append. 

Descriptors:  'Activated  sludge  process,  'Comput- 
er models,  'Waste  load  allocation,  'Wastewater 
treatment,  Advanced  wastewater  treatment,  Bio- 
logical treatment,  Biological  wastewater  treatment, 
Case  studies,  Simulation,  Sludge  treatment,  Sus- 
pended solids,  Waste  load,  Wastewater  manage- 
ment. 

The  high  variability  of  the  influent  waste  load 
necessitates  control  actions  to  prevent  process  fail- 
ure and  preserve  treatment  efficiency.  The  process 
can  be  regulated  by  varying  certain  inputs  such  as 
the  wastewater  feed  point,  sludge  recycle  and 
wastage  rates,  aeration  rate  and  on-line  sludge  stor- 
age and  resupply  rates.  Application  of  modern 
optimal  control  theory  techniques  in  the  regulation 
of  the  activated  sludge  process  was  explored.  The 
process  was  simulated  using  multicomponent  bio- 
logical reactor  and  dynamic  thickening  models. 
The  control  problem  was  formulated  with  recycle 
and  wastage  rates  as  control  variables  and  was 
characterized  by  high  dimensionality  and  system 
model    nonlinearity.    The   solution    was   obtained 


120 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Waste  Treatment  Processes — Group  5D 


using  a  Newton-type  successive  approximations 
control  method.  In  case  study,  wastewater  stream 
and  sludge  recycle  flow  entered  a  250  cubic  meter 
biological  reactor  for  biological  oxidation  of  the 
substrate.  A  portion  of  the  biological  reactor  out- 
flow, equal  to  the  sludge  recycle  rate,  entered  the 
upper  thickener  layer  while  the  remaining  portion 
was  discharged  as  effluent.  The  assumption  was 
that  no  solids  escaped  with  the  effluent.  In  the  case 
study,  the  new  control  approach  was  compared 
with  the  commonly  proposed  recycle  ratio  control 
strategy,  and  a  constant  recycle  and  wastage  rate 
strategy.  Wastage  regulation  was  shown  to  be  a 
much  more  effective  control  input  than  recycle  for 
reducing  effluent  organic  variability.  The  control 
framework  proposed  could  be  extended  to  include 
other  regulation  schemes  and  account  for  process 
and  input  uncertainties.  (Mertz-PTT) 
W9 1-04073 


MICROBIAL  REGENERATION  PROCESS  FOR 
GRANULAR  ACTIVATED  CARBON--I.  PROC- 
ESS MODELLING. 

Waterloo  Univ.  (Ontario).  Dept.  of  Chemical  En- 
gineering. 

D.  H.  Hutchinson,  and  C.  W.  Robinson. 
Water  Research  WATRAG,  Vol.  24,  No.   10,  p 
1209-1215,  October  1990.  2  fig,  31  ref. 

Descriptors:  *Activated  carbon,  'Biological  treat- 
ment, *Carbon  regeneration,  'Industrial 
wastewater,  'Wastewater  treatment,  Adsorption, 
Filter  media,  Granular  activated  carbon,  Kinetics, 
Microorganisms,  Model  studies,  Regeneration, 
Water  treatment. 

Biological  regeneration  is  one  of  several  processes 
that  have  been  used  to  recover  the  adsorptive 
capacity  of  spent  activated  carbon.  Carbon  is  re- 
generated biologically  by  contacting  the  spent 
carbon  with  a  microbial  population  that  is  capable 
of  metabolizing  the  adsorbed  species  subsequent  to 
their  desorption  from  the  carbon  into  the  fermenta- 
tion broth.  The  dynamics  of  the  in  situ  regenera- 
tion of  both  a  single-solute  and  a  bisolute  granular 
fixed-bed  activated  carbon  adsorber  was  examined. 
A  detailed  model  of  both  the  adsorption  and  the 
bioregeneration  parts  of  the  overall  sequential 
process  was  developed  which  included  a  descrip- 
tion of  the  microbial  degradation  kinetics,  adsorp- 
tion/desorption  equilibrium,  intraparticle  mass 
transfer  and  solute  diffusion  through  the  external 
liquid  film.  Plug  flow  of  liquid  through  the  activat- 
ed carbon  bed  was  assumed.  The  method  orthogo- 
nal collocation  was  successfully  applied  in  obtain- 
ing a  numerical  solution  of  the  adsorption/desorp- 
tion-bioregeneration  model.  The  adsorption/de- 
sorption-bioregeneration  model  can  be  used  to  pre- 
dict the  breakthrough  behavior  of  both  fresh  and 
bioregenerated  carbon.  The  breakthough  behavior 
of  a  bioregenerated  activated  carbon  adsorber  is 
the  most  relevant  measure  of  the  performance  of 
the  bioregeneration  process.  (See  also  W9 1-04075) 
(Mertz-PTT) 
W91-O4074 


MICROBIAL  REGENERATION  PROCESS  FOR 
GRANULAR  ACTIVATED  CARBON-II.  RE- 
GENERATION STUDIES. 

Waterloo  Univ.  (Ontario).  Dept.  of  Chemical  En- 
gineering. 

D.  H.  Hutchinson,  and  C.  W.  Robinson. 
Water  Research  WATRAG,  Vol.  24,  No.  10,  p 
1217-1223,  October  1990.  8  fig,  4  tab,  1 1  ref. 

Descriptors:  'Activated  carbon,  'Biological  treat- 
ment, 'Carbon  regeneration,  'Pseudomonas, 
•Wastewater  treatment,  'Water  treatment,  Filter 
media,  Microorganisms,  Model  studies,  Regenera- 
tion. 

The  in  situ  biological  regeneration  of  an  activated 
carbon  adsorber  was  investigated  using  a  single- 
solute  system  containing  phenol  and  a  bisolute 
system  containing  phenol  and  p-cresol.  Both  were 
regenerated  using  a  mono-culture  of  Pseudomonas 
putida.  The  performance  of  an  activated  carbon 
adsorber  that  was  bioregenerated  up  to  six  times 
was  evaluated  on  the  basis  of  the  breakthrough  of 
phenolics  during  each  intervening  continuous-flow 
adsorption  period.  For  both  the  regeneration  and 


the  loading  cycles,  predictions  of  system  behavior 
based  on  a  previously  developed  bioregeneration 
model  agreed  well  with  experimental  observations. 
Carbon  particle  internal  diffusion  resistances  were 
found  to  be  rate  limiting  during  most  of  the  regen- 
eration cycle.  The  breakthrough  performance  of 
the  bioregenerated  carbon  was  found  to  deteriorate 
with  each  successive  regeneration.  Microbial  foul- 
ing of  the  column  during  bioregeneration  was 
found  to  produce  a  marked  deterioration  in  the 
subsequent  breakthrough  performance  of  the  biore- 
generated activated  carbon.  (See  also  W9 1-04075) 
(Author's  abstract) 
W9 1-04075 


IMPLICATIONS  OF  THE  TASK  GROUP 
MODEL--I.  THE  EFFECT  OF  INITIAL  SUB- 
STRATE CONCENTRATION. 

Technical  Univ.  of  Istanbul  (Turkey).  Div.  of  En- 
vironmental Sciences. 
N.  Artan,  D.  Orhon,  and  B.  B.  Baykal. 
Water  Research  WATRAG,  Vol.  24,  No.   10,  p 
1251-1258,  October  1990.  8  fig,  3  tab,  29  ref. 

Descriptors:  'Activated  sludge  process,  'Model 
studies,  'Simulation  analysis,  'Wastewater  treat- 
ment, Activated  sludge,  Biological  treatment,  Bio- 
logical wastewater  treatment,  Chemical  oxygen 
demand,  Computer  models,  Microorganisms, 
Sludge  treatment. 

The  complexity  of  wastewaters  often  imposes  the 
use  of  non-specific  parameters,  such  as  chemical 
oxygen  demand,  as  measures  of  the  available  sub- 
strate for  biological  treatment.  The  merit  of  the 
task  group  model  to  reflect  the  effect  of  the  initial 
substrate  concentration  on  the  performance  of  mi- 
crobial systems  was  assessed  in  terms  of  the  efflu- 
ent soluble  chemical  oxygen  demand.  In  this  con- 
text, a  structural  modification  is  proposed  to  ac- 
count for  this  effect,  by  incorporating  mechanisms 
responsible  for  the  generation  of  soluble  microbial 
products  considered  residual  for  the  particular  op- 
erating conditions  of  the  activated  sludge  systems. 
Model  simulations  of  a  number  of  practically  sig- 
nificant scenarios  were  performed  and  evaluated 
for  a  continuous  activated  sludge  reactor  with 
sludge  recycle.  Reasonably  good  agreement  was 
depicted  between  the  model  outputs  and  experi- 
mental data  from  previous  studies.  The  generation 
of  soluble  residual  products  was  a  required  consid- 
eration for  the  evaluation  of  the  effect  of  initial 
substrate  concentration  on  the  effluent  chemical 
oxygen  demand.  While  the  proposed  model  pro- 
vides an  acceptable  starting  point  for  this  concept, 
it  also  underlines  the  need  for  further  research  and 
experimental  evidence  to  better  understand  the 
problem.  (See  also  W91-04081)  (Mertz-PTT) 
W9 1-04080 


IMPLICATIONS  OF  THE  TASK  GROUP 
MODEL--II.  RESPONSE  TO  INTERMITTENT 
LOADINGS. 

Technical  Univ.  of  Istanbul  (Turkey).  Div.  of  En- 
vironmental Sciences. 
B.  B.  Baykal,  D.  Orhon,  and  N.  Artan. 
Water  Research  WATRAG,  Vol.  24,  No.   10,  p 
1259-1268,  October  1990.  9  fig,  4  tab,  20  ref. 

Descriptors:  'Activated  sludge  process,  'Model 
studies,  'Pollution  load,  'Wastewater  treatment, 
Activated  sludge,  Biodegradation,  Biological  treat- 
ment, Biological  wastewater  treatment,  Biomass, 
Mathematical  models,  Sludge  treatment. 

A  new  modeling  approach  was  recently  proposed 
which  is  expected  to  offer  a  significant  advantage 
over  the  classical  activated  sludge  models.  Basical- 
ly, the  model  categorizes  the  substrate  as  soluble 
and  particulate  and  further  classifies  it  as  readily 
biodegradable,  slowly  biodegradable  and  inert.  It 
also  makes  use  of  the  active  biomass/viability  con- 
cept and  adopts  the  death/regeneration  approach 
as  it  differentiates  viable  biomass  from  slowly  bio- 
degradable and  inert  particulate  matter.  The  incor- 
poration of  a  mechanism  for  the  generation  of 
residual  soluble  substrate  enables  the  model  to 
account  for  earlier  statements  that  effluent  sub- 
strate does  not  have  the  same  character  as  the 
influent.  The  behavior  of  activated  sludge  systems 
subject  to  intermittent  loadings  was  explored  using 


the  task  group  model  modified  for  soluble  residual 
product  formation.  The  modified  task  group  model 
included  five  main  process  components,  two  of 
which  (readily  biodegradable  soluble  substrate  and 
residual  soluble  substrate)  relate  to  soluble  compo- 
nents, while  active  biomass,  slowly  biodegradable 
particulate  substrate  and  inert  particulate  organics, 
define  particulate  components.  A  number  of  model 
simulations  were  performed  to  reflect  system  be- 
havior under  starvation,  recovery  after  no  feed 
periods,  and  the  effect  of  various  intermittent  load- 
ings on  model  components.  The  modified  model 
appears  to  provide  a  rational  framework  to  analyze 
and  evaluate  the  behavior  of  activated  sludge  sys- 
tems under  intermittent  loadings.  (See  also  W91- 
04080)  (Mertz-PTT) 
W9 1-04081 


AUTOMATED  MAPPING  FOR  ALABAMA 
SEWER  SYSTEM. 

BCM  Engineers,  Mobile,  AL. 

W.  Roberson,  and  R.  Mastrangelo. 

Public  Works  PUWOAH,  Vol.  121,  No.  12,  p  53- 

54,  November  1990.  1  fig. 

Descriptors:  'Alabama,  'Computer  programs, 
'Digital  map  data,  'Mapping,  'Public  utility  dis- 
tricts, 'Sewer  systems,  Automation,  Cost-benefit 
analysis,  Databases,  Geographic  information  sys- 
tems, Sewer  districts,  Storm  sewers. 

As  the  demand  for  automated  utility  mapping  has 
grown,  software  manufacturers  have  responded 
with  Geographic  Information  Systems  (GIS).  Yet 
these  generic  software  packages  are  neither  specif- 
ic nor  user-friendly.  Opelika,  Alabama,  requested  a 
menu-driven  system  that  would  address  the  city's 
particular  needs  for  automated  sanitary  and  storm 
sewer  mapping  systems  from  the  outset.  A  system 
was  designed  using  commercially  available  hard- 
ware and  software.  For  the  initial  project,  a  series 
of  52  aerial  photographs  were  digitized  as  base 
maps  and  converted  to  templates.  Customized 
menus  were  used  to  control  and  enhance  the  input 
of  the  map  data,  allowing  support  staff  to  update 
an  external  database  program.  Each  manhole  was 
assigned  a  unique  identification  number  which 
identifies  the  rim  elevation,  invert,  diameter,  con- 
struction material,  and  inspection  reports.  Among 
other  program  capabilities  is  the  automatic  calcula- 
tor, which  tracks  total  sewer  line  lengths.  A 
second  project  compiled  a  complete  inventory  of 
Opelika's  storm  sewer  system,  digitized  by  custom- 
ized software  programs  from  detailed  field  obser- 
vations. The  entire  digitized  mapping  system  for 
Opelika  was  very  cost-effective:  digitizing  base 
maps  and  developing  a  database  for  the  sanitary 
sewer  system  was  completed  at  an  approximate 
cost  of  $65,000;  inventory  and  mapping  of  the 
stormwater  system  was  completed  for  an  addition- 
al $35,000;  CADD  hardware/software  cost 
$15,000  to  $20,000.  Once  the  groundwork  of  digi- 
tized base  mapping  is  laid,  the  cost  of  overlaying 
each  additional  system  decreases  while  the  possi- 
bilities for  expansion  are  almost  limitless.  (Fish- 
PTT) 
W91-04116 


MONITORING  LINEAR  ALKYL  BENZENE 
SULFONATE  IN  THE  ENVIRONMENT:  1973- 
1986. 

Procter  and  Gamble  Co.,  Cincinnati,  OH.  Ivory- 
dale  Technical  Center. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04143 


CHLOROACETONES  IN  PULP  MILL  CHLOR- 
INATION-STAGE  EFFLUENTS. 

CanSyn  Chemical  Corp.,  Toronto  (Ontario). 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04150 


BIOSORPTION     OF     RADIONUCLIDES     BY 
FUNGAL  BIOMASS. 

Dundee  Univ.  (Scotland).  Dept.  of  Biological  Sci- 
ences. 

C.  White,  and  G.  M.  Gadd. 
Journal  of  Chemical  Technology  and  Biotechnol- 
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ogy  JCTBDC,  Vol.  49,  No.  4,  p  331-343,  1990.  6 
fig,  36  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Bioreactors,  'Fungi,  'Radioisotopes,  'Thorium, 
•Wastewater  treatment,  Biomass,  Biosorption,  Ra- 
dioactive waste  disposal. 

Four  kinds  of  bioreactors  were  evaluated  for  thori- 
um removal  by  fungal  biomass.  Static-bed  or 
stirred-bed  bioreactors  did  not  give  satisfactory 
thorium  removal  probably  because  of  poor  mixing. 
An  air-lift  bioreactor  removed  approximately  90- 
95%  of  the  thorium  supplied  over  extended  time 
periods  and  exhibited  a  well-defined  breakthrough 
point  after  biosorbent  saturation.  The  air-lift  bior- 
eactor promoted  efficient  circulation  and  effective 
contact  between  the  thorium  solution  and  the  my- 
celial pellets.  Of  several  fungal  species  tested,  Rhi- 
zopus  arrhizus  and  Aspergillus  niger  were  the  most 
effective  biosorbents  with  loading  capacities  of  0.5 
and  0.6  mmol/g,  respectively  (116  and  138  mg/g) 
at  an  inflow  thorium  concentration  of  3  mm/cu 
dm.  The  efficiency  of  thorium  biosorption  by  A. 
niger  was  markedly  reduced  in  the  presence  of 
other  inorganic  solutes  while  thorium  biosorption 
by  R.  arrhizus  was  relatively  unaffected.  Air-lift 
bioreactors  containing  R.  arrhizus  biomass  could 
effectively  remove  thorium  from  acidic  solution  (1 
mol/cu  dm  of  nitric  acid)  over  a  wide  range  of 
initial  thorium  concentrations  (0.1-3  mmol/cu  dm). 
It  was  concluded  that  biosorption  using  fungal 
biomass  is  a  technically  feasible  method  for  the 
removal  of  thorium  from  acidic  solutions  similar  to 
those  encountered  in  industrial  process  streams. 
(Author's  abstract) 
W91-04156 


RECOVERY  OF  METAL  IONS  BY  MICRO- 
FUNGAL  FILTERS. 

British  Textile  Technology  Group,  Manchester 
(England). 

D.  S.  Wales,  and  B.  F.  Sagar. 
Journal  of  Chemical  Technology  and  Biotechnol- 
ogy JCTBDC,  Vol.  49,  No.  4,  p  345-355,  1990.  4 
fig,  6  tab,  10  ref. 

Descriptors:  'Biofiltration,  'Biological  wastewater 
treatment,  'Fungi,  'Heavy  metals,  'Metals, 
'Wastewater  treatment,  Biosorption,  Cadmium, 
Chitin,  Chromium,  Cobalt,  Copper,  Iron,  Lead, 
Metal  recovery,  Nickel,  Silver,  Zinc. 

Many  microfungi  contain  chitin/chitosan  as  an  in- 
tegral part  of  the  cell  wall  structure.  The  binding 
of  toxic  and  heavy  metal  ions  by  chitosan  or  partly 
deacetylated  chitin  is  a  direct  consequence  of  the 
base  strength  of  the  primary  amine  group  and  is 
most  effective  for  those  metals  that  form  complex- 
es with  ammonia.  Of  the  microfungi  studied, 
hyphae  from  Mucor  mucedo  and  Rhizomucor 
miehei,  after  treatment  with  hydroxide  to  expose 
the  chitin/chitosan,  were  found  to  be  most  effec- 
tive in  the  capture  of  metal  ions.  Chemically  treat- 
ed mycelia  have  so  far  been  shown  to  bind  silver, 
zinc,  lead,  copper,  nickel,  cobalt,  cadmium,  iron 
and  chromium,  with  the  efficiency  of  metal-ion 
binding  apparently  being  inversely  proportional  to 
the  valency  state  of  the  metal  ions  to  be  bound. 
Wet-laid  papers  produced  from  mixed  slurries  of 
treated  mycelia  and  various  conventional  paper- 
making  and  textile  fibers  have  exceptionally  good 
tensile  and  bursting  strength  properties,  particular- 
ly in  the  wet  state.  Papers  containing  1  g  of  treated 
mycelia  removed  up  to  90%  of  various  metal  ions 
in  solution  (50  cc,  1.5  mmol/cu  dm)  with  flow 
rates  of  0.5  cc/sq  cm/min.  However,  the  total 
metal-ion  binding  capacities  of  single-thickness  mi- 
crofungal  papers  are  limited  under  constant  flow 
conditions.  The  total  volume  flowing  through  the 
system  before  metal  ion  breakthrough  occurs  in- 
creases in  direct  proportion  to  the  number  of 
sheets  of  microfungal  paper  but  the  concomitant 
reduction  in  flow  rates  becomes  a  limiting  factor. 
Mycelia-containing  structures  that  allow  efficient 
metal  ion  binding  at  commercially  acceptable  flow 
rates  are  currently  being  investigated  (Author's 
abstract) 
W91-04157 


IMMOBILIZED  CELL  BIOPROCESS  FOR  THE 
REMOVAL  OF  HEAVY  METALS  FROM 
AQUEOUS  FLOWS. 

Oxford  Univ.  (England).  Dept.  of  Biochemistry. 
L.  E.  Macaskie. 

Journal  of  Chemical  Technology  and  Biotechnol- 
ogy JCTBDC,  Vol.  49,  No.  4,  p  357-379,  1990.  9 
fig,  14  tab,  37  ref. 

Descriptors:  'Biofilm  reactors,  'Biological 
wastewater  treatment,  'Heavy  metals,  'Microor- 
ganisms, 'Waste  treatment,  'Wastewater  treat- 
ment, Citrobacter,  Enzymes,  Immobilized  cells, 
Phosphatases. 

A  bioprocess  for  the  uptake  of  heavy  metals  from 
liquid  wastes  which  could  be  applied  to  large-scale 
systems  was  described  and  defined  in  mathematical 
terms.  During  growth  of  a  Citrobacter  sp.,  cells 
overproduce  an  atypically  metal-resistant  phospha- 
tase which  continues  to  function  in  growth-decou- 
pled, 'resting'  cells  to  liberate  phosphate  from  or- 
ganic molecules.  The  phosphate  precipitates  stoi- 
chiometrically  with  added  heavy  metals  as  a  cell- 
bound  complex.  Using  pre-grown  biomass  immobi- 
lized in  a  flow-through  filter  (bioreactor),  the 
metal-accumulative  bioprocess,  which  requires  no 
further  cell  growth,  can  be  described  accurately 
applying  traditional  Michaelis-Menton  kinetics. 
Since  heavy  metal  phosphates  are  generally  highly 
insoluble,  no  metal  specificity  was  shown  and  in  all 
cases  tested  metal  removal  was  generally  in  excess 
of  90%  of  that  presented.  Preliminary  results  indi- 
cated that  polyacrylamide  gel-immobilized  and 
biofilm-immobilized  cells  performed  identically  in 
terms  of  phosphate  liberation  and  metal  uptake.  A 
survey  of  commonly  used  supports  for  large-scale 
processes  identified  polyurethane  reticulated  foam 
as  giving  promising  results.  A  working  system  for 
bioreactor  modeling  was  developed  and  found  to 
accurately  predict  experimental  results.  (MacKeen- 
PTT) 
W91-04158 


REVIEW    OF    BIOTECHNOLOGY    APPLICA- 
TIONS TO  NUCLEAR  WASTE  TREATMENT. 

PA    Consulting    Group-Technology,    Cambridge 

Laboratory,    Melbourn,    Royston,    Hertfordshire 

SG8  6DP,  England. 

For  primary  bibliographic  entry  see  Field  5E. 
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METAL  RECOVERY  USING  CHITOSAN. 

Prolan  A/S,  Drammen  (Norway). 
E.  Onsoyen,  and  O.  Skaugrud. 
Journal  of  Chemical  Technology  and  Biotechnol- 
ogy JCTBDC,  Vol.  49,  No.  4,  p  395-404,  1990.  7 
fig,  2  tab,  29  ref. 

Descriptors:  'Chitosan,  'Heavy  metals, 
'Wastewater  treatment,  'Water  treatment,  Biopo- 
lymers,  Chelating  agents,  Metal  recovery,  Potable 
water. 

Chitosan  is  a  natural  polycationic  polymer  which 
possesses  valuable  properties  as  a  metal  recovering 
and  water  purifying  agent.  Applications  include: 
(1)  wastewater  treatment  for  heavy  metal  and  radi- 
oisotope removal  and  valuable  metal  recovery;  (2) 
potable  water  purification  for  reduction  of  unwant- 
ed metals;  (3)  in  agriculture,  for  the  controlled 
release  of  trace  metals  essential  to  plant  growth; 
and  (4)  food,  for  the  complex  binding  of  iron  in 
precooked  food  to  reduce  'warmed-over  flavor'. 
The  interactions  of  metals  with  chitosan  are  com- 
plex, probably  simultaneously  dominated  by  ad- 
sorption, ion-exchange  and  chelation.  Use  of  well 
characterized  chitosans  in  the  study  of  chitosan- 
metal  interactions  is  recommended,  although  char- 
acterizing methodology  is  limited.  Degree  of  po- 
lymerization and  deacetylation  and  the  distribution 
of  acetyl  groups  along  the  polymer  chain  is  of 
crucial  importance  for  chitosan-metal  binding 
characteristics.  Chemical  derivatization  has  been 
used  to  alter  the  metal  interacting  characteristics  of 
chitosan.  Chitosan  possesses  general  coagulant/ 
flocculent  characteristics  towards  biomolecules 
and  surfaces.  (Author's  abstract) 
W91-04160 


COSTS    OF    WASTEWATER     USE    IN    THE 
TUCSON  BASIN. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  6C. 
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TREATED  MUNICIPAL  SEWAGE  EFFLUENT 
AS  A  SOURCE  OF  POWER  PLANT  COOLING 
TOWER  MAKEUP  WATER. 

Water  Reclamation  Facility,  Phoenix,  AZ. 
D.  E.  Blackson. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  571-580,  4  fig,  2  tab,  3  ref. 

Descriptors:  'Cooling  water,  'Industrial  water, 
•Wastewater  treatment,  'Wastewater  utilization, 
•Water  conservation,  'Water  reuse,  'Water  use 
data,  Municipal  wastewater,  Nuclear  powerplants, 
Powerplants,  Wastewater  renovation. 

The  Water  Reclamation  Plant  (WRP)  processes 
treated  municipal  sewage  effluent  to  produce  cool- 
ing tower  makeup  water  for  the  Palo  Verde  Nucle- 
ar Generating  Station.  The  WRP  is  an  advanced 
wastewater  treatment  plant  that  receives  effluent 
from  the  Phoenix  91st  Avenue  and  Tolleson 
Wastewater  Treatment  Plants.  The  wastewater 
goes  through  a  multistage  biochemical  treatment 
process.  First,  trickling  filters  remove  ammonia 
and  reduce  alkalinity.  Next,  the  effluent  enters  first 
stage  solids  contact  clarifiers  where  lime  slurry  is 
added.  Phosphate,  magnesium,  silica  and  some  cal- 
cium are  removed.  The  effluent  then  flows  to 
second  stage  solids  contact  clarifiers  where  soda 
ash  and  carbon  dioxide  gas  are  added.  Calcium 
carbonate  is  precipitated.  The  effluent  is  filtered  by 
a  dual  media  gravity  filter  and  conveyed  to  a 
storage  reservoir.  The  reservoir  can  store  up  to  670 
million  gallons.  Water  is  pumped  from  the  reser- 
voir to  the  cooling  towers  upon  demand.  The 
successful  operation  of  the  WRP  demonstrates  that 
reuse  of  municipal  sewage  effluent  for  powerplant 
cooling  tower  makeup  is  a  feasible  alternative  to 
groundwater  or  surface  water  for  this  application. 
(See  also  W9 1-04161)  (Author's  abstract) 
W9 1-04221 


MICROBIAL  DISSOLUTION  AND  STABILIZA- 
TION OF  TOXIC  METALS  AND  RADIONU- 
CLIDES IN  MIXED  WASTES. 

Brookhaven  National  Lab.,  Upton,  NY.  Dept.  of 
Applied  Science. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04264 


CAPILLARY  ZONE  ELECTROPHORETIC 
SEPARATION  OF  CHLOROPHENOLS  IN  IN- 
DUSTRIAL WASTE  WATER  WITH  ON- 
COLUMN  ELECTROCHEMICAL  DETECTION. 

Anamed   Instruments   Ltd.,   Bombay  (India).  Ap- 
plictions  and  Methods  Development  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04266 


WATER  ROUND  ROBIN  FOR  PARTS-PER- 
QUADRILLION  DETERMINATION  OF 
PCDDS  AND  PCDFS. 

Ontario   Ministry   of  the   Environment,   Rexdale. 

Lab.  Services  Branch. 

C.  Tashiro,  R.  E.  Clement,  S.  Davies,  B.  Oliver, 

and  T.  Munshaw. 

Chemosphere  CMSHAF,   Vol.   20,   No.    10-12,   p 

1313-1317,  1990.  4  tab,  4  ref. 

Descriptors:  'Analytical  techniques,  'Data  quality 
control,  'Dioxins,  'Furans,  'Halogenated  com- 
pounds, 'Pollutant  identification,  'Round-robin 
tests,  'Wastewater  analysis,  'Water  analysis, 
Chemical  analysis.  Chemical  industry.  Comparison 
studies,  Detection  limits,  Effluents,  Gas  chroma- 
tography, Industrial  wastewater,  Mass  spectrome- 
try, Municipal  wastewater.  Oil  industry,  Ontario, 
Performance  evaluation,  Precision,  Pulp  and  paper 
industry,  Quality  control,  Steel  industry,  Water 
quality. 
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The  provincial  Municipal  Industrial  Strategy  for 
Abatement  (MISA)  is  an  Ontario  Ministry  of  Envi- 
ronment (MOE)  program  that  is  currently  being 
carried  out  to  monitor  contaminants  from  the  fol- 
lowing sources:  (1)  municipal  effluents;  and  dis- 
charges from  the  (2)  pulp  and  paper,  (3)  iron  and 
steel,  (4)  petroleum,  and  (5)  organic  chemical  in- 
dustries. Chlorinated  dibenzo-p-dioxins  (CDDs) 
and  chlorinated  dibenzofurans  (CDFs)  are  includ- 
ed in  the  monitoring  program.  To  determine  the 
CDD/CDF  MISA  method  detection  limits  achiev- 
able by  experienced  laboratories  for  4.0  L  ef- 
fluents, a  round  robin  was  carried  out  by  private 
labs  and  by  the  MOE  Dioxin  Lab  spiked  blank 
water  samples.  Based  on  the  precision  estimates  of 
the  individual  laboratories,  MISA  laboratory 
method  detection  limits  (MISA-MDL)  were  calcu- 
lated. The  MISA-MDL  values  ranged  from  15  ppq 
to  30  ppq  for  4.0  L  water  samples  and  should  be 
obtainable  using  single  quadrupole  gas  chromatog- 
raphy/mass  spectrometry  in  the  selected  ion  moni- 
toring mode.  The  overall  performance  of  the  lab- 
oratories was  variable  which  indicates  that  further 
quality  assurance/quality  control  protocols  may  be 
required  in  the  MISA  guidelines.  Method  detection 
limits  for  real  effluent  samples  will  be  determined 
in  a  future  round  robin.  (Korn-PTT) 
W9 1-04279 


PCDDS    AND    PCDFS    IN    WATER,    SLUDGE 

AND  AIR  SAMPLES  FROM  VARIOUS  LEVELS 

IN  A  WASTE  WATER  TREATMENT  PLANT 

WITH        RESPECT        TO        COMPOSITION 

CHANGES  AND  TOTAL  FLUX. 

Stockholm  Univ.  (Sweden).  Dept.  of  Analytical 

Chemistry. 

C.  Naf,  D.  Broman,  R.  Ishaq,  and  Y.  Zebuhr. 

Chemosphere  CMSHAF,  Vol.  20,  No.   10-12,  p 

1503-1510,  1990.  5  fig,  1  tab,  12  ref. 

Descriptors:  *Air  analysis,  *Dioxins,  *Furans, 
*Halogenated  compounds,  *Sludge  analysis, 
•Wastewater  facilities,  'Water  analysis,  Fertiliza- 
tion, Industrial  wastewater,  Land  disposal,  Munici- 
pal wastewater,  Particulate  matter,  Polychlorinat- 
ed  dibenzofurans,  Sludge  disposal,  Storm  sewers, 
Sweden,  Urban  runoff. 

The  presence  of  polychlorinated  dibenzo-p-dioxins 
(PCDDs)  and  polychlorinated  dibenzofurans 
(PCDFs)  in  digested  sludge  has  been  a  question  of 
great  concern  during  the  past  years  mainly  because 
sludge  is  distributed  on  farm  land  as  fertilizer.  An 
estimate  was  made  of  the  annual  flow  of  PCDDs 
and  PCDFs  through  a  Swedish  wastewater  treat- 
ment plant.  The  samples  were  collected  from  dif- 
ferent steps  in  the  treatment  procedure  within  the 
plant  (e.g.,  inlet  and  outlet  water,  different  sludge 
types,  air  samples).  Samples  were  also  collected 
from  areas  surrounding  the  plant,  including  urban 
air,  storm  sewer  water  (urban  runoff),  plant  dis- 
charge water,  and  particulates  from  a  sediment 
trap  downstream  of  the  plant  discharge.  All  sam- 
ples were  analyzed  using  gas  chromatography/ 
mass  spectrometry  (GC/MS).  Differences  in  con- 
gener profiles  were  found  between  the  samples 
taken  within  the  plant  and  those  collected  outside. 
This  may  be  indicative  of  a  greater  contribution  of 
the  toxic  isomers  in  samples  closer  to  the  sources 
(i.e.,  urban  air  and  storm  sewer  water).  However, 
it  may  also  indicate  a  different  composition  in  the 
storm  sewer  water  compared  to  the  domestic  and 
industrial  wastewater  which  constitute  the  major 
part  of  the  combined  inlet  water.  The  flux  of 
PCDD  and  PCDF  equivalents  through  the  plant 
was  found  to  be  approximately  0.4-0.5  g/year  and 
the  major  part  was  taken  away  as  digested  sludge. 
(Author's  abstract) 
W9 1-04293 


TREATMENT  OF  GELATINE  FACTORY  EF- 
FLUENT. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
J.  P.  Maree,  C.  G.  B.  Cole,  A.  Gerber,  and  J.  L. 
Barnard. 

Water  SA  WASADV,  Vol.  16,  No.  4,  p  265-268, 
October  1990.  1  fig,  2  tab,  8  ref. 

Descriptors:    'Biological    wastewater    treatment, 
•Effluents,   'Industrial   wastewater,   'Wastewater 


treatment,  Anaerobic  digestion,  Calcium  carbon- 
ate, Chemical  oxygen  demand,  Combined  treat- 
ment, Gelatin  effluents,  Hydrogen  ion  concentra- 
tion, Lime,  Primary  wastewater  treatment,  Sec- 
ondary wastewater  treatment. 

In  the  process  of  gelatin  manufacture,  bovine  hide 
is  soaked  for  several  months  in  lime  pits.  The  pit 
effluents  are  high  in  pH,  chemical  oxygen  demand 
(COD)  and  calcium  content  and  constitute  a  major 
source  of  pollution.  Two  process  configurations 
were  evaluated  for  treatment  of  the  effluent,  anaer- 
obic treatment  and  combined  anaerobic-aerobic 
treatment.  For  the  combined  treatment,  water  was 
used  to  dilute  the  raw  water  by  58%.  Calcium 
carbonate  which  precipitated  during  treatment 
served  as  a  medium  on  which  bacterial  growth 
could  occur  in  the  primary  anaerobic  stage.  Ce- 
ramic Raschig  rings  were  used  as  immobilization 
medium  in  the  aerobic  biofilter  and  activated 
carbon  in  the  secondary  anaerobic  stages.  Insoluble 
organic  and  solubilized  and  complex  organic  mole- 
cules were  biodegraded  to  simpler  molecules 
through  hydrolytic  reactions  in  the  primary  anaer- 
obic stage.  The  molecules  produced  were  further 
fermented  to  short-chain  volatile  acids,  resulting  in 
the  pH  of  the  water  being  reduced  from  12.0  to 
8.1,  the  COD  reduced  from  20,500  to  17,500  mg/L 
and  calcium  reduced  from  5,210  to  1,680  mg/L  (as 
calcium  carbonate).  Except  for  the  initial  period  of 
the  experiment  (first  50  d),  no  methane  production 
was  achieved  in  the  anaerobic  reactor  as  a  result  of 
high  concentrations  of  sulfide  (1200  mg/L  (as  S)), 
ammonia  (1800  mg/L  (as  N))  and  propionic  acid 
1000  mg/L),  and  a  pH  of  7.9.  In  the  aerobic  and 
secondary  anaerobic  stage,  organic  acids  were  bio- 
degraded to  carbon  dioxide,  resulting  in  a  further 
COD  reduction  to  6,000  mg/L  and  calcium  reduc- 
tion to  230  mg/L.  It  was  concluded  that  the  efflu- 
ent can  effectively  be  neutralized  via  biological 
treatment,  resulting  in  a  95%  removal  of  the  efflu- 
ent calcium  and  a  74%  reduction  of  the  COD 
value.  (Author's  abstract) 
W91-04317 


THERMODYNAMIC  CONSIDERATIONS  ON 
THE  PERFORMANCE  OF  TWO-STAGED  AN- 
AEROBIC DIGESTERS. 

Orange   Free   State   Univ.,   Bloemfontein   (South 

Africa).  Dept.  of  Microbiology. 

T.  J.  Britz,  and  W.  A.  Joubert. 

Water  SA  WASADV,  Vol.  16,  No.  4,  p  269-274, 

October  1990.  3  fig,  1  tab,  15  ref. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Stage  digestion,  'Thermo- 
dynamics, 'Wastewater  treatment,  Energy  sources, 
Fixed  film,  Metabolites,  Methanogenesis,  Organic 
acids,  Sludge,  Temperature  effects. 

An  upflow  acidogenic  phase  hybrid  digester  (com- 
bining a  sludge  blanket  and  fixed  film)  was  sampled 
at  different  digester  levels  (200,  400,  600  and  800 
ml)  in  order  to  evaluate  thermodynamically  the 
theoretical  amount  of  energy  of  the  metabolites 
present  for  use  as  substrate  by  the  syntrophic  meth- 
anogenic  bacteria  in  a  second  digester.  The  distri- 
bution of  metabolite  concentrations  along  the  di- 
gester axis  was  evaluated  at  different  temperatures 
(29  to  40  C).  The  major  metabolites  detected  were 
ethanol  and  acetic,  propionic,  n-butyric  and  n- 
caproic  acids.  Results  snowed  that  most  of  the 
metabolites  were  markedly  influenced  by  changes 
in  temperature  and  concentrations  varied  at  the 
different  digester  levels.  Calculations  indicated  that 
at  a  temperature  of  35  C  and  at  all  digester  levels 
the  composition  of  metabolites  in  the  effluent  was 
optimal  with  respect  to  the  thermodynamic  energy 
theoretically  available  to  the  organisms  in  a  second 
acetogenic/methanogenic  stage.  (Author's  ab- 
stract) 
W91-04318 


BIOACCUMULATION  OF  SELECTED  HEAVY 
METALS  BY  THE  WATER  FERN,  AZOLLA  FI- 
LICULOIDES  LAM.  IN  A  WETLAND  ECOSYS- 
TEM AFFECTED  BY  SEWAGE,  MINE  AND  IN- 
DUSTRIAL POLLUTION. 

Rand     Afrikaans     Univ.,     Johannesburg     (South 
Africa).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5B. 
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MINIMISING  LIQUID  DISCHARGE  FROM 
LARGE  POWER  PLANTS. 

Eskom,   Johannesburg  (South   Africa).   Chemical 

Engineering  and  Chemistry  Div. 

J.  D.  Aspden,  and  D.  A.  Swanepoel. 

Water  SA  WASADV,  Vol.  16,  No.  4,  p  287-292, 

October  1990.  2  fig,  2  tab,  2  ref. 

Descriptors:  'Cooling  water,  'Desalination,  'Elec- 
trodialysis,  'Membrane  processes,  'Reverse  osmo- 
sis, 'Wastewater  treatment,  'Water  reuse,  Desali- 
nation plants,  Lethabo  Power  Station,  Power- 
plants,  Salt  rejection,  South  Africa,  Total  dissolved 
solids,  Tutuka  Power  Station,  Water  management. 

A  water  management  program  to  maximize  the  use 
of  water  at  Eskom  power  stations  was  described. 
With  the  advent  of  dry  ash  disposal  and  the  result- 
ant loss  of  an  effluent  sink,  an  alternative  means  of 
reuse  and  concentration  of  the  cooling  water  blow- 
down  had  to  be  found.  Pilot  plant  studies  identified 
electrodialysis  reversal  (EDR)  and  tubular  reverse 
osmosis  (TRO)  as  the  most  promising  methods 
from  a  number  of  membrane  systems  evaluated  for 
the  desalination  step.  Plant  availability  problems 
which  occurred  in  Phase  I  of  an  EDR  project  at 
the  3600  MW  Tutuka  Power  Station  were  reme- 
died and  current  performance  characteristics  in- 
clude 90%  plant  availability,  5434  cu  m/d  feed 
flow,  total  dissolved  solids  (TDS)  concentration  of 
940  g/cu  m  in  product,  and  6085  kg/d  salt  load  in 
product.  A  TRO  project  at  the  3600  MW  Lethabo 
Power  Station  had  early  performance  characteris- 
tics of  181  g/cu  m  TDS  in  product,  86%  salt 
rejection  and  sectionalized  plant  availability  of 
80%.  Performance  declined  steadily  with  current 
characteristics  of  740  g/cu  m  TDS  in  product, 
63%  salt  rejection  and  sectionalized  plant  availabil- 
ity of  60%.  Action  plans  have  been  developed  to 
address  the  problems  in  availability  and  perform- 
ance. At  both  power  stations,  the  brine  from  the 
membrane  systems  is  transferred  to  an  evaporation 
plant  for  secondary  concentration.  It  is  concluded 
that  the  primary  problems  of  both  desalination 
systems  have  resulted  in  extended  downtime  at 
both  sites.  The  benefits  of  the  systems  are  elimina- 
tion of  point  source  pollution  to  public  streams  and 
reuse  of  water.  (MacKeen-PTT) 
W9 1-04321 


COMPARISON  OF  OVERFLOWS  FROM  SEP- 
ARATE AND  COMBINED  SEWERS-QUANTI- 
TY AND  QUALITY. 

University    of    Technology    Sydney,    Broadway 

(Australia).  School  of  Civil  Engineering. 

M.  G.  Carleton. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  31-38,  1990.  4  fig  3  tab,  6  ref. 

Descriptors:  'Combined  sewers,  'Overflow,  'Sep- 
arated sewers,  'Sewer  systems,  'Storm  water, 
'Urban  runoff,  'Wastewater  disposal,  'Water  pol- 
lution control,  'Water  pollution  sources,  Australia, 
Combined  sewer  overflows,  France,  Rainfall 
impact,  Storm  runoff,  Storm-overflow  sewers, 
Urban  hydrology,  Water  pollution  effects. 

Separate  sewerage  systems  are  frequently  seen  to 
be  the  solution  to  receiving  water  pollution  prob- 
lems associated  with  combined  storm  water  sewer- 
age systems.  The  main  problem  with  combined 
systems  is  the  regular  overflows,  which  occur 
during  or  following  storm  events.  A  comparison 
was  made  of  the  operation  of  separate  sewerage 
overflows  (Australia)  with  combined  system  over- 
flows (France).  It  was  found  that  the  operation  of 
separate  sewerage  systems  is  similar  to  combined 
storm  water  sewer  systems  due  to  considerable 
storm  inflows  into  the  separate  system.  The  annual 
frequencies  and  quality  of  overflows  is  similar.  One 
major  overflow  event  was  recorded  for  both 
catchments  for  the  one-year  period.  Annual  pollut- 
ant loads  from  separate  system  overflows  are 
higher  than  combined  system  overflows  due  to 
catchment  and  rainfall  differences  for  both  coun- 
tries. The  annual  overflow  durations  for  separate 
sewerage  systems  were  found  to  be  many  times 
those  for  combined  systems,  indicating  that  sepa- 
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rate  sewerage  systems  may  be  worse  than  com- 
bined systems.  Differing  rainfall  characteristics  un- 
doubtedly caused  more  and  longer  overflows  in 
Australia  but  equally,  the  considerable  in-line  stor- 
age capacity  of  the  France  system  was  found  to 
prevent  or  significantly  reduce  overflows.  The  use 
of  separate  sewerage  systems  to  solve  the  pollution 
problems  associated  with  combined  systems  is 
questionable.  Minimizing  overflows  was  feasible, 
however  proper  and  integrated  control  of  storm 
water  and  sewage  flows,  related  to  receiving  water 
impacts,  is  indicated  as  the  best  solution.  The  use 
of  separate  sewerage  systems  to  solve  pollution 
problems  may  not  be  justified.  (Fish-PTT) 
W9 1-04326 


QUALITY  OF  SEWAGE  FLOWS  AND  SEDI- 
MENT IN  DUNDEE. 

Dundee  Inst,  of  Tech.  (Scotland).  Dept.  of  Civil 
Engineering,  Surveying  and  Building. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04327 


MICROBIAL    ASPECTS    OF    SEWAGE    AND 
SEWAGE  SLUDGE  IN  DUNDEE,  SCOTLAND. 

Dundee  Inst,  of  Tech.  (Scotland).  Dept.  of  Civil 
Engineering,  Surveying  and  Building. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04328 


METAL  SPECIATION  IN  SEPARATE  STORM- 
WATER  SYSTEMS. 

Chalmers     Univ.     of     Technology,     Goeteborg 
(Sweden).  Dept.  of  Sanitary  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04329 


ment.  Hydraulic  properties.  Hydraulic  structures, 
Performance  evaluation,  Suspended  solids,  Urban 
hydrology,  Water  pollution  control. 

Based  on  a  design  developed  using  model  tests,  a 
full-scale  prototype  of  a  vortex  storm  sewage  over- 
flow with  peripheral  spill  has  been  built  in  Shef- 
field, England.  A  project  is  running  to  monitor  this 
overflow  in  order  to  assess  its  performance,  both 
hydraulically  and  qualitatively.  Flows  into  and  out 
of  the  overflow  chamber  are  being  recorded,  and 
samples  of  sewage  are  being  taken,  both  from  the 
flow  entering  the  overflow  and  that  spilling  to  the 
watercourse.  A  system  known  as  the  'Gross  Solids 
Monitor'  has  been  developed  to  get  an  estimate  of 
the  quantities  of  large  objects  in  the  flow,  and 
examine  how  effective  the  overflow  is  at  restrain- 
ing such  material  from  spilling.  Due  to  equipment 
failures  and  little  rain,  only  limited  results  have 
been  gathered  to  date.  These  show  that  the  over- 
flow appears  to  exert  good  hydraulic  control,  but 
has  little  separating  effect  on  fine  suspended  or 
dissolved  material.  Further  data  must  be  gathered 
before  any  conclusion  can  be  reached  as  to  how 
well  the  overflow  restrains  larger  objects  from 
spilling.  Further  work  is  required  on  the  Gross 
Solids  Monitor  before  data  analysis  becomes  fully 
automated.  (Author's  abstract) 
W9 1-04345 


POLLUTANT  REMOVAL  AND  EUTROPHICA- 
TION  IN  URBAN  RUNOFF  DETENTION 
PONDS. 

Aalborg  Universitetscenter  (Denmark).  Environ- 
mental Engineering  Lab. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-04346 


APPRAISAL  OF  CHANGES  IN  WATER- 
COURSE QUALITY  AS  A  RESULT  OF  SEWER 
RECONSTRUCTION. 

North  West  Water  Authority,  Warrington  (Eng- 
land). 

A.  D.  Parkinson,  P.  S.  Davis,  and  A.  J.  Saul. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  10/11,  p  213-221,  1990.  3  fig,  1  tab,  11  ref. 

Descriptors:  'Sewer  systems,  •  Storm-overflow 
sewers,  'Upgrading,  'Urban  runoff,  'Water  pollu- 
tion control,  Combined  sewer  overflows,  Comput- 
er models,  England,  Flow  discharge,  Model  stud- 
ies, Performance  evaluation,  River  systems,  Stor- 
age tanks,  Storm  runoff,  Storm  water  management. 

Major  sewerage  work  in  Littleborough,  in  north- 
west England,  resulted  in  the  closure  of  eight 
combined  sewer  overflows  and  the  construction  of 
a  new  overflow  incorporating  downstream  stor- 
age. The  effect  of  the  resewerage  work  on  the 
River  Roch  is  being  studied  as  a  collaborative 
exercise.  The  method  known  as  the  CARP  (Com- 
parative Acceptable  River  Pollution)  procedure 
was  used  in  setting  the  frequency  and  volume  of 
discharge  from  the  new  overflow  and,  therefore, 
the  size  of  the  tank.  The  use  of  CARP  to  calculate 
the  discharge  flow  during  storm  events  resulted  in 
a  decrease  in  the  size  of  the  tank  from  2800  cu  m, 
using  more  conventional  techniques,  to  1 500  cu  m. 
First  results  indicate  that  this  reduction  is  so  far 
vindicated;  however,  the  tank  will  not  operate  as 
frequently  as  predicted  by  other  computer  model- 
ing. The  discharge  from  the  new  combined  sewer 
overflow  would  not  appear  to  significantly  affect 
the  river,  but  should  be  confirmed  by  further  field 
work.  (Fish-PTT) 
W9 1-04348 


DISTRIBUTION  OF  SEDIMENTATION  RATES 
OF  SUSPENDED  SOLIDS  AND  HEAVY 
METALS  IN  COMBINED  SEWER  OVER- 
FLOWS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Nature  Conservation. 

For  primary  bibliographic  entry  see  Field  5B. 
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LONG-TERM  SIMULATION  OF  POLLUTANT 
LOADS  IN  TREATMENT  PLANT  EFFLUENTS 
AND  COMBINED  SEWER  OVERFLOWS. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Wasser- 

wirtschaft,  Hydrologie  und  Landwirtschaftlichen 

Wasserbau. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04331 


ESTIMATION  OF  STORM  WATER  QUALITY 
CHARACTERISTICS  AND  OVERFLOW 
LOADS  FROM  TREATMENT  PLANT  INFLU- 
ENT DATA. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Nature  Conservation. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-043  32 


IMPROVED  OVERFLOW  IN  A  SEWERAGE 
SYSTEM  AS  A  POLLUTANT  LOAD-REDUC- 
ING DEVICE. 

BKH  Consulting  Engineers,  The  Hague  (Nether- 
lands). 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-04344 


MONrrORING  A  VORTEX  STORM  SEWAGE 
OVERFLOW  WITH  PERIPHERAL  SPDLL. 

Sheffield  City  Polytechnic  (England).  School  of 

Construction. 

T.  Cootes,  D.  J.  Balmforth,  S.  Russell,  and  G.  M. 

Doughty. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  189-195,  1990.  4  fig,  4  ref. 

Descriptors:  'Storm  sewage,  'Storm  water  man- 
agement, 'Storm-overflow  sewers,  'Urban  runoff, 
Combined  sewer  overflows,  Conveyance  struc- 
tures, Dissolved  solids,  England,  Flow  measure- 


REDUCTION  OF  COMBINED  SEWER  OVER- 
FLOW POLLUTION  LOADS  BY  DETENTION 
OF  SANITARY  SEWAGE. 

Eidgenoessische   Anstalt   fuer  Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,   Due- 

bendorf  (Switzerland). 

W.  Schilling,  and  D.  T.  Kollatsch. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  205-212,  1990.  4  fig,  1  tab,  7  ref. 

Descriptors:  'Combined  sewer  overflows,  'Deten- 
tion reservoirs,  'Storm  water  management,  'Urban 
runoff,  'Water  pollution  control,  Control  systems. 
Diversion  structures,  Flow  control,  Germany,  Hy- 
drologie models,  Operating  policies,  Risk  assess- 
ment, Sewer  systems,  Storage  tanks,  Storm-over- 
flow sewers. 

For  mixed  combined/separate  sewer  systems  it  is 
proposed,  in  times  of  combined  sewage  overflows 
(CSO)  to  store  sanitary  sewage  at  the  inlet  point  to 
the  combined  system.  Thereby,  sanitary  sewage 
(with  high  strength)  is  kept  in  the  system  for 
further  treatment  after  the  storm,  whereas  less- 
polluted  CSOs  are  diverted  to  the  receiving  water. 
Different  scenarios  were  evaluated  using  an  exist- 
ing catchment  to  quantify  the  potential  benefits  of 
sanitary  sewage  detention.  Comparison  with  cur- 
rent German  CSO  regulations  shows  that  this  ap- 
proach is  more  effective  than  conventional  CSO 
detention  if  more  than  60%  of  the  population 
upstream  of  the  CSO  diversion  are  served  by  a 
separate  system.  A  key  problem  of  this  concept  is 
the  control  strategy  that  determines  when  to  acti- 
vate and  empty  the  storage  tanks.  A  number  of 
criteria  were  compared  taking  into  account  consid- 
erations on  operational  aspects  such  as  chemical 
transformations  in  stored  sewage,  maximum  allow- 
able detention  time,  and  cleansing  of  storage  tanks. 
The  contribution  of  combined  sewer  sediments  to 
total  overflow  loads  is  especially  relevant  in  low- 
gradient  systems,  and  could  not  be  controlled  by  a 
sanitary  sewage  detention  tank  (SST)  at  all.  The 
SST  control  strategies  ought  to  be  simulated  with 
inhomogeneous  rain  data  to  verify  whether  local 
measurements  are  sufficient  for  SST  control.  It 
might  be  worthwhile  to  use  some  simplified  rain- 
fall-runoff model  to  compute  expected  combined 
sewer  flows  at  the  downstream  diversion  and  base 
SST  control  decisions  on  the  computed  flows.  The 
question  of  operational  risks  should  be  answered 
by  field  tests.  (Fish-PTT) 
W9 1-04347 


FYLDE  COAST  BATHING  WATER  IMPROVE- 
MENTS-STORM WATER  MANAGEMENT 
FOR  COMPLIANCE  WITH  BATHING  WATER 
DIRECTIVE. 

North  West  Water  Authority,  Warrington  (Eng- 
land). 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-04349 


CHARACTERIZATION  OF  SOLIDS  TRANS- 
FERRED INTO  SEWER  TRUNKS  DURING 
WET  WEATHER. 

Centre  d'Enseignement  et  de  Recherche  pour  la 

Gestion  des  Ressources  Naturelles  et  PEnvironne- 

ment,  Paris  (France). 

G.  Chebbo,  P.  Musquere,  V.  Milisic,  and  A. 

Bachoc. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  231-238,  1990.  3  fig,  2  tab,  10  ref. 

Descriptors:  'Sediment  transport,  'Settleable 
solids,  'Sewer  systems,  'Storm  runoff,  'Urban 
runoff,  Combined  sewers,  Flow  discharge,  Franc*, 
Hydrodynamics,  Sediment  analysis,  Settling  basins, 
Storm  water,  Suspended  solids,  Urban  hydrology, 
Wastewater  disposal. 

A  research  program  has  been  undertaken  in  France 
to  gain  a  better  understanding  of  the  magnitude 
and  variation  of  the  polluting  and  hydrodynamic 
(particle  size,  vertical  settling  velocity,  density, 
shape,  etc.)  characteristics  of  solids  transferred 
during  dry  and  wet  weather.  The  intrinsic  pollu- 
tion, hydrodynamic,  and  flocculation  and  cohe- 
siveness  parameters  of  the  solids  were  indexed, 
graded,  and  finally  selected  on  the  basis  of  biblio- 
graphical analysis.  The  parameters  describing  and 
explaining  the  accumulation  and  movement  of  the 
solids  at  the  different  levels  of  the  urban  water 
cycle  relate  to  the  atmosphere,  the  catchment  area, 
the  sewer  network,  the  rainfall,  and  the  climate. 
Different  sampling  methods  and  measurements 
were  compared  for  a  number  of  sites,  including  a 
'reference'  retention  basin,  a  'complementary' 
basin,  a  combined  trunk  sewer,  a  storm  sewer,  and 
gullies.  The  Bequigneaux  retention  basin  was  se- 
lected as  an  example  of  the  methods  used.  Samples 
were  collected  of  the  storm  water  entering  the 
basin,  the  solids  settled  during  the  storm  event,  and 
the  waters  during  emptying.  Some  of  the  first 
results  indicate  that  solids  are  the  principal  vector 
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of  pollution  in  storm  water  and  of  wet  weather 
discharge  into  waters  of  the  natural  environment. 
These  solids  are  very  fine  with  a  dominant  particle 
population  of  a  few  dozen  micrometers;  the  rela- 
tive size  of  this  population  appears  to  vary  with  the 
rainfall  characteristics.  Most  of  these  solids  settle 
readily.  The  collection,  separation,  and  analysis  of 
the  solids  will  enable  quantification  of  these  find- 
ings more  precisely.  (Fish-PTT) 
W91-04350 


SEDIMENT  IN  SEWERS:  INITIATION  OF 
TRANSPORT. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 
of  Civil  Engineering. 

R.  A.  Kleijwegt,  R.  G.  Veldkamp,  and  C.  Nalluri. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  10/11,  p  239-246,  1990.  4  fig,  2  tab,  8  ref. 

Descriptors:  'Path  of  pollutants,  'Sediment  trans- 
port, *Sewer  hydraulics,  'Sewer  systems,  *Storm 
runoff,  *Urban  hydrology,  "Urban  runoff,  Bed- 
load  discharge,  Cohesive  sediments,  Deposition, 
Flow  discharge,  Shear  stress,  Storm  water,  Storm- 
overflow  sewers,  Water  pollution  effects. 

During  storm  events  the  discharge  of  pollutants  in 
combined  sewers  is  increased  by  the  erosion  of 
sediment  deposits  with  adhered  pollutants.  Under 
these  circumstances  overflows  will  be  highly  influ- 
enced by  the  erosion  processes  in  the  sewers.  In 
order  to  gain  insight  into  the  amounts  of  pollutants 
in  overflows,  the  basic  processes  that  are  believed 
to  be  responsible  were  studied.  The  initiation  of 
sediment  transport  in  sewers  was  investigated  in 
field  and  laboratory  test  studies;  the  field  studies 
were  concerned  with  the  initiation  of  transport, 
while  the  laboratory  studies  deal  with  the  determi- 
nation of  the  boundary  shear  stress,  incipient 
motion  for  both  noncohesive  and  cohesive  materi- 
als and  the  transport  of  sediment.  From  the  field 
studies  it  was  concluded  that  some  deposits  in 
sewers  are  permanent  because  of  the  insufficient 
capability  of  the  flow  to  erode  the  deposits.  Ce- 
mentation of  sand  with  organic  matter  intensifies 
the  permanent  character.  The  shear  stress  on  the 
flat  sediment  bed  is  found  to  differ  in  the  transverse 
direction.  The  predicted  bed  shear  stresses  (using 
the  equations  of  motion  and  Einstein's  separation 
technique)  along  the  flat  sediment  bed  compare 
reasonably  well  with  the  maximum  measured 
(using  velocity  profiles)  shear  stresses.  The  theory 
was  expected  to  be  applicable  in  the  calculation  of 
the  average  bed  shear  stress,  but  appeared  to  be 
applicable  in  the  calculation  of  the  maximum  bed 
shear  stress.  The  upper  limit  of  the  critical  shear 
stresses  for  cohesive  sewer  sediments  may  not 
exceed  5-7  N/sq  m.  Noncohesive  sediments  are 
eroded  at  lower  shear  stresses  than  predicted  by 
Shields'  criterion.  Further  studies  to  investigate  the 
transport  mechanisms  of  sediments  are  in  progress. 
(Fish-PTT) 
W91-04351 


SEWER  SEDIMENT  AND  ITS  RELATION 
WITH  THE  QUALITY  CHARACTERISTICS  OF 
COMBINED  SEWER  FLOWS. 

Universite  Libre  de  Bruxelles  (Belgium).  Lab.  de 

Traitement  des  Eaux  et  Pollution. 

M.  Verbanck. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  247-257,  1990.  8  fig,  3  tab,  20  ref. 

Descriptors:  'Combined  sewers,  'Sediment  trans- 
port, 'Sediments,  'Sewer  systems,  'Storm  water, 
'Urban  hydrology,  'Urban  runoff,  Belgium,  Depo- 
sition, Hydraulic  transportation,  Main  sewers,  Or- 
ganic matter,  Particle  size,  Sand,  Sediment  analy- 
sis, Suspended  solids. 

Combined  sewer  lines  in  the  center  of  Brussels, 
Belgium,  are  laid  at  very  slack  gradients,  resulting 
during  dry-weather  in  a  systematic  deficit  of  the 
load  of  particulate  material  at  the  outlet.  The  first 
results  of  a  data  collection  program  were  evaluated 
with  respect  to  the  influence  of  in-sewer  deposits 
upon  pollution  emissions.  The  monitoring  of  sus- 
pended solids  load  in  the  main  trunk  showed  the 
extent  of  sediment  deposition/resuspension  proc- 
esses in  the  system.  Over  a  long  period  of  time,  the 
accumulation  of  deposits  on  sewer  inverts  is  clear- 


ly noticeable.  The  total  volume  of  deposition  in  the 
network  also  appears  to  be  much  more  influenced 
by  rainfall  events  than  by  human  sewer-cleaning 
practices.  Particle  size  analyses  of  sewer  sediment 
samples  have  shown  that  most  deposits  in  running 
sewers  are  composed  of  sandy  material,  which 
reduces  the  hydraulic  capacity,  but  is  suspected  to 
have  only  slight  adverse  pollutional  impact.  Sam- 
ples with  finer  material  and  higher  organic  con- 
tents were,  however,  found  in  some  protected  lo- 
cations, not  submitted  to  continuous  dry-weather 
flow.  From  the  experience  gained  in  this  study,  it  is 
strongly  believed  that  the  acquisition  of  detailed 
field  data  is  essential  in  order  to  assess  correctly 
the  complex  phenomena  involved.  (Author's  ab- 
stract) 
W9 1-04352 


SEDIMENT  MOVEMENT  INTO  THE  COM- 
BINED TRUNK  SEWER  NO.  13  IN  MAR- 
SEILLE. 

Centre    National    de    la    Recherche    Scientifique, 

Toulouse  (France).  Inst,  de  Mecanique  des  Fluides. 

D.  Laplace,  Y.  Sanchez,  D.  Dartus,  and  A. 

Bachoc. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  259-266,  1990.  5  fig,  9  ref. 

Descriptors:  'Sediment  transport,  'Sewer  systems, 
'Storm  runoff,  'Urban  runoff,  Combined  sewers, 
Deposition,  France,  Main  sewers,  Particle  size, 
Path  of  pollutants,  Storm  water  management,  Sus- 
pended solids,  Urban  hydrology. 

Several  studies  both  in  France  and  in  other  coun- 
tries have  shown  solids  to  be  the  main  vector  of 
pollution  emanating  from  combined  sewer  over- 
flows or  from  storm  sewer  discharges.  A  French 
technical  organization  (the  AGHTM-General  As- 
sociation of  Hygienists  and  Municipal  Technicians) 
supports  a  research  program  on  the  transfer  of 
solids  into  sewer  networks,  with  the  aim  of  better 
understanding  how  sediments  develop  in  trunk 
sewers  and  what  their  contribution  can  be  to  wet- 
weather  pollutant  discharges.  During  the  first 
phase,  priority  was  given  to  observation,  especially 
inside  a  combined  trunk  sewer  in  Marseille.  Vari- 
ous parameters  such  as  sediment  depth,  water 
level,  flow  velocity  fields,  sediment  particle  size,  or 
mechanical  characteristics  were  measured.  Some 
conclusions  have  been  reached,  although  the  study 
is  still  underway.  It  was  found  that  the  volume  of 
sediment  increases  substantially,  principally  at  the 
entry  points,  during  the  first  rainfall  events;  it 
decreased  during  the  three  days  following  rainfall, 
and  seems  to  become  stable  after  several  months. 
The  solids  deposited  in  the  sediment  are  much 
larger  than  those  which  make  up  the  most  part  of 
pollutant  discharge  during  wet  weather.  The  first 
findings  which  lead  directly  from  the  observations 
and  measurements  already  confirm  the  presence  of 
certain  classic  phenomena,  such  as  the  natural  par- 
ticle size  classification  and  the  evolution  of  the 
sediment  by  progradation.  (Fish-PTT) 
W91-04353 


COINCIDENT  PROBABILITY  OF  GIVEN 
STORM  WATER  DISCHARGES  IN  URBAN 
SEWER  SYSTEMS  AND  RECEIVING  WATERS. 

Kaiserslautern  Univ.  (Germany,  F.R.).  Fachgebiet 
Wasserbau  und  Wasserwirtschaft. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04354 


CONTINUOUS  MONITORING  OF 

WASTEWATER  COMPOSITION  IN  SEWERS 
AND  STORMWATER  OVERFLOWS. 

Universite  Libre  de  Bruxelles  (Belgium).  Lab.  de 

Traitement  des  Eaux  et  Pollution. 

J. -P.  Vanderborght,  and  P.  Wollast. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/1 1,  p  271-275,  1990.  4  fig. 

Descriptors:  'Automation,  'Conductivity,  'Instru- 
mentation, 'Monitoring,  'Sensors,  'Sewer  sys- 
tems, 'Storm-overflow  sewers,  'Turbidity, 
'Wastewater  analysis,  Belgium,  Combined  sewer 
overflows,  Flow  measurement,  Hydrologic  data, 
Storm  water,  Urban  runoff,  Warning  systems, 
Wastewater  management,  Water  quality. 


The  city  of  Brussels  is  a  highly  urbanized  area,  so 
that  any  changes  or  additions  to  the  existing  com- 
bined sewer  system  are  excessively  expensive  and 
involve  considerable  disturbances  on  all  urban  ac- 
tivities. In  1982,  the  State  Secretary  of  the  Brussels 
District  initiated  a  major  research  on  urban 
wastewater  management,  aimed  at  reducing  the 
occurrence  of  floods  and  the  discharge  to  the 
Senne  river  of  grossly  polluted  storm  water,  with- 
out having  to  resort  to  new  large  wastewater  col- 
lection or  storage  structures.  Because  of  the  dual 
nature  of  the  objectives  (a  quantitative  and  qualita- 
tive management  of  the  wastewater  flow),  it  was 
felt  that  a  real-time  control  of  the  system  would 
have  to  incorporate  not  only  quantitative  data 
(flow  measurements),  but  also  qualitative  informa- 
tion (composition  of  the  wastewater).  Such  a 
system  was  developed  and  tested  for  its  perform- 
ance on  a  long-term  basis.  Conductivity  and  tur- 
bidity were  selected  for  their  ability  to  give  infor- 
mation about  the  dissolved  and  suspended  load  in 
the  wastewater  flow.  Nine  wastewater  monitors 
have  been  installed  in  the  Brussels  sewer  system, 
and  have  been  in  continuous  operation  since  1984. 
The  dry  weather  flow  composition  and  about  100 
rain  and  storm  events  have  been  recorded  and 
transmitted  to  the  data  evaluation  center.  The  spe- 
cific monitoring  device  will  unattendedly  perform 
wastewater  quality  measurement  without  being 
plagued  by  plugging  and  fouling.  A  semi-continu- 
ous sampling  with  a  minimum  period  of  about  5 
minutes  will  generally  be  adequate.  Representative 
analysis  can  only  be  achieved  on  samples  of  a 
sufficient  volume,  on  the  order  of  3  liters.  The  use 
of  such  devices  as  real-time  sensors  for  the  control 
of  sewer  systems  can  now  be  seriously  considered. 
(Fish-PTT) 
W9 1-04355 


TRACER  MEASUREMENTS  OF  REAERATION 
IN  GRAVITY  SEWERS. 

Aalborg  Universitetscenter  (Denmark).   Environ- 
mental Engineering  Lab. 
N.  A.  Jensen,  and  T.  Hvitved-Jacobsen. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  10/11,  p  279-282,  1990.3  fig,  1  tab,  5  ref. 

Descriptors:  'Aeration,  'Oxygen,  'Sewer  systems, 
'Tracer  studies,  Denmark,  Environmental  tracers, 
Gravity  flow,  Krypton,  Storm  water,  Tritium, 
Urban  runoff,  Wastewater  composition, 
Wastewater  disposal,  Water  pollution  effects. 

Until  now  little  attention  has  been  paid  to  investi- 
gating and  evaluating  the  importance  of 
wastewater  transformations  during  transportation. 
In  order  to  evaluate  existing  empirical  equations 
for  prediction  of  reaeration  in  gravity  sewers,  a 
tracer  method  was  adapted  for  use  in  partly  filled 
gravity  sewers.  Basically,  the  method  involves  the 
use  of  a  gaseous  tracer  (krypton),  Kr-85,  with  a  gas 
transfer  coefficient  constant  to  that  of  oxygen 
under  the  conditions  investigated,  and  a  nonga- 
seous dispersion  tracer  (tritium),  H-3.  By  dosing 
the  tracers  at  time  t=0,  the  gas  transfer  coefficient 
of  krypton  is  found,  and  the  corresponding  value 
for  oxygen  is  found.  Preliminary  investigations 
were  carried  out  in  an  intercepting  sewer  line  in 
Denmark.  Based  on  the  results  from  the  tracer 
measurements  the  reaeration  coefficient  was  calcu- 
lated. Furthermore,  samples  were  taken  in  order  to 
determine  the  wastewater  characteristics,  and  the 
oxygen  concentration  in  the  sewer  atmosphere  was 
measured.  These  measurements  resulted  in  values 
approximately  10%  lower  than  under  normal  at- 
mospheric conditions.  Based  on  measurements 
under  different  flow  conditions,  it  can  be  conclud- 
ed that  the  developed  tracer  method  results  in 
values  of  the  reaeration  coefficient  for  gravity 
sewers  with  a  high  degree  of  accuracy.  Further 
investigations  will  be  carried  out  in  order  to  evalu- 
ate the  developed  tracer  method  with  the  results 
from  the  empirical  equations.  (Fish-PTT) 
W9 1-04357 


SEDIMENT     MOVEMENT     IN     COMBINED 
SEWERS  IN  DUNDEE. 

Dundee  Coll.  of  Technology  (Scotland).  Dept.  of 

Civil  Engineering. 

M.  J.  Goodison,  and  R.  M.  Ashley. 
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Water  Science  and  Technology  WSTED4,  Vol 
22,  No.  10/1 1,  p  283-286,  1990.  3  fig,  7  ref. 

Descriptors:  'Combined  sewers,  "Scotland,  "Sedi- 
ment transport,  'Sedimentation,  *Sewer  systems, 
•Storm  water,  'Urban  hydrology,  'Urban  runoff, 
Cleaning,  Economic  aspects,  Flood  control,  Flood 
forecasting,  Flow  models,  Model  studies,  Simula- 
tion analysis,  Suspended  sediments. 

An  integrated  program  of  work  is  now  underway 
in  Dundee,  Scotland,  to  formulate  engineering 
strategies  to  alleviate  the  flooding  in  the  city 
center  and  also  to  minimize  the  continuing  mainte- 
nance costs  for  sewer  sediment  removal.  The  ob- 
jectives of  this  program  are  commensurate  with 
current  U.K.  research  initiatives  which  are  investi- 
gating the  nature  and  movement  of  sewer  sedi- 
ments and  associated  pollution.  A  study  has  been 
initiated  to  develop  a  long-term  strategy  to  reduce 
the  incidence  of  flooding  by  first  constructing  a 
flow  simulation  model  of  the  city  center  sewerage 
system,  incorporating  programs  of  data  collection 
to  facilitate  the  development  of  simulation  models 
of  the  sediment  buildup,  movement,  and  related 
pollution.  The  initial  program  began  in  1986,  and 
subsequent  studies  were  implemented  to  study 
sediment  provenance,  movement,  and  quality  in 
1987  and  1988.  In  the  U.K.  some  10%  of  all  sewers 
have  permanent  sediment  deposits.  Sewer  cleaning 
expenditures  in  Dundee  represent  the  cost  of  a 
relatively  sediment-free  sewer  for  a  period  of  only 
three  to  six  months.  The  data  collected  so  far  have 
shown  a  consistency  in  dry  weather  flow  patterns 
for  both  flow  and  mass  of  suspended  material. 
Further  work  planned  in  Dundee  will  provide  data 
to  assist  in  the  development  of  new  models  for 
sewer  flow  quality.  (Fish-PTT) 
W91-04358 


STUDY  OF  TRASH  AND  TRASH  INTERCEP- 
TION DEVICES. 

University    of    Technology    Sydney,    Broadway 

(Australia).  School  of  Civil  Engineering. 

M.  G.  Carleton,  and  J.  S.  Nielsen. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  10/11,  p  287-290,  1990.1  fig,  1  tab,  6  ref. 

Descriptors:  'Sewer  systems,  'Storm  water  man- 
agement, 'Trash  racks,  'Urban  runoff,  Australia, 
Cleaning,  Flow  rates,  Hydraulic  design,  Water  pol- 
lution control,  Water  pollution  effects. 

The  composition  of  trash  found  in  urban  storm- 
water  runoff  was  analyzed  following  its  collection 
by  a  trash  rack  and  two  floating  booms  in  Sydney, 
Australia.  Basically,  garden  refuse,  plastic,  and 
paper  products  were  the  main  components  of  trash 
collected.  The  effectiveness  of  trash  interception 
devices  was  examined  using  results  of  field  trials. 
For  various  flow  velocities,  widths  of  channel  or 
river,  storm-related  loads  and  cleansing  frequency 
the  choice  of  trash  racks  or  booms  can  be  made. 
Testing  of  a  range  of  trash  rack  designs  was  per- 
formed in  the  laboratory  with  the  principal  aim  of 
preventing  rack  blockages.  While  both  spacing  be- 
tween bars  and  the  angle  of  inclination  of  the  rack 
were  related  to  self-cleansing,  ultimate  blockage 
could  not  be  prevented  for  the  configuration 
tested.  Either  the  racks  should  be  designed  to 
allow  for  overtopping  when  blocked  or  booms  be 
used,  despite  their  lesser  efficiency.  (Author's  ab- 
stract) 
W91-04359 


KEEPING  YOUR  NEIGHBOR  HAPPY. 

New  Jersey-American  Water  Co.,  Shrewsbury. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04374 


EFFECT  OF  ZINC  ON   OSMOREGULATION 

OF     GAMMARUS     DUEBENI     (CRUSTACEA: 

AMPHIPODS)    FROM    THE    ESTUARY    AND 

THE    SEWAGE    TREATMENT    WORKS     AT 

LOOE,  CORNWALL. 

Polytechnic    South    West,    Plymouth    (England). 

Dept.  of  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-04376 


OZONATION  OF  TRACE  ORGANIC  COM- 
POUNDS: MODEL  PREDICTIONS  VERSUS 
EXPERIMENTAL  DATA. 

Middle  East  Technical  Univ.,  Ankara  (Turkey). 

Dept.  of  Environmental  Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-04377 


TREATMENT  OF  POULTRY  PROCESSING 
WASTEWATER  USING  SEQUENCING  BATCH 
REACTORS. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Bio- 
Resource  Engineering. 
K.  V.  Lo,  and  P.  H.  Liao. 

Canadian  Agricultural  Engineering  CAEOAI, 
Vol.  32,  No.  2,  p  299-302,  July  1990.  4  fig,  2  tab,  1 1 
ref. 

Descriptors:  'Food-processing  wastes,  'Meat 
processing  industry,  'Poultry,  'Wastewater  reac- 
tors, 'Wastewater  treatment,  Biological  oxygen 
demand,  Chemical  oxygen  demand,  Denitrifica- 
tion,  Nitrification,  Retention  time,  Sludge  volume 
index. 

Sequencing  batch  reactor  (SBR)  systems  are  re- 
ceiving increasing  use  for  the  treatment  of  munici- 
pal, industrial,  and  agricultural  wastewaters.  How- 
ever, reports  on  the  application  of  the  SBR  process 
to  food  processing  wastewaters  are  scarce.  Three 
five-liter  bench-scale  SBRs  were  used  to  treat 
poultry  processing  plant  wastewater.  The  reactors 
were  operated  at  three  different  temperatures  (10, 
22,  and  35  C)  and  a  cycle  of  four  hours.  Two  liters 
of  wastewater  were  treated  each  four-hour  cycle. 
The  mean  hydraulic  retention  time  was  10  hours 
for  each  reactor.  High  levels  of  reduction  in  bio- 
chemical oxygen  demand  and  chemical  oxygen 
demand  were  achieved.  The  reduction  for  bio- 
chemical oxygen  demand  was  over  89%.  There 
was  no  noticeable  difference  in  the  mean  treatment 
efficiency  of  the  SBRs  operating  at  22  and  35  C. 
However,  the  treatment  efficiency  of  the  low- 
temperature  reactor  (10  C)  was  lower.  Denitrifica- 
tion  was  found  to  occur  at  the  beginning  of  the 
react  phase  for  the  high-temperature  (22  and  35  C) 
reactors,  while  no  obvious  denitrification  or  nitrifi- 
cation processes  took  place  in  the  low-temperature 
reactor.  The  settling  characteristics  of  the  sludge 
were  good  with  the  sludge  volume  index  ranging 
between  70  and  108.  (Author's  abstract) 
W91-04550 


FATE  OF  MUTAGENIC  ACTIVITY  DURING 
CONVENTIONAL  TREATMENT  OF  MUNICI- 
PAL WASTEWATER  SLUDGE. 

East  Tennessee  State  Univ.,  Johnson  City.  Dept.  of 

Health  Sciences. 

R.  D.  Blevins,  and  L.  Brennan. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  657-664, 

September/October,  1990.  7  tab,  20  ref. 

Descriptors:  'Activated  sludge  process,  'Munici- 
pal wastewater,  'Mutagenicity,  'Wastewater  treat- 
ment, Ames  test,  Bioassay,  Chlorination,  Metabolic 
activity. 

The  mutagenic  activity  of  wastewater  was  fol- 
lowed during  conventional  activated  sludge  treat- 
ment at  a  municipal  plant.  Raw  wastewater  was 
initially  screened  for  mutagenic  potential,  using 
Ames  Salmonella/mammalian  microsomal  test  and 
employer  tester  strains.  The  combined  raw 
wastewater  produced  dose-related  mutagenic  re- 
sponses in  the  presence  of  S9  metabolic  activation. 
Raw  wastewater  from  domestic  sources  alone  was 
not  mutagenic.  Mutagenic  activity  was  observed 
throughout  the  treatment  process.  Activated 
sludge  prior  to  chlorination  contained  the  highest 
specific  mutagenic  activity.  Chlorination  decreased 
the  specific  mutagenic  activity  at  pH  11.  Mutagen- 
ic activity  in  municipal  wastewater  containing  in- 
dustrial discharges  is  not  removed  by  conventional 
treatment  processes  and  can  be  enhanced  by  acti- 
vated sludge  treatment.  The  Ames  test  cannot 
detect  all  the  potential  mutagens  present  in  a 
sludge  sample,  particularly  inorganic  mutagens 
such  as  heavy  metals.  Therefore,  other  bioassays 
should  be  used  in  addition  to  the  Ames  test  to 
determine  the  mutagenic  activity  of  a  sample.  Fur- 


thermore, the  Ames  test  does  not  provide  informa- 
tion an  plant  bioaccumulation  of  these  chemicals  or 
the  sample's  threat   to  human   health.   (Author's 
abstract) 
W9 1-04569 


EXPOSURE  ASSESSMENT  OF  SEWAGE 
TREATMENT  PLANT  EFFLUENT  BY  A  SE- 
LECTED CHEMICAL  MARKER  METHOD. 

Clement  Associates,  Inc.,  Fairfax,  VA. 

S.  E.  Holm,  and  J.  G.  Windsor. 

Archives   of  Environmental    Contamination   and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  674-679, 

September/October,  1990.  9  fig,  15  ref. 

Descriptors:  'Chemical  tracers,  'Effluents,  'Path 
of  pollutants,  'Tracers,  'Wastewater  outfall, 
•Wastewater  pollution,  Contaminants,  Coprosta- 
nol,  Effluent  plumes,  Hydrocarbons,  Organic 
chemicals. 

Organic  chemicals  unique  to  sewage  effluent  can 
be  useful  as  markers  of  an  effluent  plume.  Samples 
were  collected  at  a  domestic  wastewater  outfall 
near  Cocoa,  Florida,  and  chemically  characterized. 
Receiving  waters  were  analyzed  to  determine  the 
chemical  components  in  the  effluent  most  suitable 
for  the  assessment.  The  saturated  hydrocarbon 
fraction  and  sterol  fraction  appeared  to  be  of  great- 
est utility  for  such  purposes,  and  the  concentra- 
tions of  these  fractions  were  determined  for  water, 
particulate  matter,  and  sediment.  In  all  cases,  con- 
centrations were  higher  at  the  outfall  than  at  a  site 
800  m  from  the  outfall,  though  to  what  degree 
depended  on  the  suite  of  compounds  used  in  each 
phase  and  fraction.  It  was  found  that  the  presence 
of  coprostanol  was  a  good  marker  of  areas  exposed 
to  sewage  treatment  plant  effluent.  Coprostanol 
may  also  indicate  transport  of  other  sewage  outfall 
constituents  such  as  pathogenic  organisms,  heavy 
metals,  and  harmful  organics  due  to  their  similar 
adsorption  kinetics.  Concentrations  of  coprostanol 
were  significantly  higher  at  the  sewage  outfall  site 
than  at  the  800  m  site,  thus  providing  an  excellent 
marker  to  delineate  an  area  adversely  influenced 
by  sewage  contamination.  However,  coprostanol  is 
also  derived  from  agricultural  waste  and  quite 
possibly  from  aquatic  mammals  such  as  manatees 
and  porpoises.  Thus,  detecting  coprostanol  may 
reflect  contamination  from  sources  other  than 
sewage  treatment  plants.  (White-Reimer-PTT) 
W9 1-04570 


PRELIMINARY  STUDIES  ON  THE  DEVELOP- 
MENT OF  A  MICROBIOLOGICAL  TREAT- 
MENT FOR  POLYCHLORINATED  BIPHEN- 
YLS. 

BioTreatment  Ltd.,  Cardiff  (Wales). 

For  primary   bibliographic  entry  see   Field   5G. 

W91-O4580 


INTERCEPTOR  DESIGN  AND  CONSTRUC- 
TION CONSIDERATIONS  AS  PART  OF  THE 
BOSTON  HARBOR  CLEANUP. 

SEA  Consultants,  Inc.,  Cambridge,  MA. 

J.  J.  Struzziery. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.  11,  p  8-9,  November  1990. 

Descriptors:  'Boston  Harbor,  'Cleanup  operations, 
•Massachusetts,  *Pipelines,  *Sewer  systems, 
•Water  pollution  prevention,  Construction,  Costs, 
Design  criteria.  Environmental  protection,  Regula- 
tory agencies,  Wastewater  pollution. 

The  Wellesley  Extension  Sewer  Replacement 
(WESR)  project,  designed  as  part  of  the  Boston 
Harbor  cleanup  operation,  involves  the  design  and 
construction  of  7.5  miles  of  60-in  and  54-in  diame- 
ter interceptor  wastewater  pipe;  rehabilitation  of 
an  existing  interceptor,  which  was  installed  in  the 
early  1960s  and  has  deteriorated  due  to  hydrogen 
sulfide;  and  the  abandonment  of  the  Wellesley 
Extension  Sewer  (WES),  which  was  installed  be- 
tween 1916  and  1921.  The  S66-million  project  is 
intended  to  provide  adequate  flow  capacity  for  the 
next  40  years,  reduce  overflows  and  improve  the 
harbor's  water  quality.  The  project  has  involved 
various  federal,  state,  local,  and  private  agencies 
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because  of  numerous  environmental  protection  and 
permitting  considerations.  As  part  of  the  design, 
7.5  miles  of  the  existing  reinforced  concrete  sewer 
pipe  was  inspected  by  internal  television  to  deter- 
mine the  sewer's  condition.  Due  to  extensive  dete- 
rioration rehabilitation  was  recommended  that  in- 
cluded inversion  pipe  lining  and  sliplining  for  the 
pipeline.  Construction  challenges  include  3  cross- 
ings of  the  Charles  River;  construction  under  the 
bridge  decks  of  a  6-lane,  divided  interstate  high- 
way where  it  crosses  the  river;  3  tunnels  up  to  3000 
ft  long;  a  crossing  under  a  24-in  natural  gas  pipe- 
line in  rock  conditions;  and  extensive  crossings  of 
wetlands  and  floodplains.  Environmental  controls 
require  the  contractors  to  monitor  background 
noise  and  turbidity  levels  along  the  sewer  align- 
ment. By  preventing  raw  sewage  overflows  into 
the  Charles  River,  the  long-term  beneficial  impact 
of  this  project  will  be  better  water  quality  and 
quality  of  life.  (White-Reimer-PTT) 
W9 1-04594 


DEWATERING  PROBLEMS  LEAD  TO  LIQUID 
SLUDGE  DISPOSAL. 

Broward  County  Office  of  Environmental  Serv- 
ices, Pompano  Beach,  FL.  Wastewater  Manage- 
ment Div. 

J.  M.  Chansler,  and  D.  R.  Rowe. 
Water   Environment    &   Technology    WAETEJ, 
Vol.  2,  No.  11,  p  11,13,  November  1990. 

Descriptors:  'Kentucky,  *Sludge  disposal,  *Sludge 
drying,  'Sludge  utilization,  Aerobic  digestion, 
Crop  yield,  Cropland,  Land  disposal,  Wastewater 
renovation,  Wastewater  treatment. 

The  upgraded  Bowling  Green  (Kentucky) 
Wastewater  Treatment  Plant  began  operation  in 
late  1976.  Even  after  the  usual,  anticipated  startup 
problems,  it  became  clear  that  solids-handling  fa- 
cilities were  inadequate.  The  three  1900-cu  m  di- 
gesters provided  ample  digestive  facilities,  but 
dewatering  and  disposal  could  not  keep  up.  The  12 
sand-drying  beds  with  a  total  surface  area  of  2230 
sq  m,  could  not  dewater  at  a  sufficient  rate.  There- 
fore, vacuum  filters  from  the  original  plant  were 
pressed  into  service.  However,  although  the  plant 
effluent  was  well  within  limits  for  20  hr/d,  solids 
washout  occurred  for  about  4  hours  every  day.  At 
this  point  non-dewatered  sludge  land-spreading 
was  considered.  No  formal  sludge  landspreading 
program  existed  in  Kentucky  at  that  time,  but  with 
the  help  of  area  farmers  and  state  regulators,  pri- 
vate-contractor bids  were  opened  in  October  1981 
for  non-dewatered  sludge  transport  and  disposal  on 
state-approved  sites.  The  process  consists  of  wast- 
ing sludge  separately  from  the  primary  and  second- 
ary treatment  processes  to  aerobic  digesters.  This 
operation  is  followed  by  landspreading  without 
dewatering.  Landspreading  has  been  limited 
mainly  to  corn  and  soy  beans,  with  yield  increases 
usually  about  25%.  Haul  distance  affects  costs.  The 
current  contract  is  for  a  cost  of  2.35  cents/gal. 
This  type  of  wastewater  reuse  depends  on  the 
quality  of  the  product  as  well  as  economics,  and 
product  quality  is  directly  dependent  on  training, 
education,  and  experience.  (White-Reimer-PTT) 
W9 1-04595 


LOS    ANGELES    CITY    SLUDGE    MANAGE- 
MENT PROGRAM. 

Los    Angeles    City    Hyperion    Treatment    Plant, 
Playa  Del  Rey,  CA. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04596 


AIR  TOXICS  PROJECT  STUDIES  HEALTH 
RISKS  FROM  WASTEWATER  TREATMENT 
PLANT  EMISSIONS. 

Pimie  (Malcolm),  Inc.,  White  Plains,  NY. 

J.  W.  Wilson,  and  R.  J.  Califano. 

Water    Environment   &   Technology    WAETEJ, 

Vol.  2,  No.  11,  p  17-18,  November  1990. 

Descriptors:  'Air  pollution,  'California,  *Heavy 
metals,  *Public  health,  'Volatile  organic  com- 
pounds, 'Wastewater  facilities,  Arsenic,  Beryllium, 
Cadmium,  Chromium,  Nickel,  Scrubbers,  Toxicity. 

In  March  1989,  as  a  condition  for  permitting  ex- 
pansion at  one  of  its  plants,  the  South  Coast  Air 


Quality  Management  District  (AQMD)  mandated 
that  the  County  Sanitation  Districts  of  Orange 
County  (CSDOC)  conduct  a  comprehensive  pro- 
gram to  determine  the  impact  of  toxic  air  contami- 
nants that  might  be  released  from  expanded  plant 
process  units,  to  evaluate  the  possible  increased 
health  risks,  and  to  implement  the  best  available 
control  technology  for  toxics  (T-BACT),  if  appro- 
priate. Plant  emissions  were  tested  for  18  target 
compounds  of  concern  identified  by  AQMD- 13 
volatile  organic  compounds  (VOCs)  and  5  metals 
(arsenic,  beryllium,  cadmium,  hexavalent  chromi- 
um, and  nickel).  Using  predicted  ground-level  con- 
tamination concentrations  determined  from  the  air 
quality  dispersion  modeling  analysis,  the  assess- 
ment estimated  hypothetical  human  exposure  from 
inhalation,  and  then  computed  the  individual 
cancer  risks  associated  with  that  exposure,  sum- 
ming the  risks  for  each  contaminant  to  compute  a 
cumulative  lifetime  individual  cancer  risk.  The 
analysis  concluded  that  the  existing  wet  scrubbers 
used  for  odor  control  represented  the  T-BACT  for 
this  site.  (White-Reimer-PTT) 
W9 1-04597 


DURHAM  BENEFITS  FROM  COLLECTION 
SYSTEM  INSTRUMENTATION. 

M.  Adcock. 

Water    Environment    &   Technology    WAETEJ, 

Vol.  2,  No.  1 1,  p  22,24,  November  1990. 

Descriptors:  'North  Carolina,  'Sewer  systems, 
'Telemetry,  'Wastewater  facilities,  Combined 
sewer  overflows,  Maintenance,  Monitoring,  Over- 
flow, Pumping  stations,  Sewer  infiltration. 

Durham,  North  Carolina  has  five  wastewater  treat- 
ment plants  with  a  combined  design  capacity  of  30 
mgd.  Older  segments  of  the  750  miles  of  mainline 
sewers  and  50  wastewater  pumping  stations  suffer 
from  joint  deterioration,  illegal  connections,  and  a 
myriad  of  extraneous  flow  sources.  These  inflow 
and  infiltration  (I/I)  problems  reduce  capacities  in 
the  sewer  lines,  lift  stations,  and  treatment  plants, 
because  flows  frequently  double  during  moderate 
to  heavy  rains.  The  city  adopted  a  goal  of  zero 
overflow  by  eliminating  the  worst  I/I  problems, 
systematically  locating  constrictions  in  the  piping 
network,  maximizing  the  efficiency  of  pump  sta- 
tion and  wet-well  storage  to  maximize  sewer 
system  capacity,  and  installing  a  telemetered  alarm 
system  to  alert  personnel  when  high-level  condi- 
tions or  operational  problems  occur  at  pump  sta- 
tions or  in  critical  sewer  lines.  About  25%  of  the 
pumping  stations  are  now  equipped  with  a  'smart' 
remote  monitoring  system.  One  of  the  innovative 
features  of  the  monitoring  system  is  its  ability  to 
monitor  numerous  operational  parameters  such  as 
flow  quantification,  hourly  and  daily  flow  rates, 
and  gpm  for  each  pump  on  a  daily  basis.  Daily 
maximum  and  minimum  flow  rates  are  also  deter- 
mined. The  warning  alarm  system  has  become 
critical  in  reducing  overflows  and  improving  oper- 
ation and  maintenance  activities  at  the  stations. 
Early  response  has  reduced  certain  equipment 
repair  costs  in  many  instances.  (White-Reimer- 
PTT) 
W91-04598 


ANNE   ARUNDEL   COUNTY   ACHIEVES 
WATER-QUALITY  EXCELLENCE. 

Anne  Arundel  County   Dept.   of  Utilities,   Glen 
Burnie,  MD. 

For  primary   bibliographic  entry   see  Field   5G. 
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DESIGNING  TO  IMPROVE  GRIT  REMOVAL. 

Brown  and  Caldwell,  Pasadena,  CA. 
M.  M.  Anderson,  H.  G.  Tran,  and  A.  Bensen. 
Water    Environment    &   Technology    WAETEJ, 
Vol.  2,  No.   11,  p  54-57,  November  1990.  4  fig. 

Descriptors:  'California,  'Grit  chambers, 
'Wastewater  facilities,  Design  criteria,  San  Diego. 

A  1987  construction  project  to  expand  grit  remov- 
al facilities  at  San  Diego's  Point  Loma  Wastewater 
Treatment  Plant  improved  grit  removal  by  four 
times  that  of  the  original  design's  ability.  The 
previous  system  (consisting  of  four  aerated  grit 


removal  tanks,  a  below-grade  grit  pump  room,  and 
the  headworks  building)  had  allowed  a  significant 
amount  of  grit  to  escape  the  grit  removal  facilities, 
creating  problems  for  the  downstream  sludge-han- 
dling facilities.  The  city  frequently  had  to  replace 
sludge  pump  stators  and  clean  the  digesters.  The 
key  to  the  success  of  the  new  system  was  a  unique 
approach  to  designing  the  aerated  grit  removal 
system.  The  new  facilities  included  two  aerated 
grit  removal  tanks,  a  new  motor  control  center 
building  above  the  pump  room,  modifications  to 
one  agitation-air  system,  and  additional  grit  separa- 
tion facilities.  The  features  that  promote  effective 
grit  removal  include  the  tank  inlet  design  to  direct 
flow  of  wastewater  and  the  location  of  air  diffusers 
on  the  opposite  side,  the  effluent  weir  location, 
transverse  baffles  between  grit  hoppers,  and  longi- 
tudinal baffles  between  transverse  baffles.  Other 
features  that  ensure  effective  grit  removal  include 
a  sloping  wall  above  the  grit  hoppers,  a  broad-band 
diffuser  for  air  introduction,  tapered  air  feed  at  a 
relatively  low  rate,  essential  coordination  of  pumps 
with  grit  separators  and  dewaterers,  returning 
overflows  to  the  grit  tanks,  and  the  grit  hopper 
design.  The  new  system,  which  has  been  operating 
since  May  1988,  has  already  proven  that  it  is  clean, 
low  maintenance,  highly  efficient,  and  reliable. 
(White-Reimer-PTT) 
W91-04601 


PAST  PRACTICES  AND  NEW  APPROACHES 
IN  SCUM  MANAGEMENT. 

For  primary  bibliographic   entry   see   Field   5G 
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SPREADSHEETS  FOR  ESTIMATING  SLUDGE 
PRODUCTION. 

Greeley  and  Hansen,  Philadelphia,  PA. 

For  primary  bibliographic  entry  see  Field  7C. 
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PUMPING  STATION  REHABILITATION 
WITH  SUBMERSD3LE  PUMPS  SAVES  O&M 
COSTS. 

BCM  Engineers,  Inc.,  Plymouth  Meeting,  PA. 
T.  E.  Kunetz. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  23,  No.  6,  p  16-18,  November/ 
December  1990.  2  fig. 

Descriptors:  'Pumping  plants,  'Pumps,  'Sewer 
systems,  'Wastewater  collection,  'Wastewater  fa- 
cilities, Construction,  Design  criteria,  Mainte- 
nance, Maintenance  costs,  Operating  costs,  Penn- 
sylvania, Safety. 

The  City  of  Sunbury  in  Northumberland  County, 
PA,  has  three  newly  rehabilitated  raw  sewage 
pumping  stations  servicing  the  city's  wastewater 
collection  system.  The  three  original  pumping  sta- 
tions were  constructed  in  1948.  They  were  satisfac- 
tory; however  after  40  years  of  use,  the  pumps 
were  beyond  their  usable  service  life  and  required 
constant  attention  and  maintenance.  Therefore,  en- 
gineers were  hired  to  inspect  the  stations  and  up- 
grade them  to  meet  current  safety  standards.  It  was 
recommended  that  the  pumping  stations  be  modi- 
fied to  use  submersible  pumps  that  can  easily  be 
hoisted  to  the  operating  floor  for  maintenance  or 
replacement,  thereby  reducing  operation  and  main- 
tenance costs  and  increasing  safety  considerations. 
The  design  for  modifying  the  three  pumping  sta- 
tions required  precise  coordination  of  the  mechani- 
cal, structural,  and  electrical  facilities  within  the 
close  confines  of  the  existing  structures.  The 
design  modifications  maintain  the  original  capacity 
of  each  pumping  station  but  alter  the  function  of 
the  original  layout.  Construction  work  to  rehabili- 
tate the  three  stations  took  approximately  nine 
months.  Since  completion  of  the  stations  rehabilita- 
tion in  late  1989,  the  pumps  have  run  efficiently 
and  maintenance  has  all  been  routine.  (White- 
Reimer-PTT) 
W9 1-04607 


LATERAL    INSTALLATION    AND    MAINTE- 
NANCE CONSIDERATIONS. 
Gannett,  Fleming,  Corddry  and  Carpenter,  Inc., 
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Harhsburg,  PA. 
R.  E.  Shaffer. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  23,  No.  6,  p  23-27,  November/ 
December  1990.  6  fig. 

Descriptors:  'Municipal  wastewater,  'Sewers, 
•Wastewater  collection,  Infiltration,  Installation, 
Maintenance. 

In  a  typical  wastewater  collection  system,  the 
length  of  service  connection  or  lateral  piping  can 
equal  or  exceed  the  length  of  main  line  piping. 
Although  it  is  normal  for  a  municipality  to  estab- 
lish criteria  that  determine  that  most,  or  even  all, 
of  a  lateral  is  a  property  owner's  responsibility, 
ineffective  installation  or  maintenance  by  the  prop- 
erty owner  may  ultimately  create  problems  for  the 
municipality.  Therefore,  lateral  installation  and 
maintenance  considerations  for  pre-installation  and 
post-installation  are  reviewed.  Pre-installation  con- 
siderations that  should  be  addressed  in  municipal 
regulations  include:  permit  application  and  installer 
registration;,  material  specifications  and  installation 
details;  inspection  and  testing  provisions;  and  own- 
ership delineation  and  responsibilities.  The  most 
significant  post-installation  consideration  for  mu- 
nicipalities is  the  problem  of  infiltration.  It  general- 
ly causes  no  inconvenience  to  the  property  owner, 
but  can  add  to  municipal  operating  costs  and  over- 
load municipal  facilities.  Cost  effective  internal 
lateral  maintenance  includes  high-pressure  water 
cleaning,  internal  television  inspection,  and  internal 
repair.  (White-Reimer-PTT) 
W9 1-04608 


WASTEWATER  TREATMENT:  DYE  AND  PIG- 
MENT INDUSTRY  (JAN  77--JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-866602. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
August  1989.  42p. 

Descriptors:  'Bibliographies,  'Dye  industry 
wastes,  'Wastewater  treatment,  Absorption,  Acti- 
vated carbon,  Activated  sludge  process,  Biodegra- 
dation,  Dyes,  Electrochemistry,  Filtration,  Ozona- 
tion, Reverse  osmosis,  Waste  treatment. 

This  bibliography  contains  citations  concerning 
treatment  of  wastewater  containing  dyes  and  pig- 
ments. The  biological  effect  of  dyes  and  pigments 
in  wastewater  treatment  systems,  the  biodegrada- 
tion  of  dyewastes,  absorption  and  adsorption  proc- 
esses to  remove  dyes  from  wastewater,  some  envi- 
ronmental effects  from  the  disposal  of  dye-contain- 
ing wastes,  and  methods  of  analysis  for  dyes  in 
waste  streams  are  among  the  topics  discussed. 
Treatment  schemes  such  as  ozonation,  reverse  os- 
mosis, activated  charcoal,  activated  sludge,  elec- 
trochemical treatments,  thermal  treatments,  simple 
filtration,  an  absorption  are  included.  (This  new 
bibliography  contains  87  citations  fully  indexed 
with  a  title  list.)  (Author's  abstract) 
W91-04653 


HUMIC  ACIDS:  CHARACTERIZATION   AND 
INTERACTIONS        IN        NATURAL        AND 
WASTEWATER  SYSTEMS  (JAN  78-JUL  89). 
National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  2H. 
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ACTIVATED  SLUDGE  PROCESS:  WASTE 
TREATMENT  (JAN  85-JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-867477. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
August  1989.  55p. 

Descriptors:  'Activated  sludge,  'Activated  sludge 
process,  'Bibliographies,  'Waste  treatment, 
'Wastewater  treatment,  Biochemistry,  Biodegrada- 
tion,  Dairy  industry  wastes,  Industrial  wastes, 
Metals,  Microbial  degradation,  Nutrients,  Oxygen, 
Sludge  digestion,  Water  level. 


This  bibliography  contains  citations  concerning  the 
use  of  the  activated  sludge  process  in  waste  and 
wastewater  treatment.  Biochemistry  of  the  activat- 
ed sludge  process,  the  effects  of  various  pollutants 
on  process  activity,  effects  of  environmental  varia- 
bles such  as  oxygen  and  water  levels,  nutrient 
requirements  of  microorganisms  employed  in  acti- 
vated sludge  processes,  and  the  application  of  the 
process  to  specific  wastes  such  as  pharmaceuticals, 
halocarbons,  metallic  wastes,  dairy  wastes,  coke 
plant  wastewaters,  and  petrochemical  effluents  are 
among  the  topics  discussed.  Operating  experiences 
at  large  plants  are  included.  (This  new  bibliogra- 
phy contains  154  citations  fully  indexed  with  a  title 
list.)  (Author's  abstract) 
W9 1-04656 


BIODEGRADATION    OF    PESTICIDES    (DEC 
85--MAY  90). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5B. 
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BIOFILMS  AND  BIOFILM  REACTORS  (APR 
79-MAR  90). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-868399. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
May  1990.  53p. 

Descriptors:  'Bibliographies,  'Biofilm  reactors, 
'Biofilms,  'Biological  wastewater  treatment, 
'Wastewater  reactors,  'Wastewater  treatment,  Bi- 
ological treatment,  Biomass,  Fermentation,  Fluid- 
ized  beds,  Kinetics,  Microbial  degradation,  Model 
studies. 

This  bibliography  contains  citations  concerning  the 
formation  and  characterization  of  biofilms.  Bio- 
films occur  in  fermentation,  wastewater  treatment, 
packed-bed  reactors,  fluidized-bed  reactors,  medi- 
cal prostheses,  fouling,  biomass  reactors,  waste 
supply  systems,  and  other  aquatic  systems.  Topics 
include  microorganism  makeup  of  biofilms,  con- 
trolling biofilm  formation,  biological  and  chemical 
properties,  model  studies,  kinetic  studies,  and  bio- 
film identification  and  detection.  (This  updated 
bibliography  contains  152  citations,  19  of  which 
are  new  entries  to  the  previous  edition.)  (Author's 
abstract) 
W9 1-04658 


BIODEGRADATION  OF  PESTICIDES  AND 
HERBICIDES  (MAR  78-MAR  90). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB90-871872. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
June  90.  89p. 

Descriptors:  'Bibliographies,  'Biodegradation, 
'Fate  of  pollutants,  'Herbicides,  'Pesticides, 
•Wastewater  treatment,  Carbamates,  DDT, 
Furans,  Lindane,  Malathion,  Organochlorine  pesti- 
cides, Organophosphorus  pesticides,  Path  of  pol- 
lutants. 

This  bibliography  contains  citations  concerning  the 
degradation  of  pesticides  and  herbicides  by  biologi- 
cal processes  in  the  natural  environment  and  in  the 
laboratory.  DDT,  carbamates,  organophosphorus 
compounds,  malathion,  2,4,5-T,  furans,  lindane, 
and  organochlorine  compounds  are  among  the 
chemicals  discussed.  The  fate  of  these  products  in 
natural  ecosystems  after  their  application,  the  ef- 
fects of  these  products  on  microbial  community 
interactions,  chemical  details  of  biodestruction  or 
biotransformation  of  pesticides,  and  the  search  for 
specific  pesticide  metabolizing  organisms  are  also 
presented.  (This  updated  bibliography  contains  245 
citations,  52  of  which  are  new  entries  to  the  previ- 
ous edition.)  (Author's  abstract) 
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OLIFANTSFONTEIN    NUTRDZNT    REMOVAL 
PLANT. 


Meiring  and  Barnard  CC,  Box  28734,  Sunnyside, 

0132,  Republic  of  South  Africa. 

J.  A.  van  Huyssteen,  J.  L.  Barnard,  and  J. 

Hendriksz. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.   7/8,   p   1-8,    1990.   8  fig,    1   tab,    II   ref. 

Descriptors:  'Activated  sludge  process,  'Nutrient 
removal,  'South  Africa,  'Trickling  filters, 
'Wastewater  facilities,  Chemical  oxygen  demand, 
Kjeldahl  procedure,  Model  studies.  Phosphorus  re- 
moval. 

An  existing  trickling  filter  (TF)  plant  was  upgrad- 
ed by  adding  a  new  activated  sludge  (AS)  plant  in 
order  to  remove  nutrients  from  the  combined  efflu- 
ent of  both  plants.  The  present  plant  treats  waste 
derived  from  the  Tembisa  residential  area  and  from 
the  Olifantsfontein  Industrial  Township.  The  plant 
consists  of  the  previously  constructed  trickling 
filter  plant  in  parallel  with  the  new  three-stage 
Bardenpho  plant.  The  effluent  from  the  TF  plant  is 
then  passed  to  the  activated  sludge  plant  for  ad- 
vanced treatment,  including  nutrient  removal.  The 
effluent  is  then  passed  through  a  plug-flow  matura- 
tion pond  before  chlorination  and  discharge  to  the 
stream  to  which  a  phosphate  standard  of  1  mg  P/L 
applies.  In  spite  of  a  low  COD/TKN  (chemical 
oxygen  demand/total  Kjeldahl  nitrogen)  ratio, 
good  nitrogen  and  phosphate  removals  were  ob- 
tained in  the  three-stage  Bardenpho  (AS)  plant. 
This  is  at  variance  with  the  University  of  Cape- 
town mathematical  model  which  predicted  that 
nutrient  removal  in  this  plant  would  not  be  possi- 
ble due  to  predicted  recycle  of  nitrates  to  the 
anaerobic  basin.  The  results  showed  that  the  aver- 
age effluent  phosphate  was  below  1  mg  P/L  while 
the  ammonia  and  nitrates  could  be  controlled  to 
values  well  below  the  limits  of  the  South  Africa 
General  Standard.  Possible  reasons  for  the  anoma- 
ly are  the  presence  of  anoxic  zones  in  the  aeration 
basin  and  the  induced  storage  of  COD  by  microor- 
ganisms. (Agostine-PTT) 
W9 1-04660 


INNOVATIVE  TECHNOLOGY  FOR  UPGRAD- 
ING NUTRIENT  REMOVAL  ACTIVATED 
SLUDGE  PLANTS. 

Vysoka   Skola  Chemicko-Technologicka,   Prague 

(Czechoslovakia).  Inst,  of  Water  Technology  and 

Environmental  Protection. 

J.  Wanner,  M.  Kos,  and  P.  Grau. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  9-20,    1990.2  fig,  7  tab,  41   ref. 

Descriptors:  'Activated  sludge  process,  'Nutrient 
removal,  'Wastewater  facilities,  'Wastewater  man- 
agement, Aeration,  Anaerobic  conditions,  Anoxic 
conditions,  Czechoslovakia,  Denitrification,  Nitri- 
fication, Project  planning. 

Four  modifications  of  the  nutrient  removal  activat- 
ed sludge  process  were  tested  in  pilot-plant  units 
with  a  wastewater  from  the  town  of  Pilsen:  (1)  the 
AB  process  with  the  B  stage  consisting  of  denitrifi- 
cation-nitrification  sequence,  (2)  the  denitrification- 
nitrification  activated  sludge  process  with  the  re- 
aeration  of  the  returned  sludge,  (3)  the  modified 
Phoredox  process  with  a  feed  divided  in  both  the 
anaerobic  and  the  anoxic  zone,  and  (4)  the  preced- 
ing system  with  the  re-aeration  of  the  returned 
sludge.  The  re-aeration  of  the  returned  sludge 
proved  to  be  advantageous  for  achieving  high  ni- 
trogen removal.  For  the  design  of  a  new 
wastewater  treatment  plant  for  the  town  of  Pilsen, 
the  activated  sludge  process,  consisting  of  the  an- 
aerobic-anoxic-oxic  sequence  with  the  re-aeration 
of  the  returned  sludge,  was  used.  The  newly  de- 
signed technological  line  of  the  so-called  R-AN-D- 
N  Process  (re-aeration  'R',  anaerobic  'AN',  denitri- 
fication 'D',  nitrification  'N')  is  very  flexible  due  to 
the  wastewater  inlet  in  both  the  anaerobic  and  the 
anoxic  zone  and  to  the  possibility  of  introducing 
the  internal  recycle  in  either  the  anoxic  or  the 
anaerobic  zone.  (Agostine-PTT) 
W91-04661 
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SLUDGE  PLANT  FOR  HIGH-RATE  BIOLOGI- 
CAL NUTRDZNT  REMOVAL 
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Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
C.  W.  Randall,  D.  Waltrip,  and  M.  V.  Wable. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  21-33,  1990.  10  fig,  6  tab. 

Descriptors:  'Activated  sludge  process,  'Anaero- 
bic digestion,  'Municipal  wastes,  'Nutrient  remov- 
al, 'Phosphorus  removal,  'Wastewater  facilities, 
•Wastewater  treatment,  Nitrification,  Nitrogen  re- 
moval, Planning,  Retention  time,  Seasonal  varia- 
tion. 

A  full-scale  activated  sludge  plant  was  modified 
for  high-rate  biological  nutrient  removal  operation 
at  minimal  cost.  Three  different  processes  were 
studied  at  biological  solids  retention  times  varying 
from  4  to  14  days  and  hydraulic  retention  times  of 
2  to  6  hours.  Onset  of  biological  phosphate  remov- 
al was  almost  immediate  without  addition  of  spe- 
cial seed.  Good  phosphorus  removal  was  obtained 
with  all  three  processes  except  for  periods  of  ex- 
tremely high  influent  flows  or  high  nitrate  recycle 
to  the  anaerobic  zone.  However,  because  of  high 
process  phosphorus  loadings  resulting  from  high 
influent  concentrations  and  sludge  processing  recy- 
cles, effluent  total  phosphorus  concentrations  were 
typically  in  excess  of  2  mg/L.  Nitrogen  removal 
was  excellent  when  nitrification  could  be  main- 
tained and  nitrate  recycle  was  sufficiently  high.  All 
processes  yielded  excellent  nitrogen  removals 
during  warm  weather,  but  complete  nitrification 
could  not  be  maintained  during  winter  conditions. 
Implementation  of  a  statewide  phosphate  detergent 
ban  resulted  in  a  40  percent  decrease  in  the  influent 
wastewater  concentrations.  Following  the  ban,  the 
UCT  process  was  shown  to  be  capable  of  consist- 
ently meeting  the  Virginia  nutrient  discharge 
standards  of  10  mg/L  total  nitrogen  and  2  mg/L 
total  phosphorus  during  the  growing  season.  (Au- 
thor's abstract) 
W9 1-04662 


UPGRADING  WASTEWATER  TREATMENT 
PLANTS  WITH  ANAEROBIC  SELECTORS. 

Air  Products  and  Chemicals,  Inc.,  Allentown,  PA. 
K.  D.  Tracy,  and  S.  N.  Hong. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  35-43,  1990.  8  fig,  2  tab,  11  ref. 

Descriptors:  'Activated  sludge  process,  'Anaero- 
bic digestion,  'Wastewater  facilities,  'Wastewater 
treatment,  Biochemical  oxygen  demand,  Effluents, 
Nitrogen  removal,  Phosphorus  removal,  Sludge, 
Suspended  solids,  Wastewater  management,  Water 
quality  standards. 

The  anaerobic  selector  of  the  A/O  trademark 
process  offers  many  advantages  over  conventional 
activated  sludge  processes  with  respect  to  process 
performance  and  operational  stability.  This  high- 
rate,  single-sludge  process  has  been  successfully 
demonstrated  in  full-scale  operations  for  biological 
phosphorus  removal  and  total  nitrogen  control  in 
addition  to  biochemical  oxygen  demand  (BOD) 
and  total  suspended  solids  (TSS)  removal.  Up- 
grades of  two  full-scale  installations  are  described 
and  performance  data  from  the  two  facilities  are 
presented.  The  two  installations  discussed  utilized 
selectors  to  upgrade  existing  treatment  plants  to 
meet  more  stringent  discharge  limitations  and  to 
increase  flow  capacity.  Based  on  the  success  of 
these  installations  and  results  of  long-term  oper- 
ation, the  following  conclusions  can  be  made:  an- 
aerobic selectors  result  in  a  stable  process  which 
can  meet  stringent  effluent  limitations  including 
phosphorus  and  total  nitrogen  without  chemical 
addition.  The  key  factors  in  providing  consistent 
nutrient  removal  are  control  of  biomass  inventory 
and  management  of  phosphorus-containing  sides- 
treams.  The  anaerobic  selector  results  in  a  high- 
rate  process  that  can  be  utilized  to  increase  the 
capacity  of  existing  treatment  plants.  Ease  of  retro- 
fit makes  the  technology  applicable  to  virtually 
any  existing  plant.  The  process  can  be  successfully 
applied  in  any  geographical  area  with  wastewater 
temperatures  ranging  from  5  C  to  30  C.  (Agostine- 
PTT) 
W9 1-04663 


CONVERSION      OF      EXISTING      PRIMARY 
CLARIFIERS    ACCORDING    TO    THE    EASC 


PROCESS  FOR  BIOLOGICAL  PHOSPHORUS 
REMOVAL. 

Linde  A.G.,  Hoellriegelskreuth  (Germany,  F.R.). 
R.  Schonberger. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  45-51,   1990.  4  fig,  3  tab,  5  ref. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Clarifiers,  'Phosphorus  re- 
moval, 'Primary  wastewater  treatment, 
'Wastewater  facilities,  'Wastewater  treatment, 
Activated  sludge  process,  Anaerobic  conditions, 
Anoxic  conditions,  Germany,  Nitrification,  Nutri- 
ent removal,  Seasonal  variation. 

At  the  end  of  1988  a  22,000  population  equivalent 
municipal  wastewater  treatment  plant  in  Northern 
Germany  was  converted  to  the  extended  anaerobic 
sludge  contact  (EASC)  biological  phosphorus  re- 
moval process.  In  the  EASC-process,  a  primary 
clarifier  is  converted  to  an  anaerobic  settling  basin 
into  which  both  sewage  and  recycle  sludge  are  fed 
after  brief  mixing.  The  supernatant  of  the  basin  as 
well  as  the  sludge  withdrawn  from  the  bottom  are 
then  discharged  into  the  aeration  basin.  The  main 
advantage  of  an  anaerobic  settling  basin  is  that  it  is 
possible  to  obtain  a  higher  sludge  detention  time  as 
compared  to  a  mixed  basin  of  the  same  size.  A 
further  advantage  is  that  nitrate  entering  the  set- 
tling basin  with  sewage  (rainfall  periods)  or  with 
recycle  sludge  (nitrifying  activated  sludge)  does 
not  disturb  anaerobiosis  to  the  same  extent  as  in  the 
case  of  a  mixed  basin.  Due  to  stratification  in  the 
settling  basin,  anaerobic  conditions  in  the  thicken- 
ing zone  can  coexist  with  anoxic  conditions  in  the 
supernatant.  The  conversion  to  EASC  involved 
simple  modifications  of  the  flow  scheme  of  the 
plant.  This  operation  mode  achieves  very  good 
phosphorus  uptake  in  the  aeration  basin.  Since  start 
up  in  November  1988,  the  uptake-capacity  in- 
creased continually,  since  April  1989  phosphorus  is 
removed  down  to  concentrations  of  less  than  1 
mg/L  P04-P  in  the  aeration  basin.  Due  to  an 
inadequate  design  and  size  of  the  existing  final 
clarifier,  phosphorus  bleedback  occurs  and  reduces 
removal  efficiency.  This  bleedback  could  be  mini- 
mized by  either  intensifying  denitrification  or  re- 
ducing sludge  detention  time  in  the  final  clarifier. 
(Agostine-PTT) 
W9 1-04664 

UPGRADING  WASTEWATER  TREATMENT 
PLANTS  FOR  BIOLOGICAL  NUTRIENT  RE- 
MOVAL. 

Stanley    Environmental    Sciences,    Inc.,    Surrey 

(British  Columbia). 

B.  Rabinowitz,  T.  D.  Vassos,  R.  N.  Dawson,  and 

W.  K.  Oldham. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  53-60,  1990.  1  tab,  5  ref. 

Descriptors:  'Biological  wastewater  treatment, 
'Nutrient  removal,  'Reviews,  'Wastewater  facili- 
ties, 'Wastewater  treatment,  Activated  sludge 
process,  British  Columbia,  Canada,  Case  studies, 
Hydraulic  design,  Nitrification,  Nitrogen  removal, 
Phosphorus  removal,  Project  planning. 

A  brief  review  of  recent  developments  in  biologi- 
cal nitrogen  and  phosphorus  removal  technology  is 
presented.  Guidelines  are  outlined  of  how  current 
understanding  of  these  two  removal  mechanisms 
can  be  applied  in  the  upgrading  of  existing 
wastewater  treatment  plants  for  biological  nutrient 
removal.  A  case  history  dealing  with  the  upgrad- 
ing of  the  conventional  activated  sludge  process 
located  at  Penticton,  British  Columbia,  to  a  biolog- 
ical nutrient  removal  facility  with  a  design  flow  of 
18,200  cu  m/d  (4.0  IMGD)  is  presented  as  a  design 
example.  Process  components  requiring  major 
modification  were  the  headworks,  bioreactors  and 
sludge  handling  facilities.  It  was  found  that  for  the 
upgrading  of  conventional  sludge  processes  for 
biological  nutrient  removal,  careful  consideration 
must  be  given  to  basic  biological  nutrient  removal 
process  theory,  practice  and  operational  experi- 
ence. When  nitrification  is  required  to  achieve  low 
effluent  ammonia  concentrations,  the  benefits  of 
denitrification  with  respect  to  energy  and  alkalinity 
recovery  must  also  be  considered.  The  enhance- 
ment of  the  influent  wastewater  characteristics 
through  primary  sludge  fermentation  is  required  in 


low  organic  strength  wastewaters.  The  overall 
design  principle  in  the  upgrading  of  plants  for 
biological  nutrient  removal  should  be  to  use  as 
many  of  the  existing  process  components  as  possi- 
ble. This  requires  a  thorough  evaluation  of  the 
structural  and  mechanical  condition,  and  the  hy- 
draulic characteristics  of  each  existing  process 
component  with  respect  to  their  applicability  in  the 
upgraded  nutrient  removal  plant.  (Agostine-PTT) 
W9 1-04665 


RENOVATION  OF  AN  EXTENDED  AER- 
ATION PLANT  FOR  SIMULTANEOUS  BIO- 
LOGICAL REMOVAL  OF  NITROGEN  AND 
PHOSPHORUS  USING  OXIC-ANAEROBIC- 
OXIC  PROCESS. 

Public   Works   Research   Inst.,  Tsukuba  (Japan). 
Water  Quality  Control  Div. 
K.  Moriyama,  K.  Sato,  Y.  Harada,  K.  Washiyama, 
and  K.  Okamoto. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  61-68,   1990.   16  fig.l   tab,  2  ref. 

Descriptors:  'Aeration,  'Biological  wastewater 
treatment,  'Dissolved  oxygen,  'Maintenance,  'Ni- 
trogen removal,  'Nutrient  removal,  'Phosphorus 
removal,  'Wastewater  facilities,  'Wastewater 
treatment,  Activated  sludge  process,  Anaerobic 
conditions,  Biochemical  oxygen  demand,  Denitrifi- 
cation, Nitrification,  Oxidation  process. 

The  effect  of  the  oxidation  reduction  potential 
(ORP)  control  system  on  the  simultaneous  removal 
of  nitrogen  and  phosphorus,  utilizing  the  oxic- 
anaerobic-oxic  process,  was  investigated.  A  full- 
scale  wastewater  treatment  plant  which  was  de- 
signed as  an  extended  aeration  process  was  modi- 
fied for  this  study.  The  optimum  ORP  at  the  first 
basin  for  the  simultaneous  removal  was  125  mV.  In 
the  first  oxic  basin  the  nitrification  reaction  and  the 
denitrification  reaction  occurred  simultaneously  to 
maintain  the  optimum  level  of  the  ORP  value.  The 
averaged  values  of  the  effluent  of  this  process  were 
1  mg/L  of  total  nitrogen  (TN),  0.5  mg/L  of  total 
phosphorus  (TP)  and  5  mg/L  of  BOD  respective- 
ly. Statistical  analysis  showed  that  the  ORP  con- 
trol was  more  effective  in  comparison  with  the 
control  of  dissolved  oxygen  (DO)  concentration 
for  the  operating  method  of  this  process.  Addition- 
ally, it  was  supposed  that  the  simultaneous  nitrifi- 
cation and  denitrification  using  the  ORP  control 
system  was  a  reliable  nitrogen  removal  system  for 
renovating  the  conventional  activated  sludge  proc- 
ess because  the  hydraulic  retention  time  of  the  first 
basin  used  in  this  study  was  equal  to  that  of  the 
conventional  process.  In  this  method:  (1)  the  opti- 
mum ORP  value  for  simultaneous  removal  of  ni- 
trogen and  phosphorus  exists,  and  (2)  that  a  com- 
pletely mixed-flow  single-reactor  can  act  as  a  si- 
multaneous nitrification  and  denitrification  reactor, 
when  its  ORP  value  is  kept  at  this  proper  value, 
and  (3)  simultaneous  removal  of  nitrogen  and  phos- 
phorus can  be  achieved.  (Agostine-PTT) 
W9 1-04666 


UPGRADING  OF  WASTEWATER  TREAT- 
MENT PLANTS  FOR  THE  REDUCTION  OF 
NITROGEN  AND  PHOSPHORUS  IN  SCHLES- 
WIG-HOLSTEIN,  FRG. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Sied- 

lungswasserwirtschaft  und  Abfalltechnik. 

C.  F.  Seyfried,  and  E.  Dammann. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  69-76,  1990.  5  fig,  1  tab,  6  ref. 

Descriptors:  'Germany,  'Nitrogen  removal,  'Nu- 
trient removal,  'Phosphorus  removal, 
'Wastewater  facilities,  'Wastewater  treatment, 
Activated  sludge  process,  Aeration,  Biological 
wastewater  treatment,  Coagulation,  Computer 
models,  Filters,  Filtration,  Nitrification,  Seasonal 
variation,  Sludge. 

In  order  to  solve  the  problems  occurring  in  the 
North  Sea  and  the  Baltic  Sea,  programs  for  the 
reduction  of  nutrients  in  wastewater  treatment 
plants  were  initiated  in  the  Schleswig-Holstein 
region.  In  1988,  all  wastewater  treatment  plants 
with  capacities  greater  than  17,000  population 
equivalents  were  upgraded  for  phosphate  reduc- 
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tion,  to  give  effluent  concentrations  of  less  than  2 
mg  P/L.  By  1995,  standard  values  of  total  nitrogen 
less  than  10  mg/L  and  phosphorus  less  than  0.5 
mg/L  are  expected.  This  requires  extensive  denitri- 
fication  and  filtration  in  addition  to  phosphorus 
reduction  processes  and  nitrification.  During  the 
first  stage  of  the  phosphorus  reduction  program, 
biological  phosphorus  reduction  was  installed  at 
one  plant,  and  the  other  plants  used  precipitation 
as  the  phosphorus  reduction  method.  Plans  were 
developed  to  introduce  nitrogen  and  phosphorus 
reduction  in  all  plants  during  the  next  stage  of  the 
program.  Biological  processes  will  be  of  particular 
importance.  Designs  for  the  expansion  of  several 
wastewater  treatment  plants  are  presented.  In  par- 
ticular, the  problems  which  result  from  seasonal 
peaks,  high  phosphorus  concentrations,  and  the 
combination  of  trickling  filter  and  activated  sludge 
processes  are  discussed.  One  of  the  methods  used 
to  improve  treatment  performance  throughout  the 
year  is  optimization  of  aeration.  The  relationships 
between  sludge  load,  surplus  sludge  production, 
sludge  age,  and  disposable  phosphorus  concentra- 
tion during  biological  phosphorus  reduction  was 
investigated  using  a  calculation  program.  (Aeos- 
tine-PTT) 
W9 1-04667 


UPGRADING  OF  THE  TREATMENT  PLANTS 
IN  STOCKHOLM  TO  MEET  MORE  STRIN- 
GENT REQUIREMENTS. 

Stockholm      Water     and      Wastewater      Works 

(Sweden). 

J.  Hultgren,  L.  G.  Reinius,  and  M.  Tendaj. 

Water  Science  and  Technology  WSTED4,  Vol 

22,  No.  7/8,  p  77-84,  1990.  1  fig,  6  tab. 

Descriptors:  'Biochemical  oxygen  demand,  •Ni- 
trogen removal,  'Stockholm,  'Sweden, 
•Wastewater  facilities,  'Water  quality  standards, 
Aeration,  Anoxic  conditions,  Biological 
wastewater  treatment,  Effluents,  Filtration,  Mathe- 
matical studies,  Nutrient  removal,  Phosphorus  re- 
moval, Sedimentation,  Wastewater  treatment. 

The  purification  requirements  for  the  Stockholm 
sewage  treatment  plants  will  become  more  strin- 
gent in  the  future.  The  expected  limit  values  for 
the  effluent,  expressed  as  annual  mean  values  are 
BOD7  10  mg/L,  Tot-P  0.3  mg/L,  Tot-N  15  mg/L. 
If  these  contents  are  multiplied  by  the  design  flow 
values  for  the  three  plants,  the  maximum  quantities 
which  may  be  released  are  obtained.  If  the  munici- 
palities are  permitted  to  distribute  these  quantities 
as  desired  between  the  three  plants,  future  neces- 
sary extensions  can  be  optimized.  The  following 
main  principles  apply  to  an  extension  of  the  three 
plants.  (1)  Loudden  plant:  If  the  requirements  are 
lower  than  the  other  two  plants,  this  small  plant 
could  continue  in  operation  with  no  other  exten- 
sions than  the  inclusion  of  anoxic  zones.  (2) 
Bromma  plant:  The  biological  stage  was  extended 
during  the  1982-84  period.  For  this  reason,  no 
further  extensions  of  the  aeration  tanks  are  re- 
quired, before  1995  at  the  earliest.  A  nitrogen 
removal  with  outgoing  contents  of  Tot-N  of  15-17 
mg/L  is  expected  to  be  achieved  by  measures 
taken  to  reduce  the  load  on  the  biological  stage 
instead.  To  meet  the  requirements  for  phosphorus 
removal,  the  plant  will  be  extended  with  a  filter 
stage  after  the  existing  biological  stage.  (3)  Hen- 
driksdal  plant:  At  this  plant,  which  is  the  largest, 
the  largest  extensions  are  planned.  To  meet  the 
requirements  for  nitrogen  removal,  the  present  vol- 
umes in  the  aeration  tanks  will  be  tripled  and  will 
be  utilized  as  anoxic  and  aerated  zones  as  required. 
Three  new  lines  with  aeration  tanks  and  secondary 
sedimentation  tanks  will  be  constructed.  The  exist- 
ing aeration  tanks  will  also  be  deepened  from  5  to 
12  m.  The  requirements  for  low  phosphorus  con- 
tents in  the  effluent  will  be  met  by  installing  a  filter 
stage,  as  in  the  Bromma  plant.  (Agostine-PTT) 
W9 1 -04668 


PRE-PRECIPITATION  FACILITATES  NITRO- 
GEN REMOVAL  WITHOUT  TANK  EXPAN- 
SION. 

Kemira  Kemi  A.B.,  Haelsingborg  (Sweden). 

I.  Karlsson,  and  G.  Smith. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  85-92,   1990.   10  fig,  4  tab,  4  ref. 


Descriptors:  'Coagulation,  'Nitrogen  removal, 
•Phosphorus  removal,  *Wastewater  facilities,  Bio- 
logical wastewater  treatment,  Chemical  precipita- 
tion, Denitrification,  Nutrient  removal,  Scandina- 
via, Sludge. 

For  phosphorus  reduction  in  Scandinavia,  the  me- 
chanical and  biological  treatment  processes  have 
mainly  been  supplemented  by  the  addition  of  a 
third  stage,  a  chemical  post-precipitation  stage. 
Chemical  post-precipitation  has  not  achieved  great 
success  outside  the  Scandinavian  countries  because 
of  the  high  investment  cost  and  the  less  strict 
demands.  For  energy-saving  reasons  post-precipi- 
tation and  simultaneous  precipitation  have  been 
replaced  by  pre-precipitationin  many  plants. 
Chemically  coagulated  sewage  water  gives  an  ef- 
fluent low  in  both  suspended  matter  and  organics. 
Use  of  chemical  precipitation  as  the  first  step  in 
waste  water  treatment  improves  nitrification  in  the 
following  biological  stage.  The  precipitated  sludge 
contains  75%  of  the  organic  matter  in  the  sewage 
and  can  by  hydrolysis  be  converted  to  readily 
degradable  organic  matter,  which  supples  a  valua- 
ble carbon  source  for  the  denitrification  process. 
Experiences  from  full-scale  applications  as  well  as 
pilot-plant  and  laboratory  studies  of  the  pre-pre- 
cipitation  process  indicate  that  this  is  a  cost  effec- 
tive and  viable  method.  (Agostine-PTT) 
W9 1-04669 


UPGRADING  FOR  BIOLOGICAL  NITROGEN 
REMOVAL:  SOME  FULL-SCALE  EXPERI- 
ENCES FROM  SWEDEN. 

Malmo  Water  and  Sewer  Works  (Sweden). 

B.  Andersson,  and  B.  Rosen. 

Water  Science  and  Technology  WSTED4,  Vol 

22,  No.  7/8,  p  93-104,   1990.  6  fig,   1  tab,  7  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Denitrification,  *Nitrification,  •Nitrogen  remov- 
al, *Nutrient  removal,  'Sweden,  'Upgrading, 
•Wastewater  facilities,  'Wastewater  treatment, 
Coagulation,  Cost  analysis,  Future  planning, 
Sludge. 

Nitrogen  removal  is  now  required  by  the  Swedish 
parliament.  The  new  requirements  will  be  in  effect 
before  1995  and  in  some  cases  before  1992.  A 
comprehensive  development  program  has  been 
started  to  meet  the  new  demands.  To  coordinate 
all  activities,  a  National  Nitrogen  Project  has  been 
formed.  The  general  goal  is  to  meet  the  demand  by 
process  development,  using  existing  volumes 
rather  than  to  invest  in  civil  works.  A  Swedish 
concept  has  been  developed,  which  in  most  cases 
has  served  as  a  guideline  for  the  development 
program.  The  basic  principles  are  to  decrease  the 
load  on  the  biological  process  by  pre-precipitation, 
to  utilize  the  remaining  organic  content  in  the 
wastewater  in  a  pre-denitrification  system,  to  in- 
crease the  active  biomass  in  the  biological  system 
and  to  use  a  two-sludge  system  with  post-denitrifi- 
cation.  Some  experiences  in  Sweden  are  as  follows: 
A  pre-denitrification  system  has  been  in  operation 
in  Falkenberg  since  1983  with  good  results;  Com- 
prehensive full-scale  and  pilot  tests  are  in  operation 
at  two  sewage  plants  in  Malmo;  and  the  Norrkop- 
ing  plant  uses  pre-precipitation  followed  by  com- 
bined pre-denitrification  and  post-denitrification. 
The  results  of  full-scale  operation  for  nitrification 
and  denitrification  are  promising  despite  low  tem- 
perature during  the  winter  time.  The  process  mode 
has  been  adapted  to  the  existing  plants  without  too 
costly  investments.  Experiences  so  far  have  shown 
that  a  satisfactory  nitrogen  removal  might  be  possi- 
ble to  reach  provided  certain  criteria  are  met. 
Nitrification  is  of  course  imperative  but  does  not 
seem  to  be  as  dependent  on  temperature  as  was 
expected.  It  is  a  matter  of  sludge  age.  Decreasing 
the  load  by  improved  pre-treatment  and  increasing 
the  active  biomass  in  the  system  are  the  major 
ways  to  improve  nitrification  in  an  existing  plant. 
The  carbon  source  for  denitrification  seems  to  be  a 
critical  issue  for  the  reliable  operation  of  a  nitrogen 
removal  plant.  More  knowledge  about  handling  a 
post-denitrification  system  is  also  needed.  (Agos- 
tine-PTT) 
W9 1-04670 


UPGRADING  A  LARGE  MUNICIPAL  SEWAGE 
TREATMENT  PLANT  BY  A  COMBINATION 


OF  BIOLOGICAL  AND  CHEMICAL  PROCESS- 
ES. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Sied- 

lungswasserwirtschaft. 

H.  H.  Hahn,  E.  Hoffmann,  A.  Kleinschmidt,  and 

R.  Klute. 

Water  Science  and  Technology  WSTED4,  Vol 

22,  No.  7/8,  p  105-1 12,  1990.  8  fig,  6  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Chemical  treatment,  *Municipal  wastes, 
•Wastewater  facilities,  *Wastewater  treatment, 
Activated  sludge  process,  Denitrification,  Filtra- 
tion, Nitrification,  Nitrogen  removal,  Phosphorus 
removal,  Project  planning,  Trickling  filters. 

The  standards  controlling  sewage  treatment  are 
continuously  changing.  Thus,  upgrading  existing 
plants  is  a  frequently  encountered  problem.  In  the 
past  this  meant  structural  changes,  mostly  in  terms 
of  enlarging  existing  facilities  or  addition  of  new 
units.  More  recently  the  possibilities  of  improving 
plant  performance  through  chemical  addition  (in- 
ducing precipitation  and  coagulation)  with  or 
without  intensified  biological  treatment  have  been 
explored.  Chemical  addition  has  become  necessary 
in  many  instances  due  to  the  tightening  of  stand- 
ards for  phosphorus  concentrations  in  the  plant 
effluent.  Extensive  pilot-plant  studies  under  bound- 
ary conditions  of  diverse  nature  have  furnished 
data  to  identify  the  most  efficient  method  of  up- 
grading the  central  treatment  plant  of  the  city  of 
Schweinfurt.  One-stage  biological  treatment  with 
chemical  addition  does  not  suffice,  in  particular  in 
terms  of  ammonium  oxidation.  Two-stage  biologi- 
cal treatment  without  chemical  treatment  is  not 
sufficient  in  terms  of  phosphorus  control.  Thus, 
two-stage  biological  treatment  as  high-load  trick- 
ling filters  followed  by  low-load  activated  sludge 
units  together  with  post-dosing  of  chemicals  plus 
flotation/filtration  appears  as  the  most  expedient 
concept  for  plant  upgrading.  The  data  obtained  in 
this  pilot-plant  work  can  also  be  used  to  develop  a 
basis  for  plant  design  in  terms  of  most  appropriate 
loading  rates.  Presently,  possibilities  for  complete 
nitrogen  removal  in  terms  of  nitrification  and  deni- 
trification are  being  investigated.  The  configura- 
tion of  trickling  filter  as  a  1st  stage  with  an  activat- 
ed sludge  unit  as  a  2nd  stage  does  not  prevent  such 
extensions.  (Agostine-PTT) 
W91-04671 


EXAMPLES  FOR  THE  UPGRADING  OF  EX- 
ISTING ACITVATED  SLUDGE  PLANTS  FOR 
NtmUENT  REMOVAL. 

iat-Ingenieurberatung  fur  Abwassertechnik,  Tau- 
benheimstrasse  69,  D-7000  Stuttgart  50,  Germany. 
W.  Maier. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  113-121,  1990.  7  fig,  1  tab. 

Descriptors:  •Activated  sludge  process,  •Germa- 
ny, *Nutrient  removal,  •Project  planning, 
•Wastewater  facilities,  'Wastewater  treatment. 
Biochemical  oxygen  demand,  Effluents,  Future 
planning,  Nitrification,  Nitrogen  removal,  Phos- 
phorus removal,  Sludge,  Suspended  solids, 
Wastewater  management,  Water  quality  standards. 

In  view  of  the  new  effluent  standards  in  West 
Germany,  including  nitrification  and  phosphorus 
elimination,  many  of  the  existing  sewage  treatment 
plants  will  have  to  be  rebuilt  or  expanded.  Another 
demand  which  will  have  to  be  dealt  with  in  the 
near  future  is  denitrification.  Under  consideration 
of  the  large  BOD5-loads  which  were  taken  into 
account  when  designing  the  plants,  many  of  them 
nitrify  during  the  summer  and  can  easily  be  con- 
verted to  operate  with  nitrification.  Principles  for 
planning  the  upgrading  of  such  plants  have  been 
laid  down  in  order  to  achieve  the  required  effluent 
concentrations.  The  first  step  in  planning  the  ex- 
tension of  existing  plants  is  the  evaluation  of  the 
daily  log-book  to  determine  the  actual  loadings. 
The  analysis  of  operating  data  such  as  sludge 
volume  index,  suspended  solids,  the  quantity  of 
sludge  etc.  gives  indications  of  operational  or  con- 
struction weak  points  of  the  existing  plant,  which 
have  to  be  considered  when  planning  the  exten- 
sion. By  summing  up  the  actual  loadings  and  the 
reserve  for  increasing  population  or  future  indus- 
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tries,  the  design  loadings  and  flows  for  the  future 
can  be  determined.  As  a  result  of  comparing  the 
current  capacity  with  the  future-related  design 
loads,  the  necessary  remedial  measures  can  be  de- 
termined. The  new  concept  for  the  plant  should 
consider:  (1)  integration  of  existing  basins;  (2)  ob- 
servance of  the  required  effluent  standards  for 
nitrogen  compounds;  (3)  phosphorus  elimination; 
and  (4)  investigation  of  the  consequences  for 
sludge  handling.  Two  examples  show  how  the 
outlined  principles  of  preparing  new  concepts  are 
applicable.  In  both  cases  it  was  possible  to  inte- 
grate the  existing  basins  in  the  future  concept  and 
thus  minimize  the  volume  of  the  required  new 
buildings.  (Agostine-PTT) 
W91-04672 


STEPS  IN  PLANNING  THE  EXPANSION  OF 
THE  LARGE  SEWAGE  TREATMENT  PLANT 
AT  BUCHENHOFEN,  OPERATED  BY  THE 
WUPPER  WATERSHED  MANAGEMENT  AS- 
SOCIATION. 

Wupperverband,  Wuppertal  (Germany,  F.R.). 
J.  Londong,  and  S.  Zander. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  123-129,  1990.3  fig,  5  tab,  3  ref. 

Descriptors:  'Germany,  'Management  planning, 
•Upgrading,  'Wastewater  facilities,  'Wastewater 
treatment,  Activated  sludge  process,  Administra- 
tive agencies,  Coagulation,  Denitrification,  Filtra- 
tion, Flocculation,  Nitrification,  Nutrient  removal, 
Project  planning,  Water  quality  standards. 

Sewage  from  700,000  population  equivalents, 
roughly  half  of  which  is  discharged  by  industry,  is 
treated  at  the  Buchenhofen  plant  operated  by  the 
Wupper  Watershed  Management  Association, 
using  a  conventional,  activated-sludge  process 
without  specific  nutrient  elimination.  A  draft  man- 
agement plan  has  been  prepared  for  the  receiving 
stream  of  the  plant,  the  Lower  Wupper.  The  chief 
uses  of  these  waters  are  fixed  in  binding  agree- 
ments. The  use  entailing  the  strictest  requirements 
is  recreational  fishing,  which  demands  surface 
water  quality  class  II.  Very  substantial  demands, 
which  must  be  regarded  as  at  least  equivalent  to 
state-of-the-art  technology,  are  imposed  on  the  Bu- 
chenhofen facility.  The  Institut  fur  Siedlungswas- 
serbau,  Wassergutewirtschaft  und  Abfalltechnik  at 
the  University  of  Stuttgart  was  commissioned  to 
formulate  realistic  purification  objectives  for  the 
treatment  plant  and  to  prepare  expansion  concepts. 
At  Buchenhofen,  the  single-stage  activated  sludge 
process  with  nitrification  and  preliminary  denitrifi- 
cation has  proved  to  be  the  most  effective  method 
for  eliminating  nitrogen  while  simultaneous  pre- 
cipitation followed  by  flocculation-filtration  is  the 
best  process  for  eliminating  phosphorus.  The  ex- 
treme demands  in  terms  of  ammonium  and  nitrite 
rule  out  expansion  of  a  plant  of  this  size.  The 
proposed  designs  therefore  require  validation 
through  commercial-scale  testing.  Only  after  a  6  to 
12-month  test  series  has  been  evaluated  will  a  draft 
design  be  prepared  for  approval,  enabling  the  plant 
to  be  expanded  and  to  fulfil  the  management  plan- 
ning objective  of  achieving  surface  quality  water 
class  II  in  the  Wupper.  (Author's  abstract) 
W9 1-04673 


REHABILITATION  AND  UPGRADING  OF 
THE  BENI  SUEF  CITY  WASTEWATER  TREAT- 
MENT PLANT. 

Mansoura  Univ.  (Egypt).  Faculty  of  Engineering. 
A.  Fadel. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  131-138,  1990.  4  fig,  4  tab,  4  ref. 

Descriptors:  'Egypt,  'Maintenance,  'Project  plan- 
ning, 'Upgrading,  'Wastewater  facilities, 
•Wastewater  treatment,  Activated  sludge  process, 
Cost  analysis,  Effluents,  Filters,  Primary 
wastewater  treatment,  Secondary  wastewater 
treatment,  Sedimentation. 

The  Beni  Suef  Wastewater  Treatment  Plant  was 
constructed  in  1956.  It  has  primary  treatment  fol- 
lowed by  secondary  treatment  employing  interme- 
diate rate  trickling  filters.  The  city  of  Beni  Suef 
required  the  rehabilitation  and  upgrading  of  the 
existing  200  L/s  plant  to  extend  its  capacity  to  440 


L/s  by  the  year  2000.  Several  alternatives  were 
considered  within  the  constraints  of  limited  space 
available  for  expansion,  limitation  of  funding,  re- 
quirements for  cost-effectiveness  in  operation,  and 
limited  availability  of  skilled  manpower.  The  alter- 
natives considered  included:  (a)  changing  the  filter 
medium,  its  mode  of  operation,  and  increasing  the 
number  of  units,  (b)  changing  the  trickling  filter  to 
high  rate  and  combining  it  with  the  activated 
sludge  process,  (c)  dividing  the  flow  into  two 
parts,  the  first  part  to  be  treated  using  the  existing 
system  and  the  second  part  to  be  treated  by  acti- 
vated sludge  process,  and  (d)  increasing  the  num- 
bers of  the  different  process  units.  The  selection 
was  based  on  technical,  operational  and  economic 
evaluations.  The  alternatives  were  compared  on 
the  basis  of  system  costs,  shock  load  handling, 
treatment  plant  operation  and  predicted  effluent 
quality.  It  was  concluded  that  alternative  (a) 
would  be  the  most  reliable.  The  recommendation 
for  the  primary  treatment  includes  raising  the  grit 
removal  channels,  side  walls,  and  adding  an  extra 
primary  sedimentation  tank  with  larger  diameter 
than  the  existing  basins.  The  recommendation  for 
the  secondary  treatment  includes  changing  the 
trickling  filter  medium  to  plastic,  the  mode  of 
operation  to  high  rate,  and  to  add  plate  settlers  to 
the  existing  final  sedimentation  tanks.  The  recom- 
mendation for  sludge  treatment  includes  increasing 
the  drying  beds  area.  (Agostine-PTT) 
W9 1-04674 


Pilot  and  full-scale  studies  of  ultraviolet  (UV)  dis- 
infection of  wastewater  have  demonstrated  that  the 
process  could  consistently  meet  an  effluent  fecal 
coliform  standard  of  200/100  mL  or  less  depending 
on  suspended  solids  and  UV  transmission.  Since 
1984  over  three  hundred  systems  have  been  in- 
stalled at  municipal  wastewater  treatment  plants  in 
North  America.  The  majority  of  these  are  in  treat- 
ment plants  which  had  been  using  chlorination. 
The  UV  systems  have  been  retrofitted  into  the 
existing  chlorine  contact  tanks  or  existing  channels. 
The  capital  costs  of  retrofitting  compare  favorably 
to  the  costs  of  upgrading  chlorination  systems, 
especially  when  dechlorination  is  required.  As  ex- 
perience is  gained  in  the  operation  of  these  UV 
systems,  their  performance  has  been  monitored  for 
their  disinfection  efficiency  and  cost  of  operation. 
Several  installations  are  examined  and  their  per- 
formance and  costs  analyzed.  The  evidence  to  date 
supports  the  premise  that  UV  disinfection  can  meet 
demands  for  reliable  effluent  disinfection  in  a  cost 
effective  manner.  The  case  studies  demonstrate 
that  UV  systems  can  de  designed  which  require 
minimal  maintenance  and  very  little  on-site  modifi- 
cation. UV  disinfection  can  reduce  the  bacterial 
concentrations  to  safe  levels  without  introducing 
toxicants  to  fish  in  the  receiving  streams.  (Author's 
abstract) 
W9 1-04676 


TERTIARY  WASTE  WATER  TREATMENT 
WITH  FLOTATION  FILTERS. 

Ahlstrom  Aquaflow  Oy,  Tampere  (Finland). 
H.  J.  Kiuru. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  139-144,  1990.  1  fig,  1  tab,  1  ref. 

Descriptors:  'Filtration,  'Flotation,  'Industrial 
wastes,  'Tertiary  wastewater  treatment, 
•Wastewater  facilities,  'Wastewater  treatment, 
Clarification,  Finland,  Municipal  wastes,  Organic 
wastes,  Reliability,  Sedimentation. 

The  need  for  an  extremely  efficient  removal  of 
suspended  solids  in  wastewater  treatment  arose  in 
the  early  1980's  in  the  town  of  Savonlinna,  when 
the  wastewater  of  a  fiberboard  mill  was  taken  into 
the  municipal  sewerage  system  to  be  treated  with 
municipal  wastewater.  Due  to  the  high  content  of 
organic  compounds  in  the  wastewater  from  the 
mill,  the  BOD7  load  of  the  treatment  plant  was  on 
an  average  twice  as  high  as  the  BOD7  load  for 
which  the  facility  was  designed.  A  solution  was  to 
find  a  tertiary  treatment  that  would  make  it  possi- 
ble to  control  the  removal  of  solids  in  all  circum- 
stances and  ensure  good  operational  results.  Good 
results  from  pilot  tests  and  a  thorough  study  of  the 
properties  of  the  three  removal  operations  of 
solids,  namely  sedimentation,  flotation,  and  filtra- 
tion, led  to  the  idea  of  applying  tertiary  treatment 
with  flotation  filters.  In  a  flotation  filter,  flotation 
can  be  operated  on  an  on/off  basis.  This  means  that 
flotation  can  be  used  only  when  needed  in  order  to 
improve  the  removal  of  solids  after  secondary  clar- 
ification. This  need  arises  when  settling  in  the 
secondary  clarifiers  does  not  succeed  well  enough 
because  of  hydraulic  overload  or  of  disturbances  in 
biological  activity.  The  use  of  flotation  when 
needed,  between  secondary  clarification  (sedimen- 
tation) and  filtration  results  in  a  very  good  load 
bearing  capacity  and  in  a  high  degree  of  removal 
of  solids.  Excellent  operational  results  can  be 
achieved  with  almost  total  reliability  in  all  oper- 
ational circumstances  at  a  very  reasonable  cost. 
(Agostine-PTT) 
W9 1-04675 

ULTRAVIOLET  DISINFECTION  IN  MUNICI- 
PAL WASTEWATER  TREATMENT  PLANTS. 

Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 

J.  Maarschalkerweerd,  R.  Murphy,  and  G. 

Sakamoto. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  145-152,  1990.  8  tab,  3  ref. 

Descriptors:  'Disinfection,  'Municipal 

wastewater,  'Ultraviolet  radiation,  'Wastewater 
facilities,  'Wastewater  treatment,  Chlorination, 
Cost  analysis,  Effluents,  Fecal  coliforms,  Munici- 
pal wastes,  Water  quality  standards. 


UPGRADING  WASTEWATER  TREATMENT 
BY  WATER  HYACINTH  IN  DEVELOPING 
COUNTRIES. 

Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 
P.  Kumar,  and  R.  J.  Garde. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  153-160,  1990.  8  fig,  3  tab,  11  ref. 

Descriptors:  'Artificial  wetland  treatment,  'Bio- 
logical wastewater  treatment,  'Developing  coun- 
tries, 'Wastewater  facilities,  'Wastewater  treat- 
ment, 'Water  hyacinth,  Biochemical  oxygen 
demand,  Chemical  oxygen  demand,  Dissolved 
oxygen,  Facultative  ponds,  Model  studies,  Nitro- 
gen, Phosphorus,  Project  planning. 

With  increasing  stress  on  existing  wastewater  treat- 
ment systems,  it  is  necessary  either  to  upgrade 
existing  unit(s)  or  to  install  entirely  new  treatment 
plant(s).  Obviously,  upgrading  is  preferred  over 
the  alternative  of  having  a  new  system.  Keeping 
this  in  view,  an  attempt  was  made  to  explore  the 
possibility  of  upgrading  existing  facultative  ponds 
using  water  hyacinth.  Bench-scale  batch  studies 
were  designed  to  compare  the  performance  of  a 
hyacinth  treatment  system  with  facultative  ponds. 
Investigations  were  carried  out  with  synthetic 
wastewater  having  COD  in  the  range  of  32.5-1090 
mg/L.  The  efficiency  of  COD  removal  in  water 
hyacinth  ponds  was  15-20  percent  more  than  the 
facultative  ponds.  Based  on  the  results,  an  empiri- 
cal model  has  been  proposed  for  COD  removal 
kinetics.  In  the  second  phase  of  the  project  a 
hyacinth  pond  was  continuously  operated.  Bio- 
chemical oxygen  demand  (BOD),  chemical  oxygen 
demand  (COD),  total  solids  (TS),  total  nitrogen 
(TN),  total  phosphorus  (TP),  pH,  and  dissolved 
oxygen  (DO)  were  regularly  monitored.  The  DO 
of  the  effluent  from  the  hyacinth  treatment  system 
was  considerably  reduced.  The  effluent  should  be 
aerated  before  it  is  discharged.  The  results  indicate 
that  existing  facultative  ponds  can  be  stocked  with 
water  hyacinth  to  improve  their  performance  and 
hyacinth  treatment  systems  can  be  installed  to  sup- 
port the  conventional  treatment.  (Author's  ab- 
stract) 
W9 1-04677 


POST-DENITRIFICATION  WITH  CON- 
TROLLED FEEDING  OF  ACTIVATED 
SLUDGE  AS  H  DONATOR. 

Technische   Univ.   Hamburg-Harburg  (Germany, 
F.R.).  Arbeitsbereich  Gewaesserreinigungstechnik. 
I.  Sekoulov,  R.  Addicks,  and  J.  Oles. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  161-170,  1990.  11  fig,  1  tab,  4  ref. 

Descriptors:  'Activated  sludge  process,  'Denitrifi- 
cation, 'Hydrogen,  'Nitrogen  removal, 
•Wastewater    facilities,    'Wastewater    treatment, 
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Chemical  oxygen  demand,  Effluents,  Filters,  Nitri- 
fication, Upgrading. 

Enlargement  and/or  upgrading  of  already-existing 
sewage  treatment  plants  can  result  in  design  and 
operation  problems.  In  an  activated-sludge  (AS) 
system  for  BOD  removal  (first  stage)  followed  by 
a  trickling  filter  for  nitrification  (second  stage),  it  is 
hard  to  achieve  denitrification  of  the  effluent  with- 
out an  external  hydrogen  donor.  Treatment  plants 
which  use  only  two-stage  nitrification  can  be  ex- 
panded to  full  nitrogen  removal  with  a  post-deni- 
trification  system  which  uses  thickened  first-stage 
activated  sludge  from  the  AS  sedimentation  as  an 
electron  donor.  To  avoid  an  undesirable  release  of 
ammonium  or  a  decrease  in  effluent  COD,  the 
anaerobic  residence  time  of  the  AS  should  not 
exceed  5  hours.  Under  anoxic  conditions  there  is 
even  further  COD  degradation  due  to  sludge  stabi- 
lization, with  no  decrease  in  effluent  quality.  The 
amount  of  sludge  which  must  be  added  depends  on 
the  demand  (nitrate  load)  and  the  denitrification 
potential  of  the  AS.  It  seems  possible  to  optimize 
this  system  even  further  (with  a  hydraulic  resi- 
dence time  of  about  3  hours)  without  decreasing 
effluent  quality.  The  energy  requirement  of  this 
treatment  system  is  much  lower  than  for  compara- 
ble single-stage  AS  processes.  Considering  the 
problems  of  low-loaded  single-stage  AS  processes 
with  high  sludge  volume  indices  and  large  recycle 
flow  rates,  this  multiple-stage  treatment  process 
consisting  of  activated  sludge  reactor,  trickling 
filter,  and  post-denitrification  seems  to  be  a  promis- 
ing practical  alternative.  (Agostine-PTT) 
W9 1-04678 
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The  need  to  upgrade  an  existing  wastewater  treat- 
ment plant  for  very  high  effluent  qualities  led  to  a 
competition  among  several  consultants,  initiated  by 
the  plant  operator,  the  Erft  River  Board.  The 
design  proposal  that  was  chosen  included  a  two- 
stage  biological  system  incorporating  enhanced  bi- 
ological phosphorus  removal  in  the  first  stage,  and 
extensive  nitrification/denitrification  with  addi- 
tional physicochemical  P-removal  in  the  second 
stage  prior  to  a  final  flocculation  filter.  As  design 
guidelines  for  this  process  configuration  were  not 
available,  it  was  decided  to  create  a  physical  model 
of  the  system  which  would  allow  for  modification 
of  the  processes,  if  necessary,  and  which  could 
provide  better  design  parameters.  An  institute  of 
sanitary  engineering  was  enlisted  to  carry  out  an 
investigation  to  optimize  the  different  processes.  It 
became  evident  that  the  intended  design  for  single- 
stream  biological  phosphorus  removal  could  not  be 
achieved  under  the  marginal  conditions  given  for 
the  first  biological  stage.  Hence,  a  by-stream 
method  is  being  installed.  Furthermore,  the  neces- 
sity for  proper  control  of  the  oxygenation  capacity 
in  both  the  first  and  second  stage  became  evident. 
The  close  cooperation  between  the  involved  par- 
ties during  the  investigation  is  believed  to  have 
produced  an  optimized  design  which  integrates  the 
special  requirements  of  the  receiving  water  body 
with  an  economic  wastewater  treatment  technolo- 
gy. (Agostine-PTT) 
W9 1-04679 
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To  comply  with  new  effluent  discharge  standards 
different  upgrading  methods  for  a  highly  loaded 
activated  sludge  plant  were  explored.  The  Acheres 
Treatment  plant  (of  the  city  of  Paris)  is  currently 
being  extended  to  purify  a  flow  corresponding  to  8 
million  population  equivalents.  New  technology 
for  plant  upgrading  was  tested  on  an  industrial 
scale.  Biological  aerated  filters  combine  aerobic 
degradation  of  pollutants  with  physical  retention 
of  suspended  solids  (SS)  in  one  reactor.  A  high 
concentration  of  active  biomass  can  be  retained  in 
the  packed  bed,  and  nitrifying  bacteria  can  be 
attached  to  the  filter  media.  Removal  efficiency 
thus  becomes  independent  of  clarification  and 
sludge  settling,  and  ammonia  oxidation  can  be 
achieved  without  sludge  age  requirements.  Four 
parallel  units  were  installed  on  a  research  platform, 
handling  a  total  flow  of  3000  cu  m/d.  A  demon- 
stration test  program  was  carried  out  over  a  period 
of  five  years  to  assess  the  feasibility  and  perform- 
ances of  the  process  in  line  with  a  conventional 
activated  sludge  plant.  The  limits  of  loading  to 
achieve  different  residual  ammonia  concentrations 
were  studied  and  the  influence  of  temperature  on 
biological  and  hydraulic  parameters  was  verified. 
The  feasibility  of  a  compact  tertiary  treatment  for 
effluent  polishing  and  nitrification  was  confirmed. 
Biological  filters  in  series  with  conventional  treat- 
ment plants  allow  the  upgrading  of  effluent  quality 
and  thus  extend  the  capacity  of  existing  facilities. 
From  an  effluent  of  a  high-rate  activated  sludge 
plant  with  around  30  mg/L  for  BOD,  SS  and  N- 
NH4,  a  polished  effluent  of  below  5  mg/L  of 
BOD,  SS,  and  N-NH4  can  be  obtained  with  an 
apparent  hydraulic  retention  time  below  1  hour. 
(Agostine-PTT) 
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Most  of  the  dairies  in  Norway  discharge  their 
wastewater  to  the  municipal  sewers.  Insufficient 
knowledge  about  the  organic  load  coming  from 
the  dairies  has  resulted  in  inadequate  design  and 
organic  overloading  in  the  municipal  wastewater 
treatment  plants  of  this  category.  Several  of  the 
original  plants  that  based  their  biological  process 
upon  rotating  biological  contactors  (RBC)  as  the 
bioprocess,  have  experienced  mechanical  break- 
down of  the  RBC  system.  The  submerged  aerated 
biological  filter  (SABF)  has  been  introduced  as  an 
alternative  biofilm  method  that  may  be  used  when 
broken  down  RBC-plants  (or  activated  sludge 
plants)  are  to  be  upgraded.  Results  from  pilot-plant 
experiments  on  dairy  waste  when  the  SABF  is 
used  for  pretreatment  as  well  as  results  from  plants 
in  practice  where  the  SABF  is  used  for  combined 
treatment  of  the  dairy  and  municipal  wastewater 
show  how  pretreatment  in  a  balancing  tank  may  be 
established,  and  results  from  the  use  of  an  alterna- 
tive floating  biofilm  media  are  given.  These  results 
indicated  that  biological  processes  in  such  plants 
should  be  designed  both  for  daily  and  hourly  load- 
ing. Balancing  tanks,  normally  used  for  equaliza- 
tion of  the  flow,  may  also  be  used  as  biological 
pretreatment  tanks  with  very  little  extra  cost.  The 


submerged,  aerated,  biological  filter  (SABF),  has 
many  advantages  over  other  treatment  alternatives 
in  plants  with  heavy  dairy  loading.  If  used  for 
pretreatment,  volumetric  removal  rates  up  to  15-20 
kg  COD/cu-m  d  may  be  achieved  depending  on 
the  filter  media  used.  The  experiences  from  up- 
grading of  RBC-based  combined  precipitation 
plants  with  heavy  dairy  loading  by  the  introduc- 
tion of  SABF,  have  generally  been  good  in 
Norway.  (Agostine-PTT) 
W9 1-04681 
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To  determine  the  difference  in  the  nitrification  and 
denitrification  capacity  of  fixed  and  suspended  bio- 
mass in  combined  systems,  various  investigations 
into  batch  reactors  as  well  as  continuous  flow 
activated  sludge  plants  in  laboratory  and  pilot  scale 
were  conducted.  By  adding  porous  support  materi- 
al a  certain  amount  of  biomass  is  fixed  on  this 
material  in  a  conventional  aeration  basin  of  an 
activated  sludge  (AS)  plant.  The  dimensioning  of 
AS  plants  for  nitrification  considers  the  sludge  age 
of  the  activated  sludge.  By  fixing  the  biomass  on 
the  support  material  in  the  aeration  basin,  the 
sludge  age  can  be  raised  without  increasing  the 
mixed  liquor  suspended  solids  (MLSS)  and  there- 
fore without  increasing  the  loading  of  the  second- 
ary clarifier.  Measurements  of  the  oxygen  con- 
sumption of  the  suspended  sludge  and  the  fixed 
sludge  in  situ,  as  well  as  the  nitrogen  balances 
showed  that  the  nitrogen  capacity  of  the  fixed 
biomass  is  about  20-30%  less  than  that  of  the 
suspended  biomass,  related  to  the  organic  dry 
matter  (MLSS).  Also  the  fixed  sludge  had  a  lower 
organic  dry  matter  than  the  suspended  sludge.  This 
led  to  the  conclusion  that  there  is  no  linear  depend- 
ency between  increasing  the  biomass  in  the  aer- 
ation basin  by  adding  support  material  and  the 
nitrification  capacity  of  the  whole  sludge  mass. 
The  combination  of  fixed  biomass  on  porous  sup- 
port material  and  suspended  biomass  has  the  ad- 
vantage of  increasing  the  total  biomass  in  the 
system.  It  was  also  shown  that  simultaneous  deni- 
trification takes  place  in  the  support  material  in  the 
aerated  basin  under  certain  circumstances.  (Agos- 
tine-PTT) 
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Activated  sludge  plants  with  fine-bubble  aeration 
can  be  conveniently  upgraded  by  the  application  of 
a  LINPOR-process.  The  outstanding  feature  of  the 
LINPOR  is  an  increase  of  active  biomass  concen- 
tration, thus  a  reduction  of  F/M-ratios.  The  bio- 
mass increase  is  achieved  by  filling  up  15-30%  of 
an  activated  sludge  tank  with  highly  porous  plastic 
foam  particles,  which  serve  as  a  carrier  for  active 
biomass.  For  this  carrier  material,  very  high  qual- 
ity standards  are  required  concerning  such  param- 
eters as  porosity,  homogeneity,  particle  dimension, 
wetting  as  well  as  mechanical,  chemical  and  bio- 
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logical  stability.  This  is  crucial  for  maximum  treat- 
ment yield,  trouble  free  plant  performance  and  a 
maximum  service  life  of  the  carrier  material.  Three 
types  of  processes  are  in  operation  for  upgrading 
existing  plants:  (1)  the  LINPOR-C  process  for 
carbonaceous  removal;  (2)  the  LINPOR-C/N 
process  for  carbonaceous  removal  including  simul- 
taneous nitrification  and  denitrification;  and  (3)  the 
L1NPOR-N  process  for  second  step  nitrification. 
The  three  case  studies  described  refer  to  the 
LINPOR-C  and  the  LINPOR-N  processes.  The 
LINPOR-C  process  operates  with  two  types  of 
biomass,  i.e.  MLSS  is  partially  fixed  to  t  he  carrier 
material  and  partially  existing  in  free  suspension. 
The  LINPOR-N  process  is  applied  for  the  nitrifi- 
cation of  wastewater  deficient  in  organic  pollution, 
e.g.  secondary  clarifier  effluents.  The  nitrifying 
biomass  is  totally  fixed  inside  the  carrier  particles. 
The  LINPOR  process  is  a  convenient  method  for 
upgrading  activated  sludge  plants  without  enlarge- 
ment of  tankage.  Use  of  the  process  results  in  an 
increase  in  the  total  MLSS  concentration  and  a 
decrease  in  the  F/M  ratio.  (Agostine-PTT) 
W9 1-04683 
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In  many  cases  it  will  be  advisable  to  enhance 
operational  safety  and  increase  degradation  per- 
formance of  existing  activated  sludge  plants  by 
inserting  a  high-capacity  trickling  filter  with  plas- 
tic media.  Pilot  plant  tests  of  wastewaters  of  five 
paper  mills  producing  different  types  of  paper  have 
been  evaluated.  Random  samples  were  taken  in  the 
outflow  of  the  trickling  filter  and  filtered  immedi- 
ately irrespective  of  whether  or  not  a  subsequent 
sedimentation  tank  was  provided.  In  the  tests  re- 
ported, the  hydraulic  loading  was  varied  between 
1.8  and  4.2  m/h.  Recycling  rates  were  between 
10,000%  and  60%.  In  other  tests,  trials  were  made 
with  surface  loads  as  low  as  0.5  m/h.  In  order  to 
obtain  a  BOD  elimination  of  approximately  50%, 
the  trickling  filters  should  be  designed  and  operat- 
ed on  the  basis  of  the  following:  BOD  volume 
loading  2-3  kg/cu  m  d,  hydraulic  cross-sectional 
surface  loading  2.5  to  4  m/h,  sprinkler  intensity  6 
mm  as  recommended  by  the  manufacturer  of  the 
plastic  media.  No  clarifier  should  be  inserted  be- 
tween the  trickling  filter  and  the  subsequent  acti- 
vated sludge  stage.  This  results  in  a  favorable 
sedimentation  behavior  of  the  activated  sludge.  A 
significant  performance  increase  of  the  activated 
sludge  plant  can  be  achieved  by  way  of  carbohy- 
drate elimination  in  the  trickling  filter.  Maximum 
COD  elimination  is  obtained  in  the  treatment  of 
papermill  wastewaters  if  the  aeration  tank  follow- 
ing the  trickling  filter  is  operated  at  0.15  kg  BOD 
per  kg  MLSS  and  day.  (Agostine-PTT) 
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The  upgrading  of  an  existing  wastewater  treatment 
plant  to  meet  new  standards  for  effluent  quality  in 
the  Municipality  of  Fredericia,  Denmark  are  pre- 
sented. In  1987  pilot-scale  tests  were  carried  out  to 
study  the  effects  of  various  combinations  of 
wastewater  types  on  the  treatment  efficiency.  The 
pilot-scale  tests  were  run  in  a  two-stage  biology 
plant.  The  first  stage  was  either  a  BIOSORPTION 
unit  or  a  PRE-DENITRIFICATION  unit.  The 
second  stage  was  a  biological  nitrogen  and  phos- 
phorus removal  unit  (a  BIO-DENIPHO  unit).  On 
the  basis  of  the  experimental  results  combined  with 
the  application  of  mathematical  modeling  of  the 
activated  sludge  process  in  alternating  tank  sys- 
tems, calibrated  with  the  measured  process  param- 
eters, two  main  projects  for  the  upgrading  of  the 
existing  plant  were  proposed.  Project  I  is  a  two- 
stage  biological  treatment.  This  project  includes  a 
pre-denitrification/primary  settling  unit  ahead  of 
the  BIO-DENIPHO  system.  Sludge  treatment 
from  the  first  biological  stage  is  performed  in  the 
existing  digesters.  Project  II  is  a  one  stage  biologi- 
cal treatment.  All  of  the  biological  treatment  (nitri- 
fication and  denitrification)  is  carried  out  in  a  one- 
sludge  system  operating  according  to  the  concept 
following  the  existing  primary  settlers.  At  the 
moment  calculations  on  the  total  economics  of  the 
two  main  projects  are  being  studied  by  the  local 
administration  in  the  Municipality  of  Fredericia 
before  the  final  choice  will  be  made.  (Author's 
abstract)  (Agostine-PTT) 
W9 1-04685 

DOSAGE  CONTROL  FOR  A  HIGHER  EFFI- 
CIENCY OF  THE  SEPARATION  PROCESS. 

BTG  Anlagentechnik  G.m.b.H.,  Bochum  (Germa- 
ny, F.R.). 
G.  Schrank. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  233-243,  1990.  9  fig,  2  tab,  15  ref. 

Descriptors:  'Flocculation,  'Polymers,  'Sedimen- 
tation basins,  'Sludge  drying,  'Wastewater  facili- 
ties, 'Wastewater  treatment,  Cost  analysis,  Filtra- 
tion, Flotation,  Germany,  Project  planning,  Solids 
contact  processes. 

The  two  essential  process  steps  in  wastewater 
treatment  are  the  biological  decomposition  and  the 
separation  of  solids  and  liquid.  Solids  are  separated 
from  the  liquid  stream  in  several  process  steps.  The 
variety  of  flocculents  makes  it  very  difficult  to 
control  the  polymer  dosage,  and  the  predicted 
effectiveness  of  this  process  step  cannot  be 
achieved.  To  counter  this  difficulty,  a  control 
system  that  works  in  most  applications  has  been 
developed.  This  system  works  almost  independent- 
ly of  the  separation  process  or  the  type  of  floccu- 
lent  used.  Three  different  field  installations  in  dif- 
ferent applications  are  given  as  examples:  a  sedi- 
mentation basin,  a  flotation  cell  and  a  filtration 
plant.  These  show  that  it  is  possible  to  build  up 
sufficiently  precise  control  systems  for  the  solid- 
liquid  separation  by  measuring  the  amount  of  solids 
contained  and  the  turbidity.  In  the  field  of 
wastewater  treatment  this  can  bring  about  consid- 
erable process  improvements  which,  in  addition  to 
a  stabilization  of  the  separation  degree,  may  also 
enable  considerable  savings  of  chemicals.  The  ex- 
perience made  in  sludge  dewatering  shows  that  the 
use  of  such  a  system  is  possible  with  good  results. 
It  should,  however,  not  be  ignored  that  the  system 
also  has  its  limits  which  are  largely  dependent  on 
the  separator.  Depending  on  the  function  of  oper- 
ation in  the  past  as  well  as  on  the  size  of  the  plant, 
the  payback  period  will  most  certainly  cover  less 
than  half  a  year.  (Agostine-PTT) 
W9 1-04686 


Descriptors:  'Activated  sludge  process,  'Aeration, 
•Diffusers,  'Upgrading,  'Wastewater  facilities, 
•Wastewater  treatment,  Comparison  studies,  Cost 
analysis.  Hydrogen  chloride. 

Over  the  past  ten  years  aeration  systems  develop- 
ment in  the  United  States  has  centered  around  fine 
pore  diffuser  upgrades  to  existing  activated  sludge 
plants.  A  variety  of  older  aeration  systems  have 
been  replaced  with  new  diffuser  systems  which 
include  full  floor  coverage  systems,  composed  of 
ceramic  or  plastic  discs,  ceramic  and  plastic  tubes, 
and  membrane  tubes  or  discs.  Aeration  system 
upgrades  using  these  devices  were  evaluated  using 
the  off-gas  analysis  technique  at  six  different  full- 
scale  treatment  plants.  Testing  was  performed 
during  normal  plant  operation.  Diffuser  cleaning 
methods  such  as  HC1  gas  cleaning,  manual  hosing 
and  cleaning  with  HC1,  and  manual  hosing,  were 
also  evaluated.  It  was  found  that  the  effects  of 
process  operation,  such  as  step-feed,  F/M,  MLSS 
concentration,  mean  cell  retention  time  and  air  flux 
had  a  major  impact  on  transfer  efficiency.  In  gen- 
eral the  increased  oxygen  transfer  rate  could  pro- 
vide 40  to  50%  reductions  in  air  requirements,  or  a 
comparable  energy  saving.  For  all  of  these  plants 
some  type  of  diffuser  cleaning  program  is  required 
to  maintain  the  energy  savings.  The  energy  savings 
suggests  that  it  is  possible  to  justify  the  capital 
investment  required  to  retrofit  the  aeration  system, 
under  economic  conditions  typical  of  Southern 
California.  (Agostine-PTT) 
W9 1-04687 


UPGRADING  EXISTING  ACTIVATED 

SLUDGE  TREATMENT  PLANTS  WITH  FINE 
PORE  AERATION  SYSTEMS. 

California  Univ.,  Los  Angeles.  Dept.  of  Civil  Engi- 
neering. 

M.  K.  Stenstrom. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  245-251,  1990.  4  fig,  2  tab,  7  ref. 
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UPGRADING  OXYGEN  TRANSFER  IN  THE 
ACTIVATED  SLUDGE  PROCESS. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Sanitary  and  Environmental  Engineering. 
M.  Pelkonen. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  253-260,  1990.  2  fig,  3  tab,  15  ref. 

Descriptors:  'Activated  sludge  process,  'Aeration, 
•Oxygenation,  'Upgrading,  'Wastewater  facilities, 
Cost  analysis,  Dissolved  oxygen,  Finland,  Mathe- 
matical studies,  Regression  analysis,  Seasonal  vari- 
ation. 

The  selection  of  an  aeration  system  is  of  impor- 
tance in  order  to  optimize  capital  and  operating 
costs,  especially  energy  costs.  Aeration  efficiency 
is  the  variable  which  is  used  as  the  basis  for  com- 
parison. The  aeration  efficiency  values  are  based 
on  pure  water  tests  and  are  converted  in  to  field 
conditions  with  the  alpha  factor.  The  alpha  value 
depends  on  the  impurities  in  the  wastewater  and 
the  aeration  system.  Factors  affecting  oxygen 
transfer  in  a  fine-pore  diffused  aeration  system  and 
variation  of  the  alpha  factor  are  discussed.  Results 
from  a  five  week  continuous  operation  of  a  batch 
aeration  column  process  show  that  the  variation  of 
the  alpha  value  was  considerable  in  the  aeration 
basin,  especially  at  the  inlet  end.  The  variation 
follows  a  diurnal  rhythm  and  the  weekly  variation 
is  much  smaller.  The  off-gas  method  was  used  to 
examine  factors  affecting  oxygen  transfer  in  proc- 
ess conditions.  Regression  models  were  construct- 
ed to  describe  the  transfer  process  both  on  a  semi- 
technical  scale  and  on  a  full  scale.  The  cost  impor- 
tant factors  are  the  specific  air  flow  rate,  the 
respiration  rate  and  the  dissolved  oxygen  (DO) 
concentration.  The  enhancement  in  oxygen  trans- 
fer efficiency  through  the  respiration  rate  and  the 
DO  concentration  is  due  to  a  biological  mecha- 
nism. To  optimize  the  transfer  process  it  is  neces- 
sary to  maintain  a  high  respiration  rate  and  a 
sufficiently  high  DO  concentration.  (Agostine- 
PTT) 
W9 1-04688 


OPTIMIZING  POLYMER  CONSUMPTION  IN 
SLUDGE  DEWATERING  APPLICATIONS. 
ZENON  Water  Systems,  Inc.,  Burlington  (Ontar- 
io). 

P.  M.  Crawford. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  261-267,  1990.  8  fig,  5  ref. 

Descriptors:  'Activated  sludge  process,  'Control 
systems,  'Polymers,  'Sludge  drying,  'Wastewater 
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facilities,     'Wastewater     treatment,     Automation, 
Canada,  Rheology,  Sludge. 

Organic  polymers  have  become  the  primary  choice 
of  conditioning  agent  for  sludge  dewatering  oper- 
ations. Until  now,  however,  there  has  been  no 
simple  technique  of  automatically  controlling  the 
addition  of  polymer  to  the  sludge  to  allow  the 
optimal  performance  of  the  dewatering  machine. 
The  Sludge  Conditioning  Controller  (SCC)  to  ful- 
fill this  need  in  the  wastewater  marketplace.  The 
SCC  is  a  unique,  on-line,  real-time  sludge  monitor- 
ing and  polymer  flow  rate  controller.  The  SCC 
determines  the  state  of  sludge  conditioning  directly 
by  measuring  the  intrinsic  rheological  characteris- 
tics of  both  the  conditioned  and  unconditioned 
sludge.  It  then  changes  the  polymer  flow  signal  to 
adjust  the  amount  of  polymer  added  to  the  sludge. 
The  hardware  for  an  SCC  consists  of  four  main 
components:  (1)  central  control  panel,  (2)  sample 
vessel  and  sensor  head,  (3)  local  control  station, 
and  (4)  printer.  The  SCC  hardware  is  entirely 
automatic  in  operation  from  taking  batch  samples 
of  sludge  to  self-cleaning  after  sample  analysis,  to 
adjusting  the  polymer  pump  flow  rate.  The  only 
requirement  for  the  operator  is  to  adjust  the  initial 
polymer  dosage  to  get  the  desired  sludge  dewater- 
ing. Experience  with  full-scale  systems  has  re- 
vealed that  the  benefits  associated  with  the  SCC 
far  exceed  the  original  objective  of  saving  poly- 
mer. The  advantages  of  the  SCC  include  automa- 
tion of  the  dewatering  device  operation,  increased 
capacity,  and  more  uniform  performance  of  the 
dewatering  machine.  (Agostine-PTT) 
W9 1-04689 


BIOLOGICAL  NITROGEN  REMOVAL  IN  A 
COMPLETE  MIXING  TYPE  AERATOR  WITH 
ORP  CONTROL. 

Yamaguchi  Univ.  (Japan).  Dept.  of  Civil  Engineer- 
ing. 

H.  Nakanishi,  M.  Fukagawa,  M.  Takeuchi,  M. 
Ishikawa,  and  M.  Ukita. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  269-270,  1990.  2  ref. 

Descriptors:  'Aerators,  'Biological  wastewater 
treatment,  'Nitrogen  removal,  'Nutrient  removal, 
•Wastewater  facilities,  'Wastewater  treatment, 
Activated  sludge  process,  Denitrification,  Dis- 
solved oxygen,  Effluents,  Nitrification,  Oxidation. 

The  nitrogen  removal  from  wastewater  has  been 
shown  to  be  successful  in  a  complete  mixing  type 
aerator  into  which  the  optimum  amount  of  oxygen 
was  supplied  automatically  by  the  on-off  control  of 
aeration  with  ORP  as  an  operational  parameter. 
The  usual  process  of  biological  nitrogen  removal 
consists  of  two  reactors  in  series,  with  one  aerated 
to  nitrify  and  the  other  unaerated  to  denitrify.  The 
operation  parameters  were  investigated  on  pH, 
ORP  and  DO  by  means  of  bench-scale  experi- 
ments. At  a  pH  range  of  6.8  to  7.8,  under  either 
DO  or  ORP  control,  the  reaction  rates  of  nitrifica- 
tion and  denitrification  were  balanced  and  the 
maximum  nitrogen  removal  was  obtained.  The  op- 
timum DO  level  for  DO  control  was  within  0.0  to 
0.3  mg/L  in  either  night  soil  or  sewage  treatment. 
The  optimum  ORP  level  was  250-350  mV  (vs 
NHE)  in  the  night  soil  and  350-450  mV  in  the 
sewage.  Nitrification  or  denitrification  was  limiting 
below  or  beyond  each  optimum  ORP  range,  result- 
ing in  increase  of  ammonia  or  nitrate  in  the  efflu- 
ent. The  advantages  of  the  single  aerator  process 
with  ORP  control  are:  (1)  the  retention  time  is  the 
same  as  that  in  the  conventional  activated  sludge 
process;  (2)  this  process  is  stable  against  the  load 
variation  because  an  optimum  air  supply  is  per- 
formed automatically.  The  disadvantage  is  that  the 
electrical  power  for  mixing  the  liquor  is  costly, 
thus  limiting  this  process  for  small  scale  plants. 
(Agostine-PTT) 
W9 1-04690 


INVESTIGATIONS  ON  NITROGEN  ELIMINA- 
TION IN  SEWAGE  TREATMENT  PLANTS  IN- 
CLUDING SEPARATE  AERATION  OF 
RETURN  SLUDGE. 

Kaiserslautern  Univ.  (Germany,  F.R.).  Fachgebiet 

Siedlungswasserwirtschaft. 

M.  Horster,  and  K.  Jacobitz. 


Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  271-272,  1990.  1  fig,  1  tab. 

Descriptors:  'Activated  sludge  process,  'Aeration, 
•Nitrogen  removal,  'Wastewater  facilities, 
•Wastewater  treatment,  Cost  analysis,  Denitrifica- 
tion, Effluents,  Germany,  Nitrification,  Pilot 
plants. 

A  process  to  improve  effluent  quality  of  existing 
treatment  plants  has  been  examined.  The  process 
combines  a  conventional  activated  sludge  plant 
with  separate  aeration  of  return  sludge.  Both  pilot 
and  large-scale  plants  used  for  the  experiments 
consist  of  an  aerated  grit  chamber,  primary  settling 
tank,  six  cascades  for  biological  treatment,  second- 
ary settling  tank  and  sludge  treatment.  One  cas- 
cade can  be  used  for  the  separate  aeration  of  return 
sludge  (SAS)  before  mixing  the  sludge  with  the 
influent.  Thus,  the  sludge  amount  and  the  sludge 
age  held  in  the  system  increase  significantly.  Com- 
parisons were  made  to  examine  the  effect  of  sepa- 
rate aeration  of  return  sludge  without  a  change  in 
the  total  aerated  volume.  For  conventional  treat- 
ment the  primary  effluent  and  the  return  sludge 
were  introduced  into  the  basin  normally  operated 
for  separate  sludge  aeration.  The  nitrification  ca- 
pacity of  a  plant  with  separate  aerated  sludge  was 
also  explored.  In  another  experiment  the  possibility 
of  a  preliminary  denitrification  using  the  first  aer- 
ated basin  as  an  anoxic  zone  was  investigated.  The 
pilot-scale  tests  included  the  addition  of  digester 
overflow  to  the  SAS  respectively  to  the  first  aer- 
ation basin  during  conventional  treatment.  It  was 
found  that  by  the  integration  of  separate  aeration 
of  return  sludge  in  a  compartmentalized  system, 
nitrification  can  be  increased  significantly  com- 
pared with  conventional  high-rate  activated  sludge 
plants.  The  inclusion  of  a  denitrification  zone  is 
possible.  The  results  indicate  the  practicability  for 
the  sanitation  of  sewage  treatment  plants  sparing 
reactor  volume.  Little  capital  expenditure  would 
be  necessary  for  the  modification  of  plug-flow 
reactors.  (Agostine-PTT) 
W9 1-04691 


HOW  TO  INCREASE  EFFICIENCY  OF 
SEWAGE  PLANTS  AND  OBEY  THE  LATEST 
REGULATIONS. 

Sued-Chemie  A.G.,  Munich  (Germany,  F.R.). 
A.  Huber. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  273-274,  1990.  2  fig. 

Descriptors:  *Flocculation,  'Regulations,  •Sili- 
cates, 'Sludge  drying,  'Wastewater  facilities, 
'Wastewater  treatment,  'Water  quality  standards, 
Aluminum,  Coagulation,  Filtration,  Germany, 
Heavy  metals,  Iron,  Nitrification,  Sludge  treat- 
ment. 

Sudflock  is  a  precipitation  agent  and  flocculent 
consisting  of  Al(  +  3)  and  Fe(  +  3)  ions.  It  also  has  a 
silicic  acid  which  acts  as  a  flocculation  aid.  Higher 
concentrations  of  calcium  and  magnesium  also 
have  specific  precipitation  effects.  The  synergism 
of  the  various  components  is  very  important.  In 
special  cases,  the  variable  content  of  hydrochloric 
acid  can  help  in  the  neutralization  of  alkaline 
wastewater  resulting  from  the  cleavage  of  emul- 
sions. Sudflock  has  been  used  to  increase  efficiency 
at  three  sewage  treatment  plants.  Compared  to 
tests  with  FeC13  and  FeClS04,  sewage  sludge 
conditioning  in  filter  presses  was  very  effective  in 
the  dehydration  of  sewage  sludge.  The  required 
amount  of  Sudflock  is  much  lower  (about  50%) 
than  for  FeClS04  of  FeC13.  The  required  amount 
of  lime  is  also  reduced.  Sudflock  does  not  impair 
the  agricultural  use  of  sewage  sludge.  In  some 
cases,  the  heavy  metal  content  of  the  sewage 
sludge  is  almost  20%  lower  than  before  the  use  of 
Sudflock.  In  many  cases,  the  use  of  Sudflock  im- 
proves nitrification  or  makes  it  possible.  The  re- 
duction of  organic  load  leads  to  a  sufficient  amount 
of  oxygen  for  nitrification.  (Agostine-PTT) 
W9 1-04692 


RETROFITTING  ACTTVATED  SLUDGE 
PLANTS  TO  IMPROVE  THE  REMOVAL  OF 
NrTROGEN  AND  PHOSPHORUS  BY  BIOLOG- 
ICAL PROCESSES. 


Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
C.  W.  Randall,  D.  Sen,  and  T.  J.  Grizzard. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  275-276,  1990. 

Descriptors:  'Activated  sludge  process,  'Biologi- 
cal wastewater  treatment,  'Phosphorus  removal, 
'Upgrading,  'Wastewater  facilities,  'Wastewater 
treatment,  Anaerobic  conditions,  Denitrification, 
Hydraulic  loading,  Municipal  wastes,  Nitrification, 
Nitrogen  removal,  Nutrient  removal,  Sludge  dis- 
posal, Sludge  treatment. 

Two  relatively  small  municipal  activated  sludge 
wastewater  treatment  plants  were  modified  to  im- 
plement biological  nutrient  removal  (BNR).  One 
plant  was  a  racetrack  oxidation  ditch  without  pri- 
mary settling,  equipped  with  three  evenly-spaced 
brush  aerators.  It  received  an  average  influent  flow 
of  8.3  megaliters  per  day  (ML/d),  which  resulted 
in  an  average  hydraulic  retention  time  (HRT)  of  16 
hours  when  one  ditch  was  in  operation.  The 
second  plant  was  a  small  (2.8  ML/d),  U-shaped, 
step  aeration  system  with  an  HRT  of  4.5  hours  at 
average  flow,  primary  settling  of  combined  influ- 
ent wastewater  and  WAS  and  land  disposal  of 
waste  sludge.  The  oxidation  ditch  investigation 
had  four  objectives:  (1)  to  modify  operation  of  the 
ditch  aeration  system  to  maximize  biological  nitro- 
gen (N)  removal  simultaneously  with  chemical  P 
removal;  (2)  to  operate  the  system  without  chemi- 
cal removal  to  determine  if  simultaneous  P  and  N 
removal  could  be  obtained;  (3)  operate  both 
ditches  in  parallel  to  maintain  N  removal  under 
low  temperature  conditions;  and  (4)  retrofit  the 
ditch  system  with  an  upstream  anaerobic  basin  to 
maximize  biological  P  removal  simultaneously 
with  N  removal.  The  efforts  to  improve  N  removal 
were  very  successful.  The  reduction  of  oxygen 
inputs  resulted  in  simultaneous  nitrification  and 
denitrification  in  the  ditch  and  reduced  the  effluent 
total  nitrogen  (TN)  concentrations  to  less  than  10 
mg/L  from  an  influent  of  about  35  mg/L.  Biologi- 
cal phosphorus  removal  (BPR)  was  established  in 
the  oxidation  ditch  without  the  development  of  a 
separate  anaerobic  zone.  Several  physical  con- 
straints can  limit  biological  removal  of  nitrogen 
and  phosphorus  in  small  activated  sludge  plants 
when  they  are  retrofitted  for  BNR.  The  small  step- 
aeration  plant  was  substantially  overloaded,  both 
hydraulically  and  with  respect  to  its  aeration 
system.  In  spite  of  the  system  limitations,  the  plant 
achieved  substantial  N  and  P  removal.  (Agostine- 
PTT) 
W9 1-04693 


IMPROVED  PHOSPHORUS  ELIMINATION 
AND  NITROGEN  OXIDATION  THROUGH 
PRE-PRECTPITATION. 

Erftverband,  Bergheim  (Germany,  F.R.). 

W.  Firk. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  277-278,  1990.  2  fig. 

Descriptors:  'Activated  sludge  process,  'Coagula- 
tion, 'Nitrogen  removal,  'Oxidation,  'Phosphorus 
removal,  'Upgrading,  'Wastewater  facilities, 
'Wastewater  treatment,  Aeration,  Biochemical 
oxygen  demand,  Biological  wastewater  treatment, 
Cost  analysis,  Denitrification,  Germany,  Nitrifica- 
tion, Sludge. 

The  process  technology  of  many  conventional 
treatment  plants  lacks  specific  phosphorus  elimina- 
tion and  adequate  denitrification  measures.  Pre- 
precipitation  represents  a  low-cost  option  for  en- 
hancing such  plants.  The  phosphorus  is  reduced 
through  the  use  of  precipitation  chemicals  in  the 
preliminary  treatment  stage  and  further  eliminated 
in  the  subsequent  biological  stage.  Improved  reten- 
tion of  BOD5-producing  sewage  constituents  by 
pre-precipitation  allows  substantial  reduction  of 
sludge  loads  in  the  activated  sludge  stage.  Togeth- 
er with  specific  reduction  of  particulate  BOD5- 
producing  sewage  constituents,  this  significantly 
prolongs  the  sludge  age  of  the  activated  sludge. 
Given  sufficient  aeration  capacity,  a  sewage  treat- 
ment plant  enhanced  at  low  cost  in  this  was  is 
largely  capable  of  performing  the  necessary  nitrifi- 
cation and  phosphorus  elimination  tasks.  The  Erft 
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River  Board  is  currently  conducting  commercial- 
scale  pre-precipitation  tests  in  a  treatment  plant 
with  approximately  50000  population  equivalents. 
Results  for  polyaluminum  chloride  as  a  pre-pre- 
cipitation agent  in  terms  of  the  parameters  BOD5, 
COD,  phosphorus  and  ammonium  are  reported.  In 
addition  to  a  distinct  reduction  in  phosphorus, 
nitrification  was  achieved  in  the  previously  non- 
ammonium-oxidizing  plant.  A  BOD5-reduction 
and  a  P-reduction  of  60%  were  achieved  with  the 
pre-precipitation.  (Agostine-PTT) 
W9 1-04694 

COMPARATIVE  STUDY  OF  BIOLOGICAL 
PHOSPHORUS  REMOVAL  BY  ACTIVATED 
SLUDGE  IN  A  PILOT  PLANT  AND  IN  LABO- 
RATORY BATCH  EXPERIMENTS. 

Freiburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Biolo- 

gie  2. 

M.  Streichan,  D.  Junghans,  and  G.  Schon. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  279-280,  1990.  2  fig,  2  ref. 

Descriptors:  'Activated  sludge  process,  •Biologi- 
cal wastewater  treatment,  *Nitrogen  removal, 
•Nutrient  removal,  'Phosphorus  removal,  *Pilot 
plants,  'Wastewater  facilities,  'Wastewater  treat- 
ment, Anaerobic  conditions,  Bacteria,  Comparison 
studies,  Germany,  Mathematical  studies. 

Phosphate  uptake  in  batch  experiments  by  activat- 
ed sludge  from  a  pilot  plant  was  investigated  for  a 
period  of  several  months.  The  plant  was  modified 
for  enhanced  biological  phosphorus  removal  by 
the  extended  anaerobic  sludge  contact  (EASC) 
process.  Immediately  after  conversion  of  the  plant 
to  the  EASC-process,  phosphorus  removal  in  the 
plant  and  phosphate  uptake  in  batch  experiments 
increased  linearly  at  the  same  rate.  Maximum  effi- 
ciency of  excess  phosphate  uptake  was  reached  in 
the  plant  as  well  as  in  the  laboratory  batch  experi- 
ments after  about  14  days  of  operation.  An  ex- 
tended study  over  several  months  showed  a  good 
correlation  between  phosphate  uptake  in  laborato- 
ry batch  cultures  by  activated  sludge  obtained 
from  the  plant  and  phosphorus  removal  in  the 
plant  itself.  Examination  of  activated  sludge  floes 
by  electron  microscopy  revealed  that  the  number 
of  polyphosphate-accumulating  bacteria  increased 
with  increasing  phosphorus  elimination.  The  direct 
correlation  between  the  phosphate  uptake  of  acti- 
vated sludge  in  laboratory  batch  experiments  and 
the  phosphorus  removal  in  the  pilot  plant  shows 
that  the  potential  activity  of  activated  sludge  to 
remove  phosphorus  can  be  easily  determined 
under  laboratory  conditions.  In  many  cases,  the 
reason  for  breakdowns  of  phosphorus  elimination 
in  treatment  plants  could  thus  be  examined  in  a 
relatively  simple  manner.  (Agostine-PTT) 
W91-04695 


EFFECT  OF  EASILY  DEGRADABLE  CARBON 
SOURCES  ON  NITROGEN  REMOVAL  EFFI- 
CIENCY. 
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To  investigate  the  possibilities  of  increasing  nitro- 
gen removal  efficiency  at  the  Himmerfjarden 
sewage  treatment  plant,  pilot-plant  studies  were 
performed  in  which  pre-precipitated  wastewater 
was  supplemented  with  easily  degradable  carbon 
sources.  The  pilot  plant  was  designed  for  pre- 
denitrification  with  an  anoxic  fraction  of  0.25.  The 
carbon  sources  studied  were  acetic  acid  and  (ethyl- 
ene) glycol.  Glycol  was  delivered  as  a  waste  prod- 
uct from  Arlanda  airport.  In  addition,  the  superna- 
tant from  primary  thickeners  was  studied  as  a 
possible  carbon  source.  The  experiments  were 
monitored  by  both  grab  samples  and  continuous 
measurements  of  parameters.  The  results  indicate 


that  the  value  of  the  sludge  age/1.127  must  exceed 
6-6.5  days  in  order  to  secure  an  effluent  ammonia- 
nitrogen  concentration  below  0.5  g  N/cu  m.  The 
temperature  in  the  experiments  varied  between  6 
and  23  C.  Supernatant  from  primary  sludge  thick- 
ening tanks  seems  to  inhibit  the  nitrification  proc- 
ess. The  nitrogen  removal  efficiency  diminished 
with  a  lowering  of  the  COD/N  ratio.  Based  on  a 
theoretical  model,  the  removal  efficiency  of  nitro- 
gen is  approximately  proportional  to  the  COD/N 
ratio  for  a  certain  carbon  source  and  a  certain 
fraction  of  the  anoxic  zone  as  long  as  the  nitrate 
concentration  in  the  anoxic  zone  does  not  limit  the 
denitrification  rate.  (Agostine-PTT) 
W9 1-04696 
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THE  HIMMERFJARDEN  PLANT,  SWEDEN. 
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Beginning  in  1995  the  Ministry  of  Environmental 
Protection  is  considering  the  establishment  of  50% 
reduction  of  nitrogen  as  a  requirement  for  Swedish 
wastewater  treatment  plants.  The  Himmerfjarden 
Sewage  Treatment  Plant  was  built  in  1974  with 
mechanical,  biological  and  chemical  treatment.  To 
reduce  the  phosphorus  content  and  the  organic 
load  at  the  activated  sludge  units,  computer-con- 
trolled pre-precipitation  with  ferrous  sulfate  has 
been  used  for  nine  years  at  the  Himmerfjarden 
Plant.  Before  the  sewage  enters  the  aeration  tanks, 
50%  of  the  phosphorus  and  50%  of  the  BOD7 
content  are  removed.  This  improves  the  nitrifica- 
tion efficiency  in  the  aeration  tanks.  Only  the  diffi- 
cult degradable  carbon  compounds  are  reduced  by 
the  pre-precipitation,  while  the  easily  degradable 
carbon  compounds  are  available  as  a  carbon  source 
for  the  denitrification  process.  Experiments  to  con- 
firm this  are  presently  being  conducted.  Biological 
nitrogen  removal  was  applied  at  the  Himmerfjar- 
den Plant  starting  in  1988.  Nitrogen  removal  is 
done  by  introducing  anoxic  zones  in  front  of  the 
activated  sludge  tanks.  The  internal  energy  source 
from  influent  wastewater  is  used  for  denitrification. 
Excluding  the  periods  with  high  flow  during  snow 
melting,  a  nitrification  efficiency  of  over  90%  is 
obtained.  The  annual  average  of  the  nitrogen  re- 
moval efficiency  is  about  40%;  large  oscillations 
occur  from  day  to  day.  The  denitrification  process 
is  limited  by  lack  of  organic  carbon  in  the 
wastewater.  The  maximum  degree  of  denitrifica- 
tion is  controlled  by  the  carbon/nitrogen  (C/N) 
ratio.  To  obtain  a  higher  nitrogen  efficiency  in  the 
existing  system,  the  external  carbon  source  should 
be  dosed  during  the  low-loaded  periods  to  increase 
the  C/N  ratio  and  improve  denitrification.  (Agos- 
tine-PTT) 
W9 1-04697 
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Experiments  were  designed  to  assess  the  perform- 
ance of  three  laboratory-scale  upflow  anaerobic 
sludge  blanket  (UASB)  reactors  at  different  organ- 
ic loading  rates  without  desludging  the  reactors. 
The   reactors   were   inoculated    with    sugar   mill 
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wastewater  acclimatized  granular  sludge.  These 
were  fed  with  synthetic  wastewater  prepared  by 
diluting  sugarcane  molasses  in  tap  water.  At  each 
organic  loading  rate,  reactors  were  operated  until  a 
pseudo-steady  state  (PSS)  condition  with  respect 
to  gas  production  and  COD  removal  efficiency 
was  attained.  It  may  be  pointed  out  that  within  the 
limits  of  operating  loads,  the  performance  of  the 
reactor  is  independent  of  organic  loading  rate.  In 
all  cases  the  COD  removal  efficiency  and  gas 
production  were  in  the  range  90-95%  and  0.39-0.45 
cu-m/kg  COD  removed.  A  ratio  of  volume  of 
sludge  bed  in  reactor  (v)  and  volume  of  reactor 
(V)  were  ascertained  for  limiting  space  loading.  It 
is  apparent  from  the  data  that  the  organic  load  is 
limited  by  space  of  the  reactors  once  the  sludge 
occupancy  is  (43  +  3)%(v/V).  At  the  limiting  value 
of  v/V,  it  is  quite  likely  that  the  sludge  load  (SLR) 
has  not  been  fully  utilized.  It  is  therefore  suggested 
that  the  reactors  should  be  desludged  to  further 
increase  the  organic  load.  (Agostine-PTT) 
W91-04698 


PERFORMANCE  INCREASE  OF  AEROBIC-BI- 
OLOGICAL WASTE  WATER  TREATMENT 
PLANTS  IN  PAPERMILLS  BY  ANAEROBIC 
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To  enhance  operational  safety  and  increase  degra- 
dation performance  of  existing  aerobic-biological 
plants,  it  is  advisable  in  many  cases  to  insert  an 
anaerobic  stage.  Under  a  three-year  research 
project  conducted  on  a  pilot-plant  scale,  effluents 
from  mechanical  pulp  and  waste  paper  pulp  pro- 
duction (including  the  de-inking  process)  were 
tested  for  their  anaerobic  degradation  ability. 
During  these  tests  the  hybrid  process,  a  combina- 
tion of  a  flocculent  sludge  upstream  reactor  in  the 
lower  section  and  a  film  reactor  in  the  upper  part, 
proved  advantageous.  This  configuration  provided 
for  both  acidification  and  methane  fermentation  in 
a  single  reactor.  Performance  increase  calculations 
were  made  for  existing  aerobic-biological  plants  in 
papermills,  their  profitability  being  compared  to 
that  of  plants  including  an  additional  aerobic  stage. 
Costs  for  the  aerobic  process  plus  anaerobic  pre- 
treatment of  the  concentrated  partial  flows  were 
compared  to  a  purely  aerobic  treatment  on  an 
example  of  a  papermill  where  about  half  of  the 
effluent  loads  originate  from  higher-strength  efflu- 
ent partial  flows.  The  computation  does  not  take 
into  account  the  cost  advantages  which  might 
result  from  biogas  production  or  the  cost  of  sludge 
disposal.  From  a  cost-saving  aspect,  both  of  these 
factors  would  favor  a  combined  anaerobic-aerobic 
process.  (Agostine-PTT) 
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Bacteria,  Germany,  Salmonella,  Thermophilic  bac- 
teria. Water  quality  standards. 

The  first  equipment  for  two-stage  anaerobic  ther- 
mophilic/mesophilic  digestion  (55/35  C)  of  sewage 
sludge  constructed  in  Germany  in  1987  was  inves- 
tigated during  the  first  year  of  large-scale  oper- 
ation. Two-stage  thermophilic/mesophilic  diges- 
tion is  a  process  suitable  for  increasing  capacity  of 
stabilization  and  disinfection  at  the  same  time. 
Comparison  at  the  same  digestion  plant  indicate 
stabilization  efficiency  of  this  process  is  higher 
compared  to  conventional  mesophilic  operation  at 
this  plant.  With  temperatures  ranging  from  50-55  C 
and  the  hydraulic  retention  time  being  some  5 
days,  safe  operation  of  the  thermophilic  prediges- 
tion  stage  is  achieved  leading  to  stable  production 
of  biogas.  Efficiency  of  digestion  is  about  40% 
(COD,VSS).  In  total  a  specific  gas  production  of 
610  LAg  VSS  and  a  degree  of  66%  reduction  of 
VSS,  respectively,  is  achieved  by  thermophilic/ 
mesophilic  digestion.  By-passing  the  first  stage 
leads  to  a  significant  decrease  of  stabilization  effi- 
ciency. Disinfection  of  sewage  sludge  during  ther- 
mophilic treatment  in  the  first  stage  meets  the 
demands  of  German  legislation.  Health  risks  which 
may  arise  from  agricultural  use  of  digested  sewage 
sludge  are  eliminated  completely  during  the  ther- 
mophilic stage  of  digestion.  Enterobacteriaceae 
and  Salmonella,  which  are  taken  as  indicators  of 
health  risk  are  reduced  several  orders  of  magni- 
tude. (Agostine-PTT) 
W9 1-04700 
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In  order  to  provide  affordable  and  effective 
wastewater  treatment  facilities  in  the  developing 
countries  that  can  meet  effluent  quality  standards, 
it  is  necessary  to  take  into  account  the  available 
electricity  and  the  availability  of  skilled  manpow- 
er. The  progressive  extension  and  sophistication  of 
a  treatment  facility  is  proposed  such  that  it  will 
render  an  effluent  of  superior  quality,  but  with 
relatively  simple  management  requirements.  A  four 
stage  process  is  described  which  would  parallel 
population  growth.  The  first  stage,  designed  to 
serve  4000  people  with  a  flow  of  500  cu  m/d, 
includes  a  1.67  ha  primary  facultative  oxidation 
pond,  a  7500  cu  m  secondary  pond  volume  and  a 
grassbed  area  of  1  ha.  The  second  stage  is  designed 
for  8000  people  and  a  flow  of  1000  cu  m/d.  This 
has  a  recirculation  rate  of  12  L/s  and  a  grassbed 
area  of  2  ha.  In  the  third  stage,  designed  for  a 
population  of  20,000  and  a  flow  of  3250  cu  m/d, 
are  three  2500  cu  m  anaerobic  ponds,  two  in  series 
and  one  standby,  a  grassbed  area  of  6.5  ha,  and  a 
20%  recirculation  of  6  L/s  to  prevent  odor  pro- 
duction. In  the  fourth  stage  the  oxidation  ponds 
may  be  operated  in  parallel  with  a  recirculation 
rate  of  38  L/s.  (Agostine-PTT) 
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A  tourist  resort  area  in  the  Austrian  Alps  is  situat- 
ed on  a  trout  stream  with  a  wintertime  average 
low  flow  of  0.5  cu  m/s.  There  are  7500  population 
equivalents  (PE)  of  permanent  inhabitants  and 
peak  seasons  are  estimated  to  have  30,000  PE  (a 
ratio  of  1:4).  The  yearly  load  thus  varies  within 
this  ratio,  with  a  sharp  change  in  load  to  treatment 
around  Christmas.  Therefore,  all  conditions  for 
nitrification  and  to  some  extent  denitrification  are 
quite  unfavorable  because  of  low  winter  tempera- 
tures. The  present  treatment  plant  was  designed  for 
carbon  removal  only  and  comprises  primary  set- 
tling, final  sedimentation,  sludge  digestion  and 
liquid  storage  of  sludge  at  ambient  temperature.  A 
simulation  model  was  used  to  develop  a  design 
procedure.  The  IAWPRC  Activated  Sludge 
Model  was  used  to  evaluate  the  design  concept 
both  for  nitrification  and  denitrification.  This  pro- 
gram solves  plug  flow  conditions  for  stirred  tanks 
in  series,  i.e.  which  are  much  more  favorable  for 
bioconversion  of  dissolved  substrates  than  a  com- 
pletely mixed  tank  alone.  The  reliability  of  the 
model  increases  with  data  available  for  model  cali- 
bration and  additional  data  for  model  verification. 
The  approach  presented  shows  that  advanced  ef- 
fluent conditions  can  be  met  even  in  winter  resort 
areas.  However,  as  the  values  simulated  do  not 
hold  any  safety  margin,  designers  should  select 
somewhat  larger  volumes  than  shown  in  the  simu- 
lation runs.  The  higher  the  ratio  between  off  to  on- 
season-loads,  the  more  important  the  adaptation  of 
nitrifiers  to  the  higher  load  from  an  intermediate 
source  becomes.  (Agostine-PTT) 
W9 1-04702 
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LINPOR  is  the  name  for  biological  waste  water 
treatment  processes  where  the  biomass  grows 
inside  open  pore  plastic  foam  cubes.  It  is  a  one  step 
system  which  combines  activated  sludge  or  'free 
biomass'  with  foam  'attached  biomass'.  According 
to  the  results  of  full-scale  experience  at  the  city  of 
Freising,  the  biomass  concentration  can  be  raised 
to  2-3  times  the  usual  values,  and  the  sludge  index 
of  the  free  biomass  is  lowered  if  there  are  sludge 
bulking  problems.  At  the  Freising  plant  nitrifica- 
tion and  denitrification  were  done  simultaneously 
at  fairly  high  volumetric  loading.  Long-term  re- 
sults of  pilot  and  laboratory  testing  of  nitrification 
and  denitrification  are  given.  The  results  indicate 
that  the  free  and  attached  biomass  are  both  active 
in  BOD-degradation,  nitrification  and  denitrifica- 
tion. Simultaneous  denitrification  can  be  attributed 
to  an  anoxic  nucleus  in  the  cubes  (microelectrode 
measurement).  The  nitrification  efficiency  (exclud- 
ing N-assimilation)  in  the  combined  system  seems 
to  be  mainly  controlled  by  the  product  of  maxi- 
mum aerobic  growth  rate  for  Nitrosomonas  and 
sludge  age.  (Agostine-PTT) 
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Sedimentation,    Suspended   solids,    Water   quality 
standards. 

As  a  consequence  of  stricter  demands  and  elevated 
minimum  requirements  concerning  purified 
wastewater,  planning  for  enlargement  of  two 
wastewater  treatment  plants  was  pushed  forward. 
The  plants  are  a  municipal  wastewater  treatment 
plant  and  one  for  a  wastepaper  processing  firm. 
The  municipal  treatment  plant  consisted  of  an  oil 
trap  and  a  grit  chamber,  a  primary  sedimentation 
tank,  and  a  highly-loaded  activated  sludge  plant. 
Lower  costs  and  considerably  less  space  demand 
led  to  the  application  of  a  dry  bed  filtration  process 
as  the  second  biological  purification  stage,  which 
was  put  into  operation  in  1986.  In  the  dry  bed 
filtration  process,  wastewater  trickles  through  the 
filter  bed  and  simultaneously  air  is  sucked  through 
it.  With  the  use  of  dry  bed  filters  elimination  of 
solids  is  combined  with  biological  activities.  Be- 
sides an  excellent  elimination  of  suspended  solids 
(77%  on  the  average),  a  nitrification  efficiency  of 
up  to  65%  was  observed.  The  wastewater  treat- 
ment plant  of  the  wastepaper  processing  industry 
consisted  of  a  buffer  tank,  a  coagulation  stage  and 
sedimentation.  Since  it  was  no  longer  able  to  main- 
tain the  required  effluent  values  of  BOD5  and 
COD,  a  biological  stage  was  added.  A  comparison 
of  possible  alternatives  with  regard  to  investment 
costs,  operating  costs,  and  operating  safety  led  to 
the  application  of  a  trickling  filter/dry  bed  filter 
which  was  put  into  operation  in  1985.  In  1987,  the 
filtration  stage  resulted  in  a  BOD5  elimination  of 
up  to  88%  and  which  averaged  73%.  The  COD 
reduction  was  up  to  63%  and  averaged  57%. 
(Agostine-PTT) 
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Descriptors:  'Biological  wastewater  treatment, 
'Oxygen,  'Oxygenation,  'Upgrading, 

•Wastewater  facilities,  'Wastewater  treatment. 
Activated  sludge  process,  Dissolved  oxygen,  Ef- 
fluents, England,  Fish  farming,  Odor  control,  Oxi- 
dation. 

The  Vitox  process  has  been  developed  as  a  high- 
rate  aqueous  oxygenation  technique  and  has  been 
used  to  upgrade  existing  biological  treatment 
plants  at  numerous  industrial  and  municipal  sites.  It 
consists  of  a  pressurized  sidestream  where  pure 
oxygen  enters  the  recycle  through  a  venturi  injec- 
tor positioned  after  the  pump  discharge.  To  date 
this  technique  has  been  used  in  many  different 
applications  in  addition  to  upgrading  activated 
sludge  plants.  Typical  situations  where  it  has  been 
employed  include  fish  farming,  river  oxygenation 
and  odor  control.  When  the  oxygen  process  is 
applied  to  activated  sludge,  the  overall  treatment 
capacity  can  be  increased  and  many  plants  in  the 
UK  are  currently  operating  at  between  two  and 
three  times  the  original  design  capacity  by  using 
this  process.  The  improved  settling  velocity  of 
sludge  is  perhaps  the  most  significant  effect  of 
operating  the  oxygen  activated  sludge  process, 
since  poor  sludge  settlement  is  frequently  the  limit- 
ing factor  in  the  production  of  good  quality  final 
effluent.  The  improved  settling  can  be  attributed 
partly  to  the  provision  of  a  generally  higher  level 
of  dissolved  oxygen  (DO)  in  the  plant,  but  more 
importantly  to  the  maintenance  of  a  steady  DO 
level  at  all  times  against  a  variable  loading  on  the 
plant.  The  improved  mixing  due  to  the  subsurface 
jets  ensures  a  more  uniform  DO  level  throughout 
the  treatment  plant,  thereby  maintaining  the  best 
possible  conditions  for  biological  oxidation.  In 
1988  two  full-scale  effluent  plants  were  designed 
and  commissioned  as  purpose  built  open  tank 
oxygen  plants  employing  this  technology.  The  de- 
signs included  two  and  four  ton/day  units  provid- 
ing all  the  oxygen  for  the  process  and  the  neces- 
sary mixing  energy.  (Agostine-PTT) 
W9 1-04705 
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UPGRADING  OF  KANPUR  WASTEWATER 
TREATMENT  PLANT  BY  PHASED  EXPAN- 
SION. 

Indian  Inst,  of  Tech.,  Kanpur.  Dept.  of  Civil  Engi- 
neering. 

M.  Kulshrestha,  A.  Srivastava,  C.  Venkobachar, 
and  S.  Ramaseshan. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  303-304,  1990.  2  fig,  1  ref. 

Descriptors:  'Future  planning,  *India,  •Upgrad- 
ing, *Wastewater  facilities,  'Wastewater  treat- 
ment, Activated  sludge  process,  Aeration,  Anaero- 
bic digestion,  Cost  analysis. 

The  phased  expansion  of  the  treatment  facility  for 
wastewater  produced  by  a  part  of  Kanpur  city  is 
described.  This  envisages  the  decentralization  of 
the  treatment  facility  by  locating  smaller  units  in 
different  locations  along  the  banks  of  the  Ganga 
(Ganges)  River.  The  spot  units  are  to  be  expanded 
in  a  phased  manner  to  consistant  with  financial 
resources.  The  treatment  facility  proposed  in  the 
initial  stages  is  the  less  capital  intensive  which  will 
be  converted  to  capital  intensive  activated  sludge 
unit  (ASU)  at  a  later  stage.  The  plan  for  the  energy 
intensive  EAAS  which  is  converted  at  a  later  time 
to  a  capital  intensive  ASU  with  a  provision  for 
sludge  treatment,  effects  a  deferred  capital  invest- 
ment. Two  EAAS  units  of  each  4  MLD  capacity 
ar  proposed  for  the  year  1991  and  an  additional 
EAAS  will  be  provided  for  second  stage  expansion 
in  2001  A.D.  For  the  year  2020,  two  EAAS  units 
of  4  MLD  each  would  be  converted  to  two  ASU 
units  to  handle  8  MLD  of  wastewater  each.  At  this 
stage  anaerobic  digestion  will  be  incorporated  to 
handle  excess  sludge  from  ASU  which  is  not  re- 
quired with  EAAS.  (Agostine-PTT) 
W9 1-04706 


DESIGN  OF  A  LOW  STRENGTH  SEWAGE 
TREATMENT  PLANT  IN  A  COLD  CLIMATE. 

Proctor  and  Redfern  Ltd.,  Don  Mills  (Ontario). 
B.  Evans,  J.  Kempa-Teper,  and  K.  Murphy. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  305-306,  1990.  3  tab. 

Descriptors:  'Activated  sludge  process,  'Canada, 
•Design  criteria,  'Upgrading,  'Wastewater  facili- 
ties, 'Wastewater  treatment,  Aeration,  Biodegra- 
dation,  Clarifiers,  Computer  programs,  Effluents, 
Hydraulic  loading,  Model  studies,  Nitrification, 
Seasonal  variation,  Secondary  wastewater  treat- 
ment, Sludge  drying,  Water  quality  standards. 

The  city  of  Ottawa,  the  Capital  of  Canada,  is 
currently  upgrading  the  primary  treatment  plant  to 
full  secondary  treatment  using  the  conventional 
activated  sludge  (CAS)  mode.  The  location  is 
unique,  having  long  winters  with  temperatures  reg- 
ularly below  -20  C  alternate  with  hot  summers  at 
30  C.  Lack  of  industrial  development  and  a  high 
standard  of  living,  coupled  with  significant  infiltra- 
tion, result  in  a  raw  wastewater  of  low  strength. 
The  expansion  was  required  because  of  new  strin- 
gent effluent  guidelines  which  were  lowered  from 
39/31  g/cu  m  (BOD,  SS)  to  15/15/1  g/cu  m 
(BOD,  SS,  Total  P).  In  order  to  achieve  these 
consistently  (on  a  monthly  average  basis)  it  was 
decided  to  use  the  CAS  mode  of  secondary  treat- 
ment. Two  key  operating  parameters  which  affect- 
ed design  were:  (1)  long  spring  runoff  with  low 
strength,  high  flow  and  cold  temperatures,  all  of 
which  can  create  a  potential  washout  problem;  and 
(2)  high  summer  temperatures  with  low  strength 
and  a  long  hydraulic  retention  time,  which  intro- 
duces the  potential  of  nitrification  and  its  attendant 
problems.  Six  operating  loads  and  flows  were  se- 
lected as  representative  of  the  potential  design  and 
operating  limits  of  the  plant.  These  scenarios  were 
tested  using  a  customized  sewage-treatment  plant 
design  model  (developed  in-house)  which  runs  on 
an  IBM-compatible  personal  computer  and  uses 
the  Lotus  1,2,3  software  package.  The  design  had 
to  include  sufficient  operational  flexibility,  standby 
and  redundancy  of  various  unit  operations  to  allow 
for  good  operation  in  the  above-mentioned  condi- 
tions. The  final  proposed  design  includes:  (1)  pri- 
mary clarifiers  (rectangular);  (2)  aeration  tanks 
(diffused  air);  (3)  secondary  clarifiers  (circular);  (4) 
digesters;  and  (5)  centrifuges  (dewatering  and 
thickening).  (Agostine-PTT) 
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INFLUENCE  OF  UPGRADING  OF  WASTE 
WATER  TREATMENT  PLANTS  ON  THE 
DESIGN  OF  AERATION  SYSTEMS. 

Suprafilt  G.m.b.H,  Bietigheim-Bissingen  (Germa- 
ny, F.R.). 

H.  J.  Schmidt-Holthausen. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  307-308,  1990. 

Descriptors:  'Aeration,  'Aerators,  'Design  crite- 
ria, 'Upgrading,  'Wastewater  facilities, 
'Wastewater  treatment,  Compressed  air,  Cost  anal- 
ysis, Energy  use  efficiency,  Future  planning,  Ger- 
many, Oxygen  demand,  Pumps. 

As  almost  80%  of  the  electric  energy  of  a  conven- 
tional wastewater  treatment  plant  is  consumed  by 
the  aeration  system,  it  is  of  utmost  importance  that 
such  system  be  designed  to  economically  meet  all 
future  requirements.  The  flexibility  of  a 
wastewater  aeration  system  depends  on  the  types 
of  aerators  involved.  As  mainly  fine  bubble  or 
surface  aerators  are  used,  the  following  conclu- 
sions will  be  restricted  to  these  types.  First,  a  good 
guess  should  be  made  as  far  as  the  future  air 
quantities  are  concerned.  The  future  oxygen 
demand  can  easily  be  calculated  on  the  basis  of  the 
stoichiometric  values.  The  air  compression  station, 
consisting  either  of  rotary  blowers  or  turbo-com- 
pressors, should  be  designed  such  that  additional 
aggregates  can  easily  be  installed.  It  is  advisable  to 
these  machines  as  flexible  as  possible;  they  should, 
for  example,  be  equipped  with  variable  speed 
motors.  The  compressors  should  be  of  the  same 
size  so  that  they  can  easily  replace  one  another. 
The  entire  air  piping  system  must  be  capable  of 
transporting  larger  air  quantities  at  a  later  time. 
Surface  aerators  can  only  change  their  oxygen- 
ation capacity  by  variation  of  circumferential 
speed  and  submergence.  Thus,  a  total  change  of 
the  aerators  would  be  necessary,  if  the  dimensions 
of  the  tanks  allow  this  without  a  negative  influence 
on  the  efficiency.  Certain  parameters  such  as  spe- 
cific energy  per  tank  volume,  tank  width  to  water 
depth  ratio  and  total  aerated  volume  must  be  con- 
sidered. It  can  be  seen  that  it  is  almost  impossible 
to  design  surface  aerators  to  later  meet  greater 
oxygen  demands.  (Agostine-PTT) 
W9 1-04708 


IMPROVEMENT  OF  WASTEWATER  TREAT- 
MENT PLANT  PROJECTS. 

Wyzsza      Szkola      Inzynierska,      Zielona      Gora 

(Poland). 

E.  S.  Kempa. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  309-310,  1990. 

Descriptors:  'Construction  costs,  'Poland, 
•Project  planning,  'Upgrading,  'Wastewater  fa- 
cilities, 'Wastewater  treatment,  Activated  sludge 
process,  Aeration,  Biodegradation,  Case  studies, 
Cost  analysis,  Diffusers. 

The  original  designs  of  three  Polish  wastewater- 
treatment  plants  were  found  to  be  both  too  costly 
and  too  complicated.  For  this  reason  modified 
project  plans  were  developed.  The  first  two  plants 
have  been  completed  and  have  worked  well  for  10 
or  more  years;  construction  of  the  third  will  start 
soon.  Plant  elements  of  the  modified  project  for 
plant  1,  a  plant  for  flax  retting  and  linen 
wastewaters,  were:  oil  separator,  screens,  grit 
chamber,  one  equalizer,  one  primary  settling  tank, 
two  aerated  ponds  of  earth  construction  working 
in  series,  one  secondary  settling  tank  for  activated 
sludge  recycling,  and  the  use  of  existing  ponds  as 
polishing  ponds.  The  modified  plan  for  plant  2,  for 
domestic  sewage  from  a  rural  area,  included: 
screens,  earth  lagoons  aerated  with  floating  aera- 
tors, and  having  a  detached  non-aerated  part  for 
solids  settling  and  for  self-acting  sludge  recircula- 
tion, and  aerobic  sludge  digestion  in  the  same 
lagoons.  The  modified  plan  for  plant  3,  for  munici- 
pal sewage  from  a  combined  sewer  system,  is  the 
same  as  for  plant  2,  with  the  addition  of  a  linear 
fine-bubble  diffuser  aeration  system.  The  construc- 
tion costs  of  these  plants  were  50  to  60%  of  those 
previously  calculated  for  the  unmodified  plans. 
(Agostine-PTT) 


WASTEWATER  TREATMENT  BY  SOIL  AB- 
SORPTION SYSTEMS. 

Technische    Univ.    Muenchen    (Germany,    F.R.). 

Lehrstuhl   und   Pruefamt   fuer   Wasserguetewirts- 

chaft  und  Gesundheitsingenieurwesen. 

T.  Ebers,  and  W.  Bischofsberger. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  311-312,  1990.  5  fig. 

Descriptors:  'Germany,  'Infiltration,  'Lysimeters, 
'Percolation,  'Soil  absorption  systems,  'Soil  dis- 
posal fields,  'Wastewater  treatment,  Aerobic  con- 
ditions, Anaerobic  conditions,  Groundwater  qual- 
ity, Hydraulic  loading,  Moisture  meters,  Nitrifica- 
tion, Nutrient  removal,  Septic  tanks,  Soil  proper- 
ties. 

In  the  Federal  Republic  of  Germany,  the  barely 
treated  wastewater  of  about  7  million  people  is 
percolated  into  the  soil.  Groundwater  quality  has 
now  become  a  major  concern,  and  the  effective- 
ness of  soil  infiltration  as  a  means  of  eliminating 
pollution  from  household  wastewater  is  being  in- 
vestigated. Experiments  with  six  laboratory  lysi- 
meters have  been  in  operation  for  two  years.  Three 
lysimeters  were  filled  with  slightly  silty  sand,  the 
other  three  with  fine  gravel  sand.  Initially  they 
were  loaded  with  mechanically  treated  wastewater 
from  a  municipal  treatment  plant  and  later  with 
effluent  from  a  septic  tank.  Hydraulic  loading 
varied  from  0.5  to  31  cm/d.  Results  showed  good 
efficiency  for  fine  gravel  sand  (aerobic  conditions) 
in  removal  of  BOD5  (98.0  to  99.2%),  COD  (88.0  to 
92.8%),  and  Kjeldahl  nitrogen  (90.0  to  91.3%). 
Slightly  silty  sand  (anaerobic  conditions)  showed 
the  best  results  in  elimination  of  phosphate  (86.0  to 
99.3%)  and  relatively  good  rates  were  achieved  for 
BOD5  (65.0  to  98.2%)  and  COD  (about  76%). 
Elimination  of  Kjeldahl  nitrogen  ranged  from  39.6 
to  68.4%.  The  results  for  the  two  soils  can  be 
summarized  as  follows:  (1)  Fine  gravel  sand-high 
hydraulic  loading  capacity  (aerobic  conditions), 
high  elimination  rates  for  BOD5,  COD,  ammoni- 
um by  nitrification  and  very  low  elimination  of 
total  phosphate;  (2)  slightly  silty  sand-low  hydrau- 
lic loading  capacity  and,  despite  this,  anaerobic 
conditions;  high  elimination  rates  of  BOD5  and 
barely  inferior  elimination  rates  of  COD  in  com- 
parison to  fine  gravel  sand;  low  elimination  rates  of 
ammonium,  very  high  elimination  rates  of  total 
phosphate.  (Author's  abstract) 
W91-04710 


SUBSOIL  PERCOLATION  OF  SEWAGE:  PURI- 
FICATION EFFICIENCY  OF  UNSATURATED 
ZONE  AND  MASS  BALANCE  OF  ORGANIC 
LOAD. 

Technische    Univ.    Muenchen    (Germany,    F.R.). 

Lehrstuhl   und   Pruefamt   fuer   Wasserguetewirts- 

chaft  und  Gesundheitsingenieurwesen. 

S.  Rettinger,  and  W.  Bischofsberger. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  313-315,  1990.  3  fig,  2  ref. 

Descriptors:  'Aeration  zone,  'Fate  of  pollutants, 
•Mass  balance,  'Organic  loading,  *Path  of  pollut- 
ants, 'Percolation,  'Soil  disposal  fields, 
•Wastewater  treatment,  Biodegradation,  Carbon, 
Heavy  metals,  Infiltration,  Phosphorus,  Seepage. 

Special  attention  is  being  paid  to  the  unsaturated 
zone  because  of  its  purification  efficiency  on  dis- 
charges from  septic  tanks,  leaking  sewers,  and 
seepage  from  agricultural  lands.  Since  knowledge 
of  quantitative  effects  and  removal  processes  is 
poor,  investigations  were  conducted  using  lysi- 
meters and  a  full-scale  soil-disposal  system.  The 
variation  of  soil  water  composition  below  sewage 
infiltration  and  natural  rainwater  percolation  is 
very  similar  in  DOC,  ammonia-nitrogen,  phospho- 
rus and  some  heavy  metals,  but  not  in  oxidized 
nitrogen.  The  removal  and  decomposition  of  these 
constituents  happens  within  the  short  distance  of 
approximately  1  meter.  The  subsoil  infiltration  of 
sewage  into  unsaturated  gravel  leads  to  biological 
growth,  causing  the  decomposition  of  organic 
carbon.  This  depends  on  the  organic  load,  soil 
temperature  and  oxygen  supply  and  is  proved  by 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5D — Waste  Treatment  Processes 


high  partial  pressures  of  C02  below  the  distribu- 
tion pipe.  The  rate  of  diffusion  for  02  and  C02, 
directly  depending  on  the  soil  water  content  may 
be  the  limiting  factor  for  biological  decomposition. 
The  variation  of  seepage-water  constituents  and 
mass  balances  and  other  data  suggest  the  possibility 
of  upgrading  soil  disposal  systems  to  minimize  soil 
and  groundwater  pollution.  (Agostine-PTT) 
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REAL-TIME  BIOLOGICAL  PROCESS  OPTIMI- 
ZATION USING  OFF-LINE  AND  ON-LINE 
MONITORING. 

CH2M  Hill,  Emeryville,  CA. 

J.  Buttz,  G.  Daigger,  and  M.  Robbins. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  7/8,  p  317-318,  1990.  3  fig. 

Descriptors:  'Biological  wastewater  treatment, 
•Monitoring,  'Optimization,  'Process  control, 
•Wastewater  facilities,  'Wastewater  treatment, 
Activated  sludge  process,  Dye  releases,  Mathemat- 
ical studies,  Oxygen. 

Beginning  in  early  1989,  a  series  of  special  investi- 
gations at  the  Upper  Occoquan  Sewage  Authority 
Regional  Water  Reclamation  Plant  were  initiated 
to  better  characterize  and  optimize  the  perform- 
ance of  new  secondary  treatment  facilities.  Includ- 
ed in  the  investigation  were:  (1)  flow  pattern  dye 
testing  of  secondary  and  chemical  clarifiers;  (2) 
characterization  of  aerobic  selector  performance; 
(3)  stress  testing  of  secondary  clarifier  solids  re- 
moval; (4)  on-line  monitoring  of  the  activated 
sludge  treatment  system,  and  (5)  oxygen  transfer 
efficiency  testing  of  two  aeration  systems.  The 
aerobic  selector  performed  well  in  optimizing  the 
settleability  of  the  activated  sludge.  Substrate  stor- 
age, not  oxidation,  was  seen  as  the  primary  remov- 
al mechanism.  Dye  testing  revealed  good  perform- 
ance of  mid-radius  and  horizontal  weir  baffles  in 
optimizing  clarifier  performance.  On-line  sludge 
monitoring  revealed  diurnal  variations  in  recycled 
activated  sludge  solids  concentrations.  These  vari- 
ations should  be  considered  in  calculating  waste 
sludge  amounts.  A  direct  effect  between  influent 
flow  rates  and  secondary  effluent  suspended  solids 
was  seen  in  the  on-line  data.  Depressed  dissolved 
oxygen  levels  were  linked  by  on-line  monitoring  to 
elevated  effluent  ammonia  levels.  Secondary  proc- 
ess ammonia  removal  was  optimized  by  maintain- 
ing DO  concentrations  at  2  mg/L  or  above.  (Agos- 
tine-PTT) 
W91-04712 


METAL  REMOVAL  BY  WASTE  BIOMASS  TO 
UPGRADE  WASTEWATER  TREATMENT 
PLANTS. 

Indian  Inst,  of  Tech.,  Kanpur.  Dept.  of  Civil  Engi- 
neering. 

C.  Venkobachar. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  7/8,  p  319-320,  1990.  3  fig. 

Descriptors:  'Biological  wastewater  treatment, 
•Biomass,  'Heavy  metals,  'Upgrading, 
'Wastewater  facilities,  'Wastewater  treatment, 
Activated  sludge  process,  Chromium,  Copper, 
Fungi,  Industrial  wastewater,  Pretreatment  of 
wastewater,  Titration,  Water  quality  standards. 

Bipsorption  as  a  pretreatment  was  evaluated  for  its 
ability  to  remove  heavy  metals  from  electroplating 
and  chrome  tannery  effluents,  before  these  are 
mixed  with  domestic  wastewater  for  biological 
waste  treatment.  The  biosorptive  capacities  of 
Cu(II)  and  Cr(VI)  by  waste  biomass,  such  as 
excess  sludge  from  an  activated  sludge  unit,  Gano- 
derma  lucidum,  (a  wood-rotting  fungus),  and 
Asperigillus  niger  from  the  fermentation  industry, 
were  evaluated.  The  biosorbents  were  sun-dried 
and  pulverized  to  a  mean  size  of  100  microns.  The 
ability  of  biosorbents  to  absorb  Cu(II)  at  different 
pH  values  was  determined.  The  protons  released 
during  sorption  by  fungus  were  estimated  by  back- 
titrating  the  reaction  mixture  to  the  original  pH. 
Results  indicate  the  optimum  pH  for  removal  of 
Cu(II)  is  5.0.  G.  lucidum  exhibited  rapid  and  more 
sorptive  capacity  for  Cu(II)  than  sludge  or  A. 
niger.  Cu(II)  removal  is  by  ion  exchange  and 
Cr(VI)  removal  by  electrostatic  attraction  by  the 
fungus.  (Agostine-PTT) 
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EFFECT  ON  MINERAL  MEDIA  ON  TRICH- 
LOROETHYLENE  OXIDATION  BY  AQUIFER 
METHANOTROPHS. 

Stanford  Univ.,  CA.  Dept.  of  Environmental  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
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TRANSFORMATION  OF  INDOLE  BY  METH- 
ANOGENIC  AND  SULFATE-REDUCING 
MICROORGANISMS  ISOLATED  FROM  DI- 
GESTED SLUDGE. 

Pennsylvania  State  Univ.,  University  Park.  Lab.  of 
Soil  Biochemistry. 

For  primary  bibliographic  entry  see  Field  5G. 
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RETROSPECTIVE  COHORT  MORTALITY 
STUDY  OF  CANCER  AMONG  SEWAGE 
PLANT  WORKERS. 

State  Univ.  of  New  York  at  Buffalo.  School  of 

Medicine. 

J.  Lafleur,  and  J.  E.  Vena. 

American  Journal  of  Industrial  Medicine  AJIMD8, 

Vol.  19,  No.  1,  p  75-96,  1990.  5  tab,  33  ref. 

Descriptors:  'Cancer,  'Carcinogens,  'Human  dis- 
eases, 'Wastewater  facilities,  Cancer  risk,  Chemi- 
cal sludge,  Chemical  wastewater,  Chemicals,  Mor- 
tality, Occupations,  Wastewater. 

There  is  little  known  about  the  incidence  of  cancer 
among  sewage  workers.  Findings  from  a  retrospec- 
tive cohort  study  of  487  white  male  sewer  author- 
ity workers  employed  between  January  1950  and 
October  1979  were  examined.  Vital  status  was 
ascertained  for  93%  of  the  cohort  yielding  a  total 
of  6886  person  years.  Total  mortality  from  all 
causes  was  comparable  to  that  of  the  general  white 
male  U.S.  population.  The  cohort  was  subdivided 
into  those  not  exposed,  and  sewer  workers  who 
were  exposed  to  sewage  effluent,  sludge,  or 
wastewater  containing  chemicals  including  poten- 
tial carcinogens.  Among  the  nonexposed  group, 
mortality  from  all  causes  was  significantly  low. 
Among  the  exposed  sewer  workers,  mortality  from 
all  causes  was  not  significantly  different  from  that 
of  the  general  white  male  U.S.  population.  Mortali- 
ty from  all  cancers  among  exposed  sewer  workers 
was  slightly  higher  than  that  of  the  general  popula- 
tion. Statistically  significant  elevated  mortality 
ratios  were  seen  for  cancer  of  the  larynx  and 
cancer  of  the  liver.  Careful  study  of  the  medical 
and  occupational  histories  of  these  cases  suggested 
that  larynx  cancer  was  possibly  work-related, 
while  liver  cancer  was  not.  A  group  estimated  to 
be  the  highest  exposed,  composed  predominantly 
of  operatives,  had  a  higher  directly  adjusted  death 
rate  from  all  malignant  neoplasms  combined  com- 
pared to  all  other  workers.  These  findings  of  in- 
creased risk  of  cancer  among  exposed  sewage 
workers,  especially  operators,  are  based  on  a  small 
number  of  cases  and  should  be  interpreted  with 
caution.  Studies  of  larger  cohorts  are  needed  to 
clarify  the  risk  of  these  cancers  among  sewage 
workers.  (Author's  abstract) 
W9 1-04754 


THEORY   AND   PERFORMANCE  OF  A  JET- 
MIXED  SEPARATOR. 

Miyazaki  Univ.  (Japan).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04757 


WASTE  WATER  TREATMENT  USING  SALINE 
CULTURES  OF  MICROALGAE. 

Chile  Univ.,  Santiago.  Dept.  de  Fisica. 
J.  Toha,  M.  A.  Soto,  and  X.  Cuadros. 
Biotechnology  Techniques  BTECE6,  Vol.  4,  No. 
6,  p  441-444,  November/December  1990.  3  fig,  2 
ref. 

Descriptors:  'Algae,  'Biological  wastewater  treat- 
ment, 'Saline  water,  'Wastewater  treatment, 
Algae  harvesting.  Algal  control,  Disinfection,  Hy- 
drogen ion  concentration,  Seawater. 


A  salt  concentration  over  1%  is  harmful  to  many 
bacteria.  Nevertheless,  there  are  marine  bacteria 
found  in  the  Dead  Sea  and  other  places  where 
salinity  reaches  29%.  Studies  on  stabilization  ponds 
used  to  treat  wastewater  show  that  the  most  proba- 
ble cause  of  microbial  mortality  in  these  ponds  is 
the  pH  increase  caused  by  the  development  of 
microalgae  and  its  active  photosynthesis.  A  pH  of 
over  9  drastically  reduces  the  presence  of  bacteria 
in  water.  The  treatment  of  wastewater  in  places 
near  the  ocean  was  analyzed.  A  combination  of  sea 
water  salinity  obtained  from  a  mixture  of 
wastewater  and  sea  water  and  the  action  of  mi- 
croalgae cultures  able  to  grow  in  a  saline  medium, 
inducing  a  high  pH,  was  examined.  The  survival  of 
Escherichia  coli  C  at  different  NaCl  concentra- 
tions, with  and  without  the  presence  of  Dunaliella 
or  Aphanotace  algae  was  studied.  In  this  system, 
the  cooperative  action  of  salinity  and  high  pH  on 
bacterial  damage  and  the  possible  practical  use  of 
alga  biomass  and  its  by-products  for  industrial  uses 
was  taken  advantage  of.  From  the  results,  the 
microbial  mortality  observed  in  algae  cultures  can 
be  attributed  principally  to  changes  in  the  pH.  If  a 
high  pH  is  critical  for  the  efficient  operation  of 
stabilization  ponds,  this  condition  can  be  acceler- 
ated by  a  rapid  increase  of  the  algae  population  in 
the  stabilization  pond,  by  means  of  an  algae  trans- 
fer from  another  complementary  well-populated 
culture.  In  this  process,  Dunaliella  were  bred  in 
optimum  conditions  in  a  first  pond.  The  microalgae 
were  concentrated  in  the  tank  overnight  via  light 
attraction.  In  the  morning,  the  concentrated  alga, 
suspended  in  saline  water  were  poured  into  the 
wastewater  pond  in  which,  in  the  course  of  the 
day,  the  abundant  active  alga  promote  a  rapid 
increase  of  the  pH.  At  night,  or  on  the  following 
night  after  the  wastewater  treatment  has  been  car- 
ried out,  the  algae  are  recovered  in  the  intermedi- 
ate tank  again  using  the  light  as  attractor.  The  next 
morning  the  algae  are  poured  into  the  original 
algae  growing  pond  where  breeding  continues 
while  the  treated  wastewater  is  drained  from  the 
other  pond.  (Mertz-PTT) 
W9 1-04762 


EFFECT  OF  OXIDANTS  ON  UV  DESTRUC- 
TION OF  CHLOROPHENOLS. 

National  Taiwan  Inst,  of  Tech.,  Taipei.  Dept.  of 

Chemical  Engineering. 

Y.  Ku,  and  S.  C.  Ho. 

Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 

p  218-221,  November  1990.  10  fig,  1  tab,  10  ref. 

Energy  Committee-Ministry  of  Economic  Affairs, 

Republic  of  China  contract  782T1. 

Descriptors:  'Biological  wastewater  treatment, 
'Halogenated  hydrocarbons,  'Ultraviolet  radi- 
ation, 'Wastewater  treatment,  Biodegradation, 
Dissolved  oxygen,  Hydrogen  ion  concentration, 
Oxidation,  Phenols. 

Halogenated  aromatics  which  are  often  present  in 
industrial  wastewaters,  are  very  difficult  to  remove 
by  conventional  biological  treatment  processes  be- 
cause many  of  them  are  resistant  to  biodegrada- 
tion. Various  physicochemical  techniques  have 
been  developed  for  the  removal  of  halogenated 
aromatics  from  wastewaters.  Ultraviolet  treatment 
application  for  the  destruction  of  nonbiodegrada- 
ble chlorophenols  with  the  presence  of  different 
oxidants  was  examined.  The  experiments  were  car- 
ried out  in  a  batch  photoreactor  under  various  pH, 
dissolved  oxygen  time,  and  oxidant  types  and  con- 
centrations. Experimental  results  indicate  that  the 
dissolved  oxygen  levels  have  little  effect  on  the 
destruction  of  chlorophenols  by  ultraviolet  irradia- 
tion. The  presence  of  some  oxidants  (for  example, 
H202)  significantly  increased  the  destruction  effi- 
ciencies of  chlorophenols  by  ultraviolet  treatment. 
For  the  ultraviolet/H202  process,  the  rate  expres- 
sion was  developed  empirically  and  found  to  be 
pseudo-first  order  with  respect  to  the  concentra- 
tion of  phenols.  Proper  reactor  design  is  essential 
to  the  successful  application  of  ultraviolet/oxidant 
treatment.  (Mertz-PTT) 
W9 1-04766 
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HOMOGENEOUSLY  CATALYZED  OXIDA- 
TION FOR  THE  DESTRUCTION  OF  AQUE- 
OUS ORGANIC  WASTES. 

Tulsa  Univ.,  OK.  Dept.  of  Chemical  Engineering. 
D.  D.  Leavitt,  J.  S.  Horbath,  and  M.  S.  Abraham. 
Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 
p  222-228  ,  November  1990.  10  fig,  5  tab,  9  ref. 

Descriptors:  'Industrial  wastewater,  'Organic 
compounds,  'Oxidation,  'Wastewater  treatment, 
Acids,  Ammonium,  Atrazine,  Carbon  dioxide, 
Heavy  metals,  Kinetics,  Metal  complexes. 

Oxidation  of  organic  materials  to  C02  and  water 
provides  a  suitable  means  of  reducing  the  toxicity 
of  many  waste  products.  These  wastes  may  be 
present  in  water,  solids,  or  in  air,  typically  as 
complicated  mixtures  of  many  components  within 
a  solvent  stream.  Several  organic  species,  specifi- 
cally atrazine,  2,4-dichlorophenoxyacetic  acid,  and 
biphenyl,  were  converted  to  C02  and  other  non- 
harmful  gases  through  oxidation  catalyzed  by  inor- 
ganic acid.  Nearly  complete  conversion  was  ob- 
tained through  homogeneous  liquid-phase  oxida- 
tion with  ammonium  nitrate.  The  kinetics  of  reac- 
tion have  been  investigated  and  indicate  parallel 
oxidation  and  thermal  degradation  of  the  oxidant. 
This  results  in  a  maximum  conversion  at  an  inter- 
mediate temperature.  Increasing  oxidant  concen- 
tration accelerates  the  rate  of  conversion  and  shifts 
the  location  of  the  optimum  temperature.  Reaction 
at  varying  acid  concentration  revealed  that  con- 
version increased  with  an  approximately  linear  re- 
lationship as  the  pH  of  the  solution  was  increased. 
Conversion  was  increased  to  greater  than  99% 
through  the  addition  of  small  amounts  of  transition 
metal  salts  demonstrating  the  suitability  of  a  treat- 
ment process  based  on  this  technology  for  wastes- 
treams  containing  small  quantities  of  heavy  metals. 
(Mertz-PTT) 
W9 1-04767 


HETEROGENEOUS  PHOTOCATALYSIS  FOR 
WATER  PURIFICATION:  CONTAMINANT 
MINERALIZATION  KINETICS  AND  ELEMEN- 
TARY REACTOR  ANALYSIS. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Chemical  Engineering. 

D.  F.  Ollis,  and  C.  Turchi. 

Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 

p  229-234,  November  1990.  8  fig,  15  ref. 

Descriptors:  'Industrial  wastewater,  'Photolysis, 
'Wastewater  treatment,  Destructive  technologies, 
Ozonation,  Peroxidation,  Photocatalysis,  Ultravio- 
let radiation. 

The  environmental  pressures  of  the  decade  have 
produced  a  technology  development  trend  in 
wastewater  treatment  which  is  away  from  phase 
transfer  approaches  and  toward  destructive  tech- 
nologies. Two  desirable  goals  are  accomplished  by 
such  technologies:  the  resultant  water  is  decon- 
taminated so  that  it  may  be  discharged  in  suitable 
fashion,  and  the  potential  liability  arising  from  the 
original  contaminant  is  destroyed.  Heterogeneous 
photocatalysis  is  the  third  and  newest  of  a  emerg- 
ing series  of  photolytic  technologies  for  treatment 
and  purification.  Ultraviolet  ozonation  and  ultra- 
violet peroxidation  are  technologies  that  involve 
direct  photoactivation  of  the  contaminant  and/or 
dissolved  oxidant  and  are  dominated  by  solution 
phase  chemistry.  Photocatalysis,  in  contrast,  in- 
volves photoactivation  of  the  heterogeneous  cata- 
lyst (an  example  of  indirect  photochemical  proc- 
esses) and  is  dominated  by  reaction  events  initiated 
at  the  catalyst  surface.  Heterogeneous  photocataly- 
sis has  been  extended  recently  to  examine  more 
closely  the  relevance  of  kinetic  and  reactor  design 
to  situations  of  particular  interest  for  oxidative 
destruction  of  water  contaminants.  These  situations 
include:  prediction  of  the  entire  time  course  of  a 
reaction;  demonstration  that  rate  parameters  de- 
rived from  examination  of  single  compound  photo- 
catalyzed  conversions  can  be  used  to  provide  rea- 
sonable estimates  of  reactor  performance  while 
operating  with  multicomponent  feed  streams;  dem- 
onstration that  reasonably  simple  design  equations 
can  be  used  to  describe  photoreactors  with  a  varie- 
ty of  flow  fields  and  various  degrees  of  axial  and 
lateral  mixing;  and  demonstration  that  such  equa- 
tions could  be  extended  to  describe  multiple  kinds 


of  photoinitiated  chemistry  to  predict  the  relative 
importance   of  the   various    photochemistries   to 
overall  reactor  performance.  (Mertz-PTT) 
W9 1-04768 


ELECTROSORPTION:  A  CASE  STUDY  ON  RE- 
MOVAL OF  DILUTE  ORGANICS  FROM 
WATER. 

Union  Carbide  Chemicals  and  Plastics  Co.,  Inc., 
South  Charleston,  WV.  Technical  Center. 
R.  S.  Eisinger,  and  G.  E.  Keller. 
Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 
p  235-244,  November   1990.  7  fig,  4  tab,   12  ref. 

Descriptors:  'Electrosorption,  'Organic  com- 
pounds, 'Saline  water,  'Wastewater  treatment, 
Adsorption,  Desorption. 

One  of  the  more  difficult  and  expensive  chemical 
separations  faced  in  the  chemical  industry  is  re- 
moval of  organics  from  salt-containing  solutions. 
The  separation  can  be  accomplished  by  first  sepa- 
rating the  liquid  phase  from  the  salt,  as  by  evapora- 
tion or  recrystallization.  However,  this  step  is 
energy-intensive  and  expensive,  and  is  especially 
difficult  to  justify  when  relatively  low  concentra- 
tions of  organics  must  be  removed  from  solution. 
Electrosorption,  or  potential-swing  adsorption,  ap- 
pears well-suited  for  recovery  of  dilute  organic 
compounds  from  ionically  conductive  solutions. 
The  feasibility  of  using  electrosorption  in  an  indus- 
trially difficult  separation,  removal  of  ethylenea- 
mines  from  a  brine  stream,  was  assessed.  The  as- 
sessment included  lab-scale  measurements  using 
the  model  compound  ethylenediamine,  paper 
design  of  a  commercial-scale  process,  and  econom- 
ic evaluation.  Separation  is  achieved  by  periodical- 
ly swinging  the  electrochemical  potential  on  an 
adsorbent  to  achieve  cycles  of  adsorption  and  de- 
sorption. Adsorption  of  ethylenediamine  on  acti- 
vated carbon  increased  threefold  following  a 
change  in  potential  of  1  volt.  Adsorption  increased 
at  more  negative  potential,  suggesting  an  acid/ 
base-type  effect  at  the  carbon  surface.  The  key  to 
scale-up  is  use  of  relatively  thin  adsorbent  beds  to 
minimize  time  required  to  swing  the  potential.  A 
design  featuring  stacked,  2-cm-thick  layers  of  ad- 
sorbent separated  by  ion  exchange  membranes  is 
proposed.  The  estimated  cost  of  a  electrosorption- 
based  process  to  reduce  ethyleneamines  concentra- 
tion from  220  parts  per  million  to  less  than  60  parts 
per  million  would  be  several  fold  the  value  of 
recovered  ethyleneamine.  However,  when  em- 
ployed for  environmental  reasons,  cleanup  by  elec- 
trosorption would  be  economically  attractive  rela- 
tive to  alternate  separation  techniques.  (Mertz- 
PTT) 
W9 1-04769 


USE  OF  PERVAPORATION  FOR  THE  RE- 
MOVAL OF  ORGANIC  CONTAMINANTS 
FROM  WATER. 

Zenon  Environmental,  Inc.,  Burlington  (Ontario). 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04771 


TREATMENT  OF  ORGANIC-CONTAMINAT- 
ED WASTEWATER  STREAMS  BY  PERVAPOR- 
ATION. 

Membrane  Technology  and  Research,  Inc.,  Menlo 

Park,  CA. 

J.  G.  Wijmans,  J.  Kaschemekat,  J.  E.  Davidson, 

and  R.  W.  Baker. 

Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 

p  262-268,  November  1990.   10  fig,  3  tab,  6  ref. 

Descriptors:  'Industrial  wastewater,  'Membrane 
filters,  'Pervaporation,  'Solvents,  'Wastewater 
treatment,  Hazardous  materials,  Hydrophobic 
compounds,  Industrial  wastes,  Organic  com- 
pounds, Separation  techniques,  Solvent  recovery, 
Volatile  organic  compounds. 

Pervaporation  is  a  membrane  process  in  which  a 
permselective  membrane  is  used  to  separate  mix- 
tures of  dissolved  solvents.  The  removal  and  re- 
covery of  organic  contaminants  from  aqueous 
streams  by  pervaporation  membrane  systems  is  a 
viable  and  economical  treatment  for  many  waste 
streams.  Three  broad  areas  of  industrial  application 


have  been  identified  as  good  opportunities  for  the 
technology:  pollution  control  of  dilute  solutions  of 
hydrophobic  solvents;  solvent  recovery  from  proc- 
ess wastewaters;  and  volume  reduction  of  mixed- 
solvent  hazardous  waste  streams.  The  process  is 
particularly  suited  to  the  treatment  of  water  con- 
taining relatively  hydrophobic  volatile  organics 
such  as  chlorinated  solvents,  naphthas,  toluene, 
benzene  and  the  like.  Industrial  demonstration  of 
the  technology  is  underway.  (Mertz-PTT) 
W9 1-04772 


FEASIBILITY  OF  USING  ALGINATE  TO 
ABSORB  DISSOLVED  COPPER  FROM  AQUE- 
OUS MEDIA. 

California    State    Univ.,    Long    Beach.    Dept.    of 

Chemical  Engineering. 

L.  K.  Jang,  W.  Brand,  M.  Resong,  W.  Mainieri, 

and  G.  G.  Geesey. 

Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 

p  269-274,  November  1990.  6  fig,  2  tab,  17  ref. 

NSF  grants  CBT-8721943  and  ECE-8701462. 

Descriptors:  'Alginate,  'Copper,  'Heavy  metals, 
'Industrial  wastewater,  'Wastewater  treatment, 
Absorption,  EDTA,  Fluidized  bed  process,  Ion 
exchange,  Metals. 

Alginate  (a  biopolymer  from  kelp  and  some  bacte- 
rial strains)  is  known  to  absorb  copper  favorably  in 
the  presence  of  other  cations.  The  feasibility  of 
using  a  2-liter  batch  three-phase  (air/liquid/algi- 
nate  gel)  loop  fluidized  bed  reactor  to  polish  water 
containing  10-150  parts  per  million  (ppm)  dissolved 
copper  was  investigated.  Three  methods  were 
tested:  (1)  Calcium  alginate  spheres,  prepared  by 
dispensing  sodium  alginate  (3.2  %  by  weight  in 
water)  into  a  0.5  molar  calcium  nitrate  solution, 
were  used  as  the  absorbent;  (2)  the  alginate  spheres 
were  formed  in  situ  by  dispensing  the  sodium 
alginate  solution  direction  into  the  reactor  fluid, 
and  (3)  procedures  for  experiment  2  were  used 
except  that  a  trace  amount  of  EDTA  was  added  to 
the  alginate  solution.  Batch  absorption  data 
showed  that  the  third  method  (using  the  EDTA) 
yielded  the  best  result;  the  concentration  of  dis- 
solved copper  was  successfully  reduced  from  140 
ppm  to  10  ppm  with  3.2  g  sodium  alginate  and  0.2 
g  EDTA  used.  However,  when  the  initial  concen- 
tration was  below  40  ppm,  both  the  second  and 
third  methods  were  not  recommended  because  the 
concentration  of  dissolved  copper  was  too  low  to 
allow  in  situ  formation  of  alginate  spheres.  Method 
1  was  found  to  be  useful  for  treating  water  contain- 
ing 10  ppm  dissolved  copper  but  the  competition 
from  calcium  seriously  affected  the  effective  ca- 
pacity of  the  alginate  for  copper.  The  rate  of 
absorption  can  roughly  be  described  by  the  classi- 
cal shell  progressive  model  of  reactive  ion  ex- 
change. (Mertz-PTT) 
W9 1-04773 


PASSIVE  TREATMENT  TECHNOLOGY 
CLEANS  UP  COLORADO  MINING  WASTE. 

Camp,  Dresser  and  McKee,  Inc.,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  5G. 
W91-04813 


TURKEY     CONFRONTS     POLLUTION     OF 
IZMIR  BAY. 

Black  and  Veatch,  Kansas  City,  MO. 

For   primary   bibliographic   entry   see  Field   5G. 

W91-04814 


DESIGN  OF  A  CHLORINATION/DECHLOR- 
INATION  AND  POST-AERATION  FACILITY. 

Kidde  Consultants,  Baltimore,  MD. 

N.  A.  Berman. 

Water    Environment    &   Technology    WAETEJ, 

Vol.  2,  No.  12,  p  24,  26-27,  December  1990. 

Descriptors:  'Chesapeake  Bay,  'Chlorination,  'In- 
dustrial water,  'Maryland,  'Wastewater  facilities, 
'Wastewater  treatment,  'Water  reuse,  Aeration, 
Dechlorination,  Disinfection,  Gravity  flow,  Water 
quality. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5D— Waste  Treatment  Processes 


The  Back  River  (Maryland)  Wastewater  Treat- 
ment Plant's  new  chlorination/dechlorination  and 
post-aeration  facility  is  helping  to  improve  water 
quality  in  the  Chesapeake  Bay.  Although  this  oper- 
ation is  similar  in  configuration  to  most  chlorina- 
tion/dechlorination facilities,  it  is  atypical  in  two 
main  aspects.  The  first  is  the  facility's  exceptional 
size,  which  is  required  to  process  an  average  flow 
of  170  million  gallons  per  day.  The  second  is  the 
distribution  pattern,  which  provides  up  to  120  mil- 
lion gallons  per  day  of  chlorinated  wastewater  to 
Bethlehem  Steel  Corporation  in  Baltimore  County, 
Maryland.  The  disinfection  building  contains  the 
chlorination/dechlorination  equipment,  air  pad- 
ding, process  control,  and  flushing-water  systems. 
The  chlorination  system  is  composed  of  four 
10,000-pound/day  evaporators  and  chlorinators, 
each  capable  of  producing  a  15-mg/L  chlorine 
solution  at  310  gallon/minute.  This  system's  flexi- 
ble design  simultaneously  provides  chlorine  solu- 
tion at  various  dosage  to  the  chlorination  tanks' 
mixing  bay,  the  Bethlehem  Steel  Corporation 
pump  station,  and  the  aeration  basins.  To  achieve 
the  discharge  dissolved  oxygen  requirement  of  5 
mg/L,  project  planners  considered  fine  and  coarse 
bubble  diffusers  and  static  mechanical  aerators 
before  settling  on  step  aeration.  The  final  design  is 
a  5-step,  1 80-foot  gravity  cascade  structure,  which 
eliminated  the  planned  supplemental  mechanical 
aeration  system.  One  of  the  most  distinctive  fea- 
tures of  the  chlorination/dechlorination  facility  is 
the  Bethlehem  Steel  Corporation  pump  station. 
Because  of  the  location  of  the  chlorination/dech- 
lorination and  post-aeration  facility,  which  is  lower 
in  elevation  than  existing  facilities,  a  lift  box  or 
pumping  station  was  required  to  meet  the  mini- 
mum flow  requirements.  Using  gravity,  gravity 
enhanced  by  pumping,  or  both,  a  configuration  of 
pipes  and  valves  permits  delivery  of  chlorinated 
effluent  for  use  as  industrial  water.  (Mertz-PTT) 
W91-04815 


BILATERAL  WASTEWATER  LAND  TREAT- 
MENT RESEARCH. 

Robert    S.    Kerr   Environmental    Research    Lab., 

Ada,  OK. 

L.  E.  Leach,  B.  E.  Bledsoe,  D.  Zhen-Bo,  and  W. 

Shao-Tang. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.  12,  p  36-41,  December  1990.  1  fig,  3 

tab. 

Descriptors:  'China,  'Infiltration,  'Land  treat- 
ment, 'Wastewater  treatment,  'Water  pollution 
prevention,  'Water  reuse,  Environmental  effects, 
Industrial  water,  Land  disposal,  Research,  Urban 
areas,  Water  pollution,  Water  shortage,  Wetlands. 

Industrial  and  economic  development  has  been 
occurring  so  fast  in  China  that  severe  imbalance  in 
the  available  water  supply,  water  use,  and 
wastewater  treatment  has  occurred  in  many  areas. 
Far  more  attention  is  now  being  paid  to  finding 
solutions  for  environmental  pollution  throughout 
China,  particularly  in  water-short  metropolitan  re- 
gions such  as  Beijing.  A  variety  of  methods  is 
needed  to  solve  the  problems  of  water  shortage 
and  water  pollution  control  in  the  Beijing  region. 
The  success  of  the  bilateral  land  treatment  research 
studies  has  prompted  Chinese  environmental  offi- 
cials to  endorse  land  treatment  technology  for 
universal  application  throughout  China.  Short- 
term  demonstration  studies  initiated  in  1988  investi- 
gated eight  key  projects  located  in  five  provinces. 
These  include  a  fast-track  evaluation  of  rapid  infil- 
tration, slow  rate,  overland  flow,  and  constructed 
wetland  systems.  The  treatment  evaluations  were 
targeted  for  completion  by  the  end  of  1990.  These 
eight  key  projects  provided  operating  and  design 
variables  for  full-scale  systems  tailored  to  the 
unique  environmental  and  agricultural  limitations 
of  their  various  geographic  localities.  Construction 
of  full-scale  systems  is  slated  for  1991.  (Mertz- 
PTT) 
W91-04816 


Descriptors:  'Cleanup,  'Nonpoint  pollution 
sources,  'Taiwan,  'Tamshui  River,  'Wastewater 
treatment,  'Water  pollution  control,  'Water  pollu- 
tion sources,  'Water  quality  control,  Environmen- 
tal protection,  Incineration,  Industrial  wastewater, 
Landfills,  Municipal  wastewater,  Wastewater  fa- 
cilities, Water  pollution,  Water  quality,  Water 
quality  management,  Water  treatment. 

The  Tamshui  River  Basin,  situated  in  the  northern 
part  of  Taiwan,  comprises  the  city  of  Taipei,  its 
surrounding  highly  urbanized  areas,  and  mountain- 
ous upland.  The  basin  has  an  area  of  2726  sq  km 
and  a  population  of  over  5  million.  The  Tamshui  is 
the  second  largest  river  system  on  the  island  with 
an  average  annual  flow  of  6592  million  cu  m.  As  a 
result  of  high  population  concentration  and  inten- 
sive industrial  and  agricultural  development  in  the 
basin,  the  water  quality  of  the  river  system  has 
been  severely  affected,  especially  in  the  dry,  warm 
summer  months.  The  main  point  sources  of  water 
pollution  are  5,486,000  people,  420,000  pigs,  and 
782  factories  with  a  liquid  effluent  containing  10 
kg/day  of  biological  oxygen  demand  or  more.  In 
1988,  the  government  initiated  a  comprehensive 
scheme  to  clean  up  the  river  system.  One  major 
obstacle  for  such  a  cleanup  effort  was  the  grossly 
underdeveloped  public  wastewater  facilities.  Cur- 
rent water-quality  goal  for  the  cleanup  scheme  is 
to  eliminate  odor  nuisance  by  1991  and  to  achieve 
water  quality  levels  in  compliance  with  the  water 
quality  standards  of  the  designated  river  classifica- 
tions by  1995.  Because  household  wastewater  is 
the  chief  source  of  pollution,  sewer  and 
wastewater  facility  construction  is  to  be  undertak- 
en at  an  accelerated  pace.  For  wastewater  from 
industries  and  pig  farms,  a  two-prong  abatement 
approach  will  be  used.  The  environmental  protec- 
tion agencies  will  intensify  compliance  monitoring 
of  effluent  discharges  and  the  agencies  concerned 
with  industrial  and  agricultural  development  will 
provide  technical  assistance.  For  the  elimination  of 
floating  solid  wastes,  two  regional  incinerators  and 
several  regional  sanitary  landfill  sites  will  be  devel- 
oped. In  addition,  land  adjacent  to  the  river  banks 
will  be  developed  into  parks,  walkways,  and  other 
recreational  facilities.  (Mertz-PTT) 
W91-04818 


GRAVITY    BELT    THICKENING    AND    LIME 
STABILIZATION. 

EIMCO  Process  Equipment  Co.,  Salt  Lake  City, 

UT. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-04820 


TAMSHUI  RIVER  CLEANUP. 

K.  M.  Yao. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.  12,  p  45-46,  December  1990. 


URVINE  RANCH'S  APPROACH  TO  WATER 
RECLAMATION. 

Irvine  Ranch  Water  District,  CA. 

J.  Parsons. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.  12,  p  68-71,  December  1990. 

Descriptors:  'California,  'Irrigation  programs, 
•Reclaimed  water,  'Wastewater  renovation, 
•Wastewater  utilization,  'Water  reuse,  Domestic 
water,  Irrigation  districts,  Irrigation  practices,  Irri- 
gation water,  Municipal  water,  Water  resources 
management. 

The  increasing  demands  for  water  have  thrust 
water  reclamation  practices  to  the  forefront  of 
water  and  wastewater  system  planning  efforts 
throughout  the  world.  Because  of  skyrocketing 
populations  and  limited  water  resources,  water  and 
wastewater  districts  in  Southern  California  re- 
ceived early  lessons  on  the  importance  of  a  careful, 
organized,  and  comprehensive  approach  to  the 
successful  design  and  implementation  of  water 
reuse  systems.  The  Irvine  Ranch  Water  District 
serves  an  area  of  about  72,000  acres  and  an  existing 
population  of  100,000  people.  The  district  provides 
potable  water  service,  treats  and  disposes  of 
wastewater,  and  also  distributes  irrigation  water 
for  landscape  and  agricultural  uses.  The  heart  of 
the  district's  dual  distribution  system  is  the  irriga- 
tion system  which  contains  the  network  of  pipe- 
lines that  distributes  reclaimed  water  to  its  users. 
The  irrigation  system  provides  water  for  three 
different  uses.  Landscape  users  including  parks, 
schools,  street  median  strips  and  homeowner  asso- 


ciations are  one  group  of  users.  Reclaimed  water  is 
most  frequently  directed  for  agricultural  purposes. 
The  third  set  of  users  includes  high-rise  buildings. 
This  system,  now  in  development,  will  use  re- 
claimed water  for  toilets,  urinals,  and  trap  drains. 
The  Irvine  Ranch  Water  District  uses  guidelines 
developed  in  a  joint  effort  between  the  local  health 
departments.  Guidelines  include:  irrigate  between 
the  hours  of  9:00  pm  and  6:00  am;  irrigate  in  a 
manner  that  minimizes  runoff  pooling  and  ponding; 
adjust  spray  heads  to  eliminate  overspray  onto 
areas  not  under  control  of  the  customer;  monitor 
and  maintain  the  system;  educate  all  maintenance 
personnel  concerning  the  use  of  reclaimed  water; 
and  obtain  approval  for  changes  and  modifications 
made  to  on-site  facilities.  (Mertz-PTT) 
W9 1-04821 


FLORIDA'S  REUSE  PROGRAM  PAVES  THE 
WAY. 

Florida  State  Dept.  of  Environmental  Regulation, 

Tallahassee. 

D.  W.  York,  and  J.  Crook. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.  12,  p  72-76,  December  1990.  2  tab,  3 

ref. 

Descriptors:  'Florida,  'Public  policy,  'Reclaimed 
water,  'Water  policy,  'Water  reuse,  Consumptive 
use,  Groundwater  quality,  Irrigation  programs,  Ir- 
rigation water,  Permits,  Urban  areas,  Water  con- 
servation, Water  supply,  Water  treatment. 

Florida  is  different  from  the  major  reuse  states  in 
the  semi-arid  southwest  U.S.  In  Florida,  it  rains  an 
average  of  54  inches/year  and  the  state  has  abun- 
dant groundwater  resources.  However,  almost 
79%  of  Florida's  13  million  people  live  near  the 
coast  and  continued  population  growth  is  expect- 
ed. These  coastal  growth  areas  are  served  primari- 
ly by  shallow  aquifers  that  are  most  vulnerable  to 
overdraft  and  saltwater  intrusion.  Beginning  in 
1987,  the  Florida  Department  of  Environmental 
Regulation  embarked  on  an  ambitious  program 
designed  to  facilitate  and  encourage  reuse  of  re- 
claimed water.  The  states  water  policy  allows 
water  management  districts  to  require  reuse  out- 
side of  critical  water-supply  problem  areas  if  re- 
claimed water  is  readily  available  to  the  applicant 
for  a  consumptive-use  permit.  Amendments  to  the 
rule  modified  high-level  disinfection  requirements 
to  reflect  existing  technology  and  experience.  Pro- 
vision for  limited  wet-weather  discharge  were 
added  to  facilitate  discharge  of  reclaimed  water 
during  wet-weather,  high-flow  periods  when 
demand  for  reclaimed  water  normally  is  reduced. 
The  Reuse  of  Reclaimed  Water  and  Land  Applica- 
tion rule  was  adopted  in  1989.  This  rule  provided 
detailed  requirements  for  the  design  and  operation 
of  reuse  projects  in  public  access  areas,  including 
irrigation  of  lawns,  parks,  and  golf  courses,  as  well 
as  irrigation  of  edible  food  crops.  The  Florida 
Department  of  Environmental  Regulations  strong- 
ly supports  reuse  of  reclaimed  water.  The  goal  is  to 
increase  the  amount  of  reuse  in  Florida  by  40% 
above  1987  levels  by  1992.  (Mertz-PTT) 
W9 1-04822 


ECONOMIC  TOOL  FOR  REUSE  PLANNING. 

Milliken  Chapman  Research  Group,  Inc.,  Little- 
ton, CO. 
J.  G.  Milliken. 

Water  Environment  &  Technology  WAETEJ, 
Vol.  2,  No.   12,  p  77-80,  December  1990.  2  ref. 

Descriptors:  'Cost-benefit  analysis,  'Economic  as- 
pects, 'Water  resources  management,  'Water 
reuse,  Cost  analysis,  Marketing,  Reclaimed  water, 
Water  distribution,  Water  resources,  Water  treat- 
ment. 

If  cost-effectiveness,  cost/benefit,  and  financial  fea- 
sibility analyses  and  a  market  research  pricing 
study  are  conducted,  many  of  the  key  questions 
faced  in  water-resource  planning  can  be  answered. 
The  various  costs  and  effects  can  be  arrayed  to- 
gether to  help  planners  choose  among  the  compet- 
ing alternatives.  Once  an  alternative  is  selected,  a 
true  cost/benefit  analysis  should  be  conducted. 
The  most  significant  economic  factors  impacting 
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future  potable  and  non-potable  water  reuse  show 
trends  that  favor  the  future  expansion  of  both 
potable  and  non-potable  reuse.  Factors  requiring 
expenditures  include:  capital  facility  costs;  oper- 
ation costs  to  collect  wastewater  effluent;  operat- 
ing costs  associated  with  treating  the  wastewater; 
and  transportation  costs.  Savings  can  be  found  in 
reuse  systems  when  some  treatment  costs  can  be 
avoided  due  to  the  fact  it  takes  less  treatment  to 
meet  pollution  control  requirements.  Because 
available  supplies  are  being  used  there  are  also 
savings  in  water  supply  acquisition  costs.  Revenues 
can  be  made  through  reused  water  sales.  (Mertz- 
PTT) 
W9 1-04823 


SEWAGE  SYSTEM  IMPROVEMENT  BY 
OPERATIONAL  PARAMETERS  RESEARCH. 

Companhia  de  Saneamento  Basico  do  Estado  de 

Sao  Paulo  (Brazil). 

L.  Rodriques  Alonso,  R.  J.  da  Costa  e  Silva,  and  F. 

J.  Falcao  Paracampos. 

Water   Environment    &   Technology    WAETEJ, 

Vol.  2,  No.  12,  p  81-83,  December  1990.  2  fig,  3 

tab. 

Descriptors:  *Brazil,  'Municipal  wastewater, 
•Sewer  systems,  'Wastewater  facilities,  Hydro- 
graph  analysis,  Pollution  load,  Sewer  hydraulics, 
Urban  areas,  Wastewater  disposal,  Water  convey- 
ance, Water  demand,  Water  flow. 

The  Metropolitan  Region  of  Sao  Paulo,  Brazil,  has 
15.5  million  inhabitants.  Approximately  90%  of 
this  population  is  served  by  water-supply  systems, 
but  only  50%  has  sewerage  services.  Lack  of  in- 
vestment during  the  past  decades  has  caused  a 
huge  gap  in  wastewater  treatment  that  required 
attention.  A  monitoring  program  was  established 
to  determine  the  region's  sewerage  needs.  The  four 
objectives  of  this  program  were:  to  investigate  the 
performance  of  specific  areas  and  types  of  urban 
development  (residential,  commercial,  and  indus- 
trial) to  provide  information  for  the  design  of 
treatment  plants  and  intercepting  sewers,  as  well  as 
the  augmentation  of  existing  systems;  to  study  the 
flow  variation  in  collecting  and  intercepting 
sewers  to  observe  their  hydraulic  functions  and 
reveal  the  need  for  additional  districts;  to  collect 
information  on  pollutant  loads;  and  collect  infor- 
mation on  the  wastewater  characteristics  and 
source  area  to  allow  definition  of  control  points 
and  priorities.  Single  samples  were  collected  from 
control  points  of  selected  district.  Data  included 
information  from  the  precipitation  gages  and  rainy- 
day  hydrographs  from  the  control  points,  flow 
data  along  the  conveyance  system,  and  the  possible 
variations  in  the  registered  results.  Hydrographic 
analyses  were  grouped  by  rainy  or  dry  season  and 
were  compared.  Daily  per  capita  flow  varied  be- 
tween 164  and  2855  L/inhabitant.  Wastewater 
flow  varied  from  0.007  to  0.013  L/second  for 
households.  Wastewater  characteristics  such  as 
biochemical  oxygen  demand,  chemical  oxygen 
demand,  total  solids  and  pH  appeared  light. 
(Mertz-PTT) 
W9 1-04824 


DESIGN  MANAGEMENT  KEEPS  BOSTON'S 
WASTEWATER  PROGRAM  ON  TRACK. 

Metcalf  and  Eddy,  Inc.,  Charlestown,  MA. 

J.  A.  Lager,  and  E.  R.  Locke. 

Public  Works  PUWOAH,  Vol.  121,  No.  13,  p  32- 

34,  December  1990. 

Descriptors:  *Boston,  'Boston  Harbor,  'Design 
criteria,  'Massachusetts,  'Wastewater  facilities, 
•Wastewater  treatment,  Construction,  Costs,  Sec- 
ondary wastewater  treatment,  Water  pollution 
control. 

Forty-three  cities  and  towns  in  eastern  Massachu- 
setts send  their  wastewater  to  two  primary  sewage 
treatment  plants  that  together  discharge  460  mgd 
of  poorly  treated  wastewater  into  the  harbor.  In 
1984,  the  Massachusetts  Water  Resources  Author- 
ity (MWRA)  was  vested  with  independent  powers 
to  provide  wholesale  water  and  sewer  services  to 
eastern  Massachusetts  and  to  bring  these  systems 
into  compliance  with  environmental  laws.  The 
new  facility  that  has  been  planned  will  replace  two 


aging  primary  plants,  one  on  Deer  Island  and  one 
on  Nut  Island,  with  a  single  primary  and  second- 
ary treatment  complex  on  Deer  Island.  A  peak 
capacity  of  nearly  1.3  bgd  will  make  this  the 
second-largest  wastewater  treatment  operation  in 
the  U.S.  When  completed  in  1999,  the  new  plant 
will  remove  more  than  85%  of  suspended  solids 
and  organic  matter  from  Boston's  wastewater. 
Meanwhile,  a  pilot  of  the  secondary  plant  has 
consistently  performed  at  95%  removal  levels,  a 
300%  improvement  over  today's  removal  rates. 
Design  considerations  have  included:  (1)  extensive 
tunnel  construction;  (2)  low-head  turbines  for 
power  generation;  (3)  odor  control;  (4)  noise  con- 
trol; (5)  site  grading;  and  (6)  mitigating  construc- 
tion traffic.  A  large  part  of  the  design  management 
program  required  the  coordination  of  many  de- 
signers and  construction  contractors,  and  in  help- 
ing to  control  a  $6.1 -billion  budget  and  fast-track 
schedule.  It  will  be  necessary  to  develop  standards 
and  manage  interdependencies  among  dozens  of 
agencies  and  contractors  in  order  to  create  a  plant 
that  looks  and  works  as  if  it  were  designed  by  a 
single  firm.  (White-Reimer-PTT) 
W9 1-04846 


MULTIPURPOSE     STORMWATER     DETEN- 
TION PONDS. 

Wright  Water  Engineers,  Inc.,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  4A. 
W91-04851 


AROMATIC  POLYAMIDE  HYDRAZIDE 
MEMBRANES  FOR  REVERSE  OSMOSIS  SEP- 
ARATIONS. 

Bhabha  Atomic  Research  Centre,  Bombay  (India). 
Desalination  Div. 

For  primary  bibliographic  entry  see  Field  3A. 
W9 1-04906 


PERVAPORATION  OF  AQUEOUS  ETHANOL 
MIXTURES  THROUGH  POLVXDIMETHYL  SI- 
LOXANE)  MEMBRANES. 

Manhattan  Coll.,  Bronx,  NY.  Dept.  of  Chemical 

Engineering. 

C.  S.  Slater,  P.  J.  Hickey,  and  F.  P.  Juricic. 

Separation    Science    and    Technology    SSTEDS, 

Vol.  25,  No.  9/10,  p  1063-1077,  July/August  1990. 

8  fig,  25  ref. 

Descriptors:  'Ethanol,  'Industrial  wastewater, 
'Membrane  processes,  'Permselective  membranes, 
'Pervaporation,  'Wastewater  treatment,  'Water 
treatment,  Biochemistry,  Biotechnology,  Chemical 
treatment,  Permselectivity,  Pressure,  Temperature. 

Pervaporation  is  a  relatively  new  membrane  tech- 
nology with  great  potential  for  utilization  in  the 
traditional  chemical  industry  as  well  for  biochemi- 
cal and  environmental  engineering.  In  the  fields  of 
water  purification  and  industrial  and  hazardous 
wastewater  treatment,  pervaporation  can  be  uti- 
lized to  remove  trace  organics.  The  parameters 
affecting  the  selective  separation  of  ethanol 
through  pervaporation  membranes  have  been  stud- 
ied. A  bench-scale  system  was  used  in  conjunction 
with  a  poly(dimethyl  siloxane)  (PDMS)  mem- 
brane. Three  experimental  studies  consisting  of  the 
variation  of  temperature,  downstream  pressure, 
and  feed  concentration  were  investigated.  These 
studies  were  designed  to  optimize  pervaporation  as 
well  as  to  determine  its  limits.  Variation  of  the  flux 
with  the  process  parameters  was  seen  in  all  three 
studies.  The  flux  increases  with  increasing  temper- 
ature in  an  Arrhenius-like  relationship.  The  pres- 
sure study  showed  a  decrease  in  flux  with  increas- 
ing downstream  pressure.  The  flux  had  a  slight 
exponential  increase  with  increasing  feed  concen- 
tration. Selectivity  was  not  greatly  affected  by 
temperature,  and  it  was  observed  to  increase  slight- 
ly. The  downstream  pressure  has  little  effect  on 
selectivity  in  the  range  <  30  torr.  Although  per- 
meate concentration  increases  with  increasing  feed 
concentration,  the  selectivity  decreases  to  unity.  It 
has  been  shown  that  the  membrane  is  most  selec- 
tive at  lower  feed  concentrations.  Based  on  the 
data  obtained  for  a  5%  ethanol  feed  concentration, 
the  optimal  conditions  for  permeation  occur  at  the 
highest  temperature  and  lowest  permeate  pressure, 
90  C  and  1  torr,  where  the  flux  was  1906  g/sq  m/ 


hr  and  the  selectivity  was  9.  The  maximum  selec- 
tivity for  a  5%  feed  mixture  appears  to  occur  at 
approximately  50  C,  yielding  a  value  of  10.5.  The 
commercial  application  potential  for  this  type  of 
separation  is  biggest  in  environmental  and  bio- 
chemical engineering  fields  because  of  the  low 
concentrations  of  solutes  to  be  removed.  (Lantz- 
PTT) 
W9 1-04907 

5E.  Ultimate  Disposal  Of  Wastes 


UIC  CLASS  IV-V  WELL  SURVEY  IN  MAINE: 
INVENTORY,  ASSESSMENT  AND  COMPLI- 
ANCE. 

Maine  Dept.  of  Educational  and  Cultural  Services, 
Augusta. 

M.  R.  James,  and  A.  J.  Pisanelli. 
IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  215-236.  4  append. 

Descriptors:  'Databases,  'Groundwater  manage- 
ment, 'Injection  wells,  'Maine,  'Regulations, 
•Surveys,  'Waste  disposal  wells,  'Water  pollution 
sources,  Assessments,  Compliance,  Groundwater, 
Wastewater. 

The  Maine  Department  of  Environmental  Protec- 
tion, Bureau  of  Water  Quality  Control  administers 
the  Safe  Drinking  Water  Act  Underground  Injec- 
tion Control  (UIC)  Program.  The  focus  of  Maine's 
program  is  on  Class  IV  and  Class  V  injection 
wells.  In  1988  and  1989,  a  questionnaire  requesting 
information  on  discharges  was  sent  to  service  sta- 
tions. The  survey  responses,  in  association  with 
field  inspections  and  categorization  of  floor  drain 
discharges  served  as  the  basis  for  the  development 
of  a  UIC  Class  IV  and  Class  V  program.  The  UIC 
program  is  one  component  of  the  Maine  Ground- 
water Management  Strategy,  and  relies  upon  inter- 
agency coordination  with  the  Wellhead  Protection 
Program  and  use  of  existing  state  computer  data- 
base systems  to  provide  information  on  potential 
Class  IV  and  Class  V  injection  wells.  Goals  of  the 
UIC  Program  were  accomplished  through  the  use 
of  mail  surveys  to  inventory  the  nature  and  extent 
of  UIC  activities,  the  development  of  a  field  in- 
spection and  enforcement/compliance  strategy 
with  an  interagency  approach,  notification  of  fa- 
cilities operating  Class  IV  and  V  wells  with  a 
request  for  voluntary  compliance,  formal  enforce- 
ment against  selected  facilities,  and  providing  fact 
sheets  to  potential  violators  and  the  general  public 
explaining  the  UIC  program.  Automation  of  the 
UIC  database  permitted  more  efficient  manage- 
ment of  survey  results  in  order  to  expedite  the 
mailing  of  regulations  and  best  management  prac- 
tice notices,  and  increases  the  efficiency  of  compli- 
ance and  initiation  of  enforcement  activities.  The 
UIC  Program  also  funded  the  development  of  a 
program  for  municipal  officials  to  provide  techni- 
cal assistance  information  on  how  communities  can 
control  Class  IV  and  Class  V  UIC  wells.  (See  also 
W91-03921)  (Author's  abstract) 
W9 1-03936 


DEEP  WASTEWATER  RESERVOIRS  IN 
ISRAEL:  EMPIRICAL  DATA  FOR  MONITOR- 
ING AND  CONTROL. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Div.  of  Envi- 
ronmental Sciences. 
I.  Dor,  and  M.  Raber. 

Water  Research  WATRAG,  Vol.  24,  No.  9,  p 
1077-1084,  September  1990.  12  fig,  2  tab,  12  ref. 

Descriptors:  'Irrigation  water,  'Israel,  'Light  pen- 
etration, 'Wastewater  disposal,  'Wastewater  irri- 
gation, 'Water  quality,  'Water  reuse,  Biochemical 
oxygen  demand,  Chlorophyll,  Dissolved  oxygen, 
Monitoring,  Organic  loading,  Organic  matter,  Res- 
ervoirs, Suspended  solids. 

Selected  physico-chemical  and  biological  variables 
were  investigated  in  twelve  reservoirs  storing 
wastewater  for  irrigation.  Organic  load  on  the 
various  reservoirs  ranged  from  1  to  15  kg  BOD/ 
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1000  cu  m/day;  BOD  of  the  reservoirs  effluent 
ranged  from  1  to  120  mg/L;  total  suspended  solids 
(TSS)  from  6  to  150  mg/L;  chlorophyll  and  rates 
of  respiration  from  0.07  to  5  mg/L  02/L/hr.  Sig- 
nificant correlation  coefficients  obtained  between 
the  above  variables  proved  that,  despite  their  wide 
heterogeneity,  these  reservoirs  constitute  a  well 
defined  category  of  aquatic  ecosystems,  where  a 
predictable  behavior  is  induced  by  increasing  con- 
centration of  organic  matter.  The  fact  that  water 
column  transparency  appeared  significantly  corre- 
lated with  the  concentration  of  BOD,  TSS,  chloro- 
phyll and  dissolved  oxygen,  indicates  that  under- 
water light  measurements  can  serve  as  a  useful 
parameter  for  a  rapid  assessment  of  reservoir  water 
quality.  Under  the  existing  design,  operation  and 
local  climatic  conditions  BOD  levels  of  40-50  mg/ 
L  appeared  to  be  the  upper  limit  for  the  safe 
performance  of  these  reservoirs.  In  order  to  sup- 
port such  concentrations  the  organic  load  should 
not  exceed  6  kg  BOD/ 1000  cu  m/day.  Reservoirs 
operated  within  the  above  limits  store  wastewater 
without  causing  nuisances  and  reduce  the  entering 
BOD  by  some  80%,  which  seems  to  be  the  maxi- 
mal efficiency  of  these  systems.  (Author's  abstract) 
W9 1-04036 


RAPID  METHANE  OXIDATION  IN  A  LAND- 
FILL COVER  SOIL. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
S.  C.  Whalen,  W.  S.  Reeburgh,  and  K.  A. 
Sandbeck. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  11,  p  3405-3411,  Novem- 
ber 1990.  5  fig,  3  tab,  44  ref.  NASA  Grant  NASW 
841,  RTOP  197-41-01. 

Descriptors:  *Biodegradation,  *Landfills,  'Meth- 
ane bacteria,  'Methanogenesis,  'Oxidation,  'Soil 
bacteria,  *Waste  disposal,  Biomass,  California, 
Global  warming,  Landfill  covers,  Methane,  Micro- 
biological studies,  Microorganisms,  Soil  tempera- 
ture, Soil  water. 

Methane  oxidation  rates  observed  in  a  topsoil  cov- 
ering a  retired  landfill  were  the  highest  reported 
(45  g/square  m/day)  for  any  environment.  Micro- 
bial action  was  studied  in  topsoil  from  the  Berkeley 
North  Waterfront  Park  near  San  Francisco,  Cali- 
fornia. This  40  hectare  park  was  constructed  over 
a  municipal  landfill  that  was  retired  in  1983.  The 
landfill  is  presently  covered  with  1.5  to  3  m  of  soil 
in  the  area  of  sample  collection.  The  microbial 
community  had  the  capacity  to  rapidly  oxidize 
CH4  at  concentrations  ranging  from  <  1  microL/ 
L  to  >  10,000  microL/L.  The  physiological  char- 
acteristics of  a  methanotroph  isolated  from  the  soil 
and  the  natural  population,  however,  were  similar 
to  those  of  other  natural  populations  and  cultures: 
optimum  temperature  was  3 1  C,  the  apparent  half- 
saturation  constant  was  2.5  to  9.3  micromoles,  and 
19-69%  of  oxidized  CH4  was  assimilated  into  bio- 
mass. The  CH4  oxidation  rate  of  this  soil  under 
waterlogged  conditions,  was  near  rates  reported 
for  lake  sediment  and  much  lower  than  the  rate  of 
116  mg/L/day  in  the  same  soil  under  moist  condi- 
tions. Since  there  are  no  large  physiological  differ- 
ences between  this  microbial  community  and  other 
CH4  oxidizers,  the  high  CH4  oxidation  rate  in 
moist  soil  is  attributed  to  enhanced  CH4  transport 
to  the  microorganisms;  gas-phase  molecular  diffu- 
sion is  10,000-fold  faster  than  aqueous  diffusion. 
These  high  CH4  oxidation  rates  in  moist  soil  have 
implications  that  are  important  in  global  climate 
change.  Soil  CH4  oxidation  could  become  a  nega- 
tive feedback  to  atmospheric  CH4  increases  (and 
warming)  in  areas  that  are  presently  waterlogged 
but  are  projected  to  undergo  a  reduction  in 
summer  soil  moisture.  (Mertz-PTT) 
W9 1-04065 


al,  'Water  quality,  Ammonia,  Conductivity,  Kjel- 
dahl  procedure,  Mixing,  Nitrates,  Phosphates,  Res- 
ervoir operation,  Wastewater  irrigation,  Water 
quality  control. 

An  alternative  method  to  label  wastewater  effluent 
entering  water  bodies  when  classic  tracers  (artifi- 
cial tracers  and  conservative  parameters  of  the 
water  masses)  cannot  be  used  was  examined.  The 
method  is  based  on  the  simultaneous  use  of  several 
non-conservative  effluent  quality  parameters  (for 
example,  electrical  conductivity,  detergents,  P04, 
alkalinity,  Na,  Kjeldahl,  NH4,  and  N02),  which 
smooths  out  of  the  high  variability  of  single  non- 
conservative  parameters,  disclosing  their  common 
trend.  The  obtained  estimates,  although  not  quanti- 
tative, can  be  expressed  in  an  ordinal  scale.  The 
performance  of  the  new  multi-tracer  method  was 
tested  in  a  case  study  to  estimate  the  relative 
amount  of  effluent  in  the  outflow  of  an  operational 
reservoir  which  receives  freshwater  and  sporadic 
inputs  of  treated  wastewater.  The  Kishon  Complex 
is  a  wastewater  reclamation  system  for  irrigation  in 
Israel.  Municipal  sewage  from  Haifa  is  treated  and 
pumped  through  a  28  km  long  pipe  line  as  the  only 
inflow  to  a  stabilization  reservoir  with  two  cells. 
The  stabilization  reservoir  is  10  m  deep  and  has  a 
storage  capacity  of  12  million  cubic  meters.  The 
multi-tracer  method  disclosed  poor  mixing  condi- 
tions between  freshwater  and  effluents  within  the 
reservoir,  plug  flow-like  movement  of  the  effluent 
pulses  with  a  delay  of  1-3  weeks  between  an  in- 
pulse  and  its  corresponding  out-pulse,  and  the  ex- 
istence of  dead  spaces  in  the  reservoir.  (Mertz- 
PTT) 
W9 1-04079 


USE  OF  NON-CONSERVATIVE  PARAMETERS 
TO  TRACE  WASTEWATER  EFFLUENTS  IN 
WATER  BODIES. 

Centre  for  Research  in  Environmental  and  Water 

Resources  Engineering,  Haifa  (Israel). 

M.  Juanico,  D.  Ronen,  and  G.  Shelef. 

Water  Research  WATRAG,  Vol.  24,  No.   10,  p 

1245-1250,  October  1990.  5  fig,  2  tab,  5  ref. 

Descriptors:  'Environmental  tracers,  'Israel, 
•Path  of  pollutants.  'Tracers,  'Wastewater  dispos- 


ABSORPTION  OF  WATER  INTO  POROUS 
BLOCKS  OF  VARIOUS  SHAPES  AND  SIZES. 

California  Univ.,   Berkeley.   Earth   Sciences  Div. 
R.  W.  Zimmerman,  and  G.  S.  Bodvarsson. 
Water  Resources  Research  WRERAQ,   Vol.  26 
No.  11,  p  2797-2806,  November  1990.  9  fig,  29  ref 
DOE  Contract  DE-AC03-76SF00098. 

Descriptors:  'Geohydrology,  'Groundwater 
movement,  'Nevada,  'Path  of  pollutants,  'Porosi- 
ty, 'Radioactive  wastes,  'Waste  disposal,  Mathe- 
matical analysis,  Mathematical  models,  Permeabil- 
ity, Rock  properties,  Scaling  law,  Site  selection, 
Yucca  Mountain. 

Yucca  Mountain  in  Nevada  is  currently  being  con- 
sidered for  the  location  of  an  underground  reposi- 
tory for  the  disposal  of  high-level  radioactive 
waste.  The  proposed  repository  would  be  con- 
structed in  the  unsaturated  zone  above  the  water 
table,  in  a  formation  consisting  of  extensively  frac- 
tured volcanic  tuff.  As  part  of  the  process  of 
characterizing  the  site  for  the  purposes  of  deter- 
mining its  suitability  for  the  repository,  it  is  neces- 
sary to  develop  models  for  studying  the  flow  of 
groundwater  in  a  fractured  rock  mass  with  low 
matrix  permeability.  Approximate  solutions  for  ab- 
sorption of  water  into  porous  spherical,  cylindri- 
cal, and  slablike  blocks  whose  characteristics 
curves  are  of  the  van  Genuchten-Mualem  type 
were  calculated.  The  solutions  were  compared  to 
numerical  simulations  of  absorption  into  blocks  of 
the  Topopah  Spring  member  (Paintbrush  tuff) 
from  the  site  of  the  proposed  nuclear  waste  reposi- 
tory at  Yucca  Mountain.  Guided  by  these  results,  a 
scaling  law,  based  on  the  ratio  of  surface  area  to 
volume  was  proposed  for  prediction  the  rate  of 
absorption  into  irregularly  shaped  blocks.  This 
scaling  law  was  tested  against  a  numerical  simula- 
tion of  absorption  into  an  irregularly  shaped,  2- 
dimensional  polygonal  block  and  was  shown  to  be 
a  good  approximation.  (Mertz-PTT) 
W91-04133 


IMPORTANCE  OF  AIR  ABSORPTION 
DURING  MECHANICAL  INTEGRITY  TEST- 
ING. 

Oklahoma  Univ.,   Norman.   School  of  Petroleum 

and  Geological  Engineering. 

For   primary   bibliographic   entry   see   Field    5G. 

W91-04135 


DIFFUSION  IN  THE  MATRIX  OF  GRANITIC 
ROCK:  FIELD  TEST  IN  THE  STRIP  A  MINE. 


Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 

of  Chemical  Engineering. 

L.  Birgersson,  and  I.  Neretnieks. 

Water  Resources  Research  WRERAQ,  Vol    26 

No.  11,  p  2833-2842,  November  1990.  23  fig,  4  tab 

20  ref. 

Descriptors:  'Crystalline  rocks,  'Groundwater 
movement,  'Hazardous  waste  disposal,  'Path  of 
pollutants,  'Radioactive  wastes,  'Underground 
waste  disposal,  Diffusivity,  Fracture  permeability, 
Hydraulic  conductivity,  Porosity,  Rock  mechan- 
ics. Tracers. 

In  laboratory  measurements,  the  matrix  of  crystal- 
line rocks  has  been  found  to  have  a  connected 
porosity.  In  the  case  of  radionuclides  leaking  from 
a  final  repository  for  nuclear  waste,  the  potential 
uptake  into  the  rock  matrix  may  be  one  of  the  most 
important  retardation  mechanisms  for  nuclides 
transported  by  mobile  water  in  the  fractures.  Three 
field  experiments  in  granitic  rock  were  performed 
at  360  m  depth  in  a  mine  to  investigate  diffusion  in 
the  undisturbed  rock  matrix.  The  most  convincing 
way  of  doing  this  type  of  experiment  is  to  perform 
a  tracer  experiment  with  diffusion  as  the  only 
transport  process.  This  was,  however,  not  practical 
because  of  the  existing  pressure  gradient  in  the 
rock.  Thus,  the  actual  experiments  involved  both 
advection  and  diffusion.  The  results  from  all  three 
experiments  showed  that  tracers  had  migrated 
through  the  disturbed  zone  close  to  the  injection 
hole  and  a  distance  into  the  undisturbed  rock 
matrix.  These  results  showed  that  it  was  possible 
for  dissolved  compounds  to  migrate  into  the  rock 
matrix  in  its  natural  stress  environment.  Diffusivi- 
ties  and  hydraulic  conductivities  obtained  in  this  in 
situ  experiment  compare  well  with  those  obtained 
in  laboratory  experiments.  (Mertz-PTT) 
W91-04137 


BIOSORPTION     OF     RADIONUCLIDES     BY 
FUNGAL  BIOMASS. 

Dundee  Univ.  (Scotland).  Dept.  of  Biological  Sci- 
ences. 

For  primary   bibliographic   entry   see   Field   5D. 
W91-04156 


REVIEW  OF  BIOTECHNOLOGY  APPLICA- 
TIONS TO  NUCLEAR  WASTE  TREATMENT. 

PA  Consulting  Group-Technology,  Cambridge 
Laboratory,  Melbourn,  Royston,  Hertfordshire 
SG8  6DP,  England. 
N.  V.  Ashley,  and  D.  J.  W.  Roach. 
Journal  of  Chemical  Technology  and  Biotechnol- 
ogy JCTBDC,  Vol.  49,  No.  4,  p  381-394,  1990.  2 
fig,  3  tab,  26  ref. 

Descriptors:  'Biological  treatment,  'Biotechnol- 
ogy, 'Literature  review,  'Radioactive  wastes, 
'Waste  treatment,  Biopolymers,  Biosorption. 

An  overview  of  the  feasibility  of  the  application  of 
biotechnology  to  nuclear  waste  treatment  is  re- 
viewed. The  main  areas  of  biotechnology  that  will 
have  an  impact  on  aqueous  nuclear  effluent  treat- 
ment are  biopolymers  and  biosorbents.  Biopo- 
lymers were  judged  to  offer  few  short-term  appli- 
cations benefits  except  perhaps  for  lignin.  chitin 
and  modified  cellulosics.  The  long-term  potential 
for  biopolymers  was  projected  to  be  in  the  area  of 
genetic  and  protein  engineering  for  biopolymers 
such  as  metallothioneins  and  siderophores.  Bio- 
sorption offers  a  potentially  efficient  method  of 
removal  of  radionuclides  from  aqueous  nuclear 
waste  streams.  Selected  fungi,  yeast,  bacteria  and 
algae  can  all  function  as  effective  biosorbents  and 
can  function  in  immobilized  systems.  New  and 
potential  applications  of  biotechnology  for  nuclear 
waste  treatment  include  biomagnetic  separation, 
immobilized  antibodies,  and  genetic  engineering. 
(MacKeen-PTT) 
W91-04159 


POTENTIAL  SIGNIFICANCE  OF  MICROBIAL 
ACTIVITY  IN  RADIOACTIVE  WASTE  DISPOS- 
AL. 

Nuclear  Electric,  Barnwood  (England). 
A.  McCabe. 
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Experientia  EXPEAM,  Vol.  46,  No.  8,  p  779-787, 
August  15,  1990.  4  tab,  90  ref. 

Descriptors:  'Backfill,  'Hydrogen  ion  concentra- 
tion, 'Microbiological  studies,  'Microorganisms, 
•Path  of  pollutants,  'Radioactive  waste  disposal, 
•Reviews,  'Waste  containment,  Aerobic  condi- 
tions, Anaerobic  conditions,  Nutrient  require- 
ments, Organic  carbon,  Performance  evaluation. 

The  design  of  radioactive  waste  depositories  is 
reviewed  with  respect  to  the  effects  of  microbial 
activity  on  radioactive  waste  containment.  Mi- 
crobes may  affect  the  repository  either  by  attack 
from  outside  or  from  within  the  waste.  External 
microorganisms  could  possibly  degrade  the  backfill 
and  canister  materials  but  pH  and  nutritional  re- 
quirements militate  against  such  action.  When 
cement  is  used  extensively,  the  ability  of  microor- 
ganisms to  degrade  containment  materials  is  cur- 
tailed by  the  high  pH  imposed,  whcih  will  effec- 
tively restrict  microbial  activity.  In  some  waste 
forms,  however,  microenvironments  wherein  a  lo- 
calized acidic  regime  may  become  established 
should  not  be  neglected.  Restriction  of  nutrient 
sources  in  the  near-field,  particularly  of  carbon, 
acts  as  a  powerful  constraint  on  microbial  activity. 
Microbial  activity  is  stimulated  by  the  addition  of 
extra  organic  carbon  and  thus  biomass  will  in- 
crease. Carbon  dioxide  produced  could  support 
autotrophs.  Other  necessary  nutrients,  e.g.,  phos- 
phorus, nitrogen  and  sulfur,  are  also  available  in 
sufficient  amounts.  A  number  of  factors  are  impor- 
tant to  evaluate  microbial  activity  within  the  waste 
form  itself  and  its  consequences.  Water  as  a  prereq- 
uisite for  microbial  activity  will  not  be  adequately 
present  through  a  cement  monolith.  However, 
local  redistribution  of  water  within  the  waste  form, 
evaporation/condensation  could  cause  local  areas 
of  moisture.  The  nature  of  the  backfill  will  have 
profound  microbiological  consequences.  Calcium 
montmorillonite  (Fuller's  Earth)  and  water  sam- 
ples contain  microorganisms  of  important  microbi- 
al groups,  e.g.,  aerobic  heterotrophs,  iron-precipi- 
tating heterotrophs,  denitrifiers,  sulfur  oxidizers, 
and  sulfate-reducing  bacteria.  The  use  of  such  clay 
materials  to  backfill  and  seal  deep  repositories  will 
introduce  nutrients,  however,  compacted  clay  will 
restrict  water  movement  and  any  additional  nutri- 
ent input.  Oxygen  availability,  entering  e.g.  the 
groundwater,  will  be  an  important  determinant  for 
microbial  life  since  the  waste  will  probably  contain 
both  aerobic  and  anaerobic  organisms.  However, 
microbial  activity  occurring  within  the  waste  form 
requires  further  evaluation.  (Korn-PTT) 
W91-04260 


DISPOSAL  OF  LOW-  AND  INTERMEDIATE- 
LEVEL  WASTE  IN  SWITZERLAND:  BASIC  AS- 
PECTS OF  POTENTIAL  RELEVANCE  TO  MI- 
CROBIAL EFFECTS. 

Nationale  Genossenschaft  fuer  die  Lagerung  Ra- 
dioaktiver  Abfaelle,  Baden  (Switzerland). 
B.  Knecht,  I.  G.  McKinley,  and  P.  Zuidema. 
Experientia  EXPEAM,  Vol.  46,  No.  8,  p  787-791, 
August  15,  1990.  2  fig,  3  ref. 

Descriptors:  'Backfill,  'Hydrogen  ion  concentra- 
tion, 'Microbial  transport,  'Microbiological  stud- 
ies, 'Path  of  pollutants,  'Radioactive  waste  dispos- 
al, 'Switzerland,  Cements,  Marl,  Microorganisms, 
Organic  carbon,  Performance  evaluation,  Radioac- 
tive wastes,  Resins. 

Current  projects  for  the  disposal  of  low-level  and 
intermediate-level  radioactive  waste  in  Switzerland 
are  based  on  the  concept  of  a  horizontally  accessed 
repository  under  a  hillslope.  The  waste  is  generally 
solidified  in  cement  and  placed  in  steel  drums  or 
concrete  containers.  Once  the  repository  caverns 
have  become  filled  with  waste,  they  will  be  back- 
filled with  a  porous  mortar  to  allow  gases,  pro- 
duced by  the  anaerobic  corrosion  of  steel  and  by 
microbial  degradation  of  organic  material,  to 
escape  from  the  near  field.  Valanginian  marl  is  one 
of  three  envisaged  options  for  the  host  rock.  The 
groundwater,  in  the  vicinity  of  the  repository,  is 
reducing,  and  its  pH  is  in  the  neutral  to  slightly 
alkaline  range.  The  engineered  barriers  will  thus 
present  a  hyperalkaline,  oligiotrophic  environment 
which,  even  if  not  sufficient  to  ensure  sterility,  will 
considerably  constrain  microbial  activity.   Poten- 


tially important  microbial  effects  on  the  long-term 
performance  of  the  system  are  the  effect  of  micro- 
organisms on  radionuclide  sorption  and  the  role  of 
microorganisms  as  global  geochemical  catalysts.  In 
terms  of  radionuclide  release  and  transport,  the  key 
factors  include  the  extent  of  uptake  by  microorga- 
nisms, the  interaction  of  such  microorganisms  with 
rocks,  the  degradation  of  organic  materials  in  the 
waste  and  in  the  rock  (potentially  leading  to  in- 
creased concentrations  of  complexing  agents),  and 
the  effects  of  the  microorganisms  and  their  by- 
products on  radionuclide  sorption.  Finally,  the  role 
of  microbes  as  catalysts  should  not  be  ignored- 
particularly  their  catalysis  of  slow  redox  geo- 
chemical reactions  (i.e.,  S,  N,  C)  in  the  groundwat- 
er system.  The  catalysts  can  indirectly  affect  both 
barrier  performance  and  radionuclide  speciation/ 
solubility.  (Korn-PTT) 
W9 1-04261 


SWEDISH  FINAL  REPOSITORY  AND  THE 
POSSIBLE  RISK  OF  INTERACTIONS  BY  MI- 
CROBIAL ACTIVITIES. 

Foersvarets  Forskningsanstalt,  Umea  (Sweden). 
R.  Roffey. 

Experientia  EXPEAM,  Vol.  46,  No.  8,  p  792-794, 
August  15,  1990.  1  fig,  3  tab,  18  ref. 

Descriptors:  'Backfill,  'Microbial  transport,  'Mi- 
crobiological studies,  'Microorganisms,  'Path  of 
pollutants,  'Radioactive  waste  disposal,  'Sweden, 
Aerobic  conditions,  Anaerobic  conditions,  Hydro- 
gen ion  concentration,  Performance  evaluation, 
Radioactive  wastes,  Resins. 

Low-level  and  intermediate-level  radioactive 
waste  in  Sweden  will  be  stored  in  a  repository 
consisting  of  a  number  of  mined  rock  caverns 
situated  off  the  coast  of  Uppland  around  50  m 
below  the  Baltic  sea  bed.  The  repository  will  be 
surrounded  by  a  concrete  barrier,  and  outside  this 
there  will  be  a  clay  (bentonite)  barrier  to  minimize 
water  flow  through  the  system.  Recently,  it  has 
been  determined  that  microbial  activity  could  exist 
in  the  vicinity  of  nuclear  waste  repository.  The 
composition  of  the  waste,  as  well  as  the  environ- 
mental conditions,  will  determine  the  extent  of 
microbial  activity.  One  important  factor  is  the 
amount  of  biodegradable  materials,  such  as  cellu- 
lose, organic  compounds  in  ion  exchangers,  and 
textile  materials,  in  the  repository.  In  addition, 
some  of  the  waste  will  be  encapsulated  in  bitumen 
which  is  expected  to  be  aerobically  degraded  by 
microbes  present  in  the  repository.  An  analysis  of 
ground  water  surrounding  the  storage  site  shows 
the  presence  of  a  small  number  of  microorganisms 
including  hydrocarbon  degrading  bacteria.  The 
stability  of  bitumen  may  be  reduced  in  an  environ- 
ment capable  of  sustaining  microbial  life.  Coloniza- 
tion of  bitumenized  waste  by  microbes,  and  prod- 
ucts from  degradative  processes,  could  accelerate 
radionuclide  release.  In  addition,  microbial  activity 
may  also  contribute  directly  or  indirectly  to  corro- 
sion of  other  barrier  materials  and  give  rise  to  gas 
(e.g.,  C02)  evolution  with  the  risk  of  increased 
internal  pressure  developing  in  the  repository.  The 
production  of  carbon  dioxide  due  to  aerobic  and 
anaerobic  processes  might  lead  to  a  decrease  in  the 
pH  of  the  groundwater,  inducing  corrosion  of  the 
metal  construction  and  storage  containers,  with 
large  amounts  of  hydrogen  gas  being  produced. 
(Korn-PTT) 
W9 1-04262 


MICROBIAL  ACTIVITY  IN  THE  TERRESTRI- 
AL SUBSURFACE. 

Pennsylvania  State  Univ.,  University  Park.  Lab.  of 
Soil  Science. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04263 

MICROBIAL  DISSOLUTION  AND  STABILIZA- 
TION OF  TOXIC  METALS  AND  RADIONU- 
CLIDES IN  MIXED  WASTES. 

Brookhaven  National  Lab.,  Upton,  NY.  Dept.  of 
Applied  Science. 
A.  J.  Francis. 

Experientia  EXPEAM,  Vol.  46,  No.  8,  p  840-851, 
August  15,  1990.  3  fig,  2  tab,  128  ref.  DOE  Con- 
tract No.  De-ACO2-76CH00016. 


Descriptors:  'Coal  wastes,  'Groundwater  pollu- 
tion, 'Microbiological  studies,  'Organic  com- 
pounds, 'Path  of  pollutants,  'Plutonium,  'Radio- 
active waste  disposal,  'Reviews,  'Toxic  wastes, 
'Uranium,  'Waste  treatment,  'Wastewater  treat- 
ment, Aerobic  conditions,  Anaerobic  conditions, 
Carbonates,  Fate  of  pollutants,  Metals. 

Microorganisms,  which  are  ubiquitous  throughout 
nature,  have  long  been  recognized  for  their  ability 
to  bring  about  transformations  of  organic  and  inor- 
ganic compounds.  Such  microbial  processes  have 
not  been  fully  exploited  in  the  treatment  and  man- 
agement of  nuclear  and  fossil-energy  wastes,  par- 
ticularly in  regulating  the  mobility  of  toxic  metals 
and  radionuclides  or  in  the  biodegradation  of  or- 
ganic constituents  to  innocuous  products.  These 
microbial  processes  can  occur  under  aerobic,  deni- 
trifying, iron-reducing,  fermentative,  sulfate-reduc- 
ing, and  methanogenic  conditions.  The  organic 
compounds  and  inorganic  elements  (major  and 
minor  metals  and  radionuclides),  depending  upon 
their  chemical  forms,  may  react  with  each  other  to 
varying  degrees  in  the  waste.  These  reactions  in- 
clude organic-inorganic  complex  formation,  pre- 
cipitation reactions,  coprecipitation  of  metals  and 
radionuclides  with  Fe  and  Mn  oxides,  and  the 
formation  of  minerals.  Microbial  activity  in  mixed 
wastes  can  have  an  appreciable  effect  on  the  disso- 
lution or  precipitation  of  toxic  metals  and  radionu- 
clides. However,  fundamental  information  on  mi- 
crobial dissolution  and  stabilization  (immobiliza- 
tion) of  toxic  metals  and  radionuclides  (i.e.,  actin- 
ides  and  fission  products)  continues  to  be  very 
limited,  as  was  discovered  in  this  review  of  rele- 
vant literature.  However,  the  acquisition  of  such 
information  will  be  useful  in  the  development  of 
(1)  predictive  models  on  the  fate  and  long-term 
transport  of  toxic  metals  and  radionuclides  from 
waste  disposal  sites,  and  (2)  biotechnological  appli- 
cations of  waste  treatment  leading  to  volume  re- 
duction and  stabilization  of  radionuclides  and  toxic 
metals.  (Korn-PTT) 
W9 1-04264 


FACTORS  INFLUENCING  THE  CHEMICAL 
CHARACTERISTICS  OF  LANDFILL  LEA- 
CHATES. 

Ross  Consultancy,  Tygerpark  (South  Africa). 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04319 


LISTERIA  MONOCYTOGENES  CONTAMINA- 
TION OF  CROPS  GROWN  ON  SOIL  TREATED 
WITH  SEWAGE  SLUDGE  CAKE. 

Biological  Research  Center,  Baghdad  (Iraq). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04367 


RECREATIONAL  WATER  QUALITY:  THE 
MANAGEMENT  OF  ENVIRONMENTAL 
HEALTH  RISKS  ASSOCIATED  WITH 
SEWAGE  DISCHARGES. 

A.  Godfree,  F.  Jones,  and  D.  Kay. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

9,  p  414-422,  September  1990.  1  fig,  3  tab,  71  ref. 

Descriptors:  'Estimated  costs,  'Human  pathogens, 
♦Path  of  pollutants,  'Recreation  facilities,  'Re- 
source management,  'Risk  assessment,  'Sewers, 
'Wastewater  pollution,  'Water  pollution  control, 
'Water  quality  standards,  Bacterial  analysis,  Eco- 
nomic impact,  Fecal  coliforms,  Flow  rates,  Health 
risk,  Reservoirs,  Viruses. 

Marine  environments  are  a  source  of  water  recrea- 
tion including  bathing,  and  they  act  as  receiving 
waters  and  reservoirs.  Epidemiological  studies  are 
required  to  assess  any  health  risk  in  using  polluted 
bathing  waters  and  in  order  to  establish  the  degree 
of  public  health  risk  in  using  sewage  polluted 
water,  and  the  relationship  and  correlation  with 
microbial  standards  and  indicator  bacteria  or  vi- 
ruses. The  implementation  of  the  EC  Directive  76/ 
160/EEC  has  provided  numerical  values  for  nine- 
teen water  quality  parameters,  principally  micro- 
biological parameters.  Compliance  assessment  in 
the  UK  is  performed  using  total  and  fecal  coli- 
forms, despite  the  inclusion  of  salmonella  and  vi- 
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ruses  in  the  Directive.  The  designers  of  marine 
outfalls  began  to  incorporate  the  mandatory  coli- 
form  levels  for  coastal  waters  into  their  design 
parameters.  The  use  of  predictive  modelling  pro- 
vided a  mechanism  for  evaluating  potential  outfall 
configurations  with  a  principal  objective  being 
compliance  with  the  fecal  coliforms  criteria  of 
2000/100  ml.  In  the  absence  of  other  criteria,  de- 
signers continue  with  the  EC  Directive  Standards 
as  a  basis  for  performance.  The  costs  of  construct- 
ing environmentally  acceptable  discharge  systems 
to  the  marine  environment  are  considerable,  for 
example  the  costs  of  construction  of  a  5  km  outfall, 
serving  a  resident  population  of  250,000,  taking 
into  account  sewage  works  and  a  facility  for  stor- 
age of  proportion  of  storm  flows  has  been  estimat- 
ed at  55.2  million  pounds.  Quality  controlled  mi- 
crobial analysis  must  be  established  so  that  data 
may  be  readily  compared  and  used  to  survey  and 
control  sewage  discharges  and  traditional  and 
novel  means  of  treatment.  (Brunone-PTT) 
W91-045I3 


ECONOMIC  EFFECTS  OF  LONG-TERM  RE- 
STRICTIONS ON  DRAINAGE  WATER  DIS- 
POSAL. 

Rhode  Island  Univ.,  Kingston.  Dept.  of  Resource 

Economics. 

For   primary   bibliographic   entry   see   Field    5G. 

W91-04535 


DEWATERING  PROBLEMS  LEAD  TO  LIQUID 
SLUDGE  DISPOSAL. 

Broward  County  Office  of  Environmental  Serv- 
ices, Pompano  Beach,  FL.  Wastewater  Manage- 
ment Div. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04595 


LOS  ANGELES  CITY  SLUDGE  MANAGE- 
MENT PROGRAM. 

Los    Angeles    City    Hyperion    Treatment    Plant, 

Playa  Del  Rey,  CA. 

J.  T.  Crosse,  and  S.  C.  Molyneux. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.  11,  p  15,17,  November  1990. 

Descriptors:  'California,  *Los  Angeles,  'Sludge 
disposal,  'Sludge  utilization,  'Waste  disposal, 
•Waste  treatment,  Chemical  treatment,  Compost- 
ing, Hyperion  energy  recovery  system,  Land  dis- 
posal, Ocean  dumping,  Regulations. 

Sludge  management  has  become  a  major  challenge 
facing  publicly  owned  treatment  works  across  the 
U.S.  The  city  of  Los  Angeles,  California,  operates 
four  wastewater  treatment  plants,  treats  460  mgd 
of  wastewater,  and  produces  over  1400  wet  tons 
per  day  of  dewatered  digested  wastewater  sludge 
at  20%  solids  concentration.  Los  Angeles  had 
begun  efforts  to  eliminate  ocean  sludge  dumping  in 
1972,  and  turned  to  a  Hyperion  Energy  Recovery 
System  (HER).  This  system  provided  on-site 
sludge  handling  for  up  to  1 300  ton/day  of  sludge 
cake  by  drying  and  then  combusting  the  sludge  for 
power  generation.  However,  problems  developed 
and  the  city  began  hauling  sludge  to  landfills.  In 
1987  the  city  shifted  focus  and  developed  a  plan 
for  solids  handling  through  the  year  2010.  In  pur- 
suit of  these  goals,  the  city  solicited  innovative  and 
alternative  proposals  from  the  private  sector. 
Flexible  programs  that  were  developed  to  respond 
to  a  plant's  fluctuating  operational  conditions  in- 
cluded: (1)  hyperion  energy  recovery  systems;  (2) 
chemical  treatment;  (3)  land  application;  and  (4) 
composting.  All  projects  using  city  wastewater 
sludge  must  meet  the  guidelines  of  the  California 
Environmental  Quality  Act  to  ensure  compliance 
with  all  applicable  federal,  state,  and  local  regula- 
tions. Since  November  1987,  ocean  disposal  has 
been  replaced  by  landfilling  and  a  newly  construct- 
ed on-site  recovery  facility.  In  the  past  two  years, 
the  city  has  developed  three  additional  alternatives 
for  beneficially  reusing  over  1400  wet  tons  per  day 
of  sludge,  and  is  aggressively  managing  a  quality 
sludge  management  program.  (White-Reimer- 
PTT) 
W91-04596 


EPA'S  TECHNICAL  SLUDGE  REGULATIONS 
MAY  END  BENEFICIAL  REUSE. 

Tennessee    Dept.    of    Health    and    Environment, 

Nashville. 

For   primary   bibliographic   entry   see   Field    5G 

W9 1-04599 


PRELIMINARY  SITE  EVALUATION  FOR  AG- 
RICULTURAL UTILIZATION  OF  SEWAGE 
SLUDGE  A  GUIDE  FOR  WWTP  TECHNI- 
CIANS. 

Gannett,  Fleming,  Corddry  and  Carpenter,  Inc., 
Harrisburg,  PA. 
T.  Johnston. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  23,  No.  6,  p  9-11,  November/ 
December  1990.  1  fig. 

Descriptors:  'Cropland,  'Farming,  'Pennsylvania, 
'Sludge  disposal,  'Sludge  utilization,  Crops,  Land 
disposal,  Manure,  Permit  requirements,  Regula- 
tions. 

As  a  result  of  the  recently  adopted  Pennsylvania 
Department  of  Environmental  Resources  (DER) 
Municipal  Waste  Regulations,  the  selection  of  ade- 
quate sites  for  agricultural  utilization  of  sewage 
sludge  has  become  increasingly  difficult.  Therefore 
a  step-by-step  procedure  for  wastewater  treatment 
plant  (WWTP)  personnel  for  screening  agricultur- 
al utilization  sites  has  been  outlined.  The  first  step 
is  to  contact  potentially  receptive  farmers.  Sludge 
can  be  promoted  as  a  valuable  product;  a  soil 
nutrient  and  conditioner  provided  at  no  cost. 
Second,  one  must  prepare  for  a  site  visit  and  obtain 
a  Soil  Survey  for  the  county  where  the  farm  is 
located.  Soil  Surveys  are  detailed  soils  manuals 
developed  by  the  U.S.  Department  of  Agriculture 
and  Soil  Conservation  Service  in  Cooperation  with 
the  Pennsylvania  State  University  and  DER.  An 
application  must  be  completed  that  includes  a 
manure  management  plan  that  is  used  to  determine 
the  quantity  of  manure  generated  on  the  farm  in 
order  to  calculate  the  nutrient  value  of  the  manure 
produced.  At  the  initial  site  visit  one  must  review 
various  aspects  of  the  permit  requirements  with  the 
farmer  and  collect  the  necessary  information  for 
the  permit.  It  is  then  necessary  to  'walk'  the  farm 
and  examine  each  field  individually  for  slope,  sink- 
holes or  rock  outcrops,  soil  drainage,  soil  type, 
current  crops,  and  presence  of  streams.  The  deci- 
sion to  utilize  the  farm  for  sludge  disposal  should 
consider:  whether  or  not  there  is  sufficient  accepta- 
ble acreage  for  the  permitting  process;  is  there 
sufficient  acreage  for  both  manure  produced  on  the 
farm  and  the  areas  for  permitting;  and  will  the 
farmer  withdraw  from  the  program  if  the  neigh- 
bors object  to  sludge  application.  (White-Reimer- 
PTT) 
W9 1-04606 


GROUND-WATER  QUALITY  NEAR  A  SCAV- 
ENGER-WASTE-DISPOSAL FACILITY  IN 
MANORVILLE,  SUFFOLK  COUNTY,  NEW 
YORK,  1984-85. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04647 


COMPOST  MARKETING  IN  NEW  ENGLAND. 

Dufresne-Henry,  Inc.,  North  Springfield,  VT. 
M.  E.  Lang,  and  R.  A.  Jager. 
Biocycle   BCYCDK,   Vol.   31,   No.    11,   p  68-71, 
November  1990.  2  tab,  2  ref. 

Descriptors:  'Compost,  'Marketing,  Composting, 
New  England,  Public  lands,  Public  policy,  Sludge, 
Sludge  disposal.  Sludge  utilization. 

Sludge  composting  has  become  a  widely  accepted 
sludge  management  technology  throughout  New 
England.  There  are  35  facilities  currently  operating 
in  the  six  state  region,  processing  approximately 
150  dry  tons  of  sludge  per  day.  Interest  in  com- 
posting continues,  as  demonstrated  by  16  facilities 
in  design  or  construction  phases.  Another  17  mu- 
nicipalities and  six  regional  authorities  are  consid- 
ering implementing  composting  programs.  A 
survey  of  the  35  composting  facilities  currently 


operating  in  New  England  was  conducted  to  de- 
termine the  success  of  their  compost  marketing 
programs.  Nineteen  facilities  provide  compost  for 
public  agencies  to  use.  Typical  recurring  uses  in- 
clude the  maintenance  of  parks,  recreational  areas, 
cemeteries,  road  embankments  and  building 
grounds.  Large,  one-time  uses  of  compost  include 
the  construction  of  baseball  fields,  cemeteries,  and 
the  installation  of  roadside  curbing.  General  and 
landscape  contractors  also  represent  a  major 
market  for  compost  in  New  England.  Homeown- 
ers represent  a  significant  market  at  several  of  the 
facilities,  but  the  agricultural  market  is  underdevel- 
oped. Private  brokers  understand  the  benefits  of 
using  compost  and  are  often  associated  with  large 
volume  soil  users.  Five  facilities  report  the  use  of 
their  compost  in  the  production  of  loam.  Two 
facilities  report  the  use  of  their  compost  to  reclaim 
exhausted  gravel  pits  and  a  third  reported  using 
compost  in  reclaiming  a  sandpit.  The  survey  identi- 
fied four  key  factors  in  existing,  successful  market- 
ing programs.  Successful  marketers  understand  the 
proper  use  of  compost  and  convey  this  information 
to  end  product  users.  They  maintain  communica- 
tion with  users  to  help  overcome  any  difficulties, 
and  share  in  their  successes.  They  also  encourage 
public  agencies  and  contractors  performing  public 
work  to  use  compost,  allowing  development  of 
visible  examples  of  its  benefits.  (Mertz-PTT) 
W9 1-04760 


ANALYTICAL  AND  SPECTROSCOPIC  CHAR- 
ACTERIZATION OF  HUMIC  ACIDS  EX- 
TRACTED FROM  SEWAGE  SLUDGE, 
MANURE,  AND  WORM  COMPOST. 

Sassari   Univ.   (Italy).    Inst,   di   Chimica  Agraria. 

S.  Deiana,  C.  Gessa,  B.  Manunza,  R.  Rausa,  and  R. 

Seeber. 

Soil  Science  SOSCAK,  Vol.  150,  No.  1,  p  419-424 

1990.  4  fig,  5  tab,  17  ref. 

Descriptors:  'Compost,  'Humic  acids,  'Land  dis- 
posal, 'Manure,  'Sludge,  'Sludge  analysis,  'Soil 
analysis,  'Spectroscopy,  'Wastewater,  Carbon 
content,  Fertilization,  Polysaccharides,  Proteins, 
Soil  chemistry. 

Humic  acids  extracted  from  sewage  sludge, 
manure,  and  worm  compost  have  been  character- 
ized by  chemical  and  spectroscopic  methods. 
Meaningful  differences  in  the  composition  were 
revealed  by  Fourier  transformation  infrared, 
proton,  carbon- 13  NMR,  and  visible  spectrosco- 
pies. These  differences  allow  a  differentiation 
among  the  products  depending  on  the  source  from 
which  they  were  obtained.  Humic  acid  extracted 
from  sewage  sludge  contains  the  highest  percent- 
age of  aliphatic  carbon,  associated  with  polysac- 
charides and  proteinaceous  structures,  and  has 
characteristics  close  to  those  of  aquatic  humic 
acids.  On  the  other  hand,  humic  acids  from  manure 
and  worm  compost  are  similar  to  the  humic  acids 
originating  from  soil.  (Author's  abstract) 
W9 1-04797 


COMMON-SENSE  LIQUID  SLUDGE  MAN- 
AGEMENT. 

Envirotech  Operating  Services,  Dayton,  OH. 
L.  S.  Royer,  and  N.  Brookhart. 
Water    Environment    &    Technology    WAETEJ, 
Vol.  2,  No.   12,  p  52-57,  December  1990.  3  fig. 

Descriptors:  'Liquid  sludge,  'Sludge  disposal, 
'Sludge  utilization,  'Soil  amendments,  Cropland, 
Injection,  Marketing,  Municipal  wastewater,  Ohio, 
Storage  requirements,  Subsurface  sludge  injection, 
Waste  storage. 

Land  application  of  liquid  municipal  sludge  has 
long  been  a  popular  choice  for  sludge  disposal, 
primarily  because  of  low  capital  and  operating 
costs.  The  volume  of  liquid  sludge,  particularly  at 
medium  and  large  facilities  can  be  a  significant 
obstacle.  Cost  of  transporting  sludge  also  increases 
sludge  disposal  operation  costs.  The  Miami  Con- 
servancy District  is  a  regional  public  agency 
whose  primary  responsibility  is  flood  prevention 
and  control  on  the  Great  Miami  River  in  south- 
western Ohio.  Major  accomplishments  of  the  con- 
servancy district  have  been  the  construction  of 
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two  wastewater  treatment  plants.  One  of  the  basic 
goals  of  the  engineers  in  designing  the  sludge  dis- 
posal project  for  the  plants  was  to  demonstrate 
that  direct  injection  of  sludge  on  agricultural  land 
could  benefit  and  be  coordinated  with  a  successful 
agricultural  operation.  In  planning  a  sludge  man- 
agement program,  many  factors  including  public 
relations,  facility  size,  and  personnel  and  energy 
requirements,  and  previous  experiences  must  be 
considered.  To  be  compatible  with  agricultural 
operations,  sludge  must  be  stored  during  the  grow- 
ing season  when  crops  are  in  the  ground.  Storage 
should  be  provided  at  the  disposal  sites  rather  than 
at  the  plant  so  that  transportation  of  sludge  to  the 
sites  could  take  place  during  the  crop  season  and 
winter  months.  Subsurface  sludge  injection  was  the 
application  method  of  choice.  Direct  injection  al- 
lowed for  immediate  incorporation  of  the  sludge 
into  the  soil.  Monitoring  wells  were  set  up  on  the 
site  and  computer  software  was  developed  to  co- 
ordinate data  on  sludge  application,  and  ground- 
water monitoring.  The  Miami  Conservancy  Dis- 
trict has  found  that  their  sludge  land  application 
program  is  both  manageable  and  cost  effective. 
(Mertz-PTT) 
W91-04819 


GRAVITY  BELT  THICKENING  AND  LIME 
STABILIZATION. 

EIMCO  Process  Equipment  Co.,  Salt  Lake  City, 

UT. 

D.  F.  Ritter. 

Water   Environment    &   Technology    WAETEJ, 

Vol.  2,  No.  12,  p  58-63,  December  1990.  2  fig,  3 

tab. 

Descriptors:  *Land  disposal,  *Sludge  thickening, 
•Sludge  treatment,  *Soil  amendments, 
•Wastewater  facilities,  *Wastewater  treatment, 
Advanced  wastewater  treatment,  Ammonia  re- 
moval, Cropland,  Gravity,  Gravity  belt  thicken- 
ing, Lime,  Lime  stabilization,  Sludge,  Sludge  utili- 
zation, Storage. 

In  a  recent  plant  expansion  from  3.7  to  8.5  million 
gallons/day  that  included  an  upgrade  to  ammonia 
nitrogen  removal,  the  advanced  wastewater  treat- 
ment plant  in  Oaks,  Pennsylvania  selected  a  gravi- 
ty belt  thickening  and  lime  stabilization  system  for 
the  daily  treatment  of  5900  kg  of  sludge.  This 
system  was  selected  because  of  the  consistent  per- 
formance and  easy  operation  of  the  gravity  belt 
thickeners  and  because  of  the  relatively  lower  cap- 
ital and  operational  costs  associated  with  the  gravi- 
ty belt  thickening  and  lime  stabilization  system, 
compared  to  other  processes  considered.  The 
system  consists  of  several  components.  Primary 
and  waste  activated  sludge  from  both  aeration 
processes  are  pumped  to  the  holding  tank  for 
blending  thickening.  The  sludge  is  blended  by  a 
submersible  mechanical  mixer  in  the  holding  tank 
and  then  pumped  by  the  progressive  cavity  thick- 
ener feed  pumps  to  the  gravity  belt  thickeners. 
Lime  slurry  is  added  to  the  sludge  as  it  is  dis- 
charged from  the  gravity  belt  thickeners  through  a 
chute  into  the  open-throat  progressive  cavity 
thickened-sludge  pumps.  The  sludge  is  then 
pumped  to  the  sludge  storage  tank  where  the  lime 
is  further  mixed  with  the  sludge  by  two  submersi- 
ble mechanical  mixers  in  the  storage  tank.  From 
the  sludge  storage  tank,  the  thickened,  lime-stabi- 
lized sludge  is  pumped  by  the  progressive  cavity 
sludge  transfer  pump  through  a  liquid-loading  arm 
to  a  tanker  truck  for  application  on  nearby  farm- 
land. (Mertz-PTT) 
W9 1-04820 


LESSONS    LEARNED    FROM    COMPACTED 
CLAY  LINER. 

McClelland  Engineers,  Inc.,  Houston,  TX. 

For   primary   bibliographic   entry   see   Field   5G. 

W91-04839 


RECONNAISSANCE  STUDY  OF  THE  THICK- 
NESS OF  THE  UNSATURATED  ZONE  IN  THE 
WESTERN  CONTERMINOUS  UNITED 
STATES. 

Geological   Survey,   Lakewood,  CO.   Water  Re- 
sources Div. 
M.  S.  Bedinger,  and  W.  H.  Langer. 


Available  from  Books  and  Open  File  Reports  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Atlas  HA-715,    1989.    lp,   7  fig,    1   map,    13   ref. 

Descriptors:  'Aeration  zone,  *Hazardous  waste 
disposal,  *Hydrologic  budget,  *Hydrologic  maps, 
•Radioactive  waste  disposal,  *Site  selection,  'Sur- 
veys, 'Unsaturated  zone,  Arizona,  California,  Col- 
orado, Groundwater  movement,  Groundwater  re- 
charge, Groundwater  resources,  Idaho,  Montana, 
Nevada,  Oregon,  Precipitation,  Surface-ground- 
water  relations,  Texas,  Utah,  Washington,  Wyo- 
ming. 

In  1984,  the  US  Geological  Survey  began  a  study 
of  the  geohydrologic  characteristics  of  the  unsatu- 
rated zone  in  the  western  United  States,  extending 
from  the  eastern  edge  of  the  Rocky  Mountains 
westward  and  including  all  or  parts  of  the  12 
westernmost  State.  The  goal  is  to  characterize 
unsaturated  flow  systems  to  aid  in  identifying  envi- 
ronments in  the  western  United  States  that  may 
merit  further  study  for  isolation  of  hazardous 
waste,  including  high-level  and  low-level  radioac- 
tive waste  and  other  toxic  waste.  The  major  phy- 
siographic areas  discussed  in  this  report  are:  (1) 
Rocky  Mountain  System  consisting  of  the  South- 
ern, Middle,  and  Northern  Rocky  Mountains,  and 
the  Wyoming  basin;  (2)  Intermontane  Plateaus 
consisting  of  the  Basin  Range  province,  and  the 
Colorado  and  Columbia  Plateaus;  and  (3)  Pacific 
Mountain  System.  The  Colorado  and  Columbia 
plateaus,  exhibit  a  variety  of  geohydrologic  condi- 
tions. Outstanding  features  peculiar  to  the  moun- 
tainous area  of  the  Rocky  Mountain  and  the  Pacif- 
ic Mountain  Systems  are  the  high  rugged  moun- 
tains and  steep  relief.  These  mountains  receive 
greater  precipitation  than  do  the  lower  parts  of  the 
otherwise  dry  western  United  States.  Generally, 
moisture-laden  air  masses  move  eastward,  and  the 
mountains  force  them  to  higher,  cooler  altitudes. 
As  the  air  cools,  moisture  condenses  and  precipi- 
tates. As  a  result,  the  Rocky  Mountain  and  Pacific 
Mountain  Systems  have  annual  precipitation  in 
excess  of  30  in.  The  Wyoming  Basin,  Basin  and 
Range  province,  Colorado  Plateaus,  and  Columbia 
Plateaus  generally  have  lower  altitudes  and  less 
relief  than  do  the  mountainous  areas.  The  climate 
throughout  most  of  these  provinces  generally  is 
semiarid  to  arid.  Annual  precipitation  is  generally 
<  16  in.  throughout  most  of  the  area,  and  is  <  4 
in.  in  some  parts.  The  mean  annual  surface  evapo- 
ration ranges  from  20  to  100  in.  A  large  part  of  the 
study  area  is  subject  to  a  water  deficit  because 
potential  evapotranspiration  exceeds  precipitation; 
as  a  consequence,  groundwater  recharge  generally 
is  small,  surface  runoff  is  small,  perennial  streams 
and  lakes  are  few,  and  the  depth  to  groundwater 
commonly  is  large.  (Lantz-PTT) 
W91-04855 


5F.  Water  Treatment  and 
Quality  Alteration 


WATER-USE  EFFICIENCY  STANDARDS  FOR 
PLUMBING  FIXTURES:  BENEFITS  OF  NA- 
TIONAL LEGISLATION. 

Brown  and  Caldwell,  Boston,  MA. 

For   primary   bibliographic   entry   see   Field   3D. 

W9 1-03972 


OPERATING  THE  SEATTLE  WATER  SYSTEM 
DURING  THE  1987  DROUGHT. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic   entry  see   Field   3D. 
W9 1-03974 


EVALUATING  ION  EXCHANGE  FOR  REMOV- 
ING RADIUM  FROM  GROUNDWATER. 

Dow  Chemical  U.S.A.,  Midland,  MI. 
S.  Subramonian,  D.  Clifford,  and  W.  Vijjeswarapu. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  5,  p  61-70,  May  1990.  12 
fig,  6  tab,  29  ref.  Cooperative  research  agreement 
CR-813148  between  the  University  of  Houston  and 
the  EPA. 


Descriptors:  'Groundwater,  'Ion  exchange, 
'Radium,  'Radium  radioisotopes,  'Water  treat- 
ment, Cation  exchange,  Performance  evaluation, 
Pilot  plants,  Regeneration,  Resins. 

Bench  and  pilot-scale  studies  of  ion  exchange  proc- 
esses for  radium  removal  were  conducted  using 
ground  water  from  Lemont,  IL,  public  supply. 
Batch  and  column  studies  indicated  a  very  high 
resin  selectivity  for  radium  compared  with 
common  cations.  Exhaustion-regeneration  studies 
with  a  variety  of  resins  showed  that  a  standard  gel- 
type  strong-acid  cation  exchanger  is  most  suitable 
for  radium  removal  in  cycle  operation.  Because  the 
ion  exchange  softening  process,  operated  to  hard- 
ness breakthrough  (300-360  bed  volumes,  BV),  re- 
moves radium  but  does  not  fully  utilize  the  resin 
capacity,  cyclic  runs  were  made  with  resins  ex- 
hausted to  radium  breakthrough  (2,500-3,000  BV) 
and  regenerated  with  sodium  and  calcium  salts. 
But  because  the  poor  regenerability  of  exhausted 
resins,  simultaneous  breakthrough  of  radium  and 
hardness  occurred  during  the  subsequent  exhaus- 
tion run  on  the  sodium  cycle,  and  high  radium 
leakage  was  observed  on  the  calcium  cycle.  A 
study  of  factors  affecting  elution  showed  that 
during  normal  regeneration  with  15-20  lb  NaCl/cu 
ft,  only  20-25  percent  of  the  adsorbed  radium  was 
removed.  For  the  Lemont  water  containing  12 
pCi/L  of  Ra-226,  this  left  a  typical  Ra-226  residual 
of  14,000  pCi  Ra-226/L  resin  after  regeneration. 
Use  of  very  high  regenerant  dosages  (up  to  20 
times  stoichiometric)  could  desorb  75-90  percent  of 
the  adsorbed  radium,  but  such  excessive  regenerant 
use,  compared  with  normal  dosages  of  two  or 
three  times  stoichiometric,  would  not  be  economi- 
cal without  incorporation  of  regenerant-reuse  tech- 
niques. The  sodium  ion  exchange  softening  process 
(operated  to  hardness  breakthrough  without  regen- 
erant reuse)  continues  to  be  an  appropriate  tech- 
nology for  the  removal  of  radium.  (Author's  ab- 
stract) 
W91-03975 


MEASURING  ALUMINUM  DURING  WATER 
TREATMENT:  METHODOLOGY  AND  APPLI- 
CATION. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

J.  E.  Van  Benschoten,  and  J.  K.  Edzwald. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  5,  p  71-78,  May  1990.  10 

fig,  4  tab,  33  ref.  EPA  Cooperative  Agreement 

CR-8 12639. 

Descriptors:  'Aluminum,  'Analytical  techniques, 
'Chemical  analysis,  'Water  analysis,  'Water  treat- 
ment, Cation  exchange,  Chemical  speciation,  Fil- 
tration, Hydrogen  ion  concentration,  Solubility, 
Temperature  effects. 

A  method  for  determining  aluminum  during  water 
treatment  is  described.  The  procedure,  which  in- 
volves filtration  and  cation  exchange  to  isolate 
specific  aluminum  fractions  followed  by  analysis, 
was  applied  to  two  municipal  water  treatment 
plants.  Results  showed  that  70-80  percent  of  the 
aluminum  present  in  treated  water  was  in  dissolved 
form.  Residual  aluminum  concentrations  and  the 
extent  of  oversaturation  were  affected  by  the  pH 
of  coagulation,  the  treated  water  pH,  and  tempera- 
ture. Plant  operators  should  vary  pH  in  response  to 
seasonal  temperature  fluctuations  to  minimize  re- 
sidual aluminum.  (Author's  abstract) 
W9 1-03976 


EVALUATING  OXIDANTS  FOR  THE  REMOV- 
AL OF  MODEL  TASTE  AND  ODOR  COM- 
POUNDS FROM  A  MUNICIPAL  WATER 
SUPPLY. 

North  Carolina  Univ.,  Chapel  Hill.  Dept.  of  Envi- 
ronmental Sciences  and  Engineering. 
W.  H.  Glaze,  R.  Schep,  W.  Chauncey,  E.  C.  Ruth, 
and  J.  J.  Zarnoch. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  5,  p  79-84,  May  1990.  5 
tab,  37  ref. 

Descriptors:  'Chemical  treatment,  'Odor  control, 
•Organoleptic     properties,     •Oxidation     process, 
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•Water  treatment,  California,  Hydrogen  peroxide, 
Odors,  Ozonation,  Ozone,  Taste. 

Nine  oxidizing  agents  were  evaluated  for  removing 
six  taste  and  odor  compounds  spiked  into  Colorado 
River  water  (CRW),  one  of  the  supplies  of  the 
Metropolitan  Water  District  (MWD)  of  Southern 
California.  Of  the  oxidation  processes  investigated, 
ozone  alone  and  ozone  with  hydrogen  peroxide 
appear  to  have  the  most  potential  for  control  of 
taste  and  odor  compounds  at  existing  MWD 
plants.  In  State  Project  water  (SPW),  another 
MWD  source  water,  the  rate  of  oxidation  of  geos- 
min  and  methylisoborneol  (MIB)  with  ozone-with 
or  without  hydrogen  peroxide--is  higher  than  in 
CRW.  The  oxidation  of  geosmin  and  MIB  is  postu- 
lated to  occur  through  the  formation  of  highly 
reactive  hydroxyl  radicals.  The  higher  oxidation 
rates  in  SPW  are  indicative  of  higher  levels  of 
natural  inhibitors  of  ozone  decomposition  and 
lower  levels  of  hydroxyl  radical  scavengers.  (Au- 
thor's abstract) 
W9 1-03977 


OPTIMAL     UPGRADING    OF    HYDRAULIC- 
NETWORK  RELIABILITY. 

Kentucky  Univ.,  Lexington.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-03992 


OZONATION  OF  PYRENE  IN  AQUEOUS  SO- 
LUTION. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Public  Health  Engineering  Lab. 

C.  E.  Corless,  G.  L.  Reynolds,  N.  J.  D.  Graham, 

and  R.  Perry. 

Water  Research  WATRAG,  Vol.   24,  No.  9,  p 

1119-1123,  September  1990.  5  fig,  18  ref. 

Descriptors:  'Aromatic  compounds,  'Disinfection, 
'Ozonation,  'Polycyclic  aromatic  hydrocarbons, 
•Water  treatment,  Gas  chromatography,  High  per- 
formance liquid  chromatography,  Mass  spectro- 
photometry, Oxidation,  Pollutant  identification, 
Potable  water. 

The  reaction  of  pyrene  with  ozone  was  studied  in 
aqueous  solution  at  low  (10-200  micrograms/L) 
substrate  concentration  and  with  ozone  concentra- 
tions (5  mg/L)  approximating  those  used  in  potable 
water  treatment.  Degree  of  reaction  and  the  forma- 
tion of  polyaromatic/aromatic  reaction  products 
were  assessed  using  a  technique  of  solvent  extrac- 
tion and  derivatization  with  gas  chromatographic 
(GC),  gas  chromatographic-mass  spectrometric 
(GC-MS),  high  performance  liquid  chromatogra- 
phic (HPLC)  and  ultraviolet  spectrometric  analysis 
of  extracts.  A  freeze  drying/derivatization  tech- 
nique with  GC  and  GC-MS  analysis  was  employed 
for  the  isolation/identification  of  short  chain  polar 
aliphatic  reaction  products.  Substantial  destruction 
of  pyrene  was  recorded  within  1  min  of  reaction 
with  ozone.  Polyaromatic/aromatic  compounds 
did  not  persist;  reaction  products  are  likely  to  be 
short  chain  polar  aliphatic  compounds.  Products  of 
this  type  were  isolated  but  not  identified  in  the 
study.  (Author's  abstract) 
W91-04041 


DIFFERENT  SURFACE  GEOLOGY  IN  DEN- 
MARK, THE  FAROE  ISLANDS  AND  GREEN- 
LAND INFLUENCES  THE  RADIOLOGICAL 
CONTAMINATION  OF  DRINKING  WATER. 

Risoe  National  Lab.,  Roskilde  (Denmark).  Health 

Physics  Dept. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04044 


RESIN  CONCENTRATION  OF  BY-PRODUCTS 
FROM  CHLORINATION  OF  AQUATIC 
HUMIC  SUBSTANCES. 

Ecole  Nationale  Superieure  de  Chimie  de  Rennes 

(France).  Lab.  de  Chimie  des  Nuisances  et  Genie 

de  l'Environnement 

P.  LeCloirec,  R.  M.  Lelacheur,  J.  D.  Johnson,  and 

R.  F.  Christman. 

Water  Research  WATRAG,   Vol.   24,  No.  9,  p 

1151-1155,  September   1990.  2  fig,  4  tab,  24  ref. 


NSF  Grant  CEE83- 12997. 

Descriptors:  'Chlorination,  'Halogenated  com- 
pounds, 'Humic  substances,  'Pollutant  identifica- 
tion, 'Water  treatment,  Adsorption,  Organic 
carbon,  Separation  techniques. 

A  method  to  extract  and  concentrate  the  by-prod- 
ucts from  chlorination  of  an  isolated  aquatic  humic 
substance  was  investigated.  Particular  attention 
was  given  to  maximization  of  the  recovery  of 
compounds  characterized  as  total  organic  halo- 
gens. After  evaluation  of  different  XAD  resins 
with  model  compounds,  the  method  chosen  in- 
volved sequential  adsorption  of  an  acidified  aque- 
ous sample  onto  XAD-8  and  XAD-4  resins,  and 
product  recovery  first  with  base  elution  and  then 
soxhlet  ether  extraction  of  the  resins.  This  method 
yielded  a  recovery  of  72%  of  total  organic  carbon 
and  97%  of  total  organic  halogens.  (Author's  ab- 
stract) 
W9 1-04046 


INFLUENCE  OF  PHOSPHORUS  ON  GROWTH 
AND  NUTRIENT  STORAGE  BY  WATER  HYA- 
CINTH (EICHHORNIA  CRASSIPES  (MART.) 
SOLMS)  PLANTS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04052 


ADSORPTION    ISOTHERMS:    ILLUSIVE   CA- 
PACITY AND  ROLE  OF  OXYGEN. 

Cincinnati  Univ.,  OH.  Dept.  of  Civil  and  Environ- 
mental Engineering. 

For   primary   bibliographic   entry   see   Field   5D. 
W9 1-04072 


BROMATE  PRODUCTION  IN  CHLORINATED 
WATERS:  REACTION  OF  MONOCHLORA- 
MINE  AND  HYPOBROMITE. 

University   of  East   Anglia,   Norwich   (England). 
School  of  Environmental  Sciences. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-04085 


WATER  DISTRIBUTION  IN  EL  PASO-MOD- 
ELING  A  COMPLEX  SYSTEM. 

Camp,  Dresser  and  McKee,  Inc.,  Dallas,  TX. 
D.  Mueller,  and  H.  Juarez. 

Public  Works  PUWOAH,  Vol.  121,  No.  12,  p  44- 
45,  November  1990. 

Descriptors:  'Computer  models,  'Model  studies, 
•Municipal  water,  'Texas,  'Water  distribution, 
•Water  resources  management,  Databases,  Graphi- 
cal analysis,  Management  planning,  Project  plan- 
ning, Public  utility  districts,  Watershed  manage- 


The  El  Paso  (Texas)  Water  Utilities  Public  Service 
Board  (PSB)  manages  a  complex  water  distribution 
system  for  a  population  of  more  than  500,000.  The 
water  system  is  divided  by  a  range  of  mountains 
that  requires  numerous  pump  stations  to  distribute 
water  throughout  the  system.  Faced  with  the  chal- 
lenge of  meeting  customer  needs  both  now  and 
well  into  the  future,  the  PSB  needed  to  develop 
and  implement  a  comprehensive  water  system 
master  plan  to  evaluate  current  demand  on  the 
system,  to  evaluate  system  improvement  needs, 
and  to  project  future  demands  for  the  planned 
water  treatment  plant.  The  PSB  decided  that  the 
most  effective  means  to  meet  the  needs  of  El  Paso 
both  today  and  in  the  future  would  be  an  efficient, 
comprehensive,  computerized  modeling  system,  to 
be  developed  by  outside  experts  but  then  run  and 
managed  by  PSB  staff  on  an  ongoing  basis.  The 
database  management  system  selected  can  be  tai- 
lored to  reflect  specific  needs,  as  it  was  in  El  Paso, 
and  features  the  ability  to  link  to  the  industry 
standard  water  distribution  system  model-the  Uni- 
versity of  Kentucky  Model  (KYPIPE).  The  bene- 
fits of  this  planner  are  the  extreme  flexibility  and 
diversity  of  output.  PSB  staff  can  produce  maps  of 
any  or  all  segments  of  the  system,  allowing  identifi- 
cation of  problem  areas  graphically.  Other  benefits 
include  the  ability  to  maintain  system  records  by 
adding  to  and  updating  the  database.  (Fish-PTT) 


W91-04114 

RADON-REMOVING  IT  FROM  GROUND- 
WATER. 

Hydro   Group,    Inc.,   Bridgewater,   NJ.    Environ- 
mental Products  Div. 
F.  Lenzo. 

Public  Works  PUWOAH,  Vol.  121,  No.  12,  p  48- 
49,  November  1990.  1  fig,  2  tab. 

Descriptors:  *Air  stripping,  *Drinking  water, 
•Groundwater  pollution,  *Radon,  'Radon  radioi- 
sotopes, 'Water  treatment,  'Well  water,  Aeration, 
Design  criteria,  Public  health,  Volatile  organic 
compounds. 

Radon  gas  contamination  of  groundwater  supplies, 
and  its  consequent  liberation  into  household  air 
from  the  tap,  is  receiving  well-deserved  attention. 
The  U.S.  Environmental  Protection  Agency  is 
considering  a  maximum  contaminant  level  (MCL) 
in  the  200  to  2,000  pCi/L  range.  If  the  MCL  is  at 
the  range's  lower  end,  as  many  industry  experts 
anticipate,  more  than  30,000  water  systems  will 
need  treatment,  according  to  the  EPA.  The  EPA 
expects  to  propose  the  MCL  in  early  1991,  and  to 
designate  aeration  as  the  best  available  technology 
for  radon  removal.  High  levels  of  radon  gas 
trapped  in  household  air  is  considered  a  significant 
health  hazard.  However,  because  radon  gas  is  at 
ambient  temperatures,  it  is  easier  and  more  eco- 
nomical to  remove  than  many  other  volatile  con- 
taminants found  in  groundwater,  particularly  by 
aeration  techniques.  Radon  222  is  a  radionuclide  of 
the  uranium  238  decay  series,  occurring  naturally 
in  many  geologic  formations.  It  is  frequently  asso- 
ciated with  radiation  exposure  in  drinking  water 
and  in  the  home.  Pilot  study  test  results  showed 
that  air  stripping  was  a  feasible  and  cost-effective 
treatment  for  removing  radon  (3000  pCi/L)  and 
tetrachloroethene  (25  micrograms/L).  Pilot  data 
was  compared  to  results  from  previous  pilot  stud- 
ies and  full  scale  systems.  From  this  analysis, 
packed  air  stripping  towers  were  designed  to  meet 
performance  criteria  while  minimizing  costs.  Pack- 
ing depth,  tower  diameter,  and  air-to-water  ratio 
are  the  controlling  performance  factors.  These  pa- 
rameters are  interdependent,  which  allows  the  de- 
signer of  the  packed  tower  flexibility  in  meeting 
performance  requirements  and  optimizing  system 
capital  and  operating  costs.  (Fish-PTT) 
W91-04115 


SURFACE  WATER  DREAM  TURNED  INTO 
REALITY. 

B.  D.  Ogea,  D.  Conger,  and  W.  Moriarty. 

Public  Works  PUWOAH,  Vol.  121,  No.  12,  p  66- 

68,  November  1990.  2  fig,  1  tab. 

Descriptors:  'Drinking  water,  'Surface  water, 
'Texas,  'Water  resources  management,  'Water 
treatment  facilities,  Construction  costs,  Transmis- 
sion lines.  Water  delivery,  Water  demand,  Water 
supply  development,  Water  users. 

The  industrial  complex  of  Brazosport,  Texas,  is  the 
largest  of  its  kind  in  the  nation,  and  the  future  of 
the  community  involves  a  secure  supply  of  high 
quality  drinking  water.  A  nine-city  volunteer  com- 
mittee recommended  that  a  study  be  undertaken  to 
guide  the  participating  cities  in  the  area  as  to 
whether  to  obtain  future  water  form  additional 
well  fields  or  if  the  implementation  of  a  surface 
water  system  was  justified.  This  study  recommend- 
ed the  treatment  of  Brazos  River  water,  secured 
through  the  Dow  Chemical  Corporation  canal  and 
reservoir  system,  for  conveyance  to  member  cities. 
The  Brazosport  Water  Authority  (BWA)  was  cre- 
ated in  1985  to  be  responsible  for  the  regional 
water  system.  Using  the  population,  per  capita 
residential/small  commercial  water  usage  statistics, 
and  industrial  sales,  the  average  demand  for  the 
BWA  water  system  was  projected  to  the  year 
2020,  and  then  the  project  was  divided  into  two 
major  elements:  the  water  treatment  plant  and  the 
transmission  lines.  The  BWA  water  treatment 
plant  was  initially  constructed  to  produce  10  mgd 
(average),  capable  of  raw  water  pumping,  coagula- 
tion, flocculation,  sedimentation,  filtration,  disin- 
fection,  treated   water  storage,  and  high  service 
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pumping.  The  water  transmission  system  consists 
of  39.3  miles  of  8-in  to  36-in  water  mains,  with  a 
total  construction  cost  of  $8,808,340.  The  lines 
discharge  into  a  storage  tank  at  each  city,  where 
metering  and  flow  control  are  provided.  The  water 
is  mixed  with  local  groundwater  supplies  that  sup- 
plement the  surface  supply  during  peak  conditions. 
Construction  of  both  the  water  treatment  plant  and 
the  transmission  lines  was  completed  and  the  facili- 
ties placed  in  service  in  early  1989.  (Fish-PTT) 
W91-04117 


METAL  RECOVERY  USING  CHITOSAN. 

Protan  A/S,  Drammen  (Norway). 

For  primary   bibliographic   entry   see   Field    5D. 

W91-04160 


ROLE  OF  GOVERNMENT  AGENCIES  IN  THE 
FINANCING  OF  WATER  SUPPLY  SYSTEMS. 

Minnesota  Univ.,  Duluth. 

For  primary  bibliographic  entry  see  Field  6E. 

W9 1-04207 


VALIDATION  STUDIES  OF  AN  AUTOMATED 
PRECONCENTRATION  WATER  SAMPLER 
(APS)  FOR  CHLORINATED  DIBENZO-P- 
DIOXINS  AND  DIBENZOFURANS. 

Ontario   Ministry   of  the   Environment,   Rexdale. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04280 


DEVELOPMENT,  CALIBRATION  AND  FUR- 
THER DATA  REQUIREMENTS  OF  THE 
SEWER  FLOW  QUALITY  MODEL  MOSQITO. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04335 


GIARDIASIS  OUTBREAK  FROM  A  CHLORIN- 
ATED COMMUNITY  WATER  SUPPLY. 

South  Okanagan  Health  Unit,  Kelowna  (British 

Columbia). 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04362 


ALTERATIONS  IN  THE  MAJOR  HETERO- 
TROPHIC BACTERIAL  POPULATIONS  ISO- 
LATED FROM  A  STILL  BOTTLED  MINERAL 
WATER. 

Coimbra  Univ.  (Portugal).  Dept.  de  Zoologia. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04368 


POTENTIAL  EFFECTS  OF  RAISING  PH  FOR 
CORROSION  CONTROL  ON  THE  AESTHETIC 
QUALITIES  OF  A  WATER  SUPPLY. 

Whitman  and  Howard,  Inc.,  Wellesley,  MA. 
L.  E.  Guilmartin,  and  J.  B.  Duggan. 
Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  1,  p  1-30,  March 
1990.  10  fig,  14  tab. 

Descriptors:  *Chemical  treatment,  *Corrosion  con- 
trol, 'Hydrogen  ion  concentration,  'Manganese, 
•Water  quality  control,  'Water  treatment,  Aes- 
thetics, Case  studies,  Chemical  properties,  Disin- 
fection, Massachusetts,  Phosphates,  Sequestrants, 
Stabilization. 

Some  of  the  most  common  chemical  and  microbio- 
logical characteristics  that  may  be  affected  by  rais- 
ing the  pH  for  corrosion  control  are  described, 
followed  by  a  case  study  for  the  town  of  Welles- 
ley,  MA.  Raising  the  pH  can  increase  water  hard- 
ness, reduce  corrosive  effects  of  carbon  dioxide  in 
the  water,  weaken  the  buffering  abilities  of  the 
water,  decrease  the  disinfection  capability  of  chlo- 
rine and  chlorine  compounds,  and  possibly  de- 
crease the  stabilizing  capability  of  sequestering 
phosphate  compounds.  Raising  the  pH  for  corro- 
sion control  can  also  provide  a  more  optimum  pH 
for  microbiological  growth  and  cause  iron  and 
manganese  (Mn)  ions  to  oxidize  more  completely 
and  rapidly  to  the  ferric  ion  and  manganic  ion 
states,  producing  color  and  turbidity.  The  case 
study  involved  the  effect  of  corrosion  control  on 


the  sequestering  of  manganese  in  Wellesley,  MA 
(population  27,000).  Although  manganese  concen- 
trations have  been  reduced  in  the  water  distribu- 
tion, they  still  existed  at  levels  averaging  0.29  mg/ 
L  (six  times  the  maximum  contaminant  level  for 
Mn).  The  capability  of  four  sequestering  chemicals 
(i.e.,  silicate,  zinc  glassy  phosphate,  linear  chained 
polyphosphate,  and  sodium  hexametaphosphate)  to 
stabilize  Mn  was  evaluated  by  performing  a  series 
of  jar  tests  on  each  of  the  5  well  waters.  Sodium 
hexametaphosphate  was  found  to  have  fairly  good 
stabilizing  capability  over  a  wide  pH  range  on 
unheated  samples,  and  up  to  a  pH  value  of  7.5  on 
heated  samples  that  were  collected  from  most  of 
the  wells.  It  appeared  that  the  sodium  hexameta- 
phosphate being  used  at  that  time  to  control  color 
would  continue  to  be  effective  after  the  implemen- 
tation of  a  corrosion  control  program.  In  conclu- 
sion, a  corrosion  control  program  should  not  be 
developed  solely  on  the  basis  of  reducing  the  ag- 
gressiveness of  a  water  supply.  Water  quality  char- 
acteristics and/or  distribution  system  conditions 
that  may  be  affected  by  such  a  program  must  also 
be  addressed.  (VerNooy-PTT) 
W9 1-04370 


SATELLITE  MANAGEMENT  AND  JOINT  USE. 

Connecticut  Water  Co.,  Clinton. 
J.  R.  McQueen. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  1,  p  31-34,  March 
1990. 

Descriptors:  'Boundary  disputes,  'Connecticut, 
'Regional  planning,  'Utility  extension,  'Water 
conveyance,  'Water  management,  'Water  treat- 
ment facilities,  Administrative  agencies,  Legisla- 
tion, Water  policy. 

In  the  1985  state  legislative  session,  the  Connecti- 
cut General  Assembly  passed  Public  Act  85-535, 
'An  Act  Concerning  a  Connecticut  Plan  for  Public 
Water  Supply  Coordination.'  The  Act  was  intend- 
ed to  provide  a  coordinated  approach  to  long- 
range  water  supply  planning  in  an  area-wide  per- 
spective with  the  Department  of  Health  Services 
as  the  lead  state  agency.  The  DOHS  divided  the 
state  into  seven  areas  for  this  purpose  and  within 
each  area  a  Water  Utility  Coordinating  Committee 
(WUCC)  was  created  to  manage  the  process. 
Membership  of  the  WUCC  was  limited  to  all  water 
companies  in  the  are,  both  public  and  private,  and 
Regional  Planning  Agencies.  The  DOHS  provided 
guidance  to  the  WUCC  and  funding  for  a  consult- 
ant to  work  with  the  committee.  Among  other 
activities  and  reports  required  by  the  Act,  the 
WUCC  was  to  determine  Exclusive  Service  Area 
boundaries.  These  boundaries  were  to  be  deter- 
mined by  negotiation  among  among  overlapping 
franchise  holders,  and  finally  adopted  by  the 
WUCC.  If  a  boundary  dispute  could  not  be  re- 
solved by  the  WUCC  members,  the  DOHS  would 
impose  a  solution.  Overall,  the  potential  for  future 
use  of  satellite  management  (or  takeover  of  small 
utilities)  is  very  great  within  Connecticut.  Protec- 
tion of  raw  water  supplys  and  the  routine  monitor- 
ing and  analysis  costs  will  be  the  initial  emphasis 
for  regulatory  agencies,  with  a  substantial  increase 
in  shared  laboratory  facilities  or  satellite  manage- 
ment undoubtedly  occurring  due  to  this  reason 
alone.  (Author's  abstract) 
W9 1-04371 


ECONOMICS    OF    METER    TESTING/CALI- 
BRATION. 

Moore  and  Kling,  Inc.,  Northborough,  MA. 
For  primary  bibliographic  entry  see  Field  6C. 
W9 1-04372 


TROUBLESHOOTING  AN  EXISTING  TREAT- 
MENT PLANT. 

Black  and  Veatch,  Cincinnati,  OH. 
G.  S.  Logsdon,  L.  Mason,  and  J.  B.  Stanley. 
Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  1,  p  43-56,  March 
1990.  3  fig,  3  tab,  9  ref. 

Descriptors:  'Cryptosporidium,  'Filtration,  'In- 
spection, 'Pathogens,  'Pollutant  identification, 
'Sanitary  engineering,  'Water  treatment  facilities, 


Flocculation,  Georgia,  Human  diseases,  Perform- 
ance evaluation,  Planning,  Public  health. 

Investigating  a  filtration  plant  that  is  not  meeting 
the  performance  criteria  for  turbidity  or  is  having  a 
problem  of  performance  may  become  a  more 
common  activity  if  the  Surface  Water  Treatment 
Rule  is  enacted  as  proposed.  General  guidelines  art 
given  for  troubleshooting  an  existing  treatment 
plant.  Three  categories  to  be  considered  when  an 
engineer  is  called  to  inspect  a  water  filtration  plant 
include  advanced  preparation,  on-site  activities, 
and  follow-up.  During  the  month  of  January,  1987, 
a  large  number  of  students  at  West  Georgia  Col- 
lege in  Carrollton,  GA  developed  diarrhea.  After 
the  identification  of  Cryptosporidium  in  specimens, 
the  occurrence  of  diarrhea  in  nursing  home  pa- 
tients was  also  evaluated.  The  Centers  for  Disease 
control  then  contacted  the  US  EPA  for  ask  for 
assistance  in  evaluation  of  the  water  filtration 
plant.  Evaluation  of  the  conventional  water  filtra- 
tion plant  began  with  a  tour  of  the  facilities,  fol- 
lowed by  on-site  review  of  the  facility  and  operat- 
ing procedures.  The  plant  had  been  undergoing 
improvements  at  the  time  of  the  outbreak,  and  the 
new  turbine  style  flocculators  had  not  yet  been 
installed.  A  list  of  recommendations  was  prepared, 
encompassing  the  following  areas:  raw  water, 
rapid  mix,  chemical  feed,  flocculation,  sedimenta- 
tion, filter  operation,  filter  monitoring,  laboratory 
operations,  distribution  system,  and  operator  train- 
ing. More  than  a  year  has  passed  since  the  out- 
break occurred,  and  results  have  been  impressive. 
Physical  and  procedural  plant  improvements,  at  a 
modest  cost,  are  indicative  of  what  can  be  done 
based  on  a  careful  plant  evaluation  and  good  engi- 
neering practice.  (VerNooy-PTT) 
W9 1-04373 


KEEPING  YOUR  NEIGHBOR  HAPPY. 

New  Jersey-American  Water  Co.,  Shrewsbury. 
W.  H.  Pearce. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  1,  p  57-60,  March 
1990. 

Descriptors:  'Alternative  planning,  'Construction 
methods,  'Project  planning,  'Public  relations, 
'Water  treatment  facilities,  Aesthetics,  Environ- 
mental impact,  Landscaping,  Multiobjective  plan- 
ning, Negotiations,  New  Jersey,  Public  nuisance, 
Public  participation,  Public  policy. 

Since  concern  for  the  environment  is  becoming  a 
pervasive  and  popular  concern,  it  is  no  longer 
sufficient  for  engineers  to  design  a  facility  which  is 
economical,  functional  and  technically  appropri- 
ate. Considerations  of  location,  aesthetics,  impact 
on  surroundings,  possible  alternative  solutions  and 
community  acceptance  now  are  equally  important 
concerns.  In  1983,  the  New  Jersey-American 
Water  Company,  providing  water  service  to  nearly 
a  million  residents,  decided  to  expand  its  existing 
Jumping  Brook  treatment  plant.  After  a  meeting 
with  neighbors  and  local  officials,  several  changes 
were  made  in  construction  plans  to  deal  with  con- 
cerns about  traffic,  noise,  dust,  lights,  aesthetics 
and  building  heights.  Trees  and  shrubs  were  plant- 
ed along  the  lot  line,  all  proposed  structures  were 
lowered  to  below  30  feet,  proposed  tanks  were 
moved,  and  a  bridge  was  designed  to  eliminate  all 
future  traffic  through  the  residential  neighborhood. 
Upon  rejection  of  the  new  plans  by  the  town 
planning  board,  a  two  part  compromise  was  devel- 
oped. The  project  has  two  sets  of  progress  meeting 
each  month.  The  first  is  the  traditional  contractor, 
engineer,  owner  meeting,  with  an  independent  ar- 
bitrator. The  arbitrator,  a  company  operations 
manager  and  a  neighbor  form  a  panel  which  con- 
trol the  project  through  the  company.  The  panel 
meets  twice  a  month  with  the  neighbors,  on  the 
construction  site  to  review  upcoming  activities  and 
concerns  of  the  neighbors.  There  is  also  a  hot  line 
to  the  company  representative  on  the  site  for  the 
neighbors  to  use.  Coordination  of  such  a  complex 
project,  along  with  the  administration  of  a  contrac- 
tor, neighbors,  and  engineering  has  been  a  key  part 
of  the  success.  (VerNooy-PTT) 
W9 1-04374 
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USE  OF  AIR  WATER  BACKWASH  SYSTEMS: 
AN  OVERVIEW. 

Leopold  (F.B.)  Co.,  Inc.,  Ridgewood,  NJ. 
B.  C.  Slowey. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  1,  p  61-68,  March 
1990.  5  fig.  1  tab,  10  ref. 

Descriptors:  'Backwash,  'Filtration,  *History, 
•Sand  filters,  'Water  treatment,  Biomass,  Clean- 
ing, Filter  media,  Reviews,  Technology,  Water 
conservation. 

Some  of  the  more  notable  improvements  in  the 
evolution  of  the  filtration  process  are  chronicled, 
emphasizing  the  fact  that  improvements  and  modi- 
fications are  still  being  pursued.  By  1832,  the  first 
American  water  treatment  plant  was  constructed 
in  Richmond,  VA.  From  1850  to  1900,  the  majori- 
ty of  the  plants  constructed  in  the  US  were  of  the 
'European  design,  common  known  as  slow  sand 
filters.  After  this  time,  interest  became  focused 
upon  the  'American'  or  rapid  rate  filter.  During  the 
past  75  years,  changes  in  American  water  plant 
design  have  been  evolutionary  rather  than  revolu- 
tionary. The  employment  of  agitator  type  mecha- 
nisms and  the  use  of  air  in  backwashing  operations 
are  examples  of  this  evolution  in  technology.  By 
the  late  '60s  and  early  '70s,  industry  had  become 
highly  conscious  of  the  environment,  and  conser- 
vation awareness  became  the  watch-word  for 
operational  practices.  Improvement  of  filtration 
backwash  practices  to  remove  biomass  and  to  pre- 
vent it  from  plugging  and  fouling  filtration  facili- 
ties was  made  possible  by  the  combined  use  of  both 
air  and  water  in  the  backwashing  process.  By 
introducing  air  during  low-rate  backwash,  a  vigor- 
ous scouring  of  the  particles  occurs,  which  is  effec- 
tive over  the  full  depth  of  the  filter  bed.  Today's 
technology  affords  three  alternative  approaches  to 
the  air/water  backwashing  of  filters:  nozzles;  con- 
ventional filter  underdrains  outfitted  with  an  air 
grid;  and  the  plastic,  dual-parallel  system.  Nozzles 
are  made  of  plastic  so  there  is  no  possibility  of 
corrosion.  They  provide  individual  air  metering 
and  require  less  support  gravel.  However,  there  is 
a  physical  limitation  to  their  placement,  their  sus- 
ceptibility to  plugging  and  they  are  highly  labor 
intensive  to  install  and  maintain.  Air  grid  systems 
can  be  retrofitted  to  existing  systems.  However, 
orifice  plugging  and  maldistribution  are  concerns 
which  can  result  in  media  compaction.  The  air  grid 
method  material  (stainless  steel,  brass,  or  Schedule 
80  PVC)  greatly  increases  the  cost.  The  plastic 
dual-parallel  system  has  no  small  slots  to  be 
plugged  and  there  are  22  distribution  points/sq  ft. 
It  is  easy  to  clean  and  is  generally  less  expensive  on 
an  installed  basis  however  the  plastic  block  is  more 
expensive  and  installation  requires  experienced  su- 
pervision. Irrespective  of  the  air  scour  system  em- 
ployed, considerable  savings  of  backwash  water 
are  generally  realized.  (VerNooy-PTT) 
W91-04375 


OZONATION  OF  TRACE  ORGANIC  COM- 
POUNDS: MODEL  PREDICTIONS  VERSUS 
EXPERIMENTAL  DATA. 

Middle  East  Technical   Univ.,  Ankara  (Turkey). 

Dept.  of  Environmental  Engineering. 

C.  Yurteri,  and  M.  D.  Gurol. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 

12,  No.  3,  p  217-229,   1990.   5  fig,   1   tab,   10  ref. 

Descriptors:  'Model  testing,  'Organic  compounds, 
•Ozonation,  'Toluene,  'Wastewater  treatment, 
•Water  treatment,  Experimental  data,  Mathemati- 
cal models,  Oxidation,  Trace  levels. 

In  recent  years,  trace  quantities  of  numerous  man- 
made  organic  compounds  have  been  identified  in 
water  supplies  throughout  the  world.  Ozonation  is 
one  of  the  methods  used  for  the  elimination  of 
man-made  organic  micropollutants  from  drinking 
waters  and  waste  effluents  requiring  advanced 
treatment.  A  mathematical  model  was  developed 
to  simulate  the  physical  transport  and  chemical 
oxidation  phenomena  prevailing  during  the  process 
of  ozonation.  A  packed  column  reactor  was  con- 
structed in  order  to  test  the  aptness  of  the  process 
model.  After  determining  the  fluid-dynamic  and 
mass  transfer  properties  of  the  reactor,  stock  water 
solutions  spiked  with  toluene  were  brought  into 


contact  with  gaseous  oxygen-ozone  (02-03)  mix- 
tures. Toluene  removal  efficiencies  observed  under 
different  experimental  conditions  were  then  com- 
pared with  the  model  predictions.  The  model  rep- 
resented the  physical  and  chemical  phenomena  of 
ozonation,  and  successfully  predicted  the  rates  of 
toluene  removal  under  different  conditions.  The 
model  also  had  success  in  predicting  the  residual 
dissolved  ozone  concentrations  and  ozone  absorp- 
tion efficiencies.  In  addition,  the  model  can  also  be 
used  to  make  cost  and  performance  comparisons 
between  ozonation  and  other  alternative  treatment 
methods.  (Author's  abstract) 
W91-04377 


WATER  DISINFECTION:  A  RELATIONSHIP 
BETWEEN  OZONE  AND  ALDEHYDE  PRO- 
DUCTION. 

Turin  Univ.  (Italy).  Dept.  of  Hygiene  and  Commu- 
nity Medicine. 

G.  Gilli,  E.  Scursatone,  L.  Palin,  R.  Bono,  and  E. 
Carraro. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 
12,  No.  3,  p  231-241,   1990.  3  fig,  4  tab,   13  ref. 

Descriptors:  'Aldehydes,  'Chlorination,  'Disin- 
fection, 'Ozonation,  'Water  pollution  sources, 
'Water  treatment,  Chemical  analysis,  Chemical  re- 
actions, Formaldehyde,   Italy,  Oxidation  process. 

In  the  water  potabilization  plant  in  the  city  of 
Turin  (Italy),  the  oxidation  process  is  carried  out 
with  ozone.  Due  to  its  well-known  inefficient  per- 
formance, it  is  necessary  to  add  alternative  oxi- 
dants (hypochlorite  ion  and  chlorine  dioxide). 
During  surface  water  treatment  in  the  Turin  plant, 
field  tests  confirmed  the  synthesis  of  some  aliphatic 
carbonyl  compounds  of  low  molecular  weight  (i.e., 
CI  to  C7  carbonyls).  This  phenomenon  happens 
primarily  during  the  ozone  disinfection  process 
and,  secondarily,  during  the  other  disinfection 
processes.  Carbonyl  compounds  found  during  the 
two  seasons  studied  (winter  and  summer)  in  the 
four  sampling  sites  include  formaldehyde,  acetalde- 
hyde,  acetone,  propionaldehyde,  isobutyraldehyde, 
and  n-valeraldehyde.  Experimental  results  show 
that,  in  this  last  event,  chlorine  reacts  with  organic 
substances.  If  there  is  still  a  sufficient  concentra- 
tion of  chlorine  after  organics  consumption,  the 
organic  substances  are  oxidized.  It  will  be  neces- 
sary to  evaluate  the  employment  of  oxidants  (sites 
and  times)  in  relation  to  further  synthesis  of  car- 
bonyl compounds  and  optimization  of  the  oxida- 
tive destruction  of  these  carbonyl  compounds  that 
are  known  to  represent  a  health  risk  factor.  (Ver- 
Nooy-PTT) 
W91-04378 


COOLING  WATER  TREATMENT  WITH 
OZONE. 

Brown,  Boveri  Research  Center,  Baden  (Switzer- 
land). 

R.  Wellauer,  and  M.  Oldani. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 
12,  No.   3,  p  243-253,    1990.  2  fig,  2  tab,  7  ref. 

Descriptors:  'Cooling  water,  'Corrosion  control, 
'Ozonation,  'Pilot  plants,  'Recirculated  water, 
'Steel,  'Titanium,  'Water  treatment,  Alloys,  Bio- 
cides,  Chemical  reactions,  Chemical  treatment, 
Chlorination,  Copper. 

Small  scale  tests  on  an  open  recirculating  cooling 
system  with  a  cooling  water  flow  of  10  cu  m/hour 
conducted  for  a  period  of  two  years  have  shown 
that  ozone  could  be  a  viable  alternative  to  chorine 
and  other  commonly  used  biocides.  An  average 
ozone  dosage  of  0.05  mg/L  was  applied  continu- 
ously to  the  cooling  water.  Corrosion  rates  of 
copper  alloy  samples  immersed  in  ozonized  water 
were  lower  than  the  rates  of  samples  in  non-ion- 
ized water.  No  corrosion  was  detected  for  the 
chromium-nickel  steel  alloys  DIN  1.4306  and  DIN 
1.4404  as  well  as  for  titanium  in  either  treated  or 
untreated  water.  A  pilot  plant  has  been  set  up  at 
the  EVS  Heilbronn  coal-fired  power  station  in 
West  Germany  in  order  to  confirm  the  results 
obtained  on  a  small  scale.  The  open  recirculating 
cooling  system  has  a  cooling  water  flow  of  1,000 
cu  m/hour  and  is  fed  by  conditioned  Neckar  river 
water.  Ozone  is  introduced  into  a  10%  side  stream 


of  the  cooling  water  by  a  bubble  diffuser  contac- 
tor. The  plant  can  be  run  to  yield  either  a  constant 
ozone  residual  concentration  in  the  water  or  a 
constant  ozone  dosage  to  the  water  leaving  the 
contactor.  Corrosion  experiments  are  performed 
using  laboratory  heat  exchangers,  and  all  physical, 
chemical,  and  microbiological  data  of  the  cooling 
water  area  acquired.  The  operation  started  Febru- 
ary 1,  1989  and  is  scheduled  to  be  terminated  by 
the  end  of  1990.  Detailed  information  on  the  re- 
sults of  the  investigation  concerning  water  quality, 
corrosion  and  fouling/scaling  will  be  given  after 
completion  of  the  pilot  plant  study.  (Author's  ab- 
stract) 
W9 1-04379 


ASPECTS  OF  OZONE  GENERATION  FROM 
AIR. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 
D.  Braun,  U.  Kuchler,  and  G  Pietsch. 
Ozone:  Science  and  Engineering  OZSEDS,  Vol. 
12,  No.  3,  p  255-268,  1990.  1 1  fig,  8  ref. 

Descriptors:  'Electrical  equipment,  'Model  stud- 
ies, 'Ozone,  'Simulation  analysis,  'Water  treat- 
ment, Air,  Chemical  reactions,  Computer-aided 
design,  Efficiency,  Mathematical  equations,  Micro- 
discharges,  Nitrogen  oxides,  Optimal  yield, 
Oxygen,  Ozonation. 

In  many  fields  of  industrial  application  including 
drinking  water  purification,  the  usage  of  ozone  is  a 
question  of  economics.  In  order  to  improve  the 
efficiency  of  especially  air-fed  ozone  generators, 
fundamental  research  work  on  modeling  of  micro- 
discharges,  the  chemical  reaction  scheme,  and  ex- 
tensive experimental  investigations  have  been  un- 
dertaken. The  gas  discharge  in  ozone  generators 
consists  of  many  randomly  distributed  transient 
high  pressure  glow  discharges  (microdischarges) 
of  a  few  nanoseconds  duration.  To  determine  the 
most  relevant  parameters  of  a  microdischarge,  a 
computer  simulation  of  a  single  microdischarge  is 
performed  which  is  based  on  experimental  results. 
In  the  reaction  phase,  chemical  reactions  take 
place  between  particles  which  are  produced  in  the 
discharge  phase.  In  order  to  describe  the  overall 
behavior  of  the  ozone  generator  theoretically,  a 
rate  equation  system  of  75  reactions  between  the 
different  particles  within  the  process  gas  has  been 
used.  The  main  trends  in  ozone  generator  optimiza- 
tion are  reducing  its  size  and  enlarging  its  efficien- 
cy. The  first  aim  is  realized  by  increasing  the 
power  density  to  several  kW/sq  m,  e.g.,  by  in- 
creasing the  frequency  to  the  range  of  several  kHz. 
An  improvement  of  efficiency  is  possible  by  a 
proper  choice  of  gap  width,  gas  pressure,  power 
frequency,  and  cooling  conditions.  The  reaction 
temperature  in  the  process  volume  and  concentra- 
tion of  nitrogen  oxides  are  the  main  factors  influ- 
encing ozone  yield.  In  order  to  quantify  the  im- 
provement of  ozone  generator  behavior,  a  theoreti- 
cal modeling  of  the  temperature  within  the  dis- 
charge gap  should  be  performed.  For  this  purpose, 
solution  of  the  heat  conduction  equation,  including 
the  influence  of  the  microdischarges  on  heat  con- 
ductivity, must  be  solved.  (VerNooy-PTT) 
W9 1-04380 


MASS  BALANCE  ANALYSIS  OF  OZONE  IN  A 
CONVENTIONAL  BUBBLE  COLUMN. 

Shanghai  Coll.  of  Architecture  and  Municipal  En- 
gineering (China).  Dept.  of  Environmental  Engi- 
neering. 

F.  Xu,  and  C.  Liu. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 
12,  No.  3,  p  269-279,   1990.  6  fig,  2  tab,   10  ref. 

Descriptors:  'Chemical  interactions,  'Disinfection, 
•Kinetics,  'Mass  transfer,  'Model  studies,  'Ozona- 
tion, 'Ozone,  'Water  treatment,  Design  criteria, 
Experimental  data,  Flow  rates,  Optimization,  Or- 
ganic matter,  Potable  water. 

In  water  treatment,  ozone  has  been  used  mainly  as 
a  disinfectant  for  its  bactericidal  and  virucidal 
properties.  At  present,  ozone  is  used  increasingly 
for  removal  of  organic  matter  from  water.  Ozone 
transfer  into  potable  water  was  studied  in  a  con- 
ventional bubble  column,  and  ozone  mass  balances 
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have  been  calculated  to  determine  ozone  utilization 
efficiencies.  Liquid  and  gas  flow  rates,  as  well  as 
inlet  ozone  concentrations  in  the  gas  phase  were 
varied.  Using  these  data,  it  was  possible  to  deter- 
mine the  ozone  mass  transfer  coefficient,  ozone 
water  efficiency,  and  ozone  consumption.  Experi- 
mental results  indicated  that  ozonation  reaction 
kinetics  appear  to  have  a  considerable  effect  on 
ozone  mass  transfer  efficiency.  Ozone  mass  transfer 
coefficients  with  ozonation  reaction  were  large, 
almost  twice  as  much  as  were  the  ozone  mass 
transfer  coefficients  without  ozonation  reaction. 
However,  the  ozonation  reaction  was  controlled 
by  the  ozone  transfer  rate.  A  model  of  ozone 
transfer  was  established,  and  procedures  for  calcu- 
lating the  optimum  design  parameters  and  operat- 
ing conditions  are  proposed.  An  analogous  proce- 
dure may  be  developed  for  existing  contactors  to 
calculate  new  operating  conditions  when  water 
quality  or  liquid  flow  rates  are  changed.  (Ver- 
Nooy-PTT) 
W91-04381 


APPLICATION  OF  COMBINED  OZONE/HY- 
DROGEN PEROXIDE  FOR  THE  REMOVAL 
OF  AROMATIC  COMPOUNDS  FROM  A 
GROUNDWATER. 

Centre  de  Recherche  Lyonnaise  des  Eaux  -  Degre- 

mont,  Le  Pecq  (France). 

For  primary  bibliographic   entry   see  Field   5G. 

W91-04382 


EFFECT  OF  OZONATION  ON  THE  REMOVAL 
OF  ORGANICS  BY  COAGULATION/FLOCCU- 
LATION. 

Poitiers  Univ.  (France).  Lab.  de  Chimie  de  l'Eau  et 

des  Nuisances. 

E.  Lefebvre,  H.  Paillard,  and  B.  Legube. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 

12,  No.  3,  p  295-313,  1990.  7  fig,  6  tab,  36  ref. 

Descriptors:  'Chemical  coagulation,  'Chemical 
interactions,  *Flocculation,  *Humic  substances, 
•Organic  compounds,  'Ozonation,  'Water  treat- 
ment, Dissolved  solids,  Fulvic  acids,  Organic 
carbon,  Ozone,  Reservoirs. 

The  effects  of  ozonation  were  studied  in  the  par- 
ticular framework  of  the  study  of  drinking  water 
treatment  of  reservoir  waters  which  contain  high 
concentrations  of  organics,  mainly  humic  sub- 
stances. Previous  studies  on  coagulation  of  fulvic 
acid  solutions  have  shown  that  the  optimal  remov- 
al of  organic  matter  was  reached  at  acidic  pH  with 
2  mg  of  ferric  ion  per  mg  of  organic  carbon. 
Accordingly,  the  impact  of  preozonation  was  de- 
termined on  the  removal  of  organics  by  iron  (III) 
coagulation.  The  study  of  the  behavior  of  organics, 
in  terms  of  ultraviolet  absorbance  and  total  organic 
carbon  measurements  (TOC)  was  made  on  fulvic 
acids  from  three  aquatic  impoundments  and  on  two 
sources  raw  water.  The  experiments  carried  out 
with  fulvic  acids  showed  that  preozonation  (at  0.5 
mg  03/mg  C)  of  fulvic  acid  appeared  to  have 
shifted  the  region  of  optimal  dissolved  organic 
carbon  removal  towards  the  higher  coagulant 
dose.  Furthermore,  increasing  ozone  doses  led  to  a 
slight  decreasing  of  coagulation  efficiency  at  con- 
stant coagulant  dose.  With  two  raw  water  samples, 
preozonation  at  low  ozone  doses  (0.2  mg  03/C) 
was  found  to  improve  very  slightly  the  elimination 
of  organic  matter,  while  high  ozone  doses  (0.9  mg 
03/mg  C)  led  to  a  disturbance  of  TOC  elimination 
by  iron  coagulation.  (Author's  abstract) 
W91-04383 


OZONATION  OF  SULFUR-CONTAINING  ALI- 
PHATIC COMPOUNDS  IN  AQUEOUS  SOLU- 
TION: I. 

Kernforschungszentrum  Karlsruhe  G.m.b.H.  (Ger- 
many, F.R.).  Abt.  Wassertechnologie. 
E.  Gilbert,  and  S.  Hoffmann-Glewe. 
Ozone:  Science  and  Engineering  OZSEDS,  Vol. 
12,  No.  3,  p  315-327,  1990.   10  fig,  2  tab,  5  ref. 

Descriptors:  'Degradation  products,  'Fate  of  pol- 
lutants, 'Hydrogen  ion  concentration,  'Ozonation, 
•Sulfur  compounds,  'Water  treatment,  Chemical 
reactions,  Chemical  treatment,  Kinetics,  Model 
studies,  Oxidation,  Ozone. 


Because  ozone  can  react  with  sulfur-containing 
natural  and  anthropogenic  compounds,  the  oxida- 
tion products  of  sulfur-containing  aliphatic  model 
compounds  were  investigated  using  pure  water  at 
different  pH  values.  In  the  first  part,  thiodiglycolic 
acid  was  used  as  a  model  thioether.  The  rate  of 
elimination  was  independent  of  pH-value.  At  pH  3, 
thionyldiglycolic  acid  is  formed  as  a  primary  prod- 
uct, it  then  undergoes  a  very  slow  further  oxida- 
tion to  sulfone  diacetic  acid,  which  is  very  stable 
against  ozone  attack  at  pH  3.  At  pH  7,  and  higher, 
however,  thionyldiglycolic  acid  is  rapidly  oxidized 
to  sulfone  diacetic  acid,  which  in  turn  is  oxidized 
to  sulfoacetic  acid,  oxalic  acid,  glyoxylic  acid, 
sulfate  ion,  and  carbon  dioxide  after  longer  reac- 
tion times.  In  no  cases,  could  sulfite  be  identified  as 
an  inorganic  intermediate  product.  Also  the  inter- 
mediate products  in  pure  solutions  are  ozonized. 
The  mass  balances  show  that  90  to  95%  of  the 
oxidation  products  could  be  identified.  Based  on 
these  results,  two  reaction  pathways  can  be  consid- 
ered: (1)  In  the  first  step,  independent  of  pH,  the 
thionyl  ether  is  converted  to  a  thionyl  compound- 
possibly  by  direct  ozone  attack.  The  thionyl  com- 
pound is  quantitatively  oxidized  to  a  sulfone  in 
acidic  medium;  (2)  In  neutral  and  basic  medium, 
besides  the  thionyl  oxidation,  the  most  probable 
explanation  is  an  attack  on  the  adjacent  CH2  group 
by  OH  free  radicals.  This  should  be  the  case  at  pH 
9.5  where  the  compound  is  oxidized  to  organic 
acids  and  sulfate  ions.  The  conversion  of  organic- 
bound  sulfur  atoms  into  their  mineralized  form 
under  normal  drinking  water  ozonation  conditions 
is  therefore  unlikely,  and  only  possible  at  high  pH 
values.  (VerNooy-PTT) 
W9 1-04384 


QUINOXALINE  OZONATION  IN  AQUEOUS 
SOLUTION. 

Naples  Univ.  (Italy).  1st.  di  Ricerche  sulla  Com- 

bustione. 

R.  Andreozzi,  V.  Caprio,  M.  G.  D'Amore,  and  A. 

Insola. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 

12,  No.  3,  p  329-340,  1990.  5  fig,  10  ref. 

Descriptors:  'Fate  of  pollutants,  'Nitrogen  com- 
pounds, 'Ozonation,  'Quinoxaline,  'Water  treat- 
ment, Chemical  reactions,  Data  interpretation,  Ex- 
perimental data,  Hydrogen  ion  concentration,  Ki- 
netics, Oxidation  process,  Ozone. 

Aqueous  solutions  of  heterocyclic  nitrogen  com- 
pounds are  often  found  as  micropollutants  in  drink- 
ing water.  Accordingly,  the  oxidation  of  quinoxa- 
line by  ozone  in  aqueous  solution  was  investigated. 
The  chemical  and  kinetic  evolution  of  the  oxida- 
tion process  at  varying  pH  is  followed  by  means  of 
semi-batch  ozonation  experiments.  Results  indicat- 
ed that  quinoxaline  ozonation  can  be  sustained  by 
either  free-radical  or  ionic  ozonation  mechanisms, 
the  ratio  of  which  can  be  varied  by  means  of 
addition  to  the  reacting  system  of  radical  scaveng- 
ers or  ozone  decomposition  promoters.  Each 
mechanism  involves  an  initial  attack  of  ozone  to 
both  the  homocyclic  and  heterocyclic  rings  of 
quinoxaline.  Pyrazinedicarboxylic  acid  is  produced 
in  the  course  of  either  course  of  oxidation;  it  is 
stable  toward  further  ionic  ozonation,  whereas  it 
still  reactive  towards  ozone  in  radical  ozonation. 
Radical  ozonation  is  directed  more  favorably 
toward  homocyclic  ring  cleavage  than  ionic  ozon- 
ation. The  yields  of  pyrazinedicarboxylic  acid  are 
thus  higher  in  radial  ozonation,  despite  its  reactiv- 
ity toward  ozone.  Pyrazine,  however,  is  sensitive 
only  to  radical  ozonation  while  the  pyrazinic  ring 
of  quinoxaline  is  also  sensitive  to  ionic  attack  by 
ozone  because  of  the  activating  influence  of  the 
fused  benzene  ring.  (VerNooy-PTT) 
W91-04385 


FAECAL  CONTAMINATION  OF  WATER  AND 
FINGERTIP-RINSES  AS  A  METHOD  FOR 
EVALUATING  THE  EFFECT  OF  LOW-COST 
WATER  SUPPLY  AND  SANITATION  ACTIVI- 
TIES ON  FAECO-ORAL  DISEASE  TRANSMIS- 
SION. I.  A  CASE  STUDY  IN  RURAL  NORTH- 
EAST THAILAND. 

Leeds  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 
J.  V.  Pinfold. 


Epidemiology  and  Infection  EPINEU,  Vol.  105, 
No.  2,  p  363-375,  October  1990.  2  fig,  5  tab,  29  ref. 

Descriptors:  'Developing  countries,  'Domestic 
water,  'Feces,  'Human  diseases,  'Human  patho- 
gens, 'Path  of  pollutants,  'Public  health,  'Sanita- 
tion, 'Thailand,  'Water  pollution  sources,  'Water 
use,  Bacterial  analysis,  Contamination,  Drinking 
water,  Escherichia  coli,  Salmonella,  Sanitary 
wastewater. 

Most  villagers  in  north-east  Thailand  carry  water 
to  their  homes  and  store  it  in  separate  containers 
depending  on  its  subsequent  use.  In  one  village, 
information  on  water  use  was  collected,  including 
the  bacteriological  quality  of  stored  water,  water 
sources  and  fingertip  rinses.  Stored  water  quality 
was  a  function  of  water-related  activities  rather 
than  quality  at  source  (P  <  0.0001).  Specifically, 
water  used  for  toilet,  washing  dishes  and  cooking- 
related  activities  was  much  more  contaminated 
with  fecal  bacteria  than  that  used  for  drinking  and 
cooking.  Salmonella  spp.  was  significantly  more 
common  in  water  used  for  washing  dishes  than 
drinking  water  (P  <  0.05).  Escherichia  coli  con- 
tamination of  fingertip  rinses  was  strongly  associat- 
ed with  the  individual's  activity  prior  to  testing 
(P<0.0001);  child  care,  food  and  water-related 
activities  produced  much  higher  levels  of  fingertip 
contamination  than  others.  Dirty  utensils  used  for 
cooking  and  eating  were  usually  left  to  soak  and 
fecal  bacterial  growth  occurred  in  this  grossly 
contaminated  soak  water.  Cross-contamination  via 
water  handling  was  the  main  mechanism  of  stored 
water  pollution.  (See  also  W91-04457)  (Author's 
abstract) 
W9 1-04456 


FAECAL  CONTAMINATION  OF  WATER  AND 
FINGERTIP-RINSES  AS  A  METHOD  FOR 
EVALUATING  THE  EFFECT  OF  LOW-COST 
WATER  SUPPLY  AND  SANITATION  ACTIVI- 
TIES ON  FAECO-ORAL  DISEASE  TRANSMIS- 
SION. II.  A  HYGIENE  INTERVENTION 
STUDY  IN  RURAL  NORTH-EAST  THAILAND. 
Leeds  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 

J.  V.  Pinfold. 

Epidemiology  and  Infection  EPINEU,  Vol.  105, 
No.  2,  p  377-389,  October  1990.  3  fig,  5  tab,  8  ref. 

Descriptors:  'Contamination,  'Developing  coun- 
tries, 'Domestic  water,  'Drinking  water,  'Feces, 
•Human  diseases,  *  Human  pathogens,  'Path  of 
pollutants,  'Public  health,  'Sanitation,  'Thailand, 
'Water  pollution,  'Water  pollution  sources, 
'Water  use,  Education,  Escherichia  coli,  Fecal 
coliforms,  Risk  assessment,  Seasonal  variation. 

An  intervention  study  was  developed  from  risk- 
factors  associated  with  feco-oral  transmission, 
based  on  the  levels  of  contamination  in  stored 
water  and  fingertip  rinses  from  households  in  rural 
north-east  Thailand,  designed  to  improve  (a)  hand- 
washing, particularly  before  cooking/eating  and 
after  defecation;  (b)  washing  dishes  immediately 
after  use.  Verbal  messages  were  administered  to 
two  intervention  groups,  one  also  received  a  plas- 
tic container  with  a  tap  to  assist  these  activities. 
Indicators  of  compliance  were  the  direct  observa- 
tion of  soaking  dishes  and  the  presence  of  fecal 
streptococci  from  fingertip  rinses;  the  main  out- 
come indicator  was  Escherichia  coli  contamination 
of  stored  water.  The  control  for  indicators  of  com- 
pliance (P<0.001  and  P<0.01)  and  its  stored 
water  was  significantly  less  contaminated 
(P<  0.001).  No  significant  improvement  in  the 
other  intervention  group  was  noted,  although  some 
features  of  the  intervention  had  clearly  been  made 
available  to  the  control  group.  Humidity  was  sig- 
nificantly correlated  with  fingertip  contamination 
(r=0.2;  P<0.001)  and  with  the  peak  of  reported 
diarrhea  around  the  beginning  of  the  rainy  season. 
(See  also  W9 1-04456)  (Author's  abstract) 
W9 1-04457 


REALIZING    THE    BENEFITS    OF    WATER 
REUSE  IN  DEVELOPING  COUNTRIES. 

Camp,   Dresser  and   McKee,   Inc.,   Raleigh,   NC. 
For  primary  bibliographic  entry  see  Field  3C. 
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U.S.  WATER  REUSE:  CURRENT  STATUS  AND 
FUTURE  TRENDS. 

CH2M/HU1,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  3C. 
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HEAVY  METALS  IN  DRINKING  WATER: 
STANDARDS,  SOURCES,  AND  EFFECTS  (JAN 
70--JUL  89). 

National  Technical  Information  Service,  Sprine- 
field,  VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-866701. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
August  1989.  94p. 

Descriptors:  'Bibliographies,  *Drinking  water, 
•Heavy  metals,  *Path  of  pollutants,  'Water  distri- 
bution, 'Water  pollution  sources,  'Water  treat- 
ment, Pipelines,  Plumbing,  Public  health,  Stand- 
ards, Water  quality  control. 

This  bibliography  contains  citations  concerning  the 
presence  of  heavy  metals  in  drinking  water.  The 
effects  of  plumbing  systems  on  water  quality  is 
discussed.  Standards  for  safe  drinking  water  are 
included.  Treatment  techniques  to  remove  heavy 
metals  are  described.  Methods  for  analyzing  heavy 
metal  contaminants  in  water  are  presented.  The 
effects  of  heavy  metals  in  drinking  water  on  human 
health  are  briefly  considered.  (This  updated  bibli- 
ography contains  188  citations,  29  of  which  are 
new  entries  to  the  previous  edition.)  (Author's 
abstract) 
W9 1-04650 


WATER  QUALITY  STANDARDS  (JAN  70--MAY 
89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-862601. 
Price  codes:  N01  in  paper  copy,  N01  in  microfiche. 
June  1989.  36p. 

Descriptors:  'Bibliographies,  'Standards,  'Water 
quality,  'Water  quality  standards,  'Water  treat- 
ment, Arsenic,  Bacteria,  Cyanide,  Dissolved 
oxygen,  Dissolved  solids,  Heavy  metals,  Hydrogen 
ion  concentration,  Iron,  Mercury,  Organic  com- 
pounds, Pesticides,  State  jurisdiction,  Zinc. 

This  bibliography  contains  citations  concerning 
compilations  of  water  quality  standards  for  the 
United  States  and  the  U.S.  territories.  Individual 
chemical  and  biological  species  such  as  organics, 
mercury,  bacteria,  cyanide,  arsenic,  zinc,  pesti- 
cides, and  iron  are  discussed.  Standards  for  such 
properties  as  pH,  temperature,  dissolved  solids, 
dissolved  oxygen,  and  material  degradation  are 
included.  State  water  quality  standards  are  includ- 
ed, and  are  listed  separately.  Heavy  metal  pollution 
and  water  quality  legislation  are  discussed  in  sepa- 
rate bibliographies.  (Contains  100  citations)  (Au- 
thor's abstract) 
W9 1-04651 


POTABLE  WATER  FOR  THE  DEVELOPING 
WORLD  -  SOME  OF  THE  PROBLEMS. 

Loughborough   Univ.   of  Technology   (England). 
Dept.  of  Civil  Engineering. 
K.  V.  Ellis. 

Aqua  AQUAAA,  Vol.  39,  No.  6,  p  368-375,  De- 
cember 1990.  5  ref. 

Descriptors:  'Developing  countries,  'Potable 
water,  'Water  delivery,  Bottled  water,  Hand 
pumps,  Information  exchange,  Pumps,  Water  man- 
agement, Water  resources  development,  Water 
scarcity.  Water  supply  development,  Water  treat- 
ment. 

Although  major  advances  have  been  made  in 
recent  years  in  the  provision  and  treatment  of 
water  in  the  developing  world,  the  growth  of  the 
population  has  continually  placed  the  target  of 
good-quality  water  for  all  just  as  far  away  as  ever. 


Lack  of  money  remains  the  principal,  perennial 
problem  in  all  situations.  Other  major  problems 
include  training,  research  and  dissemination  of  in- 
formation; planning  and  design  of  treatment  and 
supply  projects;  proper  operation,  control  and 
monitoring  of  established  systems;  standardization 
of  equipment  and  transport;  distribution  problems; 
and  policies  surrounding  use  of  bottled  water. 
Training  of  engineers  and  of  technicians  to  cope 
effectively  and  imaginatively  with  the  peculiar  and 
diverse  problems  of  water  treatment  and  supply  in 
the  developing  world  is  of  paramount  importance. 
With  designs,  it  is  not  sufficient  merely  to  dupli- 
cate the  designs  of  the  developed  world  or  even  to 
search  for  the  simplest  and  cheapest  technology.  It 
is  necessary  that  the  technology  appropriate  to  the 
particular  situation  be  selected,  that  the  planning 
and  design  stages  be  carried  out  by  people  experi- 
enced in  the  problems  of  the  developing  world  and 
that  at  this  stage  the  influences  of  ill-informed  civil 
servants  and  politicians  be  kept  to  a  minimum. 
Treatment  and  supply  of  potable  water  in  develop- 
ing countries  depends  on  the  availability  of  spare 
parts  for  mechanical  equipment  and  upon  the  abili- 
ty of  the  available  skilled  or  semi-skilled  mechanics 
to  fit  them.  Hand-pumps  are  useful  for  small-scale 
supplies  and  should  be  standardized  in  any  one 
area  or  country.  A  particular  challenge  with  hand- 
pumps  is  to  select  one  model  for  any  particular 
locality  which  is  at  the  same  time  reliable,  inexpen- 
sive, requiring  only  a  limited  number  of  spare  parts 
and  which  is  readily  maintainable  by  non-skilled 
mechanics.  The  problem  of  bottled  water  is  an 
insidious  one.  It  is  not  unknown  for  such  water  to 
cost  more  per  liter  than  petrol  and  hence  cannot  be 
afforded  by  the  poorer  elements  of  society.  (Mertz- 
PTT) 
W91-04755 


CONCERNS  WITH  USING  CHLORINE-DIOX- 
IDE DISINFECTION  IN  THE  USA. 

Environmental     Protection     Agency,    Cincinnati, 
OH.  Drinking  Water  Research  Div. 
B.  W.  Lykins,  J.  A.  Goodrich,  and  J.  C.  Hoff. 
Aqua  AQUAAA,  Vol.  39,  No.  6,  p  376-386,  De- 
cember 1990.  9  fig,  6  tab,  33  ref. 

Descriptors:  'Chlorine,  'Disinfection,  'Drinking 
water,  'Trihalomethanes,  'Water  treatment,  Acti- 
vated carbon,  Biocides,  Chlorine  dioxide,  Organo- 
leptic properties,  Public  health,  Regulations. 

There  is  renewed  interest  in  disinfection  with  chlo- 
rine dioxide  in  the  U.S.  because  of  upcoming  Fed- 
eral regulations  on  disinfection  by-products.  Bench 
studies  and  field  applications  of  chlorine  dioxide 
have  shown  that  it  is  an  effective  biocide  that  does 
not  produce  halogenated  by-products  such  as  tri- 
halomethanes. There  are  some  health  concerns 
with  ingesting  chlorine  dioxide  and  it  metabolites, 
chlorite  and  chlorate,  and  concerns  about  tastes 
and  odors.  Residual  concentrations  of  less  than  0.5 
mg/L  were  recommended  in  the  trihalomethane 
final  rule  for  the  total  oxidants  of  chlorine  dioxide, 
chlorite  and  chlorate.  Others  have  recommended 
1.0  mg/L.  These  concerns  may  be  alleviated  by 
removing  the  chlorine-dioxide  species  with  granu- 
lar activated  carbon  or  reducing  them  to  chloride 
before  water  distribution.  A  research  project  by 
EPA  with  the  Evansville,  Indiana  Water  Depart- 
ment has  been  initiated  to  evaluate  this  possibility. 
Parallel  treatment  trains  will  evaluate  granular  ac- 
tivated carbon  and  reducing  agents.  One  train  will 
consist  of  producing  chlorine  and  chlorate  free 
chlorine  dioxide  with  the  chlorine  dioxide  and 
chlorate  reduced  by  the  addition  of  a  reducing 
agent  producing  no  or  low  concentrations  of  chlo- 
rine-dioxide oxidants.  Another  disinfectant  such  as 
free  or  combined  chlorine  is  needed  to  maintain  a 
residua]  in  the  distribution  system.  (Mertz-PTT) 
W9 1-04756 


THEORY   AND   PERFORMANCE  OF  A  JET- 
MIXED  SEPARATOR. 

Miyazaki  Univ.  (Japan).  Dept.  of  Civil  Engineer- 
ing. 

Y.  Watanabe,  M.  Fukui,  and  T.  Miyanosita. 
Aqua  AQUAAA,  Vol.  39,  No.  6,  p  387-395,  De- 
cember 1990.  16  fig,  1  tab,  9  ref. 

Descriptors:  'Flocculation,  'Sand  filters,  'Water 
treatment,    Jet-mixed    separators,    Sedimentation, 


Separation  techniques,  Solid-liquid  separators,  Sus- 
pended solids,  Wastewater  treatment. 

In  rapid  sand  filtration  systems,  mechanical  floccu- 
lators  with  paddles  followed  by  gravity  settlers 
have  been  used  to  reduce  suspended  solids  loading 
on  the  sand  filters.  In  the  mechanical  flocculators, 
turbulent  flow  produced  by  paddle  mixing  pro- 
motes floe  growth  and  prevents  the  settling  for 
grown-flocs.  The  performance  of  a  jet-mixed  sepa- 
rator was  examined.  The  jet-mixed  separator  has  a 
series  of  porous  plates  inserted  in  the  channel 
perpendicular  to  a  flow.  The  water  passes  through 
holes  in  the  plates,  thus  creating  jets  which  gently 
mix  the  water  on  itself.  Simultaneous  flocculation 
of  suspended  particles  and  sedimentation  of  grown- 
flocs  occurred  in  the  jet-mixed  separator,  because 
large-scale  eddies  in  the  vertical  plane  were  almost 
absent  in  it.  In  the  case  of  concentrations  of  influ- 
ent suspended  particles  of  25-50  microgram/g  and 
hydraulic  detention  times  of  30  minutes,  the  efflu- 
ent suspended  particle  concentration  using  the  jet- 
mixed  separator  was  reduced  to  about  5  micro- 
gram/g. The  jet-mixed  separator  is  an  economical 
and  effective  solid-liquid  separator.  (Mertz-PTT) 
W91-04757 


COMPARATIVE  EVALUATION  OF  TWO 
NOVEL  DISINFECTION  METHODS  FOR 
SMALL-COMMUNITY  WATER  TREATMENT 
IN  DEVELOPING  COUNTRD2S. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Dept.  of  Civil  Engineering. 
L.  P.  Barrott,  B.  J.  Lloyd,  and  N.  J.  D.  Graham. 
Aqua  AQUAAA,  Vol.  39,  No.  6,  p  396-404,  De- 
cember 1990.  6  fig,  3  tab,  14  ref. 

Descriptors:  'Developing  countries,  'Disinfection, 
•Water  treatment,  Iodine,  Membranes,  Oxidation, 
Physicochemical   treatment,   Resins,   Rural   areas. 

Disinfection  is  a  vital  part  of  water  treatment  but 
water  supplies  in  developing  countries  are  fre- 
quently not  disinfected,  or  disinfection  fails  and  the 
water  remains  contaminated.  Many  factors  contrib- 
ute to  this  failure  including  lack  of  resources, 
equipment,  transport  and  trained  personnel,  espe- 
cially in  small  communities  in  rural  areas.  Two 
novel  disinfection  methods,  the  Moggod  (mixed 
oxidant  gases  generated  on  demand)  and  an  iodin- 
ated  resin  cartridge,  were  assessed  in  terms  of  their 
operational  performance,  reliability  and  chemical 
and  power  consumption  in  comparison  with  a  con- 
ventional hypochlorite  doser.  The  Moggod  has 
considerable  potential  for  use  in  developing  coun- 
tries. It  is  easy  to  use,  reliable  and  robust.  The 
running  costs  are  low  and  the  consumables,  salt 
and  water,  are  easy  to  obtain.  There  is  an  enhanced 
reactivity  of  the  chlorine  produced  by  the  Moggod 
although  the  reason  for  this  is  not  clear.  A  vital 
aspect  of  the  performance  of  the  Moggod  is  the 
effect  of  low-quality  salt  on  the  membrane.  It  is 
expected  that  the  use  of  low-quality  salt  would 
eventually  block  the  membrane  and  that  the  length 
of  time  between  cleaning  the  membrane  in  the 
Moggod  depends  on  the  quality  of  salt  and  water 
used.  The  commercial  resin  that  was  tested  was 
not  successful  as  a  disinfection  method  under  the 
conditions  of  the  pilot-plant  experiment,  the  iodine 
was  released  too  quickly  and  bacterial  break- 
through occurred.  Iodinated  charcoals  offer  more 
hope  of  success.  They  can  be  produced  in  develop- 
ing countries  from  a  wide  range  of  local  materials. 
(Mertz-PTT) 
W91-04758 


WATER  QUALITY  IN  FINLAND. 

J.  Liimatainen. 

Aqua  AQUAAA,  Vol.  39,  No.  6,  p  405-406,  De- 
cember 1990. 

Descriptors:  'Finland,  'Water  quality,  'Water 
quality  control,  'Water  treatment,  Fluorides, 
Groundwater  quality,  Hydrogen  ion  concentra- 
tion, Iron,  Organic  matter,  Water  quality  stand- 
ards. Water  resources. 

Finland  has  a  population  of  5  million  and  a  total 
area  of  337,000  sq  km.  The  mean  annual  tempera- 
ture at  the  coastal  south-west  area  is  about  +5  C 
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and  in  the  north  (Lapland)  about  -2  C.  In  summer 
the  mean  temperatures  are  +15-17  C  and  highest 
midday  temperatures  around  35  C.  There  are  about 
55,000  lakes  in  Finland.  The  area  of  inland  water 
courses  is  nearly  10%  of  the  total  area.  The  lakes 
are  relatively  shallow,  with  a  mean  depth  of  about 
7  m.  Watercourses  are  frozen  for  100-200  days  per 
year.  The  most  common  type  of  soil  is  moraine, 
which  is  unassorted  stone  and  sand  of  all  sizes.  It 
forms  a  poorly  permeable  layer  at  the  bedrock. 
The  most  useful  groundwater  tables  are  around 
gravel  ridges.  The  Finnish  potable  water  quality 
requirements  are  quite  similar  to  WHO  (World 
Health  Organization)  standards.  The  results  of 
analyses  show  that  in  1987  1%  of  water  delivered 
did  not  always  meet  the  health  criteria  and  7%  of 
water  delivered  did  not  meet  the  secondary  crite- 
ria. Fluoride  at  groundwater  treatment  plants  was 
the  most  common  cause  for  not  meeting  the  health 
criteria.  Iron  and  pH  values  at  groundwater  treat- 
ment plants  and  organic  matter  and  color  at  sur- 
face water  treatment  plants  were  the  main  reason 
for  not  meeting  the  secondary  quality  criteria. 
During  the  past  few  years  the  following  measures 
have  been  taken  at  all  or  some  water  works  to 
improve  the  quality  of  water  supplied:  organic 
compounds  have  been  decreased  by  optimizing 
treatment  process  and  by  introducing  double  co- 
agulation with  aluminum  and  iron  salts;  organic 
chlorine  compounds  have  been  decreased;  lime  and 
carbon  dioxide  are  used  for  corrosion  control;  flo- 
tation is  used  instead  of  sedimentation;  and  the  use 
of  natural  or  artificial  groundwater  has  decreased 
the  need  for  chemical  water  treatment.  (Mertz- 
PTT) 
W91-04759 


USE  OF  PERVAPORATION  FOR  THE  RE- 
MOVAL OF  ORGANIC  CONTAMINANTS 
FROM  WATER. 

Zenon  Environmental,  Inc.,  Burlington  (Ontario). 
C.  Lipski,  and  P.  Cote. 

Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 
p  254-261,  November  1990.  3  fig,  7  tab,   14  ref. 

Descriptors:  *Membrane  filters,  *Pervaporation, 
•Volatile  organic  compounds,  *Wastewater  treat- 
ment, *Water  treatment,  Chlorinated  hydrocar- 
bons, Cost  analysis,  Cost  comparison,  Groundwat- 
er pollution,  Leachates,  Organic  compounds,  Sepa- 
ration techniques,  Silicone. 

Pervaporation  is  a  new  membrane  process  for  the 
removal  and  concentration  of  volatile  organic 
compounds  from  contaminated  water.  It  can  be 
used  to  treat  groundwater,  leachate,  and 
wastewater.  A  resistance-in-series  model  was  for- 
mulated and  validated  using  silicone  rubber  hollow 
fibers  for  the  treatment  of  water  containing  trich- 
loroethylene.  This  process  model  was  coupled 
with  a  costing  model  to  assist  in  the  design  of 
pervaporation  systems.  High  fluxes  and  separation 
factors  were  obtained  for  the  removal  of  trichlor- 
oethylene  from  water  using  a  thick  silicone  rubber 
membrane.  Two  different  membrane  configura- 
tions were  tested  using  the  same  hollow  fibers. 
Pervaporation  was  described  by  a  resistance-in- 
series  model:  a  liquid  film  resistance  and  a  mem- 
brane resistance.  Estimation  of  the  two  resistances 
showed  that,  for  the  trichloroethylene,  mass  trans- 
fer was  limited  by  the  liquid  film  resistance  from 
an  inside  flow  module.  Membrane  resistance  only 
became  apparent  for  a  transversal  flow  module.  A 
pervaporation  case  study  of  trichloroethylene  dem- 
onstrated that  the  flux  of  trichloroethylene  was  a 
function  of  both  the  membrane  thickness  and 
module  hydrodynamic  conditions.  A  case  study 
found  that  the  pervaporation  unit  treatment  cost 
was  $0.56/cu  m  for  the  transversal  flow  module, 
$1.10/cubic  m  for  the  spiral-wound  module,  $1.41/ 
cu  m  for  the  inside  flow  module  (wide  bore  fibers) 
and  $3.80/cu  m  for  the  inside  flow  module  (narrow 
bore  fibers).  For  comparison,  the  cost  of  conven- 
tional technologies  ranged  from  $0.10/cubic  m,  for 
air  stripping  alone,  to  $0.80/cubic  m,  for  treatment 
trains  including  stripping  and/or  granular  activat- 
ed carbon  on  the  aqueous  or  off-gas  streams.  In 
addition  to  the  fact  that  pervaporation  has  definite 
technical  advantages  over  conventional  processes, 
it  appear  pervaporation  has  a  economic  advantage 
as  well.  (Mertz-PTT) 
W9 1-04771 


RADON    IN    THE    HUMAN    BODY    FROM 
DRINKING  WATER. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04777 


LEGIONELLA  IN  DUBLIN  HOSPITAL 
WATER  SUPPLIES. 

Mater   Misericordiae   Hospital,   Dublin   (Ireland). 

Dept.  of  Microbiology. 

C.  Haugh,  R.  Hone,  and  C.  J.  Smyth. 

Irish  Journal  of  Medical  Science  IJMSAT,  Vol. 

159,  No.  1,  p  10-13,  January  1990.  2  fig,  21  ref. 

Descriptors:  'Hospitals,  'Ireland,  'Legionella, 
♦Potable  water,  *Water  conveyance,  'Water  pollu- 
tion, Bacteria,  Human  diseases,  Pathogenic  bacte- 
ria, Water  sampling,  Water  tanks. 

Legionella  pneumophila  was  first  recognized  as  the 
etiological  agent  of  Legionnaires'  disease  following 
a  mysterious  outbreak  of  pneumonia  at  an  Ameri- 
can Legion  Convention  in  Philadelphia  in  1976. 
Early  studies  suggested  that  infection  was  due  to 
inhalation  of  the  organism.  Since  then,  many  other 
outbreaks  of  Legionella  pneumonia  have  occurred 
both  in  the  United  States  and  Britain.  Investiga- 
tions following  these  outbreaks  have  shown  that 
water  distribution  systems,  humidifiers  and  air-con- 
ditioning systems  can  serve  as  the  source  and 
means  of  spread  of  Legionella.  However,  L.  pneu- 
mophila has  also  been  isolated  from  potable  water 
in  buildings  with  no  associated  cases  of  legionello- 
sis.  An  environmental  survey  was  carried  out 
which  consisted  of  periodic  and  random  sampling 
of  water  tanks  and  showers  in  two  large  Dublin 
hospitals.  Of  the  samples,  5.3%  yielded  Legionella 
bacteria.  Legionella  pnuemophila  of  serogroups 
3,5,  and  6  were  isolated  from  these  sites  with  viable 
counts  ranging  from  300-2500  c.f.u./liter.  The  im- 
plementation of  periodic  sampling  may,  however, 
not  be  a  worthwhile  exercise  unless  an  environ- 
mental site  has  been  associated  with  cases  of  le- 
gionellosis.  Emphasis  should  be  placed  on  the  pre- 
vention of  contamination  of  environmental  sites 
with  legionellae  and  on  the  development  and  im- 
plementation of  protocols  and  procedures  for  the 
isolation  of  legionellae  to  gain  the  necessary  exper- 
tise should  an  epidemiological  survey  be  required. 
(Mertz-PTT) 
W9 1-04778 


ACUTE  EPIDEMIC  ALUMINIUM  OSTEOMA- 
LACIA SECONDARY  TO  WATER  SUPPLY 
CONTAMINATION. 

Meath  Hospital,  Dublin  (Ireland).  Dept.  of  Clinical 

Medicine. 

For  primary  bibliographic  entry  see  Field  5C. 
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TASTE  AND  ODOR  EPISODES  AT  WACHU- 
SETT  RESERVOIR. 

Massachusetts      Water      Resources      Authority, 
Boston.  Harbor  Studies  Dept. 
W.  Sung. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  3,  p  165-178, 
September  1990.  9  fig,  1  tab,  6  ref. 

Descriptors:  *Algae,  'Chrysophyta,  'Massachu- 
setts, "Odor-producing  algae,  'Organoleptic  prop- 
erties, 'Reservoirs,  'Taste-producing  algae, 
Copper  sulfate,  Phosphorus,  Silica,  Synura,  Wa- 
chusett  Reservoir. 

The  Metropolitan  District  Commission  (MDC)/ 
Massachusetts  Water  Resources  Authority 
(MWRA)  system  experienced  a  severe  taste  and 
odor  episode  in  their  drinking  water  that  lasted 
from  the  fall  of  1987  to  the  spring  of  1988.  The 
causal  agent  of  the  episode  was  attributed  to  the 
growth  of  the  alga  Synura  petersenii  at  the  Wachu- 
sett  Reservoir  in  Clinton,  Massachusetts.  The  res- 
ervoir is  classified  as  a  dimictic  water  body  with  a 
uniform  water  column  temperature  of  about  5  C 
after  the  spring  thaw  and  a  surface  water  tempera- 
ture of  18  C  by  June  8.  Copper  sulfate  treatments 
were  not  successful  in  controlling  the  taste  and 
odor  problem  either  because  of  insufficient  dosage 
after  mixing  in  the  water  column,  or  because  the 


algae  released  their  compounds  after  they  were 
lysed  by  the  copper.  A  final  report  issued  in  Janu- 
ary 1989  suggests  that  a  phosphorus  build-up  may 
have  contributed  to  the  Synura  outbreak.  It  was 
further  suggested  that  silica  as  a  trace  nutrient  may 
be  a  factor  in  the  Synura  growth.  (White-Reimer- 
PTT) 
W9 1-04840 


RETROFIT  OF  PULSATOR  TYPE  UPFLOW 
CLARIFIERS  WITH  TUBE  SETTLERS. 

Pennichuck  Water  Works,  Inc.,  Nashua,  NH. 
B.  J.  Rousseau,  and  W.  J.  Nunnery. 
Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,   Vol.    104,   No.    3,   p    179-191, 
September  1990.  5  fig,  5  tab. 

Descriptors:  'Clarifiers,  'New  Hampshire,  'Tube 
settlers,  'Water  treatment,  Performance  evalua- 
tion, Pulsator  upflow  clarifiers,  Retrofitting,  Treat- 
ment capacity. 

The  Pennichuck  Water  Works,  in  the  City  of 
Nashua,  New  Hampshire,  was  able  to  increase  its 
maximum  day  treatment  capacity  to  35  MGD  by 
installing  tube  settlers  in  its  existing  Pulsator  Clari- 
fiers. This  retrofit  allowed  the  clarification  units  to 
be  loaded  at  the  required  design  rise  rate  of  1.75 
gpm/sq  ft  during  the  summer  months.  As  the  flow 
to  the  clarifier  unit  was  increased,  it  was  observed 
that  the  sludge  blanket  started  to  carry-over  at  the 
outer  walls  and  under  the  walkways  where  there  is 
a  gap  in  the  tube  settlers.  When  maximum  rise  rates 
were  achieved,  the  sludge  blanket  had  risen  above 
the  top  of  the  tube  settlers  but  was  below  the 
collector  pipes.  Performance  tests  conducted 
during  this  evaluation  indicated  that  the  retrofitted 
units  could  be  consistently  loaded  to  a  rise  rate  of 
1.5  gpm/sq  ft  during  cold  water  conditions  and  a 
rise  rate  of  up  to  1.8  gpm/sq  ft  during  warm  water 
conditions.  (Author's  abstract) 
W9 1-04841 


PROTECTING  WATER  QUALITY  IN  CAM- 
BRIDGE: THE  DESIGN  OF  THE  PAYSON 
PARK  RESERVOIR  COVER. 

B.  D.  Buckley,  M.  G.  McArdle,  M.  J.  Ashe,  and  J. 
J.  Cusack. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  3,  p  195-207, 
September  1990.  8  fig. 

Descriptors:  'Massachusetts,  'Reservoir  covers, 
'Reservoirs,  'Storage  reservoirs,  'Water  quality 
control,  'Water  supply,  Cambridge,  Design  crite- 
ria, Economic  aspects,  Regulations. 

The  Payson  Park  Reservoir  is  an  earthen  embank- 
ment reservoir  located  on  a  10-acre  site  in  the 
town  of  Belmont,  Massachusetts  that  supplies 
water  to  the  city  of  Cambridge.  In  October  1986, 
the  state  issued  a  'notice  of  non-compliance'  to  the 
city,  stating  that  all  treated  water  storage  reser- 
voirs must  be  covered  in  accordance  with  new  safe 
drinking  water  regulations.  Therefore,  a  report 
was  prepared  to  evaluate  several  alternative  meth- 
ods in  order  to  determine  a  cost-effective  system 
for  covering  the  reservoir.  The  systems  evaluated 
included:  (1)  an  aluminum  roof  deck  over  the 
existing  basins;  (2)  a  fiberglass  roof  deck  over  the 
existing  basins;  (3)  precast,  prestressed  concrete 
tanks  inside  the  existing  basins;  (4)  a  floating  cover; 
and  (5)  two  reinforced  cast-in-place  concrete  tanks 
inside  existing  basins.  Despite  the  expense,  the  cast- 
in-place  reinforced  concrete  tank  option  was  se- 
lected because:  (1)  it  was  the  most  aesthetically 
pleasing  to  the  town  of  Belmont;  (2)  it  has  the 
longest  life;  (3)  it  requires  the  least  maintenance; 
(4)  it  would  be  the  most  secure  facility;  and  (5)  it 
was  the  only  alternative  that  eliminated  the  desig- 
nation as  a  'high  hazard  facility.'  In  developing  the 
design  criteria  the  city  of  Cambridge's  storage 
requirements  and  reservoir  capacity,  constraints 
imposed  by  the  physical  environment  of  the  exist- 
ing storage  facility,  and  aesthetic  design  consider- 
ations of  the  projects  location  in  a  residential 
neighborhood  were  the  major  concerns.  Permits 
were  obtained,  neighborhood  negotiations  con- 
ducted, and  the  final  'memorandum  of  understand- 
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ing'  between  Belmont  and  Cambridge  was  execut- 
ed on  December  5,  1989.  (White-Reimer-PTT) 
W9 1 -04842 


OZONATION  AN  ATTRACTIVE  OPTION  FOR 
GROUNDWATER  SYSTEM. 

BCM  Engineers,  Pittsburgh,  PA. 

D.  Slagle. 

Public  Works  PUWOAH,  Vol.  121,  No.  13   p  45- 

46,  December  1990. 

Descriptors:  'Design  criteria,  *Ozonation,  •Penn- 
sylvania, 'Water  treatment,  'Water  treatment  fa- 
cilities,  Estimated  costs,  Groundwater  pollution. 

Ozonation,  popular  in  Europe  for  over  80  years,  is 
now  being  recognized  in  the  U.S.  as  a  viable 
solution  to  many  of  the  challenges  facing  water 
treatment  officials  in  the  years  ahead.  The  Munici- 
pal Authority  of  Harmar  Township  was  the  first 
water  authority  in  Pennsylvania  to  construct  an 
ozonation-filtration  system.  The  groundwater 
source  met  the  primary  and  secondary  concentra- 
tion levels  allowed  by  the  Pennsylvania  Safe 
Drinking  Water  Act  except  for  concentrations  of 
iron  and  manganese  which  exceed  secondary 
levels.  The  water  also  contains  trace  quantities  of 
benzene,  trichloroethylene,  and  relatively  high 
levels  of  total  organic  carbon.  A  pilot  plant  con- 
taining an  air  preparation  unit,  an  ozone  generator, 
an  ozone  contact  chamber  constructed  of  a  PVC 
pipe,  and  a  filter  unit  containing  conventional  sand 
and  gravel  media  indicated  this  system  would  be 
practical  and  cost-effective.  The  new  ozonation 
plant  was  completed  in  1990  with  an  initial  capac- 
ity of  0.9  mgd,  expandable  to  1.3  mgd.  The  plant  is 
fully  automated,  requiring  virtually  no  on-site  op- 
eration. The  ozone  generator  is  automatically  con- 
trolled by  an  off-gas  monitor  that  varies  the 
amount  of  ozone  produced  according  to  water 
demand.  Each  of  the  generator's  29  dielectrics  is 
separately  fused,  enabling  one  to  fail  without  af- 
fecting the  others.  Because  ozone  can  be  lethal  if  it 
is  no  handled  properly,  the  entire  containment 
structure  is  built  of  welded  stainless  steel.  The 
system  also  has  safety  mechanisms  that  shut  it 
down  if  too  much  ozone  is  produced.  Maintenance 
costs  are  projected  at  $3,000  for  the  first  year. 
(White-Reimer-PTT) 
W9 1-04850 


PERVAPORATION  OF  AQUEOUS  ETHANOL 
MIXTURES  THROUGH  POLY(DIMETHYL  SI- 
LOXANE)  MEMBRANES. 

Manhattan  Coll.,  Bronx,  NY.  Dept.  of  Chemical 

Engineering. 

For   primary   bibliographic   entry   see   Field   5D. 

W9 1-04907 
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PROTECTING  GROUND  WATER  FROM  THE 
BOTTOM  UP:  LOCAL  RESPONSES  TO  WELL- 
HEAD PROTECTION. 

Proceedings  of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Sponsored  by  EPA 
Region  I,  Underground  Injection  Practices  Coun- 
cil Research  Foundation,  and  New  England  Water 
Works  Association.  Underground  Injection  Prac- 
tices Council,  Oklahoma  City,  Oklahoma.  1989 
327p. 

Descriptors:  'Governmental  interrelations, 
•Groundwater  management,  •Groundwater  pollu- 
tion, 'Legal  aspects,  'Legislation,  'Local  govern- 
ments, 'New  England,  'Water  pollution  control, 
•Water  pollution  prevention,  *Well  regulations, 
•Wellhead  protection,  Connecticut,  Groundwater 
resources,  Maine,  Massachusetts,  New  Hampshire. 

The  1986  Amendments  to  the  Safe  Drinking  Water 
Act  formalized  the  concept  of  State  Wellhead  Pro- 
tection Programs  to  protect  wellhead  areas  to 
public  water  supply  wells  from  contamination.  In 
New  England,  more  than  50%  of  the  region's 
drinking  water  comes  from  underground  sources, 
whereas  residents  in  rural  areas  are  nearly  100% 
dependent.  In  recent  years,  hundreds  of  water 
supply  wells  in  New  England  have  been  shut  down 


due  to  contamination.  Although  there  are  numer- 
ous federal  and  state  regulations  that  prevent  con- 
taminants from  entering  the  ground,  much  of  the 
power  to  protect  water  supplies  rests  at  the  local 
level.  This  groundwater  conference  on  wellhead 
protection  programs,  held  at  Danvers,  MA  on 
October  2-3,  1989,  was  designed  to  share  experi- 
ences gained  both  nationally  and  regionally  and  to 
develop  a  better  understanding  of  the  technical  and 
regulatory  interrelationships  involved  in  protecting 
New  England's  groundwater  resources,  now  and 
for  the  future.  Papers  were  presented  by  Federal 
and  state  environmental  agency  staff,  private  con- 
sultants, academics,  and  local  water  resource  man- 
agers. Topics  included  development  of  local  well- 
head protection  plans,  coordination  between  agen- 
cies to  implement  wellhead  protection  plans, 
sources  of  pollution,  methods  of  determining  the 
zone  of  contribution  to  water  supply  wells,  the 
influence  of  non-point  sources  of  contamination, 
underground  tank  regulations,  private  well  regula- 
tions, injection  well  regulatory  programs,  septic 
tanks,  and  other  topics  concerned  with  wellhead 
protection.  Many  local  case  histories  were  used  to 
illustrate  the  roles  of  Federal,  state  and  local  agen- 
cies. (See  W9 1-03921  thru  W9 1-03943)  (Tappert- 

W9 1-03921 


DEVELOPING  AND  PASSING  STATEWIDE 
WELLHEAD  PROTECTION  PROGRAMS  CON- 
NECTICUT: A  CASE  STUDY. 

Murtha,  Cullina,  Richter  and  Pinney,  Hartford, 
CT. 

E.  J.  Brown. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma 
1989.  p  3-30.  append. 

Descriptors:  'Connecticut,  'Legal  aspects,  'Legis- 
lation, 'Water  pollution  control,  'Water  pollution 
prevention,  'Well  regulations,  'Wellhead  protec- 
tion, Groundwater  management,  Groundwater  re- 
sources. 

Designing    a   comprehensive   statewide   wellhead 
protection  program  which  is  effective,  workable, 
and  politically  feasible  poses  serious  challenges  to 
any  state.  The  process  is  particularly  difficult  for 
those   regions  such  as  the  northeast   where  the 
general  public  has  yet  to  be  concerned  with  severe 
shortages  or  widespread   contamination  of  their 
drinking  water  supplies.  In  Connecticut,  a  legisla- 
tive task  force  supported  by  a  committed  Depart- 
ment of  Environmental  Protection  and  spearhead- 
ed by  strong  legislative  leadership  proved  to  be  an 
effective  mechanism  for  generating  the  structure  of 
their  aquifer  protection  program.   A  key  to  the 
success  of  the  Connecticut  program  was  the  team 
approach,    whereby    members   of  the    legislative 
body,  state  environmental  agency,  and  representa- 
tives of  other  interested  political,  technical,  and 
civilian  groups  formed  a  task  force  to  advise  the 
legislature  on  how  to  address  the  issue  of  protect- 
ing groundwater  resources.  The  task  force  should 
have  at  least  one  full-time  staff  member  to  coordi- 
nate activities  and  generally  act  as  a  vehicle  of 
communication  for  the  task  force  co-chairs.  Addi- 
tional resources  available  to  the  task  force  include 
lobbyists,  municipalities,  and  private  consultants  as 
well  as  a  staff  attorney.  An  annual  report  should  be 
prepared  for  each  legislative  session  to  document 
the  work  and  proposals  of  the  task  force  and  help 
define  future  challenges.  The  writing  of  the  actual 
legislation  should  emphasize  technical  correctness 
as  well  as  readability.  It  is  important  to  facilitate 
the  inevitable  changes  that  will  result  from  the 
legislative  process.  Cooperation  between  task  force 
staff  and  legislative  staffs  is  critical  to  anticipating 
procedural  problems  and  addressing  challenges  to 
the  bill.  In  Connecticut,  most  of  the  major  con- 
cerns regarding  the  bill  were  identified  prior  to  the 
start  of  debate  on  the  floor  of  the  House.  Ultimate- 
ly HB  6594,  'An  Act  Concerning  Aquifer  Protec- 
tion Areas,  and  Local  Flood  and  Erosion  Control 
Boards.'     (included     as     appendix)     unanimously 
passed   the   House  of  Representatives    137-0  and 
quickly   won   unanimous  approval   in  the  Senate 
after  a  predictably  short  debate.  (See  also  W91- 
03921)  (Tappert-PTT) 


W9 1-03922 


WALPOLE  BOARD  OF  HEALTH:  GROUND- 
WATER PROTECTION  PLAN  IMPLEMENTA- 
TION. 

Walpole  Board  of  Health,  MA. 
R.  Chapell. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  31-35. 

Descriptors:  'Groundwater         management, 

•Groundwater  quality,  *Legal  aspects,  'Local 
governments,  *Massachusetts,  *Water  pollution 
control,  *Water  pollution  prevention,  *Well  regu- 
lations, 'Wellhead  protection,  Groundwater, 
Groundwater  pollution,   Groundwater   resources. 

Towns  and  cities  need  to  protect  themselves  from 
environmental  degradation  at  the  local  level,  with- 
out waiting  for  state  and  federal  agencies  to  do  the 
work.  In  Massachusetts  local  Boards  of  Health  are 
charged  under  Massachusetts  General  Laws  Chap- 
ter III  Section  31  with  protecting  the  public  health 
of   their    communities.    The    Walpole    Board    of 
Health  has  instituted  and  regulated  many  programs 
to  protect  the  town  water  supply  from  contamina- 
tion. Walpole  petitioned  the  United  States  Envi- 
ronmental Protection  Agency  to  be  designated  as  a 
sole  source  aquifer  district,  so  that  certain  state  and 
federal  projects  can  be  closely  scrutinized  for  det- 
rimental   impacts    upon    the    underlying    aquifer. 
Prior  to  the  sole  source  aquifer  designation,  the 
town  hired  a  consultant  to  delineate  Water  Re- 
source Protection  Districts  in  the  town.  The  Board 
of  Health  has  used  this  information  when  review- 
ing preliminary  plans  for  development.  As  a  result, 
the  Board  has  restricted  uses,  turned  down  plans, 
and  required  monitoring  programs  to  collect  infor- 
mation on  a  regular  basis  to  ensure  that  particular 
landfills  and  industries  in  sensitive  areas  are  not 
contaminating  groundwater.  The  Board  has  adopt- 
ed Underground  Storage  Regulations,  Toxic  and 
Hazardous    Materials    Regulations,    Private    Well 
Regulations,   and    Mandatory   Sewer   Connection 
Regulations.   The   Health   Department   has  orga- 
nized   Household    Hazardous    Waste    Collection 
Days  to  help  alleviate  a  certain  amount  of  illegal 
dumping.  The  department  has  been  responsible  for 
removal   or   testing   of  many   residential    under- 
ground tanks.  The  Board  of  Health  strengthened 
Title  V  by  requiring  an  increased  setback  from 
wetlands  for  septic  systems.  The  Board  follows  up 
on  leads  concerning  illegal  dumping,  business  prac- 
tices that  may  harm  the  environment,  and  acciden- 
tal spills.  With  little  dissension,  the  local  residents 
and  businesses  have  complied  with  Board  actions 
and  have  taken  an  active  role  in  protecting  Wal- 
pole's    groundwater    resources.    (See    also    W91- 
03921)  (Tappert-PTT) 
W9 1-03923 


MODEL  FOR  RURAL  COMMUNITIES  TO 
ASSESS  THREATS  TO  GROUND  WATER 
QUALITY. 

Franklin  County  Planning  Dept.,  Greenfield,  MA. 
L.  Rubinstein. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  53-69.  1  fig,  2  append. 

Descriptors:  'Groundwater  pollution,  •Ground- 
water quality,  'Massachusetts,  'Risk  assessment, 
'Rural  areas,  'Water  pollution  control,  'Water 
pollution  prevention,  'Water  pollution  sources, 
•Well  regulations,  'Wellhead  protection,  Ground- 
water, Groundwater  management,  Groundwater 
resources,  Legal  aspects. 

Rural  communities  which  rely  exclusively  on  pri- 
vate water  supplies,  and  which  rely  on  volunteer 
town  boards  with  no  professional  staff,  often  face 
more  difficulty  in  identifying  threats  to  their 
groundwater  quality  than  do  communities  which 
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have  access  to  professional  assistance  and  public 
funding  for  protection  of  their  water  supplies.  The 
key  reason  for  the  frequent  inability  of  rural  com- 
munities to  assess  threats  to  their  groundwater  is  a 
lack  of  financial  resources  to  hire  professionals  to 
conduct  the  evaluation.  A  year  long  effort  in  the 
town  of  Conway,  Massachusetts  demonstrated  that 
it  is  possible  for  a  volunteer  effort  to  produce  an 
in-depth  and  valuable  groundwater  risk  assessment. 
The  project  was  funded  through  the  EPA  205J 
program  and  was  designed  to  conduct  a  ground- 
water risk  assessment  in  a  rural  setting,  using  only 
volunteer  effort  and  little  or  no  funding.  Conway  is 
a  rural  hilltown  community  in  western  Massachu- 
setts with  a  population  of  1,300  people  and  a  area 
of  40  square  miles.  It  relies  entirely  on  private 
wells  for  its  drinking  supply  and  has  no  profession- 
al staff  supporting  town  government.  Businesses  in 
town  are  primarily  agriculture,  a  heavy  equipment 
supplier,  food  processing,  and  small  scale  auto 
repair.  It  is  a  community  of  well  educated,  envi- 
ronmentally concerned  citizens  who  are  worried 
about  the  health  and  safety  of  their  water  supply. 
Included  in  the  volunteer  effort  were  a  town  wide 
survey,  door-to-door  interviews,  mapping,  historic 
records  review,  geologic  examination,  public  meet- 
ings and  presentations,  and  a  final  report  and  rec- 
ommendations. The  intent  of  the  survey  was  to 
locate  all  wells,  septic  systems,  underground  stor- 
age tanks,  abandoned  wells,  and  land  uses.  The 
one-on-one  interviews  were  critical  for  gathering 
information  as  well  as  public  outreach  and  partici- 
pation. Existing  documents  were  used  for  identify- 
ing the  geology  and  hydrology  of  the  community. 
After  identifying  their  aquifers  and  potential 
threats  to  groundwater  quality,  final  recommenda- 
tions were  developed  for  future  action  by  the 
town.  These  recommendations  included  a  program 
of  water  quality  testing  and  amendments  to  board 
of  health  regulations  and  zoning.  (See  also  W91- 
03921)  (Author's  abstract) 
W9 1-03925 


FOX(BOROUGH)  GUARDING  THE  AQUIFER 
COOP:  LOCAL  CONTROL  AT  WORK. 

SEA  Consultants,  Inc.,  Cambridge,  MA. 
K.  D.  Noake. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  71-101.  8  fig,  2  tab,  13  ref. 

Descriptors:  *Computer  models,  'Groundwater 
management,  'Ground water  quality,  'Legal  as- 
pects, 'Legislation,  'Local  governments,  'Massa- 
chusetts, 'Water  pollution  control,  'Water  pollu- 
tion prevention,  'Well  regulations,  'Wellhead  pro- 
tection, Groundwater,  Groundwater  pollution, 
Groundwater  resources,  MODFLOW  model. 

Both  the  elected  officials  and  citizens  of  the  Town 
of  Foxborough,  Massachusetts  have  made  a  serious 
commitment  to  groundwater  quality  protection 
and  management  of  potential  contamination 
sources.  Foxborough's  wellhead  protection  strate- 
gy evolved  over  a  five  year  period  in  response  to 
local  needs.  The  delineation  of  a  wellhead  protec- 
tion area  depends  upon  the  hydrogeologic  charac- 
teristics of  the  aquifer,  the  pumping  rate  and 
number  of  wells,  and  the  amount  of  recharge  the 
aquifer  receives.  Foxborough  recognized  the  im- 
portance of  local  resource-based  groundwater  pro- 
tection five  years  ago  when  it  delineated  its  well- 
head protection  areas  and  adopted  a  Water  Re- 
source Protection  District  bylaw  in  1984.  The 
town  retained  a  consultant  to  update  the  1984 
bylaw  and  redefine  the  wellhead  protection  areas 
to  conform  with  recently  adopted  state  guidelines 
for  delineating  primary  (Zone  II)  and  secondary 
(Zone  III)  aquifer  recharge  areas.  The  goal  was  to 
have  a  technically  defensible  wellhead  protection 
strategy.  Several  carefully  tailored  approaches 
were  used  to  delineate  the  recharge  areas  for  11 
existing  wells  and  6  proven  well  sites.  Monitoring 
wells  were  installed  and  performance  tests  con- 
ducted at  each  of  the  town's  pumping  stations 
using  an  automated  data  gathering  and  processing 
system.  The  database  was  used  in  a  detailed  aquifer 
simulation  model  (MODFLOW)  which  delineated 
the  recharge  areas  for  the  17  wells.  Existing  pump- 


ing test  data  was  re-evaluated  using  current  com- 
puter programs  and  incorporated  into  the  model 
when  necessary.  A  mass  balance  nitrate  loading 
model  was  used  to  determine  the  nitrate  loading  in 
the  Zone  II  areas  under  maximum  build-out  condi- 
tions. A  new  Water  Resource  Protection  District 
bylaw  was  written  to  protect  both  the  Zone  II  and 
Zone  III  areas.  The  bylaw  includes  a  comprehen- 
sive list  of  prohibited  uses  and  uses  that  were 
allowed  by  special  permit  subject  to  stringent  per- 
formance standards.  To  further  strengthen  the 
town's  wellhead  protection  strategy,  the  consultant 
wrote  a  new  Toxic  and  Hazardous  Materials 
bylaw,  recommended  changes  to  subdivision  rules 
and  Board  of  Health  regulations,  and  designed  a 
groundwater  monitoring  program.  (See  also  W91- 
03921)  (Author's  abstract) 
W9 1-03926 


EASTON'S  EXPERIENCE  AND  THE  CANOE 
RIVER  AQUIFER  ADVISORY  COMMITTEE. 

Easton  Water  Div.,  MA. 
W.  P.  Southworth. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  105-108. 

Descriptors:  'Groundwater  management, 

'Groundwater  quality,  'Legislation,  'Local  gov- 
ernments, 'Massachusetts,  'Water  pollution  con- 
trol, 'Water  pollution  prevention,  'Wellhead  pro- 
tection, Aquifer  management,  Groundwater, 
Groundwater  pollution,  Groundwater  resources, 
Public  participation. 

The  Town  of  Easton,  Massachusetts,  in  conjunc- 
tion with  other  private  and  governmental  agencies, 
is  actively  protecting  it  groundwater  and  water 
supply.  The  Easton  Water  Division  owns  240  acres 
surrounding  its  five  pumping  stations.  The  Easton 
Conservation  Commission  has  been  actively  ac- 
quiring land  for  many  years,  currently  controlling 
almost  1400  acres.  The  State  Department  of  Envi- 
ronmental Management  controls  a  594  acre  state 
park  in  Easton,  in  addition  to  over  1000  acres  in 
the  Hockomock  Swamp.  In  1973  a  Groundwater 
Protection  District  Overlay  was  established  pro- 
tecting the  areas  immediately  adjacent  to  wells 
from  development.  An  aquifer  protection  study 
was  completed  in  1987  and  new  groundwater  pro- 
tection districts  and  bylaws  were  proposed  and 
subjected  to  public  review.  The  new  proposals 
were  passed  by  the  Zoning  Board  in  1988.  After 
years  of  discussion  among  the  water  superintend- 
ents of  Easton,  Norton,  and  Mansfield  the  Canoe 
River  Aquifer  Advisory  Committee  (CRAAC) 
was  formed  in  1987.  The  committee  has  the  au- 
thority to  review  all  development  plans  within  the 
aquifer  and  report  its  findings  to  the  appropriate 
agency.  In  addition,  CRAAC  has  responsibility  for 
keeping  citizens  informed  about  issues  that  affect 
the  quality  of  their  drinking  water.  To  this  end 
several  Awareness  Days  have  been  held,  and  the 
committee  has  applied  for  several  grants  and  par- 
ticipated in  many  state  programs  aimed  at  fostering 
citizen  interest,  improving  the  public's  knowledge 
about  groundwater  issues,  and  making  influencing 
waste  disposal  practices,  road  salting  practices,  and 
other  activities  that  affect  groundwater.  (See  also 
W91-03921)  (Tappert-PTT) 
W9 1-03927 


BRIDGEPORT  HYDRAULIC  COMPANY  AQ- 
UIFER PROTECTION  PROGRAM. 

Bridgeport  Hydraulic  Co.,  CT. 
M.  L.  Johnson. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  111-118. 

Descriptors:  'Aquifer  management,  'Connecticut, 
'Groundwater  management,  'Groundwater  pollu- 
tion, 'Groundwater  quality,  'Water  pollution  con- 
trol, 'Water  pollution  prevention,  'Wellhead  pro- 
tection, Groundwater,  Groundwater  resources, 
Regional  planning. 


Water  Quality  Control — Group  5G 

Bridgeport  Hydraulic  Company  (BHC)  is  the  tenth 
largest  investor-owned  water  utility  in  the  nation, 
serving  a  population  of  approximately  360,000  in 
17  towns  in  Fairfield,  New  Haven  and  Litchfield 
counties  in  Connecticut.  BHC  has  always  had  an 
active  source  protection  program  for  both  its  wa- 
tershed and  aquifer  areas.  Groundwater  pollution 
threats  from  hydrocarbons,  solvents,  and  road  salt 
to  its  wellfields  in  the  mid  to  late  1980's  required 
BHC  to  take  a  more  proactive  stance  in  the  area  of 
aquifer  protection.  BHC  initiated  a  three  stage 
aquifer  protection  program  which  consists  of  an 
aquifer  protection  plan,  aquifer  protection  work- 
shops, and  a  public  awareness  program.  The  aqui- 
fer protection  plan  included  computer  modeling  of 
each  of  the  fifteen  wellfields,  based  upon  existing 
information.  The  models  were  used  to  estimate  safe 
yields  for  each  wellfield,  as  well  as  defining  a 
critical  area  of  influence.  Pollution  inventories 
were  then  created  for  the  critical  zones,  and  the 
information  was  used  to  locate  monitoring  wells. 
The  aquifer  protection  plan  also  developed  emer- 
gency response  techniques  for  pollution  events, 
and  suggested  aquifer  protection  ordinances.  The 
aquifer  protection  workshops  were  developed  in 
conjunction  with  the  Housatonic  Valley  Associa- 
tion, a  conservation  group  with  experience  in 
groundwater  protection.  Presentations  were  made 
to  the  chief  elected  officials  in  the  1 1  communities 
with  BHC  wellfields,  informing  them  of  the  utili- 
ties experience  with  contamination  and  stressing 
preventative  actions  that  can  be  implemented  at 
the  local  level.  The  public  awareness  program 
included  presenting  the  workshops  to  the  general 
public,  as  well  as  producing  various  pamphlets  and 
press  releases.  BHC's  aquifer  protection  program 
has  already  shown  great  benefits  in  helping  to 
protect  these  valuable  supplies  and  developing 
better  relationships  with  the  communities  in  which 
these  wellfields  are  located.  The  program  has 
gained  recognition  from  both  federal  and  state 
regulatory  agencies.  (See  also  W9 1-03921)  (Tap- 
pert-PTT) 
W9 1-03928 


AQUIFER  PROTECTION  THROUGH  LARGE 
SCALE  COMPUTER  MODELLING. 

Dufresne-Henry,  Inc.,  Westford,  MA. 

For  primary  bibliographic  entry  see  Field  4B. 

W91-03929 


DETERMINING  THE  AREA  OF  CONTRIBU- 
TION TO  A  WELL  FIELD:  A  CASE  STUDY 
AND  METHODOLOGY  FOR  WELLHEAD 
PROTECTION. 

BCI  Geonetics,  Inc.,  Laconia,  NH. 
W.  J.  Griswold,  and  J.  J.  Donahue. 
IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  123-136.  5  fig,  1  ref. 

Descriptors:  'Computer  models,  'Groundwater 
movement,  'Groundwater  quality,  'Massachusetts, 
'Model  studies,  'Path  of  pollutants,  'Water  pollu- 
tion prevention,  'Water  pollution  sources,  'Well- 
head protection,  Alluvial  aquifers,  Geohydrology, 
Groundwater,  Groundwater  management, 
Groundwater  resources. 

An  hydrogeological  evaluation  for  wellhead  pro- 
tection was  conducted  in  an  alluvial  valley-fill 
aquifer  in  central  Massachusetts.  The  criteria  for 
wellhead  protection  in  Massachusetts  are  set  by  the 
Department  of  Environmental  Quality  Engineer- 
ing (DEQE)  and  are  among  the  most  technically 
detailed  and  sophisticated  in  the  nation.  DEQE 
defines  its  wellhead  protection  areas  as  the  zone  of 
contribution  to  a  well  or  wellfield  under  the  most 
severe  pumping  conditions  that  could  be  reason- 
ably expected,  i.e.,  180  days  of  continuous  pump- 
ing with  no  areal  recharge.  A  practical,  technically 
defensible,  step-by-step  method  was  developed 
which  groundwater  professionals  can  employ  to 
produce  a  product  to  address  the  spirit  and  letter 
of  the  law  aimed  at  wellhead  protection.  The  eval- 
uation begins  with  the  development  of  an  initial 
conceptual  model  of  the  area,  evaluating  such  key 
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elements  as  surflcial  and  bedrock  geology,  associat- 
ed contributions  to  groundwater  flow,  recharge 
potential,  and  induced  infiltration  from  streams. 
The  conceptual  model  is  tested  and  revised 
through  the  installation  of  monitoring  wells.  De- 
tailed measurements  of  ambient  conditions  both  of 
groundwater  and  surface  water  flows  are  taken  to 
isolate  the  effects  of  the  well(s)  from  the  natural 
variations  in  the  overall  flow  regime.  The  aquifer 
is  then  subjected  to  the  stress  of  a  required  120- 
hour  pumping  test.  The  results  of  analysis  of  the 
pumping  test  and  ambient  conditions  are  used  in  a 
numerical  model  to  extrapolate  from  the  120-hour 
test  to  the  180-day,  no-recharge  conditions  dictated 
by  DEQE  regulations.  Finally,  the  modelled  180- 
day  drawdown  results  are  subtracted  from  a  poten- 
tiometric  surface  map  reflecting  average  non- 
pumping  conditions.  The  area  of  contribution  is 
delineated  from  a  flownet  constructed  on  the  re- 
sultant potentiometric  surface.  (See  also  W91- 
03921)  (Author's  abstract) 
W9 1-03930 


USE  OF  TIME  OF  TRAVEL  IN  ZONE  OF  CON- 
TRIBUTION DELINEATION  AND  AQUIFER 
CONTAMINATION  WARNING. 

Island  Design,  New  Hartford,  CT. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-03931 


DELINEATION  OF  CONTRIBUTING  AREAS 
TO  PUBLIC  SUPPLY  WELLS  IN  STRATIFIED 
GLACIAL-DRIFT  AQUIFERS. 

Geological  Survey,  Marlborough,  MA. 
P.  M.  Barlow. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  145-166.  11  fig,  1  tab,  12  ref. 

Descriptors:  'Computer  models,  'Glacial  aquifers, 
•Groundwater  movement,  'Massachusetts, 
•Model  studies,  *Water  pollution  prevention, 
•Wellhead  protection,  Groundwater,  Groundwat- 
er management,  Groundwater  resources. 

Several  analytical  and  numerical  methods  are 
available  for  delineating  contributing  areas  to 
public  supply  wells.  These  methods  employ  vari- 
able levels  of  computational  complexity  and  re- 
quire differing  levels  of  data  specification.  A  recent 
advance  in  the  ability  to  analyze  contributing  areas 
quantitatively  has  been  the  coupling  of  particle- 
tracking  algorithms  to  numerical  groundwater 
flow  models.  A  demonstration  of  the  use  of  this 
method  for  delineating  contributing  areas  to  hypo- 
thetical public  supply  wells  pumping  from  a  strati- 
fied glacial  drift  aquifer  on  Cape  Cod,  Massachu- 
setts, has  shown  that  (1)  the  location  of  a  well  with 
respect  to  areas  of  recharge  and  discharge  for  the 
aquifer  will  have  a  significant  effect  on  the  shape 
of  the  well's  contributing  area,  (2)  the  recharge 
rate  to  an  aquifer  and  the  pumping  rate  of  a  well 
will  have  a  significant  effect  on  the  size  of  the 
well's  contributing  area,  (3)  multiple  pumping 
wells  within  an  aquifer  must  be  considered  simulta- 
neously in  the  determination  of  a  well's  contribut- 
ing area,  and  (4)  the  lithology  of  the  aquifer  in  the 
vicinity  of  the  well  must  be  well-defined.  The 
study  also  has  shown  that  contributing  areas  deter- 
mined using  analytical  modeling  were  similar  to 
those  determined  using  numerical  modeling  cou- 
pled with  particle  tracking  for  wells  pumping  from 
a  thin,  single  layer,  uniform  aquifer  with  simple 
boundary  conditions,  and  that  the  use  of  numerical 
models  for  the  delineation  of  contributing  areas  for 
wells  in  such  an  aquifer  may  not  be  warranted. 
However,  numerical  modeling  and  particle  track- 
ing provide  a  better  quantitative  tool  than  do  ana- 
lytical models  for  conditions  normally  encountered 
in  the  field,  such  as  thick,  heterogeneous  aquifers 
with  complicated  boundary  conditions  in  which 
several  wells  are  pumping  simultaneously.  Under 
these  conditions,  analytical  models  are  not  capable 
of  providing  sufficient  detail  to  predict  accurately 
the  land  area  which  contributes  water  to  a  well. 
(See  also  W9 1-03921)  (Author's  abstract) 
W91-03932 


DEVELOPMENT  OF  AQUIFER  PROTECTION 
ZONES  AND  EVALUATION  OF  CONTAMINA- 
TION POTENTIAL  IN  TOWN  OF  CHELMS- 
FORD MUNICIPAL  WELLS. 

Wehran  Engineering  Corp.,  Methuen,  MA. 
D.  W.  Podsen,  and  C.  F.  Myette. 
IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma 
1989.  p  167-182.  4  fig,  5  ref. 

Descriptors:  *Aquifer  testing,  •Groundwater  man- 
agement, 'Groundwater  movement,  •Groundwat- 
er pollution,  •Massachusetts,  'Water  pollution 
control,  *Water  pollution  prevention,  *Water  pol- 
lution sources,  'Wellhead  protection,  Groundwat- 
er, Groundwater  resources. 

The  Town  of  Chelmsford,  Massachusetts,  obtains 
its  entire  municipal  water  supply  from  22  ground- 
water wells.  Periodic  testing  since  1979  has  detect- 
ed trace  concentrations  of  volatile  organic  com- 
pounds in  nearly  all  of  the  municipal  well  fields, 
with  concentrations  in  excess  of  50  ppb  in  some 
wells.  As  a  pilot  study  for  protecting  public  water 
supplies  in  developed  towns  in  Massachusetts,  the 
Department  of  Environmental  Protection  (DEP) 
hired  a  consultant  to  evaluate  the  contamination 
detected  in  the  town  wells.  The  study  focused 
upon  delineating  aquifer  protection  zones,  identify- 
ing potential  past  and  present  contamination  sites 
in  these  areas,  and  prioritizing  these  sites  with 
respect  to  their  potential  to  impact  the  town  water 
supply  wells.  Eighteen  of  the  22  water  supply 
wells  were  sampled  and  the  sample  analyzed  for 
organic  volatile  compounds.  Results  indicated  a 
concentration  of  15  ppb  in  one  well,  trace  concen- 
trations in  two  other  wells,  and  non-detectable  or 
below  detection  limit  concentrations  in  the  remain- 
ing samples.  Aquifer  protection  Zones  I,  II,  and  HI 
were  delineated  for  each  of  the  municipal  supply 
wells.  A  records  search  was  conducted  to  identify 
and  locate  potential  sources  of  contamination  that 
might  impact  Chelmsford's  municipal  water  supply 
wells.  A  total  of  121  potential  contamination  sites 
were  identified  and  located.  An  additional  69  sites 
were  identified  but  could  not  be  located.  A  ranking 
system  was  developed  to  prioritize  sites  in  terms  of 
their  potential  to  contaminate  municipal  water 
supply  wells.  The  system  includes  such  factors  as 
aquifer  protection  zone  designation,  distance  from 
a  well,  types  of  chemicals,  volume  of  spills,  and  the 
ranking  of  watersheds  according  to  the  degree  of 
contamination  that  has  been  detected  in  wells.  The 
ranking  system  is  designed  to  divide  potential  sites 
into  groups,  with  each  group  assigned  a  priority 
ranking  relative  to  one  another.  It  was  recom- 
mended that  preliminary  site  assessments  be  con- 
ducted for  potential  sites  in  the  highest  priority 
groups.  Fifteen  sites  have  been  investigated,  and 
the  DEP  will  conduct  a  site  investigation  at  the 
highest  priority  site.  (See  also  W9 1-03921)  (Au- 
thor's abstract) 
W91-03933 


DETERMINING  THE  DEVELOPMENT  PO- 
TENTIAL WITHIN  WELLHEAD  PROTEC- 
TION AREAS  AND  RESULTING  IMPACTS 
FROM  NITROGEN  LOADING. 

Horsley,  Witten  and  Hegemann,  Inc.,  Cambridge, 
Ma. 

S.  W.  Horsley,  C.  A.  Coughanowr,  M.  Nelson,  and 
J.  D.  Witten. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  183-190.  2  fig,  1  tab,  4  ref. 

Descriptors:  'Groundwater  management, 

•Groundwater  pollution,  •Massachusetts,  'Model 
studies,  'Nitrates,  'Nitrogen,  'Nonpoint  pollution 
sources,  'Water  pollution  control,  'Water  pollu- 
tion prevention,  'Water  pollution  sources,  'Well- 
head protection,  Agricultural  runoff,  Groundwat- 
er, Groundwater  resources,  Septic  tanks, 
Wastewater. 

Groundwater  contamination  from  dispersed,  non- 
point  residential  and  agricultural  uses  can  contami- 


nate public  water  supplies  as  effectively  as  a 
poorly-sited  landfill.  A  recent  case  study  on  Cape 
Cod,  Massachusetts  documented  a  clear  correla- 
tion between  housing  densities  and  nitrate-nitrogen 
concentrations  in  groundwater.  The  methodology 
for  examining  the  cumulative  effects  of  land  devel- 
opment within  a  wellhead  protection  area 
(WHPA)  is  comprised  of  two  principal  steps:  (I) 
determination  of  the  development  potential,  and 
(2)  prediction  of  the  resulting  nitrate-nitrogen  con- 
centrations. The  total  development  potential  of  the 
WHPA  is  determined  by  summing  existing  devel- 
opment and  future  potential  development.  This 
calculation  will  result  in  a  quantification  of  the 
saturation  development,  or  buildout  population. 
Once  the  development  potential  has  been  deter- 
mined all  potential  sources  of  nitrogen  are  assessed 
and  tabulated.  These  sources  may  include 
wastewater,  residential  and  agricultural  fertilizers, 
road  runoff  and  precipitation.  Several  analytical 
models  have  been  developed  to  predict  nitrate- 
nitrogen  concentrations  in  groundwater  using  a 
mass  balance  approach.  Sources  of  error  include 
the  assumed  nitrogen  loading  and  dilution  values 
used  in  the  model.  The  results  of  the  nitrogen 
loading  assessment  are  then  compared  to  the  drink- 
ing water  standard  for  nitrate-nitrogen,  currently 
10  mg/1  as  nitrate.  Studies  indicate  it  may  be 
necessary  to  use  a  lower  concentration  as  a  plan- 
ning guideline  in  order  to  achieve  the  standard 
90%  of  the  time.  If  the  programmed  development 
exceeds  the  assimilative  capacity  of  the  water 
supply  a  variety  of  techniques  may  be  used  to 
mitigate  for  existing  development  and  control 
future  growth  to  achieve  acceptable  concentra- 
tions. These  techniques  include  regulatory,  non- 
regulatory,  and  legislative  approaches.  (See  also 
W9 1-03921)  (Tappert-PTT) 
W9 1-03934 


EVALUATION  OF  LOCAL  REGULATORY  EF- 
FORTS IN  IDENTIFYING  AND  CONTROL- 
LING THE  THREAT  OF  UNDERGROUND 
FUEL  STORAGE  TANKS. 

Barnstable  County  Health  and  Environmental 
Dept.,  MA. 

C.  Stiefel,  and  G.  Heufelder. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  191-200.  2  fig,  1  tab,  1  ref. 

Descriptors:  'Legislation,  'Massachusetts,  'Stor- 
age tanks,  'Underground  storage,  'Water  pollu- 
tion control,  'Water  pollution  sources,  Ground- 
water, Groundwater  management,  Local  govern- 
ments. 

For  the  past  two  years,  the  Barnstable  County 
Health  and  Environmental  Department,  a  regional 
advisory  agency,  has  coordinated  a  county-wide 
effort  to  assist  towns  in  formulating  an  overall 
underground  storage  tank  (UST)  management  plan 
for  groundwater  protection.  Certain  key  elements 
for  initiating  a  residential  UST  program  have  been 
identified  and  include  passage  of  a  comprehensive 
regulation,  support  of  regional  and  local  agencies, 
and  public  education  initiatives.  The  level  of  regu- 
lation determines  the  overall  reduction  of  threat  to 
the  groundwater,  as  evidenced  by  a  number  of 
tank  removals.  When  only  registration  of  residen- 
tial USTs  was  required,  up  to  10%  of  the  residen- 
tial USTs  are  removed  annually.  Passage  of  a 
comprehensive  UST  regulation  which  also  in- 
cludes testing  and  removal  requirements  resulted  in 
up  to  18%  tank  removal.  Reduction  in  the  number 
of  residential  USTs  can  be  greatly  enhanced  if  the 
local  municipality  takes  initiatives  to  reduce  the 
removal  costs,  such  as  allowing  disposal  at  the 
local  landfill.  Administration  of  an  effective  UST 
control  program  requires  a  significant  time  com- 
mitment; in  Barnstable  County  this  has  been  sup- 
plied at  the  regional  level,  with  help  from  local  fire 
and  health  departments.  Regarding  commercial 
USTs,  despite  comprehensive  state  regulations, 
over  20%  of  the  tanks  in  the  study  area  were  not  in 
compliance  with  testing  requirements.  Local  initia- 
tives in  the  form  of  a  single  notification  letter 
resulted  in  an  almost-immediate  reduction  of  this 
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figure  to   11%.   (See  also  W91-03921)  (Author's 

abstract) 

W9 1-03935 


UIC  CLASS  IV-V  WELL  SURVEY  IN  MAINE: 
INVENTORY,  ASSESSMENT  AND  COMPLI- 
ANCE. 

Maine  Dept.  of  Educational  and  Cultural  Services, 

Augusta. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-03936 


PLANNING  TECHNIQUES  FOR  ESTIMATING 
GROUNDWATER  IMPACTS  OF  ON-SITE 
SEPTIC  SYSTEMS. 

Camp,  Dresser  and  McKee,   Inc.,  Boston,   MA. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-03937 


EPA/LOCAL  PARTNERSHIP  AT  WORK  -  THE 
CREATION  OF  A  GROUND  WATER  PROTEC- 
TION PROGRAM. 

Environmental  Protection  Agency,   Philadelphia, 
PA.  Region  III. 
S.  Kerzner. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  257-269.  5  fig. 

Descriptors:  'Geographic  information  systems, 
•Governmental  interrelations,  *Groundwater  man- 
agement, 'Groundwater  pollution,  *Water  pollu- 
tion control,  *Water  pollution  prevention,  'Well- 
head protection,  Groundwater,  Groundwater  re- 
sources, Local  governments. 


The  Region  III  Groundwater  Protection  Section  is 
using  Geographic  Information  System  (GIS)  tech- 
nology to  work  with  local  water  resource  agencies 
to  develop  and  implement  county-wide  ground- 
water protection  plans.  The  purpose  of  working 
with  local  agencies  is  to  identify  and  target  for 
priority  regulatory  attention  those  areas  that  are 
susceptible  to  contamination.  The  GIS  technology 
enabled  EPA  to  provide  technical  assistance  to 
local  agencies  in  a  program  with  limited  federal 
resources.  The  GIS  case  study  demonstrated  the 
use  of  GIS  technology  in  groundwater  protection 
applications  and  illustrates  how  the  Region  and  the 
local  officials  worked  together  to  develop  a  mutu- 
ally beneficial  groundwater  protection  program. 
Program  development,  data  collection,  map  cover- 
age construction,  composite  map  construction  and 
evaluation  are  topics  of  discussion.  Emphasis  is 
placed  on  the  application  of  GIS,  its  potential  for 
protecting  the  underground  sources  of  drinking 
water,  and  its  impact  on  management-making  deci- 
sions. Major  project  benefits  to  the  local  agency 
and  to  EPA  include  creation  of  a  true  Federal/ 
local  partnership,  development  of  a  management 
tool  to  assist  managers  in  determining  environmen- 
tal and  program  priorities,  implementation  of  Well- 
head Protection  programs  at  the  state  and  county 
level,  technical  assistance  for  states  and  local  agen- 
cies in  a  program  where  Federal  resources  are 
limited,  improved  understanding  of  the  scope  and 
nature  of  environmental  problems  in  the  region, 
and  the  demonstration  of  the  usefulness  of  GIS 
techniques.  (See  also  W9 1-03921)  (Tappert-PTT) 
W91-03938 


COMPUTERIZED  DATA  MANAGEMENT 
SYSTEM  FOR  WELLFIELD  PROTECTION. 

Pirnie  (Malcolm),  Inc.,  Columbus,  OH. 
T.  F.  Jenkins,  and  G.  Jamesson. 
IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  271-286.  10  fig,  5  ref. 

Descriptors:  'Groundwater         management, 

•Groundwater  pollution,  'Monitoring,  'Municipal 
water,  'Network  design,  'Ohio,  'Water  pollution 
control,  'Water  pollution  prevention,  'Wellhead 


protection,  Columbus,  Glacial  aquifers,  Ground- 
water, Groundwater  resources. 

The  City  of  Columbus,  Ohio  operates  a  municipal 
wellfield  capable  of  producing  approximately  30 
million  gallons  of  water  per  day.  Water  is  with- 
drawn from  a  glacial  aquifer  by  four  collector 
wells  adjacent  to  the  Scioto  River  and  Big  Walnut 
Creek.  The  wellfield  land  is  presently  subjected  to 
pressures  of  urban  housing,  commercial  and  indus- 
trial development,  sand  and  gravel  mining,  and 
highways  frequented  by  hazardous  material  car- 
goes. The  pressures  of  development  and  the  result- 
ing pollution  sources  in  the  area  have  created 
potential  for  wellfield  contamination.  The  City  re- 
tained a  consultant  to  prepare  a  'Wellfield  Protec- 
tion and  Management  Plan'  in  July  1988,  which 
proposed  creation  of  a  comprehensive  groundwat- 
er monitoring  network  covering  a  two-mile  radius 
around  the  wellfield.  The  monitoring  network  is 
expected  to  generate  a  large  amount  of  data  re- 
garding the  water  quality  and  flow  characteristics 
of  the  surface  and  groundwater.  A  computerized 
database  management  system  was  developed  to 
effectively  manage  this  data.  The  system  can  store 
and  retrieve  data,  prepare  reports,  and  create 
graphics.  The  graphics  program  can  compare  the 
collector  well  discharge  to  the  water  quality  pa- 
rameters over  the  time  span  of  the  data.  Having 
established  the  background  water  quality,  the  data- 
base system  can  readily  show  any  changes  in  water 
quality.  In  addition,  the  water  quality  data  can  be 
exported  to  a  spreadsheet  or  other  program  to 
develop  Piper  water  quality  diagrams  or  perform 
other  more  complex  forms  of  analysis.  The  data- 
base system  generates  graphic  data  presentations  as 
information  is  collected.  This  allows  the  City  to 
make  quick,  reasoned  and  appropriate  decisions 
regarding  wellfield  protection.  (See  also  W91- 
03921)  (Tappert-PTT) 
W9 1-03939 


MODEL  COMMUNITY  PROGRAM  FOR  PRI- 
VATE WELLS. 

Connecticut  Univ.,  Storrs.  Cooperative  Extension 
System. 

R.  F.  Jeffrey,  and  K.  K.  Filchak. 
IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  293-301.  1  fig,  2  tab,  2  ref. 

Descriptors:  'Connecticut,  'Groundwater  pollu- 
tion, 'Municipal  water,  'Water  pollution  control, 
'Water  pollution  prevention,  'Wellhead  protec- 
tion, Groundwater,  Groundwater  management, 
Groundwater  resources,  Wastewater. 

Successful  implementation  of  a  comprehensive  mu- 
nicipal groundwater  protection  program  requires 
knowledgeable  consumers.  The  University  of  Con- 
necticut Cooperative  Extension  System's  'model 
town'  program  was  set  up  in  order  to  bring  indi- 
viduals into  the  groundwater  protection  process. 
Implemented  in  1989,  the  program  provided 
groundwater  information  to  residents  of  the  rural 
towns  of  Brooklyn  and  Pomfret  so  that  they  could 
properly  assist  in  the  management  of  their  private 
and  public  groundwater  supplies.  A  variety  of 
delivery  systems  were  used  to  transfer  drinking 
water  supply  information  to  individuals  in  the  two 
municipalities.  A  key  part  of  the  program  was  the 
formation  of  community  advisory  groups  which 
included  the  chief  elected  official  (first  selectman), 
representatives  of  municipal  agencies  and  organiza- 
tions, as  well  as  other  interested  persons.  The 
'model  town'  program  methodology  was  designed 
to  supplement  Connecticut's  aggressive  ground- 
water protection  program.  The  State's  effort  is 
targeted  at  the  major  aquifers  where  most  munici- 
pal and  industrial  supplies  are  located,  but  does  not 
directly  address  many  of  the  more  rural  areas 
where  over  one-sixth  of  the  population  derives  its 
drinking  water  from  individual  and  smaller  com- 
munity wells.  (See  also  W9 1-03921)  (Author's  ab- 
stract) 
W9 1-03941 


BOARDS    OF    HEALTH    PROTECTION    FOR 
PRIVATE  WELLS  AND  GROUNDWATER. 


Massachusetts  Association  of  Health  Boards,  Plain- 
ville. 

M.  E.  Benes. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  303-308. 

Descriptors:  'Groundwater  pollution,  'Massachu- 
setts, 'Regulations,  'Water  pollution  control, 
'Water  pollution  prevention,  'Well  regulations, 
Groundwater,  Groundwater  management. 

In  Massachusetts,  people  depending  upon  private 
wells  are  unprotected  against  improper  siting,  poor 
installation,  and  contamination,  except  where  local 
health  boards  have  adopted  regulations.  Effective 
private  well  protection  depends  upon  the  local 
board  of  health  adopting  a  well  protection  policy 
which  is  consistent  with  local  needs  and  condi- 
tions. In  addition  to  specific  private  well  regula- 
tions, there  are  other  actions  which  local  boards 
can  take  as  part  of  an  overall  groundwater  protec- 
tion program.  These  include  hazardous  waste  pick- 
ups, underground  storage  tank  regulations,  subdivi- 
sion review,  regulation  of  pesticides  and  septic 
tank  cleaners,  local  emergency  response  planning 
committees,  solid  waste  disposal  regulations,  and 
others.  (See  also  W91-03921)  (Tappert-PTT) 
W9 1-03942 


PRIVATE  WELL  PROTECTION  IN  SAND  AND 
GRAVEL  AQUIFERS. 

K-V  Associates,  Inc.,  Falmouth,  MA. 
W.  B.  Kerfoot. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  309-327.  8  fig,  2  tab,  19  ref. 

Descriptors:  'Glaciohydrology,  'Groundwater 
movement,  'Groundwater  pollution,  'Local  gov- 
ernments, 'Nitrates,  'Nitrogen,  'Path  of  pollut- 
ants, 'Septic  tanks,  'Water  pollution  control, 
•Water  pollution  sources,  Glacial  sediments, 
Groundwater,  Legislation,  Massachusetts,  Sand, 
Wastewater. 

No  state  laws  exist  governing  the  siting  of  private 
wells  relative  to  septic  systems.  Current  state  laws 
concentrating  on  the  siting  of  septic  systems  rela- 
tive to  private  wells  are  quite  limited.  Three  mu- 
nicipalities on  Cape  Cod  have  enacted  public 
health  bylaws  specifically  to  provide  for  private 
well  protection.  The  procedure  is  currently  ap- 
plied to  proposed  subdivisions  and  to  private  lot 
positioning  of  well  and  septic  systems  in  partially 
built-out  subdivisions.  The  need  for  private  well 
protection  was  demonstrated  from  the  results  of  a 
survey  of  private  well  contamination  in  the  Mares 
Pond  region  of  Falmouth,  MA.  The  survey  found 
that  29  of  44  wells  had  elevated  indications  of 
contamination.  Wells  were  being  affected  by 
plumes  of  wastewater  leachate  from  on-lot  septic 
systems.  The  source  of  contamination  was  more 
often  the  neighbor's  system  rather  than  the  on-lot 
system.  The  special  importance  of  the  Mares  Pond 
residential  well  study  was  that  it  demonstrated  that 
the  frequency  of  nitrogen  contamination  was  relat- 
ed to  orientation  of  septic  system  and  well  within 
the  groundwater  flow  field,  not  just  simple  dis- 
tance of  separation.  The  private  well  protection 
procedure  is  devised  specifically  for  unconfined 
sand  and  gravel  aquifers.  Local  water  table  map- 
ping and  a  small  pumping  test  are  combined  to 
obtain  information  about  groundwater  flow  direc- 
tions and  velocities.  Precipitation  recharge  values 
are  obtained  from  the  USGS  Water  Resources 
Division.  A  sensitivity  analysis  of  velocity,  re- 
charge, and  anisotropy  of  hydraulic  conductivity 
values  was  conducted  to  evaluate  the  relative 
impact  on  zones  of  contribution  of  the  private 
wells.  An  elliptical  approach  is  strongly  recom- 
mended over  circular  distances  in  regions  where 
groundwater  velocities  exceed  0.5  ft/day.  (See  also 
W9 1-03921)  (Author's  abstract) 
W9 1-03943 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G— Water  Quality  Control 

SAMPLING  NETWORK  DESIGN  FOR  TRANS- 
PORT PARAMETER  IDENTIFICATION. 

California  Univ.,  Los  Angeles.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  7A. 
W9 1-03991 


AGRICULTURAL  CHEMICAL  MANAGEMENT 
PRACTICES  TO  REDUCE  LOSSES  DUE  TO 
DRAINAGE. 

Iowa   State   Univ.,   Ames.   Dept.   of  Agricultural 

Engineering. 

J.  L.  Baker. 

American  Journal  of  Industrial  Medicine  AJIMD8, 

Vol.  18,  No.  4,  p  477-483,  1990.  20  ref. 

Descriptors:  'Agricultural  chemicals,  'Agricultur- 
al practices,  'Agricultural  runoff,  'Drainage, 
•Nonpoint  pollution  sources,  'Path  of  pollutants, 
'Water  pollution  control,  Crop  production,  Fertil- 
izers, Hazardous  materials,  Health  advisory, 
Leaching,  Nitrates,  Pesticides,  Runoff,  Soil  ero- 
sion. 

Chemical  losses  with  water  and  sediment  are  a 
product  of  the  mass  of  carrier  and  chemical  con- 
centration in  that  carrier.  One  approach  to  control- 
ling losses  is  to  utilize  chemical  management  prac- 
tices that  reduce  the  chemical  concentrations  in  the 
water  and  sediment  that  leave  a  treated  field;  an- 
other is  to  control  the  masses  of  the  carriers.  Rate, 
timing,  placement,  and  choice-of-chemical  options 
are  available  for  the  application  of  fertilizers  and 
pesticides,  with  varying  effects  on  offsite  losses 
with  surface  and  subsurface  drainage.  The  high 
water  solubility  of  nitrate-nitrogen  that  adds  to  its 
leachability  does  not  necessarily  lead  to  greater 
losses  with  surface  runoff  water.  With  continued 
emphasis  on  implementation  of  conservation  tillage 
to  control  soil  erosion,  the  need  exists  for  im- 
proved methods  of  chemical  application  that  allow 
incorporation  of  applied  agricultural  chemicals 
with  a  minimum  of  crop  residue  destruction.  Fund- 
ing of  sustainable  agriculture  research  programs 
will  add  to  the  gains  made  by  reduced  reliance  on 
agricultural  chemicals.  Research  should  continue 
in  taking  advantage  of  man-made  or  natural  areal 
variability  in  soil  factors.  Setting  of  standards  or 
health  advisory  levels  is  an  important  method  of 
maintaining  low  levels  of  potentially  hazardous 
compounds.  (Brunone-PTT) 
W9 1-04006 


AGRICULTURAL  CHEMICAL  APPLICATION 
PRACTICES  TO  REDUCE  ENVIRONMENTAL 
CONTAMINATION. 

Illinois  Univ.,  Urbana.  Dept.  of  Agricultural  Engi- 
neering. 
L.  E.  Bode. 

American  Journal  of  Industrial  Medicine  AJIMD8, 
Vol.  18,  No.  4,  p  485-489,  1990.  7  ref. 

Descriptors:  'Agricultural  chemicals,  'Agricultur- 
al practices,  'Application  rates,  'Environmental 
protection,  'Nonpoint  pollution  sources,  'Water 
pollution  control.  Chemical  treatment,  Education, 
Fertilizers,  Groundwater,  Health  risks,  Pesticide 
drift,  Pesticides,  Population  exposure,  Training. 

Current  practices  of  applying  agricultural  chemi- 
cals play  a  major  role  in  the  environmental  health 
concerns  of  agriculture.  Those  people  who  mix, 
load  and  handle  the  concentrated  formulations  run 
the  greatest  risk  of  exposure  but  field  hands  and 
others  can  encounter  significant  levels  of  pesti- 
cides. Drift  can  be  a  major  source  of  contamination 
to  residents,  wildlife,  and  water  sources.  Improved 
methods  of  application  and  ways  of  reducing  the 
total  amount  of  pesticide  applied  can  help  reduce 
environmental  contamination.  Chemigation,  direct 
injection,  closed  system  handling,  and  fertilizer 
impregnation  are  types  of  technology  that  affect 
the  efficiency  of  applying  agricultural  chemicals. 
Current  surveys  indicate  that  point  sources  such  as 
spills,  mixing,  and  loading  areas,  back-siphoning, 
and  direct  routes  for  surface  water  movement  into 
the  ground  are  often  a  major  cause  of  pesticides 
reaching  groundwater.  The  commercial  dealer/ 
applicator  provides  storage  handling,  mixing,  and 
loading  for  large  amounts  of  chemicals  and  has 
received  limited  guidance  regarding  the  products. 


Education  remains  an  important  element  of  any 
rural  environmental  health  strategy.  With  appro- 
priate information  about  pesticide  risks  and 
groundwater,  people  will  be  better  equipped  to 
address  environmental  concerns.  Agricultural 
chemicals  pose  potential  risks  to  humans,  wildlife, 
water,  and  the  environment  in  general,  because  of 
their  biological  activity.  The  magnitude  of  the  risks 
often  depends  on  the  methods  and  techniques  used 
to  apply  the  chemicals.  (Author's  abstract) 
W9 1-04007 


FOOD  PRODUCTION,  ENVIRONMENTAL 
PROTECTION,  AND  HEALTH  EFFECTS  IN 
MEXICAN  AGRICULTURE. 

Institute   for   the    Development   of  Occupational 
Safety  and  Health,  Toluca  (Mexico). 
For  primary   bibliographic   entry  see   Field   6G. 
W9 1-04009 


SETTING  HUMAN-HEALTH-BASED 

GROUNDWATER  PROTECTION  STANDARDS 
WHEN  TOXICOLOGICAL  DATA  ARE  INAD- 
EQUATE. 

Natural   Resources   Defense  Council,   Inc.,   New 

York. 

R.  M.  Whyatt. 

American  Journal  of  Industrial  Medicine  AJIMD8, 

Vol.  18,  No.  4,  p  505-510,  1990.  12  ref. 

Descriptors:  'Groundwater  management,  'Public 
health,  'Toxicology,  'Water  pollution  effects, 
•Water  quality  standards,  Carcinogenicity,  Legal 
aspects,  Mutagenicity,  Risk  assessment,  Terato- 
genic effects. 

Toxicological  data  are  not  adequate  to  assess  fully 
the  health  effects  of  many  of  the  pesticides  that 
currently  contaminate  or  have  the  potential  to 
contaminate  groundwater.  The  National  Academy 
of  Sciences  estimated  that  in  1984  that  data  to 
conduct  a  complete  health  hazard  assessment  exist 
for  only  10%  of  the  pesticides  currently  on  the 
market.  Many  pesticides  have  not  been  tested  for 
their  ability  to  cause  cancer,  genetic  mutation,  or 
birth  defects.  There  are  significant  gaps  in  the 
toxicological  data  base  for  the  majority  of  pesti- 
cides for  which  the  Environmental  Protection 
Agency  proposed  health  advisories  in  1987.  To 
help  assure  that  groundwater  standards  are  ade- 
quately protective  of  human  health  when  toxico- 
logical data  are  not  adequate,  additional  uncertain- 
ty factors  can  be  incorporated  into  such  standards. 
Alternatively,  standards  can  be  set  at  the  level  of 
detection.  This  approach  should  be  used  when  no 
data  exist  to  assess  major  potential  health  effects. 
For  example,  the  detection  limit  could  be  the 
standard  if  no  adequate  oncogenicity  studies  have 
been  conducted.  In  addition,  generic  standards 
may  be  employed  when  data  are  inadequate  to  set 
chemical-specific  standards.  New  York  State  has 
recently  taken  this  innovative  generic  standard  ap- 
proach. (Author's  abstract) 
W91-04010 


GAME-THEORETIC  PARAMETER  CONFIGU- 
RATION TECHNIQUE  FOR  AQUIFER  RESTO- 
RATION DESIGN. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04028 


INFLUENCE  OF  PHOSPHORUS  ON  GROWTH 
AND  NUTRIENT  STORAGE  BY  WATER  HYA- 
CINTH (EICHHORNIA  CRASSIPES  (MART.) 
SOLMS)  PLANTS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04052 


TRANSFORMATION  OF  CARBON  TETRA- 
CHLORIDE BY  PSEUDOMONAS  SP.  STRAIN 
KC  UNDER  DENITRIFICATION  CONDI- 
TIONS. 

Stanford  Univ.,  CA.  Dept.  of  Environmental  Engi- 
neering. 
C.  S.  Criddle,  J.  T.  DeWitt,  D.  Grbic-Galic,  and  P. 


L.  McCarty. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  11,  p  3240-3246,  Novem- 
ber 1990.  2  fig,  5  tab,  14  ref.  DOE  Grant  LLNL 
458903  and  NSF  Grant  ECE-85 19243. 

Descriptors:  'Bioremediation,  'Carbon  tetrachlo- 
ride, 'Denitrification,  'Fate  of  pollutants,  'Nitro- 
gen fixing  bacteria,  •  Pseudomonas,  'Water  pollu- 
tion treatment,  Aquifer  management,  Bacteria, 
Groundwater  treatment,  Halogenated  compounds, 
Halogenated  hydrocarbons,  Path  of  pollutants. 

The  use  of  denitrifying  organisms  could  be  advan- 
tageous for  aquifer  bioremediation  because,  unlike 
oxygen,  nitrate  and  nitrous  oxide  are  highly  soluble 
in  water  and  easily  added.  A  denitrifying  Pseudo- 
monas sp.  (strain  KC)  capable  of  transforming 
carbon  tetrachloride  was  isolated  from  groundwat- 
er aquifer  solids.  Materials  used  to  obtain  denitrify- 
ing enrichments  were  obtained  from  aquifer  cores 
taken  at  Moffett  Field,  California,  Savannah  River, 
Georgia,  and  Orange  County  Water  District  Well 
no.  7  in  Seal  Beach,  California.  Morphologically 
distinct  colonies  were  tested  for  their  ability  to 
degrade  carbon  tetrachloride.  Approximately  20 
isolates  were  screened  and  carbon  tetrachloride- 
degrading  isolates  were  obtained  only  from  the 
Seal  Beach  site.  This  site  had  no  known  previous 
exposure  to  carbon  tetrachloride.  Major  products 
of  the  transformation  of  14-C-labeled  carbon  tetra- 
chloride by  Pseudomonas  strain  KC  under  denitri- 
fication conditions  were  14-C02  and  an  unidenti- 
fied water-soluble  fraction.  Little  or  no  chloroform 
was  produced.  Addition  of  dissolved  trace  metals, 
notably,  ferrous  iron  and  cobalt,  to  the  growth 
medium  appeared  to  enhance  growth  of  Pseudo- 
monas strain  KC  while  inhibiting  transformation  of 
carbon  tetrachloride.  It  is  hypothesized  that  the 
transformation  of  carbon  tetrachloride  by  this  or- 
ganism is  associated  with  the  mechanism  of  trace- 
metal  scavenging.  (Mertz-PTT) 
W9 1-04060 


IDENTIFICATION  AND  CATABOLIC  ACTIVI- 
TY OF  WELL-DERIVED  GASOLINE-DEGRAD- 
ING BACTERIA  FROM  A  CONTAMINATED 
AQUIFER. 

Orange  County  Water  District,  Fountain  Valley, 
CA.  Biotechnology  Dept. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04068 


BETTER  WATER  QUALITY  INDEXING 
SYSTEM  FOR  RIVERS  AND  STREAMS. 

Department  of  Scientific  and  Industrial  Research, 

Hamilton  (New  Zealand).  Water  Quality  Centre. 

D.  G.  Smith. 

Water  Research  WATRAG,  Vol.  24,  No.   10,  p 

1237-1244,   October    1990.    5   fig,    3   tab,    13   ref, 

append. 

Descriptors:  'Classification,  'Pollution  index, 
•Water  quality,  Aquatic  life,  Environmental  qual- 
ity, Fish,  New  Zealand,  Swimming,  Water  pollu- 
tion, Water  quality  control,  Water  quality  stand- 
ards, Water  supply,  Water  use. 

The  development  of  a  better  system  for  indexing 
water  quality  and  its  application  to  four  water  use 
classes  was  attempted.  There  are  three  dominant 
use  classes  (bathing,  water  supply,  and  fish  spawn- 
ing) and  one  general  use  class.  In  all  of  the  classes, 
protection  of  aquatic  life  is  included.  In  an  attempt 
to  convey  the  information  content  of  water  data 
more  simply,  one  or  a  few  numbers  that  have  been 
designed  to  integrate  the  data  pool  have  been 
created.  Such  numbers  are  called  water  quality 
indexes.  One  purpose  in  producing  them  has  been 
to  provide  the  lay-person  with  easily  assimilable 
information  about  a  water's  quality.  However,  the 
term  quality  is  often  not  defined  and  in  many 
instances  the  index  produced  is  an  attempt  to  pool 
several  aspects  of  pollution.  To  ensure  that  the 
index  score  provides  something  useful,  and  does 
not  hide  important  information,  the  water  quality 
variable  giving  the  lowest  score  (for  example,  the 
minimum  operator)  has  been  employed  to  produce 
a  final  index  score.  Preliminary  indications  are  that 
this  is  a  more  useful  aggregation  method  than  the 
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more  commonly  used  additive  and  multiplicative 
techniques.  Index  development  has  been  linked  to 
recommended  water  quality  standards  developed 
for  New  Zealand  water  legislation.  The  indexes  are 
intended  to  assist  in  the  dissemination  of  water 
quality  information,  particularly  to  lay-people. 
(Mertz-PTT) 
W91-04078 


USE  OF  NON-CONSERVATIVE  PARAMETERS 
TO  TRACE  WASTEWATER  EFFLUENTS  IN 
WATER  BODIES. 

Centre  for  Research  in  Environmental  and  Water 

Resources  Engineering,  Haifa  (Israel). 

For  primary  bibliographic  entry  see  Field  5E. 

W91-04079 


IMPORTANCE  OF  AIR  ABSORPTION 
DURING  MECHANICAL  INTEGRITY  TEST- 
ING. 

Oklahoma  Univ.,  Norman.  School  of  Petroleum 

and  Geological  Engineering. 

F.  C.  Arnold. 

Water  Resources  Research  WRERAQ,  Vol.  26, 

No.  11,  p  2817-2820,  November  1990.  4  fig,  1  tab,  5 

ref. 

Descriptors:  'Aquifers,  *Geohydrology,  ♦Industri- 
al wastes,  'Injection  wells,  'Pressure  testing, 
•Testing  procedures,  'Underground  waste  dispos- 
al, 'Waste  disposal,  'Water  pollution  prevention, 
Deep  well  injection,  Materials  testing,  Mechanical 
failure,  Nitrogen,  Oxygen,  Saline  aquifers. 

Wells  used  for  the  injection  of  liquid  industrial 
waste  into  deep  saline  aquifers  are  required  to  be 
periodically  tested  for  mechanical  integrity.  A  gen- 
erally accepted  method  to  demonstrate  mechanical 
integrity  is  to  pressurize  the  casing-tubing  annulus 
and  monitor  any  decline  in  pressure.  If  air  is  used 
to  pressurize  the  annulus,  uncertainty  may  exist  in 
differentiating  between  absorption  of  air  into  water 
in  the  annulus,  and  loss  of  pressure  due  to  the 
absence  of  mechanical  integrity.  An  analytical 
model  of  air  absorbance  was  derived  and  used  to 
quantify  the  pressure  decline  due  to  dissolving  and 
diffusion  of  the  air  in  annular  water.  Because  of  the 
low  solubility  of  oxygen  and  nitrogen  gases  in 
water  and  the  slow  rate  of  diffusion  of  gases 
through  liquids,  measurable  changes  in  the  pres- 
sure of  the  air  blanket  due  to  gas  absorption  oc- 
curred only  in  very  thin  air  blankets  after  long 
periods  of  time.  In  a  typical  annulus  pressure  test 
lasting  three  hours,  no  measurable  change  in  annu- 
lus pressure  occurred  due  to  gas  absorption. 
(Mertz-PTT) 
W91-04135 


MONITORING  LINEAR  ALKYL  BENZENE 
SULFONATE  IN  THE  ENVIRONMENT:  1973- 
1986. 

Procter  and  Gamble  Co.,  Cincinnati,  OH.  Ivory- 
dale  Technical  Center. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04143 


WATER  USE  ANALYSIS:  ARE  WATER  QUAL- 
ITY DATA  NEEDED. 

Inland    Waters    Directorate,    Ottawa    (Ontario). 

Water  Quality  Branch. 

For  primary  bibliographic  entry  see  Field  6D. 

W91-04173 


ECONOMICS  OF  REDUCING  COLORADO  SA- 
LINITY THROUGH  PUBLIC  LAND  WATER- 
SHED PROJECTS. 

Bureau  of  Land  Management,  Washington,  DC. 

Soil,  Water  and  Air  Branch. 

For  primary  bibliographic  entry  see  Field  6C. 

W91-04197 


SYSTEM  ANALYSIS  APPROACH  TO  WATER 
RESOURCES  MANAGEMENT. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
For  primary  bibliographic  entry  see  Field  6A. 
W9 1-04206 


PARAMETRIC        STUDY        OF        DIETHYL 
PHTHALATE  BIODEGRADATION. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Agri- 
cultural and  Chemical  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04274 


CAN  CONTAMINATED,  FRACTURED, 
POROUS  AQUIFERS  BE  RESTORED. 

Ministry  of  Agriculture,  Jerusalem  (Israel).  Hydro- 
logical  Service. 
B.  Berkowitz,  and  D.  Ronen. 
Naturwissenschaften  NATWAY,  Vol.  77,  No.  9,  p 
431-433,  September  1990.  3  fig,  7  ref. 

Descriptors:  'Aquifer  restoration,  'Groundwater 
pollution,  'Remediation,  'Water  pollution  treat- 
ment, Flushing,  Geologic  fractures,  Leaky 
aquifers,  Mathematical  models,  Radioisotopes, 
Solute  transport. 

The  feasibility  of  restoring  a  contaminated,  frac- 
tured, porous  aquifer  by  flushing  with  clean  water 
was  estimated  using  a  mathematical  model.  The 
system  studied  was  composed  of  a  single  planar 
fracture,  embedded  in  a  fully  saturated  porous 
medium.  It  was  assumed,  as  a  worst  case  scenario, 
that  the  entire  system  was  fully  contaminated  by 
either  a  radioactive  or  conservative  toxic  contami- 
nant. A  source  of  clean  water  was  applied  at  the 
origin  of  the  fracture.  The  system  was  represented 
by  two  coupled,  one-dimensional  equations,  one 
describing  transport  along  the  fracture  axis  and  the 
second  describing  transport  in  the  porous  matrix 
perpendicular  to  the  fracture  axis.  For  the  case  of  a 
radioactive  contaminant,  a  sink  term  accounting 
for  radioactive  decay  was  also  present.  Solving  the 
for  the  radioactive  contaminant,  it  was  found  that 
flushing  over  almost  30  y  at  a  relatively  high  fluid 
velocity  of  0.1  m/d,  in  a  fracture  width  of  100 
micron,  would  reduce  the  contaminant  concentra- 
tion within  the  fracture  fluid  to  20%  of  its  initial 
concentration  at  a  distance  of  60  m  from  the  frac- 
ture origin.  The  same  decrease  was  obtained  at  a 
distance  of  only  5  m  from  the  fracture  origin  for 
the  toxic,  nonradioactive  contaminant.  It  is  con- 
cluded that  a  contaminated,  fractured,  porous  aqui- 
fer is  not  readily  flushed.  (Author's  abstract) 
W91-04311 


IMPROVED  OVERFLOW  IN  A  SEWERAGE 
SYSTEM  AS  A  POLLUTANT  LOAD-REDUC- 
ING DEVICE. 

BKH  Consulting  Engineers,  The  Hague  (Nether- 
lands). 

H.  J.  Van  Mameren,  and  J.  Zuidervliet. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  10/11,  p  181-187,  1990.  6  fig,  2  tab,  4  ref. 

Descriptors:  'Combined  sewer  overflows,  'Sewer 
systems,  'Storm  water  management,  'Storm-over- 
flow sewers,  'Urban  runoff,  'Water  pollution  con- 
trol, Chemical  oxygen  demand,  Conveyance  struc- 
tures, Economic  efficiency,  Storm  runoff,  The 
Netherlands,  Urban  hydrology,  Weirs. 

The  applicability  of  improved  overflows  in  sewer- 
age systems  in  The  Netherlands  was  investigated  in 
a  two-phase  program.  The  first  phase,  an  inventory 
was  made  of  overflow  application  outside  The 
Netherlands  and  operation  of  these  structures  was 
studied.  In  the  second  phase,  fieldwork  was  con- 
ducted to  measure  the  separating  efficiencies  of 
one  type  of  improved  overflow  under  conditions 
prevailing  in  The  Netherlands:  namely,  flat  terrain 
and  multiple  connected  sewerage  systems.  As  a 
result  of  the  first  part  of  the  investigation,  a  high- 
side-weir  chamber  was  built  in  the  municipality  of 
Rotterdam  to  test  this  design  under  field  condi- 
tions. Between  May  1987  and  September  1988,  18 
storm  events  were  monitored  and  samples  extract- 
ed for  analyses.  The  overall  efficiency  of  the  high- 
side-weir  chamber  was  measured  to  be  about  27% 
for  chemical  oxygen  demand,  and  20%  for  total 
filtrable  residue.  Thus  it  is  concluded  that  im- 
proved overflows,  such  as  a  high-side-weir  cham- 
ber, have  practical  application  under  conditions  as 
prevail  in  The  Netherlands.  This  type  of  structure 
is  a  good  choice  for  places  where  space  is  limited 
and  finance  is  a  major  consideration.  (Author's 
abstract) 


W9 1-04344 

POLLUTANT  REMOVAL  AND  EUTROPHICA- 
TION  IN  URBAN  RUNOFF  DETENTION 
PONDS. 

Aalborg  Universitetscenter  (Denmark).  Environ- 
mental Engineering  Lab. 

C.  Toet,  T.  Hvitved-Jacobsen,  and  Y.  A.  Yousef. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  10/11,  p  197-204,  1990.  4  fig,  4  tab,  7  ref. 

Descriptors:  'Detention  reservoirs,  'Model  stud- 
ies, 'Nutrient  removal,  'Storm  water  management, 
'Surface  detention,  'Urban  hydrology,  'Urban 
runoff,  'Water  pollution  control,  'Water  pollution 
treatment,  Algal  growth,  Dissolved  solids,  Eu- 
trophication,  Numerical  analysis,  Particulates, 
Phytoplankton,  Simulation  analysis,  Storm  runoff, 
Water  pollution  effects,  Water  quality  manage- 
ment. 

A  water  quality  model  POND  for  eutrophication 
and  pollutant  removal  in  urban  storm  water  runoff 
detention  ponds  has  been  developed.  The  numeri- 
cal simulation  model  is  a  relatively  simple,  one- 
dimensional  deterministic  water  quality  model  con- 
sisting of  a  set  of  differential  equations.  Included 
are  processes  describing  the  removal  and  accumu- 
lation of  dissolved  and  particulate  constituents  as 
well  as  processes  concerning  the  yearly  cycle  of 
phytoplankton  growth  and  nutrient  transforma- 
tions. The  input  to  the  pond  is  based  on  runoff 
quality  data  and  a  historical  rainfall  record.  The 
model  has  been  used  to  simulate  eutrophication 
and  removal  of  phosphorus  and  heavy  metals  in  an 
urban  runoff  detention  pond.  In  particular,  the 
importance  of  the  pond  volume,  i.e.,  the  residence 
time  of  the  runoff  water  in  the  pond,  for  pollutant 
removal  and  eutrophication  was  analyzed.  Simula- 
tions were  carried  out  based  on  measured  runoff 
quality  data  and  a  33-year  rainfall  record.  Dry, 
normal,  and  wet  years  and  summers  were  selected 
for  analysis.  It  was  found  that,  periodically,  high 
algal  concentrations  in  a  detention  pond  can  be 
expected  in  dry  as  well  as  wet  summers.  In  order 
to  obtain  pollutant  removal  efficiencies  above  50% 
for  suspended  solids,  phosphorus,  and  heavy 
metals,  a  detention  pond  volume  larger  than  200- 
300  cu  m/ha  is  recommended.  For  detention  pond 
volumes  between  100  and  300  cu  m/ha  the  main 
eutrophication  variables  and  processes  are  almost 
independent  on  the  pond  volume  although  the 
yearly  mean  value  may  vary  due  to  the  rainfall 
pattern.  Therefore,  characteristics  related  to  pol- 
lutant removal  should  be  superior  in  the  design 
procedure  for  those  ponds.  (Fish-PTT) 
W9 1-04346 


REDUCTION  OF  COMBINED  SEWER  OVER- 
FLOW POLLUTION  LOADS  BY  DETENTION 
OF  SANITARY  SEWAGE. 

Eidgenoessische  Anstalt  fuer  Wasserversorgung, 
Abwasserreinigung  und  Gewaesserschultz,  Due- 
bendorf  (Switzerland). 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04347 


APPRAISAL  OF  CHANGES  IN  WATER- 
COURSE QUALITY  AS  A  RESULT  OF  SEWER 
RECONSTRUCTION. 

North  West  Water  Authority,  Warrington  (Eng- 
land). 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04348 


FYLDE  COAST  BATHING  WATER  IMPROVE- 
MENTS-STORM WATER  MANAGEMENT 
FOR  COMPLIANCE  WITH  BATHING  WATER 
DIRECTIVE. 

North  West  Water  Authority,  Warrington  (Eng- 
land). 

P.  C.  Head,  D.  H.  Crawshaw,  and  S.  K. 
Rasaratnam. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  10/11,  p  223-230,  1990.  2  fig,  2  tab,  3  ref. 

Descriptors:  'England,  'Recreation,  'Storm  water 
management,  'Swimming,  'Urban  runoff,  'Water 
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Group  5G— Water  Quality  Control 

pollution  control,  'Water  quality  standards,  Beach 
contamination,  Coastal  zone  management,  Design 
criteria,  Discharge  measurement,  Dispersion,  Hy- 
draulic models,  Model  studies,  Sewer  hydraulics, 
Sewer  systems,  Storm  runoff,  Time  series  analysis, 
Wastewater  facilities,  Wastewater  treatment, 
Water  pollution  effects. 

As  part  of  the  investigations  to  determine  the  most 
appropriate  scheme  to  bring  the  Fylde  Coast  (Lan- 
cashire, England)  bathing  waters  up  to  the  quality 
required  by  the  European  Communities  Bathing 
Water  Directive,  mathematical  models  have  been 
used  to  examine  the  hydraulic  behavior  of  the 
sewerage  system  and  the  subsequent  dispersion  of 
effluent  in  the  receiving  waters.  The  discharge 
characteristics  of  the  existing  sewerage  systems 
were  examined  by  means  of  an  extensive  WASSP 
(Wallingford  Storm  Sewer  Package)  model,  and 
then  used  in  conjunction  with  a  time  series  rainfall 
record  for  the  area  to  investigate  the  effect  of 
rainfall  events  on  the  volume  of  storm  sewage  to 
be  discharged.  Because  the  area  is  drained  by  a 
combined  system,  the  management  of  storm  water 
is  of  utmost  importance  and  the  output  of  the 
WASSP  model  was  used  to  determine  the  input  to 
the  coastal  dispersion  model  for  rainfall  events.  A 
preliminary  examination  of  the  possible  sites  for 
sewage  treatment  works  and  sea  outfalls,  for 
sewage  and  storm  water,  suggested  four  possible 
schemes  involving  either  inland  treatment,  marine 
treatment,  or  a  combination.  All  options  required 
the  discharge  of  storm  water  to  the  sea.  Extensive 
dispersion  modeling  was  carried  out  to  examine  the 
probable  effects  of  various  storm  water  manage- 
ment strategies  on  bacterial  concentrations  in  the 
receiving  waters,  finding  that  storage  of  storm 
flows,  with  controlled  discharge,  at  the  tidal  state 
when  impact  would  be  minimal,  was  required  to 
achieve  compliance  with  the  Directive.  By  inte- 
grating the  WASSP  modeling  of  various  base  flow 
and  storm  water  storage  options  with  dispersion 
modeling,  it  was  possible  to  establish  appropriate 
design  criteria.  (Author's  abstract) 
W9 1-04349 


SHORT-TERM  TOXICITY  OF  NH3  AND  LOW 
OXYGEN  TO  BENTHIC  MACROINVERTE- 
BRATES  OF  RUNNING  WATERS  AND  CON- 
CLUSIONS FOR  WET  WEATHER  WATER 
POLLUTION  CONTROL  MEASURES. 
Eidgenoessische  Anstalt  fuer  Wasserversorgung, 
Abwasseneinigung  und  Gewaesserschultz,  Due- 
bendorf  (Switzerland). 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04360 


APPLICATION  OF  COMBINED  OZONE/HY- 
DROGEN PEROXIDE  FOR  THE  REMOVAL 
OF  AROMATIC  COMPOUNDS  FROM  A 
GROUNDWATER. 

Centre  de  Recherche  Lyonnaise  des  Eaux  -  Degre- 

mont,  Le  Pecq  (France). 

J.  P.  Duguet,  C.  Anselme,  P.  Mazounie,  and  J. 

Mallevialle. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol 

12,  No.  3,  p  281-294,   1990.  4  fig,  5  tab,   11   ref. 

Descriptors:  ♦Aromatic  compounds,  *Cost  analy- 
sis, 'Groundwater  pollution,  'Hydrogen  peroxide, 
•Ozonation,  'Water  pollution  treatment,  'Water 
quality  management,  'Water  treatment.  Benzenes, 
Chemical  analysis,  Fate  of  pollutants,  Filtration, 
Monitoring,  Ozone,  Water  sampling. 

Nitro  and  chloro-benzene  compounds,  which  are 
widely  used  in  dye  industries,  have  been  associated 
recently  with  groundwater  contamination.  Because 
of  their  potential  toxicity  and  for  taste  and  odor 
considerations,  three  main  actions  were  undertaken 
to  solve  the  problem  at  a  French  site.  First,  to 
follow  the  advance  of  pollution  toward  the  wells, 
samples  were  collected  automatically  and  analyzed 
using  gas  chromatography/mass  spectrometry.  Re- 
sults indicate  that  ortho-chloronitrobenzene  was 
the  main  pollutant  in  concentrations  ranging  from 
100  to  2000  micrograms/L.  Second,  to  monitor 
drinking  water  quality,  an  on-line  spectrophoto- 
meter was  used  to  measure  the  optical  density  at 
254  nm  at  the  inlet  and  outlet  of  the  water  treat- 
ment   plant.    Third,    the    feasibility    of  using    the 


ozone/hydrogen  peroxide  (O3/H202)  combina- 
tion was  determined  at  a  450  L/hour  pilot  plant. 
Reduction  of  concentrations  of  chloronitroben- 
zenes  from  1900  micrograms/L  to  less  than  20 
micrograms/L  could  be  reached  by  the  application 
of  8  mg  03/L  and  3  mg  H202/L  with  a  20  minute 
contact  time.  To  avoid  an  eventual  bacterial  re- 
growth  in  the  network  due  to  biodegradability  of 
the  oxidation  by-products,  sand  and  GAC  filtration 
were  tested  after  oxidation.  An  evaluation  of  the 
costs  of  these  different  treatments  for  the  specific 
case  studied  showed  that  investment  and  oper- 
ational costs  were  of  the  same  order  of  magnitude 
as  construction  costs  of  new  wells  at  another  loca- 
tion and  transportation  of  the  water.  (Author's 
abstract) 
W9 1-04382 


CHANGES  IN  FISH  MERCURY  CONCENTRA- 
TIONS IN  AN  INTENSIVELY  FISHED  LAKE. 

Water  and  Environment  Research  Inst.,  Helsinki 

(Finland). 

For  primary  bibliographic  entry  see  Field  5B 

W91-04441 


RECREATIONAL  WATER  QUALITY:  THE 
MANAGEMENT  OF  ENVIRONMENTAL 
HEALTH  RISKS  ASSOCIATED  WITH 
SEWAGE  DISCHARGES. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-04513 


ECONOMIC  EFFECTS  OF  LONG-TERM  RE- 
STRICTIONS ON  DRAINAGE  WATER  DIS- 
POSAL. 

Rhode  Island  Univ.,  Kingston.  Dept.  of  Resource 

Economics. 

D.  Wichelns,  R.  Howitt,  G.  Horner,  and  D. 

Nelson. 

Applied  Agricultural  Research  AAREEZ,  Vol.  5, 

No.   1,  p  48-55,  Winter  1990.  5  fig,  5  tab,  7  ref. 

Descriptors:  'Agricultural  engineering,  'Crop  pro- 
duction, 'Drainage  practices,  'Drainage  water, 
•Economic  evaluation,  'Wastewater  disposal, 
•Water  pollution  control,  Alfalfa,  Arid-zone  hy- 
drology, California,  Cotton,  Crop  yield,  Grain 
crops,  Leaching,  Policy  making,  Regulations,  Root 
zone,  Salt  stress,  Salt  tolerance,  Soil  contamina- 
tion, Tomatoes,  Water  quality,  Water  table  rise. 
Wheat. 

Irrigation  of  agricultural  crops  in  arid  regions 
often  results  in  the  accumulation  of  salts  in  the 
plant  root  zone,  which  must  be  leached  through 
the  soil  profile  in  order  to  reduce  their  impact  on 
profitability.  However,  California's  water  quality 
authorities  are  considering  restriction  of  concentra- 
tions and  loads  of  salt  and  selenium  from  subsur- 
face drainage  water  released  into  the  San  Joaquin 
River.  Policy-makers  require  information  regard- 
ing farm-level  and  regional  costs  of  imposing 
drainage  water  disposal  restrictions.  Crop  yield 
and  acreage  data  from  an  irrigation  district  with 
historical  salinity  and  drainage  problems  were 
compared  with  data  from  a  nonimpacted  produc- 
tion region  to  examine  the  long-term  effects  of 
restrictions  on  drainage  water  disposal.  Time  trend 
analysis  indicates  that  the  production  of  cotton, 
tomatoes,  alfalfa  seed,  and  grain  crops  evolved 
along  significantly  different  paths  in  the  two  re- 
gions. Results  support  the  hypothesis  that  salinity 
and  high  water  tables  motivated  changes  in  yields 
and  cropping  patterns  in  the  impacted  district. 
Average  yields  of  salt-sensitive  and  salt-tolerant 
crops  improved  in  the  years  following  installation 
of  a  drainage  outlet  in  the  impacted  district.  Esti- 
mated improvements  in  total  revenues,  as  a  result 
of  installing  the  drainage  outlet  and  improving  soil 
and  water  conditions,  range  from  $37  per  acre  for 
wheat  to  $698  per  acre  for  tomatoes.  (Fish-PTT) 
W91-04535 


PROBING  THE  FUTURE  OF  THE  MEDITER- 
RANEAN BASIN. 

Mediterranean     Blue     Plan     Regional     Activity 

Centre,  Valbonne  (France). 

M.  Batisse. 

Environment  ENVTAR,  Vol.  32,  No.  5,  p  4-9,28- 


34,  June  1990.  5  fig,  I  lab,  4  ref. 

Descriptors:  'Future  planning,  'Marine  pollution, 
'Mediterranean  Sea,  'Optimum  development 
plans,  'Regional  development,  *Water  policy, 
•Water  pollution  control,  'Water  quality,  'Water 
resources  management,  Albania,  Algeria,  Cyprus, 
Economic  development,  Egypt,  Environmental 
policy,  France,  Greece,  Israel,  Italy,  Lebanon, 
Libya,  Malta,  Model  studies,  Monaco,  Morocco, 
Spain,  Syria,  Tunisia,  Turkey,  Water  resources  de- 
velopment, Yugoslavia. 

Rising  concern  over  the  pollution  problems  of  the 
Mediterranean  Sea  prompted  the  Mediterranean 
coastal  countries  (Spain,  France,  Monaco,  Italy, 
Yugoslavia,  Greece,  Turkey,  Syria,  Lebanon,' 
Israel,  Egypt,  Libya,  Tunisia,  Algeria,  Morocco, 
Malta,  Cyprus,  and  Albania)  to  adopt  unanimously 
the  Mediterranean  Action  Plan  and  to  sign  the 
Convention  for  the  Protection  of  the  Mediterrane- 
an Sea  against  Pollution  in  1976.  One  of  the  major 
components  of  this  plan  was  a  rather  unconven- 
tional project,  named  the  Blue  Plan,  to  study  the 
various  possible  futures  for  the  region  as  a  whole, 
including  interactions  between  populations,  re- 
sources, the  environment,  and  development.  The 
Mediterranean  Sea  suffers  most  from  land-based 
development  activities  from  the  last  40  years.  The 
Blue  Plan  defines  three  trend  scenarios:  worse 
trend,  where  economic  growth  remains  weak; 
moderate  trend,  where  better  coordination  of  eco- 
nomic policies  among  the  European  Community, 
the  U.S.,  and  eastern  Asia  contributes  to  compara- 
tively steady  growth;  and  the  reference  trend  sce- 
nario, which  assumes  the  continuation  of  most 
current  qualitative  change.  The  images  of  the 
future  provided  by  the  various  Blue  Plan  scenarios 
do  not  radically  differ  up  to  the  year  2000;  howev- 
er, the  scenarios  for  the  year  2025  indicate  that  the 
situation  may  change  radically  and  that  the  state  of 
the  environment  could  deteriorate  considerably.  It 
is  imperative  that  policies  more  vigorous  than  the 
current  ones  be  decided  on  and  implemented  today 
if  the  serious  shortages  and  irreversible  degrada- 
tion threatening  the  future  of  the  Mediterranean 
people  are  to  be  avoided  or  mitigated.  (Fish-PTT) 
W91-04556 


NATIONAL  CONTAMINANT  BIOMONITOR- 
ING  PROGRAM:  CONCENTRATIONS  OF  AR- 
SENIC,  CADMIUM,  COPPER,  LEAD,  MERCU- 
RY, SELENIUM,  AND  ZINC  IN  U.S.  FRESH- 
WATER FISH,  1976-1984. 

National  Fisheries  Contaminant  Research  Center, 
Columbia,  MO. 

C.  J.  Schmitt,  and  W.  G  Brumbaugh. 
Archives    of   Environmental    Contamination    and 
Toxicology  AECTCV,  Vol.  19,  No.  5,  p  731-747, 
September/October,    1990.    8   fig,   4   tab,    38   ref, 
append. 

Descriptors:  'Bioaccumulation,  'Fate  of  pollut- 
ants, 'Fish,  'Heavy  metals,  'Monitoring,  Arsenic, 
Biomonitoring,  Cadmium,  Copper,  Lead,  Mercury, 
Selenium,  United  States,  Water  pollution  control, 
Water  quality,  Zinc. 

From  late  1984  to  early  1985,  the  U.S.  Fish  and 
Wildlife  Service  collected  a  total  of  315  composite 
samples  of  whole  fish  from  109  stations  nation- 
wide, which  were  analyzed  for  arsenic,  cadmium, 
copper,  lead,  mercury,  selenium,  and  zinc.  Geo- 
metric mean,  maximum,  and  85th  percentile  con- 
centrations (microg/g  wet  wt)  were  as  follows: 
arsenic-0.14,  1.5,  0.27;  cadmium~0.03,  0.22,  0.05; 
copper~0.65,  23.1,  1.0;  mercury--0. 10,  0.37,  0.17- 
lead--0.1 1,  4.88,  0.22;  selenium~0.42,  2.30,  0.73;  and 
zinc--21.7,  118.4,  34.2.  The  mean  concentrations  of 
selenium  and  lead  were  significantly  lower  than  in 
the  previous  National  Contaminant  Biomonitoring 
Program  (NCBP)  collection  (1980-81).  Mean  con- 
centrations of  arsenic  and  cadmium  also  declined 
significantly  between  1976,  when  elemental  con- 
taminants in  fish  were  first  measured  in  the  NCBP, 
and  1984.  Of  greatest  significance,  lead  concentra- 
tions declined  steadily  from  1976  to  1984,  suggest- 
ing that  regulatory  measures  have  successfully  re- 
duced the  influx  of  lead  to  the  aquatic  environ- 
ment. Mean  concentrations  of  arsenic,  cadmium, 
and  selenium  also  declined  from  1976  to  1984,  but 
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not  nearly  as  much  as  those  of  lead.  The  decline 
was  greater,  however,  than  that  of  the  overall 
mean  at  some  stations  where  elevated  levels  were 
noted  in  the  past.  Especially  noteworthy  were 
arsenic  concentrations  in  fish  from  Lake  Michigan, 
which  declined  by  more  than  50%  from  1976-77  to 
1984.  (See  also  W91-04579)  (Author's  abstract) 
W91-04578 


NATIONAL  CONTAMINANT  BIOMONITOR- 
ING  PROGRAM:  RESIDUES  OF  ORGANOCH- 
LORINE  CHEMICALS  IN  U.S.  FRESHWATER 
FISH,  1976-1984. 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

C.  J.  Schmitt,  J.  L.  Zajicek,  and  P.  H.  Peterman. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  September/ 

October,  p  748-781,   1990.   14  fig,  10  tab,  84  ref, 

append. 

Descriptors:  *Bioaccumulation,  'Chlorinated  hy- 
drocarbons, *Fate  of  pollutants,  *Fish,  'Monitor- 
ing,  'Path  of  pollutants,  *Water  pollution  control, 
Benzene,  Chlordane,  DDT,  Dieldrin,  Endrin,  Hep- 
tachlor,  Polychlorinated  biphenyls,  Toxaphenes, 
United  States,  Water  quality. 

The  U.S.  Fish  and  Wildlife  Service  periodically 
determines  concentrations  of  organochlorine 
chemicals  in  freshwater  fish  collected  from  a  na- 
tionwide network  of  stations  as  part  of  the  Nation- 
al Contaminant  Biomonitoring  Program  (NCBP). 
From  late  1984  to  early  1985,  a  total  of  321  com- 
posite fish  samples  were  collected  from  112  sta- 
tions and  analyzed  for  organochlorine  chemical 
residues.  The  mean  concentrations  of  total  DDT 
did  not  change  from  1980-81  to  1984,  following  a 
period  of  steady  decline  through  the  1970's.  How- 
ever, the  mean  concentrations  of  p,p'-DDT  de- 
clined significantly.  Residues  of  polychlorinated 
biphenyls  (PCBs)  also  remained  widespread,  but  a 
significant  downward  trend  in  total  PCBs  was 
evident,  and  early  eluting  PCB  components  were 
present  at  fewer  stations  than  in  the  past.  Mean 
concentrations  of  dieldrin  have  not  changed  since 
1978-79;  concentrations  remained  highest  in 
Hawaii  and  in  the  Great  Lakes.  Toxaphene  con- 
centrations declined  form  1980-81  to  1984,  espe- 
cially in  the  Great  Lakes,  and  the  incidence  of 
toxaphene  declined  from  88%  of  the  stations  sam- 
pled in  1980-81  to  69%  in  1984.  Mean  chlordane 
concentrations  did  not  change  from  1980-81  to 
1984,  following  a  period  of  decline.  Residues  of 
other  organochlorines-mirex,  pentachloroanisole 
(PCA),  benzene  hexachloride  (BHC)  isomers, 
endrin,  heptachlor,  hexachlorobenzene  (HCB),  and 
Dacthal  (DCPA)-were  either  found  at  relatively 
low  concentrations.  In  general,  organochlorine 
concentrations  were  lower  in  1984  than  at  any  time 
reported  previously.  (See  also  W91-04598)  (Au- 
thor's abstract) 
W9 1-04579 


PRELIMINARY  STUDIES  ON  THE  DEVELOP- 
MENT OF  A  MICROBIOLOGICAL  TREAT- 
MENT FOR  POLYCHLORINATED  BIPHEN- 
YLS. 

BioTreatment  Ltd.,  Cardiff  (Wales). 

I.  Viney,  and  R.  J.  F.  Bewley. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  19,  No.  5,  p  789-796, 

September/October,  1990.  5  tab,  27  ref. 

Descriptors:  *Biodegradation,  'Microbial  degrada- 
tion, 'Polychlorinated  biphenyls,  'Soil  contamina- 
tion, 'Surfactants,  'Waste  treatment,  'Wastewater 
treatment,  'Water  pollution  treatment,  Aroclors, 
Culture  techniques,  Desorption,  Laboratory  meth- 
ods, Tensoxid,  Triton. 

A  series  of  experiments  comprising  microbiological 
testing,  surfactant  screening  and  microcosm  sys- 
tems were  conducted  in  order  to  develop  a  treat- 
ment for  polychlorinated  biphenyls  (PCBs).  Micro- 
bial isolates  from  contaminated  soil  and  sludge  and 
culture  collections  were  screened  for  degradation 
of  a  defined  mixture  of  PCB  congeners  in  liquid 
culture.  Initially,  one  group  of  bacteria  substantial- 
ly degraded  the  dichloro-to  pentachlorobiphenyls 
except  where  chlorinated  at  the  4,4'  position,  but 


not  hexachlorobiphenyl;  whereas  other  microorga- 
nisms, including  Phanerochaete  chrysosporium, 
showed  greater  degradation  of  the  apparently 
more  recalcitrant  congeners.  Repeated  subcultur- 
ing  of  the  most  promising  bacteria  on  biphenyl 
supplemented  media  apparently  increased  their 
ability  to  degrade  both  the  range  and  extent  of 
congeners  tested.  The  non-ionic  Triton  X-100  and 
Tensoxid  S50  were  the  most  effective  surfactants 
at  desorbing  PCB  from  sand  but  had  varying  de- 
grees of  inhibition  either  to  the  growth,  or  alterna- 
tively to  the  PCB  metabolism  of  the  isolates  tested. 
The  greatest  degree  of  PCB  metabolism  in  the 
presence  of  Triton  X-100  was  towards  2,3-dichlor- 
obiphenyl,  with  a  general  reduction  in  the  degree 
of  degradation  of  trichlorinated  to  hexachlorinated 
congeners.  The  most  effective  reduction  of  Aro- 
clor  1242  in  sand  systems  spiked  with  1,000  mg/kg 
was  achieved  through  a  combination  of  inoculating 
biphenyl-degrading  bacterial  isolates  together  with 
P.  chrysosporium.  This  resulted  in  a  reduction  of 
approximately  40%  in  a  20-week  period,  although 
this  was  attributable  largely  to  the  removal  of  the 
less  chlorinated  rather  than  the  more  chlorinated 
congeners.  (Author's  abstract) 
W9 1-04580 


RELATIONSHIPS  BETWEEN  SOME  PROPER- 
TIES OF  ORGANIC  SOILS  FROM  THE 
SOUTHERN  CANADIAN  SHIELD. 

Ottawa  Univ.  (Ontario).  Dept.  of  Biology. 

D.  A.  Brown,  S.  P.  Mathur,  A.  Brown,  and  D.  J. 

Kushner. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 

70,  No.  3,  p  363-377,  August  1990.  8  fig,  4  tab,  32 

ref. 

Descriptors:  'Bogs,  'Canada,  'Mine  wastes,  'Soil 
types,  'Water  pollution  prevention,  Correlation 
analysis,  Methane,  Numerical  analysis,  Organic 
soils,  Peat,  Statistical  analysis. 

Different  numerical  methods  used  to  distinguish 
between  organic  soil  types  were  evaluated  to  de- 
termine if  acid  leaching  from  mining  wastes  could 
be  prevented  by  capping  the  tailings  with  a  self- 
renewing  methane-producing  muskeg  bog  that 
would  prevent  the  penetration  of  oxygen  to  the 
wastes.  Thirty  organic  soils  from  bogs  in  the 
mining  districts  of  Elliot  Lake,  Sudbury,  and  Tim- 
mins,  Ontario,  and  Noranda,  Quebec,  were  sam- 
pled and  28  soil  characteristics  were  measured. 
These  characteristics  whose  values  are  normally  or 
lognormally  distributed,  were  analyzed  by  several 
different  statistical  methods.  Some  characteristics 
indicate  the  existence  of  two  populations,  and 
others  are  bivariantly  correlated.  Cononical  dis- 
criminant analysis  was  more  successful  than  cluster 
analysis  in  separating  the  bogs  into  well-defined 
geographical  groups.  However,  principal  compo- 
nent analysis  proved  best  at  grouping  the  organic 
soils  according  to  their  organic  and  inorganic  com- 
ponents, and  it  is  suggested  that  this  is  a  suitable 
method  for  the  general  discrimination  of  organic 
soil  types.  The  principal  component  analysis  differ- 
entiates the  samples  mainly  by  their  inorganic  con- 
taminants, either  water-borne  clays  from  flooding, 
or  aerosol  smelter  deposition  of  heavy  metals. 
There  were  14  organic  and  14  inorganic  character- 
istics, but  the  inorganic  characteristics  contribute 
more  to  the  principal  components,  possibly  be- 
cause many  of  these  characteristics  are  correlated. 
Methane  was  present  in  all  the  17  bogs  tested  for  it, 
and  in  two  very  wet  bogs  more  than  2  mmol  of 
methane  per  liter  were  extracted.  (White-Reimer- 
PTT) 
W91-04583 


INTERCEPTOR  DESIGN  AND  CONSTRUC- 
TION CONSIDERATIONS  AS  PART  OF  THE 
BOSTON  HARBOR  CLEANUP. 

SEA  Consultants,  Inc.,  Cambridge,  MA. 

For   primary   bibliographic   entry  see   Field   5D. 

W9 1-04594 


EPA'S  TECHNICAL  SLUDGE  REGULATIONS 
MAY  END  BENEFICIAL  REUSE. 

Tennessee    Dept.    of   Health    and    Environment, 

Nashville. 

R.  G.  O'Dette. 


Water  Quality  Control— Group  5G 

Water  Environment  &  Technology  WAETEJ, 
Vol.  2,  No.  11,  p  30-31,  November  1990. 

Descriptors:  'Environmental  policy,  'Environ- 
mental protection,  'Regulations,  'Sludge  disposal, 
•Sludge  utilization,  Copper,  Dioxins,  Human 
health,  Legal  aspects,  Model  studies,  Standards, 
Wastewater  facilities,  Zinc. 

In  February  1989  EPA  proposed  technical  sludge 
regulations  40  CFR  Part  503.  These  rules  will 
affect  every  municipality  in  the  U.S.  and  the  ma- 
jority of  industrial  indirect  dischargers  to  publicly 
owned  treatment  works  (POTWs).  Recent  surveys 
indicate  that  industrial  users  of  POTWs  have  in- 
creased and  municipal  sludge  quality  has  deterio- 
rated. As  a  result  very  few  POTW  sludges  can 
meet  the  proposed  distribution  and  marketing  cri- 
teria, especially  for  copper  and  zinc.  The  most 
serious  problem  with  the  National  Sewage  Sludge 
Survey  (NSSS),  that  was  used  to  set  the  criteria,  is 
the  quality  of  the  sampling  and  analyses.  In  most 
cases  where  more  than  one  sludge  analysis  was 
reported,  the  concentrations  varied  greatly.  The 
problem  of  representative  sludge  samples  and  de- 
tection levels  are  especially  critical  for  dioxin.  The 
detection  levels  for  this  type  of  compound  are 
highly  variable  because  of  interference  from  oil, 
grease,  and  other  substances.  The  assumptions  used 
by  EPA  to  develop  the  technical  sludge  criteria, 
using  computer  models  for  human  risk  assessment, 
may  be  unreasonable  and  technically  unsound.  The 
'Peer  Review  Committee'  evaluated  EPA's  pro- 
posed rule  and  concluded  that  it  was  far  too  re- 
strictive and  not  representative  of  good  science. 
(White-Reimer-PTT) 
W9 1-04599 


ANNE  ARUNDEL  COUNTY  ACHIEVES 
WATER-QUALITY  EXCELLENCE. 

Anne  Arundel  County   Dept.   of  Utilities,   Glen 

Burnie,  MD. 

T.  H.  Neel. 

Water    Environment    &   Technology    WAETEJ, 

Vol.  2,  No.  11,  p  37-40,  November  1990. 

Descriptors:  'Chesapeake  Bay,  'Maryland, 
'Wastewater  facilities,  'Water  pollution  control, 
Anne  Arundel  County,  Costs,  Infrastructure, 
Local  governments,  Sewer  systems,  Water  quality. 

Maryland's  Anne  Arundel  County  Department  of 
Utilities  was  awarded  the  'Outstanding  Achieve- 
ment in  Water  Pollution  Control'  award  as  a  result 
of  the  county's  water  quality  improvements  and 
major  capital  investment  in  improving  the  Chesa- 
peake Bay  and  its  tributaries.  The  Department  of 
Utilities  organizational  restructuring  has  evolved 
over  several  years  to  its  current  format  with  a 
Bureau  of  Administration  and  Finance,  Bureau  of 
Operations  Support  Services,  and  Bureau  of  Oper- 
ations, each  reporting  to  the  department's  director. 
A  comprehensive  program  of  technical  training  for 
the  Bureau  of  Operations  was  instrumental  in  the 
turnaround  in  the  performance  of  existing 
wastewater  treatment  plants  and  the  successful 
startup  and  efficient  control  of  the  new  infrastruc- 
ture resulting  from  the  program.  Treatment  plants 
throughout  the  county  were  upgraded  and  reha- 
bilitated in  order  to  improve  water  quality  in  the 
area.  Significant  capital  investment  was  made  to 
expand  collection  system  infrastructure,  and  serv- 
ice was  extended  to  many  communities  with  failing 
septic  systems  to  eliminate  health  hazards  and  envi- 
ronmental effects.  The  total  capital  budget  appro- 
priation for  1983  through  1990  is  nearly  $209  mil- 
lion. The  major  improvements  to  wastewater  treat- 
ment have  allowed  Anne  Arundel  County  to 
produce  better  than  NPDES  requirements,  and  the 
county  is  now  meeting  its  responsibility  to  protect 
the  environment  and  the  quality  of  life  in  the 
Chesapeake  Bay  region.  (White-Reimer-PTT) 
W9 1-04600 


PAST  PRACTICES  AND  NEW  APPROACHES 
IN  SCUM  MANAGEMENT. 

M.  C.  Mulbarger,  R.  P.  Trubiano,  T.  L.  Papes,  and 
G.  L.  Gallinaro. 

Water    Environment    &   Technology    WAETEJ, 
Vol.  2,  No.  11,  p  58-64,  November  1990. 
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Group  5G— Water  Quality  Control 

Descriptors:  'Boston  Harbor,  'Massachusetts, 
•Scum,  •Wastewater  treatment,  *Water  pollution 
control,  Anaerobic  digestion,  Chemical  treatment, 
Flotables,  Incineration,  Sampling,  Screening. 

In  late  1985,  the  Massachusetts  Water  Resources 
Authority  (MWRA)  board  ruled  that  unsightly 
floatables  must  be  removed  from  wastewater  dis- 
charges to  Boston  Harbor  as  soon  as  possible. 
Project  activities  initially  focused  on  the  magni- 
tude of  scum  expected  at  the  Deer  Island  and  Nut 
Island  facilities.  Of  all  the  waste  streams  found  at  a 
wastewater  treatment  plant,  none  is  more  difficult 
to  obtain  a  representative  sample  from  than  the 
dilute  skimmings  removed  from  a  tank.  Duplicate 
results  with  soluble  or  colloidal  constituents  can 
only  be  achieved  with  strict  attention  to  detail. 
The  scum  was  being  co-processed  with  the  other 
waste  solids;  however,  in  recent  years  scum  and 
sludge  grinding  has  become  more  popular.  This 
practice  minimizes  fouling  and  clumping,  theoreti- 
cally yields  more  intimate  contacting  and  mixing 
between  substrates  and  organisms,  and  eliminates 
the  visual  offensiveness  of  certain  biologically  inert 
articles  found  in  the  sludge  and  scum.  However, 
this  treatment  does  not  affect  grease  and  scum 
destruction  if  the  contact  time  is  inadequate. 
Therefore,  treatment  alternatives  investigated  and 
considered  for  the  two  Massachusetts  plants  in- 
cluded anaerobic  digestion,  incineration,  gravity  or 
dissolved  air  flotation,  sludge  screening,  and  chem- 
ical fixation.  It  was  concluded  that  for  the  Nut 
Island  facility  scum  screening  would  be  an  easy-to- 
operate,  low-maintenance  technology  that  would 
control  visible  floatables  and  achieve  suspended 
solids  removals  lower  than  a  gravity-flotation 
system.  Chemical  fixation  which  is  typically  used 
to  improve  the  handling  and  physical  characteris- 
tics of  the  waste,  decrease  the  pollution  transfer 
surface  area,  or  limit  the  solubility  of  hazardous 
substances  contained  in  the  waste  was  selected  for 
the  Deer  Island  facility.  Chemical  fixation  technol- 
ogies change  the  characteristics  of  the  scum  to  an 
acceptable  intermediate  or  final  landfill  cover. 
(White-Reimer-PTT) 
W9 1-04602 


PRELIMINARY  SITE  EVALUATION  FOR  AG- 
RICULTURAL UTILIZATION  OF  SEWAGE 
SLUDGE  A  GUIDE  FOR  WWTP  TECHNI- 
CIANS. 

Gannett,  Fleming,  Corddry  and  Carpenter,  Inc., 
Harrisburg,  PA. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04606 


SUPERFUND  RECORD  OF  DECISION:  PER- 
DIDO  GROUNDWATER,  AL. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-206320. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R04-88/042,  September 
1988.  Final  Report.  59p,   14  fig,  4  tab,  2  append. 

Descriptors:  *Alabama,  'Benzenes,  'Cleanup  oper- 
ations, 'Groundwater  pollution,  'Perdido  Site, 
•Superfund,  'Water  pollution  sources,  'Water  pol- 
lution treatment,  Activated  carbon,  Adsorption, 
Aquifers,  Costs,  Groundwater  quality,  Monitoring, 
Reinjection,  Site  remediation. 

The  Perdido  Groundwater  Contamination  site  is 
located  in  the  Town  of  Perdido,  Baldwin  County, 
Alabama.  Site  contamination  occurred  as  a  result 
of  a  1965  train  derailment  on  the  Louisville  and 
Nashville  Railroad  (now  CSX  Transportation, 
Inc.).  Chemicals  (particularly  benzene)  from  de- 
railed tank  cars  spilled  into  drainage  ditches,  infil- 
trating the  underlying  aquifer.  The  area  of  ground- 
water contamination  covers  approximately  15 
acres  and  is  centered  downgradient  about  300 
yards  from  the  derailment  site.  The  Alabama  De- 
partment of  Public  Health,  Division  of  Public 
Water  Supply  (ADPWS)  first  documented  reports 
of  taste  and  odor  problems  in  resident's  water  wells 
in  1981.  Further  studies  showed  benzene  contami- 
nation in  6  of  27  wells,  which  led  to  supplying 
bottled  water  to  250  affected  residents.  In  Febru- 
ary 1983  EPA  provided  immediate  removal  fund- 


ing to  construct  a  water  supply  line  to  connect  to  a 
nearby  town.  CSXT  voluntarily  provided  funds 
for  and  installed  the  water  system  in  July  1983. 
The  primary  contaminant  of  concern  affecting  the 
groundwater  is  benzene.  The  selected  remedial 
action  for  this  site  includes:  groundwater  pump 
and  treatment  using  stripping  or  activated  carbon 
adsorption  with  reinjection  of  treated  water  back 
into  the  aquifer,  and  air  monitoring  during  oper- 
ations; and  groundwater  monitoring  to  measure 
success  of  the  cleanup.  The  estimated  capital  cost 
for  this  remedial  action  is  $169,000  with  estimated 
annual  O&M  cost  of  $103,000.  (Author's  abstract) 
W9 1-04648 


WATER  QUALITY  STANDARDS  (JAN  70 -MAY 
89). 

National  Technical   Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04651 


TRANSFORMATION  OF  INDOLE  BY  METH- 
ANOGENIC  AND  SULFATE-REDUCING 
MICROORGANISMS  ISOLATED  FROM  DI- 
GESTED SLUDGE. 

Pennsylvania  State  Univ.,  University  Park.  Lab.  of 

Soil  Biochemistry. 

R.  Shanker,  and  J.  M.  Bollag. 

Microbial  Ecology  MCBEBU,  Vol.  20,  No.  2,  p 

171-183,  1990.  5  fig,  2  tab,  32  ref.  Department  of 

Energy  Grant  DE-FG02-87  ER60556. 

Descriptors:  'Anaerobic  digestion,  'Aromatic 
compounds,  'Biodegradation,  'Digested  sludge, 
'In  situ  treatment,  'Mineralization,  Fate  of  pollut- 
ants, Methane  bacteria,  Sludge  digestion,  Sulfates. 

Mineralization  of  an  aromatic  N-heterocyclic  mol- 
ecule, indole,  by  microorganisms  present  in  anaero- 
bically  digested  sewage  sludge  was  examined  in  an 
effort  to  determine  if  anaerobic  microorganisms 
may  have  a  potential  application  in  in  situ  bioreme- 
diation processes.  The  first  step  in  indole  mineral- 
ization was  the  formation  of  a  hydroxylated  inter- 
mediate, oxindole.  The  rate  of  transformation  of 
indole  to  oxindole  and  its  subsequent  disappear- 
ance was  dependent  on  the  concentration  of  inocu- 
lum and  indole  and  the  incubation  temperature. 
Methanogenesis  appeared  to  be  the  dominant  proc- 
ess in  the  mineralization  of  indole  in  10%  digested 
sludge  even  in  the  presence  of  high  concentrations 
of  sulfate.  Enrichment  of  the  digested  sludge  with 
sulfate  as  an  electron  acceptor  allowed  the  isola- 
tion of  a  metabolically  stable  mixed  culture  of 
anaerobic  bacteria  which  transformed  indole  to 
oxindole  and  acetate,  and  ultimately  to  methane 
and  carbon  dioxide.  This  mixed  culture  exhibited  a 
predominance  of  sulfate-reducers  over  methano- 
gens  with  more  than  75%  of  the  substrate  mineral- 
ized to  carbon  dioxide.  The  investigation  demon- 
strates that  indole  can  be  transformed  by  both 
methanogenic  and  sulfate-reducing  microbial  pop- 
ulations. (Geiger-PTT) 
W9 1-04731 


BIOREMEDIATION  USEVG  COMPOSTING. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 

R.  T.  Williams,  and  C.  A.  Myler. 

Biocycle   BCYCDK,   Vol.   31,   No.    11,   p  78-82, 

November  1990.  1  tab,  1  fig. 

Descriptors:  'Bioremediation,  'Composting,  'Ex- 
plosives, 'Hazardous  materials,  'Military  reserva- 
tions, 'Site  remediation,  'Soil  contamination, 
Compost,  Contaminants,  Munitions  wastes,  Sedi- 
ment contamination,  Sludge  disposal. 

Manufacture  and  handling  of  explosives  and  pro- 
pellants  have  caused  soil  and  sediment  contamina- 
tion at  U.S.  Army  munitions  facilities.  Field  dem- 
onstrations show  that  composting  is  a  feasible  tech- 
nology to  reduce  contaminant  levels.  The  objec- 
tive of  hazardous  materials  composting  is  solely  to 
convert  hazardous  substances  into  innocuous  end- 
products.  These  objectives  have  several  important 
consequences.  For  example,  operating  parameters 
such  as  treatment  time  may  need  to  be  modified  to 
ensure  acceptable  contaminant  destruction.  In  gen- 
eral, the  requirements  for  containment  and  reduc- 


tion of  hazardous  contaminants  to  acceptable  levels 
require  that  a  more  tightly  controlled  and  aggres- 
sive approach  be  employed  for  composting  hazard- 
ous substances  than  for  composting  wastewater 
sludges  and  refuse.  Although  promising,  the  limits 
of  composting  as  a  bioremediation  method  must  be 
kept  in  mind  when  evaluating  its  use.  Volatile 
contaminants  may  be  released  during  composting 
requiring  additional  treatment  equipment  and  in- 
creased costs.  Microorganisms  have  yet  to  be  ef- 
fectively utilized  in  the  treatment  of  heavy  metals. 
Consequently,  a  careful  evaluation  is  required 
when  hazardous  concentrations  of  metals  or  vola- 
tile organic  compounds  are  present.  Finally,  the 
final  fate  of  the  contaminants  must  be  addressed 
satisfactorily,  which  is  often  difficult  in  light  of  the 
complexity  of  the  compost  matrix.  (Mertz-PTT) 
W9 1-04761 


SUPERCRITICAL  C02  -  COSOLVENT  EX- 
TRACTION OF  CONTAMINATED  SOILS  AND 
SEDIMENTS. 

Louisiana   State   Univ.,   Baton   Rouge.    Dept.   of 

Chemical  Engineering. 

K.  M.  Dooley,  D.  Ghonasgi,  F.  C.  Knopf,  and  R. 

P.  Gambrell. 

Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 

p   197-203,  November  1990.  8  fig,  2  tab,  46  ref. 

EPA  grants  R8 15 197  and  CR8 12034-01. 

Descriptors:  'Carbon  dioxide,  'DDT,  'Polychlori- 
nated  biphenyls,  'Site  remediation,  'Soil  contami- 
nation, 'Solvent  extraction,  'Water  pollution  treat- 
ment, Methanol,  Organic  matter,  Supercritical 
carbon  dioxide,  Waste  treatment. 

A  promising  technique  for  the  cleanup  of  contami- 
nated soils  is  the  use  of  non-toxic  supercritical 
solvents  to  accomplish  extraction.  DDT-contami- 
nated  (2,2-bis(p-chlorophenyl)-l,l,l-trichloroeth- 
ane)  or  PCB-contaminated  (polychlorinated  bi- 
phenyl)  topsoils  of  high  organic  content  were  ex- 
tracted using  supercritical  C02  or  C02-5%  by 
weight  cosolvent  (toluene,  acetone,  methanol, 
acetic  acid,  diethylamine)  mixtures  at  313  degrees 
K  and  pressure  of  101  bar.  In  separate  experiments, 
the  pure  contaminants  were  dissolved  in  supercriti- 
cal C02  at  the  same  conditions  and  the  equilibrium 
solubilities  determined.  Most  of  the  cosolvents 
only  marginally  improve  extraction  rates  over  the 
case  of  pure  C02.  Methanol,  however,  increases 
total  amounts  of  DDT  removal  from  50-80%  to 
>95%,  and  increases  DDT  and  PCB  extraction 
rates  by  as  much  as  an  order  of  magnitude.  Metha- 
nol is  a  superior  cosolvent  probably  because  its 
hydrogen-bonding  ability  is  better  suited  to  inter- 
action with  the  organic  matter  in  the  soil  (humic 
acids,  fulvic  acids,  polysaccharides);  the  organic 
matter  essentially  dissolves  the  contaminants  in  the 
soil  matrix.  Comparing  a  simple-fixed-bed,  local 
equilibrium  (based  on  pure  contaminant  equilibria) 
desorption  model  to  the  actual  desorption  data 
indicates  that  contaminant  solubilities  in  supercriti- 
cal fluids  are  enhanced  (over  the  pure  contaminant 
case)  when  desorbing  from  soils.  The  enhance- 
ments may  be  related  to  the  simultaneous  desorp- 
tion of  other  low  molecular-weight  organics  from 
the  soils.  (Mertz-PTT) 
W9 1-04763 


SUPERCRITICAL  FLUTO  EXTRACTION  OF 
AROMATIC  CONTAMINANTS  FROM  A 
SANDY  LOAM  SOIL. 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 
Dept.  of  Chemical  and  Biochemical  Engineering. 
A.  T.  Andrews,  R.  C.  Ahlert,  and  D.  S.  Kosson. 
Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 
p  204-210,  November  1990.  11  fig,  5  tab,  25  ref. 
EPA  agreement  no.  CR-8 14055. 

Descriptors:  'Site  remediation,  'Soil  contamina- 
tion, 'Solvent  extraction,  'Water  pollution  treat- 
ment, Carbon  dioxide,  Organic  compounds,  Super- 
critical carbon  dioxide,  Waste  treatment. 

Options  available  for  cleaning-up  soil  contaminated 
by  heavy,  nonvolatile  organic  compounds  are  lim- 
ited, costly,  and  often  inefficient.  Solvent  extrac- 
tion technology,  while  still  largely  in  the  develop- 
ment stage,  has  been  proposed  as  a  viable  treat- 
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ment  of  oily-type  waste  materials  that  are  typically 
incinerated  or  disposed  of  on  land.  For  the  treat- 
ment of  soils,  the  choice  of  solvent  extraction  over 
other  techniques  will  depend  on  solvent  selection, 
process  configuration,  process  economics,  and  the 
levels  of  residual  contaminants/solvents  left  in  the 
soil.  Near-critical  fluids  and  liquefied  gases  can 
achieve  high  efficiencies  in  the  extraction  of  organ- 
ic contaminants  from  soil.  Adsorptive  behavior  of 
several  polycyclic  aromatic  hydrocarbons  from  su- 
percritical carbon  dioxide  onto  sandy  loam-type 
soil  has  been  characterized.  Data  from  the  solubili- 
ty of  phenanthrene,  anthracene,  triphenylene,  and 
perylene  in  supercritical  C02  demonstrates  a 
strong  relationship  between  solubility  and  the 
carbon  number  and  angularity  of  the  ring  struc- 
ture. Soil  adsorption  isotherms  for  these  com- 
pounds are  non-linear,  and  have  been  described 
using  Fruendlich  and  Brunauer-Emmett-Teller  iso- 
therm adsorption  models.  The  slope  of  the  adsorp- 
tion isotherms  has  been  correlated  with  polycyclic 
aromatic  hydrocarbons  solubility  on  log-log  co- 
ordinates. Addition  of  polar  modifiers  (for  example 
water  or  methanol)  dramatically  reduces  the  poly- 
cyclic aromatic  hydrocarbon  adsorption  levels,  in- 
dicating the  importance  of  polar  adsorption  sites 
on  soil  surfaces.  (Mertz-PTT) 
W9 1-04764 


BIOTURBATION:  A  FACILITATOR  OF  CON- 
TAMINANT TRANSPORT  IN  BED  SEDIMENT. 

Balsam  Environmental  Consultants,   Inc.,   Salem, 

NH. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04765 


ADSORPTION  OF  BENZENE  FROM  AQUE- 
OUS SOLUTIONS  BY  BENTONITE  TREATED 
WITH  QUATERNARY  AMINES. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Civil  Engineering. 

F.  Cadena,  R.  Garcia,  and  R.  W.  Peters. 

Environmental  Progress  ENVPDI,  Vol.  9,  No.  4, 

p  245-253,  November  1990.  12  fig,  4  tab,  18  ref. 

U.S.  Department  of  Energy  contract  W-31-109- 

ENG-38. 

Descriptors:  *Bentonite,  'Benzene,  'Cleanup, 
♦Site  remediation,  'Water  pollution  treatment,  Ad- 
sorption, Clays,  Hazardous  materials,  Hydrocar- 
bons, Organic  compounds,  Soil  contamination,  Un- 
derground storage. 

The  rapid  growth  in  reported  pollution  cases  is 
often  due  to  improper  management  of  chemicals 
generated  by  the  chemical  industry  or  to  spills  or 
releases  into  the  environment.  Damage  to  ground- 
waters by  leaking  underground  storage  tanks  is  a 
common  problem.  Underground  storage  tanks  are 
often  used  to  store  gasoline  or  other  petrochemical 
or  petroleum-based  products,  and  the  EPA  esti- 
mates that  35%  of  the  existing  underground  stor- 
age tanks  either  leak  or  are  not  liquid-tight.  The 
adsorptive  properties  of  Wyoming  bentonite, 
which  has  been  tailored  using  various  tetraalky- 
lammonium  ions,  have  been  investigated  for  the 
selective  removal  of  hazardous  organic  pollutants 
found  in  waters  and  soils  contaminated  by  petro- 
chemical spills.  The  effectiveness  of  the  tailoring 
agents  is  evaluated  by  comparing  the  adsorption 
isotherms  of  benzene  on  both  treated  and  untreated 
soils.  Five  tetraalkylammonium-type  compounds 
were  investigated:  ammonium,  tetramethylammon- 
ium,  tetraethylammonium,  tetrapropylammonium, 
and  tetrabutylammonium.  The  adsorption  capacity 
of  the  treated  clay  decreases  for  doses  that  exceed 
the  optimum  dose  because  of  the  increase  in  organ- 
ic content  in  solution,  which  induces  a  reduction  in 
the  partition  coefficient  between  organically 
coated  solid  and  the  liquid  phase.  Despite  the 
similarity  in  nature  of  the  tetraalkylammonium  ca- 
tions, significant  differences  in  the  adsorption  ca- 
pacities were  obtained  for  the  various  compounds. 
Comparing  the  results  with  other  research  indicat- 
ed that  the  linear  adsorption  coefficient  decreased 
as  the  alkyl  chain  length  increased  and  that  the 
adsorption  capacity  likewise  decreased.  The 
branched-chain  tailoring  agents  result  in  more  of  a 
crowding  effect  of  the  interlamellar  space  than  that 
off  the  straight-chain,  single-branched  tailoring 
agents,  resulting  in  less  adsorption  of  benzene  onto 


the  clay  by  the  branched-chain  tailoring  agents. 

(Mertz-PTT) 

W9 1-04770 


CONTAMINATION  OF  SOIL  WITH  OILFIELD 
BRINE  AND  RECLAMATION  WITH  CALCI- 
UM CHLORIDE. 

Agricultural    Research    Service,    Mandan,    ND. 

Northern  Great  Plains  Research  Center. 

S.  D.  Merrill,  K.  L.  Lang,  and  E.  C.  Doll. 

Soil  Science  SOSCAK,  Vol.  150,  No.  1,  p  469-475, 

1990.  2  fig,  3  tab,  15  ref. 

Descriptors:  *Brines,  'Decontamination,  'Ground- 
water pollution,  'Oil  pollution,  'Soil  contamina- 
tion, Calcium  chloride,  Cation  exchange,  Disper- 
sion, Leaching,  Soil  types. 

Contamination  of  soils  with  oilfield  brines  is  a 
significant  environmental  problem  in  many  oil  pro- 
duction areas.  A  soil  column  technique  was  used  to 
study  details  of  the  brine  contamination  process 
and  subsequent  reclamation  of  contaminated  soil 
with  calcium  chloride.  Cherry  silt  loam  (fine-silty, 
mixed,  frigid  typic  Ustochrepts)  was  contaminated 
with  brine  of  0.9  mole  fraction  sodium  chloride  in 
total  electrolyte  concentration  of  3000  mol/cubic 
m  under  conditions  approximating  steady-state 
miscible  displacement.  Dispersion  of  observed 
sodium  breakthrough  contamination  was  only  mar- 
ginally greater  than  that  of  chlorine.  The  isotherm 
for  calcium  exchange  by  sodium  is  ordinarily  unfa- 
vorable with  large  associated  exchange-dispersion 
in  miscible  displacement.  However,  the  strength  of 
brine  used  here  was  high  enough  to  render  ex- 
change quasifavorable.  Calculations  under  a  simple 
exchange-chromatographic  model  indicated  that 
sodium  flux  in  these  conditions  would  be  subject  to 
a  relatively  small  level  of  exchange-dispersion.  Suf- 
ficient calcium  was  applied  (0.24  mol/cubic  m 
calcium  chloride  in  0.2  L)  to  replace  exchangeable 
sodium  (ES)  in  the  uppermost  16  cm  of  brine- 
contaminated  columns  (inside  diameter,  12.7  cm), 
which  were  then  leached  with  either  distilled 
water  (DW)  or  synthesized  saline  groundwater 
(SW;  SAR  =  5.9,  electrolyte  =  53  mol/cubic  m). 
Leaching  was  continued  until  soil  dispersion  oc- 
curred, with  0.54  and  0.68  pore  volumes,  respec- 
tively, of  DW  and  SW  infiltrated.  Reclamation 
was  demonstrated  to  be  very  efficient,  with  an 
89%  and  92%  removal  of  ES  through  the  upper  16 
cm  soil  depth  being  accomplished  by  DW  and  SW, 
respectively.  (Author's  abstract) 
W9 1-04799 


PASSIVE  TREATMENT  TECHNOLOGY 
CLEANS  UP  COLORADO  MINING  WASTE. 

Camp,   Dresser  and  McKee,   Inc.,  Denver,  CO. 
S.  Morea,  R.  Olsen,  and  T.  Wildeman. 
Water    Environment    &    Technology    WAETEJ, 
Vol.  2,  No.  12,  p  6,  9,  December  1990. 

Descriptors:  'Acid  mine  drainage,  'Artificial  wet- 
lands, 'Cleanup  operations,  'Colorado,  'Water 
pollution  prevention,  'Water  pollution  treatment, 
Acid  streams,  Copper,  Heavy  metals,  Hydrogen 
ion  concentration,  Iron,  Lead,  Mine  drainage,  Pilot 
plants,  Zinc. 

The  artifacts  of  prospecting  in  Colorado-tunnels, 
shafts,  and  slag  piles-have  been  abandoned,  and 
hazardous  metals  are  being  released  through  acidic 
mine  drainage,  threatening  aquatic  life  and  posing 
health  risks  to  human  populations.  In  1985,  a  reme- 
dial investigation  and  feasibility  study  was  con- 
ducted at  five  abandoned  tunnels  that  discharged 
heavy  metal  loads  into  Clear  Creek,  35  miles  west 
of  Denver,  Colorado.  The  study  evaluated  the  full 
range  of  potential  treatment  technologies,  from 
conventional  treatment  using  active-lime  precipita- 
tion to  plugging  mines.  It  was  concluded  that  a 
natural  or  passive  treatment  technology  offered  the 
only  economically  feasible  alternative.  Passive 
treatment  involves  a  range  of  abatement  techniques 
that  rely  on  artificial  wetlands  to  promote  natural 
geochemical  mechanisms  (neutralization,  reduc- 
tion, adsorption,  and  precipitation)  to  raise  the  pH 
of  mine  drainage  and  remove  metals.  A  pilot-scale 
passive  treatment  module  was  built  at  the  portal  of 
an  abandoned  mining  tunnel.  The  module  was  de- 
signed to  treat  15%  of  the  acidic  mine  drainage 
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flowing  from  the  tunnel.  The  design  consisted  of  a 
reinforced  concrete  trough  with  treatment  cells. 
Each  cell  contained  a  layer  of  river  rock,  a  layer  of 
compost  material  or  substrate,  and  rushes  and  cat- 
tails transplanted  from  nearby.  During  3  years  of 
operation,  various  configurations,  substrate  materi- 
als, hydraulic  loading  rates,  and  microbiological 
parameters  were  tested  at  the  pilot  plant.  At  opti- 
mum conditions,  passive  treatment  removed  up  to 
98%  of  the  zinc  in  the  mine  drainage,  99%  of  the 
copper,  94%  of  the  lead,  and  86%  of  the  iron.  It 
also  increased  pH  from  3.0  to  a  value  greater  than 
6.5.  Based  on  the  pilot  plant's  success,  EPA  and 
the  Colorado  Department  of  Health  have  contract- 
ed for  construction  of  full-scale  passive  treatment 
plants  to  treat  drainage  from  5  tunnels  near  Idaho 
Springs  and  Central  City,  Colorado.  (Mertz-PTT) 
W91-04813 


TURKEY  CONFRONTS  POLLUTION  OF 
IZMIR  BAY. 

Black  and  Veatch,  Kansas  City,  MO. 

M.  J.  Graham,  and  W.  D.  Skinner. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.   12,  p  20-22,  December  1990.   1  fig. 

Descriptors:  'Combined  wastewater,  'Izmir  Bay, 
'Municipal  wastewater,  'Turkey,  'Wastewater  fa- 
cilities, 'Wastewater  treatment,  'Water  pollution 
control,  Biological  oxygen  demand,  Lagoons, 
Sludge  drying,  Suspended  solids,  Wastewater  la- 
goons, Wastewater  management,  Water  quality, 
World  Bank. 

After  years  of  neglect,  the  city  of  Izmir,  Turkey,  is 
cleaning  up  Izmir  Bay.  Assisted  by  a  $184  million 
loan  from  the  World  Bank,  the  Izmir  Water  and 
Sewerage  Authority  has  begun  a  construction  pro- 
gram to  intercept  and  treat  the  combined 
wastewater  of  about  1.7  million  people.  This 
wastewater  currently  flows  untreated  into  the  bay. 
The  city's  wastewater  improvement  project  in- 
cludes a  70-km  interceptor.  Six  pump  stations  will 
be  necessary  to  lift  the  wastewater  along  the  way. 
The  World  Bank  stipulates  that  a  lagoon  treatment 
system  be  used.  The  treatment  plant  has  been  de- 
signed to  produce  an  effluent  that  contains  a  fil- 
tered biological  oxygen  demand  concentration  less 
than  50  mg/L  and  a  suspended  solids  concentra- 
tion less  than  or  equal  to  150  mg/L.  Treatment 
facilities  consist  of  bar  screens,  a  grit  removal 
system,  and  lagoons.  Wastewater  from  the  matura- 
tion ponds  will  be  discharged  into  the  Gedez 
River,  which  forms  the  west  boundary  of  the 
treatment  plant  site  and  discharges  to  the  Middle 
Bay.  Initially,  no  disinfection  will  be  provided. 
Water  quality  in  Izmir  Bay  will  be  monitored  to 
determine  the  need  for  microoganism  reduction. 
Sludge  that  accumulates  in  the  lagoons  will  be 
periodically  pumped  to  drying  lagoons  by  floating 
dredges.  Dried  sludge  will  be  used  as  a  soil  supple- 
ment or  disposed  of  in  landfills.  (Mertz-PTT) 
W91-04814 


ENVIRONMENTAL  PROTECTION  IN  EAST- 
ERN EUROPE. 

Institute  for  Soil  Fertility,   Haren  (Netherlands). 

Dept.  of  Soil  Physics  and  Root  Ecology. 

S.  Kabala. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.   12,  p  42-44,  December  1990.  6  tab. 

Descriptors:  'Eastern  Europe,  'Environmental 
policy,  'Environmental  quality,  'Information  ex- 
change, 'Water  pollution  control,  'Water  pollu- 
tion prevention,  Air  pollution,  Bulgaria,  Czecho- 
slovakia, Environmental  impact,  Environmental 
protection,  Forests,  Information  transfer,  Metals, 
Public  policy,  Water  pollution. 

Since  1989,  environmental  affairs  have  taken  on 
the  role  of  training  ground  for  democracy  in  East- 
ern Europe.  These  issues  were  a  motivator  of 
political  change  in  a  arena  where  people  could  not 
participate  in  public  political  activity  in  a  broad 
context.  Today,  this  has  changed  as  enviromenta- 
lism  is  only  one  of  many  areas  now  open  for  public 
and  political  attention  in  a  completely  different 
political  context  across  the  region.  According  to 
statistics    gathered    by    Bulgaria's    International 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G — Water  Quality  Control 

Union  for  Conservation  of  Nature,  one-third  of  the 
forests  in  Eastern  Europe  are  damaged  by  air 
pollution;  the  Black  Sea  is  being  polluted  by  indus- 
trial waste,  sewage,  and  oil;  and  metals  pollution  is 
contaminating  and  destroying  farmland.  In 
Czechoslovakia,  70%  of  the  rivers  are  heavily 
polluted  and  40%  of  the  wastewater  is  untreated. 
Across  the  region,  losses  due  to  environmental 
deterioration  and  natural  resource  waste  are  be- 
tween 10-15%  of  the  gross  national  product.  There 
is  a  need  for  the  development  of  institutional  struc- 
tures to  make  the  transfer  of  technology  work  to 
improve  the  ability  of  Eastern  Europe  to  find 
solutions  to  its  environmental  problems.  Envi- 
sioned is  technical  assistance  from  the  U.S.  The 
technology  transfer  goal  is  to  develop  a  response 
to  needs  identified  by  partner  institutions  and 
counterpart  professionals  that  will  enable  Eastern 
Europe  to  tap  resources  that  do  exist-scientific, 
managerial,  and  economic  resources-and  tap  infor- 
mation resources  in  the  U.S.  in  order  to  address  the 
environmental  problems  that  exist  in  Eastern 
Europe.  (Mertz-PTT) 
W91-04817 


LESSONS  LEARNED  FROM  COMPACTED 
CLAY  LINER. 

McClelland  Engineers,  Inc.,  Houston,  TX. 

B.  R.  Elsbury,  D.  E.  Daniel,  G.  A.  Sraders,  and  D. 

C.  Anderson. 

Journal  of  GeotechnicaJ  Engineering  (ASCE) 
JGENDZ,  Vol.  116,  No.  11,  p  1641-1660,  1990.  9 
fig,  3  tab,  20  ref.  EPA,  Risk  Reduction  Engineer- 
ing Lab  contract  68-03-3250. 

Descriptors:  *Clay  liners,  'Impoundments,  'Land- 
fill linings,  'Landfills,  'Liners,  'Water  pollution 
prevention,  Bonding,  Compaction,  Permeability. 

Compacted  clays  have  long  been  used  as  liners  for 
landfills  and  impoundments  to  serve  as  barriers  to 
the  flow  of  water.  A  highly  plastic  clay  liner  was 
compacted  in  the  field  with  full-sized  equipment  to 
an  average  of  more  than  100%  of  standard  Proctor 
maximum  dry  density.  The  average  field  permeabi- 
lities of  two  sections  of  the  liner,  as  measured  with 
four  sealed  double-ring  infiltrometers  and  a  16  x  16 
ft  pan  lysimeter,  were  .00003  and  .00010  cm/s. 
Laboratory  permeability  tests  were  conducted  on 
samples  compacted  in  the  laboratory  by  three  pro- 
cedures, only  one  of  which  gave  a  reasonable 
prediction  of  the  permeability  of  the  liner.  The  two 
most  important  factors  that  led  to  the  failure  to 
destroy  the  soil  clods  and  to  bond  the  lifts  were: 
(1)  using  a  relatively  light  roller;  and  (2)  compact- 
ing the  soil  at  a  moisture  content  dry  of  the  lowest 
moisture  content  at  which  the  roller  can  remold 
the  clods.  Another  factor  that  probably  contribut- 
ed to  the  high  permeability  of  the  clay  was  the  1  ft 
thickness  of  the  liner.  The  low  overburden  pres- 
sure from  the  thin  liner  allowed  swelling  of  the 
clay,  which  possibly  enlarged  the  interclod  macro- 
pores.  Also,  having  only  two  lifts  increased  the 
opportunity  for  hydraulic  defects  in  successive  lifts 
to  interconnect.  The  basic  objectives  (destruction 
of  soil  clods  and  bonding  between  lifts)  and  17 
other  key  factors  that  influence  the  permeability  of 
compacted  clays  explain  the  performance  of  the 
liner  and  provide  a  basis  for  understanding  how  to 
construct  liners  to  avoid  such  high  permeabilities. 
(Author's  abstract) 
W91-04839 


INDIANA  WATER  QUALITY,  1988.  MONITOR 
STATION  RECORDS,  RIVERS  AND  STREAMS. 

Indiana  Dept.  of  Environmental  Management,  In- 
dianapolis. Office  of  Water  Management. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04857 


1990    FARM    BILL:    OPPORTUNITIES    FOR 
GROUNDWATER  PROTECTION. 

Environmental  and  Energy  Study  Inst.,  Washing- 
ton, DC. 

J.  Campbell  Bird,  and  J.  Edmond. 
Environmental  and  Energy  Study  Institute  Policy 
Report,  July  9,  1990.  29p,  append. 

Descriptors:    'Environmental    protection,    'Farm 
Bill,  'Groundwater  quality,  'Legislation,  'Water 


pollution  prevention,  'Water  quality  control,  Agri- 
culture, Farm  management,  Information  exchange, 
Research  priorities. 

Half  of  the  nation's  population  draws  its  drinking 
water  from  groundwater  supplies.  As  much  as 
95%  of  those  who  live  in  rural  areas  depend  on 
groundwater  for  drinking.  Some  individuals  and 
groups,  including  some  agricultural  chemical  man- 
ufacturers and  dealers,  researchers,  farmers  and 
government  officials,  believe  that  the  most  impor- 
tant source  of  agricultural  chemical  contamination 
of  groundwater  is  from  'point'  sources,  such  as 
leaks  and  spills.  Over  the  past  3  years,  the  Environ- 
mental and  Energy  Study  Institute  (EESI)  has 
conducted  an  extensive  examination  of  the  rela- 
tionships among  federal  farm  policies,  agricultural 
chemical  use  and  groundwater  contamination. 
EESI  recommends  the  adoption  of  'integrated 
farm  management'  systems  that,  first,  minimize  all 
chemical  applications  and,  second,  employ  only 
the  safest  chemicals  when  chemicals  must  be  used. 
After  carefully  weighing  the  issues  and  assessing 
the  information  and  points  of  view  gathered  during 
the  examination  of  groundwater  problems,  EESI 
has  formulated  the  following  recommendations  for 
congressional  action  on  the  1990  farm  bill:  (1)  Base 
flexibility-farmers  need  the  ability  to  plant  a  varie- 
ty of  crops  on  a  sufficient  number  of  acres  in  order 
to  minimize  chemical  inputs  and  still  maintain  prof- 
its; (2)  Incentives  for  integrated  farm  manage- 
ment-proposals in  the  conservation  titles  of  the 
House  and  Senate  Agriculture  Committees'  bills 
create  voluntary,  multi-year  programs  for  farmers 
who  develop  and  implement  integrated  farm  man- 
agement plans;  (3)  Research-currently,  federally 
supported  agricultural  research  focuses  on  input- 
intensive  agricultural  production  systems.  Unlike 
the  House  farm  bill  proposal,  the  Senate  proposal 
incorporates  research  on  integrated  farm  manage- 
ment systems  into  current  research  goals.  EESI 
recommends  that  Congress  adopt  the  Senate  pro- 
posal for  the  overall  goals  of  agricultural  research; 
and  (4)  Information  and  technical  assistance. 
(Lantz-PTT) 
W9 1-04859 

6.  WATER  RESOURCES 
PLANNING 


6A.  Techniques  Of  Planning 


GROUND  WATER  RESOURCE  BASED  MAP- 
PING, NASHUA  REGIONAL  PLANNING 
AREA,  NEW  HAMPSHIRE. 

Environmental  Protection  Agency,  Boston,  MA. 
Region  I. 
D.  Delaney. 

IN:  Protecting  Ground  Water  from  the  Bottom 
Up:  Local  Responses  to  Wellhead  Protection.  Pro- 
ceedings of  the  Conference,  October  2-3,  1989, 
Danvers,  Massachusetts.  Underground  Injection 
Practices  Council,  Oklahoma  City,  Oklahoma. 
1989.  p  287-291.  1  fig. 

Descriptors:  'Geographic  information  systems, 
•Mapping,  'New  Hampshire,  'Wellhead  protec- 
tion, Databases,  Groundwater,  Groundwater  man- 
agement, Groundwater  resources. 

The  United  States  Environmental  Protection 
Agency  (EPA)  Region  I  is  working  to  improve 
groundwater  resource  protection  by  continuing  to 
develop  and  use  Geographic  Information  Systems 
(GIS).  GIS  can  facilitate  the  use  of  environmental 
resource  data  to  support  Federal  and  state  environ- 
mental program  decisions  and  work  products.  The 
Nashua  Regional  Planning  Area  in  New  Hamp- 
shire was  selected  as  a  pilot  mapping  area  because 
GIS-compatible  digital  US  Geological  Survey 
maps  with  hydrogeologic  information  were  avail- 
able. The  purpose  of  the  mapping  initiative  is  to 
depict  groundwater  resources  in  the  pilot  study 
area  and  to  show  the  geographic  relationships  be- 
tween these  resources  and  potential  contamination 
sources.  Goals  of  the  program  are  to  support  EPA 
and  state  capability  to  identify  environmental  prob- 
lems and  assess  their  nature  and  significance,  sup- 
port state  development  and  implementation  of 
wellhead  protection  programs,  promote  interagen- 


cy program  coordination  of  resource  protection 
efforts,  and  demonstrate  use  of  resource  mapping 
to  support  prioritization  of  EPA  program  activi- 
ties. The  Groundwater  Protection  Bureau  of  the 
New  Hampshire  Department  of  Environmental 
Services  is  actively  inventorying  injection  wells, 
solid  waste  dumps,  contaminant  releases, 
wastewater  discharges,  and  underground  storage 
tanks  within  the  study  area.  The  state  agency  has 
access  to  the  University  of  New  Hampshire  GIS 
that  provides  them  with  the  capability  to  use  GIS 
products.  The  GIS  databases  developed  allow 
identification  and  delineation  of  important  Nashua 
area  water  resources  and  facilitate  evaluation  of 
impact  of  potential  contaminant  sources  near  water 
supply  sources.  The  information  displayed  through 
GIS  can  improve  the  ability  to  focus  regulatory 
activity  to  protect  critical  resources.  (See  also 
W9 1  -0392 1 )  (Tappert-PTT) 
W9 1-03940 


GOAL-PROGRAMMING  TECHNIQUES  FOR 
OPTIMAL  RESERVOIR  OPERATIONS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
G  V.  Lognathan,  and  D.  Bhattacharya. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  6,  p  820- 
838,  November/December  1990.  1  fig,  4  tab,  25 
ref. 

Descriptors:  'Goal  programming,  'Reservoir  op- 
eration, 'Water  resource  management,  Cost  analy- 
sis, Decision  making,  Forecasting,  Linear  program- 
ming, Precipitation. 

The  problem  of  optimal  reservoir  operations  con- 
sists of  obtaining  optimal  releases,  reservoir  stor- 
ages, and  downstream  reach  routed  flows  based  on 
forecasted  inflows  and  precipitation.  Five  goal- 
programming  schemes  that  minimize  deviations 
from  a  set  of  preferred  target  storage  and  flow 
values  are  considered:  (1)  Preemptive  goal  pro- 
gramming; (2)  weighted  goal  programming;  (3) 
min-max  goal  programming;  (4)  fuzzy  goal  pro- 
gramming; and  (5)  interval  goal  programming.  The 
reservoir  operation  problem  is  also  formulated  as  a 
multiobjective  linear  program  (MOLP).  MOLP 
formulation  has  the  following  advantages:  No  pen- 
alty function  is  required  that  avoids  subjective 
estimates;  no  priorities  are  imposed  on  objectives 
and  therefore  meaningful  tradeoffs  can  be  consid- 
ered; allowances  in  targets  can  be  permitted  as  in 
other  goal  programs;  only  efficient  points  are  gen- 
erated whereas  min-max  and  fuzzy  goal  programs 
can  select  inefficient  points  if  alternate  optima  are 
not  examined;  and,  the  decision  maker  is  provided 
with  noninferior  alternatives  for  consideration  that 
other  single-objective  optimization  models  lack. 
The  only  disadvantage  is  that  the  method  can 
generate  a  large  number  of  efficient  points  and  may 
require  implementation  of  some  single-objective 
optimization  schemes  for  selection  of  a  subset  of 
efficient  points.  (Brunone-PTT) 
W9 1-03994 


WATER-USE  DATA  FOR  WATER  RESOURCES 
MANAGEMENT. 

For   primary   bibliographic   entry   see   Field   6D. 
W91-04161 


CANADA'S  NATIONAL  WATER-USE  ANALY- 
SIS PROGRAM. 

Inland  Waters  Directorate,  Ottawa  (Ontario). 
For  primary   bibliographic   entry   see   Field   6D. 
W91-04162 


MEASURING  THE  PUBLICS  PERCEPTION 
OF  WATER  RESOURCES  USING  THE  CON- 
TINGENT VALUATION  METHOD. 

New  Hampshire  Dept.  of  Resources  and  Econom- 
ic Development,  Concord. 
S.  D.  Shultz,  and  B.  E.  Lindsay. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  159-169,  26  ref. 
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Descriptors:  *Data  acquisition,  'Economic  as- 
pects, 'Public  opinion,  'Public  participation, 
•Water  resources  management,  *Water  use  data, 
Decision  making,  Environmental  protection, 
Groundwater  resources,  Surveys,  Water  supply. 

Collecting  information  on  the  public's  actions,  atti- 
tudes and  perceptions  of  water  resources  has 
become  an  integral  part  of  the  decision  making 
process  of  many  water  resource  projects  and  poli- 
cies. Several  methodologies  have  been  developed 
to  generate  this  type  of  information.  One  particular 
technique,  contingent  valuation,  is  now  regularly 
being  used  to  measure  the  monetary  values  that 
people  are  willing  to  pay  for  water  resources.  The 
basic  theories  and  necessary  fundamentals  of  the 
contingent  valuation  method  (CVM)  are  reviewed, 
and  the  potential  advantages  and  limitations  of 
applying  CVM's  to  water  resource  issues  are  illus- 
trated by  highlighting  an  active  CVM  experiment 
to  determine  New  Hampshire  households'  willing- 
ness to  pay  (WTP)  for  groundwater  protection. 
The  New  Hampshire  CVM  project  has  three 
stated  goals:  (1)  to  determine  the  dollar  value 
which  individual  Dover,  NH  households  are  will- 
ing to  pay  for  groundwater  protection;  (2)  to  deter- 
mine the  extent  to  which  several  variables  and 
socio-economic  characteristics  influence  WTP  for 
groundwater  protection;  and  (3)  to  evaluate  the 
use  and  effectiveness  of  both  personal  and  mail 
interviews  in  contingent  valuation  studies.  (See 
also  W9 1-04161)  (Lantz-PTT) 
W91-04179 


KNOWLEDGE-BASED  SYSTEMS  FOR  WATER 
RESOURCES  MANAGEMENT. 

South  Florida  Water  Management  District,  West 
Palm  Beach.  Dept.  of  Resource  Management. 
For  primary  bibliographic   entry  see  Field   6D. 
W91-04184 


COLOR-GRAPHICS  BASED  WATER  DEMAND 
FORECASTING  MODEL. 

Utah  State  Univ.,  Logan.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic   entry  see   Field   6D. 
W91-04187 


RELATIONAL    DATABASE    FOR    NON-PRO- 
GRAMMERS. 

Salt  River  Project,  Phoenix,  AZ.  Data  Base  Div. 
For  primary  bibliographic  entry  see  Field  7C. 
W91-04188 


WATER  SUPPLY  MANAGEMENT  AND  PLAN- 
NING IN  THE  STATE  OF  CONNECTICUT. 

Whitman  and  Howard,  Inc.,  Wellesley,  MA. 
K.  C.  Klein. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  317-326,  2  fig,  6  ref. 

Descriptors:  'Connecticut,  'Planning,  'Water  re- 
sources management,  'Water  supply,  'Water  use 
data,  Competing  use,  Management  planning, 
Washington,  Water  demand,  Water  use. 

Conflicting  demands  for  water  resources  have 
become  critical  in  the  urban  corridor  of  the  State 
of  Connecticut.  An  increasing  population,  varying 
land  uses,  and  a  large  number  of  individual  water 
utilities  combine  to  create  water  supply  manage- 
ment challenges.  The  State  of  Connecticut  is  ad- 
dressing the  issue  of  water  supply  management 
through  implementation  of  a  comprehensive  co- 
ordinated water  resource  planning  process.  The 
primary  purpose  of  this  study  is  the  coordinated 
planning  process  and  the  data  gathering  method- 
ologies utilized  by  the  participants.  The  type  of 
planning  program  being  implemented  in  Connecti- 
cut is  based  on  principles  used  in  a  similar  program 
conducted  in  Washington  state.  Connecticut  has 
tailored  the  program  to  fit  its  particular  situation, 
and  currently  is  2  years  into  the  process.  The 
residents  and  water  suppliers  of  Connecticut  stand 
to  benefit  from  this  ongoing  effort  to  better 
manage  the  state's  water  resources.  This  planning 
process  is  intended  to  guide  the  actions  of  individ- 


ual, regional  and  state  officials  in  making  water 
resource  decisions.  The  wise  management  of  water 
resources  will  ensure  the  success  of  continuing 
economic  and  individual  development  within  the 
state.  (See  also  W9 1-041 61)  (Author's  abstract) 
W91-04196 


WATER   DISTRIBUTION   SYSTEMS    ANALY- 
SIS: SPECIFIC  CONSIDERATIONS. 

Montgomery   (James   M.)   Consulting   Engineers, 

Inc.,  Pasadena,  CA. 

For   primary   bibliographic   entry   see   Field   6D. 

W91-04199 


WELL   FIELD    MANAGEMENT    FOR    OPER- 
ATIONAL EFFICIENCY. 

Texas  Tech  Univ.,  Lubbock. 

For  primary  bibliographic  entry  see  Field  4B. 

W9 1-04200 


SYSTEM  ANALYSIS  APPROACH  TO  WATER 
RESOURCES  MANAGEMENT. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
J.  Y.  Yang. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  415-424,  1  fig,  2  ref. 

Descriptors:  'Systems  analysis,  'Water  quality, 
•Water  resources  management,  'Water  reuse, 
•Water  use  data,  Water  demand,  Water  supply, 
Water  treatment,  Water  use. 

Consideration  in  water  resources  management 
should  include  both  water  supply  and  water  qual- 
ity along  with  the  economic  constraints.  System 
analysis  techniques  provide  a  useful  tool  for  the 
quantification  and  predictive  analysis  for  areas 
where  demands  for  good  quality  water  are  grow- 
ing. Applications  of  operations  research  techniques 
have  been  developed  for  defining  and  evaluating 
alternative  designs  for  water  reclamation  and  reuse 
systems  that  meet  a  variety  of  water  quality  and 
quantity  requirements  of  industrial  and  municipal 
users.  To  determine  the  feasibility  of  a  water  recla- 
mation and  reuse  system,  the  water  quantity  and 
quality  requirements  for  each  potential  use  must  be 
estimated.  The  degree  of  treatment  required  of  a 
renovation  process  will  be  determined  by  the  spe- 
cific intended  reuse.  These  water  quality  require- 
ments can  differ  greatly  from  one  use  to  another. 
Yet,  quantity  constraints  can  be  satisfied  if  the 
amount  of  wastewater  available  for  reclamation 
can  be  reclaimed  economically  and  demands  met. 
The  sensitivity  of  the  least  cost  solution  to  variable 
demands  for  industrial  water,  the  variation  of  bio- 
chemical oxygen  demand,  concentrations  in  influ- 
ent to  a  wastewater  treatment  plant,  and  the  vari- 
able nature  of  effluent  standards  for  the  receiving 
stream  are  all  factors  which  need  to  be  addressed. 
(See  also  W9 1-041 61)  (Author's  abstract) 
W9 1-04206 


USE  OF  DEPARTURE  ANALYSIS  IN   DECI- 
SION MAKING. 

National  Park  Service,  Fort  Collins,  CO.  Water 
Resources  Div. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-04209 


DROUGHT  DURATION  AND  FREQUENCY  IN 
THE  NORTH-CENTRAL  GREAT  BASIN,  1600- 
1982,  AND  IMPLICATIONS  FOR  WATER 
SUPPLY. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-04212 


USE    OF   BASE-FLOW    DATA    TO    MANAGE 
WATER  USE  DURING  A  DROUGHT. 

Geological  Survey,  Oklahoma  City,  OK.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  2E. 

W91-04213 
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VIRGIN  RIVER:  PLANNING  FOR  DEVELOP- 
MENT WHILE  MEETING  FLOW  REQUIRE- 
MENTS FOR  ENDANGERED  SPECIES. 

Utah  Dept.  of  Natural  Resources,  Salt  Lake  City. 

Div.  of  Water  Resources. 

For  primary   bibliographic   entry  see  Field   6D. 

W91-04217 


CONSERVING  WATER  RESOURCES 

THROUGH      INTEGRATED      POWERPLANT 
WATER  MANAGEMENT. 

San  Juan  Generating  Station,  Waterflow,  NM. 
For  primary  bibliographic  entry  see  Field  3E. 
W9 1-04222 


PLANNING  FOR  USE  OF  UNCONVENTION- 
AL WATER  SOURCES. 

Electric  Power  Research  Inst.,   Palo  Alto,  CA. 
Planning  and  Evaluation  Div. 
For  primary  bibliographic  entry  see  Field  3E. 
W9 1-04223 


CONSUMPTIVE    USE    ESTIMATES    IN    RE- 
GIONAL POLICY  RESEARCH. 

Economic    Research    Service,    Washington,    DC. 
Soil  and  Water  Branch. 

For  primary   bibliographic   entry   see   Field   6D. 
W9 1-04228 


WATERSHED  MODELING  FOR  WATER  RE- 
SOURCES MANAGEMENT. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
J.  Y.  Yang. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  723-732,  2  fig,  5  ref. 

Descriptors:  *Model  studies,  *Planning,  'Water 
resources  development,  'Water  resources  manage- 
ment, 'Water  use,  'Water  use  data,  'Watersheds, 
Competing  use,  Data  interpretation,  Forecasting, 
Groundwater,  Hydrologic  budget,  Land  use,  Okla- 
homa, Simulation  analysis,  Streamflow. 

A  watershed  simulation  model  was  developed  for 
water  resources  management  in  northwestern 
Oklahoma  based  on  conservative  practices  and 
water  use  data.  The  model  is  a  physically-based 
simulation  model  designed  to  evaluate  the  causes 
of  decreasing  stream  flow  in  the  study  area  and  to 
estimate  future  watershed  yields  under  the  impacts 
of  man's  activities.  These  activities  include: 
groundwater  pumping,  streamflow  diversion,  stock 
pond  development,  and  land  management  activities 
such  as  conservation  measures.  The  model  can  be 
calibrated  against  different  watersheds  with  vari- 
ous climatic  and  hydrological  conditions  and  wa- 
tershed characteristics.  From  daily  rainfall,  the 
model  calculates  direct  runoff,  infiltration,  soil 
water  content,  river  channel  loss,  streamflow  de- 
pletion by  pumping,  pumping  from  groundwater 
storage,  and  total  watershed  outflow.  Estimates  of 
monthly,  annual,  and  long-term  average  annual 
watershed  yields  were  demonstrated  for  the  North 
Canadian  River  basin.  (See  also  W91-04161)  (Au- 
thor's abstract) 
W9 1-04237 


PHOENIX  WATER  RESOURCE  PLAN-1987. 

Phoenix  City  Water  and  Wastewater  Dept.,  AZ. 
P.  Regli. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  815-824,  1  fig,  5  tab,  1  ref. 

Descriptors:  'Management  planning,  'Phoenix, 
•Water  demand,  *Water  resources  management, 
•Water  supply  development,  *Water  use  data, 
•Water  yield  improvement,  Arizona,  Drought  ef- 
fects, Water  conservation,  Water  supply. 

The  Phoenix  Water  Resource  Plan  (PWRP)  is  the 
official  water  resource  plan  for  the  City  of  Phoe- 
nix, Arizona.  It  covers  the  area  of  supply,  demand 
management,  and  supply  augmentation.  The  plan 
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also  addresses  the  issue  of  drought  management.  In 
severe  drought,  the  implementation  of  the  water 
conservation  plan,  along  with  the  development  of 
additional  resources,  is  essential  to  meet  forecasted 
demand  for  water.  Without  a  combination  of  new 
supplies  and  demand  management,  the  City  of 
Phoenix  cannot  meet  the  demand  for  water  and 
will  be  unable  to  deal  with  a  severe  drought  during 
the  next  century.  It  is  crucial  to  examine  both 
water  conservation  and  demand  augmentation  to 
determine  which  strategies  best  benefit  a  munici- 
pality. (See  also  W91-04161)  (Lantz-PTT) 
W9 1-04245 


DO  THE  RIGHT  THING. 

K.  M.  Strzepek,  and  S.  C.  Chapra. 

Civil   Engineering   (ASCE)  CEWRA9,   Vol.   60 

No.  1 1,  p  55-56,  November  1990. 

Descriptors:  'Computer  programs,  'Decision 
making,  •Environmental  policy,  'Expert  systems, 
•Water  resources  management,  Advanced  Deci- 
sion Support  Systems,  Bureau  of  Reclamation, 
CADSWES,  California,  Colorado  River,  Geo- 
graphic information  systems,  QUEST,  Runoff, 
Santa  Ana. 

At  the  Center  for  Advanced  Decision  Support  for 
Water  and  Environmental  Systems  (CADSWES), 
engineers  and  scientists  are  developing  software  to 
support  water  resources  and  environmental  deci- 
sion making.  These  advanced  decision  support  sys- 
tems (ADSS)  bring  high-resolution  graphics,  artifi- 
cial intelligence,  and  geographic  information  sys- 
tems (GIS)  together  on  a  common  hardware  plat- 
form, the  engineering  workstation.  Two  systems 
designed  by  CADSWES  already  are  having  an 
impact  on  governmental  planning  and  manage- 
ment. At  the  Santa  Ana  Watershed  Project  Au- 
thority (SAWPA)  in  California,  the  CADSWES 
developed  the  QUEST  (Quality  Evaluation 
System)  ADSS.  The  system  links  QUAL2E, 
EPA's  principal  stream  water  quality  model,  with 
pre-processors  and  post-processors.  The  QUEST 
ADSS  already  has  an  impact  on  the  planning  proc- 
ess at  SAWPA.  Analysts  can  quickly  examine 
many  alternatives,  permitting  them  to  develop  a 
more  comprehensive  grasp  of  the  impact  of  their 
decisions.  CADSWES  is  developing  a  multifaceted 
ADSS  to  automate  the  Bureau  of  Reclamation's 
24-month  study  of  Colorado  River  tributary  runoff 
on  engineering  workstations.  To  be  completed  in 
the  mid-1990s,  this  system  will  include  an  intelli- 
gent user  interface  for  the  existing  24-month 
model,  an  expert  system  based  on  the  knowledge 
of  the  current  master  engineers,  and  direct  soft- 
ware links  between  the  river  model  and  forecasting 
systems.  Initial  testing  indicates  that  substantial 
time  savings  are  being  realized.  (Rochester-PTT) 
W91-04409  ; 


REMARKS  ON  THE  APPLICATION  OF  A 
RISK-AVERSE  APPROACH  TO  THE  MAN- 
AGEMENT OF  'EL  CARRIZAL'  RESERVOIR. 

Brescia  Univ.  (Italy).  Dipt,  di  Automazione  Indus- 

triale. 

R.  Soncini-Sessa,  J.  Zuleta,  and  C.  Piccardi. 

Advances  in  Water  Resources  AWREDI,  Vol   13 

No.  2,  p  76-84,  1990.  4  fig,  g  ref. 

Descriptors:  'Argentina,  'Management  planning, 
•Mathematical  models,  'Model  studies,  'Multipur- 
pose reservoirs,  'Operating  policies,  'Planning, 
•Reservoir  operation,  *Reservoirs,  Irrigation 
water,  Reservoir  releases,  Reservoir  storage,  Risk- 
averse  approach,  Water  management,  Water 
supply. 

A  risk-averse  approach  for  deriving  management 
policies  for  a  multi-purpose  water  reservoir,  that 
was  first  applied  to  the  'El  Carrizal'  (Argentina) 
reservoir,  was  developed.  The  method  guarantees 
a  satisfactory  system  performance  even  for  ex- 
treme hydrological  events.  The  main  feature  is  its 
avoidance  of  stochastic  uncertainty  descriptions 
that  affect  future  inflows.  Instead,  the  resulting 
operating  policies  minimize  the  worst  failure  of  the 
system  in  response  to  any  inflow  series  obtained  by 
concatenating  in  any  order  the  one-year-long 
inflow  sequences  of  a  given  "reference  set.'  These 
sequences  are  considered  to  be  representative  of 


the  most  critical  conditions  for  the  system  The 
application  to  the  'El  Carrizal'  reservoir  showed 
that  the  choice  of  the  'extreme  events'  to  be  includ- 
ed in  the  'reference  set'  (i.e.  the  insertion  in  this  set 
of  extreme  sequences  with  very  low  probability  of 
occurrence)  may  produce  a  significant  decrease  of 
the  future  performances;  a  fact  that  is  typical  of 
any  risk-averse  approach.  Another  feature  of  these 
operating  policies  is  that  they  suggest,  in  general,  a 
whole  set  of  releases  instead  of  a  single  value.  The 
releases  of  this  set  are  all  equivalent  from  the  point 
of  view  of  the  satisfaction  of  the  objectives.  This 
introduces  some  flexibility  that  may  be  used  by  the 
manager  to  accommodate  secondary  objectives  not 
considered  in  the  formulation  of  the  problem.  (Au- 
thor's abstract) 
W9 1-04827 


DECISION  SUPPORT  FOR  BEST  MANAGE- 
MENT PRACTICE  SELECTION. 

Purdue  Univ.,  Lafayette,  IN.  Water  Resources  Re- 
search Center. 
B.  A.  Engel. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-1 11500/ 
AS.  Price  codes:  A03  in  paper  copy,  A03  in  micro- 
fiche. Technical  Report  No.  188,  June  1990  lip 
19  ref.  USGS  Contract  No.  14-08-O0Ol-G156l' 
USGS  Project  No.  G 156 1-02. 

Descriptors:  'Computers,  'Decision  models,  'Ero- 
sion control,  'Expert  systems,  'Soil  erosion,  Agri- 
culture, Conservation,  Hydrologic  models,  Land 
use,  Mathematical  models,  Rainfall-runoff  models, 
Sedimentation,  Systems  analysis,  Water  quality,' 
Watershed  management. 

Excessive  soil  erosion  is  a  concern  in  many  areas  of 
the  United  States  and  throughout  the  world.  De- 
termining the  severity  of  erosion  at  a  site  and  the 
appropriate  management  practices  to  reduce  the 
problem  requires  expertise.  A  knowledge  system 
(expert  system)  to  determine  the  severity  of  ero- 
sion due  to  water  and  to  suggest  best  management 
practices  (BMPs)  to  alleviate  erosion  problems  at  a 
site  was  developed.  A  hypertext  program  to  pro- 
vide additional  information  concerning  BMPs  was 
developed  to  be  used  with  the  BMP  selection 
knowledge  system  or  to  be  used  as  a  stand  alone 
information  system.  (USGS) 
W9 1-04905 
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WATER  DISTRIBUTION  IN  EL  PASO -MOD- 
ELING A  COMPLEX  SYSTEM. 

Camp,  Dresser  and  McKee,  Inc.,  Dallas,  TX. 
For  primary  bibliographic  entry  see  Field  5F. 
W91-04114 


SOCIALLY  OPTIMAL  AND  MARKET  UTILI- 
ZATION OF  GROUND-WATER  RESOURCES. 

National  Ecology  Center,  Fort  Collins,  CO. 
For  primary  bibliographic  entry  see  Field  4B. 
W91-04191 


WATER  TRANSFERS  IN  ARIZONA:  ASSESS- 
ING THE  ADVERSE  EFFECTS  ON  AREAS  OF 
ORIGIN. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 

Water  Resources. 

For   primary   bibliographic   entry   see   Field   6D. 

W91-04219 


RELIABDLITY  IN  MARKET  TRANSFERS  OF 
MUNICIPAL  WATER  SUPPLIES. 

Colorado  Coll.,  Colorado  Springs.  Dept.  of  Eco- 
nomics and  Business. 

For   primary   bibliographic   entry   see   Field   6D. 
W9 1-04220 


WATER  RESOURCES  AND  THE  ELECTRIC 
POWER  INDUSTRY:  AN  AUSTRALIAN  PER- 
SPECITVE. 

For  primary  bibliographic  entry  see  Field  3E. 
W9 1-04224 


FRAMEWORK  FOR  RESHAPING  WATER 
MANAGEMENT. 

Florida  Univ.,  Gainesville.  Coll.  of  Engineering. 
W.  Viessman. 

Environment  ENVTAR,  Vol.  32,  No.  4  p  10- 
15,33-35,  May  1990.  32  ref. 

Descriptors:  'Management  planning,  'Nonstructu- 
ral alternatives,  'Regulations,  'Water  manage- 
ment, 'Water  policy,  'Water  resources  manage- 
ment, Environmental  policy,  Institutional  con- 
straints, Natural  resources,  Policy  making,  Political 
aspects,  Resources  management,  United  States, 
Water  quality,  Water  resources. 

The  United  States  has  been  a  leader  in  designing 
and  applying  state-of-the-art  methods  to  identify, 
understand,  and  deal  with  an  array  of  water  man- 
agement issues;  however,  new,  more  sophisticated 
strategies  must  be  employed  to  meet  the  challenges 
of  the  future.  During  the  last  40  years,  there  have 
been  many  attempts  to  reshape  U.S.  water  policy. 
Today,  water  management  policies  no  longer  focus 
solely  on  development,  but  favor  nonstructural 
measures.  Issues  which  remain  for  which  new 
water  management  policies  are  urgently  needed 
include:  burgeoning  populations;  poverty;  daily 
deaths  of  children  from  water-borne  diseases;  de- 
struction of  forests,  wetlands,  and  croplands;  de- 
pletion of  natural  resources;  injurious  land  manage- 
ment practices;  solid  waste  disposal;  acid  precipita- 
tion effects;  contaminated  drinking  water;  ocean 
disposal;  offshore  development;  nonpoint-source 
pollution;  and  natural  disasters.  Furthermore,  an 
array  of  institutional  elements  that  impede  the 
design  and  implementation  of  water  policies  must 
be  dealt  with,  such  as  obsolete  laws  and  regula- 
tions, water  allocation  policies  that  breed  wasteful- 
ness, subsidies  that  encourage  inefficient  oper- 
ations, lack  of  funds,  and  incompetence.  The  U.S. 
needs  a  better  informed  and  educated  public;  mod- 
ernized institutions;  adequate  resources;  improved 
planning  and  forecasting  capabilities;  unified  land 
and  water  management  policies;  improved  under- 
standing and  handling  of  risk;  and  the  right  forums 
for  problem-solving.  If  the  people  elect  informed, 
dedicated  leaders,  demand  responsible  and  timely 
action,  and  work  at  overcoming  parochialism, 
there  is  hope  that  sufficient  good  water  can  be 
made  widely  available.  (Fish-PTT) 
W91-04555 


PROBING  THE  FUTURE  OF  THE  MEDITER- 
RANEAN BASIN. 

Mediterranean     Blue     Plan     Regional     Activity 
Centre,  Valbonne  (France). 

For   primary   bibliographic   entry   see   Field   5G 
W9 1-04556 


NATURAL  RESOURCE  ACCOUNTING  SYS- 
TEMS AND  ENVIRONMENTAL  POLICY 
MODELING. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Economics. 

R.  Cabe,  and  S.  R.  Johnson. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.   45,   No.   5,   p   533-539,   September/October 

1990.  1  fig,  4  tab,  12  ref. 

Descriptors:  'Accounting,  'Environmental  policy, 
•Land  management,  'Model  studies,  'Natural  re- 
sources, 'Resources  management,  Agriculture, 
Appraisals,  Conservation,  Economic  evaluation, 
Gross  national  product,  Nonstructural  alternatives. 

The  idea  implicit  in  the  phrase  'natural  resource 
accounting  systems'  is  to  combine  national  income 
and  product  accounting  (NIPA)  concepts  with  the 
analysis  of  natural  resource  and  environmental 
issues,  either  by  applying  NIPA  concepts  to  the 
analysis  of  public  policy  questions  involving  non- 
market  environmental  goods  or  exhaustible  natural 
resources,  or  by  including  magnitudes  related  to 
these  aspects  of  economic  activity  in  national 
income  aggregates.  Both  approaches  are  applicable 
to  the  natural  resource  appraisal  conducted  by  the 
U.S.  Department  of  Agriculture  (USDA)  under 
the  Soil  and  Water  Resources  Conservation  Act  of 
1977  (RCA),  directing  the  Secretary  of  Agricul- 
ture to  periodically  collect,  analyze,  and  report 
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data  in  a  way  that  amounts  to  natural  resources 
accounting,  or  appraisal,  for  the  agriculture  sector. 
The  second  (most  recent)  RCA  appraisal  touched 
on  a  number  of  economic  effects-such  as  land  use, 
onsite  effects  of  erosion  and  runoff,  salinization, 
degradation  of  rangeland,  availability  of  irrigation 
water,  flood  damage,  ozone  and  acid  deposition, 
groundwater  pollution,  wildlife  habitat,  and  wet- 
land preservation-but  did  not  attempt  to  place  a 
dollar  measure  on  a  majority  of  the  analysis  ele- 
ments. A  new  framework  has  been  developed  with 
additions  to  extend  the  accounts  to  incorporate 
effects  treated  in  the  second  RCA  appraisal.  Three 
important  distinctions  are  necessary  to  accomplish 
the  extension:  (1)  the  distinction  between  effects  on 
assets  and  effects  on  current  flows;  (2)  the  distinc- 
tion of  effects  that  enter  the  cost  functions  of 
businesses  from  effects  that  impinge  directly  on 
household  welfare;  and  (3)  the  two-way  classifica- 
tion of  nonmarket  effects  according  to  sector  of 
origin  (agricultural  or  other)  and  sector  of  impact. 
(Fish-PTT) 
W9 1-04563 


ECONOMIC  TOOL  FOR  REUSE  PLANNING. 

Milliken  Chapman  Research  Group,  Inc.,  Little- 
ton, CO. 

For  primary  bibliographic  entry  see  Field   5D. 
W9 1-04823 

6C.  Cost  Allocation,  Cost  Sharing, 
Pricing/Repayment 


COMMODITY  PRICES,  DEMAND  CHARGES, 
IMPACT  FEES  AND  WATER  SERVICES. 

Georgia  Univ.,  Athens.  Inst,  of  Natural  Resources. 
J.  Sellers,  and  R.  M.  North. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  143-150,  47  ref. 

Descriptors:  'Pricing,  'Water  demand,  *Water  re- 
sources management,  *  Water  use,  *  Water  use  data, 
Economic  aspects,  Financing,  Infrastructure,  Lit- 
erature review,  User  charges,  Water  resources  de- 
velopment, Water  supply. 

Water  pricing  and  infrastructure  funding  have 
changed  in  scope,  source  and  effect  since  the  early 
1960s.  Little  attention  has  been  given  to  public 
water  pricing  structures  that  were  designed  to:  (1) 
generate  predetermined  amounts  of  revenue;  (2) 
limit  subdivision  development;  (3)  limit  water  use; 
and  (4)  provide  profits  for  public  vendors.  Studies 
suggest  that  many  public  water  suppliers  engage  in 
pricing  to  provide  market  rates  of  returns  on  cap- 
ital. Over  the  last  decade,  public  water  systems 
have  adopted  capital  budgeting  approaches  that 
lead  to  requirements  for  developer  financing  of 
growth  in  water  services,  and  of  impact  fees  for 
developing  a  new  supply  infrastructure.  These  new 
pricing  structures  produce  very  different  results  in 
terms  of  traditional  economic  theories  of  efficient 
pricing,  efficient  resource  allocation,  and  economic 
equity.  (See  also  W91-04161)  (Lantz-PTT) 
W91-04177 


PRICE  AND  INCOME  ELASTICITD2S  IN  THE 
ANALYSIS  OF  WATER  DEMANDS  FOR  THE 
CITY  OF  HAYS,  KANSAS. 

Missouri  Univ.-Rolla.  Dept.  of  Economics. 
R.  Bryant,  and  S.  M.  Tillman. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  151-158,  2  tab,  10  ref. 

Descriptors:  *Economic  aspects,  'Financing,  'Mu- 
nicipal water,  *Water  demand,  *Water  use,  'Water 
use  data,  Consumptive  use,  Hay,  Kansas,  Model 
studies,  Pricing,  Water  supply. 

The  City  of  Hays,  is  located  in  the  west  central 
region  of  Kansas  along  Big  Creek  in  the  center  of 
Ellis  County,  Kansas.  An  examination  of  the  ef- 
fects of  price  and  income  elasticities  on  the 
demand  for  water  in  Hays,  was  necessary  to  meet 
the  increasing  population  of  the  city.  Elasticity  is 


defined  as  the  percent  change  in  the  dependent 
variable  divided  by  the  percent  change  in  the 
independent  variable  on  water  demand.  Several 
models  were  developed  which  would  provide  in- 
formation on  income  and  price  elasticities  express- 
ing the  relative  effects  of  these  variables  on  the 
quantity  of  water  demanded.  The  variables  chosen 
were  derived  from  the  literature,  and  include: 
median  family  income,  price  of  water,  annual  rain- 
fall and  temperatures,  size  of  family,  residents  per 
housing  unit,  and  population.  The  data  for  the 
model  consisted  of  time  series  data  collected  from 
the  period  1951-1985.  Based  on  the  developed 
models,  it  is  apparent  from  the  income  elasticities, 
that  as  income  increases,  water  demand  will  in- 
crease. For  example,  one  of  the  models  presented 
indicates  that  a  1%  change  increase  in  income  will 
lead  to  an  increase  of  0.76%  in  water  consumption. 
(See  also  W91-04161)  (Lantz-PTT) 
W91-04178 


MEASURING  THE  PUBLIC'S  PERCEPTION 
OF  WATER  RESOURCES  USING  THE  CON- 
TINGENT VALUATION  METHOD. 

New  Hampshire  Dept.  of  Resources  and  Econom- 
ic Development,  Concord. 
For  primary  bibliographic  entry  see  Field  6A. 
W91-04179 


EFFECTS  OF  A  PUMPING  TAX  ON  GROUND 
WATER  DEMAND  BY  IRRIGATORS. 

Economic  Research  Service,  Washington,  DC. 
Soil  and  Water  Branch. 
C.  W.  Ogg,  N.  R.  Gollehon,  and  D.  H.  Negri. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  171-177,  2  tab. 

Descriptors:  *Groundwater  irrigation,  ♦Ground- 
water resources,  *New  Mexico,  *Pumping, 
•Taxes,  *Water  conservation,  *Water  demand, 
♦Water  use  data,  Groundwater  management,  Irri- 
gation, Irrigation  practices,  Nebraska,  User  fees, 
Water  use. 

State  policies  for  conserving  groundwater  for  irri- 
gation generally  employ  permits  for  quotas  rather 
than  pumping  taxes.  There  has  been  some  uncer- 
tainty about  the  reduction  in  water  use  forthcom- 
ing from  the  imposition  of  a  tax.  Present  water 
demand  analysis  using  water  use  and  pumping  cost 
data  from  1,927  farms  sampled  by  the  Farm  and 
Ranch  Irrigation  Survey,  found  only  modest  water 
savings  per  acre  from  the  imposition  of  a  pumping 
tax.  This  lack  of  responsiveness  held  true  for  both 
Nebraska,  a  state  that  only  partially  depends  on 
irrigation,  and  for  New  Mexico,  where  farmers 
depend  more  heavily  on  irrigation.  The  lack  of 
water  conservation  can  be  partly  attributed  to  the 
relative  unresponsiveness  of  adoption  of  water 
saving  technologies,  such  as  sprinkler  irrigation,  to 
the  cost  of  water.  (See  also  W9 1-04 161)  (Author's 
abstract) 
W91-04180 


COSTS  OF  WASTEWATER  USE  IN  THE 
TUCSON  BASIN. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 
Water  Resources. 
A.  L.  Lieuwen. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  307-316,  1  fig,  3  tab,  1 1  ref. 

Descriptors:  •Costs,  *Tucson  Basin,  'Wastewater 
utilization,  *Water  conservation,  'Water  reuse, 
•Water  use  data,  Cost-benefit  analysis,  Economic 
aspects,  Groundwater  resources,  Public  policy, 
Water  quality,  Water  resources  management, 
Water  supply,  Water  use. 

In  the  Tucson  Basin  of  Southern  Arizona, 
wastewater  use  is  critical  for  successful  compliance 
with  the  1980  Arizona  Groundwater  Management 
Act,  which  mandates  the  gradual  decrease  and 
eventual  elimination  of  groundwater  overdraft.  In 
accordance  with  Tucson's  wastewater  use  policies, 
the  municipal  water  utility  plans  to  serve  an  in- 
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creasing  number  of  golf  courses  and  other  nonresi- 
dential water  users  with  tertiary-treated 
wastewater  (reclaimed  water).  Evaluation  of  the 
cost  of  Tucson's  reclaimed  water  system  indicates 
that  it  will  be  difficult  for  the  utility  to  persuade 
self-supplied  groundwater  users  to  switch  to  re- 
claimed water  if  the  utility  prices  this  water  ac- 
cording to  cost  of  service.  Comparisons  of  the 
current  (1987)  cost  of  providing  reclaimed  water 
with  the  current  cost  of  pumping  local  groundwat- 
er indicates  most  self-supplied  groundwater  users 
have  no  economic  incentive  to  switch  to  reclaimed 
water.  Policies  and  institutions  that  shape  Tucson's 
present  approach  to  wastewater  use  preclude  more 
flexible,  and  perhaps  more  economically  efficient 
approaches  to  conserving  potable  groundwater  by 
matching  water  quality  with  the  quality  needs  of 
the  intended  use.  (See  also  W9 1-04 161)  (Author's 
abstract) 
W91-04195 


ECONOMICS  OF  REDUCING  COLORADO  SA- 
LINITY THROUGH  PUBLIC  LAND  WATER- 
SHED PROJECTS. 

Bureau  of  Land  Management,  Washington,  DC. 
Soil,  Water  and  Air  Branch. 
D.  Waite,  and  D.  Muller. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  327-335,  1  fig,  16  ref. 

Descriptors:  'Colorado  River  Basin,  'Economic 
aspects,  'Public  lands,  'Salinity,  'Water  quality 
management,  'Water  use  data,  Cost-benefit  analy- 
sis, Resources  management. 

Land  administered  by  the  Bureau  of  Land  Manage- 
ment (BLM)  comprises  about  40%  of  the  total  area 
of  the  Colorado  River  basin.  Runoff  from  these 
lands  contributes  a  significant  amount  of  salt  to  the 
Colorado  River  system,  and  thus,  reduce  its  useful- 
ness for  municipal,  agricultural,  and  industrial  pur- 
poses. Federal  funds  to  control  salt  from  public 
lands,  as  well  as  the  many  other  public  and  private 
point  and  nonpoint  sources,  are  becoming  increas- 
ingly limited.  Salinity  control  projects  present  spe- 
cial data  collection  and  analysis  challenges  for  the 
BLM  because  of  the  immense  size  and  diversity  of 
public  land  watersheds.  Not  only  is  it  a  challenge 
to  evaluate  and  quantify  the  amount  of  surface 
runoff  and  sedimentation,  and  to  develop  relation- 
ships that  show  the  amount  of  salt  these  mecha- 
nisms transport  'without'  these  projects,  but  the 
effects  'with'  the  project  must  also  be  quantified. 
Holistic  watershed  planning  and  economic  analy- 
ses, as  discussed  in  this  paper,  are  the  key  to 
establishing  the  proper  funding  for,  and  manage- 
ment of,  public  rangelands  in  reducing  Colorado 
River  salinity.  (See  also  W91-04161)  (Lantz-PTT) 
W91-04197 


ROLE  OF  GOVERNMENT  AGENCIES  IN  THE 
FINANCING  OF  WATER  SUPPLY  SYSTEMS. 

Minnesota  Univ.,  Duluth. 

For  primary  bibliographic  entry  see  Field  6E. 

W9 1-04207 


ECONOMICS  OF  METER  TESTING/CALI- 
BRATION. 

Moore  and  Kling,  Inc.,  Northborough,  MA. 
A.  A.  Betteridge. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  1,  p  35-42,  March 
1990. 

Descriptors:  'Cost  analysis,  'Economic  evaluation, 
•Hydraulic  equipment,  *Maintenance  costs, 
•Water  metering,  Calibrations,  Testing  procedures, 
Water  conveyance,  Water  management. 

The  economics  of  a  water  utility  can  be  practically 
described  as  the  fiscal  management  of  operational 
and  capital  expenditures  with  reference  to  the 
source(s)  of  revenue  to  meet  those  expenditure  and 
the  development  (and  conservation)  of  its  natural 
resource,  water.  Since  the  water  meter  is  a  primary 
accounting  source  in  every  water  utility,  a  meter 
testing  and  repair  program  is  important.  An  analy- 
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Group  6C— Cost  Allocation,  Cost  Sharing,  Pricing/Repayment 


sis  is  made  of  factors  involving  the  economics  of  a 
meter  testing  program  and  economics  of  a  meter 
repair/replacement  program.  Quantifiable  costs 
and  benefits  of  a  testing  program  include  cost-to- 
implement  figures  such  as  utility  or  company  con- 
ducted programs  and  projected  revenue  increase 
analysis.  In  the  case  of  a  repair/replacement  pro- 
gram, important  aspects  include  meter  evaluation 
criteria,  costing-the-job  (repair  and  replacement), 
and  comparison  of  repair  and  replacement  costs. 
Illustrations  of  case  after  case  of  financial  benefits 
that  far  outweigh  the  cost  of  appropriate  repair  can 
be  demonstrated.  However,  it  is  essential  to  arrive 
at  a  decision  to  repair  or  replace  a  meter  through 
careful  analysis  of  each  situation.  (VerNooy-PTT) 
W9 1-04372 


REGIONAL  COOPERATION  IN  THE  USE  OF 
IRRIGATION  WATER:  EFFICIENCY  AND 
INCOME  DISTRIBUTION. 

Hebrew   Univ.   of  Jerusalem,   Rehovoth   (Israel). 

Faculty  of  Agriculture. 

D.  Yaron,  and  A.  Ratner. 

Agricultural  Economics,  Vol.  4,  No.   1,  p  45-58, 

April  1990.  1  fig,  2  tab,  14  ref,  2  append. 

Descriptors:  'Cooperatives,  'Economic  aspects, 
•Income  distribution,  'Irrigation,  'Regional  devel- 
opment, 'Water  use,  Agriculture,  Cost  pricing, 
Mathematical  models,  Salinity,  Side  payments. 

An  analysis  of  the  economic  potential  of  regional 
cooperation  in  water  use  in  irrigation  under  condi- 
tions characterized  by  a  general  trend  of  increasing 
salinity.  Exchange  of  water  quotas  and  water  mo- 
bility among  farms  was  assumed.  Income  maximiz- 
ing solutions  for  the  region  are  derived  and  the 
related  income  distribution  schemes  are  solved  for, 
with  the  aid  of  cooperative  game  theory  algo- 
rithms and  shadow  cost  pricing.  Distinction  is 
made  between  distribution  policies  with  and  with- 
out side  payments,  and  the  application  of  the  alter- 
native models  to  a  quasi-empirical  case  shows  that 
the  regional  income  can  be  increased  by  17%  by 
means  of  cooperation  with  side  payments.  Howev- 
er, several  difficulties  are  involved  in  the  adoption 
of  policies  with  side  payments:  general  resentment 
of  farmers  to  adopt  side  payments  as  a  policy;  all 
schemes  of  allocation  of  the  cooperation  gains 
among  the  farms  lead  to  unsound  results.  Payments 
for  transfers  of  water  according  to  a  shadow  cost 
pricing  scheme  also  lead  to  apparently  unaccept- 
able results  because  water  is  subsidized  and  ra- 
tioned, with  its  shadow  price  being  considerably 
higher  than  the  price  paid  by  the  farmers  and 
farmers  may  benefit  from  the  rent  derived  from 
water  quotas,  unless  it  is  used  for  production.  The 
Nash-Harsanyi  approach  seems  to  be  the  most 
appropriate  for  the  conditions  studied.  (Brunone- 
PTT) 
W9 1-04436 


RISK-EFFICIENT  IRRIGATION  STRATEGIES 
FOR  WHEAT. 

Western  Australia  Univ.,  Nedlands.  Inst,  of  Agri- 
culture. 

For  primary  bibliographic  entry  see  Field  3F. 
W91-04437 


IMPACT  OF  INFORMATION  ON  ENVIRON- 
MENTAL COMMODITY  VALUATION  DECI- 
SIONS. 

Georgia  Univ.,  Athens.  Dept.  of  Agricultural  Eco- 
nomics. 

J.  C.  Bergstrom,  J.  R.  Stoll,  and  A.  Randall. 
American    Journal    of    Agricultural     Economics 
AJAEBA,  Vol.  72,  No.  3,  p  614-621,  August  1990. 
1  tab,  23  ref,  append. 

Descriptors:  'Economic  aspects,  'Environmental 
impact,  'Environmental  policy,  'Information, 
•Model  studies,  Mathematical  models,  Resource 
management,  Wetlands. 

Information  may  be  an  important  determinant  of 
perceived  values  that  consumers  place  upon  envi- 
ronmental commodities.  A  conceptual  model  is 
developed  which  provides  insight  into  how  infor- 
mation affects  willingness  to  pay  for  environmental 
commodities.  A  refutable  hypothesis  of  the  effects 


of  a  specific  information  (SI)  type  on  the  magni- 
tude of  willingness  to  pay  for  an  environmental 
commodity  is  tested.  The  hypothesis  is  tested  using 
a  contingent  valuation  method  experiment.  The 
theoretical  model  was  applied  to  develop  a  testable 
hypothesis  concerning  the  effect  of  SI  on  the  mag- 
nitude of  willingness  to  pay  (WTP)  for  wetlands 
protection.  This  hypothesis  was  tested  using  a  con- 
tingent valuation  field  survey  experiment.  Results 
indicate  that  information  affects  willingness  to  pay 
in  a  theoretically  plausible  manner.  The  results 
indicate  that  SI  increased  WTP  for  wetlands  pro- 
tection. This  information  effect  is  argued  not  to  be 
an  undesirable  bias.  SI  increased  the  completeness 
and  accuracy  of  wetlands  protection  valuations 
and  therefore  induced  a  desirable  information 
effect.  Trie  results  support  the  contention  that  in- 
formation is  important  for  accurate  environmental 
commodity  consumer  valuations.  The  results  may 
not  generalize  to  situations  where  additional  SI 
may  also  describe  consumption  services  of  at- 
tributes that  consumers  value  negatively.  A  more 
complete  understanding  of  the  effects  of  specific 
types  of  information  on  consumer  valuation  re- 
quires additional  research.  (Brunone-PTT) 
W9 1-04438 


EVALUATION  OF  A  SUBSURFACE  'POP-UP' 
SPRINKLER. 

Max  C.  Fleischmann  Coll.  of  Agriculture,  Reno. 

NV. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-04536 
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REDUCING  WATER  DEMAND  DURING 
DROUGHT  YEARS. 

East  Bay  Municipal  Utility  District,  Oakland,  CA. 
For  primary  bibliographic  entry  see  Field  3D. 
W9 1-03971 


CONSERVATION  IN  ARABIAN  GULF  COUN- 
TRIES. 

University  of  Petroleum  and  Minerals,  Dhahran 

(Saudi  Arabia). 

A.  A.  Akkad. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  5,  p  40-50,  May  1990,  3 

fig,  17  tab,  34  ref. 

Descriptors:  'Developing  countries,  'Persian  Gulf, 
•Water  conservation,  *Water  demand,  'Water  re- 
sources development,  'Water  resources  manage- 
ment, 'Water  use  efficiency,  Desalination,  Domes- 
tic water,  Groundwater  mining,  Irrigation  design, 
Public  participation,  Social  aspects,  Wastewater 
renovation,  Water  distribution,  Water  loss. 

In  the  Persian  Gulf  countries  of  Bahrain,  Kuwait, 
Oman,  Qatar,  Saudi  Arabia,  and  the  United  Arab 
Emirates,  demand  for  water  has  increased  dramati- 
cally as  a  result  of  rapid  development,  an  improved 
standard  of  living,  and  diversification  of  economic 
activity.  Countries  such  as  Saudi  Arabia,  Kuwait, 
Qatar,  and  Bahrain  are  using  nonrenewable  subsur- 
face water  resources  in  large  quantities,  causing 
groundwater  depletion  and  deterioration  in 
groundwater  quality.  Although  a  significant 
amount  of  renewable  groundwater  and  surface 
runoff  is  available  in  Oman,  the  United  Arab  Emir- 
ates, and  Saudi  Arabia,  these  resources  still  need  to 
be  properly  developed  in  an  integrated  context.  To 
meet  the  growing  demand  for  water,  other  alterna- 
tives such  as  wastewater  reclamation  and  desalina- 
tion are  being  developed.  Important  means  of  con- 
serving agricultural  water  resources  include 
covers,  linings,  and  automation  systems  to  reduce 
seepage  and  evaporation  losses  during  conveyance 
and  in  the  fields.  Substantial  reduction  in  agricul- 
tural water  demand  can  also  be  achieved  by  devel- 
oping means  to  reduce  transpiration  losses,  such  as 
(1)  breeding  plant  varieties  that  transpire  less,  (2) 
reducing  air  movement  by  using  windbreaks,  and 
(3)  applying  chemicals.  Residential  conservation 
can  by  accomplished  through  numerous  adminis- 
trative and  technical  means,  for  example:  (1)  water 
auditing  and  leak  detection;  (2)  encouragement  of 
public  awareness  of  the  scarcity  and  importance  of 


water;  (3)  physical  means  such  as  replacing  ineffi- 
cient toilets,  washing  machines,  and  shower  heads; 
and  (4)  economic  incentives  to  those  who  conserve 
and  enforcement  of  penalties  against  those  who 
waste  the  resources.  A  shift  in  societal  values  from 
a  development-oriented  to  a  conservation-oriented 
view  of  water  resources  is  occurring.  Conservation 
of  natural  resources  in  general,  and  water  re- 
sources in  particular,  is  a  principal  component  of 
Islamic  teaching;  the  most  important  and  effective 
way  to  make  the  public  aware  of  conservation 
from  an  Islamic  perspective  is  through  the  media 
and  the  educational  system.  (Doyle-PTT) 
W9 1-03973 


WATER-USE  DATA  FOR  WATER  RESOURCES 
MANAGEMENT. 

Proceedings  of  a  Symposium.  American  Water 
Resources  Association,  Bethesda,  Maryland.  1988. 
830p.  Edited  by  Marvin  Waterstone  and  R.  John 
Burt. 

Descriptors:  'Water  resources  data,  'Water  re- 
sources management,  'Water  use,  'Water  use  data, 
Conferences,  Data  acquisition,  Data  storage  and 
retrieval,  Databases,  Legal  aspects,  Remote  sens- 
ing, Simulation  analysis,  Surveys,  Symposium, 
Water  management. 

During  the  past  decade,  Federal  involvement  in 
water  supply  development  has  been  sharply  cur- 
tailed. The  efficient  and  equitable  distribution  of 
good  quality  water  at  a  reasonable  cost  is  a  de- 
manding task  even  under  favorable  conditions,  and 
it  is  a  difficult  challenge  where  water  supplies  are 
not  abundant,  where  populations  have  grown  rap- 
idly, or  where  various  water  use  interests  compete 
for  diminishing  supplies.  In  order  to  meet  this 
challenge,  water  managers  must  have  accurate, 
timely  data  on  water  supply,  demand,  and  quality. 
However,  not  only  is  this  information  sometimes 
difficult  to  obtain,  but  the  databases  are  constantly 
expanding  and  changing.  Water  managers  must 
have  the  means  to  interpret  and  apply  these  data. 
The  main  purpose  of  this  symposium  was  to  pro- 
vide an  opportunity  for  professionals  engaged  in 
the  many  and  varied  aspects  of  water  resources  to 
share  their  experience  and  knowledge  regarding 
water  use  data  for  water  resources  management. 
Papers  were  presented  from  a  variety  of  disciplines 
and  institutions,  from  diverse  locations,  and  from 
divergent  perspectives.  Included  in  the  list  of  those 
presenting  papers  are  hydrologists,  economists, 
lawyers,  water  managers,  biologists,  and  other  pro- 
fessionals from  about  40  states  and  four  foreign 
countries.  The  many  session  titles  reflect  the 
breadth  of  the  symposium.  In  addition  to  about  60 
presentations  in  a  poster  session,  the  symposium 
includes  an  oral  program  of  about  90  papers  on 
water  use  data  (both  national  and  state  surveys), 
supply  and  demand  management,  water  conserva- 
tion, institutional,  economic  and  legal  issues  in 
water  management,  remote  sensing  applications, 
database  management,  water  use  simulation,  and 
agricultural  and  drought  management  issues.  (See 
W9 1-04 162  thru  W9 1-04245)  (Lantz-PTT) 
W91-04161 


CANADA'S  NATIONAL  WATER-USE  ANALY- 
SIS PROGRAM. 

Inland  Waters  Directorate,  Ottawa  (Ontario). 
D.  M.  Tate. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  1-9,  3  fig,  15  ref. 

Descriptors:  'Canada,  'Project  planning,  'Water 
management,  'Water  use,  'Water  use  data,  Data 
acquisition,  Databases,  Forecasting,  Model  studies, 
Public  policy,  User  fees,  Water  demand,  Water 
resources  management,  Water  supply. 

The  development  of  Environment  Canada's  Na- 
tional Water-Use  Analysis  Program  is  outlined. 
Canada's  approach  to  water  management  has  tradi- 
tionally focused  on  the  manipulation  of  an  abun- 
dant water  supply  to  meet  perceived  needs.  These 
needs  have  been  viewed  as  requirements  rather 
than  demands  that  can  be  influenced  by  policy. 


166 


WATER  RESOURCES  PLANNING— Field  6 
Water  Demand — Group  6D 


Most  data  collection,  research  and  policy  attention 
had  been  concerned  with  supply,  followed  by 
water  quality.  With  the  onset  of  regional  water 
shortages,  several  international  management  prob- 
lems and  restrictions  on  the  availability  of  develop- 
ment capital,  water  use  has  come  to  be  viewed  as 
the  third  most  important  aspect  of  water  manage- 
ment. Water  use  interprets  and  integrates  trends 
and  conditions  in  water  supply  and  quality.  Data 
gathering,  research,  water  pricing,  modeling,  and 
water  demand  forecasting  are  examined  as  part  of  a 
water  use  analysis  program.  One  hallmark  of  the 
Canadian  program  is  its  focus  on  developing  the 
functional  aspects  of  the  data,  concurrently  with 
the  database  itself,  as  opposed  to  setting  up  a 
program  that  focuses  on  data  collection.  The  data- 
base aspect  of  the  program  is  still  under  develop- 
ment. (See  also  W9 1-04 161)  (Lantz-PTT) 
W91-04162 


COORDINATION  OF  FEDERAL  WATER-USE- 
DATA  COLLECTION  AND  DISSEMINATION. 

Geological  Survey,  Reston,  VA. 
D.  B.  Manigold,  and  S.  J.  Wentz. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  15-20,  3  tab,  8  ref. 

Descriptors:  'Data  acquisition,  'Data  storage  and 
retrieval,  *Federal  jurisdiction,  'Water  use, 
•Water  use  data,  Decision  making,  Handbooks, 
Information  exchange,  Interagency  cooperation. 

Federal  agencies  need  accurate  water  use  informa- 
tion to  conduct  their  planning,  policy  making,  sci- 
entific, and  regulatory  missions.  In  June  1984,  a 
Federal  interagency  subcommittee  was  formed  to 
coordinate  water  use  data  collection  activities  and 
to  prepare  recommended  methods  for  acquiring 
water  use  data.  The  subcommittee  includes  repre- 
sentatives from  the  Departments  of  Agriculture, 
Commerce,  Defense,  Housing  and  Urban  Develop- 
ment, and  Interior;  Tennessee  Valley  Authority; 
EPA;  International  Boundary  and  Water  Commis- 
sion, US  Section;  Federal  Emergency  Regulatory 
Commission;  and  the  International  Joint  Commis- 
sion. During  the  last  four  years,  member  agencies 
have  exchanged  information  on  their  water  use 
activities  for  offstream  and  instream  purposes.  An 
outline  for  the  recommended  methods,  which  ad- 
dresses needs  expressed  by  the  member  agencies 
has  been  prepared  and  some  draft  text  has  been 
completed.  The  subcommittee  plans  to  publish  the 
first  phase  of  their  recommendations  in  1989  as 
Chapter  1 1  of  the  National  Handbook  of  Recom- 
mended Methods  for  Water-Data  Acquisition.  (See 
also  W91-04161)  (Author's  abstract) 
W91-04163 


CASE  STUDY  IN  SURVEY  DEVELOPMENT: 
1988  FARM  AND  RANCH  IRRIGATION 
SURVEY. 

Bureau  of  the  Census,  Washington,  DC. 
D.  I.  Peterson. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  21-29. 

Descriptors:  'Agriculture,  'Case  studies,  'Irriga- 
tion practices,  'Surveys,  'Water  resources  man- 
agement, 'Water  use  data,  Data  acquisition,  Data 
storage  and  retrieval,  Error  analysis,  Irrigation 
programs. 

The  1988  Farm  and  Ranch  Irrigation  Survey  is 
being  conducted  to  supplement  basic  irrigation 
data  that  were  collected  from  all  farm  operators  in 
the  1987  Census  of  Agriculture.  The  survey  will 
enumerate  a  sample  of  irrigators  to  provide  de- 
tailed data  relating  to  on-farm  irrigation  practices 
without  burdening  all  of  the  farm  operators.  This  is 
the  third  survey  devoted  entirely  to  the  collection 
of  on-farm  irrigation  data  for  the  contiguous  US. 
Procedures  and  steps  used  in  the  design  of  the 
survey  instrument  for  collecting  data  from  the 
various  farm  operators  who  irrigate  their  acreage. 
Focus  is  placed  on  topics  such  as:  user  input, 
questionnaire  content  and  design,  development  of 
an  adequate  sampling  panel,  methods  and  proce- 


dures  for   identifying   and   correcting   respondent 
errors,  methods  of  editing  and  input,  and  relations 
to  other  sets  of  data.  (See  also  W9 1-04 161)  (Lantz- 
PTT) 
W91-04164 


TRENDS  IN  WATER  USE  IN  THE  UNITED 
STATES,  1950  TO  1985. 

Geological  Survey,  Reston,  VA. 
W.  B.  Solley,  and  R.  R.  Pierce. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a    Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  31-39,  6  fig,  7  ref. 

Descriptors:  'Groundwater  use,  'United  States, 
•Water  use,  'Water  use  data,  Competing  use,  Hy- 
droelectric power,  Industrial  water,  Irrigation, 
Municipal  water,  Water  demand,  Water  manage- 
ment, Water  supply. 

Water  use  estimates  compiled  by  the  US  Geologi- 
cal Survey  (USGS)  at  5  year  intervals  indicate  that 
total  freshwater  and  saline  water  withdrawals  in 
the  US  in  1985  were  399,000  mgd,  a  rate  more  than 
double  that  estimated  for  1950  and  10%  less  than 
that  estimated  for  1980.  Water  use  (self-supplied 
withdrawals  and  public  supply  deliveries)  in- 
creased from  1950-80;  however,  37  states  indicated 
less  water  use  during  1985  than  during  1980.  For 
most  water  use  categories,  the  rate  of  increase  in 
estimated  water  use  declined  from  1970  to  1975, 
and  from  1975  to  1980.  Withdrawals  for  thermo- 
electric power  generation  and  irrigation,  the  two 
largest  water  use  categories,  were  13%  and  6% 
respectively,  and  less  during  1985  than  during 
1980.  The  combined  total  for  industrial,  commer- 
cial, and  mining  water  use  during  1985  was  25% 
less  than  during  1980-the  lowest  combined  esti- 
mate for  these  categories  since  1950.  (See  also 
W9 1-04161)  (Author's  abstract) 
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WATER  SUPPLY  AND  USE  IN  THE  UNITED 
STATES-U.S.  GEOLOGICAL  SURVEY  NA- 
TIONAL WATER  SUMMARY  1987. 

Geological  Survey,  Reston,  VA. 
R.  W.  Paulson,  E.  B.  Chase,  and  J.  E.  Carr. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  41-49,  5  fig,  7  ref. 

Descriptors:  'Surveys,  'Water  demand,  'Water 
supply,  'Water  use,  'Water  use  data,  Databases, 
Water  management,  Water  resources  management, 
Water  sources. 

Water  use  estimates  have  been  compiled  by  the  US 
Geological  Survey  (USGS)  for  more  than  30 
years.  These  data  provide  a  source  of  hydrologic 
information  for  a  myriad  of  planning  and  oper- 
ational purposes  at  local,  State,  regional,  and  river 
basin  levels  throughout  the  Nation.  In  the  aggre- 
gate, these  data  and  other  hydrologic  data  provide 
a  basis  for  assessing  national  hydrologic  conditions. 
'National  Water  Summary  1987-Hydrological 
Events  and  Water  Supply  and  Use'  is  one  of  a 
series  of  USGS  publications  that,  in  a  State  by 
State  format,  assess  the  nation's  water  resources. 
The  summaries  provide  a  synopsis  of  the  current 
water  year  conditions  and  focus  on  different  hy- 
drologic themes  each  year.  Reports  published 
before  the  1987  volume  summarize  the  Nation's 
water  issues,  groundwater  quality  and  surface 
water  quality.  The  1987  summary  assesses  water 
supply  and  use;  each  state  summary  contains  de- 
scriptions of  the  history  of  development  of  water 
resources  in  the  State,  summarizes  the  source,  use, 
and  disposition  of  water,  and  mechanisms  in  the 
State  for  managing  water  use.  (See  also  W91- 
04161)  (Author's  abstract) 
W91-04166 


WATER-USE  REGISTRATION  AND  REPORT- 
ING IN  INDIANA. 

Indiana  State  Dept.  of  Natural  Resources,  Indian- 
apolis. Div.  of  Water. 
J.  J.  Hebenstreit. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 


ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  51-55,  1  tab. 

Descriptors:  'Data  acquisition,  'Indiana,  'Water 
use,  'Water  use  data,  'Water  use  regulations,  Data 
storage  and  retrieval,  Databases,  Groundwater  use, 
Water  metering. 

In  1983,  the  Indiana  General  Assembly  enacted 
Indiana  Code  1 3-2-6. 1  which  mandated  the  Indiana 
Department  of  Natural  Resources  to  conduct  an 
inventory  of  significant  users  of  water.  The  statute 
provides  that  the  owners  of  all  wells  or  surface 
intakes  which  have  the  capability  of  withdrawing 
100,000  gal  of  groundwater/d  or  surface  water/d 
must  register  with  the  Department  of  Natural  Re- 
sources. Registration  of  facilities  was  begun  in  mid- 
1984,  and  since  that  time,  approximately  2,600  fa- 
cilities consisting  of  4000  wells  and  1000  surface 
intakes,  have  been  registered.  The  department  has 
now  collected  water  use  data  for  1985  and  1986, 
and  a  summary  of  1986  water  use  data  has  been 
published.  Metering  of  withdrawals  is  not  required, 
and  a  number  of  estimating  techniques  (such  as 
time  of  operation  times  pump  capacity)  are  consid- 
ered acceptable  for  reporting  purposes.  The  water 
use  database  will  be  used  in  conjunction  with  an 
ongoing  statewide  program  to  assist  the  Depart- 
ment of  Natural  Resources  to  plan  for  the  develop- 
ment, conservation,  and  utilization  of  the  State's 
water  resource.  (See  also  W9 1-04161)  (Author's 
abstract) 
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WATER  USE  REPORTING  IN  KANSAS. 

Kansas  State  Board  of  Agriculture,  Topeka.  Div. 
of  Water  Resources. 
M.  J.  Stell,  and  W.  J.  Anderson. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  57-65,  1  fig,  3  tab. 

Descriptors:  'Kansas,  'Water  resources  manage- 
ment, 'Water  use,  'Water  use  data,  Data  storage 
and  retrieval,  Databases,  Monitoring,  Regulations, 
Water  management. 

Water  resource  use  within  the  State  of  Kansas  is 
monitored  by  means  of  an  annual  water  use  report 
program.  Kansas  law  requires  that,  in  order  to  use 
water,  except  for  domestic  purposes,  a  vested  or 
appropriation  right  must  be  obtained.  Both  types  of 
water  rights  require  the  upkeep  and  reporting  of 
water  use  data  annually,  which  is  maintained  in  the 
Kansas  Water  Right  Database.  The  procedure  used 
to  process  the  annual  water  use  data  is  outlined 
along  with  the  follow-up  procedure  for  those 
water  right  holders  not  reporting.  The  data  report- 
ed are  utilized  in  the  development  and  maintenance 
of  water  rights  as  well  as  for  water  management, 
regulation,  planning,  and  research  programs.  Com- 
plete and  accurate  water  use  facilitate  the  utiliza- 
tion of  water  while  protecting  the  resource  for  the 
future.  (See  also  W91-04161)  (Author's  abstract) 
W91-04168 


INSTREAM  FLOW  ANALYSIS  AND  MONI- 
TORING PROCEDURE  FOR  LnTLE  RIVER 
IN  EASTERN  TENNESSEE. 

Geological    Survey,    Memphis,    TN.    Water    Re- 
sources Div. 
S.  S.  Hutson. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  67-75,  5  fig,  2  tab,  8  ref. 

Descriptors:  'Flow  measurement,  'Instream  flow, 
•Little  River,  *Tennessee,  *  Water  resources  man- 
agement, 'Water  use  data,  Flow  duration,  Low 
flow,  Monitoring,  Pumping,  Seasonal  variation, 
Streamflow,  Water  demand,  Water  supply. 

Competing  demands  for  the  water  and  seasonal 
variation  in  the  flow  of  the  Little  River  in  Tennes- 
see require  a  warning  system  to  determine  when 
withdrawal  of  water  from  the  river  threatens 
aquatic  life  downstream  from  the  Maryville  and 
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the  Alcoa  water  facilities.  The  facilities  have  the 
combined  pumping  capacity  to  withdraw  46.4  cu 
ft/sec  of  water  from  Little  River.  The  3  day  20 
year  low  flow  computed  at  the  Maryville  gage  is 
46.9  cu  ft/sec.  Based  on  the  analysis  of  flow  dura- 
tion values  for  the  period  of  record  (1953-84), 
minimum  values  at  the  continuous-record  station 
near  Maryville  occurred  from  August  through  No- 
vember; the  lowest  values  occurred  in  October. 
October  minimum  values  equaled  or  exceeded  61.6 
cu  ft  90%  of  the  time.  At  the  partial  record  station 
near  Alcoa,  a  correlation  was  developed  using 
concurrent  measured  and  daily  discharges  at  the 
continuous-record  station  to  determine  low  flow 
frequency  and  duration  values.  The  estimated  3- 
day  20  year  low  flow  computed  for  the  Alcoa  gage 
is  52.3  cu  ft/s.  October  minimum  duration  values  at 
this  site  equaled  or  exceeded  68.9  cu  ft/sec  90%  of 
the  time.  A  procedure  for  monitoring  flow  down- 
stream from  the  gaging  stations  was  defined  and  a 
method  developed  to  decide  when  monitoring  is 
needed.  (See  also  W91-04161)  (Author's  abstract) 
W9 1-04 169 


CALIFORNIA  WATER-USE  GEOGRAPHIC  IN- 
FORMATION SYSTEM. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 
W.  E.  Templin. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  77-84,  3  fig,  1  tab,  6  ref. 

Descriptors:  *California,  *Geographic  information 
systems,  *Water  use,  *Water  use  data,  Computer 
programs,  Data  collections,  Data  storage  and  re- 
trieval, Databases,  Water  demand,  Water  resources 
data. 

Geographic  information  system  techniques  are 
being  used  to  develop,  analyze,  and  integrate 
water-use  and  related  information,  in  California. 
Objectives  of  the  USGS  State  water  use  informa- 
tion programs  address  the  need  for  both  state-wide 
and  site-specific  information  on  water  use  in  12 
nationally  determined  categories.  In  California,  the 
State  with  the  largest  water  use  in  the  nation,  the 
large  volume  of  water  used  and  the  large  number 
of  users  present  major  problems  in  meeting  these 
objectives.  The  development  of  a  site-specific  data- 
base of  water  use  information  covering  the  entire 
state  is  an  expensive  process,  requiring  significant 
time  and  computer  storage  space.  Until  a  site- 
specific  database  is  developed,  an  interim  solution 
is  to  use  geographic  information  system  techniques 
to  integrate  statewide  estimates  of  water  used  in 
each  county  and  hydrologic  unit  with  localized  site 
specific  data  from  various  sources.  Geographic 
information  system  techniques  can  then  be  used  to 
check  regional  estimates  of  site  specific  water  use 
data  to  insure  that  the  estimates  are  reasonable. 
The  combination  of  geographic  information  system 
tools  and  a  relational  database  also  allows  for  rapid 
update  of  data  and  permits  query  of  spatial  data  by 
user  defined  geographic  areas  to  support  other 
aspects  of  water  resources  modeling  and  forecast- 
ing. (See  also  W9 1-04161)  (Author's  abstract) 
W91-04170 


WATER  USE  IN  KENTUCKY,  1985,  WITH  EM- 
PHASIS ON  THE  KENTUCKY  RIVER  BASIN. 

Geological    Survey,    Louisville,    KY.    Water    Re- 
sources Div. 
C.  J.  Sholar. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  85-92,  3  fig,  5  ref. 

Descriptors:  'Kentucky,  'Kentucky  River  Basin, 
•Water  demand,  'Water  use,  'Water  use  data, 
Competing  use,  Consumptive  use,  Hydroelectric 
plants,  Industrial  water,  Instream  water  use,  Mu- 
nicipal water,  Surface  water,  Water  supply. 

Water  withdrawals  in  Kentucky  during  1985  aver- 
aged about  4,200  million  gallons/day  for  all  off- 
stream  uses.  Three  water  use  categories  (thermo- 
electric, public  supply,  and  industrial)  accounted 
for  about  96%  of  the  total  offstream  water  use. 


Instream  use  for  hydroelectric  power  generation 
averaged  91,000  million  gallons/day.  Data  collect- 
ed in  1985  supported  a  growing  concern  about 
potential  water  supply  shortages  in  the  Kentucky 
River  Basin.  This  basin  is  the  most  densely  popu- 
lated basin  in  the  state,  and  is  projected  to  be  the 
area  of  greatest  future  growth.  Total  withdrawals 
for  offstream  uses  in  the  Kentucky  River  basin 
exceeded  253  million  gallons/day  in  1985  and 
about  95%  of  that  amount  was  withdrawn  from 
the  Kentucky  River  and  its  tributaries.  More  than 
99%  of  the  public  water  supplies  in  the  Kentucky 
River  basin  utilized  surface  water  sources.  The 
average  surface  water  use  in  the  basin  in  1985 
exceeded  the  flow  near  the  mouth  of  the  Kentucky 
River  about  4%  of  the  time.  (See  also  W91-04161) 
(Author's  abstract) 
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INVENTORY  OF  INTERBASIN  WATER 
TRANSFERS  IN  MINNESOTA. 

Geological    Survey,    St.    Paul,    MN.    Water    Re- 
sources Div. 
L.  C.  Trotta. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  93-105,  4  fig,  2  tab,  13  ref. 

Descriptors:  'Interbasin  transfers,  'Minnesota, 
•Water  resources  management,  'Water  supply, 
'Water  transfer,  'Water  use  data,  History,  Water 
conveyance,  Water  demand,  Water  management. 

Water  is  exported  from  8  of  the  13  hydrologic 
subregions  in  Minnesota  examined  in  this  study 
using  57  conveyances.  These  conveyances  origi- 
nate in  16  counties  and  range  from  the  4  convey- 
ances exporting  <  0.01  mgd  to  an  export  of  3.45 
mgd  from  the  City  of  Edina's  sewer  system  con- 
veyance. Four  of  the  conveyances  account  for 
41%  of  the  exports  between  subregions.  The  total 
amount  of  water  exported  by  the  57  conveyances 
was  about  26.8  mgd  in  1985.  The  City  of  Hopkins 
public  supply  conveyance,  built  in  1880,  is  the 
oldest  conveyance.  Historical  trends  can  be  exam- 
ined by  applying  the  percentage  of  export  to  his- 
torical pumpage  totals  available  in  the  Minnesota 
Water  Use  Data  System.  The  history  of  interbasin 
transfer  in  the  drainage  ditch  category  gives  in- 
sight to  the  hydrologic  effects  of  large  transfers  of 
water  and  provides  information  needed  by  water 
system  managers  and  planners  in  developing  water 
budgets.  (See  also  W9 1-041 61)  (Lantz-PTT) 
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WATER  USE  ANALYSIS:  ARE  WATER  QUAL- 
ITY DATA  NEEDED. 

Inland  Waters  Directorate,  Ottawa  (Ontario). 
Water  Quality  Branch. 
A.  Demayo,  D.  M.  Tate,  and  H.  Vaughan. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  107-114,  3  fig,  13  ref. 

Descriptors:  'Data  interpretation,  'Water  quality, 
•Water  resources  management,  *Water  use, 
•Water  use  data,  Canada,  Consumptive  use,  Data 
acquisition,  Model  studies,  Projections,  Water 
demand,  Water  supply. 

In  Canada,  the  responsibility  for  water  resources  is 
divided  between  the  federal  and  the  provincial 
governments.  The  federal  government  has  been 
collecting  water  quantity  and  quality  data  for  more 
than  50  years.  The  collection  of  water  use  quantity 
data  was  commenced  by  Environment  Canada,  a 
federal  department,  in  the  early  1970s.  To  obtain  a 
complete  picture  of  water  use  and  water  availabil- 
ity, the  addition  of  water  use  quality  is  recom- 
mended. These  quality  data  are  essential  for  ana- 
lyzing current  water  uses  and  projecting  future 
uses.  A  simple  'mixing'  water  quality  model  com- 
bined with  a  'node'  water  quantity  model  has  been 
proposed.  Anticipated  difficulties  in  the  collection 
and  analysis  of  water  quality  data  include:  repre- 
sentativeness of  the  data;  data  aggregation;  aggre- 
gation of  data  on  the  time  scale;  selection  of  signifi- 
cant water  quality  variables;  water  quality  objec- 
tives; and  the  mixing  model.  (See  also  W91-04161) 
(Author's  abstract) 
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DATA  MANAGEMENT  TECHNIQUES  FOR 
SITE-SPECIFIC  WATERUSE  DATA  IN  AR- 
KANSAS. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 
N.  T.  Baker. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  115-121,  3  fig,  7  ref. 

Descriptors:  'Arkansas,  *Data  collections,  »Data 
storage  and  retrieval,  •Water  resources  data, 
•Water  use,  'Water  use  data,  Computer  programs, 
Selective  withdrawal,  Water  demand,  Wells. 

The  Arkansas  Soil  and  Water  Conservation  Com- 
mission, in  cooperation  with  the  US  Geological 
Survey,  annually  enters  water  use  data  for  about 
25,000  registered  wells  and  surface  water  with- 
drawals, into  Arkansas'  version  of  the  New  Site- 
Specific  Water-Use  Data-Management  System 
(NEWSWUDS).  To  increase  the  efficiency  of 
managing  large  quantities  of  water  use  data,  the 
Survey  has  developed  several  data  management 
techniques.  A  computer  program  designed  for  use 
with  the  Local  Applications  options  of  NEWS- 
WUDS was  developed  to  help  address  local  water 
use  data  management  needs.  Techniques  to  divide 
data  entry  among  local  Conservation  District  of- 
fices are  being  investigated.  Designing  the  registra- 
tion form  to  match  the  format  of  data  entry  rou- 
tines, designing  the  Local  Applications  options  of 
NEWSWUDS  to  be  a  user  friendly  environment 
for  data  entry  personnel,  dividing  the  task  of  data 
entry  among  local  Conservation  District  offices, 
and  employing  personnel  proficient  at  data  entry 
have  greatly  increased  the  efficiency  of  data  man- 
agement for  site  specific  water  use  data.  (See  also 
W91-04161)  (Lantz-PTT) 
W91-04174 


WATER-USE  DATA  AND  INFORMATION 
TRANSFER. 

Arizona  Water  Resources  Research  Center, 
Tucson. 

J.  Gelt,  R.  Jenson,  and  L.  Harris. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland 
1988.  p  123-132. 

Descriptors:  'Information  exchange,  'Information 
transfer,  'Water  resources  data,  'Water  use, 
'Water  use  data,  Public  access. 

To  maximize  its  usefulness,  water  use  data  must  be 
available  to  a  wide  and  varied  audience  made  up  of 
researchers,  managers,  biologists  and  other  water 
professionals.  Three  techniques  are  addressed  for 
communicating  water  use  data-publications,  con- 
ferences and  television-to  people  who  would  ben- 
efit from  the  information.  To  date,  the  water  con- 
ference has  been  the  most  successful  tool  to  in- 
crease name  recognition  and  support  within  the 
water  community.  Contacts  made  through  the 
water  conference  are  useful  to  individual  and 
agency  participants  in  dealing  with  water  issues  in 
other  arenas.  (See  also  W91-04161)  (Lantz-PTT) 
W91-04175 


WATER  USE  AND  METHODS  OF  DATA  AC- 
QUISITION IN  MICHIGAN. 

Geological  Survey,  Lansing,  MI.  Water  Resources 
Div. 

M.  J.  Sweat,  and  R.  L.  Van  Til. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a    Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  133-141,  3  fig,  1  tab,  13  ref. 

Descriptors:  'Consumptive  use,  'Data  acquisition, 
'Michigan,  'Water  use,  'Water  use  data.  Data 
collections,  Geographic  information  systems,  In- 
dustrial water,  Legislation,  Municipal  water,  Selec- 
tive withdrawal,  Water  demand,  Water  resources 
data,  Water  supply. 
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Principal  water  use  categories  in  Michigan  are: 
thermoelectric  power  generation,  self-supplied  in- 
dustry, public  supply,  and  irrigation.  Water  with- 
drawals for  these  categories  during  1985  were  esti- 
mated to  be  about  11,000  million  gallons/day;  con- 
sumptive water  losses  were  estimated  to  be  590 
million  gallons/day.  Systematic  collection  and 
analysis  of  water  use  data  in  Michigan  began  in 
1970.  From  1970-1986,  the  data  collection  efforts 
focused  on  compiling  and  analyzing  data  collected 
by  various  agencies,  on  statistical  surveys  of 
sample  populations,  and  on  projecting  current 
withdrawals  using  estimates  of  past  withdrawals. 
Legislation  was  introduced  in  Michigan  in  1987  to 
improve  data  collection  by  requiring  reports  on  all 
withdrawals  >  100,000  gallons/day:  (1)  thermo- 
electric power  generation;  (2)  self  supplied  indus- 
try; (3)  public  supply;  and  (4)  irrigation.  Four 
principal  water  use  categories  have  been  selected 
for  intensive  data  collection  during  the  next  ten 
years.  Future  data  acquisition  will  also  include  the 
application  of  a  geographic  information  system  to 
integrate  water  use  databases  and  analyze  water 
use.  These  data  will  be  obtained  through  coopera- 
tive studies  between  the  USGS,  the  Michigan  De- 
partment of  Natural  Resources,  and  local  govern- 
ment agencies.  These  efforts  are  expected  to  result 
in  an  improvement  of  the  water  use  database  in 
Michigan.  (See  also  W91-04161)  (Author's  ab- 
stract) 
W91-04176 


COMMODITY  PRICES,  DEMAND  CHARGES, 
IMPACT  FEES  AND  WATER  SERVICES. 

Georgia  Univ.,  Athens.  Inst,  of  Natural  Resources. 
For  primary  bibliographic  entry  see  Field  6C. 
W91-04177 


PRICE  AND  INCOME  ELASTICmES  IN  THE 
ANALYSIS  OF  WATER  DEMANDS  FOR  THE 
CITY  OF  HAYS,  KANSAS. 

Missouri  Univ.-Rolla.  Dept.  of  Economics. 
For  primary  bibliographic  entry  see  Field  6C. 
W91-04178 


EFFECTS  OF  A  PUMPING  TAX  ON  GROUND 
WATER  DEMAND  BY  IRRIGATORS. 

Economic   Research   Service,    Washington,    DC. 

Soil  and  Water  Branch. 

For  primary  bibliographic  entry  see  Field  6C. 

W91-04180 


AGGREGATED  WATER-USE  DATA  SYSTEM. 

Geological    Survey,   Doraville,   GA.   Water   Re- 
sources Div. 
H.  A.  Perlman. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  179-184,  1  fig,  1  ref. 

Descriptors:  *Aggregated  Water-Use  Data 
System,  *Data  storage  and  retrieval,  'Databases, 
•Water  use,  *Water  use  data,  Data  collections, 
Information  systems,  Water  resources  data. 

The  Aggregated  Water-Use  Data  System 
(AWUDS)  is  the  database  management  system  for 
aggregated  water  use  data  compiled  by  the  US 
Geological  Survey  (USGS).  AWUDS  was  de- 
signed to  store  data  for  118  characteristics  in  12 
categories  of  water  use.  Data  are  stored  by  county, 
water  resources  subregion,  and  water  resources 
cataloging  unit  for  each  State,  the  District  of  Co- 
lumbia, Puerto  Rico,  and  the  Virgin  Islands.  The 
files  can  be  compiled  into  national  files  aggregated 
by  state  and  water  resources  region.  AWUDS  was 
originally  designed  to  compile  the  1985  water  use 
data  for  publication  in  the  report  'Estimated  Use  of 
Water  in  the  US  in  1985'-one  of  a  series  of  USGS 
circulars  that  have  been  published  every  5  years 
since  1950.  The  system  has  since  been  revised  to 
allow  for  entry  of  water  use  data  for  other  years. 
AWUDS  allows  the  water  use  specialist  in  each 
state  and  in  the  national  office  to  obtain  various 
tabular  output  of  data,  as  well  as  certain  graphic 
output,  such  as  pie  diagrams  and  chloropleth  maps. 
The  tables  and  graphics  can  be  used  to  examine 
and  interpret  data  and  can  be  included  directly  in 


published  reports  and  in  presentations.  (See  also 

W9 1-041 61)  (Author's  abstract) 

W91-04181 


DBASE  III  PLUS,  YET  ANOTHER  DATA  BASE 
FOR  WATER-USE  DATA. 

Idaho  Dept.  of  Water  Resources,  Boise. 
H.  N.  Anderson. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  185-187. 

Descriptors:  *Data  storage  and  retrieval,  •Data- 
bases, *Water  use,  *Water  use  data,  Computer 
programs,  Computers,  Idaho,  Information  systems, 
Water  resources  data. 

A  current  trend  in  data  processing  is  toward  a 
diversified  structure  utilizing  networked  worksta- 
tions, stand  alone  personnel  computers,  or  both.  In 
response  to  changing  data  processing  philosophies, 
coupled  with  a  desire  to  improve  efficiency,  com- 
patibility and  site  specificity,  water  use  data  for 
Idaho  during  1986  was  developed  using  dBase  III 
Plus.  dBase  III  Plus  is  one  of  the  most  commonly 
used  database  managers  for  personal  computers 
and  a  large  number  of  State  and  Federal  agencies 
are  using  it,  including  the  Idaho  Department  of 
Water  Resources.  This  approach  provides  a  sub- 
stantial increase  in  efficiency  and  flexibility  com- 
pared to  previous  techniques.  (See  also  W91- 
04161)  (Author's  abstract) 
W91-04182 


U.S.  GEOLOGICAL  SURVEY'S  NEW  SITE-SPE- 
CIFIC WATER-USE  DATA  SYSTEM  (NEWS- 
WUDS). 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

J.  E.  Terry,  and  M.  L.  Fugate. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  189-194. 

Descriptors:  *Data  storage  and  retrieval,  •Data- 
bases, *New  Site-Specific  Water-Use  Data  System, 
•Water  resources  data,  *Water  use,  'Water  use 
data,  Data  collections,  Information  systems,  Water 
demand,  Water  quality,  Water  supply. 

The  US  Geological  Survey  (USGS)  collects, 
stores,  interprets,  and  disseminates  site  specific 
water  use  data  as  well  as  many  other  types  of 
water  resources  data  related  to  the  quantity  and 
quality  of  ground  and  surface  waters.  Some  of  the 
water  use  data  are  collected  by  USGS  personnel, 
however  much  of  it  is  collected  and  made  available 
through  cooperative  programs  with  other  Federal 
agencies,  State  agencies,  municipalities,  water  im- 
provement districts,  and  others.  The  USGS  has 
developed  and  maintains  an  operational  database 
system  called  New  Site  Specific  Water-Use  Data 
System  (NEWSWUDS).  The  system  supports  a 
multiuser,  multipurpose  environment,  a  batch/edit 
update  system,  a  tabular  format  and  a  sequential 
file  retrieval  subsystem,  a  nationally  supported  ap- 
plications subsystem,  a  local  applications  subsys- 
tem, and  a  maintenance  subsystem.  The  NEWS- 
WUDS is  entirely  'menu'  and  'shopping  list' 
driven.  There  is  interactive  documentation  avail- 
able and  interactive  help  is  supported  at  every 
level.  The  system  supports  movable  data  bases  and 
can  handle  from  1  to  99  multiple  databases.  (See 
also  W91-04161)  (Author's  abstract) 
W91-04183 


KNOWLEDGE-BASED  SYSTEMS  FOR  WATER 
RESOURCES  MANAGEMENT. 

South  Florida  Water  Management  District,  West 
Palm  Beach.  Dept.  of  Resource  Management. 
P.  D.  Scarlatos. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  195-201,  16  ref. 

Descriptors:  'Databases,  *Expert  systems,  'Water 
resources    data,    'Water    resources    management, 


•Water  use  data,  Artificial  intelligence,  Computer 
programs,  Data  acquisition,  Data  interpretation, 
Model  studies. 

Management  of  water  resource  systems  requires 
the  manipulation  of  a  variety  of  complex  and 
multi-discipline  data  and  information.  The  data  are 
usually  a  combination  of  alpha-numeric  as  well  as 
qualitative  data  such  as  empirical  rules,  facts,  be- 
liefs or  past  experiences.  Knowledge  based  systems 
can  be  efficiently  used  to  incorporate  these  types 
of  data.  In  addition  they  can  be  applied  for  data 
collection  and  processing,  user  friendly  declarative 
computer  modeling,  engineering  and  environmen- 
tal analysis,  design,  operation,  planning,  funding 
administration  and  legal  advise.  Combinations  of 
quantified  and  unquantified,  conditional  and  un- 
conditional propositions  can  capture  the  knowl- 
edge required  for  the  representation,  analysis  and 
management  of  water  resource  systems.  Intelligent 
decisions  and  conclusions  can  be  reached  through 
the  inference-engine  of  the  knowledge  based 
system.  A  prototype  knowledge  based  system  writ- 
ten in  Prolog  is  currently  being  applied  to  hydro- 
logic  data  analysis  and  management.  (See  also 
W91-04161)  (Author's  abstract) 
W91-04184 


SURFACE-WATER  CONTAINMENT  ROUTING 
USING  A  DIGITAL  STREAM  INFORMATION 
SYSTEM. 

Geological  Survey,  Portland,  OR. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04185 


USE  OF  GEOGRAPHIC  INFORMATION 
SYSTEM  FOR  REAGGREGATTNG  WATER- 
USE  DATA  FROM  COUNTIES  TO  HYDRO- 
LOGIC  UNITS. 

Geological  Survey,  Reston,  VA. 
K.  J.  Lanfear,  and  D.  S.  Knopman. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.   American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  217-222,  7  ref. 

Descriptors:  *Databases,  *Geographic  information 
systems,  *Water  resources  data,  *Water  use, 
•Water  use  data,  Computer  programs,  Consump- 
tive use,  Data  interpretation,  Information  systems, 
Maps,  Water  demand,  Water  supply. 

In  many  water  resource  studies,  it  is  necessary  to 
reaggregate  data  collected  on  a  county  basis  to 
hydrologic  units.  Because  county  boundaries 
rarely  are  identical  to  drainage  basin  divides,  surro- 
gate variables,  such  as  area  of  population,  com- 
monly are  used  to  weigh  and  distribute  hydrologic 
data.  A  geographic  information  system  was  used  to 
combine  data  bases  of  county  boundaries,  hydro- 
logic  unit  boundaries,  and  population  in  the  conter- 
minous United  States.  Subsequently,  conversion 
tables  that  list  the  percentage  of  each  county's  area 
or  population  within  each  hydrologic  unit  were 
produced  and  used  to  reaggregate  estimated  water 
use  during  1985  from  the  county  boundaries  to 
hydrologic  boundaries.  Substantial  differences  in 
the  estimated  water  use  within  hydrologic  units 
occur  when  reaggregation  based  on  area  is  com- 
pared to  reaggregation  based  on  population.  Re- 
sults also  indicate  that  reaggregation  techniques 
that  assign  aggregate  data  from  each  county  to  a 
single  hydrologic  unit  could  induce  serious  errors 
if  used  to  compute  values  for  hydrologic  variables. 
Digital  maps  of  counties  and  hydrologic  units  that 
have  greater  resolution  than  those  currently  avail- 
able will  not  significantly  improve  the  accuracy  of 
reaggregating  county  data  to  hydrologic  units. 
(See  also  W9 1-04161)  (Author's  abstract) 
W91-04186 


COLOR-GRAPHICS  BASED  WATER  DEMAND 
FORECASTING  MODEL. 

Utah  State  Univ.,  Logan.  Dept.  of  Civil  Engineer- 
ing. 

A.  B.  Bishop,  T.  C.  Hughes,  H.  H.  Fullerton,  R.  D. 
Hansen,  and  M.  D.  Su. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
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Field  6— WATER  RESOURCES  PLANNING 


Group  6D — Water  Demand 

Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  223-232,  6  fig,  1  tab,  4  ref. 

Descriptors:  'Forecasting,  'Graphical  methods, 
•Maps,  'Model  studies,  'Regional  planning, 
'Utah,  'Water  demand,  'Water  resources  manage- 
ment, 'Water  use  data,  Consumptive  use,  Econom- 
ic aspects,  Land  use.  Population  dynamics,  Salt 
Lake  Valley,  Social  aspects.  Water  resources  data, 
Water  use. 

A  water  demand  forecasting  model  has  been  devel- 
oped and  implemented  for  three  communities  in 
the  Salt  Lake  Valley  of  Utah.  The  computer 
graphics  model  uses  a  base  map  of  the  region 
which  is  overlayed  with  land  use,  zoning  and 
water  service  area  pressure  zones.  Water  demand 
sectors,  e.g.,  single  and  multi-family  residential, 
commercial,  industrial,  and  irrigation  are  modeled 
separately.  Demand  functions  are  statistically  esti- 
mated from  data  gathered  on  the  characteristics  of 
each  demand  sector,  historical  water  use,  and 
prices.  The  demand  functions  are  associated  with 
appropriate  land  use/water  demand  sectors  on  the 
geographic  overlays.  The  model  is  used  to  forecast 
water  demand  in  two  modes:  (1)  Using  population 
projections  and  economic  forecasts  for  the  commu- 
nities distributed  geographically  by  various  land 
use  categories;  and  (2)  Designated  changes  in  land 
use  or  zoning  to  accommodate  additional  develop- 
ment of  various  types.  In  addition,  exogenous  pa- 
rameters in  the  demand  function,  such  as  the  price 
of  water,  are  altered  to  evaluate  changes  in 
demand  in  response  to  changes  in  socioeconomic 
conditions.  Designed  as  a  user  interactive  model, 
planners  and  water  managers  can  evaluate  a  range 
of  scenarios  of  population  growth  and  economic 
development  for  the  communities.  (See  also  W91- 
04161)  (Author's  abstract) 
W91-04187 


GROUND-WATER       BANKING       IN       KERN 
COUNTY,  CALIFORNIA. 

Kern  County  Water  Agency,  Bakersfield,  CA. 
For  primary  bibliographic  entry  see  Field  4B. 
W91-04190 


WATER  CONSERVATION,  MYTH  OR  MAN- 
DATE, AN  ARID  SOUTHWEST  PERSPECTIVE. 

Las  Vegas  Valley  Water  District,  NV. 
T.  Katzer,  and  K.  Brothers. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  273-281,  4  fig,  1  tab,  7  ref. 

Descriptors:  'Groundwater  level,  'Groundwater 
mining,  'Water  conservation,  'Water  resources 
management,  'Water  use,  'Water  use  data, 
Aquifers,  Colorado  River,  Consumptive  use, 
Groundwater  resources,  Hydrologic  budget,  Las 
Vegas,  Nevada,  Semiarid  lands,  Subsidence. 

Water  use  data  for  Las  Vegas  Valley,  Clark 
County,  Nevada,  is  considered.  Overdrafting  the 
groundwater  system,  coupled  with  the  importation 
of  large  quantities  of  Colorado  River  water,  has 
produced  quasi-scientific  paradoxes.  As  the  water 
table  declines  in  the  deep,  principal  aquifer  on  the 
west  side  of  the  valley,  as  a  result  of  large  ground- 
water withdrawals  (causing  subsidence),  the  over- 
lying shallow  aquifer  poses  a  threat  in  two  ways: 
(1)  on  the  west  side  of  the  valley,  water  from  the 
shallow  aquifer  percolates  down  to  the  principal 
aquifer  as  secondary  recharge  and  degrades  the 
water  quality;  and  (2)  in  the  central  and  eastern 
parts  of  the  valley,  the  secondary  recharge  causes 
the  water  table  in  the  shallow  aquifer  to  rise  and 
become  a  geologic  hazard  when  the  water  table 
intersects  land  surface.  Recent  water  use  data  indi- 
cate a  total  water  use  of  about  350  gal/day/person. 
Immediate  implementation  of  conservation  meas- 
ures are  required  in  order  to  solve  hydrologic 
problems.  (See  also  W9 1-041 61)  (Lantz-PTT) 
W91-04192 


WATER  USE  IN  EIGHT  CENTRAL  PENNSYL- 
VANIA HOMES. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 


E.  M.  Seaker,  and  W.  E.  Sharpe. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  283-294,  5  tab,  36  ref.  EPA  Contract 
CR807 115-01. 

Descriptors:  'Domestic  water,  'Pennsylvania, 
•Water  use,  'Water  use  data,  Consumptive  use, 
Water  conservation,  Water  demand. 

The  water  use  of  eight  central  Pennsylvania  homes 
was  intensively  monitored  during  spring  and 
summer  1980  as  part  of  a  study  to  determine  the 
impact  of  water  conservation  devices  on  waste 
flow  volumes.  Key  water  using  features  and  appli- 
ances, outside  hose  bibbs  and  total  household 
water  use  were  monitored  for  a  28  day  period  in 
each  home.  Mean  daily  per  capita  water  use  for 
toilet  flushing,  showering  and  bathing  and  clothes 
washing  were  higher  than  literature  values;  and 
mean  per  capita  water  use  for  all  water  use  activi- 
ties combined  were  higher  than  that  for  any  study 
reporting  comparable  data.  As  expected,  outdoor 
water  use  for  homes  without  swimming  pools  was 
small  relative  to  other  uses.  Assessed  home  value 
was  strongly  correlated  with  water  use,  but  family 
size  was  not.  Water  use  did  not  appear  to  be 
affected  significantly  by  use  of  on-lot  sewage  dis- 
posal systems.  (See  also  W9 1-04161)  (Author's  ab- 
stract) 
W91-04193 


RESIDENTIAL  WATER  USE  STUDY  OF  LUB- 
BOCK, TEXAS. 

Texas  Tech  Univ.,  Lubbock.  Dept.  of  Civil  Engi- 
neering. 

B.  J.  Claborn,  K.  M.  Trauth,  R.  L.  West,  and  L.  V. 
Urban. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  295-306,  4  fig,  6  tab,  3  ref. 

Descriptors:  'Domestic  water,  'Lubbock,  'Texas, 
•Water  use,  'Water  use  data,  Consumptive  use, 
Forecasting,  Seasonal  variation,  Water  demand, 
Water  resources  management. 

Instantaneous  flow  rates  for  ten  single  family  resi- 
dences in  the  City  of  Lubbock,  Texas  were  collect- 
ed over  an  18  month  period.  The  three  highest  use 
rates  during  each  day  were  analyzed  in  an  effort  to 
determine  a  maximum  winter  use  rate  which  could 
be  related  to  socioeconomic  factors.  Patterns  of 
use  based  on  the  day  of  the  week  were  observed 
but  without  correlation  to  known  factors.  Use  rates 
were  also  compared  to  city  wide  use  rates  and  the 
conclusion  drawn  that  variability  between  individ- 
ual households  is  too  large  to  allow  projection  of 
use  based  on  small  samples.  (See  also  W91-04161) 
(Author's  abstract) 
W91-04194 


WATER  SUPPLY  MANAGEMENT  AND  PLAN- 
NING IN  THE  STATE  OF  CONNECTICUT. 

Whitman  and  Howard,  Inc.,  Wellesley,  MA. 
For  primary  bibliographic  entry  see  Field  6A. 
W91-04196 


WATER  DISTRIBUTION  SYSTEMS  ANALY- 
SIS: SPECIFIC  CONSIDERATIONS. 

Montgomery  (James  M.)  Consulting  Engineers, 
Inc.,  Pasadena,  CA. 

Z.  Panahi,  D.  W.  Ferguson,  and  D.  V.  Garcia. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a    Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  349-359,  3  tab,  7  ref. 

Descriptors:  'Planning,  'Water  conveyance, 
•Water  demand,  'Water  distribution,  'Water 
supply,  'Water  use,  'Water  use  data,  California, 
Computer  programs,  Model  studies,  Network 
design,  Riverside. 

A  general  approach  to  water  master  planning  is 
presented  with  an  emphasis  on  water  distribution 
systems  analysis.  A  review  is  made  of  water  de- 
mands, design  criteria,  model  preparation,  model 


calibration  and  water  distribution  system  analysis 
and  evaluation.  Based  on  the  preparation  of  a 
Water  Master  Plan  for  the  City  of  Riverside,  Cali- 
fornia, a  number  of  key  considerations  are  identi- 
fied. Computerized  billing  records,  detailed  water 
use  factors,  and  variable  peaking  factors  were  used 
to  analyze  and  forecast  the  City's  water  demands. 
C-value  flow  test  data  are  useful  in  establishing 
specific  C-values  for  a  particular  water  system. 
Model  calibration  helps  to  ensure  the  reliability  of 
the  water  demands  and  C-values  used  in  the  net- 
work model.  The  pressure,  head  loss,  velocity,  and 
reservoir  flow  data  generated  from  the  model  re- 
sults are  compared  to  established  design  criteria  to 
identify  distribution  system  deficiencies.  Recom- 
mendations as  a  result  of  the  City  of  Riverside 
Water  Master  Plan  include  13  reservoirs,  35  pump 
additions,  5  pressure  reducing  stations,  and  ap- 
proximately 31  miles  of  pipeline  improvements.  A 
12-year  capital  improvement  program  was  present- 
ed in  the  master  plan  in  order  to  prioritize  and 
phase  the  recommended  improvements.  (See  also 
W9 1-041 61)  (Lantz-PTT) 
W91-04199 


URBAN  NONRESIDENTIAL  WATER  USE  AND 
CONSERVATION. 

Southern   Illinois  Univ.   at  Carbondale.   Dept.  of 
Geography. 
B.  Dziegielewski. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  371-380,  2  fig,  3  tab,  14  ref. 

Descriptors:  'Consumptive  use,  'Industrial  water, 
•Municipal  water,  'Urban  areas,  'Water  use, 
•Water  use  data,  Population  dynamics,  Water  dis- 
tribution. 

Urban  nonresidential  users  of  water  may  account 
for  30-50%  of  water  distributed  by  public  systems. 
Because  the  data  on  water  requirements  by  differ- 
ent categories  of  nonresidential  users  are  limited, 
water  agencies  may  encounter  difficulties  in  fore- 
casting future  water  needs  or  in  assessing  the  po- 
tential for  water  conservation.  The  distribution  of 
water  use  among  major  classes  of  nonresidential 
users  was  examined  and  the  feasibility  of  develop- 
ing employee  use  rates  for  comparing  water  use 
between  similar  establishments  was  explored.  The 
findings  indicate  that  the  number  of  employees  and 
the  Standard  Industrial  Classification  of  an  estab- 
lishment are  important  determinants  of  water  use. 
Development  of  water  use  guidelines,  based  on 
employment  for  various  types  of  manufactures  and 
commercial  or  institutional  users  is  recommended 
for  improving  management  of  urban  water 
demand.  (See  also  W91-04161)  (Author's  abstract) 
W9 1-04201 


PROSPECTS  FOR  INNOVATION  IN  WATER 
INSTITUTIONS:  INFORMATIONAL  RE- 
QUIREMENTS. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Agricultural 
and  Applied  Economics. 
For  primary  bibliographic  entry  see  Field  6E. 
W9 1-04203 


GREAT  LAKES  REGIONAL  WATER-USE 
DATA  BASE--A  WATER-RESOURCES  MAN- 
AGEMENT TOOL. 

Geological  Survey,  Albany,  NY.  Water  Resources 
Div. 

D.  S.  Snavely. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  397-406,  3  fig,  2  tab,  7  ref. 

Descriptors:  *Databases,  'Great  Lakes,  'Water  re- 
sources data,  'Water  resources  management, 
'Water  use,  'Water  use  data,  Consumptive  use, 
Data  collections,  Data  storage  and  retrieval,  Inter- 
national commissions,  Selective  withdrawal,  Saint 
Lawrence  River  Basin,  Water  managements. 

The  Great  Lakes-St.  Lawrence  River  Basin  in- 
cludes parts  of  nine  states  and  two  Canadian  prov- 
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inces.  In  1985,  the  governors  and  premiers  signed 
the  Great  Lakes  Charter,  which  established  a 
broad  protection  strategy  to  manage  the  basin's 
water  resources.  Among  the  Charter's  mandates 
was  the  establishment  of  a  regional  water  use  data- 
base, which  was  designed  by  the  USGS  in  1986, 
and  is  housed  at  the  Great  Lake's  Commission  in 
Ann  Arbor,  Michigan.  The  database  stores  annual 
data  on  withdrawals,  consumptive  uses,  and  diver- 
sions in  each  state  and  province  by  water  use 
category,  source  and  sub-basin.  To  comply  with 
the  Charter,  the  states  and  provinces  must  be  able 
to:  (1)  collect  accurate  water  use  data  from  major 
facilities;  and  (2)  have  the  authority  to  regulate  or 
permit  consumptive  use  projects  and  diversions. 
The  data  obtained  under  the  first  provision  are 
stored  in  the  database.  Compliance  with  these  stip- 
ulations grants  the  states  and  provinces  the  right  to 
participate  in  joint  discussions  of  the  advisability  of 
allowing  the  construction  of  major  consumptive 
use  or  diversion  projects.  Data  from  the  database 
can  be  used  as  input  to  hydrologic  response  models 
to  assist  in  basinwide  water  resources  management. 
(See  also  W91-04161)  (Author's  abstract) 
W9 1-04204 


WATER  USE  DATA  REQUIREMENTS  AND 
SOURCES  FOR  APPRAISAL  OF  WATER 
RIGHTS  YIELDS. 

Rice  (Leonard)  Consulting  Water  Engineers,  Inc., 
Denver,  CO. 
G.  S.  Ten  Eyck. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  437-446,  2  fig,  5  ref. 

Descriptors:  *Water  resources  data,  'Water  rights, 
•Water  supply,  *Water  use,  'Water  use  data,  Ari- 
zona, Colorado,  History,  Indian  reservations,  Mar- 
keting, Water  demand,  Water  transfer,  Water 
yield. 

Interest  in  quantifying  or  appraising  the  yield  of  a 
water  right  has  increased  in  the  last  several  years 
as  a  result  of  the  increased  incidence  of  water 
rights  transfers.  Notable  examples  of  recent  water 
rights  marketing  have  included  'water  ranching'  by 
Arizona  municipalities,  the  continued  acquisition 
of  agricultural  water  rights  by  Colorado  Front- 
Range  municipalities,  and  the  proposed  marketing 
of  Indian  water  rights.  Implicit  in  the  water  rights 
marketing  concept  is  the  ability  to  document  the 
yield  of  a  water  right,  and  therefore  establish  a 
cost  per  acre-foot  of  the  water  right  being  market- 
ed for  transferal.  Comparing  the  yield  of  one  water 
right  to  the  yield  of  another  is  difficult;  methodolo- 
gies for  establishing  a  common  basis  of  comparison 
are  employed.  However,  they  are  obviously  data 
intensive.  A  description  is  provided  of  water  use 
data  requirements  for  an  evaluation  methodology 
which  has  been  used  in  several  states  and  under 
diverse  circumstances.  Data  needs  include:  (1)  data 
to  define  historic  use;  (2)  available  water  supply; 
(3)  estimation  of  actual  beneficial  use;  (4)  entitle- 
ment to  historic  use;  (5)  estimation  of  historic 
return  flows;  and  (6)  the  amount  that  is  transfera- 
ble. (See  also  W9 1-041 61)  (Lantz-PTT) 
W9 1-04208 


OPTIMAL  WATER  ALLOCATION  IN  THE 
LAKES  BASIN  OF  NICARAGUA. 

Centro  Agronomico  Tropical  de  Investigacion  y 
Ensenanza,  Turrialba  (Costa  Rica).  Integrated  Nat- 
ural Resources  Management  Program. 
C.  Gutierrez. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  465-477,  3  fig,  4  tab,  5  ref. 

Descriptors:  'Nicaragua,  'Water  allocation, 
•Water  demand,  *Water  resources  management, 
•Water  supply,  *Water  use  data,  Competing  use, 
Industrial  water,  Irrigation  water,  Lake  Manaqua, 
Lake  Nicaragua,  Social  aspects,  Water  transfer, 
Water  use. 

The  water  resources  of  Nicaragua  are  largely  un- 
developed and  distributed  unequally  throughout 
the  nation.  In  addition,  there  is  a  significant  geo- 


graphical imbalance  between  the  abundant  water 
supply  in  the  Atlantic  Basin,  and  the  less  abundant 
supply  in  the  Pacific  Basin,  which  accounts  for 
most  of  the  water  demand.  The  Lakes  Basin,  com- 
prised of  Lakes  Manaqua  and  Nicaragua,  could  be 
manipulated  to  solve  the  imbalance.  A  scheme  is 
presented  to  transfer  water  from  Lake  Nicaragua 
to  Lake  Managua  and,  subsequently,  direct  water 
from  each  lake  for  irrigation  and  hydroelectric 
generation.  The  scheme  has  been  designed  to  maxi- 
mize economic  benefits  and  minimize  environmen- 
tal impacts.  Application  of  the  scheme  would  re- 
quire: (1)  the  establishment  of  budget  constraints  of 
the  project;  (2)  definition  of  the  actual  require- 
ments of  irrigated  land  as  well  as  the  energy  needs 
of  the  country  during  the  planning  period;  (3)  an 
accounting  of  the  future  water  demands  in  the 
basin  for  domestic  and  industrial  uses;  and  (4)  an 
accounting  of  the  social  and  indirect  benefits  aris- 
ing from  recuperation  of  Lake  Managua.  (See  also 
W9 1-04161)  (Lantz-PTT) 
W91-042U 


USE  OF  BASE-FLOW  DATA  TO  MANAGE 
WATER  USE  DURING  A  DROUGHT. 

Geological  Survey,  Oklahoma  City,  OK.  Water 

Resources  Div. 

For  primary  bibliographic  entry  see  Field  2E. 

W91-04213 

RESOURCE  MANAGEMENT  TO  ACCOMMO- 
DATE MULTIPLE  USE  OF  STREAMFLOW  IN 
THE  RIO  CHAMA,  NEW  MEXICO. 

Bureau  of  Reclamation,  Albuquerque,  NM.  Water 
Accounting  and  Reservoir  Regulation  Branch. 
L.  P.  Walkoviak,  and  M.  A.  Hamman. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  517-522,  1  tab. 

Descriptors:  'Competing  use,  'Nonstructural  al- 
ternatives, 'Reservoir  operation,  'Rio  Chama, 
♦Water  resources  management,  'Water  use, 
'Water  use  data,  Abiquiu  Reservoir,  El  Vado  Res- 
ervoir, Irrigation  water,  Municipal  water,  New 
Mexico,  Recreation,  Streamflow,  Water  demand, 
Water  rights,  Water  supply. 

During  the  past  several  years,  innovative  water 
management  options  have  been  explored  and  im- 
plemented to  facilitate  multiple  water  uses  among 
municipal,  industrial  and  irrigation  water  users, 
white  water  rafters,  kayakers,  and  fish  and  wildlife 
interests  among  the  Rio  Chama  between  El  Vado 
and  Abiquiu  reservoirs  in  New  Mexico.  El  Vado 
Reservoir  is  operated  by  the  US  Bureau  of  Recla- 
mation. Water  from  the  Reclamation's  San  Juan- 
Chama  Project,  as  well  as  natural  streamflow,  are 
the  water  supply  that  is  managed.  El  Vado  Reser- 
voir is  upstream  of  Abiquiu  Reservoir  and  these 
facilities  store  significant  amounts  of  San  Juan- 
Chama  water.  San  Juan-Chama  water  is  imported 
from  the  upper  Colorado  River  basin.  Historical 
river  and  reservoir  operations  are  reviewed  and 
compared  with  recent  water  management  innova- 
tions. Operational  options  implemented  have  in- 
cluded: adjustments  to  contract  delivery  dates  for 
San  Juan-Chama  water,  flexible  water  sharing  be- 
tween water  rights  holders  and  entities  who  hold 
storage  allocations  in  either  or  both  reservoirs,  and 
formal  and  informal  operating  agreements  between 
various  city,  state  and  federal  agencies.  Results  to 
date  have  included  improvements  in  the  in-stream 
fishery  hatch  and  survival  rates  for  certain  species, 
and  several  weekends  of  raftable  white-water 
flows  each  summer  during  times  when  natural 
flows  are  historically  low.  (See  also  W91-04161) 
(Author's  abstract) 
W91-04216 


VIRGIN  RIVER:  PLANNING  FOR  DEVELOP- 
MENT WHILE  MEETING  FLOW  REQUIRE- 
MENTS FOR  ENDANGERED  SPECIES. 

Utah  Dept.  of  Natural  Resources,  Salt  Lake  City. 
Div.  of  Water  Resources. 
N.  E.  Stauffer,  R.  L.  Tullis,  and  L.  H.  Austin. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 


1988.  p  523-535,  11  fig. 

Descriptors:  'Ecological  effects,  'Endangered  spe- 
cies, 'Management  planning,  'Site  selection, 
'Streamflow,  'Virgin  River,  'Water  resources  de- 
velopment, 'Water  use  data,  Indian  reservations, 
Model  studies,  Recreation,  Reservoir  siting,  Semi- 
arid  regions,  Utah,  Water  demand,  Wildlife  conser- 
vation. 

The  Virgin  River  Basin  in  southern  Utah,  particu- 
larly the  St.  George  area,  has  experienced  rapid 
growth  as  a  recreation  and  retirement  location 
during  the  last  15  to  20  years.  This  has  created  new 
water  demands  in  a  water  short,  semiarid  area  that 
has  a  long  history  of  difficulty  in  water  develop- 
ment. Meeting  these  demands  is  complicated  by 
the  many  national  and  state  parks  as  well  as  the 
forest,  Bureau  of  Land  Management  (BLM),  and 
Indian  lands  that  are  in  close  proximity  to  the 
Virgin  River.  Further  complicating  the  issue  is  the 
listing  of  the  Woundfin  as  an  endangered  species 
and  the  proposed  listing  of  the  Virgin  River  Chub 
as  an  endangered  species.  A  widespread  effort  is 
underway  to  address  these  issues  using  techniques 
such  as:  a  river  basin  study  pertaining  to  water, 
soil,  and  related  resources;  a  biological  study  of  the 
native  fish;  and  computer  modeling  of  fish  habitat 
and  water  development.  The  modeling  effort  in- 
cludes simulating  existing  and  potential  reservoir 
sites  for  evaluating  the  effects  of  water  develop- 
ment on  endangered  fish  habitats  with  minimum 
flow  constraints.  (See  also  W9 1-041 61)  (Author's 
abstract) 
W91-04217 


WATER  TRANSFERS  IN  ARIZONA:  ASSESS- 
ING THE  ADVERSE  EFFECTS  ON  AREAS  OF 
ORIGIN. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 
Water  Resources. 
E.  Checchio,  and  S.  C.  Nunn. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  547-559,  6  tab,  8  ref. 

Descriptors:  'Arizona,  'Social  aspects,  'Water  re- 
sources development,  'Water  supply,  'Water 
transfer,  'Water  use  data,  Competing  use,  Con- 
sumptive use,  Economic  aspects,  Irrigation,  Model 
studies. 

Tens  of  thousands  of  acres  of  irrigated  farmland  in 
rural  Arizona  have  been  purchased  over  the  past 
few  years  with  the  hope  of  transporting  the  associ- 
ated water  to  cities.  Many  Arizonians  believe  that 
this  'water  farming'  can  solve  Arizona's  water 
supply  problems  by  transferring  water  supplies  to 
areas  of  greatest  need.  Others  fear  that  water  trans- 
fers will  have  serious  adverse  effects  on  rural  gov- 
ernment, economies  and  environments.  To  evalu- 
ate the  effects  of  transfers  their  path  must  be  traced 
through  the  regional  economy  and  environment. 
This  requires  sophisticated  econometric  and  hy- 
drologic modeling  and  detailed  data.  It  is  possible 
to  make  interregional  comparisons  with  much  less 
data,  contrasting  regional  sensitivity  to  particular 
categories  of  effects.  The  most  important  catego- 
ries to  address  are  economic,  fiscal,  environmental 
and  limitations  on  future  development  potential. 
An  index  is  constructed  of  sensitivity  to  economic 
effects  based  on  readily  available  secondary  data. 
The  values  for  this  index  are  calculated  for  four 
counties  in  Arizona:  La  Paz,  Maricopa,  Pima,  and 
Pinal.  Indices  of  sensitivity  to  fiscal,  environmen- 
tal, and  future  development  effects  would  have  to 
be  included  in  order  to  evaluate  a  region's  relative 
sensitivity  to  water  transfers.  (See  also  W9 1-041 61) 
(Author's  abstract) 
W91-04219 


RELIABILITY  IN  MARKET  TRANSFERS  OF 
MUNICIPAL  WATER  SUPPLIES. 

Colorado  Coll.,  Colorado  Springs.  Dept.  of  Eco- 
nomics and  Business. 
M.  G.  Smith. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
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1988.  p  561-570,  1  fig,  23  ref. 

Descriptors:  'Marketing,  'Model  studies,  'Munici- 
pal water,  'Stochastic  models,  'Water  supply, 
'Water  transfer,  'Water  use  data,  Economic  as- 
pects, Performance  evaluation,  Water  resources 
management. 

Analytical  methods  for  evaluating  the  problem  of 
market  transfer  are  developed  using  three  models 
of  bilateral  transactions  between  domestic  supply 
authorities.  The  first  is  a  deterministic  allocation 
model  which  maximizes  social  welfare.  The  second 
model  is  a  normative  economic  model  of  efficient 
allocation  under  uncertainty,  and  the  third  model, 
in  contrast  to  the  two  previous  models,  is  a  reve- 
nue maximization  model  reflecting  the  self  interest 
of  water  authorities.  The  primary  contribution  of 
this  work  is  the  development  of  a  stochastic  spatial 
equilibrium  model  to  analyze  transactions  between 
water  authorities  with  respect  to  economic  and 
reliability  objectives.  This  approach  fills  the  need 
for  a  model  that  incorporates  the  performance 
criterion  of  the  welfare  economist,  allocative  effi- 
ciency, and  the  performance  criterion  of  water 
managers.  (See  also  W9 1-041 61)  (Lantz-PTT) 
W9 1-04220 


PLANNING  FOR  USE  OF  UNCONVENTION- 
AL WATER  SOURCES. 

Electric   Power  Research   Inst.,   Palo  Alto,  CA. 

Planning  and  Evaluation  Div. 

For  primary  bibliographic  entry  see  Field  3E. 

W91-04223 


WATER  RESOURCES  AND  THE  ELECTRIC 
POWER  INDUSTRY:  AN  AUSTRALIAN  PER- 
SPECTIVE. 

For  primary  bibliographic  entry  see  Field  3E. 
W9 1-04224 


INDUSTRIAL  WATER  USE  AND  STRUCTUR- 
AL CHANGE. 

Inland    Waters    Directorate,    Ottawa    (Ontario). 
Water  Planning  and  Management  Branch. 
For  primary  bibliographic  entry  see  Field  3E. 
W9 1-04225 


PRACTICAL  APPLICATION  OF  THE  WATER 
BALANCE  APPROACH  FOR  MEASURING 
CANAL  CONVEYANCE  LOSSES. 

Rice  (Leonard)  Consulting  Water  Engineers,  Inc., 
Denver,  CO. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04226 


NATURAL  CONSUMPTIVE  USE  BY  TULES, 
GRASSLANDS,  AND  RIPARIAN  FORESTS, 
CALIFORNIA  CENTRAL  VALLEY. 

For  primary  bibliographic  entry  see  Field  21. 
W9 1-04227 


CONSUMPTIVE  USE  ESTIMATES  EN  RE- 
GIONAL POLICY  RESEARCH. 

Economic    Research    Service,    Washington,    DC. 
Soil  and  Water  Branch. 
N.  R.  Gollehon. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  633-640,  19  ref. 

Descriptors:  'Consumptive  use,  'Policy  making, 
•Public  policy,  'Water  resources  management, 
•Water   use  data,   Water  resources  development. 

The  role  of  consumptive  use  estimates  in  influenc- 
ing water  resource  decisions  is  explored.  Past  uses 
of  consumptive  use  estimates  are  contrasted  with 
needs  to  address  water  resource  issues  in  the  cur- 
rent and  future  decision  making  environment. 
Public  policy  analysts  may  have  problems  using 
consumptive  use  estimates  that  were  developed  for 
use  by  irrigation  developers  and  irrigated  produc- 
ers, who  have  historically  required  increasing  ab- 
solute accuracy  for  a  small  geographic  area.  Point 
accurate  estimators  most  appropriate  for  historical 


uses  are  not  well  suited  to  public  policy  analysis 
which  is  broader  in  geographic  coverage  and  fo- 
cuses on  relative  change  due  to  policy  action. 
Current  estimation  methods  have  also  supplied 
consumptive  use  estimates  for  on-farm  water  man- 
agement information.  These  techniques  have  fo- 
cused correctly  on  developing  increasingly  precise 
estimates  for  a  shrinking  geographic  area.  (See  also 
W9 1 -04 1 6 1 )  (Lantz-PTT) 
W9 1-04228 


ESTIMATION  OF  SURFACE-WATER  WITH- 
DRAWALS FOR  IRRIGATION  AND  IRRIGAT- 
ED ACREAGE,  1985,  GALLATIN  COUNTY, 
MONTANA 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-04229 


FLOAT-POT      ASSEMBLY      TO      MEASURE 
WATER  LEVELS  IN  AN  IRRIGATION  CANAL. 

Agriculture    Canada,    Lethbridge   (Alberta).    Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-04230 


ESTIMATION  OF  GROUND-WATER  USE  FOR 
IRRIGATION  IN  EASTERN  WASHINGTON 
USING  LANDSAT  IMAGERY. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-04232 


APPLICATION  OF  REMOTE  SENSING  AND 
GIS  TO  ESTIMATE  IRRIGATION  WATER  USE 
IN  THE  UPPER  GUNNISON  RIVER  BASIN  IN 
COLORADO. 

Bureau  of  Reclamation,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-04233 


SPUDS  FROM  SPACE:  USING  REMOTE  SENS- 
ING/GIS  IN  ADJUDICATING  IDAHO  WATER 
RIGHTS. 

Idaho  Dept.  of  Water  Resources,  Boise.  Land  and 

Water  Use  Data  Section. 

For  primary  bibliographic  entry  see  Field  6E. 

W91-04235 


STATE  WATER  DEMAND  METHODOLOGY, 
KANSAS,  1987. 
Kansas  Water  Office,  Topeka. 
D.  L.  Eklund,  and  T.  K.  Rajala. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  71 1-721,  1  fig,  2  tab,  9  ref. 

Descriptors:  'Competing  use,  'Data  interpretation, 
'Kansas,  'State  jurisdiction,  'Water  demand, 
•Water  use  data,  Agricultural  water,  Consumptive 
use,  Domestic  water,  Forecasting,  Industrial  water, 
Irrigation  water,  Management  planning,  Mining 
water,  Municipal  water,  Water  use. 

A  methodology  is  presented  used  by  the  Kansas 
Water  Office  to  estimate  the  present  and  future 
water  demand  in  the  state.  Projections  were  made 
for  a  56  year  planning  period,  from  1984-2040.  The 
methodology  for  water  demand  estimates  and  pro- 
jections was  provided  for  public,  industrial, 
mining,  electric  power  generation,  irrigation  and 
livestock  water  use.  Population  projections  were 
made  for  the  planning  period  for  each  county  and 
river  basin.  OBERS  population  projections  for  the 
state  were  used  as  a  constraint.  Public  water 
demand  was  projected  as  a  function  of  population 
and  per  capita  usage.  Industrial  and  mining  water 
demand  were  projected  as  a  function  of  1 984  water 
use  and  future  employment  ratios,  water  recircula- 
tion ratios  and  employee  productivity  ratios.  Elec- 
tric power  generation  water  demand  projections 
utilized  individual  plant  projections  and  population 
projections.  Irrigation  water  demand  was  project- 
ed on  the  basis  of  5  factors:  irrigation  appropria- 


tion, irrigation  system,  farm  operation,  soil  and 
plant  characteristics,  and  crop  production.  Live- 
stock water  demand  was  projected  as  a  function  of 
the  projected  number  of  livestock  and  average 
water  use  per  head.  (See  also  W91-04161)  (Au- 
thor's abstract) 
W9 1-04236 


WATERSHED  MODELING  FOR  WATER  RE- 
SOURCES MANAGEMENT. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
For  primary  bibliographic  entry  see  Field  6A. 
W9 1-04237 


MAIN  II-MODEL  WATER-USE  PROJECTIONS 
FOR  WISCONSIN,  1990-2010. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 
Bureau  of  Water  Resources  Management. 
J.  Prey. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  733-741,  4  fig,  7  tab,  18  ref. 

Descriptors:  'Forecasting,  'Model  studies,  'Water 
demand,  'Water  use,  'Water  use  data,  'Wisconsin, 
Competing  use,  Data  interpretation.  Industrial 
water,  Municipal  water,  Simulation  analysis. 

The  Wisconsin  Department  of  Natural  Resources 
and  the  US  Army  Corps  of  Engineers  have  coop- 
eratively projected  water  demand  for  Wisconsin. 
A  new  methodology  was  developed  to  project  this 
demand.  The  Municipal  and  Industrial  Needs 
Model  (MAIN  II)  developed  by  the  Corps,  was 
modified  to  project  water  demand  on  a  county- 
wide  basis.  Prior  to  this,  the  model  was  only 
capable  of  projecting  water  demand  for  munici- 
palities. The  modification  to  the  Main  II  model 
required  adding  additional  water  use  categories  to 
the  model  and  aggregating  data  on  a  county-wide 
basis.  Projections  were  made  to  the  year  2010, 
using  5  year  intervals.  The  results  of  the  modified 
Main  II  model  were  satisfactory.  Certain  water  use 
categories  are  projected  to  have  large  annual 
growth  rates  than  others.  Irrigation  will  increase 
by  53.49%,  the  largest  increase  for  a  water  use 
category.  Concurrently,  residential  use  will  in- 
crease by  17.19%,  the  smallest  increase  for  the 
state.  In  terms  of  the  volume,  industrial  water  use 
will  have  the  largest  increase,  with  41.767  billion 
gal/yr,  and  livestock  will  have  the  smallest  in- 
crease with  6.549  billion  gal/yr.  (See  also  W91- 
04161)  (Lantz-PTT) 
W91-04238 


ANALYSIS  OF  THE  VARIABLES  AFFECTING 
WATER  CONSUMPTION  FOR  THE  CITY  OF 
HAYS,  KANSAS. 

Missouri  Univ.-Rolla.  Dept.  of  Civil  Engineering. 
S.  M.  Tillman,  and  R.  Bryant. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  759-771,  3  tab,  12  ref. 

Descriptors:  'Consumptive  use,  'Data  interpreta- 
tion, 'Hay,  'Kansas,  'Water  demand,  'Water  use, 
'Water  use  data.  Economic  aspects,  Model  studies, 
Social  aspects. 

A  model  was  developed  to  evaluate  the  municipal 
water  demand  for  the  City  of  Hays,  Kansas.  The 
study  consists  of  two  phases.  The  first  is  to  develop 
a  relationship  between  income  and  other  variables 
to  the  demand  for  water.  The  variables  chosen 
were  derived  from  literature  and  included:  family 
income;  climate  factors,  summer  precipitation; 
household  factors,  number  and  size  of  residential 
housing  units;  price  of  water;  and  water  loss.  Re- 
sults indicated  that  family  income  represents  the 
best  variable  for  describing  water  consumption. 
Other  variables  found  to  be  important  included: 
summer  precipitation,  residents  per  occupied  hous- 
ing unit,  and  lagged  consumption.  The  price  of 
water  was  not  included  due  to  limitation  of  data. 
(See  also  W9 1-04 161)  (Lantz-PTT) 
W9 1-04240 
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NUMERICAL  ANALYSIS  OF  COMPLEX  PIPE 
SYSTEM  WITH  TWO  PUMPS  CONNECTED  IN 
PARALLEL. 

Bitola  Univ.  (Yugoslavia).  Tehnicki  Fakultet. 
For  primary  bibliographic  entry  see  Field  8A. 
W9 1-04241 


FORECASTING  MUNICIPAL  WATER 

DEMAND  AND  CONSERVATION  EVALUA- 
TION: THE  rvVR-MAIN  SYSTEM  5.1. 

Planning  and  Management  Consultants  Ltd.,  Car- 
bondale,  IL. 
W.  Y.  Davis. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  787-795,  2  tab,  3  ref. 

Descriptors:  'Computer  models,  *Data  interpreta- 
tion, 'Forecasting,  'Model  studies,  'Municipal 
water,  'Water  conservation,  'Water  demand, 
•Water  use  data,  Computer  programs,  Manage- 
ment planning,  Water  resources  management, 
Water  supply,  Water  use. 

The  IWR-MAIN  forecasting  models  are  sensitive 
to  many  determinants  of  water  demand  which 
facilitate  the  preparation  of  alternative  forecasts 
under  varied  assumptions.  Optional  input  data  may 
be  provided  to  enhance  or  improve  estimation 
procedures,  and  various  combinations  of  forecast- 
ing methods  may  be  selected.  Furthermore,  coeffi- 
cients used  in  the  estimation  of  water  use  are 
stored  in  library  files  and  are  therefore  accessible 
for  updating  or  adjusting  to  local  conditions.  Reli- 
able forecasts  of  water  use  are  essential  for  water 
planning  needs  and  water  policy  decisions.  The 
forecast  results  produced  by  the  IWR-MAIN 
system  can  provide  water  planners  and  water 
supply  agencies  with  data  which  may  be  used  to: 
(1)  plan  for  the  expansion  of  a  system  capacity 
(sources,  transmission,  treatment);  (2)  size  and 
expand  the  distribution  systems  (network  design 
problems);  (3)  prepare  contingency  plans  for  water 
shortages  caused  by  droughts  or  source  contamina- 
tion; (4)  evaluate  the  effectiveness  (or  water  sav- 
ings) of  alternative  conservation  measures;  (5)  per- 
form sensitivity  analyses  with  varying  assumptions 
about  the  prices  of  water,  weather  conditions,  and 
other  determinants  of  water  use;  and  (6)  assess 
utility  revenues  with  improved  precision.  (See  also 
W9 1-04161)  (Lantz-PTT) 
W9 1-04242 


UNCERTAINTY  OF  WATER  SUPPLY 
DEMAND  ESTIMATES. 

Polytechnic  Univ.,  Brooklyn,  NY.  Dept.  of  Civil 
and  Environmental  Engineering. 
A.  S.  Goodman,  A.  Machlin,  and  M.  Karamouz. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  797-803,  18  ref. 

Descriptors:  'Data  interpretation,  'Forecasting, 
'Water  demand,  'Water  supply,  'Water  use  data, 
Mathematical  analysis,  Performance  evaluation, 
Statistical  analysis,  Water  resources  management. 

There  has  been  a  generally  unquestioning  reliance 
on  traditional  engineering  approaches  in  the  fore- 
casting of  water  demands  which  does  not  ade- 
quately reflect  the  uncertainty  of  variables  entering 
into  their  determination.  Reports  on  ongoing  re- 
search to  develop  an  improved  understanding  of 
traditional  and  newer  methodologies  for  estimating 
water  demands  are  made,  which  also  include  the 
evaluation  of  strengths  and  weaknesses  for  prepar- 
ing water  management  strategies.  The  approaches 
considered  include  sensitivity  analyses,  risk  analy- 
ses, Markovian  and  non-Markovian  time  series, 
Bayesian  decision  theory,  and  other  mathematical 
approaches.  (See  also  W91-04161)  (Author's  ab- 
stract) 
W9 1-04243 


WATER    SUPPLY    FORECASTING    AND    ITS 
UNCERTAINTIES. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. Div.  of  Flood  Management. 


M.  Roos. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  805-814,  3  fig,  1  tab,  2  ref. 

Descriptors:  'Data  interpretation,  'Forecasting, 
'Water  supply,  'Water  use  data,  Mathematical 
analysis,  Performance  evaluation,  Water  resources 
management,  Weather. 

Next  year's  mountain  water  supply  in  the  West  is 
primarily  a  result  of  the  rain  and  snow  during  the 
winter  wet  season  which  is  largely  unknown  early 
in  the  water  year.  Therefore  water  supply  forecasts 
are  normally  comprised  of  a  median  outlook  and  a 
range  to  give  water  users  a  better  estimate,  and  the 
probable  range  of,  runoff.  The  ranges  are  progres- 
sively narrowed  during  the  season  to  account  for 
the  increasing  amount  of  known  weather  and  the 
reduced  amount  of  uncertainty  in  future  weather. 
Total  forecast  error  at  any  time  can  be  viewed  as  a 
vector  with  a  component  for  future  weather  and 
one  for  procedural  errors  in  the  forecasting  meth- 
odology. To  the  extent  that  reliability  is  demon- 
strated, long-range  weather  forecasts  can  be 
worked  into  the  procedures  to  shift  results  from 
the  conventional  forecast  projection  which  as- 
sumes normal  random  distribution  of  future  weath- 
er, to  a  value  partially  reflecting  the  weather  fore- 
cast. (See  also  W9 1-04161)  (Author's  abstract) 
W9 1-04244 


PHOENIX  WATER  RESOURCE  PLAN-1987. 

Phoenix  City  Water  and  Wastewater  Dept.,  AZ. 
For  primary  bibliographic  entry  see  Field  6A. 

W9 1-04245 


REGIONAL  COOPERATION  IN  THE  USE  OF 
IRRIGATION  WATER:  EFFICIENCY  AND 
INCOME  DISTRIBUTION. 

Hebrew   Univ.   of  Jerusalem,   Rehovoth   (Israel). 
Faculty  of  Agriculture. 
For  primary  bibliographic  entry  see  Field  6C. 
W9 1-04436 


COMPARATIVE  STATISTICAL  VALIDATION 
OF  TWO  TEN-DAY  WATER-USE  MODELS 
AND  OF  THREE  YIELD-REDUCTION  HY- 
POTHESES FOR  YIELD  ASSESSMENT  IN 
BOTSWANA. 

Ghent  Rijksuniversiteit  (Belgium).  Faculteit  Land- 
bouwwetenschappen. 
P.  Vossen. 

Agricultural  and  Forest  Meteorology  AFMEEB, 
Vol.  51,  No.  2,  p  177-195,  June  15,  1990.  2  fig,  5 
tab,  33  ref. 

Descriptors:  'Agricultural  hydrology,  'Botswana, 
'Crop  yield,  'Hydrologic  models,  'Model  studies, 
'Soil- water-plant  relationships,  'Water  use,  Agro- 
nomic crops,  Cereal  crops,  Comparison  studies, 
Corn,  Hay,  Hydrologic  budget,  Model  testing, 
Planting  management,  Soil  water,  Sorghum,  Statis- 
tical analysis,  Water  deficit,  Water  stress,  Yield 
equations. 

The  1978/1979-1985/1986  cereal  yields  of  five  re- 
gions in  Botswana  were  statistically  analyzed  as  a 
function  of  two  water-use  models  and  three  yield- 
reduction  hypotheses.  The  first  model  does  not 
include  a  root  development  model  and  assumes 
that  all  available  soil  moisture  is  readily  available. 
The  second  model  includes  a  simple  root  develop- 
ment function  and  assumes  that  only  part  of  the 
maximum  available  soil  moisture  is  readily  avail- 
able. Simultaneously,  three  hypotheses  were  tested 
regarding  the  effects  of  water  stress  on  yield.  The 
first  hypothesis  accepts  that  yield  reduction  is  re- 
lated to  cumulative  deficit.  The  second  hypothesis 
accepts  that  yield  reduction  is  affected  differently 
by  water  stress,  depending  upon  the  development 
stage  during  which  the  stress  occurs,  and  the  final 
effect  is  additive.  The  third  hypothesis  is  as  the 
second,  but  assumes  that  the  final  effect  is  multipli- 
cative. The  results  show  that  for  the  period  under 
consideration:  (1)  the  two  water-use  models  equal- 
ly account  for  yield  variability  in  Botswana;  (2) 
sorghum  +  millet  yield  variability  is  better  ac- 
counted for  when  introducing  different  additive- 
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stage  susceptibilities  to  water  stress;  (3)  maize  yield 
variability  is  significantly  better  accounted  for 
when  water  deficit  experienced  during  the  repro- 
ductive stage  is  multiplied  by  the  square  of  the 
deficit  experienced  during  the  vegetative  stage;  (4) 
subject  to  some  restrictions,  quantitative  crop  yield 
assessments  are  possible  on  a  national  scale;  on  a 
regional  scale,  qualitative  crop  state  monitoring  is 
indicated;  and  (5)  water  stress  during  the  1978/ 
1979-1985/1986  rainy  seasons  significantly  de- 
pressed a  positive  time  trend.  (Author's  abstract) 
W9 1-04485 


REALIZING    THE    BENEFITS    OF    WATER 
REUSE  IN  DEVELOPING  COUNTRIES. 

Camp,  Dresser  and  McKee,  Inc.,  Raleigh,  NC. 
For  primary  bibliographic  entry  see  Field  3C. 
W9 1-04604 


U.S.  WATER  REUSE:  CURRENT  STATUS  AND 
FUTURE  TRENDS. 

CH2M/Hill,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  3C. 

W9 1-04605 


ROLE  OF  THE  FIRE  MARSHAL'S  OFFICE. 

E.  Bacon. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  3,  p  208-210, 
September  1990. 

Descriptors:  'Connecticut,  'Firefighting,  'Water 
conservation,  'Water  use,  Fire  marshals,  Public 
health,  Sprinklers. 

The  role  of  the  Fire  Marshal  was  reviewed  by  a 
fire  safety  expert,  and  ways  for  firefighters  and  the 
water  supply  industry  can  work  together  to  not 
only  make  firefighting  safer  and  more  effective  but 
conserve  water  as  well  are  suggested.  In  the  state 
of  Connecticut,  a  Fire  Marshal  must  be  certified  as 
a  result  of  prescribed  training  and  must  continue 
his/her  education  to  maintain  his/her  certification. 
The  installation  of  automatic  sprinklers  is  recom- 
mended and  should  be  encouraged  by  means  of 
legislation  and  incentives  in  the  form  of  reduced 
insurance  premiums,  trade-offs  in  construction  re- 
quirements, and  more  freedom  for  the  architect  in 
design.  By  installing  automatic  sprinklers,  water  is 
applied  to  a  fire  during  the  incipient  stage  long 
before  'flash  over.'  This  approach  not  only  saves 
lives,  but  saves  the  water  that  would  be  applied  by 
hose  streams,  deluge  sets,  and  ladder  pipes  and  the 
resulting  millions  of  gallons  of  water  that  flows 
down  the  storm  drains  or  freezes  in  the  parking  lot. 
(White-Reimer-PTT) 
W9 1-04843 


PUBLIC  WATER  SUPPLY  DEMAND  MAN- 
AGEMENT-AN  ACT  OF  OPPRESSION. 

Rhode  Island  Water  Resources  Board,  Providence. 
P.  P.  Calise. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  3,  p  211-213, 
September  1990. 

Descriptors:  'Resources  management,  'Water 
demand,  'Water  supply,  Economic  aspects, 
Market  economics,  Utilities. 

It  is  suggested  that  the  water  supplier  should  pro- 
vide water  to  the  consumer  in  an  economical, 
efficient,  and  effective  manner.  Conservation,  that 
is  the  efficient  use  of  a  water  supply,  is  an  essential 
part  of  every  public  water  utility's  supply  manage- 
ment. For  too  long,  suppliers  have  been  burdened 
with  the  idea  that  their  goal  was  to  provide  a 
supply  to  the  market  place  at  a  cost  most  favorable 
to  the  consumer.  In  effect,  the  consumer,  the 
demand,  has  managed  the  supply  in  the  market 
place.  The  supplier  should  operate  on  an  enterprise 
fund  basis  and  implement  management  practices 
which  warrant  that  the  product  sold  is  priced  at 
the  true  cost  of  producing  and  delivering  the  water 
as  measured  through  sound  metering  practices  and 
devices.  To  this  end,  public  water  utilities  should 
adopt,  consistent  with  appropriate  business  prac- 
tices, development  and  conservation  supply  man- 
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agement  tools  to  produce  and  deliver  to  their 
markets  a  water  supply  for  today  and  tomorrow 
without  interfering  with  and/or  suppressing  the 
consumer's  rights  to  enter  or  leave  the  said  markets 
at  his  or  her  discretion.  To  do  otherwise,  only 
means  demand  management  will  be  deemed  appro- 
priate and  acts  of  oppression  will  be  common 
place.  (White-Reimer-PTT) 
W9 1-04844 


WATER  TRANSFER  PROCESS  AS  A  MANAGE- 
MENT OPTION  FOR  MEETING  CHANGING 
WATER  DEMANDS. 

Colorado  Univ.  at  Boulder.  Natural  Resources 
Law  Center. 

For  primary  bibliographic  entry  see  Field  6E. 
W9 1-04886 


MARGINAL  ECONOMIC  VALUE  OF 
STREAMFLOW:  A  CASE  STUDY  FOR  THE 
COLORADO  RIVER  BASIN. 

Rocky   Mountain   Forest  and   Range  Experiment 
Station,  Fort  Collins,  CO. 
T.  C.  Brown,  B.  L.  Harding,  and  E.  A.  Payton. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  12,  p  2845-2859,  December  1990.  1  fig,  5  tab, 
47  ref. 

Descriptors:  'Colorado  River  Basin,  'Economic 
aspects,  'Economic  evaluation,  'Model  studies, 
'Streamflow,  'Water  use,  Case  studies,  Flow 
models,  Forest  watersheds,  Hydroelectric  power, 
Marginal  costs,  Salinity,  Value. 

The  marginal  economic  value  of  streamflow  leav- 
ing forested  areas  in  the  Colorado  River  Basin  was 
estimated  by  determining  the  impact  on  water  use 
of  a  small  change  in  streamflow  and  then  reapply- 
ing economic  value  estimates  to  the  water  use 
changes.  The  effect  on  water  use  of  a  change  in 
streamflow  was  estimated  with  a  network  flow 
model  that  simulated  salinity  levels  and  the  routing 
of  flow  to  consumptive  uses  and  hydroelectric 
dams  throughout  the  Basin.  The  results  show  that, 
under  current  water  management  institutions,  the 
marginal  value  of  streamflow  in  the  Colorado 
River  Basin  is  largely  determined  by  nonconsump- 
tive  water  uses,  principally  energy  production, 
rather  than  by  consumptive  agricultural  or  munici- 
pal uses.  Given  current  institutions,  the  year  1990 
consumptive  use  request  level,  and  reasonable  vari- 
ations in  assumed  parameters,  the  expected  value 
of  flow  increases  from  timber  harvest  on  national 
forest  land  varied  from  $34  to  $46  per  acre  foot. 
The  analysis  demonstrates  the  importance  of  a 
systems  framework  in  estimating  the  marginal 
value  of  streamflow.  (Author's  abstract) 
W91-04913 


FINITE  HYDRAULIC  CONDUCTIVITY  EF- 
FECTS ON  OPTIMAL  GROUNDWATER 
PUMPING  RATES. 

Mission  Research  Corp.,  Albuquerque,  NM. 

W.  R.  Zimmerman. 

Water  Resources  Research  WRERAQ,  Vol.   26, 

No.  12,  p  2861-2864,  December  1990.  3  fig,  1  tab, 

16  ref. 

Descriptors:  'Economic  evaluation,  'Groundwat- 
er movement,  'Hydraulic  conductivity,  'Model 
studies,  'Optimization,  'Pumping  rates,  Aquifers, 
Economic  aspects,  Finite  difference  methods,  Hy- 
drologic  models.  Mathematical  models,  Resource 
management. 

The  effect  of  a  finite  hydraulic  conductivity  on  the 
optimal  pumping  rate  from  a  closed  aquifer  was 
examined,  and  a  methodology  which  determines 
the  optimal  pumping  rate  of  a  dynamic  groundwat- 
er model  with  complex  state  and  control  functions 
was  developed.  The  economic  optimal  pumping 
rate  was  found  by  maximizing  the  stream  of  dis- 
counted social  benefits  from  pumping.  A  direct 
optimization  or  maximization  of  the  integral  can  be 
accomplished  by  finite  difference  techniques.  The 
optimal  pumping  rate  can  be  substantially  lower 
when  the  hydraulic  conductivity  is  small  enough 
to  result  in  a  significant  cone  of  depression.  The 
general  numerical  approach  used  to  optimize  a 
present  value  with  complex  state  and  control  func- 


tions may  prove  useful  in  other  areas  of  water 
resources  and  economics.  (Brunone-PTT) 
W91-04914 


6E.  Water  Law  and  Institutions 


DEVELOPING  AND  PASSING  STATEWIDE 
WELLHEAD  PROTECTION  PROGRAMS  CON- 
NECTICUT: A  CASE  STUDY. 

Murtha,   Cullina,   Richter  and   Pinney,   Hartford, 

CT. 

For   primary   bibliographic   entry   see   Field    5G 

W9 1-03922 


WALPOLE  BOARD  OF  HEALTH:  GROUND- 
WATER PROTECTION  PLAN  IMPLEMENTA- 
TION. 

Walpole  Board  of  Health,  MA. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-03923 


FOX(BOROUGH)  GUARDING  THE  AQUIFER 
COOP:  LOCAL  CONTROL  AT  WORK. 

SEA  Consultants,  Inc.,  Cambridge,  MA. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-03926 


EASTON'S   EXPERIENCE  AND  THE  CANOE 
RIVER  AQUIFER  ADVISORY  COMMITTEE. 

Easton  Water  Div.,  MA. 

For  primary   bibliographic   entry  see   Field   5G. 

W9 1-03927 


BRIDGEPORT  HYDRAULIC  COMPANY  AQ- 
UIFER PROTECTION  PROGRAM. 

Bridgeport  Hydraulic  Co.,  CT. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-03928 


EVALUATION  OF  LOCAL  REGULATORY  EF- 
FORTS IN  IDENTIFYING  AND  CONTROL- 
LING THE  THREAT  OF  UNDERGROUND 
FUEL  STORAGE  TANKS. 

Barnstable  County  Health  and  Environmental 
Dept.,  MA. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-03935 


EPA/LOCAL  PARTNERSHIP  AT  WORK  -  THE 
CREATION  OF  A  GROUND  WATER  PROTEC- 
TION PROGRAM. 

Environmental  Protection  Agency,  Philadelphia, 
PA.  Region  III. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-03938 


MODEL  COMMUNITY  PROGRAM  FOR  PRI- 
VATE WELLS. 

Connecticut  Univ.,  Storrs.  Cooperative  Extension 

System. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-03941 


BOARDS    OF    HEALTH    PROTECTION    FOR 
PRIVATE  WELLS  AND  GROUNDWATER. 

Massachusetts  Association  of  Health  Boards,  Plain- 

ville. 

For   primary   bibliographic   entry   see   Field    5G 

W9 1-03942 


WATER-USE  EFFICIENCY  STANDARDS  FOR 
PLUMBING  FIXTURES:  BENEFITS  OF  NA- 
TIONAL LEGISLATION. 

Brown  and  Caldwell,  Boston,  MA. 

For   primary   bibliographic   entry   see   Field   3D. 

W9 1-03972 


CALIFORNIA'S  PROPOSITION  65:  EXTRAPO- 
LATING  ANIMAL  TOXICITY  TO   HUMANS. 

California  Univ.,  Davis.  Dept.  of  Environmental 
Toxicology. 


W.  W.  Kilgore. 

American  Journal  of  Industrial  Medicine  AJIMD8, 

Vol.  18,  No.  4,  p  491-494,  1990. 

Descriptors:  'Agricultural  chemicals,  'California, 
'Carcinogenicity,  'Legal  aspects,  'Public  policy, 
•State  jurisdiction,  'Toxicity,  'Toxicology,  Drink- 
ing water,  Enforcement,  Labeling,  Proposition  65, 
Regulations,  Risk  assessment. 

In  1986,  the  voters  of  California  passed  a  law 
regarding  the  concept  of  extrapolating  animal  tox- 
icity data  to  humans.  The  California  Safe  Drinking 
Water  and  Toxic  Enforcement  Act  of  1986,  known 
as  Proposition  65,  does  five  things:  (1)  creates  a  list 
of  chemicals  (including  a  number  of  agricultural 
chemicals)  known  to  cause  cancer  or  reproductive 
toxicity;  (2)  limits  discharge  of  listed  chemicals  to 
drinking  water  sources;  (3)  requires  prior  warning 
before  exposure  to  listed  chemicals  by  anyone  in 
the  course  of  doing  business;  (4)  creates  a  list  of 
chemicals  requiring  testing  for  carcinogenicity  or 
reproductive  toxicity;  and  (5)  requires  the  gover- 
nor to  consult  with  qualified  experts  as  necessary 
to  carry  out  his  duties.  Since  the  definition  of 
significant  risk  has  not  yet  been  established,  risk 
assessments  must  be  made  for  each  substance  by 
the  state,  or,  if  available,  be  obtained  from  federal 
agencies.  Extensive  labeling  of  products  will  prob- 
ably not  take  place  until  these  risk  assessments 
have  been  made.  Both  the  level  of  detection  and 
the  level  of  significant  risk  from  exposure  to  car- 
cinogens becomes  extraordinarily  important.  Prop- 
osition 65  has  a  bounty  law  clause,  stating  that  a 
person  who  turns  in  another  for  contaminating 
drinking  water  will  receive  25%  of  any  fine  in- 
voked. (Brunone-PTT) 
W9 1-04008 


PROSPECTS  FOR  INNOVATION  IN  WATER 
INSTITUTIONS:  INFORMATIONAL  RE- 
QUIREMENTS. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Agricultural 
and  Applied  Economics. 
M.  L.  Livingston. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  389-395,  24  ref. 

Descriptors:  'Competing  use,  'Information  re- 
quirements, 'Institutional  constraints,  'Water  man- 
agement, 'Water  use  data,  Conservation,  Con- 
sumptive use,  Economic  aspects,  Institutions,  Polit- 
ical aspects,  Social  aspects,  Water  quality  control, 
Water  supply,  Water  use. 

Competition  for  water  supplies  has  created  a  host 
of  new  water  issues:  instream  water  use,  conserva- 
tion strategies,  water  markets,  and  groundwater 
contamination  among  them.  It  is  apparent  that 
some  of  the  institutions  governing  water  allocation 
and  use  are  outdated.  In  recent  years  natural  re- 
source economists  have  expanded  their  research 
domain  to  address  the  processes  and  impact  of 
institutional  innovation.  Considerable  agreement 
exists  on  a  basic  theory  of  induced  institutional 
innovation  that  is  framed  in  terms  of  the  demand 
for,  and  supply  of,  institutional  change.  The  diver- 
gence between  economic  efficiency  and  equity 
goals  relative  to  actual  circumstances  is  important. 
The  incentives  faced  by  interest  groups  and  politi- 
cal entrepreneurs,  as  well  as  the  state  of  social 
science  knowledge,  are  particularly  relevant.  Fac- 
tors influencing  institutional  change  include:  the 
demand  for  institutional  innovation,  which  arise 
out  of  the  alignment,  or  misalignment,  between 
social  goals  and  actual  circumstances;  and,  the 
supply  of  institutional  innovation.  A  checklist  of 
issues  which  are  critical  in  evaluating  a  particular 
case  might  include:  (1)  determining  the  objectives 
of  the  various  parties  involved  and  whether  these 
goals  are  monetary  in  nature;  (2)  what  driving 
environmental  and  technical  circumstances  exist 
and  whether  these  reflect  any  recent,  dramatic 
changes  in  the  quantity  of  water  resources  avail- 
able; (3)  whether  there  is  a  divergence  between 
technically  achievable  and  socially  desirable  re- 
source use;  (4)  the  degree  to  which  each  interested 
group  is  organized  and  who  or  what  are  the  benefi- 
ciaries of  the  group;  and  (5)  determining  the  cur- 
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rent  state  of  social  science  knowledge  relating  to 
institutional  impacts.  (See  also  W9 1-041 61)  (Lantz- 
PTT) 
W9 1-04203 

LAND  USE  PRACTICES  AND  WATER  DIS- 
PUTES. 

Auburn  Univ.,  AL.  Water  Resources  Research 
Inst. 

J.  C.  Warman,  L.  O.  Putt,  and  D.  H.  Block. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.  Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  407-414,  7  ref. 

Descriptors:  *Competing  use,  *Land  use,  'Water 
law,  *Water  resources  management,  *Water  rights, 
•Water  use  data,  Alabama,  Boundary  disputes, 
Florida,  Mississippi,  Regulations,  Riparian  rights. 

Historically,  much  of  the  contested  use  of  water 
has  had  to  do  with  land  use  patterns.  Alabama  is  a 
typical  riparian  state  which  does  not  have  law  for 
conjunctive  land  use  management.  Thus,  Alabama 
operates  with  policy  more  directed  to  resolution  of 
disputes  on  single  economic  use  rather  than  re- 
source management.  Mississippi  in  recent  years  has 
become  a  typical  permit  state  but  operates  without 
conjunctive  land  use  management.  Classic  exam- 
ples are  presented  from  current  litigation  in  each 
state  based  on  conflicts  in  water  use  that  impact 
land  use.  Florida  uses  the  critical  area  approach  as 
a  major  instrument  of  regulation  in  conjunctive 
management  of  land  and  water  resources.  Missis- 
sippi has  adopted  policy  but  lacks  the  scope  of 
Florida's  regulations  for  conjunctive  management. 
Examples  are  provided  from  both  states  of  success- 
es in  management  and  of  failures  stemming  from 
lack  of  coordination  among  local  government  enti- 
ties that  have  acquired  vested  interests.  Typically 
when  faced  with  decisions  among  competing  land 
owners  for  use  of  water,  the  judicial  system  has 
given  little  though  to  the  impact  on  water  re- 
sources. (See  also  W9 1-041 61)  (Author's  abstract) 
W9 1-04205 


ROLE  OF  GOVERNMENT  AGENCIES  IN  THE 
FINANCING  OF  WATER  SUPPLY  SYSTEMS. 

Minnesota  Univ.,  Duluth. 
R.  Vaidya,  and  D.  J.  Allee. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  425-436,  3  tab,  13  ref. 

Descriptors:  *Administrative  agencies,  *Drinking 
water,  'Financing,  'Government  supports,  'Water 
conveyance,  'Water  supply,  'Water  use  data, 
Compliance,  Institutional  constraints,  Regulations, 
Safe  Drinking  Water  Act,  Standards. 

Following  the  passage  of  the  Safe  Drinking  Water 
Act  by  Congress,  the  US  EPA  has  set,  in  its 
interim  primary  regulations,  water  quality  stand- 
ards that  all  water  supply  systems  must  comply 
with.  For  the  purpose  of  accomplishing  the  goals 
of  the  Act,  the  issue  is  how  to  balance  the  three 
program  elements:  regulation,  the  reorganization 
of  the  existing  facilities,  and  cost  sharing  by  gov- 
ernment agencies.  Focus  is  placed  on  the  cost 
sharing  program,  in  this  paper,  by  analyzing  in 
detail  the  data  gathered  from  800  rural  water 
supply  systems  in  an  EPA  sponsored  project,  to 
examine  what  could  be  drawn  from  the  past  expe- 
rience of  water  supply  systems  in  acquiring  grants 
and  loans  from  the  state,  regional  and  federal  gov- 
ernment agencies  (such  as  the  Farmers  Home  Ad- 
ministration). An  analytic  framework  was  devel- 
oped to  examine  the  relationship  between  the 
water  system  characteristics,  such  as  the  project 
size,  the  type  of  construction  activity,  the  debt 
financing  capability,  and  the  amount  of  funding 
successfully  acquired.  Also,  the  relative  impor- 
tance of  the  system  characteristics  were  analyzed. 
The  policy  implications  of  the  results  of  analysis 
suggested  that  a  water  system's  ability  to  acquire 
funds  was  dependent  upon  it's  ability  to  meet  the 
criteria  set  by  the  government  agencies.  (See  also 
W91-04161)  (Author's  abstract) 
W9 1-04207 


WATER  USE  DATA  REQUIREMENTS  AND 
SOURCES  FOR  APPRAISAL  OF  WATER 
RIGHTS  YIELDS. 

Rice  (Leonard)  Consulting  Water  Engineers,  Inc., 
Denver,  CO. 

For  primary  bibliographic  entry  see  Field  6D. 
W9 1-04208 


EFFECTS  OF  IRRIGATION  PUMPAGE  IN 
NORTHWESTERN  INDIANA,  AND  THE  LEG- 
ISLATIVE PROCESS. 

Indiana  State  Dept.  of  Natural  Resources,  Indian- 
apolis. Div.  of  Water. 

For  primary  bibliographic  entry  see  Field  3F. 
W91-04210 


SPUDS  FROM  SPACE:  USING  REMOTE  SENS- 
ING/GIS  IN  ADJUDICATING  IDAHO  WATER 
RIGHTS. 

Idaho  Dept.  of  Water  Resources,  Boise.  Land  and 
Water  Use  Data  Section. 
A.  Morse,  H.  N.  Anderson,  and  J.  Peppersack. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  703-710,  2  fig,  2  tab,  8  ref. 

Descriptors:  'Computerized  maps,  'Geographic 
information  systems,  'Idaho,  'Land  use,  'Remote 
sensing,  'Water  rights,  'Water  use,  'Water  use 
data,  Competing  use,  Consumptive  use,  Data  ac- 
quisition, Data  interpretation,  Databases,  Landsat 
images,  Legal  aspects,  Maps,  Satellite  technology, 
Statistical  analysis,  Water  law. 

The  Idaho  Department  of  Water  Resources  is  un- 
dertaking the  Nation's  largest  water  rights  adjudi- 
cation project.  Remote  Sensing/Geographic  Infor- 
mation System  technology  figure  prominently  in 
the  process.  Landsat  satellite  images  are  geometri- 
cally controlled,  and  classified  to  identify  irrigated 
agriculture.  The  Public  Land  Survey  System 
(PLSS)  is  being  converted  from  a  map  base  to  a 
computer  compatible  file  at  quarter-quarter  (QQ) 
section  revolution.  The  GIS  process  matches  the 
PLSS  file  to  a  classified  Landsat  image,  and  totals 
the  irrigated  acreage  per  QQ.  Both  products  are 
designed  to  help  water  users  file  accurate  water 
right  claims.  Regression  analysis  shows  the  aver- 
age r-squared  value  is  .91  for  Landsat-computed 
irrigated  acreage  vs.  acreage  measured  from  Agri- 
cultural Stabilization  and  Conservation  Service 
aerial  photos  of  the  first  four  counties  processed. 
(See  also  W91-04161)  (Author's  abstract) 
W91-04235 


Descriptors:  'Water  demand,  'Water  law,  'Water 
policy,  'Water  transfer,  'Water  use,  Alternative 
water  use,  Optimum  development  plans,  Planning, 
Water  resources  management,  Water  supply  devel- 
opment. 

The  West  is  in  transition  from  an  era  of  water 
supply  development  to  a  period  of  reallocation  of  a 
portion  of  the  developed  supplies  to  new  uses.  One 
important  reallocation  option  is  the  use  of  water 
transfers-transactions  involving  a  voluntary 
change  in  the  purpose  and/or  place  of  water  under 
an  existing  water  use  entitlement.  This  study  exam- 
ines the  water  transfer  law  and  experience  in  six 
western  states:  Arizona,  California,  Colorado,  New 
Mexico,  Utah  and  Wyoming.  Volume  one  provides 
a  general  summary  of  the  findings  from  the  study. 
It  includes  economic  and  demographic  compari- 
sons among  the  states  including  comparisons  in 
water  use.  It  provides  a  comparative  analysis  of  the 
level  and  types  of  transfers  in  the  study  states 
based  on  an  analysis  of  all  applications  for  water 
transfer  submitted  for  state  review  between  1975 
and  1984.  It  also  offers  general  recommendations 
for  facilitating  water  transfers.  Volume  two  con- 
tains the  detailed  findings  from  the  individual  state 
studies.  Included  are  analyses  of  the  laws  and 
procedures  governing  transfer  in  the  states  as  well 
as  of  the  transfer  activity  during  the  study  period. 
Conclusions  and  recommendations  specific  to  each 
state  are  presented.  (USGS) 
W91-04886 


6F.  Nonstructural  Alternatives 


RESOURCE  MANAGEMENT  TO  ACCOMMO- 
DATE MULTIPLE  USE  OF  STREAMFLOW  IN 
THE  RIO  CHAMA,  NEW  MEXICO. 

Bureau  of  Reclamation,  Albuquerque,  NM.  Water 
Accounting  and  Reservoir  Regulation  Branch. 
For  primary  bibliographic   entry  see  Field   6D. 
W91-04216 


FRAMEWORK     FOR     RESHAPING     WATER 
MANAGEMENT. 

Florida  Univ.,  Gainesville.  Coll.  of  Engineering. 
For  primary  bibliographic  entry  see  Field  6B. 
W91-04555 


SATELLITE  MANAGEMENT  AND  JOINT  USE. 

Connecticut  Water  Co.,  Clinton. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-04371 


PUBLIC  WATER  SUPPLY  DEMAND  MAN- 
AGEMENT-AN  ACT  OF  OPPRESSION. 

Rhode  Island  Water  Resources  Board,  Providence. 
For  primary  bibliographic  entry  see  Field  6D. 
W9 1-04844 


1990    FARM    BILL:    OPPORTUNITIES    FOR 
GROUNDWATER  PROTECTION. 

Environmental  and  Energy  Study  Inst.,  Washing- 
ton, DC. 

For  primary  bibliographic   entry  see   Field   5G. 
W9 1-04859 


WATER  TRANSFER  PROCESS  AS  A  MANAGE- 
MENT OPTION  FOR  MEETING  CHANGING 
WATER  DEMANDS. 

Colorado   Univ.   at   Boulder.    Natural   Resources 
Law  Center. 
L.  J.  MacDonnell. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-274168/ 
AS.  Price  codes:  A22  in  paper  copy,  A03  in  micro- 
fiche. Natural  Resources  Law  Center  Research 
Report,  April-May,  1990.  Two  volume  report. 
Volume  1,  70p,  18  tab,  14  fig.  Volume  2,  316p,  86 
tab,  77  fig.  USGS  Contract  No.  14-08-0001 -G 1538. 


6G.  Ecologic  Impact  Of 
Water  Development 


FOOD  PRODUCTION,  ENVIRONMENTAL 
PROTECTION,  AND  HEALTH  EFFECTS  IN 
MEXICAN  AGRICULTURE. 

Institute   for   the   Development   of  Occupational 

Safety  and  Health,  Toluca  (Mexico). 

F.  Lopez  de  Alba. 

American  Journal  of  Industrial  Medicine  AJIMD8, 

Vol.  18,  No.  4,  p  495-498,  1990. 

Descriptors:  'Agriculture,  'Crop  production,  'En- 
vironmental protection,  'Mexico,  'Population  ex- 
posure, 'Public  health,  'Water  pollution  control, 
Education,  Fate  of  pollutants,  Hazardous  materi- 
als, Herbicides,  Human  population,  Insecticides, 
Public  opinion,  Regulations. 

In  countries  like  Mexico,  where  the  need  to  in- 
crease agricultural  productivity  to  satisfy  an  ever- 
increasing  population  is  great,  attention  to  environ- 
mental problems  is  recent.  However,  current 
public  concern  has  forced  the  administration  to 
consider  environmental  protection  as  a  key  strate- 
gy in  the  development  model.  The  use  of  insecti- 
cides and  herbicides  is  an  increasing  problem,  in- 
fluenced by  several  factors:  toxicity  of  the  applied 
compound;  weather  conditions;  toxicity  of  the 
breakdown  products  of  the  applied  pesticide;  and 
direct  contact  between  pesticide  and  workers.  In 
countries  like  Mexico,  where  winter  crops  account 
for  about  one  third  of  the  total  vegetable  imports 
of  the  United  States,  agricultural  production  meth- 
ods and  pesticide  formulations  have  been  modified 
in  response  to  U.S.  regulations.  However,  use  of 
banned  pesticides  is  quite  common  for  crops  con- 
sumed within  Mexico.  Applicators  often  wear  no 
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protective  gear,  and  there  is  lack  of  knowledge 
about  pesticide  management.  A  high  frequency  of 
spraying  results  in  the  concurrent  increased  risk  of 
pesticide  hazards  and  the  nullification  of  the  ad- 
vantages of  rapid  degradation  of  the  chemicals 
involved.  In  1988,  a  new  law  of  the  environment 
was  passed,  which  contains  a  listing  of  pesticides, 
and  creates  an  extensive  training  program  for  pro- 
ducers and  users  of  agricultural  pesticides.  (Brun- 
one-PTT) 
W9 1-04009 


EFFECTS  OF  SALINITY  ON  RIVER,  STREAM 
AND  WETLAND  ECOSYSTEMS  IN  VICTORIA, 
AUSTRALIA. 

Chisholm   Inst,   of  Tech.,   Melbourne  (Australia). 

Center  for  Stream  Ecology. 

For  primary  bibliographic  entry  see  Field  5C. 
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ZOOGEOGRAPHICAL  RELATIONSHIPS  OF 
AQUATIC  INSECTS  (EPHEMEROPTERA, 
PLECOPTERA,  AND  TRICOPTERA)  FROM 
THE  EASTERN  JAMES  BAY  DRAINAGE. 

Montreal  Univ.  (Quebec).  Dept.  of  Biological  Sci- 
ences. 

P.  P.  Harper. 

Canadian  Field-Naturalist  CAFNAK,  Vol.  103, 
No.  4,  p  535-546,  October/December  1989.  3  fig,  2 
tab,  37  ref. 

Descriptors:  'Aquatic  insects,  'Baseline  studies, 
•Canada,  'Hydroelectric  power,  'Zoogeography, 
Caddisflies,  Environmental  impact,  Mayflies,  Spe- 
cies composition,  Stoneflies. 

An  analysis  of  the  aquatic  insect  fauna  of  the 
eastern  James  Bay  drainage  was  conducted  on  the 
basis  of  specimens  assembled  in  1973-1982  during 
several  impact  studies  related  to  the  major  hydro- 
electric projects  conducted  in  the  area.  220  species 
were  collected  in  the  orders  Plecoptera  (22),  Ephe- 
meroptera  (50),  and  Trichoptera  (148).  The  faunis- 
tic  elements  recognized  included  the  Holarctic  (16 
species),  the  northern  transcontinental  (42),  the 
continental  (28),  the  central  (1)  various  eastern 
(113),  and  the  Appalachian  (14)  elements.  Ende- 
mism  (2  species)  is  probably  only  apparent,  and  the 
two  species  are  likely  to  belong  to  wider  ranging 
assemblages.  The  arctic  element  was  totally  lack- 
ing. Two  main  pathways  for  colonization  are  sug- 
gested, one  from  Northwestern  refugia  and  an- 
other from  Southern  refugia,  probably  through  the 
Mississippi-St.  Lawrence  waterways.  Dispersal  ap- 
pears to  have  been  greatest  in  Tricoptera  and  least 
in  Plecoptera;  respective  importances  of  the  trans- 
continental fauna  varied  from  14%  (Plecoptera)  to 
47.3%  (Tricoptera),  while  the  eastern  fauna  repre- 
sented from  47.3%  in  the  Tricoptera  to  71%  in  the 
Plecoptera.  Comparisons  with  six  Northeastern 
sites  showed  a  high  similarity  (80%  in  Tricoptera) 
with  two  sites  at  corresponding  latitudes,  but  only 
a  moderate  (less  than  50%)  similarity  with  more 
southerly  sites  (46-47  degrees  north).  Though  the 
fauna  has  few  original  elements,  its  peculiarity 
resides  in  its  species  composition  and  its  position  at 
the  entry  point  for  western  boreal  elements  into 
the  Quebec-Labrador  Peninsula.  (Author's  ab- 
stract) 
W91-04057 


PINTAIi,  ANAS  ACUTA,  USE  OF  MAN-MADE 
PONDS  IN  QUEBEC. 

Quebec  Univ.,  Trois-Rivieres.   Dept.   de  Chimie- 

Biologie. 

L.  Belanger,  and  R.  Couture. 

Canadian   Field-Naturalist   CAFNAK,   Vol.    103, 

No.  4,  p  547-550,  October/December  1989.  1  tab, 

19  ref. 

Descriptors:  'Artificial  ponds,  'Ducks,  'Environ- 
mental effects,  'Sandpits,  'Wastewater  lagoons, 
Distribution  patterns,  Ecological  distribution, 
Quebec,  Waterfowl,  Wildlife  habitats. 

Four  types  of  man-made  ponds  in  south-central 
Quebec-annular,  excavated,  sewage,  and  sand-pit 
ponds-were  surveyed  for  waterfowl  utilization. 
These  ponds  were  used  by  seven  dabbling  duck 
species  of  which  the  northern  pintail  (Anas  acuta) 


was  the  most  common,  using  all  pond  types  stud- 
ied. Mean  pintail  brood  density  was  0.68/ha,  with  a 
maximum  brood  use  of  2.7/ha  at  sewage  ponds. 
Species  that  expanded  their  breeding  ranges  east- 
ward during  last  decades  like  the  mallard  (Anas 
platyrhynnchos)  and  the  gadwall  (Anas  strepera) 
also  made  appreciable  use  of  the  man-made  ponds 
(combined  mean  of  0. 1  brood/ha).  Sewage  ponds 
were  the  only  type  used  by  all  duck  species  cen- 
sused.  However,  the  study  ponds  were  unattractive 
to  broods  of  northeastern  species  such  as  the  wood 
duck  (Aix  sponsa)  or  the  black  duck  (Anas  ru- 
bripes).  The  creation  in  eastern  North  America  of 
potentially  productive  breeding  habitats  (farm 
ponds,  agricultural  ditches,  sewage  ponds,  etc.), 
which  are  unattractive  or  inadequate  for  northeast- 
ern species,  may  have  favored  the  invasion  of 
prairie  duck  species.  (Fleishman-PTT) 
W9 1-04058 


ADVECTION  OF  EUPHAUSIIDS  IN  A  NOR- 
WEGIAN FJORD  SYSTEM  SUBJECT  TO  AL- 
TERED FRESHWATER  INPUT  BY  HYDRO- 
ELECTRIC POWER  PRODUCTION. 

Bergen  Univ.  (Norway).  Dept.  of  Fisheries  and 

Marine  Biology. 

S.  Kaartvedt,  and  H.  Svendsen. 

Journal  of  Plankton  Research  JPLRD9,  Vol.  12, 

No.  6,  p  1263-1277,  November  1990.  7  fig,  2  tab,  28 

ref. 

Descriptors:  'Estuarine  environment,  'Fjords, 
♦Hydroelectric  plants,  'Limnology,  'Norway, 
'Saline-freshwater  interfaces,  Biological  studies, 
Ecosystems,  Environmental  impact,  Freshwater, 
Runoff,  Water  circulation,  Water  currents. 

Hydroelectric  power  production  alters  freshwater 
runoff  patterns  to  marine  ecosystems,  and  thus 
physical  properties  of  the  upper  layers,  which  in 
turn  affects  numerous  biological  properties.  To 
evaluate  the  impacts  of  modified  freshwater  dis- 
charge, a  research  program  was  carried  out  in  a 
fjord  system  of  western  Norway.  It  was  found 
that,  due  to  hydroelectric  power  production,  the 
freshwater  input  to  the  Sandsfjord  system  has  in- 
creased during  winter,  while  the  freshwater  input 
to  Josenfjorden  has  been  removed.  In  autumn  and 
winter  both  Meganyctiphanes  norvegica  and  Thy- 
sanoessa  raschii  were  most  common  in  Josenfjor- 
den, and  T.  raschii  was  scarce  in  the  Sandsfjord 
system.  The  euphausiids  generally  swam  to  the 
surface  layer  at  night,  but  avoided  low  salinity 
water  in  the  upper  layers  of  the  Sandsfjord  system. 
Still,  in  most  locations,  approximately  50%  of  M. 
norvegica  was  found  in  the  upper  10  m.  Their 
vertical  distribution  overlapped  with  freshwater- 
driven  currents,  and  estuarine  circulation  apparent- 
ly governed  the  horizontal  distribution  within  the 
Sandsfjord  system.  At  the  entrance  to  the  fjord,  M. 
norvegica  was  distributed  deeper  than  within  the 
fjord,  reducing  the  importance  of  estuarine  circula- 
tion relative  to  currents  driven  by  wind  at  the 
coast.  Estimates  of  advective  rates  of  M.  norvegica 
suggest  that  exchange  with  coastal  waters  was 
more  important  for  the  standing  stock  than  local 
growth  within  the  fjords.  In  Josenfjorden,  maxima 
of  T.  raschii  were  always  found  in  a  zone  of 
shallowing  bottom  topography  (bottom  depth  ap- 
proximately 130  m),  where  this  species  possibly 
maintained  its  horizontal  position  by  means  of  ver- 
tical migrations.  (Author's  abstract) 
W91-04112 


EFFECTS  OF  REGIONAL  GROUND-WATER 
LEVEL  DECLINES  ON  STREAMFLOW  IN 
THE  OKLAHOMA  PANHANDLE. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

K.  L.  Wahl,  and  T.  L.  Wahl. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  239-249,  4  fig,  2  tab,  22  ref. 

Descriptors:  'Groundwater  level,  'Groundwater 
mining,  'Streamflow,  'Surface-groundwater  rela- 
tions, 'Water  resources  development,  'Water  use 
data,  Aquifers,  Base  flow,  Beaver  River,  Environ- 
mental effects,  Flow  discharge,  Hydrologic 
budget,  Oklahoma,  Pumping,  Wells. 


Increased  pumping  from  the  High  Plains  aquifer 
has  resulted  in  widespread  water  level  declines  in 
the  aquifer.  Declines  of  25  to  50  feet  are  common 
in  western  Oklahoma;  south  of  Guymon,  water 
levels  have  declined  about  100  feet.  The  number  of 
large  capacity  wells  (primarily  irrigation  wells)  in 
the  Oklahoma  Panhandle  increased  from  about  450 
in  1963  to  about  2,500  in  1984.  The  Beaver  River 
drains  most  of  the  Oklahoma  Panhandle  and  has 
been  gaged  near  Guymon  since  1937.  Although 
changes  in  the  use  of  surface  water  have  been 
minimal  during  this  period,  trend  tests  confirm  that 
the  discharge  of  the  river  has  decreased  substan- 
tially. There  has  been  no  corresponding  change  in 
precipitation.  Average  annual  discharge  at 
Guymon  for  23  years  through  1960  was  32.2  cu  ft/ 
s;  the  average  annual  discharge  for  the  last  ten 
years  (1977-86)  has  been  about  7  cu  ft/s.  Prior  to 
the  mid-1960s,  the  river  at  Guymon  was  generally 
perennial;  flow  ceased  only  during  droughts  and 
then  never  for  more  than  60  days  in  any  given 
year.  Since  1968,  the  river  at  Guymon  has  been 
dry  for  extended  periods  every  year  and  presently 
(1988)  averages  about  300  days  of  no  flow  per 
year.  (See  also  W91-04161)  (Author's  abstract) 
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VIRGIN  RIVER:  PLANNING  FOR  DEVELOP- 
MENT WHILE  MEETING  FLOW  REQUIRE- 
MENTS FOR  ENDANGERED  SPECIES. 

Utah  Dept.  of  Natural  Resources,  Salt  Lake  City. 

Div.  of  Water  Resources. 

For  primary   bibliographic   entry   see   Field   6D. 
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GROUND  WATER,  GEOMORPHIC  PROCESS- 
ES, AND  RIPARIAN  VALUES:  SAN  PEDRO 
RIVER,  ARIZONA. 

Bureau  of  Land  Management,  Phoenix,  AZ.  Arizo- 
na State  Office. 

D.  McGlothlin,  W.  L.  Jackson,  and  P.  Summers. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a   Symposium.    American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  537-545,  4  fig,  13  ref. 

Descriptors:  'Groundwater  availability,  'Ground- 
water mining,  'Riparian  land,  'San  Pedro  River, 
'Streamflow,  'Surface-groundwater  relations, 
•Water  resources  development,  'Water  use  data, 
Aquifers,  Arizona,  Channel  morphology,  Geomor- 
phology,  Groundwater  budget,  Riparian  vegeta- 
tion, Sedimentation,  Water  table  fluctuations. 

The  unique  natural  character  of  the  upper  San 
Pedro  River  is  inextricably  linked  to  the  regional 
basin-fill  aquifer  and  to  ongoing  geomorphic  proc- 
esses in  the  riparian  zone.  Riparian  vegetation, 
wildlife,  fisheries,  recreation,  and  other  water-re- 
lated natural  values  depend  on  instream  flows  (in- 
cluding floods  and  related  groundwater  condi- 
tions). Base  flow  and  the  water  table  beneath  the 
riparian  zone  are  maintained  almost  entirely  by 
inflow  from  the  regional  basin-fill  aquifer.  Region- 
al groundwater  depletions  or  localized  drawdowns 
in  the  floodplain  aquifer  can  decrease  instream 
flows  and  concurrently  lower  the  water  table  be- 
neath the  riparian  zone.  The  cottonwood  stands 
along  the  San  Pedro  River  are  especially  sensitive 
to  water  table  declines.  Periodic  flood  flows  are 
required  for  vegetation  reproduction,  floodplain 
development,  and  channel  maintenance  and  evolu- 
tion. Preservation  and  future  management  of  the 
outstanding  riparian  resource  along  the  river  will 
be  predicated  on  the  successful  basin-wide  manage- 
ment of  the  regional  groundwater  resource  and  on 
the  continued  morphologic  evolution  associated 
with  ongoing  channel  adjustments  and  sedimenta- 
tion processes.  (See  also  W9 1-04 161)  (Author's  ab- 
stract) 
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WATER  TRANSFERS  IN  ARIZONA:  ASSESS- 
ING THE  ADVERSE  EFFECTS  ON  AREAS  OF 
ORIGIN. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 

Water  Resources. 

For   primary   bibliographic   entry   see   Field   6D. 
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NATURAL  CONSUMPTIVE  USE  BY  TULES, 
GRASSLANDS,  AND  RIPARIAN  FORESTS, 
CALIFORNIA  CENTRAL  VALLEY. 

For  primary  bibliographic  entry  see  Field  21. 
W9 1-04227 


NATURAL  RESOURCE  ACCOUNTING  SYS- 
TEMS AND  ENVIRONMENTAL  POLICY 
MODELING. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Economics. 

For  primary  bibliographic  entry  see  Field  6B. 

W91-04563 

STREAM  GEOMORPHOLOGY:  EFFECTS  ON 
PERD7HYTON  STANDING  CROP  AND  PRI- 
MARY PRODUCTION. 

New  Mexico  Univ.,  Albuquerque.  Dept.  of  Biol- 
ogy. 

R.  L.  Coleman,  and  C.  N.  Dahm. 
Journal  of  the  North  American  Benthological  So- 
ciety JNASEC,  Vol.  9,  No.  4,  p  293-302,  Decem- 
ber 1990.  6  fig,  2  tab,  50  ref. 

Descriptors:  *Beavers,  *Channel  morphology, 
•Environmental  effects,  •Periphyton,  'Primary 
productivity,  Algal  growth,  Chlorophyll  a,  Detri- 
tus, Limiting  nutrients,  Nitrogen,  Organic  matter. 

Significant  losses  of  retentive  structures  from  many 
small  streams  have  resulted  from  beaver  trapping. 
The  algal  standing  crops  and  rates  of  primary 
production  were  compared  in  two  adjacent 
streams  in  the  Zuni  Mountains  of  New  Mexico. 
Castor  Creek  has  been  worked  by  beaver  and  is  a 
complex,  highly  retentive  system  with  an  extensive 
floodplain  and  accumulations  of  organic  debris. 
Sawmill  Creek  is  moderately  incised,  free  of  large 
organic  debris,  and  poorly  retentive.  Clay  tiles 
introduced  into  Castor  Creek  had  average  chloro- 
phyll a  standing  crops  3  to  9  times  greater  than 
Sawmill  Creek  (54.8-257.8  vs.  18.4-44.9  mg/sq  m). 
Chlorophyll  a  on  natural  substrates  averaged  11 
times  greater  in  Castor  Creek  than  in  Sawmill 
Creek  (1679.4  vs.  154.2  mg/sq  m).  Average  stand- 
ing crop  of  chlorophyll  a  per  250  m  reach  was  136 
times  greater  in  Castor  Creek  than  in  Sawmill 
Creek  due  to  its  greater  surface  area  (12.4  times) 
and  greater  standing  crop  (11  times).  Extensive 
filamentous  algal  mats  and  the  macro-alga  Nitella 
gracilis  in  Castor  Creek's  beaver  ponds  exhibited 
the  highest  rates  of  primary  production  (85  mg  C/ 
sq  m/hr)  while  epilithic  samples  from  both  streams 
were  similar  (16.6  and  21.2  mg  C/sqm/hr  for 
Castor  and  Sawmill  Creeks,  respectively).  Nutrient 
amendment  experiments  revealed  that  both  streams 
were  nitrogen  limited.  Sediment  samples  taken  in 
1989  showed  Castor  Creek  had  25  times  more 
dissolved  NH4  in  the  upper  5  cm  of  sediment  than 
Sawmill  Creek  (1242  vs.  50  micrograms/L).  It  is 
suggested  that  higher  algal  production  in  Castor 
Creek  is  linked  to  greater  nutrient  availability  at 
the  sediment/water  interface  due  to  greater  reten- 
tion and  processing  of  organic  matter  in  the  hypor- 
heic  zone.  (Author's  abstract) 
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SEASONAL  DYNAMICS  AND  PRODUCTION 
OF  CHIRONOMIDAE  IN  A  LARGE  LOW- 
LAND RTVER  UPSTREAM  AND  DOWN- 
STREAM FROM  A  NEW  RESERVOIR  IN  CEN- 
TRAL POLAND. 

Lodz  Univ.  (Poland).  Dept.  of  Ecology  and  Verte- 
brate Zoology. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04739 

DOWNSTREAM  EFFECTS  OF  A  SMALL  IM- 
POUNDMENT ON  A  TURBDD  RrVER. 

Rhodes  Univ.,  Grahamstown  (South  Africa).  Inst. 

of  Freshwater  Studies. 

R.  W.  Palmer,  and  J.  H.  O'Keefe. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.  4,  p  457-473,  October  1990.  4  fig,  4  tab,  45  ref. 

Descriptors:  *Benthos,  *Dam  effects,  •Inverte- 
brates, *Reservoir  releases,  'Rivers,  *Species  com- 
position, Ammonia,  Chlorophyll  a,  Ecological  ef- 
fects, Environmental  effects,  Fishkill,  Population 
density,  Reservoirs,  Suspended  solids,  Turbidity. 


Physicochemical  parameters  were  measured  and 
riffle-dwelling  benthic  invertebrates  were  sampled 
over  a  one  year  period  at  three  locations  upstream 
and  seven  locations  downstream  of  a  small  im- 
poundment (244  ha)  on  a  turbid  river.  Physical  and 
chemical  conditions  and  the  benthic  invertebrate 
communities  differed  upstream  and  downstream  of 
the  impoundment.  Surface-released  water  con- 
tained high  levels  of  chlorophyll-a,  and  low  con- 
centrations of  suspended  material  compared  to  in- 
flowing water,  while  bottom-released  water  con- 
tained low  levels  of  chlorophyll-a  and  high  con- 
centrations of  ammonia.  Typical  taxa  upstream  of 
the  impoundment  included  Ephemeroptera,  hy- 
dropsychid  Trichoptera,  Chironomidae,  Nematoda 
and  the  pest  blackfly,  Simulium  chutteri.  Immedi- 
ately downstream  of  the  dam  the  numbers  of 
benthic  invertebrates  were  generally  fewer  than 
upstream,  and  typical  taxa  included  Chironomidae, 
Hydra,  Oligochaeta,  and  non-pest  species  of 
blackfly.  Conditions  took  between  25  to  86  km  to 
recover  to  above-impoundment  levels.  Draining  of 
the  reservoir  released  water  with  high  concentra- 
tions of  suspended  material  (2,829  mg/L),  caused 
fish  kills  for  3.5  km  downstream,  and  depleted 
benthic  invertebrate  population  densities  for  over 
200  km  downstream,  the  latter  recovering  within  2 
months.  It  is  recommended  that  releases  from  the 
reservoir  should  aim  to  simulate  natural  flow  con- 
ditions, and  in  doing  so,  create  conditions  which 
are  unsuitable  for  the  pest  blackfly,  S.  chutteri. 
(Author's  abstract) 
W9 1-04740 

HABITAT  ALTERATION  AND  ITS  EFFECTS 
ON  NATIVE  FISHES  IN  THE  UPPER  TENNES- 
SEE RTVER  SYSTEM,  EAST-CENTRAL  U.S.A. 

Virginia  Cooperative  Fish  and  Wildlife  Research 

Unit,  Blacksburg. 

R.  J.  Neves,  and  P.  L.  Angermeier. 

Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 

Supp,  p  45-52,  1990.  1  fig,  1  tab,  14  ref. 

Descriptors:  'Aquatic  habitats,  'Environmental  ef- 
fects, 'Fish  behavior,  'Fish  conservation,  'Fish 
populations,  'Species  diversity,  'Tennessee  River, 
Agriculture,  Effluents,  Mining,  Regulations,  Tail- 
water,  Toxicity,  Water  pollution  effects. 

The  upper  Tennessee  River  drainage,  which  in- 
cludes portions  of  the  states  of  Virginia,  North 
Carolina,  and  Tennessee,  supports  an  exceptionally 
diverse  fish  fauna.  Recent  reductions  in  abundance 
and  geographic  ranges  of  several  freshwater  fishes 
have  promulgated  the  imposition  of  protective 
measures  for  about  115  species  among  the  three 
states,  with  nearly  half  of  those  species  occurring 
in  the  upper  Tennessee  River.  Most  protected  spe- 
cies are  darters  (Percidae:  Etheostomatinae)  or 
minnows  (Cyprinidae),  and  are  typically  small, 
benthic  invertivores.  Major  impacts  on  the  fish 
fauna  have  resulted  from  dams,  introduced  species, 
toxic  spills,  mining  and  agriculture.  An  important 
cumulative  effect  of  these  impacts  is  fragmentation 
of  the  watershed;  nearly  40%  of  the  riverine  habi- 
tat in  major  tributaries  is  either  impounded  or 
altered  by  tailwater  discharges.  The  isolation  and 
stress  imposed  on  tributaries  of  the  river  have 
caused  and  will  continue  to  cause  extirpations  of 
fishes,  mussels  and  other  aquatic  fauna.  Numerous 
federal,  state  and  private  organizations  are  cooper- 
ating in  efforts  to  protect  rare  species  and  habitats, 
improve  agricultural  and  coal-producing  practices, 
and  enforce  regulations  for  industrial  and  munici- 
pal effluents.  (Author's  abstract) 
W91-04783 


The  status  of  the  North  American  fish  fauna  in- 
cludes 292  species  of  fishes  in  the  categories  of 
endangered,  vulnerable,  rare,  indeterminate,  and 
extinct.  This  constitutes  28%  of  the  known  fauna. 
The  status  of  fishes  and  their  habitats  continues  to 
decline,  especially  in  the  arid  regions  of  western 
USA  and  northern  Mexico.  Government  water 
policies  in  the  west  have  favored  construction  of 
dams  and  water  delivery  systems  at  the  expense  of 
free-flowing  rivers  and  natural  fish  communities. 
The  Endangered  Species  Act  is  the  most  powerful 
tool  currently  available  in  the  United  States  to 
protect  rare  fishes.  Canada  and  Mexico  lack  pow- 
erful species  conservation  legislation.  While  many 
fishes  probably  have  been  saved  from  extinction  by 
this  Act,  surprisingly  few  have  improved  enough 
to  be  removed  from  under  its  protection.  To  im- 
prove conservation  strategies,  natural  history  stud- 
ies should  be  increased  to  monitor  native  fish  pop- 
ulations, to  identify  areas  under  increasing  threat, 
and  to  identify  habitats  containing  large  numbers 
of  vanishing  fishes.  In  all  countries,  programs  of 
genetic  and  ecological  studies  are  needed  to 
manage  endangered  fishes.  Legislation  should  be 
developed  and  implemented,  and  funding  and  staff 
should  be  increased.  A  conservation  strategy 
should  be  developed  to  protect  remaining  natural 
communities  that  support  a  relatively  intact  fish 
fauna.  Finally,  in  North  American  countries,  poli- 
cies should  be  developed  to  stabilize  human  popu- 
lation growth  and  reduce  resource  consumption. 
(Brunone-PTT) 
W91-04785 


CONSERVATION  STATUS  OF  THE  NORTH 
AMERICAN  FISH  FAUNA  IN  FRESH  WATER. 

Bureau  of  Land  Management,  Washington,  DC. 

Wildlife  and  Fisheries  Div. 

J.  E.  Williams,  and  R.  R.  Miller. 

Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 

Supp,  p  79-85,  1990.  1  fig,  1  tab,  14  ref,  append. 

Descriptors:  'Canada,  'Conservation  status,  'Eco- 
systems, 'Fish  conservation,  'Mexico,  'Regula- 
tions, 'Species  diversity,  'Water  resources  man- 
agement, Dam  construction,  Endangered  species, 
Fish  management,  Fish  populations,  Genetics,  Re- 
source management. 


CONSERVATION  AND  STATUS  OF  THREAT- 
ENED FISHES  IN  SOUTHERN  AFRICA. 

J.L.B.  Smith  Inst,  of  Ichthyology,  Grahamstown 

(South  Africa). 

P.  H.  Skelton. 

Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 

Supp,  p  87-95,  1990.  2  fig,  1  tab,  16  ref. 

Descriptors:  'Endangered  species,  'Environmental 
effects,  'Fish  conservation,  'Introduced  species, 
•South  Africa,  'Species  diversity,  Aquatic  habi- 
tats, Climatic  effects,  Conservation,  Ecological  ef- 
fects, Estuaries,  Geographic  distribution,  Water  re- 
sources management. 

The  conservation  status  of  24  threatened  freshwa- 
ter fishes  and  seven  estuarine  fishes  from  southern 
Africa  is  outlined  against  the  background  of  natu- 
ral and  anthropogenic  environmental  factors.  The 
majority  of  threatened  species  are  endemic  temper- 
ate forms  with  restricted  ranges.  Major  threats 
include  introduced  alien  fishes  and  a  wide  spec- 
trum of  environmentally  destructive  causes.  Re- 
search on  threatened  species  includes  distribution 
surveys,  biological  and  ecological  studies  and 
methods  of  artificial  propagation.  Long-term  reme- 
dies based  on  ecosystem  conservation  are  also 
being  promoted.  The  perceptions  and  attitudes  of 
nature  conservation  authorities  are  adjusting  to  the 
new  challenges  of  fish  conservation.  Water  is  a 
limiting  resource  in  most  of  southern  Africa  and 
for  much  of  Africa  as  well.  Ecological  pressures 
are  frequently  exacerbated  by  adverse  climatologi- 
cal  and  sociological  conditions.  The  number  of 
threatened  fishes  in  Africa  is  likely  to  increase  in 
the  face  of  escalating  problems  of  habitat  destruc- 
tion and  degradation.  (Author's  abstract) 
W91-04786 


IMPACT  OF  DAMMING,  DROUGHT  AND 
OVER-EXPLOITATION  ON  THE  CONSERVA- 
TION OF  MARKETABLE  FISH  STOCKS  OF 
THE  RIVER  BENUE,  NIGERIA. 

Portsmouth    Polytechnic    (England).    Centre    for 
Marine  Resources  Economics. 
A.  E.  Neiland,  J.  P.  Goddard,  and  G.  M.  Reid. 
Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 
Supp,  p  203-205,  1990.  1  tab,  5  ref. 

Descriptors:  'Benue  River,  'Climatic  changes, 
'Dam  effects,  'Drought  effects,  'Fish  conserva- 
tion, 'Nigeria,  'River  fisheries,  'Water  resources 
management,  Aquatic  habitats,  Fish  behavior,  Fish 
physiology,  Flow  discharge  rates,  Oxygen  require- 
ments, Productivity,  Species  diversity,  Succession, 
Temperature  effects. 
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Field  6— WATER  RESOURCES  PLANNING 


Group  6G — Ecologic  Impact  Of  Water  Development 


About  20  years  ago  the  River  Benue,  a  major 
tributary  of  the  Niger  in  Nigeria,  supported  a  large 
and  ichthyologically  diverse  artisanal  fishery.  A 
marked  change  in  the  taxonomic  composition  of 
the  fishery  is  now  evident  from  recent  field  obser- 
vations. Ostariophysan  fishes,  once  dominant  in  the 
market,  have  been  replaced  by  other  groups.  Tila- 
pine  cichlids  and  clariid  catfish  are  now  34%  and 
14%,  respectively,  of  total  landings.  Support  for 
the  observed  changes  in  market  composition  over 
times  comes  from  calculation  of  the  Herfindahl 
index  of  diversity,  derived  from  the  sum  of  squares 
of  the  relative  contribution  of  each  genus.  Three 
main  parameters  determine  market  fish  supply: 
consumer  demand,  fishing  intensity,  and  the  avail- 
ability of  wild  stocks.  Market  composition  of 
catches  must  reflect  the  natural  riverine  fish  com- 
munity structure  and  productivity.  The  fishery 
shows  an  increase  in  some  piscivores,  zooplankti- 
vores,  and  other  predators  relative  to  herbivores 
and  detritivores.  An  overall  ecophysiological  shift 
of  taxa  known  to  be  tolerant  of  reduced  water 
flow,  high  ambient  temperature,  low  dissolved 
oxygen  and  capable  of  prolific  precocious  breed- 
ing. The  increase  in  Sahelian  drought  conditions 
over  the  last  fifteen  years,  plus  a  dam  constructed 
in  1986,  may  be  factors  responsible  for  dramatic 
fish  population  and  ecotype  changes  taking  place. 
Over-exploitation,  using  non-selective  nylon  gill- 
nets,  is  another  variable  evidently  important  in 
determining  the  population  status  of  River  Benue 
fishes.  In  addition,  with  a  rapid  rise  in  human 
population,  the  Nigerian  market  demand  for  fish 
has  risen  to  a  level  where  fisherman  can  now  easily 
sell  their  entire  catch.  The  dynamic  interrelation- 
ships between  exploitation  patterns,  market  eco- 
nomics, environmental  change  and  fishery  produc- 
tion are,  however,  still  poorly  understood.  (Brun- 
one-PTT) 
W9 1-04790 


RARE  AND  ENDANGERED  FISHES  FROM 
YUGOSLAVIAN  ADRIATIC  RIVERS. 

Fisheries  Research  Inst.,  Ljubljana  (Yugoslavia). 
M.  Povz,  S.  Leiner,  M.  Mrakovic,  and  J.  Popovic. 
Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 
Supp,  p  247-249,  1990.  1  tab,  2  ref. 

Descriptors:  'Aquatic  habitats,  'Endangered  spe- 
cies, 'Environmental  effects,  'Fish  conservation, 
•Hydroelectric  power,  'Rivers,  'Yugoslavia,  Con- 
servation, Drinking  water,  Endemism,  Fishing, 
Path  of  pollutants,  Species  diversity,  Water  pollu- 
tion effects,  Water  resources  management. 

About  thirty  endemic  species  and  subspecies  of  fish 
live  in  rivers  of  the  Adriatic  basin.  Most  of  them 
fall  into  the  category  of  threatened  fish.  The  Adri- 
atic rivers  are  very  short  but  steep  and  are  suitable 
for  hydroelectric  generating  stations;  a  number  of 
these  have  been  built,  causing  major  changes  to 
habitats  of  the  native  species  of  fish.  The  endemic 
fish  species  and  subspecies  of  the  Adriatic  basin  are 
threatened  by  the  following  major  impacts: 
changes  in  habitat  due  to  building  hydroelectric 
dams  and  reservoirs;  exploitation  of  water  sources 
for  drinking  water,  pollution  of  the  rivers  and 
coastal  tracts;  introduction  of  alien  species  of  fish, 
resulting  in  hybridization  and  interspecific  compe- 
tition with  native  species;  uncontrolled  and  exces- 
sive fishing  for  all  species  and  sizes.  Currently, 
nature  conservation  measures  are  not  being  taken, 
except  in  the  north  Adriatic  River  Soca  where  fish 
are  legally  protected  through  a  closed  season  and 
minimum  length  of  fish,  and  some  are  propagated 
artificially.  All  subspecies  of  the  genus  Salmothy- 
mus  are  seriously  threatened  and  so  are  numerous 
other  genera  and  species.  The  protection  of  endem- 
ic species  and  subspecies  is  necessary  although  the 
nature  of  the  measures  required  is  often  controver- 
sial, such  as  stopping  the  building  of  power  stations 
on  rivers.  (Author's  abstract) 
W9 1-04795 


GROUND-WATER  PUMPAGE  AND  WATER- 
LEVEL  DECLINES  IN  THE  PEEDEE  AND 
BLACK  CREEK  AQUIFERS  IN  ONSLOW  AND 
JONES  COUNTIES,  NORTH  CAROLINA,  1900- 
86. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 
Div. 


For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04901 
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SAMPLING  NETWORK  DESIGN  FOR  TRANS- 
PORT PARAMETER  IDENTIFICATION. 

California  Univ.,  Los  Angeles.  Dept.  of  Civil  Engi- 
neering. 

T  G.  Cleveland,  and  W.  W.-G.  Yeh. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  6,  p  764- 
783,  November/December  1990.  6  fig,  6  tab,  25 
ref.  USGS  Award  14-08-0001-G1499. 

Descriptors:  'Groundwater  transport,  'Network 
design,  'Sampling,  'Water  pollution  control,  Deci- 
sion making,  Environmental  protection,  Ground- 
water, Mathematical  models,  Sensitivity  analysis, 
Tracers. 

Awareness  of  environmental  quality  and  the  desire 
to  control  pollution  have  resulted  in  the  need  to 
predict  the  movement  of  groundwater  and  pollut- 
ants carried  by  the  water.  Mathematical  models  are 
used  to  predict  the  response  of  a  groundwater 
system  to  various  management  policies.  Estimation 
of  the  parameters  used  in  these  models  is  a  critical 
step  in  their  operation,  and  ultimately  in  the  man- 
agement decisions  that  are  made.  An  optimal  ex- 
periment design  algorithm  was  developed  to  facili- 
tate the  planning  and  optimal  configuration  and 
scheduling  of  a  groundwater  tracer  test  whose  data 
are  to  be  used  to  estimate  model  parameters.  A 
maximal  information  criterion  is  used  to  select 
among  competing  designs.  The  proposed  criterion 
is  equivalent  to  a  weighted  sum  of  squared  sensi- 
tivities, employing  the  observation  that  parameters 
are  most  accurately  estimated  at  points  with  high 
sensitivity  to  the  parameter  but  that  the  relative 
magnitudes  of  sensitivities  to  different  parameters 
are  different.  The  fundamental  advantage  of  this 
criterion  is  that  it  is  comparatively  simple.  The 
influence-coefficient  method  is  used  to  compute 
the  sensitivity  coefficient.  A  zero-one  integer  heu- 
ristic is  used  to  solve  a  simplified  example  for 
experiment  configurations  under  a  given  experi- 
mental duration.  The  design  considers  the  installa- 
tion cost,  which  is  a  function  of  location  and  depth 
of  the  observation  well  and  of  the  samples  them- 
selves. A  dramatic  increase  in  information  can  be 
obtained  with  an  experimental  budget  increase. 
(Author's  abstract) 
W9 1-03991 


OPTIMAL    UPGRADING    OF    HYDRAULIC- 
NETWORK  RELIABILITY. 

Kentucky  Univ.,  Lexington.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-03992 


INVESTIGATION  OF  THE  ALLOCATION  OF 
SAMPLING  STATIONS  DURING  ESTUARINE 
SURVEYS. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 
Civil  Engineering. 
D.  Jiang,  D.  J.  Elliot,  and  A.  James. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  337-348,  3  fig,  1  tab,  10  ref. 

Descriptors:  'Estuaries,  'Kriging,  'Monitoring, 
•Network  design,  'Sampling,  'Statistical  methods, 
•Water  quality,  *Water  sampling,  'Water  use  data, 
Data  acquisition,  Dissolved  oxygen,  England, 
Flow  rates,  Salinity,  Surveys,  Tees  River  Estuary, 
Temperature. 

The  generalized  kriging  method  has  been  applied 
to  the  analysis  of  sampling  stations  in  the  partially 
mixed  estuary  of  the  River  Tees.  Although  many 
surveys  have  been  carried  out  on  the  estuary,  little 
attention  has  been  paid  to:  (1)  how  many  sampling 
stations  must  be  used;  and  (2)  how  the  sampling 
stations  should  be  positioned.  A  unique  character- 


istic of  kriging  is  that  it  not  only  gives  an  explana- 
tion but  provides  a  magnitude  of  estimation  error. 
The  sets  of  data  analyzed  were  from  the  1975 
survey  of  the  Tees  Estuary.  The  procedure  of 
overall  variance  can  yield  both  logical  and  reason- 
able indications  of  the  relative  significance  of  each 
sampling  station.  The  procedure  of  re-estimation  is 
employed  in  order  to  determine  which  sampling 
stations  could  be  reproduced  by  other  remaining 
stations.  It  was  concluded  that  salinity  and  temper- 
ature can  be  measured  with  fewer  stations,  but 
more  sampling  stations  are  needed  if  more  accurate 
estimations  are  required  for  velocity  and  dissolved 
oxygen.  (See  also  W91-04161)  (Author's  abstract) 
W91-04198 


ENVIRONMENTAL  RESEARCH  FIELD  SITE 
'HORKHEIMER  INSEL':  RESEARCH  PRO- 
GRAM, INSTRUMENTATION  AND  FIRST  RE- 
SULTS. 

Stuttgart  Univ.  (Germany,  F.R.).  Inst,  fuer  Was- 

serbau. 

G.  Teutsch,  and  H.  Kobus. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 

No.  4,  p  491-501,  1990.  8  fig,  2  tab,  4  ref. 

Descriptors:  'Data  acquisition,  'Field  tests, 
'Groundwater,  'Observation  wells,  'On-site  inves- 
tigations, 'Soil  water,  Agricultural  practices,  Data- 
bases, Denitrification,  Germany,  Horkheimer  Insel, 
Interdisciplinary  studies,  Lysimeters. 

In  order  to  carry  out  soil  and  groundwater  related 
field  experiments  under  controlled  natural  condi- 
tions, an  environmental  research  test  site  has  been 
set  up  in  July  1987  on  the  'Horkheimer  Insel',  70 
km  north  of  Stuttgart.  At  present,  the  interdiscipli- 
nary research  program  comprises  one  groundwater 
project,  two  projects  dealing  with  the  unsaturated 
zone  and  the  soil,  and  one  environmental  database 
project.  The  2  ha  field  site  is  extensively  instru- 
mented, comprising  24  multilevel  groundwater  ob- 
servation and  pumping  wells,  a  large  monolithic 
lysimeter,  a  meteorological  station,  as  well  as  nu- 
merous tensiometer  and  suction  cups.  In  order  to 
facilitate  the  communication  and  data  exchange 
between  the  cooperating  university  institutes,  a 
distributed  database  system  is  being  developed. 
During  the  initial  phase  of  the  investigations,  the 
field  site  has  been  extensively  described  in  terms  of 
underground  structure,  as  well  as  the  soil  and 
aquifer  parameters.  Preliminary  results  indicated 
that  peak  nitrogen  concentrations  were  seven  times 
higher  underneath  a  field  farmed  by  conventional 
techniques  compared  to  a  field  farmed  using  lower 
quantities  of  agricultural  chemicals  and  reduced 
tillage  (sustainable  field).  Corn  yields  were  7600 
kg/ha  for  the  conventional  field  and  7200  kg/ha 
for  the  sustainable  field.  Increased  bicarbonate  and 
sulfate  concentrations  give  strong  evidence  for  sig- 
nificant denitrification  beneath  the  sustainable  field 
and  grassland.  Parallel  to  the  field  work,  a  number 
of  mathematical  models  for  the  simulation  of  crop 
growth,  unsaturated  flow,  as  well  as  nitrate  and 
pesticide  transport  are  being  developed.  (MacK- 
een-PTT) 
W9 1-04308 


SMALL  TIME  AND  SPACE  MEASUREMENTS 
OF  THE  MEAN  RAINFALL  RATE  MADE  BY  A 
GAGE  NETWORK  AND  BY  A  DUAL-POLAR- 
IZATION RADAR. 

Observatoire  de  Physique  du  Globe  de  Clermont- 
Ferrand  (France). 
M.  Messaoud,  and  Y.  B.  Pointin. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  9,  p  830-841,  September  1990.  10  fig,  2  tab, 
30  ref.  French  Ministere  de  la  Recherche  et  de  la 
Technologie  Contract  84F0497. 

Descriptors:  'France,  'Meteorology,  'Network 
design,  'Radar,  'Rain  gages,  'Rainfall  distribution, 
•Rainfall  rate,  *Remote  sensing,  'Urban  hydrolo- 
gy, Correlation  analysis,  Differential  reflectivity, 
Performance  evaluation,  Spatial  distribution,  Tem- 
poral distribution. 

Small  time  (1-15  min)  and  space  (0.5-1.5  km)  meas- 
urements of  the  mean  rainfall  rate  were  made 
within  10  km  of  a  dual-polarization  radar  during 
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several  widespread  or  convective  precipitation 
events  in  the  vicinity  of  Clermont-Ferrand 
(France).  The  time  and  space  characteristic  scales 
of  the  gage  and  of  the  radar  data  were  evaluated  to 
find  the  minimum  time  interval  and  spatial  resolu- 
tion for  with  the  mean  rainfall  rate  values  had  a 
large  enough  statistical  significance.  Then  quantita- 
tive comparisons  were  made  between  the  mean 
rainfall  rate  deduced  from  the  gage  data  and  that 
deduced  from  the  radar  measurements,  with  or 
without  using  differential  reflectivity  values.  The 
correlation  between  the  values  obtained  from 
gages  and  those  derived  from  radar  data  without 
using  differential  reflectivity  values  is  0.7  when  the 
mean  rainfall  rate  values  are  large  and  when  the 
radar  time  coverage  exceeds  50%.  In  this  case,  the 
use  of  differentia]  reflectivity  values  appeared  to 
improve  the  estimation  of  mean  rainfall  field  for 
small  time  intervals.  For  time  intervals  of  an  hour 
or  more  this  improvement  appears  to  be  relatively 
less  important  because  the  small-scale  inhomogen- 
eities  are  smoothed  out  by  the  averaging  process. 
(Rochester-PTT) 
W91-04431 


FREQUENCY-WAVENUMBER        SPECTRUM 
FOR  GATE  PHASE  I  RAINFIELDS. 

Texas  A  and  M  Univ.,  College  Station.  Coll.  of 

Geosciences. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-04432 


THREE  COMPUTERIZED,  STRATIFIED 
RANDOM  SITE-SELECTION  METHODS  FOR 
DESIGN  OF  A  GROUND-WATER-QUALITY 
SAMPLING  NETWORK. 

Geological  Survey,  Oklahoma  City,  OK.  Water 
Resources  Div. 
J.  C.  Scott. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Water-Resources  Investigations  Report  90-4101, 
1990.  109p,  15  fig,  4  tab,  20  ref. 

Descriptors:  'Computer  programs,  'Groundwater 
quality,  'Network  design,  'Sampling,  'Site  selec- 
tion, 'Statistical  methods,  'Water  quality. 

Computer  software  was  written  to  randomly  select 
sites  for  a  groundwater-quality  sampling  network. 
The  software  uses  digital  cartographic  techniques 
and  subroutines  from  a  proprietary  geographic  in- 
formation system.  The  report  presents  the  meth- 
ods, computer  software,  and  sample  applications.  It 
is  often  desirable  to  collect  groundwater-quality 
samples  from  various  areas  in  a  study  region  that 
have  different  values  of  a  spatial  characteristic, 
such  as  land  use  or  hydrogeologic  setting.  A  strati- 
fied network  can  be  used  for  testing  hypotheses 
about  relations  between  spatial  characteristics  and 
water  quality,  or  for  calculating  statistical  descrip- 
tions of  water  quality  data  that  account  for  vari- 
ations that  correspond  to  the  spatial  characteristic. 
In  the  software  described,  a  study  region  is  subdi- 
vided into  areal  subsets  that  have  a  common  spatial 
characteristic  to  stratify  the  population  into  several 
categories  from  which  sampling  sites  are  selected. 
Different  numbers  of  sites  may  be  selected  from 
each  category  of  areal  subsets.  A  population  of 
potential  sampling  sites  may  be  defined  by  either 
specifying  a  fixed  population  of  existing  sites,  or  by 
preparing  an  equally  spaced  population  of  potential 
sites.  In  either  case,  each  site  is  identified  with  a 
single  category,  depending  on  the  value  of  the 
spatial  characteristic  of  the  areal  subset  in  which 
the  site  is  located.  Sites  are  selected  from  one 
category  at  a  time.  One  of  two  approaches  may  be 
used  to  select  sites.  Sites  may  be  selected  random- 
ly, or  the  areal  subsets  in  the  category  can  be 
grouped  into  cells  and  sites  selected  randomly 
from  each  cell.  (USGS) 
W9 1-04470 


PLAN  OF  STUDY  FOR  SELECTED  TOXIC 
SUBSTANCES  IN  THE  CALCASIEU  RIVER, 
LOUISIANA. 

Geological  Survey,  Baton  Rouge,  LA. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04637 


TAXONOMIC  LEVEL  AND  SAMPLE  SIZE 
SUFFICIENT  FOR  ASSESSING  POLLUTION 
IMPACTS  ON  THE  SOUTHERN  CALIFORNIA 
BIGHT  MACROBENTHOS. 

Environmental  Research  Lab.-Narragansett,  New- 
port, OR.  Mark  O.  Hatfield  Marine  Science 
Center. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-04721 
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X-BAND  SCATTEROMETRY  IN  AGRICUL- 
TURE. 

Budapesti  Mueszaki  Egyetem  (Hungary).  Dept.  of 
Microwave  Telecommunications. 
S.  Mihaly,  and  I.  Bozoski. 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1287-1290.  5 
fig,  2  tab,  5  ref.  OMFB  Committee  of  Technical 
Help,  Hungary,  Contract  No.  7-12-0127. 

Descriptors:  'Data  acquisition,  'Hungary,  'Micro- 
waves, 'Remote  sensing,  'Scatterometry,  'Soil 
moisture,  Instrumentation,  Measuring  instruments. 

In  the  field  of  active  microwave  remote  sensing 
scatterometry  is  a  widely  used  method  to  get  data 
samples  of  backscattering  properties  of  various  ob- 
jects, fields,  soils,  vegetation,  etc.  Bare  soil  backs- 
cattering measurements  using  an  X-band  scattero- 
meter  were  taken  in  May- July  1987  at  the  VITUKI 
Research  Centre  for  Water  Resources  Develop- 
ment. The  instrument  was  a  new  mobile  FM/CW 
scatterometer  with  flat  microstrip  cross-polarized 
antenna  and  automated  data  collecting  and  proc- 
essing facilities.  Measurements  were  taken  at  10.3 
GHz  at  H  and  V  like  polarization  are  interpreted 
with  insitu  gravimetric  and  pF  soil  moisture  data. 
Surface  roughness  and  temperature  are  also  meas- 
ured insitu.  The  test  setup  consisted  of  a  calibrating 
corner  reflector,  five  soil  moisture  and  temperature 
measuring  kits  distributed  over  the  test  field,  and  a 
surface  roughness  kit.  The  ten  day  data  series  was 
grouped  into  three  subgroups  according  to  the 
gravimetric  moisture  content  in  the  top  0-2  cm 
layer  of  the  soil.  Evaluation  of  the  surface  rough- 
ness measurement  has  shown  that  the  roughness  in 
terms  of  the  standard  deviation  of  the  surface 
height  is  in  the  range  of  a  quarter  of  the  wave- 
length. Averaging  of  the  backscattering  data  over 
the  measured  values  of  each  moisture  group  show 
that  general  dependence  upon  the  incidence  angle 
in  the  range  of  15-40  degrees  is  the  expected  de- 
creasing function  with  increasing  incidence  angle 
measured  from  vertical.  The  dynamic  range  is 
about  7  dB.  (See  also  W9 1-03944)  (Tappert-PTT) 
W9 1-03945 


CORRELATION  OF  REFLECTANCE  AND 
CHLOROPHYLL  FLUORESCENCE  SIGNA- 
TURES OF  HEALTHY  AND  DAMAGED 
FOREST  TREES. 

Karlsruhe  Univ.  (Germany,  F.R.).  Botanisches 
Inst.  II. 

C.  Buschmann,  and  H.  K.  Lichtenthaler. 
IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1339-1342.  4 
fig,  8  ref. 

Descriptors:  'Chlorophyll,  'Fluorescence,  'Forest 
hydrology,  'Forestry,  'Instrumentation,  'Measur- 
ing instruments,  'Remote  sensing,  Data  acquisi- 
tion, Leaves,  Water  stress. 

Airborne  forest  inventory  and  tree  damage  classifi- 
cation by  remote  sensing  is  mainly  based  upon 
reflectance  signatures  in  the  visible  and  near-infra- 
red. In  the  past  two  years  difficulties  in  the  classifi- 
cation of  tree  damage  by  airborne  forest  inventory 
have  arisen  as  the  reflectance  signature  of  damaged 
trees  with  low  physiological  activity  no  longer 
showed  the  expected  decrease  of  the  reflectance 
signal  in  the   800  nm  region.   A  new  measuring 


system  was  established  using  white  light  (VIRAF- 
spectrometer),  which  makes  it  possible  to  detect 
absorption  spectra,  fluorescence  emission  spectra, 
and  Kautsky  induction  kinetics  parallel  to  the  re- 
flection spectra  without  changing  the  position  of 
the  leaf  sample.  These  additional  measurements 
characterize  the  physiological  activity  of  one  leaf 
sample,  which  can  be  left  intact  and  attached  to 
the  plant.  Needles  were  collected  from  healthy  and 
damaged  spruce  trees  in  the  northern  Black  Forest 
at  an  altitude  of  450-700  m  above  sea  level.  Beech 
leaves  were  collected  from  the  botanical  garden  of 
the  University  of  Karlsruhe.  Leaves  of  a  healthy, 
well-watered  tree  were  compared  to  leaves  of  a 
tree  subjected  to  water  stress.  The  reflectance 
spectra  of  damaged  trees  are  characterized  by  an 
increase  in  the  reflectance  signal  in  the  visible 
range.  The  absorption  spectrum  of  the  leaves  de- 
veloped under  water  stress  indicates  the  lower 
light  scattering  properties  due  to  the  lower  water 
content  of  the  leaf  tissue  and  a  lower  chlorophyll 
content.  The  new  measuring  system  will  permit  a 
better  interpretation  of  remotely  sensed  reflection 
signatures  and  can  improve  forest  classification  and 
agricultural  field  studies.  (See  also  W9 1-03944) 
(Tappert-PTT) 
W9 1-03946 


CORRELATION  OF  RADAR  REFLECnVITY 
AND  CHLOROPHYLL  FLUORESCENCE  OF 
FOREST  TREES. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Elek- 
trotechnische  Gundlagen  der  Informatik. 
U.  Rinderle,  M.  Haitz,  H.  K.  Lichtenthaler,  D.  H. 
Kahny,  and  Z.  Shi. 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  HI,  August  1988.  p  1343-1346.  5 
fig,  1  tab,  8  ref. 

Descriptors:  'Chlorophyll,  'Fluorescence,  'For- 
estry, 'Plant  physiology,  'Radar,  'Remote  sens- 
ing, Data  acquisition,  Instrumentation,  Water 
stress. 

Forest  damage  classification  by  remote  sensing  has 
hitherto  mainly  relied  upon  the  optical  reflectance 
signatures  of  trees  measured  in  the  visible  and  near- 
infrared  region.  High  resolution,  wide-band  com- 
plex polarimetric  Radar  Cross  Section  (RCS) 
measurements  of  cut-off  twigs  and  leaves  of  forest 
trees  (Picea  glauca,  Acer  platanoides)  were  deter- 
mined parallel  to  the  light-induced  in  vivo  chloro- 
phyll fluorescence  to  correlate  changes  in  radar 
reflectivity  signatures  with  changes  in  tree  vitality 
during  increasing  water  stress.  The  fluorescent  sig- 
natures were  measured  using  three  different  meth- 
ods: (1)  the  red  laser-induced  chlorophyll  fluores- 
cence kinetics,  (2)  chlorophyll-fluorescence  emis- 
sion spectra,  and  (3)  the  differentiation  between 
photochemical  and  non-photochemical  quenching, 
using  a  PAM-fluorometer.  The  RCS  changes  con- 
siderably with  increasing  time  after  abscission  of 
healthy  needles  and  twigs  from  the  tree.  Several 
chlorophyll  fluorescence  parameters,  such  as  de- 
creasing Rfd  values  and  decreasing  height  of  the 
saturating  fluorescence  spikes,  indicate  decreasing 
photosynthesis  of  the  leaves,  needles,  and  twigs. 
The  comparative  results  of  the  development  of 
radar  and  fluorescence  signals  in  cut-off  plant  parts 
are  a  first  promising  step  towards  the  aim  of  creat- 
ing a  link  between  RCS  signatures  and  tree  vitali- 
ty. (See  also  W9 1-03944)  (Tappert-PTT) 
W9 1-03947 


LANDSAT  TM  STUDY  OF  AFFORESTATION 
IN  NORTHERN  SCOTLAND  AND  ITS  IMPACT 
ON  BREEDING  BIRD  POPULATIONS. 

National   Remote   Sensing   Centre,    Farnborough 
(England). 
J.  M.  Smith. 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1369-1370.  4 
ref. 
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Descriptors:  'Environmental  impact,  'Land  use, 
•Peat  bogs,  'Remote  sensing,  'Satellite  technolo- 
gy, 'Scotland,  'Water  birds,  'Waterfowl,  'Wet- 
lands, Acidity,  Birds,  Forest  ecosystems,  Habitats, 
Peat  soils,  Reforestation. 

The  largest  single  area  of  actively  growing  acid 
bog  in  the  UK  lies  in  the  far  north  of  Scotland,  and 
is  of  international  importance  physiographically, 
and  for  the  variety  and  type  of  flora  and  fauna  it 
supports.  Pool  systems  which  characterize  the  flat- 
ter areas  of  peatland  provide  feeding  grounds  for 
large  numbers  of  breeding  wetland  birds.  Since 
1980,  approximately  20%  of  the  total  area  of  blan- 
ket bog  has  been  afforested,  reducing  drastically 
the  area  of  suitable  habitat  for  many  moorland 
birds.  Young  forest  plantations  are  often  difficult 
to  identify  on  satellite  imagery  prior  to  canopy 
closure  because  of  spectral  similarity  with  sur- 
rounding cover  type.  Young  plantations  can  be 
readily  identified  on  Landsat  TM  imagery.  During 
the  first  year  after  plowing,  spectral  response  of 
exposed,  deeply  plowed  and  drained  peat  soils 
contrasts  well  with  that  of  the  surrounding  vegeta- 
tion. Contrast  with  surrounding  moorland  vegeta- 
tion communities  diminishes  during  the  first  2-3 
years  after  plowing  as  sites  dry  out  and  natural 
vegetation  regenerates.  Areas  of  ecologically  im- 
portant pool  systems  can  also  be  detected  and  TM 
imagery  offers  the  potential  to  map  areas  of  suita- 
ble wader  habitat.  TM  imagery  can  potentially 
meet  many  of  the  information  requirements  which 
conservation  bodies  have  faced  in  assessing  the 
impact  of  afforestation  on  the  peatland  environ- 
ment and  on  breeding  bird  populations,  and  can 
also  assist  in  identifying  areas  for  future  conserva- 
tion. (See  also  W9 1-03944)  (Tappert-PTT) 
W9 1-03948 


QUANTITATIVE  REMOTE  DETECTION  OF 
SUSPENDED  SEDIMENT  CONTENT  AND 
CHLOROPHYLL  CONCENTRATION  OF 
WATER  IN  DIFFERENT  DEPTHS. 

Institute  of  Karst  Geology,  Guilin  (China). 
S.  Shu,  and  J.  Chen. 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1373-1377.  2 
fig,  4  tab,  8  ref. 

Descriptors:  'Chlorophyll,  'Instrumentation,  'Ra- 
diometry,  'Remote  sensing,  'Suspended  sediments, 
•Water  analysis,  Measuring  instruments,  Regres- 
sion analysis,  Satellite  technology. 

A  new  method  to  measure  suspended  sediment 
concentration  (SC)  and  chlorophyll  concentration 
(CC)  in  different  depths  of  water  uses  a  specially 
designed  device  which  includes  a  portable  spectral 
radiometer  and  a  water  sampler.  Water  samples 
from  different  depths  can  be  pumped  into  the 
device  and  their  spectral  characteristics  measured 
by  a  spectroradiometer.  Multivariate  regression 
analysis  shows  a  significant  correlation  between 
the  reflectance  and  the  concentrations  of  suspend- 
ed sediment  or  chlorophyll.  The  sediment  and 
chlorophyll  concentrations  could  be  estimated 
from  spectral  reflectance  by  using  regression 
models  with  average  relative  errors  of  3.6%  and 
3.4%,  respectively.  The  new  technique  takes  only 
four  minutes  to  measure  SC  and  CC  from  a  water 
body.  The  method  will  be  an  effective  tool  for 
water  quality  monitoring,  and  when  satellite  im- 
agery is  used  to  estimate  the  CC  and  SC  of  water 
this  spectral  method  can  be  used  in  ground  truth- 
ing  investigations  to  calculate  satellite  measure- 
ments. (See  also  W9 1-03944)  (Author's  abstract) 
W9 1-03949 


OPTICAL  PROPERTIES  OF  SEAWATER 
BODIES:  MEASUREMENTS  WITH  AN  UN- 
DERWATER RADIOMETER  AND  A  HIGH- 
RESOLUTION  SPECTRORADIOMETER. 

Commission  of  the  European  Communities,  Ispra 
(Italy).  Joint  Research  Centre. 
G  Maracci,  and  M.  Ooms 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International    Geoscience    and    Remote    Sensing 


Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1379-1380.  3 
fig,  2  tab,  4  ref. 

Descriptors:  'Chlorophyll,  'Data  acquisition,  'In- 
strumentation, 'Radiometry,  'Water  analysis,  Bay 
of  Naples,  Measuring  instruments,  Seawater. 

The  optical  properties  of  water  bodies  important 
for  the  calibration  of  algorithms  computing  quanti- 
tative chlorophyll  content  and  based  upon  remote- 
ly sensed  data.  Chlorophyll  content  of  two  differ- 
ent water  bodies  was  measured  using  two  different 
instruments.  The  first  instrument,  an  EOS  under- 
water radiometer,  is  used  for  the  determination  of 
underwater  downwelling  and  upwelling  radiation. 
The  immersible  instrument  allows  the  determina- 
tion of  the  light  attenuation  coefficient  k  and  the 
reflectance  R  as  a  function  of  depth  for  4  different 
wavelengths,  corresponding  to  the  CZCS  chan- 
nels. The  second  instrument,  an  SE590  spectrora- 
diometer, is  a  field  portable  data  logging  spectrora- 
diometer for  simultaneous  acquisition  of  256  bands 
in  the  range  of  380-1 100  nm  by  means  of  a  diffrac- 
tion grating  and  a  photodiode  array.  The  high 
resolution  constitutes  the  latest  state  of  the  art  in 
new  radiometer  technology.  Both  narrow  band 
measurements  of  single  channels  and  integration  of 
measurements  over  selected  ranges  are  possible. 
Both  instruments  were  used  in  a  sea  truth  cam- 
paign in  the  Bay  of  Naples  and  the  results  are 
compared  with  in  situ  chlorophyll  data.  Two  dif- 
ferent stations  with  different  chlorophyll  contents 
were  investigated.  Optical  in  situ  data  are  in  good 
agreement  with  analytical  results  of  chlorophyll 
determination.  (See  also  W9 1-03944)  (Tappert- 
PTT) 
W9 1-03950 


IMPACT  OF  MULTIVIEWING  REFLECTANCE 
DATA  ON  THE  ESTIMATION  OF  SUSPEND- 
ED SEDIMENT  CONCENTRATION. 

Instituto   de    Pesquisas    Espaciais,    Sao   Jose   dos 
Campos  (Brazil). 
E.  M.  L.  M.  Novo. 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1381-1384.  2 
fig,  3  tab,  23  ref. 

Descriptors:  'Data  acquisition,  'Instrumentation, 
•Radiometry,  •Reflectance  techniques,  'Remote 
sensing,  'Suspended  sediments,  'Water  analysis, 
Regression  analysis,  Sediments,  Statistical  studies. 

Remotely  sensed  water  radiance  has  proved  to  be  a 
useful  adjunct  to  conventional  techniques  for  sus- 
pended sediment  concentration  (SSC)  assessment 
as  it  provides  an  instantaneous  synoptic  view  of 
water.  Sensing  geometry  parameters  (illumination 
and  sensor  look  angles)  affect  the  measurement  of 
water  radiance.  An  experiment  was  performed  to 
test  the  suitability  of  using  reflectance  data  meas- 
ured with  different  viewing  geometries  to  improve 
the  estimation  of  SSC.  Laboratory  simulation  of  35 
suspended  sediment  concentrations  and  14  differ- 
ent sensing  geometries  was  carried  out  to  derive 
the  SSC  reflectance  relationship.  Variation  in  SSC 
was  simulated  by  adding  successive  known 
amounts  of  sediment  to  300  liters  of  water.  The 
tested  concentrations  ranged  from  0  mg/1  to  1050 
mg/1.  Water  reflectance  in  four  wavebands  was 
derived  from  near  sequential  measurements  of  rela- 
tive radiance  from  the  target  and  a  calibrated  panel 
for  each  SSC  and  sensing  geometry.  Seven  differ- 
ent viewing  angles  were  used.  The  data  was  divid- 
ed into  two  sets  of  reflectance  data;  one  set  was 
comprised  of  multispectral  data,  and  one  set  was 
comprised  of  multiviewing  variables.  The  results 
from  stepwise  regression  supported  the  idea  that 
multiviewing  algorithms  provides  better  estimates 
of  suspended  sediment  concentration  from  water 
reflectance.  The  standard  error  of  estimate  de- 
crease from  89.00  mg/1  with  the  multispectral 
model  to  24.39  mg/1  with  the  multiviewing  model. 
The  explanatory  power  of  viewing  variables,  how- 
ever, varied  with  wavebands.  Visible  wavelengths 
were  more  affected  by  the  inclusion  of  viewing 
variables  than  infrared  wavelengths.  (See  also 
W9 1-03944)  (Tappert-PTT) 


W9 1-03951 


DATA  PROCESSING  FOR  THE  DETERMINA- 
TION OF  PIGMENTS  AND  SUSPENDED 
SOLIDS  FROM  THEMATIC  MAPPER  DATA. 

Freiburg  Univ.  (Germany,  F.R.).  Inst,  for  Physical 
Geography. 

B.  Grunwald,  W.  Mauser,  and  K.  Schneider. 
IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1385-1389.  6 
fig,  10  ref. 

Descriptors:  'Chlorophyll,  'Data  acquisition,  'In- 
strumentation, 'Lakes,  'Landsat  images,  'Limnol- 
ogy, 'Reflectance  techniques,  'Remote  sensing, 
'Satellite  technology,  'Suspended  solids,  Germa- 
ny, Lake  Constance,  Regression  analysis,  Water 
analysis. 

Information  about  the  spatial  distribution  of  pig- 
ments and  suspended  solids  in  water  bodies  is  of 
interest  because  of  its  close  relationship  to  other 
ecological  parameters  such  as  temperature,  cur- 
rents, internal  waves  and  primary  production.  The 
use  of  Thematic  Mapper  data  has  been  used  for 
determination  of  chlorophyll  and  suspended  solids 
in  Lake  Constance,  a  large  lake  in  the  southwest- 
ern region  of  Germany.  Although  Thematic 
Mapper  is  a  scanner  built  for  land  use  rather  than 
marine  or  freshwater  research  it  is  the  only  satel- 
lite-mounted scanner  that  holds  a  channel  in  the 
blue  region  of  the  spectrum  in  combination  with 
high  spatial  resolution,  a  requirement  for  evalua- 
tion of  the  variable  chlorophyll  concentrations 
found  in  large  experimental  areas  such  as  Lake 
Constance.  Data  preprocessing  includes  destriping, 
and  an  atmospheric  correction  model  accounts  for 
light  scattering  and  absorption  in  the  atmosphere. 
A  non-linear  multiple  regression  model  for  chloro- 
phyll A  was  developed,  using  a  database  of  43 
water  samples  collected  on  August  17,  1987.  The 
regression  model  for  chlorophyll  is  found  to  be 
significant  up  to  the  90  percent  level  with  a  regres- 
sion coefficient  of  0.659.  The  chlorophyll  concen- 
trations were  particularly  low  due  to  weather  con- 
ditions, and  the  utility  of  Thematic  Mapper  data 
for  determining  even  low  concentrations  was  dem- 
onstrated. (See  also  W9 1-03944)  (Tappert-PTT) 
W9 1-03952 


MONITORING  OFFSHORE  WATER  QUALITY 
FROM  SPACE. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 
Scotia). 

J.  Topliss,  L.  Payzant,  and  P.  C.  F.  Hurley. 
IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1399-1402.  1 
fig,  1  tab,  10  ref. 

Descriptors:  'Coastal  waters,  'Data  acquisition, 
•Instrumentation,  'Radiometry,  'Reflectance  tech- 
niques, 'Remote  sensing,  'Satellite  technology, 
Canada,  Chlorophyll,  MOS-1  sensor  system,  Opti- 
cal properties,  SPOT  sensor  system,  Secchi  disks, 
Turbidity,  Water  analysis. 

The  Secchi  disc  depth  is  often  used  as  a  measure  of 
visible  water  turbidity  to  provide  some  indication 
of  water  quality.  Numerous  satellite  systems  meas- 
ure visible  reflected  light  but  only  a  few  have  the 
high  sensitivity  required  to  record  the  changes  in 
reflected  light  from  the  ocean  surface.  Images  from 
the  Coastal  Zone  Color  Scanner  (CZCS)  onboard 
the  Nimbus-7  satellite  were  compared  to  survey 
data  taken  by  fisheries  vessels  on  the  Scotian  Shelf 
off  the  east  coast  of  Canada.  A  significant  relation- 
ship was  found  between  the  corrected  satellite 
radiance  ratio  and  the  Secchi  disc  depth  for  data 
collected  during  several  different  years,  although 
no  significant  relationship  was  determined  for 
chlorophyll  A  concentrations.  Data  collected  from 
coastal  Japan  was  used  to  develop  algorithms  relat- 
ing Secchi  disc  depth  to  spectral  reflectance  for 
wavebands  from  several  different  satellites.  It  was 
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shown  that  in  some  cases  increased  water  turbidity 
can  shift  the  water  leaving  optical  signal  out  of  the 
spectral  range  of  a  given  satellite  system  and  into 
the  spectral  range  of  another  system.  The  data 
show  that  although  the  CZCS  wavebands  are  not 
optimum  in  spectral  position  such  imagery  could 
supplement  selected  parameters  for  off-shore  sur- 
veys. Other  satellite  sensors,  in  particular  the 
SPOT  and  MOS-1  systems,  would  probably  have 
better  spectral  capabilities  for  monitoring  in-shore 
water  quality.  (See  also  W9 1-03944)  (Tappert- 
PTT) 
W91-03953 


MONITORING  OF  SUSPENDED  SEDIMENTS 
IN  JATILUHUR  RESERVOIR  USING  SATEL- 
LITE IMAGES. 

Waterloopkundig     Lab.     te     Delft,     Emmeloord 
(Netherlands).  De  Voorst  Lab. 
J.  R.  Moll. 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1403-1404.  2 
fig,  3  ref.  Dutch  National  Remote  Sensing  Pro- 
gram Grant  No.  4532/TO-2.7. 

Descriptors:  'Data  acquisition,  *Erosion,  •Instru- 
mentation, •Reflectance,  *Remote  sensing,  ♦Reser- 
voirs, *SERES-1  model,  'Satellite  technology, 
•Suspended  sediments,  Computer  programs,  Jatilu- 
hur  Reservoir,  Java,  Landsat  images,  Model  stud- 
ies, SPOT  sensor  system. 

The  material  that  is  dissolved  or  suspended  in 
water  bodies  determines  the  amount  of  backscat- 
tered  energy;  this  principle  is  used  to  monitor 
erosion  using  remote  sensing  data.  The  measure- 
ment of  sedimentation  in  reservoirs  is  used  to  ex- 
trapolate erosional  dynamics.  Concentrations  of 
suspended  sediments  in  a  reservoir  are  related  to 
functions  of  SPOT  and  LANDSAT-measured  dig- 
ital photon  counts.  Jatiluhur  Reservoir  on  West 
Java  was  selected  as  a  case  study.  Ground  truth 
data  for  suspended  sediment  in  the  reservoir  were 
computed  using  the  mathematical  model  SERES- 1 
(Sedimentation  in  Reservoirs),  as  ground  measure- 
ments were  not  available  at  the  time  of  the  satellite 
overpasses.  The  model  was  calibrated  using  a  topo- 
graphic map  predating  construction  of  the  reser- 
voir and  a  bottom  survey  done  in  1982.  The  results 
are  promising,  and  temporal  and  spatial  extrapola- 
tion possibilities  of  the  obtained  relationships  will 
be  investigated  in  a  follow-up  study.  (See  also 
W9 1-03944)  (Author's  abstract) 
W91-03954 


study  on  the  relationship  between  nearshore  waters 
ST  and  the  topography  of  the  shallow  marine 
bottom,  such  as  radiant  sand  ridges,  indicates  that 
satellite  data  can  be  used  to  infer  the  genesis  and 
hydrodynamics  of  the  bottom  topography.  (See 
also  W9 1-03944)  (Tappert-PTT) 
W91-03955 

SATELLITE  REMOTE  SENSING  FOR  HYDRO- 
LOGICAL  MONITORING  AND  WATER  MAN- 
AGEMENT IN  GREAT  BRITAIN. 

Bristol  Univ.  (England).  Dept.  of  Geography. 
E.  C.  Barrett,  R.  W.  Herschy,  J.  O.  Bailey,  A.  R. 
Harrison,  and  R.  M.  Lucas. 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1539-1540. 

Descriptors:  *Data  acquisition,  'Instrumentation, 
•Maps,  *Remote  sensing,  'Satellite  technology, 
•Snow  accumulation,  *Snow  cover,  *Snow  sur- 
veys, Ablation,  England,  Hydrologic  maps,  Radar, 
Rainfall,  Scotland,  Snowline,  Snowmelt,  Wales, 
Water  resources  management. 

Precipitation,  evapotranspiration,  and  snow  cover 
are  all  important  parameters  for  many  aspects  of 
hydrology  and  water  management.  Work  is  being 
performed  for  the  UK  Department  of  the  Environ- 
ment to  design,  develop  and  demonstrate  satellite- 
based  techniques  for  improved  hydrological  moni- 
toring in  England,  Scotland  and  Wales.  At  present 
information  on  snow  cover  in  the  United  Kingdom 
relies  on  reports  from  voluntary  observers.  A  new 
set  of  methods  utilizing  satellite-based  weekly 
maps  of  snow  area  have  been  developed  for  use  in 
water  management.  Snow  classification  algorithms 
have  been  developed  using  NOAA  AVHRR/ 
HRPT  satellite  imagery,  using  either  visible  or 
multispectral  data.  The  percentage  errors  of  the 
classifications  have  been  obtained  by  differentiat- 
ing between  land  and  sea  areas,  and  applying  the 
snow  area  algorithms  to  both.  Routines  have  been 
developed  to  allow  for  the  effects  of  forest  cover 
on  apparent  snow  area  statistics,  and  for  the  cre- 
ation of  a  digital  terrain  model  to  generate  slope 
and  aspect  corrections  to  compensate  for  unwant- 
ed terrain  shadow  effects.  Radar  and  satellite  rain- 
fall monitoring  techniques  have  been  applied  to  the 
United  Kingdom  as  well,  with  radar  results  from 
the  FRONTIERS  project  of  the  British  Meteoro- 
logical Office  and  satellite-derived  rainfall  esti- 
mates produced  by  the  application  of  the  Bristol/ 
NOAA  InterActive  Scheme  (BIAS).  (See  also 
W9 1-03944)  (Author's  abstract) 
W9 1-03956 


PRELIMINARY  STUDY  ON  NEARSHORE 
WATER  IN  CHINA  WITH  NOAA  SATELLITE 
IMAGES. 

National    Bureau    of   Oceanography,    Hangzhou 
(China).  Second  Inst,  of  Oceanography. 
X.  Baide,  and  S.  Xingwei. 
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International  Geoscience  and  Remote  Sensing 
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Descriptors:  *Coastal  waters,  *Data  acquisition, 
•Infrared  radiation,  *  Instrumentation,  *Remote 
sensing,  *Sand  waves,  *Satellite  technology, 
China,  Reflectance,  Water  temperature. 

The  distributions  of  nearshore  water  surface  tem- 
perature (ST)  on  the  Northern  Jiangsu  and  South- 
ern Bohai  Sea  were  obtained  using  data  from  the 
fourth  channel  of  AVHRR  on  NOAA  satellites. 
Data  was  collected  during  September  to  Decem- 
ber 1987  on  a  wavelength  range  of  10.3  to  11.3 
microns.  Only  the  surface  layer,  approximately  20 
microns  deep  and  termed  the  skin  layer,  plays  an 
important  part  in  reflecting  infrared  radiation.  It  is 
clear  that  the  ST  distribution  in  a  nearshore  water 
mass  near  Northern  Jiangsu  appears  in  a  radiant 
pattern,  with  the  formation  of  underwater  sand 
ridges  apparent  on  the  images.  ST  distribution  on 
the  southern  Bohai  Sea  appears  to  be  a  clockwise 
whorl  in  the  vicinity  of  Shidao.  A  preliminary 


IMPROVEMENTS  IN  GROUNDWATER  RE- 
CHARGE ESTIMATION  USING  SATELLITE 
REMOTE  SENSING. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Civil 
and  Structural  Engineering. 
R.  S.  Drayton,  M.  A.  M.  Said,  and  N.  J.  Carter. 
IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1541-1542.  1 
fig,  1  tab,  1  ref. 

Descriptors:  *England,  *Glacial  drift,  •Ground- 
water movement,  *Groundwater  recharge,  •Land- 
sat  images,  *Remote  sensing,  Finite  difference 
methods,  Groundwater  resources,  Land  cover, 
Model  studies,  Soil  types. 

In  conventional  groundwater  models  the  accurate 
representation  of  groundwater  flow  has  been  held 
back  by  the  difficulties  encountered  in  estimating 
recharge.  Because  remote  sensing  is  commonly 
used  to  identify  land  cover  and  soil  types,  it  can 
provide  useful  information  with  regard  to  the  land 
cover  and  the  distribution  of  glacial  drift  in  re- 
charge areas.  An  existing  finite-difference  model  of 
the  River  Worfe  catchment,  an  important  aquifer 
in  Central  England,  has  been  used  to  check  the 
sensitivity  of  groundwater  predictions  to  changes 
in  land  cover  and  drift.  A  LANDSAT  image  of 
the  catchment  area  was  rectified  and  geo-refer- 


enced,  and  a  land  cover  map  was  generated  using 
the  same  land  cover  categories  as  the  groundwater 
model.  It  was  determined  that  if  the  proportions  of 
land  cover  types  are  assumed  to  be  constant  all 
over  the  catchment,  then  gross  changes  in  the 
relative  proportions  have  little  effect  upon  ground- 
water recharge.  However,  small  changes  in  the 
distribution  of  drift  have  a  major  impact  upon 
recharge  estimation.  The  most  successful  technique 
for  identifying  drift  areas  was  to  perform  a  textural 
analysis,  classifying  the  image  on  the  basis  that  the 
agricultural  patterns  in  drift  areas  were  significant- 
ly different  from  those  outside  drift  areas.  A  meth- 
odology for  improving  recharge  estimation  using 
remote  sensing  is  given,  and  the  improvements  in 
the  model  results  are  quantified.  (See  also  W91- 
03944)  (Tappert-PTT) 
W91-03957 


ASSESSMENT  OF  ATM  AND  SATELLITE 
DATA  FOR  ESTIMATING  THE  GROUNDWAT- 
ER CONTRIBUTION  TO  SLOPE  STABILITY. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Civil 
and  Structural  Engineering. 
R.  S.  Drayton,  M.  P.  Hughes,  and  M.  R.  Taylor. 
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International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1543-1544.  1 
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Descriptors:  'Data  acquisition,  'Groundwater, 
•Landsat  images,  'Landslides,  *Remote  sensing, 
•Slope  stability,  *Soil  water,  'Springs,  Digital  ele- 
vation models,  Land  cover. 

Landslips  are  a  serious  environmental  hazard  in 
many  parts  of  the  world.  Groundwater  conditions 
are  frequently  used  in  the  assessment  of  the  stabili- 
ty of  slopes.  Although  groundwater  cannot  be 
directly  detected  by  remote  sensing  instruments, 
seepage  such  as  springs  or  localized  changes  in  soil 
moisture  can  be  readily  detected.  Three  sites  in  the 
Rhondda  Fawr  valley  in  England  were  selected 
for  detailed  study  to  detect  seasonal  variations  in 
soil  moisture  which  are  indicative  of  groundwater 
conditions.  Airborne  Thematic  Mapper  (ATM) 
data  was  collected  from  an  altitude  of  4000m  on 
two  flights,  corresponding  to  end-of-winter  (May) 
and  end-of-summer  (September).  Landsat  Themat- 
ic Mapper  (TM)  imagery  was  also  available,  along 
with  a  digital  elevation  model  (DEM)  for  the  study 
area.  The  spectral  resolution  of  the  ATM  data  was 
sufficient  to  be  able  to  easily  identify  historically 
active  slips,  largely  on  the  basis  of  their  character- 
istic geomorphology.  However,  the  imagery  was 
so  grossly  distorted  that  it  was  impossible  to  geo- 
reference  the  ATM  without  significant  residual 
errors;  this  problem  remains  the  main  stumbling 
block  to  using  ATM  imagery  for  site-specific  engi- 
neering applications.  LANDSAT  data  was  geo- 
referenced  and  used  to  generate  a  land  cover  clas- 
sification map,  which  was  combined  with  the 
DEM  to  create  a  landslip  potential  map  which 
compared  favorably  to  the  map  produced  with 
conventional  techniques.  (See  also  W9 1-03944) 
fTappert-PTT) 
W9 1-03958 


SIMULATING  TEST  FOR  SOIL  MOISTURE 
SENSING. 

China  Research  Inst,  of  Radiowave  Propagation, 
Xinxiang. 
J.Ji. 
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International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
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Descriptors:  'Data  acquisition,  'Radar,  'Remote 
sensing,  'Soil  water,  Backscatter,  Testing  proce- 
dures. 

For  active  microwave  remote  sensing  of  soil  mois- 
ture, it  is  important  to  study  the  correspondence 
between  soil  moisture  and  backscattering  coeffi- 
cients. The  main  factors  controlling  backscattering 
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from  baresoil  are  soil  moisture,  soil  surface  rough- 
ness, and  soil  texture.  A  sample-on-plank  simulat- 
ing test  for  the  remote  sensing  of  baresoil  moisture 
was  conducted  using  X-band  scatterometer  results 
during  the  last  two  months  of  1986.  The  soil 
sample,  thicker  than  20  cm,  was  set  on  a  rectangu- 
lar wood  plank  which  can  be  moved  to  simulate 
different  angles  of  incidence.  Homogeneous  soil 
surface  roughness  is  maintained  by  special  plates. 
The  X-band  scatterometer  is  FM-CW  radar  with  a 
center  wavelength  of  3.2  cm.  The  sample  test  has 
the  advantage  in  reducing  the  error  which  comes 
from  the  inhomogeneity  of  soil  moisture  and  that 
of  soil  surface  roughness  in  measuring  the  backs- 
cattering  coefficients  at  different  incidence  angles 
in  the  field.  In  general,  the  angular  responses  of 
backscattering  coefficients  are  strongly  dependent 
upon  surface  roughness,  although  only  two  rough- 
ness configurations  were  tested.  Additional  tests  in 
a  wider  variety  of  roughness  coefficients  are  re- 
quired to  confirm  the  effects  of  surface  roughness. 
(See  also  W9 1-03944)  (Tappert-PTT) 
W9 1-03961 


MICROWAVE  X-BAND  RADIOMETRIC 
CHARACTERIZATION  OF  BRAZILIAN  SOILS 
BY  MEASUREMENT  OF  THE  COMPLEX  PER- 

MrrnvrrY. 

Instituto   de   Pesquisas   Espaciais,    Sao   Jose   dos 
Campos  (Brazil). 
U.  W.  Palme. 
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10  fig,  13ref. 

Descriptors:  'Brazil,  'Data  acquisition,  'Instru- 
mentation, ♦Microwaves,  *Radiometry,  'Remote 
sensing,  'Satellite  technology,  'Soil  surveys,  'Soil 
water,  Agriculture,  Field  tests,  Soil  chemistry,  Soil 
types. 

Spaceborne  remote  sensing  techniques  in  the  visi- 
ble and  infrared  ranges  have  been  used  in  Brazil 
since  the  1970s.  However,  the  high  percentage  of 
cloud  coverage  and  highly  weathered  soils  typical 
of  the  region  reduce  the  usefulness  of  the  data. 
Microwaves,  besides  being  less  influenced  by 
clouds,  provide  higher  penetration  rates  in  the  soil 
and  generally  larger  contrast  ranges.  This  has  led 
to  the  wide  use  of  microwaves,  particularly  in  the 
northern  hemisphere,  to  estimate  soil  moisture  and 
salinization  processes  on  a  regional  basis.  Estimat- 
ing and  monitoring  soil  moisture  conditions  over 
extensive  areas  using  microwave  techniques  re- 
quires a  knowledge  of  the  complex  permittivity  of 
the  soils  as  a  function  of  soil  moisture.  Laboratory 
measurements  of  this  parameter  were  made  for  six 
agriculturally  important  Brazilian  soils,  at  five  dif- 
ferent levels  of  soil  moisture.  Two  field  tests  on 
three  of  the  soils  were  carried  out.  Some  relevant 
results  regarding  measurements  of  the  complex 
permittivity  as  estimates  of  emissivity  for  soils 
from  tropical  areas  at  10.62  GHz  indicate  that  the 
chemical  characteristics  of  the  soil  may  present  a 
greater  challenge  to  evaluating  the  relationship 
between  complex  permittivity  and  soil  moisture. 
Data  from  soils  high  in  iron  oxides  and  organic 
matter  do  not  agree  well  with  predicted  results  and 
additional  research  is  under  way  in  this  area.  (See 
also  W9 1-03944)  (Tappert-PTT) 
W9 1-03962 


MICROCOMPUTER-BASED  RADIOMETER 
DATA  ACQUISITION  AND  PROCESSING 
SYSTEM  FOR  LARGE-AREA  MAPPING  OF 
SOIL  MOISTURE  CONTENT  IN  THE  TOP 
ONE  METER  LAYER. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Radiotekh- 
niki  i  Elektroniki. 

F.  A.  Mkrtchjan,  E.  A.  Reutov,  A.  M.  Shutko,  K. 

G.  Rostov,  and  M.  A.  Michalev. 
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Descriptors:  'Bulgaria,  'Computer  programs, 
•Data  acquisition,  'Microcomputers,  'Micro- 
waves, 'Radiometry,  'Remote  sensing,  'Soil 
water,  Aircraft,  Data  processing,  Mapping. 

An  airborne  microcomputer-based  radiometer  data 
acquisition  and  processing  system  for  mapping  the 
soil  moisture  content  in  the  top  one  meter  layer  has 
been  used  in  Bulgaria  to  develop  agricultural  infor- 
mation. The  system  consists  of  two  radiometers 
operating  at  wavelengths  of  18  and  30  cm,  a  micro- 
computer system  for  radiometer  data  preprocess- 
ing and  recording  on  board  an  aircraft,  and  soft- 
ware for  estimating  and  mapping  the  water  content 
in  the  top  one  meter  layer.  Both  radiometer  data 
and  a  priori  information  about  the  hydrophysical 
properties  of  the  soils  are  used  by  the  program  to 
estimate  soil  moisture.  Tests  of  the  system  were 
conducted  in  April-July  1987.  Fifteen  agricultural 
fields  with  an  area  of  700  km  were  overflown  and 
soil  moisture  maps  prepared.  Several  fields  were 
overflown  twice,  separated  by  3  to  7  days,  to 
monitor  changes  in  soil  moisture.  Groundtruthing 
was  carried  out  coincident  with  the  flights.  The 
results  of  the  test  flights  have  shown  the  potential 
of  the  system  for  near  real-time  mapping  of  the 
water  content  in  the  top  one  meter  layer  with 
accuracy  to  0.05g/cu  cm,  if  the  top  biomass  is  less 
than  2  kg/sq  m.  The  system  has  proved  to  be 
reliable  aboard  an  aircraft  and  may  be  used  as  an 
operational  system  for  near-real  time  soil  moisture 
mapping.  (See  also  W9 1-03944)  (Tappert-PTT) 
W9 1-03963 


ESTIMATION  OF  THE  AREA  OF  LAKE 
KARIBA,  ZIMBABWE,  USING  LANDSAT  MSS 
IMAGERY. 

Aston  Univ.,  Birmingham  (England).  Remote 
Sensing  Unit. 
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Descriptors:  'Data  acquisition,  'Lakes,  'Landsat 
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Lake  Kariba,  on  the  Zambezi  River  in  Zimbabwe, 
is  one  of  the  world's  largest  manmade  lakes  and  is 
used  for  both  hydroelectric  power  and  irrigation. 
Drops  in  water  level  due  to  droughts  have  created 
an  interest  in  monitoring  lake  area  using  satellite 
imagery,  relating  the  data  to  water  levels,  and 
using  it  for  input  to  hydrological/evaporation 
models.  Satellite  imagery  has  several  advantages 
over  conventional  mapping/survey  and  photo- 
grammetric  techniques  in  terms  of  cost,  time,  fre- 
quency of  data  collection,  and  technical  consider- 
ations. Several  LANDSAT  scenes  were  selected 
to  provide  total  lake  coverage  under  the  complete 
range  of  lake  levels.  Adjacent  scenes  were  joined 
together  to  provide  a  complete  picture  of  the  lake. 
Pixels  were  identified  as  water  or  soil  and  counted 
to  determine  the  area  of  the  lake.  The  original 
estimates  of  the  lake  area,  taken  at  the  time  of 
construction  are  in  close  agreement  with  those 
measured  from  satellite  data.  The  project  is  a  good 
demonstration  of  the  practical  value  of  satellite 
data,  but  also  indicates  difficulties  in  ground  con- 
trol pointing  and  geometric  correction  that  are 
much  more  difficult  in  practice  than  in  theory.  (See 
also  W9 1-03944)  (Tappert-PTT) 
W9 1-03964 


OBSERVATIONS  ON  THE  EFFECT  OF  GEO- 
METRIC PROPERTIES  OF  AGRICULTURAL 
SOILS  ON  RADAR  BACKSCATTER,  FROM  C- 
SAR  IMAGES. 

Sherbrooke  Univ.  (Quebec).  Centre  d'Applications 
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International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1595-1598.  6 


fig,  3  ref. 

Descriptors:  'Agriculture,  'Canada,  'Data  acquisi- 
tion, 'Radar,  'Remote  sensing,  'Soil  water,  Crop- 
land, Satellite  technology. 

Past  studies  using  ground-based  scatterometers 
have  indicated  that  C-band  radar,  operating  at  15- 
20  degrees  of  incidence  angle,  is  an  optimum  con- 
figuration for  soil  moisture  detection.  The  effects 
of  the  geometric  properties  of  agricultural  surfaces 
on  the  analysis  of  C-band  SAR  images  must  be 
understood.  An  experiment  was  conducted  in  an 
agricultural  area  in  Quebec,  Canada  to  determine 
the  disturbing  effects  of  agricultural  surfaces  on 
the  SAR  images.  Five  radar  images  were  acquired 
over  the  test  site  in  June  1987.  Three  flight  lines 
providing  different  look  angles  were  selected.  The 
multi-image  analysis  is  made  possible  by  a  relative 
calibration  method  using  a  natural  extended  target 
(dense  forest  stands).  Quantitative  results  are  ob- 
tained for  the  effect  of  (a)  the  soil  moisture  varia- 
tion induced  by  a  particular  large-scale  surface 
pattern,  (b)  the  look  angle  relative  to  a  row  crop 
direction,  and  (c)  the  small-scale  roughness. 
Groundtruthing  data  included  soil  moisture  sam- 
ples, plant  canopy  data,  and  surface  roughness 
measurements.  The  results  show  that  for  soil  mois- 
ture inversion  using  airborne  SAR  images,  both 
look  angle  and  small-scale  roughness  must  be  taken 
into  account.  The  experimental  results  will  be  used 
to  validate  models  aiming  at  simulating  the  effects 
of  field  geometric  properties,  at  incidence  angles  of 
future  spaceborne  SARs.  (See  also  W9 1-03944) 
(Tappert-PTT) 
W9 1-03965 


WATER  RELATIONS  OF  A  WALNUT  OR- 
CHARD: SIMULTANEOUS  MEASUREMENT 
WITH  REMOTE  SENSING. 

Michigan  Univ.,  Ann  Arbor.  Biological  Station. 
J.  A.  Weber,  and  S.  L.  Ustin. 

IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1749-1751. 
1 1  ref. 

Descriptors:  'Data  acquisition,  'Instrumentation, 
•Microwaves,  'Plant  water  potential,  'Remote 
sensing,  'Water  potentials,  Backscatter,  Diurnal 
distribution,  Leaves,  Transpiration,  Trees. 

Study  of  water  relations  encompasses  not  only 
water  status  but  also  the  dynamic  processes  of 
transpiration  and  water  flux  through  the  plant. 
Water  relations  of  trees  vary  over  time  scales  of 
hours  to  weeks.  Several  studies  have  indicated  the 
utility  of  optical  data  to  determine  water  relations. 
The  effects  of  changes  in  water  status  on  micro- 
wave backscatter  measurements  from  tree  canopies 
was  determined  in  an  experiment  conducted  on  a 
grove  of  walnut  trees  on  an  experimental  orchard 
in  California.  Several  parameters  were  measured  to 
provide  a  broad  picture  of  water  status  for  com- 
parison with  concurrently  acquired  microwave 
and  optical  data.  Fresh  and  dry  weight,  water  and 
osmotic  potential  of  leaves  were  measured  periodi- 
cally during  the  experimental  period.  Of  the  sever- 
al parameters  measured,  leaf  xylem  water  potential 
showed  the  greatest  diurnal  variation  and  appeared 
to  co-vary  in  time  with  C,  L,  and  X-band  micro- 
wave measurements.  In  addition,  data  collected 
with  L-band  dielectric  probes  embedded  in  the 
trunk  of  selected  trees  showed  parallel  temporal 
variations.  It  is  unlikely  that  water  potential,  per 
se,  is  being  sensed;  however,  water  potential  of  the 
leaves  is  a  sensitive  measure  of  overall  plant  water 
status  and  is  a  useful  parameter  for  connecting 
remotely  sensed  data  to  plant  activity.  (See  also 
W9 1-03944)  (Author's  abstract) 
W9 1-03966 


SNOW  COVER-SUMMER   MONSOON   RAIN- 
FALL OVER  PARTS  OF  SAHEL. 

Nairobi  Univ.  (Kenya). 
O.  S.  R.  U.  Bhanu  Kumar. 

IN:  IGARSS  '88.   Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
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International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1847-1848.  1 
fig,  6  ref. 

Descriptors:  'Monsoons,  *Remote  sensing,  'Satel- 
lite  technology,  *Snow  cover,  *Snow  surveys, 
•Snowmelt,  'Statistical  methods,  Africa,  Sahel, 
Seasonal  variation. 

Remotely  sensed  snow  cover  using  satellite  tech- 
nology was  compared  to  summer  monsoon  rainfall 
over  15  stations  in  the  Sahel  zone  of  west  Africa, 
for  the  time  period  of  1967-1984.  The  quality  of  the 
data  is  not  consistent,  and  is  more  accurate  over 
the  last  few  years  of  the  study  period.  The  winter 
snowcover  varied  from  24  million  sq  km  to  30 
million  sq  km.  There  is  an  inverse  relation  between 
Sahelian  rainfall  and  two  parameters  from  the  Eur- 
asian snow  cover,  one  being  the  winter  snow  cover 
extent  and  the  other  the  area  of  spring  snowmelt. 
Negative  correlations  to  the  above  relations  for 
each  station  are  in  the  range  of  0.3  to  0.5.  The 
increasing  trend  of  snow  cover  is  consistent  with 
decreasing  trend  of  Sahelian  rainfall.  A  significant 
power  peak  around  5  years  was  identified  in  winter 
snow,  spring  snowmelt  and  monsoon  rains.  The 
higher  significant  negative  correlation  between  the 
Eurasian  winter  snow  cover  and  April  ridge  posi- 
tion reveals  the  profound  effect  of  snow  on  atmos- 
phere. (See  also  W9 1-03944)  (Author's  abstract) 
W9 1-03967 


SEASONAL  OCCURRENCE  OF  AUTOTRO- 
PHIC NAKED  NANOFLAGELLATES  IN  KIEL 
BIGHT,  WESTERN  BALTIC. 

Kiel  Univ.  (Germany,  F.R.).   Inst,  fuer  Meeres- 

kunde. 

For  primary  bibliographic  entry  see  Field  2L. 

W9 1-03984 


AUTOCATALYTIC  MODEL  FOR  THE  KINET- 
ICS OF  BOD  TEST. 

Nanjing  Inst,  of  Technology   (China).   Dept.   of 

Applied  Chemistry. 

For  primary  bibliographic   entry  see   Field   5D. 

W91-O4038 


SELECTIVE  MEDIUM  FOR  ISOLATION  OF 
MYCOLEPTODISCUS  TERRESTRIS  FROM 
SOIL  SEDIMENTS  OF  AQUATIC  ENVIRON- 
MENTS. 

EcoScience  Labs.,  Inc.,  Amherst,  MA. 
R.  Sneh,  and  J.  Stack. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  11,  p  3273-3277,  Novem- 
ber 1990.  1  fig,  4  tab,  4  ref. 

Descriptors:  'Aquatic  fungi,  'Aquatic  weed  con- 
trol, 'Biological  control,  'Laboratory  methods, 
•Microbiological  studies,  'Selective  media,  'Water 
milfoil,  'Weed  control,  Aquatic  plants,  Aquatic 
weeds,  Biological  treatment,  Culture  media,  Fungi. 

The  fungus  Mycoleptodiscus  terrestris  (Gerde- 
mann)  Ostazeski  is  being  developed  as  a  microbial 
control  agent  of  the  nuisance  aquatic  plant  Eura- 
sian watermilfoil,  Myriophyllum  specatum  L.  It  is 
important  to  evaluate  the  fate  and  spread  of  M. 
terrestris  after  its  introduction  to  an  aquatic  envi- 
ronment for  the  control  of  watermilfoil.  A  selec- 
tive medium  was  developed  for  the  dilution  plate 
isolation  of  Mycoleptodiscus  terrestris  from  natural 
soils  and  sediments  from  aquatic  environments. 
The  ingredients  per  liter  of  the  selective  medium 
were:  0.5  g  KH2P04;  0.5  g  MgS04  x  7H20;  10.0  g 
dextrose;  5.0  g  peptone;  0.25  g  chloramphenicol;  50 
mg  rose  bengal;  5.0  g  oxgall;  0.5  g  Terraclor 
(pentachloronitrobenzene,  75%  active  ingredients); 
15.0  g  agar.  After  autoclaving,  the  following  ingre- 
dients were  aseptically  added:  5.0  ml  sorbic  acid 
(0.7%  autoclave-sterilized  aqueous  solution);  0.5 
ml  Subdue  (25.1%  emulsion  of  metalaxyl);  and  0.05 
ml  Truban(40.7%  suspension  of  etridiazol).  The 
colony-restrictive  properties  of  this  medium  en- 
abled its  use  in  the  drop  plate  method,  originally 
developed  for  viable  counts  of  bacteria.  Alfalfa 
sprouts  as  bait  were  not  suitable  for  the  quantita- 
tive recovery  of  the  fungus,  although  5%  of  alfalfa 
sprouts  were  infected  with  M.  terrestris  when  incu- 
bated on  soil  containing  150  CFU/g.  (Mertz-PTT) 


W9 1-04063 

USE  OF  NON-CONSERVATIVE  PARAMETERS 
TO  TRACE  WASTEWATER  EFFLUENTS  IN 
WATER  BODIES. 

Centre  for  Research  in  Environmental  and  Water 
Resources  Engineering,  Haifa  (Israel). 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04079 


JACKNIFE  AND  BOOTSTRAP  ESTIMATION 
OF  BIOLOGICAL  INDEX  OF  WATER  QUAL- 
ITY. 

Museo  Nacional  de  Ciencias   Naturales,   Madrid 

(Spain). 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-04084 


BROMATE  PRODUCTION  IN  CHLORINATED 
WATERS:  REACTION  OF  MONOCHLORA- 
MINE  AND  HYPOBROMLTE. 

University   of  East   Anglia,   Norwich   (England). 

School  of  Environmental  Sciences. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-04085 


PREDICTION  OF  THE  TEMPERATURE  DE- 
PENDENCE OF  ELECTRICAL  CONDUCT- 
ANCE FOR  RIVER  WATERS. 

Freshwater     Biological     Association,     Wareham 

(England).  River  Lab. 

J.  D.  R.  Talbot,  W.  A.  House,  and  A.  D. 

Pethybridge. 

Water  Research  WATRAG,  Vol.  24,  No.   10,  p 

1295-1304,  October  1990.  4  fig,  6  tab,  26  ref. 

Descriptors:  'Computer  programs,  'Conductivity, 
'Data  acquisition,  'Rivers,  'Water  analysis, 
•Water  temperature,  Computers,  Mathematical 
equations. 

Measurement  of  the  electrical  conductivity  of 
rivers  and  lakes  has  become  an  important  element 
in  the  assessment  of  water  quality  and  is  routinely 
included  in  many  monitoring  surveys.  The  most 
significant  drawback  with  the  measurement  is  that 
electrical  conductance  is  strongly  dependent  on 
the  water  temperature.  The  application  of  mixed 
electrolyte  theories  to  the  prediction  of  the  electri- 
cal conductivity  of  14  river  water  samples  cover- 
ing a  range  of  ionic  strength  and  temperatures 
between  5  and  25  C  has  been  evaluated  using  a 
new  computer  program,  CONCAL.  Both  the 
Fuoss-Onsager,  and  Lee-Wheaton  theories 
produce  better  agreement  between  the  measured 
and  predicted  conductivities  for  the  majority  of  the 
samples  than  the  simple  product  equation.  For 
river  waters  with  a  charge  imbalance  of  less  than 
10%,  the  prediction  of  the  simple  product,  Fuoss- 
Onsager  and  Lee-Wheton  equations  are  on  average 
within  11.1,  3.4,  and  3.7%,  respectively,  of  the 
experimental  values  over  the  range  of  temperatures 
considered.  The  major  error  in  the  predictions  of 
the  Fuoss-Onsager  and  Lee-Wheaton  models  is 
associated  with  the  reliability  of  the  chemical  ana- 
lytical data  input  to  CONCAL.  The  accuracy  of 
the  predictions  of  the  models  is  also  discussed  in 
terms  of  the  magnitude  and  sign  of  the  charge 
imbalance  calculated  for  each  of  the  samples  from 
the  analytical  data.  Five  equations  that  are  avail- 
able to  apply  to  temperature  compensation  to  con- 
ductivity data  to  predict  values  at  25  C  have  been 
tested  over  a  temperature  range  of  5-15  C.  The 
best  performance  is  achieved  using  the  modified 
Walden's  product.  (Mertz-PTT) 
W9 1-04086 


SHORTCOMINGS  OF  GRAN  TITRATION 
PROCEDURES  FOR  DETERMINATION  OF 
ALKALINITY  AND  WEAK  ACIDS  IN  HUMIC 
WATER. 

National  Inst,  of  Public  Health,  Oslo  (Norway). 
D.  Hongve. 

Water  Research  WATRAG,  Vol.  24,  No.  10,  p 
1305-1308,  October  1990.  3  fig,  2  tab,  20  ref 

Descriptors:  'Acid  lakes,  'Acid  rain,  'Acidic 
water,  'Humic  substances,  'Hydrogen  ion  concen- 
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tration,  'Water  chemistry,  Carbonates,  Gran  titra- 
tion, Humic  acids,  Laboratory  methods,  Model 
studies,  Organic  acids,  Simulation  analysis,  Titra- 
tion. 

In  the  research  about  causes  and  consequences  of 
lake  acidification,  various  procedures  are  used  for 
measurement  of  acid/base  properties  of  dilute  nat- 
ural waters.  The  carbonates  that  usually  are  the 
most  important  buffering  compounds  in  freshwater 
may  be  almost  depleted  by  external  supply  of 
strong  acids.  Other  weak  protolytes  will  then  take 
over  the  buffer  function  at  lower  pH.  Gran  titra- 
tions of  humic  water  for  the  determination  of 
alkalinity  and  weak  acids  have  been  simulated  by 
means  of  empiric  models  for  acid/base  properties 
of  humic  substances.  One  such  model  permits  the 
easy  calculation  of  concentrations  of  protolyzed 
species  at  various  total  concentrations  of  organic 
acids  and  pH.  The  model  is  based  on  the  acid/base 
properties  of  isolated  humic  substances,  assuming 
that  the  majority  of  organic  solutes  in  colored 
water  have  similar  properties.  The  results  demon- 
strate that  organic  anions  contribute  significantly 
to  the  measured  acid  neutralizing  capacity,  and 
that  weak  acids  concentration  will  be  underesti- 
mated. The  magnitude  of  analytical  error  depends 
on  the  pH  of  the  data  sampling  range.  (Mertz- 
PTT) 
W91-O4087 


DESIGN  AND  APPLICATION  OF  A  CON- 
STANT HEAD  WELL  PERMEAMETER  FOR 
SHALLOW  HIGH  SATURATED  HYDRAULIC 
CONDUCTIVITY  SOILS. 

Water  Authority  of  Western  Australia,  Perth. 

R.  W.  Bell,  and  N.  J.  Schofield. 

Hydrological  Processes  HYPRE3,  Vol.  4,  No.  4,  p 

327-342,  October/December  1990.  7  fig,  3  tab,  27 

ref 

Descriptors:  'Groundwater  movement,  'Hydrau- 
lic conductivity,  'Instrumentation,  'Measuring  in- 
struments, 'Permeameters,  'Saturated  flow,  'Soil 
analysis,  Boreholes,  Design  criteria,  Mathematical 
models,  Model  studies. 

A  new  constant  head  well  permeameter  was  de- 
signed to  measure  saturated  hydraulic  conductiv- 
ities (Ks)  ranging  from  .000001  to  .001  m/sec. 
Application  to  shallow  soils  of  Western  Australia 
in  this  Ks  range  highlighted  problems  with  differ- 
ent aspects  of  the  borehole  discharge  response. 
Firstly  steady-state  borehole  discharge  was  only 
reached  in  13  out  of  50  tests  conducted.  This  was  a 
consequence  of  the  constraint  placed  on  the 
volume  of  water  storage  (40  L)  of  the  permeame- 
ter. For  some  non-steady-state  cases,  early  time 
tests  were  used  to  estimate  steady-state  discharge 
from  the  available  data.  Borehole  discharge  was 
observed  to  increase  with  time  in  34%  of  cases.  A 
satisfactory  physical  explanation  of  this  phenome- 
non is  not  available.  The  permeameter  method 
does  not  provide  an  accurate  measure  of  the  sorp- 
tive  number.  Because  the  permeameter  is  con- 
strained in  volume,  and  somewhat  in  time,  steady- 
state  borehole  discharge  will  not  be  reached  with  a 
high  frequency.  Examination  of  a  number  of  recent 
theoretical  developments  in  the  determination  of 
Ks  led  to  a  preference  of  saturated-unsaturated 
flow  solutions  by  other  researchers.  These  solu- 
tions involve  the  sorptive  number  to  which  the 
solutions  were  sensitive  but  not  critically  sensitive. 
The  theory  was  used  to  establish  design  criteria  for 
the  permeameter  and  to  identify  an  optimum  appli- 
cation strategy  in  terms  of  well  dimensions  and 
heads.  Error  estimation  indicated  that  the  designed 
permeameter  was  a  practically  useful  field  instru- 
ment. (Geiger-PTT) 
W91-O4102 


AT-A-POINT  BED  LOAD  SAMPLING  IN  THE 
PRESENCE  OF  DUNES. 

Indiana  State  Univ.,  Terre  Haute.  Dept.  of  Geog- 
raphy and  Geology. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-04125 
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COMPARISON  OF  PHOTON  CORRELATION 
SPECTROSCOPY  WITH  PHOTOSEDIMENTA- 
TION  ANALYSIS  FOR  THE  DETERMINA- 
TION OF  AQUEOUS  COLLOID  SIZE  DISTRI- 
BUTIONS. 

Geological  Survey,  San  Diego,  CA. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04131 


USE  OF  NUCLEAR  MAGNETIC  RESONANCE 
AS  AN  EXPERIMENTAL  PROBE  IN  MULTI- 
PHASE SYSTEMS:  DETERMINATION  OF  THE 
INSTRUMENT  WEIGHT  FUNCTION  FOR 
MEASUREMENTS  OF  LIQUID-PHASE 
VOLUME  FRACTIONS. 
California  Univ.,  Davis. 

J.  E.  Maneval,  M.  J.  McCarthy,  and  S.  Whitaker. 
Water  Resources  Research  WRERAQ,  Vol.  26, 
No.  11,  p  2807-2816,  November  1990.  8  fig,  40  ref. 
NSF  Grant  CBT-88- 12870. 

Descriptors:  'Analytical  techniques,  'Groundwat- 
er movement,  'Model  studies,  'Multiphase  flow, 
•Path  of  pollutants.  Multiphase  transport.  Nuclear 
magnetic  resonance. 

The  presence  of  multiple  physical  phases  in  many 
practical  problems  (for  example,  oil  recovery  oper- 
ations, groundwater  transport,  chemical  reactor 
design)  gives  rise  to  a  number  of  challenging  theo- 
retical and  experimental  problems.  The  relativist 
approach  to  the  interpretation  of  measurements  in 
multiphase  systems  was  proposed  in  order  to  incor- 
porate the  details  of  measurements  into  theoretical 
analyses  of  multiphase  transport  processes.  To  help 
establish  the  utility  of  this  approach,  the  weight 
functions  for  actual  experimental  probes  must  be 
determined.  The  measurement  of  liquid-phase  po- 
rosity in  a  model  system  was  analyzed  by  nuclear 
magnetic  resonance  imaging.  It  was  shown  that 
both  nuclear  magnetic  resonance  physics  and  ex- 
perimental techniques  combined  to  determine  the 
weight  function  for  the  spin-warp  spin-echo  se- 
quence. The  analysis  showed  clearly  what  aspects 
of  the  weight  function  were  determined  by  the 
experimental  method  and  what  aspects  were  deter- 
mined by  the  system  being  studied.  For  the  spin- 
warp  imaging  sequence  the  length  scales  of  the 
instrument  in  the  slice  and  phase-encode  directions 
were  determined  predominantly  by  experimental 
technique  and  instrumental  limitations.  In  contrast, 
both  the  experimentalist  and  the  system  interact  to 
determine  the  scale  of  the  measurement  in  the 
frequency-encode  direction.  The  results  will  help 
establish  the  utility  of  the  relativist  approach  as 
well  as  improve  understanding  nuclear  magnetic 
resonance  measurements  in  multiphase  systems. 
(Mertz-PTT) 
W91-04134 


ANAEROBIC  MICROBIAL  DEGRADATION 
OF  ACRIDINF.  AND  THE  APPLICATION  OF 
REMOTE  FIBER  SPECTROSCOPY  TO  MONI- 
TOR THE  TRANSFORMATION  PROCESS. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04142 


SIMPLIFICATION  OF  IN  VITRO  CULTURE 
TECHNIQUES  FOR  FRESHWATER  MUSSELS. 

Florida  Univ.,  Gainesville.  Dept.  of  Environmental 

Engineering  Sciences. 

A.  E.  Keller,  and  S.  G.  Zam. 

Environmental      Toxicology      and      Chemistry 

ETOCDK,  Vol.  9,  No.  10,  p  1291-1296,  1990.  3 

tab,  22  ref. 

Descriptors:  'Culture  media,  'Culturing  tech- 
niques, 'Endangered  species,  'Freshwater  mussels, 
•Laboratory  methods,  Animal  parasites,  Aquatic 
animals.  Aquatic  populations,  Shellfish,  Toxicity 
testing. 

Populations  of  freshwater  mussels  have  been  de- 
clining for  several  decades  due  to  habitat  destruc- 
tion, pollution  and  sedimentation.  Efforts  to  propa- 
gate rare  and  endangered  species  in  the  laboratory 
have  been  hampered  by  their  need  for  fish  as  hosts 
during  a  brief  parasitic  phase  in  early  development 


and,  more  recently,  by  cumbersome  alternative 
methods.  A  simplified  method  for  culture  of  sever- 
al species  of  mussels  was  developed  and  tested. 
The  use  of  sterile  horse  serum  in  the  culture 
medium  was  found  to  reduce  or  eliminate  bacterial 
growth  common  in  cultures  with  fish  plasma.  A 
commercially  available  powdered  tissue  culture 
medium  was  substituted  for  the  idiosyncratic 
medium  previously  used  for  mussel  culture.  Re- 
sults indicated  that  incubation  of  mussel  cultures  in 
5%  carbon  dioxide  significantly  improved  transfor- 
mation success.  Anodonta  imbecilis,  Lampsilis 
teres  and  Villosa  lienosa  were  successfully  propa- 
gated using  these  methods.  It  is  concluded  that  the 
procedures  allow  production  of  large  numbers  of 
juvenile  mussels  for  replenishment  of  wild  mussel 
populations  or  for  toxicity  testing.  (MacKeen- 
PTT) 
W91-04148 


REMOTE  IN  SITU  APPARATUS  FOR  AMBI- 
ENT TOXICITY  TESTING  OF  LARVAL  AND 
YEARLING  FISH  IN  RIVER  OR  ESTUARINE 
SYSTEMS. 

Johns  Hopkins  Univ.,  Shady  Side,  MD.  Aquatic 

Ecology  Section. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-04152 


WATER-USE  DATA  FOR  WATER  RESOURCES 
MANAGEMENT. 

For   primary   bibliographic   entry   see   Field   6D. 
W91-04161 


WATER-USE  REGISTRATION  AND  REPORT- 
ING IN  INDIANA. 

Indiana  State  Dept.  of  Natural  Resources,  Indian- 
apolis. Div.  of  Water. 

For   primary   bibliographic   entry   see   Field   6D. 
W91-04167 


WATER  USE  AND  METHODS  OF  DATA  AC- 
QUISITION IN  MICHIGAN. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For   primary   bibliographic   entry   see   Field   6D. 

W91-04176 


FLOAT-POT  ASSEMBLY  TO  MEASURE 
WATER  LEVELS  IN  AN  IRRIGATION  CANAL. 

Agriculture    Canada,    Lethbridge   (Alberta).    Re- 
search Station. 
N.  Foroud,  and  D.  Hlibka. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  649-653,  5  fig. 

Descriptors:  'Instrumentation,  'Irrigation  canals, 
'Measuring  instruments,  'Water  level,  'Water 
table,  'Water  use  data,  Data  acquisition,  Field 
tests,  Logging  (Recording). 

An  instrumentation  system  that  simultaneously 
records  water  table  altitudes  in  digital  and  graphi- 
cal forms  was  developed  and  installed  to  collect 
water  level  data  in  an  irrigation  canal.  The  major 
components  of  this  device  are  a  Stevens  Fl  record- 
er, an  electronic  datalogger,  and  a  float  pot  unit.  A 
Float  Pot  Interface  electronically  transfers  abso- 
lute water  level  positions  to  an  electronic  datalog- 
ger in  any  present  incremental  time  interval,  while 
mechanically  operating  the  clock  driven  pen  car- 
riage of  a  chart  drum  recorder.  The  proposed 
system  provides  an  excellent  means  to  make  digital 
and  graphical  records  of  water  level  concurrently. 
(See  also  W91-04161)  (Author's  abstract) 
W9 1-04230 


MAPPING  EVAPOTRANSPIRATION  USING 
THE  ENERGY-BUDGET  METHOD  WITH  RE- 
MOTELY SENSED  DATA. 

Geological  Survey,  Phoenix,  AZ.  Water  Re- 
sources Div. 

L.  H.  Raymond,  M.  S.  Moran,  and  R.  D.  Jackson. 
IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment.   Proceedings   of  a    Symposium.    American 


Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  655-665,  8  fig,  5  ref. 

Descriptors:  'Data  acquisition,  'Data  interpreta- 
tion, 'Evapotranspiration,  'Mapping,  'Remote 
sensing,  'Water  use  data,  Aerial  photography,  Ag- 
riculture, Alfalfa,  Arizona,  Comparison  studies, 
Cotton,  Energy,  Graphical  analysis,  Landsat 
images,  Vegetation,  Water  loss. 

Hourly  rates  of  evapotranspiration,  calculated 
using  the  energy  budget  method  with  remotely 
sensed  data  from  the  Landsat  5  Thematic  Mapper 
and  from  aircraft,  were  mapped  over  the  Maricopa 
Agricultural  Center,  Arizona.  Evapotranspiration 
rates  calculated  using  Thematic  Mapper  data  and 
rates  calculated  using  aircraft  data  collected  July 
23  and  on  August  8,  1985,  were  compared  over 
several  fields  of  cotton,  alfalfa,  and  bare  soil.  Dif- 
ferences between  evapotranspiration  rates  calculat- 
ed using  the  two  data  sources  were  attributed  to 
differences  in  pixel  size,  number,  and  location. 
Increases  in  vegetation  density  corresponded  to 
higher  evapotranspiration  rates  calculated  from  the 
aircraft  data  than  from  the  Thematic  Mapper  data. 
A  comparison  of  changes  in  response  by  the  air- 
craft data  from  July  23  to  August  8,  and  by  the 
Thematic  Mapper  data  for  those  dates  showed  that 
both  data  sources  could  detect  differences  in  eva- 
potranspiration rates  over  time  owing  to  changes 
in  soil  moisture  and  canopy  closure.  (See  also 
W91-04161)  (Author's  abstract) 
W9 1-04231 


ESTIMATION  OF  GROUND-WATER  USE  FOR 
IRRIGATION  IN  EASTERN  WASHINGTON 
USING  LANDSAT  IMAGERY. 

Geological  Survey,  Tucson,  AZ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-04232 


QUANTIFICATION  OF  TOXAPHENE  RESI- 
DUES IN  FISH  AND  FISH  PRODUCTS  USING 
A  NEW  ANALYTICAL  STANDARD. 

Gesamthochschule  Kassel  (Germany,  F.R.).  Dept. 
of  Analytical  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04248 


COMPARATIVE  EVALUATION  OF  SOXHLET 
AND  SONICATION  EXTRACTION  IN  THE  DE- 
TERMINATION OF  POLYNUCLEAR  ARO- 
MATIC HYDROCARBONS  IN  SOIL. 

Environmental    Monitoring    Systems    Lab.,    Las 
Vegas,  NV.  Methods  Development  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04251 


ORGANIC  HALOGEN  GROUP  PARAMETERS 
IN  GROUND  WATER  INVESTIGATION,  PART 
III. 

Technical  Univ.  of  Denmark,  Lyngby.  Inst,  for 
Applied  Geology. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04252 


CAPILLARY  ZONE  ELECTROPHORETIC 
SEPARATION  OF  CHLOROPHENOLS  IN  IN- 
DUSTRIAL WASTE  WATER  WITH  ON- 
COLUMN  ELECTROCHEMICAL  DETECTION. 

Anamed   Instruments  Ltd.,   Bombay  (India).  Ap- 
plictions  and  Methods  Development  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04266 


GAS  CHROMATOGRAPHIC  AND  MASS  SPEC- 
TROMETRY DETERMINATION  OF  NI- 
TROAROMATICS  IN  WATER. 

Fraunhofer-Inst.    fuer   Toxikologie   und   Aerosol- 
forschung,  Hanover  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04267 
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SIMULTANEOUS  DETERMINATION  OF 
TRACE  CONCENTRATIONS  OF  BENOMYL, 
CARBENDAZIM  (MBO  AND  NINE  OTHER 
PESTICIDES  IN  WATER  USING  AN  AUTO- 
MATED ON-LINE  PRE-CONCENTRATION 
HIGH-PERFORMANCE  LIQUID  CHROMATO- 
GRAPHIC METHOD. 

Brock  Univ.,  St.  Catharines  (Ontario).  Dept.  of 
Chemistry. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04268 


PH  OF  CLAY  SUSPENSIONS  IN  THE  FIELD 
AND  LABORATORY,  AND  METHODS  OF 
MEASUREMENT  OF  THEIR  PH. 

Missouri  Univ.,  Columbia.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-04269 


IMMOBILIZED  PLANT  THYLAKOID  MEM- 
BRANES AS  A  BIOSENSOR  FOR  HERBI- 
CIDES. 

Quebec  Univ.,  Trois-Rivieres.  Centre  de  Recher- 
che en  Photobiophysique. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-04275 


ASSESSMENT  OF  REFERENCE  MATERIALS 
FOR  APPLICATION  TO  PCDD/PCDF  ANALY- 
SIS. 

Zenon  Environmental,  Inc.,  Burlington  (Ontario). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04278 


WATER  ROUND  ROBIN  FOR  PARTS-PER- 
QUADRILLION  DETERMINATION  OF 
PCDDS  AND  PCDFS. 

Ontario  Ministry  of  the  Environment,  Rexdale. 
Lab.  Services  Branch. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04279 


VALEOATION  STUDIES  OF  AN  AUTOMATED 
PRECONCENTRATION  WATER  SAMPLER 
(APS)  FOR  CHLORINATED  DIBENZO-P- 
DIOXTNS  AND  DD3ENZOFURANS. 

Ontario  Ministry  of  the   Environment,   Rexdale. 

M.  Uza,  R.  Hunsinger,  T.  Thompson,  and  R.  E. 

Clement. 

Chemosphere  CMSHAF,  Vol.  20,  No.   10-12,  p 

1349-1354,  1990.  1  fig,  2  tab,  3  ref. 

Descriptors:  *Dioxins,  *Filtration,  *Furans,  'Halo- 
genated  compounds,  "Ion  exchange,  'Pollutant 
identification,  'Preconcentration,  'Samplers, 
•Water  analysis,  Analytical  methods,  Automated 
preconcentration  sampler,  Chemical  analysis,  Flow 
rates,  Instrumentation,  Ontario,  Performance  eval- 
uation, Resins,  Water  sampling. 

The  Automated  Preconcentration  Sampler  (APS) 
was  developed  by  the  Ontario  Ministry  of  the 
Environment  (MOE)  and  Carleton  University  for 
the  determination  of  polychlorinated  dibenzo-p- 
dioxins  (PCDDs)  and  polychlorinated  dibenzofur- 
ans  (PCDFs).  The  APS  employs  a  two-stage  par- 
ticulate filtration  system  followed  by  an  XAD-2 
resin  column.  The  capacity  of  the  APS  filtration 
system  is  30  to  50  L.  Flushing  of  a  clean  XAD-2 
resin  column  with  200  L  of  spiked  water  showed 
that  the  optimum  flow  rate  in  terms  of  spike  break- 
through is  equal  to  three  times  the  resin  bed 
volume  per  minute.  This  flow  rate  is  used  for  APS 
operation.  Testing  also  showed  that  no  spike 
breakthrough  occurred  after  200  L  of  clean  water 
was  flushed  through  a  spiked  XAD-2  resin  column 
at  flow  rates  in  excess  of  the  APS  operating  flow 
rate.  The  results  of  spike  testing  on  the  filters  are 
pending.  However,  both  field  and  laboratory  test- 
ing of  the  APS  will  be  required  to  validate  the 
device  before  it  is  put  into  regular  service.  In 
addition,  an  analytical  comparison  between  the 
present  MOE  sampling  and  analytical  procedures 
and  the  proposed  APS  sampling  and  analytical 
procedure  using  a  PCDD/PCDF  source  water  is 
planned.  (Author's  abstract) 
W9 1-04280 


SUPERCRITICAL  FLUID  EXTRACTION  FOR 
THE  DETERMINATION  OF  PCDDS  AND 
PCDFS  IN  SOIL. 

Twin  City  Testing  Corp.,  St.  Paul,  MN. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-04281 


DEVELOPMENT  OF  GC  CAPILLARY 
COLUMN  FOR  ISOMER-SPECIFIC  SEPARA- 
TION OF  TOXIC  ISOMER  OF  PCDDS  AND 
PCDFS  IN  ENVIRONMENTAL  SAMPLES. 

Waterloo  Univ.  (Ontario).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04282 


APPLICATION  OF  TANDEM  QUADRUPOLE 
MASS  SPECTROMETRY  FOR  THE  ULTRA- 
TRACE  DETERMINATION  OF  POLYCHLORI- 
NATED DIBENZO-P-DIOXINS  AND  DIBEN- 
ZOFURANS. 

Ontario  Ministry  of  the  Environment,  Rexdale. 
Lab.  Services  Branch. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04283 


APPLICATION  OF  A  TWO-DIMENSIONAL 
REACTION  CHROMATOGRAPHY  SYSTEM 
FOR  CONFIRMATORY  ANALYSIS  OF 
CHLORDANE  CONSTITUENTS  IN  ENVIRON- 
MENTAL SAMPLES. 

Missouri    Univ.-Columbia.    Environmental   Trace 
Substances  Research  Center. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04284 


USE  OF  DIMETHYL  SULFOXIDE  AS  SOLUBI- 
LIZATION AGENT  IN  THE  DETECTION  OF 
2,3,7,8-TCDD  BY  RADIOIMMUNOASSAY. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Research  and  Applications  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-04285 


DEVELOPMENT  OF  A   RAPID  SCREENING 
ASSAY  FOR  PCDDS  AND  PCDFS. 

Guelph  Univ.  (Ontario).  Dept.  of  Chemistry  and 

Biochemistry. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-04286 


BROMO-  AND  BROMOCHLORO-P-DIOXINS 
AND  DIBENZOFURANS  E<4  THE  ENVIRON- 
MENT. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 
Vegas,  NV. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04287 


MONITORING  DIOXINS  AND  DIBENZOFUR- 
ANS ES  PRECIPITATION  EN  ONTARIO. 

Ontario  Ministry  of  the  Environment,  Toronto. 
Air  Resources  Branch. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04288 


CHARACTERIZATION  OF  SOLIDS  TRANS- 
FERRED INTO  SEWER  TRUNKS  DURESG 
WET  WEATHER. 

Centre  d'Enseignement  et  de  Recherche  pour  la 
Gestion  des  Ressources  Naturelles  et  l'Environne- 
ment,  Paris  (France). 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04350 


CONTINUOUS  MONITORESG  OF 

WASTEWATER  COMPOSITION   IN  SEWERS 
AND  STORMWATER  OVERFLOWS. 

Universite  Libre  de  Bruxelles  (Belgium).  Lab.  de 
Traitement  des  Eaux  et  Pollution. 
For  primary  bibliographic   entry   see  Field   5D. 
W9 1-04355 


Data  Acquisition — Group  7B 

GROUNDWATER-LAKE  INTERACTIONS:  I. 
ACCURACY  OF  SEEPAGE  METER  ESTI- 
MATES OF  LAKE  SEEPAGE. 

Alberta  Univ.,  Edmonton.  Dept.  of  Zoology. 
R.  D.  Shaw,  and  E.  E.  Prepas. 
Journal  of  Hydrology  JHYDA7,  Vol.  119,  No.  1/ 
4,  p  105-120,  November  1990.  7  fig,  1  tab,  14  ref. 

Descriptors:  'Alberta,  'Groundwater  movement, 
•Instrumentation,  *Lakes,  'Measuring  instruments, 
'Minnesota,  'Seepage,  'Surface-groundwater  rela- 
tions, Flow  velocity,  Lake  Sallie,  Mathematical 
models,  Monte  Carlo  method,  Narrow  Lake,  Simu- 
lation. 

The  number  of  studies  of  groundwater-lake  inter- 
actions has  increased  dramatically  over  the  past 
decade.  Seepage  meters,  simple  devices  to  measure 
groundwater-lake  interactions,  have  been  intro- 
duced in  parallel  with  this  increased  attention.  The 
use  of  seepage  meters  to  identify  nearshore  pat- 
terns and  to  quantify  seepage  in  lakes  was  evaluat- 
ed with  a  Monte  Carlo  simulation  model.  The 
model  simulated  seepage  flux  as  would  be  derived 
from  seepage  water  measurements  along  a  transect 
extending  from  the  shore  of  a  hypothetical  lake  to 
40  or  100  m  offshore.  Along  the  transect,  simulated 
seepage  velocities  decreased  exponentially  with 
distance  from  shore  according  to  patterns  meas- 
ured at  Narrow  Lake,  Alberta,  and  Lake  Sallie, 
Minnesota.  To  determine  statistical  parameters 
needed  in  the  model,  seepage  flux  was  measured  in 
situ  with  closely  spaced  seepage  meters  at  four 
different  sites  in  Narrow  Lake.  Seepage  velocities 
within  a  small  area  of  lakebed  were  log-normally 
distributed,  and  the  variance  was  correlated  posi- 
tively with  mean  seepage  flux.  The  modeling  indi- 
cated that  the  most  sensitive  parameter  affecting 
the  accuracy  of  seepage  meter  estimates  of  seepage 
patterns  and  average  seepage  flux  along  the  tran- 
sect was  the  variability  in  the  spatial  distribution  of 
seepage  flux  within  a  small  area  of  lakebed.  There 
was  little  improvement  in  the  accuracy  of  estimates 
of  seepage  patterns  or  transect  flux  when  more 
than  10  seepage  meters  were  simulated  along  the 
transect,  when  the  transect  was  'sampled'  more 
than  twice,  or  when  seepage  meters  along  the 
transect  were  simulated  to  follow  a  stratified  rather 
than  a  systematic  design.  (See  also  W91-04394) 
(Author's  abstract) 
W9 1-04393 


RETRIEVAL  OF  PRECIPITABLE  WATER 
FROM  OBSERVATIONS  ES  THE  SPLIT 
WINDOW  OVER  VARYTNG  SURFACE  TEM- 
PERATURES. 

Geophysics  Lab.  (AFSC),  Hanscom  AFB,   MA. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-04433 


PRECIPITABLE  WATER  ESTIMATION  FROM 
HIGH-RESOLUTION  SPLIT  WINDOW  RADI- 
ANCE MEASUREMENTS. 

National  Aeronautics  and  Space  Administration, 

Huntsville,  AL.  George  C.  Marshall  Space  Flight 

Center. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-04434 


PRINCIPAL  FACTS  FOR  GRAVITY  STATIONS 
IN  THE  ELKO,  STEPTOE  VALLEY,  COYOTE 
SPRING  VALLEY,  AND  SHEEP  RANGE 
AREAS,  EASTERN  AND  SOUTHERN 
NEVADA. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

D.  L.  Berger,  D.  H.  Schaefer,  and  E.  A.  Frick. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-30,  1990.  13p,  4  tab,  1  pi,  9 
ref. 

Descriptors:  'Geophysical  exploration,  'Geo- 
physical studies,  'Gravity  studies,  'Nevada, 
Coyote  Spring  Valley,  Elko,  Sheep  Range,  Steptoe 
Valley. 

Principal  facts  for  537  gravity  stations  in  the  car- 
bonate-rock   province    of   eastern    and    southern 
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Nevada  are  tabulated  and  presented.  The  gravity 
data  were  collected  in  support  of  groundwater 
studies  in  several  valleys.  The  study  areas  include 
the  Elko  area,  northern  Steptoe  Valley,  Coyote 
Spring  Valley,  and  the  western  Sheep  Range  area. 
The  data  for  each  site  include  values  for  latitude, 
longitude,  altitude,  observed  gravity,  free-air 
anomaly,  terrain  correction,  and  Bouguer  anomaly 
(calculated  at  a  bedrock  density  of  2.67  g/cu  cm. 
(USGS) 
W9 1-0447  3 


ESTIMATING  EVAPORATION  FROM  PAS- 
TURE USING  INFRARED  THERMOMETRY: 
EVALUATION  OF  A  ONE-LAYER  RESIST- 
ANCE MODEL. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Water 
and  Land  Resources. 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-04487 


IMPROVED  PROSPECTS  FOR  ESTIMATING 
INSOLATION  FOR  CALCULATING  REGION- 
AL EVAPOTRANSPIRATION  FROM  RE- 
MOTELY SENSED  DATA. 

Maryland  Univ.,  College  Park.  Dept.  of  Meteorol- 
ogy 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-04490 


REMOTE  ESTIMATION  OF  SOIL  MOISTURE 
AVAILABILITY  AND  FRACTIONAL  VEGETA- 
TION COVER  FOR  AGRICULTURAL  FIELDS. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Meteorology. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-04491 


PRECIPITABLE    WATER     IN    THE    SAHEL 
MEASURED  USING  SUN  PHOTOMETRY. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Hydrological  Sciences  Branch. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-04492 


LOCALIZED  FIELD  IRRIGATION  EFFICIEN- 
CIES FROM  SOIL  SALINITY  SAMPLES. 

Arizona  Univ.,  Tucson. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-04541 


DESIGN      AND      PERFORMANCE      OF      AN 
ACIDIC  PRECIPITATION  DELIVERY 

SYSTEM  FOR  FIELD  INVESTIGATION  WITH 
PLANTS. 

Boyce  Thompson  Inst,  for  Plant  Research,  Ithaca, 

NY. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-04568 


NEW  METHOD  TO  MEASURE  BULK  ELEC- 
TRICAL CONDUCTIVITY  IN  SOILS  WITH 
TIME  DOMAIN  REFLECTOMETRY. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Agricultural  Engineering. 

W.  K.  P.  van  Loon,  E.  Perfect,  P.  H.  Groenevelt, 

and  B.  D.  Kay. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 

70,  No.  3,  p  403-410,  August  1990.  3  fig,  1  tab,  17 

ref. 

Descriptors:  'Conductivity,  'Instrumentation, 
•Laboratory  methods,  'Measuring  instruments, 
•Soil  properties,  Loam,  Regression  analysis,  Sand, 
Soil  saturation,  Soil  water,  Time  domain  reflec- 
tometry. 

The  bulk  electrical  conductivity  of  a  porous 
medium  can  be  determined  by  measuring  the  re- 
flection of  an  electromagnetic  pulse  in  transmission 
lines  which  are  installed  in  this  medium,  a  method 
known  as  Time  Domain  Reflectometry  (TDR). 
The  reflection  is  not  only  influenced  by  the 
medium,  but  also  by  the  measuring  system.  A  new 
method  was  developed  that  corrects  for  influences 


on  the  measuring  system  by  comparing  a  reflection 
measurement  with  a  reference  measurement  per- 
formed in  the  air.  Calibration  measurements  were 
make  in  water  and  in  water-saturated  sand  and 
loam  soils  at  different  calcium  chloride  concentra- 
tions. Columns  with  different,  well-determined 
solute  concentrations  were  prepared.  Linear  re- 
gression analyses  were  performed  between  the 
electrical  conductivity  determined  with  TDR  and 
the  electrical  conductivity  of  the  solutions.  All 
slopes  were  close  to  one  and  the  correlation  coeffi- 
cients were  high:  0.993,  0.993,  and  0.968  for  water, 
sand,  and  loam,  respectively.  For  the  two  soils 
significant  intercepts  were  found.  These  might  be 
related  to  the  surface  charge  of  the  soil  particles. 
(Author's  abstract) 
W91-04585 


SEDIMENT-CONTACT       BIOASSAY       WITH 
PHOTOBACTERIUM  PHOSPHOREUM. 

Redeemer  Coll.,  Ancaster  (Ontario). 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-04626 


ESTIMATION   OF  THE   RELATIVE   PERME- 
ABILITY   DISTRIBUTION    IN    FRACTURED 
GRANITIC  ROCKS  BY  MEANS  OF  VERTICAL 
FLOW  MEASUREMENTS  IN  THE  SIBLINGEN 
BOREHOLE,  SWITZERLAND. 
Geological  Survey,  Denver,  CO. 
F.  L.  Paillet,  A.  E.  Hess,  and  R.  H.  Morin. 
Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water- 
Resources  Investigations  90-4034,  1990.  26p,  10  fig, 
6  tab,  13  ref. 

Descriptors:  'Aquifer  testing,  'Borehole  geophys- 
ics, 'Data  acquisition,  'Geohydrology,  'Geologic 
fractures,  'Groundwater  movement,  'Injection 
tests,  'Instrumentation,  'Permeability,  'Pumping 
tests,  Flowmeters,  Granites,  Injection,  Measuring 
instruments,  Switzerland,  Vertical  flow. 

The  U.S.  Geological  Survey  has  developed  a  geo- 
physical measurement  technique  for  determining 
the  vertical  distribution  of  permeability  in  frac- 
tured crystalline  rocks  by  using  measurements  of 
vertical  flow  during  pumping  or  injection  tests  in 
boreholes.  The  technique  is  based  on  measure- 
ments made  with  a  recently  developed  thermal- 
pulse  flowmeter  and  requires  measurements  at  suc- 
cessively larger  pumping  or  injection  rates  to  de- 
termine permeability  values.  This  technique  was 
tested  in  a  1,522-meter-deep  borehole  in  granitic 
basement  rocks  located  near  Siblingen,  Switzer- 
land. Before  injection  tests  were  begun,  flowmeter 
logging  indicated  that  a  naturally  occurring  flow 
of  about  1.1  L/min  entered  the  borehole  from  a 
fracture  zone  at  a  depth  of  about  700  meters,  and 
exited  the  borehole  through  fractured  zones  at 
depths  of  about  930  and  1,280  meters.  Measure- 
ments of  the  vertical  flow  distribution  were  made 
during  the  steady  injection  of  water  at  rates  of  8  to 
57  L/min.  The  unreliability  of  pressure  logs  in- 
tended to  measure  hydraulic  head  differences 
within  the  borehole  precluded  normalization  of 
flows  using  direct  measurements  of  the  hydraulic 
head  differences  causing  the  flows.  Flow  measure- 
ments were  normalized  by  using  injection  rates 
under  the  assumption  that  friction  losses  in  the 
borehole  were  small.  The  vertical  flow  profile 
determined  from  U.S.  Geological  Survey  flowme- 
ter measurements  will  be  available  for  comparison 
with  permeability  profiles  generated  for  the  Siblin- 
gen boreholes  using  other,  conventional  measure- 
ment methods.  (Author's  abstract) 
W9 1-04643 


COMPARISON  OF  ACCURACY  AND  COM- 
PLETENESS OF  DATA  OBTAINED  FROM 
THREE  TYPES  OF  AUTOMATIC  WATER- 
QUALITY  MONITORS. 

Geological    Survey,   Columbus,   OH.    Water   Re- 
sources Div. 
M.  S.  Katzenbach. 

Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Water- 
Resources    Investigations    Report    89-4198,    1990. 


65p,  29  fig,  6  tab,  2  ref. 

Descriptors:  'Automation,  'Data  acquisition,  'In- 
strumentation, 'Measuring  instruments,  'Monitor- 
ing, 'Water  analysis,  'Water  quality,  Comparison 
studies. 

A  comparison  of  data  (specific  conductance,  dis- 
solved oxygen  concentration,  temperature,  and 
pH)  collected  by  the  U.S.  Geological  Survey 
flowthrough  monitor,  the  U.S.  Geological  Survey 
minimonitor,  and  a  self-contained  commercial 
'packaged-sensor'  system  indicates  that  the  data 
obtained  by  means  of  the  flowthrough-monitor 
system  were  the  most  accurate  and  the  most  com- 
plete of  the  three  systems.  The  U.S.  Geological 
Survey  flowthrough  monitor  is  powered  by  120- 
volt  alternating  current  and  is  housed  in  a  heated 
weather-proof  shelter.  A  pumping  system  brings 
water  from  the  stream  to  sensors  clustered  in  a 
sample  chamber  located  in  the  shelter.  This  instru- 
ment measures  output  from  the  sensors;  data  are 
recorded  in  binary-coded  decimal  form  on  a  16- 
channel  punched-paper  tape  recorder  housed  in 
the  shelter.  The  U.S.  Geological  Survey's  mini- 
monitor  is  powered  by  an  external  battery  and  is 
housed  in  a  weatherproof  shelter.  This  instrument 
measures  the  output  of  instream  sensors  with  ex- 
tension cables  having  underwater  connectors;  data 
are  recorded  in  binary-coded  decimal  form  on  a 
16-channel  punched-paper  tape  recorder  housed  in 
the  shelter.  The  package-sensor  system  also  meas- 
ures output  of  sensors  housed  in  a  package  that  is 
submerged  in  the  stream.  It  has  an  internal  power 
supply,  no  moving  parts,  and  does  not  require  a 
weatherproof  shelter;  data  are  stored  in  solid-state 
memory.  Minimonitors  were  installed  at  four  sites 
in  Ohio  where  U.S.  Geological  Survey  flowth- 
rough monitors  were  in  operation.  Two  packaged- 
sensor  systems  also  were  assigned  to  each  site  and 
were  alternated  every  two  weeks.  Detailed  records 
were  kept  of:  (1)  field  measurements,  for  compari- 
son with  monitor-system  data  from  each  instru- 
ment; and  (2)  equipment  problems  that  resulted  in 
loss  of  data.  Results  of  the  comparisons  show  that 
the  flow-through  monitor  gave  the  most  accurate 
and  the  most  complete  data.  (Author's  abstract) 
W9 1-04644 


SMALL  FLUME  FOR  STUDYING  THE  INFLU- 
ENCE OF  HYDRODYNAMIC  FACTORS  ON 
BENTHIC  INVERTEBRATE  BEHAVIOR. 

Alberta  Univ.,  Edmonton.  Dept.  of  Entomology. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-04716 


IN  SITU  TECHNIQUE  TO  MEASURE  BACTE- 
RIAL CHEMOTAXIS  IN  NATURAL  AQUATIC 
ENVIRONMENTS. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04722 


CORRELATION  OF  NONSPECIFIC  MACRO- 
MOLECULAR  LABELING  WITH  ENVIRON- 
MENTAL PARAMETERS  DURING 
(H3)THYMIDINE  INCORPORATION  IN  THE 
WATERS  OF  SOUTHWEST  FLORIDA. 
University  of  South  Florida,  St.  Petersburg.  Dept. 
of  Marine  Science. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04724 


CARBON  ISOTOPE  DISCRIMINATION:  PO- 
TENTIAL IN  SCREENING  COOL-SEASON 
GRASSES  FOR  WATER-LIMITED  ENVIRON- 
MENTS. 

Agricultural  Research  Service,  Logan,  UT. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-04781 


INDIANA  WATER  QUALITY,  1988.  MONITOR 
STATION  RECORDS,  RIVERS  AND  STREAMS. 

Indiana  Dept.  of  Environmental  Management,  In- 
dianapolis. Office  of  Water  Management. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04857 
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CONTINUOUS  SEISMIC  REFLECTION  PRO- 
FILING OF  HYDROGEOLOGIC  FEATURES 
BENEATH  NEW  RIVER,  CAMP  LEJEUNE, 
NORTH  CAROLINA. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04902 


PSYCHROMETRIC  MEASUREMENT  OF  SOIL 
WATER  POTENTIAL  STABILITY  OF  CALI- 
BRATION AND  TEST  OF  PRESSURE-PLATE 
SAMPLES. 

New  Mexico  State  Univ.,  Las  Cruces. 

T.  L.  Jones,  G.  W.  Gee,  and  P.  R.  Heller. 

Soil  Science  SOSCAK,  Vol.  150,  No.  2,  p  535-541, 

1990.  5  fig,  1 1  ref. 

Descriptors:  'Calibrations,  'Humidity,  'Instru- 
mentation, 'Measuring  instruments,  'Sampling, 
•Soil  tests,  'Soil  water  potential,  Grain  size,  Per- 
formance evaluation,  Psychrometry,  Sand,  Silt, 
Soil  types,  Soil  water. 

A  commercially  available  thermocouple  psy- 
chrometer  sample  changer  (Decagon  SC-10A)  was 
used  to  measure  the  water  potential  of  field  soils 
ranging  in  texture  from  sand  to  silty  clay  loam 
over  a  range  of  -0.5  to  -20.0  MPa.  Replacing  the 
measuring  junction  of  the  unit  changed  the  calibra- 
tion slightly;  however,  measurement  accuracy  was 
not  significantly  altered.  Calibration  curves  meas- 
ured throughout  a  year  of  testing  are  consistent 
and  indicate  no  systematic  drift  in  calibration. 
Most  measurement  uncertainty  is  produced  by 
shifts  in  the  intercept  in  the  calibration  equation 
rather  than  the  slope.  Both  the  variability  in  inter- 
cept and  the  regression  error  seem  to  be  random. 
Measurements  taken  with  the  SC-10A  show  that 
water  potential  in  both  sand  and  silt  loam  samples 
removed  from  1.5  MPa  pressure  plates  was  often 
0.5  to  1.0  MPa  greater  than  the  1.5  MPa  applied 
pressure.  Limited  data  from  0.5  MPa  pressure 
plates  show  close  agreement  between  SC-10A 
measurements  and  pressure  applied  to  these  more 
permeable  plates.  (Author's  abstract) 
W91-04912 


SYSTEMATIZED  DRILLSTEM  TEST. 

Lawrence  Berkeley  Lab.,  CA.  Earth  Sciences  Div. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04920 


ANALYSIS  OF  OUTFLOW  EXPERIMENTS 
SUBJECT  TO  SIGNIFICANT  PLATE  IMPED- 
ANCE. 

Agricultural  Coll.  of  Athens  (Greece).  Lab.  of 
Agricultural  Hydraulics. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-04921 


REGIONAL  SURFACE  FLUXES  FROM  RE- 
MOTELY SENSED  SKIN  TEMPERATURE 
AND  LOWER  BOUNDARY  LAYER  MEASURE- 
MENTS. 

Cornell  Univ.,  Ithaca,  NY.  School  of  Civil  and 
Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-04923 
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AQUIFER  PROTECTION  THROUGH  LARGE 
SCALE  COMPUTER  MODELLING. 

Dufresne-Henry,  Inc.,  Westford,  MA. 

For  primary  bibliographic  entry  see  Field  4B. 

W9 1-03929 


DELINEATION  OF  CONTRIBUTING  AREAS 
TO  PUBLIC  SUPPLY  WELLS  IN  STRATIFIED 
GLACIAL-DRIFT  AQUIFERS. 

Geological  Survey,  Marlborough,  MA. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-03932 


COMPUTERIZED       DATA       MANAGEMENT 
SYSTEM  FOR  WELLFIELD  PROTECTION. 

Pirnie  (Malcolm),  Inc.,  Columbus,  OH. 

For  primary   bibliographic  entry   see   Field   5G. 

W91-03939 


GROUND  WATER  RESOURCE  BASED  MAP- 
PING, NASHUA  REGIONAL  PLANNING 
AREA,  NEW  HAMPSHIRE. 

Environmental  Protection  Agency,  Boston,  MA. 
Region  I. 

For  primary  bibliographic  entry  see  Field  6A. 
W9 1-03940 


IGARSS  '88.  REMOTE  SENSING:  MOVING  TO- 
WARDS THE  21ST  CENTURY. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161,  as  N89- 18704. 
Price  codes:  A99  in  paper  copy,  A01  in  microfiche. 
Proceedings  of  the  1988  International  Geoscience 
and  Remote  Sensing  Symposium,  12-16  September 
1988,  Edinburgh,  Scotland.  Volume  III,  August 
1988.  641p.  Edited  by  T.  D.  Guyenne  and  J.  J. 
Hunt. 

Descriptors:  'Data  acquisition,  'Plant  water, 
•Remote  sensing,  'Satellite  technology,  'Soil 
water,  'Water  resources,  Conferences,  Instrumen- 
tation. 

The  application  of  remote  sensing  techniques  to 
water  resources  issues  is  addressed  in  23  articles 
included  in  a  much  larger  collection  of  papers  on 
remote  sensing  techniques.  The  papers  were  pre- 
sented at  the  1988  International  Geoscience  and 
Remote  Sensing  Symposium,  held  in  September 
1988  in  Edinburgh,  Scotland.  Remote  sensing  tech- 
niques include  radar,  microwaves,  and  satellite  im- 
agery. Investigations  covered  include  both  labora- 
tory studies  and  field  studies,  with  many  case  histo- 
ries. Topics  include  evaluation  of  soil  and  plant 
moisture  content  through  remote  sensing,  estima- 
tion of  suspended  sediment  and  chlorophyll  con- 
centrations in  bodies  of  water,  calculations  of  lake 
area,  estimates  of  snow  cover,  precipitation  studies, 
slope  stability  investigations  using  remotely  sensed 
data,  hydrology  studies,  and  other  applications. 
Emphasis  is  on  the  cost-effective  application  of 
remote  sensing  technology  to  obtaining  informa- 
tion on  a  regional  scale,  and  solving  data-collection 
and  processing  problems.  (See  W9 1-03944  thru 
W9 1-03967)  (Tappert-PTT) 
W9 1-03944 


DATA  PROCESSING  FOR  THE  DETERMINA- 
TION OF  PIGMENTS  AND  SUSPENDED 
SOLIDS  FROM  THEMATIC  MAPPER  DATA. 

Freiburg  Univ.  (Germany,  F.R.).  Inst,  for  Physical 

Geography. 

For  primary  bibliographic  entry  see  Field  7B. 

W91-03952 


SATELLITE  REMOTE  SENSING  FOR  HYDRO- 
LOGICAL  MONITORING  AND  WATER  MAN- 
AGEMENT IN  GREAT  BRITAIN. 

Bristol  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03956 


DIGITAL  ELEVATION  MODELS  AND  THEIR 
APPLICATION  TO  REMOTE  SENSING  OF 
WATER  RESOURCES. 

Aston  Univ.,  Birmingham  (England).  Remote 
Sensing  Unit. 

J.  D.  Flach,  and  T.  R.  E.  Chidley. 
IN:  IGARSS  '88.  Remote  Sensing:  Moving  To- 
wards the  21st  Century.  Proceedings  of  the  1988 
International  Geoscience  and  Remote  Sensing 
Symposium,  12-16  September  1988,  Edinburgh, 
Scotland.  Volume  III,  August  1988.  p  1545-1546.  3 
ref. 

Descriptors:  'Computers,  'Digital  elevation 
models,  'Mapping,  'Model  studies,  'Remote  sens- 
ing, 'Stream  classification,  'Water  resources  man- 
agement, Aerial  surveys,  Slopes,  Water  resources. 

Since  digital  elevation  models  (DEMs)  were  first 
described  in  the  late  1950's  their  main  application 


has  been  in  highway  design  packages,  requiring 
mainframe  computer  resources  and  vector  graphics 
terminals.  More  recently  the  advances  in  available, 
low-cost  technology  has  brought  the  applications 
to  a  desk  top  level.  DEMs  can  be  generated  by 
video  digitizing  or  interpolation  from  the  original 
survey  data.  Elevations  can  be  displayed  with 
shades  of  one  color  or  different  colors,  providing 
much  better  representation  of  height  than  con- 
tours. Derived  products  include  slope  and  aspect 
maps,  shaded  relief  maps,  geometric  manipulation, 
catchment  delineation,  and  stream  orientation  and 
order  classification.  This  information  has  many 
applications  in  hydrology  and  water  resource  eval- 
uation. (See  also  W9 1-03944)  (Tappert-PTT) 
W9 1-03959 


MODELLING      SHORT-TIMESCALE      VARI- 
ATIONS IN  RAIN-RATE. 

Essex  Univ.,  Colchester  (England).  Dept.  of  Math- 
ematics. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-03960 


MICROCOMPUTER-BASED       RADIOMETER 

DATA     ACQUISITION     AND     PROCESSING 

SYSTEM   FOR   LARGE-AREA   MAPPING   OF 

SOIL   MOISTURE   CONTENT   IN   THE   TOP 

ONE  METER  LAYER. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Radiotekh- 

niki  i  Elektroniki. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-03963 


PROPOSED     MODEL     FOR     EVALUATING 
URBAN  HYDROLOGIC  CHANGE. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-03990 


FINITE  ELEMENT  WATERSHED  MODELING: 
ONE-DIMENSIONAL  ELEMENTS. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Agri- 
cultural Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-03993 


GOAL-PROGRAMMING    TECHNIQUES    FOR 
OPTIMAL  RESERVOIR  OPERATIONS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  6A. 
W9 1-03994 


EFFECT  OF  WIND  ON  THE  DISTRIBUTION 
OF  PHYTOPLANKTON  CELLS  IN  LAKES. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia). 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-03995 


GAME-THEORETIC  PARAMETER  CONFIGU- 
RATION TECHNIQUE  FOR  AQUIFER  RESTO- 
RATION DESIGN. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04028 


SIMULATION  OF  NONSTATIONARY,  NON- 
GAUSSIAN  WATER  LEVELS  ON  GREAT 
LAKES. 

Coastal  Engineering  Research  Center,  Vicksburg, 

MS. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-04070 


ERROR  ANALYSIS  OF  LIMITING-CASE  SO- 
LUTIONS TO  THE  STEADY-STATE-BIOFILM 
MODEL. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 
Engineering. 
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For   primary   bibliographic   entry   see    Field    5D. 
W9 1-04071 


BETTER  WATER  QUALITY  INDEXING 
SYSTEM  FOR  RIVERS  AND  STREAMS. 

Department  of  Scientific  and  Industrial  Research, 
Hamilton  (New  Zealand).  Water  Quality  Centre. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-04078 


USE  OF  PRACTICAL  ASPECTS  OF  SOIL  BE- 
HAVIOUR TO  EVALUATE  DIFFERENT 
METHODS  TO  GENERATE  SOIL  HYDRAU- 
LIC FUNCTIONS. 

Winand  Staring  Centre  for  Integrated  Land,  Soil 
and  Water  Research,  Wageningen  (Netherlands). 
For  primary  bibliographic  entry  see  Field  2G. 
W91-04100 


ROLE  OF  HYPSOMETRY   AND  PLANFORM 
IN  BASIN  HYDROLOGIC  RESPONSE. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-O4105 


AUTOMATED     MAPPING     FOR     ALABAMA 
SEWER  SYSTEM. 

BCM  Engineers,  Mobile,  AL. 

For   primary   bibliographic   entry   see   Field    5D. 

W91-04116 


SET  MEMBERSHIP  APPROACH  TO  IDENTI- 
FICATION AND  PREDICTION  OF  LAKE  EU- 
TROPHICATION. 

Technische    Univ.    Twente,    Enschede    (Nether- 
lands). Dept.  of  Chemical  Engineering. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-04119 


ANALYTICALLY  DERIVED  RUNOFF 

MODELS     BASED     ON     RAINFALL     POINT 
PROCESSES. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  2E. 

W91-04120 


SOLUTION  OF  THE  TRANSPORT  EQUATION 
BY  THE  COLLOCATION  METHOD  IN  CON- 
JUNCTION WITH  THE  ADAPTIVE  HERMITE 
ELEMENT  FAMILY. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04121 


EVALUATION  OF  FTVE  SIMULATION 
MODELS  FOR  PREDICTING  ALDICARB  AND 
BROMIDE  BEHAVIOR  UNDER  FTELD  CON- 
DITIONS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04122 


CELL  ANALYTICAL-NUMERICAL  METHOD 
FOR  SOLUTION  OF  THE  ADVECTCON-DIS- 
PERSION  EQUATION:  TWO-DIMENSIONAL 
PROBLEMS. 

Illinois  Univ.,  Urbana.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04124 


DEVELOPMENT  AND  TESTING  OF  SINGLE- 
PARAMETER  PRECIPrTATION  DISTRIBU- 
TIONS. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 
W91-04126 


HYBRID  MODEL  FOR  FORECASTING  DAILY 
RAINFALL. 

Institute  of  Flood  Control  and  Drainage  Research, 

Dacca  (Bangladesh). 

For  primary  bibliographic  entry  see  Field  2B. 

W91-04127 


IRON  TRANSPORT  AND  DISTRIBUTION  BE- 
TWEEN FRESHWATER  AND  SEDIMENTS 
OVER  DIFFERENT  TIME  SCALES. 

Atomic  Energy  of  Canada  Ltd.,  Chalk  River  (On- 
tario). Chalk  River  Nuclear  Labs. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-04154 


CALIFORNIA  WATER-USE  GEOGRAPHIC  IN- 
FORMATION SYSTEM. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For   primary   bibliographic   entry   see   Field   6D. 
W91-O4170 


DATA  MANAGEMENT  TECHNIQUES  FOR 
SITE-SPECIFIC  WATER-USE  DATA  IN  AR- 
KANSAS. 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  6D. 
W91-04174 


AGGREGATED  WATER-USE  DATA  SYSTEM. 

Geological    Survey,    Doraville,   GA.    Water   Re- 
sources Div. 

For  primary   bibliographic   entry  see   Field   6D. 
W91-04181 


DBASE  III  PLUS,  YET  ANOTHER  DATA  BASE 
FOR  WATER-USE  DATA. 

Idaho  Dept.  of  Water  Resources,  Boise. 

For  primary  bibliographic   entry   see   Field   6D. 

W91-04182 


U.S.  GEOLOGICAL  SURVEY'S  NEW  SITE-SPE- 
CIFIC WATER-USE  DATA  SYSTEM  (NEWS- 
WUDS). 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  6D. 
W91-04183 


KNOWLEDGE-BASED  SYSTEMS  FOR  WATER 
RESOURCES  MANAGEMENT. 

South  Florida  Water  Management  District,  West 
Palm  Beach.  Dept.  of  Resource  Management. 
For   primary   bibliographic   entry  see   Field   6D. 
W91-04184 


SURFACE-WATER  CONTAINMENT  ROUTING 
USING  A  DIGITAL  STREAM  INFORMATION 
SYSTEM. 

Geological  Survey,  Portland,  OR. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04185 


USE  OF  GEOGRAPHIC  INFORMATION 
SYSTEM  FOR  REAGGREGATTNG  WATER- 
USE  DATA  FROM  COUNTIES  TO  HYDRO- 
LOGIC  UNITS. 

Geological  Survey,  Reston,  VA. 

For   primary   bibliographic   entry   see    Field   6D. 

W91-04186 


COLOR-GRAPHICS  BASED  WATER  DEMAND 
FORECASTING  MODEL. 

Utah  State  Univ.,  Logan.  Dept.  of  Civil  Engineer- 
ing. 

For  primary   bibliographic   entry  see   Field   6D. 
W91-04187 


RELATIONAL    DATABASE    FOR    NON-PRO- 
GRAMMERS. 

Salt  River  Project,  Phoenix,  AZ.  Data  Base  Div. 


R.  V.  Bowen. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  233-238. 

Descriptors:  'Computer  programs,  *Data  storage 
and  retrieval,  'Databases,  'Information  systems, 
•Water  resources  management,  *Water  use  data, 
Computers,  Groundwater  resources,  Surface 
water,  Water  resources  data. 

As  concern  over  issues  related  to  the  quantity  and 
quality  of  water  continues  to  grow,  there  is  a 
corresponding  increase  in  the  need  for  information, 
as  well  as  for  a  method  to  manage  it.  This  includes 
storing,  organizing,  manipulating  and  retrieving 
the  data  that  will  be  used  as  the  basis  for  decision 
making.  The  use  of  a  computer  offers  the  most 
efficient  means  of  approaching  this  task.  Decision 
makers  often  lack  the  programming  skills  neces- 
sary to  manage  the  data  on  their  own.  This  often 
requires  the  services  of  a  programmer  to  operate 
the  computer  on  behalf  of  the  decision  maker,  or 
requires  development  of  a  system  that  would  allow 
a  computer  novice  to  work  on  his  own.  It  is  the 
system  approach  which  provides  the  most  flexibil- 
ity. By  utilizing  the  programmers  time  to  build  a 
user  friendly  system,  a  non  programmer  can  access 
information  directly  and  obtain  the  precise  infor- 
mation needed  within  the  time  required.  This  type 
of  a  system  is  now  in  use  at  the  Salt  River  Project. 
It  continues  to  provide  many  benefits  to  the  em- 
ployees that  use  it.  With  only  a  few  minutes  of 
training  the  user  can  access  data  from  a  variety  of 
surface  and  groundwater  data  sets  pertaining  to 
water  quality,  well  construction  and  pumping  his- 
tory. These  are  only  a  few  of  the  areas  where 
information  is  readily  available  to  the  user  through 
a  menu  driven  system  which  prompts  for  responses 
and  provides  on-line  help.  The  system  also  pro- 
vides the  user  with  options  on  how  to  report  the 
results  of  the  query  and  offers  the  ability  to  calcu- 
late some  descriptive  statistics.  (See  also  W91- 
04161)  (Author's  abstract) 
W91-04188 


GREAT  LAKES  REGIONAL  WATER-USE 
DATA  BASE-A  WATER-RESOURCES  MAN- 
AGEMENT TOOL. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For  primary   bibliographic   entry  see  Field   6D. 

W9 1-04204 


RELIABILITY  IN  MARKET  TRANSFERS  OF 
MUNICD7AL  WATER  SUPPLIES. 

Colorado  Coll.,  Colorado  Springs.  Dept.  of  Eco- 
nomics and  Business. 

For   primary   bibliographic   entry   see   Field   6D. 
W9 1-04220 


ESTIMATION  OF  SURFACE-WATER  WITH- 
DRAWALS FOR  IRRIGATION  AND  IRRIGAT- 
ED ACREAGE,  1985,  GALLATIN  COUNTY, 
MONTANA. 

Geological  Survey,  Helena,  MT.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-04229 


APPLICATION  OF  REMOTE  SENSING  AND 
GIS  TO  ESTIMATE  IRRIGATION  WATER  USE 
IN  THE  UPPER  GUNNISON  RTVER  BASIN  IN 
COLORADO. 

Bureau  of  Reclamation,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-04233 


ESTIMATION  OF  RESERVOIR  SURFACE 
AREAS  USING  SATELLITE  IMAGERY,  UPPER 
GUNNISON  RrVER  BASIN,  COLORADO. 

Bureau  of  Reclamation,  Denver,  CO. 

For   primary   bibliographic   entry   see   Field   2D. 

W9 1-04234 
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SPUDS  FROM  SPACE:  USING  REMOTE  SENS- 
ING/GIS  IN  ADJUDICATING  IDAHO  WATER 
RIGHTS. 

Idaho  Dept.  of  Water  Resources,  Boise.  Land  and 

Water  Use  Data  Section. 

For  primary  bibliographic  entry  see  Field  6E. 

W91-04235 


STATE  WATER  DEMAND  METHODOLOGY, 

KANSAS,  1987. 

Kansas  Water  Office,  Topeka. 

For  primary  bibliographic  entry  see  Field   6D. 

W9 1-04236 


MAIN  H-MODEL  WATER-USE  PROJECTIONS 
FOR  WISCONSIN,  1990-2010. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 

Bureau  of  Water  Resources  Management. 

For  primary  bibliographic  entry  see   Field   6D. 

W91-04238 


ANALYSIS     OF     OBJECTIVE     FUNCTIONS 
USED  IN  URBAN  RUNOFF  MODELS. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04239 


ANALYSIS  OF  THE  VARIABLES  AFFECTING 
WATER  CONSUMPTION  FOR  THE  CITY  OF 
HAYS,  KANSAS. 

Missouri  Univ.-Rolla.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  6D. 
W9 1-04240 


NUMERICAL  ANALYSIS  OF  COMPLEX  PD?E 
SYSTEM  WITH  TWO  PUMPS  CONNECTED  IN 
PARALLEL. 

Bitola  Univ.  (Yugoslavia).  Tehnicki  Fakultet. 
For  primary  bibliographic  entry  see  Field  8A. 
W91-04241 


FORECASTING  MUNICD?AL  WATER 

DEMAND    AND    CONSERVATION    EVALUA- 
TION: THE  IWR-MAIN  SYSTEM  5.1. 

Planning  and  Management  Consultants  Ltd.,  Car- 
bondale,  IL. 

For  primary  bibliographic   entry  see  Field   6D. 
W9 1-04242 


UNCERTAINTY       OF       WATER        SUPPLY 
DEMAND  ESTIMATES. 

Polytechnic  Univ.,  Brooklyn,  NY.  Dept.  of  Civil 
and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  6D. 
W9 1-04243 


WATER    SUPPLY    FORECASTING    AND    ITS 
UNCERTAINTIES. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. Div.  of  Flood  Management. 
For  primary  bibliographic  entry  see   Field   6D. 
W9 1-04244 


HYDROGEOLOGICAL  MODEL  FOR  AMA- 
DEUS  BASIN  AQUIFERS,  CENTRAL  AUSTRA- 
LIA. 

Birmingham  Univ.  (England).  School  of  Earth  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04273 


COMPUTER  SIMULATION  OF  TIDE-IN- 
DUCED RESIDUAL  TRANSPORT  IN  A 
COASTAL  LAGOON. 

Harbor  Branch  Inst.,  Inc.,  Fort  Pierce,  FL. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-04295 


NOTE  ON  THE  ATTENUATION  OF  SURFACE 
GRAVITY  WAVES  BY  RAINFALL. 

Naval  Postgraduate  School,  Monterey,  CA.  Dept. 


of  Oceanography. 

For  primary  bibliographic  entry  see  Field  2L. 

W9 1-04298 


NUMERICAL  METHOD  FOR  PARAMETERI- 
ZATION OF  ATMOSPHERIC  CHEMISTRY: 
COMPUTATION  OF  TROPOSPHERIC  OH. 

Harvard  Univ.,  Cambridge,  MA.  Div.  of  Applied 

Sciences. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-04299 


TROPOSPHERIC  OH  IN  A  THREE-DIMEN- 
SIONAL CHEMICAL  TRACER  MODEL:  AN 
ASSESSMENT  BASED  ON  OBSERVATIONS 
OF  CH3CCL3. 

Harvard  Univ.,  Cambridge,  MA.  Div.  of  Applied 

Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04300 


SMOG-FOG-SMOG  CYCLE  AND  ACID  DEPO- 
SITION. 

California    Inst,    of  Tech.,    Pasadena.    Dept.    of 

Chemical  Engineering. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-04301 


ONE-DIMENSIONAL  NUMERICAL  MODEL 
TO  SIMULATE  FORMATION  AND  BALANCE 
OF  SULFATE  DURING  RADIATION  FOG 
EVENTS. 

Munich  Univ.  (Germany,  F.R.).  Meteorologisches 

Inst. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-04302 


SURFACE-BASED     BEDLOAD     TRANSPORT 
RELATION  FOR  GRAVEL  RIVERS. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 
Hydraulic  Lab. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-04304 


METHODS  TO  CONVERT  AMERICAN  CLASS 
A-PAN  AND  SYMON'S  TANK  EVAPORATION 
TO  THAT  OF  A  REPRESENTATIVE  ENVI- 
RONMENT. 

Hydrological    Research    Inst.,    Pretoria    (South 

Africa). 

For  primary   bibliographic  entry  see   Field   2D. 

W91-04314 


COMBINED  LONG-TERM  SIMULATION  OF 
RUNOFF  FROM  URBAN  AND  RURAL  AREAS. 

Addis  Ababa  Univ.  (Ethiopia).  Faculty  of  Tech- 
nology. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04333 


COMPARISON  OF  POLLUTANT  LOAD  CAL- 
CULATION METHODS  BASED  ON  MEAS- 
URED DATA-STATE  OF  THE  INVESTIGA- 
TION. 

Landesamt   fuer   Wasser   und   Abfall   Nordrhein- 
Westfalen,  Duesseldorf  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04334 


DEVELOPMENT,  CALIBRATION  AND  FUR- 
THER DATA  REQUmEMENTS  OF  THE 
SEWER  FLOW  QUALITY  MODEL  MOSQITO. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04335 


DISSOLVED  OXYGEN  STREAM  MODEL  FOR 
COMBINED  SEWER  OVERFLOWS. 

Aalborg  Universitetscenter  (Denmark).  Hydraulics 
and  Coastal  Engineering  Lab. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04339 


ASPECTS  OF  OZONE  GENERATION  FROM 
AIR. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5F. 
W91-04380 


MASS  BALANCE  ANALYSIS  OF  OZONE  IN  A 
CONVENTIONAL  BUBBLE  COLUMN. 

Shanghai  Coll.  of  Architecture  and  Municipal  En- 
gineering (China).  Dept.  of  Environmental  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5F. 
W91-04381 


SOLUTE  AND  HEAT  TRANSPORT  EXPERI- 
MENTS FOR  ESTIMATING  RECHARGE 
RATE. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04390 


APPLICATION  OF  FACTOR  ANALYSIS  TO 
THE  HYDROGEOCHEMICAL  STUDY  OF  A 
COASTAL  AQUIFER. 

Alicante  Univ.  (Spain).   Div.  de  Ingenieria  Qui- 

mica. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-04397 


EXAMINATION  OF  COMPUTED  STEADY- 
STATE  WATER-TABLE  HEIGHTS  IN  UNCON- 
FINED  AQUIFERS:  DUPUIT-FORCHHEIMER 
ESTIMATES  AND  EXACT  ANALYTICAL  RE- 
SULTS. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04399 


RELIABILITY     BASED     TIME     AXES     FOR 
FLOOD  DATA  PRESENTATION. 

Waikato  Univ.,  Hamilton  (New  Zealand).  Dept.  of 
Earth  Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04408 


DO  THE  RIGHT  THING. 

For  primary  bibliographic  entry  see  Field  6A. 
W91-04409 


TIME-DEPENDENT,  THREE-DIMENSIONAL 
MODEL  OF  THE  DELAWARE  BAY  AND 
RIVER  SYSTEM:  PART  1.  DESCRIPTION  OF 
THE  MODEL  AND  TTOAL  ANALYSIS. 

Princeton  Univ.,  NJ.  Program  in  Atmospheric  and 

Oceanic  Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 

W91-04413 


TIME-DEPENDENT,  THREE-DIMENSIONAL 
MODEL  OF  THE  DELAWARE  BAY  AND 
RIVER  SYSTEM:  PART  2.  THREE-DIMEN- 
SIONAL FLOW  FIELDS  AND  RESIDUAL  CIR- 
CULATION. 

Princeton  Univ.,  NJ.  Program  in  Atmospheric  and 
Oceanic  Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 
W91-04414 


DEFINING  HOMOGENEOUS  PRECIPITA- 
TION REGIONS  BY  MEANS  OF  PRINCIPAL 
COMPONENTS  ANALYSIS. 

Katholieke  Univ.  Leuven  (Belgium).  Lab.  for 
Land  Management. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-04435 


GROUND-WATER  WITHDRAWALS,  WATER- 
LEVEL  CHANGES,  LAND-SURFACE  SUBSID- 
ENCE, AND  GROUND-WATER  QUALITY  IN 
FORT  BEND  COUNTY,  TEXAS,  1969-87. 

Geological  Survey,  Austin,  TX.  Water  Resources 


189 


Field  7— RESOURCES  DATA 


Group  7C — Evaluation,  Processing  and  Publication 
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For  primary  bibliographic  entry  see  Field  4B. 

W9 1-04467 


HYDROGEOCHEMICAL  DATA  FROM  AN 
ACIDIC  DEPOSITION  STUDY  AT  MCDON- 
ALDS BRANCH  BASIN  IN  THE  NEW  JERSEY 
PINELANDS,  1983-86. 

Geological  Survey,  Trenton,  NJ.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04472 


PRINCIPAL  FACTS  FOR  GRAVITY  STATIONS 
IN  THE  ELKO,  STEPTOE  VALLEY,  COYOTE 
SPRING  VALLEY,  AND  SHEEP  RANGE 
AREAS,  EASTERN  AND  SOUTHERN 
NEVADA. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W91-04473 


BASE-FLOW  INVESTIGATION  ON  THE  SAC- 
RAMENTO RIVER,  SEPTEMBER  25,  1985, 
NEAR  SUNSPOT,  OTERO  COUNTY,  NEW 
MEXICO. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 
C.  Nagel. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  89-239,  1990.  1  sheet,  5  fig,  2  tab, 
3ref. 

Descriptors:  'Base  flow,  *New  Mexico,  'Sacra- 
mento River,  *  Water  quality,  Discharge  measure- 
ment, Maps,  Specific  conductance,  Surface  water. 

On  September  25,  1985,  the  U.S.  Geological 
Survey  conducted  a  base-flow  investigation  to 
better  define  the  surface-water  resources  of  the 
Sacramento  River  drainage  basin  in  Otero  County, 
south-central  New  Mexico.  The  investigation  in- 
cluded all  flow  in  the  Sacramento  River  from  the 
initial  point  of  flow  to  the  point  of  zero  flow  20. 1 
river  miles  downstream.  A  total  of  12  discharge 
measurements,  3  observations  of  zero  flow  and  2 
observations  of  initial  flow  were  obtained  during 
this  investigation.  Discharge  measurements  and  ob- 
servations showed  a  general  increase  in  discharge 
from  river  mile  22.4  to  a  discharge  of  6.69  cu  ft/sec 
at  river  mile  8.4.  Discharge  then  decreased  from 
river  mile  8.4  to  zero  flow  at  river  mile  3.3.  Specif- 
ic conductance  and  water  temperature  also  were 
taken  concurrently  with  the  discharge  measure- 
ments. Specific  conductance  of  water  generally 
decreased  in  a  downstream  direction  from  600 
microsiemens/cm  at  25  C  at  river  mile  21.9  to  330 
microsiemens/cm  at  25C  at  river  mile  4.6.  (USGS) 
W9 1-04475 


WATER  RESOURCES  DATA  FOR  NEW 
HAMPSHIRE  AND  VERMONT,  WATER  YEAR 
1989. 

Geological  Survey,  Bow,  NH.  Water  Resources 
Div. 

K.  E.  McKenna,  J.  E.  Cotton,  and  J.  C.  Denner. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-108290. 
Price  codes:  A08  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  NH-VT-89-1.  (USGS/ 
WRD/HD-90/295),  1990.  152p.  Prepared  in  coop- 
eration with  the  States  of  New  Hampshire  and 
Vermont  and  with  other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'New  Hampshire,  'Surface 
water,  'Vermont,  'Water  quality,  Chemical  analy- 
sis, Flow  rates,  Gaging  stations,  Lakes,  Reservoirs, 
Sampling  sites,  Sediments,  Water  analysis,  Water 
level,  Water  temperature. 

Water  resources  data  for  the  1989  water  year  for 
New  Hampshire  and  Vermont  consist  of  records  of 
stage,  discharge,  and  water  quality  of  streams; 
stage  and  contents  of  lakes  and  reservoirs;  and 
groundwater  levels.  This  report  contains  discharge 
records  for  72  gaging  stations,  stage  records  for  4 


lakes,  monthend  contents  for  23  lakes  and  reser- 
voirs, water  quality  data  for  2  gaging  stations,  and 
water  levels  for  28  observation  wells.  Also  includ- 
ed are  data  for  7  crest-stage  partial-record  stations. 
Additional  water  data  were  collected  at  various 
sites,  not  part  of  the  systematic  data-collection 
program,  and  are  published  as  miscellaneous  meas- 
urements. Locations  of  gaging  stations,  partial- 
record  stations,  and  observation  wells  are  shown. 
A  few  pertinent  stations  (not  included  above)  in 
bordering  States  and  Province  of  Quebec  are  also 
included.  These  data  represent  that  portion  of  the 
National  Water  Data  System  collected  by  the  U.S. 
Geological  Survey  and  by  the  cooperating  State 
and  Federal  agencies  in  New  Hampshire  and  Ver- 
mont. (See  also  W90-1 1233)  (USGS) 
W9 1-04480 


WATER  RESOURCES  DATA  FOR  NORTH 
DAKOTA,  WATER  YEAR  1989. 

Geological  Survey,  Bismarck,  ND.  Water  Re- 
sources Div. 

R.  E.  Harkness,  N.  D.  Haffield,  and  W.  R.  Berkas. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-106989. 
Price  codes:  A 17  in  paper  copy,  A03  in  microfiche. 
USGS  Water-Data  Report  ND-89-1.  (USGS/ 
WRD/HD-90/270),  1990.  386p.  Prepared  in  coop- 
eration with  the  State  of  North  Dakota  and  with 
other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
•Hydrologic  data,  'North  Dakota,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Drought, 
Floods,  Flow  rates,  Gaging  stations,  Lakes,  Reser- 
voirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  level,  Water  temperature. 

Water  resources  data  for  the  1989  water  year  for 
North  Dakota  consist  of  records  of  discharge, 
stage,  and  water  quality  for  streams;  contents, 
stage  and  water  quality  for  lakes  and  reservoirs; 
and  water  levels  and  water  quality  for  groundwat- 
er wells.  The  report  contains  records  of  water 
discharge  for  108  streamflow  gaging  stations;  stage 
only  for  22  river-stage  stations;  contents  and/or 
stage  for  13  lake  or  reservoir  stations;  annual  maxi- 
mum discharge  for  8  crest-stage  stations;  water 
levels  for  30  groundwater  wells;  and  water  quality 
for  97  streamflow  gaging  stations,  4  river-stage 
stations,  10  lake  or  reservoir  stations,  5  crest-stage 
stations,  and  29  groundwater  wells.  Also  included 
are  discharge  measurement  data  for  131  miscellane- 
ous sites  and  water  quality  data  for  2  precipitation- 
chemistry  stations.  These  data  represent  that  part 
of  the  National  Water  Data  System  collected  by 
the  U.S.  Geological  Survey  and  cooperating  State 
and  Federal  agencies  in  North  Dakota.  (USGS) 
W9 1-04481 


WATER  RESOURCES  DATA  FOR  TEXAS, 
WATER  YEAR  1989,  VOLUME  1:  ARKANSAS 
RIVER,  RED  RIVER,  SABINE  RIVER,  NECHES 
RP/ER,  TRINITY  RIVER  BASINS  AND  INTER- 
VENING AND  ADJACENT  COASTAL  BASINS. 
Geological  Survey,  Austin,  TX.  Water  Resources 
Div. 

H.  D.  Buckner,  W.  J.  Shelby,  and  H.  J.  Davidson. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-268566. 
Price  codes:  A22  in  paper  copy,  A03  in  microfiche. 
USGS  Water-Data  Report  TX-89-1.  (USGS/ 
WRD/HD-90/291),  1990.  499p.  Prepared  in  coop- 
eration with  the  State  of  Texas  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
•Surface  water,  'Texas,  'Water  quality,  Chemical 
analysis,  Flow  rates,  Gaging  stations,  Lakes,  Res- 
ervoirs, Sampling  sites,  Sediments,  Water  analysis, 
Water  temperature. 

Water  resources  data  for  the  1989  water  year  for 
Texas  are  presented  in  three  volumes,  appropriate- 
ly identified  as  to  content  by  river  basins.  Data  in 
each  volume  consist  of  records  of  stage,  discharge, 
and  water  quality  of  streams  and  canals;  and  stage, 
contents,  and  water  quality  of  lakes  and  reservoirs. 
Also  included  are  crest-stage  and  flood-hydro- 
graph  partial-record  stations,  reconnaissance  par- 
tial-record   stations,   and   low-flow   partial-record 


stations.  Additional  water  data  were  collected  at 
various  sites,  not  part  of  the  systematic  data-collec- 
tion program,  and  are  published  as  miscellaneous 
measurements.  Records  for  a  few  pertinent  stations 
in  bordering  States  also  are  included.  These  data 
represent  that  part  of  the  National  Water  Data 
System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Texas.  (See  also  W9 1-02639  and  W9 1-02640) 
(USGS) 
W9 1-04482 


WATER  RESOURCES  DATA  FOR  WEST  VIR- 
GINIA, WATER  YEAR  1989. 

Geological  Survey,  Charleston,  WV.  Water  Re- 
sources Div. 

S.  M.  Ward,  J.  A.  Macy,  F.  M.  Taylor,  and  G.  M. 
Ferrell. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-108530. 
Price  codes:  A09  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  WV-89-1.  (USGS/ 
WRD/HD-90/308),  1990.  169p.  Prepared  in  coop- 
eration with  the  State  of  West  Virginia  and  with 
other  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Surface  water,  'Water  quality, 
•West  Virginia,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Sampling  sites,  Sediments,  Water 
analysis,  Water  temperature. 

Water  resources  data  for  the  1989  water  year  for 
West  Virginia  consist  of  records  of  stage,  dis- 
charge, and  water  quality  of  streams;  contents  of 
reservoirs;  and  water  levels  of  observation  wells. 
This  report  contains  discharge  records  for  81 
streamflow-gaging  stations;  stage  only  records  for 
7  gaging  stations;  annual  maximum  discharge  at  2 
crest-stage  partial-record  stations;  change  in  con- 
tents for  1  reservoir;  water  quality  records  for  14 
streamflow  gaging  stations;  and  water  level 
records  for  31  observation  wells.  Locations  of 
these  sites  are  shown.  Additional  water  data  were 
collected  at  various  sites,  not  involved  in  the  sys- 
tematic data-collection  program,  and  are  published 
as  miscellaneous  measurements.  These  data  repre- 
sent that  part  of  the  National  Water  Data  System 
collected  by  the  U.S.  Geological  Survey  and  coop- 
erating State  and  Federal  agencies  in  West  Virgin- 
ia. (See  also  W91-01858)  (USGS) 
W9 1-04483 


SOIL  TEMPERATURE  UNDER  CONVEN- 
TIONAL AND  MINIMUM  TILLAGE:  SIMULA- 
TION AND  EXPERIMENTAL  VERIFICATION. 

Alberta  Univ.,  Edmonton.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-04582 


RELATIONSHIPS  BETWEEN  SOME  PROPER- 
TIES OF  ORGANIC  SODLS  FROM  THE 
SOUTHERN  CANADIAN  SHIELD. 

Ottawa  Univ.  (Ontario).  Dept.  of  Biology. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-04583 


CLASSIFICATION  OF  TEXAS  RESERVOIRS 
IN  RELATION  TO  LIMNOLOGY  AND  FISH 
COMMUNITY  ASSOCIATIONS. 

Texas   Parks  and  Wildlife   Dept.,   Austin.   Inland 

Fisheries  Branch. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-04591 


SPREADSHEETS  FOR  ESTIMATING  SLUDGE 
PRODUCTION. 

Greeley  and  Hansen,  Philadelphia,  PA. 

C.  M.  Koch,  A.  Ccvallos,  J.  Pascucci,  and  G. 

Lindner. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  2,  No.  11,  p  65-69,  November  1990. 

Descriptors:  'Computer  models,  'Data  processing, 
'Sludge,  'Spreadsheets,  'Wastewater  facilities. 
Activated  sludge  process,  New  Jersey,  New  York, 
Predictive  models. 
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Estimation  of  sludge  quantities  requires  knowledge 
of  the  wastewater  flow  and  strength,  the  operating 
conditions  of  the  activated-sludge  process,  and  the 
number  of  processing  units  in  service.  Computer 
spreadsheets  were  used  to  predict  sludge  genera- 
tion for  three  wastewater  treatment  plants:  the 
Camden  County  Municipal  Utilities  Authority's 
(CCMUA)  Delaware  No.  1  Water  Pollution  Con- 
trol Facility  (DWPCF);  and  the  Bay  Park  and 
Cedar  Creek  Water  Pollution  Control  Plants  in 
Nassau  County,  N.Y.  The  basic  approach  was  to 
develop  models  of  the  various  unit  processes  to 
relate  primary  and  secondary  sludge  production  to 
wastewater  strength  and  operating  conditions.  The 
models  were  fitted  to  either  pilot-plant  data  or 
actual  plant  operation  data  to  calibrate  the  models 
to  the  individual  treatment  plants.  The  models 
were  then  used  to  determine  net  quantities  of  pri- 
mary and  secondary  sludge  produced.  These  quan- 
tities were  then  traced  through  the  wastewater 
process  to  account  for  solids  destruction  by  proc- 
esses such  as  anaerobic  digestion  and  the  effects  of 
recycle  streams.  The  spreadsheet  was  used  to  pre- 
dict future  sludge  quantities.  The  spreadsheet  was 
organized  into  four  primary  regions:  (1)  title  infor- 
mation and  printing  macros;  (2)  adjustable  varia- 
bles; (3)  computed  values;  and  (4)  a  process  flow 
schematic.  Although  there  was  some  variation  be- 
tween observed  and  predicted  values,  this  type  of 
variation  is  to  be  expected  when  attempting  to 
model  a  complex  biological  process.  (White- 
Reimer-PTT) 
W9 1-04603 


SIMPLE  CONTOURING  PROGRAM  FOR 
GRIDDED  DATA. 

Geological  Survey,  Reston,  VA. 
A.  W.  Harbaugh. 

Available  from  the  US  Geological  Survey,  Books 
and  Open-File  Reports  Section,  Box  25425,  Feder- 
al Center,  Denver,  CO  80225-0425.  USGS  Open- 
File  Report  90-144,  1990.  37p,  5  fig,  3  ref,  append. 

Descriptors:  *Computer  programs,  *Contours, 
•Data  interpretation,  'Data  processing,  *Gridded 
data,  'Mapping,  Computers,  Handbooks,  Manuals. 

A  computer  program  was  developed  which  con- 
tours a  two-dimensional  array  of  data  has  been 
developed.  This  report  documents  the  contouring 
method  and  program  design,  and  provides  user 
instructions.  The  two-dimensional  array  contains  Z 
values  for  each  node  in  a  grid,  and  the  grid  dimen- 
sions define  the  (X,Y)  coordinates  for  each  node. 
Branches  connect  adjacent  nodes  vertically  and 
horizontally.  A  contour  line  is  formed  by  connect- 
ing successive  contour  points  with  straight  lines. 
Contour  points  occur  only  on  branches.  If  the 
value  being  contoured  is  between  the  Z  values  at 
two  adjacent  nodes,  the  connecting  branch  con- 
tains a  contour  point.  Linear  interpolation  is  used 
to  find  the  location  of  a  contour  point  on  a  branch. 
The  program  is  written  in  the  FORTRAN  pro- 
gramming language,  and  it  uses  Graphics  Kernel 
System  (GKS)  subroutine  calls.  (Author's  abstract) 
W9 1-04638 


FLOOD  OF  APRIL  4-5,  1987,  IN  SOUTHEAST- 
ERN NEW  YORK  STATE,  WITH  FLOOD  PRO- 
FILES OF  SCHOHARIE  CREEK. 

Geological  Survey,  Albany,  NY. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-04645 


PHARMACOKINETIC  MODELING  IN 
AQUATIC  ANIMALS:  I.  MODELS  AND  CON- 
CEPTS. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 
Toxicology  and  Chemistry  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-04733 


RARE  BRITISH  MARINE  FISHES-IDENTIFI- 
CATION AND  CONSERVATION. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
For  primary  bibliographic  entry  see  Field  81. 
W91-04787 


MAPS  OF  FLOOD  STATISTICS  FOR  REGION- 
AL FLOOD  FREQUENCY  ANALYSIS  IN  NEW 
ZEALAND. 

Department  of  Scientific  and  Industrial  Research, 
Christchurch  (New  Zealand).  Hydrology  Centre. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04802 


RIVER  FLOW  FORECASTING  SYSTEM  WITH 
DATA  MANAGEMENT,  GRAPHICAL  RIVER 
NETWORK  CONTROL  AND  INTERACTIVE 
OPERATION. 

Uppsala  Univ.  (Sweden).  Dept.  of  Hydrology. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-04804 


COMPARISON  OF  CAPD1LARY  PRESSURE- 
SATURATION  RELATIONS  FOR  DRAINAGE 
IN  TWO-AND  THREE-FLUID  POROUS 
MEDIA. 

Princeton  Univ.,  NJ.  Dept.  of  Civil  Engineering 

and  Operations  Research. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-04825 


PARALLEL  COMPUTING  FOR  SOLUTE 
TRANSPORT  MODELS  VIA  ALTERNATING 
DIRECTION  COLLOCATION. 

Wyoming  Univ.,  Laramie.  Dept.  of  Mathematics. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04826 


MODERN  KRIGING  AND  CLASSICAL  GAUS- 
SIAN TECHNIQUES-DO  THEY  NECESSARI- 
LY YDZLD  IDENTICAL  RESULTS. 

Grenoble- 1  Univ.  (France). 

For  primary  bibliographic  entry   see  Field   2G. 

W9 1-04829 


SURVEY  OF  VECTOR  AND  PARALLEL  PROC- 
ESSORS FOR  NUMERICAL  APPLICATIONS. 

SARA,  Amsterdam  (Netherlands). 

A.  Emmen. 

Advances  in  Water  Resources  AWREDI,  Vol.  13, 

No.   3,   p    103-116,    1990.    12  fig,   9  tab,  41   ref. 

Descriptors:  'Computers,  'Data  processing, 
♦Mathematical  analysis,  'Parallel  processing,  'Su- 
percomputers, 'Vector  processing,  Graphics, 
Minisupercomputers. 

The  speed  of  computers  for  numerical  applications 
has  been  largely  enhanced  over  the  last  decade 
largely  due  to  the  use  of  new  computer  architec- 
tures, using  vector  and  parallel  processing.  An 
overview  of  most  of  the  available  computers  is 
presented  along  with  descriptions  of  the  largest 
supercomputers.  A  computer  for  numerical  appli- 
cations must  have:  (1)  a  floating-point  processor 
with  adequate  word  size  to  fulfill  accuracy  require- 
ments; (2)  enough  speed  to  perform  the  calcula- 
tions within  a  reasonable  length  of  time;  (3)  a  large, 
high  speed  memory;  and  (4)  a  suitable  operating 
system  and  a  compiler  for  program  development 
and  execution.  Vector  and  parallel  computers  are 
designed  for  applications  that  do  not  fit  on  a  single 
unsegmented  processor.  For  vector  processors 
there  is  a  relation  between  the  application  and  the 
amount  of  segmentation.  For  parallel  computers 
the  amount  and  kind  of  parallelization  in  the  ma- 
chine must  also  be  related  to  the  amount  and  level 
of  parallelism  available  in  the  application.  Comput- 
ers that  are  reviewed  include  supercomputers  (the 
most  powerful,  general  purpose  machines  avail- 
able); minisupercomputers  (deliver  approximately 
10%  of  the  performance  of  a  supercomputer); 
mainframes  with  integrated  vector  processors; 
graphic  supercomputers  (for  workstation  inter- 
face); and  special  purpose  parallel  machines.  The 
overview  indicates  that  there  are  a  large  number  of 
vector  and  parallel  machines  to  choose  from,  and 
there  is  no  one  simple  architectural  solution  that 
fits  the  needs  of  numerically  intensive  calculations. 
Vector  processing  is  now  a  mature  technique  in- 
corporated even  in  quite  a  number  of  parallel 
machines;  however,  the  latest  designs  show  less  of 
special  vector  processing  hardware  even  though 
the  perform  fast  on  'vector  code.'  The  diversity  of 


architecture  makes  it  as  yet  impossible  to  easily 
identify   the   performance  of  different   machines. 
(White-Reimer-PTT) 
W9 1-04830 


SURVEY  OF  DOMAIN  DECOMPOSITION 
TECHNIQUES  AND  THEIR  IMPLEMENTA- 
TION. 

Wyoming  Univ.,  Laramie.  Dept.  of  Mathematics. 
For  primary  bibliographic  entry  see  Field  2G. 
W91-04831 


PARALLEL  LEAST  SQUARES  COLLOCATION 
CONJUGATE  GRADIENT  APPROACH  FOR 
THE  ADVECTION  DIFFUSION  EQUATION. 

Princeton  Univ.,  NJ.  Dept.  of  Civil  Engineering 

and  Operations  Research. 

A.  Peters,  and  G.  F.  Pinder. 

Advances  in  Water  Resources  AWREDI,  Vol.  13, 

No.  3,  p  126-136,  1990.  14  fig,  28  ref,  append.  DOE 

grant  DE-FG02-86ER6O453. 

Descriptors:  'Advection-diffusion,  'Computers, 
'Data  processing,  'Mathematical  analysis,  'Model 
studies,  'Parallel  processing,  'Path  of  pollutants, 
'Solute  transport,  Advection  diffusion  equation, 
Domain  decomposition,  Least  squares  method, 
Preconditioned  conjugate  gradient. 

Most  existing  programs  for  the  solution  of  the 
advection  diffusion  equation  are  tailored  to  suit  the 
hardware  of  conventional  computers  and  are  likely 
to  achieve  very  modest  performance  enhancements 
on  vector  and  parallel  processors.  Therefore,  an 
alternative  approach  for  the  solution  of  the  advec- 
tive  diffusion  equation  over  irregular  shaped  do- 
mains was  developed.  The  approach,  termed 
LSCCG,  combines  the  least  squares  collocation 
algorithm  and  a  patch  domain  decomposition  tech- 
nique with  the  powerful  conjugate  gradient 
method.  LSCCG  provides  accurate  results  for  a 
large  range  of  Peclet  and  Courant  numbers.  In 
addition,  it  is  amenable  to  parallelization  at  either 
the  subroutine  or  loop  level,  and  thus  easy  to 
implement  on  a  large  variety  of  computer  architec- 
tures. Some  of  the  most  appealing  features  of  this 
approach  are:  (1)  it  leads  to  a  system  of  equations 
where  the  coefficient  matrix  is  symmetric,  and 
sparse;  (2)  irregularly  shaped  domains  can  be  accu- 
rately described  using  orthogonal  meshes  and  addi- 
tional set  of  collocation  points;  (3)  the  orthogona- 
lity of  the  grid  enables  the  design  of  a  very  simple 
data  structure  free  of  indirect  indexing  and  the 
easy  implementation  of  patch  refinements;  (4)  the 
simplicity  of  the  data  structure  makes  possible  the 
parallel  implementation  of  all  time  consuming 
computational  tasks  of  the  preconditioned  conju- 
gate gradient  method,  including  those  of  the  in- 
complete Cholesky  preconditioning;  and  (5)  the 
preconditioned  conjugate  gradient  method  is  very 
powerful  when  applied  to  the  system  of  linear 
equations  resulting  from  the  least  squares  colloca- 
tion approximation  of  the  advection  diffusion  equa- 
tion. (Author's  abstract) 
W9 1-04832 


ITERATIVE  METHODS  FOR  THE  SOLUTION 
OF  LARGE  SYSTEMS  OF  EQUATIONS  ON  SU- 
PERCOMPUTERS. 

Utrecht  Rijksuniversiteit  (Netherlands).  Mahemati- 

cal  Inst. 

H.  van  der  Vorst. 

Advances  in  Water  Resources  AWREDI,  Vol.  13, 

No.  3,  p  137-146,  1990.  2  fig,  2  tab,  53  ref. 

Descriptors:  'Computers,  'Data  processing,  'It- 
erative methods,  'Mathematical  equations,  'Model 
studies,  Conjugate  gradient  method,  Linear  sys- 
tems, Preconditioners. 

The  choice  for  solving  large  sparse  linear  systems 
of  equations  is  between  direct  and  iterative  meth- 
ods. Direct  methods  have  the  advantage  of  being 
robust  and  not  having  criteria  or  non-convergence 
problems.  Iterative  methods  have  the  advantage  of 
being  relatively  easy  to  code,  adapt  easily  to 
changes  in  the  underlying  physical  model,  require 
only  a  modest  amount  of  computer  memory  stor- 
age and  take  little  computer  time  per  iteration  step. 
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The  most  successful  modern  iterative  methods  are 
discussed  including  the  conjugate  gradients  (CG) 
method,  GMRES  and  conjugate  gradients-squared 
(CG-S).  For  positive  definite  symmetric  systems 
the  choice  is  clearly  CG,  for  other  systems 
GMRES  and  CGS  are  the  candidates  because  they 
are  among  the  fastest  methods  for  many  sparse 
nonsymmetric  linear  systems.  The  effectiveness  of 
these  methods  is  often  dramatically  improved  by 
preconditioning.  Preconditioning  comes  down  to 
identifying  a  neighboring  linear  system  which  can 
be  solved  very  cheaply.  The  matrix  of  this  neigh- 
boring system  is  used  to  convert  the  given  linear 
system  to  a  system  with  favorable  properties  with 
respect  to  the  convergence  of  the  iterative  method. 
Large  scale  scientific  computational  models  are 
generally  solved  by  means  of  supercomputers  such 
as  CRAY,  X-MP,  CRAY,  Y-MP,  CONVEX  C- 
series,  Alliant  FX-series,  IBM  3090-VF-models  and 
many  others.  (White-Reimer-PTT) 
W9 1-04833 


IS  A  SIMPLE  DIAGONAL  SCALING  THE 
BEST  PRECONDITIONER  FOR  CONJUGATE 
GRADIENTS  ON  SUPERCOMPUTERS. 

Padua  Univ.   (Italy).   Dipt,   di  Metodi  e  Modelli 

Matematici  per  le  Scienze  Applicate. 

G.  Pini,  and  G.  Gambolati. 

Advances  in  Water  Resources  AWREDI,  Vol.  13, 

No.  3,  p  147-153,  1990.  1  fig,  4  tab,  52  ref. 

Descriptors:  'Computers,  'Data  processing, 
•Mathematical  models,  "Model  studies,  'Super- 
computers, Conjugate  gradient  method,  Least 
squares  method,  Linear  systems,  Preconditioners, 
Vector  processing. 

The  implementation  of  accelerated  conjugated  gra- 
dients for  the  solution  of  large  sparse  systems  of 
linear  equations  on  vector/parallel  processors  re- 
quires programming  features  which  are  significant- 
ly different  from  the  one  needed  on  a  scalar  ma- 
chine. A  numerical  algorithm  which  works  well  on 
the  scalar  machine  may  be  largely  inefficient  on 
the  vector/parallel  processor.  Therefore,  the  nu- 
merical performances  on  a  CRAY  X-MP/48  of 
some  widely  known  preconditioning  techniques, 
including  diagonal  scaling,  the  incomplete  Cho- 
lesky  decomposition  and  the  least  squares  polyno- 
mial preconditioners  were  compared.  The  ones 
that  are  not  suited  to  scalar  machines  appear  to  be 
particularly  attractive  from  a  conceptual  view 
point  on  vector/parallel  architectures.  The  results 
obtained  with  12  arbitrarily  sparse  finite  element 
problems  of  growing  size  up  to  almost  5000,  show 
surprisingly  that  simple  diagonal  scaling  is  the 
most  efficient  preconditioning  scheme  in  the  ma- 
jority of  applications.  In  the  few  cases  where  it 
was  not  the  most  efficient,  its  performance  was 
nevertheless  comparable  with  that  of  the  incom- 
plete Cholesky  factorization.  Contrary  to  the  gen- 
eral expectation,  the  polynomials  exhibit  a  poor 
performance  which  does  not  increase  with  the 
degree  and  appear  never  to  be  competitive  with 
the  other  two  more  traditional  approaches.  (Au- 
thor's abstract) 
W9 1-04834 


STABILITY  ANALYSIS  OF  A  TWO-INLET  BAY 
SYSTEM. 

Rosenstiel  School  of  Marine  and  Atmospheric  Sci- 
ence, Miami,  FL.  Div.  of  Applied  Marine  Physics. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-04836 


HYDROGEOLOGY  OF  THE  MORRISON  FOR- 
MATION IN  THE  SAN  JUAN  STRUCTURAL 
BASIN,  NEW  MEXICO,  COLORADO,  ARIZO- 
NA AND  UTAH. 

Geological  Survey,  Albuquerque,  NM.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-04853 


HYDROLOGIC      FRAMEWORK      OF      LONG 
ISLAND,  NEW  YORK. 

Geological  Survey,  Syosset,  NY.  Water  Resources 

Div 

For  primary  bibliographic  entry  see  Field  2F. 


W9 1-04854 


DATA  ON  POLYCHLORINATED  BIPHENYLS, 
DIELDRIN,  LEAD,  AND  CADMIUM  IN  WIS- 
CONSIN AND  UPPER  MICHIGAN  TRIBUTAR- 
IES TO  GREEN  BAY,  JULY  1987  THROUGH 
APRIL  1988. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04861 


SUMMARY  OF  SELECTED  CHARACTERIS- 
TICS OF  LARGE  RESERVOIRS  IN  THE 
UNITED  STATES  AND  PUERTO  RICO,  1988. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

B.  C.  Ruddy,  and  K.  J.  Hitt. 

Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  90-163,  1990.  295p,  3  fig,  3  tab,  8 
ref.  Project  No.  C0183. 

Descriptors:  'Lake  morphometry,  'Reservoir  ca- 
pacity, 'Reservoirs,  'Water  resources  data,  Data 
collections,  Surface  areas. 

This  report  presents  selected  characteristics  of 
2,728  reservoirs  and  controlled  natural  lakes  locat- 
ed within  the  50  States  of  the  United  States  and  the 
Commonwealth  of  Puerto  Rico.  Data  are  present- 
ed for  reservoirs  that  have  normal  capacities  of  at 
least  5,000  acre-ft  or  maximum  capacities  of  at  least 
25,000  acre-ft  and  that  were  completed  as  of  Janu- 
ary 1,  1988.  Reservoir  data  include:  location,  maxi- 
mum capacity,  normal  capacity,  surface  area, 
drainage  area,  year  completed,  and  use.  The 
normal  capacities  of  the  2,728  reservoirs  and  con- 
trolled natural  lakes  total  more  than  467  million 
acre-ft,  and  the  combined  surface  areas  for  2,362  of 
those  reservoirs  total  almost  16  million  acres.  More 
than  9%  (259)  of  the  reservoirs  are  located  in 
California.  The  total  normal  capacity  of  reservoirs 
in  California  is  more  than  40  million  acre-ft  (about 
8.6%  of  the  total  normal  capacity  for  the  United 
States  and  Puerto  Rico),  and  the  total  surface  area 
is  almost  700,000  acres  (about  4.4%  of  the  listed 
total  surface  area  for  the  United  States  and  Puerto 
Rico).  (USGS) 
W9 1-04862 


RECORDS  OF  WELLS  AND  CHEMICAL 
ANALYSES  OF  GROUND  WATER  IN  DEUEL 
AND  HAMLIN  COUNTIES,  SOUTH  DAKOTA. 

Geological  Survey,  Huron,  SD.  Water  Resources 
Div. 

K.  M.  Neitzert,  and  D.  S.  Hansen. 
Available  from  Books  and  Open  File  Report  Sec- 
tion, USGS,  Box  25425,  Denver,  CO  80225.  USGS 
Open-File  Report  90-391,  1990.  11 3p,  2  fig,  3  tab, 
24  ref. 

Descriptors:  'Groundwater  resources,  'Hydrolog- 
ic  data,  'South  Dakota,  'Water  resources  data, 
•Well  data,  Data  collections,  Deuel  County, 
Hamlin  County,  Water  quality. 

Well  and  chemical  groundwater  data  contained  in 
three  tables  were  collected  during  a  5-year  study 
started  in  1971  to  determine  the  geology  and  water 
resources  of  Deuel  and  Hamlin  Counties,  South 
Dakota.  Physical,  hydrologic,  and  geologic  data 
for  3,228  wells  and  test  holes  have  been  entered 
into  computer  storage  in  the  Ground-Water  Site 
Inventory  File  of  the  U.S.  Geological  Survey's 
National  Water  Data  Storage  and  Retrieval 
System  (WATSTORE).  The  well  tables  in  the 
report  are  computer  printouts  from  WATSTORE. 
Water  quality  data  from  564  chemical  analyses 
have  been  stored  in  the  Water-Quality  File  of 
WATSTORE  and  is  computer  printed  in  the 
chemical  analyses  table  by  aquifer.  (USGS) 
W9 1-04865 


WATER   RESOURCES  DATA   FOR  OKLAHO- 
MA, WATER  YEAR  1988. 

Geological   Survey,  Oklahoma  City,  OK.   Water 

Resources  Div. 

L  D.  Hauth,  D.  M.  Walters,  T  E.  Coffey,  and  D 


K.  White. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB9 1-106807. 
Price  codes:  A 15  in  paper  copy,  A02  in  microfiche. 
USGS  Water- Data  Report  OK-88-1.  (USGS/ 
WRD/HD-90/299),  1990.  326p.  Prepared  in  coop- 
eration with  the  State  of  Oklahoma  and  with  other 
agencies. 

Descriptors:  'Data  collections,  'Hydrologic  data, 
'Oklahoma,  'Surface  water,  'Water  quality, 
Chemical  analysis,  Flow  rates,  Gaging  stations, 
Lakes,  Reservoirs,  Sampling  sites.  Sediments, 
Water  temperature. 

Water  resources  data  for  the  1988  water  year  for 
Oklahoma  consists  of  records  of  stage,  discharge, 
and  water  quality  of  streams;  stage,  contents,  and 
water  quality  of  lakes  or  reservoirs.  This  report 
contains  discharge  records  for  126  gaging  stations; 
stage  and  contents  for  30  lakes  or  reservoirs;  water 
quality  for  39  gaging  stations  and  2  lakes.  Also 
included  are  23  partial-record  stations.  These  data 
represent  that  part  of  the  National  Water  Data 
System  collected  by  the  U.S.  Geological  Survey 
and  cooperating  State  and  Federal  agencies  in 
Oklahoma.  (USGS) 
W9 1-04868 


WATER  RESOURCES  DATA  FOR  WISCON- 
SIN, WATER  YEAR  1989. 

Geological  Survey,  Madison,  WI.  Water  Re- 
sources Div. 

B.  K.  Holmstrom,  and  R.  M.  Erickson. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB9 1-105 106. 
Price  codes  A19  in  paper  copy,  A03  in  microfiche. 
USGS  Water-Data  Report  WI-89-1.  (USGS/ 
WRD/HD-90/298),  1990.  436p.  Prepared  in  coop- 
eration with  the  State  of  Wisconsin  and  with  other 
agencies. 

Descriptors:  'Acid  rain,  'Data  collections, 
'Groundwater,  'Hydrologic  data,  'Surface  water, 
'Water  quality,  'Wisconsin,  Chemical  analysis. 
Flow  rates,  Gaging  stations,  Lakes,  Microbiologi- 
cal studies,   Reservoirs,   Sediments,   Water  level. 

Water  resources  data  for  the  1989  water  year  for 
Wisconsin  include  records  of  streamflow  at  gaging 
stations,  partial-record  stations,  and  miscellaneous 
sites;  records  of  chemical,  biological,  and  physical 
characteristics  of  surface  and  groundwater. 
Records  of  chemical  analysis  of  precipitation,  sur- 
face and  groundwater  associated  with  acid  deposi- 
tion are  included.  In  addition  water  levels  in  obser- 
vation wells  are  reported.  These  data  represent 
that  part  of  the  National  Water  Data  System  col- 
lected by  the  U.S.  Geological  Survey  and  cooper- 
ating State  and  local  agencies  and  for  other  Feder- 
al agencies  in  Wisconsin.  (USGS) 
W9 1-04869 


WATER  RESOURCES  DATA  FOR  NEVADA 
WATER  YEAR  1989. 

Geological  Survey,  Carson  City,  NV.  Water  Re- 
sources Div. 

A.  Pupacko,  L.  C.  VanGordon,  R.  P.  Collins,  and 
J.  R.  Swartwood. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-109647. 
Price  codes:  A15  in  paper  copy,  A02  in  microfiche. 
USGS  Water-Data  Report  NV-89-1.  (USGS/ 
WRD/HD-90/309),  1990.  3d  in  cooperation  with 
several  Federal,  State,  and  local  agencies. 

Descriptors:  'Data  collections,  'Groundwater, 
'Hydrologic  data,  'Nevada,  'Surface  water, 
'Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Water  wells. 

Water  resources  data  published  for  the  1989  water 
year  for  Nevada  comprise  the  following  records: 
Water  discharge  for  122  gaging  stations  on 
streams,  canals,  and  drains;  (2)  Discharge  data  for 
101  peak-flow  stations  and  miscellaneous  sites,  and 
47  springs;  (3)  Stage  and  contents  for  23  lakes  and 
reservoirs;  (4)  Precipitation  totals  for  16  stations; 
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(5)  Water  levels  for  22  continuous  record  wells, 
and  376  observation  wells;  (6)  Water  quality  data 
for  36  stream,  canal,  and  drain  sites,  and  18  wells. 
Additional  water  data,  collected  at  various  sites 
that  are  not  part  of  the  systematic  data  collection 
program,  are  published  as  miscellaneous  measure- 
ments. These  data  represent  that  part  of  the  Na- 
tional Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  State  and  Fed- 
eral agencies  in  Nevada.  (USGS) 
W91-04877 


WATER  RESOURCES  DATA  FOR  PENNSYL- 
VANIA, WATER  YEAR  1989,  VOLUME  3, 
OHIO  RIVER  AND  ST.  LAWRENCE  RIVER 
BASIN. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

J.  B.  Lescinsky,  M.  B.  Coll,  and  R.  W.  Siwicki. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB9 1-1085 14. 
Price  codes:  A09  in  paper  copy,  A01  in  microfiche. 
USGS  Water-Data  Report  PA-89-3.  (USGS/ 
WRD/HD-90/311),  1990.  169p.  Prepared  in  coop- 
eration with  State  of  Pennsylvania  and  with  other 
agencies. 

Descriptors:  *Data  collections,  *Groundwater, 
•Hydrologic  data,  'Pennsylvania,  'Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature,  Water  wells. 

Water  resources  data  for  the  1989  water  year  for 
Pennsylvania  consist  of  records  of  discharge  and 
water  quality  of  stream;  contents  and  elevations  of 
lakes  and  reservoirs;  and  water  levels  of  ground- 
water wells.  This  report,  Volume  3,  includes 
records  from  the  Ohio  and  St.  Lawrence  River 
basins.  Specifically,  it  contains:  (1)  discharge 
records  for  81  continuous  record  streamflow- 
gaging  stations  and  41  partial-record  stations;  (2) 
elevation  and  contents  records  for  3  lakes  and 
reservoirs;  (3)  water  quality  records  for  6  stream- 
flow-gaging  stations,  for  11  ungaged  streamsites; 
and  (4)  water  level  records  for  20  network  obser- 
vation wells.  Locations  of  these  sites  are  shown. 
Additional  water  data  were  collected  at  various 
sites  not  involved  in  the  systematic  data  collection 
program  and  are  published  as  miscellaneous  meas- 
urements and  analyses.  These  data,  together  with 
the  data  in  Volume  1  and  2,  represent  that  part  of 
the  National  Water  Data  System  operated  by  the 
U.S.  Geological  Survey  and  cooperating  State, 
Local,  and  Federal  agencies  in  Pennsylvania. 
(USGS) 
W91-04878 


WATER  RESOURCES  DATA  FOR  HAWAII 
AND  OTHER  PACIFIC  AREAS,  WATER  YEAR 
1989.  VOLUME  1,  HAWAII. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

R.  H.  Nakahara,  M.  G.  H.  S.  Lum,  I.  Yamashiro, 
G  A.  Tateishi,  and  V.  E.  Kunishige. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-129031. 
Price  codes:  A 14  in  paper  copy,  A02  in  microfiche. 
USGS  Water-Data  Report  HI-89-1  (WRD/HD- 
90-314),  1990.  302p.  Prepared  in  cooperation  with 
the  State  of  Hawaii  and  other  agencies. 

Descriptors:  *Data  collections,  'Groundwater, 
•Hawaii,  *Hydrologic  data,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Sampling  sites,  Sediments,  Water 
analysis,  Water  level,  Water  temperature. 

Water  resources  data  for  the  1989  water  year  for 
Hawaii  and  other  Pacific  Areas  consist  of  records 
of  stage,  discharge,  and  water  quality  of  streams 
and  springs;  and  water  levels  and  water  quality  in 
wells.  This  report,  volume  1,  contains  discharge 
records  for  82  gaging  stations;  water  quality  for  14 
gaging  stations,  65  partial-record  flow  stations,  and 
138  wells;  and  water  levels  for  35  observation 
wells.  Also  included  are  107  crest-stage  partiial 
record  stations,  25  miscellaneous  partial-record 
sites,  and  6  low-flow  partial-record  stations.  These 
data  represent  that  part  of  the  National  Water  Data 


System  operated  by  the  U.S.  Geological  Survey 
and  cooperating  State,  Federal  and  other  agencies 
in  Hawaii.  (See  also  W90-05265)  (USGS) 
W9 1-04903 


WATER  RESOURCES  DATA  ARIZONA, 
WATER  YEAR  1989. 

Geological  Survey,  Tucson,  AZ. 

F.  C.  Boner,  C.  F.  Smith,  W.  B.  Garrett,  and  A. 

Konieczki. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161  as  PB91-1 19271. 

Price  codes:  A17  in  paper  copy,  A03  in  microfiche. 

USGS  Water-Data  Report  AZ-89-1  (WRD/HD- 

90/307),  1990.  383p.  Prepared  in  cooperation  with 

the  State  of  Arizona  and  other  agencies. 

Descriptors:  *Arizona,  *Data  collections, 
•Groundwater,  •Hydrologic  data,  *Surface  water, 
•Water  quality,  Chemical  analysis,  Flow  rates, 
Gaging  stations,  Lakes,  Reservoirs,  Sampling  sites, 
Sediments,  Water  analysis,  Water  level,  Water 
temperature. 

Water  resources  data  for  the  1989  water  year  for 
Arizona  consist  of  records  of  stage,  discharge,  and 
water  quality  of  streams;  stage,  contents,  water 
quality  of  lakes  and  reservoirs;  water  levels  of 
observation  wells;  and  quality  of  groundwater. 
This  report  contains  discharge  records  for  179 
gaging  stations,  annual  peaks  for  25  crest-stage 
partial-record  stations,  and  discharge  measure- 
ments at  7  miscellaneous  sites;  contents  only 
records  for  9  lakes  and  reservoirs;  stage  and  con- 
tents for  1  lake;  elevation  only  for  1  streamflow 
station;  20  supplementary  records,  included  with 
gaging-station  records,  consisting  of  monthend  or 
monthly  stage,  contents,  and  evaporation  of  lakes 
and  reservoirs,  diversions,  and  return  flows;  water- 
quality  records  for  41  continuous-record  stations 
and  6  miscellaneous  sites;  water  levels  for  1,274 
observation  wells;  and  water  quality  data  for  water 
from  276  wells.  The  data  represent  that  part  of  the 
National  Water  Data  System  operated  by  the  U.S. 
Geological  Survey  and  cooperating  Federal  and 
State  Agencies  in  Arizona.  (See  also  W90-06279) 
(USGS) 
W9 1-04904 


DECISION  SUPPORT  FOR  BEST  MANAGE- 
MENT PRACTICE  SELECTION. 

Purdue  Univ.,  Lafayette,  IN.  Water  Resources  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  6A. 
W9 1-04905 


TRIANGULAR  FINITE  VOLUME  APPROACH 
WITH  HIGH-RESOLUTION  UPWIND  TERMS 
FOR  THE  SOLUTION  OF  GROUNDWATER 
TRANSPORT  EQUATIONS. 

California  Univ.,  Los  Angeles.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04915 


SERIES   REPRESENTATION   OF   FLUX   FOR 
THE  BOUSSINESQ  EQUATION. 

Thessaloniki  Univ.,  Salonika  (Greece).  Faculty  of 

Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-04916 


ERROR  ANALYSIS  AND  STOCHASTIC  DIF- 
FERENTIABILITY IN  SUBSURFACE  FLOW 
MODELING. 

California  Univ.,  Santa  Barbara.  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-04918 


APPROXIMATE    ANALYTICAL    SOLUTIONS 
FOR  OVERLAND  FLOWS. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-04919 
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IDENTIFIABILITY    OF    CONCEPTUAL    HY- 
DROCHEMICAL  MODELS. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04927 


LINKING  HYDROLOGICAL,  GEOCHEMICAL, 
AND  SOIL  CHEMICAL  PROCESSES  ON  THE 
CATCHMENT  SCALE:  AN  INTERPLAY  BE- 
TWEEN MODELING  AND  FIELD  WORK. 

Senter  for  Industriforskning,  Oslo  (Norway). 
For  primary  bibliographic  entry  see  Field  2A. 
W91-04935 

8.  ENGINEERING  WORKS 
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OPTIMAL  UPGRADING  OF  HYDRAULIC- 
NETWORK  RELIABILITY. 

Kentucky  Univ.,  Lexington.  Dept.  of  Civil  Engi- 
neering. 

L.  Ormsbee,  and  A.  Kessler. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  116,  No.  6,  p  784- 
802,  November/December  1990.  7  fig,  7  tab,  15 
ref. 

Descriptors:  *Cost  analysis,  *District  of  Columbia, 
•Hydraulic  geometry,  *Linear  programming, 
•Network  design,  'Systems  analysis,  *Topology, 
•Water  mains,  Hydraulic  design,  Pipelines,  System 
redundancy. 

A  least-cost  methodology  is  presented  for  use  in 
upgrading  existing  single-source  water  distribution 
network  to  sustain  any  single  component  failure 
(link  or  node).  The  methodology  is  developed  by 
casting  the  network  reliability  problem  in  terms  of 
an  explicit  level  of  system  redundancy.  As  a  result, 
minimum  cut  set  computations  are  avoided  as  well 
as  the  need  to  select  an  arbitrary  level  of  system 
reliability.  The  design  engineer  can  select  a  design 
based  on  the  total  cost  and  the  desired  level  of 
service.  The  proposed  methodology  results  in  a 
network  that  provides  two  different  levels  of 
system  redundancy:  topologic  and  hydraulic.  To- 
pologic  redundancy  is  satisfied  through  the  appli- 
cation of  methods  from  graph  theory,  while  hy- 
draulic redundancy  is  satisfied  through  the  applica- 
tion of  linear  programming.  The  Federally  Owned 
Water  Main  (FOWM)  System  transmission-and- 
distribution  system  in  Washington,  D.C.  contains 
approximately  25  miles  of  water  main,  laid  in  the 
1930s  and  1940s.  The  average-day  demand  for 
FOWM  is  approximately  3,200,000  gallons.  Sepa- 
rate level-one  redundant  systems  were  developed 
for  three  different  loading  conditions:  maximum 
day  demand,  peak-hour  demand,  and  maximum 
day  plus  fire  flow.  The  first  step  is  the  construction 
of  a  two-node-connected  graph,  which  would  ne- 
cessitate the  addition  of  three  new  pipelines.  The 
next  step  is  to  decompose  the  network  into  two 
overlapping  spanning  trees  (graphs  that  connect  all 
junction  nodes,  whose  elements  are  selected  from 
the  original  network  such  that  the  resulting  graphs 
contain  no  loops).  Once  the  topological  redundan- 
cy has  been  established,  the  hydraulic  redundancy 
must  be  ensured,  at  the  minimum  cost,  by  solving  a 
linear  program  that  simultaneously  considers  indi- 
vidual head  constraints  for  both  spanning  trees. 
Programs  are  solved  for  each  set  of  loading  condi- 
tions, and  can  be  plotted  on  a  single  graph.  (Brun- 
one-PTT) 
W9 1-03992 


NUMERICAL  ANALYSIS  OF  COMPLEX  PIPE 
SYSTEM  WITH  TWO  PUMPS  CONNECTED  IN 
PARALLEL. 

Bitola  Univ.  (Yugoslavia).  Tehnicki  Fakultet. 
L.  F.  Stojanovski,  V.  D.  Stojanovski,  and  S.  D. 
Panovski. 

IN:  Water-Use  Data  for  Water  Resources  Manage- 
ment. Proceedings  of  a  Symposium.  American 
Water  Resources  Association,  Bethesda,  Maryland. 
1988.  p  773-786,  2  fig,  3  ref. 
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Group  8A — Structure* 

Descriptors:  'Data  interpretation,  'Mathematical 
analysis,  'Pipelines,  'Pumps,  'Water  conveyance, 
'Water  use  data,  Computer  programs,  Graphical 
analysis,  Mathematical  studies,  Water  supply, 
Yugoslavia. 

A  complete  numerical  analysis  was  developed  for 
a  system  consisting  of  two  parallel  pipelines,  each 
of  which  is  fitted  with  a  pump  and  which  are  then 
connected  to  a  serial  pipeline.  This  problem  fre- 
quently arises  in  practice,  for  example  (in  industrial 
plants  and  in  the  acquisition  of  water  for  populated 
areas.  This  analysis  can  be  used  to  solve  10  other 
situations  (included  in  the  analysis,  such  as  the  non- 
existence of  one  or  both  parallel  pipes,  and  various 
combinations  of  gravitational-pump  pipelines,  etc.). 
The  program  that  represents  the  numerical  analysis 
graphically  and  analytically  provides  the  working 
points  of  the  system,  i.e.,  it  determines  the  quantity 
of  water  transported  to  the  consumer  and  the 
power  used  by  the  pumps.  It  is  written  in  Pascal 
(v.  4.0)  and  can  be  run  on  any  IBM  compatible 
computer.  (See  also  W91-04161)  (Author's  ab- 
stract) 
W9 1-04241 


CONSTANT  DISCHARGE  DEVICE  FOR  FIELD 
IRRIGATION. 

Karlsruhe  Univ.  (Germany,  F.R.). 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-04307 


COMPARISON  OF  OVERFLOWS  FROM  SEP- 
ARATE AND  COMBINED  SEWERS-QUANTI- 
TY AND  QUALITY. 

University    of    Technology    Sydney,    Broadway 
(Australia).  School  of  Civil  Engineering. 
For   primary   bibliographic   entry   see   Field   5D. 
W9 1-04326 


STUDY  OF  TRASH  AND  TRASH  INTERCEP- 
TION DEVICES. 

University    of    Technology    Sydney,    Broadway 
(Australia).  School  of  Civil  Engineering. 
For  primary   bibliographic   entry  see   Field   5D. 
W9 1-04359 


POST-TENSIONING  MULLARDOCH  DAM  IN 
SCOTLAND. 

Halcrow  (William)  and  Partners,  Swindon  (Eng- 
land). 

J.  L.  Hinks,  J.  W.  Burton,  A.  R.  Peacock,  and  E. 
M.  Gosschalk. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.  11,  p  12-15,  November 
1990.  6  fig,  6  ref. 

Descriptors:  'Dam  repair,  'Dam  stability,  'Dams, 
•Leakage,  'Maintenance,  'Post-tensioning,  'Scot- 
land, Concrete  dams.  Cracks,  Dam  failure,  Gravity 
dams,  Grouting,  Model  studies,  Mullardoch  Dam, 
Tendons. 

The  Mullardoch  dam  in  Scotland  is  a  40-yr-old 
concrete  gravity  dam  50  m  high  and  730  m  long.  In 
July  1986  there  was  a  sudden  increase  in  leakage 
associated  with  widening  and  extension  of  horizon- 
tal cracks  between  the  inspection  gallery  and  the 
upstream  face  of  the  dam.  The  cracking  was  evi- 
dent mainly  in  the  two  blocks  on  either  side  of  the 
central  buttress  separating  the  two  flanks  of  the 
dam.  The  solution  was  to  post-tension  the  central 
four  blocks  of  the  dam  using  26  vertical  tendons. 
Transverse  tendons  also  were  installed  to  counter- 
act induced  tensions  above  the  roof  of  the  inspec- 
tion gallery.  A  three-dimensional  modeling  pro- 
gram known  as  ASAS  was  employed  to  simulate 
the  main  horizontal  crack  by  disconnecting  nodes 
on  either  side  of  the  crack.  Care  was  needed  to 
identify  any  negative  crack  widths,  because  these 
would  have  yielded  unrealistic  displacement  and 
stresses.  One  of  the  objects  of  the  post-tensioning 
work  was  to  force  closure  of  the  horizontal  cracks, 
and  it  was  felt  that  this  might  be  difficult  if  grout 
and  drilling  debris  were  allowed  to  fill  the  cracks 
prior  to  stressing.  Compressible  foaming  grout  was 
used  to  fill  the  cracks  prior  to  stressing.  Although 
the  cracks  typically  closed  by  0.2-0.8  mm,  which 
was  disappointing,  they  were  satisfactorily  water- 


tight upon  filling  of  the  reservoir.  Post-tensioning 
at  Mullardoch  appears  to  have  provided  a  cost- 
effective  solution  to  a  difficult  problem  and  contin- 
ued satisfactory  performance  is  expected.  The 
system  used  allows  for  regular  monitoring  of  loads 
in  the  tendons  using  a  screw-on  hydraulic  load 
cell.  (Rochester-PTT) 
W9 1-04425 


REPAIRS  TO  THE  MARTIN  GONZALO  DAM. 

Strabag  Bau  S.A.,  Madrid  (Spain). 
W.  Flemme,  J.  A.  Baztan,  and  E.  Funk. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.   11,  p  16-20,  November 
1990.  6  fig. 

Descriptors:  'Asphalt  membranes,  'Dam  repair, 
'Leakage,  'Maintenance,  'Spain,  Construction 
methods,  Cracks,  Earth  dams,  Martin  Gonzalo 
Dam,  Model  studies. 

An  asphaltic  membrane  was  used  to  repair  the 
Martin  Gonzalo  dam,  in  the  province  of  Cordoba, 
Spain.  Leakage  had  occurred  as  a  result  of  crack- 
ing caused  by  settlement.  The  membrane  needed  a 
high  deforming  capacity  along  with  adequate  sta- 
bility for  use  on  a  1:1.5  slope.  Model  studies  were 
employed  to  explain  the  leakage  and  develop  a 
satisfactory  remedy.  The  effects  of  loading  were 
observed  in  the  model,  instrumentation  was  de- 
signed based  on  the  model,  and  different  materials 
were  tested  in  the  laboratory.  The  original  plan 
was  to  place  the  asphalt  blanket  in  a  single  stage. 
Because  the  repair  work  extended  into  autumn, 
when  flood  risk  increases  in  this  area,  only  the 
binder  layers  were  placed  initially  and  the  toe 
connection  was  extended.  This  created  a  reservoir 
capacity  of  4  million  cum  m  without  endangering 
the  structure.  The  asphalt  was  placed  on  the  slope 
in  lanes  from  toe  to  top,  followed  by  leveling, 
compacting,  and  spraying  the  slope  with  cationic 
emulsion  at  a  rate  of  1.5  kg/sq  m.  Two  methods  of 
compaction  were  employed.  A  fine  mastic  layer 
was  applied  to  protect  against  ultraviolet  light. 
The  reservoir  reached  its  design  level  early  in  1990 
and  has  been  behaving  satisfactorily  as  predicted. 
(Rochester-PTT) 
W9 1-04426 


SEALING  EARTHEN  HYDRAULIC  STRUC- 
TURES WITH  ENHANCED  GLEIZATION  AND 
SODIUM  CARBONATE:  I.  LABORATORY 
STUDY  OF  THE  EFFECT  OF  A  FREEZE- 
THAW  CYCLE  AND  A  DRYTNG  INTERVAL. 
Agriculture  Canada,  Swift  Current  (Saskatche- 
wan). Research  Station. 

For  primary  bibliographic  entry  see  Field  8G. 
W9 1-04543 


SEALING  EARTHEN  HYDRAULIC  STRUC- 
TURES WITH  ENHANCED  GLEIZATION  AND 
SODIUM  CARBONATE:  II.  APPLICATION 
FOR  LINING  AN  IRRIGATION  CANAL. 

Agriculture  Canada,  Swift  Current  (Saskatche- 
wan). Research  Station. 

For  primary  bibliographic  entry  see  Field  8G. 
W9 1-04544 


MECHANICAL    AND    ELECTRICAL    EQUIP- 
MENT FOR  COLOMBIA'S  GUAVIO  PROJECT. 

Ingetec  S.A.,  Bogota  (Colombia). 

For  primary  bibliographic  entry  see  Field  8C. 

W9 1-04807 


DESIGN  FEATURES  OF  VENEZUELA'S  MA- 
CAGUA  II  SCHEME. 

EDELCA,  Caracas  (Venezuela). 

For  primary  bibliographic  entry  see  Field  8C. 

W9 1-04808 


PLANNING  HYDROELECTRIC  DEVELOP- 
MENTS IN  ARGENTINA 

Acquasolum  S.A.,  Buenos  Aires  (Argentina). 
E.  G.  Aisiks. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.  12,  p  22-26,  28-30,  32-34, 
December  1990.  8  fig,  3  tab,  3  ref. 


Descriptors:  'Argentina,  'Energy  sources,  'Hy- 
droelectric plants,  'Optimum  development  plans, 
'Planning,  'Project  planning,  'Resources  develop- 
ment, Future  planning,  Hydroelectric  power,  Re- 
gional development,  Water  resources  develop- 
ment. 

Argentina's  energy  resources  are  abundant  and 
diverse.  They  include  hydropower,  natural  gas  and 
oil,  as  well  as  smaller  amounts  of  coal  and  uranium. 
About  two-thirds  of  the  country  is  arid  or  semi- 
arid,  and  requires  very  careful  management  of  its 
water  resources.  This  results  from  the  uneven  geo- 
graphical distribution  of  the  mean  annual  precipita- 
tion over  the  country,  which  ranges  from  more 
than  1 500  mm  in  the  northeast  to  less  than  200  mm 
in  the  southwest.  The  rational  use  of  hydroelectric 
potential  requires  careful  planning.  The  availability 
of  other  energy  resources,  such  as  fossil  fuels, 
requiring  lower  initial  investments,  makes  it  diffi- 
cult to  balance  adequately  the  various  types  of 
generation  for  the  electricity  system.  A  planning 
methodology  has  been  developed  under  the  auspic- 
es of  the  Directorate  of  Planning  of  the  Secretariat 
of  Energy,  with  the  participation  of  professionals 
from  the  various  power  companies  and  private 
consultants.  The  planning  procedure  uses  various 
models  that  cover  the  following  basic  steps:  pre- 
liminary selection  of  the  generating  equipment; 
simulation  of  the  selected  equipment  operation  by 
a  load  dispatching  model;  verification  of  service 
quality,  reliability  and  costs  of  the  selected  system 
equipment;  verification  of  operating  conditions 
during  critical  hydrological  periods;  selection  of 
the  required  transmission  equipment;  and  verifica- 
tion of  service  quality,  reliability  and  costs  of  the 
transmission  system  selected.  The  availability  of 
the  planning  methodology  will  help  in  evaluating 
and  guiding  the  trend  of  investments,  either  public 
or  private,  in  the  power  sector.  The  comparative 
economic  advantages  of  the  hydro  projects  in  the 
long-term,  as  well  as  their  positive  environmental 
impact,  will  probably  enhance  its  chances  of  devel- 
opment. (Mertz-PTT) 
W9 1-04809 


ENSURING  THE  DYNAMIC  STABILITY  OF 
SESQUILE  DAM  IN  COLUMBIA. 

Ingetec  S.A.,  Bogota  (Colombia). 
A.  Marulanda,  F.  Amaya,  and  J.  N.  Gomez. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.   12,  p  42-53,  December 
1990.  15  fig,  7  ref. 

Descriptors:  'Colombia,  'Dam  construction, 
•Dam  stability,  'Earthquakes,  'Seismic  properties, 
'Sesquile  Dam,  Check  dams,  Dam  failure,  Dam 
foundations,  Dams,  Liquefaction,  Reservoirs, 
Water  level. 

Measures  taken  to  ensure  the  stability  of  Sesquile 
dam  in  Colombia  in  the  event  of  an  earthquake  are 
examined.  It  had  been  feared  that  the  foundation 
materia]  could  liquefy.  A  seismic  stability  evalua- 
tion of  the  Sesquile  dam  was  carried  out  in  1974. 
Several  remedial  measures  were  analyzed  either  to 
increase  the  relative  density  of  the  fill  to  a  value  of 
80%,  or  to  increase  the  stability  of  the  dam,  re- 
straining the  effects  of  liquefaction.  The  alternative 
chosen  to  ensure  the  dynamic  stability  of  the  dam 
was  to  restrain  the  sliding  movement  of  the  whole 
dam  in  the  event  of  liquefaction;  this  was  achieved 
by  confining  its  shells  with  two  stabilizing  berms. 
In  the  downstream  berm  it  was  necessary  to  densi- 
fy  its  foundation  first,  as  it  had  to  be  built  on  top  of 
the  hydraulic  fill.  By  precluding  sliding  of  the 
shells,  it  is  considered  that  the  capacity  of  the  dam 
as  a  retaining  structure  would  be  maintained 
during  the  maximum  probable  earthquake.  Since 
1975,  the  reservoir  level  has  been  kept  low,  and 
will  not  be  allowed  to  be  raised  until  all  the 
remedial  measures  have  been  finished.  Densifica- 
tion  results  showed  that  the  minimum  required 
degree  of  densification  had  been  achieved  to  avoid 
a  dam  failure  towards  downstream,  should  lique- 
faction occur  below  the  dam  body.  The  construc- 
tion of  the  upstream  berm  is  in  progress,  the  berm 
will  be  an  underwater  fill  composed  of  clean  grav- 
els In  the  event  of  an  occurrence  of  the  maximum 
postulated  earthquake,  the  dam  could  only  be  con- 


194 


ENGINEERING  WORKS— Field  8 
Hydraulic  Machinery — Group  8C 


sidered  safe  if  the  construction  of  the  upstream 

berm  were  finished.  (Mertz-PTT) 

W91-04811 


FILL  DAM  LEAKAGE  BY  NETWORK  ASSESS- 
MENT. 

Gifu  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8G. 
W91-04828 


LESSONS    LEARNED    FROM    COMPACTED 
CLAY  LINER. 

McClelland  Engineers,  Inc.,  Houston,  TX. 

For  primary  bibliographic  entry   see   Field   5G. 

W91-04839 


8B.  Hydraulics 


LDA  STUDY  OF  FLOW  STRUCTURE  IN  SUB- 
MERGED HYDRAULIC  JUMP. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 
neering. 

D.  Long,  P.  M.  Steffler,  and  N.  Rajaratnam. 
Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 
No.  4,  p  437-460,  1990.  22  fig,  1  tab,  15  ref,  append. 

Descriptors:  'Flow  models,  *Flow  pattern,  'Hy- 
draulic jump,  Anemometers,  Flow  velocity, 
Froude  number,  Hydraulic  properties,  Shear  stress, 
Three-dimensional  model,  Turbulent  flow. 

The  flow  structure  of  submerged  hydraulic  jumps 
was  investigated  using  laser  doppler  anemometry 
(LDA).  The  LDA  study  was  conducted  to  provide 
detailed  measurements  of  the  mean  velocity,  turbu- 
lence intensities  and  shear  stresses.  Submerged 
jumps  were  formed  in  a  horizontal  rectangular 
channel  of  constant  width  with  the  submergence 
factor,  S,  varying  approximately  from  0.20  to  1.70 
and  inlet  Froude  number  approximately  equal  to 
3.0,  5.5,  and  8.0.  In  the  fully  developed  region  of  a 
submerged  jump,  which  occupies  about  85%  of  the 
roller  length,  the  flow  demonstrates  some  degree 
of  similarity.  Submerged  hydraulic  jumps  are 
three-dimensional  in  nature.  The  climbing  effect  of 
the  mean  velocity  component  near  side  walls  is  due 
to  the  vortex  motion  near  the  gate.  The  losses  of 
unit  discharge  and  unit  kinematic  pressure  plus 
momentum  flux  at  the  center  plane  occur,  along 
with  their  gains,  near  the  side  walls.  After  the 
jump,  the  flow  recovers  into  a  two-dimensional 
flow.  It  is  recommended  that  if  a  two-dimensional 
prediction  for  a  submerged  jump  is  obtained,  its 
results  be  interpreted  with  caution.  (MacKeen- 
PTT) 
W9 1-04305 


B-JUMP  IN  SLOPING  CHANNEL,  II. 

Hirosaki  Univ.  (Japan).   Faculty  of  Agriculture. 
N.  Kawagoshi,  and  W.  H.  Hager. 
Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 
No.  4,  p  461-480,  1990.  16  fig,  1  tab,  7  ref,  append. 

Descriptors:  *Channel  flow,  'Flow  pattern,  *Hy- 
draulic  jump,  'Hydraulic  properties,  Air  entrap- 
ment, B-jump,  Flow  velocity,  Three-dimensional 
model,  Turbulent  flow,  Velocity  distribution. 

The  flow  pattern  of  B-jumps  was  experimentally 
investigated  for  a  30  degree  upstream  bottom 
slope.  Expressions  are  given  for  the  sequent  depths 
ratio,  the  length  of  surface  roller,  and  the  length  of 
jump.  To  widen  the  scope  of  investigations  and  to 
analyze  the  internal  flow  features  of  B-jumps  some 
typical  velocity  distributions  were  measured.  Com- 
pared to  a  hydraulic  jump,  the  jet  type  flow  is 
characterized  by  reduced  air  entrainment,  smaller 
transverse  velocity  gradients  and  a  much  longer 
interface.  Although  there  were  distinct  differences 
between  jet  and  jump  flows,  some  common  main 
trends  were  observed.  All  velocity  profiles  con- 
tained a  boundary  layer  of  small  height,  above 
which  lay  the  diffusion  layer.  Towards  the  surface, 
the  return  flow  may  become  quite  strong.  The 
further  analysis  of  flow  involved  the  time-averaged 
three-dimensional  flow  pattern.  The  transverse  dis- 
tribution of  bottom  velocity  was  found  to  be  in- 
verse to  the  typical  velocity  distribution.  The  non- 


uniformity  of  flow  was  at  times  so  strong  that  the 
maximum  bottom  velocity  was  larger  than  twice 
the  average  velocity.  The  reason  for  the  particular 
bottom  velocity  distribution  lies  primarily  in  the 
roller  flow.  Once  beyond  the  end  of  the  roller  the 
bottom  velocity  profile  redeveloped  quickly.  B- 
jumps  can  be  considered  as  intermediate  cases  as 
regards  the  decay  of  maximum  velocity  along  the 
channel  axis.  It  is  concluded  that  results  should  be 
useful  for  design  purposes.  (MacKeen-PTT) 
W9 1-04306 


COMPREHENSIVE  LIST  OF  PIPE  COEFFI- 
CIENTS OF  FRICTION  FOR  THE  HAZEN- 
WILLIAMS  AND  MANNING  FORMULAE  DE- 
RIVED FROM  THE  DARCY-WEISBACH  FOR- 
MULA AND  COLEBROOK-WHITE  TRANSI- 
TION LAW  FOR  ROUGHNESS  VALUES  (K). 
Fort  Hare  Univ.,  Alice  (South  Africa).  Dept.  of 
Agricultural  Engineering. 
M.  D.  Radford. 

Water  SA  WASADV,  Vol.  16,  No.  4,  p  237-256, 
October  1990.  3  ref,  2  append. 

Descriptors:  *Head  loss,  *Hydraulic  engineering, 
*Hydraulic  friction,  'Hydraulic  roughness,  'Pipe 
flow,  Coefficient  of  friction,  Darcy-Weisbach 
equation,  Hazen- Williams  equation,  Hydraulic  sys- 
tems, Hydraulics,  Mannings  equation. 

Head  losses  obtained  with  the  Darcy-Weisbach, 
Hazen-Williams  and  Manning  formulae  for  a  spe- 
cific type  of  pipe  vary  considerably  when  pub- 
lished coefficients  are  used.  As  the  Darcy-Weis- 
bach with  the  Colebrook-White  transition  law  are 
considered  the  best  formulae  available  for  deter- 
mining hydraulic  head  losses  in  pipes,  coefficients 
of  friction  for  Hazen-Williams  and  Manning  have 
been  calculated  for  roughness  values  which  are 
recommended  to  be  used  in  the  Colebrook-White 
equation.  Tables  of  coefficients  are  provided  for 
roughness  values  (k)  from  0.015  to  6  mm,  nominal 
pipe  diameters  from  15  to  500  mm  and  velocities 
from  0.5  to  6  m/s.  The  Hazen-Williams  formula  is 
recommended  for  k  values  <0. 15  mm  and  the 
Manning  formula  when  k  >0.15  mm.  For  k=0.15 
mm,  either  formula  may  be  used.  An  added  advan- 
tage of  the  tables  is  that  as  more  accurate  rough- 
ness values  become  available  for  different  types  of 
pipes,  the  appropriate  coefficient  for  either  Hazen- 
Williams  or  Manning  can  be  found.  (MacKeen- 
PTT) 
W91-04315 


EXPERIMENTAL  STUDY  OF  THE  EFFECT  OF 
BED  GRAIN  ROUGHNESS  ON  SEDIMENT 
SORTING  BY  ENTRAINMENT. 

University   of  the   Witwatersrand,   Johannesburg 
(South  Africa).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-04316 


8C.  Hydraulic  Machinery 


STRATEGY  FOR  THE  MODERNIZATION  OF 
CONTROL  EQUIPMENT. 

Voith  (J.  M.)  G.m.b.H.,  Heidenheim  (Germany, 

F.R.). 

W.  Veil. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  42,  No.   11,  p  24-29,  November 

1990. 

Descriptors:  'Control  systems,  'Hydroelectric 
plants,  'Management  planning,  'Rehabilitation, 
'Upgrading,  Automation,  Economic  aspects,  Gov- 
ernors, Oil  supply,  Safety. 

Increased  demands  on  both  technology  and  eco- 
nomic efficiency  make  the  question  of  new  or 
renewed  regulating  devices  at  old  hydroelectric 
power  stations  vital.  Depending  on  the  condition 
of  the  old  regulating  device,  new  characteristics 
required,  or  the  degree  of  automation  desired, 
there  are  many  possibilities.  Measurements  to  be 
taken  in  the  plant  as  part  of  the  assessment  include 
checking  the  oil  supply  system,  checking  the  con- 
trol functions,  and  checking  the  safety  equipment. 
Most  old  plants  were  not  intended  to  be  operated 


automatically  or  remotely.  Today,  automatic  oper- 
ation is  desired  for  most  hydropower  stations. 
Thus,  one  of  the  factors  to  consider  in  determining 
whether  to  renew  or  replace  equipment  is  the 
operational  requirements  demanded  by  today's  en- 
vironment. Modernization  can  be  done  along  a 
gradient  of  increasing  effort:  maintenance  of  serv- 
iceability, replacement  of  hydromechanical  gover- 
nor and  conversion  of  the  hydraulic  amplification, 
or  renewal  of  the  hydraulic  governor  and  control 
equipment.  A  new  oil  supply  system  also  may  be 
required.  (Rochester-PTT) 
W9 1-04427 


OPERATIONAL  PROBLEMS  AND  DEVELOP- 
MENT OF  A  NEW  RUNNER  FOR  SILTY 
WATER. 

Srinagar    Hydro-Electric    Projects,    Dehra    Dun 
(India). 
C.  S.  Singh. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.  11,  p  29-34,  36-37,  No- 
vember 1990.  4  fig,  3  tab,  7  ref. 

Descriptors:  'Abrasion,  'Cavitation,  'Deteriora- 
tion, 'India,  'Turbines,  Alloys,  Quartz,  River  Bha- 
girathi,  Silt,  Tiloth  Hydro  Power  Station. 

Tiloth  hydro  power  station  (3  x  30  MW)  exploits 
the  waters  of  the  River  Bhagirathi,  a  tributary  of 
the  River  Ganges,  in  northern  India.  The  three 
units  were  commissioned  in  the  last  quarter  of 
1984.  Extensive  damage  to  turbines  was  noted  at 
about  2600  hr  of  operation;  after  repairs  damage 
again  occurred  by  3000-5000  hr.  Petrographic  anal- 
ysis indicated  the  presence  of  a  highly  abrasive  silt 
(quartz  of  hardness  of  7  on  Mohr's  scale  as  well  as 
other  hard  particles)  in  the  water.  The  presence  of 
silt  apparently  was  accelerating  the  loss  of  metal 
made  spongy  by  cavitation.  Other  possible  causes 
included  possible  rough  finish  on  the  turbine  blades 
and  the  presence  of  sand,  which  enlarged  the  cavi- 
tation region.  During  operation  of  the  turbines,  the 
following  observations  were  made:  (1)  air  was 
being  sucked  in  when  the  turbines  were  operated 
at  full  load;  (2)  while  developing  full  load,  the 
guide  vane  openings  were  around  70%;  and  (3)  the 
noise  level  was  highest  at  part  load.  After  a  full 
analysis,  it  was  concluded  that  early  turbine  failure 
was  caused  by  thinning  of  the  turbine  outlet  edges 
as  a  result  of  abrasive  silt  and  fatigue  failure  caused 
by  vibrations  and  operation  of  the  turbines  under 
part  load  conditions.  As  a  short-term  measure,  the 
turbines  are  being  operated  at  below  full  load. 
Ultimately,  several  steps  will  be  taken  to  correct 
the  problems.  These  include  redesign  of  the  run- 
ners, improvement  of  the  metallurgy  of  the  steel, 
and  the  development  of  coatings  or  tiles.  (Roches- 
ter-PTT) 
W9 1-04428 


UPGRADE  OF  PROCUREMENT  SPECIFICA- 
TIONS: MATERIALS,  MANUFACTURE  AND 
SETTING. 

Harza  Engineering  Co.,  Chicago,  IL. 

R.  W.  Fazalare. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  42,  No.  11,  p  38-42,  45,  November 

1990.  5  fig,  6  ref. 

Descriptors:  'Hydraulic  equipment,  'Hydroelec- 
tric plants,  'Rehabilitation,  'Specifications,  'Up- 
grading, Economic  analysis,  Hydraulic  machinery, 
Management  planning,  Procurement,  Testing  pro- 
cedures. 

Requirements  for  and  benefits  of  upgrading  pro- 
curement specifications  for  hydro  power  equip- 
ment is  discussed.  Specifications  to  meet  today's 
requirements  are  discussed  in  relation  to:  turbine 
setting  and  speed  selection;  materials  and  manufac- 
ture (turbine  runner  materials,  runner  construction, 
spiral  case  and  stayring,  guidevanes,  guidevane 
bushings,  discharge  ring  throat  liner,  turbine-em- 
bedded piping,  Kaplan  piping,  and  stayvane  crack- 
ing); spiral  case  embedding  and  site  machining; 
shaft  alignment  and  runout  tolerance;  surface 
roughness  finish;  non-destructive  testing  of  compo- 
nents and  welds;  turbine  draft  tube  liners  (typical 
design  criteria,  draft  tube  fins);  unit  guide  bearings; 
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main  shaft  seal;  aeration,  cooling  water,  and  pres- 
sure tap  connections;  and  miscellaneous  features. 
By  upgrading  procurement  specifications,  the  pur- 
chaser can  convey  to  the  bidders  the  message  that 
machines  must  be  of  refined  design,  efficient  and  of 
the  highest  practicable  quality,  built  for  endurance, 
low  maintenance,  and  long  useful  life,  and  that  the 
purchaser  is  willing  to  pay  the  price  for  such 
machines.  As  a  power  producer,  the  purchaser 
cannot  afford  to  purchase  machines  that  cause  lost 
generation  because  of  unscheduled  downtime.  (See 
also  W9 1-02 158)  (Rochester- PTT) 
W9 1-04429 


PUMPING  STATION  REHABILITATION 
WITH  SUBMERSIBLE  PUMPS  SAVES  O&M 
COSTS. 

BCM  Engineers,  Inc.,  Plymouth  Meeting,  PA. 
For  primary  bibliographic   entry   see   Field   5D. 
W9 1-04607 


MECHANICAL  AND  ELECTRICAL  EQUIP- 
MENT FOR  COLOMBIA'S  GUAVIO  PROJECT. 

Ingetec  S.A.,  Bogota  (Colombia). 

C.  S.  Ospina. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  42,  No.    12,  p  9-17,  December 

1990.  8  fig,  1  tab. 

Descriptors:  'Colombia,  'Electrical  equipment, 
•Hydroelectric  plants,  'Powerplants,  Dams,  Elec- 
tric power,  Electrical  transmission,  Hydroelectric 
power,  Pelton  Turbines,  Powerplant  design,  Tur- 
bines. 

Guavio  hydroelectric  project  is  a  high  head  devel- 
opment with  a  deep  underground  powerhouse,  lo- 
cated in  Colombia,  approximately  80  km  northeast 
of  Bogata.  The  project  will  have  a  final  capacity  of 
1600  megawatts,  with  1000  megawatt  installed  in 
the  initial  stage.  The  rockfill  dam  is  245  m  high  the 
water  conveyance  system  consists  of  a  13.3  km- 
long  upper  tunnel,  and  515  m  vertical  pressure 
shaft  and  two  lower  tunnels  and  distribution  mani- 
folds. Two  14  m-high,  10  m-wide  gates  are  provid- 
ed with  counterweights,  placed  at  the  end  of  the 
gate  arm  extensions,  to  ensure  that  gate  opening 
can  take  place  if  no  power  is  available.  Closure  of 
the  power  tunnel  is  by  butterfly  valves  placed  300 
m  downstream  of  the  tunnel  intake.  Each  turbine 
may  be  closed  off  from  the  distribution  manifold 
by  a  spherical  valve,  1.4  m  in  diameter,  which  is 
provided  with  double  seals  and  operated  by  pen- 
stock water  acting  an  a  torus  shaped  hydraulic 
severomotor.  Each  of  the  five-jet  Pelton  turbines  is 
rated  at  224  megawatt  under  a  net  head  of  1093  m. 
A  10%  overstroke  allows  the  machine  to  develop  a 
maximum  of  261  megawatt  with  a  net  head  of  1 140 
m,  but  output  will  normally  be  limited  to  239 
megawatt  to  avoid  unnecessary  wear.  Careful  con- 
sideration of  the  turbine  outputs,  together  with  the 
reactive  power  requirements  of  the  electrical  trans- 
mission system,  led  to  the  selection  of  a  machine 
with  a  rating  of  270  MVA  at  0.85  power  factor, 
with  a  maximum  winding  temperature  rise  of  80  C. 
The  excitation  system  is  of  the  static,  potential- 
source  type  with  the  excitation  transformer  direct- 
ly connected  to  the  generator  busbars.  The  230 
kilovolt  switchgear  is  provided  with  optical  fla- 
shover  detection  in  each  gas  compartment,  nickel 
bursting  plates  for  pressure  relief  and  gas-density 
monitoring  instruments.  The  230  kilovolt  SF6  gas- 
insulated  ground  level  substation  has  a  similar  con- 
figuration to  the  underground  switchgear.  Based 
on  an  initial  idea  of  providing  emergency  power 
from  small  Pelton  turbine  generators  instead  of  the 
usual  diesel  generators,  the  concept  was  developed 
of  having  two  larger  units,  each  with  sufficient 
capacity  to  provide  all  the  power  requirements  of 
the  plant  auxiliary  services,  including  the  auxiliary 
services  of  the  eight  main  generating  units.  Control 
buildings,  powerhouse,  and  spillway  control  house 
are  all  linked  by  fiber  optic  cable.  (Mertz-PTT) 
W9 1-04807 


DESIGN   FEATURES  OF  VENEZUELA'S  MA- 
CAGUA  II  SCHEME. 

EDELCA,  Caracas  (Venezuela). 

Z.  Prusza  V.,  and  H.  Roo  Gomez. 

International  Water  Power  and  Dam  Construction 


IWPCDM,  Vol.  42,  No.  12,  p  19-22,  December 
1990.  3  fig. 

Descriptors:  'Hydroelectric  plants,  'Powerplants, 
'Venezuela,  Bridges,  Dams,  Environmental  ef- 
fects, Environmental  protection,  Highways,  Hy- 
droelectric power,  Urban  planning,  Waterfalls. 

The  design  of  Venezuela's  2540  megawatt  Maca- 
gua  scheme,  on  the  Caroni  River,  presented  sever- 
al engineering  challenges:  the  project  is  located 
very  close  to  a  rapidly  expanding  urban  area,  and 
special  efforts  were  made  to  bring  some  specific 
environmental  benefits  to  the  area  (in  addition  to 
the  power  produced),  including  improvements  to 
the  local  infrastructure  in  the  form  of  roads  and 
bridges.  The  first  stage  of  Macagua  was  completed 
in  1961  with  370  megawatt  of  installed  power,  and 
provision  for  future  expansions.  The  Macagua  II 
project,  currently  under  construction,  comprises 
one  impounding  dam,  a  spillway  and  two  hydro- 
electric powerplants  capable  of  generating  2540 
megawatt.  As  part  of  the  preliminary  works,  a 
distribution  causeway  was  built  in  1985,  to  channel 
water  to  the  La  Llovizna  Falls,  one  of  the  coun- 
try's most  scenic  attractions.  Other  tasks  consisted 
of  the  final  excavation  for  the  main  structures  and 
the  partial  construction  of  the  rockfill  dams.  Once 
the  supply  streams  for  the  Cachamay  and  La  Llo- 
vizna Falls  have  been  diverted,  they  will  be  re- 
placed by  the  water  discharged  exclusively  for  this 
purpose  from  powerhouse  no.  3.  The  San  Felix 
bridge  and  a  bridge  over  tailrace  channel  no.  1 
have  been  built,  and  these  facilitate  access  for 
visitors  to  La  Llovizna  Park  as  well  as  construc- 
tion and  operation  personnel  to  the  project  site. 
Both  of  these  direct  access  roads  to  Macagua  II 
will  be  linked  to  the  national  highway  to  be  built 
downstream  of  powerhouses  and  the  dams.  (Mertz- 
PTT) 
W9 1-04808 


PLANNING     HYDROELECTRIC     DEVELOP- 
MENTS IN  ARGENTINA. 

Acquasolum  S.A.,  Buenos  Aires  (Argentina). 
For  primary  bibliographic  entry  see  Field  8A. 
W9 1-04809 
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ASSESSMENT  OF  ATM  AND  SATELLITE 
DATA  FOR  ESTIMATING  THE  GROUNDWAT- 
ER CONTRIBUTION  TO  SLOPE  STABILITY. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Civil 
and  Structural  Engineering. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-03958 


CENTRIFUGAL  MODELING  OF  DRAINS  FOR 
SLOPE  STABILIZATION. 

McClelland  Engineers,  Inc.,  Ventura,  CA. 

G.  S.  Resnick,  and  D.  Znidarcic. 

Journal    of    Geotechnical    Engineering    (ASCE) 

JGENDZ,  Vol.  116,  No.  11,  p  1607-1624,  1990.  9 

fig,  28  ref. 

Descriptors:  'Drains,  'Model  studies,  'Slope  stabi- 
lization, 'Soil  stability,  Design  charts,  Design  cri- 
teria, Groundwater  seepage,  Horizontal  drains, 
Safety,  Subsurface  drains. 

Horizontal  drains  are  commonly  used  to  stabilize 
slopes  or  embankments  in  which  groundwater 
seepage  is  the  main  cause  of  instability.  When  using 
horizontal  drains  to  remedy  an  unstable  slope,  the 
length,  spacing,  and  position  of  the  drains  must  be 
chosen.  These  drain  placement  parameters  are  usu- 
ally chosen  on  the  basis  of  engineering  judgement; 
sometimes  they  are  obtained  from  published  design 
charts.  A  methodology  is  presented  that  can  be 
used  to  develop  or  experimentally  verify  such 
charts.  Model  slopes  were  tested  in  a  geotechnical 
centrifuge  to  evaluate  the  influence  of  horizontal 
drains  on  the  distribution  of  piezometric  levels 
within  slopes.  The  observed  results,  from  those 
experiments  in  which  drains  were  installed  in  the 
model  slopes,  were  compared  to  reference  condi- 
tions obtained  from  experiments  without  drains. 
Good  agreement  between  the  observed  phenom- 


ena and  the  analysis  was  found.  The  methodology 
can  be  employed  to  develop  design  charts  in  which 
the  drain  placement  parameters  are  related  to  the 
increase  in  the  factor  of  safety.  The  development 
of  such  charts  would  require  an  extensive  testing 
program  in  which  slope  geometry  and  drain  place- 
ment parameters  would  be  changed  over  a  range 
that  brackets  conditions  likely  to  be  encountered  in 
practical  applications.  The  limited  capacity  of  the 
centrifuge  used  in  the  research  precluded  a  com- 
plete verification  of  the  published  design  charts, 
but  the  results  demonstrated  the  usefulness  of  the 
centrifugal  modeling  technique  in  studying  the 
process  of  slope  stabilization.  (Author's  abstract) 
W9 1-04838 


8E.  Rock  Mechanics  and 
Geology 


ABSORPTION    OF    WATER    INTO    POROUS 
BLOCKS  OF  VARIOUS  SHAPES  AND  SIZES. 

California  Univ.,   Berkeley.   Earth   Sciences  Div. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-04133 


DIFFUSION  IN  THE  MATRIX  OF  GRANITIC 
ROCK:  FIELD  TEST  IN  THE  STRD?  A  MINE. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 

of  Chemical  Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-04137 


ESTIMATION  OF  EMBANKMENT  DAM  SET- 
TLEMENT CAUSED  BY  EARTHQUAKE. 

R.  B.  Jansen. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  42,  No.  12,  p  35-40,  December 
1990.  1  fig,  1  tab,  13  ref. 

Descriptors:  'Dam  stability,  'Earthquake  engi- 
neering, 'Earthquakes,  'Embankments,  'Model 
studies,  'Seismic  properties,  Dam  embankments, 
Dam  failure,  Dam  foundations,  Dams,  Earthquake 
effects,  Liquefaction,  Mathematical  analysis,  Math- 
ematical models. 

Important  progress  has  been  achieved  in  defining 
methods  for  estimating  the  response  of  embank- 
ments to  seismic  loading  (earthquakes).  Some  of 
the  elaborate  analytical  methods  now  available 
tend  to  give  an  impression  that  the  science  is  more 
advanced  than  it  really  is.  Simulation  of  dam  per- 
formance by  a  mathematical  model  involves  uncer- 
tainties related  to  the  seismic  setting  as  well  as  the 
dam  itself.  Nonuniform  and  changing  conditions 
must  be  kept  in  mind  in  conducting  any  numerical 
analysis,  whether  it  be  simplified  or  complex. 
Whatever  the  method  used,  several  analyses  may 
be  advisable,  using  parametric  variations  to  bracket 
the  possible  embankment  and  foundation  behavior. 
The  critical  measure  of  an  embankment's  capability 
is  the  relationship  of  its  freeboard  to  potential 
settlement,  as  well  as  its  resistance  to  cracking  and 
internal  erosion.  In  cases  where  the  dam  and  its 
foundation  would  not  be  susceptible  to  liquefac- 
tion, settlement  can  be  estimated  by  simplified 
methods  based  on  a  computed  yield  acceleration.  If 
liquefaction  is  a  possibility,  dynamic  analysis  is 
essential.  The  yield  acceleration  can  be  calculated 
by  the  common  sliding  block  or  slices  methods,  or 
by  equations  based  on  moments  about  the  center  of 
rotation  of  the  sliding  mass.  The  expanding  volume 
of  data  from  numerous  analyses  under  wide  ranges 
of  conditions  has  enabled  envelopes  to  be  drawn  of 
indicated  dam  performance.  By  coupling  these  ana- 
lytical results  with  the  few  observations  of  real 
response  in  major  earthquakes,  a  basis  has  been 
provided  for  evaluating  the  capability  of  embank- 
ments and,  by  simplified  examination,  screening 
those  which  are  clearly  adequate  from  others  that 
may  need  further  study.  Both  linear  and  nonlinear 
methods  must  be  accompanied  by  the  caveat  that 
their  accuracy  depends  heavily  on  the  quality  of 
the  input  data.  (Mertz-PTT) 
W91-04810 
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ENSURING  THE  DYNAMIC  STABILITY   OF 
SESQUILE  DAM  IN  COLUMBIA. 

Ingetec  S.A.,  Bogota  (Colombia). 

For  primary  bibliographic  entry  see  Field  8A. 

W91-04811 

8G.  Materials 


REPAIRS  TO  THE  MARTIN  GONZALO  DAM. 

Strabag  Bau  S.A.,  Madrid  (Spain). 

For  primary  bibliographic  entry  see  Field  8A. 

W9 1-04426 


SEALING  EARTHEN  HYDRAULIC  STRUC- 
TURES WITH  ENHANCED  GLEIZATION  AND 
SODIUM  CARBONATE:  I.  LABORATORY 
STUDY  OF  THE  EFFECT  OF  A  FREEZE- 
THAW  CYCLE  AND  A  DRYING  INTERVAL. 
Agriculture  Canada,  Swift  Current  (Saskatche- 
wan). Research  Station. 
B.  G.  McConkey,  C.  D.  Reimer,  and  W. 
Nicholaichuk. 

Canadian  Agricultural  Engineering  CAEOAI, 
Vol.  32,  No.  2,  p  163-170,  July  1990.  5  fig,  3  tab,  44 
ref. 

Descriptors:  *Drying,  *Earth  dams,  *Earthworks, 
•Freeze-thaw  tests,  'Hydraulic  conductivity,  'Hy- 
draulic structures,  "Irrigation  engineering,  •Sea- 
lants, 'Seepage  control,  Flooding,  Saturated  soils, 
Sodium  compounds,  Soil  organic  matter,  Soil 
physical  properties,  Soil  tests,  Straw. 

Excessive  seepage  from  many  earthen  reservoirs 
and  irrigation  canals  is  a  serious  problem.  The 
addition  of  organic  materials  to  the  soil  has  been 
found  to  reduce  the  seepage  from  earthen  hydrau- 
lic structures.  A  laboratory  study  was  conducted 
to  investigate  the  effect  of  a  freeze-thaw  cycle  and 
of  a  drying  interval  on  the  saturated  hydraulic 
conductivity  (k)  of  soils  treated  with  soil-incorpo- 
rated sodium  carbonate  (Na2C03)  and  enhanced 
gleization  (i.e.  a  buried  straw  layer).  Gleization 
caused  k  to  decline  with  time,  with  the  decline 
being  more  rapid  with  a  buried  straw  layer  after  a 
freeze-thaw  cycle  or  a  drying  interval  rebounded 
to  the  initial  values  which  had  existed  before  glei- 
zation. The  sealing  effect  of  Na2C03  was  largely 
lost  after  freezing  and  thawing  following  pro- 
longed flooding  but  a  drying  interval  did  not  in- 
crease k  of  the  soil  with  20%  clay  which  was 
treated  with  Na2C03  and  a  buried  straw  layer. 
Sealing  earthen  hydraulic  structures  with  en- 
hanced gleization  and  Na2C03  would  only  be 
practical  where  the  initial  k  of  the  untreated  soil  in 
the  structure  bed  was  approximately  0.000001  m/s 
or  less  and  where  seepage  could  be  tolerated 
during  initial  flooding  and  after  a  freeze-thaw 
cycle  or  a  drying  interval.  (See  also  W91-04544) 
(Author's  abstract) 
W9 1-04543 


SEALING  EARTHEN  HYDRAULIC  STRUC- 
TURES WITH  ENHANCED  GLEIZATION  AND 
SODIUM  CARBONATE:  II.  APPLICATION 
FOR  LINING  AN  IRRIGATION  CANAL. 

Agriculture  Canada,  Swift  Current  (Saskatche- 
wan). Research  Station. 

B.  G.  McConkey,  C.  D.  Reimer,  W.  Nicholaichuk, 
and  Y.  W.  Jame. 

Canadian  Agricultural  Engineering  CAEOAI, 
Vol.  32,  No.  2,  p  171-176,  July  1990.  1  fig,  8  tab,  20 
ref. 

Descriptors:  *Canal  linings,  *Canal  seepage,  'Hy- 
draulic structures,  'Irrigation  canals,  'Irrigation 
engineering,  'Sealants,  'Seepage  control,  Canal 
design,  Flooding,  Saturated  soils,  Sodium  com- 
pounds, Soil  organic  matter,  Soil  physical  proper- 
ties, Soil  tests,  Straw. 

Excessive  seepage  from  earthen  irrigation  canals  is 
an  important  problem.  The  enhanced  gleization 
method  of  seepage  control  consists  of  adding  or- 
ganic materials  to  the  soil  of  earthen  hydraulic 
structures.  A  small  intermittently-flooded  irriga- 
tion canal  was  treated  with  the  enhanced  gleization 
method  (i.e.  a  buried  straw  layer)  and  soil-incorpo- 
rated sodium  carbonate  (Na2C03)  to  reduce  seep- 


age losses.  Na2C03  provided  only  short-term 
seepage  control.  For  flooding  periods  of  12  days  or 
less,  a  buried  straw  layer  reduced  seepage  from  the 
irrigation  canal  by  30%  but  seepage  rates  were  still 
unacceptably  high.  Seepage  rates  increased  follow- 
ing the  over-winter  period  and  after  a  drying  inter- 
val of  more  than  eight  days.  Enhanced  gleization, 
even  when  combined  with  soil-incorporated 
Na2C03,  did  not  provide  satisfactory  long-term 
seepage  control  for  intermittently-flooded  irriga- 
tion canals.  (See  also  W9 1-04543)  (Author's  ab- 
stract) 
W9 1-04544 


RESISTANCE  TO  MICROBIOLOGICAL  DETE- 
RIORATION OF  GEOTEXTILES  USED 
AROUND  AGRICULTURAL  DRAINS:  A 
REVIEW. 

Alberta  Univ.,  Edmonton.  Dept.  of  Clothing  and 

E.  A.  Richards,  S.  Y.  Martin-Scott,  J.  D.  Scott, 
and  M.  E.  Hodges. 

Canadian  Agricultural  Engineering  CAEOAI, 
Vol.  32,  No.  2,  p  177-181,  July  1990.  27  ref. 

Descriptors:  'Agricultural  engineering,  'Durabili- 
ty, 'Fabrics,  'Geotextiles,  'Materials  engineering, 
•Microbial  degradation,  'Reviews,  'Subsurface 
drains,  'Textiles,  Biodegradation,  Oxidation,  Pho- 
tolysis, Plastics,  Polymers,  Soil  chemistry,  Soil 
properties. 

The  long-term  durability  of  geotextiles  is  an  issue 
of  increasing  concern.  The  durability  of  geotextiles 
to  microbiological  degradation  is  reviewed  for  soil 
burial  applications  such  as  envelope  wraps  around 
subsurface  horizontal  pipe  drains.  Few  researchers 
have  examined  the  degradation  of  geotextiles.  The 
degradation  of  plastics  and  films  in  soil  is  disputed; 
the  research  does  not  indicate  conclusively  wheth- 
er the  cause  of  the  degradation  is  the  soil  chemis- 
try, microorganisms,  or  normal  aging  processes. 
The  factors  which  affect  microbiological  degrada- 
tion of  synthetic  polymers  in  geotextiles  are  the 
polymer  chain  length,  branching  of  the  polymer 
chain,  crystallinity  and  moisture  absorption  of  the 
fiber,  type  of  chemical  bond  and  the  surface  area 
of  the  fabric.  Although  microbiological  degrada- 
tion is  not  considered  a  serious  concern  for  these 
materials,  photooxidation  prior  to  soil  burial  in- 
creases biodeterioration.  The  chemistry  of  typical 
soils  is  not  a  significant  factor  in  biodeterioration  of 
geotextiles.  Polypropylene  and  polyester  (polyeth- 
ylene terephthalate)  fabrics  are  recommended  for 
subsurface  drainage  applications.  These  fibers 
should  be  stabilized  with  ultraviolet  light  inhibitors 
to  prevent  photooxidation.  (Author's  abstract) 
W9 1-04545 


DURHAM    BENEFITS    FROM    COLLECTION 
SYSTEM  INSTRUMENTATION. 

For  primary  bibliographic  entry  see  Field   5D. 
W9 1-04598 


LATERAL    INSTALLATION    AND    MAINTE- 
NANCE CONSIDERATIONS. 
Gannett,  Fleming,  Corddry  and  Carpenter,  Inc., 
Harrisburg,  PA. 

For  primary  bibliographic  entry  see   Field   5D. 
W9 1-04608 


FILL  DAM  LEAKAGE  BY  NETWORK  ASSESS- 
MENT. 

Gifu  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
T.  Sato. 

Advances  in  Water  Resources  AWREDI,  Vol.  13, 
No.  2,  p  85-89,  1990.  5  fig,  5  tab,  3  ref. 

Descriptors:  'Dam  leakage,  'Earth  dams, 
'Groundwater  movement,  'Japan,  'Model  studies, 
Borings,  Data  analysis,  Finite  element  method, 
Leakage,  Monte  Carlo  method,  Reservoirs. 

A  stochastic  method  for  making  a  prediction  of 
groundwater  leakage  through  an  earthfill  dam  and 
subsoils  was  developed  using  a  dam  in  Hokkaido, 
Japan  as  a  case  study.  Due  to  widely  scattered 
values  of  boring  and  in-situ  test  results,  conven- 
tional approaches  were  not  suitable.  In  developing 


the  model  the  region  was  divided  into  two  subre- 
gions,  the  upstream  and  downstream  zones  bound- 
ed by  the  dam.  The  main  point  of  the  method  was 
to  construct  a  network  for  a  geological  structure 
within  a  flow  region  which  consists  of  node  points 
and  branches.  The  node  point  gave  an  imaginary 
space  coordinate  of  a  soil  deposit.  The  branch 
played  the  role  of  a  groundwater  conduit  in  the 
model.  All  soil  layers  in  the  boring  logs  were 
designated  as  the  node  points,  but  this  nomination 
should  be  limited  to  the  layers  relating  to  the 
groundwater  flow  from  the  reservoir.  The  model 
has  substantial  parameters  for  prescribing  the 
groundwater  flow,  such  as  permeability,  thickness 
and  length  of  soil  layer.  These  values  were  ob- 
tained from  boring  and  in-situ  test  results,  which 
are  usually  widely  scattered  even  in  the  same  soil 
layer.  A  Monte  Carlo  simulation  was  used  to  take 
the  values  into  account.  The  network  analysis 
takes  into  account  the  uncertainties  of  not  only  the 
geological  structure  but  the  value  of  permeability. 
The  method  is  practical  because  it  takes  into  ac- 
count the  uncertainties  and  scatters  of  the  investi- 
gation results;  however,  the  model  is  only  available 
for  the  steady-state  condition  of  groundwater  flow. 
(White-Reimer-PTT) 
W91-04828 
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STATUS  OF  THE  FOURHORN  SCULPIN, 
MYOXOCEPHALUS  QUADRICORNIS,  IN 
CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-04088 


STATUS    OF    THE    SPOONHEAD    SCULPIN, 
COTTUS  RICEI,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04089 


STATUS  OF  THE  BROOK  SILVERSIDE,  LABI- 
DESTHES  SICCULUS,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-04091 


STATUS  OF  THE  BANDED  KILLIFISH,  FUN- 
DULUS  DIAPHANUS,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04092 


STATUS  OF  THE  LEAST  DARTER,  ETHEOS- 
TOMA  MICROPERCA,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  2H. 
W91-04093 


STATUS  OF  THE  RTVER  DARTER,  PERCINA 
SHUMARDI,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04094 


STATUS  OF  THE  REDBREAST  SUNFISH,  LE- 
POMIS  AURITUS,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04095 


STATUS    OF   THE    ORANGESPOTTED    SUN- 
FISH,  LEPOMIS  HUMILIS,  IN  CANADA. 

Missouri    Univ. -Columbia.    School    of    Forestry, 
Fisheries  and  Wildlife. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04096 


STATUS  OF  THE  BIGMOUTH  BUFFALO,  IC- 
TIOBUS  CYPRINELLUS,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04097 


STATUS  OF  THE  BLACK  BUFFALO,  ICTIO- 
BUS  NIGER,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04098 
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STATUS  OF  THE  GOLDEN  REDHORSE,  MOX- 
OSTOMA  ERYTHRURUM,  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04099 


CYTOLOGICAL  STUDY  OF  VACUOLATED 
CELLS  AND  OTHER  ABERRANT  HEPATO- 
CYTES  IN  WINTER  FLOUNDER  FROM 
BOSTON  HARBOR. 

Rhode  Island  Univ.,  Kingston.  Coll.  of  Resource 

Development. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-04363 


SUBCELLULAR  LOCALIZATION  OF  ACID- 
RAIN  TRANSPORTED  ALUMINUM  IN  GILLS 
AND  KIDNEYS  OF  TROUT  FROM  STREAMS 
OF  THE  VOSGES:  PRELIMINARY  RESULTS, 
(LOCALISATION  SUBCELLULAIRE  DE  L*A- 
LUMINIUM  VEHICULE  PAR  LES  PLUIES 
ACIDES  DANS  LES  REINS  ET  BRANCHIES 
DE  TRUTTE  DES  VOSGES.  DONNEES  PRELI- 
MINAIRES). 

Clermont-Ferrand- 1    Univ.    (France).    Faculte   de 
Medecine  et  de  Pharmacie. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04364 


FOOD  CHAIN  STRUCTURE  IN  ONTARIO 
LAKES  DETERMINES  PCB  LEVELS  IN  LAKE 
TROUT  (SALVELINUS  NAMAYCUSH)  AND 
OTHER  PELAGIC  FISH. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Biol- 
ogy- 

For  primary  bibliographic  entry  see  Field  5B. 
W91-04445 


EFFECTS    OF    ENVIRONMENTAL    FACTORS 
ON  JUMPING  BEHAVIOUR  OF  THE  JUVE- 
NILE    AYU     PLECOGLOSSUS     ALTIVELIS 
WITH  SPECIAL  REFERENCE  TO  THEIR  UP- 
STREAM MIGRATION. 
Tokyo  Univ.  (Japan).  Ocean  Research  Inst. 
K.  Uchida,  K.  Tsukamoto,  and  T.  Kajihara. 
Nippon  Suisan  Gakkaishi  (Bulletin  of  the  Japanese 
Society  of  Scientific  Fisheries)  NSUGAF,  Vol.  56, 
No.  9,  p  1393-1399,  September  1990.  7  fig,  2  tab,  22 
ref. 

Descriptors:  'Fish  behavior,  *Fish  migration, 
•Light  intensity,  *Photoperiodism,  'Waterfalls, 
Fish  populations,  Juvenile  growth  stage. 

The  jumping  behavior  against  a  waterfall  of  ayu 
(Plecoglossus  altivelis)  is  known  to  be  closely  re- 
lated to  the  tendency  to  migrate  upstream  in  a 
river.  In  order  to  determine  the  mechanism  for 
triggering  upstream  migration  in  the  ayu,  the  ef- 
fects of  environmental  factors  on  jumping  activity 
were  observed.  Jumping  behavior  was  frequent  in 
the  time  period  corresponding  to  daytime,  even 
under  constant  light  conditions,  LL  and  DD  pho- 
toperiods  as  well  as  16L8D.  The  jumping  activity 
was  facilitated  by  changes  in  light  intensity,  raising 
of  the  water  temperature,  shallow  water  depth, 
and  deprivation  of  food.  These  changes  in  environ- 
mental factors  appear  to  have  the  potential  to  act 
as  a  trigger  for  the  migratory  behavior.  (See  also 
W91-04527)  (Author's  abstract) 
W9 1-04526 


EFFECT  OF  PARENTAL  ORIGIN  ON  JUMP- 
ING AND  SPACING  BEHAVIOURS  OF  JUVE- 
NILE    AYU     PLECOGLOSSUS      ALTTVELIS 
WITH  SPECIAL  REFERENCE  TO  THEIR  UP- 
STREAM MIGRATION. 
Tokyo  Univ.  (Japan).  Ocean  Research  Inst. 
K  Uchida,  K.  Tsukamoto,  R.  Ishida,  S.  Ishii,  and 
T.  Kajihara. 

Nippon  Suisan  Gakkaishi  (Bulletin  of  the  Japanese 
Society  of  Scientific  Fisheries)  NSUGAF,  Vol.  56, 
No.  9,  p  1401-1405,  September  1990.  2  fig,  2  tab,  14 
ref. 

Descriptors:  *Fish  behavior,  *Fish  migration, 
•Fish  stocking,  'Genetics,  'Jumping,  'Juvenile 
growth  stage.  Aggregation. 


The  spacing  pattern  and  jumping  activity  were 
compared  for  three  different  stocks  of  juvenile  ayu 
(Plecoglossus  altivelis),  reared  under  identical 
hatchery  conditions  for  about  three  months  after 
fertilization.  These  stocks  were  the  offspring  of 
landlocked  fish  from  Lake  Biwa  (LAKE),  amphi- 
dromous  fish  from  the  Kiso  River  (RIVER)  and 
the  fourteenth  generation  hatchery  strain  kept  at 
Gunma  prefecture  (HR-G).  LAKE  dispersed 
widely  in  an  experimental  tank  (95  cm  in  diameter) 
during  the  daytime,  while  HR-G  formed  a  tight 
aggregation  and/or  schooling  in  a  mean  diameter 
of  48  cm.  Jumping  activity  was  highest  in  LAKE 
(4.0  times  per  individual),  followed  by  RIVER 
(3.3)  and  HR-G  (3.0).  These  results  suggest  that 
parental  origin,  or  genetic  factors,  control  the 
spacing  and  jumping  behaviors  of  the  ayu,  and, 
thus,  the  upstream  migration  of  this  species.  (See 
also  W91-04526)  (Author's  abstract) 
W9 1-04527 


FLOW  DYNAMICS  AND  FISH  RECOVERY  EX- 
PERIMENTS: WATER  INTAKE  SYSTEMS. 

Great  Salt   Bay   Experimental   Station,   Damaris- 

cotta,  ME. 

R.  I.  Fletcher. 

Transactions  of  the  American  Fisheries  Society 

TAFSAI,  Vol.  119,  No.  3,  p  393-415,  May  1990.  13 

fig,  6  tab,  1 1  ref. 

Descriptors:  'Fish  barriers,  'Fish  passages,  'Fish- 
kill,  'Intake  gates,  'Trash  racks,  Atlantic  tomcod, 
Fish  impingement,  Nuclear  powerplants,  Ristroph 
screens,  Striped  bass,  White  perch. 

Large  water-use  facilities  are  often  equipped  with 
vertically  travelling  debris  barriers  known  as  Ris- 
troph screens.  The  imposed  fish  mortalities  associ- 
ated with  these  machines  are  commonly  attributed 
to  the  consequences  of  impingements,  but  laborato- 
ry and  field  experiments  indicate  that  in  those 
circumstances  where  the  screens  travel  continuous- 
ly and  where  water  speeds  are  moderate,  the  major 
underwater  injuries  are  attributable  instead  to  buf- 
feting of  captured  fish  within  the  fish  troughs 
proper.  Captured  fish  often  escaped  an  ascending 
trough  just  before  its  leading  edge  broke  the  water 
surface,  and  their  repeated  encounters  with  the  fish 
recovery  apparatus  increased  the  risk  of  mortality. 
From  flow  analyses  of  reshaped  trough  and  screen 
profiles,  a  flow  spoiler  was  devised  that  eliminates 
the  trough  vortex  and  buffeting  of  captive  fish. 
The  escape  of  fish  at  the  water  surface  was  elimi- 
nated by  means  of  an  auxiliary  screen  affixed  to  the 
leading  edge  of  each  fish  trough.  Field  experiments 
revealed  other  sources  of  mortality,  chief  of  which 
was  the  entanglement  of  fish  in  captured  debris.  As 
a  countermeasure,  the  order  of  removing  fish  and 
debris  was  reversed.  A  reconfigured  machine,  in- 
cluding the  redesigned  fish-catching  apparatus, 
was  installed  and  tested  at  a  nuclear  generating 
station  on  the  Hudson  River  estuary.  In  tests  simi- 
lar to  those  on  the  unimproved  machine,  injuries 
and  deaths  were  reduced  from  53  to  9%  for  striped 
bass  Morone  saxatilis,  from  64  to  14%  for  white 
perch  Morone  americana,  from  80  to  17%  for 
Atlantic  tomcod  Microgadus  tomcod,  and  from  47 
to  7%  for  pumpkinseed  Lepomis  gibbosus.  Striped 
bass  losses  to  the  debris  removal  system  were 
reduced  from  23%  of  recoveries  to  zero,  white 
perch  losses  from  33%  to  1.3%,  and  Atlantic 
tomcod  losses  from  20%  to  0.3%.  Release-recov- 
ery experiments  with  juvenile  striped  bass  and 
white  perch  revealed  probabilities  of  capture  char- 
acteristic of  weak  and  strong  swimmers.  (Author's 
abstract) 
W91-04588 


ANNUAL  PRODUCTION  AND  PRODUCTION: 
BIOMASS  RATIOS  FOR  THREE  SPECIES  OF 
STREAM  TROUT  IN  LAKE  SUPERIOR  TRIBU- 
TARIES. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Fisheries  and 

Wildlife. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-04589 


REGRESSION  MODEL  FOR  PREDICTING 
CATCH  FROM  WATER  LEVEL  OF  HIGH  DAM 
LAKE  IN  EGYPT. 


Tokyo  Univ.  (Japan).  Lab.  of  Fishing  Science  and 

Technology. 

Y.  Yamaguchi,  N.  Hirayama,  S.  Yamada,  A. 

Koike,  and  Z.  Morad. 

Journal    of  the   Tokyo    University    of   Fisheries 

(Tokyo  Suisan  Daigaku  Kenkyu  Hokoku),  Vol.  76, 

No.  1/2,  p  73-81,  November  30,  1989.  6  fig,  6  tab,  5 

ref.  English  summary. 

Descriptors:  'Fish  populations,  'Lake  fisheries, 
'Lake  shores,  'Mathematical  models,  'Model 
studies,  'Regression  analysis,  'Tilapia,  'Water 
level,  Egypt,  Fish  stocking,  Fisheries,  Reservoirs, 
Spawning. 

A  multiple  regression  model  was  used  to  predict 
the  catch  of  Tilapia  nilotica  and  Tilapia  galilaea, 
which  are  the  most  important  species  for  fishing  in 
High  Dam  Lake  in  Egypt.  During  spawning 
season,  Tilapia  tends  to  establish  and  protect  a 
certain  territorial  area.  For  this  reason,  reproduc- 
tion of  Tilapia  is  influenced  by  shoreline  length. 
Based  on  the  relation  between  water  level  and 
shoreline  length,  the  length  of  the  shoreline  in  May 
was  calculated  for  each  year.  May  is  the  spawning 
season  and  is  the  peak  of  the  Tilapia  fishing  season. 
A  multiple  regression  analysis  of  the  natural  loga- 
rithm of  the  index  of  stock  abundance  on  the 
shoreline  length  at  0,  1,  2,  3  years  before  was 
obtained.  Since  multicolinearity  existed  among  the 
four  explanatory  variables,  two  explanatory  varia- 
bles were  selected  by  the  Ridge  regression  method. 
Examination  of  residuals  from  the  reduced  regres- 
sion model  indicated  that  this  model  is  reasonable 
and  is  applicable  for  predicting  catches  as  far  as  the 
present  conditions  of  the  fishery  remain  un- 
changed. (Author's  abstract) 
W91-04718 


DISTRIBUTION  AND  ABUNDANCE  OF  PA- 
CHYMELANIA  AURITA  IN  LAGOS  LAGOON, 
NIGERIA. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04741 


FISH  OF  THE  AMAZONIAN  IGAPO:  STABILI- 
TY AND  CONSERVATION  IN  A  HIGH  DIVER- 
SITY-LOW BIOMASS  SYSTEM. 

Central    Electricity    Generating    Board,    Fawley 

(England).  Marine  Biological  Unit. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-04784 


CONSERVATION  STATUS  OF  THE  NORTH 
AMERICAN  FISH  FAUNA  IN  FRESH  WATER. 

Bureau  of  Land  Management,  Washington,  DC. 
Wildlife  and  Fisheries  Div. 

For   primary   bibliographic   entry   see   Field   6G. 
W9 1-04785 


CONSERVATION  AND  STATUS  OF  THREAT- 
ENED FISHES  IN  SOUTHERN  AFRICA. 

J.L.B.  Smith  Inst,  of  Ichthyology,  Grahamstown 

(South  Africa). 

For   primary   bibliographic   entry   see   Field   6G. 

W91-04786 


RARE  BRITISH  MARINE  FISHES-IDENTIFI- 
CATION AND  CONSERVATION. 

Marine  Biological  Association  of  the  United  King- 
dom, Plymouth  (England). 
S.  E.  Swaby,  and  G.  W.  Potts. 
Journal  of  Fish  Biology  JFIBA9,  Vol.  37,  No. 
Supp,  p  133-143,  1990.  3  tab,  20  ref,  append. 
Nature  Conservancy  Council  Contract  No. 
HF3.03.417. 

Descriptors:  'Bioindicators,  'Computers,  'Data 
collections,  'Databases,  'Endangered  species, 
'Fish  conservation,  'Marine  environment,  'Spe- 
cies diversity,  'United  Kingdom,  Abundance, 
Aquatic  habitats,  Estuaries,  Geographic  distribu- 
tion, Maps,  Water  pollution  effects. 

Methods  of  recording  and  categorizing  rare  British 
marine  fishes  and  their  habitats  include  techniques 
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based  on  categories  of  abundance  (abundant, 
common,  average,  uncommon,  scarce,  and  indeter- 
minate), categories  of  distribution  (extensive,  wide- 
spread, restricted,  localized,  single  population,  in- 
determinate, occasional  vagrant),  or  categories  of 
threatened  species  (endangered,  vulnerable,  rare, 
indeterminate,  insufficiently  known).  Information 
is  stored  on  a  database  designed  for  maximum 
flexibility,  cross-referencing,  multiple  word  search 
and  key  word  search  facilities.  The  information  for 
the  database  is  collected  using  species  and  habitat 
recording  cards.  These  cards  have  been  modified 
from  the  Marine  Nature  Conservation  Review 
cards,  expanded  and  developed  to  hold  informa- 
tion on  all  aspects  of  fishes  and  their  biology.  This 
information  is  supplemented  by  references,  maps 
and  records  of  occurrences  for  each  species.  The 
database  provides  a  unified  system  capable  of  col- 
lating all  known  occurrences  of  rare  British  marine 
fishes.  Using  categories  of  abundance  and  distribu- 
tion allows  a  preliminary  assessment  of  the  status 
of  British  fishes  to  be  made  and  identifies  those 
species  that  may  be  considered  rare  or  threatened. 
Of  eight  identified  threatened  species,  five  occur  in 
estuaries,  two  are  shallow  coastal  and  one  is  found 
on  offshore  benthic  habitats.  The  reduction  of  pol- 
lution in  the  River  Thames  has  shown  how  quickly 
fish  will  recolonize  previously  toxic  and  polluted 
waters,  and  similar  actions  need  to  be  considered 
for  most  estuaries.  (Brunone-PTT) 
W9 1-04787 


LAKE  ENRICHMENT  AND  THE  STATUS  OF 
WINDERMERE  CHARR,  SALVELINUS  AL- 
PINUS  a>. 

Freshwater    Biological    Association,     Ambleside 

(England).  Windermere  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-04788 


THREATENED  NATIVE  FRESHWATER 
FISHES  IN  AUSTRALIA -SOME  CASE  HISTO- 
RIES. 

New  South  Wales  Dept.  of  Agriculture,  Narran- 

dera  (Australia).  Inland  Fisheries  Station. 

B.  A.  Ingram,  C.  G.  Barlow,  J.  J.  Burchmore,  G.  J. 

Gooley,  and  S.  J.  Rowland. 

Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 

Supp,  p  175-182,  1990.  20  ref. 

Descriptors:  *Aquatic  habitats,  'Australia,  •Con- 
servation, 'Endangered  species,  *Fish  conserva- 
tion, *Fish  populations,  Creeks,  Endemism,  Geo- 
graphic distribution,  Headwaters,  Lakes,  Minnow, 
Water  resources  management. 

Case  histories  of  some  of  Australia's  most  threat- 
ened native  freshwater  fishes  are  presented  for  six 
endangered  species  (Galaxias  fontanus,  G.  john- 
stoni,  G.  pedderensis  (Galaxiidae),  Melanotaenia 
eachamensis  (Melanotaeniidae),  Maccullochella  sp. 
nov.  and  M.  macquariensis  (Percichthyidae);  one 
vulnerable  species  (G.  tanycephalus);  two  poten- 
tially threatened  species,  G.  parvus  and  Proto- 
troctes  maraena  (Prototroctidae);  one  indetermi- 
nate species,  Maccullochella  sp;  one  restricted  spe- 
cies, Macquaria  australasica.  G.  fontanus  is  found 
only  in  a  few  small  streams  in  eastern  Tasmania.  G. 
johnstoni  was  once  widespread  throughout  the 
Clarence  River  system  of  central  Tasmania,  but  is 
now  confined  to  two  natural  lakes  and  one  small 
creek  system  within  the  headwaters  of  the  river. 
G.  pedderensis  and  G.  parvus  are  endemic  to  the 
Lake  Pedder  region  in  south-western  Tasmania.  G 
tanycephalus  occurs  in  only  two  partially  modified 
natural  lakes,  Arthurs  Lake  and  Woods  Lake  in 
central  Tasmania.  Prototroctes  maraena  is  found  in 
small,  isolated  populations  in  Tasmania  and 
throughout  the  south-eastern  coastal  drainage  area 
of  Australia.  This  fish  is  protected  in  both  Tasma- 
nia and  New  South  Wales.  Melanotaenia  eacha- 
mensis is  difficult  to  evaluate,  because  the  popula- 
tion decline  was  not  monitored  quantitatively  over 
a  period  of  time.  Conservation  management  strate- 
gies that  have  been  or  are  being  applied  to  most  of 
these  species  include  protection  of  the  fish  and 
their  habitats,  establishment  of  refuge  populations, 
and  artificial  propagation  and  re-establishment  pro- 
grams. (Brunone-PTT) 
W91-04789 


IMPACT  OF  DAMMING,  DROUGHT  AND 
OVER-EXPLOITATION  ON  THE  CONSERVA- 
TION OF  MARKETABLE  FISH  STOCKS  OF 
THE  RD7ER  BENUE,  NIGERIA. 

Portsmouth    Polytechnic    (England).    Centre    for 
Marine  Resources  Economics. 
For   primary   bibliographic   entry   see   Field   6G. 
W9 1-04790 


THREATENED  FISHES  OF  BAROMBI  MBO:  A 
CRATER  LAKE  IN  CAMEROON. 

Horniman  Museum,  London  (England). 

G.  M.  Reid. 

Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 

Supp,  p  209-211,  1990.  7  ref. 

Descriptors:  "Cameroon,  *Cichlid,  'Crater  Lake, 
♦Endangered  species,  *Fish  conservation,  'Species 
diversity,  Agricultural  chemicals,  Air  pollution  ef- 
fects, Aquatic  habitats,  Dam  construction,  Defor- 
estation, Economic  aspects,  Evolution. 

Barombi  Mbo  is  a  small  crater  lake  in  the  rainforest 
belt  of  South  West  Cameroon.  The  lake  contains 
17  species  of  fish  of  which  70%  are  endemic, 
including  1 1  species  of  tilapine  cichlid.  The  cich- 
lids  represent  the  only  properly  known  West  Afri- 
can example  of  a  species  flock,  corresponding  with 
the  famous  adaptive  radiations  in  the  East  African 
Great  Lakes.  Major  threats  to  Barombi  Mbo  can 
be  conveniently  grouped  as  internal  and  external. 
Internal  factors  include  overfishing,  damming  of 
the  Kake  River  outflow,  deforestation,  and  increas- 
ing use  of  agrochemicals.  External  factors  include 
alien  species,  aerial  pollution,  socioeconomic  pres- 
sures, and  visitor  pressure.  (Brunone-PTT) 
W9 1-04791 


RARE  FISHES  OF  HIMALAYAN  WATERS  OF 
NEPAL. 

Tribhuvan  Univ.,  Kathmandu  (Nepal).   Dept.  of 

Zoology. 

T.  K.  Shrestha. 

Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 

Supp,  p  213-216,  1990.  1  tab,  5  ref. 

Descriptors:  *Endangered  species,  *Fish  behavior, 
*Fish  conservation,  *Fish  management,  *Fish  pop- 
ulations, *Himalayas,  *Nepal,  Carp,  Catfish,  Dam 
construction,  Erosion,  Fish  ladders,  Headwaters, 
Hydroelectric  power,  Lakes,  Loaches,  Population 
dynamics,  Rivers,  Seasonal  variation,  Species  di- 
versity, Tailwater,  Water  channels,  Water  level, 
Water  quality. 

The  fishes  of  Himalayan  waters  are  biologically 
diverse.  More  than  130  species  occur  in  the  rivers 
and  mountain  lakes  of  the  Nepalese  highlands.  In 
some  rivers,  dams  and  barrages  have  been  con- 
structed for  hydroelectric  power  stations  and  navi- 
gational purposes.  The  dams  do  not  have  fish 
ladders  and  they  obstruct  and  prevent  upstream 
and  downstream  movements  of  fish.  The  shallow 
tailwater  regions  below  dams  where  fish  congre- 
gate are  exploited  by  fisherman,  poachers,  and 
predatory  animals,  killing  rare  fishes.  The  scientific 
management  of  the  Nepalese  mountain  streams  has 
just  begun.  The  local  human  population  has  in- 
creased dramatically.  Sewage,  detergents  and  her- 
bicides entering  the  rivers  are  causing  a  critical 
deterioration  of  water  quality.  Spawning  beds  are 
being  removed  to  provide  sand  and  gravel  for  the 
building  industry.  Changes  in  land  use  and  defor- 
estation cause  soil  erosion  and  the  rivers  are  loaded 
with  silt  in  the  rainy  season.  In  order  to  conserve 
the  rare  and  threatened  species  in  Nepal,  suitable 
water  levels  must  be  maintained  in  the  tailwater 
regions  of  dams  during  the  breeding  season  for 
stone  carps,  loaches,  and  catfishes.  The  provision 
of  special  spawning  channels  would  help  to  main- 
tain populations  of  masheer,  snow  trout,  stone  carp 
and  torrent  catfish.  Consideration  should  also  be 
given  to  the  creation  of  one  or  more  artificial  river 
parks,  containing  channels  and  impoundments  suit- 
able for  breeding  rare  fishes.  (Brunone-PTT) 
W9 1-04792 


VALUES  OF  LOWLAND  RIVERS  FOR  THE 
CONSERVATION  OF  RARE  FISH  IN  FLAN- 
DERS. 


Antwerp  Univ.,  Wilrijk  (Belgium).  Dept.  of  Biol- 
ogy- 

L.  Bervoets,  J.  Coeck,  and  R.  F.  Verheyen. 
Journal  of  Fish  Biology  JFIBA9,  Vol.   37,  No. 
Supp,  p  223-224,  1990.  2  tab,  2  ref. 

Descriptors:  *Belgium,  *Endangered  species, 
*Fish  conservation,  'Fish  populations,  *Flanders, 
♦Species  diversity,  *Stream  biota,  Geographic  dis- 
tribution. Grayling,  Loaches,  Open  channels,  Path 
of  pollutants,  Population  density,  Smelt,  Sturgeon, 
Trout,  Water  pollution  effects,  Water  resources 
management. 

Flanders,  Belgium  has  39  species  of  freshwater 
fish,  of  which  only  10  native  species  are  not  endan- 
gered. Seven  species  seem  to  have  disappeared 
from  the  Flemish  rivers:  sturgeon,  allis  shad,  twaite 
shad,  houting,  grayling,  and  smelt.  Six  of  the  most 
endangered  species  (sea  trout,  bitterling,  spined 
loach,  weather  loach,  stone  loach,  and  bullhead) 
are  protected  by  law.  In  addition,  another  ten 
species  are  directly  endangered.  Most  of  the  Flem- 
ish rivers  are  heavily  polluted  but  the  basin  of  the 
River  Nete,  near  Antwerp,  has  the  highest  density 
of  water  purification  plants  in  Flanders  and  con- 
tains numerous  lowland  streams  or  good  or  very 
good  water  quality.  In  the  Nete,  a  good  correlation 
(r  =  -0.88)  exists  between  the  numbers  of  rare  fish 
species  and  water  quality  based  on  biological 
oxygen  demand  and  the  concentrations  of  oxygen 
and  ammonia-nitrogen.  The  River  Nete  contains  27 
species  of  fish.  Of  these  fishes,  seven  are  directly 
endangered  elsewhere  in  Flanders.  The  unique 
lowland  river-network  of  the  Nete  is  extremely 
important  for  conserving  fishes  which  have  very 
restricted  distributions  in  Flanders.  The  spined 
loach  has  disappeared  from  the  Flemish  river 
except  for  the  upstream  section  of  the  Nete,  al- 
though this  species  seems  to  be  less  sensitive  to 
canalization  than  are  dace,  ide,  bullhead  and  brook 
lamprey.  An  undisturbed  river  channel  is  essential 
for  the  survival  of  the  species.  Their  protection 
also  requires  the  prevention  of  pollution  and  an 
increase  in  habitat  diversity  by  restoration  of 
streams.  A  possible  solution  is  the  establishment  of 
fish  reserves  in  the  upper  region  of  the  Nete  catch- 
ment. (Brunone-PTT) 
W9 1-04793 


THREATS  TO  THE  SURVTVAL  OF  ANADRO- 
MOUS  FISHES  IN  THE  RIVER  TAGUS,  POR- 
TUGAL. 

Departamento  de  Zoologia  e  Antropologia,  Facul- 
dade  de  Ciencias  de  Lisboa,  Campo  Grande,  Bloco 
C2,  3  Piso,  1700  Lisbon,  Portugal. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04794 


RARE  AND  ENDANGERED  FISHES  FROM 
YUGOSLAVIAN  ADRIATIC  RrVERS. 

Fisheries  Research  Inst.,  Ljubljana  (Yugoslavia). 
For  primary  bibliographic  entry  see  Field  6G 
W91-04795 

9.  MANPOWER,  GRANTS 
AND  FACILITIES 

9A.  Education  (Extramural) 


EDUCATION  OF  HYDROLOGISTS. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 

J.  E.  Nash,  P.  S.  Eagleson,  J.  R.  Philip,  and  W.  H. 
Van  der  Molen. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  35, 
No.  6,  p  597-607,  December  1990.  3  ref. 

Descriptors:  *Education,  'Hydrology,  'Profes- 
sional personnel,  'Training,  Engineering,  Future 
planning,  Geohydrology,  Professional  societies, 
Research  priorities,  United  Nations. 

Because  of  the  failure  of  hydrologists  to  found 
their  technology  on  a  sound  scientific  basis,  the 
science  has  developed  slowly.  This  vicious  circle 
can  be  broken  only  by  a  thorough  review  of  the 
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science  and  technology  of  hydrology  and  a  reas- 
sessment of  the  manner  of  education  of  hydrologi- 
cal  scientists  and  technologists.  The  major  inad- 
equacies of  present-day  hydrology  are:  methodo- 
logical deficiencies;  the  slowness  of  scientific  ad- 
vancement in  understanding  hydrology  through 
research;  and  the  slow  diffusion  of  knowledge 
from  research  to  practice.  A  panel  from  the  Inter- 
national Association  of  Hydrological  Sciences  and 
UNESCO  was  formed  to  evaluate  hydrological 
education.  The  panel  recommended  that  under- 
graduate education  should  give  explicit  attention 
to  hydrology  and  an  integral  component  of  geosci- 
ence  with  sufficient  depth  and  coverage  to  moti- 
vate students  to  pursue  hydrology  as  a  career. 
Universities  should  consider  the  establishment  of 
the  academic  choices  necessary  to  support  multi- 
disciplinary  PhD  programs  in  hydrological  sci- 
ence. Present  postgraduate  professional  courses  in 
hydrology  should  be  examined  critically  with 
greater  emphasis  on  the  basic  sciences  and  a  great- 
er variety  of  hydrological  sub-fields.  Every  effort 
should  be  made  to  ensure  that  the  developments  in 
hydrological  science  made  in  geoscience  depart- 
ments are  made  available  to  students  of  applied 
hydrology.  Finally,  hydrological  instruction  in  ap- 
plications areas,  such  as  Civil  Engineering,  Agri- 
cultural Engineering,  Environmental  Engineering 
and  Forestry,  should  be  modified  to  increase  their 
basic  science  content.  (Mertz-PTT) 
W9 1-04801 


9D.  Grants,  Contracts,  and 
Research  Act  Allotments 


WATER  RESOURCES  RESEARCH  GRANT 
PROGRAM:  PROJECT  DESCRIPTIONS, 
FISCAL  YEAR  1989. 

Geological  Survey,  Reston,  VA.  Water  Resources 
Div. 

M.  Lew,  and  P.  Murray. 

Available  from  Books  and  Open  File  Reports  Sec- 
tion, USGS  Box  25425,  Denver,  CO  80225.  USGS 
Open  File  Report  90-139,  1990.  12  lp,  2  tab. 

Descriptors:  'Grants,  'Research  priorities,  'Water 
resources. 

Information  on  the  36  new  projects  funded  by  the 
US  Geological  Survey's  (USGS)  Water  Resources 
Research  Grant  Program  in  fiscal  year  1989  and  on 
27  projects  completed  during  the  year,  is  present- 
ed. For  the  new  projects,  the  report  gives  the  grant 
number,  project  title,  performing  organization, 
principal  investigator(s),  project  duration,  and  a 
project  description  that  includes:  (1)  identification 
of  water-related  problems  and  problem-solution 
approach;  (2)  contribution  to  problem  solution;  (3) 
objectives;  and  (4)  approach.  The  36  projects  in- 
clude 6  in  groundwater  transport  and  flow,  4  in  the 
water  quality  treatment  processes,  5  in  water  qual- 
ity processes,  5  in  biology,  9  in  economics  and 
management,  and  7  in  climate  and  hydrology.  For 
the  27  completed  projects,  the  report  gives  the 
grant  number,  project  title,  performing  organiza- 
tion, principal  investigator(s),  starting  date,  date  of 
receipt  of  final  report,  and  an  abstract  of  the  final 
report.  Each  project  description  provides  the  in- 
formation needed  to  obtain  a  copy  of  the  final 
report.  The  report  also  contains  tables  showing:  (1) 
proposals  received  according  to  area  of  research 
interest;  (2)  grant  awards  and  funding  according  to 
area  of  research  interest;  (3)  proposals  received 
according  to  type  of  submitting  organization;  and 
(4)  awards  and  funding  according  to  type  of  orga- 
nization. (Lantz-PTT) 
W91-04858 


RESEARCH  PROGRAM  OF  THE  WATER  RE- 
SOURCES RESEARCH  INSTITUTES,  1989-1990 
(FY  1989). 

National  Association  of  Water  Institute  Directors, 
February  1990.  41p,  3  fig,  2  tab,  2  append. 

Descriptors:  'Research  priorities,  'Water  re- 
sources, 'Water  resources  institutes,  Data  collec- 
tions, Economic  aspects,  Information  exchange, 
Research  facilities. 


The  54  Water  Resources  Research  Institutes 
(WRRI)  constitute  a  cooperative  state-federal  pro- 
gram to  promote  research,  training  and  informa- 
tion transfer  on  the  nation's  water  resources  prob- 
lems. The  program  was  authorized  by  the  Water 
Resources  Research  Act  of  1964  (P.L.  88-379)  and 
reauthorized  most  recently  by  P.L.  98-242  in  1984. 
The  institutes  are  located  at  the  land  grant  univer- 
sity in  each  state,  as  well  as  four  US  territories. 
Appendix  A  lists  the  research  projects  supported 
by  the  Institutes  with  funds  appropriated  for  the 
1989  federal  fiscal  year.  The  54  individual  Insti- 
tutes begin  their  program  years  during  the  second 
half  of  each  federal  fiscal  year  (over  a  period  from 
April  through  September)  in  order  to  facilitate 
administration  of  the  program  by  the  USGS.  The 
projects  listed  in  this  publication  thus  constitute 
the  WRRI  research  program  for  the  1989-1990 
program  year,  which  extends  nationally  over  an  18 
month  period,  from  April  1989  through  August 
1990.  Short  biographical  descriptions  of  the  direc- 
tors of  the  water  institutes  are  included  in  Appen- 
dix B  of  this  report.  This  information  shows  that 
the  academic  backgrounds  and  professional  activi- 
ties of  the  directors  reflect  the  breadth  of  disci- 
plines involved  in  research  on  the  nation's  water 
resources.  (Lantz-PTT) 
W9 1-04860 


FISCAL  YEAR  1989  PROGRAM  REPORT  (MIS- 
SISSIPPI WATER  RESOURCES  RESEARCH 
INSTITUTE). 

Mississippi  State  Univ.,  State  College.  Water  Re- 
sources Research  Inst. 
T.  Bond. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB91-104380. 
Price  codes:  A03  in  paper  copy,  A03  in  microfiche. 
Report  No.  1571-01,  July  1990.  24p.  USGS  Con- 
tract No.  1 4-08-000 1-G 1571 -Year  2.  USGS  Project 
No.  G1571-01. 

Descriptors:  'Information  transfer,  'Mississippi, 
•Research,  'Training,  'Water  resources  institutes, 
Education,  Projects. 

During  the  1989  Program  Year,  the  Mississippi 
Institute's  involvement  in  statewide  planning  ac- 
tivities and  its  research  program  addressed  major 
issues  in  Mississippi.  G1571^)2:  The  objective  was 
to  develop  a  physically  based  method  to  determine 
the  fate  and  transport  of  pollutants  in  agricultural 
drainage  systems.  The  approach  considers  interac- 
tions between  the  surface  flow,  sediment  hydro- 
dynamics, and  chemical  adsorption/desorption 
processes  of  the  various  constituents.  G1571-03: 
The  objective  was  to  assess  the  effect  of  30  yr  of 
annual  flooding  on  the  vegetation  composition  and 
productivity  of  green-tree  reservoirs,  specifically, 
growth  rates  among  selected  oaks,  acorn  produc- 
tion of  cherrybark  oak,  and  soil  moisture  depletion. 
G1571-04:  A  2  yr  investigation  has  been  undertak- 
en to  evaluate  the  toxicological  consequences  of 
humic-pesticide  interactions  on  the  fate  and  effects 
of  agricultural  chemicals.  The  specific  task  of  the 
first  year  was  to  evaluate  the  influence  of  humic 
acid  (HA)  on  the  acute  toxicity  of  a  suite  of 
pesticides  used  extensively  in  Mississippi  and  the 
South  Atlantic-Gulf  Region.  G1571-05:  This  study 
is  an  attempt  to  take  various  techniques  successful- 
ly used  in  topsoil  and  groundwater  remediation 
and  apply  them  to  the  unique  conditions  in  the 
subsoil  environment.  The  first  phase  of  the  study 
involved  testing  the  effect  on  remediation  of  sever- 
al combinations  of  inorganic  nutrients  applied  to 
three  types  of  subsoil.  The  results  should  indicate  if 
the  subsoil  microbial  population  can  be  stimulated 
by  appropriate  additions  of  nutrients  and  oxygen. 
G 157 1-22:  This  project  supported  the  Institute  pro- 
gram through  publication  of  research  results,  pro- 
motional and  informational  materials,  response  to 
requests  for  information  and  programs,  and  coordi- 
nation of  the  Mississippi  Water  Resources  Confer- 
ence. G 157 1-32:  The  objectives  are:  (1)  To  assist 
the  Department  of  Environmental  Quality,  Bureau 
of  Land  and  Water  Resources,  and  the  USGS  in 
the  assessment  of  historical  pumping  records  in 
Northeast  Mississippi;  (2)  To  provide  computer 
aided  assistance  in  the  input  of  data  into  machine 
readable  form  for  mathematical  modeling  of  multi- 
layers in  the  aquifers  below  Northeast  Mississippi; 
and  (3)  To  aid  in  the  computations  and  calibrations 


of  groundwater  models  for  assessment  of  ground- 
water resources  for  permitting  and  management 
purposes  in  Northeast  Mississippi.  (USGS) 
W9 1-04871 


FISCAL  YEAR  1989  PROGRAM  REPORT  (ALA- 
BAMA WATER  RESOURCES  RESEARCH  IN- 
STITUTE). 

Auburn   Univ.,   AL.   Water   Resources   Research 

Inst. 

J.  F.  Judkins. 

Available   from   National   Technical   Information 

Service,  Springfield,  VA  22161  as  PB91-104372. 

Price  codes:  A03  in  paper  copy,  A03  in  microfiche. 

Program  Report  G- 1508-02,  July  1990.  26p.  USGS 

Contract   No.    14-08 -000 1-G  1508.   USGS   Project 

No.  G- 1508-02. 

Descriptors:  'Alabama,  'Information  transfer, 
•Research,  'Training,  'Water  resources  institutes, 
Education,  Projects. 

Alabama's  Water  Resources  Research  Institute  at 
Auburn  University  provided  support  for  four  re- 
search projects.  The  program  focuses  on  research 
and  training  that  is  responsive  to  identified  priority 
problems  of  the  State  and  Region.  Project  02  deals 
with  quality  of  life,  ecological  balance,  and  protec- 
tion of  endangered  fish  species  in  streams  of  the 
South  Atlantic-Gulf  Region.  Project  03  deals  with 
identifying  physical  and  chemical  factors  that  in- 
fluence the  transport  of  colloidal  particles  through 
porous  media.  Project  04  looks  at  the  production 
and  biodegradation  of  odorous  (off-flavor)  com- 
pounds synthesized  by  aquatic  microorganisms. 
Systems  for  biodegradative  removal  of  off-flavor 
or  odorous  compounds  could  permit  in-pond  treat- 
ment for  aquaculture  as  well  as  more  efficient 
treatment  of  municipal  drinking  waters.  Project  05 
looks  at  a  microcapsulated  fungal  process  for  de- 
toxifying organochloride  paper  mill  wastes.  The 
microcapsule  will  permit  reactants  to  pass  into  and 
out  of  the  microcapsule  while  retaining  the  fungus. 
In  that  way  an  efficient  bioreactor  system  employ- 
ing a  fluidized  bed  can  be  developed  to  effectively 
detoxify  hazardous  organically  bound  chlorine 
compounds  present  in  paper  mill  bleach  plant  ef- 
fluents. (USGS) 
W91-04872 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(NEW  JERSEY  DIVISION  OF  WATER  RE- 
SOURCES). 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 
Div.  of  Water  Resources. 
J.  G.  Ehrenfeld. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB9 1-104364. 
Price  codes:  A03  in  paper  copy,  A03  in  microfiche. 
Program  Report  G- 1577-01,  August  1990.  21  p. 
USGS  Contract  No.  14-08-000 1-G  15 77.  USGS 
Project  No.  G-1577-01. 

Descriptors:  'Information  transfer,  'New  Jersey, 
•Research,  •Training,  *Water  resources,  Educa- 
tion, Projects,  Water  resources  institutes. 

The  1989  New  Jersey  Section  104  program  ad- 
dressed two  major  topics  of  crucial  concern  to  the 
state.  Four  projects  were  addressed  to  the  fate  and 
effects  of  toxic  substances  in  soil  and  water,  and 
one  project  examined  the  effects  of  acidic  deposi- 
tion on  wetlands  in  the  state.  Studies  of  the  fate 
and  effects  of  toxic  substances  included  laboratory 
and  modelling  studies  of  the  mobility  of  heavy 
metals  in  soils,  evaluation  of  hydrocarbons  inputs 
and  outputs  in  detention  basins,  development  of 
techniques  for  promoting  microbial  treatment  of 
chlorinated  hydrocarbon  in-situ,  and  assessment  of 
the  use  of  an  invertebrate  assay  technique  for  ge- 
netic screening  of  hazardous  substances.  The  study 
of  acidic  deposition  was  designed  to  determine  the 
role  of  volatile  reduced  sulfur  compounds  in  buf- 
fering acidified  wetlands.  Information  transfer  ac- 
tivities included  production  of  a  Newsletter  which 
was  widely  distributed  throughout  the  state,  and 
hosting  an  annual  meeting  jointly  with  the  regional 
chapter  of  the  Society  of  Environmental  Toxicolo- 
gists  and  Chemists.  (USGS) 
W9 1-04873 
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FISCAL  YEAR  1989  PROGRAM  REPORT 
(NEVADA  WATER  RESOURCES  RESEARCH 
INSTITUTE). 

Nevada   Univ.   System,   Reno.   Water   Resources 
Center. 
J.  W.  Hess. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB9 1-104349. 
Price  codes:  A03  in  paper  copy,  A03  in  microfiche. 
Desert  Research  Institute,  Water  Resources 
Center,  Reno,  Program  Report  G- 1575-02,  July 
1990.  26p.  USGS  Contract  No.  14-O8-OO01-G1575. 
USGS  Project  No.  G- 1575-02. 

Descriptors:  *Information  transfer,  *Nevada,  •Re- 
search, *Training,  *Water  resources  institutes, 
Education,  Projects. 

Nevada  is  one  of  the  fastest  growing  states  in  the 
nation  with  most  of  the  population  concentrated  in 
two  urbanized  areas.  Providing  the  water  supply  to 
meet  the  demands  of  these  two  growing  urban 
areas  is  a  challenging  problem.  Both  areas  are 
faced  with  prospects  of  having  to  develop  addi- 
tional facilities  for  increasing  water  supplies  from 
various  sources.  The  purpose  of  one  research 
project  was  to  develop  a  methodology  to  deter- 
mine capacity  expansion  of  municipal  water  supply 
systems  through  optimal  sequencing  of  water 
projects.  Development  and  management  of 
groundwater  supplies  is  difficult  when  the  aquifer 
is  a  fractured  formation  or  is  located  at  the  end  of 
an  arid  region  flow  system  where  salts  accumulate 
and  create  water  quality  problems.  The  objective 
of  one  research  project  was  to  evaluate  the  effec- 
tiveness of  recent  advances  in  geophysical  instru- 
mentation to  delineate  fracture  systems  which 
would  significantly  affect  the  hydrogeology  of  a 
groundwater  production  area.  The  issue  of  ground- 
water quality  and  quantity  is  a  major  concern  for 
those  entities  managing  this  limited  resource. 
Excess  waters  applied  to  the  land  surface  may 
infiltrate  through  the  soil  conducting  chemical 
constituents  to  underlying  aquifers.  One  research 
project  has  been  undertaken  to  characterize  the 
chemical  and  hydraulic  nature  of  the  shallow  aqui- 
fer zone  to  assess  the  potential  impact  on  the 
groundwater  production  zone  of  the  Las  Vegas 
Valley  aquifer.  Due  to  agricultural  drainage  out- 
flow, salt  accumulation  in  receiving  waters  has 
become  a  serious  concern.  One  project  is  investi- 
gating a  redesign  of  irrigation  and  drainage  man- 
agement systems.  (USGS) 
W9 1-04874 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(CALIFORNIA  WATER  RESOURCES  RE- 
SEARCH CENTER). 

California  Univ.,  Riverside.  Water  Resources 
Center. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-104331. 
Price  codes:  A03  in  paper  copy,  A03  in  microfiche. 
Program  Report  G-1550-01,  1990.  37p.  USGS 
Contract  No.  14-08-O0O1-G155O.  USGS  Project 
No.  G-1550-01. 

Descriptors:  •California,  *Information  transfer, 
•Research,  *Training,  •Water  resources  institutes, 
Education,  Projects. 

This  report  contains  a  synopsis  of  the  results  of 
research  projects  sponsored  under  Grant  No.  14- 
08-0001-G1550,  the  1989  Water  Research  Institute 
Program  (WRIP)  for  the  University  of  California 
Water  Resources  Center.  It  also  contains  summa- 
ries of  water  problems  and  issues  in  California  and 
the  Water  Resources  Center's  Program  Goals  and 
Priorities,  Information  Dissemination  Activities 
and  Cooperative  Arrangements.  The  California 
WRIP  package  is  a  subset  of  the  Center's  overall 
research  program  and  consists  of  five  projects  in- 
vestigating the  following  topic  areas:  Mixing  in 
Bay/Delta  Flows,  Dynamics  of  Selenium  and  Ar- 
senic Oxidation  in  Water-Sediment  Systems,  Wet- 
land Treatment  of  Urban  Runoff,  Adaptive  Grid 
Refinement  for  Groundwater  Contaminant  Trans- 
port Simulation,  Innovative  Approaches  to 
Wastewater  Management  Along  the  California- 
Mexico  Border.  (USGS) 
W91-04875 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(GUAM  WATER  AND  ENERGY  RESEARCH 
INSTITUTE). 

Guam  Univ.,  Agana.  Water  and  Energy  Research 
Inst,  of  the  Western  Pacific. 
S.  Khosrowpanah. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-104323. 
Price  codes:  A03  in  paper  copy,  A03  in  microfiche. 
Report  G-1557-01,  August  1990.  20p.  USGS  Con- 
tract No.  14-08-0001-G1557  USGS  Project  No.  G- 
1557-01. 

Descriptors:  *Guam,  •  Information  transfer,  •Re- 
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Education,  Projects. 

An  overview  of  the  Fiscal  Year  1989  research  and 
information  transfer  activities  accomplished  by  the 
University  of  Guam  Water  and  Energy  Research 
Institute  is  give.  These  activities  were  sponsored 
by  the  Water  Research  Institute  Program  of  the 
U.S.  Geological  Survey  and  include  the  following 
completed  projects:  (1)  A  Study  of  Soil  Erodibility 
Factor  for  Guam  Watersheds  (Phase  II);  (2)  Nitri- 
fication in  Guam's  Soils  and  Sediments;  (3)  A 
Study  of  the  Behavioral  Effects  of  Modern  Water 
Storage  and  Disposal  Systems  on  Atoll  Island 
Groundwater  Quality  in  Yap  State;  (4)  Determina- 
tion of  Lead  and  Other  Selected  Trace  Metals  in 
Ground  and  Surface  Water  on  Guam,  Mariana 
Islands:  A  Comparative  Study  of  Analytical  Meth- 
ods for  Quantitation  at  Trace  Levels;  and  (5)  As- 
sessment of  Waste  Disposal  on  Water  Resources  in 
Micronesia  and  Related  Water  Quality  Studies. 
(USGS) 
W9 1-04876 


FISCAL  YEAR  1989  ANNUAL  PROGRAM 
REPORT  (INDIANA  WATER  RESOURCES  RE- 
SEARCH CENTER). 

Purdue  Univ.,  Lafayette,  IN.  Water  Resources  Re- 
search Center. 
J.  R.  Wright. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-104398. 
Price  codes:  A03  in  paper  copy,  A03  in  microfiche. 
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Education,  Projects. 

The  1989  program  of  the  Indiana  Water  Resources 
Research  Center  revolved  around  four  research 
projects  and  a  technology  transfer  program.  Dr. 
Bernard  A.  Engel,  Department  of  Agricultural  En- 
gineering at  Purdue,  conducted  a  study  which 
focused  on  developing  decision  support  software 
to  assist  in  estimation  of  the  impacts  of  cultural  and 
structural  management  practices  on  agricultural 
runoff,  sediment  yield,  and  chemical  yield  on  a 
watershed  scale.  A  study  regarding  practical  appli- 
cations of  food  chain  manipulation  on  the  function- 
ing of  lake  food  chains,  as  well  as  ecosystem  re- 
sponses to  declines  in  planktivorous  fish,  was  con- 
ducted by  Dr.  William  R.  DeMott,  Department  of 
Biological  Science  at  Indiana  University-Purdue 
University  at  Fort  Wayne.  A  third  study  was  led 
by  Dr.  Ronald  F.  Turco,  Department  of  Agrono- 
my at  Purdue,  to  understand  better  the  fate  of 
xenobiotic  chemicals  in  groundwater  and  how  the 
resident  microbial  population  utilizes  dissolved  or- 
ganic matter.  Dr.  Jeff  R.  Wright,  School  of  Civil 
Engineering  at  Purdue,  investigated  using  the  tech- 
nology of  geographic  information  systems  as  a  tool 
to  enhance  the  ability  to  store,  organize,  and  ma- 
nipulate spatial  water  resources  data.  The  technol- 
ogy transfer  program  involved  meetings  with  vari- 
ous state,  national,  and  private  entities,  as  well  as 
invited  presentations  to  various  groups.  (USGS) 
W91-04881 


FISCAL  YEAR  1989  PROGRAM  REPORT 
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Maine   Univ.    at   Orono.    Environmental    Studies 

Center. 

G  K.  White. 


Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-274051/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
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G1566. 
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'Phosphorus  Availability  from  Woodash'  com- 
pared P  availability  from  fertilizer  relative  to  woo- 
dash as  a  source.  Results  indicate  that  the  standard 
Maine  soil  testing  extractant  may  not  sensitively 
assess  plant  availability  of  P  in  woodash-amended 
soils.  'Preliminary  Evaluation  of  Natural  Control- 
ling Factors  for  the  Sensitivity  of  Maine  Lakes  to 
Phosphorus  Loading'  has  begun  assembling  exist- 
ing data  to  determine  whether  causal  factors  can 
be  identified  which  allow  prediction  of  vulnerable 
lakes  prior  to  the  onset  of  eutrophication.  Prelimi- 
nary results  from  'The  Efficiency  of  Constructed 
Wetland-Pond  Systems  in  Reducing  Sediment  and 
Nutrient  Discharges  from  Agricultural  Water- 
sheds' suggest  that  wetland-pond  systems  designed 
to  reduce  sediment  and  nutrient  runoff  from  agri- 
cultural land  are  very  effective.  Ninety  percent  or 
more  of  the  incoming  phosphorus  and  suspended 
solid  mass  were  retained  by  the  system  during  two 
storm  events.  'Impacts  of  Landspreading  Wastes 
on  Vadose  Water  Quality'  has  evaluated  prelimi- 
nary data  from  plots  spread  with  papermill  sludge. 
Initial  results  suggest  reason  for  concern  that  the 
sludge  may  contribute  to  the  deterioration  of  sub- 
surface water  quality.  'Organizing  Information  for 
Improved  Groundwater  Management'  reports 
progress  on  procedures  and  computer  algorithms 
to  geocode  wells  and  underground  storage  tanks 
using  community  tax  base  maps  and  Census  Bureau 
TIGER  files.  During  the  second  year  of  this 
project  the  generated  spatial  references  will  be 
evaluated  relative  to  coordinates  precisely  deter- 
mined by  Global  Positioning  Systems.  'Information 
Transfer  in  Water  Resources  Management'  empha- 
sized public  policy  education  through  publications, 
conferences,  exhibits  and  direct  outreach  pro- 
grams. (White-Univ.  ME,  Environmental  Studies 
Center) 
W91-04887 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(DELAWARE  WATER  RESOURCES  CENTER). 

Delaware     Univ.,     Newark.     Water     Resources 
Center. 
R.  D.  Varrin. 

Available  from  National  Technical  Information 
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The  fiscal  year  1989  Delaware  Water  Research 
Institute  Program  focused  on  three  critical  water 
problems  of  the  state  and  region:  (1)  contamination 
of  groundwater;  (2)  water  resources  planning  and 
management;  and  (3)  sedimentation.  Four  projects 
developed  information  needed  by  water  planners, 
managers,  and  users  for  the  protection  and  mainte- 
nance of  Delaware's  groundwater  supply.  Included 
are  studies  of  herbicide  leaching,  landfill  leachate 
chemistry,  runoff  in  groundwater  recharge  and 
landfill  leaching,  and  electrochemical  treatment  of 
contaminated  aquifers.  A  fifth  project  developed  a 
computer  program  for  regional  groundwater  mod- 
eling. The  final  project  measured  the  rates  of  ero- 
sion, deposition,  and  cycling  of  zinc-contaminated 
sediments  in  a  Delaware  creek.  (USGS) 
W9 1-04888 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(NORTH  CAROLINA  WATER  RESOURCES 
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North  Carolina  Water  Resources  Research  Inst., 

Raleigh. 

D.  H.  Morean. 
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The  North  Carolina  Water  Resources  Research 
Institute  research  program  for  Fiscal  Year  89  fo- 
cused on  three  broad  areas  of  concern:  urban  water 
management,  surface  waters,  and  groundwater. 
The  Institute  program  also  emphasized  technology 
transfer  in  the  form  of  publications,  conferences, 
and  workshops.  Support  from  the  U.S.  Geological 
Survey  through  the  Water  Resources  Institute  Pro- 
gram was  supplemented  by  the  Urban  Water  Con- 
sortium, contracts  with  New  Hanover  County,  the 
Solid  Waste  Section  of  the  North  Carolina  Depart- 
ment of  Human  Resources,  various  divisions  of  the 
NC  Department  of  Environment,  Health,  and  Nat- 
ural Resources,  the  US  Department  of  Agricul- 
ture's Soil  Conservation  Service,  and  the  US  Envi- 
ronmental Protection  Agency.  A  total  of  22  re- 
search projects  was  funded  with  these  combined 
resources.  Five  WRIP  research  projects  were  sup- 
ported in  FY  89.  One  examined  how  the  dispersion 
of  agricultural  runoff  over  vegetative  filter  strips 
might  enhance  their  effectiveness.  A  second  exam- 
ined sediment-water  phosphate  exchange  in  the 
Neuse  River,  NC.  A  third  investigated  the  uranium 
disequilibrium  in  groundwater  of  northeastern 
North  Carolina.  The  fourth  assessed  the  treatabil- 
ity of  water  from  Jordan  Lake  for  drinking  water 
purposes.  The  last  examined  the  implications  of 
disposal  requirements  of  granular  activated  carbon 
for  its  use  in  removing  radon  in  drinking  water. 
The  technology  transfer  program  for  the  Institute 
focused  on  disseminating  the  results  of  the  Insti- 
tute's research  program;  on  gathering  and  dissemi- 
nating information  on  emerging  water  issues,  law, 
regulations,  and  problems;  and  on  transferring  reg- 
ulatory and  technical  information  to  facilitate 
changes  in  North  Carolina's  water  quality.  (Lam- 
bert-UNC,  WRRI) 
W9 1-04889 
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SOURI WATER  RESOURCES  RESEARCH 
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Missouri  Water  Resources  Research  Center,  Co- 
lumbia. 

T.  E.  Clevenger. 
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The  Missouri  Water  Resources  Research  Center's 
goals  are:  (1)  to  establish  research  programs  that 
will  assist  in  the  study  of  Missouri's  water  prob- 
lems; (2)  to  provide  an  educational  program  that 
offers  graduate  students  with  an  interest  in  water 
or  related  fields,  the  opportunity  to  continue  their 
education  in  these  areas;  and  (3)  to  be  actively 
dedicated  to  the  dissemination  of  information 
through  all  aspects  of  the  media  in  reaching  the 
researcher,  users  and  citizens  of  Missouri  with 
informative  water  related  news  and  research  ideas 
on  the  future  of  Missouri's  water.  Areas  of  re- 
search covered  under  this  grant  include:  (1)  The 
Effect  of  River-Aquifer  Interactions  on  Contami- 
nant Transport  Processes  in  the  Missouri  River 
Alluvial  Aquifer;  (2)  Development  of  New  Meth- 
odology for  the  Assessment  of  Water  Treatment 
Plant  Performance  with  Respect  to  the  Removal 
of  Cyst-Size  Particles;  (3)  Transport  of  Pesticides 
Through  Profiles  of  Swelling-Shrinking  Soils;  and 
(4)  Characterization  of  the  Algal  Component  of 
Groundwater  Microflora  and  Organic  Compounds 
Supporting  Their  Growth.  (Clevenger-Univ.  Mis- 
souri-Columbia) 
W9 1-04890 
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Clemson  Univ.,  SC.  Water  Resources  Research 
Inst. 

P.  B.  Zielinski,  and  E.  J.  Hayter. 
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This  report  describes  the  accomplishments  of  the 
South  Carolina  Water  Resources  Research  Insti- 
tute during  the  1989  program  year.  (1)  The  fate  of 
spills  of  volatile  liquids  in  downward  transport 
through  the  ground  versus  volatilization  is  being 
studied  for  a  second  year  by  Thomas  Overcamp  of 
the  Department  of  Environmental  Systems  Engi- 
neering, Clemson  University;  (2)  The  second  year 
of  a  project  to  predict  the  fate  of  PCB's  in  Lake 
Hartwell,  South  Carolina,  and  the  effects  of  pro- 
posed remedial  actions  was  conducted  by  Alan 
Elzerman  and  Kevin  Farley,  both  of  the  Depart- 
ment of  Environmental  Systems  Engineering, 
Clemson  University;  (3)  The  complex  nature  of 
multiphase  transport  behavior  of  flow  of  hydrocar- 
bons in  porous  media  was  studied  for  a  second  year 
by  Kevin  J.  Farley;  (4)  The  first  year  of  a  study  to 
evaluate  groundwater  as  a  source  of  elevated 
levels  of  indoor  radon  in  South  Carolina  was  con- 
ducted by  Robert  Fjeld  of  the  Department  of 
Environmental  Systems  Engineering,  Clemson 
University;  (5)  The  first  year  of  a  project  to  predict 
groundwater  recharge  in  the  piedmont  of  South 
Carolina  was  conducted  by  James  Ligon  of  the 
Department  of  Agricultural  Engineering,  Clemson 
University;  and  (6)  The  first  year  of  a  study  of  the 
effect  of  Trichorfon  on  the  immune  response  of 
catfish  was  conducted  by  Steven  Hayasaka  and 
Thomas  Schwedler.  (Hayter-Clemson  U.,  WRRI) 
W9 1-04891 
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(RHODE  ISLAND  WATER  RESOURCES 
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Rhode  Island  Univ.,  Kingston.  Water  Resources 
Center. 
C.  P.  C.  Poon. 
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The  State  of  Rhode  Island  is  active  in  water  re- 
sources planning,  development  and  management 
activities  which  include  legislation,  upgrading  of 
wastewater  treatment  facilities,  upgrading  and  im- 
plementing pretreatment  programs,  protecting  wa- 
tersheds and  aquifers  throughout  the  State.  Cur- 
rent and  anticipated  state  water  problems  are  the 
lack  of  the  understanding  of  the  potential  of  pric- 
ing as  a  means  of  demand  management,  high  rate 
of  land  development  in  the  state  leading  to  deterio- 
rating surface  and  groundwater  quality,  impact  of 
nitrate  pollution  on  turf  farms  from  organic  com- 
posts, and  heavy  metal  as  well  as  cyanide  contami- 
nation from  industrial  wastewater  discharges. 
These  problems  were  addressed  in  projects  in  the 
FY- 1989  program  including:  (1)  Water  Pricing 
Structure  in  Water  Policy;  (2)  Lakes/Ponds  Water 
Quality;  (3)  Scituate  Reservoir  Water  Quality  As- 
sessment; (4)  The  Use  of  Organic  Composts  in 
Turf  Farms  and  the  Impact  on  Groundwater  Qual- 
ity; and  (5)  Treatment  of  Heavy  Metals  and  Cya- 
nide from  Industrial  Wastewater.  This  Center 
works  closely  with  the  R.I.  Department  of  Envi- 
ronmental Management,  USEPA  Region  1  Office, 
other  New  England  Water  Resources  Centers,  R.I. 
cities  and  towns,  citizen  groups,  Providence  Water 
Supply  Board  in  program  planning,  research  co- 
ordination and  program  implementation.  (Poon-RI 
Univ.,  WRC) 


W9 1-04892 
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(MICHIGAN  INSTITUTE  OF  WATER  RE- 
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Michigan  State  Univ.,  East  Lansing.  Inst,  of  Water 
Research. 
J.  F.  Bartholic. 
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The  major  thrust  of  the  Michigan  Institute  of 
Water  Research  during  the  1989  program  year 
continued  to  involve  activities  related  to  its  re- 
search programs,  statewide  water  resources  plan- 
ning activities,  use  of  geographic  information  sys- 
tems and  the  technology  transfer  program.  Water 
management  planning  along  with  surface  and 
groundwater  contamination  problems  are  still  the 
top  priority  issues  in  the  state  at  the  present  time. 
Research  projects  funded  by  the  Institute  of  Water 
Research  to  address  these  problems  and  issues  in- 
cluded: (1)  surface/subsurface  flow  equations  inter- 
actions to  identify  sources  of  groundwater  con- 
tamination; (2)  the  hydrogeological  and  hydrogeo- 
chemical  characterization  and  implication  for  con- 
sumptive use  of  a  glacial  drift  aquifer  system  in 
southwest  Michigan;  (3)  potential  nitrogen  con- 
tamination of  groundwater  as  affected  by  soil, 
water,  and  land  use  relationships;  (4)  water  re- 
source management  system  for  expanded  irrigation 
in  the  Saginaw  Valley;  and  (5)  the  development 
and  implementation  of  the  Institute  of  Water  Re- 
search technology  transfer  program  through  publi- 
cation and  dissemination  of  research  results,  distri- 
bution of  a  water  related  newsletter  and  informa- 
tion materials,  responses  to  requests  for  informa- 
tion, coordination  of  conferences  and  publication 
of  conference  proceedings,  and  the  development  of 
educational  audio-visual  programs  (22).  (USGS) 
W9 1-04893 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(MARYLAND  WATER  RESOURCES  RE- 
SEARCH CENTER). 

Maryland  Univ.,  College  Park.  Water  Resources 
Research  Center. 
G.  E.  Gordon. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-273988/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G 1567-02,  July  1990.  24p,  3 
fig,  7  ref.  USGS  Contract  No.  14-O8-OO01-G1567. 
USGS  Project  No.  G 1567-02. 

Descriptors:  'Information  transfer,  'Maryland, 
•Research,  'Training,  'Water  resources  Institutes, 
Education,  Projects. 

In  response  to  the  priorities  and  goals  for  1989  of 
the  Maryland  Water  Resources  Research  Center, 
four  research  projects  and  two  information  transfer 
projects  were  supported.  The  projects  dealt  with 
nitrogen  fluxes  and  utilization  in  a  subestuary  of 
Chesapeake  Bay,  the  use  of  molybdenum  in  sedi- 
ments to  determine  the  history  of  anoxia  in  Chesa- 
peake Bay,  toxic  metal  biomagnification  in  surface 
films  in  the  Bay,  and  the  recovery  of  submerged 
aquatic  vegetation  in  the  Bay.  Submerged  aquatic 
vegetation  in  some  areas  of  the  Bay  has  recovered 
substantially  in  recent  years,  but  possibly  because 
1985-1988  were  drought  years.  In  field  mesocosm 
experiments,  increased  loading  of  N  and  P  both 
resulted  in  significant  increases  of  total  biomass  of 
epiphytic  algae.  However,  field  studies  showed 
that  submerged  aquatic  vegetation  growth  was  re- 
duced in  1989  because  light  penetration  was  al- 
ready poor  by  early  July  due  to  much  greater 
water  flow.  In  the  dry  years  of  1987-88,  nitrogen 
fluxes  were  high  in  Spring  in  the  Choptank  River. 
In  the  dry  years  of  1987-88,  nitrogen  fluxes  were 
high   in   Spring    1989,   fluxes  started   higher  and 
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remained  higher  throughout  the  season.  Cores  W9 1-04896 
from  one  site  on  the  western  shore  of  Chesapeake 
Bay  and  one  site  on  the  Eastern  Shore  yield  pre- 
liminary indications  that  the  sediments  at  those 
locations  have  been  fairly  anoxic  since  about  1750. 
Tributyl  tin  (TBT)  and  heavy  metals  are  concen- 
trated in  most,  but  not  all,  biofilms  studied.  TBT  is 
particularly  toxic  to  oyster  larvae.  Very  low  suble- 
thal levels  are  rapidly  concentrated  to  lethal  levels 
in  biofilms.  (USGS) 
W9 1-04894 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(KANSAS  WATER  RESOURCES  RESEARCH 
INSTITUTE). 

Kansas  Water  Resources  Research  Inst.,  Manhat- 
tan. 

H.  S.  Jacobs. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-273699/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G1563-01,  May  1990.  19p. 
USGS  Contract  No.  14-O8-OO01-G1563. 

Descriptors:  'Information  transfer,  'Kansas,  'Re- 
search, 'Training,  'Water  resources  Institutes, 
Education,  Projects. 

The  FY  1989  KWRRI  research  program  addressed 
two  priority  research  concerns  in  Kansas  and  in- 
cludes a  total  of  five  projects-four  in  water  quality 
and  one  in  stream-aquifer  interaction.  Three 
projects  in  water  quality  were  concerned  with  the 
impact  of  constituents  in  water  and  included: 
Leaching  of  Atrazine  and  Nitrate  through  Soil  into 
Groundwater;  Microbial  Contamination  of  Surface 
and  Groundwaters  Adjacent  to  Agricultural  En- 
terprises in  Kansas;  and  Denitrification  of  the 
Vadose  Zone:  A  Mechanism  for  Nitrate  Removal. 
A  fourth  research  project  in  water  quality  was 
directed  at  hydrogeologic  characterization  of  haz- 
ardous waste  sites.  This  research  focused  on  pre- 
dictions of  subsurface  movement  of  contaminants 
in  water  flow.  The  study,  Stream  Floodwave 
Propagation  Through  the  Great  Bend  Alluvial  Aq- 
uifer, demonstrated  that  water  level  fluctuations  in 
wells  located  along  paleochannels  is  correlated 
with  streamflow  levels  and  is  a  significant  recharge 
mechanisms.  A  total  of  6  undergraduate,  9  Masters, 
and  3  Ph.  D.  degree  candidates  participated  in  the 
1989  program.  (Jacobs-KS  St  Univ,  KWWRI) 
W9 1-04895 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(VERMONT  WATER  RESOURCES  RESEARCH 
CENTER). 

Vermont  Water  Resources  Research  Center,  Bur- 
lington. 

A.  W.  Mcintosh. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-273681/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G1594-01,  July  1990.  25p. 
USGS  Contract  No.  14-08-0001-G1594. 

Descriptors:  'Information  transfer,  'Research, 
•Training,  'Vermont,  'Water  resources  Institutes, 
Education,  Projects. 

Research  scientists  participating  in  the  FY  89  Ver- 
mont Water  Resources  Research  Center  program 
investigated  various  issues  related  to  the  quality  of 
Vermont's  surface  and  groundwaters.  Two 
projects  focused  on  stream  quality,  with  one  inves- 
tigating the  interactions  between  phosphorus  and 
stream  algal  communities  and  the  other  assessing 
the  effects  of  iron  bacteria  on  the  ecology  of  a 
small  stream.  A  third  project  identified  the  effects 
of  drawdown,  a  method  for  controlling  aquatic 
plant  growth,  on  a  Vermont  lake.  The  toxicity  of 
aluminum  to  plant  roots  was  considered  in  a  fourth 
study,  while  the  final  research  project  assessed  the 
microbial  quality  of  Vermont's  groundwater.  Ef- 
forts at  information  transfer  included  the  publica- 
tion of  a  newsletter,  the  organization  of  a  two-day 
symposium  on  Lake  Champlain,  the  initiation  of  a 
research  consortium  designed  to  focus  on  Lake 
Champlain  issues,  and  the  organization  of  a  Lake 
Champlain  Summer  Institute  designed  to  offer 
courses  to  a  wide  range  of  user  groups.  (Mclntosh- 
Univ.  VT) 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(NEW  YORK  STATE  WATER  RESOURCES  IN- 
STITUTE). 

New  York  State  Water  Resources  Research  Inst., 
Ithaca. 
K.  S.  Porter. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-273673/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G 1579-02,  July  1990.  16p. 
USGS  Contract  No.  14-O8-O001-G1579. 

Descriptors:  'Information  transfer,  'New  York, 
'Research,  'Training,  'Water  resources  Institutes, 
Education,  Projects. 

Like  many  other  States,  New  York  continues  to 
struggle  with  problems  of  groundwater  contamina- 
tion, particularly  from  nonpoint  contaminant 
sources.  An  increasing  array  of  human  activities 
now  falls  under  legal  rules  designed  to  protect 
groundwater  quality,  such  as  petroleum  and  haz- 
ardous material  storage  regulations.  However, 
since  groundwater  is  affected  by  most  human  ac- 
tivities on  the  land,  many  possibly-significant  con- 
taminant sources  remain  uncontrolled  and  ground- 
water protection  remains  uncertain.  The  federally- 
funded  portion  of  New  York's  FY89  program  con- 
sisted primarily  of  four  projects  which  considered 
three  groundwater  contaminant  sources.  One 
project  concentrated  on  impacts  of  septic  systems 
on  rural  groundwater  quality,  emphasizing  ground- 
water tapped  by  private  wells.  Two  concentrated 
on  the  impact  of  pesticides  on  groundwater,  one  on 
site-scale  assessment  methods  for  turfgrass  systems 
and  the  other  on  regional-scale  assessments  utiliz- 
ing a  geographic  information  system.  The  fourth 
project  focused  on  the  mechanical  performance  of 
geosynthetic  materials  used  increasingly  for  in- 
ground  containment  of  hazardous  materials.  (Pa- 
cenka-Cornell  Univ.  Ithaca,  NY) 
W9 1-04897 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(KENTUCKY  WATER  RESOURCES  RE- 
SEARCH INSTITUTE). 

Kentucky  Water  Resources  Research  Inst.,  Lex- 
ington. 

B.  J.  Barfield,  and  R.  R.  Huffsey. 
Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-104315/ 
AS.  Price  codes:  A03  in  paper  copy,  A03  in  micro- 
fiche. Program  Report  G 1564-01,  July  1990.  21p, 
21  ref.  USGS  Contract  No.  1 4-08-000 1-G 1564. 
USGS  Project  No.  G 1564-01. 

Descriptors:  'Information  transfer,  'Kentucky, 
'Research,  'Training,  'Water  resources  Institutes, 
Education,  Projects. 

The  Annual  Report  of  the  Kentucky  Water  Re- 
sources Research  Institute  for  Fiscal  Year  1989, 
describes  the  problems  and  issues  facing  the  Com- 
monwealth of  Kentucky.  The  program  goals  and 
priorities  describe  the  areas  of  water  resources 
research  the  Institute  addressed  in  1989.  A  synopsis 
of  each  of  the  four  research  projects  funded  is 
included.  The  four  projects  are  as  follows:  Project 
02,  'Metal  Speciation  and  Immobilization  Reac- 
tions Affecting  the  True  Efficiency  of  Artificial 
Wetlands  to  Treat  Acid  Mine  Drainage',  is  a  study 
of  the  ability  of  various  organic  substances  found 
in  wetland  areas  to  reduce  acidity  and  levels  of 
aluminum  and  iron.  Project  03,  'Effects  of  Aromat- 
ic Concentrations  on  Methane  Fermentation',  eval- 
uated the  kinetics  of  biodegradation  and  inhibition 
of  aromatic  compounds  under  anaerobic  condi- 
tions. Project  04,  'Modeling  Mass  Transport  in 
Aquifers:  The  Distributed  Source  Problem',  is  de- 
veloping a  new  methodology  which  will  allow 
groundwater  modeling  to  be  represented  mathe- 
matically and  solve  the  distributed  source  problem. 
Project  05,  'Interrelationships  Between  Carbonate 
Aquifer  Shallow  Conduit  Flow  and  Pollution 
From  Surface  Activities',is  documenting,  for  the 
first  time,  surface-groundwater  interactions  in  karst 
terrains.  The  Institute's  technology  transfer  activi- 
ties for  1989  are  included  along  with  the  coopera- 
tive arrangements  that  exist  between  the  Institute 


and  participating  universities.  Training  accomplish- 
ments for  FY  1989  research  projects  are  given  in 
terms  of  category  and  academic  level.  (Huffsey- 
Univ.  KY,  WRRI) 
W9 1-04898 


FISCAL  YEAR  1989  PROGRAM  REPORT  (VIR- 
GFNIA  WATER  RESOURCES  RESEARCH 
CENTER). 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Water  Resources  Research  Center. 
W.  R.  Walker. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB91-104356/ 
AS.  Price  codes:  A04  in  paper  copy,  A04  in  micro- 
fiche. Program  Report  G1596-01,  August  1990. 
47p,  3  tab,  3  append.  USGS  Contract  No.  14-08- 
0001-G1596.  USGS  Project  No.  G1596-01. 

Descriptors:  'Information  transfer,  'Research, 
•Training,  'Virginia,  'Water  resources  Institutes, 
Education,  Projects. 

The  Virginia  Water  Resources  Research  Center's 
1987-1992  Five-Year  Plan  has  focused  on  four 
major  water  resource  issues  confronting  Virginia: 
(1)  water  resources  planning;  (2)  land  use  effects 
on  water  resources;  (3)  land  application  of  sewage 
sludge;  and  (4)  water-related  health  concerns. 
During  the  1989  federal  fiscal  year,  the  Center 
sponsored  eight  research  projects  and  18  students 
(11  graduate  and  7  undergraduate).  The  research 
projects  emphasized  three  of  the  major  water  re- 
sources issues  described  in  the  five-year  plan:  a 
comprehensive  assessment  of  the  effectiveness  and 
impacts  of  agricultural  BMPs  applicable  to  Virgin- 
ia; computer  modeling  of  the  effects  of  agricultural 
practices  on  groundwater  and  surface  water,  in- 
cluding the  Chesapeake  Bay;  the  economic  impacts 
and  managerial  implications  for  Virginia's  water 
supply  industry  of  the  1986  amendments  to  the 
Safe  Drinking  Water  Act;  the  potential  of  natural 
soil  microbes  to  degrade  pollutants  in  the  soil; 
enhancing  denitrification  in  on-site  wastewater  dis- 
posal systems;  determining  the  kinetics  of  herbicide 
biodegradation  in  wetland  soils;  assessing  the  in- 
stream  flows  necessary  to  maintain  Virginia's 
aquatic  resources;  and  recognizing  the  value  of 
Virginia's  nontidal  wetlands.  During  the  past  two 
years,  two  conferences  have  been  sponsored  or 
cosponsored  by  the  Center-the  '1990  Virginia 
Water  Resources  Forum'  (with  the  Virginia  Lakes 
Association),  'Ground  Water  in  the  Piedmont  of 
the  Eastern  United  States'  (with  eight  cosponsors)- 
and  preparations  for  the  third  annual  national  pesti- 
cide conference  'Pesticides  in  the  Next  Decade: 
The  Challenges  Ahead'  (with  17  cosponsors)  are 
underway.  Proceedings  for  the  1989  conference 
'Pesticides  in  Terrestrial  and  Aquatic  Environ- 
ments' and  two  research  bulletins  were  published. 
More  than  24,000  publications  were  distributed  by 
the  Center  during  the  year.  In  addition  to  the 
monthly  newsletter  Water  News  sent  to  10,000 
individuals  and  the  bulletins  and  proceedings,  the 
Center  staff  completed  publications  on  solid  waste, 
recycling,  and  the  Water  Institute's  and  U.S.  Geo- 
logical Survey's  program  on  groundwater  re- 
search. (Weigmann-VI  Tech) 
W9 1-04899 


FISCAL  YEAR  1989  PROGRAM  REPORT 
(WEST  VIRGINIA  WATER  RESOURCES  RE- 
SEARCH INSTITUTE). 

West   Virginia   Univ.,   Morgantown.    Water   Re- 
search Inst. 
C.  R.  Jenkins. 

Available  from  National  Technical  Information 
Service,  Springfield,  VA  22161  as  PB90-274150/ 
AS.  Price  codes:  A03  in  paper  copy,  A01  in  micro- 
fiche. Program  Report  G1598-01,  June  1990.  38p. 
USGS  Contract  No.  14-08-0001-G1598. 

Descriptors:  'Information  transfer,  'Research, 
'Training,  'Water  resources  Institutes,  'West  Vir- 
ginia, Education,  Projects. 

The  West  Virginia  Water  Resources  Research  In- 
stitute Program  was  planned  in  collaboration  with 
regional  interests.  Eight  research  projects  support- 
ed 35  students.  Gray  is  developing  a  computer 
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aided  procedure  for  designing  emergency  spill- 
ways of  dams  located  in  confining  terrain.  Bisson- 
ette  investigated  techniques  to  enhance  detection 
of  coliforms  in  untreated  groundwater  supplies. 
Various  media  and  environmental  conditions  were 
applied  to  microorganisms  captured  on  .45  mi- 
crometer and  .22  micrometer  filters.  Singh  and 
Keefer  monitored  groundwater  and  surface  water 
from  mineland  reclaimed  using  fly  ash.  Heavy 
metals  and  other  cations  were  measured  and  com- 
pared with  water  from  unvegetated  mine  spoils. 
Hunter  and  Waterman  conducted  a  public  opinion 
survey  of  residents  of  West  Virginia  and  Ohio  to 
determine  level  of  knowledge  and  level  of  concern 
for  water  problems.  Major  differences  were  detect- 
ed. Wimmer  developed  a  new  method  for  pesticide 
analysis  using  a  CG  Mass  Spectrophotometer.  The 
project  has  led  to  at  least  two  new  research 
projects.  Bowders  and  Sencindiver  found  that 
phosphatic  clays  applied  to  mine  refuse  reduces 
acid  mine  drainage  problems.  Seepage  can  be  re- 
duced 97%,  and  heavy  metal  and  acidity  concen- 
trations to  95%  to  99%.  Skousen  organized  the 
annual  American  Society  of  Surface  Mining  and 
Reclamation  Conference  in  Charleston,  West  Vir- 
ginia. Over  700  attendees  participated  in  125  pres- 
entations. The  Conference  Proceedings  were  pub- 
lished. Eli  and  Dean  are  attempting  to  develop  a 
more  cost  effective  method  of  predicting  stream- 
flow  response  of  first  order  and  larger  streams. 
The  goal  is  to  provide  low  flow  frequency  data 
and  the  expected  flood  response  of  a  given  un- 
gated watershed  within  the  context  of  a  geograph- 
ic information  system.  (Jenkins-WV  Univ,  WRI) 
W9 1-04900 


10.  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


10A.  Acquisition 
And  Processing 


COORDINATION  OF  FEDERAL  WATER-USE- 
DATA  COLLECTION  AND  DISSEMINATION. 

Geological  Survey,  Reston,  VA. 

For   primary   bibliographic   entry   see   Field   6D. 

W91-04163 


WATER-USE     DATA     AND     INFORMATION 
TRANSFER. 

Arizona     Water     Resources     Research     Center, 

Tucson. 

For   primary   bibliographic   entry   see   Field   6D. 

W91-04175 


IOC.  Secondary  Publication 
And  Distribution 


SOIL  SALINnT:  IRRIGATION  PRACTICES 
AND  EFFECTS  ON  CROPS  AND  GROUND 
WATER  (JAN  77-JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  3C. 
W9 1-04649 


HEAVY  METALS  IN  DRINKING  WATER: 
STANDARDS,  SOURCES,  AND  EFFECTS  (JAN 
70--JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04650 


WATER  QUALITY  STANDARDS  (JAN  70-MAY 
89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04651 


STORAGE  TANK  MONITORING  (EXCLUDES 
RADIOACTIVE  WASTE  STORAGE  TANKS) 
(JAN  76--JUL  89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04652 


WASTEWATER  TREATMENT:  DYE  AND  PIG- 
MENT INDUSTRY  (JAN  77-JUL  89). 
National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field   5D. 
W91-04653 


CONTINUOUS  AND  PASSIVE  ENVIRONMEN- 
TAL RADON  MONITORING:  MEASURING 
METHODS  AND  HEALTH  EFFECTS  (JAN  75- 
JUL89). 

National  Technical  Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04654 


HUMIC  ACIDS:  CHARACTERIZATION  AND 
INTERACTIONS        IN        NATURAL        AND 
WASTEWATER  SYSTEMS  (JAN  78-JUL  89). 
National  Technical   Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-0465  5 


BIODEGRADATION    OF    PESTICIDES    (DEC 
85-MAY  90). 

National  Technical   Information  Service,  Spring- 
field, VA. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04657 


BIOFILMS  AND  BIOFILM  REACTORS  (APR 
79-MAR  90). 

National  Technical   Information  Service,  Spring- 
field, VA. 

For   primary   bibliographic   entry   see   Field   5D. 
W9 1-04658 


BIODEGRADATION    OF    PESTICIDES    AND 
HERBICIDES  (MAR  78-MAR  90). 

National  Technical  Information  Service,   Spring- 
field, VA. 

For   primary   bibliographic   entry   see   Field   5D. 
W9 1-04659 


10D.  Specialized  Information 
Center  Services 


AGGREGATED  WATER-USE  DATA  SYSTEM. 

Geological    Survey,    Doraville,   GA.    Water   Re- 
sources Div. 

For   primary   bibliographic   entry   see   Field   6D. 
W91-04181 


DBASE  III  PLUS,  YET  ANOTHER  DATA  BASE 
FOR  WATER-USE  DATA. 

Idaho  Dept.  of  Water  Resources,  Boise. 

For  primary  bibliographic   entry  see  Field  6D. 

W91-04182 


U.S.  GEOLOGICAL  SURVEY'S  NEW  SITE-SPE- 
CIFIC WATER-USE  DATA  SYSTEM  (NEWS- 
WUDS). 

Geological  Survey,  Little  Rock,  AR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  6D. 
W91-04183 


GREAT  LAKES  REGIONAL  WATER-USE 
DATA  BASE--A  WATER-RESOURCES  MAN- 
AGEMENT TOOL. 

Geological  Survey,  Albany,  NY.  Water  Resources 

Div. 

For   primary   bibliographic   entry   see   Field   6D. 

W9 1-04204 

10F.  Preparation  Of  Reviews 


I 


BETTER  WATER  QUALITY  INDEXING 
SYSTEM  FOR  RIVERS  AND  STREAMS. 

Department  of  Scientific  and  Industrial  Research, 
Hamilton  (New  Zealand).  Water  Quality  Centre. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-04078 


ACTIVATED     SLUDGE     PROCESS:     WASTE 
TREATMENT  (JAN  85-JUL  89). 
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W91-04410  2H 

Seasonal  Changes  in  the  Chemical  Composition 
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CETACEANS 

Comparison  of  Organochlorine  Residue  Levels 
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Dibenzo-p-dioxins  in   Bream   (Abramis  brama) 
From  the  River  Elbe. 
W9 1-04250  5B 

Organic  Halogen  Group  Parameters  in  Ground 

Water  Investigation,  Part  III. 

W91-04252  5A 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W91-04253  5B 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W9 1-04579  5G 


Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Parahydroxy- 
benzoate and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W9 1-04728  5B 

Biological  Transformations  of  1,1,1-Trichlor- 
oethane  in  Subsurface  Soils  and  Ground  Water. 
W9 1-04743  5B 

Dietary   Accumulation   and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7,8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

Costs  of  Groundwater   Contamination   to   the 

Southington  Water  Works  Department. 

W9 1-04845  5  A 

CHLORINATION 

Resin     Concentration     of    By-Products     from 
Chlorination  of  Aquatic  Humic  Substances. 
W91-04046  5F 

Bromate  Production  in  Chlorinated  Waters:  Re- 
action of  Monochloramine  and  Hypobromite. 
W9 1-04085  2K 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W91-04378  5F 

Design  of  a  Chlorination/Dechlorination   and 

Post-Aeration  Facility. 

W9 1-048 15  5D 

CHLORINE 

Concerns  with  Using  Chlorine-Dioxide  Disinfec- 
tion in  the  USA. 
W91-04756  5F 

CHLOROACETONES 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-O4150  5B 

CHLOROPHYLL 

Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W9 1-03946  7B 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W9 1-03947  7B 

Quantitative   Remote   Detection   of  Suspended 
Sediment  Content  and  Chlorophyll  Concentra- 
tion of  Water  in  Different  Depths. 
W9 1-03949  7B 

Optical  Properties  of  Seawater  Bodies:  Measure- 
ments with  an  Underwater  Radiometer  and  a 
High-Resolution  Spectroradiometer. 
W91-03950  7B 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W9 1-03952  7B 

Seasonal  Changes  of  Water  Temperature  and 
Chlorophyll  Concentration  in  Lake  O-ike. 
W91-04534  2H 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W9 1-04633  2L 

CHLOROPHYTA 

Productivity  and  Nutrient  Relationships  in 
Psammophytic     Versus     Epilithic     Forms     of 


SU-16 


SUBJECT  INDEX 


COAL  MINING  EFFECTS 


Bryopsidales  (Chlorophyta):  Comparisons  Based 
on  a  Short-term  Physiological  Assay. 
W91-04419  2L 

Toxicity  of  Inorganic  Selenium  to  the  Green 

Alga  Selenastrum  Capricornutum  Printz. 

W9 1-04448  5C 

CHLORPYRIFOS 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-O4021  5C 

CHROMATOGRAPHY 

Application    of  a   Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W9 1-04284  5  A 

CHROMIUM 

Effects  of  pH  and  Oxidation  State  of  Chromium 
on  the  Behavior  of  Chromium  in  the  Activated 
Sludge  Process. 
W9 1-04045  5D 

Acidity  as  a  Factor  in  Leaching  of  Copper, 
Chromium  and  Arsenic  from  CCA  Treated  Di- 
mension Lumber. 
W9 1-04625  5B 

CHRONIC  TOXICITY 

Influence  of  Water  Composition  on  the  Chronic 

Toxicity    of    3,4-Dichloroaniline    to    Daphnia 

magna. 

W9 1-04048  5C 

Status  of  the  Spoonhead  Sculpin,  Cottus  ricei,  in 

Canada. 

W9 1-04089  5C 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

CHRYSOPHYTA 

Impact   of   Volatile    Aromatic    Hydrocarbons, 
Alone  and  in  Combination,  on  Growth  of  the 
Freshwater  Alga  Selenastrum  capricornutum. 
W91-04734  5C 

Taste  and  Odor  Episodes  at  Wachusett  Reser- 
voir. 
W91-04840  5F 

CIBOLA  VALLEY 

Estimates  of  Consumptive  Use  and  Ground- 
Water  Return  Flow  and  the  Effect  of  Rising  and 
Sustained  High  River  Stage  on  the  Method  of 
Estimation  in  Cibola  Valley,  Arizona  and  Cali- 
fornia, 1983  and  1984. 
W9 1-04465  4B 

CICHLID 

Threatened  Fishes  of  Barombi  Mbo:  A  Crater 

Lake  in  Cameroon. 

W9 1-04791  81 

CILIATES 

Seasonal  Abundances  of  Planktonic  Ciliates  and 

Microflagellates  in  Mesohaline  Chesapeake  Bay 

Waters. 

W9 1-03982  2L 

CLAMS 

Development  of  an  Estuarine  Sediment  Burrow- 
ing Bioassay  for  Shipboard  Use. 
W91-04017  5A 

Effects  of  Cadmium  in   Freshwater  Clams.   I. 
Interaction  with  Essential  Elements  in  Anodonta 


Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W91-04573  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  III. 
Interaction   with  Energy   Metabolism  in  Ano- 
donta cygnea. 
W9 1-04574  5C 

Nitzschia    pseudodelicatissima:  A    Source    of 

Domoic  Acid  in  the  Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

CLARIFIERS 

Conversion  of  Existing  Primary  Clarifiers  Ac- 
cording to  the  EASC  Process  for  Biological 
Phosphorus  Removal. 
W9 1-04664  5D 

Retrofit  of  Pulsator  Type  Upflow  Clarifiers  with 

Tube  Settlers. 

W9 1-04841  5F 

CLASSIFICATION 

Better    Water    Quality    Indexing    System    for 

Rivers  and  Streams. 

W91-04078  5G 

CLAY  LINERS 

Lessons  Learned  from  Compacted  Clay  Liner. 
W91-04839  5G 

CLAY  MINERALS 

PH  of  Clay  Suspensions  in  the  Field  and  Labora- 
tory, and  Methods  of  Measurement  of  Their  pH. 
W9 1-04269  2K 

CLAYS 

Improved  Prediction  of  Water-Retention  Prop- 
erties of  Clayey  Soils  by  Pedological  Stratifica- 
tion. 
W9 1-03987  2G 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W9 1-04033  5B 

PH  of  Clay  Suspensions  in  the  Field  and  Labora- 
tory, and  Methods  of  Measurement  of  Their  pH. 
W9 1-04269  2K 

CLEANUP 

Adsorption  of  Benzene  from  Aqueous  Solutions 
by  Bentonite  Treated  with  Quaternary  Amines. 
W9 1-04770  5G 


Tamshui  River  Cleanup. 
W91-04818 


5D 


cygnea. 
W9 1-04572 


5C 


CLEANUP  OPERATIONS 

Interceptor  Design  and  Construction  Consider- 
ations as  Part  of  the  Boston  Harbor  Cleanup. 
W9 1-04594  5D 

Superfund     Record     of     Decision:      Perdido 

Groundwater,  AL. 

W9 1-04648  5G 

Passive  Treatment  Technology  Cleans  Up  Colo- 
rado Mining  Waste. 
W91-04813  5G 

CLIMATIC  CHANGES 

Climate    Change    and    Changes    in    California 

Snowmelt-Runoff  Patterns. 

W91-04215  2B 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 

CLIMATOLOGY 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W9 1-03996  2H 


Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W91-04109  2B 

Exploiting    Rainy    Season    Potential    from   the 

Onset  of  Rains  in  the  Sahelian  Zone  of  West 

Africa. 

W9 1-04488  3F 

Improved   Prospects  for  Estimating  Insolation 
for    Calculating    Regional    Evapotranspiration 
from  Remotely  Sensed  Data. 
W9 1-04490  2D 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W9 1-04492  2B 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle-A  GCM  Simula- 
tion Experiment. 
W91-04493  2B 

AQUA,  A  Model  to  Evaluate  Water  Deficits 
and  Excesses  in  Tropical  Cropping:  Part  II.  Re- 
gional Yield  Prediction. 
W9 1-04494  3F 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W91-04495  3F 

Precipitation    and    Temperature    Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

Carbon  Dioxide  and  Water  Level  Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

Inner  Region  Humidity  Characteristics  of  the 
Neutral  Boundary  Layer  Over  Prairie  Terrain. 
W9 1-04922  2D 

Regional  Surface  Fluxes  From  Remotely  Sensed 

Skin  Temperature  and  Lower  Boundary  Layer 

Measurements. 

W9 1-04923  2B 

CLOSTRIDIUM 

Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Parahydroxy- 
benzoate and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W9 1-04728  5B 

CLOUD  LIQUID  WATER 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 

CLYDE  ESTUARY 

Distribution  and  Composition  of  Suspended  Par- 
ticulate Material  in  the  Clyde  Estuary  and  Asso- 
ciated Sea  Lochs. 
W9 1-04460  2L 

COAGULATION 

Pre-Precipitation  Facilitates  Nitrogen  Removal 

Without  Tank  Expansion. 

W9 1-04669  5D 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 

COAL  MINING  EFFECTS 

Star  Fire  Mine  Reclamation  Experience. 

W9 1-04562  4C 


SU-17 


COAL  WASTES 


SUBJECT  INDEX 


COAL  WASTES 

Microbial  Dissolution  and  Stabilization  of  Toxic 

Metals  and  Radionuclides  in  Mixed  Wastes. 

W9 1-04264  5E 

COASTAL  AQUIFERS 

Application  of  Factor  Analysis  to  the  Hydro- 

geochemical  Study  of  a  Coastal  Aquifer. 

W9 1-04397  2F 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W91-O4404  2F 

COASTAL  LAGOONS 

Computer  Simulation  of  Tide-Induced  Residual 

Transport  in  a  Coastal  Lagoon. 

W91-04295  2L 

Flushing  of  a  Coastal  Lagoon  in  the  Red  Sea. 
W91-04417  2L 

COASTAL  WATERS 

Monitoring  Offshore  Water  Quality  from  Space. 
W91-03953  7B 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W91-03955  7B 

Dimethyl  Sulfide  Production  from  Dimethylsul- 
foniopropionate   in   Coastal   Seawater   Samples 
and  Bacterial  Cultures. 
W91-04064  2K 

Health   Effects   of  Beach   Water   Pollution   in 

Hong  Kong. 

W9 1-04454  5C 

Werner  Schnese  and  the  Development  of  Coast- 
al Waters  Ecology  in  Rostock,  GDR. 
W91-04750  2L 

Desorption  Kinetics  and  Mobility  of  Some  Ra- 
dionuclides in  Sediments. 
W91-04776  5B 

COLD  RESISTANCE 

Effect  of  Soil  Water  Content  on  the  Winter 
Survival  of  Winter  Wheat,  Rye  and  Triticale. 
W9 1-04554  2G 

COLTFORMS 

Efficiency  of  Rotating  Biological  Contactor  in 

Removing  Pathogenic  Bacteria  from  Domestic 

Sewage. 

W9 1-04042  5D 

Improved  Membrane  Filtration  Method  Incor- 
porating Catalase  and  Sodium  Pyruvate  for  De- 
tection of  Chlorine-Stressed  Coliform  Bacteria. 
W91-04067  5A 

COLLOCATION 

Parallel  Computing  for  Solute  Transport  Models 
Via  Alternating  Direction  Collocation. 
W91-04826  5B 

COLLOIDS 

Collection  and  Analysis  of  Colloidal  Particles 
Transported  in  the  Mississippi  River,  U.S.A. 
W9 1-04030  5B 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-O4031  5B 

Comparison  of  Photon  Correlation  Spectrosco- 
py  with   Photosedimentation   Analysis   for   the 
Determination  of  Aqueous  Colloid  Size  Distri- 
butions. 
W91-04131  5B 

COLOMBIA 

Rainfall  Interception  in  Two  Tropical  Montane 

Rain  Forests,  Colombia. 

W91-04101  21 


Mechanical  and  Electrical  Equipment  for  Co- 
lombia's Guavio  Project. 
W9 1-04807  8C 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-04811  8A 

COLONIZATION 

Process  of  Colonization  in  Antarctic  Terrestrial 

and  Freshwater  Ecosystems. 

W91-04531  2H 

Algal  Colonization  Under  Four  Experimentally- 
Controlled  Current  Regimes  in  a  High  Mountain 
Stream. 
W91-04715  2E 

Persistence  of  Genetically  Engineered  Erwinia 
carotovora     in     Perturbed     and     Unperturbed 
Aquatic  Microcosms  and  Effect  on  Recovery  of 
Indigenous  Bacteria. 
W91-04723  2H 

COLORADO 

Passive  Treatment  Technology  Cleans  Up  Colo- 
rado Mining  Waste. 
W91-04813  5G 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2J 

COLORADO  RIVER  BASIN 

Economics    of    Reducing    Colorado    Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04197  6C 

Marginal   Economic   Value  of  Streamflow:   A 
Case  Study  for  the  Colorado  River  Basin. 
W91-04913  6D 

COLUMBIA  RIVER 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-04016  5B 

COMBINED  SEWER  OVERFLOWS 

Development  of  a  Methodology  to  Determine 

the  Pollution  Discharged  by  a  Combined  Sewer 

Network. 

W91-04324  5B 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W91-04327  5B 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W91-04330  5B 

Long-term   Simulation   of  Pollutant   Loads   in 

Treatment  Plant  Effluents  and  Combined  Sewer 

Overflows. 

W91-04331  5B 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 

Fluxes   of  Oxygen   Equivalents   and   Nutrients 
across  the  Sediment-Water  Interface  after  Com- 
bined Sewer  Overflows. 
W9 1-04336  5B 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W9 1-04339  5C 


Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

Reduction  of  Combined  Sewer  Overflow  Pollu- 
tion Loads  by  Detention  of  Sanitary  Sewage. 
W9 1-04347  5D 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W91-04356  5C 

COMBINED  SEWERS 

Comparison  of  Overflows  from   Separate  and 

Combined  Sewers-Quantity  and  Quality. 

W9 1-04326  5D 

Sewer  Sediment  and  Its  Relation  with  the  Qual- 
ity Characteristics  of  Combined  Sewer  Flows. 
W91-04352  5D 

Sediment   Movement  in   Combined   Sewers  in 

Dundee. 

W91-04358  5D 

COMBINED  TREATMENT 

Nitrification   and   Denitrification   in   Combined 

Activated  Sludge  Systems. 

W9 1-04682  5D 

COMBINED  WASTEWATER 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814  5G 

COMMUNITY  DEVELOPMENT 

Star  Fire  Mine  Reclamation  Experience. 

W9 1-04562  4C 

COMPACTION 

Ground-Water       Withdrawals,       Water-Level 
Changes,       Land-Surface       Subsidence,      and 
Ground-Water  Quality  in  Fort  Bend  County, 
Texas,  1969-87. 
W9 1-04467  4B 

Model  for  Compaction  of  Sedimentary  Basins. 
W91-04835  2F 

COMPETING  USE 

Prospects  for  Innovation  in  Water  Institutions: 

Informational  Requirements. 

W9 1-04203  6E 


Land  Use  Practices  and  Water  Disputes. 
W9 1-04205 


6E 


Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

State    Water    Demand    Methodology,    Kansas, 

1987. 

W91-04236  6D 

COMPOST 

Compost  Marketing  in  New  England. 

W9 1-04760  5E 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

COMPOSTING 

Bioremediation  Using  Composting. 

W91-04761  5G 

COMPUTER  MODELS 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 


SU-18 


SUBJECT  INDEX 


CONTAMINATION 


Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W91-03930  5G 

Use  of  Time  of  Travel  in  Zone  of  Contribution 
Delineation  and  Aquifer  Contamination  Warn- 
ing. 
W9 1-03931  5B 

Delineation   of  Contributing   Areas   to   Public 

Supply     Wells     in      Stratified      Glacial-Drift 

Aquifers. 

W91-03932  5G 

Simulation     of    Nonstationary,     Non-Gaussian 

Water  Levels  on  Great  Lakes. 

W9 1-04070  2H 

Optimal  Control  of  the  Activated  Sludge  Proc- 
ess. 
W91-O4073  5D 

Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W91-04114  5F 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

Numerical  Method  for  Parameterization  of  At- 
mospheric Chemistry:  Computation  of  Tropo- 
spheric  OH. 
W9 1-04299  2K 

Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

COMPUTER  PROGRAMS 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and  Processing   System  for   Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

Automated     Mapping     for     Alabama     Sewer 

System. 

W91-04116  5D 

Relational  Database  for  Non-Programmers. 
W91-04188  7C 


Do  the  Right  Thing. 
W91-04409 


6A 


Three  Computerized,   Stratified   Random   Site- 
Selection   Methods  for   Design  of  a  Ground- 
Water-Quality  Sampling  Network. 
W9 1-04470  7  A 

Simple  Contouring  Program  for  Gridded  Data. 
W91-04638  7C 

River  Flow  Forecasting  System  with  Data  Man- 
agement, Graphical  River  Network  Control  and 
Interactive  Operation. 
W9 1-04804  2E 

Parallel  Computing  for  Solute  Transport  Models 
Via  Alternating  Direction  Collocation. 
W91-04826  5B 

COMPUTERIZED  MAPS 

Spuds  From  Space:  Using  Remote  Sensing/GIS 
in  Adjudicating  Idaho  Water  Rights. 
W91-04235  6E 

COMPUTERS 

Digital  Elevation  Models  and  Their  Application 
to  Remote  Sensing  of  Water  Resources. 
W91-03959  7C 


Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W9 1-04787  81 

Survey  of  Vector  and  Parallel  Processors  for 

Numerical  Applications. 

W91-04830  7C 

Survey  of  Domain  Decomposition  Techniques 

and  Their  Implementation. 

W9 1-04831  2G 

Parallel   Least  Squares  Collocation  Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W91-04832  7C 

Iterative  Methods  for  the  Solution  of  Large  Sys- 
tems of  Equations  on  Supercomputers. 
W91-04833  7C 

Is  a  Simple  Diagonal  Scaling  the  Best  Precondi- 
tioner  for  Conjugate  Gradients  on  Supercom- 
puters. 

W91-04834  7C 

Decision  Support  for  Best  Management  Practice 

Selection. 

W9 1-04905  6  A 

CONDUCTIVITY 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Storm  water  Overflows. 
W91-04355  5D 

New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

CONFINED  AQUIFERS 

Geohydrology  and  Water  Quality  of  Confined- 
Drift  Aquifers  in  the  Brooten-Belgrade  Area, 
West-Central  Minnesota. 
W91-04635  2F 

Ground-Water  Pumpage  and  Water-Level  De- 
clines in  the  Peedee  and  Black  Creek  Aquifers  in 
Onslow  and  Jones  Counties,   North   Carolina, 
1900-86. 
W91-04901  2F 

CONIFEROUS  FORESTS 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

CONJUNCTIVE  USE 

Ground-Water  Banking  in  Kern  County,  Cali- 
fornia. 
W91-04190  4B 

CONNATE  WATER 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W9 1-04404  2F 

CONNECTICUT 

Developing   and   Passing   Statewide   Wellhead 

Protection     Programs    Connecticut:     A    Case 

Study. 

W9 1-03922  5G 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W9 1-03928  5G 

Model  Community  Program  for  Private  Wells. 
W9 1-03941  5G 

Water  Supply  Management  and  Planning  in  the 

State  of  Connecticut. 

W91-04196  6A 


Satellite  Management  and  Joint  Use. 
W91-04371 


5F 


Effects  of  Urbanization  on  Peak  Streamflows  in 

Four  Connecticut  Communities,  1980-84. 

W9 1-04464  4C 


Role  of  the  Fire  Marshal's  Office. 
W9 1-04843 


6D 


Costs   of  Groundwater   Contamination   to   the 

Southington  Water  Works  Department. 

W9 1-04845  5  A 

CONSERVATION 

Fish  of  the  Amazonian  Igapo:  Stability  and  Con- 
servation   in   a   High    Diversity-Low    Biomass 
System. 
W9 1-04784  2H 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W9 1-04789  81 

CONSERVATION  STATUS 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W91-04785  6G 

CONSERVATION  TILLAGE 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

CONSTRUCTION 

Status  of  the  Least  Darter,  Etheostoma  micro- 

perca,  In  Canada. 

W9 1-04093  2H 

CONSTRUCTION  COSTS 

Improvement  of  Wastewater  Treatment  Plant 

Projects. 

W9 1-04709  5D 

CONSTRUCTION  METHODS 

Keeping  Your  Neighbor  Happy. 

W9 1-04374  5F 

CONSUMPTIVE  USE 

Water  Use  and  Methods  of  Data  Acquisition  in 

Michigan. 

W91-04176  6D 

Urban  Nonresidential  Water  Use  and  Conserva- 
tion. 
W9 1-04201  6D 

Natural  Consumptive  Use  by  Tules,  Grasslands, 
and  Riparian  Forests,  California  Central  Valley. 
W9 1-04227  21 

Consumptive  Use  Estimates  in  Regional  Policy 

Research. 

W9 1-04228  6D 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 

Estimates  of  Consumptive  Use  and  Ground- 
Water  Return  Flow  and  the  Effect  of  Rising  and 
Sustained  High  River  Stage  on  the  Method  of 
Estimation  in  Cibola  Valley,  Arizona  and  Cali- 
fornia, 1983  and  1984. 
W9 1-04465  4B 

CONTAMINATION 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W9 1-04457  5F 


SU-19 


CONTAMINATION 


SUBJECT  INDEX 


Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W91-04523  5B 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W91-04524  5B 

CONTINENTAL  SHELF 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and    in    Different    Planktonic    Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W9 1-04027  5B 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional    Flow   Fields   and   Residual 

Circulation. 

W91-04414  2L 

CONTOURS 

Simple  Contouring  Program  for  Gridded  Data. 
W91-04638  7C 

CONTROL  SYSTEMS 

Strategy    for    the    Modernization    of   Control 

Equipment. 

W9 1-04427  8C 

Optimizing    Polymer   Consumption    in    Sludge 

Dewatering  Applications. 

W9 1-04689  5D 

COOLING  WATER 

Treated  Municipal  Sewage  Effluent  as  a  Source 
of  Power  Plant  Cooling  Tower  Makeup  Water. 
W9 1-04221  5D 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W9 1-04321  5D 


Cooling  Water  Treatment  with  Ozone. 
W9 1-04379 


5F 


COOPERATIVES 

Regional  Cooperation  in  the  Use  of  Irrigation 
Water:  Efficiency  and  Income  Distribution. 
W9 1-04436  6C 

COPPER 

Binding  of  Cu(II)  to  Algae  in  a  Metal  Buffer. 
W91-04043  5B 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W9 1-04524  5B 

Effect  of  Copper  on  the  Embryonic  Develop- 
ment and  Hatching  of  Sepia  officinalis  L. 
W9 1-04581  5C 

Acidity  as  a  Factor  in   Leaching  of  Copper, 
Chromium  and  Arsenic  from  CCA  Treated  Di- 
mension Lumber. 
W91-04625  5B 

Feasibility  of  Using  Alginate  to  Absorb  Dis- 
solved Copper  from  Aqueous  Media. 
W91-04773  5D 

CORALS 

Productivity    and    Nutrient    Relationships    in 
Psammophytic     Versus     Epilithic     Forms     of 
Bryopsidales  (Chlorophyta):  Comparisons  Based 
on  a  Short-term  Physiological  Assay. 
W91-04419  2L 


CORN 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

CORROSION  CONTROL 

Potential  Effects  of  Raising  pH  for  Corrosion 

Control  on  the  Aesthetic  Qualities  of  a  Water 

Supply. 

W9 1-04370  5F 


Cooling  Water  Treatment  with  Ozone. 
W91-04379 


5F 


CORYNEBACTERIUM 

Influence  of  Chlorine  Substitution  Pattern  on  the 
Degradation  of  Polychlorinated   Biphenyls  by 
Eight  Bacterial  Strains. 
W91-04727  5B 

COST  ANALYSIS 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W9 1-03992  8  A 

Economics  of  Meter  Testing/Calibration. 

W9 1-04372  6C 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W91-04382  5G 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W91-04699  5D 


COST-BENEFIT  ANALYSIS 

Economic  Tool  for  Reuse  Planning. 
W9 1-04823 


5D 


COSTS 

Costs  of  Wastewater  Use  in  the  Tucson  Basin. 
W91-04195  6C 

COVER  CROPS 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

Effect   of  Tillage   on    Soil    Water   and   Alfalfa 

Establishment  in  Corn  Stubble. 

W91-04537  3F 

CRABS 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W9 1-04023  5C 

CRATER  LAKE 

Threatened  Fishes  of  Barombi  Mbo:  A  Crater 

Lake  in  Cameroon. 

W9 1-04791  81 

CRAYFISH 

Crayfish  as  a  'Biological  Indicator'  of  Aquatic 

Contamination  by  Heavy  Metals. 

W91-O4035  5A 

CROP  PRODUCTION 

Food    Production,    Environmental    Protection, 
and  Health  Effects  in  Mexican  Agriculture. 
W91-O40O9  6G 

Exploiting    Rainy    Season    Potential    from    the 

Onset  of  Rains  in  the  Sahelian  Zone  of  West 

Africa. 

W91-04488  3F 

Precipitation    and    Temperature     Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 


Water  Use  by  Monocropped  and  Intercropped 

Cowpea  and  Sorghum  Grown  after  Rice. 

W9 1-04500  3F 

Sprinkler  vs.  Flood  Irrigation  in  Traditional 
Rice  Production  Regions  of  Southeast  Texas. 
W9 1-04502  3F 

Diurnal  Variation  of  Crop  Hydraulic  Resistance: 

A  New  Analysis. 

W9 1-04503  2D 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W91-04535  5G 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W91-04539  4D 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W91-04546  5B 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W91-04780  3F 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

CROP  YIELD 

Comparative  Statistical  Validation  of  Two  Ten- 
Day  Water-Use   Models  and  of  Three  Yield- 
Reduction  Hypotheses  for  Yield  Assessment  in 
Botswana. 
W9 1-04485  6D 

AQUA,  A  Model  to  Evaluate  Water  Deficits 
and  Excesses  in  Tropical  Cropping:  Part  II.  Re- 
gional Yield  Prediction. 
W9 1-04494  3F 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W9 1-04495  3F 

Evapotranspiration     and     Yield     of    Irrigated 

Chickpea. 

W9 1-04497  2D 

Carbon  Dioxide  and  Water  Level  Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

Effect  of  Tillage  on   Soil   Water  and   Alfalfa 

Establishment  in  Corn  Stubble. 

W91-04537  3F 

Effects   of  Nitrogen   and   Water   Management 
Practices  on  Yield,  Grain  Quality,  and  Milling 
Out-Turn  of  Rice. 
W91-04538  3F 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W9 1-04549  3F 

Effects   of   Irrigation    Regimes   on    Yield    and 

Water  Use  by  Sweetpotato. 

W9 1-04564  3F 

Yield   of  Successively   Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 


SU-20 


SUBJECT  INDEX 


DATA  ACQUISITION 


CROPLAND 

Localized  Field  Irrigation  Efficiencies  from  Soil 

Salinity  Samples. 

W91-04541  3F 

Long-term  Soil  Moisture  Status  in  Southern  Al- 
berta. 
W91-04551  2G 

Salt  of  the  Earth:  Secondary  Soil  Salinization  in 

the  Australian  Wheat  Belt. 

W9 1-04557  3C 

Preliminary    Site    Evaluation    for   Agricultural 
Utilization    of   Sewage    Sludge    A    Guide    for 
WWTP  Technicians. 
W91-04606  5E 

CRUSTACEANS 

Sex-  and  Maturity-Related  Heavy  Metal  Accu- 
mulations in  the  Antarctic  Krill  Euphausia  su- 
perba. 
W91-O4530  5B 

CRYPTOSPORIDIUM 

Troubleshooting  an  Existing  Treatment  Plant. 
W91-04373  5F 

CRYSTALLINE  ROCKS 

Diffusion  in  the  Matrix  of  Granitic  Rock:  Field 

Test  in  the  Strip  a  Mine. 

W91-04137  5E 

Influence  of  Temperature  and  Mineral  Surface 
Characteristics  on  Feldspar  Weathering  Rates  in 
Natural  and  Artificial  Systems:  A  First  Approxi- 
mation. 
W91-04932  5C 

CULTIVATED  LANDS 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W91-04491  2G 

CULTURE  MEDIA 

Simplification  of  in  Vitro  Culture  Techniques 

for  Freshwater  Mussels. 

W91-04148  7B 

CULTURING  TECHNIQUES 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

Simplification  of  in  Vitro  Culture  Techniques 

for  Freshwater  Mussels. 

W91-04148  7B 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

CYCLING  NUTRIENTS 

Iron  Redox  Effects  on  Photosynthesis  Phospho- 
rus Release  from  Dissolved  Humic  Materials. 
W91-04000  2H 

Carbon,    Nitrogen    and    Phosphorus    Status   in 
Daphnia  at  Varying  Food  Conditions. 
W91-04111  2H 

CYTOLOGY 

Cytopathological    Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-O4012  5C 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W91-04363  5C 


Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W9 1-04573  5C 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-04610  5C 


DAIRY  INDUSTRY 

Aerobic  Treatment  of  Dairy  Wastewater. 
W9 1-03969 


5D 


Upgrading    of    Small    Municipal    Wastewater 

Treatment  Plants  with  Heavy  Dairy  Loading  by 

Introduction  of  Aerated  Submerged  Biological 

Filters. 

W9 1-04681  5D 

DAM  CONSTRUCTION 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-04811  8A 

DAM  EFFECTS 

Status   of  the   Golden   Redhorse,    Moxostoma 

erythrurum,  in  Canada. 

W9 1-04099  2H 

Seasonal  Dynamics  and  Production  of  Chirono- 

midae  in  a  Large  Lowland  River  Upstream  and 

Downstream  From  a  New  Reservoir  in  Central 

Poland. 

W91-04739  2H 

Downstream  Effects  of  a  Small  Impoundment 

on  a  Turbid  River. 

W9 1-04740  6G 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 

DAM  LEAKAGE 

Fill  Dam  Leakage  by  Network  Assessment. 
W9 1-04828  8G 

DAM  REPAIR 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W9 1-04425  8  A 


Repairs  to  the  Martin  Gonzalo  Dam. 
W9 1-04426 


8A 


DAM  STABILITY 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W9 1-04425  8  A 

Estimation    of   Embankment    Dam    Settlement 

Caused  by  Earthquake. 

W9 1-048 10  8E 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-04811  8A 

DAMS 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W9 1-04425  8  A 

DAPHNIA 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

Influence  of  Water  Composition  on  the  Chronic 
Toxicity    of    3,4-Dichloroaniline    to    Daphnia 


magna. 
W9 1-04048 


DARTERS 

Status  of  the  Least  Darter,  Etheostoma  micro- 

perca,  In  Canada. 

W9 1-04093  2H 

Status  of  the  River  Darter,  Percina  shumardi,  in 

Canada. 

W9 1-04094  5C 

DATA  ACQUISITION 

IGARSS  '88.  Remote  Sensing:  Moving  Towards 

the  21st  Century. 

W9 1-03944  7C 


X-Band  Scatterometry  in  Agriculture. 
W9 1-03945 


7B 


5C 


Carbon,    Nitrogen   and    Phosphorus    Status   in 
Daphnia  at  Varying  Food  Conditions. 
W91-04111  2H 


Optical  Properties  of  Seawater  Bodies:  Measure- 
ments with  an  Underwater  Radiometer  and  a 
High-Resolution  Spectroradiometer. 
W9 1-03950  7B 

Impact  of  Multiviewing  Reflectance  Data  on  the 
Estimation  of  Suspended  Sediment  Concentra- 
tion. 
W9 1-03951  7B 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W91-03952  7B 

Monitoring  Offshore  Water  Quality  from  Space. 
W91-03953  7B. 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W9 1-03954  7B 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W9 1-03955  7B 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W91-03956  7B 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

Simulating  Test  for  Soil  Moisture  Sensing. 
W91-03961  7B 

Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W9 1-03962  7B 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing  System  for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W9 1-03964  7B 

Observations  on  the  Effect  of  Geometric  Prop- 
erties of  Agricultural  Soils  on  Radar  Backscat- 
ter,  from  C-SAR  Images. 
W9 1-03965  7B 

Water  Relations  of  a  Walnut  Orchard:  Simulta- 
neous Measurement  with  Remote  Sensing. 
W9 1-03966  7B 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-04100  2G 


SU-21 


DATA  ACQUISITION 


SUBJECT  INDEX 


At-a-Point  Bed  I  .nail  Sampling  in  the  Presence 

of  Dunes. 

W91-04125  2J 

Comparison  of  Photon  Correlation  Spectrosco- 
py  with    Photosedi mentation   Analysis   for   the 
Determination  of  Aqueous  Colloid  Size  Distri- 
butions. 
W91-04131  5B 

Coordination  of  Federal  Water-Use-Data  Col- 
lection and  Dissemination. 
W91-04163  6D 

Water-Use  Registration  and  Reporting  in  Indi- 
ana. 
W91-04167  6D 

Water  Use  and  Methods  of  Data  Acquisition  in 

Michigan. 

W91-04176  6D 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method. 
W91-04179  6A 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W9 1-04231  7B 

Environmental  Research  Field  Site  'Horkheimer 
Insel':  Research  Program,  Instrumentation  and 
First  Results 
W9 1-04308  7  A 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W9 1-04637  5B 

Suspended-Sediment   Data   in   the   Upper   Rio 
Grande  De  Loiza  Basin,  Puerto  Rico. 
W91-O4640  2H 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical  Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 

Comparison  of  Accuracy  and  Completeness  of 
Data  Obtained  from  Three  Types  of  Automatic 
Water-Quality  Monitors. 
W91-04644  7B 

Continuous  and  Passive  Environmental  Radon 
Monitoring:  Measuring  Methods  and  Health  Ef- 
fects (Jan  75-Jul  89). 
W9 1-04654  5  A 

DATA  COLLECTIONS 

Data  Management  Techniques  for  Site-Specific 

Water-Use  Data  in  Arkansas. 

W91-04174  6D 

Results  from   the   First  Year  of  the   Swedish 

Dioxin  Survey. 

W91-04289  5B 

Reliability   Based  Time  Axes  for  Flood   Data 

Presentation. 

W91-O4408  2E 

Purgeable    Organic    Compounds    in    Ground 
Water  at  the  Idaho  National  Engineering  Labo- 
ratory, Idaho-1988  and  1989. 
W9 1-04478  5B 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W91-04481  7C 

Water  Resources  Data  for  Texas,  Water  Year 
1989,  Volume  I:  Arkansas  River,  Red  River, 
Sabine    River,    Neches    River,    Trinity    River 


Basins  and   Intervening  and   Adjacent  Coastal 

Basins. 

W9 1-04482  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W9 1-04483  7C 

Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W9 1-04787  81 

Water   Resources   Data  for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

Water  Resources   Data  for  Wisconsin,   Water 

Year  1989. 

W9 1-04869  7C 

Ground-Water  Conditions  in  Utah,   Spring  of 

1990. 

W9 1-04870  2F 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 
W91-04878  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.    Volume    1, 

Hawaii. 

W9 1-04903  7C 

Water   Resources   Data   Arizona,   Water   Year 

1989. 

W9 1-04904  7C 

DATA  INTERPRETATION 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

Water  Use  Analysis:  Are  Water  Quality  Data 

Needed. 

W91-04173  6D 

Estimation  of  Surface-Water  Withdrawals  for 
Irrigation  and  Irrigated  Acreage,  1985,  Gallatin 
County,  Montana. 
W9 1-04229  3F 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W9 1-04231  7B 

Estimation  of  Ground- Water  Use  for  Irrigation 
in  Eastern  Washington  Using  Landsat  Imagery. 
W91-04232  3F 

State    Water    Demand    Methodology,    Kansas, 

1987. 

W9 1-04236  6D 

Analysis  of  Objective  Functions  Used  in  Urban 

Runoff  Models. 

W91-04239  2E 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 

Numerical   A"alysis  of  Complex   Pipe   System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

Uncertainty   of  Water    Supply   Demand    Esti- 
mates. 
W9 1-04243  6D 


Water  Supply  Forecasting  and  Its  Uncertainties. 


W9 1-04244 


6D 


Methods  to  Convert  American  Class  A-Pan  and 
Symon's  Tank  Evaporation  to  That  of  a  Repre- 
sentative Environment. 
W91-04314  2D 

Simple  Contouring  Program  for  Gridded  Data. 

W9 1-04638  7C 

DATA  PROCESSING 

Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

Simple  Contouring  Program  for  Gridded  Data. 
W9 1-04638  7C 

Survey  of  Vector  and  Parallel  Processors  for 

Numerical  Applications. 

W9 1-04830  7C 

Survey  of  Domain  Decomposition  Techniques 

and  Their  Implementation. 

W9 1-04831  2G 

Parallel   Least  Squares  Collocation  Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W91-04832  7C 

Iterative  Methods  for  the  Solution  of  Large  Sys- 
tems of  Equations  on  Supercomputers. 
W91-04833  7C 

Is  a  Simple  Diagonal  Scaling  the  Best  Precondi- 
tioner  for  Conjugate  Gradients  on  Supercom- 
puters. 
W9 1-04834  7C 

DATA  QUALITY  CONTROL 

Quality  Assurance  in  Analysis  of  Environmental 

Matrices  for  PCDDs  and  PCDFs. 

W9 1-04276  5  A 

Quality  Assurance/Quality  Control  Assessment 
for   a    Collaborative    Study   of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W9 1-04277  5B 

Water  Round  Robin  for  Parts-Per-Quadrillion 
Determination  of  PCDDs  and  PCDFs. 
W91-04279  5D 

DATA  REQUDJEMENTS 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W9 1-04637  5B 

DATA  STORAGE  AND  RETRDZVAL 

Coordination  of  Federal  Water-Use-Data  Col- 
lection and  Dissemination. 
W91-04163  6D 

Data  Management  Techniques  for  Site-Specific 

Water-Use  Data  in  Arkansas. 

W91-04174  6D 


Aggregated  Water-Use  Data  System. 
W91-04181 


6D 


DBASE  III  Plus,  Yet  Another  Data  Base  for 

Water-Use  Data. 

W91-04182  6D 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 

Surface-Water    Containment    Routing   Using   a 

Digital  Stream  Information  System. 

W91-04185  5B 

Relational  Database  for  Non-Programmers. 
W91-04188  7C 


SU-22 


SUBJECT  INDEX 


DEVELOPING  COUNTRIES 


DATABASES 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W91-03936  5E 


Aggregated  Water-Use  Data  System. 
W91-04181 


6D 


DBASE  III  Plus,  Yet  Another  Data  Base  for 

Water-Use  Data. 

W91-04182  6D 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 

Knowledge-Based  Systems  for  Water  Resources 

Management. 

W91-04184  6D 

Surface-Water   Containment   Routing   Using  a 

Digital  Stream  Information  System. 

W91-04185  5B 

Use   of   Geographic    Information    System    for 
Reaggregating  Water-Use  Data  from  Counties 
to  Hydrologic  Units. 
W91-04186  6D 

Relational  Database  for  Non-Programmers. 
W91-04188  7C 

Great  Lakes  Regional  Water-Use  Data  Base-A 
Water-Resources  Management  Tool. 
W91-04204  6D 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W9 1-04233  3F 

Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W91-04787  81 

DDD 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated  Hydrocarbons,  Dibenzofurans  and 
Dibenzo-p-dioxins  in   Bream  (Abramis  brama) 
From  the  River  Elbe. 
W91-04250  5B 

DDE 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated  Hydrocarbons,   Dibenzofurans  and 
Dibenzo-p-dioxins  in   Bream  (Abramis  brama) 
From  the  River  Elbe. 
W9 1-04250  5B 

DDT 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated  Hydrocarbons,   Dibenzofurans  and 
Dibenzo-p-dioxins   in   Bream  (Abramis  brama) 
From  the  River  Elbe. 
W91-O4250  5B 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W91-04253  5B 

Supercritical  C02  -  Cosolvent  Extraction  of 

Contaminated  Soils  and  Sediments. 

W91-04763  5G 

DECISION  MAKING 

Use  of  Departure  Analysis  in  Decision  Making. 
W9 1-04209  4C 


Do  the  Right  Thing. 
W91-044O9 


6A 


DECISION  MODELS 

Decision  Support  for  Best  Management  Practice 

Selection. 

W9 1-04905  6  A 


DECOMPOSING  ORGANIC  MATTER 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

DECONTAMINATION 

Parametric  Study  of  Diethyl  Phthalate  Biode- 

gradation. 

W9 1-04274  5B 

Contamination  of  Soil  with  Oilfield  Brine  and 

Reclamation  with  Calcium  Chloride. 

W9 1-04799  5G 

DEGRADATION 

Effect  of  Easily  Degradable  Carbon  Sources  on 

Nitrogen  Removal  Efficiency. 

W9 1-04696  5D 

DEGRADATION  PRODUCTS 

Ozonation  of  Sulfur-Containing  Aliphatic  Com- 
pounds in  Aqueous  Solution:  I. 
W91-04384  5F 

DELAWARE 

Fiscal  Year   1989  Program  Report  (Delaware 

Water  Resources  Center). 

W9 1-04888  9D 

DELAWARE  BAY 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional   Flow   Fields   and    Residual 

Circulation. 

W91-04414  2L 

DELAWARE  RIVER 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional   Flow   Fields   and   Residual 

Circulation. 

W91-04414  2L 

DENTTRIFICATION 

Denitrification   and    Photosynthesis   in   Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W9 1-03999  2H 

Transformation    of   Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  KC  Under  Denitrifica- 
tion Conditions. 
W9 1-04060  5G 

Upgrading   for   Biological   Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

Post-Denitrification  with  Controlled  Feeding  of 

Activated  Sludge  as  H  Donator. 

W9 1-04678  5D 

Nitrification   and   Denitrification   in  Combined 

Activated  Sludge  Systems. 

W9 1-04682  5D 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W91-04685  5D 

LINPOR-Process  for  Nitrification  and  Denitrifi- 
cation. 
W9 1-04703  5D 


DENMARK 

Different    Surface   Geology   in    Denmark,    the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W91-04044  5B 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W91-04685  5D 

DESALINATION 

Dynamically   Formed   hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Poly(acrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W91-04313  3A 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W9 1-04321  5D 


From  Brine  to  Sublime. 
W9 1-04847 


3A 


Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

DESIGN  CRITERIA 

Implications  for  the  Design  of  Artificial  Lakes 

of  a  Study  of  the  Craigavon  Lakes. 

W9 1-04037  4A 

Reliability  Based  Time  Axes  for  Flood  Data 

Presentation. 

W9 1-04408  2E 

Design  of  a  Low  Strength  Sewage  Treatment 

Plant  in  a  Cold  Climate. 

W9 1-04707  5D 

Influence  of  Upgrading  of  Waste  Water  Treat- 
ment Plants  on  the  Design  of  Aeration  Systems. 
W9 1-04708  5D 

Design        Management        Keeps        Boston's 

Wastewater  Program  on  Track. 

W91-04846  5D 

Ozonation  an  Attractive  Option  for  Groundwat- 
er System. 
W91-04850  5F 

DETENTION  PONDS 

Multipurpose  Stormwater  Detention  Ponds. 
W91-04851  4A 

DETENTION  RESERVOIRS 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

Reduction  of  Combined  Sewer  Overflow  Pollu- 
tion Loads  by  Detention  of  Sanitary  Sewage. 
W9 1-04347  5D 

DETERGENTS 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

DETERIORATION 

Operational   Problems  and   Development  of  a 

New  Runner  for  Silty  Water. 

W9 1-04428  8C 


DEVELOPING  COUNTRIES 

Conservation  in  Arabian  Gulf  Countries. 
W91-03973 


6D 


Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 


SU-23 


DEVELOPING  COUNTRIES 


SUBJECT  INDEX 


ties  on  Faeco-Oral  Disease  Transmission.  I.  A 

Case  Study  in  Rural  North-East  Thailand. 

W9 1-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W9 1-04457  5F 

Realizing  the  Benefits  of  Water  Reuse  in  Devel- 
oping Countries. 
W9 1-04604  3C 

Upgrading    Wastewater    Treatment    by    Water 

Hyacinth  in  Developing  Countries. 

W9 1-04677  5D 

Potable   Water   for   the   Developing   World   - 

Some  of  the  Problems. 

W91-04755  5F 

Comparative  Evaluation  of  Two  Novel  Disin- 
fection  Methods   for  Small-Community  Water 
Treatment  in  Developing  Countries. 
W91-04758  5F 

DEW 

Dew  Chemistry  and  Acid  Deposition  in  Glendo- 
ra,  California,   During  the   1986  Carbonaceous 
Species  Methods  Comparison  Study. 
W91-04138  5B 

DIATOMS 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

Algal  Colonization  Under  Four  Experimentally- 
Controlled  Current  Regimes  in  a  High  Mountain 
Stream. 
W91-04715  2E 

Nitzschia    pseudodelicatissima:  A    Source    of 

Domoic  Acid  in  the  Bay  of  Fundy,  Eastern 

Canada. 

W9 1-04720  2L 

DIAZINON 

Behavior  of  Diazinon  in  a  Perch  Species. 

W9 1-04256  5B 

DICOFOL 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W91-04621  5C 

DIFFUSERS 

Upgrading  Existing  Activated  Sludge  Treatment 
Plants  with  Fine  Pore  Aeration  Systems. 
W91-04687  5D 

DD7FUSION 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W9 1-04309  5B 

DIFFUSIVITY 

Analysis  of  Outflow  Experiments  Subject  to  Sig- 
nificant Plate  Impedance. 
W9 1-04921  2G 

DIGESTED  SLUDGE 

Transformation  of  Indole  by  Methanogenic  and 
Sulfate-Reducing       Microorganisms       Isolated 
From  Digested  Sludge. 
W9 1-04731  5G 

OIGESTTON 

Cytopathological     Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-O4012  5C 


DIGITAL  ELEVATION  MODELS 

Digital  Elevation  Models  and  Their  Application 

to  Remote  Sensing  of  Water  Resources. 

W9 1-03959  7C 

DIGITAL  MAP  DATA 

Automated     Mapping     for     Alabama     Sewer 

System. 

W91-04116  5D 

DIMETHYL  SULFOXIDE 

Use    of   Dimethyl    Sulfoxide    as    Solubilization 

Agent  in  the   Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W9 1-04285  5  A 

DIOXINS 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated   Hydrocarbons,   Dibenzofurans  and 
Dibenzo-p-dioxins   in   Bream   (Abramis   brama) 
From  the  River  Elbe. 
W91-04250  5B 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W9 1-04254  5B 

Quality  Assurance  in  Analysis  of  Environmental 

Matrices  for  PCDDs  and  PCDFs. 

W9 1-04276  5  A 

Quality  Assurance/Quality  Control  Assessment 
for    a    Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W91-04277  5B 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5  A 

Water  Round  Robin  for  Parts-Per-Quadrillion 

Determination  of  PCDDs  and  PCDFs. 

W9 1-04279  5D 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W91-04280  7B 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W9 1-04281  5  A 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W9 1-04282  5  A 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

Use    of   Dimethyl    Sulfoxide    as    Solubilization 

Agent  in  the   Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W91-04285  5A 

Development  of  a  Rapid  Screening  Assay  for 

PCDDs  and  PCDFs. 

W91-04286  5A 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 
zofurans in  the  Environment. 
W9 1-04287  5  A 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W91-04288  5B 

Results   from   the   First   Year  of  the   Swedish 

Dioxin  Survey. 

W91-04289  5B 


Levels  and  Possible  Sources  of  PCDD/PCDF 
in   Sediment  and   Pike   Samples  from   Swedish 
Lakes  and  Rivers-Part  One. 
W91-04291  5B 

Analysis  of  Dated  Sediment  Samples  from  the 

Newark  Bay  Area  for  Selected  PCDD/Fs. 

W9 1-04292  5B 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W9 1-04293  5D 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W9 1-04294  5B 

DISINFECTION 

Ozonation  of  Pyrene  in  Aqueous  Solution. 
W91-04041  5F 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W9 1-04378  5F 

Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W91-04381  5F 

Ultraviolet        Disinfection        in        Municipal 

Wastewater  Treatment  Plants. 

W9 1-04676  5D 

Stabilization  and  Disinfection  of  Sewage  Sludge 
by  Two-Stage  Anaerobic  Thermophilic/Meso- 
philic  Digestion. 
W9 1-04700  5D 

Concerns  with  Using  Chlorine-Dioxide  Disin- 
fection in  the  USA. 
W91-04756  5F 

Comparative  Evaluation  of  Two  Novel  Disin- 
fection  Methods   for   Small-Community   Water 
Treatment  in  Developing  Countries. 
W9 1-04758  5F 

DISPERSANTS 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

DISPERSION 

Experimental   Study  of  Non-Uniform  Flow  in 

Granular  Porous  Media. 

W9 1-04029  2G 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W9 1-04309  5B 

DISPERSION  EQUATION 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W9 1-04309  5B 

DISSOLUTION 

Dissolution  of  Feldspars  in  the  Presence  of  Nat- 
ural, Organic  Solutes. 
W9 1-03986  2J 

DISSOLVED  ORGANIC  CARBON 

Dissolved  Organic  Carbon  Cycling  in  Forested 

Watersheds:  A  Carbon  Isotope  Approach. 

W9 1-04924  2K 


SU-24 


SUBJECT  INDEX 


DUCKS 


DISSOLVED  OXYGEN 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W91-04339  5C 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

Influence  of  Chironomid  Larvae  on  Sediment 

Oxygen  Microprofiles. 

W9 1-04738  2H 

DISSOLVED  SOLIDS 

Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic  Material  in  Three  Acidic,  Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W9 1-04936  2E 

DISTRD3UTION  PATTERNS 

Distribution  of  Mycobacteria  in  Different  Types 

of  Water  In  Israel. 

W9 1-04077  5B 

DISTRICT  OF  COLUMBIA 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W91-03992  8A 

DIURNAL  VARIATION 

Diurnal  Variation  of  Crop  Hydraulic  Resistance: 

A  New  Analysis. 

W91-O4503  2D 

DIURON 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W9 1-04275  5  A 

DNA 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-O4610  5C 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 

DOMAIN  DECOMPOSITION 

Survey  of  Domain  Decomposition  Techniques 

and  Their  Implementation. 

W9 1-04831  2G 

DOMESTIC  WASTES 

Efficiency  of  Rotating  Biological  Contactor  in 

Removing  Pathogenic  Bacteria  frdm  Domestic 

Sewage. 

W9 1-04042  5D 

DOMESTIC  WATER 

Water-Use  Efficiency  Standards  for  Plumbing 

Fixtures:  Benefits  of  National  Legislation. 

W9 1-03972  3D 

Water    Use    in    Eight    Central    Pennsylvania 

Homes. 

W91-04193  6D 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W91-04194  6D 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W91-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 


ties on  Faeco-Oral  Disease  Transmission.  II.  A 

Hygiene  Intervention  Study  in  Rural  North-East 

Thailand. 

W91-04457  5F 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W9 1-04624  5B 

DRAINAGE 

Agricultural  Chemical  Management  Practices  to 

Reduce  Losses  Due  to  Drainage. 

W91-04006  5G 

DRAINAGE  PATTERNS 

Role  of  Hypsometry  and  Planform  in  Basin  Hy- 

drologic  Response. 

W91-04105  2E 

DRAINAGE  PRACTICES 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W9 1-04535  5G 

DRAINAGE  WATER 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-O4O04  5B 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W91-04535  5G 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W91-04590  5B 

DRAINS 

Centrifugal  Modeling  of  Drains  for  Slope  Stabi- 
lization. 
W91-04838  8D 

DRAWDOWN 

Analysis  of  Flow  near  a  Dug  Well  in  an  Uncon- 

fined  Aquifer. 

W91-04392  2F 


DRILLSTEM  TESTS 

Systematized  Drillstem  Test. 
W9 1-04920 


2F 


DRINKING  WATER 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 

Different    Surface   Geology   in   Denmark,    the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W9 1-04044  5B 

Radon-Removing  it  from  Groundwater. 
W91-04115  5F 

Surface  Water  Dream  Turned  into  Reality. 
W91-04117  3F 

Role  of  Government  Agencies  in  the  Financing 

of  Water  Supply  Systems. 

W9 1-04207  6E 

Alterations  in  the  Major  Heterotrophic  Bacterial 

Populations  Isolated  from  a  Still  Bottled  Mineral 

Water. 

W9 1-04368  5B 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W9 1-04457  5F 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 


Heavy   Metals   in   Drinking   water:    Standards, 

Sources,  and  Effects  (Jan  70~Jul  89). 

W9 1-04650  5F 

Concerns  with  Using  Chlorine-Dioxide  Disin- 
fection in  the  USA. 
W9 1-04756  5F 

Radon    in    the    Human    Body    from    Drinking 

Water. 

W91-04777  5B 

DROUGHT 

Reducing    Water    Demand    During    Drought 

Years. 

W91-03971  3D 

Operating  the  Seattle  Water  System  during  the 

1987  Drought. 

W91-03974  3D 

Drought  Duration  and  Frequency  in  the  North- 
Central  Great  Basin,  1600-1982,  and  Implications 
for  Water  Supply. 
W91-04212  2E 

DROUGHT  EFFECTS 

Drought  Duration  and  Frequency  in  the  North- 
Central  Great  Basin,  1600-1982,  and  Implications 
for  Water  Supply. 
W91-04212  2E 

Use  of  Base-Flow  Data  to  Manage  Water  Use 

During  a  Drought. 

W91-04213  2E 

Water  Conservation  for  Drought  Management. 
W91-04214  3B 

Water    Relations    of    Differentially     Irrigated 

Cotton  Exposed  to  Ozone. 

W9 1-04505  3F 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 

DROUGHT  RESISTANCE 

Relative   Drought   Resistance   of  Tristaniopsis 
laurina  and  Acmena  smithii  from  Riparian  Warm 
Temperate  Rainforest  in  Victoria. 
W9 1-04054  21 

Line-Source  vs.   Irrigated/Nonirrigated   Treat- 
ments for  Evaluation  of  Genotype  Drought  Re- 
sponse. 
W91-04501  3F 

DRYING 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

DUCKS 

Pintail,  Anas  acuta,  Use  of  Man-made  Ponds  in 

Quebec. 

W91-O4058  6G 

Subchronic  Effects  of  Sodium  Selenite  and  Se- 
lenomethionine on  Several  Immune-Functions  in 
Mallards. 
W91-04612  5C 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the   Fertility   of  the   Mallard   Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W91-04621  5C 


SU-25 


DUNDEE 


SUBJECT  INDEX 


DUNDEE 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W91-04327  5B 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 

DUNES 

At-a-Point  Bed  Load  Sampling  in  the  Presence 

of  Dunes. 

W91-04125  2J 

DURABILITY 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W91-04545  8G 

DYE  INDUSTRY  WASTES 

Wastewater  Treatment:  Dye  and  Pigment  Indus- 
try (Jan  77~Jul  89). 
W9 1-04653  5D 

DYES 

Identification  of  the  Derivatives  of  C.I.  Reactive 

Blue  19  in  Textile  Wastewater. 

W91-04083  5A 

EARTH  DAMS 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:    I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Fill  Dam  Leakage  by  Network  Assessment. 
W9I-04828  8G 

EARTHQUAKE  ENGINEERING 

Estimation    of   Embankment    Dam    Settlement 

Caused  by  Earthquake. 

W91-04810  8E 

EARTHQUAKES 

Estimation    of   Embankment    Dam    Settlement 

Caused  by  Earthquake. 

W9 1-048 10  8E 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-04811  8A 

EARTHWORKS 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

EARTHWORMS 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

EASTERN  EUROPE 

Environmental  Protection  in  Eastern  Europe. 
W91-04817  5G 

ECHINODERMS 

Toxicity   of  Ethyl-parathion   and   Carbaryl   on 

Early  Development  of  Sea  Urchin. 

W91-O4019  5C 

Cadmium  Accumulation  and  Metallothionein- 
like  Proteins  in  the  Sea  Star  Asterias  rubens. 
W91-04615  5B 

ECOLOGICAL  EFFECTS 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow    Requirements   for   Endangered 

Species. 

W91-04217  6D 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W9 1-04272  2L 


Impact   of  Storm   Sewage   Discharges   on    the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

Influence  of  Chironomid   Larvae  on  Sediment 

Oxygen  Microprofiles. 

W9 1-04738  2H 

ECOLOGY 

Werner  Schnese  and  the  Development  of  Coast- 
al Waters  Ecology  in  Rostock,  GDR. 
W9 1-04750  2L 

ECONOMIC  ASPECTS 

Price  and  Income  Elasticities  in  the  Analysis  of 
Water  Demands  for  the  City  of  Hays,  Kansas. 
W91-04178  6C 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method. 
W91-04179  6A 

Socially    Optimal    and    Market    Utilization    of 

Ground-Water  Resources. 

W91-04191  4B 

Economics     of    Reducing     Colorado     Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04197  6C 

Water  Resources  and  the  Electric  Power  Indus- 
try: An  Australian  Perspective. 
W91-04224  3E 

Regional  Cooperation  in  the  Use  of  Irrigation 
Water:  Efficiency  and  Income  Distribution. 
W9 1-04436  6C 

Risk-Efficient  Irrigation  Strategies  for  Wheat. 
W91-04437  3F 

Impact  of  Information  on  Environmental  Com- 
modity Valuation  Decisions. 
W9 1-04438  6C 


Economic  Tool  for  Reuse  Planning. 
W9 1-04823 


5D 


Marginal   Economic   Value  of  Streamflow:   A 
Case  Study  for  the  Colorado  River  Basin. 
W91-04913  6D 

ECONOMIC  EVALUATION 

Economics  of  Meter  Testing/Calibration. 

W9 1-04372  6C 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W9 1-04535  5G 

Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W91-04536  3F 

Marginal    Economic   Value   of  Streamflow:   A 
Case  Study  for  the  Colorado  River  Basin. 
W91-04913  6D 

Finite  Hydraulic  Conductivity  Effects  on  Opti- 
mal Groundwater  Pumping  Rates. 
W91-04914  6D 

ECOSYSTEMS 

Heavy  Metals  in  the  Antarctic  Scallop  Adamus- 

sium  colbecki. 

W91-04002  5B 

Set  Membership  Approach  to  Identification  and 

Prediction  of  Lake  Eutrophication. 

W91-04119  5C 

Results  of  a  Ten-Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W91-04440  5C 


Direct  and  Indirect  Effects  of  Consumers  on 
Benthic  Algae  in  Isolated  Pools  of  an  Ephemeral 
Stream. 

W9 1-04447  2E 

Benthos  on  Tailings  Beds  from  an  Abandoned 

Coastal  Mine. 

W9 1-04522  5C 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W9 1-04528  5C 

Process  of  Colonization  in  Antarctic  Terrestrial 

and  Freshwater  Ecosystems. 

W9 1-04531  2H 

Micro-Invertebrate       Community       Structure 

Within  a  Maritime  Antarctic  Lake. 

W91-04532  2H 

Werner  Schnese  and  the  Development  of  Coast- 
al Waters  Ecology  in  Rostock,  GDR. 
W9 1-04750  2L 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W9 1-04785  6G 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphmidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 

ECOTOXICOLOGY 

Decreased  Performance  of  Rainbow  Trout  On- 
corhynchus  mykiss  Emergence  Behaviors  Fol- 
lowing Embryonic  Exposure  to  Benzo(a)pyrene. 
W9 1-04069  5C 


EDUCATION 

Education  of  Hydrologists. 
W9 1-04801 


9A 


EFFLUENTS 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-04150  5B 

Evaluation    of   Sucrose   as   an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and    Cladoceran   Tests   with 
Freshwater  Effluents. 
W91-04151  5A 

Treatment  of  Gelatine  Factory  Effluent. 
W91-04317  5D 

Long-term    Simulation   of  Pollutant    Loads   in 

Treatment  Plant  Effluents  and  Combined  Sewer 

Overflows. 

W9 1-04331  5B 

Exposure    Assessment    of    Sewage    Treatment 

Plant  Effluent  by  a  Selected  Chemical  Marker 

Method. 

W9 1-04570  5D 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

Biologically     Intensified     Filtration     Processes 
(Dry  Bed  Filter)  for  an  Efficient  Effluent  Im- 
provement of  Wastewater  Treatment  Plants:  Ap- 
plications. 
W9 1-04704  5D 

EGGS 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W9 1-04621  5C 


SU-26 


SUBJECT  INDEX 


ENVIRONMENTAL  IMPACT 


EGYPT 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W91-04366  5B 

Rehabilitation  and  Upgrading  of  the  Beni  Suef 

City  Wastewater  Treatment  Plant. 

W91-04674  5D 

EL  NINO/SOUTHERN  OSCILLATION 

Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W91-04109  2B 

ELECTRIC  POWERPLANTS 

Water  Resources  and  the  Electric  Power  Indus- 
try: An  Australian  Perspective. 
W91-04224  3E 

ELECTRICAL  EQUIPMENT 

Aspects  of  Ozone  Generation  from  Air. 
W91-04380  5F 

Mechanical  and  Electrical  Equipment  for  Co- 
lombia's Guavio  Project. 
W9 1-04807  8C 

ELECTROCHEMISTRY 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W9 1-04275  5  A 

ELECTRODIALYSIS 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W91-04321  5D 

ELECTRON  CAPTURE  GAS 
CHROMATOGRAPHY 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

ELECTROPHILIC  COMPOUNDS 

Electrophiles  and  Acute  Toxicity  to  Fish. 

W9 1-04059  5C 

ELECTROPHORESIS 

Capillary  Zone  Electrophoretic   Separation  of 
Chlorophenols  in  Industrial  Waste  Water  with 
On-Column  Electrochemical  Detection. 
W9 1-04266  5  A 

ELECTROSORPTION 

Electrosorption:  A  Case  Study  on  Removal  of 

Dilute  Organics  from  Water. 

W9 1-04769  5D 

ELK  RIVER  BASIN 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W91-04642  2F 

EMBANKMENTS 

Estimation    of   Embankment    Dam    Settlement 

Caused  by  Earthquake. 

W91-04810  8E 

EMBRYONIC  GROWTH  STAGE 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W9 1-04621  5C 

ENDANGERED  SPECIES 

Status  of  the  Least  Darter,  Etheostoma  micro- 

perca.  In  Canada. 

W91-04093  2H 

Status  of  the  River  Darter,  Percina  shumardi,  in 

Canada. 

W9 1-04094  5C 


Status  of  the  Redbreast  sunfish,  Lepomis  auritus, 

in  Canada. 

W9 1-04095  5C 

Status  of  the  Orangespotted  Sunfish,  Lepomis 

humilis,  in  Canada. 

W9 1-04096  5C 

Status  of  the  Bigmouth  Buffalo,  Ictiobus  cyprin- 

ellus,  in  Canada. 

W9 1-04097  2H 

Simplification  of  in  Vitro  Culture  Techniques 

for  Freshwater  Mussels. 

W91-04148  7B 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow   Requirements   for   Endangered 

Species. 

W91-04217  6D 

Conservation  and  Status  of  Threatened  Fishes  in 

Southern  Africa. 

W91-04786  6G 

Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W91-04787  81 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W91-04789  81 

Threatened  Fishes  of  Barombi  Mbo:  A  Crater 

Lake  in  Cameroon. 

W91-04791  81 

Rare  Fishes  of  Himalayan  Waters  of  Nepal. 
W9 1-04792  81 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W9 1-04793  81 

Threats  to  the  Survival  of  Anadromous  Fishes  in 

the  River  Tagus,  Portugal. 

W9 1-04794  5C 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W91-04795  6G 

ENDOSULFAN 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

ENERGY 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 

ENERGY  DISSIPATION 

Advective   Mixed-Layer   Model   for   Heat  and 
Moisture  Incorporating  an  Analytic  Expression 
for  Moisture  Entrainment. 
W91-04014  2D 

ENERGY  SOURCES 

Planning  Hydroelectric  Developments  in  Argen- 
tina. 
W9 1-04809  8  A 

ENGLAND 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W91-03957  7B 

Processes  of  Water  Movement  Through  a  Chalk 

Coombe  Deposit  in  Southeast  England. 

W9 1-04104  2F 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 


Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W91-04523  5B 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W91-04788  5C 

ENTRAINMENT 

Advective   Mixed-Layer  Model   for  Heat  and 
Moisture  Incorporating  an  Analytic  Expression 
for  Moisture  Entrainment. 
W91-04014  2D 

Experimental  Study  of  the  Effect  of  Bed  Grain 
Roughness  on  Sediment  Sorting  by  Entrainment. 
W9 1-043 16  2J 

ENVIRONMENTAL  CHEMISTRY 

Dimethyl  Sulfide  Production  from  Dimethylsul- 
foniopropionate   in   Coastal   Seawater   Samples 
and  Bacterial  Cultures. 
W9 1-04064  2K 

ENVIRONMENTAL  CONTROL 

Ecology  and  Management  of  Water  Plants  in 

Lowland  Streams. 

W9 1-03968  4A 

ENVIRONMENTAL  EFFECTS 

Pintail,  Anas  acuta,  Use  of  Man-made  Ponds  in 

Quebec. 

W9 1-0405  8  6G 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in   a    Partially    Forested    Catchment    in 
Southern  Chile. 
W91-04118  4C 

Natural  Consumptive  Use  by  Tules,  Grasslands, 
and  Riparian  Forests,  California  Central  Valley. 
W9 1-04227  21 

Stream  Geomorphology:  Effects  on  Periphyton 

Standing  Crop  and  Primary  Production. 

W9 1-047 14  6G 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

Habitat  Alteration  and   Its  Effects  on  Native 
Fishes  in  the  Upper  Tennessee  River  System, 
East-Central  U.S.A. 
W91-04783  6G 

Conservation  and  Status  of  Threatened  Fishes  in 

Southern  Africa. 

W9 1-04786  6G 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1-04795  6G 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 

ENVIRONMENTAL  GRADIENT 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis. 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W91-O4056  21 

ENVIRONMENTAL  IMPACT 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 


SU-27 


ENVIRONMENTAL  IMPACT 


SUBJECT  INDEX 


Urban   Storm-induced   Discharge   Impacts:   US 
Environmental    Protection    Agency    Research 
Program  Review. 
W9 1-04322  5C 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W91-04323  5C 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W9 1-04338  5C 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W9 1-04341  5C 

Impact   of  Storm   Sewage   Discharges  on   the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

Development   of  Ecotoxicological   Criteria   in 

Urban  Catchments. 

W9 1-04343  5C 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W91-04356  5C 

Impact  of  Information  on  Environmental  Com- 
modity Valuation  Decisions. 
W9 1-04438  6C 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 

Use  of  Biodegradation  Data  in  Chemical  Assess- 
ment. 
W91-04628  5B 


ENVIRONMENTAL  POLICY 

Do  the  Right  Thing. 
W91-O4409 


6A 


Impact  of  Information  on  Environmental  Com- 
modity Valuation  Decisions. 
W91-04438  6C 


New  Strategies  for  Soil  Conservation. 
W91-04561 


4D 


Natural  Resource  Accounting  Systems  and  En- 
vironmental Policy  Modeling. 
W9 1-04563  6B 

EPA's  Technical  Sludge  Regulations  May  End 

Beneficial  Reuse. 

W9 1-04599  5G 

Environmental   Protection   in  Eastern   Europe. 
W91-04817  5G 

ENVIRONMENTAL  PROTECTION 

Agricultural  Chemical  Application  Practices  to 

Reduce  Environmental  Contamination. 

W9 1-04007  5G 

Food    Production,    Environmental    Protection, 
and  Health  Effects  in  Mexican  Agriculture. 
W91-O4009  6G 

Are    Laboratory-Derived    Toxicity    Data    for 
Freshwater  Algae  Worth  the  Effort. 
W91-04146  5C 

Aquatic  Toxicity  Testing  Using  the  Nematode, 

Caenorhabditis  elegans. 

W91-04147  5C 

EPA's  Technical  Sludge  Regulations  May  End 

Beneficial  Reuse. 

W9 1-04599  5G 


1990  Farm  Bill:  Opportunities  for  Groundwater 

Protection. 

W9 1-04859  5G 

ENVIRONMENTAL  QUALITY 

Environmental  Protection  in  Eastern  Europe. 
W91-04817  5G 

ENVIRONMENTAL  TRACERS 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

Tropospheric     OH     in     a     Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CC13. 
W91-O43O0  5B 

Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate-Alluvial  System. 
W9 1-04407  2F 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

ENZYMES 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W9 1-04023  5C 

Dietary   Accumulation   and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7,8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

EPHEMERAL  LAKES 

Limnology   of  the  Southern   Acid   Peat   Flats, 

South- Western  Australia. 

W91-04717  2H 

EPHEMERAL  STREAMS 

Direct  and  Indirect  Effects  of  Consumers  on 

Benthic  Algae  in  Isolated  Pools  of  an  Ephemeral 

Stream. 

W9 1-04447  2E 

EPIDEMIOLOGY 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W91-04362  5B 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W91-04365  5B 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W91-04366  5B 

Health   Effects   of  Beach   Water   Pollution   in 

Hong  Kong. 

W91-04454  5C 

EPILITHON 

Structure  of  Epilithon  in  Some  Acidic  and  Cir- 

cumneutral   Streams   in   South   Westland,   New 

Zealand. 

W91-04812  2H 

ERODIBILITY 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W9 1-045  39  4D 

EROSION 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W9 1-03954  7B 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in    a    Partially    Forested    Catchment    in 
Southern  Chile. 
W91-04118  4C 


Erosion  and   Sediment  Control,   the   Maryland 

Way. 

W91-04852  4D 

EROSION  CONTROL 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W9 1-045  39  4D 


New  Strategies  for  Soil  Conservation. 
W9 1-04561 


4D 


Erosion  and  Sediment  Control,   the  Maryland 

Way. 

W91-04852  4D 

Decision  Support  for  Best  Management  Practice 

Selection. 

W9 1-04905  6A 

EROSION  RATES 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

ERROR  ANALYSIS 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

ERWINIA 

Persistence  of  Genetically  Engineered  Erwinia 
carotovora     in     Perturbed     and     Unperturbed 
Aquatic  Microcosms  and  Effect  on  Recovery  of 
Indigenous  Bacteria. 
W9 1-04723  2H 

ESTIMATED  COSTS 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

Costs   of  Groundwater   Contamination   to   the 

Southington  Water  Works  Department. 

W9 1-04845  5  A 

ESTUARIES 

Assessment  of  Metal   Contamination   of  Sedi- 
ments in  the  Humber  Estuary,  U.K. 
W91-03979  5B 

Causes  of  Light  Attenuation  in  Nine  New  Zea- 
land Estuaries. 
W9 1-03981  2L 

Mixing  and  Circulation  in  the  Sundays  River 

Estuary,  South  Africa. 

W91-03985  2L 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and    in    Different    Planktonic   Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W91-O4027  5B 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W91-04272  2L 

Analysis  of  Dated  Sediment  Samples  from  the 

Newark  Bay  Area  for  Selected  PCDD/Fs. 

W9 1-04292  5B 

Effect  of  Zinc  on  Osmoregulation  of  Gammarus 
duebeni  (Crustacea:  Amphipods)  from  the  Estu- 
ary and  the  Sewage  Treatment  Works  at  Looe, 
Cornwall. 
W9 1-04376  5C 


SU-28 


SUBJECT  INDEX 


EXPERT  SYSTEMS 


Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional   Flow    Fields   and   Residual 

Circulation. 

W91-04414  2L 

Physical  Characteristics  of  the  Bahia  Blanca  Es- 
tuary (Argentina). 
W91-04415  2L 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

Estuary  Sediments  of  the  Yoshino  River-Study 

on  Estuary  Sediments,  Part  2. 

W9 1-04439  2L 

Distribution  and  Composition  of  Suspended  Par- 
ticulate Material  in  the  Clyde  Estuary  and  Asso- 
ciated Sea  Lochs. 
W91-04460  2L 

Sea  Level  Rise  and  Fringe  Wetlands  in  North 
Carolina:  Recommendations  from  a  Workshop 
on  Management  and  Research. 
W91-04512  2L 

Dissolved  Arsenic  in  the  St.  Lawrence  Estuary 

and  the  Saguenay  Fjord,  Canada. 

W91-04519  5B 

Enhanced  Primary  Production  at  the  Plume/ 

Oceanic  Interface  of  the  Mississippi  River. 

W9 1-04742  2L 

ESTUARINE  ENVIRONMENT 

Causes  of  Light  Attenuation  in  Nine  New  Zea- 
land Estuaries. 
W9 1-03981  2L 

Seasonal  Abundances  of  Planktonic  Ciliates  and 

Microflagellates  in  Mesohaline  Chesapeake  Bay 

Waters. 

W91-03982  2L 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W91-04272  2L 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional    Flow    Fields   and    Residual 

Circulation. 

W91-04414  2L 

Physical  Characteristics  of  the  Bahia  Blanca  Es- 
tuary (Argentina). 
W91-04415  2L 

Effects  of  Acid  Wastes  from  Titanium  Dioxide 
Production  on  Biomass  and  Species  Richness  of 
Benthic  Algae. 
W9 1-04420  5C 

Cadmium    Bioavailability    to   Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W91-04633  2L 


Nitzschia    pseudodelicatissima:    A    Source    of 

Domoic  Acid  in  the  Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

ESTUARINE  FISHERIES 

Distribution  and   Abundance  of  Pachymelania 

aurita  in  Lagos  Lagoon,  Nigeria. 

W9 1-04741  5C 

ESTUARINE  SEDIMENTS 

Development  of  an  Estuarine  Sediment  Burrow- 
ing Bioassay  for  Shipboard  Use. 
W91-04017  5A 

PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

Oxidation  and  Reduction  of  Radiolabeled  Inor- 
ganic Sulfur  Compounds  in  an  Estuarine  Sedi- 
ment, Kysing  Fjord,  Denmark. 
W91-04155  2K 

Partitioning  of  Unsubstituted  Polycyclic  Aro- 
matic Hydrocarbons  Between  Surface  Sediments 
and  the  Water  Column  in  the  Brisbane  River 
Estuary. 
W91-04361  5B 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

Cadmium    Bioavailability    to   Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

ETHANOL 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly(Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

EUTROPHIC  LAKES 

Time-   and   Vertical   Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W9 1-04034  2H 

Implications  for  the  Design  of  Artificial  Lakes 

of  a  Study  of  the  Craigavon  Lakes. 

W9 1-04037  4A 

Set  Membership  Approach  to  Identification  and 

Prediction  of  Lake  Eutrophication. 

W91-04119  5C 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W91-04410  2H 

EUTROPHICATION 

Successive  Appearance  of  Subfossil  Phytoplank- 
ton  Species  in  Holocene  Sediments  of  the  North- 
ern Adriatic  and  Its  Relation  to  the  Increased 
Eutrophication  Pressure. 
W91-03983  2L 

Set  Membership  Approach  to  Identification  and 

Prediction  of  Lake  Eutrophication. 

W91-04119  5C 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 

EVAPORATION 

Advective   Mixed-Layer  Model   for   Heat  and 
Moisture  Incorporating  an  Analytic  Expression 
for  Moisture  Entrainment. 
W91-04014  2D 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W91-04234  2D 


Methods  to  Convert  American  Class  A-Pan  and 
Symon's  Tank  Evaporation  to  That  of  a  Repre- 
sentative Environment. 
W91-04314  2D 

Bellani  Evaporation  Variation  in  Hill-land  Pas- 
ture. 
W9 1-04486  2D 

Estimating  Evaporation  from  Pasture  Using  In- 
frared Thermometry:  Evaluation  of  a  One-Layer 
Resistance  Model. 
W9 1-04487  2D 

EVAPORATION  CONTROL 

Evaporation  Reduction  in  Stock  Tanks  for  In- 
creasing Water  Supplies. 
W9 1-04387  3B 

EVAPORIMETERS 

Methods  to  Convert  American  Class  A-Pan  and 
Symon's  Tank  Evaporation  to  That  of  a  Repre- 
sentative Environment. 
W9 1-043 14  2D 

Bellani  Evaporation  Variation  in  Hill-land  Pas- 
ture. 
W9 1-04486  2D 

EVAPOTRANSPIRATION 

Proposed  Model  for  Evaluating  Urban  Hydro- 
logic  Change. 
W9 1-03990  4C 

Evapotranspiration  from  Sedge-dominated  Wet- 
land Surfaces. 
W9 1-04051  2D 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-04100  2G 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W9 1-04231  7B 

Stomatal  Resistance  Model  Illustrating  Plant  vs. 

External  Control  of  Transpiration. 

W9 1-04489  2D 

Improved   Prospects  for  Estimating   Insolation 
for    Calculating    Regional     Evapotranspiration 
from  Remotely  Sensed  Data. 
W9 1-04490  2D 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 

Evapotranspiration     and     Yield     of     Irrigated 

Chickpea. 

W9 1-04497  2D 

Diurnal  Variation  of  Crop  Hydraulic  Resistance: 

A  New  Analysis. 

W9 1-04503  2D 

EVAPOTRANSPIRATION  CONTROL 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 

EXPERT  SYSTEMS 

Knowledge-Based  Systems  for  Water  Resources 

Management. 

W91-04184  6D 


Do  the  Right  Thing. 
W9 1-04409 


6A 


Decision  Support  for  Best  Management  Practice 

Selection. 

W9 1-04905  6A 


SU-29 


EXPLOSIVES 


SUBJECT  INDEX 


EXPLOSIVES 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W9 1-04627  5B 


Bioremediation  Using  Composting. 
W9 1-04761 


5G 


FABRICS 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

FACTOR  ANALYSIS 

Application  of  Factor  Analysis  to  the  Hydro- 

geochemical  Study  of  a  Coastal  Aquifer. 

W9 1-04397  2F 

FAEROE  ISLANDS 

Different    Surface   Geology    in    Denmark,    the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W91-04044  5B 

FALLOUT 

Different    Surface    Geology    in    Denmark,    the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W91-04044  5B 

Meteorological  Factors  Influencing  the  Radio- 
active Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

Modeling  Transfer  of  Csl37  Fallout  in  a  Large 

Finnish  Watercourse. 

W9 1-04749  5B 

Radioactive  Fallout  Reconstruction  from  Con- 
temporary   Measurements    of   Reservoir    Sedi- 
ments. 
W91-04775  5B 

FARM  BILL 

1990  Farm  Bill:  Opportunities  for  Groundwater 

Protection. 

W9 1-04859  5G 

FARM  WASTES 

Incidence  of  Virulence  Factors  in   Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W91-04455  5B 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

FARMING 

Preliminary    Site    Evaluation    for    Agricultural 
Utilization    of   Sewage    Sludge    A    Guide    for 
WWTP  Technicians. 
W9 1-04606  5E 

FATE  OF  POLLUTANTS 

Transformation    of    Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  KC  Under  Denitrifica- 
tion  Conditions. 
W91-04060  5G 

Chlorophenol  Degradation  Coupled  to  Sulfate 

Reduction. 

W91-04061  5B 

Identification  and  Catabolic  Activity  of  Well- 
Derived    Gasoline-Degrading    Bacteria   from   a 
Contaminated  Aquifer. 
W9 1-04068  5B 

Modelling  the  Consumption  of  Dissolved  Con- 
taminants by  Biofilm  Periphyton  in  Open-Chan- 
nel Flow. 
W9 1-04082  5B 


PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 

Sorption  of  Organic  Acid  Compounds  to  Sedi- 
ments: Initial  Model  Development. 
W91-04144  5B 

Behavior  of  Diazinon  in  a  Perch  Species. 

W9 1-04256  5B 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W9 1-04263  5B 

Parametric  Study  of  Diethyl  Phthalate  Biode- 

gradation. 

W9 1-04274  5B 

Ozonation  of  Sulfur-Containing  Aliphatic  Com- 
pounds in  Aqueous  Solution:  I. 
W9 1-04384  5F 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W9 1-04385  5F 

National  Contaminant  Biomonitoring  Program: 
Concentrations  of  Arsenic,  Cadmium,  Copper, 
Lead,    Mercury,    Selenium,    and   Zinc   in   U.S. 
Freshwater  Fish,  1976-1984. 
W9 1-04578  5G 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W9 1-04579  5G 

Degradation   Studies   with    14C-Fenoxaprop   in 

Prairie  Soils. 

W9 1-04584  5B 

Use   of  Fluorescence   Spectroscopy   to   Study 

Herbicide-Humic  Acid  Interactions:  Preliminary 

Observations. 

W91-04587  5B 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W9 1-04627  5B 

Use  of  Biodegradation  Data  in  Chemical  Assess- 
ment. 
W9 1-04628  5B 

Biodegradation  of  Pesticides  (Dec  85-May  90). 
W9 1-04657  5B 

Biodegradation    of   Pesticides    and    Herbicides 

(Mar  78-Mar  90). 

W9 1-04659  5D 

Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 

Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Parahydroxy- 
benzoate and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W9 1-04728  5B 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W9 1-04729  5B 

Effect  on  Mineral  Media  on  Trichloroethylene 

Oxidation  by  Aquifer  Methanotrophs. 

W9 1-04730  5B 

Reductive   Dechlorination   of  Dichlorophenols 
by  Nonadapted  and  Adapted  Microbial  Commu- 
nities in  Pond  Sediments. 
W9 1-04732  5B 


Biological  Transformations  of  1,1,1-Trichlor- 
oethane  in  Subsurface  Soils  and  Ground  Water. 
W9 1-04743  5B 

Degradation   of  Atrazine   in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

FATHEAD  MINNOWS 

Evaluation    of   Sucrose    as    an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and    Cladoceran    Tests    with 
Freshwater  Effluents. 
W91-04151  5A 

FATTY  ACIDS 

Seasonal  Changes  in  the  Chemical  Composition 
of  Ceratophyllum  demersum  L.  in  a  Small  Pond. 
W9 1-04752  2H 

FECAL  COLIFORMS 

Incidence  of  Virulence  Factors  in  Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W91-04455  5B 

FECES 

Incidence  of  Virulence  Factors  in  Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W9 1-04455  5B 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W9 1-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W91-04457  5F 

FEDERAL  JURISDICTION 

Coordination  of  Federal  Water-Use-Data  Col- 
lection and  Dissemination. 
W91-04163  6D 

FELDSPAR 

Dissolution  of  Feldspars  in  the  Presence  of  Nat- 
ural, Organic  Solutes. 
W9 1-03986  2J 

Influence  of  Temperature  and  Mineral  Surface 
Characteristics  on  Feldspar  Weathering  Rates  in 
Natural  and  Artificial  Systems:  A  First  Approxi- 
mation. 
W91-04932  5C 

FERTILITY 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the   Fertility   of  the   Mallard   Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

FERTILIZATION 

Listeria  monocytogenes  Contamination  of  Crops 

Grown  on   Soil  Treated  with  Sewage   Sludge 

Cake. 

W9 1-04367  5B 

Yield   of  Successively   Cropped    Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 

FERTILIZERS 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W9 1-04546  5B 


SU-30 


SUBJECT  INDEX 


FISH  CONSERVATION 


FIELD  TESTS 

Environmental  Research  Field  Site  'Horkheimer 
Insel':  Research  Program,  Instrumentation  and 
First  Results. 
W9 1-04308  7  A 

Design  and  Performance  of  an  Acidic  Precipita- 
tion Delivery   System   for   Field   Investigation 
with  Plants. 
W91-04568  5C 

Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W91-04935  2A 

FILTERS 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

Upgrading    of    Small    Municipal    Wastewater 

Treatment  Plants  with  Heavy  Dairy  Loading  by 

Introduction  of  Aerated  Submerged  Biological 

Filters. 

W91-04681  5D 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W91-04684  5D 

Upgrading  of  Wastewater  Treatment  Plants:  Ox- 
idation Ponds  in  Series  with  Biological  Filters. 
W91-04701  5D 

Biologically     Intensified     Filtration     Processes 
(Dry  Bed  Filter)  for  an  Efficient  Effluent  Im- 
provement of  Wastewater  Treatment  Plants:  Ap- 
plications. 
W9 1-04704  5D 

FILTRATION 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

Troubleshooting  an  Existing  Treatment  Plant. 
W91-04373  5F 

Use  of  Air  Water  Backwash  Systems:  An  Over- 
view. 
W91-04375  5F 

Tertiary  Waste  Water  Treatment  with  Flotation 

Filters. 

W91-04675  5D 

Biologically     Intensified     Filtration     Processes 
(Dry  Bed  Filter)  for  an  Efficient  Effluent  Im- 
provement of  Wastewater  Treatment  Plants:  Ap- 
plications. 
W9 1-04704  5D 

FINANCING 

Price  and  Income  Elasticities  in  the  Analysis  of 
Water  Demands  for  the  City  of  Hays,  Kansas. 
W91-04178  6C 

Role  of  Government  Agencies  in  the  Financing 

of  Water  Supply  Systems. 

W9 1-04207  6E 

FINITE  DIFFERENCE  METHODS 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W91-O4309  5B 

FINITE  ELEMENT  ANALYSIS 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 


FINITE  ELEMENT  METHOD 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W9 1-04396  5B 

Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W9 1-04406  2E 

FINLAND 

Meteorological  Factors  Influencing  the  Radioac- 
tive Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

Modeling  Transfer  of  Csl37  Fallout  in  a  Large 

Finnish  Watercourse. 

W9 1-04749  5B 


Water  Quality  in  Finland. 
W9 1-04759 

FIREFIGHTING 

Role  of  the  Fire  Marshal's  Office. 
W9 1-04843 


5F 


6D 


FISH 

Spatial  and  Temporal  Trends  in  Organochlorine 
Contamination  of  Dab  (Limanda  limanda)  and 
Flounder  (Platichthys  flesus)  in  the  North  Sea. 
W91-04053  5B 


Electrophiles  and  Acute  Toxicity  to  Fish. 
W9 1-04059 


5C 


Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

Quantification  of  Toxaphene  Residues  in  Fish 

and   Fish   Products   Using   a   New   Analytical 

Standard. 

W9 1-04248  5  A 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated   Hydrocarbons,   Dibenzofurans  and 
Dibenzo-p-dioxins  in   Bream  (Abramis  brama) 
From  the  River  Elbe. 
W91-04250  5B 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W91-04255  5A 

Polychlorinated    Dibenzofurans   in   the   Edible 

Portion  of  Selected  Fish. 

W91-04258  5B 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W91-04290  5B 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W9 1-04571  5C 

National  Contaminant  Biomonitoring  Program: 
Concentrations  of  Arsenic,  Cadmium,  Copper, 
Lead,   Mercury,   Selenium,   and   Zinc   in   U.S. 
Freshwater  Fish,  1976-1984. 
W91-04578  5G 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W91-04579  5G 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 


Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 
W91-04753  5A 

Fish  of  the  Amazonian  Igapo:  Stability  and  Con- 
servation   in    a    High    Diversity-Low    Biomass 
System. 
W9 1-04784  2H 

FISH  BARRIERS 

Flow    Dynamics   and    Fish    Recovery    Experi- 
ments: Water  Intake  Systems. 
W9 1-04588  81 

FISH  BEHAVIOR 

Effects  of  Environmental  Factors  on  Jumping 

Behaviour  of  the  Juvenile  Ayu  Plecoglossus  alti- 

velis  with  Special  Reference  to  Their  Upstream 

Migration. 

W91-04526  81 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing Behaviours  of  Juvenile  Ayu  Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W91-04527  81 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 

Habitat   Alteration  and   Its  Effects  on  Native 
Fishes  in  the  Upper  Tennessee  River  System, 
East-Central  U.S.A. 
W91-04783  6G 

Rare  Fishes  of  Himalayan  Waters  of  Nepal. 
W9 1-04792  81 

FISH  CONSERVATION 

Habitat  Alteration  and  Its  Effects  on  Native 
Fishes  in  the  Upper  Tennessee  River  System, 
East-Central  U.S.A. 
W91-04783  6G 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W91-04785  6G 

Conservation  and  Status  of  Threatened  Fishes  in 

Southern  Africa. 

W9 1-04786  6G 

Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W91-04787  81 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W91-04789  81 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 

Threatened  Fishes  of  Barombi  Mbo:  A  Crater 

Lake  in  Cameroon. 

W9 1-04791  81 

Rare  Fishes  of  Himalayan  Waters  of  Nepal. 
W9 1-04792  81 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W91-04793  81 

Threats  to  the  Survival  of  Anadromous  Fishes  in 

the  River  Tagus,  Portugal. 

W9 1-04794  5C 


SU-31 


FISH  CONSERVATION 


SUBJECT  INDEX 


Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1-04795  6G 

FISH  DISEASES 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-04610  5C 

FISH  EGGS 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W91-04609  5C 

FISH  FARMING 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W91-04542  3F 


FISH  MANAGEMENT 

Rare  Fishes  of  Himalayan  Waters  of  Nepal. 
W9 1-04792 


HI 


FISH  MIGRATION 

Effects  of  Environmental  Factors  on  Jumping 

Behaviour  of  the  Juvenile  Ayu  Plecoglossus  alti- 

velis  with  Special  Reference  to  Their  Upstream 

Migration. 

W9 1-04526  81 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing Behaviours  of  Juvenile  Ayu  Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W91-04527  81 

FISH  PASSAGES 

Flow    Dynamics   and   Fish   Recovery   Experi- 
ments: Water  Intake  Systems. 
W91-04588  81 

FISH  PATHOLOGY 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W91-04363  5C 

Subcellular  Localization  of  Acid-Rain  Trans- 
ported Aluminum  in  Gills  and  Kidneys  of  Trout 
from  Streams  of  the  Vosges:  Preliminary  Re- 
sults, (Localisation  Subcellulaire  de  l'aluminium 
Vehicule  par  les  Pluies  Acides  dans  les  Reins  et 
Branchies  de  Truite  des  Vosges.  Donnees  Preli- 
minaires). 
W91-04364  5B 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W9 1-04571  5C 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-04610  5C 

FISH  PHYSIOLOGY 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 

Tissue  Distribution  of  Mercury  and  Selenium  in 

Minnows,  Phoxinus  phoxinus. 

W9 1-04025  5B 

Selenium     and    Other     Elements    in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W91-04577  5B 


Effect  of  Copper  on  the  Embryonic  Develop- 
ment and  Hatching  of  Sepia  officinalis  L. 
W9 1-04581  5C 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W9 1-04590  5B 

FISH  POPULATIONS 

Status  of  the  Fourhorn  Sculpin,  Myoxocephalus 

quadricornis,  in  Canada. 

W91-04088  5C 

Status  of  the  Spoonhead  Sculpin,  Cottus  ricei,  in 

Canada. 

W9 1-04089  5C 

Status  of  the  Blackline  Prickleback,  Acantho- 

lumpenus  mackayi,  in  Canada. 

W91-04090  2H 

Status  of  the  Brook  Silverside,  Labidesthes  sic- 

culus,  in  Canada. 

W91-04091  5C 

Status  of  the  Banded  Killifish,   Fundulus  dia- 

phanus,  in  Canada. 

W9 1-04092  5C 

Status  of  the  Least  Darter,  Etheostoma  micro- 

perca.  In  Canada. 

W9 1-04093  2H 

Status  of  the  River  Darter,  Percina  shumardi,  in 

Canada. 

W9 1-04094  5C 

Status  of  the  Black  Buffalo,  Ictiobus  niger,  in 

Canada. 

W9 1-04098  5C 

Status   of  the   Golden    Redhorse,    Moxostoma 

erythrurum,  in  Canada. 

W9 1-04099  2H 

Annual    Production   and    Production:    Biomass 
Ratios  for  Three  Species  of  Stream  Trout  in 
Lake  Superior  Tributaries. 
W9 1-04589  2H 

Classification  of  Texas  Reservoirs  in  Relation  to 
Limnology  and  Fish  Community  Associations. 
W9 1-04591  2H 

Distributions   and   Abundances   of  Early    Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W91-04592  2H 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W9 1-04593  2H 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

Habitat   Alteration   and   Its  Effects  on   Native 
Fishes  in  the  Upper  Tennessee  River  System, 
East-Central  U.S.A. 
W9 1-04783  6G 

Fish  of  the  Amazonian  Igapo:  Stability  and  Con- 
servation   in    a    High    Diversity-Low    Biomass 
System. 
W91-04784  2H 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W91-04789  81 

Rare  Fishes  of  Himalayan  Waters  of  Nepal. 
W9 1-04792  81 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W9 1-04793  81 


FISH  STOCKING 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing  Behaviours  of  Juvenile   Ayu   Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W9 1-04527  81 

FISHERIES 

Classification  of  Texas  Reservoirs  in  Relation  to 
Limnology  and  Fish  Community  Associations. 
W9 1-04591  2H 

FISHKILL 

Flow   Dynamics   and    Fish   Recovery   Experi- 
ments: Water  Intake  Systems. 
W9 1-04588  81 

FJORDS 

Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-04110  2J 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 

FLAGELLATES 

Seasonal  Abundances  of  Planktonic  Ciliates  and 

Microflagellates  in  Mesohaline  Chesapeake  Bay 

Waters. 

W9 1-03982  2L 

Seasonal  Occurrence  of  Autotrophic  Naked 
Nanoflagellates  in  Kiel  Bight,  Western  Baltic. 
W9 1-03984  2L 

FLANDERS 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W9 1-04793  81 

FLOCCULATION 

Settling  Speed  of  Floes  in  Fresh  Water  and 

Sea  water. 

W9 1-04296  2J 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W91-04383  5F 

Dosage  Control  for  a  Higher  Efficiency  of  the 

Separation  Process. 

W9 1-04686  5D 

How  to  Increase  Efficiency  of  Sewage  Plants 

and  Obey  the  Latest  Regulations. 

W9 1-04692  5D 

Theory  and  Performance  of  a  Jet-Mixed  Separa- 
tor. 
W91-04757  5F 

FLOOD  DAMAGE 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York  State,  with  Flood  Profiles  of  Schoharie 

Creek. 

W9 1-04645  2E 

FLOOD  FORECASTING 

Reliability   Based  Time  Axes  for  Flood  Data 

Presentation. 

W9 1-04408  2E 

Maps  of  Flood  Statistics  for  Regional   Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 

FLOOD  FREQUENCY 

Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W91-04109  2B 

Reliability   Based   Time  Axes  for   Flood   Data 

Presentation. 

W9 1-04408  2E 


SU-32 


SUBJECT  INDEX 


FORECASTING 


FLOOD  FREQUENCY  ANALYSIS 

Maps  of  Flood   Statistics  for  Regional   Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 

FLOOD  HYDROGRAPHS 

Role  of  Hypsometry  and  Planform  in  Basin  Hy- 

drologic  Response. 

W91-O4105  2E 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York  State,  with  Flood  Profiles  of  Schoharie 

Creek. 

W9 1-04645  2E 

FLOOD  IRRIGATION 

Sprinkler  vs.  Flood  Irrigation  in  Traditional 
Rice  Production  Regions  of  Southeast  Texas. 
W9 1-04502  3F 

FLOOD  MAPS 

Maps  of  Flood  Statistics  for  Regional   Flood 
Frequency  Analysis  in  New  Zealand. 
W91-O4802  2E 

FLOOD  PLAIN  SEDIMENTS 

Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W91-04109  2B 

FLOOD  PLAINS 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W91-04737  2H 

FLOOD  PROFILES 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York  State,  with  Flood  Profiles  of  Schoharie 

Creek. 

W91-04645  2E 

FLOOD  RESISTANCE 

Flood   Resistance  of  Tristaniopsis  laurina  and 
Acmena  smithii  from  Riparian  Warm  Temperate 
Rainforest  in  Victoria. 
W91-04055  21 

FLOOD  ROUTING 

Role  of  Hypsometry  and  Planform  in  Basin  Hy- 

drologic  Response. 

W91-04105  2E 

FLORIDA 

Computer  Simulation  of  Tide-Induced  Residual 

Transport  in  a  Coastal  Lagoon. 

W91-04295  2L 

Distributions   and   Abundances   of  Early   Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W9 1-04592  2H 


Florida's  Reuse  Program  Paves  the  Way. 
W91-04822 


5D 


Stability  Analysis  of  a  Two-Inlet  Bay  System. 
W91-04836  2L 

FLOTATION 

Tertiary  Waste  Water  Treatment  with  Flotation 

Filters. 

W9 1-04675  5D 

FLOUNDERS 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W9 1-04363  5C 

FLOW  CHARACTERISTICS 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W91-04354  2E 


FLOW  MEASUREMENT 

Instream  Flow  Analysis  and  Monitoring  Proce- 
dure for  Little  River  in  Eastern  Tennessee. 
W91-04169  6D 

FLOW  MODELS 

LDA  Study  of  Flow  Structure  in  Submerged 

Hydraulic  Jump. 

W9 1-04305  8B 

River  Flow  Forecasting  System  with  Data  Man- 
agement, Graphical  River  Network  Control  and 
Interactive  Operation. 
W9 1-04804  2E 

Identifiability    of    Conceptual    Hydrochemical 

Models. 

W9 1-04927  5B 

Preferential  Flow  and  the  Generation  of  Runoff: 

1.  Boundary  Layer  Flow  Theory. 

W9 1-04933  2E 

FLOW  PATTERN 

LDA  Study  of  Flow  Structure  in  Submerged 

Hydraulic  Jump. 

W9 1-04305  8B 


B-Jump  in  Sloping  Channel,  II. 
W9 1-04306 


8B 


Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

FLOW  REGULATORS 

Constant  Discharge  Device  for  Field  Irrigation. 
W9 1-04307  3F 

FLOW  RESISTANCE 

Analysis  of  Outflow  Experiments  Subject  to  Sig- 
nificant Plate  Impedance. 
W9 1-04921  2G 

FLOW  VELOCITY 

Algal  Colonization  Under  Four  Experimentally- 
Controlled  Current  Regimes  in  a  High  Mountain 
Stream. 
W91-04715  2E 

FLUCTUATIONS 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W9 1-03996  2H 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 

FLUID  FLOW 

Survey  of  Domain  Decomposition  Techniques 

and  Their  Implementation. 

W9 1-04831  2G 

FLUH)  MECHANICS 

Comparison    of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W9 1-04825  2F 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

FLUMES 

Small  Flume  for  Studying  the  Influence  of  Hy- 
drodynamic  Factors  on  Benthic  Invertebrate  Be- 
havior. 
W91-04716  2E 

FLUORESCENCE 

Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W9 1-03946  7B 


Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W9 1-03947  7B 

FLUORESCENCE  SPECTROSCOPY 

Use   of  Fluorescence   Spectroscopy   to   Study 

Herbicide-Humic  Acid  Interactions:  Preliminary 

Observations. 

W91-04587  5B 

FLUORIDES 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W9 1-04023  5C 

FLUSHING 

Flushing  of  a  Coastal  Lagoon  in  the  Red  Sea. 
W91-04417  2L 

FLY  ASH 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5  A 

FOG 

Smog-Fog-Smog  Cycle  and  Acid  Deposition. 
W91-O4301  2K 

One-Dimensional  Numerical  Model  to  Simulate 
Formation  and  Balance  of  Sulfate  During  Radi- 
ation Fog  Events. 
W9 1-04302  2K 

Effect  of  Simulated  Acidic  Fog  on  Carbohy- 
drate Leaching,  C02  Assimilation  and  Develop- 
ment of  Damage  Symptoms  in  Young  Spruce 
Trees  (Picea  abies  L.  Karst). 
W9 1-04560  5C 

FOLIATION 

Effects  of  Foliation  on  the  Hydrologic  Proper- 
ties of  Piedmont  Saprolite. 
W91-04885  2F 

FOOD  CHAINS 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in  Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W9 1-04445  5B 

Direct  and  Indirect  Effects  of  Consumers  on 

Benthic  Algae  in  Isolated  Pools  of  an  Ephemeral 

Stream. 

W9 1-04447  2E 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

FOOD-PROCESSING  WASTES 

Aerobic  Treatment  of  Dairy  Wastewater. 

W9 1-03969  5D 

Treatment  of  Poultry   Processing   Wastewater 

Using  Sequencing  Batch  Reactors. 

W91-O4550  5D 

FOODS 

Results  from   the   First   Year  of  the   Swedish 

Dioxin  Survey. 

W9 1-04289  5B 

FORECASTING 

Hybrid  Model  for  Forecasting  Daily  Rainfall. 
W91-04127  2B 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

Main  II-Model  Water-Use  Projections  for  Wis- 
consin, 1990-2010. 
W91-04238  6D 


SU-33 


FORECASTING 


SUBJECT  INDEX 


Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

Uncertainty   of  Water    Supply    Demand    Esti- 
mates. 
W9 1-04243  6D 

Water  Supply  Forecasting  and  Its  Uncertainties. 
W9 1-04244  6D 

River  Flow  Forecasting  System  with  Data  Man- 
agement, Graphical  River  Network  Control  and 
Interactive  Operation. 
W9 1-04804  2E 

FOREST  ECOSYSTEMS 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis, 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W9 1-04056  21 

Fish  of  the  Amazonian  Igapo:  Stability  and  Con- 
servation   in   a   High    Diversity-Low    Biomass 
System. 
W91-04784  2H 

FOREST  HYDROLOGY 

Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W9 1-03946  7B 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in    a    Partially    Forested    Catchment    in 
Southern  Chile. 
W91-04118  4C 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

FOREST  MANAGEMENT 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

FOREST  WATERSHEDS 

Dissolved  Organic  Carbon  Cycling  in  Forested 

Watersheds:  A  Carbon  Isotope  Approach. 

W9 1-04924  2K 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W91-O4930  2E 

FORESTRY 

Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W91-03946  7B 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W9 1-03947  7B 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in    a    Partially    Forested    Catchment    in 
Southern  Chile. 
W91-04118  4C 

Estimation  of  Transpiration  by  Single  Trees: 
Comparison  of  a  Ventilated  Chamber,  Leaf 
Energy  Budgets  and  a  Combination  Equation. 
W9 1-04484  2D 

FRANCE 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W9 1-04323  5C 


Development  of  a  Methodology  to  Determine 

the  Pollution  Discharged  by  a  Combined  Sewer 

Network. 

W9 1-04324  5B 

Small   Time  and   Space   Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W9 1-04431  7  A 

Defining  Homogeneous  Precipitation  Regions 
by  Means  of  Principal  Components  Analysis. 
W91-04435  2B 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W91-04440  5C 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

Bacterial  Heterotrophic  Activity  in  the  River 
Seine:  Tritiated  Thymidine  and  Leucine  Incor- 
poration Profiles  (Activite  Bacterienne  Hetero- 
trophe  dans  la  Seine:  Profits  d'Incorporation  de 
Thymidine  et  de  Leucine  Tritiees). 
W91-04837  5C 

FREEZE-THAW  TESTS 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

FRESHWATER 

Real-Time  Sampling  Strategies  for  Estimating 

Nutrient  Loadings. 

W9 1-03989  5  A 

Settling   Speed  of  Floes  in   Fresh  Water  and 

Seawater. 

W9 1-04296  2J 

FRESHWATER  MUSSELS 

Simplification  of  in  Vitro  Culture  Techniques 

for  Freshwater  Mussels. 

W91-04148  7B 

Changes  in  Intracellular  Free  Amino  Acids  in 
Tissues  of  the  Caged  Mussel,  Elliptio  complan- 
ata,  Exposed  to  Contaminated  Environments. 
W91-04611  5C 

FRUIT  CROPS 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W91-O4780  3F 

FULVIC  ACIDS 

Adsorption  of  Chlordimeform  by  Humic  Sub- 
stances from  Different  Soils. 
W9 1-04798  5B 

FUNGI 

Biosorption  of  Radionuclides  by  Fungal   Bio- 
mass. 
W91-04156  5D 

Recovery  of  Metal  Ions  by  Microfungal  Filters. 
W91-04157  5D 

FUNGICIDES 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W9 1-04268  5  A 


FURANS 

Polychlorinated    Dibenzofurans   in   the   Edible 

Portion  of  Selected  Fish. 

W9 1-04258  5B 

Quality  Assurance  in  Analysis  of  Environmental 

Matrices  for  PCDDs  and  PCDFs. 

W9 1-04276  5  A 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5A 

Water  Round  Robin  for  Parts-Per-Quadrillion 

Determination  of  PCDDs  and  PCDFs. 

W9 1-04279  5D 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W9 1-04281  5  A 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W9 1-04282  5  A 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

Development  of  a  Rapid  Screening  Assay  for 

PCDDs  and  PCDFs. 

W91-04286  5A 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 
zofurans in  the  Environment. 
W9 1-04287  5  A 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W9 1-04288  5B 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 

Analysis  of  Dated  Sediment  Samples  from  the 
Newark  Bay  Area  for  Selected  PCDD/Fs. 
W91-04292  5B 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W9 1-04293  5D 

FUTURE  PLANNING 

Probing  the  Future  of  the  Mediterranean  Basin. 
W91-04556  5G 

Upgrading  of  Kanpur  Wastewater  Treatment 

Plant  by  Phased  Expansion. 

W9 1-04706  5D 

GANGES  RIVER 

Trace  Metal  Ions  in  Ganga  Water  System. 

W9 1-04259  2K 

Some    Limnological    Observations    on    River 

Ganga. 

W91-04418  2H 

GAS  CHROMATOGRAPHY 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 


SU-34 


SUBJECT  INDEX 


GEOHYDROLOGY 


Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 

Quantification  of  Toxaphene  Residues  in  Fish 

and   Fish   Products   Using   a   New   Analytical 

Standard. 

W9 1-04248  5  A 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W9 1-04255  5  A 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W91-04282  5A 

Application    of  a   Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W91-04284  5A 

GASOLINE 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading   Bacteria   from   a 
Contaminated  Aquifer. 
W91-04068  5B 


Gasoline  Lead  in  West  German  Soils. 
W9 1-043 10 


5B 


GASTROPODS 

Ultrastructural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-04616  5C 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W91-04623  5B 

Distribution  and  Abundance  of  Pachymelania 

aurita  in  Lagos  Lagoon,  Nigeria. 

W9 1-04741  5C 

GENERAL  CIRCULATION  MODELS 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle~A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

GENETIC  ENGINEERING 

Persistence  of  Genetically  Engineered  Erwinia 
carotovora     in     Perturbed     and     Unperturbed 
Aquatic  Microcosms  and  Effect  on  Recovery  of 
Indigenous  Bacteria. 
W9 1-04723  2H 

GENETICS 

Effects  of  Hg(2  +  ),  CH3-Hg(  +  ),  and  Tempera- 
ture on  the  Expression  of  Mercury  Resistance 
Genes  in  Environmental  Bacteria. 
W9 1-04062  5C 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing Behaviours  of  Juvenile  Ayu  Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W9 1-04527  81 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 

GEOCHEMISTRY 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-O4108  2F 


Trace  Metal  Ions  in  Ganga  Water  System. 
W91-04259  2K 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W9 1-04271  5B 

Application  of  Factor  Analysis  to  the  Hydro- 
geochemical  Study  of  a  Coastal  Aquifer. 
W91-04397  2F 

Statistical  Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 

Geothermal  Resources  of  the  Western  Arm  of 
the  Black  Rock  Desert,  Northwestern  Nevada: 
Part  II,  Aqueous  Geochemistry  and  Hydrology. 
W9 1-04462  2K 

Dissolved  Arsenic  in  the  St.  Lawrence  Estuary 

and  the  Saguenay  Fjord,  Canada. 

W91-04519  5B 

Ground-Water     Quality     Near    a    Scavenger- 
Waste-Disposal  Facility  in  Manorville,  Suffolk 
County,  New  York,  1984-85. 
W91-04647  5B 

Microbial  Manganese  Reduction  Mediated  by 
Bacterial   Strains   Isolated   from   Aquifer   Sedi- 
ments. 
W9 1-04726  2K 

Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2J 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W91-04928  5B 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

Influence  of  Temperature  and  Mineral  Surface 
Characteristics  on  Feldspar  Weathering  Rates  in 
Natural  and  Artificial  Systems:  A  First  Approxi- 
mation. 
W9 1-04932  5C 

Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W9 1-04935  2  A 

GEOGRAPHIC  INFORMATION  SYSTEMS 

EPA/Local  Partnership  at  Work  -  The  Creation 
of  a  Ground  Water  Protection  Program. 
W91-03938  5G 

Ground     Water     Resource     Based     Mapping, 
Nashua  Regional  Planning  Area,  New  Hamp- 
shire. 
W9 1-03940  6A 

California  Water-Use  Geographic   Information 

System. 

W91-04170  6D 

Surface-Water   Containment    Routing   Using   a 

Digital  Stream  Information  System. 

W91-04185  5B 


Use    of   Geographic    Information    System    for 
Reaggregating  Water-Use  Data  from  Counties 
to  Hydrologic  Units. 
W91-04186  6D 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W91-04233  3F 

Spuds  From  Space:  Using  Remote  Sensing/GIS 
in  Adjudicating  Idaho  Water  Rights. 
W91-04235  6E 

GEOHYDROLOGY 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-O4107  2F 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-04108  2F 

Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-O4110  2J 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W91-04273  2F 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

Ground-Water       Withdrawals,       Water-Level 
Changes,       Land-Surface       Subsidence,       and 
Ground-Water  Quality  in  Fort  Bend  County, 
Texas,  1969-87. 
W9 1-04467  4B 

Hydrogeology  and  Ground-Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W9 1-04468  5B 

Documentation  of  Model  Input  and  Output 
Values  for  the  Geohydrology  and  Mathematical 
Simulation  of  the  Pajaro  Valley  Aquifer  System, 
Santa  Cruz  and  Monterey  Counties,  California. 
W9 1-04477  4B 

Geohydrology  and  Water  Quality  of  Confined- 
Drift  Aquifers  in  the  Brooten-Belgrade  Area, 
West-Central  Minnesota. 
W91-04635  2F 

Matrix-Controlled  Hydraulic  Properties  of  Mis- 
sissippian  and  Pennsylvanian  Sandstones  from 
the  Michigan  Basin. 
W9 1-04639  2F 

Groundwater  Resources  of  Pike  County,  Penn- 
sylvania. 
W9 1-04641  2F 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical  Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 


SU-35 


GEOHYDROLOGY 


SUBJECT  INDEX 


Geohydrology     of     the     Bethpage-Hicksville- 

Levittown  Area,  Long  Island,  New  York. 

W9 1-04646  2F 

Model  for  Compaction  of  Sedimentary  Basins. 
W91-04835  2F 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W9 1-04854  2F 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 
Area  in  the  Western   Part  of  San   Francisco, 
California. 
W91-04883  2F 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic    Features    Beneath    New    River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

Isotopic  Evolution  of  River  Water  in  the  North- 
em  Chile  Region. 
W91-04917  2K 

GEOLOGIC  FRACTURES 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical  Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 

GEOLOGICAL  FORMATIONS 

Salt-Dome  Locations  in  the  Gulf  Coastal  Plain, 

South-Central  United  States. 

W91-O4880  2F 

GEOLOGY 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic     Features    Beneath    New    River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

GEOMORPHOLOGY 

Role  of  Hypsometry  and  Planform  in  Basin  Hy- 
drologic Response. 
W91-04105  2E 

GEOPHYSICAL  EXPLORATION 

Principal  Facts  for  Gravity  Stations  in  the  Elko, 

Steptoe    Valley,    Coyote    Spring    Valley,    and 

Sheep    Range    Areas,    Eastern    and    Southern 

Nevada. 

W9 1-04473  7B 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic     Features    Beneath     New     River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

GEOPHYSICAL  STUDIES 

Principal  Facts  for  Gravity  Stations  in  the  Elko, 

Steptoe    Valley,    Coyote    Spring    Valley,    and 

Sheep    Range    Areas,    Eastern    and    Southern 

Nevada. 

W91-04473  7B 

GEOPHYSICS 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic     Features     Beneath     New     River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

GEOTEXTILES 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 


GEOTHERMAL  RESOURCES 

Geothermal  Resources  of  the  Western  Arm  of 
the  Black  Rock  Desert,  Northwestern  Nevada: 
Part  II,  Aqueous  Geochemistry  and  Hydrology. 
W9 1-04462  2K 

GEOTHERMAL  STUDIES 

Geothermal  Resources  of  the  Western  Arm  of 
the  Black  Rock  Desert,  Northwestern  Nevada: 
Part  II,  Aqueous  Geochemistry  and  Hydrology. 
W9 1-04462  2K. 

GERMANY 

Gasoline  Lead  in  West  German  Soils. 
W91-O4310  5B 

Upgrading  of  Wastewater  Treatment  Plants  for 
the  Reduction  of  Nitrogen  and  Phosphorus  in 
Schleswig-Holstein,  FRG. 
W9 1-04667  5D 

Examples  for  the  Upgrading  of  Existing  Activat- 
ed Sludge  Plants  for  Nutrient  Removal. 
W9 1-04672  5D 

Steps  in  Planning  the  Expansion  of  the  Large 
Sewage  Treatment  Plant  at  Buchenhofen,  Oper- 
ated by   the   Wupper   Watershed   Management 
Association. 
W9 1-04673  5D 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W91-04710  5D 

Werner  Schnese  and  the  Development  of  Coast- 
al Waters  Ecology  in  Rostock,  GDR. 
W9 1-04750  2L 

GIARDIASIS 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W9 1-04362  5B 

GLACIAL  AQUIFERS 

Delineation   of  Contributing   Areas   to    Public 

Supply      Wells     in      Stratified      Glacial-Drift 

Aquifers. 

W9 1-03932  5G 

GLACIAL  DRIFT 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W9 1-03957  7B 

GLACIAL  SOILS 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

GLACIOHYDROLOGY 

Private   Well   Protection   in   Sand   and   Gravel 

Aquifers. 

W9 1-03943  5G 

Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-O4110  2J 

GLOBAL  WARMING 

Climate    Change    and    Changes    in    California 

Snowmelt-Runoff  Patterns. 

W91-04215  2B 

Carbon   Dioxide  and  Water   Level   Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

Sea  Level  Rise  and  Fringe  Wetlands  in  North 
Carolina:  Recommendations  from  a  Workshop 
on  Management  and  Research. 
W91-04512  2L 

GLUCOSE 

In  Situ  Technique  to  Measure  Bacterial  Chemo- 

taxis  in  Natural  Aquatic  Environments. 

W9 1-04722  2H 


GLUTATHIONE 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-O4610  5C 

GOAL  PROGRAMMING 

Goal-Programming    Techniques    for    Optimal 

Reservoir  Operations. 

W9 1-03994  6A 

GOVERNMENT  SUPPORTS 

Role  of  Government  Agencies  in  the  Financing 

of  Water  Supply  Systems. 

W9 1-04207  6E 

GOVERNMENTAL  INTERRELATIONS 

Protecting  Ground  Water  from  the  Bottom  Up: 
Local  Responses  to  Wellhead  Protection. 
W91-03921  5G 

EPA/Local  Partnership  at  Work  -  The  Creation 
of  a  Ground  Water  Protection  Program. 
W91-03938  5G 

GRANITES 

Granite    Weathering    and    the    Sensitivity    of 

Alpine  Lakes  to  Acid  Deposition. 

W9 1-03998  2H 

GRANTS 

Water    Resources    Research    Grant    ProgTam: 
Project  Descriptions,  Fiscal  Year  1989. 
W91-04858  9D 

GRANULAR  ACTIVATED  CARBON 

Adsorption    Isotherms:    Illusive    Capacity    and 

Role  of  Oxygen. 

W9 1-04072  5D 

GRAPHICAL  METHODS 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

GRASS  SHRIMP 

Cadmium    Bioavailability    to   Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

GRASSES 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

GRAVEL 

Surface-Based  Bedload  Transport  Relation  for 

Gravel  Rivers. 

W91-O4304  2J 

GRAVITY  STUDIES 

Principal  Facts  for  Gravity  Stations  in  the  Elko, 

Steptoe    Valley,    Coyote    Spring    Valley,    and 

Sheep    Range    Areas,    Eastern    and    Southern 

Nevada. 

W91-04473  7B 

GRAVITY  WAVES 

Note  on   the  Attenuation  of  Surface  Gravity 

Waves  by  Rainfall. 

W91-04298  2L 


GREAT  LAKES 

Simulation     of    Nonstationary, 
Water  Levels  on  Great  Lakes. 
W91-O4070 


Non-Gaussian 


2H 


Great  Lakes  Regional  Water-Use  Data  Base-A 

Water-Resources  Management  Tool. 

W9 1-04204  6D 


SU-36 


SUBJECT  INDEX 


GROUNDWATER  MANAGEMENT 


Annual    Production   and    Production:    Biomass 
Ratios  for  Three  Species  of  Stream  Trout  in 
Lake  Superior  Tributaries. 
W91-04589  2H 

GREEN  BAY 

Data  on  Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W91-04861  5B 

GREENHOUSE  EFFECT 

Carbon  Dioxide  and  Water  Level  Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

GREENLAND 

Different   Surface   Geology   in    Denmark,   the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W91-04O44  5B 

GRIDDED  DATA 

Simple  Contouring  Program  for  Gridded  Data. 
W91-04638  7C 


GRIT  CHAMBERS 

Designing  to  Improve  Grit  Removal. 
W91-04601 


5D 


GROUNDWATER 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

Evaluating  Ion  Exchange  for  Removing  Radium 

from  Groundwater. 

W9 1-03975  5F 

Environmental  Research  Field  Site  'Horkheimer 
Insel':  Research  Program,  Instrumentation  and 
First  Results. 
W9 1-04308  7  A 

Hydrogeology  and  Ground-Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W91-04468  5B 

Documentation  of  Model  Input  and  Output 
Values  for  the  Geohydrology  and  Mathematical 
Simulation  of  the  Pajaro  Valley  Aquifer  System, 
Santa  Cruz  and  Monterey  Counties,  California. 
W91-04477  4B 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W91-04481  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W91-04483  7C 

Distribution  and  Activity  of  Bacteria  in  Deep 
Granitic  Groundwaters  of  Southeastern  Sweden. 
W91-04725  2F 

Water  Resources   Data  for  Wisconsin,   Water 

Year  1989. 

W9 1-04869  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W91-04877  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 

W91-04878  7C 

Effects  of  Foliation  on  the  Hydrologic  Proper- 
ties of  Piedmont  Saprolite. 
W91-04885  2F 


Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

Water   Resources   Data   Arizona,   Water   Year 

1989. 

W9 1-04904  7C 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W91-04928  5B 

GROUNDWATER  AVAILABILITY 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

Ground-Water  Levels  in  Water  Year  1987  and 

Estimated   Ground-Water    Pumpage   in   Water 

Years  1986-87,  Carson  Valley,  Douglas  County, 

Nevada. 

W9 1-04474  2F 

Ground- Water  Resources  of  Selected  High  Vol- 
canic Islands  of  Truk  with  Emphasis  on  Small 
Village  Supplies. 
W9 1-04866  2F 

Water  Resources  of  the  Descanso  Area,  San 

Diego  County,  California. 

W91-04882  2F 

GROUNDWATER  BASINS 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W9 1-04273  2F 

GROUNDWATER  BUDGET 

Concept  of  the  Shallow  Ground- Water  System 

Along  the  North   Platte  River,   South-Central 

Wyoming. 

W9 1-04463  2F 

Surface-  and  Ground- Water  Interaction  and  Hy- 
drologic Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W91-04856  2A 

GROUNDWATER  CHEMISTRY 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-04107  2F 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W91-04271  5B 

Statistical   Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 

GROUNDWATER  IRRIGATION 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-04180  6C 

Estimation  of  Ground-Water  Use  for  Irrigation 
in  Eastern  Washington  Using  Landsat  Imagery. 
W91-04232  3F 


GROUNDWATER  LEVEL 

Effects  of  Regional  Ground-Water  Level  De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 

Water  Conservation,  Myth  or  Mandate,  An  Arid 

Southwest  Perspective. 

W91-04192  6D 

Effects  of  Irrigation  Pumpage  in  Northwestern 
Indiana,  and  the  Legislative  Process. 
W91-O4210  3F 

Ground-Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1989. 

W9 1-04479  2F 

Ground-Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1988. 

W9 1-04863  2F 

GROUNDWATER  MANAGEMENT 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W9 1-03923  5G 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Easton's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W9 1-03928  5G 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W91-03933  5G 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W9 1-03936  5E 

EPA/Local  Partnership  at  Work  -  The  Creation 
of  a  Ground  Water  Protection  Program. 
W91-03938  5G 

Computerized    Data   Management    System    for 

Wellfield  Protection. 

W9 1-03939  5G 

Setting  Human-Health-Based  Groundwater  Pro- 
tection Standards  When  Toxicological  Data  Are 
Inadequate. 
W91-04010  5G 

Real-Time  Approach  to  Management  and  Moni- 
toring of  Groundwater  Hydraulics. 
W91-04128  2F 

Ground-Water  Banking  in  Kern  County,  Cali- 
fornia. 
W91-04190  4B 


SU-37 


GROUNDWATER  MANAGEMENT 


SUBJECT  INDEX 


Socially    Optimal    and    Market    Utilization    of 

Ground- Water  Resources. 

W91-04191  4B 

Well  Field  Management  for  Operational  Effi- 
ciency. 
W9 1-04200  4B 

GROUNDWATER  MINING 

Effects  of  Regional  Ground-Water  Level  De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 

Water  Conservation,  Myth  or  Mandate,  An  Arid 

Southwest  Perspective. 

W91-04192  6D 

Effects  of  Irrigation  Pumpage  in  Northwestern 
Indiana,  and  the  Legislative  Process. 
W91-O4210  3F 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

GROUNDWATER  MOVEMENT 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

Use  of  Time  of  Travel  in  Zone  of  Contribution 
Delineation  and  Aquifer  Contamination  Warn- 
ing. 
W9 1-03931  5B 

Delineation   of  Contributing   Areas   to   Public 

Supply      Wells  in      Stratified      Glacial-Drift 

Aquifers. 

W9 1-03932  5G 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W91-03933  5G 

Private  Well   Protection   in   Sand  and  Gravel 

Aquifers. 

W9 1-03943  5G 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W91-03957  7B 

Experimental  Study  of  Non-Uniform  Flow  in 

Granular  Porous  Media. 

W9 1-04029  2G 

Design   and   Application  of  a  Constant   Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-O4102  7B 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 

Hydrology    of   a    Headwater    Basin    Wetland: 
Groundwater  Discharge  and  Wetland  Mainte- 
nance. 
W91-04106  2H 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-O4108  2F 

Cell  Analytical-Numerical  Method  for  Solution 
of  the  Advection-Dispersion  Equation:  Two-Di- 
mensional Problems. 
W91-04124  5B 

Real-Time  Approach  to  Management  and  Moni- 
toring of  Groundwater  Hydraulics. 
W91-04128  2F 


Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

Use  of  Nuclear  Magnetic  Resonance  as  an  Ex- 
perimental Probe  in  Multiphase  Systems:  Deter- 
mination of  the  Instrument  Weight  Function  for 
Measurements  of  Liquid-Phase  Volume  Frac- 
tions. 
W91-04134  7B 

Rationale   for  Old   Water   Discharge   Through 
Macropores  in  a  Steep,  Humid  Catchment. 
W91-04136  2G 

Diffusion  in  the  Matrix  of  Granitic  Rock:  Field 

Test  in  the  Strip  a  Mine. 

W91-04137  5E 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W9 1-04273  2F 

Analysis  of  Flow  near  a  Dug  Well  in  an  Uncon- 

fined  Aquifer. 

W9 1-04392  2F 

Groundwater-Lake  Interactions:  I.  Accuracy  of 

Seepage  Meter  Estimates  of  Lake  Seepage. 

W9 1-04393  7B 

Groundwater-Lake  Interactions:   II.   Nearshore 
Seepage    Patterns    and    the    Contribution    of 
Ground  Water  to  Lakes  in  Central  Alberta. 
W91-04394  2F 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W9 1-04396  5B 

Examination  of  Computed  Steady-State  Water- 

Table  Heights  in  Unconfined  Aquifers:  Dupuit- 

Forchheimer   Estimates   and   Exact   Analytical 

Results. 

W9 1-04399  2F 

Relationships    in    Regional    Groundwater    Dis- 
charge to  Streams:  An  Analysis  by  Numerical 
Simulation. 
W9 1-04400  2  A 

Statistical   Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 

Propagation  of  a  Wave  Packet  on  a  Free  Surface 

Within  a  Saturated  Porous  Layer. 

W9 1-04402  2F 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W91-04404  2F 

Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate-Alluvial  System. 
W9 1-04407  2F 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

Hydrogeology  and  Ground-Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W91-04468  5B 

Ground-Water  Flow  in  the  New  Jersey  Coastal 

Plain. 

W91-04471  2F 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 


Geohydrology  and  Water  Quality  of  Confined- 
Drift  Aquifers  in   the   Brooten-Belgrade  Area, 
West-Central  Minnesota. 
W9 1-0463  5  2F 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical   Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 

Geohydrology     of     the     Bethpage-Hicksville- 

Levittown  Area,  Long  Island,  New  York. 

W9 1-04646  2F 

Comparison    of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W91-04825  2F 

Fill  Dam  Leakage  by  Network  Assessment. 
W9 1-04828  8G 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W9 1-048  54  2F 

Digital     Simulation     of     the     Glacial-Aquifer 
System    in    the    Northern    Three-Fourths    of 
Brown  County,  South  Dakota. 
W9 1-04884  2F 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

Finite  Hydraulic  Conductivity  Effects  on  Opti- 
mal Groundwater  Pumping  Rates. 
W91-04914  6D 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

Preferential  Flow  and  the  Generation  of  Runoff: 

1.  Boundary  Layer  Flow  Theory. 

W9 1-04933  2E 

GROUNDWATER  POLLUTION 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W9 1-03928  5G 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W91-03933  5G 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

Planning   Techniques   for   Estimating   Ground- 
water Impacts  of  On-Site  Septic  Systems. 
W91-03937  5B 

EPA/Local  Partnership  at  Work  -  The  Creation 
of  a  Ground  Water  Protection  Program. 
W91-03938  5G 


SU-38 


SUBJECT  INDEX 


GROUNDWATER  RESOURCES 


Computerized    Data   Management    System    for 

Wellfield  Protection. 

W91-03939  5G 

Model  Community  Program  for  Private  Wells. 
W9 1-03941  5G 

Boards  of  Health  Protection  for  Private  Wells 

and  Groundwater. 

W9 1-03942  5G 

Private  Well  Protection   in  Sand  and  Gravel 

Aquifers. 

W9 1-03943  5G 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W9 1-04028  2F 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-04031  5B 

Modeling  of  Strontium  Sorption  and  Speciation 
in  a  Natural  Sediment-Groundwater  System. 
W91-04032  5B 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W91-04033  5B 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 


Radon-Removing  it  from  Groundwater. 
W91-04115 


5F 


Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

Dissolution  of  Trapped  Nonaqueous  Phase  Liq- 
uids: Mass  Transfer  Characteristics. 
W91-04132  5B 

Populations  Affected   by   Pesticides   in   Public 

Ground- Water  Supplies  in  Iowa. 

W9 1-04202  5B 

Organic  Halogen  Group  Parameters  in  Ground 

Water  Investigation,  Part  III. 

W9 1-04252  5  A 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W9 1-04263  5B 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1-04264  5E 

Can  Contaminated,  Fractured,  Porous  Aquifers 

be  Restored. 

W91-04311  5G 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W91-04382  5G 

Relationships  Between  Groundwater  Contami- 
nation and  Major-Ion  Chemistry  in  a  Karst  Aq- 
uifer. 
W91-04403  5B 

Hydrogeology  and  Ground- Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W91-04468  5B 

Ground-Water-Quality      Assessment      of     the 
Carson   River   Basin,    Nevada   and   California: 
Analysis    of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 


Purgeable    Organic    Compounds    in    Ground 
Water  at  the  Idaho  National  Engineering  Labo- 
ratory, Idaho-1988  and  1989. 
W9 1-04478  5B 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W9 1-04546  5B 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W9 1-04624  5B 


Superfund     Record 
Groundwater,  AL. 
W9 1-04648 


of     Decision:      Perdido 


5G 


Biological  Transformations  of  1,1,1-Trichlor- 
oethane  in  Subsurface  Soils  and  Ground  Water. 
W9 1-04743  5B 

Contamination  of  Soil  with  Oilfield  Brine  and 

Reclamation  with  Calcium  Chloride. 

W9 1-04799  5G 

Comparison    of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W91-04825  2F 

Parallel  Computing  for  Solute  Transport  Models 

Via  Alternating  Direction  Collocation. 

W9 1-04826  5B 

Costs   of  Groundwater   Contamination   to   the 

Southington  Water  Works  Department. 

W9 1-04845  5  A 

Preliminary  Investigation  of  Soil  and  Ground- 
Water  Contamination  at  the  U.S.  Army  Petrole- 
um Training  Facility,  Fort  Lee,  Virginia,  Sep- 
tember-October 1989. 
W9 1-04864  5B 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

GROUNDWATER  POTENTIAL 

Groundwater   Resources   Development   in   the 

Eastern  Sahara. 

W9 1-04391  4B 


From  Brine  to  Sublime. 
W9 1-04847 


3A 


GROUNDWATER  QUALITY 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W91-03923  5G 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Easton's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W9 1-03928  5G 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 


Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

Three  Computerized,   Stratified   Random   Site- 
Selection   Methods   for   Design   of  a  Ground- 
Water-Quality  Sampling  Network. 
W9 1-04470  7  A 

Ground-Water-Quality      Assessment      of     the 
Carson   River    Basin,    Nevada   and   California: 
Analysis     of    Available     Water-Quality     Data 
Through  1987. 
W91-04476  2K 

Geohydrology  and  Water  Quality  of  Confined- 
Drift  Aquifers  in  the  Brooten-Belgrade  Area, 
West-Central  Minnesota. 
W9 1-04635  2F 

Ground-Water    Quality     Near    a     Scavenger- 
Waste-Disposal  Facility  in  Manorville,  Suffolk 
County,  New  York,  1984-85. 
W91-04647  5B 

Soil  Salinity:  Irrigation  Practices  and  Effects  on 

Crops  and  Ground  Water  (Jan  77-Jul  89). 

W9 1-04649  3C 

1990  Farm  Bill:  Opportunities  for  Groundwater 

Protection. 

W9 1-04859  5G 

GROUNDWATER  RECHARGE 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W9 1-03957  7B 

Recharge  Processes  During  Snowmelt:  An  Iso- 
topic  and  Hydrometric  Investigation. 
W91-04103  2F 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-04107  2F 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W9 1-04386  4C 

Solute  and  Heat  Transport  Experiments  for  Esti- 
mating Recharge  Rate. 
W9 1-04390  2F 

Groundwater  Response  to  Reforestation  in  the 

Darling  Range  of  Western  Australia. 

W9 1-04398  4C 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

GROUNDWATER  RESOURCES 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-04180  6C 

Socially    Optimal    and    Market    Utilization    of 

Ground-Water  Resources. 

W91-04191  4B 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

Ground-Water       Withdrawals,       Water-Level 
Changes,       Land-Surface       Subsidence,       and 


SU-39 


GROUNDWATER  RESOURCES 


SUBJECT  INDEX 


Ground-Water  Quality   in   Fort   Bend  County, 

Texas,  1969-87. 

W9 1-04467  4B 

Ground-Water  Levels  in  Water  Year  1987  and 

Estimated    Ground-Water    Pumpage    in    Water 

Years  1986-87,  Carson  Valley,  Douglas  County, 

Nevada. 

W9 1-04474  2F 

Groundwater  Resources  of  Pike  County,  Penn- 
sylvania. 
W91-04641  2F 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W9 1-04854  2F 

Surface-  and  Ground-Water  Interaction  and  Hy- 
drologic Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W9 1-04856  2  A 

Ground-Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1988. 

W9 1-04863  2F 

Records  of  Wells  and  Chemical  Analyses  of 
Ground  Water  in  Deuel  and  Hamlin  Counties, 
South  Dakota. 
W9 1-04865  7C 

Ground-Water  Resources  of  Selected  High  Vol- 
canic Islands  of  Truk  with  Emphasis  on  Small 
Village  Supplies. 
W9 1-04866  2F 

Ground-Water  Conditions  in  Utah,   Spring  of 

1990. 

W9 1-04870  2F 

Water  Resources  of  the  Descanso  Area,   San 

Diego  County,  California. 

W91-04882  2F 

Isotopic  Evolution  of  River  Water  in  the  North- 
ern Chile  Region. 
W91-04917  2K 

GROUNDWATER  STORAGE 

Ground-Water  Banking  in  Kern  County,  Cali- 
fornia. 
W91-O4190  4B 

GROUNDWATER  TRANSPORT 

Sampling  Network  Design  for  Transport  Param- 
eter Identification. 
W9 1-03991  7  A 

Parallel  Computing  for  Solute  Transport  Models 

Via  Alternating  Direction  Collocation. 

W9 1-04826  5B 

GROUNDWATER  USE 

Trends  in  Water  Use  in  the  United  States,  1950 

to  1985. 

W91-04165  6D 

GROWTH  KINETICS 

Error  Analysis  of  Limiting-Case  Solutions  to  the 

Steady-State-Biofilm  Model. 

W91-04071  5D 

GROWTH  MEDIA 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 


Influence  of  Water  Composition  on  the  Chronic 

Toxicity    of    3,4-Dichloroaniline    to    Daphnia 

magna. 

W9 1-04048  5C 

GUAM 

Fiscal  Year  1989  Program  Report  (Guam  Water 

and  Energy  Research  Institute). 

W9 1-04876  9D 

GULF  OF  MEXICO 

Salt-Dome  Locations  in  the  Gulf  Coastal  Plain, 

South-Central  United  States. 

W9 1-04880  2F 

GULF  OF  MEXICO  COASTAL  PLAIN 

Salt-Dome  Locations  in  the  Gulf  Coastal  Plain, 

South-Central  United  States. 

W9 1-04880  2F 

GULF  OF  VENEZUELO 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

GULLS 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

GUNNISON  RIVER  BASIN 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W91-04233  3F 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W9 1-04234  2D 

HALOGENATED  COMPOUNDS 

Resin     Concentration     of    By-Products     from 
Chlorination  of  Aquatic  Humic  Substances. 
W9 1-04046  5F 

Total    Organic    Halogens    (TOX)    Analysis    in 

Ether  Solutions. 

W9 1-04049  5  A 

Organic  Halogen  Group  Parameters  in  Ground 

Water  Investigation,  Part  III. 

W91-04252  5A 

Quality  Assurance  in  Analysis  of  Environmental 

Matrices  for  PCDDs  and  PCDFs. 

W9 1-04276  5  A 

Quality  Assurance/Quality  Control  Assessment 
for   a    Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W91-04277  5B 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5  A 

Water  Round   Robin   for  Parts-Per-Quadrillion 

Determination  of  PCDDs  and  PCDFs. 

W9 1-04279  5D 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W9 1-04281  5  A 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W91-04282  5A 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 


Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

Application    of   a   Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W9 1-04284  5  A 

Use   of   Dimethyl    Sulfoxide   as   Solubilization 

Agent  in   the  Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W9 1-04285  5A 

Development  of  a  Rapid  Screening  Assay  for 

PCDDs  and  PCDFs. 

W9 1-04286  5  A 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 
zofurans in  the  Environment. 
W91-04287  5A 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W91-04288  5B 

Results  from   the   First   Year  of  the   Swedish 

Dioxin  Survey. 

W9 1-04289  5B 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W9 1-04290  SB 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 

Analysis  of  Dated  Sediment  Samples  from  the 

Newark  Bay  Area  for  Selected  PCDD/Fs. 

W9 1-04292  5B 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W9 1-04293  5D 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W9 1-04294  5B 

HALOGENATED  HYDROCARBONS 

Effect  of  Oxidants  on  UV  Destruction  of  Chlor- 

ophenols. 

W9 1-04766  5D 

HALOGENATED  PESTICIDES 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W9 1-04621  5C 

HARBORS 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W9 1-04363  5C 

HARDNESS 

Influence  of  Water  Chemistry  on  Size  Structure 

of  Zooplankton  Assemblages. 

W9 1-04442  2H 

HAWAII 

Water   Resources   Data   for  Hawaii   and  other 

Pacific   Areas,    Water   Year    1989.    Volume    1, 

Hawaii. 

W9 1-04903  7C 

HAY 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 


SU-40 


SUBJECT  INDEX 


HUMAN  DISEASES 


HAZARD  ASSESSMENT 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

HAZARDOUS  MATERIALS 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W91-04282  5A 


Bioremediation  Using  Composting. 
W91-04761 


5G 


HAZARDOUS  WASTE  DISPOSAL 

Diffusion  in  the  Matrix  of  Granitic  Rock:  Field 

Test  in  the  Strip  a  Mine. 

W91-04137  5E 

Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W91-04855  5E 

HAZARDOUS  WASTES 

Storage  Tank  Monitoring  (Excludes  Radioactive 

Waste  Storage  Tanks)  (Jan  76~Jul  89). 

W9 1-04652  5  A 

HEAD  LOSS 

Comprehensive  List  of  Pipe  Coefficients  of  Fric- 
tion for  the  Hazen-Williams  and  Manning  For- 
mulae Derived  from  the  Darcy-Weisbach  For- 
mula and  Colebrook-White  Transition  Law  for 
Roughness  Values  (k). 
W91-04315  8B 

HEADWATERS 

Rationale  for  Old  Water  Discharge  Through 
Macropores  in  a  Steep,  Humid  Catchment. 
W91-04136  2G 

HEAVY  METALS 

Assessment  of  Metal   Contamination   of  Sedi- 
ments in  the  Humber  Estuary,  U.K. 
W9 1-03979  5B 

Heavy  Metals  in  the  Antarctic  Scallop  Adamus- 

sium  colbecki. 

W9 1-04002  5B 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-04016  5B 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,  and   Zinc  in  the  Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

Crayfish  as  a  'Biological  Indicator'  of  Aquatic 

Contamination  by  Heavy  Metals. 

W91-O4035  5A 

Recovery  of  Metal  Ions  by  Microfungal  Filters. 
W91-04157  5D 

Immobilized  Cell  Bioprocess  for  the  Removal  of 
Heavy  Metals  from  Aqueous  Flows. 
W91-04158  5D 


Metal  Recovery  Using  Chitosan. 
W91-O4160 


5D 


Forms  of  Metals  in  a  Sediment  Core  of  a  Severe- 
ly Acidified  Northern  Black  Forest  Lake. 
W91-04257  5A 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W9 1-04320  5B 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W91-04329  5B 


Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W91-O4330  5B 

Changes  in  Fish  Mercury  Concentrations  in  an 

Intensively  Fished  Lake. 

W91-04441  5B 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W9 1-04524  5B 

Sex-  and  Maturity-Related  Heavy  Metal  Accu- 
mulations in  the  Antarctic  Krill  Euphausia  su- 
perba. 
W91-O4530  5B 

Effects  of  Cadmium  in  Freshwater  Clams.   I. 

Interaction  with  Essential  Elements  in  Anodonta 

cygnea. 

W9 1-04572  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W91-04573  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  HI. 
Interaction  with  Energy  Metabolism  in  Ano- 
donta cygnea. 
W9 1-04574  5C 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W9 1-04575  5B 

Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W9 1-04576  5B 

Selenium    and    Other    Elements    in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W91-04577  5B 

National  Contaminant  Biomonitoring  Program: 
Concentrations  of  Arsenic,  Cadmium,  Copper, 
Lead,   Mercury,   Selenium,   and   Zinc   in   U.S. 
Freshwater  Fish,  1976-1984. 
W91-04578  5G 

Effect  of  Copper  on  the  Embryonic  Develop- 
ment and  Hatching  of  Sepia  officinalis  L. 
W9 1-04581  5C 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W91-04590  5B 

Air  Toxics  Project  Studies  Health  Risks  from 

Wastewater  Treatment  Plant  Emissions. 

W9 1-04597  5D 

Heavy   Metals   in   Drinking   water:   Standards, 

Sources,  and  Effects  (Jan  70~Jul  89). 

W9 1-04650  5F 

Metal  Removal  by  Waste  Biomass  to  Upgrade 

Wastewater  Treatment  Plants. 

W91-04713  5D 

Feasibility  of  Using  Alginate  to  Absorb  Dis- 
solved Copper  from  Aqueous  Media. 
W9 1-04773  5D 

Data  on   Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W9 1-04861  5B 

HEPATOCYTES 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W91-04363  5C 


HERBICIDES 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W9 1-04275  5  A 

Degradation   Studies  with   14C-Fenoxaprop  in 

Prairie  Soils. 

W9 1-04584  5B 

Use   of  Fluorescence   Spectroscopy    to   Study 

Herbicide-Humic  Acid  Interactions:  Preliminary 

Observations. 

W91-04587  5B 

Biodegradation    of   Pesticides    and    Herbicides 

(Mar  78~Mar  90). 

W9 1-04659  5D 

HETEROTROPHIC  BACTERIA 

Alterations  in  the  Major  Heterotrophic  Bacterial 

Populations  Isolated  from  a  Still  Bottled  Mineral 

Water. 

W9 1-04368  5B 

HIGH  PERFORMANCE  LIQUID 
CHROMATOGRAPHY 

Analysis  of  Atmospheric  Precipitation  by  Re- 

versed-Phase  Ion-Pair  Chromatography. 

W9 1-04265  5A 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W9 1-04268  5  A 

HIMALAYAN  MOUNTAINS 

Ablation  of  Avalanched  and  Undisturbed  Snow, 

Himalaya  Mountains,  Pakistan. 

W91-04129  2C 

HIMALAYAS 

Rare  Fishes  of  Himalayan  Waters  of  Nepal. 
W9 1-04792  81 

HISTORY 

Use  of  Air  Water  Backwash  Systems:  An  Over- 
view. 
W91-04375  5F 

HOGS 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

HONG  KONG 

Health   Effects   of  Beach   Water   Pollution   in 

Hong  Kong. 

W9 1-04454  5C 

HORMONES 

Ecdysteroids  in  Daphnia  magna:  Their  Role  in 
Moulting  and  Reproduction  and  Their  Levels 
Upon  Exposure  to  Cadmium. 
W91-04013  5C 

HOSPITALS 

Legionella  in  Dublin  Hospital  Water  Supplies. 
W9 1-04778  5F 

HUMAN  DISEASES 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W9 1-04362  5B 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W9 1-04365  5B 

Thermophilic      Campylobacters      in      Surface 
Waters  around  Lancaster,  UK:  Negative  Corre- 
lation  with   Campylobacter    Infections   in   the 
Community. 
W9 1-04369  5B 


SU-41 


HUMAN  DISEASES 


SUBJECT  INDEX 


Health    Effects   of  Beach   Water    Pollution    in 

Hong  Kong. 

W9 1-04454  5C 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W91-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W91-04457  5F 

Retrospective     Cohort     Mortality     Study     of 

Cancer  Among  Sewage  Plant  Workers. 

W9 1-04754  5D 

Acute  Epidemic  Aluminium  Osteomalacia  Sec- 
ondary to  Water  Supply  Contamination. 
W9 1-04779  5C 

HUMAN  PATHOGENS 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W91-04366  5B 

Listeria  monocytogenes  Contamination  of  Crops 

Grown  on  Soil  Treated  with  Sewage  Sludge 

Cake. 

W91-04367  5B 

Incidence  of  Virulence  Factors  in  Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W91-04455  5B 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W91-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W91-04457  5F 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

HUMAN  PHYSIOLOGY 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

HUMAN  POPULATION 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 

HUMBER  ESTUARY 

Assessment   of  Metal   Contamination   of  Sedi- 
ments in  the  Humber  Estuary,  U.K. 
W91-03979  5B 

HUMIC  ACIDS 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W9 1-04528  5C 

Use   of   Fluorescence    Spectroscopy    to    Study 

Herbicide-Humic  Acid  Interactions:  Preliminary 

Observations. 

W91-04587  5B 


Humic  Acids:  Characterization  and  Interactions 

in  Natural  and  Wastewater  Systems  (Jan  78-Jul 

89). 

W9 1-04655  2H 

Analytical  and   Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

Adsorption  of  Chlordimeform  by  Humic  Sub- 
stances from  Different  Soils. 
W9 1-04798  5B 

HUMIC  SUBSTANCES 

Iron  Redox  Effects  on  Photosynthesis  Phospho- 
rus Release  from  Dissolved  Humic  Materials. 
W91-04000  2H 

Resin     Concentration     of    By-Products     from 

Chlorination  of  Aquatic  Humic  Substances. 

W9 1-04046  5F 

Shortcomings  of  Gran  Titration  Procedures  for 
Determination  of  Alkalinity  and  Weak  Acids  in 
Humic  Water. 
W9 1-04087  7B 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W91-04383  5F 

HUMIDITY 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

Inner  Region  Humidity  Characteristics  of  the 
Neutral  Boundary  Layer  Over  Prairie  Terrain. 
W91-04922  2D 


HUNGARY 

X-Band  Scatterometry  in  Agriculture. 
W9 1-03945 


7B 


HYDRAULIC  CONDUCTTVnY 

Design  and   Application  of  a  Constant   Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-O4102  7B 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 

Real-Time  Approach  to  Management  and  Moni- 
toring of  Groundwater  Hydraulics. 
W91-04128  2F 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Effects  of  Foliation  on  the  Hydrologic  Proper- 
ties of  Piedmont  Saprolite. 
W91-04885  2F 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

Finite  Hydraulic  Conductivity  Effects  on  Opti- 
mal Groundwater  Pumping  Rates. 
W91-04914  6D 

Analysis  of  Outflow  Experiments  Subject  to  Sig- 
nificant Plate  Impedance. 
W9 1-04921  2G 

HYDRAULIC  ENGINEERING 

Comprehensive  List  of  Pipe  Coefficients  of  Fric- 
tion for  the  Hazen-Williams  and  Manning  For- 
mulae Derived  from  the  Darcy-Weisbach  for- 
mula and  Colebrook-White  Transition  Law  for 
Roughness  Values  (k). 
W91-04315  8B 


HYDRAULIC  EQUIPMENT 

Economics  of  Meter  Testing/Calibration. 
W91-04372  6C 

Upgrade  of  Procurement  Specifications:  Materi- 
als, Manufacture  and  Setting. 
W9 1-04429  8C 

HYDRAULIC  FRICTION 

Comprehensive  List  of  Pipe  Coefficients  of  Fric- 
tion for  the  Hazen-Williams  and  Manning  For- 
mulae Derived  from  the  Darcy-Weisbach  For- 
mula and  Colebrook-White  Transition  Law  for 
Roughness  Values  (k). 
W91-04315  8B 

HYDRAULIC  GEOMETRY 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W9 1-03992  8  A 

Analytical  Representation  of  Cross-Section  Hy- 
draulic Properties. 
W9 1-04389  2E 

HYDRAULIC  JUMP 

LDA  Study  of  Flow  Structure  in  Submerged 

Hydraulic  Jump. 

W9 1-04305  8B 


B-Jump  in  Sloping  Channel,  II. 
W9 1-04306 


8B 


HYDRAULIC  PROPERTIES 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-04100  2G 


B-Jump  in  Sloping  Channel,  II. 
W9 1-04306 


8B 


Analytical  Representation  of  Cross-Section  Hy- 
draulic Properties. 
W91-04389  2E 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 

Matrix-Controlled  Hydraulic  Properties  of  Mis- 
sissippian   and   Pennsylvanian   Sandstones  from 
the  Michigan  Basin. 
W9 1-04639  2F 

HYDRAULIC  ROUGHNESS 

Comprehensive  List  of  Pipe  Coefficients  of  Fric- 
tion for  the  Hazen-Williams  and  Manning  For- 
mulae Derived  from  the  Darcy-Weisbach  For- 
mula and  Colebrook-White  Transition  Law  for 
Roughness  Values  (k). 
W91-04315  8B 

Experimental  Study  of  the  Effect  of  Bed  Grain 
Roughness  on  Sediment  Sorting  by  Entrainment. 
W91-04316  2J 

HYDRAULIC  STRUCTURES 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:    I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:  II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

HYDRILLA 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W9 1-04593  2H 


SU-42 


SUBJECT  INDEX 


HYDROLOGIC  MAPS 


HYDROCARBONS 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading   Bacteria   from   a 
Contaminated  Aquifer. 
W91-04068  5B 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

Petroleum  Aromatic  Hydrocarbons  in  Surface 
Waters  around  Elephant  Island,  Antarctic  Pe- 
ninsula. 
W91-04518  5B 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W91-04523  5B 

Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Para-Hydroxy- 
benzoate  and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W91-04728  5B 

Impact    of   Volatile    Aromatic    Hydrocarbons, 
Alone  and  in  Combination,  on  Growth  of  the 
Freshwater  Alga  Selenastrum  capricornutum. 
W9 1-04734  5C 

HYDROELECTRIC  PLANTS 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 

Strategy    for    the    Modernization    of   Control 

Equipment. 

W91-04427  8C 

Upgrade  of  Procurement  Specifications:  Materi- 
als, Manufacture  and  Setting. 
W9 1-04429  8C 

Mechanical  and  Electrical  Equipment  for  Co- 
lombia's Guavio  Project. 
W9 1-04807  8C 

Design   Features   of  Venezuela's   Macagua   II 

Scheme. 

W9 1-04808  8C 

Planning  Hydroelectric  Developments  in  Argen- 
tina. 
W9 1-04809  8  A 

HYDROELECTRIC  POWER 

Zoogeographical  Relationships  of  Aquatic  In- 
sects (Ephemeroptera,  Plecoptera,  and  Tricop- 
tera)  from  the  Eastern  James  Bay  Drainage. 
W91-04057  6G 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W91-04795  6G 

HYDROGEN 

Post-Denitrification  with  Controlled  Feeding  of 

Activated  Sludge  as  H  Donator. 

W91-04678  5D 

HYDROGEN  ION  CONCENTRATION 

Dissolution  of  Feldspars  in  the  Presence  of  Nat- 
ural, Organic  Solutes. 
W91-03986  2J 

Effects  of  pH  and  Oxidation  State  of  Chromium 
on  the  Behavior  of  Chromium  in  the  Activated 
Sludge  Process. 
W91-04O45  5D 


Shortcomings  of  Gran  Titration  Procedures  for 
Determination  of  Alkalinity  and  Weak  Acids  in 
Humic  Water. 
W91-04087  7B 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W9 1-04261  5E 

PH  of  Clay  Suspensions  in  the  Field  and  Labora- 
tory, and  Methods  of  Measurement  of  Their  pH. 
W9 1-04269  2K 

Potential  Effects  of  Raising  pH  for  Corrosion 

Control  on  the  Aesthetic  Qualities  of  a  Water 

Supply. 

W9 1-04370  5F 

Ozonation  of  Sulfur-Containing  Aliphatic  Com- 
pounds in  Aqueous  Solution:  I. 
W9 1-04384  5F 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W9 1-04528  5C 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 

HYDROGEN  ISOTOPES 

Isotopic  Evolution  of  River  Water  in  the  North- 
ern Chile  Region. 
W91-04917  2K 

HYDROGEN  PEROXIDE 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W91-04382  5G 

HYDROGRAPHIC  DATA 

Maps  of  Flood  Statistics  for  Regional  Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 

River  Flow  Forecasting  System  with  Data  Man- 
agement, Graphical  River  Network  Control  and 
Interactive  Operation. 
W9 1-04804  2E 

HYDROLOGIC  BUDGET 

Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W9 1-04226  3F 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle~A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

AQUA,  A  Model  to  Evaluate  Water  Deficits 
and  Excesses  in  Tropical  Cropping:  Part  II.  Re- 
gional Yield  Prediction. 
W9 1-04494  3F 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W9 1-04504  3F 

Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W91-04855  5E 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 


Area  in  the  Western  Part  of  San  Francisco, 

California. 

W91-04883  2F 

HYDROLOGIC  CYCLE 

Hydrologic  Flow  Path  Definition  and  Partition- 
ing of  Spring  Meltwater. 
W9 1-04925  5B 

HYDROLOGIC  DATA 

Ground-Water  Levels  in  Water  Year  1987  and 

Estimated   Ground-Water   Pumpage   in   Water 

Years  1986-87,  Carson  Valley,  Douglas  County, 

Nevada. 

W9 1-04474  2F 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W9 1-04481  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1989,  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and  Intervening  and  Adjacent  Coastal 

Basins. 

W9 1-04482  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W9 1-04483  7C 

Records  of  Wells  and  Chemical   Analyses  of 
Ground  Water  in  Deuel  and  Hamlin  Counties, 
South  Dakota. 
W9 1-04865  7C 

Ground- Water  Resources  of  Selected  High  Vol- 
canic Islands  of  Truk  with  Emphasis  on  Small 
Village  Supplies. 
W9 1-04866  2F 

Water  Resources   Data  for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

Water  Resources  Data   for  Wisconsin,  Water 

Year  1989. 

W9 1-04869  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 

W91-04878  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

Water   Resources   Data   Arizona,   Water  Year 

1989. 

W9 1-04904  7C 

HYDROLOGIC  DATA  COLLECTIONS 

Indiana  Water  Quality,   1988.  Monitor  Station 

Records,  Rivers  and  Streams. 

W91-04857  5B 

HYDROLOGIC  MAPS 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W9 1-04854  2F 


SU-43 


HYDROLOGIC  MAPS 


SUBJECT  INDEX 


Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W91-04855  5E 

Surface-  and  Ground-Water  Interaction  and  Hy- 
drologic  Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W9 1-04856  2A 

HYDROLOGIC  MODELS 

Effect  of  Wind  on  the  Distribution  of  Phyto- 

plankton  Cells  in  Lakes. 

W9 1-03995  2H 

Analytically  Derived  Runoff  Models  Based  on 

Rainfall  Point  Processes. 

W91-O4120  2E 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W9 1-04273  2F 

Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate-Alluvial  System. 
W9 1-04407  2F 

Comparative  Statistical  Validation  of  Two  Ten- 
Day   Water-Use  Models  and  of  Three  Yield- 
Reduction  Hypotheses  for  Yield  Assessment  in 
Botswana. 
W91-04485  6D 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

Identifiability    of    Conceptual    Hydrochemical 

Models. 

W9 1-04927  5B 

HYDROLOGIC  PROPERTIES 

Hillslope  Parameter  Estimation  Using  the  In- 
verse Procedure. 
W9 1-04405  2E 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 

HYDROLOGIC  STUDIES 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 


HYDROLOGY 

Education  of  Hydrologists. 
W9 1-04801 


9A 


Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W9 1-04935  2  A 

HYDROLYSIS 

Reactions   Between   Aluminum   and   Sulfate   in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W91-O4910  2K 

HYDROMETRY 

Recharge  Processes  During  Snowmelt:  An  Iso- 
topic  and  Hydrometric  Investigation. 
W91-O4103  2F 

HYDROTHERMAL  STUDDIS 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 


IDAHO 

Spuds  From  Space:  Using  Remote  Sensing/GIS 

in  Adjudicating  Idaho  Water  Rights. 

W9 1-04235  6E 

IMMUNOASSAY 

Use   of   Dimethyl    Sulfoxide   as    Solubilization 

Agent  in   the   Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W91-04285  5A 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W9 1-04609  5C 

Subchronic  Effects  of  Sodium  Selenite  and  Se- 
lenomethionine on  Several  Immune-Functions  in 
Mallards. 
W91-04612  5C 

IMMUNOCHEMISTRY 

Use   of  Dimethyl    Sulfoxide   as    Solubilization 

Agent  in  the  Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W91-04285  5A 

IMPAIRED  WATER  USE 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W9 1-045 10  3C 

Soil  Salinity:  Irrigation  Practices  and  Effects  on 

Crops  and  Ground  Water  (Jan  77- Jul  89). 

W9 1-04649  3C 

IMPEDANCE 

Analysis  of  Outflow  Experiments  Subject  to  Sig- 
nificant Plate  Impedance. 
W9 1-04921  2G 

IMPOUNDMENTS 

Lessons  Learned  from  Compacted  Clay  Liner. 
W91-04839  5G 

IN  SITU  TESTS 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 

IN  SITU  TREATMENT 

Transformation  of  Indole  by  Methanogenic  and 
Sulfate-Reducing       Microorganisms       Isolated 
From  Digested  Sludge. 
W9 1-04731  5G 

IN  VITRO  TESTS 

Evaluation    of   Sucrose   as   an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and    Cladoceran   Tests    with 
Freshwater  Effluents. 
W91-04151  5A 

INCINERATION 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W9 1-04294  5B 

INCOME  DISTRIBUTION 

Regional  Cooperation  in  the  Use  of  Irrigation 
Water:  Efficiency  and  Income  Distribution. 
W91-04436  6C 

INDIA 

Trace  Metal  Ions  in  Ganga  Water  System. 

W9 1-04259  2K 

Evaporation  Reduction  in  Stock  Tanks  for  In- 
creasing Water  Supplies. 
W91-04387  3B 


Some    Limnological    Observations    on    River 

Ganga. 

W91-04418  2H 

Operational   Problems  and   Development  of  a 

New  Runner  for  Silty  Water. 

W9 1 -04428  8C 

Upgrading  of  Kanpur   Wastewater  Treatment 

Plant  by  Phased  Expansion. 

W9 1-04706  5D 

INDIAN  RIVER  LAGOON 

Computer  Simulation  of  Tide-Induced  Residual 

Transport  in  a  Coastal  Lagoon. 

W9 1-04295  2L 

INDIANA 

Water-Use  Registration  and  Reporting  in  Indi- 
ana. 
W91-04167  6D 

Effects  of  Irrigation  Pumpage  in  Northwestern 
Indiana,  and  the  Legislative  Process. 
W91-O4210  3F 

Indiana  Water  Quality,   1988.  Monitor  Station 

Records,  Rivers  and  Streams. 

W91-04857  5B 

Fiscal  Year  1989  Annual  Program  Report  (Indi- 
ana Water  Resources  Research  Center). 
W9 1-04881  9D 

INDUSTRIAL  DEVELOPMENT 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 

INDUSTRIAL  WASTES 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-O4016  5B 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-O4150  5B 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 

Tertiary  Waste  Water  Treatment  with  Flotation 

Filters. 

W91-04675  5D 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W9 1-04685  5D 

Performance  of  Laboratory-Scale  Upflow  An- 
aerobic Sludge  Blanket  (UASB)  Reactors. 
W9 1-04698  5D 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W9 1-04699  5D 

INDUSTRIAL  WASTEWATER 

Toxicity  of  Nickel  and   Nickel  Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W9 1-04022  5C 

Microbial   Regeneration   Process   for  Granular 

Activated  Carbon-I.  Process  Modelling. 

W9 1-04074  5D 

Treatment  of  Gelatine  Factory  Effluent. 
W91-04317  5D 


SU-44 


SUBJECT  INDEX 


INSTRUMENTATION 


Homogeneously   Catalyzed   Oxidation   for   the 
Destruction  of  Aqueous  Organic  Wastes. 
W91-04767  5D 

Heterogeneous  Photocatalysis  for  Water  Purifi- 
cation: Contaminant  Mineralization  Kinetics  and 
Elementary  Reactor  Analysis. 
W9 1-04768  5D 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 

W9 1-04772  5D 

Feasibility  of  Using  Alginate  to  Absorb  Dis- 
solved Copper  from  Aqueous  Media. 
W9 1-04773  5D 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly(Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

INDUSTRIAL  WATER 

Urban  Nonresidential  Water  Use  and  Conserva- 
tion. 
W9 1-04201  6D 

Treated  Municipal  Sewage  Effluent  as  a  Source 
of  Power  Plant  Cooling  Tower  Makeup  Water. 
W9 1-04221  5D 

Conserving  Water  Resources  Through  Integrat- 
ed Powerplant  Water  Management. 
W91-04222  3E 

Planning    for    Use    of   Unconventional    Water 

Sources. 

W91-04223  3E 

Water  Resources  and  the  Electric  Power  Indus- 
try: An  Australian  Perspective. 
W9 1-04224  3E 

Industrial  Water  Use  and  Structural  Change. 
W9 1-04225  3E 

Design   of  a  Chlorination/Dechlorination   and 

Post-Aeration  Facility. 

W91-04815  5D 

INFILTRATION 

Recharge  Processes  During  Snowmelt:  An  Iso- 
topic  and  Hydrometric  Investigation. 
W91-O4103  2F 

Spatial  Analysis  of  Variance  Applied  to  Soil- 
Water  Infiltration. 
W91-04123  2G 

Solute  and  Heat  Transport  Experiments  for  Esti- 
mating Recharge  Rate. 
W9 1-04390  2F 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W9 1-047 10  5D 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

Bilateral  Was'^water  Land  Treatment  Research. 
W91-04816  5D 

INFILTRATION  BASINS 

Ground-Water    Quality     Near    a     Scavenger- 
Waste-Disposal  Facility  in  Manorville,  Suffolk 
County,  New  York,  1984-85. 
W91-04647  5B 

INFORMATION 

Impact  of  Information  on  Environmental  Com- 
modity Valuation  Decisions. 
W91-04438  6C 

INFORMATION  EXCHANGE 

Water-Use  Data  and  Information  Transfer. 
W91-04175  6D 


Environmental   Protection  in  Eastern   Europe. 
W91-04817  5G 

INFORMATION  REQUIREMENTS 

Prospects  for  Innovation  in  Water  Institutions: 

Informational  Requirements. 

W9 1-04203  6E 

INFORMATION  SYSTEMS 

Relational  Database  for  Non-Programmers. 
W91-04188  7C 


INFORMATION  TRANSFER 

Water-Use  Data  and  Information  Transfer. 
W91-04175 


6D 


Fiscal  Year  1989  Program  Report  (Mississippi 

Water  Resources  Research  Institute). 

W9 1-04871  9D 

Fiscal   Year    1989   Program   Report   (Alabama 

Water  Resources  Research  Institute). 

W9 1-04872  9D 

Fiscal  Year  1989  Program  Report  (New  Jersey 

Division  of  Water  Resources). 

W9 1-04873  9D 

Fiscal    Year    1989    Program    Report    (Nevada 

Water  Resources  Research  Institute). 

W9 1-04874  9D 

Fiscal  Year   1989  Program  Report  (California 

Water  Resources  Research  Center). 

W9 1-04875  9D 

Fiscal  Year  1989  Program  Report  (Guam  Water 

and  Energy  Research  Institute). 

W9 1-04876  9D 

Fiscal  Year  1989  Annual  Program  Report  (Indi- 
ana Water  Resources  Research  Center). 
W9 1-04881  9D 

Fiscal  Year  1989  Program  Report  (Maine  Envi- 
ronmental Studies  Center). 
W9 1-04887  9D 

Fiscal  Year   1989  Program  Report  (Delaware 

Water  Resources  Center). 

W91-04888  9D 

Fiscal  Year  1989  Program  Report  (North  Caroli- 
na Water  Resources  Research  Institute). 
W9 1-04889  9D 

Fiscal   Year    1989    Program   Report   (Missouri 

Water  Resources  Research  Center). 

W9 1-04890  9D 

Fiscal  Year  1989  Program  Report  (South  Caroli- 
na Water  Resources  Research  Center). 
W91-04891  9D 

Fiscal  Year  1989  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W9 1-04892  9D 

Fiscal   Year    1989   Program   Report  (Michigan 

Institute  of  Water  Research). 

W9 1-04893  9D 

Fiscal  Year   1989  Program  Report  (Maryland 

Water  Resources  Research  Center). 

W9 1-04894  9D 

Fiscal    Year    1989    Program    Report    (Kansas 
Water  Resources  Research  Institute). 
W91-04895  9D 

Fiscal   Year    1989   Program   Report   (Vermont 

Water  Resources  Research  Center). 

W9 1-04896  9D 

Fiscal  Year  1989  Program  Report  (New  York 

State  Water  Resources  Institute). 

W9 1-04897  9D 


Fiscal  Year   1989  Program  Report  (Kentucky 

Water  Resources  Research  Institute). 

W9 1-04898  9D 

Fiscal    Year    1989    Program    Report   (Virginia 

Water  Resources  Research  Center). 

W9 1-04899  9D 

Fiscal  Year  1989  Program  Report  (West  Virgin- 
ia Water  Resources  Research  Institute). 
W91-O4900  9D 

INFRARED  RADIATION 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W91-03955  7B 

INJECTION  TESTS 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical  Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 

INJECTION  WELLS 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W91-03936  5E 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

INSECT  CONTROL 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W91-04446  4C 

INSECTICIDES 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-O4021  5C 

Acute  Toxicity  of  Isomers  of  the  Pyrethroid 
Insecticide  Deltamethrin  and  Its  Major  Degra- 
dation Products  to  Daphnia  magna. 
W91-04149  5C 

Behavior  of  Diazinon  in  a  Perch  Species. 
W91-04256  5B 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W91-04446  4C 

Use  of  Acetylcholinesterase  Activity  to  Detect 
Sublethal  Toxicity  in  Stream  Invertebrates  Ex- 
posed to  Low  Concentrations  of  Organophos- 
phate  Insecticides. 
W91-04735  5A 

INSPECTION 

Troubleshooting  an  Existing  Treatment  Plant. 
W91-04373  5F 

INSTITUTIONAL  CONSTRAINTS 

Prospects  for  Innovation  in  Water  Institutions: 

Informational  Requirements. 

W9 1-04203  6E 

INSTREAM  FLOW 

Instream  Flow  Analysis  and  Monitoring  Proce- 
dure for  Little  River  in  Eastern  Tennessee. 
W91-04169  6D 

INSTRUMENTATION 

Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W9 1-03946  7B 

Quantitative   Remote   Detection  of  Suspended 
Sediment  Content  and  Chlorophyll  Concentra- 
tion of  Water  in  Different  Depths. 
W9 1-03949  7B 


SU-45 


INSTRUMENTATION 


SUBJECT  INDEX 


Optical  Properties  of  Seawater  Bodies:  Measure- 
ments with  an  Underwater  Radiometer  and  a 
High-Resolution  Spectroradiometer. 
W91-O3950  7B 

Impact  of  Multiviewing  Reflectance  Data  on  the 
Estimation  of  Suspended  Sediment  Concentra- 
tion. 
W9 1-03951  7B 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W91-03952  7B 

Monitoring  Offshore  Water  Quality  from  Space. 
W91-03953  7B 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W91-03954  7B 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W9 1-03955  7B 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W91-03956  7B 

Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W9 1-03962  7B 

Water  Relations  of  a  Walnut  Orchard:  Simulta- 
neous Measurement  with  Remote  Sensing. 
W9 1-03966  7B 

Design  and   Application   of  a  Constant   Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-O4102  7B 

Comparison  of  Photon  Correlation  Spectrosco- 
py  with   Photosedimentation   Analysis  for  the 
Determination  of  Aqueous  Colloid  Size  Distri- 
butions. 
W91-04131  5B 

Float-Pot  Assembly  to  Measure  Water  Levels  in 

an  Irrigation  Canal. 

W9 1-04230  7B 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W9 1-04282  5  A 

Application  of  Tandem  Quadnipole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 

zofurans  in  the  Environment. 

W9 1-04287  5  A 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 

Monitoring   Moisture   Storage   in  Trees  Using 

Time  Domain  Reflectometry. 

W91-04388  21 

Groundwater-Lake  Interactions:  I.  Accuracy  of 

Seepage  Meter  Estimates  of  Lake  Seepage. 

W9 1-04393  7B 

Retrieval  of  Precipitable  Water  from  Observa- 
tions in  the  Split  Window  over  Varying  Surface 
Temperatures. 
W9 1-04433  2B 

Precipitable  Water  Estimation  from  High-Reso- 
lution Split  Window  Radiance  Measurements. 
W9 1-04434  2B 


New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical   Flow  Measurements  in  the  Siblingcn 
Borehole,  Switzerland. 
W9 1-04643  7B 

Comparison  of  Accuracy  and  Completeness  of 
Data  Obtained  from  Three  Types  of  Automatic 
Water-Quality  Monitors. 
W9 1-04644  7B 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

INTAKE  GATES 

Flow   Dynamics   and   Fish   Recovery   Experi- 
ments: Water  Intake  Systems. 
W91-04588  81 

INTERBASIN  TRANSFERS 

Inventory  of  Interbasin  Water  Transfers  in  Min- 
nesota. 
W91-04172  6D 

INTERCEPTION 

Rainfall  Interception  in  Two  Tropical  Montane 

Rain  Forests,  Colombia. 

W91-04101  21 

INTERDISCIPLINARY  STUDIES 

Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W91-04935  2A 

INTERNATIONAL  WATERS 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-04016  5B 

INTERSTITIAL  WATER 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W91-04076  5B 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W9 1-04271  5B 

INTRODUCED  SPECIES 

Canopy  Characteristics  of  the  Brown  Alga  Sar- 
gassum  muticum  (Fucales,  Phaeophyta)  in  Lake 
Grevelingen,  southwest  Netherlands. 
W91-04421  2L 

Conservation  and  Status  of  Threatened  Fishes  in 

Southern  Africa. 

W9 1-04786  6G 

INVERTEBRATES 

Lipid-Partitioning         and         Disposition         of 

Benzo(a)pyrene     and     Hexachlorobiphenyl     in 

Lake  Michigan  Pontoporeia  hoyi  and  Mysis  re- 

licta. 

W91-04145  5B 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W9 1-04272  2L 

Small  Flume  for  Studying  the  Influence  of  Hy- 
drodynamic  Factors  on  Benthic  Invertebrate  Be- 
havior. 
W91-04716  2E 

Limnology  of  the  Southern   Acid   Peat  Flats, 

South-Western  Australia. 

W91-04717  2H 


Use  of  Acetylcholinesterase  Activity  to  Detect 
Sublethal  Toxicity  in  Stream  Invertebrates  Ex- 
posed to  Low  Concentrations  of  Organophos- 
phate  Insecticides. 
W9 1-04735  5A 

Downstream  Effects  of  a  Small  Impoundment 

on  a  Turbid  River. 

W9 1-04740  6G 

ION  EXCHANGE 

Evaluating  Ion  Exchange  for  Removing  Radium 

from  Groundwater. 

W9 1-03975  5F 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

IOWA 

Populations   Affected   by   Pesticides  in   Public 

Ground-Water  Supplies  in  Iowa. 

W9 1-04202  5B 

IRELAND 

Legionella  in  Dublin  Hospital  Water  Supplies. 
W91-04778  5F 

IRON 

Iron  Transport  and  Distribution  between  Fresh- 
water   and    Sediments    over    Different    Time 
Scales. 
W91-04154  2H 

Ground-Water-Quality      Assessment      of     the 
Carson    River   Basin,    Nevada   and   California: 
Analysis     of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic  Material  in  Three  Acidic,  Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W91-04936  2E 

IRON  COMPOUNDS 

Iron  Redox  Effects  on  Photosynthesis  Phospho- 
rus Release  from  Dissolved  Humic  Materials. 
W91-O4O0O  2H 

IRRIGATION 

Constant  Discharge  Device  for  Field  Irrigation. 
W9 1-04307  3F 

Regional  Cooperation  in  the  Use  of  Irrigation 
Water:  Efficiency  and  Income  Distribution. 
W91-04436  6C 

Risk-Efficient  Irrigation  Strategies  for  Wheat. 
W91-04437  3F 

Concept  of  the  Shallow  Ground-Water  System 

Along  the   North   Platte   River,   South-Central 

Wyoming. 

W9 1-04463  2F 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W9 1-04540  3F 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W9 1-04780  3F 

IRRIGATION  CANALS 

Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W9 1  -04226  3F 

Float-Pot  Assembly  to  Measure  Water  Levels  in 

an  Irrigation  Canal. 

W91-O4230  7B 


SU-46 


SUBJECT  INDEX 


JUVENILE  GROWTH  STAGE 


Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:  II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

IRRIGATION  DESIGN 

Constant  Discharge  Device  for  Field  Irrigation. 
W9 1-04307  3F 

Risk-Efficient  Irrigation  Strategies  for  Wheat. 
W9 1-04437  3F 

Effects   of  Nitrogen   and   Water   Management 
Practices  on  Yield,  Grain  Quality,  and  Milling 
Out-Turn  of  Rice. 
W91-04538  3F 

IRRIGATION  EFFECTS 

Effects  of  Irrigation  Pumpage  in  Northwestern 
Indiana,  and  the  Legislative  Process. 
W91-O4210  3F 

Line-Source   vs.   Irrigated/Nonirrigated   Treat- 
ments for  Evaluation  of  Genotype  Drought  Re- 
sponse. 
W9 1-04501  3F 

Water    Relations    of    Differentially    Irrigated 

Cotton  Exposed  to  Ozone. 

W91-O4505  3F 

Effects   of  Irrigation    Regimes   on    Yield   and 

Water  Use  by  Sweetpotato. 

W91-04564  3F 

Yield   of  Successively   Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 

Leaching  of  a  Highly  Saline-Sodic  Soil  in  South- 
ern Alberta:  A  Laboratory  Study. 
W91-04586  3C 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W9 1-04780  3F 

IRRIGATION  EFFICIENCY 

Localized  Field  Irrigation  Efficiencies  from  Soil 

Salinity  Samples. 

W9 1-04541  3F 

IRRIGATION  ENGINEERING 

Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W91-04536  3F 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W91-04540  3F 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Sealing  Ea-^en  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:  II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

Yield  of  Successively   Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 

IRRIGATION  PRACTICES 

Case  Study  in  Survey  Development:  1988  Farm 

and  Ranch  Irrigation  Survey. 

W91-04164  6D 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-O4510  3C 

Soil  Salinity:  Irrigation  Practices  and  Effects  on 

Crops  and  Ground  Water  (Jan  77-Jul  89). 

W9 1-04649  3C 


IRRIGATION  PROGRAMS 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W91-04780  3F 

Irvine  Ranch's  Approach  to  Water  Reclamation. 
W91-04821  5D 

IRRIGATION  REQUIREMENTS 

Sprinkler  vs.  Flood  Irrigation  in  Traditional 
Rice  Production  Regions  of  Southeast  Texas. 
W9 1-04502  3F 

Effects   of  Irrigation    Regimes   on   Yield   and 

Water  Use  by  Sweetpotato. 

W91-04564  3F 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W91-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W9 1-04566  3F 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

IRRIGATION-RETURN  FLOW 

Estimates  of  Consumptive  Use  and  Ground- 
Water  Return  Flow  and  the  Effect  of  Rising  and 
Sustained  High  River  Stage  on  the  Method  of 
Estimation  in  Cibola  Valley,  Arizona  and  Cali- 
fornia, 1983  and  1984. 
W9 1-04465  4B 

IRRIGATION  WATER 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W9 1-04036  5E 

Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W9 1-04226  3F 

Estimation  of  Surface-Water  Withdrawals  for 
Irrigation  and  Irrigated  Acreage,  1985,  Gallatin 
County,  Montana. 
W9 1-04229  3F 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W91-04233  3F 

Soilwater  Distribution  in  a  Nonuniformly  Irri- 
gated Field  with  Root  Extraction. 
W91-04395  3F 

Localized  Field  Irrigation  Efficiencies  from  Soil 

Salinity  Samples. 

W91-04541  3F 

ISOPODS 

Toxicity  of  Phenol  to  the  Freshwater  Crusta- 
cean Asellus  Aquaticus  (L.)  During  Episodic 
Exposure-Relationship  Between  Sub-Lethal  Re- 
sponses and  Body  Phenol  Concentrations. 
W9 1-04622  5C 

ISOTOPE  STUDIES 

Recharge  Processes  During  Snowmelt:  An  Iso- 
topic  and  Hydrometric  Investigation. 
W91-O4103  2F 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-O4107  2F 

Geothermal  Resources  of  the  Western  Arm  of 
the  Black  Rock  Desert,  Northwestern  Nevada: 
Part  II,  Aqueous  Geochemistry  and  Hydrology. 
W9 1-04462  2K 


Isotopic  Evolution  of  River  Water  in  the  North- 
ern Chile  Region. 
W91-04917  2K 

Dissolved  Organic  Carbon  Cycling  in  Forested 

Watersheds:  A  Carbon  Isotope  Approach. 

W9 1-04924  2K 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W9 1-04928  5B 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

ISOTOPIC  TRACERS 

Naturally  Occurring  Radon  222  as  a  Tracer  for 
Streamflow  Generation:  Steady  State  Methodol- 
ogy and  Field  Example. 
W9 1-04934  2E 

ISRAEL 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W9 1-04036  5E 

Distribution  of  Mycobacteria  in  Different  Types 

of  Water  In  Israel. 

W91-O4077  5B 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

ITALY 

Economically  Important  Seaweeds  in  Mar  Pic- 
colo, Taranto  (Southern  Italy):  A  Survey. 
W9 1-04423  5C 

ITERATIVE  METHODS 

Iterative  Methods  for  the  Solution  of  Large  Sys- 
tems of  Equations  on  Supercomputers. 
W91-04833  7C 


IZMIR  BAY 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814 


5G 


JAPAN 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W91-04337  5B 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W9 1-04410  2H 

Effects   of  Water    Level    Fluctuation    on    the 
Growth  of  Nelumbo  nucifera  Gaertn.  in  Lake 
Kasumigaura,  Japan. 
W91-04411  2H 

Estuary  Sediments  of  the  Yoshino  River-Study 

on  Estuary  Sediments,  Part  2. 

W9 1-04439  2L 

Fill  Dam  Leakage  by  Network  Assessment. 
W9 1-04828  8G 

JUMPING 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing Behaviours  of  Juvenile  Ayu  Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W91-04527  81 

JUVENILE  GROWTH  STAGE 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing Behaviours  of  Juvenile  Ayu  Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W91-04527  81 


SU-47 


KANSAS 


SUBJECT  INDEX 


KANSAS 

Water  Use  Reporting  in  Kansas. 
W91-04168 


6D 


State    Water    Demand    Methodology,    Kansas, 

1987. 

W9 1-04236  6D 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 

Fiscal    Year    1989    Program    Report    (Kansas 

Water  Resources  Research  Institute). 

W9 1-04895  9D 

Inner  Region  Humidity  Characteristics  of  the 
Neutral  Boundary  Layer  Over  Prairie  Terrain. 
W9 1-04922  2D 

Regional  Surface  Fluxes  From  Remotely  Sensed 

Skin  Temperature  and  Lower  Boundary  Layer 

Measurements. 

W9 1-04923  2B 

KARST 

Relationships  Between  Groundwater  Contami- 
nation and  Major-Ion  Chemistry  in  a  Karst  Aq- 
uifer. 
W91-04403  5B 

KELPS 

Abundance  Changes  in  Laminana  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta)  near  the  Diablo  Canyon  Power  Plant. 
W9 1-04422  5C 

Toxicity    of    Sewage-Contaminated    Sediment 
Cores   to    Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

KENTUCKY 

Water  Use  in  Kentucky,  1985,  with  Emphasis  on 

the  Kentucky  River  Basin. 

W91-04171  6D 

Relationships  Between  Groundwater  Contami- 
nation and  Major-Ion  Chemistry  in  a  Karst  Aq- 
uifer. 
W91-04403  5B 

Star  Fire  Mine  Reclamation  Experience. 

W9 1-04562  4C 

Dewatering  Problems  Lead  to  Liquid  Sludge 

Disposal. 

W91-04595  5D 

Fiscal  Year   1989  Program  Report  (Kentucky 
Water  Resources  Research  Institute). 
W91-04898  9D 

KENTUCKY  RIVER  BASIN 

Water  Use  in  Kentucky,  1985,  with  Emphasis  on 

the  Kentucky  River  Basin. 

W91-04171  6D 

KESTERSON  RESERVOIR 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

KIDNEYS 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-O4021  5C 


Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W9 1-04573  5C 

Ultrastructural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-04616  5C 

KIEL  BIGHT 

Seasonal    Occurrence    of   Autotrophic  Naked 

Nanoflagellates  in  Kiel  Bight,  Western  Baltic. 

W9 1-03984  2L 

KILLIFISH 

Status  of  the  Banded   Killifish,   Fundulus  dia- 

phanus,  in  Canada. 

W9 1-04092  5C 

KINEMATIC  WAVE  THEORY 

Finite  Element  Watershed  Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 

Approximation  for  the  Bank  Storage  Effect. 
W91-O4130  2E 

Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W91-04406  2E 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

KINETICS 

Autocatalytic  Model  for  the  Kinetics  of  BOD 

Test. 

W91-O4038  5D 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W91-04076  5B 

Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W91-04381  5F 

Pharmacokinetic  Modeling  in  Aquatic  Animals: 

I.  Models  and  Concepts. 

W91-04733  5B 

KRIGING 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

Modern  Kriging  and  Classical  Gaussian  Tech- 
niques-Do They  Necessarily  Yield  Identical  Re- 
sults. 
W9 1-04829  2G 

KRILL 

Sex-  and  Maturity-Related  Heavy  Metal  Accu- 
mulations in  the  Antarctic  Krill  Euphausia  su- 
perba. 
W9 1-04530  5B 

LABORATORY  METHODS 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

Influence  of  Water  Composition  on  the  Chronic 
Toxicity    of    3,4-Dichloroaniline    to    Daphnia 


magna. 
W9 1-04048 


5C 


Selective  Medium  for  Isolation  of  Mycoleptodis- 

cus  terrestris  from  Soil  Sediments  of  Aquatic 

Environments. 

W9 1-04063  7B 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 


Simplification  of  in  Vitro  Culture  Techniques 

for  Freshwater  Mussels. 

W91-04148  7B 

Quality  Assurance/Quality  Control  Assessment 
for   a   Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W91-04277  5B 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5A 

New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

Use   of  Fluorescence   Spectroscopy   to   Study 

Herbicide-Humic  Acid  Interactions:  Preliminary 

Observations. 

W9 1-04587  5B 

In  Situ  Technique  to  Measure  Bacterial  Chemo- 

taxis  in  Natural  Aquatic  Environments. 

W9 1-04722  2H 

LAGOONS 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W9 1-04272  2L 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 

Distribution  and  Abundance  of  Pachymelania 

aurita  in  Lagos  Lagoon,  Nigeria. 

W9 1-04741  5C 

LAKE  ACIDIFICATION 

Granite    Weathering    and    the    Sensitivity    of 

Alpine  Lakes  to  Acid  Deposition. 

W9 1-03998  2H 

LAKE  BASINS 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W9 1-04737  2H 

LAKE  ERIE 

Benthos  Response  to  Disturbance  in  Western 

Lake  Erie:  Field  Experiments. 

W9 1-04443  2H 

Benthos  Response  to  Disturbance  in  Western 
Lake  Erie:  Regional  Faunal  Surveys. 
W91-04444  2H 

LAKE  FISHERIES 

Distributions   and   Abundances   of  Early    Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W9 1-04592  2H 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

LAKE  MANAGEMENT 

Managing  a  Lake  for  Water  Control  and  Wet- 
lands Creation. 
W9 1-04849  4A 

LAKE  MARACAIBO 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

LAKE  MERCED 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 
Area  in  the   Western   Part  of  San   Francisco, 
California. 
W9 1-048  83  2F 


su-w 


SUBJECT  INDEX 


LANDSAT  IMAGES 


LAKE  MORPHOLOGY 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W9 1-04737  2H 

LAKE  MORPHOMETRY 

Simulation     of    Nonstationary,     Non-Gaussian 

Water  Levels  on  Great  Lakes. 

W9 1-04070  2H 

Summary  of  Selected  Characteristics  of  Large 

Reservoirs  in  the  United  States  and  Puerto  Rico, 

1988. 

W91-04862  7C 

LAKEO-IKE 

Seasonal  Changes  of  Water  Temperature  and 
Chlorophyll  Concentration  in  Lake  O-ike. 
W91-04534  2H 

LAKE  ONTARIO 

Quality  Assurance/Quality  Control  Assessment 
for   a   Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W91-04277  5B 

LAKE  RESTORATION 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent  Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W9 1-04052  5D 

Changes  in  Fish  Mercury  Concentrations  in  an 

Intensively  Fished  Lake. 

W91-04441  5B 

LAKE  SEDIMENTS 

Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-04110  2J 

Midwater  and  Epibenthic  Behaviors  of  Mysis 
relict  a  Loven:  Observations  from  the  Johnson- 
Sea-Link  II  Submersible  in  Lake  Superior  and 
from  a  Remotely  Operated  Vehicle  in  Northern 
Lake  Michigan. 
W91-04113  2H 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Para-Hydroxy- 
benzoate  and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W91-04728  5B 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W91-04729  5B 

Reductive   Dechlorination  of  Dichlorophenols 
by  Nonadapted  and  Adapted  Microbial  Commu- 
nities in  Pond  Sediments. 
W91-04732  5B 

Influence  of  Chironomid  Larvae  on  Sediment 

Oxygen  Microprofiles. 

W91-04738  2H 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 
W9 1-04753  5  A 

Radioactive  Fallout  Reconstruction  from  Con- 
temporary   Measurements    of   Reservoir    Sedi- 
ments. 
W91-04775  5B 

LAKE  SHORES 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 


LAKE  VANDA 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W9 1-04533  2H 

LAKES 

Data  Processing  for  the  Determination  of  Pig- 
ments  and   Suspended    Solids   from   Thematic 
Mapper  Data. 
W91-03952  7B 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W91-03964  7B 

Effect  of  Wind  on  the  Distribution  of  Phyto- 

plankton  Cells  in  Lakes. 

W9 1-03995  2H 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

Carbon,    Nitrogen   and    Phosphorus    Status    in 
Daphnia  at  Varying  Food  Conditions. 
W91-04111  2H 

Forms  of  Metals  in  a  Sediment  Core  of  a  Severe- 
ly Acidified  Northern  Black  Forest  Lake. 
W91-04257  5A 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 

Groundwater-Lake  Interactions:  I.  Accuracy  of 

Seepage  Meter  Estimates  of  Lake  Seepage. 

W9 1-04393  7B 

Groundwater-Lake  Interactions:  II.  Nearshore 
Seepage    Patterns    and    the    Contribution    of 
Ground  Water  to  Lakes  in  Central  Alberta. 
W9 1-04394  2F 

Seasonal  Development  of  Anoxygenic  Phototro- 
phic   Bacteria  in  a  Holomictic  Drumlin   Lake 
(Schleinsee,  F.R.G). 
W9 1-04736  2H 

Phosphorus  Budget  for  Dal,  a  Himalayan  Lake. 
W91-04751  2H 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 

LAND  DISPOSAL 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

Gravity  Belt  Thickening  and  Lime  Stabilization. 
W9 1-04820  5E 

LAND  MANAGEMENT 

Use  of  Departure  Analysis  in  Decision  Making. 
W9 1-04209  4C 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 


LAND  RESOURCES 

New  Strategies  for  Soil  Conservation. 
W91-04561 


4D 


New  Strategies  for  Soil  Conservation. 
W9 1-04561 


4D 


Star  Fire  Mine  Reclamation  Experience. 

W9 1-04562  4C 

Natural  Resource  Accounting  Systems  and  En- 
vironmental Policy  Modeling. 
W9 1-04563  6B 

LAND  RECLAMATION 

Star  Fire  Mine  Reclamation  Experience. 

W9 1-04562  4C 


LAND  TREATMENT 

Bilateral  Wastewater  Land  Treatment  Research. 
W91-04816  5D 

LAND  USE 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 

Proposed  Model  for  Evaluating  Urban  Hydro- 
logic  Change. 
W9 1-03990  4C 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in   a    Partially    Forested    Catchment    in 
Southern  Chile. 
W91-04118  4C 


Land  Use  Practices  and  Water  Disputes. 
W9 1-04205 


6E 


Use  of  Departure  Analysis  in  Decision  Making. 
W9 1-04209  4C 

Natural  Consumptive  Use  by  Tules,  Grasslands, 
and  Riparian  Forests,  California  Central  Valley. 
W9 1-04227  21 

Spuds  From  Space:  Using  Remote  Sensing/GIS 
in  Adjudicating  Idaho  Water  Rights. 
W91-04235  6E 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W91-04386  4C 


New  Strategies  for  Soil  Conservation. 
W9 1-04561 


4D 


LANDFILL  LININGS 

Lessons  Learned  from  Compacted  Clay  Liner. 
W91-04839  5G 

LANDFILLS 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W9 1-04065  5E 

Factors  Influencing  the  Chemical  Characteris- 
tics of  Landfill  Leachates. 
W91-04319  5B 

Hydrogeology  and  Ground- Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W9 1-04468  5B 

Lessons  Learned  from  Compacted  Clay  Liner. 
W9 1-04839  5G 

LANDSAT  EMAGES 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W91-03952  7B 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W91-03957  7B 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W9 1-03964  7B 

Estimation  of  Ground-Water  Use  for  Irrigation 
in  Eastern  Washington  Using  Landsat  Imagery. 
W9 1-04232  3F 


SU-49 


LANDSLIDES 


SUBJECT  INDEX 


LANDSLIDES 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W9 1-03958  7B 

LARVICIDES 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W9 1-04446  4C 

LEACHATES 

Results   from   the   First   Year  of  the   Swedish 

Dioxin  Survey. 

W91-04289  5B 

Factors  Influencing  the  Chemical  Characteris- 
tics of  Landfill  Leachates. 
W91-04319  5B 

LEACHING 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-O4100  2G 

Leaching  of  a  Highly  Saline-Sodic  Soil  in  South- 
ern Alberta:  A  Laboratory  Study. 
W91-04586  3C 

Acidity  as  a  Factor  in   Leaching  of  Copper, 
Chromium  and  Arsenic  from  CCA  Treated  Di- 
mension Lumber. 
W9 1-04625  5B 

LEAD 

Lead  Hydride  Generation  in  a  Lactic  Acid-Po- 
tassium Dichromate  Medium  and  its  Application 
to  the  Determination  of  Lead  in  Fish,  Vegetable 
and  Drink  Samples. 
W91-04140  5A 


Gasoline  Lead  in  West  German  Soils. 
W9 1-043 10 


5B 


Data  on  Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W9 1-04861  5B 

LEAKAGE 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W9 1-04425  8A 


Repairs  to  the  Martin  Gonzalo  Dam. 
W9 1-04426 


8A 


LEAVES 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

Estimation  of  Transpiration  by  Single  Trees: 
Comparison  of  a  Ventilated  Chamber,  Leaf 
Energy  Budgets  and  a  Combination  Equation. 
W9 1-04484  2D 

Stomaial  Resistance  Model  Illustrating  Plant  vs. 

External  Control  of  Transpiration. 

W9 1-04489  2D 

LEGAL  ASPECTS 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 

Developing    and    Passing    Statewide  Wellhead 

Protection     Programs     Connecticut:  A     Case 

Study 

W9 1-03922  5G 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W9 1-03923  5G 


Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

California's      Proposition      65:      Extrapolating 

Animal  Toxicity  to  Humans. 

W9 1-04008  6E 

LEGIONELLA 

Legionella  in  Dublin  Hospital  Water  Supplies. 
W91-04778  5F 

LEGISLATION 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 

Developing   and    Passing   Statewide  Wellhead 

Protection     Programs    Connecticut:  A     Case 

Study. 

W9 1-03922  5G 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Easton's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying and  Controlling  the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W91-03935  5G 

Water-Use  Efficiency  Standards  for  Plumbing 
Fixtures:  Benefits  of  National  Legislation. 
W91-03972  3D 

Effects  of  Irrigation  Pumpage  in  Northwestern 
Indiana,  and  the  Legislative  Process. 
W91-04210  3F 

1990  Farm  Bill:  Opportunities  for  Groundwater 

Protection. 

W91-04859  5G 

LEGUMES 

Evapotranspiration     and     Yield     of    Irrigated 

Chickpea. 

W9 1-04497  2D 

LEPTOSPIROSIS 

Waterborne  Outbreak  of  Leptospirosis  among 

United   States  Military   Personnel  in  Okinawa, 

Japan. 

W9 1-04365  5B 

LIGHT  INTENSITY 

Effects  of  Environmental  Factors  on  Jumping 

Behaviour  of  the  Juvenile  Ayu  Plecoglossus  alti- 

velis  with  Special  Reference  to  Their  Upstream 

Migration. 

W91-04526  81 

LIGHT  PENETRATION 

Causes  of  Light  Attenuation  in  Nine  New  Zea- 
land Estuaries. 
W9 1 -03981  2L 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W9 1-04036  5E 

LIMITING  FACTORS 

Status  of  the  Fourhorn  Sculpin,  Myoxocephalus 

quadricornis,  in  Canada. 

W9 1-04088  5C 

Status  of  the  Spoonhead  Sculpin,  Cottus  ricei,  in 

Canada. 

W9 1-04089  5C 

Status  of  the  Blackline  Prickleback,   Acantho- 

lumpenus  mackayi,  in  Canada. 

W91-04090  2H 


Status  of  the  Brook  Silverside,  Labidesthes  sic- 

culus,  in  Canada. 

W91-04091  5C 

Status  of  the   Banded   Killifish,  Fundulus  dia- 

phanus,  in  Canada. 

W9 1-04092  5C 

Status  of  the  Least  Darter,  Etheostoma  micro- 

perca,  In  Canada. 

W9 1-04093  2H 

Status  of  the  River  Darter,  Percina  shumardi,  in 

Canada. 

W9 1-04094  5C 

Status  of  the  Redbreast  sunfish,  Lepomis  auritus, 

in  Canada. 

W91-04095  5C 

Status  of  the  Orangespotted  Sunfish,  Lepomis 

humilis,  in  Canada. 

W9 1-04096  5C 

Status  of  the  Bigmouth  Buffalo,  Ictiobus  cyprin- 

ellus,  in  Canada. 

W9 1-04097  2H 

Status  of  the  Black  Buffalo,  Ictiobus  niger,  in 

Canada. 

W9 1-04098  5C 

Status   of  the   Golden   Redhorse,    Moxostoma 

erythrurum,  in  Canada. 

W9 1-04099  2H 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

LIMITING  NUTRIENTS 

Dominant    Phytoplankters   and    Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W91-04312  2H 

Productivity     and     Nutrient     Relationships    in 
Psammophytic     Versus     Epilithic     Forms     of 
Bryopsidales  (Chlorophyta):  Comparisons  Based 
on  a  Short-term  Physiological  Assay. 
W91-04419  2L 

Direct  and   Indirect  Effects  of  Consumers  on 

Benthic  Algae  in  Isolated  Pools  of  an  Ephemeral 

Stream. 

W9 1-04447  2E 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton  Populations  During  the  Spring  Bloom  in 
Auke  Bay,  Alaska. 
W91-04461  2H 

LIMNOLOGY 

Data  Processing  for  the  Determination  of  Pig- 
ments   and    Suspended    Solids    from    Thematic 
Mapper  Data. 
W91-03952  7B 

Effect  of  Wind  on  the  Distribution  of  Phyto- 

plankton  Cells  in  Lakes. 

W9 1-03995  2H 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W9 1-03996  2H 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

Granite    Weathering    and    the    Sensitivity    of 

Alpine  Lakes  to  Acid  Deposition. 

W9 1-03998  2H 


SU-50 


SUBJECT  INDEX 


LYSIMETERS 


Iron  Redox  Effects  on  Photosynthesis  Phospho- 
rus Release  from  Dissolved  Humic  Materials. 
W9 1-04000  2H 

Time-   and   Vertical   Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W9 1-04034  2H 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

Evapotranspiration  from  Sedge-dominated  Wet- 
land Surfaces. 
W91-04051  2D 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent  Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W9 1-04052  5D 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis, 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W9 1-04056  21 

Error  Analysis  of  Limiting-Case  Solutions  to  the 

Steady-State-Biofilm  Model. 

W91-04071  5D 

Carbon,    Nitrogen   and    Phosphorus    Status   in 
Daphnia  at  Varying  Food  Conditions. 
W91-04111  2H 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 

Midwater  and  Epibenthic  Behaviors  of  Mysis 
relicta  Loven:  Observations  from  the  Johnson- 
Sea-Link  II  Submersible  in  Lake  Superior  and 
from  a  Remotely  Operated  Vehicle  in  Northern 
Lake  Michigan. 
W91-04113  2H 

Iron  Transport  and  Distribution  between  Fresh- 
water   and    Sediments    over    Different    Time 
Scales. 
W91-04154  2H 

Dominant   Phytoplankters   and   Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W91-04312  2H 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W91-04410  2H 

Effects   of  Water    Level    Fluctuation    on    the 
Growth  of  Nelumbo  nucifera  Gaertn.  in  Lake 
Kasumigaura,  Japan. 
W91-04411  2H 

Some    Limnological    Observations    on    River 

Ganga. 

W91-04418  2H 

Influence  of  Water  Chemistry  on  Size  Structure 

of  Zooplankton  Assemblages. 

W9 1-04442  2H 

Benthos  Response  to  Disturbance  in  Western 

Lake  Erie:  Field  Experiments. 

W9 1-04443  2H 

Micro-Invertebrate        Community        Structure 

Within  a  Maritime  Antarctic  Lake. 

W91-04532  2H 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W9 1-04533  2H 

Seasonal  Changes  of  Water  Temperature  and 
Chlorophyll  Concentration  in  Lake  O-ike. 
W91-04534  2H 


Classification  of  Texas  Reservoirs  in  Relation  to 
Limnology  and  Fish  Community  Associations. 
W9 1-04591  2H 

Distributions   and   Abundances   of  Early    Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W9 1-04592  2H 

Limnology  of  the  Southern  Acid  Peat  Flats, 

South- Western  Australia. 

W91-04717  2H 

In  Situ  Technique  to  Measure  Bacterial  Chemo- 

taxis  in  Natural  Aquatic  Environments. 

W9 1-04722  2H 

Seasonal  Development  of  Anoxygenic  Phototro- 
phic  Bacteria  in  a  Holomictic  Drumlin  Lake 
(Schleinsee,  F.R.G). 
W91-04736  2H 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W91-04737  2H 

Influence  of  Chironomid  Larvae  on  Sediment 

Oxygen  Microprofiles. 

W91-04738  2H 

Seasonal  Dynamics  and  Production  of  Chirono- 

midae  in  a  Large  Lowland  River  Upstream  and 

Downstream  From  a  New  Reservoir  in  Central 

Poland. 

W91-04739  2H 

Phosphorus  Budget  for  Dal,  a  Himalayan  Lake. 
W91-04751  2H 

Seasonal  Changes  in  the  Chemical  Composition 
of  Ceratophyllum  demersum  L.  in  a  Small  Pond. 
W91-04752  2H 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 

LINEAR  PROGRAMMING 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W9 1-03992  8  A 

LINERS 

Lessons  Learned  from  Compacted  Clay  Liner. 
W9 1-04839  5G 

LINPOR  PROCESS 

LINPOR-Process  for  Nitrification  and  Denitrifi- 

cation. 

W91-04703  5D 

LIPIDS 

Lipid-Partitioning        and        Disposition        of 
Benzo(a)pyrene     and     Hexachlorobiphenyl     in 
Lake  Michigan  Pontoporeia  hoyi  and  Mysis  re- 
licta. 
W91-04145  5B 

LIQUID  SLUDGE 

Common-Sense  Liquid  Sludge  Management. 
W91-04819  5E 

LISTERIA 

Listeria  monocytogenes  Contamination  of  Crops 

Grown  on  Soil  Treated  with  Sewage  Sludge 

Cake. 

W9 1-04367  5B 

LITERATURE  REVIEW 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds- 
Bioaccumulation,  Metabolism,  and  Effects. 
W91-04011  5B 

Review  of  Biotechnology  Applications  to  Nu- 
clear Waste  Treatment. 
W91-04159  5E 


LITTER 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

LITTLE  RIVER 

Instream  Flow  Analysis  and  Monitoring  Proce- 
dure for  Little  River  in  Eastern  Tennessee. 
W91-04169  6D 

LD7ER 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W9 1-04363  5C 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W9 1-046 10  5C 

LOCAL  GOVERNMENTS 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W91-03923  5G 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Easton's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

Private   Well   Protection   in   Sand   and  Gravel 

Aquifers. 

W9 1-03943  5G 

LOGGING 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

LONG  ISLAND 

Geohydrology     of     the     Bethpage-Hicksville- 

Levittown  Area,  Long  Island,  New  York. 

W9 1-04646  2F 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W91-04854  2F 

LOS  ANGELES 

Los  Angeles  City  Sludge  Management  Program. 
W91-04596  5E 

LOUISIANA 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W91-04637  5B 

LOW  FLOW 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W91-04328  5B 

LUBBOCK 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W9 1-04194  6D 

LUMBER 

Acidity  as  a  Factor  in  Leaching  of  Copper, 
Chromium  and  Arsenic  from  CCA  Treated  Di- 
mension Lumber. 
W9 1-04625  5B 

LYSIMETERS 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W91-04710  5D 


SU-51 


MACROINVERTEBRATES 


SUBJECT  INDEX 


MACROINVERTEBRATES 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic     Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W9 1-04360  5C 

MACROPHAGES 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 

MACROPHYTES 

Effects   of   Water    Level    Fluctuation    on    the 
Growth  of  Nelumbo  nucifera  Gaertn.  in  Lake 
Kasumigaura,  Japan. 
W91-04411  2H 

Distributions   and    Abundances   of  Early    Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W9 1-04592  2H 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W91-04593  2H 

MAINE 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W91-03936  5E 

Fiscal  Year  1989  Program  Report  (Maine  Envi- 
ronmental Studies  Center). 
W91-04887  9D 

MAINTENANCE 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W91-04425  8A 


Repairs  to  the  Martin  Gonzalo  Dam. 
W9 1-04426 


8A 


Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

Rehabilitation  and  Upgrading  of  the  Beni  Suef 

City  Wastewater  Treatment  Plant. 

W91-04674  5D 

MAINTENANCE  COSTS 

Economics  of  Meter  Testing/Calibration. 
W91-04372  6C 

MANAGEMENT  PLANNING 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow    Requirements   for   Endangered 

Species. 

W91-04217  6D 


Phoenix  Water  Resource  Plan-1987. 
W9 1-04245 


6A 


Strategy    for    the    Modernization    of    Control 

Equipment. 

W9 1-04427  8C 

Framework  for  Reshaping  Water  Management. 
W9 1-04555  6B 

Steps  in  Planning  the  Expansion  of  the  Large 
Sewage  Treatment  Plant  at  Buchenhofen,  Oper- 
ated by   the  Wupper   Watershed   Management 
Association. 
W9 1-04673  5D 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal* 

Reservoir. 

W9 1-04827  6A 


MANGANESE 

Manganese  Speciation  in  Dilute  Waters  of  the 

Precambrian  Shield,  Canada. 

W9 1-04039  2K 

Potential  Effects  of  Raising  pH  for  Corrosion 

Control  on  the  Aesthetic  Qualities  of  a  Water 

Supply. 

W9 1-04370  5F 

Ground-Water-Quality      Assessment      of     the 
Carson    River    Basin,    Nevada   and   California: 
Analysis    of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

Microbial   Manganese   Reduction   Mediated  by 
Bacterial    Strains   Isolated   from   Aquifer   Sedi- 
ments. 
W9 1-04726  2K 

MANURE 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

MAPLE  TREES 

Foliar  Retention  of  15-N-Nitrate  and  1 5 -N- Am- 
monium   by    Red    Maple    (Acer   rubrum)   and 
White  Oak  (Quercus  alba)  Leaves  from  Simulat- 
ed Rain. 
W91-04452  5C 

MAPPING 

Ground     Water  Resource     Based     Mapping, 

Nashua  Regional  Planning  Area,  New  Hamp- 
shire. 
W9 1-03940  6  A 

Digital  Elevation  Models  and  Their  Application 

to  Remote  Sensing  of  Water  Resources. 

W9 1-03959  7C 

Automated     Mapping     for     Alabama     Sewer 

System. 

W91-04116  5D 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W9 1-04231  7B 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W9 1-04234  2D 

Simple  Contouring  Program  for  Gridded  Data. 
W9 1-04638  7C 

Maps  of  Flood   Statistics  for  Regional   Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 

MAPS 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W91-03956  7B 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

Maps  of  Flood  Statistics  for  Regional   Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W9 1-04854  2F 

Surface-  and  Ground-Water  Interaction  and  Hy- 
drologic Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W91-04856  2A 


MARINE  ALGAE 

Economically  Important  Seaweeds  in  Mar  Pic- 
colo, Taranto  (Southern  Italy):  A  Survey. 
W9 1-04423  5C 

Nitzschia    pseudodelicatissima:    A    Source    of 

Domoic  Acid  in  the  Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

MARINE  ANIMALS 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W9 1-04272  2L 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

Comparison  of  Organochlorine  Residue  Levels 

in  the  Striped  Dolphin  from  Western  North 
Pacific,  1978-79  and  1986. 

W91-04516  5B 

MARINE  ENVIRONMENT 

Petroleum  Aromatic  Hydrocarbons  in  Surface 
Waters  around  Elephant  Island,  Antarctic  Pe- 
ninsula. 
W91-04518  5B 

Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W91-04787  81 

MARINE  MAMMALS 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W91-O4520  5B 

MARINE  POLLUTION 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-O4O01  5C 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds- 
Bioaccumulation,  Metabolism,  and  Effects. 
W91-O40U  5B 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,   and   Zinc  in  the   Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

Spatial  and  Temporal  Trends  in  Organochlorine 
Contamination  of  Dab  (Limanda  limanda)  and 
Flounder  (Platichthys  flesus)  in  the  North  Sea. 
W91-04053  5B 

Abundance  Changes  in  Laminaria  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta)  near  the  Diablo  Canyon  Power  Plant. 
W9 1-04422  5C 

Economically  Important  Seaweeds  in  Mar  Pic- 
colo, Taranto  (Southern  Italy):  A  Survey. 
W91-04423  5C 

Toxicity    of    Sewage-Contaminated    Sediment 
Cores    to    Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

Comparison  of  Organochlorine  Residue  Levels 
in   the  Striped   Dolphin   from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 


SU-52 


SUBJECT  INDEX 


MATHEMATICAL  MODELS 


Comparison  of  Trace  Metals  Data  in  Mussels 
and  Oysters  from  a  Mussel  Watch  Programme 
of  the    1970s   with   those   from   a    1980s   Pro- 
gramme. 
W91-04517  5B 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

Benthos  on  Tailings  Beds  from  an  Abandoned 

Coastal  Mine. 

W9 1-04522  5C 

Probing  the  Future  of  the  Mediterranean  Basin. 
W91-04556  5G 

MARINE  SEDIMENTS 

Successive  Appearance  of  Subfossil  Phytoplank- 
ton  Species  in  Holocene  Sediments  of  the  North- 
ern Adriatic  and  Its  Relation  to  the  Increased 
Eutrophication  Pressure. 
W91-03983  2L 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and   in   Different   Planktonic   Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W9 1-04027  5B 

PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

Toxicity  of  Cadmium  in  Sediments:  The  Role  of 

Acid  Volatile  Sulfide. 

W91-04746  5C 

MARKETING 

Reliability   in   Market   Transfers  of  Municipal 

Water  Supplies. 

W91-O4220  6D 


Compost  Marketing  in  New  England. 
W9 1-04760 


5E 


MARSEILLES 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W91-04440  5C 

MARSH  PLANTS 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

Evapotranspiration  from  Sedge-dominated  Wet- 
land Surfaces. 
W91-O4051  2D 

MARYLAND 

Anne  Arundel  County  Achieves  Water-Quality 

Excellence. 

W91-04600  5G 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W91-04624  5B 

Design  of  a   Chlorination/Dechlorination   and 

Post- Aeration  Facility. 

W91-04815  5D 

Erosion  and  Sediment  Control,  the  Maryland 

Way. 

W91-04852  4D 

Fiscal  Year   1989  Program  Report  (Maryland 

Water  Resources  Research  Center). 

W9 1-04894  9D 

MASS  BALANCE 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W9 1-04327  5B 


Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 

MASS  SPECTROMETRY 

Quantification  of  Toxaphene  Residues  in  Fish 

and   Fish   Products   Using   a   New   Analytical 

Standard. 

W9 1-04248  5  A 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

MASS  TRANSFER 

Dissolution  of  Trapped  Nonaqueous  Phase  Liq- 
uids: Mass  Transfer  Characteristics. 
W91-04132  5B 

Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W9 1-04381  5F 

MASSACHUSETTS 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W9 1-03923  5G 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Easton's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

Delineation   of  Contributing   Areas   to   Public 

Supply      Wells  in      Stratified      Glacial-Drift 

Aquifers. 

W9 1-03932  5G 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W91-03933  5G 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying and  Controlling  the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W91-03935  5G 

Boards  of  Health  Protection  for  Private  Wells 

and  Groundwater. 

W9 1-03942  5G 

Interceptor  Design  and  Construction  Consider- 
ations as  Part  of  the  Boston  Harbor  Cleanup. 
W9 1-04594  5D 

Past  Practices  and  New  Approaches  in  Scum 

Management. 

W9 1-04602  5G 


Taste  and  Odor  Episodes  at  Wachusett  Reser- 
voir. 
W91-04840  _  5F 

Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W9 1-04842  5F 

Design        Management        Keeps        Boston's 

Wastewater  Program  on  Track. 

W9 1-04846  5D 

MATERIALS  ENGINEERING 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

MATHEMATICAL  ANALYSIS 

Numerical  Analysis  of  Complex  Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W9 1-04309  5B 

Survey  of  Vector  and  Parallel  Processors  for 

Numerical  Applications. 

W91-O4830  7C 

Survey  of  Domain  Decomposition  Techniques 

and  Their  Implementation. 

W91-04831  2G 

Parallel   Least   Squares  Collocation  Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W91-04832  7C 

MATHEMATICAL  EQUATIONS 

Soilwater  Distribution  in  a  Nonuniformly  Irri- 
gated Field  with  Root  Extraction. 
W9 1-04395  3F 

Examination  of  Computed  Steady-State  Water- 

Table  Heights  in  Unconfined  Aquifers:  Dupuit- 

Forchheimer   Estimates   and   Exact   Analytical 

Results. 

W9 1-04399  2F 

Iterative  Methods  for  the  Solution  of  Large  Sys- 
tems of  Equations  on  Supercomputers. 
W9 1-04833  7C 

MATHEMATICAL  MODELS 

Proposed  Model  for  Evaluating  Urban  Hydro- 
logic  Change. 
W9 1-03990  4C 

Effect  of  Wind  on  the  Distribution  of  Phyto- 

plankton  Cells  in  Lakes. 

W91-03995  2H 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W9 1-04028  2F 

Autocatalytic  Model  for  the  Kinetics  of  BOD 

Test. 

W91-04038  5D 

Simulation     of    Nonstationary,     Non-Gaussian 

Water  Levels  on  Great  Lakes. 

W9 1-04070  2H 

Error  Analysis  of  Limiting-Case  Solutions  to  the 

Steady-State-Biofilm  Model. 

W91-04071  5D 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W9 1-04076  5B 

Set  Membership  Approach  to  Identification  and 

Prediction  of  Lake  Eutrophication. 

W91-04119  5C 


SU-53 


MATHEMATICAL  MODELS 


SUBJECT  INDEX 


Analytically  Derived  Runoff  Models  Based  on 

Rainfall  Point  Processes. 

W91-04120  2E 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 

Hybrid  Model  for  Forecasting  Daily  Rainfall. 
W91-04127  2B 

Real-Time  Approach  to  Management  and  Moni- 
toring of  Groundwater  Hydraulics. 
W91-04128  2F 

Sorption  of  Organic  Acid  Compounds  to  Sedi- 
ments: Initial  Model  Development. 
W91-04144  5B 

Numerical  Method  for  Parameterization  of  At- 
mospheric Chemistry:  Computation  of  Tropo- 
spheric  OH. 
W9 1-04299  2K 

Tropospheric     OH     in     a    Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CC13. 
W9 1-04300  5B 

One-Dimensional  Numerical  Model  to  Simulate 
Formation  and  Balance  of  Sulfate  During  Radi- 
ation Fog  Events. 
W9 1-04302  2K 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W9 1-04446  4C 

Tidal  Velocity  Asymmetries  and  Bedload  Trans- 
port in  Shallow  Embayments. 
W9 1-04459  2J 

Effects  of  Urbanization  on  Peak  Streamflows  in 
Four  Connecticut  Communities,  1980-84. 
W91-04464  4C 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

Pharmacokinetic  Modeling  in  Aquatic  Animals: 

I.  Models  and  Concepts. 

W91-04733  5B 

Enhanced  Primary  Production  at  the  Plume/ 

Oceanic  Interface  of  the  Mississippi  River. 

W9 1-04742  2L 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W9 1-04827  6  A 

Is  a  Simple  Diagonal  Scaling  the  Best  Precondi- 
tioner  for  Conjugate  Gradients  on  Supercom- 
puters. 
W9 1-04834  7C 

Model  for  Compaction  of  Sedimentary  Basins. 
W9 1-04835  2F 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 


Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W9 1-0493  5  2  A 

MATHEMATICAL  STUDIES 

Cell  Analytical-Numerical  Method  for  Solution 
of  the  Advection-Dispersion  Equation:  Two-Di- 
mensional Problems. 
W91-04124  5B 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

MCMURDO  STATION 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

MEASURING  INSTRUMENTS 

Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W9 1-03946  7B 

Total  Parameter  Water  Analysis  Comes  under 

the  Microscope. 

W9 1-03970  5  A 

Design   and   Application   of  a   Constant   Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-O4102  7B 

Float-Pot  Assembly  to  Measure  Water  Levels  in 

an  Irrigation  Canal. 

W9 1-04230  7B 

Monitoring   Moisture   Storage  in  Trees  Using 

Time  Domain  Reflectometry. 

W91-04388  21 

Groundwater-Lake  Interactions:  I.  Accuracy  of 
Seepage  Meter  Estimates  of  Lake  Seepage. 
W91-04393  7B 

New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

Comparison  of  Accuracy  and  Completeness  of 
Data  Obtained  from  Three  Types  of  Automatic 
Water-Quality  Monitors. 
W9 1-04644  7B 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

MEAT  PROCESSING  INDUSTRY 

Treatment   of  Poultry   Processing   Wastewater 

Using  Sequencing  Batch  Reactors. 

W91-O4550  5D 

MEDITERRANEAN  SEA 

Probing  the  Future  of  the  Mediterranean  Basin. 
W91-04556  5G 

MEMBRANE  FILTERS 

Use  of  Pervaporation  for  the  Removal  of  Organ- 
ic Contaminants  from  Water. 
W91-04771  5F 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 

W9 1-04772  5D 

MEMBRANE  PROCESSES 

Dynamically    Formed    hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Poly(acrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W91-04313  3A 


Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W91-04321  5D 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly(Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

MEMBRANES 

Dynamically    Formed    hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Poly(acrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W91-04313  3A 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

MERCURY 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

Tissue  Distribution  of  Mercury  and  Selenium  in 

Minnows,  Phoxinus  phoxinus. 

W9 1-04025  5B 

Effects  of  Hg(2  +  ),  CH3-Hg(+).  and  Tempera- 
ture on  the  Expression  of  Mercury  Resistance 
Genes  in  Environmental  Bacteria. 
W9 1-04062  5C 

Changes  in  Fish  Mercury  Concentrations  in  an 

Intensively  Fished  Lake. 

W91-04441  5B 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 
W91-04753  5A 

MERSEY  ESTUARY 

Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W91-04523  5B 

METABOLISM 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds- 
Bioaccumulation,  Metabolism,  and  Effects. 
W91-04011  5B 

Effects  of  Cadmium  in  Freshwater  Clams.  III. 
Interaction  with   Energy  Metabolism  in  Ano- 
donta  cygnea. 
W9 1-04574  5C 

METABOLITES 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W9 1-04623  5B 

METAL  COMPLEXES 

Binding  of  Cu(II)  to  Algae  in  a  Metal  Buffer. 
W91-04043  5B 

METAL-FINISHING  WASTES 

Toxicity  of  Nickel  and  Nickel  Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W9 1-04022  5C 

METALLOTHIONEINS 

Cadmium  Accumulation  and  Metallothionein- 
like  Proteins  in  the  Sea  Star  Asterias  rubens. 
W91-04615  5B 

METALS 

Recovery  of  Metal  Ions  by  Microfungal  Filters. 
W91-04157  5D 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 


SU-54 


SUBJECT  INDEX 


MIDGES 


Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 
W91-04753  5A 

METEOROLOGICAL  DATA 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W91-04492  2B 

METEOROLOGICAL  DATA  COLLECTION 

Improved  Prospects  for  Estimating  Insolation 
for    Calculating    Regional    Evapotranspiration 
from  Remotely  Sensed  Data. 
W91-04490  2D 

METEOROLOGY 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

Hybrid  Model  for  Forecasting  Daily  Rainfall. 
W91-04127  2B 

Meteorological  Factors  Influencing  the  Radioac- 
tive Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

Small  Time  and   Space   Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W91-04431  7A 

Frequency-Wavenumber  Spectrum  for  GATE 

Phase  I  Rainfields. 

W91-04432  2B 

Retrieval  of  Precipitable  Water  from  Observa- 
tions in  the  Split  Window  over  Varying  Surface 
Temperatures. 
W91-04433  2B 

Precipitable  Water  Estimation  from  High-Reso- 
lution Split  Window  Radiance  Measurements. 
W91-04434  2B 

Defining  Homogeneous  Precipitation  Regions 
by  Means  of  Principal  Components  Analysis. 
W91-04435  2B 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle-A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

METHANE  BACTERIA 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W9 1-04065  5E 

METHANOGENESIS 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W9 1-04065  5E 

METHYLATION 

Protein-Mediated    Selenium   Biomethylation   in 

Evaporation  Pond  Water. 

W9 1-04744  5B 

METROPOLITAN  WATER  MANAGEMENT 

Operating  the  Seattle  Water  System  during  the 

1987  Drought. 

W9 1-03974  3D 

MEXICO 

Food    Production,    Environmental    Protection, 
and  Health  Effects  in  Mexican  Agriculture. 
W91-O40O9  6G 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W91-04785  6G 


MICHIGAN 

Water  Use  and  Methods  of  Data  Acquisition  in 

Michigan. 

W91-04176  6D 

Data  on   Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W91-04861  5B 

Fiscal   Year   1989   Program  Report  (Michigan 

Institute  of  Water  Research). 

W9 1-04893  9D 

MICROBIAL  DEGRADATION 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W9 1-04263  5B 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W91-04580  5G 

Microbial  Manganese  Reduction  Mediated  by 
Bacterial   Strains  Isolated   from   Aquifer  Sedi- 
ments. 
W9 1-04726  2K 

Reductive   Dechlorination   of  Dichlorophenols 
by  Nonadapted  and  Adapted  Microbial  Commu- 
nities in  Pond  Sediments. 
W9 1-04732  5B 

MICROBIAL  TRANSPORT 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W91-04261  5E 

Swedish  Final  Repository  and  the  Possible  Risk 

of  Interactions  by  Microbial  Activities. 

W9 1-04262  5E 

Distribution  and  Activity  of  Bacteria  in  Deep 
Granitic  Groundwaters  of  Southeastern  Sweden. 
W9 1-04725  2F 

MICROBIOLOGICAL  STUDD2S 

Selective  Medium  for  Isolation  of  Mycoleptodis- 

cus  terrestris  from  Soil  Sediments  of  Aquatic 

Environments. 

W9 1-04063  7B 

Improved  Membrane  Filtration  Method  Incor- 
porating Catalase  and  Sodium  Pyruvate  for  De- 
tection of  Chlorine-Stressed  Coliform  Bacteria. 
W9 1-04067  5  A 

Distribution  of  Mycobacteria  in  Different  Types 

of  Water  In  Israel. 

W9 1-04077  5B 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W91-04261  5E 

Swedish  Final  Repository  and  the  Possible  Risk 

of  Interactions  by  Microbial  Activities. 

W9 1-04262  5E 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W9 1-04263  5B 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1-04264  5E 


Distribution  and  Activity  of  Bacteria  in  Deep 
Granitic  Groundwaters  of  Southeastern  Sweden. 
W9 1-04725  2F 

MICROCLIMATOLOGY 

Bellani  Evaporation  Variation  in  Hill-land  Pas- 
ture. 
W9 1-04486  2D 

MICROCOMPUTERS 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing  System  for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

MICROCYSTIS 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W9 1-04410  2H 

MICROORGANISMS 

Immobilized  Cell  Bioprocess  for  the  Removal  of 
Heavy  Metals  from  Aqueous  Flows. 
W91-04158  5D 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 

Swedish  Final  Repository  and  the  Possible  Risk 

of  Interactions  by  Microbial  Activities. 

W9 1-04262  5E 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W9 1-04263  5B 

Parametric  Study  of  Diethyl  Phthalate  Biode- 

gradation. 

W9 1-04274  5B 

MICROSCOPIC  ANALYSIS 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W9 1-04363  5C 

MICROTOX  ASSAY 

Evaluation   of   Sucrose   as   an   Alternative   to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish   and    Cladoceran   Tests   with 
Freshwater  Effluents. 
W91-04151  5A 

Sediment-Contact   Bioassay   with   Photobacter- 

ium  phosphoreum. 

W9 1-04626  5  A 


MICROWAVES 

X-Band  Scatterometry  in  Agriculture. 
W9 1-03945 


7B 


Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W9 1-03962  7B 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing  System   for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

Water  Relations  of  a  Walnut  Orchard:  Simulta- 
neous Measurement  with  Remote  Sensing. 
W9 1-03966  7B 

MIDGES 

Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W91-04617  5C 

Influence  of  Chironomid  Larvae  on  Sediment 

Oxygen  Microprofiles. 

W9 1-04738  2H 


SU-55 


MIDGES 


SUBJECT  INDEX 


Seasonal  Dynamics  and  Production  of  Chirono- 

midae  in  a  Large  Lowland  River  Upstream  and 

Downstream  From  a  New  Reservoir  in  Central 

Poland. 

W9 1-04739  2H 


MILITARY  RESERVATIONS 

Bioremediation  Using  Composting. 
W9 1-04761 


5G 


Preliminary  Investigation  of  Soil  and  Ground- 
Water  Contamination  at  the  U.S.  Army  Petrole- 
um Training  Facility,  Fort  Lee,  Virginia,  Sep- 
tember-October 1989. 
W91-04864  5B 

MILK  RIVER 

Streamflow  Characteristics  of  Small  Tributaries 
of  Rock  Creek,  Milk  River  Basin,  Montana,  Base 
Period  Water  Years  1983-1987. 
W9 1-04634  2E 

MINE  WASTES 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W9 1-04271  5B 

Benthos  on  Tailings  Beds  from  an  Abandoned 

Coastal  Mine. 

W9 1-04522  5C 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W91-04524  5B 

Relationships  Between  Some  Properties  of  Or- 
ganic Soils  from  the  Southern  Canadian  Shield. 
W91-04583  5G 

MINERAL  WATER 

Alterations  in  the  Major  Heterotrophic  Bacterial 

Populations  Isolated  from  a  Still  Bottled  Mineral 

Water. 

W91-04368  5B 

MINERALIZATION 

Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Para-Hydroxy- 
benzoate  and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W91-04728  5B 

Transformation  of  Indole  by  Methanogenic  and 
Sulfate-Reducing       Microorganisms       Isolated 
From  Digested  Sludge. 
W91-04731  5G 

MINERALOGY 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W9 1-04271  5B 

MINERALS 

Wetland  Soil  Formation  in  the  Rapidly  Subsid- 
ing Mississippi  River  Deltaic  Plain:  Mineral  and 
Organic  Matter  Relationships. 
W9 1-03978  2L 

MINNESOTA 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 

Inventory  of  Interbasin  Water  Transfers  in  Min- 
nesota. 
W91-04172  6D 

Groundwater-Lake  Interactions:  I.  Accuracy  of 

Seepage  Meter  Estimates  of  Lake  Seepage. 

W9 1-04393  7B 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 


Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W9 1-04576  5B 

MINNOW 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

Tissue  Distribution  of  Mercury  and  Selenium  in 

Minnows,  Phoxinus  phoxinus. 

W9 1-04025  5B 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

MISSISSIPPI 

Ground-Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1988. 

W91-04863  2F 

Fiscal  Year  1989  Program  Report  (Mississippi 

Water  Resources  Research  Institute). 

W9 1-04871  9D 

MISSISSIPPI-MISSOURI  RIVER  BASIN 

Surface-  and  Ground-Water  Interaction  and  Hy- 
drologic  Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W91-04856  2A 

MISSISSIPPI  RIVER 

Collection  and  Analysis  of  Colloidal  Particles 
Transported  in  the  Mississippi  River,  U.S.A. 
W91-04030  5B 

Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W9 1-04576  5B 

Enhanced  Primary  Production  at  the  Plume/ 

Oceanic  Interface  of  the  Mississippi  River. 

W9 1-04742  2L 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

MISSISSIPPI  RIVER  DELTA 

Wetland  Soil  Formation  in  the  Rapidly  Subsid- 
ing Mississippi  River  Deltaic  Plain:  Mineral  and 
Organic  Matter  Relationships. 
W91-03978  2L 

MISSISSIPPI  RIVER  VALLEY  ALLUVIAL 
AQUIFER 

Ground- Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1989. 

W9 1-04479  2F 

MISSOURI 

Fiscal   Year    1989   Program   Report   (Missouri 

Water  Resources  Research  Center). 

W9 1-04890  9D 

MIXING 

Mixing  and  Circulation  in  the  Sundays  River 

Estuary,  South  Africa. 

W9 1-03985  2L 

MODEL  STUDIES 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

Use  of  Time  of  Travel  in  Zone  of  Contribution 
Delineation  and  Aquifer  Contamination  Warn- 
ing. 
W91-03931  5B 


Delineation   of  Contributing   Areas   to   Public 

Supply      Wells  in      Stratified      Glacial-Drift 

Aquifers. 

W9 1-03932  5G 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W91-03934  5G 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W9 1-03937  5B 

Digital  Elevation  Models  and  Their  Application 
to  Remote  Sensing  of  Water  Resources. 
W91-03959  7C 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

Operating  the  Seattle  Water  System  during  the 

1987  Drought. 

W9 1-03974  3D 

Proposed  Model  for  Evaluating  Urban  Hydro- 
logic  Change. 
W9 1-03990  4C 

Finite  Element  Watershed  Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 

Advective   Mixed-Layer  Model   for  Heat  and 
Moisture  Incorporating  an  Analytic  Expression 
for  Moisture  Entrainment. 
W91-04014  2D 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W91-O4028  2F 

Modeling  of  Strontium  Sorption  and  Speciation 
in  a  Natural  Sediment-Groundwater  System. 
W9 1-04032  5B 

Autocatalytic  Model  for  the  Kinetics  of  BOD 

Test. 

W91-04038  5D 

Implications  of  the  Task  Group  Model-I.  The 

Effect  of  Initial  Substrate  Concentration. 

W9 1-04080  5D 

Implications  of  the  Task  Group  Model-II.  Re- 
sponse to  Intermittent  Loadings. 
W91-O4081  5D 

Modelling  the  Consumption  of  Dissolved  Con- 
taminants by  Biofilm  Periphyton  in  Open-Chan- 
nel Flow. 
W9 1-04082  5B 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-04108  2F 

Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W91-04114  5F 

Set  Membership  Approach  to  Identification  and 

Prediction  of  Lake  Eutrophication. 

W91-04119  5C 

Analytically  Derived  Runoff  Models  Based  on 

Rainfall  Point  Processes. 

W91-O4120  2E 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 


SU-56 


SUBJECT  INDEX 


MODEL  STUDIES 


Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

Spatial  Analysis  of  Variance  Applied  to  Soil- 
Water  Infiltration. 
W91-04123  2G 

Cell  Analytical-Numerical  Method  for  Solution 
of  the  Advection-Dispersion  Equation:  Two-Di- 
mensional  Problems. 
W91-04124  5B 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

Hybrid  Model  for  Forecasting  Daily  Rainfall. 
W91-04127  2B 

Real-Time  Approach  to  Management  and  Moni- 
toring of  Groundwater  Hydraulics. 
W91-04128  2F 

Use  of  Nuclear  Magnetic  Resonance  as  an  Ex- 
perimental Probe  in  Multiphase  Systems:  Deter- 
mination of  the  Instrument  Weight  Function  for 
Measurements  of  Liquid-Phase  Volume  Frac- 
tions. 
W91-04134  7B 

Sorption  of  Organic  Acid  Compounds  to  Sedi- 
ments: Initial  Model  Development. 
W91-04144  5B 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

Reliability   in   Market   Transfers  of  Municipal 

Water  Supplies. 

W91-04220  6D 

Watershed  Modeling  for  Water  Resources  Man- 
agement. 
W91-04237  6A 

Main  II-Model  Water-Use  Projections  for  Wis- 
consin, 1990-2010. 
W91-04238  6D 

Analysis  of  Objective  Functions  Used  in  Urban 

Runoff  Models. 

W9 1-04239  2E 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W91-04273  2F 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W9 1-04294  5B 

Computer  Simulation  of  Tide-Induced  Residual 

Transport  in  a  Coastal  Lagoon. 

W9 1-04295  2L 

Smog-Fog-Smog  Cycle  and  Acid  Deposition. 
W91-04301  2K 

New      Numerical/Physical  Framework      for 

Mobile-Bed  Modelling,  Part  I:  Numerical  and 
Physical  Principles. 

W9 1-04303  2J 

Surface-Based  Bedload  Transport  Relation  for 

Gravel  Rivers. 

W91-O4304  2J 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W91-04309  5B 


Long-term   Simulation   of  Pollutant   Loads   in 

Treatment  Plant  Effluents  and  Combined  Sewer 

Overflows. 

W91-04331  5B 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W9 1-04332  5B 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Comparison    of    Pollutant    Load    Calculation 

Methods  Based  on  Measured  Data-State  of  the 

Investigation. 

W91-04334  5B 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W91-04335  5B 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W9 1-04339  5C 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W91-04354  2E 

Aspects  of  Ozone  Generation  from  Air. 
W91-O4380  5F 

Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W91-04381  5F 

Analysis  of  Flow  near  a  Dug  Well  in  an  Uncon- 

fined  Aquifer. 

W9 1-04392  2F 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W9 1-04396  5B 

Examination  of  Computed  Steady-State  Water- 

Table  Heights  in  Unconfined  Aquifers:  Dupuit- 

Forchheimer   Estimates   and   Exact   Analytical 

Results. 

W9 1-04399  2F 

Hillslope  Parameter  Estimation  Using  the  In- 
verse Procedure. 
W9 1-04405  2E 

Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W91-04406  2E 

Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate-Alluvial  System. 
W9 1-04407  2F 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional   Flow   Fields   and   Residual 

Circulation. 

W91-04414  2L 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

Impact  of  Information  on  Environmental  Com- 
modity Valuation  Decisions. 
W91-04438  6C 


Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

Ground-Water  Flow  in  the  New  Jersey  Coastal 

Plain. 

W91-04471  2F 

Documentation  of  Model  Input  and  Output 
Values  for  the  Geohydrology  and  Mathematical 
Simulation  of  the  Pajaro  Valley  Aquifer  System, 
Santa  Cruz  and  Monterey  Counties,  California. 
W9 1-04477  4B 

Comparative  Statistical  Validation  of  Two  Ten- 
Day  Water-Use  Models  and  of  Three  Yield- 
Reduction  Hypotheses  for  Yield  Assessment  in 
Botswana. 
W91-04485  6D 

Estimating  Evaporation  from  Pasture  Using  In- 
frared Thermometry:  Evaluation  of  a  One-Layer 
Resistance  Model. 
W9 1-04487  2D 

Stomatal  Resistance  Model  Illustrating  Plant  vs. 

External  Control  of  Transpiration. 

W91-04489  2D 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle-A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

AQUA,  A  Model  to  Evaluate  Water  Deficits 
and  Excesses  in  Tropical  Cropping:  Part  II.  Re- 
gional Yield  Prediction. 
W9 1-04494  3F 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W9 1-04495  3F 

Natural  Resource  Accounting  Systems  and  En- 
vironmental Policy  Modeling. 
W91-04563  6B 

Soil  Temperature  Under  Conventional  and  Mini- 
mum Tillage:  Simulation  and  Experimental  Veri- 
fication. 
W9 1-04582  2G 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter   Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W9 1-04702  5D 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

Pharmacokinetic  Modeling  in  Aquatic  Animals: 

I.  Models  and  Concepts. 

W91-04733  5B 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

River  Flow  Forecasting  System  with  Data  Man- 
agement, Graphical  River  Network  Control  and 
Interactive  Operation. 
W9 1-04804  2E 

Estimation    of   Embankment    Dam    Settlement 

Caused  by  Earthquake. 

W91-O4810  8E 

Comparison    of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W9 1-04825  2F 


1 


SU-57 


MODEL  STUDIES 


SUBJECT  INDEX 


Parallel  Computing  for  Solute  Transport  Models 
Via  Alternating  Direction  Collocation. 
W91-04826  5B 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W9 1-04827  6A 

Fill  Dam  Leakage  by  Network  Assessment. 
W91-04828  8G 

Survey  of  Domain  Decomposition  Techniques 

and  Their  Implementation. 

W9 1-04831  2G 

Parallel   Least   Squares  Collocation   Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W9 1-04832  7C 

Iterative  Methods  for  the  Solution  of  Large  Sys- 
tems of  Equations  on  Supercomputers. 
W91-04833  7C 

Is  a  Simple  Diagonal  Scaling  the  Best  Precondi- 
tioner  for  Conjugate  Gradients  on  Supercom- 
puters. 

W91-04834  7C 

Model  for  Compaction  of  Sedimentary  Basins. 
W91-04835  2F 

Stability  Analysis  of  a  Two-Inlet  Bay  System. 
W9 1-04836  2L 

Centrifugal  Modeling  of  Drains  for  Slope  Stabi- 
lization. 
W91-04838  8D 

Digital     Simulation     of    the     Glacial-Aquifer 
System    in    the    Northern    Three-Fourths    of 
Brown  County,  South  Dakota. 
W9 1-04884  2F 

Marginal   Economic   Value  of  Streamflow:   A 
Case  Study  for  the  Colorado  River  Basin. 
W91-04913  6D 

Finite  Hydraulic  Conductivity  Effects  on  Opti- 
mal Groundwater  Pumping  Rates. 
W91-04914  6D 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 

EiTor  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

Identifiability    of    Conceptual     Hydrochemical 

Models. 

W9 1-04927  5B 

MODEL  TESTING 

Ozonation  of  Trace  Organic  Compounds:  Model 

Predictions  Versus  Experimental  Data. 

W9 1-04377  5F 

MOHAWK  RIVER 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York   State,   with   Flood   Profiles  of  Schoharie 

Creek. 

W91-04645  2E 


MOISTURE  AVAILABILITY 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W9 1-0449 1  2G 

MOISTURE  CONTENT 

Advective   Mixed-Layer   Model   for   Heat  and 
Moisture  Incorporating  an  Analytic  Expression 
for  Moisture  Entrainment. 
W91-04014  2D 

MOLLUSKS 

Pathways  of  Silver  Uptake  and  Accumulation 
by  the  American  Oyster  (Crassostrea  virginica) 
in  the  Chesapeake  Bay. 
W9 1-03980  5B 

Heavy  Metals  in  the  Antarctic  Scallop  Adamus- 

sium  colbecki. 

W9 1-04002  5B 

Comparison  of  Trace  Metals  Data  in  Mussels 
and  Oysters  from  a  Mussel  Watch  Programme 
of  the    1970s   with   those   from   a    1980s   Pro- 


gramme. 
W91-04517 


5B 


Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 

Effects  of  Cadmium  in  Freshwater  Clams.   I. 

Interaction  with  Essential  Elements  in  Anodonta 

cygnea. 

W9 1-04572  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W91-04573  5C 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W9 1-04623  5B 

Correlation    of  Cadmium    Shell-Weight    Index 

With   Environmental   Stress   Indicators   at   the 

Cellular  and  Organismic  Levels  in  Littorina  lit- 

torea. 

W91-04719  5A 

Distribution   and   Abundance  of  Pachymelania 

aurita  in  Lagos  Lagoon,  Nigeria. 

W9 1-04741  5C 

MOLTING 

Ecdysteroids  in  Daphnia  magna:  Their  Role  in 
Moulting  and  Reproduction  and  Their  Levels 
Upon  Exposure  to  Cadmium. 
W91-O4013  5C 

MOLYBDENUM 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W9 1-04590  5B 

MONITORING 

Computerized    Data   Management    System    for 

Wellfield  Protection. 

W9 1-03939  5G 

Total  Parameter  Water  Analysis  Comes  under 

the  Microscope. 

W9 1-03970  5  A 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W91-04288  5B 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 


National  Contaminant  Biomonitoring  Program: 
Concentrations  of  Arsenic,  Cadmium,  Copper, 
Lead,    Mercury,   Selenium,   and   Zinc   in   U.S. 
Freshwater  Fish,  1976-1984. 
W91-04578  5G 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W9 1-04579  5G 

Comparison  of  Accuracy  and  Completeness  of 
Data  Obtained  from  Three  Types  of  Automatic 
Water-Quality  Monitors. 
W91-04644  7B 

Storage  Tank  Monitoring  (Excludes  Radioactive 

Waste  Storage  Tanks)  (Jan  76~Jul  89). 

W9 1-04652  5  A 

Continuous  and  Passive  Environmental  Radon 
Monitoring:  Measuring  Methods  and  Health  Ef- 
fects (Jan  75«Jul  89). 
W9 1-04654  5  A 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

Indiana  Water  Quality,   1988.  Monitor  Station 

Records,  Rivers  and  Streams. 

W91-04857  5B 

MONSOONS 

Snow  Cover-Summer  Monsoon  Rainfall  Over 

Parts  of  Sahel. 

W9 1-03967  7B 

MONTANA 

Streamflow  Characteristics  of  Small  Tributaries 
of  Rock  Creek,  Milk  River  Basin,  Montana,  Base 
Period  Water  Years  1983-1987. 
W9 1-04634  2E 

MONTMORILLONTTE 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W91-04033  5B 

MORRISON  FORMATION 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W9 1-04853  2F 

MOSQITO  MODEL 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W91-04335  5B 

MOUNTAIN  LAKES 

Granite    Weathering    and    the    Sensitivity    of 

Alpine  Lakes  to  Acid  Deposition. 

W9 1-03998  2H 

Phosphorus  Budget  for  Dal,  a  Himalayan  Lake. 
W9 1-04751  2H 

MOUNTAIN  STREAMS 

Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2J 

Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic  Material  in  Three  Acidic,  Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W9 1-04936  2E 

MULCHING 

Yield   of  Successively   Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 


SU-58 


SUBJECT  INDEX 


NEW  HAMPSHIRE 


MULTIPHASE  FLOW 

Use  of  Nuclear  Magnetic  Resonance  as  an  Ex- 
perimental Probe  in  Multiphase  Systems:  Deter- 
mination of  the  Instrument  Weight  Function  for 
Measurements  of  Liquid-Phase  Volume  Frac- 
tions. 
W91-04134  7B 

MULTIPURPOSE  RESERVOIRS 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W9 1-04827  6  A 

MUNICIPAL  WASTES 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W91-04294  5B 

Upgrading  a  Municipal  Activated  Sludge  Plant 
for  High-Rate  Biological  Nutrient  Removal. 
W91-04662  5D 

Upgrading  a  Large  Municipal  Sewage  Treat- 
ment Plant  by  a  Combination  of  Biological  and 
Chemical  Processes. 
W91-04671  5D 

Upgrading    of    Small    Municipal    Wastewater 

Treatment  Plants  with  Heavy  Dairy  Loading  by 

Introduction  of  Aerated  Submerged  Biological 

Filters. 

W9 1-04681  5D 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W91-04685  5D 

MUNICIPAL  WASTEWATER 

Efficiency  of  Rotating  Biological  Contactor  in 

Removing  Pathogenic  Bacteria  from  Domestic 

Sewage. 

W9 1-04042  5D 

Fate  of  Mutagenic  Activity  during  Conventional 
Treatment  of  Municipal  Wastewater  Sludge. 
W91-04569  5D 

Lateral  Installation  and  Maintenance  Consider- 
ations. 
W91-04608  5D 

Ultraviolet        Disinfection        in        Municipal 

Wastewater  Treatment  Plants. 

W9 1-04676  5D 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814  5G 

Sewage   System   Improvement  by  Operational 

Parameters  Research. 

W91-04824  5D 

MUNICIPAL  WATER 

Computerized    Data   Management    System    for 

Wellfield  Protection. 

W91-03939  5G 

Model  Community  Program  for  Private  Wells. 
W9 1-03941  5G 

Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W91-04114  5F 

Price  and  Income  Elasticities  in  the  Analysis  of 
Water  Demands  for  the  City  of  Hays,  Kansas. 
W91-04178  6C 

Urban  Nonresidential  Water  Use  and  Conserva- 
tion. 
W91-04201  6D 

Reliability   in   Market   Transfers  of  Municipal 

Water  Supplies. 

W91-O4220  6D 


Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W9 1-04226  3F 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

MUSSELS 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W9 1-04253  5B 

Changes  in  Intracellular  Free  Amino  Acids  in 
Tissues  of  the  Caged  Mussel,  Elliptio  complan- 
ata,  Exposed  to  Contaminated  Environments. 
W91-04611  5C 

Nitzschia    pseudodelicatissima:    A    Source    of 

Domoic  Acid  in  the   Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

MUTAGENICITY 

Fate  of  Mutagenic  Activity  during  Conventional 
Treatment  of  Municipal  Wastewater  Sludge. 
W9 1-04569  5D 

MYCOBACTERIUM 

Distribution  of  Mycobacteria  in  Different  Types 

of  Water  In  Israel. 

W9 1-04077  5B 

MYTILUS 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W91-04253  5B 

NAPHTHALENES 

Effect  of  Naphthalene  on  Sodium  Active  Trans- 
port in  the  Frog  Skin. 
W91-04015  5C 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W91-04290  5B 

NARRAGANSETT  BAY 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

NATURAL  RESOURCES 

Natural  Resource  Accounting  Systems  and  En- 
vironmental Policy  Modeling. 
W9 1-04563  6B 

NATURAL  WATERS 

Humic  Acids:  Characterization  and  Interactions 

in  Natural  and  Wastewater  Systems  (Jan  78-Jul 

89). 

W9 1-04655  2H 

NEMATODES 

Aquatic  Toxicity  Testing  Using  the  Nematode, 

Caenorhabditis  elegans. 

W91-04147  5C 

NEPAL 

Rare  Fishes  of  Himalayan  Waters  of  Nepal. 
W91-04792  81 

NETWORK  DESIGN 

Computerized    Data    Management    System    for 

Wellfield  Protection. 

W9 1-03939  5G 

Sampling  Network  Design  for  Transport  Param- 
eter Identification. 
W9 1-03991  7  A 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W9 1-03992  8  A 


Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W9 1-04 198  7  A 

Small  Time  and   Space   Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W9 1-04431  7  A 

Three  Computerized,   Stratified   Random  Site- 
Selection   Methods   for   Design   of  a  Ground- 
Water-Quality  Sampling  Network. 
W9 1-04470  7  A 

Taxonomic  Level  and  Sample  Size  Sufficient  for 
Assessing   Pollution   Impacts  on   the  Southern 
California  Bight  Macrobenthos. 
W9 1-04721  5C 

NEVADA 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate- Alluvial  System. 
W9 1-04407  2F 

Geothermal  Resources  of  the  Western  Arm  of 
the  Black  Rock  Desert,  Northwestern  Nevada: 
Part  II,  Aqueous  Geochemistry  and  Hydrology. 
W9 1-04462  2K 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

Principal  Facts  for  Gravity  Stations  in  the  Elko, 

Steptoe    Valley,    Coyote    Spring    Valley,    and 

Sheep    Range    Areas,    Eastern    and    Southern 

Nevada. 

W9 1-04473  7B 

Ground-Water  Levels  in  Water  Year  1987  and 

Estimated   Ground-Water   Pumpage   in   Water 

Years  1986-87,  Carson  Valley,  Douglas  County, 

Nevada. 

W9 1-04474  2F 

Ground-Water-Quality      Assessment      of     the 
Carson    River    Basin,    Nevada   and    California: 
Analysis    of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W91-O4540  3F 

Fiscal    Year    1989    Program    Report    (Nevada 

Water  Resources  Research  Institute). 

W9 1-04874  9D 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

NEW  BRUNSWICK 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W91-04546  5B 

NEW  ENGLAND 
Protecting  Ground  Water  from  the  Bottom  Up: 
Local  Responses  to  Wellhead  Protection. 
W9 1-03921  5G 

NEW  HAMPSHIRE 

Ground     Water     Resource     Based     Mapping, 
Nashua  Regional  Planning  Area,  New  Hamp- 
shire. 
W9 1-03940  6A 


SU-59 


NEW  HAMPSHIRE 


SUBJECT  INDEX 


Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

Retrofit  of  Pulsator  Type  Upflow  Clarifiers  with 

Tube  Settlers. 

W9 1-04841  5F 

NEW  JERSEY 

Analysis  of  Dated  Sediment  Samples  from  the 

Newark  Bay  Area  for  Selected  PCDD/Fs. 

W9 1-04292  5B 

Hydrogeochemical  Data  from  an  Acidic  Deposi- 
tion Study  at  McDonalds  Branch  Basin  in  the 
New  Jersey  Pinelands,  1983-86. 
W91-04472  5B 

Fiscal  Year  1989  Program  Report  (New  Jersey 

Division  of  Water  Resources). 

W9 1-04873  9D 

NEW  MEXICO 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-O4180  6C 

Base-Flow    Investigation    on    the    Sacramento 
River,  September  25,  1985,  Near  Sunspot,  Otero 
County,  New  Mexico. 
W91-04475  7C 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

NEW  SITE-SPECIFIC  WATER-USE  DATA 
SYSTEM 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 

NEW  YORK 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York  State,  with  Flood  Profiles  of  Schoharie 

Creek. 

W9 1-04645  2E 

Hydrologic  Framework  of  Long  Island,   New 

York. 

W9 1-04854  2F 

Fiscal  Year  1989  Program  Report  (New  York 

State  Water  Resources  Institute). 

W9 1-04897  9D 

NEW  ZEALAND 

Causes  of  Light  Attenuation  in  Nine  New  Zea- 
land Estuaries. 
W91-03981  2L 

Rationale   for  Old   Water   Discharge  Through 
Macropores  in  a  Steep,  Humid  Catchment. 
W91-04136  2G 

Reliability   Based  Time  Axes  for  Flood  Data 

Presentation. 

W9 1-04408  2E 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W91-04528  5C 

Maps  of  Flood   Statistics   for   Regional   Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 

Streamflow  Generation   Processes:  An  Austral 

View. 

W91-04931  2E 

NEWARK  BAY 

Analysis  of  Dated  Sediment  Samples  from  the 
Newark  Bay  Area  for  Selected  PCDD/Fs. 
W91-04292  5B 


NICARAGUA 

Optimal  Water  Allocation  in  the  Lakes  Basin  of 

Nicaragua. 

W91-04211  6D 

NICKEL 

Toxicity  of  Nickel  and   Nickel   Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W9 1-04022  5C 

NIGER 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W9 1-04504  3F 

NIGERIA 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 

NILE  RIVER 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W91-04366  5B 

NITRATES 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

Planning   Techniques   for   Estimating   Ground- 
water Impacts  of  On-Site  Septic  Systems. 
W91-03937  5B 

Private  Well   Protection  in   Sand  and  Gravel 

Aquifers. 

W9 1-03943  5G 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-O40O4  5B 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton   Populations   During  the  Spring  Bloom  in 
Auke  Bay,  Alaska. 
W9 1-04461  2H 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W91-04546  5B 

NITRIFICATION 

Upgrading   for    Biological    Nitrogen    Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

Nitrification   and   Denitrification   in   Combined 

Activated  Sludge  Systems. 

W91-04682  5D 

Improvement  of  Existing  Wastewater  Treatment 
Plants'    Efficiencies    without    Enlargement    of 
Tankage  by  Application  of  the  LINPOR-Proc- 
ess:  Case  Studies. 
W9 1-04683  5D 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W9 1-04685  5D 


LINPOR-Process  for  Nitrification  and  Denitrifi- 
cation. 
W9 1-04703  5D 

NITROGEN 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W91-03937  5B 

Private   Well   Protection   in   Sand   and   Gravel 

Aquifers. 

W9 1-03943  5G 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-04004  5B 

NITROGEN  COMPOUNDS 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W9 1-04033  5B 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W91-04385  5F 

NITROGEN  CYCLE 

Foliar  Retention  of  15-N-Nitrate  and  1 5 -N- Am- 
monium   by    Red    Maple   (Acer   rubrum)   and 
White  Oak  (Quercus  alba)  Leaves  from  Simulat- 
ed Rain. 
W91-04452  5C 

NITROGEN  FIXING  BACTERIA 

Transformation    of   Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  KC  Under  Denitrifica- 
tion Conditions. 
W9 1-04060  5G 

NITROGEN  REMOVAL 

Aerobic  Treatment  of  Dairy  Wastewater. 

W9 1-03969  5D 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

Upgrading  of  Wastewater  Treatment  Plants  for 
the  Reduction  of  Nitrogen  and  Phosphorus  in 
Schleswig-Holstein,  FRG. 
W91-04667  5D 

Upgrading  of  the  Treatment  Plants  in  Stock- 
holm to  Meet  More  Stringent  Requirements. 
W9 1-04668  5D 

Pre-Precipitation  Facilitates  Nitrogen  Removal 

Without  Tank  Expansion. 

W9 1-04669  5D 

Upgrading   for   Biological    Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

Post-Denitrification  with  Controlled  Feeding  of 

Activated  Sludge  as  H  Donator. 

W9 1-04678  5D 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

Biological    Nitrogen    Removal    in   a   Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 


SU-60 


SUBJECT  INDEX 


NUTRIENT  TRANSPORT 


Investigations     on     Nitrogen     Elimination     in 
Sewage   Treatment   Plants   Including   Separate 
Aeration  of  Return  Sludge. 
W91-04691  5D 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 

Comparative   Study  of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W9 1-04695  5D 

Effect  of  Easily  Degradable  Carbon  Sources  on 

Nitrogen  Removal  Efficiency. 

W9 1-04696  5D 

Operational   Experience  with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W9 1-04697  5D 

NITROGUANIDINE 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W91-04627  5B 

NO-TILL  CULTIVATION 

Effect  of  Tillage  on   Soil   Water  and   Alfalfa 

Establishment  in  Corn  Stubble. 

W9 1-04537  3F 

NONPOINT  POLLUTION  SOURCES 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-04004  5B 

Agricultural  Chemical  Management  Practices  to 

Reduce  Losses  Due  to  Drainage. 

W91-04006  5G 

Agricultural  Chemical  Application  Practices  to 
Reduce  Environmental  Contamination. 
W91-O4O07  5G 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 

Evaluation  of  Pollutant  Loads  from  Urban  Non- 
point  Sources. 
W9 1-04325  5B 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W91-04546  5B 

Selenium    and    Other    Elements    in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W91-04577  5B 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W9 1-04590  5B 


Tamshui  River  Cleanup. 
W91-04818 


5D 


NONSTRUCTURAL  ALTERNATIVES 

Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

Framework  for  Reshaping  Water  Management. 
W91-04555  6B 

NORTH  ATLANTIC  OCEAN 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 


NORTH  CAROLINA 

Sea  Level  Rise  and  Fringe  Wetlands  in  North 
Carolina:  Recommendations  from  a  Workshop 
on  Management  and  Research. 
W91-04512  2L 

Durham  Benefits  from  Collection  System  Instru- 
mentation. 
W91-04598  5D 

Fiscal  Year  1989  Program  Report  (North  Caroli- 
na Water  Resources  Research  Institute). 
W9 1-04889  9D 

Ground-Water  Pumpage  and  Water-Level  De- 
clines in  the  Peedee  and  Black  Creek  Aquifers  in 
Onslow  and  Jones  Counties,   North  Carolina, 
1900-86. 
W9 1-04901  2F 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic     Features    Beneath    New    River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

NORTH  DAKOTA 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W9 1-04481  7C 

NORTH  PLATTE  RIVER 

Concept  of  the  Shallow  Ground-Water  System 

Along  the  North  Platte  River,  South-Central 

Wyoming. 

W9 1-04463  2F 

NORTH  SEA 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and   in   Different   Planktonic   Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W91-04027  5B 

Spatial  and  Temporal  Trends  in  Organochlorine 
Contamination  of  Dab  (Limanda  limanda)  and 
Flounder  (Platichthys  flesus)  in  the  North  Sea. 
W9 1-04053  5B 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from   Different 
Marine  Regions. 
W9 1-04247  5B 

NORWAY 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,   and  Zinc  in  the  Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 

Effects  of  Acid  Wastes  from  Titanium  Dioxide 
Production  on  Biomass  and  Species  Richness  of 
Benthic  Algae. 
W9 1-04420  5C 

NUCLEAR  POWERPLANTS 

Abundance  Changes  in  Laminaria  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta)  near  the  Diablo  Canyon  Power  Plant. 
W9 1-04422  5C 

Desorption  Kinetics  and  Mobility  of  Some  Ra- 
dionuclides in  Sediments. 
W9 1-04776  5B 

NUCLEIC  ACIDS 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 


NUMERICAL  ANALYSIS 

Numerical  Method  for  Parameterization  of  At- 
mospheric Chemistry:  Computation  of  Tropo- 
spheric  OH. 
W9 1-04299  2K 

NUTRIENT  CONCENTRATIONS 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 

Reactions   Between  Aluminum  and  Sulfate  in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W91-04910  2K 

NUTRIENT  REMOVAL 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 


Olifantsfontein  Nutrient  Removal  Plant. 
W9 1-04660 


5D 


Innovative  Technology  for  Upgrading  Nutrient 

Removal  Activated  Sludge  Plants. 

W91-04661  5D 

Upgrading  a  Municipal  Activated  Sludge  Plant 
for  High-Rate  Biological  Nutrient  Removal. 
W9 1-04662  5D 

Upgrading  Wastewater  Treatment  Plants  for  Bi- 
ological Nutrient  Removal. 
W9 1-04665  5D 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

Upgrading  of  Wastewater  Treatment  Plants  for 
the  Reduction  of  Nitrogen  and  Phosphorus  in 
Schleswig-Holstein,  FRG. 
W9 1-04667  5D 

Upgrading   for   Biological   Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

Examples  for  the  Upgrading  of  Existing  Activat- 
ed Sludge  Plants  for  Nutrient  Removal. 
W9 1-04672  5D 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

Biological   Nitrogen   Removal   in   a  Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 

Comparative   Study   of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W91-04695  5D 

NUTRIENT  SOURCES 

Effect  of  Easily  Degradable  Carbon  Sources  on 

Nitrogen  Removal  Efficiency. 

W9 1-04696  5D 

NUTRIENT  TRANSPORT 

Real-Time  Sampling  Strategies  for  Estimating 

Nutrient  Loadings. 

W9 1-03989  5  A 

Fluxes  of  Oxygen   Equivalents   and   Nutrients 
across  the  Sediment- Water  Interface  after  Com- 
bined Sewer  Overflows. 
W91-04336  5B 


SU-61 


NUTRIENT  TRANSPORT 


SUBJECT  INDEX 


Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

NUTRIENTS 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent  Storage   by    Water    Hyacinth    (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W91-04052  5D 

Carbon,    Nitrogen    and    Phosphorus    Status    in 
Daphnia  at  Varying  Food  Conditions. 
W91-04111  2H 

Foliar  Retention  of  15-N-Nitrate  and  15-N- Am- 
monium   by    Red    Maple    (Acer    rubrum)    and 
White  Oak  (Quercus  alba)  Leaves  from  Simulat- 
ed Rain. 
W9 1-04452  5C 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton  Populations  During  the  Spring   Bloom  in 
Auke  Bay,  Alaska. 
W91-04461  2H 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 

NUTRITION 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 

Response  of  Yellow-Poplar  (Liriodendron  tulipi- 
fera  L.)  Seedlings  to  Simulated  Acid  Rain  and 
Ozone--2.  Effect  on  Throughfall  Chemistry  and 
Nutrients  in  the  Leaves. 
W91-04451  21 

OAK  TREES 

Foliar  Retention  of  15-N-Nitrate  and  15-N- Am- 
monium  by    Red    Maple   (Acer    rubrum)   and 
White  Oak  (Quercus  alba)  Leaves  from  Simulat- 
ed Rain. 
W9 1-04452  5C 

OBSERVATION  WELLS 

Environmental  Research  Field  Site  'Horkheimer 
InseP:  Research  Program,  Instrumentation  and 
First  Results. 
W91-O4308  7A 

OCEAN  WAVES 

Note   on   the   Attenuation   of  Surface   Gravity 

Waves  by  Rainfall. 

W9 1-04298  2L 

ODOR  CONTROL 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W9 1-03977  5F 

ODOR-PRODUCING  ALGAE 

Taste  and  Odor  Episodes  at  Wachusett  Reser- 
voir. 
W9 1-04840  5F 

OHIO 

Computerized    Data    Management    System    for 

Wellfield  Protection. 

W9 1-03939  5G 

OIL 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 


Hydrothermal     Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on    the   Fertility   of  the   Mallard    Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

OIL  CHARACTERIZATION 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

OIL  DISPERSANTS 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

OIL  POLLUTION 

Effect  of  Naphthalene  on  Sodium  Active  Trans- 
port in  the  Frog  Skin. 
W91-04015  5C 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the   Fertility   of  the   Mallard    Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

Contamination  of  Soil  with  Oilfield  Brine  and 

Reclamation  with  Calcium  Chloride. 

W9 1-04799  5G 

Preliminary  Investigation  of  Soil  and  Ground- 
Water  Contamination  at  the  U.S.  Army  Petrole- 
um Training  Facility,  Fort  Lee,  Virginia,  Sep- 
tember-October 1989. 
W91-04864  5B 

OIL  SLICKS 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

OIL  SPILLS 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-04001  5C 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W91-04523  5B 

OIL  WASTES 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 

OKLAHOMA 

Water   Resources   Data   for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

OLIGOCHAETES 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W9 1-04076  5B 


ON-SITE  INVESTIGATIONS 

Environmental  Research  Field  Site  'Horkheimer 
Insel':  Research  Program,  Instrumentation  and 
First  Results. 
W9 1-04308  7  A 

ONIONS 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

ONTARIO 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis, 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W9 1-04056  21 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W9 1-04288  5B 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in  Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W91-04445  5B 

OPEN-CHANNEL  FLOW 

Modelling  the  Consumption  of  Dissolved  Con- 
taminants by  Biofilm  Periphyton  in  Open-Chan- 
nel Flow. 
W9 1-04082  5B 

OPERATING  POLICIES 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  CarrizaP 

Reservoir. 

W9 1-04827  6A 

OPOSSUM-SHRIMP 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

OPTIMIZATION 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W9 1-04028  2F 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

Finite  Hydraulic  Conductivity  Effects  on  Opti- 
mal Groundwater  Pumping  Rates. 
W91-04914  6D 

OPTIMUM  DEVELOPMENT  PLANS 

Probing  the  Future  of  the  Mediterranean  Basin. 
W91-04556  5G 

Planning  Hydroelectric  Developments  in  Argen- 
tina. 
W9 1-04809  8  A 

ORE  DEPOSITS 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-O4108  2F 

ORGANIC  ACIDS 

Sorption  of  Organic  Acid  Compounds  to  Sedi- 
ments: Initial  Model  Development. 
W91-04144  5B 

ORGANIC  CARBON 

Total  Parameter  Water  Analysis  Comes  under 

the  Microscope. 

W9 1-03970  5  A 

Manganese  Speciation  in  Dilute  Waters  of  the 

Precambrian  Shield,  Canada. 

W9 1-04039  2K 


SU-62 


SUBJECT  INDEX 


OXYGEN  TRANSFER 


ORGANIC  COMPOUNDS 

Dissolution  of  Feldspars  in  the  Presence  of  Nat- 
ural, Organic  Solutes. 
W9 1-03986  2  J 

Total    Organic    Halogens    (TOX)    Analysis    in 

Ether  Solutions. 

W9 1-04049  5  A 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W91-O4076  5B 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

Lipid-Partitioning        and        Disposition        of 

Benzo(a)pyrene     and     Hexachlorobiphenyl     in 

Lake  Michigan  Pontoporeia  hoyi  and  Mysis  re- 

licta. 

W91-04145  5B 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W91-04264  5E 

Ozonation  of  Trace  Organic  Compounds:  Model 

Predictions  Versus  Experimental  Data. 

W9 1-04377  5F 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W91-04383  5F 

Purgeable    Organic    Compounds    in    Ground 
Water  at  the  Idaho  National  Engineering  Labo- 
ratory, Idaho-1988  and  1989. 
W9 1-04478  5B 

Homogeneously   Catalyzed   Oxidation   for   the 

Destruction  of  Aqueous  Organic  Wastes. 

W9 1-04767  5D 

Electrosorption:  A  Case  Study  on  Removal  of 

Dilute  Organics  from  Water. 

W9 1-04769  5D 

ORGANIC  LOADING 

Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 

ORGANIC  MATTER 

Wetland  Soil  Formation  in  the  Rapidly  Subsid- 
ing Mississippi  River  Deltaic  Plain:  Mineral  and 
Organic  Matter  Relationships. 
W9 1-03978  2L 

Soil   Organic   Matter,   Air   Encapsulation   and 

Water-Stable  Aggregation. 

W91-03988  2G 

Distribution  and  Composition  of  Suspended  Par- 
ticulate Material  in  the  Clyde  Estuary  and  Asso- 
ciated Sea  Lochs. 
W91-04460  2L 

Bacterial  Heterotrophic  Activity  in  the  River 
Seine:  Tritiated  Thymidine  and  Leucine  Incor- 
poration Profiles  (Activite  Bacterienne  Hetero- 
trophe  dans  la  Seine:  Profils  d'Incorporation  de 
Thymidine  et  de  Leucine  Tritiees). 
W91-04837  5C 

ORGANIC  POLLUTANTS 

Adsorption    Isotherms:    Illusive    Capacity    and 

Role  of  Oxygen. 

W9 1-04072  5D 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 


Estimated  Discharge  Rates  into  the  Upper  Gulf 

of  Thailand. 

W91-04458  5B 

ORGANIC  SOILS 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W9 1-04553  2H 

ORGANOCHLORINES 

Comparison  of  Organochlorine  Residue  Levels 
in   the  Striped   Dolphin   from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

ORGANOLEPTIC  PROPERTIES 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W9 1-03977  5F 

Taste  and  Odor  Episodes  at  Wachusett  Reser- 
voir. 
W9 1-04840  5F 

ORGANOPHOSPHORUS  PESTICIDES 

Toxicity   of  Ethyl-parathion   and   Carbaryl   on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 


Behavior  of  Diazinon  in  a  Perch  Species. 
W91-04256 


5B 


Use  of  Acetylcholinesterase  Activity  to  Detect 
Sublethal  Toxicity  in  Stream  Invertebrates  Ex- 
posed to  Low  Concentrations  of  Organophos- 
phate  Insecticides. 
W91-04735  5A 

ORGANOTIN  COMPOUNDS 

Cytopathological    Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-04012  5C 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 

ORINOCO  RIVER 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W9 1-04737  2H 

OSMOREGULATION 

Effect  of  Zinc  on  Osmoregulation  of  Gammarus 
duebeni  (Crustacea:  Amphipods)  from  the  Estu- 
ary and  the  Sewage  Treatment  Works  at  Looe, 
Cornwall. 
W9 1-04376  5C 

OUTFALL  SEWERS 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W9 1-04338  5C 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W9 1-04440  5C 

OVERFLOW 

Comparison  of  Overflows  from  Separate  and 

Combined  Sewers-Quantity  and  Quality. 

W9 1-04326  5D 

OVERLAND  FLOW 

Finite  Element  Watershed  Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 


State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

OXIDATION 

Autocatalytic  Model  for  the  Kinetics  of  BOD 

Test. 

W9 1-04038  5D 

Effects  of  pH  and  Oxidation  State  of  Chromium 
on  the  Behavior  of  Chromium  in  the  Activated 
Sludge  Process. 
W9 1-04045  5D 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W9 1-04065  5E 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 

Effect  on  Mineral  Media  on  Trichloroethylene 

Oxidation  by  Aquifer  Methanotrophs. 

W9 1-04730  5B 

Homogeneously   Catalyzed   Oxidation   for   the 

Destruction  of  Aqueous  Organic  Wastes. 

W9 1-04767  5D 

OXDDATION  PONDS 

Upgrading  of  Wastewater  Treatment  Plants:  Ox- 
idation Ponds  in  Series  with  Biological  Filters. 
W9 1-04701  5D 

OXIDATION  PROCESS 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W9 1-03977  5F 

OXYGEN 

Tracer  Measurements  of  Reaeration  in  Gravity 

Sewers. 

W91-04357  5D 

Upgrading    of   Wastewater    Treatment    Plants 

Using  Pure  Oxygen. 

W9 1-04705  5D 

OXYGEN  DEPLETION 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic    Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W9 1-04360  5C 

OXYGEN  ISOTOPES 

Isotopic  Evolution  of  River  Water  in  the  North- 
ern Chile  Region. 
W91-04917  2K 

OXYGEN  REQUIREMENTS 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W91-04023  5C 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 

OXYGEN  TRANSFER 

Fluxes  of  Oxygen   Equivalents   and   Nutrients 
across  the  Sediment- Water  Interface  after  Com- 
bined Sewer  Overflows. 
W91-04336  5B 


SU-63 


OXYGENATION 


SUBJECT  INDEX 


OXYGENATION 

Upgrading  Oxygen  Transfer  in  the  Activated 

Sludge  Process. 

W9 1-04688  5D 

Upgrading    of    Wastewater    Treatment    Plants 

Using  Pure  Oxygen. 

W91-04705  5D 

OYSTERS 

Pathways  of  Silver  Uptake  and  Accumulation 
by  the  American  Oyster  (Crassostrea  virginica) 
in  the  Chesapeake  Bay. 
W9 1-03980  5B 

OZONATION 

Ozonation  of  Pyrene  in  Aqueous  Solution. 
W91-04041  5F 

Ozonation  of  Trace  Organic  Compounds:  Model 
Predictions  Versus  Experimental  Data. 
W91-04377  5F 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W91-04378  5F 


Cooling  Water  Treatment  with  Ozone. 
W9 1-04379 


5F 


Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W91-04381  5F 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W9 1-043  82  5G 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W91-04383  5F 

Ozonation  of  Sulfur-Containing  Aliphatic  Com- 
pounds in  Aqueous  Solution:  I. 
W9 1-04384  5F 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W91-04385  5F 

Ozonation  an  Attractive  Option  for  Groundwat- 
er System. 
W91-O4850  5F 


OZONE 

Aspects  of  Ozone  Generation  from  Air. 
W91-O4380 


5F 


Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W9 1-04381  5F 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 

Response  of  Yellow-Poplar  (Liriodendron  tulipi- 
fera  L.)  Seedlings  to  Simulated  Acid  Rain  and 
Ozone~2.  Effect  on  Throughfall  Chemistry  and 
Nutrients  in  the  Leaves. 
W91-04451  21 

Water    Relations    of    Differentially     Irrigated 

Cotton  Exposed  to  Ozone. 

W9 1-04505  3F 

PACIFIC  OCEAN 

Comparison  of  Organochlorine  Residue  Levels 
in   the   Striped   Dolphin   from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W91-04575  5B 


PAJARO  VALLEY 

Documentation  of  Model  Input  and  Output 
Values  for  the  Geohydrology  and  Mathematical 
Simulation  of  the  Pajaro  Valley  Aquifer  System, 
Santa  Cruz  and  Monterey  Counties,  California. 
W9 1-04477  4B 

PAKISTAN 

Ablation  of  Avalanched  and  Undisturbed  Snow, 

Himalaya  Mountains,  Pakistan. 

W91-04129  2C 

Precipitation    and    Temperature    Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

PALEOECOLOGY 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W9 1-04272  2L 

PALEOHYDROLOGY 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-O4107  2F 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-O4108  2F 

Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W91-04109  2B 

Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-O4110  2J 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W9 1-04273  2F 

PALEOLIMNOLOGY 

Forms  of  Metals  in  a  Sediment  Core  of  a  Severe- 
ly Acidified  Northern  Black  Forest  Lake. 
W91-04257  5A 

PAN  EVAPORATION 

Methods  to  Convert  American  Class  A-Pan  and 
Symon's  Tank  Evaporation  to  That  of  a  Repre- 
sentative Environment. 
W9 1-043 14  2D 

PAPUA  NEW  GUINEA 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W9 1-04524  5B 

PARAGUAY  RIVER 
Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 
by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulaires  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2J 

PARALLEL  PROCESSING 

Parallel  Computing  for  Solute  Transport  Models 
Via  Alternating  Direction  Collocation. 
W91-04826  5B 

Survey  of  Vector  and  Parallel  Processors  for 

Numerical  Applications. 

W9 1-04830  7C 

Parallel   Least   Squares  Collocation  Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W9 1-04832  7C 


PARAMETER  ESTIMATION 

Identifiability    of    Conceptual    Hydrochemical 

Models. 

W91-04927  5B 

PARATHION 

Toxicity  of  Ethyl-parathion   and  Carbaryl  on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

PARTICULATE  MATTER 

Iron  Transport  and  Distribution  between  Fresh- 
water   and    Sediments    over    Different    Time 
Scales. 
W91-04154  2H 

Importance  of  Spheroidal  Carbonaceous  Parti- 
cles (SCPs)  for  the  Distribution  of  Particulate 
Polycyclic  Aromatic  Hydrocarbons  (PAHs)  in 
an  Estuarine-Like  Urban  Coastal  Water  Area. 
W9 1-04249  5B 

PASTURE  MANAGEMENT 

Bellani  Evaporation  Variation  in  Hill-land  Pas- 
ture. 
W91-04486  2D 

PATH  OF  POLLUTANTS 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W91-O3930  5G 

Use  of  Time  of  Travel  in  Zone  of  Contribution 
Delineation  and  Aquifer  Contamination  Warn- 
ing. 
W91-03931  5B 

Private  Well   Protection   in   Sand  and  Gravel 

Aquifers. 

W9 1-03943  5G 

Assessment  of  Metal   Contamination   of  Sedi- 
ments in  the  H umber  Estuary,  U.K. 
W9 1-03979  5B 

Pathways  of  Silver  Uptake  and  Accumulation 
by  the  American  Oyster  (Crassostrea  virginica) 
in  the  Chesapeake  Bay. 
W9 1-03980  5B 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 


Pesticide  Loss  to  the  Atmosphere. 
W9 1-04005 


5B 


Agricultural  Chemical  Management  Practices  to 

Reduce  Losses  Due  to  Drainage. 

W91-O4006  5G 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds- 
Bioaccumulation,  Metabolism,  and  Effects. 
W91-O4011  5B 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-O4016  5B 

Tissue  Distribution  of  Mercury  and  Selenium  in 

Minnows,  Phoxinus  phoxinus. 

W91-O4025  5B 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,   and   Zinc  in  the  Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and   in   Different    Planktonic   Compart- 


SU-64 


SUBJECT  INDEX 


PATH  OF  POLLUTANTS 


merits  of  the  Belgian  Continental  Shelf  and  the 

Scheldt  Estuary. 

W9 1-04027  5B 

Experimental  Study  of  Non-Uniform  Flow  in 

Granular  Porous  Media. 

W91-O4029  2G 

Collection  and  Analysis  of  Colloidal  Particles 
Transported  in  the  Mississippi  River,  U.S.A. 
W9 1-04030  5B 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-04031  5B 

Modeling  of  Strontium  Sorption  and  Speciation 
in  a  Natural  Sediment-Groundwater  System. 
W9 1-04032  5B 

Binding  of  Cu(II)  to  Algae  in  a  Metal  Buffer. 
W91-04043  5B 

Spatial  and  Temporal  Trends  in  Organochlorine 
Contamination  of  Dab  (Limanda  limanda)  and 
Flounder  (Platichthys  flesus)  in  the  North  Sea. 
W9 1-04053  5B 

Dissimilatory  Selenate  Reduction  Potentials  in  a 

Diversity  of  Sediment  Types. 

W91-04O66  5B 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W91-O4076  5B 

Use  of  Non-Conservative  Parameters  to  Trace 
Wastewater  Effluents  in  Water  Bodies. 
W91-04079  5E 

Modelling  the  Consumption  of  Dissolved  Con- 
taminants by  Biofilm  Periphyton  in  Open-Chan- 
nel Flow. 
W91-O4082  5B 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-O4100  2G 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 

Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

Cell  Analytical-Numerical  Method  for  Solution 
of  the  Advection-Dispersion  Equation:  Two-Di- 
mensional  Problems. 
W91-04124  5B 

Comparison  of  Photon  Correlation  Spectrosco- 
py with  Photosedimentation  Analysis  for  the 
Determination  of  Aqueous  Colloid  Size  Distri- 
butions. 
W91-04131  5B 

Dissolution  of  Trapped  Nonaqueous  Phase  Liq- 
uids: Mass  Transfer  Characteristics. 
W91-04132  5B 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

Use  of  Nuclear  Magnetic  Resonance  as  an  Ex- 
perimental Probe  in  Multiphase  Systems:  Deter- 
mination of  the  Instrument  Weight  Function  for 
Measurements  of  Liquid-Phase  Volume  Frac- 
tions. 
W91-04134  7B 


Diffusion  in  the  Matrix  of  Granitic  Rock:  Field 

Test  in  the  Strip  a  Mine. 

W91-04137  5E 

Dew  Chemistry  and  Acid  Deposition  in  Glendo- 
ra,  California,  During  the   1986  Carbonaceous 
Species  Methods  Comparison  Study. 
W91-04138  5B 

PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

Sorption  of  Organic  Acid  Compounds  to  Sedi- 
ments: Initial  Model  Development. 
W91-04144  5B 

Lipid-Partitioning        and        Disposition        of 

Benzo(a)pyrene     and     Hexachlorobiphenyl     in 

Lake  Michigan  Pontoporeia  hoyi  and  Mysis  re- 

licta. 

W91-04145  5B 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-04150  5B 

Surface-Water   Containment   Routing   Using   a 
Digital  Stream  Information  System. 
W91-04185  5B 

Populations   Affected   by   Pesticides   in   Public 

Ground- Water  Supplies  in  Iowa. 

W9 1-04202  5B 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 

Importance  of  Spheroidal  Carbonaceous  Parti- 
cles (SCPs)  for  the  Distribution  of  Particulate 
Polycyclic  Aromatic  Hydrocarbons  (PAHs)  in 
an  Estuarine-Like  Urban  Coastal  Water  Area. 
W91-04249  5B 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated   Hydrocarbons,   Dibenzofurans  and 
Dibenzo-p-dioxins  in   Bream  (Abramis  brama) 
From  the  River  Elbe. 
W9 1-04250  5B 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W91-04253  5B 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W91-04254  5B 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W91-04255  5A 


Behavior  of  Diazinon  in  a  Perch  Species. 
W91-04256 


5B 


Forms  of  Metals  in  a  Sediment  Core  of  a  Severe- 
ly Acidified  Northern  Black  Forest  Lake. 
W91-04257  5A 

Polychlorinated    Dibenzofurans   in   the   Edible 

Portion  of  Selected  Fish. 

W91-04258  5B 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W9 1-04261  5E 


Swedish  Final  Repository  and  the  Possible  Risk 
of  Interactions  by  Microbial  Activities. 
W91-04262  5E 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W91-04263  5B 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1-04264  5E 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W9 1-04271  5B 

Quality  Assurance/Quality  Control  Assessment 
for   a   Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W9 1-04277  5B 

Results   from   the   First   Year  of  the   Swedish 

Dioxin  Survey. 

W91-04289  5B 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W9 1-04290  5B 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W9 1-04294  5B 

Numerical  Method  for  Parameterization  of  At- 
mospheric Chemistry:  Computation  of  Tropo- 
spheric  OH. 
W9 1-04299  2K 

Tropospheric    OH     in    a    Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CC13. 
W9 1-04300  5B 

Smog-Fog-Smog  Cycle  and  Acid   Deposition. 
W9 1-04301  2K 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W91-04309  5B 


Gasoline  Lead  in  West  German  Soils. 
W91-04310 


5B 


Factors  Influencing  the  Chemical  Characteris- 
tics of  Landfill  Leachates. 
W91-04319  5B 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W9 1-04320  5B 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W9 1-04330  5B 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Fluxes  of  Oxygen   Equivalents  and   Nutrients 
across  the  Sediment-Water  Interface  after  Com- 
bined Sewer  Overflows. 
W91-04336  5B 


SU-65 


PATH  OF  POLLUTANTS 


SUBJECT  INDEX 


Storm   Water   Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W91-04337  5B 

Sediment  in  Sewers:  Initiation  of  Transport. 
W91-04351  5D 

Partitioning  of  Unsubstituted   Polycyclic  Aro- 
matic Hydrocarbons  Between  Surface  Sediments 
and  the  Water  Column  in  the  Brisbane  River 
Estuary. 
W91-04361  5B 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W9 1-04362  5B 

Listeria  monocytogenes  Contamination  of  Crops 

Grown  on  Soil  Treated  with  Sewage  Sludge 

Cake. 

W91-04367  5B 

Thermophilic      Campylobacters      in      Surface 
Waters  around  Lancaster,  UK:  Negative  Corre- 
lation   with    Campylobacter    Infections    in    the 
Community. 
W91-04369  5B 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W9 1-04396  5B 

Relationships  Between  Groundwater  Contami- 
nation and  Major-Ion  Chemistry  in  a  Karst  Aq- 
uifer. 
W9 1-04403  5B 

Meteorological  Factors  Influencing  the  Radio- 
active Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W91-O4430  5B 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W91-04440  5C 

Changes  in  Fish  Mercury  Concentrations  in  an 

Intensively  Fished  Lake. 

W91-04441  5B 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in  Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W91-04445  5B 

Health   Effects   of  Beach   Water   Pollution   in 

Hong  Kong. 

W91-04454  5C 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W91-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W9 1-04457  5F 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 
Estimated  Discharge  Rates  into  the  Upper  Gulf 
of  Thailand. 
W9 1-04458  5B 


Hydrogeology  and  Ground- Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W9 1-04468  5B 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-045I3  5E 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

Comparison  of  Organochlorine  Residue  Levels 
in   the   Striped   Dolphin   from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

Comparison  of  Trace  Metals  Data  in  Mussels 
and  Oysters  from  a  Mussel  Watch  Programme 
of  the    1970s   with   those   from   a    1980s   Pro- 
gramme. 
W91-04517  5B 

Dissolved  Arsenic  in  the  St.  Lawrence  Estuary 

and  the  Saguenay  Fjord,  Canada. 

W91-04519  5B 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W9 1-04520  5B 

Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W91-04523  5B 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 

Sex-  and  Maturity-Related  Heavy  Metal  Accu- 
mulations in  the  Antarctic  Krill  Euphausia  su- 
perba. 
W91-04530  5B 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 

Exposure    Assessment    of    Sewage    Treatment 

Plant  Effluent  by  a  Selected  Chemical  Marker 

Method. 

W9 1-04570  5D 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W91-04575  5B 

Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W91-04576  5B 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W91-04579  5G 

Degradation   Studies  with    14C-Fenoxaprop   in 

Prairie  Soils. 

W9 1-04584  5B 

Use   of  Fluorescence   Spectroscopy   to   Study 

Herbicide-Humic  Acid  Interactions:  Preliminary 

Observations. 

W91-04587  5B 


Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

Cadmium  Accumulation  and  Metallothionein- 
like  Proteins  in  the  Sea  Star  Asterias  rubens. 
W91-04615  5B 

Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W91-04617  5C 

Cadmium    Bioavailability    to   Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W9 1-04623  5B 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W91-04624  5B 

Acidity  as  a  Factor  in   Leaching  of  Copper, 
Chromium  and  Arsenic  from  CCA  Treated  Di- 
mension Lumber. 
W9 1-04625  SB 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W9 1-04627  5B 

Use  of  Biodegradation  Data  in  Chemical  Assess- 
ment. 
W91-04628  5B 

Biotransformation  Activities  of  Feral  Fish  in 
Waters  Receiving  Bleached  Pulp  Mill  Effluents. 
W9 1-04631  5  A 

Effects  of  Acidic  Precipitation  on  the  Water 
Quality  of  Streams  in  the  Laurel   Hill   Area, 
Somerset  County,  Pennsylvania,  1983-86. 
W9 1-04636  5C 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W91-04637  5B 

Ground-Water    Quality     Near    a     Scavenger- 
Waste-Disposal  Facility  in  Manorville,  Suffolk 
County,  New  York,  1984-85. 
W9 1-04647  5B 

Heavy   Metals   in   Drinking   water:   Standards, 
Sources,  and  Effects  (Jan  70~Jul  89). 
W91-O4650  5F 

Continuous  and  Passive  Environmental  Radon 
Monitoring:  Measuring  Methods  and  Health  Ef- 
fects (Jan  75-Jul  89). 
W91-04654  5A 

Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 

Protein-Mediated    Selenium    Biomethylation   in 

Evaporation  Pond  Water. 

W91-04744  5B 

Dietary   Accumulation   and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7, 8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

Modeling  Transfer  of  Csl37  Fallout  in  a  Large 

Finnish  Watercourse. 

W9 1-04749  5B 

Bioturbation:    A    Facilitator    of    Contaminant 

Transport  in  Bed  Sediment. 

W9 1-04765  5B 


SU-66 


SUBJECT  INDEX 


PESTICIDES 


Desorption  Kinetics  and  Mobility  of  Some  Ra- 
dionuclides in  Sediments. 
W91-04776  5B 

Radon    in    the    Human    Body    from    Drinking 

Water. 

W91-04777  5B 

Adsorption  of  Chlordimeform  by  Humic  Sub- 
stances from  Different  Soils. 
W91-04798  5B 

Comparison   of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W9 1-04825  2F 

Parallel   Least   Squares  Collocation  Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W9 1-04832  7C 

Urban  Stormwater:  An  Overview  for  Munici- 
palities. 
W9 1-04848  5B 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

Hydrologic  Flow  Path  Definition  and  Partition- 
ing of  Spring  Meltwater. 
W9 1-04925  5B 

Identifiability    of    Conceptual    Hydrochemical 

Models. 

W9 1-04927  5B 

PATHOGENIC  BACTERIA 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W91-04362  5B 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W9 1-04365  5B 

PATHOGENS 

Thermophilic      Campylobacters      in      Surface 
Waters  around  Lancaster,  UK:  Negative  Corre- 
lation  with   Campylobacter    Infections   in    the 
Community. 
W91-04369  5B 

Troubleshooting  an  Existing  Treatment  Plant. 
W91-04373  5F 

PCB 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W91-04253  5B 

PEAK  FLOW 

Effects  of  Urbanization  on  Peak  Streamflows  in 

Four  Connecticut  Communities,  1980-84. 

W9 1-04464  4C 

PEAT  BOGS 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W91-03948  7B 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W91-04404  2F 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 

Limnology  of  the  Southern  Acid   Peat  Flats, 

South- Western  Australia. 

W91-04717  2H 


PEAT  SOILS 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 

PENNSYLVANIA 

Water    Use    in    Eight    Central    Pennsylvania 

Homes. 

W91-04193  6D 

Preliminary    Site    Evaluation    for    Agricultural 
Utilization    of   Sewage    Sludge    A    Guide    for 
WWTP  Technicians. 
W9 1-04606  5E 

Effects  of  Acidic  Precipitation  on  the  Water 
Quality  of  Streams  in  the   Laurel   Hill   Area, 
Somerset  County,  Pennsylvania,  1983-86. 
W9 1-04636  5C 

Groundwater  Resources  of  Pike  County,  Penn- 
sylvania. 
W91-04641  2F 

Ozonation  an  Attractive  Option  for  Groundwat- 
er System. 
W91-O4850  5F 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 

W9 1-04878  7C 


PERSIAN  GULF 

Conservation  in  Arabian  Gulf  Countries. 
W9 1-03973 


6D 


PERCH 

Behavior  of  Diazinon  in  a  Perch  Species. 
W9 1-04256 


5B 


Biotransformation  Activities  of  Feral  Fish  in 
Waters  Receiving  Bleached  Pulp  Mill  Effluents. 
W9 1-04631  5  A 

PERCOLATION 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W91-04710  5D 

Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 


PERDIDO  SITE 

Superfund      Record 
Groundwater,  AL. 
W9 1-04648 


of     Decision:      Perdido 


5G 


PERIPHYTON 

Modelling  the  Consumption  of  Dissolved  Con- 
taminants by  Biofilm  Periphyton  in  Open-Chan- 
nel Flow. 
W9 1-04082  5B 

Stream  Geomorphology:  Effects  on  Periphyton 
Standing  Crop  and  Primary  Production. 
W91-04714  6G 

PERMEABILITY 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical  Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 

PERMEAMETERS 

Design   and   Application  of  a  Constant  Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-04102  7B 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

PERMSELECITVE  MEMBRANES 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly(Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 


PERU 

Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W9 1-04 109  2B 

PERVAPORATION 

Use  of  Pervaporation  for  the  Removal  of  Organ- 
ic Contaminants  from  Water. 
W9 1-04771  5F 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 

W9 1-04772  5D 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly  (Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

PESTICIDE  KINETICS 

Pesticide  Loss  to  the  Atmosphere. 

W9 1-04005  5B 

PESTICIDE  RESIDUES 
Quantification  of  Toxaphene  Residues  in  Fish 
and   Fish   Products   Using   a   New   Analytical 
Standard. 
W9 1-04248  5  A 

PESTICIDE  TOXICITY 

Toxicity  of  Ethyl-parathion   and  Carbaryl  on 

Early  Development  of  Sea  Urchin. 

W91-O4019  5C 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-O4021  5C 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W91-04621  5C 

PESTICIDES 

Pesticide  Loss  to  the  Atmosphere. 

W9 1-04005  5B 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds- 
Bioaccumulation,  Metabolism,  and  Effects. 
W91-04011  5B 

Toxicity  of  Ethyl-parathion   and  Carbaryl  on 

Early  Development  of  Sea  Urchin. 

W91-O4019  5C 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W9 1-04021  5C 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,  Arsenic,  and   Zinc  in  the  Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

Status  of  the  Fourhorn  Sculpin,  Myoxocephalus 

quadricornis,  in  Canada. 

W9 1-04088  5C 

Status  of  the  Banded  Killifish,   Fundulus  dia- 

phanus,  in  Canada. 

W9 1-04092  5C 

Populations   Affected   by   Pesticides   in   Public 

Ground-Water  Supplies  in  Iowa. 

W9 1-04202  5B 


i 


SU-67 


PESTICIDES 


SUBJECT  INDEX 


Organic  Halogen  Group  Parameters  in  Ground 

Water  Investigation,  Part  III. 

W91-04252  5A 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W9 1-04268  5  A 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W9 1-04621  5C 

Biodegradation  of  Pesticides  (Dec  85-May  90). 
W91-04657  5B 

Biodegradation    of   Pesticides    and    Herbicides 

(Mar  78»Mar  90). 

W9 1-04659  5D 

PHAEOPHYTA 

Canopy  Characteristics  of  the  Brown  Alga  Sar- 
gassum  muticum  (Fucales,  Phaeophyta)  in  Lake 
Grevelingen,  southwest  Netherlands. 
W91-04421  2L 

PHARMACOKINETICS 

Pharmacokinetic  Modeling  in  Aquatic  Animals: 

I.  Models  and  Concepts. 

W91-04733  5B 

PHENOLS 

Chlorophenol  Degradation  Coupled  to  Sulfate 

Reduction. 

W91-04061  5B 

Capillary  Zone  Electrophoretic   Separation  of 
Chlorophenols  in  Industrial  Waste  Water  with 
On-Column  Electrochemical  Detection. 
W9 1-04266  5  A 

Toxicity  of  Phenol  to  the  Freshwater  Crusta- 
cean Asellus  Aquaticus  (L.)  During  Episodic 
Exposure-Relationship  Between  Sub-Lethal  Re- 
sponses and  Body  Phenol  Concentrations. 
W9 1-04622  5C 

Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Para-Hydroxy- 
benzoate  and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W9 1-04728  5B 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W9 1-04729  5B 

Reductive   Dechlorination   of  Dichlorophenols 
by  Nonadapted  and  Adapted  Microbial  Commu- 
nities in  Pond  Sediments. 
W91-04732  5B 


PHOENIX 

Phoenix  Water  Resource  Plan -1987. 
W9 1-04245 


6A 


PHOSPHORUS 

Iron  Redox  Effects  on  Photosynthesis  Phospho- 
rus Release  from  Dissolved  Humic  Materials. 
W91-O4O00  2H 

Implications  for  the  Design  of  Artificial  Lakes 

of  a  Study  of  the  Craigavon  Lakes. 

W9 1-04037  4A 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent  Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W91  -04052  5D 

Phosphorus  Budget  for  Dal,  a  Himalayan  Lake. 
W91-04751  2H 

PHOSPHORUS  REMOVAL 

Upgrading  a  Municipal  Activated  Sludge  Plant 
for  High-Rate  Biological  Nutrient  Removal. 
W9 1-04662  5D 


Conversion  of  Existing  Primary  Clarifiers  Ac- 
cording to  the  EASC   Process  for   Biological 
Phosphorus  Removal. 
W9 1 -04664  5D 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

Upgrading  of  Wastewater  Treatment  Plants  for 
the  Reduction  of  Nitrogen  and  Phosphorus  in 
Schleswig-Holstein,  FRG. 
W9 1-04667  5D 

Pre-Precipitation  Facilitates  Nitrogen  Removal 

Without  Tank  Expansion. 

W9 1-04669  5D 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

Retrofitting  Activated  Sludge  Plants  to  Improve 
the  Removal  of  Nitrogen  and  Phosphorus  by 
Biological  Processes. 
W91-04693  5D 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 

Comparative   Study   of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W91-04695  5D 

Operational   Experience   with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W9 1-04697  5D 

PHOTOLYSIS 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W9 1-04627  5B 

Heterogeneous  Photocatalysis  for  Water  Purifi- 
cation: Contaminant  Mineralization  Kinetics  and 
Elementary  Reactor  Analysis. 
W91-04768  5D 

Degradation  of  Atrazine  in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

PHOTOMETRY 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W91-04492  2B 

PHOTOPERIODISM 

Effects  of  Environmental  Factors  on  Jumping 

Behaviour  of  the  Juvenile  Ayu  Plecoglossus  alti- 

velis  with  Special  Reference  to  Their  Upstream 

Migration. 

W9 1-04526  81 

PHOTOSYNTHESIS 

Denitrification    and    Photosynthesis   in    Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W9 1-03999  2H 

Iron  Redox  Effects  on  Photosynthesis  Phospho- 
rus Release  from  Dissolved  Humic  Materials. 
W91-O40O0  2H 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 

Seasonal  Development  of  Anoxygenic  Phototro- 
phic  Bacteria  in  a  Holomictic  Drumlin  Lake 
(Schleinsee,  F.R.G). 
W9 1-04736  2H 


PHTHALATES 

Parametric  Study  of  Diethyl  Phthalate  Biode- 
gradation. 
W9 1-04274  5B 

PHYSICAL  PROPERTIES 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W9 1-03996  2H 

PHYSICOCHEMICAL  PROPERTIES 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 
W91-04753  5A 

PHYTOPLANKTON 

Successive  Appearance  of  Subfossil  Phytoplank- 
ton  Species  in  Holocene  Sediments  of  the  North- 
ern Adriatic  and  Its  Relation  to  the  Increased 
Eutrophication  Pressure. 
W9 1-03983  2L 

Seasonal  Occurrence  of  Autotrophic  Naked 
Nanoflagellates  in  Kiel  Bight,  Western  Baltic. 
W91-03984  2L 

Effect  of  Wind  on  the  Distribution  of  Phyto- 

plankton  Cells  in  Lakes. 

W91-03995  2H 

Dominant    Phytoplankters   and    Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W91-04312  2H 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W9 1-04341  5C 

Some    Limnological    Observations    on    River 

Ganga. 

W91-04418  2H 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton  Populations  During  the  Spring  Bloom  in 
Auke  Bay,  Alaska. 
W91-04461  2H 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W91-04633  2L 

PIKE 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 


PILOT  PLANTS 

Cooling  Water  Treatment  with  Ozone. 
W91-04379 


5F 


Comparative   Study   of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W9 1-04695  5D 

PIPE  FLOW 

Comprehensive  List  of  Pipe  Coefficients  of  Fric- 
tion for  the  Hazen-Williams  and  Manning  For- 
mulae Derived  from  the  Darcy-Weisbach  For- 
mula and  Colebrook-White  Transition  Law  for 
Roughness  Values  (k). 
W91-04315  8B 

PIPELINES 

Numerical   Analysis  of  Complex  Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

Interceptor  Design  and  Construction  Consider- 
ations as  Part  of  the  Boston  Harbor  Cleanup. 
W9 1-04594  5D 


SU-68 


SUBJECT  INDEX 


PLANTING  MANAGEMENT 


PLANKTON 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and   in   Different   Planktonic   Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W91-04027  5B 

Time-  and   Vertical   Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W9 1-04034  2H 

Carbon,   Nitrogen   and    Phosphorus    Status   in 
Daphnia  at  Varying  Food  Conditions. 
W91-04U1  2H 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 
sponse to  Changes  in  River  Runoff  and  Water 
Turbulence. 
W91-04412  2L 

PLANNING 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W9 1-03937  5B 

Water  Supply  Management  and  Planning  in  the 

State  of  Connecticut. 

W91-04196  6A 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 

Planning    for    Use    of   Unconventional    Water 

Sources. 

W9 1-04223  3E 

Watershed  Modeling  for  Water  Resources  Man- 
agement. 
W91-04237  6A 

Planning  Hydroelectric  Developments  in  Argen- 
tina. 
W91-04809  8A 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W91-04827  6A 

PLANT  GROWTH 

Ecology  and  Management  of  Water  Plants  in 

Lowland  Streams. 

W91-03968  4A 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent  Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W91-O4052  5D 

Effects   of  Water    Level    Fluctuation    on    the 
Growth  of  Nelumbo  nucifera  Gaertn.  in  Lake 
Kasumigaura,  Japan. 
W91-04411  2H 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 

Artificial  Sediments  for  Use  in  Tests  with  Wet- 
land Plants. 
W91-04453  2J 

Evapotranspiration     and     Yield     of    Irrigated 

Chickpea. 

W9 1-04497  2D 

Growth  Responses,  Ion  Relations,  and  Osmotic 
Adaptations  of  Eleven  C4  Turfgrasses  to  Salini- 
ty. 
W91-04508  3C 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 


Growth    Response    of    Phaseolus    vulgaris    to 

Varying  Salinity  Regimes. 

W91-04559  3C 

Effects   of  Irrigation    Regimes   on    Yield   and 

Water  Use  by  Sweetpotato. 

W91-04564  3F 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W91-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W9 1-04566  3F 

PLANT  METABOLISM 

Seasonal    Occurrence    of   Autotrophic  Naked 

Nanoflagellates  in  Kiel  Bight,  Western  Baltic. 

W9 1-03984  2L 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton  Populations  During  the  Spring  Bloom  in 
Auke  Bay,  Alaska. 
W91-04461  2H 

PLANT  PATHOLOGY 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

Effect  of  Simulated  Acidic  Fog  on  Carbohy- 
drate Leaching,  C02  Assimilation  and  Develop- 
ment of  Damage  Symptoms  in  Young  Spruce 
Trees  (Picea  abies  L.  Karst). 
W9 1-04560  5C 

PLANT  PHYSIOLOGY 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W9 1-03947  7B 

Effect  of  Simulated  Acid  Rain  on  Reproductive 
Attributes  of  Red  Spruce  (Picea  rubens  Sarg). 
W9 1-04449  5C 

Foliar  Retention  of  15-N-Nitrate  and  15-N- Am- 
monium  by    Red    Maple   (Acer   rubrum)   and 
White  Oak  (Quercus  alba)  Leaves  from  Simulat- 
ed Rain. 
W9 1-04452  5C 

Growth  Responses,  Ion  Relations,  and  Osmotic 
Adaptations  of  Eleven  C4  Turfgrasses  to  Salini- 
ty- 
W9 1-04508  3C 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 

Effect  of  Simulated  Acidic  Fog  on  Carbohy- 
drate Leaching,  C02  Assimilation  and  Develop- 
ment of  Damage  Symptoms  in  Young  Spruce 
Trees  (Picea  abies  L.  Karst). 
W91-04560  5C 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W91-04780  3F 

PLANT  TISSUES 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W91-04275  5A 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5  A 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 


PLANT  WATER 

IGARSS  '88.  Remote  Sensing:  Moving  Towards 

the  21st  Century. 

W9 1-03944  7C 

PLANT  WATER  POTENTIAL 

Water  Relations  of  a  Walnut  Orchard:  Simulta- 
neous Measurement  with  Remote  Sensing. 
W9 1-03966  7B 

Diurnal  Variation  of  Crop  Hydraulic  Resistance: 

A  New  Analysis. 

W9 1-04503  2D 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W91-04504  3F 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W9 1-04780  3F 

PLANT- WATER  RELATIONSHIPS 

Relative   Drought    Resistance   of  Tristaniopsis 
laurina  and  Acmena  smithii  from  Riparian  Warm 
Temperate  Rainforest  in  Victoria. 
W9 1-04054  21 

Flood  Resistance  of  Tristaniopsis  laurina  and 
Acmena  smithii  from  Riparian  Warm  Temperate 
Rainforest  in  Victoria. 
W9 1-04055  21 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis, 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W9 1-04056  21 

Natural  Consumptive  Use  by  Tules,  Grasslands, 
and  Riparian  Forests,  California  Central  Valley. 
W9 1-04227  21 

Monitoring   Moisture   Storage  in  Trees  Using 

Time  Domain  Reflectometry. 

W91-04388  21 

Evapotranspiration     and     Yield     of    Irrigated 

Chickpea. 

W9 1-04497  2D 

Precipitation    and    Temperature    Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

PLANTING  MANAGEMENT 

Precipitation    and    Temperature    Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

Water  Use  by  Monocropped  and  Intercropped 

Cowpea  and  Sorghum  Grown  after  Rice. 

W9 1-04500  3F 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W91-04552  2J 

Yield   of  Successively  Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W91-04567  3F 


SU-69 


PLASM  MODEL 


SUBJECT  INDEX 


PLASM  MODEL 

Use  of  Time  of  Travel  in  Zone  of  Contribution 
Delineation  and  Aquifer  Contamination  Warn- 
ing. 
W91-03931  5B 

PLUMES 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  SB 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W91-04633  2L 

Enhanced  Primary   Production  at  the  Plume/ 

Oceanic  Interface  of  the  Mississippi  River. 

W9 1  -04742  2L 

PLUTONIUM 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1 -04264  5E 

POLAND 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W91-044O4  2F 

Improvement  of  Wastewater  Treatment  Plant 

Projects. 

W9 1-04709  5D 

POLAR  REGIONS 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

Process  of  Colonization  in  Antarctic  Terrestrial 

and  Freshwater  Ecosystems. 

W9 1-04531  2H 

Micro-Invertebrate       Community       Structure 

Within  a  Maritime  Antarctic  Lake. 

W91-04532  2H 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W91-04533  2H 

POLICY  MAKING 

Consumptive  Use  Estimates  in  Regional  Policy 

Research. 

W9 1-04228  6D 


New  Strategies  for  Soil  Conservation. 
W91-04561 


4D 


POLLUTANT  IDENTIFICATION 

Total  Parameter  Water  Analysis  Comes  under 

the  Microscope. 

W9 1-03970  5  A 

Real-Time  Sampling  Strategies  for  Estimating 

Nutrient  Loadings. 

W91-03989  5A 

Development  of  an  Estuarine  Sediment  Burrow- 
ing Bioassay  for  Shipboard  Use. 
W91-04017  5A 

Resin     Concentration     of    By-Products     from 
Chlorination  of  Aquatic  Humic  Substances. 
W91-04O46  5F 

Total    Organic    Halogens    (TOX)    Analysis    in 

Ether  Solutions. 

W9 1-04049  5  A 

Improved  Membrane  Filtration  Method  Incor- 
porating Catalase  and  Sodium  Pyruvate  for  De- 
tection of  Chlorine-Stressed  Coliform  Bacteria. 
W9 1-04067  5  A 

Identification  of  the  Derivatives  of  C.I.  Reactive 

Blue  19  in  Textile  Wastewater. 

W9 1-04083  5  A 


Bromate  Production  in  Chlorinated  Waters:  Re- 
action of  Monochloramine  and  Hypobromite. 
W91-04085  2K 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 

Lead  Hydride  Generation  in  a  Lactic  Acid-Po- 
tassium Dichromate  Medium  and  its  Application 
to  the  Determination  of  Lead  in  Fish,  Vegetable 
and  Drink  Samples. 
W91-O4140  5A 

Evaluation    of  Sucrose   as   an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and    Cladoceran    Tests    with 
Freshwater  Effluents. 
W91-04151  5A 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

Quantification  of  Toxaphene  Residues  in  Fish 

and   Fish   Products   Using   a   New   Analytical 

Standard. 

W9 1-04248  5  A 

Comparative  Evaluation  of  Soxhlet  and  Sonica- 
tion  Extraction  in  the  Determination  of  Polynu- 
clear  Aromatic  Hydrocarbons  in  Soil. 
W9 1-04251  5  A 

Organic  Halogen  Group  Parameters  in  Ground 

Water  Investigation,  Part  III. 

W9 1-04252  5  A 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W91-04253  5B 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W9 1-04254  5B 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W91-04255  5A 

Gas  Chromatographic  and  Mass  Spectrometry 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W91-04268  5A 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W91-04275  5A 

Quality  Assurance  in  Analysis  of  Environmental 

Matrices  for  PCDDs  and  PCDFs. 

W91-04276  5A 

Quality  Assurance/Quality  Control  Assessment 
for    a    Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W91-04277  5B 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W91-04278  5A 

Water  Round  Robin  for  Parts-Per-Quadrillion 

Determination  of  PCDDs  and  PCDFs. 

W9 1-04279  5D 


Validation  Studies  of  an  Automated  Preconcen- 
tration Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W9 1-04281  5A 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W9 1 -04282  5A 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W9 1-04283  5  A 

Application    of   a    Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W9 1-04284  5A 

Use   of   Dimethyl    Sulfoxide   as   Solubilization 

Agent  in  the  Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W9 1-0428  5  5  A 

Development  of  a  Rapid  Screening  Assay  for 

PCDDs  and  PCDFs. 

W9 1-04286  5  A 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 
zofurans in  the  Environment. 
W9 1-04287  5  A 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W91-04288  5B 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W91-O4290  5B 

Troubleshooting  an  Existing  Treatment  Plant. 
W9 1-04373  5F 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 
Estimated  Discharge  Rates  into  the  Upper  Gulf 
of  Thailand. 
W91-04458  5B 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W9 1-04525  5B 

Sediment-Contact   Bioassay   with   Photobacter- 

ium  phosphoreum. 

W9 1-04626  5  A 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W91-04630  5A 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 
W91-04753  5A 

POLLUTANT  LOAD 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W91-04327  5B 

POLLUTION  INDEX 

Better    Water    Quality    Indexing    System    for 

Rivers  and  Streams. 

W9 1-04078  5G 


SO-70 


SUBJECT  INDEX 


POPULATION  EXPOSURE 


Jacknife  and  Bootstrap  Estimation  of  Biological 

Index  of  Water  Quality. 

W9 1-04084  5  A 

POLLUTION  LOAD 

Implications  of  the  Task  Group  Model--II.  Re- 
sponse to  Intermittent  Loadings. 
W91-04081  5D 

Comparison    of    Pollutant    Load    Calculation 

Methods  Based  on  Measured  Data-State  of  the 

Investigation. 

W91-04334  5B 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W91-04354  2E 

POLYCHAETES 

Cadmium    Bioavailability    to   Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

POLYCHLORINATED  BIPHENYLS 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,  and   Zinc  in  the   Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W91-04153  5C 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated Hydrocarbons,   Dibenzofurans  and 
Dibenzo-p-dioxins  in  Bream   (Abramis  brama) 
From  the  River  Elbe. 
W91-O4250  5B 

Organic  Halogen  Group  Parameters  in  Ground 

Water  Investigation,  Part  III. 

W91-04252  5A 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W91-04255  5A 

Polychlorinated   Dibenzofurans   in   the   Edible 

Portion  of  Selected  Fish. 

W9 1-04258  5B 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W91-O4290  5B 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in  Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W91-04445  5B 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W9 1-04580  5G 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W9 1-04623  5B 

Influence  of  Chlorine  Substitution  Pattern  on  the 
Degradation  of  Polychlorinated   Biphenyls  by 
Eight  Bacterial  Strains. 
W91-04727  5B 


Supercritical  C02  -  Cosolvent  Extraction  of 

Contaminated  Soils  and  Sediments. 

W9 1-04763  5G 

Data  on   Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W9 1-04861  5B 

POLYCYCLIC  AROMATIC  HYDROCARBONS 

Effect  of  Naphthalene  on  Sodium  Active  Trans- 
port in  the  Frog  Skin. 
W91-04015  5C 

Ozonation  of  Pyrene  in  Aqueous  Solution. 
W91-04041  5F 

Importance  of  Spheroidal  Carbonaceous  Parti- 
cles (SCPs)  for  the  Distribution  of  Particulate 
Polycyclic  Aromatic  Hydrocarbons  (PAHs)  in 
an  Estuarine-Like  Urban  Coastal  Water  Area. 
W9 1-04249  5B 

Comparative  Evaluation  of  Soxhlet  and  Sonica- 
tion  Extraction  in  the  Determination  of  Polynu- 
clear  Aromatic  Hydrocarbons  in  Soil. 
W9 1-04251  5  A 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W91-04337  5B 

Partitioning  of  Unsubstituted  Polycyclic  Aro- 
matic Hydrocarbons  Between  Surface  Sediments 
and  the  Water  Column  in  the  Brisbane  River 
Estuary. 
W91-04361  5B 

Petroleum  Aromatic  Hydrocarbons  in  Surface 
Waters  around  Elephant  Island,  Antarctic  Pe- 
ninsula. 
W91-04518  5B 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W9 1-04520  5B 

POLYMERS 

Dynamically   Formed   hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Poly(acrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W91-04313  3A 

Dosage  Control  for  a  Higher  Efficiency  of  the 

Separation  Process. 

W9 1-04686  5D 

Optimizing    Polymer   Consumption    in    Sludge 

Dewatering  Applications. 

W91-04689  5D 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

PONDS 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis, 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W9 1-04056  21 

POPULATION  DENSITY 

Seasonal  Abundances  of  Planktonic  Ciliates  and 

Microflagellates  in  Mesohaline  Chesapeake  Bay 

Waters. 

W9 1-03982  2L 

Seasonal  Dynamics  and  Production  of  Chirono- 

midae  in  a  Large  Lowland  River  Upstream  and 

Downstream  From  a  New  Reservoir  in  Central 

Poland. 

W9 1-04739  2H 


Distribution  and  Abundance  of  Pachymelania 

aurita  in  Lagos  Lagoon,  Nigeria. 

W9 1-04741  5C 

POPULATION  DYNAMICS 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-04001  5C 

Status  of  the  Spoonhead  Sculpin,  Cottus  ricei,  in 

Canada. 

W9 1-04089  5C 

Status  of  the  Brook  Silverside,  Labidesthes  sic- 

culus,  in  Canada. 

W9 1-04091  5C 

Status  of  the  Banded  Killifish,   Fundulus  dia- 

phanus,  in  Canada. 

W9 1-04092  5C 

Status  of  the  Least  Darter,  Etheostoma  micro- 

perca,  In  Canada. 

W91-04093  2H 

Status  of  the  River  Darter,  Percina  shumardi,  in 

Canada. 

W9 1-04094  5C 

Status  of  the  Redbreast  sunfish,  Lepomis  auritus, 

in  Canada. 

W9 1-04095  5C 

Status  of  the  Orangespotted  Sunfish,  Lepomis 

humilis,  in  Canada. 

W9 1-04096  5C 

Status  of  the  Bigmouth  Buffalo,  Ictiobus  cyprin- 

ellus,  in  Canada. 

W9 1-04097  2H 

Status  of  the  Black  Buffalo,  Ictiobus  niger,  in 

Canada. 

W9 1-04098  5C 

Status   of  the   Golden   Redhorse,    Moxostoma 

erythrurum,  in  Canada. 

W9 1-04099  2H 

Dominant    Phytoplankters   and   Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W9 1-043 12  2H 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 
sponse to  Changes  in  River  Runoff  and  Water 
Turbulence. 
W91-04412  2L 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W91-04533  2H 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W9 1-04633  2L 

Seasonal  Dynamics  and  Production  of  Chirono- 

midae  in  a  Large  Lowland  River  Upstream  and 

Downstream  From  a  New  Reservoir  in  Central 

Poland. 

W91-04739  2H 

POPULATION  EXPOSURE 

Food    Production,    Environmental    Protection, 
and  Health  Effects  in  Mexican  Agriculture. 
W91-O4O09  6G 

Thermophilic      Campylobacters      in      Surface 
Waters  around  Lancaster,  UK:  Negative  Corre- 
lation   with    Campylobacter    Infections   in   the 
Community. 
W9 1-04369  5B 


J 


SU-71 


POPULATION  EXPOSURE 


SUBJECT  INDEX 


Changes  in  Intracellular  Free  Amino  Acids  in 
Tissues  of  the  Caged  Mussel,  Elliptio  complan- 
ata,  Exposed  to  Contaminated  Environments. 
W91-04611  5C 

POROSITY 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

POROUS  MEDIA 

Experimental  Study  of  Non-Uniform  Flow  in 

Granular  Porous  Media. 

W9 1-04029  2G 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W9 1-04396  5B 

Propagation  of  a  Wave  Packet  on  a  Free  Surface 

Within  a  Saturated  Porous  Layer. 

W9 1-04402  2F 

Comparison    of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W9 1-04825  2F 

Survey  of  Domain  Decomposition  Techniques 

and  Their  Implementation. 

W9 1-04831  2G 

Model  for  Compaction  of  Sedimentary  Basins. 
W9 1-04835  2F 

PORPOISES 

Comparison  of  Organochlorine  Residue  Levels 
in   the  Striped   Dolphin   from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

PORTUGAL 

Threats  to  the  Survival  of  Anadromous  Fishes  in 

the  River  Tagus,  Portugal. 

W9 1-04794  5C 

POST-TENSIONING 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W9 1-04425  8  A 

POTABLE  WATER 

Potable   Water   for   the   Developing   World   ~ 

Some  of  the  Problems. 

W91-04755  5F 

Legionella  in  Dublin  Hospital  Water  Supplies. 
W9 1-04778  5F 

POTATOES 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W91-04546  5B 

POULTRY 

Treatment   of  Poultry   Processing   Wastewater 

Using  Sequencing  Batch  Reactors. 

W9 1-045  50  5D 

POWERPLANTS 

Conserving  Water  Resources  Through  Integrat- 
ed Powerplant  Water  Management. 
W9 1-04222  3E 

Mechanical  and  Electrical  Equipment  for  Co- 
lombia's Guavio  Project. 
W9 1-04807  8C 

Design    Features   of   Venezuela's    Macagua    II 

Scheme. 

W9 1-04808  8C 

PRAIRIES 

Inner  Region  Humidity  Characteristics  of  the 
Neutral  Boundary  Layer  Over  Prairie  Terrain. 
W9 1-04922  2D 


PRECIPITATION 

Proposed  Model  for  Evaluating  Urban  Hydro- 
logic  Change. 
W9 1-03990  4C 

Retrieval  of  Precipitable  Water  from  Observa- 
tions in  the  Split  Window  over  Varying  Surface 
Temperatures. 
W9 1-04433  2B 

Precipitable  Water  Estimation  from  High-Reso- 
lution Split  Window  Radiance  Measurements. 
W9 1-04434  2B 

Exploiting    Rainy  Season    Potential    from    the 

Onset  of  Rains  in  the  Sahelian  Zone  of  West 

Africa. 

W91-04488  3F 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W9 1-04492  2B 

Precipitation     and     Temperature     Regimes     in 
Upland  Baluchistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W91-04498  3F 

PRECIPITATION  INTENSITY 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

PRECIPITATION  SCAVENGING 

Analysis  of  Atmospheric  Precipitation  by  Re- 

versed-Phase  Ion-Pair  Chromatography. 

W9 1-04265  5  A 

PRECONCENTRATION 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

PRESSURE  TESTING 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

PRETREATMENT  OF  WASTEWATER 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W9 1-04699  5D 

PRICING 

Commodity   Prices,   Demand  Charges,   Impact 

Fees  and  Water  Services. 

W91-04177  6C 

PRICKLEBACK 

Status  of  the  Blackline  Prickleback,  Acantho- 

lumpenus  mackayi,  in  Canada. 

W91-O4O90  2H 

PRIMARY  PRODUCTION 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W91-03996  2H 

PRIMARY  PRODUCTIVITY 

Stream  Geomorphology:  Effects  on  Periphyton 
Standing  Crop  and  Primary  Production. 
W91-04714  6G 

Enhanced   Primary   Production  at   the  Plume/ 

Oceanic  Interface  of  the  Mississippi  River. 

W9 1-04742  2L 

PRIMARY  WASTEWATER  TREATMENT 

Conversion  of  Existing  Primary  Clarifiers  Ac- 
cording  to   the   EASC   Process   for   Biological 
Phosphorus  Removal. 
W91-04664  5D 


PRINCIPAL  COMPONENT  ANALYSIS 

Defining  Homogeneous  Precipitation  Regions 
by  Means  of  Principal  Components  Analysis. 
W9 1-04435  2B 

PROBABILITY  DISTRIBUTION 

Modern  Kriging  and  Classical  Gaussian  Tech- 
niques-Do They  Necessarily  Yield  Identical  Re- 
sults. 
W9 1-04829  2G 

PROCESS  CONTROL 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

PROFESSIONAL  PERSONNEL 

Education  of  Hydrologists. 

W9 1-04801  9  A 

PROJECT  PLANNING 

Canada's  National  Water-Use  Analysis  Program. 
W91-04162  6D 


Keeping  Your  Neighbor  Happy. 
W91-04374 


5F 


Examples  for  the  Upgrading  of  Existing  Activat- 
ed Sludge  Plants  for  Nutrient  Removal. 
W9 1-04672  5D 

Rehabilitation  and  Upgrading  of  the  Beni  Suef 

City  Wastewater  Treatment  Plant. 

W9 1-04674  5D 

Improvement  of  Wastewater  Treatment  Plant 

Projects. 

W9 1-04709  5D 

Planning  Hydroelectric  Developments  in  Argen- 
tina. 
W9 1-04809  8  A 

PROTEINS 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W91-04410  2H 

Cadmium  Accumulation  and  Metallothionein- 
like  Proteins  in  the  Sea  Star  Asterias  rubens. 
W91-04615  5B 

Protein-Mediated    Selenium    Biomethylation   in 

Evaporation  Pond  Water. 

W9 1-04744  5B 

Seasonal  Changes  in  the  Chemical  Composition 
of  Ceratophyllum  demersum  L.  in  a  Small  Pond. 
W9 1-04752  2H 

Bacterial  Heterotrophic  Activity  in  the  River 
Seine:  Tritiated  Thymidine  and  Leucine  Incor- 
poration Profiles  (Activite  Bacterienne  Hetero- 
trophe  dans  la  Seine:  Profils  d'Incorporation  de 
Thymidine  et  de  Leucine  Tritiees). 
W9 1-04837  5C 

PSEUDOMONAS 

Transformation    of   Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  KC  Under  Denitrifica- 
tion  Conditions. 
W91-O4O60  5G 

Microbial   Regeneration   Process  for   Granular 
Activated  Carbon-II.  Regeneration  Studies. 
W9 1-04075  5D 

Alterations  in  the  Major  Heterotrophic  Bacterial 

Populations  Isolated  from  a  Still  Bottled  Mineral 

Water. 

W9 1-04368  5B 

Influence  of  Chlorine  Substitution  Pattern  on  the 
Degradation   of  Polychlorinated   Biphenyls  by 
Eight  Bacterial  Strains. 
W9 1-04727  5B 


SU-72 


SUBJECT  INDEX 


RADIOACTIVE  WASTE  DISPOSAL 


PUBLIC  HEALTH 

Food    Production,    Environmental    Protection, 
and  Health  Effects  in  Mexican  Agriculture. 
W91-04009  6G 

Setting  Human-Health-Based  Groundwater  Pro- 
tection Standards  When  Toxicological  Data  Are 
Inadequate. 
W91-04O10  5G 

Populations   Affected   by   Pesticides   in   Public 

Ground- Water  Supplies  in  Iowa. 

W91-O4202  5B 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W9 1-04362  5B 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W91-04366  5B 

Thermophilic      Campylobacters      in      Surface 
Waters  around  Lancaster,  UK:  Negative  Corre- 
lation  with   Campylobacter   Infections   in   the 
Community. 
W91-04369  5B 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W9 1-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W91-04457  5F 

Air  Toxics  Project  Studies  Health  Risks  from 

Wastewater  Treatment  Plant  Emissions. 

W9 1-04597  5D 

PUBLIC  LANDS 

Economics    of    Reducing    Colorado    Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04197  6C 

PUBLIC  OPINION 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method. 
W91-04179  6A 

PUBLIC  PARTICIPATION 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method. 
W91-04179  6A 

PUBLIC  POLICY 

California's      Proposition      65:      Extrapolating 

Animal  Toxicity  to  Humans. 

W9 1-04008  6E 

Consumptive  Use  Estimates  in  Regional  Policy 

Research. 

W91-04228  6D 

Florida's  Reuse  Program  Paves  the  Way. 

W9 1-04822  5D 


PUBLIC  RELATIONS 

Keeping  Your  Neighbor  Happy. 
W9 1-04374 


5F 


PUBLIC  UTILITY  DISTRICTS 

Automated     Mapping     for     Alabama     Sewer 

System. 

W91-04116  5D 

PUERTO  RICO 

Suspended-Sediment   Data   in    the   Upper   Rio 
Grande  De  Loiza  Basin,  Puerto  Rico. 
W91-O4640  2H 


PULP  AND  PAPER  INDUSTRY 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W9 1-04699  5D 

Biologically     Intensified     Filtration     Processes 
(Dry  Bed  Filter)  for  an  Efficient  Effluent  Im- 
provement of  Wastewater  Treatment  Plants:  Ap- 
plications. 
W9 1-04704  5D 

PULP  WASTES 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-O4150  5B 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated   Hydrocarbons,  Dibenzofurans  and 
Dibenzo-p-dioxins  in   Bream  (Abramis  brama) 
From  the  River  Elbe. 
W91-04250  5B 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W9 1-04571  5C 

Biotransformation  Activities  of  Feral  Fish  in 
Waters  Receiving  Bleached  Pulp  Mill  Effluents. 
W91-04631  5A 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

PUMPAGE 

Ground-Water  Pumpage  and  Water-Level  De- 
clines in  the  Peedee  and  Black  Creek  Aquifers  in 
Onslow  and  Jones  Counties,   North  Carolina, 
1900-86. 
W91-O4901  2F 

PUMPING 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-O4180  6C 

PUMPING  PLANTS 

Pumping  Station  Rehabilitation  with  Submersi- 
ble Pumps  Saves  O&M  costs. 
W9 1-04607  5D 

PUMPING  RATES 

Finite  Hydraulic  Conductivity  Effects  on  Opti- 
mal Groundwater  Pumping  Rates. 
W91-04914  6D 

PUMPING  TESTS 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical  Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 


Systematized  Drillstem  Test. 
W9 1-04920 


2F 


PUMPS 

Numerical  Analysis  of  Complex  Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

Pumping  Station  Rehabilitation  with  Submersi- 
ble Pumps  Saves  O&M  costs. 

W9 1-04607  5D 


PYRETHRINS 

Acute  Toxicity  of  Isomers  of  the  Pyrethroid 
Insecticide  Deltamethrin  and  Its  Major  Degra- 
dation Products  to  Daphnia  magna. 
W91-04149  5C 

QUALITY  ASSURANCE 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 

W91-04753  5A 

QUALITY  CONTROL 

Quality  Assurance  in  Analysis  of  Environmental 

Matrices  for  PCDDs  and  PCDFs. 

W9 1-04276  5  A 

Quality  Assurance/Quality  Control  Assessment 
for   a   Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W91-04277  5B 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W91-04278  5A 

QUEBEC 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W91-04271  5B 

QUTNOXALTNE 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W91-04385  5F 

RADAR 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W9 1-03947  7B 


Simulating  Test  for  Soil  Moisture  Sensing. 
W9 1-03961 


7B 


Observations  on  the  Effect  of  Geometric  Prop- 
erties of  Agricultural  Soils  on  Radar  Backscat- 
ter,  from  C-SAR  Images. 
W91-03965  7B 

Note  on  the  Attenuation  of  Surface  Gravity 

Waves  by  Rainfall. 

W9 1-04298  2L 

Small  Time  and   Space   Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W91-04431  7A 

RADIOACITVE  TRACERS 

Oxidation  and  Reduction  of  Radiolabeled  Inor- 
ganic Sulfur  Compounds  in  an  Estuarine  Sedi- 
ment, Kysing  Fjord,  Denmark. 
W91-04155  2K 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 

RADIOACTIVE  WASTE  DISPOSAL 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W9 1-04261  5E 

Swedish  Final  Repository  and  the  Possible  Risk 

of  Interactions  by  Microbial  Activities. 

W9 1-04262  5E 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1-04264  5E 


SU-73 


RADIOACTIVE  WASTE  DISPOSAL 


SUBJECT  INDEX 


Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States 
W91-04855  5E 

RADIOACTIVE  WASTES 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

Diffusion  in  the  Matrix  of  Granitic  Rock:  Field 

Test  in  the  Strip  a  Mine. 

W91-04137  5E 

Review  of  Biotechnology  Applications  to  Nu- 
clear Waste  Treatment. 
W91-04159  5E 

Meteorological  Factors  Influencing  the  Radio- 
active Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

Desorption  Kinetics  and  Mobility  of  Some  Ra- 
dionuclides in  Sediments. 
W9 1-04776  5B 

RADiOAcnvrrv 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W9 1-04624  5B 

Radioactive  Fallout  Reconstruction  from  Con- 
temporary   Measurements    of   Reservoir    Sedi- 
ments. 
W9 1-04775  5B 

RADIOACTIVITY  TECHNIQUES 

Use   of  Dimethyl    Sulfoxide   as   Solubilization 

Agent  in  the  Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W91-04285  5A 

RADIOISOTOPES 

Biosorption  of  Radionuclides  by  Fungal   Bio- 
mass. 
W91-04156  5D 

Desorption  Kinetics  and  Mobility  of  Some  Ra- 
dionuclides in  Sediments. 
W9 1-04776  5B 

RADIOMETRY 

Quantitative   Remote   Detection  of  Suspended 
Sediment  Content  and  Chlorophyll  Concentra- 
tion of  Water  in  Different  Depths. 
W91-03949  7B 

Optical  Properties  of  Seawater  Bodies:  Measure- 
ments with  an  Underwater  Radiometer  and  a 
High-Resolution  Spectroradiometer. 
W9 1-03950  7B 

Impact  of  Multiviewing  Reflectance  Data  on  the 
Estimation  of  Suspended  Sediment  Concentra- 
tion. 
W91-03951  7B 

Monitoring  Offshore  Water  Quality  from  Space. 
W91-03953  7B 

Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W9 1-03962  7B 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition  and   Processing   System   for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

Estimating  Evaporation  from  Pasture  Using  In- 
frared Thermometry:  Evaluation  of  a  One-Layer 
Resistance  Model. 
W9 1-04487  2D 


Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W91-04491  2G 

RADIUM 

Evaluating  Ion  Exchange  for  Removing  Radium 

from  Groundwater. 

W9 1-03975  5F 

RADIUM  RADIOISOTOPES 

Evaluating  Ion  Exchange  for  Removing  Radium 

from  Groundwater. 

W9 1-03975  5F 

RADON 

Radon-Removing  it  from  Groundwater. 
W91-04115  5F 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W91-04624  5B 

Continuous  and  Passive  Environmental  Radon 
Monitoring:  Measuring  Methods  and  Health  Ef- 
fects (Jan  75~Jul  89). 
W9 1-04654  5  A 

Radon    in    the    Human    Body    from    Drinking 

Water. 

W91-04777  5B 

RADON  RADIOISOTOPES 

Radon-Removing  it  from  Groundwater. 
W91-04115  5F 

Naturally  Occurring  Radon  222  as  a  Tracer  for 
Streamflow  Generation:  Steady  State  Methodol- 
ogy and  Field  Example. 
W9 1-04934  2E 

RAIN  FORESTS 

Relative    Drought   Resistance   of  Tristaniopsis 
laurina  and  Acmena  smithii  from  Riparian  Warm 
Temperate  Rainforest  in  Victoria. 
W9 1-04054  21 

Flood  Resistance  of  Tristaniopsis  laurina  and 
Acmena  smithii  from  Riparian  Warm  Temperate 
Rainforest  in  Victoria. 
W91-O4055  21 

Rainfall  Interception  in  Two  Tropical  Montane 

Rain  Forests,  Colombia. 

W91-O4101  21 

RAIN  GAGES 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

Small   Time   and   Space   Measurements   of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W91-04431  7A 

Spatial  Variation  of  Rainfall  Intensities  for  Short 

Duration  Storms. 

W9 1-04806  2B 

RAINFALL 

Note   on   the   Attenuation   of  Surface   Gravity 

Waves  by  Rainfall. 

W9 1-04298  2L 

Frequency-Wavenumber   Spectrum   for  GATE 

Phase  I  Rainfields. 

W9 1-04432  2B 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W9 1-04504  3F 

Spatial  Variation  of  Rainfall  Intensities  for  Short 

Duration  Storms. 

W9 1-04806  2B 


RAINFALL  DISTRIBUTION 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

Meteorological  Factors  Influencing  the  Radio- 
active Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

Small   Time  and   Space   Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W9 1-04431  7  A 

Frequency-Wavenumber  Spectrum  for  GATE 

Phase  I  Rainfields. 

W9 1-04432  2B 

Defining  Homogeneous  Precipitation  Regions 
by  Means  of  Principal  Components  Analysis. 
W9 1-0443  5  2B 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W9 1-04547  2B 

Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

Spatial  Variation  of  Rainfall  Intensities  for  Short 

Duration  Storms. 

W9 1-04806  2B 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

RAINFALL  IMPACT 

Effect  of  Antecedent  Soil  Moisture  on  Splash 
Detachment  Under  Simulated  Rainfall. 
W91-O4800  2J 

RAINFALL  INTENSITY 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W9 1-04547  2B 

Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

Effect  of  Antecedent  Soil  Moisture  on  Splash 

Detachment  Under  Simulated  Rainfall. 

W9 1-04800  2J 

Spatial  Variation  of  Rainfall  Intensities  for  Short 

Duration  Storms. 

W9 1-04806  2B 

RAINFALL  RATE 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

Hybrid  Model  for  Forecasting  Daily  Rainfall. 
W91-04127  2B 

Small   Time  and   Space   Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W91-04431  7A 

RAINFALL-RUNOFF  RELATIONSHIPS 

Finite  Element  Watershed   Modeling:  One-Di- 
mensional Elements. 
W91-03993  2E 


SU-74 


SUBJECT  INDEX 


REMOTE  SENSING 


I 


Role  of  Hypsometry  and  Planform  in  Basin  Hy- 

drologic  Response. 

W9 1-04 105  2E 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in   a   Partially    Forested    Catchment    in 
Southern  Chile. 
W91-04118  4C 

Analytically  Derived  Runoff  Models  Based  on 

Rainfall  Point  Processes. 

W91-04120  2E 

Rationale  for  Old  Water  Discharge  Through 
Macropores  in  a  Steep,  Humid  Catchment. 
W91-04136  2G 

Hillslope  Parameter  Estimation  Using  the  In- 
verse Procedure. 
W9 1-04405  2E 

Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W9 1-04406  2E 

Effects  of  Urbanization  on  Peak  Streamflows  in 

Four  Connecticut  Communities,  1980-84. 

W9 1-04464  4C 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

Hydrogeochemical  Response  of  a  Foiested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W91-O4930  2E 

Streamflow  Generation  Processes:  An  Austral 

View. 

W9 1-04931  2E 

RAINFALL  SIMULATORS 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W91-04547  2B 

Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

RAINSTORMS 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

RECHARGE 

Recharge  Processes  During  Snowmelt:  An  Iso- 
topic  and  Hydrometric  Investigation. 
W91-O4103  2F 

Solute  and  Heat  Transport  Experiments  for  Esti- 
mating Recharge  Rate. 
W91-04390  2F 

RECIRCULATED  WATER 

Cooling  Water  Treatment  with  Ozone. 
W91-04379  5F 

RECLAIMED  WATER 

Realizing  the  Benefits  of  Water  Reuse  in  Devel- 
oping Countries. 
W9 1-04604  3C 

U.S.  Water  Reuse:  Current  Status  and  Future 

Trends. 

W9 1-04605  3C 


Irvine  Ranch's  Approach  to  Water  Reclamation. 
W9 1-04821  5D 

Florida's  Reuse  Program  Paves  the  Way. 

W9 1-04822  5D 


From  Brine  to  Sublime. 
W9 1-04847 


3A 


RECREATION 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

RECREATION  FACILITIES 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

RED  TIDE 

Seasonal  Occurrence  of  Autotrophic  Naked 
Nanoflagellates  in  Kiel  Bight,  Western  Baltic. 
W9 1-03984  2L 

REEFS 

Productivity    and    Nutrient    Relationships    in 
Psammophytic     Versus     Epilithic     Forms     of 
Bryopsidales  (Chlorophyta):  Comparisons  Based 
on  a  Short-term  Physiological  Assay. 
W91-04419  2L 

REFLECTANCE 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W9 1-03954  7B 

REFLECTANCE  TECHNIQUES 

Impact  of  Multiviewing  Reflectance  Data  on  the 
Estimation  of  Suspended  Sediment  Concentra- 
tion. 
W91-03951  7B 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W91-03952  7B 

Monitoring  Offshore  Water  Quality  from  Space. 
W91-03953  7B 

REFORESTATION 

Groundwater  Response  to  Reforestation  in  the 

Darling  Range  of  Western  Australia. 

W9 1-04398  4C 

REGIONAL  ANALYSIS 

Relationships   in    Regional    Groundwater   Dis- 
charge to  Streams:  An  Analysis  by  Numerical 
Simulation. 
W9 1-04400  2  A 

Maps  of  Flood   Statistics  for  Regional   Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 

REGIONAL  AQUIFER  SYSTEM  ANALYSIS 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

Salt-Dome  Locations  in  the  Gulf  Coastal  Plain, 

South-Central  United  States. 

W91-04880  2F 

REGIONAL  DEVELOPMENT 

Regional  Cooperation  in  the  Use  of  Irrigation 
Water:  Efficiency  and  Income  Distribution. 
W91-04436  6C 

Probing  the  Future  of  the  Mediterranean  Basin. 
W9 1-045  56  5G 


REGIONAL  PLANNING 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 


Satellite  Management  and  Joint  Use. 
W9 1-04371 


5F 


REGRESSION  ANALYSIS 

AQUA,  A  Model  to  Evaluate  Water  Deficits 
and  Excesses  in  Tropical  Cropping:  Part  II.  Re- 
gional Yield  Prediction. 
W91-04494  3F 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

REGULATIONS 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W91-03936  5E 

Boards  of  Health  Protection  for  Private  Wells 

and  Groundwater. 

W9 1-03942  5G 

Framework  for  Reshaping  Water  Management. 
W91-04555  6B 

EPA's  Technical  Sludge  Regulations  May  End 

Beneficial  Reuse. 

W9 1-04599  5G 

How  to  Increase  Efficiency  of  Sewage  Plants 

and  Obey  the  Latest  Regulations. 

W9 1-04692  5D 

Operational   Experience   with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W9 1-04697  5D 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W9 1-04785  6G 

REHABILITATION 

Strategy    for    the    Modernization    of    Control 

Equipment. 

W9 1-04427  8C 

Upgrade  of  Procurement  Specifications:  Materi- 
als, Manufacture  and  Setting. 
W9 1-04429  8C 

REMEDIATION 

Can  Contaminated,  Fractured,  Porous  Aquifers 

be  Restored. 

W91-04311  5G 

REMOTE  SENSING 

IGARSS  '88.  Remote  Sensing:  Moving  Towards 

the  21st  Century. 

W9 1-03944  7C 


X-Band  Scatterometry  in  Agriculture. 
W9 1-03945 


7B 


Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W9 1-03946  7B 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W91-03947  7B 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 


SU-75 


3 


I 


REMOTE  SENSING 


SUBJECT  INDEX 


Quantitative   Remote   Detection  of  Suspended 
Sediment  Content  and  Chlorophyll  Concentra- 
tion of  Water  in  Different  Depths. 
W9 1-03949  7B 

Impact  of  Multiviewing  Reflectance  Data  on  the 
Estimation  of  Suspended  Sediment  Concentra- 
tion. 
W91-03951  7B 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W9 1-03952  7B 

Monitoring  Offshore  Water  Quality  from  Space. 
W91-03953  7B 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W91-03954  7B 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W91-03955  7B 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W91-03956  7B 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W91-03957  7B 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

Digital  Elevation  Models  and  Their  Application 

to  Remote  Sensing  of  Water  Resources. 

W9 1-03959  7C 

Simulating  Test  for  Soil  Moisture  Sensing. 

W9 1-03961  7B 

Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W9 1-03962  7B 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing  System  for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W91-03964  7B 

Observations  on  the  Effect  of  Geometric  Prop- 
erties of  Agricultural  Soils  on  Radar  Backscat- 
ter,  from  C-SAR  Images. 
W9 1-03965  7B 

Water  Relations  of  a  Walnut  Orchard:  Simulta- 
neous Measurement  with  Remote  Sensing. 
W9 1-03966  7B 

Snow  Cover-Summer  Monsoon  Rainfall  Over 

Parts  of  Sahel. 

W9 1-03967  7B 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W91-04231  7B 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W91-04233  3F 

Spuds  From  Space:  Using  Remote  Sensing/GIS 

in  Adjudicating  Idaho  Water  Rights. 

W9 1-0423  5  6E 


Small   Time   and    Space   Measurements   of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W9 1-04431  7  A 

Frequency-Wavenumber   Spectrum  for  GATE 

Phase  I  Rainfields. 

W91-04432  2B 

Retrieval  of  Precipitable  Water  from  Observa- 
tions in  the  Split  Window  over  Varying  Surface 
Temperatures. 
W91-04433  2B 

Precipitable  Water  Estimation  from  High-Reso- 
lution Split  Window  Radiance  Measurements. 
W9 1-04434  2B 

Improved  Prospects  for  Estimating   Insolation 
for    Calculating    Regional    Evapotranspiration 
from  Remotely  Sensed  Data. 
W9 1-04490  2D 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W91-04491  2G 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W9 1-04492  2B 

Regional  Surface  Fluxes  From  Remotely  Sensed 

Skin  Temperature  and  Lower  Boundary  Layer 

Measurements. 

W91-04923  2B 

REPRODUCIBILITY 

Effects  of  Acid  Precipitation  on  Reproduction  in 

Birds. 

W91-04774  5C 

REPRODUCTION 

Ecdysteroids  in  Daphnia  magna:  Their  Role  in 
Moulting  and  Reproduction  and  Their  Levels 
Upon  Exposure  to  Cadmium. 
W9 1-0401 3  5C 

REPRODUCTIVE  FAILURE 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-04001  5C 

RESEARCH 

Fiscal  Year  1989  Program  Report  (Mississippi 

Water  Resources  Research  Institute). 

W9 1-04871  9D 

Fiscal   Year    1989   Program    Report   (Alabama 
Water  Resources  Research  Institute). 
W91-04872  9D 

Fiscal  Year  1989  Program  Report  (New  Jersey 

Division  of  Water  Resources). 

W9 1-04873  9D 

Fiscal    Year    1989    Program    Report    (Nevada 

Water  Resources  Research  Institute). 

W9 1-04874  9D 

Fiscal  Year   1989  Program   Report  (California 

Water  Resources  Research  Center). 

W9 1-04875  9D 

Fiscal  Year  1989  Program  Report  (Guam  Water 

and  Energy  Research  Institute). 

W9 1-04876  9D 

Fiscal  Year  1989  Annual  Program  Report  (Indi- 
ana Water  Resources  Research  Center). 
W9 1-04881  9D 

Fiscal  Year  1989  Program  Report  (Maine  Envi- 
ronmental Studies  Center). 
W91-04887  9D 


Fiscal   Year   1989  Program   Report  (Delaware 

Water  Resources  Center). 

W91-04888  9D 

Fiscal  Year  1989  Program  Report  (North  Caroli- 
na Water  Resources  Research  Institute). 
W9 1-04889  9D 

Fiscal    Year    1989   Program    Report   (Missouri 

Water  Resources  Research  Center). 

W9 1 -04890  9D 

Fiscal  Year  1989  Program  Report  (South  Caroli- 
na Water  Resources  Research  Center). 
W9 1-04891  9D 

Fiscal  Year  1989  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W91-04892  9D 

Fiscal   Year   1989   Program   Report  (Michigan 

Institute  of  Water  Research). 

W91-04893  9D 

Fiscal   Year   1989  Program  Report  (Maryland 

Water  Resources  Research  Center). 

W9 1-04894  9D 

Fiscal    Year    1989    Program    Report    (Kansas 

Water  Resources  Research  Institute). 

W9 1-04895  9D 

Fiscal   Year    1989   Program   Report   (Vermont 

Water  Resources  Research  Center). 

W9 1-04896  9D 

Fiscal  Year  1989  Program  Report  (New  York 

State  Water  Resources  Institute). 

W9 1-04897  9D 

Fiscal  Year   1989  Program  Report  (Kentucky 

Water  Resources  Research  Institute). 

W9 1-04898  9D 

Fiscal    Year    1989    Program    Report   (Virginia 

Water  Resources  Research  Center). 

W9 1-04899  9D 

Fiscal  Year  1989  Program  Report  (West  Virgin- 
ia Water  Resources  Research  Institute). 
W9 1-04900  9D 

RESEARCH  PRIORITIES 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W91-04323  5C 

Water    Resources    Research    Grant    Program: 
Project  Descriptions,  Fiscal  Year  1989. 
W91-04858  9D 

Research  Program  of  the  Water  Resources  Re- 
search Institutes,  1989-1990  (FY  1989). 
W9 1-04860  9D 

RESERVOIR  CAPACITY 

Summary  of  Selected  Characteristics  of  Large 

Reservoirs  in  the  United  States  and  Puerto  Rico, 

1988. 

W9 1-04862  7C 

RESERVOIR  COVERS 

Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W9 1-04842  5F 

RESERVOIR  FISHERIES 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W9 1-04593  2H 

RESERVOIR  OPERATION 

Goal-Programming    Techniques    for    Optimal 

Reservoir  Operations. 

W9 1-03994  6A 


SU-76 


SUBJECT  INDEX 


RIVERS 


Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W9 1-04827  6  A 

Managing  a  Lake  for  Water  Control  and  Wet- 
lands Creation. 
W91-04849  4A 

RESERVOIR  RELEASES 

Downstream  Effects  of  a  Small  Impoundment 

on  a  Turbid  River. 

W91-04740  6G 

RESERVOIR  SILTING 

Suspended-Sediment   Data   in   the   Upper   Rio 
Grande  De  Loiza  Basin,  Puerto  Rico. 
W91-O4640  2H 

RESERVOIRS 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W91-03954  7B 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-04016  5B 

Time-  and   Vertical   Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W91-04034  2H 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W91-04234  2D 

Dominant    Phytoplankters   and    Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W91-04312  2H 

Classification  of  Texas  Reservoirs  in  Relation  to 
Limnology  and  Fish  Community  Associations. 
W91-04591  2H 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W9 1-04827  6A 

Taste  and  Odor  Episodes  at  Wachusett  Reser- 
voir. 
W9 1-04840  5F 

Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W9 1-04842  5F 

Summary  of  Selected  Characteristics  of  Large 

Reservoirs  in  the  United  States  and  Puerto  Rico, 

1988. 

W9 1-04862  7C 

RESIDUAL  CHLORINE 

Bromate  Production  in  Chlorinated  Waters:  Re- 
action of  Monochloramine  and  Hypobromite. 
W91-04085  2K 

RESOURCE  MANAGEMENT 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

RESOURCES  DEVELOPMENT 

Planning  Hydroelectric  Developments  in  Argen- 
tina. 
W9 1-04809  8  A 

RESOURCES  MANAGEMENT 

New  Strategies  for  Soil  Conservation. 

W9 1-04561  4D 


Natural  Resource  Accounting  Systems  and  En- 
vironmental Policy  Modeling. 
W9 1-04563  6B 

Public  Water  Supply  Demand  Management-An 

Act  of  Oppression. 

W9 1-04844  6D 

RETENTION  TIME 

Phosphorus  Budget  for  Dal,  a  Himalayan  Lake. 
W9 1-04751  2H 

RETURN  FLOW 

Estimates  of  Consumptive  Use  and  Ground- 
Water  Return  Flow  and  the  Effect  of  Rising  and 
Sustained  High  River  Stage  on  the  Method  of 
Estimation  in  Cibola  Valley,  Arizona  and  Cali- 
fornia, 1983  and  1984. 
W9 1-04465  4B 

REVERSE  OSMOSIS 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W91-04321  5D 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

REVIEWS 

Soil   Organic   Matter,   Air   Encapsulation   and 

Water-Stable  Aggregation. 

W91-03988  2G 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W9 1-04263  5B 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1-04264  5E 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

Upgrading  Wastewater  Treatment  Plants  for  Bi- 
ological Nutrient  Removal. 
W9 1-04665  5D 

RHODE  ISLAND 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

Fiscal  Year  1989  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W9 1-04892  9D 

RICE 

Sprinkler  vs.  Flood  Irrigation  in  Traditional 
Rice  Production  Regions  of  Southeast  Texas. 
W9 1-04502  3F 

Effects   of  Nitrogen   and   Water   Management 
Practices  on  Yield,  Grain  Quality,  and  Milling 
Out-Turn  of  Rice. 
W91-04538  3F 

RIO  CHAMA 

Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

RIO  DE  LA  PLATA 

Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 
by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 


(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulaires  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2J 

RIO  GRANDE  DE  LOIZA 

Suspended-Sediment    Data   in   the   Upper   Rio 

Grande  De  Loiza  Basin,  Puerto  Rico. 

W9 1-04640  2H 

RIPARIAN  LAND 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

RIPARIAN  VEGETATION 

Relative   Drought    Resistance   of  Tristaniopsis 
laurina  and  Acmena  smithii  from  Riparian  Warm 
Temperate  Rainforest  in  Victoria. 
W9 1-04054  21 

Flood  Resistance  of  Tristaniopsis  laurina  and 
Acmena  smithii  from  Riparian  Warm  Temperate 
Rainforest  in  Victoria. 
W9 1-04055  21 

RISK  ASSESSMENT 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Risk-Efficient  Irrigation  Strategies  for  Wheat. 
W9 1-04437  3F 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

Use  of  Biodegradation  Data  in  Chemical  Assess- 
ment. 
W9 1-04628  5B 

RIVER  BEDS 

New      Numerical/Physical      Framework      for 
Mobile-Bed  Modelling,  Part  I:  Numerical  and 
Physical  Principles. 
W9 1-04303  2  J 

RD7ER  FISHERIES 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 

RIVER  FORECASTING 

River  Flow  Forecasting  System  with  Data  Man- 
agement, Graphical  River  Network  Control  and 
Interactive  Operation. 
W9 1-04804  2E 

RIVER  MOUTH 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W91-04633  2L 

RIVER  SEDIMENTS 

Surface-Based  Bedload  Transport  Relation  for 

Gravel  Rivers. 

W9 1-04304  2  J 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

RIVERS 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

Trace  Metal  Ions  in  Ganga  Water  System. 
W91-04259  2K 


SU-77 


I 


RIVERS 


SUBJECT  INDEX 


Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and   Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W9 1-04446  4C 

Downstream  Effects  of  a  Small  Impoundment 

on  a  Turbid  River. 

W9 1-04740  6G 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1-04795  6G 

Isotopic  Evolution  of  River  Water  in  the  North- 
ern Chile  Region. 
W91-04917  2K 

ROACH 

Biotransformation  Activities  of  Feral  Fish  in 
Waters  Receiving  Bleached  Pulp  Mill  Effluents. 
W9 1-0463 1  5  A 

ROCK  CREEK 

Streamflow  Characteristics  of  Small  Tributaries 
of  Rock  Creek,  Milk  River  Basin,  Montana,  Base 
Period  Water  Years  1983-1987. 
W9 1-04634  2E 

RODENTS 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W9 1-04623  5B 

ROOT  ZONE 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W9 1-04504  3F 

ROUND-ROBIN  TESTS 

Water  Round   Robin   for  Parts-Per-Quadrillion 
Determination  of  PCDDs  and  PCDFs. 
W91-04279  5D 

ROUTING 

Role  of  Hypsometry  and  Planform  in  Basin  Hy- 

drologic  Response. 

W91-O4105  2E 

Approximation  for  the  Bank  Storage  Effect. 
W91-O4130  2E 

Surface-Water   Containment   Routing   Using   a 

Digital  Stream  Information  System. 

W91-04185  5B 

Analytical  Representation  of  Cross-Section  Hy- 
draulic Properties. 
W91-04389  2E 

RUNOFF 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-04004  5B 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in    a    Partially    Forested    Catchment    in 
Southern  Chile. 
W91-04118  4C 

Ablation  of  Avalanched  and  Undisturbed  Snow, 

Himalaya  Mountains,  Pakistan. 

W91-04129  2C 

Rationale   for  Old   Water   Discharge   Through 
Macropores  in  a  Steep,  Humid  Catchment. 
W91-04136  2G 

Climate    Change    and    Changes    in    California 

Snowmelt-Runoff  Patterns. 

W91-042I5  2B 

Hillslope   Parameter   Estimation   Using  the   In- 
verse Procedure. 
W9 1-04405  2E 


Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W9 1-04406  2E 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 
sponse to  Changes  in  River  Runoff  and  Water 
Turbulence. 
W91-04412  2L 

Urban  Stormwater:  An  Overview  for  Munici- 
palities. 
W9 1-04848  5B 

Preferential  Flow  and  the  Generation  of  Runoff: 

1.  Boundary  Layer  Flow  Theory. 

W9 1-04933  2E 

RUNOFF  FORECASTING 

Ablation  of  Avalanched  and  Undisturbed  Snow, 

Himalaya  Mountains,  Pakistan. 

W91-04129  2C 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W9 1-04354  2E 

Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W9 1-04406  2E 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

RURAL  AREAS 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W9 1-04546  5B 

SACRAMENTO  RIVER 

Base-Flow    Investigation    on    the    Sacramento 
River,  September  25,  1985,  Near  Sunspot,  Otero 
County,  New  Mexico. 
W91-04475  7C 

SAGUENAY  FJORD 

Dissolved  Arsenic  in  the  St.  Lawrence  Estuary 

and  the  Saguenay  Fjord,  Canada. 

W91-04519  5B 

SAHARA 

Groundwater    Resources   Development    in    the 

Eastern  Sahara. 

W9 1-04391  4B 

SAHEL 

Exploiting    Rainy    Season    Potential    from    the 

Onset  of  Rains  in  the  Sahelian  Zone  of  West 

Africa. 

W9 1-04488  3F 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W9 1-04492  2B 

SALINE-FRESHWATER  INTERFACES 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 


Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W9 1-04633  2L 

SALINE  GROUNDWATER 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W91-O4040  5C 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-O4107  2F 

SALINE  SOILS 

Growth  Responses,  Ion  Relations,  and  Osmotic 
Adaptations  of  Eleven  C4  Turfgrasses  to  Salini- 
ty- 
W9 1-04508  3C 

Localized  Field  Irrigation  Efficiencies  from  Soil 

Salinity  Samples. 

W9 1-04541  3F 

Salt  of  the  Earth:  Secondary  Soil  Salinization  in 

the  Australian  Wheat  Belt. 

W91-04557  3C 

Growth    Response    of    Phaseolus    vulgaris    to 

Varying  Salinity  Regimes. 

W9 1-04559  3C 

Leaching  of  a  Highly  Saline-Sodic  Soil  in  South- 
ern Alberta:  A  Laboratory  Study. 
W9 1-045  86  3C 

SALINE  WATER 

Groundwater  Response  to  Reforestation  in  the 
Darling  Range  of  Western  Australia. 
W91-04398  4C 

Soil  Salinity:  Irrigation  Practices  and  Effects  on 

Crops  and  Ground  Water  (Jan  77-- Jul  89). 

W9 1-04649  3C 

Waste  Water  Treatment  Using  Saline  Cultures 

of  Microalgae. 

W9 1-04762  5D 

Electrosorption:  A  Case  Study  on  Removal  of 

Dilute  Organics  from  Water. 

W9 1-04769  5D 

SALINE  WATER  CONTROL 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W91-04040  5C 

SALINE  WATER  INTRUSION 

Application  of  Factor  Analysis  to  the  Hydrc- 

geochemical  Study  of  a  Coastal  Aquifer. 

W9 1-04397  2F 

SALINITY 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W91-O4O40  5C 

Economics    of    Reducing    Colorado    Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04197  6C 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W91-04386  4C 

Physical  Characteristics  of  the  Bahia  Blanca  Es- 
tuary (Argentina). 
W91-04415  2L 

Soil  Salinity:  Irrigation  Practices  and  Effects  on 

Crops  and  Ground  Water  (Jan  77-Jul  89). 

W9 1-04649  3C 


SU-78 


SUBJECT  INDEX 


SAUDI  ARABIA 


SALINIZATION 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W9 1-04386  4C 

SALMON 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W9 1-04590  5B 

SALMONELLA 

Efficiency  of  Rotating  Biological  Contactor  in 

Removing  Pathogenic  Bacteria  from  Domestic 

Sewage. 

W9 1-04042  5D 

SALT  DOMES 

Salt-Dome  Locations  in  the  Gulf  Coastal  Plain, 

South-Central  United  States. 

W91-O4880  2F 

SALT  REJECTION 

Dynamically   Formed   hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Poly(acrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W91-04313  3A 

SALT  STRESS 

Growth    Response    of   Phaseolus    vulgaris    to 

Varying  Salinity  Regimes. 

W91-04559  3C 

SALT  TOLERANCE 

Growth  Responses,  Ion  Relations,  and  Osmotic 
Adaptations  of  Eleven  C4  Turfgrasses  to  Salini- 
ty 
W9 1-04508  3C 

Growth    Response    of   Phaseolus    vulgaris    to 

Varying  Salinity  Regimes. 

W91-04559  3C 

SAMPLE  PREPARATION 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 

Comparative  Evaluation  of  Soxhlet  and  Sonica- 
tion  Extraction  in  the  Determination  of  Polynu- 
clear  Aromatic  Hydrocarbons  in  Soil. 
W9 1-04251  5  A 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W9 1-04255  5  A 

Preparation  of  Benthic  Substrates  for  Sediment 

Toxicity  Testing. 

W9 1-04748  5  A 

SAMPLERS 

Validation  Studies  of  an  Automated  Preconcen- 
tration Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

SAMPLING 

Seasonal  Occurrence  of  Autotrophic  Naked 
Nanoflagellates  in  Kiel  Bight,  Western  Baltic. 
W91-03984  2L 

Real-Time  Sampling  Strategies  for  Estimating 

Nutrient  Loadings. 

W9 1-03989  5  A 

Sampling  Network  Design  for  Transport  Param- 
eter Identification. 
W9 1-03991  7  A 

At-a-Point  Bed  Load  Sampling  in  the  Presence 

of  Dunes. 

W91-04125  2J 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 


Three  Computerized,   Stratified   Random  Site- 
Selection   Methods  for   Design   of  a  Ground- 
Water-Quality  Sampling  Network. 
W91-04470  7A 

Taxonomic  Level  and  Sample  Size  Sufficient  for 
Assessing   Pollution   Impacts  on  the  Southern 
California  Bight  Macrobenthos. 
W9 1-04721  5C 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

SAN  JOAQUIN  VALLEY 

Selenium    and    Other    Elements    in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W9 1-04577  5B 

Protein-Mediated    Selenium    Biomethylation   in 

Evaporation  Pond  Water. 

W9 1-04744  5B 

SAN  PEDRO  RIVER 
Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

SAND  FILTERS 

Use  of  Air  Water  Backwash  Systems:  An  Over- 
view. 
W91-04375  5F 

Theory  and  Performance  of  a  Jet-Mixed  Separa- 
tor. 
W9 1-04757  5F 

SAND  WAVES 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W91-03955  7B 

SANDPITS 

Pintail,  Anas  acuta,  Use  of  Man-made  Ponds  in 

Quebec. 

W9 1-04058  6G 

SANDSTONES 

Matrix-Controlled  Hydraulic  Properties  of  Mis- 
sissippian  and  Pennsylvanian  Sandstones  from 
the  Michigan  Basin. 
W9 1-04639  2F 

SANITARY  ENGINEERING 

Troubleshooting  an  Existing  Treatment  Plant. 
W9 1-04373  5F 

SANITARY  LANDFILLS 

Factors  Influencing  the  Chemical  Characteris- 
tics of  Landfill  Leachates. 
W91-04319  5B 

SANITATION 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W9 1-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W9 1-04457  5F 

SAPROLITE 

Effects  of  Foliation  on  the  Hydrologic  Proper- 
ties of  Piedmont  Saprolite. 
W9 1-04885  2F 


SARGASSUM 

Canopy  Characteristics  of  the  Brown  Alga  Sar- 
gassum  muticum  (Fucales,  Phaeophyta)  in  Lake 
Grevelingen,  southwest  Netherlands. 
W91-04421  2L 

SASKATCHEWAN 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W9 1-04549  3F 

SATELLITE  TECHNOLOGY 

IGARSS  '88.  Remote  Sensing:  Moving  Towards 

the  21st  Century. 

W9 1-03944  7C 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 

Data  Processing  for  the  Determination  of  Pig- 
ments  and   Suspended    Solids   from   Thematic 
Mapper  Data. 
W9 1-03952  7B 

Monitoring  Offshore  Water  Quality  from  Space. 
W91-03953  7B 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W9 1-03954  7B 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W91-03955  7B 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W91-03956  7B 

Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W9 1-03962  7B 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W9 1-03964  7B 

Snow  Cover-Summer  Monsoon  Rainfall  Over 

Parts  of  Sahel. 

W9 1-03967  7B 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W91-04234  2D 

SATURATED  FLOW 

Design   and   Application   of  a  Constant   Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-O4102  7B 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W9 1-04396  5B 

Propagation  of  a  Wave  Packet  on  a  Free  Surface 

Within  a  Saturated  Porous  Layer. 

W9 1-04402  2F 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

SAUDI  ARABIA 

Flushing  of  a  Coastal  Lagoon  in  the  Red  Sea. 
W91-04417  2L 

SU-79 


SCALLOPS 


SUBJECT  INDEX 


SCALLOPS 

Heavy  Metals  in  the  Antarctic  Scallop  Adamus- 

m urn  colbecki. 

W9 1-04002  5B 


SCATTEROMETRY 

X  Band  Scatterometry  in  Agriculture. 
W9 1-03945 


7B 


SCHELDT  ESTUARY 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and   in   Different    Planktonic   Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W9 1-04027  5B 

SCHISTOSOMIASIS 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W9 1-04366  5B 

SCHOHARIE  CREEK 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York  State,  with  Flood  Profiles  of  Schoharie 

Creek. 

W9 1-04645  2E 

SCOTLAND 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W91-04327  5B 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 

Sediment   Movement   in  Combined   Sewers  in 

Dundee. 

W91-04358  5D 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W91-04425  8A 

SCULPIN 

Status  of  the  Fourhorn  Sculpin,  Myoxocephalus 

quadricornis,  in  Canada. 

W91-04088  5C 

Status  of  the  Spoonhead  Sculpin,  Cottus  ricei,  in 

Canada. 

W9 1-04089  5C 

SCUM 

Past  Practices  and  New  Approaches  in  Scum 

Management. 

W9 1-04602  5G 

SEA  LEVEL 

Current  and  Sea  Level  Variability  in  the  Chesa- 
peake and  Delaware  Canal. 
W9 1-04297  2L 

Sea  Level  Rise  and  Fringe  Wetlands  in  North 
Carolina:  Recommendations  from  a  Workshop 
on  Management  and  Research. 
W91-04512  2L 

SEA  MUSSELS 

Cadmium    Bioavailability    to    Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

SEALANTS 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleizatior.   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 


Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:   II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

SEALS 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,   and   Zinc   in   the  Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from   Different 
Marine  Regions. 
W9 1-04247  5B 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W9 1-04520  5B 

SEASONAL  VARIATION 

Seasonal  Abundances  of  Planktonic  Ciliates  and 

Microflagellates  in  Mesohaline  Chesapeake  Bay 

Waters. 

W9 1-03982  2L 

Seasonal  Occurrence  of  Autotrophic  Naked 
Nanoflagellates  in  Kiel  Bight,  Western  Baltic. 
W9 1-03984  2L 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 

Seasonal  Changes  of  Water  Temperature  and 
Chlorophyll  Concentration  in  Lake  O-ike. 
W91-04534  2H 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter   Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W9 1-04702  5D 

SEATTLE 

Operating  the  Seattle  Water  System  during  the 

1987  Drought. 

W9 1-03974  3D 

SEAWATER 

Settling   Speed  of  Floes  in  Fresh  Water  and 

Seawater. 

W9 1-04296  2J 

SECONDARY  WASTEWATER 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-04510  3C 

SEDIMENT  ANALYSIS 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W9 1-04254  5B 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5  A 

Analysis  of  Dated  Sediment  Samples  from  the 

Newark  Bay  Area  for  Selected  PCDD/Fs. 

W9 1-04292  5B 

SEDIMENT  CHEMISTRY 

Assessment   of  Metal   Contamination   of  Sedi- 
ments in  the  Humber  Estuary,  U.K. 
W9 1-03979  5B 

Denitrification   and    Photosynthesis   in    Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W9 1-03999  2H 


Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and    in    Different    Planktonic    Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W9 1-04027  5B 

Estuary  Sediments  of  the  Yoshino  River-Study 

on  Estuary  Sediments,  Part  2. 

W9 1-04439  2L 

SEDIMENT  CONCENTRATION 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

SEDIMENT  CONTAMINATION 

Dissimilatory  Selenate  Reduction  Potentials  in  a 

Diversity  of  Sediment  Types. 

W91-04066  5B 

PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

Toxicity    of    Sewage-Contaminated    Sediment 
Cores   to   Macrocystis   pyrifera   (Laminanales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W9 1-04523  5B 

Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W91-04576  5B 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
K  ester  son  Reservoir,  California,  1984. 
W91-04613  5B 

Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W91-04617  5C 

Cadmium    Bioavailability    to   Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

Sediment-Contact   Bioassay   with   Photobacter- 

ium  phosphoreum. 

W9 1-04626  5  A 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

Bioturbation:    A    Facilitator    of    Contaminant 

Transport  in  Bed  Sediment. 

W9 1-04765  5B 

Radioactive  Fallout  Reconstruction  from  Con- 
temporary   Measurements    of   Reservoir    Sedi- 
ments. 
W91-04775  5B 

Desorption  Kinetics  and  Mobility  of  Some  Ra- 
dionuclides in  Sediments. 
W9 1-04776  5B 

SEDIMENT  DISCHARGE 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

SEDIMENT  LOAD 

Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 


SU-80 


SUBJECT  INDEX 


SELECTIVE  MEDIA 


by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulaires  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W91-04805  2J 

SEDIMENT  SORTING 

Experimental  Study  of  the  Effect  of  Bed  Grain 
Roughness  on  Sediment  Sorting  by  Entrainment. 
W91-04316  2J 

SEDIMENT  TRANSPORT 

Collection  and  Analysis  of  Colloidal  Particles 
Transported  in  the  Mississippi  River,  U.S.A. 
W91-04030  5B 

Modeling  of  Strontium  Sorption  and  Speciation 
in  a  Natural  Sediment-Ground  water  System. 
W91-04032  5B 

At-a-Point  Bed  Load  Sampling  in  the  Presence 

of  Dunes. 

W91-04125  2J 

Trace  Metal  Ions  in  Ganga  Water  System. 

W9 1-04259  2K 

New     Numerical/Physical      Framework      for 
Mobile-Bed  Modelling,  Part  I:  Numerical  and 
Physical  Principles. 
W9 1-04303  2J 

Surface-Based  Bedload  Transport  Relation  for 

Gravel  Rivers. 

W9 1-04304  2J 

Experimental  Study  of  the  Effect  of  Bed  Grain 
Roughness  on  Sediment  Sorting  by  Entrainment. 
W91-04316  2J 

Quality    of   Sewage    Flows   and    Sediment    in 

Dundee. 

W91-04327  5B 

Characterization    of    Solids    Transferred    into 
Sewer  Trunks  during  Wet  Weather. 
W91-O4350  5D 

Sediment  in  Sewers:  Initiation  of  Transport. 
W91-04351  5D 

Sewer  Sediment  and  Its  Relation  with  the  Qual- 
ity Characteristics  of  Combined  Sewer  Flows. 
W91-04352  5D 

Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  13  in  Marseille. 

W91-04353  5D 

Sediment  Movement   in   Combined   Sewers  in 

Dundee. 

W91-04358  5D 

Tidal  Velocity  Asymmetries  and  Bedload  Trans- 
port in  Shallow  Embayments. 
W9 1-04459  2J 

Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 
by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulaires  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2J 

Data  that  Described  At-a-Point  Temporal  Vari- 
ations in  the  Transport  Rate  and  Particle-Size 
Distribution  of  Bedload-East  Fork  River,  Wyo- 
ming, and  Fall  River,  Colorado. 
W9 1-04879  2J 


SEDIMENT-WATER  INTERFACES 

Fluxes  of  Oxygen   Equivalents  and   Nutrients 
across  the  Sediment- Water  Interface  after  Com- 
bined Sewer  Overflows. 
W91-04336  5B 

SEDIMENTARY  BASINS 

Model  for  Compaction  of  Sedimentary  Basins. 
W91-04835  2F 

SEDIMENTATION 

Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-O4110  2J 

Settling  Speed  of  Floes  in  Fresh  Water  and 

Seawater. 

W9 1-04296  2J 

Sediment  Movement   in   Combined   Sewers  in 

Dundee. 

W91-04358  5D 

Erosion  and  Sediment  Control,  the  Maryland 

Way. 

W91-04852  4D 

SEDIMENTATION  BASINS 

Dosage  Control  for  a  Higher  Efficiency  of  the 

Separation  Process. 

W9 1-04686  5D 

SEDIMENTATION  RATES 

Settling  Speed  of  Floes  in  Fresh  Water  and 

Seawater. 

W9 1-04296  2J 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W91-O4330  5B 

SEDIMENTS 

Sorption  of  Organic  Acid  Compounds  to  Sedi- 
ments: Initial  Model  Development. 
W91-04144  5B 

Iron  Transport  and  Distribution  between  Fresh- 
water   and    Sediments    over    Different    Time 
Scales. 
W91-04154  2H 

Results   from  the  First   Year  of  the   Swedish 

Dioxin  Survey. 

W91-04289  5B 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W91-O4290  5B 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 

Analysis  of  Dated  Sediment  Samples  from  the 

Newark  Bay  Area  for  Selected  PCDD/Fs. 

W9 1-04292  5B 

Experimental  Study  of  the  Effect  of  Bed  Grain 
Roughness  on  Sediment  Sorting  by  Entrainment. 
W91-04316  2J 

Sewer  Sediment  and  Its  Relation  with  the  Qual- 
ity Characteristics  of  Combined  Sewer  Flows. 
W9 1-04352  5D 

Estuary  Sediments  of  the  Yoshino  River-Study 

on  Estuary  Sediments,  Part  2. 

W9 1-04439  2L 

Artificial  Sediments  for  Use  in  Tests  with  Wet- 
land Plants. 
W91-04453  2J 


Distribution  and  Composition  of  Suspended  Par- 
ticulate Material  in  the  Clyde  Estuary  and  Asso- 
ciated Sea  Lochs. 
W9 1-04460  2L 

Microbial   Manganese  Reduction  Mediated  by 
Bacterial   Strains   Isolated   from  Aquifer  Sedi- 
ments. 
W9 1-04726  2K 

Preparation  of  Benthic  Substrates  for  Sediment 

Toxicity  Testing. 

W9 1-04748  5  A 

SEEDS 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W9 1-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W9 1-04566  3F 

SEEPAGE 

Groundwater-Lake  Interactions:  I.  Accuracy  of 
Seepage  Meter  Estimates  of  Lake  Seepage. 
W91-04393  7B 

Groundwater-Lake  Interactions:  II.  Nearshore 
Seepage    Patterns    and    the    Contribution    of 
Ground  Water  to  Lakes  in  Central  Alberta. 
W9 1-04394  2F 

Examination  of  Computed  Steady-State  Water- 

Table  Heights  in  Unconfined  Aquifers:  Dupuit- 

Forchheimer   Estimates   and   Exact   Analytical 

Results. 

W9 1-04399  2F 

SEEPAGE  CONTROL 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization  and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:  II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

SEEPAGE  SPRINGS 

Hydrology    of   a    Headwater    Basin    Wetland: 
Groundwater  Discharge  and  Wetland  Mainte- 
nance. 
W91-04106  2H 

SEINE  RIVER 

Bacterial  Heterotrophic  Activity  in  the  River 
Seine:  Tritiated  Thymidine  and  Leucine  Incor- 
poration Profiles  (Activite  Bacterienne  Hetero- 
trophe  dans  la  Seine:  Profils  d'Incorporation  de 
Thymidine  et  de  Leucine  Tritiees). 
W91-04837  5C 

SEISMIC  EXPLORATION 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic     Features    Beneath    New    River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

SEISMIC  PROPERTIES 

Estimation    of   Embankment    Dam    Settlement 

Caused  by  Earthquake. 

W91-O4810  8E 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-04811  8A 

SELECTIVE  MEDIA 

Selective  Medium  for  Isolation  of  Mycoleptodis- 

cus  terrestris  from  Soil  Sediments  of  Aquatic 

Environments. 

W9 1-04063  7B 


J 


SU-81 


SELECTIVE  MEDIA 


SUBJECT  INDEX 


Improved  Membrane  Filtration  Method  Incor- 
porating Catalase  and  Sodium  Pyruvate  for  De- 
tection of  Chlorine-Stressed  Coliform  Bacteria. 
W91-04067  5A 

SELECTIVE  WITHDRAWAL 

Estimation  of  Surface-Water  Withdrawals  for 
Irrigation  and  Irrigated  Acreage,  198S,  Gallatin 
County,  Montana. 
W9 1-04229  3F 

SELENIUM 

Tissue  Distribution  of  Mercury  and  Selenium  in 

Minnows,  Phoxinus  phoxinus. 

W9 1-04025  5B 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

Dissimilatory  Selenate  Reduction  Potentials  in  a 

Diversity  of  Sediment  Types. 

W91-04066  5B 

Toxicity  of  Inorganic  Selenium  to  the  Green 

Alga  Selenastrum  Capricomutum  Printz. 

W9 1-04448  5C 

Selenium    and    Other    Elements    in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W91-04577  5B 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W9 1-04590  5B 

Subchronic  Effects  of  Sodium  Selenite  and  Se- 
lenomethionine on  Several  Immune-Functions  in 
Mallards. 
W91-04612  5C 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

Protein-Mediated    Selenium   Biomethylation   in 

Evaporation  Pond  Water. 

W9 1-04744  5B 

SELENOMETHIONINE 

Subchronic  Effects  of  Sodium  Selenite  and  Se- 
lenomethionine on  Several  Immune-Functions  in 
Mallards. 
W91-04612  5C 

SELF-PURIFICATION 

Modelling  the  Consumption  of  Dissolved  Con- 
taminants by  Biofilm  Periphyton  in  Open-Chan- 
nel Flow. 
W9 1-04082  5B 

SEMI  A  RID  CLIMATES 
Methods  to  Convert  American  Class  A-Pan  and 
Symon's  Tank  Evaporation  to  That  of  a  Repre- 
sentative Environment. 
W91-04314  2D 

SEMIPERMEABLE  MEMBRANES 

Dynamically   Formed   hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Poly(acrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W91-04313  3A 

SENSnTVTTY  ANALYSIS 

Granite    Weathering    and    the    Sensitivity    of 

Alpine  Lakes  to  Acid  Deposition. 

W9 1-03998  2H 

SENSORS 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 


SEPARATED  SEWERS 

Comparison  of  Overflows  from   Separate  and 
Combined  Sewers-Quantity  and  Quality. 
W91-04326  5D 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

SEPARATION  TECHNIQUES 

Capillary  Zone  Electrophoretic  Separation  of 
Chlorophenols  in  Industrial  Waste  Water  with 
On-Column  Electrochemical  Detection. 
W91-04266  5A 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W9 1-04281  5  A 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W9 1-04282  5  A 

Application    of  a   Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W91-04284  5A 

Use   of  Dimethyl    Sulfoxide   as   Solubilization 
Agent  in  the  Detection  of  2,3,7,8-TCDD  by 
Radioimmunoassay . 
W91-04285  5A 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 

zofurans  in  the  Environment. 

W9 1-04287  5  A 

SEPTIC  TANKS 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W9 1-03937  5B 

Private  Well   Protection  in   Sand   and  Gravel 

Aquifers. 

W9 1-03943  5G 

SERES-1  MODEL 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W9 1-03954  7B 

SESQUTLE  DAM 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-04811  8A 

SETTLEABLE  SOLIDS 

Characterization    of    Solids    Transferred    into 

Sewer  Trunks  during  Wet  Weather. 

W9 1-04350  5D 

SEWAGE  BACTERIA 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 

SEWER  HYDRAULICS 

Sediment  in  Sewers:  Initiation  of  Transport. 
W9 1-04351  5D 

SEWER  SYSTEMS 

Automated     Mapping     for     Alabama     Sewer 

System. 

W91-04116  5D 

Comparison  of  Overflows  from  Separate  and 

Combined  Sewers-Quantity  and  Quality. 

W9 1-04326  5D 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W9 1-04327  5B 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 


Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W9 1-04330  5B 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W9I-04335  5B 

Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

Characterization    of    Solids    Transferred    into 
Sewer  Trunks  during  Wet  Weather. 
W91-04350  5D 

Sediment  in  Sewers:  Initiation  of  Transport. 
W91-04351  5D 

Sewer  Sediment  and  Its  Relation  with  the  Qual- 
ity Characteristics  of  Combined  Sewer  Flows. 
W91-04352  5D 

Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  13  in  Marseille. 

W91-04353  5D 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W9 1-04354  2E 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 

Tracer  Measurements  of  Reaeration  in  Gravity 

Sewers. 

W91-04357  5D 

Sediment   Movement  in  Combined   Sewers  in 

Dundee. 

W91-04358  5D 

Study  of  Trash  and  Trash  Interception  Devices. 
W91-04359  5D 

Interceptor  Design  and  Construction  Consider- 
ations as  Part  of  the  Boston  Harbor  Cleanup. 
W9 1-04594  5D 

Durham  Benefits  from  Collection  System  Instru- 
mentation. 
W9 1-04598  5D 

Pumping  Station  Rehabilitation  with  Submersi- 
ble Pumps  Saves  O&M  costs. 
W9 1-04607  5D 

Sewage   System   Improvement  by  Operational 

Parameters  Research. 

W9 1-04824  5D 

SEWERS 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

Lateral  Installation  and  Maintenance  Consider- 
ations. 
W9 1-04608  5D 

SHRIMP 

Midwater  and  Epibenthic  Behaviors  of  Mysis 
relicta  Loven:  Observations  from  the  Johnson- 
Sea-Link  II  Submersible  in  Lake  Superior  and 
from  a  Remotely  Operated  Vehicle  in  Northern 
Lake  Michigan. 
W91-04113  2H 


SU-82 


SUBJECT  INDEX 


SNOW  ACCUMULATION 


SILICATES 

How  to  Increase  Efficiency  of  Sewage  Plants 

and  Obey  the  Latest  Regulations. 

W9 1-04692  5D 

Influence  of  Temperature  and  Mineral  Surface 
Characteristics  on  Feldspar  Weathering  Rates  in 
Natural  and  Artificial  Systems:  A  First  Approxi- 
mation. 
W91-04932  5C 

SILTING 

Suspended-Sediment    Data   in   the   Upper   Rio 
Grande  De  Loiza  Basin,  Puerto  Rico. 
W91-04640  2H 

SILVER 

Pathways  of  Silver  Uptake  and  Accumulation 
by  the  American  Oyster  (Crassostrea  virginica) 
in  the  Chesapeake  Bay. 
W91-O3980  5B 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

SILVERSIDE 

Status  of  the  Brook  Silverside,  Labidesthes  sic- 

culus,  in  Canada. 

W91-O4091  5C 

SIMULATED  RAINFALL 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W91-04547  2B 

Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

Design  and  Performance  of  an  Acidic  Precipita- 
tion  Delivery   System   for   Field   Investigation 
with  Plants. 
W9 1-04568  5C 

Effect  of  Antecedent  Soil  Moisture  on  Splash 

Detachment  Under  Simulated  Rainfall. 

W9 1-04800  2J 

SIMULATION 

Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W9 1-04406  2E 

SIMULATION  ANALYSIS 

Simulation     of    Nonstationary,     Non-Gaussian 

Water  Levels  on  Great  Lakes. 

W9 1-04070  2H 

Implications  of  the  Task  Group  Model-I.  The 

Effect  of  Initial  Substrate  Concentration. 

W9 1-04080  5D 

Role  of  Hypsometry  and  Planform  in  Basin  Hy- 

drologic  Response. 

W91-O4105  2E 

Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

Computer  Simulation  of  Tide-Induced  Residual 

Transport  in  a  Coastal  Lagoon. 

W9 1-04295  2L 


Aspects  of  Ozone  Generation  from  Air. 
W91-04380 


5F 


Ground- Water  Flow  in  the  New  Jersey  Coastal 

Plain. 

W91-04471  2F 


Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle~A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

SIMULATION  MODELS 

Soil  Temperature  Under  Conventional  and  Mini- 
mum Tillage:  Simulation  and  Experimental  Veri- 
fication. 
W9 1-04582  2G 

SITE  REMEDIATION 

Bioremediation  Using  Composting. 

W9 1-04761  5G 

Supercritical  C02  -  Cosolvent  Extraction  of 

Contaminated  Soils  and  Sediments. 

W9 1-04763  5G 

Supercritical  Fluid  Extraction  of  Aromatic  Con- 
taminants from  a  Sandy  Loam  Soil. 
W9 1-04764  5G 

Adsorption  of  Benzene  from  Aqueous  Solutions 
by  Bentonite  Treated  with  Quaternary  Amines. 
W9 1-04770  5G 

SITE  SELECTION 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow   Requirements   for   Endangered 

Species. 

W91-04217  6D 

Three  Computerized,   Stratified   Random   Site- 
Selection   Methods   for   Design   of  a  Ground- 
Water-Quality  Sampling  Network. 
W9 1-04470  7  A 

Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W9 1-04855  5E 

SKUAS 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-04001  5C 

SLOPE  STABILITY 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

SLOPE  STABILIZATION 

Centrifugal  Modeling  of  Drains  for  Slope  Stabi- 
lization. 
W91-04838  8D 

SLOPES 

Hillslope  Parameter  Estimation  Using  the  In- 
verse Procedure. 
W9 1-04405  2E 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

SLUDGE 

Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

Performance  of  Laboratory-Scale  Upflow  An- 
aerobic Sludge  Blanket  (UASB)  Reactors. 
W91-04698  5D 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W91-04797  5E 

SLUDGE  ANALYSIS 
PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W91-04293  5D 


Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

SLUDGE  DISPOSAL 

Dewatering  Problems  Lead  to  Liquid  Sludge 

Disposal. 

W91-04595  5D 

Los  Angeles  City  Sludge  Management  Program. 
W9 1-04596  5E 

EPA's  Technical  Sludge  Regulations  May  End 

Beneficial  Reuse. 

W9 1-04599  5G 

Preliminary    Site    Evaluation    for   Agricultural 
Utilization    of   Sewage    Sludge    A    Guide    for 
WWTP  Technicians. 
W9 1-04606  5E 

Common-Sense  Liquid  Sludge  Management. 
W91-04819  5E 

SLUDGE  DRYING 

Dewatering  Problems  Lead  to  Liquid  Sludge 

Disposal. 

W9 1-04595  5D 

Dosage  Control  for  a  Higher  Efficiency  of  the 

Separation  Process. 

W9 1-04686  5D 

Optimizing    Polymer   Consumption    in    Sludge 

Dewatering  Applications. 

W9 1-04689  5D 

How  to  Increase  Efficiency  of  Sewage  Plants 

and  Obey  the  Latest  Regulations. 

W9 1-04692  5D 

SLUDGE  THICKENESG 

Gravity  Belt  Thickening  and  Lime  Stabilization. 
W9 1-04820  5E 

SLUDGE  TREATMENT 

Stabilization  and  Disinfection  of  Sewage  Sludge 
by  Two-Stage  Anaerobic  Thermophilic/Meso- 
philic  Digestion. 
W91-O47O0  5D 

Gravity  Belt  Thickening  and  Lime  Stabilization. 
W9 1-04820  5E 

SLUDGE  UTILIZATION 

Listeria  monocytogenes  Contamination  of  Crops 

Grown  on  Soil  Treated  with  Sewage  Sludge 

Cake. 

W91-04367  5B 

Dewatering  Problems  Lead  to  Liquid  Sludge 

Disposal. 

W91-04595  5D 

Los  Angeles  City  Sludge  Management  Program. 
W9 1-04596  5E 

EPA's  Technical  Sludge  Regulations  May  End 

Beneficial  Reuse. 

W9 1-04599  5G 

Preliminary    Site    Evaluation    for    Agricultural 
Utilization    of   Sewage    Sludge    A    Guide    for 
WWTP  Technicians. 
W9 1-04606  5E 

Common-Sense  Liquid  Sludge  Management. 
W91-04819  5E 

SNOW  ACCUMULATION 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W9 1-03956  7B 


0 


SU-83 


SNOW  COVER 


SUBJECT  INDEX 


SNOW  COVER 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W9 1-03956  7B 

Snow  Cover-Summer  Monsoon  Rainfall  Over 

Parts  of  Sahel. 

W9 1-03967  7B 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W9 1-04495  3F 

SNOW  MANAGEMENT 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on   Water  Conservation   and   Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W91-04549  3F 

SNOW  SURVEYS 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W9 1-03956  7B 

Snow  Cover-Summer  Monsoon  Rainfall  Over 

Parts  of  Sahel. 

W9 1-03967  7B 

SNOWMELT 

Snow  Cover-Summer  Monsoon  Rainfall  Over 

Parts  of  Sahel. 

W9 1-03967  7B 

Recharge  Processes  During  Snowmelt:  An  Iso- 
topic  and  Hydrometric  Investigation. 
W91-O4103  2F 

Ablation  of  Avalanched  and  Undisturbed  Snow, 

Himalaya  Mountains,  Pakistan. 

W91-04129  2C 

Climate    Change    and    Changes    in    California 

Snowmelt-Runoff  Patterns. 

W91-04215  2B 

Hydrologic  Flow  Path  Definition  and  Partition- 
ing of  Spring  Meltwater. 
W91-04925  5B 

SOCIAL  ASPECTS 

Water  Transfers  in  Arizona:  Assessing  the  Ad- 
verse Effects  on  Areas  of  Origin. 
W91-04219  6D 

SODIUM 

Effect  of  Naphthalene  on  Sodium  Active  Trans- 
port in  the  Frog  Skin. 
W91-04015  5C 

SODIUM  CHLORIDE 

In  Situ  Technique  to  Measure  Bacterial  Chemo- 

taxis  in  Natural  Aquatic  Environments. 

W9 1-04722  2H 

SOIL  ABSORPTION  CAPACITY 

Improved  Prediction  of  Water-Retention  Prop- 
erties of  Clayey  Soils  by  Pedological  Stratifica- 
tion. 
W9 1-03987  2G 

SOIL  ABSORPTION  SYSTEMS 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W9 1-047 10  5D 

SOIL  AMENDMENTS 

Common-Sense  Liquid  Sludge  Management. 
W91-04819  5E 

Gravity  Belt  Thickening  and  Lime  Stabilization. 
W9 1-04820  5E 

SODL  ANALYSIS 

Design   and   Application  of  a  Constant   Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-O4102  7B 


Comparative  Evaluation  of  Soxhlet  and  Sonica- 
tion  Extraction  in  the  Determination  of  Polynu- 
clear  Aromatic  Hydrocarbons  in  Soil. 
W9 1-04251  5  A 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W9 1-04254  5B 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W9 1-04281  5  A 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

SOIL  BACTERIA 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W91-04065  5E 

SOIL  CHEMISTRY 

Soil   Organic    Matter,    Air   Encapsulation   and 

Water-Stable  Aggregation. 

W9 1-03988  2G 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-04004  5B 

Adsorption  of  Chlordimeform  by  Humic  Sub- 
stances from  Different  Soils. 
W91-04798  5B 

Reactions   Between   Aluminum   and   Sulfate   in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W91-O4910  2K 

Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W9 1-04935  2  A 

SOIL  CONSERVATION 

New  Strategies  for  Soil  Conservation. 
W91-04561  4D 

SOIL  CONTAMINATION 

Experimental  Study  of  Non-Uniform  Flow  in 

Granular  Porous  Media. 

W9 1-04029  2G 


Gasoline  Lead  in  West  German  Soils. 
W91-O4310 


5B 


Listeria  monocytogenes  Contamination  of  Crops 

Grown  on  Soil  Treated  with  Sewage  Sludge 

Cake. 

W91-04367  5B 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W9 1-04580  5G 

Degradation   Studies  with    14C-Fenoxaprop  in 

Prairie  Soils. 

W91-04584  5B 

Biological  Transformations  of  1,1,1-Trichlor- 
oethane  in  Subsurface  Soils  and  Ground  Water. 
W9 1-04743  5B 


Bioremediation  Using  Composting. 
W9 1-04761 


5G 


Supercritical   C02   -   Cosolvent   Extraction   of 

Contaminated  Soils  and  Sediments. 

W9 1-04763  5G 

Supercritical  Fluid  Extraction  of  Aromatic  Con- 
taminants from  a  Sandy  Loam  Soil. 
W9 1-04764  5G 


Contamination  of  Soil  with  Oilfield  Brine  and 

Reclamation  with  Calcium  Chloride. 

W9 1-04799  5G 

Degradation  of  Atrazine   in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

SOIL  DENSITY 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

SODL  DISPOSAL  FIELDS 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W91-04710  5D 

Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 

SOIL  EROSION 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in    a    Partially    Forested    Catchment   in 
Southern  Chile. 
W91-04118  4C 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W91-04552  2J 

Effect  of  Antecedent  Soil  Moisture  on  Splash 

Detachment  Under  Simulated  Rainfall. 

W9 1-04800  2J 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

Decision  Support  for  Best  Management  Practice 

Selection. 

W9 1-04905  6A 

SODL  GASES 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W9 1-04624  5B 

SOIL  GENESIS 

Wetland  Soil  Formation  in  the  Rapidly  Subsid- 
ing Mississippi  River  Deltaic  Plain:  Mineral  and 
Organic  Matter  Relationships. 
W91-03978  2L 


SODL  MOISTURE 

X-Band  Scatterometry  in  Agriculture. 
W9 1-03945 


7B 


Soil  Temperature  Under  Conventional  and  Mini- 
mum Tillage:  Simulation  and  Experimental  Veri- 
fication. 
W91-04582  2G 

SODL  MOISTURE  DEFICIENCY 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W91-04565  21 

SODL  PROFILES 

Improved  Prediction  of  Water-Retention  Prop- 
erties of  Clayey  Soils  by  Pedological  Stratifica- 
tion. 
W9 1-03987  2G 

SODL  PROPERTIES 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-04100  2G 

Hillslope  Parameter  Estimation  Using  the  In- 
verse Procedure. 
W9 1-04405  2E 


SU-84 


SUBJECT  INDEX 


SOIL-WATER-PLANT  RELATIONSHIPS 


New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

SOIL  RECLAMATION 

Leaching  of  a  Highly  Saline-Sodic  Soil  in  South- 
ern Alberta:  A  Laboratory  Study. 
W9 1-04586  3C 

SOIL  STABILITY 

Centrifugal  Modeling  of  Drains  for  Slope  Stabi- 
lization. 
W91-04838  8D 

SOIL  SURFACES 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W91-04491  2G 

SOIL  SURVEYS 

Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W9 1-03962  7B 

SOIL  TEMPERATURE 

Soil  Temperature  Under  Conventional  and  Mini- 
mum Tillage:  Simulation  and  Experimental  Veri- 
fication. 
W91-04582  2G 

SOIL  TESTS 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

SOIL  TYPES 

Relationships  Between  Some  Properties  of  Or- 
ganic Soils  from  the  Southern  Canadian  Shield. 
W91-04583  5G 

SOIL  WATER 

IGARSS  '88.  Remote  Sensing:  Moving  Towards 

the  21st  Century. 

W9 1-03944  7C 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

Simulating  Test  for  Soil  Moisture  Sensing. 
W91-03961  7B 

Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W9 1-03962  7B 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing   System   for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W91-03963  7B 

Observations  on  the  Effect  of  Geometric  Prop- 
erties of  Agricultural  Soils  on  Radar  Backscat- 
ter,  from  C-SAR  Images. 
W91-03965  7B 

Improved  Prediction  of  Water-Retention  Prop- 
erties of  Clayey  Soils  by  Pedological  Stratifica- 
tion. 
W9 1-03987  2G 

Soil   Organic   Matter,    Air   Encapsulation    and 

Water-Stable  Aggregation. 

W9 1-03988  2G 

Experimental  Study  of  Non-Uniform  Flow  in 

Granular  Porous  Media. 

W9 1-04029  2G 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 


Spatial  Analysis  of  Variance  Applied  to  Soil- 
Water  Infiltration. 
W91-04123  2G 

Rationale  for  Old  Water   Discharge  Through 
Macropores  in  a  Steep,  Humid  Catchment. 
W91-04136  2G 

Environmental  Research  Field  Site  'Horkheimer 
InseP:  Research  Program,  Instrumentation  and 
First  Results. 
W91-04308  7A 

Soilwater  Distribution  in  a  Nonuniformly  Irri- 
gated Field  with  Root  Extraction. 
W9 1-04395  3F 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W9 1-04491  2G 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

Long-term  Soil  Moisture  Status  in  Southern  Al- 
berta. 
W91-04551  2G 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 

Effect  of  Soil  Water  Content  on  the  Winter 
Survival  of  Winter  Wheat,  Rye  and  Triticale. 
W91-04554  2G 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

Effect  of  Antecedent  Soil  Moisture  on  Splash 

Detachment  Under  Simulated  Rainfall. 

W9 1-04800  2J 

Modern  Kriging  and  Classical  Gaussian  Tech- 
niques-Do They  Necessarily  Yield  Identical  Re- 
sults. 
W9 1-04829  2G 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

Reactions  Between  Aluminum  and   Sulfate  in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W91-04910  2K 

Analysis  of  Outflow  Experiments  Subject  to  Sig- 
nificant Plate  Impedance. 
W9 1-04921  2G 

Preferential  Flow  and  the  Generation  of  Runoff: 

1 .  Boundary  Layer  Flow  Theory. 

W91-04933  2E 

SOIL-WATER-PLANT  RELATIONSHIPS 

Soilwater  Distribution  in  a  Nonuniformly  Irri- 
gated Field  with  Root  Extraction. 
W9 1-04395  3F 

Groundwater  Response  to  Reforestation  in  the 
Darling  Range  of  Western  Australia. 
W91-04398  4C 

Comparative  Statistical  Validation  of  Two  Ten- 
Day  Water-Use  Models  and  of  Three  Yield- 
Reduction  Hypotheses  for  Yield  Assessment  in 
Botswana. 
W91-04485  6D 

Bellani  Evaporation  Variation  in  Hill-land  Pas- 
ture. 
W9 1-04486  2D 


Estimating  Evaporation  from  Pasture  Using  In- 
frared Thermometry:  Evaluation  of  a  One-Layer 
Resistance  Model. 
W9 1-04487  2D 

Exploiting    Rainy    Season    Potential    from    the 

Onset  of  Rains  in  the  Sahelian  Zone  of  West 

Africa. 

W9 1-04488  3F 

Stomatal  Resistance  Model  Illustrating  Plant  vs. 

External  Control  of  Transpiration. 

W91-04489  2D 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W9 1-04491  2G 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 

Water  Use  by  Monocropped  and  Intercropped 

Cowpea  and  Sorghum  Grown  after  Rice. 

W9 1-04500  3F 

Line-Source   vs.   Irrigated/Nonirrigated   Treat- 
ments for  Evaluation  of  Genotype  Drought  Re- 
sponse. 
W9 1-04501  3F 

Diurnal  Variation  of  Crop  Hydraulic  Resistance: 

A  New  Analysis. 

W9 1-04503  2D 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W91-04504  3F 

Water    Relations    of    Differentially     Irrigated 

Cotton  Exposed  to  Ozone. 

W9 1-04505  3F 

Canopy   Temperature   and   Stomatal   Conduct- 
ance of  Water-stressed  Dormant  and  Nondor- 
mant  Alfalfa  Types. 
W9 1-04507  3F 

Growth  Responses,  Ion  Relations,  and  Osmotic 
Adaptations  of  Eleven  C4  Turfgrasses  to  Salini- 
ty- 
W9 1-04508  3C 

Effect  of  Tillage  on   Soil   Water  and  Alfalfa 

Establishment  in  Corn  Stubble. 

W91-04537  3F 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

Effect  of  Soil  Water  Content  on  the  Winter 
Survival  of  Winter  Wheat,  Rye  and  Triticale. 
W9 1-04554  2G 

Growth    Response    of    Phaseolus    vulgaris    to 

Varying  Salinity  Regimes. 

W9 1-04559  3C 

Effects   of  Irrigation    Regimes   on    Yield    and 

Water  Use  by  Sweetpotato. 

W91-04564  3F 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W9 1-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W9 1-04566  3F 


SU-85 


A 


SOIL-WATER-PLANT  RELATIONSHIPS 


SUBJECT  INDEX 


Yield   of  Successively   Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1 -04567  3F 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W9 1-04780  3F 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

SOIL  WATER  POTENTIAL 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

SOIL  WATER  TABLE 

Effect  of  Tillage  on   Soil   Water  and   Alfalfa 

Establishment  in  Corn  Stubble. 

W91-04537  3F 

SOLAR  ENERGY 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W91-04495  3F 

SOLAR  RADIATION 

Improved   Prospects  for  Estimating  Insolation 
for    Calculating    Regional     Evapotranspiration 
from  Remotely  Sensed  Data. 
W91-04490  2D 

SOLE 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-O4610  5C 

SOLID  WASTE  DISPOSAL 

Factors  Influencing  the  Chemical  Characteris- 
tics of  Landfill  Leachates. 
W91-04319  5B 

SOLUBILITY 

Use   of  Dimethyl    Sulfoxide   as    Solubilization 

Agent   in   the  Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W91-04285  5A 

SOLUTE  TRANSPORT 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 

Cell  Analytical-Numerical  Method  for  Solution 
of  the  Advection-Dispersion  Equation:  Two-Di- 
mensional Problems. 
W91-04124  5B 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W91-04327  5B 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W91-04396  5B 

Parallel  Computing  for  Solute  Transport  Models 

Via  Alternating  Direction  Collocation. 

W9 1-04826  5B 

Parallel   Least   Squares  Collocation   Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W9 1-04832  7C 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 


Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2J 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

SOLUTES 

Dissolution  of  Feldspars  in  the  Presence  of  Nat- 
ural, Organic  Solutes. 
W9 1 -03986  2  J 

SOLVENT  EXTRACTION 

Supercritical  C02  -  Cosolvent  Extraction  of 

Contaminated  Soils  and  Sediments. 

W9 1-04763  5G 

Supercritical  Fluid  Extraction  of  Aromatic  Con- 
taminants from  a  Sandy  Loam  Soil. 
W9 1-04764  5G 

SOLVENTS 

Use   of  Dimethyl    Sulfoxide    as   Solubilization 

Agent  in  the  Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W9 1-04285  5A 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 
W91-04772  5D 

SORGHUM 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

SORPTION 

Modeling  of  Strontium  Sorption  and  Speciation 
in  a  Natural  Sediment-Groundwater  System. 
W9 1-04032  5B 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W9 1-04033  5B 

SOUTH  AFRICA 

Mixing  and  Circulation  in  the  Sundays  River 

Estuary,  South  Africa. 

W91-03985  2L 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W91-O4320  5B 


Olifantsfontein  Nutrient  Removal  Plant. 
W9 1-04660 


5D 


Conservation  and  Status  of  Threatened  Fishes  in 

Southern  Africa. 

W9 1-04786  6G 

Spatial  Variation  of  Rainfall  Intensities  for  Short 

Duration  Storms. 

W9 1-04806  2B 

SOUTH  CAROLINA 

Fiscal  Year  1989  Program  Report  (South  Caroli- 
na Water  Resources  Research  Center). 
W9 1-04891  9D 

SOUTH  DAKOTA 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 

Records  of  Wells  and  Chemical   Analyses  of 
Ground  Water  in  Deuel  and  Hamlin  Counties, 
South  Dakota. 
W91-04865  7C 

Digital     Simulation     of     the     Glacial-Aquifer 
System    in    the    Northern    Three-Fourths    of 
Brown  County,  South  Dakota. 
W91-04884  2F 


SOYBEANS 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

SPAIN 

Application  of  Factor  Analysis  to  the  Hydro- 
geochemical Study  of  a  Coastal  Aquifer. 
W9 1-04397  2F 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 
sponse to  Changes  in  River  Runoff  and  Water 
Turbulence. 
W91-04412  2L 


Repairs  to  the  Martin  Gonzalo  Dam. 
W9 1-04426 


8A 


SPATIAL  DISTRIBUTION 

Status  of  the  Fourhorn  Sculpin,  Myoxocephalus 

quadricornis,  in  Canada. 

W9 1-04088  5C 

Status  of  the  Blackline  Prickleback,  Acantho- 

lumpenus  mackayi,  in  Canada. 

W9 1-04090  2H 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 

SPAWNING 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W9 1-04609  5C 

SPECIES  COMPOSITION 

Dominant    Phytoplankters    and    Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W91-04312  2H 

Downstream  Effects  of  a  Small  Impoundment 

on  a  Turbid  River. 

W9 1-04740  6G 

SPECIES  DIVERSITY 

Some    Limnological    Observations    on    River 

Ganga. 

W91-04418  2H 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W91-04440  5C 

Influence  of  Water  Chemistry  on  Size  Structure 

of  Zooplankton  Assemblages. 

W9 1-04442  2H 

Benthos  Response  to  Disturbance  in  Western 
Lake  Erie:  Regional  Faunal  Surveys. 
W91-04444  2H 

Benthos  on  Tailings  Beds  from  an  Abandoned 

Coastal  Mine. 

W9 1-04522  5C 

Process  of  Colonization  in  Antarctic  Terrestrial 

and  Freshwater  Ecosystems. 

W9 1-04531  2H 

Micro-Invertebrate       Community        Structure 

Within  a  Maritime  Antarctic  Lake. 

W9 1-04532  2H 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W91-04533  2H 


SU-86 


SUBJECT  INDEX 


STOMATAL  TRANSPIRATION 


Limnology  of  the  Southern  Acid   Peat  Flats, 

South- Western  Australia. 

W91-04717  2H 

Habitat  Alteration  and   Its   Effects  on  Native 
Fishes  in  the  Upper  Tennessee  River  System, 
East-Central  U.S.A. 
W9 1-04783  6G 

Fish  of  the  Amazonian  Igapo:  Stability  and  Con- 
servation  in   a   High   Diversity-Low    Biomass 
System. 
W9 1-04784  2H 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W91-04785  6G 

Conservation  and  Status  of  Threatened  Fishes  in 

Southern  Africa. 

W91-04786  6G 

Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W9 1-04787  81 

Threatened  Fishes  of  Barombi  Mbo:  A  Crater 

Lake  in  Cameroon. 

W9 1-04791  81 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W91-04793  81 

Threats  to  the  Survival  of  Anadromous  Fishes  in 

the  River  Tagus,  Portugal. 

W91-04794  5C 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 

SPECIFICATIONS 

Upgrade  of  Procurement  Specifications:  Materi- 
als, Manufacture  and  Setting. 
W91-04429  8C 

SPECTRAL  ANALYSIS 

Frequency-Wavenumber  Spectrum  for  GATE 

Phase  I  Rainfields. 

W91-04432  2B 

SPECTROSCOPY 

Comparison  of  Photon  Correlation  Spectrosco- 
py with  Photosedimentation  Analysis  for  the 
Determination  of  Aqueous  Colloid  Size  Distri- 
butions. 
W91-04131  5B 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

SPOIL  BANKS 

Bioturbation:    A    Facilitator    of    Contaminant 

Transport  in  Bed  Sediment. 

W9 1-04765  5B 

SPREADSHEETS 

Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

SPRINGS 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

SPRINKLER  IRRIGATION 

Soilwater  Distribution  in  a  Nonuniformly  Irri- 
gated Field  with  Root  Extraction. 
W91-04395  3F 

Sprinkler  vs.  Flood  Irrigation  in  Traditional 
Rice  Production  Regions  of  Southeast  Texas. 
W9 1-04502  3F 


Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W91-04536  3F 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W91-04540  3F 

SPRUCE  TREES 

Effect  of  Simulated  Acid  Rain  on  Reproductive 
Attributes  of  Red  Spruce  (Picea  rubens  Sarg). 
W9 1-04449  5C 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 

Effect  of  Simulated  Acidic  Fog  on  Carbohy- 
drate Leaching,  C02  Assimilation  and  Develop- 
ment of  Damage  Symptoms  in  Young  Spruce 
Trees  (Picea  abies  L.  Karst). 
W9 1-04560  5C 

ST  LAWRENCE  ESTUARY 

Dissolved  Arsenic  in  the  St.  Lawrence  Estuary 

and  the  Saguenay  Fjord,  Canada. 

W91-04519  5B 

STAGE  DIGESTION 

Thermodynamic  Considerations  on  the  Perform- 
ance of  Two-Staged  Anaerobic  Digesters. 
W91-04318  5D 

STANDARD  REFERENCE  MATERIALS 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5  A 

STANDARDS 

Water-Use  Efficiency  Standards  for  Plumbing 

Fixtures:  Benefits  of  National  Legislation. 

W9 1-03972  3D 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5  A 

Water  Quality  Standards  (Jan  70-May  89). 

W9 1-04651  5F 

STATE  JURISDICTION 

California's      Proposition      65:      Extrapolating 

Animal  Toxicity  to  Humans. 

W9 1-04008  6E 

State    Water    Demand    Methodology,    Kansas, 

1987. 

W9 1-04236  6D 

STATISTICAL  ANALYSIS 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

Jacknife  and  Bootstrap  Estimation  of  Biological 

Index  of  Water  Quality. 

W9 1-04084  5  A 

Statistical  Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 

Correlation    of  Cadmium    Shell-Weight    Index 

With   Environmental    Stress   Indicators   at   the 

Cellular  and  Organismic  Levels  in  Littorina  lit- 

torea. 

W9 1-047 19  5  A 

Taxonomic  Level  and  Sample  Size  Sufficient  for 
Assessing   Pollution   Impacts  on  the   Southern 
California  Bight  Macrobenthos. 
W9 1-04721  5C 

Modern  Kriging  and  Classical  Gaussian  Tech- 
niques-Do They  Necessarily  Yield  Identical  Re- 
sults. 
W9 1-04829  2G 


STATISTICAL  METHODS 

Snow  Cover-Summer  Monsoon  Rainfall  Over 

Parts  of  Sahel. 

W91-03967  7B 

Jacknife  and  Bootstrap  Estimation  of  Biological 

Index  of  Water  Quality. 

W9 1-04084  5  A 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

Three  Computerized,   Stratified   Random  Site- 
Selection   Methods  for   Design  of  a  Ground- 
Water-Quality  Sampling  Network. 
W9 1-04470  7  A 

STATISTICAL  MODELS 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

Classification  of  Texas  Reservoirs  in  Relation  to 
Limnology  and  Fish  Community  Associations. 
W9 1-04591  2H 

STATISTICS 

Defining  Homogeneous  Precipitation  Regions 
by  Means  of  Principal  Components  Analysis. 
W91-04435  2B 

STEADY  FLOW 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

Naturally  Occurring  Radon  222  as  a  Tracer  for 
Streamflow  Generation:  Steady  State  Methodol- 
ogy and  Field  Example. 
W91-04934  2E 


STEEL 

Cooling  Water  Treatment  with  Ozone. 
W91-04379 


5F 


STEMFLOW 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 

STOCHASTIC  MODELS 

Analytically  Derived  Runoff  Models  Based  on 

Rainfall  Point  Processes. 

W91-04120  2E 

Reliability   in   Market   Transfers  of  Municipal 

Water  Supplies. 

W9 1-04220  6D 

Modern  Kriging  and  Classical  Gaussian  Tech- 
niques-Do They  Necessarily  Yield  Identical  Re- 
sults. 
W9 1-04829  2G 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

STOCKHOLM 

Upgrading  of  the  Treatment  Plants  in  Stock- 
holm to  Meet  More  Stringent  Requirements. 
W9 1-04668  5D 

STOMATAL  TRANSPIRATION 

Stomatal  Resistance  Model  Illustrating  Plant  vs. 

External  Control  of  Transpiration. 

W9 1-04489  2D 


SU-87 


STORAGE  CAPACITY 


SUBJECT  INDEX 


STORAGE  CAPACITY 

Rainfall  Interception  in  Two  Tropical  Montane 

Rain  Forests,  Colombia. 

W91-O4101  21 

STORAGE  RESERVOIRS 

Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W9 1-04842  5F 

STORAGE  TANKS 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying and  Controlling  the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W91-03935  5G 

Storage  Tank  Monitoring  (Excludes  Radioactive 
Waste  Storage  Tanks)  (Jan  76-Jul  89). 
W91-04652  5A 

STORM  DRAINS 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

STORM-OVERFLOW  SEWERS 

Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

Monitoring  a  Vortex  Storm  Sewage  Overflow 

with  Peripheral  Spill. 

W9 1-04345  5D 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 

STORM  RUNOFF 

Rationale  for  Old  Water  Discharge  Through 
Macropores  in  a  Steep,  Humid  Catchment. 
W91-04136  2G 

Quality    of   Sewage    Flows   and    Sediment    in 

Dundee. 

W9 1-04327  5B 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W91-04335  5B 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W9 1-04337  5B 

Characterization    of    Solids    Transferred    into 

Sewer  Trunks  during  Wet  Weather. 

W9 1-043  50  5D 

Sediment  in  Sewers:  Initiation  of  Transport. 
W91-04351  5D 

Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  1 3  in  Marseille. 

W91-04353  5D 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W9 1-043  54  2E 

Multipurpose  Stormwater  Detention  Ponds. 
W9 1-04851  4A 


Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

Streamflow  Generation  Processes:  An  Austral 

View. 

W9 1-04931  2E 

STORM  SEWAGE 

Monitoring  a  Vortex  Storm  Sewage  Overflow 

with  Peripheral  Spill. 

W9 1-04345  5D 

STORM  SEWERS 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 

STORM  WASTEWATER 

Impact   of  Storm   Sewage   Discharges  on   the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

STORM  WATER 

Urban   Storm-induced   Discharge   Impacts:  US 
Environmental    Protection    Agency    Research 
Program  Review. 
W91-04322  5C 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W91-04323  5C 

Development  of  a  Methodology  to  Determine 

the  Pollution  Discharged  by  a  Combined  Sewer 

Network. 

W9 1-04324  5B 

Evaluation  of  Pollutant  Loads  from  Urban  Non- 
point  Sources. 
W9 1-04325  5B 

Comparison  of  Overflows  from  Separate  and 
Combined  Sewers-Quantity  and  Quality. 
W91-04326  5D 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W9 1-04327  SB 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W9 1-04330  5B 

Long-term    Simulation    of  Pollutant    Loads    in 

Treatment  Plant  Effluents  and  Combined  Sewer 

Overflows. 

W91-04331  5B 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 

Comparison    of    Pollutant    Load    Calculation 

Methods  Based  on  Measured  Data-State  of  the 

Investigation. 

W9 1-04334  5B 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W9 1-04335  5B 

Fluxes   of  Oxygen    Equivalents   and   Nutrients 
across  the  Sediment-Water  Interface  after  Com- 
bined Sewer  Overflows. 
W9 1-04336  5B 


Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W91-04337  5B 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W9 1-04338  5C 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W9 1-04341  5C 

Impact  of  Storm   Sewage   Discharges  on   the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

Development   of  Ecotoxicological   Criteria   in 

Urban  Catchments. 

W9 1-04343  5C 

Sewer  Sediment  and  Its  Relation  with  the  Qual- 
ity Characteristics  of  Combined  Sewer  Flows. 
W91-04352  5D 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W9 1-04354  2E 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W91-04356  5C 

Sediment   Movement  in  Combined   Sewers  in 

Dundee. 

W91-04358  5D 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic    Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W91-04360  5C 

Urban  Stormwater:  An  Overview  for  Munici- 
palities. 
W91-04848  5B 

STORM  WATER  MANAGEMENT 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W9 1-04339  5C 

Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

Monitoring  a  Vortex  Storm  Sewage  Overflow 

with  Peripheral  Spill. 

W9 1-04345  5D 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W91-04346  5G 

Reduction  of  Combined  Sewer  Overflow  Pollu- 
tion Loads  by  Detention  of  Sanitary  Sewage. 
W9 1-04347  5D 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

Study  of  Trash  and  Trash  Interception  Devices. 
W9 1-04359  5D 

Multipurpose  Stormwater  Detention  Ponds. 
W9 1-04851  4A 


SU-88 


SUBJECT  INDEX 


SULFATES 


STORMS 

Spatial  Variation  of  Rainfall  Intensities  for  Short 

Duration  Storms. 

W91-04806  2B 

STRATIGRAPHY 

Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W91-04109  2B 

STREAM  BANKS 

Approximation  for  the  Bank  Storage  Effect. 
W91-04130  2E 

STREAM  BIOTA 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W91-04528  5C 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W91-04632  5C 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W91-04793  81 

Structure  of  Epilithon  in  Some  Acidic  and  Cir- 

cumneutral  Streams  in  South  Westland,  New 

Zealand. 

W91-04812  2H 

STREAM  CHEMISTRY 

Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic  Material  in  Three  Acidic,  Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W9 1-04936  2E 

STREAM  CLASSIFICATION 

Digital  Elevation  Models  and  Their  Application 
to  Remote  Sensing  of  Water  Resources. 
W91-03959  7C 

STREAM  DISCHARGE 

Concept  of  the  Shallow  Ground-Water  System 

Along  the  North  Platte  River,  South-Central 

Wyoming. 

W91-04463  2F 

STREAM  ECOLOGY 

Ecology  and  Management  of  Water  Plants  in 

Lowland  Streams. 

W9 1-03968  4A 

STREAM  FISHERIES 

Annual   Production   and   Production:    Biomass 
Ratios  for  Three  Species  of  Stream  Trout  in 
Lake  Superior  Tributaries. 
W91-04589  2H 

STREAM  POLLUTION 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W91-04339  5C 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 
Estimated  Discharge  Rates  into  the  Upper  Gulf 
of  Thailand. 
W9 1-04458  5B 

Changes  in  Intracellular  Free  Amino  Acids  in 
Tissues  of  the  Caged  Mussel,  Elliptio  complan- 
ata,  Exposed  to  Contaminated  Environments. 
W91-04611  5C 

STREAMBEDS 

At-a-Point  Bed  Load  Sampling  in  the  Presence 

of  Dunes. 

W91-04125  2J 


STREAMFLOW 

Effects  of  Regional  Ground- Water  Level  De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow   Requirements   for   Endangered 

Species. 

W91-04217  6D 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

Flow  Characteristics  of  Streams  that  Drain  the 
Fort  Apache  and  San  Carlos  Indian  Reserva- 
tions, East-Central  Arizona,  1930-86. 
W91-04469  2E 

Streamflow  Characteristics  of  Small  Tributaries 
of  Rock  Creek,  Milk  River  Basin,  Montana,  Base 
Period  Water  Years  1983-1987. 
W9 1-04634  2E 

Marginal   Economic  Value  of  Streamflow:   A 
Case  Study  for  the  Colorado  River  Basin. 
W91-04913  6D 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W91-04929  2E 

Streamflow  Generation  Processes:  An  Austral 

View. 

W91-04931  2E 

Naturally  Occurring  Radon  222  as  a  Tracer  for 
Streamflow  Generation:  Steady  State  Methodol- 
ogy and  Field  Example. 
W9 1-04934  2E 

STREAMFLOW  FORECASTING 

Analytical  Representation  of  Cross-Section  Hy- 
draulic Properties. 
W91-04389  2E 

River  Flow  Forecasting  System  with  Data  Man- 
agement, Graphical  River  Network  Control  and 
Interactive  Operation. 
W91-04804  2E 

STREAMS 

Denitrification   and   Photosynthesis   in   Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W91-03999  2H 

Direct  and  Indirect  Effects  of  Consumers  on 

Benthic  Algae  in  Isolated  Pools  of  an  Ephemeral 

Stream. 

W9 1-04447  2E 

Algal  Colonization  Under  Four  Experimentally- 
Controlled  Current  Regimes  in  a  High  Mountain 
Stream. 
W91-04715  2E 

Small  Flume  for  Studying  the  Influence  of  Hy- 
drodynamic  Factors  on  Benthic  Invertebrate  Be- 
havior. 
W91-04716  2E 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W9 1-04928  5B 


STRIP  MINES 

Star  Fire  Mine  Reclamation  Experience. 
W9 1-04562 


4C 


STRIPED  BASS 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W91-04255  5A 


Selenium    and    Other    Elements    in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W9 1-04577  5B 

STRONTIUM 

Modeling  of  Strontium  Sorption  and  Speciation 
in  a  Natural  Sediment-Groundwater  System. 
W9 1-04032  5B 

STRONTIUM  RADIOISOTOPES 

Different    Surface   Geology   in   Denmark,    the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W91-O4044  5B 

SUBARCTIC  ZONE 

Evapotranspiration  from  Sedge-dominated  Wet- 
land Surfaces. 
W91-04051  2D 

SUBLETHAL  EFFECTS 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

Correlation  of  Cadmium  Shell-Weight  Index 
With  Environmental  Stress  Indicators  at  the  Cel- 
lular and  Organismic  Levels  in  Littorina  littorea. 
W91-04719  5A 

Use  of  Acetylcholinesterase  Activity  to  Detect 
Sublethal  Toxicity  in  Stream  Invertebrates  Ex- 
posed to  Low  Concentrations  of  Organophos- 
phate  Insecticides. 
W91-04735  5A 

SUBMERGED  PLANTS 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 

SUBSIDENCE 

Ground-Water       Withdrawals,       Water-Level 
Changes,       Land-Surface       Subsidence,       and 
Ground-Water  Quality  in  Fort  Bend  County, 
Texas,  1969-87. 
W9 1-04467  4B 

SUBSOIL 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W9 1-04549  3F 

SUBSURFACE  DRAINS 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

SUBSURFACE  IRRIGATION 

Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W9 1-04536  3F 

SUCCESSION 

Benthos  Response  to  Disturbance  in  Western 

Lake  Erie:  Field  Experiments. 

W9 1-04443  2H 

Benthos  Response  to  Disturbance  in  Western 
Lake  Erie:  Regional  Fauna]  Surveys. 
W91-04444  2H 

SUCKER 

Status   of  the   Golden    Redhorse,    Moxostoma 

erythrurum,  in  Canada. 

W9 1-04099  2H 

SULFATES 

Chlorophenol  Degradation  Coupled  to  Sulfate 

Reduction. 

W91-04061  5B 


5 


SU-89 


SULFATES 


SUBJECT  INDEX 


Analysis  of  Atmospheric  Precipitation  by  Re- 
versed-Phase  Ion-Pair  Chromatography. 
W91-04265  5A 

One-Dimensional  Numerical  Model  to  Simulate 
Formation  and  Balance  of  Sulfate  During  Radi- 
ation Fog  Events. 
W9 1-04302  2K 

Reactions   Between   Aluminum   and   Sulfate  in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W9 1-049 10  2K 

SULFIDES 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W9 1-04271  5B 

Toxicity  of  Cadmium  in  Sediments:  The  Role  of 

Acid  Volatile  Sulfide. 

W9 1-04746  5C 

SULFUR 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-04107  2F 

SULFUR  BACTERIA 

Seasonal  Development  of  Anoxygenic  Phototro- 
phic  Bacteria  in  a  Holomictic   Drumlin  Lake 
(Schleinsee,  F.R.G). 
W91-04736  2H 

SULFUR  COMPOUNDS 

Oxidation  and  Reduction  of  Radiolabeled  Inor- 
ganic Sulfur  Compounds  in  an  Estuarine  Sedi- 
ment, Kysing  Fjord,  Denmark. 
W91-04155  2K 

Ozonation  of  Sulfur-Containing  Aliphatic  Com- 
pounds in  Aqueous  Solution:  I. 
W91-04384  5F 

SULFUR  CYCLE 

Dimethyl  Sulfide  Production  from  Dimethylsul- 
foniopropionate   in   Coastal   Seawater   Samples 
and  Bacterial  Cultures. 
W91-04064  2K 

Oxidation  and  Reduction  of  Radiolabeled  Inor- 
ganic Sulfur  Compounds  in  an  Estuarine  Sedi- 
ment, Kysing  Fjord,  Denmark. 
W91-04155  2K 

SUNDAYS  RIVER  ESTUARY 

Mixing  and  Circulation  in  the  Sundays  River 

Estuary,  South  Africa. 

W91-03985  2L 

SUNFISH 

Status  of  the  Redbreast  sunfish,  Lepomis  auritus, 

in  Canada. 

W91-04095  5C 

Status  of  the  Orangespotted  Sunfish,  Lepomis 

humilis,  in  Canada. 

W9 1-04096  5C 

SUPERCOMPUTERS 

Survey  of  Vector  and  Parallel  Processors  for 

Numerical  Applications. 

W9 1-04830  7C 

Is  a  Simple  Diagonal  Scaling  the  Best  Precondi- 
tioner  for  Conjugate  Gradients  on  Supercom- 
puters. 
W9 1-04834  7C 

SUPERCRITICAL  FLUID  EXTRACTION 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W9 1-04281  5  A 


SUPERFUND 

Superfund      Record 
Groundwater,  AL. 
W9 1-04648 


of      Decision:      Perdido 


5G 


SURFACE  DETENTION 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

SURFACE-GROUNDWATER  RELATIONS 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-04031  5B 

Hydrology    of   a    Headwater    Basin    Wetland: 
Groundwater  Discharge  and  Wetland  Mainte- 
nance. 
W91-04106  2H 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-O4108  2F 

Effects  of  Regional  Ground-Water  Level  De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W91-04386  4C 

Groundwater-Lake  Interactions:  I.  Accuracy  of 
Seepage  Meter  Estimates  of  Lake  Seepage. 
W91-04393  7B 

Groundwater-Lake  Interactions:   II.   Nearshore 
Seepage    Patterns    and    the    Contribution    of 
Ground  Water  to  Lakes  in  Central  Alberta. 
W9 1-04394  2F 

Relationships    in    Regional    Groundwater    Dis- 
charge to  Streams:  An  Analysis  by  Numerical 
Simulation. 
W91-04400  2A 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W91-04404  2F 

Concept  of  the  Shallow  Ground-Water  System 

Along  the  North   Platte  River,  South-Central 

Wyoming. 

W9 1-04463  2F 

Ground-Water  Levels  in  Water  Year  1987  and 
Estimated  Ground-Water  Pumpage  in  Water 
Years  1986-87,  Carson  Valley,  Douglas  County, 

Nevada. 

W9 1-04474  2F 

Salt  of  the  Earth:  Secondary  Soil  Salinization  in 

the  Australian  Wheat  Belt. 

W91-04557  3C 

Surface-  and  Ground-Water  Interaction  and  Hy- 
drologic  Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W91-04856  2A 

Streamflow  Generation  Processes:  An  Austral 

View. 

W9 1-04931  2E 

Preferential  Flow  and  the  Generation  of  Runoff: 

1.  Boundary  Layer  Flow  Theory. 

W91-04933  2E 

Naturally  Occurring  Radon  222  as  a  Tracer  for 
Streamflow  Generation:  Steady  State  Methodol- 
ogy and  Field  Example. 
W9 1-04934  2E 


SURFACE-GROUNDWATER  RELATIONSHIPS 

Approximation  for  the  Bank  Storage  Effect. 
W91-O4130  2E 

SURFACE  IRRIGATION 

Constant  Discharge  Device  for  Field  Irrigation. 
W9 1-04307  3F 

SURFACE  RUNOFF 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W9 1-04552  2J 

SURFACE  WATER 

Surface  Water  Dream  Turned  into  Reality. 
W91-04117  5F 

Estimation  of  Surface-Water  Withdrawals  for 
Irrigation  and  Irrigated  Acreage,  1985,  Gallatin 
County,  Montana. 
W9 1-04229  3F 

Note  on  the  Attenuation  of  Surface  Gravity 

Waves  by  Rainfall. 

W91-04298  2L 

Flow  Characteristics  of  Streams  that  Drain  the 
Fort  Apache  and  San  Carlos  Indian  Reserva- 
tions, East-Central  Arizona,  1930-86. 
W9 1-04469  2E 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W91-04481  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1989,  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and  Intervening  and  Adjacent  Coastal 

Basins. 

W9 1-04482  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W91-04483  7C 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W91-04539  4D 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W9 1-04552  2J 

Water   Resources  Data  for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

Water  Resources   Data   for  Wisconsin,   Water 

Year  1989. 

W9 1-04869  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 
W91-04878  7C 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

Water    Resources    Data   Arizona,    Water    Year 

1989. 

W9 1-04904  7C 


SU-90 


SUBJECT  INDEX 


TEMPERATURE  EFFECTS 


SURFACE  WATER  DATA 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W9 1-04234  2D 


Indiana  Water  Quality,  1988 
Records,  Rivers  and  Streams. 
W91-04857 


Monitor  Station 


5B 


SURFACTANTS 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W91-O4580  5G 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 
Stages  of  Four  California  Marine  Species. 
W91-04629  5C 

SURVEYS 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W91-03936  5E 

Case  Study  in  Survey  Development:  1988  Farm 

and  Ranch  Irrigation  Survey. 

W91-04164  6D 

Water  Supply  and  Use  in  the  United  States-U.S. 

Geological   Survey   National   Water   Summary 

1987. 

W91-04166  6D 

Results  from   the  First  Year  of  the  Swedish 

Dioxin  Survey. 

W9 1-04289  5B 

Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W91-04855  5E 

SUSPENDED  SEDIMENTS 

Quantitative   Remote   Detection  of  Suspended 
Sediment  Content  and  Chlorophyll  Concentra- 
tion of  Water  in  Different  Depths. 
W9 1-03949  7B 

Impact  of  Multiviewing  Reflectance  Data  on  the 
Estimation  of  Suspended  Sediment  Concentra- 
tion. 
W9 1-03951  7B 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W91-03954  7B 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

Toxicity    of    Sewage-Contaminated     Sediment 
Cores   to   Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

Distribution  and  Composition  of  Suspended  Par- 
ticulate Material  in  the  Clyde  Estuary  and  Asso- 
ciated Sea  Lochs. 
W91-O4460  2L 

Suspended-Sediment   Data   in    the   Upper   Rio 
Grande  De  Loiza  Basin,  Puerto  Rico. 
W91-O4640  2H 

Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 


by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulaires  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2J 

SUSPENDED  SOLIDS 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W91 -03952  7B 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W9 1-04330  5B 

Distribution  and  Composition  of  Suspended  Par- 
ticulate Material  in  the  Clyde  Estuary  and  Asso- 
ciated Sea  Lochs. 
W91-04460  2L 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W9 1-04524  5B 

SWAMPS 

Hydrology    of  a    Headwater    Basin    Wetland: 
Groundwater  Discharge  and  Wetland  Mainte- 
nance. 
W9 1-04106  2H 

SWEDEN 

Swedish  Final  Repository  and  the  Possible  Risk 

of  Interactions  by  Microbial  Activities. 

W9 1-04262  5E 

Results  from   the  First   Year  of  the   Swedish 

Dioxin  Survey. 

W9 1-04289  5B 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W9 1-04290  5B 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W91-04291  5B 

Upgrading  of  the  Treatment  Plants  in  Stock- 
holm to  Meet  More  Stringent  Requirements. 
W9 1-04668  5D 

Upgrading   for   Biological   Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

Operational   Experience  with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W9 1-04697  5D 

Distribution  and  Activity  of  Bacteria  in  Deep 
Granitic  Groundwaters  of  Southeastern  Sweden. 
W9 1-04725  2F 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

SWEDISH  DIOXIN  SURVEY 

Results  from   the   First  Year  of  the   Swedish 

Dicxin  Survey. 

W9 1-04289  5B 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W9 1-04290  5B 

SWEET  POTATOES 

Effects   of  Irrigation    Regimes   on   Yield   and 

Water  Use  by  Sweetpotato. 

W9 1-04564  3F 


SWIMMING 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W9 1-04365  5B 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W9 1-04366  5B 

SWITZERLAND 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W91-04261  5E 

SYNERGISTIC  EFFECTS 

Impact    of   Volatile    Aromatic    Hydrocarbons, 
Alone  and  in  Combination,  on  Growth  of  the 
Freshwater  Alga  Selenastrum  capricornutum. 
W9 1-04734  5C 

SYSTEMS  ANALYSIS 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W9 1-03992  8  A 

System  Analysis  Approach  to  Water  Resources 

Management. 

W9 1-04206  6A 

TAGUS  RIVER 

Threats  to  the  Survival  of  Anadromous  Fishes  in 

the  River  Tagus,  Portugal. 

W9 1-04794  5C 


TATvVAN 

Tamshui  River  Cleanup. 
W91-04818 

TAMSHUI  RIVER 

Tamshui  River  Cleanup. 
W91-04818 


5D 


5D 


TASTE-PRODUCING  ALGAE 

Taste  and  Odor  Episodes  at  Wachusett  Reser- 
voir. 
W9 1-04840  5F 

TAXES 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-O4180  6C 

TELEMETRY 

Durham  Benefits  from  Collection  System  Instru- 
mentation. 
W91-04598  5D 

TEMPERATURE 

Physical  Characteristics  of  the  Bahia  Blanca  Es- 
tuary (Argentina). 
W91-04415  2L 

Regional  Surface  Fluxes  From  Remotely  Sensed 

Skin  Temperature  and  Lower  Boundary  Layer 

Measurements. 

W91-04923  2B 

TEMPERATURE  EFFECTS 

Precipitation    and    Temperature     Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 


K 


SU-91 


TEMPERATURE  EFFECTS 


SUBJECT  INDEX 


Influence  of  Temperature  and  Mineral  Surface 
Characteristics  on  Feldspar  Weathering  Rates  in 
Natural  and  Artificial  Systems:  A  First  Approxi- 
mation. 
W9 1-04932  5C 

TEMPORAL  DISTRIBUTION 

Time-   and   Vertical   Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W9 1-04034  2H 

TENNESSEE 

Instream  Flow  Analysis  and  Monitoring  Proce- 
dure for  Little  River  in  Eastern  Tennessee. 
W91-04169  6D 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W91-O4930  2E 

TENNESSEE  RIVER 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W9 1-04593  2H 

Habitat   Alteration  and   Its  Effects  on  Native 
Fishes  in  the  Upper  Tennessee  River  System, 
East-Central  U.S.A. 
W91-04783  6G 

TERTIARY  WASTEWATER  TREATMENT 

Tertiary  Waste  Water  Treatment  with  Flotation 

Filters. 

W91-04675  5D 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

TESTING  PROCEDURES 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Esruarine  Systems. 
W91-04152  5C 

TEXAS 

Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W91-04114  5F 

Surface  Water  Dream  Turned  into  Reality. 
W91-04117  5F 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W91-04194  6D 

Water  Resources  Data  for  Texas,  Water  Year 

1989,  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and  Intervening  and  Adjacent  Coastal 

Basins. 

W91-04482  7C 

Sprinkler  vs.  Flood  Irrigation  in  Traditional 
Rice  Production  Regions  of  Southeast  Texas. 
W91-04502  3F 

Classification  of  Texas  Reservoirs  in  Relation  to 
Limnology  and  Fish  Community  Associations. 
W9 1-04591  2H 

TEXTILE  MILL  WASTES 

Identification  of  the  Derivatives  of  C.I.  Reactive 

Blue  19  in  Textile  Wastewater. 

W9 1-04083  5  A 

TEXTILES 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 


THAILAND 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W9 1-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W9 1-04457  5F 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 
Estimated  Discharge  Rates  into  the  Upper  Gulf 
of  Thailand. 
W9 1-04458  5B 

THE  NETHERLANDS 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W91-04356  5C 

Canopy  Characteristics  of  the  Brown  Alga  Sar- 
gassum  muticum  (Fucales,  Phaeophyta)  in  Lake 
Grevelingen,  southwest  Netherlands. 
W91-04421  2L 

THERMAL  POLLUTION 

Abundance  Changes  in  Laminaria  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta) near  the  Diablo  Canyon  Power  Plant. 
W9 1-04422  5C 

THERMAL  SPRINGS 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

THERMAL  STRATIFICATION 

Seasonal  Development  of  Anoxygenic  Phototro- 
phic   Bacteria  in  a  Holomictic  Drumlin  Lake 
(Schleinsee,  F.R.G). 
W91-04736  2H 

THERMAL  STRESS 

Persistence  of  Genetically  Engineered  Erwinia 
carotovora     in     Perturbed     and     Unperturbed 
Aquatic  Microcosms  and  Effect  on  Recovery  of 
Indigenous  Bacteria. 
W91-04723  2H 

THERMODYNAMICS 

Granite    Weathering    and    the    Sensitivity    of 

Alpine  Lakes  to  Acid  Deposition. 

W9 1-03998  2H 

Thermodynamic  Considerations  on  the  Perform- 
ance of  Two-Staged  Anaerobic  Digesters. 
W91-04318  5D 

THORIUM 

Biosorption  of  Radionuclides  by  Fungal   Bio- 
mass. 
W91-04156  5D 

THROUGHFALL 

Response  of  Yellow-Poplar  (Liriodendron  tulipi- 
fera  L.)  Seedlings  to  Simulated  Acid  Rain  and 
Ozone-2.  Effect  on  Throughfall  Chemistry  and 
Nutrients  in  the  Leaves. 
W91-04451  21 

TIDAL  AMPLITUDE 

Current  and  Sea  Level  Variability  in  the  Chesa- 
peake and  Delaware  Canal. 
W9 1-04297  2L 

TIDAL  CURRENTS 

Mixing  and  Circulation  in  the  Sundays  River 

Estuary,  South  Africa. 

W9 1-03985  2L 


Computer  Simulation  of  Tide-Induced  Residual 

Transport  in  a  Coastal  Lagoon. 

W9 1-04295  2L 

Current  and  Sea  Level  Variability  in  the  Chesa- 
peake and  Delaware  Canal. 
W9 1-04297  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional    Flow    Fields   and    Residual 

Circulation. 

W91-04414  2L 

Physical  Characteristics  of  the  Bahia  Blanca  Es- 
tuary (Argentina). 
W91-04415  2L 

Tidal  Velocity  Asymmetries  and  Bedload  Trans- 
port in  Shallow  Embayments. 
W9 1-04459  2J 

TTDAL  HYDRAULICS 

Stability  Analysis  of  a  Two-Inlet  Bay  System. 
W91-04836  2L 

TIDES 

Current  and  Sea  Level  Variability  in  the  Chesa- 
peake and  Delaware  Canal. 
W91-04297  2L 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,   Three-dimensional    Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional    Flow   Fields   and    Residual 

Circulation. 

W91-04414  2L 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

Flushing  of  a  Coastal  Lagoon  in  the  Red  Sea. 
W91-04417  2L 

Stability  Analysis  of  a  Two-Inlet  Bay  System. 
W91-04836  2L 

TILAPIA 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

TILE  DRAINAGE 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-04004  5B 

TILLAGE 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-O40O4  5B 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

Effect  of  Tillage  on   Soil   Water  and   Alfalfa 

Establishment  in  Corn  Stubble. 

W91-04537  3F 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W9 1-04549  3F 

TIME  SERIES  ANALYSIS 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 


SU-92 


SUBJECT  INDEX 


TOXICOLOGY 


TIN 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 

TISSUE  ANALYSIS 

Ultrastnictural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-04616  5C 

TITANIUM 

Cooling  Water  Treatment  with  Ozone. 
W91-04379  5F 

TOADFISH 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 

TOLUENE 

Dissolution  of  Trapped  Nonaqueous  Phase  Liq- 
uids: Mass  Transfer  Characteristics. 
W91-04132  5B 

Ozonation  of  Trace  Organic  Compounds:  Model 

Predictions  Versus  Experimental  Data. 

W9 1-04377  5F 

TOPOLOGY 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W91-03992  8A 

TOPSMELT 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

TORRES  STRAIT 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W91-04524  5B 

TOXAPHENES 

Quantification  of  Toxaphene  Residues  in  Fish 

and   Fish   Products   Using   a   New   Analytical 

Standard. 

W91-04248  5A 

TOXIC  WASTES 

Microbial  Dissolution  and  Stabilization  of  Toxic 

Metals  and  Radionuclides  in  Mixed  Wastes. 

W9 1-04264  5E 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W91-04637  5B 

TOXICITY 

California's      Proposition      65:      Extrapolating 

Animal  Toxicity  to  Humans. 

W9 1-04008  6E 

Development  of  an  Estuarine  Sediment  Burrow- 
ing Bioassay  for  Shipboard  Use. 
W91-O4017  5A 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 

Toxicity  of  Ethyl-parathion   and  Carbaryl   on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 

Toxicity  of  Nickel  and  Nickel  Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W9 1-04022  5C 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 


ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

Are    Laboratory-Derived    Toxicity    Data    for 
Freshwater  Algae  Worth  the  Effort. 
W91-04146  5C 

Aquatic  Toxicity  Testing  Using  the  Nematode, 

Caenorhabditis  elegans. 

W91-04147  5C 

Evaluation    of   Sucrose   as   an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish   and    Cladoceran   Tests   with 
Freshwater  Effluents. 
W91-04151  5A 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W91-04153  5C 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W9 1-04275  5  A 

Development  of  a  Rapid  Screening  Assay  for 

PCDDs  and  PCDFs. 

W9 1-04286  5  A 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic    Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W9 1-04360  5C 

Effect  of  Zinc  on  Osmoregulation  of  Gammarus 
duebeni  (Crustacea:  Amphipods)  from  the  Estu- 
ary and  the  Sewage  Treatment  Works  at  Looe, 
Cornwall. 
W9 1-04376  5C 

Effects  of  Acid  Wastes  from  Titanium  Dioxide 
Production  on  Biomass  and  Species  Richness  of 
Benthic  Algae. 
W9 1-04420  5C 

Toxicity    of    Sewage-Contaminated    Sediment 
Cores   to   Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

Toxicity  of  Inorganic  Selenium  to  the  Green 

Alga  Selenastrum  Capricornutum  Printz. 

W9 1-04448  5C 

Effect  of  Simulated  Acid  Rain  on  Reproductive 
Attributes  of  Red  Spruce  (Picea  rubens  Sarg). 
W9 1-04449  5C 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W9 1-04571  5C 

Effects  of  Cadmium  in  Freshwater  Clams.   I. 

Interaction  with  Essential  Elements  in  Anodonta 

cygnea. 

W91-04572  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastnictural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W91-04573  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  III. 
Interaction  with  Energy  Metabolism  in  Ano- 
donta cygnea. 
W9 1-04574  5C 


Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 

Ultrastnictural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-04616  5C 

Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W91-04617  5C 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the   Fertility  of  the   Mallard   Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

Toxicity  of  Phenol  to  the  Freshwater  Crusta- 
cean Asellus  Aquaticus  (L.)  During  Episodic 
Exposure-Relationship  Between  Sub-Lethal  Re- 
sponses and  Body  Phenol  Concentrations. 
W9 1-04622  5C 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

Correlation  of  Cadmium  Shell-Weight  Index 
With  Environmental  Stress  Indicators  at  the  Cel- 
lular and  Organismic  Levels  in  Littorina  littorea. 
W91-04719  5A 

Impact    of   Volatile    Aromatic    Hydrocarbons, 
Alone  and  in  Combination,  on  Growth  of  the 
Freshwater  Alga  Selenastrum  capricornutum. 
W9 1-04734  5C 

Use  of  Acetylcholinesterase  Activity  to  Detect 
Sublethal  Toxicity  in  Stream  Invertebrates  Ex- 
posed to  Low  Concentrations  of  Organophos- 
phate  Insecticides. 
W91-04735  5A 

Dietary   Accumulation  and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7,8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

Toxicity  of  Cadmium  in  Sediments:  The  Role  of 

Acid  Volatile  Sulfide. 

W9 1-04746  5C 

Preparation  of  Benthic  Substrates  for  Sediment 

Toxicity  Testing. 

W9 1-04748  5  A 

TOXICOLOGY 

California's      Proposition      65:      Extrapolating 

Animal  Toxicity  to  Humans. 

W9 1-04008  6E 

Setting  Human-Health-Based  Groundwater  Pro- 
tection Standards  When  Toxicological  Data  Are 
Inadequate. 
W91-04010  5G 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 

Toxicity  of  Ethyl-parathion  and   Carbaryl  on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 


:> 


\ 


SU-93 


TOXICOLOGY 


SUBJECT  INDEX 


Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-04021  5C 

Toxicity  of  Nickel  and   Nickel   Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W9 1-04022  5C 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W9 1-04023  5C 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and   in   Different    Planktonic   Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W9 1-04027  5B 

Electrophiles  and  Acute  Toxicity  to  Fish. 
W91-04059  5C 

Are    Laboratory-Derived    Toxicity    Data    for 
Freshwater  Algae  Worth  the  Effort. 
W91-04146  5C 

Aquatic  Toxicity  Testing  Using  the  Nematode, 

Caenorhabditis  elegans. 

W91-04147  5C 

Acute  Toxicity  of  Isomers  of  the  Pyrethroid 
Insecticide  Deltamethrin  and  Its  Major  Degra- 
dation Products  to  Daphnia  magna. 
W91-04149  5C 

Evaluation    of  Sucrose   as   an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to   Fish   and    Cladoceran    Tests    with 
Freshwater  Effluents. 
W91-04151  5A 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W91-04153  5C 

Development   of  Ecotoxicological   Criteria   in 

Urban  Catchments. 

W91-04343  5C 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-04610  5C 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 

Toxicity  of  Phenol  to  the  Freshwater  Crusta- 
cean Asellus  Aquaticus  (L.)  During  Episodic 
Exposure-Relationship  Between  Sub-Lethal  Re- 
sponses and  Body  Phenol  Concentrations. 
W9 1-04622  5C 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

Pharmacokinetic  Modeling  in  Aquatic  Animals: 

I.  Models  and  Concepts. 

W91-04733  5B 


Use  of  Acetylcholinesterase  Activity  to  Detect 
Sublethal  Toxicity  in  Stream  Invertebrates  Ex- 
posed to  Low  Concentrations  of  Organophos- 
phate  Insecticides. 
W9 1-04735  5A 

TOXINS 

Nitzschia    pseudodelicatissima:    A    Source    of 

Domoic  Acid  in  the  Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

TRACE  LEVELS 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W9 1-04283  5  A 

TRACE  METALS 

Assessment  of  Metal   Contamination   of  Sedi- 
ments in  the  Humber  Estuary,  U.K. 
W9 1-03979  5B 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-O4031  5B 

Trace  Metal  Ions  in  Ganga  Water  System. 
W91-04259  2K 

Toxicity  of  Inorganic  Selenium  to  the  Green 

Alga  Selenastrum  Capricornutum  Printz. 

W9 1-04448  5C 

Distribution  and  Composition  of  Suspended  Par- 
ticulate Material  in  the  Clyde  Estuary  and  Asso- 
ciated Sea  Lochs. 
W91-O4460  2L 

Comparison  of  Trace  Metals  Data  in  Mussels 
and  Oysters  from  a  Mussel  Watch  Programme 
of  the    1970s   with   those   from   a    1980s   Pro- 


gramme. 
W91-04517 


5B 


Dissolved  Arsenic  in  the  St.  Lawrence  Estuary 

and  the  Saguenay  Fjord,  Canada. 

W91-04519  5B 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W9 1-04524  5B 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 

Degradation  of  Atrazine   in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

TRACER  STUDIES 

Tracer  Measurements  of  Reaeration  in  Gravity 

Sewers. 

W91-04357  5D 

Naturally  Occurring  Radon  222  as  a  Tracer  for 
Streamflow  Generation:  Steady  State  Methodol- 
ogy and  Field  Example. 
W9 1-04934  2E 

TRACERS 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-04107  2F 


Solute  and  Heat  Transport  Experiments  for  Esti- 
mating Recharge  Rate. 
W9 1 -04390  2F 

Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate-Alluvial  System. 
W9 1-04407  2F 

Exposure    Assessment    of    Sewage    Treatment 

Plant  Effluent  by  a  Selected  Chemical  Marker 

Method. 

W9 1-04570  5D 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 


TRAINING 

Education  of  Hydrologists. 
W9 1-04801 


9A 


Fiscal  Year  1989  Program  Report  (Mississippi 

Water  Resources  Research  Institute). 

W9 1-04871  9D 

Fiscal   Year    1989   Program   Report   (Alabama 

Water  Resources  Research  Institute). 

W9 1-04872  9D 

Fiscal  Year  1989  Program  Report  (New  Jersey 

Division  of  Water  Resources). 

W9 1-04873  9D 

Fiscal    Year    1989    Program    Report    (Nevada 

Water  Resources  Research  Institute). 

W9 1-04874  9D 

Fiscal  Year   1989  Program  Report  (California 

Water  Resources  Research  Center). 

W9 1-04875  9D 

Fiscal  Year  1989  Program  Report  (Guam  Water 

and  Energy  Research  Institute). 

W9 1-04876  9D 

Fiscal  Year  1989  Annual  Program  Report  (Indi- 
ana Water  Resources  Research  Center). 
W9 1-04881  9D 

Fiscal  Year  1989  Program  Report  (Maine  Envi- 
ronmental Studies  Center). 
W91-04887  9D 

Fiscal  Year   1989  Program   Report  (Delaware 

Water  Resources  Center). 

W9 1-04888  9D 

Fiscal  Year  1989  Program  Report  (North  Caroli- 
na Water  Resources  Research  Institute). 
W9 1-04889  9D 

Fiscal   Year    1989   Program    Report   (Missouri 

Water  Resources  Research  Center). 

W9 1-04890  9D 

Fiscal  Year  1989  Program  Report  (South  Caroli- 
na Water  Resources  Research  Center). 
W9 1-04891  9D 

Fiscal  Year  1989  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W9 1-04892  9D 

Fiscal   Year    1989   Program   Report   (Michigan 

Institute  of  Water  Research). 

W9 1-04893  9D 

Fiscal   Year   1989   Program  Report  (Maryland 
Water  Resources  Research  Center). 
W91-04894  9D 

Fiscal    Year    1989    Program    Report    (Kansas 

Water  Resources  Research  Institute). 

W91 -04895  9D 


SU-94 


SUBJECT  INDEX 


UNSATURATED  FLOW 


Fiscal   Year    1989   Program   Report   (Vermont 

Water  Resources  Research  Center). 

W9 1-04896  9D 

Fiscal  Year  1989  Program  Report  (New  York 

State  Water  Resources  Institute). 

W9 1-04897  9D 

Fiscal  Year   1989  Program  Report  (Kentucky 

Water  Resources  Research  Institute). 

W9 1-04898  9D 

Fiscal    Year    1989    Program    Report   (Virginia 

Water  Resources  Research  Center). 

W9 1-04899  9D 

Fiscal  Year  1989  Program  Report  (West  Virgin- 
ia Water  Resources  Research  Institute). 
W91-04900  9D 

TRANSPIRATION 

Estimation  of  Transpiration  by  Single  Trees: 
Comparison  of  a  Ventilated  Chamber,  Leaf 
Energy  Budgets  and  a  Combination  Equation. 
W9 1-04484  2D 

TRASH  RACKS 

Study  of  Trash  and  Trash  Interception  Devices. 
W91-04359  5D 

Flow   Dynamics   and   Fish   Recovery   Experi- 
ments: Water  Intake  Systems. 
W91-04588  81 

TRAVELTTME 

Surface-Water   Containment   Routing   Using   a 

Digital  Stream  Information  System. 

W91-04185  5B 

TREES 

Monitoring  Moisture   Storage  in  Trees  Using 

Time  Domain  Reflectometry. 

W9 1-04388  21 

Design  and  Performance  of  an  Acidic  Precipita- 
tion Delivery   System   for   Field   Investigation 
with  Plants. 
W91-04568  5C 

TRIAZINE  HERBICIDES 
Degradation  of  Atrazine  in  Soil   through  In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

TRTBUTYLTTN 

Cytopathological    Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-O4012  5C 

TRICHLOROETHANE 

Tropospheric    OH     in    a    Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CC13. 
W91-O4300  5B 

TRICHLOROETHYLENE 

Effect  on  Mineral  Media  on  Trichloroethylene 
Oxidation  by  Aquifer  Methanotrophs. 
W91-04730  5B 


TRICKLING  FILTERS 

Olifantsfontein  Nutrient  Removal  Plant. 
W9 1-04660 


5D 


TRIHALOMETHANES 

Concerns  with  Using  Chlorine-Dioxide  Disinfec- 
tion in  the  USA. 
W91-04756  5F 

TROPHIC  LEVEL 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W9 1-03996  2H 


TROPICAL  REGIONS 

Rainfall  Interception  in  Two  Tropical  Montane 

Rain  Forests,  Colombia. 

W91-04101  21 

AQUA,  A  Model  to  Evaluate  Water  Deficits 
and  Excesses  in  Tropical  Cropping:  Part  II.  Re- 
gional Yield  Prediction. 
W9 1-04494  3F 

TROUT 

Decreased  Performance  of  Rainbow  Trout  On- 
corhynchus  mykiss  Emergence  Behaviors  Fol- 
lowing Embryonic  Exposure  to  Benzo(a)pyrene. 
W9 1-04069  5C 

Subcellular  Localization  of  Acid-Rain  Trans- 
ported Aluminum  in  Gills  and  Kidneys  of  Trout 
from  Streams  of  the  Vosges:  Preliminary  Re- 
sults, (Localisation  Subcellulaire  de  l'aluminium 
Vehicule  par  les  Pluies  Acides  dans  les  Reins  et 
Branchies  de  Truite  des  Vosges.  Donnees  Preli- 
minaires). 
W9 1-04364  5B 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in  Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W91-04445  5B 

Annual    Production   and   Production:    Biomass 
Ratios  for  Three  Species  of  Stream  Trout  in 
Lake  Superior  Tributaries. 
W91-04589  2H 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W9 1-04609  5C 

Dietary  Accumulation  and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7,8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 

TRUK 

Ground-Water  Resources  of  Selected  High  Vol- 
canic Islands  of  Truk  with  Emphasis  on  Small 
Village  Supplies. 
W9 1-04866  2F 

TUBE  SETTLERS 

Retrofit  of  Pulsator  Type  Upflow  Clarifiers  with 

Tube  Settlers. 

W9 1-04841  5F 

TUCSON  BASIN 

Costs  of  Wastewater  Use  in  the  Tucson  Basin. 
W91-04195  6C 

TURBIDITY 

Causes  of  Light  Attenuation  in  Nine  New  Zea- 
land Estuaries. 
W9 1-03981  2L 

Status  of  the  Brook  Silverside,  Labidesthes  sic- 

culus,  in  Canada. 

W91-04091  5C 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 

TURBINES 

Operational   Problems  and  Development  of  a 

New  Runner  for  Silty  Water. 

W9 1-04428  8C 


TURBULENCE 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 
sponse to  Changes  in  River  Runoff  and  Water 
Turbulence. 
W91-04412  2L 

TURF  GRASSES 

Growth  Responses,  Ion  Relations,  and  Osmotic 
Adaptations  of  Eleven  C4  Turfgrasses  to  Salini- 
ty- 
W9 1-04508  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-04510  3C 

TURKEY 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814  5G 

ULTRAVIOLET  RADIATION 

Ultraviolet        Disinfection        in        Municipal 

Wastewater  Treatment  Plants. 

W9 1-04676  5D 

Effect  of  Oxidants  on  UV  Destruction  of  Chlor- 

ophenols. 

W9 1-04766  5D 

UNCONFTNED  AQUIFERS 

Analysis  of  Flow  near  a  Dug  Well  in  an  Uncon- 

fined  Aquifer. 

W9 1-04392  2F 

Examination  of  Computed  Steady-State  Water- 

Table  Heights  in  Unconfined  Aquifers:  Dupuit- 

Forchheimer   Estimates   and   Exact   Analytical 

Results. 

W9 1-04399  2F 

UNDERGROUND  STORAGE 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying and  Controlling  the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W91-03935  5G 

UNDERGROUND  WASTE  DISPOSAL 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

Diffusion  in  the  Matrix  of  Granitic  Rock:  Field 

Test  in  the  Strip  a  Mine. 

W91-04137  5E 

UNITED  KINGDOM 

Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W9 1-04787  81 

UNITED  STATES 

Trends  in  Water  Use  in  the  United  States,  1950 

to  1985. 

W91-04165  6D 

U.S.  Water  Reuse:  Current  Status  and  Future 

Trends. 

W9 1-04605  3C 

UNSATURATED  FLOW 

Soilwater  Distribution  in  a  Nonuniformly  Irri- 
gated Field  with  Root  Extraction. 
W91-04395  3F 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W9 1-04396  5B 


5 

i 


SU-95 


UNSATURATED  FLOW 


SUBJECT  INDEX 


Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

UNSATURATED  ZONE 

Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W9 1-04855  5E 

UPGRADING 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

Strategy    for    the    Modernization    of   Control 

Equipment. 

W9 1-04427  8C 

Upgrade  of  Procurement  Specifications:  Materi- 
als, Manufacture  and  Setting. 
W9 1-04429  8C 

Upgrading   for   Biological    Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W91-O4670  5D 

Steps  in  Planning  the  Expansion  of  the  Large 
Sewage  Treatment  Plant  at  Buchenhofen,  Oper- 
ated by  the  Wupper  Watershed   Management 
Association. 
W9 1-04673  5D 

Rehabilitation  and  Upgrading  of  the  Beni  Suef 

City  Wastewater  Treatment  Plant. 

W9 1-04674  5D 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W9 1-04685  5D 

Upgrading  Existing  Activated  Sludge  Treatment 

Plants  with  Fine  Pore  Aeration  Systems. 

W9 1-04687  5D 

Upgrading  Oxygen  Transfer  in  the  Activated 

Sludge  Process. 

W91-04688  5D 

Retrofitting  Activated  Sludge  Plants  to  Improve 
the  Removal  of  Nitrogen  and  Phosphorus  by 
Biological  Processes. 
W9 1-04693  5D 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 

Upgrading  of  Wastewater  Treatment  Plants:  Ox- 
idation Ponds  in  Series  with  Biological  Filters. 
W91-O4701  5D 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter    Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W9 1-04702  5D 

Upgrading    of   Wastewater    Treatment    Plants 

Using  Pure  Oxygen. 

W91-O4705  5D 


Upgrading   of  Kanpur   Wastewater   Treatment 

Plant  by  Phased  Expansion. 

W9 1-04706  5D 

Design  of  a  Low  Strength  Sewage  Treatment 

Plant  in  a  Cold  Climate. 

W9 1-04707  5D 

Influence  of  Upgrading  of  Waste  Water  Treat- 
ment Plants  on  the  Design  of  Aeration  Systems. 
W9 1-04708  5D 

Improvement  of  Wastewater  Treatment  Plant 

Projects. 

W91-O4709  5D 

Metal  Removal  by  Waste  Biomass  to  Upgrade 

Wastewater  Treatment  Plants. 

W91-04713  5D 

URANIUM 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-O4108  2F 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1-04264  5E 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

URANIUM  RADIOISOTOPES 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

URBAN  AREAS 

Urban  Nonresidential  Water  Use  and  Conserva- 
tion. 
W91-O4201  6D 

URBAN  HYDROLOGY 

Proposed  Model  for  Evaluating  Urban  Hydro- 
logic  Change. 
W9 1-03990  4C 

Analysis  of  Objective  Functions  Used  in  Urban 

Runoff  Models. 

W9 1-04239  2E 

Urban   Storm-induced   Discharge   Impacts:   US 
Environmental    Protection    Agency    Research 
Program  Review. 
W9 1-04322  5C 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W91-04323  5C 

Evaluation  of  Pollutant  Loads  from  Urban  Non- 
point  Sources. 
W91-04325  5B 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO 
W91-04335  5B 

Impact  of  Storm   Sewage   Discharges  on   the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

Development   of  Ecotoxicological    Criteria    in 

Urban  Catchments. 

W9 1-04343  5C 


Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

Sediment  in  Sewers:  Initiation  of  Transport. 
W9 1-04351  5D 

Sewer  Sediment  and  Its  Relation  with  the  Qual- 
ity Characteristics  of  Combined  Sewer  Flows. 
W91-04352  5D 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W91-04354  2E 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W91-04356  5C 

Sediment  Movement  in   Combined   Sewers  in 

Dundee. 

W91-04358  5D 

Small  Time  and   Space   Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W91-04431  7A 

Effects  of  Urbanization  on  Peak  Streamflows  in 
Four  Connecticut  Communities,  1980-84. 
W91-04464  4C 

Urban  Stormwater:  An  Overview  for  Munici- 
palities. 
W9 1-04848  5B 

Multipurpose  Stormwater  Detention  Ponds. 
W91-04851  4A 

URBAN  RUNOFF 

Implications  for  the  Design  of  Artificial  Lakes 

of  a  Study  of  the  Craigavon  Lakes. 

W9 1-04037  4  A 

Analysis  of  Objective  Functions  Used  in  Urban 

Runoff  Models. 

W9 1-04239  2E 

Urban   Storm-induced   Discharge   Impacts:  US 
Environmental    Protection    Agency    Research 
Program  Review. 
W91-04322  5C 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W91-04323  5C 

Development  of  a  Methodology  to  Determine 

the  Pollution  Discharged  by  a  Combined  Sewer 

Network. 

W91-04324  5B 

Evaluation  of  Pollutant  Loads  from  Urban  Non- 
point  Sources. 
W91-04325  5B 

Comparison  of  Overflows  from  Separate  and 

Combined  Sewers—Quantity  and  Quality. 

W9 1-04326  5D 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W9 1-04327  5B 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W9 1-04330  5B 

Long-term   Simulation   of  Pollutant   Loads   in 

Treatment  Plant  Effluents  and  Combined  Sewer 

Overflows. 

W91-04331  SB 


SU-96 


SUBJECT  INDEX 


VIRULENCE 


Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Comparison    of    Pollutant    Load    Calculation 

Methods  Based  on  Measured  Data-State  of  the 

Investigation. 

W91-04334  5B 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W91-04335  5B 

Fluxes  of  Oxygen   Equivalents   and   Nutrients 
across  the  Sediment-Water  Interface  after  Com- 
bined Sewer  Overflows. 
W91-04336  5B 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W91-04337  5B 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W91-04338  5C 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W91-04339  5C 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W91-04341  5C 

Impact  of  Storm   Sewage   Discharges  on  the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

Development   of  Ecotoxicological    Criteria   in 

Urban  Catchments. 

W91-04343  5C 

Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

Monitoring  a  Vortex  Storm  Sewage  Overflow 

with  Peripheral  Spill. 

W9 1-04345  5D 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

Reduction  of  Combined  Sewer  Overflow  Pollu- 
tion Loads  by  Detention  of  Sanitary  Sewage. 
W9 1-04347  5D 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

Characterization    of    Solids    Transferred    into 

Sewer  Trunks  during  Wet  Weather. 

W9 1-04350  5D 

Sediment  in  Sewers:  Initiation  of  Transport. 
W91-04351  5D 

Sewer  Sediment  and  Its  Relation  with  the  Qual- 
ity Characteristics  of  Combined  Sewer  Flows. 
W91-04352  5D 


Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  13  in  Marseille. 

W91-04353  5D 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W91-04354  2E 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W91-04356  5C 

Sediment   Movement   in   Combined   Sewers  in 

Dundee. 

W9 1-04358  5D 

Study  of  Trash  and  Trash  Interception  Devices. 
W9 1-04359  5D 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic    Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W9 1-04360  5C 

Effects  of  Urbanization  on  Peak  Streamflows  in 

Four  Connecticut  Communities,  1980-84. 

W9 1-04464  4C 

Urban  Stormwater:  An  Overview  for  Munici- 
palities. 
W9 1-04848  5B 

URBAN  WATERSHEDS 

Impact  of  Storm   Sewage   Discharges  on  the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

Development   of  Ecotoxicological    Criteria   in 

Urban  Catchments. 

W9 1-04343  5C 

URBANIZATION 

Status  of  the  Brook  Silverside,  Labidesthes  sic- 

culus,  in  Canada. 

W9 1-04091  5C 

Status  of  the  River  Darter,  Percina  shumardi,  in 

Canada. 

W9 1-04094  5C 

UTAH 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

Ground-Water  Conditions  in  Utah,   Spring  of 

1990. 

W9 1-04870  2F 

UTILITY  EXTENSION 

Satellite  Management  and  Joint  Use. 

W9 1-04371  5F 

VADOSE  ZONE 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W9 1-04271  5B 

VECTOR  PROCESSING 

Survey  of  Vector  and  Parallel  Processors  for 

Numerical  Applications. 

W9 1-04830  7C 

VEGETABLE  CROPS 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 


Yield   of  Successively   Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 

VEGETATION  EFFECTS 

Evapotranspiration  from  Sedge-dominated  Wet- 


land Surfaces. 
W91-04051 


2D 


Groundwater  Response  to  Reforestation  in  the 
Darling  Range  of  Western  Australia. 
W91-04398  4C 

Fish  of  the  Amazonian  Igapo:  Stability  and  Con- 
servation   in    a    High    Diversity-Low    Biomass 
System. 
W91-04784  2H 

VENEZUELA 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W91-04737  2H 

Design   Features   of  Venezuela's   Macagua   II 

Scheme. 

W9 1-04808  8C 

VERMONT 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

Fiscal   Year    1989   Program   Report   (Vermont 

Water  Resources  Research  Center). 

W9 1-04896  9D 

VERTICAL  DISTRIBUTION 

Time-   and   Vertical   Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W9 1-04034  2H 

VINE  CROPS 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W91-04780  3F 

VIRGIN  RIVER 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow   Requirements   for   Endangered 

Species. 

W91-04217  6D 

VIRGINIA 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W9 1-04624  5B 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W91-04632  5C 

Preliminary  Investigation  of  Soil  and  Ground- 
Water  Contamination  at  the  U.S.  Army  Petrole- 
um Training  Facility,  Fort  Lee,  Virginia,  Sep- 
tember-October 1989. 
W9 1-04864  5B 

Fiscal    Year    1989    Program   Report    (Virginia 

Water  Resources  Research  Center). 

W9 1-04899  9D 

VIRULENCE 

Incidence  of  Virulence  Factors  in  Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W91-04455  5B 


I 


SU-97 


VITELLOGENIN 


SUBJECT  INDEX 


VITELLOGENIN 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W9 1-04609  5C 

VOLATILE  ORGANIC  COMPOUNDS 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 

Air  Toxics  Project  Studies  Health  Risks  from 

Wastewater  Treatment  Plant  Emissions. 

W9 1-04597  5D 

Use  of  Pervaporation  for  the  Removal  of  Organ- 
ic Contaminants  from  Water. 
W9 1-04771  5F 

Costs   of  Groundwater   Contamination   to   the 
Southington  Water  Works  Department. 
W91-04845  5A 

VOLTAMMETRY 

Manganese  Speciation  in  Dilute  Waters  of  the 

Precambrian  Shield,  Canada. 

W9 1-04039  2K 

WASHINGTON 

Estimation  of  Ground- Water  Use  for  Irrigation 
in  Eastern  Washington  Using  Landsat  Imagery. 
W9 1-04232  3F 

Statistical  Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 

WASTE  CONTAINMENT 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 

WASTE  DISPOSAL 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W91-04065  5E 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

Los  Angeles  City  Sludge  Management  Program. 
W91-04596  5E 

WASTE  DISPOSAL  WELLS 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W9 1-03936  5E 

WASTE  LOAD  ALLOCATION 

Optimal  Control  of  the  Activated  Sludge  Proc- 
ess. 
W91-04073  5D 

WASTE  TREATMENT 

Immobilized  Cell  Bioprocess  for  the  Removal  of 
Heavy  Metals  from  Aqueous  Flows. 
W91-04158  5D 

Review  of  Biotechnology  Applications  to  Nu- 
clear Waste  Treatment. 
W91-04159  5E 

Microbial  Dissolution  and  Stabilization  of  Toxic 

Metals  and  Radionuclides  in  Mixed  Wastes. 

W9 1-04264  5E 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W9 1-04580  5G 

Los  Angeles  City  Sludge  Management  Program. 
W9 1-04596  5E 


Activated    Sludge    Process:    Waste    Treatment 

(Jan  85-Jul  89). 

W9 1-04656  5D 

WASTEWATER 

Analytical   and   Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

WASTEWATER  ANALYSIS 

Autocatalytic  Model  for  the  Kinetics  of  BOD 

Test. 

W9 1-04038  5D 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

Capillary  Zone  Electrophoretic  Separation  of 
Chlorophenols  in  Industrial  Waste  Water  with 
On-Column  Electrochemical  Detection. 
W9 1-04266  5  A 

Water  Round  Robin  for  Parts-Per-Quadrillion 
Determination  of  PCDDs  and  PCDFs. 
W91-04279  5D 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 

WASTEWATER  COLLECTION 

Pumping  Station  Rehabilitation  with  Submersi- 
ble Pumps  Saves  O&M  costs. 
W91-04607  5D 

Lateral  Installation  and  Maintenance  Consider- 
ations. 
W9 1-04608  5D 

WASTEWATER  DISPOSAL 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W9 1-04036  5E 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

Comparison  of  Overflows  from  Separate  and 

Combined  Sewers-Quantity  and  Quality. 

W9 1-04326  5D 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W91-04338  5C 

Impact   of  Storm   Sewage   Discharges  on   the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

Toxicity    of    Sewage-Contaminated     Sediment 
Cores   to    Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W91-04535  5G 

Ground-Water    Quality     Near     a     Scavenger- 
Waste-Disposal  Facility  in  Manorville,  Suffolk 
County,  New  York,  1984-85. 
W9 1-04647  5B 

WASTEWATER  FACILITIES 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W91-04293  5D 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 


Air  Toxics  Project  Studies  Health  Risks  from 

Wastewater  Treatment  Plant  Emissions. 

W9 1-04597  5D 

Durham  Benefits  from  Collection  System  Instru- 
mentation. 
W91-04598  5D 

Anne  Arundel  County  Achieves  Water-Quality 

Excellence. 

W91-04600  5G 


Designing  to  Improve  Grit  Removal. 
W91-O4601 


5D 


Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

Pumping  Station  Rehabilitation  with  Submersi- 
ble Pumps  Saves  O&M  costs. 
W9 1-04607  5D 


Olifantsfontein  Nutrient  Removal  Plant. 
W9 1-04660 


5D 


Innovative  Technology  for  Upgrading  Nutrient 

Removal  Activated  Sludge  Plants. 

W9 1-04661  5D 

Upgrading  a  Municipal  Activated  Sludge  Plant 
for  High-Rate  Biological  Nutrient  Removal. 
W9 1-04662  5D 

Upgrading  Wastewater  Treatment  Plants  with 

Anaerobic  Selectors. 

W9 1-04663  5D 

Conversion  of  Existing  Primary  Clarifiers  Ac- 
cording to  the  EASC  Process  for  Biological 
Phosphorus  Removal. 
W9 1-04664  5D 

Upgrading  Wastewater  Treatment  Plants  for  Bi- 
ological Nutrient  Removal. 
W9 1-04665  5D 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

Upgrading  of  Wastewater  Treatment  Plants  for 
the  Reduction  of  Nitrogen  and  Phosphorus  in 
Schleswig-Holstein,  FRG. 
W9 1-04667  5D 

Upgrading  of  the  Treatment  Plants  in  Stock- 
holm to  Meet  More  Stringent  Requirements. 
W9 1-04668  5D 

Pre-Precipitation  Facilitates  Nitrogen  Removal 

Without  Tank  Expansion. 

W9 1-04669  5D 

Upgrading   for   Biological   Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

Upgrading  a  Large   Municipal   Sewage  Treat- 
ment Plant  by  a  Combination  of  Biological  and 
Chemical  Processes. 
W9 1-04671  5D 

Examples  for  the  Upgrading  of  Existing  Activat- 
ed Sludge  Plants  for  Nutrient  Removal. 
W9 1-04672  5D 

Steps  in  Planning  the  Expansion  of  the  Large 
Sewage  Treatment  Plant  at  Buchenhofen,  Oper- 
ated by  the  Wupper  Watershed   Management 
Association. 
W91-04673  5D 

Rehabilitation  and  Upgrading  of  the  Beni  Suef 

City  Wastewater  Treatment  Plant. 

W9 1-04674  5D 


SU-98 


SUBJECT  INDEX 


WASTEWATER  TREATMENT 


Tertiary  Waste  Water  Treatment  with  Flotation 

Filters. 

W9 1-04675  5D 

Ultraviolet        Disinfection        in        Municipal 

Wastewater  Treatment  Plants. 

W91-04676  5D 

Upgrading    Wastewater    Treatment    by    Water 

Hyacinth  in  Developing  Countries. 

W91-04677  5D 

Post-Denitrification  with  Controlled  Feeding  of 

Activated  Sludge  as  H  Donator. 

W91-04678  5D 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

Upgrading    of    Small    Municipal    Wastewater 

Treatment  Plants  with  Heavy  Dairy  Loading  by 

Introduction  of  Aerated  Submerged  Biological 

Filters. 

W9 1-04681  5D 

Nitrification   and   Denitrification   in   Combined 

Activated  Sludge  Systems. 

W91-04682  5D 

Improvement  of  Existing  Wastewater  Treatment 
Plants'    Efficiencies    without    Enlargement    of 
Tankage  by  Application  of  the  LINPOR-Proc- 
ess:  Case  Studies. 
W91-04683  5D 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W91-04685  5D 

Dosage  Control  for  a  Higher  Efficiency  of  the 

Separation  Process. 

W9 1-04686  5D 

Upgrading  Existing  Activated  Sludge  Treatment 

Plants  with  Fine  Pore  Aeration  Systems. 

W9 1-04687  5D 

Upgrading  Oxygen  Transfer  in  the  Activated 

Sludge  Process. 

W91-04688  5D 

Optimizing    Polymer    Consumption    in    Sludge 

Dewatering  Applications. 

W91-04689  5D 

Biological    Nitrogen   Removal    in   a   Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 

Investigations     on     Nitrogen     Elimination     in 
Sewage   Treatment   Plants   Including   Separate 
Aeration  of  Return  Sludge. 
W91-04691  5D 

How  to  Increase  Efficiency  of  Sewage  Plants 

and  Obey  the  Latest  Regulations. 

W9 1-04692  5D 

Retrofitting  Activated  Sludge  Plants  to  Improve 
the  Removal  of  Nitrogen  and  Phosphorus  by 
Biological  Processes. 
W91-04693  5D 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 


Comparative   Study  of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W9 1-04695  5D 

Effect  of  Easily  Degradable  Carbon  Sources  on 

Nitrogen  Removal  Efficiency. 

W9 1-04696  5D 

Operational   Experience  with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W9 1-04697  5D 

Performance  of  Laboratory-Scale  Upflow  An- 
aerobic Sludge  Blanket  (UASB)  Reactors. 
W9 1-04698  5D 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W9 1-04699  5D 

Stabilization  and  Disinfection  of  Sewage  Sludge 
by  Two-Stage  Anaerobic  Thermophilic/Meso- 
philic  Digestion. 
W9 1-04700  5D 

Upgrading  of  Wastewater  Treatment  Plants:  Ox- 
idation Ponds  in  Series  with  Biological  Filters. 
W9 1-04701  5D 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter    Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W9 1-04702  5D 

LINPOR-Process  for  Nitrification  and  Denitrifi- 
cation. 
W9 1-04703  5D 

Biologically     Intensified     Filtration     Processes 
(Dry  Bed  Filter)  for  an  Efficient  Effluent  Im- 
provement of  Wastewater  Treatment  Plants:  Ap- 
plications. 
W9 1-04704  5D 

Upgrading    of   Wastewater    Treatment    Plants 

Using  Pure  Oxygen. 

W9 1-04705  5D 

Upgrading   of  Kanpur  Wastewater  Treatment 

Plant  by  Phased  Expansion. 

W9 1-04706  5D 

Design  of  a  Low  Strength  Sewage  Treatment 

Plant  in  a  Cold  Climate. 

W9 1-04707  5D 

Influence  of  Upgrading  of  Waste  Water  Treat- 
ment Plants  on  the  Design  of  Aeration  Systems. 
W9 1-04708  5D 

Improvement  of  Wastewater  Treatment  Plant 

Projects. 

W9 1-04709  5D 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

Metal  Removal  by  Waste  Biomass  to  Upgrade 

Wastewater  Treatment  Plants. 

W91-04713  5D 

Retrospective     Cohort     Mortality     Study     of 
Cancer  Among  Sewage  Plant  Workers. 
W91-04754  5D 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814  5G 

Design   of  a   Chlorination/Dechlorination   and 

Post-Aeration  Facility. 

W91-04815  5D 

Gravity  Belt  Thickening  and  Lime  Stabilization. 
W9 1-04820  5E 


Sewage   System   Improvement   by  Operational 

Parameters  Research. 

W9 1-04824  5D 


Design        Management        Keeps 
Wastewater  Program  on  Track. 
W9 1-04846 


Boston's 


5D 


WASTEWATER  IRRIGATION 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W91-04036  5E 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-04510  3C 

WASTEWATER  LAGOONS 

Pintail,  Anas  acuta,  Use  of  Man-made  Ponds  in 

Quebec. 

W91-04058  6G 

WASTEWATER  MANAGEMENT 

Innovative  Technology  for  Upgrading  Nutrient 

Removal  Activated  Sludge  Plants. 

W9 1-04661  5D 

WASTEWATER  OUTFALL 

Exposure    Assessment    of    Sewage    Treatment 

Plant  Effluent  by  a  Selected  Chemical  Marker 

Method. 

W91-04570  5D 

WASTEWATER  POLLUTION 

Effects  of  Acid  Wastes  from  Titanium  Dioxide 
Production  on  Biomass  and  Species  Richness  of 
Benthic  Algae. 
W9 1-04420  5C 

Economically  Important  Seaweeds  in  Mar  Pic- 
colo, Taranto  (Southern  Italy):  A  Survey. 
W91-04423  5C 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W9 1-04440  5C 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

Exposure    Assessment    of   Sewage    Treatment 

Plant  Effluent  by  a  Selected  Chemical  Marker 

Method. 

W9 1-04570  5D 

Bacterial  Heterotrophic  Activity  in  the  River 
Seine:  Tritiated  Thymidine  and  Leucine  Incor- 
poration Profiles  (Activite  Bacterienne  Hetero- 
trophe  dans  la  Seine:  Profils  d'Incorporation  de 
Thymidine  et  de  Leucine  Tritiees). 
W91-04837  5C 

WASTEWATER  REACTORS 

Treatment  of  Poultry   Processing   Wastewater 

Using  Sequencing  Batch  Reactors. 

W91-04550  5D 

Biofilms  and  Biofilm  Reactors  (Apr  79-Mar  90). 
W9 1-04658  5D 

WASTEWATER  RENOVATION 

Irvine  Ranch's  Approach  to  Water  Reclamation. 
W9 1-04821  5D 

WASTEWATER  TREATMENT 

Aerobic  Treatment  of  Dairy  Wastewater. 

W9 1-03969  5D 


SU-99 


WASTEWATER  TREATMENT 


SUBJECT  INDEX 


Autocatalytic  Model  for  the  Kinetics  of  BOD 

Test. 

W9 1 -04038  5D 

Efficiency  of  Rotating  Biological  Contactor  in 

Removing  Pathogenic  Bacteria  from  Domestic 

Sewage. 

W9 1-04042  5D 

Effects  of  pH  and  Oxidation  State  of  Chromium 
on  the  Behavior  of  Chromium  in  the  Activated 
Sludge  Process. 
W9 1-04045  5D 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent  Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W91-O4052  5D 

Error  Analysis  of  Limiting-Case  Solutions  to  the 

Steady-State-Biofilm  Model. 

W91-O4071  5D 

Optimal  Control  of  the  Activated  Sludge  Proc- 
ess. 
W91-04073  5D 

Microbial   Regeneration   Process   for  Granular 

Activated  Carbon-I.  Process  Modelling. 

W9 1-04074  5D 

Microbial   Regeneration   Process  for  Granular 
Activated  Carbon— II.  Regeneration  Studies. 
W91-04075  5D 

Implications  of  the  Task  Group  Model— I.  The 
Effect  of  Initial  Substrate  Concentration. 
W91-O4080  5D 

Implications  of  the  Task  Group  Model— II.  Re- 
sponse to  Intermittent  Loadings. 
W91-O4081  5D 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

Biosorption  of  Radionuclides  by  Fungal   Bio- 
mass. 
W91-04156  5D 

Recovery  of  Metal  Ions  by  Microfungal  Filters. 
W91-04157  5D 

Immobilized  Cell  Bioprocess  for  the  Removal  of 
Heavy  Metals  from  Aqueous  Flows. 
W91-04158  5D 


Metal  Recovery  Using  Chitosan. 
W91-O4160 


5D 


Treated  Municipal  Sewage  Effluent  as  a  Source 
of  Power  Plant  Cooling  Tower  Makeup  Water. 
W9 1-04221  5D 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W91-04264  5E 

Treatment  of  Gelatine  Factory  Effluent. 
W91-04317  5D 

Thermodynamic  Considerations  on  the  Perform- 
ance of  Two-Staged  Anaerobic  Digesters. 
W91-04318  5D 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W91-O4320  5B 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W9 1-04321  5D 

Long-term    Simulation   of  Pollutant    Loads   in 

Treatment  Plant  Effluents  and  Combined  Sewer 

Overflows. 

W91-04331  5B 


Ozonation  of  Trace  Organic  Compounds:  Model 

Predictions  Versus  Experimental  Data. 

W9 1-04377  5F 

Treatment   of  Poultry   Processing   Wastewater 

Using  Sequencing  Batch  Reactors. 

W9 1-04550  5D 

Fate  of  Mutagenic  Activity  during  Conventional 
Treatment  of  Municipal  Wastewater  Sludge. 
W9 1-04569  5D 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W9 1-04580  5G 

Past  Practices  and  New  Approaches  in  Scum 

Management. 

W9 1-04602  5G 

Wastewater  Treatment:  Dye  and  Pigment  Indus- 
try (Jan  77-Jul  89). 
W91-04653  5D 

Humic  Acids:  Characterization  and  Interactions 

in  Natural  and  Wastewater  Systems  (Jan  78-Jul 

89). 

W9 1-04655  2H 

Activated    Sludge    Process:    Waste   Treatment 

(Jan  85-Jul  89). 

W9 1-04656  5D 

Biodegradation  of  Pesticides  (Dec  85-May  90). 
W91-04657  5B 

Biofilms  and  Biofilm  Reactors  (Apr  79-Mar  90). 
W9 1-04658  5D 

Biodegradation    of   Pesticides    and    Herbicides 

(Mar  78-Mar  90). 

W9 1-04659  5D 

Upgrading  a  Municipal  Activated  Sludge  Plant 
for  High-Rate  Biological  Nutrient  Removal. 
W9 1-04662  5D 

Upgrading  Wastewater  Treatment  Plants  with 

Anaerobic  Selectors. 

W9 1-04663  5D 

Conversion  of  Existing  Primary  Clarifiers  Ac- 
cording to  the  EASC  Process  for  Biological 
Phosphorus  Removal. 
W9 1-04664  5D 

Upgrading  Wastewater  Treatment  Plants  for  Bi- 
ological Nutrient  Removal. 
W91-04665  5D 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

Upgrading  of  Wastewater  Treatment  Plants  for 
the  Reduction  of  Nitrogen  and  Phosphorus  in 
Schleswig-Holstein,  FRG. 
W9 1-04667  5D 

Upgrading   for   Biological    Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

Upgrading  a  Large  Municipal   Sewage  Treat- 
ment Plant  by  a  Combination  of  Biological  and 
Chemical  Processes. 
W9 1-04671  5D 

Examples  for  the  Upgrading  of  Existing  Activat- 
ed Sludge  Plants  for  Nutrient  Removal. 
W9 1-04672  5D 

Steps  in  Planning  the  Expansion  of  the  Large 
Sewage  Treatment  Plant  at  Buchenhofen,  Oper- 


ated by   the  Wupper  Watershed   Management 

Association. 

W9 1-04673  5D 

Rehabilitation  and  Upgrading  of  the  Beni  Suef 

City  Wastewater  Treatment  Plant. 

W9 1-04674  5D 

Tertiary  Waste  Water  Treatment  with  Flotation 

Filters. 

W9 1-04675  5D 


Ultraviolet        Disinfection 
Wastewater  Treatment  Plants. 
W9 1-04676 


in        Municipal 


5D 


Upgrading    Wastewater   Treatment    by    Water 

Hyacinth  in  Developing  Countries. 

W9 1-04677  5D 

Post-Denitrification  with  Controlled  Feeding  of 

Activated  Sludge  as  H  Donator. 

W91-04678  5D 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

Nitrification   and   Denitriflcation   in  Combined 

Activated  Sludge  Systems. 

W9 1-04682  5D 

Improvement  of  Existing  Wastewater  Treatment 
Plants'    Efficiencies    without    Enlargement    of 
Tankage  by  Application  of  the  LINPOR-Proc- 
ess:  Case  Studies. 
W9 1-04683  5D 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W9 1-04685  5D 

Dosage  Control  for  a  Higher  Efficiency  of  the 

Separation  Process. 

W91-04686  5D 

Upgrading  Existing  Activated  Sludge  Treatment 

Plants  with  Fine  Pore  Aeration  Systems. 

W9 1-04687  5D 

Optimizing    Polymer    Consumption    in    Sludge 

De watering  Applications. 

W9 1-04689  5D 

Biological    Nitrogen   Removal   in   a   Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 

Investigations     on     Nitrogen     Elimination     in 
Sewage   Treatment   Plants   Including   Separate 
Aeration  of  Return  Sludge. 
W91-04691  5D 

How  to  Increase  Efficiency  of  Sewage  Plants 

and  Obey  the  Latest  Regulations. 

W9 1-04692  5D 

Retrofitting  Activated  Sludge  Plants  to  Improve 
the  Removal  of  Nitrogen  and  Phosphorus  by 
Biological  Processes. 
W91-04693  5D 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 


SU-100 


SUBJECT  INDEX 


WATER  ANALYSIS 


Comparative   Study  of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W9 1-04695  5D 

Effect  of  Easily  Degradable  Carbon  Sources  on 

Nitrogen  Removal  Efficiency. 

W91-04696  5D 

Operational   Experience  with  Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W91-04697  5D 

Performance  of  Laboratory-Scale  Upflow  An- 
aerobic Sludge  Blanket  (UASB)  Reactors. 
W91-04698  5D 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W91-04699  5D 

Stabilization  and  Disinfection  of  Sewage  Sludge 
by  Two-Stage  Anaerobic  Thennophilic/Meso- 
philic  Digestion. 
W9 1-04700  5D 

Upgrading  of  Wastewater  Treatment  Plants:  Ox- 
idation Ponds  in  Series  with  Biological  Filters. 
W9 1-04701  5D 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter   Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W91-O4702  5D 

LINPOR-Process  for  Nitrification  and  Denitrifi- 

cation. 

W9 1-04703  5D 

Biologically     Intensified     Filtration     Processes 
(Dry  Bed  Filter)  for  an  Efficient  Effluent  Im- 
provement of  Wastewater  Treatment  Plants:  Ap- 
plications. 
W91-O4704  5D 

Upgrading    of   Wastewater    Treatment    Plants 

Using  Pure  Oxygen. 

W91-04705  5D 

Upgrading   of  Kanpur  Wastewater  Treatment 

Plant  by  Phased  Expansion. 

W91-04706  5D 

Design  of  a  Low  Strength  Sewage  Treatment 

Plant  in  a  Cold  Climate. 

W91-04707  5D 

Influence  of  Upgrading  of  Waste  Water  Treat- 
ment Plants  on  the  Design  of  Aeration  Systems. 
W9 1-04708  5D 

Improvement  of  Wastewater  Treatment  Plant 

Projects. 

W9 1-04709  5D 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W91-O4710  5D 

Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

Metal  Removal  by  Waste  Biomass  to  Upgrade 

Wastewater  Treatment  Plants. 

W91-04713  5D 

Waste  Water  Treatment  Using  Saline  Cultures 

of  Microalgae. 

W9 1-04762  5D 


Effect  of  Oxidants  on  UV  Destruction  of  Chlor- 

ophenols. 

W9 1-04766  5D 

Homogeneously   Catalyzed   Oxidation    for   the 

Destruction  of  Aqueous  Organic  Wastes. 

W9 1-04767  5D 

Heterogeneous  Photocatalysis  for  Water  Purifi- 
cation: Contaminant  Mineralization  Kinetics  and 
Elementary  Reactor  Analysis. 
W9 1-04768  5D 

Electrosorption:  A  Case  Study  on  Removal  of 

Dilute  Organics  from  Water. 

W9 1-04769  5D 

Use  of  Pervaporation  for  the  Removal  of  Organ- 
ic Contaminants  from  Water. 
W9 1-04771  5F 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 

W9 1-04772  5D 

Feasibility  of  Using  Alginate  to  Absorb  Dis- 
solved Copper  from  Aqueous  Media. 
W91-04773  5D 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814  5G 

Design  of  a  Chlorination/Dechlorination   and 

Post-Aeration  Facility. 

W91-04815  5D 

Bilateral  Wastewater  Land  Treatment  Research. 
W91-04816  5D 


Tamshui  River  Cleanup. 
W91-04818 


5D 


Gravity  Belt  Thickening  and  Lime  Stabilization. 
W9 1-04820  5E 

Design        Management         Keeps        Boston's 

Wastewater  Program  on  Track. 

W9 1-04846  5D 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly(Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

WASTEWATER  UTILIZATION 

Costs  of  Wastewater  Use  in  the  Tucson  Basin. 
W91-04195  6C 

Treated  Municipal  Sewage  Effluent  as  a  Source 
of  Power  Plant  Cooling  Tower  Makeup  Water. 
W91-04221  5D 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

Irvine  Ranch's  Approach  to  Water  Reclamation. 
W91-04821  5D 

WATER  ALLOCATION 

Optimal  Water  Allocation  in  the  Lakes  Basin  of 

Nicaragua. 

W91-04211  6D 

WATER  ANALYSIS 

Quantitative   Remote   Detection   of  Suspended 
Sediment  Content  and  Chlorophyll  Concentra- 
tion of  Water  in  Different  Depths. 
W9 1-03949  7B 

Optical  Properties  of  Seawater  Bodies:  Measure- 
ments with  an  Underwater  Radiometer  and  a 
High-Resolution  Spectroradiometer. 
W9 1-03950  7B 


Impact  of  Multiviewing  Reflectance  Data  on  the 
Estimation  of  Suspended  Sediment  Concentra- 
tion. 
W9 1-03951  7B 

Total  Parameter  Water  Analysis  Comes  under 

the  Microscope. 

W9 1-03970  5  A 

Measuring  Aluminum  During  Water  Treatment: 

Methodology  and  Application. 

W9 1-03976  5F 

Real-Time  Sampling  Strategies  for  Estimating 

Nutrient  Loadings. 

W9 1-03989  5  A 

Autocatalytic  Model  for  the  Kinetics  of  BOD 

Test. 

W91-04038  5D 

Total    Organic    Halogens    (TOX)    Analysis   in 

Ether  Solutions. 

W9 1-04049  5  A 

Improved  Membrane  Filtration  Method  Incor- 
porating Catalase  and  Sodium  Pyruvate  for  De- 
tection of  Chlorine-Stressed  Coliform  Bacteria. 
W9 1-04067  5  A 

Identification  of  the  Derivatives  of  C.I.  Reactive 

Blue  19  in  Textile  Wastewater. 

W91-04083  5A 

Jacknife  and  Bootstrap  Estimation  of  Biological 

Index  of  Water  Quality. 

W9 1-04084  5A 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

Comparison  of  Photon  Correlation  Spectrosco- 
py  with  Photosedimentation  Analysis  for  the 
Determination  of  Aqueous  Colloid  Size  Distri- 
butions. 
W91-04131  5B 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 

Lead  Hydride  Generation  in  a  Lactic  Acid-Po- 
tassium Dichromate  Medium  and  its  Application 
to  the  Determination  of  Lead  in  Fish,  Vegetable 
and  Drink  Samples. 
W91-04140  5A 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

Analysis  of  Atmospheric  Precipitation  by  Re- 

versed-Phase  Ion-Pair  Chromatography. 

W9 1-04265  5  A 

Capillary   Zone  Electrophoretic  Separation  of 
Chlorophenols  in  Industrial  Waste  Water  with 
On-Column  Electrochemical  Detection. 
W9 1-04266  5  A 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

Water  Round  Robin  for  Parts-Per-Quadrillion 
Determination  of  PCDDs  and  PCDFs. 
W91-04279  5D 

Validation  Studies  of  an  Automated  Preconcen- 
tration Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W9 1-04282  5  A 


SU-101 


WATER  ANALYSIS 


SUBJECT  INDEX 


Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W91-04288  5B 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W9 1-04293  5D 

Comparison  of  Accuracy  and  Completeness  of 
Data  Obtained  from  Three  Types  of  Automatic 
Water-Quality  Monitors. 
W9 1-04644  7B 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 
W91-04753  5A 

WATER  BIRDS 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-04001  5C 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds-- 
Bioaccumulation,  Metabolism,  and  Effects. 
W91-04011  5B 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W91-04575  5B 

Effects  of  Acid  Precipitation  on  Reproduction  in 

Birds. 

W9 1-04774  5C 

WATER  CHEMISTRY 

Manganese  Speciation  in  Dilute  Waters  of  the 

Precambrian  Shield,  Canada. 

W9 1-04039  2K 

Shortcomings  of  Gran  Titration  Procedures  for 
Determination  of  Alkalinity  and  Weak  Acids  in 
Humic  Water. 
W9 1-04087  7B 

Dew  Chemistry  and  Acid  Deposition  in  Glendo- 
ra,  California,  During  the   1986  Carbonaceous 
Species  Methods  Comparison  Study. 
W91-04138  5B 

Iron  Transport  and  Distribution  between  Fresh- 
water   and    Sediments    over    Different    Time 
Scales. 
W91-04154  2H 

Trace  Metal  Ions  in  Ganga  Water  System. 

W9 1-04259  2K 

PH  of  Clay  Suspensions  in  the  Field  and  Labora- 
tory, and  Methods  of  Measurement  of  Their  pH. 
W9 1-04269  2K 

Statistical   Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 

Relationships  Between  Groundwater  Contami- 
nation and  Major-Ion  Chemistry  in  a  Karst  Aq- 
uifer. 
W9 1-04403  5B 

Influence  of  Water  Chemistry  on  Size  Structure 

of  Zooplankton  Assemblages. 

W9 1-04442  2H 


Response  of  Yellow-Poplar  (Liriodendron  tulipi- 
fera  L.)  Seedlings  to  Simulated  Acid  Rain  and 
Ozone-2.  Effect  on  Throughfall  Chemistry  and 
Nutrients  in  the  Leaves. 
W91-04451  21 

Effects  of  Acidic  Precipitation  on  the  Water 
Quality  of  Streams  in   the   Laurel   Hill   Area, 
Somerset  County,  Pennsylvania,  1983-86. 
W9 1-04636  5C 

Limnology  of  the  Southern  Acid   Peat  Flats, 

South-Western  Australia. 

W91-04717  2H 

Microbial   Manganese  Reduction   Mediated  by 
Bacterial   Strains   Isolated   from   Aquifer  Sedi- 
ments. 
W9 1-04726  2K 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W9 1-04737  2H 

Dissolved  Organic  Carbon  Cycling  in  Forested 

Watersheds:  A  Carbon  Isotope  Approach. 

W9 1-04924  2K 

Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2J 

Identifiability    of    Conceptual    Hydrochemical 

Models. 

W9 1-04927  5B 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic  Material  in  Three  Acidic,  Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W9 1-04936  2E 

WATER  CIRCULATION 

Mixing  and  Circulation  in  the  Sundays  River 

Estuary,  South  Africa. 

W9 1-03985  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional    Flow   Fields   and   Residual 

Circulation. 

W91-04414  2L 

WATER  CONSERVATION 

Reducing    Water    Demand     During    Drought 

Years. 

W9 1-03971  3D 

Water-Use  Efficiency  Standards  for  Plumbing 

Fixtures:  Benefits  of  National  Legislation. 

W9 1-03972  3D 


Conservation  in  Arabian  Gulf  Countries. 
W9 1-03973 


6D 


Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-O4I80  6C 

Water  Conservation,  Myth  or  Mandate,  An  Arid 

Southwest  Perspective. 

W91-04192  6D 

Costs  of  Wastewater  Use  in  the  Tucson  Basin. 
W91-04195  6C 

Water  Conservation  for  Drought  Management. 
W91-04214  3B 


Treated  Municipal  Sewage  Effluent  as  a  Source 
of  Power  Plant  Cooling  Tower  Makeup  Water. 
W91-04221  5D 

Conserving  Water  Resources  Through  Integrat- 
ed Powerplant  Water  Management. 
W91-04222  3E 

Planning    for    Use    of   Unconventional    Water 

Sources. 

W9 1-04223  3E 

Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W9 1-04226  3F 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

Evaporation  Reduction  in  Stock  Tanks  for  In- 
creasing Water  Supplies. 
W9 1-04387  3B 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W91-04539  4D 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W9 1-04549  3F 

Long-term  Soil  Moisture  Status  in  Southern  Al- 
berta. 
W9 1-04551  2G 


Role  of  the  Fire  Marshal's  Office. 
W9 1-04843 


6D 


Managing  a  Lake  for  Water  Control  and  Wet- 
lands Creation. 
W9 1-04849  4A 

WATER  CONVEYANCE 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 

Role  of  Government  Agencies  in  the  Financing 

of  Water  Supply  Systems. 

W9 1-04207  6E 

Numerical  Analysis  of  Complex  Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 


Satellite  Management  and  Joint  Use. 
W9 1-04371 


5F 


Legionella  in  Dublin  Hospital  Water  Supplies. 
W9 1-04778  5F 

WATER  COSTS 

Reducing    Water     Demand     During    Drought 

Years. 

W9 1-03971  3D 

WATER  DELIVERY 

Potable   Water   for   the   Developing   World   - 

Some  of  the  Problems. 

W91-04755  5F 

WATER  DEMAND 

Reducing    Water     Demand    During    Drought 

Years. 

W91-03971  3D 


Conservation  in  Arabian  Gulf  Countries. 
W9 1-03973 


6D 


SU-1M 


SUBJECT  INDEX 


WATER  POLLUTION  CONTROL 


Water  Supply  and  Use  in  the  United  States--U.S. 

Geological   Survey   National   Water  Summary 

1987. 

W91-04166  6D 

Water  Use  in  Kentucky,  1985,  with  Emphasis  on 

the  Kentucky  River  Basin. 

W91-04171  6D 

Commodity  Prices,   Demand  Charges,   Impact 

Fees  and  Water  Services. 

W91-04177  6C 

Price  and  Income  Elasticities  in  the  Analysis  of 
Water  Demands  for  the  City  of  Hays,  Kansas. 
W91-04178  6C 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-04180  6C 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 

Optimal  Water  Allocation  in  the  Lakes  Basin  of 

Nicaragua. 

W91-04211  6D 

State   Water    Demand    Methodology,    Kansas, 

1987. 

W91-04236  6D 

Main  II-Model  Water-Use  Projections  for  Wis- 
consin, 1990-2010. 
W91-04238  6D 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

Uncertainty   of  Water   Supply    Demand   Esti- 
mates. 
W9 1-04243  6D 


Phoenix  Water  Resource  Plan-1987. 
W91-04245 


6A 


Wetland  Ecosystem  Affected  by  Sewage,  Mine 

and  Industrial  Pollution. 

W91-O4320  5B 

WATER  HYACINTH 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent  Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W9 1-04052  5D 

Upgrading    Wastewater   Treatment   by    Water 

Hyacinth  in  Developing  Countries. 

W9 1-04677  5D 


Realizing  the  Benefits  of  Water  Reuse  in  Devel- 
oping Countries. 
W91-04604  3C 

U.S.  Water  Reuse:  Current  Status  and  Future 

Trends. 

W91-O4605  3C 

Public  Water  Supply  Demand  Management-An 

Act  of  Oppression. 

W9 1-04844  6D 

Water  Transfer  Process  as  a  Management 
Option  for  Meeting  Changing  Water  Demands. 
W91-04886  6E 

WATER  DISTRIBUTION 

Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W9 1-041 14  5F 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 

Heavy   Metals   in   Drinking   water:   Standards, 
Sources,  and  Effects  (Jan  70~Jul  89). 
W91-04650  5F 

WATER  FERN 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 


WATER  LAW 

Land  Use  Practices  and  Water  Disputes. 
W9 1-04205 


6E 


Water  Transfer  Process  as  a  Management 
Option  for  Meeting  Changing  Water  Demands. 
W9 1-04886  6E 

WATER  LEVEL 

Simulation    of    Nonstationary,     Non-Gaussian 

Water  Levels  on  Great  Lakes. 

W9 1-04070  2H 

Float-Pot  Assembly  to  Measure  Water  Levels  in 

an  Irrigation  Canal. 

W9 1-04230  7B 

Concept  of  the  Shallow  Ground- Water  System 

Along  the  North  Platte  River,   South-Central 

Wyoming. 

W9 1-04463  2F 

Carbon  Dioxide  and  Water  Level  Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

Ground- Water  Pumpage  and  Water-Level  De- 
clines in  the  Peedee  and  Black  Creek  Aquifers  in 
Onslow  and  Jones  Counties,   North  Carolina, 
1900-86. 
W91-O4901  2F 

WATER  LEVEL  FLUCTUATIONS 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W9 1-03964  7B 

Effects    of   Water    Level    Fluctuation   on    the 
Growth  of  Nelumbo  nucifera  Gaertn.  in  Lake 
Kasumigaura,  Japan. 
W91-04411  2H 

WATER  LOSS 

Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W9 1-04226  3F 

WATER  MAINS 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W9 1-03992  8  A 

WATER  MANAGEMENT 

Canada's  National  Water-Use  Analysis  Program. 
W91-04162  6D 

Prospects  for  Innovation  in  Water  Institutions: 

Informational  Requirements. 

W9 1-04203  6E 


Satellite  Management  and  Joint  Use. 
W9 1-04371 


5F 


Evapotranspiration     and     Yield     of    Irrigated 

Chickpea. 

W9 1-04497  2D 


Line-Source   vs.   Irrigated/Nonirrigated   Treat- 
ments for  Evaluation  of  Genotype  Drought  Re- 
sponse. 
W91-04501  3F 

Effects  of  Nitrogen   and  Water   Management 

Practices  on  Yield,  Grain  Quality,  and  Milling 
Out-Turn  of  Rice. 

W91-04538  3F 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W91-04539  4D 

Framework  for  Reshaping  Water  Management. 
W91-04555  6B 

WATER  METERING 

Economics  of  Meter  Testing/Calibration. 

W9 1-04372  6C 

WATER  MILFOIL 

Selective  Medium  for  Isolation  of  Mycoleptodis- 

cus  terrestris  from  Soil  Sediments  of  Aquatic 

Environments. 

W9 1-04063  7B 

WATER  POLICY 

Framework  for  Reshaping  Water  Management. 
W91-04555  6B 

Probing  the  Future  of  the  Mediterranean  Basin. 
W9 1-04556  5G 

Florida's  Reuse  Program  Paves  the  Way. 
W91-04822  5D 

Water  Transfer  Process  as  a  Management 
Option  for  Meeting  Changing  Water  Demands. 
W9 1-04886  6E 

WATER  POLLUTION 

Real-Time  Sampling  Strategies  for  Estimating 

Nutrient  Loadings. 

W9 1-03989  5  A 

Partitioning  of  Unsubstituted  Polycyclic  Aro- 
matic Hydrocarbons  Between  Surface  Sediments 
and  the  Water  Column  in  the  Brisbane  River 
Estuary. 
W91-04361  5B 

Changes  in  Fish  Mercury  Concentrations  in  an 

Intensively  Fished  Lake. 

W91-04441  SB 

Health   Effects  of  Beach   Water   Pollution   in 

Hong  Kong. 

W91-04454  5C 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W91-04457  5F 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

Comparison  of  Organochlorine  Residue  Levels 
in   the  Striped   Dolphin   from  Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

Legionella  in  Dublin  Hospital  Water  Supplies. 
W91-04778  5F 

WATER  POLLUTION  CONTROL 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 


5 

! 


SU-103 


WATER  POLLUTION  CONTROL 


SUBJECT  INDEX 


Developing  and    Passing   Statewide   Wellhead 

Protection  Programs    Connecticut:     A     Case 

Study. 

W9 1-03922  5G 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W9 1-03923  5G 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Easton's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W9 1-03928  5G 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W91-03933  5G 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying and  Controlling  the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W91-03935  5G 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W9 1-03937  5B 

EPA/Local  Partnership  at  Work  -  The  Creation 
of  a  Ground  Water  Protection  Program. 
W91-03938  5G 

Computerized    Data   Management    System   for 

Wellfield  Protection. 

W91-03939  5G 

Model  Community  Program  for  Private  Wells. 
W9 1-03941  5G 

Boards  of  Health  Protection  for  Private  Wells 

and  Groundwater. 

W9 1-03942  5G 

Private  Well   Protection   in   Sand  and  Gravel 

Aquifers. 

W9 1-03943  5G 

Sampling  Network  Design  for  Transport  Param- 
eter Identification. 
W9 1-03991  7  A 

Agricultural  Chemical  Management  Practices  to 

Reduce  Losses  Due  to  Drainage. 

W91-04006  5G 

Agricultural  Chemical  Application  Practices  to 

Reduce  Environmental  Contamination. 

W9 1-04007  5G 

Food    Production,    Environmental    Protection, 
and  Health  Effects  in  Mexican  Agriculture. 
W91-04009  6G 


Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W9I-04143  5B 

Comparison  of  Overflows  from  Separate  and 

Combined  Sewers-Quantity  and  Quality. 

W9 1-04326  5D 

Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

Reduction  of  Combined  Sewer  Overflow  Pollu- 
tion Loads  by  Detention  of  Sanitary  Sewage. 
W9 1-04347  5D 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic    Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W9 1-04360  5C 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W91-04535  5G 

Probing  the  Future  of  the  Mediterranean  Basin. 
W91-04556  5G 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W9 1-04579  5G 

Anne  Arundel  County  Achieves  Water-Quality 

Excellence. 

W91-04600  5G 

Past  Practices  and  New  Approaches  in  Scum 

Management. 

W9 1-04602  5G 

Bioturbation:    A    Facilitator    of    Contaminant 

Transport  in  Bed  Sediment. 

W9 1-04765  5B 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814  5G 

Environmental  Protection  in  Eastern  Europe. 
W91-04817  5G 


Tamshui  River  Cleanup. 
W91-04818 


5D 


WATER  POLLUTION  EFFECTS 

Successive  Appearance  of  Subfossil  Phytoplank- 
ton  Species  in  Holocene  Sediments  of  the  North- 
ern Adriatic  and  Its  Relation  to  the  Increased 
Eutrophication  Pressure. 
W9 1-03983  2L 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-04001  5C 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 


Setting  Human-Health-Based  Groundwater  Pro- 
tection Standards  When  Toxicological  Data  Are 
Inadequate. 
W91-04010  5G 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds- 
Bioaccumulation,  Metabolism,  and  Effects. 
W91-O4011  5B 

Cytopathological    Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-04012  5C 

Ecdysteroids  in  Daphnia  magna:  Their  Role  in 
Moulting  and  Reproduction  and  Their  Levels 
Upon  Exposure  to  Cadmium. 
W91-04013  5C 

Effect  of  Naphthalene  on  Sodium  Active  Trans- 
port in  the  Frog  Skin. 
W91-O4015  5C 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-O4018  5C 

Toxicity  of  Ethyl-parathion  and  Carbaryl  on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-O4021  5C 

Toxicity  of  Nickel  and  Nickel  Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W9 1-04022  5C 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W9 1-04023  5C 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W91-04040  5C 

Influence  of  Water  Composition  on  the  Chronic 

Toxicity    of    3,4-Dichloroaniline    to    Daphnia 

magna. 

W9 1-04048  5C 


Electrophiles  and  Acute  Toxicity  to  Fish. 
W9 1-04059 


5C 


Effects  of  Hg(2  +  ).  CH3-Hg(+),  and  Tempera- 
ture on  the  Expression  of  Mercury  Resistance 
Genes  in  Environmental  Bacteria. 
W9 1-04062  5C 

Decreased  Performance  of  Rainbow  Trout  On- 
corhynchus  mykiss  Emergence  Behaviors  Fol- 
lowing Embryonic  Exposure  to  Benzo(a)pyrene. 
W9 1-04069  5C 

Status  of  the  Fourhorn  Sculpin,  Myoxocephalus 

quadricornis,  in  Canada. 

W91-04088  5C 

Status  of  the  Spoonhead  Sculpin,  Cottus  ricei,  in 

Canada. 

W9 1-04089  5C 

Status  of  the  Blackline  Prickleback,  Acantho- 

lumpenus  mackayi,  in  Canada. 

W91-04090  2H 


SU-104 


SUBJECT  INDEX 


WATER  POLLUTION  EFFECTS 


Status  of  the  Brook  Silverside,  Labidesthes  sic- 

culus,  in  Canada. 

W91-04091  5C 

Status  of  the  Banded  Killifish,   Fundulus  dia- 

phanus,  in  Canada. 

W9 1-04092  5C 

Status  of  the  Least  Darter,  Etheostoma  micro- 

perca,  In  Canada. 

W9 1-04093  2H 

Status  of  the  River  Darter,  Percina  shumardi,  in 

Canada. 

W9 1-04094  5C 

Status  of  the  Redbreast  sunfish,  Lepomis  auritus, 

in  Canada. 

W91-04095  5C 

Status  of  the  Orangespotted  Sunfish,  Lepomis 

humilis,  in  Canada. 

W9 1-04096  5C 

Status  of  the  Bigmouth  Buffalo,  Ictiobus  cyprin- 

ellus,  in  Canada. 

W9 1-04097  2H 

Status  of  the  Black  Buffalo,  Ictiobus  niger,  in 

Canada. 

W91-04098  5C 

Status   of  the   Golden   Redhorse,    Moxostoma 

erythrurum,  in  Canada. 

W9 1-04099  2H 

Set  Membership  Approach  to  Identification  and 

Prediction  of  Lake  Eutrophication. 

W91-04119  5C 

Are    Laboratory-Derived    Toxicity    Data    for 
Freshwater  Algae  Worth  the  Effort. 
W91-04146  5C 

Aquatic  Toxicity  Testing  Using  the  Nematode, 

Caenorhabditis  elegans. 

W91-04147  5C 

Acute  Toxicity  of  Isomers  of  the  Pyrethroid 
Insecticide  Deltamethrin  and  Its  Major  Degra- 
dation Products  to  Daphnia  magna. 
W91-04149  5C 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-O4150  5B 

Evaluation   of  Sucrose   as   an    Alternative   to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison  to    Fish   and    Cladoceran   Tests    with 
Freshwater  Effluents. 
W91-04151  5A 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W91-04153  5C 

Urban   Storm-induced   Discharge  Impacts:   US 
Environmental    Protection    Agency    Research 
Program  Review. 
W9 1-04322  5C 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W91-04323  5C 

Evaluation  of  Pollutant  Loads  from  Urban  Non- 
point  Sources. 
W91-04325  5B 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W91-04338  5C 


Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W91-04339  5C 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W9 1-04341  5C 

Impact  of  Storm   Sewage   Discharges  on   the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

Development   of  Ecotoxicological    Criteria   in 

Urban  Catchments. 

W9 1-04343  5C 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W9 1-04356  5C 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic     Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W9 1-04360  5C 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W9 1-04363  5C 

Subcellular  Localization  of  Acid-Rain  Trans- 
ported Aluminum  in  Gills  and  Kidneys  of  Trout 
from  Streams  of  the  Vosges:  Preliminary  Re- 
sults, (Localisation  Subcellulaire  de  1'aluminium 
Vehicule  par  les  Pluies  Acides  dans  les  Reins  et 
Branchies  de  Truite  des  Vosges.  Donnees  Preli- 
minaires). 
W9 1-04364  5B 

Waterbome  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W9 1-04365  5B 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W9 1-04366  5B 

Effect  of  Zinc  on  Osmoregulation  of  Gammarus 
duebeni  (Crustacea:  Amphipods)  from  the  Estu- 
ary and  the  Sewage  Treatment  Works  at  Looe, 
Cornwall. 
W9 1-04376  5C 

Effects  of  Acid  Wastes  from  Titanium  Dioxide 
Production  on  Biomass  and  Species  Richness  of 
Benthic  Algae. 
W9 1-04420  5C 

Abundance  Changes  in  Laminaria  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta)  near  the  Diablo  Canyon  Power  Plant. 
W9 1-04422  5C 

Economically  Important  Seaweeds  in  Mar  Pic- 
colo, Taranto  (Southern  Italy):  A  Survey. 
W9 1-04423  5C 

Toxicity    of    Sewage-Contaminated    Sediment 
Cores   to    Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W91-04440  5C 


Toxicity  of  Inorganic  Selenium  to  the  Green 

Alga  Selenastrum  Capricornutum  Printz. 

W9 1-04448  5C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W9 1-045 10  3C 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

Benthos  on  Tailings  Beds  from  an  Abandoned 

Coastal  Mine. 

W9 1-04522  5C 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W9 1-04528  5C 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W9 1-04571  5C 

Effects  of  Cadmium  in  Freshwater  Clams.   I. 

Interaction  with  Essential  Elements  in  Anodonta 

cygnea. 

W9 1-04572  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W9 1-04573  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  III. 
Interaction  with  Energy  Metabolism  in  Ano- 
donta cygnea. 
W9 1-04574  5C 

Effect  of  Copper  on  the  Embryonic  Develop- 
ment and  Hatching  of  Sepia  officinalis  L. 
W91-04581  5C 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W9 1-04590  5B 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W91-04609  5C 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-O4610  5C 

Changes  in  Intracellular  Free  Amino  Acids  in 
Tissues  of  the  Caged  Mussel,  Elliptio  complan- 
ata,  Exposed  to  Contaminated  Environments. 
W91-04611  5C 

Subchronic  Effects  of  Sodium  Selenite  and  Se- 
lenomethionine on  Several  Immune-Functions  in 
Mallards. 
W91-04612  5C 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W9 1-04614  5C 

Ultrastructural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-04616  5C 


I 


SU--105 


WATER  POLLUTION  EFFECTS 


SUBJECT  INDEX 


Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W9I-04617  5C 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the    Fertility   of  the    Mallard    Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W9 1-04621  5C 

Toxicity  of  Phenol  to  the  Freshwater  Crusta- 
cean  Asellus   Aquaticus  (L.)   During   Episodic 
Exposure-Relationship  Between  Sub-Lethal  Re- 
sponses and  Body  Phenol  Concentrations. 
W9 1-04622  5C 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

Biotransformation  Activities  of  Feral  Fish  in 
Waters  Receiving  Bleached  Pulp  Mill  Effluents. 
W9 1-04631  5  A 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

Effects  of  Acidic   Precipitation  on   the   Water 
Quality   of  Streams   in   the   Laurel   Hill   Area, 
Somerset  County,  Pennsylvania,  1983-86. 
W9 1 -04636  5C 

Correlation    of  Cadmium    Shell-Weight    Index 

With    Environmental    Stress    Indicators   at   the 

Cellular  and  Organismic  Levels  in  Littorina  lit- 

torea. 

W91-04719  5A 

Taxonomic  Level  and  Sample  Size  Sufficient  for 
Assessing   Pollution    Impacts   on   the   Southern 
California  Bight  Macrobenthos. 
W9 1-04721  5C 

Persistence  of  Genetically  Engineered  Erwinia 
carotovora     in     Perturbed     and     Unperturbed 
Aquatic  Microcosms  and  Effect  on  Recovery  of 
Indigenous  Bacteria. 
W9 1-04723  2H 

Distribution   and   Abundance   of  Pachymelania 

aurita  in  Lagos  Lagoon,  Nigeria. 

W9 1-04741  5C 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 

Effects  of  Acid  Precipitation  on  Reproduction  in 

Birds. 

W9 1-04774  5C 

Acute  Epidemic  Aluminium  Osteomalacia  Sec- 
ondary to  Water  Supply  Contamination. 
W9 1-04779  5C 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 

Bacterial  Heterotrophic  Activity  in  the  River 
Seine:  Tritiated  Thymidine  and  Leucine  Incor- 
poration Profiles  (Activite  Bacterienne  Hetero- 


trophe  dans  la  Seine:  Profils  d'Incorporation  de 

Thymidine  et  de  Leucine  Tritiees). 

W91 -04837  5C 

WATER  POLLUTION  PREVENTION 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 

Developing   and    Passing    Statewide  Wellhead 

Protection     Programs     Connecticut:  A     Case 

Study. 

W9 1 -03922  5G 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W9 1-03923  5G 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Easton's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W9 1-03928  5G 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

Use  of  Time  of  Travel  in  Zone  of  Contribution 
Delineation  and  Aquifer  Contamination  Warn- 
ing. 
W91-03931  5B 

Delineation    of  Contributing    Areas   to    Public 

Supply      Wells      in      Stratified      Glacial-Drift 

Aquifers. 

W91-03932  5G 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W9 1-0393  3  5G 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

EPA/Local  Partnership  at  Work  -  The  Creation 
of  a  Ground  Water  Protection  Program. 
W91-03938  5G 

Computerized    Data    Management    System    for 

Wellfield  Protection. 

W9 1-03939  5G 

Model  Community  Program  for  Private  Wells. 
W9 1-03941  5G 

Boards  of  Health  Protection  for  Private  Wells 

and  Groundwater. 

W9 1-03942  5G 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 


Relationships  Between  Some  Properties  of  Or- 
ganic Soils  from  the  Southern  Canadian  Shield. 
W91-04583  5G 

Interceptor  Design  and  Construction  Consider- 
ations as  Part  of  the  Boston  Harbor  Cleanup. 
W9 1-04594  5D 

Passive  Treatment  Technology  Cleans  Up  Colo- 
rado Mining  Waste. 
W91-048I3  5G 

Bilateral  Wastewater  Land  Treatment  Research. 
W91-04816  5D 

Environmental  Protection  in  Eastern  Europe. 
W91-048I7  5G 

Lessons  Learned  from  Compacted  Clay  Liner. 
W9 1-04839  5G 

1990  Farm  Bill:  Opportunities  for  Groundwater 

Protection. 

W9 1-04859  5G 

WATER  POLLUTION  SOURCES 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W9 1 -03933  5G 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying and  Controlling  the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W91-03935  5G 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W91-03936  5E 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W9 1-03937  5B 

Private   Well   Protection   in   Sand   and  Gravel 

Aquifers. 

W9 1-03943  5G 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-04004  5B 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-04031  5B 

Different    Surface   Geology   in    Denmark,    the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W91-04044  5B 

Distribution  of  Mycobacteria  in  Different  Types 

of  Water  In  Israel. 

W9 1-04077  5B 

Bromate  Production  in  Chlorinated  Waters:  Re- 
action of  Monochloramine  and  Hypobromite. 
W9 1-04085  2K 

Dew  Chemistry  and  Acid  Deposition  in  Glendo- 
ra,  California,   During  the   1986  Carbonaceous 
Species  Methods  Comparison  Study. 
W91-04138  5B 


SU-106 


SUBJECT  INDEX 


WATER  POLLUTION  TREATMENT 


Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W91-04253  5B 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W91-04254  5B 

Forms  of  Metals  in  a  Sediment  Core  of  a  Severe- 
ly Acidified  Northern  Black  Forest  Lake. 
W91-04257  5A 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W9 1-04263  5B 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W91-04271  5B 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and   Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W91-04291  5B 

Analysis  of  Dated  Sediment  Samples  from  the 
Newark  Bay  Area  for  Selected  PCDD/Fs. 
W91-04292  5B 

Factors  Influencing  the  Chemical  Characteris- 
tics of  Landfill  Leachates. 
W91-04319  5B 

Development  of  a  Methodology  to  Determine 

the  Pollution  Discharged  by  a  Combined  Sewer 

Network. 

W91-04324  5B 

Evaluation  of  Pollutant  Loads  from  Urban  Non- 
point  Sources. 
W91-04325  5B 

Comparison  of  Overflows  from  Separate  and 

Combined  Sewers-Quantity  and  Quality. 

W9 1-04326  5D 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W91-O4330  5B 

Long-term    Simulation   of  Pollutant    Loads   in 

Treatment  Plant  Effluents  and  Combined  Sewer 

Overflows. 

W91-04331  5B 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W9 1-04332  5B 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Comparison    of    Pollutant    Load    Calculation 

Methods  Based  on  Measured  Data-State  of  the 

Investigation. 

W91-04334  5B 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W91-04337  5B 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W91-04338  5C 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W9 1-04341  5C 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W9 1-043  56  5C 


Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W9 1-04362  5B 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W91-04365  5B 

Alterations  in  the  Major  Heterotrophic  Bacterial 

Populations  Isolated  from  a  Still  Bottled  Mineral 

Water. 

W9 1-04368  5B 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W91-04378  5F 

Land  Clearance  and  River  Salinisation   in  the 

Western  Murray  Basin,  Australia. 

W9 1-04386  4C 

Incidence  of  Virulence  Factors  in   Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W91-04455  5B 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W9 1-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W9 1-04457  5F 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 
Estimated  Discharge  Rates  into  the  Upper  Gulf 
of  Thailand. 
W91-04458  5B 

Hydrogeology  and  Ground-Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W9 1-04468  5B 

Ground-Water-Quality      Assessment      of      the 
Carson    River    Basin,    Nevada    and    California: 
Analysis     of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

Purgeable     Organic     Compounds     in     Ground 
Water  at  the  Idaho  National  Engineering  Labo- 
ratory, Idaho- 1988  and  1989. 
W9 1-04478  5B 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W91-04523  5B 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W91-04524  5B 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W9 1-04546  5B 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 


Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W9 1-04576  5B 

Selenium     and    Other     Elements     in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W9 1-04577  5B 

Superfund      Record     of     Decision:      Perdido 

Groundwater,  AL. 

W9 1-04648  5G 

Heavy    Metals   in   Drinking   water:    Standards, 

Sources,  and  Effects  (Jan  70-Jul  89). 

W9 1-04650  5F 

Storage  Tank  Monitoring  (Excludes  Radioactive 

Waste  Storage  Tanks)  (Jan  76-Jul  89). 

W9 1-04652  5  A 

Radioactive  Fallout  Reconstruction  from  Con- 
temporary   Measurements    of   Reservoir    Sedi- 
ments. 
W9 1-04775  5B 

Desorption  Kinetics  and  Mobility  of  Some  Ra- 
dionuclides in  Sediments. 
W91-04776  5B 

Radon    in    the    Human    Body    from    Drinking 

Water. 

W9 1-04777  5B 


Tamshui  River  Cleanup. 
W91-04818 


5D 


Data   on   Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W91-04861  5B 

Preliminary  Investigation  of  Soil  and  Ground- 
Water  Contamination  at  the  U.S.  Army  Petrole- 
um Training  Facility,  Fort  Lee,  Virginia,  Sep- 
tember-October 1989. 
W9 1-04864  5B 

Trends  and  Comparison  of  Water  Quality  and 
Bottom    Material    of    Northeastern    Arkansas 
Streams,  1974-85,  and  Effects  of  Planned  Diver- 
sions. 
W91-04867  5B 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W9 1-04928  5B 

WATER  POLLUTION  TREATMENT 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W9 1-04028  2F 

Transformation    of   Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  KC  Under  Denitrifica- 
tion  Conditions. 
W9 1-04060  5G 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading   Bacteria   from   a 
Contaminated  Aquifer. 
W91-04068  5B 

Can  Contaminated,  Fractured,  Porous  Aquifers 

be  Restored. 

W91-04311  5G 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W9 1-043  82  5G 


5 


SU-107 


WATER  POLLUTION  TREATMENT 


SUBJECT  INDEX 


Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W9 1-04580  5G 

Superfund      Record     of     Decision:      Perdido 

Groundwater,  AL. 

W9 1-04648  5G 

Effect  on  Mineral  Media  on  Trichloroethylene 
Oxidation  by  Aquifer  Methanotrophs. 
W91-04730  5B 

Supercritical   C02   -  Cosolvent   Extraction  of 

Contaminated  Soils  and  Sediments. 

W9 1-04763  5G 

Supercritical  Fluid  Extraction  of  Aromatic  Con- 
taminants from  a  Sandy  Loam  Soil. 
W9 1-04764  5G 

Adsorption  of  Benzene  from  Aqueous  Solutions 
by  Bentonite  Treated  with  Quaternary  Amines. 
W9 1-04770  5G 

Passive  Treatment  Technology  Cleans  Up  Colo- 
rado Mining  Waste. 
W91-04813  5G 

WATER  POTENTIALS 

Water  Relations  of  a  Walnut  Orchard:  Simulta- 
neous Measurement  with  Remote  Sensing. 
W91-03966  7B 

WATER  QUALITY 

Real-Time  Sampling   Strategies  for  Estimating 

Nutrient  Loadings. 

W9 1-03989  5  A 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W9 1-04036  5E 

Implications  for  the  Design  of  Artificial  Lakes 

of  a  Study  of  the  Craigavon  Lakes. 

W9 1-04037  4A 

Better    Water    Quality    Indexing    System    for 

Rivers  and  Streams. 

W9 1-04078  5G 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

Jacknife  and  Bootstrap  Estimation  of  Biological 

Index  of  Water  Quality. 

W91-04084  5A 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

Water  Use  Analysis:  Are  Water  Quality  Data 

Needed. 

W91-04173  6D 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

Populations   Affected   by   Pesticides   in   Public 

Ground-Water  Supplies  in  Iowa. 

W9 1-04202  5B 

System  Analysis  Approach  to  Water  Resources 

Management. 

W9 1-04206  6A 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO 
W91-04335  5B 


Three  Computerized,   Stratified   Random   Site- 
Selection    Methods   for    Design   of  a   Ground- 
Water-Quality  Sampling  Network. 
W9 1-04470  7  A 

Hydrogeochemical  Data  from  an  Acidic  Deposi- 
tion Study  at  McDonalds  Branch  Basin  in  the 
New  Jersey  Pinelands,  1983-86. 
W91-04472  5B 

Base-Flow    Investigation    on    the    Sacramento 
River,  September  25,  1985,  Near  Sunspot,  Otero 
County,  New  Mexico. 
W9 1-0447  5  7C 

Ground-Water-Quality      Assessment      of     the 
Carson    River    Basin,    Nevada   and    California: 
Analysis     of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

Purgeable     Organic     Compounds     in     Ground 
Water  at  the  Idaho  National  Engineering  Labo- 
ratory, Idaho-1988  and  1989. 
W91-04478  5B 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W9 1-04481  7C 

Water  Resources  Data  for  Texas,  Water  Year 

1989,  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening   and   Adjacent   Coastal 

Basins. 

W9 1-04482  7C 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W9 1-04483  7C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-04510  3C 

Probing  the  Future  of  the  Mediterranean  Basin. 
W9 1-04556  5G 

Geohydrology  and  Water  Quality  of  Confined- 
Drift  Aquifers  in  the   Brooten-Belgrade   Area, 
West-Central  Minnesota. 
W9 1-0463  5  2F 

Effects  of  Acidic   Precipitation  on   the  Water 
Quality   of  Streams   in   the   Laurel   Hill   Area, 
Somerset  County,  Pennsylvania,  1983-86. 
W9 1-04636  5C 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 

Comparison  of  Accuracy  and  Completeness  of 
Data  Obtained  from  Three  Types  of  Automatic 
Water-Quality  Monitors. 
W91-04644  7B 

Water  Quality  Standards  (Jan  70~May  89). 

W9 1-04651  5F 

Storage  Tank  Monitoring  (Excludes  Radioactive 

Waste  Storage  Tanks)  (Jan  76-Jul  89). 

W9 1-04652  5A 


Trends  and  Comparison  of  Water  Quality  and 
Bottom     Material    of    Northeastern    Arkansas 
Streams,  1974-85,  and  Effects  of  Planned  Diver- 
sions. 
W9 1-04867  5B 

Water   Resources   Data   for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

Water   Resources   Data   for   Wisconsin,   Water 

Year  1989. 

W9 1-04869  7C 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 
W9 1-04878  7C 

Water   Resources  of  the  Descanso  Area,  San 

Diego  County,  California. 

W91-04882  2F 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 
Area  in   the   Western   Part  of  San   Francisco, 
California. 
W9 1-04883  2F 

Water   Resources   Data  for   Hawaii  and   other 

Pacific   Areas,   Water   Year    1989.    Volume    1, 

Hawaii. 

W9 1-04903  7C 

Water   Resources   Data   Arizona,   Water   Year 

1989. 

W9 1-04904  7C 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

WATER  QUALITY  CONTROL 

Potential  Effects  of  Raising  pH  for  Corrosion 

Control  on  the  Aesthetic  Qualities  of  a  Water 

Supply. 

W9 1-04370  5F 


Water  Quality  in  Finland. 
W9 1-04759 

Tamshui  River  Cleanup. 
W91-04818 


5F 


5D 


Water  Quality  in  Finland. 
W9 1-04759 


5F 


Indiana  Water  Quality,   1988.   Monitor  Station 

Records,  Rivers  and  Streams. 

W9 1-04857  5B 


Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W91-04842  5F 

1990  Farm  Bill:  Opportunities  for  Groundwater 

Protection. 

W91-04859  5G 

WATER  QUALITY  DATA 

Indiana  Water  Quality,   1988.  Monitor  Station 

Records,  Rivers  and  Streams. 

W91-04857  5B 

WATER  QUALITY  MANAGEMENT 

Economics    of    Reducing    Colorado    Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04I97  6C 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W91-04382  5G 

WATER  QUALITY  MONITORING 

Are    Laboratory-Derived    Toxicity    Data    for 
Freshwater  Algae  Worth  the  Effort. 
W91-04146  5C 


SU-108 


SUBJECT  INDEX 


WATER  RESOURCES  INSTITUTES 


Aquatic  Toxicity  Testing  Using  the  Nematode, 

Caenorhabditis  elegans. 

W91-04147  5C 

WATER  QUALITY  STANDARDS 

Setting  Human-Health-Based  Groundwater  Pro- 
tection Standards  When  Toxicological  Data  Are 
Inadequate. 
W91-04010  5G 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

Development   of  Ecotoxicological    Criteria   in 

Urban  Catchments. 

W9 1-04343  5C 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

Water  Quality  Standards  (Jan  70-May  89). 
W91-04651  5F 

Upgrading  of  the  Treatment  Plants  in  Stock- 
holm to  Meet  More  Stringent  Requirements. 
W91-04668  5D 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

How  to  Increase  Efficiency  of  Sewage  Plants 

and  Obey  the  Latest  Regulations. 

W9 1-04692  5D 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter   Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W9 1-04702  5D 

WATER  REQUIREMENTS 

Carbon  Dioxide  and  Water  Level  Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

Water  Use  by  Monocropped  and  Intercropped 
Cowpea  and  Sorghum  Grown  after  Rice. 
W91-04500  3F 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W91-04540  3F 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W91-04780  3F 

WATER  RESOURCE  MANAGEMENT 

Goal-Programming     Techniques     for     Optimal 

Reservoir  Operations. 

W9 1-03994  6A 

WATER  RESOURCES 

IGARSS  '88.  Remote  Sensing:  Moving  Towards 

the  21st  Century. 

W9 1-03944  7C 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 

Water    Resources    Research    Grant    Program: 
Project  Descriptions,  Fiscal  Year  1989. 
W91-04858  9D 


Research  Program  of  the  Water  Resources  Re- 
search Institutes,  1989-1990  (FY  1989). 
W9 1-04860  9D 

Fiscal  Year  1989  Program  Report  (New  Jersey 

Division  of  Water  Resources). 

W9 1-04873  9D 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 
Area  in   the  Western   Part  of  San  Francisco, 
California. 
W9 1-04883  2F 

Isotopic  Evolution  of  River  Water  in  the  North- 
ern Chile  Region. 
W91-04917  2K 

WATER  RESOURCES  DATA 

Water-Use  Data  for  Water  Resources  Manage- 
ment. 
W91-04161  6D 

Data  Management  Techniques  for  Site-Specific 

Water-Use  Data  in  Arkansas. 

W91-04174  6D 

Water-Use  Data  and  Information  Transfer. 
W91-04175  6D 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 

Knowledge-Based  Systems  for  Water  Resources 

Management. 

W9 1-04 184  6D 

Surface-Water   Containment    Routing    Using   a 
Digital  Stream  Information  System. 
W91-04185  5B 

Use    of   Geographic    Information    System    for 
Reaggregating  Water-Use  Data  from  Counties 
to  Hydrologic  Units. 
W91-04186  6D 

Great  Lakes  Regional  Water-Use  Data  Base-A 

Water-Resources  Management  Tool. 

W9 1-04204  6D 

Water  Use  Data  Requirements  and  Sources  for 

Appraisal  of  Water  Rights  Yields. 

W9 1-04208  6D 

Flow  Characteristics  of  Streams  that  Drain  the 
Fort  Apache  and  San  Carlos  Indian  Reserva- 
tions, East-Central  Arizona,  1930-86. 
W9 1-04469  2E 

Ground-Water  Levels  in  Water  Year  1987  and 

Estimated   Ground-Water   Pumpage   in    Water 

Years  1986-87,  Carson  Valley,  Douglas  County, 

Nevada. 

W9 1-04474  2F 

Geohydrology  and  Water  Quality  of  Confined- 
Drift  Aquifers  in  the  Brooten-Belgrade  Area, 
West-Central  Minnesota. 
W91-04635  2F 

Groundwater  Resources  of  Pike  County,  Penn- 
sylvania. 
W91-04641  2F 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 

Geohydrology     of     the     Bethpage-Hicksville- 

Levittown  Area,  Long  Island,  New  York. 

W9 1-04646  2F 

Summary  of  Selected  Characteristics  of  Large 

Reservoirs  in  the  United  States  and  Puerto  Rico, 

1988. 

W9 1-04862  7C 


Ground-Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1988. 

W9 1-04863  2F 

Records  of  Wells  and   Chemical   Analyses  of 
Ground  Water  in  Deuel  and  Hamlin  Counties, 
South  Dakota. 
W9 1-04865  7C 

Ground-Water  Resources  of  Selected  High  Vol- 
canic Islands  of  Truk  with  Emphasis  on  Small 
Village  Supplies. 
W9 1-04866  2F 

WATER  RESOURCES  DEVELOPMENT 

Conservation  in  Arabian  Gulf  Countries. 

W9 1-03973  6D 

Effects  of  Regional  Ground-Water  Level  De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow   Requirements   for   Endangered 

Species. 

W9 1-042 17  6D 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

Water  Transfers  in  Arizona:  Assessing  the  Ad- 
verse Effects  on  Areas  of  Origin. 
W91-04219  6D 

Natural  Consumptive  Use  by  Tules,  Grasslands, 
and  Riparian  Forests,  California  Central  Valley. 
W9 1-04227  21 

Watershed  Modeling  for  Water  Resources  Man- 
agement. 
W9 1-04237  6A 

Groundwater   Resources   Development   in   the 

Eastern  Sahara. 

W91-04391  4B 

WATER  RESOURCES  INSTITUTES 

Research  Program  of  the  Water  Resources  Re- 
search Institutes,  1989-1990  (FY  1989). 
W9 1-04860  9D 

Fiscal  Year  1989  Program  Report  (Mississippi 

Water  Resources  Research  Institute). 

W9 1-04871  9D 

Fiscal    Year    1989   Program   Report   (Alabama 

Water  Resources  Research  Institute). 

W9 1-04872  9D 

Fiscal    Year    1989    Program    Report    (Nevada 

Water  Resources  Research  Institute). 

W9 1-04874  9D 

Fiscal  Year   1989  Program  Report  (California 
Water  Resources  Research  Center). 
W91-04875  9D 

Fiscal  Year  1989  Program  Report  (Guam  Water 

and  Energy  Research  Institute). 

W9 1-04876  9D 

Fiscal  Year  1989  Annual  Program  Report  (Indi- 
ana Water  Resources  Research  Center). 
W91-04881  9D 

Fiscal  Year  1989  Program  Report  (Maine  Envi- 
ronmental Studies  Center). 
W9 1-04887  9D 

Fiscal  Year   1989  Program   Report  (Delaware 

Water  Resources  Center). 

W9 1-04888  9D 

Fiscal  Year  1989  Program  Report  (North  Caroli- 
na Water  Resources  Research  Institute). 
W9 1-04889  9D 


J 


SU-109 


WATER  RESOURCES  INSTITUTES 


SUBJECT  INDEX 


Fiscal    Year    1989    Program    Report    (Missouri 

Water  Resources  Research  Center). 

W9 1-04890  9D 

Fiscal  Year  1989  Program  Report  (South  Caroli- 
na Water  Resources  Research  Center). 
W9 1-04891  9D 

Fiscal  Year  1989  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W9 1 -04892  9D 

Fiscal   Year    1989   Program   Report   (Michigan 

Institute  of  Water  Research). 

W9 1-04893  9D 

Fiscal   Year   1989   Program   Report   (Maryland 

Water  Resources  Research  Center). 

W9 1-04894  9D 

Fiscal    Year    1989    Program    Report    (Kansas 

Water  Resources  Research  Institute). 

W9 1-04895  9D 

Fiscal   Year    1989   Program    Report   (Vermont 

Water  Resources  Research  Center). 

W9 1-04896  9D 

Fiscal  Year  1989  Program  Report  (New  York 

State  Water  Resources  Institute). 

W9 1-04897  9D 

Fiscal   Year    1989   Program   Report   (Kentucky 

Water  Resources  Research  Institute). 

W9 1-04898  9D 

Fiscal    Year    1989    Program    Report    (Virginia 

Water  Resources  Research  Center). 

W9 1-04899  9D 

Fiscal  Year  1989  Program  Report  (West  Virgin- 
ia Water  Resources  Research  Institute). 
W9 1-04900  9D 

WATER  RESOURCES  MANAGEMENT 

Digital  Elevation  Models  and  Their  Application 

to  Remote  Sensing  of  Water  Resources. 

W9 1-03959  7C 


Conservation  in  Arabian  Gulf  Countries. 
W9 1-03973 


6D 


Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W91-04114  5F 

Surface  Water  Dream  Turned  into  Reality. 
W91-04117  5F 

Water-Use  Data  for  Water  Resources  Manage- 
ment. 
W91-04161  6D 

Case  Study  in  Survey  Development:  1988  Farm 

and  Ranch  Irrigation  Survey. 

W91-04164  6D 


Water  Use  Reporting  in  Kansas. 
W91-04168 


6D 


Instream  Flow  Analysis  and  Monitoring  Proce- 
dure for  Little  River  in  Eastern  Tennessee. 
W9I-04169  6D 

Inventory  of  Interbasin  Water  Transfers  in  Min- 
nesota. 
W91-04172  6D 

Water  Use  Analysis:  Are  Water  Quality  Data 

Needed. 

W91-04173  6D 

Commodity   Prices,   Demand   Charges,    Impact 

Fees  and  Water  Services. 

W91-04177  6C 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method 
W91-04I79  6A 


Knowledge-Based  Systems  for  Water  Resources 

Management. 

W91-04184  6D 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

Relational  Database  for  Non-Programmers. 
W91-04188  7C 

Ground-Water  Banking  in  Kern  County,  Cali- 
fornia. 
W91-04190  4B 

Socially    Optimal    and    Market    Utilization    of 

Ground-Water  Resources. 

W91-04191  4B 

Water  Conservation,  Myth  or  Mandate,  An  Arid 

Southwest  Perspective. 

W91-04192  6D 

Water  Supply  Management  and  Planning  in  the 

State  of  Connecticut. 

W91-04196  6A 

Well   Field   Management   for  Operational   Effi- 
ciency. 
W9 1-04200  4B 

Great  Lakes  Regional  Water-Use  Data  Base-A 

Water-Resources  Management  Tool. 

W9 1-04204  6D 

Land  Use  Practices  and  Water  Disputes. 

W9 1-04205  6E 

System  Analysis  Approach  to  Water  Resources 

Management. 

W9 1-04206  6  A 

Use  of  Departure  Analysis  in  Decision  Making. 
W9 1-04209  4C 

Optimal  Water  Allocation  in  the  Lakes  Basin  of 

Nicaragua. 

W91-04211  6D 

Drought  Duration  and  Frequency  in  the  North- 
Central  Great  Basin,  1600-1982,  and  Implications 
for  Water  Supply. 
W91-04212  2E 

Use  of  Base-Flow  Data  to  Manage  Water  Use 

During  a  Drought. 

W91-04213  2E 

Water  Conservation  for  Drought  Management. 
W91-04214  3B 

Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

Conserving  Water  Resources  Through  Integrat- 
ed Powerplant  Water  Management. 
W9 1-04222  3E 

Planning    for    Use    of    Unconventional    Water 

Sources. 

W9 1-04223  3E 

Water  Resources  and  the  Electric  Power  Indus- 
try: An  Australian  Perspective. 
W9 1-04224  3E 

Consumptive  Use  Estimates  in  Regional  Policy 

Research. 

W9 1-04228  6D 

Watershed  Modeling  for  Water  Resources  Man- 
agement. 
W9 1-04237  6A 


Do  the  Right  Thing. 
W9 1-04409 


6A 


Framework  for  Reshaping  Water  Management. 
W91-04555  6B 

Probing  the  Future  of  the  Mediterranean  Basin. 
W9 1-04556  5G 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W9 1-04785  6G 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 


Economic  Tool  for  Reuse  Planning. 
W9 1-04823 


5D 


Phoenix  Water  Resource  Plan-- 1987. 
W9 1-04245 


6A 


WATER  REUSE 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W9 1-04036  5E 

Costs  of  Wastewater  Use  in  the  Tucson  Basin. 
W91-04195  6C 

System  Analysis  Approach  to  Water  Resources 

Management. 

W9 1-04206  6A 

Treated  Municipal  Sewage  Effluent  as  a  Source 
of  Power  Plant  Cooling  Tower  Makeup  Water. 
W9 1-04221  5D 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W9 1-04321  5D 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-04510  3C 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

Realizing  the  Benefits  of  Water  Reuse  in  Devel- 
oping Countries. 
W9 1-04604  3C 

U.S.  Water  Reuse:  Current  Status  and  Future 

Trends. 

W9 1-04605  3C 

Design   of  a   Chlorination/Dechlorination   and 

Post-Aeration  Facility. 

W91-04815  5D 

Bilateral  Wastewater  Land  Treatment  Research. 
W91-04816  5D 

Irvine  Ranch's  Approach  to  Water  Reclamation. 
W9 1-04821  5D 

Florida's  Reuse  Program  Paves  the  Way. 

W9 1-04822  5D 

Economic  Tool  for  Reuse  Planning. 
W91-04823  5D 

WATER  RIGHTS 

Land  Use  Practices  and  Water  Disputes. 

W9 1-04205  6E 

Water  Use  Data  Requirements  and  Sources  for 

Appraisal  of  Water  Rights  Yields. 

W9 1-04208  6D 

Spuds  From  Space:  Using  Remote  Sensing/GIS 
in  Adjudicating  Idaho  Water  Rights. 
W91-04235  6E 


SU-110 


SUBJECT  INDEX 


WATER  TREATMENT 


WATER  SAMPLING 

Real-Time  Sampling  Strategies  for  Estimating 

Nutrient  Loadings. 

W91-03989  5A 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

Partitioning  of  Unsubstituted   Polycyclic  Aro- 
matic Hydrocarbons  Between  Surface  Sediments 
and  the  Water  Column  in  the  Brisbane  River 
Estuary. 
W91-04361  5B 

WATER  SHORTAGE 

Operating  the  Seattle  Water  System  during  the 

1987  Drought. 

W91-03974  3D 

WATER  STRESS 

AQUA,  A  Model  to  Evaluate  Water  Deficits 
and  Excesses  in  Tropical  Cropping:  Part  II.  Re- 
gional Yield  Prediction. 
W91-04494  3F 

Evapotranspiration     and     Yield     of    Irrigated 

Chickpea. 

W9 1-04497  2D 

Canopy   Temperature   and   Stomatal   Conduct- 
ance of  Water-stressed  Dormant  and  Nondor- 
mant  Alfalfa  Types. 
W91-04507  3F 

WATER  SUPPLY 

Water  Supply  and  Use  in  the  United  States-U.S. 

Geological   Survey   National   Water   Summary 

1987. 

W91-04166  6D 

Inventory  of  Interbasin  Water  Transfers  in  Min- 
nesota. 
W91-04172  6D 

Water  Supply  Management  and  Planning  in  the 

State  of  Connecticut. 

W91-04196  6A 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 

Role  of  Government  Agencies  in  the  Financing 

of  Water  Supply  Systems. 

W9 1-04207  6E 

Water  Use  Data  Requirements  and  Sources  for 

Appraisal  of  Water  Rights  Yields. 

W9 1-04208  6D 

Optimal  Water  Allocation  in  the  Lakes  Basin  of 

Nicaragua. 

W91-042U  6D 

Drought  Duration  and  Frequency  in  the  North- 
Central  Great  Basin,  1600-1982,  and  Implications 
for  Water  Supply. 
W91-04212  2E 

Water  Transfers  in  Arizona:  Assessing  the  Ad- 
verse Effects  on  Areas  of  Origin. 
W91-04219  6D 

Reliability   in   Market   Transfers  of  Municipal 

Water  Supplies. 

W9 1-04220  6D 

Planning    for    Use    of   Unconventional    Water 

Sources. 

W9 1-04223  3E 

Uncertainty   of  Water   Supply    Demand    Esti- 
mates. 
W9 1-04243  6D 

Water  Supply  Forecasting  and  Its  Uncertainties. 
W9 1-04244  6D 


Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W91-04842  5F 

Public  Water  Supply  Demand  Management~An 

Act  of  Oppression. 

W9 1-04844  6D 

WATER  SUPPLY  DEVELOPMENT 

Phoenix  Water  Resource  Plan— 1987. 

W9 1-04245  6A 

WATER  SURFACE  PROFILES 

Note  on  the  Attenuation  of  Surface  Gravity 

Waves  by  Rainfall. 

W9 1-04298  2L 

WATER  TABLE 

Float-Pot  Assembly  to  Measure  Water  Levels  in 

an  Irrigation  Canal. 

W9 1-04230  7B 

Examination  of  Computed  Steady-State  Water- 

Table  Heights  in  Unconfined  Aquifers:  Dupuit- 

Forchheimer   Estimates   and   Exact   Analytical 

Results. 

W9 1-04399  2F 

WATER  TABLE  RISE 

Groundwater  Response  to  Reforestation  in  the 

Darling  Range  of  Western  Australia. 

W9 1-04398  4C 

Salt  of  the  Earth:  Secondary  Soil  Salinization  in 

the  Australian  Wheat  Belt. 

W9 1-04557  3C 

WATER  TANKS 

Evaporation  Reduction  in  Stock  Tanks  for  In- 
creasing Water  Supplies. 
W91-04387  3B 

WATER  TEMPERATURE 

Prediction  of  the  Temperature  Dependence  of 
Electrical  Conductance  for  River  Waters. 
W91-04086  7B 

Seasonal  Changes  of  Water  Temperature  and 

Chlorophyll  Concentration  in  Lake  O-ike. 

W9 1-04534  2H 

WATER  TRANSFER 

Inventory  of  Interbasin  Water  Transfers  in  Min- 
nesota. 
W91-04172  6D 

Water  Transfers  in  Arizona:  Assessing  the  Ad- 
verse Effects  on  Areas  of  Origin. 
W91-04219  6D 

Reliability   in   Market   Transfers   of  Municipal 

Water  Supplies. 

W9 1-04220  6D 

Water  Transfer  Process  as  a  Management 
Option  for  Meeting  Changing  Water  Demands. 
W9 1-04886  6E 

WATER  TRANSPORT 

Computer  Simulation  of  Tide-Induced  Residual 

Transport  in  a  Coastal  Lagoon. 

W9 1-04295  2L 

WATER  TREATMENT 

Evaluating  Ion  Exchange  for  Removing  Radium 

from  Groundwater. 

W9 1-03975  5F 

Measuring  Aluminum  During  Water  Treatment: 

Methodology  and  Application. 

W9 1-03976  5F 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W9 1-03977  5F 

Ozonation  of  Pyrene  in  Aqueous  Solution. 
W91-04O41  5F 


Resin     Concentration     of    By-Products     from 
Chlorination  of  Aquatic  Humic  Substances. 
W9 1-04046  5F 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent   Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W9 1-04052  5D 

Adsorption    Isotherms:    Illusive    Capacity    and 

Role  of  Oxygen. 

W9 1-04072  5D 

Microbial   Regeneration   Process   for  Granular 
Activated  Carbon-H.  Regeneration  Studies. 
W91-04075  5D 

Radon-Removing  it  from  Groundwater. 
W91-04115  5F 


Metal  Recovery  Using  Chitosan. 
W91-04160 


5D 


Potential  Effects  of  Raising  pH  for  Corrosion 

Control  on  the  Aesthetic  Qualities  of  a  Water 

Supply. 

W91-04370  5F 

Use  of  Air  Water  Backwash  Systems:  An  Over- 
view. 
W9 1-04375  5F 

Ozonation  of  Trace  Organic  Compounds:  Model 

Predictions  Versus  Experimental  Data. 

W9 1-04377  5F 

Water    Disinfection:    A    Relationship   between 

Ozone  and  Aldehyde  Production. 

W9 1-04378  5F 

Cooling  Water  Treatment  with  Ozone. 

W9 1-04379  5F 

Aspects  of  Ozone  Generation  from  Air. 

W9 1-043  80  5F 

Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W91-04381  5F 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W91-04382  5G 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W9 1-04383  5F 

Ozonation  of  Sulfur-Containing  Aliphatic  Com- 
pounds in  Aqueous  Solution:  I. 
W9 1-04384  5F 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W91-04385  5F 

Heavy   Metals   in   Drinking   water:   Standards, 

Sources,  and  Effects  (Jan  70-Jul  89). 

W9 1-04650  5F 

Water  Quality  Standards  (Jan  70-May  89). 

W9 1-04651  5F 

Concerns  with  Using  Chlorine-Dioxide  Disinfec- 
tion in  the  USA. 
W9 1-04756  5F 

Theory  and  Performance  of  a  Jet-Mixed  Separa- 
tor. 
W91-04757  5F 

Comparative  Evaluation  of  Two  Novel  Disin- 
fection  Methods  for  Small-Community   Water 
Treatment  in  Developing  Countries. 
W9 1-04758  5F 


I 


Water  Quality  in  Finland. 
W9 1-04759 


5F 


SU-111 


WATER  TREATMENT 


SUBJECT  INDEX 


Use  of  Pervaporation  for  the  Removal  of  Organ- 
ic Contaminants  from  Water. 
W9 1-04771  5F 

Acute  Epidemic  Aluminium  Osteomalacia  Sec- 
ondary to  Water  Supply  Contamination. 
W9 1-04779  5C 

Retrofit  of  Pulsator  Type  Upflow  Clarifiers  with 

Tube  Settlers. 

W9 1-04841  5F 

Ozonation  an  Attractive  Option  for  Groundwat- 
er System. 
W91-O4850  5F 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly(Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

WATER  TREATMENT  FACILITIES 

Surface  Water  Dream  Turned  into  Reality. 
W91-04U7  5F 


Satellite  Management  and  Joint  Use. 
W9 1-04371 


5F 


Troubleshooting  an  Existing  Treatment  Plant. 
W9 1-04373  5F 


Keeping  Your  Neighbor  Happy. 
W9 1-04374 


5F 


Ozonation  an  Attractive  Option  for  Groundwat- 
er System. 
W91-04850  5F 

WATER  USE 

Reducing    Water    Demand    During    Drought 

Years. 

W9 1-03971  3D 

Water-Use  Data  for  Water  Resources  Manage- 
ment. 
W91-04161  6D 

Canada's  National  Water-Use  Analysis  Program. 
W91-04162  6D 

Coordination  of  Federal  Water-Use-Data  Col- 
lection and  Dissemination. 
W91-04163  6D 

Trends  in  Water  Use  in  the  United  States,  1950 

to  1985. 

W91-04165  6D 

Water  Supply  and  Use  in  the  United  States-U.S. 

Geological   Survey   National   Water   Summary 

1987. 

W91-04166  6D 

Water-Use  Registration  and  Reporting  in  Indi- 
ana. 
W91-04167  6D 


Water  Use  Reporting  in  Kansas. 
W91-04168 


6D 


California  Water-Use  Geographic   Information 

System. 

W91-O4170  6D 

Water  Use  in  Kentucky,  1985,  with  Emphasis  on 

the  Kentucky  River  Basin. 

W91-04171  6D 

Water  Use  Analysis:  Are  Water  Quality  Data 

Needed. 

W91-04173  6D 

Data  Management  Techniques  for  Site-Specific 

Water-Use  Data  in  Arkansas. 

W91-04174  6D 

Water-Use  Data  and  Information  Transfer. 
W91-04175  6D 


Water  Use  and  Methods  of  Data  Acquisition  in 

Michigan. 

W91-04176  6D 

Commodity   Prices,   Demand  Charges,   Impact 

Fees  and  Water  Services. 

W91-04177  6C 

Price  and  Income  Elasticities  in  the  Analysis  of 
Water  Demands  for  the  City  of  Hays,  Kansas. 
W91-04178  6C 


Aggregated  Water-Use  Data  System. 
W91-04181 


6D 


DBASE  III  Plus,  Yet  Another  Data  Base  for 

Water-Use  Data. 

W91-04182  6D 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 

Surface-Water   Containment   Routing   Using   a 

Digital  Stream  Information  System. 

W91-04185  5B 

Use    of   Geographic    Information    System    for 
Reaggregating  Water-Use  Data  from  Counties 
to  Hydrologic  Units. 
W91-04186  6D 

Water  Conservation,  Myth  or  Mandate,  An  Arid 

Southwest  Perspective. 

W91-04192  6D 

Water    Use    in    Eight    Central    Pennsylvania 

Homes. 

W91-04193  6D 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W91-04194  6D 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 

Urban  Nonresidential  Water  Use  and  Conserva- 
tion. 
W9 1-04201  6D 

Great  Lakes  Regional  Water-Use  Data  Base~A 

Water-Resources  Management  Tool. 

W9 1-04204  6D 

Water  Use  Data  Requirements  and  Sources  for 

Appraisal  of  Water  Rights  Yields. 

W9 1-04208  6D 

Use  of  Base-Flow  Data  to  Manage  Water  Use 

During  a  Drought. 

W91-04213  2E 

Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

Industrial  Water  Use  and  Structural  Change. 
W9 1-04225  3E 

Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W91-04226  3F 

Natural  Consumptive  Use  by  Tules,  Grasslands, 
and  Riparian  Forests,  California  Central  Valley. 
W91-04227  21 

Estimation  of  Surface-Water  Withdrawals  for 
Irrigation  and  Irrigated  Acreage,  1985,  Gallatin 
County,  Montana. 
W9 1-04229  3F 

Estimation  of  Ground-Water  Use  for  Irrigation 
in  Eastern  Washington  Using  Landsat  Imagery. 
W9 1-04232  3F 


Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W9I-04233  3F 

Spuds  From  Space:  Using  Remote  Sensing/GIS 

in  Adjudicating  Idaho  Water  Rights. 

W9 1-04235  6E 

Watershed  Modeling  for  Water  Resources  Man- 
agement. 
W9 1-04237  6A 

Main  II-Model  Water-Use  Projections  for  Wis- 
consin, 1990-2010. 
W9 1-04238  6D 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 

Regional  Cooperation  in  the  Use  of  Irrigation 
Water:  Efficiency  and  Income  Distribution. 
W9 1-04436  6C 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W9 1-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W91-04457  5F 

Estimates  of  Consumptive  Use  and  Ground- 
Water  Return  Flow  and  the  Effect  of  Rising  and 
Sustained  High  River  Stage  on  the  Method  of 
Estimation  in  Cibola  Valley,  Arizona  and  Cali- 
fornia, 1983  and  1984. 
W9 1-04465  4B 

Ground-Water       Withdrawals,       Water-Level 
Changes,       Land-Surface       Subsidence,       and 
Ground-Water  Quality  in  Fort  Bend  County, 
Texas,  1969-87. 
W9 1-04467  4B 

Estimation  of  Transpiration  by  Single  Trees: 
Comparison  of  a  Ventilated  Chamber,  Leaf 
Energy  Budgets  and  a  Combination  Equation. 
W9 1-04484  2D 

Comparative  Statistical  Validation  of  Two  Ten- 
Day   Water-Use   Models  and  of  Three  Yield- 
Reduction  Hypotheses  for  Yield  Assessment  in 
Botswana. 
W9 1-04485  6D 

Carbon  Dioxide  and  Water  Level  Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W9 1-04540  3F 

Effects   of   Irrigation    Regimes   on    Yield    and 

Water  Use  by  Sweetpotato. 

W91-04564  3F 


Role  of  the  Fire  Marshal's  Office. 
W9 1-04843 


6D 


Water  Transfer  Process  as  a  Management 
Option  for  Meeting  Changing  Water  Demands. 
W91-04886  6E 

Marginal   Economic  Value  of  Streamflow:   A 
Case  Study  for  the  Colorado  River  Basin. 
W91-04913  6D 


SU-112 


SUBJECT  INDEX 


WATER  USE  DATA 


WATER  USE  DATA 

Water-Use  Data  for  Water  Resources  Manage- 
ment. 
W91-04161  6D 

Canada's  National  Water-Use  Analysis  Program. 
W91-04162  6D 

Coordination  of  Federal  Water-Use-Data  Col- 
lection and  Dissemination. 
W91-04163  6D 

Case  Study  in  Survey  Development:  1988  Farm 

and  Ranch  Irrigation  Survey. 

W91-04164  6D 

Trends  in  Water  Use  in  the  United  States,  1950 

to  1985. 

W91-04165  6D 

Water  Supply  and  Use  in  the  United  States-U.S. 

Geological   Survey   National   Water   Summary 

1987. 

W91-04166  6D 

Water-Use  Registration  and  Reporting  in  Indi- 
ana. 
W91-04167  6D 


Water  Use  Reporting  in  Kansas. 
W91-04168 


6D 


Instream  Flow  Analysis  and  Monitoring  Proce- 
dure for  Little  River  in  Eastern  Tennessee. 
W91-04169  6D 

California  Water-Use  Geographic   Information 

System. 

W91-04170  6D 

Water  Use  in  Kentucky,  1985,  with  Emphasis  on 

the  Kentucky  River  Basin. 

W91-04171  6D 

Inventory  of  Interbasin  Water  Transfers  in  Min- 
nesota. 
W91-04172  6D 

Water  Use  Analysis:  Are  Water  Quality  Data 

Needed. 

W91-04173  6D 

Data  Management  Techniques  for  Site-Specific 

Water-Use  Data  in  Arkansas. 

W91-04174  6D 

Water-Use  Data  and  Information  Transfer. 
W91-04175  6D 

Water  Use  and  Methods  of  Data  Acquisition  in 

Michigan. 

W91-04176  6D 

Commodity   Prices,   Demand  Charges,   Impact 

Fees  and  Water  Services. 

W91-04177  6C 

Price  and  Income  Elasticities  in  the  Analysis  of 
Water  Demands  for  the  City  of  Hays,  Kansas. 
W91-04178  6C 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method. 
W91-04179  6A 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-O4180  6C 


Aggregated  Water-Use  Data  System. 
W91-04181 


6D 


DBASE  III  Plus,  Yet  Another  Data  Base  for 

Water-Use  Data. 

W91-04182  6D 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 


Knowledge-Based  Systems  for  Water  Resources 

Management. 

W91-04184  6D 

Surface-Water   Containment    Routing   Using   a 

Digital  Stream  Information  System. 

W91-04185  5B 

Use    of   Geographic    Information    System    for 
Reaggregating  Water-Use  Data  from  Counties 
to  Hydrologic  Units. 
W91-04186  6D 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W9 1-041 87  6D 

Relational  Database  for  Non-Programmers. 
W91-04188  7C 

Effects  of  Regional  Ground-Water  Level  De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 

Ground-Water  Banking  in  Kern  County,  Cali- 
fornia. 
W91-04190  4B 

Socially    Optimal    and    Market    Utilization    of 

Ground-Water  Resources. 

W91-04191  4B 

Water  Conservation,  Myth  or  Mandate,  An  Arid 

Southwest  Perspective. 

W91-04192  6D 

Water    Use    in     Eight    Central     Pennsylvania 

Homes. 

W91-04193  6D 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W91-04194  6D 

Costs  of  Wastewater  Use  in  the  Tucson  Basin. 
W91-04195  6C 

Water  Supply  Management  and  Planning  in  the 

State  of  Connecticut. 

W91-04196  6A 

Economics    of    Reducing    Colorado    Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04197  6C 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 


Well  Field  Management  for  Operational  Effi- 

4B 


ciency. 
W9 1-04200 


Urban  Nonresidential  Water  Use  and  Conserva- 
tion. 
W9 1-04201  6D 

Populations   Affected   by   Pesticides   in   Public 

Ground-Water  Supplies  in  Iowa. 

W9 1-04202  5B 

Prospects  for  Innovation  in  Water  Institutions: 

Informational  Requirements. 

W9 1-04203  6E 

Great  Lakes  Regional  Water-Use  Data  Base-A 

Water-Resources  Management  Tool. 

W9 1-04204  6D 

Land  Use  Practices  and  Water  Disputes. 

W9 1-04205  6E 

System  Analysis  Approach  to  Water  Resources 

Management. 

W9 1-04206  6A 


Role  of  Government  Agencies  in  the  Financing 

of  Water  Supply  Systems. 

W9 1-04207  6E 

Water  Use  Data  Requirements  and  Sources  for 

Appraisal  of  Water  Rights  Yields. 

W9 1-04208  6D 

Use  of  Departure  Analysis  in  Decision  Making. 
W9 1-04209  4C 

Effects  of  Irrigation  Pumpage  in  Northwestern 
Indiana,  and  the  Legislative  Process. 
W91-04210  3F 

Optimal  Water  Allocation  in  the  Lakes  Basin  of 

Nicaragua. 

W91-042U  6D 

Drought  Duration  and  Frequency  in  the  North- 
Central  Great  Basin,  1600-1982,  and  Implications 
for  Water  Supply. 
W91-04212  2E 

Use  of  Base-Flow  Data  to  Manage  Water  Use 

During  a  Drought. 

W91-04213  2E 

Water  Conservation  for  Drought  Management. 
W91-04214  3B 

Climate    Change    and    Changes    in    California 

Snowmelt-Runoff  Patterns. 

W91-04215  2B 

Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow    Requirements   for   Endangered 

Species. 

W91-04217  6D 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

Water  Transfers  in  Arizona:  Assessing  the  Ad- 
verse Effects  on  Areas  of  Origin. 
W91-04219  6D 

Reliability    in    Market   Transfers   of  Municipal 

Water  Supplies. 

W9 1-04220  6D 

Treated  Municipal  Sewage  Effluent  as  a  Source 
of  Power  Plant  Cooling  Tower  Makeup  Water. 
W91-04221  5D 

Conserving  Water  Resources  Through  Integrat- 
ed Powerplant  Water  Management. 
W9 1-04222  3E 

Planning    for    Use    of   Unconventional    Water 

Sources. 

W9 1-04223  3E 

Water  Resources  and  the  Electric  Power  Indus- 
try: An  Australian  Perspective. 
W9 1-04224  3E 

Industrial  Water  Use  and  Structural  Change. 
W9 1-04225  3E 

Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W9 1-04226  3F 

Natural  Consumptive  Use  by  Tules,  Grasslands, 
and  Riparian  Forests,  California  Central  Valley. 
W91-04227  21 

Consumptive  Use  Estimates  in  Regional  Policy 

Research. 

W9 1-04228  6D 


SU-113 


WATER  USE  DATA 


SUBJECT  INDEX 


Estimation   of  Surface-Water   Withdrawals   for 
Irrigation  and  Irrigated  Acreage,  1985,  Gallatin 
County,  Montana. 
W9 1-04229  3F 

Float-Pot  Assembly  to  Measure  Water  Levels  in 

an  Irrigation  Canal. 

W9 1-04230  7B 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W9 1-04231  7B 

Estimation  of  Ground-Water  Use  for  Irrigation 
in  Eastern  Washington  Using  Landsat  Imagery. 
W9 1-04232  3F 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W91-04233  3F 

Estimation   of  Reservoir   Surface   Areas   Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W91-04234  2D 

Spuds  From  Space:  Using  Remote  Sensing/GIS 

in  Adjudicating  Idaho  Water  Rights. 

W9 1-04235  6E 

State    Water    Demand    Methodology,    Kansas, 

1987. 

W9 1-04236  6D 

Watershed  Modeling  for  Water  Resources  Man- 
agement. 
W9 1-04237  6A 

Main  II-Model  Water-Use  Projections  for  Wis- 
consin, 1990-2010. 
W9 1-04238  6D 

Analysis  of  Objective  Functions  Used  in  Urban 

Runoff  Models. 

W9 1-04239  2E 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 

Numerical   Analysis  of  Complex   Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

Uncertainty   of  Water    Supply    Demand    Esti- 
mates. 
W9 1-04243  6D 

Water  Supply  Forecasting  and  Its  Uncertainties. 
W9 1-04244  6D 


Phoenix  Water  Resource  Plan-- 1987. 
W9 1-04245 


6A 


WATER  USE  EFFICIENCY 

Water-Use  Efficiency  Standards  for  Plumbing 

Fixtures:  Benefits  of  National  Legislation. 

W9 1-03972  3D 

Conservation  in  Arabian  Gulf  Countries. 

W9 1-03973  6D 

Water  Use  by  Monocropped  and  Intercropped 

Cowpea  and  Sorghum  Grown  after  Rice. 

W9 1 -04500  3F 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W91-04781  3F 


WATER  USE  REGULATIONS 

Water-Use  Registration  and  Reporting  in  Indi- 
ana. 
W91-04167  6D 

WATER  VAPOR 

Retrieval  of  Precipitable  Water  from  Observa- 
tions in  the  Split  Window  over  Varying  Surface 
Temperatures. 
W91-04433  2B 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W9 1-04492  2B 

WATER  YIELD 

Water   Resources  of  the   Descanso   Area,   San 

Diego  County,  California. 

W9 1-04882  2F 

WATER  YIELD  IMPROVEMENT 

Phoenix  Water  Resource  Plan-- 1987. 

W9 1-04245  6A 

WATERBEARS 

Micro-Invertebrate        Community        Structure 

Within  a  Maritime  Antarctic  Lake. 

W9 1-04532  2H 

WATERFALLS 

Effects  of  Environmental  Factors  on  Jumping 

Behaviour  of  the  Juvenile  Ayu  Plecoglossus  alti- 

velis  with  Special  Reference  to  Their  Upstream 

Migration. 

W91-04526  81 

WATERFLEAS 

Cytopathological    Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-04012  5C 

Ecdysteroids  in  Daphnia  magna:  Their  Role  in 
Moulting  and  Reproduction  and  Their  Levels 
Upon  Exposure  to  Cadmium. 
W91-04013  5C 

Acute  Toxicity  of  Isomers  of  the  Pyrethroid 
Insecticide  Deltamethrin  and  Its  Major  Degra- 
dation Products  to  Daphnia  magna. 
W91-04149  5C 

Evaluation    of   Sucrose    as   an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and    Cladoceran    Tests   with 
Freshwater  Effluents. 
W91-04151  5A 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W9I-04153  5C 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 

WATERFOWL 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the   Fertility   of  the   Mallard    Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

WATERLOGGING 

Salt  of  the  Earth:  Secondary  Soil  Salinization  in 

the  Australian  Wheat  Belt. 

W9 1-04557  3C 


WATERSHED  MANAGEMENT 

Finite   Element   Watershed   Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 

WATERSHEDS 

Finite  Element  Watershed  Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 

Watershed  Modeling  for  Water  Resources  Man- 
agement. 
W9 1-04237  6A 

Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W9 1-04935  2  A 

Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic   Material   in  Three  Acidic,   Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W9 1-04936  2E 

WAVE  PROPAGATION 

Propagation  of  a  Wave  Packet  on  a  Free  Surface 

Within  a  Saturated  Porous  Layer. 

W9 1-04402  2F 

WEATHERING 

Dissolution  of  Feldspars  in  the  Presence  of  Nat- 
ural, Organic  Solutes. 
W9 1-03986  2J 

Granite    Weathering    and    the    Sensitivity    of 

Alpine  Lakes  to  Acid  Deposition. 

W91-03998  2H 

Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2J 

Influence  of  Temperature  and  Mineral  Surface 
Characteristics  on  Feldspar  Weathering  Rates  in 
Natural  and  Artificial  Systems:  A  First  Approxi- 
mation. 
W9 1-04932  5C 

WEDDELL  SEA 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 

WEED  CONTROL 

Selective  Medium  for  Isolation  of  Mycoleptodis- 

cus  terrestris  from  Soil  Sediments  of  Aquatic 

Environments. 

W91-04063  7B 

WELL  DATA 

Records  of  Wells  and  Chemical   Analyses  of 
Ground  Water  in  Deuel  and  Hamlin  Counties, 
South  Dakota. 
W9 1-04865  7C 

WELL  FIELDS 

Well  Field  Management  for  Operational  Effi- 
ciency. 
W9 1-04200  4B 

WELL  REGULATIONS 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 

Developing    and    Passing    Statewide  Wellhead 

Protection     Programs    Connecticut:  A     Case 

Study. 

W9 1-03922  5G 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W9 1-03923  5G 


SU-114 


SUBJECT  INDEX 


WOOD  PRESERVATIVES 


Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Boards  of  Health  Protection  for  Private  Wells 

and  Groundwater. 

W9 1-03942  5G 

WELL  WATER 

Radon-Removing  it  from  Groundwater. 
W91-04115  5F 

WELLHEAD  PROTECTION 

Protecting  Ground  Water  from  the  Bottom  Up: 

Local  Responses  to  Wellhead  Protection. 

W9 1-03921  5G 

Developing   and    Passing    Statewide  Wellhead 

Protection     Programs    Connecticut:  A    Case 

Study. 

W9 1-03922  5G 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W91-03923  5G 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W91-03925  5G 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

Easton's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W9 1-03928  5G 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

Use  of  Time  of  Travel  in  Zone  of  Contribution 
Delineation  and  Aquifer  Contamination  Warn- 
ing. 
W9 1-03931  5B 

Delineation   of  Contributing   Areas   to   Public 

Supply      Wells      in      Stratified      Glacial-Drift 

Aquifers. 

W91-03932  5G 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W91-03933  5G 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

EPA/Local  Partnership  at  Work  -  The  Creation 

of  a  Ground  Water  Protection  Program. 

W9 1-03938  5G 


Computerized    Data    Management    System    for 

Wellfield  Protection. 

W9 1-03939  5G 

Ground     Water     Resource     Based     Mapping, 
Nashua  Regional  Planning  Area,  New  Hamp- 
shire. 
W9 1-03940  6  A 

Model  Community  Program  for  Private  Wells. 
W9 1-03941  5G 

WELLS 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 

Effects  of  Irrigation  Pumpage  in  Northwestern 
Indiana,  and  the  Legislative  Process. 
W91-04210  3F 

Analysis  of  Flow  near  a  Dug  Well  in  an  Uncon- 

fined  Aquifer. 

W9 1-04392  2F 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

WEST  AFRICA 

Exploiting    Rainy    Season    Potential    from    the 

Onset  of  Rains  in  the  Sahelian  Zone  of  West 

Africa. 

W91-04488  3F 

WEST  VIRGINIA 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W91-04483  7C 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 

Fiscal  Year  1989  Program  Report  (West  Virgin- 
ia Water  Resources  Research  Institute). 
W9 1-04900  9D 

WETLAND  TREATMENT 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W91-04320  5B 

WETLAND  WASTE  TREATMENT 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W9 1-04320  5B 

WETLANDS 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 

Wetland  Soil  Formation  in  the  Rapidly  Subsid- 
ing Mississippi  River  Deltaic  Plain:  Mineral  and 
Organic  Matter  Relationships. 
W9 1-03978  2L 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

Evapotranspiration  from  Sedge-dominated  Wet- 
land Surfaces. 
W91-04051  2D 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis, 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W9 1-04056  21 


Hydrology    of   a    Headwater    Basin    Wetland: 
Groundwater  Discharge  and  Wetland  Mainte- 
nance. 
W91-04106  2H 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W9 1-04404  2F 

Artificial  Sediments  for  Use  in  Tests  with  Wet- 
land Plants. 
W91-04453  2J 

Sea  Level  Rise  and  Fringe  Wetlands  in  North 
Carolina:  Recommendations  from  a  Workshop 
on  Management  and  Research. 
W91-04512  2L 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

Limnology  of  the  Southern  Acid   Peat  Flats, 

South- Western  Australia. 

W91-04717  2H 

Managing  a  Lake  for  Water  Control  and  Wet- 
lands Creation. 
W9 1-04849  4A 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W9 1-04928  5B 

WHALES 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W9 1-04520  5B 

WHEAT 

Risk-Efficient  Irrigation  Strategies  for  Wheat. 
W91-04437  3F 

Carbon  Dioxide  and  Water  Level  Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

WIND 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

WIND  TIDES 

Effect  of  Wind  on  the  Distribution  of  Phyto- 

plankton  Cells  in  Lakes. 

W9 1-03995  2H 

WISCONSIN 

Main  II-Model  Water-Use  Projections  for  Wis- 
consin, 1990-2010. 
W9 1-04238  6D 

Data  on   Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W9 1-04861  5B 

Water   Resources   Data   for   Wisconsin,   Water 

Year  1989. 

W9 1-04869  7C 

WOOD  PRESERVATIVES 

Acidity  as  a  Factor  in   Leaching  of  Copper, 
Chromium  and  Arsenic  from  CCA  Treated  Di- 
mension Lumber. 
W91-04625  5B 


:> 


\ 
\ 


SU-115 


SUBJECT  INDEX 


WORKSHOPS 


WORKSHOPS 

Sea  Level  Rise  and  Fringe  Wetlands  in  North 
Carolina:  Recommendations  from  a  Workshop 
on  Management  and  Research. 
W91-045I2  2L 

WYOMING 

Concept  of  the  Shallow  Ground-Water  System 

Along  the  North   Platte  River,  South-Central 

Wyoming. 

W9 1-04463  2F 

YEASTS 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W91-04533  2H 

YELLOW  POPLAR 

Response  of  Yellow-Poplar  (Liriodendron  tulipi- 
fera  L.)  Seedlings  to  Simulated  Acid  Rain  and 
Ozone~2.  Effect  on  Throughfall  Chemistry  and 
Nutrients  in  the  Leaves. 
W91-04451  21 


YELLOWSTONE  NATIONAL  PARK 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

YOSHINO  RIVER 

Estuary  Sediments  of  the  Yoshino  River-Study 

on  Estuary  Sediments,  Part  2. 

W9 1 -04439  2L 

YUGOSLAVIA 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1-04795  6G 

ZIMBABWE 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W9 1-03964  7B 

ZINC 

Effect  of  Zinc  on  Osmoregulation  of  Gammarus 
duebeni  (Crustacea:  Amphipods)  from  the  Estu- 


ary and  the  Sewage  Treatment  Works  at  Looe, 

Cornwall. 

W9 1-04376  5C 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W9 1-04571  5C 

ZOOGEOGRAPHY 

Zoogeographical  Relationships  of  Aquatic  In- 
sects (Ephemeroptera,  Plecoptera,  and  Tricop- 
tera)  from  the  Eastern  James  Bay  Drainage. 
W9 1-04057  6G 

ZOOPLANKTON 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W9 1-04341  5C 

Influence  of  Water  Chemistry  on  Size  Structure 

of  Zooplankton  Assemblages. 

W9 1-04442  2H 


SU-116 


AUTHOR  INDEX 


AALDERINK,  R.  H. 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 

AARKROG,  A. 

Different   Surface   Geology    in    Denmark,    the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W91-04044  5B 

ABBE,  G.  R. 

Pathways  of  Silver  Uptake  and  Accumulation 
by  the  American  Oyster  (Crassostrea  virginica) 
in  the  Chesapeake  Bay. 
W9 1-03980  5B 

ABRAHAM,  M.  S. 

Homogeneously   Catalyzed   Oxidation    for   the 

Destruction  of  Aqueous  Organic  Wastes. 

W9 1-04767  5D 

ABRAHAMS,  R.  G. 

Impact  of  Storm   Sewage   Discharges  on   the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

ADCOCK,M. 

Durham  Benefits  from  Collection  System  Instru- 
mentation. 
W9 1-04598  5D 

ADDICKS,  R. 

Post-Denitrification  with  Controlled  Feeding  of 

Activated  Sludge  as  H  Donator. 

W9 1-04678  5D 

AGAMI,  M. 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent  Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W91-04052  5D 

AHLERT,  R.  C. 

Supercritical  Fluid  Extraction  of  Aromatic  Con- 
taminants from  a  Sandy  Loam  Soil. 
W9 1-04764  5G 

AHMAD,  F. 

Flushing  of  a  Coastal  Lagoon  in  the  Red  Sea. 
W91-04417  2L 


AHMED,  S. 

Trace  Metal  Ions  in  Ganga  Water  System. 
W91-04259 


2K 


AINSWORTH,  C.  C. 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W91-O4033  5B 

AISIKS,  E.  G. 

Planning  Hydroelectric  Developments  in  Argen- 
tina. 
W9 1-04809  8A 

AJAO,  E.  A. 

Distribution  and  Abundance  of  Pachymelania 

aurita  in  Lagos  Lagoon,  Nigeria. 

W91-04741  5C 

AKINTONWA,  A. 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-O4018  5C 


AKKAD,  A.  A. 

Conservation  in  Arabian  Gulf  Countries. 
W9 1-03973 


6D 


AL-AZAWI,  S.  K. 

Listeria  monocytogenes  Contamination  of  Crops 

Grown  on  Soil  Treated  with  Sewage  Sludge 

Cake. 

W91-04367  5B 

AL-GHAZALI,  M.  R. 

Listeria  monocytogenes  Contamination  of  Crops 

Grown  on  Soil  Treated  with  Sewage  Sludge 

Cake. 

W91-04367  5B 


ALBRO,  P.  W. 

Use   of  Dimethyl    Sulfoxide   as    Solubilization 

Agent  in  the  Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W9 1-04285  5  A 

ALDEN,  R.  W. 

Cadmium    Bioavailability    to   Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

ALIKHAN,  M.  A. 

Crayfish  as  a  'Biological  Indicator'  of  Aquatic 

Contamination  by  Heavy  Metals. 

W91-04035  5A 

ALLAYLA,  R.  I. 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 

ALLEE,  D.  J. 

Role  of  Government  Agencies  in  the  Financing 

of  Water  Supply  Systems. 

W9 1-04207  6E 

ALLEN,  M.  B. 

Parallel  Computing  for  Solute  Transport  Models 

Via  Alternating  Direction  Collocation. 

W9 1-04826  5B 

ALLISON,  G.  B. 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W9 1-04386  4C 

ALM,  L.  K. 

Model  for  Compaction  of  Sedimentary  Basins. 
W91-04835  2F 

ALSENZ,  L. 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W9 1-04333  5B 

ALTOUNEY,  E.  G. 

Planning    for    Use    of   Unconventional    Water 

Sources. 

W9 1-04223  3E 

ALVA,  A.  K. 

Reactions   Between  Aluminum  and   Sulfate  in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W91-O4910  2K 

AMATO,  J.  R. 

Evaluation    of   Sucrose    as   an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and   Cladoceran    Tests    with 
Freshwater  Effluents. 
W91-04151  5A 

AMAYA,  F. 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-04811  8A 

AMEMIYA,  Y. 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W91-04410  2H 

ANDERSON,  D.  C. 

Lessons  Learned  from  Compacted  Clay  Liner. 
W9 1-04839  5G 

ANDERSON,  E.  K. 

Abundance  Changes  in  Laminaria  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta)  near  the  Diablo  Canyon  Power  Plant. 
W9 1-04422  5C 

ANDERSON,  H.  N. 

DBASE  III  Plus,  Yet  Another  Data  Base  for 

Water-Use  Data. 

W91-04182  6D 


Spuds  From  Space:  Using  Remote  Sensing/GIS 
in  Adjudicating  Idaho  Water  Rights. 
W91-04235  6E 

ANDERSON,  J.  J. 

Decreased  Performance  of  Rainbow  Trout  On- 
corhynchus  mykiss  Emergence  Behaviors  Fol- 
lowing Embryonic  Exposure  to  Benzo(a)pyrene. 
W9 1-04069  5C 

ANDERSON,  M.  M. 

Designing  to  Improve  Grit  Removal. 
W91-04601  5D 

ANDERSON,  W.  J. 

Water  Use  Reporting  in  Kansas. 

W91-04168  6D 

ANDERSSON,  B. 

Upgrading   for   Biological   Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

ANDREOZZI,  R. 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W91-04385  5F 

ANDREWS,  A.  T. 

Supercritical  Fluid  Extraction  of  Aromatic  Con- 
taminants from  a  Sandy  Loam  Soil. 
W9 1-04764  5G 

ANDRICEVIC,  R. 

Real-Time  Approach  to  Management  and  Moni- 
toring of  Groundwater  Hydraulics. 
W91-04128  2F 

ANGERMEIER,  P.  L. 

Habitat  Alteration  and   Its  Effects  on   Native 
Fishes  in  the  Upper  Tennessee  River  System, 
East-Central  U.S.A. 
W9 1-04783  6G 

ANGERS,  D.  A. 

Effect  of  Soil  Water  Content  on  the  Winter 
Survival  of  Winter  Wheat,  Rye  and  Triticale. 
W91-04554  2G 

ANGULO,  E. 

Correlation    of  Cadmium    Shell-Weight    Index 

With   Environmental   Stress   Indicators   at   the 

Cellular  and  Organismic  Levels  in  Littorina  lit- 

torea. 

W91-04719  5A 

Ultrastructural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-04616  5C 

ANKLEY,  G.  T. 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

Evaluation    of  Sucrose   as   an    Alternative   to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and    Cladoceran   Tests   with 
Freshwater  Effluents. 
W91-04151  5A 

ANSELME,  C. 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W91-04382  5G 

ANTHONY,  R.  G. 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

ANTONOPOULOS,  V.  Z. 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W91-04396  5B 


6 


s 

s 


PA-1 


ANTONSEN,  B. 


AUTHOR  INDEX 


ANTONSEN,  B. 

Model  for  Compaction  of  Sedimentary  Basins. 
W91-04835  2F 

APSIMON,  J.  W. 

Use   of   Dimethyl    Sulfoxide   as   Solubilization 

Agent   in   the   Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W9 1-04285  5A 

ARAVENA,  R. 

Dissolved  Organic  Carbon  Cycling  in  Forested 

Watersheds:  A  Carbon  Isotope  Approach. 

W9 1-04924  2K 

Isotopic  Evolution  of  River  Water  in  the  North- 
ern Chile  Region. 
W91-04917  2K 

ARNOLD,  F.  C. 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

ART  AN,  N. 
Implications  of  the  Task  Group  Model— I.  The 
Effect  of  Initial  Substrate  Concentration. 
W9 1-04080  5D 

Implications  of  the  Task  Group  Model-II.  Re- 
sponse to  Intermittent  Loadings. 
W91-O4081  5D 

ARZUL,  G. 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

ASAY,  K.  H. 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

ASHE,  M.  J. 

Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W91-04842  5F 

ASHER,  C.  J. 

Reactions   Between   Aluminum  and   Sulfate   in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W91-O4910  2K 

ASHLEY,  N.  V. 

Review  of  Biotechnology  Applications  to  Nu- 
clear Waste  Treatment. 
W91-04159  5E 

ASHLEY,  R.  M. 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W9 1-04327  5B 

Sediment   Movement   in   Combined   Sewers  in 

Dundee. 

W91-04358  5D 

ASPDEN,  J.  D. 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W9 1-04321  5D 

ASPLUND,  L. 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W9 1-04290  5B 

ASSIS,  C.  A. 

Threats  to  the  Survival  of  Anadromous  Fishes  in 

the  River  Tagus,  Portugal. 

W9 1-04794  5C 

ATTAR,  A. 

Behavior  of  Diazinon  in  a  Perch  Species. 
W91-04256  5B 


AUBIN,  A.  J. 

Degradation   Studies   with    14C-Fenoxaprop   in 

Prairie  Soils. 

W9 1 -04584  5B 

AUBREY,  D.  G. 

Tidal  Velocity  Asymmetries  and  Bedload  Trans- 
port in  Shallow  Embayments. 
W9 1-04459  2J 

AUSTIN,  L.  H. 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow    Requirements   for   Endangered 

Species. 

W91-04217  6D 

AYARS,  J.  E. 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W9 1-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W9 1-04566  3F 

BACHOC,  A. 

Characterization    of    Solids    Transferred    into 

Sewer  Trunks  during  Wet  Weather. 

W9 1-04350  5D 

Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  13  in  Marseille. 

W91-04353  5D 

BACK,  C. 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W9 1-04446  4C 


BACON,  E. 

Role  of  the  Fire  Marshal's  Office. 
W9 1-04843 


6D 


BAEYENS,  W. 

Analysis  of  Atmospheric   Precipitation  by  Re- 

versed-Phase  Ion-Pair  Chromatography. 

W9 1-04265  5  A 

BAGATTO,  G. 

Crayfish  as  a  'Biological  Indicator'  of  Aquatic 

Contamination  by  Heavy  Metals. 

W91-04035  5A 

BAHLER,  C.  C. 

Effect   of  Tillage   on   Soil   Water  and   Alfalfa 

Establishment  in  Corn  Stubble. 

W9 1-04537  3F 

BAHRE,  G. 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

BAIDE,  X. 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W9 1-03955  7B 

BAILEY,  J.  O. 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W9 1-03956  7B 

BAILEY,  P. 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystci.,3  in  Victoria,  Australia. 
W91-04040  5C 

BAILEY,  P.  A. 

Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W9 1-04576  5B 

BAIN,  M.  B. 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W91-04593  2H 


BAKER,  E.  K. 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W9 1-04524  5B 

BAKER,  J.  L. 

Agricultural  Chemical  Management  Practices  to 

Reduce  Losses  Due  to  Drainage. 

W9 1-04006  5G 

BAKER,  N.  T. 

Data  Management  Techniques  for  Site-Specific 

Water-Use  Data  in  Arkansas. 

W91-04174  6D 

BAKER,  R.  W. 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 

W9 1-04772  5D 

BALDYS,  S. 

Flow  Characteristics  of  Streams  that  Drain  the 
Fort  Apache  and  San  Carlos  Indian  Reserva- 
tions, East-Central  Arizona,  1930-86. 
W9 1-04469  2E 

BALLHORN,  L. 

Behavior  of  Diazinon  in  a  Perch  Species. 

W9 1-04256  5B 

BALLS,  P.  W. 

Distribution  and  Composition  of  Suspended  Par- 
ticulate Material  in  the  Clyde  Estuary  and  Asso- 
ciated Sea  Lochs. 
W9 1-04460  2L 

BALMFORTH,  D.  J. 

Monitoring  a  Vortex  Storm  Sewage  Overflow 

with  Peripheral  Spill. 

W9 1-04345  5D 

BALTANAS,  A. 

Jacknife  and  Bootstrap  Estimation  of  Biological 

Index  of  Water  Quality. 

W9 1-04084  5  A 

BARDSLEY,  W.  E. 

Reliability  Based  Time  Axes  for  Flood  Data 

Presentation. 

W9 1-04408  2E 

B  ARM  KID,  B.  J. 
Fiscal   Year   1989   Program  Report  (Kentucky 
Water  Resources  Research  Institute). 
W9 1-04898  9D 

BARI,  M.  A. 

Groundwater  Response  to  Reforestation  in  the 

Darling  Range  of  Western  Australia. 

W9 1-04398  4C 

BARKER,  J.  L. 

Effects  of  Acidic  Precipitation  on  the  Water 
Quality  of  Streams  in   the   Laurel   Hill   Area, 
Somerset  County,  Pennsylvania,  1983-86. 
W9 1-04636  5C 

BARLOW,  C.  G. 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W9 1-04789  81 

BARLOW,  P.  M. 

Delineation   of  Contributing   Areas   to   Public 

Supply      Wells      in      Stratified      Glacial-Drift 

Aquifers. 

W9 1-03932  5G 


BARNARD,  J.  L. 

Olifantsfontein  Nutrient  Removal  Plant. 
W91-04660 

Treatment  of  Gelatine  Factory  Effluent. 
W91-04317 


5D 


5D 


PA-2 


AUTHOR  INDEX 


BERGQUIST,  P.  A. 


BARNETT,  S.  R. 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W91-04386  4C 

BARON,  J. 

Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2  J 

BARRETT,  E.  C. 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W91-03956  7B 

BARRTNGER,  J.  L. 

Hydrogeochemical  Data  from  an  Acidic  Deposi- 
tion Study  at  McDonalds  Branch  Basin  in  the 
New  Jersey  Pinelands,  1983-86. 
W9 1-04472  5B 

BARRON,  M.  G. 

Pharmacokinetic  Modeling  in  Aquatic  Animals: 

I.  Models  and  Concepts. 

W91-04733  5B 

BARROTT,  L.  P. 

Comparative  Evaluation  of  Two  Novel  Disin- 
fection Methods  for  Small-Community  Water 
Treatment  in  Developing  Countries. 
W91-04758  5F 

BARROWS,  M.  E. 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 

BARTHOLIC,  J.  F. 

Fiscal  Year   1989   Program  Report  (Michigan 

Institute  of  Water  Research). 

W9 1-04893  9D 

BARTON,  S.  F. 

Toxicity  of  Phenol  to  the  Freshwater  Crusta- 
cean Asellus  Aquaticus  (L.)  During  Episodic 
Exposure-Relationship  Between  Sub-Lethal  Re- 
sponses and  Body  Phenol  Concentrations. 
W9 1-04622  5C 

BASCH,  M.  E. 

Effects  of  Irrigation  Pumpage  in  Northwestern 
Indiana,  and  the  Legislative  Process. 
W91-04210  3F 

BASCOMBE,  A.  D. 

Development   of  Ecotoxicological    Criteria   in 

Urban  Catchments. 

W91-04343  5C 

BASKAR AN,  M. 
Radon    in    the    Human    Body    from    Drinking 
Water. 
W9 1-04777  5B 

BATCHELOR,  S.  P. 

Changes  in  Intracellular  Free  Amino  Acids  in 
Tissues  of  the  Caged  Mussel,  Elliptio  complan- 
ata.  Exposed  to  Contaminated  Environments. 
W91-04611  5C 

B ATISSE,  M. 
Probing  the  Future  of  the  Mediterranean  Basin. 
W91-04556  5G 

BAXTER,  C.  R. 

Ground-Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1988. 

W9 1-04863  2F 

Ground-Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1989. 

W9 1-04479  2F 

BAYKAL,  B.  B. 

Implications  of  the  Task  Group  Model-I.  The 
Effect  of  Initial  Substrate  Concentration. 
W91-04080  5D 


Implications  of  the  Task  Group  Model-II.  Re- 
sponse to  Intermittent  Loadings. 
W9 1-04081  5D 

BAYLES,  J.  A. 

Flow  Characteristics  of  Streams  that  Drain  the 
Fort  Apache  and  San  Carlos  Indian  Reserva- 
tions, East-Central  Arizona,  1930-86. 
W9 1-04469  2E 


BAZTAN,  J.  A. 

Repairs  to  the  Martin  Gonzalo  Dam. 
W9 1-04426 


8A 


BEARDSLEY,  E. 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W9 1-03937  5B 

BEAUDOTN,  A. 

Observations  on  the  Effect  of  Geometric  Prop- 
erties of  Agricultural  Soils  on  Radar  Backscat- 
ter,  from  C-SAR  Images. 
W9 1-03965  7B 

BECK,  M.  B. 

Identifiability    of    Conceptual    Hydrochemical 

Models. 

W91-04927  5B 

BECK,  R.  W. 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W91-04524  5B 

BECKMAN,  J.  D. 

Salt-Dome  Locations  in  the  Gulf  Coastal  Plain, 

South-Central  United  States. 

W91-04880  2F 

BEDARD,  D.  L. 

Influence  of  Chlorine  Substitution  Pattern  on  the 
Degradation  of  Polychlorinated   Biphenyls  by 
Eight  Bacterial  Strains. 
W91-04727  5B 

BEDINGER,  M.  S. 

Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W9 1-04855  5E 

BELANGER,  D. 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W91-04275  5A 

BELANGER,  L. 

Pintail,  Anas  acuta,  Use  of  Man-made  Ponds  in 

Quebec. 

W9 1-04058  6G 

BELL,  J.  P. 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 

BELL,  O.  J. 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W9 1-04528  5C 

BELL,  P.  R. 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W91-04076  5B 

BELL,  R.  W. 

Design   and   Application   of  a  Constant   Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-04102  7B 

Groundwater  Response  to  Reforestation  in  the 
Darling  Range  of  Western  Australia. 
W91-04398  4C 

BELLAN,  G. 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 


Outfall:   Marseille-Cortiou.   (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W9 1-04440  5C 

BENCALA,  K.  E. 

Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic  Material  in  Three  Acidic,   Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W9 1-04936  2E 

BENEDIKTOVA,  M. 

Time-   and   Vertical   Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W9 1-04034  2H 

BENES,  M.  E. 

Boards  of  Health  Protection  for  Private  Wells 

and  Groundwater. 

W9 1-03942  5G 

BENNETT,  J.  K. 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W9 1-04621  5C 

BENOIST,  A.  P. 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W9 1-043  30  5B 


BENSEN,  A. 

Designing  to  Improve  Grit  Removal. 
W9 1-04601 


5D 


BENSON,  W.  H. 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W91-04153  5C 

BERG,  S.  A. 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic     Features     Beneath     New     River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

BERGEK,  S. 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and   Pike   Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 

BERGER,  D.  L. 

Ground-Water  Levels  in  Water  Year  1987  and 

Estimated    Ground-Water    Pumpage    in    Water 

Years  1986-87,  Carson  Valley,  Douglas  County, 

Nevada. 

W9 1-04474  2F 

Principal  Facts  for  Gravity  Stations  in  the  Elko, 

Steptoe    Valley,    Coyote    Spring    Valley,    and 

Sheep    Range    Areas,    Eastern    and    Southern 

Nevada. 

W9 1-04473  7B 

BERGER,  G.  W. 

Successive  Appearance  of  Subfossil  Phytoplank- 
ton  Species  in  Holocene  Sediments  of  the  North- 
ern Adriatic  and  Its  Relation  to  the  Increased 
Eutrophication  Pressure. 
W9 1-03983  2L 

BERGGVIST,  P.  A. 

Results  from   the   First   Year  of  the   Swedish 

Dioxin  Survey. 

W91-04289  5B 

BERGQUIST,  P.  A. 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers- Part  One. 
W9 1-04291  5B 


:> 


\ 


PA-3 


BERGSTROM,  J.  C. 


AUTHOR  INDEX 


BERGSTROM,  J.  C. 

Impact  of  Information  on  Environmental  Com- 
modity Valuation  Decisions. 
W9 1-04438  6C 

BERKAS,  W.  R. 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W91-04481  7C 

BERKOWITZ,  B. 

Can  Contaminated,  Fractured,  Porous  Aquifers 

be  Restored. 

W91-04311  5G 

BERMAN,  N.  A. 

Design   of  a   Chlorination/Dechlorination    and 

Post-Aeration  Facility. 

W91-04815  5D 

BERNIER-CARDOU,  M. 

Effect  of  Soil  Water  Content  on  the  Winter 
Survival  of  Winter  Wheat,  Rye  and  Triticale. 
W9 1-04554  2G 

BERVOETS,  L. 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W9 1-04793  81 

BETAIEB,  M. 

Thermophilic      Campylobacters      in      Surface 
Waters  around  Lancaster,  UK:  Negative  Corre- 
lation   with    Campylobacter    Infections   in    the 
Community. 
W9 1-04369  5B 


BETTERIDGE,  A.  A. 

Economics  of  Meter  Testing/Calibration. 
W9 1-04372 


6C 


BETTS,  J.  L. 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-04150  5B 

BEWLEY,  R.  J.  F. 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W91-04580  5G 

BEZUIDENHOUT,  L.  M. 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W9 1-04320  5B 

BHANU  KUMAR,  O.  S.  R.  U. 

Snow  Cover-Summer  Monsoon  Rainfall  Over 

Parts  of  Sahel. 

W9 1-03967  7B 

BHATTACHARYA,  D. 

Goal-Programming    Techniques     for    Optimal 

Reservoir  Operations. 

W9 1-03994  6  A 

BHUIYAN,  M.  A. 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 

BIAS,  W.  R. 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

BICEGO,  M.  C. 

Petroleum  Aromatic  Hydrocarbons  in  Surface 
Waters  around   Elephant  Island,  Antarctic   Pe- 
ninsula. 
W91-04518  5B 

KICKING,  M.  K.  L. 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W91-04281  5A 


BIDINGER,  F.  R. 

Line-Source    vs.    Irrigated/Nonirrigated    Treat- 
ments for  Evaluation  of  Genotype  Drought  Re- 
sponse. 
W91-04501  3F 

BIENFANG,  P.  K. 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton   Populations   During   the   Spring   Bloom   in 
Auke  Bay,  Alaska. 
W9 1-04461  2H 

BIERKENS,  M.  F.  P. 

Analytically  Derived  Runoff  Models  Based  on 

Rainfall  Point  Processes. 

W91-04120  2E 

BIGSBY,  P.  R. 

Hydrogeology  and  Ground- Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W9 1-04468  5B 

BIJLMAKERS,  L.  L. 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W91-04356  5C 

BINDAL,  R.  C. 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

BIRGERSSON,  L. 

Diffusion  in  the  Matrix  of  Granitic  Rock:  Field 

Test  in  the  Strip  a  Mine. 

W91-04137  5E 

BISCHOFSBERGER,  W. 

Stabilization  and  Disinfection  of  Sewage  Sludge 
by  Two-Stage  Anaerobic  Thermophilic/Meso- 
philic  Digestion. 
W9 1-04700  5D 

Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W91-04710  5D 

BISHOP,  A.  B. 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

BISHOP,  D.  J. 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 

BISHOP,  W.  J. 

Reducing     Water     Demand     During     Drought 

Years. 

W9 1-03971  3D 

BISSONNETTE,  G.  K. 

Improved  Membrane  Filtration  Method  Incor- 
porating Catala.se  and  Sodium  Pyruvate  for  De- 
tection of  Chlorine-Stressed  Coliform  Bacteria. 
W9 1-04067  5  A 

BIZIUK,  M. 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 

BLACK,  R.  E. 

Water  Resources  and  the  Electric  Power  Indus- 
try: An  Australian  Perspective. 
W9 1-04224  3E 

BLACKSON,  D.  E. 

Treated  Municipal  Sewage  Effluent  as  a  Source 
of  Power  Plant  Cooling  Tower  Makeup  Water. 
W9 1-04221  5D 


BLANDFORD,  G.  E. 

Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W9 1-04406  2E 

BLANKENMEYER,  J.  T. 

Effect  of  Naphthalene  on  Sodium  Active  Trans- 
port in  the  Frog  Skin. 
W91-04015  5C 

BLASCO,  P. 

Application  of  Factor  Analysis  to  the  Hydro- 

geochemical  Study  of  a  Coastal  Aquifer. 

W9 1-04397  2F 

BLEDSOE,  B.  E. 

Bilateral  Wastewater  Land  Treatment  Research. 
W91-04816  5D 

BLEVINS,  R.  D. 

Fate  of  Mutagenic  Activity  during  Conventional 
Treatment  of  Municipal  Wastewater  Sludge. 
W9 1-04569  5D 

BLEVINS,  R.  L. 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

BLIGH,  G.  J. 

Costs  of  Groundwater   Contamination  to   the 

Southington  Water  Works  Department. 

W9 1-04845  5  A 

BLOCK,  D.  H. 

Land  Use  Practices  and  Water  Disputes. 

W9 1-04205  6E 

BLOWES,  D.  W. 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W91-04271  5B 

BLOYS,  W. 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W9 1-04365  5B 

BODAMMER,  J.  E. 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W9 1-04363  5C 

BODAR,  C.  W.  M. 
Cytopathological    Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-04012  5C 

Ecdysteroids  in  Daphnia  magna:  Their  Role  in 
Moulting  and   Reproduction  and  Their  Levels 
Upon  Exposure  to  Cadmium. 
W91-04013  5C 

BODE,  L.  E. 

Agricultural  Chemical  Application  Practices  to 

Reduce  Environmental  Contamination. 

W9 1-04007  5G 

BODVARSSON,  G.  S. 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

BOETHLING,  R.  S. 

Use  of  Biodegradation  Data  in  Chemical  Assess- 
ment. 
W9 1-04628  5B 

BOISVERT,  J. 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W91-04446  4C 


PA^I 


AUTHOR  INDEX 


BROMAN,  D. 


BOKN,  T. 

Effects  of  Acid  Wastes  from  Titanium  Dioxide 
Production  on  Biomass  and  Species  Richness  of 
Benthic  Algae. 
W9 1-04420  5C 

BOLLAG,  J.  M. 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W91-04263  5B 

Transformation  of  Indole  by  Methanogenic  and 
Sulfate-Reducing       Microorganisms       Isolated 
From  Digested  Sludge. 
W9 1-04731  5G 

BOND,  T. 

Fiscal  Year  1989  Program  Report  (Mississippi 
Water  Resources  Research  Institute). 
W91-04871  9D 

BONE,  Y. 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W9 1-04272  2L 

BONER,  F.  C. 

Water   Resources   Data   Arizona,   Water   Year 

1989. 

W9 1-04904  7C 

BONILLA,  M. 

Lead  Hydride  Generation  in  a  Lactic  Acid-Po- 
tassium Dichromate  Medium  and  its  Application 
to  the  Determination  of  Lead  in  Fish,  Vegetable 
and  Drink  Samples. 
W91-04140  5A 

BONO,  R. 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W91-04378  5F 

BOOTH,  D.  J. 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W91-03964  7B 

BOPP,  R.  F. 

Analysis  of  Dated  Sediment  Samples  from  the 
Newark  Bay  Area  for  Selected  PCDD/Fs. 
W91-04292  5B 

BORG,  H. 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 

W91-04753  5A 

BORGMAN,  L.  E. 

Simulation     of    Nonstationary,     Non-Gaussian 

Water  Levels  on  Great  Lakes. 

W9 1-04070  2H 

BOSANDER,  J. 

Operational   Experience   with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W9 1-04697  5D 

BOSGOED,  H.  M.  M. 

Fluxes  of  Oxygen   Equivalents  and   Nutrients 
across  the  Sediment- Water  Interface  after  Com- 
bined Sewer  Overflows. 
W91-04336  5B 

BOSMAN,  H.  H. 

Methods  to  Convert  American  Class  A-Pan  and 
Symon's  Tank  Evaporation  to  That  of  a  Repre- 
sentative Environment. 
W91-04314  2D 

BOSSERT,  I.  D. 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W91-04729  5B 

BOSSICART,  M. 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and   in   Different    Planktonic   Compart- 


ments of  the  Belgian  Continental  Shelf  and  the 

Scheldt  Estuary. 

W9 1-04027  5B 

BOSTROM,  M. 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and  Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W9 1-04291  5B 

BOSWORTH,  W.  S. 

Bioturbation:    A    Facilitator    of    Contaminant 

Transport  in  Bed  Sediment. 

W9 1-04765  5B 

BOUMA,  J. 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-04100  2G 

BOUMATI,  P. 

Subcellular  Localization  of  Acid-Rain  Trans- 
ported Aluminum  in  Gills  and  Kidneys  of  Trout 
from  Streams  of  the  Vosges:  Preliminary  Re- 
sults, (Localisation  Subcellulaire  de  l'aluminium 
Vehicule  par  les  Pluies  Acides  dans  les  Reins  et 
Branchies  de  Truite  des  Vosges.  Donnees  Preli- 
minaires). 
W9 1-04364  5B 

BOURCIER,  M. 

Results  of  a  Ten-Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W9 1-04440  5C 

BOUSHER,  A. 

Bromate  Production  in  Chlorinated  Waters:  Re- 
action of  Monochloramine  and  Hypobromite. 
W9 1-04085  2K 

BOUWER,  H. 

Water  Conservation  for  Drought  Management. 
W91-04214  3B 


BOWEN,  R.  V. 

Relational  Database  for  Non-Programmers. 
W91-04188 


7C 


BOWERS,  J.  A. 

Midwater  and  Epibenthic  Behaviors  of  Mysis 
relicta  Loven:  Observations  from  the  Johnson- 
Sea-Link  II  Submersible  in  Lake  Superior  and 
from  a  Remotely  Operated  Vehicle  in  Northern 
Lake  Michigan. 
W91-04113  2H 

BOYD,  G. 

Urban  Stormwater:  An  Overview  for  Munici- 
palities. 
W9 1-04848  5B 

BOYER,  D.  G. 

Bellani  Evaporation  Variation  in  Hill-land  Pas- 
ture. 
W9 1-04486  2D 


BOZOSKI,  I. 

X-Band  Scatterometry  in  Agriculture. 
W9 1-03945 


7B 


BRACHACZEK,  W.  W. 

Dew  Chemistry  and  Acid  Deposition  in  Glendo- 
ra,  California,  During  the   1986  Carbonaceous 
Species  Methods  Comparison  Study. 
W91-04138  5B 

BRADFORD,  J.  M. 

Effect  of  Antecedent  Soil  Moisture  on  Splash 

Detachment  Under  Simulated  Rainfall. 

W9 1-04800  2J 

BRADLEY,  D. 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-04150  5B 


BRALTS,  V.  F. 

Finite  Element  Watershed  Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 

BRAND,  W. 

Feasibility  of  Using  Alginate  to  Absorb  Dis- 
solved Copper  from  Aqueous  Media. 
W9 1-04773  5D 

BRASHERS,  L.  K. 

Artificial  Sediments  for  Use  in  Tests  with  Wet- 
land Plants. 
W91-04453  2J 

BRAUN,  D. 

Aspects  of  Ozone  Generation  from  Air. 
W91-04380  5F 

BREEN,  J.  J. 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 

zofurans  in  the  Environment. 

W91-04287  5A 

BREININGER,  M.  T. 

Effect  of  Simulated  Acidic  Fog  on  Carbohy- 
drate Leaching,  C02  Assimilation  and  Develop- 
ment of  Damage  Symptoms  in  Young  Spruce 
Trees  (Picea  abies  L.  Karst). 
W9 1-04560  5C 

BRENNAN,  L. 

Fate  of  Mutagenic  Activity  during  Conventional 
Treatment  of  Municipal  Wastewater  Sludge. 
W9 1-04569  5D 

BRILLS,  G.  M. 

Comparative  Evaluation  of  Soxhlet  and  Sonica- 
tion  Extraction  in  the  Determination  of  Polynu- 
clear  Aromatic  Hydrocarbons  in  Soil. 
W91-04251  5A 

BRIMBLECOMBE,  P. 

Bromate  Production  in  Chlorinated  Waters:  Re- 
action of  Monochloramine  and  Hypobromite. 
W91-O4085  2K 

BRINDLE,  I.  D. 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W9 1-04268  5  A 

BRINSON,  M.  M. 

Sea  Level  Rise  and  Fringe  Wetlands  in  North 
Carolina:  Recommendations  from  a  Workshop 
on  Management  and  Research. 
W91-04512  2L 

BRITZ,  T.  J. 

Thermodynamic  Considerations  on  the  Perform- 
ance of  Two-Staged  Anaerobic  Digesters. 
W91-04318  5D 

BROAD,  T.  M. 

Surface-Water   Containment    Routing   Using   a 
Digital  Stream  Information  System. 
W91-04185  5B 

BROCKMAN,  A.  R. 

Ground-Water  Pumpage  and  Water-Level  De- 
clines in  the  Peedee  and  Black  Creek  Aquifers  in 
Onslow  and  Jones  Counties,   North  Carolina, 
1900-86. 
W9 1-04901  2F 

BROMAN,  D. 

Importance  of  Spheroidal  Carbonaceous  Parti- 
cles (SCPs)  for  the  Distribution  of  Particulate 
Polycyclic  Aromatic  Hydrocarbons  (PAHs)  in 
an  Estuarine-Like  Urban  Coastal  Water  Area. 
W9 1-04249  5B 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 


\ 

S 


PA-5 


BROMAN,  D. 


AUTHOR  INDEX 


Treatment  Plant  with  Respect  to  Composition 

Changes  and  Total  Flux. 

W9 1-04293  5D 

BROOKHART,  N. 
Common-Sense  Liquid  Sludge  Management. 
W91-04819  5E 

BROOKS,  K.  N. 
Hydraulic  Characteristics  of  Four  Peatlands  in 
Minnesota. 
W91-04553  2H 

BROTHERS,  K. 

Water  Conservation,  Myth  or  Mandate,  An  Arid 

Southwest  Perspective. 

W91-04192  6D 

BROUWER,  H. 

Sediment-Contact    Bioassay   with   Photobacter- 

ium  phosphoreum. 

W9 1-04626  5  A 

BROWN,  A. 

Relationships  Between  Some  Properties  of  Or- 
ganic Soils  from  the  Southern  Canadian  Shield. 
W91-04583  5G 

BROWN,  A.  F. 

Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W91-04617  5C 

BROWN,  D.  A. 

Relationships  Between  Some  Properties  of  Or- 
ganic Soils  from  the  Southern  Canadian  Shield. 
W91-04583  5G 

BROWN,  D.  M. 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W9 1-04273  2F 

BROWN,  E.  J. 

Developing   and    Passing   Statewide    Wellhead 

Protection     Programs    Connecticut:     A     Case 

Study. 

W9 1-03922  5G 

BROWN,  J.  F. 

PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

BROWN,  T. 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

BROWN,  T.  C. 

Marginal   Economic   Value  of  Streamflow:   A 
Case  Study  for  the  Colorado  River  Basin. 
W9I-04913  6D 

BRUAND,  A. 

Improved  Prediction  of  Water-Retention  Prop- 
erties of  Clayey  Soils  by  Pedological  Stratifica- 
tion. 
W9 1-03987  2G 

BRUMBAUGH,  W.  G. 

National  Contaminant  Biomonitoring  Program: 
Concentrations  of  Arsenic,  Cadmium,  Copper, 
Lead,   Mercury,   Selenium,   and   Zinc   in   U.S. 
Freshwater  Fish,  1976-1984. 
W91-04578  5G 

BRUTSAERT,  W. 

Inner  Region  Humidity  Characteristics  of  the 
Neutral  Boundary  Layer  Over  Prairie  Terrain. 
W9 1-04922  2D 

Regional  Surface  Fluxes  From  Remotely  Sensed 

Skin  Temperature  and  Lower  Boundary  Layer 

Measurements. 

W9 1-04923  2B 


BRYANT,  R. 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 

Price  and  Income  Elasticities  in  the  Analysis  of 
Water  Demands  for  the  City  of  Hays,  Kansas. 
W91-04178  6C 

BRYANT,  T.  N. 

Incidence  of  Virulence   Factors  in   Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W9 1-0445  5  5B 

BUCKINGHAM,  C. 

Quality  Assurance/Quality  Control  Assessment 
for    a    Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W9 1-04277  5B 

BUCKLEY,  B.  D. 

Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W9 1-04842  5F 

BUCKNER,  H.  D. 

Water  Resources  Data  for  Texas,  Water  Year 

1989,   Volume    1:   Arkansas  River,   Red   River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and   Adjacent  Coastal 

Basins. 

W9 1-04482  7C 

BUNCE,  N.  J. 

Development  of  a  Rapid  Screening  Assay  for 

PCDDs  and  PCDFs. 

W91-04286  5A 

BURBAN,  P.  Y. 

Settling   Speed   of  Floes  in   Fresh  Water  and 

Seawater. 

W9 1-04296  2J 

BURCHMORE,  J.  J. 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia—Some Case  Histories. 
W91-04789  81 

BURGES,  S.  J. 

Proposed  Model  for  Evaluating  Urban  Hydro- 
logic  Change. 
W9 1-03990  4C 

BURLEIGH,  D.  P. 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

BURLING,  K. 

Manganese  Speciation  in  Dilute  Waters  of  the 

Precambrian  Shield,  Canada. 

W9 1-04039  2K 

BURN,  D.  H. 

Real-Time  Sampling  Strategies  for  Estimating 

Nutrient  Loadings. 

W9 1-03989  5  A 

BURRIDGE,  L.  E. 

Nitzschia    pseudodelicatissima:    A    Source    of 

Domoic   Acid  in  the   Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

BURTON,  J.  W. 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W9 1-04425  8  A 

BURZYNSKI,  K. 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W91-04404  2F 

BUSCHMANN,  C. 

Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W9 1-03946  7B 


BUSH,  B. 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W9 1-04623  5B 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W91-04255  5A 

BUSHONG,  S.  J. 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W9I-04152  5C 

BUTHER,  H. 

Spatial  and  Temporal  Trends  in  Organochlorine 
Contamination  of  Dab  (Limanda  limanda)  and 
Flounder  (Platichthys  flesus)  in  the  North  Sea. 
W9 1-04053  5B 

BUTTERWICK,  C. 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 

BUTTLE,  J.  M. 

Recharge  Processes  During  Snowmelt:  An  Iso- 
topic  and  Hydrometric  Investigation. 
W91-04103  2F 

BUTTZ,J. 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

BUXTON,  H.  T. 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W91-04854  2F 

BYERS,  R.  A. 

Effect   of  Tillage  on   Soil   Water  and   Alfalfa 

Establishment  in  Corn  Stubble. 

W91-04537  3F 

CABE,  R. 

Natural  Resource  Accounting  Systems  and  En- 
vironmental Policy  Modeling. 
W9 1-04563  6B 

CADENA,  F. 

Adsorption  of  Benzene  from  Aqueous  Solutions 
by  Bentonite  Treated  with  Quaternary  Amines. 
W9 1-04770  5G 

CAIRNS,  J. 

Persistence  of  Genetically  Engineered  Erwinia 
carotovora     in     Perturbed     and     Unperturbed 
Aquatic  Microcosms  and  Effect  on  Recovery  of 
Indigenous  Bacteria. 
W91-04723  2H 

CAJARAVILLE,  M.  P. 

Ultrastructural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-046I6  5C 

CALABRESE,  J.  P. 

Improved  Membrane  Filtration  Method  Incor- 
porating Catalase  and  Sodium  Pyruvate  for  De- 
tection of  Chlorine-Stressed  Coliform  Bacteria. 
W9 1-04067  5  A 

CALIFANO,  R.  J. 

Air  Toxics  Project  Studies  Health  Risks  from 

Wastewater  Treatment  Plant  Emissions. 

W9 1-04597  5D 

CALISE,  P.  P. 

Public  Water  Supply  Demand  Management-An 

Act  of  Oppression. 

W9 1-04844  6D 

CALLE,  H. 

Transport  of  Suspended  Sediment  and  Dissolved 
Materia]  from  the  Andes  to  the  Rio  de  la  Plata 


PA-6 


AUTHOR  INDEX 


CHOU,  T.  W. 


by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulaires  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2J 

CAMARA,  C. 

Lead  Hydride  Generation  in  a  Lactic  Acid-Po- 
tassium Dichromate  Medium  and  its  Application 
to  the  Determination  of  Lead  in  Fish,  Vegetable 
and  Drink  Samples. 
W91-04140  5A 

CAMP,  S.  R. 

Identification  of  the  Derivatives  of  C.I.  Reactive 

Blue  19  in  Textile  Wastewater. 

W91-04083  5A 

CAMP  ANA,  M.  E. 

Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate-Alluvial  System. 
W9 1-04407  2F 

CAMPBELL  BIRD,  J. 

1990  Farm  Bill:  Opportunities  for  Groundwater 

Protection. 

W91-04859  5G 

CAPRIO,  V. 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W91-04385  5F 

CARDINELL,  A.  P. 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic     Features    Beneath    New     River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

CAREY,  J.  H. 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in  Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W91-04445  5B 

CARL,  P. 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading    Bacteria   from   a 
Contaminated  Aquifer 
W91-04068  5B 

CARLETON,  M.  G. 

Comparison  of  Overflows  from  Separate  and 
Combined  Sewers-Quantity  and  Quality. 
W91-04326  5D 

Study  of  Trash  and  Trash  Interception  Devices. 
W91-04359  5D 

CARLIN,  V. 

Degradation  of  Atrazine   in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

CARLSON,  T.  N. 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W91-04491  2G 

Stomatal  Resistance  Model  Illustrating  Plant  vs. 

External  Control  of  Transpiration. 

W9 1-04489  2D 

CARPENTIER,  R. 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W91-04275  5A 

CARR,  J.  E. 

Water  Supply  and  Use  in  the  United  States~U.S. 

Geological    Survey   National    Water   Summary 

1987. 

W91-04166  6D 

CARR,  R.  S. 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 


CARRARO,  E. 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W91-04378  5F 

CARTER,  N.  J. 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W91-03957  7B 

CAVALETTO,  J.  F. 

Lipid-Partitioning         and         Disposition         of 

Benzo(a)pyrene     and     Hexachlorobiphenyl     in 

Lake  Michigan  Pontoporeia  hoyi  and  Mysis  re- 

licta. 

W91-04145  5B 

CAVANAUGH,  K.  P. 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the   Fertility   of  the   Mallard   Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

CAZARES,  L.  H. 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 

CECERE,  E. 

Economically  Important  Seaweeds  in  Mar  Pic- 
colo, Taranto  (Southern  Italy):  A  Survey. 
W9 1-04423  5C 

CENTENO,  H.  S. 

Water  Use  by  Monocropped  and  Intercropped 

Cowpea  and  Sorghum  Grown  after  Rice. 

W9 1-04500  3F 

CEVALLOS,  A. 

Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

CHALIFOUR,  A. 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W9 1-04446  4C 

CHANASYK,  D.  S. 

Soil  Temperature  Under  Conventional  and  Mini- 
mum Tillage:  Simulation  and  Experimental  Veri- 
fication. 
W91-04582  2G 

CHANG,  C. 

Long-term  Soil  Moisture  Status  in  Southern  Al- 
berta. 
W91-04551  2G 

CHANG,  K.  C.  K. 

Health   Effects   of  Beach   Water   Pollution   in 

Hong  Kong. 

W9 1-04454  5C 

CHANSLER,  J.  M. 

Dewatering   Problems  Lead  to   Liquid   Sludge 

Disposal. 

W9 1-04595  5D 

CHAPELL,  R. 

Walpole  Board  of  Health:  Groundwater  Protec- 
tion Plan  Implementation. 
W9 1-03923  5G 

CHAPMAN,  F.  A. 

Abundance  Changes  in  Laminaria  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta)  near  the  Diablo  Canyon  Power  Plant. 
W9 1-04422  5C 


CHAPRA,  S.  C. 

Do  the  Right  Thing. 
W9 1-04409 


6A 


CHASE,  E.  B. 

Water  Supply  and  Use  in  the  United  States-U.S. 

Geological    Survey    National   Water   Summary 

1987. 

W91-04166  6D 


CHASSARD-BOUCHAUD,  C. 

Subcellular  Localization  of  Acid-Rain  Trans- 
ported Aluminum  in  Gills  and  Kidneys  of  Trout 
from  Streams  of  the  Vosges:  Preliminary  Re- 
sults, (Localisation  Subcellulaire  de  l'aluminium 
Vehicule  par  les  Pluies  Acides  dans  les  Reins  et 
Branchies  de  Truite  des  Vosges.  Donnees  Preli- 
minaires). 
W9 1-04364  5B 

CHAUDHURI,  U.  N. 

Carbon   Dioxide  and  Water  Level   Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

CHAUNCEY,  W. 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W9 1-03977  5F 

CHEBBO,  G. 

Characterization    of    Solids    Transferred    into 

Sewer  Trunks  during  Wet  Weather. 

W9 1-043  50  5D 

CHECCHIO,  E. 

Water  Transfers  in  Arizona:  Assessing  the  Ad- 
verse Effects  on  Areas  of  Origin. 
W9 1-042 19  6D 

CHEN,  J. 

Quantitative   Remote   Detection   of  Suspended 
Sediment  Content  and  Chlorophyll  Concentra- 
tion of  Water  in  Different  Depths. 
W91-03949  7B 

CHERR,  G.  N. 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W91-04571  5C 

CHERRERED,  M. 

Development  of  a  Methodology  to  Determine 

the  Pollution  Discharged  by  a  Combined  Sewer 

Network. 

W9 1-04324  5B 

CHEUNG,  W.  H.  S. 

Health   Effects   of  Beach   Water   Pollution   in 

Hong  Kong. 

W9 1-04454  5C 

CHIBA,  M. 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W91-04268  5A 

CHIDLEY,  T.  R.  E. 

Digital  Elevation  Models  and  Their  Application 
to  Remote  Sensing  of  Water  Resources. 
W91-03959  7C 

CHOCAT,  B. 

Development  of  a  Methodology  to  Determine 

the  Pollution  Discharged  by  a  Combined  Sewer 

Network. 

W9 1-04324  5B 

CHOU,  M.  D. 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle-A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

CHOU,  T.  W. 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W9 1-04627  5B 


PA-7 


CHOW,  T.  L. 


AUTHOR  INDEX 


CHOW,  T.  L. 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W91-04552  2J 

CHRISTENSEN,  P.  B. 

Denitrification    and    Photosynthesis   in    Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W9 1-03999  2H 

CHRISTMAN,  R.  F. 

Resin     Concentration     of    By-Products     from 

Chlorination  of  Aquatic  Humic  Substances. 

W9 1-04046  5F 

Total    Organic    Halogens    (TOX)    Analysis    in 

Ether  Solutions. 

W9 1-04049  5  A 

CHRISTOPHERSEN,  N. 

Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W9 1-04935  2  A 

CHROSNIAK,  C. 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W9 1-04624  5B 

CLABORN,  B.  J. 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W91-04194  6D 

Well  Field  Management  for  Operational   Effi- 
ciency. 
W9 1-04200  4B 

CLARK,  D. 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading   Bacteria   from   a 
Contaminated  Aquifer. 
W9 1-04068  5B 

CLARK,  M.  L. 

Populations   Affected   by   Pesticides   in   Public 

Ground-Water  Supplies  in  Iowa. 

W9 1-04202  5B 

CLEMENT,  R.  E. 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5A 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

Water  Round  Robin  for  Parts-Per-Quadrillion 
Determination  of  PCDDs  and  PCDFs. 
W91-04279  5D 

CLEVELAND,  T.  G. 

Sampling  Network  Design  for  Transport  Param- 
eter Identification. 
W9 1-03991  7  A 

CLEVENGER,  T.  E. 

Application    of   a    Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W9 1-04284  5  A 

Fiscal   Year    1989    Program    Report   (Missouri 

Water  Resources  Research  Center). 

W9 1-04890  9D 

CLIFFORD,  D. 

Evaluating  Ion  Exchange  for  Removing  Radium 

from  Groundwater. 

W9 1-03975  5F 

CLIFFORD,  P.  J. 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W91-04633  2L 


CLIFTON,  C.  G. 

Hydrothermal     Petroleums    from     Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

CLOUGH,  G.  H. 

Yield   of  Successively   Cropped    Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 

CLOUTIER,  Y. 

Effect  of  Soil  Water  Content  on  the  Winter 
Survival  of  Winter  Wheat,  Rye  and  Triticale. 
W9 1-045  54  2G 

COATS,  D.  W. 

Seasonal  Abundances  of  Planktonic  Ciliates  and 

Microflagellates  in  Mesohaline  Chesapeake  Bay 

Waters. 

W91-03982  2L 

COCHLAN,  W.  P. 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W9 1-0463  3  2L 

COECK,  J. 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W9 1-04793  81 

COFFEY,  T.  E. 

Water   Resources   Data   for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

COGHLAN,  B.  P. 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W91-04327  5B 

COHEN,  M.  F. 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 


COLE,  C.  G.  B. 

Treatment  of  Gelatine  Factory  Effluent. 
W91-04317 


5D 


COLE,  F.  A. 

Taxonomic  Level  and  Sample  Size  Sufficient  for 
Assessing   Pollution   Impacts   on   the   Southern 
California  Bight  Macrobenthos. 
W9 1-04721  5C 

COLEMAN,  R.  L. 

Stream  Geomorphology:  Effects  on  Periphyton 
Standing  Crop  and  Primary  Production. 
W91-04714  6G 

COLL,  M.  B. 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 
W9 1-04878  7C 

COLLIER,  K.  J. 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W91-04528  5C 

Structure  of  Epilithon  in  Some  Acidic  and  Cir- 

cumneutral   Streams   in   South   Westland,   New 

Zealand. 

W91-04812  2H 

COLLIER,  T.  L. 

Use   of   Dimethyl    Sulfoxide   as   Solubilization 

Agent   in   the   Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W9 1 -04285  5A 

COLLINS,  M. 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 


COLLINS,  R.  P. 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

COMEAU,  A. 

Effect  of  Soil  Water  Content  on  the  Winter 
Survival  of  Winter  Wheat,  Rye  and  Triticale. 
W91-04554  2G 

CONACHER,  A.  J. 

Salt  of  the  Earth:  Secondary  Soil  Salinization  in 

the  Australian  Wheat  Belt. 

W91-04557  3C 

CONGER,  D. 

Surface  Water  Dream  Turned  into  Reality. 
W91-04117  5F 

CONNELL,  D.  W. 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W91-04076  5B 

Partitioning  of  Unsubstituted   Polycyclic  Aro- 
matic Hydrocarbons  Between  Surface  Sediments 
and  the  Water  Column  in  the  Brisbane  River 
Estuary. 
W91-04361  5B 

CONQUEST,  L.  D. 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton   Populations  During  the   Spring   Bloom   in 
Auke  Bay,  Alaska. 
W9 1-04461  2H 

CONROW,  R. 

Distributions   and   Abundances   of  Early    Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W9 1-04592  2H 

CONSTANTZ,  J. 

Monitoring   Moisture   Storage  in  Trees   Using 

Time  Domain  Reflectometry. 

W91-04388  21 

COOK,  P.  G. 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W9 1-04386  4C 

COOPER,  W.  E. 

Midwater  and  Epibenthic  Behaviors  of  Mysis 
relicta  Loven:  Observations  from  the  Johnson- 
Sea-Link  II  Submersible  in  Lake  Superior  and 
from  a  Remotely  Operated  Vehicle  in  Northern 
Lake  Michigan. 
W91-04113  2H 

COOTES,  T. 

Monitoring  a  Vortex  Storm  Sewage  Overflow 

with  Peripheral  Spill. 

W91-04345  5D 

CORLESS,  C.  E. 

Ozonation  of  Pyrene  in  Aqueous  Solution. 
W91-04041  5F 

CORMIER,  H. 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W91-04552  2J 

CORNETT,  R.  J. 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W9 1-04928  5B 

Iron  Transport  and  Distribution  between  Fresh- 
water   and     Sediments    over    Different    Time 
Scales. 
W91-04154  2H 


PA-8 


AUTHOR  INDEX 


DAVIS,  D.  K. 


CORRY,  J.  E. 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W91-04788  5C 

CORTES,  J. 

Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 
by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulaires  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2J 

CORWIN,  A. 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W91-04365  5B 

COSBY,  O. 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W91-04278  5A 

COTE,  P. 

Use  of  Pervaporation  for  the  Removal  of  Organ- 
ic Contaminants  from  Water. 
W9 1-04771  5F 

COTNER,  J.  B. 

Iron  Redox  Effects  on  Photosynthesis  Phospho- 
rus Release  from  Dissolved  Humic  Materials. 
W91-O4O00  2H 

COTTLE,  R. 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W91-04362  5B 

COTTON,  J.  E. 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

COUGHANOWR,  C.  A. 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W91-03934  5G 

COUTURE,  R. 

Pintail,  Anas  acuta,  Use  of  Man-made  Ponds  in 

Quebec. 

W91-04058  6G 

CRAIG,  D.  A. 

Small  Flume  for  Studying  the  Influence  of  Hy- 
drodynamic  Factors  on  Benthic  Invertebrate  Be- 
havior. 
W91-04716  2E 

CRAIGG,  S.  D. 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

CRAWFORD,  P.  M. 

Optimizing    Polymer   Consumption    in    Sludge 

Dewatering  Applications. 

W9 1-04689  5D 

CRAWSHAW,  D.  H. 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

CRESSEE,  N.  A.  C. 

Spatial  Analysis  of  Variance  Applied  to  Soil- 
Water  Infiltration. 
W91-04123  2G 

CRIDDLE,  C.  S. 

Transformation    of    Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  K.C  Under  Denitrifica- 
tion  Conditions. 
W91-O4O60  5G 


CRIDER,  A.  M. 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W91-04153  5C 

CRIST,  M.  A. 

Concept  of  the  Shallow  Ground-Water  System 

Along  the   North  Platte  River,   South-Central 

Wyoming. 

W9 1-04463  2F 

CRITCHLEY,  A.  T. 

Canopy  Characteristics  of  the  Brown  Alga  Sar- 
gassum  muticum  (Fucales,  Phaeophyta)  in  Lake 
Grevelingen,  southwest  Netherlands. 
W9 1-04421  2L 

CROMPTON,  E.  J. 

Effects  of  Irrigation  Pumpage  in  Northwestern 

Indiana,  and  the  Legislative  Process. 

W9 1-042 10  3F 


CROOK,  J. 

Florida's  Reuse  Program  Paves  the  Way. 
W9 1-04822 


5D 


CROSSE,  J.  T. 

Los  Angeles  City  Sludge  Management  Program. 
W91-04596  5E 

CUADROS,  X. 

Waste  Water  Treatment  Using  Saline  Cultures 

of  Microalgae. 

W9 1-04762  5D 

CUPPEN,  J.  G.  M. 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

CURRAN,  M.  C. 

Parallel  Computing  for  Solute  Transport  Models 
Via  Alternating  Direction  Collocation. 
W91-04826  5B 

CURWICK,  P.  B. 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W91-04637  5B 

CUSACK,  J.  J. 

Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W91-04842  5F 

CUVIN-ARALAR,  M.  L.  A. 

Tissue  Distribution  of  Mercury  and  Selenium  in 

Minnows,  Phoxinus  phoxinus. 

W91-04025  5B 

D'AMORE,  M.  G. 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W91-04385  5F 

DA  COSTA  E  SILVA,  R.  J. 

Sewage   System   Improvement  by   Operational 

Parameters  Research. 

W91-04824  5D 

DA  COSTA,  M.  S. 

Alterations  in  the  Major  Heterotrophic  Bacterial 

Populations  Isolated  from  a  Still  Bottled  Mineral 

Water. 

W9 1-04368  5B 

DAGG,  M.  J. 

Enhanced  Primary   Production  at  the  Plume/ 

Oceanic  Interface  of  the  Mississippi  River. 

W9 1-04742  2L 

DAHLBERG,  A. 

Operational   Experience   with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W91-04697  5D 

DAHM,  C.  N. 

Stream  Geomorphology:  Effects  on  Periphyton 
Standing  Crop  and  Primary  Production. 
W91-04714  6G 


DAIGGER,  G. 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

DAIGLE,  J.  L. 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W9 1-04552  2J 

DALTON,  K.  W. 

Status  of  the  Least  Darter,  Etheostoma  micro- 

perca,  In  Canada. 

W9 1-04093  2H 

Status  of  the  River  Darter,  Percina  shumardi,  in 

Canada. 

W9 1-04094  5C 

DAM,  W.  L. 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

DAMASKINIDOU,  A. 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 

DAMMANN,  E. 

Upgrading  of  Wastewater  Treatment  Plants  for 
the  Reduction  of  Nitrogen  and  Phosphorus  in 
Schleswig-Holstein,  FRG. 
W9 1-04667  5D 

DANIEL,  D.  E. 

Lessons  Learned  from  Compacted  Clay  Liner. 
W9 1-04839  5G 

DARTUS,  D. 

Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  13  in  Marseille. 

W91-04353  5D 

DAVID,  A.  W. 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 

DAVIDSON,  H.  J. 

Water  Resources  Data  for  Texas,  Water  Year 

1989,   Volume   1:  Arkansas  River,   Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening   and   Adjacent   Coastal 

Basins. 

W9 1-04482  7C 

DAVIDSON,  J.  E. 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 
W91-04772  5D 

DAVIDSON,  P. 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W91-04233  3F 

DA  VIES,  N.  J. 

Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W9 1-04523  5B 

DA  VIES,  S. 

Water  Round   Robin  for  Parts-Per-Quadrillion 

Determination  of  PCDDs  and  PCDFs. 

W9 1-04279  5D 

DAVIS,  D.  K. 

Groundwater  Resources  of  Pike  County,  Penn- 
sylvania. 
W9 1-04641  2F 


s 


PA-9 


DAVIS,  P.  S. 


AUTHOR  INDEX 


DAVIS.  P.  S. 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

DAVIS,  W.  Y. 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1 -04242  6D 

DAWDY,  D.  R. 

Natural  Consumptive  Use  by  Tules,  Grasslands, 
and  Riparian  Forests,  California  Central  Valley. 
W9 1-04227  21 

DAWSON,  F.  H. 

Ecology  and  Management  of  Water  Plants  in 

Lowland  Streams. 

W9 1-03968  4A 

DAWSON,  R. 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 
Estimated  Discharge  Rates  into  the  Upper  Gulf 
of  Thailand. 
W9 1-04458  5B 

DAWSON,  R.  N. 

Upgrading  Wastewater  Treatment  Plants  for  Bi- 
ological Nutrient  Removal. 
W9 1-04665  5D 

DAY,  K.  E. 

Acute  Toxicity   of  Isomers  of  the   Pyrethroid 
Insecticide  Deltamethrin  and  Its  Major  Degra- 
dation Products  to  Daphnia  magna. 
W91-04149  5C 

Changes  in  Intracellular  Free  Amino  Acids  in 
Tissues  of  the  Caged  Mussel,  Elliptio  complan- 
ata,  Exposed  to  Contaminated  Environments. 
W91-04611  5C 

Use  of  Acetylcholinesterase  Activity  to  Detect 
Sublethal  Toxicity  in  Stream  Invertebrates  Ex- 
posed to  Low  Concentrations  of  Organophos- 
phate  Insecticides. 
W9 1-04735  5  A 

DE  MADARIAGA,  I. 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 
sponse to  Changes  in  River  Runoff  and  Water 
Turbulence. 
W91-04412  2L 

DE  SCALLY,  F.  A. 

Ablation  of  Avalanched  and  Undisturbed  Snow, 

Himalaya  Mountains,  Pakistan. 

W91-04129  2C 

DE  VISSCHER,  P.  R.  M. 

Canopy  Characteristics  of  the  Brown  Alga  Sar- 
gassum  muticum  (Fucales,  Phaeophyta)  in  Lake 
Grevelingen,  southwest  Netherlands. 
W9 1-0442 1  2L 

DE  WET,  L.  P.  D. 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W9 1-04320  5B 

DEFLAUN,  M.  F. 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 

DEGRAEVE,  G.  M. 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout 
W9 1-04747  5C 


DEIANA,  S. 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

DEIGELE,  E. 

One-Dimensional  Numerical  Model  to  Simulate 
Formation  and  Balance  of  Sulfate  During  Radi- 
ation Fog  Events. 
W91-04302  2K 

DELANEY,  D. 

Ground     Water     Resource     Based     Mapping, 
Nashua  Regional   Planning  Area,  New  Hamp- 
shire. 
W9 1-03940  6A 

DELAUNE,  R.  D. 

Wetland  Soil  Formation  in  the  Rapidly  Subsid- 
ing Mississippi  River  Deltaic  Plain:  Mineral  and 
Organic  Matter  Relationships. 
W9 1-03978  2L 

DELBECKE,  K. 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and    in    Different    Planktonic    Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W9 1-04027  5B 

DELIN,  G.  N. 

Geohydrology  and  Water  Quality  of  Confined- 
Drift   Aquifers  in   the   Brooten-Belgrade  Area, 
West-Central  Minnesota. 
W9 1-0463  5  2F 

DEMAS,  C.  R. 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W9 1-04637  5B 

DEMAYO,  A. 

Water  Use  Analysis:  Are  Water  Quality  Data 

Needed. 

W91-04173  6D 

DEMCHECK,  D.  K. 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W91-04637  5B 

DEMEL,  I. 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

DEMERCHANT,  G.  P. 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W91-04546  5B 

DEMHARTER,  W. 

Stabilization  and  Disinfection  of  Sewage  Sludge 
by  Two-Stage  Anaerobic  Thermophilic/Meso- 
philic  Digestion. 
W9 1-04700  5D 

DEN  BESTEN,  P.  J. 

Cadmium    Accumulation   and  Metallothionein- 

like  Proteins  in  the  Sea  Star  Asterias  rubens. 
W91-04615  5B 

DENIEGA,  B. 

Waterborne  Outbreak  of  Leptospirosis  among 

United   States   Military   Personnel  in  Okinawa, 

Japan. 

W91-04365  5B 

DENNER,  J.  C. 

Water  Resources  Data  for  New  Hampshire  and 

Vermont.  Water  Year  1989. 

W9 1-04480  7C 

DENTON,  H.  P. 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W9 1-04539  4D 


DENUCE,  J.  M. 

Effect  of  Copper  on  the  Embryonic  Develop- 
ment and  Hatching  of  Sepia  officinalis  L. 
W9 1-0458 1  5C 

DEROOS,  F.  L. 

Supercritical  Fluid  Extraction  for  the  Determi- 
nation of  PCDDs  and  PCDFs  in  Soil. 
W9 1-04281  5  A 

DESBORDES,  M. 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W91-04323  5C 

DEWIT,  C. 

Results   from   the   First   Year   of  the   Swedish 

Dioxin  Survey. 

W9 1-04289  5B 

DEWITT,  J. 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 

DEWITT,  J.  T. 

Transformation    of   Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  KC  Under  Denitrifica- 
tion  Conditions. 
W9 1-04060  5G 

DI-RUGGIERO,  J. 

Microbial   Manganese  Reduction   Mediated  by 
Bacterial    Strains   Isolated    from   Aquifer   Sedi- 
ments. 
W9 1 -04726  2K 

DIAMOND,  J.  M. 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

DICKINSON,  W.  T. 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W9 1-04547  2B 

Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

DIEBEL,  K.  E. 

Effect  of  Simulated  Acid  Rain  on  Reproductive 
Attributes  of  Red  Spruce  (Picea  rubens  Sarg). 
W9 1-04449  5C 

DIERX,  R.  A.  M. 

Impact  of  Overflow  on  Surface  Water  Quality  in 

East  Brabant,  The  Netherlands. 

W9 1-04356  5C 

DILLON,  P.  J. 

Dissolved  Organic  Carbon  Cycling  in  Forested 

Watersheds:  A  Carbon  Isotope  Approach. 

W9 1-04924  2K 

DILLON,  T.  M. 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W91-04153  5C 

DITORO,  D.  M. 

Toxicity  of  Cadmium  in  Sediments:  The  Role  of 

Acid  Volatile  Sulfide. 

W9 1-04746  5C 

DLUGI,  R. 

One-Dimensional  Numerical  Model  to  Simulate 
Formation  and  Balance  of  Sulfate  During  Radi- 
ation Fog  Events. 
W9 1-04302  2K 


PA-10 


AUTHOR  INDEX 


ELLIOT,  D.  J. 


DOHERTY,  M.  T. 

Annual    Production   and    Production:    Biomass 
Ratios  for  Three  Species  of  Stream  Trout  in 
Lake  Superior  Tributaries. 
W91-04589  2H 

DOLAN,  J.  R. 

Seasonal  Abundances  of  Planktonic  Ciliates  and 

Microfiagellates  in  Mesohaline  Chesapeake  Bay 

Waters. 

W91-03982  2L 

DOLCI.M. 

Degradation  of  Atrazine   in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

DOLL,  E.  C. 

Contamination  of  Soil  with  Oilfield  Brine  and 

Reclamation  with  Calcium  Chloride. 

W9 1-04799  5G 

DOLMAN,  W.  B. 

Classification  of  Texas  Reservoirs  in  Relation  to 
Limnology  and  Fish  Community  Associations. 
W91-04591  2H 

DOMTNGUEZ,  S.  E. 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W91-04621  5C 

DONAHUE,  J.  J. 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

DONNELLY,  J.  R. 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 

zofurans  in  the  Environment. 

W9 1-04287  5  A 

DONOVAN,  C.  A. 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W91-04362  5B 

DOOLEY,  K.  M. 

Supercritical  C02  -  Cosolvent  Extraction  of 

Contaminated  Soils  and  Sediments. 

W9 1-04763  5G 

DOR,  I. 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W91-O4036  5E 


DORR,  H. 

Gasoline  Lead  in  West  German  Soils. 
W91-O4310 


5B 


DOUGHTY,  G.  M. 

Monitoring  a  Vortex  Storm  Sewage  Overflow 

with  Peripheral  Spill. 

W9 1-04345  5D 

DOUGLAS,  A.  J. 

Socially    Optimal    and    Market    Utilization    of 

Ground-Water  Resources. 

W91-04191  4B 

DRAYTON,  R.  S. 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W9 1-03957  7B 

DRESCHHOFF,  G.  A.  M. 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W9 1-04495  3F 

DREVER,  J.  I. 

Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2J 


DUEBELBEIS,  D. 

Application    of   a    Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W9 1-04284  5  A 

DUELL,  L.  F.  W. 

Water  Resources  of  the  Descanso  Area,   San 

Diego  County,  California. 

W91-04882  2F 

DUGGAN,  J.  B. 

Potential  Effects  of  Raising  pH  for  Corrosion 

Control  on  the  Aesthetic  Qualities  of  a  Water 

Supply. 

W9 1-04370  5F 

DUGUET,  J.  P. 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W9 1-04382  5G 

DURCHSCHLAG,  A. 

Long-term    Simulation    of  Pollutant    Loads   in 

Treatment  Plant  Effluents  and  Combined  Sewer 

Overflows. 

W91-04331  5B 

DUSENBERY,  D.  B. 

Aquatic  Toxicity  Testing  Using  the  Nematode, 

Caenorhabditis  elegans. 

W91-04147  5C 

DZIEGIELEWSKI,  B. 

Urban  Nonresidential  Water  Use  and  Conserva- 
tion. 
W9 1-04201  6D 


EAGLESON,  P.  S. 

Education  of  Hydrologists. 
W9 1-04801 


9A 


EBERE,  A.  G. 

Toxicity  of  Nigerian  Crude  Oil  and  Chemical 
Dispersants  to  Barbus  sp.  and  Clarias  sp. 
W91-04018  5C 

EBERS,  T. 

Wastewater  Treatment  by  Soil  Absorption  Sys- 
tems. 
W9 1-047 10  5D 

ECK,  T.  F. 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W9 1-04492  2B 

ECKHARDT,  D.  W. 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W91-04234  2D 

ECKHOFF,  W.  S. 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

EDMOND,  J. 

1990  Farm  Bill:  Opportunities  for  Groundwater 

Protection. 

W91-04859  5G 

EDSALL,  C.  C. 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

EDSON,  D.  F. 

Aquifer  Protection  Through  Large  Scale  Com- 
puter Modelling. 
W9 1-03929  4B 

EDWARD,  D.  H. 

Limnology  of  the  Southern  Acid   Peat  Flats, 

South-Western  Australia. 

W91-04717  2H 


EDWARDS,  D.  G. 

Reactions   Between   Aluminum   and   Sulfate   in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W91-O4910  2K 

EDWARDS,  R. 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W9 1-04040  5C 

EDZWALD,  J.  K. 

Measuring  Aluminum  During  Water  Treatment: 

Methodology  and  Application. 

W9 1-03976  5F 

EHEART,  J.  W. 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W9 1-04028  2F 

EHRENFELD,  J.  G. 

Fiscal  Year  1989  Program  Report  (New  Jersey 

Division  of  Water  Resources). 

W9 1-04873  9D 

EHRHARDT,  M. 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 
Estimated  Discharge  Rates  into  the  Upper  Gulf 
of  Thailand. 
W9 1-04458  5B 

EHRHARDT,  R.  F. 

Planning    for    Use    of   Unconventional    Water 

Sources. 

W9 1-04223  3E 

EHRLINGER,  J.  R. 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W91-04781  3F 

EICHLER,  B. 

Seasonal  Development  of  Anoxygenic  Phototro- 
phic   Bacteria  in  a   Holomictic   Drumlin   Lake 
(Schleinsee,  F.R.G). 
W9 1-04736  2H 

EISINGER,  R.  S. 

Electrosorption:  A  Case  Study  on  Removal  of 

Dilute  Organics  from  Water. 

W9 1-04769  5D 

EKENDAHL,  S. 

Distribution  and  Activity  of  Bacteria  in  Deep 
Granitic  Groundwaters  of  Southeastern  Sweden. 
W9 1-04725  2F 

EKLUND,  D.  L. 

State    Water    Demand    Methodology,    Kansas, 

1987. 

W91-04236  6D 


EL  ARAB,  A.  E. 

Behavior  of  Diazinon  in  a  Perch  Species. 
W9 1-042  56 


5B 


ELENDT,  B.  P. 

Influence  of  Water  Composition  on  the  Chronic 

Toxicity    of    3,4-Dichloroaniline     to    Daphnia 

magna. 

W9 1-04048  5C 

Trace  Nutrient  Deficiency  in  Daphnia  magna 
Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

ELLIOT,  D.  J. 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W9 1-04 198  7  A 


PA-11 


ELLIOT,  J.  M 


AUTHOR  INDEX 


ELLIOT,  J.  M. 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 

ELLIS,  D.  V. 

Benthos  on  Tailings  Beds  from  an  Abandoned 

Coastal  Mine. 

W9 1-04522  5C 

ELLIS-EVANS,  J.  C. 

Micro-Invertebrate       Community        Structure 

Within  a  Maritime  Antarctic  Lake. 

W91-04532  2H 

Process  of  Colonization  in  Antarctic  Terrestrial 

and  Freshwater  Ecosystems. 

W91-04531  2H 

ELLIS,  J.  B. 

Development    of  Ecotoxicological    Criteria   in 

Urban  Catchments. 

W9 1-04343  5C 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

ELLIS,  K.  V. 

Potable   Water   for   the   Developing   World   - 

Some  of  the  Problems. 

W9 1-04755  5F 

ELMORE,  C.  D. 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

ELNAWAWY,  O.  A. 

Cell  Analytical-Numerical  Method  for  Solution 
of  the  Advection-Dispersion  Equation:  Two-Di- 
mensional Problems. 
W91-04124  5B 

ELSBURY,  B.  R. 

Lessons  Learned  from  Compacted  Clay  Liner. 
W91-04839  5G 

EMMEN,  A. 

Survey  of  Vector  and  Parallel  Processors  for 

Numerical  Applications. 

W9 1-04830  7C 

EMMETT,  W.  W. 

Data  that  Described  At-a-Point  Temporal  Vari- 
ations in  the  Transport  Rate  and  Particle-Size 
Distribution  of  Bedload-East  Fork  River,  Wyo- 
ming, and  Fall  River,  Colorado. 
W9 1 -04879  2J 

EMMONS,  P.  J. 

Digital     Simulation     of     the     Glacial-Aquifer 
System    in    the    Northern    Three-Fourths    of 
Brown  County,  South  Dakota. 
W9 1-04884  2F 

ENDO.Y. 

Sex-  and  Maturity-Related  Heavy  Metal  Accu- 
mulations in  the  Antarctic  Krill  Euphausia  su- 
perba. 
W9 1-04530  5B 

ENGEL,  B.  A. 

Decision  Support  for  Best  Management  Practice 

Selection. 

W9 1-04905  6  A 

ENTZ.T. 

Long-term  Soil  Moisture  Status  in  Southern  Al- 
berta. 
W91-04551  2G 

EPPLEY,  Z.  A. 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-04001  5C 


ERICKSON,  R.  M. 

Water   Resources   Data  for   Wisconsin,   Water 

Year  1989. 

W9 1-04869  7C 

ESCAIG,  F. 

Subcellular  Localization  of  Acid-Rain  Trans- 
ported Aluminum  in  Gills  and  Kidneys  of  Trout 
from  Streams  of  the  Vosges:  Preliminary  Re- 
sults, (Localisation  Subcellulaire  de  I'aluminium 
Vehicule  par  les  Pluies  Acides  dans  les  Reins  et 
Branchies  de  Truite  des  Vosges.  Donnees  Preli- 
minaires). 
W9 1-04364  5B 

ESPEBY,  B. 

Analysis  of  Saturated  Hydraulic  Conductivity  in 

a  Forested  Glacial  Till  Slope. 

W9 1-04909  2F 

EVANS,  B. 

Design  of  a  Low  Strength  Sewage  Treatment 

Plant  in  a  Cold  Climate. 

W9 1-04707  5D 

EVANS,  B.  M.  J. 

Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W91-04617  5C 

EVANS,  D.  W. 

Canopy   Temperature   and   Stomatal   Conduct- 
ance of  Water-stressed  Dormant  and  Nondor- 
mant  Alfalfa  Types. 
W9 1-04507  3F 

EVANS,  M.  L. 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York  State,  with  Flood  Profiles  of  Schoharie 

Creek. 

W9 1-04645  2E 

EWING,  R.  E. 

Survey  of  Domain  Decomposition  Techniques 

and  Their  Implementation. 

W91-04831  2G 

EYLES,  N. 
Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-04110  2J 

FABER-LANGENDOEN,  D. 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis, 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W91-04056  21 

FADEL,  A. 

Rehabilitation  and  Upgrading  of  the  Beni  Suef 

City  Wastewater  Treatment  Plant. 

W9 1-04674  5D 

FACADE,  S.  O. 

Distribution   and   Abundance  of  Pachymelania 

aurita  in  Lagos  Lagoon,  Nigeria. 

W9 1-04741  5C 

FAIRBROTHER,  A. 

Subchronic  Effects  of  Sodium  Selenite  and  Se- 
lenomethionine on  Several  Immune-Functions  in 
Mallards. 
W91-04612  5C 

FALCAO  PARACAMPOS,  F.  J. 

Sewage   System   Improvement   by  Operational 

Parameters  Research. 

W9 1-04824  5D 

FANG,  H.  H.  P. 

Aerobic  Treatment  of  Dairy  Wastewater. 

W9 1-03969  5D 

FATTAL,  B. 

Distribution  of  Mycobacteria  in  Different  Types 

of  Water  In  Israel. 

W9 1-04077  5B 


FAZALARE,  R.  W. 

Upgrade  of  Procurement  Specifications:  Materi- 
als, Manufacture  and  Setting. 
W9 1-04429  8C 

FELDHAKE,  C.  M. 

Hcllaru  Evaporation  Variation  in  Hill-land  Pas- 
ture. 
W9 1-04486  2D 

FELDMAN,  R.  S. 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 

FELDMAN,  S.  M. 

Geohydrology     of     the     Bethpage-Hicksville- 

Levittown  Area,  Long  Island,  New  York. 

W9 1-04646  2F 

FELTES,  J. 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

FERET,  P.  P. 

Effect  of  Simulated  Acid  Rain  on  Reproductive 
Attributes  of  Red  Spruce  (Picea  rubens  Sarg). 
W9 1-04449  5C 

FERGUSON,  D.  W. 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 

FERRAND,  L.  A 

Comparison    of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W91-04825  2F 

FERRARI,  L. 

Toxicity   of  Ethyl-parathion   and   Carbaryl   on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 

FERRARO,  S.  P. 

Taxonomic  Level  and  Sample  Size  Sufficient  for 
Assessing   Pollution   Impacts  on   the  Southern 
California  Bight  Macrobenthos. 
W91-04721  5C 

FERRELL,  G.  M. 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W9 1-04483  7C 

FEYEN,  J. 

Defining  Homogeneous  Precipitation  Regions 
by  Means  of  Principal  Components  Analysis. 
W9 1-04435  2B 

FIELD,  R. 

Urban   Storm-induced   Discharge  Impacts:   US 
Environmental    Protection    Agency    Research 
Program  Review. 
W9 1-04322  5C 

FILCHAK,  K.  K. 
Model  Community  Program  for  Private  Wells. 
W9 1-03941  5G 

FTNKE,  W.  W. 

Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W9 1-04536  3F 

FIRK,W. 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 


PA-12 


AUTHOR  INDEX 


GARCIA-SOTO,  C. 


FISCHER,  P. 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W91-04247  5B 

FISHER,  J.  P. 

Decreased  Performance  of  Rainbow  Trout  On- 
corhynchus  mykiss  Emergence  Behaviors  Fol- 
lowing Embryonic  Exposure  to  Benzo(a)pyrene. 
W9 1-04069  5C 

FLACH,  J.  D. 

Digital  Elevation  Models  and  Their  Application 
to  Remote  Sensing  of  Water  Resources. 
W91-03959  7C 

FLECK,  W.  R. 

Effects  of  Foliation  on  the  Hydrologic  Proper- 
ties of  Piedmont  Saprolite. 
W91-04885  2F 

FLECKSEDER,  H. 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter   Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W91-04702  5D 


FLEMME,  W. 

Repairs  to  the  Martin  Gonzalo  Dam. 
W9 1-04426 


8A 


FLETCHER,  R.  I. 

Flow   Dynamics   and   Fish   Recovery   Experi- 
ments: Water  Intake  Systems. 
W91-04588  81 

FORDEN,  W.  Y. 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-04510  3C 

FORKEL,  R. 

One-Dimensional  Numerical  Model  to  Simulate 
Formation  and  Balance  of  Sulfate  During  Radi- 
ation Fog  Events. 
W9 1-04302  2K 

FORNERINO,  M. 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

FOROUD,  N. 
Float-Pot  Assembly  to  Measure  Water  Levels  in 
an  Irrigation  Canal. 
W9 1-04230  7B 

FORTIER,  G. 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W9 1-04275  5  A 

FOSSING,  H. 

Oxidation  and  Reduction  of  Radiolabeled  Inor- 
ganic Sulfur  Compounds  in  an  Estuarine  Sedi- 
ment, Kysing  Fjord,  Denmark. 
W91-04155  2K 

FOSSUM,  B. 

Model  for  Compaction  of  Sedimentary  Basins. 
W91-04835  2F 

FOSTER,  I.  J. 

Estimation  of  Transpiration  by  Single  Trees: 
Comparison  of  a  Ventilated  Chamber,  Leaf 
Energy  Budgets  and  a  Combination  Equation. 
W9 1-04484  2D 

FOSTER,  M.  G. 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W91-04278  5A 

FOWLES,  J. 

Subchronic  Effects  of  Sodium  Selenite  and  Se- 
lenomethionine on  Several  Immune-Functions  in 
Mallards. 
W91-04612  5C 


FRANCIS,  A.  J. 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1-04264  5E 

FRANKEN,  R.  O.  G. 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

FRANKENBERGER,  W.  T. 

Protein-Mediated    Selenium    Biomethylation   in 

Evaporation  Pond  Water. 

W91-04744  5B 


FREITAG,  D. 

Behavior  of  Diazinon  in  a  Perch  Species. 
W91-04256 


5B 


FRENZEL,  P. 

Influence  of  Chironomid  Larvae  on  Sediment 

Oxygen  Microprofiles. 

W91-04738  2H 

FRICK,  E.  A. 
Ground-Water-Quality      Assessment      of     the 
Carson   River    Basin,    Nevada   and   California: 
Analysis    of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

Principal  Facts  for  Gravity  Stations  in  the  Elko, 

Steptoe    Valley,    Coyote    Spring    Valley,    and 

Sheep    Range    Areas,    Eastern    and    Southern 

Nevada. 

W91-04473  7B 

FRITSCHEN,  L.  J. 

Inner  Region  Humidity  Characteristics  of  the 
Neutral  Boundary  Layer  Over  Prairie  Terrain. 
W9 1-04922  2D 

FRUTIGER,  A. 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic    Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W9 1-04360  5C 

FRY,  V.  A. 

Tidal  Velocity  Asymmetries  and  Bedload  Trans- 
port in  Shallow  Embayments. 
W9 1-04459  2J 

FRYE,  W.  W. 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

FUGATE,  M.  L. 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 

FUKAGAWA,  M. 

Biological    Nitrogen    Removal    in   a   Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 

FUKUI,  M. 

Desorption  Kinetics  and  Mobility  of  Some  Ra- 
dionuclides in  Sediments. 
W91-04776  5B 

Theory  and  Performance  of  a  Jet-Mixed  Separa- 
tor. 
W91-04757  5F 

FULLERTON,  H.  H. 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 


FUNK,  E. 

Repairs  to  the  Martin  Gonzalo  Dam. 
W9 1-04426 


8A 


FURNESS,  R.  W. 

Tissue  Distribution  of  Mercury  and  Selenium  in 

Minnows,  Phoxinus  phoxinus. 

W91-O4025  5B 


GABRIC,  A.  J. 

Kinetic  Model  for  Bioconcentration  of  Lipophi- 
lic Compounds  by  Oligochaetes. 
W9 1-04076  5B 

GADD,  G.  M. 

Biosorption  of  Radionuclides  by   Fungal   Bio- 
mass. 
W91-04156  5D 

GAFNI,  A. 

Hydraulic  Characteristics  of  Four  Peatlands  in 

Minnesota. 

W91-04553  2H 

GAITONDE,  C.  D. 

Capillary  Zone  Electrophoretic   Separation  of 
Chlorophenols  in  Industrial  Waste  Water  with 
On-Column  Electrochemical  Detection. 
W9 1-04266  5  A 

GALLE,  C. 

Subcellular  Localization  of  Acid-Rain  Trans- 
ported Aluminum  in  Gills  and  Kidneys  of  Trout 
from  Streams  of  the  Vosges:  Preliminary  Re- 
sults, (Localisation  Subcellulaire  de  l'aluminium 
Vehicule  par  les  Pluies  Acides  dans  les  Reins  et 
Branchies  de  Truite  des  Vosges.  Donnees  Preli- 
minaires). 
W91-04364  5B 

GALLINARO,  G.  L. 

Past  Practices  and  New  Approaches  in  Scum 

Management. 

W9 1-04602  5G 

GALPERIN,  B. 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,    Three-dimensional    Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional    Flow   Fields   and    Residual 

Circulation. 

W91-04414  2L 

GAMBOLATI,  G. 

Is  a  Simple  Diagonal  Scaling  the  Best  Precondi- 
tioner  for  Conjugate  Gradients  on  Supercom- 
puters. 
W91-04834  7C 

GAMBRELL,  R.  P. 

Supercritical   C02  -  Cosolvent   Extraction  of 

Contaminated  Soils  and  Sediments. 

W9 1-04763  5G 

GAMMETER,  S. 

Short-term  Toxicity  of  NH3  and  Low  Oxygen 
to    Benthic    Macroinvertebrates    of    Running 
Waters  and  Conclusions  for  Wet  Weather  Water 
Pollution  Control  Measures. 
W9 1-04360  5C 

GARBRECHT,  J. 

Analytical  Representation  of  Cross-Section  Hy- 
draulic Properties. 
W9 1-043  89  2E 

GARCIA,  D.  V. 

Water  Distribution  Systems  Analysis:  Specific 

Considerations. 

W91-04199  6D 

GARCIA,  R. 

Adsorption  of  Benzene  from  Aqueous  Solutions 
by  Bentonite  Treated  with  Quaternary  Amines. 
W9 1-04770  5G 

GARCIA-SOTO,  C. 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 


PA-13 


GARCIA-SOTO,  C. 


AUTHOR  INDEX 


sponse  to  Changes  in  River  Runoff  and  Water 

Turbulence. 

W91-04412  2L 

GARDE,  R.  J. 

Upgrading    Wastewater    Treatment    by    Water 

Hyacinth  in  Developing  Countries. 

W9 1-04677  5D 

GARDINER,  N. 

Urban  Stormwater:  An  Overview  for  Munici- 
palities. 
W9 1-04848  5B 

GARDNER,  A.  M. 

Polychlorinated    Dibenzofurans   in    the    Edible 

Portion  of  Selected  Fish. 

W91-04258  5B 

GARDNER,  J.  S. 

Ablation  of  Avalanched  and  Undisturbed  Snow, 

Himalaya  Mountains,  Pakistan. 

W91-04129  2C 

GARDNER,  W.  S. 

Lipid-Partitioning        and        Disposition        of 

Benzo(a)pyrene     and     Hexachlorobiphenyl     in 

Lake  Michigan  Pontoporeia  hoyi  and  Mysis  re- 

licta. 

W91-04145  5B 

GARNIER,  J. 

Bacterial  Heterotrophic  Activity  in  the  River 
Seine:  Tritiated  Thymidine  and  Leucine  Incor- 
poration Profiles  (Activite  Bacterienne  Hetero- 
trophe  dans  la  Seine:  Profils  d'Incorporation  de 
Thymidine  et  de  Leucine  Tritiees). 
W9 1-04837  5C 

GARRETT,  W.  B. 

Water   Resources   Data   Arizona,   Water   Year 

1989. 

W9 1-04904  7C 

GARRTTY,  S.  D. 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

GARTEN,  C.  T. 

Foliar  Retention  of  15-N-Nitrate  and  15-N-Am- 
monium    by    Red    Maple   (Acer    rubrum)   and 
White  Oak  (Quercus  alba)  Leaves  from  Simulat- 
ed Rain. 
W9 1-04452  5C 

GASSEN,  M. 

Development  of  a  Two-Stage  Treatment  Plant 
for  Extensive  Nitrogen  and  Phosphorus  Elimina- 
tion. 
W9 1-04679  5D 

CAST,  H.  F. 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W91-04341  5C 

GEE,  G.  W. 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

GEESEY,  G.  G. 

Feasibility  of  Using  Alginate  to  Absorb  Dis- 
solved Copper  from  Aqueous  Media. 
W91-04773  5D 


GEORGAKAKOS,  A.  P. 

Optimal  Control  of  the  Activated  Sludge  Proc- 

W9 1-04073  5D 


GERBER,  A. 
Treatment  of  Gelatine  Factory  Effluent. 
W91-04317 


5D 


GELT,  J. 

Water-Use  Data  and  Information  Transfer. 
W91-04175 


6D 


GENEREUX,  D.  P. 

Naturally  Occurring  Radon  222  as  a  Tracer  for 
Streamflow  Generation:  Steady  State  Methodol- 
ogy and  Field  Example. 
W9 1-04934  2E 


GERBER,  S. 

Dynamically   Formed   hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Poly(acrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W9I-04313  3A 

GERMANN,  P.  F. 

Preferential  Flow  and  the  Generation  of  Runoff: 

1.  Boundary  Layer  Flow  Theory. 

W9 1-04933  2E 

GESSA,  C. 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

GHANEM,  I. 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W91-04552  2J 

GHONASGI,  D. 

Supercritical   C02  -  Cosolvent   Extraction  of 

Contaminated  Soils  and  Sediments. 

W9 1-04763  5G 

GIBSON,  R.  D. 

Localized  Field  Irrigation  Efficiencies  from  Soil 

Salinity  Samples. 

W9 1-04541  3F 

GILBERT,  E. 

Ozonation  of  Sulfur-Containing  Aliphatic  Com- 
pounds in  Aqueous  Solution:  I. 
W9 1-043  84  5F 

GILBERT,  J.  B. 

Reducing     Water    Demand     During     Drought 

Years. 

W9 1-03971  3D 

GILLES,  P. 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

GILLI,  G. 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W9 1-04378  5F 

GILMAN,  A.  P. 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

GLAZE,  W.  H. 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W9 1-03977  5F 

GLOYNA,  E.  F. 

Effects  of  pH  and  Oxidation  State  of  Chromium 
on  the  Behavior  of  Chromium  in  the  Activated 
Sludge  Process. 
W91-04045  5D 

GOBEIL,  C. 

Dissolved  Arsenic  in  the  St.  Lawrence  Estuary 

and  the  Saguenay  Fjord,  Canada. 

W91-04519  5B 

GODDARD,  J.  P. 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 


GODFREE,  A. 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

GOLDMAN,  C.  R. 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W9 1-03996  2H 

GOLLEHON,  N.  R. 

Consumptive  Use  Estimates  in  Regional  Policy 

Research. 

W9 1-04228  6D 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-O4180  6C 

GOMEZ,  B. 

At-a-Point  Bed  Load  Sampling  in  the  Presence 

of  Dunes. 

W91-04125  2J 

Data  that  Described  At-a-Point  Temporal  Vari- 
ations in  the  Transport  Rate  and  Particle-Size 
Distribution  of  Bedload-East  Fork  River,  Wyo- 
ming, and  Fall  River,  Colorado. 
W9 1-04879  2J 

GOMEZ,  J.  N. 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-048U  8A 

GOMIS,  V. 

Application  of  Factor  Analysis  to  the  Hydro- 
geochemical  Study  of  a  Coastal  Aquifer. 
W91-04397  2F 

GONSIOR,  S.  J. 

Biological  Transformations  of  1,1,1-Trichlor- 
oethane  in  Subsurface  Soils  and  Ground  Water. 
W91-04743  5B 

GOODCHILD,  C.  D. 

Status  of  the  Bigmouth  Buffalo,  Ictiobus  cyprin- 

ellus,  in  Canada. 

W9 1-04097  2H 

Status  of  the  Brook  Silverside,  Labidesthes  sic- 

culus,  in  Canada. 

W91-04091  5C 

Status   of  the   Golden   Redhorse,    Moxostoma 

erythrurum,  in  Canada. 

W9 1-04099  2H 

GOODISON,  M.  J. 

Sediment   Movement   in   Combined   Sewers   in 

Dundee. 

W91-04358  5D 

GOODMAN,  A.  S. 

Uncertainty   of  Water   Supply    Demand    Esti- 
mates. 
W9 1-04243  6D 

GOODRICH,  J.  A. 

Concerns  with  Using  Chlorine-Dioxide  Disin- 
fection in  the  USA. 
W9 1-04756  5F 

GOOLEY,  G.  J. 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W9 1-04789  81 

GORDON,  G.  E. 

Fiscal   Year    1989   Program   Report   (Maryland 

Water  Resources  Research  Center). 

W9 1-04894  9D 


PA-14 


AUTHOR  INDEX 


HAGGBLOM,  M.  M. 


GORECKI,  T. 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 

GOSINK,  T.  A. 

Radon    in    the    Human    Body    from    Drinking 

Water. 

W91-04777  5B 

GOSSCHALK,  E.  M. 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W91-04425  8A 

GOTWAY,  C.  A. 

Spatial  Analysis  of  Variance  Applied  to  Soil- 
Water  Infiltration. 
W91-04123  2G 

GOTZENDORFER,  K. 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter   Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W91-04702  5D 

GOULD,  F.  J. 

Upgrading    of    Wastewater    Treatment    Plants 

Using  Pure  Oxygen. 

W9 1-04705  5D 

GOUNOT,  A.  M. 

Microbial  Manganese  Reduction  Mediated  by 
Bacterial   Strains  Isolated   from  Aquifer   Sedi- 
ments. 
W9 1-04726  2K 

GOUSAILLES,  M. 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W91-04680  5D 

GOVTNDARAJU,  R.  S. 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W9 1-049 19  2E 

GRAESSER,  A.  K. 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W91-04528  5C 

GRAFSTROM,  A.  K. 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W91-04290  5B 


GRAHAM,  M.  J. 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W9 1-048 14 


5G 


GRAHAM,  N.  J.  D. 

Comparative  Evaluation  of  Two  Novel  Disin- 
fection  Methods   for   Small-Community   Water 
Treatment  in  Developing  Countries. 
W91-04758  5F 

Ozonation  of  Pyrene  in  Aqueous  Solution. 
W91-04041  5F 

GRANGE,  A.  H. 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 

zofurans  in  the  Environment. 

W91-04287  5A 

GRANT,  A. 

Assessment   of  Metal   Contamination   of  Sedi- 
ments in  the  Humber  Estuary,  U.K. 
W9 1-03979  5B 

GRANT,  R.  F. 

Soil  Temperature  Under  Conventional  and  Mini- 
mum Tillage:  Simulation  and  Experimental  Veri- 
fication. 
W91-04582  2G 

GRAU,  P. 

Innovative  Technology  for  Upgrading  Nutrient 

Removal  Activated  Sludge  Plants. 

W91-04661  5D 


GRAVELAND,  J. 

Effects  of  Acid  Precipitation  on  Reproduction  in 

Birds. 

W9 1-04774  5C 

GRAY,  S.  J. 

Incidence  of  Virulence  Factors  in  Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W91-04455  5B 

GRBIC-GALIC,  D. 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 

Effect  on  Mineral  Media  on  Trichloroethylene 
Oxidation  by  Aquifer  Methanotrophs. 
W91-04730  5B 

Transformation    of   Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  KC  Under  Denitrifica- 
tion  Conditions. 
W9 1-04060  5G 

GREEN,  R. 

Total  Parameter  Water  Analysis  Comes  under 

the  Microscope. 

W91-03970  5A 

GREGORY,  R.  W. 

Distributions   and   Abundances   of  Early    Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W91-04592  2H 

GRIFFIS,  W.  L. 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W9 1-04621  5C 

GRIMES,  D.  W. 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W9 1-04780  3F 

GRISE,  D. 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 

GRISWOLD,  W.  J. 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

GRIZZARD,  T.  J. 

Retrofitting  Activated  Sludge  Plants  to  Improve 
the  Removal  of  Nitrogen  and  Phosphorus  by 
Biological  Processes. 
W9 1-04693  5D 

GROENEVELT,  P.  H. 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W9 1-04547  2B 

Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

GRON,  C. 

Organic  Halogen  Group  Parameters  in  Ground 

Water  Investigation,  Part  III. 

W9 1-04252  5  A 

GROSS,  M.  L. 

Analysis  of  Dated  Sediment  Samples  from  the 

Newark  Bay  Area  for  Selected  PCDD/Fs. 

W9 1-04292  5B 

GRUBER,  D. 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 


GRUNWALD,  B. 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W9 1-03952  7B 

GRZYBKOWSKA,  M. 

Seasonal  Dynamics  and  Production  of  Chirono- 

midae  in  a  Large  Lowland  River  Upstream  and 

Downstream  From  a  New  Reservoir  in  Central 

Poland. 

W9 1-04739  2H 

GUASPARINI,  R. 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W9 1-04362  5B 

GUILMARTIN,  L.  E. 

Potential  Effects  of  Raising  pH  for  Corrosion 

Control  on  the  Aesthetic  Qualities  of  a  Water 

Supply. 

W9 1-04370  5F 

GUROL,  M.  D. 

Ozonation  of  Trace  Organic  Compounds:  Model 

Predictions  Versus  Experimental  Data. 

W9 1-04377  5F 

GUTIERREZ,  C. 

Optimal  Water  Allocation  in  the  Lakes  Basin  of 

Nicaragua. 

W91-04211  6D 

GUYOT,  J.  L. 

Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 
by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulates  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2J 

GUZMAN-RIOS,  S. 

Suspended-Sediment    Data   in   the   Upper   Rio 

Grande  De  Loiza  Basin,  Puerto  Rico. 

W9 1-04640  2H 

GWYN,  Q.  H.  J. 

Observations  on  the  Effect  of  Geometric  Prop- 
erties of  Agricultural  Soils  on  Radar  Backscat- 
ter,  from  C-SAR  Images. 
W9 1-03965  7B 

HAAG,  W.  R. 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W9 1-04627  5B 

HAAS,  H. 

Distribution  of  Mycobacteria  in  Different  Types 

of  Water  In  Israel. 

W9 1-04077  5B 

HABERL,  M.  L. 

Influence  of  Chlorine  Substitution  Pattern  on  the 
Degradation   of  Polychlorinated   Biphenyls  by 
Eight  Bacterial  Strains. 
W9 1-04727  5B 

HAFFIELD,  N.  D. 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W9 1-04481  7C 


HAGER,  W.  H. 

B-Jump  in  Sloping  Channel,  II. 
W9 1-04306 


8B 


HAGGBLOM,  M.  M. 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W9 1-04729  5B 


PA-15 


HAGGBLOM,  M.  M. 


AUTHOR  INDEX 


Chlorophenol  Degradation  Coupled  to  Sulfate 

Reduction. 

W91-04061  5B 

HAGLUND,  P. 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls  and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W9 1-04290  5B 

HAHN,  H.  H. 

Upgrading  a  Large   Municipal  Sewage  Treat- 
ment Plant  by  a  Combination  of  Biological  and 
Chemical  Processes. 
W9 1-04671  5D 

HAITH,  D.  A. 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

HAITZ,  M. 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W91-03947  7B 

HAKANSON,  L. 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 
W91-04753  5A 

HALE,  D.  D. 

Reductive   Dechlorination   of  Dichlorophenols 
by  Nonadapted  and  Adapted  Microbial  Commu- 
nities in  Pond  Sediments. 
W9 1-04732  5B 

HALL,  C.  D. 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W9 1-04268  5  A 

HALL,  D.  J. 

Midwater  and  Epibenthic  Behaviors  of  Mysis 
relicta  Loven:  Observations  from  the  Johnson- 
Sea-Link  II  Submersible  in  Lake  Superior  and 
from  a  Remotely  Operated  Vehicle  in  Northern 
Lake  Michigan. 
W91-04113  2H 

HALL,  J.  C. 

Use  of  Time  of  Travel  in  Zone  of  Contribution 
Delineation  and  Aquifer  Contamination  Warn- 
ing. 
W91-03931  5B 

HALL,  L. 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W9 1-04233  3F 

HALL,  L.  W. 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

HALL,  M.  R. 

Effects   of   Irrigation    Regimes    on    Yield    and 

Water  Use  by  Sweetpotato. 

W91-04564  3F 

HALLS,  J. 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W9 1-04233  3F 

HAM,  J.  M. 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy   Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 


HAMILTON,  S.  J. 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W9 1-04590  5B 

HAMILTON,  S.  K. 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W9 1-04737  2H 

HAMLIN,  S.  N. 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 
Area   in   the   Western   Part   of  San   Francisco, 
California. 
W9 1-04883  2F 

HAMMAN,  M.  A. 

Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

HAN,  J. 

Analysis  of  Objective  Functions  Used  in  Urban 

Runoff  Models. 

W9 1-04239  2E 

HANDMAN,  E.  H. 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

HANN,  B.  J. 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 

HANSARD,  J.  R. 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W9 1-04539  4D 

HANSEN,  D.  J. 

Toxicity  of  Cadmium  in  Sediments:  The  Role  of 

Acid  Volatile  Sulfide. 

W9 1-04746  5C 

HANSEN,  D.  S. 

Records  of  Wells  and  Chemical   Analyses  of 
Ground  Water  in  Deuel  and  Hamlin  Counties, 
South  Dakota. 
W91-04865  7C 

HANSEN,  H.  J.  M. 

Different    Surface   Geology   in    Denmark,    the 
Faroe  Islands  and  Greenland  Influences  the  Ra- 
diological Contamination  of  Drinking  Water. 
W91-04044  5B 

HANSEN,  R.  D. 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

HANSON,  P.  J. 

Foliar  Retention  of  15-N-Nitrate  and  15-N-Am- 
monium   by    Red    Maple   (Acer    rubrum)   and 
White  Oak  (Quercus  alba)  Leaves  from  Simulat- 
ed Rain. 
W91-04452  5C 

HANSON,  R.  L. 

Use  of  Base-Flow  Data  to  Manage  Water  Use 

During  a  Drought. 

W91-04213  2E 

HARADA,  Y. 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 


HARBAUGH,  A.  W. 

Simple  Contouring  Program  for  Gridded  Data. 
W9 1-04638  7C 

HARDING,  B.  L. 

Marginal   Economic   Value  of  Streamflow:   A 
Case  Study  for  the  Colorado  River  Basin. 
W91-04913  6D 

HARFENIST,  A. 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

HARKER,  D.  B. 

Leaching  of  a  Highly  Saline-Sodic  Soil  in  South- 
ern Alberta:  A  Laboratory  Study. 
W91-04586  3C 

HARKNESS,  R.  E. 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W91-04481  7C 

HARLEMAN,  D.  R.  F. 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

HARNED,  D.  A. 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic    Features    Beneath     New    River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

HARPER,  P.  P. 

Zoogeographical  Relationships  of  Aquatic  In- 
sects (Ephemeroptera,  Plecoptera,  and  Tricop- 
tera)  from  the  Eastern  James  Bay  Drainage. 
W91-04057  6G 


HARRIS,  L. 

Water-Use  Data  and  Information  Transfer. 
W91-04175 


6D 


HARRIS,  P.  T. 

Cu  and  Cd  Associated  with  Suspended  Particu- 
late Matter  in  Torres  Strait. 
W91-04524  5B 

HARRISON,  A.  R. 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W91-03956  7B 

HARRISON,  P.  J. 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W91-04633  2L 

HART,  B.  T. 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W91-04040  5C 

HATTENDORF,  M.  J. 

Canopy   Temperature   and   Stomatal   Conduct- 
ance of  Water-stressed  Dormant  and  Nondor- 
mant  Alfalfa  Types. 
W91-04507  3F 

HAUGEN,  S. 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,   and   Zinc   in  the   Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

HAUGH,  C. 

Legionella  in  Dublin  Hospital  Water  Supplies. 
W9 1-04778  5F 


PA- 16 


AUTHOR  INDEX 


HICKS,  M.  B. 


HAUTH,  L.  D. 

Water  Resources  Data  for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

HAY  A,  K. 

Nitzschia    pseudodelicatissima:    A    Source    of 

Domoic  Acid  in  the  Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

HAYES,  A.  R. 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W91-O4509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-O4510  3C 

HAYTER,  E.  J. 

Fiscal  Year  1989  Program  Report  (South  Caroli- 
na Water  Resources  Research  Center). 
W91-04891  9D 

HAYTON,  W.  L. 

Pharmacokinetic  Modeling  in  Aquatic  Animals: 

I.  Models  and  Concepts. 

W91-04733  5B 

HEAD,  P.  C. 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

HEANEY,  S.  I. 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W91-04788  5C 

HEATH,  R.  T. 

Iron  Redox  Effects  on  Photosynthesis  Phospho- 
rus Release  from  Dissolved  Humic  Materials. 
W91-O4O00  2H 

HEATHERLY,  L.  G. 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W9 1-04782  3F 

HEBBERT,  R.  H.  B. 

Hillslope  Parameter  Estimation  Using  the  In- 
verse Procedure. 
W91-04405  2E 

HEBENSTREIT,  J.  J. 

Water-Use  Registration  and  Reporting  in  Indi- 
ana. 
W91-04167  6D 

HEDGES,  P.  D. 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W91-04338  5C 

HEDMAN,  E.  R. 

Surface-  and  Ground-Water  Interaction  and  Hy- 
drologic  Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W91-04856  2A 

HEEDE,  B.  H. 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 

HEFLER,  C.  R. 

Effect  of  Naphthalene  on  Sodium  Active  Trans- 
port in  the  Frog  Skin. 
W91-04015  5C 

HEIDEMANN,  G. 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 


HEILMAN,  J.  L. 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 

HEINEN,  M. 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

HEIT,  M. 

Radioactive  Fallout  Reconstruction  from  Con- 
temporary   Measurements    of   Reservoir    Sedi- 
ments. 
W9 1-04775  5B 

HEJDUK,  J. 

Seasonal  Dynamics  and  Production  of  Chirono- 

midae  in  a  Large  Lowland  River  Upstream  and 

Downstream  From  a  New  Reservoir  in  Central 

Poland. 

W9 1-04739  2H 

HELLER,  P.  R. 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

HELLOU,  J. 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W9 1-04520  5B 

HELLSTROM,  B.  G. 

Operational   Experience   with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W9 1-04697  5D 

HEMAIN,  J.  C. 

Further  Research  Needs  for  Impact  Estimates  of 

Urban  Storm  Water  Pollution. 

W91-04323  5C 

HEMELRAAD,  J. 

Effects  of  Cadmium   in   Freshwater  Clams.   I. 
Interaction  with  Essential  Elements  in  Anodonta 


cygnea. 
W9 1-04572 


5C 


Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W91-04573  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  HI. 
Interaction  with  Energy   Metabolism   in  Ano- 
donta cygnea. 
W9 1-04574  5C 

HEMOND,  H.  F. 

Naturally  Occurring  Radon  222  as  a  Tracer  for 
Streamflow  Generation:  Steady  State  Methodol- 
ogy and  Field  Example. 
W9 1-04934  2E 

HENDERSON,  P.  A. 

Fish  of  the  Amazonian  Igapo:  Stability  and  Con- 
servation   in    a    High    Diversity-Low    Biomass 
System. 
W9 1-04784  2H 

HENDERSON,  R.  J. 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W91-04335  SB 


HENDRIKSZ,  J. 

Olifantsfontein  Nutrient  Removal  Plant. 
W9 1-04660 


5D 


HENRY,  S.  M. 

Effect  on  Mineral  Media  on  Trichloroethylene 

Oxidation  by  Aquifer  Methanotrophs. 

W9 1-04730  5B 


HERBERT,  L.  R. 

Ground-Water  Conditions  in  Utah,   Spring  of 

1990. 

W9 1-04870  2F 

HERMAN,  D.  C. 

Impact    of   Volatile    Aromatic    Hydrocarbons, 
Alone  and  in  Combination,  on  Growth  of  the 
Freshwater  Alga  Selenastrum  capricornutum. 
W9 1-047  34  5C 

HERMENS,  J.  L.  M. 

Electrophiles  and  Acute  Toxicity  to  Fish. 

W9 1-04059  5C 

HERNANDEZ,  D.  A. 

Toxicity  of  Ethyl-parathion   and   Carbaryl   on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 

HERSCHY,  R.  W. 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W9 1-03956  ?B 

HERWIG,  H.  J. 

Cadmium  Accumulation  and  Metallothionein- 
like  Proteins  in  the  Sea  Star  Asterias  rubens. 
W91-04615  5B 

Cytopathological    Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-04012  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W9 1-04573  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  III. 
Interaction  with  Energy   Metabolism  in  Ano- 
donta cygnea. 
W9 1-04574  5C 

HESS,  A.  E. 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical   Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  ?B 

HESS,  J.  W. 

Fiscal    Year    1989    Program    Report    (Nevada 

Water  Resources  Research  Institute). 

W9 1-04874  9D 

HESSELBERG,  R.  J. 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

HESSEN,  D.  O. 

Carbon,    Nitrogen   and    Phosphorus    Status   in 
Daphnia  at  Varying  Food  Conditions. 
W91-04111  2H 

HEUFELDER,  G. 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying and  Controlling  the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W91-03935  5G 

HICKEY,  P.  J. 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly(Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

HICKS,  M.  B. 

Toxicity  of  Cadmium  in  Sediments:  The  Role  of 

Acid  Volatile  Sulfide. 

W9 1-04746  5C 


J 


PA-17 


HIGASHI,  G.  I. 


AUTHOR  INDEX 


HIGASHI,  G.  I. 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W9 1-04366  5B 

HINE,  A.  C. 

Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-04I10  2) 

HINKS,  J.  L. 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W91-04425  8A 

HIRAI,  N. 
Estuary  Sediments  of  the  Yoshino  River-Study 
on  Estuary  Sediments,  Part  2. 
W9 1-04439  2L 

HIRAOKA,  M. 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W9 1-04294  5B 

HIRAVAMA,  N. 
Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

HITT,  K.  J. 

Summary  of  Selected  Characteristics  of  Large 

Reservoirs  in  the  United  States  and  Puerto  Rico, 

1988. 

W9 1-04862  7C 

HLIBKA,  D. 

Float-Pot  Assembly  to  Measure  Water  Levels  in 

an  Irrigation  Canal. 

W91-04230  7B 

HO,  S.  C. 

Effect  of  Oxidants  on  UV  Destruction  of  Chlor- 

ophenols. 

W9 1-04766  5D 

HODGES,  L. 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

HODGES,  M.  E. 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

HODNETT,  M.  G. 

Processes  of  Water  Movement  Through  a  Chalk 
Coombe  Deposit  in  Southeast  England. 
W91-04104  2F 

HOFF,  J.  C. 

Concerns  with  Using  Chlorine-Dioxide  Disin- 
fection in  the  USA. 
W9 1-04756  5F 

HOFFMAN,  L.  D. 

Effect  of  Tillage   on   Soil   Water  and   Alfalfa 

Establishment  in  Corn  Stubble. 

W91-04537  3F 

HOFFMANN,  E. 

Upgrading  a   Large   Municipal   Sewage  Treat- 
ment Plant  by  a  Combination  of  Biological  and 
Chemical  Processes. 
W91-04671  5D 

HOFFMANN-GLEWE,  S. 
Ozonation  of  Sulfur-Containing  Aliphatic  Com- 
pounds in  Aqueous  Solution:  I. 
W9 1-04384  5F 

HOGEL,  H. 

Forms  of  Metals  in  a  Sediment  Core  of  a  Severe- 
ly Acidified  Northern  Black  Forest  Lake. 
W91-04257  5A 


HOLBEN,  B.  N. 

Precipitable  Water  in  the  Sahel  Measured  Using 

Sun  Photometry. 

W9 1-04492  2B 

HOLLAND,  D.  A. 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

HOLLEMAN,  D.  F. 

Radon    in    the    Human    Body    from    Drinking 

Water. 

W9 1-04777  5B 

HOLLY,  F.  M. 

New      Numerical/Physical      Framework      for 
Mobile-Bed  Modelling,   Part  I:  Numerical  and 
Physical  Principles. 
W9 1-04303  2J 

HOLM,  S.  E. 

Exposure    Assessment    of    Sewage    Treatment 

Plant  Effluent  by  a  Selected  Chemical  Marker 

Method. 

W9 1-04570  5D 

HOLMES,  W.  N. 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the   Fertility   of  the   Mallard   Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

HOLMSTROM,  B.  K. 

Water   Resources   Data   for   Wisconsin,   Water 

Year  1989. 

W9 1-04869  7C 

HOLT,  G. 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,   and   Zinc   in   the   Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

HOLWERDA,  D.  A. 

Effects  of  Cadmium   in   Freshwater  Clams.   I. 
Interaction  with  Essential  Elements  in  Anodonta 


cygnea. 
W91-04572 


5C 


Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W9 1-04573  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  III. 
Interaction   with   Energy   Metabolism   in   Ano- 
donta cygnea. 
W9 1-04574  5C 

HONDA,  K. 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W91-04575  5B 

Sex-  and  Maturity-Related  Heavy  Metal  Accu- 
mulations in  the  Antarctic  Krill  Euphausia  su- 
perba. 
W9 1-04530  5B 

HONE,  R. 

Legionella  in  Dublin  Hospital  Water  Supplies. 
W91-04778  5F 

HONG,  C.  S. 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W91-04255  5A 

HONG,  S.  N. 

Upgrading  Wastewater  Treatment   Plants  with 

Anaerobic  Selectors. 

W9 1-04663  5D 

HONGVE,  D. 

Shortcomings  of  Gran  Titration  Procedures  for 
Determination  of  Alkalinity  and  Weak  Acids  in 
Humic  Water. 
W9 1-04087  7B 


HOOVER,  P.  M. 

Benthos  on  Tailings  Beds  from  an  Abandoned 

Coastal  Mine. 

W9 1-04522  5C 

HORBATH,  J.  S. 

Homogeneously    Catalyzed    Oxidation    for   the 

Destruction  of  Aqueous  Organic  Wastes. 

W9 1-04767  5D 

HORNER,  G. 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W91-04535  5G 

HORNSBY,  A.  G. 

Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

HORSLEY,  S.  W. 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W91-03934  5G 

HORSTER,  M. 

Investigations     on     Nitrogen     Elimination     in 
Sewage   Treatment    Plants   Including   Separate 
Aeration  of  Return  Sludge. 
W91-04691  5D 

HORTLE,  K. 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W9 1-04040  5C 

horwitz,  r.  j. 

Influence  of  Water  Chemistry  on  Size  Structure 

of  Zooplankton  Assemblages. 

W9 1-04442  2H 

HOUSE,  L.  B. 

Data  on   Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W9 1-04861  5B 

HOUSE,  W.  A. 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

HOUSTON,  J. 

Status  of  the  Banded  Killifish,  Fundulus  dia- 

phanus,  in  Canada. 

W9 1-04092  5C 

Status  of  the  Black  Buffalo,  Ictiobus  niger,  in 

Canada. 

W9 1-04098  5C 

Status  of  the  Blackline  Prickleback,  Acantho- 

lumpenus  mackayi,  in  Canada. 

W91-04090  2H 

Status  of  the  Fourhorn  Sculpin,  Myoxocephalus 

quadricornis,  in  Canada. 

W9 1-04088  5C 

Status  of  the  Redbreast  sunfish,  Lepomis  auritus, 

in  Canada. 

W91-04095  5C 

Status  of  the  Spoonhead  Sculpin,  Cottus  ricei,  in 

Canada. 

W9 1-04089  5C 

HOWARD,  A.  D. 

Role  of  Hypsometry  and  Planform  in  Basin  Hy- 

drologic  Response. 

W91-O4105  2E 


PA- 18 


AUTHOR  INDEX 


IZAURRALDE,  R.  C. 


howitt,  r. 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W91-04535  5G 

HOYT,  M. 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W91-04254  5B 

HSU,  E.  L. 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W91-04309  5B 

HUBBELL,  D.  W. 

At-a-Point  Bed  Load  Sampling  in  the  Presence 

of  Dunes. 

W91-04125  2J 

HUBER,  A. 
How  to  Increase  Efficiency  of  Sewage  Plants 
and  Obey  the  Latest  Regulations. 
W9 1-04692  5D 

HUCK,  M.  G. 

Diurnal  Variation  of  Crop  Hydraulic  Resistance: 

A  New  Analysis. 

W9 1-04503  2D 

HUFFSEY,  R.  R. 

Fiscal  Year   1989  Program  Report  (Kentucky 

Water  Resources  Research  Institute). 

W9 1-04898  9D 

HUGHES,  J.  L. 

Ground-Water-Quality      Assessment      of     the 
Carson   River   Basin,    Nevada   and   California: 
Analysis    of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

HUGHES,  M.  P. 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

HUGHES,  T.  C. 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

HULL,  J.  A. 

Streamflow  Characteristics  of  Small  Tributaries 
of  Rock  Creek,  Milk  River  Basin,  Montana,  Base 
Period  Water  Years  1983-1987. 
W9 1-04634  2E 

HULTGREN,  J. 

Upgrading  of  the  Treatment  Plants  in  Stock- 
holm to  Meet  More  Stringent  Requirements. 
W9 1-04668  5D 

HULTMAN,  B. 

Effect  of  Easily  Degradable  Carbon  Sources  on 

Nitrogen  Removal  Efficiency. 

W9 1-04696  5D 

HUNEAULT,  H. 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W91-04278  5A 

HUNG,  R.  P.  S. 

Health   Effects   of  Beach   Water   Pollution   in 

Hong  Kong. 

W91-04454  5C 

HUNSINGER,  R. 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

HUNT,  B. 

Approximation  for  the  Bank  Storage  Effect. 
W91-O4130  2E 


HUNT,  G.  T. 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W91-04254  5B 

HURLEY,  P.  C.  F. 

Monitoring  Offshore  Water  Quality  from  Space. 
W9 1-03953  ?B 

HUSSAIN,  T. 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 

HUSTER,  R. 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W9 1-04699  5D 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

HUTCHINGS,  C.  J. 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W9 1-04335  5B 

HUTCHINSON,  D.  H. 

Microbial   Regeneration   Process  for   Granular 

Activated  Carbon-I.  Process  Modelling. 

W9 1-04074  5D 

Microbial   Regeneration   Process  for  Granular 
Activated  Carbon-II.  Regeneration  Studies. 
W9 1-04075  5D 

HUTMACHER,  R.  B. 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W91-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W9 1-04566  3F 

HUTSON,  S.  S. 

Instream  Flow  Analysis  and  Monitoring  Proce- 
dure for  Little  River  in  Eastern  Tennessee. 
W91-04169  6D 

HVITVED-JACOBSEN,  T. 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W91-04339  5C 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

Tracer  Measurements  of  Reaeration  in  Gravity 

Sewers. 

W91-04357  5D 

IBRAHIM,  A.  M. 

Toxicity  of  Inorganic  Selenium  to  the  Green 

Alga  Selenastrum  Capricornutum  Printz. 

W9 1-04448  5C 

IDLER,  D.  R. 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W9 1-04609  5C 

IMAI,  A. 

Effects  of  pH  and  Oxidation  State  of  Chromium 
on  the  Behavior  of  Chromium  in  the  Activated 
Sludge  Process. 
W9 1-04045  5D 


INGRAM,  B.  A. 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W91-04789  81 

INNISS,  W.  E. 

Impact    of  Volatile    Aromatic    Hydrocarbons, 
Alone  and  in  Combination,  on  Growth  of  the 
Freshwater  Alga  Selenastrum  capricornutum. 
W9 1-04734  5C 

INSOLA,  A. 

Quinoxaline  Ozonation  in  Aqueous  Solution. 
W91-04385  5F 

IRELAND,  M.  P. 

Correlation   of  Cadmium    Shell-Weight    Index 

With   Environmental   Stress   Indicators   at   the 

Cellular  and  Organismic  Levels  in  Littorina  lit- 

torea. 

W91-04719  5A 

IRITZ,  L. 

River  Flow  Forecasting  System  with  Data  Man- 
agement, Graphical  River  Network  Control  and 
Interactive  Operation. 
W9 1-04804  2E 

IROUME,  A. 

Assessment  of  Runoff  and  Suspended  Sediment 
Yield    in    a    Partially    Forested    Catchment    in 
Southern  Chile. 
W91-04118  4C 

ISHAQ,  A.  M. 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 

ISHAQ,  M. 

Phosphorus  Budget  for  Dal,  a  Himalayan  Lake. 
W91-04751  2H 

ISHAQ,  R. 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W9 1-04293  5D 

ISHIDA,  R. 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing Behaviours  of  Juvenile  Ayu  Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W9 1-04527  81 

ISHII,  S. 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing Behaviours  of  Juvenile  Ayu  Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W9 1-04527  81 

ISHIKAWA,  M. 

Biological   Nitrogen   Removal   in   a   Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 

ISSAC,  V.  C. 

Evaporation  Reduction  in  Stock  Tanks  for  In- 
creasing Water  Supplies. 
W91-04387  3B 

ITZUKA,  H. 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W91-04533  2H 

IZAURRALDE,  R.  C. 

Soil  Temperature  Under  Conventional  and  Mini- 
mum Tillage:  Simulation  and  Experimental  Veri- 
fication. 
W9 1-04582  2G 


PA-19 


JACKSON,  R.  D. 


AUTHOR  INDEX 


JACKSON,  R.  D. 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W91-04231  7B 

JACKSON,  W.  L. 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

JACOBITZ,  K. 

Investigations     on     Nitrogen     Elimination     in 
Sewage   Treatment   Plants   Including   Separate 
Aeration  of  Return  Sludge. 
W9 1-04691  5D 

JACOBS,  H.  S. 

Fiscal    Year    1989    Program    Report    (Kansas 

Water  Resources  Research  Institute). 

W9 1-04895  9D 

JACOBSON,  G. 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W9 1-04273  2F 

JAFVERT,  C.  T. 

Sorption  of  Organic  Acid  Compounds  to  Sedi- 
ments: Initial  Model  Development. 
W91-04144  5B 


JAGER,  R.  A. 

Compost  Marketing  in  New  England. 
W9 1-04760 


5E 


JAHAN-PARWAR,  B. 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W9 1-04623  5B 

JAMBOR,  J.  L. 

Pore-Water  Geochemistry  and  the  Mineralogy 
of  the  Vadose  Zone  of  Sulfide  Tailings,  Waite 
Amulet,  Quebec,  Canada. 
W9 1-04271  5B 

JAME,  Y.  W. 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:  II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

JAMES,  A. 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

JAMES,  C.  S. 

Experimental  Study  of  the  Effect  of  Bed  Grain 
Roughness  on  Sediment  Sorting  by  Entrainment. 
W91-04316  2J 

JAMES,  D.  E. 

Toxicity    of    Sewage-Contaminated     Sediment 
Cores   to    Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

JAMES,  K. 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W91-O404O  5C 

JAMES,  M.  R. 

UIC  Class  IV- V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W9 1-03936  5E 

JAMESSON,  G. 

Computerized    Data    Management    System    for 

Wellfield  Protection. 

W91-03939  5G 

JANG,  L.  K. 

Feasibility  of  Using  Alginate  to   Absorb   Dis- 
solved Copper  from  Aqueous  Media. 
W91-04773  5D 


JANSEN,  R.  B. 

Estimation    of   Embankment    Dam    Settlement 

Caused  by  Earthquake. 

W91-O4810  8E 

JANSSON,  B. 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W9 1-04290  5B 

Results   from   the   First   Year   of  the   Swedish 

Dioxin  Survey. 

W9 1-04289  SB 

.1 A R DINK,  P.  M. 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

JARNBERG,  U. 

Analysis  of  Non-Ortho  Polychlorinated  Biphen- 
yls and  Polychlorinated  Naphthalenes  in  Swed- 
ish Dioxin  Survey  Samples. 
W9 1-04290  5B 

JASSBY,  A.  D. 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W9 1-03996  2H 

JEDLOVEC,  G.  J. 

Precipitable  Water  Estimation  from  High-Reso- 
lution Split  Window  Radiance  Measurements. 
W9 1-04434  2B 

JEFFERIES,  C. 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W91-04328  5B 

Quality    of   Sewage    Flows    and    Sediment    in 

Dundee. 

W91-04327  5B 

JEFFERSON,  P.  G. 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

JEFFREY,  R.  F. 

Model  Community  Program  for  Private  Wells. 
W9 1-03941  5G 

JEFFREY,  W.  H. 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 

JENKINS,  C.  R. 

Fiscal  Year  1989  Program  Report  (West  Virgin- 
ia Water  Resources  Research  Institute). 
W9 1-04900  9D 

JENKINS,  T.  F. 

Computerized    Data    Management    System    for 

Wellfield  Protection. 

W91-03939  5G 

JENNER,  N.  K. 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-O4610  5C 

JENSEN,  D.  A. 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

JENSEN,  E.  H. 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W9 1-04540  3F 


Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W91-04536  3F 

JENSEN,  N.  A. 

Tracer  Measurements  of  Reaeration  in  Gravity 

Sewers. 

W91-04357  5D 

JENSON,  J.  J. 

Evaluation    of   Sucrose    as    an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and    Cladoceran    Tests    with 
Freshwater  Effluents. 
W91-04151  5A 

JENSON,  R. 

Water-Use  Data  and  Information  Transfer. 
W91-04175  6D 

JESSUP,  R.  E. 

Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

JI,J. 

Simulating  Test  for  Soil  Moisture  Sensing. 
W91-03961  7B 

JIANG,  D. 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

JOCHEM,  F.  J. 

Seasonal  Occurrence  of  Autotrophic  Naked 
Nanoflagellates  in  Kiel  Bight,  Western  Baltic. 
W9 1-03984  2L 

JOHNS,  A.  E. 

Use  of  Departure  Analysis  in  Decision  Making. 
W9 1-04209  4C 

JOHNSON,  A. 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-O4016  5B 

JOHNSON,  C.  J. 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W91-04003  5B 

JOHNSON,  D.  A. 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

JOHNSON,  D.  R. 

Estimation  of  Surface-Water  Withdrawals  for 
Irrigation  and  Irrigated  Acreage,  1985,  Gallatin 
County,  Montana. 
W9 1-04229  3F 

JOHNSON,  I.  T. 

Effect  of  Zinc  on  Osmoregulation  of  Gammarus 
duebeni  (Crustacea:  Amphipods)  from  the  Estu- 
ary and  the  Sewage  Treatment  Works  at  Looe, 
Cornwall. 
W9 1-04376  5C 

JOHNSON,  J.  D. 

Resin     Concentration     of    By-Products     from 
Chlorination  of  Aquatic  Humic  Substances. 
W91-04046  5F 

Total    Organic    Halogens    (TOX)    Analysis    in 

Ether  Solutions. 

W9 1-04049  5  A 

JOHNSON,  M.  L. 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W9 1-03928  5G 


PA-20 


AUTHOR  INDEX 


KATZER,  T. 


JOHNSON,  S.  R. 

Natural  Resource  Accounting  Systems  and  En- 
vironmental Policy  Modeling. 
W9 1-04563  6B 

JOHNSSON,  P.  A. 

Hydrogeochemical  Data  from  an  Acidic  Deposi- 
tion Study  at  McDonalds  Branch  Basin  in  the 
New  Jersey  Pinelands,  1983-86. 
W9 1-04472  5B 

JOHNSTON,  T. 

Preliminary    Site    Evaluation    for    Agricultural 
Utilization    of   Sewage    Sludge    A    Guide    for 
WWTP  Technicians. 
W9 1-04606  5E 

JOIRIS,  C.  R. 

Organochlorines  in  Different  Fractions  of  Sedi- 
ments  and   in   Different   Planktonic   Compart- 
ments of  the  Belgian  Continental  Shelf  and  the 
Scheldt  Estuary. 
W91-O4027  5B 

JOLLY,  I.  D. 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W9 1-04386  4C 

JONES,  F. 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

JONES,  J.  E. 

Multipurpose  Stormwater  Detention  Ponds. 
W91-04851  4A 

JONES,  J.  K.  P. 

Preparation  of  Benthic  Substrates  for  Sediment 

Toxicity  Testing. 

W91-04748  5A 

JONES,  K. 

Thermophilic      Campylobacters      in      Surface 
Waters  around  Lancaster,  UK:  Negative  Corre- 
lation   with    Campylobacter    Infections   in    the 
Community. 
W91-04369  5B 

JONES,  M.  B. 

Effect  of  Zinc  on  Osmoregulation  of  Gammarus 
duebeni  (Crustacea:  Amphipods)  from  the  Estu- 
ary and  the  Sewage  Treatment  Works  at  Looe, 
Cornwall. 
W9 1-04376  5C 

JONES,  S.  E. 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

JONES,  T.  L. 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

JONSSON,  P. 

Results  from   the   First   Year  of  the  Swedish 

Dioxin  Survey. 

W9 1-04289  5B 

JORGENSEN,  B.  B. 

Oxidation  and  Reduction  of  Radiolabeled  Inor- 
ganic Sulfur  Compounds  in  an  Estuarine  Sedi- 
ment, Kysing  Fjord,  Denmark. 
W91-04155  2K 

JORGENSEN,  D.  G. 

Surface-  and  Ground-Water  Interaction  and  Hy- 
drologic  Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W91-04856  2A 

JORISSEN,  F.  J. 

Successive  Appearance  of  Subfossil  Phytoplank- 
ton  Species  in  Holocene  Sediments  of  the  North- 


ern Adriatic  and  Its  Relation  to  the  Increased 

Eutrophication  Pressure. 

W9 1-03983  2L 

JOUBERT,  W.  A. 

Thermodynamic  Considerations  on  the  Perform- 
ance of  Two-Staged  Anaerobic  Digesters. 
W91-04318  5D 

JUANICO,  M. 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

JUAREZ,  H. 

Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W91-04114  5F 

JUDKINS,  J.  F. 

Fiscal   Year    1989   Program    Report   (Alabama 

Water  Resources  Research  Institute). 

W9 1-04872  9D 

JUNGHANS,  D. 

Comparative   Study   of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W9 1-04695  5D 

JUPP,  D.  L.  B. 

Estimating  Evaporation  from  Pasture  Using  In- 
frared Thermometry:  Evaluation  of  a  One-Layer 
Resistance  Model. 
W9 1-04487  2D 

JURICIC,  F.  P. 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  Poly(Dimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

JUSTO,  A. 
Adsorption  of  Chlordimeform  by  Humic  Sub- 
stances from  Different  Soils. 
W9 1-04798  5B 

JYLHA,  K. 

Meteorological  Factors  Influencing  the  Radio- 
active Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

KAARTVEDT,  S. 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 

KABALA,  S. 

Environmental  Protection  in  Eastern  Europe. 
W91-04817  5G 

KABOURIS,  J.  C. 

Optimal  Control  of  the  Activated  Sludge  Proc- 
ess. 
W91-04073  5D 

KADLEC,  J.  A. 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

KAHNY,  D.  H. 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W91-03947  7B 

KAISER,  J.  P. 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W9 1-04263  5B 

KAJIHARA,  T. 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing  Behaviours  of  Juvenile   Ayu   Plecoglossus 
altivelis  with  Special   Reference  to  Their  Up- 
stream Migration. 
W9 1-04527  81 

Effects  of  Environmental  Factors  on  Jumping 
Behaviour  of  the  Juvenile  Ayu  Plecoglossus  alti- 


velis with  Special  Reference  to  Their  Upstream 

Migration. 

W9 1-04526  81 

KALMA,  J.  D. 

Estimating  Evaporation  from  Pasture  Using  In- 
frared Thermometry:  Evaluation  of  a  One-Layer 
Resistance  Model. 
W91-04487  2D 

KAN,  S. 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W91-04575  5B 

KANDA,J. 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton   Populations  During  the  Spring   Bloom  in 
Auke  Bay,  Alaska. 
W9 1-04461  2H 

KANEMASU,  E.  T. 

Carbon   Dioxide  and  Water   Level   Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

KANGATHARALINGAM,  N. 

In  Situ  Technique  to  Measure  Bacterial  Chemo- 

taxis  in  Natural  Aquatic  Environments. 

W9 1-04722  2H 

KAPILA,  S. 

Application    of   a   Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W9 1-04284  5  A 

KAPLAN,  D.  I. 

Effects   of  Nitrogen    and    Water    Management 
Practices  on  Yield,  Grain  Quality,  and  Milling 
Out-Turn  of  Rice. 
W9 1-04538  3F 

KARAMOUZ,  M. 

Uncertainty    of  Water    Supply    Demand    Esti- 
mates. 
W9 1-04243  6D 


KARASAKI,  K. 

Systematized  Drillstem  Test. 
W9 1-04920 


2F 


KARASEK,  F.  W. 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 

W9 1-04282  5  A 

KARLSSON,  I. 

Pre-Precipitation  Facilitates  Nitrogen  Removal 

Without  Tank  Expansion. 

W9 1-04669  5D 

KASCHEMEKAT,  J. 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 

W9 1-04772  5D 

KATO,  K. 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W91-04410  2H 

KATZENBACH,  M.  S. 

Comparison  of  Accuracy  and  Completeness  of 
Data  Obtained  from  Three  Types  of  Automatic 
Water-Quality  Monitors. 
W9 1-04644  7B 

KATZER,  T. 

Water  Conservation,  Myth  or  Mandate,  An  Arid 

Southwest  Perspective. 

W91-04192  6D 


PA-21 


KAUL,  V. 


AUTHOR  INDEX 


KAUL,  V. 

Phosphorus  Budget  for  Dal,  a  Himalayan  Lake. 
W9 1-04751  2H 

KAVANAGH,  T.  J. 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W9 1-04610  5C 

KAVVAS,  M.  L. 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

KAWAGOSHI,  N. 

B-Jump  in  Sloping  Channel,  II. 

W9 1-04306  8B 

KAY,  B.  D. 

New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

KAY,  D. 

Recreational  Water  Quality:  The  Management 
of  Environmental  Health  Risks  Associated  with 
Sewage  Discharges. 
W91-04513  5E 

KAYAL,  S.  I. 

Partitioning  of  Unsubstituted   Polycyclic   Aro- 
matic Hydrocarbons  Between  Surface  Sediments 
and  the  Water  Column  in  the  Brisbane  River 
Estuary. 
W91-04361  5B 

KEATINGE,  J.  D.  H. 

Precipitation    and    Temperature     Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

KEEFE,  D. 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W91-04254  5B 

KEESMAN,  K. 

Set  Membership  Approach  to  Identification  and 

Prediction  of  Lake  Eutrophication. 

W91-04119  5C 

KEITH,  S.  M. 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W9 1-04028  2F 

KEITH,  W.  N. 

Managing  a  Lake  for  Water  Control  and  Wet- 
lands Creation. 
W9 1-04849  4  A 

KELLER,  A.  E. 

Simplification  of  in  Vitro  Culture  Techniques 

for  Freshwater  Mussels. 

W91-04148  7B 

KELLER,  G.  E. 

Electrosorption:  A  Case  Study  on  Removal  of 

Dilute  Organics  from  Water. 

W9 1-04769  5D 

KELLER,  W.  D. 

PH  of  Clay  Suspensions  in  the  Field  and  Labora- 
tory, and  Methods  of  Measurement  of  Their  pH. 
W9 1-04269  2K 

KEMPA,  E.  S. 

Improvement   of  Wastewater  Treatment   Plant 

Projects. 

W9 1 -04709  5D 

KEMPA-TEPER,  J. 

Design  of  a  Low  Strength  Sewage  Treatment 

Plant  in  a  Cold  Climate. 

W9 1-04707  5D 


KEOGH,  J.  A.  B. 

Acute  Epidemic  Aluminium  Osteomalacia  Sec- 
ondary to  Water  Supply  Contamination. 
W9 1-04779  5C 

KERFOOT,  W.  B. 

Private   Well   Protection   in   Sand   and   Gravel 

Aquifers. 

W9 1-03943  5G 

KERNODLE,  J.  M. 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W9 1-04853  2F 

KERVEN,  G.  L. 

Reactions   Between   Aluminum   and   Sulfate   in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W91-04910  2K 

KERZNER,  S. 

EPA/Local  Partnership  at  Work  -  The  Creation 
of  a  Ground  Water  Protection  Program. 
W91-03938  5G 

KESSLER,  A. 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W9 1-03992  8  A 

KETCHUM,  S.  L. 

Managing  a  Lake  for  Water  Control  and  Wet- 
lands Creation. 
W9 1-04849  4  A 

KHAN,  M.  A. 

Evaporation  Reduction  in  Stock  Tanks  for  In- 
creasing Water  Supplies. 
W9 1-04387  3B 

KHAN,  N.  A. 

Performance  of  Laboratory-Scale  Upflow  An- 
aerobic Sludge  Blanket  (UASB)  Reactors. 
W9 1-04698  5D 

KHOSROWPANAH,  S. 

Fiscal  Year  1989  Program  Report  (Guam  Water 

and  Energy  Research  Institute). 

W9 1-04876  9D 

KIDD,  C.  H.  R. 

Precipitation     and     Temperature     Regimes     in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

KIEFER,  E.  M. 

Modern  Kriging  and  Classical  Gaussian  Tech- 
niques-Do They  Necessarily  Yield  Identical  Re- 
sults. 
W9 1-04829  2G 

KIENE,  R.  P. 

Dimethyl  Sulfide  Production  from  Dimethylsul- 
foniopropionate   in   Coastal    Seawater   Samples 
and  Bacterial  Cultures. 
W9 1-04064  2K 

KILGORE,  W.  W. 

California's      Proposition      65:      Extrapolating 

Animal  Toxicity  to  Humans. 

W9 1-04008  6E 

KIM,  J.  I. 

Modeling  of  Strontium  Sorption  and  Speciation 
in  a  Natural  Sediment-Groundwater  System. 
W9 1-04032  5B 

KIMBELL,  M.  K. 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W9 1-04540  3F 

KING,  R.  M. 

State-of-the-Art  Timber  Harvest  in  an  Arizona 
Mixed  Conifer  Forest  has  Minimal  Effect  on 
Overland  Flow  and  Erosion. 
W9 1-04803  4C 


KIRK,  S.  T. 

Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate-Alluvial  System. 
W9 1-04407  2F 

KIRKHAM,  M.  B. 

Carbon   Dioxide  and   Water  Level  Effects  on 

Yield  and  Water  Use  of  Winter  Wheat. 

W9 1-04499  3F 

KIURU,  H.  J. 

Tertiary  Waste  Water  Treatment  with  Flotation 

Filters. 

W9 1-0467  5  5D 

KJELLER,  L.  O. 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in   Sediment  and   Pike  Samples   from  Swedish 
Lakes  and  Rivers- Part  One. 
W9 1-04291  5B 

KLECKA,  G.  M. 

Biological  Transformations  of  1,1,1-Trichlor- 
oethane  in  Subsurface  Soils  and  Ground  Water. 
W91-04743  5B 

KLEESPIES,  T.  J. 

Retrieval  of  Precipitable  Water  from  Observa- 
tions in  the  Split  Window  over  Varying  Surface 
Temperatures. 
W9 1-04433  2B 

KLEEVENS,  J.  W.  L. 

Health   Effects   of  Beach   Water   Pollution   in 

Hong  Kong. 

W9 1-04454  5C 

KLEIJWEGT,  R.  A. 

Sediment  in  Sewers:  Initiation  of  Transport. 
W91-04351  5D 

KLEIN,  K.  C. 

Water  Supply  Management  and  Planning  in  the 

State  of  Connecticut. 

W91-04196  6A 

KLEINSCHMIDT,  A. 

Upgrading  a  Large  Municipal   Sewage  Treat- 
ment Plant  by  a  Combination  of  Biological  and 
Chemical  Processes. 
W9 1-04671  5D 

KLEISSEN,  F.  M. 

Identifiability    of    Conceptual    Hydrochemical 

Models. 

W9 1-04927  5B 

KLOOS,  H. 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W9 1-04366  5B 

KLUTE,  R. 

Upgrading  a   Large   Municipal   Sewage  Treat- 
ment Plant  by  a  Combination  of  Biological  and 
Chemical  Processes. 
W91-04671  5D 

KNECHT,  B. 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W9 1-04261  5E 

KNEZOVICH,  J.  P. 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 

KNOPF,  F.  C. 

Supercritical   C02   --   Cosolvent   Extraction  of 

Contaminated  Soils  and  Sediments. 

W91-04763  5G 


PA-22 


AUTHOR  INDEX 


LARSEN,  A.  P. 


KNOPMAN,  D.  S. 

Use   of   Geographic    Information    System    for 
Reaggregating  Water-Use  Data  from  Counties 
to  Hydrologic  Units. 
W91-04186  6D 

KOBUS,  H. 

Environmental  Research  Field  Site  'Horkheimer 
Insel':  Research  Program,  Instrumentation  and 
First  Results. 
W9 1-04308  7  A 

KOCAN,  R.  M. 

Decreased  Performance  of  Rainbow  Trout  On- 
corhynchus  mykiss  Emergence  Behaviors  Fol- 
lowing Embryonic  Exposure  to  Benzo(a)pyrene. 
W9 1-04069  5C 

KOCH,  C.  M. 

Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

KOHUT,  R.  J. 

Design  and  Performance  of  an  Acidic  Precipita- 
tion  Delivery   System   for   Field   Investigation 
with  Plants. 
W91-04568  5C 

KOIKE,  A. 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

KOISTINEN,  J. 

Meteorological  Factors  Influencing  the  Radioac- 
tive Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W91-04430  5B 

KOIVUKOSKI,  J. 

Meteorological  Factors  Influencing  the  Radioac- 
tive Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

KOLLATSCH,  D.  T. 

Reduction  of  Combined  Sewer  Overflow  Pollu- 
tion Loads  by  Detention  of  Sanitary  Sewage. 
W91-04347  5D 

KONIECZKI,  A. 

Water   Resources   Data   Arizona,    Water   Year 

1989. 

W9 1-04904  7C 

KOPEC,  D.  M. 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-04510  3C 

KORHONEN,  R. 

Modeling  Transfer  of  Csl37  Fallout  in  a  Large 

Finnish  Watercourse. 

W91-04749  5B 

KORTE,  F. 

Behavior  of  Diazinon  in  a  Perch  Species. 

W9 1-04256  5B 

KOS,  M. 

Innovative  Technology  for  Upgrading  Nutrient 

Removal  Activated  Sludge  Plants. 

W9 1-04661  5D 

KOSS,  V. 

Modeling  of  Strontium  Sorption  and  Speciation 
in  a  Natural  Sediment-Groundwater  System. 
W9 1-04032  5B 

KOSSON,  D.  S. 

Supercritical  Fluid  Extraction  of  Aromatic  Con- 
taminants from  a  Sandy  Loam  Soil. 
W9 1-04764  5G 

KOSTOV,  K.  G. 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing  System  for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 


KOTT,  Y. 

Efficiency  of  Rotating  Biological  Contactor  in 

Removing  Pathogenic  Bacteria  from  Domestic 

Sewage. 

W9 1-04042  5D 

KRAFT,  A. 

Biologically     Intensified     Filtration     Processes 
(Dry  Bed  Filter)  for  an  Efficient  Effluent  Im- 
provement of  Wastewater  Treatment  Plants:  Ap- 
plications. 
W9 1-04704  5D 

KREY,  P.  W. 

Radioactive  Fallout  Reconstruction  from  Con- 
temporary   Measurements    of   Reservoir    Sedi- 
ments. 
W9 1-04775  5B 

KROSS,  B.  C. 

Continuing  Importance  of  Nitrate  Contamina- 
tion of  Groundwater  and  Wells  in  Rural  Areas. 
W9 1-04003  5B 

KRUEGER,  C.  C. 

Annual    Production    and    Production:    Biomass 
Ratios  for  Three  Species  of  Stream  Trout  in 
Lake  Superior  Tributaries. 
W9 1-04589  2H 

KU,  Y. 

Effect  of  Oxidants  on  UV  Destruction  of  Chlor- 

ophenols. 

W9 1-04766  5D 


KUCHLER,  U. 

Aspects  of  Ozone  Generation  from  Air. 
W9 1-04380 


5F 


KULP,  S.  E. 

Levels  and  Possible  Sources  of  PCDD/PCDF 
in  Sediment  and   Pike  Samples  from  Swedish 
Lakes  and  Rivers-Part  One. 
W91-04291  5B 

KULP,  T.  J. 

Anaerobic  Microbial  Degradation  of  Acridine 
and  the  Application  of  Remote  Fiber  Spectros- 
copy to  Monitor  the  Transformation  Process. 
W91-04142  5B 

KULSHRESTHA,  M. 

Upgrading   of  Kanpur   Wastewater   Treatment 

Plant  by  Phased  Expansion. 

W9 1-04706  5D 

KULSHRESTHA,  S.  K. 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

KUMAR,  P. 

Upgrading    Wastewater    Treatment    by    Water 

Hyacinth  in  Developing  Countries. 

W91-04677  5D 

KUNETZ,  T.  E. 

Pumping  Station  Rehabilitation  with  Submersi- 
ble Pumps  Saves  O&M  costs. 
W9 1-04607  5D 

KUNISHIGE,  V.  E. 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

KUSHNER,  D.  J. 

Relationships  Between  Some  Properties  of  Or- 
ganic Soils  from  the  Southern  Canadian  Shield. 
W91-04583  5G 

LABERGE,  S. 

Acute  Temperature  and  Oxygen  Stress  among 
Genotypes  of  Daphnia  pulex  and  Simocephalus 
vetulus  (Cladocera,  Daphniidae)  in  Relation  to 
Environmental  Conditions. 
W9 1-04908  2H 


LACH,  G. 

Quantification  of  Toxaphene  Residues  in  Fish 

and    Fish    Products   Using   a   New   Analytical 

Standard. 

W9 1-04248  5  A 

LACOURSIERE,  J.  O. 

Small  Flume  for  Studying  the  Influence  of  Hy- 
drodynamic  Factors  on  Benthic  Invertebrate  Be- 
havior. 
W91-04716  2E 

LACY,  G.  H. 

Persistence  of  Genetically  Engineered  Erwinia 
carotovora     in     Perturbed     and     Unperturbed 
Aquatic  Microcosms  and  Effect  on  Recovery  of 
Indigenous  Bacteria. 
W9 1-04723  2H 

LAFLEUR,  J. 

Retrospective     Cohort     Mortality     Study     of 
Cancer  Among  Sewage  Plant  Workers. 
W91-04754  5D 

LAFLEUR,  P.  M. 

Evapotranspiration  from  Sedge-dominated  Wet- 
land Surfaces. 
W9 1-04051  2D 

LAGER,  J.  A. 

Design         Management         Keeps         Boston's 

Wastewater  Program  on  Track. 

W9 1-04846  5D 

LAIRD,  C.  M. 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W9 1-04495  3F 

LAIRD,  R.  D. 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W9 1-04495  3F 

LANDOLT,  M.  L. 

Decreased  Performance  of  Rainbow  Trout  On- 
corhynchus  mykiss  Emergence  Behaviors  Fol- 
lowing Embryonic  Exposure  to  Benzo(a)pyrene. 
W9 1-04069  5C 

LANDRUM,  P.  F. 

Lipid-Partitioning        and        Disposition        of 

Benzo(a)pyrene     and     Hexachlorobiphenyl     in 

Lake  Michigan  Pontoporeia  hoyi  and  Mysis  re- 

licta. 

W91-04145  5B 

LANFEAR,  K.  J. 

Use    of   Geographic    Information    System    for 
Reaggregating  Water-Use  Data  from  Counties 
to  Hydrologic  Units. 
W91-04186  6D 

LANG,  K.  L. 

Contamination  of  Soil  with  Oilfield  Brine  and 

Reclamation  with  Calcium  Chloride. 

W9 1-04799  5G 

LANG,  M.  E. 

Compost  Marketing  in  New  England. 
W91-04760  5E 

LANGER,  W.  H. 

Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W91-04855  5E 

LAPLACE,  D. 

Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  13  in  Marseille. 

W91-04353  5D 

LARSEN,  A.  P. 

Constant  Discharge  Device  for  Field  Irrigation. 
W9 1-04307  3F 


PA-23 


LARSON,  R.  J. 


AUTHOR  INDEX 


LARSON,  R.  J. 

Use  or  Biodegradation  Data  in  Chemical  Assess- 
ment. 
W9 1-04628  5B 

LASCANO,  R.  J. 

Determination  of  Soil  Water  Evaporation  and 
Transpiration  from  Energy  Balance  and  Stem 
Flow  Measurements. 
W9 1-04496  2D 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W9 1-04504  3F 

LASZLO,  I. 

Improved   Prospects  for  Estimating  Insolation 
for    Calculating    Regional    Evapotranspiration 
from  Remotely  Sensed  Data. 
W9 1-04490  2D 

LAU,  Y.  L. 

Modelling  the  Consumption  of  Dissolved  Con- 
taminants by  Biofilm  Periphyton  in  Open-Chan- 
nel Flow. 
W9 1-04082  5B 

LAUENSTEIN,  G.  G. 

Comparison  of  Trace  Metals  Data  in  Mussels 
and  Oysters  from  a  Mussel  Watch  Programme 
of  the    1970s   with   those   from   a    1980s   Pro- 


gramme. 
W91-04517 


5B 


LAUGHLIN,  J.  K. 

Water  Resources  and  the  Electric  Power  Indus- 
try: An  Australian  Perspective. 
W9 1-04224  3E 

LAURENCE,  J.  A. 

Design  and  Performance  of  an  Acidic  Precipita- 
tion  Delivery   System   for  Field   Investigation 
with  Plants. 
W9 1-04568  5C 

LAUVER,  T.  L. 

Design  and  Performance  of  an  Acidic  Precipita- 
tion  Delivery   System   for  Field   Investigation 
with  Plants. 
W91-04568  5C 

LAZERTE,  B.  D. 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W9 1-04928  5B 

Manganese  Speciation  in  Dilute  Waters  of  the 

Precambrian  Shield,  Canada. 

W9 1-04039  2K 

LEACH,  L.  E. 

Bilateral  Wastewater  Land  Treatment  Research. 
W91-04816  5D 

LEAN,  D.  R.  S. 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in  Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W91-04445  5B 

LEAVTTT,  D.  D. 

Homogeneously   Catalyzed   Oxidation    for   the 

Destruction  of  Aqueous  Organic  Wastes. 

W9 1-04767  5D 

LECLOIREC.P. 

Resin     Concentration     of    By-Products     from 
Chlorination  of  Aquatic  Humic  Substances. 
W91-O4046  5F 

Total    Organic    Halogens   (TOX)    Analysis    in 

Ether  Solutions. 

W9 1-04049  5  A 

LEFEBVRE,  E. 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W9I-04383  5F 


LEGUBE,  B. 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W91-04383  5F 

LEINER,  S. 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1-04795  6G 

LELACHEUR,  R.  M. 

Resin     Concentration     of    By-Products     from 
Chlorination  of  Aquatic  Humic  Substances. 
W91-04O46  5F 

Total    Organic    Halogens   (TOX)    Analysis    in 

Ether  Solutions. 

W9 1-04049  5  A 

LENIHAN,  H.  S. 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 


LENZO,  F. 

Radon-Removing  it  from  Groundwater. 
W91-04115 


5F 


LESCINSKY,  J.  B. 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 
W91-04878  7C 

LETTENMAIER,  D.  P. 

Operating  the  Seattle  Water  System  during  the 

1987  Drought. 

W9 1-03974  3D 

LEUNING,  R. 

Estimation  of  Transpiration  by  Single  Trees: 
Comparison  of  a  Ventilated  Chamber,  Leaf 
Energy  Budgets  and  a  Combination  Equation. 
W9 1-04484  2D 

LEVEMGS,  G.  W. 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

LEVINGS,  S.  C. 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill 

W91-04521  5C 

LEVSEN,  K. 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

LEW.M. 

Water    Resources    Research    Grant    Program: 

Project  Descriptions,  Fiscal  Year  1989. 

W9 1-04858  9D 

LEWIS,  M.  A. 

Are    Laboratory-Derived    Toxicity    Data    for 
Freshwater  Algae  Worth  the  Effort. 
W91-04146  5C 

LEWIS,  W.  M. 

Basin  Morphology  in  Relation  to  Chemical  and 
Ecological  Characteristics  of  Lakes  on  the  Ori- 
noco River  Floodplain,  Venezuela. 
W91-04737  2H 

LIAO,  P.  H. 

Treatment   of  Poultry   Processing   Wastewater 

Using  Sequencing  Batch  Reactors. 

W9 1-04550  5D 

LICHTENTHALER,  H.  K. 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W9 1-03947  7B 

Correlation  of  Reflectance  and  Chlorophyll  Flu- 
orescence Signatures  of  Healthy  and  Damaged 
Forest  Trees. 
W9 1-03946  7B 


LICK,  W. 

Settling   Speed  of  Floes  in   Fresh   Water  and 

Seawater. 

W9 1-04296  2J 

LIENERT,  C. 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-O4031  5B 

LIEUWEN,  A.  L. 

Costs  of  Wastewater  Use  in  the  Tucson  Basin. 
W91-04195  6C 


LIIMATAINEN,  J. 

Water  Quality  in  Finland. 
W9 1-04759 


5F 


LIJKLEMA,  L. 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W91-O4330  5B 

Fluxes  of  Oxygen   Equivalents  and   Nutrients 
across  the  Sediment-Water  Interface  after  Com- 
bined Sewer  Overflows. 
W9 1-04336  5B 

LINDNER,  G. 

Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

LINDSAY,  B.  E. 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method. 
W91-04179  6A 

LINDSTROM-SEPPA,  P. 

Biotransformation  Activities  of  Feral  Fish  in 
Waters  Receiving  Bleached  Pulp  Mill  Effluents. 
W9 1-04631  5  A 

LIPSKI,  C. 

Use  of  Pervaporation  for  the  Removal  of  Organ- 
ic Contaminants  from  Water. 
W9 1-04771  5F 

LITRE,  D.  W. 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W9 1-04234  2D 

LITTLER,  D.  S. 

Productivity    and    Nutrient    Relationships    in 
Psammophytic     Versus     Epilithic     Forms     of 
Bryopsidales  (Chlorophyta):  Comparisons  Based 
on  a  Short-term  Physiological  Assay. 
W91-04419  2L 

LITTLER,  M.  M. 

Productivity    and     Nutrient     Relationships    in 
Psammophytic     Versus     Epilithic     Forms     of 
Bryopsidales  (Chlorophyta):  Comparisons  Based 
on  a  Short-term  Physiological  Assay. 
W91-04419  2L 

LIU,  C. 

Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W91-04381  5F 

LIVESEY,  J.  C. 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-O4610  5C 

LIVINGSTON,  M.  L. 

Prospects  for  Innovation  in  Water  Institutions: 

Informational  Requirements. 

W9 1-04203  6E 


PA-24 


AUTHOR  INDEX 


MADRID,  Y. 


LLOYD,  B.  J. 

Comparative  Evaluation  of  Two  Novel  Disin- 
fection Methods  for  Small-Community  Water 
Treatment  in  Developing  Countries. 
W91-04758  5F 

LLOYD,  J.  W. 

Groundwater   Resources   Development   in   the 

Eastern  Sahara. 

W9 1-04391  4B 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W9 1-04273  2F 

LO.K.V. 

Treatment   of  Poultry   Processing   Wastewater 

Using  Sequencing  Batch  Reactors. 

W91-O4550  5D 

LOAICIGA,  H.  A. 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

LOCASCIO,  S.  J. 

Yield   of  Successively   Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W91-04567  3F 


LOCKE,  E.  R. 

Design        Management        Keeps 
Wastewater  Program  on  Track. 
W91-04846 


Boston's 


5D 


LOCKE,  G.  L. 

Ground-Water       Withdrawals,       Water-Level 
Changes,       Land-Surface       Subsidence,       and 
Ground-Water  Quality  in  Fort  Bend  County, 
Texas,  1969-87. 
W9 1-04467  4B 

LOCKHART,  W.  L. 

Dietary  Accumulation   and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7,8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

LOGAN,  J.  A. 

Tropospheric     OH     in     a    Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CC13. 
W9 1-04300  5B 

LOGAN,  R. 

Development  of  a  Rapid  Screening  Assay  for 

PCDDs  and  PCDFs. 

W91-04286  5A 

LOGANATHAN,  B.  G. 

Comparison  of  Organochlorine  Residue  Levels 
in  the  Striped   Dolphin  from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

LOGNATHAN,  G.  V. 

Goal-Programming    Techniques    for    Optimal 

Reservoir  Operations. 

W9 1-03994  6  A 

LOGSDON,  G.  S. 

Troubleshooting  an  Existing  Treatment  Plant. 
W9 1-04373  5F 

LOH,  I.  C. 

Groundwater  Response  to  Reforestation  in  the 

Darling  Range  of  Western  Australia. 

W9 1-04398  4C 

LOHRENZ,  S.  E. 

Enhanced  Primary  Production  at  the  Plume/ 

Oceanic  Interface  of  the  Mississippi  River. 

W9 1-04742  2L 

LOMBARDO,  R.  J. 

Toxicity  of  Ethyl-parathion   and   Carbaryl  on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 


LONDONG,  J. 

Steps  in  Planning  the  Expansion  of  the  Large 
Sewage  Treatment  Plant  at  Buchenhofen,  Oper- 
ated by  the  Wupper  Watershed   Management 
Association. 
W91-04673  5D 

LONDQUIST,  C.  J. 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

LONG,  D. 

LDA  Study  of  Flow  Structure  in  Submerged 

Hydraulic  Jump. 

W9 1-04305  8B 

LONGQUIST,  C.  J. 

Documentation  of  Model  Input  and  Output 
Values  for  the  Geohydrology  and  Mathematical 
Simulation  of  the  Pajaro  Valley  Aquifer  System, 
Santa  Cruz  and  Monterey  Counties,  California. 
W9 1-04477  4B 

LOPEZ  DE  ALBA,  F. 

Food    Production,    Environmental    Protection, 
and  Health  Effects  in  Mexican  Agriculture. 
W91-O4009  6G 

LORD,  D.  G. 

Hydrogeochemical  Data  from  an  Acidic  Deposi- 
tion Study  at  McDonalds  Branch  Basin  in  the 
New  Jersey  Pinelands,  1983-86. 
W9 1-04472  5B 

LUCAS,  R.  M. 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W9 1-03956  7B 

LUCKAS,  B. 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the  Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated  Hydrocarbons,   Dibenzofurans  and 
Dibenzo-p-dioxins   in   Bream  (Abramis  brama) 
From  the  River  Elbe. 
W9 1-04250  5B 

LUETTICH,  R.  A. 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

LUKASEWYCZ,  M.  T. 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

LUM,  M.  G.  H.  S. 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

LUNDSTROM,  U. 
Dissolution  of  Feldspars  in  the  Presence  of  Nat- 
ural, Organic  Solutes. 
W91-03986  2J 

LURD2,  C. 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W9 1-03937  5B 

LUSIS,  M.  A. 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W9 1-04288  5B 

LUTZ,  H.  J. 

Effect  of  Simulated  Acidic  Fog  on  Carbohy- 
drate Leaching,  C02  Assimilation  and  Develop- 


ment of  Damage  Symptoms  in  Young  Spruce 

Trees  (Picea  abies  L.  Karst). 

W9 1-04560  5C 

LYKE,  W.  L. 

Ground-Water  Pumpage  and  Water-Level  De- 
clines in  the  Peedee  and  Black  Creek  Aquifers  in 
Onslow  and  Jones  Counties,   North  Carolina, 
1900-86. 
W9 1-04901  2F 

LYKINS,  B.  W. 

Concerns  with  Using  Chlorine-Dioxide  Disinfec- 
tion in  the  USA. 
W91-04756  5F 

LYMBEROPOULOS,  G. 

Experimental  Study  of  the  Effect  of  Bed  Grain 
Roughness  on  Sediment  Sorting  by  Entrainment. 
W91-04316  2J 

LYNCH,  D.  R. 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

LYNN,  B.  H. 
Stomatal  Resistance  Model  Illustrating  Plant  vs. 
External  Control  of  Transpiration. 
W9 1-04489  2D 

MAARSCHALKERWEERD,  J. 

Ultraviolet        Disinfection        in        Municipal 

Wastewater  Treatment  Plants. 

W9 1-04676  5D 

MAC,  M.  J. 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

MACASKIE,  L.  E. 

Immobilized  Cell  Bioprocess  for  the  Removal  of 
Heavy  Metals  from  Aqueous  Flows. 
W91-04158  5D 

MACDONNELL,  L.  J. 

Water  Transfer  Process  as  a  Management 
Option  for  Meeting  Changing  Water  Demands. 
W91-04886  6E 

MACHLIN,  A. 

Uncertainty   of  Water   Supply    Demand    Esti- 
mates. 
W9 1-04243  6D 

MACKAY,  H.  M. 

Mixing  and  Circulation  in  the  Sundays  River 

Estuary,  South  Africa. 

W91-03985  2L 

M  ACKLER,  D.  G. 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

MACLEAN,  A  A. 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W9 1-04546  5B 

MACPHERSON,  D.  K. 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

MACY,  J.  A. 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W91-04483  7C 

MADRID,  Y. 

Lead  Hydride  Generation  in  a  Lactic  Acid-Po- 
tassium Dichromate  Medium  and  its  Application 


PA-25 


MADRID,  Y. 


AUTHOR  INDEX 


to  the  Determination  of  Lead  in  Fish,  Vegetable 

and  Drink  Samples. 

W91-04I40  5A 

MAGUER,  J.-F. 

Influence  of  Pig  Farming  on  the  Copper  Con- 
tent of  Estuarine  Sediments  in  Brittany,  France. 
W91-04515  5B 

MAGUIRE,  R.  J. 

Acute  Toxicity  of  Isomers  of  the  Pyrethroid 
Insecticide  Deltamethrin  and  Its  Major  Degra- 
dation Products  to  Daphnia  magna. 
W91-04149  5C 

M All  \l  AKSI1MI.  V. 
Line-Source   vs.    Irrigated/Nonirrigated   Treat- 
ments for  Evaluation  of  Genotype  Drought  Re- 
sponse. 
W91-04501  3F 

MAHANNAH,  C.  N. 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W9 1-04540  3F 

Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W91-04536  3F 

MAHONY,  J.  D. 

Toxicity  of  Cadmium  in  Sediments:  The  Role  of 

Acid  Volatile  Sulfide. 

W9 1-04746  5C 

MAIER,  W. 

Examples  for  the  Upgrading  of  Existing  Activat- 
ed Sludge  Plants  for  Nutrient  Removal. 
W9 1-04672  5D 

MAIN,  M.  R. 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W91-04528  5C 

MAINIERI,  W. 

Feasibility  of  Using  Alginate  to  Absorb   Dis- 
solved Copper  from  Aqueous  Media. 
W9 1-04773  5D 

MAISEL,  B.  E. 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W91-04254  5B 

MALLANTS,  D. 

Defining  Homogeneous  Precipitation  Regions 
by  Means  of  Principal  Components  Analysis. 
W91-04435  2B 

MALLEV1ALLE,  J. 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W91-04382  5G 

MANCINO,  C.  F. 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent;  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-04510  3C 

MANEVAL,  J.  E. 

Use  of  Nuclear  Magnetic  Resonance  as  an  Ex- 
perimental Probe  in  Multiphase  Systems:  Deter- 
mination of  the  Instrument  Weight  Function  for 
Measurements  of  Liquid-Phase  Volume  Frac- 
tions. 
W91-04134  7B 


MAMGOLD,  D.  B. 

Coordination  of  Federal  Water-Use-Data  Col- 
lection and  Dissemination. 
W91-04163  6D 

MANN,  L.  J. 

Purgeable     Organic     Compounds     in     Ground 
Water  at  the  Idaho  National  Engineering  Labo- 
ratory, Idaho- 1988  and  1989. 
W9 1 -04478  5B 

MANSOUR,  N.  S. 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W9 1-04366  5B 

MANTEL,  A.  B. 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W9 1-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W9 1-04566  3F 

MANUNZA,  B. 

Analytical   and   Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

MAOYU,  Y. 

Autocatalytic  Model  for  the  Kinetics  of  BOD 

Test. 

W91-04038  5D 

MAQUEDA,  C. 

Adsorption  of  Chlordimeform  by  Humic  Sub- 
stances from  Different  Soils. 
W9 1-04798  5B 

MARACCI,  G. 

Optical  Properties  of  Seawater  Bodies:  Measure- 
ments with  an  Underwater  Radiometer  and  a 
High-Resolution  Spectroradiometer. 
W91-03950  7B 

MARCOVECCHIO,  J.  E. 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W9 1-04575  5B 

MARCUM,  K.  B. 

Growth  Responses,  Ion  Relations,  and  Osmotic 
Adaptations  of  Eleven  C4  Turfgrasses  to  Salini- 
ty- 
W9 1-04508  3C 


MAREE,  J.  P. 

Treatment  of  Gelatine  Factory  Effluent. 
W91-04317 


5D 


MANGINI,  A. 

Gasoline  Lead  in  West  German  Soils. 
W9 1-043 10 


5B 


MANGUM,  L.  N. 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W9 1 -04593  2H 


MARIGOMEZ,  I. 

Correlation  of  Cadmium  Shell-Weight  Index 
With  Environmental  Stress  Indicators  at  the  Cel- 
lular and  Organismic  Levels  in  Littorina  littorea. 
W91-04719  5A 

MARIGOMEZ,  J.  A. 

Ultrastructural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-04616  5C 

MARINO,  M.  A. 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

MARKHAM,  D.  A. 

Biological  Transformations  of  1,1,1-Trichlor- 
oethane  in  Subsurface  Soils  and  Ground  Water 
W9 1-04743  5B 

MARKOSOVA,  R. 

Time-   and   Vertical    Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W9 1-04034  2H 


MARKUSSEN,  N.  H. 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,   and   Zinc   in   the   Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

MARSAI.EK,  J. 

Evaluation  of  Pollutant  Loads  from  Urban  Non- 
point  Sources. 
W9 1-04325  5B 

MARSDEN,  P.  J. 

Comparative  Evaluation  of  Soxhlet  and  Sonica- 
tion  Extraction  in  the  Determination  of  Polynu- 
clear  Aromatic  Hydrocarbons  in  Soil. 
W91-04251  5A 

MARTIN,  J.  L. 

Nitzschia    pseudodeiicatissima:    A    Source    of 

Domoic   Acid   in   the   Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

MARTIN,  M. 

Ground-Water  Flow  in  the  New  Jersey  Coastal 
Plain. 

W91-04471  2F 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

MARTIN-SCOTT,  S.  Y. 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

MARULANDA,  A. 

Ensuring  the  Dynamic  Stability  of  Sesquile  Dam 

in  Columbia. 

W91-048U  8A 

MARVIN,  C.  H. 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W9 1-04268  5  A 

MASON,  L. 

Troubleshooting  an  Existing  Treatment  Plant. 
W91-04373  5F 

MASSABUAU,  J.  C. 

Subcellular  Localization  of  Acid-Rain  Trans- 
ported Aluminum  in  Gills  and  Kidneys  of  Trout 
from  Streams  of  the  Vosges:  Preliminary  Re- 
sults, (Localisation  Subcellulaire  de  l'aluminium 
Vehicule  par  les  Pluies  Acides  dans  les  Reins  et 
Branchies  de  Truite  des  Vosges.  Donnees  Preli- 
minaires). 
W91-04364  5B 

MAST,  M.  A. 

Chemical  Weathering  in  the  Loch  Vale  Water- 
shed, Rocky  Mountain  National  Park,  Colorado. 
W9 1-04926  2J 

MASTRANGELO,  R. 

Automated     Mapping     for     Alabama     Sewer 

System. 

W91-04116  5D 

MATHES,  M.  V. 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 

MATHIAS,  R.  G. 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W9 1-04362  5B 


PA-26 


AUTHOR  INDEX 


MEHROTRA,  I. 


MATHUR,  S.  P. 

Relationships  Between  Some  Properties  of  Or- 
ganic Soils  from  the  Southern  Canadian  Shield. 
W9 1-04583  5G 

MATLACK,  K. 

PH  of  Clay  Suspensions  in  the  Field  and  Labora- 
tory, and  Methods  of  Measurement  of  Their  pH. 
W9 1-04269  2K 

MATSUMOTO,  G.  I. 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W91-04533  2H 

MAULE,  C.  P. 

Hydrologic  Flow  Path  Definition  and  Partition- 
ing of  Spring  Meltwater. 
W9 1-04925  5B 

M AURER,  D.  K. 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

MAURI,  M. 

Heavy  Metals  in  the  Antarctic  Scallop  Adamus- 

sium  colbecki. 

W9 1-04002  5B 

MAURINO,  V. 

Degradation  of  Atrazine   in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

MAUS,  K.  L. 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

MAUSER,  W. 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids    from   Thematic 
Mapper  Data. 
W91-03952  7B 

MAYCOCK,  P.  F. 

Community  Patterns  and  Environmental  Gradi- 
ents of  Buttonbush,  Cephalanthus  occidentalis, 
Ponds  in  Lowland  Forests  of  Southern  Ontario. 
W91-O4056  21 

MAYER,  A.  S. 

Dissolution  of  Trapped  Nonaqueous  Phase  Liq- 
uids: Mass  Transfer  Characteristics. 
W91-04132  5B 

MAYFIELD,  C.  I. 

Impact    of   Volatile    Aromatic    Hydrocarbons, 
Alone  and  in  Combination,  on  Growth  of  the 
Freshwater  Alga  Selenastnim  capricornutum. 
W9 1-04734  5C 

MAZOUNIE,  P. 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W91-04382  5G 

MCALLISTER,  D.  E. 

Status  of  the  Blackline  Prickleback,  Acantho- 

lumpenus  mackayi,  in  Canada. 

W9 1-04090  2H 

MCARDLE,  L. 

Sediment-Contact   Bioassay   with   Photobacter- 

ium  phosphoreum. 

W91-04626  5A 

MCARDLE,  M.  G. 

Protecting  Water  Quality  in  Cambridge:  The 
Design  of  the  Payson  Park  Reservoir  Cover. 
W9 1-04842  5F 

MCCABE,  A. 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 


MCCAHON,  C.  P. 

Toxicity  of  Phenol  to  the  Freshwater  Crusta- 
cean Asellus  Aquaticus  (L.)  During  Episodic 
Exposure-Relationship  Between  Sub-Lethal  Re- 
sponses and  Body  Phenol  Concentrations. 
W9 1-04622  5C 

MCCALL,  P.  L. 

Benthos   Response   to  Disturbance  in   Western 

Lake  Erie:  Field  Experiments. 

W9 1-04443  2H 

Benthos   Response  to  Disturbance  in  Western 

Lake  Erie:  Regional  Faunal  Surveys. 

W9 1-04444  2H 

MCCANN,  L.  H. 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 
Area  in  the  Western   Part  of  San   Francisco, 
California. 
W9 1-04883  2F 

MCCARTHY,  M.  J. 

Use  of  Nuclear  Magnetic  Resonance  as  an  Ex- 
perimental Probe  in  Multiphase  Systems:  Deter- 
mination of  the  Instrument  Weight  Function  for 
Measurements  of  Liquid-Phase  Volume  Frac- 
tions. 
W91-04134  7B 

MCCARTY,  P.  L. 

Transformation    of   Carbon    Tetrachloride    by 
Pseudomonas  sp.  Strain  KC  Under  Denitrifica- 
tion  Conditions. 
W9 1-04060  5G 

MCCAULEY,  G.  N. 

Sprinkler  vs.  Flood  Irrigation  in  Traditional 
Rice  Production  Regions  of  Southeast  Texas. 
W9 1-04502  3F 

MCCONKEY,  B.  G. 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W9 1-04549  3F 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:  II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

MCCORMICK,  P.  V. 

Direct  and  Indirect  Effects  of  Consumers  on 

Benthic  Algae  in  Isolated  Pools  of  an  Ephemeral 

Stream. 

W9 1-04447  2E 

MCCROHAN,  D.  V. 

Water  Resources  and  the  Electric  Power  Indus- 
try: An  Australian  Perspective. 
W9 1-04224  3E 

MCDONNELL,  J.  J. 

Rationale   for  Old  Water  Discharge  Through 
Macropores  in  a  Steep,  Humid  Catchment. 
W91-04136  2G 

MCDUFFIE,  C. 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 

MCELROY,  M.  B. 

Tropospheric     OH     in     a     Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CC13. 
W9 1-04300  5B 


MCGLOTHLIN,  D. 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W9 1-042 18  6G 

MCGREGOR,  I. 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 


MCINNES,  S.  J. 

Micro-Invertebrate  Community 
Within  a  Maritime  Antarctic  Lake. 
W9 1-04532 


Structure 


2H 


MCINTOSH,  A.  W. 

Fiscal   Year    1989   Program   Report   (Vermont 

Water  Resources  Research  Center). 

W9 1-04896  9D 

MCKAGUE,  A.  B. 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-04150  5B 

MCKAVANAGH,  C. 

Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W91-04617  5C 

MCKENNA,  K.  E. 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

MCKERCHAR,  A.  I. 

Maps  of  Flood   Statistics  for  Regional   Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 

MCKINLEY,  I.  G. 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W9 1-04261  5E 

MCKNIGHT,  D.  M. 

Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic   Material   in  Three  Acidic,   Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W91-04936  2E 

MCMILLIN,  L.  M. 

Retrieval  of  Precipitable  Water  from  Observa- 
tions in  the  Split  Window  over  Varying  Surface 
Temperatures. 
W9 1-04433  2B 

MCMURTRY,  M.  R. 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

MCNEIL,  J. 

Settling   Speed  of  Floes  in  Fresh   Water  and 

Seawater. 

W9 1-04296  2  J 

MCQUEEN,  J.  R. 

Satellite  Management  and  Joint  Use. 
W91-04371  5F 

MEADOWS,  M.  E. 

Finite  Element  Simulation  of  Nonlinear  Kine- 
matic Surface  Runoff. 
W9 1-04406  2E 

MEHROTRA,  I. 

Performance  of  Laboratory-Scale  Upflow  An- 
aerobic Sludge  Blanket  (UASB)  Reactors. 
W9 1-04698  5D 


PA-27 


MEIER,  H.  P. 


AUTHOR  INDEX 


MEIER,  H.  P. 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents 

W91-04150  SB 

MEIRING,  P.  G.  J. 

Upgrading  of  Wastewater  Treatment  Plants:  Ox- 
idation Ponds  in  Series  with  Biological  Filters. 
W9 1-04701  5D 

MELICK,  D.  R. 

Flood   Resistance  of  Tristaniopsis   laurina  and 
Acmena  smithii  from  Riparian  Warm  Temperate 
Rainforest  in  Victoria. 
W9 1-04055  21 

Relative    Drought    Resistance   of  Tristaniopsis 
laurina  and  Acmena  smithii  from  Riparian  Warm 
Temperate  Rainforest  in  Victoria. 
W9 1-04054  21 

MELLOR,  G.  L. 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

MENGEL,  K. 

Effect  of  Simulated  Acidic  Fog  on  Carbohy- 
drate Leaching,  C02  Assimilation  and  Develop- 
ment of  Damage  Symptoms  in  Young  Spruce 
Trees  (Picea  abies  L.  Karst). 
W9 1-04560  5C 

MERCER,  R.  S. 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

MERRILL,  S.  D. 

Contamination  of  Soil  with  Oilfield  Brine  and 

Reclamation  with  Calcium  Chloride. 

W9 1-04799  5G 

MESEGUER,  J. 

Lead  Hydride  Generation  in  a  Lactic  Acid-Po- 
tassium Dichromate  Medium  and  its  Application 
to  the  Determination  of  Lead  in  Fish,  Vegetable 
and  Drink  Samples. 
W91-04140  5A 


MIDDLETON,  R. 

Assessment    of   Metal    Contamination   of  Sedi 
ments  in  the  Humber  Estuary,  U.K. 
W9 1-03979 


MESHAKO,  D. 

Star  Fire  Mine  Reclamation  Experience. 
W91-04562 


4C 


MESSAOUD,  M. 

Small   Time   and   Space   Measurements   of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W91-04431  7A 

METCALFE,  J.  L. 

Changes  in  Intracellular  Free  Amino  Acids  in 
Tissues  of  the  Caged  Mussel,  Elliptio  complan- 
ata,  Exposed  to  Contaminated  Environments. 
W91-04611  5C 

METNER,  D.  A. 

Dietary   Accumulation   and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7,8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

MEULEMAN,  A.  F.  M. 

Fluxes   of  Oxygen    Equivalents   and   Nutrients 
across  the  Sediment-Water  Interface  after  Com- 
bined Sewer  Overflows. 
W9 1-04336  5B 

MICHALEV,  M.  A. 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing  System   for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 


Mi 


MIDGLEY,  D. 

Bromate  Production  in  Chlorinated  Waters:  Re- 
action of  Monochloramine  and  Hypobromite. 
W9 1-04085  2K 

MIELOR,  G.  L. 

Time-dependent,   Three-dimensional    Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional    Flow    Fields   and    Residual 

Circulation. 

W91-04414  2L 

MIHALY,  S. 

X-Band  Scatterometry  in  Agriculture. 

W9 1-03945  7B 

MIKALSON,  D.  E. 

Leaching  of  a  Highly  Saline-Sodic  Soil  in  South- 
ern Alberta:  A  Laboratory  Study. 
W9 1-04586  3C 

MILBURN,  P.  H. 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W9 1-04546  5B 

MILISIC,  V. 

Characterization    of    Solids    Transferred    into 

Sewer  Trunks  during  Wet  Weather. 

W9 1-04350  5D 

MILL,  T. 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W91-04627  5B 

MILLER,  C.  T. 

Dissolution  of  Trapped  Nonaqueous  Phase  Liq- 
uids: Mass  Transfer  Characteristics. 
W91-04132  5B 

MILLER,  K.  J. 

U.S.  Water  Reuse:  Current  Status  and  Future 

Trends. 

W9 1-04605  3C 

MILLER,  K.  M. 

Radioactive  Fallout  Reconstruction  from  Con- 
temporary   Measurements    of   Reservoir    Sedi- 
ments. 
W91-04775  5B 

MILLER,  R.  R. 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W9 1-04785  6G 

MILLER,  W.  W. 

Applied  Water  Requirements  for  Sprinkler  Irri- 
gated Alfalfa  in  Western  Nevada. 
W9 1-04540  3F 

Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W9 1-04536  3F 

MILLIKEN,  J.  G. 

Economic  Tool  for  Reuse  Planning. 


W9 1-04823 


5D 


MILLS,  C.  A. 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 

MILLY,  P.  C.  D. 

Comparison    of   Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W9 1-04825  2F 

MINERO,  C. 

Degradation   of  Atrazine   in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-049U  5B 


MINTZ,  Y. 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle-A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

MISHRA,  P.  K. 

Constant  Discharge  Device  for  Field  Irrigation. 
W9 1 -04307  3F 

MISRA,  B.  M. 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

MITSDORFFER,  R. 

Stabilization  and  Disinfection  of  Sewage  Sludge 
by  Two-Stage  Anaerobic  Thermophilic/Meso- 
philic  Digestion. 
W9 1-04700  5D 

MITTEN,  H.  T. 

Documentation  of  Model  Input  and  Output 
Values  for  the  Geohydrology  and  Mathematical 
Simulation  of  the  Pajaro  Valley  Aquifer  System, 
Santa  Cruz  and  Monterey  Counties,  California. 
W9 1-04477  4B 

MITTRA,  B.  N. 

Effects   of  Nitrogen   and   Water   Management 
Practices  on  Yield,  Grain  Quality,  and  Milling 
Out-Turn  of  Rice. 
W91-04538  3F 

MITUSIO,  T. 

Estuary  Sediments  of  the  Yoshino  River-Study 

on  Estuary  Sediments,  Part  2. 

W91-04439  2L 

MIYANOSITA,  T. 

Theory  and  Performance  of  a  Jet-Mixed  Separa- 
tor. 
W91-04757  5F 

MIYAZAKI,  N. 

Comparison  of  Organochlorine  Residue  Levels 
in   the  Striped   Dolphin   from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

MKRTCHJAN,  F.  A. 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing  System   for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

MOBIUS,  C.  H. 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W9 1-04699  5D 

Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

MOCHIDA,  Y. 

Seasonal  Changes  of  Water  Temperature  and 

Chlorophyll  Concentration  in  Lake  O-ike. 

W9 1-04534  2H 


MODAK,  D.  P. 

Trace  Metal  Ions  in  Ganga  Water  System. 
W9 1-04259 


2K 


MOHSEN,  M.  F.  N. 

Solution  of  the  Transport  Equation  by  the  Col- 
location Method  in  Conjunction  with  the  Adapt- 
ive Hermite  Element  Family. 
W91-04121  5B 


PA-28 


AUTHOR  INDEX 


MYETTE,  C  F. 


MOLINES,  J.  M. 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

MOLL,  J.  R. 

Monitoring  of  Suspended  Sediments  in  Jatiluhur 

Reservoir  Using  Satellite  Images. 

W9 1-03954  7B 

MOLYNEUX,  S.  C. 

Los  Angeles  City  Sludge  Management  Program. 
W9 1-04596  5E 

MONSON,  S.  J. 

Analysis  of  Dated  Sediment  Samples  from  the 
Newark  Bay  Area  for  Selected  PCDD/Fs. 
W91-04292  5B 

MONTEUH,  D. 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-O4150  5B 

MOORE,  D.  P. 

Acute  Epidemic  Aluminium  Osteomalacia  Sec- 
ondary to  Water  Supply  Contamination. 
W91-04779  5C 

MOOREHEAD,  W.  P. 

Giardiasis  Outbreak  from  a  Chlorinated  Com- 
munity Water  Supply. 
W9 1-04362  5B 

MOORHEAD,  K.  K. 

Sea  Level  Rise  and  Fringe  Wetlands  in  North 
Carolina:  Recommendations  from  a  Workshop 
on  Management  and  Research. 
W91-04512  2L 

MORAD,Z. 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

MORAIS,  P.  V. 
Alterations  in  the  Major  Heterotrophic  Bacterial 
Populations  Isolated  from  a  Still  Bottled  Mineral 
Water. 
W9 1-04368  5B 

MORAN,  M.  S. 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W9 1-04231  7B 

MOREA,  S. 

Passive  Treatment  Technology  Cleans  Up  Colo- 
rado Mining  Waste. 
W91-04813  5G 

MOREAN,  D.  H. 

Fiscal  Year  1989  Program  Report  (North  Caroli- 
na Water  Resources  Research  Institute). 
W9 1-04889  9D 


MORIARTY,  W. 

Surface  Water  Dream  Turned  into  Reality. 
W91-04117 


5F 


MORILLO,  E. 

Adsorption  of  Chlordimeform  by  Humic  Sub- 
stances from  Different  Soils. 
W9 1-04798  5B 

MORIMOTO,  K. 

Seasonal  Changes  of  Water  Temperature  and 
Chlorophyll  Concentration  in  Lake  O-ike. 
W91-04534  2H 

MORIN,  R.  H. 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical  Flow  Measurements  in  the  Siblingen 
Borehole,  Switzerland. 
W91-04643  7B 

MORIYAMA,  K. 

Renovation  of  an  Extended  Aeration  Plant  for 
Simultaneous  Biological  Removal  of  Nitrogen 


and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

MORPER,  M. 

Improvement  of  Existing  Wastewater  Treatment 
Plants'    Efficiencies    without    Enlargement    of 
Tankage  by  Application  of  the  LINPOR-Proc- 
ess:  Case  Studies. 
W9 1-04683  5D 

MORRIS,  R.  A. 

Water  Use  by  Monocropped  and  Intercropped 
Cowpea  and  Sorghum  Grown  after  Rice. 
W91-04500  3F 

MORRISON,  G.  M.  P. 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

MORSE,  A 

Spuds  From  Space:  Using  Remote  Sensing/GIS 

in  Adjudicating  Idaho  Water  Rights. 

W9 1-04235  6E 

MOSE,  D.  G. 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W9 1-04624  5B 

MOYA,  J. 

Ultrastructural  Alterations  in  the  Renal  Epitheli- 
um of  Cadmium-Treated  Littorina  littorea  (L). 
W91-04616  5C 

MOYS,  G.  D. 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO. 
W91-04335  5B 

MRAKOVIC,  M. 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1-04795  6G 

MUELLER,  D. 

Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W91-04114  5F 

MUIR,  D.  C.  G. 

Dietary   Accumulation   and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7,8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

MULBARGER,  M.  C. 

Past  Practices  and  New  Approaches  in  Scum 

Management. 

W9 1-04602  5G 

MULDER,  W.  A. 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

MULHOLLAND,  P.  J. 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

MULLER,  D. 

Economics    of    Reducing    Colorado    Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04197  6C 

MULLINS,  H.  T. 

Thick  and  Fast:  Sedimentation  in  a  Pleistocene 
Fiord  Lake  of  British  Columbia,  Canada. 
W91-04110  2J 

MUNAWAR,  A. 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 


MUNNICH,  K.  O. 

Gasoline  Lead  in  West  German  Soils. 
W91-O4310 


5B 


MUNSHAW,  T. 

Water  Round  Robin  for  Parts-Per-Quadrillion 

Determination  of  PCDDs  and  PCDFs. 

W9 1-04279  5D 

MURAKAMI,  A. 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W9 1-04337  5B 

MURCHELANO,  R.  A. 

Cytological    Study    of   Vacuolated    Cells    and 
Other  Aberrant  Hepatocytes  in  Winter  Flounder 
from  Boston  Harbor. 
W9 1-04363  5C 

MURDOCH,  C.  L. 

Growth  Responses,  Ion  Relations,  and  Osmotic 
Adaptations  of  Eleven  C4  Turfgrasses  to  Salini- 
ty- 
W9 1-04508  3C 

MURKIN,  H.  R. 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

MURPHY,  F. 

Monitoring   Moisture   Storage  in  Trees  Using 

Time  Domain  Reflectometry. 

W9 1-04388  21 

MURPHY,  K. 

Design  of  a  Low  Strength  Sewage  Treatment 

Plant  in  a  Cold  Climate. 

W9 1-04707  5D 

MURPHY,  R. 

Ultraviolet        Disinfection        in        Municipal 

Wastewater  Treatment  Plants. 

W9 1-04676  5D 

MURPHY,  T. 

Sediment-Contact  Bioassay   with   Photobacter- 

ium  phosphoreum. 

W9 1-04626  5  A 

MURRAY,  P. 

Water    Resources    Research    Grant    Program: 
Project  Descriptions,  Fiscal  Year  1989. 
W91-04858  9D 

MURRELL,  K.  D. 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W9 1-04366  5B 

MUSHRUSH,  G.  W. 

Indoor  Radon  and  Well  Water  Radon  in  Virgin- 
ia and  Maryland. 
W9 1-04624  5B 

MUSQUERE,  P. 

Characterization    of    Solids    Transferred    into 
Sewer  Trunks  during  Wet  Weather. 
W91-O4350  5D 

MYERS,  N.  C. 

Hydrogeology  and  Ground-Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W9 1-04468  5B 

MYETTE,  C.  F. 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W9 1-03933  5G 


K 


PA-29 


MYLER,  C  A. 


AUTHOR  INDEX 


MYLER,  C.  A. 

Bioremediation  Using  Composting. 
W9 1-04761 


5G 


NADERMAN,  G.  C. 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W9 1-04539  4D 

NAF,  C. 

Importance  of  Spheroidal  Carbonaceous  Parti- 
cles (SCPs)  for  the  Distribution  of  Particulate 
Polycyclic  Aromatic  Hydrocarbons  (PAHs)  in 
an  Estuarine-Like  Urban  Coastal  Water  Area. 
W9 1-04249  5B 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W9 1-04293  5D 

NAGASHIMA,  H. 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W91-04533  2H 

NAGASHIMA,  I. 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W9 1-04337  5B 

NAGEL,  C. 

Base-Flow    Investigation    on    the    Sacramento 
River,  September  25,  1985,  Near  Sunspot,  Otero 
County,  New  Mexico. 
W91-04475  7C 

NAIKWADI,  K.  P. 

Development  of  GC  Capillary  Column  for 
Isomer-Specific  Separation  of  Toxic  Isomer  of 
PCDDs  and  PCDFs  in  Environmental  Samples. 
W91-04282  5A 

NAKAHARA,  R.  H. 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

NAKAMOTO,  S. 

Frequency-Wavenumber  Spectrum  for  GATE 

Phase  I  Rainfields. 

W9 1-04432  2B 

NAKANISHI,  H. 

Biological   Nitrogen   Removal   in   a  Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 

NAKAYAMA,  O. 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W91-O4410  2H 

NAKHLA,  G.  F. 

Adsorption    Isotherms:    Illusive    Capacity    and 

Role  of  Oxygen. 

W9 1-04072  5D 

NALLURI,  C. 

Sediment  in  Sewers:  Initiation  of  Transport. 
W91-04351  5D 

NAMIESNIK,  J. 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 

NANDI,  S. 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 


NASH,  J.  E. 

Education  of  Hydrologists. 
W9 1-04801 


9A 


NEAL,  C. 

Linking  Hydrological,  Geochemical,  and  Soil 
Chemical  Processes  on  the  Catchment  Scale:  An 
Interplay  Between  Modeling  and  Field  Work. 
W91-04935  2A 

NEEL,  T.  H. 

Anne  Arundel  County  Achieves  Water-Quality 

Excellence. 

W9 1-04600  5G 

NEGRI,  D.  H. 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-04180  6C 

NEILAND,  A.  E. 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 

NEITZERT,  K.  M. 

Records  of  Wells  and  Chemical   Analyses  of 
Ground  Water  in  Deuel  and  Hamlin  Counties, 
South  Dakota. 
W9 1-04865  7C 

NELSON,  D. 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W91-04535  5G 

NELSON,  J.  W. 

Seasonal  Comparisons  of  Weight  Loss  for  Two 

Types  of  Typha  glauca  Godr.  Leaf  Litter. 

W9 1-04050  2H 

NELSON,  M. 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

NELSON,  P.  V. 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

NERETNIEKS,  I. 

Diffusion  in  the  Matrix  of  Granitic  Rock:  Field 

Test  in  the  Strip  a  Mine. 

W91-04137  5E 

NEVES,  R.  J. 

Habitat   Alteration   and   Its   Effects  on   Native 
Fishes  in  the  Upper  Tennessee  River  System, 
East-Central  U.S.A. 
W9 1-04783  6G 

NI,  I.  H. 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W9 1-04520  5B 

NICHOLAICHUK,  W. 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W91-04549  3F 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:   II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

NICHOLS,  W.  D. 

Drought  Duration  and  Frequency  in  the  North- 
Central  Great  Basin,  1600-1982,  and  Implications 
for  Water  Supply. 
W91-04212  2E 


NIELSEN,  J.  S. 

Study  of  Trash  and  Trash  Interception  Devices. 
W91-04359  5D 

NIELSEN,  L.  P. 

Denitrification   and    Photosynthesis   in    Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W9 1-03999  2H 

NIEMAN,  T.  J. 
Star  Fire  Mine  Reclamation  Experience. 
W9 1-04562  4C 

NIENHUIS,  P.  H. 

Canopy  Characteristics  of  the  Brown  Alga  Sar- 
gassum  muticum  (Fucales,  Phaeophyta)  in  Lake 
Grevelingen,  southwest  Netherlands. 
W91-04421  2L 

NIGRO,  M. 

Heavy  Metals  in  the  Antarctic  Scallop  Adamus- 

sium  colbecki. 

W9 1-04002  5B 

NISHIKAWA,  J. 

Characterization  and  Habitats  of  Bacteria  and 
Yeasts  Isolated  from  Lake  Vanda  in  Antarctica. 
W9 1-04533  2H 

NOAKE,  K.  D. 

Fox(Borough)    Guarding    the    Aquifer    Coop: 

Local  Control  at  Work. 

W9 1-03926  5G 

NOGUCHI,  G.  E. 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

NOHARA,  S. 

Effects   of   Water    Level    Fluctuation    on    the 
Growth  of  Nelumbo  nucifera  Gaertn.  in  Lake 
Kasumigaura,  Japan. 
W91-04411  2H 

NOLTIE,  D.  B. 

Status  of  the  Orangespotted  Sunfish,  Lepomis 

humilis,  in  Canada. 

W9 1-04096  5C 

NORHEIM,  G. 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,   and   Zinc  in  the  Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

NORTH,  G.  R. 

Frequency-Wavenumber  Spectrum  for  GATE 

Phase  I  Rainfields. 

W9 1-04432  2B 

NORTH,  R.  M. 

Commodity   Prices,   Demand  Charges,   Impact 

Fees  and  Water  Services. 

W91-04177  6C 

NORTH,  W.  J. 

Abundance  Changes  in  Laminaria  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta) near  the  Diablo  Canyon  Power  Plant. 
W9 1-04422  5C 

Toxicity    of    Sewage-Contaminated     Sediment 
Cores   to   Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

NORTON,  D. 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-04016  SB 


PA-30 


AUTHOR  INDEX 


ORR,  D.  B. 


NOVO,  E.  M.  L.  M. 

Impact  of  Multiviewing  Reflectance  Data  on  the 
Estimation  of  Suspended  Sediment  Concentra- 
tion. 
W91-03951  7B 

NRIAGU,  J.  O. 

Global    Metal    Pollution:    Poisoning    the    Bio- 
sphere. 
W91-04558  5B 

NUNN,  N.  J. 
Bromo-  and  Bromochloro-p-dioxins  and  Diben- 
zofurans  in  the  Environment. 
W91-04287  5A 

NUNN,  S.  C. 
Water  Transfers  in  Arizona:  Assessing  the  Ad- 
verse Effects  on  Areas  of  Origin. 
W91-04219  6D 

NUNNERY,  W.  J. 
Retrofit  of  Pulsator  Type  Upflow  Clarifiers  with 
Tube  Settlers. 
W91-04841  5F 

NYMAN,  J.  A. 
Wetland  Soil  Formation  in  the  Rapidly  Subsid- 
ing Mississippi  River  Deltaic  Plain:  Mineral  and 
Organic  Matter  Relationships. 
W9 1-03978  2L 

NYSTUEN,  J.  A. 
Note  on  the  Attenuation  of  Surface  Gravity 
Waves  by  Rainfall. 
W9 1-04298  2L 

O'BRIEN,  A.  A.  J. 

Acute  Epidemic  Aluminium  Osteomalacia  Sec- 
ondary to  Water  Supply  Contamination. 
W9 1-04779  5C 

O'CONNOR,  T.  P. 

Comparison  of  Trace  Metals  Data  in  Mussels 
and  Oysters  from  a  Mussel  Watch  Programme 
of  the    1970s   with   those   from   a    1980s   Pro- 


gramme. 
W91-04517 


5B 


O'DETTE,  R.  G. 

EPA's  Technical  Sludge  Regulations  May  End 

Beneficial  Reuse. 

W9 1-04599  5G 

O'KEEFE,  J.  H. 

Downstream  Effects  of  a  Small  Impoundment 

on  a  Turbid  River. 

W9 1-04740  6G 

O'KEEFE,  P. 

Quality  Assurance/Quality  Control  Assessment 
for   a    Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W91-04277  5B 

OAKDEN,  J.  M. 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

ODEGAARD,  H. 

Upgrading    of    Small     Municipal     Wastewater 

Treatment  Plants  with  Heavy  Dairy  Loading  by 

Introduction  of  Aerated  Submerged  Biological 

Filters. 

W91-04681  5D 

OEHME,  M. 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated   Hydrocarbons,   Dibenzofurans   and 
Dibenzo-p-dioxins   in   Bream   (Abramis   brama) 
From  the  River  Elbe. 
W91-O4250  5B 


OGEA,  B.  D. 

Surface  Water  Dream  Turned  into  Reality. 
W91-C4117 


5F 


OGI,  H. 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W9 1-04575  5B 

OHLENDORF,  H.  M. 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

OHMAN,  L.-O. 

Dissolution  of  Feldspars  in  the  Presence  of  Nat- 
ural, Organic  Solutes. 
W9 1-03986  2  J 

OHYAMA,  Y. 

Seasonal  Changes  of  Water  Temperature  and 

Chlorophyll  Concentration  in  Lake  O-ike. 

W9 1-04534  2H 

OIKARI,  A. 

Biotransformation  Activities  of  Feral  Fish  in 
Waters  Receiving  Bleached  Pulp  Mill  Effluents. 
W9 1-04631  5  A 

OKADA,  M. 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W9 1-04337  5B 

OKAJIMA,  S. 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W91-04294  5B 

OKAMOTO,  K. 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and     Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

OKINO,  T. 

Changes  in  the  Chemical  Composition  of  Carbo- 
hydrates and  Proteins  in  Surface  Water  During  a 
Bloom  of  Microcystis  in  Lake  Suwa. 
W91-04410  2H 

OKUBO,  T. 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W91-04337  5B 

OKUN,  D.  A. 

Realizing  the  Benefits  of  Water  Reuse  in  Devel- 
oping Countries. 
W9 1-04604  3C 


OLDANI,  M. 

Cooling  Water  Treatment  with  Ozone. 
W9 1-04379 


5F 


OGG,  C.  W. 

Effects  of  a  Pumping  Tax  on  Ground  Water 

Demand  by  Irrigators. 

W91-04180  6C 


OLDFIELD,  R.  B. 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W91-03964  7B 

OLDHAM,  W.  K. 

Upgrading  Wastewater  Treatment  Plants  for  Bi- 
ological Nutrient  Removal. 
W9 1-04665  5D 

OLES,  J. 

Post-Denitrification  with  Controlled  Feeding  of 

Activated  Sludge  as  H  Donator. 

W9 1-04678  5D 

OLIVER,  B. 

Water  Round   Robin   for  Parts-Per-Quadrillion 
Determination  of  PCDDs  and  PCDFs. 
W91-04279  5D 

OLIVER,  J.  S. 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 


OLLIS,  D.  F. 

Heterogeneous  Photocatalysis  for  Water  Purifi- 
cation: Contaminant  Mineralization  Kinetics  and 
Elementary  Reactor  Analysis. 
W9 1-04768  5D 

OLSEN,  H.  W. 

Matrix-Controlled  Hydraulic  Properties  of  Mis- 
sissippian  and   Pennsylvanian   Sandstones   from 
the  Michigan  Basin. 
W9 1-04639  2F 

OLSEN,  R. 

Passive  Treatment  Technology  Cleans  Up  Colo- 
rado Mining  Waste. 
W91-04813  5G 

OLSON,  B.  H. 

Effects  of  Hg(2  +  ),  CH3-Hg(  +  ),  and  Tempera- 
ture on  the  Expression  of  Mercury  Resistance 
Genes  in  Environmental  Bacteria. 
W9 1-04062  5C 

OLSON,  B.  M. 

Use   of  Fluorescence    Spectroscopy   to   Study 

Herbicide-Humic  Acid  Interactions:  Preliminary 

Observations. 

W91-04587  5B 

OLSON,  S.  M. 

Yield   of  Successively   Cropped    Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 


ONSOYEN,  E. 

Metal  Recovery  Using  Chitosan. 
W91-04160 


5D 


OOMS,  M. 

Optical  Properties  of  Seawater  Bodies:  Measure- 
ments with  an  Underwater  Radiometer  and  a 
High-Resolution  Spectroradiometer. 
W9 1-03950  7B 

OPHORI,  D. 

Relationships    in    Regional    Groundwater    Dis- 
charge to  Streams:  An  Analysis  by  Numerical 
Simulation. 
W9 1-04400  2  A 

OREMLAND,  R.  S. 

Dissimilatory  Selenate  Reduction  Potentials  in  a 

Diversity  of  Sediment  Types. 

W9 1-04066  5B 

ORHON,  D. 

Implications  of  the  Task  Group  Model-I.  The 
Effect  of  Initial  Substrate  Concentration. 
W91-04080  5D 

Implications  of  the  Task  Group  Model— II.  Re- 
sponse to  Intermittent  Loadings. 
W9 1-04081  5D 

ORIVE,  E. 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 
sponse to  Changes  in  River  Runoff  and  Water 
Turbulence. 
W91-04412  2L 

ORLANDO,  E. 

Heavy  Metals  in  the  Antarctic  Scallop  Adamus- 

sium  colbecki. 

W9 1-04002  5B 

ORMSBEE,  L. 

Optimal  Upgrading  of  Hydraulic-Network  Reli- 
ability. 
W9 1-03992  8  A 

ORR,  D.  B. 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W9 1-04288  5B 


PA-31 


OSPINA,  C.  S. 


AUTHOR  INDEX 


OSPINA,  C.  S. 

Mechanical  and  Electrical  Equipment  for  Co- 
lombia's Guavio  Project. 
W9 1-04807  8C 

OSTRANDER,  G.  K. 

Decreased  Performance  of  Rainbow  Trout  On- 
corhynchus  mykiss  Emergence  Behaviors  Fol- 
lowing Embryonic  Exposure  to  Benzo(a)pyrene. 
W9 1-04069  5C 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-04610  5C 

OSTROWSKI,  M.  W. 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

OSUNA  LOPEZ,  J.  I. 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 

OUGOUAG,  A.  M. 

Cell  Analytical-Numerical  Method  for  Solution 
of  the  Advection-Dispersion  Equation:  Two-Di- 
mensional Problems. 
W91-04124  5B 

OWEN-JOYCE,  S.  J. 

Estimates  of  Consumptive  Use  and  Ground- 
Water  Return  Flow  and  the  Effect  of  Rising  and 
Sustained  High  River  Stage  on  the  Method  of 
Estimation  in  Cibola  Valley,  Arizona  and  Cali- 
fornia, 1983  and  1984. 
W9 1-04465  4B 

PAEZ-OSUNA,  F. 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 

PAFFONI,  C. 

Aerated  Biofilters  for  Nitrification  and  Effluent 


Polishing. 
W9 1-04680 


5D 


PAILLARD,  H. 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W9 1-04383  5F 

PAILLET,  F.  L. 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical   Flow  Measurements  in   the  Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 

PAL,  R. 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

PALAWSKI,  D.  U. 

Selenium     and     Other     Elements    in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W9 1-04577  5B 

PALIN,  L. 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W91-04378  5F 

PALME,  U.  W. 

Microwave  X-Band  Radiometric  Characteriza- 
tion of  Brazilian  Soils  by  Measurement  of  the 
Complex  Permittivity. 
W91-03962  7B 

PALMER,  R.  W. 

Downstream  Effects  of  a  Small  Impoundment 

on  a  Turbid  River. 

W9 1-04740  6G 


PANAHI,  Z. 

Water   Distribution   Systems  Analysis:   Specific 

Considerations. 

W91-04199  6D 

PANDE,  H.  K. 

Effects   of   Nitrogen    and    Water    Management 
Practices  on  Yield,  Grain  Quality,  and  Milling 
Out-Turn  of  Rice. 
W91-04538  3F 

PANDEY,  S. 

Risk-Efficient  Irrigation  Strategies  for  Wheat. 
W91-04437  3F 

PANDIS,  S.  N. 
Smog-Fog-Smog   Cycle  and   Acid   Deposition. 
W9 1-04301  2K. 

PANOVSKI,  S.  D. 

Numerical   Analysis  of  Complex   Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

PAPAZAFIRIOU,  Z.  G. 

Solutions  of  One-Dimensional  Water  Flow  and 
Mass  Transport  Equations  in  Variably  Saturated 
Porous  Media  by  the  Finite  Element  Method. 
W9 1-04396  5B 

PAPES,  T.  L. 

Past  Practices  and  New  Approaches  in  Scum 

Management. 

W9 1-04602  5G 

PARKER,  G. 

Surface-Based  Bedload  Transport  Relation  for 

Gravel  Rivers. 

W9 1-04304  2J 

PARKINSON,  A.  D. 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

PARKINSON,  D.  B. 

Operating  the  Seattle  Water  System  during  the 

1987  Drought. 

W9 1-03974  3D 

PARLAR,  H. 

Quantification  of  Toxaphene  Residues  in  Fish 

and   Fish    Products   Using   a   New   Analytical 

Standard. 

W9 1-04248  5  A 

PARRETT,  C. 

Estimation   of  Surface-Water   Withdrawals  for 
Irrigation  and  Irrigated  Acreage,  1985,  Gallatin 
County,  Montana. 
W9 1-04229  3F 

Streamfiow  Characteristics  of  Small  Tributaries 
of  Rock  Creek,  Milk  River  Basin,  Montana,  Base 
Period  Water  Years  1983-1987. 
W91-04634  2E 

PARSONS,  J. 

Irvine  Ranch's  Approach  to  Water  Reclamation. 
W9 1-04821  5D 

PASCOE,  D. 

Effects  and  Fate  of  Cadmium  during  Toxicity 
Tests  with  Chironomus  riparius;  the  Influence  of 
Food  and  Artificial  Sediment. 
W91-04617  5C 

Toxicity  of  Phenol  to  the  Freshwater  Crusta- 
cean  Asellus   Aquaticus  (L.)   During  Episodic 
Exposure-Relationship  Between  Sub-Lethal  Re- 
sponses and  Body  Phenol  Concentrations. 
W91-04622  5C 

PASCUCCI,  J. 

Spreadsheets  for  Estimating  Sludge  Production. 
W9 1-04603  7C 

PATHAK,  P.  V. 

Capillary   Zone   Electrophoretic   Separation  of 
Chlorophenols  in  Industrial  Waste  Water  with 
On-Column  Electrochemical  Detection. 
W9 1-04266  5A 


PATRICK,  N.  A. 
Spatial  Variation  of  Rainfall  Intensities  for  Short 
Duration  Storms. 
W9 1-04806  2B 

PATRICK,  W.  H. 

Wetland  Soil  Formation  in  the  Rapidly  Subsid- 
ing Mississippi  River  Deltaic  Plain:  Mineral  and 
Organic  Matter  Relationships. 
W9 1-03978  2L 

PAUL,  D.  H. 

Conserving  Water  Resources  Through  Integrat- 
ed Powerplant  Water  Management. 
W9 1-04222  3E 

PAUL,  J.  H. 

Correlation  of  Nonspecific  Macromolecular  La- 
beling With  Environmental  Parameters  During 
(H3)Thymidine  Incorporation  in  the  Waters  of 
Southwest  Florida. 
W9 1-04724  2H 

PAULIJ,  W.  P. 

Effect  of  Copper  on  the  Embryonic  Develop- 
ment and  Hatching  of  Sepia  officinalis  L. 
W91-04581  5C 

PAULSON,  R.  W. 

Water  Supply  and  Use  in  the  United  States--U.S. 

Geological   Survey   National   Water   Summary 

1987. 

W91-04166  6D 

PAYNE,  J.  A. 

Development,  Calibration  and  Further  Data  Re- 
quirements of  the  Sewer  Flow  Quality  Model 
MOSQITO 
W91-04335  5B 

Evaluation  of  the  Impacts  of  Discharges  from 

Surface  Water  Sewer  Outfalls. 

W91-04338  5C 

PAYNE,  J.  F. 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W91-O4520  5B 

PAYNE,  W.  A. 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W91-04504  3F 

PAYTON,  E.  A. 

Marginal   Economic   Value  of  Streamfiow:  A 
Case  Study  for  the  Colorado  River  Basin. 
W91-04913  6D 

PAYZANT,  L. 

Monitoring  Offshore  Water  Quality  from  Space. 
W9 1-03953  7B 

PEACOCK,  A.  R. 

Post-Tensioning  Mullardoch  Dam  in  Scotland. 
W9 1-04425  8  A 

PEADEN,  R.  N. 

Canopy   Temperature   and   Stomatal   Conduct- 
ance of  Water-stressed  Dormant  and  Nondor- 
mant  Alfalfa  Types. 
W9 1-04507  3F 

PEARCE,  A.  J. 

Streamfiow  Generation  Processes:  An  Austral 

View. 

W9 1-04931  2E 


PEARCE,  W.  H. 

Keeping  Your  Neighbor  Happy. 
W9 1-04374 


5F 


PEARSON,  C.  P. 

Maps  of  Flood  Statistics  for  Regional   Flood 

Frequency  Analysis  in  New  Zealand. 

W9 1-04802  2E 


PA-32 


AUTHOR  INDEX 


PLAZA,  E. 


PECKOL,  P. 

Kelp  Response  Following  the  World  Prodigy 

Oil  Spill. 

W9 1-04521  5C 

PEDERSEN,  K. 

Distribution  and  Activity  of  Bacteria  in  Deep 
Granitic  Groundwaters  of  Southeastern  Sweden. 
W9 1-04725  2F 

PELIZZETTI,  E. 

Degradation  of  Atrazine  in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

PELKONEN,  M. 

Upgrading  Oxygen  Transfer  in  the  Activated 

Sludge  Process. 

W91-04688  5D 

PENNEL,  K.  D. 

Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

PEPPER,  I.  L. 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W9 1-045 10  3C 

PEPPERSACK,  J. 

Spuds  From  Space:  Using  Remote  Sensing/GIS 
in  Adjudicating  Idaho  Water  Rights. 
W91-04235  6E 

PEREIRA,  M. 

Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 
by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulaires  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2  J 

PEREZ  RODRIGUEZ,  J.  L. 

Adsorption  of  Chlordimeform  by  Humic  Sub- 
stances from  Different  Soils. 
W9 1-04798  5B 

PERFECT,  E. 

New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

PERILLO,  G.  M.  E. 

Physical  Characteristics  of  the  Bahia  Blanca  Es- 
tuary (Argentina). 
W91-04415  2L 


PERLMAN,  H.  A. 

Aggregated  Water-Use  Data  System. 
W91-04181 


6D 


PERRY,  E.  M. 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W91-04491  2G 


PERRY,  R. 

Ozonation  of  Pyrene  in  Aqueous  Solution. 
W91-04041 


5F 


PETERMAN,  P.  H. 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W9 1-04579  5G 

PETERS,  A. 

Parallel   Least   Squares   Collocation   Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W9 1-04832  7C 


PETERS,  R.  W. 

Adsorption  of  Benzene  from  Aqueous  Solutions 
by  Bentonite  Treated  with  Quaternary  Amines. 
W9 1-04770  5G 

PETERSEN,  G. 

Upgrading  of  a  Combined  Industrial  and  Munic- 
ipal Wastewater  Treatment  Plant:  The  Frederi- 
cia  Plant,  Denmark. 
W9 1-04685  5D 

PETERSEN,  J.  C. 

Trends  and  Comparison  of  Water  Quality  and 
Bottom    Material    of    Northeastern    Arkansas 
Streams,  1974-85,  and  Effects  of  Planned  Diver- 
sions. 
W9 1-04867  5B 

PETERSON,  D.  I. 

Case  Study  in  Survey  Development:  1988  Farm 

and  Ranch  Irrigation  Survey. 

W91-04164  6D 

PETERSON,  G.  S. 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

Evaluation   of   Sucrose   as   an    Alternative    to 
Sodium  Chloride  in  the  Microtox  Assay:  Com- 
parison   to    Fish    and    Cladoceran    Tests    with 
Freshwater  Effluents. 
W91-04151  5A 

PETHYBRIDGE,  A.  D. 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

PFENNIG,  N. 
Seasonal  Development  of  Anoxygenic  Phototro- 
phic  Bacteria  in  a  Holomictic  Drumlin  Lake 
(Schleinsee,  F.R.G). 
W9 1-04736  2H 

PHELPS,  H.  L. 

Development  of  an  Estuarine  Sediment  Burrow- 
ing Bioassay  for  Shipboard  Use. 
W91-04017  5A 


PHILIP,  J.  R. 

Education  of  Hydrologists. 
W9 1-04801 


9A 


PHILIPP,  K. 

Seasonal  Changes  in  the  Chemical  Composition 
of  Ceratophyllum  demersum  L.  in  a  Small  Pond. 
W91-04752  2H 

PHIPPS,  D. 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading   Bacteria   from   a 
Contaminated  Aquifer. 
W9 1-04068  5B 

PICCARDI,  C. 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W9 1-04827  6A 

PICCOLO,  M.  C. 

Physical  Characteristics  of  the  Bahia  Blanca  Es- 
tuary (Argentina). 
W91-04415  2L 

PICER,  M. 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W9 1-04253  5B 

PICER,  N. 

Long-Term  Trends  of  DDT  and  PCB  Concen- 
trations in  Mussels  (Mytilus  galloprovincialis). 
W91-04253  5B 

PIER,  P.  A. 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 


PIERCE,  R.  R. 

Trends  in  Water  Use  in  the  United  States,  1950 

to  1985. 

W91-04165  6D 

PIERSON,  W.  R. 

Dew  Chemistry  and  Acid  Deposition  in  Glendo- 
ra,  California,  During  the   1986  Carbonaceous 
Species  Methods  Comparison  Study. 
W91-04138  5B 

PIETERSE,  A.  J.  H. 

Dominant    Phytoplankters   and    Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W91-04312  2H 

PIETSCH,  G. 

Aspects  of  Ozone  Generation  from  Air. 
W91-O4380  5F 

PILINIS,  C. 

Smog-Fog-Smog  Cycle  and  Acid  Deposition. 
W9 1-04301  2K 

PINDER,  G.  F. 

Comparison    of  Capillary    Pressure—Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W91-04825  2F 

Parallel   Least   Squares  Collocation  Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W91-04832  7C 

PINFOLD,  J.  V. 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  I.  A 
Case  Study  in  Rural  North-East  Thailand. 
W91-04456  5F 

Faecal  Contamination  of  Water  and  Fingertip- 
Rinses  as  a  Method  for  Evaluating  the  Effect  of 
Low-Cost  Water  Supply  and  Sanitation  Activi- 
ties on  Faeco-Oral  Disease  Transmission.  II.  A 
Hygiene  Intervention  Study  in  Rural  North-East 
Thailand. 
W91-04457  5F 

PINI,  G. 

Is  a  Simple  Diagonal  Scaling  the  Best  Precondi- 
tioner  for  Conjugate  Gradients  on  Supercom- 
puters. 
W9 1-04834     '  7C 

PINKER,  R.  T. 

Improved   Prospects  for  Estimating   Insolation 
for    Calculating    Regional    Evapotranspiration 
from  Remotely  Sensed  Data. 
W9 1-04490  2D 

PIP,  E. 

Seasonal  Changes  in  the  Chemical  Composition 
of  Ceratophyllum  demersum  L.  in  a  Small  Pond. 
W9 1-04752  2H 

PISANELLI,  A.  J. 

UIC  Class  IV-V  Well  Survey  in  Maine:  Invento- 
ry, Assessment  and  Compliance. 
W9 1-03936  5E 

PITT,  R.  E. 

Urban   Storm-induced   Discharge   Impacts:   US 
Environmental    Protection    Agency    Research 
Program  Review. 
W91-04322  5C 

PLAZA,  E. 

Effect  of  Easily  Degradable  Carbon  Sources  on 

Nitrogen  Removal  Efficiency. 

W9 1-04696  5D 


8 


\ 

! 


PA-33 


PLAZA,  E. 


AUTHOR  INDEX 


Operational    Experience   with   Phosphorus  and 

Nitrogen  Removal  at  the  Himmerfjarden  Plant, 

Sweden. 

W9 1-04697  5D 


PLIMMER,  J.  R. 

Pesticide  Loss  to  the  Atmosphere. 
W9 1-04005 


5B 


PLOTZ,  J. 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the   Blubber  of  Seals  from   Different 
Marine  Regions. 
W9 1-04247  5B 

PLUME,  R.  W. 

Oround-Water-Quality      Assessment      of     the 
Carson    River    Basin,    Nevada   and    California: 
Analysis     of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

PODOLL,  R.  T. 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W9 1-04627  5B 

PODSEN,  D.  W. 

Development  of  Aquifer  Protection  Zones  and 
Evaluation  of  Contamination  Potential  in  Town 
of  Chelmsford  Municipal  Wells. 
W9 1-03933  5G 

POFF,  N.  L. 

Algal  Colonization  Under  Four  Experimentally- 
Controlled  Current  Regimes  in  a  High  Mountain 
Stream. 
W91-04715  2E 

POINTIN,  Y.  B. 

Small   Time   and   Space   Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W91-04431  7A 

POIRIER-MCNEILL,  M.  M. 

Dissolution  of  Trapped  Nonaqueous  Phase  Liq- 
uids: Mass  Transfer  Characteristics. 
W91-04132  5B 

POLLOCK,  T.  L. 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 

POLTHANEE,  A. 

Water  Use  by  Monocropped  and  Intercropped 

Cowpea  and  Sorghum  Grown  after  Rice. 

W9 1-04500  3F 

PONCE,  S.  L. 

Use  of  Departure  Analysis  in  Decision  Making. 
W9 1-04209  4C 

POON,  C.  P.  C. 

Fiscal  Year  1989  Program  Report  (Rhode  Island 

Water  Resources  Center). 

W9 1-04892  9D 

POPOVIC,  J. 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1-04795  6G 

PORTER,  K.  S. 

Fiscal  Year  1989  Program  Report  (New  York 

State  Water  Resources  Institute). 

W9 1-04897  9D 

POTTS,  G.  W. 

Rare   British   Marine  Fishes-Identification  and 

Conservation. 

W9 1-04787  81 

POVZ,  M. 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1 -04795  6G 


POWELL,  D.  E. 

Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W9 1-04576  5B 

POWELL,  J.  D. 

Preliminary  Investigation  of  Soil  and  Ground- 
Water  Contamination  at  the  U.S.  Army  Petrole- 
um Training  Facility,  Fort  Lee,  Virginia,  Sep- 
tember-October 1989. 
W91-04864  5B 

POWELL,  T.  M. 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W9 1-03996  2H 

POWER,  H. 

Propagation  of  a  Wave  Packet  on  a  Free  Surface 

Within  a  Saturated  Porous  Layer. 

W9 1-04402  2F 

PRATHER,  M.  J. 

Numerical  Method  for  Parameterization  of  At- 
mospheric Chemistry:  Computation  of  Tropo- 
spheric  OH. 
W9 1-04299  2K 

PREISSLER,  A.  M. 

Geothermal  Resources  of  the  Western  Arm  of 
the  Black  Rock  Desert,  Northwestern  Nevada: 
Part  II,  Aqueous  Geochemistry  and  Hydrology. 
W9 1-04462  2K 

PREP  AS,  E.  E. 

Groundwater-Lake  Interactions:  I.  Accuracy  of 

Seepage  Meter  Estimates  of  Lake  Seepage. 

W9 1-04393  7B 

Groundwater-Lake  Interactions:  II.   Nearshore 
Seepage    Patterns    and    the    Contribution    of 
Ground  Water  to  Lakes  in  Central  Alberta. 
W9 1-04394  2F 

PRETORIUS,  J. 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W91-O4320  5B 

PREY,  J. 

Main  II-Model  Water-Use  Projections  for  Wis- 
consin, 1990-2010. 
W9 1-04238  6D 

PRISCU,  J.  C. 

In  Situ  Technique  to  Measure  Bacterial  Chemo- 

taxis  in  Natural  Aquatic  Environments. 

W9 1-04722  2H 

PRUSZA  V,  Z. 

Design    Features   of  Venezuela's    Macagua    II 

Scheme. 

W9 1-04808  8C 

PUENTE,  C.  E. 

Analytically  Derived  Runoff  Models  Based  on 

Rainfall  Point  Processes. 

W91-O4120  2E 

PUHAKKA,  T. 

Meteorological  Factors  Influencing  the  Radio- 
active Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

PUPACKO,  A. 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

PURCELL,  M. 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W9 1-04275  5  A 

PUSEY,  B.  J. 

Limnology  of  the  Southern  Acid   Peat  Flats, 

South-Western  Australia. 

W91-04717  2H 


PUSKARIC,  S. 

Successive  Appearance  of  Subfossil  Phytoplank- 
ton  Species  in  Holocene  Sediments  of  the  North- 
ern Adriatic  and  Its  Relation  to  the  Increased 
Eutrophication  Pressure. 
W9 1-03983  2L 


PUTT,  L.  O. 

Land  Use  Practices  and  Water  Disputes. 
W9 1 -04205 


6E 


PUTTI,  M. 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

PYLE,  S.  T. 

Ground-Water  Banking  in  Kern  County,  Cali- 
fornia. 
W9 1-04190  4B 

RAATS,  P.  A.  C. 

Evaluation    of   Two    Models    Describing    the 
Steady  Discharge  from  a  Constant  Head  Well 
Permeameter  into  Unsaturated  Soil. 
W9 1-04796  2G 

RABER,  M. 

Deep  Wastewater  Reservoirs  in  Israel:  Empiri- 
cal Data  for  Monitoring  and  Control. 
W9 1-04036  5E 

RABINOWITZ,  B. 

Upgrading  Wastewater  Treatment  Plants  for  Bi- 
ological Nutrient  Removal. 
W9 1-04665  5D 

RADA,  R.  G. 

Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W91-04576  5B 

RADFORD,  M.  D. 

Comprehensive  List  of  Pipe  Coefficients  of  Fric- 
tion for  the  Hazen-Williams  and  Manning  For- 
mulae Derived  from  the  Darcy-Weisbach  For- 
mula and  Colebrook-White  Transition  Law  for 
Roughness  Values  (k). 
W91-04315  8B 

RADULOVICH,  R.  A. 

AQUA,  A  Model  to  Evaluate  Water  Deficits 
and  Excesses  in  Tropical  Cropping:  Part  II.  Re- 
gional Yield  Prediction. 
W9 1-04494  3F 

RAFFERT,  L. 

Quality  Assurance/Quality  Control  Assessment 
for    a    Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W9 1-04277  5B 

RAHMAN,  M.  R. 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W9 1-04028  2F 

RAHUEL,  J.  L. 

New      Numerical/Physical      Framework      for 
Mobile-Bed  Modelling,  Part  I:  Numerical  and 
Physical  Principles. 
W9 1-04303  2J 

RAINWATER,  K.  A. 

Well  Field  Management  for  Operational  Effi- 
ciency. 
W9 1-04200  4B 

RAJALA,  T.  K. 

State    Water    Demand    Methodology,    Kansas, 

1987. 

W9 1-04236  6D 


PA-34 


AUTHOR  INDEX 


REVSBECH,  N.  P. 


RAJARATNAM,  N. 

LDA  Study  of  Flow  Structure  in  Submerged 

Hydraulic  Jump. 

W9 1-04305  8B 

RAMACHANDHRAN,  V. 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

RAMANI,  M.  P.  S. 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

RAMASESHAN,  S. 

Upgrading   of  Kanpur   Wastewater  Treatment 

Plant  by  Phased  Expansion. 

W91-O4706  5D 

RANDALL,  A. 

Impact  of  Information  on  Environmental  Com- 
modity Valuation  Decisions. 
W91-04438  6C 

RANDALL,  C.  W. 

Retrofitting  Activated  Sludge  Plants  to  Improve 
the  Removal  of  Nitrogen  and  Phosphorus  by 
Biological  Processes. 
W9 1-04693  5D 

Upgrading  a  Municipal  Activated  Sludge  Plant 
for  High-Rate  Biological  Nutrient  Removal. 
W91-04662  5D 

RANDALL,  G.  W. 

Nitrate-N  in  the  Soil  Profile  and  Tile  Drainage 

Water  as  Influenced  by  Tillage. 

W91-04004  5B 

RANVILLE,  J.  F. 

Collection  and  Analysis  of  Colloidal  Particles 
Transported  in  the  Mississippi  River,  U.S.A. 
W91-O4030  5B 

RAO,  A.  R. 

Analysis  of  Objective  Functions  Used  in  Urban 

Runoff  Models. 

W91-04239  2E 

RAO,  G.  D.  P. 

Line-Source   vs.   Irrigated/Nonirrigated   Treat- 
ments for  Evaluation  of  Genotype  Drought  Re- 
sponse. 
W91-04501  3F 

RAO,  P.S.C. 

Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

RAPAPORT,  R.  A. 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

RASARATNAM,  S.  K. 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 

RASMUSSEN,  J.  B. 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in   Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W9 1-04445  5B 

RASTOGI,  A. 

Effect  of  Sublethal  Doses  of  Three  Pesticides  on 

the  Ovary  of  a  Carp  Minnow  Rasbora  danicon- 

ius. 

W9 1-04020  5C 

RATNER,  A. 

Regional  Cooperation  in  the  Use  of  Irrigation 

Water:  Efficiency  and  Income  Distribution. 

W9 1-04436  6C 


RAUSA,  R. 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 


RAY,  P.  K. 

Trace  Metal  Ions  in  Ganga  Water  System. 
W9 1-042  59 


2K 


RAYMOND,  L.  H. 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W9 1-04231  7B 

REARDON,  K.  F. 

Parametric  Study  of  Diethyl  Phthalate  Biode- 

gradation. 

W91-04274  5B 

REDDY,  A.  S. 

Analysis  of  Flow  near  a  Dug  Well  in  an  Uncon- 

fined  Aquifer. 

W91-04392  2F 

REDDY,  K.  R. 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent   Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W9 1-04052  5D 

REDDY,  S.  L.  N. 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W91-O4023  5C 

REEBURGH,  W.  S. 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W9 1-04065  5E 

REED,  L.  W. 

Baseline  Assessment  of  PCDDs/PCDFs  in  the 

Vicinity  of  the  Elk  River,  Minnesota  Generating 

Station. 

W91-04254  5B 

REES,  D.  J. 

Precipitation     and    Temperature    Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

REES,  T.  F. 

Collection  and  Analysis  of  Colloidal  Particles 
Transported  in  the  Mississippi  River,  U.S.A. 
W9 1-04030  5B 

Comparison  of  Photon  Correlation  Spectrosco- 
py  with   Photosedimentation   Analysis   for   the 
Determination  of  Aqueous  Colloid  Size  Distri- 
butions. 
W91-04131  5B 


REGLI,  P. 

Phoenix  Water  Resource  PIan-1987. 
W9 1-04245 


6A 


REGOLI,  F. 

Heavy  Metals  in  the  Antarctic  Scallop  Adamus- 

sium  colbecki. 

W91-04002  5B 

REHMAN,  F. 

Precipitation     and     Temperature     Regimes     in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W9 1-04498  3F 

REICHENBACH,  N.  G. 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 

REID,  G.  M. 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 


Threatened  Fishes  of  Barombi  Mbo:  A  Crater 

Lake  in  Cameroon. 

W9 1-04791  81 

REID,  J.  B. 

Diurnal  Variation  of  Crop  Hydraulic  Resistance: 

A  New  Analysis. 

W91-04503  2D 

REID,  N.  W. 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W9 1-04288  5B 

REIMANN,  H. 

LINPOR-Process  for  Nitrification  and  Denitrifi- 

cation. 

W9 1-04703  5D 

REIMER,  C.  D. 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:   II. 
Application  for  Lining  an  Irrigation  Canal. 
W9 1-04544  8G 

REINER,  E.  J. 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

REINIUS,  L.  G. 

Upgrading  of  the  Treatment   Plants  in  Stock- 
holm to  Meet  More  Stringent  Requirements. 
W91-04668  5D 

RENBERG,  I. 

Importance  of  Spheroidal  Carbonaceous  Parti- 
cles (SCPs)  for  the  Distribution  of  Particulate 
Polycyclic  Aromatic  Hydrocarbons  (PAHs)  in 
an  Estuarine-Like  Urban  Coastal  Water  Area. 
W91-04249  5B 

RESNICK,  G.  S. 

Centrifugal  Modeling  of  Drains  for  Slope  Stabi- 
lization. 
W9 1-04838  8D 

RESONG,  M. 

Feasibility  of  Using  Alginate  to  Absorb  Dis- 
solved Copper  from  Aqueous  Media. 
W91-04773  5D 

RETTINGER,  S. 

Subsoil  Percolation  of  Sewage:  Purification  Effi- 
ciency of  Unsaturated  Zone  and  Mass  Balance  of 
Organic  Load. 
W91-04711  5D 

REUTOV,  E.  A. 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition  and   Processing   System   for   Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

REVITT,  D.  M. 

Development   of  Ecotoxicological    Criteria   in 

Urban  Catchments. 

W9 1-04343  5C 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

REVSBECH,  N.  P. 

Denitrification    and    Photosynthesis    in    Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W9 1-03999  2H 


PA-35 


REYNOLDS,  G.  L. 


AUTHOR  INDEX 


REYNOLDS,  G.  L. 

Ozonation  of  Pyrene  in  Aqueous  Solution. 
W91-04O41 


5F 


RICE,  C.  D. 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 

RICHARDS,  E.  A. 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

RICHARDS,  J.  E. 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W9 1-04546  5B 

RIDGEWAY,  H.  F. 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading   Bacteria   from   a 
Contaminated  Aquifer. 
W9 1-04068  5B 

RILEY,  R.  A. 

Statistical  Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 

RINDERLE,  U. 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W91-03947  7B 

RIPPEY,  B. 

Implications  for  the  Design  of  Artificial  Lakes 

of  a  Study  of  the  Craigavon  Lakes. 

W9 1-04037  4A 

RITTER,  D.  F. 

Gravity  Belt  Thickening  and  Lime  Stabilization. 
W9 1-04820  5E 

RITTMANN,  B.  E. 

Error  Analysis  of  Limiting-Case  Solutions  to  the 

Steady-State-Biofilm  Model. 

W91-O4071  5D 

RIVERA,  M.  D. 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W91-04729  5B 

ROACH,  D.  J.  W. 

Review  of  Biotechnology  Applications  to  Nu- 
clear Waste  Treatment. 
W91-04159  5E 

ROBBINS,  M. 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

ROBERSON,  W. 

Automated     Mapping     for     Alabama     Sewer 

System. 

W91-04116  5D 

ROBERTSON,  A. 

Comparison  of  Trace  Metals  Data  in  Mussels 
and  Oysters  from  a  Mussel  Watch  Programme 
of  the    1970s   with   those   from   a    1980s   Pro- 


gramme. 
W91-04517 


5B 


ROBINSON,  C.  W. 

Microbial   Regeneration   Process   for  Granular 

Activated  Carbon«I.  Process  Modelling. 

W9 1-04074  5D 

Microbial   Regeneration   Process   for  Granular 
Activated  Carbon-II.  Regeneration  Studies. 
W9 1-04075  5D 

RODRIGUEZ-HIGUERA,  A. 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W91-04525  5B 


RODRIQUES  ALONSO,  L. 

Sewage   System   Improvement   by   Operational 

Parameters  Research. 

W9 1-04824  5D 

ROFFEY,  R. 

Swedish  Final  Repository  and  the  Possible  Risk 

of  Interactions  by  Microbial  Activities. 

W9 1-04262  5E 

ROGALLA,  F. 

Aerated  Biofilters  for  Nitrification  and  Effluent 

Polishing. 

W9 1-04680  5D 

ROGERS,  J.  E. 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W9 1-04729  5B 

Reductive   Dechlorination   of  Dichlorophenols 
by  Nonadapted  and  Adapted  Microbial  Commu- 
nities in  Pond  Sediments. 
W91-04732  5B 

ROHRBECK,  M.  A. 

Dominant    Phytoplankters    and    Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W91-04312  2H 

ROIJACKERS,  R.  M.  M. 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W9 1-04341  5C 

RONEN,  D. 

Can  Contaminated,  Fractured,  Porous  Aquifers 

be  Restored. 

W91-04311  5G 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

ROO  GOMEZ,  H. 

Design    Features   of  Venezuela's   Macagua    II 

Scheme. 

W9 1-04808  8C 

ROOS,  M. 

Climate    Change    and    Changes    in    California 

Snowmelt-Runoff  Patterns. 

W91-04215  2B 

Water  Supply  Forecasting  and  Its  Uncertainties. 
W9 1-04244  6D 

ROSEN,  B. 

Upgrading   for   Biological   Nitrogen   Removal: 
Some  Full-Scale  Experiences  from  Sweden. 
W9 1-04670  5D 

ROSS,  W.  R. 

Factors  Influencing  the  Chemical  Characteris- 
tics of  Landfill  Leachates. 
W91-04319  5B 

ROULET,  N.  T. 

Hydrology    of   a    Headwater    Basin    Wetland: 
Groundwater  Discharge  and  Wetland   Mainte- 
nance. 
W91-04106  2H 

ROUSH,  G. 

Practical  Application  of  the  Water  Balance  Ap- 
proach    for     Measuring     Canal     Conveyance 
Losses. 
W91-04226  3F 

ROUSSEAU,  B.  J. 

Retrofit  of  Pulsator  Type  Upflow  Clarifiers  with 

Tube  Settlers. 

W9 1-04841  5F 

ROWAN,  D.  J. 

Food  Chain  Structure  in  Ontario  Lakes  Deter- 
mines PCB  Levels  in  Lake  Trout  (Salvelinus 
namaycush)  and  Other  Pelagic  Fish. 
W9 1-04445  5B 


ROWE,  D.  R. 

Dewatering   Problems   Lead   to   Liquid   Sludge 

Disposal. 

W91-04595  5D 

ROWLAND,  S.  J. 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W9 1-04789  81 

ROY,  R.  L. 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W9 1-04609  5C 

ROYER,  L.  S. 

Common-Sense  Liquid  Sludge  Management. 
W91-04819  5E 

RUBEGA,  M.  A. 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the  'Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-O4O01  5C 

RUBINSTEIN,  L. 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W91-03925  5G 

RUBY,  S.  M. 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W9 1-04609  5C 

RUDDY,  B.  C. 

Summary  of  Selected  Characteristics  of  Large 

Reservoirs  in  the  United  States  and  Puerto  Rico, 

1988. 

W9 1-04862  7C 

RUDRA,  R.  P. 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W9 1-04547  2B 

Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

RUIZ,F. 

Application  of  Factor  Analysis  to  the  Hydro- 

geochemical  Study  of  a  Coastal  Aquifer. 

W9 1-04397  2F 

RULE,  J.  H. 

Cadmium    Bioavailability    to    Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 

RUSS,  H.-J. 

Comparison    of    Pollutant    Load    Calculation 

Methods  Based  on  Measured  Data-State  of  the 

Investigation. 

W9 1-04334  5B 

RUSSELL,  S. 

Monitoring  a  Vortex  Storm  Sewage  Overflow 

with  Peripheral  Spill. 

W9 1-04345  5D 

RUSTEN,  B. 

Upgrading    of    Small    Municipal    Wastewater 

Treatment  Plants  with  Heavy  Dairy  Loading  by 

Introduction  of  Aerated  Submerged  Biological 

Filters. 

W91-04681  5D 


PA-36 


AUTHOR  INDEX 


SCHNEIDER,  K. 


RUTH,  E.  C. 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W91-03977  5F 

RUTH,  H.  M. 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

RYAN,  A. 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel   in  Okinawa, 

Japan. 

W9 1-04365  5B 

SAARIKTV1,  P. 

Meteorological  Factors  Influencing  the  Radioac- 
tive Deposition  in  Finland  after  the  Chernobyl 
Accident. 
W9 1-04430  5B 

SADURSKI,  A. 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W91-04404  2F 

SAEZ,  P.  B. 

Error  Analysis  of  Limiting-Case  Solutions  to  the 

Steady-State-Biofilm  Model. 

W9 1-04071  5D 

SAFARIK,  J. 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading   Bacteria   from   a 
Contaminated  Aquifer. 
W91-O4068  5B 

SAGAR,  B.  F. 

Recovery  of  Metal  Ions  by  Microfungal  Filters. 
W91-04157  5D 

SAGY,  M. 

Efficiency  of  Rotating  Biological  Contactor  in 

Removing  Pathogenic  Bacteria  from  Domestic 

Sewage. 

W9 1-04042  5D 

SAID,  M.  A.  M. 

Improvements  in  Groundwater  Recharge  Esti- 
mation Using  Satellite  Remote  Sensing. 
W91-03957  7B 

SAIKI,  M.  K. 

Selenium    and    Other    Elements    in    Juvenile 
Striped  Bass  from  the  San  Joaquin  Valley  and 
San  Francisco  Estuary,  California. 
W91-04577  5B 

SAJWAN,  K.  S. 

Effects   of  Nitrogen   and   Water   Management 
Practices  on  Yield,  Grain  Quality,  and  Milling 
Out-Tum  of  Rice. 
W91-04538  3F 


SANDERS,  D.  C. 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 


SAKAMOTO,  G. 

Ultraviolet        Disinfection 
Wastewater  Treatment  Plants. 
W9 1-04676 


in         Municipal 


5D 


SAMI,  K. 

Recharge  Processes  During  Snowmelt:  An  Iso- 
topic  and  Hydrometric  Investigation. 
W91-O4103  2F 

SAMIULLAH,  A. 

Precipitation    and    Temperature    Regimes    in 
Upland  Balochistan:  Their  Influence  on  Rain-fed 
Crop  Production. 
W91-04498  3F 

SANCHEZ,  Y. 

Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  13  in  Marseille. 

W91-04353  5D 

SANDBECK,  K.  A. 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W9 1-04065  5E 


SANDERS,  D.  W. 

New  Strategies  for  Soil  Conservation. 
W9 1-04561 


4D 


SANDERS,  J.  G. 

Pathways  of  Silver  Uptake  and  Accumulation 
by  the  American  Oyster  (Crassostrea  virginica) 
in  the  Chesapeake  Bay. 
W91-03980  5B 

SANDERSON,  R.  D. 

Dynamically   Formed   hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Poly(acrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W91-04313  3A 

SANFORD,  R.  F. 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-04108  2F 

SARTOR,  J. 

Coincident  Probability  of  Given  Storm  Water 
Discharges  in  Urban  Sewer  Systems  and  Receiv- 
ing Waters. 
W9 1-043  54  2E 

SATHYANARAYANA,  D. 

Analysis  of  Flow  near  a  Dug  Well  in  an  Uncon- 

fined  Aquifer. 

W9 1-04392  2F 

SATO,  K. 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

SATO,  T. 

Fill  Dam  Leakage  by  Network  Assessment. 
W9 1-04828  8G 

SAUL,  A.  J. 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

SAUL,  M.  R. 

Tillage  and  Cover  Crop  Management  for  Soil 

Water  Conservation. 

W9 1-04506  3F 

SCALLA,  P. 

Experimental  Study  of  the  Effect  of  Bed  Grain 
Roughness  on  Sediment  Sorting  by  Entrainment. 
W91-04316  2J 

SCANFERLATO,  V.  S. 

Persistence  of  Genetically  Engineered  Erwinia 
carotovora     in     Perturbed     and     Unperturbed 
Aquatic  Microcosms  and  Effect  on  Recovery  of 
Indigenous  Bacteria. 
W9 1-04723  2H 

SCANLON,  B.  R. 

Relationships  Between  Groundwater  Contami- 
nation and  Major-Ion  Chemistry  in  a  Karst  Aq- 
uifer. 
W9 1-04403  5B 

SCARLATOS,  P.  D. 

Knowledge-Based  Systems  for  Water  Resources 

Management. 

W91-04184  6D 

SCHAARUP-JENSEN,  K. 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W91-04339  5C 


SCHAEFER,  D.  H. 

Principal  Facts  for  Gravity  Stations  in  the  Elko, 

Steptoe    Valley,    Coyote    Spring    Valley,    and 

Sheep    Range    Areas,    Eastern    and    Southern 

Nevada. 

W91-04473  7B 

SCHELLENBERG,  D.  H. 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Poly  chlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W9 1-04283  5  A 

SCHEP,  R. 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W9 1-03977  5F 

SCHIER,  G.  A. 

Response  of  Yellow-Poplar  (Liriodendron  tulipi- 
fera  L.)  Seedlings  to  Simulated  Acid  Rain  and 
Ozone-2.  Effect  on  Throughfall  Chemistry  and 
Nutrients  in  the  Leaves. 
W91-04451  21 

SCHIEWER,  U. 
Werner  Schnese  and  the  Development  of  Coast- 
al Waters  Ecology  in  Rostock,  GDR. 
W91-04750  2L 

SCHIFF,  S.  L. 

Dissolved  Organic  Carbon  Cycling  in  Forested 

Watersheds:  A  Carbon  Isotope  Approach. 

W9 1-04924  2K 

SCHILLING,  W. 

Reduction  of  Combined  Sewer  Overflow  Pollu- 
tion Loads  by  Detention  of  Sanitary  Sewage. 
W9 1-04347  5D 

SCHINSKI,  V.  D. 

Water  Contact  and  Schistosoma  Haematobium 
Infection:  A  Case  Study  from  an  Upper  Egyp- 
tian Village. 
W91-04366  5B 

SCHMIDT-HOLTHAUSEN,  H.  J. 

Influence  of  Upgrading  of  Waste  Water  Treat- 
ment Plants  on  the  Design  of  Aeration  Systems. 
W9 1-04708  5D 

SCHMITT,  C.  J. 

National  Contaminant  Biomonitoring  Program: 
Concentrations  of  Arsenic,  Cadmium,  Copper, 
Lead,   Mercury,   Selenium,   and   Zinc   in   U.S. 
Freshwater  Fish,  1976-1984. 
W91-04578  5G 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W9 1-04579  5G 

SCHMITZ,  G.  H. 

Modern  Kriging  and  Classical  Gaussian  Tech- 
niques—Do They  Necessarily  Yield  Identical  Re- 
sults. 
W91-04829  2G 


SCHMITZ,  W. 

Gasoline  Lead  in  West  German  Soils. 
W91-04310 


5B 


SCHMUGGE,  T.  J. 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W9 1-04491  2G 

SCHNEIDER,  K. 

Data  Processing  for  the  Determination  of  Pig- 
ments  and    Suspended    Solids   from   Thematic 
Mapper  Data. 
W91-03952  7B 


5 


3 


PA-37 


SCHNEIDER,  U.  A. 


AUTHOR  INDEX 


SCHNEIDER,  U.  A. 

Development  of  a  Rapid  Screening  Assay  for 
PCDDs  and  PCDFs. 

W91-04286  5A 

SCHNELL,  G. 

Upgrading  of  a  Wastewater  Treatment  Plant  in  a 
Winter   Tourism    Resort    Area    Based    on    In- 
Stream  Standards. 
W9 1-04702  5D 

SCHOFIELD,  N.  J. 

Design   and   Application   of  a   Constant   Head 
Well  Permeameter  for  Shallow  High  Saturated 
Hydraulic  Conductivity  Soils. 
W91-O4102  7B 

Groundwater  Response  to  Reforestation  in  the 

Darling  Range  of  Western  Australia. 

W9 1-04398  4C 

SCHON,  G. 

Comparative   Study   of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W9 1-04695  5D 

SCHONBERGER,  R. 

Conversion  of  Existing  Primary  Clarifiers  Ac- 
cording to  the  EASC  Process  for  Biological 
Phosphorus  Removal. 
W9 1-04664  5D 

SCHOONBEE,  H.  J. 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W9 1-04320  5B 

SCHRANK,  G. 

Dosage  Control  for  a  Higher  Efficiency  of  the 

Separation  Process. 

W9 1-04686  5D 

SCHULER,  C.  A. 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

SCHUMANN,  E.  H. 

Mixing  and  Circulation   in  the  Sundays  River 

Estuary,  South  Africa. 

W9 1-03985  2L 

SCHUREN,  C.  H.  J.  E. 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate   Different   Methods  to  Generate   Soil 
Hydraulic  Functions. 
W91-O41O0  2G 

SCHUSTER,  P.  F. 

Hydrogeochemical  Data  from  an  Acidic  Deposi- 
tion Study  at  McDonalds  Branch  Basin  in  the 
New  Jersey  Pinelands,  1983-86. 
W9 1-04472  5B 

SCORCA,  M.  P. 

Ground-Water    Quality     Near    a     Scavenger- 
Waste-Disposal  Facility  in  Manorville,  Suffolk 
County,  New  York,  1984-85. 
W9 1-04647  5B 

SCOTT,  I.  M. 

Use  of  Acetylcholinesterase  Activity  to  Detect 
Sublethal  Toxicity  in  Stream  Invertebrates  Ex- 
posed to  Low  Concentrations  of  Organophos- 
phate  Insecticides. 
W91-04735  5A 

SCOTT,  J.  C. 

Three  Computerized,   Stratified   Random   Site- 
Selection   Methods   for   Design   of  a   Ground- 
Water-Quality  Sampling  Network. 
W91-O4470  7  A 

SCOTT,  J.  D. 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W91-04545  8G 


SCOTT,  K.  J. 

Toxicity  of  Cadmium  in  Sediments:  The  Role  of 

Acid  Volatile  Sulfide. 

W9 1-04746  5C 

SCURSATONE,  E. 

Water    Disinfection:    A    Relationship    between 

Ozone  and  Aldehyde  Production. 

W9 1-04378  5F 

SEAGER,  J. 

Impact   of  Storm   Sewage   Discharges  on   the 

Ecology  of  a  Small  Urban  River. 

W9 1-04342  5C 

SEAKER,  E.  M. 

Water    Use     in     Eight     Central     Pennsylvania 

Homes. 

W91-04193  6D 

SEEBER,  R. 

Analytical  and  Spectroscopic  Characterization 
of  Humic  Acids  Extracted  from  Sewage  Sludge, 
Manure,  and  Worm  Compost. 
W9 1-04797  5E 

SEEVERS,  P. 

Estimation  of  Ground- Water  Use  for  Irrigation 
in  Eastern  Washington  Using  Landsat  Imagery. 
W91-04232  3F 

SEGERLIND,  L.  J. 

Finite  Element  Watershed   Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 

SEIDL,  W. 

One-Dimensional  Numerical  Model  to  Simulate 
Formation  and  Balance  of  Sulfate  During  Radi- 
ation Fog  Events. 
W9 1-04302  2K 

SEINFELD,  J.  H. 

Smog-Fog-Smog  Cycle  and  Acid  Deposition. 
W9 1-04301  2K 

SEKOULOV,  I. 

Post-Denitrification  with  Controlled  Feeding  of 

Activated  Sludge  as  H  Donator. 

W9 1-04678  5D 

SELKER,  J.  S. 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

SELLERS,  J. 

Commodity   Prices,   Demand  Charges,   Impact 

Fees  and  Water  Services. 

W91-04177  6C 

SELLERS,  P.  J. 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle-A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

SEN,  D. 

Retrofitting  Activated  Sludge  Plants  to  Improve 
the  Removal  of  Nitrogen  and  Phosphorus  by 
Biological  Processes. 
W9 1-04693  5D 

SERGEANT,  D.  B. 

Quality  Assurance  in  Analysis  of  Environmental 

Matrices  for  PCDDs  and  PCDFs. 

W9 1-04276  5  A 

SERVAIS,  P. 

Bacterial  Heterotrophic  Activity  in  the  River 
Seine:  Tritiated  Thymidine  and  Leucine  Incor- 
poration Profiles  (Activite  Bacterienne  Hetero- 
trophe  dans  la  Seine:  Profils  d'Incorporation  de 
Thymidine  et  de  Leucine  Tritiees). 
W91-04837  5C 

SEYFRIED,  C.  F. 

Biologically  Intensified  Filtration  Processes 
(Dry  Bed  Filter)  for  an  Efficient  Effluent  Im- 


provement of  Wastewater  Treatment  Plants:  Ap- 
plications. 
W9 1-04704  5D 

Upgrading  of  Wastewater  Treatment  Plants  for 
the  Reduction  of  Nitrogen  and  Phosphorus  in 
Schleswig-Holstein,  FRG. 
W9 1-04667  5D 

SHACKLETON,  M.  N. 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W9 1-04288  5B 

SHAFFER,  R.  E. 

Lateral  Installation  and  Maintenance  Consider- 
ations. 
W9 1-04608  5D 

SHANE,  R.  L. 

Evaluation  of  a  Subsurface  'Pop-Up'  Sprinkler. 
W91-04536  3F 

SHANKER,  R. 

Transformation  of  Indole  by  Methanogenic  and 
Sulfate-Reducing       Microorganisms       Isolated 
From  Digested  Sludge. 
W9 1-04731  5G 

SHAO-TANG,  W. 

Bilateral  Wastewater  Land  Treatment  Research. 
W91-04816  5D 

SHARIK,  T.  L. 

Effect  of  Simulated  Acid  Rain  on  Reproductive 
Attributes  of  Red  Spruce  (Picea  rubens  Sarg). 
W9 1-04449  5C 

SHARMA,  M.  L. 

Solute  and  Heat  Transport  Experiments  for  Esti- 
mating Recharge  Rate. 
W9 1-04390  2F 

SHARPE,  W.  E. 

Water    Use    in    Eight    Central    Pennsylvania 

Homes. 

W91-04193  6D 

SHAW,  R.  D. 

Groundwater-Lake  Interactions:  I.  Accuracy  of 
Seepage  Meter  Estimates  of  Lake  Seepage. 
W91-04393  7B 

Groundwater-Lake  Interactions:  II.   Nearshore 
Seepage    Patterns    and    the    Contribution    of 
Ground  Water  to  Lakes  in  Central  Alberta. 
W9 1-04394  2F 

SHELBY,  W.  J. 

Water  Resources  Data  for  Texas,  Water  Year 

1989,  Volume   1:  Arkansas  River,  Red  River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins  and   Intervening  and   Adjacent  Coastal 

Basins. 

W9 1-04482  7C 

SHELEF,  G. 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

SHEN,  M.  W. 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-O4610  5C 

SHENKER,  J.  M. 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W9 1-04571  5C 


PA-38 


AUTHOR  INDEX 


SOLOMON,  K.  R. 


SHERNOFF,  P.  K. 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W9 1-04854  2F 

SHERRY,  J.  P. 

Use   of  Dimethyl    Sulfoxide   as   Solubilization 

Agent  in  the  Detection  of  2,3,7,8-TCDD  by 

Radioimmunoassay. 

W91-04285  5A 

SHI.Z. 

Correlation  of  Radar  Reflectivity  and  Chloro- 
phyll Fluorescence  of  Forest  Trees. 
W91-03947  7B 

SHIMP,  R.  J. 

Use  of  Biodegradation  Data  in  Chemical  Assess- 
ment. 
W9 1-04628  5B 

SHOESMTTH,  J.  A. 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

SHOLAR,  C.  J. 

Water  Use  in  Kentucky,  1985,  with  Emphasis  on 

the  Kentucky  River  Basin. 

W91-04171  6D 


SINGH,  C.  S. 

Operational   Problems  and   Development  of  a 

New  Runner  for  Silty  Water. 

W9 1-04428  8C 


SMITH,  D. 

From  Brine  to  Sublime. 
W9 1-04847 


3A 


SHRESTHA,  T.  K. 

Rare  Fishes  of  Himalayan  Waters  of  Nepal. 
W91-04792 


81 


SHU,  S. 

Quantitative   Remote   Detection   of  Suspended 
Sediment  Content  and  Chlorophyll  Concentra- 
tion of  Water  in  Different  Depths. 
W9 1-03949  7B 

SHULTZ,  S.  D. 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method. 
W91-04179  6A 

SHUTES,  R.  B.  E. 

Development   of  Ecotoxicological    Criteria   in 

Urban  Catchments. 

W9 1-04343  5C 

SHUTKO,  A.  M. 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition and   Processing  System   for  Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

SIDRIPOULOS,  E. 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 

SIEGEL,  D.  I. 

Sulfur  Isotope  Evidence  for  Regional  Recharge 
of  Saline  Water  during  Continental  Glaciation, 
North-Central  United  States. 
W91-O4107  2F 

SIGG,  L. 

Binding  of  Cu(II)  to  Algae  in  a  Metal  Buffer. 
W91-04043  5B 

SIMON,  T.  L. 

Artificial  Sediments  for  Use  in  Tests  with  Wet- 
land Plants. 
W9 1-04453  2J 

SIMONEIT,  B.  R.  T. 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

SIMPSON,  H.  J. 

Analysis  of  Dated  Sediment  Samples  from  the 
Newark  Bay  Area  for  Selected  PCDD/Fs. 
W91-04292  5B 

SINGER,  M.  M. 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 


SINGH,  K.  P. 

Trace  Metal  Ions  in  Ganga  Water  System. 
W91-04259 


2K 


SINGH,  N.  P. 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

SINGH,  P. 

Evapotranspiration     and     Yield     of    Irrigated 

Chickpea. 

W9 1-04497  2D 

SINGH,  R.  P. 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W9 1-04268  5  A 

SIVAKUMAR,  M.  V.  K. 

Exploiting    Rainy    Season    Potential    from    the 

Onset  of  Rains  in  the  Sahelian  Zone  of  West 

Africa. 

W91-04488  3F 

SIWICKI,  R.  W. 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 
W9 1-04878  7C 

SKA  ARE,  J.  U. 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,  and   Zinc  in   the   Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 


SKAUGRUD,  O. 

Metal  Recovery  Using  Chitosan. 
W91-04160 


5D 


SKELTON,  P.  H. 

Conservation  and  Status  of  Threatened  Fishes  in 

Southern  Africa. 

W91-04786  6G 


SKINNER,  W.  D. 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814 


5G 


SLAGLE,  D. 

Ozonation  an  Attractive  Option  for  Groundwat- 
er System. 
W9 1-04850  5F 

SLATER,  C.  S. 

Pervaporation  of  Aqueous  Ethanol  Mixtures 
through  PolyfDimethyl  Siloxane)  Membranes. 
W9 1-04907  5D 

SLOWEY,  B.  C. 

Use  of  Air  Water  Backwash  Systems:  An  Over- 
view. 
W91-04375  5F 

SMALHEER,  D.  L. 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

SMITH,  A.  E. 

Degradation   Studies   with    14C-Fenoxaprop  in 

Prairie  Soils. 

W91-04584  5B 

SMITH,  C.  F. 

Water   Resources   Data   Arizona,   Water   Year 

1989. 

W9 1-04904  7C 


SMITH,  D.  G. 

Better    Water    Quality    Indexing    System    for 

Rivers  and  Streams. 

W9 1-04078  5G 

SMITH,  G. 

Pre-Precipitation  Facilitates  Nitrogen  Removal 

Without  Tank  Expansion. 

W9 1-04669  5D 

SMITH,  J.  M. 

Landsat  TM  Study  of  Afforestation  in  Northern 
Scotland  and  Its  Impact  on  Breeding  Bird  Popu- 
lations. 
W9 1-03948  7B 

SMITH,  M.  G. 

Reliability   in   Market   Transfers  of  Municipal 

Water  Supplies. 

W9 1-04220  6D 

SMITH,  N.  P. 
Computer  Simulation  of  Tide-Induced  Residual 
Transport  in  a  Coastal  Lagoon. 
W9 1-04295  2L 

SMITH,  R.  E. 

Hillslope  Parameter  Estimation  Using  the  In- 
verse Procedure. 
W9 1-04405  2E 

SMITH,  S.  C. 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W91-04033  5B 

SMITTLE,  D.  A. 

Effects   of  Irrigation    Regimes   on   Yield    and 

Water  Use  by  Sweetpotato. 

W9 1-04564  3F 

SMOLENSKY,  D.  A. 

Geohydrology     of     the     Bethpage-Hicksville- 

Levittown  Area,  Long  Island,  New  York. 

W9 1-04646  2F 

Hydrologic  Framework  of  Long  Island,  New 

York. 

W91-04854  2F 

SMYTH,  C.  J. 

Legionella  in  Dublin  Hospital  Water  Supplies. 
W9 1-04778  5F 

SNAVELY,  D.  S. 

Great  Lakes  Regional  Water-Use  Data  Base~A 

Water-Resources  Management  Tool. 

W9 1-04204  6D 

SNEH,  R. 

Selective  Medium  for  Isolation  of  Mycoleptodis- 

cus  terrestris  from  Soil  Sediments  of  Aquatic 

Environments. 

W9 1-04063  7B 

SO,  Y. 

Plasma    Vitellogenin    Levels    in    Pre-spawning 
Rainbow  Trout,  Oncorhynchus  mykiss,  during 
Acid  Exposure. 
W9 1-04609  5C 

SOLLEY,  W.  B. 

Trends  in  Water  Use  in  the  United  States,  1950 

to  1985. 

W91-04165  6D 

SOLOMON,  K.  R. 

Acidity  as  a  Factor  in   Leaching  of  Copper, 
Chromium  and  Arsenic  from  CCA  Treated  Di- 
mension Lumber. 
W9 1-04625  5B 


PA-39 


eg 


SOMLYODY,  L. 


AUTHOR  INDEX 


SOMLYODY,  L. 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

SOMM ERFELDT,  T.  G. 

Long-term  Soil  Moisture  Status  in  Southern  Al- 
berta. 
W9 1-0455 1  2G 

SONCTNI-SESSA,  R 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W9 1-04827  6A 

SORENSON,  J. 

Denitrification    and    Photosynthesis   in    Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W9 1-03999  2H 

SOSTER,  F.  M. 

Benthos  Response  to  Disturbance  in  Western 

Lake  Erie:  Field  Experiments. 

W9 1-04443  2H 

Benthos  Response  to  Disturbance  in  Western 
Lake  Erie:  Regional  Fauna!  Surveys. 
W91-04444  2H 

SOTO,  M.  A. 

Waste  Water  Treatment  Using  Saline  Cultures 

of  Microalgae. 

W9 1-04762  5D 

SOUTHWORTH,  W.  P. 

Eastern's  Experience  and  the  Canoe  River  Aqui- 
fer Advisory  Committee. 
W9 1-03927  5G 

SOVOCOOL,  G.  W. 

Bromo-  and  Bromochloro-p-dioxins  and  Diben- 

zofurans  in  the  Environment. 

W9 1-04287  5  A 

SPACIE,  A. 

Toxicity  of  Inorganic  Selenium  to  the  Green 

Alga  Selenastrum  Capricornutum  Printz. 

W9 1-04448  5C 

SPANGGORD,  R. 

Aquatic  Environmental  Fate  of  Nitroguanidine. 
W9 1-04627  5B 

SPIEKERMANN,  M. 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

SPIVAKOVSKY,  C.  M. 

Numerical  Method  for  Parameterization  of  At- 
mospheric Chemistry:  Computation  of  Tropo- 
spheric  OH. 
W9 1-04299  2K 

Tropospheric     OH     in     a    Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CCI3. 
W91-O4300  5B 

SRADERS,  G.  A. 

Lessons  Learned  from  Compacted  Clay  Liner. 
W9 1-04839  5G 

SRIDHARAN,  K. 
Analysis  of  Flow  near  a  Dug  Well  in  an  Uncon- 
fined  Aquifer. 
W9 1-04392  2F 

SRTVASTAV,  A.  K. 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-04021  5C 

SRTVASTAV  A,  A 

Upgrading   of  Kanpur   Wastewater  Treatment 

Plant  by  Phased  Expansion. 

W9 1-04706  5D 


SRIVASTAVA,  S.  K. 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-04021  5C 

STACK,  J. 

Selective  Medium  for  Isolation  of  Mycoleptodis- 

cus  terrestris  from  Soil  Sediments  of  Aquatic 

Environments. 

W9 1-04063  7B 

STACKHOUSE,  R.  A. 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphnia  magna. 
W91-04153  5C 

STALKER,  D.  R. 

Long-term  Soil  Moisture  Status  in  Southern  Al- 
berta. 
W9 1-04551  2G 

STANLEY,  J.  B. 

Troubleshooting  an  Existing  Treatment  Plant. 
W9 1-04373  5F 

STANSELL,  J.  R. 

Effects   of   Irrigation    Regimes   on    Yield   and 

Water  Use  by  Sweetpotato. 

W9 1-04564  3F 

STAUFFER,  N.  E. 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow   Requirements   for   Endangered 

Species. 

W91-04217  6D 

STAUFFER,  R.  E. 

Granite    Weathering    and    the    Sensitivity    of 

Alpine  Lakes  to  Acid  Deposition. 

W9 1-03998  2H 

STEFFLER,  P.  M. 

LDA  Study  of  Flow  Structure  in  Submerged 

Hydraulic  Jump. 

W9 1-04305  8B 

STEHLY,  G.  R. 

Pharmacokinetic  Modeling  in  Aquatic  Animals: 

I.  Models  and  Concepts. 

W9 1-04733  5B 

STEIN,  A. 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-04100  2G 

STEIN,  E.  G. 

Erosion  and  Sediment  Control,  the  Maryland 

Way. 

W91-04852  4D 

STEIN,  J. 

Hydrologic  Flow  Path  Definition  and  Partition- 
ing of  Spring  Meltwater. 
W9 1-04925  5B 

STEINBERG,  C.  E.  W. 

Forms  of  Metals  in  a  Sediment  Core  of  a  Severe- 
ly Acidified  Northern  Black  Forest  Lake. 
W9 1-04257  5  A 

STEINBERG,  N.  A. 

Dissimilatory  Selenate  Reduction  Potentials  in  a 

Diversity  of  Sediment  Types. 

W91-04066  5B 

STEINER,  J.  J. 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W9 1-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W9 1-04566  3F 

STEINHORST,  R.  K. 

Statistical   Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 


STELL,  M.  J. 

Water  Use  Reporting  in  Kansas. 
W91-04168 


6D 


STENSON,  G. 

Polycyclic  Aromatic  Hydrocarbons  in  Muscle 

Tissue  of  Marine  Mammals  from  the  Northwest 

Atlantic. 

W9 1-04520  5B 

STENSTROM,  M.  K. 

Upgrading  Existing  Activated  Sludge  Treatment 

Plants  with  Fine  Pore  Aeration  Systems. 

W9 1-04687  5D 

STEPHENSON,  D. 

Spatial  Variation  of  Rainfall  Intensities  for  Short 

Duration  Storms. 

W9 1-04806  2B 

STEPHENSON,  M.  D. 

Intense  and  Localized  Benthic  Marine  Pollution 
Around  McMurdo  Station,  Antarctica. 
W91-04514  5B 

STEPPUHN,  H. 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W9 1-04549  3F 

STEVENS,  H.  H. 

At-a-Point  Bed  Load  Sampling  in  the  Presence 

of  Dunes. 

W91-04125  2J 

STEYN,  D.  G. 

Advective   Mixed-Layer  Model   for   Heat  and 
Moisture  Incorporating  an  Analytic  Expression 
for  Moisture  Entrainment. 
W91-04014  2D 

STICKLER,  D.  J. 

Incidence  of  Virulence  Factors  in  Mesophilic 
Aeromonas  Species  Isolated  from  Farm  Animals 
and  Their  Environment. 
W9 1-04455  5B 

STIEFEL,C. 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying and  Controlling  the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W91-03935  5G 

STOJANOVSKI,  L.  F. 

Numerical  Analysis  of  Complex  Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

STOJANOVSKI,  V.  D. 

Numerical  Analysis  of  Complex   Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

STOLL,  J.  R. 

Impact  of  Information  on  Environmental  Com- 
modity Valuation  Decisions. 
W91-04438  6C 

STOUT,  W.  L. 

Effect   of  Tillage  on   Soil   Water  and   Alfalfa 

Establishment  in  Corn  Stubble. 

W9 1-04537  3F 

STRANDELL,  M. 

Results   from   the   First   Year  of  the   Swedish 

Dioxin  Survey. 

W91-04289  5B 

STREICHAN,  M. 

Comparative   Study   of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W91-04695  5D 


PA-40 


AUTHOR  INDEX 


THIBODEAUX,  L.  J. 


STRUZZIERY,  J.  J. 

Interceptor  Design  and  Construction  Consider- 
ations as  Part  of  the  Boston  Harbor  Cleanup. 
W9 1-04594  5D 


STRZEPEK,  K.  M. 

Do  the  Right  Thing. 
W91-04409 


6A 


STULL,J.  K. 

Toxicity    of    Sewage-Contaminated    Sediment 
Cores   to   Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

STURROCK,  P.  E. 

Identification  of  the  Derivatives  of  C.I.  Reactive 

Blue  19  in  Textile  Wastewater. 

W9 1-04083  5  A 

SU,  M.  D. 

Color-Graphics  Based  Water  Demand  Forecast- 
ing Model. 
W91-04187  6D 

SUBRAMONIAN,  S. 

Evaluating  Ion  Exchange  for  Removing  Radium 

from  Groundwater. 

W9 1-03975  5F 

SUD,  Y.  C. 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle-A  GCM  Simula- 
tion Experiment. 
W9 1-04493  2B 

SUGITA,  M. 

Inner  Region  Humidity  Characteristics  of  the 
Neutral  Boundary  Layer  Over  Prairie  Terrain. 
W9 1-04922  2D 

Regional  Surface  Fluxes  From  Remotely  Sensed 

Skin  Temperature  and  Lower  Boundary  Layer 

Measurements. 

W9 1-04923  2B 

SUIDAN,  M.  T. 

Adsorption    Isotherms:    Illusive    Capacity    and 

Role  of  Oxygen. 

W9 1-04072  5D 

SULLIVAN,  J.  A 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

SULLIVAN,  L  A. 

Soil   Organic   Matter,   Air   Encapsulation   and 

Water-Stable  Aggregation. 

W91-03988  2G 

SULTAN,  S.  A.  R. 

Flushing  of  a  Coastal  Lagoon  in  the  Red  Sea. 
W91-04417  2L 

SUMMERS,  P. 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

SUNG.W. 

Taste  and  Odor  Episodes  at  Wachusett  Reser- 
voir. 
W9 1-04840  5F 

SUYKERBUYK,  R.  E.  M. 

Urban  Storm  Water  Discharges:  Effects  upon 

Plankton  Communities. 

W91-04341  5C 

SUZUKI,  O. 

Isotopic  Evolution  of  River  Water  in  the  North- 
ern Chile  Region. 
W91-04917  2K 

SVENDSEN.H. 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 


SWABY,  S.  E. 

Rare  British  Marine  Fishes-Identification  and 

Conservation. 

W9 1-04787  81 

SWANEPOEL,  D.  A. 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W9 1-04321  5D 

SWARTWOOD,  J.  R. 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

SWEAT,  M.  J. 

Water  Use  and  Methods  of  Data  Acquisition  in 

Michigan. 

W91-04176  6D 

TAGUCHI,  V.  Y. 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W9 1-04283  5  A 

TAKASAKI,  K.  J. 

Ground-Water  Resources  of  Selected  High  Vol- 
canic Islands  of  Truk  with  Emphasis  on  Small 
Village  Supplies. 
W9 1-04866  2F 

TAKEDA,  N. 

Estimation  of  the  Environmental  Fate  of  PCDD 
Emitted  from  Municipal  Solid  Waste  Inciner- 
ators. 
W9 1-04294  5B 

TAKEUCHI,  M. 

Biological   Nitrogen   Removal   in   a   Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 

TALBOT,  J.  D.  R. 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

TANABE,  S. 

Comparison  of  Organochlorine  Residue  Levels 
in   the   Striped   Dolphin   from   Western  North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

TANAKA,  H. 

Comparison  of  Organochlorine  Residue  Levels 
in   the  Striped   Dolphin   from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

TANIGUCHI,  M. 

Solute  and  Heat  Transport  Experiments  for  Esti- 
mating Recharge  Rate. 
W9 1-04390  2F 

TASH1RO,  C. 

Assessment  of  Reference  Materials  for  Applica- 
tion to  PCDD/PCDF  Analysis. 
W9 1-04278  5  A 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W91-04288  5B 

Water  Round  Robin  for  Parts-Per-Quadrillion 

Determination  of  PCDDs  and  PCDFs. 

W9 1-04279  5D 

TATE,  D.  M. 

Canada's  National  Water-Use  Analysis  Program. 
W91-04162  6D 

Industrial  Water  Use  and   Structural  Change. 
W9 1-04225  3E 

Water  Use  Analysis:  Are  Water  Quality  Data 

Needed. 

W91-04173  6D 


TATEISHI,  G.  A. 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

TATSUKAWA,  R. 

Metal  Concentrations  in  Pelagic  Seabirds  from 

the  North  Pacific  Ocean. 

W91-04575  5B 

Sex-  and  Maturity-Related  Heavy  Metal  Accu- 
mulations in  the  Antarctic  Krill  Euphausia  su- 
perba. 
W91-04530  5B 

TAYLOR,  F.  M. 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W9 1-04483  7C 

TAYLOR,  M.  R. 

Assessment  of  ATM  and  Satellite  Data  for  Esti- 
mating the  Groundwater  Contribution  to  Slope 
Stability. 
W91-03958  7B 

TELFORD,  D.  R. 

Thermophilic      Campylobacters      in      Surface 
Waters  around  Lancaster,  UK:  Negative  Corre- 
lation  with   Campylobacter    Infections   in   the 
Community. 
W9 1-04369  5B 

TEMPLE,  P.  J. 

Water    Relations    of    Differentially    Irrigated 

Cotton  Exposed  to  Ozone. 

W9 1-04505  3F 

TEMPLIN,  W.  E. 

California  Water-Use  Geographic  Information 

System. 

W91-04170  6D 

TEN  EYCK,  G.  S. 

Water  Use  Data  Requirements  and  Sources  for 

Appraisal  of  Water  Rights  Yields. 

W9 1-04208  6D 

TENDAJ,  M. 

Upgrading  of  the  Treatment  Plants  in  Stock- 
holm to  Meet  More  Stringent  Requirements. 
W9 1-04668  5D 

TENGEDAL,  M.  D. 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W9 1-04593  2H 

TERRY,  J.  E. 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 

TESSIER,  A.  J. 

Influence  of  Water  Chemistry  on  Size  Structure 

of  Zooplankton  Assemblages. 

W9 1-04442  2H 

TEUTSCH.G. 

Environmental  Research  Field  Site  'Horkheimer 
Inset':  Research  Program,  Instrumentation  and 
First  Results. 
W9 1-04308  7  A 

THAMKE.J.N. 

Populations  Affected   by   Pesticides   in   Public 

Ground- Water  Supplies  in  Iowa. 

W9 1-04202  5B 

THIBODEAUX,  L.  J. 

Bioturbation:    A    Facilitator    of    Contaminant 

Transport  in  Bed  Sediment. 

W9 1-04765  5B 


Urn 

■J 


\ 


PA-41 


THOMAS,  R. 


AUTHOR  INDEX 


THOMAS,  R. 

Waterborne  Outbreak  of  Leptospirosis  among 

United  States  Military   Personnel  in  Okinawa, 

Japan. 

W9 1-04365  5B 

THOMPSON-EAGLE,  E.  T. 

Protein-Mediated    Selenium    Biomethylation    in 

Evaporation  Pond  Water. 

W9 1-04744  5B 

THOMPSON,  T. 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

THORNTON,  F.  C. 

Response  of  Growth,  Photosynthesis,  and  Min- 
eral Nutrition  of  Red  Spruce  Seedlings  to  Ozone 
and  Acidic  Cloud  Deposition. 
W9 1-04450  5C 

TIESZEN,  L.  L. 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

TILLMAN,  S.  M. 

Analysis  of  the  Variables  Affecting  Water  Con- 
sumption for  the  City  of  Hays,  Kansas. 
W9 1-04240  6D 

Price  and  Income  Elasticities  in  the  Analysis  of 
Water  Demands  for  the  City  of  Hays,  Kansas. 
W91-04178  6C 

TITUS,  J.  E. 

Submersed  Macrophyte  Growth  at  Low  pH:  I. 
C02  Enrichment  Effects  with  Fertile  Sediment. 
W9 1-04529  5C 

TIWARI,  P.  R. 

Effects  of  Chlorpyrifos  on  the  Kidney  of  Fresh- 
water Catfish,  Heteropneustes  fossilis. 
W91-04021  5C 

TJEERDEMA,  R.  S. 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

TOAN,  T.  L. 

Observations  on  the  Effect  of  Geometric  Prop- 
erties of  Agricultural  Soils  on  Radar  Backscat- 
ter,  from  C-SAR  Images. 
W9 1 -03965  7B 

TOET,  C. 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

TOHA,  J. 

Waste  Water  Treatment  Using  Saline  Cultures 

of  Microalgae. 

W9 1-04762  5D 

TOLIKAS,  P. 

Series  Representation  of  Flux  for  the  Boussinesq 

Equation. 

W91-04916  2F 

TONG,  H.  Y. 

Analysis  of  Dated  Sediment  Samples  from  the 

Newark  Bay  Area  for  Selected  PCDD/Fs. 

W9 1-04292  5B 

TOPLISS,  J. 

Monitoring  Offshore  Water  Quality  from  Space. 
W9 1-03953  7B 

TORTORELLI,  M.  C. 

Toxicity  of  Ethyl-parathion   and   Carbaryl   on 

Early  Development  of  Sea  Urchin. 

W91-04019  5C 

TOSSELL,  R.  W. 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W9 1-04547  2B 


Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

TOTH,  J. 

Relationships    in    Regional    Groundwater    Dis- 
charge to  Streams:  An  Analysis  by  Numerical 
Simulation. 
W9 1-04400  2  A 

TOWNSEND,  J.  A. 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W91-04283  5A 

TRACY,  K.  D. 

Upgrading  Wastewater  Treatment  Plants  with 

Anaerobic  Selectors. 

W9 1-04663  5D 

TRAEGNER,  U.  K. 

Adsorption    Isotherms:    Illusive    Capacity    and 

Role  of  Oxygen. 

W91-04072  5D 


TRAN,  H.  G. 

Designing  to  Improve  Grit  Removal. 
W9 1-04601 


5D 


TRAUTH,  K.  M. 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W91-04194  6D 

TRELA.J. 

Effect  of  Easily  Degradable  Carbon  Sources  on 

Nitrogen  Removal  Efficiency. 

W9 1-04696  5D 

TREMBLAY,  G.  H. 

Dissolved  Arsenic  in  the  St.  Lawrence  Estuary 

and  the  Saguenay  Fjord,  Canada. 

W91-04519  5B 

TRIPATHI,  C.  K.  M. 

Some    Limnological    Observations    on    River 

Ganga. 

W91-04418  2H 

TROTTA,  L.  C. 

Inventory  of  Interbasin  Water  Transfers  in  Min- 
nesota. 
W91-04172  6D 

TRUBIANO,  R.  P. 

Past  Practices  and  New  Approaches  in  Scum 

Management. 

W9 1-04602  5G 

TRUMAN,  C.  C. 

Effect  of  Antecedent  Soil  Moisture  on  Splash 

Detachment  Under  Simulated  Rainfall. 

W9 1-04800  2J 

TRUMBORE,  S.  E. 

Dissolved  Organic  Carbon  Cycling  in  Forested 

Watersheds:  A  Carbon  Isotope  Approach. 

W9 1-04924  2K 

TSAI,  Y.-L. 

Effects  of  Hg(2  +  ),  CH3-Hg(  +  ),  and  Tempera- 
ture on  the  Expression  of  Mercury  Resistance 
Genes  in  Environmental  Bacteria. 
W9 1-04062  5C 

TSUCHIYA,  T. 

Effects   of   Water    Level    Fluctuation    on    the 
Growth  of  Nelumbo  nucifera  Gaertn.  in  Lake 
Kasumigaura,  Japan. 
W91-04411  2H 

TSUKAMOTO,  K. 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing  Behaviours  of  Juvenile   Ayu   Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W91-04527  81 


Effects  of  Environmental   Factors  on  Jumping 
Behaviour  of  the  Juvenile  Ayu  Plecoglossus  alti- 
velis with  Special  Reference  to  Their  Upstream 
Migration. 
W9 1-04526  81 

TUCKER,  J.  C. 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent   Storage   by   Water   Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W91-04052  5D 

TULLIS,  R.  L. 

Virgin  River:  Planning  for  Development  While 

Meeting   Flow    Requirements   for   Endangered 

Species. 

W91-04217  6D 

TURCHI,  C. 

Heterogeneous  Photocatalysis  for  Water  Purifi- 
cation: Contaminant  Mineralization  Kinetics  and 
Elementary  Reactor  Analysis. 
W9 1-04768  5D 

TURNER,  J.  V. 

Mechanisms  Affecting  Streamflow  and  Stream 
Water  Quality:  An  Approach  via  Stable  Isotope, 
Hydrogeochemical,  and  Time  Series  Analysis. 
W9 1-04929  2E 

TURRIN,  R.  P. 

Comparison    of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W9 1-0482  5  2F 

TWISS,  S. 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-04016  5B 

UCHIDA,  K. 

Effect  of  Parental  Origin  on  Jumping  and  Spac- 
ing Behaviours  of  Juvenile  Ayu  Plecoglossus 
altivelis  with  Special  Reference  to  Their  Up- 
stream Migration. 
W9 1-04527  81 

Effects  of  Environmental  Factors  on  Jumping 
Behaviour  of  the  Juvenile  Ayu  Plecoglossus  alti- 
velis with  Special  Reference  to  Their  Upstream 
Migration. 
W9 1-04526  81 

UHL,  M. 

Comparison    of    Pollutant    Load    Calculation 

Methods  Based  on  Measured  Data—State  of  the 

Investigation. 

W91-04334  5B 

UHRBERG,  R. 

Reliability  of  Analyses  of  Hg,  Fe,  Ca,  K,  P,  pH, 
Alkalinity,  Conductivity,  Hardness  and  Colour 
From  Lakes. 

W91-04753  5A 

UKJTA,  M. 

Biological    Nitrogen   Removal   in   a  Complete 

Mixing  Type  Aerator  with  ORP  Control. 

W9 1-04690  5D 

UNGER,  M.  A. 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

UPTON,  G.  J.  G. 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W9 1-03960  2B 

URBAN,  L.  V. 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W91-04194  6D 


PA-42 


AUTHOR  INDEX 


VIEUX,  B.  E. 


USTIN,  S.  L. 

Water  Relations  of  a  Walnut  Orchard:  Simulta- 
neous Measurement  with  Remote  Sensing. 
W91-03966  7B 

UZA.M. 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W91-O4280  7B 

VAIDYA,  R. 

Role  of  Government  Agencies  in  the  Financing 

of  Water  Supply  Systems. 

W9 1-04207  6E 

VAIL,  S.  S. 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W91-04565  21 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes:   II.    Reproductive    Development,    Seed 
Yield,  and  Seed  Quality. 
W91-04566  3F 

VALDECASAS,  A.  G. 

Jacknife  and  Bootstrap  Estimation  of  Biological 

Index  of  Water  Quality. 

W91-04084  5A 

VALDES,  J.  B. 

Frequency-Wavenumber  Spectrum  for  GATE 

Phase  I  Rainfields. 

W91-04432  2B 

VALIANTZAS,  J.  D. 

Analysis  of  Outflow  Experiments  Subject  to  Sig- 
nificant Plate  Impedance. 
W91-04921  2G 

VALOCCHI,  A.  J. 

Cell  Analytical-Numerical  Method  for  Solution 
of  the  Advection-Dispersion  Equation:  Two-Di- 
mensional Problems. 
W91-04124  5B 

Game-Theoretic  Parameter  Configuration  Tech- 
nique for  Aquifer  Restoration  Design. 
W91-O4028  2F 

VAN  BENSCHOTEN,  J.  E. 

Measuring  Aluminum  During  Water  Treatment: 

Methodology  and  Application. 

W91-03976  5F 

VAN  DE  KREEKE,  J. 

Stability  Analysis  of  a  Two-Inlet  Bay  System. 
W9 1-04836  2L 

VAN  DEONSELAAR,  E.  G. 

Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W9 1-04573  5C 


VAN  DER  MOLEN,  W.  H. 

Education  of  Hydrologists. 
W91-04801 


9A 


VAN  DER  VORST,  H. 

Iterative  Methods  for  the  Solution  of  Large  Sys- 
tems of  Equations  on  Supercomputers. 
W91-04833  7C 

VAN  DER  ZEE,  S.  E. 

Experimental  Study  of  Non-Uniform  Flow  in 

Granular  Porous  Media. 

W9 1-04029  2G 

VAN  DONSELAAR,  E.  G. 

Cytopathological    Investigations    of    Digestive 
Tract  and  Storage  Cells  in  Daphnia  magna  Ex- 
posed to  Cadmium  and  Tributyltin. 
W91-04012  5C 

VAN  EK,  R. 
Rainfall  Interception  in  Two  Tropical  Montane 
Rain  Forests,  Colombia. 
W91-04101  21 


VAN  HANNEN,  E.  J. 

Effect  of  Copper  on  the  Embryonic  Develop- 
ment and  Hatching  of  Sepia  officinalis  L. 
W91-04581  5C 

VAN  HUYSSTEEN,  J.  A. 

Olifantsfontein  Nutrient  Removal  Plant. 
W91-04660  5D 

Upgrading  of  Wastewater  Treatment  Plants:  Ox- 
idation Ponds  in  Series  with  Biological  Filters. 
W9 1-04701  5D 

VAN  LOON,  W.  K.  P. 

New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

VAN  MAMEREN,  H.  J. 

Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

VAN  METRE,  P. 

Estimation  of  Ground- Water  Use  for  Irrigation 
in  Eastern  Washington  Using  Landsat  Imagery. 
W91-04232  3F 

VAN  REENEN,  A.  J. 

Dynamically   Formed   hydrous   Zirconium(IV) 

Oxide-Polyelectrolyte  Membranes:  IX. 

Polyfacrylic  acid-co-hydroxyethyl  acrylate)  and 

Poly(acrylic  acid  co-hydroxyethyl  methacrylate) 

Membranes. 

W91-04313  3A 

VAN  STRATEN,  G. 

Set  Membership  Approach  to  Identification  and 

Prediction  of  Lake  Eutrophication. 

W91-04119  5C 

VAN  TTL,  R.  L. 

Water  Use  and  Methods  of  Data  Acquisition  in 

Michigan. 

W91-04176  6D 

VANDERBORGHT,  J.-P. 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 

VANGORDON,  L.  C. 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

VANT,  W.  N. 

Causes  of  Light  Attenuation  in  Nine  New  Zea- 
land Estuaries. 
W91-03981  2L 

VARRIN,  R.  D. 

Fiscal  Year   1989  Program  Report  (Delaware 

Water  Resources  Center). 

W9 1-04888  9D 

VASSOS,  T.  D. 

Upgrading  Wastewater  Treatment  Plants  for  Bi- 
ological Nutrient  Removal. 
W9 1-04665  5D 

VAUCLIN,  M. 

Modern  Kriging  and  Classical  Gaussian  Tech- 
niques-Do They  Necessarily  Yield  Identical  Re- 
sults. 
W9 1-04829  2G 

VAUGHAN,  H. 

Water  Use  Analysis:  Are  Water  Quality  Data 

Needed. 

W91-04173  6D 

VEIL,  W. 

Strategy    for    the    Modernization    of   Control 

Equipment. 

W9 1-04427  8C 

VELBEL,  M.  A. 

Influence  of  Temperature  and  Mineral  Surface 
Characteristics  on  Feldspar  Weathering  Rates  in 


Natural  and  Artificial  Systems:  A  First  Approxi- 
mation. 
W91-04932  5C 

VELDKAMP,  R.  G. 

Sediment  in  Sewers:  Initiation  of  Transport. 
W91-04351  5D 

VENA,  J.  E. 
Retrospective     Cohort     Mortality     Study     of 
Cancer  Among  Sewage  Plant  Workers. 
W91-04754  5D 

VENEKLAAS,  E.  J. 

Rainfall  Interception  in  Two  Tropical  Montane 

Rain  Forests,  Colombia. 

W91-04101  21 

VENKOBACHAR,  C. 

Metal  Removal  by  Waste  Biomass  to  Upgrade 

Wastewater  Treatment  Plants. 

W91-04713  5D 

Upgrading   of  Kanpur   Wastewater  Treatment 

Plant  by  Phased  Expansion. 

W9 1-04706  5D 

VENUGOPAL,  N.  B.  R.  K. 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W9 1-04023  5C 

VERBANCK,  M. 

Sewer  Sediment  and  Its  Relation  with  the  Qual- 
ity Characteristics  of  Combined  Sewer  Flows. 
W9 1-04352  5D 

VERDIN,  J.  P. 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W91-04233  3F 

VERHEYEN,  R.  F. 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W9 1-04793  81 

VERTA,  M. 

Changes  in  Fish  Mercury  Concentrations  in  an 

Intensively  Fished  Lake. 

W91-04441  5B 

VETTER,  W. 

Characteristic    Chlorinated    Hydrocarbon    Pat- 
terns in  the   Blubber  of  Seals  from  Different 
Marine  Regions. 
W91-04247  5B 

VEZTNA,  A.  F. 

Iron  Transport  and  Distribution  between  Fresh- 
water   and    Sediments    over    Different    Time 
Scales. 
W91-04154  2H 

VICKERS,  A. 

Water-Use  Efficiency  Standards  for  Plumbing 

Fixtures:  Benefits  of  National  Legislation. 

W9 1-03972  3D 

VIDIC,  R.  D. 

Adsorption    Isotherms:    Illusive    Capacity    and 

Role  of  Oxygen. 

W91-04O72  5D 

VIESSMAN,  W. 

Framework  for  Reshaping  Water  Management. 
W91-04555  6B 

VIEUX,  B.  E. 

Finite  Element  Watershed  Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 


5 


i 


PA-43 


VIJJESWAR APU,  W. 


AUTHOR  INDEX 


VIJJESWARAPU,  W. 

Evaluating  Ion  Exchange  for  Removing  Radium 

from  Groundwater. 

W9 1 -03975  5F 

VILLATE,  F. 

Day-to-day  Variability  in  the  Plankton  Commu- 
nity of  a  Coastal  Shallow  Embayment  in  Re- 
sponse to  Changes  in  River  Runoff  and  Water 
Turbulence. 
W91-04412  2L 

VILLEGAS,  A.  N. 

Water  Use  by  Monocropped  and  Intercropped 

Cowpea  and  Sorghum  Grown  after  Rice. 

W9 1-04500  3F 

VINEY,  I. 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W9 1-04580  5G 

VIRMANI,  S.  M. 

Evapotranspiration     and     Yield     of     Irrigated 

Chickpea. 

W9 1-04497  2D 

VOELZ,  N.  J. 

Algal  Colonization  Under  Four  Experimentally- 
Controlled  Current  Regimes  in  a  High  Mountain 
Stream. 
W91-04715  2E 

VOLKOVA,  A. 

Time-   and    Vertical    Distribution   of  Bacterio- 
plankton  in  a  Shallow  Eutrophic  Reservoir. 
W9 1-04034  2H 

VOLMER,  D. 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

VON  GUNTEN,  H.  R. 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-04031  5B 

VOOGT,  P.  A. 

Cadmium    Accumulation  and    Metallothionein- 

like  Proteins  in  the  Sea  Star  Asterias  rubens. 

W91-04615  5B 

Ecdysteroids  in  Daphnia  magna:  Their  Role  in 
Moulting  and  Reproduction  and  Their  Levels 
Upon  Exposure  to  Cadmium. 
W91-04013  5C 

VOSSEN,  P. 

Comparative  Statistical  Validation  of  Two  Ten- 
Day  Water-Use   Models  and  of  Three  Yield- 
Reduction  Hypotheses  for  Yield  Assessment  in 
Botswana. 
W9 1-04485  6D 

WABER,  U.  E. 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-04031  5B 

WABLE,  M.  V. 

Upgrading  a  Municipal  Activated  Sludge  Plant 
for  High-Rate  Biological  Nutrient  Removal. 
W9 1-04662  5D 

WAGNER,  R.  E. 

PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

WAHL,  K.  L. 

Effects  of  Regional  Ground-Water  Level  De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 

WAHL,  T.  L. 

Effects  of  Regional  Ground-Water  Level   De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 


WAITE,  D. 

Economics    of    Reducing    Colorado    Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04197  6C 

WALES,  D.  S. 

Recovery  of  Metal  Ions  by  Microfungal  Filters. 
W91-04157  5D 

WALKER,  C.  H. 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds- 
Bioaccumulation,  Metabolism,  and  Effects. 
W91-04011  5B 

WALKER,  G.  K. 

Influence  of  the  Biosphere  on  the  Global  Circu- 
lation and  Hydrologic  Cycle-A  GCM  Simula- 
tion Experiment. 
W91-04493  2B 

WALKER,  G.  R. 

Land  Clearance  and  River  Salinisation  in  the 

Western  Murray  Basin,  Australia. 

W9 1-04386  4C 

WALKER,  R.  L. 

Hydrogeochemical  Data  from  an  Acidic  Deposi- 
tion Study  at  McDonalds  Branch  Basin  in  the 
New  Jersey  Pinelands,  1983-86. 
W9 1-04472  5B 

WALKER,  W.  R. 

Fiscal    Year    1989    Program    Report    (Virginia 

Water  Resources  Research  Center). 

W9 1-04899  9D 

WALKOVIAK,  L.  P. 

Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

WALL,  G.  J. 

Guelph  Rainfall  Simulator  II:  Part  1.  Simulated 

Rainfall  Characteristics. 

W9 1-04547  2B 

Guelph  Rainfall  Simulator  II:  Part  2.  A  Compar- 
ison of  Natural  and  Simulated  Rainfall  Charac- 
teristics. 
W9 1-04548  2B 

WALLACE,  R.  B. 

Finite  Element  Watershed   Modeling:  One-Di- 
mensional Elements. 
W9 1-03993  2E 

WALLACH,  R. 

Soilwater  Distribution  in  a  Nonuniformly  Irri- 
gated Field  with  Root  Extraction. 
W91-04395  3F 

WALSH,  G.  E. 

Artificial  Sediments  for  Use  in  Tests  with  Wet- 
land Plants. 
W9 1-04453  2J 

WALTERS,  C.  C. 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W91-04270  2F 

WALTERS,  D.  M. 

Water   Resources   Data   for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

WALTON,  D. 

Process  of  Colonization  in  Antarctic  Terrestrial 

and  Freshwater  Ecosystems. 

W91-04531  2H 

WALTON,  T.  L. 

Simulation     of     Nonstationary,     Non-Gaussian 

Water  Levels  on  Great  Lakes. 

W9 1-04070  2H 

WALTRIP,  D. 

Upgrading  a  Municipal  Activated  Sludge  Plant 
for  High-Rate  Biological  Nutrient  Removal. 
W9 1-04662  5D 


WANG,  L. 

In  Situ  Technique  to  Measure  Bacterial  Chemo- 

taxis  in  Natural  Aquatic  Environments. 

W9 1-04722  2H 

WANGEN,  M. 

Model  for  Compaction  of  Sedimentary  Basins. 
W91-04835  2F 

WANNER,  J. 

Innovative  Technology  for  Upgrading  Nutrient 

Removal  Activated  Sludge  Plants. 

W91-04661  5D 

WARD,  J.  V. 

Algal  Colonization  Under  Four  Experimentally- 
Controlled  Current  Regimes  in  a  High  Mountain 
Stream. 
W91-04715  2E 

WARD,  S.  M. 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W9 1-04483  7C 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 


WARMAN,  J.  C. 

Land  Use  Practices  and  Water  Disputes. 
W9 1-04205 


6E 


WARNER,  J.  E. 

Acidity   as  a   Factor   in   Leaching  of  Copper, 
Chromium  and  Arsenic  from  CCA  Treated  Di- 
mension Lumber. 
W91-04625  5B 

WARTCHOW,  D. 

Nitrification   and    Denitrification   in   Combined 

Activated  Sludge  Systems. 

W91-04682  5D 

WASHIYAMA,  K. 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological   Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W91-04666  5D 

WASIMI,  S.  A. 

Hybrid  Model  for  Forecasting  Daily  Rainfall. 
W91-04127  2B 

WASS,  R.  E. 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W9 1-04272  2L 

WATANABE,  S. 

Comparison  of  Organochlorine  Residue  Levels 
in   the   Striped    Dolphin   from   Western   North 
Pacific,  1978-79  and  1986. 
W91-04516  5B 

WATANABE,  Y. 

Theory  and  Performance  of  a  Jet-Mixed  Separa- 
tor. 
W91-04757  5F 

WATERS,  T.  F. 

Annual    Production    and    Production:    Biomass 
Ratios  for  Three  Species  of  Stream  Trout  in 
Lake  Superior  Tributaries. 
W9 1-04589  2H 

WATSON,  J.  E. 

Localized  Field  Irrigation  Efficiencies  from  Soil 

Salinity  Samples. 

W9 1-0454 1  3F 

WATTAYAKORN,  G. 

GC/MS  Based  Analyses  of  Individual  Organic 
Constituents  of  Chao  Phraya  River  Water  and 


AUTHOR  INDEX 


WILLIAMS,  O.  R. 


Estimated  Discharge  Rates  into  the  Upper  Gulf 

of  Thailand. 

W91-04458  5B 

WEBB,  D.  H. 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W9 1-04593  2H 

WEBER,  D.  E. 

Artificial  Sediments  for  Use  in  Tests  with  Wet- 
land Plants. 
W91-04453  2J 

WEBER,  J.  A. 

Reducing    Water    Demand    During    Drought 

Years. 

W9 1-03971  3D 

Water  Relations  of  a  Walnut  Orchard:  Simulta- 
neous Measurement  with  Remote  Sensing. 
W9 1-03966  7B 

WEBER,  R.  R. 

Petroleum  Aromatic  Hydrocarbons  in  Surface 
Waters  around  Elephant  Island,  Antarctic  Pe- 
ninsula. 
W91-04518  5B 

WEBSTER,  G.  R.  B. 

Dietary   Accumulation   and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7,8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

WEBSTER,  I.  T. 

Effect  of  Wind  on  the  Distribution  of  Phyto- 

plankton  Cells  in  Lakes. 

W9 1-03995  2H 

WEEKS,  B.  A. 

Influence  of  in  vivo  Exposure  to  Tributyltin  on 

Reactive  Oxygen  Formation  in  Oyster  Toadfish 

Macrophages. 

W91-04614  5C 

WEISS,  L.  A. 

Effects  of  Urbanization  on  Peak  Streamflows  in 

Four  Connecticut  Communities,  1980-84. 

W9 1-04464  4C 

WELCH,  A.  H. 

Geothermal  Resources  of  the  Western  Arm  of 
the  Black  Rock  Desert,  Northwestern  Nevada: 
Part  II,  Aqueous  Geochemistry  and  Hydrology. 
W9 1-04462  2K 

Ground-Water-Quality      Assessment      of     the 
Carson   River   Basin,    Nevada   and   California: 
Analysis    of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 


WELLAUER,  R. 

Cooling  Water  Treatment  with  Ozone. 
W9 1-04379 


5F 


WELLS,  L.  E. 

Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W91-04109  2B 

WELS.C. 

Groundwater    and    Wetland    Contributions    to 
Stream  Acidification:  An  Isotopic  Analysis. 
W91-04928  5B 

WENDT,  C.  W. 

Root  Zone  Water  Balances  of  Three  Low-Input 

Millet  Fields  in  Niger,  West  Africa. 

W9 1-04504  3F 

WENTZ,  S.  J. 
Coordination  of  Federal  Water-Use-Data  Col- 
lection and  Dissemination. 
W91-04163  6D 


WERNER,  F.  E. 

Tidal    Dynamics    in    a    Coupled    Ocean/Lake 

System. 

W91-04416  2L 

WESLEY,  R.  A. 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W91-04782  3F 

WEST,  R.  L. 

Residential  Water  Use  Study  of  Lubbock,  Texas. 
W91-04194  6D 

WESTERFIELD,  P.  W. 

Ground- Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1988. 

W9 1-04863  2F 

Ground- Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1989. 

W9 1-04479  2F 

WESTJOHN,  D.  B. 

Matrix-Controlled  Hydraulic  Properties  of  Mis- 
sissippian  and  Pennsylvanian  Sandstones  from 
the  Michigan  Basin. 
W9 1-04639  2F 

WHALEN,  S.  C. 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W91-04065  5E 

WHEATER,  H.  S. 

Identifiability    of    Conceptual    Hydrochemical 

Models. 

W91-04927  5B 

WHITAKER,  S. 

Use  of  Nuclear  Magnetic  Resonance  as  an  Ex- 
perimental Probe  in  Multiphase  Systems:  Deter- 
mination of  the  Instrument  Weight  Function  for 
Measurements  of  Liquid-Phase  Volume  Frac- 
tions. 
W91-04134  7B 

WHITE,  C. 

Biosorption  of  Radionuclides  by  Fungal  Bio- 
mass. 
W91-04156  5D 

WHITE,  D.  K. 

Water   Resources   Data  for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

WHITE,  G.  K. 

Fiscal  Year  1989  Program  Report  (Maine  Envi- 
ronmental Studies  Center). 
W91-04887  9D 

WHITE,  K.  D. 

Polychlorinated    Dibenzofurans    in    the    Edible 

Portion  of  Selected  Fish. 

W91-04258  5B 

WHITE,  R.  K. 

Effects  of  Foliation  on  the  Hydrologic  Proper- 
ties of  Piedmont  Saprolite. 
W91-04885  2F 

WHITLEDGE,  T.  E. 

Enhanced   Primary   Production  at  the  Plume/ 

Oceanic  Interface  of  the  Mississippi  River. 

W9 1-04742  2L 

WHY  ATT,  R.  M. 

Setting  Human-Health-Based  Groundwater  Pro- 
tection Standards  When  Toxicological  Data  Are 
Inadequate. 
W91-04010  5G 

WICHELNS,  D. 

Economic  Effects  of  Long-Term  Restrictions  on 

Drainage  Water  Disposal. 

W91-04535  5G 

WIEDMEYER,  R.  H. 

Concentrations  of  Boron,  Molybdenum,  and  Se- 
lenium in  Chinook  Salmon. 
W9 1-04590  5B 


WIEGEL,  J. 

Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Parahydroxy- 
benzoate and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W9 1-04728  5B 

Reductive   Dechlorination   of  Dichlorophenols 
by  Nonadapted  and  Adapted  Microbial  Commu- 
nities in  Pond  Sediments. 
W91-04732  5B 

WIENER,  J.  G. 

Recent  Influxes  of  Metals  into  Lake  Pepin,  a 
Natural  Lake  on  the  Upper  Mississippi  River. 
W91-04576  5B 

WIGMOSTA,  M. 

Proposed  Model  for  Evaluating  Urban  Hydro- 
logic  Change. 
W9 1-03990  4C 

WIGNARAJAH,  K. 

Growth    Response    of    Phaseolus    vulgaris    to 

Varying  Salinity  Regimes. 

W9 1-04559  3C 

WIJMANS,  J.  G. 

Treatment  of  Organic-Contaminated 

Wastewater  Streams  by  Pervaporation. 

W9 1-04772  5D 

WIK,  M. 

Importance  of  Spheroidal  Carbonaceous  Parti- 
cles (SCPs)  for  the  Distribution  of  Particulate 
Polycyclic  Aromatic  Hydrocarbons  (PAHs)  in 
an  Estuarine-Like  Urban  Coastal  Water  Area. 
W9 1-04249  5B 

WILDEMAN,  T. 

Passive  Treatment  Technology  Cleans  Up  Colo- 
rado Mining  Waste. 
W9 1-048 13  5G 

WILDISH,  D.  J. 

Nitzschia    pseudodelicatissima:    A    Source    of 

Domoic  Acid  in  the  Bay  of  Fundy,   Eastern 

Canada. 

W9 1-04720  2L 

WILDMOSER,  A. 

Improvement  of  Existing  Wastewater  Treatment 
Plants'    Efficiencies    without    Enlargement    of 
Tankage  by  Application  of  the  LINPOR-Proc- 
ess:  Case  Studies. 
W9 1-04683  5D 

WILLDEN,  A.  T. 

Matrix-Controlled  Hydraulic  Properties  of  Mis- 
sissippian  and   Pennsylvanian   Sandstones  from 
the  Michigan  Basin. 
W9 1-04639  2F 

WILLEMSEN,  G.  D. 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W91-04340  5C 

WILLIAMS,  J.  E. 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W91-04785  6G 

WILLIAMS,  L.  E. 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W9 1-04780  3F 

WILLIAMS,  O.  R. 

Use  of  Departure  Analysis  in  Decision  Making. 
W9 1-04209  4C 


u 


I 


PA-45 


WILLIAMS,  P.  L. 


AUTHOR  INDEX 


WILLIAMS,  P.  L. 

Aquatic  Toxicity  Testing  Using  the  Nematode, 

Caenorhabditis  elegans. 

W91-04147  5C 

WILLIAMS,  R.  E. 

Statistical   Analysis  of  the   Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 


WILLIAMS,  R.  T. 

Bioremediation  Using  Composting. 
W9 1-04761 


5G 


WILLIAMSON,  A.  K. 

Salt-Dome  Locations  in  the  Gulf  Coastal  Plain, 

South-Central  United  States. 

W9 1-04880  2F 

WILSON,  G.  V. 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

WILSON,  J.  W. 

Air  Toxics  Project  Studies  Health  Risks  from 
Wastewater  Treatment  Plant  Emissions. 
W91-04597  5D 

WILSON,  L. 

Quality  Assurance/Quality  Control  Assessment 
for   a   Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W91-04277  5B 

WINDSOR,  J.  G. 

Exposure    Assessment    of    Sewage    Treatment 

Plant  Effluent  by  a  Selected  Chemical  Marker 

Method. 

W9 1-04570  5D 

WINJNNE,  H.  J.  A. 

Effects  of  Cadmium   in  Freshwater  Clams.    I. 
Interaction  with  Essential  Elements  in  Anodonta 


cygnea. 
W9 1-04572 


5C 


WINTER,  G.  V. 

Statistical   Analysis  of  the  Hydrochemistry  of 
Ground  Waters  in  Columbia  River  Basalts. 
W91-04401  2F 

WINTERBOURN,  M.  J. 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W91-04528  5C 

Structure  of  Epilithon  in  Some  Acidic  and  Cir- 

cumneutral   Streams  in   South   Westland,   New 

Zealand. 

W91-04812  2H 

WITT,  E.  C. 

Effects  of  Acidic   Precipitation  on  the  Water 
Quality   of  Streams   in   the   Laurel   Hill   Area, 
Somerset  County,  Pennsylvania,  1983-86. 
W9 1-04636  5C 

WTTTEN,  J.  D. 

Determining  the  Development  Potential  Within 
Wellhead  Protection  Areas  and  Resulting  Im- 
pacts from  Nitrogen  Loading. 
W9 1-03934  5G 

WOFSY,  S.  C. 

Numerical  Method  for  Parameterization  of  At- 
mospheric Chemistry:  Computation  of  Tropo- 
spheric  OH. 
W9 1-04299  2K. 

Tropospheric     OH     in     a    Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CC13. 
W91-04300  5B 

WOLFF,  G.  A. 

Mersey  Oil  Spill,  August,  1989:  A  Case  of  Sedi- 
ments Contaminating  the  Oil. 
W91-04523  5B 


WOLLAST,  P. 

Continuous  Monitoring  of  Wastewater  Composi- 
tion in  Sewers  and  Stormwater  Overflows. 
W91-04355  5D 

WONG,  C.  K. 

Toxicity  of  Nickel  and   Nickel   Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W9 1-04022  5C 

WONG,  K.  C. 

Current  and  Sea  Level  Variability  in  the  Chesa- 
peake and  Delaware  Canal. 
W9 1-04297  2L 

WONG,  P.  K. 

Toxicity  of  Nickel   and   Nickel   Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W9 1-04022  5C 

WOOD,  E.  F. 

Operating  the  Seattle  Water  System  during  the 

1987  Drought. 

W9 1-03974  3D 

WOOD,  L.  W. 

Assimilation  of  Polychlorinated  Biphenyls  by  a 
Marine  Mollusc  and  Comparison  with  a  Rat. 
W91-04623  5B 

WOSTEN,  J.  H.  M. 

Use  of  Practical  Aspects  of  Soil  Behaviour  to 
Evaluate  Different  Methods  to  Generate  Soil 
Hydraulic  Functions. 
W91-04100  2G 

WRENN,  M.  E. 

Daily  U  Intake  in  Utah  Residents  from  Food 

and  Drinking  Water. 

W91-04511  5B 

WRIGHT,  J.  R. 

Fiscal  Year  1989  Annual  Program  Report  (Indi- 
ana Water  Resources  Research  Center). 
W9 1-04881  9D 

WRIGHT,  W.  G. 

Preliminary  Investigation  of  Soil  and  Ground- 
Water  Contamination  at  the  U.S.  Army  Petrole- 
um Training  Facility,  Fort  Lee,  Virginia,  Sep- 
tember-October 1989. 
W9 1-04864  5B 

XIANREN,  Q. 

Analysis  of  Atmospheric  Precipitation  by  Re- 

versed-Phase  Ion-Pair  Chromatography. 

W9 1-04265  5  A 

XINGWEI,  S. 

Preliminary  Study  on  Nearshore  Water  in  China 

with  NOAA  Satellite  Images. 

W91-03955  7B 

XU,  F. 

Mass  Balance  Analysis  of  Ozone  in  a  Conven- 
tional Bubble  Column. 
W9 1-04381  5F 

XU,  Y.  J. 

Settling   Speed  of  Floes  in  Fresh   Water  and 

Seawater. 

W9 1-04296  2J 

XUE,  H.  B. 

Binding  of  Cu(II)  to  Algae  in  a  Metal  Buffer. 
W9 1-04043  5B 

YAKE,  B. 

Transboundary  Metal  Pollution  of  the  Columbia 
River  (Franklin  D.  Roosevelt  Lake). 
W91-04016  5B 

YAMADA,  S. 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 

YAMAGUCHI,  Y. 

Regression  Model  for  Predicting  Catch  From 
Water  Level  of  High  Dam  Lake  in  Egypt. 
W91-04718  81 


YAMAMOTO,  Y. 

Sex-  and  Maturity-Related  Heavy  Metal  Accu- 
mulations in  the  Antarctic  Krill  Euphausia  su- 
perba. 
W9 1-04530  5B 

YAMANE,  A. 

Storm  Water  Runoff  of  Hydrocarbons  in  the 
Tama  River  Basin  in  Tokyo  (Japan)  and  Their 
Fate  in  the  River. 
W91-04337  5B 

YAMASHIRO,  I. 

Water   Resources   Data   for   Hawaii   and   other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

YANDERS,  A.  F. 

Application    of   a    Two-Dimensional    Reaction 
Chromatography     System     for     Confirmatory 
Analysis  of  Chlordane  Constituents  in  Environ- 
mental Samples. 
W9 1-04284  5  A 

YANG,  J.  C. 

Time-Line  Interpolation  for  Solution  of  the  Dis- 
persion Equation. 
W9 1-04309  SB 

YANG,  J.  Y. 

System  Analysis  Approach  to  Water  Resources 

Management. 

W9 1-04206  6  A 

Watershed  Modeling  for  Water  Resources  Man- 
agement. 
W9 1-04237  6A 


YAO,  K.  M. 

Tamshui  River  Cleanup. 
W9 1-048 18 


5D 


YARECHEWSKI,  A.  L. 

Dietary   Accumulation   and   Sustained   Hepatic 

Mixed  Function  Oxidase  Enzyme  Induction  by 

2,3,4,7, 8-Pentachlorodibenzofuran    in    Rainbow 

Trout. 

W9 1-04745  5C 

YARON,  D. 

Regional  Cooperation  in  the  Use  of  Irrigation 
Water:  Efficiency  and  Income  Distribution. 
W9 1-04436  6C 

YATES,  E.  B. 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 
Area  in   the   Western   Part  of  San  Francisco, 
California. 
W91-04883  2F 

YEH,  W.  W.-G. 

Sampling  Network  Design  for  Transport  Param- 
eter Identification. 
W9 1-03991  7  A 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

YEVICH,  R. 

Tropospheric     OH     in     a     Three-Dimensional 
Chemical  Tracer  Model:  An  Assessment  Based 
on  Observations  of  CH3CC13. 
W9 1-04300  5B 

YIN,  K. 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W9 1-04633  2L 

YORK,  D.  W. 

Florida's  Reuse  Program  Paves  the  Way. 

W9 1-04822  5D 


PA-46 


AUTHOR  INDEX 


ZURBURG,  W. 


YOUNG,  H.  K. 

Microbial    Aspects    of    Sewage    and    Sewage 

Sludge  in  Dundee,  Scotland. 

W9 1-04328  5B 

YOUNG,  L.  Y. 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W9 1-04729  5B 

Chlorophenol  Degradation  Coupled  to  Sulfate 

Reduction. 

W91-O4061  5B 

YOUNGS,  E.  G. 

Examination  of  Computed  Steady-State  Water- 

Table  Heights  in  Unconfined  Aquifers:  Dupuit- 

Forchheimer   Estimates   and    Exact   Analytical 

Results. 

W9 1-04399  2F 

YOUSEF,  Y.  A. 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W9 1-04346  5G 

YURTERI,  C. 

Ozonation  of  Trace  Organic  Compounds:  Model 
Predictions  Versus  Experimental  Data. 
W91-04377  5F 

ZACHARA,  J.  M. 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W91-04033  5B 

ZAJICEK,  J.  L. 

National  Contaminant  Biomonitoring  Program: 
Residues  of  Organochlorine  Chemicals  in  U.S. 
Freshwater  Fish,  1976-1984. 
W91-04579  5G 

ZALE,  A.  V. 

Distributions   and    Abundances   of  Early    Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W9 1-04592  2H 

ZAM,  S.  G. 

Simplification  of  in  Vitro  Culture  Techniques 

for  Freshwater  Mussels. 

W91-04148  7B 

ZANDEE,  D.  I. 

Cadmium   Accumulation   and  Metallothionein- 

like  Proteins  in  the  Sea  Star  Asterias  rubens. 
W91-04615  5B 

Ecdysteroids  in  Daphnia  magna:  Their  Role  in 
Moulting  and  Reproduction  and  Their  Levels 
Upon  Exposure  to  Cadmium. 
W91-04013  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  I. 
Interaction  with  Essential  Elements  in  Anodonta 


cygnea. 
W91-04572 


5C 


Effects  of  Cadmium  in  Freshwater  Clams.  II. 
Ultrastructural  Changes  in  the  Renal  System  of 
Anodonta  cygnea. 
W9 1-04573  5C 

Effects  of  Cadmium  in  Freshwater  Clams.  III. 
Interaction  with  Energy   Metabolism  in  Ano- 
donta cygnea. 
W9 1-04574  5C 

ZANDER,  S. 

Steps  in  Planning  the  Expansion  of  the  Large 
Sewage  Treatment  Plant  at  Buchenhofen,  Oper- 
ated by  the  Wupper  Watershed  Management 
Association. 
W91-04673  5D 

ZARNOCH,  J.  J. 

Evaluating  Oxidants  for  the  Removal  of  Model 
Taste  and  Odor  Compounds  from  a  Municipal 
Water  Supply. 
W9 1-03977  5F 

ZAZUETA-PADILLA,  H.  M. 

Trace     Metal     Concentrations     in     Mangrove 
Oyster  (Crassostrea  corteziensis)  from  Tropical 
Lagoon  Environments,  Mexico. 
W9 1-04525  5B 

ZEBUHR,  Y. 

PCDDs  and  PCDFs  in  Water,  Sludge  and  Air 
Samples  From  Various  Levels  in  a  Waste  Water 
Treatment  Plant  with  Respect  to  Composition 
Changes  and  Total  Flux. 
W91-04293  5D 

ZELLER,  E.  J. 

World  Grain  Yields,  Snow  Cover,  Solar  Activi- 
ty and  Quasi-Biennial  Oscillation  Relationships. 
W91-04495  3F 

ZEMBRZUSKI,  T.  J. 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York  State,  with  Flood  Profiles  of  Schoharie 

Creek. 

W9 1-04645  2E 

ZHANG,  G. 

Parametric  Study  of  Diethyl  Phthalate  Biode- 
gradation. 
W9 1-04274  5B 

ZHANG,  X. 

Isolation  and  Partial  Characterization  of  a  Clos- 
tridium Species  Transforming  Parahydroxy- 
benzoate and  3,4-Dihydroxybenzoate  and  Pro- 
ducing Phenols  as  the  Final  Transformation 
Products. 
W91-04728  5B 

ZHEN-BO,  D. 

Bilateral  Wastewater  Land  Treatment  Research. 
W91-04816  5D 

ZIA,S. 

Crayfish  as  a  'Biological  Indicator'  of  Aquatic 

Contamination  by  Heavy  Metals. 

W91-04035  5A 


ZIEGENFUSS,  M.  C. 

Remote  in  Situ  Apparatus  for  Ambient  Toxicity 
Testing  of  Larval  and  Yearling  Fish  in  River  or 
Estuarine  Systems. 
W91-04152  5C 

ZIELINSKI,  P. 

Seasonal  Dynamics  and  Production  of  Chirono- 

midae  in  a  Large  Lowland  River  Upstream  and 

Downstream  From  a  New  Reservoir  in  Central 

Poland. 

W91-04739  2H 

ZIELINSKI,  P.  B. 

Fiscal  Year  1989  Program  Report  (South  Caroli- 
na Water  Resources  Research  Center). 
W91-04891  9D 

ZIEMANN,  D.  A. 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton  Populations  During  the  Spring  Bloom  in 
Auke  Bay,  Alaska. 
W91-04461  2H 

ZIMMERMAN,  R.  W. 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 

ZIMMERMAN,  W.  R. 

Finite  Hydraulic  Conductivity  Effects  on  Opti- 
mal Groundwater  Pumping  Rates. 
W91-04914  6D 

ZNIDARCIC,  D. 

Centrifugal  Modeling  of  Drains  for  Slope  Stabi- 
lization. 
W9 1-04838  8D 

ZUIDEMA,  P. 

Disposal  of  Low-  and  Intermediate-Level  Waste 
in  Switzerland:  Basic  Aspects  of  Potential  Rel- 
evance to  Microbial  Effects. 
W9 1-04261  5E 

ZUIDERVLIET,  J. 

Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

ZULETA,  J. 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W9 1-04827  6  A 

ZURBURG,  W. 

Effect  of  Copper  on  the  Embryonic  Develop- 
ment and  Hatching  of  Sepia  officinalis  L. 
W9 1-04581  5C 


8 


\ 


PA-47 


I 


ORGANIZATIONAL  INDEX 


3RD  MARINE  DIVISION,  FMFPAC, 
OKINAWA,  JAPAN. 

Waterbome  Outbreak  of  Leptospirosis  among 

United  States  Military  Personnel  in  Okinawa, 

Japan. 

W91-04365  5B 

AALBORG  UNIVERSUETSCENTER 
(DENMARK).  ENVDtONMENTAL 
ENGINEERING  LAB. 

Pollutant  Removal  and  Eutrophication  in  Urban 

Runoff  Detention  Ponds. 

W91-04346  5G 

Tracer  Measurements  of  Reaeration  in  Gravity 

Sewers. 

W91-04357  5D 

AALBORG  UNTVERSITETSCENTER 
(DENMARK).  HYDRAULICS  AND  COASTAL 
ENGINEERING  LAB. 

Dissolved  Oxygen  Stream  Model  for  Combined 

Sewer  Overflows. 

W91-04339  5C 

AARHUS  UNTV.  (DENMARK).  INST.  OF 
ECOLOGY  AND  GENETICS. 

Denitrification   and    Photosynthesis   in   Stream 
Sediment  Studied  with  Microsensor  and  Whole- 
Core  Techniques. 
W9 1-03999  2H 

Oxidation  and  Reduction  of  Radiolabeled  Inor- 
ganic Sulfur  Compounds  in  an  Estuarine  Sedi- 
ment, Kysing  Fjord,  Denmark. 
W91-04155  2K 

ACADEMY  OF  NATURAL  SCD2NCES  OF 
PHILADELPHIA,  BENEDICT,  MD. 
BENEDICT  ESTUARINE  RESEARCH  LAB. 

Pathways  of  Silver  Uptake  and  Accumulation 
by  the  American  Oyster  (Crassostrea  virginica) 
in  the  Chesapeake  Bay. 
W91-03980  5B 

ACQUASOLUM  S.A.,  BUENOS  AWES 
(ARGENTINA). 

Planning  Hydroelectric  Developments  in  Argen- 
tina. 
W9 1-04809  8  A 

ADDIS  ABABA  UNTV.  (ETHIOPIA).  FACULTY 
OF  TECHNOLOGY. 

Combined  Long-term  Simulation  of  Runoff  from 

Urban  and  Rural  Areas. 

W91-04333  5B 

ADELAIDE  UNTV.  (AUSTRALIA).  DEPT.  OF 
GEOLOGY  AND  GEOPHYSICS. 

Sub-Recent  Bryozoan-Serpulid  Buildups  in  the 

Coorong  Lagoon,  South  Australia. 

W9 1-04272  2L 

AGRICULTURAL  COLL.  OF  ATHENS 
(GREECE).  LAB.  OF  AGRICULTURAL 
HYDRAULICS. 

Analysis  of  Outflow  Experiments  Subject  to  Sig- 
nificant Plate  Impedance. 
W9 1-04921  2G 

AGRICULTURAL  RESEARCH  AND 
EXTENSION  CENTER,  BEAUMONT,  TX. 

Sprinkler  vs.  Flood  Irrigation  in  Traditional 
Rice  Production  Regions  of  Southeast  Texas. 
W9 1-04502  3F 

AGRICULTURAL  RESEARCH  SERVICE, 
BECKLEY,  WV.  APPALACHIAN  SOH  AND 
WATER  CONSERVATION  RESEARCH  LAB. 

Bellani  Evaporation  Variation  in  Hill-land  Pas- 
ture. 
W9 1-04486  2D 

AGRICULTURAL  RESEARCH  SERVICE, 
DURANT,  OK.  WATER  QUALITY  AND 
WATERSHED  RESEARCH  LAB. 

Analytical  Representation  of  Cross-Section  Hy- 
draulic Properties. 
W91-04389  2E 


AGRICULTURAL  RESEARCH  SERVICE, 
FRESNO,  CA.  WATER  MANAGEMENT 
RESEARCH  LAB. 

Response  of  Seed  Carrot  to  Various  Water  Re- 
gimes: I.  Vegetative  Growth  and  Plant  Water 
Relations. 
W9 1-04565  21 

AGRICULTURAL  RESEARCH  SERVICE, 
LOGAN,  UT. 

Carbon    Isotope    Discrimination:    Potential    in 
Screening  Cool-Season  Grasses  for  Water-Limit- 
ed Environments. 
W9 1-04781  3F 

AGRICULTURAL  RESEARCH  SERVICE, 
MANDAN,  ND.  NORTHERN  GREAT  PLAINS 
RESEARCH  CENTER. 

Contamination  of  Soil  with  Oilfield  Brine  and 

Reclamation  with  Calcium  Chloride. 

W9 1-04799  5G 

AGRICULTURAL  RESEARCH  SERVICE, 
PHOENIX,  AZ.  WATER  CONSERVATION 
LAB. 

Water  Conservation  for  Drought  Management. 
W91-04214  3B 

AGRICULTURAL  RESEARCH  SERVICE, 
STONEVILLE,  MS.  SOYBEAN  PRODUCTION 
RESEARCH  UNIT. 

Corn,  Sorghum,  and  Soybean  Response  to  Irri- 
gation in  the  Mississippi  River  Alluvial  Plain. 
W91-04782  3F 

AGRICULTURAL  RESEARCH  SERVICE, 
TIPTON,  GA.  SOUTHEAST  WATERSHED 
RESEARCH  LAB. 

Effect  of  Antecedent  Soil  Moisture  on  Splash 

Detachment  Under  Simulated  Rainfall. 

W9 1-04800  2J 

AGRICULTURAL  UNTV.,  WAGENTNGEN 
(NETHERLANDS).  DEPT.  OF 
AGRICULTURAL  ENGINEERING. 

New  Method  to  Measure  Bulk  Electrical  Con- 
ductivity in  Soils  with  Time  Domain  Reflectom- 
etry. 
W91-04585  7B 

AGRICULTURAL  UNTV.,  WAGENINGEN 
(NETHERLANDS).  DEPT.  OF  NATURE 
CONSERVATION. 

Distribution  of  Sedimentation  Rates  of  Suspend- 
ed Solids  and  Heavy  Metals  in  Combined  Sewer 
Overflows. 
W91-O4330  5B 

Estimation  of  Storm  Water  Quality  Characteris- 
tics and  Overflow  Loads  from  Treatment  Plant 
Influent  Data. 
W91-04332  5B 

Fluxes  of  Oxygen   Equivalents  and   Nutrients 
across  the  Sediment- Water  Interface  after  Com- 
bined Sewer  Overflows. 
W9 1-04336  5B 

Urban  Storm  Water  Discharges:  Effects  upon 
Communities  of  Sessile  Diatoms  and  Macro-in- 
vertebrates. 
W9 1-04340  5C 

Urban  Storm  Water  Discharges:   Effects  upon 

Plankton  Communities. 

W9 1-04341  5C 

AGRICULTURAL  UNIV.,  WAGENINGEN 
(NETHERLANDS).  DEPT.  OF  SOIL  SCDXNCE 
AND  PLANT  NUTRITION. 

Experimental  Study  of  Non-Uniform  Flow  in 

Granular  Porous  Media. 

W9 1-04029  2G 


AGRICULTURE  CANADA,  FREDERICTON 
(NEW  BRUNSWICK).  RESEARCH  STATION. 

Intensive  Potato  Production  Effects  on  Nitrate- 

N  Concentrations  of  Rural  New  Brunswick  Well 

Water. 

W91-04546  5B 

Effects  of  Potato  Cropping  Practices  on  Water 

Runoff  and  Soil  Erosion. 

W91-04552  2J 

AGRICULTURE  CANADA,  LETHBRIDGE 
(ALBERTA).  RESEARCH  STATION. 

Float-Pot  Assembly  to  Measure  Water  Levels  in 

an  Irrigation  Canal. 

W91-04230  7B 

Long-term  Soil  Moisture  Status  in  Southern  Al- 
berta. 
W9 1-04551  2G 

Use   of  Fluorescence   Spectroscopy   to   Study 

Herbicide-Humic  Acid  Interactions:  Preliminary 

Observations. 

W91-04587  5B 

AGRICULTURE  CANADA,  REGDNA 
(SASKATCHEWAN).  RESEARCH  STATION. 

Degradation   Studies  with   14C-Fenoxaprop  in 

Prairie  Soils. 

W91-04584  5B 

AGRICULTURE  CANADA,  SAINTE-FOY 
(QUEBEC).  RESEARCH  STATION. 

Effect  of  Soil  Water  Content  on  the  Winter 
Survival  of  Winter  Wheat,  Rye  and  Triticale. 
W9 1-04554  2G 

AGRICULTURE  CANADA,  SWD7T  CURRENT 
(SASKATCHEWAN).  RESEARCH  STATION. 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced  Gleization   and   Sodium   Carbonate:   I. 
Laboratory  Study  of  the  Effect  of  a  Freeze-thaw 
Cycle  and  a  Drying  Interval. 
W9 1-04543  8G 

Sealing  Earthen  Hydraulic  Structures  with  En- 
hanced Gleization  and  Sodium  Carbonate:  II. 
Application  for  Lining  an  Irrigation  Canal. 
W91-04544  8G 

Effects  of  Fall  Subsoiling  and  Snow  Manage- 
ment on  Water  Conservation  and  Continuous 
Spring  Wheat  Yields  in  Southwestern  Saskatche- 
wan. 
W9 1-04549  3F 

AHLSTROM  AQUAFLOW  OY,  TAMPERE 
(FINLAND). 

Tertiary  Waste  Water  Treatment  with  Flotation 

Filters. 

W91-04675  5D 

AIR  PRODUCTS  AND  CHEMICALS,  INC., 
ALLENTOWN,  PA. 

Upgrading  Wastewater  Treatment  Plants  with 

Anaerobic  Selectors. 

W9 1-04663  5D 

AKADEMIYA  NAUK  SSSR,  MOSCOW.  INST. 
RADIOTEKHNIKI  I  ELEKTRONIKI. 

Microcomputer-Based  Radiometer  Data  Acqui- 
sition  and   Processing   System   for   Large-Area 
Mapping  of  Soil  Moisture  Content  in  the  Top 
One  Meter  Layer. 
W9 1-03963  7B 

ALABAMA  COOPERATIVE  FISHERY 
RESEARCH  UNIT,  AUBURN. 

Movements  and  Habitat  Use  by  Grass  Carp  in  a 

Large  Mainstream  Reservoir. 

W9 1-04593  2H 


J 


OR-1 


ORGANIZATIONAL  INDEX 


ALASKA  UNIV.,  FAIRBANKS.  INST.  OF  MARINE  SCIENCE. 


ALASKA  UNIV.,  FAIRBANKS.  INST.  OF 
MARINE  SCIENCE. 

Rapid  Methane  Oxidation  in  a  Landfill  Cover 

Soil. 

W9 1-04065  5E 

Radon    in    the    Human    Body    from    Drinking 

Water. 

W9 1-04777  5B 

ALBERTA  AGRICULTURE,  LETHBRIDGE. 
LAND  EVALUATION  AND  RECLAMATION 
BRANCH. 

Leaching  of  a  Highly  Saline-Sodic  Soil  in  South- 
ern Alberta:  A  Laboratory  Study. 
W9 1-04586  3C 

ALBERTA  UNIV.,  EDMONTON.  DEFT.  OF 
CIVIL  ENGINEERING. 

LDA  Study  of  Flow  Structure  in  Submerged 

Hydraulic  Jump. 

W9 1-04305  8B 

ALBERTA  UNTV.,  EDMONTON.  DEFT.  OF 
CLOTHING  AND  TEXTILES. 

Resistance  to  Microbiological  Deterioration  of 

Geotextiles  Used  around  Agricultural  Drains:  A 

Review. 

W9 1-04545  8G 

ALBERTA  UNTV.,  EDMONTON.  DEFT.  OF 
ENTOMOLOGY. 

Small  Flume  for  Studying  the  Influence  of  Hy- 
drodynamic  Factors  on  Benthic  Invertebrate  Be- 
havior. 
W91-04716  2E 

ALBERTA  UNTV.,  EDMONTON.  DEFT.  OF 
GEOLOGY. 

Relationships    in    Regional    Groundwater    Dis- 
charge to  Streams:  An  Analysis  by  Numerical 
Simulation. 
W91-O44O0  2A 

ALBERTA  UNTV.,  EDMONTON.  DEFT.  OF 
SOIL  SCIENCE. 

Soil  Temperature  Under  Conventional  and  Mini- 
mum Tillage:  Simulation  and  Experimental  Veri- 
fication. 
W91-04582  2G 

ALBERTA  UNIV.,  EDMONTON.  DEFT.  OF 
ZOOLOGY. 

Groundwater-Lake  Interactions:  I.  Accuracy  of 

Seepage  Meter  Estimates  of  Lake  Seepage. 

W9 1-04393  7B 

Groundwater-Lake  Interactions:   II.   Nearshore 
Seepage    Patterns    and    the    Contribution    of 
Ground  Water  to  Lakes  in  Central  Alberta. 
W9 1-04394  2F 

ALICANTE  UNTV.  (SPAIN).  DIV.  DE 
INGENTERIA  QUTMICA. 

Application  of  Factor  Analysis  to  the  Hydro- 

geochemical  Study  of  a  Coastal  Aquifer. 

W9 1-04397  2F 

ANAMED  INSTRUMENTS  LTD.,  BOMBAY 
(INDIA).  APPLICTIONS  AND  METHODS 
DEVELOPMENT  LAB. 

Capillary   Zone   Electrophoretic   Separation  of 
Chlorophenols  in  Industrial  Waste  Water  with 
On-Column  Electrochemical  Detection. 
W9 1-04266  5  A 

ANNE  ARUNDEL  COUNTY  DEPT.  OF 
UTILITIES,  GLEN  BURNIE,  MD. 

Anne  Arundel  County  Achieves  Water-Quality 

Excellence. 

W91-04600  5G 

ANTIGO  CITY  ENGINEER,  Wl. 

Investigation     of     Preference-Avoidance     Re- 
sponses to  an  Oil  Refinery  Effluent  With  Striped 
Bass  and  Steelhead  Trout. 
W9 1-04747  5C 


ANTWERP  UNIV.,  WILRUK  (BELGIUM). 
DEPT.  OF  BIOLOGY. 

Values  of  Lowland  Rivers  for  the  Conservation 

of  Rare  Fish  in  Flanders. 

W9 1-04793  81 

ARIZONA  UNIV.,  TUCSON. 

Localized  Field  Irrigation  Efficiencies  from  Soil 

Salinity  Samples. 

W9 1-04541  3F 

ARIZONA  UNIV.,  TUCSON.  DEPT.  OF 
HYDROLOGY  AND  WATER  RESOURCES. 

Costs  of  Wastewater  Use  in  the  Tucson  Basin. 
W91-04195  6C 

Water  Transfers  in  Arizona:  Assessing  the  Ad- 
verse Effects  on  Areas  of  Origin. 
W91-04219  6D 

ARIZONA  UNIV.,  TUCSON.  DEPT.  OF  SOIL 
AND  WATER  SCIENCE. 

Irrigation  of  Turfgrass  with  Secondary  Sewage 
Effluent:  I.  Soil  and  Leachate  Water  Quality. 
W9 1-04509  3C 

Irrigation  of  Turfgrass  with  Secondary  Sewage 

Effluent:  II.  Turf  Quality. 

W91-O4510  3C 

ARIZONA  WATER  RESOURCES  RESEARCH 
CENTER,  TUCSON. 

Water-Use  Data  and  Information  Transfer. 
W91-04175  6D 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS. 

Effects  of  Selected  PCB  Congeners  on  Survival, 
Growth,  and  Reproduction  in  Daphma  magna. 
W91-04153  5C 

ASTON  UNIV.,  BIRMINGHAM  (ENGLAND). 
REMOTE  SENSING  UNIT. 

Digital  Elevation  Models  and  Their  Application 

to  Remote  Sensing  of  Water  Resources. 

W9 1-03959  7C 

Estimation  of  the  Area  of  Lake  Kariba,  Zim- 
babwe, Using  LANDSAT  MSS  Imagery. 
W9 1-03964  7B 

ATOMIC  ENERGY  OF  CANADA  LTD., 
CHALK  RIVER  (ONTARIO).  CHALK  RIVER 
NUCLEAR  LABS. 

Iron  Transport  and  Distribution  between  Fresh- 
water   and    Sediments    over    Different    Time 
Scales. 
W91-04154  2H 

AUBURN  UNTV.,  AL.  WATER  RESOURCES 
RESEARCH  INST. 

Land  Use  Practices  and  Water  Disputes. 

W9 1-04205  6E 

Fiscal    Year    1989   Program   Report   (Alabama 

Water  Resources  Research  Institute). 

W9 1-04872  9D 

BALSAM  ENVIRONMENTAL 
CONSULTANTS,  INC.,  SALEM,  NH. 

Bioturbation:    A    Facilitator    of    Contaminant 

Transport  in  Bed  Sediment. 

W91-04765  5B 

BARNSTABLE  COUNTY  HEALTH  AND 
ENVIRONMENTAL  DEPT.,  MA. 

Evaluation  of  Local  Regulatory  Efforts  in  Iden- 
tifying  and   Controlling   the  Threat  of  Under- 
ground Fuel  Storage  Tanks. 
W9 1-03935  5G 

BATTELLE,  COLUMBUS,  OH. 
ENVIRONMENTAL  BIOLOGY  AND 
ASSESSMENT. 

Are    Laboratory-Derived    Toxicity    Data    for 
Freshwater  Algae  Worth  the  Effort. 
W91-04146  5C 


BATTELLE  PACIFIC  NORTHWEST  LABS., 
RICHLAND,  WA. 

Sorption  of  N-Heterocyclic  Compounds  on  Ref- 
erence and  Subsurface  Smectite  Clay  Isolates. 
W9 1-04033  5B 

It  A  V  KRIS*  MRS  LANDESAMT  FUER 
WASSERWIRTSCHAFT,  MUNICH 
(GERMANY,  F.R.). 

Forms  of  Metals  in  a  Sediment  Core  of  a  Severe- 
ly Acidified  Northern  Black  Forest  Lake. 
W9 1-04257  5A 

BCI  GEONETICS,  INC.,  LACONIA,  NH. 

Determining  the  Area  of  Contribution  to  a  Well 
Field:  A  Case  Study  and  Methodology  for  Well- 
head Protection. 
W9 1-03930  5G 

BCM  ENGINEERS,  INC.,  PLYMOUTH 
MEETING,  PA. 

Pumping  Station  Rehabilitation  with  Submersi- 
ble Pumps  Saves  O&M  costs. 
W9 1-04607  5D 

BCM  ENGINEERS,  MOBILE,  AL. 

Automated     Mapping     for     Alabama     Sewer 

System. 

W91-04116  5D 

BCM  ENGINEERS,  PITTSBURGH,  PA. 

Ozonation  an  Attractive  Option  for  Groundwat- 
er System. 
W91-O4850  5F 

BEDFORD  INST.  OF  OCEANOGRAPHY, 
DARTMOUTH  (NOVA  SCOTIA). 

Monitoring  Offshore  Water  Quality  from  Space. 
W9 1-03953  7B 

BERGEN  UNTV.  (NORWAY).  DEPT.  OF 
FISHERIES  AND  MARINE  BIOLOGY. 

Advection  of  Euphausiids  in  a  Norwegian  Fjord 
System  Subject  to  Altered  Freshwater  Input  by 
Hydro-electric  Power  Production. 
W91-04112  6G 

BERN  UNTV.  (SWITZERLAND). 
GEOGRAPHISCHES  INST. 

Preferential  Flow  and  the  Generation  of  Runoff: 

1 .  Boundary  Layer  Flow  Theory. 

W91-04933  2E 

BERN  UNTV.  (SWITZERLAND). 
RADIOCHEMISCHES  LAB. 

Colloid-Related    Infiltration    of   Trace    Metals 
from  a  River  to  Shallow  Groundwater. 
W91-04031  5B 

BHABHA  ATOMIC  RESEARCH  CENTRE, 
BOMBAY  (INDIA).  DESALINATION  DIV. 

Aromatic  Polyamide  Hydrazide  Membranes  for 

Reverse  Osmosis  Separations. 

W9 1-04906  3  A 

BIOLOGICAL  MONITORING,  INC, 
BLACKSBURG,  VA. 

Derivation  of  a  Freshwater  Silver  Criteria  for 

the  New  River,  Virginia,  Using  Representative 

Species. 

W9 1-04632  5C 

BIOLOGICAL  RESEARCH  CENTER, 
BAGHDAD  (IRAQ). 

Listeria  monocytogenes  Contamination  of  Crops 

Grown  on  Soil  Treated  with  Sewage  Sludge 

Cake. 

W9 1-04367  5B 


OR-2 


ORGANIZATIONAL  INDEX 


CALIFORNIA  UNIV.,  BERKELEY.  EARTH  SCIENCES  DIV. 


BIOTREATMENT  LTD.,  CARDIFF  (WALES). 

Preliminary  Studies  on  the  Development  of  a 

Microbiological  Treatment  for  Polychlorinated 

Biphenyls. 

W9 1-04580  5G 

BIRMINGHAM  UNTV.  (ENGLAND). 
HYDROGEOLOGY  SECTION. 

Groundwater   Resources   Development   in   the 

Eastern  Sahara. 

W9 1-04391  4B 

BIRMINGHAM  UNTV.  (ENGLAND).  SCHOOL 
OF  EARTH  SCIENCES. 

Hydrogeological    Model    for    Amadeus    Basin 

Aquifers,  Central  Australia. 

W9 1-04273  2F 

BITOLA  UNTV.  (YUGOSLAVIA).  TEHNICKI 
FAKULTET. 

Numerical  Analysis  of  Complex  Pipe  System 

with  Two  Pumps  Connected  in  Parallel. 

W9 1-04241  8  A 

BKH  CONSULTTNG  ENGINEERS,  THE 
HAGUE  (NETHERLANDS). 

Improved  Overflow  in  a  Sewerage  System  as  a 

Pollutant  Load-reducing  Device. 

W9 1-04344  5G 

BLACK  AND  VEATCH,  CINCINNATI,  OH. 

Troubleshooting  an  Existing  Treatment  Plant. 
W91-04373  5F 

BLACK  AND  VEATCH,  KANSAS  CITY,  MO. 

Turkey  Confronts  Pollution  of  Izmir  Bay. 
W91-04814  5G 

Managing  a  Lake  for  Water  Control  and  Wet- 
lands Creation. 
W91-04849  4A 

BOC  LTD.,  LONDON  (ENGLAND). 
ENVIRONMENTAL  PROCESSES. 

Upgrading    of   Wastewater    Treatment    Plants 

Using  Pure  Oxygen. 

W9 1-04705  5D 

BOYCE  THOMPSON  INST.  FOR  PLANT 
RESEARCH,  ITHACA,  NY. 

Design  and  Performance  of  an  Acidic  Precipita- 
tion Delivery   System   for   Field   Investigation 
with  Plants. 
W9 1-04568  5C 

BRESCIA  UNTV.  (ITALY).  DD7T.  DI 
AUTOMAZIONE  INDUSTRIALS 

Remarks  on  the  Application  of  a  Risk-averse 

Approach  to  the  Management  of  'El  Carrizal' 

Reservoir. 

W91-04827  6A 

BRIDGEPORT  HYDRAULIC  CO.,  CT. 

Bridgeport  Hydraulic  Company  Aquifer  Protec- 
tion Program. 
W91-03928  5G 

BRISTOL  UNTV.  (ENGLAND).  DEFT.  OF 
GEOGRAPHY. 

Satellite  Remote  Sensing  for  Hydrological  Mon- 
itoring and  Water  Management  in  Great  Britain. 
W91-03956  7B 

BRITISH  ANTARCTIC  SURVEY, 
CAMBRIDGE  (ENGLAND). 

Process  of  Colonization  in  Antarctic  Terrestrial 

and  Freshwater  Ecosystems. 

W9 1-04531  2H 

Micro-Invertebrate       Community        Structure 

Within  a  Maritime  Antarctic  Lake. 

W91-04532  2H 

BRITISH  COLUMBIA  UNTV.,  VANCOUVER. 
DEPT.  OF  BIO-RESOURCE  ENGINEERING. 

Treatment  of  Poultry   Processing   Wastewater 

Using  Sequencing  Batch  Reactors. 

W91-O4550  5D 


BRITISH  COLUMBIA  UNTV.,  VANCOUVER. 
DEPT.  OF  GEOGRAPHY. 

Advective   Mixed-Layer  Model   for   Heat  and 
Moisture  Incorporating  an  Analytic  Expression 
for  Moisture  Entrainment. 
W91-04014  2D 

BRITISH  COLUMBIA  UNIV.,  VANCOUVER. 
DEPT.  OF  OCEANOGRAPHY. 

Observations  on  Double  Chlorophyll  Maxima  in 
the  Vicinity  of  the  Fraser  River  Plume,  Strait  of 
Georgia,  British  Columbia. 
W9 1-0463  3  2L 

BRITISH  TEXTILE  TECHNOLOGY  GROUP, 
MANCHESTER  (ENGLAND). 

Recovery  of  Metal  Ions  by  Microfungal  Filters. 
W9 1-041 57  5D 

BROCK  UNTV.,  ST.  CATHARINES 
(ONTARIO).  DEPT.  OF  CHEMISTRY. 

Simultaneous  Determination  of  Trace  Concen- 
trations of  Benomyl,  Carbendazim  (MBC)  and 
Nine  Other  Pesticides  in  Water  Using  an  Auto- 
mated On-Line  Pre-Concentration  High-Per- 
formance  Liquid  Chromatographic  Method. 
W9 1-04268  5  A 

BROOKHAVEN  NATIONAL  LAB.,  UPTON, 
NY.  DEPT.  OF  APPLIED  SCIENCE. 

Microbial  Dissolution  and  Stabilization  of  Toxic 
Metals  and  Radionuclides  in  Mixed  Wastes. 
W9 1-04264  5E 

BROWARD  COUNTY  OFFICE  OF 
ENVIRONMENTAL  SERVICES,  POMPANO 
BEACH,  FL.  WASTEWATER  MANAGEMENT 
DIV. 

Dewatering  Problems  Lead  to  Liquid  Sludge 

Disposal. 

W9 1-04595  5D 

BROWN  AND  CALDWELL,  BOSTON,  MA. 

Water-Use  Efficiency  Standards  for  Plumbing 

Fixtures:  Benefits  of  National  Legislation. 

W9 1-03972  3D 

BROWN  AND  CALDWELL,  PASADENA,  CA. 

Designing  to  Improve  Grit  Removal. 
W91-04601  5D 

BROWN,  BOVERI  RESEARCH  CENTER, 
BADEN  (SWITZERLAND). 

Cooling  Water  Treatment  with  Ozone. 
W91-04379  5F 

BTG  ANLAGENTECHNIK  GJM.B.H., 
BOCHUM  (GERMANY,  F.R.). 

Dosage  Control  for  a  Higher  Efficiency  of  the 

Separation  Process. 

W9 1-04686  5D 

BUDAPEST!  MUESZAKI  EGYETEM 
(HUNGARY).  DEFT.  OF  MICROWAVE 
TELECOMMUNICATIONS. 

X-Band  Scatterometry  in  Agriculture. 

W9 1-03945  7B 

BURDWAN  UNTV.  (INDIA).  DEPT.  OF 
BOTANY. 

Cytological  Abnormalities  Induced  by  Mercury 

Water  Pollutants  on  Allium  cepa  L. 

W9 1-04024  5C 

BUREAU  OF  LAND  MANAGEMENT, 
PHOENIX,  AZ.  ARIZONA  STATE  OFFICE. 

Ground  Water,  Geomorphic  Processes,  and  Ri- 
parian Values:  San  Pedro  River,  Arizona. 
W91-04218  6G 

BUREAU  OF  LAND  MANAGEMENT, 
WASHINGTON,  DC.  SOIL,  WATER  AND  AIR 
BRANCH. 

Economics    of    Reducing    Colorado    Salinity 
Through  Public  Land  Watershed  Projects. 
W91-04197  6C 


BUREAU  OF  LAND  MANAGEMENT, 
WASHINGTON,  DC.  WILDLIFE  AND 
FISHERIES  DIV. 

Conservation  Status  of  the  North  American  Fish 

Fauna  in  Fresh  Water. 

W91-04785  6G 

BUREAU  OF  RECLAMATION, 
ALBUQUERQUE,  NM.  WATER 
ACCOUNTING  AND  RESERVOIR 
REGULATION  BRANCH. 

Resource  Management  to  Accommodate  Multi- 
ple Use  of  Streamflow  in  the  Rio  Chama,  New 
Mexico. 
W91-04216  6D 

BUREAU  OF  RECLAMATION,  DENVER,  CO. 

Application  of  Remote  Sensing  and  GIS  to  Esti- 
mate Irrigation  Water  Use  in  the  Upper  Gunni- 
son River  Basin  in  Colorado. 
W9 1-04233  3F 

Estimation  of  Reservoir  Surface  Areas  Using 

Satellite  Imagery,  Upper  Gunnison  River  Basin, 

Colorado. 

W9 1-04234  2D 

BUREAU  OF  THE  CENSUS,  WASHINGTON, 
DC. 

Case  Study  in  Survey  Development:  1988  Farm 

and  Ranch  Irrigation  Survey. 

W91-04164  6D 

CALIFORNIA  INST.  OF  TECH.,  PASADENA. 
DEPT.  OF  CHEMICAL  ENGINEERING. 

Smog-Fog-Smog  Cycle  and  Acid  Deposition. 
W91-O4301  2K 

CALIFORNIA  INST.  OF  TECH.,  PASADENA. 
W.M.  KECK  ENGINEERING  LAB.  OF 
HYDRAULICS  AND  WATER  RESOURCES. 

Abundance  Changes  in  Laminaria  setchellii  and 
Pterygophora  californica  (Laminariales,  Phaeo- 
phyta)  near  the  Diablo  Canyon  Power  Plant. 
W91-04422  5C 

Toxicity    of    Sewage-Contaminated    Sediment 
Cores   to   Macrocystis   pyrifera   (Laminariales, 
Phaeophyta)  Gametophytes  Determined  by  Dig- 
ital Image  Analysis. 
W9 1-04424  5C 

CALIFORNIA  STATE  DEFT.  OF  WATER 
RESOURCES,  SACRAMENTO.  DIV.  OF 
FLOOD  MANAGEMENT. 

Climate    Change    and    Changes    in    California 

Snowmelt-Runoff  Patterns. 

W9 1-042 15  2B 

Water  Supply  Forecasting  and  Its  Uncertainties. 
W9 1-04244  6D 

CALIFORNIA  STATE  UNIV.,  LONG  BEACH. 
DEPT.  OF  CHEMICAL  ENGINEERING. 

Feasibility  of  Using  Alginate  to  Absorb  Dis- 
solved Copper  from  Aqueous  Media. 
W9 1-04773  5D 

CALIFORNIA  UNIV.,  BERKELEY.  DEPT.  OF 
GEOGRAPHY. 

Holocene  History  of  the  El  Nino  Phenomenon 
as  Recorded  in  Flood  Sediments  of  Northern 
Coastal  Peru. 
W91-04109  2B 

CALIFORNIA  UNIV.,  BERKELEY.  EARTH 
SCIENCES  DIV. 

Absorption  of  Water  Into  Porous  Blocks  of  Var- 
ious Shapes  and  Sizes. 
W91-04133  5E 


8 


\ 


OR -3 


ORGANIZATIONAL  INDEX 
CALIFORNIA  UNIV.,  BODEGA  BAY.  BODEGA  MARINE  LAB. 


CALIFORNIA  UNIV.,  BODEGA  BAY. 
BODEGA  MARINE  LAB. 

Toxicity  of  Zinc  and  Bleached  Kraft  Mill  Efflu- 
ent to  Larval  English  Sole  (Parophrys  vetulus) 
and  Topsmelt  (Atherinops  affinis). 
W9 1-04571  5C 

CALIFORNIA  UNIV.,  DAVIS. 

Use  of  Nuclear  Magnetic  Resonance  as  an  Ex- 
perimental Probe  in  Multiphase  Systems:  Deter- 
mination of  the  Instrument  Weight  Function  for 
Measurements  of  Liquid-Phase  Volume  Frac- 
tions. 
W91-04134  7B 

CALIFORNIA  UNTV.,  DAVIS.  DEPT.  OF 
CIVIL  ENGINEERING. 

Approximate  Analytical  Solutions  for  Overland 

Flows. 

W91-04919  2E 

CALIFORNIA  UNIV.,  DAVIS.  DEPT.  OF 
ENVIRONMENTAL  TOXICOLOGY. 

California's      Proposition      65:      Extrapolating 

Animal  Toxicity  to  Humans. 

W9 1-04008  6E 

CALDTORNIA  UNIV.,  DAVIS.  DEPT.  OF 
LAND,  ATR  AND  WATER  RESOURCES. 

Analytically  Derived  Runoff  Models  Based  on 

Rainfall  Point  Processes. 

W91-04120  2E 

CALIFORNIA  UNTV.,  DAVIS.  DEPT.  OF 
VITICULTURE  AND  ENOLOGY. 

Irrigation  Effects  on  Plant  Water  Relations  and 
Productivity  of  Thompson  Seedless  Grapevines. 
W9 1-04780  3F 

CALIFORNIA  UNTV.,  DAVIS.  DTV.  OF 
ENVIRONMENTAL  STUDIES. 

Interannual  Fluctuations  in  Primary  Production: 
Direct  Physical  Effects  and  the  Trophic  Cas- 
cade at  Castle  Lake,  California. 
W91-03996  2H 

CALIFORNIA  UNTV.,  IRVINE.  DEPT.  OF 
ECOLOGY  AND  EVOLUTIONARY  BIOLOGY. 

Indirect  Effects  of  an  Oil  Spill:  Reproductive 
Failure  in  a  Population  of  South  Polar  Skuas 
Following  the    Bahia  Paraiso'  Oil  Spill  in  Ant- 
arctica. 
W91-04001  5C 

CALIFORNIA  UNTV.,  IRVINE.  PROGRAM  IN 
SOCIAL  ECOLOGY. 

Effects  of  Hg(2  +  ),  CH3-Hg(  +  ),  and  Tempera- 
ture on  the  Expression  of  Mercury  Resistance 
Genes  in  Environmental  Bacteria. 
W9 1-04062  5C 

CALIFORNIA  UNIV.,  LOS  ANGELES.  DEPT. 
OF  CIVIL  ENGINEERING. 

Sampling  Network  Design  for  Transport  Param- 
eter Identification. 
W91-03991  7A 

Upgrading  Existing  Activated  Sludge  Treatment 

Plants  with  Fine  Pore  Aeration  Systems. 

W9 1-04687  5D 

Triangular  Finite  Volume  Approach  with  High- 
Resolution  Upwind  Terms  for  the  Solution  of 
Groundwater  Transport  Equations. 
W91-04915  5B 

CALIFORNIA  UNTV.,  RIVERSIDE.  DEPT.  OF 
SOTL  AND  ENVIRONMENTAL  SCIENCES. 

Protein-Mediated   Selenium    Biomethylation   in 

Evaporation  Pond  Water. 

W9 1-04744  5B 

CALIFORNIA  UNTV,  RIVERSIDE. 
STATEWIDE  ATR  POLLUTION  RESEARCH 
CENTER. 

Water    Relations    of    Differentially    Irrigated 

Cotton  Exposed  to  Ozone. 

W9 1-04505  3F 


CALIFORNIA  UNIV.,  RIVERSIDE.  WATER 
RESOURCES  CENTER. 

Fiscal  Year   1989  Program   Report  (California 

Water  Resources  Research  Center). 

W9 1-04875  9D 

CALIFORNIA  UNTV.,  SANTA  BARBARA. 
DEPT.  OF  BIOLOGICAL  SCIENCES. 

Some  Evidence  for  an  Effect  of  Ingested  Petro- 
leum  on   the   Fertility  of  the   Mallard   Drake 
(Anas  platyrhynchos). 
W91-04619  5C 

CALIFORNIA  UNTV.,  SANTA  BARBARA. 
DEPT.  OF  GEOGRAPHY. 

Error  Analysis  and  Stochastic  Differentiability 

in  Subsurface  Flow  Modeling. 

W91-04918  2F 

CALIFORNIA  UNTV.,  SANTA  BARBARA. 
DEPT.  OF  MECHANICAL  AND 
ENVIRONMENTAL  ENGINEERING. 

Settling   Speed  of  Floes  in  Fresh   Water  and 

Seawater. 

W9 1-04296  2J 

CALIFORNIA  UNTV.,  SANTA  CRUZ.  INST. 
OF  MARINE  SCIENCES. 

Toxicity  of  an  Oil  Dispersant  to  the  Early  Life 

Stages  of  Four  California  Marine  Species. 

W9 1-04629  5C 

CAMP,  DRESSER  AND  MCKEE,  INC., 
BOSTON,  MA. 

Planning  Techniques  for  Estimating  Groundwat- 
er Impacts  of  On-Site  Septic  Systems. 
W9 1-03937  5B 

CAMP,  DRESSER  AND  MCKEE,  INC., 
DALLAS,  TX. 

Water  Distribution  in  El  Paso-Modeling  a  Com- 
plex System. 
W91-04114  5F 

CAMP,  DRESSER  AND  MCKEE,  INC, 
DENVER,  CO. 

Passive  Treatment  Technology  Cleans  Up  Colo- 
rado Mining  Waste. 
W91-04813  5G 

CAMP,  DRESSER  AND  MCKEE,  INC, 
ONTARIO,  CA. 

From  Brine  to  Sublime. 

W9 1-04847  3  A 

CAMP,  DRESSER  AND  MCKEE,  INC., 
RALEIGH,  NC. 

Realizing  the  Benefits  of  Water  Reuse  in  Devel- 
oping Countries. 
W91-04604  3C 

CANADIAN  WILDLIFE  SERVICE,  OTTAWA 
(ONTARIO).  WILDLIFE  TOXICOLOGY  DTV. 

Effects  of  Exposure  of  Incubating  Adult  and 
Young  Herring  Gulls  to  a  Simulated  No.  2  Fuel 
Oil  Slick. 
W9 1-04620  5C 

CANSYN  CHEMICAL  CORP.,  TORONTO 
(ONTARIO). 

Chloroacetones  in  Pulp  Mill  Chlorination-Stage 

Effluents. 

W91-O4150  5B 

CANTERBURY  UNTV,  CHRISTCHURCH 
(NEW  ZEALAND).  DEPT.  OF  CIVIL 
ENGINEERING. 

Approximation  for  the  Bank  Storage  Effect. 
W91-04130  2E 

CANTERBURY  UNTV.,  CHRISTCHURCH 
(NEW  ZEALAND).  DEPT.  OF  ZOOLOGY. 

Structure  of  Epilithon  in  Some  Acidic  and  Cir- 

cumneutral   Streams  in  South  Westland,   New 

Zealand. 

W91-04812  2H 


CANTERBURY  UNIV.,  CHRISTCHURCH 
(NEW  ZEALAND).  SCHOOL  OF  FORESTRY. 

Do  Organic  and  Anthropogenic  Acidity  Have 

Similar  Effects  on  Aquatic  Fauna. 

W9 1-04528  5C 

CASE  WESTERN  RESERVE  UNIV., 
CLEVELAND,  OH.  DEPT.  OF  GEOLOGICAL 
SCIENCES. 

Benthos  Response  to  Disturbance  in  Western 
Lake  Erie:  Regional  Faunal  Surveys. 
W91-04444  2H 

CENTRAL  ARID  ZONE  RESEARCH  INST., 
JODHPUR  (INDIA). 

Evaporation  Reduction  in  Stock  Tanks  for  In- 
creasing Water  Supplies. 
W9 1-04387  3B 

CENTRAL  DRUG  RESEARCH  TNST., 
LUCKNOW  (INDIA).  FERMENTATION 
TECHNOLOGY  DTV. 

Some    Limnological    Observations    on    River 

Ganga. 

W91-04418  2H 

CENTRAL  ELECTRICITY  GENERATING 
BOARD,  FAWLEY  (ENGLAND).  MARINE 
BIOLOGICAL  UNIT. 

Fish  of  the  Amazonian  Igapo:  Stability  and  Con- 
servation   in    a    High    Diversity-Low    Biomass 
System. 
W9 1-04784  2H 

CENTRE  D'ENSEIGNEMENT  ET  DE 
RECHERCHE  POUR  LA  GESTION  DES 
RESSOURCES  NATURELLES  ET 
L'ENVIRONNEMENT,  PARIS  (FRANCE). 

Characterization    of    Solids    Transferred    into 

Sewer  Trunks  during  Wet  Weather. 

W9 1-04350  5D 

CENTRE  D'OCEANOLOGTE  DE  MARSEILLE 
(FRANCE). 

Results  of  a  Ten- Year  Study  (1976-1986)  of  the 
Populations  in  Soft  Substrates  off  a  Wastewater 
Outfall:  Marseille-Cortiou.  (Les  enseignements 
d'une  etude  sur  dix  ans  (1976-1986)  des  peuple- 
ments  de  substrats  meubles  au  large  d'un  emis- 
saire  d'eaux  usees:  Marseille-Cortiou). 
W91-04440  5C 

CENTRE  DE  RECHERCHE  LYONNAISE  DES 
EAUX  -  DEGREMONT,  LE  PECQ  (FRANCE). 

Application  of  Combined  Ozone/Hydrogen  Per- 
oxide for  the  Removal  of  Aromatic  Compounds 
from  a  Groundwater. 
W9 1-04382  5G 

CENTRE  FOR  RESEARCH  TN 
ENVIRONMENTAL  AND  WATER 
RESOURCES  ENGINEERING,  HAIFA 
(ISRAEL). 

Use  of  Non-Conservative  Parameters  to  Trace 

Wastewater  Effluents  in  Water  Bodies. 

W9 1-04079  5E 

CENTRE  NATIONAL  DE  LA  RECHERCHE 
SCTENTTFIQUE,  TOULOUSE  (FRANCE). 
TNST.  DE  MECANIQUE  DES  FLUTDES. 

Sediment  Movement  into  the  Combined  Trunk 

Sewer  No.  1 3  in  Marseille. 

W91-04353  5D 

CENTRO  AGRONOMIC©  TROPICAL  DE 
TNVESTIGACION  Y  ENSENANZA, 
TURRIALBA  (COSTA  RICA).  INTEGRATED 
NATURAL  RESOURCES  MANAGEMENT 
PROGRAM. 

Optimal  Water  Allocation  in  the  Lakes  Basin  of 

Nicaragua. 

W91-04211  6D 


OR-4 


ORGANIZATIONAL  INDEX 

DELAWARE  UNIV.,  NEWARK.  WATER  RESOURCES  CENTER. 


CH2M/HILL,  DENVER,  CO. 

U.S.  Water  Reuse:  Current  Status  and  Future 

Trends. 

W91-04605  3C 

CH2M  HILL,  EMERYVILLE,  CA. 

Real-Time     Biological     Process     Optimization 
Using  Off-Line  and  On-Line  Monitoring. 
W91-04712  5D 

CHALMERS  UNIV.  OF  TECHNOLOGY, 
GOETEBORG  (SWEDEN).  DEFT.  OF 
SANITARY  ENGINEERING. 

Metal  Speciation  in  Separate  Stormwater  Sys- 
tems. 
W9 1-04329  5B 

CHILE  UNIV.,  SANTIAGO.  DEFT.  DE  FISICA. 

Waste  Water  Treatment  Using  Saline  Cultures 

of  Microalgae. 

W9 1-04762  5D 

CHINA  RESEARCH  INST.  OF  RADIOWAVE 
PROPAGATION,  XTNXIANG. 

Simulating  Test  for  Soil  Moisture  Sensing. 
W91-03961  7B 

CHINESE  UNIV.  OF  HONG  KONG,  SHATTN. 
DEFT.  OF  BIOLOGY. 

Toxicity  of  Nickel  and  Nickel  Electroplating 

Water  to  Chlorella  pyrenoidosa. 

W91-04022  5C 

CHISHOLM  INST.  OF  TECH.,  MELBOURNE 
(AUSTRALIA).  CENTER  FOR  STREAM 
ECOLOGY. 

Effects  of  Salinity  on  River,  Stream  and  Wet- 
land Ecosystems  in  Victoria,  Australia. 
W91-O4040  5C 

CINCINNATI  UNIV.,  OH.  DEFT.  OF  CIVIL 
AND  ENVniONMENTAL  ENGINEERING. 

Adsorption    Isotherms:    Illusive    Capacity    and 

Role  of  Oxygen. 

W91-04072  5D 

CLEMENT  ASSOCIATES,  INC,  FAIRFAX,  VA. 

Exposure    Assessment    of   Sewage    Treatment 

Plant  Effluent  by  a  Selected  Chemical  Marker 

Method. 

W9 1-04570  5D 

CLEMSON  UNIV.,  SC.  DEFT.  OF  FORESTRY. 

Effects  of  Foliation  on  the  Hydrologic  Proper- 
ties of  Piedmont  Saprolite. 
W91-04885  2F 

CLEMSON  UNIV.,  SC.  WATER  RESOURCES 
RESEARCH  INST. 

Fiscal  Year  1989  Program  Report  (South  Caroli- 
na Water  Resources  Research  Center). 
W91-04891  9D 

CLERMONT-FERRAND-1  UNIV.  (FRANCE). 
FACULTE  DE  MEDECINE  ET  DE 
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Option  for  Meeting  Changing  Water  Demands. 
W9 1-04886  6E 

COMMISSION  OF  THE  EUROPEAN 
COMMUNITIES,  ISPRA  (ITALY).  JOINT 
RESEARCH  CENTRE. 

Optical  Properties  of  Seawater  Bodies:  Measure- 
ments with  an  Underwater  Radiometer  and  a 
High-Resolution  Spectroradiometer. 
W9 1-03950  7B 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
CANBERRA  (AUSTRALIA). 

Effect  of  Wind  on  the  Distribution  of  Phyto- 

plankton  Cells  in  Lakes. 

W9 1-03995  2H 

COMMONWEALTH  SCIENTIFIC  AND 
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W9 1-04922  2D 

CORNELL  UNIV.,  ITHACA,  NY.  SCHOOL  OF 
CTVTL  AND  ENVIRONMENTAL 
ENGINEERING. 

Regional  Surface  Fluxes  From  Remotely  Sensed 

Skin  Temperature  and  Lower  Boundary  Layer 

Measurements. 

W9 1-04923  2B 
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DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  ST.  JOHN'S  (NEWFOUNDLAND). 
SCTENCE  BRANCH. 
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W91-04151  5A 

Characteristics  of  Surfactants  in  Toxicity  Identi- 
fication Evaluations. 
W9 1-04246  5  A 

ENVIRONMENTAL  RESEARCH  LAB.- 
NARRAGANSETT,  NEWPORT,  OR.  MARK  O. 
HATFIELD  MARINE  SCIENCE  CENTER. 

Taxonomic  Level  and  Sample  Size  Sufficient  for 
Assessing  Pollution   Impacts  on   the  Southern 
California  Bight  Macrobenthos. 
W91-04721  5C 


Preparation  of  Benthic  Substrates  for  Sediment 

Toxicity  Testing. 

W9 1-04748  5  A 

ENVIROTECH  OPERATING  SERVICES, 
DAYTON,  OH. 

Common-Sense  Liquid  Sludge  Management. 
W91-04819  5E 

ERFTVERBAND,  BERGHEIM  (GERMANY, 
F.R.). 

Improved  Phosphorus  Elimination  and  Nitrogen 

Oxidation  through  Pre-Precipitation. 

W9 1-04694  5D 

ESKOM,  JOHANNESBURG  (SOUTH  AFRICA). 
CHEMICAL  ENGINEERING  AND 
CHEMISTRY  DIV. 

Minimising  Liquid  Discharge  from  Large  Power 

Plants. 

W91-04321  5D 

ESSEX  UNIV.,  COLCHESTER  (ENGLAND). 
DEPT.  OF  MATHEMATICS. 

Modelling  Short-Timescale  Variations  in  Rain- 
Rate. 
W91-03960  2B 

FISH  AND  WILDLIFE  SERVICE,  ANN 
ARBOR,  MI.  GREAT  LAKES  FISHERY  LAB. 

Bioaccumulation  Bioassay  for  Freshwater  Sedi- 
ments. 
W9 1-04630  5  A 

FISHERIES  RESEARCH  INST.,  LJUBLJANA 
(YUGOSLAVIA). 

Rare  and  Endangered  Fishes  from  Yugoslavian 

Adriatic  Rivers. 

W9 1-04795  6G 

FLORIDA  COOPERATIVE  FISH  AND 
WILDLIFE  RESEARCH  UNIT,  GAINESVILLE. 

Distributions   and   Abundances   of  Early   Life 
Stages  of  Fishes  in  a  Florida  Lake  Dominated  by 
Aquatic  Macrophytes. 
W9 1-04592  2H 

FLORIDA  STATE  DEPT.  OF 
ENVIRONMENTAL  REGULATION, 
TALLAHASSEE. 

Florida's  Reuse  Program  Paves  the  Way. 

W9 1-04822  5D 

FLORJDA  UNIV.,  GAINESVILLE.  COLL.  OF 
ENGINEERING. 

Framework  for  Reshaping  Water  Management. 
W9 1-04555  6B 

FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
ENVIRONMENTAL  ENGINEERING 
SCIENCES. 

Simplification  of  in  Vitro  Culture  Techniques 

for  Freshwater  Mussels. 

W9 1-04 148  7B 

FLORIDA  UNIV.,  GAINESVILLE.  DEPT.  OF 
SOIL  SCIENCE. 

Influence  of  Phosphorus  on  Growth  and  Nutri- 
ent   Storage   by   Water    Hyacinth   (Eichhornia 
crassipes  (Mart.)  Solms)  Plants. 
W9 1-04052  5D 

Evaluation  of  Five  Simulation  Models  for  Pre- 
dicting Aldicarb  and  Bromide  Behavior  Under 
Field  Conditions. 
W91-04122  5B 

FLORIDA  UNIV.,  GAINESVILLE.  INST.  OF 
FOOD  AND  AGRICULTURAL  SCIENCES. 

Yield   of  Successively   Cropped   Polyethylene- 
mulched  Vegetables  as  Affected  by  Irrigation 
Method  and  Fertilization  Management. 
W9 1-04567  3F 


FLORIDA  UNIV.,  LAKE  ALFRED.  CITRUS 
EXPERIMENT  STATION. 

Reactions   Between   Aluminum   and   Sulfate   in 
Dilute  Nutrient  Solutions  with  Varying  Degrees 
of  Hydrolysis. 
W9 1-049 10  2K 

FOERSVARETS  FORSKNINGSANSTALT, 
UMEA  (SWEDEN). 

Swedish  Final  Repository  and  the  Possible  Risk 

of  Interactions  by  Microbial  Activities. 

W9 1-04262  5E 

FOOD  AND  AGRICULTURE  ORGANIZATION 
OF  THE  UNITED  NATIONS,  ROME  (ITALY). 
LAND  AND  WATER  DEVELOPMENT  DIV. 

New  Strategies  for  Soil  Conservation. 

W9 1-04561  4D 

FOOD  AND  DRUG  ADMINISTRATION, 
WASHINGTON,  DC.  CONTAMINANTS 
CHEMISTRY  DIV. 

Polychlorinated    Dibenzofurans   in   the   Edible 

Portion  of  Selected  Fish. 

W9 1-04258  5B 

FORD  MOTOR  CO.,  DEARBORN,  MI. 
RESEARCH  STAFF. 

Dew  Chemistry  and  Acid  Deposition  in  Glendo- 
ra,  California,   During  the   1986  Carbonaceous 
Species  Methods  Comparison  Study. 
W91-04138  5B 

FOREST  RESEARCH  INST.,  CHRISTCHURCH 
(NEW  ZEALAND).  FOREST  AND  WILDLAND 
ECOSYSTEMS  DIV. 

Streamflow  Generation  Processes:  An  Austral 

View. 

W9 1-04931  2E 

FORT  HARE  UNIV.,  ALICE  (SOUTH 
AFRICA).  DEPT.  OF  AGRICULTURAL 
ENGINEERING. 

Comprehensive  List  of  Pipe  Coefficients  of  Fric- 
tion for  the  Hazen-Williams  and  Manning  For- 
mulae Derived  from  the  Darcy-Weisbach  For- 
mula and  Colebrook-White  Transition  Law  for 
Roughness  Values  (k). 
W91-04315  8B 

FRANKLIN  COUNTY  PLANNING  DEPT., 
GREENFIELD,  MA. 

Model  for  Rural  Communities  to  Assess  Threats 

to  Ground  Water  Quality. 

W9 1-03925  5G 

FRAUNHOFER-INST.  FUER  TOXIKOLOGIE 
UND  AEROSOLFORSCHUNG,  HANOVER 
(GERMANY,  F.R.). 

Gas  Chromatographic  and  Mass  Spectrometric 

Determination  of  Nitroaromatics  in  Water. 

W9 1-04267  5  A 

FREIBURG  UNIV.  (GERMANY,  F.R.).  INST. 
FOR  PHYSICAL  GEOGRAPHY. 

Data  Processing  for  the  Determination  of  Pig- 
ments   and    Suspended    Solids    from    Thematic 
Mapper  Data. 
W9 1-03952  7B 

FREIBURG  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  BIOLOGIE  2. 

Comparative   Study  of  Biological   Phosphorus 
Removal  by  Activated  Sludge  in  a  Pilot  Plant 
and  in  Laboratory  Batch  Experiments. 
W9 1-04695  5D 

FRESHWATER  BIOLOGICAL  ASSOCIATION, 
AMBLESIDE  (ENGLAND).  WINDERMERE 
LAB. 

Lake  Enrichment  and  the  Status  of  Windermere 

Charr,  Salvelinus  alpinus  (L). 

W9 1-04788  5C 
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FRESHWATER  BIOLOGICAL  ASSOCIATION,  WAREHAM  (ENGLAND).  RIVER  LAB. 


FRESHWATER  BIOLOGICAL  ASSOCIATION, 
WAREHAM  (ENGLAND).  RIVER  LAB. 

Prediction  of  the  Temperature  Dependence  of 

Electrical  Conductance  for  River  Waters. 

W9 1-04086  7B 

GANNETT,  FLEMING,  CORDDRY  AND 
CARPENTER,  INC.,  HARRISBURG,  PA. 

Preliminary    Site    Evaluation    for    Agricultural 
Utilization    of    Sewage    Sludge    A    Guide    for 
WWTP  Technicians. 
W9 1-04606  5E 

Lateral  Installation  and  Maintenance  Consider- 
ations. 
W9 1-04608  5D 

GDANSK  TECHNICAL  UNIV.  (POLAND). 
INST.  OF  HYRDOTECHNICS. 

Groundwater  Exchange  Rate  of  the  Southern 

Baltic  Coastal  Lowland. 

W9 1-04404  2F 

GDANSK  TECHNICAL  UNIV.  (POLAND). 
INST.  OF  INORGANIC  CHEMISTRY  AND 
TECHNOLOGY. 

Isolation  and  Preconcentration  of  Volatile  Or- 
ganic Compounds  from  Water. 
W91-04139  5A 

GENERAL  ELECTRIC  CO.,  SCHENECTADY, 
NY.  RESEARCH  AND  DEVELOPMENT 
CENTER. 

PCB  Movement,  Dechlorination,  and  Detoxica- 

tion  in  the  Acushnet  Estuary. 

W91-04141  5B 

GENERAL  ELECTRIC  CORPORATE 
RESEARCH  AND  DEVELOPMENT, 
SCHENECTADY,  NY. 

Influence  of  Chlorine  Substitution  Pattern  on  the 
Degradation  of  Polychlorinated   Biphenyls  by 
Eight  Bacterial  Strains. 
W9 1-04727  5B 

GEOLOGICAL  SURVEY,  ALBANY,  NY. 

Flood  of  April  4-5,  1987,  in  Southeastern  New 

York  State,  with  Flood  Profiles  of  Schoharie 

Creek. 

W9 1-04645  2E 

GEOLOGICAL  SURVEY,  ALBANY,  NY. 
WATER  RESOURCES  DIV. 

Great  Lakes  Regional  Water-Use  Data  Base-A 

Water-Resources  Management  Tool. 

W9 1-04204  6D 

GEOLOGICAL  SURVEY,  ALBUQUERQUE, 
NM.  WATER  RESOURCES  DIV. 

Base-Flow    Investigation    on    the    Sacramento 
River,  September  25,  1985,  Near  Sunspot,  Otero 
County,  New  Mexico. 
W9 1-04475  7C 

Hydrogeology  of  the  Morrison  Formation  in  the 
San  Juan  Structural  Basin,  New  Mexico,  Colora- 
do, Arizona  and  Utah. 
W91-04853  2F 

GEOLOGICAL  SURVEY,  AUSTIN,  TX. 
WATER  RESOURCES  DIV. 

Ground-Water        Withdrawals,        Water-Level 
Changes,       Land-Surface       Subsidence,       and 
Ground-Water  Quality   in   Fort  Bend  County, 
Texas,  1969-87. 
W9 1-04467  4B 

Water  Resources  Data  for  Texas,  Water  Year 

1989,   Volume    1:   Arkansas   River,   Red   River, 

Sabine    River,    Neches    River,    Trinity    River 

Basins   and    Intervening   and   Adjacent   Coastal 

Basins. 

W9 1-04482  7C 

Salt-Dome  Locations  in  the  Gulf  Coastal  Plain, 

South-Central  United  States. 

W9 1-048  80  2F 


GEOLOGICAL  SURVEY,  BATON  ROUGE,  LA. 

Plan  of  Study  for  Selected  Toxic  Substances  in 

the  Calcasieu  River,  Louisiana. 

W9 1-04637  5B 

GEOLOGICAL  SURVEY,  BISMARCK,  ND. 
WATER  RESOURCES  DIV. 

Water  Resources  Data  for  North  Dakota,  Water 

Year  1989. 

W9 1-04481  7C 

GEOLOGICAL  SURVEY,  BOW,  NH.  WATER 
RESOURCES  DIV. 

Water  Resources  Data  for  New  Hampshire  and 

Vermont,  Water  Year  1989. 

W9 1-04480  7C 

GEOLOGICAL  SURVEY,  CARSON  CITY,  NV. 
WATER  RESOURCES  DIV. 

Drought  Duration  and  Frequency  in  the  North- 
Central  Great  Basin,  1600-1982,  and  Implications 
for  Water  Supply. 
W91-04212  2E 

Geothermal  Resources  of  the  Western  Arm  of 
the  Black  Rock  Desert,  Northwestern  Nevada: 
Part  II,  Aqueous  Geochemistry  and  Hydrology. 
W9 1-04462  2K 

Ground-Water     Resources     of    Honey     Lake 
Valley,  Lassen  County,  California,  and  Washoe 
County,  Nevada. 
W9 1-04466  2F 

Principal  Facts  for  Gravity  Stations  in  the  Elko, 

Steptoe    Valley,    Coyote    Spring    Valley,    and 

Sheep    Range    Areas,    Eastern    and    Southern 

Nevada. 

W9 1-04473  7B 

Ground-Water  Levels  in  Water  Year  1987  and 

Estimated    Ground-Water    Pumpage    in    Water 

Years  1986-87,  Carson  Valley,  Douglas  County, 

Nevada. 

W9 1-04474  2F 

Ground-Water-Quality      Assessment      of     the 
Carson    River    Basin,    Nevada    and    California: 
Analysis     of    Available     Water-Quality     Data 
Through  1987. 
W9 1-04476  2K 

Water  Resources  Data  for  Nevada,  Water  Year 

1989. 

W9 1-04877  7C 

GEOLOGICAL  SURVEY,  CHARLESTON,  WV. 
WATER  RESOURCES  DTV. 

Water  Resources  Data  for  West  Virginia,  Water 

Year  1989. 

W9 1-04483  7C 

GEOLOGICAL  SURVEY,  CHEYENNE,  WY. 
WATER  RESOURCES  DTV. 

Concept  of  the  Shallow  Ground-Water  System 

Along   the  North  Platte  River,   South-Central 

Wyoming. 

W9 1-04463  2F 

GEOLOGICAL  SURVEY,  COLUMBUS,  OH. 
WATER  RESOURCES  DIV. 

Comparison  of  Accuracy  and  Completeness  of 
Data  Obtained  from  Three  Types  of  Automatic 
Water-Quality  Monitors. 
W9 1-04644  7B 

GEOLOGICAL  SURVEY,  DENVER,  CO. 

Hydrogeology  of  an  Ancient  Arid  Closed  Basin: 
Implications  for  Tabular  Sandstone-Hosted  Ura- 
nium Deposits. 
W91-O4108  2F 

Estimation  of  the  Relative  Permeability  Distri- 
bution in  Fractured  Granitic  Rocks  by  Means  of 
Vertical   Flow   Measurements  in   the   Siblingen 
Borehole,  Switzerland. 
W9 1-04643  7B 


Chemistry  of  Iron,  Aluminium,  and  Dissolved 
Organic   Material   in   Three   Acidic,   Metal-En- 
riched, Mountain  Streams,  as  Controlled  by  Wa- 
tershed and  In-Stream  Processes. 
W9 1-04936  2E 

GEOLOGICAL  SURVEY,  DENVER,  CO. 
WATER  RESOURCES  DTV. 

Summary  of  Selected  Characteristics  of  Large 

Reservoirs  in  the  United  States  and  Puerto  Rico, 

1988. 

W9 1-04862  7C 

GEOLOGICAL  SURVEY,  DORAVILLE,  GA. 
WATER  RESOURCES  DTV. 

Aggregated  Water-Use  Data  System. 
W91-04181  6D 

GEOLOGICAL  SURVEY,  HARRISBURG,  PA. 

Effects  of  Acidic  Precipitation  on  the  Water 
Quality   of  Streams  in   the  Laurel   Hill   Area, 
Somerset  County,  Pennsylvania,  1983-86. 
W9 1-04636  5C 

Groundwater  Resources  of  Pike  County,  Penn- 
sylvania. 
W91-04641  2F 

GEOLOGICAL  SURVEY,  HARRISBURG,  PA. 
WATER  RESOURCES  DTV. 

Water  Resources  Data  for  Pennsylvania,  Water 
Year  1989,  Volume  3,  Ohio  River  and  St.  Law- 
rence River  Basin. 
W9 1-04878  7C 

GEOLOGICAL  SURVEY,  HARTFORD,  CT. 
WATER  RESOURCES  DTV. 

Effects  of  Urbanization  on  Peak  Streamflows  in 
Four  Connecticut  Communities,  1980-84. 
W91-04464  4C 

GEOLOGICAL  SURVEY,  HELENA,  MT. 

Streamflow  Characteristics  of  Small  Tributaries 
of  Rock  Creek,  Milk  River  Basin,  Montana,  Base 
Period  Water  Years  1983-1987. 
W9 1-04634  2E 

GEOLOGICAL  SURVEY,  HELENA,  MT. 
WATER  RESOURCES  DIV. 

Estimation  of  Surface-Water  Withdrawals  for 
Irrigation  and  Irrigated  Acreage,  1985,  Gallatin 
County,  Montana. 
W91-04229  3F 

GEOLOGICAL  SURVEY,  HONOLULU,  HI. 
WATER  RESOURCES  DTV. 

Ground-Water  Resources  of  Selected  High  Vol- 
canic Islands  of  Truk  with  Emphasis  on  Small 
Village  Supplies. 
W9 1-04866  2F 

Water  Resources  Data  for  Hawaii  and  other 

Pacific   Areas,   Water   Year    1989.   Volume    1, 

Hawaii. 

W9 1-04903  7C 

GEOLOGICAL  SURVEY,  HURON,  SD. 
WATER  RESOURCES  DTV. 

Records  of  Wells  and  Chemical   Analyses  of 
Ground  Water  in  Deuel  and  Hamlin  Counties, 
South  Dakota. 
W9 1-04865  7C 

Digital     Simulation     of     the     Glacial-Aquifer 
System    in    the    Northern    Three-Fourths    of 
Brown  County,  South  Dakota. 
W9 1-04884  2F 
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GEOLOGICAL  SURVEY,  ST.  PAUL,  MN. 


GEOLOGICAL  SURVEY,  IDAHO  FALLS,  ID. 
WATER  RESOURCES  DIV. 

Purgeable    Organic    Compounds    in    Ground 
Water  at  the  Idaho  National  Engineering  Labo- 
ratory, Idaho--1988  and  1989. 
W91-04478  5B 

GEOLOGICAL  SURVEY,  IOWA  CITY,  IA. 
WATER  RESOURCES  DIV. 

Populations   Affected   by   Pesticides   in   Public 

Ground- Water  Supplies  in  Iowa. 

W91-04202  5B 

GEOLOGICAL  SURVEY,  LAKEWOOD,  CO. 
WATER  RESOURCES  DTV. 

Effects  of  Regional  Ground-Water  Level  De- 
clines on  Streamflow  in  the  Oklahoma  Panhan- 
dle. 
W91-04189  6G 

Reconnaissance  Study  of  the  Thickness  of  the 
Unsaturated  Zone  in  the  Western  Conterminous 
United  States. 
W91-04855  5E 

Data  that  Described  At-a-Point  Temporal  Vari- 
ations in  the  Transport  Rate  and  Particle-Size 
Distribution  of  Bedload-East  Fork  River,  Wyo- 
ming, and  Fall  River,  Colorado. 
W9 1-04879  2  J 

GEOLOGICAL  SURVEY,  LANSING,  ML 

Matrix-Controlled  Hydraulic  Properties  of  Mis- 
sissippian  and  Pennsylvanian  Sandstones  from 
the  Michigan  Basin. 
W9 1-04639  2F 

GEOLOGICAL  SURVEY,  LANSING,  ML 
WATER  RESOURCES  DTV. 

Water  Use  and  Methods  of  Data  Acquisition  in 

Michigan. 

W91-04176  6D 

GEOLOGICAL  SURVEY,  LAWRENCE,  KS. 
WATER  RESOURCES  DIV. 

Hydrogeology  and  Ground-Water-Quality  Con- 
ditions at  the  Emporia-Lyon  County  Landfill, 
Eastern  Kansas,  1988. 
W91-04468  5B 

Surface-  and  Ground- Water  Interaction  and  Hy- 
drologic  Budget  of  the  Missouri  River  Valley 
Aquifer  between  Yankton  South  Dakota,  and  St. 
Louis,  Missouri. 
W91-04856  2A 

GEOLOGICAL  SURVEY,  LITTLE  ROCK,  AR. 
WATER  RESOURCES  DIV. 

Data  Management  Techniques  for  Site-Specific 

Water-Use  Data  in  Arkansas. 

W91-04174  6D 

U.S.    Geological    Survey's    New    Site-Specific 
Water-Use  Data  System  (NEWSWUDS). 
W91-04183  6D 

Ground- Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1989. 

W9 1-04479  2F 

Ground- Water  Levels  in  the  Alluvial  Aquifer  in 

Eastern  Arkansas,  1988. 

W9 1-04863  2F 

Trends  and  Comparison  of  Water  Quality  and 
Bottom    Material    of    Northeastern    Arkansas 
Streams,  1974-85,  and  Effects  of  Planned  Diver- 
sions. 
W91-04867  5B 

GEOLOGICAL  SURVEY,  LOUISVILLE,  KY. 
WATER  RESOURCES  DTV. 

Water  Use  in  Kentucky,  1985,  with  Emphasis  on 

the  Kentucky  River  Basin. 

W91-04171  6D 


GEOLOGICAL  SURVEY,  MADISON,  WI. 
WATER  RESOURCES  DIV. 

Data  on   Polychlorinated   Biphenyls,   Dieldrin, 
Lead,  and  Cadmium  in  Wisconsin  and  Upper 
Michigan  Tributaries  to  Green  Bay,  July  1987 
Through  April  1988. 
W91-04861  5B 

Water   Resources   Data  for  Wisconsin,   Water 

Year  1989. 

W9 1-04869  7C 

GEOLOGICAL  SURVEY,  MARLBOROUGH, 
MA. 

Delineation   of  Contributing   Areas   to   Public 

Supply      Wells      in      Stratified      Glacial-Drift 

Aquifers. 

W91-03932  5G 

GEOLOGICAL  SURVEY,  MEMPHIS,  TN. 
WATER  RESOURCES  DIV. 

Instream  Flow  Analysis  and  Monitoring  Proce- 
dure for  Little  River  in  Eastern  Tennessee. 
W91-04169  6D 

GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 

Monitoring   Moisture   Storage  in  Trees   Using 

Time  Domain  Reflectometry. 

W91-04388  21 

GEOLOGICAL  SURVEY,  MENLO  PARK,  CA. 
WATER  RESOURCES  DIV. 

Dissimilatory  Selenate  Reduction  Potentials  in  a 

Diversity  of  Sediment  Types. 

W91-04066  5B 

GEOLOGICAL  SURVEY,  MORGANTOWN, 
WV.  WATER  RESOURCES  DIV. 

Water  Resources  of  the  Elk  River  Basin,  West 

Virginia. 

W9 1-04642  2F 

GEOLOGICAL  SURVEY,  OKLAHOMA  CITY, 
OK.  WATER  RESOURCES  DIV. 

Use  of  Base-Flow  Data  to  Manage  Water  Use 

During  a  Drought. 

W91-04213  2E 

Three  Computerized,   Stratified   Random  Site- 
Selection   Methods   for   Design   of  a   Ground- 
Water-Quality  Sampling  Network. 
W9 1-04470  7  A 

Water  Resources   Data  for  Oklahoma,   Water 

Year  1988. 

W9 1-04868  7C 

GEOLOGICAL  SURVEY,  PHOENIX,  AZ. 
WATER  RESOURCES  DIV. 

Mapping  Evapotranspiration  Using  the  Energy- 
Budget  Method  with  Remotely  Sensed  Data. 
W91-04231  7B 

GEOLOGICAL  SURVEY,  PORTLAND,  OR. 

Surface-Water   Containment   Routing   Using   a 
Digital  Stream  Information  System. 
W91-04185  5B 

GEOLOGICAL  SURVEY,  RALEIGH,  NC. 
WATER  RESOURCES  DIV. 

Ground- Water  Pumpage  and  Water-Level  De- 
clines in  the  Peedee  and  Black  Creek  Aquifers  in 
Onslow  and  Jones  Counties,   North  Carolina, 
1900-86. 
W9 1-04901  2F 

Continuous  Seismic  Reflection  Profiling  of  Hy- 
drogeologic    Features    Beneath    New    River, 
Camp  Lejeune,  North  Carolina. 
W9 1-04902  2F 

GEOLOGICAL  SURVEY,  RESTON,  VA. 

Coordination  of  Federal  Water-Use-Data  Col- 
lection and  Dissemination. 
W91-04163  6D 


Trends  in  Water  Use  in  the  United  States,  1950 

to  1985. 

W9 1-04 165  6D 

Water  Supply  and  Use  in  the  United  States-US. 

Geological    Survey   National    Water   Summary 

1987. 

W91-04166  6D 

Use    of   Geographic    Information    System    for 
Reaggregating  Water-Use  Data  from  Counties 
to  Hydrologic  Units. 
W91-04186  6D 

Simple  Contouring  Program  for  Gridded  Data. 
W91-04638  7C 

GEOLOGICAL  SURVEY,  RESTON,  VA. 
WATER  RESOURCES  DIV. 

Water    Resources    Research    Grant    Program: 

Project  Descriptions,  Fiscal  Year  1989. 

W9 1-04858  9D 

GEOLOGICAL  SURVEY,  RICHMOND,  VA. 
WATER  RESOURCES  DIV. 

Preliminary  Investigation  of  Soil  and  Ground- 
Water  Contamination  at  the  U.S.  Army  Petrole- 
um Training  Facility,  Fort  Lee,  Virginia,  Sep- 
tember-October 1989. 
W9 1-04864  5B 

GEOLOGICAL  SURVEY,  SACRAMENTO,  CA. 
WATER  RESOURCES  DIV. 

California  Water-Use  Geographic   Information 

System. 

W91-04170  6D 

Documentation  of  Model  Input  and  Output 
Values  for  the  Geohydrology  and  Mathematical 
Simulation  of  the  Pajaro  Valley  Aquifer  System, 
Santa  Cruz  and  Monterey  Counties,  California. 
W9 1-04477  4B 

Geohydrology,  Water  Quality,  and  Water  Budg- 
ets of  Golden  Gate  Park  and  the  Lake  Merced 
Area  in  the  Western   Part  of  San  Francisco, 
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W9 1-04232  3F 
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CENTER  OF  BASIC  AND  APPLIED  SCIENCE. 
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A  New  Analysis. 

W9 1-04503  2D 

HEBREW  UNTV.  OF  JERUSALEM  (ISRAEL). 
DD7.  OF  ENVIRONMENTAL  SCIENCES. 
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Cultured  in  Standard  Medium  for  Toxicity  Test- 
ing: Effects  of  the  Optimization  of  Culture  Con- 
ditions on  Life  History  Parameters  of  D.  magna. 
W9 1-04047  5  A 

Influence  of  Water  Composition  on  the  Chronic 
Toxicity    of    3,4-Dichloroaniline    to    Daphnia 


magna. 
W9 1-04048 


5C 


HEIDELBERG  UNTV.  (GERMANY,  F.R.). 
INST.  FUER  UMWELTPHYSIK. 

Gasoline  Lead  in  West  German  Soils. 
W91-O4310  5B 

HELSINKI  UNIV.  (FINLAND).  DEPT.  OF 
METEOROLOGY. 

Meteorological  Factors  Influencing  the  Radioac- 
tive Deposition  in  Finland  after  the  Chernobyl 
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terns in  the   Blubber  of  Seals  from  Different 
Marine  Regions. 
W9 1-04247  5B 

Characteristic  Contamination  Levels  for  Poly- 
chlorinated   Hydrocarbons,   Dibenzofurans   and 
Dibenzo-p-dioxins  in   Bream  (Abramis  brama) 
From  the  River  Elbe. 
W91-04250  5B 

HONG  KONG  ENVIRONMENTAL 
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Deuterium-Calibrated  Groundwater  Flow 
Model  of  a  Regional  Carbonate- Alluvial  System. 
W9 1-04407  2F 

NEVADA  UNTV.  SYSTEM,  RENO.  WATER 
RESOURCES  CENTER. 

Fiscal    Year    1989    Program    Report    (Nevada 

Water  Resources  Research  Institute). 

W9 1-04874  9D 

NEW  HAMPSHIRE  DEPT.  OF  RESOURCES 
AND  ECONOMIC  DEVELOPMENT, 
CONCORD. 

Measuring  the  Public's  Perception  of  Water  Re- 
sources using  the  Contingent  Valuation  Method. 
W91-04179  6A 


NEW  JERSEY-AMERICAN  WATER  CO., 
SHREWSBURY. 

Keeping  Your  Neighbor  Happy. 

W9 1-04374  5F 

NEW  MEXICO  STATE  UND7.,  LAS  CRUCES. 

Psychrometric  Measurement  of  Soil  Water  Po- 
tential Stability  of  Calibration  and  Test  of  Pres- 
sure-Plate Samples. 
W91-04912  7B 

NEW  MEXICO  STATE  UNTV.,  LAS  CRUCES. 
DEPT.  OF  CTVIL  ENGINEERING. 

Adsorption  of  Benzene  from  Aqueous  Solutions 
by  Bentonite  Treated  with  Quaternary  Amines. 
W9 1-04770  5G 

NEW  MEXICO  STATE  UNTV.,  LAS  CRUCES. 
DEPT.  OF  ECONOMICS. 

Natural  Resource  Accounting  Systems  and  En- 
vironmental Policy  Modeling. 
W9 1-04563  6B 

NEW  MEXICO  UNTV.,  ALBUQUERQUE. 
DEPT.  OF  BIOLOGY. 

Stream  Geomorphology:  Effects  on  Periphyton 
Standing  Crop  and  Primary  Production. 
W91-04714  6G 

NEW  SOUTH  WALES  DEPT.  OF 
AGRICULTURE,  NARRANDERA 
(AUSTRALIA).  INLAND  FISHERIES 
STATION. 

Threatened  Native  Freshwater  Fishes  in  Austra- 
lia-Some Case  Histories. 
W91-04789  81 

NEW  YORK  STATE  COLL.  OF 
AGRICULTURE  AND  LIFE  SCIENCES, 
ITHACA.  DEPT.  OF  AGRICULTURAL  AND 
BIOLOGICAL  ENGINEERING. 

Development  and  Testing  of  Single-Parameter 

Precipitation  Distributions. 

W91-04126  2B 

NEW  YORK  STATE  DEPT.  OF  HEALTH, 
ALBANY.  WADSWORTH  CENTER  FOR 
LABS.  AND  RESEARCH. 

Determination  of  Mono-  and  Non-Ortho  Copla- 

nar  PCBs  in  Fish. 

W91-04255  5A 

Quality  Assurance/Quality  Control  Assessment 
for   a   Collaborative    Study    of   2,3,7,8-TCDD 
Bioaccumulation  in  Lake  Ontario. 
W9 1-04277  5B 

NEW  YORK  STATE  WATER  RESOURCES 
RESEARCH  INST.,  ITHACA. 

Fiscal  Year  1989  ProgTam  Report  (New  York 

State  Water  Resources  Institute). 

W91-04897  9D 

NEW  YORK  UNTV.  MEDICAL  CENTER,  NY. 
DEPT.  OF  MICROBIOLOGY. 

Chlorophenol  Degradation  Coupled  to  Sulfate 

Reduction. 

W91-04061  5B 

Anaerobic  Biodegradation  of  Para-Cresol  Under 

Three  Reducing  Conditions. 

W91-04729  5B 

NEWCASTLE  UPON  TYNE  UNTV. 
(ENGLAND).  DEPT.  OF  CTVIL 
ENGINEERING. 

Investigation  of  the  Allocation  of  Sampling  Sta- 
tions During  Estuarine  Surveys. 
W91-04198  7A 

NORGES  TEKNISKE  HOEGSKOLE, 
TRONDHEIM. 

Upgrading    of    Small    Municipal    Wastewater 

Treatment  Plants  with  Heavy  Dairy  Loading  by 

Introduction  of  Aerated  Submerged  Biological 

Filters. 

W9 1-04681  5D 


NORGES  VETERINAERHOEGSKOLE,  OSLO. 
INST.  FOR  FARMAKOLOGI  OG 
TOKSIKOLOGI. 

Levels  of  Polychlorinated  Biphenyls,  Organoch- 
lorine  Pesticides,  Mercury,  Cadmium,  Copper, 
Selenium,   Arsenic,  and  Zinc  in  the  Harbour 
Seal,  Phoca  vitulina,  in  Norwegian  Waters. 
W9 1-04026  5B 

NORSK  INST.  FOR  VANNFORSKNTNG, 
OSLO. 

Carbon,    Nitrogen   and    Phosphorus   Status   in 
Daphnia  at  Varying  Food  Conditions. 
W91-04111  2H 

Effects  of  Acid  Wastes  from  Titanium  Dioxide 
Production  on  Biomass  and  Species  Richness  of 
Benthic  Algae. 
W91-04420  5C 

NORTH  CAROLINA  STATE  UNTV.  AT 

RALEIGH.  DEPT.  OF  CHEMICAL 

ENGINEERING. 
Heterogeneous  Photocatalysis  for  Water  Purifi- 
cation: Contaminant  Mineralization  Kinetics  and 
Elementary  Reactor  Analysis. 
W91-04768  5D 

NORTH  CAROLINA  STATE  UNTV., 
RALEIGH. 

Surface  Water  Management  for  Crop  Produc- 
tion on  Highly  Erodible  Land. 
W91-04539  4D 

NORTH  CAROLINA  STATE  UNTV., 
RALEIGH.  DEPT.  OF  HORTICULTURAL 
SCIENCE. 

Sand  Culture  of  Vegetables  using  Recirculated 

Aquacultural  Effluents. 

W9 1-04542  3F 

NORTH  CAROLINA  UNIV.  AT  MOREHEAD 
CITY.  INST.  OF  MARINE  SCD2NCES. 

Dynamic  Behavior  of  Suspended  Sediment  Con- 
centrations in  a  Shallow  Lake  Perturbed  by  Epi- 
sodic Wind  Events. 
W9 1-03997  2H 

NORTH  CAROLINA  UNTV,  CHAPEL  HTLL. 
DEPT.  OF  ENVIRONMENTAL  SCIENCES 
AND  ENGINEERING. 

Evaluating  Oxidants  for  the  Removal  of  Model 

Taste  and  Odor  Compounds  from  a  Municipal 

Water  Supply. 

W91-03977  5F 

Dissolution  of  Trapped  Nonaqueous  Phase  Liq- 
uids: Mass  Transfer  Characteristics. 
W91-04132  5B 

NORTH  CAROLINA  WATER  RESOURCES 

RESEARCH  INST.,  RALEIGH. 
Fiscal  Year  1989  Program  Report  (North  Caroli- 
na Water  Resources  Research  Institute). 
W9 1-04889  9D 

NORTH  KINGSTOWN  DEPT.  OF  PLANNING 
AND  DEVELOPMENT,  RL 

Case  Study  of  Regional  Effort:  Wellhead  Delin- 
eation as  a  Tool  for  Fostering  Regional  Coop- 
eration. 
W9 1-03924  5B 

NORTH  WEST  WATER  AUTHORITY, 
WARRTNGTON  (ENGLAND). 

Appraisal  of  Changes  in  Watercourse  Quality  as 

a  Result  of  Sewer  Reconstruction. 

W9 1-04348  5D 

Fylde    Coast    Bathing    Water    Improvements- 
Storm  Water  Management  for  Compliance  with 
Bathing  Water  Directive. 
W9 1-04349  5G 
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NORTHEASTERN  FOREST  EXPERIMENT  STATION,  DELAWARE,  OH. 


NORTHEASTERN  FOREST  EXPERIMENT 
STATION,  DELAWARE,  OH. 

Response  of  Yellow-Poplar  (Liriodendron  tulipi- 
fera  L.)  Seedlings  to  Simulated  Acid  Rain  and 
Ozone~2.  Effect  on  Throughfall  Chemistry  and 
Nutrients  in  the  Leaves. 
W91-04451  21 

NSI  TECHNOLOGY  SERVICES  CORP., 
CORVALLIS,  OR. 

Effects  of  Dicofol  on  Mallard  Eggshell  Quality. 
W91-04621  5C 

NUCLEAR  ELECTRIC,  BARNWOOD 
(ENGLAND). 

Potential  Significance  of  Microbial  Activity  in 

Radioactive  Waste  Disposal. 

W9 1-04260  5E 

OAK  RIDGE  NATIONAL  LAB.,  TN. 
ENVIRONMENTAL  SCIENCES  DIV. 

Foliar  Retention  of  15-N-Nitrate  and  15-N- Am- 
monium  by    Red    Maple   (Acer   rubrum)   and 
White  Oak  (Quercus  alba)  Leaves  from  Simulat- 
ed Rain. 
W9 1-04452  5C 

Hydrogeochemical  Response  of  a  Forested  Wa- 
tershed to  Storms:  Effects  of  Preferential  Flow 
along  Shallow  and  Deep  Pathways. 
W9 1-04930  2E 

OBSERVATOIRE  DE  PHYSIQUE  DU  GLOBE 
DE  CLERMONT-FERRAND  (FRANCE). 

Small   Time  and   Space  Measurements  of  the 
Mean  Rainfall  Rate  Made  by  a  Gage  Network 
and  by  a  Dual-Polarization  Radar. 
W91-04431  7A 

OCEANIC  INST.,  WAIMANALO,  HI. 

Nitrate  and  Ammonium  Uptake  by  Phytoplank- 
ton  Populations  During  the  Spring  Bloom  in 
Auke  Bay,  Alaska. 
W91-04461  2H 

OFFICE  DE  LA  RECHERCHE  SCIENTIFIQUE 
ET  TECHNIQUE  OUTRE-MER,  LA  PAZ 
(BOLIVIA). 

Transport  of  Suspended  Sediment  and  Dissolved 
Material  from  the  Andes  to  the  Rio  de  la  Plata 
by  the  Bolivian  Tributaries  of  the  Rio  Paraguay 
(Rios  Pilcomayo  and  Bermejo),  (Transport  de 
Matieres  Dissoutes  et  Particulates  des  Andes 
vers  le  Rio  de  La  Plata  par  les  Tributaires  Boli- 
viens  (Rios  Pilcomayo  et  Bermejo)  de  Rio  Para- 
guay). 
W9 1-04805  2J 

OKANAGAN  COLL.,  KELOWNA  (BRITISH 
COLUMBIA).  DEFT.  OF  GEOGRAPHY. 

Ablation  of  Avalanched  and  Undisturbed  Snow, 

Himalaya  Mountains,  Pakistan. 

W91-04129  2C 

OKLAHOMA  STATE  UNTV.,  STILLWATER. 
DEPT.  OF  ZOOLOGY. 

Effect  of  Naphthalene  on  Sodium  Active  Trans- 
port in  the  Frog  Skin. 
W91-04015  5C 

OKLAHOMA  UNIV.,  NORMAN.  DEPT.  OF 
BOTANY  AND  MICROBIOLOGY. 

Growth    Response    of   Phaseolus    vulgaris    to 

Varying  Salinity  Regimes. 

W91-04559  3C 

OKLAHOMA  UNTV.,  NORMAN.  SCHOOL  OF 
PETROLEUM  AND  GEOLOGICAL 
ENGINEERING. 

Importance  of  Air  Absorption  During  Mechani- 
cal Integrity  Testing. 
W91-04135  5G 

OLD  DOMINION  UNTV.,  NORFOLK,  VA. 
DEPT.  OF  GEOPHYSICAL  SCTENCES. 

Cadmium    Bioavailability    to    Three    Estuarine 
Animals  in  Relation  to  Geochemical  Fractions 
to  Sediments. 
W91-04618  5B 


ONTARIO  MINISTRY  OF  THE 
ENVIRONMENT,  DORCHESTER.  DORSET 
RESEARCH  CENTER. 

Manganese  Speciation  in  Dilute  Waters  of  the 

Precambrian  Shield,  Canada. 

W9 1-04039  2K 

ONTARIO  MINISTRY  OF  THE 
ENVIRONMENT,  REXDALE. 

Validation  Studies  of  an  Automated  Preconcen- 
tration  Water  Sampler  (APS)  for  Chlorinated 
Dibenzo-p-Dioxins  and  Dibenzofurans. 
W9 1-04280  7B 

ONTARIO  MINISTRY  OF  THE 
ENVIRONMENT,  REXDALE.  LAB.  SERVICES 
BRANCH. 

Water  Round  Robin  for  Parts-Per-Quadrillion 

Determination  of  PCDDs  and  PCDFs. 

W9 1-04279  5D 

Application  of  Tandem  Quadrupole  Mass  Spec- 
trometry for  the  Ultra-Trace  Determination  of 
Polychlorinated  Dibenzo-p-Dioxins  and  Diben- 
zofurans. 
W9 1-04283  5  A 

ONTARIO  MINISTRY  OF  THE 
ENVIRONMENT,  TORONTO.  AIR 
RESOURCES  BRANCH. 

Monitoring  Dioxins  and  Dibenzofurans  in  Pre- 
cipitation in  Ontario. 
W9 1-04288  5B 

ORANGE  COUNTY  WATER  DISTRICT, 
FOUNTAIN  VALLEY,  CA.  BIOTECHNOLOGY 
DEPT. 

Identification  and  Catabolic  Activity  of  Well- 
Derived   Gasoline-Degrading   Bacteria   from   a 
Contaminated  Aquifer. 
W91-04068  5B 

ORANGE  FREE  STATE  UNIV., 
BLOEMFONTEIN  (SOUTH  AFRICA).  DEPT. 
OF  BOTANY. 

Dominant    Phytoplankters   and    Environmental 

Variables  in  Roodeplaat  Dam,  Pretoria,  South 

Africa. 

W91-04312  2H 

ORANGE  FREE  STATE  UNTV., 
BLOEMFONTEIN  (SOUTH  AFRICA).  DEPT. 
OF  MICROBIOLOGY. 

Thermodynamic  Considerations  on  the  Perform- 
ance of  Two-Staged  Anaerobic  Digesters. 
W91-04318  5D 

OREGON  COOPERATIVE  FISHERY 
RESEARCH  UNIT,  CORVALLIS. 

Selenium  in  Wetlands  and  Waterfowl  Foods  at 
Kesterson  Reservoir,  California,  1984. 
W91-04613  5B 

OREGON  STATE  UNTV.,  CORVALLIS.  COLL. 
OF  OCEANOGRAPHY. 

Hydrothermal    Petroleums    from    Yellowstone 

National  Park,  Wyoming,  USA. 

W9 1-04270  2F 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  SOIL  SCIENCE. 

Water  Use  by  Monocropped  and  Intercropped 

Cowpea  and  Sorghum  Grown  after  Rice. 

W9 1-04500  3F 

OSMAN1A  UNTV'.,  HYDERABAD  (INDIA). 
DEPT.  OF  ZOOLOGY. 

Effect  of  Fluoride  on  Acetylcholinesterase  Ac- 
tivity and  Oxygen  Consumption  in  a  Freshwater 
Field  Crab,  Barytelphusa  guerini. 
W9 1-04023  5C 

OTTAWA  UNIV.  (ONTARIO).  DEPT.  OF 
BIOLOGY. 

Relationships  Between  Some  Properties  of  Or- 
ganic Soils  from  the  Southern  Canadian  Shield. 
W9 1-04583  5G 


OXFORD  UNIV.  (ENGLAND).  DEPT.  OF 
BIOCHEMISTRY. 

Immobilized  Cell  Bioprocess  for  the  Removal  of 
Heavy  Metals  from  Aqueous  Flows. 
W9I-04158  5D 

PA  CONSULTING  GROUP-TECHNOLOGY, 
CAMBRIDGE  LABORATORY,  MELBOURN, 
ROYSTON,  HERTFORDSHIRE  SG8  6DP, 
ENGLAND. 

Review  of  Biotechnology  Applications  to  Nu- 
clear Waste  Treatment. 
W91-04159  5E 

PACIFIC  NORTHWEST  RESEARCH 
FOUNDATION,  SEATTLE,  WA. 

Flow  Cytometric  Comparison  of  DNA  Content 
and  Glutathione  Levels  in  Hepatocytes  of  Eng- 
lish Sole  (Parophyrs  vetulus)  from  Areas  of  Dif- 
fering Water  Quality. 
W91-O4610  5C 

PADUA  UNIV.  (ITALY).  DIPT.  DI  METODI  E 
MODELLI  MATEMATICI  PER  LE  SCIENZE 
APPLICATE. 

Is  a  Simple  Diagonal  Scaling  the  Best  Precondi- 
tioner  for  Conjugate  Gradients  on  Supercom- 
puters. 
W9 1-04834  7C 

PAPIERTECHNISCHE  STD7TUNG  FUER 

FORSCHUNG  UND  AUSBILDUNG  IN 

PAPIERERZEUGUNG  UND  - 

VERARBEITUNG,  MUNICH  (GERMANY, 

F.R.).  WASSER-  UND 

ABWASSERFORSCHUNGSSTELLE. 
Performance  Increase  of  Papermill  Waste  Water 
Treatment  Plants  by  a  High-Capacity  Trickling 
Filter  Inserted  as  First  Biological  Stage. 
W9 1-04684  5D 

Performance    Increase    of    Aerobic-Biological 
Waste  Water  Treatment  Plants  in  Papermills  by 
Anaerobic  Pretreatment  of  High-Strength  Par- 
tial Flows. 
W9 1-04699  5D 

PARMA  UNTV.  (ITALY).  1ST.  DI  CHIMICA 
FISICA  APPLICATA. 

Degradation  of  Atrazine   in   Soil   through   In- 
duced Photocatalytic  Processes. 
W91-04911  5B 

PENNICHUCK  WATER  WORKS,  INC., 
NASHUA,  NH. 

Retrofit  of  Pulsator  Type  Upflow  Clarifiers  with 

Tube  Settlers. 

W9 1-04841  5F 

PENNSYLVANIA  STATE  UNTV.,  UNIVERSITY 
PARK.  DEPT.  OF  METEOROLOGY. 

Stomatal  Resistance  Model  Illustrating  Plant  vs. 

External  Control  of  Transpiration. 

W9 1-04489  2D 

Remote  Estimation  of  Soil  Moisture  Availability 
and  Fractional  Vegetation  Cover  for  Agricultur- 
al Fields. 
W91-04491  2G 

PENNSYLVANIA  STATE  UNIV.,  UNIVERSITY 
PARK.  ENVntONMENTAL  RESOURCES 
RESEARCH  INST. 

Water    Use    in     Eight    Central     Pennsylvania 

Homes. 

W91-04193  6D 

PENNSYLVANIA  STATE  UNTV.,  UNIVERSITY 
PARK.  LAB.  OF  SOIL  BIOCHEMISTRY. 

Transformation  of  Indole  by  Methanogenic  and 
Sulfate-Reducing       Microorganisms       Isolated 
From  Digested  Sludge. 
W9 1-04731  5G 
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ROORKEE  UNIV.  (INDIA).  DEPT.  OF  CIVIL  ENGINEERING. 


PENNSYLVANIA  STATE  UNIV.,  UNIVERSITY 
PARK.  LAB.  OF  SOIL  SCIENCE. 

Microbial  Activity  in  the  Terrestrial  Subsurface. 
W91-04263  5B 

PHOENLX  CITY  WATER  AND  WASTEWATER 
DEPT.,  AZ. 

Phoenix  Water  Resource  Plan-1987. 

W9 1-04245  6  A 

PIRNTE  (MALCOLM),  INC.,  COLUMBUS,  OH. 

Computerized   Data   Management    System   for 

Wellfield  Protection. 

W9 1-03939  5G 

PIRNIE  (MALCOLM),  INC.,  WHITE  PLAINS, 

NY. 
Air  Toxics  Project  Studies  Health  Risks  from 
Wastewater  Treatment  Plant  Emissions. 
W91-04597  5D 

PLANNING  AND  MANAGEMENT 
CONSULTANTS  LTD.,  CARBONDALE,  IL. 

Forecasting  Municipal  Water  Demand  and  Con- 
servation Evaluation:  The  IWR-MAIN  System 
5.1. 
W9 1-04242  6D 

POTITERS  UNIV.  (FRANCE).  LAB.  DE 
CHTMIE  DE  L'EAU  ET  DES  NUISANCES. 

Effect  of  Ozonation  on  the  Removal  of  Organics 

by  Coagulation/Flocculation. 

W91-04383  5F 

POLYTECHNIC  SOUTH  WEST,  PLYMOUTH 
(ENGLAND).  DEPT.  OF  BIOLOGICAL 
SCIENCES. 

Effect  of  Zinc  on  Osmoregulation  of  Gammarus 
duebeni  (Crustacea:  Amphipods)  from  the  Estu- 
ary and  the  Sewage  Treatment  Works  at  Looe, 
Cornwall. 
W9 1-04376  5C 

POLYTECHNIC  UNIV.,  BROOKLYN,  NY. 
DEPT.  OF  CTVTL  AND  ENVIRONMENTAL 
ENGINEERING. 

Uncertainty   of  Water   Supply    Demand   Esti- 
mates. 
W9 1-04243  6D 

PORT  ELIZABETH  UNIV.  (SOUTH  AFRICA). 
INST.  FOR  COASTAL  RESEARCH. 

Mixing  and  Circulation  in  the  Sundays  River 

Estuary,  South  Africa. 

W91-03985  2L 

PORTSMOUTH  POLYTECHNIC  (ENGLAND). 
CENTRE  FOR  MARINE  RESOURCES 
ECONOMICS. 

Impact  of  Damming,  Drought  and  Over-Exploi- 
tation on  the  Conservation  of  Marketable  Fish 
Stocks  of  the  River  Benue,  Nigeria. 
W9 1-04790  6G 

PRINCETON  UNIV.,  NJ.  DEPT.  OF  CTVTL 
ENGINEERING  AND  OPERATIONS 
RESEARCH. 

Comparison   of  Capillary    Pressure-Saturation 
Relations  for  Drainage  in  Two-and  Three-fluid 
Porous  Media. 
W91-04825  2F 

Parallel   Least  Squares  Collocation  Conjugate 

Gradient  Approach  for  the  Advection  Diffusion 

Equation. 

W9 1-04832  7C 

PRINCETON  UNTV.,  NJ.  PROGRAM  IN 
ATMOSPHERIC  AND  OCEANIC  SCIENCES. 

Time-dependent,  Three-dimensional  Model  of 
the  Delaware  Bay  and  River  System:  Part  1. 
Description  of  the  Model  and  Tidal  Analysis. 
W91-04413  2L 

Time-dependent,   Three-dimensional   Model   of 

the  Delaware  Bay  and  River  System:  Part  2. 

Three-dimensional    Flow    Fields   and   Residual 

Circulation. 

W91-04414  2L 


PROCTER  AND  GAMBLE  CO.,  CINCINNATI, 
OH.  ENVIRONMENTAL  SAFETY  DEPT. 

Use  of  Biodegradation  Data  in  Chemical  Assess- 
ment. 
W9 1-04628  5B 

PROCTER  AND  GAMBLE  CO.,  CINCINNATI, 
OH.  IVORYDALE  TECHNICAL  CENTER. 

Monitoring  Linear  Alkyl  Benzene  Sulfonate  in 

the  Environment:  1973-1986. 

W91-04143  5B 

PROCTOR  AND  REDFERN  LTD.,  DON 
MILLS  (ONTARIO). 

Design  of  a  Low  Strength  Sewage  Treatment 

Plant  in  a  Cold  Climate. 

W9 1-04707  5D 

PROTAN  A/S,  DRAMMEN  (NORWAY). 

Metal  Recovery  Using  Chitosan. 

W91-O4160  5D 

PUBLIC  WORKS  RESEARCH  INST., 
TSUKUBA  (JAPAN).  WATER  QUALITY 
CONTROL  DTV. 

Renovation  of  an  Extended  Aeration  Plant  for 

Simultaneous  Biological  Removal  of  Nitrogen 

and    Phosphorus    Using    Oxic-Anaerobic-Oxic 

Process. 

W9 1-04666  5D 

PURDUE  UNTV.,  LAFAYETTE,  IN.  DEPT.  OF 
ENVIRONMENTAL  ENGINEERING. 

Toxicity  of  Inorganic  Selenium  to  the  Green 

Alga  Selenastrum  Capricornutum  Printz. 

W9 1-04448  5C 

PURDUE  UNTV.,  LAFAYETTE,  EM.  SCHOOL 
OF  CIVIL  ENGINEERING. 

Analysis  of  Objective  Functions  Used  in  Urban 

Runoff  Models. 

W9 1-04239  2E 

PURDUE  UNTV.,  LAFAYETTE,  IN.  WATER 
RESOURCES  RESEARCH  CENTER. 

Fiscal  Year  1989  Annual  Program  Report  (Indi- 
ana Water  Resources  Research  Center). 
W9 1-04881  9D 

Decision  Support  for  Best  Management  Practice 

Selection. 

W9 1-04905  6  A 

QUEBEC  UNTV.,  TROIS-RTVIERES.  CENTRE 
DE  RECHERCHE  EN  PHOTOBIOPHYSIQUE. 

Immobilized  Plant  Thylakoid  Membranes  as  a 

Biosensor  for  Herbicides. 

W9 1-04275  5A 

QUEBEC  UNTV.,  TROIS-RTVIERES.  DEPT.  DE 
CHTMIE-BIOLOGIE. 

Pintail,  Anas  acuta,  Use  of  Man-made  Ponds  in 

Quebec. 

W91-04058  6G 

QUEBEC  UNIV.,  TROIS-RTVIERES.  GROUPE 
DE  RECHERCHE  SUR  LES  TNSECTES. 

Optimization  of  Insecticide  Treatments  in 
Rivers:  An  Application  of  Graph  Theory  for 
Planning  a  Black  Fly  Larvae  Control  Program. 
W91-04446  4C 

RAND  AFRIKAANS  UNTV.,  JOHANNESBURG 
(SOUTH  AFRICA).  DEPT.  OF  ZOOLOGY. 

Bioaccumulation  of  Selected  Heavy  Metals  by 
the  Water  Fern,  Azolla  filiculoides  Lam.  in  a 
Wetland  Ecosystem  Affected  by  Sewage,  Mine 
and  Industrial  Pollution. 
W9 1-04320  5B 

READING  UNIV.  (ENGLAND).  DEPT.  OF 
PHYSIOLOGY  AND  BIOCHEMISTRY. 

Persistent  Pollutants  in  Fish-Eating  Sea  Birds- 
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The  Secretary  of  the  Interior  has  deterimined  that  the  publication  of  this  periodical  is  necessary  in  the  transaction 

of  the  public  business  required  by  law  of  this  Department.  Use  of  funds  for  printing  this  periodical  has  been 

approved  by  the  Office  of  Management  and  Budget  through  September  1991 . 


As  the  Nation's  principal  conservation  agency,  the  Department  of  the  Interior  has  respon- 
sibility for  most  of  our  nationally  owned  public  lands  and  natural  resources.  This  in- 
cludes fostering  the  wisest  use  of  our  land  and  water  resources,  protecting  our  fish  and 
wildlife,  preserving  the  environmental  and  cultural  values  of  our  national  parks  and  historical 
places,  and  providing  for  the  enjoyment  of  life  through  outdoor  recreation.  The  Department 
assesses  our  energy  and  mineral  resources  and  works  to  assure  that  their  development  is  in 
the  best  interests  of  all  our  people.  The  Department  also  has  a  major  responsibility  for 
American  Indian  reservation  communities  and  for  people  who  live  in  Island  Territories  under 
U.S.  administration. 


PREFACE 


Selected  Water  Resources  Abstracts,  a  monthly 
journal,  includes  abstracts  of  current  and  earlier 
pertinent  monographs,  journal  articles,  reports,  and 
other  publication  formats.  These  documents  cover 
water  resources  as  treated  in  the  life,  physical,  and 
social  sciences  and  the  related  engineering  and  legal 
aspects  of  the  characteristics,  supply  condition,  con- 
servation, control,  use,  or  management  of  water 
resources.  Each  abstract  includes  a  full  bibliographic 
citation  and  a  set  of  descriptors  which  are  listed  in 
the  Water  Resources  Thesaurus.  The  abstract 
entries  are  classified  into  10  fields  and  60  groups 
similar  to  the  water  resources  research  categories 
established  by  the  Committee  on  Water  Resources 
Research  of  the  then  Federal  Council  for  Science  and 
Technology. 

Selected  Water  Resources  Abstracts  is  designed 
to  serve  the  scientific  and  technical  information  needs 
of  scientists,    engineers,  and  managers  as  one  of 


several  services  of  the  Water  Resources  Scientific 
Information  Center.  The  cumulative  SWRA  file  from 
1968  and  monthly  updates  are  available  also  in 
magnetic  tape  through  lease  from  NTIS. 

THE  WATER  RESOURCES  SCIENTIFIC  INFOR- 
MATION CENTER  DOES  NOT  PROVIDE  COPIES  OF 
DOCUMENTS  ABSTRACTED  IN  THIS  JOURNAL. 
Sufficient  bibliographic  information  is  given  to  en- 
able readers  to  order  the  desired  documents  from 
local  libraries  or  other  sources. 

Comments  and  suggestions  concerning  the  contents 
and  arrangement  of  this  bulletin  are  welcome. 

Water  Resources  Scientific 

Information  Center 

U.S.  Geological  Survey 

MS  425  National  Center 

Reston,  VA  22092 
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05  WATER  QUALITY  MANAGEMENT  AND  PROTECTION 

Includes  the  following  Groups:  Identification  of  Pollutants;  Sources  of  Pollution;  Effects  of  Pollution;  Waste 
Treatment  Processes;  Ultimate  Disposal  of  Wastes;  Water  Treatment  and  Quality  Alteration;  Water  Quality 
Control. 

06  WATER  RESOURCES  PLANNING 

Includes  the  following  Groups:  Techniques  of  Planning;  Evaluation  Process;  Cost  Allocation,  Cost  Sharing, 
Pricing/Repayment;  Water  Demand;  Water  Law  and  Institutions;  Nonstructural  Alternatives;  Ecologic  Impact  of 
Water  Development. 

07  RESOURCES  DATA 

Includes  the  following  Groups:  Network  Design;  Data  Acquisition;  Evaluation,  Processing  and  Publication. 

08  ENGINEERING  WORKS 

Includes  the  following  Groups:  Structures;  Hydraulics;  Hydraulic  Machinery;  Soil  Mechanics;  Rock  Mechanics 
and  Geology;  Concrete;  Materials;  Rapid  Excavation;  Fisheries  Engineering. 

09  MANPOWER,  GRANTS,  AND  FACILITIES 

Includes  the  following  Groups:  Education— Extramural;  Education— In-House;  Research  Facilities;  Grants, 
Contracts,  and  Research  Act  Allotments. 

10  SCIENTIFIC  AND  TECHNICAL  INFORMATION 

Includes  the  following  Groups:  Acquisition  and  Processing;  Reference  and  Retrieval;  Secondary  Publication 
and  Distribution;  Specialized  Information  Center  Services;  Translations;  Preparation  of  Reviews. 
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SELECTED  WATER  RESOURCES  ABSTRACTS 


2.  WATER  CYCLE 
2A.  General 


RUNOFF  PREDICTION  UNCERTAINTY  FOR 
UNGAUGED  AGRICULTURAL  WATERSHEDS. 

Hydrologic  Engineering  Center,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-O5130 


\BSTRACTS  OF  THE  SECOND  INTERNA- 
TIONAL SYMPOSIUM  ON  GAS  TRANSFER 
AT  WATER  SURFACES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
Available  from  the  National  Technical  Information 
Service,    Springfield,    VA    22161.    Miscellaneous 
Paper  EL-90-13,  August  1990.  Final  Report.  238p. 

Descriptors:  *Air-water  interfaces,  'Symposium, 
•Gases,  *Vapor  transport,  'Water  chemistry, 
•Proceedings,  Model  studies,  Field  tests,  Data  ac- 
quisition, Hydraulic  structures,  Streams,  Rivers, 
Lakes,  Reservoirs. 

The  second  International  Symposium  on  Gas 
Transfer  at  Water  Surfaces  was  held  1 1-14  Septem- 
ber 1990  in  Minneapolis,  MN.  The  symposium 
focused  on:  (1)  improvements  in  the  ability  to 
describe  the  physical  and  chemical  processes  asso- 
ciated with  gas  transfer;  and  (2)  applications  of 
process  knowledge  to  solve  engineering  problems. 
Eighty-eight  papers  were  selected  for  presentation 
at  the  symposium  in  the  following  topic  areas:  (1) 
fundamentals  of  physical  phenomena;  (2)  model- 
ing; (3)  laboratory  and  field  measurement  tech- 
niques; and  (4)  applications  to  streams  and  rivers, 
lakes,  and  reservoirs,  hydraulic  structures,  unit 
processes,  water  and  wastewater  treatment,  bio- 
geochemical  cycles,  seas  and  oceans,  and  artificial 
aeration.  The  volume  contains  the  abstracts  of 
those  papers  selected  for  presentation.  The  full 
papers,  which  are  subject  to  peer  review  and  ac- 
ceptance, will  be  published  by  the  American  Socie- 
ty of  Civil  Engineers.  (Author's  abstract) 
W91-05273 


NUMERICAL  SIMULATION  OF  THE  SUR- 
FACE WATER  BUDGET  DURING  HAPEX-MO- 
BILHY. 

Centre  National  de  Recherches  Meteorologiques, 
Toulouse  (France). 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-05357 


TROPICAL  HYDROLOGY  AND  CARIBBEAN 
WATER  RESOURCES. 

Proceedings  of  the  International  Symposium  on 
Tropical  Hydrology  and  Fourth  Caribbean  Islands 
Water  Resources  Congress,  San  Juan,  Puerto  Rico, 
July  22-27,  1990.  American  Water  Resources  Asso- 
ciation, Bethesda,  Maryland.  (1990).  570p.  Edited 
by  J.  Hari  Krishna,  Vicente  Quinones-Aponte, 
Fernando  Gomez-Gomez,  and  Gregory  L.  Morris. 

Descriptors:  'Caribbean  Sea,  'Conferences,  'Hy- 
drologic systems,  'Tropical  hydrology,  'Tropical 
regions,  'Water  resources  development,  Erosion, 
Groundwater  budget,  Groundwater  quality,  Hy- 
drologic budget,  Hydrology,  Model  studies,  Rain- 
fall-runoff relationships,  Surface  water,  Tropic 
zone,  Water  quality,  Water  resources  management. 

The  tropics  give  rise  to  the  world's  largest  and 
longest  rivers,  and  span  a  diversity  of  climates 
ranging  from  the  snow-capped  Andean  peaks  to 
the  coastal  mangrove  forests.  Insular  areas  in  the 
tropics  include  some  of  the  highest  population 
densities  in  the  world.  The  difficulties  facing  deci- 
sion makers,  researchers,  and  environmentalists 
within  the  tropics  and  in  particular  within  insular 
areas  are  many.  To  promote  the  general  well  being 
of  these  areas,  a  symposium  was  organized  to  bring 
together  an  interdisciplinary  group  of  scientists  and 
managers  devoted  to  the  water  resources  sciences, 
to:  (1)  promote  technology  transfer  between  the 
various  disciplines;  (2)  provide  a  forum  for  profes- 
sionals to  exchange  experiences,  ideas,  and  poten- 


tial development  of  new  research  studies;  (3)  pro- 
vide a  source  for  communication  with  those  who 
are  not  water  scientists;  and  (4)  provide  a  forum 
for  the  discussion  of  common  water  resources 
management  problems.  Authors  presented  studies 
from  about  19  different  countries.  Fifty-six  papers 
were  accepted  for  publication  in  these  Proceedings 
and  are  arranged  in  four  major  sections:  (1)  Water 
Resources  Management,  (2)  Surface  Water  Hy- 
drology, (3)  Ground  Water  Hydrology,  and  (4) 
Water  Quality.  Papers  within  all  four  sections 
range  from  conceptual  descriptive  papers  to  very 
complex  research  experiments.  The  range  of  sub- 
jects includes:  water  management  problems,  strate- 
gies, and  new  techniques  for  the  management  of 
water  resources;  rainfall/runoff  modeling  in  tropi- 
cal environments;  extreme  flow  forecasting;  reser- 
voir operation;  erosion,  sedimentation,  and  land- 
slide problems;  groundwater  problems  on  small 
tropica]  islands;  geophysical  techniques  for  the 
study  of  freshwater  lenses;  application  of  numerical 
techniques  to  groundwater  problems;  computer  de- 
velopments for  the  handling  of  groundwater  data; 
baseline  water  quality  data  and  stable  isotopic  stud- 
ies; effects  of  land  development  on  water  quality; 
tracer  techniques,  drinking  and  wastewater  treat- 
ment; and  bacteriological  water  quality  studies. 
(See  W91-05612  thru  W91-05667)  (Lantz-PTT) 
W9 1-056 11 


INTERNATIONAL  PROGRAMME  FOR  ENVI- 
RONMENTALLY SOUND  HYDROLOGIC  AND 
WATER  MANAGEMENT  STRATEGIES  EM 
THE  HUMID  TROPICS. 

United  Nations  Educational,  Scientific  and  Cultur- 
al Organization,  Paris  (France).  International  Hy- 
drological  Programme. 
For  primary  bibliographic  entry  see  Field  6A. 
W9 1-056 12 


STUDY  AND  APPLICATION  OF  RAINFALL- 
RUNOFF  MODEL  FOR  KARST  REGIONS. 

Nanjing  Hydrological  Research  Inst.  (China). 
J.  Zhang,  and  Y.  Zhuang. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  111-120,  9  fig,  2  tab,  5  ref. 

Descriptors:  'Flow  velocity,  'Groundwater  move- 
ment, 'Karst  hydrology,  'Model  studies,  'Model 
testing,  'Rainfall-runoff  relationships,  'Tropical 
hydrology,  Geohydrology,  Hydrologic  models, 
Mathematical  analysis,  Mathematical  models, 
Mathematical  studies,  Runoff. 

A  rainfall-runoff  model  for  karst  regions  is  present- 
ed. It  is  a  deterministic  conceptual  model  with 
disperse  parameters.  In  this  model,  the  complexity 
of  a  karst  region,  the  simultaneous  horizontal  and 
vertical  movements  through  karst,  and  the  differ- 
ences among  flow  velocity  components  of  ground- 
water are  considered.  The  model  was  applied  to  2 
karst  watersheds  and  obtained  satisfactory  results. 
It  can  be  used  in  karst  regions  in  which  the  under- 
ground drainage  system  is  well  developed  and  the 
requirement  of  water  balance  is  met.  This  method 
is  a  very  useful  approach  to  the  study  of  water 
resources  in  karst  regions.  (See  also  W91-05611) 
(Lantz-PTT) 
W9 1-05623 


RAINFALL-SOIL  MOISTURE  RELATIONS  IN 
LANDSLIDE-PRONE  AREAS  OF  A  TROPICAL 
RAIN  FOREST,  PUERTO  RICO. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

M.  C.  Larsen,  and  A.  J.  Torres-Sanchez. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  121-129,  12  fig,  2  tab,  32  ref. 

Descriptors:  'Forest  hydrology,  'Landslides, 
'Rain  forests,  'Rainfall-runoff  relationships,  'Soil 


water,  'Tropical  hydrology,  'Tropical  regions, 
Geohydrology,  Infiltration,  Pore  water,  Puerto 
Rico,  Rainfall,  Runoff,  Soil  stability,  Surface 
runoff,  Surface-groundwater  relations. 

Soil  moisture  conditions  are  not  well  documented 
in  steep,  tropical  landslide-prone  terrain.  In  the 
11,330  hectare  Caribbean  National  Forest  in  north- 
western Puerto  Rico  more  than  170  landslides  that 
occurred  from  1  to  approximately  60  years  ago 
have  been  mapped.  Most  of  these  landslides  are 
shallow,  with  failure  depths  of  0.5  to  7  meters,  and 
are  associated  with  periods  of  intense,  prolonged 
rainfall.  Annual  rainfall  in  the  Caribbean  National 
Forest  ranges  from  2,500  to  more  than  4,000  mm. 
Rainfall  intensities  of  up  to  65  mm/hour  have  been 
recorded  in  the  area  during  hurricanes.  Detailed 
studies  of  the  relation  between  rainfall  and  soil 
moisture  are  underway  at  two  forested  sites  on 
slopes  in  the  Caribbean  National  Forest.  Soil  at  the 
sites  is  characterized  by  a  layer  of  silty/clayey 
colluvial  soil  about  one  meter  thick,  which  is  un- 
derlain by  up  to  10  meters  of  saprolite,  and  overlies 
weathered  volcaniclastic  or  quartz-diorite  bedrock. 
Although  considerable  surface  runoff  has  been  ob- 
served at  the  study  sites,  data  show  moderate  to 
rapid  increases  in  pore  pressure  in  response  to 
short  duration  storm  events.  Pore  pressure  in- 
creases are  greatest  in  the  lower  sections  of  the 
concave  slopes  apparently  due  to  convergent  flow. 
It  is  anticipated  that  these  pore-pressure  data  will 
provide  a  means  of  assessing  rainfall  characteristics 
leading  to  landslide  initiation  as  well  as  insight  to 
the  mechanics  of  shallow  landslides.  (See  also 
W9 1-05611)  (Author's  abstract) 
W9 1-05624 


ANNUAL      RUNOFF      ESTIMATION       FOR 
CATCHMENTS  IN  INDIA. 

Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05786 


HUDSON  BASIN  PRECIPITATION  REGIMES: 
CROTON,  ESOPUS,  AND  SCHOHARIE  WA- 
TERSHEDS. 

Hudson  Valley  Climate  Service,  Mahopac,  NY. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05796 


CLIMATE  CHANGE,  HYDROLOGY,  AND 
WATER  RESOURCES. 

Pacific  Inst,  for  Studies  in  Development,  Environ- 
ment and  Security,  Berkeley,  CA. 
P.  H.  Gleick. 

Reviews  of  Geophysics  RVGPB4,  Vol.  27,  No.  3, 
p  329-344,  August  1989.  5  fig,  3  tab,  94  ref. 

Descriptors:  'Air  pollution  effects,  'Climatic 
changes,  'Climatology,  'Global  warming,  'Green- 
house effect,  'Rainfall-runoff  relationships,  'Water 
resources  management,  Air  temperature,  Atmos- 
pheric circulation,  Carbon  dioxide,  Hydrologic 
cycle,  Hydrologic  models,  Paleoclimatology,  Pre- 
cipitation, Regional  planning. 

Growing  atmospheric  concentrations  of  carbon  di- 
oxide and  other  trace  gases  are  leading  to  climatic 
changes  with  important  implications  for  the  hydro- 
logic  balance  and  water  resources.  These  'green- 
house gases'  are  expected  to  alter  the  radiative 
balance  of  the  atmosphere,  causing  increases  in 
temperature  and  changes  in  many  other  climatic 
variables.  Recent  hydrological  research  strongly 
suggests  that  this  so-called  'greenhouse  effect'  will 
alter  the  timing  and  magnitude  of  runoff  and  soil 
moisture,  change  lake  levels,  and  affect  water  qual- 
ity. General  circulation  models  (GCMs)  currently 
provide  the  best  information  on  the  response  of  the 
atmosphere  to  increasing  concentrations  of  green- 
house gases.  Changes  in  climatological  variables 
estimated  by  GCMs,  such  as  changes  in  tempera- 
ture and  precipitation,  are  considered  to  be  more 
reliable  than  GCM-predicted  changes  in  runoff  or 
soil  moisture.  As  a  result,  there  is  a  trend  toward 
using  temperature  and  precipitation  estimates  for  a 
doubled-C02  environment  as  inputs  to  more  de- 
tailed regional  models,  such  as  paleoclimate  ana- 
logs. Regional  studies  suggest  that  physically-based 
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models  are  able  to  provide  considerable  informa- 
tion on  the  regional  hydrologic  effects  of  climatic 
changes,  despite  uncertainties  about  many  regional 
details  of  the  future  climate.  Such  changes  raise  the 
possibility  of  environmental  and  socioeconomic 
dislocations,  and  they  have  important  implications 
for  future  water  resources  planning  and  manage- 
ment. Among  the  critical  issues  are  the  quality  of 
drinking  water,  supply  for  industrial  activities,  ag- 
ricultural water  use,  sewage  treatment,  navigation, 
hydroelectricity  production,  and  a  wide  range  of 
environmental  services.  (Fish-PTT) 
W9 1-05799 


GROUND-WATER    DISCHARGE   TO    LAKES: 
FOCUSING  IN  EMBAYMENTS. 

Wisconsin    Univ. -Milwaukee.    Dept.    of   Geosci- 

ences. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-05823 


LIGHT  STABLE  ISOTOPE  SYSTEMATICS  OF 
LARGE-SCALE  HYDROLOGIC  REGIMES  IN 
CALIFORNIA  AND  NEVADA. 

California  Univ.,  Davis.  Dept.  of  Geology. 
N.  L.  Ingraham,  and  B.  E.  Taylor. 
Water  Resources  Research  WRERAQ,  Vol.  27, 
No.  1,  p  77-90,  January  1991.  9  fig,  3  tab,  30  ref. 
California  State  Water  Resources  Research  Insti- 
tute Project  569986-28448-3  and  University  of  Cali- 
fornia Water  Resources  Center,  Project  UCAL- 
WRC-W-656. 

Descriptors:  'California,  'Climatology,  'Hydro- 
logic  budget,  'Hydrologic  cycle,  'Meteorology, 
•Nevada,  'Tracers,  Atmospheric  water,  Great 
Basin,  Groundwater  movement,  Hydrogen  iso- 
topes, Isotopes,  Meteoric  water,  Oxygen  isotopes, 
Precipitation,  Rainfall,  Spatial  distribution,  Surface 
water,  Water  vapor. 

West-to-east  variations  in  the  oxygen  and  hydro- 
gen isotope  composition  of  surface  waters  and 
shallow  groundwaters  across  northern  California 
and  Nevada  reflect  general  isotopic  changes  in 
atmospheric  water  vapor  accompanying  continued 
precipitation  and  recycling  of  water  by  evapora- 
tion. Surface  waters,  shallow  groundwaters,  and 
precipitation  samples  were  collected  along  three 
traverses  beginning  at  the  California  coast  and 
oriented  east-west,  roughly  parallel  to  the  atmos- 
pheric flow  path  of  meteoric  water.  The  hydrogen 
isotope  compositions  from  short-term  precipitation 
records  varied  as  much  as  40  parts  per  thousand 
(ppt)  at  one  location  and  were  not  representative 
of  the  annual  isotopic  composition  in  precipitation. 
The  hydrogen  isotope  ratios  of  surface  waters  and 
shallow  groundwaters  distinguish  segments  with 
isotopic  variations  that  correlate  with  measured 
vertical  fluxes  of  meteoric  water.  One  coastal  seg- 
ment appears  to  closely  approximate  an  open 
system  in  which  precipitation  dominates  over  eva- 
potranspiration.  Most  segments  are  described  by 
rather  regular  variations  in  deltaD:  3-45  ppt  per 
100  km,  which  represent  different  degrees  of  clo- 
sure of  the  hydrologic  system  caused  by  variable 
partitioning  of  the  precipitation  between  runoff 
and  evapotranspiration.  All  partially  closed  sys- 
tems imply  terrestrial  recycling  of  water.  A  simple 
model  estimates  this  amount  to  be  about  20% 
across  northern  and  central  California.  Three  seg- 
ments, representing  the  Great  Basin,  show  virtual- 
ly no  geographic  variation  and  appear  to  represent 
isotopically  closed  systems.  (Author's  abstract) 
W9 1-05838 

EFFECT  OF  LUMBRICUS  TERRESTRIS  L. 
BURROWS  ON  HYDROLOGY  OF  CONTINU- 
OUS NO-TDLL  CORN  FIELDS. 

Agricultural  Research  Service,  Coshocton,  OH. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05878 


UNSATURATED  SOLUTE  TRANSPORT 
THROUGH  A  FOREST  SOIL  DURING  RAIN 
STORM  EVENTS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 
For  primary  bibliographic   entry  see   Field   2G. 


W9 1-05880 


2B.  Precipitation 


GLOBAL  WORLD  PROPAGATION  OF  DRY- 
NESS AND  WETNESS  WAVES  (PROPAGA- 
TION DES  ONDES  DE  SECHERESSE  ET 
D'HUMIDITE  A  TRAVERS  LE  MONDE). 

Centre  National  de  la  Recherche  Scientifique, 
Strasbourg  (France).  Centre  de  Sedimentologie  et 
de  Geochimie  de  la  Surface. 
N.  Kayser,  J.  Probst,  D.  Cadet,  and  Y.  Tardy. 
Comptes  Rendus  de  l'Academie  des  Sciences 
(Serie  2)  CRASEV,  Vol.  310,  No.  6,  p  757-762, 
1990.   3   fig,    1   tab,    12  ref.   (English   Summary). 

Descriptors:  'Climatic  data,  'Climatology, 
•Rivers,  Data  collections,  Data  interpretation. 

Climatic  fluctuations  are  understood  as  quasi 
cyclic  phenomena.  Fluctuations  of  the  climatic  pa- 
rameters global  temperature,  global  continental 
runoff,  and  southern  oscillation  index,  are  correlat- 
ed with  the  Sunspot  activity.  The  discharges  of  the 
major  world  rivers  are  fluctuating  together  with 
these  parameters.  They  reflect  interannual  vari- 
ations of  regional  climates.  Data  were  treated  first 
by  filtration,  then  submitted  to  spectral  analysis 
using  the  Hayashi  method  based  on  the  maximum 
entropy  and  also  to  filtering  by  the  Butterworth 
method.  Three  quasi  periodicities  are  distin- 
guished, independently  of  the  geographical  posi- 
tion: 2-4  yr  for  21  rivers,  4-6  yr  for  30  rivers,  and 
10-20  yr  for  21  rivers.  In  Africa,  South  America, 
and  Asia,  the  river  discharges  exhibit  10-20  yr 
periodicities.  In  Europe,  2-4  and  4-6  yr  periodici- 
ties appear  equal  to  or  greater  than  the  10-20  yr. 
periodicities.  The  occurrences  of  these  periodicity 
ranges  are  in  an  intermediate  state  in  North  Amer- 
ica. For  the  10-20  yr  quasi-periodicity,  the  western 
coast  of  Canada,  Brazil,  South  Africa,  Thailand, 
and  Kamchatka  appear  in  phase.  River  discharge 
fluctuations  for  other  regions  appear  shifted  by 
comparison  with  the  Rhone  River  which  was 
chosen  as  the  reference.  Phase  lags  can  be  ex- 
plained as  a  result  of  dryness  and  wetness  wave 
propagation  throughout  the  world.  (Feder-PTT) 
W9 1-04938 


OBSERVATIONAL  STUDY  ON  PRECIPITA- 
TION CHEMISTRY  DATA  AS  A  FUNCTION 
OF  SURFACE  WIND  DIRECTION. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 

Meteorology. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04973 


IMPROVING  ESTIMATES  OF  LOW-FLOW 
CHARACTERISTICS  FOR  STREAMFLOW 
STATIONS  AFFECTED  BY  CLIMATIC 
CYCLES. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-05140 


EXPECTATION  OF  MAXIMUM  DAILY  RAIN- 
FALL FOR  THE  CENTRAL  CLIMATIC 
REGION  IN  MISSISSIPPI. 

University   of  Southern   Mississippi,   Hattiesburg. 
Dept.  of  Economics. 
E.  Nissan. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  116-119,  3  tab,  7  ref. 

Descriptors:  'Estimating  equations,  'Excess  rain- 
fall, 'Flood  forecasting,  'Mississippi,  'Probable 
maximum  precipitation,  'Rainfall  forecasting,  Cli- 
matic data.  Data  interpretation,  Distribution  pat- 
terns, Rainfall-runoff  relationships,  Standard  devi- 
ation. Statistical  analysis. 

The  occurrence  of  precipitation  in  abnormally 
high  amounts  is  a  major  cause  of  flooding  which 
threatens  human  life  and  property,  and  the  state  of 
Mississippi  is  no  exception.  Analysis  of  rainfall  data 
is  useful,  and  at  times  necessary,  for  the  design  of 


hydraulic  structures.  A  methodology  has  been  de- 
veloped to  analyze  rainfall  data  based  on  the 
theory  of  extremes  using  the  largest  value  of  rain- 
fall amount  that  occurred  in  a  given  month.  There- 
fore, during  a  particular  month  there  is  only  one 
measure  which  describes  such  a  maximum  even 
though  there  may  be  many  days  of  the  same 
record.  The  suggested  statistical  tool,  a  special  case 
of  order  statistics  based  on  distribution-free  theory, 
was  used  to  study  the  frequency  and  magnitude  of 
daily  extreme  rainfall  patterns  and  amounts  for 
Mississippi  using  data  from  selected  stations  in  the 
North  Central  and  Coastal  Climatic  regions  of 
Mississippi  and  covering  a  30-year  period  from 
1950  to  1980.  The  results  were  summarized  in 
tables,  with  estimated  mean  and  standard  deviation 
of  the  normal  distribution.  An  example  using  the 
tables  for  calculating  expectation  of  rare  events 
shows  that  in  the  next  30  years,  it  is  highly  improb- 
able that  a  one-day  rainfall  in  the  month  of  January 
will  exceed  15.91  inches.  With  the  exception  of  the 
months  of  February,  October,  and  December,  the 
log-normal  provides  a  better  fit  to  the  30  years' 
data  than  the  normal.  (See  also  W91-05137)  (Fish- 
PTT) 
W9 1-05 150 


ANTICIPATED  EFFECTS  OF  CLIMATE 
CHANGE  ON  FRESHWATER  FISHES  AND 
THEIR  HABITAT. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 
Studies. 

H.  A.  Regier,  and  J.  D.  Meisner. 
Fisheries  (Bethesda)  FISHDN,  Vol.  15,  No.  6,  p 
10-15,  November/December   1990.   3  fig,  45  ref. 
Natural  Sciences  and  Engineering  Research  Coun- 
cil of  Canada  Grant  No.  0GP0OO3918. 

Descriptors:  'Aquatic  habitats,  'Climatic  change, 
'Environmental  effects,  'Global  warming,  'Lake 
fisheries,  'Limnology,  'Stream  fisheries,  Climatol- 
ogy, Drought  effects,  Fish  populations,  Species 
composition,   Water  quality,   Water  temperature. 

To  predict  the  effects  of  climate  change  on  fresh- 
water fishery  resources,  an  iterative  assessment 
process  which  uses  water  temperature,  water  quan- 
tity, and  water  quality  variables  is  illustrated.  The 
longer  and  hotter  summers  that  will  accompany 
global  warming  will  shrink  cold-water  habitat  of 
headwaters  and  hypolimnia  of  lakes  while  warm- 
water  fish  populations  will  expand  with  increases 
in  their  thermal  habitat.  Drier  summers  are  expect- 
ed to  lead  to  decreased  net  basin  supply  of  water  to 
lakes  and  thus  cause  reductions  in  lake  levels. 
Solute  concentrations  in  lakes  would  likely  change 
if  river  discharges  and  lake  volumes  change  with 
climate  and  thus  could  affect  the  trophic  status  of 
lakes.  As  more  information  on  climate  change  be- 
comes available,  more  linkages  (e.g.,  wind,  ice 
cover)  could  be  monitored.  (Brunone-PTT) 
W91-05164 


ANTICIPATED  EFFECTS  OF  CLIMATE 
CHANGE  ON  ESTUARINE  AND  COASTAL 
FISHERIES. 

Maryland  Univ.,  Cambridge.  Horn  Point  Environ- 
mental Labs. 
V.  S.  Kennedy. 

Fisheries  (Bethesda)  FISHDN,  Vol.  15,  No.  6,  p 
16-24,  November/December   1990.  4  fig,  63  ref. 

Descriptors:  'Environmental  effects,  'Marine  fish- 
eries, 'Estuarine  fisheries,  'Global  warming,  Dis- 
tribution patterns,  Aquatic  habitats,  Climatology, 
Economic  aspects.  Fish  populations,  'Climatic 
change,  'Estuaries,  'Coastal  waters,  Sea  level, 
Marine  environment,  Temperature  effects,  Species 
diversity,  Water  circulation,  Marshes,  Policy 
making. 

Although  the  timing  and  magnitude  of  global  cli- 
mate change  is  in  dispute,  the  possible  effects  of 
such  change  merit  consideration  to  allow  for  dis- 
cussion of  policy  ramifications  and  mitigative  ac- 
tions. Climate  change  may  result  in  sea  level  rise; 
water  temperatures  increase;  and  deviations  from 
present  patterns  of  precipitation,  wind  and  water 
circulation.  Estuaries  may  experience  loss  of  marsh 
habitat,  intrusion  of  marine  waters  and  associated 


WATER  CYCLE— Field  2 
Precipitation — Group  2B 


organisms,  changes  in  circulation  patterns  that 
affect  retention  of  some  indigenous  species,  and 
increased  hypoxia  and  storm  surges.  Estuarine  and 
coastal  systems  could  experience  poleward  retreat 
of  cold-tolerant  species  and  range  expansion  of 
warm-tolerant  species.  Some  fisheries  and  aquacul- 
tural  enterprises  and  communities  would  benefit 
from  the  results  of  climate  change  and  others 
would  suffer  losses,  with  economic  and  population 
dislocations  probably  inevitable  in  many  parts  of 
the  world.  Thus,  flexibility  in  policy-making  and 
planning  will  be  vital  if  global  climate  is  modified 
as  rapidly  as  is  anticipated  by  some  scientists.  (Au- 
thor's abstract) 
W91-05165 


POTENTIAL  EFFECTS  OF  GLOBAL  WARM- 
ING ON  NATIVE  FISHES  OF  THE  SOUTHERN 
GREAT  PLAINS  AND  SOUTHWEST. 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
W.  J.  Matthews,  and  E.  G.  Zimmerman. 
Fisheries  (Bethesda)  FISHDN,  Vol.  15,  No.  6,  p 
26-32,  November/December  1990.  1  fig,  2  tab,  36 
ref. 

Descriptors:  'Endangered  species,  'Stream  ecolo- 
gy, Climatology,  Environmental  effects,  'Climatic 
change,  'Temperature  effects,  'Fish  populations, 
•Great  Plains,  'Global  warming,  Species  diversity, 
Extinction,  Genetics. 

Fish  in  streams  of  the  southern  Great  Plains  and 
southwestern  North  America  may  be  particularly 
vulnerable  to  extirpation  or  extinction  due  to 
global  warming.  Streams  of  this  region  already 
have  some  of  the  hottest  free-flowing  water  on 
earth  (summer  maxima  of  38  to  40  C),  and  even 
now  fish  live  at  times  very  near  their  lethal  thermal 
limits.  Unlike  many  terrestrial  and  marine  orga- 
nisms or  fishes  of  some  rivers,  fishes  in  these  prai- 
rie stream  systems  cannot  migrate  northward  to 
cooler  temperatures  in  the  event  of  global  warm- 
ing. If  warming  of  3  to  4  C  occurs,  a  substantial 
number  of  species  endemic  to  this  region  could 
face  extinction  unless  they  adapt  behaviorally  or 
genetically  for  thermal  increases.  Existing  evi- 
dence suggests  little  likelihood  or  successful  behav- 
ioral adjustments.  Data  on  thermal  tolerance  of 
local  populations  provide  conflicting  evidence:  one 
widespread  species  of  the  Great  Plains  shows  no 
difference  in  thermal  tolerance  across  its  range, 
whereas  another  shows  adaptation  to  environmen- 
tal temperatures  at  the  local  level.  Because  of  the 
evolutionarily  brief  time  period  predicted  for 
global  warming,  it  is  unlikely  that  genetic  options 
can  arise  rapidly  enough  through  mutation  to 
allow  species  to  cope  with  hotter  environments. 
Species  that  survive  major  increases  in  environ- 
mental temperature  will  likely  be  ones  with  ade- 
quate existing  genetic  variation  to  allow  survival 
and  selection  of  at  least  some  individuals.  Overall, 
the  outlook  for  native  fishes  of  the  Great  Plains 
and  southwest  is  bleak,  if  predicted  temperature 
increases  occur.  (Author's  abstract) 
W9 1-05 166 


DOES  HISTORY  HAVE  A  FUTURE.  FORE- 
CASTING CLIMATE  CHANGE  EFFECTS  ON 
FISHERIES  BY  ANALOGY. 

National  Center  for  Atmospheric  Research,  Boul- 
der,   CO.    Environmental    and    Societal    Impacts 
Group. 
M.  H.  Glantz. 

Fisheries  (Bethesda)  FISHDN,  Vol.  15,  No.  6,  p 
39-44,  November/December   1990.   3  fig,   12  ref. 

Descriptors:  'Forestry,  'Fish  management, 
'Global  warming,  Aquatic  productivity,  Econom- 
ic aspects,  Social  aspects,  Political  aspects,  'Fish- 
eries, 'Climatic  change,  Marine  environment, 
Temperature  effects,  Fish  populations,  Resources 
management. 

Fisheries  represent  an  important  aspect  of  econom- 
ic, social,  political,  and  cultural  life  in  developed  as 
well  as  developing  societies.  The  relationship  be- 
tween productivity  in  the  marine  environment  and 
climate  variability  and  change  has  not  been  ade- 
quately addressed.  Many  instances  exist  in  recent 
times  in  which  climate-related  environmental  stress 
(or  analogies  to  such  stress)  combined  to  varying 


degrees  with  current  fisheries  management  prac- 
tices to  bring  about  adverse  changes  in  biological 
productivity.  Changes  in  sea  surface  temperature, 
for  example,  can  cause  a  reduction  in  biomass  or  a 
shift  in  the  location  of  fish  stocks,  creating  local, 
national,  and  international  political,  economic,  and 
social  problems.  Assessing  societal  responses  to 
recent  instances  of  decline  in  specific  fisheries  can 
serve  to  identify  weaknesses  as  well  as  strengths 
that  may  exist  in  society's  ability  to  cope  with 
anomalies  in  biological  productivity  in  the  marine 
environment.  Response  to  change  in  important 
fisheries  from  around  the  world,  like  the  collapse 
of  the  Peruvian  anchoveta  fishery  (early  1970s) 
and  the  Anglo-Icelandic  Cod  Wars  (1955  to  1977), 
may  be  directly  relevant  to  attempts  to  improve 
understanding  of  how  society  might  cope  with 
fisheries  resources  affected  by  possible  regional 
climate  change  associated  with  a  global  warming. 
(Author's  abstract) 
W9 1-05 168 


KINETICS  AND  MECHANISMS  OF  SULFATE 
ADSORPTION/DESORPTION  ON  GOETHITE 
USING  PRESSURE-JUMP  RELAXATION. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  and  Soil 

Sciences. 

For  primary  bibliographic  entry  see  Field  2K. 
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UPDATING  THE  SMITH-FEDDES  MODEL. 

Arvin/Calspan  Advanced  Technology  Center, 
Buffalo,  NY. 

C.  W.  Rogers,  J.  T.  Hanley,  and  E.  J.  Mack. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  AD-A210  253. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
Final  Report,  June  1985.  85p,  10  fig,  15  tab,  82  ref, 
2  append.  Naval  Environmental  Prediction  Re- 
search Facility  Contract  No.  N00228-84-C-3157. 

Descriptors:  'Model  studies,  'Smith-Feddes 
Model,  'Cloud  liquid  water,  'Precipitation,  'At- 
mospheric physics,  Computer  models,  Computers, 
'Cloud  physics,  Temperature,  Fluid  drops. 

The  cloud  microphysics  of  the  Smith-Feddes  (S-F) 
model,  which  includes  a  table  of  cloud  maximum 
condensed  moisture  by  temperature,  specification 
of  the  relative  amount  of  supercooled  water  and 
ice  in  cloud,  and  designation  of  drop-sized  distribu- 
tions in  cloud,  were  examined  for  overall  adequa- 
cy, accuracy  and  representativeness  with  respect 
to  observations  acquired  since  development  of  the 
model.  Primarily  because  the  S-F  condensed  mois- 
ture table  specified  same  water  content  value  for 
cumulus  clouds  without  regard  to  cloud  depth,  the 
model  was  modified  so  that  it  computes  condensed 
moisture  via  moist  adiabatic  water  content  for  all 
noncirriform  clounds.  For  cumuliform  clouds,  the 
adiabatic  water  content  is  reduced  to  account  for 
entrainment  of  environmental  air.  In  the  original  S- 
F  model,  the  cloud  water  between  the  liquid  and 
ice  phases  in  an  individual  cloud  had  been  incor- 
rectly developed  from  frequency  of  occurrence  of 
water,  and  water  and  ice  in  clouds.  However,  the 
probability  (i.e.,  frequency  of  occurrence)  that  the 
cloud  was  all  water  can  be  specified,  and  the  S-F 
model  now  provides  that  information  as  output. 
(Lantz-PTT) 
W9 1-05277 


IMPACTS  OF  METEOROLOGICAL  VARI- 
ATIONS ON  ACID  RAIN  ABATEMENT  DECI- 
SIONS. 

Waterloo    Univ.    (Ontario).    Dept.    of    Systems 

Design  Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
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AIRBORNE  TRACE  METALS  IN  SNOW  ON 
THE  JAPAN  SEA  SIDE  OF  JAPAN. 

Kanazawa  Univ.  (Japan).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05355 


MAJOR  ELEMENT  CHEMISTRY,  DELTA-2-H, 
DELTA-18-O  AND  87-SR/86-SR  IN  A  SNOW 
PROFILE  ACROSS  CENTRAL  SCANDINAVIA. 


Stockholm  Univ.  (Sweden).  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05356 


HISTORICAL  EVIDENCE  FOR  SOUTHERN 
OSCILLATION-SOUTHERN  AFRICAN  RAIN- 
FALL RELATIONSHIPS. 

University   of  the   Witwatersrand,   Johannesburg 
(South  Africa).  Climatology  Research  Group. 
J.  A.  Lindesay,  and  C.  H.  Vogel. 
International    Journal    of  Climatology    IJCLEU, 
Vol.  10,  No.  7,  p  679-689,  November  1990.  3  fig,  3 
tab,  72  ref. 

Descriptors:  'Southern  oscillation,  'Africa,  'Rain- 
fall, 'Meteorological  data,  Climatic  data,  Seasonal 
variation,  Surface  water  records,  'Climatology, 
Literature  review,  'History,  Meteorology,  Precipi- 
tation, Documentation. 

Summer  rainfall  over  the  central  area  of  southern 
Africa  is  known  to  be  modulated  with  the  phase 
changes  of  the  Southern  Oscillation  such  that  rain- 
fall is  above  normal  during  high-phase  (cold  event) 
and  below  normal  during  low-phase  (warm  event) 
summers.  This  relationship  holds  for  the  period 
1935-1986;  the  temporal  stability  of  Southern  Os- 
cillation-southern African  rainfall  associations  on 
longer  time-scales  has  not  been  tested.  A  documen- 
tary-derived rainfall  chronology  has  been  devel- 
oped for  the  southern  parts  of  the  summer  rainfall 
area  for  the  100-year  period  1820-1920,  enabling 
the  extension  of  the  rainfall  record  backward  some 
60  years  before  reliable  meteorological  records  are 
available  for  the  region.  Comparison  of  the  docu- 
mentary series  with  both  early  Southern  Oscilla- 
tion chronologies  and  earliest  southern  African 
rainfall  records,  suggests  that  the  nature  of  the 
relationship  between  summer  rainfall  over  the  sub- 
continent and  the  Southern  Oscillation  has  re- 
mained essentially  unaltered  since  at  least  1820. 
(Author's  abstract) 
W91-05369 


SPACE-TIME  VARIABrLITY  OF  RAINFALL  IN 
APRIL  AND  OCTOBER-NOVEMBER  OVER 
EAST  AFRICA  DURING  THE  PERIOD  1932- 
1983. 

Aix-Marseille-2  Univ.,  Aix-en-Provence  (France). 

Inst,  de  Geographie. 

G.  Beltrando. 

International    Journal   of  Climatology    IJCLEU, 

Vol.  10,  No.  7,  p  691-702,  November  1990.  7  fig,  22 

ref. 

Descriptors:  'Climatology,  Meteorology,  'Season- 
al variation,  Rainfall,  History,  'Variability,  'Anal- 
ysis of  variance,  'East  Africa,  'Meteorological 
data,  'Climatic  data,  Spectral  analysis,  'Rainfall 
distribution,  Rainfall  rate,  Model  studies,  Kenya, 
Tanzania,  Uganda,  Gaging  stations. 

The  space-time  variability  over  East  Africa  during 
the  two  rainy  seasons  (April  and  October-Novem- 
ber) was  investigated  using  a  network  of  56  sta- 
tions for  the  period  1972-1983  and  32  stations  for 
the  period  1932-1983.  Analysis  of  the  data  relied  on 
a  model  of  two-model  variance  with  rotation, 
which  determined  homogeneous  groups  of  stations 
having  a  common  time  evolution.  It  was  found  that 
during  April,  three  components  represent  a  large 
part  of  the  variance  with  their  cores  near  the 
Zanzibar  channel,  the  Kenyan-Tanzanian  high- 
lands and  eastern  Lake  Victoria,  and  the  southern 
.  part  of  the  Tanzanian  highlands.  During  the  Octo- 
ber-November rainy  season,  rainfall  is  more  homo- 
geneously distributed.  The  first  component  takes 
account  of  60  percent  of  the  variance  and  encom- 
passes a  large  part  of  the  domain,  except  southern 
inland  Tanzanian  stations  and  western  and  north- 
ern Ugandan  stations.  Spectral  analysis  of  the  time 
series  associated  with  the  space  component  reveals 
peaks  around  5-6  years,  which  appears  to  be  the 
major  periodicity  over  East  Africa.  (Author's  ab- 
stract) 
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ICE-COVER  CLIMATOLOGY  FOR  LAKE  ERIE 
AND  LAKE  SUPERIOR  FOR  THE  WINTER 
SEASONS  1897-1898  TO  1982-1983. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 

For  primary  bibliographic  entry  see  Field  2C. 
W9 1-05371 


OCCURRENCE  AND  CHARACTERISTICS  OF 
LOWER  TROPOSPHERIC  ICE  CRYSTALS  IN 
THE  ARCTIC. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Meteorology. 

For  primary  bibliographic  entry  see  Field  2C. 

W91-05372 


DEVELOPMENT  OF  AN  AUTOMATED  SPA- 
TIAL SYNOPTIC  CLIMATOLOGICAL  CLASSI- 
FICATION. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 
R.  E.  Davis,  and  L.  S.  Kalkstein. 
International    Journal    of  Climatology    IJCLEU, 
Vol.  10,  No.  8,  p  769-794,  December  1990.  8  fig,  5 
tab,  69  ref. 

Descriptors:  'Climatology,  'Climatic  data,  'Classi- 
fication, Computerized  maps,  Cluster  analysis, 
•Data  interpretation,  'Weather  patterns,  Weather 
data  collections,  Principal  component  analysis, 
Synoptic  analysis,  Thermal  water,  Surface  flow, 
Atmospheric  circulation,  Precipitation  mapping, 
Tracking  techniques,  Environment,  Statistical  anal- 
ysis, Meteorology. 

The  climatic  conditions  at  any  one  location  are 
determined  entirely  by  the  cumulative  effect  of  the 
weather  systems  that  have  passed  through  that 
region.  Therefore,  a  complete  representation  of 
climate  is  determined  by  the  entire  ensemble  of 
weather  elements  interacting  over  time  and  space. 
A  spatial  synoptic  climatological  index  was  devel- 
oped that  characterizes  the  surface  weather  regime 
and  is  capable  of  assessing  and  analyzing  the 
impact  of  synoptic-scale  variations  on  numerous 
environmental  parameters.  Based  upon  surface 
weather  data  for  the  contiguous  U.S.  for  1984, 
daily  maps  were  produced  that  show  those  areas 
under  the  influence  of  similar  weather  conditions. 
The  index  was  developed  by  applying  principal 
components  analysis  to  a  daily  matrix  of  141  sta- 
tions by  24  weather  elements  (chosen  to  represent 
the  thermal-moisture  and  surface  flow  characteris- 
tics). The  resulting  component  scores  were 
grouped  using  a  two-stage  clustering  technique. 
This  yielded  a  map  showing  lobes  of  air  having 
relatively  homogeneous  weather  characteristics. 
These  lobes  (clusters)  were  spatially  coherent  and 
corresponded  closely  to  surface  weather  map  fea- 
tures. To  allow  for  the  daily  tracking  of  the  clus- 
ters and  the  identification  of  days  or  weeks  after 
disappearance,  the  means  of  each  of  the  daily 
clusters  were  grouped  across  days.  The  resulting 
90-cluster  categorization  describes  all  of  the  major 
synoptic  situations  that  occurred  in  1984,  such  as 
maritime  and  continental  polar  air  masses,  frontal 
passages,  and  continental  high  dominance.  These 
groups  demonstrate  seasonality,  regionally,  and 
high  within-category  similarity.  The  resulting 
maps  are  useful  since  they  are  surface  weather 
maps  yet  add  clarity  for  environmental  interpreta- 
tion. (Author's  abstract) 
W9 1-05373 


DETERMINISTIC  SIGNALS  IN  USA  PRECIPI- 
TATION RECORDS:  PART  I. 

State  Univ.  of  New  York  at  Stony  Brook.  Inst,  for 

Atmospheric  Sciences. 

R.  G.  Currie,  and  D.  P.  O'Brien. 

International    Journal    of  Climatology    IJCLEU, 

Vol.  10,  No.  8,  p  795-818,  December  1990.  22  fig,  1 

tab,  62  ref. 

Descriptors:  'Climatic  data,  'Precipitation,  'Mete- 
orological data,  'Model  studies,  'Solar  energy, 
Wavelengths,  California,  Colorado,  North  Caroli- 
na, Kansas,  Missouri,  Ohio,  Oregon,  Washington, 
West  Virginia,  Illinois,  Corn  belt,  Rain  gages, 
Tidal  effects,  Air  temperature,  Atmospheric  pres- 


sure,   'Climatology,    'Data    analysis,    'Climatic 
change. 

There  is  much  European  literature  on  the  luni- 
solar  wavetrain  term  in  climate  data;  however, 
there  is  a  need  to  address  North  American  data. 
Spectra  and  luni-solar  wavetrains  were  examined 
in  rainfall  data  from  the  Corn  Belt,  the  Wheat  Belt, 
the  northwest  U.S.,  and  two  'problem  areas,'  Cali- 
fornia and  North  Carolina.  Evidence  for  the  18.6- 
year  luni-solar  wavetrain  signal  is  found  in  220  out 
of  288  (76%)  rain-gage  records  in  the  states  of 
California,  Colorado,  Kansas,  Missouri,  North 
Carolina,  Ohio,  Oregon,  Washington,  and  West 
Virginia,  with  a  mean  period  of  18.4  +/-1.5  years. 
The  solar  cycle  signal  was  found  in  70%  of  these 
records,  with  a  period  of  10.6  +/-0.5  years.  For 
Colorado  and  states  directly  east  as  far  as  Illinois, 
minima  in  most  19-year  luni-solar  wavetrains  were 
generally  in  phase  with  epochs  (dates  of  maximum 
tidal  forcing)  1898.9  through  1954.7.  However,  by 
1973.3  virtually  all  records  east  of  Colorado  had 
experienced  a  180-degree  phase  switch  and  wave 
maxima  were  in  phase  with  this  epoch.  In  Oregon 
and  Washington  most  luni-solar  waves  recorded 
maxima  in  wetness  at  epoch  1898.9  through  1973.3, 
and  thus  have  historically  been  out  of  phase  with 
the  continental  interior.  California  records  dis- 
played two  180-degree  phase  switches  in  the  past 
100  years,  apparently  because  California  is  near  the 
edge  of  a  fairly  stable  continental  interior  cell  that 
has  historically  been  dry  at  epochs;  and  when  the 
dry  cell  waxes  or  wanes  in  areal  extent,  frequent 
180-degree  phase  switches  are  produced  in  areas 
adjacent  to  it.  The  phenomena  described  have  been 
found  in  other  regions  of  the  U.S.,  and  in  records 
of  air  temperature  and  air  pressure  worldwide. 
(Author's  abstract) 
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Recently  there  has  been  a  great  deal  of  discussion 
in  the  press  and  elsewhere  relating  the  phase  of  the 
El  Nino  to  the  outcome  of  summer  crops  in  the 
central  U.S.  The  magnitude  of  spatial  and  lagged 
correlation  between  the  sea-surface  temperature 
anomalies  of  the  eastern  tropical  Pacific  Ocean  (El 
Nino)  and  com  yield  in  the  U.S.  was  examined. 
The  record  is  not  homogeneous  in  that  the  correla- 
tion level  varies  quite  strongly  over  time.  The 
period  between  1910  and  1950  shows  completely 
uncorrected  behavior.  In  the  most  recent  40  years 
the  correlation  is  found  to  be  strongest  in  the 
region  just  south  of  the  Great  Lakes  in  the  states  of 
Illinois,  Iowa,  and  Indiana.  Correlation  maps  show 
the  degree  of  association  for  the  corn  yield  in  those 
41  states  for  which  records  are  available.  For  the 
entire  record  the  highest  correlations  occur  with 
the  sea-surface  temperature  anomalies  appearing 
after  the  corn  is  harvested  in  September  to  Febru- 
ary of  the  following  year.  Since  corn  yields  are  a 
proxy  for  summer  agricultural  drought  in  the  cen- 
tral part  of  the  U.S.,  the  droughts  during  the 
period  1910  to  1950  must  have  had  some  other 
cause.  (Author's  abstract) 
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Descriptors:  'Meteorology,  'Rainfall  distribution 
•West  Africa,  'Annual  precipitation,  'Climatolo 
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Periodicity,  Nigeria. 

Rainfall  fluctuations  and  trends  in  West  Africa 
have  been  the  subject  of  several  recent  studies; 
however,  most  of  these  studies  consider  only  the 
annual  rainfall  totals.  In  a  region  where  agriculture 
is  rain-fed  and  rainfall  is  seasonal,  consideration  of 
variability  in  the  seasonal  components  of  rainfall 
may  be  more  useful  in  planning.  Monthly  rainfall 
data  for  16  stations  in  Nigeria  were  collected  for 
the  period  1922-1985.  From  this,  the  annual,  wet- 
season,  onset,  peak,  and  retreat  rainfall  data  were 
derived  and  the  patterns  of  rainfall  fluctuations 
were  analyzed.  The  series  were  first  examined  for 
trends  and  then  for  periodic  fluctuations.  Trend 
analysis  revealed  that  a  majority  of  the  series  ex- 
hibit negative  trends,  and  in  some  cases  the  trends 
were  significant.  For  all  the  series  analyzed,  there 
is  the  general  tendency  towards  increasing  aridity. 
Spectral  analysis  indicates  prominent  periods  of 
between  2-year  and  8-year  cycles.  Other  periodici- 
ties observed  include  16-year,  18-year,  and  21 -year 
cycles.  (Author's  abstract) 
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It  is  well-known  that  the  greatest  proportion  of  the 
annual  rainfall  of  West  African  countries  is  from 
deep  convective  systems.  At  least  70%  of  the  total 
annual  precipitation  over  the  coastal  areas  of  Nige- 
ria comes  from  these  mcsoscale  phenomena,  with 
the  Sahelian  region  of  the  country  almost  com- 
pletely dependent  on  these  systems.  It  is  obvious 
that  reliable  thunderstorm/squall-line  onset  and  oc- 
currence prediction  are  necessary  and  sufficient 
requirements  for  any  rainfall  (onset  and  amount) 
forecasts  for  the  subregion.  An  empirical  predic- 
tion scheme  for  the  start  of  thunderstorms,  and  the 
onset  and  expected  amount  of  rainfall  for  any  year 
at  Kano,  Nigeria,  was  developed,  using  eight 
years'  upper  air  data.  The  years  investigated  in- 
clude two  drought  years  (1973  and  1974)  and  three 
years  of  above-average  rainfall  (1978,  1980,  and 
1988).  Agriculturally  sufficient  and  reliable  rainfall 
begins  five  to  six  weeks  after  the  vertical  wind 
shear  below  the  African  Easterly  Jet  (surface,  700 
hPa)  and  the  midtropospheric  shear  (700-400  hPa) 
simultaneously  satisfy  the  condition:  minus  20  m/s 
is  less  than  or  equal  to  the  vertical  wind  shear  is 
less  than  or  equal  to  minus  5  m/s;  and  0  m/s  is  less 
than  or  equal  to  the  midtropospheric  shear  is  less 
than  or  equal  to  10  m/s.  The  total  precipitation  for 
any  year  is  found  to  be  well-correlated  with  the 
total  moisture  anomaly  (specific  humidity)  from 
the  week  of  the  above-critical  wind  shear  to  the 
week  of  rainfall  onset.  This  makes  it  possible  to 
estimate  the  expected  rainfall  total  at  the  very 
onset  of  the  rains.  (Author's  abstract) 
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lections,  Hyetographs,  Precipitation  mapping,  Esti- 
mating, 'Meteorology. 

Moving  storms  are  characterized  by  the  fact  that 
the  rainfall  hyetographs  recorded  at  different  sta- 
tions are  displaced  along  the  time  axis  with  respect 
to  one  another.  The  speed  and  direction  of  move- 
ment of  rainfall  patterns,  assumed  constant  during 
any  given  storm,  can  be  derived  from  data  sets 
comprised  of  the  coordinates  (x,y)  of  a  number  of 
rainfall  recording  stations  and  the  times  of  arrival 
of  some  prominent  feature  of  the  recorded  hyeto- 
graphs. The  result  depends  on  the  nature  of  the 
feature  adopted.  A  measure  of  the  significance  of 
the  result  can  also  be  derived  by  computing  the 
reduction  in  the  value  of  the  root  mean  square 
deviation  of  arrival  times  due  to  the  assumption  of 
a  moving  storm  in  contrast  to  the  alternative  as- 
sumption of  random  fluctuations  about  an  equal 
arrival  time.  A  procedure  has  been  developed  for 
estimating  the  accuracy  of  the  results  based  on 
repeated  computations  of  the  speed  and  direction 
using  subsets  of  data  obtained  by  removing  records 
of  one  rainfall  measuring  station.  The  procedure 
was  demonstrated  with  data  recorded  in  the  city  of 
Lund,  Sweden,  by  a  network  of  12  stations  for  two 
different  storms.  As  expected,  the  speed  and  direc- 
tion of  storm  movement  were  different  for  the 
various  definitions  of  the  recognizable  feature  used 
with  data  for  the  same  storm.  There  is  a  tendency 
for  results  based  on  the  centroid  and  those  based 
on  the  median  to  be  approximately  the  same,  but 
this  conclusion  must  be  checked  with  data  for  a 
larger  number  of  storms.  Speeds  and  directions 
computed  from  the  arrival  times  of  the  centroid 
have  the  smallest  errors,  and  arrival  times  based  on 
the  arrival  times  of  the  peak  have  the  largest 
errors.  (Fish-PTT) 
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Since  1974  several  research  projects  within  urban 
drainage  have  been  carried  out  in  Denmark  to 
determine  parameters  for  urban  catchments  neces- 
sary for  the  transformation  of  rainfall  to  runoff.  Six 
small  study  catchments  were  selected  and 
equipped  with  automatic  rain-runoff  gages.  The 
recording  period  examined  covers  mostly  1979- 
1983.  Relations  between  rain-depths  and  runoff 
depths  were  developed  using  the  traditional  linear 
regression  model  as  well  as  a  new  continuous 
model.  Both  models  compute  runoff  from  impervi- 
ous surfaces  in  the  same  way.  Calculation  of  runoff 
from  semipervious  surfaces  accounts  for  infiltra- 
tion through  cracks,  percolation  from  a  sublayer, 
and  evaporation  during  dry  weather.  These  phe- 
nomena are  related  to  water  content  of  the  sub- 
layer. The  10  parameters  in  the  continuous  model 
were  calibrated  and  showed  values  in  good  agree- 
ment with  data  from  the  literature.  The  continuous 
model  fits  the  measured  runoff  depths  somewhat 
better  for  the  largest  runoff  events.  For  more  fre- 
quent events,  however,  the  two  models  are  equally 
good.  Rain  intensity-duration-frequency  curves 
were  computed.  Variations  of  up  to  20%,  for 
return  periods  1/5  and  1/2  yr.,  were  seen  for 
catchments  with  distances  approximately  5  km 
from  each  other.  Peak  flow  characteristics  were 
compared  with  rain  intensity.  The  peak  runoff 
coefficient  was  mostly  constant  or  slightly  increas- 
ing with  the  return  period.  (Author's  abstract) 
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Public  water  supply  in  Europe  relies  very  heavily 
on  groundwater.  Recharge  of  groundwater  takes 
place  mainly  in  the  winter  months.  An  analysis  of 
winter  rainfall  data  from  Denmark  shows  that  cur- 
rent recharge  rates  are  abnormally  high,  and  that 
during  several  periods  in  the  past  the  rate  has  been 
less  than  half  the  current  value.  In  many  regions  in 
Denmark  present  groundwater  abstraction  is  al- 
ready very  close  to  the  limit  of  the  resources.  A 
return  to  the  low  values  of  the  past  could  have 
catastrophic  consequences,  but  even  modest  drops 
would  be  serious.  Useful  predictions  must  be  based 
on  climatic  models  and  the  full  use  of  climatic, 
paleohydrological,  and  historical  data.  (Author's 
abstract) 
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The  October  rains  (at  the  onset  of  the  rainy  season 
that  extends  to  April)  in  southern  Israel  have  steep- 
ly increased  in  the  last  quarter  century  relative  to 
the  prior  two  decades.  A  less  pronounced,  but 
appreciable,  increase  is  noted  for  the  rest  of  the 
rainy  season.  This  apparent  reversal  of  desertifica- 
tion is  attributed  here  to  land  use  changes.  Affores- 
tation, increased  cultivation,  and  limitations  on 
grazing  after  the  establishment  of  the  State  of 
Israel  resulted  in  an  increased  vegetation  cover 
over  the  inherently  high-albedo  soils  in  this  region 
(an  area  of  approximately  10,000  sq  km).  The 
changes  are  apparent  in  a  July  1985  Landsat  image 
of  the  area.  The  increase  in  precipitation  is  specifi- 
cally attributed  to  intensification  of  the  dynamical 
processes  of  convection  and  advection  resulting 
from  plant-induced  enhancement  of  the  daytime 
sensible  heat  flux  from  the  generally  dry  surface. 
This  enhancement  results  both  from  the  reduced 
surface  albedo  and  the  reduced  soil  heat  flux  (re- 
duced day-to-night  heat  storage  in  the  soil)  in 
October  when  insolation  is  strong.  Stronger  day- 
time convection  can  lead  to  penetration  of  the 
inversions  capping  the  planetary  boundary  layer 
(which  are  weaker  in  October  than  in  summer) 
while  strengthened  advection  (sea  breeze)  can  pro- 
vide moist  air  from  the  warm  Mediterranean  Sea. 
This  suggested  mechanism  is  consistent  with  previ- 
ous studies  showing  that  the  autumn  rains  in  south- 
ern Israel  exhibit  convective  mesoscale  character- 
istics and  occur  predominantly  in  the  daytime. 
However,  other  causes,  such  as  a  shift  in  the 
synoptic-scale  circulation,  cannot  be  ruled  out  at 
this  stage.  (Author's  abstract) 
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The  mid-summer  rainfall  of  the  Southwest  United 
States  (principally  Arizona)  exhibits  marked  vari- 
ations on  interannual  and  decadal  time  scales.  Syn- 
optic mechanisms  involved  in  these  variations 
were  examined  in  associations  between  the  rainfall, 
the  dominant  latitude  of  the  summertime  mid-tro- 
pospheric  subtropical  ridge  (STR)  over  the  South- 
west, and  the  sea  surface  temperatures  (SSTs)  of 
the  equatorial  and  North  Pacific  region.  Sets  of 
extreme  years  were  chosen  on  the  basis  of  the 
rainfall  and  circulation  anomalies.  Northward 
(southward)  displaced  seasonal  STR  was  associat- 
ed with  wetter  (drier)  summers  in  Arizona.  These 
extremes  tend  to  follow  winters  characterized  by 
positive  (negative)  phases  of  the  Pacific-North 
America  (PNA)  teleconnection  pattern.  This  asso- 
ciation arises  in  part  from  the  memory  imparted  to 
the  atmosphere  by  the  accompanying  anomalies  of 
Pacific  SSTs.  However,  during  the  summer  season, 
more  localized  anomalies  of  SST  appear  important 
for  Arizona  rainfall  variations.  In  wet  (but  not  dry) 
summers,  an  enhanced  longitudinal  gradient  of 
SST  exists  between  the  west  coast  of  the  United 
States,  Baja  California,  and  the  Gulf  of  California. 
This  is  accompanied  by  a  steeper  gradient  of  lower 
tropospheric  heights  (and  implied  stronger  geos- 
trophic  flow)  and  a  reversal  in  both  the  total  and 
partial  thickness  gradients  across  the  region  com- 
pared with  dry  summers.  These  results  seem  to 
confirm  the  importance  of  lower-level  southwest- 
erly flow  for  moisture  transport  into  the  deserts. 
Recent  decadal  variations  involve  particularly  runs 
of  wetter  (drier)  summers  in  the  1950s  (1970s). 
These  variations  for  years  that  were  non-El  Nino/ 
Southern  Oscillations  may  result  from  the  oper- 
ation of  mechanisms  similar  to  those  attending  the 
interannual  variability  of  Arizona  summer  rainfall 
(namely  the  STR  and  Pacific  SSTs).  A  contribu- 
tory mechanism  in  the  longer-term  trend  of  STR 
between  these  decades  appears  to  be  a  change  in 
the  tropical-extratropical  gradient  of  Pacific  SSTs 
during  the  summer  and  antecedent  spring.  The 
gradient  is  strengthened  during  the  period,  helping 
to  explain  the  shift  to  more  frequent  southward 
displacements  of  STR  over  the  Southwest  and, 
accordingly,  reduced  summer  rainfall  in  Arizona. 
(Author's  abstract) 
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The  El  Nino-Southern  Oscillation  (ENSO)  phe- 
nomenon has  been  shown  to  influence  dramatically 
precipitation  and  streamflow  in  tropical  western 
South  America.  The  statistical  properties  of  annual 
and  winter  precipitation  totals  and  streamflow 
characteristics  in  the  Aconcagua  River  basin,  in 
temperate  central  Chile,  are  investigated  in  such  a 
way  as  to  permit  the  identification  of  flood-and 
drought-generating  processes  and  their  possible 
linkages  to  upset  behavior  in  the  tropical  Pacific. 
Despite  the  considerable  distance  to  those  regions 
generally  associated  with  ENSO  events,  the  phe- 
nomenon produces  marked  effects  upon  the  vari- 
ous physical  processes  which  govern  the  surface 
hydrometeorology  of  the  study  area.  El  Nino  years 
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results  in  significant  increases  in  annual  and  winter 
precipitation,  particularly  along  the  coastal  margin. 
The  likelihood  of  rain  or  rain-on-snow  flooding,  in 
the  succeeding  winter,  increases,  as  does  the  size  of 
spring  snowmelt  in  the  southern  summer,  1  year 
after  the  upset  conditions  in  the  tropical  region. 
Annual  low  flows  are  of  higher  magnitude  and 
occur  earlier  in  the  year  than  is  usual.  (Author's 
abstract) 
W9 1-05432 


ATMOSPHERIC    POLLUTANT    DEPOSITION 
TO  HIGH  ELEVATION  ECOSYSTEMS. 

Institute   of  Ecosystem   Studies,    Millbrook,    NY. 
For  primary  bibliographic  entry  see  Field  SB. 
W9 1-05491 


INFLUENCE  OF  SEA  SALT  AEROSOLS  AND 
LONG  RANGE  TRANSPORT  ON  PRECIPITA- 
TION CHEMISTRY  AT  EL  VERDE,  PUERTO 
RICO. 

State  Univ.  of  New  York  Coll.  at  Oswego.  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05492 


HOLOCENE  VEGETATION  OF  THE  HORNA- 
DAY  MOUNTAINS  OF  NORTHWESTERN 
SONORA,  MEXICO. 

Arizona-Sonora  Desert  Museum,  Tucson. 

T.  R.  Van  Devender,  T.  L.  Burgess,  R.  S.  Felger, 

and  R.  M.  Turner. 

Proceedings  of  the  San  Diego  Society  of  Natural 

History,  No.  2,  p  1-19,  September  15,  1990.  4  fig,  5 

tab,  40  ref. 

Descriptors:  *Arid  climates,  'Climate  changes, 
•Climatology,  *History,  'Holocene  Epoch,  *Hor- 
naday  Mountains,  'Mexico,  'Plant  growth,  'Suc- 
cession, 'Vegetation,  Climates,  Community  com- 
position, Glaciation,  Middens,  Natural  selection, 
Population  density,  Rainfall,  Seasonal  variation, 
Species  composition. 

The  94  taxa  of  plants  identified  from  10  packrat 
middens  from  240  to  260  m  elevation  in  the  granit- 
ic Hornaday  Mountains  provide  an  excellent  histo- 
ry of  vegetation  and  climate  for  the  last  10,000  yr. 
B.P.  in  the  Pinacate  Region  of  northwestern 
Sonora,  Mexico.  Rocky  slopes  in  this  arid  area 
(approx.  120  mm/year  precipitation)  in  the  Lower 
Colorado  subdivision  of  the  Sonoran  Desert  have 
supported  desert  scrub  communities  Encelia  farin- 
osa  (Ef),  Larrea  divaricata  (Ld)  and  Carnegia  gi- 
gantea  (Cg)  throughout  the  Holocene.  Community 
composition  changed  continuously  on  both  long 
(10,000  yrs)  and  shorter  time  scales.  Ephedra  neva- 
densis,  codominant  with  Ef,  Ld,  and  Cg  in  early 
Holocene  (8910  to  10,000  years  B.P.)  samples  and 
rare  Juniperus  californica  imply  a  continuation  of 
the  cool  summers  and  primarily  winter  rainfall  of 
the  late  Wisconsin  glacial.  Middle  Holocene  sam- 
ples contained  trees  and  shrubs  that  are  now  re- 
stricted to  relatively  mesic  washes,  implying 
summer  rainfall  greater  and  freezes  more  frequent 
than  today.  Late  Holocene  samples  dominated  by 
Ef  and  Olneya  tesota  are  similar  to  present  Son- 
oran Desert  vegetation  and  imply  a  relatively 
modern  biseasonal  rainfall  regime  with  the  warm- 
est winters  of  the  Holocene.  The  modern  vegeta- 
tion of  the  Hornaday  Mountains  is  as  sparse  and 
the  climate  is  as  hot  and  dry  as  at  any  time  in  the 
last  10,000  years.  The  variability  in  community 
composition  throughout  the  Holocene  was  similar 
in  magnitude  to  the  modern  variability  among  dif- 
ferent midden  sites  and  appears  to  reflect  the 
highly  variable  climate.  A  lowering  of  sea  level  of 
about  100  m  during  the  Wisconsin  exposed  addi- 
tional lowlands  around  the  head  of  the  Gulf  of 
California.  Responses  of  individual  species  to  cli- 
matic fluctuations  on  scales  from  years  to  millennia 
may  prevent  desert  scrub  communities  from  ever 
reaching  equilibrium.  (Author's  abstract) 
W9 1-05597 


ARMA     MODEL     FOR     RAINFALL-RUNOFF 
WITH  APPLICATIONS. 

Kansas  Univ.,  Lawrence.  Dept.  of  Civil  Engineer- 
ing. 


Y.  S.  Yu,  and  G.  T.  Wang. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  81-89,  2  tab,  10  ref. 

Descriptors:  'ARMA  models,  'Hydrographs, 
•Hydrologic  models,  'Model  studies,  'Parameter 
estimation,  'Rainfall-runoff  relationships,  'Tropi- 
cal hydrology,  Data  interpretation,  Infiltration, 
Mathematical  models,  Mathematical  studies, 
Model  testing,  Runoff. 

In  practical  applications  of  rainfall/runoff  models, 
the  effective  rainfall  must  be  determined  form  the 
measured  rainfall  and  the  estimated  hydrologic 
abstractions  such  as  infiltration,  interception,  de- 
tention, etc.;  estimating  hydrologic  abstractions  is 
the  hardest  part  of  this  exercise.  A  rainfall/runoff 
model  which  combines  an  ARMA  (autoregressive, 
moving  average)  model  and  Philip's  infiltration 
model  is  proposed.  The  model  parameters  are  esti- 
mated by  using  a  nonlinear  minimization  technique 
based  on  gradients.  With  the  estimated  parameters 
for  a  given  watershed,  the  model  can  be  used  to 
compute  the  runoff  hydrograph  directly  from  rain- 
fall hyetograph.  Applications  of  the  model  to  two 
different  watersheds  show  that  the  computed 
runoff  hydrographs  agree  well  with  actual  meas- 
urements. The  results  indicate  that  the  proposed 
model  is  apparently  a  viable  alternative  to  existing 
models  relating  effective  rainfall  to  runoff  without 
involving  infiltration  losses.  (See  also  W91-05611) 
(Lantz-PTT) 
W9 1-05620 


PARAMETER  ESTIMATION  IN  CONCEPTU- 
AL PRECIPITATION-RUNOFF  MODELS 
WITH  EMPHASIS  ON  ERROR  ANALYSIS. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  General 
Engineering. 
J.  Rivera-Santos. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  91-100,  3  fig,  5  tab,  7  ref. 

Descriptors:  'Error  analysis,  'Hydrologic  models, 
'Mathematical  models,  'Model  studies,  'Parame- 
ter estimation,  'Rainfall-runoff  relationships, 
•Tropical  hydrology,  Calibrations,  Data  interpre- 
tation, Mathematical  analysis,  Mathematical  stud- 
ies, Runoff. 

Many  problems  currently  exist  during  the  use  of 
the  automatic  parameter  estimation  process  in  con- 
ceptual rainfall-runoff  models.  In  order  to  obtain 
acceptable  results  from  a  hydrologic  model,  a  suit- 
able calibration  process  has  been  sought.  The 
methodology  suggested  emphasizes  residual  analy- 
sis to  identify  and  quantify  the  errors  and  their 
sources.  Special  attention  is  given  to  input  errors, 
model  structural  errors,  and  parameter  estimate 
errors.  A  brief  presentation  of  the  different  stages 
of  the  calibration  process  is  made,  specifically  on 
the  selection  of  the  optimization  algorithm,  the 
error  structure,  convergence  criteria,  calibration 
and  verification  data,  and  sensitivity  analysis.  One 
important  feature  of  this  methodology  is  the  exami- 
nation of  the  response  surface  of  the  model's  pa- 
rameters in  two  and  three  dimensional  plots.  Using 
this  technique,  initial  and  final  parameters  can  be 
assessed  as  well  as  the  sources  of  other  related 
problems  such  as  interdependence  between  param- 
eters. Application  of  the  methodology  is  demon- 
strated using  the  Precipitation-Runoff  Modeling 
System  (PRMS)  computer  program  from  the 
USGS  with  real  data.  (See  also  W91-05611)  (Au- 
thor's abstract) 
W9 1-05621 


AUTOMATIC  PARAMETERS  CALIBRATION 
TECHNIQUE  FOR  RAINFALL-RUNOFF  MOD- 
ELLING. 

National   Cheng   Kung   Univ.,   Tainan   (Taiwan). 


Dept.  of  Hydraulics  and  Ocean  Engineering. 
S.  K.  Hsu. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  101-110,  6  fig,  4  tab,  15  ref. 

Descriptors:  'Automation,  'Calibrations,  'Data  in- 
terpretation, 'Linear  programming,  'Model  stud- 
ies, 'Parameter  estimation,  'Rainfall-runoff  rela- 
tionships, 'Tropical  hydrology,  Computer  models, 
Error  analysis,  Mathematical  models,  Simulation 
analysis,  Stanford  watershed  model. 

The  linear  programming  technique  uses  the  mini- 
mization of  the  sum  of  the  absolute  error  between 
simulated  and  historical  streamflows  as  the  objec- 
tive function.  Using  this  method,  the  physical  pa- 
rameters of  the  relationship  of  the  rainfall-runoff 
series  in  target  watersheds  can  be  conveniently 
analyzed  and  automatically  calibrated.  The  basic 
rainfall-runoff  model  adopted  in  this  paper  is  a 
modified  Stanford  Watershed  Model 

(NCK.USWM-1).  Eighteen  parameters  selected 
from  the  NCKUSWM-1  model's  40  parameters, 
with  significant  characters,  are  picked  up  as  the 
variables  of  the  automatic  calibration  technique 
used  to  proceed  the  calibration  of  the  automation 
and  optimization  parameters.  For  the  sake  of  ma- 
nipulating and  routing  the  daily  discharge  with 
convenience,  a  day  loop  added  to  this  modified 
model  can  quickly  calculate  the  influenced  coeffi- 
cient matrices  in  order  to  apply  them  for  the 
further  automatic  calibration.  Hence,  it  is  possible 
to  find  the  representatives  of  parameters  in  the 
watershed  model.  The  application  of  these  meth- 
ods makes  possible  the  reasonable  parameter  sets 
with  the  premise  of  water  balance  and,  through  a 
variety  of  inspections  and  comparisons  from  the 
simulation  results,  the  proposed  model's  capabili- 
ties can  be  demonstrated.  (See  also  W91-05611) 
(Author's  abstract) 
W9 1-05622 


GEOGRAPHIC  DISTRIBUTION  OF 

DROUGHT  ON  TWO  CARIBBEAN  ISLANDS: 
PUERTO  RICO  AND  ST.  KITTS. 

Morris  (Gregory  L.)  and  Associates,  San  Juan,  PR. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05626 


ROLE  OF  TEMPERATURE   FOR   DROUGHT 
STUDY. 

Ohio  Univ.,  Athens.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05627 


CLIMATIC    SENSITIVITY    OF    CALIFORNIA 
WATER  RESOURCES. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  6B. 
W91-05793 


HUDSON  BASIN  PRECIPITATION  REGIMES: 
CROTON,  ESOPUS,  AND  SCHOHARIE  WA- 
TERSHEDS. 

Hudson  Valley  Climate  Service,  Mahopac,  NY. 
J.  S.  Thaler. 

Northeastern  Environmental  Science  NOESDE, 
Vol.  8,  No.  2,  p  106-118,  1989.  12  fig,  5  tab,  10  ref. 

Descriptors:  'Annual  precipitation,  'Climatology, 
•Meteorology,  'New  York,  •Rainfall-runoff  rela- 
tionships, 'Urban  watersheds,  'Watershed  man- 
agement, Drought,  Fourier  analysis,  Rain  gages, 
Water  demand 

The  increasing  demands  for  palatable  drinking 
water  as  a  result  of  increasing  utilization  has  made 
an  exact  assessment  of  availability  from  the  major 
watersheds  that  supply  the  New  York  City  metro- 
politan area  necessary.  The  historic  precipitation 
regimes  of  three  New  York  State  Hudson  Valley 
watershed  tributaries  that  provide  the  major  por- 
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tion  of  New  York  City's  water  supply  were  exam- 
ined by  mean  of  network  of  rain  gages  that  moni- 
tor daily  precipitation  within  each  of  the  Croton, 
Esopus,  and  Schoharie  catchment  basins.  It  was 
found  that  the  wettest  is  the  Esopus  with  a  mean 
annual  total  of  50.31  inches  and  a  range  of  ex- 
tremes from  31.63  to  66.89  inches.  The  Croton 
watershed  shows  a  mean  annual  total  of  46.05 
inches  with  annual  extremes  ranging  from  33.10  to 
63.76  inches.  The  driest  is  the  Schoharie  with  a 
mean  annual  total  of  44.15  inches  with  annual 
extremes  ranging  from  30.19  to  58.40  inches. 
Annual  and  monthly  normals  plus  daily  extremes 
were  analyzed  for  three  individual  rain  gages  lo- 
cated within  each  watershed.  Standard  deviations 
from  the  mean  annual  and  monthly  precipitation 
totals  reveal  the  great  variability  within  each  of  the 
tributary  basins.  Such  variability  poses  long-term 
environmental  risks  in  rapidly  urbanizing  town- 
ships. Digital  Fourier  Spectral  Analysis  shows  sig- 
nificant periodicity  peaks  for  annual  totals  at  48.8, 
25-26.4,  17.1-18.4,  and  4.5  years.  Filtered  annual 
totals  show  that  the  drought  of  the  1960s  was  the 
major  hydrologic  event  in  the  20th  century.  (Au- 
thor's abstract) 
W9 1-05796 


MONTE  CARLO  STUDY  OF  RAINFALL  SAM- 
PLING EFFECT  ON  A  DISTRIBUTED  CATCH- 
MENT MODEL. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-05842 


DECAMETRIC  VARIABILITY  OF  SOUDANO- 

SAHELIAN    RAINFALL    FIELDS    (VARIABI- 

LITE  SPATIALE  DES  PRECIPITATIONS  SOU- 

DANO-SAHELIENNES  A  L'ECHELLE  DECA- 

METRIQUE). 

Laboratoire     de     Geologie      Appliquee,      Paris 

(France). 

J.  P.  Carbonnel,  P.  Hubert,  E.  Walbadet,  A. 

Mermoud,  and  T.  Bariac. 

Comptes    Rendus    de    l'Academie    des    Sciences 

(Serie  2)  CRASEV,  Vol.  311,  No.  12,  p  1425-1430, 

December  1990.  3  fig,  10  ref.  English  summary. 

Descriptors:  *Climatology,  *Estimating  equations, 
'Geostatistics,  'Meteorology,  *Rain  gages,  ♦Rain- 
fall distribution,  *  Statistical  analysis,  Annual  pre- 
cipitation, Areal  precipitation,  Burkina  Faso,  Data 
acquisition,  Data  interpretation,  Graphical  analy- 
sis, Isotope  studies,  Precipitation,  Variability. 

To  characterize  the  variability  of  rainfall  fields, 
geostatistical  methods  can  be  used.  The  variogram, 
estimated  from  empirical  data,  yields  a  synthetic 
description  of  the  rainfall  field  structure.  Such 
variograms  systematically  show  a  nugget  effect  for 
fields  relative  to  single  showers  or  to  daily  rain- 
falls, indicating  a  discontinuity  of  the  variograms 
for  short  distances.  In  this  study,  sixteen  rain  gages 
regularly  distributed  on  a  square  of  100-meter  sides 
were  observed  from  July  to  September  1989,  in 
Gampela  (Burkina  Faso),  a  Sudanian  agronomic 
research  station  with  700  mm/year  mean  precipita- 
tion. A  geostatistical  analysis  of  45  rainfall  events 
(from  0. 1  to  70  mm)  exhibits  a  continuous  rainfield 
for  each  event.  The  18-0  and  deuterium  analyses 
confirm  this  result.  Therefore,  a  sole  rain  gage  is 
sufficient  to  estimate  the  daily  rainfall  over  1  ha 
and  the  rain  gage  representative  area  is  at  least 
equal  to  this  surface.  (Author's  abstract) 
W91-05850 


RETRIEVAL  OF  PRECIPITATION  PROFILES 
FROM  AIRBORNE  RADAR  AND  PASSIVE  RA- 
DIOMETER MEASUREMENTS:  COMPARI- 
SON WITH  DUAL-FREQUENCY  RADAR 
MEASUREMENTS. 

Wisconsin  Univ.,  Madison.  Dept.  of  Meteorology. 
J.  A.  Weinman,  R.  Meneghini,  and  K.  Nakamura. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  10,  p  981-993,  October  1990.  7  fig,  2  tab,  19 
ref,  append. 

Descriptors:  'Data  acquisition,  *Data  interpreta- 
tion, •Mathematical  analysis,  'Meteorological  data 
collection,  'Precipitation  rate,  *Radar,  Error  anal- 


ysis, Least  squares  method,  Mathematical  equa- 
tions, Optimization,  Precipitation,  Radiometry, 
Rainfall  rate,  Remote  sensing,  Weather  data  collec- 
tions. 

Precipitation  rate  profiles  derived  from  a  single 
frequency  radar  and  radiometer  were  compared 
with  such  profiles  derived  from  a  dual-frequency 
radar.  Measurements  obtained  during  the  1985-86 
CRL/NASA  rain  measuring  experiment  from  air- 
borne X  and  Ka-band  radars  and  an  X-band  pas- 
sive microwave  radiometer  were  used  to  derive 
rainfall  rate  profiles  over  the  Atlantic  Ocean.  The 
rainfall  retrieval  employs  the  classical  Hitschfeld- 
Bordan  radar  equation  constrained  by  a  measure- 
ment of  the  path  integrated  extinction  derived 
from  passive  radiometry.  The  path-integrated  ex- 
tinction obtained  from  the  radiometric  measure- 
ments was  compared  with  that  obtained  from  coin- 
cident dual-frequency  radar  reflection  measure- 
ments from  the  ocean  surface.  The  mean  rainfall 
rate  derived  from  the  path-integrated  extinction 
agreed  within  25%  with  the  mean  rainfall  rate 
obtained  from  the  reflected  radar  signals.  An  error 
analysis  of  the  retrieval  algorithm  showed  that 
errors  in  the  path-integrated  extinction  significant- 
ly affect  the  retrieved  rainfall  profiles  near  the 
surface.  A  least  squares  linear  extrapolation  of  the 
profile  in  the  lowest  kilometer  was  used  to  revise 
the  boundary  condition  in  the  retrieval.  The  pro- 
files were  solved  iteratively  until  the  rainfall  rate  at 
the  surface  was  within  the  range  of  scatter  about 
the  linear  profile  at  higher  altitudes.  An  optimiza- 
tion analysis  was  applied  to  the  derivation  of  rain- 
fall rate  profiles  retrieved  from  a  dual-frequency 
radar  data.  The  results  of  the  retrieval  were  com- 
pared to  those  obtained  from  the  radar-radiometer 
retrievals.  The  availability  of  only  an  X-band  radi- 
ometer limited  the  retrieval  of  rainfall  rate  profiles 
to  maritime  cases.  It  appears  that  it  will  be  possible 
to  measure  rainfall  under  most  conditions  when 
radiometers  operating  at  several  higher  frequencies 
become  available  on  future  airborne  radar  experi- 
ments. (Author's  abstract) 
W91-05852 


SNOW/CLOUD  DISCRIMINATION  WITH 
MULTISPECTRAL  SATELLITE  MEASURE- 
MENTS. 

Naval  Postgraduate  School,  Monterey,  CA.  Dept. 
of  Meteorology. 

R.  C.  Allen,  P.  A.  Durkee,  and  C.  H.  Wash. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  10,  p  994-1004,  October  1990.  9  fig,  5  tab, 
17  ref. 

Descriptors:  'Algorithms,  'Cloud  cover,  'Data  in- 
terpretation, 'Meteorological  data  collection, 
•Remote  sensing,  'Satellite  technology,  'Snow 
cover,  Clouds,  Infrared  imagery,  Landsat  images, 
Radiometry,  Reflectance  Ice. 

One  of  the  most  significant  problems  that  has 
plagued  automated  cloud  classification  systems  is 
discrimination  between  low  clouds  and  snow 
cover;  in  the  visible  and  infrared  regions  of  the 
electromagnetic  spectrum  that  are  used  most  often 
in  satellite  analysis,  low  clouds  and  snow  cover 
have  similar  radiometric  properties.  An  algorithm 
has  been  developed  and  evaluated  for  discriminat- 
ing between  clouds,  snow-covered  land,  and  snow- 
free  land  in  satellite  image  data.  The  multispectral 
technique  uses  daytime  images  of  NOAA  AVHRR 
channels  1  (0.63  micrometers),  3  (3.7  micrometers), 
and  4  (11.0  micrometers).  Reflectance  was  derived 
for  channel  3  by  using  the  channel  4  emission 
temperature  to  estimate  and  remove  the  channel  3 
thermal  emission.  Separation  of  clouds  from  snow 
and  land  was  based  primarily  on  the  derived  chan- 
nel 3  reflectance.  Observed  reflectance  in  channel 
3  was  0.02  to  0.04  for  snow,  0.03  to  0.10  for  land, 
0.02  to  0.27  for  ice  clouds  and  0.08  to  0.36  for 
liquid  clouds.  These  ranges  overlap  for  thin  cirrus 
and  snow,  so  the  routine  attempts  analysis  of  cirrus 
based  on  differences  in  transmission  between  chan- 
nels 3  and  4.  Six  cases  were  analyzed  and  the  total 
cloud  cover  was  verified  against  a  total  of  110 
surface  observations  in  the  standard  categories  of 
clear,  scattered,  broken,  and  overcast.  One  of  the 
cases  was  examined  in  detail  using  the  algorithm 
procedures  and  results.  Analysis  of  cloud  cover 
from  the  satellite  algorithm  matched  surface  obser- 
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vations  at  55%  of  the  stations,  and  was  one  catego- 
ry different  at  33%  of  the  stations.  The  algorithm 
differed  from  the  surface  observations  by  two  cate- 
gories at  9%  of  the  stations  and  by  three  categories 
at  4%  of  the  stations.  A  major  remaining  problem 
is  discrimination  between  ice  clouds  and  snow 
cover.  (Author's  abstract) 
W91-05853 


RETRIEVAL  OF  WATER  VAPOR  PROFILES 
FROM  MICROWAVE  RADIOMETRIC  MEAS- 
UREMENTS NEAR  90  AND  183  GHZ. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Goddard  Space  Flight  Center. 
J.  R.  Wang,  and  L.  A.  Chang. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  10,  p  1005-1013,  October  1990.  10  fig,  1 
tab,  23  ref. 

Descriptors:  'Atmospheric  water,  'Cloud  cover, 
•Meteorological  data  collection,  *Microwaves, 
•Radiation,  'Radiometry,  •Remote  sensing, 
•Water  vapor,  Data  acquisition,  Data  interpreta- 
tion, Error  analysis,  Radiosondes,  Relative  humidi- 
ty, Statistical  analysis. 

The  profiling  of  atmospheric  water  vapor  using 
microwave  radiometric  measurements  near  the 
strong  absorption  line  of  183  GHz  frequency  has 
been  studied  by  a  number  of  investigators;  howev- 
er, these  studies  on  water  vapor  retrieval  are  limit- 
ed to  clear-sky  conditions.  In  order  to  incorporate 
cloud  effects,  upwelling  radiometric  measurements 
at  90  GHz  and  three  side  bands  near  183  GHz 
were  used  to  retrieve  water  vapor  profiles  over  the 
ocean  surface.  An  algorithm  incorporating  a  new 
technique  of  handling  moderate  cloud  cover  was 
illustrated  for  the  profiling  of  both  relative  humidi- 
ty and  water  vapor  burden.  It  was  shown  that  the 
retrieved  relative  humidity  profiles  reflect  gross 
features  of  the  corresponding  profiles  recorded  by 
the  radiosondes.  However,  the  retrieval  generally 
could  not  produce  fine  details  of  the  observed 
profiles  at  altitudes  where  a  rapid  change  in  rela- 
tive humidity  occurred.  For  this  reason,  compari- 
son of  retrieved  and  observed  values  at  a  given 
altitude  often  yielded  an  appreciable  root  mean 
square  (RMS)  error.  Profiling  of  water  vapor 
burden,  a  parameter  equivalent  to  total  integrated 
water  vapor  above  a  certain  altitude,  resulted  in 
much  better  agreement,  as  expected.  The  RMS 
error  obtained  from  the  results  of  the  retrieval  at 
the  surface  was  comparable  to  that  derived  from 
the  combination  of  measurements  at  18  GHz  and 
21  GHz  channels  of  the  Scanning  Multichannel 
Microwave  Radiometer  aboard  the  Nimbus  7  satel- 
lite. (Author's  abstract) 
W91-05854 


ESTIMATION  OF  AREA-AVERAGED  RAIN- 
FALL OVER  TROPICAL  OCEANS  FROM 
MICROWAVE  RADIOMETRY:  A  SINGLE 
CHANNEL  APPROACH. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Meteorology. 

K.  S.  Shin,  P.  E.  Riba,  and  G.  R.  North. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

29,  No.  10,  p  1031-1042,  1990.  10  fig,  1  tab,  35  ref. 

NASA  Grants  NAG  5-868  (TRMM)  and  NAG  5- 

869  (Climate  and  Radiation). 

Descriptors:  *Data  interpretation,  'Meteorological 
data  collection,  'Radiometry,  'Rainfall  distribu- 
tion, 'Rainfall  rate,  'Remote  sensing,  'Tropical 
regions,  Algorithms,  Histograms,  Marine  climates, 
Microwaves,  Model  studies,  Radiation,  Seasonal 
distribution,  Statistical  analysis,  Statistical  models. 

A  new  simple  retrieval  algorithm  has  been  devel- 
oped for  estimating  area-time  averaged  rain  rates 
over  tropical  oceans  by  using  single  channel  micro- 
wave measurements  from  satellites.  The  algorithm 
was  tested  by  using  the  Nimbus-5  Electrically 
Scanning  Microwave  Radiometer  (ESMR-5)  and  a 
simple  microwave  radiative  transfer  model  to  re- 
trieve seasonal  5-degree  X  5-degree  area  averaged 
rain  rate  over  the  tropical  Atlantic  and  Pacific 
from  December  1973  to  November  1974.  The 
brightness  temperatures  were  collected  and  ana- 
lyzed into  histograms  for  each  season  and  in  each 
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grid  box  from  December  1973  to  November  1974. 
The  histograms  suggest  a  normal  distribution  of 
background  noise  plus  a  skewed  rain  distribution  at 
the  higher  brightness  temperatures.  By  using  a 
statistical  estimation  procedure  based  upon  normal- 
ly-distributed background  noise,  the  rain  distribu- 
tion was  separated  from  the  raw  histogram.  The 
radiative  transfer  model  was  applied  to  the  rain- 
only  distribution  to  retrieve  area-time  averaged 
rain  rates  throughout  the  tropics.  An  adjustment 
for  the  beam  filling  error  was  incorporated  in  the 
procedure.  Despite  limitations  of  single  channel 
information,  the  retrieved  seasonal  rain  rates  agree 
well  in  the  open  ocean  with  expectations  based 
upon  previous  estimates  of  tropical  rainfall  over 
the  oceans.  It  is  suggested  that  the  beam  filling 
correction  factor  is  the  most  important,  but  least 
understood,  parameter  in  the  retrieval  process. 
(Author's  abstract) 
W91-05855 


SIMULATION  OF  SEASONAL  SNOWCOVER 
BASED  ON  AIR  TEMPERATURE  AND  PRE- 
CIPITATION. 

National  Inst,  of  Polar  Research,  Tokyo  (Japan). 
For  primary  bibliographic  entry  see  Field  2C. 
W91-05857 


CLIMATOLOGICALLY  TUNED  REFLECTIV- 
ITY-RAIN RELATIONS  AND  LINKS  TO  AREA- 
TIME  INTEGRALS. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,  MD.  Goddard  Space  Flight  Center. 
D.  Atlas,  D.  Rosenfeld,  and  D.  B.  Wolff. 
Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  11,  p  1120-1135,  November  1990.  8  fig,  3 
tab,  34  ref,  append. 

Descriptors:  *Climatic  data,  "Climatology,  'Data 
interpretation,  'Mathematical  analysis,  'Probabilis- 
tic process,  'Rainfall  rate,  'Reflectance,  'Remote 
sensing,  Atmospheric  circulation,  Model  studies, 
Moisture  density,  Radar,  Statistical  analysis. 

The  need  for  climatologically-valid  relations,  such 
as  those  between  reflectivity  and  rain  rate,  is  moti- 
vated by  the  need  to  understand  the  role  of  pre- 
cipitation in  controlling  general  circulation  and 
influencing  climatic  phenomena.  Relations  be- 
tween either  the  point  or  beam-averaged  effective 
reflectivity  (Z)  and  surface  rain  rate  (R)  were 
determined  by  a  probability  matching  method.  The 
cumulative  density  functions  (CDF)  of  reflectivity 
and  rain  rate  were  matched  at  pairs  of  R,  Z  which 
give  the  same  percentile  contribution.  Range-de- 
pendent Z-R  relations  were  obtained  by  stratifying 
the  Z  data  by  range.  Truncation  of  the  Z  distribu- 
tion by  too  large  a  threshold  caused  the  threshold 
rain  rate  retrieved  from  the  radar  data  to  exceed 
that  in  the  matching  gage  distribution.  Forcing  a 
match  between  the  mean  rate  measured  by  the 
gages  and  those  retrieved  by  use  of  a  set  of  trial  Z- 
R  equations  provided  for  the  adjustment  of  the 
final  Z-R  relation  and  compensated  for  the  trunca- 
tion. The  radar-retrieved  CDFs  of  rain  rate  then 
replicate  the  CDF  of  gage-measured  rates  nicely. 
The  probability  matching  scheme  produced  a  Z-R 
relation  that  agreed  with  the  bias-adjusted  relation, 
accounting  for  the  approximate  inverse  relation 
between  the  effective  reflectivity  and  beamwidth. 
The  method  implicitly  includes  climatological 
variations  of  drop  size  distribution  and  rain  rate 
with  height  due  to  a  variety  of  physical  factors. 
Because  of  the  sensitivity  of  the  Z-R  relation  to 
beamwidth  and  viewing  angle,  it  cannot  be  trans- 
ferred either  to  airborne  or  spaceborne  radars.  The 
climatologically-tuned  Z-R  may  be  applied  to 
smaller  space-time  domains  than  those  for  which 
they  were  developed  as  long  as  the  PDF  of  Z 
closely  approximates  that  for  which  the  relation 
was  developed.  This  occurs  in  tropical  regimes  and 
elsewhere  when  the  day-to-day  storms  resemble 
the  climatically-typical  storm.  (Author's  abstract) 
W91-05858 


FRACTALS,  RAINDROPS  AND  RESOLUTION 
DEPENDENCE   OF   RAIN   MEASUREMENTS. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Phys- 
ics. 
S.  Lovejoy,  and  D.  Schertzer. 


Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  11,  p  1167-1170,  November  1990.  3  fig,  16 
ref. 

Descriptors:  'Data  interpretation,  'Fluid  drops, 
•Meteorological  data  collection,  'Rain,  'Rainfall 
distribution,  Microwaves,  Radiation,  Rainfall  in- 
tensity, Reflectance,  Scaling,  Spatial  distribution. 
Statistical  analysis. 

Measurements  of  the  probability  distribution  of 
rain  drop  volumes  in  rain  of  various  intensities 
plays  an  important  role  both  in  cloud  physics  as 
well  as  in  radar  measurements  of  rain.  Theories  of 
drop  formation  require  more  than  just  the  relative 
probabilities  of  drops  of  different  sizes;  they  also 
require  knowledge  of  the  relevant  spatial  distribu- 
tions. Due  to  the  action  of  cascade  processes  con- 
centrating energy,  water,  and  other  conserved 
fluxes  into  smaller  and  smaller  regions  of  space, 
rain  is  highly  variable,  displaying  scaling 
(multi)fractal  structures  over  significant  ranges  in 
scale.  Large  (128  X  128  cm)  pieces  of  chemically- 
treated  blotting  paper  were  exposed  to  rain  and 
both  the  size  and  position  of  the  drops  were  deter- 
mined. Analyses  were  performed  indicating  that 
the  spatial  distribution  is  fractal.  This  implies  that 
drops  cluster  over  all  the  observed  scales,  and, 
hence,  that  backscattered  microwave  radiation 
from  weather  radar  will  have  a  degree  of  coherent 
scattering  and  a  systematic  dependence  on  the 
measurement  resolution  not  accounted  for  in  the 
standard  theory.  Inhomogeneity  in  rain  can  be 
simply  characterized  by  the  scaling  exponents  C2 
(the  codimension  of  the  drop  distribution  in  the 
horizontal  plane)  and  H  (the  scaling  exponent  of 
the  reflectivity  factor  with  respect  to  the  number 
of  drops).  It  was  found  that  the  first  direct  empiri- 
cal estimates  of  C2.H  were  C2=0.17,  H  =  0.62, 
corresponding  to  the  argument  that  C2>0,  H  does 
not  equal  1/2.  Furthermore,  the  scaling  leads  to 
straightforward  corrections  to  the  standard  theory 
in  which  the  relationship  between  radar  measure- 
ments and  the  rain  process  involves  a  factor  equal 
to  the  resolution  of  the  sensor  raised  to  a  power 
whose  value  may  be  estimated.  (Fish-PTT) 
W9 1-05860 


DIAGNOSTICS  AND  PREDICTION  OF  ANOM- 
ALOUS RIVER  DISCHARGE  IN  NORTHERN 
SOUTH  AMERICA. 

Wisconsin  Univ.,  Madison.  Dept.  of  Meteorology. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-05861 


CHEMICAL  ANALYSIS  OF  RAIN  SAMPLES 
COLLECTED  OVER  THE  PACIFIC  OCEAN. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Boulder,  CO.  Environmental  Research  Labs. 
For  primary  bibliographic  entry  see  Field  2K. 

W9 1-05862 


PRECIPITATION  TYPE  TRANSITION  RE- 
GIONS IN  WINTER  STORMS  OVER  SOUTH- 
ERN ONTARIO. 

Atmospheric  Environment  Service,  Downsview 
(Ontario). 

R.  E.  Stewart,  and  P.  King. 

Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  13,  p  22,355-22,368,  De- 
cember 20,  1990.  16  fig,  35  ref. 

Descriptors:  'Climatology,  'Meteorological  data, 
•Meteorology,  'Ontario,  'Precipitation,  'Storms, 
'Transition  zone,  Air  temperature,  Atmospheric 
circulation,  Canada,  Climatic  data,  Radar,  Rain, 
Snow,  Thermodynamics. 

Two  winter  storms  passed  through  the  Toronto 
area  during  November  and  December  1987.  Infor- 
mation from  radar,  rawinsonde,  and  surface  obser- 
vations was  analyzed  in  order  to  determine  the 
kinematic  flow  fields  and  thermodynamic  environ- 
ment in  the  vicinity  of  the  transition  at  the  surface 
between  snow  and  rain.  This  region  was  also 
linked  to  heavy  precipitation  and  thunder.  Up- 
drafts  preferentially  occurred  over  the  snow 
region,  and  deep  near-0  C  layers  occurred  in  the 
transition  region.  Observations  are  consistent  with 
a  mesoscale  circulation  initiated  by  melting  snow 


and  possibly  with  the  occurrence  of  symmetric 
instability.  It  is  further  suggested  that  large,  possi- 
bly wet,  snowflakes  being  formed  within  such  deep 
near-0  C  layers  would  contribute  to  the  radar 
detection  of  precipitation  bands  near  the  precipita- 
tion transition  region.  (Author's  abstract) 
W91-05863 


PRECIPITATION  IN  THE  SOUTHERN  HIGH 
PLAINS:  METEOROLOGIC  AND  ISOTOPIC 
FEATURES. 

Hebrew    Univ.    of   Jerusalem    (Israel).    Seagram 
Centre  for  Soil  and  Water  Sciences. 
R.  Nativ,  and  R.  Riggio. 

Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  13,  p  22,559-22,564,  De- 
cember 20,  1990.  6  fig,  8  ref. 

Descriptors:  'Groundwater  recharge,  'High 
Plains,  'Isotope  studies,  'Meteorology,  'New 
Mexico,  'Precipitation,  'Texas,  Chlorides,  Evapo- 
ration, Pacific  Ocean,  Temperature  effects. 

The  meteorologic  characteristics  and  isotopic  com- 
position of  precipitation  events  in  the  Southern 
High  Plains,  Texas  and  New  Mexico,  were  moni- 
tored during  one  full  year  to  estimate  the  natural 
recharge  potential  of  the  region's  major  aquifer. 
Precipitation  events  during  spring  and  summer 
derive  their  moisture  from  the  Gulf  of  Mexico. 
Temperature  effects  account  for  the  isotopically 
enriched  rainwater  during  this  period,  offsetting 
any  possible  effects  from  the  amount  of  precipita- 
tion. During  fall  and  winter,  precipitation  events 
acquire  moisture  from  the  eastern  Pacific  Ocean. 
Temperature  as  well  as  continental  and  altitude 
effects  produce  isotopically  depleted  precipitation 
during  this  period.  Precipitation  during  events 
throughout  the  year  that  lasted  for  several  days 
became  depleted  in  both  chloride  concentration 
and  isotopic  composition,  thus  displaying  a  front 
effect.  (Author's  abstract) 
W9 1-05866 


GREENHOUSE  EFFECT  AND  COASTAL  WET- 
LAND POLICY:  HOW  AMERICANS  COULD 
ABANDON  AN  AREA  THE  SIZE  OF  MASSA- 
CHUSETTS AT  MINIMUM  COST. 

Environmental   Protection   Agency,   Washington, 

DC. 

J.  G.  Titus. 

Environmental  Management  EMNGDC,  Vol.  15, 

No.  I,  p  39-58,  January/February  1991,  5  fig,  4  tab, 

51  ref. 

Descriptors:  'Climatology,  'Coastal  wetlands, 
•Global  warming,  'Greenhouse  effect,  'Policy 
making,  'Sea  level,  'Wetlands,  Future  planning, 
Land  development,  Land  use.  Legal  aspects,  Prop- 
erty rights,  Water  level  fluctuations. 

Climatologists  generally  expect  an  anthropogenic 
global  warming  that  could  raise  sea  level  30-150 
cm  in  the  next  century  and  more  thereafter.  One  of 
the  impacts  would  be  the  loss  of  coastal  wetlands. 
Although  the  inundation  of  adjacent  dryland 
would  enable  new  wetlands  to  form,  much  of  this 
land  is  or  soon  will  be  developed.  If  developed 
areas  are  protected,  wetlands  will  be  squeezed 
between  an  advancing  sea  and  the  land  being  pro- 
tected, which  has  already  happened  in  China  and 
the  Netherlands,  where  people  have  built  dikes  for 
centuries.  Unlike  those  countries,  the  United  States 
has  enough  land  to  accommodate  the  landward 
migration  of  wetlands;  but  governments  lack  the 
funds  to  purchase  all  the  coastal  lowlands  that 
might  be  inundated  and  the  legal  authority  to 
prohibit  their  development.  We  propose  a  third 
approach:  allowing  property  owners  to  use  coastal 
lowlands  today  as  they  choose,  but  setting  up  a 
legal  mechanism  to  ensue  that  the  land  is  aban- 
doned if  and  when  the  sea  level  rises  enough  to 
inundate  it.  Although  compensation  may  be  re- 
quired, this  approach  would  cost  less  than  1%  as 
much  as  purchasing  the  land,  and  would  be  (1) 
economically  efficient  by  enabling  real  estate  mar- 
kets to  incorporate  expectations  of  future  sea  level 
rise;  (2)  constitutional  by  compensating  property 
owners;  and  (3)  politically  feasible  by  pleasing 
people  who  care  about  the  long  term  fate  of  the 
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coastal  environment  without  disturbing  people 
who  either  are  unconcerned  about  the  distant 
future  or  do  not  believe  sea  level  will  rise.  It  would 
be  irrational  to  delay  policy  formation  until  sea 
level  rise  projections  are  more  precise.  The  cost 
will  be  small  if  we  act  now  but  great  if  we  wait 
until  the  sea  level  is  rising  along  most  coasts.  The 
US  government  should  develop  a  strategy  in  the 
next  three  years.  (Author's  abstract) 
W9 1-05905 
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MONITORING  RIVER  ICE  WITH  LANDSAT 
IMAGES. 

Cold   Regions   Research   and   Engineering   Lab., 

Hanover,  NH.  Geological  Sciences  Branch. 

L.  W.  Gatto. 

Remote  Sensing  of  the  Environment  RSEEA7, 

Vol.  32,  No.  1,  p  1-16,  April  1990.  10  fig,  1  tab,  42 

ref. 

Descriptors:  *Ice,  'Landsat  images,  'Navigable 
rivers,  'Remote  sensing,  'River  ice,  'Satellite 
technology,  Analytical  techniques,  Inland  waters, 
Mapping,  Monitoring,  Navigable  waters,  Photo- 
grammetry,  River  forecasting. 

As  part  of  a  program  to  develop  a  river  ice  fore- 
casting model,  photointerpretation  techniques 
were  used  to  map  the  area]  distributions  of  four 
classes  of  river  ice  along  the  navigable  reaches  of 
the  Allegheny,  Monongahela  and  Ohio  Rivers  and 
the  Illinois  Waterway  each  winter  from  1972  to 
1985  from  Landsat  Multispectral  Scanner,  Themat- 
ic Mapper  and  Return  Beam  images.  The  four 
classes,  l)ice-free,  2)partial  gray  ice,  3)complete 
gray  ice  and  4)white  ice,  were  usually  readily 
apparent  on  the  images  due  to  differences  in  gray 
tones  produced  by  the  various  ice  types  and  condi- 
tions that  make  up  the  different  classes.  Landsat- 
derived  ice  observations  compared  favorably  with 
available  ground  and  aerial  observations  64-80%  of 
the  time.  During  mild  winters  without  extensive 
and  long-lasting  ice,  or  along  rivers  which  normal- 
ly do  not  have  such  ice,  Landsat  images  are  less 
useful  because  of  the  time  gaps  between  cloud  or 
haze-free  images.  (Author's  abstract) 
W9 1-05031 


WATER  PERMEABILITY  OF  FROZEN  SOILS 
UNDER  TREE  STANDS  IN  THE  FOREST- 
STEPPE  ZONE. 

Soyuzgiproleskhoz  Research  and  Design  Institute, 

Moscow,  USSR. 

For  primary  bibliographic   entry  see   Field   2G. 

W91-05233 


EFFECT  OF  CHANGES  IN  THE  GEOCRYOLO- 
GICAL  CONDITIONS  IN  THE  BASIN  OF  RES- 
ERVOIRS ON  FUNCTIONING  OF  NORTHERN 
HYDROELECTRIC  STATIONS. 

For  primary  bibliographic  entry  see  Field  8C. 
W91-053O0 


ICE  CONDITIONS  IN  POOLS  OF  THE  DAM 
OF  THE  KOLYMA  HYDROELECTRIC  STA- 
TION DURING  INITIAL  OPERATION. 

T.  E.  Kozhevnikova,  and  N.  B.  Sakharova. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  2,  p  104-107,  1990.  2  fig,  3  tab. 

Descriptors:  'Dam  effects,  'River  ice,  'USSR, 
Hydraulic  engineering,  'Hydroelectric  plants,  'Ice 
formation,  'Reservoir  operation,  Ice  cover,  Ice 
thickness,  Iced  lakes,  Reservoir  construction, 
Water  level  fluctuations,  Flow  discharge,  Cold 
weather  construction,  Wave  propagation,  Ice 
breakup,  Reservoir  releases. 

The  Kolyma  (U.S.S.R.)  hydroelectric  station  con- 
struction under  the  harsh  climatic  conditions  of  the 
Far  North  called  for  a  two-phase  startup  of  the 
first  units  at  a  low  head.  The  initial  operating 
period  was  characterized  by  a  nonuniform  regime 
with  long  interruptions  and  forced  releases  from 
the  reservoir,  caused  by  subquality  construction 
work,  creating  unusual  conditions  in  the  lower 


pools.  Disturbances  of  the  water  level  and,  accord- 
ingly, ice  regimes  occurred  at  a  distance  of  300  km 
from  the  hydrostation,  which  affected  the  continu- 
ous functioning  of  the  economically  important  ice 
fordings.  As  a  consequence  of  the  nonuniform 
water  releases,  the  flow  of  the  reservoir  during  the 
winter  varied  widely:  the  mean  winter  flow  index 
W/Q  was  2.5-3.5  months,  during  releases  the  flow 
increased  by  5-15  times;  ice  cover  formation  and 
breakup  on  the  reservoir  was  similar  to  the  average 
natural  river  on  a  stretch  of  rapids;  and  freezing  of 
the  lower  pool  near  the  hydrostation  occurred 
usually  at  small  discharges  (less  than  40  cu  m/s). 
The  investigations  confirmed  an  earlier  forecast  of 
the  length  of  the  stretch  of  influence  of  the  oper- 
ation of  the  hydrostation  in  daily  and  weekly  regu- 
lating regimes.  Propagation  of  release  waves  with 
a  range  of  the  mean  daily  discharges  from  100  to 
500  cu  m/s  occurred  to  a  distance  of  more  than 
300  km  from  the  hydrostation.  Fluctuations  of  the 
levels  in  the  lower  pool  immediately  below  the 
hydrostation  were  from  1.5  to  3.2  m,  and  at  a 
distance  up  to  230  km  away  were  from  0.8  to  3.2 
m.  During  freezeup  such  fluctuations  caused  dis- 
turbances in  the  ice  cover  and  buildup  of  bank  ice 
ledges,  which  caused  difficulties  in  operating  the 
ice  fordings.  The  experience  of  operating  the 
Kolyma  hydrostation  at  a  low  head  yielded  consid- 
erable data  for  predicting  the  ice  conditions  in 
lower  pools  of  hydrostations  operating  under  harsh 
climatic  conditions  with  daily  and  weekly  regula- 
tion. (Fish-PTT) 
W9 1-05309 


STEAM  FOGS  IN  LOWER  POOLS  OF  HYDRO- 
ELECTRIC STATIONS  AND  POSSIBILITIES 
OF  THEM  ARTIFICIAL  DISPERSION. 

V.  I.  Khorost'yanov,  Y.  L.  Gotlib,  and  G.  A. 

Tregub. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  117-122,  1990.  2  fig,  11  ref. 

Descriptors:  'Dam  effects,  'Fog,  'USSR,  Hydrau- 
lic engineering,  'Hydroelectric  plants,  'Air-water 
interfaces,  Heat  transfer,  Reservoir  operation,  Cli- 
matic change,  Mathematical  models,  'Ice  cover, 
Crystallization,  Thermal  properties. 

On-site  observations  of  hydrological  and  meteoro- 
logical parameters  of  regions  in  the  U.S.S.R.  with 
harsh  climatic  conditions  show  that  in  the  winter 
extended  stretches  of  open  water  form  downstream 
of  hydrostations.  This  causes  heavy  advection-ra- 
diation  fog  (steam  fogs),  which  changes  the  condi- 
tions of  heat  exchange  of  the  water  with  air,  affects 
the  length  of  the  polynya  and  climate  of  the 
region,  causes  the  possibility  of  smog  occurrence 
and  icing  of  cables,  and  creates  difficulties  in  the 
operation  of  air  and  water  transport.  A  reduction 
of  steam  fog  over  the  open  water  surface  in  the 
winter  would  help  counteract  the  negative  effect 
of  a  hydrostation  on  the  environment.  Mathemati- 
cal modeling  methods  were  developed  to  (1)  calcu- 
late the  size  and  configuration  of  the  zone  of  steam 
fog  over  the  polynya  in  relation  to  the  water 
temperature  and  meteorological  factors  and  to 
evaluate  the  effect  of  the  steaming  process  on  the 
intensity  of  heat  exchange  of  water  with  air;  (2) 
determine  how  steaming  affects  the  ice  and  ther- 
mal conditions  of  the  lower  pool  and  in  what 
stretches  the  precipitation  of  steam  fog  is  most 
effective;  and  (3)  recommend  ecologically  clean 
methods  which  can  be  used  for  this  purpose.  Syn- 
thesis of  two  models  makes  it  possible  to  develop  a 
single  model  consisting  of  two  units  for  calculating 
the  microclimate  and  ice  conditions.  Prospective 
methods  of  regulating  the  conditions  of  heat  ex- 
change over  the  open  water  in  the  winter  by 
artificial  crystallization  of  steam  fog  by  an  ecologi- 
cally clean  crystallizing  agent  (liquid  nitrogen,  dry 
ice)  were  developed  to  protect  the  part  of  a  town 
or  city  located  on  the  leeward  bank  of  the  river. 
However,  the  use  of  cooling  agents  to  act  on  fogs 
in  lower  pools  has  not  yet  been  carried  out  and  the 
strategy  of  action  in  this  case  still  remains  to  be 
developed.  Obviously,  it  will  depend  on  the  wind 
and  temperature  conditions,  and  horizontal  length 
of  the  fog.  (Fish-PTT) 
W91-05312 


EVTOENCE  FOR  LARGE-SCALE  SUBGLACIAL 
MELTWATER   FLOOD   EVENTS  IN   SOUTH- 


ERN ONTARIO  AND  NORTHERN  NEW  YORK 
STATE. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Geog- 
raphy. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05367 


ICE-COVER  CLIMATOLOGY  FOR  LAKE  ERIE 
AND  LAKE  SUPERIOR  FOR  THE  WINTER 
SEASONS  1897-1898  TO  1982-1983. 

National   Oceanic   and   Atmospheric   Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 
R.  A.  Assel. 

International  Journal  of  Climatology  IJCLEU, 
Vol.  10,  No.  7,  p  731-748,  November  1990.  6  fig,  5 
tab,  33  ref. 

Descriptors:  'Ice  cover,  'Climatic  data,  'Meteoro- 
logical data,  'Lake  ice,  'Lake  Erie,  'Lake  Superi- 
or, Great  Lakes,  Model  studies,  Statistical  models, 
Ice  formation,  History,  Ice,  Meteorology,  'Clima- 
tology. 

Observations  of  mid-lake  Great  Lakes  ice  cover 
are  sparse  prior  to  the  decade  of  the  1960s.  In  an 
effort  to  provide  an  historical  perspective  of  mid- 
lake  ice  cover  back  to  the  turn  of  the  century, 
daily  average  ice  cover  for  Lakes  Erie  and  Superi- 
or over  86  winters  (1897-1898  to  1982-1983)  was 
reconstructed  using  empirical-statistical  ice  cover 
models  developed  in  an  earlier  study.  Long-term 
average  maximal  monthly  ice  cover  occurs  in  Feb- 
ruary and  is  68%  for  Lake  Erie  and  40%  for  Lake 
Superior.  Mid-lake  ice  formation  occurs  about  1 
month  earlier  on  both  lakes  during  severe  winters. 
Average  maximal  monthly  ice  cover  during  severe 
and  mild  winters  is  95%  and  14%  for  Lake  Erie, 
87%  and  17%  for  Lake  Superior.  Severe  winters 
are  associated  with  lower  700-mbar  heights  over 
the  eastern  U.S.  compared  with  mild  ice  cover 
winters.  Analysis  of  total  winter  ice  cover  indi- 
cates three  ice  cover  regimes:  a  high  ice  cover 
regime  from  the  late  1890s  to  early  1920s;  a  low  ice 
cover  regime  from  the  early  1920s  to  late  1950s; 
and  a  high  ice  cover  regime  from  the  late  1950s  to 
the  early  1980s.  Ice  cover  climatologies  developed 
during  the  1960s  and  1970s  are  not  representative 
of  ice  covers  in  the  low  ice-cover  regime  of  the 
late  1920s  to  late  1950s.  Spectral  analysis  of  the 
reconstructed  total  winter  ice  cover  suggests  inter- 
annual  variations  in  ice  cycles  that  correspond 
with  the  2-3-year  interannual  variation  in  atmos- 
pheric variables  known  as  the  quasi-biennial  oscil- 
lation. (Author's  abstract) 
W91-05371 


OCCURRENCE  AND  CHARACTERISTICS  OF 
LOWER  TROPOSPHERIC  ICE  CRYSTALS  EV 
THE  ARCTIC. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Meteorology. 

J.  A.  Curry,  F.  G.  Meyer,  L.  F.  Radke,  C.  A. 

Brock,  and  E.  E.  Ebert. 

International    Journal    of  Climatology    IJCLEU, 

Vol.  10,  No.  7,  p  749-764,  November  1990.  6  fig,  2 

tab,    60   ref.    NSF   Grants    DPP-8858830,    DPP- 

8820905,  DPP-8209548,  and  DPP-8822354. 

Descriptors:  'Ice,  'Arctic  zone,  'Climatology, 
'Cloud  physics,  'Atmospheric  chemistry,  Meteor- 
ological data  collection,  Ice  formation,  Relative 
humidity,  Thermal  radiation,  Snow,  Air  tempera- 
ture, Meteorology,  Particle  size,  Precipitation. 

In  the  Arctic,  the  presence  of  small  ice  crystals  in 
otherwise  clear  air  has  been  noted  in  the  literature. 
If  the  ice  crystals  extend  down  to  the  surface,  they 
are  frequently  referred  to  as  'cloudless'  ice-crystal 
precipitation.  Because  of  difficulties  in  observing 
these  ice  crystals,  both  from  the  surface  and  satel- 
lite observation,  and  owing  to  the  ambiguities  of 
cloud  classification  in  the  polar  regions,  these  ice 
crystals  are  not  included  in  current  cloud  climato- 
logies. Data  was  obtained  from  the  University  of 
Washington  Convair  C-131A  research  aircraft 
during  April  1983  and  1986,  including  the  frequen- 
cy of  occurrence  of  ice  crystals  as  a  function  of 
height,  temperature,  and  relative  humidity.  Radi- 
ative transfer  calculations  were   made  using  the 
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Group  2C— Snow,  Ice,  and  Frost 

observed  ice-crystal  size  distributions.  The  radi- 
ative transfer  through  the  ice  crystal  layers  is 
inferred  to  have  a  substantial  impact  on  visibility  in 
the  Arctic,  the  vertical  temperature  structure  of 
the  Arctic  troposphere,  and  on  the  surface  energy 
balance.  These  layers  of  ice  crystals  can  have 
depths  exceeding  3  km  and  extinction  optical 
depths  as  large  as  21.  In  addition  to  being  impor- 
tant in  the  Arctic  radiation  budget,  cloudless  ice- 
crystal  precipitation  is  believed  to  be  important  in 
the  surface  accumulation  of  snow  and  also  in 
Arctic  air  chemistry.  (Fish-PTT) 
W9 1-05372 


COMPARISON  OF  ESTIMATES  OF  SNOW 
INPUT  WITH  A  SMALL  ALPINE  CATCH- 
MENT. 

Rocky  Mountain  Forest  and  Range  Experiment 

Station,  Fort  Collins,  CO. 

R.  A.  Sommerfeld,  R.  C.  Musselman,  and  G.  I. 

Woolridge. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p  295-307,  December  1990.  4  fig,  3  tab,   12  ref. 

Descriptors:  'Data  interpretation,  'Error  analysis, 
•Precipitation  mapping,  'Runoff  forecasting, 
•Snow  accumulation,  'Snow  surveys,  Alpine  re- 
gions, Comparison  studies,  Hydrologic  data  collec- 
tions, Snow  cover,  Snow  depth,  Snowmelt,  Vege- 
tation effects,  Wyoming. 

Five  methods  were  used  to  estimate  the  snow 
water  equivalent  input  to  the  Glacier  Lakes  Eco- 
system Experiments  Site  (GLEES)  in  south-central 
Wyoming  during  the  winter  1987-1988  and  to 
obtain  an  estimate  of  the  errors.  The  methods 
were:  (1)  Martinec  and  Rango  degree-day  method; 
(2)  Wooldridge  et  al.  method  of  determining  the 
average  yearly  snowfall  for  tree  morphology;  (3) 
precipitation  gage  measurements  from  the  Wyo- 
ming Water  Research  Center  Snowy  Range  Ob- 
servatory; (4)  NADP  collector  data;  and  (5)  an 
independent  estimate  from  snow  core  data  from  a 
small  catchment  in  the  GLEES.  Estimated  water 
input  ranged  from  a  low  of  65  cm  H20  (liquid 
water  equivalent)  for  the  precipitation  gage  to  a 
high  of  85  cm  H20  for  the  Martinec  and  Rango 
method.  An  evaluation  of  the  biases  in  the  methods 
indicate  that  the  true  value  may  be  nearer  the  high 
end  of  this  range.  The  accuracy  was  estimated  at 
+  or  -10%,  or  a  range  of  77-94  cm  H20.  (Author's 
abstract) 
W9 1-05444 


IONIC  TRACER  MOVEMENT  THROUGH   A 
WYOMING  SNOWPACK. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 
Water  Resources. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05490 


MODELING       SOLUTE       TRANSPORT       IN 
GROUND  WATER  AT  OR  NEAR  FREEZING. 

Alaska  Univ.,  Fairbanks.  Dept.  of  Mining  and  Ge- 
ological Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-058 16 


SOLUTE  REJECTION  IN  FREEZING  SOILS. 

HydroGeoLogic,  Inc.,  Herndon,  VA. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-05840 


SIMULATION  OF  SEASONAL  SNOWCOVER 
BASED  ON  AIR  TEMPERATURE  AND  PRE- 
CIPITATION. 

National  Inst,  of  Polar  Research,  Tokyo  (Japan). 
H.  Motoyama. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 
29,  No.  11,  p  1104-1110,  November  1990.  10  fig,  2 
tab,  9  ref. 

Descriptors:  *Air  temperature,  'Japan,  'Model 
studies,  'Precipitation,  'Simulation  analysis, 
'Snow  cover,  Compaction,  Hokkaido,  Honshu, 
Rain  gages,  Simulated  rainfall,  Snow  depth,  Snow- 
melt,  Snowpack,  Viscosity  coefficient. 


The  depth  of  snow  decreases  gradually  with  time 
after  the  formation  of  snow  cover  due  to  settling 
densification  of  the  snow  layer,  even  without  melt- 
ing. A  simulation  was  performed  for  the  time  vari- 
ation in  depth  of  seasonal  snow  with  variable  air 
temperature  and  precipitation  in  Japan.  Processes 
of  snow  densification  and  snowmelt  were  consid- 
ered for  snow  depth  calculation.  The  parameters 
tested  were  a  precipitation  gage  deficiency  param- 
eter (b),  the  solid/liquid  precipitation  portion  of 
total  precipitation  at  air  temperature  (T),  tempera- 
ture dependence  of  the  compactive  viscosity 
factor,  the  snowmelt  at  surface  of  snow  cover,  and 
snowmelt  at  the  bottom  of  snow  cover.  The  calcu- 
lated snow  depth  was  found  to  be  well  fitted  to  the 
observed  snow  depth  using  the  same  parameters 
over  eight  years.  The  value  of  b  was  found  to  be 
0.6-1.0.  The  T  was  0  C  at  Hokkaido  (northern 
Japan)  and  2-3  C  at  Honshu  (central  Japan).  The 
melting  index  for  calculating  surface  snowmelt  was 
larger  in  Honshu  than  in  Hokkaido.  The  viscosity 
factor  took  a  low  value  when  the  snow  cover 
warmed  or  became  wet.  If  air  temperature  shifts 
plus-or-minus  2  C,  the  period  of  continuous  snow 
cover  will  be  changed  by  10-15  days,  and  the 
maximum  snow  depth  will  change  approximately 
0.5-1.0  m.  (Author's  abstract) 
W9 1-05857 


CRITIQUE  OF  THE  CLIMATIC  RECORD  OF 
'WATER  EQUIVALENT  OF  SNOW  ON  THE 
GROUND'  IN  THE  UNITED  STATES. 

Kent  State  Univ.,  OH.  Dept.  of  Geography. 

T  W.  Schmidlin. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

29,  No.  11,  p  1136-1141,  November  1990.  1  fig,  1 

tab,  27  ref,  append. 

Descriptors:  'Climatic  data,  'Meteorological  data 
collection,  'Snow  cover,  'Water  equivalent, 
•Weather  data  collections,  Data  quality  control, 
Network  design,  Snow  depth,  Snowmelt. 

The  water  equivalent  of  snow  on  the  ground 
(SWE)  has  been  measured  daily  since  1952  at 
National  Weather  Service  first-order  stations 
whenever  snow  depth  exceeded  5  cm  (2  in).  These 
data  are  used  in  snowmelt  analyses,  snow  climatol- 
ogy, and  snow  load  design  calculations  for  build- 
ing codes.  Problems  with  this  measurement  that 
may  affect  data  quality  include:  (1)  inconsistent 
methods  of  measurement  among  stations  and 
within  many  stations'  records,  (2)  unrepresentative 
and  inconsistent  locations  of  measurement,  (3)  a 
six-hour  lag  between  daily  measurement  of  snow 
depth  and  SWE,  and  (4)  numerous  errors  in  the 
climatic  record  of  extreme  SWE  values.  These 
data  have  not  been  viewed  critically  in  the  litera- 
ture and  are  not  subjected  to  rigorous  quality 
control  at  the  National  Climatic  Data  Center.  Sug- 
gestions for  improving  the  quality  of  SWE  data 
include:  consistent  and  daily  SWE  measurement 
methods,  SWE  measurement  made  at  1200  UTC 
along  with  the  daily  snow  depth,  and  use  of  a 
quality  control  procedure  to  flag  anomalous  SWE 
data  at  national,  state,  federal,  and  private-vendor 
climate  centers.  (Author's  abstract) 
W9 1-05859 


2D.  Evaporation  and  Transpiration 


VAPOR-BUDGET  MEASUREMENT  OF  IRRI- 
GATION EVAPORATIVE  LOSSES. 

Clemson  Univ.,  SC.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  3F. 
W91-05135 


WATER    BALANCE    ESTIMATION     MODEL: 
FIELD  TEST  AND  SENSmVITY  ANALYSIS. 

Institut  des  Savanes,  Bouake  (Ivory  Coast). 

For  primary   bibliographic   entry   see   Field   2G. 

W91-05183 


NUMERICAL  SIMULATION  OF  THE  SUR- 
FACE WATER  BUDGET  DURING  HAPEX-MO- 
BILHY. 

Centre  National  de  Recherches  Meteorologiques, 
Toulouse  (France). 


J.-F.  Mahfouf. 

Boundary  Layer  Meteorology  BLMEBR,  Vol.  53, 
No.  3,  p  201-222,  November  1990.  11  fig,  5  tab,  26 
ref.  Institut  National  des  Sciences  de  l'Univers 
Grant  PAM  883614. 

Descriptors:  'Evaporation,  'Hydrologic  budget, 
•Mathematical  models,  'Simulation  analysis,  'Data 
interpretation,  'Surface  water  data,  Numerical 
analysis,  Meteorological  data  collection,  Evapo- 
transpiration,  Soil  water,  Soil  temperature,  Rela- 
tive humidity,  Soil  moisture  deficiency,  Vegetation 
effects,  'Model  studies,  Soil  properties,  Rainfall- 
runoff  relationships. 

During  the  last  ten  years,  considerable  effort  has 
been  devoted  to  improving  the  formulation  of 
evaporation  over  land  surfaces  in  numerical  mete- 
orological models.  As  a  result,  detailed  land  sur- 
face parameterizations,  taking  into  account  soil 
texture  and  vegetation  coverage  in  the  estimation 
of  surface  evapotranspiration,  are  beginning  to 
appear.  With  field  experiments  such  as  HAPEX- 
MOBILHY,  which  provide  data  sets  of  surface 
hydrology  processes  over  regional  areas,  it  be- 
comes possible  to  validate  and  improve  such  para- 
meterization schemes.  A  simple  land  surface  para- 
meterization scheme  previously  validated  at  the 
daily  time  scale  was  studied  for  monthly  periods 
using  the  HAPEX-MOBILHY  data  set.  For  a  set 
of  six  locations,  the  scheme  reproduced  with  good 
accuracy  two  components  of  the  surface  water 
budget  (evaporation  and  soil  moisture  depletion) 
when  the  observed  rainfall  rate  at  the  ground 
surface  was  specified.  For  two  sites,  measurements 
of  soil  moisture  content  near  the  surface  allowed 
the  behavior  of  the  surface  water  content  to  be 
validated.  The  results  compare  favorably  with  the 
data,  although  runoff  from  the  interception  reser- 
voir is  overestimated  for  well-developed  crops.  As 
runs  were  interactive  with  the  planetary  boundary 
layer,  it  has  been  possible  to  check  the  quality  of 
the  scheme  by  examining  screen-level  parameters 
(temperature  and  relative  humidity).  The  model 
provides  a  reasonable  evolution  of  the  air  tempera- 
ture and  relative  humidity  for  most  of  the  sites, 
except  when  the  local  properties  of  the  surface 
strongly  depart  from  the  environmental  ones. 
(Fish-PTT) 
W9 1-05357 


EVAPOTRANSPIRATION  FROM         THE 

MARGIN  AND  MOIST  PLAYA  OF  A  CLOSED 
DESERT  VALLEY. 

Utah  State  Univ.,  Logan.  Dept.  of  Soil  Science  and 

Biometeorology. 

E.  Malek,  G  E.  Bingham,  and  G  D.  McCurdy. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p   15-34,   December   1990.   9  fig,   5  tab,   31    ref, 

append. 

Descriptors:  'Deserts,  'Evaporation,  'Evapotran- 
spiration, 'Microclimatology,  'Playas,  Air  temper- 
ature, Albedo,  Bowen  ratio,  Heat  transfer,  Osmotic 
pressure,  Radiation,  Salt  flats,  Transpiration, 
Vapor  pressure,  Water  table. 

Two  long-term  microclimate  measurement  stations 
with  Bowen  ratio  capability  were  used  to  study 
water  cycling  in  a  closed  desert  basin.  Microcli- 
mate variables  including  the  temperature  and 
vapor  pressure  gradients  were  monitored  continu- 
ously and  used  to  estimate  the  Bowen  ratio,  sensi- 
ble and  latent  heat  fluxes  during  1986  and  1987. 
Despite  having  a  water  table  that  varied  between 
the  surface  and  30  cm  below  the  surface,  the  playa 
had  little  evaporation  except  after  rainfall  events. 
The  very  high  osmotic  pressure  of  the  soil  and  salt 
crust  caused  most  of  the  rainfall  events.  The  very 
high  osmotic  pressure  of  the  soil  and  salt  crust 
caused  most  of  the  absorbed  radiation  to  be  parti- 
tioned to  sensible  heat.  In  contrast,  along  the 
margin  the  thin  grass  and  brush  cover  transpired 
water  freely,  with  the  latent  heat  flux  exceeding 
60%  of  available  energy  for  much  of  the  season. 
The  higher  air  temperatures  above  the  playa  raised 
potential  evapotranspiration  (ET)  significantly 
higher  than  along  the  margin  throughout  the 
summer.  The  annual  average  actual  ET  of  the 
playa  was  only  36%  of  the  margin.  During  the 
drier  summer  period  (May-October),  this  ratio  de- 
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creased  to  <28%.  Immediately  after  a  rainfall 
event,  evaporation  rates  of  the  two  sites  were 
similar,  but  the  playa  rate  was  quickly  reduced  as 
the  osmotic  potential  increased.  During  this  study, 
the  playa  lost  <220  mm  of  subsurface  water  to 
evaporation  annually,  while  >638  mm  were  lost 
from  the  margin  groundwater  supply.  The  24-hr 
solar  and  net  radiation  correlations  were  0.80  and 
0.94  for  the  playa  and  margin,  respectively.  The 
lower  correlation  for  the  playa  resulted  from  the 
wide  variation  of  albedo  with  surface  moisture 
changes.  The  annual  average  albedo  values  for  the 
playa  and  margin  were  0.64  and  0.46,  respectively. 
(Author's  abstract) 
W91-05428 


CHECKS  ON  THE  MEASUREMENT  OF  PO- 
TENTIAL EVAPOTRANSPIRATION  USING 
WATER  BALANCE  DATA  AND  INDEPEND- 
ENT MEASURES  OF  GROUNDWATER  RE- 
CHARGE. 

Liverpool  Univ.  (England).  Dept.  of  Geography. 
C.  I.  Essery,  and  D.  N.  Wilcock. 
Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  51-64,  December  1990.  10  fig,  27  ref. 

Descriptors:  'Evaporation,  'Evapotranspiration, 
•Groundwater  recharge,  'Hydrologic  budget, 
♦Measuring  instruments,  'Transpiration,  Lysi- 
meters,  Performance  evaluation,  Rainfall,  Soil 
moisture  deficiency,  Surface-groundwater  rela- 
tions, Vegetation  effects. 

A  twelve-year  record  of  daily  evaporation  and 
evapotranspiration  measurements  at  the  Colerain 
campus  of  the  University  of  Ulster  in  Northern 
Ireland  was  analyzed  to  check  the  accuracy  of 
potential  evapotranspiration  (PE)  measurements. 
PE  was  independently  derived  from:  (1)  Penman 
PT  estimates  derived  from  daily  records  of  maxi- 
mum and  minimum  temperature,  wind  speed, 
vapor  pressure  and  sunshine  hours;  (2)  irrigated 
grass  lysimeters,  PE(L);  and  (3)  measurements  of 
tank  evaporation,  PE(T).  Both  PE(T)  and  PE(L) 
were  higher  in  winter  than  PT  and  had  more 
prolonged  summer  peaks.  Examination  of  soil 
moisture  deficits  during  the  period  showed  that 
actual  evapotranspiration  (AE)  rarely  fell  below 
the  potential  rate  and  that  PE  and  AE  were  there- 
fore equal  for  most  of  the  year.  The  availability  of 
rainfall,  stream  discharge  and  groundwater  data 
from  an  instrumented  river  catchment  on  the  Uni- 
versity campus  enabled  water  balances  to  be  con- 
structed for  the  period  of  study.  Separate  water 
balances  using  each  of  the  PE  estimates  showed 
that  Penman  PT  most  satisfactorily  reflected 
catchment  storage  changes  monitored  independ- 
ently. Penman  PT  was  confirmed  as  the  most 
appropriate  estimate  of  PE  for  the  climatic,  soil 
and  vegetation  conditions  of  the  region.  The  use  of 
Penman  PT  in  water  balance  determinations,  how- 
ever, does  not  secure  perfect  agreement  between 
estimated  recharge  and  depletion  of  catchment 
storage  on  the  one  hand,  and  observed  changes  in 
water-table  level  on  the  other.  The  combined  ef- 
fects of  error  in  surface  water  balance  determina- 
tions were  estimated  at  about  13%.  (Author's  ab- 
stract) 
W9 1-05430 


EXAMINATION  OF  MORTON'S  CRAE 
MODEL  FOR  ESTIMATING  DAILY  EVAPO- 
RATION FROM  FIELD-SIZED  AREAS. 

Saskatchewan  Univ.,  Saskatoon.  Div.  of  Hydrolo- 
gy- 

R.  J.  Granger,  and  D.  M.  Gray. 
Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  309-325,  December  1990.  13  fig,  14  ref. 

Descriptors:  "CRAE  Model,  'Evaporation,  'Eva- 
potranspiration, 'Hydrologic  models,  'Model 
studies,  Albedo,  Mathematical  models,  Mathemati- 
cal studies,  Radiation,  Wind  velocity. 

Morton's  complementary  relationship  areal  evapo- 
transpiration (CRAE)  model  was  originally  de- 
signed to  provide  regional  estimates  of  monthly 
evapotranspiration,  but  it  has  been  applied  to  field- 
sized  land  units  for  a  shorter  interval  of  time. 
CRAE  was  examined  with  respect  to  the  algo- 
rithms used   to  describe  different  terms  and   its 


applicability  to  reduced  spatial  and  temporal 
scales.  Daily  estimates  by  CRAE  of  atmospheric 
radiation  fluxes  during  the  summer  months  were 
compared  with  monitored  values.  Errors  in  estima- 
tion of  the  extra-terrestrial  flux,  the  transmittancy 
of  clouds  to  short-wave  radiation,  the  surface 
albedo  and  the  net  long-wave  flux  result  in  stand- 
ard deviations  of  the  difference  between  modeled 
and  measured  net  all-wave  radiation  for  1-,  5-,  and 
10-day  periods  of  2.58,  1.8  and  1.50  MJ/sq  m/day, 
respectively.  The  assumption  in  CRAE  that  the 
vapor  transfer  coefficient  is  independent  of  wind 
speed  may  lead  to  appreciable  error  in  computing 
evapotranspiration.  A  procedure  for  incorporating 
a  wind  correction  factor  involves  introducing  a 
vapor  transfer  coefficient  based  on  the  aerodynam- 
ic equation  into  CRAE  which  reduced  the  mean 
difference  between  CRAE  and  observed  monthly 
estimates  of  summer  evaporation  from  0.60  to  0.18 
mm/day.  Comparisons  of  evapotranspiration  esti- 
mates by  CRAE  and  measurements  obtained  from 
soil  moisture  and  precipitation  observations  in  the 
semi-arid,  cold-climate  Prairie  region  of  western 
Canada  demonstrate  that  the  assumptions  that  the 
soil  heat  flux  and  storage  terms  are  negligible,  lead 
to  large  overestimation  by  the  model  during  peri- 
ods of  soil  thaw.  (Author's  abstract) 
W9 1-05445 


EFFECTIVENESS  OF  EVAPOTRANSPIRA- 
TION SYSTEMS  IN  DISPOSING  OF 
WASTEWATER  IN  REMOTE  ABORIGINAL 
COMMUNITIES  IN  NORTHWEST  AUSTRA- 
LIA. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-05510 


HUMIDITY  AND  SOIL  WATER  INFLUENCE 
THE  TRANSPIRATION  RESPONSE  OF 
MAIZE  TO  C02  ENRICHMENT. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science 

A.  G.  Barr,  K.  M.  King,  G.  W.  Thurtell,  and  M.  E. 

D.  Graham. 

Canadian  Journal  of  Plant  Science  CPLSAY,  Vol. 

70,  No.  4,  p  941-948  October  1990.  2  fig,  2  tab,  22 

ref. 

Descriptors:  'Corn,  'Humidity,  'Soil  water,  'Soil- 
water-plant  relationships,  'Stomatal  transpiration, 
'Transpiration,  Carbon  dioxide,  Crop  yield, 
Drought,  Leaves,  Productivity,  Soil  amendments, 
Stress. 

The  impact  of  increasing  atmospheric  C02  on  the 
productivity  of  C4  crops  may  vary  with  soil  water 
availability.  Differences  in  water-stress-induced 
stomatal  closure  in  maize  (Zea  mays  L.)  plants 
growing  at  300  and  600  micro  mol/mol  C02  were 
examined  by  comparing  the  response  of  transpira- 
tion and  leaf  conductance  at  both  C02  levels  to 
changes  in  the  vapor  pressure  deficit  and  soil  water 
content.  Transpiration  and  leaf  conductance  were 
measured  at  300  and  600  micromol/mol  C02  as  the 
vapor  pressure  deficit  was  stepped  through  five 
levels  per  day,  and  as  the  soil  dried  during  an  8- 
day  period  without  watering.  The  objective  was  to 
test  the  hypothesis  that  doubling  C02  reduces  the 
degree  to  which  transpiration  is  limited  by  soil 
water  at  high  vapor  pressure  deficits  and  low  soil 
water  contents.  Doubling  C02  caused  an  overall 
reduction  of  23%  in  the  transpiration  rate  and  34% 
in  the  leaf  conductance,  but  the  effect  of  C02  on 
transpiration  and  leaf  conductance  was  greatest  at 
high  soil  water  content  and  low  vapor  pressure 
deficit,  when  soil  water  least  limited  transpiration. 
The  results  indicate  that  C02  enrichment  reduces 
the  degree  of  drought-induced  stomatal  closure  in 
maize  plants  at  low  soil  volumetric  water  content 
or  high  vapor  pressure  deficit.  It  is  expected  that 
this  reduction  will  contribute  to  a  positive  yield 
response  of  C4  crops  to  elevated  C02  when  water 
is  limiting.  Presumably,  a  higher  incidence  and 
severity  of  water-stress-induced  stomatal  closure  at 
lower  C02  would  reflect  not  only  reduced  transpi- 
ration, but  also  reduced  carbon  assimilation. 
(Agostine-PTT) 
W91-05557 


ESTIMATION  OF  TOTAL  WATER  CONSUMP- 
TION OF  SELECTED  VEGETABLE  CROPS  IN 
THE  SEMIARID  AND  HUMID  REGIONS  OF 
PUERTO  RICO. 

Puerto  Rico  Univ.,  Mayaguez. 

For  primary  bibliographic  entry  see  Field  3F. 
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POTENTIAL  OF  BASING  AN  ECOLOGICAL 
TYPOLOGY  OF  AQUATIC  SEDIMENTS  ON 
THE  NEMATODE  FAUNA:  AN  EXAMPLE 
FROM  THE  RrVER  RHINE. 

Agricultural  Univ.,  Wageningen  (Netherlands). 
Dept.  of  Nematology. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04960 


PHASES  IN  THE  DEVELOPMENT  OF  RIVER- 
INE PLANKTON:  EXAMPLES  FROM  THE 
RIVERS  RHINE  AND  MEUSE. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04961 


SEDIMENT  SEEDBANKS  IN  GRASSLANDS 
ON  THE  MAGELA  CREEK  FLOODPLAIN, 
NORTHERN  AUSTRALIA. 

Office  of  the  Supervising  Scientist  for  the  Alligator 
Rivers  Region,  Sydney  (Australia). 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04985 


COMPARATIVE  ASSESSMENT  OF  LINE 
TRANSECT  AND  POINT  INTERCEPT  METH- 
ODS FOR  STREAM  PERIPHYTON. 

North-Eastern  Hill  Univ.,  Shillong  (India).  Dept. 
of  Botany. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-04997 


INTERACTION  BETWEEN  THE  EFFECTS  OF 
SUBSTRATUM,  VELOCITY  AND  LOCATION 
ON  STREAM  BENTHOS:  AN  EXPERIMENT. 

Monash    Univ.,    Clayton    (Australia).    Dept.    of 
Botany. 
L.  A.  Barmuta. 

Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  41,  No.  5,  p  557-573,  1990.  3 
fig,  9  tab,  59  ref. 

Descriptors:  'Benthic  environment,  'Flow  veloci- 
ty, 'Limnology,  'Stream  biota,  'Streamflow,  Col- 
onization, Detritus,  Habitats,  Pebbles,  Riffles, 
Stream  morphology. 

Patches  of  large  and  small  pebbles  were  created  in 
three  riffles  (fast  current  velocities)  and  three  pools 
(slow  velocities).  It  was  expected  that  patches  with 
different  sizes  of  pebbles  in  the  two  velocity  re- 
gimes would  vary  in  the  entrapment  of  fine  sedi- 
ments and  organic  matter,  which  in  turn  would 
result  in  differences  in  benthic  community  struc- 
ture. This  was  not  the  case.  Although  deposition  of 
fine  material  was  greater  in  pools,  there  were 
appreciable  location  specific  differences  in  the 
fauna  unrelated  to  the  variables  monitored  in  the 
experiment.  Functional  feeding  groups  did  not  re- 
spond predictably  to  the  distribution  of  detritus. 
Generally,  the  community  was  least  influenced  by 
substratum  size,  with  any  differences  being  incon- 
sistent across  locations.  Most  other  substratum  ef- 
fects were  attributable  to  the  presence  of  epilithon 
on  undisturbed  control  patches.  Velocity  was  the 
most  influential  factor,  with  riffles  having  higher 
total  abundances  and  higher  species  richness.  Some 
taxa  showed  strong  location  specific  differences. 
At  the  level  of  a  small  patch  of  pebbles,  the  coloni- 
zation dynamics  of  the  fauna  are  probably  a  mix- 
ture of  species  and  location  specific  dispersal  and 
selection  mechanisms.  At  larger  spatial  scales  com- 
munity structure  is  more  predictable,  with  pools 
differing  substantially  from  riffles.  (Author's  ab- 
stract) 
W9 1-05003 
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OPTICAL  PROPERTIES  OF  WATERS  IN  THE 
MURRAY-DARLING  BASIN,  SOUTH-EAST- 
ERN AUSTRALIA. 

Murray-Darling     Freshwater     Research     Centre, 
Albury  (Australia). 
R.  L.  Oliver. 

Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  41,  No.  5,  p  581-601,  1990.  7 
fig,  4  tab,  38  ref. 

Descriptors:  'Darling  River  Basin,  'Murray  River 
Basin,  'Optical  properties,  Absorption  coefficient, 
Algae,  Australia,  Chlorophyll  a,  Dissolved  solids, 
Irradiance,  Light  scattering,  Phytoplankton,  Spec- 
trophotometry, Suspended  solids,  Turbidity. 

Apparent  and  inherent  optical  properties  were  de- 
termined for  a  range  of  water  types  in  the  Murray- 
Darling  basin  by  using  a  combination  of  field  and 
laboratory  techniques.  The  absorption  coefficient 
was  calculated  directly  from  in  situ  irradiance 
measurements  and  photosynthetically  active  radi- 
ation, whereas  the  scattering  coefficient  was  deter- 
mined from  the  irradiance  measurements  in  con- 
junction with  published  nomograms  relating  the 
apparent  and  inherent  optical  properties.  The  va- 
lidity of  the  nomograms  for  use  in  these  waters 
was  confirmed  by  comparing  values  of  the  average 
cosine  calculated  directly  from  in  situ  measure- 
ments with  those  estimated  from  nomograms. 
These  were  closely  correlated  except  for  sites  with 
chlorophyll  concentrations  greater  than  200  mg/cu 
m.  The  scattering  coefficients  estimated  from  the 
nomograms  were  approximately  numerically  equal 
to  the  turbidity  in  nephelometric  turbidity  units, 
but  the  variability  of  the  relationship  made  it  un- 
suitable for  checking  the  validity  of  the  nomo- 
grams. The  relative  role  of  dissolved  and  particu- 
late components  in  the  absorption  and  scattering  of 
irradiance  was  examined  by  using  spectrophoto- 
metry and  linear  regression  of  inherent  optical 
properties  on  concentrations  of  the  components. 
Estimates  of  specific  absorption  and  scattering  co- 
efficients for  algae,  non-chlorophyllous  suspended 
particles,  and  dissolved  yellow  color  were  compa- 
rable to  similar  coefficients  reported  in  the  litera- 
ture. The  relative  importance  of  these  components 
to  absorption  and  scattering  varied  considerably 
between  sites  and  demonstrated  the  need  for  infor- 
mation on  inherent  optical  properties  in  under- 
standing the  factors  causing  changes  in  optical 
water  quality.  (Author's  abstract) 
W9 1-05004 


EFFICIENCY    ESTIMATES    OF    A    STREAM 
BENTHOS  SUCTION  SAMPLER. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-05006 


PATTERN     OF     PARTICULATE     NITROGEN 
TRANSPORT  IN  WORLD  RIVERS. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Bio- 

chemie  und  Lebensmittelschemie. 

For  primary  bibliographic  entry  see  Field  5B. 
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VEGETATED     BUFFER     ZONE     EXAMINA- 
TIONS ON  THE  VANTAA  RIVER  BASIN. 

Water  Protection  Association  of  the  Vantaa  River 
and  Helsinki  District  (Finland). 
For  primary   bibliographic   entry  see   Field   4D. 
W9 1-05065 


RUNOFF  PREDICTION  UNCERTAINTY  FOR 
UNGAUGED  AGRICULTURAL  WATERSHEDS. 

Hydrologic  Engineering  Center,  Davis,  CA. 

D.  M.  Goldman,  M.  A.  Marino,  and  A.  D. 

Feldman. 

Journal  of  Irrigation   and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.    116,  No.  6,  p  752-768, 

November/December   1990.  8  fig,  6  tab,  22  ref. 

Descriptors:  'Flood  flow,  'Flood  frequency,  'Hy- 
drologic models,  'Model  studies,  'Rainfall-runoff 
relationships,  'Runoff,  'Runoff  forecasting,  *Un- 
gaged  watersheds,  Agricultural  runoff,  Errors,  In- 
filtration,   Mathematical    models,    Nebraska,    Per- 


formance evaluation,  Prediction,  Soil  water,  Sto- 
chastic models. 

A  common  approach  to  deriving  flood-flow-fre- 
quency curves  for  an  ungaged  watershed  is  to 
simulate  a  design  storm  with  an  event-oriented 
watershed  model.  Loss  rate  parameter  estimation 
for  an  event-oriented  model  consists  of  determin- 
ing both  the  soil  moisture  condition  prior  to  the 
rainfall  event  and  the  soil  infiltration  parameters.  A 
physically  based  stochastic  watershed  model  was 
used  to  estimated  runoff  prediction  uncertainty  for 
small  agricultural  watersheds  in  Hastings,  Nebras- 
ka. The  stochastic  nature  of  the  model  results  from 
postulating  a  probabilistic  model  for  parameter  es- 
timation and  input  errors.  The  key  factors  assumed 
to  control  prediction  uncertainty  are  errors  in  esti- 
mating infiltration  parameters  and  moisture  condi- 
tions prior  to  a  rainfall  event.  The  error  distribu- 
tions for  parameter  estimates  were  inferred  from 
soil  survey  information,  and  the  error  distribution 
for  moisture  conditions  from  a  regression  between 
antecedent  precipitation  indices  and  measured  soil 
moisture.  Comparison  of  model  predicted  and  ob- 
served errors  demonstrated  that  the  model  is  con- 
servative in  that  it  is  biased  towards  overprediction 
of  errors.  (Author's  abstract) 
W9 1-05 130 


RATING  CORRECTION  FOR  LATERAL  SET- 
TLEMENT OF  PARSHALL  FLUMES. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  7B. 
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PROCEEDINGS,  TWENTIETH  MISSISSIPPI 
WATER  RESOURCES  CONFERENCE,  1990. 

Mississippi  Water  Resources  Research  Inst.,  Mis- 
sissippi State. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  as  PB90-274176.  Price 
codes:  A09  in  paper  copy,  A02  in  microfiche.  10-1 1 
April,    1990.    187  p.   Edited  by  B.  Jean   Daniel. 

Descriptors:  'Conferences,  'Institutions,  'Missis- 
sippi, 'Water  management,  'Water  quality,  'Water 
resources,  'Water  supply,  Aquifers,  Groundwater, 
Model  studies,  Reservoir  control,  Streamflow, 
Tennessee-Tombigbee  Waterway. 

The  twentieth  Mississippi  Water  Resources  Con- 
ference was  held  April  10-11,  1990,  in  Jackson, 
Mississippi.  The  papers,  covering  institutional 
issues  of  water  management,  water  quantity  and 
water  quality  management  basic  research,  and 
water  supply  problems,  appear  in  this  Proceedings 
in  the  order  presented  at  the  conference.  The  pro- 
gram and  a  list  of  conference  participants  are  in- 
cluded. The  co-sponsors  were:  Mississippi  Water 
Resources  Research  Institute,  the  Mississippi 
Bureau  of  Land  and  Water  Resources,  and  the 
Mississippi  District  Office,  U.S.  Geological 
Survey.  (See  W9 1-05 138  thru  W9 1-05 159)  (Fish- 
PTT) 
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COMPREHENSIVE  STUDY  OF  EAST  FORK 
OF  THE  TOMBIGBEE:  RESOURCE  ISSUES  BY 
THE  CORPS  OF  ENGINEERS  AND  SOIL  CON- 
SERVATION SERVICE. 

M.  J.  Eubanks,  and  F.  Keeter. 
In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.   1990.  p  27-36,  3  fig,  1  tab,  9  ref. 

Descriptors:  'Mississippi,  'Sediment  control, 
'Sedimentation,  'Water  resources  management, 
•Watershed  management,  Alabama,  Channel  ero- 
sion, Erosion,  Erosion  control,  Flood  plain  man- 
agement, River  basins,  Sediment  transport,  Soil 
management. 

A  joint  study  of  the  Tombigbee  River  Basin,  Mis- 
sissippi and  Alabama,  is  being  conducted  by  the 
U.S.  Army  Corps  of  Engineers,  Mobile  District 
(Corps)  and  U.S.  Department  of  the  Agriculture, 
Soil  Conservation  Service  (SCS).  As  part  of  this 


study,  the  East  Fork  Basin  Study  was  initiated  in 
March,  1989,  to  address  resource  problems  in  a 
systematic  manner,  and  has  been  evaluated  at  a 
preliminary  level.  The  major  resource  issues  identi- 
fied in  the  East  Fork  Basin  Study  area  are  related 
to  sedimentation:  significant  erosion  of  farmland; 
unstable  stream  channels  and  banks;  sediment  and 
debris  accumulation  in  the  tributaries  and  adjacent 
flood  plains;  declining  populations  of  endangered 
mussel  species;  gravel  mining;  water  supply  with- 
drawal; sedimentation  in  the  navigation  channel; 
and  flooding.  The  first  step  in  development  of 
measures  to  address  the  sedimentation  issues  was 
the  delineation  of  the  major  erosion  problem  areas. 
It  was  computed  that  the  gross  soil  loss  from 
overland  sources  is  1,755,484  tons  per  year  and 
approximately  80%  of  the  sediment  being  trans- 
ported by  the  tributary  streams  comes  from 
streambed  and  bank  erosion.  The  Corps  and  SCS 
have  developed  measures  to  address  the  sedimenta- 
tion and  erosion  problems  in  the  East  Fork  Basin, 
including  stream  channel  grade  control  structures, 
bank  protection,  land  treatment,  flood  sediment 
control  structures,  minor  grade  control  structures, 
and  filter  strips.  Incremental  improvement  could 
be  realized  by  phasing  implementation  in  a  priori- 
tized manner,  as  funds  are  made  available.  (See 
also  W9 1-05 137)  (Fish-PTT) 
W91-05139 


IMPROVING  ESTIMATES  OF  LOW-FLOW 
CHARACTERISTICS  FOR  STREAMFLOW 
STATIONS  AFFECTED  BY  CLIMATIC 
CYCLES. 

P.  A.  Telis. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  37-40,  1  fig,  2  ref. 

Descriptors:  'Climatic  changes,  'Climatology, 
•Flow  characteristics,  'Hydrologic  cycle,  'Low 
flow,  'Mississippi,  'Rainfall-runoff  relationships, 
'Streamflow  data,  'Streamflow  forecasting, 
Annual  streamflow,  Climatic  data,  Estimating 
equations,  Flow  models,  Gaging  stations,  Statisti- 
cal analysis,  Stream  discharge. 

Knowledge  of  the  magnitude  and  frequency  of  low 
flows  for  streams  is  important  for  water-supply 
planning,  waste-load  allocation,  storage-facility 
design,  and  maintenance  of  quantity  and  quality  of 
water  for  irrigation,  recreation,  and  wildlife  con- 
servation. A  low-flow  characteristic  is  defined  as 
the  minimum  average  discharge  for  a  selected  con- 
secutive-day period  for  a  given  recurrence  interval 
in  years.  Comparisons  of  the  annual  7-day  low- 
flow  series  for  long  periods  of  record  (1899-1987) 
at  streamflow  gaging  stations  in  Mississippi  and  the 
statewide  rainfall  data  for  the  period  1900-86  show 
that  cyclic  patterns  of  streamflow  correspond  to 
cyclic  patterns  of  rainfall.  Generally,  statewide 
rainfall  for  the  mid-1950s  was  lower  than  average 
and  rainfall  in  the  mid-1970s  was  higher  than  aver- 
age. A  statistically  unbiased  method  for  estimating 
low-flow  characteristics  was  used  to  compute  im- 
proved estimates  of  the  mean  and  standard  devi- 
ation of  the  annual  low-flow  series  at  the  short- 
term  station  based  on  these  correlations.  Improved 
low-flow  characteristics  adjusted  for  climatic 
cycles  in  low-flow  data  were  computed  using  the 
adjusted  stations  statistics  and  the  log-Pearson 
Type  III  frequency  equation.  Improvement  of  esti- 
mates of  low-flow  characteristics  for  stations  af- 
fected by  climatic  cycles  was  verified  by  a  compar- 
ison of  the  standard  errors  of  estimate  of  the  low- 
flow  characteristics  computed  with  and  without 
adjustments.  (See  also  W9 1-05 137)  (Fish-PTT) 
W91-05140 


EFFECTS  OF  CLEARING  AND  SNAGGING  ON 
PHYSICAL  CONDITIONS  OF  RIVERS. 

Memphis  State  Univ.,  TN.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  4A. 
W91-05141 
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EFFECTS  OF  RECORD  HIGH  MEAN  MONTH- 
LY STREAMFLOWS  IN  SELECTED  STREAMS 
NORTH  MISSISSIPPI  IN  1989. 

L.  G.  Long. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  52-58,  3  fig,  2  tab,  4  ref. 

Descriptors:  'Agricultural  watersheds,  'Flood 
damage,  'Flood  plain  management,  'Mississippi, 
•Rainfall-runoff  relationships,  'Stream  discharge, 
Crop  damage,  Deltas,  Excess  rainfall,  Flood  con- 
trol, High  flow,  Interagency  cooperation. 

Flooding  problems  continue  to  plague  the  agricul- 
tural sectors  in  many  parts  of  Mississippi,  even 
though  numerous  flood  control  projects  have  been 
installed.  Record  high  mean  monthly  streamflows 
were  experienced  in  selected  streams  in  northern 
Mississippi  during  May  through  July  1989,  due  to 
the  excessive  rainfall  occurring  during  this  period. 
The  streams  studied  were  Big  Sunflower  River, 
the  Yazoo-Tallahatchie-Coldwater  Rivers  Delta 
area,  and  the  Big  Black  River.  Rainfall  in  the 
Upper  Delta,  North  Central,  and  Central  Regions 
was  excessive  during  the  period  of  January 
through  July  1989.  Mississippi  suffered  devastating 
damages  and  crop  losses  over  the  entire  state  in 
1989  due  to  flooding  caused  by  sustained  high 
streamflows  as  a  result  of  the  excessive  rainfall 
amounts.  Not  only  was  the  agricultural  community 
affected,  but  state  and  county  roads  and  bridges 
sustained  extensive  damages,  and  many  homes 
were  also  inundated.  It  is  concluded  that  it  would 
not  be  practical  to  attempt  to  design  and  construct 
channels  and  levee  systems  to  flood-proof  flood- 
plains  for  major  storm  events  as  experienced  in 
1989.  The  cooperation  of  federal  and  state  agencies 
along  with  the  private  sector  in  coordinating  and 
implementing  the  State  Water  Management  Plan, 
mandated  by  the  existing  state  statutes,  could  possi- 
bly lessen  the  impact  of  major  floods.  (See  also 
W91-05137)(Fish-PTT) 
W91-05142 


UPSTREAM  EXTENT  OF  SALINE  WATER  IN 
THE  PASCAGOULA  RIVER. 

For  primary  bibliographic  entry  see  Field  6G. 
W91-05148 


INTERACTION  BETWEEN  YAZOO  RIVER 
AND  MISSISSIPPI  RIVER  VALLEY  ALLUVI- 
AL AQUIFER  SYSTEM. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-05152 


STABILITY  OF  FREE  SURFACE  SEDIMENT 
FLOW. 

California  Univ.,  San  Diego,  La  Jolla.  Inst,  for 

Nonlinear  Science. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-05170 


POST-SPATE  DEVELOPMENT  OF  EPILITHIC 
ALGAL  COMMUNITIES  IN  DIFFERENT  CUR- 
RENT ENVIRONMENTS. 

Louisville  Univ.,  KY.  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-05190 


HABITAT-SPECIFIC  SOLUTE  RETENTION  IN 
TWO  SMALL  STREAMS:  AN  INTERSITE 
COMPARISON. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-05201 


HYDROLOGIC  INFLUENCES,  DISTURB- 
ANCE, AND  TNTRASPECIFIC  COMPETITION 
IN  A  STREAM  CADDISFLY  POPULATION. 

California  Univ.,  Berkeley.  Dept.  of  Entomologi- 
cal Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05202 


NUMERICAL  MODELING  OF  HYDRODYNA- 
MICS. BRAZOS  ISLAND  HARBOR  PROJECT, 
TEXAS  (BROWNSVILLE  SHIP  CHANNEL). 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

L.  M.  Hauck,  and  B.  Brown. 

Available  from  the  National  Technical  Information 

Service,    Springfield,    VA    22126361.    Technical 

Report  HL-90-5,  September   1990.  Final  Report. 

55p,  10  fig,  1 1  plates,  13  ref,  append. 

Descriptors:  'Model  studies,  'Navigation  chan- 
nels, 'Mathematical  models,  'Hydrodynamics, 
•Brazos  Island  Harbor,  'Texas,  'Brownsville  Ship 
Channel,  'Data  interpretation,  Mathematical  stud- 
ies, Navigation,  Water  level,  Flow  velocity,  Chan- 
nel flow,  Simulation  analysis,  Tidal  hydraulics. 

The  Brazos  Island  Harbor  Project,  south  Texas, 
has  been  authorized  for  navigation  channel  im- 
provements, which  include  deepening  the  Browns- 
ville Ship  Channel.  A  vertically  integrated  two- 
dimensional  numerical  model  RMA-2V  is  being 
used  to  simulate  the  Brownsville  Ship  Channel  and 
the  lower  Laguna  Madre.  RMA-2V  was  used  to 

f>roduce  the  hydrodynamics  (water  levels  and  ve- 
ocities)  for  existing  and  three  alternative  channel 
designs.  These  hydrodynamic  conditions  were 
used  in  a  ship  simulator  study.  Historical  velocity 
(direction  and  speed)  measurements  taken  at  ap- 
proximately hourly  intervals  during  the  period  15- 
18  July  1980  at  several  stations  were  used  to  verify 
RMA-2V.  Water  level  measurements  from  4  tide 
gages  were  available  for  the  same  period  to  facili- 
tate model  verification.  Because  the  Laguna  Madre 
exhibits  large  response  to  wind  forcing,  some  of 
the  inaccuracies  in  water  level  verification  were 
suspected  to  be  the  result  of  the  sparsity  of  wind 
speed  and  direction  data  in  the  prototype  system 
for  the  model  verification.  The  verified  RMA-2V 
model  was  operated  with  a  high  amplitude  diurnal 
(spring)  tide  with  a  temporally  varying  southeast 
wind  at  4  to  20  mph.  The  wind  was  phased  to 
increase  both  the  ebb  and  flow  velocities.  With 
these  tidal  and  wind  conditions,  RMA-2V  simulat- 
ed the  hydrodynamics  for  existing  and  3  alterna- 
tive channel  designs.  The  peak  ebb  and  flood  cur- 
rents for  each  design  were  saved  as  computer  files 
for  use  in  a  separate  ship  simulator  study.  (Lantz- 
PTT) 
W9 1-05268 


FLOW    MONITORING    SYSTEM    FOR    THE 
VAAL  AND  WILGE  RIVERS. 

Department   of  Water   Affairs,    Pretoria   (South 

Africa). 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-05282 


CALCULATIONS    OF    SWINGING    OF    THE 
FLOW  IN  TRAPEZOIDAL  CHANNELS. 

For  primary  bibliographic  entry  see  Field  8B. 
W91-05314 


CALCULATION  OF  THE  CONTROLLING 
DEPTHS  OF  DEFORMABLE  RIVER  CHAN- 
NELS. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-05315 


DO  MODEL  UNCERTAINTY  WITH  CORRE- 
LATED INPUTS. 

Nanjing  Univ.  (China).   Dept.  of  Environmental 

Science. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05327 


EVIDENCE  FOR  LARGE-SCALE  SUBGLACIAL 
MELTWATER  FLOOD  EVENTS  IN  SOUTH- 
ERN ONTARIO  AND  NORTHERN  NEW  YORK 
STATE. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Geog- 
raphy. 

J.  Shaw,  and  R.  Gilbert. 

Geology  GLGYBA,  Vol.  18,  No.  12,  p  1169-1172, 
December  1990.  6  fig,  34  ref. 

Descriptors:  'Glaciohydrology,  'Paleohydrology, 
•Meltwater,   'Geologic   history,   'Geohydrology, 


'Flow  pattern,  'Historic  floods,  'Regional  floods, 
Ontario,  Canada,  New  York,  Flood  flow,  Glacial 
sediments,  Geologic  formations,  Structural  geolo- 
gy, Data  interpretation. 

Recent  work  on  drumlins,  subglacial  tunnel  chan- 
nels, and  other  erosional  forms  has  lead  to  the 
concept  that  they  were  formed  by  extreme 
meltwater  discharge  events  from  subglacial  reser- 
voirs. However,  there  is  much  still  to  be  discov- 
ered about  the  direct,  subglacial  processes  of 
meltwater  floods;  in  particular,  the  scale  of  individ- 
ual events  needs  to  be  investigated.  Flow-line  pat- 
terns constructed  from  the  orientation  of  drumlin 
long  axes  were  used  to  infer  two  major  subglacial 
meltwater  floods  in  southern  Ontario,  Canada,  and 
northern  New  York,  U.S.  In  this  interpretation,  the 
flood  waters  of  the  first  event,  the  Algonquin, 
surged  southward.  In  the  later,  Ontarian  event, 
powerful  floods  streamed  southwestward  along  the 
basins  of  Lakes  Ontario  and  Erie.  Bedrock  fluting, 
upstream-pointing  noses  on  escarpments,  and 
tunnel  channels  give  supporting  evidence  for  the 
regional  flood  hypothesis.  Regional  distributions  of 
drift  thickness  may  be  explained  by  this  hypothesis. 
(Author's  abstract) 
W91-05367 


FLOODS  THREATENING  KASHMIR  WET- 
LANDS. 

Kashmir  Univ.,  Srinagar  (India).  Centre  of  Re- 
search for  Development. 
A.  K.  Pandit,  and  S.  Qadri. 

Journal  of  Environmental  Management 
JEVMAW,  Vol.  31,  No.  4,  p  299-311,  Dec  1990.  9 
fig,  4  tab,  23  ref. 

Descriptors:  'Environmental  effects,  'Flood 
damage,  'India,  'Sediment  control,  'Silting,  *Soil 
erosion,  'Wetlands,  'Wildlife  habitats,  Agricultur- 
al practices,  Aquatic  habitats,  Environmental  pro- 
tection, Flood  control,  Flood  plain  zoning,  Hima- 
layan Mountains,  Kashmir,  Waterfowl. 

The  wetlands  of  the  Kashmir  Himalaya  have  been 
made  inhospitable  by  recurring  flooding,  caused  in 
part  by  heavy  spring  rains  concurrent  with  snow- 
melt.  These  conditions  have  been  exacerbated  by 
increased  settlement  and  agricultural  practices  near 
these  areas  which  increase  runoff  and  erosion.  The 
sediment  load  is  carried  into  the  low-lying  wetland 
areas  and  settles  out.  As  a  result  of  heavy  deposits 
of  silt,  many  important  species  of  plants  and  ani- 
mals have  vanished  and  many  more  are  losing  their 
habitats:  in  contrast,  however,  a  few  new  species 
are  appearing  and  spreading  fast.  The  destruction 
caused  by  flood  waters  and  sediment  deposition  is 
detrimental  to  many  species  of  water-birds  inhabit- 
ing the  wetlands.  Adequate  flood  control  measures 
such  as  the  construction  of  inflow  and  outflow 
gates,  reservoirs  and  settling  basins,  earthen  bound- 
aries, reducing  deforestation,  maintaining  plant 
cover,  restricting  housing,  diversion  of  flood 
waters,  and  flood  warning  programs  are  essential 
to  ensure  the  survival  of  these  productive  ecosys- 
tems. (Doyle-PTT) 
W91-05385 


FRAMEWORK  FOR  INCORPORATING 
STREAM  USE  IN  THE  DETERMINATION  OF 
PRIORITY  WATERSHEDS. 

Wisconsin  Univ.-Green  Bay.  Coll.  of  Environmen- 
tal Sciences. 

For  primary  bibliographic  entry  see  Field  6D. 
W91-05386 


NATURE  OF  DISSOLVED  ORGANIC  MATTER 
IN  THE  DRAINAGE  BASIN  OF  A  BOREAL 
HUMIC  RIVER  IN  NORTHERN  FINLAND. 

Oulu  Univ.  (Finland).  Dept.  of  Botany. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-05394 


TURBULENT   STRUCTURE   IN   COMPOUND 
OPEN-CHANNEL  FLOWS. 

Nagoya  Inst,  of  Tech.  (Japan).  Dept.  of  Civil  Engi- 
neering. 
For  primary  bibliographic  entry  see  Field  8E. 
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Field  2— WATER  CYCLE 

Group  2E — Streamflow  and  Runoff 


W9 1-05420 


SIMULATION  OF  FLOOD  WAVES  FROM 
OUTBURST  OF  GLACIER-DAMMED  LAKE. 

Instituto  Nacional  de  Ciencia  y  Tecnica  Hidricas, 

Mendoza  (Argentina). 

P.  C.  Fernandez,  L.  Fornero,  J.  Maza,  and  H. 

Yanez. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  1,  p  42-53,  January  1991. 

8  fig,  Stab,  21  ref. 

Descriptors:  'Darn  failure,  *Flood  forecasting, 
•Flood  routing,  'Flood  waves,  'Glacial  lakes, 
•Glacier  surges,  *Glaciohydrology,  'Model  stud- 
ies, Andes  Mountains,  Flood  hydrographs,  Histor- 
ic floods,  Ice  jams,  Mathematical  models,  Maxi- 
mum probable  floods,  Simulation  analysis. 

On  the  upper  watershed  of  the  Mendoza  River,  at 
elevations  higher  than  4,000  m  above  sea  level  and 
close  to  the  Argentine-Chilean  border,  a  group  of 
glaciers  associated  with  winter  snowfall  are  the 
main  runoff  sources.  The  Grande  del  Nevado  del 
Plomo  glacier  periodically  produces  a  surge  and  an 
ice  dam  that  confines  the  Plomo  River  Valley  and 
forms  a  glacier-dammed  lake.  The  outflow  of  the 
ice  dam  and  the  routing  of  flood  waves  down- 
valley  were  studied  by  means  of  hydrologic  and 
hydraulic  mathematical  simulation  for  flood-wave 
forecasting,  the  operating  of  a  real-time  hydrologic 
alert  system,  and  determination  of  inundation 
maps,  as  well  as  the  study  of  the  impact  on  diver- 
sion dams,  bridges,  roads,  and  railroads  along  the 
river.  All  calculations  and  results  were  compared 
with  measured  discharges  for  the  calibration  of  the 
models.  Outburst  hydrographs  were  based  on  the 
observation  of  the  elevation-time  data  for  the  lake- 
water  surface  during  the  emptying  of  the  lake. 
Monitoring  emptying  conditions  with  hydrome- 
teorological  telemetering  at  two  points  along  the 
river  verified  the  consistency  of  generated  hydro- 
graphs.  The  DAMBRK  model  simulated  the  ice- 
dam  break  with  physical  restrictions  in  the  occur- 
rence of  the  breach  and  may  be  used  to  simulate 
the  translation  of  the  dynamic  wave  along  the 
river.  Since  the  results  of  the  study  are  based  on  a 
limited  number  of  historic  flood  events,  they 
should  be  used  cautiously  for  engineering  studies 
of  ice-dam  outbursts.  (Geiger-PTT) 
W9 1-05421 


SUPERCRITICAL  FLOW  IN  SMOOTH  OPEN 
CHANNELS. 

Indian  Inst,  of  Science,  Bangalore.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W9 1-05422 


FORCE    ON    SLAB    BENEATH    HYDRAULIC 
JUMP. 

Urmia  Univ.  (Iran).  Dept.  of  Irrigation. 

For  primary  bibliographic  entry  see  Field  8B. 

W9 1-05423 


EFFECT  OF  ROUGHENED-BED  STILLING 
BASIN  ON  LENGTH  OF  RECTANGULAR  HY- 
DRAULIC JUMP. 

Toyohashi  Univ.  of  Technology  (Japan).  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 
W9 1-05424 


RESISTANCE  IN  FLAT-BED  SEDIMENT- 
LADEN  FLOWS. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 

dromechanik. 

D.  A.  Lyn. 

Journal      of     Hydraulic      Engineering      (ASCE) 

JHEND8,  Vol.  117,  No.  1,  p  94-114,  January  1991. 

9  fig,  3  tab,  28  ref.  NSF  Grants  CEE-7920311  and 

MSM-8611127. 

Descriptors:  'Flow  friction,  'Flow  resistance, 
•Open-channel  flow,  'Reynolds  number,  'Sedi- 
ment transport,  'Suspended  load,  'Suspended  sedi- 
ments, Flow  measurement,  Fluvial  sediments,  Hy- 
draulic models,  Mathematical  models,  Open  chan- 
nels, Roughness  coefficient,  Shear  stress. 


The  effect  on  flow  resistance  in  uniform  flat-bed 
open-channel  flows  due  to  suspended  sediment  was 
investigated.  Flows  with  and  without  an  equilibri- 
um sand  bed  were  studied  in  a  laboratory  channel 
using  three  well-sorted  natural  sands.  Point  veloci- 
ty measurements,  as  well  as  estimates  of  local  wall 
shear,  were  obtained  with  a  laser-Doppler  anemo- 
mentry  system,  and  were  used  to  evaluate  friction 
factors.  Results  indicated  that,  contrary  to  recent 
models,  the  presence  of  suspended  sediment  does 
not  necessarily  lead  to  a  reduction  in  flow  resist- 
ance, but  will  generally  result  in  an  increase.  In 
general,  local  velocities  in  sediment-laden  flows 
near  the  bed  are  reduced  relative  to  the  equivalent 
clear-water  flow.  In  the  range  of  experimental 
conditions  considered  this  reduction  dominates  and 
leads  to  increased  flow  resistance,  perhaps  up  to 
25%-50%  in  saturated  equilibrium-bed  cases.  In 
cases  where  a  notable  increased  flow  resistance 
was  not  found,  the  reduction  in  near-bed  velocities 
was  compensated  by  increased  velocities  in  the 
outer  flow.  This  is  usually  associated  with  high- 
transport,  heavy  suspended-load  flows.  (Geiger- 
PTT) 
W9 1-05425 


BED  FEATURES  IN  NONUNIFORM  SEDI- 
MENTS. 

Nanyang  Technological  Inst.,  Singapore.  School 

of  Civil  and  Structural  Engineering. 

Y.  M.  Chiew. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.   117,   No.    1,  p   116-120,  January 

1991.  3  fig,  1  tab,  5  ref. 

Descriptors:  'Bed  load,  'Channel  morphology, 
'Entrainment,  'Fluvial  sediments,  'Sediment 
transport,  'Sediment-water  interfaces.  Flow  fric- 
tion, Flow  resistance,  Flow  velocity,  Froude 
number,  Particle  size,  Shear  stress. 

The  formation  of  bed  features  in  nonuniform  sedi- 
ments was  studied  under  dynamic  equilibrium  con- 
ditions in  a  recirculating  flume.  Seven  sets  of  sedi- 
ment with  the  same  mean  particle  size  but  different 
geometric  standard  deviation  were  used.  Each  of 
these  sediments  was  subjected  to  a  uniform  flow 
with  depth  equal  to  170  mm.  The  approach  flow 
velocity  was  varied  systematically  from  0.3  to  2 
m/sec.  The  bed  of  the  flume  was  adjusted  for  each 
flow  condition  to  ensure  a  uniform  flow.  The 
energy  slope  was  measured  for  computation  of  bed 
shear  stresses.  Each  of  the  experiments  was  run 
until  equilibrium.  The  size  of  the  bed  features 
formed  at  lower  velocity  is  related  to  the  availabil- 
ity of  fine  sediment  on  the  bed  surface.  At  high 
velocity,  when  all  the  grains  in  the  mixture  are 
mobile,  the  preferred  bed  form  is  transition  flat 
bed.  Experiments  show  that  antidunes  did  not  form 
for  geometric  standard  deviation  greater  than  2.3, 
even  though  the  Froude  number  had  exceeded 
unity.  The  inhibition  of  antidunes  formation  is  pre- 
sumably caused  by  the  presence  of  a  pavement  or 
dynamic  armored  layer.  (Geiger-PTT) 
W9 1-05426 


PARAMETER  ESTIMATION  FOR  SEASONAL 
TO  SUBSEASONAL  DISAGGREGATION. 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-05431 


ANNUAL  AND  SEASONAL  FLUCTUATIONS 
OF  PRECIPITATION  AND  STREAMFLOW  IN 
THE  ACONCAGUA  RIVER  BASIN,  CHILE. 

Florida  Univ.,  Gainesville.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05432 


ESTIMATION  OF  THE  GEV  DISTRIBUTION 
FROM  CENSORED  SAMPLES  BY  METHOD 
OF  PARTIAL  PROBABILITY  WEIGHTED  MO- 
MENTS. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 
Q.  J.  Wang. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p   103-114,  December   1990.    1   fig,   3  tab,  6  ref, 


append. 

Descriptors:  'Data  interpretation,  *Flood  forecast- 
ing, 'Flood  frequency,  'Maximum  probable 
floods,  'Rainfall-runoff  relationships,  'Statistical 
analysis,  'Statistical  methods,  'Statistics,  Arid 
lands,  Historic  floods,  Mathematical  studies, 
Monte  Carlo  method,  Probability  distribution, 
Semiarid  lands. 

The  concept  of  partial  probability  weighted  mo- 
ments (PPWM),  which  can  be  used  to  estimate  a 
distribution  from  censored  samples,  is  becoming 
widely  used  in  flood  frequency  analysis  to  estimate 
parameters  and  quantiles  of  a  distribution  from 
systematic  flood  records.  The  method  can  also  be 
used  to  estimate  parameters  and  quantiles  of  a 
distribution  from  systematic  and  historical  informa- 
tion. Unbiased  estimators  of  PPWM  from  system- 
atic and  historical  information  were  formulated. 
Parameters  and  quantiles  of  the  generalized  ex- 
treme value  (GEV)  distribution  were  estimated 
from  systematic  and  historical  information.  Monte 
Carlo  experiments  showed  that  historical  informa- 
tion is  most  useful  for  estimating  high  quantiles 
when  a  distribution  has  a  thick  tail  and  less  useful 
when  a  distribution  has  a  thin  or  bounded  tail. 
Unbiased  estimators  of  PPWM  from  a  systematic 
record  censored  on  low  values  and  with  historical 
information  were  also  derived.  An  application  was 
made  to  estimating  the  GEV  distribution.  Monte 
Carlo  experiments  showed  that  by  increasing  the 
lower  bound  censoring  threshold  for  the  systemat- 
ic record,  standard  error  and  mean  square  error  or 
high  quantile  estimates  are  increased  by  only  a 
very  small  amount.  This  could  be  a  very  useful 
technique  for  dealing  with  the  undesirable  effects 
of  low  outliers  which  occur  in  semiarid  and  arid 
zones.  (Author's  abstract) 
W91-05433 


UNBIASED  ESTIMATION  OF  PROBABILITY 
WEIGHTED  MOMENTS  AND  PARTIAL 
PROBABILITY  WEIGHTED  MOMENTS 
FROM  SYSTEMATIC  AND  HISTORICAL 
FLOOD  INFORMATION  AND  THEIR  APPLI- 
CATION TO  ESTIMATING  THE  GEV  DISTRI- 
BUTION. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 
Q.  J.  Wang. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  1 15-124,  December  1990.  4  tab,  7  ref. 

Descriptors:  'Data  interpretation,  'Flood  forecast- 
ing, 'Flood  frequency,  'Maximum  probable 
floods,  'Statistical  methods,  'Statistics,  Historic 
floods,  Mathematical  studies,  Monte  Carlo  method, 
Probability  distribution,  Statistical  analysis. 

The  method  of  probability  weighted  moments 
(PWM)  is  becoming  widely  used  in  flood  frequen- 
cy analysis  to  estimate  parameters  and  quantiles  of 
a  distribution  from  systematic  flood  records.  This 
method  can  also  be  used  to  estimate  parameters 
and  quantiles  of  a  distribution  from  systematic  and 
historical  information.  Unbiased  estimators  of 
PWM  from  systematic  and  historical  information 
have  been  formulated  and  applied  to  estimating 
any  distribution  for  which  a  PWM  estimation 
scheme  is  available.  An  application  was  made  to 
estimate  parameters  and  quantiles  of  the  general- 
ized extreme  values  (GEV)  from  systematic  and 
historical  information.  Monte  Carlo  experiments 
have  shown  that  historical  information  is  most 
useful  for  estimating  high  quantiles  when  a  distri- 
bution has  a  thick  tail  and  less  useful  when  a 
distribution  has  a  thin  or  bounded  tail.  Unbiased 
estimators  of  partial  probability  weighted  moments 
(PPWM)  from  a  systematic  record  censored  on 
low  values  and  with  historical  information  were 
also  derived.  An  application  was  made  to  estimat- 
ing the  GEV  distribution.  Monte  Carlo  experi- 
ments showed  that  by  increasing  the  lower  bound 
censoring  threshold  for  the  systematic  record, 
standard  error  and  mean  square  error  of  high  quan- 
tile estimates  are  increased  by  only  a  very  small 
amount.  (Geiger-PTT) 
W9 1-05434 
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CRITICAL  DROUGHT  ANALYSIS  BY 
SECOND-ORDER  MARKOV  CHAIN. 

Technical   Univ.   of  Istanbul   (Turkey).   Dept.   of 

Civil  Engineering. 

Z.  Sen. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p  183-202,  December  1990.  16  fig,  2  tab,  12  ref. 

Descriptors:  *Data  interpretation,  'Drought, 
•Markov  process,  'Statistical  analysis,  'Statistics, 
Annual  precipitation,  Danube  River,  Hydrologic 
models,  Mississippi  River,  Probabilistic  process, 
Probability  distribution,  Rhine  River,  Simulation 
analysis,  Statistical  methods,  Streamflow. 

Exact  probability  distribution  functions  (PDF)  of 
critical  droughts  in  stationary  second-order 
Markov  chains  are  derived  for  finite  sample 
lengths  on  the  basis  of  the  enumeration  technique. 
These  PDF  are  useful  in  predicting  the  possible 
critical  drought  durations  that  may  results  from 
any  hydrologic  phenomenon  during  any  future 
period  provided  that  the  second-order  Markov 
chain  is  representative  of  the  underlying  probabili- 
ty generation  mechanism.  Necessary  charts  are 
provided  for  the  expectation  and  variance  of  criti- 
cal droughts.  The  application  of  the  developed 
methodology  is  given  for  three  representative 
annual  flow  series  from  different  parts  of  the  world 
(Mississippi,  Danube,  and  Rhine  Rivers).  The  criti- 
cal droughts  of  these  sites  conform  well  with  the 
second-order  Markov  chain.  The  longest  drought 
duration  probability  is  dependent  on  the  sample 
size,  truncation  level  and  the  transitional  probabil- 
ities, but  is  independent  of  the  PDF  of  the  hydro- 
logic  phenomenon.  The  transitional  probabilities 
reflect  the  dependence  structure  of  the  phenome- 
non concerned.  Provided  that  the  sample  size, 
truncation  level  and  corresponding  transitional 
probabilities  are  known,  one  can  easily  evaluate 
the  risk  or  probability  of  critical  drought  occur- 
rence from  the  present  analytical  formulation.  The 
analytical  formulations  make  it  possible  to  find  the 
probabilistic  and  stochastic  properties  of  critical 
drought  durations  without  resorting  to  Monte 
Carlo  simulation  techniques,  which  are  cumber- 
some and  expensive.  (Author's  abstract) 
W91-05438 


HUANGHE  (YELLOW  RIVER)  AND  ITS  ESTU- 
ARY: SEDIMENT  ORIGIN,  TRANSPORT  AND 
DEPOSITION. 

Ocean  University  of  Qingdao,   5   Yushan  Road, 
266003  Qingdao,  People's  Republic  of  China. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05439 


FORMATION,  COLONIZATION  AND  FATE 
OF  FLOATING  SUDDS  IN  THE  MAUNA- 
CHIRA  RIVER  SYSTEM  OF  THE  OKAVANGO 
DELTA,  BOTSWANA. 

University   of  the  Witwatersrand,   Johannesburg 
(South  Africa).  Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05485 


TROPICAL  HYDROLOGY  AND  CARIBBEAN 
WATER  RESOURCES. 

For  primary  bibliographic  entry  see  Field  2A. 
W9 1-056 11 


ARMA     MODEL     FOR     RAINFALL-RUNOFF 
WITH  APPLICATIONS. 

Kansas  Univ.,  Lawrence.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05620 


PARAMETER  ESTIMATION  IN  CONCEPTU- 
AL PRECIPITATION-RUNOFF  MODELS 
WITH  EMPHASIS  ON  ERROR  ANALYSIS. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  General 

Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 

W91-05621 


AUTOMATIC  PARAMETERS  CALIBRATION 
TECHNIQUE  FOR  RAINFALL-RUNOFF  MOD- 
ELLING. 

National   Cheng   Kung   Univ.,   Tainan   (Taiwan). 
Dept.  of  Hydraulics  and  Ocean  Engineering. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05622 


GEOGRAPHIC  DISTRIBUTION  OF 

DROUGHT  ON  TWO  CARIBBEAN  ISLANDS: 
PUERTO  RICO  AND  ST.  KITTS. 

Morris  (Gregory  L.)  and  Associates,  San  Juan,  PR. 
G.  L.  Morris,  and  M.  Vazquez. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  141-150,  5  fig,  1  tab,  1  ref. 

Descriptors:  'Distribution  patterns,  'Drought, 
'Puerto  Rico,  'Rainfall,  *St  Christopher  and 
Nevis,  'Tropical  hydrology,  'Tropical  regions, 
Caribbean  Sea,  Data  interpretation,  Geography, 
Moisture  deficiency,  Rain  intensity,  Statistical 
analysis,  Water  deficit. 

The  geographic  variation  of  drought  intensity  was 
examined  in  Puerto  Rico  and  St.  Kitts,  representa- 
tive of  one  of  the  larger  and  the  smaller  volcanic 
islands  in  the  Caribbean.  Monthly  rainfall  data 
were  utilized  for  the  period  1950-1986  for  30  sta- 
tions in  Puerto  Rico  and  8  in  St.  Kitts.  A  9  month 
drought  intensity  index  representing  the  cumula- 
tive percentage  departure  of  actual  9  month  rain- 
fall from  the  normal,  was  computed  for  every 
month.  Station  to  station  scatter  plots  indicated 
that  periods  of  moisture  deficit  and  excess  were 
well-correlated  across  all  of  St.  Kitts,  but  poor 
correlation  was  the  rule  in  Puerto  Rico.  The 
drought  index  values  were  plotted  for  each  island 
for  the  most  severe  drought  of  record.  Whereas  all 
of  St  Kitts  was  simultaneously  affected  by  serious 
drought,  in  Puerto  Rico  parts  of  the  island  experi- 
enced extreme  drought  (  a  cumulative  9  month 
deficit  exceeding  50%  of  normal  rainfall),  whereas 
other  parts  of  the  island  were  only  sightly  affected. 
This  information  can  assist  in  evaluating  the  bene- 
fits of  long  distance  water  transmission  systems 
connecting  geographically  diverse  basins.  (See  also 
W91-0561 1)  (Author's  abstract) 
W9 1-05626 


ROLE  OF  TEMPERATURE  FOR  DROUGHT 
STUDY. 

Ohio  Univ.,  Athens.  Dept.  of  Civil  Engineering. 
T.  J.  Chang. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  151-166,  6  fig,  1  tab,  12  ref.  US  Army 
Corp  of  Engineers  Agreement  EO-W-8 160-030. 

Descriptors:  'Climatology,  'Drought,  'Meteorol- 
ogy, 'Moisture  deficiency,  'Temperature  effects, 
•Time  series  analysis,  'Tropical  hydrology, 
•Water  deficit,  Mathematical  studies,  Ohio,  Pois- 
son  ratio,  Rainfall,  Scioto  River  Basin,  Soil  water, 
Streamflow. 

Drought  has  been  defined  in  many  ways  using 
different  hydrologic  indicators,  such  as  meteoro- 
logical drought  using  precipitation,  hydrologic 
drought  using  streamflow,  and  agricultural 
drought  using  soil  moisture.  Daily  maximum  tem- 
peratures were  used  to  define  events  of  a  pro- 
longed period  of  water  deficiency.  Assuming  that 
occurrences  of  such  events  can  be  interpreted  by 
the  time-dependent  Poisson  process,  the  intensity 
function  is  derived  to  investigate  their  properties 
for  the  studied  region.  Several  truncation  levels, 
namely,  70%,  80%,  90%,  and  95%  were  applied  to 
daily  temperature  time  series.  The  period  of  the 
cycle  increases  as  the  truncation  level  increases: 
roughly  180  days  for  50%,  330  days  for  70%,  380 
days  for  80%,  and  400  days  for  90%.  Based  on  the 
data  from   13  gage  stations  in  the  Scioto  River 


Basin  in  Ohio,  it  was  found  that  there  is  an  appar- 
ent trend  of  increasing  drought  intensity  in  the 
region.  (See  also  W91-05611)  (Author's  abstract) 
W9 1-05627 


CULVERT  FLOW  IN  SMALL  DRAINAGES  IN 
MONTANE  TROPICAL  FORESTS:  OBSERVA- 
TIONS FROM  THE  LUQUILLO  EXPERIMEN- 
TAL FOREST  OF  PUERTO  RICO. 

Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
F.  N.  Scatena. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  237-246,  4  fig,  3  tab,  10  ref. 

Descriptors:  'Culverts,  'Flow  profiles,  'Luquillo 
Experimental  Forest,  'Mountain  streams,  'Puerto 
Rico,  'Tropical  hydrology,  'Tropical  regions, 
Drainage  systems,  Drainage  water,  Flow  control, 
Forest  watersheds,  Hydraulic  properties,  Surface 
drainage. 

During  unsubmerged  flow  conditions,  water-level 
measurements  in  culverts  can  provide  accurate  es- 
timates of  stream  discharge  for  small-watershed 
studies.  However,  these  culverts  should  have  inlet- 
controlled  flow  as  all  expected  discharges,  and 
individual  stage/discharge  relationships  should  be 
developed  for  both  submerged  and  unsubmerged 
flow  conditions.  The  hydraulics  of  5  culverts  in  the 
Luquillo  Experimental  Forest  of  Puerto  Rico  are 
described  using  a  general  equation  based  on  empir- 
ical data  which  estimates  culvert  discharge  during 
unsubmerged  conditions.  The  equation  is  consist- 
ent with  published  experimental  and  theoretical 
work  and  can  be  used  to  estimate  culvert  size 
needed  to  pass  flows  of  given  return  frequencies. 
Larger  culverts  are  needed  in  humid  tropical  mon- 
tane areas  than  in  humid  temperate  watersheds  and 
are  usually  appropriate  only  for  drainages  less  than 
1  sq  km.  However,  since  culvert  size  is  an  expo- 
nential function  of  flow  frequency,  the  cost  of 
designing  for  25-year  flows  is  not  appreciably 
greater  than  the  costs  associated  with  culverts 
based  on  10-year  flows.  (See  also  W9 1-056 11)  (Au- 
thor's abstract) 
W9 1-05635 


REGIONAL  EQUATIONS  TO  DETERMINE 
PEAK  STREAM  DISCHARGES  IN  THE  SAN- 
TANDER  REGION,  COLOMBIA. 

Universidad  Industrial  de  Santander,  Bucaramanga 
(Colombia).  Dept.  de  Ingenierria  Civil. 
B.  Aramburo,  and  L.  Gavilan. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  247-255,  6  tab,  7  ref. 

Descriptors:  'Colombia,  'Design  flow,  'Flood 
forecasting,  'Flood  peak,  'Stage-discharge  rela- 
tions, 'Stream  discharge,  'Tropical  hydrology, 
Case  studies,  Computer  programs,  Data  interpreta- 
tion, Hydraulic  properties,  Mathematical  analysis, 
Mathematical  equations,  Santander,  Statistical 
analysis. 

The  determination  of  maximum  flows  for  different 
return  intervals  in  a  watershed  is  one  of  the  design 
parameters  normally  required  in  hydraulic  engi- 
neering. Hydraulic  projects  in  tropical  countries 
often  lack  the  hydrologic  data  necessary  for  pre- 
dicting maximum  flows  for  a  given  return  interval; 
making  it  necessary  to  transpose  existing  data  from 
elsewhere  in  the  region  using  a  procedure  that 
produces  an  acceptably  low  error.  This  is  the  case 
in  the  state  of  Santander,  Colombia,  where  the  1 1 
available  gage  stations  in  an  area  of  65000  sq  km, 
are  used  to  predict  flows  for  different  return  peri- 
ods using  Gumbel's  first  distribution  and  Log-Pear- 
son Type  III  distribution.  A  Chi-square  test  is  used. 
Regression  analysis  and  geomorphological  charac- 
teristics of  the  watershed,  such  as  area,  main  chan- 
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nel  length  and  mean  basin  slope,  are  used  (o  Tit 
regional  equations  for  different  return  periods.  Re- 
sults show  that  this  method  is  suitable  for  predict- 
ing flood  flows  in  Santander.  A  computer  package 
has  been  developed  to  generate  regional  equations 
for  the  state  of  Santander.  The  package  can  also  be 
used  to  generate  similar  equations  for  other  tropi- 
cal regions  with  high  precipitation.  (See  also  W91- 
0561 1)  (Author's  abstract) 
W9 1-05636 


BASELINE  WATER-QUALITY  EVALUATION 
OF  THREE  BASINS  IN  THE  UPPER  RIO 
GRANDE  DE  ARECIBO  BASIN,  PUERTO 
RICO. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05655 


ANNUAL  RUNOFF  ESTIMATION  FOR 
CATCHMENTS  IN  INDIA. 
Roorkee  Univ.  (India).  Dept.  of  Civil  Engineering. 
U.  C.  Kothyari,  and  R.  J.  Garde. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  117,  No.  1,  p  1-10, 
1991.  4  fig,  2  tab,  13  ref. 

Descriptors:  'Annual  runoff,  'India,  'Rainfall- 
runoff  relationships,  'Runoff  forecasting,  'Water 
yield,  'Watershed  management,  Forest  water- 
sheds, Hydrologic  cycle,  Temperature  effects, 
Variation  coefficient,   Water  resources  planning. 

Estimates  of  annual  runoff  are  needed  for  planning 
water  resources  projects.  However,  there  is  a  lack 
of  long-period  runoff  records  in  a  large  number  of 
catchments  in  India.  In  the  absence  of  detailed 
data,  use  of  regional  relationships  can  be  made  for 
hydrologic  planning.  Data  from  55  non-snowfed 
catchments  in  the  Indian  subcontinent,  having  an 
area  greater  than  347  sq  km,  were  analyzed  to 
study  the  influence  of  selected  climatic,  topograph- 
ic, and  land-use  variables  on  the  mean  annual 
runoff.  The  mean  annual  rainfall,  mean  annual  tem- 
perature, and  vegetal  (forest)  cover  factor  were  the 
most  important  variables  influencing  the  mean 
annual  runoff.  Forest  cover  was  positively  corre- 
lated with  mean  annual  runoff  from  large  catch- 
ments, and  a  relationship  was  also  found  between 
the  coefficient  of  variation  and  annual  rainfall  and 
the  coefficient  of  variation  of  annual  runoff. 
Making  use  of  the  fact  that  the  annual  runoff 
follows  the  normal  frequency  distribution,  one  can 
generate  annual  runoff  series  for  the  required. 
These  results  will  be  useful  for  planning  water 
resources  projects  in  India.  (Author's  abstract) 
W91-05786 


TESTING  STOCHASTIC  DYNAMIC  PRO- 
GRAMMING MODELS  CONDITIONED  ON 
OBSERVED  OR  FORECASTED  INFLOWS. 

Bureau  of  Environmental  Protection,  Taipei 
(Taiwan). 

W.-C.  Huang,  R.  Harboe,  and  J.  J.  Bogardi. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  117,  No.  1,  p  28-36, 
1991.  1  fig,  2  tab,  11  ref. 

Descriptors:  'Channel  inflow,  'Dynamic  program- 
ming, 'Model  studies,  'Reservoir  operation,  'Sto- 
chastic models,  Model  testing,  Simulation  analysis, 
Taiwan,  Water  resources  management. 

Four  types  of  stochastic  dynamic  programming 
(SDP)  were  compared  for  on-line  reservoir  oper- 
ation, relying  on  observed  or  forecasted  inflows. 
The  models  are  different  because  of  the  assump- 
tions regarding  the  inflow  in  the  next  time  period. 
If  this  inflow  is  known  (or  a  forecast  is  possible 
with  100%  reliability)  models  with  expected  value 
of  the  future  returns  are  possible  (present  returns 
are  deterministic).  Otherwise,  a  simple  forecast 
based  on  conditional  probabilities  is  necessary,  and 
present  and  future  returns  are  random.  The  objec- 
tive is  to  maximize  expected  annual  hydropower 
generation.  In  a  case  study  of  the  Feitsui  Reservoir 
in  Taiwan,  SDP  models  appeared  to  provide  effi- 
cient long-term  operating  policies  The  simulation 
of  on-line  operation  of  the  reservoir  revealed  that 


the  SDP  model  that  relies  on  the  observed  inflows 
of  the  preceding  time  step  provided  the  best  per- 
formance. Nevertheless,  under  different  hydrologi- 
cal  regimes  this  finding  might  be  not  universal,  but 
dependent  upon  the  characteristics  of  the  particu- 
lar water  resources  system.  (Author's  abstract) 
W9 1-05788 


GROWTH    OF    ALTERNATE    BARS    IN    UN- 
STEADY FLOW. 

Genoa  Univ.  (Italy).  Inst,  of  Hydraulics. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-05835 


LIGHT  STABLE  ISOTOPE  SYSTEMATICS  OF 
LARGE-SCALE  HYDROLOGIC  REGIMES  IN 
CALIFORNIA  AND  NEVADA. 

California  Univ.,  Davis.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2A. 
W9 1-05838 


NONPARAMETRIC  VARIABLE  KERNEL  ES- 
TIMATION WITH  HISTORICAL  FLOODS 
AND  PALEOFLOOD  INFORMATION. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 
S.  L.  Guo. 

Water  Resources  Research  WRERAQ,  Vol.  27, 
No.  1,  p  91-98,  January  1991.  6  fig,  4  tab,  16  ref. 

Descriptors:  'Flood  forecasting,  'Flood  recur- 
rence interval,  'Floods,  'Nonparametric  methods, 
•Paleohydrology,  'Statistical  methods,  Mathemati- 
cal studies,  Probability  density  functions,  Time 
series  analysis,  Variable  kernel  estimation. 

Traditional  flood  frequency  analysis  methods  are 
based  mainly  on  the  assumption  that  the  observed 
sample  comes  from  a  population  whose  probability 
density  function  is  known.  Extending  a  data  record 
back  in  time  using  historical  or  paleoflood  data  has 
the  potential  to  provide  a  considerable  amount  of 
information  on  very  large  floods.  Parametric  esti- 
mation methods  are  readily  applicable  to  flood 
frequency  analysis  when  historical  or  paleoflood 
estimates  are  available.  However,  all  parametric 
approaches  need  an  assumption  about  the  underly- 
ing parent  distribution,  which  is  never  known  ex- 
actly. In  recent  years  nonparametric  methods  of 
estimating  probability  density  functions  have  been 
developed.  Each  of  these  involves  the  use  of  a 
suitable  smoothing  function  known  as  a  kernel.  A 
new  nonparametric  variable  kernel  estimation  has 
been  developed.  Results  obtained  from  a  limited 
amount  of  real  data  and  from  simulation  experi- 
ments show  that  quantiles  estimated  by  this  non- 
parametric method  are  better  than  those  estimated 
by  some  selected  parametric  models,  both  in  de- 
scriptive ability  and  in  predictive  ability.  Experi- 
ments with  Monte  Carlo  methods  showed  that  the 
nonparametric  approach  is  competitive  with  para- 
metric models,  and  it  results  in  small  bias  and  root 
mean  square  error  in  quantile  estimation.  The  non- 
parametric method  does  not  require  that  any  par- 
ticular form  of  density  function  be  assumed.  This 
allows  the  annual  maximum  flood  series  to  'speak 
for  themselves'  (i.e.,  probability  density  function 
estimated  directly  from  the  sample).  Like  the  maxi- 
mum likelihood  framework  in  parametric  models, 
the  nonparametric  model  also  depends  on  the 
threshold  value.  Generally,  the  nonparametric 
method  places  a  strong  weighting  on  the  flood 
magnitudes  near  the  specified  discharge,  x.  In  con- 
trast, the  parametric  approach  uses  both  historical 
and  systematic  information  about  the  annual 
maxima  distribution  as  a  whole.  The  results  run 
counter  to  hydrologic  intuition.  (Roches ter-P  1  1 ) 
W91-05839 


MONTE.  CARLO  STUDY  OF  RAINFALL  SAM- 
PLING EFFECT  ON  A  DISTRIBUTED  CATCH- 
MENT MODEL. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 

W.  F.  Krajewski,  V.  Lakshmi,  K.  P.  Georgakakos, 
and  S.  C.  Jain. 

Water  Resources  Research  WRERAQ,  Vol.  27, 
No.  1,  p  119-128,  January  1991.  7  fig,  2  tab,  44  ref. 
NSF  Presidential  Young  Investigator  Award  CES- 


8657526  and  U.S.  Army  Corps  of  Engineers  Con- 
tract DACA89-87-K-004. 

Descriptors:  'Flood  forecasting,  'Hydrologic 
models,  'Network  design,  'Rainfall  distribution, 
•Rainfall-runoff  relationships,  'Runoff  forecasting, 
Catchment  areas,  Design  criteria,  Hydrographs, 
Mathematical  models,  Monte  Carlo  method,  Over- 
land flow,  Sampling,  Soil  Conservation  Service, 
Spatial  distribution,  Stochastic  models,  Stream- 
flow,  Temporal  variation. 

Distributed  hydrologic  models  offer  advantages 
over  traditional  lumped  models,  but  before  distrib- 
uted hydrologic  models  can  be  widely  used  several 
important  questions  remain  to  be  answered.  A 
Monte  Carlo  study  of  a  physically  based,  distribut- 
ed-parameter  hydrologic  model  was  performed. 
The  catchment  model  simulates  overland  flow  and 
stream  flow,  and  it  is  based  on  the  kinematic  wave 
concept.  Soil  Conservation  Service  curves  are  used 
to  model  rainfall  excess  within  the  basin.  The 
model  was  applied  to  the  Ralston  Creek  water- 
shed, a  7.5-sq  km  rural  catchment  in  eastern  Iowa. 
Sensitivity  of  the  model  response  with  respect  to 
rainfall-input  spatial  and  temporal  sampling  density 
was  investigated.  The  input  data  were  generated 
by  a  space-time  stochastic  model  of  rainfall.  The 
generated  rainfall  fields  were  sampled  by  the 
varied-density  synthetic  rain  gage  networks.  The 
basin  response,  based  on  5-min  increment  input 
data  from  a  network  of  high  density,  with  about  1 
gage  per  0. 1  sq  km,  was  assumed  to  be  the  'ground 
truth,'  and  other  results  were  compared  against  it. 
A  simple  lumped  parameter  model  based  on  the 
unit  hydrograph  concept  also  was  included  in  the 
study.  Results  were  interpreted  in  terms  of  hydro- 
graph  characteristics  such  as  peak  magnitude,  time- 
to-peak,  and  total  runoff  volume.  The  results  indi- 
cate a  higher  sensitivity  of  basin  response  with 
respect  to  the  temporal  resolution  than  to  the 
spatial  resolution  of  the  rainfall  data.  Also,  the 
frequency  analysis  of  the  flood  peaks  shows  severe 
underestimation  by  the  lumped  model.  This  may 
have  implications  for  the  design  of  hydraulic  struc- 
tures. (Author's  abstract) 
W91-05842 


DIAGNOSTICS  AND  PREDICTION  OF  ANOM- 
ALOUS RIVER  DISCHARGE  IN  NORTHERN 
SOUTH  AMERICA. 

Wisconsin  Univ.,  Madison.  Dept.  of  Meteorology. 

S.  Hastenrath. 

Journal  of  Climate  JLCLEL,  Vol.  3,  No.   10,  p 

1080-1096,  Ocotober  1990.   12  fig,  7  tab,  31  ref. 

National     Science     Foundation     Grant     ATM- 

8722410. 

Descriptors:  'Climatic  data,  'Data  interpretation, 
'Prediction,  'Rainfall-runoff  relationships,  'River 
forecasting,  'South  America,  Atmospheric  pres- 
sure, Discharge  measurement,  Hydrologic  cycle, 
Marine  climates,  Projects,  Regression  analysis, 
Seasonal  variation,  Southern  oscillation,  Stream 
discharge,  Tropical  regions. 

The  annual  cycles  of  rainfall  and  river  discharge  in 
northern  South  America  are  dominated  by  the 
seasonal  latitude  migration  of  the  intertropical  con- 
vergence zone.  The  catchments  in  the  west 
(Madden,  Magdalena,  and  Orinoco)  have  their 
high  stands  between  August  and  December,  while 
those  of  the  Guyanas  (Cuyuni,  Essequibo,  Surin- 
ame,  Maroni,  and  Oyapock)  peak  between  May 
and  July.  Anomalously  abundant  discharge  is  in 
almost  all  catchments  (except  Orinoco)  associated 
with  the  high  Southern  Oscillation  phase  (defined 
by  anomalously  high/low  pressure  at  Tahiti/ 
Darwin),  weakened  Caribbean  tradewinds,  and  ac- 
celerated cross-equatorial  southerly  flow  over  the 
eastern  Pacific.  In  a  series  of  experiments  a  sharp 
distinction  was  kept  between  a  'dependent'  dataset 
(1940-70,  or  the  part  available  in  the  river  series) 
used  as  a  training  period  and  an  'independent' 
portion  of  the  record  (1971-87)  reserved  for  pre- 
diction. Stepwise  multiple  regression  models  for 
bimonthly  'seasons'  used  as  input  river  discharge  as 
regressand,  and  as  regressors,  index  series  of  Tahiti 
minus  Darwin  pressure  difference,  equatorial  Pa- 
cific sea  surface  temperature  PWT,  zonal  wind 
component   over   the   Caribbean   and   meridional 
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wind  component  over  the  eastern  equatorial  Pacif- 
ic, all  two  seasons  earlier.  The  resulting  equations 
were  then  used  to  predict  the  discharge  anomalies 
in  the  independent  dataset  1971-87.  There  is  con- 
siderable predictive  skill  for  various  rivers/seasons, 
with  the  overall  best  predictability  for  the  low 
discharge  time  of  year.  In  particular,  for  Magda- 
lena  55%  and  for  Essequibo  74%  of  the  interan- 
nual  variance  of  January-February  discharge 
during  1971-87  is  predictable  by  this  method,  in 
which  for  Essequibo  PWT  serves  as  sole  predictor. 
(Author's  abstract) 
W91-05861 


ENVIRONMENTAL  RESEARCH  ON  TRACE 
ELEMENTS  IN  FRESHWATER  FISH  BY  NEU- 
TRON ACTIVATION  ANALYSIS. 

Korean  Inst,  of  Energy  and  Resources,  Seoul  (Re- 
public of  Korea). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05  897 
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IDENTIFICATION  OF  THE  BOUNDARIES  BE- 
TWEEN TWO  WATERSHEDS  IN  A  VOLCANIC 
AREA  BY  THE  SELF-POTENTIAL  METHOD 
(VERIFICATION  DE  LIMJTES  DE  NAPPES 
AQUIFERES  EN  TERRAIN  VOLCANIQUE 
PAR  LA  METHODE  DE  POLARISATION 
SPONTANEE). 

Observatoire  de  Physique  du  Globe  de  Clermont- 
Ferrand  (France). 

M.  Aubert,  I.  N.  Dana,  and  M.  Livet. 
Comptes    Rendus    de    l'Academie    des    Sciences 
(Serie  2)  CRASEV,  Vol.  311,  No.  8,  p  999-1004, 
October   11,    1990.   3   fig,    1   tab,   9  ref.  (English 
Summary). 

Descriptors:  'Data  acquisition,  'France,  'Geohy- 
drologic  boundaries,  *Geophysical  surveys,  'Self 
potential  surveys,  Groundwater,  Permeability, 
Vadose  zone,  Volcanic  springs,  Watersheds. 

The  boundary  between  two  watersheds  was  inves- 
tigated using  the  self-potential  method  in  a  volcan- 
ic site  where  the  porous  volcanic  rocks  overlay  an 
impermeable  granite  substratum.  The  range  of  self- 
potential  anomalies  is  related  to  the  thickness  of 
the  vadose  layer.  The  site  is  located  in  the  Chaine 
des  Puys,  France  and  the  volcanic  rocks  are  dated 
at  100,000-7000  years  B.P.  The  rocks  consist  of 
lava  flows,  scoria  and  cinders.  The  underground 
waters  flow  at  the  contact  between  the  volcanic 
rocks  and  the  substratum  and  the  subsidence  of  the 
Limagne  graben  at  the  East  of  the  fault.  The  slopes 
of  the  valleys  locally  reach  40  degrees.  The  limits 
of  watersheds  obtained  from  the  self-potential  data 
are  near  to  those  obtained  previously  using  data 
from  drillings.  It  is  concluded  that  the  use  of  the 
self-potential  method  gives  fast,  accurate,  and  inex- 
pensive information  on  the  limits  of  watersheds  in 
volcanic  areas,  where  the  vadose  zone  exhibits  a 
permeability  of  the  porous  type.  (Feder-PTT) 
W9 1-04939 


ESTIMATING  POROSITY  OF  PARTIALLY 
SATURATED  SEDIMENTS. 

Connecticut  Univ.,  Groton.  Marine  Sciences  Inst. 
For  primary  bibliographic  entry  see  Field  2G. 
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MECHANISMS  CONTROLLING  CU,  FE,  MN, 
AND  CO  PROFILES  IN  PEAT  OF  THE  FILSON 
CREEK  FEN,  NORTHEASTERN  MINNESOTA. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2K. 
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ANION-EXCHANGE  CHROMATOGRAPHY 
PARTICLE  BEAM  MASS  SPECTROMETRY 
FOR  THE  CHARACTERIZATION  OF  ARO- 
MATIC SULFONIC  ACIDS  AS  THE  MAJOR 
ORGANIC  POLLUTANTS  IN  LEACHATES 
FROM  STRINGFELLOW,  CALIFORNIA. 
California  Dept.  of  Health  Services,  Berkeley. 
Hazardous  Materials  Lab.  Section. 


For  primary  bibliographic  entry  see  Field  5A. 
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PROCEEDINGS,    TWENTIETH    MISSISSIPPI 
WATER  RESOURCES  CONFERENCE,  1990. 

Mississippi  Water  Resources  Research  Inst.,  Mis- 
sissippi State. 

For  primary  bibliographic  entry  see  Field  2E. 
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INTERACTION  BETWEEN  YAZOO  RIVER 
AND  MISSISSIPPI  RIVER  VALLEY  ALLUVI- 
AL AQUIFER  SYSTEM. 

J.  Cooey. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  122-126,  2  fig,  8  ref. 

Descriptors:  'Alluvial  aquifers,  *Dam  effects, 
•Geohydrologic  boundaries,  'Mississippi,  'Reces- 
sion curve,  'Surface-groundwater  relations, 
'Yazoo  River,  Boundary  conditions,  Flow  control, 
Groundwater  recharge,  Hydraulic  permeability, 
Natural  flow,  Statistical  methods. 

The  Yazoo  River,  located  in  the  Mississippi  River 
Delta  in  northwest  Mississippi,  meanders  south- 
westward  over  part  of  the  Mississippi  River  Allu- 
vial Plain  to  join  the  Mississippi  River  at  Vicks- 
burg,  Mississippi.  A  study  was  performed  to  under- 
stand the  changes  in  historical  and  present  hydro- 
logic  interactions  between  the  waters  of  the  Yazoo 
River  and  Mississippi  River  Alluvial  Aquifer 
System  through  analysis  of  all  directly-related 
data,  and  to  propose  the  best  method  for  measure- 
ment and  quantification  of  actual  stream-aquifer 
boundary  conditions.  Analysis  of  recession  and 
low  flow  were  accomplished  through  recession 
analysis  methods.  It  was  shown  that  down-cutting 
and  lateral  movement  by  the  Yazoo  River  under 
natural  conditions  before  1950  insured  continual 
contact  between  the  sands  associated  with  the  allu- 
vial aquifer  system  and  the  stream,  continually 
changing  the  hydraulic  boundary  between  the 
Yazoo  River  and  the  Mississippi  River  Alluvial 
Aquifer  system.  Since  1950,  the  Yazoo  River  have 
approached  a  more  constant  yearly  flow  rate  due 
to  flood  control  structures.  Analysis  of  the  reces- 
sion of  97-days  under  natural  conditions  and  the 
44-day  recession  under  regulated  conditions  indi- 
cate a  possible  change  in  the  river-aquifer  hydrau- 
lic boundary.  Under  natural  flow  conditions  reces- 
sion analysis  is  a  fairly  accurate  method  for  meas- 
urement of  groundwater  recharge  into  a  stream 
during  recession.  Once  a  stream  flow  is  controlled, 
however,  the  method  actually  becomes  suspect. 
Other  more  direct  measurement  methods  must  be 
used  to  quantify  the  stream-aquifer  hydraulic 
boundary.  (See  also  W9 1-05 137)  (Fish-PTT) 
W91-05152 


GROUNDWATER  MODELS  OF  THE  MIO- 
CENE AQUIFER  SYSTEM  IN  JONES 
COUNTY,  MISSISSIPPI. 

Delta  Environmental  Consultants,  Inc.,  Tampa, 
FL. 

R.  Sturdivant,  and  D.  M.  Patrick. 
In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  136-146,  4  fig,  4  tab,  20  ref. 
Mississippi  Water  Resources  Research  Institute 
Grant  Number  G 157 1-04. 

Descriptors:  'Aquifer  systems,  'Geohydrology, 
'Groundwater  movement,  'Mississippi,  'Model 
studies,  'Simulation  analysis,  'Water  resources  de- 
velopment, 'Well  pumping,  Borehole  geophysics, 
Depression  head,  Drawdown,  Numerical  analysis, 
Potentiometric  surface,  Pumping  tests,  Water  table 
profiles. 

A  better  understanding  is  needed  of  the  Miocene 
aquifer  system  in  Jones  County,  Mississippi,  by 
documenting  the  historic  drawdown  of  potentio- 
metric surfaces  in  this  region  and  by  developing 
three-dimensional  numerical  simulation  models  of 


the  aquifers.  An  investigation  was  performed  using 
data  consisting  of  published  information  describing 
pumping  tests  and  water  levels  (potentiometric  sur- 
face measurements)  and  unpublished  information 
such  as  drilling  and  borehole  geophysical  logs.  The 
lower  aquifer  appears  to  be  capable  of  sustaining  4 
percent  annual  increases  in  pumping  rates  through 
the  first  decade  of  the  next  century  in  the  Laurel 
area;  however,  the  development  of  new  pumping 
centers  with  similar  extraction  rates  may  adversely 
interfere  with  the  cone  of  depression.  Drawdown 
history  and  numerical  simulations  indicate  that  the 
number  of  wells  and  the  extraction  rates  in  the 
middle  aquifer  should  be  limited.  The  significance 
and  reliability  of  numerical  simulations  are  highly 
dependent  on  the  accuracy  and  availability  of  the 
geologic  and  hydraulic  data  upon  which  the  model 
is  constructed.  There  is  a  need  to  conduct  addition- 
al pumping  tests  in  this  region  and  to  monitor  more 
wells  for  more  accurate  information  on  predicted 
water  table  elevations.  The  geologic  data  upon 
which  the  boundary  conditions  were  established 
are  considered  to  be  reliable,  particularly  in  the 
Laurel  area;  however,  these  data  are  less  abundant 
beyond  Laurel.  The  geologic  uncertainties  in  areas 
where  the  Miocene  aquifers  could  be  lessened  by 
additional  borehole  geophysical  logs  and  by  con- 
tinuous cores  in  strategic  locations  in  the  region. 
(See  also  W9 1-05 137)  (Fish-PTT) 
W9 1-05 154 


POTENTIOMETRIC  SURFACE  OF  THE  MIS- 
SISSIPPI RIVER  VALLEY  ALLUVIAL  AQUI- 
FER, 1981-1989. 

J.  L.  Crawford. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  147-155,  6  fig,  4  ref. 

Descriptors:  'Alluvial  aquifers,  'Aquifer  charac- 
teristics, 'Geohydrology,  'Mississippi,  'Model 
studies,  'Potentiometric  surface,  'Water  resources 
management,  Computer  models,  Digital  map  data, 
Finite  difference  methods,  Groundwater  move- 
ment, Hydraulic  conductivity,  Precipitation, 
Transmissivity,  Water  supply  development,  Water 
table  decline. 

The  Mississippi  River  Valley  alluvial  aquifer  is  the 
principal  source  of  water  used  for  irrigation  and 
fish  culture  throughout  the  Mississippi  Delta 
region.  Because  of  the  dependence  of  the  Delta  on 
an  available  water  supply  from  the  alluvial  aquifer, 
a  finite-difference  digital  model  was  developed 
which  can  be  used  to  simulate  flow  in  the  aquifer, 
and  which  will  be  used  as  a  tool  to  assist  in  the 
management  of  the  water  resources  in  the  Delta. 
Potentiometric  maps  generated  biannually  from 
water  levels  measured  in  the  Delta  since  1981  have 
been  used  to  monitor  seasonal  fluctuations  and 
annual  changes  in  the  aquifer,  and  show  that  signif- 
icant water  level  declines  have  occurred  in  some 
areas  of  the  Delta  as  a  result  of  variation  in  precipi- 
tation, the  stages  of  the  Mississippi  River,  and 
increased  levels  of  pumping.  The  center  of  the 
Delta  has  shown  the  largest  rates  of  decline  in  the 
aquifer.  A  computer  model  map  projecting  the 
potentiometric  surface  of  the  alluvial  aquifer  in 
2003  using  a  pumping  rate  of  1,900  million  gallons 
per  day  indicates  tremendous  water  level  declines 
across  the  Delta.  It  is  imperative  that  the  model  be 
constantly  updated  and  revised  so  that  reliable 
water  levels  can  be  projected.  More  data  concern- 
ing such  aquifer  characteristics  as  transmissivity 
and  hydraulic  conductivity  are  needed.  The  areal 
extent  and  thickness  of  the  surficial  clay  layer 
overlying  the  alluvial  aquifer  and  grain-size  analy- 
sis of  the  alluvial  sediments  is  necessary  to  identify 
more  precisely  the  physical  properties  and  hydrol- 
ogy of  the  alluvial  aquifer  and  to  allow  for  a  better 
understanding  of  this  complex  and  important 
system.  (See  also  W9 1-05 137)  (Fish-PTT) 
W91-05155 


NEW  STATE  GEOLOGIC  MAP  FOR  MISSIS- 
SIPPI: A  TOOL  FOR  UPDATING  NOMENCLA- 
TURE AND  DEFINITIONS  OF  THE  STATE'S 
AQUIFERS  AND  AQUITARDS. 
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Field  2— WATER  CYCLE 
Group  2F — Groundwater 


For  primary  bibliographic  entry  see  Field  7C. 
W91-05158 


THREE  COMMON  MISCONCEPTIONS  CON- 
CERNING THE  FATE  AND  CLEANUP  OF  PE- 
TROLEUM PRODUCTS  IN  SOIL  AND 
GROUNDWATER. 

Dragun  Corp.,  Berkley,  MI. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05249 


ENHANCED  BIOREMEDIATION  TECH- 
NIQUES FOR  IN  SITU  AND  ONSITE  TREAT- 
MENT OF  PETROLEUM  CONTAMINATED 
SOILS  AND  GROUNDWATER. 

C.A.A.  Bioremediation  Systems,  Boston,  MA. 
For   primary   bibliographic  entry   see   Field   5G. 
W9 1-05252 


BIODEGRADATION  OF  DISSOLVED  ARO- 
MATIC HYDROCARBONS  IN  GASOLINE- 
CONTAMINATED  GROUNDWATERS  USING 
DENITRIFICATION. 

San  Diego  State  Univ.,  CA.  Graduate  School  of 

Public  Health. 

For  primary   bibliographic  entry   see   Field   5G. 

W91-05253 


CLEANUP  OF  A  GASOLINE  CONTAMINATED 
SITE  USING  VACUUM  EXTRACTION  TECH- 
NOLOGY. 

Terra  Vac,  Inc.,  Princeton,  NJ. 

For  primary   bibliographic  entry   see  Field   5G. 

W9 1-05259 


AGRICULTURAL  CHEMICALS  IN  RURAL, 
PRIVATE  WATER  WELLS  IN  ILLINOIS:  REC- 
OMMENDATIONS FOR  A  STATEWIDE 
SURVEY. 

Illinois  State  Geological  Survey  Div.,  Champaign. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05280 


HYDROGEOTHERMAL  THEORY  OF  EARTH- 
QUAKES-BASIS OF  PREDICTION,  WARNING 
SYSTEMS,  AND  COUNTERACTIONS. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-053 16 


DEVELOPMENT  AND  USE  OF  AN  ELECTRI- 
CAL RESISTIVITY  CONE  FOR  GROUNDWAT- 
ER CONTAMINATION  STUDDZS. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-05358 


SIMULATION  OF  GROUNDWATER  FLOW  IN 
COMPLEX  MULTIAQUIFER  SYSTEMS:  PER- 
FORMANCE OF  A  QUASI  THREE-DIMEN- 
SIONAL TECHNIQUE  IN  THE  STEADY- 
STATE  CASE. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 
Research. 

D.  L.  Rudolph,  and  E.  A.  Sudicky. 
Canadian  Geotechnical  Journal  CGJOAH,   Vol. 
27,  No.  5,  p  590-600,  October  1990.  10  fig,  16  ref. 
Natural  Sciences  and  Engineering  Research  Coun- 
cil of  Canada  Operating  Grants  A7712  and  U0508. 

Descriptors:  'Simulation  analysis,  'Groundwater 
movement,  'Flow  equations,  'Three-dimensional 
models,  Steady  flow,  Numerical  analysis,  'Model 
studies,  'Aquifer  systems,  Permeability,  Finite  ele- 
ment method,  Aquitards,  Hydraulic  conductivity, 
Data  interpretation,  'Mathematical  models. 

The  use  of  numerical  models  in  the  fields  of  geo- 
technical engineering  and  water  resource  manage- 
ment has  proven  extremely  valuable  for  providing 
insight  into  the  physical  response  of  natural  geo- 
logic systems.  Classical  quasi  three-dimensional 
formulations  were  studied  when  applied  to  steady- 
state  groundwater  flow  problems  in  complex,  mul- 
tiaquifer  environments.  Discontinuities  in  the  aqui- 


fer and  aquitard  units  can  be  accommodated  along 
with  partial  or  complete  aquifer  dewatering  and 
confined  or  unconfined  flow  conditions.  Some  of 
the  main  assumptions  underlying  classical  quasi 
three-dimensional  schemes  are  scrutinized,  includ- 
ing the  requirement  of  a  two  orders  of  magnitude 
permeability  contrast  between  aquifers  and  aqui- 
tards. Performance  of  the  numerical  scheme  was 
studied  through  a  series  of  test  problems  by  com- 
parison with  results  obtained  from  a  conventional 
finite  element  model.  It  was  found  that  a  high 
degree  of  accuracy  and  flexibility  was  achieved 
with  the  extended  quasi  three-dimensional  tech- 
nique, yet  the  numerical  efficiency  inherent  in  the 
classical  formulation  was  maintained.  By  dividing 
an  aquifer  into  a  series  of  horizontal  sublayers, 
vertical  resolution  of  the  flow  field  can  be 
achieved  without  resorting  to  a  numerically  inten- 
sive fully  three-dimensional  scheme.  Because  it  is 
possible  to  compute  a  three-dimensional  represen- 
tation of  the  hydraulic  head  distribution  in  individ- 
ual aquifers  with  the  quasi  three-dimensional  for- 
mulation, even  in  the  absence  of  layers  of  contrast- 
ing hydraulic  conductivity,  the  technique  provides 
a  viable  alternative  to  the  much  more  complex 
fully  three-dimensional  schemes  for  a  wide  variety 
of  groundwater  flow  problems.  (Author's  abstract) 
W91-05360 


LABORATORY  MODELLING  OF  FIELD  PER- 
MEABILITY TESTS  IN  CASED  BOREHOLES. 

Ecole  Polytechnique,  Montreal  (Quebec). 
R.  P.  Chapuis,  M.  Soulie,  and  G.  Sayegh. 
Canadian  Geotechnical  Journal  CGJOAH,  Vol. 
27,  No.  5,  p  647-658,  October  1990.  14  fig,  2  tab,  55 
ref.  Natural  Sciences  and  Engineering  Research 
Council  of  Canada  Grant  U-0502. 

Descriptors:  'Groundwater  movement,  'Aquifer 
testing,  Laboratory  methods,  Data  acquisition,  Hy- 
draulic models,  'Model  studies,  'Permeability, 
'Boreholes,  'Hydraulic  conductivity,  'Soil  water, 
Groundwater  pollution,  Groundwater  movement, 
Field  tests,  Piezometers,  Soil  properties,  Piezome- 
tric  head,  Flow  equations,  Model  testing,  Seepage, 
Canada. 

A  knowledge  of  the  in  situ  hydraulic  conductivity 
of  soils  is  important  when  studying  problems  such 
as  seepage  through  dams  and  their  foundations, 
infiltration  from  disposal  fields,  and  monitoring 
groundwater  contamination.  Hydraulic  conductivi- 
ty may  be  determined  by  field  permeability  tests 
performed  in  boreholes  and  piezometers.  Howev- 
er, field  execution  details  are  known  to  significant- 
ly affect  test  results.  Field  permeability  tests  in 
cased  boreholes  were  modelled  in  a  sand  tank  with 
controlled  and  measured  hydraulic  conditions.  The 
testing  program  included  'end  of  the  casing'  and 
'Lefranc'  tests,  as  described  in  Canadian  standards 
2501-135  and  2501-130,  for  field  permeability  tests 
in  a  casing  driven  in  a  granular  soil.  The  theoreti- 
cal solutions  for  these  tests  require  a  list  of  assump- 
tions that  may  be  difficult  to  satisfy  under  field 
conditions.  The  method  for  detecting  the  common 
error  in  the  assumed  piezometric  level  gave,  in  all 
cases,  a  local  piezometric  level  equal  to  that  deter- 
mined independently  by  a  set  of  22  piezometers.  In 
accordance  with  the  theoretical  solutions,  the  per- 
meability (K.)  values  given  by  the  tests  do  not 
depend  on  the  controlled  upward  or  downward 
seepage  in  the  sand  tank.  The  average  K.  value 
given  by  such  field  tests  is  strongly  influenced  by 
the  preparation  of  the  injection  zone,  which  in- 
cludes a  natural  soil  in  a  more  or  less  disturbed 
condition  adjacent  to  an  injection  aperture  or  lan- 
tern of  poorly  known  geometry  and  condition,  so 
losses  in  hydraulic  heads  there  may  be  different 
from  those  assumed  in  theory.  From  a  practical 
standpoint,  all  drilling  operations  have  a  major 
impact  on  the  results  and  must  be  strictly  con- 
trolled to  have  a  reasonable  estimate  of  the  K 
value.  (Author's  abstract) 
W91-05363 


ANCIENT     SUBAERIAL     EXPOSURE     AND 
FRESHWATER  LEACHING  IN  SANDSTONES. 

BP  Exploration  Co.  Ltd.,  London  (England). 
For  primary  bibliographic  entry  see  Field  2J. 
W91-05368 


USA  CORN  YIELDS,  THE  EL  NINO  AND  AG- 
RICULTURAL DROUGHT:  1867-1988. 

Illinois    Univ.    at    Urbana-Champaign.    Dept.    of 

Physics. 

For  primary  bibliographic  entry  see  Field  2B. 

W91-05375 


EFFECT   OF   CLIMATE    VARIABILITY    AND 
CHANGE  IN  GROUNDWATER  IN  EUROPE. 

Aarhus  County  Dept.  of  the  Environment,  Hoejb- 
jerg  (Denmark). 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05382 


ELECTROMAGNETIC  PROFILING  FOR 
GROUNDWATER  IN  PRECAMBRIAN  BASE- 
MENT COMPLEX  AREAS  OF  NIGERIA. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Geology. 

A.  I.  Olayinka. 

Nordic  Hydrology  NOHYBB,  Vol.  21,  No.  3,  p 

205-216,  1990.  7  fig,  16  ref. 

Descriptors:  'Geophysical  surveys,  'Geophysical 
methods,  Profiles,  'Water  resources  data,  'Hy- 
draulic conductivity,  'Groundwater  potential, 
•Nigeria,  Electromagnetic  waves,  Water  supply 
development,  Boreholes,  Crystalline  rocks,  Weath- 
ering zone,  Well  yield. 

Electromagnetic  profiling  is  now  widely  used  in 
the  selection  of  borehole  sites  in  areas  underlain  by 
crystalline  igneous  and  metamorphic  rocks  because 
of  its  good  horizontal  resolution  of  anomalies  and 
cost-effectiveness.  Ground  electromagnetic  profil- 
ing, using  a  Geonics  EM34-3  instrument,  has  been 
employed  to  identify  areas  of  high  conductivity  in 
a  Precambrian  basement  complex  terrain  of  Nige- 
ria. Field  examples,  conducted  as  part  of  a  rural 
water  supply  program,  were  studied.  They  indicate 
that  the  apparent  conductivities  are  generally 
lower  than  about  60  mmho/m.  Subsequent  bore- 
hole drilling  suggests  a  good  correlation  between 
high  EM34  anomalies,  deep  weathering,  and  high 
well  yield  (>  1  L/s).  On  the  other  hand,  boreholes 
sited  on  conductivity  lows  penetrated  a  thinner 
regolith  with  relatively  lower  yields.  (Fish-PTT) 
W9 1-05384 


MOBILIZATION  OF  COLLOIDS  IN  GROUND- 
WATER DUE  TO  INFILTRATION  OF  WATER 
AT  A  COAL  ASH  DISPOSAL  SITE. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-054 13 


INFLUENCE  OF  MINERALOGY  AND  SOLU- 
TION CHEMISTRY  ON  THE  ATTACHMENT 
OF  BACTERIA  TO  REPRESENTATIVE  AQUI- 
FER MATERIALS. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-054 14 


STUDIES  OF  A  SUBARCTIC  COASTAL 
MARSH.  III.  MODELLING  THE  SUBSURFACE 
WATER  FLUXES  AND  CHLORIDE  DISTRIBU- 
TION. 

Memorial  Univ.  of  Newfoundland,  St.  John's. 
Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05427 


GEOCHEMICAL  CALCULATIONS  AND  OB- 
SERVATIONS ON  SALT  WATER  INTRU- 
SIONS: II.  VALIDATION  OF  A  GEOCHEMI- 
CAL MODEL  WITH  LABORATORY  EXPERI- 
MENTS. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 
Aardwetenschappen. 

C.  A.  J.  Appelo,  A.  Willemsen,  H.  E.  Beekman, 
and  J.  Griffioen. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  225-250,  December   1990.  8  fig,  5  tab,  49  ref. 
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WATER  CYCLE— Field  2 
Groundwater — Group  2F 


Descriptors:  'Analytical  methods,  'Aquifer  char- 
acteristics, 'Cation  exchange,  'Geochemistry, 
'Model  studies,  'Model  testing,  'Saline  water  in- 
trusion, 'Sediment  chemistry,  'Solute  transport, 
Anaerobic  conditions,  Calcite,  Chromatography, 
Groundwater  chemistry,  Groundwater  movement, 
Hydrogen  ion  concentration,  Performance  evalua- 
tion, Separation  techniques. 

A  scheme  was  developed  to  validate  a  multicom- 
ponent  geochemical  transport  model.  Column  ex- 
periments were  used  to  study  saline-water  intrusion 
into  aquifer  sediments.  The  tests  maintained  the 
anaerobic  status  of  the  sediments  from  sampling  in 
the  field  to  subsequent  laboratory  analysis.  From 
two  sediments  native  pore  solutions  were  displaced 
with  strontium  chloride  solutions;  another  was  per- 
colated alternately  with  groundwater  and  once- 
diluted  seawater.  The  multicomponent  transport 
model  was  used  to  represent  the  chromatographic 
pattern  which  develops  when  exchangeable  cations 
are  eluted.  Proper  description  of  the  SrC12-elution 
required  reformulation  of  the  cation  exchange  re- 
action for  one  sediment;  another  showed  proton 
buffering  and  calcite  dissolution  with  slow  kinetics. 
The  Gapon  exchange  equation  was  found  inappro- 
priate for  a  multicomponent  solution  when  large 
elution  volumes  were  required  for  removal  of  ex- 
changeable divalent  cations;  the  Gaines  and 
Thomas  equation  offered  a  better  description.  Dis- 
solution of  calcite  was  triggered  by  proton  buffer- 
ing; substantial  increase  in  exchange  capacity  was 
associated  with  proton  buffering  even  over  the 
small  pH  increase  of  from  6.8  to  7.1.  These  elutions 
could  be  modeled  with  constant  exchange  coeffi- 
cients, but  during  fresh/saltwater  displacements 
the  selectivity  for  Ca/Mg  exchange  was  variable. 
It  is  clear  that  the  processes  which  affect  major 
cation  transport  in  aquifers  can  now  be  calculated 
by  computer  simulation.  An  amazingly  good  fit 
can  be  obtained  between  experiment  and  model 
when  'local  data'  are  available.  To  determine 
whether  this  technique  has  global  field  applicabil- 
ity, the  next  step  must  be  to  look  for  field  situations 
where  data  have  been  gathered  which  are  adequate 
for  what  the  transport  model  can  offer.  (Geiger- 
PTT) 
W9 1-05440 


WATER-TABLE  FLUCTUATIONS  IN  WEATH- 
ERED CRYSTALLINE  ROCKS  IN  A  HIGH  AL- 
TITUDE HUMID  INTERTROPICAL  ZONE 
(HIGH  PLATEAUX  OF  MADAGASCAR)  (COM- 
PORTEMENT  PIEZOMETRIQUE  DES 
NAPPES  D'ALTERITES  EN  ZONE  INTERTRO- 
PICALE  HUMIDE  D' ALTITUDE  (HALTS  PLA- 
TEAUX DE  MADAGASCAR)). 
Montpellier-2  Univ.  (France).  Lab.  d'Hydrogeolo- 
gie. 

J.  C.  Grillot,  M.  Raunet,  and  L.  Ferry. 
Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  271-282,  December  1990.  6  fig,  9  ref.  (English 
summary). 

Descriptors:  'Geohydrology,  'Groundwater 
movement,  'Hydrologic  budget,  'Madagascar, 
'Tropical  regions,  'Water  table  fluctuations, 
Aquifers,  Clays,  Coastal  plains,  Confined  aquifers, 
Flooding,  Groundwater  discharge,  Groundwater 
recharge,  Minerals,  Piezometric  head,  Surface- 
groundwater  relations,  Water  table. 

The  behavior  of  rice-cultivated,  peaty  valley-bot- 
toms on  a  weathered  crystalline  schist,  located  in  a 
high  altitude  humic  intertropical  zone  (Madagas- 
car) is  under  study  to  define  the  water  and  mineral 
balance  of  these  areas  with  an  economic  objective. 
Analysis  of  the  groundwaters'  piezometric  level  on 
a  reference  site  allowed  the  differentiation  of  in- 
flows and  outflows  and  allowed  for  the  specifica- 
tion of  the  hydraulics  of  the  media.  The  clay 
alteration  products  form  a  free  aquifer  broken  up 
by  the  morphology  of  the  land  (valleys,  surround- 
ing interfluves).  This  aquifer  discharges  by  outlets 
located  in  the  lowlands  and  thus  contributes  to  the 
prolonged  flooding  (nine  months  a  year)  of  rice- 
fields.  Recharge  depends  on  the  spatial  variability 
of  local  precipitation.  The  granite-gneiss  basement 
constitutes  a  regional  aquifer.  The  groundwater  is 
semi-confined  and  outcrops  in  large  valleys  with 
free  water  tables  draining  to  the  low  coastal  plains 
of  the  island.   For  the  most  part  its  recharge  is 


ensured  by  discontinuous  outcrops  (residual 
ridges).  The  aquifer  remains  confined  for  several 
months  after  the  rainy  season.  In  the  lowlands, 
underlying  sands  are  also  water  bearing,  recharged 
from  superficial  flows.  The  groundwater  is  con- 
fined during  the  rainy  season,  which  favors  ascend- 
ing flows  towards  the  rice  rooting  zone.  (Author's 
abstract) 
W9 1-05442 


CURVES  OF  CHEMICAL  FLUX  VERSUS  DIS- 
CHARGE AND  WORKING  OF  KARST 
AQUIFERS  (LES  COURBES  FLUX  CHIMIQUE- 
DEBIT  ET  LE  FONCTIONNEMENT  DES 
AQUIFERES  KARSTIQUES). 
Centre  Univ.  d' Avignon  (France).  Hydrogeology 
Lab. 

J.  Mudry. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  283-294,  December  1990.  10  fig,  16  ref.  (English 
summary). 

Descriptors:  'Aquifers,  'Geochemistry,  'Geohy- 
drology, 'Groundwater  movement,  'Karst,  'Karst 
hydrology,  'Water  chemistry,  'Weathering,  Envi- 
ronmental chemistry,  Minerals,  Seepage. 

When  integrating  both  chemical  content  and  dis- 
charge in  Karst  aquifers  the  chemical  flux  is  a 
choice  parameter,  both  for  the  study  of  water 
transit  and  weathering  budgets.  In  a  karst  system, 
chemical  flux  facilitates  study  of:  (1)  the  main 
aquifer  of  the  system  that  supplies  springs  from 
high  to  low  flows;  (2)  the  piston-effect  of  seepage 
upon  highly  mineralized  waters  contained  in  karst 
channels;  (3)  the  qualitative  passage  from  a  regime 
of  water  decline  to  one  of  water  depletion;  (4) 
several  outlets  belonging  (or  not)  to  the  same  karst 
system;  (5)  the  homogeneity  mixing  in  the  system, 
and  thus  the  importance  of  its  karstification;  and 
(6)  the  heterogeneity  of  seepage  and  reserves.  (Au- 
thor's abstract) 
W91-05443 


ATOLL  ISLAND  HYDROGEOLOGY:  FLOW 
AND  FRESHWATER  OCCURRENCE  IN  A  TI- 
DALLY  DOMINATED  SYSTEM. 

San  Jose  State  Univ.,  CA.  Dept.  of  Geology. 

J.  A.  Oberdorfer,  P.  J.  Hogan,  and  R.  W. 

Buddemeier. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p  327-340,  December  1990.  8  fig,  2  tab,   13  ref. 

DOE  Contract  W-7405-Eng-48. 

Descriptors:  'Atolls,  'Geohydrology,  'Ground- 
water movement,  'Hydrologic  models,  'Islands, 
'Mathematical  models,  'Saline-freshwater  inter- 
faces, 'Solute  transport,  Aquifers,  Computer  pro- 
grams, Enjebi  Island,  Groundwater,  Hydraulic 
conductivity,  Reefs,  Salinity,  Sensitivity  analysis, 
Tidal  effects. 

A  layered-aquifer  model  of  groundwater  occur- 
rence in  an  atoll  island  was  tested  with  a  solute 
transport  numerical  model.  The  computer  model 
used,  SUTRA,  incorporates  density-dependent 
flow.  This  can  be  significant  in  freshwater-salt- 
water interactions  associated  with  the  freshwater 
lens  of  an  atoll  island.  Boundary  conditions  for  the 
model  included  ocean  and  lagoon  tidal  variations. 
The  model  was  calibrated  to  field  data  from  Enjebi 
Island,  Enewetak  Atoll,  and  tested  for  sensitivity 
to  a  variety  of  parameters.  This  resulted  in  a  hy- 
draulic conductivity  of  10  m/day  for  the  surficial 
aquifer  and  1000  m/day  for  the  deeper  aquifer;  this 
combination  of  values  gave  an  excellent  reproduc- 
tion of  the  tidal  response  data  from  test  wells.  The 
average  salinity  distribution  was  closely  repro- 
duced using  a  dispersivity  of  0.02  m.  The  computer 
simulation  quantitatively  supports  the  layered-aqui- 
fer model,  including  under  conditions  of  density- 
dependent  flow,  and  shows  that  tidal  variations  are 
the  predominant  driving  force  for  flow  beneath  the 
island.  The  oscillating,  vertical  flow  produced  by 
the  tidal  variations  creates  an  extensive  mixing 
zone  of  brackish  water.  The  layered-aquifer  model 
with  tidally  driven  flow  is  a  significant  improve- 
ment over  the  Ghyben-Herzberg-Dupuit  model  as 
it  is  conventionally  applied  to  groundwater  studies 
for  many  Pacific  reef  islands.  (Author's  abstract) 
W9 1-05446 


REGIONAL  MODELLING  OF  GROUNDWAT- 
ER FLOW  AND  SALT  AND  ENVIRONMEN- 
TAL TRACER  TRANSPORT  IN  DEEP 
AQUIFERS  IN  THE  PARIS  BASIN. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau     (France).     Centre     d'Information 

Geologique. 

H.  F.  Wei,  E.  Ledoux,  and  G.  De  Marsily. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p  341-358,  December  1990.  6  fig,   1  tab,  29  ref. 

Descriptors:  'Aquifers,  'Aquitards,  'Geohydro- 
logy, 'Groundwater  movement,  'Salinity,  'Solute 
transport,  'Tracers,  Carbon  radioisotopes,  Dogger 
Aquifer,  Environmental  tracers,  Flow  velocity, 
Helium  radioisotopes,  Hydrologic  models,  Mathe- 
matical models,  Paris,  Radioactive  tracers,  Trans- 
missivity. 

A  hydrodynamic  model  was  developed  for  the 
Dogger  and  adjacent  aquifers  in  the  Paris  Basin. 
The  challenges  in  building  this  model  was  the  very 
limited  information  on  these  deep  aquifers.  With 
the  help  of  this  model,  and  explanation  has  been 
developed  for  the  salinity  distribution,  the  helium 
concentration  distribution,  and  with  the  available 
data,  the  distribution  of  the  residual  14-C  activity. 
Although  none  of  the  available  measurements 
(transmissivity,  head,  salinity  and  environmental 
tracers)  is  significant  or  certain  enough  to  validate 
the  model,  the  fact  that  the  model  accounts  for  all 
of  them  seems  to  provide  some  confidence  in  its 
representativity,  although  the  uniqueness  of  the 
fitting  cannot  strictly  be  processed.  An  average 
Darcy  velocity  of  0.33  m/yr  was  calculated  for  the 
area  south  of  Paris.  This  value  is  much  lower  than 
the  velocities  obtained  with  artificial  tracers  in 
geothermal  wells  using  the  single  well  dilution 
technique  (15  m/yr).  However,  a  recent  study 
shows  that  these  velocities  may  have  been  overes- 
timated because  of  the  possible  existence  of  a  verti- 
cal flow  component  in  the  well  during  these  dilu- 
tion measurements,  owing  to  a  vertical  hydraulic 
gradient  between  different  permeable  layers  in  the 
formation.  Alternatively,  these  high  velocities  al- 
though obtained  in  three  different  wells,  one  in 
Fontainebleau  and  two  in  Cachan,  may  be  repre- 
sentative of  only  local  anomalies,  and  not  average 
large-scale  behavior.  (Geiger-PTT) 
W9 1-05447 


ECOHYDROLOGICAL  PARAMETERS  INDI- 
CATING DIFFERENT  TYPES  OF  SHALLOW 
GROUNDWATER. 

Amsterdam  Univ.   (Netherlands).   Landscape  and 

Environmental  Research  Group. 

B.  Pedroli. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p  381-404,  December   1990.  5  fig,  5  tab,  72  ref. 

Descriptors:  'Ecology,  'Groundwater  chemistry, 
•Physicochemical  properties,  'Soil-water-plant  re- 
lationships, 'Water  chemistry,  'Water  quality, 
Conductivity,  Geochemistry,  Groundwater  qual- 
ity, Hydrogen  ion  concentration,  Ions,  Statistical 
analysis,  The  Netherlands. 

Ecohydrology  was  used  to  evaluate  a  test  data  set 
of  412  analyses  of  groundwater  samples  from  60 
locations  in  a  Dutch  coversand  area,  numerically 
classified  into  17  water  types.  Three  types  of 
simple  groundwater  quality  classifications  were 
identified:  single  parameter,  combined  parameter 
and  multiparameter.  Single  parameters  like  pH, 
electrical  conductivity  (EC)  and  ion  concentration 
values  give  unsatisfactory  representation  of  the 
complex  conditional  relationships  between  ground- 
water and  the  living  part  of  the  ecosystem.  It  was 
difficult  to  differentiate  groundwater  types  reliably 
on  the  basis  of  one  single  parameter.  Combined 
quality  parameters  such  as  a  pH-EC  plot,  a  plot  of 
pHC03  vs.  (pH-pCa),  and  an  ionic  ratio  (IR)-EC 
plot  where  the  IR  is  a  Ca/(Ca  +  CI)  ratio  were 
widely  used.  The  plot  of  pHC03  vs.  (pH-pCa)  and 
the  IR-EC  plot  indicate  the  residence  time  of  the 
groundwater  sampled  as  well  as  the  hydrochemical 
conditions  related  to  vegetation  distribution  and 
development.  The  IR  is  very  popular  for  discrimi- 
nating between  atmocline  (precipitation-like)  and 
lithocline  (long-residence  groundwater-like)  water 
types.  In  the  test  data  set,  objections  to  use  of  the 
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IR  include  a  narrow  theoretical  basis  in  the  inter- 
mediate IR  range  which  should  indicate  potentially 
marked  ecologic  gradients.  However,  general  rela- 
tionships can  be  deduced  from  the  IR-EC  plot.  In 
the  test  data  set  as  well  as  in  the  general  Dutch 
setting,  the  transformation  of  atmocline  into  litho- 
cline  water  types  determines  to  a  large  extent 
ecosystem  diversity,  although  a  third,  metacline, 
pollution-induced  water  type  increasingly  inter- 
feres. Multiparameter  classification  of  groundwater 
types  include  statistical  classification  according  to 
statistical  resemblance  to  defined  reference 
groundwater  samples.  Statistical  classification 
gives  good  results  but  is  site  specific.  It  was  recom- 
mended that  efforts  be  combined  in  the  search  for 
an  internationally  applicable  composite  classifica- 
tion adapted  to  ecohydrological  research.  (Au- 
thor's abstract) 
W9 1-05449 


SOIL  CONTROLS  ON  RECHARGE  TO 
AQUIFERS. 

Institute  of  Hydrology,  Wallingford  (England). 
J.  D.  Cooper,  M.  K.  Gardner,  and  N.  Mackenzie. 
Journal  of  Soil  Science  JSSCAH,  Vol.  41,  No.  4,  p 
613-630,  December  1990.  10  fig,  2  tab,  35  ref.  UK 
Dept.  of  Environment  Contracts  DGR480/276  and 
PECD  7/7/034. 

Descriptors:  'Aquifers,  'England,  'Groundwater 
recharge,  'Soil  properties,  'Soil  water,  Discharge 
rates,  Drainage,  Evaporation,  Hydraulic  conduc- 
tivity, Hydrologic  budget,  Rainfall,  Temporal  dis- 
tribution. 

The  use  of  soil  water  measurements  makes  possible 
the  determination  of  the  pathways,  timing  and 
quantities  of  natural  recharge  to  groundwater  at 
sites  on  the  Chalk  and  Triassic  Sandstone  aquifers 
in  England.  Water  content  and  potential  have  been 
monitored  for  several  years  at  seven  sites  and 
unsaturated  hydraulic  conductivity  measured  in 
situ  at  three  of  the  chalk  sites.  Recharge  was 
estimated  using  a  combination  of  the  zero  flux 
plane  method  and  a  simple  water  balance.  A  shal- 
low (approximately  1  m)  depth  of  permeable  drift 
and  soil  increased  the  annual  drainage  from  the  soil 
to  the  underlying  formation  by  about  34%  at  a  pair 
of  sites  on  the  Chalk  aquifer.  Effects  upon  drainage 
timing  are  equally  dramatic.  On  thin  soil  directly 
on  chalk,  drainage  responds  quickly  to  rainfall  and, 
once  evaporation  starts  to  exceed  rainfall,  declines 
rapidly.  On  drift-covered  sites,  the  drainage  con- 
tinues for  a  much  longer  period.  The  drainage 
continues  for  a  longer  period  from  the  loamy  soil 
overlying  the  sandstone  site.  (Author's  abstract) 
W9 1-05469 


HYDRAULIC  CONDUCTIVITY  AND  LEACH- 
ING OF  AN  ORGANIC  SALINE-SODIC  SOIL. 

Agricultural   Coll.   of  Athens  (Greece).   Lab.   of 
Soils  and  Agricultural  Chemistry. 
For   primary   bibliographic   entry   see   Field   2G. 
W9 1-05565 


GROUNDWATER  DILUTION  AND  RESI- 
DENCE TIMES,  AND  CONSTRAINTS  ON 
CHLORIDE  SOURCE,  IN  THE  MOKAI  GEO- 
THERMAL  SYSTEM,  NEW  ZEALAND,  FROM 
CHEMICAL,  STABLE  ISOTOPE,  TRITIUM, 
AND  36-CL  DATA. 

Geological  Survey  of  Japan,  Tsukuba.  Mineral  Re- 
sources Dept. 

J.  W.  Hedenquist,  F.  Goff,  F.  M.  Phillips,  D. 
Elmore,  and  M.  K.  Stewart. 

Journal  of  Geophysical  Research  (B)  JJGBDU, 
Vol.  95,  No.  12,  p  19365-19375,  November  10, 
1990.  9  fig,  2  tab,  33  ref. 

Descriptors:  'Chlorides,  'Geochemistry,  *Geo- 
thermal  studies,  'Groundwater,  'New  Zealand, 
Chlorine  radioisotopes,  Fluid  flow,  Groundwater 
chemistry,  Magmatic  water,  Mass  spectrometry, 
Tracers,  Tritium,  Volcanoes,  Water  analysis. 

Geochemical  studies  of  the  Mokai  geothermal 
system,  New  Zealand,  have  identified  a  simple 
pattern  of  lateral  fluid  flow.  Because  fluid  flow  and 
groundwater  dilution  in  the  upper  1-2  km  is  simple 
and  well  understood,  Mokai  was  chosen  to  test  the 


application  of  radiogenic  36-C1  as  a  tracer  of  the 
chloride  source(s)  in  the  system  and  the  patterns  of 
groundwater  circulation.  Tandem  accelerator  mass 
spectrometry  allowed  the  use  of  36-C1,  which  was 
previously  restricted  due  to  low  natural  abun- 
dance. Results  indicate  the  deep  thermal  fluid  rises 
in  the  south,  inside  the  Maroa  caldera  margin,  and 
flows  to  the  north  toward  the  Waikato  River.  As 
the  thermal  fluids  flow  laterally,  they  areprogres- 
sively  diluted  with  cold  groundwater.  The  deep 
chloride  component  accounts  for  about  half  of  the 
thermal  flow  at  4  km  from  the  upflow,  only  15%  at 
8  km  north  of  the  upflow,  and  less  than  5%  at 
about  12  km  north  of  the  upflow  zone.  The  few 
thermal  features  over  the  top  of  the  upflow  origi- 
nate primarily  by  steam  heating.  These  characteris- 
tics were  recognized  early  in  the  study,  largely  on 
the  basis  of  the  chemical  tracers.  Despite  the  over- 
all simplicity  of  progressive  groundwater  dilution 
of  the  geothermal  fluid  with  distance  from  the 
upflow,  the  36-C1  and  tritium  data  indicate  a  com- 
plicated circulation  of  groundwater  of  various  resi- 
dence times  at  the  margins  of  the  geothermal 
system.  The  results  also  indicate  that  the  chloride 
was  not  derived  from  the  host  rock  leaching  in  the 
upper  3  km;  rather,  the  fluids  have  interacted  with 
more  primitive  rocks  below  the  drilled  depths  of 
the  Taupo  Volcanic  Zone,  with  the  chloride  possi- 
bly derived  from  a  magmatic  brine.  (Agostine- 
PTT) 
W91-05570 


TROPICAL  HYDROLOGY  AND  CARIBBEAN 
WATER  RESOURCES. 

For  primary  bibliographic  entry  see  Field  2A. 
W9 1-056 11 


GROUND-WATER  MANAGEMENT  PROB- 
LEMS IN  THE  NORTH  CENTRAL  COAST  OF 
PUERTO  RICO. 

Puerto  Rico  Dept.  of  Natural  Resources,  San  Juan. 
For  primary  bibliographic  entry  see  Field  4B. 
W9 1-056 14 


SIGNIFICANCE  OF  CHEMICAL  BOUND- 
ARIES TO  GROUND-WATER  MANAGEMENT 
OF  COASTAL  AQUIFERS. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  4B. 

W9 1-056 15 


DEVELOPMENT  OF  AN  AQUIFER  MANAGE- 
MENT MODEL:  AQMAN3D. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  4B. 
W91-05616 


STUDY  AND  APPLICATION  OF  RAINFALL- 
RUNOFF  MODEL  FOR  KARST  REGIONS. 

Nanjing  Hydrological  Research  Inst.  (China). 
For  primary  bibliographic  entry  see  Field  2A. 
W91-05623 


PROBLEMS  OF  GROUND-WATER  DEVELOP- 
MENT IN  SMALL  VOLCANIC  ISLANDS  IN 
THE  EASTERN  CARIBBEAN. 

British  Geological  Survey,  Wallingford  (England). 
Hydrogeology  Research  Group. 
N.  S.  Robins,  A.  R.  Lawrence,  and  A.  C.  Cripps. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  257-267,  2  fig,  2  tab,  10  ref. 

Descriptors:  'Caribbean  Sea,  'Geohydrology, 
'Groundwater  resources,  'Island  hydrology,  'Is- 
lands, 'Tropical  hydrology,  'Volcanic  islands, 
•Water  resources  development,  Aquifers,  Ground- 
water budget,  Groundwater  movement,  Hydraulic 
properties,  Permeability,  Rainfall,  Volcanoes. 

Young  volcanic  rocks  offer  the  most  favorable 
hydraulic  properties  for  groundwater  storage  and 


flow,  notably  in  the  pyroclastic  and  reworked  de- 
posits. Three  island  types  are  recognized  and  illus- 
trated by  examples:  (1)  islands  where  abundant 
upland  rainfall,  coinciding  with  widespread  Pleis- 
tocene and  younger  pyroclastics  ensures  high 
water  tables  even  at  high  elevations,  (2)  islands 
with  moderate  rainfall  and  with  Pleistocene  depos- 
its which  drain  rapidly  to  the  coast;  and  (3)  islands 
with  early  Tertiary  volcanic  rocks  of  low  perme- 
ability, but  which  may  yield  water  from  shallow 
weathered  zones  in  selected  areas.  In  general,  pyr- 
oclastic rocks  dominate  the  younger  volcanic 
suites.  The  distal  volcanic  deposits  are  potentially 
the  best  aquifers.  However,  weathering  reduces 
their  permeability  and  that  of  the  pyroclastics.  The 
older  deposits,  which  are  usually  the  more  weath- 
ered, are  typically  of  low  permeability.  (See  also 
W91-05611)(Lantz-PTT) 
W9 1-05637 


GROUND-WATER  SUPPLY  STUDY  FOR  THE 
NIGUA  RIVER  BASIN  IN  THE  DOMINICAN 
REPUBLIC. 

Camp,  Dresser  and  McKee,  Inc.,  Atlanta,  GA. 
M.  D.  Taylor,  R.  C.  Johnson,  and  J.  Brea. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  269-278,  7  fig,  3  ref. 

Descriptors:  'Dominican  Republic,  'Groundwater 
resources,  'Nigua  River  Basin,  'Tropical  hydrolo- 
gy, 'Water  resources  development,  'Water  supply, 
Aquifer  systems,  Computer  models,  Groundwater 
basins,  Groundwater  budget,  Groundwater  man- 
agement, Groundwater  recharge,  Surface-ground- 
water  relations. 

The  Nigua  River  groundwater  basin,  near  the 
southern  coast  of  the  Dominican  Republic,  is  com- 
posed of  alluvial  deposits  and  covers  an  area  of 
approximately  8  square  miles,  with  an  average 
thickness  of  100  feet.  An  investigation  was  con- 
ducted into  how  to  best  develop  the  basin  as  a 
source  of  water,  so  that  8  million  gallons/day  will 
always  be  available.  To  help  evaluate  different 
well-field  options,  a  3  dimensional  finite-element 
computer  model  was  developed  and  used  to  simu- 
late aquifer  system  response  to  different  well  field 
development  schemes.  An  extensive  field  program 
was  also  conducted  to  help  determine  aquifer  pa- 
rameters used  in  the  model.  The  results  of  the 
study  indicate  that  the  best  approach  to  ground- 
water development,  consists  of  two  steps:  (1)  ini- 
tially use  wells  close  to  the  Nigua  River  as  the 
primary  water  supply  when  there  is  enough  flow 
in  the  river  to  provide  8  million  gallons/day  of 
recharge,  and  (2)  then  use  wells  tapping  the 
groundwater  reservoir  as  a  supplementary  water 
supply  when  flow  in  the  river  does  not  provide 
enough  aquifer  recharge  to  meet  the  8  million  gal/ 
day  requirement.  During  periods  of  high  river 
flow,  the  river  will  recharge  the  groundwater  res- 
ervoir, which  can  then  be  tapped  when  river  flow 
is  low.  (See  also  W9 1-0561 1)  (Lantz-PTT) 
W9 1-05638 


GROUND-WATER  POLLUTION  RISK  ASSESS- 
MENT FOR  PUBLIC  WATER  SUPPLY 
SOURCES  IN  BARBADOS. 

British  Geological  Survey,  Wallingford  (England). 
Hydrogeology  Research  Group. 
P.  J.  Chilton,  A.  A.  Vlugman,  and  S.  S.  D.  Foster. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  279-289,  4  fig,  2  tab,  4  ref. 

Descriptors:  'Barbados,  'Groundwater  pollution, 
•Risk  analysis,  'Tropical  hydrology,  'Water  pollu- 
tion sources,  'Water  sources,  'Water  supply,  Agri- 
cultural runoff,  Environmental  protection, 
Groundwater     quality,     Industrial     development. 
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Monitoring,  Pesticides,  Urbanization,  Water  qual- 
ity control,  Water  resources  development. 

Barbados  is  almost  totally  dependent  on  ground- 
water for  its  public  water  supplies,  and  the  island 
has  a  long  history  of  groundwater  exploitation.  A 
detailed  pollution  risk  assessment  has  been  carried 
out  in  a  catchment  which  provides  60%  of  the 
public  water  supply  of  Barbados.  Comprehensive 
surveys  of  agricultural  land  use,  residential  sanita- 
tion, and  industrial  activities  were  undertaken. 
These  allowed  an  appraisal  of  the  susceptibility  to 
nutrient  and  pesticide  leaching  from  cultivated 
land  to  be  made,  together  with  estimates  of  subsur- 
face contaminant  load  from  sanitation,  and  identifi- 
cation of  risks  from  industrial  and  commercial  ac- 
tivities. A  complimentary  program  of  groundwater 
quality  monitoring  has  been  established.  The  re- 
sults of  the  study  indicate  that  there  are  potential 
risks  of  groundwater  pollution  from  changing  agri- 
cultural practices,  from  urbanization  and  from  in- 
dustrial development,  but  the  long  established  de- 
velopment control  zone  policy  has  served  Barba- 
dos relatively  well  in  protecting  its  groundwater 
resources  to  date.  (See  also  W91-05611)  (Author's 
abstract) 
W9 1-05639 


TECHNIQUES  FOR  APPRAISAL  OF 
GROUND-WATER  RESOURCES  ON  ATOLL 
ISLANDS:  CASE  STUDIES  FROM  MICRONE- 
SIA 

Geological    Survey,    Honolulu,    HI.    Water    Re- 
sources Div. 
S.  J.  Anthony. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  291-300,  3  fig,  1  tab,  20  ref. 

Descriptors:  *Atolls,  'Groundwater  resources, 
'Island  hydrology,  'Islands,  'Micronesia,  'Sur- 
veys, 'Tropical  hydrology,  Caroline  Islands,  Case 
studies,  Data  acquisition,  Groundwater  budget, 
Marshall  Islands,  Monitoring,   Monitoring  wells. 

The  U  S  Geological  Survey,  since  1983,  has  done 
groundwater  resource  appraisals  on  Majuro, 
Mwoakilloa,  Pingelap,  and  Ulithi  atolls  of  the  Mar- 
shall and  Caroline  islands.  The  information  gained 
from  these  studies  has  been  used  to  develop  and 
modify  a  general  conceptual  geohydrologic  frame- 
work model  for  atoll  islands,  define  the  thickness 
and  areal  extent  of  the  fresh-water  lenses,  deter- 
mine the  response  of  fresh-water  lenses  to  climatic 
stress,  and  estimate  groundwater  recharge  rates 
and  safe  yields.  Groundwater  recharge  and  safe 
yield  can  be  estimated  as  a  first-order  approxima- 
tion by  an  annual  water  budget  under  average 
regional  climatic  conditions  and  assuming  that 
withdrawal  of  groundwater  is  equivalent  to  reduc- 
ing vertical  recharge,  respectively.  Transportation 
constraints  often  prevent  the  collection  of  subsur- 
face geologic  data;  therefore,  subsurface  layering 
has  to  be  inferred  from  indirect  measurements  such 
as  groundwater  tidal  response  and  slug  test  data, 
and  compared  with  the  conceptual  geohydrologic 
model.  Groundwater  tidal  response  data  from 
Mwoakilla,  Pingelap,  and  Ulithi  appear  to  be  con- 
trolled by  subsurface  layering  within  the  Holocene 
deposits,  and  not  the  permeability  contrast  be- 
tween Holocene  and  Pleistocene  deposits  as  was 
observed  at  Majuro.  (See  also  W9 1-05611)  (Lantz- 
PTT) 
W91-05640 


GEOPHYSICAL  MAPPING  AND  HYDROGEO- 
LOGIC  ANALYSIS  OF  FRESH-WATER 
LENSES  AT  BIG  PINE  KEY,  FLORIDA. 

University  of  South  Florida,  Tampa.  Dept.  of  Ge- 
ology. 

M.  J.  Wightman,  M.  T.  Stewart,  and  H.  L.  Vacher. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources     Association,      Bethesda,      Maryland. 
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A  case  study  provides  detailed  mapping  of  the 
salt/fresh  water  interface  throughout  Big  Pine 
Key.  Contour  maps  of  the  depth  to  interface  show 
the  lateral  and  vertical  extent  of  the  two  freshwa- 
ter lenses  in  this  carbonate  island  during  both  the 
wet  and  dry  seasons.  The  maximum  depth  of  the 
freshwater  lenses  is  strongly  controlled  by  the 
vertical  distribution  of  hydraulic  conductivity  as 
shown  by  the  comparison  of  the  maps  of  the 
interface  with  the  published  core  data.  The  control 
is  similar  to  that  at  several  larger  Bahamian  islands 
where  the  interface  is  strongly  refracted  as  it  enters 
a  buried  limestone  with  a  larger  hydraulic  conduc- 
tivity. At  Big  Pine  Key,  the  geologic  control  is  the 
contact  between  the  surficial  Miami  oolite  and  the 
underlying  Key  Largo  biolithite.  The  hydraulic 
conductivity  of  the  two  geologic  units  (Kl  and 
K2)  was  estimated  from  comparison  of  the  mapped 
geometry  of  the  interface  with  the  type  curves 
developed  from  analytical  Dupuit-Ghyben-Herz- 
berg  models  of  lenses  in  layered  islands,  using  an 
independent  estimate  of  recharge  (R).  The  results 
suggest  that  R  =  0.2  to  0.3  meters/yr,  Kl  =  100 
to  140  meters/day,  and  K2/K1  =  10  to  15  in  this 
island.  The  technique  is  applicable  to  many  other 
small  islands  composed  of  Quaternary  limestones. 
(See  also  W91-0561 1)  (Lantz-PTT) 
W9 1-05641 
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The  amount  of  fresh  groundwater  beneath  Key 
West,  Florida,  was  evaluated  using  a  very  low 
frequency  (VLF)  survey.  The  survey  was  conduct- 
ed to  help  define  the  general  configuration  of  the 
freshwater  lens  (250  mg/L  CI  concentration  or 
less),  which  constantly  changes  due  to  tidal  effects. 
The  VLF  survey,  unlike  other  geophysical  tech- 
niques, is  insensitive  to  electrical  interferences,  and 
thus,  feasible  for  highly  urbanized  Key  West. 
Wells  were  constructed  and  water  column  profiles 
of  specific  conductance  and  chloride  made  to  fur- 
ther define  the  lens  shape,  transition  zone  (freshwa- 
ter-saltwater mix),  and  saltwater  interface.  The 
zones  of  freshwater  and  salinity,  defined  by  the 
ohm-meter  contours  and  the  chloride  contours, 
where  in  general  agreement.  Readings  of  10  ohm- 
meters  generally  correspond  to  chlorides  of  250  to 
500  milligrams/L,  representing  relatively  freshwa- 
ter. The  highest  reading  (13.5  ohm-meters)  was 
obtained  near  a  former  freshwater  spring.  The 
freshwater  lens  was  thickest,  averaging  about  5 
feet,  near  the  center  of  western  Key  West  (Old 
Town).  The  freshwater  volume  was  about  20  mil- 
lion gallons  at  the  end  of  the  dry  season.  The  depth 
to  the  saltwater  interface  under  the  center  of  the 
island  was  about  40  ft.  (See  also  W9 1-05611)  (Au- 
thor's abstract) 
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A  comparison  between  the  geohydrology  of  Ber- 
muda and  Great  Exuma,  Bahamas,  illustrates  the 
control  of  climate  on  the  location  and  geometry  of 
freshwater  lenses  in  small  islands  composed  of 
Quaternary  coastal  eolianites.  The  eolianites  of  the 
islands  formed  mainly  when  sea  level  was  below  its 
present  position,  so  some  inter-eolianite  topograph- 
ic lows  became  submerged  with  the  Holocene  sea- 
level  rise.  The  lows  now  form  marshes  and  ponds. 
Climate  determines  whether  these  inland  water 
bodies  are  recharge  or  discharge  areas.  On  Great 
Exuma  Island,  annual  potential  evapotranspiration 
exceeds  rainfall.  The  inland  ponds  are  brackish  to 
hypersaline,  and  the  freshwater  lenses  are  localized 
beneath  the  eolianite  ridges  that  occur  between  the 
ponds.  In  Bermuda,  where  annual  potential  evapo- 
transpiration does  not  exceed  rainfall,  ponds  and 
marshes  that  lie  in  the  interior  of  the  island  are 
typically  fresh;  the  occurrence  of  fresh  groundwat- 
er is  controlled  by  the  geology  of  the  saturated 
zone  rather  than  the  island's  topography.  The 
Dupuit-Ghyben-Herzberg  model,  suggests  that  the 
effect  of  the  evaporation  excess  at  the  ponds  is  a 
thinning  of  the  lens  by  as  much  as  some  30  to  40 
meters  relative  to  the  same  island  with  uniform 
recharge.  (See  also  W91-05611)  (Author's  abstract) 
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An  impermeable  surface  layer  along  the  western 
north  coast  of  the  Yucatan  Peninsula  confines 
groundwater  near  the  coast  and  increases  the  hy- 
draulic head  in  the  highly  permeable  Yucatan  Aq- 
uifer. An  extensive  saltwater  wedge  that  penetrates 
far  inland  underlies  the  fresh  groundwater  lens, 
and  the  thickness  of  this  lens  is  increased  by  the 
coastal  aquitard.  Present  construction  activities  in 
this  coastal  area  may  destroy  the  surface  aquitard 
resulting  in  a  decrease  in  the  hydraulic  head.  This 
would  reduce  the  thickness  of  the  freshwater  lens 
and  diminish  freshwater  resources  near  the  coast. 
Large,  tidally  induced,  groundwater  fluctuations 
have  been  observed  up  to  five  kilometers  inland  in 
the  study  area.  The  damping  effect  of  tidal  im- 
pulses is  used  in  this  paper  to  calculate  aquifer 
dispersivity  and  estimate  other  parameters.  Sam- 
ples of  groundwater  were  obtained  from  the  fresh- 
water lens  and  analyzed   for  major  cations  and 
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alkalinity.  These  measurements  indicate  that  the 
major  geochemical  processes  occurring  in  the  aqui- 
fer are  mixing  of  fresh  and  seawater  and  carbonate 
dissolution.  High  concentrations  of  salts  present  in 
these  samples  indicate  that  extensive  mixing  is  oc- 
curring between  the  fresh  and  saline  groundwater 
bodies.  (See  also  W91-05611)  (Author's  abstract) 
W9 1-05644 


APPLICATION  OF  THE  BOUNDARY  ELE- 
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A  computer  code  has  been  developed  to  solve  the 
two-dimensional  (vertical  section)  problem  of  tran- 
sient, multi-phase  flow  through  porous  media  using 
the  boundary  element  method.  The  governing 
equations  in  each  phase  are  solved  simultaneously 
for  the  potential  head  in  each  phase.  Along  the 
sharp  interface  between  the  phases,  the  pressure  in 
both  phases  are  made  equal  and  the  continuity  of 
mass  is  maintained.  The  numerical  analysis  of  the 
boundary  element  equations  results  in  a  full  matrix. 
Iterations  within  a  time-step  are  avoided  by  com- 
puting the  matrix  coefficients  using  the  conditions 
at  the  previous  time  and  using  a  small  time-step. 
The  code  is  applied  to  three  different  problems  in 
water  resources.  The  first  application  is  the  tran- 
sient flow  through  an  earth  dam  due  to  a  rising 
upstream  reservoir  level.  The  results  of  this  pro- 
gram compare  favorably  with  the  results  from 
previous  studies.  The  second  application  studies 
the  transient  movement  of  the  fresh  saltwater  inter- 
face in  a  coastal  aquifer  subject  to  a  constant 
freshwater  recharge  through  a  strip  of  the  aquifer. 
An  analytic  solution  to  this  problem  is  available,  as 
well  as  numerical  solutions  using  finite-element  and 
boundary-element  methods.  These  results  are  com- 
pared with  the  results  of  this  program  for  different 
values  of  alpha  in  the  coastal  boundary  condition. 
The  final  application  was  to  the  problem  of  salt- 
water intrusion  into  the  island  of  Guam.  These 
applications  indicate  that  the  boundary  element 
method  can  be  a  powerful  tool  in  the  solution  of 
complex  water  resource  problems.  (See  also  W91- 
0561 1)  (Author's  abstract) 
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A  laboratory  experiment  to  measure  the  specific 
storage  of  an  aquifer  material  was  conducted.  A 
known  dead  load,  simulating  an  overburden  load. 


was  applied  to  a  sample  of  completely  saturated 
aquifer  material  contained  inside  a  cylinder.  After 
the  dead  load  was  applied,  water  was  withdrawn 
from  the  sample,  causing  the  hydrostatic  pressure 
to  decrease  and  the  effective  stress  to  increase.  The 
resulting  compression  of  the  sample  and  the 
amount  of  water  withdrawn  were  measured  after 
equilibrium  was  reached.  The  procedure  was  re- 
peated by  increasing  the  dead  load  and  the  hydro- 
static pressure  followed  by  withdrawing  water  to 
determine  new  values  of  effective  stress  and  com- 
paction. The  simulated  dead  loads  are  typical  of 
those  experienced  by  shallow  artesian  aquifers. 
The  void  ratio  and  the  effective  stress  of  the  aqui- 
fer sample,  as  simulated  by  different  dead  loads, 
determine  the  pore  volume  compressibility  which, 
in  turn,  determines  the  values  of  specific  storage. 
An  analytical  algorithm  was  used  to  independently 
determine  the  stress  dependent  profile  of  specific 
storage.  These  values  are  found  to  be  in  close 
agreement  with  laboratory  results.  Implications  for 
shallow  artesian  aquifers,  with  relatively  small 
overburden  stress,  are  also  addressed.  (See  also 
W91-0561 1)  (Author's  abstract) 
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From  the  earliest  Spanish  exploration  of  the  Yuca- 
tan, the  geohydrology  of  the  north  coast,  charac- 
terized by  dune  ridges  backed  by  a  saline  swamp, 
has  influenced  human  activity.  This  special  geohy- 
drologic  environment  appears  to  be  a  consequence 
of  precipitation  of  calcite  by  evaporating  C02 
saturated  groundwater  in  pores  of  surface  water 
near  the  coast.  The  result  is  a  thin,  almost  imper- 
meable caliche-like  crust  that  impedes  the  flow  of 
groundwater  to  the  ocean.  The  coastal  confining 
layer  isolates  the  freshwater  lens  and  increases  its 
thickness.  Furthermore,  it  reduces  the  damping  of 
tides  within  the  coastal  portion  of  the  Yucatan 
aquifer.  Tidal  oscillations  within  the  aquifer  may 
enhance  the  mixing  of  fresh  and  salt  water  at  the 
base  of  the  freshwater  lens  to  produce  a  long, 
narrow  zone  that  is  a  likely  site  of  extensive  car- 
bonate diagenesis.  In  the  northeast  Yucatan,  a 
semicircular  permeable  zone  of  about  80  kilometers 
radius,  centered  approximately  on  Merida  selec- 
tively captures  groundwater  and  delivers  it  to  the 
coast.  A  submerged  Yucatan  cave,  Noc-Ac 
Cenote,  is  the  site  of  modern  deposition  of  dolo- 
mite. This  relatively  accessible  site  may  provide  a 
rare  opportunity  to  observe  and  record  the  envi- 
ronment of  dolomitization.  This  dolomite  occur- 
rence is  near  the  top  of  a  dynamic  zone  of  mixing 
of  fresh  and  salt  water  at  the  base  of  the  peninsular 
freshwater  lens.  Pollution  of  the  Yucatan  aquifer  is 
an  ancient  problem  that  is  increasing  in  amount 
and  diversity  with  the  development  of  industry 
and  an  export  agriculture.  Bacteria  and  nitrates  are 
traditional  aquifer  pollutants.  Toxic  organic  com- 
pounds and  heavy  metals  from  industrial  develop- 
ment are  likely  modern  contributors  from  industri- 
al development  unless  special  care  is  taken  to  pro- 
tect the  aquifer.  (See  also  W91-05611)  (Author's 
abstract) 
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Groundwater  seepage  meters  were  installed  across 
a  transect  of  Indian  River  Lagoon  near  Jensen 
Beach,  Florida,  and  were  sampled  from  July  1988 
through  March  1989.  Unlike  most  lake  seepage 
patterns,  seepage  rates  increased  with  increasing 
distance  from  shore  and  depth.  Tidal  fluctuations 
exhibited  a  strong  impact  on  near-shore  (<150 
meters)  seepage  rates  but  had  no  affect  on  rates 
further  from  shore.  The  measurements  indicated 
the  existence  of  several  areas  of  very  high  seepage 
(>0.48  m/d),  and  it  is  thought  these  areas  repre- 
sent locations  where  discontinuities  in  the  underly- 
ing clay  layer  exist.  Precision,  determined  from 
duplicate  meters  located  within  a  few  centimeters 
of  each  other,  was  very  good.  The  average  meas- 
ured seepage  rate  (0.12  m/d)  was  considered 
higher  than  previous  estimates  (0.00076  to  0.0026 
m/d)  for  this  transect  using  a  Galerkin  finite-ele- 
ment model.  The  data  indicate  the  modeling  results 
may  be  in  error  due  to  inaccurate  model  input  data 
and  boundary  conditions,  pointing  out  the  com- 
plexity of  the  task  and  the  need  for  more  direct 
measurement  studies.  Currently,  seepage  estimates 
are  being  made  at  the  transect  with  the  USGS 
finite  difference  3-D  model  (Modflow)  using  pre- 
cisely determined  input  data  (head  boundaries,  hy- 
draulic conductivity,  etc.)  for  comparison  with 
seepage  meter  data.  (See  also  W91-05611)  (Au- 
thor's abstract) 
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The  Aquifer  Storage  Recovery  (ASR)  concept 
was  investigated  as  a  potential  means  of  storing 
fresh  water  to  meet  the  emergency  needs  of  the 
Florida  Keys  Aqueduct  Authority.  Preliminary 
evaluation  of  ASR  at  Marathon,  Florida,  identified 
a  potential  storage  zone  between  depths  of  410  and 
435  feet.  Numerical  modeling  was  conducted  and 
confirmed  the  feasibility  of  using  ASR  in  a  saline 
aquifer.  A  16  inch  diameter  ASR  well  was  con- 
structed and  screened  within  the  storage  zone. 
Two  observation  wells  were  completed  in  this 
same  zone  so  that  aquifer  characteristics  could  be 
determined  from  a  24-hour  pumping  test.  Results 
of  this  test  indicate  the  storage  zone  is  moderately 
permeable,  a  desirable  criterion  for  ASR.  Cycle 
testing  should  provide  the  final  data  necessary  to 
evaluate  full-scale  implementation  of  ASR  in  the 
Florida  Keys.  (See  also  W91-05611)  (Lantz-PTT) 
W9 1-05649 
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ARTIFICIAL   GROUND-WATER    RECHARGE, 
VENTURA  COUNTY,  CALIFORNIA. 

Banner  Associates,  Inc.,  Grand  Junction,  CO. 
For  primary  bibliographic  entry  see  Field  4B. 
W9 1-05650 


INTERACTIVE  COMPUTER  PROGRAM  MO- 
DUMANAG,  A  DATA  MANAGEMENT  TOOL 
FOR  THE  MODULAR  FTNITE-DnTFERENCE 
GROUND-WATER  FLOW  MODEL. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

S.  Torres-Gonzalez,  and  L.  I.  Rolon-Collazo. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  403-410,  7  fig,  2  tab,  1  ref. 

Descriptors:  'Computer  programs,  'Data  process- 
ing, 'Finite  difference  methods,  *Flow  models, 
•Groundwater  movement,  *MODUMANG  pro- 
gram, *Tropical  hydrology,  Computer  models, 
Data  interpretation,  Groundwater  management, 
Hydrologic  maps,  Maps,  Model  studies. 

A  data  management  program  was  developed  for 
pre-processing  and  post-processing  of  input  and 
output  data  for  the  USGS's  Modular  groundwater 
flow  model.  The  menu-driven  program  performs 
data  computations  for  model  input  and  edits,  plots, 
and  summarizes  model  output.  The  subroutines 
that  perform  the  different  tasks  are  called  options 
and  work  independently.  They  can  be  used  to 
compute  two  dimensional  arrays  of  hydrologic  and 
hydraulic  parameters  based  on  existing  arrays.  The 
options  can  also  be  used  to  edit  data  at  specific 
model  cells  or  a  group  of  cells  within  a  data  array. 
The  program  can  plot  an  output  data  array  as  a 
contour  map  or  a  3-D  surface.  MODUMANAG 
also  may  be  used  to  generate  a  two-dimensional 
data  array  from  a  digitized  contour  map  and  to 
summarize  model  results  in  graphical  or  tabular 
form.  The  program  was  written  in  FORTRAN  77 
for  the  Prime  series  50  minicomputer.  (See  also 
W91-05611)  (Author's  abstract) 
W9 1-05652 


CHEMICAL  AND  STABLE  ISOTOPIC  CHAR- 
ACTERISTICS OF  GROUND  WATER  ON 
GRAND  CAYMAN. 

Alberta  Univ.,  Edmonton.  Dept.  of  Geology. 
K.  C.  Ng,  and  B.  Jones. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  41 1-420,  4  fig,  32  ref.  Natural  Science  and 
Engineering  Research  Council  of  Canada  Grant 
No.  A6090. 

Descriptors:  'Freshwater  lenses,  'Geochemistry, 
•Grand  Cayman  Island,  'Groundwater  quality, 
•Isotope  studies,  *Karst  hydrology,  *Tropical  hy- 
drology, 'Water  chemistry,  Groundwater  re- 
charge, Islands,  Rainfall,  Saline-freshwater  inter- 
faces, Sulfates,  Water  quality. 

In  carbonate  terrains  where  water-rock  interac- 
tions are  significant,  useful  information  concerning 
the  groundwater  origin,  recharge  phenomenon, 
and  flow  regime  can  be  obtained  from  detailed 
investigations  of  the  chemical  and  stable  isotopic 
contents  of  the  groundwater.  Hydrochemical  and 
stable  isotopic  data  on  Grand  Cayman  indicate  that 
rainwater  recharge  occurs  predominantly  during 
periods  of  heavy  rain.  Rainfall  of  low  intensity  is 
insignificant.  Systematic  analysis  of  the  ground- 
water on  Grand  Cayman  shows  that  its  chemical 
constituents  are  derived  from:  (1)  salts  from  rain- 
water which  are  subsequently  concentrated  by 
evaporation,  (2)  an  influx  of  calcium  enriched 
groundwater  from  the  surrounding  limestone 
aquifers,  (3)  a  periodic  influx  of  water  trapped  in 
sinkholes,  (4)  dissolution  of  carbonate  minerals,  (5) 
precipitation  of  carbonate  minerals  (6)  sulfate  re- 
duction in  a  reducing  environment,  and  (7)  salts 


derived  from  underlying  saline  water.  The  major 
freshwater  lenses  of  Grand  Cayman,  developed  in 
dolostones  of  the  Oligocene-Miocene  Bluff  Forma- 
tion, show  distinct  spatial  and  temporal  variation  in 
hydrochemical  and  stable  isotopic  composition. 
The  amount  of  variation  is  related  to  the  degree  of 
external  influences  and  water-rock  interactions. 
Subenvironments  developed  in  the  unconfined 
aquifers,  controlled  by  jointing  and  karsting,  also 
lead  to  variation  in  groundwater  properties.  (See 
also  W9 1-056 11)  (Author's  abstract) 
W9 1-05653 


WATER  QUALITY  OF  A  CARBONATE 
ISLAND  KARST  AQUIFER,  SAN  SALVADOR 
ISLAND,  BAHAMAS. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Geology  and  Geography. 
W.  Balcerzak,  J.  Mylroie,  and  G.  S.  Pabst. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  421-431,  2  fig,  5  tab,  14  ref. 

Descriptors:  'Bahamas,  'Carbonate  rocks, 
♦Groundwater  pollution,  'Groundwater  quality, 
'Karst  hydrology,  'San  Salvador  Island,  'Tropical 
hydrology,  'Water  pollution  sources,  Aquifers, 
Coliforms,  Dissolved  oxygen,  Dissolved  solids, 
Geohydrology,  Groundwater  recharge,  Hydrogen 
ion  concentration,  Rainfall,  Water  chemistry. 

The  water  quality  and  distribution  of  groundwater 
on  San  Salvador  is  assessed.  A  total  of  86  water 
samples  were  collected  from  67  wells  and  catch- 
ments and  a  baseline  study  was  conducted  to  estab- 
lish various  physical  and  microbial  parameters.  In 
situ  measurements  included  conductivity,  pH,  dis- 
solved oxygen,  and  temperature.  Microbial  analy- 
ses were  made  of  total  coliform,  fecal  coliform, 
and  fecal  streptococci.  Average  conductivity  was 
found  to  be  2,270  microsiemens/cm,  corresponding 
to  a  total  dissolved  solids  (TDS)  value  of  1,470 
mg/1.  Delineation  of  some  lenses  appears  to  be 
possible  by  the  similarity  of  physical  parameters 
and  the  location  of  the  aquifer  in  relation  to  lakes, 
shoreline,  and  topography.  Microbial  counts  show 
very  high  fecal  streptococci  levels  and  little  to  no 
fecal  and  total  coliforms,  indicating  recent  animal 
contamination  from  an  avian  or  ruminant  animal 
source.  In  a  few  locations  higher  total  coliform 
indicates  occasional  aquifer  contamination  by 
human  waste.  (See  also  W9 1-056 11)  (Lantz-PTT) 
W9 1-05654 


UTILIZATION  OF  INTRACELLULAR  GRAN- 
ULES OF  INT-FORMAZAN  AND  GENE 
PROBES  FOR  TRACING  MICROORGANISMS 
IN  GROUND  WATER. 

Puerto  Rico  Univ.,  Rio  Piedras.  Environmental 
Microbiology  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05661 


CENTER     FOR     AQUIFER     SCIENCE     AND 

TECHNOLOGY  (CAST). 

Rensselaer  Polytechnic  Inst.,  Troy,  NY.  Dept.  of 

Environmental  Engineering. 

For  primary  bibliographic  entry  see  Field  9C. 

W9 1-05795 


MULTIPHASE  FLOW  AND  TRANSPORT  IN 
POROUS  MEDIA. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05798 


MAPPING  ZONES  OF  CONTAMINATED 
GROUND-WATER  DISCHARGE  USING 
CREEK-BOTTOM-SEDIMENT  VAPOR  SAM- 
PLERS, ABERDEEN  PROVING  GROUND, 
MARYLAND. 
Geological  Survey,  Columbia,  SC. 


For  primary  bibliographic  entry  see  Field  5B. 
W91-05813 


APPLICATIONS  OF  FORWARD  MODELING 
RESISTIVITY  PROFILES. 

United  Nations  Educational,  Scientific  and  Cultur- 
al Organization,  Paris  (France).  Div.  of  Water 
Sciences. 

F.  Radstake,  W.  Geirnaert,  T.  W.  Kleinendorst, 
and  J.  C.  Terhell. 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  13-17, 
January/February  1991.  9  fig,  13  ref. 

Descriptors:  'Borehole  geophysics,  'Computer 
models,  'Data  acquisition,  'Geohydrology, 
•Model  studies,  *Resistivity  profiles,  'Resistivity 
surveys,  Burkina  Faso,  Geoelectrical  prospecting, 
Geologic  formations,  Geophysics,  Granites, 
Schists,  Schlumberger  array,  Spatial  distribution, 
Wenner  array. 

The  Schlumberger  array  offers  better  resolution 
than  the  Wenner  array  and  therefore  often  is  used 
in  detailed  studies  of  borehole  siting.  For  regional 
studies,  however,  the  Wenner  array  offers  certain 
advantages:  better  signal-to-noise  ratio  and 
smoother  curves.  A  simple  two-dimensional  inter- 
pretation model  for  resistivity  profiles  and  sound- 
ings, similar  to  the  one  presented  recently  by 
Mufti,  has  been  developed  for  a  personal  computer 
(IBM-compatible).  With  the  aid  of  the  computer 
program,  a  synthetic  response  of  Wenner  and 
Schlumberger  soundings  or  profiles  can  be  gener- 
ated for  two-dimensional  subsurface  structures. 
The  possibility  of  calculating  a  resistivity  response 
in  advance  offers  a  tool  to  optimize  electrode 
configurations  and  spacings,  and  hence  greatly  im- 
proves the  value  of  the  measurements.  A  better 
insight  also  is  obtained  into  how  geological  struc- 
tures may  affect  the  size  and  shape  of  anomalies  in 
resistivity  profiles.  With  the  aid  of  the  model,  the 
sensitivity  of  Schlumberger  and  Wenner  arrays  to 
the  weathered  layer  thickness  in  a  granitic  environ- 
ment is  illustrated,  and  a  case  study  of  the  quantita- 
tive interpretation  for  a  resistivity  profile  from  a 
schistose  environment  in  Burkina  Faso  is  present- 
ed. Although  the  forward  modeling  in  itself  is  not 
unique,  the  optimal  electrode  spacing  can  be  deter- 
mined in  advance  and  a  better  insight  obtained  into 
the  sensitivity  of  geoelectrical  prospecting  for  vari- 
ous geologic  structures.  Selection  of  the  best  loca- 
tion for  drilling  may  be  facilitated  by  comparing 
model  results  with  field  data.  (Rochester-PTT) 
W91-05814 


ONE-DIMENSIONAL  TRACER  MODEL. 

H.  Huang. 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  18-20, 

January /February  1991.  2  fig,  3  ref. 

Descriptors:  'Groundwater  movement,  'Mathe- 
matical analysis,  'Tracers,  Adsorption,  Break- 
through curves,  Decomposition,  Dispersion,  Flow 
velocity,  Model  studies. 

One  of  the  main  objectives  for  tracer  investigation 
of  groundwater  flow  is  to  estimate  the  average 
interstitial  velocity  of  the  flow.  Although  empirical 
methods  exist  for  employing  the  analytical  solution 
of  one-dimensional  tracer  models  and  the  tracer 
breakthrough  curve  to  calculate  the  average  veloc- 
ity, the  accuracy  of  the  empirical  method  is  influ- 
enced by  the  dispersion  degree  of  the  tracer.  A 
simpler  method  with  greater  accuracy  would  be 
desirable.  From  the  analytical  solution  to  the  in- 
stantaneous injection  model,  two  sets  of  equations 
are  given  for  calculating  the  three  important  pa- 
rameters (V,  average  linear  velocity;  D,  dispersion 
coefficient;  and  E,  effective  initial  concentration) 
from  two  or  three  points  on  the  tracer  break- 
through curve.  If  two  points  are  used,  one  of  them 
must  be  the  maximum  concentration  on  the  tracer 
breakthrough  curve.  The  effective  initial  concen- 
tration (E)  calculated  from  the  tracer  breakthrough 
curve  must  be  less  than  the  initial  injection  concen- 
tration (M/PS,  where  M  is  the  mass  being  injected, 
P  is  the  porosity  of  the  reservoir,  and  S  is  the 
cross-sectional  area  of  the  flow  for  an  injection). 
The  difference  between  the  initial  injection  con- 
centration and  the  calculated  effective  initial  con- 
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centralion  might  be  used  to  evaluate  the  degree  of 
tracer  loss  resulting  from  the  combined  effect  of 
multidirectional  dispersion,  adsorption,  and/or  de- 
composition. (Rochester-PTT) 
W91-05815 


MODELING       SOLUTE       TRANSPORT      IN 
GROUND  WATER  AT  OR  NEAR  FREEZING. 

Alaska  Univ.,  Fairbanks.  Dept.  of  Mining  and  Ge- 
ological Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-05816 


ESTIMATING  RECHARGE  RATES  THROUGH 
UNSATURATED  GLACIAL  TILL  BY  TRITIUM 
TRACING. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Earth  and 

Atmospheric  Sciences. 

D.  P.  Daniels,  S.  J.  Fritz,  and  D.  I.  Leap. 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  26-34, 

January/February  1991.  4  fig,  2  tab,  32  ref. 

Descriptors:  'Groundwater  recharge,  'Indiana, 
•Infiltration,  'Isotope  studies,  'Recharge,  'Trac- 
ers, 'Tritium,  Catchment  areas,  Cores,  Ground- 
water movement,  Hydrologic  budget,  Radioiso- 
topes, Seasonal  distribution,  Till,  White  River. 

Tritium  produced  by  aboveground  thermonuclear 
tests  has  been  shown  to  be  an  excellent  tracer  for 
following  the  downward  movement  of  water  in 
both  the  unsaturated  and  saturated  zones.  A  tritium 
profile  obtained  from  a  core  located  on  the  Tipton 
Till  Plain  near  West  Lafayette,  Indiana,  showed  a 
'tritium  reversal'  (corresponding  to  a  low-high-low 
activity  of  tritium  relative  to  depth)  at  7  m,  indicat- 
ing the  present  position  of  recharge  water  derived 
from  1963/64  precipitation.  The  average  recharge 
rate  calculated  using  the  tritium  data  is  3.S  cm/yr 
for  the  'mass  balance'  method  and  4.7  cm/yr  for 
the  'transit-time'  method.  The  average  of  4.1  cm/ 
yr  is  in  reasonable  agreement  with  Arihood's 
(1982)  estimate  of  5.1  cm/yr  for  tills,  based  on 
numerical  modeling  of  data  from  a  water-budget 
study  in  the  White  River  basin  of  Indiana.  Two 
other  cores,  located  on  a  nearby  topographically 
lower  slope,  showed  no  definite  reversal  in  tritium 
activity,  probably  because  of  lateral  flow  compo- 
nents at  these  locations.  To  be  applied,  the  tritium 
technique  should  assess  the  contribution  of  summer 
and  winter  precipitation  to  recharge  because  triti- 
um activities  tend  to  peak  in  spring  and  summer 
precipitation.  Contrary  to  the  usual  assumptions 
that  recharge  to  aquifers  in  temperate  zones  of  the 
northern  hemisphere  occurs  between  October  and 
April,  stable  isotopic  data  of  well  water  in  the 
study  area  indicate  that  an  appreciable  amount  of 
annual  recharge  (about  34%)  actually  occurs  be- 
tween April  and  October.  (Author's  abstract) 
W9 1-058 17 


SIMPLE  DERIVATION  OF  THE  RETARDA- 
TION EQUATION  AND  APPLICATION  TO 
PREFERENTIAL  FLOW  AND  MACRODISPER- 
SION. 

Agricultural    Research    Service,    Phoenix,    AZ. 

Water  Conservation  Lab. 

H.  Bouwer. 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  41-46, 

January /February  1991.  5  fig,  2  tab,  36  ref. 

Descriptors:  'Breakthrough  curves,  'Groundwater 
movement,  'Path  of  pollutants,  'Preferential  flow, 
•Saturated  flow,  'Sorption,  'Unsaturated  flow, 
Aquifers,  Macrodispersion,  Mathematical  equa- 
tions, Performance  evaluation,  Retardation  equa- 
tion, Vadose  zone. 

The  formula  most  often  found  in  the  literature  for 
calculating  the  retardation  factor  of  sorbing  pollut- 
ants from  the  distribution  coefficient  and  aquifer 
properties  is  for  saturated  flow.  The  equation  is 
applicable  to  one-dimensional,  horizontal,  single- 
phase  flow  in  saturated,  unconsolidated,  homoge- 
neous porous  media.  A  new  equation  to  calculate 
the  retardation  factor  for  sorbing  chemicals 
moving  in  aqueous  solution  through  aquifers  and 
vadose  zones  has  been  derived  using  a  linear  sorp- 
tion isotherm  and  a  simple  mass-balance  approach. 
The  procedure  is  very  simple  and  clearly  illustrates 


the  roles  of  the  porosity  (n)  and  the  volumetric 
water  content  (theta),  including  those  for  saturated 
flow,  unsaturated  flow,  and  preferential  flow  or 
other  systems  with  both  mobile  and  immobile 
phases  of  the  water.  Applications  of  the  equation 
to  preferential  flow  in  the  vadose  zone  and  macro- 
dispersion  in  a  layered  aquifer  are  illustrated  with 
numerical  examples  for  hypothetical  cases.  Break- 
through curves  for  layered  systems  with  different 
hydraulic  conductivities,  porosities,  and  retarda- 
tion coefficient  for  each  layer  can  be  estimated 
simply  by  assuming  a  piston  flow  in  each  layer. 
This  produces  a  step  breakthrough  curve,  through 
which  a  smooth  curve  can  be  drawn.  The  resulting 
curve  tends  to  be  parabolic  rather  than  sigmoid 
and,  when  determined  in  the  field,  can  be  used  to 
estimate  the  average  retardation  factor  of  the  more 
permeable  formations  of  the  aquifer.  Preferential 
flow  in  vadose  zones  and  aquifers  also  can  increase 
the  volume  of  clean  water  needed  to  reduce  con- 
taminant concentrations  to  acceptable  levels. 
(Rochester-PTT) 
W9 1-058 19 


AQUEOUS  GEOCHEMISTRY  OF  THE  SAND- 
AND-GRAVEL  AQUIFER,  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-05820 


ASSESSMENT  OF  POROUS  MEDIA  HETERO- 
GENEITY BY  INVERSE  PLUME  ANALYSIS. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Geol- 
ogy and  Geological  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05821 


PARTICLE  TRACKING  ANALYSIS  OF  RE- 
CHARGE AREAS  ON  LONG  ISLAND,  NEW 
YORK. 

Geological  Survey,  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05822 


GROUND-WATER  DISCHARGE  TO  LAKES: 
FOCUSING  IN  EMBAYMENTS. 

Wisconsin    Univ.-Milwaukee.    Dept.    of   Geosci- 

ences. 

D.  S.  Cherkauer,  and  P.  F.  McKereghan. 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  72-80, 

January /February  1991.  9  fig,  3  tab,  20  ref.  Federal 

Grant  NA84AA-D-OO065,  Project  R/MW-35. 

Descriptors:  'Aquifers,  'Base  flow,  'Lake  Michi- 
gan, 'Michigan,  'Simulation,  'Surface-groundwat- 
er  relations,  'Wisconsin,  Digital  computers,  Dolo- 
mite, Focusing,  Green  Bay,  Hydraulic  conductivi- 
ty, Hydraulic  gradient,  Hydrologic  models,  Mathe- 
matical models. 

Seepage  of  groundwater  to  Green  Bay  and  Lake 
Michigan  from  a  fractured  dolomite  aquifer  be- 
neath the  Door  Peninsula  of  Wisconsin  was  exam- 
ined to  determine  the  influences  of  embayments  on 
the  relative  amounts  of  groundwater  discharge.  A 
digital  simulation  was  used  to  calculate  the  quanti- 
ty and  distribution  of  that  discharge.  The  simula- 
tion results  are  based  on  the  net  recharge  that 
occurs  on  the  land  portion  of  the  study  area.  They 
compare  favorably  with  discharges  calculated  by 
flow  net  using  observed  hydraulic  gradients  and 
conductivities,  and  are  in  relative  agreement  with 
direct  measurements  made  by  seepage  meters.  The 
simulation  has  not  been  verified  (due  to  lack  of 
independent  observations),  but  the  similarity  of  the 
discharges  from  the  three  methods  supports  the 
model's  validity.  In  the  study  area,  66,000  cu  m/ 
day  of  groundwater  is  discharged  directly  into 
Green  Bay  (26,000  cu  m/day)  and  Lake  Michigan 
(40,000  cu  m/day).  Almost  60%  of  this  total 
occurs  in  20  embayments  along  the  shore,  even 
though  they  occupy  only  about  33%  of  the  shore- 
line length  as  measured  parallel  to  the  long  axis  of 
the  peninsula.  Discharge  is  focused  into  embay- 
ments by  distortion  of  equipotential  lines  caused  by 
a  bay's  penetration  into  the  groundwater  system. 
In  the  study  area,  it  is  shown  that  flow  amplifica- 
tions of  up  to  500%  vary  directly  with  two  meas- 


ures of  the  shoreline  shape  at  bays,  horizontal 
penetration  (defined  as  the  ratio  of  a  bay's  axial 
length  to  the  distance  to  the  groundwater  divide), 
and  vertical  penetration  (the  ratio  of  maximum  bay 
depth  to  aquifer  thickness).  Both  factors  have 
equal  influence  on  the  amplification  of  discharge. 
A  graphical  means  of  predicting  the  effect  of 
coastal  configurations  on  other  bays  was  devel- 
oped, but  its  applicability  outside  the  study  area  is 
unknown.  (Author's  abstract) 
W91-05823 


GROUND-WATER  CONTAMINATION  FROM 
TWO  SMALL  SEPTIC  SYSTEMS  ON  SAND 
AQUIFERS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05824 


NUMERICAL  SIMULATION  OF  SUBSUR- 
FACE-WATER RISE  IN  KUWAIT  CITY. 

Kuwait  Inst,  for  Scientific  Research,  Safat. 

L.  Hamdan,  and  A.  Mukhopadhyay. 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  93- 

104,  January /February  1991.  12  fig,  5  tab,  8  ref. 

Descriptors:  'Kuwait,  'Model  studies,  'Urbaniza- 
tion, 'Water  level,  'Water  table  rise,  Computer 
models,  Flooding,  Groundwater  management, 
Groundwater  recharge,  Irrigation-return  flow, 
Leaks,  Selective  withdrawal,  Wastewater,  Water 
table. 

The  residential  areas  of  Kuwait  City  have  been 
affected  by  a  rise  in  the  subsurface-water  level  in 
recent  years,  causing  waterlogging  and  flooding  of 
basements  of  buildings.  To  study  this  phenomenon, 
and  to  ascertain  its  causes,  a  numerical  aquifer 
simulation  model  was  developed.  The  aquifer 
model  showed  that,  over  the  period  1961-1985,  the 
net  yearly  addition  to  the  aquifer  storage  due  to 
the  contribution  from  man-made  sources  such  as 
sewer  systems,  irrigation,  and  water  distribution 
networks,  ranged  from  8300  to  10,100  cu  m/day, 
causing  a  subsurface-water  level  increase  of  about 
5  m  locally,  resulting  in  high  water  table  condi- 
tions. A  maximum  local  rise  in  the  water  table  of 
2.5  m  was  predicted  between  the  end  of  1985  and 
1990,  if  no  remedial  actions  are  undertaken.  Pre- 
ventive methods  to  reduce  or  eliminate  recharge 
from  man-made  activities  would  help  control  the 
water  level  rise  and  even  lower  the  water  table  in 
selected  areas.  Remedial  measures  to  lower  and 
maintain  the  subsurface-water  level  at  acceptable 
depths  would  entail  the  withdrawal  of  significant 
quantities  of  groundwater.  (Author's  abstract) 
W91-05825 


EMPIRICAL  BAYES  REGIONALIZATION 
METHODS  FOR  SPATIAL  STOCHASTIC 
PROCESSES. 

Gradient  Corp.,  Cambridge,  MA. 
J.  B.  Butcher,  M.  A.  Medina,  and  C.  M.  Marin. 
Water  Resources  Research  WRERAQ,  Vol.  27, 
No.  1,  p  7-15,  January  1991.  5  fig,  2  tab,  28  ref. 

Descriptors:  'Groundwater  movement,  'Ground- 
water pollution,  'Model  studies,  'Spatial  distribu- 
tion, 'Statistics,  'Stochastic  process,  Hydraulic 
conductivity,  Mathematical  models,  Performance 
evaluation,  Risk  assessment,  Stochastic  models. 

Many  geophysical  properties  can  be  described  as 
spatial  stochastic  processes,  including  spatially  cor- 
related hydraulic  conductivity  fields.  Use  of  re- 
gional data  can  potentially  improve  estimation  of 
such  processes.  The  case  is  considered  in  which 
observations  at  each  of  several  sites  are  described 
by  a  general  linear  model,  while  the  parameters  of 
the  models  arise  from  a  common  regional  distribu- 
tion. Parametric  empirical  Bayes  methods  enable 
the  determination  of  the  parameters  of  the  regional 
distribution  via  maximum  likelihood.  However, 
such  methods  have  not  been  utilized  for  spatial 
stochastic  processes.  An  application  has  been  de- 
veloped for  a  simple  iterative  technique  for  maxi- 
mum likelihood  estimation  of  regional  parameters 
and  its  use  is  demonstrated  with  a  common  para- 
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meterization  of  the  spatial  covariance  structure. 
Synthetic  data  tests  show  the  potential  for  substan- 
tial reduction  in  estimation  risk  through  the  use  of 
such  techniques.  The  synthetic  data  tests  indicate 
that  the  empirical  Bayes  procedures  will  likely 
underestimate  precision  uncertainty  due  to  over- 
valuation of  precision  of  the  regional  parameter 
estimates.  Spatial  variability  in  hydraulic  conduc- 
tivities can  be  an  important  factor  in  the  analysis  of 
groundwater  contamination  risk.  However,  it 
seems  to  be  generally  the  case  that  data  sufficient 
to  characterize  the  spatial  properties  of  hydraulic 
conductivity  fields  are  not  readily  available.  Dem- 
onstration of  the  potential  value  of  regionalization 
may  encourage  regulatory  agencies  to  collect  and 
maintain  such  data.  (Rochester-PTT) 
W91-05832 


HYDRAULIC  RESPONSE  OF  HIGHLY  COM- 
PRESSIBLE AQUITARDS  DURING  CONSOLI- 
DATION. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

D.  L.  Rudolph,  and  E.  O.  Frind. 

Water  Resources  Research  WRERAQ,  Vol.  27, 

No.  1,  p  17-30,  January  1991.  14  fig,  35  ref. 

Descriptors:  'Aquifer  systems,  'Aquitards,  'Con- 
solidation, 'Groundwater  movement,  'Hydraulic 
properties,  'Leaky  aquifer  systems,  Clays,  Com- 
pression, Errors,  Leakage,  Linear  theory,  Mexico 
City,  Performance  evaluation,  Solute  transport, 
Subsidence. 

The  transient  behavior  of  highly  compressible 
aquitards  was  investigated  through  numerical  anal- 
ysis and  field  studies.  Variations  in  the  hydraulic 
parameters  of  an  aquitard  during  consolidation 
were  accounted  for  by  incorporating  empirical  re- 
lationships derived  from  standard  consolidation 
tests  into  the  one-dimensional  flow  equation.  The 
resulting  equation  is  highly  nonlinear.  The  hydrau- 
lic response  of  an  aquitard  with  physical  properties 
typical  of  the  compressible  clays  of  Mexico  City 
was  evaluated  with  both  standard  linear  analysis 
and  a  nonlinear  approach  where  the  hydraulic 
parameters  were  stress-dependent.  The  results  indi- 
cate that  decreases  in  the  hydraulic  diffusivity  of 
the  aquitard  due  to  consolidation  lead  to  dimin- 
ished leakage  flux,  slower  groundwater  velocities, 
and  solute  transport  rates,  longer  transient  re- 
sponse periods,  and  less  land  subsidence  than 
would  be  predicted  by  classical  linear  theory. 
Evaluation  of  field  data  from  a  site  near  Mexico 
City  indicates  that  significant  interpretive  errors 
may  arise  if  stress  dependence  of  the  hydraulic 
parameters  is  ignored  in  systems  of  this  type.  (Au- 
thor's abstract) 
W91-05833 


LABORATORY  ANALYSIS  OF  FLUID  FLOW 
AND  SOLUTE  TRANSPORT  THROUGH  A 
FRACTURE  EMBEDDED  IN  POROUS  TUFF. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 

Water  Resources. 

W.  R.  Haldeman,  Y.  Chuang,  T.  C.  Rasmussen, 

and  D.  D.  Evans. 

Water  Resources  Research  WRERAQ,  Vol.  27, 

No.  1,  p  53-65,  January  1991.  8  fig,  8  tab,  30  ref. 

U.S.   Nuclear   Regulatory   Commission   Contract 

NRC-04-86-1 14,  FIN  D1662. 

Descriptors:  'Geologic  fractures,  'Groundwater 
movement,  'Model  studies,  'Path  of  pollutants, 
•Solute  transport,  Breakthrough  curves,  Hydraulic 
conductivity,  Laboratory  methods,  Mathematical 
models,  Simulation,  Transmissivity,  Traveltime, 
Tuff. 

Laboratory  experiments  were  conducted  to  deter- 
mine the  flow  and  transport  properties  of  a  frac- 
tured porous  tuff  block  measuring  20  x  20  x  50  cm. 
One  porous  ceramic  plate  was  placed  immediately 
above  a  fracture  and  two  other  plates  were  placed 
on  either  side  of  the  fracture  above  the  rock 
matrix.  The  plates  controlled  the  pressure  head 
applied  to  the  upper  surface  of  the  fractured  rock 
block.  Laboratory  results  were  simulated  using  the 
boundary  integral  method  for  a  single  saturated 
fracture  with  an  assumed  uniform  transmissivity 
embedded  within  a  porous  tuff  block.  The  simula- 


tion identified  the  saturated  hydraulic  properties  of 
the  fracture.  Matrix  hydraulic  conductivity  was 
estimated  as  50  times  10  to  the  minus  9th  power  m/ 
sec  and  the  fracture  transmissivity  as  5  times  10  to 
the  minus  9th  power  sq  m/sec.  Much  of  the  flow 
that  exits  the  fracture  at  the  lower  surface  first 
passes  through  the  rock  matrix  even  though  a 
direct  contact  exists  with  the  porous  plate.  Travel 
times  and  breakthrough  curves  were  used  to  esti- 
mate fracture  dispersivities,  which  ranged  from 
0.0207  to  8.01  m.  Breakthrough  curves  deviated 
from  simulation  results  due  to  significant  channel- 
ing of  fracture  flow.  (Author's  abstract) 
W9 1-05836 


STEADY  FLUID  FLOW  AND  TRAVEL  TIMES 
IN  PARTIALLY  SATURATED  FRACTURES 
USING  A  DISCRETE  AIR-WATER  INTER- 
FACE. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 

Water  Resources. 

T.  C.  Rasmussen. 

Water  Resources  Research  WRERAQ,  Vol.  27, 

No.  1,  p  67-76,  January  1991.  8  fig,  22  ref,  append. 

U.S.    Nuclear   Regulatory   Commission   Contract 

NRC-04-86-1 14,  FIN  D1662. 

Descriptors:  'Disposal  wells,  'Geologic  fractures, 
'Groundwater  movement,  'Path  of  pollutants, 
•Steady  flow,  'Unsaturated  flow,  Aeration  zone, 
Air-water  interfaces,  Hydraulic  conductivity,  Lab- 
oratory methods,  Mathematical  models,  Simula- 
tion,  Site  selection,   Traveltime,  Waste  disposal. 

The  characterization  of  fluid  movement  through 
fractured  rock  media  of  low  hydraulic  conductivi- 
ty is  critical  to  the  evaluation  of  the  suitability  of 
waste  disposal  sites  in  geologic  media.  Fracture 
flow  under  conditions  of  partial  fluid  saturation 
was  studied  where  a  portion  of  the  fracture  is  filled 
with  water  and  the  remaining  portion  is  filled  with 
air.  A  discrete  air-water  interface  was  employed  to 
separate  the  saturated  from  the  drained  regions  of 
the  fracture.  A  laboratory  flow  experiment  was 
conducted  to  demonstrate  the  interface  concept. 
The  steady-state  air-water  interface  position  was 
observed  by  maintaining  a  circular  water  source  at 
constant  positive  pressure  head  between  two  verti- 
cal glass  plates.  An  analytic  solution  to  the  flow 
problem  was  compared  to  the  observed  interface 
position  and  to  simulated  results  that  assume  that  a 
constant  capillary  pressure  head  can  be  assigned 
along  the  interface.  Simulations  performed  for  a 
hypothetical  vertical  fracture  indicate  zones  of 
positive  and  negative  pressure  head  in  the  saturat- 
ed zone  as  well  as  an  air-filled  zone.  For  the 
hypothetical  fracture  examined,  fluid  travel  times 
are  not  substantially  changed  as  fracture  saturation 
decreases.  This  result  may  not  be  general  for  all 
fractures.  (Author's  abstract) 
W9 1-05837 


LIGHT  STABLE  ISOTOPE  SYSTEMATICS  OF 
LARGE-SCALE  HYDROLOGIC  REGIMES  IN 
CALIFORNIA  AND  NEVADA. 

California  Univ.,  Davis.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2A. 
W9 1-05838 


GROUNDWATER    CONTAMINATION    STUD- 
D2S-THE  STATE-OF-THE-ART. 

University  of  Petroleum  and  Minerals,  Dhahran 

(Saudi  Arabia). 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05848 


ORIGIN  AND  MORPHOLOGY  OF  LIME- 
STONE CAVES. 

State  Univ.  of  New  York  Coll.  at  Oneonta.  Dept. 

of  Earth  Sciences. 

A.  N.  Palmer. 

Geological       Society      of      America      Bulletin 

BUGMAF,  Vol.  103,  No.  1,  p  1-21,  January  1991. 

25  fig,  1  tab,  79  ref. 

Descriptors:  'Caves,  'Fissure  water,  'Geochemis- 
try, 'Geohydrology,  'Groundwater  movement, 
•Hydrology,  'Karst,  *Limestone,  Flow  discharge, 
Geologic  control,  Geologic  fractures,  Geomorpho- 


logy,    Groundwater    recharge,    Sinkholes,    Sinks, 
Water  chemistry. 

Limestone  caves  form  along  groundwater  paths  of 
greatest  discharge  and  solutional  aggressiveness. 
Flow  routes  that  acquire  increasing  discharge  ac- 
celerate in  growth,  while  others  languish  with 
negligible  growth.  As  discharge  increases,  a  maxi- 
mum rate  of  wall  retreat  is  approached,  typically 
about  0.01-0.1  cm/yr,  determined  by  chemical  ki- 
netics but  nearly  unaffected  by  further  increase  in 
discharge.  The  time  required  to  reach  the  maxi- 
mum rate  is  nearly  independent  of  kinetics  and 
varies  directly  with  flow  distance  and  temperature, 
and  inversely  with  initial  fracture  width,  discharge, 
gradient,  and  C02  pressure.  Most  caves  require 
10,000-100,000  years  to  reach  traversable  size. 
Their  patterns  depend  on  the  mode  of  groundwat- 
er recharge.  Sinkhole  recharge  forms  branching 
caves  with  tributaries  that  join  downstream  as 
higher-order  passages.  Maze  caves  form  where 
steep  gradients  and  great  undersaturation  allow 
many  alternate  paths  to  enlarge  at  similar  rates  or, 
where  discharge  or  renewal  of  undersaturation  is 
uniform  along  many  alternate  routes.  Flood  water 
can  form  angular  networks  in  fractured  rock,  anas- 
tomotic mazes  along  low-angle  partings,  or 
spongework  where  intergranular  pores  are  domi- 
nant. Diffuse  recharge  also  forms  networks  and 
spongework,  often  aided  by  mixing  of  chemically 
different  waters.  Ramiform  caves,  with  sequential 
outward  branches,  are  formed  mainly  by  rising 
thermal  or  H2S-rich  water.  Dissolution  rates  in 
cooling  water  increase  with  discharge,  C02  con- 
tent, temperature,  and  thermal  gradient;  but,  only 
at  thermal  gradients  of  more  than  0.01  C/m  can 
normal  groundwater  C02  form  caves  without  the 
aid  of  hypogenic  acids  or  mixing.  Artesian  flow 
has  no  inherent  tendency  to  form  maze  caves. 
Geologic  structure  and  stratigraphy  influence  cave 
orientation  and  extent,  but  alone  they  do  not  deter- 
mine branchwork  versus  maze  character.  (Author's 
abstract) 
W91-05851 


PRECIPITATION  IN  THE  SOUTHERN  HIGH 
PLAINS:  METEOROLOGIC  AND  ISOTOPIC 
FEATURES. 

Hebrew    Univ.    of   Jerusalem    (Israel).    Seagram 

Centre  for  Soil  and  Water  Sciences. 

For  primary  bibliographic  entry  see  Field  2B. 

W91-05866 


DIRECTIONAL  SATURATED  HYDRAULIC 
CONDUCTIVITY  AND  MACROPORE  MOR- 
PHOLOGY OF  A  SOIL-SAPROLTTE  SE- 
QUENCE. 

North  Carolina  State  Univ.,  Raleigh.  Dept.  of  Soil 

Science. 

P.  Schoeneberger,  and  A.  Amoozegar. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  31-49, 

March  1990.  4  fig,  6  tab,  35  ref.  Water  Resources 

Research    Institute   of  the   University   of  North 

Carolina,  Project  Number  70091. 

Descriptors:  'Hydraulic  conductivity,  'Macro- 
pores,  'Saprolites,  'Saturated  flow,  'Soil  struc- 
ture, Geohydrology,  Porous  media,  Soil  horizons, 
Soil  properties,  Soil  water. 

The  soils  in  the  Piedmont  and  Mountain  regions  of 
the  southeastern  United  States  are  characterized  by 
the  presence  of  saprolite  at  or  near  the  soil  surface. 
A  study  was  conducted  to  describe  the  macropore 
network  of  a  representative  soil-saprolite  sequence 
and  to  relate  the  directional  saturated  hydraulic 
conductivity  of  the  soil  profile  to  the  water  flow 
through  macropores.  Large  observation  pits  were 
constructed  at  three  geomorphic  positions  (ridge 
top,  shoulder,  and  ridge  nose).  Soil-saprolite  ma- 
cropores and  their  morphology  were  described  in 
the  field.  Triplicate  intact  soil  cores  were  collected 
in  five  orientations:  one  vertical,  two  horizontal 
(perpendicular  to  each  other),  and  two  diagonals 
(perpendicular  to  each  other)  from  the  Bt,  B/C, 
and  C  (massive  saprolite)  horizons  at  each  of  the 
three  geomorphic  positions.  The  saturated  hydrau- 
lic conductivity  (Ks)  of  each  horizon  was  deter- 
mined in  the  laboratory.  In  situ  Ks  of  each  horizon 
was  also  determined  near  the  three  observation 
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pits.  Mean  Ks  values  for  the  five  orientations,  three 
horizons,  and  three  geomorphic  positions  ranged 
from  0.82  nm/sec  to  2.75  microm/sec.  Mean  in  situ 
Ks  value  ranged  from  0.75  nm/sec  to  2.66 
microm/sec.  The  results  indicated  that  no  signifi- 
cant differences  existed  among  the  Ks  values  in 
different  orientations  for  each  horizon-landscape 
combination,  with  no  exceptionally  high  conduc- 
tivity values.  The  in  situ  Ks  results  generally  agree 
with  the  results  for  the  core  samples.  (Author's 
abstract) 
W91-05875 


FLUID  FLOW  IN  PARTIALLY  SATURATED, 
WELDED-NONWELDED  TUFF  UNITS. 

Lawrence  Berkeley  Lab.,  CA.  Earth  Sciences  Div. 
J.  S.  Y.  Wang,  and  T.  N.  Narasimhan. 
Geoderma  GEDMAB,  Vol.  46,  No.   1/3,  p  155- 
168,  March  1990.  8  fig,  19  ref.  USDOE  Contract 
DE-AC03-76SF00098. 

Descriptors:  'Geologic  fractures,  'Groundwater 
movement,  'Infiltration,  'Soil  water,  'Tuff,  Flow 
pattern,  Geohydrology,  Hydrologic  models, 
Nevada,  Pulse  infiltration,  Radioactive  wastes, 
Seepage,  Yucca  Mountain. 

A  discrete  fracture,  porous  matrix  model  and  a 
composite  medium  model  were  used  to  study  hy- 
drological  responses  to  cycles  of  pulse  infiltration 
at  Yucca  Mountain,  a  potential  site  for  a  nuclear 
waste  repository.  The  pulses  were  applied  to  frac- 
tures at  the  top  of  a  vertical  column  composed  of 
alternating  layers  of  welded  and  nonwelded  vol- 
canic tuff.  For  average  infiltration  rates  of  0. 1  mm/ 
yr,  pulses  expressed  as  short  durations  separated  by 
periods  of  up  to  5000  yr,  most  effects  of  the 
transient  infiltration  pulses  were  damped  by  the 
Paintbrush  nonwelded  unit.  The  effects  of  eastern 
tilting  of  the  units  at  Yucca  Mountain  on  the 
steady  state  fluid  flow  distribution  were  studied 
using  a  two-dimensional  model;  Ghost  Dance 
Fault  was  modeled  as  a  seepage  face.  Under  the 
expected  flux  conditions,  saturation  increased  just 
to  the  west  of  the  fault,  but  the  water  did  not  enter 
the  fault  with  the  seepage  boundary  condition. 
(Author's  abstract) 
W91-05883 


LAPLACE  TRANSFORM  GALERKIN  TECH- 
NIQUE FOR  EFFICIENT  TIME-CONTINUOUS 
SOLUTION  OF  SOLUTE  TRANSPORT  IN 
DOUBLE-POROSITY  MEDIA. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For   primary   bibliographic   entry   see  Field   2G. 

W91-05886 


USE  OF  TEMPORAL  MOMENT  ANALYSIS  TO 
STUDY  REACTIVE  SOLUTE  TRANSPORT  IN 
AGGREGATED  POROUS  MEDIA. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For   primary   bibliographic   entry   see   Field   2G. 

W91-05887 


ION  EXCHANGE  TREATMENT  OF  SUBSUR- 
FACE DRAINAGE  WATER. 

Maryland  Univ.,  College  Park.  Dept.  of  Agricul- 
tural Engineering. 

For   primary   bibliographic   entry   see   Field   5G. 
W9 1-05924 


ESTIMATION  OF  THE  GROUNDWATER  POL- 
LUTION POTENTIAL  ON  AN  AGRICULTUR- 
AL WATERSHED. 

Agricultural   Research   Service,   University   Park, 
PA.  Northeast  Watershed  Research  Center 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05931 


NEW  TOOL:  DELINEATION  OF  TEXTURAL 
HETEROGENEITIES  IN  UNCONFINED 
AQUIFERS,  USING  MICROGRAVTTY  SUR- 
VEYS DURING  PUMPING. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Geol- 
ogy and  Geological  Engineering. 


E  I.  Poeter. 

Bulletin  of  the  Association  of  Engineering  Geolo- 
gists AEGBBU,  Vol.  27,  No.  3,  p  315-325,  1990.  4 
fig,  5  ref. 

Descriptors:  'Aquifer  testing,  'Aquifers,  'Flow 
models,  'Geophysical  surveys,  'Gravity  surveys, 
•Pumping  tests,  'Unconfined  aquifers,  Alluvial 
aquifers,  Aquifer  characteristics,  Gravity  studies, 
Groundwater  pollution,  Hydraulic  profiles,  Micro- 
gravity  surveys. 

Hypothetical  models  of  texturally  heterogeneous 
aquifers  indicate  that  microgravity  surveys  can  be 
used  to  locate  textural  heterogeneities  within  the 
cone  of  depression  caused  by  pumping  in  an  un- 
confined aquifer.  The  difference  in  gravity  be- 
tween an  undisturbed  water  table  and  a  relatively 
steady  drawdown  cone  is  measured  on  profile 
lines.  Small  differences  in  gravity  indicate  zones  of 
little  dewatering  which  are  typically  areas  where 
low  hydraulic  conductivity  and/or  low-specific 
yield  materials  occur  near  the  water  table.  Large 
differences  in  gravity  generally  indicate  more  per- 
meable and  higher  yield  materials.  Magnitudes  of 
the  anomalies  of  interest  are  close  to  the  detection 
limit.  Therefore,  it  is  essential  that  gravimeters 
used  to  conduct  the  survey  are  in  excellent  condi- 
tion and  that  field  personnel  are  well-trained.  Be- 
cause the  survey  delineates  zones  of  fine-grained 
material  in  the  vicinity  of  the  water  table,  micro- 
gravity  surveys  may  be  useful  in  design  of  facilities 
to  clean  up  spills  of  immiscible  fluids  that  are  less 
dense  than  water  and  are  substantially  influenced 
by  the  texture  of  alluvial  deposits  in  the  vicinity  of 
the  water  table.  Zones  of  fine-grained  materials 
typically  inhibit  fluid  movement  and  often  are 
more  chemically  reactive  with  contaminants.  As  a 
result,  identification  of  textural  differences  pro- 
vides initial  clues  to  both  hydraulic  and  chemical 
heterogeneity.  (Author's  abstract) 
W9 1-05937 
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ESTIMATING  POROSITY  OF  PARTIALLY 
SATURATED  SEDIMENTS. 

Connecticut  Univ.,  Groton.  Marine  Sciences  Inst. 
J.  J.  Dowling. 

Engineering  Geology  EGGOAO,  Vol.  29,  No.  2,  p 
139-147,  July  1990.  2  tab,  4  fig,  14  ref. 

Descriptors:  'Geophysical  methods,  'Lake  sedi- 
ments, 'Porosity,  'Resistivity,  'Sediment  analysis, 
Electrical  properties,  Mathematical  analysis,  Sedi- 
mentology. 

The  electrical  resistivity  of  an  unconsolidated  sedi- 
ment depends  on  the  fraction  of  the  pore  space  that 
is  filled  with  fluid.  An  empirical  relation  can  be 
formed  that  relates  measured  resistivity  and  fluid 
content  to  the  percent  saturation.  The  formula  was 
applied  to  a  core  taken  from  a  freshwater  lake  and 
the  volume  of  gas  in  the  sediment  estimated  to  a 
depth  of  6  meters  into  the  lake  bottom.  It  is  possi- 
ble, after  some  simplifying  assumptions,  to  combine 
the  measured  resistivity  and  the  measured  fluid 
content  to  yield  a  more  accurate  estimate  of  the 
porosity.  (Feder-PTT) 
W9 1-04940 


ASSESSMENT  OF  VEGETATION  AND  SOIL 
WATER  REGIMES  IN  PARTIAL  CANOPIES 
WITH  OPTICAL  REMOTELY  SENSED  DATA. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

A.  R.  Huete,  and  A.  W.  Warrick. 

Remote   Sensing   of  the   Environment   RSEEA7, 

Vol.  32,  No.  2/3,  p  155-167,  May/June  1990.   12 

fig,  4  tab,  18  ref. 

Descriptors:  'Reflectance  techniques,  'Remote 
sensing,  'Satellite  technology,  'Soil  surfaces,  'Soil 
water,  'Vegetation,  Aircraft,  Arizona,  Canopy, 
Cotton,  Cultivated  lands,  Drying. 

The  optical  properties  of  a  partially  vegetated 
cotton  field  with  spatially  and  temporally  dynamic 
soil  water  conditions  were  analyzed  with  coinci- 
dent aircraft   and   satellite  data.   The  study   was 


conducted  at  the  Maricopa  Agricultural  Center  in 
Arizona  during  June  1988.  The  dynamics  of  soil 
surface  drying  made  it  difficult  to  evaluate  plant 
cover  and  assess  soil  condition  with  combined 
thermal,  brightness,  and  normalized  difference 
vegetation  index  spectral  parameters  as  all  three 
parameters  were  sensitive  to  the  three  stages  of  soil 
drying.  A  soil-adjusted  vegetation  index  minimized 
both  spatial  and  temporal  variations  in  soil  spectral 
behavior  and  was  found  useful  in  vegetation  analy- 
sis and  in  further  qualitative  assessment  of  soil 
condition.  Due  to  the  complex  dynamics  of  soil 
surface  drying  and  variability  in  soil  properties, 
soil  water  content  at  the  surface  (0-5  cm)  could  not 
be  determined  with  the  Thematic  Mapper  moisture 
bands,  or  with  the  various  wetness  indicators.  (Au- 
thor's abstract) 
W9 1-05032 


PRODUCTION  AND  TRANSPORT  OF 
CARBON  DIOXIDE  IN  A  CONTAMINATED 
VADOSE  ZONE:  A  STABLE  AND  RADIOAC- 
TIVE CARBON  ISOTOPE  STUDY. 

Arizona  Univ.,  Tucson.  Environmental  Radioiso- 
tope Center. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05072 


KINETICS  OF  SELENATE  AND  SELENITE 
ADSORPTION/DESORPTION  AT  THE 
GOETHITE/WATER  INTERFACE. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  and  Soil 

Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05075 


DERIVATION  OF  INFILTRATION  EQUATION 
USING  SYSTEMS  APPROACH. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 

Engineering. 

V.  P.  Singh,  and  F.  X.  Yu. 

Journal  of  Irrigation  and   Drainage  Engineering 

(ASCE)  JIDEDH,  Vol.   116,  No.  6,  p  837-858, 

November/December   1990.   5  fig,  5  tab,   13  ref, 

append. 

Descriptors:  'Infiltration,  'Mathematical  equa- 
tions, 'Model  studies,  'Soil  water,  'Systems  analy- 
sis, Absorbers,  Hydrologic  models,  Mathematical 
models,  Performance  evaluation,  Soil  properties. 

The  infiltration  process  can  be  represented  by  a 
systems  approach,  which  uses  an  absorber  or  a 
network  of  absorbers.  Infiltration  constitutes  the 
input  to  the  absorber.  An  absorber  can  be  defined 
by  a  relation  between  its  moisture  content  and  the 
rate  of  infiltration  to  it.  A  general  definition  of  the 
absorber  was  suggested.  A  general  infiltration 
model  was  derived  by  coupling  this  general  rela- 
tion with  the  spatially  lumped  form  of  the  continui- 
ty equation  to  be  satisfied  by  the  absorber.  The 
models  of  Horton,  Kostiakov,  Overton,  Green  and 
Ampt,  and  Philip  are  some  of  the  models  that  were 
shown  to  be  special  cases  of  the  general  model.  An 
equivalence  between  the  Green-Ampt  model  and 
the  Philip  two-term  model  was  shown.  The  gener- 
al model  also  provides  a  solution  for  the  Holtan 
model  expressing  infiltration  as  a  function  of  time. 
A  first-order  analysis  was  performed  to  quantify 
the  uncertainty  involved  in  the  generalized  model. 
The  general  infiltration  model  contains  five  param- 
eters. Two  of  the  parameters  are  physically  based 
and  therefore  can  be  estimated  from  the  knowl- 
edge of  soil  properties,  antecedent  soil  moisture 
conditions,  and  infiltration  measurements.  The  re- 
maining three  parameters  can  be  determined  using 
the  least  squares  method.  The  model  was  verified 
using  10  data  sets  of  observed  infiltration.  Agree- 
ment between  observed  and  computed  infiltration 
was  quite  good.  (Author's  abstract) 
W91-05136 


TREE/PASTURE  INTERACTIONS  AT  A 
RANGE  OF  TREE  DENSOTES  IN  AN  AGRO- 
FORESTRY  EXPERIMENT:  II.  WATER 
UPTAKE  IN  RELATION  TO  ROOTING  PAT- 
TERNS. 
Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
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tralian  Environmental  Studies. 

For  primary  bibliographic  entry  see  Field  21. 

W9 1-05 162 


TREE/PASTURE  INTERACTIONS  AT  A 
RANGE  OF  TREE  DENSITIES  IN  AN  AGRO- 
FORESTRY  EXPERIMENT:  III.  WATER 
UPTAKE  IN  RELATION  TO  SOIL  HYDRAU- 
LIC CONDUCTTVITY  AND  ROOTING  PAT- 
TERNS. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
J.  Eastham,  C.  W.  Rose,  D.  M.  Cameron,  S.  J. 
Ranee,  and  T.  Talsma. 

Australian  Journal  of  Agricultural  Research 
AJAEA9,  Vol.  41,  No.  4,  p  709-718,  1990.  6  fig,  1 
tab,  24  ref. 

Descriptors:  'Pastures,  'Soil  properties,  *Trees, 
•Soil  water,  'Soil-water-plant  relationships,  Hy- 
draulic properties,  Transpiration,  'Root  distribu- 
tion, 'Hydraulic  conductivity,  Forests,  Agricul- 
ture, Soil  horizons. 

Tree  transpiration  was  studied  at  three  tree  plant- 
ing densities  in  an  agroforestry  experiment  over  a 
period  of  approximately  one  year  and  related  to 
rooting  patterns  and  soil  hydraulic  properties. 
Over  the  range  of  soil  water  contents  studied,  the 
ratio  of  tree  transpiration  to  equilibrium  evapora- 
tion rate  (T/E)  declined  linearly  with  decreasing 
mean  soil  water  content  at  each  tree  density.  To 
investigate  the  effects  of  soil  hydraulic  conductivi- 
ty and  root  length  density  on  the  total  transpira- 
tional  flux,  overall  soil  conductances  (K)  were 
calculated,  with  soil  conductances  in  each  horizon 
weighted  according  to  the  length  of  root  in  that 
horizon.  At  each  tree  density,  decreases  in  the  ratio 
T/E  were  related  to  decreases  in  In  K  measured  at 
1  to  2  m  from  the  stem.  A  more  rapid  decrease  in 
T/E  with  decrease  in  water  content  observed  at 
low  tree  density  was  due  to  a  greater  decline  in  K 
as  mean  water  contents  decreased.  The  greater 
decline  in  K  at  low  tree  densities  was  associated 
with  a  larger  proportion  of  water  extracted  and  a 
higher  proportion  of  total  root  length  in  surface 
soil  horizons,  which  showed  a  greater  decrease  in 
hydraulic  conductivity  than  subsoil  horizons  for 
the  same  decrease  in  water  content.  (See  also  W91- 
05161  and  W9 1-05 162)  (Author's  abstract) 
W9 1-05 163 


SIMULATION  OF  WATER  FLOW  FROM  A 
PERCOLATION  TEST  HOLE  IN  LAYERED 
SOIL. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Agronomy. 

J.  D.  Jabro,  and  D.  D.  Fritton. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  5,  p  1214-1218,  September/October 

1990.  3  fig,  28  ref. 

Descriptors:  *Model  studies,  'Soil  properties,  *Soil 
water,  Finite  element  method,  'Mathematical 
models,  'Hydrologic  models,  'Percolation  tests, 
Computer  programs,  'Hydraulic  conductivity, 
Saturation,  Soil  types,  Soil  horizons,  Saturation 
zones,  Groundwater  movement. 

A  finite-element  program  (TWODEPEP)  was 
used  to  solve  Richard's  water  flow  equation  in 
cylindrical  coordinates  in  order  to  better  explain 
problems  in  the  correlation  of  percolation  tests  and 
soil  hydraulic  conductivity  data.  Both  saturated 
and  unsaturated  aspects  of  water  flow  from  a  per- 
colation test  hole  were  simulated.  Inputs  for  the 
simulation  model  were  the  soil  hydraulic  conduc- 
tivity, which  was  measured  using  the  Guelph  per- 
meameter  technique,  and  water-retention  data  for 
each  layer  of  a  Monongahela  silt  loam  soil  (a  fine- 
loamy,  mixed,  mesic  Typic  Fragiudult).  Pressure- 
head  distribution  and  rate  of  water  flow  were 
simulated.  A  thin  (approximately  10  mm)  saturated 
zone  near  the  water  source,  approximated  by  the 
region  inside  the  zero-pressure  line,  was  nearly 
constant  in  size  with  time,  but  the  wetting  front 
continued  to  advance.  The  horizontal  movement 
of  water  in  the  soil  was  dominant  over  the  down- 
ward vertical  movement  due  to  the  movement  of 
the  water  in  both  the  upper  and  middle  layer 
rather  than  the  lower  layer  because  the  soil  in 


these  two  layers  was  more  permeable  than  the 
underlying  layer.  Simulated  flow  results  agreed 
with  the  geometric  mean  of  the  field  data  obtained 
at  six  sites.  The  simulated  results  in  the  layered  soil 
were  compared  with  those  in  a  uniform  soil  to 
show  how  soil  layers  significantly  affect  water 
flow  from  a  percolation  test  hole.  (Author's  ab- 
stract) 
W9 1-05 175 


ANALYSIS  OF  INFILTRATION  THROUGH  A 
TWO-LAYER  SOIL  PROFILE. 

Agricultural  Research  Service,  Fort  Collins,  CO. 
R.  E.  Smith. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  5,  p  1219-1227,  September/October 
1990.  13  fig,  28  ref. 

Descriptors:  'Soil  properties,  'Soil  water,  Hetero- 
geniety,  'Soil  profiles,  'Infiltration,  'Groundwater 
movement,  'Mathematical  models,  'Model  studies, 
Boundary  conditions,  Saturation  zones,  Ponding, 
Soil  types,  Fluctuations. 

Most  soils  in  nature  exhibit  some  degree  of  layer- 
ing, while  infiltration  theory  is  largely  confined  to 
homogeneous  profiles.  This  study  was  conducted 
to  describe  general  infiltration  features  of  a  two- 
layer  system,  including  the  often-studied  crust  case 
as  a  limit.  The  general  analytic  theory  for  infiltra- 
tion models  leads  to  several  related  robust  relations 
for  homogeneous  soils.  The  resulting  analytic  ex- 
pressions relate  infiltratability  (f)  to  infiltrated 
water  (I).  This  type  of  expression  is  uniquely  gen- 
eral in  describing  the  decay  of  f  with  I  for  either 
saturation  or  flux  boundary  conditions,  and  in  de- 
scribing the  onset  of  ponding  for  flux  boundary 
conditions.  This  study  explores  the  applicability  of 
this  theory  when  the  soil  profile  is  composed  of 
two  layers.  A  numerical  solution  of  Richard's 
equation  is  used  as  an  experimental  tool,  applied  to 
a  general  set  of  possible  soil  changes  that  may 
occur  at  the  layer  interface.  The  special  case  of 
layers  with  absorption  matched  infiltrability  pa- 
rameters exhibits  complex  behavior  when  the  inter- 
face is  encountered  at  large  I.  The  behavior  of  the 
layered  system  exhibits  the  same  unifying  f(I)  re- 
sponse to  flux  boundary  conditions  as  does  a  ho- 
mogeneous profile,  which  lends  unexpected  gener- 
ality to  the  I-based  analytical  infiltration  model. 
(Author's  abstract) 
W9 1-05 176 


PONDED  INFILTRATION  FROM  A  SINGLE 
RING:  I.  ANALYSIS  OF  STEADY  FLOW. 

Agriculture  Canada,  Ottawa  (Ontario).  Land  Re- 
source Research  Centre. 
W.  D.  Reynolds,  and  D.  E.  Elrick. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  5,  p  1233-1241,  September/October 
1990.  7  fig,  7  tab,  21  ref. 

Descriptors:  Hydraulic  properties,  'Soil  proper- 
ties, 'Steady  flow,  'Infiltration,  'Ponding,  'Hy- 
draulic conductivity,  'Soil  water,  Mathematical 
models,  Model  studies,  Matric  flux  potential,  Error 
analysis,  Pressure  head. 

A  new  analysis  of  steady,  ponded  infiltration  from 
within  a  single  ring  takes  soil  hydraulic  properties, 
ring  radius,  depth  of  ring  insertion,  and  depth  of 
ponding  into  account,  and  provides  a  means  for 
determining  the  field-saturated  hydraulic  conduc- 
tivity (K)  and  the  matric  flux  potential  (MFP).  The 
analysis  employs  numerically  determined  shape 
factors  (G)  that  are  found  to  depend  significantly 
on  ring  radius  (a)  and  depth  of  ring  insertion  (d), 
but  only  slightly  on  depth  of  ponding  (H)  and  soil 
hydraulic  properties.  As  a  consequence,  averaged 
G  values  can  be  developed  for  specified  d  and  a 
that  apply  to  a  wide  range  of  ponded  heads  and 
soil  types.  Procedures  for  calculating  K  and  MFP 
are  based  on  G  or  average  G  values  and  on  the 
ponding  of  one,  two,  or  multiple  H  levels  in  the 
ring.  Test  calculations  based  on  averaged  G  sug- 
gest that  K  can  be  obtained  with  an  accuracy  of 
about  +/-20%  for  H  =  0.05  to  0.25  m  and  a  =  1/ 
m  to  36/m,  where  a  is  the  soil  parameter  of  the 
exponential  hydraulic  conductivity-pressure  head 
relationship.  A  similar  level  of  accuracy  is  obtained 
for  MFP  when  a  is  small  (a  <  =  4/m),  and  when 
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both  a  and  H  are  large  (a  >  4/m,  H  >  =  0.20  m). 
Significant  errors  in  MFP  can  occur,  however, 
when  a  is  large  but  H  is  small.  Potentially  impor- 
tant features  of  this  single  ring  method  include  low 
sensitivity  of  the  K  calculation  to  errors  in  aver- 
aged G  reduced  measurement  errors  resulting  from 
small-scale  soil  variability,  and  the  ability  to  pond 
large  heads  in  order  to  increase  flow  rates  in  low- 
permeability  materials.  (Author's  abstract) 
W9 1-05 177 


EFFECT  OF  PH  ON  PERMEABILITY  OF 
CLAY-SAND  MIXTURE  CONTAINING  HY- 
DROXY POLYMERS. 

Agricultural    Research   Organization,    Bet-Dagan 

(Israel).  Inst,  of  Soils  and  Water. 

R.  Keren,  and  M.  J.  Singer. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  5,  p  1310-1315,  September/October 

1990.  6  fig,  17  ref. 

Descriptors:  'Soil  properties,  'Soil  water,  Alumi- 
num, Iron,  'Groundwater  movement,  'Permeabil- 
ity, 'Clay,  'Sand,  Soil  types,  'Hydraulic  conduc- 
tivity, Saturation  zones,  Electrolytes,  'Hydrogen 
ion  concentration,  Leachates,  Hydroxy  polymers, 
Adsorption. 

Whether  the  effectiveness  of  hydroxy-aluminum 
and  hydroxy-iron  polymers  in  stabilizing  the  hy- 
draulic conductivity  of  smectite-sand  mixture  in- 
creases with  their  charge  density  was  investigated. 
The  effect  of  pH  5.5  and  7.5  on  the  saturated 
hydraulic  conductivity  (HC)  of  sodium/calcium- 
smectite-sand  mixtures  (5%  clay  and  95%  sand) 
and  in  the  presence  of  hydroxy-aluminum  and  hy- 
droxy-iron polymers  was  studied  by  leaching  with 
sodium  chloride-calcium  chloride  solutions  at 
sodium  adsorption  ratios  (SAR)  of  10  and  20  of 
electrolyte  concentrations  of  500,  100,  50,  10,  5,  3, 
2,  and  1  mol/cubic  m  and  deionized  water.  The 
HC  of  the  mixtures  essentially  remained  un- 
changed as  long  as  the  electrolyte  concentration  of 
the  leachate  was  >  =  50  mol/cubic  m.  A  further 
decrease  of  the  solution  concentration  produced  a 
drop  in  HC  for  both  the  untreated  and  treated 
systems  at  pH  7.5.  No  HC  reduction  occurred  at 
pH  5.5  when  hydroxy-aluminum  polymers  were 
present.  The  HC  of  both  treated  and  untreated 
systems  at  pH  5.5  was  higher  than  that  at  pH  7.5. 
The  HC  reduction  was  two  and  three  orders  of 
magnitude  smaller  for  the  treated  systems  than  for 
the  systems  without  hydroxy  polymers.  Hydroxy- 
iron  polymers  also  reduced  the  effect  of  electrolyte 
concentration  in  the  leaching  solution  on  the  HC 
of  the  clay-sand  mixture,  but  to  a  lesser  extent.  The 
effect  of  pH  on  the  charge  density  of  the  hydroxy 
polymers  explained  their  effectiveness  in  stabilizing 
the  system  at  the  lower  pH.  The  lower  HC  of  the 
clay-sand  mixture  in  the  presence  of  hydroxy-iron 
polymers  suggests  that  the  aggregates  with  this 
polymer  are  weaker  than  those  with  hydroxy-alu- 
minum polymers.  This  difference  in  stability  is  due 
to  the  higher  point  of  zero  charge  for  the  hydroxy- 
aluminum  polymers.  (Author's  abstract) 
W9 1-05 182 


WATER  BALANCE  ESTIMATION  MODEL: 
FIELD  TEST  AND  SENSITIVITY  ANALYSIS. 

Institut  des  Savanes,  Bouake  (Ivory  Coast). 

J.  L.  Chopart,  and  M.  Vauclin. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  5,  p  1377-1384,  September/October 

1990.    5   fig,   6  tab,   24   ref.   AIEA   Cooperative 

Project  IVC/5/012. 

Descriptors:  'Hydrologic  budget,  'Soil-water- 
plant-relationships,  'Mathematical  models,  'Model 
studies,  'Sensitivity  analysis,  Atmosphere,  Evapo- 
ration, Root  distribution,  Plant  growth,  Soil  water, 
•Evapotranspiration,  Error  analysis,  Drainage, 
Agriculture,  Lysimeters,  Drought. 

A  simplified,  capacity-based  simulation  model  has 
been  developed  to  predict  components  of  the  field 
water  balance,  requiring  only  daily  information 
such  as  the  atmospheric  evaporative  demand  and 
soil-wetting  events,  maximum  available  soil  water 
storage,  and  root  growth  characteristics,  as  well  as 
crop  and  soil  parameters.  Actual  evapotranspira- 
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tion  was  modeled  using  Eagleman's  parameteriza- 
tion. The  model  was  tested  for  upland  rice  grown 
on  a  3500  sq  m  Held  plot,  and  on  an  undisturbed 
lysimeter.  The  predicted  actual  evapotranspiration 
(AET)  and  drainage  (D)  at  the  bottom  of  the  soil 
profile  matched  the  lysimeter  data.  Also,  the  model 
predicted  reasonably  well  the  field  soil  water  con- 
tent data,  which  were  obtained  at  15  sites.  In  the 
latter  case,  the  root  mean  square  error  was  about 
16%  for  the  seasonal  AET,  and  19%  for  D.  Errors 
were  within  the  limits  of  experimental  uncertainties 
expected  when  such  measurements  are  analyzed  by 
Darcy's  law.  The  results  of  a  sensitivity  analysis 
with  respect  to  changes  in  parameter  inputs  show 
that  the  model  is  physically  realistic.  However,  the 
sensitivity  depends  strongly  on  the  supply  of  water 
in  the  soil.  This  clearly  justifies  the  need  to  simu- 
late the  root-zone  water  balance  as  a  time-depend- 
ent process,  especially  if  there  is  a  practical  interest 
in  accurate  prediction  during  drought  periods. 
(Author's  abstract)28  Nov  90 
W9 1-05 183 


ANTECEDENT  WATER  CONTENT  AND  RAIN- 
FALL ENERGY  INFLUENCE  ON  SOIL  AG- 
GREGATE BREAKDOWN. 

National  Soil  Erosion  Lab.,  West  Lafayette,  IN. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05 184 


WICK  TENSIOMETER  TO  MEASURE  LOW 
TENSIONS  IN  COARSE  SOILS. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
G.  W.  Gee,  and  M.  D.  Campbell. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  5,  p  1498-1500,  September/October 
1990.  3  fig,  1  tab,  32  ref.  US  DOE  Contract  DE- 
AC06-76RLO  1830. 

Descriptors:  'Measuring  instruments,  Soil  texture, 
Soil  properties,  Sensors,  Particle  size,  'Tensio- 
meters,  *Soil  water,  'Water  pressure,  Soil  types, 
•Sands,  'Gravels,  Matric  potential. 

A  wick  tensiometer  was  constructed  was  con- 
structed to  measure  soil  water  pressures  or  tensions 
in  coarse  sands  and  gravelly  soils.  The  tensiometer 
is  similar  in  design  to  a  conventional  tensiometer 
except  that  a  flexible  wick  material  is  used  instead 
of  a  ceramic  cup.  Soil  matric  potential  (reported  as 
tension)  or  water  pressure  is  sensed  by  the  wick 
and  monitored  with  a  pressure  transducer  or  hang- 
ing water  column.  Several  wick  materials  were 
tested.  Absorbent  towelling,  rolled  to  form  a  tight 
cylinder  and  sealed  into  a  tensiometer  body  by  a 
compression  fitting,  measured  tensions  up  to  90  cm 
successfully.  Glass-fiber  filter  paper  and  wettable 
plastic  sheeting  were  also  tested  successfully.  Ini- 
tial tests  indicated  that  the  wick  sensor  was  as 
responsive  to  tension  changes  in  gravelly  soil  as 
ceramic  cup  units  and  was  likely  to  break  during 
placement.  (Author's  abstract) 
W9 1-05 188 


VOLUME  RECORDER  FOR  LYSIMETER 
WATERS. 

Great  Lakes  Forestry  Research  Centre,  Sault 
Sainte  Marie  (Ontario). 

P.  W.  Hazlett,  M.  C.  English,  and  N.  W.  Foster. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  5,  p  1503-1505,  September/October 
1990.  1  fig,  2  tab,  10  ref. 

Descriptors:  'Measuring  instruments,  'Flow  meas- 
urements, 'Groundwater  movement,  'Volumetric 
analysis,  Performance  evaluation,  Automation, 
•Lysimeters,  'Soil  water,  Water  sampling,  Field 
tests,  Portability. 

Water  moving  through  the  soil  can  be  sampled  by 
a  variety  of  lysimeters,  but  in  many  cases  the 
volume  of  water  exceeds  the  capacity  of  the  col- 
lection vessel.  The  design  of  a  simple  and  inexpen- 
sive volume  recorder  used  to  measure  large  vol- 
umes of  soil  water  from  individual  lysimeters  in- 
cluded the  connection  of  Tygon  tubing  to  individ- 
ual collection  vessels,  which  were  modified  15  L 
lowboy  carboys  with  a  siphon  apparatus  to  empty 
the  vessel  when  it  was  full  and  a  counting  mecha- 
nism to  record  the  number  of  times  the  vessel  had 


filled  and  drained.  During  tests  in  the  field,  the 
volume  recorder  provided  good  estimates  of  water 
volumes  collected  by  tension-free  lysimeters.  The 
compactness  and  easy  portability  of  the  unit  makes 
it  ideal  for  year-round  use  at  remote  field  locations 
to  determine  variability  in  the  flow  of  soil  water. 
(Author's  abstract) 
W9 1-05 189 


FORMATION  AND  PHYSICAL  STATE  OF 
LEACHED  FERRALLITIC  SAVANNA  SOILS 
OF  MALI. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-052 15 


WATER  REGIME  OF  SHELTERBELTS  IN  A 
DRY  STEPPE  ZONE. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

L.  O.  Karpachevskiy,  L.  B.  Borovinskaya,  and  D. 
D.  Khaydapova. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  5,  p  76- 
89,  1989.  4  fig,  5  tab,  5  ref. 

Descriptors:  'Arid  lands,  'Trees,  Soil  moisture 
deficiency,  Soil  water  suction,  'Soil  water, 
'Steppes,  'Shelterbelts,  Temporal  distribution, 
'Plant  growth,  Soil  types,  Light  intensity,  Soil 
water  potential. 

The  moisture  regime  of  light  Chestnut  soils  under 
shelterbelts  was  examined  over  a  30-year  period. 
Differentiation  of  the  water  regime  at  the  edge  and 
in  the  center  of  the  shelterbelt  was  observed,  and 
basal  area  growth  at  the  edge  and  in  the  center  of 
shelterbelts  varied  according  to  the  type  of  light 
regime.  Growth  of  shelterbelts  was  accompanied 
by  a  change  in  soil  moisture  loss  in  the  row  and 
distance  between  rows.  Beginning  with  the  seven- 
teenth year,  the  growth  of  trees  in  the  shelterbelts 
ceased  to  increase,  and  in  most  cases,  decreased. 
The  water  potential  of  the  soil  under  shelterbelts 
decreases  sharply.  The  suction  force  of  trees  is 
very  high.  Shelterbelts  on  light  chestnut  soils  expe- 
rience an  acute  moisture  deficit,  which  increases 
gradually.  Gradually  the  low  level  of  water  con- 
tent and  soil  water  potential  leads  to  cessation  of 
tree  growth.  (Brunone-PTT) 
W91-05218 


NATURE  OF  PERMEABILITY  IN  FINE-TEX- 
TURED SOILS. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Geografii. 

Z.  A.  Kapilevich,  L.  K.  Tselishcheva,  and  A.  V. 

Vysochenko. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  5,  p  90- 

99,  1989.  3  fig,  1  tab,  9  ref. 

Descriptors:  'Soil  water,  'Permeability,  'Soil  tex- 
ture, Soil  types,  Permeability  coefficient,  'Water- 
logging, 'Soil  porosity,  'Soil  genesis,  Infiltration 
coefficient,  Reclaimed  water,  Hydraulic  engineer- 
ing, Soil  horizons. 

Permeability  is  shown  to  be  controlled  by  the 
genetic  characteristics  of  soils  and  by  the  anthropic 
factor.  Changes  in  parent  material  during  soil  for- 
mation, microaggregate  and  macroaggregate  com- 
position, cracking,  and  micromorphometric  char- 
acteristics of  pore  space  are  closely  associated  with 
the  degree  of  gleying.  With  waterlogging,  disper- 
sion and  microporosity  increase,  and  the  infiltra- 
tion coefficient  decreases  in  more  waterlogged 
soils.  Reclamation  by  hydraulic  engineering  con- 
tributes to  an  increase  in  the  number  of  water- 
conducting  pores,  the  loss  of  mineral  organic 
matter,  and  the  infiltration  coefficient  of  plow  and 
upper  alluvial  horizons.  However,  even  after 
drainage,  gley  soils  have  lower  infiltration  coeffi- 
cients than  gleyey  and  temporarily  overly  wet 
soils.  (Brunone-PTT) 
W91-05219 


SODL  FORMATION  IN  CULTIVATED, 
COARSE-TEXTURED  SOD-PODZOLIC  SOILS 
WITH  CHEMICAL  USE. 

Velikie  Luki  Agricultural  Inst.,  Lenina  (USSR). 


A.  A.  Korotkov,  L.  F.  Ippolitova,  and  Y.  I. 

Kravchuk. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  5,  p 

100-108,  1989.  10  tab,  10  ref. 

Descriptors:  'Agricultural  chemicals,  'Podzols, 
•Soil  chemistry,  'Soil  genesis,  'Soil  texture,  'Soil 
water,  Leaching,  Precipitation,  Fertilizers,  Nutri- 
ent concentrations,   Percolation,  Organic  matter. 

Cultivated  sod/podzolic  sandy  soils  have  the  fol- 
lowing soil-formation  characteristics:  (1)  intensive 
leaching  of  the  upper  part  of  the  profile  during  the 
spring  and  autumn,  and  during  the  growing  season 
in  years  with  large  amounts  of  precipitation;  (2) 
leaching  of  a  significant  quantity  of  nitrogen  and 
ash  nutrient  elements,  and  increased  leaching  with 
increasing  rates  of  fertilizer  application;  (3)  greater 
importance  of  strong-acid  anions  in  the  leaching  of 
bases  compared  to  bicarbonate  ion;  (4)  distinct 
predominance  of  mineralization  of  organic  fertiliz- 
ers and  post-harvest  residues  over  humification; 
and  (5)  a  'zero'  balance  of  humus  with  extensive 
chemical  use  and  a  positive  balance  with  intensive 
chemical  use.  With  intensive  chemical  use,  there  is 
a  clear  positive  balance  for  nitrogen,  phosphorus, 
and  potassium;  a  weak  positive  balance  of  calcium; 
and  a  negative  balance  for  magnesium.  The  input 
component  of  nutrients  with  post-harvest  residues 
is  quite  arbitrary,  since  these  elements  are  taken 
from  the  soil  and  fertilizers  by  plants.  If  this  com- 
ponent is  excluded  from  the  input  components, 
then  only  nitrogen,  phosphorus,  and  potassium 
have  positive  balances,  while  calcium  has  a  nega- 
tive or  nearly-negative  balance  and  magnesium  has 
a  very  negative  balance.  With  both  extensive  and 
intensive  chemical  use,  calcium-bearing  minerals 
are  hydrolyzed  in  the  plow  layer  of  poorly-buf- 
fered sandy  soils  influenced  by  fulvic  acids,  low- 
molecular-weight  organic  acids,  and  mineral  acids 
that  form  with  the  application  of  acid  mineral 
fertilizers.  Thus,  weathering  of  the  aluminosilicate 
part  of  the  soil  does  not  cease  on  cultivated  land;  it 
merely  occurs  to  varying  degrees  as  a  function  of 
the  content  of  substances  of  neutralizing  the  prod- 
ucts responsible  for  the  hydrolysis.  (Brunone-PTT) 
W9 1-05220 


NITROGEN  LOSSES  FROM  THE  SOIL  WITH 
INFILTRATING  WATER  IN  A  FERTIXIZED 
PINE  STAND. 

Belorussion  Scientific-Research  Institute  of  Forest- 
ry, USSR. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05223 


REMOVAL  OF  NATURAL  RADIONUCLIDES 
FROM  SOIL  IN  LYSIMETRIC  WATER. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-05225 


DEGRADATION  OF  CHERNOZEMS  ON  THE 
DANUBE-DNIESTER  IRRIGATION  SYSTEM. 

Odessa  Agricultural  Inst.  (USSR). 

For  primary  bibliographic  entry  see  Field  3C. 

W9 1-05227 


PROPERTIES  OF  SURFACE  WATERLOGGED 
CLAY  SOILS  CONTAINING  EXCHANGEABLE 
MG. 

Polytechnic  Institute,  Sofia,  Bulgaria. 

T.  D.  Palaveyev,  and  M.  D.  Penkov. 

Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  1,  p  87- 

96,  1990.  6  tab,  27  ref. 

Descriptors:  'Clay  soils,  Ulite,  Soil  saturation, 
•Soil  water,  'Cation  exchange,  'Magnesium,  'Soil 
physical  properties.  Soil  horizons.  Model  studies, 
Percolation,  'Waterlogging,  Coagulation. 

Clay  soils  with  a  high  content  of  exchangeable 
magnesium  are  widespread  in  nature.  Chemical 
parameters  were  established  which  describe  the 
specific  nature  of  exchangeable  magnesium  ions  in 
clay  soils,  soil  horizons  and  in  the  model  laborato- 
ry system:  salt  compounds  and  clay  soil.  Model 
results  showed  the  harmful  effect  of  a  large 
amount  of  exchangeable  magnesium  on  percolation 
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in  clay  soils.  A  relationship  was  established  be- 
tween the  rate  of  percolation  and  the  content  of 
clay  minerals  with  a  mobile  lattice  and  their  satura- 
tion with  exchangeable  magnesium.  The  effect  of 
calcium  sulfate  on  percolation  in  clay  soils  with  a 
high  content  of  exchangeable  magnesium  is  due  to 
desorption,  expansion  of  illite  and  increased  coagu- 
lation of  clay  by  virtue  of  a  more  complete  satura- 
tion of  soils  with  exchangeable  calcium  ions  and  to 
increased  concentration  of  calcium  ions  in  the  soil 
solution.  (Brunone-PTT) 
W91-05228 


SALINE  MARITIME  SOILS  OF  ESTONIA. 

Tallinn  Botanical  Garden  (USSR). 

E.  L.  Puurmann,  and  U.  A.  Ratas. 

Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  2,  p  25- 

31,  1990.  2  fig,  3  tab,  7  ref. 

Descriptors:  *Soil  chemistry,  *Tidal  floods, 
•Coastal  environment,  *Soil  water,  'Saline  soils, 
•Estonia,  Hydrological  regime,  Sea  water, 
Groundwater,  Trace  minerals,  Nutrient  concentra- 
tions, Seasonal  variation. 

Saline  maritime  soils  are  widespread  in  the  coastal 
zone  of  Estonia.  Temporary  flooding  of  the  soils 
by  sea  water  plays  a  decisive  role  in  their  forma- 
tion and  unique  air  and  water  regimes  as  well  as 
the  content  and  distribution  of  chemical  elements 
along  the  profile  both  during  temporary  flooding 
and  through  groundwater.  These  soils  have  a  high 
mineral  content,  are  spatially  inhomogeneous,  and 
show  pronounced  seasonal  dynamics  in  various 
parts  of  the  coast.  The  content  of  sodium  and 
chlorine  in  the  soil  is  lowest  in  the  spring,  when 
the  sea  level  is  low  and  the  soils  are  leached  by 
rains  and  meltwater,  and  increases  in  summer 
when  air  temperature  is  higher  and  transpiration  is 
intense.  Groundwater  is  of  great  importance  in  the 
formation  of  saline  maritime  soils  after  the  reces- 
sion of  floodwater.  The  highest  content  of  ele- 
ments in  soil  water  was  observed  in  saline  maritime 
gley  soils  on  the  lower  part  of  the  grassy  shore. 
(Brunone-PTT) 
W9 1-05229 


Water  In  Soils — Group  2G 


ORTSTEINS  IN  SOD-CALCAREOUS 

LEACHED    AND    SOD-GLEY    CALCAREOUS 
SOILS  ON  PERMIAN  CLAY  ELUVIUM. 

Akademiya   Nauk   SSSR,    Moscow.    Pochvennyi 

Inst. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-05230 


COMPARISON  OF  MODELS  OF  PHOSPHATE 
SORPTION  BY  SOILS. 

Vsesoyuznaya    Akademiya    Sel'skokhozyaystven- 
nykh   Nauk,   Leningrad   (USSR).   Agrofizicheskii 
Nauchno-Issledovatel'skii  Inst. 
For  primary  bibliographic  entry  see  Field  2K 
W9 1-05231 


EFFECT  OF  FERTILIZER  PHOSPHATES  ON 
SOLUBILITY  OF  CA,  MG,  MN,  AL,  AND  FE 
COMPOUNDS  IN  GRAY  FOREST  SOIL. 

Institute  of  Applied  Physics,   Pushkino  (USSR). 
For  primary  bibliographic  entry  see  Field  2K. 
W91-05232 


WATER  PERMEABILITY  OF  FROZEN  SOILS 
UNDER  TREE  STANDS  IN  THE  FOREST- 
STEPPE  ZONE. 

Soyuzgiproleskhoz  Research  and  Design  Institute, 

Moscow,  USSR. 

N.  A.  Rybakova. 

Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  2,  o 

106-112,  1990.  3  tab,  12  ref. 

Descriptors:  'Soil-water-plant  relationships, 
•Forest  hydrology,  'Permeability,  *Frozen 
ground,  *Forest  soils,  'Steppes,  Freezing,  Runoff, 
Snowmelt,  Thawing,  Agriculture,  Soil  water. 

Tree  stands  of  the  forest-steppe  zone  play  a  major 
water-protective  role  by  their  ability  to  absorb 
surface  runoff  from  farmland  that  is  polluted  by 
fine  earth,  fertilizers,  and  pesticides  and  to  convert 


this  runoff  to  soil  and  ground  water.  The  perme- 
ability of  soils  is  shown  to  depend  on  their  depth  of 
freezing  and  moisture  content.  Because  75  to  90% 
of  the  annual  runoff  in  the  forest-steppe  zone  of  the 
European  USSR  comes  from  spring  meltwater,  it 
is  important  to  evaluate  the  uptake  of  this  water  by 
frozen  soils.  In  a  natural  maple-linden-oak  stand 
and  in  pine,  birch  and  larch  plantations  the  infiltra- 
tion of  water  into  frozen  loam  before  thawing 
averages  0.01  mm/min  and  increases  to  0.08  mm/ 
min  during  thawing,  an  increase  three  to  four  times 
as  great  as  in  a  cultivated  field.  With  a  depth  of 
freezing  of  more  than  1  m,  no  water  seeps  into  the 
frozen  soil.  The  permeability  of  frozen  soil  can  be 
calculated  from  its  depth  of  freezing.  The  perme- 
ability of  frozen  soil  was  highest  (up  to  3  mm/min) 
in  natural  tree  stands.  This  permeability  remained 
relatively  high  (0.2  m/min)  when  the  depth  of 
freezing  was  more  than  1  m  if  there  was  no  ice 
layer  under  the  forest  litter.  (Brunone-PTT) 
W91-05233 


RELATIONSHIP  BETWEEN  MOISTURE  CA- 
PACITY AND  BULK  DENSITY  OF  PODZO- 
LIZED  CHERNOZEM. 

Uman  Agricultural  Institute,  USSR. 

V.  P.  Gordiyenko,  and  P.  V.  Kostogryz. 

Soviet  Soil  Science  SSSCAE,  Vol.  22,  No    2    d 

113-120,  1990.  2  fig,  2  tab,  12  ref. 

Descriptors:  *Soil  absorption,  'Soil  density,  *Pod- 
zols,  Soil  structure,  Capillary  capacity,  Soil  com- 
paction, 'Soil  water,  'Density,  'Chernozems,  Cor- 
relation analysis,  Model  studies,  Soil  physical  prop- 
erties. 

A  close  relationship  exists  between  the  capillary 
and  minimum  moisture  capacities  of  podsolized 
Chernozems  and  their  bulk  density  within  0.90  to 
1.65  g/cc.  Statistical  models  of  this  relationship  are 
developed  using  the  bulk  density  of  the  soil,  the 
capillary  moisture  capacity,  percent  by  volume, 
and  the  correlation  ratio  (and  its  statistical  error). 
The  results  and  known  agrophysical  patterns  are 
used  to  derive  mathematical  equations  relating 
some  structural  elements  of  the  soil  to  its  bulk 
density.  The  minimum  moisture  capacity  decreases 
with  respect  to  soil  weight,  and  this  decrease  be- 
comes particularly  pronounced  when  compaction 
increases  to  more  than  1.3  g/cc.  The  mathematical 
equations  can  be  used  to  predict  the  change  in 
structure  of  the  soil  as  a  function  of  its  bulk  densi- 
ty. (Brunone-PTT) 
W9 1-05234 


PETROLEUM  CONTAMINATED  SOILS. 
VOLUME  2:  REMEDIATION  TECHNIQUES, 
ENVIRONMENTAL  FATE,  RISK  ASSESS- 
MENT, ANALYTICAL  METHODOLOGIES. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05236 


THREE  COMMON  MISCONCEPTIONS  CON- 
CERNING THE  FATE  AND  CLEANUP  OF  PE- 
TROLEUM PRODUCTS  IN  SOIL  AND 
GROUNDWATER. 

Dragun  Corp.,  Berkley,  MI. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05249 


EFFECT  OF  WATER-SOLUBLE  ORGANIC  MA- 
TERIAL ON  THE  TRANSPORT  OF  PHENAN- 
THRENE  IN  SOIL. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05250 


ENHANCED  BIOREMEDIATION  TECH- 
NIQUES FOR  IN  SITU  AND  ONSITE  TREAT- 
MENT OF  PETROLEUM  CONTAMINATED 
SOILS  AND  GROUNDWATER. 

C.A.A.  Bioremediation  Systems,  Boston,  MA. 
For  primary   bibliographic   entry   see  Field   5G. 


THERMAL  DESORPTION  OF  HAZARDOUS 
AND  TOXIC  ORGANIC  COMPOUNDS  FROM 
SOIL  MATRICES. 


For   primary   bibliographic   entry   see   Field   5G 
W9 1-05256 


HOT    MIX    ASPHALT    TECHNOLOGY    AND 
THE  CLEANING  OF  CONTAMINATED  SOIL. 

Brox  (George),  Inc.,  Dracut,  MA. 

For  primary   bibliographic   entry   see  Field   5G 

W9 1-05257 


REMOVING  PETROLEUM  PRODUCTS  FROM 
SOILS  WITH  OZONE,  ULTRAVIOLET,  UL- 
TRASONICS, AND  ULTRAPURE  WATER. 

Excalibur  Enterprises,  Inc.,  New  York. 

For  primary  bibliographic  entry  see   Field   5G 

W91-05258 


CLEANUP  OF  A  GASOLINE  CONTAMINATED 
SITE  USING  VACUUM  EXTRACTION  TECH- 
NOLOGY. 

Terra  Vac,  Inc.,  Princeton,  NJ. 

For  primary  bibliographic   entry   see   Field   5G. 

W91-05259 


ASSESSMENT  AND  REMEDIATION  OF  RESI- 
DENTIAL PROPERTIES  CONTAMINATED 
WITH  HOME  HEATING  OIL:  CASE  STUDIES. 

Haley  and  Aldrich,  Inc.,  Cambridge,  MA. 

For  primary   bibliographic   entry  see   Field   5G 

W9 1-05262 


OVERVIEW  AND  SUGGESTED  METHODOL- 
OGY TO  DETERMINE  THE  ADEQUACY  OF 
CLEANUP  OF  CONTAMINATED  SOILS. 

Environmental  Protection  Systems,  Inc.,  Fairlawn, 

NJ. 

For   primary  bibliographic   entry  see   Field   5G 

W9 1-05263 


PRODUCTION  AND  STABILITY  OF  ETHYL- 
ENE IN  SOIL. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 
M.  Arshad,  and  W.  T.  Frankenberger. 
Biology  and  Fertility  of  Soils  BFSOEE,  Vol.  10, 
No.  1,  p  29-34,  1990.  2  fig,  2  tab,  24  ref. 

Descriptors:  'Ethylene,  'Soil  environment,  'Satu- 
rated soils,  'Soil  tests,  'Plant  growth  substances, 
'Soil  water,  Soil  bacteria,  Soil  fungi,  Soil  chemis- 
try, Amino  acids,  Waterlogging,  Glucose. 

One  of  the  major  factors  affecting  the  production 
and  stability  of  ethylene  (C2H4)  in  soil  is  its  water 
content.  A  study  was  conducted  to  determine  the 
effect  of  unsaturated  versus  saturated  conditions  on 
the  production  and  stability  of  C2H4  in  soil.  L- 
Methionine  and  D-glucose  were  added  alone  and 
in  combination  at  1.0  and  5.0  g/kg  soil,  respective- 
ly. The  addition  of  L-methionine  significantly  pro- 
moted C2H4  production  at  field  capacity  to  a 
much  greater  extent  than  under  water  logged  con- 
ditions. Glucose  was  equally  effective  under  both 
moisture  regimes,  while  the  combined  application 
of  both  amendments  (L-methionine  and  D-glucose) 
led  to  the  release  of  significantly  higher  amounts  of 
C2H4  under  saturated  conditions.  Antibiotic  ex- 
periments revealed  that  under  aerobic  conditions, 
L-methionine  may  be  more  efficiently  converted  to 
C2H4  by  soil  fungi,  while  in  glucose-amended  soil, 
both  bacteria  and  fungi  are  active  in  generating 
C2H4.  C2H4  was  more  stable  under  saturated  con- 
ditions. The  magnitude  of  C2H4  removal  from  the 
headspace  after  3  days  of  incubation  under  unsatu- 
rated conditions  (25.7%)  was  comparable  to  that 
after  6  days  under  saturated  conditions  (24.1%). 
The  loss  of  C2H4  was  approximately  10-fold  great- 
er in  non-sterilized  soil  than  in  sterilized  (auto- 
clayed)  soil,  both  maintained  at  field  capacity,  indi- 
cating that  a  biotic  component  has  a  major  influ- 
ence on  C2H4  stability.  Kinetic  analysis  revealed 
that  the  C2H4  loss-degradation  in  non-autoclaved 
soil  under  aerobic  conditions  followed  a  first  order 
reaction,  with  a  rate  constant  of  0.115/day  and  a 
half-life  of  6.0  days.  (Author's  abstract) 
W9 1-05337 
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Field  2— WATER  CYCLE 
Group  2G — Water  In  Soils 


COPPER  AND  ZINC  SORPTION  ON  SOME  B 
HORIZONS  OF  QUEBEC  SOILS. 

Macdonald  Coll.,  Ste.  Anne  de  Bellevue  (Quebec). 

Dept.  of  Renewable  Resources. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05338 


EFFECT    OF   SULPHUR    DIOXIDE    ON    EX- 
TRACTABLE  MANGANESE  IN  SOILS. 

La  Trobe  Univ.,  Bundoora  (Australia).  School  of 

Agriculture. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05  3  39 


SIMPLE  BIOASSAY  FOR  THE  DIAGNOSIS  OF 
ALUMINIUM  TOXICITY  IN  SOILS. 

Queensland  Dept.  of  Primary  Industries,  Indooroo- 
pilly  (Australia).  Agricultural  Chemistry  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-0534O 


EFFECTS  OF  LEACHING  SURFACE-APPLIED 
AMENDMENTS  ON  SUBSOIL  ALUMINUM 
AND  ALFALFA  GROWTH  IN  A  LOUISIANA 
ULTISOL. 

Louisiana   State   Univ.,    Baton   Rouge.   Dept.   of 

Agronomy. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05341 


EQUATIONS  TO  CALCULATE  THE  APPROXI- 
MATE DURATION  AND  TERMINATION  OF 
THE  MAXIMAL  RATE  PHASE  OF  NITRIFICA- 
TION IN  SOIL. 

Orange   Free   State   Univ.,   Bloemfontein   (South 
Africa).  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05342 


BIOGEOCHEMISTRY  OF  NITROGEN  IN  AG- 
RICULTURAL LANDSCAPES. 

Institut  Fotosinteza,  Pushkino  SSR). 

V.  N.  Bashkin. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  1,  p  12- 

19,  1989.  14  ref.  Translated  from:  Pochvovedeniye, 

No.  7,  p  145-153,  1988. 

Descriptors:  'Nitrogen,  'Agricultural  watersheds, 
•Soil  chemistry,  'Geochemistry,  'Cultivated  land, 
Path  of  pollutants,  Soil  properties,  Soil  analysis, 
Fertilizers,  Nitrogen  cycle,  Soil  contamination, 
Moscow,  Cuba,  'Biogeochemistry,  'Nonpoint  pol- 
lution sources. 

The  entry  of  large  amounts  of  nitrogen  (as  nitro- 
gen fertilizers)  into  geochemical  landscapes  affects 
all  components  of  its  biogeochemical  cycle.  The 
extent  to  which  the  undesirable  ecological  conse- 
quences of  intensive  use  of  mineral  nitrogen  fertil- 
izers are  manifested  is  largely  dependent  on  the 
types  of  elementary  agricultural  landscapes,  their 
soil-geochemical  conditions,  and  their  association 
in  soil-geochemical  catenas.  The  change  in  excess 
nitrogen  accumulation  is  considered  by  evaluating 
its  landscape-agrogoechemical  balance  within  two 
soil-geochemical  catenas,  which  are  a  soil-geo- 
chemical calcium  carbonate  catena  of  an  accumu- 
lative plain  (variously  eroded  Gray  Forest  soils  in 
the  Oka  River  valley  from  its  watershed  to  the 
floodplain,  and  floodplain  soil;  Moscow  Oblast), 
and  a  subsoil-water  soil-geochemical  catena  of  a 
humid  tropical  zone  (Ferralitic-quartzite  yellow- 
reddish  lessive  soil  in  various  degrees  of  erosion 
and  gleyed  humus  soils  of  Juventud  Island,  Cuba). 
Within  the  calcium  carbonate  catena,  the  accumu- 
lation of  nitrogen  was  most  pronounced  in  the 
superaqual  landscape,  which  also  suffered  the 
greatest  adverse  ecological  consequences  of  inten- 
sive fertilizer  use.  For  the  tropical  catena,  intensive 
use  of  mineral  nitrogen  fertilizers  on  grapefruit 
plantations  in  the  autonomous  eluvial  and  transelu- 
vial  landscapes  caused  undesirable  ecological  con- 
sequences, manifested  primarily  in  the  superaqual 
landscape.  The  biogeochemistry  of  nitrogen  in  the 
agricultural  landscape  is  governed  to  the  greater 
degree  by  the  amounts  of  mineral  fertilizers  ap- 
plied. As  a  result,  the  biogeochemical  cycle  of 
nitrogen  becomes  open,  the  rate  of  its  migration 


increases  sharply,  and  the  significance  of  various 
barriers  is  increased.  (VerNooy-PTT) 
W9 1-05  349 


NATURE  AND  MECHANISMS  OF  FORMA- 
TION OF  METAL-HUMUS  COMPLEXES. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 

D.  S.  Orlov,  O.  I.  Min'ko,  V.  V.  Demin,  V.  G. 
Sal'nikov,  and  N.  B.  Izmaylova. 
Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  1,  p  32- 
41,  1989.  4  fig,  19  ref.  Translated  from:  Pochvove- 
deniye, No.  9,  p  43-52,  1988. 

Descriptors:  Humic  acids,  'Metal  complexes,  'De- 
composing organic  matter,  'Soil  chemistry,  'Che- 
lating agents,  Chemical  interactions,  Soil  profiles, 
Soil  properties,  Molecular  structure,  'Path  of  pol- 
lutants. 

Heteropolar  and  complex  metal-humus  compounds 
play  an  extremely  important  role  in  the  genetic 
profile  of  soils  and  in  their  fertility.  Humic  sub- 
stances interact  with  the  mineral  components  of 
soils,  forming  organo-mineral  compounds  of  vari- 
ous compositions  as  a  result  of  the  presence  of  a 
large  variety  of  functional  groups  at  high  concen- 
trations in  soil  material.  Structures  formed  when 
metals  (e.g.,  iron)  act  as  bridges  between  different 
humus  molecules  are  discussed.  Ethylenediamine 
tetraacetic  acid  (EDTA)  was  added  to  a  solution 
of  humic  substances,  which  presumably  included 
metal-humus  complexes.  The  introduction  of 
EDTA  to  the  solution  caused  breakdown  of  the 
macromolecules  and  extraction  of  metals.  The  data 
indicate  that  the  reaction  of  the  humic  substances 
(HS)  with  EDTA  is  relatively  slow,  and  that  the 
highest-molecular-weight  fraction  of  HS  owes  its 
existence  to  cations  of  several  metals  that  form 
bridge  bonds  between  different  molecules  of  HS. 
Extracting  these  metals  with  EDTA  broke  down 
the  large  complex  molecules.  The  ability  of  metals 
to  act  as  bridges  between  different  humus  mole- 
cules requires  more  profound  study,  since  it  direct- 
ly affects  several  important  aspects  of  the  genesis 
and  chemistry  of  soils,  including  the  conditions, 
form  and  migration  rates  of  metals  in  soil  profiles. 
(VerNooy-PTT) 
W91-05350 


LEACHING  OF  SALINE  SOILS  IN  THE  OMSK 
OBLAST  BY  DEEP  FURROW  IRRIGATION. 

Omsk  Agricultural  Inst.  (USSR). 
A.  A.  Litovchenko. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  1,  p  59- 
66,  1989.  3  tab,  7  ref.  Translated  from:  Pochvove- 
deniye, No.  5,  p  92-96,  1988. 

Descriptors:  'Saline  soils,  'Furrow  irrigation, 
•Desalination,  'Leaching,  'Soil  treatment,  'Irriga- 
tion effects,  Omsk,  USSR,  Crop  yield,  Deminerali- 
zation,  Groundwater,  Brines,  Soil  properties. 

Chernozems  of  the  Omsk  Oblast  are  the  most 
extensively  reclaimed  soils.  Owing  to  unique  bio- 
chemical conditions,  they  have  a  number  of  pro- 
vincial characteristics:  on  prolonged  and  deep 
freezing  only  thin  and  moderately  thick  Cherno- 
zems are  formed.  Experimental  industrial  teachings 
of  Chernozem  soils  at  the  'Novoomsk'  sovkhoz  of 
Omst  Oblast  by  deep  furrow  irrigation  was  studied 
during  1977  to  1982.  During  this  time  leaching 
technology  has  considerably  improved  and  it  was 
established  that  leaching  requirements  are  3000  to 
7500  cu  m/ha  at  a  salt  content  of  0.4  to  3.0%  in  the 
surface  layer.  The  method  of  leaching  consists  in 
delivering  water  to  the  field  in  deep  furrows  alter- 
nately rather  than  in  all  furrows  at  once,  i.e.,  a 
system  of  uniformly  alternating  water-supply  and 
salt-discharge  furrows  is  used.  Preparation  of  the 
field  for  leaching  is  best  begun  after  harvest  of  the 
basic  crop,  i.e.,  at  the  end  of  August,  when  the 
movement  of  salts  to  the  soil  surface  decreases  and 
salts  have  already  accumulated  in  the  zone  of 
aeration  during  the  past  growing  season.  The  top 
meter  layer  of  soils  is  desalinized  in  15  to  30  days, 
and  the  yield  after  leaching  increases  2.4  to  25  fold. 
Salinization  is  slowly  restored  in  plow  and  sub- 
plow  horizons  at  water  table  depths  of  1.3  to  1.7 
meters  in  systems  operating  without  drainage.  In 
this    leaching    method,    infiltration    increases   and 


levels  off;  groundwaters  are  demineralized;  salts 
with  brines  are  permanently  removed  from  the 
leached  field  (full-scale  desalinization  is  achieved); 
and  1.4  to  3.1  times  less  water  is  used  for  leaching 
compared  to  leaching  by  continuous  flooding. 
(VerNooy-PTT) 
W91-05351 


HEURISTIC  MODEL  OF  PORE  SPACE  FOR 
IMITATION  OF  MOISTURE-TRANSPORT  IN 
STRUCTURED  SOILS. 

Vsesoyuznyi    Nauchno-Issledovatel'skii    Inst.    Gi- 

drotekhniki  i  Melioratsii,  Moscow  (USSR). 

A.  M.  Zeyliger. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  1,  p  94- 

98,  1989.  4  ref.  Translated  from  Pochvovedeniye, 

No.  5,  p  92-96,  1988. 

Descriptors:  'Mathematical  models,  'Model  stud- 
ies, 'Interstitial  water,  'Soil  water,  'Mass  transfer, 
•Soil  porosity,  Soil  structure,  Model  testing. 
Groundwater  level,  Hysteresis. 

Mathematical  modeling  of  various  processes  of 
heat  and  mass-transfer  in  soils  and  sediments  is 
based  mainly  on  phenomenological  differential 
equations.  One  of  the  paths  that  is  applicable  to 
problems  in  heat  and  mass-transfer  in  soils  is  the 
imitation  of  the  structure  of  the  pore  space  of  soils 
and  sediments.  A  process  by  which  a  pore-space 
model,  and  hence  the  mathematical  model,  for 
mass-transfer  may  be  chosen,  was  developed.  This 
process  includes  the  construction  of  a  soil  pore- 
space  model,  selecting  mass-transfer  equations  for 
modeling  the  processes  of  interest,  calculating  the 
characteristics  of  the  mass  transfer  equations  from 
the  model  of  the  pore  space,  and  testing  the  model 
in  a  physical  experiment.  An  imitation  model  of 
moisture-transport  in  soils  was  formalized  for  cases 
of  shallow  and  deep  groundwater.  The  pore  space 
is  portrayed  using  a  heuristic  model  consisting  of 
transport  pores  and  related  dead-end  pores.  The 
model  was  able  to  describe  hysteresis  in  moisture 
transport.  (VerNooy-PTT) 
W91-05352 


CALCULATION  OF  MASS-EXCHANGE  PROC- 
ESSES IN  LEACHED  SOILS. 

Volga  Inst,  of  Hydraulic  Engineering  and  Meliora- 
tion, Engel's  (USSR). 
T.  K.  Platonova,  and  Y.  A.  Pachepskiy. 
Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  1,  p  99- 
111,   1989.  3  fig,  3  tab,  27  ref.  Translated  from: 
Pochvovedeniye,  No.  5,  p  70-81,  1988. 

Descriptors:  'Mass  exchange,  'Leaching,  'Soil 
chemistry,  'Soil  profile,  'Ion  exchange,  Mathemat- 
ical models,  Soil  solution,  Mass  transport.  Ions, 
Model  testing,  Soil  water,  Soil  structure,  'Saline 
soils. 

Mass-exchange  processes,  which  control  the  trans- 
port of  matter  in  soil  solutions  and  the  exchange  of 
matter  between  the  soil  solution  and  other  phases 
of  the  soil,  play  an  important  role  in  the  function- 
ing of  the  soil  as  a  natural  body.  In  the  case  of 
leaching  of  saline  soils  these  processes  occur  very 
quickly  and  clearly.  The  major  hypotheses  used  to 
describe  mass-exchange  processes  in  soils  were 
analyzed.  A  detailed  model  of  mass-exchange  in 
the  soil  profile  that  would  be  suitable  for  solving 
practical  problems  in  the  prediction  and  optimiza- 
tion of  leachings  is  proposed.  The  current  state  of 
this  model  (FAUST)  is  described,  the  first  version 
of  which  was  developed  in  1981.  In  this  model,  the 
contents  of  several  ions  in  the  soil  solution  are 
examined  (calcium(++),  magnesium(++), 
sodium(  +  ),  hydrogen(  +  ),  chloride^-),  sulfate^-), 
carbonate(--),  bicarbonate^-),  hydroxide(-)),  as  well 
as  their  ion  pairs  formed  by  these  ions.  It  is  shown 
that  by  sequential  complication  one  can  construct  a 
complex  model  that  takes  into  account  the  interac- 
tion of  ions  in  soil  solutions,  cation-exchange,  solu- 
tion-precipitation of  gypsum  and  carbonates,  and 
the  solution  of  carbon  dioxide  by  soil  air.  Experi- 
mental data  from  leaching  experiments  under  vari- 
ous conditions  were  examined.  The  model  satisfac- 
torily reproduces  the  redistribution  of  ions  in 
leached  soil  profiles.  (VerNooy-PTT) 
W91-05353 
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MODELING  OF  MASS-EXCHANGE  OF 
PHASES  IN  A  SOLONETZIC  SOIL  LEACHED 
AFTER  APPLICATION  OF  GYPSUM. 

Akademiya  Nauk  SSSR,   Moscow.   Inst,  of  Soil 

Science  and  Photosynthesis. 

K.  Darab,  M.  Redli,  Y.  V.  Mironenko,  Y.  A. 

Pachepskiy,  and  A.  A.  Ponizovskiy. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.   1,  p 

112-123,  1989.  3  fig,  2  tab,  35  ref.  Translated  from: 

Pochvovedeniye,  No.  5,  p  82-91,  1988. 

Descriptors:  "Mass  exchange,  'Leaching,  *Soil 
chemistry,  *Ion  exchange,  *Gypsum,  *Soil  treat- 
ment, Mathematical  models,  Model  testing,  Perco- 
lation rate,  Soil  water,  Interstitial  water,  Diffusion, 
Dispersion,  Thermodynamics,  Salts,  Soil  solution, 
Mass  transport. 

The  use  of  physical-chemical  equations  to  describe 
mass-exchange  equilibria  in  soils  has  made  possible 
the  construction  of  mathematical  models  that  ex- 
press the  changes  in  soil  composition  during  perco- 
lation of  aqueous  solutions.  A  mathematical  model 
was  constructed  that  describes  the  change  in  the 
composition  of  soil  phases  under  the  influence  of 
soil-moisture  (pore-solution)  movement,  molecular 
diffusion,  hydrodynamic  dispersion,  ion-exchange, 
dissolution-precipitation  of  gypsum  and  calcite, 
and  interaction  of  the  pore  solution  with  carbon 
dioxide  of  the  soil  air.  The  model  is  based  on 
thermodynamic  equations  of  mass-exchange  of  soil 
phases  and  equations  for  ion  pairs  used  to  calculate 
activities  of  ions  in  solution.  The  model  was  tested 
with  data  from  an  experiment  using  columns  of  a 
Solonetzic  soil  that  was  leached  after  application 
of  gypsum.  It  is  shown  that  to  make  the  calcula- 
tions agree  well  with  the  experimental  data  one 
must  input  constants  from  effective  solubility  of 
salts  and  isotherms  of  effective  ion  exchange;  these 
are  obtained  from  experiments  carried  out  directly 
on  the  soils  studied.  (Author's  abstract) 
W91-05354 


PERMEABILITY  ANISOTROPY  OF  NATURAL 
CLAYS  AS  A  FUNCTION  OF  STRAIN. 

Laval  Univ.,  Quebec.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  ehtry  see  Field  8D. 
W91-05359 


LABORATORY  MODELLING  OF  FIELD  PER- 
MEABILITY TESTS  IN  CASED  BOREHOLES. 

pcole  Polytechnique,  Montreal  (Quebec). 
For  primary  bibliographic  entry  see  Field  2F. 
W91-05363 


LABORATORY  STUDY  ON  LEACHING  OF 
CALCAREOUS  SOIL  FROM  KUWAIT. 

Kuwait  Univ.,  Safat.  Dept.  of  Civil  Engineering. 
H.  Al-Sanad,  and  B.  Al-Bader. 
Journal    of    Geotechnical    Engineering    (ASCE) 
JGENDZ,  Vol.  116,  No.  12,  p  1797-1809,  1990.  10 
fig,  3  tab,  12  ref. 

Descriptors:  'Leaching,  'Kuwait,  'Calcareous 
soils,  'Dewatering,  Salts,  Cements,  'Groundwater 
level,  Irrigation,  Pumping,  Soil  texture,  Soil  densi- 
ty, Flow  rates,  Groundwater  movement,  Brackish 
water,  Soil  strength,  Pore  size,  'Irrigation  effects. 

The  country  of  Kuwait  has  experienced  a  rise  in 
the  groundwater  level  in  the  past  three  decades, 
due  to  excessive  irrigation  in  newly  developed 
areas.  Groundwater  rise  has  resulted  in  an  in- 
creased need  for  dewatering  to  lower  the  water 
table  for  construction  of  new  basements,  placement 
of  utilities,  and  drainage  of  existing  subsurface 
structures.  Due  to  the  calcareous  nature  of  Kuwai- 
ti soils,  there  is  a  concern  that  long-term  pumping 
of  groundwater  may  result  in  the  migration  of  fines 
and  washing-out  of  cementitious  salts,  leading  to  a 
possible  reduction  in  soil  strength.  A  laboratory 
investigation  was  initiated  to  understand  the  proc- 
ess of  leaching  of  cementing  salts  and  to  study  the 
factors  controlling  it.  Leaching  was  found  to  be 
directly  proportional  to  both  soil  density  and  per- 
centage of  fines.  The  flow  rate  had  an  insignificant 
effect,  although  brackish  water  had  slightly  less 
leaching  capability  than  distilled  water.  Through- 
out the  testing  program  the  leaching  process 
became   essentially   complete  after  a   volume  of 


water  equivalent  to  approximately  3.5  times  the 
pore  volume  passed  through  the  soil.  (Fish-PTT) 
W91-05378 


ESTIMATION     OF     ORGANIC     CHEMICAL 
SORPTION  BY  SOILS. 

Agricultural    Research    Organization,    Bet-Dagan 
(Israel).  Volcani  Center. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-054 16 


VOLATILIZATION  OF  ORGANIC  COM- 
POUNDS IN  UNSATURATED  POROUS 
MEDIA  DURING  INFILTRATION. 

Princeton  Univ.,  NJ.  Dept.  of  Civil  Engineering 
and  Operations  Research. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-054 18 


ORGANIC  CARBON  ISOTOPE  GEOCHEMIS- 
TRY OF  CLAYEY  DEPOSITS  AND  THEIR  AS- 
SOCIATED POREWATERS,  SOUTHERN  AL- 
BERTA. 

Waterloo  Univ.  (Ontario).  Dept.  of  Earth  Sciences. 

L.  I.  Wassenaar,  M.  J.  Hendry,  R.  Aravena,  and  P. 

Fritz. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p  251-270,  December   1990.  7  fig,  4  tab,  44  ref. 

Descriptors:  'Alberta,  'Geochemistry,  'Interstitial 
water,  'Organic  carbon,  'Organic  matter,  'Sedi- 
ments, Canada,  Carbon  dioxide,  Carbon  radioiso- 
topes, Dissolved  organic  carbon,  Environmental 
chemistry,  Glacial  soils,  Till. 

The  organic  carbon  cycle  of  slowly  permeable, 
clayey  glacial  till  deposits  in  the  Western  Interior 
Great  Plains,  southern  Alberta,  was  investigated 
by  examining  the  relationship  between  solid  organ- 
ic matter  (SOM)  in  the  till  sediments  and  dissolved 
organic  carbon  (DOC)  in  the  till  pore  waters. 
Geochemically,  the  tills  can  be  divided  into  two 
distinct  zones:  an  upper  oxidized  (low  SOM)  till 
zone,  and  a  lower  unoxidized  (high  SOM)  till  zone. 
Till  pore  waters  in  both  zones  are  characterized  by 
high  DOC  contents.  Radiocarbon  dating  and  com- 
parison of  SOM  and  DOC  fractions  suggest  DOC 
in  the  deep  unoxidized  zone  originated  during  deg- 
laciation,  and  is  probably  representative  of  ground- 
water ages  in  this  till  zone.  In  the  oxidized  zone, 
DOC  originates  from  variable  mixtures  of  soluble 
organic  matter  emplaced  during  deglaciation,  and 
Cretaceous  age  coal  fragments  in  this  till  zone. 
SOM  in  the  upper  till  zone  was  mainly  oxidized  to 
C02  gas  during  lowered  water  table  conditions  of 
the  Altithermal  climatic  period.  The  subsurface 
production  of  fossil  C02  gas  has  serious  implica- 
tions for  using  the  conventional  dissolved  inorgan- 
ic carbon  (DIC)  14-C  groundwater  dating  method 
in  these  clayey  till  porewaters.  (Author's  abstract) 
W9 1-05441 


WATER  AND  SOLUTE  MOVEMENT  IN  A 
COARSE-TEXTURED  WATER-REPELLENT 
FIELD  SOIL. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Hydraulics  and  Catchment  Hydrology. 

J.  C.  Van  Dam,  J.  M.  H.  Hendrickx,  H.  C.  Van 

Ommen,  M.  H.  Bannink,  and  M.  T.  Van 

Genuchten. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p  359-379,  December  1990.  8  fig,  6  tab,  42  ref. 

Descriptors:  'Infiltration,  'Soil  texture,  'Soil 
water,  'Solute  transport,  'Water  repellent  soils, 
Bromides,  Clays,  Convection,  Dispersion,  Ficks 
Law,  Flow  profiles,  Hydraulic  conductivity, 
Mathematical  models,  Organic  matter,  Richards 
equation,  Soil  properties,  The  Netherlands. 

Unstable  water  flow  in  water-repellent  unsaturated 
soils  can  significantly  affect  the  processes  of  infil- 
tration and  soil  water  redistribution.  A  field  experi- 
ment was  carried  out  to  study  the  effect  of  water- 
repellency  on  water  and  bromide  movement  in  a 
coarse-textured  soil  in  the  southwestern  part  of 
The  Netherlands.  The  field  data  were  analyzed 
using  a  relatively  simple  numerical  model  based  on 
the  standard   Richards'  equation   for  unsaturated 
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water  flow  and  the  Fickian-based  convection-dis- 
persion equation  for  solute  transport.  Water  repel- 
lency  was  accounted  for  by  multiplying  the  water 
content  and  the  unsaturated  hydraulic  conductivity 
of  the  soil  with  F,  a  factor  equal  to  the  volumetric 
fraction  of  soil  occupied  by  preferential  flow  paths 
resulting  from  the  unstable  flow  process.  The  good 
comparison  of  simulated  and  measured  bromide 
concentrations  suggests  that  the  model  provides  a 
viable  method  for  simulating  unstable  water  flow 
in  water  repellent  soils.  (Author's  abstract) 
W9 1-05448 


FRACTIONATION  OF  THE  ORGANIC 
MATTER  IN  SOILS  AND  SEDIMENTS  AND 
THEIR  CONTRIBUTION  TO  THE  SORPTION 
OF  PESTICDDES. 

Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 
(Israel).  Inst,  of  Soil  and  Water. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05466 


SOIL     CONTROLS      ON      RECHARGE     TO 
AQUIFERS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05469 


COMPARISON  OF  THE  SURFACE  IMPED- 
ANCE FACTORS  OF  CA,  NA,  RB,  AND  CS 
DERIVED  FROM  THEIR  SELF-DIFFUSION 
COEFFICIENTS  IN  VARIOUS  SODLS. 

Oxford  Univ.  (England).  Soil  Science  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05471 


EFFECT    OF    ntRIGATION    SCHEDULE    ON 
SOIL  TEMPERATURE. 

Indian  Inst,  of  Tech.,  Kharagpur.  Dept.  of  Agri- 
cultural Engineering. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-05476 


EFFECT  OF  POLYVINYL  ALCOHOL,  DEX- 
TRAN  AND  HUMIC  ACID  ON  SOME  PHYSI- 
CAL PROPERTIES  OF  A  CLAY  AND  LOAM 
SOIL:  I.  CRACKING  AND  AGGREGATE  STA- 
BILITY. 

Consiglio  Nazionale  delle  Ricerche,  Pisa  (Italy). 
1st.  per  la  Chimica  del  Terreno. 
D.  K.  Painuli,  and  M.  Pagliai. 
Agrochimica  AGRCAX,  Vol.  34,  No.  1/2,  p  117- 
130,  1990.  7  fig,  3  tab,  15  ref. 

Descriptors:  'Aggregates,  'Clays,  'Humic  acids, 
•Italy,  'Loam,  'Organic  conditioners,  'Soil 
amendments,  'Soil  structure,  'Soils,  Agriculture, 
Cracks,  Irrigation,  Precipitation. 

The  effectiveness  of  three  organic  conditioners  in 
improving  the  structure  of  two  different  intensive- 
ly cultivated  soils  from  the  Tyrrhenian  coast  were 
evaluated.  The  soils,  a  clay  and  a  loam,  were 
selected  for  the  study  because  they  have  recently 
exhibited  various  structure-related  problems,  such 
as:  extremely  slow  infiltration;  rain  and  irrigation 
water  becomes  impounded  creating  an  aeration 
problem;  drying  produces  large  cracks;  seed  bed 
preparation  requires  considerable  effort  and  sur- 
face sealing  and  crusting  are  also  common.  Labora- 
tory studies  were  carried  out  to  examine  the  effects 
of  polyvinyl  alcohol,  dextran  and  humic  acid 
added  at  rates  of  0,  0.5,  1.0  and  2.5%  by  mass,  on 
structure  modification  of  the  two  soils.  Results 
showed  that  both  polyvinyl  alcohol  and  dextran 
improved  the  soil  structure  with  the  following 
conditions:  cracks  were  more  numerous,  thinner 
and  longer;  clods  were  smaller;  water  dispersible 
silt-plus-clay  was  less;  and  mean  weight  diameter 
was  the  same  (Polyvinyl  alcohol)  or  less  (Dextran) 
than  in  the  control  samples.  Humic  acid,  especially 
in  the  clay  soil,  did  not  have  such  favorable  effects. 
In  fact  it  appeared  to  cause  the  formation  of  a  few 
large  cracks  and  consequently  bigger  clods.  The 
water  dispersible  silt-plus-clay  was  higher  for 
humus  than  in  the  control  samples.  It  was  conclud- 
ed that  polyvinyl  alcohol  and  dextran  could  be 
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used  to  favorably  improve  a  soil  structural  envi- 
ronment for  the  examined  soils.  (See  also  W91- 
05481)  (Agostine-PTT) 
W9 1-05480 


EFFECT  OF  POLYVINYL  ALCOHOL,  DEX- 
TRAN  AND  HUMIC  ACID  ON  SOME  PHYSI- 
CAL PROPERTIES  OF  A  CLAY  AND  LOAM 
SOIL:  II.  HYDRAULIC  CONDUCTIVITY  AND 
POROSITY. 

Consiglio  Nazionale  delle  Ricerche,  Pisa  (Italy). 
1st.  per  la  Chimica  del  Terreno. 
D.  K.  Painuli,  M.  Pagliai,  M.  La  Marca,  and  G. 
Lucamante. 

Agrochimica  AGRCAX,  Vol.  34,  No.  1/2,  p 
131146,  1990.  5  fig,  3  tab,  28  ref. 

Descriptors:  'Clays,  *Humic  acids,  'Hydraulic 
conductivity,  *Loam,  'Organic  conditioners,  'Soil 
amendments,  'Soil  porosity,  'Soil  structure,  'Soils, 
Soil  moisture  retention. 

Laboratory  studies  were  carried  out  on  a  clay  and 
loam  soil  to  evaluate  the  modification  in  saturated 
hydraulic  conductivity  and  in  soil  porosity  induced 
by  polyvinyl  alcohol  (PVA),  dextran  (D)  and 
humic  acid  (HA).  Porosity  was  measured  on  soil 
thin  sections  by  image  analysis  (Quantimet  720) 
and  its  relationship  with  hydraulic  conductivity 
was  studied  by  percolating  0.1%  methylene  blue 
solution  that  colored  the  walls  of  pores  in  which 
the  solution  flowed.  The  saturated  hydraulic  con- 
ductivity was  higher  in  samples  treated  with  PVA 
and  D  than  in  the  control  samples,  while  in  sam- 
ples treated  with  HA  the  hydraulic  conductivity 
decreased  with  respect  to  the  control  samples.  The 
porosity  data  showed  that  the  hydraulic  conductiv- 
ity was  positively  related  to  the  proportion  of 
elongated  'transmission'  pores  in  the  range  50-500 
micrometers.  Therefore  the  PVA  seemed  to  be  the 
most  efficacious  in  improving  the  continuity  of  the 
pore  system  in  the  soil.  Moreover  it  was  found  that 
PVA  and  D  increased  the  water  retention  against 
gravity.  It  is  possible  to  conclude  that  adding  PVA 
and  D  to  soils  can  improve  such  physical  proper- 
ties of  the  soil  as  hydraulic  conductivity,  water 
retention,  porosity  and  the  overall  pore  shape,  pore 
size  distribution  and  pore  continuity.  The  HA  as 
used  in  this  experiment  did  not  seem  to  induce 
these  positive  modifications.  (See  also  W9 1-05480) 
(Author's  abstract) 
W9 1-05481 


ABSORPTION  OF  HERBICIDES  BY  SOILS  OF 
THE  CAMPANIA  REGION  (ADSORBIMENTO 
DI  DISERBANTI  SU  SUOLI  DELLA  CAM- 
PANIA). 

Naples  Univ.  (Italy).  1st.  di  Chimica  Agraria. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05482 


ALTERNATIVE  METHODS  OF  ESTIMATING 
WATER  DEFICIT  STRESS  OF  WHEAT 
GROWN  ON  UNDISTURBED  AND  REPACKED 
SODL  IN  DRAINAGE  LYSIMETERS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  21. 
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DEVELOPMENT  OF  A  MICROBIAL  COMMU- 
NITY ON  CELLULOSE  BURIED  IN  WATER- 
LOGGED SOIL. 

Tokyo  Univ.  (Japan).  Dept.  of  Agricultural  Chem- 
istry. 

M.  Saito,  H.  Wada,  and  Y.  Takai. 
Biology  and  Fertility  of  Soils  BFSOEE,  Vol.  9, 
No.  4,  p  301-305,  1990.  4  fig,  1  tab,  26  ref. 

Descriptors:  'Biodegradation,  'Cellulose,  'Excess 
water,  'Microbiological  studies,  'Microorganisms, 
•Nutrients,  'Rice,  'Soil  organisms,  'Soil  water, 
•Succession,  'Waterlogging,  Biomass,  Ecosystems, 
Metabolites,  Nitrogen,  Soil  environment. 

The  development  of  a  microbial  community  on 
cellulose  (cellophane  film  and  filter  paper)  buried 
in  waterlogged  soil  was  observed  under  a  micro- 


scope. The  cellulose  sheets  were  buried  in  two 
waterlogged  soils,  and  the  microbial  processes  in 
the  micro-subsystems  surrounding  these  substrates 
were  investigated  throughout  the  decomposition  of 
the  cellulose,  thorugh  examinations  of  the  biomass, 
immobilized  N,  ATP,  and  gas  metabolism  of  the 
microbial  community.  As  cellulose  decomposition 
progressed,  a  microbial  succession  was  recognized, 
which  could  be  divided  into  two  stages.  In  the  first 
stage,  a  few  types  of  cellulolytic  microorganisms 
predominated  on  the  cellulose,  vigorous  decompo- 
sition of  the  cellulose  was  accompanied  by  a  rapid 
increase  in  microbial  biomass,  and  H2  was  evolved 
from  the  microbial  community  on  the  cellulose.  In 
the  second  stage,  the  rate  of  cellulose  decomposi- 
tion was  slow  and  the  cellulose  remaining  was 
thickly  covered  with  various  types  of  microorga- 
nisms. The  H2  produced  in  this  second  stage  was 
consumed  by  the  microorganisms  closely  adhering 
to  the  remaining  cellulose.  In  addition,  non-cellular 
organic  nitrogen  accumulated  on  the  remaining 
cellulose.  A  large  number  of  microorganisms 
seemed  to  be  dormant  in  this  stage.  The  trends  of 
this  microbial  succession  were  similar  to  those 
found  in  ecosystem  successions,  which  are  charac- 
terized by  an  increase  in  both  the  complexity  of 
community  structure  and  the  diversity  of  niches, 
and  by  the  development  of  a  closed  nutrient  cycle. 
(Author's  abstract) 
W91-05555 


SOIL  WATER  EFFECTS  ON  THE  USE  OF 
HEAT  UNITS  TO  PREDICT  CROP  RESIDUE 
CARBON  AND  NITROGEN  MINERALIZA- 
TION. 

Agricultural  Research  Service,  Orono,  ME.  New 

England  Plant,  Soil  and  Water  Lab. 

D.  S.  Doel,  C.  W.  Honeycutt,  and  W.  A. 

Halteman. 

Biology  and  Fertility  of  Soils  BFSOEE,  Vol.  10, 

No.  2,  p  102-106,  1990.  3  fig,  3  tab,  31  ref. 

Descriptors:  'Carbon,  'Crops,  'Environmental 
chemistry,  'Mineralization,  'Nitrogen,  'Nutrients, 
'Soil  chemistry,  'Soil  water,  Agriculture,  Enthal- 
py, Field  tests,  Industrial  wastes,  Mathematical 
studies,  Probabilistic  process,  Soil  amendments, 
Soil  properties. 

Soil  heat  units  (degree  days)  have  previously  been 
shown  to  predict  net  N  mineralization  from  crop 
residues  and  papermill  sludge.  The  effects  of  soil 
water  potential  on  predictions  of  mineralization 
with  heat  units  were  identified  and  compared  to 
field  results  of  white  lupin  (Lupinus  albus  L.  cv. 
'Ultra')  N  mineralization.  Lupin  amended  soil  and 
unamended  controls  were  incubated  at  factorial 
combinations  of  temperature  (15,  20,  and  25  C)  and 
soil  moisture  (-0.30,  -0.03,  and  -0.01  MPa)  for  198 
days.  Incorporation  of  the  lupin  residue  resulted  in 
net  N  immobilization.  No  net  N  mineralization  had 
been  observed  for  any  temperature  at  a  soil  mois- 
ture level  of  -0.30  MPa  by  the  close  of  the  incuba- 
tion study.  The  number  of  heat  units  that  accumu- 
lated until  commencement  of  net  N  mineralization 
did  not  differ  for  five  of  the  six  remaining  tempera- 
ture-water treatment  combinations.  The  number  of 
heat  units  that  accumulated  until  net  N  mineraliza- 
tion began  (2058-2814  degree-days)  in  the  present 
study  were  similar  to  those  reported  in  a  comple- 
mentary field  study  (1990-2360  degree-days).  Tem- 
perature and  moisture  interactively  affected  lupin- 
residue  C  mineralization.  The  cumulative  substrate 
C  that  had  evolved  by  the  time  of  net  N  mineral- 
ization did  not  differ  for  a  give  temperature  be- 
tween soil  moisture  levels  of  -0.03  and  0.01  MPa. 
Heat  units  appear  to  adequately  predict  net  N 
mineralization  from  organic  residues  at  soil  water 
potentials  within  the  -0.03  to  -0.01  MPa  range,  but 
may  not  be  valid  for  prolonged  drier  conditions. 
(Author's  abstract) 
W91-05556 


FIELD  EVALUATION  OF  TISSUE  CULTURE 
DERIVED  SORGHUM  FOR  INCREASED  TOL- 
ERANCE TO  ACID  SOILS  AND  DROUGHT 
STRESS. 

Colorado  State  Univ.,  Fort  Collins. 

For  primary  bibliographic  entry  see  Field  21. 
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CHLORIDE  ANALYSES  OF  SOIL  LEACHATE 
USING  THE  TRAACS  800  ANALYZER. 

Guelph  Univ.  (Ontario). 

For  primary  bibliographic  entry  see  Field  5A. 
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VARIATIONS  IN  CHEMICAL  COMPOSITION 
OF  THE  SOIL  SOLUTION  OVER  A  FOUR- 
YEAR  PERIOD  AT  AN  UPLAND  SITE  IN 
SOUTHWEST  SCOTLAND. 

Stirling  Univ.  (Scotland).  Dept.  of  Environmental 

Science. 

I.  C.  Grieve. 

Geoderma  GEDMAB,  Vol.  46,  No.  4,  p  351-362, 

June  1990.  4  fig,  3  tab,  22. 

Descriptors:  'Acid  rain  effects,  'Environmental 
chemistry,  'Field  tests,  'Geochemistry,  'Scotland, 
•Soil  chemistry,  *Soil  solution,  Chemical  analysis, 
Dissolved  organic  carbon,  Hydrogen  ion  concen- 
tration, Ions,  Moisture  meters,  Peat  soils,  Precipita- 
tion, Seasonal  variation,  Soil  properties. 

Variations  on  soil  solution  chemical  composition 
were  monitored  over  a  period  of  almost  four  years 
in  a  peaty  soil  in  the  Loch  Dee  catchment,  south- 
west Scotland.  Samplers  were  arranged  on  a  tran- 
sect down  a  100  m  length  of  slope.  Five  suction- 
free  lysimeters  collected  soil  solution  draining  from 
the  uppermost  20  cm  of  soil  and  seven  porous  pot 
suction  lysimeters  collected  solution  from  50-60  cm 
(subsequently  referred  to  as  60  cm).  Soil  solutions 
were  spatially  variable  in  their  composition,  but 
within-plot  coefficients  of  variation  were  similar  to 
those  for  soil  properties.  Soil  solutions  were  acidic 
with  a  mean  pH  (4.2  at  surface  20  cm  and  4.7  at  60 
cm)  lower  than  that  of  rainfall.  Exchange  of  H(  +  ) 
ions  for  Ca  accounted  for  most  of  the  increase  in 
pH  with  depth.  Annual  cycles  in  solution  concen- 
trations were  identified,  with  winter  peaks  in  CI, 
Na  and  Mg,  and  a  late  summer  peak  in  dissolved 
organic  carbon  (DOC)  and  Fe.  Winter  maxima  in 
precipitation  derived  ions  can  be  related  to  input 
variations.  Summer  maxima  in  organic-related  con- 
stituents had  a  less  well  defined  relationship  with 
temperature  and  flushing.  DOC  was  highly  corre- 
lated with  Fe,  and  less  highly  with  Al,  and  contrib- 
uted to  the  overall  ionic  balance.  pH  was  also 
significant  in  Al  mobilization,  with  winter  Al  peaks 
and  high  proportions  of  labile  Al  at  this  time. 
Concentrations  of  calcium  at  both  20  and  60  cm 
and  sodium  and  magnesium  at  60  cm  showed  little 
variation.  (Agostine-PTT) 
W91-05564 


HYDRAULIC  CONDUCnVITY  AND  LEACH- 
ING OF  AN  ORGANIC  SALINE-SODIC  SODL. 

Agricultural   Coll.   of  Athens  (Greece).   Lab.   of 

Soils  and  Agricultural  Chemistry. 

C.  Kosmas,  and  N.  Moustakas. 

Geoderma  GEDMAB,  Vol.  46,  No.  4,  p  363-370, 

June  1990.  3  fig,  2  tab,  20  ref. 

Descriptors:  'Hydraulic  conductivity,  'Irrigation 
effects,  'Leaching,  'Organic  soils,  'Saline  soils, 
•Soil  structure,  *Soil  water,  Clays,  Groundwater 
movement,  Interstitial  water,  Loam,  Organic 
matter,  Percolation,  Soil  properties,  Statistical 
analysis,  Water. 

The  hydraulic  conductivity  of  an  organic  saline- 
sodic  soil  was  measured  as  a  function  of  the  organ- 
ic matter  content,  dry  material,  pH,  total  iron 
oxides,  clay  content  and  optical  density  of  the 
leachate  in  a  soil  column.  Changes  in  sodium  con- 
centration of  the  percolating  water  along  the  soil 
column  were  also  recorded.  The  calcerous  organic 
soil  used  in  this  study  was  a  clay  loam  Fluvaquen- 
tic  Medisaprist.  The  parent  material  was  organic 
lacustrine  deposits  which  characterized  the  soil  as 
saline-sodic.  Hydraulic  conductivity  initially  in- 
creased with  the  increasing  volume  of  leachate 
until  a  maximum  value  which  coincided  with  the 
maximum  of  the  total  dry  material  in  the  leachate. 
As  the  volume  of  the  leachate  increased,  the  hy- 
draulic conductivity  decreased  to  a  minimum  value 
which  coincided  with  a  maximum  of  the  total 
organic  matter  content  and  the  optical  density  of 
the  leachate.  Data  show  that  plugging  of  pores  by 
dispersed  organic  and  clay  particles  was  the  main 
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cause  of  reduced  hydraulic  conductivity,  while 
dissolution  of  organic  substances  was  the  major 
cause  for  increased  hydraulic  conductivity.  Salt 
concentration  increased  with  soil  column  depth 
first  in  an  exponential  and  later  in  a  double  linear 
relationship  until  an  almost  steady  state  appeared 
in  the  whole  soil  column.  (Agostine-PTT) 
W91-05565 


MINERALOGICAL  IMPLICATIONS  OF  HIGH 
RATIOS  OF  1500  KPA  WATER  CONTENT  TO 
PERCENT  MEASURED  CLAY  FOR  TWO 
SOILS  OF  WESTERN  NEBRASKA. 

Nebraska  Univ.-Lincoln.  Dept.  of  Agronomy. 
N.  B.  Stolpe,  and  D.  T.  Lewis. 
Geoderma  GEDMAB,  Vol.  47,  No.  1/2,  p  1-16, 
August  1990.  4  fig,  10  tab,  36  ref. 

Descriptors:  'Clays,  'Mineralogy,  *Soil  chemistry, 
•Soil  water,  *Water  chemistry,  Allophane,  Ca- 
tions, Elemental  analysis,  Glass,  Minerals,  Nebras- 
ka, Soil  properties. 

Tripp  (coarse-silty,  mixed,  mesic  Aridic  Haplus- 
tolls),  and  Mitchell  (coarse-silty,  mixed  (calcerous), 
mesic  Ustic  Torriorthents)  soils  of  western  Nebras- 
ka have  frequently  exhibited  high  ratios  of  1500 
kPa  water  content  to  percent  measured  clay.  Both 
soils  were  known  to  contain  considerable  amounts 
of  volcanic  glass.  Two  hypotheses  were  formulat- 
ed: (1)  the  1500  kPa  water  to  percent  measured 
clay  ratios  are  being  positively  influenced  by  the 
presence  of  mineral  allophane  in  the  soils;  and  (2) 
the  ratios  are  being  positively  influenced  by  the 
presence  of  nondispersing  montmorillonite  coat- 
ings in  the  sand  and  silt  fractions  of  the  soils. 
Experiments  were  conducted  to  determine  if  the 
anomalous  ratios  were  related  to  the  presence  of 
volcanic  glass  or  associated  minerals.  Allophane 
was  not  present  as  determined  by  differential  scan- 
ning calorimetry,  thermal  gravimetric  analysis,  ele- 
mental analysis  of  acid-oxalate  extractions,  or  pH 
dependent  cationic  exchange  capacity.  The  sepa- 
rate particle  size  fractions  were  analyzed  using  X- 
ray  diffraction  (oriented  mounts),  scanning  elec- 
tron microscopy,  optical  mineralogy,  and  tested 
for  cationic  exchange  capacity  (CEC)  and  specific 
surface.  It  was  concluded  that  the  high  ratios  of 
1500  kPa  water  to  percent  measured  clay  were  not 
caused  by  allophane,  but  rather  by  the  presence  of 
nondispersing  smectic  coatings  in  the  sand  and  silt 
fractions  of  the  Tripp  and  Mitchell  soils.  The  clay 
coatings  in  these  fractions  were  not  measured  as 
clay  during  particle  size  analysis,  but  they  influ- 
enced CEC,  specific  surface,  1500  kPa  water  con- 
tent, and  therefore  influenced  the  respective  ratio 
values.  (Agostine-PTT) 
W91-05567 


LOCAL  DIFFERENCES  IN  SOIL  TEMPERA- 
TURE AND  SOIL  MOISTURE  REGIMES  ON  A 
MOUNTAIN  SLOPE,  HAWAII. 

Hawaii  Univ.,  Honolulu.  Dept.  of  Geography. 

D.  Nullet,  H.  Ikawa,  and  P.  Kilham. 

Geoderma  GEDMAB,  Vol.  47,  No.   1/2,  p  171- 

184,  August  1990.  8  fig,  3  tab,  14  ref.  U.S.  Dept.  of 

Agriculture  Special  Grants  Program  in  Tropical 

and  Subtropical  Agriculture  83-CRSR-2-2088  and 

59-9AHZ-2-669. 

Descriptors:  'Hawaii,  'Hydrologic  budget, 
♦Mountains,  'Soil  temperature,  *Soil  water,  Cli- 
matic data,  Orography,  Precipitation,  Rainfall, 
Seasonal  variation,  Soil  properties. 

Soil  temperature  and  soil  moisture  data  collected 
over  a  five-year  period  on  the  northwest  slope  of 
Haleakala,  a  mountain  on  the  island  of  Hawaii,  was 
analyzed.  The  data  is  from  a  climate  monitoring 
network  that  has  been  maintained  on  the  north- 
western flank  of  the  mountain  since  mid-1983  and 
which  supports  various  local  and  international  re- 
search projects.  The  study  site  covers  approxi- 
mately 400  sq  km  and  the  spacing  between  adja- 
cent stations  ranges  from  a  few  hundred  meters  to 
seven  kilometers.  Station  elevations  range  from  40 
to  1650  meters.  Soil  temperature  regimes  over  the 
study  area  indicate  that  the  isothermic  zone  ex- 
tends higher  on  the  mountain  than  previously 
thought  and  that  the  dry  leeward  areas  contain  a 
hyperthermic  zone.  Hyperthermic  regimes  had  not 


previously  been  identified  in  the  Hawaiian  Islands. 
Soil  moisture  regimes  range  from  aridic  to  udic. 
The  hyperthermic-isohyperthermic  boundary  and 
the  limit  of  the  aridic  regime  coincide  approxi- 
mately with  the  isohyet  of  600  mm  annual  rainfall, 
an  amount  close  to  the  average  annual  rainfall  of 
the  nearby  open  ocean.  In  general,  the  diversity 
shown  here  is  a  product  of  differences  in  elevation 
and  in  rainfall.  The  rainfall  gradients  in  turn  are  a 
product  of  orographic  effects  under  the  prevailing 
winds.  (Agostine-PTT) 
W91-05569 


CHEMICAL  RECLAMATION  OF  SALINE- 
SODIC  SOILS  OF  THE  LOWER  DON  FLOOD- 
PLAIN  BY  SOME  INDUSTRIAL  WASTES. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

D.  S.  Orlov,  I.  A.  Luganskaya,  and  I.  N. 
Lozanovskaya. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  3,  p  78- 
89,  1989.  2  fig,  3  tab,  39  ref.  Translated  from: 
Pochrovedeniye,  1988,  12:10-20. 

Descriptors:  'Cleanup  operations,  'Industrial 
wastes,  'Land  disposal,  'Saline  soils,  'Soil  amend- 
ments, 'Soil  chemistry,  'Soil  contamination, 
'USSR,  Aggregates,  Copper  compounds,  Field 
tests,  Gypsum,  Soil  management,  Waste  disposal. 

The  predominant  chemical  reactions  in  soils  during 
the  reclamation  of  Solonetzes  by  gypsum,  phos- 
phogypsum,  sulfuric  acid  and  iron  sulfate  were 
studied  both  in  the  laboratory  and  in  the  field. 
Field  trials  were  conducted  at  the  'Yelkinskiy' 
sovkhoz  of  Rostov  Oblast  to  study  the  effect  of 
applying  half  an  application  and  the  full  calculated 
amount  of  phosphogypsum  and  copperas  (green 
ferrous  sulfate  heptahydrate),  as  well  as  a  1:1  mix- 
ture of  the  two.  The  studies  were  conducted  on  21 
sq  m  plots  over  a  period  of  three  years.  Calcula- 
tions of  the  amounts  of  amendments  for  a  soil  layer 
20  cm  thick  were  based  on  the  amount  of  ex- 
changeable sodium  in  the  adsorption  complex.  Re- 
sults show  that  phosphogypsum  and  copperas 
reduce  the  content  of  adsorbed  sodium,  lower  the 
activity  of  sodium  ions  in  soil  suspensions  and 
contribute  to  the  enrichment  of  the  soil  in  calcium. 
During  the  third  year  of  reclamation  the  decrease 
in  pH  values  and  alkalinity  was  pronounced.  As  a 
result  of  reclamation  the  content  of  water-peptiza- 
ble  clay  was  reduced  and  the  aggregate  status  of 
the  soils  improved.  In  pot  tests  it  was  found  that 
the  tops  and  roots  of  barley  increased  two  to  three- 
fold upon  growth  on  reclaimed  soil.  To  improve 
saline-sodic  soils  of  the  lower  Don  floodplain  a 
mixture  of  phosphogypsum  and  copperas  in  the 
full  calculated  amount  is  recommended.  Large  ton- 
nages of  titanium  dioxide  production  wastes  are 
suitable  for  this  purpose.  (Agostine-PTT) 
W91-05576 


WATER-DROP  KINETIC  EFFECT  ON  WATER 
INFILTRATION  IN  CALCIUM  AND  MAGNE- 
SIUM SOILS. 

Agricultural    Research   Organization,    Bet-Dagan 

(Israel).  Volcani  Center. 

R.  Keren. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1624-1628,  November/December 

1989.  7  fig,  1  tab,  26  ref.  BARD  grant  No.  1-743- 

84. 

Descriptors:  'Calcium,  'Infiltration,  'Magnesium, 
'Rainfall  impact,  'Rainfall  infiltration,  'Soil  water, 
'Surface  sealing,  Aggregates,  Calcium  carbonate, 
Clays,  Dispersion,  Electrolytes,  Kinetic  energy, 
Saturated  soils,  Simulated  rainfall,  Soil  types. 

The  effect  of  adsorbed  magnesium  and  calcium 
ions  on  the  infiltration  rate  (IR)  of  two  montmoril- 
lonitic  soils  (Calcic  Haploxeralf  and  Typic  Rho- 
doxeralf)  was  studied  at  several  kinetic  energies  of 
water  drops.  The  kinetic  energy  of  the  water 
drops,  the  type  of  adsorbed  ion  and  the  electrolyte 
concentrations  in  the  applied  solution  all  have  a 
strong  effect  on  the  IR  of  the  soils  saturated  by  Mg 
or  Ca  ions.  The  higher  IR  values  of  the  soils 
exposed  to  electrolyte  solution  suggests  that  clay 
dispersion  takes  place  in  magnesium  and  calcium 
soils  exposed  to  deionized  water  from  simulated 


rainfall.  The  IR  of  the  soils  decreased  with  increas- 
ing kinetic  energy  and  the  values  were  always 
lower  for  magnesium  soils  than  for  calcium  soils. 
This  difference  was  attributed  to  the  higher  width 
of  the  hydration  shell  of  the  adsorbed  magnesium 
than  the  calcium  ion.  Breakdown  of  the  soil  aggre- 
gates and  clay  dispersion  are  the  two  mechanisms 
that  appear  to  be  operative  in  seal  formation  when 
soils  are  saturated  by  either  calcium  or  magnesium 
ions  exposed  to  deionized  water.  Magnesium  ad- 
sorbed by  montmorillonite  soils  has  a  specific 
effect  on  IR,  whether  the  soils  contain  calcium 
carbonate  or  not.  (Author's  abstract) 
W91-05598 


MECHANISM  OF  WATER  ENTRY  INTO  SIM- 
ULATED MACROPORES. 

Kentucky  Agricultural  Experiment  Station,  Lex- 
ington. Dept.  of  Agronomy. 
P.  E.  Phillips,  V.  L.  Quisenberry,  J.  M.  Zeleznik, 
and  G.  H.  Dunn. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  6,  p  1629-1635,  November/December 
1989.  3  fig,  3  tab,  14  ref. 

Descriptors:  'Infiltration,  'Saturated  soils,  'Soil 
porosity,  'Soil  water,  Fluctuations,  Laboratory 
methods,  Macropores,  Manometers,  Water  pres- 


When  soil  is  unsaturated,  water  cannot  enter  soil 
macropores  that  begin  below  the  soil  surface. 
Water  under  negative  pressure  can  enter  simulated 
macropores,  after  first  establishing  a  continuous 
water  film  on  the  full  length  of  the  macropore 
walls.  The  simulated  macropores  were  hollow,  cy- 
lindrical, straight-walled  glass  tubes  4.88,  2.60,  and 
0.85  mm  in  diameter.  Water  flux  through  the  simu- 
lated macropores  was  obtained  down  to  a  negative 
water  pressure  of  minus  1.02  kPa,  by  placing  simu- 
lated macropores  against  a  porous  fritted-glass 
plate  60  mm  in  diameter  with  pore  diameters  be- 
tween 40  and  60  microm  after  establishing  a  water 
film  on  the  walls  of  the  simulated  macropores.  The 
flux  of  water  down  the  simulated  macropores 
varied  from  0  to  67  cubic  mm/sec  depending  on 
the  contact  of  the  simulated  macropore  with  the 
porous  plate,  which  influenced  the  continuity  of 
water  in  the  porous  plate  with  water  films  on  the 
walls  of  the  simulated  macropores.  A  water  ma- 
nometer was  connected  to  the  bubbler  of  the  bur- 
ette in  order  to  measure  the  total  negative  water 
pressure  operating  in  the  simulated  macropores. 
The  total  negative  water  pressure  operating  in  the 
simulated  macropores  was  equal  to  the  sum  of  the 
negative  water  pressure  due  to  the  difference  in 
elevation  of  water  menisci  of  the  water  manometer 
and  the  matrix  potential  in  the  pores  of  the  fritted- 
glass  plate.  (Author's  abstract) 
W91-05599 


USING  BREAKTHROUGH  CURVES  FOR  PA- 
RAMETER ESTIMATION  IN  THE  CONVEC- 
TION-DISPERSION MODEL  OF  SOLUTE 
TRANSPORT. 

Hiroshima  Univ.  (Japan).  Dept.  of  Environmental 

Science. 

T.  Yamaguchi,  P.  Moldrup,  and  S.  Yokosi. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1635-1641,  November/December 

1989.  6  fig,  3  tab,  12  ref. 

Descriptors:  'Convection,  'Dispersion,  'Mathe- 
matical models,  'Model  studies,  'Soil  water, 
•Solute  transport,  'Wastewater  renovation,  Hy- 
drodynamics, Parameter  estimation,  Saturated 
flow,  Unsaturated  flow,  Variation  coefficient. 

Transport  phenomena  of  solutes  through  soils  are 
significant  processes  in  both  crop  production  and 
wastewater  renovation.  Two  easily  applicable 
models  were  developed  for  the  simultaneous  esti- 
mation of  the  solute-transport  parameters,  convec- 
tive  velocity  (u)  and  the  hydrodynamic  dispersion 
coefficient  (D)  from  breakthrough  curve  (BTC) 
data.  The  two  models  can  be  used  for  both  saturat- 
ed and  unsaturated  flow.  Both  models  are  derived 
from  an  analytical  solution  to  the  convection-dis- 
persion equation  (CDE).  The  first  model,  labeled 
the  slope  method,  is  exact,  using  the  slope  of  the 
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BTC  to  estimate  u  and  D.  The  second  method  is 
approximate,  based  only  on  the  first  term  of  the 
analytical  solution  to  the  CDE.  This  model  is 
labeled  the  first-term  method  and  is  not  valid  for 
very  small  values  of  Brenner  number.  The  simple 
version  of  the  slope  method  is  found  to  be  too 
numerically  unstable  when  applied  to  actual  BTC 
data.  The  remaining  methods  were  tested  against 
two  sets  of  actual  measured  BTC  data  by  applying 
each  method  several  times  for  different  parts  of 
each  BTC.  The  values  of  coefficient  of  variation 
between  the  results  are  low  for  all  methods  (0. 1  to 
1.3%  for  u  and  2.7  to  32%  for  D).  The  agreement 
between  the  mean  values  of  the  parameters  u  and 
D  obtained  by  using  these  methods  and  the  param- 
eter values  for  the  same  BTC  data  sets  reported  by 
other  authors  is  excellent.  (Brunone-PTT) 
W9 1-05600 


PHOSPHORUS  BEHAVIOR  IN  FLOODED- 
DRAINED  SOILS:  I.  EFFECTS  ON  PHOSPHO- 
RUS SORPTION. 

California  Univ.,  Davis.  Dept.  of  Agronomy  and 

Range  Science. 

R.  N.  Sah,  and  D.  S.  Mikkelsen. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1718-1722,  November/December 

1989.  4  fig,  2  tab,  28  ref. 

Descriptors:  'Drainage,  'Flooding,  'Irrigation, 
•Nutrient  transport,  'Phosphorus,  'Soil  physical 
properties,  'Soil  water,  'Sorption,  California,  Iron, 
Laboratory  methods,  Nutrient  concentrations,  Or- 
ganic matter,  Temperature  effects. 

The  effects  of  flooding  periods  (FP),  organic 
matter  (OM)  addition,  and  temperature  changes 
are  examined  during  soil  flooding  on  phosphorus 
sorption  in  10  flooded-drained  (FD)  California 
soils.  The  soils  were  flooded  for  0  to  90  days, 
drained,  air  dried,  and  used  for  phosphorus  sorp- 
tion studies  at  six  (0.3  to  2.0  mM)  initial  phospho- 
rus concentrations.  Four  soils,  showing  a  wide 
variation  in  phosphorus  sorption  capacity,  were 
evaluated  for  the  effects  of  OM  and  temperature 
treatments.  Using  phosphorus  sorption  isotherms,  a 
relationship  between  phosphorus  sorption  and  FP 
was  developed  for  a  given  final  phosphorus  con- 
centration for  each  soil.  Flooding  soil  without 
added  OM  increased  phosphorus  sorption  by  10  to 
70%  in  half  of  the  10  soils.  Organic  matter  treat- 
ment and  elevated  temperature  during  flooding 
further  increased  phosphorus  sorption  and  short- 
ened the  FP  at  which  phosphorus  sorption  reached 
maxima.  The  soils  in  which  phosphorus  sorption 
did  not  increase  without  OM  treatment  were  low 
in  either  OM  or  reducible  iron.  The  largest  in- 
crease in  phosphorus  sorption  as  a  result  of  OM 
and  temperature  treatments  was  found  in  a  soil  that 
had  low  OM  but  a  high  level  of  reducible  iron. 
These  findings  suggest  that  OM  and  temperature 
are  important  factors  determining  the  impact  of 
FD  conditions  on  phosphorus  sorption.  (See  also 
W9 1-05603  and  W9 1-05604)  (Authors  abstract) 
W9 1-05602 


PHOSPHORUS  BEHAVIOR  IN  FLOODED- 
DRAINED  SOILS,  n.  IRON  TRANSFORMA- 
TION AND  PHOSPHORUS  SORPTION. 

California  Univ.,  Davis.  Dept.  of  Agronomy  and 

Range  Science. 

R.  N.  Sah,  D.  S.  Mikkelsen,  and  A.  A.  Hafez. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1723-1729,  November/December 

1989.  6  fig,  2  tab,  29  ref. 

Descriptors:  'Drainage,  'Flooding,  'Iron,  'Irriga- 
tion, 'Nutrient  transport,  'Phosphorus,  'Soil  phys- 
ical properties,  'Soil  water,  'Sorption,  Laboratory 
methods,  Organic  matter,  Separation  techniques, 
Soil  chemistry,  Temperature  effects. 

Effects  of  flooding  periods  (FP),  organic  matter 
(OM)  and  temperature  treatments  during  flooding 
on  iron  transformation  in  flooded-drained  (FD) 
soils  were  studied  on  four  soils  representing  wide 
variations  in  the  effect  of  FD  conditions  on  phos- 
phorus activity.  The  soils  were  extracted  in  se- 
quence with  ammonium  oxalate  at  pH  6  (amor- 
phous FeA)  and  at  pH  3  (amorphous  FeB),  and 
with    dithionite-citrate-bicarbonate    reagent    (free 


iron  oxides).  The  amorphous  FeA  fraction  in- 
creased with  FP,  OM  treatment,  and  elevated  tem- 
perature. In  soils  with  low  amorphous-iron  to  free- 
iron-oxide  ratio,  both  amorphous  FeA  and  free 
iron  oxides  increased  at  the  expense  of  amorphous 
FeB  as  the  FP  increased.  In  soils  with  low  amor- 
phous-iron to  free-iron-oxide  ratio,  both  amor- 
phous iron  fractions  (A  and  B)  increased  at  the 
expense  of  free  iron  oxides  as  FP  increased.  For  all 
soils,  the  iron  transformation  during  soil  flooding 
was  accelerated  by  OM  and  high-temperature 
treatments,  both  of  which  contributed  to  an  in- 
creased redox  potential  in  the  soil.  Amorphous 
FeA  fraction  correlated  well  with  phosphorus 
sorption  under  all  combinations  of  OM  and  tem- 
perature in  each  soil,  while  other  iron  fractions 
correlated  well  only  under  certain  conditions.  Re- 
sults suggest  that  the  nature  and  the  magnitude  of 
iron  transformations  in  these  FD  soils  depend  on 
interacting  effects  of  FP,  OM,  and  temperature. 
(See  also  W9 1-05602  and  W9 1-05604)  (Author's 
abstract) 
W9 1-05603 


PHOSPHORUS  BEHAVIOR  IN  FLOODED- 
DRAINED  SOILS:  III.  PHOSPHORUS  DE- 
SCRIPTION AND  AVAJXABILITY. 

California  Univ.,  Davis.  Dept.  of  Agronomy  and 

Range  Science. 

R.  N.  Sah,  D.  S.  Mikkelsen,  and  A.  A.  Hafez. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1729-1732,  November/December 

1989.  4  fig,  2  tab,  30  ref. 

Descriptors:  'Drainage,  'Flooding,  'Irrigation, 
•Nutrient  availability,  'Nutrient  transport,  'Phos- 
phorus, 'Soil  physical  properties,  'Soil  water, 
'Sorption,  California,  Corn,  Fertilizers,  Organic 
matter,  Soil  chemistry,  Temperature  effects. 

Four  California  soils  that  showed  wide  variability 
in  soil  properties  and  phosphorus  sorptivity  under 
flooded-drained  (FD)  conditions  were  studied.  The 
soils  were  flooded  for  0  to  90  days  at  two  levels  of 
organic  matter  (OM,  0  and  10  gAg)  and  two 
temperatures  (23  and  35  C).  The  soils  were  subse- 
quently drained  and  used  for  phosphorus-sorption 
studies  at  0.3,  1.2,  and  2.0  mM  initial  phosphorus 
concentrations.  The  phosphorus  desorption  from 
phosphorus-sorbed  soils  were  carried  out  in  three 
consecutive  extractions  with  0.1  M  sodium  chlo- 
ride. The  effect  of  FD  conditions  on  phosphorus 
availability  to  corn  (Zea  mays  L.)  was  studied  at 
three  levels  of  phosphorus  (0,  5,  and  20  mg  phos- 
phorus/kg soil).  Without  OM  treatment,  FD  con- 
ditions decreased  phosphorus  sorption  in  three  of 
four  soils  examined.  Added  OM  and  higher  tem- 
perature further  decreased  phosphorus  desorption 
and  the  period  of  flooding  required  to  reach  the 
minimum  phosphorus  desorption.  Organic  matter 
markedly  decreased  phosphorus  desorption  even  in 
the  soil,  which  was  unaffected  by  FD  conditions. 
Under  FD  conditions,  plant-tissue  phosphorus  con- 
centration of  corn  was  decreased  to  a  variable 
extent  depending  on  soil  type.  The  desorption  of 
added  fertilizer  phosphorus  in  a  given  FD  soil 
correlated  well  with  changes  in  the  amorphous 
FeA  fraction  under  comparable  conditions.  Phos- 
phorus sorption  and  desorption  were  controlled  by 
the  changes  in  amorphous  FeA  and,  in  some  cases, 
amorphous  FeB  fractions.  (See  also  W9 1-05602 
and  W9 1-05604)  (Author's  abstract) 
W9 1-05604 


USE  OF  COLOR  SPLITTING  AND  A  COMPUT- 
ER TECHNIQUE  TO  SEPARATE  SOIL  MOIS- 
TURE GROUPS. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

S.  R.  Al-Abed,  D.  T.  Lewis,  and  S.  A.  Samson. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  6,  p  1813-1818,  November/December 
1989.  2  fig,  4  tab,  16  ref. 

Descriptors:  'Colorimetry,  'Computer  programs, 
•Instrumentation,  •Photography,  'Soil  water, 
Densitometers,  Drainage,  Filtration,  Saturated 
soils,  Separation  techniques,  Soil  physical  proper- 
ties, Soil  types. 

A  method  to  quantify  the  distribution  of  colors 
across  the  surface  and  interior  of  soil  peds  was 


developed  and  used  on  soils  that  differed  in  mor- 
phological indicators  of  soil  drainage.  Soils  from 
two  contrasting  geomorphic  settings  were  selected 
for  study.  In  the  first  of  these  settings,  morphologi- 
cal indicators  have  not  appeared  to  be  useful  pre- 
dictors of  actual  soil  wetness.  In  the  second  setting, 
soil  morphology  appears  to  predict  wetness  reason- 
ably well.  Pedons  in  the  second  setting  provided 
an  independent  set  of  data  against  which  to  evalu- 
ate judgements  made  about  pedon  wetness  of  the 
first  geomorphic  setting.  Pedon  morphology  was 
determined  and  duration  of  saturation  was  meas- 
ured for  all  pedons  studied.  Saturation  measure- 
ments were  used  to  place  pedons  studied  in  a  wet, 
medium,  or  dry  moisture  group.  Ped  surfaces  and 
interiors  were  photographed  using  a  35-mm 
camera  and  color  slides  were  prepared.  Color  pat- 
terns on  these  slides  were  analyzed  using  a  digital 
densitometer.  Colors  were  separated  through  use 
of  the  corresponding  filters.  Densities  of  these 
colors  on  each  slide  were  determined  and  ranked 
within  six  brightness  subranges.  Cluster  analysis 
was  used  to  group  the  color  rankings.  Groups 
formed  through  this  procedure  coincided  with 
groups  formed  through  measurement  of  duration 
of  saturation.  This  procedure  appeared  to  be  better 
able  to  predict  actual  saturation  than  did  common- 
ly used  methods  based  on  horizon  color  and/or 
mottle  features.  The  method  provides  the  ability  to 
remove  subjectiveness  from  soil  color  measure- 
ments and  to  quantify  the  measurements  of  soil 
color.  Its  predictive  value  appears  to  equal  or 
exceed  that  of  commonly  applied  techniques.  (Au- 
thor's abstract) 
W9 1-05605 


MODELING  WHEAT  SEEDLING  GROWTH 
AND  EMERGENCE:  I.  SEEDLING  GROWTH 
AFFECTED  BY  SODL  WATER  POTENTIAL. 

Institut   Agronomique   et   Veterinaire   Hassan   II, 

Rabat  (Morocco).  Dept.  of  Soil  Science. 

A.  Bouaziz,  and  L.  Bruckler. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1832-1838,  November/December 

1989.  8  fig,  6  tab,  26  ref. 

Descriptors:  *Crop  yield,  'Model  studies,  'Plant 
growth,  'Seedlings,  'Soil  water  potential,  'Soil- 
water-plant  relationships,  'Wheat,  Mathematical 
models,  Parameter  estimation,  Root  elongation, 
Soil  aggregates,  Soil  physical  properties,  Tempera- 
ture effects. 

To  improve  the  prediction  of  wheat  (Triticum 
aestivum  L.)  emergence,  an  empirical  model  of 
wheat  root  and  shoot  growth,  which  takes  into 
account  the  soil  water  potential  effects,  was  pro- 
posed. Pregerminated  seeds  from  a  Moroccan 
wheat  cultivar,  Nesma  149,  were  used  for  laborato- 
ry experiments  at  a  constant  22  C  temperature. 
Seminal  root  and  shoot  lengths  were  measured 
versus  time  using  a  completely  randomized  design, 
for  a  clay  loam  soil  (33.6%  clay,  57.0%  loam  and 
19.4%  sand)  at  five  water  potentials:  negative  0.02, 
negative  0.17,  negative  0.39,  negative  1.0,  negative 
1.31  MPa.  Soil  dry  bulk  density  of  aggregates  <  or 
=  3  mm  was  1000  kg/cubic  m  and  thus,  soil 
mechanical  resistance  to  root  growth  was  regarded 
as  a  nonlimiting  factor.  Data  were  used  to  select 
satisfactory  growth  functions  for  seminal  root  axes 
and  shoots  and  to  estimate  their  empirical  param- 
eters. The  monomolecular  and  Gompertz  functions 
were  retained  for  roots  and  aerial  parts,  respective- 
ly. Considering  that  the  soil  water  potential  in  the 
root  zone  controlled  the  root  elongation  rate,  the 
average  soil  water  potential  was  taken  into  account 
along  the  root  axes  for  calculations.  Furthermore, 
the  effects  of  soil  water  potential  on  the  estimated 
parameters  of  the  models  involved  in  the  growth 
models  were  studied.  Results  showed  that  roots 
and  shoots  responded  differently  to  soil  water 
stress.  After  17  days,  total  root  lengths  varied  from 
approximately  600  mm  to  300  mm  for  the  negative 
0.02  MPa  and  negative  1.31  MPa  treatments,  re- 
spectively, whereas  shoot  lengths  were  similar. 
The  growth  curves  calculated  with  soil  water  po- 
tential as  input  were  compared  with  observed  re- 
sults. The  correlation  coefficient  between  predict- 
ed and  observed  data  varied  from  0.77  to  1.00.  (See 
also  W9 1-05608)  (Author's  abstract) 
W9 1-05607 
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MODELING  WHEAT  SEEDLING  GROWTH 
AND  EMERGENCE:  II.  COMPARISON  WITH 
FIELD  EXPERIMENTS. 

Institut   Agronomique  et  Veterinaire   Hassan   II, 
Rabat  (Morocco).  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  21. 
W9 1-05608 


EARTHWORM  EFFECTS  ON  CORN  RESIDUE 
BREAKDOWN  AND  INFILTRATION. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Soil  Science. 
J.  E.  Zachmann,  and  D.  R.  Linden. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  53,  No.  6,  p  1846-1849,  November/December 
1989.  1  fig,  2  tab,  16  ref. 

Descriptors:  *Infiltration,  *OHgochaetes,  'Soil 
chemistry,  'Soil  water,  Biodegradation,  Decompo- 
sition, Diurnal  variation,  Laboratory  methods, 
Simulated  rainfall,  Temperature  effects,  Tillage. 

Earthworm  (Lumbricus  rubellus  hoffmeister)  ac- 
tivity in  the  field  has  been  implicated  in  increased 
rates  of  residue  turnover,  surface  soil  stabilization, 
and  increased  infiltration  rates  due  to  macroporous 
flow.  A  growth-chamber  study  was  conducted  to 
evaluate  some  of  the  field  variables  associated  with 
L.  rubellus  activity  and  tillage  systems.  Polyethyl- 
ene buckets  packed  with  sieved  soil  had  either 
surface-applied,  incorporated,  or  no  corn  (Zea 
mays)  residue,  each  with  or  without  worms.  Treat- 
ments were  subjected  to  diurnal  temperature  and 
light  sequences,  and  periodic  additions  of  water 
were  made  over  60  days  to  maintain  near-optimum 
moisture  conditions.  Corn  was  grown  in  the  cul- 
tures for  an  additional  30  days  and  was  harvested 
before  a  small  amount  of  concentrated  Br  solution 
was  sprayed  on  the  soil  surface.  Cultures  were 
then  subjected  to  simulated  rainfall.  Corn  residue 
in  the  surface-residue  treatment  with  worms  de- 
graded 30%  faster  than  in  the  no-worm  control. 
Plant  growth  and  nitrogen  content  were  not  affect- 
ed by  the  presence  of  worms.  Burrows  and  casts 
formed  under  surface  residue  were  greater  in 
number  and  stability  than  in  other  worm/residue 
combinations.  The  surface-residue  treatment  with 
worms  reduced  runoff  and  caused  incoming  water 
to  bypass  the  surface  soil  matrix,  moving  small 
quantities  of  Br  to  significantly  greater  depths  than 
in  other  treatments.  Depth  of  peak  Br  concentra- 
tion was  greater  in  no-residue  treatments  than  in 
surface-residue/worm  or  incorporated-residue/ 
worm  or  no-worm  treatments,  indicating  a  substan- 
tial difference  in  the  displacement  of  surface-ap- 
plied Br  during  rainfall.  L.  rubellus  may  alter  the 
water  balance  of  field  soils  while  simultaneously 
hastening  decomposition  of  the  residue  mat.  (Au- 
thor's abstract) 
W9 1-05609 


COTTON  ROOT  GROWTH  AND  SODL  WATER 
EXTRACTION. 

Texas  Agricultural  Experiment  Station,  Temple. 

Blackland  Research  Center. 

For  primary  bibliographic  entry  see  Field  21. 

W91-O5610 


RAINFALL-SOIL  MOISTURE  RELATIONS  IN 
LANDSLIDE-PRONE  AREAS  OF  A  TROPICAL 
RAIN  FOREST,  PUERTO  RICO. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2A. 
W9 1-05624 


SOLUTE  REJECTION  IN  FREEZING  SOILS. 

HydroGeoLogic,  Inc.,  Herndon,  VA. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-05840 


HILLSLOPE        INFILTRATION:        PLANAR 
SLOPES. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Canberra  (Australia). 

J.  R.  Philip. 

Water  Resources  Research  WRERAQ,  Vol.  27, 

No.  1,  p  109-117,  January  1991.  7  fig,  1  tab,  17  ref. 


Descriptors:  'Infiltration,  'Mathematical  analysis, 
•Slopes,  'Soil  water,  'Subsurface  flow,  'Unsatu- 
rated flow,  Anisotropy,  Capillarity,  Gravity,  Hy- 
drologic  models,  Mathematical  equations,  Tempo- 
ral distribution. 

How  surface  flow  affects  the  dynamics  of  infiltra- 
tion into  a  hillslope  (i.e.,  normal  to  the  slope)  and 
the  nature  of  the  downslope  (i.e.,  parallel  to  the 
slope)  subsurface,  essentially  unsaturated,  flow  are 
two  important  questions  in  the  hydrology  of  hills- 
lopes.  The  solution  of  the  full  nonlinear  unsaturat- 
ed flow  equation  is  presented  for  the  problem  of 
infiltration  and  associated  subsurface  flows  into  a 
planar  hillslope  of  homogeneous  isotropic  soil  with 
uniform  initial  moisture  content.  The  solution  uses 
the  assumption  that,  at  some  distance  below  the 
slope  crest,  a  spatial  equilibrium  is  approached 
with  the  moisture  content  (and  other  properties) 
independent  of  the  downslope  coordinate  and  de- 
pendent only  on  the  normal  coordinate  and  time 
(t).  The  analysis  is  generally  applicable  beyond  a 
small  distance  from  the  slope  crest  (or  from  a  point 
of  slope  change).  For  slope  angles  less  than  30  deg, 
infiltration  normal  to  the  slope  differs  relatively 
little  from  infiltration  from  a  horizontal  surface. 
Interesting  aspects  of  the  solution  include  a  time- 
dependent  total  horizontal  flow  into  the  slope  and 
a  time-dependent  downslope  total  flow  component 
that  behaves  as  t  to  the  1/2  power  at  small  t  and  as 
t  at  large  t.  Previously,  hillslope  flows  in  these 
directions  have  been  discussed  in  terms  of  soil 
anisotropy  and  layering,  but  these  flows  in  a  homo- 
geneous isotropic  soil  are  simple  physical  conse- 
quences of  capillarity  and  gravity.  The  analysis 
applies,  with  minor  modification,  to  two  simple 
types  of  hillslope  anisotropy:  (1)  anisotropy  paral- 
lel to  the  slope  and  (2)  horizontal  anisotropy.  Type 
1  yields  a  complicated  time  dependence  of  the 
horizontal  flow  and  type  2  affects  downslope  flow 
similarly.  These  flow  directions  commonly  will 
reverse  during  the  course  of  the  infiltration  proc- 
ess. (Author's  abstract) 
W91-05841 


USING  MORPHOMETRY  EXPRESSIONS 
FOR  MACROPORES  TO  IMPROVE  SOIL 
PHYSICAL  ANALYSES  OF  FIELD  SOILS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Soil  Science  and  Geology. 

J.  Bouma. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  3-11, 

March  1990.  4  fig,  32  ref. 

Descriptors:  'Hydrologic  budget,  'Macropores, 
'Simulation  analysis,  'Soil  physics,  'Soil  proper- 
ties, 'Soil  water,  Data  interpretation,  Mathematical 
models,  Model  studies,  Porous  media,  Representa- 
tive elementary  volume,  Soil-water-plant  relation- 
ships. 

Soil  physical  measurements  in  field  soils  are  essen- 
tially based  on  methodologies  that  implicitly 
assume  that  soils  are  isotropic  and  homogeneous. 
Use  of  basic  physical  data,  thus  obtained,  in  simula- 
tion models  of  the  water  regime  may  yield  poor 
results  that  cannot  be  improved  by  calibration  or 
matching  procedures.  For  example,  bypass  flow 
along  macropores  has  a  major  effect  on  soil  water 
regimes  and  cannot  be  ignored.  Here  the  use  of 
morphological  measurements  of  macropores  is  dis- 
cussed and  illustrated  for  two  purposes:  (1)  im- 
provement of  measurement  procedures  for  basic 
transport  parameters  in  different  soil  structures; 
and  (2)  definition  of  boundary  conditions  for  the 
flow  system  based  on  the  occurrence  and  continui- 
ty of  macropores.  Patterns  of  water  extraction  by 
roots  need  particular  attention,  requiring  quantifi- 
cation of  'accessible'  water  in  addition  to  the  well- 
established  'available'  water.  Use  of  relatively 
simple  macro-morphological  methods  should  be 
encouraged  to  allow  widespread  morphological 
measurements  under  field  conditions.  Future  soil 
morphological  studies  in  soils  with  macropores  can 
contribute  toward  obtaining  realistic  base  data  and 
boundary  conditions  for  simulation  models  of  the 
soil  water  regime  and  plant  growth.  This  can  be 
done  in  several  ways:  (1)  representative  elementary 
volume  (REV)  of  samples  for  soil  physical  meas- 
urements in  different  undisturbed  soil  materials 
may  be  determined  by  interpreting  morphological 
soil  descriptions;  (2)  separate  measurements  could 


be  applied  to  subsamples  of  soil  horizons  when 
REVs  become  unrealistically  large;  (3)  vertical 
continuities  of  macropores  in  the  field  could  be 
measured  using  staining  techniques;  and  (4)  water 
extraction  patterns  by  roots  inside  the  soil  matrix 
and  along  macropores  may  be  measured  using 
small  tensiometers,  TDR-equipment,  or  selective 
gravimetric  sampling  for  water  content  and  root- 
ing patterns  could  studied  in  the  field  simulta- 
neously. (Rochester-PTT) 
W9 1-05873 


DIRECTIONAL  SATURATED  HYDRAULIC 
CONDUCnVITY  AND  MACROPORE  MOR- 
PHOLOGY OF  A  SOIL-SAPROLLTE  SE- 
QUENCE. 

North  Carolina  State  Univ.,  Raleigh.  Dept.  of  Soil 

Science. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05875 


PREFERENTIAL  FLOW  IN  A  SANDY  VADOSE 
ZONE:  1.  FIELD  OBSERVATION. 

Wisconsin  Univ.-Madison.  Dept.  of  Soil  Science. 
K.  J.  S.  Kung. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  51-58, 
March  1990.  4  fig,  17  ref. 

Descriptors:  'Flow  profiles,  'Preferential  flow, 
'Sand,  'Soil  water,  'Vadose  zone,  'Wisconsin, 
Dye  releases,  Field  tests,  Geohydrology,  Ground- 
water movement,  Hydraulic  conductivity,  Root 
zone,  Soil  profiles,  Soil  structure,  Solute  transport, 
Tracers,  Vadose  water. 

Field  experiments  of  water  movement  in  the  lower 
portion  of  the  unsaturated  zone  (i.e.,  vadose  zone) 
are  far  more  difficult  to  conduct  than  those  in  the 
root  zone.  Consequently,  the  understanding  of  the 
transport  mechanism  in  the  vadose  zone  is  still 
primitive  and  mainly  an  extrapolation  of  the  under- 
standing of  transport  in  the  root  zone.  Recent 
results  from  field  experiments  conducted  at  the 
Hancock  Agricultural  Research  Station  indicated 
that  water  and  solute  applied  uniformly  to  soil 
surfaces  did  not  flow  through  the  entire  vadose 
zone.  By  using  dye  tracing  and  profile  excavation, 
field  experiments  were  conducted  during  the  1987 
growing  season  to  examine  water  flow  patterns  in 
the  unsaturated  zone  of  the  Central  Sand  Area  of 
Wisconsin.  The  results  confirmed  that  preferential 
flow  paths  constitute  the  dominant  flow  path  at 
this  location.  Water  flowing  through  the  root  zone 
was  funneled  into  concentrated  flow  paths  that 
occupied  only  a  small  portion  of  the  soil  matrix  in 
the  vadose  zone  yet  accounted  from  most  of  the 
transport.  Water  flowed  through  less  than  50%  of 
the  whole  soil  matrix  from  1.5-2.0  m,  less  than  10% 
from  3.0-3.5  m,  and  <1%  from  5.6-6.6  m.  These 
flow  patterns  were  triggered  primarily  by  an  inter- 
bedded  soil  structure  with  textural  discontinuities 
and  inclined  bedding  planes.  Because  field  experi- 
ments in  the  vadose  zone  are  rare  compared  to 
those  in  the  root  zone,  this  concept  of  flow  is 
usually  assumed  to  be  a  reasonable  representation 
of  the  transport  mechanism  in  the  lower  portion  of 
the  unsaturated  zone.  The  results  demonstrated 
that  this  extrapolation  could  be  very  misleading 
because  the  impact  of  genetic  interbedding  struc- 
tures on  the  lateral  water  movement  near  the  soil 
surface  had  been  smeared  by  external  homogeniz- 
ing forces  (rooting,  microbial  and  earthworm  ac- 
tivities, freezing  and  thawing,  etc.)  (See  also  W91- 
05877)  (Rochester-PTT) 
W91-05876 


PREFERENTIAL  FLOW  IN  A  SANDY  VADOSE 
ZONE:  2.  MECHANISM  AND  IMPLICATIONS. 

Wisconsin  Univ.-Madison.  Dept.  of  Soil  Science. 
K.  J.  S.  Kung. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  59-71, 
March  1990.  6  fig,  1  tab,  34  ref. 

Descriptors:  'Flow  profiles,  'Path  of  pollutants, 
'Preferential  flow,  'Sand,  'Soil  water,  'Vadose 
zone,  'Wisconsin,  Dye  releases,  Field  tests,  Fun- 
neled flow,  Geohydrology,  Groundwater  move- 
ment, Hydraulic  conductivity,  Slopes,  Soil  mois- 
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ture  retention,  Soil   profiles,  Soil  structure.  Soil 
texture,  Solute  transport,  Tracers. 

Field  experiments  conducted  at  the  Hancock  Agri- 
cultural Research  Station  during  the  1987  growing 
season  showed  that  preferential  flow  paths  were 
the  dominant  flow  pattern  in  the  Central  Sand 
Area  of  Wisconsin.  In  a  soil  profile  with  interbed- 
ded  structure,  abrupt  textural  discontinuity  and 
inclined  bedding  planes,  a  'funnel'  mechanism  can 
trigger  preferential  flow  paths.  The  observed  pref- 
erential flow  pattern  differed  from  other  preferen- 
tial flow  patterns  mentioned  in  the  literature  (e.g., 
'short  circuiting'  flow  and  'fingering'  flow).  Four 
factors  that  will  determine  the  occurrence  of  fun- 
neled  flow  are:  (1)  the  conductivity  of  the  upper 
finer  layer;  (2)  the  slope  of  the  inclined  layer;  (3) 
the  retention  potential  of  the  upper  finer  layer;  and 
(4)  the  ponding  potential.  The  conductivity  and 
retention  potential  are  determined  by  the  soil  tex- 
ture, whereas  the  slope  and  ponding  potential  are 
determined  by  the  structure  of  the  soil  profile.  Soil 
profiles  generally  have  some  interbedded  structure 
and  textural  discontinuity.  Therefore,  the  funnel 
phenomenon  may  occur  widely  in  the  vadose  zone 
under  certain  conditions.  Because  preferential 
paths  are  determined  not  only  by  the  soil  proper- 
ties but  by  the  flow  itself,  the  use  of  dye  for  tracing 
water  flow  pattern  in  field  experiments  is  an  art 
rather  than  a  rigorous  science.  A  better  tracing 
method  needs  to  be  developed.  The  'funnel'  phe- 
nomenon coupled  with  'column'  flow  will  have  a 
significant  impact  on  groundwater  contamination, 
solute  sampling  technique,  and  transport  modeling. 
The  downward  movement  of  a  contaminant  can  be 
enhanced  greatly  by  funneled  preferential  flow 
paths.  Current  solute  sampling  protocols  in  the 
unsaturated  and  saturated  zones  need  to  be  rede- 
signed in  soil  with  preferential  paths.  It  may  be 
beneficial  to  adopt  the  concept  of  'Stratosol'  (i.e.,  a 
soil  made  of  strata)  in  developing  the  next  genera- 
tion of  vadose  zone  solute  transport  models  gener- 
ic to  field  conditions.  (See  also  W91-05876)  (Roch- 
ester-PTT) 
W9 1-05877 


EFFECT  OF  LUMBRICUS  TERRESTRIS  L. 
BURROWS  ON  HYDROLOGY  OF  CONTINU- 
OUS NO-TILL  CORN  FIELDS. 

Agricultural  Research  Service,  Coshocton,  OH. 
W.  M.  Edwards,  M.  J.  Shipitalo,  L.  B.  Owens,  and 
L.  D.  Norton. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  73-84, 
March  1990.  6  fig,  3  tab,  20  ref. 

Descriptors:  'Earthworms,  'Infiltration,  'Ohio, 
•Soil  physical  properties,  'Soil  water,  'Surface- 
groundwater  relations,  'Tillage,  Agriculture,  Flow 
profiles,  Maize,  Prediction,  Runoff,  Soil  porosity, 
Soil  structure. 

Research  has  been  performed  at  the  U.S.  Depart- 
ment of  Agricultural  Agricultural  Research  Serv- 
ice North  Appalachian  Experimental  Watershed, 
Coshocton,  Ohio,  into  the  importance  of  earth- 
worm burrows,  primarily  those  made  by  Lumbri- 
cus  terrestris  L.,  on  the  hydrology  of  no-till  corn 
fields.  Long-term  runoff  records  snowed  that  infil- 
tration and,  therefore,  potential  groundwater  re- 
charge could  increase  by  more  than  100  mm/yr  in 
watersheds  farmed  with  no-till  practices  compared 
to  similar  fields  that  were  conventionally  tilled. 
The  difference  in  hydrologic  response  appeared  to 
be  due  to  differences  in  soil  physical  properties, 
possibly  those  attributable  to  earthworm  activity. 
When  crop  residues  were  left  on  the  surface  under 
continuous  no-till  corn  management,  earthworms 
thrived  and  their  large,  nearly  vertical  burrows 
persisted.  Field  studies  showed  that  dye  and  chem- 
ical tracers  applied  in  simulated  rainfall  moved  in 
the  earthworm  burrows.  The  number  and  sizes  of 
burrows  and  other  macropores  were  determined 
and  water  and  nitrate  movement  in  the  >5  mm 
diameter  burrows  were  measured.  Flow  in  these 
earthworm  burrows  during  12  growing  season 
storms  accounted  for  an  average  4%  of  rainfall 
(range:  1-10%)  or  13  times  more  than  would  be 
predicted  based  solely  on  their  cross-sectional  area. 
Total  movement  of  nitrate  in  the  burrows  during 
these  12  storms  was  estimated  to  be  <1  kg/ha. 
(Author's  abstract) 
W9 1-05878 


PREFERENTIAL  PATHS  OF  FLOW  UNDER 
CONVENTIONAL  AND  CONSERVATION 
TILLAGE. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 

M.  S.  Andreini,  and  T.  S.  Steenhuis. 
Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  85-102, 
March  1990.  10  fig,  4  tab,  24  ref. 

Descriptors:  'Flow  pattern,  'Infiltration,  'Prefer- 
ential flow,  'Soil  water,  'Tillage,  Agriculture, 
Bromides,  Dye  releases,  Flow  velocity,  Soil  poros- 
ity, Soil  structure,  Solute  transport,  Tracers. 

Preferential  solute  movement  through  conserva- 
tion and  conventional  tillage  soil  profiles  was  in- 
vestigated by  applying  bromide  and  dye  tracers  to 
undisturbed  soil  columns  at  an  application  rate  that 
did  not  create  ponding  or  runoff.  In  both  tilled  and 
untitled  soils,  preferential  flows  were  established 
with  much  of  the  soil  well  below  saturation.  Spa- 
tial variations  in  the  solute  flows  were  observed  by 
monitoring  the  column  effluent  flowing  from  a 
grid  lysimeter.  Dye  in  effluent  flowing  at  lower 
water  velocity  was  more  retarded  than  dye  travel- 
ing in  higher  velocity  effluent.  Using  grid  lysi- 
meters,  interesting  observations  are  possible  that 
cannot  be  made  if  the  column  effluent  is  collected 
as  a  single  sample  per  time  period.  Although  there 
is  an  increasing  awareness  of  the  importance  of 
preferential  flows,  spatial  variations  such  as  those 
recorded  here  had  not  been  observed  previously  in 
this  fashion.  While  some  of  the  salient  features  of 
preferential  flows  seen  in  this  experiment  have 
been  surmised  by  acute  observers,  it  is  evident  that 
the  complexity  of  solute  movement  in  heterogene- 
ous structured  soils  makes  it  very  difficult  to  quan- 
tify the  effects  of  the  various  factors  involved.  An 
association  between  higher  water  velocities  and 
lower  levels  of  retardation  was  demonstrated.  It 
was  observed  that  the  dyed  flow  paths  led  to  the 
areas  where  water  and  solute  exited  the  column.  In 
the  no-till  column,  nearly  the  entire  depth  of  the 
profile  was  short-circuited  by  preferential  flow,  but 
in  the  tilled  column  the  solute  passed  through  the 
mixed,  unstructured  plow  layer  before  the  profile 
below  the  plow  pan  was  short-circuited.  (Roches- 
ter-PTT) 
W9 1-05879 


UNSATURATED  SOLUTE  TRANSPORT 
THROUGH  A  FOREST  SOIL  DURING  RAIN 
STORM  EVENTS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

P.  M.  Jardine,  G.  V.  Wilson,  and  R.  J.  Luxmoore. 
Geoderma  GEDMAB,  Vol.  46,  No.   1/3,  p  103- 
118,  March   1990.   8  fig,   1   tab,  33  ref.  USDOE 
Contract  DE-AC95-84OR21400. 

Descriptors:  'Forest  soils,  'Soil  porosity,  'Soil 
water,  'Solute  transport,  'Surface-groundwater  re- 
lations, Bromides,  Flow  pattern,  Flow  velocity, 
Neutron  probes,  Porosity,  Storms,  Tensiometers. 

The  unsaturated  transport  of  bromide  through  two 
distinct  pore  classes  of  an  undisturbed  pedon  was 
investigated  as  a  function  of  time  and  profile  depth 
for  a  series  of  intermittent  rain  events.  Water 
movement  was  monitored  with  tensiometers  and  a 
neutron  probe  and  solute  was  collected  in  coarse 
and  fine  fritted  glass  solution  samplers  maintained 
at  2  and  10  kPa  suction,  respectively.  The  coarse 
samplers  collected  soil  solution  held  at  tensions  of 
0  to  2  kPa  and  are  believed  to  have  monitored 
predominantly  macropore  and  mesopore  channels 
(large  pores).  The  fine  samplers  are  thought  to 
have  collected  soil  solution  from  predominantly 
matrix  mesopores  (small  pores),  which  are  assumed 
to  be  approximately  the  lower  pore  size  limit  for 
gravitationally  mobile  water  in  this  soil.  The  rate 
of  tracer  movement  through  large  and  small  pores 
depended  on  the  intensity  and  duration  of  a  par- 
ticular rain  event  as  well  as  on  the  antecedent  soil 
water  content.  Small  pores  retained  water  and 
solutes  longer  and  had  a  greater  operational  stor- 
age for  ions  than  large  pores.  The  data  suggested 
that  during  the  vertical  flux  of  water  through  the 
soil  profile,  solutes  were  transported  by  convection 
and  diffusion  from  small-pore  regions  to  large-pore 
regions  via  hydraulic  and  concentration  gradients, 


respectively,  with  small  pores  being  a  major  source 
for  solute  transport  in  large  pores.  Because  of 
physical  and  chemical  nonequilibrium  during  rain 
events,  solutes  diffused  from  micropores  (believed 
to  have  matric  potentials  >  10  kPa)  into  large  and 
small  pores.  Solutes  that  were  transported  rapidly 
to  greater  depths  through  large  pores  increased  the 
solute  reserves  in  adjacent  small  pores  at  the  same 
depths  through  a  reversal  of  the  mechanism  de- 
scribed above.  Solute  reserves  in  small  pores  also 
were  fed  by  significant  vertical  transport  processes 
through  this  pore  class.  (See  also  W91-05881)  (Au- 
thor's abstract) 
W9 1-05880 


HYDROLOGY  OF  A  FORESTED  HILLSLOPE 
DURING  STORM  EVENTS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

G.  V.  Wilson,  P.  M.  Jardine,  R.  J.  Luxmoore,  and 
J.  R.  Jones. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  119- 
138,  March  1990.  8  fig,  3  tab,  39  ref.  USDOE 
Contract  DE-AC05-84OR21400. 

Descriptors:  'Forest  soils,  'Forest  watersheds, 
•Rainfall-runoff  relationships,  'Soil  water,  'Storm 
water,  'Subsurface  flow,  Rood  hydrographs, 
Flood  peak,  Flow  profiles,  Infiltration,  Slopes, 
Storms,  Tennessee,  Walker  Branch  Watershed. 

Subsurface  flow  from  a  0.47-ha  hillslope  catchment 
at  the  uppermost  reach  of  the  West  Fork  (38  ha)  of 
Walker  Branch  Watershed  (Tennessee)  was  moni- 
tored throughout  1988.  Stormflow  in  the  first- 
order  stream  draining  the  West  Fork  responded 
simultaneously  with  the  initiation  of  subsurface 
flow  through  0  to  2.5  m  depth  from  the  hillslope. 
Subsurface  flow  from  the  upper  hillslope  was  only 
1.3%  of  total  precipitation  for  1988,  but  individual 
storms  yielded  as  much  as  12.5%  of  precipitation 
as  subsurface  flow.  The  West  Fork  had  10.4%  of 
precipitation  observed  as  storm  flow  with  an  addi- 
tional 29%  as  baseflow.  Individual  storms  exhibit- 
ed up  to  71%  of  precipitation  as  storm  flow  in  the 
West  Fork,  illustrating  the  significant  increase  in 
percent  rain  converted  to  subsurface  flow  lower 
landscape  positions  compared  to  upper  hillslopes. 
Peak  subsurface  flow  preceded  peak  streamflow 
and  occurred  primarily  through  the  1.0-2.5  m 
depth  (Bt2  horizons)  due  to  perched  water  tables. 
Preferential  flow  from  hillslopes  through  macro-, 
and  mesopores  was  concluded  to  be  the  predomi- 
nant stormflow  mechanism.  The  contributions  of 
the  pores  of  various  sizes  were  reasoned  to  depend 
on  the  position  the  within  the  soil  profile  and  the 
stage  of  the  hydrograph.  Preferential  flow  oc- 
curred at  extreme  soil  water  conditions  with  the 
response  due  to  perched  water  tables  under  wet 
conditions  and  believed  to  be  due  to  hydrophobic 
conditions  under  extremely  dry  conditions.  Inter- 
mediate soil  water  conditions  resulted  in  infiltra- 
tion into  soil  matrix  pores  precluding  subsurface 
stormflow.  (See  also  W91-05880)  (Author's  ab- 
stract) 
W91-05881 


PHYSICAL  AND  CHEMICAL  CONTROLS  OF 
PREFERRED  PATH  FLOW  THROUGH  A  FOR- 
ESTED HILLSLOPE. 

Oak  Ridge  National  Lab.,  TN. 

R.  J.  Luxmoore,  P.  M.  Jardine,  G.  V.  Wilson,  J.  R. 

Jones,  and  L.  W.  Zelazny. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  139- 

154,  March   1990.   8  fig,   1   tab,  29  ref.  USDOE 

Contract  DE-AC05-84OR21400. 

Descriptors:  'Adsorption,  'Forest  soils,  'Infiltra- 
tion, 'Preferential  flow,  'Soil  porosity,  'Soil 
water,  'Solute  transport,  Aluminum,  Calcium,  Ca- 
tions, Flood  peak,  Forest  watersheds,  Hydro- 
graphs,  Iron,  Macropores,  Magnesium,  Manganese, 
Mesopores,  Potassium,  Sodium,  Soil  structure, 
Sulfur. 

Investigations  were  conducted  of  the  physical  and 
chemical  characteristics  of  macropores  and  meso- 
pores at  two  forested  sites  established  for  subsur- 
face transport  research.  The  hydrologically  active 
macroporosity  (pores  >  1  mm  diameter)  is  a  very 
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small  fraction  of  the  total  soil  porosity,  but  is 
sufficient  to  conduct  a  large  proportion  of  ponded 
infiltration.  Mesopores  (pores  <  1  mm  diameter 
that  are  generally  drained  at  field  capacity)  are 
sufficient  to  conduct  total  infiltration  during  the 
majority  of  rain  events  and  have  a  much  higher 
surface  area  than  total  infiltration  during  the  ma- 
jority of  rain  events  and  have  a  much  higher 
surface  area  than  macropores.  The  cation  adsorp- 
tion coefficient  of  macropore  walls  was  similar  to 
bulk  soil  for  mineral  coatings,  but  was  higher  for 
organic  linings  derived  from  roots.  The  subsurface 
outflow  from  a  0.46-ha  subwatershed  generated  by 
two  precipitation  events  displayed  two  contrasting 
patterns  of  chemical  concentration.  At  the  time  of 
peak  discharge,  the  concentration  of  Na,  K,  Mg, 
Ca,  and  S  was  close  to  maximum  (high  supply); 
and  for  Al,  Fe,  and  Mn,  chemical  concentration 
was  highest  prior  to  peak  discharge  (low  supply). 
A  pathlength-supply  hypothesis  is  proposed  based 
on:  (1)  the  changing  proportions  of  mesopore  flow 
path  lengths  with  stage  of  the  subsurface  hydro- 
graph;  and  (2)  the  ability  of  mesopore  surfaces  and 
adjacent  micropores  to  continue  supplying  chemi- 
cals to  percolating  soil  water.  Macropores  are 
viewed  as  being  important  physical  conduits  in 
convergent  flow  zones  of  watersheds  but  as  having 
little  influence  on  water  quality.  (Author's  ab- 
stract) 
W91-05882 


FLUID  FLOW  IN  PARTIALLY  SATURATED, 
WELDED-NONWELDED  TUFF  UNITS. 

Lawrence  Berkeley  Lab.,  CA.  Earth  Sciences  Div. 
For  primary  bibliographic  entry  see  Field  2F. 
W91-05883 


MODELING  SOLUTE  TRANSPORT  IN 
STRUCTURED  SOILS:  A  REVIEW. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
M.  L.  Brusseau,  and  P.  S.  C.  Rao. 
Geoderma  GEDMAB,  Vol.  46,  No.   1/3,  p  169- 
192,  March  1990.  2  fig,  117  ref.  Florida  Dept.  Env. 
Reg.  Contract  WM-254. 

Descriptors:  *Hydrologic  models,  'Literature 
review,  *Soil  water,  'Solute  transport,  Mathemati- 
cal equations,  Mathematical  models,  Performance 
evaluation,  Porous  media,  Simulation  analysis,  Soil 
porosity,  Soil  structure,  Sorption. 

Solute  transport  in  structured  soils  is  and  has  been 
the  focus  of  a  significant  research  effort.  Transport 
in  such  systems  often  is  characterized  by  nonideal 
phenomena.  These  phenomena  have  usually  been 
ascribed  to  the  presence  of  immobile  domains 
within  the  porous  medium,  which  results  in  physi- 
cal nonequilibrium.  The  phenomena  can  also,  in 
some  cases,  be  attributed  to  rate-limited  sorption 
(i.e.,  sorption  nonequilibrium).  These  processes 
often  are  modeled  using  a  bicontinuum  approach. 
It  might  be  expected,  for  field-scale  problems,  that 
nonequilibrium  may  be  the  result  of  more  than  one 
contributing  process.  A  model  that  explicitly  ac- 
counts for  multiple  sources  of  nonequilibrium 
would  be  preferable  for  such  cases.  The  models 
employing  the  diffusion  equation  are  intellectually 
pleasing  because  they  employ  a  truly  mechanistic 
approach.  These  models  have  been  successfully 
used  for  simplified  systems.  However,  once  'real' 
soil  is  considered,  with  all  of  its  complexity,  the 
usefulness  of  these  models  becomes  questionable. 
For  example,  to  apply  these  models  both  the  size 
and  shape  distributions  of  the  structures  (e.g.,  the 
aggregates)  are  required.  Application  of  these 
models  to  systems  influenced  by  processes  other 
than  transport  nonequilibrium  can  yield  erroneous 
results.  The  physical  mass-transfer  (two-region) 
and  the  two-site  sorption  models  are  mathematical- 
ly equivalent  for  the  linear  isotherm  case  when 
written  in  dimensionless  form.  A  major  advantage 
of  the  mass-transfer  models  over  the  diffusion- 
based  models  is  that  a  description  of  the  structure 
of  the  porous  medium  is  not  required.  The  choice 
among  the  available  mathematical  models  for  simu- 
lating solute  transport  under  nonequilibrium  condi- 
tions is  constrained  by  available  data  and  the  pur- 
pose of  the  modeling  effort.  It  is  essential  to  distin- 
guish between  mathematical  models  and  the  con- 
ceptual models  they  represent.  The  use  of  any 
mathematical  model  should  be  based  on  a  sound 


understanding  of  the  processes  being  modeled.  The 
various  models  developed   for  simulating   solute 
transport  under  nonequilibrium  conditions  are  re- 
viewed. (Rochester-PTT) 
W91-05884 


NUMERICAL  MODEL  FOR  PREFERENTIAL 
SOLUTE  MOVEMENT  IN  STRUCTURED 
SOILS. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 

T.  S.  Steenhuis,  J.  Y.  Parlange,  and  M.  S. 
Andreini. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  193- 
208,  March  1990.  6  fig,  38  ref,  append. 

Descriptors:  'Hydrologic  models,  'Mathematical 
models,  'Preferential  flow,  'Soil  water,  'Solute 
transport,  'Vadose  zone,  Flow  profiles,  Flow  ve- 
locity, Hydraulic  conductivity,  Mathematical  stud- 
ies, Model  studies,  Numerical  analysis,  Perform- 
ance evaluation,  Porous  media,  Soil  porosity,  Soil 
structure. 

A  model  was  developed  for  preferential  in  the 
vadose  zone.  In  the  model  a  piecewise  linear  ap- 
proximation of  the  hydraulic  conductivity  as  a 
function  of  water  content  is  used  to  identify  the 
flow  paths  (or  pore  groups)  in  which  water  moves 
at  distinct  velocities.  By  choosing  the  linear  ap- 
proximations in  such  a  way  that  the  velocity  in  a 
pore  group  is  an  integer  multiple  of  the  velocity 
and  the  adjoining  pore  group,  a  simple  numerical 
procedure  can  be  formulated  for  simulating  solute 
movement.  The  character  of  the  solute  exchange 
among  the  pore  groups  may  be  altered  as  demand- 
ed by  the  nature  of  the  system  being  modeled.  If 
complete  mixing  among  the  pore  groups  is  speci- 
fied, the  model  is  reduced  to  the  convective-dis- 
persive  equation.  If  no  mixing  is  specified,  it  be- 
haves as  a  pore  bundle  model.  (Author's  abstract) 
W91-05885 


LAPLACE  TRANSFORM  GALERKIN  TECH- 
NIQUE FOR  EFFICIENT  TIME-CONTINUOUS 
SOLUTION  OF  SOLUTE  TRANSPORT  IN 
DOUBLE-POROSITY  MEDIA. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

E.  A.  Sudicky. 

Geoderma  GEDMAB,  Vol.  46,  No.   1/3,  p  209- 

232,  March  1990.  6  fig,  3  tab,  33  ref.  University 

Research  Fellowship  Grant  No.  U0508. 

Descriptors:  'Data  interpretation,  'Laplace  trans- 
form Galerkin  technique,  'Mathematical  studies, 
•Porous  media,  'Soil  water,  'Solute  transport, 
Aquifers,  Finite  element  method,  Galerkin  method, 
Hydraulic  conductivity,  Laplace  equation,  Mathe- 
matical equations,  Porosity,  Sand  aquifers. 

A  new  and  efficient  technique  has  been  devised  for 
the  numerical  solution  of  solute  transport  problems 
in  multi-dimensional  double-porosity  media.  The 
method  is  based  on  the  Laplace  Transform  Galer- 
kin (LTG)  technique  and  employs  a  convolution 
integral  in  the  governing  advection-dispersion 
equation  to  express  the  diffusive  exchange  of  solute 
between  the  mobile  and  immobile  regions.  Because 
the  Laplace  transformation  is  applied  to  the  advec- 
tion-dispersion equation  describing  transport  in  the 
mobile  region,  the  convolution  integral,  in  addition 
to  the  temporal  derivative,  is  effectively  removed. 
After  the  transformed  equation  is  solved  using  the 
Galerkin  finite  element  method,  nodal  concentra- 
tions in  the  time-domain  are  obtained  using  a 
robust  and  efficient  algorithm  for  inversion  of  the 
Laplace-domain  nodal  concentrations.  The  method 
permits  the  solution  to  be  evaluated  at  any  future 
point  in  time  without  any  need  for  time  steps,  and 
permits  the  use  of  grids  having  a  relatively  coarse 
spatial  discretization  while  avoiding  significant  nu- 
merical dispersion.  Further  computational  efficien- 
cy is  achieved  for  large-grid  problems  by  employ- 
ing an  ORTHOMIN-accelerated  iterative  solver  to 
solve  the  system  of  Laplace-domain  finite  element 
equations.  Influence  functions  describing  the 
mobile-immobile  region  solute  transfer  are  present- 
ed here  for  the  case  of  slab  and  sphere  geometries, 
for  the  mobile-immobile  zone,  and  for  the  case  of 


first-order  exchange  theory,  along  with  expressions 
that  unify  the  three  approaches.  The  utility  of  the 
model  is  demonstrated  by  applying  it  to  the  prob- 
lem of  solute  transport  in  a  sandy-type  aquifer 
having  a  random,  spatially-correlated  hydraulic 
conductivity  field  and  comprised  of  slightly  porous 
grains  that  admit  intragranular  diffusions  but  do 
not  conduct  fluid.  (Author's  abstract) 
W9 1-05886 


USE  OF  TEMPORAL  MOMENT  ANALYSIS  TO 
STUDY  REACTIVE  SOLUTE  TRANSPORT  IN 
AGGREGATED  POROUS  MEDIA. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

A.  J.  Valocchi. 

Geoderma  GEDMAB,  Vol.  46,  No.   1/3,  p  233- 

247,  March  1990.  2  fig,  29  ref.  NSF  Grant  CEE- 

8204434. 

Descriptors:  'Data  interpretation,  'Groundwater 
movement,  'Mathematical  studies,  'Numerical 
analysis,  'Porous  media,  'Soil  water,  'Solute 
transport,  Adsorption,  Hydrologic  models, 
Method  of  moments,  Performance  evaluation, 
Temporal  moment  analysis. 

When  both  adsorption  reactions  and  heterogene- 
ous structure  are  taken  into  account,  the  resulting 
mathematical  transport  models  are  extremely  com- 
plex, often  requiring  numerical  solution  techniques. 
However,  in  certain  cases  it  is  possible  to  use  the 
so-called  'method  of  moments'  to  derive  analytical 
results  for  integrated  features  of  the  solution  of 
complex  transport  models.  Temporal  moments  are 
useful  in  one-dimensional  systems,  such  as  labora- 
tory-scale soil  columns.  An  overview  is  presented 
here  of  the  use  of  temporal  moment  analysis  as  a 
useful  alternative  to  more  complete  analytical  and 
numerical  solutions  of  mathematical  models  de- 
scribing adsorbing  solute  transport  in  aggregated, 
saturated  porous  media.  The  goal  of  temporal 
moment  analysis  is  to  derive  analytical  formulas 
for  the  lower-order  time  moments  of  the  solute 
breakthrough  curve,  thereby  yielding  significant 
physical  insight  into  the  behavior  of  solute  trans- 
port models.  Basic  results  show  that  the  time  mo- 
ments are  completely  determined  by  a  mobile- 
immobile  zone  transfer  function.  This  transfer 
function  can  be  calculated  easily  as  long  as  all 
mathematical  relationships  are  linear.  Hence,  one 
of  the  most  significant  limitations  of  temporal 
moment  analysis  is  its  restriction  to  linear  solute 
transport  models.  (Rochester-PTT) 
W9 1-05887 


INFERENCES  ABOUT  SOLUTE  TRANSPORT 
IN  MACROPOROUS  FOREST  SOILS  FROM 
TIME  SERIES  MODELS. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

G.  M.  Hornberger,  K.  J.  Beven,  and  P.  F. 
Germann. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  249- 
262,  March  1990.  4  fig,  2  tab,  30  ref.  EPA  Agree- 
ment CR813575-01-02. 

Descriptors:  'Forest  soils,  'Macropores,  'Prefer- 
ential flow,  'Soil  porosity,  'Soil  water,  'Solute 
transport,  'Time  series  analysis,  Flow  velocity, 
Maine,  Mathematical  models,  Performance  evalua- 
tion, Potassium  bromide,  Tracers,  Transfer  func- 
tions. 

Solutes  can  move  along  macropores  and  other 
preferred  flow  channels  in  forest  soils  when  input 
rates  at  the  surface  are  high  enough.  In  natural 
systems,  the  actual  flow  paths  are,  to  all  intents  and 
purposes,  indeterminate.  The  use  of  transfer  func- 
tion models  to  represent  solute  transport  has  been 
proposed  under  these  circumstances.  Parameters 
were  estimated  in  a  discrete-time  version  of  a 
transfer  function  model  for  a  sequence  of  experi- 
ments performed  by  sprinkling  an  isolated  soil 
block  in  a  forested  catchment  near  Orono,  Maine. 
All  experiments  were  performed  at  steady  flow  by 
adding  a  quantity  of  water  labeled  with  potassium 
bromide.  The  travel  time  of  solute  in  the  soil  block 
was  computed  for  each  of  three  application  rates 
and   the   effective   mixing   volume   of  the   solute 
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within  the  block  was  inferred  from  the  time  series 
parameters.  Results  show  that  significant  macro- 
pore  flow  occurs  in  the  soil  block.  Despite  the 
importance  of  macropore  flow,  the  fractional 
volume  of  the  total  pore  water  that  participates  in 
solute  transport  decreases  only  slightly  with  in- 
creasing flow  rate.  (Author's  abstract) 
W9 1-05888 


WATER  MOVEMENT  THROUGH  AN  AGGRE- 
GATED, GRAVELLY  OXISOL  FROM  CAME- 
ROON. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
P.  R.  Anamosa,  P.  Nkedi-Kizza,  W.  G.  Blue,  and 
J.  R.  Sartain. 

Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  263- 
281,  March  1990.  10  fig,  5  tab,  37  ref. 

Descriptors:  *Cameroon,  'Flow  profiles,  'Hydro- 
logic  models,  'Oxisols,  'Soil  water,  Adsorption, 
Breakthrough  curves,  Dispersivity,  Macropores, 
Mathematical  models,  Model  studies,  Simulation 
analysis,  Soil  columns,  Soil  properties,  Solute 
transport,  Tritium. 

Increasing  population  pressures  have  caused  in- 
creased utilization  of  the  gravelly  (stone  line)  soils 
common  to  the  hilly  landscapes  of  equatorial 
Africa.  A  study  was  conducted  to  determine  if 
macropore  water  flow  and  immobile-water  regions 
should  be  considered  in  describing  solute  move- 
ment while  developing  nutrient-management  strat- 
egies. Breakthrough  curves  (BTCs)  from  miscible 
displacement  experiments  with  tritiated  water  were 
measured  from  70-cm  long  by  9.6  cm  internal 
diameter,  water-saturated,  undisturbed  soil  col- 
umns. Simulations  produced  by  theoretical  trans- 
port models  were  fitted  to  the  BTCs  to  determine 
the  magnitude  of  dispersivity  and  immobile-water 
regions.  Gravel  separates  composed  of  kaolinite, 
gibbsite,  goethite,  and  manganese  oxides  had  poro- 
sities ranging  from  0.13  to  0.32  cu  m/cu  m,  with  a 
composite  sample  porosity  of  0.20  cu  m/cu  m. 
Adsorption  coefficients  of  tritium  ranged  from 
0.031  to  0.052  ml/g  for  the  three  horizons  in  the 
soil  columns.  Columns  containing  gravel  (30%  by 
volume  and  62%  by  weight)  gave  asymmetrical 
BTCs.  A  convective-dispersive  transport  model 
failed  to  simulate  observed  BTCs  accurately.  The 
mobile/immobile  (MIM)  water  model  provided 
close  agreement  to  BTCs  obtained  at  flow  rates 
ranging  from  2.71  to  111  cm/d.  The  water-saturat- 
ed soil  columns  had  about  50%  of  all  water  in 
immobile  regions.  Soil  water  dispersivity  was  3.3 
cm  to  the  2-n  power  times  d  to  the  n-1  power  (with 
empirical  constant  n  =  1.3)  from  a  curvilinear  plot 
of  the  dispersion  coefficient  and  the  mobile  pore- 
water  velocity.  Parameters  estimated  from  one 
column  were  applied  to  the  BTCs  of  a  similar  soil 
column.  The  MIM  model  showed  close  agreement 
between  the  measured  and  the  independently  esti- 
mated BTCs.  These  soil  characteristics  can  con- 
tribute to  the  rapid  deep  transport  of  a  limited 
quantity  of  solute  and  to  the  storage  and/or  slow 
diffusive  mass  transport  of  the  remaining  solute 
from  within  immobile  regions.  (Author's  abstract) 
W9 1-05889 


EFFECT  OF  SOLUTE  APPLICATION 
METHOD  ON  PREFERENTIAL  TRANSPORT 
OF  SOLUTES  IN  SOIL. 

Iowa  State  Univ.,  Ames.  Dept.  of  Agronomy. 
G.  J.  Kluitenberg,  and  R.  Horton. 
Geoderma  GEDMAB,  Vol.  46,  No.   1/3,  p  283- 
297,  March  1990.  3  fig,  3  tab,  23  ref.  low  Agricul- 
ture and  Home  Economics  Experimental  Station 
Project  Nos.  2556  and  2715. 

Descriptors:  'Preferential  flow,  'Soil  chemistry, 
•Soil  porosity,  'Soil  water,  'Solute  transport,  Ab- 
sorption, Calcium  chloride,  Calcium  sulfate,  Diffu- 
sion, Geochemistry,  Hydraulic  conductivity,  Infil- 
tration, Macropores. 

In  soils  containing  macropores,  both  water  and 
solutes  can  move  preferentially,  bypassing  much  of 
the  soil  matrix.  The  present  study  sought  to  exam- 
ine the  effect  of  a  solute  application  method  on 
preferential  solute  transport  in  soil  materials  con- 
taining differing  amounts  of  macroporosity.  Trans- 
port experiments  were  conducted  with  three  undis- 


turbed soil  columns  (18  cm  diameter,  33-35  cm 
long)  that  contained  extensive  networks  of  macro- 
pores. The  macroporosity  of  the  soil  columns  first 
was  characterized  by  measuring  the  saturated  hy- 
draulic conductivity  and  drained  porosity,  and  by 
conducting  saturated,  steady-fluid-flow  miscible 
displacement  experiments  in  which  a  0.05  N  CaC12 
solution  displaced  a  0.01  N  CaS04  solution.  These 
measurements  indicated  extensive  macroporosity 
and  a  range  in  macroporosity  among  the  three 
columns.  Two  transport  experiments  then  were 
conducted  with  each  of  the  three  columns.  The 
initial  moisture  condition  of  the  soil  in  both  experi- 
ments was  a  gravity-drained  profile.  In  the  first 
transport  experiment,  a  200-ml  pulse  of  0.05  N 
CaC12  solution  was  ponded  on  the  surface  of  each 
of  the  three  columns  and  allowed  to  infiltrate.  A 
solution  of  0.01  N  CaS04  then  was  ponded  imme- 
diately on  the  soil  surface.  In  the  second  set  of 
transport  experiments,  after  leaching  the  excess 
chloride  remaining  in  the  columns  from  the  first 
experiment,  40  ml  of  5-fold  more  concentrated 
CaC12  solution  (0.25  N  CaC12)  was  dripped  uni- 
formly on  the  soil  surface  of  the  same  three  col- 
umns (no  ponding),  allowed  to  redistribute  for  15 
min,  and  then  leached  with  a  steady  flow  of  0.01  N 
CaS04  solution.  The  resulting  breakthrough 
curves  for  the  two  solute  application  methods 
were  distinctly  different,  indicating  a  sensitivity  of 
the  transport  process  to  solute  application  method, 
or  solute-boundary  condition.  In  addition,  the 
curves  showed  that  the  sensitivity  to  application 
method  decreased  with  decreasing  soil  macroporo- 
sity. The  initial  water  status  of  the  soil  macropores, 
saturated  or  drained,  is  important  in  determining 
the  degree  of  dispersion  that  takes  place  in  individ- 
ual macropores  and  thus  in  the  soil  as  a  whole. 
(Author's  abstract) 
W9 1-05  890 


VARIABILITY  OF  SOIL  WATER  TENSION 
AND  SOIL  WATER  CONTENT. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
J.  M.  Hendrickx,  P.  J.  Wierenga,  and  M.  S.  Nash. 
Agricultural  Water  Management  AWMADF,  Vol. 
18,  No.  2,  p  135-148,  July  1990.  3  fig,  4  tab,  33  ref. 

Descriptors:  'Moisture,  'Soil  properties,  'Soil 
water,  Field  tests,  Hydraulic  conductivity,  Soil 
moisture  retention,  Soil  physics,  Tension. 

Variability  in  soil  water  tension  and  in  soil  water 
content  in  a  field  soil  was  assessed  in  order  to 
explain  the  contradictory  data  concerning  the  soil 
water  content  of  drying  soil.  A  transect  was  estab- 
lished with  91  positions  1  meter  apart.  Soil  water 
content  was  measured  16  times  at  0.3  meter  depth 
before  and  after  flooding  of  the  transect.  Soil  water 
content  was  measured  13  times  after  flooding.  Ap- 
plications of  the  split  moving-window  technique 
resulted  in  the  detection  of  three  boundaries  parti- 
tioning the  transect  in  four  homogeneous  segments. 
For  each  of  these  segments,  the  variability  of  soil 
water  tension  and  water  content  significantly  in- 
creased when  the  soil  dried  out.  This  experimental 
result  confirmed  the  theoretical  result  obtained  by 
previous  investigators  who  used  a  stochastic  model 
to  predict  the  standard  deviation  in  tension  for 
moist  soils,  assuming  unsaturated  hydraulic  con- 
ductivity is  an  exponential  function  of  soil  water 
tension.  When  the  water  content  goes  to  zero  in 
very  dry  soils,  the  variability  in  soil  water  content 
should  decrease.  However,  data  from  this  study 
and  from  the  literature  suggest  that  the  variability 
in  soil  water  tension  in  dry  soil  remains  more  or 
less  constant  at  a  high  level.  The  relationship  be- 
tween soil  water  content  and  tension  was  found  to 
be  linear  for  the  investigated  soil.  Therefore,  the 
variability  of  soil  water  tension  and  soil  water 
content  are  quantitatively  related  by  the  slope  of 
the  soil  water  retention  curve.  (Author's  abstract) 
W9 1-05925 
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AIRBORNE  MERCURY  DEPOSITION  AND 
WATERSHED  CHARACTERISTICS  IN  RELA- 
TION TO  MERCURY  CONCENTRATIONS  IN 
WATER,  SEDIMENTS,  PLANKTON  AND  FISH 


OF      EIGHTY      NORTHERN      MINNESOTA 
LAKES. 

Minnesota   Univ.,   Duluth.   Coll.  of  Science  and 

Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04951 


PHASES  IN  THE  DEVELOPMENT  OF  RIVER- 
INE PLANKTON:  EXAMPLES  FROM  THE 
RIVERS  RHINE  AND  MEUSE. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-0496 1 


REEUWIJK  LAKES:  A  FIVE  YEARS  WATER 
QUALITY  STUDY  IN  AN  EUTROPHIC  ECO- 
SYSTEM. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04962 


MODELLING     PHOSPHORUS     FLUXES     IN 
THE  HYPERTROPHIC  LOOSDRECHT  LAKES. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04963 


MODEL  ON  THE  COMPETITION  BETWEEN 
TWO  MACROPHYTE  SPECIES  IN  ACIDIFY- 
ING SHALLOW  SOFT-WATER  LAKES  IN  THE 
NETHERLANDS. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands).  Lab.  for  Eco- 
toxicology,  Environmental  Chemistry  and  Drink- 
ing Water. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04964 


OIL  AND  GAS  ACTIVITY  AND  LOUISIANA 
WETLAND  LOSS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Eco- 
nomics. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-04966 


ELEMENTAL  CONCENTRATIONS  IN  FISHES 
FROM  THE  SALTON  SEA,  SOUTHEASTERN 
CALIFORNIA. 

National  Fisheries  Contaminant  Research  Center, 
Dixon,  CA.  Field  Research  Station-Dixon. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04968 


ROLE  OF  WEATHERING  AND  FORESTRY  IN 
DETERMINING  THE  ACIDITY  OF  LAKES  IN 
SWEDEN. 

Lund  Inst,  of  Tech.  (Sweden).  Dept.  of  Chemical 

Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04970 


EFFECTS  OF  LIMING  ON  NUTRIENT  LIMI- 
TATION OF  EPILITHIC  ALGAE  IN  AN  ACID 

LAKE. 

West  Chester  Univ.  of  Pennsylvania.  Dept.  of  Biol- 
ogy- 

For   primary   bibliographic   entry  see   Field   5G. 
W9 1-04974 


EFFECTS  OF  INCREASING  ACIDITY  ON 
AQUATIC  PROTOZOAN  COMMUNITIES. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04976 


INFLUENCE  OF  LABELLED  FOOD  TYPE  ON 
THE  ACCUMULATION  AND  RETENTION  OF 
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60-CO  BY  A  FRESHWATER  FISH,  CYPRINUS 
CARPIO  L. 

CEA  Centre  d'Etudes  Nucleaires  de  Cadarache, 
Saint-Paul-les-Durance  (France).  Inst,  de  Protec- 
tion et  de  Surete  Nucleaire. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04979 


CHLORIDE  IN  THE  PORE  WATER  AND 
WATER  COLUMN  OF  ONONDAGA  LAKE, 
N.Y.,  U.S.A. 

Upstate  Freshwater  Inst.,  Inc.,  Syracuse,  NY. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04983 


SEDIMENT  SEEDBANKS  IN  GRASSLANDS 
ON  THE  MAGELA  CREEK  FLOODPLAIN, 
NORTHERN  AUSTRALIA. 

Office  of  the  Supervising  Scientist  for  the  Alligator 
Rivers  Region,  Sydney  (Australia). 
C.  M.  Finlayson,  I.  D.  Crowie,  and  B.  J.  Bailey. 
Aquatic  Botany  AQBODS,  Vol.  38,  No.  2/3,  p 
163-176,  November  1990.  1  fig,  1  tab,  19  ref. 

Descriptors:  *Grasslands,  *Magela  Creek,  'Ripari- 
an vegetation,  *River  sediments,  *Stream  banks, 
Australia,  Flood  plains,  Seedlings,  Species  compo- 
sition, Species  diversity. 

The  size  and  species  composition  of  plant  popula- 
tions arising  from  sediment  seedbanks  of  three 
communities  (Pseudoraphis,  Hymenachne,  and 
Oryza  grasslands)  on  the  Magela  Creek  floodplain 
were  compared  under  experimental  (moist  and 
flooded)  conditions.  The  mean  number  of  seedlings 
produced  in  the  moist  treatment  ranged  from  8,000 
to  15,400/sq  m,  and  in  the  flooded  treatment 
ranged  from  3,800  to  7,100/sq  m.  Seeds  from  33 
taxa  germinated:  22  from  Oryza;  13  from  Pseudor- 
aphis; and  18  from  Hymenachne-site  samples.  In 
terms  of  the  species  present  the  Pseudoraphis-site 
seedbank  closely  reflected  that  of  its  community 
on  the  floodplain,  whereas  the  Hymenachne-site 
and  the  Oryza-site  seed  banks  were  not  closely 
related  to  the  composition  of  their  respective  flood 
plain  communities.  Indicies  of  diversities  and  even- 
ness point  to  the  relative  homogeneity  of  species 
seedbank  production  in  the  moist  treatment  of 
Pseudoraphis-site  and  Hymanachne-site  samples, 
compared  with  that  in  both  treatments  of  the 
Oryza-site  samples  and  the  floodplain  treatment  of 
pseudoraphis-site  and  Hymanachne-site  samples. 
Pseudoraphis  spinescens  Vick,  with  a  relatively 
small  but  persistent  seed,  dominated  the  seedling 
composition  of  the  Pseudoraphis-site  and  Hyman- 
achne-site samples.  (Author's  abstract) 
W91-04985 


COMPETITION  FOR  SPACE  BETWEEN  EICH- 
HORNIA  CRASSIPES  (MART.)  SOLMS  AND 
PISTIA  STRATIOTES  L.  CULTURED  IN  NU- 
TRIENT ENRICHED  WATER. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 
M.  Agami,  and  K.  R.  Reddy. 
Aquatic  Botany  AQBODS,  Vol.  38,  No.  2/3,  p 
195-208,  November  1990.  4  fig,  3  tab,  39  ref. 

Descriptors:  'Aquatic  plants,  'Competition,  'Lim- 
nology, 'Plant  growth,  'Water  hyacinth,  'Water 
lettuce,  Aquatic  weeds,  Macrophytes,  Nitrogen, 
Nutrients,  Phosphorus,  Plant  populations. 

The  interrelationship  between  two  free-floating 
aquatic  macrophytes,  Eichhornia  crassipes  (Mart.) 
Solms  and  Pista  stratiotes  L,  were  investigated 
using  a  reciprocal  replacement  series  for  the  inter- 
mixed combinations.  The  carrying  capacity  of  each 
species  was  investigated  in  monoculture.  The 
plants  were  cultured  in  outdoor  tanks  in  Gaines- 
ville, Florida,  where  nutrient  enriched  water  was 
replenished  at  weekly  intervals.  E.  crassipes 
showed  dominance  over  P.  stratiotes  when  the 
species  were  grown  together.  Interaction  between 
the  two  species  for  growth  space  became  apparent 
within  the  first  month  of  the  experimental  period. 
The  luxuriant  growth  and  high  plasticity  of  E. 
crassipes  plants  enabled  them  to  grow  above  the  P. 
stratiotes  plants,  thus  shading  and  stressing  them. 
Higher  concentrations  of  nitrogen  (by  about  two 


fold)  were  accumulated  in  the  shoots  of  E.  cras- 
sipes than  in  its  roots,  whereas  N  accumulation  in 
the  roots  and  shoots  of  P.  stratiotes  was  similar. 
The  N  content  of  E.  crassipes  shoots  increased 
throughout  the  experimental  period,  about  six  fold, 
while  the  N  content  of  the  roots  increased  two 
fold.  Phosphorus  accumulation  was  equally  distrib- 
uted between  the  roots  and  shoots  of  both  species. 
(Author's  abstract) 
W9 1-04986 


EFFECTS  OF  NITRATE,  AMMONIUM  AND 
SALINITY  ON  GROWTH  OF  THE  MAN- 
GROVE BRUGUIERA  GYMNORRHIZA  (L.) 
LAM. 

Durban-Westville  Univ.  (South  Africa).  Dept.  of 

Botany. 

G.  Naidoo. 

Aquatic  Botany  AQBODS,  Vol.  38,  No.  2/3,  p 

209-219,  November  1990.  4  fig,  1  tab,  30  ref. 

Descriptors:  'Ammonium,  'Aquatic  plants,  'Man- 
grove swamps,  'Nitrates,  'Plant  growth,  'Salinity, 
'Wetlands,  Biomass,  Nitrogen. 

Experiments  were  conducted  over  8  months  via 
two  solution  culture  studies  on  the  effects  of  ni- 
trate, ammonium  and  salinity  on  the  growth  of 
Bruguiera  gymnorrhiza.  In  the  first,  at  100  mol/cu 
m  NaCl,  dry  matter  accumulation  increased  with 
an  increase  in  added  nitrogen  from  0  to  10  mg/L 
N03-N  and  from  0  to  15  mg/L  NH4-N.  Thus,  this 
species  assimilates  both  forms  of  inorganic  N.  Fur- 
ther increases  in  added  N  to  20  mg/L  decreased 
biomass,  even  though  tissue  N  concentration  in- 
creased. Trends  in  total  leaf  area,  area  per  leaf,  and 
specific  leaf  area  paralleled  those  for  dry  biomass. 
In  the  second  experiment,  at  20  mg/L  NH4-N,  the 
accumulation  of  dry  matter  and  photosynthetic 
leaf  area  were  maximal  at  50  mol/cu  m  NaCl  and 
declined  at  higher  salinities  up  to  250  mol/cu  m. 
The  data  suggested  that  growth  enhancement  in 
response  to  added  N  occurs  at  low  salinities. 
Higher  salinities  tend  to  reduce  biomass,  even  at 
high  levels  of  added  N.  There  were  significant 
effects  of  N  source  ?.nd  concentration,  as  well  as 
salinity,  on  N  conte  \t,  biomass  accumulation  and 
photosynthetic  leaf  :.rea.  (Author's  abstract) 
W9 1-04987 


GAS  EXCHANGE  AND  CARBON  FIXATION 
PROPERTIES  OF  THE  MAT-FORMING  CYAN- 
OPHYTE  LYNGBYA  BIRGEI  G.  M.  SMITH. 

Florida  Univ.,  Gainesville.  Dept.  of  Botany. 

S.  Beer,  W.  Spencer,  G.  Holbrook,  and  G.  Bowes. 

Aquatic  Botany  AQBODS,  Vol.  38,  No.  2/3,  p 

221-230,  November   1990.   5  tab,   35  ref.  Florida 

Department  of  Natural  Resources  Contract  NO. 

C3635,  and  USDA  Grants  86-CRCR-1-2109  and 

88-37130. 

Descriptors:  'Algae,  'Aquatic  weeds,  'Bacterial 
growth,  'Carbon  cycle,  'Cyanophyta,  'Limnolo- 
gy, Bacteria,  Biomass,  Carbon  dioxide,  Photosyn- 
thesis. 

The  macroscopic  cyanophyte  Lyngbya  birgei  G. 
S.  Smith  showed  low,  02-insensitive  rates  of  C02 
release  into  C02-free  media,  as  well  as  low  C02 
compensation  points  and  02  insensitive  photosyn- 
thetic rates.  These  gas  exchange  rates  indicate  that 
this  organism  can  suppress  photorespiration.  The 
ability  to  optimize  photosynthetic  rates  is  based  on 
HC03(-)  use  as  well  as  limited  C4-like  metabolism. 
Both  systems  could  elevate  C02  levels  and  thereby 
reduce  the  oxygenase  activity  of  ribulose-l,5-bis- 
phosphate  carboxylase/oxygenase.  It  was  further 
found  that  while  the  low  photorespiration  state  did 
not  change  in  Lyngbya  grown  at  various  inorganic 
carbon  levels,  the  enzymatic  potential  for  C4  me- 
tabolism varied  with  external  HC03(-)  levels.  It  is 
suggested  that  Lyngbya  has  adapted  its  photosyn- 
thetic systems  to  be  efficient  so  as  to  ensure  opti- 
mal production  in  a  variety  of  inorganic  carbon 
and  02  environments,  and  that  this  ability  is  of 
competitive  advantage  under  conditions  where  it 
becomes  an  aquatic  weed.  (Author's  abstract) 
W91-04988 


EFFECT     OF     CANOPY     FORMATION     BY 
FLOATING    AND    SUBMERGENT    AQUATIC 


MACROPHYTES  ON  THE  WATER  QUALITY 
OF  TWO  SHALLOW  PACIFIC  NORTHWEST 
LAKES. 

Washington  Cooperative  Fishery  Research  Unit, 

Seattle. 

J.  D.  Frodge,  G  L.  Thomas,  and  G.  B.  Pauley. 

Aquatic  Botany  AQBODS,  Vol.  38,  No.  2/3,  p 

231-248,  November  1990.  9  fig,  2  tab,  24  ref. 

Descriptors:  'Aquatic  plants,  'Dissolved  oxygen, 
•Limnology,  'Macrophytes,  'Plant  growth, 
'Water  quality,  Aquatic  weeds,  Bull  Lake,  Hydro- 
gen ion  concentration,  Keevies  Lake,  Submerged 
aquatic  plants,  Washington. 

Dense  mats  of  aquatic  macrophytes  partitioned  the 
littoral  zone  of  two  shallow  lakes  in  Washington 
State  into  differing  habitats  of  varying  water  qual- 
ity. Horizontal  distribution  of  dissolved  oxygen 
(DO)  and  pH  in  the  lakes  was  associated  with  the 
patchy  distribution  of  aquatic  macrophytes  in  the 
lake,  and  the  vertical  distribution  of  DO  and  pH 
was  associated  with  the  location  of  the  canopy  in 
the  water  column.  Elevated  concentrations  of  DO 
and  pH  were  observed  in  the  canopies  of  submer- 
gent  species,  while  lower  DO  and  pH  concentra- 
tions were  seen  in  both  the  canopies  of  floating- 
leaved  species  and  in  the  sub-canopy  water  of  both 
growth  forms.  Open  waters  were  mixed  to  a  great- 
er extent  than  within  macrophyte  beds,  resulting  in 
higher  subsurface  DO  concentrations  than  beneath 
either  submergent  or  floating  plant  canopies.  Diel 
changes  in  DO  and  pH  were  associated  with  the 
growth  form  of  the  macrophytes  that  formed  the 
plant  canopy.  In  Keevies  Lake,  in  western  Wash- 
ington, dense  canopies  of  overlapping  floating 
leaves  of  Brasenia  schreberi  Gmel.,  reduced 
summer  surface  and  sub-canopy  DO  to  <2  mg/L 
without  significantly  changing  pH.  In  canopies  of 
Potamogeton  natans  L.,  which  has  subsurface  as 
well  as  floating  leaves,  the  surface  DO  concentra- 
tion was  higher  than  in  adjacent  open  water  areas; 
but  sub-canopy  DO  was  as  low  as  beneath  B. 
schreberi  canopies.  In  Bull  Lake,  in  Eastern  Wash- 
ington, surface  canopies  of  the  submergent  species 
Ceratophyllum  demersum  L.  and  Myriophyllum 
exalbescens  (fern.)  Jeps.,  regularly  had  DO  con- 
centrations of  >  30  mg/L  and  pH  >  10.  Beneath 
these  canopies  of  submergent  plants,  DO  of  <  1 
mg/L  was  common  at  0.25-0.50  m,  and  pH  was 
typically  1-2  units  lower  than  at  the  surface. 
(Lantz-PTT) 
W9 1-04989 


ABSENCE  OF  ALLELOPATHIC  EFFECTS  OF 
CHARA  ON  PHYTOPLANKTON  IN  SITU. 

Uppsala   Univ.    (Sweden).    Limnologiska   Institu- 

tionen. 

C.  Forsberg,  S.  Kleiven,  and  T.  Willen. 

Aquatic  Botany  AQBODS,  Vol.  38,  No.  2/3,  p 

289-294,  November  1990.  2  fig,  24  ref. 

Descriptors:  'Algae,  'Chara,  'Limnology,  'Phy- 
toplankton,  Biomass,  Nutrients,  Phosphorus,  Pho- 
tosynthesis, Productivity. 

Chemical  compounds  isolated  from  Chara  have 
been  shown  to  inhibit  algal  photosynthesis  in  labo- 
ratory experiments,  supporting  the  concept  of  neg- 
ative allelopathy  in  Chara.  However,  evidence  for 
this  phenomenon  in  situ  has  not  been  obtained. 
Studies  of  the  relationships  between  lake  phospho- 
rus levels  and  phytoplankton  biomass  in  six  Chara 
lakes  demonstrated  that  these  lakes  have  a  phyto- 
plankton biomass  of  predictable  size.  This  indicates 
that  Chara  does  not  release  allelopathic  com- 
pounds in  situ.  The  reported  densities  of  epiphytes 
on  these  plants  also  indicate  the  absence  of  allelo- 
pathy by  Chara  in  situ.  (Author's  abstract) 
W9 1-04990 


FACTORS  THAT  DELAY  COLONIZATION  OF 
FRESH  ALDER  LEAVES  BY  AQUATIC  HY- 
PHOMYCETES. 

Exeter  Univ.  (England). 

F.  Barlocher. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.  3,  p  249-255,  September  1990.  1  fig,  2  tab,  20 

ref. 
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Field  2— WATER  CYCLE 
Group  2H — Lakes 


Descriptors:  'Alder  trees,  •Decomposition,  'De- 
tritus, 'Invertebrates,  'Leaves,  Aquatic  environ- 
ment, Asellus,  Biodegradation,  Fungi,  Gammarus. 

Air-dried  leaves  of  Alnus  glutinosa  lost  more  solu- 
ble substances  during  two  days  of  leaching  than 
fresh  leaves.  Homogenizing  the  leaves  increased 
the  yield  of  teachable  substances.  Drying  had  no 
apparent  effect  on  leaf  surface  morphology  as  seen 
under  the  scanning  electron  microscope  (SEM). 
Leachates  of  whole  or  homogenized  dried  leaves 
and  of  homogenized  fresh  leaves  stimulated 
growth  of  five  species  of  aquatic  hyphomycetes  at 
low  concentrations;  at  higher  concentrations  (7.5 
g/20  ml  agar  medium),  they  inhibited  radical 
growth  by  between  23.3  and  38.9%.  Gammarus 
pulex  and  Asellus  aquaticus  did  not  show  a  clear 
preference  when  given  a  choice  between  fresh  and 
dried,  or  fresh  and  leached  leaves.  Both  inverte- 
brates clearly  preferred  stream-conditioned  leaves 
over  fresh  leaves.  (Author's  abstract) 
W9 1-04995 


SPECTRAL  DISTRIBUTION  CHARACTERIS- 
TICS IN  DOWNWELLING  IRRADIANCE  AND 
OPTICAL  PROPERTIES  WITHIN  THE  EU- 
PHOTIC  LAYER  IN  THE  NORTH  BASIN  OF 
LAKEBIWA. 

Kinki  Univ.,  Higashiosaka  (Japan).  Dept.  of  Fish- 
eries. 

R.  Tsuda,  and  M.  Nakanishi. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 
No.  3,  p  279-292,  September  1990.  8  fig,  2  tab,  27 
ref. 

Descriptors:  'Euphotic  zone,  'Lake  Biwa,  'Lim- 
nology, 'Optical  properties,  'Spectral  analysis, 
Algae,  Chlorophyll  a,  Classification,  Irradiation, 
Japan,  Physical  properties,  Suspended  solids. 

Measurements  of  downwelling  spectral  irradiance 
at  various  depths  were  performed  during  one  year 
(May  1983-May  1984)  at  a  fixed  station  in  the  north 
basin  of  Lake  Biwa.  The  patterns  of  spectral  distri- 
bution could  be  classified  into  three  types,  which 
were  related  to  the  chlorophyll-a  (chl-a)  concen- 
tration within  the  euphotic  layer.  The  classification 
in  each  type  was  also  examined  from  the  spectral 
values  of  the  diffuse  attenuation  coefficient.  The 
depth  Z(l%),  the  euphotic  depth,  is  determined  as 
a  function  of  the  average  pigment  content  in  the 
offshore  water,  and  if  its  content  increases  with 
decreasing  depth  Z(l%),  the  optical  properties 
within  the  euphotic  layer  are  determined  by  the 
biogenous  material.  However,  in  inland  and  coastal 
waters,  the  depth  Z(l%)  is  markedly  reduced  by 
suspended  sediment  or  detrital  substances.  Eupho- 
tic depth  varied  between  9.0  and  17.6  m  during  the 
study  period,  which  means  that  the  concentration 
of  suspended  matter  within  the  euphotic  layer 
varied  considerably  during  the  year.  Generally, 
when  the  chl-a  amounts  exceeded  about  50  mg/sq 
m,  the  depth  Z(l%)  decreased  regularly  with  in- 
creasing chl-a  amounts.  In  contrast,  the  presence  of 
low  chl-a  amounts  within  the  euphotic  layer  did 
not  follow  this  general  rule.  In  the  north  basin  of 
Lake  Biwa,  the  total  quantity  of  suspended  parti- 
cles in  the  water  fluctuates  complicatedly  depend- 
ing on  both  allochthonous  and  autochthonous  ma- 
terials. These  fluctuations  strongly  influence  the 
determination  of  the  euphotic  depth,  which  is 
caused  not  only  by  phytoplankton  abundance  but 
also  by  other  particles.  (Lantz-PTT) 
W9 1-04996 


COMPARATIVE  ASSESSMENT  OF  LINE 
TRANSECT  AND  POINT  INTERCEPT  METH- 
ODS FOR  STREAM  PERIPHYTON. 

North-Eastern  Hill  Univ.,  Shillong  (India).  Dept. 

of  Botany. 

J.  Rout,  and  J.  P.  Gaur. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.  3,  p  293-298,  September  1990.  2  tab,  18  ref. 

Descriptors:  'Data  interpretation,  'Mathematical 
studies,  'Periphyton,  'Sampling,  'Stream  biota, 
Algae,  Bacillariophyceae,  Chlorophyta,  Compari- 
son studies,  Cyanophyta,  Species  composition. 

The  feasibility  of  using  line  transect  and  point 
intercept  methods  to  obtain  a  representative  stream 


sample  of  periphyton  from  two  streams  which 
drain  forested  catchments  in  India  was  examined. 
The  streams  had  three  major  algal  physiognomic 
forms  (encrusting,  filamentous,  colonial),  and  total 
algal  cover  ranged  from  35%  to  45%.  Encrusting 
forms  were  most  abundant.  The  stream  bed  had  82 
algal  taxa  belonging  to  Cyanophyta  (8  species), 
Chlorophyta  (12  species)  and  Bacillariophyta  (62 
species).  Comparison  of  line  transect  and  point 
intercept  did  not  reveal  any  difference.  Therefore, 
the  point  intercept  method  may  be  used  for  the 
sampling  of  stream  algae  if  time  is  the  major  con- 
straint. (Lantz-PTT) 
W9 1-04997 


PHYTOPLANKTON  OF  A  WARM  MONOMIC- 
TIC  LAKE-LAKE  VEGORITIS,  GREECE. 

Thessaloniki    Univ.,    Salonika   (Greece).    Inst,    of 

Botany. 

M.  Moustaka-Gouni,  and  G.  Nikolaidis. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.  3,  p  299-313,  September  1990.  5  fig,  2  tab,  27 

ref.   Greek   Ministry   of  Agriculture   Grant   No. 

8586705. 

Descriptors:  'Lake  Vegoritis,  'Limnology,  'Phy- 
toplankton, 'Species  composition,  Algae,  Biomass, 
Chlorophyta,  Chrysophyta,  Cryptophyta,  Cyano- 
phyta, Diatoms,  Dinoflagellates,  Eutrophic  lakes, 
Greece,  Nitrogen,  Nutrients,  Phosphorus,  Seasonal 
variation. 

In  the  warm  monomictic  Lake  Vegoritis,  which  is 
located  in  a  heavily  industrialized  area  of  Greece, 
high  concentrations  of  inorganic  nitrogen  were 
recorded  but  phosphorus  was  still  low.  The  month- 
ly fluctuations  of  the  total  phytoplankton  biomass 
presented  three  annual  maxima,  resembling  that  of 
many  eutrophic  lakes  with  high  levels  of  summer 
algal  biomass.  A  total  of  74  taxa  have  been  record- 
ed in  the  phytoplankton  of  Lake  Vegoritis.  Cyano- 
phytes,  dinoflagellates  and  diatoms  were  the  major 
constituents  of  the  lake's  phytoplankton;  chloro- 
phytes,  chrysophytes  and  cryptophytes  formed  a 
considerable  part  of  the  total  biomass  while  hapto- 
phytes  a  very  small  one.  The  highest  phytoplank- 
ton biomass  was  recorded  in  August  1988,  when 
the  large-sized  phytoplankter  M.  aeruginosa  and  C. 
hirundinella  predominated.  The  total  biomass  mini- 
mum in  December,  when  nutrients  were  available, 
may  be  due  to  low  temperature,  low  light  intensity 
and  optically-deep  mixed  column.  Considerable 
differences  in  the  horizontal  distribution  of  the 
phytoplankton  in  the  pelagic  zone  of  the  lake 
occur  only  during  thermal  stratification  and  the 
average  biomass  of  the  shallower  region  is  greater 
than  in  the  deeper.  During  the  mixing  period  phy- 
toplankton is  homogenously  distributed  in  the 
water  column,  whereas  during  stratification  the 
maximum  biomass  is  recorded  in  the  upper  10  m 
(epilimnion).  The  phytoplankton  cycle  in  Lake  Ve- 
goritis displays  many  features  of  the  periodicities 
observed  in  other  temperate  mesotrophic  and  eu- 
trophic lakes.  (Lantz-PTT) 
W9 1-04998 


OCCURRENCE  AND  DISTRIBUTION  OF 
METHANE  THIOL  AND  OTHER  VOLATILE 
SULPHUR  COMPOUNDS  IN  A  STRATIFIED 
LAKE  WITH  ANOXIC  HYPOLIMNION. 

Institut  Fresenius  Chemische  und  Biologische  La- 
boratorien  G.m.b.H.,  Taunusstein-Neuhof  (Germa- 
ny, F.R.). 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-04999 


SPRING  GROWING  PERIOD  AS  A  REGULA- 
TOR OF  THE  SIZE  OF  THE  SMOLT  RUN  IN 
TROUT  (SALMO  TRUTTA). 

Department  of  the  Marine,  Castleknock  (Ireland). 

Fisheries  Research  Centre. 

E.  Fahy. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.  3,  p  325-330,  September  1990.  1  fig,  3  tab,  12 

ref. 

Descriptors:  'Fish  migration,  'Ireland,  'Sea  trout, 
'Seasonal  variation,  Fish  growth,  Fish  physiology, 
Fish  populations,  Fisheries,  Smolt. 


Arising  from  research  in  the  Waterville,  Co  Kerry 
area,  sea  trout  (Salmo  trutta)  fishery,  as  many  as 
71%  of  2  year  smolts  (the  largest  smolt  class)  are 
shown  to  make  an  average  of  3.6  cm  growth  in 
length  (an  addition  of  19%  on  length  at  the  end  of 
the  last  premigration  winter)  in  the  spring  of  their 
first  migration  to  sea.  These  'B'  type  increments 
are  critical  in  bringing  the  fish  to  threshold  size  for 
migration.  Both  incidence  and  amount  of  B  growth 
are  shown  to  be  regulated  by  growing  conditions 
in  the  spring.  The  strength  of  the  smolt  exodus  also 
correlates  with  spring  growing  conditions.  A  suita- 
ble formulation  for  the  expression  of  the  B  type 
growth  increment  is  sought  and  proposed  as  an 
indicator  of  recruitment  to  sea  trout  populations. 
(Author's  abstract) 
W9 1-05000 


ESTIMATION  OF  FISH  PRODUCTION  AND 
POTENTIAL  YTELD  IN  LAKE  MANZALA, 
EGYPT. 

Cairo  Univ.,  Giza  (Egypt).  Dept.  of  Zoology. 
H.  M.  Bishai,  and  M.  T.  Khalil. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 
No.  3,  p  331-337,  September  1990.  3  fig,   14  ref. 

Descriptors:  'Fish  populations,  'Lake  Manzala, 
•Lake  fisheries,  'Limnology,  'Productivity,  Bio- 
mass, Drainage  water,  Egypt,  Fisheries,  Nutrients. 

According  to  yield  models  analyzed  (Morphoeda- 
phic  Index  and  primary  production  covariates), 
which  have  been  used  in  many  African  and  North 
American  lakes,  the  estimated  existing  open  water 
fish  yield  in  Lake  Manzala  is  about  600  kg/ha  (i.e. 
60,000  t/yr).  It  is  at  or  near  potential  and  is  consid- 
ered in  the  high  enrichment  category.  During 
1920-1929,  the  estimated  fish  production  of  Lake 
Manzala  was  about  70  kg/ha  which  was  consid- 
ered a  low  enrichment  category,  as  are  the  present 
northern  and  western  subsectors  of  the  lake. 
During  1962-1966,  Lake  Manzala  belonged  entirely 
to  the  moderate  enrichment  category  where  the 
estimates  fish  production  was  about  190  kg/ha,  as 
does  the  eastern  sector  of  present  day  Lake  Man- 
zala. The  southern  sector  of  Lake  Manzala  (23%  of 
the  lake  area)  is  considered  to  be  an  example  of 
ultra  enrichment,  where  the  estimated  potential 
yield  is  about  2000  kg/ha.  This  is  mainly  attributed 
to  the  nutrient  loading  of  the  southern  drains  that 
enter  into  the  latter  basin  which  is  relatively  isolat- 
ed from  the  rest  of  the  lake  geographically.  Over 
the  long  term,  and  based  on  existing  nutrient  input 
to  fish  yield  relationships,  it  is  estimated  that  in- 
creased nutrient  loading  from  drain  water  sources 
to  the  lake  may  elevate  its  existing  yield  by  60,000 1 
to  80,000  t  by  the  year  2000  (i.e.,  fish  yield  could 
be  increased  to  120,000  to  140,000  t/yr).  (Author's 
abstract) 
W91-05001 


ECOLOGY  OF  NERITINA  GLABRATA  IN 
LAGOS  LAGOON,  NIGERIA. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Zoology. 

E.  A.  Ajao,  and  S.  O.  Fagade. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 

No.  3,  p  339-350,  September  1990.  9  fig,  1  tab,  17 

ref 

Descriptors:  'Coastal  waters,  'Gastropods,  'Lagos 
Lagoon,  'Salinity,  Lagoons,  Nigeria,  Organic 
matter,  Productivity,  Seasonal  variation,  Sediment 
contamination,  Silt. 

A  study  of  the  seasonal  and  spatial  distribution  of 
the  population  of  Neritina  glabrata  Sowerby  in 
Lagos  Lagoon,  Nigeria  was  conducted  from  Feb- 
ruary 1985  to  December  1986.  The  gastropod 
occurs  in  large  densities  in  the  shallow  shoal  sands 
of  the  north  and  north-eastern  rims  of  the  lagoon. 
Its  distribution  and  abundance  were  shown  to  be 
dependent  on  the  silt  content,  total  organic  matter 
and  contamination  of  the  sediment.  Eggs  devel- 
oped during  the  low  salinity  months  between  April 
and  December  but  breeding  occurred  during  the 
high  salinity  season  (Jan-March).  Annual  produc- 
tion was  estimated  as  0.086  and  0.258  g  C/sq  m/yr 
(formalin  fixed  ash  free  dry  weight)  respectively  at 
two  sampling  sites,  and  ratio  between  the  annual 
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production  and  mean  biomass  varied  between  1.29 
and  2.11.  (Author's  abstract) 
W9 1-05002 


INTERACTION  BETWEEN  THE  EFFECTS  OF 
SUBSTRATUM,  VELOCITY  AND  LOCATION 
ON  STREAM  BENTHOS:  AN  EXPERIMENT. 

Monash    Univ.,    Clayton    (Australia).    Dept.    of 

Botany. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-05003 


METHANE  EMISSIONS  FROM  THE  FLORI- 
DA EVERGLADES:  PATTERNS  OF  VARIABIL- 
ITY IN  A  REGIONAL  WETLAND  ECOSYS- 
TEM. 

National  Aeronautics  and  Space  Administration, 

Hampton,  VA.  Langley  Research  Center. 

D.  S.  Bartlett,  K.  B.  Bartlett,  J.  M.  Hartman,  R.  C. 

Harris,  and  D.  I.  Sebacher. 

Global  Biogeochemical  Cycles  GBCYEP,  Vol.  3, 

No.  4,  p  363-374,  December  1989.  3  fig,  2  tab,  34 

ref. 

Descriptors:  *Everglades,  'Florida,  'Limnology, 
'Methane,  'Methanogenesis,  'Remote  sensing, 
•Wetlands,  Aquatic  habitats,  Distribution  patterns, 
Model  studies,  Soil  gases,  Spatial  distribution, 
Water  level  fluctuations. 

The  spatial  variability  of  methane  flux  was  exam- 
ined within  a  large  regional  wetland  system,  the 
Florida  Everglades.  Unit  area  methane  flux  to  the 
atmosphere  from  water-saturated  Everglades  envi- 
ronments, measured  in  situ,  varied  over  more  than 
an  order  of  magnitude  (4.2  to  81.9  mg  CH4/sq  m/ 
d)  depending  on  which  habitat  component  of  the 
ecosystem  was  sampled.  Use  of  high  resolution, 
orbital  remote  sensing  data  helped  reduce  uncer- 
tainty in  the  emission  inventory  of  the  Everglades 
by  directing  in  situ  sampling  efforts  to  important 
habitat  types  and  by  providing  a  means  for  calcu- 
lating area-weighted  mean  flux  for  the  system  as  a 
whole.  The  results  indicated  that  spatial  variability 
in  flux  within  a  major  wetland  ecosystem  can 
introduce  significant  uncertainty  in  extrapolations 
to  larger  areas,  even  if  the  extent  of  the  major 
ecosystem  itself  is  well  known.  The  results  also 
suggested  that  the  response  of  total  ecosystem  flux 
to  changing  water  level  is  not  a  linear  function  of 
flooded  area,  but  is  damped,  with  regional  flux  at 
lowered  water  levels  decreasing  proportionally 
less  than  flooded  area.  (Feder-PTT) 
W9 1-050 17 


MECHANISMS  CONTROLLING  CU,  FE,  MN, 
AND  CO  PROFILES  IN  PEAT  OF  THE  FILSON 
CREEK  FEN,  NORTHEASTERN  MINNESOTA. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-05050 


COMPREHENSIVE  SURVEY  OF  THE  HYPER- 
TROPHIC LAKE  TUUSULANJARVI:  NUTRI- 
ENT LOADING,  WATER  QUALITY  AND 
PROSPECTS  OF  RESTORATION. 

Keski  Uusimaa  Inter-Municipal  Corp.  for  Water 
Pollution  Control,  Kerava  (Finland). 
For  primary  bibliographic   entry   see   Field   5G. 
W9 1-05061 


PALEOLIMNOLOGICAL  INVESTIGATION  OF 
THE  EUTROPHICATION  HISTORY  OF  LAKE 
TUUSULANJARVI,  SOUTHERN  FINLAND. 

Joensuu  Univ.  (Finland).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 

W9 1-05062 


OCCURRENCE  OF  VEGETATED  BUFFER 
ZONES  ALONG  BROOKS  IN  THE  CATCH- 
MENT AREA  OF  LAKE  TUUSULANJARVI, 
SOUTH  FINLAND. 

For  primary   bibliographic   entry  see   Field   5G. 

W9 1-05064 


SEASONAL  FLUCTUATIONS  IN  THE  CHEM- 
ISTRY    OF     SMALL     FOREST     LAKES     IN 


SOUTHERN  FINLAND  WITH  SPECIAL  REF- 
ERENCE TO  ACIDITY. 

Helsinki  Univ.,  Lammi  (Finland).  Lammi  Biologi- 
cal Station. 

L.  Arvola,  T.  R.  Metsala,  A.  Simila,  and  M.  Rask. 
Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  71-79, 
1990.  9  fig,  2  tab,  41  ref. 

Descriptors:  'Acid  rain  effects,  'Finland,  'Forest 
watersheds,  'Lakes,  'Seasonal  variation,  'Water 
chemistry,  Acid  lakes,  Acidity,  Alkalinity,  Humic 
substances,  Hydrogen  ion  concentration,  Nitrogen, 
Phosphorus,  Sampling,  Snowmelt,  Spatial  varia- 
tion. 

Seasonal  variability  of  pH,  alkalinity,  and  other 
chemical  constituents  was  studied  in  27  small  forest 
lakes  (Finland)  with  varying  humic  content.  The 
lakes  were  sampled  seven  times  during  one  year. 
Also,  during  March-May,  both  temporal  and  verti- 
cal variability  of  pH  and  alkalinity  of  one  small 
humic  lake  (Lake  Nimeton)  were  followed  more 
intensively.  Typically,  low  pH  and  alkalinity  coin- 
cided with  snow  and  ice  melt  in  spring  and  high 
pH  with  high  primary  productivity.  The  smallest 
seasonal  variations  in  pH  and  alkalinity  were  found 
in  the  most  acid  lakes,  whereas  the  highest  vari- 
ations were  found  in  those  lakes  having  winter  pH 
of  5-6.  No  distinct  difference  in  pH  between  clear 
and  humic  lakes  was  detected,  but  the  average 
concentrations  of  cations,  phosphorus,  and  nitro- 
gen were  higher  in  humic  lakes  than  in  clear  ones. 
Along  a  chain  of  lakes  a  slight  increase  in  pH  and 
alkalinity  and  a  decrease  in  phosphorus  and  nitro- 
gen were  evident  from  top  to  bottom.  Rapid  fluc- 
tuations in  water  chemistry  recorded  in  this  study 
stress  the  importance  of  short  interval  sampling  if 
the  patterns  of  water  quality  of  small  forest  lakes 
are  studied.  (Author's  abstract) 
W9 1-05066 


MICROPHYTOBENTHIC  CELL  DENSITY 
AND  SPECIES  COMPOSITION  IN  THE  SUR- 
FACE SEDIMENT  IN  A  SHALLOW  BRACK- 
ISH-WATER BAY  (GULF  OF  FINLAND). 

Uppsala    Univ.    (Sweden).    Inst,    of    Ecological 

Botany. 

P.  Snoeijs,  E.  Leskinen,  K.  Sundback,  M. 

Kuylenstierna,  and  A.  Witkowsky. 

Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  103-114, 

1990.  3  fig,  1  tab,  54  ref,  append. 

Descriptors:  'Benthos,  'Gulf  of  Finland,  'Labora- 
tory methods,  'Sediments,  Biomass,  Comparison 
studies,  Diatoms,  Microscopy,  Population  density, 
Species  composition,  Viability. 

Cell  density  and  species  composition  of  the  micro- 
phytobenthos  (mainly  consisting  of  diatoms)  were 
investigated  in  the  surface  sediment  of  a  shallow 
brackish-water  bay  in  the  Gulf  of  Finland.  Samples 
from  four  proximate  sites  (depth  1.5  m)  were  ana- 
lyzed. Two  methods  were  combined:  (1)  living 
cells  were  quantitatively  counted  by  using  ultra- 
sonication  and  epifluorescence  microscopy,  and  (2) 
oxidized  diatom  frustules  were  counted  quantita- 
tively on  permanent  microscopic  slides  and  cor- 
rected for  the  percentage  of  dead  cells.  Cell  densi- 
ties obtained  by  these  two  methods  varied  similarly 
between  the  different  sampling  sites,  but  the  frus- 
tule  counts  gave  values  that  were  on  average  3.3 
times  higher  than  the  living-cell  counts.  This  dis- 
crepancy between  the  results  of  the  two  methods 
was  explained  by  the  fact  that  both  methods  have 
shortcomings.  Frustule  counts  include  both  living 
and  dead  diatoms,  which  are  difficult  to  separate; 
ultrasonication  may  destroy  part  of  the  cells  and 
not  detach  others  from  the  sand  grains;  fluorescent 
chloroplasts  may  be  shaded  by  particles.  General- 
ly, counting  living  cells  leads  to  under-estimation 
and  counting  frustules  to  over-estimation  of  the 
actual  density  of  viable  diatom  cells  in  the  surface 
sediment.  Both  methods  in  combination,  and  well 
calibrated  with  each  other,  offer  the  possibility  to 
simultaneously  assess  community  composition  and 
cell  density  (which  may  be  transformed  to  bio- 
mass). No  large  differences  in  species  composition 
occurred  between  sampling  sites,  but  the  small 
between-site  variation  that  did  occur  possibly 
could  have  been  related  to  sediment  characteristics 
and  macrophytic  abundance.  The  dominant  species 
in  the  samples  were  typical  small,  sediment-associ- 


ated diatoms  such  as  Achnanthes  delicatula,  Ach- 
nanthes  lemmermannii,  Amphora  pediculus,  Coc- 
coneis  cf.  diminuta,  Fragilaria  cf.  elliptica,  Fragi- 
laria  cf.  pinnata,  and  Navicula  seminulum.  (Au- 
thor's abstract) 
W9 1-05067 


PRELIMINARY  OBSERVATIONS  ON  THE  EF- 
FECTS OF  LIMING  TO  THE  FISH  POPULA- 
TIONS OF  SMALL  ACIDIC  LAKES  IN  SOUTH- 
ERN FINLAND. 

Finnish  Game  and  Fisheries  Research  Inst.,  Helsin- 
ki. Fisheries  Div. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05068 


ANTICIPATED  EFFECTS  OF  CLIMATE 
CHANGE  ON  FRESHWATER  FISHES  AND 
THEm  HABITAT. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 

Studies. 

For  primary  bibliographic  entry  see  Field  2B. 

W91-05164 


POTENTIAL  EFFECTS  OF  GLOBAL  WARM- 
ING ON  NATD/E  FISHES  OF  THE  SOUTHERN 
GREAT  PLAINS  AND  SOUTHWEST. 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05 166 


POST-SPATE  DEVELOPMENT  OF  EPILITHIC 
ALGAL  COMMUNITIES  IN  DIFFERENT  CUR- 
RENT ENVIRONMENTS. 

Louisville  Univ.,  KY.  Dept.  of  Biology. 

C.  G.  Peterson,  and  R.  J.  Stevenson. 

Canadian  Journal  of  Botany  CJBOAW,  Vol.  68, 

No.  10,  p  2092-2102,  1990.  7  fig,  1  tab,  72  ref.  NSF 

Grant  No.  Rl  18610671. 

Descriptors:  'Species  composition,  'Flash  floods, 
•Diatoms,  *Water  currents,  'Algal  growth, 
'Stream  biota,  Slow  current,  Fast  current,  Algae, 
Zygnematalean  mats,  Nutrient  concentrations. 

Development  of  epilithic  algal  communities  was 
monitored  in  fast  (29  cm/sec)  and  slow  current  (12 
cm/sec)  outdoor  experimental  stream  channels  for 
33  days  following  a  simulated  spate.  Disturbance 
reduced  diatom  densities  in  both  current  regimes 
to  equal  levels,  but  recovery  was  more  rapid  in 
slow  current.  Maximum  algal  abundances,  which 
seemed  to  reach  carrying  capacity  in  both  current 
environments,  were  lower  in  fast  current  than  in 
slow.  The  percentage  of  live  cells  in  diatom  assem- 
blages decreased  during  community  development. 
The  small,  monoraphid  diatom  Achnathes  minutis- 
sima  Kutz.  dominated  communities  in  both  current 
regimes  from  0  to  12  days,  principally  because  of 
its  persistence  on  substrata  through  disturbance. 
Post-spate  diatom  accumulation  was  more  rapid  in 
slow  current,  presumably  due  to  higher  cell  export 
in  fast  current.  Differences  in  community  structure 
between  current  regimes  during  early  (0-6  day) 
recovery  were  attributed  to  differences  in  attach- 
ment strength  and  growth  form  of  persistent  spe- 
cies. In  both  current  regimes,  initial  dominance  by 
A.  minutissima  shifted  to  dominance  by  Synedra 
species  and  dense,  floating  mats  of  zygnematalean 
green  algae.  Zygnematalean  mats  enhanced  diatom 
deposition  and  probably  reduced  water-column  nu- 
trient concentrations,  altered  light  availability,  and 
increased  habitat  heterogeneity.  Zygnematalean 
proliferation  affected  diatom  succession  in  slow  but 
not  in  fast  currents,  suggesting  that  autogenic 
changes  were  more  pronounced  in  slow-current 
habitats.  (Author's  abstract) 
W9 1-05 190 


DIFFERENTIAL  TOLERANCES  AMONG 
SOFT-WATER  MACROPHYTE  SPECIES  TO 
ACIDIFICATION. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Lab.  of 

Aquatic  Ecology. 

For  primary  bibliographic  entry  see  Field  5C. 
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DISTRIBUTION  OF  LONG-LIVED  RADIONU- 
CLIDES IN  AN  ABANDONED  REACTOR 
COOLING  RESERVOIR. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05200 


HYDROLOGIC  INFLUENCES,  DISTURB- 
ANCE, AND  INTRASPECIFIC  COMPETITION 
IN  A  STREAM  CADDISFLY  POPULATION. 

California  Univ.,  Berkeley.  Dept.  of  Entomologi- 
cal Sciences. 

J.  W.  Feminella,  and  V.  H.  Resh. 
Ecology  ECOLAR,  Vol.  71,  No.  6,  p  2083-2094, 
December  1990.  3  fig,  6  tab,  76  ref. 

Descriptors:  'Aquatic  insects,  'Hydrological 
regime,  'Caddisflies,  'Population  dynamics,  'Pop- 
ulation density,  Competition,  Larval  growth  stage, 
Rainfall,  Flood  peak,  Seasonal  variation,  Algal  bio- 


Field  observations  and  experiments  were  conduct- 
ed in  Big  Sulphur  Creek,  Sonoma  County,  Califor- 
nia, over  a  4-yr  period  to  examine  the  relationship 
between  wet-season  hydrologic  disturbance  and 
subsequent  density  of  late-instar  Helicopsyche  bo- 
realis  and  assess  the  impact  of  competition  on  this 
population  under  different  hydrologic  disturbance 
regimes.  Using  multiple  regression,  a  strong  rela- 
tionship was  found  between  spring  density  of  late 
instar  and  various  hydrologic  parameters  of  the 
preceding  wet  season  during  the  study  period, 
1985-1988.  Of  eight  hydrologic  parameters  used  as 
indices  of  disturbance,  total  wet  season  rainfall  and 
peak  discharge  together  accounted  for  42%  of  the 
variation  in  H.  borealis  density.  Densities  of  middle 
instars  of  the  next  generation  in  summer  were 
unrelated  either  to  the  preceding  wet  season  hy- 
drologic regime  or  late-instar  densities  of  the  previ- 
ous generation.  Field  experiments  conducted  in 
enclosures  using  larval  densities  that  corresponded 
to  harsh,  moderate,  and  mild  wet-season  hydrolog- 
ic regimes  indicated  that:  (1)  increases  in  larval 
density  had  a  strong  negative  effect  on  algal  bio- 
mass  (as  chlorophyll  a);  (2)  larval  density  was 
negatively  correlated  with  the  proportion  of  larvae 
that  pupated,  and  with  pupal  size;  and  (3)  the  high 
density  treatment  produced  smaller  adult  males 
and  females,  and  lower  fecundities  than  intermedi- 
ate and  low  densities.  In  most  years,  storms  and 
associated  disturbance  reduced  late-instar  density 
below  levels  of  larval  competition;  this  counteracts 
earlier  competition  among  middle  instars  that 
occurs  during  low-flow  conditions.  In  drought 
years,  however,  densities  may  not  be  reduced  as 
severely  by  wet-season  storms  and  competition 
may  continue  until  emergence.  In  this  case,  compe- 
tition can  reduce  individual  fitness,  but  because  of 
high  adult  densities  during  these  mild-disturbance 
conditions  the  reproductive  capacity  of  the  popula- 
tion is  unaffected.  (Medina-PTT) 
W9 1-05202 


PHYSICAL  AND  CHEMICAL  ANALYSIS  OF 
EGYPT'S  WADI  EL-RAIYAN  MAN  MADE 
LAKES. 

Texas  Southern  Univ.,  Houston.  Dept.  of  Chemis- 
try. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05205 


LABORATORY     AND     IN-SITU     SEDIMENT 

OXYGEN  DEMAND  DETERMINATIONS  FOR 

A  PASSAIC  RIVER  (NJ)  CASE  STUDY. 

New  Jersey  Agricultural  Experiment  Station,  New 

Brunswick. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05208 


EFFECTS  OF  ALUM  TREATMENT  ON  PHOS- 
PHORUS DYNAMICS  AND  PHYTOPLANK- 
TON  RESPONSE  IN  EAU  GALLE  RESERVOIR, 
WISCONSIN. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
For   primary  bibliographic   entry   see   Field   5G. 
W9 1 -05271 


FLOODS    THREATENING     KASHMIR     WET- 
LANDS. 

Kashmir  Univ.,   Srinagar  (India).   Centre  of  Re- 
search for  Development. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-05385 


NATURE  OF  DISSOLVED  ORGANIC  MATTER 
IN  THE  DRAINAGE  BASIN  OF  A  BOREAL 
HUMIC  RIVER  IN  NORTHERN  FINLAND. 

Oulu  Univ.  (Finland).  Dept.  of  Botany. 

K.  Heikkinen. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  649-657  ,  Oct-Dec  1990.  4  fig,  6  tab,  56 

ref. 

Descriptors:  *Cold  regions,  'Dissolved  organic 
carbon,  'Dissolved  organic  matter,  'Finland, 
'Humic  substances,  'Peat  bogs,  'Stream  chemis- 
try, 'Wetlands,  Colloids,  Drainage  effects,  Iron 
compounds,  Phosphorus  compounds. 

The  nature  of  dissolved  organic  matter  (DOM)  in 
river,  brook,  and  peat  mining  water  in  the  drainage 
basin  of  the  humic  Kiiminkijoki  River,  located  in 
an  area  of  minerotrophic  peatlands  in  northern 
Finland  in  the  boreal  region,  was  studied  by  gel 
filtration.  Special  emphasis  was  paid  to  changes  in 
the  nature  of  high  molecular  weight  organic  Fe-P 
colloids  that  result  from  peat  mining.  The  river 
water  is  organically  colored,  with  high  organic 
matter  and  Fe  concentrations.  High  apparent  mo- 
lecular weight  (HAMW)  organic  colloids  are  im- 
portant for  the  transport  of  Fe  and  P  in  the  basin. 
The  gel  filtration  data  suggest  that  the  DOM  in  the 
water  consist  mainly  of  fulvic  acids  (FA),  although 
humic  acids  (HA)  are  also  important.  The  propor- 
tion of  dissolved  organic  carbon  (DOC)  and  Fe  in 
the  HAMW  organic  colloids  increases  with  in- 
creasing DOC  and  iron  concentrations  in  river 
water.  The  apparent  molecular  weight  of  the 
DOM  is  higher  in  the  lakes  in  the  area  of  ombro- 
tropic  peatlands  in  southern  Finland.  Color  in  this 
humic  water  increases  with  DOC  and  Fe  concen- 
trations. The  effect  of  Fe  on  water  color  values 
can  be  seen  in  filtered  (  <  1.2  micron)  river  water 
and  in  all  gel  filtration  fractions.  The  results  indi- 
cate an  increase  in  the  mobilization  of  HAMW 
organic  Fe-P  colloids  in  the  peatlands  of  the  area 
following  drainage  and  peat  mining.  The  average 
ratio  of  Fe  to  DOC  in  the  HAMW  organic  fraction 
is  higher  in  peat  mining  water  than  in  the  Keiha- 
soja  brook  in  a  natural  peaty  area.  It  is  possible  that 
the  Fe  to  DOC  ratio  in  these  colloids  transported 
in  the  river  increases  following  drainage  and  peat 
mining,  especially  under  low  flow  conditions  in  the 
summer.  This  may  lead  to  gradual  changes  in  the 
detritus  food  webs  in  the  river  ecosystem.  (Au- 
thor's abstract) 
W9 1-05394 


STUDIES  OF  A  SUBARCTIC  COASTAL 
MARSH.  III.  MODELLING  THE  SUBSURFACE 
WATER  FLUXES  AND  CHLORIDE  DISTRIBU- 
TION. 

Memorial    Univ.    of   Newfoundland,    St.    John's. 

Dept.  of  Geography. 

J.  S.  Price,  and  M.-K.  Woo. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p  1-13,  December  1990.  7  fig,  1  tab,  14  ref. 

Descriptors:  'Advection,  'Coastal  marshes, 
•Groundwater  movement,  'Mathematical  models, 
•Model  studies,  'Saline-freshwater  interfaces, 
•Wetlands,  Beach  profiles,  Finite  difference  meth- 
ods, Finite  element  method,  Fluctuations,  Saline 
water,  Salinity,  Simulation  analysis,  Solute  trans- 
port, Water  chemistry. 

A  two-dimensional  advection  dispersion  model  of 
solute  transport  was  used  to  simulate  the  long-term 
changes  in  the  chloride  distribution  of  the  young 
isostatically  raised  beach  ridge  and  depression  se- 
quences in  a  James  Bay  coastal  marsh.  The  USGS- 
SUTRA  model  reproduces  the  hydraulic  condi- 
tions in  the  wetland,  causing  recharge  of  freshwa- 
ter to  the  ridges  and  discharge  of  saline  water  to 
the  inter-ridge  depressions,  demonstrating  the  im- 
portance of  vertical  water  fluxes  of  water  and 
chloride.  Even  though  water  velocities  are  very 
low,  molecular  diffusion  alone  cannot  explain  the 


observed  chloride  distribution.  Imposing  the  char- 
acteristics of  a  frozen  surface  during  winter  elimi- 
nated the  vertical  fluxes,  and  doubled  the  time 
required  for  the  simulated  chloride  distribution  to 
match  the  field  data.  The  model  correctly  predicts 
the  observed  pattern  of  suppressed  salinity  beneath 
the  ridges  and  a  general  decrease  of  salinity  with 
distance  inland.  The  results  are  useful  in  under- 
standing the  processes  which  operate  in  the  first 
100  years  of  marsh  development.  (See  also  W89- 
06459  and  W89-06460)  (Author's  abstract) 
W9 1-05427 


NUTRIENTS  AND  PHYTOPLANKTON  IN  THE 
GULF  OF  LIONS,  NORTHWESTERN  MEDI- 
TERRANEAN. 

Consejo  Superior  de  Investigaciones  Cientificas, 

Gerona  (Spain).  Centro  de  Estudios  Avanzados  de 

Blanes. 

A.  Cruzado,  and  Z.  R.  Velasquez. 

Continental  Shelf  Research  CSHRDZ,  Vol.    10, 

No.  9/11,  p  931-942,   1990.  7  fig,   1  tab,  21  ref. 

Descriptors:  *Gulf  of  Lions,  •  Mediterranean  Sea, 
•Nutrients,  'Phytoplankton,  Coastal  waters,  Dia- 
toms, Discharge  rates,  Freshwater,  Population 
density,  Primary  productivity,  Saline-freshwater 
interfaces,  Seasonal  distribution,  Seawater,  Stream 
discharge. 

The  mostly  oligotrophic  character  of  the  Mediter- 
ranean Sea  is  altered  drastically  in  areas  receiving 
outflow  from  large  rivers.  The  Gulf  of  Lions, 
receiving  discharges  from  the  Rhone  River,  has 
nutrient  and  phytoplankton  concentrations  much 
higher  than  the  adjacent  open  northwestern  Medi- 
terranean Sea.  A  surface  layer  of  freshwater,  with 
thickness  that  varies  with  the  meteorological  con- 
ditions between  2  and  40  m,  overlies  the  deeper 
open  seawater  and  is  advected  onto  the  shelf  and 
influences  an  area  that  covers  the  eastern  half  of 
the  Gulf  of  Lions.  Most  of  the  waters  affected  by 
the  river  discharges  show  property  relationships 
indicating  conservative  behavior,  with  very  little 
or  no  loss  of  nutrients  through  phytoplankton 
uptake,  particularly  in  winter.  Phytoplankton  pop- 
ulations in  winter  are  sparse,  with  maximum  densi- 
ties just  above  and  below  the  boundary  between 
the  freshwater  and  seawater.  Diatoms  are  the  main 
group  of  organisms,  although  dinoflagellates,  coc- 
colithophorids  and  cyanobacteria  are  abundant. 
Small  heterotrophs  (ciliates,  tintinnids,  etc.)  are 
also  abundant  and  are  positively  correlated  with 
the  diatoms.  A  water  balance  mode  links  the  river 
discharge  to  the  advective  fluxes  of  water  and 
nutrients  and  the  primary  productivity  supported 
by  these  fluxes  is  estimated.  (Author's  abstract) 
W9 1-05455 


FORMATION,  COLONIZATION  AND  FATE 
OF  FLOATING  SUDDS  IN  THE  MAUNA- 
CHIRA  RIVER  SYSTEM  OF  THE  OKAVANGO 
DELTA,  BOTSWANA. 

University   of  the   Witwatersrand,   Johannesburg 

(South  Africa).  Dept.  of  Botany. 

K.  Ellery,  W.  N.  Ellery,  K.  H.  Rogers,  and  B.  H. 

Walker. 

Aquatic  Botany  AQBODS,  Vol.  38,  No.  4,  p  315- 

329,  December  1990.  5  fig,  1  tab,  32  ref. 

Descriptors:  'Aquatic  plants,  'Botswana,  'Coloni- 
zation, 'Plant  growth,  'Sudds,  'Wetlands,  Aggre- 
gates, Floating  mats,  Organic  matter,  Seasonal  var- 
iation. 

The  term  'sudd'  is  presently  used  to  describe  any 
floating  vegetation  mat  in  a  wetland  system.  Two 
types  of  sudds,  organic  and  plant  sudds,  form  in 
the  back-swamp  communities  of  the  Maunachira 
river  system  in  the  Okavango  Delta,  Botswana. 
The  seasonal  pattern  of  organic  sudd  formation, 
their  permanence,  plant  species  colonization  and 
the  effect  of  disturbance  on  sudd  movement  were 
investigated.  Floating  organic  sudds,  which  form 
as  a  result  of  gas  production  in  the  benthic  detntal 
aggregate,  provide  an  exposed  surface  for  plant 
colonization.  The  sequence  of  establishment  of 
plants  was  found  to  be  determined  largely  by  the 
input  of  propagules  from  the  surrounding  commu- 
nities after  exposure.   The  organic  sudds  of  the 
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Maunachira  back  swamps  tend  to  form,  or  rise  to 
the  surface,  during  the  summer  and  sink  again 
during  the  winter  months.  This  is  probably  the 
result  of  seasonal  changes  in  the  rate  of  microbial 
gas  production.  The  sudds  are  extremely  mobile 
and,  as  a  result  of  wind  action,  bank  up  on  the 
leeward  side  of  the  water  body.  Rates  of  encroach- 
ment across  open  water  are  variable  and  relatively 
slow  (0.02-0.17  m/year).  A  more  rapid  rate  of 
encroachment  (1.46  m/year)  is  achieved  in  plant 
sudd  formation  by  the  vegetative  growth  of  the 
sudd-forming  sedge  Pycreus  nitidus  (Lam.)  J. 
Raynal.  This  species  requires  physical  support  for 
stolon  extension  which  is  provided  by  unconsoli- 
dated benthic  detrital  aggregations  or  the  sub- 
merged plant  Websteria  confervoides  (Poir.) 
Hooper  which  forms  a  base  mat  near  the  water 
surface.  Both  the  organic  and  the  plant  sudds  play 
an  important  role  in  determining  community  proc- 
esses as  they  serve  to  provide  a  surface  for  the 
establishment  of  short  emergent  species  which 
would  otherwise  not  become  established.  (Agos- 
tine-PTT) 
W91-05485 


TOXICITY  OF  CHROMIUM  (VI)  TO  PHOTO- 
SYNTHESIS OF  THE  PHYTOPLANKTON  AS- 
SEMBLAGE OF  LAKE  ERIE  AND  THE 
DIATOM  FRAGDLARIA  CROTONENSIS 
KITTON. 

Windsor  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05486 


INFLUENCE  OF  TEMPERATURE,  LIGHT 
AND  NUTRIENT  LIMITATION  ON  ANTHO- 
CYANTN  CONTENT  OF  POTAMOGETON 
GRAMINEUS  L. 

Agricultural  Research  Service,  Davis,  CA.  Aquat- 
ic Weed  Control  Research  Lab. 
D.  F.  Spencer,  and  G.  G.  Ksander. 
Aquatic  Botany  AQBODS,  Vol.  38,  No.  4,  p  357- 
367,  December  1990.  3  fig,  7  tab,  14  ref. 

Descriptors:  *Aquatic  plants,  *Light  effects,  ♦Lim- 
nology, *Macrophytes,  'Nutrients,  'Pigments, 
•Potamogeton,  'Temperature  effects,  Anthoe- 
ganin,  California,  Canals,  Chlorophyll,  Iron,  Nitro- 
gen, Phosphorus,  Sediment  analysis. 

The  factor  (or  factors)  responsible  for  the  develop- 
ment of  the  reddish-brown  color  by  Byrnes  Canal 
(in  northern  California)  populations  of  Potamoge- 
ton gramineus  L.  was  investigated.  Field  measure- 
ments and  experiments  designed  to  assess  the  roles 
of  nutrient  limitation,  temperature  and  light  in 
influencing  the  anthocyanin  content  of  Potomoge- 
ton.  gramineus  were  used.  Results  indicate  the 
reddish-brown  color  was  due  to  the  presence  of 
anthocyanin  pigments.  Tissue  N  and  P  were  posi- 
tively correlated  with  relative  anthocyanin  con- 
tent. This  suggests  that  anthocyanins  did  not  accu- 
mulate due  to  N  or  P  limitation.  The  anthocyanin 
content  of  P.  gramineus  grown  in  Byrnes  Canal 
sediment,  in  the  canal  or  in  a  greenhouse,  was  also 
unaffected  by  the  addition  of  N,  P,  or  N  and  P. 
Inorganic  N  concentrations  in  sediment  samples 
from  the  Byrnes  Canal  were  greater  than  11  mg/ 
kg,  which  was  the  level  of  inorganic  N  associated 
with  increased  anthocyanin  production  in  a  green- 
house study.  The  addition  of  Fe  to  Byrnes  Canal 
sediments  did  not  influence  the  relative  antho- 
cyanin content  of  P.  gramineus  grown  in  the  canal. 
P.  gramineus  grown  at  25  combinations  of  temper- 
ature (10,15,  25,  30  and  35  C)  and  light  (8,15,22,58 
and  189  micromole/sq  m/s)  in  laboratory  cultures 
exhibited  greater  changes  in  relative  chlorophyll 
content  than  in  relative  anthocyanin  content.  In 
general,  chlorophyll  decreased  sharply  with  in- 
creasing light  while  anthocyanin  increased  slightly. 
In  the  context  of  the  light  and  temperature  condi- 
tions prevalent  in  the  Byrnes  Canal,  the  reddish- 
brown  color  of  P.  gramineus  appears  to  be  the 
consequence  of  a  decrease  in  relative  chlorophyll 
content  which  unmasks  the  anthocyanins.  (Au- 
thor's abstract) 
W9 1-05487 


UPTAKE  AND  PHOTOSYNTHETIC  UTILIZA- 
TION OF  SEDIMENT-DERIVED  CARBON  BY 


PHRAGMITES  AUSTRALIS  (CAV.)  TRIN.  EX 
STEUDEL. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 

H.  Brix. 

Aquatic  Botany  AQBODS,  Vol.  38,  No.  4,  p  377- 

389,  December  1990.  5  fig,  2  tab,  19  ref.  Danish 

Natural  Science  Research  Council,  Project  No.  1 1- 

4591. 

Descriptors:  'Carbon,  'Limnology,  'Marsh  plants, 
•Photosynthesis,  'Phragmites,  'Roots,  'Sediment 
chemistry,  'Wetlands,  Absorption,  Carbon  diox- 
ide, Carbon  radioisotopes,  Interstitial  water,  Plant 
tissues,  Rhizosphere. 

Uptake  of  dissolved  inorganic  carbon  (DIC)  by 
roots  and  rhizomes  of  Phragmites  australis  (Cav.) 
Trin.  ex  Steudel  and  the  subsequent  internal  trans- 
port and  photosynthetic  fixation  were  studied  by 
adding  C-14  labelled  DIC  to  the  rhizosphere  inter- 
stitial water  and  then  monitoring  the  C-14  activity 
in  the  interstitial  water,  lacunal  air  and  the  differ- 
ent plant  tissues  over  the  following  70  hours.  Inter- 
stitial water  C-14  carbon  dioxide  diffused  into  the 
lacunae  of  the  root  system  and  upward  within  the 
hollow  stems  of  the  plant.  The  amount  of  C-14  in 
all  parts  of  the  plant  increased  with  time.  The 
concentration  was  highest  in  the  basal  parts  of  the 
plant  and  decreased  with  distance  from  the  sub- 
strate. Culm  nodes  and  inter-nodes  generally  con- 
tained more  C-14  than  leaf  sheaths  and  leaf  la- 
minae. The  data  suggest  that  sediment-derived 
carbon  is  predominantly  transported  via  the  lacu- 
nae to  the  aerial  tissues  as  gaseous  C02  where  it  is 
fixed  photosynthetically  by  green  culms  and  leaf 
sheaths.  Sediment-derived  carbon  constituted  less 
than  1%  of  the  amount  of  carbon  fixed  from  the 
atmosphere  by  the  aerial  plant  tissues.  Apparently, 
the  loss  of  root  respiratory  C02  to  the  rhizosphere 
interstitial  water  quantitatively  exceeded  the  root 
C02  uptake.  It  is  suggested  that  the  utilization  of 
sediment-derived  carbon  may  be  of  significance  for 
young  sprouting  roots.  (Author's  abstract) 
W9 1-05489 


GEOCHEMISTRY  OF  BLACK  WATER  IN  SE- 
LECTED COASTAL  STREAMS  OF  THE 
SOUTHEASTERN  UNITED  STATES. 

Georgia  Univ.,  Athens.  Dept.  of  Agronomy. 
K.  H.  Tan,  R.  A.  Leonard,  L.  E.  Asmussen,  J.  C. 
Lobartini,  and  A.  R.  Gingle. 

Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  17/18,  p  1999-2016, 
1990.  6  fig,  4  tab,  31  ref. 

Descriptors:  'Blackwater  streams,  'Coastal 
streams,  'Geochemistry,  'Humic  acids,  'Water 
chemistry,  'Water  quality,  Ammonia,  Chemical 
analysis,  Chlorides,  Conductivity,  Dissolved  solids, 
Fulvic  acids,  Georgia,  Ions,  Little  River,  Nitrates, 
Nuclear  magnetic  resonance,  Seasonal  variation, 
Sodium,  Spectroscopy,  X-ray  diffraction. 

An  investigation  was  conducted  in  a  watershed 
formed  by  the  tributaries  of  the  Little  River  in 
South  Georgia  to  study  the  nature  of  the  humic 
and  inorganic  fractions  of  black  water,  and  their 
influence  on  stream  water  quality.  Large  amounts 
of  black  colored  water  were  sampled  from  1983  to 
1984  according  to  streamflow  pattern  in  Decem- 
ber, March,  June  and  September.  Measurements  of 
air  and  water  temperature  and  dissolved  oxygen 
were  made  at  the  gaging  sites,  whereas  water 
analysis  for  conductivity,  CI,  N03-N,  NH4-N,  P 
and  total  N,  and  other  macro  and  micro-elements 
were  conducted  in  the  laboratory.  Fulvic  (FA)  and 
humic  acid  (HA)  were  isolated  from  the  water 
samples,  and  analyzed  by  infrared  and  13-C  NMR 
spectroscopy.  Suspended  clay  from  the  water  sam- 
ples was  collected  and  determined  by  x-ray  diffrac- 
tion analysis.  The  results  showed  that  black  water 
was  characterized  by  low  conductivity  and  low 
ion  concentrations  indicating  satisfactory  chemical 
quality.  The  Na  content  was  half  the  amount  of 
other  rivers  in  the  Southeastern  United  States, 
whereas  the  K  content  was  similar  to  the  world 
average.  A  seasonal  fluctuation  was  noticed  for  Ca 
and  Mg  concentration.  The  increase  of  these  ions 
during  high  streamflow  in  spring  and  summer  was 
attributed  to  agricultural  practices  in  the  surround- 
ing lands.  Dissolved  organic  matter  (DOM)  con- 
centration was  highest  in  December  during  low 


streamflow.  As  DOM  content  decreased  during 
high  streamflow,  water  pH  increased.  A  large  part 
of  the  humified  DOM  was  composed  of  fulvic 
acid,  which  was  more  aromatic  in  nature  than  soil- 
fulvic  acid  as  determined  by  13-C  NMR.  The 
suspended  clay  had  a  composition  reflecting  the 
clay  mineralogy  of  Tifton  soils  in  the  surrounding 
uplands.  It  is  believed  that  the  Tifton  soil,  with  its 
low  activity  clay  and  hence  low  cation  exchange 
capacity.may  not  be  able  to  buffer  the  effect  of 
acid  leaching  of  black  water.  (Author's  abstract) 
W9 1-05  562 


CHARACTERISTICS  OF  A  MARSHLAND  SOIL 
BUILT  UP  FROM  MARINE  AND  PEAT  MATE- 
RIAL. 

Oldenburg  Univ.  (Germany,  F.R.).  Dept.  of  Biol- 
ogy- 

L.  Giani,  and  D.  Giani. 

Geoderma  GEDMAB,  Vol.  47,  No.  1/2,  p  151- 
157,  August  1990.  2  fig,  2  tab,  25  ref.  Deutsche 
Forschungsgemeinschaft  Grants  Ge-322/6-1  and 
Kr-333/23-1. 

Descriptors:  'Marine  sediments,  'Marshes,  'Peat, 
Acidification,  Germany,  Humic  acids,  Hydrogen 
ion  concentration,  Organic  matter,  Soil  chemistry, 
Soil  properties,  Sulfur  compounds,  Vegetation, 
Wetlands. 

The  marine  marshland  area  seaward  of  the  Sehes- 
tedter  Aussendeichsmoor  is  built  up  from  marine 
and  moor  peat  material.  Properties  of  the  soil, 
which  can  be  regarded  as  Humic  Fluvisol,  result- 
ing from  these  unique  sedimentation  conditions 
were  investigated.  The  site  consists  of  areas  domi- 
nated by  Puccinella,  areas  showing  Spartina  and 
Salicomia,  areas  without  vegetation  and  water- 
covered  spots.  Soil  sampling  was  performed  using 
a  corer  in  an  area  covered  by  halophytes,  near  an 
area  without  vegetation.  The  sample  site  was  rep- 
resentative of  the  very  early  stages  of  soil  develop- 
ment in  this  area,  characterized  by  an  initial  occur- 
rence of  a  Gor  horizon.  Results  indicate  the  Humic 
Fluvisol  investigated  is  characterized  by  (1)  sulfate 
depletion  leading  to  intensive  methanogenesis,  (2) 
carbonate  depleted  soil  sections  and  reduced  pH 
values,  and  (3)  high  amounts  of  reduced  sulfur 
compounds.  With  respect  to  further  development, 
a  quick  acidification,  leading  to  soil  properties 
which  are  characteristic  of  older,  but  not  currently 
seawater-influenced  Humic  Fluvisols,  can  be  ex- 
pected. It  seems  likely  that  these  older  Humic 
Fluvisols  initially  developed  under  marine  condi- 
tions. (Agostine-PTT) 
W9 1-05568 


SHORT-RANGE  ATMOSPHERIC  TRANS- 
PORT: A  SIGNIFICANT  SOURCE  OF  PHOS- 
PHORUS TO  AN  OLIGOTROPHY  LAKE. 

New  York  Botanical  Garden,  Bronx,  NY.  Inst,  of 
Ecosystem  Studies. 

J.  J.  Cole,  N.  F.  Caraco,  and  G.  E.  Likens. 
Limnology  and  Oceanography  LIOCAH,  Vol.  35, 
No.  6,  p  1230-1237,  September  1990.  5  fig,  3  28  ref. 
NSF  Grants  No.  BSR  85-16897  and  BSR-89-17962. 

Descriptors:  'Atmospheric  circulation,  'Dry  dep- 
osition, 'Limnology,  'New  Hampshire,  'Nutri- 
ents, 'Oligotrophic  lakes,  'Phosphorus,  Rainfall, 
Seasonal  distribution,  Seasonal  variation,  Stream- 
flow. 

During  summer  stratification,  particles  transported 
by  wind  from  surrounding  forest  were  a  major 
source  of  phosphorus  into  Mirror  Lake,  a  small, 
oligotrophic  lake  in  New  Hampshire.  These  parti- 
cles consisted  largely  of  terrestrial  insects,  insect 
parts,  and  plant  fragments  of  various  sizes.  This 
atmospheric  fallout  of  phosphorus  was  greatest 
near  the  shoreline  and  decreased  exponentially 
with  increasing  distance  from  shore.  Integrated  for 
the  entire  15  ha  lake,  it  represented  an  input  of 
approximately  11  to  13  micromol  phosphorus/sq 
m/day  of  lake  surface  in  midsummer.  The  input  of 
phosphorus  from  atmospheric  fallout  was  highly 
significant  in  the  summer  phosphorus  economy  of 
the  lake  and  was  50-fold  to  70-fold  greater  than  the 
input  of  phosphorus  in  either  streamflow  or  rainfall 
in  the  same  period.  (Author's  abstract) 
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ALKALINITIES  OF  MAINE  LAKES:  ARE 
THEY  REALLY  CHANGING. 

Maine  Univ.,  Orono.  Dept.  of  Geological  Sciences. 
R.  E.  Stauffer. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 
No.  6,  p  1238-1257,  September  1990.  4  fig,  7  tab,  49 
ref.  OWRT  Grant  5-6^4942. 

Descriptors:  'Acid  rain  effects,  'Alkalinity, 
•Lakes,  'Maine,  'Sulfates,  'Water  quality,  'Wis- 
consin, Carbon  dioxide,  Carbonates,  Error  analy- 
sis, Hydrogen  ion  concentration,  Hypolimnion, 
Mathematical  models,  Model  studies,  Oxygen  defi- 
cit, Seasonal  distribution,  Temperature  effects,  Wa- 
tersheds, Weather. 

Alkalinity  changes  between  1938-1944  and  1985 
were  evaluated  for  Maine  lakes  in  granitic  water- 
sheds. Modern  (late  summer  1985)  Gran  alkalinities 
for  the  hypolimnion  were  compared  with  historical 
alkalinities.  With  modern  data  for  representative 
Maine  lakes  and  historic  (1932)  data  on  dissolved 
gases  reported  for  northern  Wisconsin  lakes,  the 
apparent  respiratory  quotient  relating  change  in 
carbon  dioxide  to  change  in  oxygen  is  0.92.  A 
mathematical  model  yields  alkalinity  estimates 
with  a  relative  root-mean-square  (RMS)  error  of 
approximately  15%.  The  alkalinities  of  the  Maine 
lakes  have  increased  by  15  to  50  microeq/L 
(>30%)  since  the  original  surveys.  Lake  alkaliza- 
tion  is  not  the  result  of  differences  in  antecedent 
weather,  since  abnormally  dry  weather  predating 
1942  would  have  acted  to  elevate  alkalinities.  It  is 
hypothesized  that  the  alkalinity  increases  in  Maine 
lakes  resulted  from  changes  in  atmospheric  deposi- 
tion of  acidifying  anions  since  World  War  II.  The 
alkalinity  changes  registered  by  the  Maine  lakes 
over  a  45-yr  period  are  in  general  accord  with 
predictions  that  might  have  been  made  based  on 
fossil  fuel  usage  inventories  and  the  monitoring  of 
benchmark  streams  in  undisturbed  forested  catch- 
ments. The  evidence  suggests  that  New  England 
has  entered  the  sulfate  'washout  stage'  accompany- 
ing the  early  recovery  phase  in  contemporary  wa- 
tershed models.  (Brunone-Pl  1) 
W91-05579 


SULFUR  CYCLE  OF  FRESHWATER  SEDI- 
MENTS: ROLE  OF  THIOSULFATE. 

Aarhus  Univ.  (Denmark).   Inst,  of  Ecology  and 

Genetics. 

B.  B.  Jorgensen. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  6,  p  1329-1342,  September  1990.  5  fig,  38  ref. 

Danish  Natural  Science  Research  Council  Grants 

11.6308  and  11.6711. 

Descriptors:  'Biochemistry,  'Limnology,  'Sedi- 
ment chemistry,  'Sulfates,  'Sulfur  cycle,  'Thiosul- 
fates,  'Water  chemistry,  Bacterial  physiology,  Bra- 
brand  Lake,  Hydrogen  sulfide,  Odder  River,  Oxi- 
dation, Reduction,  Sulfur  bacteria. 

The  formation  and  pathways  of  thiosulfate  in 
anoxic  sediment  were  studied  in  the  Odder  River 
and  Brabrand  Lake,  Denmark.  Time-course  experi- 
ments were  done  in  slurries  with  four  35S  tracers: 
S04(2-),  H2S,  and  thiosulfate  with  either  the  inner 
(oxidized)  or  the  outer  (reduced)  S  atom  labeled. 
The  two  sediments  gave  similar  results.  Of  all  the 
thiosulfate  consumed  in  Brabrand  Lake  sediment, 
6%  was  oxidized,  50%  was  reduced,  and  44%  was 
disproportionated.  Thiosulfate  disproportionation 
is  an  inorganic  fermentation  in  certain  S04(2-)- 
reducing  bacteria  by  which  the  inner  and  outer  S 
atoms  are  simultaneously  transformed  into  S04{2-) 
and  72%  was  converted  into  sulfide.  Thiosulfate 
inhibited  S04(2-)  reduction  by  75%.  The  immedi- 
ate products  of  anoxic  sulfide  oxidation  were  34% 
S04(2-)  and  66%  thiosulfate.  Half  of  the  oxidized 
sulfide  was  ultimately  converted  into  S04(2-)  and 
half  was  recycled  back  to  sulfide  via  thiosulfate. 
Two-thirds  of  the  S  in  the  sulfide-thiosulfide  mini- 
cycle  remained  at  an  oxidation  state  of  -2.  Thiosul- 
fate is  thus  a  key  intermediate  in  the  sulfur  cycle, 
both  as  a  main  product  of  anoxic  sulfide  oxidation 
and  as  a  shunt  between  oxidative  and  reductive 
pathways.  (Author's  abstract) 
W91-05583 


DIFFUSIVE  BOUNDARY  LAYER  OF  SEDI- 
MENTS: OXYGEN  MICROGRADIENTS  OVER 
A  MICROBIAL  MAT. 

National  Aeronautics  and  Space  Administration, 
Moffett  Field,  CA.  Ames  Research  Center. 
B.  B.  Jorgensen,  and  D.  J.  Des  Marais. 
Limnology  and  Oceanography  LIOCAH,  Vol.  35, 
No.  6,  p  1343-1355,  September  1990.  9  fig,  20  ref. 
Danish  Natural  Science  Research  Council  Grant 
81.5919. 

Descriptors:  'Boundary  layers,  'Diffusion,  'Flow 
velocity,  'Limnology,  'Microorganisms,  'Oxygen 
gradients,  'Saline  ponds,  'Sediment  chemistry, 
•Sediment-water  interfaces,  Oxygen  requirements, 
Oxygen  uptake,  Surface  topography. 

Oxygen  microelectrodes  were  used  to  analyze  the 
distribution  of  the  diffusive  boundary  layer  (DBL) 
at  the  sediment-water  interface  in  relation  to  sur- 
face topography  and  flow  velocity.  The  sediment, 
collected  from  saline  ponds,  was  covered  by  a 
microbial  mat  that  had  a  high  oxygen  consumption 
rate  and  well-defined  surface  structure.  Diffusion 
through  the  DBL  constituted  an  important  rate 
limitation  to  the  oxygen  uptake  of  the  sediment. 
The  mean  effective  DBL  thickness  decreased  from 
0.59  to  0. 16  mm  as  the  flow  velocity  of  the  overly- 
ing water  was  increased  from  0.3  to  7.7  cm/sec 
(measured  1  cm  above  the  mat).  The  oxygen 
uptake  rate  concurrently  increased  from  3.9  to  9.4 
nmol/sq  cm/min.  The  effects  of  surface  roughness 
and  topography  on  the  thickness  and  distribution 
of  the  DBL  were  studied  by  three-dimensional 
mapping  of  the  sediment-water  interface  and  the 
upper  DBL  boundary  at  0.1  mm  spatial  resolution. 
The  DBL  boundary  followed  mat  structures  that 
had  characteristic  dimensions  >  1/2  DBL  thick- 
ness but  the  DBL  had  a  dampened  relief  relative  to 
the  mat.  The  effective  surface  area  of  the  sediment- 
water  interface  and  of  the  upper  DBL  boundary 
were  31  and  14%  larger,  respectively,  than  a  flat 
plane.  Surface  topography  thereby  increased  the 
oxygen  flux  across  the  sediment-water  interface  by 
49%  relative  to  a  one-dimensional  diffusion  flux 
calculated  from  the  vertical  oxygen  microgra- 
dients.  (Author's  abstract) 
W91-05584 


NITROGENOUS  NUTRIENT  TRANSFERS  IN 
OYSTER  PONDS:  ROLE  OF  SEDIMENT  IN 
DEFERRED  PRIMARY  PRODUCTION. 

Centre  de  Recherche  en  Ecologie  Marine  et  Aqua- 
culture,  Nieul  sur  Mer  (France). 
J.  M.  Sornin,  Y.  Collos,  D.  Delmas,  M.  Feuillet- 
Girard,  and  D.  Gouleau. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 
68,  No.  1/2,  p  15-22,  December  15,  1990.  6  fig,  2 
tab,  37  ref.  PIREN-CNRS  Grant  82-636. 

Descriptors:  'Cycling  nutrients,  'Nitrogen  cycle, 
•Nutrient  transport,  'Oyster  ponds,  'Primary  pro- 
ductivity, 'Sediment  chemistry,  Algal  growth, 
Ammonia,  Biomass,  Dissolved  solids,  Particulates, 
Phytoplankton,  Seasonal  variation,  Tidal  effects. 

An  oyster  pond  was  studies  that  has  a  natural 
sediment  bottom  and  in  which  water  is  changed 
only  once  or  twice  every  month  depending  on 
tidal  height.  Between  successive  water  renewals, 
the  pond  is  a  closed  system,  equivalent  to  a  batch 
culture  in  which  sinking  and  biodeposition  of  par- 
ticulate matter  are  the  only  sources  of  organic 
matter  to  the  bottom.  Particulate  organic  matter 
enrichment  of  the  sediment  in  winter  is  followed 
by  intensive  ammonification  in  summer  with  very 
limited  nitrification.  Seasonal  nitrogen  budgets  in- 
volving particulate  and  dissolved  phases  show  that 
in  summer  during  batch  mode  periods,  ammonium 
enrichment  from  the  sediment  to  the  overlying 
water  is  an  order  of  magnitude  higher  than  the 
initial  nutrient  supply  in  the  feed  water.  This 
allows  a  large  increase  of  the  phytoplankton  bio- 
mass. The  term  deferred  primary  production  is 
suggested  for  this  phenomenon  because  of  the  sea- 
sonal lag  between  particulate  nitrogen  deposition 
and  dissolved  nitrogen  fluxes  from  the  sediment. 
(Author's  abstract) 
W91-05589 


EXCRETION  OF  ORGANIC  CARBON  BY  PHY- 
TOPLANKTON:  ITS   RELATION   TO   ALGAL 


BIOMASS,    PRIMARY    PRODUCTIVITY   AND 

BACTERIAL    SECONDARY    PRODUCTIVITY 

IN  THE  BALTIC  SEA. 

Tvarminne  Zoological  Station  (Finland). 

R.  Lignell. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

68,  No.  1/2,  p  85-99,  December  15,  1990.  8  fig,  6 

tab,  80  ref. 

Descriptors:  'Algal  growth,  'Bacterial  productivi- 
ty, 'Baltic  Sea,  'Biomass,  'Finland,  'Organic 
carbon,  'Phytoplankton,  'Primary  productivity, 
Carbon  cycle,  Carbon  radioisotopes,  Carbon  trans- 
port, Exudation,  Gel  filtration,  Thymidine. 

In  1985,  algal  biomass,  primary  productivity  (in- 
corporation of  14C,  acidified  water  sample),  excre- 
tion of  organic  matter  (exudation),  and  bacterial 
secondary  productivity  were  followed  off  the 
southwest  of  Finland,  in  the  northern  Baltic  Sea. 
Molecular  size  fractionation  of  the  dissolved  (net) 
excreted  organic  carbon  pool  (EOC)  was  carried 
out  by  gel  filtration.  During  the  phytoplankton 
growth  season  the  mean  algal  standing  stock  was 
0.54  g  C/sq  m,  and  picoalgae  (<2  microm)  repre- 
sented on  average  17%  of  the  total  algal  biomass. 
The  primary  production  was  84.2  g  C/sq  m/yr. 
Annual  EOC  and  total  exudation  (EOC  plus  bacte- 
rial uptake  of  exudates)  values  amounted  to  4.6  and 
7. 1  %  of  primary  production;  at  the  same  time,  the 
net  and  total  exudation  averaged  7.5  and  10.8%  of 
the  current  phytoplankton  carbon  biomass  per  day. 
Net  bacterial  production  in  the  trophogenic  layer 
was  12.1  g  C  /sq  m/yr  (tritiated  thymidine 
method)  or  38.4  g  C  /sq  m/yr  (dark  carbon- 14 
labeled  uptake);  hence,  assuming  an  assimilation 
efficiency  of  50%,  bacteria  were  able  to  satisfy  25 
or  8%  of  their  carbon  demand  via  exudate  uptake. 
Throughout  the  productive  period,  EOC  consisted 
mainly  of  compounds  of  300  to  600  daltons;  larger 
compounds  (1500  and  >  10,000  daltons)  were  also 
observed.  On  the  basis  of  the  size  of  the  excreted 
compounds,  exudation  probably  took  place  via  me- 
diated transport  across  the  algal  cell  membrane, 
rather  than  via  passive  leakage  from  the  cell.  (Au- 
thor's abstract) 
W91-05590 


SEASONAL  CONTRASTS  IN  DPJRNAL 
CARBON  INCORPORATION  BY  PHYTO- 
PLANKTON SIZE  CLASSES  OF  THE  COAST- 
AL PLUME  OF  CHESAPEAKE  BAY. 

Salisbury  State  Univ.,  MD.  Dept.  of  Biological 

Sciences. 

T.  W.  Jones,  T.  C.  Malone,  and  S.  Pike. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

68,  No.  1/2,  p  129-136,  December  15,  1990.  6  fig,  4 

tab,  35  ref.  NSF  Grants  84-06526  and  OCE  87- 

16909. 

Descriptors:  'Carbon  cycle,  'Chesapeake  Bay, 
'Diurnal  variation,  'Estuarine  environment,  'Phy- 
toplankton, 'Seasonal  variation,  Biomass,  Nutrient 
uptake,  Periodicity,  Polysaccharides,  Primary  pro- 
ductivity, Proteins. 

Diurnal  variations  in  patterns  of  carbon  fixation  by 
phytoplankton  size  classes  in  the  coastal  plume  of 
the  Chesapeake  Bay  were  compared  during  season- 
al extremes  in  freshwater  flow  and  nutrient  dis- 
charge. The  diurnal  mean  chlorophyll-specific  pro- 
ductivity (PB)  for  net  and  nanoplankton  was  corre- 
lated closely  to  temperature  with  the  amplitude  of 
diurnal  variation  in  PB  being  minimal  in  April, 
higher  in  June,  and  maximal  in  August  for  both 
size  classes.  However,  nanoplankton  PB  increased 
more  rapidly  and  was  significantly  higher  than 
netplankton  PB  in  August.  Biomass  carbohydrate/ 
protein  ratios  were  consistently  higher  in  netplank- 
ton than  in  nanoplankton  and  from  April  to  August 
the  magnitude  of  the  ratio  decreased  for  both  size 
classes  (2.35  to  1.23  and  0.85  to  0.58,  respectively). 
Carbon  incorporation  into  biochemical  fractions 
was  significantly  correlated  with  productivity. 
Carbon  incorporation  into  protein  and  polysaccha- 
ride exhibited  greater  diurnal  periodicity  during 
June  and  August  when  PB  was  correlated  to  solar 
radiation,  respectively  decreasing  and  increasing 
with  increasing  radiation  during  both  months  and 
in  both  size  classes.  Diurnal  polysaccharide  synthe- 
sis was  highest  relative  to  productivity  in  nano- 
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plankton  during  June  when  nanoplankton  dominat- 
ed the  phytoplankton  biomass,  and  likewise,  net 
plankton  polysaccharide  synthesis  was  highest 
during  August  when  net  plankton  dominated.  Re- 
sults suggest  that  these  high  diurnal  rates  of  poly- 
saccharide synthesis  set  the  stage  for  higher  rates 
of  nocturnal  protein  synthesis  and  biomass  produc- 
tion by  nanoplankton  during  June  and  by  net 
plankton  during  August.  (Author's  abstract) 
W91-05591 


POPULATION  GROWTH  AND  EFFECTS  OF 
NEMATODES    ON    NUTRIENT    REGENERA- 
TION AND  BACTERIA  ASSOCIATED  WITH 
MANGROVE  DETRITUS  FROM  NORTHEAST- 
ERN QUEENSLAND  (AUSTRALIA). 
City  Coll.,  New  York.  Dept.  of  Biology. 
J.  H.  Tietjen,  and  D.  M.  Alongi. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
68,  No.  1/2,  p  169-179,  December  15,  1990.  4  fig,  4 
tab,  36  ref.  NSF  Grant  No.  INT-8611445,  PSC- 
CUNY  Grant  No.   667181,  Australian  Research 
Council  Grant  No.  86/0708. 

Descriptors:  *Bacteria,  'Cycling  nutrients,  •Detri- 
tus, 'Mangrove  swamps,  *Nematodes,  *Nutrient 
concentrations,  'Population  dynamics,  'Queens- 
land, 'Sediments,  Ammonia,  Bacterial  growth, 
Correlation  analysis,  Nitrates,  Nitrites,  Nitrogen 
cycle,  Phosphates,  Seawater. 

Two  species  of  nematodes  (Monhystera  and  Chro- 
madorina)  were  isolated  from  mangrove  sediments 
from  northeastern  Queensland  and  incubated  for 
up  to  40  days  in  25  sq  cm  tissue  culture  flasks  in 
filtered  (0.20  microm  Nuclepore)  seawater  contain- 
ing fresh,  1  week,  and  1  month  aged  Rhizophora 
stylosa  and  Avicennia  marina  detritus.  Populations 
of  both  nematodes  decreased  in  flasks  containing 
aged  detritus;  by  day  20  numbers  of  Monhystera 
and  Chromadorina  declined  by  an  average  of  75 
and  46%,  respectively.  Neither  species  survived 
for  more  than  3  days  on  fresh  R.  stylosa  leaves, 
which  had  high  soluble  tannin  contents  (>  11% 
dry  wt).  Only  fresh  A.  marina  leaves  sustained 
increased  nematode  populations,  perhaps  as  a 
result  of  a  sufficiently  high  soluble  nitrogen  con- 
tent combined  with  a  lower  tannin  content  (3.6%). 
Concentrations  of  dissolved  inorganic  nutrients 
(phosphate,  nitrate,  nitrite,  ammonia),  bacterial 
abundance  and  bacterial  production  were  not  sig- 
nificantly different  in  flasks  containing  aged  detri- 
tus plus  nematodes  from  those  in  flasks  lacking 
nematodes.  Bacterial  abundances  and  production 
were  higher  in  flasks  with  fresh  A.  marina  litter 
and  nematodes  than  in  those  without  worms,  but 
nutrient  concentrations  showed  no  differences.  A 
significant  positive  correlation  between  bacterial 
and  nematode  abundances  occurred  in  flasks  with 
fresh  A.  marina  litter;  no  correlations  between  the 
two  existed  for  aged  detritus.  Minimal  population 
densities  of  worms  necessary  to  stimulate  bacterial 
production  and  increase  nutrient  regeneration  rates 
were  not  achieved  on  the  types  of  detritus  tested. 
Results  from  these  experiments  and  field  observa- 
tions reported  from  other  studies  suggest  that  nem- 
atodes may  not  play  a  major  role  in  the  cycling  of 
organic  matter  in  tropical  mangrove  sediments. 
(Author's  abstract) 
W9 1-05594 


PRIMARY  PRODUCTION  OF  EPIPHYTIC 
ALGAE  AND  PHYTOPLANKTON  IN  THE  LIT- 
TORAL ZONE  OF  LAKE  KASUMIGAURA. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

N.  Takamura,  T.  Iwakuma,  M.  Aizaki,  and  M. 

Yasuno. 

Marine  Microbial  Food  Webs,  Vol.  4,  No.  2,  p  239- 

255,  1990.  8  fig,  4  tab,  39  ref. 

Descriptors:  'Algal  growth,  'Lake  Kasumigaura, 
•Limnology,  'Littoral  zone,  'Phytoplankton,  'Pri- 
mary productivity,  Biomass,  Chironomids,  Graz- 
ing, Light  effects,  Light  intensity,  Population  den- 
sity, Population  dynamics,  Seasonal  variation, 
Temperature  effects,  Vegetation,  Vegetation  ef- 
fects. 

Primary  production  of  epiphytic  algae  and  phyto- 
plankton was  measured  from  May,  1984  to  May, 


1985  at  both  floating-leaved  and  emergent  vegeta- 
tions of  hypertrophic  Lake  Kasumigaura,  Japan. 
The  maximum  biomass  of  epiphytic  algae  was  ob- 
served in  the  spring  and  winter.  A  sharp  decline 
following  spring  can  be  explained  by  grazing  by 
chironomids.  The  biomass  remained  low  during 
the  summer  and  autumn  because  of  light  limitation 
due  to  Microcystis  bloom.  The  primary  production 
of  epiphytic  algae  was  correlated  significantly  with 
the  chlorophyll  a  amounts  per  sq  m  of  epiphytes, 
but  not  with  water  temperature,  light  intensity,  or 
nutrient  concentrations.  The  values  of  primary 
production  of  epiphytic  algae  on  the  emergent  and 
floating-leaved  plants  were  19  and  13  g  C/sq  m/ 
year,  respectively,  which  were  only  2  and  3%  of 
total  primary  production  in  the  littoral  zone,  re- 
spectively. The  epiphytic  algal  production  in  a 
hypertrophic  lake  was  the  lowest  when  compared 
with  the  previous  reports,  because  of  shading  by 
phytoplankton  or  competition  for  nutrients  with 
phytoplankton.  (Author's  abstract) 
W91-05596 


SILTATION  OF  RESERVOIRS  IN  AGRICUL- 
TURAL WATERSHEDS  DETERMINED  USING 
RADIOISOTOPE  TECHNIQUES. 

Agricultural     Research     Service,     Durant,     OK. 
Water  Quality  and  Watershed  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-05658 


GROUND-WATER    DISCHARGE    TO    LAKES: 
FOCUSING  IN  EMBAYMENTS. 

Wisconsin    Univ. -Milwaukee.    Dept.    of   Geosci- 

ences. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05823 


NUTRIENT  TRAPPING  EFFICIENCY  OF  A 
SMALL  SEDIMENT  DETENTION  RESER- 
VOIR. 

Agricultural  Research  Service,  Oxford,  MS.  Sedi- 
mentation Lab. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05926 


ALUMINIUM  ACCUMULATION  AND  DISTRI- 
BUTION IN  THE  FRESHWATER  CLAMS  (UN- 
IONIDAE). 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 
Experimental  Zoology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05940 
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ASSESSMENT  OF  VEGETATION  AND  SOIL 
WATER  REGIMES  IN  PARTIAL  CANOPIES 
WITH  OPTICAL  REMOTELY  SENSED  DATA. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For  primary   bibliographic   entry   see   Field   2G. 

W9 1-05032 


TREE/PASTURE  INTERACTIONS  AT  A 
RANGE  OF  TREE  DENSITIES  IN  AN  AGRO- 
FORESTRY  EXPERIMENT:  I.  ROOTING  PAT- 
TERNS. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
J.  Eastham,  and  C.  W.  Rose. 
Australian     Journal     of    Agricultural     Research 
AJAEA9,  Vol.  41,  No.  4,  p  683-695,  1990.  6  fig,  4 
tab,  26  ref. 

Descriptors:  'Forest  management,  'Pasture  man- 
agement, 'Plant  growth,  'Plant-water  relation- 
ships, 'Root  development,  'Root  distribution,  Ag- 
ricultural practices,  Nutrients,  Pastures,  Plant 
physiology,  Population  density,  Trees. 

Water  and  nutrient  uptake  in  plants  depends  large- 
ly on  the  concentration  of  roots  expressed  as  root 
length  or  surface  area  per  unit  volume,  and  the 
distribution  of  this  concentration  in  relation  to  the 
available    resources.    Planting    density    has    been 


shown  to  affect  the  distribution  and  depth  of  tree 
roots,  and  pasture  root  production  has  been  shown 
to  decrease  under  shade.  The  effects  of  density  on 
the  distribution  of  tree  and  pasture  roots  under  an 
agroforestry  experiment  were  investigated  by 
planting  trees  in  a  Nelder  fan  design  with  three 
different  planting  densities  (2150,  304,  and  82  stems 
per  hectare).  Proximity  to  trees  and  increase  in  tree 
density  reduced  pasture  root  growth,  with  the 
lowest  concentrations  of  pasture  roots  occurring 
under  the  highest  density  of  trees.  Tree  root  sys- 
tems were  deeper  and  denser  at  high  tree  densities, 
although  total  length  and  mass  of  roots  produced 
per  tree  decreased  with  increasing  tree  density. 
Tree  root:shoot  ratios  increased  as  tree  density 
decreased,  due  to  greater  root  production  at  low 
tree  densities.  (See  also  W9 1-05 162  and  W91- 
05163)  (Brunone-PTT) 
W91-05161 


TREE/PASTURE  INTERACTIONS  AT  A 
RANGE  OF  TREE  DENSITIES  IN  AN  AGRO- 
FORESTRY  EXPERIMENT:  II.  WATER 
UPTAKE  IN  RELATION  TO  ROOTING  PAT- 
TERNS. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
J.  Eastham,  C.  W.  Rose,  D.  M.  Cameron,  S.  J. 
Ranee,  and  T.  Talsma. 

Australian  Journal  of  Agricultural  Research 
AJAEA9,  Vol.  41,  No.  4,  p  697-707,  1990.  7  fig,  18 
ref. 

Descriptors:  'Drought  effects,  'Trees,  'Pastures, 
'Soil  water,  'Soil-water-plant  relationships,  'Root 
distribution,  Plant  growth,  Forests,  Agriculture, 
Transpiration,  Soil  horizons,  Evaporation. 

Patterns  of  water  uptake  throughout  a  drying 
period  of  approximately  one  year  were  investigat- 
ed under  trees  and  pasture  at  three  tree  densities  in 
an  agroforestry  experiment,  and  related  to  tree  and 
pasture  rooting  patterns  and  water  use.  A  greater 
proportion  of  soil  water  was  extracted  from  deep 
in  the  soil  profile  under  the  densely  planted  trees, 
due  to  the  lower  soil  water  contents  in  upper 
horizons  and  deeper  and  more  dense  rooting  sys- 
tems than  at  lower  root  densities.  As  the  drought 
period  progressed,  the  ratios  of  tree  transpiration 
rate  and  pasture  evaporation  rate  to  equilibrium 
evaporation  rate  tended  to  decrease  at  each  tree 
density  as  soil  water  contents  in  upper  horizons 
decreased,  and  an  increasing  proportion  of  water 
was  extracted  from  deeper  soil  horizons.  At  each 
tree  density,  the  rate  of  water  uptake  per  unit  root 
length  was  lowest  in  surface  soil  horizons  and 
tended  to  increase  with  increasing  soil  depth.  The 
rate  of  water  uptake  per  unit  root  length  tended  to 
increase  with  time  in  deeper,  wetter  soil  horizons 
and  decrease  with  time  in  surface  soil  horizons  as 
soil  water  content  decreased.  (See  also  W91-05161 
and  W9 1-05 163)  (Author's  abstract) 
W9 1-05 162 


TREE/PASTURE  INTERACTIONS  AT  A 
RANGE  OF  TREE  DENSITIES  IN  AN  AGRO- 
FORESTRY EXPERIMENT:  III.  WATER 
UPTAKE  IN  RELATION  TO  SOIL  HYDRAU- 
LIC CONDUCTIVITY  AND  ROOTING  PAT- 
TERNS. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For   primary   bibliographic   entry   see   Field   2G. 
W9 1-05 163 

RESPONSE  OF  PEANUT  TO  MOISTURE 
STRESS  AND  IRRIGATION. 

Indian  Inst,  of  Tech.,  Kharagpur.  Dept.  of  Agri- 
cultural Engineering. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-05475 


DETERMINATION  OF  EXCHANGEABLE 
SODIUM  STATUS  OF  SALT-AFFECTED  SOILS 
AND  ITS  RELATIONSHIP  WITH  GROWTH  OF 
PLANTS. 

Punjab  Agricultural  Univ.,  Ludhiana  (India). 
Dept.  of  Soils. 
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Field  2— WATER  CYCLE 
Group  21— Water  In  Plants 


For  primary  bibliographic  entry  see  Field  2K. 
W9 1-05477 


CATALASE,  PEROXIDASE  AND  SUPEROX- 
IDE DISMUTASE  ACTIVITIES  IN  SEEDLINGS 
SUBMITTED  TO  INCREASING  WATER  DEFI- 
CIT. 

Viterbo   Univ.    (Italy).    Dipt,   di   Agrobiologia   e 

Agrochimica. 

M.  Badiani,  M.  G.  De  Biasi,  M.  Colognola,  and  F. 

Artemi. 

Agrochimica  AGRCAX,  Vol.  34,  No.  1/2,  p  90- 

102,  1990.  2  fig,  1  tab,  24  ref. 

Descriptors:  *Catalysts,  •Enzymes,  'Seedlings, 
•Soil-water-plant  relationships,  *Water  deficit, 
•Water  stress,  Biochemical  tests,  Catalase,  Dismu- 
tase,  Lipids,  Peroxidase. 

The  effect  of  increasing  water  deficit  on  some 
active  02  scavenging  systems  and  their  role  during 
drought  on  the  seedlings  of  six  species  were  deter- 
mined. The  species  studied  were:  Zea  mays  L., 
Calotropis  procera  L.,  Triticum  aestivum  L.,  Aegi- 
lops  squarrosa  L.,  Triticum  monococcum  L.,  and 
Triticum  persicum  (Percival)  Vavilov.  The  specific 
activities  of  the  enzymes  superoxide  dismutase 
(SOD),  which  catalyzes  the  disproportionation  of 
superoxide  anion  to  molecular  oxygen  and  hydro- 
gen peroxide;  peroxidase  (POD)  and  catalase 
(CAT),  both  involved  in  the  elimination  of  hydro- 
gen peroxide  were  measured.  The  activities  of 
ribulose- 1 ,5-bisphosphate  carboxylase/oxygenase 
(RuBPCase)  and  phosphoenolpyruvate  carboxyl- 
ase (PEPCase)  were  used  as  biochemical  indicators 
of  the  onset  of  a  metabolic  impairment  due  to 
water  deficit.  The  RuBPCase  and  PEPCase  activi- 
ties and  protein  contents  progressively  declined 
with  increasing  water  deficit  while  POD  and  CAT 
activities  were,  in  almost  all  the  species,  increased 
or  maintained  under  the  same  conditions.  SOD 
activity  was  increased  or  maintained  in  some  spe- 
cies while  it  was  decreased  in  others.  The  content 
of  malondialdehyde,  a  peroxidative  lipid  break- 
down product  which  was  also  monitored,  was 
found  in  most  cases  to  decline  as  water  potential  in 
the  tissue  decreased.  The  results  confirm  that 
water  shortage  can  be  regarded  as  an  oxidative 
stress.  This  suggests  that  the  tested  scavenging 
activities  could  be  increased  in  plant  tissues  as  a 
defensive  response  to  water-stress  dependent  for- 
mation of  hydrogen  peroxide  and,  in  some  species, 
superoxide.  (Agostine-PTT) 
W91-05478 


SEASONAL  CHANGES  IN  STANDING  CROP 
OF  ZOSTERA  MUELLERI  IN  SOUTH-EAST- 
ERN AUSTRALIA. 

Deakin  Univ.,  Melbourne  (Australia).  Div.  of  Bio- 
logical and  Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-05488 


ROOT  GROWTH  AND  WATER  UPTAKE  BY 
WHEAT  DURING  DRYING  OF  UNDIS- 
TURBED AND  REPACKED  SOIL  IN  DRAIN- 
AGE LYSIMETERS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

W.  S.  Meyer,  C.  S.  Tan,  H.  D.  Barrs,  and  R.  C.  G. 

Smith. 

Australian     Journal     of    Agricultural     Research 

AJAEA9,  Vol.  41,  No.  2,  p  253-265,  1990.  6  fig,  3 

tab,  18  ref,  append. 

Descriptors:  •Lysimeters,  *Plant  growth,  •Roots, 
•Soil  properties,  'Soil  water,  *Soil-water-plant  re- 
lationships, 'Wheat,  Absorption,  Agriculture, 
Available  water,  Drying,  Soil  types,  Water  deficit. 

The  availability  of  water  to  crops  depends  on  both 
soil  properties  and  root  distribution.  The  dynamics 
of  root  development  and  water  uptake  in  undis- 
turbed and  repacked  clay  soil  were  studied  during 
increasing  soil  water  deficit  pre  and  post-anthesis 
to  find  how  root  distribution,  soil  type  and  plant 
development  affect  plant  available  water  (PAW). 
Treatment  were  imposed  in  a  randomized  design 
with  two  replications.  Volumetric  water  fraction 


was  measured  with  a  neutron  probe,  while  root 
distribution  was  measured  non-destructively  using 
a  series  of  horizontal  perspex  observation  tubes. 
Soil  modification  affected  the  rate  of  downward 
root  growth  which  changed  little  over  time  for 
undisturbed  soil  (6.7  to  13.6  mm/day)  compared 
with  the  repacked  soil  (7.5  -42.9  mm/day).  In  the 
well-watered  treatments  root  distribution  was 
mostly  above  the  0.55  m  depth  in  undisturbed  soil, 
while  there  was  a  reasonably  uniform  vertical  dis- 
tribution in  repacked  soil.  The  rate  of  root  growth 
in  post-anthesis  drying  was  61%  of  that  during  pre- 
anthesis  drying.  The  specific  root  water  uptake 
rate  (volume  per  unit  root  length  per  time)  was 
linearly  related  to  the  relative  root  growth  rate, 
indicating  the  importance  of  root  growth  in  sup- 
plying water  during  soil  drying.  Estimated  PAW 
values  reflected  effects  of  soil  hydraulic  properties, 
root  distribution  and  a  propensity  to  grow  new 
roots  during  soil  drying.  (See  also  W91-05494) 
(Author's  abstract) 
W9 1-05493 


ALTERNATIVE  METHODS  OF  ESTIMATING 
WATER  DEFICIT  STRESS  OF  WHEAT 
GROWN  ON  UNDISTURBED  AND  REPACKED 
SOIL  IN  DRAINAGE  LYSIMETERS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

C.  S.  Tan,  W.  S.  Meyer,  R.  C.  G.  Smith,  and  H.  D. 

Barrs. 

Australian     Journal     of    Agricultural     Research 

AJAEA9,  Vol.  41,  No.  2,  p  267-276,  1990.  6  fie,  2 

tab,  25  ref. 

Descriptors:  *Agriculture,  *Crops,  *Evapotran- 
spiration,  *Lysimeters,  *Soil  structure,  *Water  def- 
icit, *Wheat,  Comparative  studies,  Cores,  Estimat- 
ing, Irrigation,  Physical  properties,  Plant  growth, 
Soil  amendments,  Stress,  Temperature  effects. 

The  effect  of  soil  modification  on  changing  the 
availability  of  water  and  the  onset  of  crop  water 
deficit  stress  in  wheat  was  assessed  during  two 
drying  periods.  The  wheat  in  the  undisturbed  and 
repacked  core  samples  received  one  of  three  treat- 
ments: (1)  well  watered  throughout;  (2)  a  water 
deficit  from  mid-tilling  to  the  end  of  anthesis  (110 
days  from  sowing)  and  then  well  watered;  and  (3) 
well  watered  then  a  water  deficit  period  at  the 
beginning  of  anthesis  (96  days  from  sowing)  until 
harvest.  The  deficit  was  induced  by  withholding 
irrigation  water  and  excluding  all  rainfall  with  a 
movable  raincover  over  the  lysimeter  area.  Plant 
available  water  was  defined  as  the  difference  in  soil 
water  content  between  the  upper  drained  limit  and 
the  content  at  which  evapotranspiration  ceased 
owing  to  water  deficit  stress.  The  different  meth- 
ods of  determining  the  onset  of  stress  generally 
agreed  with  one  another.  Differences  were  either 
related  to  the  different  parts  of  the  canopy  meas- 
ured or  to  different  physiological  processes  meas- 
ured. Because  foliage  temperature  was  continuous- 
ly monitored,  the  dynamic  development  of  stress  in 
relation  to  increasing  soil  water  deficit  and  root 
growth  became  evident.  The  allowable  soil  water 
deficit  at  the  onset  of  stress  was  found  to  vary 
widely  between  soil  treatments  and  the  stage  of 
crop  growth  at  which  deficit  stress  occurred. 
Physically  modifying  the  soil  increased  plant  avail- 
able water  by  80%.  This  resulted  from  both 
changes  in  amount  of  soil  water  stored  and 
through  a  more  uniformly  distributed  root  system. 
Wheat  growing  in  undisturbed  soil  was  unable  to 
adapt  to  post-anthesis  stress,  as  frequent  irrigations 
prior  to  anthesis  concentrated  root  distribution  in 
the  upper  layers.  (See  also  W91-05493)  (Agostine- 
PTT) 
W9 1-05494 


EFFECT  OF  SOLUTION  PH,  EXTERNAL  CAL- 
CIUM CONCENTRATION,  AND  ALUMINUM 
ACTIVITY  ON  NODULATION  AND  EARLY 
GROWTH  OF  COWPEA. 

Queensland  Univ.,  Brisbane  (Australia).  Dept.  of 

Agriculture. 

A.  K.  Alva,  C.  J.  Asher,  and  D.  G.  Edwards. 

Australian     Journal     of     Agricultural     Research 

AJAEA9,  Vol.  41,  No.  2,  p  359-365,  1990.  3  fig,  2 

tab,  25  ref. 


Descriptors:  •Acidic  soils,  *Cowpea,  'Legumes, 
•Plant  growth,  *Plant  physiology,  *Soil  chemistry, 
•Soil-water-plant  relationships,  Aluminum,  Calci- 
um, Hydrogen  ion  concentration,  Nodulation,  Nu- 
trients, Roots. 

Effects  of  pH,  calcium  (Ca),  and  aluminum  (Al)  on 
the  growth  and  modulation  of  cowpea  (Vigna  un- 
guiculata)  were  studied  in  large-volume,  dilute  nu- 
trient solutions.  Ca  concentrations  over  the  range 
0.05  mM  to  2.5  mM,  and  pH  over  the  range  4.5  to 
5.5,  had  no  significant  effect  on  the  growth  of  the 
host  plant.  However,  the  combination  of  low  pH 
and  low  Ca  delayed  nodulation  and  strongly  de- 
pressed nodule  number  and  nodule  dry  weight.  At 
the  highest  Ca  concentration,  effects  of  pH  on 
nodule  number  were  small  and  not  significant,  and 
effects  on  nodule  weight,  although  significant, 
were  much  smaller  than  at  the  lowest  Ca  concen- 
tration. It  was  concluded  that  nodulation  was  more 
sensitive  to  low  Ca  and  low  pH  than  was  host 
plant  growth.  At  ph  4.5  and  0.5  mM  Ca,  Al 
delayed  and  depressed  nodulation.  An  activity  of 
12.7  micro  molar  Al  delayed  nodulation  by  four 
days,  and  reduced  nodule  number  and  nodule  dry 
weight  drastically.  At  higher  Al  activities,  nodula- 
tion was  reduced  to  zero.  The  critical  Al  activities 
(10%  reduction)  were  approximately  0.3  and  0.5 
micro  molar  for  nodule  number  and  nodule  dry 
weight.  The  dry  weight  of  tops  and  roots  showed  a 
roughly  linear  decrease  with  increasing  Al  activity 
over  the  range  0  to  40  micro  molar,  both  in  inocu- 
lated plants  supplied  with  'starter  nitrogen'  and  in 
plants  supplied  continuously  with  adequate  mineral 
nitrogen.  Critical  Al  activities  for  growth  were  in 
the  range  of  4  to  8  micro  molar.  It  was  concluded 
that  nodulation  was  much  more  sensitive  to  Al 
than  was  host  plant  growth.  Although  cowpea  is 
generally  considered  one  of  the  more  acid  tolerant 
crop  legumes,  this  was  not  the  case  with  respect  to 
cowpea  cv.  Vita  4.  Cowpea  cultivars  appear  to 
exhibit  considerable  variation  with  respect  to  their 
response  to  acid  soil  infertility.  (Author's  abstract) 
W9 1-05495 


PHYSIOLOGICAL  ATTRIBUTES  ASSOCIAT- 
ED WITH  DROUGHT  RESISTANCE  OF 
WHEAT  CULTIVARS  IN  A  MEDITERRANEAN 
ENVIRONMENT. 

Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 

(Israel). 

A.  Blum,  and  Y.  Pnuel. 

Australian     Journal     of    Agricultural     Research 

AJAEA9,  Vol.  41,  No.  5,  p  799-810,  1990.  5  fig,  5 

tab,  24  ref. 

Descriptors:  *Crop  yield,  •Drought  resistance, 
•Plant  physiology,  *Wheat,  Cultivars,  Marine  cli- 
mates, Osmoregulation,  Plant  growth,  Precipita- 
tion, Regression  analysis,  Seasonal  variation,  Sta- 
tistical analysis. 

Twelve  spring  wheat  (Triticum  aestivum  L.)  culti- 
vars were  planted  in  16  trials  which  received  sea- 
sonal rainfall  (including  irrigation)  ranging  from 
230  to  755  mm/year.  Under  low  rainfall  condi- 
tions, drought  stress  occurred  during  the  period  of 
stem  elongation  when  the  ears  grew.  Grain  filling 
was  largely  free  of  stress.  Variation  in  precipitation 
explained  75%  of  the  variation  in  mean  yield 
among  trials,  and  the  main  yield  component  re- 
sponsible for  yield  reduction  at  low  precipitation 
was  ear  number,  as  affected  by  tiller  survival  rate. 
The  larger-yielding  cultivars  sustained  a  higher 
kernel  number  per  ear  in  compensation  for  the 
reduced  number  of  ears  under  stress.  The  yield 
stability  of  cultivars  under  low  precipitation  was 
defined  by  both  the  joint  linear  regression  method 
and  by  the  linear  regression  of  yield  on  precipita- 
tion, both  of  which  gave  very  similar  predictions. 
The  magnitude  of  the  intercept  of  the  latter  regres- 
sion was  taken  as  an  indicator  of  drought  resistance 
in  terms  of  yield.  The  variations  among  cultivars  in 
this  intercept  was  well  explained  by  corresponding 
variations  in  osmotic  adjustment,  heat  tolerance 
and  canopy  temperature.  Grain  filling  from  stem 
reserve  mobilization  was  not  important  in  this  re- 
spect, evidently  because  grain  filling  was  not  sub- 
jected to  drought  stress  in  these  trials.  Early-head- 
ing cultivars  had  a  relative  yield  advantage  only 
when  precipitation  was  less  than  about  300  mm 
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and  grain  yield  was  less  than  about  350  g/sq  m. 
Both  early  heading  and  heat  tolerance  were  posi- 
tively correlated  with  osmotic  adjustment  across 
cultivars.  It  was  therefore  concluded  that  under 
these  conditions  the  capacity  for  osmotic  adjust- 
ment apparently  allowed  for  ear  growth  under 
drought  stress.  (Author's  abstract) 
W9 1-05496 


EFFECT  OF  LEAF  NITROGEN  AND  WATER 
REGIME  ON  THE  PHOTOSYNTHETIC  CA- 
PACITY OF  KENAF  (HIBISCUS  CANNABINUS 
L.)  UNDER  FIELD  CONDITIONS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  St.  Lucia  (Australia).  Div.  of  Tropi- 
cal Crops  and  Pastures. 
R.  C.  Muchow. 

Australian  Journal  of  Agricultural  Research 
AJAEA9,  Vol.  41,  No.  5,  p  845-852,  1990.  3  fig,  3 
tab,  9  ref. 

Descriptors:  'Australia,  'Fiber  crops,  *Field  tests, 
'Kenaf,  'Nitrogen,  'Photosynthesis,  'Plant 
growth,  'Soil-water-plant  relationships,  Absorp- 
tion, Agriculture,  Clay  loam,  Crop  yield,  Irriga- 
tion, Leaves,  Lighting,  Soils,  Water  deficit. 

To  understand  the  influence  of  nitrogen  (N)  supply 
on  the  productivity  of  kenaf  (Hibiscus  cannabinus 
L.),  the  dependence  of  photosynthetic  capacity 
measured  as  light-saturated  leaf  C02  assimilation 
rate  (CA)  and  crop  radiation  use  efficiency  (RUE), 
on  specific  leaf  nitrogen  (SLN)  was  examined 
under  well  watered  conditions  in  the  field.  The 
field  study  was  conducted  at  Katherine  Research 
Station,  N.T.  (Australia)  on  Fenton  clay  loam,  a 
well-drained  red  earth  or  Alfisol  (USDA  Soil  Tax- 
onomy: Oxic  or  Rhodic  Paleustalf).  A  split-plot 
design  was  used  with  two  irrigation  regimes  (wet 
and  dry)  as  main  plots  and  two  levels  of  nitrogen 
application  as  subplots.  Photosynthetic  capacity 
increased  hyperbolically  with  SLN  and  was  most 
responsive  at  SLN  values  less  than  approximately 
1.5  g/sq  m.  The  relationship  reached  a  plateau  at  a 
maximum  CA  of  37  micromole/sq  m/s  and  a  maxi- 
mum RUE  of  1.5  M/J.  Increasing  N  application 
from  0  to  24  g  N/sq  m  increased  both  RUE  and 
SLN.  Where  ample  N  was  applied,  RUE  and  SLN 
were  higher  in  those  plots  which  previously  expe- 
rienced water  deficit  than  in  those  that  were 
always  fully  irrigated.  The  stimulation  in  growth 
following  alleviation  of  water  deficit  was  directly 
associated  with  the  increase  in  SLN  during  water 
deficit.  SLN  varied  according  to  differences  in  N 
uptake,  the  proportion  of  N  allocated  to  leaves  and 
the  leaf  area  index.  In  particular,  N  application  had 
much  less  effect  on  SLN  and  consequently  RUE, 
than  on  N  uptake,  due  to  lower  N  partitioning  to 
leaves  and  higher  leaf  area  index  where  a  high  rate 
of  N  was  applied.  This  quantitative  information  on 
the  relationship  between  RUE  and  SLN  is  neces- 
sary to  allow  the  prediction  of  crop  performance 
under  varying  environmental  conditions.  (Author's 
abstract) 
W9 1-05497 


CORRELATION  OF  GROWTH  OF  THE  ROOT 
AND  SHOOT  SYSTEMS  OF  WHITE  CLOVER 
AFTER  A  PERIOD  OF  WATER  SHORTAGE 
AND/OR  DEFOLIATION. 

Kyabram  Research  Inst.  (Australia). 

S.  J.  Blaikie,  and  W.  K.  Mason. 

Australian     Journal     of     Agricultural     Research 

AJAEA9,  Vol.  41,  No.  5,  p  891-900,  1990.  3  fig,  1 

tab,  23  ref. 

Descriptors:  'Clovers,  'Defoliation,  'Legumes, 
'Plant  growth,  'Soil  moisture  deficiency,  'Soil- 
water-plant  relationships,  'Water  deficit,  Correla- 
tion analysis,  Greenhouses,  Mathematical  studies, 
Nutrients,  Plant  morphology,  Roots,  Soils,  Stress. 

Relationships  were  established  between  growth  in 
root  and  shoot  systems  of  white  clover  under 
conditions  of  stress  such  as  soil  water  deficit  and 
defoliation  that  typically  occur  in  the  field.  Vege- 
tative clones  of  white  clover  (Trifolium  repens  ev. 
Haifa)  were  grown  in  pots  in  a  greenhouse  for  6 
weeks.  The  growth  and  development  of  the  shoot 
and  root  systems  were  followed  by  destructive 
harvests  at  the  outset  and  after  2,  3,  4,  5  and  6 


weeks.  Treatments  comprised:  (A)  plants  well  wa- 
tered with  nutrient  solution;  (B)  restricted  water- 
ing; (C)  well  watered  but  defoliated  after  harvest 
three  and  allowed  to  regrow;  and  (D)  restricted 
watering  and  defoliated.  At  the  outset,  all  plants 
were  of  similar  size  (<  1.0  g  DM),  but  by  the  end 
of  the  experiment,  plant  size  ranged  from  23.0  g 
DM  in  treatment  A  to  3.1  g  DM  in  treatment  D. 
For  plants  in  the  ideal  treatment  (A),  there  were 
strong  linear  correlations  between  the  measured 
shoot  and  root  parameters  that  were  evident  at  all 
harvests.  For  plants  growing  in  the  stress  treat- 
ments (B-D),  these  correlations  were  initially  dis- 
rupted but  were  almost  fully  restored  by  the  end  of 
the  experiment.  In  white  clover,  the  growth  and 
morphological  development  of  roots  and  shoots 
are  highly  correlated.  If  this  balance  is  disturbed, 
white  clover  responds  to  rapidly  re-establish  the 
original  coordination.  If  these  same  relationships 
exist  in  the  field  soils,  then  higher  shoot  yields  will 
only  be  possible  if  the  growth  of  more  roots  is 
encouraged.  (Author's  abstract) 
W9 1-05498 


AGRONOMIC   STUDIES   ON  THE   PRODUC- 
TD/ITY  OF  KENAF  (HIBISCUS  CANNABINUS 
L.   CV.    GUATEMALA   4)    UNDER    RAINFED 
AND     IRRIGATED     CONDITIONS     IN    THE 
NORTHERN  TERRITORY. 
Commonwealth  Scientific  and  Industrial  Research 
Organization,  St.  Lucia  (Australia).  Div.  of  Tropi- 
cal Crops  and  Pastures. 
For  primary  bibliographic  entry  see  Field  3F. 
W91-05553 


FIELD  EVALUATION  OF  TISSUE  CULTURE 
DERIVED  SORGHUM  FOR  INCREASED  TOL- 
ERANCE TO  ACID  SOILS  AND  DROUGHT 
STRESS. 

Colorado  State  Univ.,  Fort  Collins. 

R.  M.  Waskom,  D.  R.  Miller,  G.  E.  Hanning,  R.  R. 

Duncan,  and  R.  L.  Voigt. 

Canadian  Journal  of  Plant  Science  CPLSAY,  Vol. 

70,  No.  4,  p  997-1004,  October  1990.  5  tab,  19  ref. 

Descriptors:  'Acidic  soils,  'Drought  stress,  'Soil- 
water-plant  relationships,  'Sorghum,  Arizona,  Cul- 
tures, Field  tests,  Georgia,  Hydrogen  ion  concen- 
tration, Plant  tissues,  Soil  types,  Soil  water,  Tissue 
analysis,  Water  deficit. 

Plant  tissue  culture  is  being  recognized  as  an  im- 
portant tool  for  generating  useful  variants  for  crop 
improvement.  Experiments  were  conducted  to  de- 
termine if  improved  tolerance  to  acid  soil  and 
drought  stress  can  be  generated  in  Sorghum  (Sor- 
ghum bicolor  (L.)  Moench)  through  tissue  culture. 
Two  environments  were  used  to  screen  for  en- 
hanced field  tolerance:  (1)  a  low  pH  field  in  Grif- 
fin, Georgia  for  testing  acid  soil  stress  tolerance, 
and  (2)  an  arid  environment  in  Yuma,  Arizona  for 
testing  drought  stress  tolerance.  A  population  of 
212  Rl  sorghum  lines  from  tissue  cultures  of 
Hegari  and  Tx430  were  increased  in  1986.  Screen- 
ing was  then  conducted  in  both  environments 
during  1987.  Selected  entries  which  showed  im- 
proved tolerance  were  advanced  and  re-tested 
during  1988.  From  this  original  population,  four 
lines  were  identified  as  having  improved  acid  soil 
tolerance  and  five  lines  were  identified  as  having 
improved  drought  tolerance  as  compared  to  the 
non-regenerated  checks.  Three  of  these  lines  per- 
formed better  than  the  non-regenerated  checks 
under  both  acid  soil  and  drought  stress  conditions. 
These  results  indicate  that  somaclonal  variants  for 
increased  tolerance  to  environmental  stresses  can 
be  generated  in  tissue  culture  and  be  selected  under 
proper  field  conditions.  (Author's  abstract) 
W91-05558 


MODELING  WHEAT  SEEDLING  GROWTH 
AND  EMERGENCE:  I.  SEEDLING  GROWTH 
AFFECTED  BY  SOIL  WATER  POTENTIAL. 

Institut   Agronomique  et   Veterinaire   Hassan   II, 
Rabat  (Morocco).  Dept.  of  Soil  Science. 
For   primary   bibliographic   entry   see   Field   2G. 
W9 1-05607 


MODELING  WHEAT  SEEDLING  GROWTH 
AND  EMERGENCE:  II.  COMPARISON  WITH 
FIELD  EXPERIMENTS. 

Institut   Agronomique   et   Veterinaire   Hassan   II, 

Rabat  (Morocco).  Dept.  of  Soil  Science. 

A.  Bouaziz,  and  L.  Bruckler. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1838-1846,  November/December 

1989.  9  fig,  9  tab,  40  ref. 

Descriptors:  'Arid  regions,  'Mathematical  models, 
♦Model  studies,  'Plant  growth,  'Seedlings,  'Soil 
water  potential,  'Soil-water-plant  relationships, 
'Wheat,  Field  tests,  Germination,  Irrigation,  Rain- 
fall, Sensitivity  analysis,  Soil  water,  Temperature 
effects. 

To  improve  the  understanding  and  prediction  of 
wheat  (Triticum  aestivum  L.)  emergence  under 
dry  conditions,  a  model  describing  wheat  emer- 
gence in  field  conditions  was  developed.  The  pro- 
posed approach  separates  three  basic  processes 
from  sowing  to  seedling  emergence:  seed  imbibi- 
tion and  germination;  root  and  seedling  growth  as 
influenced  by  soil  water  potential  and  temperature; 
and  seedling  emergence  as  affected  by  forces  exert- 
ed by  plant  coleoptiles  and  soil  surface  structure. 
Previously  developed  models  of  each  process  were 
combined  to  predict  seedling  emergence.  Field  ex- 
periments consisting  of  irrigated  and  nonirrigated 
treatments  and  hand  and  mechanical  seeding  were 
used  to  validate  the  model.  Model  inputs  included 
soil  water  content  versus  time,  mean  air  tempera- 
ture (daily  basis),  dry  bulk  density,  the  soil  water 
content/water  potential  relationship,  and  soil  sur- 
face structure.  Sensitivity  analysis  showed  a  high 
sensitivity  of  the  model  to  geometrical  characteris- 
tics (root  and  coleoptile  tortuosities  and  root  angle) 
of  seedlings  under  field  conditions.  Model  predic- 
tion of  germination  and  emergence  were  generally 
satisfactory,  although  errors  occurred  after  irriga- 
tion or  rainfall.  Discrepancies  were  explained  by 
changes  in  the  mechanical  properties  and  increas- 
ing impedance  of  the  soil  surface  after  wetting  and 
subsequent  drying,  or  by  changes  in  soil  tempera- 
ture after  wetting.  Finally,  simulations  of  germina- 
tion and  emergence  for  three  climatic  conditions 
(wet,  intermediate,  and  dry),  two  sowing  tech- 
niques (hand  and  mechanical),  and  two  soil  surface 
structures  (fine  and  coarse)  demonstrated  the  ef- 
fects of  those  factors  on  emergence.  In  the  most 
favorable  case,  95%  emergence  occurred  15  days 
after  sowing.  In  the  most  unfavorable  treatment, 
41%  emergence  occurred  after  29  days.  (See  also 
W9 1-05607)  (Author's  abstract) 
W9 1-05608 


COTTON  ROOT  GROWTH  AND  SOIL  WATER 
EXTRACTION. 

Texas  Agricultural  Experiment  Station,  Temple. 

Blackland  Research  Center. 

W.  L.  Bland,  and  W.  A.  Dugas. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1850-1855,  November/December 

1989.  8  fig,  2  tab,  30  ref.  BARD  Grant  No.  1-399- 

81. 

Descriptors:  'Cotton,  'Plant  growth,  'Root  devel- 
opment, 'Roots,  'Soil  water,  'Soil-water-plant  re- 
lationships, Crop  yield,  Lysimeters,  Plant  water 
uptake,  Root  distribution,  Soil  chemistry,  Soil 
types,  Spatial  distribution,  Subhumid  climates. 

The  inherent  productivity  of  many  fine-textured 
soils  depends  on  timely  extraction  of  water  stored 
deep  in  the  profile.  Growth  of  crop  roots  and  their 
ability  to  extract  water  are  of  central  importance  to 
efficient  utilization  of  these  soil  residues.  The  rate 
at  which  the  soil  volume  was  explored  and  water 
was  extracted  by  cotton  roots  was  observed  in  a 
fine-textured  soil  in  a  subhumid  environment. 
Measurements  of  root  growth  and  water  extraction 
were  made  for  2  yr  in  a  2.3  m  deep  weighing 
lysimeter,  3.0  sq  m  in  area  and  containing  an  intact 
core  of  a  Frio  tax-adjunct  silty  clay  loam  (fine, 
montmorillonite,  thermic  Cumulic  Haplustoll). 
Water  extraction  was  measured  with  neutron 
probes  at  10  or  11  soil  depths  in  the  lysimeter  at 
approximately  5  day  intervals.  Root  length  density 
was  estimated  at  7  day  intervals  by  counting  roots 
visible   against   clear   observation    tubes   installed 
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horizontally  in  the  lysimeter  every  0.2  m  between 
0.5  and  2.1  m.  Depth  of  rooting  increased  up  to  35 
mm/day  for  part  of  the  season.  Maximum  root 
length  density  at  0.5  m  was  1.5  and  0.8/sq  cm  in 
1984  and  1985,  respectively;  at  2.1  m  comparable 
values  were  0.24  and  0.04/sq  cm.  When  the  lysime- 
ter surface  area  was  divided  into  six  0.5  sq  m 
regions  of  soil,  the  coefficient  of  variation  in  root 
length  density  among  the  regions  reached  100% 
both  early  and  late  in  the  season  and  both  at  0.5 
and  2.1  m.  Crop  rows  did  not  affect  the  spatial 
distribution  of  root  length  density  at  depths  meas- 
ured. Growth  of  the  root  system  required  about  90 
kg/ha/day  for  part  of  the  season.  Maximal  water 
uptake  rate  per  length  of  root  was  approximately  5 
cu  mm  water/(mm  root)/day  and  occurred  at  1.7 
to  1.9  m.  Redistribution  of  dry  matter  invested  in 
roots  near  the  soil  surface  to  deeper  in  the  profile 
would  probably  increase  total  water  extraction  by 
the  crop.  (Author's  abstract) 
W9 1-056 10 


ESTIMATION  OF  TOTAL  WATER  CONSUMP- 
TION OF  SELECTED  VEGETABLE  CROPS  IN 
THE  SEMIARID  AND  HUMID  REGIONS  OF 
PUERTO  RICO. 

Puerto  Rico  Univ.,  Mayaguez. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-05632 


WATER  USE  AND  YIELD  RELATIONSHIPS 
OF  IRRIGATED  POTATO. 

Bangladesh  Agricultural  Research  Inst.,  Joydeb- 

pur. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-05928 


POTENTIAL  ECONOMIC  RETURNS  TO  IM- 
PROVED IRRIGATION  INFILTRATION  UNI- 
FORMITY. 

Rhode  Island  Univ.,  Kingston.  Dept.  of  Resource 

Economics. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-05934 


EFFECT  OF  IRRIGATION  SCHEDULING  ON 
GROWTH,  YIELD  AND  EVAPOTRANSPIRA- 
TION  OF  WHEAT  IN  SODIC  SOILS. 

Central  Soil  Salinity  Research  Inst.,  Karnal  (India). 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-05935 
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ESTIMATING  POROSITY  OF  PARTIALLY 
SATURATED  SEDIMENTS. 

Connecticut  Univ.,  Groton.  Marine  Sciences  Inst. 
For  primary  bibliographic  entry  see  Field  2G 
W9 1-04940 


INFLUENCE  OF  ORGANIC  MATTER  FROM 
SOILS  AND  SEDIMENTS  FROM  VARIOUS 
ORIGINS  ON  THE  SORPTION  OF  SOME 
CHLORINATED  ALIPHATIC  HYDROCAR- 
BONS: IMPLICATIONS  ON  K(0O  CORRELA- 
TIONS. 

Tuebingen  Univ.  (Germany,  F.R.).  Inst,  fuer  Geo- 
logie  und  Palaentologie. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04948 


POTENTIAL  OF  BASING  AN  ECOLOGICAL 
TYPOLOGY  OF  AQUATIC  SEDIMENTS  ON 
THE  NEMATODE  FAUNA:  AN  EXAMPLE 
FROM  THE  RIVER  RHINE. 

Agricultural  Univ.,  Wageningen  (Netherlands). 
Dept.  of  Nematology. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04960 


CONCENTRATION  AND  PARTIONING  OF 
PARTICULATE  TRACE  METALS  IN  THE 
CHANGJIANG  (YANGTZE  RIVER). 

Department  of  Marine  Chemistry,  Ocean  Univ.  of 


Qingdao,  5  Yushan  Road,  Qingdao  266003,  P.R. 

China. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04969 


COMPREHENSIVE  STUDY  OF  EAST  FORK 
OF  THE  TOMBIGBEE:  RESOURCE  ISSUES  BY 
THE  CORPS  OF  ENGINEERS  AND  SOIL  CON- 
SERVATION SERVICE. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05 139 


STABILITY  OF  FREE  SURFACE  SEDIMENT 
FLOW. 

California  Univ.,  San   Diego,   La  Jolla.   Inst,   for 
Nonlinear  Science. 
P.  G.  Hjorth. 

Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  95,  No.  11,  p  20,363-20,366,  No- 
vember 15,  1990.  4  fig,  12  ref. 

Descriptors:  'Hydraulic  properties,  'Sediment 
transport,  'Model  studies,  'Water  level  fluctua- 
tions, 'Unsteady  flow,  'Yellow  River,  Sediment 
distribution,  Sedimentation,  'Mathematical 
models,  Oscillatory  waves,  'Bingham  plastics, 
Gravity  flow,  Surface  instability. 

Observations  of  unusual  surface  level  oscillations 
on  the  sediment-laden  Yellow  River  of  China  have 
led  to  the  suggestion  that  the  oscillations  arise  from 
a  free  surface  instability  peculiar  to  fluids  having 
the  constitutive  relation  of  a  Bingham  plastic  (i.e. 
possessing  a  finite  yield  stress).  A  model  has  been 
proposed  in  which  free  surface  flows  of  Bingham 
plastics  appear  unstable  at  conditions  for  which  the 
corresponding  flow  of  clear  water  would  be  stable. 
Gravity  driven  Bingham  plastics  are,  in  fact,  stable 
to  free  surface  oscillations  and  consequently  the 
Yellow  River  oscillations  most  likely  do  not  stem 
from  a  simple  surface  instability.  (Author's  ab- 
stract) 
W9 1-05 170 


ANTECEDENT  WATER  CONTENT  AND  RAIN- 
FALL ENERGY  INFLUENCE  ON  SOIL  AG- 
GREGATE BREAKDOWN. 

National  Soil  Erosion  Lab.,  West  Lafayette,  IN. 
C.  C.  Truman,  J.  M.  Bradford,  and  J.  E.  Ferris. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  5,  p  1385-1392,  September/October 
1990.  6  fig,  10  tab,  29  ref. 

Descriptors:  'Antecedent  moisture,  'Soil  erosion, 
•Soil  stability,  'Rainfall  impact,  'Rainfall,  'Soil 
aggregates,  Soil  physics,  Soil  physical  properties, 
•Soil  properties,  Agriculture,  'Soil  water,  Matric 
potential,  Particle  size,  Soil  samples,  Simulated 
rainfall. 

Stability  of  soil  aggregates  under  rainfall  plays  an 
important  role  in  determining  the  magnitude  of  soil 
loss  from  cultivated  fields.  Soil  and  environmental 
factors  controlling  aggregate  breakdown  have  yet 
to  be  fully  defined.  The  influence  of  soil  water 
conditions,  aggregate  size,  and  rainfall  intensity 
and  duration  on  aggregate  breakdown  in  five  soils 
ranging  in  texture  from  sandy  loam  to  clay  was 
determined.  Using  the  wet-sieving  method,  median 
aggregate  diameter  values  (D)  were  determined  on 
both  whole-soil  samples  (0  to  19  mm)  and  aggre- 
gate samples  (2  to  4,  4  to  8,  and  8  to  19  mm  in 
diameter)  at  three  water  conditions  (-0.5  kPa,  -1.0 
kPa,  and  air  dried).  A  companion  set  of  whole-soil 
samples  was  subjected  to  64  and  127  mm/hour 
simulated  rainfall  for  5,  15,  and  30  min,  and  a  set  of 
aggregate  samples  was  exposed  to  64  mm/hour 
simulated  rainfall  for  15  minutes;  all  samples  were 
then  wet  sieved.  Prewetting  from  air  dry  to  -1.0 
kPa  matric  potential  provided  the  greatest  increase 
in  D  values  corrected  for  primary  particle  size  for 
the  wet-sieved  Broughton  clay  also  decreased  the 
difference  between  Broughton  D  values  obtained 
from  whole-soil  samples  receiving  rain  plus  wet 
sieving  and  D  values  of  only  wet-sieved  samples 
by  1.4  mm  for  all  rainfall  energies.  Changes  in  D 
corrected  for  primary  particle  size  and  difference 
between  D  values  was  due  to  rainfall  energy  were 
greatest  for  the  air-dried  Heiden  clay.  Rainfall 
energy  (0.26  J/sq  cm)  decreased  D  corrected  for 


primary  particle  size  from  0.87  to  0.33  mm  and 
increased  the  difference  between  D  values  from 
0.32  to  0.54  mm.  Results  of  this  study  indicate  that 
an  increase  in  initial  water  conditions  increases  the 
resistance  of  an  aggregate  to  the  forces  of  rain- 
drops and  flowing  water,  thereby  lessening  particle 
detachment  (if  other  hydraulic  variables  are  held 
constant).  (Author's  abstract) 
W9 1-05 184 


QUANTIFICATION  OF  POSTSETTLEMENT 
DEPOSITION  IN  A  NORTHWESTERN  ILLI- 
NOIS SEDIMENT  BASIN. 

Illinois  Univ.,  Urbana.  Dept.  of  Agronomy. 

W.  R.  Kreznor,  K.  R.  Olson,  D.  L.  Johnson,  and 

R.  L.  Jones. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  5,  p  1393-1401,  September/October 

1990.  4  fig,  7  tab,  43  ref. 

Descriptors:  'Paleohydrology,  'Soil  erosion, 
•Sedimentation,  'Illinois,  'Deposition,  'Water- 
sheds, Soil  horizons,  Sediment  transport,  'Sedi- 
ment distribution,  Quantification,  'Soil  erosion, 
Storms,  Rainfall. 

This  study  quantifies  the  postsettlement  deposition 
in  a  24,900  sq  m  (2.49  ha)  sediment  basin  with  a 
single  outlet  in  a  105,400  sq  m  (10.54  ha)  watershed 
and  estimate  the  sediment  delivery  to  a  first-order 
stream  in  northwestern  Illinois.  Methods  included 
direct  measurements  of  the  eroded  sediment  depos- 
ited in  the  sediment  basin.  Buried  A  horizons 
(dated  using  fly  ash  as  a  time  marker)  identify  the 
presettlement  (approximately  1854)  surface,  which 
was  overlain  by  as  much  as  116  cm  of  sediment. 
Volume  of  the  sediment  within  the  basin  was  cal- 
culated at  11,394  cubic  m  with  a  weight  of  16,480 
Mg.  The  modern  soils  of  the  sediment  basin  were 
characterized,  classified,  and  the  spatial  variability 
of  the  sedimentation  process  was  examined.  Based 
on  representative  measurements  of  postsettlement 
sediment  delivery  obtained  from  research  of  drain- 
age basins  having  similar  size  or  soil  characteris- 
tics, 20,975  Mg  of  sediment  was  delivered  to  the 
stream  with  a  total  of  37,455  Mg  of  soil  being 
removed  from  the  watershed  hillslopes  as  a  result 
of  accelerated  soil  erosion.  The  measured  rate  of 
postsettlement  sediment  accumulation  has  been  ap- 
proximately 0.34  cm/year.  Based  on  the  tightly 
packed  deposits,  redeposition  probably  occurred  as 
overland  flow  during  storm  events,  rather  than  as 
overland  flow  occurring  after  a  rainfall  or  as  rain- 
splash  transport.  However,  machinery  traffic  and 
cultivation  could  have  contributed  to  the  high  soil 
bulk  density.  Intensive  cultivation,  biotic  activity, 
and  freeze-thaw  are  probably  responsible  for  de- 
stroying any  evidence  of  stratification.  (Author's 
abstract) 
W91-05185 


PORTABLE  LASER  SCANNER  FOR  MEASUR- 
ING SOIL  SURFACE  ROUGHNESS. 

National  Soil  Erosion  Lab.,  West  Lafayette,  IN. 
C.-H.  Huang,  and  J.  M.  Bradford. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  5,  p  1402-1406,  September/October 
1990.  4  fig,  8  ref. 

Descriptors:  'Soil  surfaces,  'Soil  texture,  'Measur- 
ing instruments,  'Instrumentation,  'Lasers,  Till- 
age, Topography,  Roughness  coefficient,  Bounda- 
ry conditions,  Computers. 

Soil  surface  elevations  are  commonly  measured 
along  a  profile  at  relatively  large  grid  spacings 
between  5  and  50  mm.  This  limitation  in  measure- 
ment technique  allows  the  description  of  surface 
roughness  due  to  tillage  marks  and  large  clods  only 
on  the  order  of  >  =  20  mm.  A  portable  scanner 
was  designed  to  measure  soil  topography  at  vari- 
able grid  spacings  down  to  submillimeter  scales. 
The  scanner  consisted  of  an  optical  transducer  for 
measuring  soil  surface  elevation,  a  motor-driven  X- 
Y  transversing  frame,  a  set  of  processing  and  con- 
trol electronics,  and  a  personal  computer.  The 
optical  transducer  was  mounted  on  the  carriage  of 
the  X-Y  transversing  frame  and  programmed  to 
scan  a  maximum  area  of  1  by  1  m.  The  personal 
computer  controlled   the  scanning  and   recorded 
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elevation  data.  The  system  had  no  static  noise  and 
the  combined  frame  vibration  and  spot  size  pro- 
duced a  positional  and  elevational  resolution  on  the 
order  of  0.1  to  0.3  mm.  This  scanner  can  be  used  to 
digitize  surfaces  at  fine  grid  spacings  and  the  de- 
tailed surface  topography  can  then  be  used  to 
study  surface  boundary  processes  such  as  soil  ero- 
sion. (Author's  abstract) 
W9 1-05 186 

AGGREGATE  STABILITY  IN  THE  PALOUSE 
REGION  OF  WASHINGTON:  EFFECT  OF 
LANDSCAPE  POSITION. 

Agricultural  Research  Service,  Boise,  ID.  North- 
west Watershed  Research  Center. 
F.  B.  Pierson,  and  D.  J.  Mulla. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  5,  p  1407-1412,  September/October 
1990.  3  fig,  3  tab,  28  ref. 

Descriptors:  *Soil  stability,  'Slope  effects,  *Geo- 
morphology,  *Soil  erosion,  *Soil  physics,  'Wash- 
ington, "Soil  aggregates,  Soil  types,  Soil  samples, 
Particle  size,  Soil  water,  Topography,  Elevation, 
Soil  properties. 

An  extensive  study  was  conducted  to  measure 
spatial  patterns  when  aggregate  stability  in  the 
steep,  hilly,  and  highly  erodible  loessial  soils  of  the 
Palouse  region  in  southeastern  Washington.  Soil 
samples  were  collected  at  20-m  spacings  along  four 
800  m  long  transects  within  a  winter  wheat  field 
and  analyzed  for  aggregate  stability  at  a  slow  and  a 
fast  rate  of  wetting,  organic  carbon,  amorphous 
iron,  soil  water  content,  and  particle  size  distribu- 
tion. Aggregate  stability  under  slow  wetting,  or- 
ganic carbon,  and  clay  content  were  significantly 
different  at  summit,  shoulder,  toeslope,  and  foots- 
lope  positions,  and  lowest  in  footslope.  Clay  con- 
tent was  highest  at  the  summit  and  lowest  in  foots- 
lope positions.  Aggregate  stability  at  a  fast  rate  of 
wetting  had  a  coefficient  of  variation  (40%)  that 
was  nearly  double  that  for  slow  wetting,  and  was 
not  well  correlated  to  either  landscape  position  or 
measured  soil  properties.  The  variation  in  aggre- 
gate stability  under  slow  wetting  could  be  modeled 
in  terms  of  organic  carbon  content  and  elevation. 
Other  properties  such  as  amorphous  iron  and 
water  or  clay  content  were  only  weakly  correlated 
to  aggregate  stability.  Thus,  although  the  spatial 
patterns  in  aggregate  stability  exhibited  moderate 
variability  (CV  =  22%),  the  patterns  were  closely 
related  to  changes  in  a  few  key  properties,  namely, 
organic  carbon  content  and  landscape  position.  A 
likely  explanation  for  these  findings  is  that  soil 
erosion  removes  the  topsoil  and  organic  matter 
from  the  ridgetops,  thus  exposing  subsoil  horizons, 
which  are  higher  in  clay  content  and  lower  in 
aggregate  stability.  (Author's  abstract) 
W91-05187 


FORMATION  AND  PHYSICAL  STATE  OF 
LEACHED  FERRALLITIC  SAVANNA  SOILS 
OF  MALI. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

B.  V.  Timofeyev. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  5,  p  8- 
17,  1989.  1  tab,  15  ref. 

Descriptors:  'Soil  physical  properties,  'Soil  con- 
servation, 'Soil  genesis,  'Leaching,  'Mali,  Soil 
compaction,  Climatic  changes,  Climates,  'Savan- 
nas, Deposition,  Productivity,  Degradation,  Soil 
water,  Humus,  Nutrients. 

Formation  of  leached  ferrallitic  concretionary  soils 
of  savannas  of  Mali  occurs  in  densely  inhabited 
areas  which  have  been  subjected  to  the  effects  of 
fire.  They  develop  on  an  ancient  thick  eluvial 
weathering  crust  as  the  climate  changes  quickly 
from  wet  tropical  to  dry  savanna  and  are  pre- 
Quaternary  in  age.  With  an  average  rainfall  in  a 
typical  savanna  of  700  to  1250  mm  and  an  evapora- 
tion ranging  from  1700  to  2100  mm,  precipitation  is 
very  unevenly  distributed.  Generally  the  soil  cover 
is  heterogeneous,  and  finds  expression  in  the  com- 
bination of  dominant  ferrallitic  concretionary  tree- 
less microdepressions  with  a  ferruginous  laterite 
crust  at  a  depth  of  20  to  40  cm.  The  upper  part  of 
the  weathering  crust   probably   underwent   local 


redeposition  in  the  past.  The  productivity  of  the 
soils  is  very  low  and  their  practical  use  in  farming 
is  problematical  due  to  disconnected  contours. 
Maximum  hygroscopic  moisture  in  fine  earth  in- 
creases with  depth  from  4.5%  to  6.0%  in  the  upper 
horizons  to  11.0%  to  12.97%  in  the  lower  hori- 
zons. The  prevention  of  degradation  of  savanna 
landscapes  should  reduce  unproductive  losses  of 
moisture,  increase  the  moisture-holding  capacity  of 
soils,  improve  microclimate,  prevent  erosion,  in- 
crease the  content  of  humus  and  nutrient  elements 
in  concretionary  soils  and  preserve  and  restore 
soils  and  vegetation  of  unplowed  savanna  land- 
scapes. (Brunone-PTT) 
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RED  RIVER  WATERWAY,  REVISED  OUTLETS 
FOR  RED  RIVER  LOCKS:  HYDRAULIC 
MODEL  INVESTIGATION. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

R.  L.  Stockstill. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  V A  22161.  Technical  Report 

HL-90-9,  August  1990.  Final  Report.  79p,  14  fig, 

21  photos,  19  plates. 

Descriptors:  'Red  River,  'Locks,  'Hydraulic 
models,  'Hydraulic  profiles,  'Model  studies,  Lou- 
isiana, 'Sedimentation,  Hydraulic  design,  Outlets, 
Hydraulic  structures. 

Sediment  accumulation  near  the  lower  miter  gates 
at  Lock  1  on  the  Red  River  Waterway,  Louisiana, 
caused  difficulties  in  the  operation  of  the  lock. 
Sediment  located  this  close  to  the  structure  could 
not  be  removed  by  typical  means  of  dredging.  A 
study  using  a  l:25-scale  model  was  conducted  to 
determine  if  the  modification  of  the  lock's  empty- 
ing system  would  eliminate  or  reduce  the  amount 
of  sediment  depositing  in  the  vicinity  of  the  lower 
miter  gates.  The  resulting  modification  that  proved 
most  feasible  could  be  included  in  the  emptying 
system  design  for  Locks  4  and  5  on  the  Red  River 
Waterway.  To  determine,  qualitatively,  the  effec- 
tiveness of  various  outlet  designs,  crushed  coal  was 
placed  in  the  vicinity  of  the  lower  miter  gates, 
while  the  amount  of  coal  displaced  during  empty- 
ing operations  was  used  as  a  comparison.  An  outlet 
area  design  including  baffles  in  front  of  the  dis- 
charge manifold  wall  ports  and  a  manifold  de- 
signed specifically  to  flush  sediment  from  the 
lower  miter  gates,  resulted  in  the  crushed  coal 
being  removed  during  a  lock  emptying  operation; 
for  the  condition  of  maximum  lift  and  for  the 
condition  of  minimum  lift  when  steady  flow 
through  the  emptying  system  was  maintained  for 
30  min  (prototype).  Designs  incorporating  more 
standardized  sidewall  manifolds  combined  with  re- 
cessed pits  in  front  of  the  manifold  ports  were 
developed  that  would  also  perform  satisfactorily. 
(Author's  abstract) 
W91-05272 


PREDICTION  OF  THE  DESTRUCTION  OF 
THE  BANKS  OF  THE  CHEBOKSARY  RESER- 
VOIR AS  A  RESULT  OF  A  RISE  OF  THE 
LEVEL. 

L.  B.  Ikonnikov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  61-63,  1990.  1  tab,  1  ref. 

Descriptors:  'USSR,  'Landslides,  'Dam  effects, 
Hydraulic  engineering,  'Bank  erosion,  'Reservoir 
stages,  'Hydroelectric  plants,  Reservoir  operation, 
Erosion  rates,  Channel  erosion,  Backwater,  Wave 
action,  Energy  equation,  Sedimentation,  Engineer- 
ing geology,  Water  level  fluctuations. 

Filling  of  the  Cheboksary  reservoir  in  the  U.S.S.R. 
began  at  the  end  of  1980.  The  presence  of  the 
backwater  reduced  or  completely  stopped  the  ero- 
sional  action  of  the  runoff  current  of  the  Volga 
River  and  its  tributaries  on  the  banks.  The  reser- 
voir banks  are  forming  in  the  lower  parts  of  the 
slopes  and  within  the  floodplain  of  the  Volga 
valley.  Wave-effect  erosion  of  the  banks  averages 
an  insignificant  0.5-1.5  m/yr,  because  of  the  weak 
hydrodynamic  effect  of  the  reservoir,  and  on  some 
slopes  also  by  the  strength  of  the  rocks.  Economic 
development  of  the  reservoir  bank  zone  requires  a 


prediction  of  bank  characteristics.  The  most  sub- 
stantiated method  of  predicting  bank  abrasion  are 
the  so-called  energy  methods.  One  of  these  meth- 
ods was  evaluated  for  use  under  conditions  of  the 
first  years  of  reservoir  operation  at  Cheboksary. 
The  most  important  indices  of  the  bank  zone  dy- 
namics were  analyzed  and  compared  with  actual 
data:  retreat  of  the  edge  of  the  bank,  volumes  of 
bank  erosion  and  accumulation  of  sediments  near 
the  bank,  and  width  of  the  shoal  near  the  bank.  It 
was  found  that  in  all  cases  the  calculated  values  of 
the  indices  of  bank  erosion  were  rather  close  to  the 
actual  ones:  the  differences  were  4-19%.  However, 
the  method  of  calculating  the  volume  of  accumula- 
tion of  sediments  near  the  bank  is  in  need  of  further 
development.  The  positive  test  results  serve  as 
grounds  for  using  this  method  to  predict  the  be- 
havior of  the  banks  in  the  case  of  filling  the  reser- 
voir an  additional  5  m.  The  rate  of  erosion  of  the 
banks  will  increase  by  1.5-2  times  in  comparison 
with  the  rate  noted  during  the  first  8  years  at  the 
present  water  level.  The  threat  of  large  slide  move- 
ments will  increase  in  the  right-bank  region  both 
on  stretches  of  their  present  development  and  on 
new  stretches  which  are  presently  stable.  (Fish- 
PTT) 
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RESULTS  OF  ON-SITE  OBSERVATIONS  OF 
LANDSLIDE  SLOPES  OF  THE  ZAGORSK 
PUMPED-STORAGE  STATION  AND  RELI- 
ABILITY OF  GEOLOGICAL  FORECASTS. 

For  primary  bibliographic  entry  see  Field  8D. 
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LANDSLIDE  AT  THE  ABUTMENT  OF  THE 
DAM  OF  THE  MINGECHAUR  HYDROELEC- 
TRIC STATION. 

For  primary  bibliographic  entry  see  Field  8D. 
W91-05307 


CALCULATION  OF  THE  CONTROLLING 
DEPTHS  OF  DEFORMABLE  RIVER  CHAN- 
NELS. 

V.  I.  Antropovskii. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  136-141,  1990.  2  fig,  3  tab,  9  ref. 

Descriptors:  'Dam  effects,  'Sediment  transport, 
'USSR,  Hydraulic  engineering,  'Hydraulic 
models,  'Channel  morphology,  'Water  depth, 
Flow  discharge,  Flow  channels,  Canals,  Canal 
design,  Probability  distribution,  Hydroelectric 
plants,  Navigation  channels,  River  flow. 

As  a  result  of  implementation  of  hydraulic  struc- 
tures and  large  water-management  measures,  water 
and  sediment  discharges  change,  and  the  effect  of 
limiting  factors  (development  of  channel  deforma- 
tions) is  manifested  differently.  It  is  necessary  to 
evaluate  channel  characteristics  under  design  con- 
ditions, including  maximum  depths  for  evaluating 
the  reliability  of  underwater  construction,  and  for 
determining  navigation  conditions  and  planning 
transportation  works.  The  maximum  depth  of  a 
certain  probability  for  rivers  in  a  natural  state  can 
be  obtained  from  empirical  probability  curves  plot- 
ted from  depth  sounding  along  the  navigable  chan- 
nel or  with  the  use  of  pilot  charts.  The  problem  of 
calculating  the  controlling  depths  under  design 
conditions  still  remains  unsolved  owing  to  the  diffi- 
culty of  determining  reliable  methods  of  calculat- 
ing the  'norm'  (mean  value)  of  the  controlling 
depths  within  morphologically  homogeneous  river 
reaches.  Relations  can  be  improved  using  equipro- 
bable  values  of  the  variables  being  related.  During 
a  test  evaluation  of  various  relations  it  was  found 
that  the  closest  relations  were  those  of  the  equipro- 
bable  values  of  the  ratio  coefficients  of  the  control- 
ling depths  to  the  channel  width.  Knowing  the 
'norm'  of  the  depths,  the  controlling  depths  under 
design  conditions  are  determined  as  a  function  of 
their  distribution  with  the  use  of  empirical  or  ana- 
lytical probability  curves.  The  bimodal  distribution 
curve  (Pearson  type  III  curve),  which  usually  cor- 
responds to  the  observed  data,  is  most  widely  used 
in  engineering-hydrological  calculations.  As  an  ex- 
ample, a  determination  of  the  controlling  depths  of 
the  Amur  River,  U.S.S.R.,  was  made  in  the  zone  of 
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Field  2— WATER  CYCLE 


Group  2J — Erosion  and  Sedimentation 


backwater  pinchout  from  the  planned  hydro  devel- 
opment with  an  elevation  of  the  normal  pool  level 
of  85.0  m.  The  mean  value  of  the  maximum  depth 
on  the  investigated  reach  under  design  conditions 
will  be  8.13  m,  where  6.50  m  is  the  mean  value 
under  natural  conditions.  The  results  of  the  calcu- 
lations by  both  the  analytical  probability  curve  and 
the  mean  empirical  probability  curve  practically 
coincided.  (Fish-PTT) 
W9 1-053 15 


MARINE  POLLUTION  FROM   LANDUSE  IN 
THE  PACIFIC  ISLANDS  REGION. 

For  primary  bibliographic  entry  see  Field  5B. 
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FACTORS  CONTROLLING  DEBRIS  AVA- 
LANCHE INITIATION. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Geo- 
logical Sciences. 

P.  Buchanan,  and  K  W.  Savigny. 
Canadian  Geotechnical  Journal  CGJOAH,  Vol. 
27,  No.  5,  p  659-675,  October  1990.  20  fig,  7  tab,  39 
ref.  Natural  Sciences  and  Engineering  Research 
Council  of  Canada  Operating  Grant  A 1923;  Uni- 
versity of  British  Columbia  Equipment  Grant  0071. 

Descriptors:  'Avalanches,  *Debris  avalanches, 
•Landslides,  'Detritus,  'Debris  cones,  'Slope  sta- 
bility, 'Roots,  Hydrologic  models,  Numerical  anal- 
ysis, Slopes,  Soil  water,  'Slope  protection,  Storm 
water,  Soil  strength,  Shear,  Soil  physical  proper- 
ties, Foundation  failure,  Pore  pressure,  Model 
studies. 

Heavy  rainfall  during  a  January  1983  storm  trig- 
gered numerous  debris  avalanches  and  associated 
debris  torrents  in  the  Smith  Creek  basin,  western 
Whatcom  County,  Washington.  Four  classes  of 
debris  avalanches  are  recognized:  wedges,  drain- 
age depressions,  logging  roads,  and  discontinuity 
surfaces.  Nine  different  debris  avalanche  heads- 
carps  representative  of  these  four  classes  were 
studied  in  detail.  The  geometric  configuration  of 
each  headscarp,  the  properties  of  soils  comprising 
the  headscarps,  and  water  tables  based  on  numeri- 
cal models  of  hillslope  hydrology  were  used  in 
limit  equilibrium  slope  stability  analyses  to  back- 
calculate  root  cohesion  values  at  failure.  Four 
groups  of  root  cohesion  values  were  correlated 
with  forest  vegetation:  understory,  1.6  to  2.1  kPa; 
scrub  forest,  2.1  to  2.5  kPa;  mixed  forest,  2.5  to  3.0 
kPa;  and  old  growth  forest,  >  3.0  kPa.  Soil  matrix 
suction  contributes  significantly  to  slope  stability 
under  drained,  initial  conditions.  Loss  of  soil 
matrix  suction  during  rainstorms  and  loss  of  root 
cohesion  at  failure  cause  a  sharp  reduction  of  soil 
shear  strength.  The  stability  of  each  headscarp  was 
modeled  during  a  moderately  severe  comparison 
storm  in  December  1979.  Failure  was  probable  at 
only  two  of  the  nine  sites,  and  field  evidence  of 
prior  failure  was  found  at  one  of  these.  Pore  pres- 
sure increases  triggered  the  debris  avalanches; 
however,  soil  depth,  soil  density,  the  presence  of 
smooth  bedrock  discontinuities,  and  root  cohesion 
were  shown  to  be  important  factors  controlling 
initiation  locations.  Direct  field  measurement  of 
the  hydrologic  shear  and  strength  parameters  is 
required  before  the  modeling  results  and  conclu- 
sions can  be  confirmed.  (Author's  abstract) 
W91-05364 


EROSION  TESTS  ON  FOUR  INTACT  ONTAR- 
IO CLAYS. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Civil 

Engineering. 

J.  W.  Kamphuis,  P.  N.  Gaskin,  and  E. 

Hoogendoorn. 

Canadian  Geotechnical  Journal   CGJOAH,   Vol. 

27,  No.  5,  p  692-696,  October  1990.  2  fig,  3  tab,  8 

ref. 

Descriptors:  'Erosion,  'Soil  erosion,  'Soil  tests, 
•Ontario,  'Cohesive  soils,  Clays,  Canada,  Labora- 
tory methods,  Flumes,  Shear  stress,  Soil  properties, 
Sand,  Suspended  sediments,  'Particle  size. 

The  erosion  of  cohesionless  soils  is  well  under- 
stood but  that  of  cohesive  soils  is  not.  Erosion 
testing  of  cohesive  soils  in  the  laboratory  is  now 


considered  to  be  the  best  way  of  predicting  field 
performance.  Erosion  tests  were  carried  out  on 
four  natural  intact  cohesive  soils  from  Ontario, 
Canada,  using  laboratory  flume  tests  with  both 
clear  water  and  water  with  sand  in  suspension.  It 
was  found  that  erosion  was  initiated  at  discontinu- 
ities. The  critical  shear  stresses  were  low  and  were 
not  related  to  the  geotechnical  properties  of  the 
soils.  Higher  rates  of  erosion  occurred  with  sand 
suspension,  and  erosion  appeared  to  be  controlled 
by  the  movement  of  sand  particles.  It  is  suggested 
that  where  the  eroding  water  contains  particles  in 
suspension,  such  as  in  river  beds  and  along  shore- 
lines of  cohesive  soil,  erosion  may  be  controlled  by 
the  size  of  the  particles  rather  than  the  properties 
of  the  cohesive  soil  or  the  eroding  water.  (Author's 
abstract) 
W9 1-05366 


ANCIENT  SUBAERIAL  EXPOSURE  AND 
FRESHWATER  LEACHING  IN  SANDSTONES. 

BP  Exploration  Co.  Ltd.,  London  (England). 
D.  Emery,  K.  J.  Myers,  and  R.  Young. 
Geology  GLGYBA,  Vol.  18,  No.  12,  p  1178-1181, 
December  1990.  3  fig,  17  ref. 

Descriptors:  'Geologic  history,  'Geohydrology, 
•Leaching,  'Meteoric  water,  'Sandstones,  Geo- 
logic formations,  Porosity,  Permeability,  North 
Sea,  Potassium,  Spectrometry,  Geophysical  meth- 
ods, Seismic  exploration,  Oil  reservoirs,  Petrogra- 
phy, Brackish  water,  'Paleohydrology,  'Weather- 
ing, 'Aquifer  characteristics,  Formation  water, 
'Interstitial  water. 

The  potential  of  leaching  by  meteoric  water  as  a 
means  of  bringing  about  a  net  porosity  increase  in 
ancient  sandstones  is  of  direct  relevance  to  hydro- 
carbon exploration  and  production  as  a  way  of 
enhancing  porosity  and  permeability  in  reservoir 
sandstones.  An  example  of  leaching  by  meteoric 
water  in  the  Jurassic  Magnus  Sandstone  Member 
of  the  northern  North  Sea  was  examined.  Several 
independent  techniques  were  used  to  gain  informa- 
tion, such  as  downhole  natural  gamma-ray  spec- 
trometry, detailed  petrographic  analysis,  and  cross- 
sectional  time-slice  reconstructions  from  seismic 
data.  The  initial  lines  of  evidence  of  leaching  of 
meteoric  water  that  prompted  further  investigation 
into  freshwater  involvement  in  the  Magnus  Sand- 
stone Member  were  brackish  formation-water 
compositions  and  a  potassium  depletion  shown  by 
the  gamma-ray  spectrometry  log,  in  sandstone  be- 
neath the  unconformity  at  the  base  of  the  Creta- 
ceous section.  Subsequent  detailed  petrographic 
study  confirmed  that  the  potassium  depletion  had 
been  brought  about  by  potassium  feldspar  dissolu- 
tion, resulting  in  precipitation  of  kaolinite  and  cre- 
ation of  secondary  porosity,  the  latter  also  revealed 
by  conventional  core-analysis  porosity  and  perme- 
ability measurements.  Finally,  cross-sectional  time- 
slice  reconstructions  from  a  regional  seismic  line 
across  the  Magnus  oilfield  strongly  suggested  su- 
baerial  exposure  of  the  Magnus  Sandstone  Member 
in  Early  Cretaceous  time  and  consequent  freshwa- 
ter leaching  of  the  Magnus  Sandstone  Member  and 
generation  of  the  unconformity  at  the  base  of  the 
Cretaceous.  The  combination  of  several  lines  of 
evidence  from  the  Magnus  field  supports  the  proc- 
ess of  subaerial  exposure  and  freshwater  leaching 
to  create  secondary  porosity  in  sandstones.  (Au- 
thor's abstract) 
W9 1-05368 


FLOODS    THREATENING    KASHMIR    WET- 
LANDS. 

Kashmir  Univ.,   Srinagar  (India).   Centre  of  Re- 
search for  Development. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05385 


TILLAGE  EFFECTS  ON  SEDIMENT  AND 
SOLUBLE  NUTRIENT  LOSSES  FROM  A 
MAURY  SILT  LOAM  SOIL. 

Kentucky  Agricultural  Experiment  Station,  Lex- 
ington. Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05399 


RESISTANCE     IN     FLAT-BED     SEDIMENT- 
LADEN  FLOWS. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 

dromechanik. 

For  primary  bibliographic  entry  see  Field  2E. 
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BED    FEATURES    IN    NONUNIFORM    SEDI- 
MENTS. 

Nanyang  Technological  Inst.,  Singapore.  School 
of  Civil  and  Structural  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05426 


HUANGHE  (YELLOW  RrVER)  AND  ITS  ESTU- 
ARY: SEDIMENT  ORIGIN,  TRANSPORT  AND 
DEPOSITION. 

Ocean   University  of  Qingdao,   5   Yushan   Road, 
266003  Qingdao,  People's  Republic  of  China. 
J.  Zhang,  W.  W.  Huang,  and  M.  C.  Shi. 
Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  203-223,  December  1990.  7  fig,  2  tab,  26  ref. 

Descriptors:  'China,  'Estuaries,  'Huang  He  River, 
'Sediment  load,  'Sediment  transport,  'Sedimenta- 
tion, Aggrading  rivers,  Deltas,  Flow  discharge, 
River  flow,  Sediment  discharge,  Sediment  erosion. 

The  upper  part  of  the  Huanghe  (Yellow  River) 
drainage  basin  supplies  50-60%  of  the  annual  water 
discharge  and  only  10%  of  the  total  river  sediment 
load,  while  the  middle  reaches  contribute  30-40% 
of  the  water  flow  and  90%  of  the  annual  sediment 
load,  because  of  severe  erosion  over  the  loess 
plateau.  Large  variations  in  both  annual  water 
discharge  and  sediment  load  occur  in  the  Huanghe. 
Heavy  sedimentation  in  the  lower  reaches  of  the 
channel  makes  the  river  bed  aggrade  several  centi- 
meters/yr.  Of  the  suspended  sediment  in  the  river, 
90-95%  is  deposited  in  the  lower  part  of  the  river 
course  and  in  the  coastal  shallow  water  area;  less 
than  5-10%  escapes  from  Laizhou  Bay  and  enters 
the  Central  Bohai  and/or  North  Huanghai  (Yellow 
Sea).  The  active  delta  complex  now  propagates 
seaward  at  a  mean  rate  of  42  sq  km/yr.  (Author's 
abstract) 
W9 1-05439 


NUTRIENT  AND  SEDIMENT  LOSSES  FROM 
TURFGRASS. 

Maryland  Univ.,  College  Park.  Dept.  of  Agrono- 
my. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05396 


PARTICLE  FLUXES  AND  ECOSYSTEM  RE- 
SPONSE ON  A  CONTINENTAL  MARGIN:  THE 
1985-1988  MEDITERRANEAN  ECOMARGE  EX- 
PERIMENT. 

Perpignan  Univ.  (France).  Lab.  of  Marine  Sedi- 

mentalogy  and  Geochemistry. 

A.  Monaco,  P.  Biscaye,  J.  Soyer,  R.  Pocklington, 

and  S.  Heussner. 

Continental  Shelf  Research  CSHRDZ,  Vol.    10, 

No.  9/11,  p  809-839,   1990.  8  fig,  93  ref.  DOE 

Grant  No.  DE-FGO2-87ER60555. 

Descriptors:  'Continental  margin,  'Gulf  of  Lions, 
'Mediterranean  Sea,  'Particulate  matter,  'Sedi- 
ment transport,  Coastal  waters,  Cycling  nutrients, 
Discharge  rates,  Marine  environment,  Organic 
carbon,  Particle  transport,  Seasonal  distribution, 
Sedimentation,  Submarine  canyons,  Temporal  var- 
iation, Turbidity. 

The  first  experiment  of  the  ECOMARGE  program 
was  initiated  in  1983  to  1984,  in  the  Gulf  of  Lions 
(northwestern  Mediterranean  Sea)  to  quantify  the 
transfer  of  particulate  matter,  in  general,  and  or 
organic  carbon,  in  particular,  from  introduction  to 
and  formation  in  the  waters  of  the  continental  shelf 
to  consumption  or  sedimentation  on  the  shelf  or 
the  transfer  to  the  slope  and  deep  sea;  and  to 
understand  the  processes  involved  in  the  transfer, 
consumption,  and  sedimentation  together  with  spa- 
tial and  temporal  variability.  The  results  indicate 
that  some  particles  formed  in  the  waters  of  the 
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continental  shelf  or  introduced  by  rivers  are  depos- 
ited as  sediments  on  the  shelf;  some  are  transported 
to  the  slope  and  deep  sea.  In  the  offshore  waters, 
particle  concentrations  and  distributions  show  sur- 
ficial,  intermediate  and  benthic  nepheloid  layers. 
These  turbid  structures  increase  correspondingly 
with  the  seaward  shift  of  the  front  between  the 
coastal  waters  and  the  Liguro-Provencal  cyclonic 
gyre,  a  major  forcing  function  in  the  Gulf  of  Lions. 
The  temporal  variability  of  processes  affecting  the 
seaward  transport,  of  both  biogenic  and  abiogenic 
material,  is  from  hours,  days  to  seasonal,  and  prob- 
ably interannual  time  scales.  The  response  of  the 
system  to  the  variations  is  rapid,  with  pulses  of 
increased  discharge  of  particles  from  the  continen- 
tal shelf  recorded  in  sea  canyons  in  less  than  16 
days.  Based  on  study  of  tracers  of  particulate 
matter  and  environmental  factors,  the  contribution 
from  the  Rhone  River  and  adjacent  areas  is  maxi- 
mal during  the  winter;  while  the  maximum  relative 
contribution  of  the  adjacent  southwesterly  area  to 
the  flux  in  the  Lacaze-Duthiers  Canyon  occurs  in 
summer,  during  storm  events.  (Author's  abstract) 
W9 1-05450 


MASS-PHYSICAL  PROPERTIES  OF  SURFI- 
CIAL  SEDIMENTS  ON  THE  RHONE  CONTI- 
NENTAL MARGIN:  IMPLICATIONS  FOR  THE 
NEPHELOID  BENTHIC  LAYER. 

Nice  Univ.  (France). 

Continental  Shelf  Research  CSHRDZ,  Vol.  10, 
No.  9/11,  p  857-867,   1990.  6  fig,   1  tab,  25  ref. 

Descriptors:  'Continental  margin,  *Gulf  of  Lions, 
•Mediterranean  Sea,  'Sediment  discharge,  'Sedi- 
ments, Coastal  waters,  Lagoons,  Physical  proper- 
ties, Rhone  River,  Rivers,  Shear  strength,  Stream 
discharge,  Suspended  particulate  matter. 

Mass  physical  properties  of  the  surficial  (upper  5 
m)  sediments  on  the  Gulf  of  Lions  continental  shelf 
were  analyzed  from  more  than  100  short  (1  m)  and 
longer  (5  m)  cores  obtained  during  several  cruises. 
Data  include  water  content,  unit  weight,  Atterberg 
limits  (liquid  limit,  plastic  limit,  plasticity  index), 
shear  strength,  and  compression  index,  and  are 
used  to  determine  the  mass  property  distribution, 
according  to  the  main  parameters  influencing  mass 
physical  properties;  and  the  relationships  between 
these  properties  and  the  nepheloid  layer  on  the 
shelf.  The  shoreline  (lagoons)  and  inner  shelf  are 
characterized  by  low  density  and  shear  strength 
and  high  water  content  deposits,  due  to  electro- 
chemical flocculation  of  the  sediment.  The  outer 
shelf  is  blanketed  by  higher  density  and  shear 
strength  and  lower  water  content  deposits  generat- 
ed by  normal  settling  of  suspended  particles.  On 
the  inner  shelf,  during  river  peak  discharges,  a 
short  term  thin  bottom  layer  of  fluid-mud  (unit 
weight  lower  than  1.3  mg/cu  m)  is  supplied  by  a 
bottom  nepheloid  layer.  During  stormy  periods, 
this  layer  (about  10  cm  thick)  partly  disappears  by 
resuspension  of  suspended  particulate  matter  ad- 
vected,  in  the  bottom  nepheloid  layer,  over  the 
shelf  and  canyons  within  the  upper  slope.  (Au- 
thor's abstract) 
W9 1-05451 


CAESIUM  DISTRIBUTION  IN  NORTHWEST 
MEDITERRANEAN  SEA  WATER,  SUSPENDED 
PARTICLES  AND  SEDIMENTS. 

Commissariat  a  l'Energie  Atomique,  La  Seyne-sur- 
mer  (France). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05453 


HYDROGRAPHIC  STRUCTURE  AND  NEPHE- 
LOID SPATIAL  DISTRIBUTION  IN  THE  GULF 
OF  LIONS  CONTINENTAL  MARGIN. 

Neuchatel  Univ.  (Switzerland).  Groupe  Oceane. 
X.  D.  de  Madron,  F.  Nyffeler,  and  C.  H.  Godet. 
Continental  Shelf  Research  CSHRDZ,  Vol.    10, 
No.  9/11,  p  915-929,   1990.  7  fig,   1  tab,  30  ref. 

Descriptors:  'Continental  margin,  'Gulf  of  Lions, 
'Hydrography,  'Mediterranean  Sea,  'Sediment 
transport,  'Spatial  distribution,  'Suspended  sedi- 
ments, Coastal  waters,  Nephelometry,  Particulate 
matter,  Rhone  River,  Seasonal  distribution,  Sus- 
pended solids,  Water  circulation. 


A  general  hydrographic  and  nephelometric  survey 
of  the  Gulf  of  Lions  margin  was  undertaken  under 
autumn  conditions.  The  distribution  of  suspended 
material  along  the  margin  during  this  experiment  is 
controlled,  at  least  in  part,  by  the  following  fac- 
tors: the  hydrography  of  the  shelf-slope  waters  (i.e. 
the  nepheloid  layers  follow  the  isopyenals),  and 
the  cyclonic  circulation  of  the  water  masses  (the 
Liguro-Provencal  Current  and,  in  particular  the 
proximity  and  depth  of  the  Levantine  Intermediate 
Water  circulation).  On  the  northeastern  part  of  the 
margin  along  the  slope,  the  seaward  extension  of 
the  nepheloid  layers  is  sharply  bounded  and  is 
concentrated  in  canyon  heads  by  the  general  water 
circulation.  In  the  southwestern  part,  the  decreas- 
ing depth  of  the  major  flow  of  the  general  circula- 
tion and  its  increased  distance  seaward  from  the 
upper  slope  allow  the  seaward  and  downward 
expansion  of  the  nepheloid  structures.  The  sus- 
pended material  extending  offshore  is  swept  away 
and  diluted  by  the  general  circulation.  The  step- 
wise increase  toward  the  southwest,  in  suspended 
particulate  contents  in  the  slope  waters  between 
the  northeastern  and  southwestern  ends  of  the  Gulf 
of  Lions  margin,  is  influenced  less  by  the  Rhone 
and  other  rivers  of  the  shelf.  The  influence  of  the 
Rhone  is  seen  first  at  the  longitude  of  the  Rhone 
canyon.  In  the  southwestern  part  of  the  Gulf,  the 
Bourcart  and  Lacaze-Duthiers  canyons  are  areas 
through  which  the  suspended  material,  originating 
from  the  wholeshelf,  passes.  (Author's  abstract) 
W9 1-05454 


210-PO,  210-PB  IN  SEDIMENT  TRAP  PARTI- 
CLES ON  A  MEDITERRANEAN  CONTINEN- 
TAL MARGIN. 

International     Lab.     of     Marine     Radioactivity, 
Monaco-Ville  (Monaco). 
S.  Heussner,  R.  D.  Cherry,  and  M.  Heyraud. 
Continental   Shelf  Research  CSHRDZ,  Vol.   10, 
No.  9/11,  p  989-1004,   1990.  3  fig,  4  tab,  49  ref. 

Descriptors:  'Continental  margin,  'Gulf  of  Lions, 
'Lead  radioisotopes,  'Mediterranean  Sea,  'Poloni- 
um radioisotopes,  'Sediment  transport,  'Tracers, 
Carbonates,  Coastal  waters,  Fluctuations,  Organic 
matter,  Particulate  matter,  Rhone  River,  Seasonal 
variation,  Sediment  sampler,  Silica,  Stream  dis- 
charge. 

Concentrations  of  the  natural  radionuclides  poloni- 
um-210  and  lead-210  were  measured  in  particulate 
matter  collected  in  sediment  traps,  deployed  in  the 
Gulf  of  Lions  in  the  northwestern  Mediterranean 
Sea  during  the  first  phase  of  the  ECOMARGE 
program  (between  July  1985  and  April  1986).  The 
data  obtained  are  unexceptional  in  terms  of  the 
absolute  concentrations  measured,  but  show  inter- 
esting features  in  the  polonium-210/lead-210  activi- 
ty ratios.  These  are  high  (about  6)  in  samples 
collected  in  summer  at  50  m  depth,  they  are  above 
unity  in  all  except  one  of  the  50  and  100  m  depth 
samples,  and  are  less  than  unity  in  most  of  the 
deeper  (300  and  600  m)  samples.  There  is  a  clear 
tendency  for  lead-210  to  covary  with  organic 
matter  and  biogenic  silica;  likewise,  for  polonium- 
210  to  covary  with  carbonates  and  refractory  sili- 
cates. Particulate  matter  fluxes  and  nuclide  fluxes 
into  the  deep  traps  were  very  high  in  winter.  The 
utility  of  the  polonium-210/lead-210  activity  ratios, 
as  indicators  of  the  origin  of  these  fluxes,  is  high- 
lighted. These  results  suggest  that  deep  traps  in  the 
Gulf  of  Lions  continental  margin  were,  in  winter, 
fed  mainly  by  a  lateral  transport  of  riverine  parti- 
cles; these,  in  turn,  originated  largely  in  the  Rhone 
River.  (Author's  abstract) 
W9 1-05456 


FLUX  OF  TRANSURANIUM  NUCLIDES  AND 
CHLORINATED  HYDROCARBONS  IN  THE 
NORTHWESTERN  MEDITERRANEAN. 

International     Lab.     of     Marine     Radioactivity, 
Monaco-Ville  (Monaco). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05457 


CONTRIBUTION  OF  THE  RHONE  RIVER  TO 
ORGANIC  CARBON  INPUTS  TO  THE  NORTH- 
WESTERN MEDITERRANEAN  SEA. 

Perpignan  Univ.  (France).  Lab.  of  Marine  Sedi- 


mentalogy  and  Geochemistry. 

G.  Cauwet,  F.  Gadel,  M.  M.  de  Souza  Sierra,  O. 

Donard,  and  M.  Ewald. 

Continental  Shelf  Research  CSHRDZ,  Vol.    10, 

No.  9/11,  p  1025-1037,  1990.  6  fig,  1  tab,  21  ref. 

Descriptors:  'Gulf  of  Lions,  'Mediterranean  Sea, 
'Organic  carbon,  'Path  of  pollutants,  'Rhone 
River,  'Sediment  transport,  'Stream  discharge, 
Coastal  waters,  Continental  margin,  Diagenesis, 
Particle  transport,  Particulate  matter,  Suspended 
sediments,  Water  column. 

Particulate  and  dissolved  organic  carbon  were  de- 
termined in  coastal  waters  of  the  Gulf  of  Lions  in 
the  northwestern  Mediterranean  Sea,  during  sever- 
al cruises  from  1986.  The  input  of  particulate 
matter  from  the  Rhone  River  settles  rapidly  in  the 
coastal  zone.  Dissolved  organic  matter  is  partly 
involved  in  this  fast  sedimentation  process,  but 
most  of  it  is  widely  dispersed  during  the  mixing 
process,  giving  rise  to  concentration  gradients. 
Due  to  coastal  and  river  dynamics,  or  to  resuspen- 
sion processes,  a  small  fraction  of  the  sediment 
remains  in  suspension,  feeding  the  bottom  nephe- 
loid layer  which  is  then  spread  on  the  continental 
margin.  Periodic  resuspension  of  sediment  and  per- 
manent diffusion  releases  the  mobile  organic 
matter  fraction  into  the  water  column,  enriching 
bottom  waters.  Fluorescence  measurements  show 
the  limited  influence  on  the  open  sea  of  surface 
particulate  matter,  but  suggest  a  bottom  transport 
during  which  diagenic  evolution  can  occur.  Stud- 
ies are  in  progress  on  the  relation  between  the 
nepheloid  layer  and  the  sediment  and  on  the  conse- 
quences of  resuspension  in  terms  of  mobilization  of 
chemical  compounds.  (Brunone-PTT) 
W91-05458 


TRACERS  AND  CONSTITUENTS  INDICATING 
THE  NATURE  OF  ORGANIC  FLUXES,  THEIR 
ORIGIN  AND  THE  EFFECT  OF  ENVIRON- 
MENTAL CONDITIONS. 

Perpignan  Univ.  (France).  Lab.  of  Marine  Sedi- 
mentalogy  and  Geochemistry. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-05459 


ANALYSIS  OF  DEWATERING  CHARACTER- 
ISTICS OF  LAKE  AND  RrVER  SEDIMENTS. 

National    Chemical    Lab.    for    Industry,    Yatabe 

(Japan). 

For   primary  bibliographic   entry   see  Field   5G. 

W91-05525 


CHARACTERISTICS  OF  A  MARSHLAND  SOIL 
BUILT  UP  FROM  MARINE  AND  PEAT  MATE- 
RIAL. 

Oldenburg  Univ.  (Germany,  F.R.).  Dept.  of  Biol- 
ogy- 

For  primary  bibliographic  entry  see  Field  2H. 
W91-05568 


FATE  OF  MANGROVE  LITTER  IN  A  MAN- 
GROVE FOREST  ON  KO  YAO  YAI,  SOUTH- 
ERN THAILAND. 

Phuket  Marine  Biological  Center  (Thailand). 
For  primary  bibliographic  entry  see  Field  2L. 
W91-05574 


DIFFUSIVE  BOUNDARY  LAYER  OF  SEDI- 
MENTS: OXYGEN  MICROGRADIENTS  OVER 
A  MICROBIAL  MAT. 

National  Aeronautics  and  Space  Administration, 
Moffett  Field,  CA.  Ames  Research  Center. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-05584 


MULTILEVEL,  IN  SITU  PORE-WATER  SAM- 
PLER FOR  USE  IN  INTERTIDAL  SEDIMENTS 
AND  LABORATORY  MICROCOSMS. 

Plymouth  Marine  Lab.  (England). 

For  primary  bibliographic  entry  see  Field  7B. 

W91-05586 
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SUBSIDENCE,  ACCRETION,  AND  SEA  LEVEL 
RISE  IN  SOUTH  SAN  FRANCISCO  BAY 
MARSHES. 

Louisiana  State  Univ.,  Baton  Rouge.  Lab.  for  Wet- 
land Soils  and  Sediments. 
For  primary  bibliographic  entry  see  Field  2L. 
W91-05587 


NITROGENOUS  NUTRIENT  TRANSFERS  IN 
OYSTER  PONDS:  ROLE  OF  SEDIMENT  IN 
DEFERRED  PRIMARY  PRODUCTION. 

Centre  de  Recherche  en  Ecologie  Marine  et  Aqua- 
culture,  Nieul  sur  Mer  (France). 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05589 


SOIL,  LANDSCAPE,  AND  EROSION  RELA- 
TIONSHIPS IN  A  NORTHWEST  ILLINOIS 
WATERSHED. 

Illinois  Univ.,  Urbana.  Dept.  of  Agronomy. 

W.  R.  Kreznor,  K.  R.  Olson,  W.  L.  Banwart,  and 

D.  L.  Johnson. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1763-1771,  November/December 

1989.  3  fig,  6  tab,  54  ref. 

Descriptors:  'Erosion,  'Geomorphology,  'Illinois, 
•Landscapes,  *Mapping,  'Topography,  Catchment 
areas,  Cultivated  lands,  Organic  carbon,  Overland 
flow,   Slopes,   Soil   types,  Topographic  mapping. 

The  relationship  was  established  between  soil  taxo- 
nomic  description,  landscape  form  and  position, 
and  erosion  in  northwest  Illinois.  The  study  area 
consists  of  a  first-order  drainage  basin  about  10  ha 
in  size.  The  hillslopes  have  mean  gradients  of  6  to 
10%  with  overland  flow  the  primary  contributor 
to  erosion.  A  detailed  geomorphic  map  of  the 
watershed  was  constructed  on  a  1  m  topographic 
survey  base  map.  Map  units  were  delineated  based 
on  slope  shape,  gradient,  and  USDA  erosion  class. 
Erosion  classes  were  determined  for  the  transect 
pedons  by  comparison  with  two  uneroded  and 
uncultivated  pedons  in  area  cemeteries  with  similar 
slope  gradient,  slope  shape,  slope  length,  and  land- 
scape positions.  The  A  horizon  thickness  and  or- 
ganic carbon  content  decreased  and  clay  content 
increased  as  a  consequence  of  cultivation  and  ero- 
sion. Transect  data  for  all  hillslope  geomorphic 
units  showed  the  erosion  classes  near  the  shoulder 
to  be  either  slightly  or  moderately  eroded.  The 
lower  backslopes  and  upper  footslopes,  just  above 
the  sediment  basin,  were  either  severely  or  very 
severely  eroded,  suggesting  slope  length  to  be  the 
dominant  factor  affecting  erosion.  The  geomorphic 
units  with  concave  across-slope  shapes  were  found 
to  be  less  eroded  than  those  with  convex  across- 
slope  shapes.  All  cultivated  pedons  failed  to  meet 
the  criteria  for  Mollisols,  which  was  the  taxonomic 
placement  of  the  uncultivated  pedons.  Erosion 
phase,  landscape  segment,  slope  shape,  slope  gradi- 
ent, and  slope  length  affected  the  taxonomic  place- 
ment of  the  cultivated  hillslope  soils  when  com- 
pared with  uncultivated  sites.  (Author's  abstract) 
W9 1-05606 


USING  COMMON  SENSE  TO  PREVENT  SOIL 
EROSION  FROM  URBAN  DEVELOPMENT 
AREAS. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  General 

Engineering. 

For  primary   bibliographic   entry  see   Field   4D. 

W91-05619 


EFFECTS  OF  HURRICANE  STORM  FLOW  ON 
TRANSPORT  OF  WOODY  DEBRIS  IN  A  RAIN 
FOREST  STREAM  (LUQUILLO  EXPERIMEN- 
TAL FOREST,  PUERTO  RICO). 

Oklahoma  Univ.,  Norman.  Dept.  of  Zoology. 
A.  P.  Covich,  and  T.  A.  Crowl. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  197-205,  3  fig,  1  tab,  21  ref.  NSF  Grant 
No.  BSR-8811764. 


Descriptors:  'Flow  control,  'Forest  watersheds, 
•Hurricanes,  'Luquillo  Experimental  Forest, 
•Puerto  Rico,  *Rain  forests,  'Storm  runoff,  'Trop- 
ical hydrology,  'Woody  debris,  Detritus,  Moun- 
tain streams,  Quebrada  Prieta,  Rainfall-runoff  rela- 
tionships, Streamflow,  Surface  runoff. 

The  downstream  movement  of  marked  woody 
debris  was  determined  (120  individually  numbered 
hardwood  dowels)  along  a  300  meter  reach  of  the 
Quebrada  Prieta,  a  second  order  boulder  lined, 
montane  stream  in  northeastern  Puerto  Rico.  The 
study  began  in  1988  to  establish  a  baseline  for 
measuring  effects  of  storm  flow  on  the  transport 
and  retention  of  woody  debris  during  hurricane 
events.  The  study  continued  through  January  1990, 
and  evaluated  the  effects  of  Hurricane  Hugo  on 
movement  of  woody  debris.  Cohorts  of  20  dowels 
were  placed  into  an  upstream  pool  approximately 
every  two  months  to  avoid  a  large  accumulation  of 
dowels  at  the  release  point.  The  dowels  dispersed 
downstream  in  a  negative  exponential  pattern.  Re- 
tention time  within  the  stream  channel  and  per- 
centage recovery  of  the  marked  dowels  were 
higher  before  and  after  the  hurricane  than  after 
expected.  Prior  to  the  hurricane,  83%  to  100%  of 
the  dowels  were  recovered  and  60%  could  still  be 
located  after  the  storm  flow.  The  authors  hypoth- 
esize that  retention  time  is  long  because  of  the 
large  number  of  crevices  in  this  rocky  stream  and 
the  entrapping  effects  of  exposed  tree  roots  in 
undercut  banks.  Also,  streamflow  associated  with 
Hurricane  Hugo  was  low  relative  to  other  tropical 
storm  events.  (See  also  W9 1-056 11)  (Author's  ab- 
stract) 
W9 1-05631 


SILTATION  OF  RESERVOIRS  IN  AGRICUL- 
TURAL WATERSHEDS  DETERMINED  USING 
RADIOISOTOPE  TECHNIQUES. 

Agricultural  Research  Service,  Durant,  OK. 
Water  Quality  and  Watershed  Research  Lab. 
J.  W.  Naney,  and  S.  C.  Mclntyre. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  465-474,  6  fig,  1  tab,  20  ref. 

Descriptors:  'Agricultural  watersheds,  'Land  use, 
'Radioisotopes,  'Reelfoot  Lake,  'Reservoir  silt- 
ing, 'Sedimentation,  *Silting,  'Tracers,  'Tropical 
hydrology,  Case  studies,  Cesium  radioisotopes, 
Lake  sediments,  Lead  radioisotopes,  Oklahoma, 
Radioactive  tracers,  Reservoirs,  Tecumsah  Lake, 
Tennessee,  Tracer  studies. 

Results  of  studies  of  two  lakes  in  very  different 
watershed  environments  show  that  the  use  of  the 
radioisotopes  137-Cs  and  210-Pb  to  determine  silta- 
tion  rates  is  feasible.  Dating  of  sediments  relative 
to  known  decay  rates  of  the  isotopes  attached  to 
fine  soil  particles  establishes  useful  criteria  for  as- 
sessing changes  in  sediment  deposition  caused,  in 
part,  by  major  shifts  in  agricultural  land  manage- 
ment. The  137-Cs  concentration  of  lake  bottom 
sediment  cores  from  Tecumsah  Lake,  Oklahoma, 
indicates  a  distinct  reduction  in  the  rate  of  sedi- 
ment deposition  associated  with  a  major  shift  in 
land  use  from  cotton  to  grass  pasture  in  1954.  This 
finding  implies  that  sedimentation  rates  could  be 
accelerated  by  land  clearing  for  urban  develop- 
ment in  the  future.  Important  impacts  on  the  lake 
are  evident  in  less  than  50-100  years  typically  used 
as  planning  criteria  for  water  supply  lakes.  In 
Reelfoot  Lake,  Tennessee,  137-Cs  and  210-Pb 
made  it  possible  to  estimate  siltation  rates  not 
easily  determined  otherwise.  Periods  of  increased 
siltation  in  Reelfoot  Lake  closely  correspond  to 
major  changes  in  agricultural  practices  within  the 
Reelfoot  Lake  watershed.  Results  indicate  that 
Buck  Basin  will  fill  with  sediment  in  200  years  if 
siltation  continues  at  the  current  rate.  (See  also 
W91-0561 1)  (Lantz-PTT) 
W91-05658 


NUMERICAL  SIMULATION  OF  SHORELINE 
CHANGE  AT  LORAIN,  OHIO. 

Lund  Univ.  (Sweden).  Dept.  of  Water  Resources 


Engineering. 

H.  Hanson,  and  N.  C.  Kraus 

Journal  of  Waterway,  Port,  Coastal  and  Ocean 

Engineering  (ASCE)  JWPED5,  Vol.  117,  No.  1,  p 

1-18,  1991.  11  fig,  32  ref. 

Descriptors:  'Beach  erosion,  'Breakwaters,  'Lake 
shores,  'Model  studies,  'Numerical  analysis, 
•Ohio,  'Shore  protection,  Beaches,  Lake  Erie, 
Wave  direction,  Wave  height,  Waves. 

Design  of  detached  breakwaters  for  shore  protec- 
tion is  difficult  because  the  response  of  the  shore- 
line is  governed  by  at  least  14  geometric,  wave, 
and  sediment-related  variables.  Numerical  models 
of  shoreline  change  have  the  potential  for  incorpo- 
rating these  variables  to  predict  the  time  evolution 
of  the  beach  plan  shape;  however,  wave  transmis- 
sion at  breakwaters  has  been  a  major  process 
absent  from  such  models.  A  pragmatic  method  has 
been  developed  for  calculating  the  breaking-wave 
height  and  angle  under  combined  transmission,  dif- 
fraction, refraction,  and  shoaling.  This  model  was 
tested  to  predict  shoreline  change  measured  at 
Lorain,  Ohio,  the  site  of  a  three-segment  transmis- 
sive  breakwater  system.  The  model  successfully 
simulated  observed  shoreline  change  at  the  site 
that  occurred  over  three  time  periods  ranging  from 
one  to  five  years.  Sensitivity  tests  and  evaluation  of 
potential  alternative  shore-protection  designs  were 
made  to  demonstrate  the  economy  and  utility  of 
the  numerical  model.  The  project  design,  consist- 
ing of  detached  breakwaters  and  two  groins  sur- 
rounding a  beach  fill,  functioned  in  a  manner  supe- 
rior to  the  alternatives  of  fill  plus  breakwaters  only 
and  fill  plus  groins  only.  The  present  results  pro- 
vide only  indirect  verification  of  the  wave  algo- 
rithm; the  individual  calculation  modules  for  wave 
transformation,  longshore  sand  transport,  and 
beach  change  should  be  individually  tested  and 
refined,  if  necessary.  (Fish-PTT) 
W91-05782 


GEOCHEMICAL  FLOWS  OF  MICROELE- 
MENTS IN  AGRICULTURAL  LANDSCAPES 
OF  THE  CENTRAL  EUROPEAN  USSR. 

Institut  Fotosinteza,  Pushkino  SSR). 

V.  A.  Kovda,  and  V.  P.  Uchvatov. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  2,  p  86- 

89,  1989.  3  tab,  9  fig.  Translated  from:  Doklady 

Akademii  Nauk  SSSR,  Vol.  302,  No.  1,  p  211-214, 

1988. 

Descriptors:  'Cropland,  'Erosion,  'Nutrient  re- 
moval, 'Soviet  Union,  Agricultural  runoff,  Fertil- 
izers, Forest  soils,  Geochemistry,  Hydrologic 
budget,  Micronutrients,  Nutrients,  Soil  genesis. 

One  of  the  factors  limiting  soil  fertility  and  crop 
yields  is  erosion  of  the  soil  cover.  The  extent  of 
human-caused  erosion  in  some  parts  of  the  world  is 
1-1.5  orders  of  magnitude  greater  than  the  rate  of 
natural  mechanical  denudation.  In  1977-1983  an 
integrated  study  was  conducted  of  the  geochemi- 
cal  flows  and  the  balance  of  matter  in  certain 
agricultural  production  landscapes  typical  of  the 
central  zone  of  the  European  Soviet  Union.  Mi- 
croelement compositions  were  determined  in  culti- 
vated and  uncultivated  soils.  Soils  under  forest  in 
their  natural  state  had  1.1-2.3  times  as  much  of 
almost  all  of  the  microelements  studied  (except 
Mo,  Ag,  and  Zr)  and  of  humus  as  cultivated  soils 
and  slope  soils  where  hay  is  grown.  The  concen- 
tration of  microelements  in  cultivated  and  slope 
soils  approached  the  concentrations  in  the  parent 
material.  'Technological  erosion,'  which  is  the  re- 
moval of  soils  from  the  site  along  with  root  crops 
being  delivered  to  localities  hundreds  of  miles 
away,  causes  substantial  soil  losses  during  the  har- 
vest season.  Soil  denudation  in  the  southern 
Moscow  region  in  the  years  with  the  most  favor- 
able weather  conditions  may  be  as  much  as  0.4 
mm/yr,  nearly  an  order  of  magnitude  greater  than 
the  rate  of  natural  soil  formation,  if  it  is  assumed 
that  the  formation  of  the  humus  horizon  of  Gray 
Forest  soils  30-40  cm  thick  requires  8-10  thousand 
years  (the  duration  of  the  Holocene).  The  loss  of 
microelements  from  the  agricultural  landscape 
from  technological  erosion  considerably  exceeds 
losses  occurring  by  all  other  means;  in  years  of 
unfavorable    weather   conditions   this   can   be   as 
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much  as  50-70%  of  the  total  losses  of  microele- 
ments from  the  agricultural  landscape.  The  losses 
of  microelements  are  partially  compensated  by  pre- 
cipitation and  added  mineral  fertilizers.  An  impor- 
tant agricultural  consequence  of  the  loss  of  microe- 
lements and  humus  from  the  agricultural  landscape 
is  the  decrease  in  the  amounts  of  mobile  forms  of 
nutrients  bound  to  soil  organic  matter  that  are 
needed  by  crops.  (Rochester-PTT) 
W91-05828 


HYDRAULIC  RESPONSE  OF  HIGHLY  COM- 
PRESSIBLE AQU1TARDS  DURING  CONSOLI- 
DATION. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05833 


GROWTH  OF  ALTERNATE  BARS  IN  UN- 
STEADY FLOW. 

Genoa  Univ.  (Italy).  Inst,  of  Hydraulics. 

M.  Tubino. 

Water  Resources  Research  WRERAQ,  Vol.  27, 

No.  1,  p  37-52,  January  1991.  16  fig,  3  tab,  27  ref. 

Descriptors:  'Channel  morphology,  'Channel  sta- 
bility, *River  beds,  *Streambeds,  "Unsteady  flow, 
Artificial  watercourses,  Flood  discharge,  Hydrau- 
lic models,  Hydraulics,  Laboratory  methods, 
Mathematical  analysis. 

Many  data  have  been  collected  on  the  occurrence 
of  bars,  both  in  the  field  and  in  the  laboratory,  and 
on  the  geometric  and  hydraulic  characteristics  of 
alternate  bars  under  steady-flow  conditions.  A  ra- 
tional (theoretical)  interpretation  of  the  physical 
process  has  been  developed  through  a  large 
number  of  linear  studies.  A  theoretical  model  has 
been  formulated  to  investigate  the  development  of 
the  amplitude  of  alternate  bars  in  unsteady  flow. 
The  problem  was  solved  using  a  weakly  nonlinear 
analysis  developed  in  a  neighborhood  of  the 
threshold  conditions  of  bar  formation.  Bar  re- 
sponse to  unsteady  flow  depends  on  a  parameter 
(U)  that  is  a  measure  of  the  ratio  between  the  time 
scale  of  the  basic  flow  and  the  time  scale  of  bar 
growth  (an  unsteadiness  parameter).  The  theory 
shows  that  if  U  is  O(l),  as  often  occurs  in  nature, 
flow  unsteadiness  affects  the  instantaneous  growth 
rate  and  phase  of  bar  perturbation  and  controls  the 
final  amplitude  reached  by  the  bed  configuration. 
A  procedure  for  determining  the  final  amplitude 
for  a  given  flood  event  has  been  devised.  Flume 
experiments  were  performed  to  test  the  main  theo- 
retical results.  The  bed  response  to  unsteady  flow 
was  measured  for  different  values  of  the  period  of 
the  flood.  The  observed  temporal  behavior  of  the 
bar  amplitude  proves  to  be  strongly  affected  by  the 
unsteady  character  of  the  flow  of  U  of  O(l),  as 
predicted  by  the  theory.  (Author's  abstract) 
W91-05835 


PIPING  AND  EROSION  TESTS  AT  CONNER 
RUN  DAM. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary   bibliographic   entry  see  Field   8D. 
W91-O5870 


of  Mississippi's  Goodwin  Creek  drainage  basin, 
Catchment  of  the  30  year  old  reservoir,  construct- 
ed for  flood  and  sediment  control,  consisted  of  17.8 
ha  of  permanent  pasture  and  14.6  ha  of  cultivated 
and  mixed-cover  land  Inflow  in  winter  and  spring 
increased  reservoir  concentrations  of  phosphorus 
(from  nondetectable  to  1  mg/L),  nitrate-nitrogen 
(from  nondetectable  to  1  mg/L)  and  suspended 
sediments  (from  30  to  >  300  mg/L).  Storm-related 
inflow  was  the  driving  force  behind  short-term 
limnological  and  water  quality  cycles  in  Morris 
Pond.  Multiple  chlorophyll  peaks  indicated  rapid 
phytoplankton  response  to  runoff-related  nutrient 
loading  in  this  shallow  (2.5  m  normal  max.  depth) 
reservoir.  Chlorophyll  a  ranged  from  <  10  mg/cu 
m  in  winter  to  <  100  mg/cu  m  in  summmer.  Nutri- 
ent and  suspended  sediment  concentration  in 
inflow  were  significantly  correlated  (P<0.001) 
with  precipitation  and  storm  runoff  and  were  sig- 
nificantly (P<0.05)  higher  than  normal  seasonal 
pond  concentrations.  Nutrient  trapping  efficiency 
during  storms  averaged  above  70%  for  phosphorus 
and  nitrogen  compounds  flushed  into  the  pond. 
The  buffering  capability  of  agricultural  impound- 
ments makes  them  excellent  tools  for  managing 
intensive  agricultural  runoff  and  downstream 
water  quality.  (Author's  abstract) 
W9 1-05926 


ASSESSMENT  OF  FUTURE  COAST  LAND 
LOSS  ALONG  THE  UPPER  TEXAS  GULF 
COAST  TO  THE  YEAR  2050. 

Texas  Univ.  at  Austin.  Dept.  of  Geological  Sci- 
ences. 

S.  J.  Germait,  and  J.  M.  Sharp. 
Bulletin  of  the  Association  of  Engineering  Geolo- 
gists AEGBBU,  Vol.  27,  No.  3,  p  263-280,  1990.  7 
fig,  6  tab,  61  ref. 

Descriptors:  *Beach  erosion,  *Coastal  areas, 
•Coastal  zone  management,  *Gulf  of  Mexico,  *Sea 
level,  *Shoreline  retreat,  'Subsidence,  Land  devel- 
opment, Model  studies,  Projections,  Upper  Texas 
Gulf  Coast. 

Three  scenarios  (baseline,  low-rise  and  high-rise) 
for  shoreline  retreat  and  resulting  loss  of  land  to 
the  year  2050  are  developed  for  the  Upper  Gulf 
Coast,  north  of  the  Galveston  Bay.  The  scenarios 
integrate  projections  of  future  relative  sea-level 
(RSL)  rise  with  empirical  relations  between  RSL 
rise  and  shoreline  retreat  over  an  historical  baseline 
period.  The  projections  of  future  RSL  rise  with 
empirical  relations  between  RSL  rise  and  shoreline 
retreat  over  an  historical  baseline  period.  The  pro- 
jections of  future  RSL  rise  combine  estimates  of 
eustatic  sea-level  rise  derived  from  a  delphic  analy- 
sis with  an  assumed  constant  rate  of  land-surface 
subsidence.  RSL  rises  of  0.49  m,  0.63  m  and  1087 
m  are  computed  for  the  year  2050  in  the  baseline, 
low-rise  and  high-rise  scenarios,  respectively. 
These  rises  correspond  to  losses  of  land  of  17.1  sq 
km  (4224  acres),  22.4  sq  km  (5533  acres)  and  68.5 
sq  km  (16,920  acres)  within  the  study  area.  Al- 
though the  loss  of  land  varies  considerably 
throughout  the  study  area,  shoreline  retreats  of  up 
to  1.85  km  by  2050  are  predicted  in  the  worst-case 
(high-rise)  scenario.  (Author's  abstract) 
W91-05936 


NUTRIENT  TRAPPING  EFFICIENCY  OF  A 
SMALL  SEDIMENT  DETENTION  RESER- 
VOIR. 

Agricultural  Research  Service,  Oxford,  MS.  Sedi- 
mentation Lab. 

C.  M.  Cooper,  and  S.  S.  Knight. 
Agricultural  Water  Management  AWMADF,  Vol. 
18,  No.  2,  p  149-158,  July  1990.  2  fig,  2  tab,  11  ref. 

Descriptors:  'Detention  reservoirs,  'Mississippi, 
•Nutrient  trapping,  'Nutrients,  'Suspended  sedi- 
ments, Chlorophyll  a,  Nitrates,  Nitrogen  com- 
pounds, Phosphorus,  Phytoplankton,  Rainfall- 
runoff  relationships,  Reservoir  silting,  Seasonal 
variation,  Small  watersheds. 

Weekly  measurements  of  water  quality  parameters 
were  taken  over  a  5  year  period  from  four  sites  in 
Morris  Pond,  a  1.09  ha  reservoir  in  the  loess  hills 


ECONOMICS  OF  SOIL  EROSION  AND  CON- 
SERVATION ON  SIX  SOIL  GROUPINGS  IN 
MANITOBA. 

Agriculture  Canada,  Brandon  (Manitoba).  Re- 
search Station. 

E.  G.  Smith,  and  C.  F.  Shaykewich. 
Canadian  Journal  of  Agricultural  Economics,  Vol. 
38,  No.  2,  p  215-231,  July  1990.  1  fig,  4  tab,  34  ref. 

Descriptors:  'Canada,  'Crop  production,  'Model 
studies,  'Soil  conservation,  'Soil  erosion,  'Tillage, 
Conservation  tillage,  Cost  analysis,  Crop  rotation, 
Economic  evaluation,  Linear  models,  Linear  pro- 
gramming, Manitoba. 

The  effect  of  soil  erosion  on  optimal  cropping  and 
tillage  practices  are  determined  using  a  dynamic 
linear  programming  model.  The  analysis  recog- 
nizes the  effect  that  current  soil  erosion  has  on 
future  production.  The  productivity  declines  in  the 
model  from  soil  erosion  are  estimated  from  a  study 


Chemical  Processes — Group  2K 

that  artificially  eroded  soil  at  six  sites.  The  optimal 
cropping  practice  indicates  that  minimum  tillage  is 
the  best  way  to  reduce  soil  erosion,  Nonerosive 
crops  such  as  hay  or  zero  tillage  practices  are  not 
as  profitable  as  minimum  tillage  with  cereal  grain- 
oilseed  crop  rotations.  The  value  of  soil  conserved 
by  the  least  erosive  practices  (zero  tillage  and/or 
hay  production)  is  less  than  the  additional  costs  or 
lower  returns  of  the  practice.  The  marginal  user 
cost  ranges  from  $0.00  to  $0.55  per  hectare  per 
year,  depending  on  the  soil  grouping.  The  margin- 
al user  cost  of  soil  is  affected  by  the  productivity 
impact  of  erosion,  prices  of  commodities,  fertilizer 
prices,  technology  and  the  discount  rate.  The  $0.00 
values  are  from  a  soil  grouping  that  had  limited 
data  from  two  contrasting  years.  (Author's  ab- 
stract) 
W91-05938 
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CHLORINATION  OF  HUMIC  MATERIALS: 
BYPRODUCT  FORMATION  AND  CHEMICAL 
INTERPRETATIONS. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-04946 

IMPACT  OF  EUTROPHICATION  ON  THE  SIL- 
ICATE CYCLE  OF  MAN-MADE  BASINS  IN 
THE  RHINE  DELTA. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W91-04959 

CONCENTRATION  AND  PARTIONING  OF 
PARTICULATE  TRACE  METALS  IN  THE 
CHANGJIANG  (YANGTZE  RTVER). 

Department  of  Marine  Chemistry,  Ocean  Univ.  of 

Qingdao,  5  Yushan  Road,  Qingdao  266003,  P.R. 

China. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-04969 


CONTROLS  ON  SURFACE  WATER  CHEMIS- 
TRY IN  THE  SOUTHERN  BLUE  RIDGE  AND 
PIEDMONT  PROVINCES. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04971 


INFLUENCES  OF  TEMPERATURE  ON  AQUE- 
OUS ALUMINUM  CHEMISTRY. 

Norges  Landbrukshoegskole,  Aas.  Isotope  Lab. 

E.  Lydersen,  B.  Salbu,  A.  B.  S.  Poleo,  and  I.  P. 

Muniz. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  51, 

No.   3/4,  p  203-215,   1990.   3   fig,  2  tab,  27  ref. 

Descriptors:  'Acid  rain,  'Aluminum,  'Chemical 
interactions,  'Environmental  chemistry,  'Path  of 
pollutants,  'Temperature  effects,  'Water  chemis- 
try, Chemical  analysis,  Chemical  precipitation, 
Chemical  properties,  Hydrogen  ion  concentration. 

Temperature  affects  the  solubility  of  Al(OH)3(s), 
the  solubility  product  formed,  the  hydrolysis  and 
molecular  weight  distribution  of  aqueous  Al  spe- 
cies as  well  as  the  pH  of  the  solutions.  Identical 
solutions  of  inorganic  Al  (400,  600,  and  800  microg 
Al/L)  were  stored  for  1  month  at  either  2  or  25  C. 
In  the  solutions  stored  at  2  C,  pH  varied  from  5.64 
to  5.78.  In  spite  of  the  relatively  low  pH  at  25  C, 
significant  amounts  of  high  molecular  weight  Al 
species  were  precipitated  from  the  solution  and  the 
solubility  product  of  Al(OH)3(s)  was  low  (9.0). 
Substantial  amounts  of  high  molecular  weight  Al 
species  were  also  formed  at  2  C,  but  the  majority 
was  present  as  colloids  in  the  solution.  The  solubil- 
ity product  (converted  from  2  to  25  C)  was  10.2, 
reflecting  a  solubility  product  of  an  amorphous 
Al(OH)3(s)  phase.  The  different  physicochemical 
forms  of  Al  present  at  2  and  25  C  should  have 
relevance  for  water/soil  chemistry  modeling.  (Au- 
thor's abstract) 
W9 1-04977 
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SIMULATION  OF  HYDROCHEMISTRY  IN  A 
HIGHLAND  SCOTTISH  CATCHMENT  USING 
THE  BIRKENES  MODEL. 

Oslo  Univ.  (Norway).  Dept.  of  Chemistry. 

A.  Stone,  H.  M.  Seip,  S.  Tuck,  A.  Jenkins,  and  R. 

C.  Ferrier. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  51, 

No.   3/4,   p  239-259,    1990.   9  fig,  2  tab,   25  ref. 

Descriptors:  'Acid  rain  effects,  'Birkenes  Model, 
'Hydrologic  models,  *ModeI  studies,  *Scotland, 
•Simulation  analysis,  'Water  chemistry,  'Water- 
sheds, Anions,  Cations,  Chemical  analysis,  Water 
quality. 

An  important  indicator  of  the  quality  of  hydroche- 
mical  simulation  models  is  their  ability  to  be  used 
in  a  wide  range  of  catchment  types.  The  Birkenes 
Model,  built  primarily  upon  data  from  a  small 
basin  in  southern  Norway,  was  used  to  simulate  a 
highland  Scottish  catchment  with  physical  and 
chemical  characteristics  quite  different  from  those 
at  Birkenes.  The  hydrological  and  chemical  signals 
were  simulated  and  compared  to  observations  and 
results  from  earlier  Birkenes  simulations.  The  re- 
sults indicate  that  the  basic  chemical  processes  are 
qualitatively  represented  in  the  model,  and  that  it  is 
possible  to  simulate  hydrochemical  observations 
for  varying  catchment  types.  The  broad  trends  in 
stream  concentrations  for  all  the  major  anions  and 
cations  are  reproduced.  Although  short-term  vari- 
ations are  not  simulated  equally  well,  the  results 
strengthen  confidence  in  the  predictions  of  the 
Birkenes  Model  even  though  the  model  is  a  highly 
simplified  description  of  a  complicated  system. 
(Author's  abstract) 
W91-04978 


OCCURRENCE  AND  DISTRIBUTION  OF 
METHANE  THIOL  AND  OTHER  VOLATILE 
SULPHUR  COMPOUNDS  IN  A  STRATIFIED 
LAKE  WITH  ANOXIC  HYPOLIMNION. 

Institut  Fresenius  Chemische  und  Biologische  La- 
boratorien  G.m.b.H.,  Taunusstein-Neuhof  (Germa- 
ny, F.R.). 
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Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   119, 
No.  3,  p  315-323,  September  1990.  3  fig,  29  ref. 

Descriptors:  'Anoxic  conditions,  'Lake  stratifica- 
tion, 'Limnology,  'Methane  thiol,  'Sampling, 
•Sulfur  compounds,  Carbon  disulfide,  Chemical 
analysis,  Dimethyl  sulfide,  Germany,  Hypolim- 
nion,  Odors,  Organic  compounds,  Schleinsee  Lake, 
Water  chemistry. 

Methane  thiol  and  other  volatile  thiol  compounds 
have  been  determined  in  a  stratified  lake  (Schlein- 
see, SW  Germany)  with  anoxic  hypolimnion. 
Methane  thiol  was  the  major  volatile  sulfur  com- 
pound in  the  anoxic  water  layers  and  exhibited 
increasing  concentrations  from  the  metalimnion  to 
the  sediment.  The  maximum  concentration  ob- 
served was  3  micro  grams/L.  Dimethyl  sulphide 
was  only  found  in  water  layers  near  the  sediment. 
Carbon  disulfide  exhibited  rather  low  concentra- 
tions around  20  ng/L  with  little  variation  in  the 
hypolimnion.  S-methyl  thiopropionate,  which  has 
not  been  described  before  in  natural  waters,  was 
restricted  to  the  anoxic  layer.  In  the  oxygen  con- 
taining epilimnion,  dimethyl  disulfide  was  the  only 
volatile  sulfur  compound  observed.  Vertical  pro- 
files taken  from  July  through  December  showed 
the  continued  presence  of  high  concentrations  of 
methane  thiol  in  the  anoxic  hypolimnion.  (Author's 
abstract) 
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MECHANISMS  CONTROLLING  CU,  FE,  MN, 
AND  CO  PROFILES  IN  PEAT  OF  THE  FILSON 
CREEK  FEN,  NORTHEASTERN  MINNESOTA. 

Geological  Survey,  Denver,  CO. 
K  Walton-Day,  L.  H.  Filipek,  and  C.  S.  E.  Papp. 
Geochimica  et   Cosmochimica  Acta  GCACAK, 
Vol.  54,  No.  11,  p  2933-2946,  November  1990.  11 
fig,  2  tab,  65  ref. 

Descriptors:  'Fens,  'Geochemistry,  'Groundwat- 
er chemistry,  'Metals,  'Mineral  exploration,  'Peat, 
•Wetlands,  Cobalt,  Copper,  Filson  Creek  Fen,  In- 
terstitial water,  Iron,  Manganese,  Metal  distribu- 


tion, Minnesota,  Soil  water,  Vertical  distribution, 
Water  chemistry. 

Filson  Creek  Fen,  located  in  northeastern  Minne- 
sota, overlies  a  Cu-Ni  sulfide  deposit.  A  site  in  the 
fen  was  used  to  evaluate  the  hydrogeochemical 
mechanisms  governing  the  development  of  Fe, 
Mn,  Co,  and  Cu  profiles  in  the  peat.  At  the  study 
site,  surface  peat  approximately  1  m  thick  is  sepa- 
rated from  the  underlying  mineralized  bedrock  by 
a  6-12  m  thickness  of  lake  and  glaciofluvial  sedi- 
ments and  till.  Concentrations  of  Fe,  Mn,  Co,  and 
Cu  in  peat  and  major  elements  in  pore  water 
delineate  a  shallow,  relatively  oxidized,  Cu-rich 
zone  overlying  a  deeper,  reduced,  Fe-,  Mn-,  and 
Co-rich  zone  within  the  peat.  Sequential  metal 
extractions  from  peat  samples  revealed  that  40- 
55%  of  the  Cu  in  the  shallow  zone  is  associated 
with  organic  material,  whereas  the  remaining  Cu  is 
distributed  between  iron-oxide,  sulfide,  and  residu- 
al fractions.  Sixty  to  seventy  percent  of  the  Fe, 
Mn,  and  Co  concentrated  in  the  deeper  zone 
occurs  in  the  residual  phase.  The  metal  profiles  and 
associations  probably  result  from  non-steady-state 
input  of  metals  and  detritus  into  the  fen  during 
formation  of  the  peat  column.  The  variable  stratig- 
raphy of  the  fen  indicates  that  weathering  process- 
es and  surface  vegetation  have  changed  through 
time  in  the  fen.  The  Fe,  Mn,  and  Co  maxima  at  the 
base  of  the  peat  are  associated  with  a  maximum  in 
detrital  matter  content  of  the  peat.  The  chemistry 
of  sediments  and  groundwater  collected  beneath 
the  peat  indicate  that  mobilization  of  metals  from 
sulfide  minerals  in  the  buried  mineral  deposit  or 
glacial  deposits  is  minimal.  Therefore,  the  primary 
source  of  Cu  to  the  peat  at  the  study  site  is 
outcrops  and  shallow  subcrops  of  the  mineral  de- 
posit adjacent  to  the  fen.  (Author's  abstract) 
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SEASONAL  FLUCTUATIONS  IN  THE  CHEM- 
ISTRY OF  SMALL  FOREST  LAKES  IN 
SOUTHERN  FINLAND  WITH  SPECIAL  REF- 
ERENCE TO  ACIDITY. 

Helsinki  Univ.,  Lammi  (Finland).  Lammi  Biologi- 
cal Station. 
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KINETICS  OF  SELENATE  AND  SELENTTE 
ADSORPTION/DESORPTION  AT  THE 
GOETHTTE/WATER  INTERFACE. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  and  Soil 

Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
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DETERMINATION  OF  RHENIUM  IN 
GROUNDWATER  BY  INDUCTIVELY  COU- 
PLED PLASMA  MASS  SPECTROMETRY 
WITH  ON-LINE  CATION  EXCHANGE  MEM- 
BRANE SAMPLE  CLEANUP. 
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Denver,  CO. 
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DETERMINATION  OF  LINEAR  ALKYLBEN- 
ZENESULFONATES    AND    DIALKYLTETRA- 
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Monsanto  Co.,  St.  Louis,  MO. 
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LIQUID  CHROMATOGRAPHY-ELECTRO- 

CHEMICAL  DETECTION  OF  INORGANIC  AR- 
SENIC USING  A  WALL  JET  CELL  WITH  CON- 
VENTIONAL AND  MICROSIZED  PLATINUM 
DISK  ELECTRODES. 

Deakin    Univ.,    Melbourne    (Australia).    Div.    of 
Chemical  and  Physical  Sciences. 
For  primary  bibliographic  entry  see  Field  5A. 
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KINETICS  AND  MECHANISMS  OF  SULFATE 
ADSORPTION/DESORPTION  ON  GOETHITE 
USING  PRESSURE-JUMP  RELAXATION. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  and  Soil 

Sciences. 

P.  C.  Zhang,  and  D.  L.  Sparks. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  5,  p  1266-1273,  September/October 
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Descriptors:  'Weathering,  'Leaching,  'Adsorp- 
tion, 'Desorption,  Path  of  pollutants,  'Soil  chemis- 
try, 'Sulfates,  'Adsorption  kinetics,  'Goethite, 
Iron  compounds,  Mathematical  models,  Model 
studies,  Pressure-jump  relaxation,  Electrostatics, 
Equilibrium. 

Adsorption  of  sulfate  on  soils  and  soil  constituents 
has  been  extensively  studied,  particularly  as  it  af- 
fects various  aspects  of  plant  nutrition,  soil  acidity, 
soil  salinity,  and  water  quality.  Sulfate  adsorption/ 
desorption  on  goethite  in  aqueous  suspension  was 
investigated  thermodynamically  and  kinetically. 
The  sulfate  adsorption  isotherm  indicated  that  ad- 
sorption decreased  with  increased  pH  of  the  goeth- 
ite suspension.  The  triple-layer  model  fit  the  exper- 
imental data  well  when  adsorbed  sulfate  was  as- 
sumed to  be  located  at  the  beta  plane  and  held  via 
outer-sphere  complexation.  Pressure-jump  relax- 
ation was  used  to  determine  the  kinetics  of  sulfate 
adsorption/desorption  on  goethite.  A  single  relax- 
ation was  observed  due  to  adsorption/desorption 
processes.  Based  on  the  equilibrium  and  kinetic 
studies,  two  reaction  mechanisms  for  sulfate  reten- 
tion were  hypothesized  and  tested.  The  first  postu- 
lated mechanism  assumed  that  sulfate  was  ad- 
sorbed on  a  positively  charged  surface  site  through 
electrostatic  attraction.  This  mechanism  was  re- 
jected because  of  the  poor  conformity  between  the 
intrinsic  equilibrium  constant  determined  from  the 
static  studies  and  that  found  from  the  ratio  of 
forward  and  backward  rate  constants.  The  adsorp- 
tion of  sulfate  on  goethite  occurred  simultaneously 
with  the  protonation  of  a  neutral  surface  site,  as 
assumed  in  the  second  hypothesized  mechanism. 
Based  on  this  mechanism,  a  linear  relationship  be- 
tween the  reciprocal  relaxation  time  and  various 
concentration  terms  was  observed.  Forward  and 
backward  rate  constants  were  calculated 
(202,000,000  /sq  mol/sq  L/sec  and  0.144/sec,  re- 
spectively). The  intrinsic  equilibrium  constant 
from  kinetic  measurements  was  10  to  the  9.14 
power/sq  mol/  sq  L,  which  was  similar  to  the 
intrinsic  equilibrium  constant  from  the  equilibrium 
studies  (10  to  the  9.60  power).  (Author's  abstract) 
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ANALYSES  OF  ADSORPTION  KINETICS 
USING  STTRRED-FLOW  CHAMBER:  IL  PO- 
TASSIUM-CALCIUM EXCHANGE  ON  CLAY 
MINERALS. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  and  Soil 
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Descriptors:  'Analytical  techniques,  'Clay  miner- 
als, *Soi!  chemistry,  *Adsorption  kinetics,  'Calci- 
um, 'Potassium,  'Cation  exchange,  Vermiculite, 
Montmorillonite,  Soil  types,  Stirred-flow  chamber, 
Flow  discharge  rates,  'Adsorption. 

Potassium-calcium  adsorption  kinetics  on  a  Llano 
vermiculite  and  an  Arizona  montmorillonite  were 
studied  using  a  stirred-flow  technique.  Various  ex- 
periments were  conducted  to  distinguish  between 
(1)  instantaneous  equilibrium  and  time-dependent 
reactions,  and  (2)  solution-concentration-depend- 
ent kinetic  models  vs.  those  that  are  independent  of 
solution  concentration.  These  experiments  includ- 
ed varying  the  flow  rate  and  influent  concentration 
and  stopping  the  flow  for  a  period  of  time.  Results 
showed  that  potassium-calcium  exchange  on  mont- 
morillonite was  too  rapid  to  be  measured  with  the 
stirred-flow  technique,  while  exchange  rates  on 
vermiculite  could  be  ascertained.  Adsorption  kinet- 
ic parameters  should  be  included  in  transport 
models  to  more  accurately  predict  the  fate  of  ions 
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in  soils  dominated  by  vermiculitic  and  micaceous 
clay  minerals.  (Author's  abstract) 
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FLUORESCENCE  QUENCHING  AND  POLAR- 
IZATION STUDIES  OF  NAPHTHALENE  AND 
1-NAPHTHOL  INTERACTION  WITH  HUMIC 
ACDJ. 
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Entomological  Sciences. 
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FLUORESCENCE  SPECTROSCOPY  OF  AQUE- 
OUS LEAF  LITTER  EXTRACTS  AND  THEIR 
COMPLEXES  WITH  ALUMINUM. 
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Fluorescence  spectroscopy  is  a  sensitive  method 
for  discriminating  among  humic  substances  both  in 
structure  and  in  provenance.  This  study  was  con- 
ducted to  determine  whether  the  same  is  true  for 
an  important  nonhumic  organic  material,  the 
water-soluble  fraction  of  forest  leaf  litter.  Aqueous 
extracts  of  leaf  litter  from  three  tree  species  (Cas- 
tanea  sativa,  Pinus  monticola,  Salix  spp.)  were 
examined  by  conventional  excitation  and  synchro- 
nous-scan excitation  fluorescence  spectroscopy. 
The  spectra  obtained  varied  with  the  plant  source 
of  the  leaf  litter  extract  (LLE)  as  well  as  with  the 
LLE  concentration.  This  sensitivity  to  organic 
matter  origin  indicates  that  fluorescence  spectros- 
copy will  be  useful  to  distinguish  among  LLE  of 
differing  provenance.  The  synchronous-scan  spec- 
tra of  the  LLE  showed  some  peaks  that  decreased 
in  relative  intensity  with  increasing  LLE  dilution, 
and  some  that  increased  with  increasing  dilution. 
This  behavior  was  attributed  to  the  presence  of 
both  Type  I  fluorophores,  which  are  not  quenched 
because  they  do  not  form  charge-transfer  complex- 
es with  nonfluorescent  constituents  of  the  LLE, 
and  Type  II  fluorophores,  which  are  quenched  by 
the  formation  of  charge-transfer  complexes  and 
self-quenching  processes,  leading  to  intensity  in- 
creases at  high  dilution.  Synchronous-scan  excita- 
tion spectra  also  were  obtained  for  aluminum/LLE 
mixtures  at  pH  4.5,  with  the  total  aluminum  con- 
centration varying  from  0  to  60  mmol/cubic  m. 
The  spectra  showed  that  aluminum-complex  for- 
mation may  result  either  in  increases  of  relative 
fluorescence  intensity  or  in  fluorescence  quench- 
ing, depending  both  on  the  source  of  LLE  and  on 
its  concentration.  This  result  may  reflect  a  concen- 
tration dependence  of  charge-transfer  complex  for- 
mation and  the  possibility  that  excited-state  com- 
plexes of  aluminum  are  less  fluorescent  that 
ground-state  aluminum  complexes.  (Author's  ab- 
stract) 
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HABITAT-SPECIFIC  SOLUTE  RETENTION  IN 
TWO  SMALL  STREAMS:  AN  INTERSITE 
COMPARISON. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
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Descriptors:  *North  Carolina,  *Oregon,  *Dis- 
solved  organic  carbon,  'Water  chemistry,  •Head- 
water streams,  'Mountain  streams,  *Nutrient  con- 
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sheds, Particulate  matter,  Nitrogen  demand,  Eco- 
systems, Detritus,  Sediments. 

Uptake  rates  of  P  (phosphorus),  nitrate,  Ca  (calci- 
um), and  dissolved  organic  carbon  within  two 
headwater  streams,  one  in  the  Appalachian  moun- 


tains of  North  Carolina  and  the  other  in  the  Cas- 
cade range  of  Oregon  were  measured.  The  major 
physical  differences  between  these  two  streams  are 
parent  geology  and  local  geomorphic  structure. 
Uptake  rates  were  measured  following  low-level 
nutrient  releases  during  summer  1987  in  20-m 
reaches  with  different  geomorphology.  Nitrate-N 
uptake  rates  were  high  for  the  western  stream  and 
low  for  the  eastern  stream  during  the  summer.  The 
debris  dam  reaches  in  Oregon  were  the  most  reten- 
tive of  N.  Conversely,  soluble  reactive  phosphorus 
(SRP)  uptake  rates  were  higher  for  the  eastern 
stream  primarily  through  biotic  processes.  SRP 
uptake  lengths  were  short  for  the  cobble  (32m), 
debris  dam  (35m)  and  rock  outcrop  (40m)  reaches 
in  the  eastern  stream.  Uptake  of  SRP  in  either 
stream  was  not  related  to  sediment  size  fraction  but 
rather  to  a  combination  of  sediment  infiltration 
rates  and  quality  of  organic  material.  Ca  uptake 
lengths  were  long  in  the  Oregon  stream  (1278  m) 
but  short  in  the  Appalachian  stream  (106  m).  The 
eastern  stream  was  more  retentive  of  Ca  than 
nitrate.  Debris  dams  greatly  enhanced  retention  of 
dissolved  organic  carbon  in  both  streams  although 
retention  was  greater  in  the  eastern  stream.  The 
lower  uptake  rate  of  P  and  higher  uptake  rate  of 
nitrate  in  the  Oregon  stream  were  expected; 
streams  in  this  area  drain  catchments  of  volcanic 
origin  and  tend  to  have  low  N:P  ratios  indicating 
potential  N  limitation.  Streams  flowing  over  gra- 
nitic bedrock,  such  as  the  eastern  stream,  tend  to 
have  lower  P  availability.  The  combined  results  of 
laboratory  and  field  measurements  indicate  that  in 
the  eastern  stream,  strong  biotic  control  of  P 
uptake  coupled  with  high  P  demand  result  in  rela- 
tively short  P  uptake  lengths  and  a  strong  impact 
of  P  spiraling  on  ecosystem  dynamics.  In  the  west- 
ern stream,  strong  biotic  control  of  N  uptake  com- 
bined with  strong  N  demand  result  in  short  N 
uptake  lengths.  This  is  especially  true  at  sites  of 
downed  timber  that  retain  both  fine  and  coarse 
particulate  organic  matter,  creating  a  high  N 
demand.  (Author's  abstract) 
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SALINE  MARITIME  SOILS  OF  ESTONIA. 
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The  morphology,  distribution  through  the  profile, 
and  composition  of  iron-manganese  ortsteins  in 
sod-calcareous  leached  and  sod-gley  calcareous 
soils  on  Permium  calcareous  clay  eluvium  within  a 
geochemical  catena  are  investigated.  The  physico- 
chemical  segregation  of  the  variable-valence  ele- 
ments must  involve  not  only  redox  conditions,  but 
also  pH.  The  role  of  the  pH  increases  considerably 
when  a  close  correlation  exists  between  pH  and  the 
hydrologic  regime.  In  contrast  to  the  soils  of  the 
Podzolic  series  in  the  non-Chernozem  center,  the 
waterlogging  of  soils  forming  on  Permian  calcare- 
ous eluvium  causes  simultaneous  accumulation  of 
iron  and  manganese.  The  morphology  and  proper- 
ties of  the  ortsteins  in  these  soils,  although  compli- 
cating the  practical  use  of  the  waterlogging  coeffi- 
cient for  quantitative  identification,  are  still  of 
great  diagnostic  value.  (Brunone-PTT) 
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Descriptors:  *Sorption,  *Nutrient  transport,  *Soil 
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studies,  'Model  studies,  'Phosphates,  Mathemati- 
cal models,  Cation  exchange,  Resins,  Equilibrium. 

The  isotherms  for  sorption  of  phosphate  by  culti- 
vated cinnamon  brown  soils  of  Cuba  are  investigat- 
ed and  measurements  are  compared  with  the  Lang- 
muir,  Freundlich,  Temkim,  and  Gunary  equations 
for  the  sorption  isotherm,  correcting  for  sorbed 
phosphorus  originally  present.  The  best  agreement 
between  the  measurements  and  calculations  in  the 
concentration  range  is  obtained  with  the  Gunary 
equation,  with  the  initial  amount  of  phosphate  de- 
termined with  ion  exchange  resins.  None  of  the 
equations,  however,  express  the  complex  character 
of  the  surface  interactions  of  phosphate  ion  in  the 
double  ionic  layer,  i.e.,  dispersive,  electrostatic, 
and  polarizational,  and  the  associated  changes  in 
the  potential  of  the  Stern  layer  and  in  the  ion 
exchange  potential  when  the  concentration  of  the 
equilibrium  solution  is  varied.  (Brunone-PTT) 
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EFFECT  OF  FERTILIZER  PHOSPHATES  ON 
SOLUBILITY  OF  CA,  MG,  MN,  AL,  AND  FE 
COMPOUNDS  IN  GRAY  FOREST  SOIL. 

Institute  of  Applied  Physics,  Pushkino  (USSR). 
A.  Y.  Kudeyarova,  and  M.  Z.  Kvaratskheliya. 
Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  2,  p  56- 
65,  1990.  1  fig,  2  tab,  26  ref. 

Descriptors:  'Aluminum,  'Calcium,  'Iron,  'Mag- 
nesium, 'Manganese,  'Forest  soils,  'Fertilizers, 
•Phosphates,  Solubility,  Trace  elements,  •Soil 
chemistry,  Nutrient  concentrations,  Ligands, 
Groundwater  movement,  Metals. 

The  effect  of  fertilizer  phosphates  on  the  solubility 
of  soil  compounds  containing  calcium,  magnesium, 
manganese,  zinc,  aluminum,  and  iron  as  a  function 
of  their  complexing  ability  was  investigated.  The 
extent  and  duration  of  solubilization  depended  on 
the  metal  and  on  the  nature  of  the  phosphate 
complexes  that  were  formed.  The  increased  solu- 
bility of  soil  compounds  in  the  presence  of  phos- 
phate fertilizers  resulted  in  the  migration  of  the 
metals  into  the  lower  soil  layers  as  newly  formed 
complexes.  The  ligand  activity  of  phosphates  de- 
pends on  the  amount  present  in  the  soil,  the 
amount  of  condensed  forms,  and  the  relative 
amounts  of  other  ligands  in  the  soil.  The  combined 
effect  of  the  organic  substances  entering  the  soil  in 
root  secretions  and  of  relatively  small  applications 
of  phosphates  was  to  decrease  the  migrational  abil- 
ity of  the  metals  compared  with  the  fallow  soil. 
The  results  of  this  study  indicate  that  the  effect  of 
phosphate  fertilizers  differs  with  the  level  of  appli- 
cation, the  percentage  of  condensed  forms,  the 
presence  or  absence  of  other  ligands  in  the  soil  and 
their  activities,  the  particular  metals  and  their  con- 
centrations, and  their  affinities  for  specific  ligands. 
(Brunone-PTT) 
W9 1-05232 


RAPID  ION-EXCHANGE  TECHNIQUE  FOR 
THE  SEPARATION  AND  PRECONCENTRA- 
TION  OF  CHROMIUMCVI)  AND 

CHROMIUMOH)  IN  FRESH  WATERS. 

Eidgenoessische   Anstalt   fuer  Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,    Due- 

bendorf  (Switzerland). 

For  primary  bibliographic  entry  see  Field  5A. 

W91-05332 


ION     CHROMATOGRAPHIC     DETERMINA- 
TION OF  TRACE  AMOUNTS  OF  ALUMINIUM 
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Field  2— WATER  CYCLE 

Group  2K— Chemical  Processes 


WITH  ON-LINE  PRECONCENTRATION  AND 
SPECTROPHOTOMETRIC  DETECTION. 

Padua  Univ.  (Italy).  Dipt  di  Chimica  Inorganica, 
Metallorganica  e  Analitica. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05333 


PRODUCTION  AND  STABILITY  OF  ETHYL- 
ENE IN  SOIL. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 

For   primary   bibliographic   entry   see   Field    2G. 
W9 1-05337 


EQUATIONS  TO  CALCULATE  THE  APPROXI- 
MATE DURATION  AND  TERMINATION  OF 
THE  MAXIMAL  RATE  PHASE  OF  NITRIFICA- 
TION IN  SOIL. 

Orange   Free   State   Univ.,   Bloemfontein   (South 
Africa).  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05342 


BIOGEOCHEMISTRY  OF  NITROGEN  IN  AG- 
RICULTURAL LANDSCAPES. 

Institut  Fotosinteza,  Pushkino  SSR). 

For   primary   bibliographic   entry   see   Field   2G. 

W91-05349 


NATURE   AND   MECHANISMS   OF   FORMA- 
TION OF  METAL-HUMUS  COMPLEXES. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

For  primary   bibliographic   entry  see   Field   2G. 
W9 1-053  50 


CALCULATION  OF  MASS-EXCHANGE  PROC- 
ESSES IN  LEACHED  SOILS. 

Volga  Inst,  of  Hydraulic  Engineering  and  Meliora- 
tion, Engel's  (USSR). 

For   primary   bibliographic   entry   see   Field    2G. 
W91-05353 


MODELING  OF  MASS-EXCHANGE  OF 
PHASES  IN  A  SOLONETZIC  SOIL  LEACHED 
AFTER  APPLICATION  OF  GYPSUM. 

Akademiya  Nauk  SSSR,  Moscow.  Inst,  of  Soil 
Science  and  Photosynthesis. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05354 


SOLUBILITY  AND  HYDROLYSIS  OF  AQUE- 
OUS ALUMINIUM  HYDROXIDES  IN  DILUTE 
FRESH  WATERS  AT  DIFFERENT  TEMPERA- 
TURES. 

Norges  Landbrukshoegskole,  Aas.  Isotope  Lab. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05383 


ELEVATED  NITRATE  LEVELS  IN  SOILS  OF 
THE  EASTERN  MOJAVE  DESERT. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 

D.J.  Marrett,  R.  A.  Khattak,  A.  A.  Elseewi,  and 
A.  L.  Page. 

Journal  of  Environmental  Quality  JEVQAA,  Vol 
19,  No.  4,  p  658-663,  Oct-Dec  1990.  4  fig,  2  tab,  30 
ref. 

Descriptors:  'Deserts,  'Geochemistry,  'Mojave, 
•Nitrates,  'Saline  soils,  'Soil  chemistry,  Alluvial 
deposits,  Arid  lands,  Caliche,  Correlation  analysis, 
Leaching,  Salinization,  Soil  cores. 

Deep  cores  taken  on  an  uncultivated  desert  alluvial 
fan  revealed  two  large  volumes  of  coarse  soil  with 
high  N03  levels  (20-208  mg/L  N03-N  in  water 
saturation  extracts).  Nitrate  levels  were  unpredict- 
able both  laterally  and  vertically  and  unrelated  to 
alluvial  strata.  The  large  soil  volumes  with  elevat- 
ed N03  levels  were  found  2.7  to  7.3  m  deep  in  four 
cores  at  one  3  by  3  m  site,  and  8.8  to  21  m  deep  in 
two  cores  at  another  site.  Isolated  samples  with 
elevated  N03  were  found  in  three  other  cores  and 
six  cores  contained  no  elevated  N03.  Overall,  ni- 


trate was  best  correlated  with  salinity,  Na,  S04 
and  CI  (r  =  0.68,  0.66,  0.67,  and  0.73  respectively; 
P  less  than  or  equal  to  0.05).  Stronger  correlations 
were  found  within  the  four  individual  sites  and 
fifteen  cores,  but  the  ions  best  correlated  with  N03 
varied,  even  between  cores  from  the  same  site. 
Saturation  extract  N03  was  not  correlated  with 
bulk  soil  total  organic  carbon  or  total  nitrogen. 
The  N03  distribution  patterns  found  appear  relat- 
ed to  inorganic  processes  (salinization  and  leach- 
ing), but  specific  processes  of  N  redistribution  and 
primary  N  sources  remain  unclear.  Elevated  N03 
in  deep  soils  appears  to  be  a  natural  phenomenon 
that  reflects  Pleistocene  site  conditions  and  possi- 
ble geologic  N03  sources.  Local  volcanic  rocks 
contain  up  to  73  mg  N03-NAg  of  rock  (water 
extractable).  Naturally  elevated  N03  levels  in 
rocks  and  course  alluvial  fan  soils  are  poorly  un- 
derstood and  easily  overlooked  potential  sources 
of  underground  N03.  (Author's  abstract) 
W9 1-05395 


INTERFERENCE  OF  SOLUBLE  SILICA  IN 
THE  DETERMINATION  OF  ORTHOPHOS- 
PHATE-PHOSPHORUS. 

Bologna  Univ.  (Italy).  Inst,  of  Agricultural  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05407 


MODELLING  STREAM  ACIDIFICATION  IN 
AFFORESTED  CATCHMENTS:  LONG-TERM 
RECONSTRUCTIONS  AT  TWO  SITES  IN  CEN- 
TRAL SCOTLAND. 

Duke  Univ.,  Durham,  NC.  School  of  Forestry  and 
Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05436 


MODELLING  STREAM  ACIDIFICATION  IN 
AFFORESTED  CATCHMENTS:  AN  ASSESS- 
MENT OF  THE  RELATIVE  EFFECTS  OF  ACID 
DEPOSITION  AND  AFFORESTATION. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5C 
W9 1-05437 


GEOCHEMICAL  CALCULATIONS  AND  OB- 
SERVATIONS ON  SALT  WATER  INTRU- 
SIONS: II.  VALIDATION  OF  A  GEOCHEMI- 
CAL MODEL  WITH  LABORATORY  EXPERI- 
MENTS. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 
Aardwetenschappen. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05440 


ORGANIC  CARBON  ISOTOPE  GEOCHEMIS- 
TRY OF  CLAYEY  DEPOSITS  AND  THEHt  AS- 
SOCIATED POREWATERS,  SOUTHERN  AL- 
BERTA. 

Waterloo  Univ.  (Ontario).  Dept.  of  Earth  Sciences. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05441 


CURVES  OF  CHEMICAL  FLUX  VERSUS  DIS- 
CHARGE AND  WORKING  OF  KARST 
AQUIFERS  (LES  COURBES  FLUX  CHIMIQUE- 
DEBIT  ET  LE  FONCTIONNEMENT  DES 
AQUIFERES  KARSTIQUES). 
Centre  Univ.  d'Avignon  (France).  Hydrogeology 
Lab. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05443 


EFFECT  OF  HIGH  SALT  CONCENTRATIONS 
ON  OZONE  DECOMPOSITION  IN  WATER. 

Universidad    Complutense    de    Madrid    (Spain). 
Dept.  de  Ingenieria  Quimica. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05465 


DETERMINATION  OF  EXCHANGEABLE 
SODIUM  STATUS  OF  SALT-AFFECTED  SOILS 
AND  ITS  RELATIONSHIP  WITH  GROWTH  OF 
PLANTS. 


Punjab     Agricultural     Univ.,     Ludhiana    (India). 

Dept.  of  Soils. 

J.  S.  Kalkat,  and  M.  S.  Bajwa. 

Agrochimica  AGRCAX,  Vol.  34,  No.  1/2,  p  69- 

79,  1990.  2  fig,  4  tab,  20  ref. 

Descriptors.  'Agriculture,  'India,  'Plant  growth, 
•Saline  soils,  'Sodium,  'Soil  chemistry,  'Soil- 
water-plant  relationships,  Crops,  Mathematical 
studies,  Model  studies,  Soil  solution. 

Characterization  of  the  extent  of  sodium  saturation 
on  the  soil  exchange  complex  becomes  important 
when  chemical  amelioration  of  sodic  soils  is  neces- 
sary. The  exchangeable  sodium  percentage  (ESP) 
is  either  determined  by  direct  ammonium  acetate 
method  or  predicted  by  using  empirical  methods 
involving  the  concept  of  sodium  absorption  ratio 
(SAR)  in  soil  solution.  The  direct  methods  are  time 
consuming  and  are  not  very  precise  due  to  several 
sources  of  error.  Thus,  the  empirical  methods  in- 
volving SAR  have  been  extensively  used  to  predict 
the  ESP  of  salt-affected  soils.  The  validity  of  the 
SAR  concept  has  also  been  questioned  because  of 
the  anomalous  behavior  of  the  SAR-ESP  and 
SAR-ESR  relationships  caused  by  the  variable  soil 
solution  values  resulting  from  mineral  dissolution. 
These  points  emphasize  the  need  for  a  dependable 
sodicity  parameter.  The  validity  of  the  SAR  con- 
cept and  its  limitations  for  the  prediction  of  ESP  of 
some  calcareous  saline-sodic  soils  of  Punjab  were 
studied.  Exchangeable  sodium  percentages  deter- 
mined by  the  direct  ammonium  acetate  method 
were  related  with  ESP  predicted  by  empirical 
methods  based  on  ESR-SAR  relationships.  The 
relationship  between  soil  sodium  saturation,  deter- 
mined by  different  methods,  with  the  growth  and 
sodium  content  of  plants  was  also  studied.  Devi- 
ations of  the  observed  and  predicted  ESR  and  ESP 
values  were  noted  in  soils  testing  high  in  SAR  and 
salinity.  The  values  of  Gapon's  selectivity  coeffi- 
cient (Kg)  varied  with  salinity,  saturation  percent- 
age, clay  and  cation  exchange  capacity  of  the  soils. 
Results  of  a  greenhouse  experiment  showed  that 
the  sodicity  effects  on  rice,  wheat,  barley,  maize 
and  clover  could  be  expressed  better  in  terms  of 
SAR  or  ESP  determined  by  different  methods. 
(Agostine-PTT) 
W9 1-05477 


INFLUENCE  OF  SEA  SALT  AEROSOLS  AND 
LONG  RANGE  TRANSPORT  ON  PRECIPITA- 
TION CHEMISTRY  AT  EL  VERDE,  PUERTO 
RICO. 

State  Univ.  of  New  York  Coll.  at  Oswego.  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05492 


EFFECT  OF  SOLUTION  PH,  EXTERNAL  CAL- 
CIUM CONCENTRATION,  AND  ALUMINUM 
ACTIVITY  ON  NODULATION  AND  EARLY 
GROWTH  OF  COWPEA. 

Queensland  Univ.,  Brisbane  (Australia).  Dept.  of 

Agriculture. 

For  primary  bibliographic  entry  see  Field  21. 

W9 1-05495 


UREA  LOSSES  IN  FLOODED  SOILS  WITH 
ESTABLISHED  OXIDIZED  AND  REDUCED 
SOIL  LAYERS. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

For  primary  bibliographic  entry  see  Field  3F. 
W91-05554 


DEVELOPMENT  OF  A  MICROBIAL  COMMU- 
NITY ON  CELLULOSE  BURIED  IN  WATER- 
LOGGED SOIL. 

Tokyo  Univ.  (Japan).  Dept.  of  Agricultural  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  2G. 
W91-05555 


SOIL   WATER    EFFECTS   ON   THE   USE   OF 
HEAT  UNITS  TO  PREDICT  CROP  RESIDUE 


WATER  CYCLE— Field  2 
Chemical  Processes — Group  2K 


CARBON    AND    NITROGEN    MINERALIZA- 
TION. 

Agricultural  Research  Service,  Orono,  ME.  New 
England  Plant,  Soil  and  Water  Lab. 
For  primary  bibliographic   entry   see  Field   2G. 
W9 1-05556 


GEOCHEMISTRY  OF  BLACK  WATER  IN  SE- 
LECTED COASTAL  STREAMS  OF  THE 
SOUTHEASTERN  UNITED  STATES. 

Georgia  Univ.,  Athens.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-05562 


VARIATIONS  IN  CHEMICAL  COMPOSITION 
OF  THE  SOIL  SOLUTION  OVER  A  FOUR- 
YEAR  PERIOD  AT  AN  UPLAND  SITE  IN 
SOUTHWEST  SCOTLAND. 

Stirling  Univ.  (Scotland).  Dept.  of  Environmental 

Science. 

For  primary   bibliographic   entry  see   Field   2G. 

W91-05564 


MINERALOGICAL  IMPLICATIONS  OF  HIGH 
RATIOS  OF  1500  KPA  WATER  CONTENT  TO 
PERCENT  MEASURED  CLAY  FOR  TWO 
SODLS  OF  WESTERN  NEBRASKA. 

Nebraska  Univ.-Lincoln.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry   see  Field   2G. 
W9 1-05567 


GROUNDWATER  DDLUTION  AND  RESI- 
DENCE TIMES,  AND  CONSTRAINTS  ON 
CHLORIDE  SOURCE,  IN  THE  MOKAI  GEO- 
THERMAL  SYSTEM,  NEW  ZEALAND,  FROM 
CHEMICAL,  STABLE  ISOTOPE,  TRITIUM, 
AND  36-CL  DATA. 

Geological  Survey  of  Japan,  Tsukuba.  Mineral  Re- 
sources Dept. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-05570 


MODIFD2D  MOST-PROBABLE-NUMBER 

TECHNIQUE  FOR  THE  SPECIFIC  DETERMI- 
NATION OF  ESCHERICHIA  COLI  FROM  EN- 
VIRONMENTAL SAMPLES  USING  A  FLUOR- 
OGENIC  METHOD. 

Malaga  Univ.  (Spain).  Dept.  of  Microbiology. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-05572 


INVESTIGATION  OF  HYDROGEN  PEROXIDE 
CHEMISTRY  IN  SURFACE  WATERS  OF  VINE- 
YARD SOUND  WITH  H2-1802  AND  1802. 

Woods    Hole    Oceanographic    Institution,    MA. 

Dept.  of  Chemistry. 

J.  M.  Moffett,  and  O.  C.  Zafiriou. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  6,  p  1221-1229,  September  1990.  6  fig,  1  tab,  17 

ref.  Office  of  Naval  Research  Contracts  N000-14- 

85-C-OOl,  and  NC0001-14-87-K-0007. 

Descriptors:  *Hydrogen  peroxide,  'Oxygen  iso- 
topes, 'Surface  water,  *Water  chemistry,  Biode- 
gradation,  Coastal  waters,  Decomposition, 
Enzyme  activity,  Light  intensity,  Metabolism, 
Photochemistry. 

Oxygen- 18  labeled  hydrogen  peroxide  and  oxygen 
have  been  used  to  determine  abundance  rates  and 
pathways  of  peroxide  formation  and  decay  proc- 
esses in  surface  waters  of  a  coastal  marine  site. 
Reactions  were  followed  by  incubating  seawater 
samples  with  oxygen- 18  labeled  oxygen  or  oxygen- 
18  labeled  hydrogen  peroxide  and  following  the 
chemical  transformation  of  the  isotope  label.  De- 
composition of  oxygen- 18  labeled  hydrogen  perox- 
ide was  dominated  by  biological  processes  and  led 
to  the  formation  of  oxygen- 18  labeled  oxygen  and 
oxygen- 18  labeled  water;  the  product  distribution 
indicates  that  65  to  80%  of  the  decay  was  due  to 
catalase  with  20  to  35%  due  to  peroxidase  activity. 
Photochemical  oxidation  of  oxygen- 18  labeled  hy- 
drogen peroxide  to  oxygen- 18  labeled  oxygen  was 
also  observed.  Particle  dependent,  light-independ- 
ent peroxide  production  was  also  observed  in 
freshly  collected  samples,  with  rates  ranging  from 


0.8  to  2.4  nM/h.  These  rates  are  low  relative  to 
photochemical  production  rates  in  surface  waters, 
but  may  be  important  under  conditions  of  low  light 
intensity.  Experiments  with  a  metabolic  inhibitor 
suggest  that  at  least  some  of  this  production  was 
biologically  mediated.  However,  there  was  no  evi- 
dence for  light-dependent  biological  production. 
(Author's  abstract) 
W91-05577 


SULFUR    CYCLE    OF    FRESHWATER    SEDI- 
MENTS: ROLE  OF  THIOSULFATE. 

Aarhus  Univ.  (Denmark).   Inst,  of  Ecology  and 

Genetics. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-05583 


CHEMICAL  AND  STABLE  ISOTOPIC  CHAR- 
ACTERISTICS OF  GROUND  WATER  ON 
GRAND  CAYMAN. 

Alberta  Univ.,  Edmonton.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05653 


WATER  QUALITY  OF  A  CARBONATE 
ISLAND  KARST  AQUTFER,  SAN  SALVADOR 
ISLAND,  BAHAMAS. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Geology  and  Geography. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05654 


BASELINE  WATER-QUALITY  EVALUATION 
OF  THREE  BASINS  IN  THE  UPPER  RIO 
GRANDE  DE  ARECIBO  BASIN,  PUERTO 
RICO. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05655 


AQUEOUS  GEOCHEMISTRY  OF  THE  SAND- 
AND-GRAVEL  AQUIFER,  NORTHWEST 
FLORIDA. 

Geological  Survey,  Tallahassee,  FL. 

B.  G.  Katz,  and  A.  F.  Choquette. 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  47-55, 

January  /February  1991.  5  fig,  3  tab,  36  ref. 

Descriptors:  'Florida,  'Geochemistry,  'Ground- 
water chemistry,  'Water  chemistry,  'Water  qual- 
ity, Aquifers,  Geohydrology,  Gravel,  Hydrologic 
budget,  Mineralogy,  Monitoring,  Monitoring 
wells,  Rainfall,  Saline  water,  Sand. 

The  aqueous  geochemistry  of  the  sand-and-gravel 
aquifer  in  northwest  Florida  was  characterized  as 
part  of  the  Florida  Groundwater  Quality  Monitor- 
ing Network  Program,  a  multiagency  cooperative 
study  delineating  baseline  and/or  background 
water  quality  for  the  major  aquifer  systems 
throughout  the  state.  The  aquifer  is  the  principal 
source  of  water  in  northwest  Florida  and  consists 
predominantly  of  quartz  sand  with  smaller 
amounts  of  andesine,  chlorite,  calcite,  kaolinite, 
and  illite.  Water  from  42  wells  in  the  sand-and- 
gravel  aquifer  sampled  during  1986  and  1987  was 
characteristically  low  in  dissolved  solids  (median 
value  of  72  mg/1)  and  of  nondistinct  water  type, 
although  relative  concentrations  of  magnesium  and 
sulfate  tended  to  be  lower  than  those  of  other 
major  ions.  Nonparametric  statistical  tests  of 
major-ion  concentration  variations  with  depth  and 
relative  distance  along  flow  paths  indicate  that  the 
water  chemistry  does  not  change  significantly  (p 
=  0.05)  as  the  water  moves  vertically  and  laterally 
through  the  aquifer.  Mass-balance  calculations  in- 
dicate that  dissolved  solids  from  rainfall  and  saline- 
water  sources  each  account  for  13%  of  the  concen- 
tration of  dissolve  solids  in  groundwater.  Incon- 
gruent  dissolution  of  andesine,  chlorite,  and  musco- 
vite  to  form  kaolinite  accounts  for  94%  of  the 
neutralization  of  the  total  hydrogen  ion  input  from 
rainfall  and  from  carbonic  acid  weathering  in  the 
subsurface.  The  remaining  neutralization  is  ac- 
counted for  by  the  dissolution  of  calcite.  (Author's 
abstract) 
W9 1-05820 


SOLUTE  REJECTION  IN  FREEZING  SOILS. 

HydroGeoLogic,  Inc.,  Herndon,  VA. 

S.  Panday,  and  M.  Y.  Corapcioglu. 

Water  Resources  Research  WRERAQ,  Vol.  27, 

No.  1,  p  99-108,  January  1991.  7  fig,  1  tab,  34  ref,  2 

append.  NSF  Grant  ECE-8602849. 

Descriptors:  'Freezing,  'Frozen  ground,  'Mathe- 
matical models,  'Model  studies,  'Saline  soils, 
'Solute  rejection,  Capillarity,  Energy,  Frost  heav- 
ing, Interstitial  water,  Mathematical  equations, 
Performance  evaluation,  Soil  temperature,  Tem- 
perature, Thermal  conductivity. 

Dissolved  compounds  in  the  water  phase  are  re- 
jected during  freezing  of  soils.  This  phenomenon 
occurs  because  ice  crystals  cannot  incorporate 
most  alien  molecules.  The  ice  grows  only  by  asso- 
ciation with  water  molecules;  molecules  of  solutes 
are  rejected  into  unfrozen  water.  A  mathematical 
model  for  salt  rejection  in  freezing  saline  soils  was 
developed  by  employing  the  mass  balance  equa- 
tions for  water  and  solute  in  a  saturated  porous 
medium  and  the  conservation  of  energy  equation. 
Additional  relations  introduced  included  a  mois- 
ture retention  curve  as  a  function  of  ice-water 
capillary  pressure,  the  Clapeyron  equation  and  ex- 
pressions for  the  heat  capacity  and  the  effective 
thermal  conductivity  of  the  soil.  The  resulting  set 
of  seven  equations  in  terms  of  solute  concentration, 
soil  temperature,  pore  water,  ice,  and  capillary 
pressures,  as  well  as  degrees  of  water  and  ice 
saturation  were  solved  simultaneously  using 
Newton-Raphson  linearization,  with  implicit  itera- 
tive treatment  of  nonlinearities.  Results  indicate 
the  development  of  unfrozen  high  salt  concentra- 
tion regions  trapped  in  a  frozen  zone  at  sufficiently 
high  freezing  rates.  The  numerical  results  were 
compared  with  experimental  data  and  a  favorable 
match  was  obtained  between  theoretical  and  exper- 
imental results.  The  model  makes  the  assumption 
that  the  soil  does  not  deform  (heave).  The  equa- 
tions can  be  modified  for  a  deforming  system. 
(Author's  abstract) 
W91-05840 


ORIGIN  AND  MORPHOLOGY  OF  LIME- 
STONE CAVES. 

State  Univ.  of  New  York  Coll.  at  Oneonta.  Dept. 
of  Earth  Sciences. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05851 

CHEMICAL  ANALYSIS  OF  RAIN  SAMPLES 
COLLECTED  OVER  THE  PACD7IC  OCEAN. 

National   Oceanic  and  Atmospheric   Administra- 
tion, Boulder,  CO.  Environmental  Research  Labs. 
C.  Nagamoto,  F.  Parungo,  B.  Kopcewicz,  and  M. 
Y.  Zhou. 

Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  13,  p  22,  343-22,354,  De- 
cember 20,  1990.  7  fig,  1  tab,  26  ref. 

Descriptors:  'Acid  rain,  'Air  pollution,  'Chemical 
analysis,  'Chemistry  of  precipitation,  'Pacific 
Ocean,  'Path  of  pollutants,  'Weather  data  collec- 
tions, Aerosols,  Calcium,  Chlorides,  Cloud  phys- 
ics, Hydrologic  cycle,  Magnesium,  Marine  cli- 
mates, Marine  pollution,  Nitrates,  Potassium, 
Sodium,  Sulfates,  Water  chemistry,  Wet  deposi- 
tion. 

The  ocean  is  a  major  source  and  sink  for  atmos- 
pheric aerosols  and  gases  and  the  hydrological 
cycle  is  a  major  pathway  for  air-sea  exchange  of 
trace  species.  Investigation  of  marine  precipitation 
chemistry  can  improve  understanding  of  biogeo- 
chemical  cycling,  which  is  of  great  importance  to 
global  climate  change.  During  seven  research 
cruises  in  the  Pacific  Ocean  from  1984  to  1989,  rain 
samples  were  collected  for  chemical  analysis.  The 
geographical  and  temporal  variations  of  rain  chem- 
istry were  studied  in  relation  to  natural  and  anthro- 
pogenic sources  and  transport  of  the  constituents. 
The  pH  values  of  rain  samples  ranged  from  3.9  to 
7.2,  with  a  mean  of  5.6.  The  most  acidic  rain  was 
found  near  the  big  ports,  where  S04(-2)  and  N03(- 
)  concentrations  in  rain  were  also  the  highest.  The 
data  indicated  that  wet  deposition  transports  an- 
thropogenic pollution  from  continents  to  oceans. 
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Enrichments  of  Ca(  +  2)  and  K(  +  ),  which  were 
compared  to  Na(  +  )  in  seawater,  were  observed  in 
all  rain  samples  throughout  the  ocean.  However, 
their  enrichment  factors  (EF)  decrease  with  dis- 
tance from  land,  signifying  the  extent  of  transport 
of  crustal  elements  through  cloud  process  and  wet 
deposition.  The  EFs  of  Mg(  +  2)  were  close  to 
unity,  indicating  its  common  origin  with  Na(  +  ). 
The  EFs  of  Cl(-)  in  most  rain  samples  were  less 
than  1,  indicating  loss  of  Cl(-)  in  aerosols,  cloud 
droplets,  or  rain  drops.  High  EFs  of  S04(-2)  were 
also  observed  at  the  equatorial  regions,  where  bio- 
genic production  of  dimethyl  sulfide  is  well 
known.  During  the  1987  El  Nino  anomaly,  low 
concentrations  of  sulfate  aerosol  in  the  central 
equatorial  region  allowed  cloud  drops  to  grow 
more  rapidly  to  precipitable  size,  increasing  the 
chance  of  rainfall.  However,  the  drought  condi- 
tions and  higher  sulfate  concentrations  in  the  west- 
ern Pacific  Ocean  decreased  precipitation  probabil- 
ity. This  cloud  microphysical  effect  of  the  presence 
of  sulfate  aerosols  on  cloud  evolution  and  precipi- 
tation deserves  further  investigation.  (Author's  ab- 
stract) 
W9 1-05862 


BERYLLIUM-7  AND  LEAD-210  IN  THE  AT- 
MOSPHERE AND  SURFACE  SNOW  OVER 
THE  GREENLAND  ICE  SHEET  IN  THE 
SUMMER  OF  1989. 

New    Hampshire    Univ.,   Durham.    Inst,    for   the 
Study  of  Earth,  Oceans  and  Space. 
J.  E.  Dibb. 

Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  13,  p  22,407-22,415,  De- 
cember 20,  1990.  4  fig,  3  tab,  45  ref.  National 
Science  Foundation  grant  DPP-8821960. 

Descriptors:  'Atmospheric  chemistry,  'Atmos- 
pheric circulation,  'Climatic  changes,  'Glaciers, 
'Global  warming,  'Greenland,  'Ice  cover,  'Iso- 
tope studies,  'Path  of  pollutants,  Aerosols,  Air 
pollution,  Beryllium  radioisotopes,  Chemistry  of 
precipitation,  Climatic  data,  Lead  radioisotopes, 
Polar  regions,  Snow  cover. 

It  is  well  established  that  polar  ice  records  large- 
scale  changes  in  atmospheric  chemistry  like  those 
resulting  from  steadily  increasing  anthropogenic 
emissions  and  circulation  patterns,  but  the  details 
of  the  relationship  between  the  chemistry  of 
present  day  snow  and  the  atmosphere  are  unclear. 
The  concentrations  of  7-Be  and  210-Pb  were  meas- 
ured in  surface  air  and  fresh  and  aging  snow  sam- 
ples from  Summit  and  Dye  3,  Greenland,  during 
June  and  July  1989.  The  aerosol  concentrations  of 
these  radionuclides  showed  rapid  variations  at  both 
sites,  but  were  nearly  twice  as  high,  on  average,  at 
Summit.  Concentrations  in  the  16  fresh  snowfall 
events  that  were  sampled  also  showed  wide  varia- 
bility, but  the  averages  were  the  same  at  the  two 
sites.  The  apparent  difference  in  air-snow  fraction- 
ation and  the  lack  of  coherence  in  the  concentra- 
tion in  air  time  series  between  the  two  sites  indi- 
cate a  previously  unsuspected  complexity  in  atmos- 
pheric dynamics  over  the  ice  sheet.  An  improved 
understanding  of  atmospheric  processes,  and  how 
the  results  of  those  processes  are  recorded  in  snow 
and  ice,  is  crucial  for  the  full  interpretation  of 
information  about  past  atmospheric  chemistry  and 
climate  contained  in  the  snow  and  ice  of  glaciers 
around  the  world.  (Author's  abstract) 
W9 1-05864 


PHYSICAL  AND  CHEMICAL  CONTROLS  OF 
PREFERRED  PATH  FLOW  THROUGH  A  FOR- 
ESTED HILLSLOPE. 

Oak  Ridge  National  Lab.,  TN. 

For   primary   bibliographic   entry   see   Field   2G. 

W9 1-05882 


EFFECT  OF  SOLUTE  APPLICATION 
METHOD  ON  PREFERENTIAL  TRANSPORT 
OF  SOLUTES  IN  SOIL. 

Iowa  State  Univ.,  Ames.  Dept.  of  Agronomy. 
For   primary   bibliographic   entry   see   Field   2G. 
W9 1-05890 


SOLUBLE  METALS  IN  THE  ATMOSPHERE 
AND  THEIR  BIOLOGICAL  IMPLICATIONS:  A 


STUDY  TO  IDENTIFY  IMPORTANT  AERO- 
SOL COMPONENTS  BY  STATISTICAL  ANAL- 
YSIS OF  PIXE  DATA. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Ocean- 
ography. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05894 

2L.  Estuaries 


NOVEL  CHLORINATED  TERPHENYLS  IN 
SEDIMENTS  AND  SHELLFISH  OF  AN  ESTUA- 
RINE  ENVD30NMENT. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04952 


EFFECTS  OF  NITRATE,  AMMONIUM  AND 
SALINITY  ON  GROWTH  OF  THE  MAN- 
GROVE BRUGUIERA  GYMNORRHIZA  (L.) 
LAM. 

Durban-Westville  Univ.  (South  Africa).  Dept.  of 

Botany. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-04987 


ECOLOGY    OF    NERnTNA    GLABRATA    IN 
LAGOS  LAGOON,  NIGERIA. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05002 


ASSESSING  THE  IMPACT  OF  TIN  AND  TBT 
IN  ESTUARIES  AND  COASTAL  REGIONS. 

Plymouth  Marine  Lab.  (England). 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-05046 


MICROPHYTOBENTHIC  CELL  DENSITY 
AND  SPECIES  COMPOSITION  IN  THE  SUR- 
FACE SEDIMENT  IN  A  SHALLOW  BRACK- 
ISH-WATER BAY  (GULF  OF  FINLAND). 

Uppsala    Univ.    (Sweden).    Inst,    of    Ecological 

Botany. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-05067 


ESTIMATION  OF  POLYCHLORINATED  DI- 
BENZOFURAN  AND  DD3ENZO-P-DIOXIN 
CONTAMINATION  OF  A  COASTAL  REGION 
USING  ISOMER  PROFILES  IN  CRABS. 

Norsk  Inst,  for  Luftforskning,  Lillestroem. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05074 


UPSTREAM  EXTENT  OF  SALINE  WATER  IN 
THE  PASCAGOULA  RIVER. 

For  primary  bibliographic  entry   see  Field   6G. 
W9 1-05 148 


INFLUENCE   OF  THE   SEASONS   AND   CLI- 
MATIC VARIATIONS  ON  THE  FISH  POPULA- 
TIONS OF  A  TROPICAL  LAGOON  IN  WEST 
AFRICA,  (INFLUENCE  DES  SAISONS  ET  DES 
VARIATIONS  CLIMATIQUES  SUR  LES  PEU- 
PLEMENTS  DE  POISSONS  D'UNE  LAGUNE 
TROPICALE  EN  AFRIQUE  DE  L'OUEST). 
Institut  Francais  de  Recherche  Scientifique  pour  le 
Developpement     en     Cooperation,     Montpellier. 
Centre  de  Montpellier. 
J.-J.  Albaret,  and  J.-M.  Ecoutin. 
Acta  Oecologica,  Vol.  11,  No.  4,  p  557-583,  1990. 
10  fig,  6  tab,  44  ref.  English  summary. 

Descriptors:  'Estuarine  environment,  Ecosystems, 
•Climatic  change,  'Seasonal  variation,  'Fish  popu- 
lations, 'Species  diversity,  'Brackish  water,  'West 
Africa,  'Lagoons,  Climates,  Temporal  distribution, 
Species  composition,  Rainfall,  Marine  environ- 
ments. 

Fish  communities  of  a  bay  located  in  the  maritime 
sector  of  a  tropical  brackish  water  lagoon  were 
studied  to  determine  seasonal  and  climatic  effects 


on  the  ecology  of  this  mixed  continental  and  oce- 
anic system.  On  an  annual  cycle,  as  well  as  a  larger 
time  scale  (1962  to  1981),  a  group  composed  of 
about  twenty  species  with  high  ecophysiological 
capacities  formed  the  core  of  the  fish  community 
in  an  extremely  variable  (at  several  spatio-temporal 
levels)  environment.  Besides  the  persistence  of  this 
species  group,  an  increase  in  the  marine  compo- 
nent in  the  community  was  observed.  This  increase 
was  attributed  to  the  general  rainfall  deficit  in  the 
region  during  the  period  of  the  study.  The  level  of 
structural  organization  is  low  in  the  area  of  the 
Ebrie  Lagoon,  where  seasonal  changes  in  the  com- 
position and  structure  of  the  fish  communities  are 
very  pronounced.  These  variations  are  induced 
primarily  by  environmental  changes  in  the  abun- 
dance and  distribution  of  freshwater  inputs.  Input 
volume  and  the  earliness  in  the  season  of  local  rain 
outweighs  the  impact  of  the  Comoe  river  flood, 
which  is  mainly  derived  from  the  rainfall  in  the 
northern  Sudan  area.  (Author's  abstract) 
W91-05160 


ANTICIPATED  EFFECTS  OF  CLIMATE 
CHANGE  ON  ESTUARINE  AND  COASTAL 
FISHERIES. 

Maryland  Univ.,  Cambridge.  Horn  Point  Environ- 
mental Labs. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05 165 


OBSERVATIONAL  AND  MODEL  STUDIES  OF 
PHYSICAL  PROCESSES  AFFECTING 

BENTHIC  LARVAL  RECRUITMENT  IN  DELA- 
WARE BAY. 

Cook  Coll.,  New  Brunswick,  NJ.  Dept.  of  Marine 
and  Coastal  Sciences. 

For  primary  bibliographic  entry  see  Field  81. 
W9 1-05 169 


DEVELOPMENT  OF  A  TOXIC  ALEXAN- 
DRIUM  MINUTUM  HALIM  (DINOPHYCEAE) 
BLOOM  IN  THE  HARBOUR  OF  SANT 
CARLES  DE  LA  RAPITA  (EBRO  DELTA, 
NORTHWESTERN  MEDITERRANEAN). 
Instituto  de  Ciencias  del  Mar,  Barcelona  (Spain). 
For  primary  bibliographic  entry  see  Field  5C. 
W91-05171 


CIRCADIAN  RHYTHMS  AND  VERTICAL 
PROFILES  IN  A  SHALLOW  MARINE  ECO- 
SYSTEM (RITMOS  CniCADIANOS  Y  PER- 
FTLES  VERTICALES  EN  UN  ECOSISTEMA  LI- 
TORAL  SOMERO). 

Instituto  Politecnico  de  F.  P.  Maritimo-Pesquero 
del  Estrecho,  11008  Cadiz. 
J.  M.  Forja,  A.  Gomez-Parra,  and  J.  Blasco. 
Scientia  Marina,  Vol.  54,  No.   1,  p  9-18,  March 
1990.  9  fig,  1  tab,  27  ref.  English  summary. 

Descriptors:  'Diurnal  variation,  'Spain,  'Dis- 
solved oxygen,  'Orcadian  rhythms,  'Marine  envi- 
ronment, 'Ecosystems,  'Vertical  distribution,  Nu- 
trients, Alkalinity,  Hydrogen  ion  concentration, 
Ammonium,  Model  studies,  Seasonal  variation. 

Circadian  rhythms  and  vertical  profiles  of  dis- 
solved oxygen,  pH,  alkalinity,  nutrients  (ammoni- 
um and  silicon  dioxide)  and  other  related  param- 
eters were  studied  in  the  water  column  of  a  salt 
pond  located  in  the  south  of  Cadiz  Bay  (SW 
Spain).  This  study  was  carried  out  during  the 
spring  and  summer  of  1985.  In  spring,  vertical 
gradients  of  parameters  analyzed  have  little  impor- 
tance and  the  daily  variation  of  their  values  are 
uniform  in  the  water  column,  and  independent  of 
the  degree  of  salt  pond  water  renewal.  In  summer, 
oxygen  concentration  is  very  variable,  ranging 
from  anoxic  conditions  at  the  bottom  in  the  early 
hours  to  over-saturation  values  of  180%  at  the 
surface  after  noon.  Gradients  of  up  to  -3.6  mg 
oxygen/L/m  in  only  2.5  m  in  depth  have  been 
detected.  The  spatio-temporal  evolution  of  pH  and 
ammonium  ion  concentrations  indicate  the  impor- 
tance of  benthic  regeneration  of  nutrients  in  these 
ecosystems.  A  model  for  prediction  of  dissolved 
oxygen  concentration  and  pH  values  as  a  function 
of  depth  and  time  of  day  is  proposed.  This  model  is 
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valid  for  spring  and  summer  and  its  parameters  are 
related   to  the  main  processes  which  affect  the 
dissolved  gas  content  in  the  ecosystem.  (Author's 
abstract) 
W9 1-05 172 


INFLUENCE  OF  TIDAL  CONDITIONS  AND 

RTVER  VOLUME  ON  PHYTOPLANKTON  DIS- 

TRD3UTION    AND    COMPOSITION    IN    THE 

PAS  ESTUARY  (NORTHERN  SPAIN). 

Cantabria  Univ.,  Santander  (Spain).  Lab.  de  Ecolo- 

gia. 

L.  Perez,  and  J.  C.  Cameras. 

Scientia  Marina,  Vol.  54,  No.  1,  p  77-88,  March 

1990.  6  fig,  5  tab,  28  ref. 

Descriptors:  'Tidal  effects,  *Estuarine  environ- 
ment, 'Population  dynamics,  'Stream  discharges, 
Population  density,  Distribution  patterns,  Environ- 
mental gradient,  'Phytoplankton,  Algal  growth, 
•Spain,  Species  composition,  Salinity. 

Phytoplankton  composition  and  distribution  was 
studied  in  a  small  estuary  of  Cantabria  from  Febru- 
ary to  December  1985  under  different  tidal  condi- 
tions. 239  species  were  identified  which  showed  a 
high  degree  of  tolerance  of  salinity  changes.  The 
volume  of  the  river  exerted  great  control  over  the 
selection  and  abundance  of  the  species.  The  com- 
munity consisted  of  small  cells  with  high  growth 
rates.  Species  of  clearly  fluvial  influence  (Rhoicos- 
phenia  curvata,  Asterionella  formosa,  Scenedesmus 
quadricauda)  as  well  as  estuarine  species  (Skeleton- 
ema  costatum,  Nitzschia  closterium,  Buddulphia 
moboliensis)  occurred.  Tidal  conditions  did  not 
affect  the  specific  composition  of  the  community, 
but  the  number  of  individuals  observed  was  always 
greater  at  low  tide.  At  all  times,  a  downward 
longitudinal  gradient  of  abundance  existed  from 
the  innermost  to  the  outermost  stations.  Variations 
in  the  volumes  of  marine  and  fresh  waters  through- 
out the  annual  cycle  determine  the  structure  of  the 
community.  (Author's  abstract) 
W9 1-05 173 


WATER  INTERCHANGE  BETWEEN  THE  RIA 
OF  VIGO  AND  THE  COASTAL  SHELF. 

Instituto  de  Investigaciones  Marinas,  Vigo  (Spain). 
R.  Prego,  F.  Fraga,  and  A.  F.  Rios. 
Scientia  Marina,  Vol.  54,  No.  1,  p  95-100,  March 
1990.  5  fig,  4  tab,  18  ref. 

Descriptors:  'Coastal  waters,  'River  mouth, 
•Spain,  *Ria  of  Vigo,  'Estuaries,  Salinity,  'Water 
circulation,  Seawater,  Seasonal  variation,  Wind  ef- 
fects, Drainage  area,  Stream  discharge. 

The  water  interchange  between  the  Ria  of  Vigo 
and  the  coastal  shelf  is  discussed  from  the  points  of 
view  both  of  salinity  and  of  the  fresh  water  contri- 
bution from  the  drainage  basin.  In  winter  results 
show  a  typical  estuarine  circulation,  produced  by 
the  great  quantity  of  fresh  water  running  into  the 
Ria.  This  factor  causes  flows  of  approximately 
2,000,000  kg/sec;  2  m/day  upward  movement  of 
sea  water,  and  a  speed  of  3  km/day  for  the  estua- 
rine residual  current  in  the  outlet  of  the  Ria.  In 
summer  these  values  decrease  to  about  one  sixth  of 
the  winter  values,  although  there  is  an  increase  in 
the  circulation  of  up  to  1,000,000  kg/sec,  the  con- 
sequence of  upwelling  produced  by  north  winds 
over  the  shelf.  Later  the  south  winds  produce  the 
opposite  effect,  blocking  interchange  with  the 
shelf.  The  mixing  of  water  in  the  Ria  is  greater  in 
the  summer,  favoring  the  arrival  and  recycling  of 
nutrient  salts  in  the  area.  (Author's  abstract) 
W91-05174 


GUIDELINES  FOR  VEGETATIVE  EROSION 
CONTROL  ON  WAVE-FMPACTED  COASTAL 
DREDGED  MATERIAL  SITES. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

For  primary  bibliographic  entry   see  Field   4D. 

W91-05275 


PCB  AND  PCT  CONTAMINATION  IN  WTNTER 
QUARTERS  BAY,  ANTARCTICA. 

California  Univ.,  Santa  Cruz.  Inst,  of  Marine  Sci- 


For  primary  bibliographic  entry  see  Field  5B. 
W91-05345 


METALS  AND  ORGANIC  CONTAMINANTS  IN 
NORTHWEST  ATLANTIC  DEEP-SEA  TILE- 
FISH  TISSUES. 

National  Marine  Fisheries  Service,  Highlands,  NJ. 
Sandy  Hook  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05346 


ORGANOCHLORINE  COMPOUNDS  IN  THE 
PORTUGUESE  OYSTER:  IMPORTANCE  OF 
SEASONAL  VARIATIONS. 

Instituto   Nacional    de    Investigacao   des   Pescas, 

Lisbon  (Portugal). 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05348 


STUDIES  OF  A  SUBARCTIC  COASTAL 
MARSH.  ID.  MODELLING  THE  SUBSURFACE 
WATER  FLUXES  AND  CHLORIDE  DISTRIBU- 
TION. 

Memorial  Univ.  of  Newfoundland,  St.  John's. 
Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05427 


PARTICLE  FLUXES  AND  ECOSYSTEM  RE- 
SPONSE ON  A  CONTINENTAL  MARGIN:  THE 
1985-1988  MEDITERRANEAN  ECOMARGE  EX- 
PERIMENT. 

Perpignan  Univ.  (France).  Lab.  of  Marine  Sedi- 
mentalogy  and  Geochemistry. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05450 


MASS-PHYSICAL  PROPERTIES  OF  SURFI- 
CIAL  SEDIMENTS  ON  THE  RHONE  CONTI- 
NENTAL MARGIN:  IMPLICATIONS  FOR  THE 
NEPHELOID  BENTHIC  LAYER. 

Nice  Univ.  (France). 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-05451 


GULF  OF  LIONS'  HYDRODYNAMICS. 

Antenne  du  Centre  d'Oceanologie  de  Marseille, 

BP330,  F-83507  La  Seyne,  France. 

C.  Millot. 

Continental  Shelf  Research  CSHRDZ,  Vol.    10, 

No.  9/1 1,  p  885-894,  1990.  2  fig,  26  ref. 

Descriptors:  'Continental  slope,  'Gulf  of  Lions, 
•Hydrodynamics,  'Mediterranean  Sea,  Atmos- 
phere, Coastal  waters,  Fishing,  Mathematical 
models,  Satellite  technology,  Seasonal  variation, 
Stratification,  Topography,  Upwelling,  Water  cir- 
culation, Wind  effects. 

The  Gulf  of  Lions  can  be  considered  a  very  com- 
plex hydrodynamic  region,  because  several  intense 
and  highly  variable  phenomenon  compete  simulta- 
neously. These  processes  include  the  powerful  gen- 
eral circulation  along  the  continental  slope,  the 
formation  of  dense  water  both  on  the  shelf  and 
offshore,  wind-induced  upwelling  and  downwell- 
ing  a  seasonal  variation  of  stratification  and  the 
extreme  energies  associated  with  meteorological 
conditions.  The  cloudless  atmospheric  conditions 
encountered  generally  in  the  northwestern  Medi- 
terranean Sea  have  allowed  over  more  than  10 
years  the  extensive  use  of  various  satellite  image- 
ries. The  large  space  and  time  variability  of  the 
hydrodynamical  features,  a  complex  topography, 
and  a  noticeable  fishing  activity,  represent  certain 
difficulties  to  the  collection  of  observations  in  situ. 
Only  a  few  current  time  series  were  obtained  on 
the  slope;  those  obtained  on  the  shelf  only  cover 
the  summer  period.  Models  help  explain  the  gener- 
al circulation  dynamics.  Observational  programs 
carried  out  in  the  forthcoming  years  will  probably 
provide  more  definitive  results  on  the  Gulf  of 
Lions'  hydrodynamics.  (Author's  abstract) 
W9 1-05452 


CAESIUM  DISTRIBUTION  IN  NORTHWEST 
MEDITERRANEAN  SEAWATER,  SUSPENDED 
PARTICLES  AND  SEDIMENTS. 

Commissariat  a  l'Energie  Atomique,  La  Seyne-sur- 
mer  (France). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-0545  3 


HYDROGRAPHIC  STRUCTURE  AND  NEPHE- 
LOID SPATIAL  DISTRIBUTION  IN  THE  GULF 
OF  LIONS  CONTINENTAL  MARGIN. 

Neuchatel  Univ.  (Switzerland).  Groupe  Oceane. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05454 


NUTRIENTS  AND  PHYTOPLANKTON  IN  THE 
GULF  OF  LIONS,  NORTHWESTERN  MEDI- 
TERRANEAN. 

Consejo  Superior  de  Investigaciones  Cientificas, 

Gerona  (Spain).  Centro  de  Estudios  Avanzados  de 

Blanes. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-05455 


210-PO,  210-PB  IN  SEDIMENT  TRAP  PARTI- 
CLES ON  A  MEDITERRANEAN  CONTINEN- 
TAL MARGIN. 

International     Lab.     of     Marine     Radioactivity, 
Monaco-Ville  (Monaco). 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05456 


FLUX  OF  TRANSURANIUM  NUCLIDES  AND 
CHLORINATED  HYDROCARBONS  IN  THE 
NORTHWESTERN  MEDITERRANEAN. 

International     Lab.     of     Marine     Radioactivity, 
Monaco-Ville  (Monaco). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05457 


CONTRIBUTION  OF  THE  RHONE  RFVER  TO 
ORGANIC  CARBON  INPUTS  TO  THE  NORTH- 
WESTERN MEDITERRANEAN  SEA. 

Perpignan  Univ.  (France).  Lab.  of  Marine  Sedi- 
mentalogy  and  Geochemistry. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05458 


TRACERS  AND  CONSTITUENTS  INDICATTNG 
THE  NATURE  OF  ORGANIC  FLUXES,  THEIR 
ORIGIN  AND  THE  EFFECT  OF  ENVIRON- 
MENTAL CONDITIONS. 

Perpignan  Univ.  (France).  Lab.  of  Marine  Sedi- 

mentalogy  and  Geochemistry. 

F.  Gadel,  A.  Puigbo,  J.  M.  Alcaniz,  B.  Charriere, 

and  L.  Serve. 

Continental  Shelf  Research  CSHRDZ,  Vol.   10, 

No.  9/11,  p  1039-1062,  1990.  3  fig,  8  tab,  55  ref. 

Descriptors:  'Environmental  impact,  'Environ- 
mental tracers,  'Gulf  of  Lions,  *Mediterranean 
Sea,  *Organic  matter,  'Path  of  pollutants,  *Rhone 
River,  'Suspended  sediments,  Algal  physiology, 
Carbohydrates,  Coastal  waters,  Deltas,  Gas  chro- 
matography, Particulate  matter,  Phenols,  Phyto- 
plankton, Prodeltas,  Sediment  sampler,  Sedimenta- 
tion, Spectrometry,  Stream  discharge. 

The  nature  of  particulate  organic  matter  was  stud- 
ied in  suspended  material  sampled  by  bottles,  parti- 
cles collected  by  sediment  from  the  northwestern 
Mediterranean  in  the  Gulf  of  Lions.  Elemental 
analyses  were  combined  with  pyrolysis-gas  chro- 
matography-mass  spectrometry  and  with  analysis 
of  individual  compounds  such  as  phenols  separated 
by  high  performance  liquid  chromatography.  In 
the  Rhone  delta,  the  surficial  turbid  layer  was 
enriched  with  fresh  material  of  river  origin.  The 
river  regime  determined  the  nature  and  quantity  of 
suspended  material.  When  the  water  level  was  low, 
organic  matter  seemed  to  be  of  local  origin,  and 
the  content  of  phenols  and  nitrogen-containing 
compounds  increased.  The  influence  of  the  Rhone 
River  decreased  off  the  mouth,  when  terrestrial 
markers  were  diluted  by  products  derived  from 
phytoplanktonic  activity.  In  the  southwestern  part 
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of  the  Gulf  of  Lions,  organic  matter  from  sediment 
traps  was  fresher  than  in  the  Rhone  delta.  Phenols 
and  some  carbohydrates  rapidly  decreased  from 
the  prodelta  due  to  a  lower  runoff.  During  the 
spate,  suspended  material  was  rapidly  deposited 
and  sediments  were  enriched  in  terrestrial  phenols. 
In  the  open  sea  environment,  in  the  Lacaze-Duth- 
iers  Canyon  at  645  m,  in  summer,  the  euphotic 
zone  was  rich  in  amino-sugars  and  contained  a 
high  diversity  of  phenols  derived  from  fish  fecal 
pellets.  In  winter  and  spring,  the  development  of 
phytoplanktonic  blooms  in  surficial  layers  led  to 
high  contents  of  nitrogenous  compounds.  In 
deeper  layers,  the  nature  of  organic  matter  was 
different  from  surficial  layers  in  summer  and  more 
homogeneous  in  winter,  although  a  flux  of  degrad- 
ed material  rich  in  pyrolysis-derived  aromatic  hy- 
drocarbons and  poor  in  nitrogenous  compounds 
progressively  sank  towards  the  bottom.  Organic 
matter  was  more  degraded  in  suspended  material, 
while  in  the  southwestern  part  of  the  Gulf  of 
Lions,  the  prodelta  reflected  the  influence  of  local 
rivers,  with  lower  discharges.  (Author's  abstract) 
W9 1-05459 


SEASONAL  CHANGES  IN  STANDING  CROP 
OF  ZOSTERA  MUELLERI  IN  SOUTH-EAST- 
ERN AUSTRALIA. 

Deakin  Univ.,  Melbourne  (Australia).  Div.  of  Bio- 
logical and  Sciences. 
E.  A.  Kerr,  and  S.  Strother. 

Aquatic  Botany  AQBODS,  Vol.  38,  No.  4,  p  369- 
376,  December  1990.  3  fig,  2  tab,  29  ref. 

Descriptors:  'Aquatic  plants,  'Australia,  'Estu- 
aries, 'Estuarine  environment,  'Sea  grasses,  Bio- 
mass,  Leaves,  Light  effects,  Plant  growth,  Plant 
tissues,  Rhizomes,  Roots,  Seasonal  variation,  Sta- 
tistical analysis,  Temperature  effects. 

The  sea  grass  Zostera  muelleri  Irmisch  ex  Aschers. 
is  a  significant  primary  producer  in  shallow  embay- 
ments  and  estuaries  of  southeastern  Australia.  Sea- 
sonal influence  on  its  growth  is  therefore  of  eco- 
logical importance.  Estimates  of  above-ground 
(leaves,  sheaths)  and  below-ground  (roots,  rhi- 
zomes) biomass  were  determined  for  Z.  muelleri 
over  a  period  of  18  months  in  order  to  study 
seasonal  changes.  Two  separate  sampling  areas 
were  chosen  within  Swan  Bay,  Victoria.  The  sites 
were  chosen  because  of  their  differing  characteris- 
tics and  their  accessibility.  A  0.02  sq.m.  sampler 
was  used  and  the  samples  were  washed  through  a 
3-mm  mesh  sieve.  The  washed  material  was  sorted 
into  below-ground  and  above-ground  parts.  If 
flowers  were  present,  the  flowering  shoots  were 
separated  and  weighed  separately.  Samples  were 
oven  dried  to  constant  weight.  Spearman  rank 
correlation  coefficients  were  used  to  determine  the 
association  between  above-ground  biomass  and  a 
number  of  environmental  variables.  A  winter  die- 
back  was  evident  with  the  maximum  difference 
between  winter  and  summer  above-ground  biomass 
being  seven-fold  at  Tip  Island  and  40-fold  at  Swan 
Bay  Jetty.  Although  above-ground  biomass  was 
correlated  with  solar  radiation,  day  length  and 
maximum  temperature,  it  was  concluded  that  leaf 
growth  is  still  a  better  correlate  of  seasonal  change 
than  biomass  for  Z.  muelleri  growing  in  southeast- 
ern Australia.  (Agostine-PTT) 
W9 1-05488 


CHARACTERISTICS  OF  A  MARSHLAND  SOIL 
BUILT  UP  FROM  MARINE  AND  PEAT  MATE- 
RIAL. 

Oldenburg  Univ.  (Germany,  F.R.).  Dept.  of  Biol- 
ogy. 

For  primary  bibliographic  entry  see  Field  2H. 
W9I-05568 


FATE  OF  MANGROVE  LITTER  IN  A  MAN- 
GROVE FOREST  ON  KO  YAO  YAI,  SOUTH- 
ERN THAILAND. 

Phuket  Marine  Biological  Center  (Thailand). 
H.  Chansang,  and  S.  Poovachiranon. 
Phuket  Marine  Biological  Center  Research  Bulle- 
tin, No.  54,  p  33^6,   1990.   5  fig,  3  tab,  29  ref. 

Descriptors:  'Estuaries,  'Litter,  'Mangrove 
swamps,    'Thailand,   Andaman   Sea,   Climatic   ef- 


fects,   Detritus,    Field    tests,    Seasonal    variation, 
Swamps,  Tidal  effects,  Tides. 

It  is  generally  accepted  that  there  are  several  fac- 
tors which  control  mangrove  productivity  and  the 
contribution  to  their  estuaries.  Andaman  sea.  Leaf 
fall,  litter  decomposition  and  accumulation  within 
the  forest,  and  export  were  studied  for  a  2-month 
period  in  a  mangrove  forest  at  Yao  Yai  Island  in 
the  Andaman  Sea.  There  are  two  dominant  sea- 
sons, a  rainy  season  when  the  Southwest  Monsoon 
predominates  and  a  dry  season  when  the  Northeast 
Monsoon  prevails.  Litter  traps  were  hung  beneath 
trees  at  a  height  of  1.3  m  above  the  ground  at  test 
sites.  Ground  litter  samples  were  collected  from 
areas  first  cleared  of  litter.  For  the  litter  export 
study  floating  material  was  collected  using  a  mesh 
size  1.2  cm  placed  across  1/3  of  the  width  of  the 
main  channel  entrance.  Surface  water  samples 
were  taken  at  intervals  during  neap  and  spring 
tides  for  suspended  particulate  matter.  The  fre- 
quency of  tidal  inundation  was  found  to  play  a 
significant  role  in  the  process  of  decomposition  and 
accumulation  at  various  localities  within  the  forest. 
Export  of  litter  and  suspended  particles  were  stud- 
ied over  complete  cycles  at  spring  and  neap  tides. 
Most  of  the  export  occurred  during  ebbing  spring 
tides.  Tides  are  thus  an  important  factor  control- 
ling the  fate  of  mangrove  litter  within  the  forest, 
and  in  terms  of  exporting  mangrove  production 
into  the  coastal  waters  of  the  Andaman  Sea. 
(Agostine-PTT) 
W9 1-05574 


INVESTIGATION  OF  HYDROGEN  PEROXIDE 
CHEMISTRY  IN  SURFACE  WATERS  OF  VINE- 
YARD SOUND  WITH  H2-I802  AND  1802. 

Woods    Hole    Oceanographic    Institution,    MA. 

Dept.  of  Chemistry. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-05577 


PHOSPHATE  UPTAKE  ALONG  A  COASTAL 
PLAIN  ESTUARY. 

Delaware  Univ.,  Lewes.  Coll.  of  Marine  Studies. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05580 


STABLE  CARBON  ISOTOPES  AND  THE  C:N 
RATIO  IN  THE  ESTUARIES  OF  THE  PAM- 
LICO AND  NEUSE  RIVERS,  NORTH  CAROLI- 
NA. 

East  Carolina  Univ.,  Greenville,  NC.  Dept.  of 
Biology. 

E.  A.  Matson,  and  M.  M.  Brinson. 
Limnology  and  Oceanography  LIOCAH,  Vol.  35, 
No.  6,  p  1290-1300,  September  1990.  6  fig,  3  tab,  33 
ref. 

Descriptors:  'Carbon  cycle,  'Carbon  radioiso- 
topes, 'Estuaries,  'Isotope  ratios,  'Neuse  River, 
•North  Carolina,  'Nutrients,  'Pamlico  River, 
'Tracers,  Atmospheric  chemistry,  Carbon  dioxide, 
Freshwater,  Particulate  matter,  Phytoplankton 
productivity,  Runoff,  Salinity,  Sediment  chemistry. 

The  C:N  and  stable  C  isotope  ratios  (delta  13C)  of 
sedimentary  and  seston  organic  C  (OC)  were  used 
to  identify  OC  sources  and  sites  of  deposition  in 
two  large  estuaries  in  North  Carolina.  In  the  upper 
10  km  of  the  oligohaline  zones,  C:N  ratios  of 
sediment  are  characteristic  of  particulate  terrestrial 
plant  material  (>15).  The  delta  13C  values  in- 
crease linearly  with  distance  from  freshwater  tribu- 
taries to  the  mouths  of  the  estuaries  (approximately 
20%  salinity),  >40  km  from  the  ocean.  Observed 
gradients  in  isotopic  and  C:N  ratios  imply  that 
conservative  mixing  of  freshwater  and  marine  OC 
occurs.  Phytoplankton  in  the  estuaries  produce  at 
least  10  times  more  particulate  OC  than  is  deliv- 
ered in  runoff,  however,  and  its  biomass  is  recy- 
cled at  rates  much  faster  than  those  of  water 
exchange.  The  observed  gradients  are  therefore 
largely  attributed  to  recycling  of  a  resident  pool  of 
estuarine  C,  atmospheric  C02,  and  an  increasing 
marine  bicarbonate  fraction  from  the  salt  wedge 
downriver.  Essentially  lentic  conditions  in  these 
estuaries  ensure  the  dominance  of  in  situ  biological 
processes.  (Author's  abstract) 
W91-05581 


MASS  FLUX  ESTIMATION  AND  MASS 
TRANSPORT  MECHANISM  IN  ESTUARIES. 

Wisconsin  Univ.,  Madison.  Dept.  of  Civil  and  En- 
vironmental Engineering. 
J.  K.  Park,  and  A.  James. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 
No.  6,  p  1301-1313,  September  1990.  7  fig,  8  tab,  21 
ref. 

Descriptors:  'Estuaries,  'Mass  transport,  'Mathe- 
matical models,  'Salinity,  'Water  circulation, 
Error  analysis,  Estimating,  Fluctuations,  Tidal  var- 
iation. 

Hydrodynamic  surveys  were  conducted  in  a  par- 
tially stratified  estuary.  Longitudinal  salt  fluxes 
through  a  cross-section  were  measured  and  the 
optimal  number  of  lateral  and  vertical  points  for 
observation  and  estimation  of  fluxes  of  pollutants 
found.  The  hydrodynamic  data  were  decomposed 
to  investigate  the  mechanism  of  instantaneous  and 
tidally  averaged  mass  fluxes.  The  decomposition 
method  developed  showed  that  instantaneous  salt 
flux  arose  principally  from  the  combination  of 
velocity  fluctuation  with  the  tidal  mean  salinity. 
The  error  analysis  showed  that  the  estimate  of 
mass  flux  was  sensitive  to  the  error  inherent  in  the 
velocity  data  and  the  error  range  was  within  +/- 
10%  of  the  total  flux.  Seven  depth  and  four  width 
points  gave  acceptable  estimates  of  the  water  flux, 
salt  flux,  and  longitudinal  dispersion.  (Author's  ab- 
stract) 
W91-05582 


SUBSIDENCE,  ACCRETION,  AND  SEA  LEVEL 
RISE  IN  SOUTH  SAN  FRANCISCO  BAY 
MARSHES. 

Louisiana  State  Univ.,  Baton  Rouge.  Lab.  for  Wet- 
land Soils  and  Sediments. 
W.  H.  Patrick,  and  R.  D.  DeLaune. 
Limnology  and  Oceanography  LIOCAH,  Vol.  35, 
No.  6,  p  1389-1395,  September  1990.  5  fig,  16  ref. 

Descriptors:  'Accretion,  'Global  warming,  'Salt 
marshes,  'San  Francisco  Bay,  'Sea  level,  'Sedi- 
ment transport,  'Sedimentation,  'Subsidence,  Ele- 
vation, Marshes,  Peat,  Storms,  Tidal  effects. 

Accelerated  sea  level  rise  that  is  predicted  to  occur 
as  a  result  of  the  greenhouse  effect  is  likely  to  have 
a  significant  effect  on  the  world's  salt  marshes.  For 
salt-marsh  vegetation  to  remain  productive  and 
even  to  survive  in  a  period  of  rising  sea  level,  the 
marsh  must  accrete  sufficient  sediment  to  maintain 
the  marsh  surface  within  an  appropriate  tidal 
range.  Accretion  and  subsidence  were  studied  in 
three  south  San  Francisco  Bay  salt  marshes  that 
differed  greatly  in  subsidence  over  the  past  few 
decades.  Marsh  accretion  as  a  result  of  sedimenta- 
tion and  peat  formation  has  been  able  to  compen- 
sate for  high  rates  of  subsidence  and  the  low  rate 
of  sea  level  rise  and  to  maintain  the  elevation  of  the 
marsh  surface  above  mean  high  water.  South  San 
Francisco  Bay  appears  to  be  a  sediment-rich 
system  that  transports  enough  sediment  by  tidal 
action  and  during  storm  events  to  compensate  for 
sea  level  rise  and  subsidence  in  the  fringing  salt 
marshes.  (Author's  abstract) 
W9 1-05587 


EVIDENCE  AGAINST  INCORPORATION  OF 
EXOGENOUS  THYMHMNE  BY  SULFATE-RE- 
DUCING  BACTERIA. 

Harvard  School  of  Public  Health,  Boston,  MA. 
Interdisciplinary  Programs  in  Health. 
C.  C.  Gilmour,  M.  E.  Leavitt,  and  M.  P.  Shiaris. 
Limnology  and  Oceanography  LIOCAH,  Vol.  35, 
No.  6,  p  1401-1409,  September  1990.  1  fig,  3  tab,  28 
ref.  EPA  Grants  CR-8 12699  and  R-8 12527-01-0. 

Descriptors:  'Bacterial  physiology,  'Chesapeake 
Bay,  'Estuarine  environment,  'Estuarine  sedi- 
ments, 'Sulfur  bacteria,  Amino  acids,  Anoxia,  Bac- 
terial growth,  Desulfovibrio,  Estuaries,  Laboratory 
methods,  Marine  environment,  Metabolism,  Re- 
duction, Sediment  chemistry,  Sulfates. 

The  uptake  of  exogenous  tritiated  thymidine  by 
S04(2-)reducing  bacteria  (SRB)  was  tested  in  both 
pure  culture  and  in  marine  sediments.  Ten  cultures 
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isolated  from  mesohaline  sediments  of  Chesapeake 
Bay,  plus  ATCC  strain  Desulfovibrio  desulfuricans 
aestuarii,  were  incubated  in  S04(2-)-reducing 
media  with  tritiated  TdR  concentrations  ranging 
from  2  to  100  nM.  In  most  cases  tritiated  TdR 
uptake  levels  were  no  more  than  a  few  times 
higher  than  Formalin-killed  controls;  SRB  cells 
took  up  a  maximum  of  1.7  to  the  minus  22nd 
power  moles  TdR/cell/hr.  Across  all  incubations, 
an  average  of  3.3  to  the  23rd  power  SRB  cells 
were  produced/(mol  tritiated  TdR)  taken  up,  com- 
pared to  an  average  value  of  approximately  2  to 
the  18th  power  cells/(mol  tritiated  TdR)  in  natu- 
ral, oxic  waters.  In  anoxic  sediments  the  addition 
of  molybdate,  an  inhibitor  of  S04(2-)  reduction, 
significantly  reduced  amino  acid  metabolism  but 
did  not  decrease  tritiated  TdR  incorporation  into 
TCA-insoluble  material.  These  data  suggest  that 
the  thymidine  uptake  method  may  drastically  un- 
derestimate bacterial  production  in  samples  where 
S04(2-)  reduction  is  quantitatively  important,  such 
as  nonsurficial  marine  and  estuarine  sediments  and 
anoxic  saline  waters.  (Author's  abstract) 
W91-05588 


EXCRETION  OF  ORGANIC  CARBON  BY  PHY- 
TOPLANKTON:   ITS   RELATION  TO   ALGAL 
BIOMASS,   PRIMARY   PRODUCTIVITY   AND 
BACTERIAL    SECONDARY    PRODUCTIVITY 
IN  THE  BALTIC  SEA. 
Tvarminne  Zoological  Station  (Finland). 
For  primary  bibliographic  entry  see  Field  2H. 
W91-05590 


SEASONAL  CONTRASTS  IN  DIURNAL 
CARBON  INCORPORATION  BY  PHYTO- 
PLANKTON  SIZE  CLASSES  OF  THE  COAST- 
AL PLUME  OF  CHESAPEAKE  BAY. 

Salisbury  State  Univ.,  MD.  Dept.  of  Biological 

Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-05591 


TEMPORAL  DISTRIBUTION  OF  ICHTHYO- 
PLANKTON  NEAR  BEAUFORT  INLET, 
NORTH  CAROLINA. 

National  Marine  Fisheries  Service,  Beaufort,  NC. 

Beaufort  Lab. 

W.  F.  Hettler,  and  A.  J.  Chester. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

68,  No.  1/2,  p  157-168,  December  15,  1990.  9  fig,  2 

tab,  25  ref. 

Descriptors:  *Estuarine  fisheries,  'Fish  larvae, 
•Marine  environment,  'North  Carolina,  'Tempo- 
ral distribution,  Fish  behavior,  Population  density, 
Salt  marshes,  Seasonal  variation,  Species  composi- 
tion. 

Temporal  distribution  of  the  larval/early  juvenile 
fish  community  of  a  major  inlet  on  the  North 
Carolina  coast  was  studied  from  August,  1986 
through  July,  1987  using  bow-mounted  pushnets. 
Three  main  seasonal  assemblages  were  observed, 
winter/early  spring,  late  spring,  and  summer.  Peak 
abundance  occurred  in  late  spring;  few  fishes  were 
caught  in  November.  Cold-water  (<20  C)  species 
were  primarily  late  post-flexion  and  transforming 
larvae,  whereas  many  of  the  warm  water  species 
were  pre-flexion  or  flexion  stage  larvae  (indicating 
near-by,  possibly  estuarine,  spawning).  Families 
with  the  most  species  were  Bothidae,  Gobiidae, 
and  Sciaenidae.  A  total  of  74  species  or  species 
groups  were  collected.  Engraulidae  made  up  70% 
of  the  total  catch  out  of  the  34  families  collected. 
High  variability  was  noted  between  samples  within 
collections.  One-third  of  the  species  collected  were 
found  to  invade  adjacent  salt  marsh  habitat  as 
juveniles.  (Author's  abstract) 
W91-05593 


POPULATION  GROWTH  AND  EFFECTS  OF 
NEMATODES    ON    NUTRIENT    REGENERA- 
TION AND  BACTERIA   ASSOCIATED  WITH 
MANGROVE  DETRITUS  FROM  NORTHEAST- 
ERN QUEENSLAND  (AUSTRALIA). 
City  Coll.,  New  York.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05  594 


EFFECTS  OF  ESTUARINE  ENVIRONMENTAL 
CONDITIONS  ON  POPULATION  DYNAMICS 
OF  YOUNG-OF-THE-YEAR  GULF  MENHA- 
DEN. 

Louisiana   State   Univ.,   Baton   Rouge.   Dept.   of 

Marine  Science. 

L.  A.  Deegan. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

68,  No.  1/2,  p  195-205,  December  15,  1990.  8  fig,  4 

tab,  45  ref. 

Descriptors:  'Estuaries,  'Estuarine  fisheries,  'Fish 
larvae,  'Louisiana,  'Marine  environment,  'Menha- 
den, 'Population  dynamics,  Abundance,  Aquatic 
habitats,  Bays,  Fish  growth,  Fish  migration, 
Marshes,  Mortality,  Productivity,  Seasonal  distri- 
bution, Temperature  effects. 

Environmental  factors,  primarily  river  discharge 
and  winter  temperatures,  are  strongly  correlated 
with  growth  and  survival  of  young-of-the-year 
gulf  menhaden  Brevoortia  patronus  in  Fourleague 
Bay,  Louisiana.  Gulf  menhaden  were  found  in 
highest  abundance  from  February  to  November. 
They  first  use  marsh  creeks  and  then  in  early 
summer  they  migrate  out  into  deeper  open  bay 
areas  where  they  remain  until  late  summer  or  fall. 
This  migration  pattern  coincides  with  the  produc- 
tivity peaks  in  marsh  and  open  bay  areas.  Instanta- 
neous growth  coefficients  were  slightly  different 
between  years  (1982  =  0.005,  1983  =  0.004).  Mor- 
tality rates  were  different  between  year-classes 
(1982  year-class  =  0.007;  1983  year-class  =0.018), 
but  not  between  habitats  within  a  year-class.  In 
periods  of  high  river  discharge  and  cooler  spring 
temperatures,  fish  apparently  grew  more  slowly 
and  mortality  rates  were  higher.  (Author's  ab- 
stract) 
W91-05595 


TIDAL  HYDRAULICS  OF  SAINT  JOHN 
RIVER. 

Centro  de  Investigacion  Cientifica  y  de  Educacion 

Superior  de  Ensenada  (Mexico). 

G.  Godin. 

Journal  of  Waterway,  Port,  Coastal  and  Ocean 

Engineering  (ASCE)  JWPED5,  Vol.  117,  No.  1,  p 

19-28,  1991.  3  fig,  3  tab,  9  ref. 

Descriptors:  'Estuaries,  'New  Brunswick,  'Saline- 
freshwater  interfaces,  'Tidal  energy,  'Tidal  hy- 
draulics, 'Tidal  rivers,  Canada,  Flow  discharge, 
Runoff,  Spring  tides,  Tidal  range,  Water  level  fluc- 
tuations. 

The  Reversing  Falls  separate  the  Saint  John  River 
in  New  Brunswick,  Canada,  almost  completely 
from  its  tidal  estuary.  Therefore  only  a  small  por- 
tion of  the  energy  present  in  the  Bay  of  Fundy  tide 
manages  to  reach  the  estuary.  Harmonic  analyses 
reveal  that  28-day  and  15-day  oscillations,  not  the 
semidiurnal  tide,  dominate  the  fluctuations  in  the 
water  levels  upstream  although  the  latter  is  unusu- 
ally strong  in  the  estuary.  The  long-period  oscilla- 
tions are  created  by  the  periodic  retention  of  some 
of  the  freshwater  during  intervals  of  perigean  or 
spring  tides,  the  cause  of  the  phenomenon  being 
obvious  during  intervals  of  constant  discharge. 
Wide  fluctuations  in  runoff  created  by  the  spring 
freshet  mask  the  interaction  temporarily.  Since  the 
range  of  downstream  tides  still  contributes  to  the 
retention  of  fresh  water,  the  coincidence  of  a  peak 
in  runoff  with  extreme  tidal  ranges  could  create 
unusually  high  levels  upstream.  (Author's  abstract) 
W91-05783 


WAVE  FORCES  ON  A  WALL. 

Coastal  Engineering  Research  Center,  Vicksburg, 

MS. 

For  primary  bibliographic  entry  see  Field  8B. 

W91-05785 


ENVIRONMENTAL  ASSESSMENT  OF 
HUMAN  INTERFERENCE  ON  THE  NATURAL 
PROCESSES  AFFECTING  THE  BARRIER 
BEACHES  OF  LONG  ISLAND,  NEW  YORK. 

Hofstra  Univ.,  Hempstead,  NY.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-05797 


Saline  Water  Conversion — Group  3A 

HISTORY  OF  A  CHLORPYRIFOS  SPILL:  CAR- 
TAGENA, COLOMBIA. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 
Toxicology  and  Chemistry  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05901 


GREENHOUSE  EFFECT  AND  COASTAL  WET- 
LAND POLICY:  HOW  AMERICANS  COULD 
ABANDON  AN  AREA  THE  SIZE  OF  MASSA- 
CHUSETTS AT  MINIMUM  COST. 

Environmental   Protection   Agency,   Washington, 

DC. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-05905 


RECOGNITION  OF  AREAS  EFFECTED  BY  PE- 
TROLEUM SEEPAGE:  NORTHERN  GULF  OF 
MEXICO  CONTINENTAL  SLOPE. 

Texas  A  and  M  Univ.,  College  Station.  Geochemi- 
cal  and  Environmental  Research  Group. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05915 


SEA  FLOOR  RESPONSES  TO  HYDROCAR- 
BON SEEPS,  LOUISIANA  CONTINENTAL 
SLOPE. 

Louisiana  State  Univ.,  Baton  Rouge.  Coastal  Stud- 
ies Inst. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-059 16 


GULF  OF  MEXICO  HYDROCARBON  SEEP 
COMMUNITIES:  VI.  PATTERNS  IN  COMMU- 
NITY STRUCTURE  AND  HABITAT. 

Texas  A  and  M  Univ.,  College  Station.  Geochemi- 
cal  and  Environmental  Research  Group. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05917 


ASSESSMENT  OF  FUTURE  COAST  LAND 
LOSS  ALONG  THE  UPPER  TEXAS  GULF 
COAST  TO  THE  YEAR  2050. 

Texas  Univ.  at  Austin.  Dept.  of  Geological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05936 

3.  WATER  SUPPLY 
AUGMENTATION 
AND  CONSERVATION 

3A.  Saline  Water  Conversion 


LIKELIHOOD  OF  SIGNIFICANT  COST  RE- 
DUCTIONS IN  DESALINATION. 

Ewbank  Preece  Consulting  Ltd.,  Brighton  (Eng- 
land). 

N.  M.  Wade. 

Desalination  DSLNAH,  Vol.  78,  No.  2,  p  147-156, 
August  1990.  3  fig,  2  tab. 

Descriptors:  'Potable  water,  'Water  treatment, 
'Economic  aspects,  'Desalination,  'Cost  analysis, 
Energy  costs,  Operation  cost,  Brackish  water, 
Wastewater  treatment,  Treatment  techniques,  Mul- 
tistage flash,  Multieffect  distillation,  Reverse  osmo- 
sis, Electrodialysis. 

Desalination  costs  had  fallen  considerably  in  real 
cost  terms  until  recent  material  cost  rises  occurred. 
It  seems  unlikely  that  entirely  new  processes  will 
take  the  place  of  existing  techniques  (multistage 
flash,  multieffect  distillation,  reverse  osmosis  and 
electrodialysis)  during  the  next  few  years.  The 
emphasis  for  development  is  therefore  on  steady 
improvements  in  existing  processes.  Savings  in 
capital  costs  by  cheaper  materials  and  mass  pro- 
duction of  components  and  in  operation  and 
energy  costs  can  all  contribute  to  progressive 
rather  than  dramatic  fall  in  real  costs.  It  is  prob- 
ably only  in  brackish  water  and  effluent  treatment 
that  desalination  can  become  competitive  with 
conventional  treatment  techniques  in  cost  terms. 
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Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 
Group  3A — Saline  Water  Conversion 


Brackish  water  plant  overall  cost  is  about  1/3  that 
for  seawater  treatment  while  membrane  technolo- 
gy can  be  applied  to  tertiary  effluent  treatment  for 
the  reuse  of  polluted  river  water  or  recovery  of 
effluent.  There  could  be  considerable  scope  for 
such  application  in  Third  World  as  well  as  indus- 
trialized countries.  (Medina-PTT) 
W91-05193 


MEMBRANE  SOFTENING:  THE  CONCEPT 
AND  ITS  APPLICATION  TO  MUNICIPAL 
WATER  SUPPLY. 

Stone  and  Webster  Water  Technology  Services, 
Fort  Lauderdale,  FL. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05 194 


EXPERIMENTS  ON  SEA  WATER  DESALINA- 
TION BY  MEMBRANE  DISTILLATION. 

Water  Reuse  Promotion  Centre,  Tokyo  (Japan). 

K.  Ohta,  K  Kikuchi,  I.  Hayano,  T.  Okabe,  and  T. 

Goto. 

Desalination  DSLNAH,  Vol.  78,  No.  2,  p  177-185, 

August  1990.  13  fig,  1  tab. 

Descriptors:  'Membrane  processes,  "Membrane 
distillation,  'Desalination,  'Desalination  apparatus, 
•Distillation,  Flow  rates,  Water  temperature, 
Brine,  Cooling  water,  Diffusivity. 

The  effects  of  flow  rate  and  temperature  on  perme- 
ate flux  and  thermal  efficiency  were  studied  using 
direct  contact  module  with  silicone  membrane. 
Test  modules  were  of  the  plate  and  frame  type. 
When  flow  rates  were  changed  from  1.9  to  3.3  cm/ 
s,  the  permeate  fluxes  increased  with  increases  in 
flow  rate,  under  a  condition  of  approximately 
equal  flow  rates  of  brine  and  cooling  water.  Great- 
er fluxes  with  greater  flow  rates  of  brine  at  fixed 
temperature  and  flow  rate  for  cooling  temperatures 
of  25,  30,  and  35  C  were  observed  under  conditions 
of  variable  brine  flow  and  constant  cooling  flow 
and  vice  versa.  Temperature  was  also  an  important 
factor  that  influenced  operational  conditions.  The 
permeate  flux  was  higher  in  lower  cooling  tem- 
peratures. Other  forces  such  as  larger  diffusion 
velocity  in  membrane  and  lower  water  viscosity 
were  shown  to  promote  the  permeate  at  higher 
pressure  differences  or  higher  temperature  ranges. 
An  increase  in  flow  rate  generally  improved  the 
thermal  efficiency  for  each  temperature  setting  at 
40,  50  and  60  C,  but  the  effect  was  not  consider- 
able. Thermal  efficiency  (ratio  of  effective  heat  to 
input  heat  except  emanation)  had  a  tendency  to 
increase  under  conditions  of  higher  permeate  flux. 
This  efficiency  increased  along  with  temperature 
differences,  but  is  expressed  by  a  line  independent 
of  flow  rate.  This  means  that  efficiency  was  affect- 
ed by  temperature  difference  but  little  by  the  flow 
rate  of  brine.  (Medina-PTT) 
W91-05195 


ECONOMICS  OF  DESALINATION  FOR 
THREE  PLANT  SIZES. 

King    Abdulaziz    Univ.,    Jeddah    (Saudi    Arabia). 

Dept.  of  Thermal  Engineering. 

A.  A.  Madam. 

Desalination  DSLNAH,  Vol.  78,  No.  2,  p  187-200, 

August  1990.  2  fig,  6  tab,  32  ref. 

Descriptors:  'Economic  aspects,  'Desalination, 
'Desalination  plants,  'Cost  analysis,  Solar  stills, 
Reverse  osmosis,  Air  dehumidification,  Direct  con- 
tact freezing  process,  Vapor  compression  distilla- 
tion, Butane  freezing  process,  Reverse  osmosis, 
Multi  effect  evaporation,  Multi  stage  flash,  Flash 
distillation. 

The  economics  of  three  desalination  plant  sizes, 
namely  small  plants  with  a  capacity  less  than  100 
cu  m/d,  medium  plants  with  a  capacity  between 
100  and  200  cu  m/d,  and  large  plants  with  a 
capacity  greater  than  200  cu  m/d,  were  compared. 
For  small-size  plants,  solar  stills,  solar  assisted  de- 
salination, conventional  reverse  osmosis  and  the 
proposed  process  of  dehumidification  of  air  using 
sea  water  as  a  heat  sink,  were  compared.  For 
medium-size  plants,  the  direct  contact  freezing 
process  was  compared  with  the  most  efficient 
process  at  this  size,  mechanical  vapor  compression 


(MVC).  For  large  plants,  the  commercially  unde- 
veloped butane  freezing  process  was  considered  as 
an  economical  alternative  to  the  distillation  process 
and  reverse  osmosis  plants.  For  commercially 
available  desalination  processes,  the  solar  stills  and 
solar-assisted  multi-effect  evaporation  processes 
were  the  best  choice  for  small  scale  plants  when 
the  land  value  was  low.  Reverse  osmosis  was  the 
best  choice  when  land  value  was  significant  and 
skilled  labor  was  available.  For  medium-sized 
plants,  MVC  the  most  economical.  For  large 
plants,  the  dual  purpose  distillation  methods  (multi 
effect  evaporation  and  multi-stage  flash)  were  the 
most  economical.  Saving  in  desalination  cost  could 
be  achieved  for  medium-sized  plants  by  developing 
the  direct  contact  freezing  process.  Conservative- 
ly, the  savings  is  about  15%.  Developing  the 
butane  freezing  process  for  large  plants  could 
reduce  the  desalination  cost  by  over  30%  for  10 
mgd  plants.  More  saving  could  be  realized  for 
larger  plants.  Dehumidification  of  air  using  water 
as  a  heat  sink  is  a  feasible  process  for  producing 
small  quantities  (0.5-3  cu  m/day)  of  fresh  water  at 
seaside  locations  when  the  land  value  is  high  and 
skilled  plant  operators  are  unavailable.  (Medina- 
PTT) 
W9 1-05 196 


EVALUATION  OF  OPTIMUM  THICKNESS  OF 
BOTTOM  INSULATION  FOR  A  CONVEN- 
TIONAL SOLAR  STILL. 

Indian    Inst,    of   Tech.,    New    Delhi.    Centre    of 

Energy  Studies. 

N.  K.  Dhiman. 

Desalination  DSLNAH,  Vol.  78,  No.  2,  p  201-208, 

August  1990.  8  fig,  2  tab,  1  ref. 

Descriptors:  'Distillation,  'Model  studies,  'Desali- 
nation, Economic  aspects,  'India,  'Mathematical 
models,  'Solar  stills,  'Insulation,  Solar  distillation, 
Climates,  Cost  analysis. 

A  mathematical  analysis  is  presented  for  evaluating 
the  optimum  thickness  of  insulation  required  at  the 
bottom  of  a  conventional  basin-type  solar  still  cor- 
responding to  the  minimum  cost  of  distillate  yield. 
The  usefulness  of  analysis  was  illustrated  by  evalu- 
ating optimum  thickness  of  insulation  for  the  four 
typical  climates  of  India  namely  New  Delhi,  Ban- 
galore, Jodhpur  and  Srinagar.  Inflation  rate,  annual 
interest  rate,  total  cost  and  lifetime  of  a  solar  still 
and  minimum  cost  of  corresponding  optimum  insu- 
lation thickness  for  these  areas  were  taken  into 
consideration.  There  was  a  fall  in  the  annual  cost 
of  the  still  per  unit  of  yield  corresponding  to  the 
optimum  thickness  of  the  insulation  with  increase 
in  the  inflation  rate,  whereas  an  increase  in  annual 
rate  of  interest,  total  cost  and  rate  of  maintenance 
increased  this  annual  cost.  Annual  cost  for  Srina- 
gar was  higher  than  the  other  three  places  which  is 
expected  because  of  its  high  altitude.  The  calcula- 
tions also  showed  that  there  was  no  significant 
effect  of  the  lifespan  of  the  still  and  cost  of  insula- 
tion over  this  annual  cost  of  the  still  per  unit  of  the 
yield.  (Medina-PTT) 
W91-05197 


3B.  Water  Yield  Improvement 


SECOND  ISRAELI  RAINFALL  STIMULATION 
EXPERIMENT:  ANALYSIS  OF  PRECIPITA- 
TION ON  BOTH  TARGETS. 

Rochester  Univ.,  NY. 

K.  R.  Gabriel,  and  D.  Rosenfeld. 

Journal  of  Applied  Meteorology  JAMOAX,  Vol. 

29,  No.  10,  p  1055-1067,  October  1990.  2  fig,   18 

tab,  16  ref,  5  append.  NSF  Grant  ATM-8610028. 

Descriptors:  'Cloud  seeding,  'Israel,  'Statistical 
analysis,  'Weather  modification,  Artificial  precipi- 
tation, Clouds,  Deserts,  Ice. 

The  second  Israeli  randomized  rainfall  augmenta- 
tion experiment  (Israel  II)  was  carried  out  during 
the  six  winters  from  1969/70  to  1974/75.  Each  day, 
was  randomly  allocated  to  be  seeding  either  in  the 
north  or  the  south.  However,  seeding  was  actually 
carried  out  only  when  suitable  clouds  were  found. 
A  control  area  upwind  of  the  target  was  chosen. 
Results  from  the  experiment  for  both  alternative 


targets  show  that  apparently  significant  positive 
seeding  effects  in  the  north  were  accompanied  by 
equally  strong  apparently  negative  effects  in  the 
south.  Various  statistical  breakdowns  of  the  data 
were  tried,  but  they  did  not  allow  an  unequivocal 
conclusion  as  to  whether  (1)  there  were  real  and 
opposite  effects  in  the  two  areas;  or  (2)  the  appar- 
ent negative  effect  was  a  chance  occurrence,  or  (3) 
both  apparent  effects  were  due  to  chance.  Compar- 
ison with  the  Israel  I  experiment  offers  the  expla- 
nation that  in  many  rain  situations  there  are  suffi- 
cient natural  ice  nuclei  in  the  south,  because  that 
area  borders  on  the  desert  and  desert  dust  has  been 
proven  to  produce  large  quantities  of  ice  nuclei, 
which  interfere  with  seeding.  (Fish-PTT) 
W91-05856 


3C.  Use  Of  Water  Of  Impaired 
Quality 


DEGRADATION  OF  CHERNOZEMS  ON  THE 
DANUBE-DNIESTER  IRRIGATION  SYSTEM. 

Odessa  Agricultural  Inst.  (USSR). 
N.  A.  Kreyda,  V.  I.  Mikhayluk,  and  I.  D.  Kichuk. 
Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  1,  p  81- 
86,  1990.  5  tab,  3  fig. 

Descriptors:  'Water  pollution  effects,  'Danube 
River  Basin,  'Irrigation  effects,  Agricultural  prac- 
tices, 'Chernozems,  Soil  physical  properties,  'Soil 
chemistry,  Cation  exchange,  Alkalinity,  Hydrogen 
ion  concentration,  Acidification,  Water  quality, 
Soil  profile. 

Data  are  presented  on  changes  in  the  morphology, 
and  physical  and  physicochemical  properties 
(sodium  and  lime  potential,  and  composition  of 
adsorbed  cations)  of  Chernozems  on  the  southern 
Danube-Dniester  irrigation  system.  These  soils 
have  low  sodium  activities  and  an  elevated  alkalin- 
ity (pH  approximately  7.6  to  8.0).  Irrigation  of 
Chernozems  even  using  water  with  a  low  mineral 
content  disturbs  their  thermodynamic  equilibrium. 
Three  years  of  study  showed  that  acidification  of 
irrigation  water,  gypsuming  of  the  soils,  and  appli- 
cation of  manure,  as  well  as  different  tillage  prac- 
tices had  no  significant  meliorative  effect  on  the 
Chernozems  irrigated  with  Sasyk  water.  Results 
suggest  that  only  a  fundamental  improvement  of 
water  quality  will  prevent  the  current  degradation 
of  irrigated  Chernozems,  the  upper  part  of  the 
profile  of  which  is  becoming  compact  and  solonet- 
zic.  (Brunone-PTT) 
W91-05227 


LABORATORY  STUDY  ON  LEACHING  OF 
CALCAREOUS  SOIL  FROM  KUWAIT. 

Kuwait  Univ.,  Safat.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05378 


INTERNATIONAL  PERSPECTIVE  ON  WATER 
RESOURCES  MANAGEMENT  AND 

WASTEWATER  REUSE-APPROPRIATE 

TECHNOLOGIES. 

International  Bank  for  Reconstruction  and  Devel- 
opment,    Washington,     DC.     Infrastructure    and 
Urban  Development  Dept. 
C.  R.  Bartone. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  2039-2047,  1991.  1  tab,  24  ref. 
UNDP/World  Bank  Integrated  Resource  Recov- 
ery Project  INT/87/035. 

Descriptors:  'Arid  lands,  'Developing  countries, 
•Reclaimed  water,  'Semiarid  lands,  'Water  re- 
sources management,  'Water  reuse,  Aquaculture, 
Disinfection,  Irrigation  water,  Public  health, 
Public  policy,  Wastewater  renovation,  Wastewater 
utilization. 

The  unabated  urbanization  and  industrialization 
process  in  many  arid  and  semi-arid  countries  leads 
to  increasing  demand  for  municipal  and  industrial 
water  supply,  often  in  direct  competition  with 
irrigation  demand.  In  such  cases  wastewater  recla- 
mation and  reuse  should  be  an  integral  component 
of  water  resources  management  strategies.  Nation- 
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al  reuse  policies  should  be  developed  and  imple- 
mented taking  into  account  local  conditions  and 
based  on  affordable  approaches  that  ensure  safe 
reuse  practice.  Research  and  development  is  being 
carried  out  in  several  developing  countries  on  ap- 
propriate technologies  for  implementing  reuse,  as 
well  as  coordinated  international  efforts  to  provide 
recommended  guidelines  and  policies  for  safe 
wastewater  reuse  in  agriculture  and  aquaculture. 
Wastewater  is  used  for  fishculture  in  India,  Germa- 
ny, Hungary,  and  a  number  of  other  countries. 
Most  existing  reuse  systems  use  raw  or  partially 
treated  wastewater.  One  of  the  first  initiatives  for 
establishing  public  health  guidelines  was  begun  in 
1982.  A  study  concluded  that  wastewater  treat- 
ment processes  that  effectively  remove  all  or  most 
of  the  pathogens  in  wastewater  provide  a  major  or 
total  reduction  in  the  negative  health  effects 
caused  by  raw  sewage  reuse.  Recommended  crite- 
ria for  effective  wastewater  treatment  for  irrigation 
reuse  in  developing  countries  include  maximum 
removal  of  helminths,  effective  reduction  of  bacte- 
rial and  viral  pathogens,  and  freedom  from  odor 
and  appearance  nuisances.  Where  overseason  stor- 
age of  effluents  is  needed,  anaerobic  treatment 
ponds  followed  by  a  deep  reservoir  system  with 
long  detention  times  is  practical.  In  some  instances 
soil-aquifer  treatment  system  may  be  appropriate. 
Aerated  ponds  and  anaerobic  treatment  process 
both  offer  reduced  treatment  costs  and  small  land 
requirements.  Pond  effluents,  because  of  their  algal 
biomass  content,  have  high  fertilizer  value  and  the 
algae  act  as  a  slow-release  fertilizer.  Although 
wastewater  reclamation  and  reuse  is  becoming  in- 
creasingly important  in  arid  and  semi-arid  develop- 
ing countries,  it  is  necessary  to  consider  it  within 
an  overall  water  resource  development  and  man- 
agement framework  if  reuse  projects  are  to  suc- 
ceed. (Mertz-PTT) 
W91-05532 


ROLE    OF    WASTEWATER    RECLAMATION 
AND  REUSE  IN  THE  USA. 
California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic   entry  see  Field   5D. 
W91-05533 


RECENT  ADVANCES  IN  WATER  REUSE  RE- 
SEARCH IN  SOUTH  AFRICA. 

Water    Research    Commission,    Pretoria    (South 

Africa). 

For  primary  bibliographic   entry   see   Field   5D. 

W91-05534 


ROLE  OF  WASTEWATER  REUSE  IN  WATER 
RESOURCES  MANAGEMENT  IN  ISRAEL. 

Centre  for  Research  in  Environmental  and  Water 

Resources  Engineering,  Haifa  (Israel). 

G.  Shelef. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2081-2089,  1991.  5  fig,  5  tab,  16  ref. 

Descriptors:  'Israel,  'Reclaimed  water, 
•Wastewater  utilization,  'Water  resources  man- 
agement, 'Water  reuse,  'Water  use,  Activated 
sludge,  Denitrification,  Disinfection,  Irrigation 
water,  Nitrification,  Stabilization  ponds, 
Wastewater  treatment,  Water  supply. 

Wastewater  reuse  is  considered  as  a  major  vital 
water  resource  in  Israel  with  an  annual  flow  of  420 
million  cubic  m  planned  for  the  year  2010,  consti- 
tuting 19%  of  the  total  water  supply  and  about 
one-third  of  the  overall  water  allocated  to  the 
agricultural  sector.  The  trend  is  for  less  crop  re- 
striction and  wider  crop  rotation  and  thus  higher 
effluent  quality  requirements.  The  economical  con- 
siderations are  favorable  even  with  the  need  for 
seasonal  storage  and  extra  treatment.  The  best  and 
largest  example  of  seasonal  storage  of  wastewater 
to  be  reused  is  the  Greater  Haifa-Tishlovet  Haki- 
shon  scheme  where  over  15  million  cubic  m  per 
year  of  biologically  treated  effluent  is  conveyed  by 
a  30  km  long  pipeline  to  dual  stabilization  reser- 
voirs. The  points  of  disinfection  along  the  scheme 
produce  waters  that  almost  meet  Group  D  require- 
ments (unrestricted  use  on  crops,  including  raw 
vegetables  and  use  in  parks  and  on  lawns).  Season- 
al and  multi-yearly  storage  is  accomplished  in  the 


Dan  Region  (Greater  Tel-Aviv)  wastewater  reuse 
scheme  that  is  the  largest  in  Israel,  with  an  annual 
flow  of  80  million  cubic  m.  Three-quarters  of  the 
wastewater  is  treated  by  a  modern  single-stage 
nitrification-denitrification  activated  sludge  system 
and  about  one-quarter  by  a  series  of  stabilization 
ponds  with  internal  recirculation  followed  by  lime- 
magnesia  clarification  and  open-pond  ammonia 
stripping.  Final  effluent  is  recharged  into  a  sandy 
aquifer  with  storage  retention  of  at  least  300  days. 
Pipelines  serve  scores  of  agricultural  communities 
at  distances  up  to  80  km,  where  it  is  the  major 
source  of  irrigation.  (Mertz-PTT) 
W9 1-05536 


ASSESSING  POTENTIAL  HEALTH  RISKS 
FROM  VIRUSES  AND  PARASITES  IN  RE- 
CLAIMED WATER  IN  ARLZONA  AND  FLORI- 
DA, USA. 

University  of  South  Florida,  Tampa.  Dept.  of  En- 
vironmental and  Occupational  Health. 
For  primary  bibliographic   entry   see  Field   5D. 
W9 1-05537 


GROUND  WATER  RECHARGE  WITH 
SEWAGE  EFFLUENT. 

Agricultural    Research    Service,    Phoeniz,    AZ. 

Western  Cotton  Research  Lab. 

H.  Bouwer. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.   10/2,  p  2099-2108,   1991.  4  fig,  20  ref. 

Descriptors:  'Groundwater  recharge,  'Reclaimed 
water,  'Wastewater  disposal,  'Water  reuse,  Con- 
forms, Filters,  Nitrogen,  Organic  carbon,  Sand  fil- 
ters, Soil  filters,  Viruses,  Wastewater  treatment, 
Wastewater  utilization,   Water  quality  standards. 

Sewage  effluent  is  an  excellent  source  of  water  for 
irrigation,  especially  in  dry  areas.  Before  it  can  be 
used  for  unrestricted  irrigation,  conventional  treat- 
ment should  be  followed  by  further  treatment  so 
that  the  water  meets  the  agronomic,  public  health, 
and  aesthetic  requirements  for  unrestricted  irriga- 
tion. This  usually  means  reduction  of  nitrogen  con- 
centration to  less  than  10  mg/L,  complete  removal 
of  pathogenic  organisms,  and  essentially  complete 
removal  of  suspended  solids  and  biodegradable 
organic  carbon.  This  can  often  be  achieved  with  a 
groundwater  recharge  system,  using  the  soil  and 
aquifer  materials  as  natural  filters.  Studies  on  two 
experimental  projects  in  Phoenix  showed  that  soil- 
aquifer  treatment  systems  can  reduce  nitrogen  con- 
centrations from  about  20  mg/L  to  about  7  mg/L, 
fecal  coliform  concentrations  from  about  3500/100 
ml  (chlorinated  secondary  effluent)  to  0.3/100  ml, 
viruses  from  21  plaque-forming  units/L  to  0,  sus- 
pended solids  from  15  mg/L  to  1  mg/L,  and  total 
organic  carbon  from  20  mg/L  to  3  mg/L.  That 
organic  carbon  represents  mostly  the  nondegrada- 
ble  carbon.  Hydraulic  loading  rates  for  sands  to 
loamy  sands  were  about  300  feet/year.  Thus  1  acre 
of  infiltration  basin  can  renovate  about  300  acre 
feet/year  of  sewage  effluent.  The  renovated  water 
should  be  removed  from  the  aquifer  to  avoid  its 
spread  into  high-quality  native  groundwater.  (Au- 
thor's abstract) 
W9 1-05538 


USE  OF  RECLAIMED  WASTEWATER  FOR 
ORNAMENTAL  AND  RECREATIONAL  PUR- 
POSES. 

Tokyo  Univ.  (Japan).  Dept.  of  Urban  Engineering. 
S.  Ohgaki,  and  K.  Sato. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  2109-2117,  1991.  3  fig,  5  tab,  11  ref. 

Descriptors:  'Japan,  'Reclaimed  water,  'Recrea- 
tion, 'Scenery,  'Wastewater  utilization,  'Water 
reuse,  Biological  oxygen  demand,  Coliforms, 
Color,  Hydrogen  ion  concentration,  Irrigation 
water,  Odors,  Turbidity,  Water  quality  standards. 

Although  Japan  is  not  an  arid  area,  water  for  a 
clean  environment  in  the  heavily  urbanized  areas  is 
a  scarce  and  precious  resource.  Several  projects 
involving  ornamental  and  recreational  reuse  em- 
ploying reclaimed  wastewater  have  been  practiced 
in  Japan.  The  wastewater  reuse  strictly  for  orna- 
mental purposes  holds  a  unique  position  in  water 


reuse  techniques.  A  guideline  manual  for  ornamen- 
tal and  recreational  reuse  has  been  adopted  by  the 
Ministry  of  Construction  in  Japan.  When  setting 
water  quality  guidelines,  hygienic  safety  and  sensu- 
ous satisfaction  were  considered  important  aspects 
for  reclaimed  water  to  be  used  for  ornamental  and 
recreational  purposes.  Total  coliforms  is  used  as 
the  hygienic  index,  biological  oxygen  demand  and 
pH  are  considered  environmental  indices,  and  tur- 
bidity, odor,  an  color  are  aesthetic  indices.  The 
Tokyo  Metropolitan  Government  started  in  1974 
to  study  the  feasibility  of  restoring  the  Nobidome 
and  Tamagawajousui  channels  to  a  pleasing  orna- 
mental watercourse  environment.  Tamagawajousui 
had  lost  its  flow  due  to  a  water  purification  plant 
and  Nobidome  was  receiving  wastewater  dis- 
charges. The  restoring  live  stream  project  for  No- 
bidome and  Tamagawajousui  channels  has  been 
accepted  by  the  public.  The  geographical  and  his- 
torical background  and  the  scarcity  of  flowing 
water  in  densely  inhabited  districts  helped  garner 
public  support,  although  the  wastewater  reuse  for 
ornamental  purposes  requires  advanced  techniques 
at  a  considerable  cost  for  construction,  operation 
and  management.  (Mertz-PTT) 
W91-05539 


EFFLUENTS  QUALITY  ALONG  A  MULTIPLE- 
STAGE  WASTEWATER  RECLAMATION 
SYSTEM  FOR  AGRICULTURAL  REUSE. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Sherman 

Center  for  Research  in  Environmental  and  Water 

Resources  Engineering. 

Y.  Azov,  and  G.  Shelef. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2119-2126,  1991.  5  fig,  1  tab,  3  ref. 

Descriptors:  'Agricultural  water,  'Irrigation 
water,  'Israel,  'Reclaimed  water,  'Water  quality 
management,  'Water  reuse,  Chlorination,  Reser- 
voirs, Stabilization  ponds,  Wastewater  treatment, 
Wastewater  utilization,  Water  quality,  Water  qual- 
ity control. 

A  multiple  stage  wastewater  reclamation  system  in 
northern  Israel  was  analyzed  for  effluents  quality 
along  its  components.  Secondary  effluents  of 
Haifa's  wastewater  treatment  plant  are  transferred 
to  a  small  regulation  reservoir,  after  which  they 
are  chlorinated  either  by  chlorine  gas  during  the 
day  or  by  sodium  hypochlorite  during  the  night. 
The  chlorinated  wastewater  travels  along  a  29  km 
long  pipe  to  the  stabilization  reservoir.  Upon  leav- 
ing the  stabilization  reservoir  the  effluents  are 
chlorinated  for  the  second  time  with  sodium  hypo- 
chlorite. Effluents  then  flow  by  gravity  to  the 
operational  reservoir.  This  is  the  central  reservoir 
for  the  valley  of  Jezreel.  The  reclamation  system 
used  Haifa's  treated  wastewater  to  irrigate  cotton 
fields  and  other  crops  in  the  Valley  of  Jezreel. 
During  five  years  of  operation  it  was  found  that 
each  stage  of  the  reclamation  system,  after  the 
treatment  plant,  has  some  impact  over  effluents 
quality.  Degradation  of  organic  matter  and  bacte- 
rial regrowth  take  place  at  the  effluents  conduit 
that  connects  the  treatment  plant  and  the  irrigated 
area  along  30  km.  This  is  mainly  due  to  relatively 
long  retention  time  of  the  effluents  within  the 
conduit  because  of  operational  restrictions.  The 
stabilization  reservoir  that  stores  effluents  during 
winter  time,  improves  their  quality  to  a  great 
extent.  The  effluents  that  enter  the  operational 
reservoir  at  the  irrigation  season,  are  mixed  with 
fresh  water  from  the  Sea  of  Galilee,  and  may  cause 
rapid  growth  of  phytoplankton  and  zooplankton 
populations.  The  reclamation  system  successfully 
replaces  large  amounts  of  fresh  water  otherwise 
used  for  cotton  irrigation.  (Mertz-PTT) 
W91-05540 


WASTEWATER  REUSE  FOR  IRRIGATION  IN 
THE  NEAR  EAST  REGION. 

Food  and  Agriculture  Organization  of  the  United 
Nations,  Rome  (Italy).  Land  and  Water  Develop- 
ment Div. 
A.  Arar. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.   10/2,  p  2127-2134,   1991.  3  tab,   11   ref. 
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Descriptors:  'Developing  countries,  'Irrigation 
water,  'Middle  East,  'Public  policy,  'Wastewater 
irrigation,  'Water  reuse,  Health  policy,  Jordan, 
Kuwait,  Libya,  Morocco,  Reclaimed  water,  Saudi 
Arabia,  Syria,  United  Arab  Emirates,  Wastewater 
treatment,  Wastewater  utilization,  Water  resources 
management,  Yemen. 

Limited  water  supplies  available  in  many  countries 
of  the  Near  East  have  led  to  a  growing  interest  in 
the  rational  use  of  this  increasingly  important  re- 
source. Because  wastewater  irrigation  ensures  the 
reuse  of  resources  and  achieves  better  treatment  of 
wastewater,  plans  have  recently  been  formulated 
for  large-scale  use  of  this  non-conventional  source 
of  water.  Consequently,  in  several  countries  of  the 
Near  East  Region,  wastewater  reuse  in  agriculture 
is  an  accomplished  and  accepted  fact,  with  a  high 
degree  of  social  and  political  commitment.  Inten- 
sive and  direct  reuse  is  being  practiced  in  Kuwait, 
Saudi  Arabia,  Libya,  the  United  Arab  Emirates 
and  Tunisia.  Direct,  but  unsupervised  reuse  is 
being  practiced  in  Yemen  Arab  Republic,  Moroc- 
co and  Syria.  All  forms  of  wastewater  reuse  is 
practiced  in  Egypt.  Indirect  and  direct  restricted 
reuse  is  practiced  in  Jordan.  However,  given  the 
health  and  environmental  hazards  associated  with 
reuse  of  wastewater,  the  formalization  of 
wastewater  treatment  and  reuse  in  all  countries  is 
urgent.  Furthermore,  in  most  countries  poor  co- 
ordination among  the  different  agencies  concerned 
with  water  supply,  wastewater  treatment,  irriga- 
tion, public  health  and  the  environment  is  a  key 
constraint  for  further  wastewater  reuse.  (Author's 
abstract) 
W9 1-05  541 


WATER  SAVING  AND  WASTEWATER  REUSE 
AND  RECYCLE  IN  CHINA. 

Beijing  Municipal  Research  Inst,  of  Environmental 
Protection  (China). 

For  primary   bibliographic   entry  see   Field   5D. 
W9 1-05  542 


WASTEWATER  REUSE  CASE  STUDIES  IN 
THE  MIDDLE  EAST. 

Acer  Consultants  Ltd.,  London  (England). 

P.  A.  Banks. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2141-2148,  1991.  5  tab. 

Descriptors:  'Middle  East,  'Reclaimed  water, 
•Wastewater  utilization,  'Water  reuse,  Case  stud- 
ies, Groundwater  recharge,  Irrigation  water, 
Qatar,  Saudi  Arabia,  United  Arab  Emirates, 
Wastewater  facilities,  Wastewater  treatment, 
Water  resources  management. 

Within  the  past  few  decades  the  accelerating 
demand  on  natural  resources  to  provide  water  for 
urban  use,  and  the  associated  cost  of  meeting  that 
demand,  has  led  to  an  increased  interest  in  the 
reuse  of  wastewaters  for  municipal,  industrial  and 
groundwater  recharge  purposes.  The  oil  econo- 
mies of  the  Middle  East  have  severely  arid  cli- 
mates which  means  that  vegetation  of  every  sort, 
except  highly  adapted  desert  micro  plants,  rely 
upon  groundwater  raised  from  underground 
aquifers  or  in  recent  times,  desalinated  seawater 
blended  with  groundwater.  In  some  projects  in  the 
Middle  East  the  potential  for  effluent  use  has  been 
recognized  at  an  early  stage  and  sewage  treatment 
facilities  developed  accordingly.  Particular  empha- 
sis has  been  placed  on  operation  and  maintenance 
capabilities,  availability  of  chemicals  and  spare 
parts,  process  reliability,  capital  and  revenue  fund- 
ing and  land  areas  required.  Case  studies  portray 
reclamation  installations  in  Abu  Dhabi  and  Dubai 
in  the  United  Arab  Emirates,  Doha  in  the  State  of 
Qatar  and  Taif  in  Saudi  Arabia.  Similar  installa- 
tions exist  in  Kuwait  and  other  parts  of  Saudi 
Arabia  and  Israel.  The  practice  of  wastewater 
reuse  in  arid  areas  of  the  Middle  East  is  well 
established  and  successful.  From  this  success  fur- 
ther and  different  uses  could  be  found  for  this 
valuable  resource,  such  as  industrial  or  groundwat- 
er recharge.  However,  the  use  for  amenity  and 
agricultural  irrigation  is  in  line  with  traditional 
features  of  the  pastoral  activities  of  these  societies. 
As  a  result,  very  significant  improvements  in  the 
local  urban  environment  have  been  made  and  the 


feasibility  of  crop  production  using  effluent  tested 
and  proven.  Conventional  methods  of  treatment 
and  irrigation  have  sufficed  to  achieve  this  with 
minor  problems  being  overcome  without  difficulty. 
(Mertz-PTT) 
W91-05543 


WASTEWATER  DISPOSAL  BY  SUB-SURFACE 
TRICKLE  IRRIGATION. 

Ben-Gurion    Univ.    of    the    Negev,    Sde    Boker 
(Israel).  Jacob  Blaustein  Inst,  for  Desert  Research. 
G.  Oron,  Y.  DeMalach,  Z.  Hoffman,  Y.  Keren, 
and  H.  Hartman. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  2149-2158,  1991.  1  fig,  6  tab,  14  ref. 

Descriptors:  'Irrigation  water,  'Subsurface  irriga- 
tion, 'Trickle  irrigation,  'Wastewater  disposal, 
•Wastewater  utilization,  'Water  reuse,  Corn, 
Furrow  irrigation,  Irrigation,  Soil  filtration,  Sprin- 
kler irrigation,  Wastewater  treatment. 

The  contradictory  problem  of  water  shortage  and 
environmental  control  can  be  met  by  the  use  of 
treated  wastewater  for  irrigation.  Effluent  can  be 
applied  by  implementing  several  different  methods, 
such  as  furrow  irrigation,  sprinkler  and  trickle 
irrigation.  Effluent  application  via  sub-surface 
trickle  irrigation  simultaneously  serves  a  dual  func- 
tion in  the  system:  a  trickling  filter  system  to  a 
limited  depth,  with  the  soil  operating  as  the  porous 
filter;  and  a  disposal  system  for  the  effluent,  which 
is  used  to  maintain  plant  growth.  Field  experiments 
were  conducted  to  evaluate  the  reuse  of  domestic, 
secondary  treated  wastewater  for  irrigation  of 
edible  crops.  Corn  was  irrigated  under  on-surface 
and  sub-surface  trickle  systems  with  effluent  and 
compared  with  on-surface  trickle  irrigation  apply- 
ing fresh  water.  Drip  technology  for  application  of 
treated  wastewater  was  found  to  be  successful.  No 
technical  problems  occurred  in  either  the  on-sur- 
face or  sub-surface  irrigation  systems.  For  large- 
scale  irrigation  projects  additional  efforts  for  water 
filtration  are  recommended.  To  avoid  disturbance, 
due  to  large-distance  wind  distribution  of  bacteria, 
the  influence  of  adjacent  wastewater  irrigated 
fields  should  be  evaluated.  From  the  hygienic 
point  of  view,  testing  of  the  exclusive  trickle  irriga- 
tion seems  reasonable  for  the  cultivation  of  sweet 
corn.  In  order  to  reduce  fecal  contamination  of 
sweet  corn,  the  harvesting  schedule  should  be  de- 
layed as  long  as  possible  after  the  last  irrigation.  In 
the  future,  other  pollutants  such  as  pesticides,  sol- 
vents, and  chlorinated  hydrocarbons  should  also  be 
considered.  (Mertz-PTT) 
W9 1-05544 


TRENDS  AND  PROBLEMS  OF  WASTEWATER 
REUSE  SYSTEMS  IN  BUILDINGS. 

Tokyo  Inst,  of  Tech.  (Japan). 

For   primary   bibliographic  entry  see   Field   5D. 

W9 1-05  549 


INVESTIGATION  ON  WASTEWATER  REUSE 
ON  PASSENGER  AIRCRAFT. 

Technische   Univ.   Hamburg-Harburg   (Germany, 

F.R.). 

For   primary   bibliographic   entry   see   Field   5D. 

W91-05550 


REUSE  OF  TREATED  WASTEWATER  IN  AN 
ARTIFICIAL  STREAM  OSESERAGD  IN 
KAWASAKI  CITY,  JAPAN. 

Kawasaki  City  Sewage  Bureau  (Japan).  Dept.  of 

Planning. 

For   primary   bibliographic   entry   see   Field    5D. 

W91-05551 


ESTABLISHMENT  AND  PRODUCTION  OF 
LUCERNE  ON  A  SALINISED  CLAY  SOIL  IR- 
RIGATED WITH  A  MODERATELY  SALINE 
GROUNDWATER. 

Victoria  Dept.  of  Agriculture  and  Rural  Affairs, 

Tatura  (Australia).  Inst,  for  Irrigation  and  Salinty 

Research. 

A.  H.  Mehanni,  and  P.  Rengasamy. 

Australian   Journal   of  Experimental   Agriculture 

AAAHAN,  Vol.  30,  No.  2,  p  203-207,  1990.  4  tab, 


15  ref. 

Descriptors:  'Agriculture,  'Alfalfa,  'Clays, 
•Groundwater,  *Irrigation  water,  •Saline  water 
irrigation,  'Soil  types,  Aquifers,  Australia,  Con- 
ductivity, Crop  damage,  Electrolytes,  Gypsum, 
Hydraulic  conductivity,  Nutrients,  Physical  prop- 
erties, Saline  soils,  Sodium. 

Groundwater  with  an  average  electrical  conduc- 
tivity of  3.8  dS/m,  and  a  sodium  adsorption  ratio 
of  15.0,  pumped  from  a  shallow  aquifer,  was  used 
to  irrigate  a  lucerne  crop  established  in  a  salinized 
clay  soil  after  initial  leaching  of  salts.  Pumping  and 
irrigation  with  groundwater  reduced  the  topsoil 
salinity  (average  electrical  conductivity  of  the  satu- 
ration extract)  from  22. 1  to  5.9  dS/m  in  the  first  1 5 
months  and  the  pasture  progressively  displaced  the 
weeds.  Lucerne,  a  moderately  salt  tolerant  crop, 
was  then  established  and  grown  for  4  consecutive 
years  (1982-86).  Irrigation  treatments  during  this 
period  were  saline  irrigation  (control)  and  saline 
irrigation  plus  gypsum,  applied  either  in  irrigation 
water  (4  m.e./L)  or  on  the  soil  surface  (10  and  20 
t/ha).  There  were  no  significant  differences  in  the 
dry  matter  production  of  lucerne  between  the  con- 
trol and  gypsum  treatments  during  the  3  years 
following  the  year  of  establishment.  Mean  yields 
over  all  treatments  were  18143,  18375  and  16700 
kg/ha.  A  decline  in  yield  in  1985-86  was  associated 
with  leaf  yellowing  and  brown  necrosis  and  may 
have  been  caused  by  nutrient  imbalance.  Threshold 
concentrations  of  electrolytes  were  present  in  the 
soil  whether  gypsum  was  applied  or  not  and,  there- 
fore, soil  hydraulic  conductivity  was  not  affected 
by  saline  irrigation.  This  resulted  in  no  beneficial 
effect  of  gypsum  applied  either  in  irrigation  water 
or  on  the  soil  surface.  (Author's  abstract) 
W91-05552 


FIELD  EVALUATION  OF  TISSUE  CULTURE 
DERIVED  SORGHUM  FOR  INCREASED  TOL- 
ERANCE TO  ACID  SOILS  AND  DROUGHT 
STRESS. 

Colorado  State  Univ.,  Fort  Collins. 

For  primary  bibliographic  entry  see  Field  21. 

W91-05558 


MOVEMENT  OF  SALTS  IN  SOIL  IRRIGATED 
WITH  LOW  AND  HIGH  CONDUCTIVITY 
WATERS. 

Incitec  Ltd.,  Morningside  (Australia). 
G.  H.  Price. 

Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  13-16,  p  1857-1877, 
1990.  10  fig,  4  tab,  12  ref. 

Descriptors:  *Impaired  water  use,  'Irrigation, 
•Path  of  pollutants,  'Salts,  'Soil  chemistry,  Agri- 
culture, Australia,  Conductivity,  Drainage,  Fertil- 
izers, Ions,  Seasonal  variation,  Semiarid  lands, 
Tropic  zone. 

Growers  from  the  agricultural  region  near  Bowen 
in  the  Don  River  basin  of  coastal  north  Queens- 
land, a  region  referred  to  as  the  dry  tropics,  rely  on 
underground  water  for  irrigating  their  crops 
during  the  dry  season.  The  quality  of  this  under- 
ground water  varies  greatly  within  the  region  and 
between  seasons.  Between  the  1978/79  and  1987/ 
88  summer  seasons  an  unprecedented  dry  period 
was  experienced,  with  the  summer  rainfall  well 
below  the  long-term  average  of  878  mm.  With  no 
significant  recharge  of  the  aquifers,  the  quality  of 
the  irrigation  water,  as  indicated  by  electrical  con- 
ductivity (and  other  tests),  declined  substantially 
with  some  of  the  bore  waters  recording  above  3 
dS/M.  Advisers  in  the  area  have  been  concerned 
about:  (1)  the  effect  of  increasing  soil  salinity  on 
crop  growth  and  (2)  the  effect  on  crop  growth  of 
adding  fertilizer  to  soils  already  containing  reason- 
able concentrations  of  soluble  salts.  Experiments 
were  conducted  to  assess  changes  in  anion  and 
cation  concentrations  in  a  black  fine  sandy  clay 
loam  soil  treated  with  various  fertilizer  rate  and 
furrow  irrigated  to  compare  the  effects  of  high  and 
low  conductivity  waters.  The  greatest  concentra- 
tion of  salts  was  found  in  the  top  few  centimeters 
of  the  beds,  at  the  extremity  of  the  wetting  front. 
The  results  provide  a  basis  for  soil  sampling  guide- 
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lines,  especially  for  troubleshooting,  and  when  as- 
sessing the  need  for  fertilizers  for  the  next  crop.  In 
alluvial  soils  with  restricted  drainage,  the  soluble 
anions  and  cations  can  move  laterally  and  longitu- 
dinally. They  can  change  markedly  in  space  and 
with  time,  depending  on  the  soluble  ion  status  of 
the  irrigation  water,  the  fertilizer  product  and  rate 
used  in  previous  and  current  crops.  Soil  sampling 
should  be  carried  out  in  the  mid-row  at  a  depth  of 
0.05-0.08  m.  (Agostine-PTT) 
W91-05561 


HYDRAULIC  CONDUCTIVITY  AND  LEACH- 
ING OF  AN  ORGANIC  SALINE-SODIC  SOIL. 

Agricultural   Coll.   of  Athens  (Greece).   Lab.   of 

Soils  and  Agricultural  Chemistry. 

For  primary  bibliographic   entry   see   Field   2G. 

W91-05565 


GENERALIZED  RESULTS  FROM  CROP 
YIELD  MODEL  WITH  SALINE  WATERS. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

A.  W.  Warrick. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  53,  No.  6,  p  1641-1645,  November/December 

1989.  3  fig,  2  tab,  16  ref,  append. 

Descriptors:  *Arid  climates,  "Crop  yield,  'Irriga- 
tion water,  *Model  studies,  *Saline  water,  Mathe- 
matical models,  Parameter  estimation,  Salinity, 
Seasonal  distribution,  Water  quality. 

Crop  yields  as  influenced  by  water  quality  and 
quantity  are  of  immense  interest  in  arid  areas 
throughout  the  world.  Linear  yield  response  func- 
tions are  used  for  both  the  amount  of  water  utilized 
and  response  to  salts.  The  threshold  for  the  salt 
response  function  is  3.9  d/m  with  a  linear  reduc- 
tion resulting  in  no  yield  at  22.8  d/m.  The  neces- 
sary parameter  values  are  average  seasonally  avail- 
able water,  CV  of  seasonally  available  water,  the 
minimum  water  to  obtain  the  maximum  yield, 
threshold  values  for  seasonally  available  water, 
salinity  of  water  utilized,  and  salinity  response. 
Results  indicate  that  salinity  is  not  a  major  factor, 
in  that  more  variability  of  available  water  general- 
ly leads  to  lower  average  yields.  This  relatively 
simple  approach  is  believed  applicable  to  many 
practical  scenarios  for  which  a  lack  of  input  pa- 
rameters or  need  for  expediency  rules  out  more 
comprehensive  modeling.  (Brunone-PTT) 
W91-05601 


EFFECT  OF  THE  MELIORATIVE  STATE  OF 
IRRIGATED  LANDS  OF  THE  CHU  RIVER 
VALLEY  ON  THE  WATER-SALT  REGIME 
AND  YIELD. 

All-Union   Scientific   Research   Inst,   of  Fodder, 
Frunze  (USSR).  Agrometeorological  Station. 
For  primary  bibliographic  entry  see  Field  3F. 
W91-05826 

3D.  Conservation  In  Domestic  and 
Municipal  Use 

WATER  SUPPLY  CHALLENGE  IN  THE  GULF 
REGION. 

Water     Membrane     Mfg.     Co.,     Jeddah     (Saudi 

Arabia). 

A.  D.  Bushnak. 

Desalination  DSLNAH,  Vol.  78,  No.  2,  p  133-145, 

August  1990.  4  fig,  3  tab,  4  ref. 

Descriptors:  "Governmental  interrelations,  'Re- 
gional development,  Political  aspects,  *Gulf  Coop- 
eration Council,  *Water  demand,  *Water  shortage, 
'Potable  water,  'Water  resources  management, 
•Water  policy,  Water  use  efficiency,  'Water  con- 
servation, Desalination,  Water  conveyance. 

Water  has  a  high  strategic  value  for  the  countries 
of  the  Gulf  Cooperation  Council  (GCC)  because  of 
its  limited  natural  sources.  This  scarcity  and  the 
growing  gap  between  demand  and  available  supply 
of  potable  water  in  these  areas  constrains  a  chal- 
lenge for  wise  policies  and  management  programs 
to  turn  these  challenges  into  opportunities.  Main- 


taining economic  prosperity  with  limited  water 
supply,  finding  enough  capital  to  increase  supply, 
mastering  advanced  water  technologies,  securing 
supplies  under  all  conditions,  reducing  negative 
impact  to  the  environment,  and  coordinating  the 
efforts  of  existing  water  institutions  are  some  of  the 
challenges  facing  the  Gulf  region.  The  key  policies 
recommended  include  establishing  regional  water 
plans,  reducing  water  subsidies,  creating  competi- 
tion in  water  supply,  increasing  water  supply  op- 
tions for  both  short  and  long  terms,  developing  a 
local  industrial  base  in  desalination  and  other  ad- 
vanced water  related  technologies,  and  reducing 
the  current  waste  in  water  use.  Some  specific  pro- 
grams to  implement  these  policies  include  having 
government  water  organizations  buy  water 
through  competitive  market  pricing,  establishing  a 
GCC  fund  for  developing  water  technologies 
under  the  GCC  General  Secretariat,  securing  stra- 
tegic water  reserves,  building  a  regional  water 
pipeline  network  and  making  water  conservation  a 
duty  for  all  users  and  sectors.  (Author's  abstract) 
W9 1-05 192 


PORTLAND  WATER  DISTRICT'S  WATER  DIS- 
TRIBUTION MASTER  PLAN. 

Portland  Water  District,  ME. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-052 10 


WHAT  IS  A  WATER  AUDIT. 

Easton  Water  Div.,  MA. 
W.  P.  Southworth. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  2,  p  141-145,  June 
1990.  5  ref. 

Descriptors:  'Domestic  water,  'Municipal  water, 
'Water  loss,  Water  conveyance,  'Massachusetts, 
•Water  metering,  'Water  audit,  'Leakage,  Pump- 
ing plants,  Hydrants,  Calibrations,  Grants. 

In  Massachusetts,  the  Division  of  Water  Supply, 
Department  of  Environmental  Protection  has  a 
standard  water  audit  leak  detection  project  work- 
book for  those  municipalities  that  have  received 
state  grants  for  leak  detection  surveys  of  drinking 
water  distribution  systems.  The  workbook  includes 
tasks  listing  the  system  description;  production  and 
sales  records  on  source  meters;  faulty  operating 
functions;  the  review  of  billing  and  accounting 
procedures;  adjustments  for  meter  inaccuracies; 
review  of  meter  reading  records;  current  leak  de- 
tection efforts;  listing  unmetered  water  uses;  and  a 
summary  making  recommendations  for  improve- 
ments and  leak  detection  requirements.  The  experi- 
ence of  one  superintendent's  efforts  to  think  about 
ways  of  providing  better  accountability  for  the 
water  pumped  into  the  system  is  presented.  The 
most  common  and  recurring  elements  from  a 
number  of  models  which  he  adopted  in  his  system 
included  replacement  of  meters  more  than  15  years 
old  and  equipped  with  remote  reading  devices, 
calibration  of  master  meters  at  the  pumping  sta- 
tions and  institution  of  new  hydrant  maintenance 
programs.  (Medina-PTT) 
W9 1-052 11 


ALTERNATIVE  WATER-DISTRICT  ORGANI- 
ZATION: SCREENING-LEVEL  ANALYSIS. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. 

For  primary  bibliographic  entry  see  Field  6B. 
W91-05792 

3E.  Conservation  In  Industry 

STUDY  OF  RECLAMATION  OF  SEWAGE  FOR 
INDUSTRIAL  WATERS. 

National  Univ.  of  Singapore.  Dept.  of  Civil  Engi- 
neering. 

K.  K.  Chin,  and  S.  L.  Ong. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.    10/2,  p  2181-2187,    1991.   6  tab,   5   ref. 

Descriptors:  'Industrial  wastewater,  'Industrial 
water,  'Reclaimed  water,  'Wastewater  treatment, 
•Water    conservation,    "Water    reuse,    Activated 


carbon,  Chemical  coagulation,  Desalination,  Re- 
verse osmosis,  Sand  filtration,  Singapore, 
Wastewater  facilities,  Water  quality. 

Reclamation  of  treated  sewage  for  industrial  uses 
has  been  in  practice  in  Singapore  since  the  1960s. 
Over  90%  of  the  Singapore  Island  of  2.5  million 
population  is  sewered.  All  sewage  collected  are 
treated  using  the  conventional  activated  sludge 
processes.  The  Jurong  Industrial  Water  Treatment 
Plant  was  built  to  upgrade  the  quality  of  the  treat- 
ed sewage.  This  plant  has  a  capacity  of  45,000 
cubic  m/day.  The  present  demand  for  this  water  is 
25,000  cubic  m/day  mainly  for  toilet  flushing,  floor 
cleaning  and  industrial  cooling.  Data  of  the  per- 
formance of  a  480  cubic  m/day  water  reclamation 
plant  to  upgrade  the  Jurong  Industrial  Water 
Treatment  Plant  to  ultra  pure  quality  for  cooling 
and  for  use  as  process  water  in  the  electronic 
industry  is  presented.  The  treatment  train  of  this 
plant  was  sand  filtration  or  carbon  adsorption-0.45 
micrometers  cartridge  filtration-reverse  osmosis 
desalting-zeolite  ion  exchange  deionization.  The 
raw  water  used  was  reclaimed  sewage  that  had 
been  treated  by  the  activated  sludge  system  and 
polished  by  chemical  coagulation  and  flocculation, 
multimedia  sand  filtration  and  chlorination.  After 
the  reverse  osmosis  step  using  the  spiral  wound 
cellulose  acetate  membrane  most  of  the  cations, 
anions  and  heavy  metals  present  in  the  water  were 
removed.  Product  water  quality  met  with  cooling 
water  specifications  but  needed  further  improve- 
ment for  the  electronic  industry.  With  proper 
choice  of  ion  exchange  resin  and  appropriate  oper- 
ating procedures  the  quality  of  the  product  water 
could  be  upgraded  to  meet  with  requirements  of 
the  electronic  industry.  (Mertz-PTT) 
W9 1-05  548 

3F.  Conservation  In  Agriculture 

DYNAMIC  RESPONSE  OF  AUTOMATIC 
WATER-LEVEL  CONTROLLER:  I.  THEORY. 

Wuhan  Inst,  of  Hydraulic  and  Electric  Power  En- 
gineering (China). 

C.  Wang,  A.  J.  Clemmens,  and  W.  E.  Hart. 
Journal  of  Irrigation  and   Drainage   Engineering 
(ASCE)  JIDEDH,  Vol.   116,  No.  6,  p  769-783, 
November/December   1990.   7   fig,   2  tab,   7  ref. 

Descriptors:  *Control  systems,  'Instrumentation, 
♦Irrigation  canals,  'Measuring  instruments,  'Water 
level,  Dual-acting  controlled  leak  systems,  Feed- 
back control,  Gates,  Hydraulic  engineering,  Math- 
ematical equations,  Mathematical  models. 

Controllers  that  maintain  constant  water  levels  at 
various  locations  within  irrigation  canal  distribu- 
tion systems  are  used  in  a  number  of  places.  Most 
are  custom-developed  and  tested  on  a  particular 
system  or  are  direct  copies  of  earlier,  successful 
versions.  Design  of  such  feedback-control  mecha- 
nisms is  hampered  by  a  lack  of  information  on  the 
dynamic  response  of  the  control  system  to  various 
conditions.  The  dynamic  response  of  one  type  of 
system,  the  dual-acting  controlled  leak  (DACL) 
system,  was  examined.  Simple  transfer-function 
equations  were  developed  from  which  the  stability 
and  dynamic  response  of  the  system  could  be  eval- 
uated. The  feedback-control  model  constructed 
took  the  form  of  a  simple  transfer-function  block 
diagram.  The  model  was  second  order.  Hysteresis 
in  the  gate-float  movement  caused  by  gate  friction 
was  approximated  with  a  linear  relation.  The  canal 
response  between  the  gate  and  control  location 
was  approximated  by  an  exponential  function  be- 
cause the  pure  delay  of  the  travel  time  could  not 
be  modeled  adequately.  The  remaining  portions  of 
the  feedback-control  system  were  modeled  with 
coefficients  based  on  some  initial  conditions.  Thus, 
an  individual  response  equation  represents  the 
slope  of  the  system  response  at  that  given  point. 
(See  also  W9 1-05 132)  (Rochester-PTT) 
W91-05131 
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DYNAMIC  RESPONSE  OF  AUTOMATIC 
WATER-LEVEL  CONTROLLER:  II.  APPLICA- 
TION. 

Agricultural  Research  Service,  Phoenix,  AZ. 
Water  Conservation  Lab. 
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A.  J.  Clemmens,  C.  Wang,  and  J.  A.  Replogle. 
Journal  of  Irrigation  and   Drainage   Engineering 
(ASCE)  JIDEDH,  Vol.    116,  No.  6,  p  784-796, 
November/December   1990.   2  fig,   7  tab,   7   ref. 

Descriptors:  'Control  systems,  'Instrumentation, 
•Irrigation  canals,  'Leakage,  'Measuring  instru- 
ments, 'Water  level.  Dual-acting  controlled  leak 
systems,  Feedback  control,  Gates,  Hydraulic  engi- 
neering, Mathematical  equations.  Mathematical 
models,  Performance  evaluation,  Valves. 

Simple  transfer-function  equations  have  been  de- 
veloped from  which  the  stability  and  dynamic 
response  of  a  dual-acting  controlled  leak  (DACL) 
system  for  controlling  the  water  level  in  canal 
networks  could  be  evaluated.  The  feedback-con- 
trol model  constructed  took  the  form  of  a  simple 
transfer-function  block  diagram.  Transfer-function 
equations  were  used  to  evaluate  the  stability  and 
dynamic  response  of  this  system.  The  results 
showed  that  the  system  is  always  stable  regardless 
of  the  physical  dimensions  chosen  and  that  re- 
sponse time  could  be  predicted  adequately  with  the 
model.  The  control  decrement  was  modeled  ade- 
quately, but  the  control  accuracy  was  not  modeled 
well  with  the  linear  system  used  to  approximate 
hysteresis  in  the  gate-float  movement.  The  control 
accuracy  was  predicted  well  by  examining  the 
hysteresis  effects  of  the  control  valves.  Using  data 
reported  previously,  the  model  was  tested  for  a 
system  configured  to  maintain  a  constant  discharge 
downstream  from  a  radial  take-off  gate.  The  decre- 
ment in  control  for  a  change  in  upstream  level  was 
only  0.3%,  whereas  the  settling  time  was  roughly 
10  min.  For  a  change  in  control  setting,  the  decre- 
ment was  roughly  2.0%  and  the  settling  time  was 
roughly  9.5  min.  Gate  friction  and  channel  delays 
had  an  insignificant  effect  on  control  accuracy,  but 
control  valve  friction  proved  to  be  the  major  con- 
tributor to  the  6  to  7  mm  control  band.  (See  also 
W9 1  -05 1 3 1 )  (Rochester-PTT) 
W91-05132 


PERFORMANCE  MEASURES  FOR  EVALUA- 
TION OF  IRRIGATION-WATER-DELIVERY 
SYSTEMS. 

Computer  Assisted  Development,  Inc.,  Fort  Col- 
lins, CO. 

D.  J.  Molden,  and  T.  K.  Gates. 
Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.    116,  No.  6,  p  804-823, 
November/December  1990.  8  fig,  4  tab,   16  ref. 

Descriptors:  'Irrigation  canals,  'Irrigation  efficien- 
cy, 'Irrigation  engineering,  'Performance  evalua- 
tion, 'Systems  engineering,  Egypt,  Mathematical 
models.  Network  design,  Spatial  distribution,  Sri 
Lanka,  Temporal  distribution. 

Although  various  objectives  for  irrigation  water 
delivery  systems  have  been  published,  approaches 
to  evaluation,  planning,  and  design  have  seldom 
incorporated  quantitative  methods  of  system-per- 
formance evaluation  that  reflect  those  objectives. 
Performance  measures  were  developed  that  facili- 
tate analysis  of  irrigation-water  delivery  systems  in 
terms  of  adequacy,  efficiency,  dependability,  and 
equity  of  water  delivery.  The  measures  provide  a 
quantitative  assessment  not  only  of  overall  system 
performance,  but  also  of  contributions  to  perform- 
ance from  the  structural  and  management  compo- 
nents of  the  system.  Spatial  and  temporal  distribu- 
tions of  required,  scheduled,  deliverable,  and  deliv- 
ered water  are  used  to  calculate  the  performance 
measures.  These  variables  may  be  estimated  by  a 
combination  of  field  measurement  and  simulation 
techniques.  The  performance  measures  can  be  in- 
corporated in  an  irrigation  system  monitoring  pro- 
gram and  can  provide  a  framework  for  assessing 
system  improvement  alternatives.  They  are  amena- 
ble to  decomposition  analysis  of  systems,  allowing 
assessment  of  trends  in  performance  among  dis- 
tinctly defined  subregions  or  comparison  of  per- 
formance at  different  levels  of  system  network 
hierarchy.  Example  applications  to  systems  typical 
of  Sri  Lanka  and  Egypt  have  indicated  the  useful- 
ness of  the  measures  in  system  evaluation.  (Au- 
thor's abstract) 
W91-05134 


VAPOR-BUDGET  MEASUREMENT  OF  IRRI- 
GATION EVAPORATIVE  LOSSES. 

Clemson  Univ.,  SC.  Dept.  of  Civil  Engineering. 
P.  Inmula,  and  B.  L.  Sill. 

Journal  of  Irrigation  and  Drainage  Engineering 
(ASCE)  JIDEDH,  Vol.  116,  No.  6,  p  824-836, 
November/December    1990.   5   fig,   3   tab,  6  ref. 

Descriptors:  'Evaporation,  'Irrigation,  'Vapor- 
budget  technique,  Boundary  layers,  Control  sys- 
tems, Field  tests,  Hydrologic  budget,  Water  vapor, 
Wind  velocity. 

When  the  wind  blows  over  an  evaporating  surface, 
a  moisture  boundary  layer  develops,  with  thickness 
increasing  downwind.  In  a  continuous  process, 
moisture  is  put  into  the  vapor  layer  by  evaporation 
and  subsequently  carried  horizontally  by  the  wind. 
This  layer  is  the  focus  of  the  vapor-budget  method. 
A  vapor-budget  technique  for  measurement  of 
short-term  evaporation  from  moist,  rough  surfaces 
(such  as  irrigated  cropped  areas)  was  developed 
based  on  the  control  volume  concept.  The  control 
volume  is  specified  so  that  the  difference  in  the 
horizontal  fluxes  of  outgoing  and  incoming  atmos- 
pheric water  vapor  equals  the  evaporation  rate. 
The  fluxes  are  estimated  by  measuring  vertical 
profiles  of  wind  speed  and  water  vapor.  A  height 
of  3  m  is  sufficient  for  the  present  field  application. 
Simplifications  used  in  actual  application  of  the 
technique  were  evaluated.  The  approach  was  field 
tested  using  a  square  test  site,  30  m  on  each  side, 
and  the  results  were  compared  with  simultaneous 
water-budget  measurements  of  the  evaporation. 
The  vapor  budget  is  within  12%  of  the  water 
budget  for  steady  wind  direction  so  long  as  an 
average  of  five  profile  tests  is  used  for  each  15-min 
evaporation  value.  One  of  the  primary  advantages 
of  the  control  volume  approach  is  that  it  requires 
measurements  only  on  the  periphery,  thus  provid- 
ing integrated  evaporation  values  for  complex  sur- 
faces. (Author's  abstract) 
W9 1-05 135 


SUBSTITUTING  CLIMATE  FOR  GROUND- 
WATER IN  AQUACULTURE:  THE  POTEN- 
TIAL FOR  CONSERVATION  IN  THE  SOUTH- 
EASTERN UNITED  STATES. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Agricultural  and  Biological  Engineering. 
C.  L.  Wax,  and  J.  W.  Pote. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  166-174,  4  fig,  19  ref. 

Descriptors:  'Aquaculture,  'Groundwater  man- 
agement, 'Mississippi,  'Subhumid  climates, 
'Water  conservation,  'Water  resources  manage- 
ment, Catfish  ponds,  Evaporation,  Hydrologic 
budget,  Infiltration  rate,  Precipitation,  Water  qual- 
ity control. 

In  recent  years,  warm  water  aquaculture  has  ex- 
panded rapidly  as  an  alternative  crop  in  the  south- 
ern region  of  the  U.S,  and  the  industry  has  experi- 
enced phenomenal  growth  in  the  last  ten  years, 
particularly  in  Mississippi,  because  of  favorable 
temperatures  and  plentiful  groundwater,  the  pri- 
mary source  of  water  for  the  industry.  Recently, 
increased  demand  for  groundwater  and  drought 
conditions  have  prompted  growing  concern  over 
future  availability  and  quality  of  this  vital  natural 
resource.  A  study  was  performed  to  evaluate 
groundwater  conservation  potential  for  warm 
water  aquaculture  in  order  to  determine  if  the 
management  scheme  used  in  the  Mississippi  Delta 
is  uniformly  applicable  throughout  the  entire 
region.  Locations  were  chosen  to  evaluate  the 
effectiveness  of  the  scheme  by  taking  into  account 
the  east-west  precipitation  gradient  and  the  south- 
north  change  from  maritime  to  continental  charac- 
teristics. Climatological  water  budgets  for  ponds 
under  differing  climatic  conditions  were  devel- 
oped, for  no-management,  'make-up'  water  (evapo- 
ration compensation),  and  the  6/3  scheme  (allow- 
ing evaporation  of  6  in.,  then  adding  only  3  in.  to 
maintain  storage  capacity  for  captured  rainfall).  It 
was  concluded  that  ponds  with  high  infiltration 
rates  should  either  be  repaired  or  taken  out  of 
production.  The  practice  of  flushing  to  maintain 


water  quality  should  be  eliminated.  While  use  of 
'make-up'  water  is  presently  the  best  conservation 
practice  employed,  use  of  the  suggested  6/3 
scheme  has  the  potential  for  drastically  reducing 
groundwater  use  in  aquaculture  in  the  southern 
region.  The  potential  average  conservation  of 
groundwater  indicated  by  this  study  ranges  from 
65%  to  82%  and  averages  76%  regionally.  (See 
also  W9 1-05 1 37)  (Fish-PTT) 
W9 1-05 157 


RICE  AND  FURROW  IRRIGATION  MANAGE- 
MENT. 

Soil  Conservation  Service,  Greenwood,  MS. 
P.  B.  Rodrigue. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  178-185,  4  fig,  2  tab. 

Descriptors:  'Agricultural  water,  'Furrow  irriga- 
tion, 'Irrigation  efficiency,  'Irrigation  manage- 
ment, 'Mississippi,  'Rice,  Furrow  drainage,  Irriga- 
tion practices,  Pipes,  Runoff,  Soil  water,  Water 
management. 

Water  use  on  rice  fields  has  been  monitored  by  the 
Soil  Conservation  Service  (SCS)  since  1987.  Three 
rice  fields  were  monitored  during  the  summer  of 
1989  to  determine  how  well  water  was  managed 
on  each.  Furrow  irrigation  requires  a  high  level  of 
labor  input  to  schedule  and  operate.  Observations 
and  measurement  indicate  that  on  most  Mississippi 
Delta  cotton  land,  intake  rates  decrease  after  an 
initial  rate  to  a  lower  rate.  Long  opportunity  (soak) 
times  contribute  more  to  runoff  than  soil  moisture. 
It  would  appear  advisable  to  use  high  furrow  rates 
(15  gpm)  for  long  (1320-ft)  rows  and  lower  rates  (7 
gpm)  for  shorter  (800-ft)  rows  to  push  water  to  the 
end  of  the  furrows,  get  a  majority  of  rows  out, 
then  shut  off  the  water  and  move  to  another  set. 
This  may  mean  one  more  irrigation  during  the 
course  of  a  season.  Irrigating  every  other  middle 
would  appear  to  be  advisable  to  prevent  waterlog- 
ging the  soil  if  hit  by  thunderstorms  after  irrigat- 
ing. This  would  necessitate  more  irrigations  which 
may  be  unfeasible  if  gated  pipe  needs  to  be  moved. 
Moving  pipe  causes  one  to  schedule  irrigations  by 
the  ability  to  move  pipe  rather  than  the  needs  or 
capabilities  of  the  soil  or  plant.  The  use  of  flow- 
meters can  help  to  determine  furrow  stream  sizes 
and  number  of  gates  to  open.  Tailwater  recovery 
pits  are  also  a  possibility  if  runoff  from  large  irri- 
gated areas  can  be  captured.  (See  also  W9 1-05 137) 
(Fish-PTT) 
W9 1-05 159 


TREE/PASTURE  INTERACTIONS  AT  A 
RANGE  OF  TREE  DENSITIES  IN  AN  AGRO- 
FORESTRY  EXPERIMENT:  I.  ROOTING  PAT- 
TERNS. 

Griffith  Univ.,  Nathan  (Australia).  School  of  Aus- 
tralian Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  21. 
W91-05161 


MICROBIAL  POPULATIONS  OF  A  SOUTH- 
ERN CHERNOZEM  AS  AN  INDICATOR  OF 
IRRIGATION  EFFECTS. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

S.  N.  Sukhova,  G  M.  Zenova,  N.  G.  Zborishchuk, 
and  D-  G.  Zvyagintsev. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  5,  p  31- 
36,  1989.  4  tab,  11  ref. 

Descriptors:  'Bioindicators,  'Irrigation  effects, 
•Soil  organisms,  'Algae,  'Soil  water,  'Chernozem, 
•Microorganisms,  Species  composition,  Algal 
growth,  Soil  chemistry,  Alkalinity,  Species  diversi- 
ty, Biomass,  Salinity,  Cation  exchange,  Humus, 
Sodium. 

The  species  composition  and  quantitative  charac- 
teristics of  algal  populations  may  be  used  to  indi- 
cate changes  in  the  properties  of  southern  Cherno- 
zem soils  with  irrigation.  Irrigation  leads  to  an 
increase  in  the  numbers  and  biomass  of  algae  and 
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to  a  wider  diversity  and  change  in  dominant  forms 
in  the  population.  The  controlling  factors  are  the 
rate  of  irrigation  and  the  degree  of  alkalinization  of 
the  soil.  The  numbers  and  composition  of  other 
microorganisms  are  affected  to  a  lesser  extent  by 
irrigation.  Changes  in  the  composition  of  microbial 
population  are  correlated  with  wide  variation  in 
the  properties  of  soil  with  irrigation,  such  as  a 
decrease  in  the  percent  humus  content  of  soil, 
increase  in  the  total  salinity,  and  an  active  uptake 
of  sodium  on  the  exchange  complex  of  the  soil. 
(Author's  abstract) 
W9 1-052 17 


WATER  REGIME  OF  SHELTERBELTS  IN  A 
DRY  STEPPE  ZONE. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic   entry  see  Field   2G. 
W9 1-052 18 


SOIL  FORMATION  IN  CULTIVATED, 
COARSE-TEXTURED  SOD-PODZOLIC  SOILS 
WITH  CHEMICAL  USE. 

Velikie  Luki  Agricultural  Inst.,  Lenina  (USSR). 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05220 


RESPONSE  OF  PEANUT  TO  MOISTURE 
STRESS  AND  IRRIGATION. 

Indian  Inst,  of  Tech.,  Kharagpur.  Dept.  of  Agri- 
cultural Engineering. 
A.  R.  Kahn,  and  B.  Datta. 

Agrochimica  AGRCAX,  Vol.  34,  No.  1/2,  p  15- 
23,  1990.  3  tab,  6  ref. 

Descriptors:  'Irrigation,  'Irrigation  efficiency, 
•Legumes,  *Moisture  stress,  *Peanuts,  Agricul- 
ture, Evaporation,  Loam,  Nutrients,  Plant  growth, 
Precipitation,  Water  use  efficiency. 

The  response  of  peanut  (Arachis  hypogaea  L.) 
erect  Cultivar  SB  'XI'  to  moisture  stress  and  irriga- 
tion in  relation  to  three  depths  of  irrigation  (2,  4 
and  6  cm)  and  I/E  ratios  (0.50,  0.75  and  1.00)  was 
studied  in  a  greenhouse  on  a  sandy  loam  soil  for 
two  consecutive  years.  The  I/E  ratio  is  the  ratio 
between  a  fixed  depth  of  irrigation  water  (I)  and 
cumulative  pan  evaporation  (E)  (from  U.S.  Weath- 
er Bureau  Class  A  open  pan),  less  rainfall  since 
previous  irrigation.  The  yield  attributes  and  pod 
yield  were  significantly  affected  by  both  the  depths 
of  irrigation  and  I/E  ratios.  The  water-use  efficien- 
cy, which  was  calculated  as  the  quantity  (in  kg)  of 
pod  produced  per  ha-cm  of  water  used,  was  higher 
in  the  second  year  of  experimentation.  The  higher 
I/E  ratio  was  inferior  in  terms  of  water-use  effi- 
ciency which  indicates  that  frequent  irrigation  is 
wasteful  for  both  water  and  nutrients.  An  I/E  ratio 
of  0.75  was  found  to  be  the  optimum  irrigation 
index  for  potential  yield  and  water-use  efficiency 
in  the  prevailing  agro-climatic  conditions.  A  depth 
of  6  cm  is  considered  the  best  irrigation  depth  to 
ensure  adequate  moisture  in  the  effective  root 
zone.  The  above  combination  should  result  in  the 
maximum  yield  potential  of  peanut.  (Author's  ab- 
stract) 
W9 1-05475 


EFFECT  OF  IRRIGATION  SCHEDULE  ON 
SOIL  TEMPERATURE. 

Indian  Inst,  of  Tech.,  Kharagpur.  Dept.  of  Agri- 
cultural Engineering. 
A.  R.  Kahn,  and  B.  Datta. 

Agrochimica  AGRCAX,  Vol.  34,  No.  1/2,  p  24- 
31,  1990.  6  tab,  11  ref. 

Descriptors:  *India,  'Irrigation,  'Irrigation  pro- 
grams, 'Legumes,  'Soil  temperature,  Evaporation, 
Laterites,  Loam,  Peanuts,  Percolation,  Permeabil- 
ity, Plant  growth,  Precipitation,  Soil  porosity, 
Thermocouples. 

Soil  temperatures  were  measured  at  5,  10,  15  and 
20  cm  depth  throughout  the  growing  season  under 
crops  of  peanut  (Arachis  hypogaea  L.)  on  a  lateri- 
tic  sandy  loam  soil  (ultisol)  to  study  the  influence 
of  irrigation  water  on  soil  temperature.  Tempera- 
tures were  measured  with  copper  thermocouples 


buried  at  two  random  sites  of  each  plot  and  located 
between  plants  near  the  center  of  an  inside  row. 
Soil  temperatures  at  all  the  depths  were  monitored 
at  8:00  a.m.  and  3:00  p.m.  throughout  the  growth 
phases  of  the  peanut  crop.  Temperatures  of  soil 
were  also  measured  during  and  after  irrigation. 
The  damping  effect  of  rain  on  soil  temperature  was 
large,  quick  and  of  shorter  duration  in  the  upper 
layers  while  the  reverse  was  true  for  the  deeper 
layers.  It  has  been  reported  that  irrigation  or  rain 
can  cause  a  significant  decrease  in  soil  temperature 
by  evaporative  cooling  from  the  soil  surface  for  a 
relatively  long  period  after  irrigation.  The  Kharag- 
pur sandy  loam  soil  is  highly  permeable.  Free 
percolation  seems  to  have  the  effect  of  equalizing 
the  temperature  of  the  soil  at  various  depths.  Irri- 
gation was  modified  according  to  depths  of  irriga- 
tion and  IW/CPE  ratios,  where  IW  represents 
irrigation  water  and  CPE  represents  cumulative 
pan  evaporation  minus  rainfall.  Differences  be- 
tween treatments  were  small  and  in  most  cases  not 
significant.  The  IW/CPE  ratio  of  0.75  with  an 
irrigation  depth  of  6  cm  gave  the  highest  peanut 
yield.  It  was  concluded  that  a  suitable  moisture 
regime  in  soil  maintained  through  irrigation  will 
help  in  modifying  soil  temperature  and  water  for 
better  crop  growth.  (Agostine-PTT) 
W9 1-05476 


EFFECT  OF  POLYVINYL  ALCOHOL,  DEX- 
TRAN  AND  HUMIC  ACID  ON  SOME  PHYSI- 
CAL PROPERTIES  OF  A  CLAY  AND  LOAM 
SOIL:  I.  CRACKING  AND  AGGREGATE  STA- 
BILITY. 

Consiglio  Nazionale  delle  Ricerche,  Pisa  (Italy). 
1st.  per  la  Chimica  del  Terreno. 
For  primary   bibliographic   entry  see  Field   2G. 
W9 1-05480 


EFFECT  OF  POLYVINYL  ALCOHOL,  DEX- 
TRAN  AND  HUMIC  ACID  ON  SOME  PHYSI- 
CAL PROPERTIES  OF  A  CLAY  AND  LOAM 
SOIL:  II.  HYDRAULIC  CONDUCTIVITY  AND 
POROSITY. 

Consiglio  Nazionale  delle  Ricerche,  Pisa  (Italy). 
1st.  per  la  Chimica  del  Terreno. 
For  primary  bibliographic   entry  see  Field   2G 
W9 1-05481 


EFFECTS  OF  PRICING  POLICIES  ON  WATER 
CONSERVATION  AND  DRAINAGE. 

California  Univ.,  Santa  Barbara.  Dept.  of  Econom- 
ics. 

For  primary  bibliographic  entry  see  Field  6C. 
W9 1-05484 


ROOT  GROWTH  AND  WATER  UPTAKE  BY 
WHEAT  DURING  DRYING  OF  UNDIS- 
TURBED AND  REPACKED  SOIL  IN  DRAIN- 
AGE LYSIMETERS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  21. 

W91-05493 


ALTERNATIVE  METHODS  OF  ESTIMATING 
WATER  DEFICIT  STRESS  OF  WHEAT 
GROWN  ON  UNDISTURBED  AND  REPACKED 
SOIL  IN  DRAINAGE  LYSIMETERS. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  21. 

W9 1-05494 


PHYSIOLOGICAL  ATTRIBUTES  ASSOCIAT- 
ED WITH  DROUGHT  RESISTANCE  OF 
WHEAT  CULTIVARS  IN  A  MEDITERRANEAN 
ENVIRONMENT. 

Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 

(Israel). 

For  primary  bibliographic  entry  see  Field  21. 

W9 1-05496 


EFFECT  OF  LEAF  NITROGEN  AND  WATER 
REGIME   ON   THE    PHOTOSYNTHETIC   CA- 


PACITY OF  KENAF  (HIBISCUS  CANNABINUS 
L.)  UNDER  FIELD  CONDITIONS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  St.  Lucia  (Australia).  Div.  of  Tropi- 
cal Crops  and  Pastures. 
For  primary  bibliographic  entry  see  Field  21. 
W9 1-05497 


CORRELATION  OF  GROWTH  OF  THE  ROOT 
AND  SHOOT  SYSTEMS  OF  WHITE  CLOVER 
AFTER  A  PERIOD  OF  WATER  SHORTAGE 
AND/OR  DEFOLIATION. 

Kyabram  Research  Inst.  (Australia). 

For  primary  bibliographic  entry  see  Field  21. 

W9 1-05498 


HEALTH  GUIDELINES  AND  STANDARDS 
FOR  WASTEWATER  REUSE  IN  AGRICUL- 
TURE: HISTORICAL  PERSPECTIVES. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Div.  of  Envi- 
ronmental Sciences. 

For  primary  bibliographic  entry  see  Field  5D. 
W91-05535 


CHEMICAL  ANALYSIS  OF  IRRIGATION 
WATERS  IN  BAHRAIN. 

Bahrain  Univ.,  Manama.  Dept.  of  Chemistry. 
M.  S.  Akhter. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.   10/2,  p  2159-2164,   1991.  3  tab,   11   ref. 

Descriptors:  'Bahrain,  'Irrigation  water,  'Water 
quality,  Acidity,  Alkalinity,  Calcium,  Chemical 
analysis,  Chlorides,  Conductivity,  Dissolved  solids, 
Groundwater  quality,  Hydrogen  ion  concentra- 
tion, Magnesium,  Minerals,  Nitrates,  Phosphates, 
Physical  analysis,  Potable  water,  Potassium,  Saline 
water,  Sodium,  Sulfates,  Water  analysis,  Water 
pollution. 

The  State  of  Bahrain  is  an  archipelago  composed 
of  33  islands,  with  a  total  areas  of  690.86  square 
km.  The  main  resources  of  water  in  Bahrain  are 
distilled  water  and  underground  water.  Prior  to 
1925,  fresh  water  was  derived  from  12  land  and  24 
offshore  springs.  The  most  important  spring  is 
Adari  pool.  It  is  used  for  domestic,  agricultural  and 
recreational  purposes.  Water  quality  and  suitability 
of  spring  water,  with  special  emphasis  on  Adari 
Spring,  for  agricultural  purposes  in  Bahrain  was 
investigated.  A  total  of  24  chemical  and  physical 
parameters  including  pH,  electrical  conductivity, 
alkalinity,  acidity,  hardness,  calcium,  magnesium, 
sodium,  potassium,  sulfate,  chloride,  nitrate,  phos- 
phate, fluoride,  iron,  manganese,  and  total  dis- 
solved solids  were  analyzed.  The  data  show  that 
this  water  is  chemically  unacceptable  for  drinking 
purposes.  However,  the  water  could  be  used  for 
agricultural  purposes,  particularly  for  date  planta- 
tions which  can  tolerate  high  salinity  water.  Saline 
water  and  other  possible  pollutants  are  entering  the 
spring  water,  deteriorating  its  quality.  Groundwat- 
er quality  in  this  spring  should  be  continuously 
monitored.  Treated  sewage  water  was  also  ana- 
lyzed for  physical  and  chemical  parameters.  The 
data  show  promising  results  for  agricultural  pur- 
poses. Application  of  treated  sewage  water  for 
agricultural  purposes  is  still  at  an  experimental 
stage.  (Mertz-PTT) 
W91-05545 


ESTABLISHMENT  AND  PRODUCTION  OF 
LUCERNE  ON  A  SALINISED  CLAY  SOIL  IR- 
RIGATED WITH  A  MODERATELY  SALINE 
GROUNDWATER. 

Victoria  Dept.  of  Agriculture  and  Rural  Affairs, 

Tatura  (Australia).  Inst,  for  Irrigation  and  Salinty 

Research. 

For  primary  bibliographic  entry  see  Field  3C. 

W91-05552 


AGRONOMIC  STUDIES  ON  THE  PRODUC- 
TIVITY OF  KENAF  (HIBISCUS  CANNABINUS 
L.  CV.  GUATEMALA  4)  UNDER  RAINFED 
AND  IRRIGATED  CONDITIONS  IN  THE 
NORTHERN  TERRITORY. 
Commonwealth  Scientific  and  Industrial  Research 
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Organization,  St.  Lucia  (Australia).  Div.  of  Tropi- 
cal Crops  and  Pastures. 

R.  C.  Muchow,  J.  D.  Sturtz,  M.  F.  Spillman,  G.  E. 
Routley,  and  S.  Kaplan. 

Australian  Journal  of  Experimental  Agriculture 
AAAHAN,  Vol.  30,  No.  3,  p  395-403,  1990.  3  fig, 
7  tab,  26  ref. 

Descriptors:  'Agronomy,  'Australia,  'Crop  yield, 
•Fiber  crops,  'Irrigation,  'Irrigation  design, 
'Kenaf,  'Plant-water  relationships,  'Precipitation, 
•Productivity,  'Soil-water-plant  relationships,  Bio- 
mass,  Comparison  studies,  Fertilizers,  Field  tests, 
Nitrogen,  Nutrients,  Plant  growth,  Seasonal  varia- 
tion. 

Field  experiments  were  conducted  at  Berrimah, 
Douglas  Daly  and  Katherine  in  the  Northern  Ter- 
ritory (NT)  of  Australia  during  the  1987-88  and 
1988-89  wet  seasons  to  obtain  yield  data  for  kenaf 
(Hibiscus  cannabinus  L,  cv.  Guatemala  4)  grown 
under  rainfed  and  irrigated  conditions.  Under 
rainfed  conditions,  maximum  stem  yield  was  ob- 
tained from  sowings  early  in  the  wet  season.  Yield 
decreased  with  delay  in  sowing  until  the  late  De- 
cember-January period.  The  maximum  rainfed 
stem  yield  at  Katherine  in  an  above-average  rain- 
fall season  was  18400  kg/ha.  The  maximum  yield 
in  a  below-average  rainfall  season  was  1 1700  kg/ha 
Douglas  Daly  and  9400  kg/ha  at  Katherine,  9200 
kgAa  at  Berrimeh.  The  applicability  to  the  NT  of 
growth  and  yield  relationships  established  for  irri- 
gated kenaf  in  the  Ord  Irrigation  Area  (OIA)  was 
assessed.  The  yield  potential  under  irrigated  condi- 
tions in  the  NT  (21600  kg/ha  at  131  days  after 
sowing)  was  higher  than  that  reported  elsewhere 
in  Australia  for  the  same  growth  period,  but  simi- 
lar to  that  reported  elsewhere  for  longer  growth 
duration  (180-300  days).  In  the  NT,  in  contrast  to 
the  OIA,  stem  yield  showed  little  or  no  response  to 
N  uptake,  and  fertilization.  Stem  yield  was  not 
related  to  N  uptake,  and  at  high  levels  of  N  appli- 
cation, there  was  marked  N  accumulation  in  the 
stem.  Kenaf  was  able  to  accumulate  up  to  1 10  kg 
N/ha  from  the  soil  reserve  where  no  N  was  ap- 
plied. The  yield  response  to  plant  density  varied 
with  the  yield  level  and  was  similar  to  that  in  the 
OIA.  Bark  and  core  yield  could  be  estimated  di- 
rectly from  biomass,  and  indirectly  from  stem 
length  and  plant  density,  over  a  wide  range  of 
yield  levels  and  cultural  conditions.  It  was  con- 
cluded that  data  relating  to  yield  potential  and 
response  to  N  fertilization  cannot  be  transferred 
directly  from  the  OIA  to  the  NT.  (Author's  ab- 
stract) 
W91-05553 


UREA  LOSSES  IN  FLOODED  SOILS  WITH 
ESTABLISHED  OXIDIZED  AND  REDUCED 
SOIL  LAYERS. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

K.  R.  Reddy,  E.  D'Angelo,  C.  Lindau,  and  W.  H. 
Patrick 

Biology  and  Fertility  of  Soils  BFSOEE,  Vol.  9, 
No.  4,  p  283-287,  1990.  4  fig,  2  tab,  18  ref.  U.S. 
Agency  for  International  Development  Grant 
DAN-  1406-G-SS-409 1-00. 

Descriptors:  'Fertilizers,  'Flooding,  'Irrigation, 
'Rice,  'Soil  chemistry,  'Ureas,  Ammonia,  Anaero- 
bic conditions,  Denitrification,  Environmental 
chemistry,  Hydrolysis,  Leaching,  Nitrification,  Or- 
ganic matter,  Oxidation,  Soil  properties,  Soil  types. 

It  is  well  established  that  flooded  rice  soils  are 
characterized  by  an  oxidized  surface  layer  (thick- 
ness is  inversely  related  to  the  organic  matter 
content  of  the  soil)  and  an  underlying  anaerobic 
soil  layer.  Both  oxidized  and  reduced  soil  layers 
can  significantly  influence  urea  hydrolysis  and  sub- 
sequent N  loss  from  soils.  Urea  is  highly  unstable 
when  added  to  these  soils  because  it  is  rapidly 
hydrolyzed  to  NH4(-l-)-N  and  subsequently  re- 
moved through:  (1)  plant  uptake,  (2)  ammonia 
volatilization,  (3)  nitrification-denitrification,  and 
(4)  leaching.  The  fate  of  15-N  labelled  urea  applied 
to  the  floodwater  in  four  soils  with  established 
aerobic  and  anaerobic  soil  layers,  was  determined 
through  laboratory  batch  incubation  experiments. 
Diffusion  dependent  urea  hydrolysis  was  found  to 
be  rapid  in  all  four  soils,  with  rates  ranging  from 


0.0107  to  0.01 59/h  and  a  mean  rate  of  0.01 3 1/h. 
Rapid  loss  of  53-65%  of  the  applied  labelled  urea 
occurred  during  the  first  8  days  after  application, 
primarily  by  ammonia  volatilization.  At  the  end  of 
70  days,  an  additional  20-30%  of  applied  labelled 
urea  was  lost,  primarily  through  nitrification-deni- 
trification processes.  The  soil  types  showed  statisti- 
cally significant  differences  in  overall  N  recovery 
from  the  applied  urea.  The  applied  15-N  labelled 
urea  recovery  was  in  the  range  11.2-19.5%,  in  the 
order:  Coimbatore  >  Crowley  >  Cuttack  >  Yolo 
soils.  This  was  probably  due  to  differences  in  soil 
organic  carbon  content  and  cationic  exchange  ca- 
pacity. Detection  of  15-N  labelled  N2  in  the  head- 
space  provided  direct  evidence  of  urea  conversion 
to  N2  as  a  result  of  urea  hydrolysis,  nitrification, 
and  denitrification.  (Agostine-Pl  1) 
W91-05554 


DEVELOPMENT  OF  A  MICROBIAL  COMMU- 
NITY ON  CELLULOSE  BURIED  IN  WATER- 
LOGGED SOIL. 

Tokyo  Univ.  (Japan).  Dept.  of  Agricultural  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  2G. 
W91-05555 


SOIL  WATER  EFFECTS  ON  THE  USE  OF 
HEAT  UNITS  TO  PREDICT  CROP  RESIDUE 
CARBON  AND  NITROGEN  MINERALIZA- 
TION. 

Agricultural  Research  Service,  Orono,  ME.  New 

England  Plant,  Soil  and  Water  Lab. 

For   primary  bibliographic  entry  see  Field   2G. 

W91-05556 


HUMIDITY  AND  SOIL  WATER  INFLUENCE 
THE  TRANSPIRATION  RESPONSE  OF 
MAIZE  TO  C02  ENRICHMENT. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science. 

For  primary   bibliographic   entry  see   Field   2D. 

W91-05557 


GENERALIZED      RESULTS      FROM      CROP 
YIELD  MODEL  WITH  SALINE  WATERS. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For  primary  bibliographic  entry  see  Field  3C. 

W9 1-05601 


PHOSPHORUS  BEHAVIOR  IN  FLOODED- 
DRAINED  SOILS:  I.  EFFECTS  ON  PHOSPHO- 
RUS SORPTION. 

California  Univ.,  Davis.  Dept.  of  Agronomy  and 
Range  Science. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05602 


PHOSPHORUS  BEHAVIOR  IN  FLOODED- 
DRAINED  SOILS.  II.  IRON  TRANSFORMA- 
TION AND  PHOSPHORUS  SORPTION. 

California  Univ.,  Davis.  Dept.  of  Agronomy  and 
Range  Science. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05603 


MODELING  WHEAT  SEEDLING  GROWTH 
AND  EMERGENCE:  I.  SEEDLING  GROWTH 
AFFECTED  BY  SOIL  WATER  POTENTIAL. 

Institut   Agronomique   et   Veterinaire   Hassan   II, 
Rabat  (Morocco).  Dept.  of  Soil  Science. 
For   primary  bibliographic  entry   see   Field   2G 
W9 1-05607 


MODELING  WHEAT  SEEDLING  GROWTH 
AND  EMERGENCE:  II.  COMPARISON  WITH 
FIELD  EXPERIMENTS. 

Institut   Agronomique   et   Veterinaire   Hassan   II, 
Rabat  (Morocco).  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  21. 
W9 1-05608 


CONDITIONS    FOR    SUCCESSFUL    IRRIGA- 
TION PROJECTS  IN  AFRICA. 


Utah  State  Univ.,  Logan.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
P.  W.  Zgheib. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  61-70,  46  ref. 

Descriptors:  'Africa,  'Agricultural  practices,  'De- 
sertification, 'Irrigation  programs,  'Sahel,  'Tropi- 
cal hydrology,  'Water  resources  development, 
Dam  effects,  Developing  countries,  Irrigation  ef- 
fects, Irrigation  practices.  Land  use,  Public  health. 

The  development  of  irrigation  projects  in  Africa  is 
closely  linked  to  the  environment  as  well  as  to 
human  activities.  Projects  can  fail  to  produce  the 
intended  agronomic  benefits.  A  study  on  the  ef- 
fects of  hydro-agricultural  systems  on  the  environ- 
ment six  years  after  its  implementation  in  the  Sahel 
of  Africa  has  shown  a  decrease  in  structural  stabili- 
ty of  the  soil  and  an  impoverishment  in  soil  miner- 
als. Fertility  potential  is  reduced  and  eventually 
becomes  the  limiting  factor  of  the  system.  The 
main  causes  of  desertification  is  the  growing  influ- 
ence of  humans  and  of  domestic  animals  and  not 
climate  change.  Some  of  the  activities  that  contrib- 
ute to  desertification  are:  increase  of  cultivated 
areas;  overgrazing;  destruction  of  ligneous  woody 
species;  wild  fires;  wells  that  become  grazing  con- 
centration points;  and  unwise  development  of  irri- 
gation. Dams  have  been  proposed  as  a  solution  to 
desertification.  Their  intended  benefits  include: 
flood  control;  irrigation  potential;  water  availabil- 
ity; electrical  energy;  and  recreation.  Adverse  con- 
sequences of  dams  on  the  human  environment  in- 
clude: nuisances  of  the  construction  site;  disturb- 
ance of  aesthetics  and  natural  harmony;  animal 
migration  out  of  the  reservoir  area;  hazards  due  to 
equipment  around  the  reservoir  and  river;  and  risk 
to  downstream  population  if  the  dam  fails.  In  the 
planning  of  irrigation  systems,  evaluation  of  poten- 
tial impact  of  the  newly  enlarged  water  volumes 
on  human  health  and  hygiene  is  only  common 
sense.  Public  health  and  population  displacement 
concerns  must  be  dealt  with  at  an  early  stage  of  the 
design  process.  Construction  effects  and  the  intro- 
duction of  irrigated  agriculture  also  must  be  evalu- 
ated at  the  planning  phase  of  a  project  in  terms  of 
interaction  with  local  resources.  Transportation  of 
irrigation  waters  might  result  in  creation  of  new 
human  settlements  which,  if  not  planned  carefully, 
will  create  unhealthy  conditions,  disruption  of 
fauna  and  flora,  disturbance  of  animal  migratory 
systems  and  creation  of  favorable  conditions  to  the 
development  of  irrigation  enemies  such  as  salt  con- 
centration and  soil  saturation.  (See  also  W91- 
05611)(Lantz-PTT) 
W91-05618 


ESTIMATION  OF  TOTAL  WATER  CONSUMP- 
TION OF  SELECTED  VEGETABLE  CROPS  IN 
THE  SEMIARID  AND  HUMID  REGIONS  OF 
PUERTO  RICO. 

Puerto  Rico  Univ.,  Mayaguez. 
M.  R.  Goyal. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  207-215,  2  tab,  10  ref.  USDA  Contract 
No.  85-CSRS-2-2664  (Project  CBAG-23). 

Descriptors:  'Evapotranspiration,  'Humid  areas, 
•Plant-water  relationships,  'Puerto  Rico,  'Semi- 
arid  lands,  'Tropical  hydrology,  'Vegetable  crops, 
'Water  use,  Beans,  Cabbage,  Carrots,  Climatic 
data,  Corn,  Cucumbers,  Eggplant,  Lettuce, 
Melons,  Okra,  Onions,  Peppers,  Potatoes,  Pump- 
kins, Tomatoes,  Tropical  regions. 

Total  water  consumption  by  15  vegetable  crops 
was  estimated  with  a  modified  (USDA-SCS) 
Blaney-Criddle  utilizing  available  climatic  data 
from  the  semiarid  south  coast  (AES-UPR  Fortuna 
substation)  and  humid  north  coast  (AES-UPR  Isa- 
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bela  substation)  of  Puerto  Rico.  Estimates  were 
made  for  normal  and  dry  years.  Vegetable  crops 
were:  green  bean,  cabbage,  carrot,  sweet  corn, 
cucumber,  eggplant,  lettuce,  melons,  okra,  onion, 
sweet  pepper,  potato,  pumpkin,  sweet  potato  and 
tomato.  In  normal  years,  consumptive  use  (CU)  at 
Fortuna  was  greater  than  CU  at  Isabela  for  all 
planting  dates,  all  crop  durations  and  vegetable 
crops.  At  Fortuna,  total  CU  (inches  per  season) 
ranged  from  6.1  for  60  days  to  29.8  for  180  days.  In 
all  cases,  the  total  CU  range  at  Fortuna  was  6.6  to 
7.6%  higher  than  the  total  CU  range  at  Isabela. 
Among  24  planting  dates,  vegetable  crops,  and 
crop  durations,  the  daily  CU  range  (inches  per 
day)  was  0.10  to  0.19  at  Fortuna,  and  0.09  to  0.18 
at  Isabela.  (See  also  W91-05611)  (Author's  ab- 
stract) 
W9 1-05632 


ECONOMIC  AND  ENGINEERING  CONSIDER- 
ATIONS FOR  PLANNING  MEDIUM  SCALE 
IRRIGATION  SYSTEMS:  A  STUDY  FROM 
NORTHEAST  THAILAND. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Ag- 
ricultural Economics. 
S.  H.  Johnson,  and  S.  Patamatamkul. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  217-226,  3  fig,  2  tab,  17  ref. 

Descriptors:  'Economic  aspects,  'Irrigation  engi- 
neering, 'Irrigation  practices,  'Irrigation  pro- 
grams, 'Social  aspects,  'Thailand,  'Tropical  hy- 
drology, Agriculture,  Case  studies,  Huai  Aeng 
Reservoir,  Irrigation  canals,  Irrigation  efficiency, 
Rice,  Seasonal  variation,  Water  resources  manage- 
ment. 

Less  than  50  percent  of  the  area  irrigated  by  the 
Huai  Aeng  Reservoir  in  northeastern  Thailand  can 
actually  be  utilized  in  the  dry  season.  This  means 
that  the  extremely-expensive  on-fartn  distribution 
system  is  underutilized  and  farmers  are  uncertain 
whether  they  should  plan  to  farm  during  the  dry 
season  or  search  for  off-farm  employment.  Chance- 
constrained  programming  was  utilized  to  deter- 
mine the  optimal  service  area  for  the  reservoir.  In 
contrast  to  the  present  situation  where  both  the 
wet  and  dry  season  service  areas  are  3371  ha,  the 
optimal  design  (taking  into  account  rainfall  varia- 
bility) was  3371  ha  for  the  wet  season,  but  only 
1179  ha  in  the  dry  season.  Economic  analysis 
shows  that  an  irrigated  area  of  2192  ha  using  canals 
for  extensive  wet  season  rice,  and  1179  ha  using 
intensive  canals  and  ditches  for  dry  season  field 
crops  as  well  as  wet  season  rice,  is  economically 
more  efficient.  This  approach  identified  an  area 
that  can  be  served  almost  every  year,  which  means 
that  farmers  can  develop  marketing  strategies  and 
adopt  new  agricultural  practices  with  the  certainty 
that  the  irrigated  area  will  in  fact  have  water  when 
it  is  needed.  (See  also  W9 1-056 11)  (Lantz-PTT) 
W91-05633 


PERFORMANCE  OF  STABILIZATION  RESER- 
VOIRS AS  A  FUNCTION  OF  DESIGN  AND 
OPERATION  PARAMETERS. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Sherman 
Center  for  Research  in  Environmental  and  Water 
Resources  Engineering. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05759 


MICROBIOLOGICAL  PERFORMANCE  OF 
MULTI-STAGE  STABILIZATION  PONDS  FOR 
EFFLUENT  USE  IN  AGRICULTURE. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field   5D. 

W91-05760 


RESERVOIR   PLANNING   FOR   IRRIGATION 
DISTRICT. 

Iran  Univ.  of  Science  and  Technology,  Tehran. 
Dept.  of  Civil  Engineering. 


For  primary  bibliographic  entry  see  Field  6A. 
W9 1-05791 


EFFECT  OF  THE  MELIORATTVE  STATE  OF 
IRRIGATED  LANDS  OF  THE  CHU  RIVER 
VALLEY  ON  THE  WATER-SALT  REGIME 
AND  YIELD. 

All-Union   Scientific   Research   Inst,   of  Fodder, 
Frunze  (USSR).  Agrometeorological  Station. 
Y.  I.  Demchenko,  and  M.  K.  Kaplinskiy. 
Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  2,  p  69- 
75,  1989.  4  tab,  23  ref.  Translated  from  Pochvove- 
deniye,  No.  12,  p  130-135,  1988. 

Descriptors:  *Chu  River  Valley,  'Crop  yield,  'Ir- 
rigation effects,  'Saline  groundwater,  'Saline  soils, 
•Soviet  Union,  'Water  table,  Alfalfa,  Fertilizers, 
Grain  crops,  Maize,  Mathematical  models,  Soil 
types,  Soil  water  table,  Sugar  beets,  Toxicity. 

In  the  Chu  River  valley  (Soviet  Union),  sulfate 
salinity  is  the  most  common  type  of  salinity  for 
ordinary  sierozems,  meadow  sierozems,  and  siero- 
zem  meadow  soils.  Permissible  and  toxic  values  of 
total  toxic  salts  from  a  water  extract  and  soil 
solution  concentration  have  been  determined  for 
sugar  beet,  and  literature  data  were  used  to  devel- 
op correction  factors  for  salt  tolerance  of  sugar 
beet  (1.0),  alfalfa  (1.26),  corn  (0.91),  and  unirrigat- 
ed  cereal  crops  (0.55).  Parameters  of  the  soil  salt 
regime  (toxic  salt  content  from  a  water  extract  and 
soil  solution  concentration)  are  considered  for 
principal  crops  of  the  Chu  River  valley.  Relation- 
ships were  demonstrated  between  yield  and  soil 
salinity,  humus  content,  and  groundwater  depth 
and  mineral  content.  Permissible  limits  of  toxic  salt 
content  from  a  water  extract  and  soil  solution 
concentration  for  plants  and  variable  salt  toler- 
ances and  corresponding  reductions  in  crop  yields 
have  been  determined.  From  the  relationships 
(equations)  developed  between  soil  parameters  and 
yields,  it  was  possible  to  determine  the  effect  of 
remedial  measures  on  computed  crop  yield.  Based 
on  these  relationships  the  permissible  depths  to  the 
water  table  were  established  for  sugar  beet  for 
medium  (1.68  m  to  2.17  m)  and  clay  loam  (2.50  m 
to  3.22  m)  soils  with  mineral  content  of  ground- 
water ranging  from  1  to  2  g/L.  Optimum  and  toxic 
parameters  of  the  soil  salt  regime  are  not  fixed. 
They  increase  with  increasing  amounts  of  organic 
and  mineral  fertilizers.  (Rochester-PTT) 
W9 1-05826 


NONLINEAR  CHANCE  CONSTRAINED 
MODEL  FOR  IRRIGATION  PLANNING. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand). 

G.  N.  Paudyal,  and  A.  D.  Gupta. 

Agricultural  Water  Management  AWMADF,  Vol. 

18,  No.  2,  p  87-100,  July  1990.  1  fig,  2  tab,  19  ref. 

Descriptors:  'Agriculture,  'Irrigation,  'Irrigation 
design,  'Model  studies,  'Nonlinear  programming, 
•Water  management,  Irrigation  efficiency,  Optimi- 
zation models. 

The  production  function  for  a  crop  is  defined  as 
the  mathematical  function  providing  the  relation- 
ship between  resource  input  and  crop  yield.  Al- 
though many  of  these  resource  inputs  can  be  con- 
trolled by  man,  a  few,  such  as  the  climate  varia- 
bles, are  difficult  to  control.  Also,  the  timing  of  the 
resource  inputs  is  an  important  issue  which  signifi- 
cantly affects  crop  yield.  A  general  nonlinear  opti- 
mization model  for  irrigation  planning  and  man- 
agement comprising  a  production  function,  chance 
constraints  due  to  stochastic  streamflows  and  a  loss 
function  to  represent  the  economic  implications  of 
the  chance  constraints  is  proposed.  The  chance 
constraints  and  the  loss  function  which  are  origi- 
nally in  the  form  of  cumulative  probability  distri- 
bution functions  of  the  streamflow  are  transformed 
into  equivalent  nonlinear  deterministic  forms.  The 
focus  of  the  chance  constraints  is  to  capture  the 
variability  in  streamflows  and,  therefore,  water 
available  for  irrigation.  Through  the  use  of  chance 
constraints,  the  model  first  includes  the  full  bene- 
fits attainable  from  irrigation  then  subtracts  those 
benefits  that  are  not  actually  achieved  because  the 
amount  of  water  supplied  was  less  than  the  opti- 
mum. With  accurate  data  acquisition  and  the  avail- 
ability of  sophisticated  computing  techniques,  this 


nonlinear  model  will  be  useful  as  a  management 
tool   even   in   the  developing  countries.   (Feder- 
PTT) 
W9 1-05922 


CROP  COEFFICIENTS  OF  SOME  MAJOR 
CROPS  OF  THE  NIGERIAN  SEMI-ARID 
TROPICS. 

Ahmadu  Bello  Univ.,  Zaria  (Nigeria).  Dept.  of  Soil 

Science. 

S.  Abdulmumin,  and  S.  M.  Misari. 

Agricultural  Water  Management  AWMADF,  Vol. 

18,  No.  2,  p   159-170,  July   1990.  7  fig,  21   ref. 

Descriptors:  'Agricultural  hydrology,  'Crops, 
•Grain  crops,  'Nigeria,  'Semiarid  lands,  'Soil- 
water-plant  relationships,  Cotton,  Humidity,  Solar 
radiation,  Temperature,  Water  requirements. 

Crop  coefficient  curves  for  grain  sorghum,  cotton, 
maize,  groundnut  ad  millet  were  developed  for  the 
Nigerian  semi-arid  tropics  based  on  grass  reference 
crop  evapotranspiration  (ETo)  determined  with 
the  FAO-24(penman)  procedure  and  lysimeter 
measured  crop  water  use  data  from  Samaru,  Nige- 
ria. The  recommended  equation  for  estimating 
solar  radiation  from  relative  sunshine  hours  was 
determined  using  measured  solar  radiation  data.  A 
value  of  1.6  was  obtained  for  the  ratio  day  to  night 
time  wind  speeds  for  the  growing  season  (May  to 
October)  using  an  automatic  weather  station.  A 
procedure  was  also  developed  to  estimate  daily 
minimum  and  maximum  relative  humidity  from 
daily  minimum  and  maximum  temperatures  and  the 
usual  relative  humidity  records.  The  crop  coeffi- 
cient curves  developed  can  be  recommended  for 
use  in  farm  water  management  decisions  through- 
out the  semi-arid  tropics  of  West  Africa  south  of 
the  Sahara.  (Author's  abstract) 
W9 1-05927 


WATER  USE  AND  YIELD  RELATIONSHIPS 
OF  IRRIGATED  POTATO. 

Bangladesh  Agricultural  Research  Inst.,  Joydeb- 

pur. 

T.  Islam,  H.  Sarker,  J.  Alam,  and  H.U.  Rashid. 

Agricultural  Water  Management  AWMADF,  Vol. 

18,  No.  2,  p  173-178,  July  1990.  2  fig,  3  tab,  6  ref. 

Descriptors:  'Bangladesh,  'Evapotranspiration, 
'Irrigation,  'Irrigation  design,  'Irrigation  require- 
ments, 'Potatoes,  *Soil-water-plant  relationships, 
•Vegetable  crops,  Irrigation  efficiency,  Water  use. 

An  experiment  was  conducted  at  Joydebpur,  Ban- 
gladesh, during  the  dry  seasons  of  1986-1987  and 
1987-1988  with  potato  cultivar  'Cardinal'  in  order 
to  determine  the  water  requirements  and  to  identi- 
fy the  yield  respons  of  the  crop  to  different  irriga- 
tion regimes.  Four  treatments:  no  irrigation,  irriga- 
tion at  80%,  60%,  and  40%  depletion  of  available 
soil  moisture  (ASM)  were  tested.  For  both  the 
years  five  irrigations  at  40%  depletion  of  ASM 
gave  maximum  yield  (22.3  t/ha)  which  was  signifi- 
cantly different  from  the  other  treatments.  On  av- 
erage 40  mm  water  was  applied  at  an  interval  of 
around  12  days  starting  from  30  days  after  plant- 
ing. The  same  treatments  resulted  in  a  maximum 
number  of  stems  per  hill,  highest  foliage  coverage 
and  maximum  number  of  compound  leaves;  and 
maximum  weight  and  number  of  tubers  as  percent- 
age of  total  yield  in  the  range  of  28-45  mm  and  > 
45  mm  in  size.  It  also  resulted  in  maximum  overall 
water  use  efficiency  of  81.0  kg/ha  mm,  irrigation 
water  use  efficiency  of  79.5  kg/ha  mm.  The  non- 
irrigated  treatment  gave  the  highest  percentage  of 
tubers  smaller  than  28  mm.  (Author's  abstract) 
W9 1-05928 


TRANSIENT  HYDRAULIC  MODELING  FOR 
IMPROVED  CANAL  SYSTEM  OPERATION. 

Utah  State  Univ.,  Logan.  Dept.  of  Agricultural 
and  Irrigation  Engineering. 
G.  P.  Merkley,  W.  R.  Walker,  and  F.  N.  Gichuki. 
Agricultural  Water  Management  AWMADF,  Vol. 
18,  No.  3,  p  181-194,  September  1990.  7  fig,  5  tab,  8 
ref.  U.S.  Agency  for  International  Development 
Contract  AID/DAN-4127-C-O0-2O86-O0. 
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Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 


Group  3F — Conservation  In  Agriculture 


Descriptors:  'Computer  models,  'Hydraulic 
models,  'Irrigation  canals,  'Thailand,  Canal  oper- 
ation, Irrigation  efficiency,  Water  management. 

A  hydraulic  model  was  developed  to  stimulate  and 
help  manage  branching  canal  systems.  Gate  sched- 
uling, one  of  the  three  operational  modes  available 
in  the  model,  determines  control  structure  and 
turnout  settings  with  the  objective  of  quickly  stabi- 
lizing transient  flow  conditions,  while  maintaining 
flow  levels  at  or  near  target  values.  Gate  schedul- 
ing can  be  accomplished  through  manual  control 
structure  operation,  without  infrastructure  changes 
or  automation  equipment.  Following  field  calibra- 
tion, the  model  was  applied  to  the  scheduling  of 
canal  operations  at  an  irrigation  project  in  north- 
east Thailand.  Field  and  model-generated  data 
showed  that  significant  operational  improvements 
for  canal  networks  can  be  achieved  with  the 
model.  Operational  guess  work  is  eliminated  alto- 
gether and  water  deliveries  can  be  more  equitable 
to  farmers  because  intended  allocations  are  closely 
matched,  and  effective  lag  times  are  reduced  or 
eliminated.  During  adjustments  to  new  flow  rates 
or  reallocation  of  flows  within  the  system,  the 
water  levels  remain  at  or  near  their  target  values  in 
each  canal  reach.  Implementation  of  interactive 
transient  hydraulic  modeling  on  microcomputers 
make  it  available  to  most  irrigation  projects.  (Au- 
thor's abstract)) 
W9 1-05929 


DESIGN  OF  STORAGE  TANKS  FOR  WATER 
HARVESTING  IN  RAINFED  AREAS. 

Dryland  Research  Station,  Hoshiarpur  (India). 
For  primary  bibliographic  entry  see  Field  8A. 
W9 1-05930 


EFFECT  OF  INTERMITTENT  IRRIGATION 
ON  GROUNDWATER  TABLE  CONTRIBU- 
TION, IRRIGATION  REQUIREMENT  AND 
YIELD  OF  RICE  IN  MOLLISOLS  OF  THE 
TARAI  REGION. 

Govind  Ballabh  Pant  Univ.  of  Agriculture  and 
Technology,  Pantnagar  (India).  Dept.  of  Soil  Sci- 
ence. 

H.  S.  Mishra,  T.  R.  Rathore,  and  R.  C.  Pant. 
Agricultural  Water  Management  AWMADF,  Vol. 
18,  No.  3,  p  231-241,  September  1990.  2  fig,  2  tab, 
Href. 

Descriptors:  'Crop  yield,  'India,  'Irrigation,  'Irri- 
gation effects,  'Irrigation  requirements,  'Rice, 
•Water  management,  Tarai  Region. 

Rice  plants  were  subjected  to  six  water  irrigation 
treatments  before  havesting  in  the  Tarae  Region  of 
India.  The  treatments  were:  continuous  submer- 
gence of  5  plus  or  minus  2  cm  water,  completely 
rainfed,  and  7  cm  irrigation  applied  1,3,5  and  7 
days  after  the  water  vanished  from  the  surface  of 
the  soil.  The  results  demonstrated  that  under  the 
conditions  of  the  Tarai  region  where  the  water 
table  remains  shallow  (<30  cm)  for  most  part  of 
the  rice  growing  season,  optimum  yield  (55-60  kg/ 
ha)  with  high  water  use  efficiency  (3.21-3.67  kg/ 
ha/mm)  can  be  obtained  by  intermittent  irrigation 
3  to  5  days  after  the  water  vanished  from  the 
surface  of  the  soil  under  shallow  water  tables  and  1 
to  3  days  under  medium  water  table  conditions 
instead  of  continuous  submergence,  a  practice  tra- 
ditionally followed  in  the  Tarai  region.  (Author's 
abstract)  (Feder-PTT) 
W91-05932 


POTENTIAL  ECONOMIC  RETURNS  TO  IM- 
PROVED IRRIGATION  INFILTRATION  UNI- 
FORMITY. 

Rhode  Island  Univ.,  Kingston.  Dept.  of  Resource 

Economics. 

D.  Wichelns,  and  J.  D.  Oster. 

Agricultural  Water  Management  AWMADF,  Vol. 

18,  No.  3,  p  253-266,  September  1990.  1  fig,  6  tab, 

23  ref. 

Descriptors:  'California,  'Cotton,  'Crop  yield, 
•Infiltration  rate,  'Irrigation,  'Saline  soils,  'Sodic 
soils,  'Soil  chemistry,  Boron,  Conductivity,  Eco- 
nomic evaluation,  Molybdenum,  San  Joaquin 
Valley,  Selenium,  Water  conservation. 


Field-level  data  describing  cotton  yields,  irrigation 
and  soil  salinity  and  sodicity  for  32  surface  irrigat- 
ed fields  in  the  Broadview  Water  District  in  Cali- 
fornia's San  Joaquin  Valley  are  examined.  The 
soils  data  indicate  considerable  infiltration  variabil- 
ity with  consequent  negative  effects  on  water 
availability  for  plant  growth.  Cotton  yields  range 
from  1.23  to  2.05  Mg  ha  and  are  negatively  corre- 
lated (p<0.05)  with  the  mean  and  standard  devi- 
ation of  salinity  and  sodicity  parameters  measured 
at  twenty  sites  in  each  field.  Yields  are  also  nega- 
tively correlated  (p<0. 15)  with  the  standard  devi- 
ation of  transmissivity  measured  in  aerial  photo- 
graphs of  the  fields.  A  cotton  production  function 
that  includes  the  observed  mean  and  standard  devi- 
ation of  soil  conductance  is  estimated.  Results  of 
the  study  suggest  that  cotton  yields  can  be  in- 
creased by  1.8%  when  observed  variation  in  soil 
conductance  is  reduced  by  10%.  The  estimated 
values  of  the  increased  cotton  yields  that  would 
result  from  a  10%  and  50%  reduction  in  the  varia- 
tion of  soil  conductance  are  US$46/ha  and 
US$23 1/ha,  respectively.  These  increased  returns 
from  cotton  production  provide  a  measure  of  the 
economic  incentive  for  farm-level  adoption  of  irri- 
gation practices  that  improve  infiltration  uniformi- 
ty and  reduce  generation  of  subsurface  drainwater. 
(Author's  abstract) 
W9 1-05934 


EFFECT  OF  IRRIGATION  SCHEDULING  ON 
GROWTH,  YIELD  AND  EVAPOTRANSPIRA- 
TION  OF  WHEAT  IN  SODIC  SOILS. 

Central  Soil  Salinity  Research  Inst.,  Karnal  (India). 
D.  K.  Sharma,  A.  Kumar,  and  K.  N.  Singh. 
Agricultural  Water  Management  AWMADF,  Vol. 
18,  3,  p  267-276,  September  1990.  3  fig,  4  tab,  11 
ref. 

'Irrigation  effects,  'Irrigation  practices,  'Crop 
yield,  'Sodic  soil,  'Evapotranspiration,  'Wheat, 
•Sodium,  Hydrogen  ion  concentration,  Karnal, 
•India. 

To  evaluate  the  critical  growth  stage  for  irrigation 
scheduling  of  wheat  (Tririum  acestivum  L.),  a  field 
experiment  was  conducted  at  Karnal,  India  during 
the  winter  season  of  1986-87  and  1987-88  in  a  sodic 
soil  with  pH  9.2  and  exchangeable  sodium  percent 
38.  An  increase  in  the  irrigation  frequency  resulted 
in  greater  relative  growth  rate,  rooting  density, 
productive  tiller  per  meter,  and  grain  yield  of 
wheat.  The  three  irrigations  given  at  crown  root 
initiation,  tillering  and  milk  stage  gave  significanlty 
higher  grain  yield  as  compared  to  other  treatments 
with  three  irrigations.  The  evapotranspiration  (ET) 
of  the  crop  increased  as  the  crop  season  advanced 
and  reached  its  peak  from  60  to  90  days  after 
sowing.  Maximum  water  use  efficiency  was  re- 
corded when  three  irrigations  were  given  at  crown 
root  initiation,  tillering,  and  milk  stage  rather  than 
other  growth  stages.  Most  of  the  ET  occurred 
from  the  0-15  cm  soil  layer  and  increased  from 
lower  layers  (15-30,  30-60,  and  60-90  cm  soil 
depth)  with  an  increase  in  the  irrigation  frequency, 
howerver,  the  total  amount  of  ET  from  all  the 
layers  was  always  greater  under  higher  irrigation 
frequency.  (Author's  abstract). 
W9 1-05935 


4.  WATER  QUANTITY 
MANAGEMENT  AND 
CONTROL 

4A.  Control  Of  Water  On  The 
Surface 


ACUTE  TOXICITY  OF  THE  NATURAL  ALGI- 
CIDE,  CYANOBACTERIN,  TO  DAPHNIA 
MAGNA. 

Minnesota  Univ.,  Minneapolis.  Div.  of  Environ- 
mental Health. 

For  primary  bibliographic  entry  see  Field  5G. 
W91-05I05 


PROCEEDINGS,    TWENTIETH    MISSISSIPPI 
WATER  RESOURCES  CONFERENCE,  1990. 


Mississippi  Water  Resources  Research  Inst.,  Mis- 
sissippi State. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-05137 


EFFECTS  OF  CLEARING  AND  SNAGGING  ON 
PHYSICAL  CONDITIONS  OF  RIVERS. 

Memphis  State  Univ.,  TN.  Dept.  of  Civil  Engi- 
neering. 

R.  H.  Smith,  and  F.  D.  Shields. 
In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  41-51,  4  fig,  2  tab,  20  ref. 

Descriptors:  'Aquatic  habitats,  'Bank  clearing, 
•Channel  improvement,  'Channel  morphology, 
•Flood  frequency,  'Riparian  vegetation,  'Rivers, 
•Snag  removal,  'Tennessee,  Channel  scour,  Depo- 
sition, Dispersion  coefficient,  Environmental 
impact,  Land  clearing,  Litter,  Low  flow,  Mississip- 
pi. 

Clearing  and  snagging  (removal  of  bank  vegetation 
and  large  woody  debris  from  channels)  may  be 
used  for  reducing  the  stage  and  duration  of  high 
frequency  flooding.  Environmental  impacts  occur 
because  riparian  vegetation  and  the  organic  debris 
it  produces  influence  the  stream  morphology, 
water  quality,  and  aquatic  and  terrestrial  habitats. 
Pilot  data  were  collected  from  a  reach  of  the 
South  Fork  Obion  River  near  Bradford,  Tennes- 
see, in  Gibson,  Weakley,  and  Carroll  Counties. 
Selective  clearing  and  snagging  had  measurable 
effects  on  physical  habitat  characteristics  of  the 
South  Fork  Obion  River.  Relative  to  the  two 
reference  unworked  reaches,  the  cleared  reach  had 
shallower  depth,  higher  velocity,  and  slightly 
coarser  substrate  at  low-flow  conditions  less  pref- 
erable to  many  warm-water  sportfishes.  Removal 
of  snags  produced  more  uniform  flow  and  less  of 
the  channel  was  occupied  by  eddies  or  regions  of 
reduced  velocity.  Shannon  indices  and  dispersion 
coefficients  indicated  that  snags  created  eddies  and 
areas  of  local  acceleration  and  deceleration  of  flow 
and  attendant  zones  of  scour  and  deposition;  re- 
moval of  snags  evidently  reduced  habitat  diversity. 
The  physical  habitat  diversity  data  were  grouped 
into  points  with  cover  and  points  without  cover, 
and  physical  differences  were  obvious.  Points 
without  cover  always  had  sandy  bed  material;  all 
of  the  fine  material  and  litter  that  was  found  was 
associated  with  cover  (primarily  snags).  These  re- 
sults are  consistent  with  previous  findings,  and 
imply  that  impacts  of  the  ongoing  South  Fork 
Obion  River  Project  are  being  ameliorated 
through  the  use  of  selective  techniques.  (See  also 
W9 1-051 37)  (Fish-PTT) 
W91-05141 


INFLUENCE  OF  GREENTREE  RESERVOIR 
MANAGEMENT  ON  OVERSTORY  COMPOSI- 
TION, CANOPY  DENSITY,  AND  HARDWOOD 
REGENERATION  ON  NOXUBEE  NATIONAL 
WILDLIFE  REFUGE. 

Mississippi  State  Univ.,  Mississippi  State.  School  of 
Forestry. 

For  primary  bibliographic  entry  see  Field  6G. 
W91-05149 


EFFECT  OF  SIBERIAN  RESERVOIRS  ON  THE 
ENVIRONMENT. 

V.  S.  Kuskovskii,  and  Y.  B.  Trzhtsinskii. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  2,  p  64-68,  1990.  12  ref. 

Descriptors:  'USSR,  Hydraulic  engineering, 
•Dam  effects,  *Reservoir  operation,  'Hydroelec- 
tric plants,  'Environmental  impact,  Reservoir  sites, 
Economic  aspects,  Economic  development,  Eco- 
nomic impact,  Geohydrology,  Engineering  geolo- 
gy, Siberia. 

The  intense  economic  development  of  Eastern  Si- 
beria is  in  many  respects  determined  by  the  cre- 
ation of  cascades  from  large  reservoirs.  The  pres- 
ence of  negative  consequences  (substantial  change 
in  the  natural  conditions  of  the  banks;  flooding  and 
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subirrigation  of  valuable  farmland,  forest,  and  pop- 
ulated areas;  formation  of  a  new  shoreline;  actively 
developing  erosion  of  the  banks;  landslide;  karst 
processes;  piping;  sinking)  when  constructing  res- 
ervoirs confirms  the  urgent  need  for  more  thor- 
ough study  in  order  to  develop  various  methods  to 
reduce  this  negative  impact.  Study  of  the  zone  of 
influence  of  reservoirs  should  concentrate  on: 
study  of  the  dynamics  of  the  earth's  crust  caused 
by  creation  of  reservoirs;  knowledge  of  the  natural 
engineering-geological  processes;  quantitative 
evaluation  and  prediction  of  formation  of  banks 
and  slopes;  study  of  the  effect  of  the  operating 
regime  on  the  formation  of  the  reservoir  banks  and 
its  consequences  on  facilities  located  in  the  bank 
zone;  detailed  elaboration  of  the  network  of  hydro- 
geological  field  monitoring  stations;  new  methods 
of  investigation  (such  as  aerial  photography);  study 
of  the  change  in  the  natural  conditions  in  the  lower 
pools;  development  of  economically-justified  rec- 
ommendations on  nature  conservation  in  the  zone 
of  influence;  and  development  of  technical  meas- 
ures for  protecting  banks  from  destruction.  A  de- 
tailed engineering-geological  and  hydrogeological 
evaluation  of  reservoir  creation  in  Siberia  will 
make  it  possible  to  solve  not  only  socioeconomic 
problems  of  the  rational  disposition  of  facilities  in 
reservoir  zones  but  also  to  provide  measures  for 
protecting  the  existing  flora  and  fauna,  keeping  the 
air  and  water  clean,  and  protecting  the  subsurface 
hydrosphere  and  the  entire  geological  environ- 
ment. (Fish-PTT) 
W91-05302 


UNBIASED  ESTIMATION  OF  PROBABILITY 
WEIGHTED  MOMENTS  AND  PARTIAL 
PROBABILITY  WEIGHTED  MOMENTS 
FROM  SYSTEMATIC  AND  HISTORICAL 
FLOOD  INFORMATION  AND  THEHt  APPLI- 
CATION TO  ESTIMATING  THE  GEV  DISTRI- 
BUTION. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05434 


WATER-TABLE  FLUCTUATIONS  IN  WEATH- 
ERED CRYSTALLINE  ROCKS  IN  A  HIGH  AL- 
TITUDE HUMID  INTERTROPICAL  ZONE 
(HIGH  PLATEAUX  OF  MADAGASCAR)  (COM- 
PORTEMENT  PIEZOMETRIQUE  DES 
NAPPES  D'ALTERITES  EN  ZONE  INTERTRO- 
PICALE  HUMIDE  D'ALTTTUDE  (HALTS  PLA- 
TEAUX DE  MADAGASCAR)). 
Montpellier-2  Univ.  (France).  Lab.  d'Hydrogeolo- 
gie. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05442 


APPROXLMATTVE  TECHNIQUES  IN  THE 
OPERATIONAL  OPTIMIZATION  OF  THE 
MAHAWELI  RESERVOIR  SYSTEM  IN  SRI 
LANKA. 

Agricultural  Univ.,  Wageningen  (Netherlands). 
J.  J.  Bogardi,  M.  D.  U.  P.  Kularathna,  and  R. 
Harboe. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  167-176,  2  fig,  3  tab,  14  ref. 

Descriptors:  'Computer  programs,  'Mahaweli 
Reservoirs,  "Model  studies,  'Optimization,  'Reser- 
voir operation,  'Sri  Lanka,  'Tropical  hydrology, 
•Water  resources  management,  Dynamic  program- 
ming, Management  planning,  Simulation  analysis, 
Stochastic  analysis,  Tropical  regions. 

Stochastic  dynamic  programming  (SDP)  using  dis- 
cretized  state  and  decision  variables  has  been  found 
to  be  an  excellent  method  to  derive  operation 
strategies  for  reservoir  systems.  In  order  to  over- 
come the  dimensionality  problem  of  SDP,  inherent 
in  refined  discretization  and  consideration  of  multi- 
ple reservoirs,  simplifications  in  modeling  the  res- 
ervoir system  configuration  and/or  iterative  opti- 
mization techniques  can  be  applied.  The  main  cas- 


cade of  multipurpose  reservoirs  in  the  Mahaweli 
River  basin  will  serve  as  a  case  study  to  demon- 
strate the  viability  of  these  approximative  tech- 
niques. The  use  of  the  composite  reservoir  con- 
cept, sequential  optimization  of  subsystems  within 
the  cascade,  iterative  optimization/simulation  tech- 
niques considering  subsystems  and  individual  reser- 
voirs are  compared  with  the  three  reservoir  model 
taking  the  3  major  reservoirs  into  account  simulta- 
neously while  considering  Rantembe  as  a  run-of- 
the-river  power  plant.  Finally  the  efficiency  of  the 
SDP  models  is  compared  with  that  of  the  determi- 
nistic (incremental)  dynamic  programming  (IDP) 
using  the  maximization  of  total  annual  energy  gen- 
eration as  objective  function  and  irrigation  water 
demands  as  constraints.  (See  also  W91-05611)  (Au- 
thor's abstract) 
W9 1-05628 


REAL  TIME  OPERATION  OF  A  MULTIPUR- 
POSE RESERVOIR  DURING  TYPHOON  OC- 
CURRENCE. 

Agricultural  Univ.,  Wageningen  (Netherlands). 
J.  J.  Bogardi,  W.-C.  Huang,  and  R.  Harboe. 
IN:  Tropica]  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  177-186,  4  fig,  4  tab,  12  ref. 

Descriptors:  'Flood  control,  'Model  studies, 
•Multipurpose  reservoirs,  'Reservoir  operation, 
'Taiwan,  'Tropical  hydrology,  'Typhoons, 
'Water  resources  management,  Computer  pro- 
grams, Feitsui  Reservoir,  History,  Hydrologic 
models,  Management  planning,  Operational  Mode 
Switch,  Rainfall,  Simulation  analysis,  Storms, 
Tropical  regions. 

An  Operational  Mode  Switch  (OMS)  procedure 
was  developed  to  provide  a  systematic  framework 
for  decisions  about  whether  or  not  to  operate  in  a 
long-term  mode  (conservation/supply  type  of  op- 
eration) or  in  a  short-term  (flood  control  oper- 
ation) mode.  The  method  is  tested  in  a  case  study 
of  the  Feitsui  reservoir  in  Northern  Taiwan.  The 
OMS  system  is  activated  on  receiving  a  typhoon 
warning.  It  is  composed  of  a  simulation  model 
coupled  with  a  decision  model.  The  operation  of 
the  reservoir  is  simulated  with  deterministically 
forecasted  inflow  both  with  long-term  stochastic 
dynamic  programming  based  operational  policy 
and  with  an  adaptive  flood  control  release  policy 
aimed  at  reducing  the  flood  peak.  Operational  per- 
formance is  compared  in  terms  of  multi-attribute 
utilities.  The  viability  of  the  OMS-based  operation 
is  shown  by  rerunning  historical  typhoon  events  in 
a  pseudo  real-time  mode.  (See  also  W9 1-05611) 
(Lantz-PTT) 
W9 1-05629 


RESERVOIR  FILLING  PLANS  FOR  TROPI- 
CAL RESERVOIRS-A  CASE  STUDY. 

Army  Engineer  District,  Jacksonville,  FL. 
J.  Vearil,  and  J.  Miller. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  187-196,  2  fig,  5  tab,  12  ref. 

Descriptors:  'Case  studies,  'Cerrillos  Dam,  'Res- 
ervoir operation,  'Rockfill  dams,  'Tropical  hy- 
drology, 'Tropical  regions,  Bucana  River,  Flood 
control,  Hydrologic  models,  Management  plan- 
ning, Model  studies,  Portugues  River,  Puerto  Rico, 
Simulation  analysis,  Surface  water. 

The  US  Army  Corp  of  Engineers  is  currently 
constructing  the  Cerrillos  Dam,  a  feature  of  the 
Portugues  and  Bucana  Rivers  Project,  in  Puerto 
Rico.  When  completed,  this  zoned  rockfill  dam 
will  impound  waters  of  the  Cerrillos  River  to 
provide  flood  protection  and  water  supply  for  the 
downstream  areas.  Initial  reservoir  filling  is  com- 
plicated by  a  variety  of  constraints  including  hy- 
drologic characteristics  of  the  watershed,  hydrau- 


lic limitations  of  the  outlet  works,  geotechnical 
concerns  including  embankment  stability  and  rim 
leakage,  and  reservoir  clearing  requirements.  The 
reservoir  site  is  subject  to  flash  flooding,  due  to 
steep  slopes  in  the  mountainous  watersheds.  The 
Cerrillos  River  streamflow  is  highly  variable  and 
mostly  due  to  surface  water  runoff.  Reservoir 
inflow  is  low,  except  for  short  periods  of  very  high 
flow  during  floods.  Reservoir  filling  is  difficult  due 
to  the  characteristics  associated  with  the  tropical 
hydrology  of  the  region.  Reservoir  filling  was 
simulated  by  using  a  hydrologic  model  with  a 
period  of  record  streamflow  data  from  the  dam 
site,  and  was  useful  in  analyzing  the  impacts  and 
effects  of  the  various  filling  plans.  (See  also  W91- 
0561 1)  (Author's  abstract) 
W9 1-05630 


TESTING  STOCHASTIC  DYNAMIC  PRO- 
GRAMMING MODELS  CONDITIONED  ON 
OBSERVED  OR  FORECASTED  INFLOWS. 

Bureau     of    Environmental     Protection,     Taipei 

(Taiwan). 

For  primary  bibliographic  entry  see  Field  2E. 

W91-05788 


MODEL  FOR  INVESTMENT  APPRAISAL  OF 
GRASSLAND  DRAINAGE  SCHEMES  ON 
FARMS  IN  THE  U.K. 

AFRC  Inst,  of  Grassland  and  Animal  Production, 

Hurley  (England). 

K.  Dowle,  and  A.  C.  Armstrong. 

Agricultural  Water  Management  AWMADF,  Vol. 

18,  No.  2,  p  101-120,  July  1990.  6  fig,  9  tab,  32  ref. 

Descriptors:  'Computer  models,  'Drainage,  'Eng- 
land, 'Grasslands,  'Model  studies,  Agriculture, 
Controlled  drainage,  Drainage  programs,  Econom- 
ic evaluation,  Wales,  Water  management. 

A  model  was  constructed  for  investment  appraisal 
of  grassland  drainage  schemes  on  farms  in  England 
and  Wales.  The  model  is  based  on  an  empirical 
relationship  which  simulates  grass  production 
before  and  after  drainage.  Grass  growth  is  estimat- 
ed by  assuming  a  theoretical  maximum  growth 
rate,  which  is  modified  daily  for  nonoptimal  condi- 
tions of  temperature,  radiation,  nitrogen  fertilizer, 
weight  of  crop  and  water  balance.  The  difference 
in  the  amount  of  herbage  which  can  be  utilized 
before  and  after  drainage  is  also  valued.  Historical 
weather  data  for  a  given  site  are  used  to  estimate 
the  future  annual  benefits  to  the  site.  An  analysis  of 
the  future  discounted  costs  and  benefits  is  calculat- 
ed. The  experimental  basis  used  for  the  validation 
of  the  model  is  the  drainage  experiment  at  North 
Wyke,  Devon.  This  site  provides  a  detailed  record 
of  both  the  soil  water  regime  and  the  grass  produc- 
tion which  are  unique  in  England.  The  model  is 
intended  for  use  as  a  tool  by  those  making  deci- 
sions relating  to  drainage:  whether  to  drain  or  not 
drain,  and  what  the  benefits  of  drainage  (or  penal- 
ties for  non-drainage)  may  be.  The  results  of  this 
project  indicate  that  the  model  simulates  drained 
and  undrained  situations  reasonably  well.  One  limi- 
tation is  the  fact  that  the  model  can  only  consider 
situations  in  which  the  management  strategy  re- 
mains the  same  before  and  after  drainage.  (Au- 
thor's abstract) 
W91-05923 
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COMPUTER   METHODS   FOR   EVALUATING 
WELLHEAD  PROTECTION  AREAS. 

For  primary  bibliographic   entry  see  Field   5G. 
W91-05153 


SUBSTITUTING  CLIMATE  FOR  GROUND- 
WATER EM  AQUACULTURE:  THE  POTEN- 
TIAL FOR  CONSERVATION  IN  THE  SOUTH- 
EASTERN UNITED  STATES. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Agricultural  and  Biological  Engineering. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-05 157 
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GROUND-WATER  MANAGEMENT  PROB- 
LEMS IN  THE  NORTH  CENTRAL  COAST  OF 
PUERTO  RICO. 

Puerto  Rico  Dept.  of  Natural  Resources,  San  Juan. 
S.  N.  Salgado,  and  F.  I.  Aponte. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  19-29,  2  fig,  1  tab,  2  ref. 

Descriptors:  'Groundwater  management, 

•Groundwater  protection,  'Groundwater  re- 
sources, 'Management  planning,  'Puerto  Rico, 
'Tropical  hydrology,  'Water  use,  Aquifers,  Com- 
peting use,  Drinking  water,  Economic  aspects, 
Groundwater  quality.  Landfills,  Regulations,  Ur- 
banization, Waste  management,  Water  resources 
development. 

An  analysis  of  the  groundwater  management  prob- 
lems in  the  North  Central  Coast  of  Puerto  Rico 
was  undertaken  because  of  the  necessity  for  con- 
serving and  using,  in  an  optimum  manner,  ground- 
water resources  for  the  public  benefit,  for  the 
economic  development  of  this  study  area  and  for 
the  urgency  of  establishing  proper  planning  for  the 
resource.  The  study  area  consists  of  the  municipali- 
ties of  Manati  and  Barceloneta  on  the  north  central 
coast  of  Puerto  Rico.  This  area  has  been  heavily 
developed  because  of  the  large  quantity  of  quality 
groundwater,  but  it  has  consumed  a  large  quantity 
of  this  groundwater.  It  is  believed  that  the  situation 
will  worsen  if  no  action  is  taken.  The  aquifer 
provides  the  only  source  of  water  for  all  of  the 
various  economic  activities  in  this  area.  Recom- 
mendations for  future  management  approaches  in- 
clude: (1)  that  a  system  for  prioritizing  the  use  of 
groundwater  resources  be  established  for  all  the 
users  in  the  area;  (2)  that  a  new  industrial  policy  be 
developed  that  would  enforce  the  regions  of  stor- 
age, promote  new  methods  for  reducing  the  gen- 
eration of  hazardous  wastes,  promote  the  substitu- 
tion of  chemical  substances  that  can  threaten 
public  health,  and  encourage  efficient  use  of  the 
groundwater  resources  and  reuse  of  wastewaters; 
(3)  that  more  restrictive  drinking  water  standards 
be  established  for  groundwater;  (4)  that  current  use 
of  groundwater  in  the  areas  be  determined;  (5)  that 
an  attempt  be  made  to  rescue  the  aquifer  recharge 
areas,  in  particular  those  of  the  artesian  aquifer;  (6) 
that  users  be  made  more  aware  of  the  vulnerability 
and  sensitivity  of  the  aquifer  as  soon  as  possible, 
both  through  education  and  mass  media;  (7)  that 
the  amount  of  water  available  and  the  exact  loca- 
tion of  the  most  productive  areas  be  quantified;  (8) 
that  coordination  between  the  EPA  and  the  Puerto 
Rico  Environmental  Quality  Board  in  the  manage- 
ment and  control  of  hazardous  substances  be  im- 
proved; (9)  that  sanitary  landfills  be  located  such 
that  wastes  are  not  deposited  nor  stored  in  aquifer 
recharge  areas;  and  (10)  that  plaguicide  and  herbi- 
cide use  by  pineapple  farmers  be  carefully  moni- 
tored and  reduced  whenever  possible.  (See  also 
W9 1-0561 1)  (Lantz-PTT) 
W9 1-056 14 


SIGNIFICANCE  OF  CHEMICAL  BOUND- 
ARIES TO  GROUND-WATER  MANAGEMENT 
OF  COASTAL  AQUD7ERS. 

Geological  Survey,  Reston,  VA. 
W.  Back,  and  J.  S.  Herman. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  31-38,  20  ref. 

Descriptors:  'Coastal  aquifers,  'Geochemistry, 
•Groundwater  management,  'Saline  water  intru- 
sion, 'Saline-freshwater  interfaces,  'Tropical  hy- 
drology, 'Water  quality,  Boundary  layers, 
Groundwater  movement.  Groundwater  quality, 
Hydraulic  head,  Land  use,  Mixing,  Permeability, 
Porosity,  Tropical  regions,  Water  chemistry. 

One  of  the  characteristics  of  tropical  hydrology  is 
the  great  number  of  islands  in  the  tropical  regions 


of  the  world.  Because  islands  have  a  great  ratio  of 
coastline  to  land  area,  coastal  phenomena  have  a 
far  greater  scientific  and  managerial  significance 
for  islands  than  for  large  land  masses.  For  many 
coastal  aquifers,  the  downgradient  boundary  of  the 
freshwater  system  is  commonly  a  chemical  bound- 
ary, imposed  by  seawater  encroachment  into  the 
aquifer.  That  interface  represents  a  highly  dynamic 
zone  in  which  freshwater,  ocean  water,  and  the 
resulting  mixed  water  come  in  contact  with  the 
aquifer  material.  Geochemical  reactions  that  occur 
as  a  result  of  mixing  water  with  different  chemical 
compositions  can  significantly  alter  the  distribution 
of  porosity  and  permeability  in  the  aquifer.  The 
position  of  the  interface  determines  the  availability 
and  quantity  of  fresh  groundwater  resources.  The 
landward  extent  of  saltwater  intrusion  is  controlled 
largely  by  the  magnitude  and  distribution  of  fresh- 
water head.  Land  use  practices  that  diminish  the 
freshwater  head  can  lead  to  degradation  of  quanti- 
ty and  quality  of  freshwater.  Many  tropical  islands 
are  developing  nations  with  a  high  rate  of  popula- 
tion growth.  Exploitation  of  natural  resources  will 
increase  to  meet  demand  and  can  have  adverse 
effects  on  the  groundwater  supply.  Potentially, 
deleterious  practices  and  activities  include  defor- 
estation, drainage,  paving,  and  upgradient  dam- 
ming of  streams.  Because  of  the  susceptability  of 
coastal  aquifers  to  saltwater  encroachment  and 
other  contamination,  water  management  problems 
are  difficult  and  complex.  However,  the  challenges 
can  be  met  by  formulation  of  policy  and  plans 
based  on  sound  geohydrologic  principles.  (See  also 
W9 1-0561 1)  (Author's  abstract) 
W9 1-056 15 


DEVELOPMENT  OF  AN  AQUIFER  MANAGE- 
MENT MODEL:  AQMAN3D. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  Civil  Engi- 
neering. 

J.  C.  Puig,  L.  I.  Rolon-Collazo,  and  I.  Pagan- 
Trinidad. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  Internationa]  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  39-48,  4  fig,  2  tab,  4  ref. 

Descriptors:  'AQMAN  models,  'Aquifers,  'Com- 
puter programs,  'Confined  aquifers,  'Groundwat- 
er management,  'Groundwater  movement, 
•Model  studies,  *Tropical  hydrology,  Aquifer  sys- 
tems, Data  interpretation,  Hydrologic  models, 
Mathematical  models,  Simulation  analysis,  Water 
resources  management. 

A  computer  code  that  enables  the  use  of  the  USGS 
Modular  groundwater  flow  model  for  aquifer  man- 
agement modeling  has  been  developed.  Aquifer 
management  techniques  integrate  groundwater 
flow  modeling  with  linear  quadratic  optimization 
methods  for  the  solution  of  various  aquifer  man- 
agement problems.  The  model  AQMAN3D,  is  a 
modified  version  of  a  previously  developed  two- 
dimensional  AQMAN  model.  The  idea  of  coupling 
the  AQMAN  model  with  the  MODULAR  model 
arose  because  actual  groundwater  flow  systems 
behave  in  a  three  dimensional  manner,  therefore 
requiring  treatment  as  such,  and  due  to  the  wide- 
spread use  of  MODULAR.  The  use  of  the 
AQMAN3D  model  permits  the  implementation  of 
the  technique  known  as  aquifer  management  mod- 
eling. A  generalized  approach  to  obtain  an  optimal 
solution  to  an  aquifer  management  problem  is  pro- 
posed, and  a  sample  test  problem  is  presented  to 
illustrate  the  use  of  the  model.  Even  though  the 
model  provides  the  hydrologist  with  a  new  and 
powerful  investigative  tool,  its  applicability  is  lim- 
ited to  confined  or  quasiconfined  systems.  (See  also 
W91-0561 1)  (Author's  abstract) 
W91-05616 


WELLHEAD  PROTECTION:  AN  APPROACH 
TO  PRESERVATION  OF  PUBLIC-WATER 
SUPPLDZS. 

Environmental    Protection    Agency,    New    York. 

Office  of  Ground-Water  Management. 

J.  S.  Malleck,  and  M.  Albino. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 


sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  49-60,  4  fig,  8  ref. 

Descriptors:  'Administrative  agencies,  'Environ- 
mental protection,  'Groundwater  management, 
•Public  policy,  •Puerto  Rico,  *Tropical  hydrolo- 
gy, 'Water  supply,  'Wellhead  protection,  Eco- 
nomic aspects,  Groundwater  quality,  Interagency 
cooperation,   Land  use,  Legislation,  Regulations. 

A  Wellhead  Protection  Program  has  been  drafted 
and  proposed  by  the  Environmental  Quality 
Board,  the  proposed  lead  environmental  agency 
for  the  Commonwealth  of  Puerto  Rico.  Aspects  of 
the  US  EPA  Wellhead  Protection  Program,  such 
as  statute,  technical  considerations  and  implemen- 
tation and  management  are  addressed.  Historical 
and  present  land  use  inventories  are  also  identified. 
Demographic  and  economic  realities  of  the  land 
will  necessarily  shape  the  formulation  and  subse- 
quent implementation  of  the  wellhead  protection 
strategy.  In  areas  with  limited  economic  and  land 
resources,  their  most  effective  use  needs  to  be 
achieved  in  order  to  attain  effective  protection 
goals.  Deterioration  of  drinking  water  supplies  and 
a  growing  population  may  require  planning  and 
protection  strategies  which  address  future  develop- 
ment of  untapped  groundwater  resources.  Imple- 
menting a  Wellhead  Protection  Program  requires  a 
multifaceted  focus.  There  are  complex  technical 
issues,  management  issues,  and  negotiated  decisions 
that  must  be  addressed.  Implementation  requires 
the  ability  to  gather,  analyze,  use,  and  share  large 
amounts  of  information  on  geology,  hydrology, 
public  law,  political  climate,  and  other  matters. 
The  environmental  agency's  sister  agencies  that 
deal  with  public  health,  planning,  and  related  mat- 
ters, should  also  be  involved.  (See  also  W91-0561 1) 
(Lantz-PTT) 
W91-05617 


PROBLEMS  OF  GROUND-WATER  DEVELOP- 
MENT IN  SMALL  VOLCANIC  ISLANDS  IN 
THE  EASTERN  CARIBBEAN. 

British  Geological  Survey,  Wallingford  (England). 

Hydrogeology  Research  Group. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05637 


APPLICATION  OF  GROUND-WATER  ARTIFI- 
CIAL RECHARGE  IN  A  BRACKISH/SALT- 
WATER ENVIRONMENT. 

CH2M  Hill,  Deerfield  Beach,  FL. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-05649 


ARTIFICIAL  GROUND-WATER  RECHARGE, 
VENTURA  COUNTY,  CALIFORNIA. 

Banner  Associates,  Inc.,  Grand  Junction,  CO. 
B.  R.  Rose. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  387-393,  2  fig,  1  tab. 

Descriptors:  'Artificial  recharge,  'California, 
•Groundwater  management,  'Groundwater  re- 
charge, 'Operating  policies,  'Tropical  hydrology, 
•Water  use,  Groundwater  level,  Groundwater 
quality,  Groundwater  resources,  Industrial  water, 
Irrigation,  Saline  water  intrusion,  Ventura  County, 
Water  supply. 

For  more  than  60  years,  the  United  Water  Conser- 
vation District  and  its  predecessor  district  have 
recharged  seven  groundwater  basins  in  Ventura 
County,  California,  with  more  than  2,500,000  acre- 
ft/year  of  runoff  water  to  maintain  groundwater 
levels  and  quality,  and  control  seawater  intrusion. 
The  district  operates:  a  90,000  acre-ft  reservoir;  a 
hydroelectric  generating  plant;  three  spreading 
grounds;  a  river  diversion  structure;  a  well  field, 
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reservoir,  booster  plant,  and  pipeline  for  municipal 
and  industrial  water;  an  irrigation-water  pipeline 
and  regulating  reservoir;  and  a  surface  and  ground- 
water system  to  retard  seawater  intrusion.  Experi- 
ence has  revealed  three  significant  factors  which 
are  critical  for  optimizing  infiltration  rates:  (1)  use 
of  recharge  water  that  is  low  in  suspended  solids, 
(2)  scheduling  of  spreading-pond  use  to  allow  a 
wet/dry  cycle,  and  (3)  maintaining  the  ponds  in 
the  best  possible  condition  to  receive  water.  (See 
also  W91-0561 1)  (Author's  abstract) 
W9 1-05650 


SILTATION  OF  RESERVOIRS  IN  AGRICUL- 
TURAL WATERSHEDS  DETERMINED  USING 
RADIOISOTOPE  TECHNIQUES. 

Agricultural     Research     Service,     Durant,     OK. 
Water  Quality  and  Watershed  Research  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05658 


NUMERICAL     SIMULATION     OF     SUBSUR- 
FACE-WATER RISE  IN  KUWAIT  CITY. 

Kuwait  Inst,  for  Scientific  Research,  Safat. 
For  primary  bibliographic  entry  see  Field  2F. 
W91-05825 

4C.  Effects  On  Water  Of 
Man's  Non- Water 
Activities 


EXTENDING  THE  CAPABILITY  OF  THE 
COMPONENT  INTERACTION  MATRIX  AS  A 
TECHNIQUE  FOR  ADDRESSING  SECOND- 
ARY IMPACTS  IN  ENVIRONMENTAL  AS- 
SESSMENT. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Envi- 
ronmental and  Geographical  Science. 
For  primary  bibliographic  entry   see  Field   6G. 
W9 1-04965 


OIL  AND  GAS  ACTIVnY  AND  LOUISIANA 
WETLAND  LOSS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Eco- 
nomics. 
G.  Foy. 

Journal  of  Environmental  Management 
JEVMAW,  Vol.  31,  No.  3,  p  289-297,  October 
1990.  3  fig,  4  tab,  15  ref. 

Descriptors:  'Environmental  impact,  'Louisiana, 
•Natural  gas,  'Offshore  platforms,  *Oil  industry, 
•Wetlands,  Environmental  effects,  Environmental 
monitoring,  Erosion,  Model  studies. 

Two  different  methods  were  used  to  estimate  the 
contribution  of  oil  and  gas  activity  in  the  Louisiana 
coastal  zone  and  federal  outer  continental  shelf 
region  to  Louisiana  wetland  loss  in  the  period 
1955-1980.  The  first  method  uses  wetland  scien- 
tists' consensus  estimates  of  total  oil  and  gas  in- 
duced wetland  loss  to  determine  the  average  oil 
and  gas  related  wetland  loss  per  thousand  barrels 
of  oil-gas  equivalent,  and  per  well.  Oil  and  gas 
wetland  loss  was  also  estimated  by  a  time  series 
method  which  did  not  use  consensus  estimates. 
This  method's  primary  defect  is  the  omitted  vari- 
able problem.  The  time  series  estimates  using  pro- 
duction and  well  data  respectively  were  0:0060 
acres/thousand  barrels  and  1:1797  acres  per  well. 
These  were  similar  to  the  lower  bound  average 
estimates  of  0:0060  acres/thousand  barrels  and  1- 
3658  acres/well.  This  similarity  provides  some  sup- 
port for  the  results  of  these  two  methods  in  an  area 
of  great  uncertainty.  (Lantz-PTT) 
W9 1-04966 


MICROBIOLOGY  AND  WATER  CHEMISTRY 
OF  TWO  NATURAL  SPRINGS  IMPACTED  BY 
GRAZING  IN  SOUTH  CENTRAL  NEVADA. 

Nevada  Univ.,   Las  Vegas.   Dept.   of  Biological 

Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-05204 


RAIN-RUNOFF     PARAMETERS      FOR     SIX 
SMALL  GAUGED  URBAN  CATCHMENTS. 

Technical  Univ.  of  Denmark,  Lyngby.  Dept.  of 

Sanitary  Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 

W91-05381 


EFFECT  OF  DEICING  SALTS  ON  TRACE 
METAL  MOBILITY  IN  ROADSIDE  SOILS. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 
C.  Amrhein,  and  J.  E.  Strong. 
Journal  of  Environmental  Quality  JEVQAA,  Vol. 
19,  No.  4,  p  765-772,  Oct-Dec  1990.  8  fig,  2  tab,  26 
ref. 

Descriptors:  *Deicers,  'Environmental  effects, 
•Highway  effects,  'Highway  icing,  *Path  of  pol- 
lutants, *Trace  metals,  Biodegradation,  Cadmium, 
Corrosion  control,  Leaching,  Lead,  Soil  chemistry, 
Toxicity. 

Calcium  magnesium  acetate  (CMA)  (Ca  0.3  Mg  0.7 
(C2H302)2)  is  being  used  as  an  alternative  to  NaCl 
for  deicing  highways.  CMA  is  an  effective  deicer, 
handles  well,  biodegrades,  is  less  toxic  to  aquatic 
life,  and  is  less  corrosive  than  CI  salts.  There  is 
some  concern,  however,  that  CMA  may  increase 
the  mobility  of  certain  trace  metals  from  roadside 
soils.  Roadside  soils  were  collected  from  around 
the  USA  from  high-traffic  and  high-salt  use  areas. 
These  soils  were  characterized  for  total  trace  metal 
content  as  well  as  important  chemical  and  physical 
parameters.  Studies  were  carried  out  to  determine 
(i)  the  effect  of  CMA  decomposition  on  Pb  and  Cd 
concentrations  in  as  aqueous  system  (no  soil),  (ii) 
changes  in  major  and  minor  element  chemistry  in 
soils  incubated  with  NaCl  and  CMA  solutions,  and 
(iii)  the  mobility  of  trace  metals  from  soil  columns 
leached  with  solutions  of  deicing  chemicals  and/or 
H20.  Microbial  decomposition  of  the  acetate  re- 
sulted in  increased  pH,  CaC03  or  CdCo3  precipi- 
tation. There  was  no  difference  in  trace  metal 
solubility  in  soils  treated  with  H20  or  10  mmol/L 
CMA  or  NaCl  (average  runoff  concentration). 
Trace  metal  concentrations  were  initially  high  in 
soils  treated  with  100  mmol/L  solutions  of  deicing 
salts  but  concentrations  decreased  with  time  due  to 
adsorption  or  precipitation  reactions.  The  leachabi- 
lity  of  Pb  from  soil  columns  was  strongly  correlat- 
ed with  organic  matter  solubilization.  Soils  leached 
with  NaCl  followed  by  distilled  water  had  reduced 
permeabilities  as  compared  to  CMA-leached  soils. 
It  appears  the  effect  of  CMA  on  trace  metal  mobil- 
ity in  roadside  soils  should  generally  be  beneficial. 
(Author's  abstract) 
W9 1-05408 


INCREASE  OF  EARLY  RAINS  IN  SOUTHERN 
ISRAEL  FOLLOWING  LAND-USE  CHANGE. 

Tel-Aviv  Univ.  (Israel). 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-05409 


MODELLING  STREAM  ACIDIFICATION  IN 
AFFORESTED  CATCHMENTS:  AN  ASSESS- 
MENT OF  THE  RELATIVE  EFFECTS  OF  ACID 
DEPOSITION  AND  AFFORESTATION. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5C. 
W91-05437 


HYDROLOGICAL  RESPONSES  TO  URBAN- 
IZATION IN  FORESTED  LANANA  CREEK 
WATERSHED  NACOGDOCHES,  TEXAS. 

Stephen  F.  Austin  State  Univ.,  Nacogdoches,  TX. 
School  of  Forestry. 
M.  Chang,  and  A.  K.  Sayok. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  131-140,  5  fig,  1  tab,  7  ref. 

Descriptors:  'Environmental  effects,  'Forest  hy- 
drology, 'LaNana  Creek,  'Rainfall-runoff  relation- 
ships, 'Texas,  'Tropical  hydrology,  'Urban  hy- 


drology, 'Urbanization,  'Water  resources  develop- 
ment, Flood  peak,  Flow  profiles,  Forest  water- 
sheds, Streamflow,  Urban  runoff. 

Twenty-year  (1965-84)  USGS  streamflow  records 
for  LaNana  Creek  in  East  Texas  were  broken 
down  into  2  periods,  an  early  period  (1965-72)  with 
little  development,  and  a  recent  period  (1973-84) 
with  rapid  urban  development.  A  mass  curve  gen- 
erated by  plotting  accumulated  annual  streamflow 
against  accumulated  annual  precipitation  revealed 
a  significant  difference  in  annual  streamflow  be- 
tween these  two  periods.  Simple  statistics  showed 
that  the  average  annual  streamflow  of  the  recent 
period  was  143  mm  higher  than  that  of  the  early 
period  and  was  not  totally  attributable  to  differ- 
ences in  precipitation  and  temperature.  Using  a 
hydroclimatic  calibration  model  for  the  early 
period,  LaNana  Creek  streamflow  was  estimated 
to  have  increased  85.2  mm/year  due  to  urbaniza- 
tion. Median  daily  flow  was  0.07  cms  for  the  early 
period  versus  0.20  cms  for  the  recent  period.  The 
recent  period  had  a  greater  frequency  of  high 
flows,  a  smaller  frequency  of  low  flows  and  the 
monthly  and  annual  maximum  daily  streamflows 
were  greater.  If  storm  characteristics  were  similar, 
peak  flow  is  higher  and  direct  runoff  is  greater  in 
the  recent  period.  The  effects  of  urbanization  on 
streamflow  regimes  in  LaNana  Creek  were  influ- 
enced by  the  short  distance  of  the  urbanized  area 
to  the  gaging  station,  the  sandy  soils,  and  the 
destruction  of  forest  environment.  There  were  no 
significant  changes  in  climatic  conditions  during 
the  20-year  period.  (See  also  W91-05611)  (Lantz- 
PTT) 
W9 1-05625 


LAND  DEVELOPMENT  AND  WATER  QUAL- 
ITY: THE  CAYMAN  ISLANDS  STUDY. 

Tennessee  Univ.,  Knoxville. 
G.  E.  Bowen,  and  T.  R.  Gangaware. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  443-453,  5  fig,  13  ref. 

Descriptors:  'Cayman  Islands,  'Corals,  'Ecosys- 
tems, 'Land  development,  'Land  use,  'Tropical 
hydrology,  'Urban  hydrology,  'Water  pollution 
sources,  'Water  quality,  Case  studies,  Erosion,  Is- 
lands, Potable  water,  Runoff,  Urbanization,  Water 
resources  management,  Wetlands,  Wetlands  resto- 
ration. 

Teams  of  planners,  ecologists,  engineers  and  busi- 
ness students  from  the  University  of  Tennessee 
studied  the  relationship  between  economic  devel- 
opment and  environmental  protection  in  the 
Cayman  Islands.  They  found  the  most  interrelated 
elements  were  land  development  and  water  qual- 
ity, with  specific  factors  such  as:  water  lenses  and 
potable  water  supply,  stormwater  runoff  and  ero- 
sion, wetlands  and  swampland  reclamation,  and 
water  clarity  and  reef  ecology.  The  overall  conclu- 
sion of  the  assessments  was  that  the  terrestrial  and 
coral  ecologies  are  interrelated  with  and  dependent 
on  water  quality.  The  health  of  the  coral  reefs  are 
related  to  the  preservation  of  swamplands.  Potable 
water  is  dependent  on  land  development  practices, 
waste  disposal  practice  and  swamp  hydrology. 
Beach  erosion  is  related  to  storm  water  removal, 
land  development  practices  and  reef  decomposi- 
tion. In  the  Caymans  the  mangrove  swamps  are 
ecologically  productive  and  environmentally  sensi- 
tive. Swampland  reclamation  and  dredging  are  cre- 
ating irreversible  environmental  damage  to  reef 
ecology.  (See  also  W91-05611)  (Author's  abstract) 
W91-05656 


U.S.  ARMY  LAND  CONDITION/TREND 
ANALYSIS  OF  THE  POHAKULOA  TRAINING 
AREA,  HAWAII. 

Colorado    State    Univ.,    Fort    Collins.    Dept.    of 

Range  Science. 

R.  B.  Shaw,  C.  M.  Bern,  K.  A.  Schulz,  V.  E. 

Diersing,  and  D.  J.  Tazik. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
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sources.  Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  455-464,  4  fig,  14  ref. 

Descriptors:  'Environmental  effects,  'Hawaii, 
•Land  use,  'Military  reservations,  'Monitoring, 
•Pohakuloa  Training  Area,  'Tropical  hydrology, 
Ecosystems,  Erosion,  Islands,  Land  development, 
Munitions  wastes,  Tropical  regions. 

Currently,  the  US  Army  Land  Condition/Trend 
Analysis  Program  (LCTA)  is  being  initiated  at  13 
installations  worldwide.  LCTA  is  designed  to  in- 
ventory vegetation  and  soil  resources,  to  classify 
lands  as  to  the  kind  and  amount  of  use  they  can 
support,  and  to  monitor  the  type  and  degree  of  use 
they  receive.  The  Pohakula  Training  Area,  Hawaii 
(PTA)  is  used  as  an  example  of  how  LCTA  can  be 
applied  to  a  tropical  ecosystem.  Approximately 
4%  of  the  installation  outside  of  the  ordinance 
impact  area  has  been  disturbed  by  military  training. 
Most  of  this  military  disturbance  is  at  fixed  firing 
points,  bivouac  sites,  and  unimproved  roads.  Dis- 
turbance by  feral  animals  and  hunting  had  the 
highest  incidence  of  non-military  land  use.  About 
96%  of  the  land  available  for  training  at  PTA 
showed  no  disturbance  by  military  activities.  Wind 
and  water  erosion  do  not  seem  to  be  a  major 
problem  at  PTA.  Evidence  of  wind  erosion  was 
found  on  13%  of  the  area,  while  incidence  of 
water  erosion  occurred  on  only  1 1  %  of  the  area. 
Plans  are  to  continue  to  monitor  military  land  use 
and  changes  in  botanical  composition  due  to  train- 
ing impacts.  (See  also  W91-05611)  (Author's  ab- 
stract) 
W91-05657 


ENVIRONMENTAL  ASSESSMENT  OF 
HUMAN  INTERFERENCE  ON  THE  NATURAL 
PROCESSES  AFFECTING  THE  BARRIER 
BEACHES  OF  LONG  ISLAND,  NEW  YORK. 

Hofstra  Univ.,  Hempstead,  NY.  Dept.  of  Geology. 
F.  Wolff. 

Northeastern  Environmental  Science  NOESDE, 
Vol.   8,  No.  2,  p   119-134,   1989.   10  fig,  73  ref. 

Descriptors:  'Barrier  islands,  'Coastal  zone  man- 
agement, 'Environmental  impact,  'Land  develop- 
ment, 'New  York,  Bays,  Beach  erosion,  Beaches, 
Dredging,  Dunes,  Erosion  control,  Estuarine  envi- 
ronment, Natural  resources,  Shore  protection, 
Shores. 

Development  of  the  urban  and  suburban  communi- 
ties on  the  Long  Island,  New  York,  barrier  beaches 
led  to  the  recognition  of  coastal  erosion  problems 
50  years  ago,  and  to  the  use  of  structural  and 
nonstructural  methods  to  promote  stabilization  in 
areas  that  have  such  problems.  Transgressive  bar- 
rier islands,  during  a  time  of  rising  sea  level,  need 
to  periodically  undergo  inlet  breaching  and  dune 
overwash  during  major  storms  to  develop  the  bay 
marsh  for  landward  migration  of  all  of  the  environ- 
ments on  the  island.  The  determination  of  inhabit- 
ants to  promote  stabilization  and  prevent  these 
natural  processes  from  occurring  has  only  aggra- 
vated the  coastal  erosion  problems.  There  is  less 
likelihood  of  landward  sand  migration  in  the  short- 
term,  but  a  greater  possibility  for  lateral  and  off- 
shore sand  movement  in  the  long-term.  An  exami- 
nation of  early  and  recent  maps,  recent  aerial  pho- 
tographs, and  field  observations  shows  that  the 
original  narrow,  sinuous,  and  elongate  barrier  with 
low  dunes  has,  with  the  onset  of  stabilization  and 
dredging  efforts,  been  widened  and  filled  in  on  the 
bay  side  and  eroded  and  truncated  along  the  sea- 
ward margin.  Most  areas  will  need  to  undergo 
extensive  narrowing  (i.e.,  further  beach  and  dune 
erosion)  before  overwash  deposition  and  inlet  for- 
mation can  again  enable  the  natural  landward  bar- 
rier island  migration.  The  best  long-term  solution 
for  these  barrier  islands  is  the  abandonment  of  the 
beach-dune-washover  environment  whenever  man- 
made  structures  are  destroyed  by  storms,  the  low- 
ering of  dune  elevations  in  some  areas,  the  opening 
of  new  inlets,  and  the  reestablishment  of  the  back- 
barrier  marshes  by  either  natural  or  artificial 
means.  This  would  enable  the  'leap-frog'  process 
that  would  be  commensurate  with  natural  barrier 
island  migration.  (Author's  abstract) 


W9 1-05797 


PARTICLE  TRACKING  ANALYSIS  OF  RE- 
CHARGE AREAS  ON  LONG  ISLAND,  NEW 
YORK. 

Geological  Survey,  Trenton,  NJ. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05822 


NUMERICAL     SIMULATION     OF     SUBSUR- 
FACE-WATER RISE  IN  KUWAIT  CITY. 

Kuwait  Inst,  for  Scientific  Research,  Safat. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05825 


IMPACT  OF  MAN. 

Johns  Hopkins  Univ.,  Baltimore,  MD. 

M.  G.  Wolman. 

EOS   EOSTAJ,   Vol.   71,   No.   52,   p    1884-1886, 

December  25,  1990.  3  fig,  1  tab. 

Descriptors:  'Environmental  effects,  'Hydrologic 
budget,  'Industrial  development,  'Urbanization, 
•Water  resources  development,  Agriculture,  Chan- 
nel accretion,  Consumptive  use,  Ecological  effects, 
Land  use,  Nutrients,  Reservoirs,  Riparian  waters, 
Sediment  transport,  Water  pollution  effects. 

There  is  no  doubt  that  mankind  is  now  altering  the 
Earth  significantly  and  that  no  part  of  the  global 
system  is  immune.  The  envelope  of  air  surrounding 
the  globe,  the  oceans-which  cover  about  70%  of 
the  surface-the  land  surface,  the  subsurface,  and 
the  biosphere  all  feel  the  impact  of  man.  The 
transformation  from  agriculture  to  industry  in  the 
modern  world  is  seen  in  the  rapid  rise  of  urbaniza- 
tion along  with  technology  and  industry.  For  ex- 
ample, in  Latin  American  the  urbanized  population 
exceeds  80%.  Even  in  China  and  India,  clearly 
agricultural  countries,  more  than  20%  of  the  popu- 
lation live  in  urban  areas.  This  combination  of 
energy-utilizing  technology,  urbanization,  and  pop- 
ulation growth  imposes  formidable  demands  on  the 
global  system.  Agriculture  and  reservoir  construc- 
tion have  markedly  altered  the  hydrologic  balance 
of  the  globe.  Since  1680,  the  base  flow  of  rivers  has 
increased  on  the  order  of  20%,  while  surface 
runoff  has  decreased  by  about  16%  and  total 
runoff  by  6%.  The  estimated  increase  in  consump- 
tive use  of  water  for  irrigation  has  been  roughly 
300-fold  in  a  similar  period.  Reservoirs  not  only 
alter  the  water  regime  of  rivers,  they  alter  the 
riverine  landscape  as  well.  In  the  United  States  the 
channel  bed  downstream  from  major  reservoirs 
and  dams  has  been  lowered  about  1-5  m.  Channels 
starved  of  the  sediments  trapped  in  the  reservoirs 
erode  their  banks,  often  for  hundreds  of  miles 
downstream.  Similar  conditions  have  been  ob- 
served in  many  other  parts  of  the  world.  Where 
the  bed  is  lowered,  the  hydrology  and  ecology  of 
the  bottomlands  are  markedly  altered,  and  man- 
made  works  such  as  bridge  piers,  water  intakes, 
and  buildings  may  be  undermined.  Water  pollution 
of  rivers,  lakes,  estuaries,  and  oceans  is  increasing 
in  most  parts  of  the  world.  While  improvement  in 
selected  reaches  of  rivers  is  evident,  for  example, 
in  the  Potomac,  Hudson,  and  Delaware  rivers, 
progress  is  limited  over  many  areas  as  industrializa- 
tion and  changes  in  land  use  impact  rivers  of  the 
world.  Levels  of  nutrients  supplied  to  coastal 
waters  of  the  United  States  have  increased  by 
several  tens  of  percent.  (Rochester-PTT) 
W9 1-05872 


ENVIRONMENTAL  IMPACT  OF  GOLD 
MINING  INDUSTRY  IN  GHANA. 

Ghana  Univ.,  Legon.  Dept.  of  Physics. 

S.  A.  Bamford,  E.  Osae,  I.  Aboh,  C.  A.  Biney,  and 

L.  A.  Antwi. 

Biological   Trace   Element   Research    BTERDG, 

Vol.  26/2,  p  279-285,  July/December  1990,  3  fig,  3 

tab,  7  ref. 

Descriptors:  'Environmental  impact,  'Ghana, 
•Gold  mining,  'Mine  wastes,  •Path  of  pollutants, 
•Sediment  contamination,  *Water  pollution 
sources,  Atomic  adsorption  spectroscopy,  Heavy 
metals,  Particulate  matter,  River  sediments,  X-ray 
fluorescence. 


Gold  ore  and  gold  tailings  are  some  of  the  identi- 
fied pollution  sources  in  the  gold-mining  industry. 
X-ray  fluorescence  (XRF)  analysis  and  atomic  ab- 
sorption spectrophotometry  (AAS)  were  used  in 
assessing  heavy  metal  pollution  from  some  gold 
mines  in  Ghana.  The  presence  and  levels  of  heavy 
metals  in  gold  ore,  gold  tailings,  inland  waters,  and 
river  sediments  were  determined.  Using  these  tech- 
niques, the  heavy  metals:  Cr,  Mn,  Fe,  Cu,  Zn,  As, 
Pb,  Rb,  Sr,  Y,  Zr,  and  Nb  were  identified  in  some 
of  the  solid  samples  within  a  concentration  range 
of  0.08  ppm-4.9%.  However,  the  inland  waters 
showed  the  presence  of  only  Fe  and  Zn  at  levels  of 
0.08-2.4  micrograms/ml.  This  indicates  that  most 
of  the  heavy  metal  pollutants  exist  in  particulate 
form  and  do  not  go  into  solution,  but  rather  settle 
into  the  sediments  of  the  inland  waters.  (Author's 
abstract) 
W91-05896 


4D.  Watershed  Protection 


OCCURRENCE  OF  VEGETATED  BUFFER 
ZONES  ALONG  BROOKS  IN  THE  CATCH- 
MENT AREA  OF  LAKE  TUUSULANJARVI, 
SOUTH  FINLAND. 

For  primary  bibliographic  entry  see  Field  5G 
W9 1-05064 


VEGETATED  BUFFER  ZONE  EXAMINA- 
TIONS ON  THE  VANTAA  RIVER  BASIN. 

Water  Protection  Association  of  the  Vantaa  River 

and  Helsinki  District  (Finland). 

H.  Ahola. 

Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  65-69, 

1990.  2  fig,  11  ref. 

Descriptors:  'Buffer  zones,  'Catchment  areas, 
•Erosion  control,  'Finland,  'Vantaa  River, 
'Water  pollution  control,  Agricultural  runoff, 
Bank  erosion,  Nonpoint  pollution  sources,  Stream 
banks,  Vegetation. 

The  vegetated  buffer  zone  is  one  way  reducing  the 
non-point  pollution  load  caused  by  agriculture. 
The  Water  Protection  Association  of  the  Vantaa 
River  and  Helsinki  District  (Finland)  currently  has 
a  study  project  of  vegetated  buffer  zones  in 
progress.  The  project  aims  to  find  methods  of 
examining  vegetated  buffer  zones  and  erosion  of 
river  banks,  to  test  those  methods  in  practice,  and 
to  give  recommendations  and  instructions  on  how 
to  construct  various  types  of  vegetated  buffer 
zones.  The  examination  consists  of  five  parts  in- 
cluding map  and  field  investigations.  Special  atten- 
tion has  been  paid  to  the  breadth  of  buffer  zones, 
slope  of  surface,  sensitivity  to  erosion,  vegetation, 
and  cultivation  methods.  The  methods  were  tested 
in  the  Vantaa  River  basin  in  Southern  Finland. 
Typical  of  the  examined  and  problematic  areas  is  a 
narrow  buffer  zone  between  field  and  river  bed. 
The  breadths  of  the  vegetated  buffer  zones  also 
varied  considerably.  Vegetation  has  developed 
poorly,  especially  on  slopes  that  have  been  cleared 
out.  The  slopes  of  cleared  ditches  are  very  steep 
and  ditch  banks  can  collapse  into  streams,  blocking 
the  stream  again.  Pipes  in  the  ditches  would  be  a 
better  solution.  However,  management  of  vegetat- 
ed buffer  zones  is  not  the  only  answer  to  pollution 
problems  in  these  drainages.  The  nutrient  load  of 
the  entire  cultivated  agricultural  land  must  be  re- 
duced. The  conclusion  of  this  study  can  be  applied 
in  river  basins  where  the  percentage  of  field  is 
considerably  higher  than  the  percentage  of  lake. 
(Rochester-PTT) 
W9 1-05065 


SOIL  CONSERVATION  FUNCTIONS  OF 
STEPPE  FOREST  PLANTATIONS. 

Engineering-Reclamation   Institute  of  Gosagrom- 

prom  SSSR,  Novocherkassk. 

V.  M.  Ivonin,  and  V.  V.  Zasoba. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  6,  p  26- 

38,  1989.  2  fig,  5  tab,  11  ref. 

Descriptors:  'Watershed  management,  'Erosion 
control,  'Forest  management,  'Forest  soils,  'Re- 
forestation, 'Steppes,  'Soil  conservation,  'Soil 
erosion.  Plant  growth,  Soil  depth,  Runoff,  Litter 
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accumulation,  Humus,  Soil  texture,  Rainfall,  Soil 
aggregates. 

Artificial  forests,  which  are  highly  productive  and 
form  nodes  of  organic  mass  in  regions  with  erosion 
potential,  are  the  supporting  subsystems  in  anti- 
erosion  systems  for  watersheds  (basins)  of  rivers  in 
the  steppe  zone.  The  soil  conservation  functions  of 
artificial  steppe  forests  were  studied  with  respect 
to  the  dynamics  of  the  forest  floor  and  the  physical 
properties  of  the  0  to  20  cm  layer  of  soil  under 
broadleaf  and  light-coniferous  plantations.  Broad- 
leaf  stands  on  the  better  sites  increase  the  soil's 
resistance  to  erosion  mainly  by  the  accumulation  of 
the  forest  floor  and  increase  in  the  water  stability 
of  soil  aggregates.  Light  coniferous  stands  increase 
the  soil-protective  function  of  the  forest  by  the 
accumulation  of  litter  and  the  increase  in  the 
humus  content  and  plasticity  of  the  upper  horizons 
of  coarse-textured  soils.  With  increasing  stand  age 
of  both  forest  types,  there  is  consistent  increase  in 
the  mechanical  stability  of  aggregates.  Mathemati- 
cal models  have  been  developed  for  the  relation- 
ship between  the  modulus  of  runoff  of  suspended 
sediment  during  rainfall  and  characteristics  of  the  0 
to  20  cm  layer  of  soil  to  determine  the  stand  ages 
required  to  create  and  retain  optimal  forest  floor 
mass  under  the  forest  canopy.  (Brunone-PTT) 
W91-05221 


AMELIORATING  EFFECT  OF  SHELTER- 
BELT  FORESTS  ON  CHERNOZEMS. 

Kazan  State  Univ.  (USSR). 

A.  V.  Koloskova. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  6,  p  48- 

55,  1989.  3  tab,  20  ref. 

Descriptors:  'Erosion  control,  *Soil  absorption  ca- 
pacity, *Soil  stabilization,  *Shelterbelts,  'Steppes, 
♦Chernozems,  Humus,  Soil  horizons,  Biomass,  Soil 
water,  Root  distribution,  Soil  aggregates. 

Study  of  the  effect  of  shelter  belt  forests  on  the 
properties  of  forest-steppe  chernozems  showed 
that  the  water  stability  of  the  structure  of  the 
chernozems  increased  two  to  three  times.  The 
amount  of  humus  and  energy  in  the  humus  in- 
creased by  30  to  35%  relative  to  the  control. 
Results  showed  that  the  content  of  the  structural 
fraction  larger  than  1  mm  tends  to  increase  in  the 
upper  horizons  of  the  soil  under  the  belt  but  is  very 
similar  to  that  of  the  areas  adjacent  to  the  belt  and 
the  control.  This  result  can  be  attributed  to  the 
high  moisture  content  of  the  forested  and  immedi- 
ately adjacent  areas,  strong  development  of  forest 
vegetation  with  a  thicker  root  system,  and  the  lack 
of  biomass  removal  from  these  areas.  Thus,  the 
effect  of  the  shelter  belts  is  to  increase  the  content 
of  water  stable  aggregates  in  the  upper  horizons  of 
chernozems  located  under  the  belts  and  in  adjacent 
areas.  The  ameliorating  effect  of  forest  belts  on  the 
chernozems  suggests  that  the  forest  belts  increase 
the  chernozem's  water  absorbing  ability  and  resist- 
ance to  erosion.  (Brunone-PTT) 
W9 1-05222 


GUIDELINES  FOR  VEGETATIVE  EROSION 
CONTROL  ON  WAVE-IMPACTED  COASTAL 
DREDGED  MATERIAL  SITES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
P.  L.  Knutson,  H.  H.  Allen,  and  J.  W.  Webb. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  Technical  Report 
D-90-13,  September  1990.  Final  Report.  89p,  26 
fig,  4  tab,  42  ref. 

Descriptors:  'Erosion  control,  'Vegetation, 
•Coastal  waters,  'Dredging,  'Salt  marshes,  Stand- 
ards, Dredging  wastes,  Wave  action,  Bank  stabili- 
zation, Wetlands. 

Guidelines  are  provided  that  permit  the  evaluation 
of  vegetative  stabilization  alternatives  for  dredged 
material  disposal  areas  using  salt  marsh  wetland 
plants.  The  guidelines  provide  a  methodology  for 
classifying  dredged  material  shorelines  with  re- 
spect to  wave  energy  (low,  moderate,  or  high 
energy  sites)  and  specify  a  vegetative  stabilization 
strategy  (standard  planting  techniques,  root  an- 
chored techniques  or  wave  protection  structures) 


for  each  energy  regime.  Such  guidelines  provide 
dredged  material  planners  and  operations  person- 
nel, the  means  to  use  dredged  material  for  the 
combined  beneficial  use  of  wetlands  creation,  habi- 
tat development,  and  erosion  control.  Two  case 
studies  present  salt  marsh  creations  on  dredged 
material  sites.  These  studies  provide  guidelines  for 
creating  salt  marshes  on  moderate  to  high  energy 
sites  exposed  to  both  ship  and  wind  generated 
waves.  (Author's  abstract) 
W9 1-05275 


EROSION  TESTS  ON  FOUR  INTACT  ONTAR- 
IO CLAYS. 

Queen's  Univ.,  Kingston  (Ontario).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-05366 


FRAMEWORK  FOR  INCORPORATING 
STREAM  USE  IN  THE  DETERMINATION  OF 
PRIORITY  WATERSHEDS. 

Wisconsin  Univ.-Green  Bay.  Coll.  of  Environmen- 
tal Sciences. 

For  primary  bibliographic  entry  see  Field  6D. 
W91-05386 


USING  COMMON  SENSE  TO  PREVENT  SOIL 
EROSION  FROM  URBAN  DEVELOPMENT 
AREAS. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  General 
Engineering. 
R.  E.  Zapata  Lopez. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  71-80,  11  ref. 

Descriptors:  'Construction  methods,  'Erosion 
control,  'Runoff,  'Sediment  load,  'Soil  erosion, 
'Tropical  hydrology,  'Urbanization,  Land  devel- 
opment, Land  use,  Rainfall-runoff  relationships, 
Sedimentation,  Tropical  regions,  Urban  areas. 

Urban  areas  in  the  tropics  usually  have  streams 
crossing  or  flowing  around  them;  these  streams 
collect  most  of  the  runoff  from  the  frequent  rainfall 
events  as  well  as  the  generated  sediment  loads.  The 
sediments  can  be  reduced  or  controlled  if  common 
sense  is  used  during  planning  and  design,  construc- 
tion, and  post-construction  activities  of  any  urban 
project.  Even  though  erosion  due  to  rainfall  and 
runoff  is  complex  and  difficult  to  quantify,  applica- 
tion of  common  sense  joined  with  concepts  of 
hydraulics,  hydrology,  and  soil  characteristics  can 
be  used  to  reduce  stream  sediment  loads  and  to 
control  erosion  from  urban  projects.  The  major 
effort  in  looking  for  solutions  to  the  soil  erosion 
problem  should  be  during  the  planning  stages  of  a 
project.  Even  though  the  construction  stage  gener- 
ates the  largest  amount  of  sediment,  there  are  ways 
to  minimize  it  by  using  temporary  controls.  Even 
after  the  completion  of  a  construction  project  the 
erosion  process  will  be  present;  therefore,  a  pre- 
ventive and  maintenance  program  for  the  perma- 
nent conservation  practices  used  in  the  project  is  a 
must.  (See  also  W9 1-056 11)  (Author's  abstract) 
W9 1-056 19 


NUMERICAL  SIMULATION  OF  SHORELINE 
CHANGE  AT  LORAIN,  OHIO. 

Lund  Univ.  (Sweden).  Dept.  of  Water  Resources 

Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-05782 


THEORETICAL  PRINCIPLES  OF  WATER 
EROSION  CONTROL  ON  CROPLAND. 

V.  P.  Gerasimenko. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  2,  p  76- 
85,  1989.  2  tab,  15  ref.  Translated  from:  Pochvove- 
deniye,  No.  10,  p  108-116. 

Descriptors:  'Cropland,  'Erosion  control,  'Soil 
erosion,     'Soviet     Union,     Agricultural     runoff, 


Agronomy,  Crop  yield,  Overland  flow,  Perform- 
ance evaluation,  Runoff,  Snowmelt,  Soil  loss 
series,  Soil  moisture,  Wheat. 

A  major  portion  of  the  agricultural  lands  in  the 
Soviet  Union  are  located  in  a  zone  of  inadequate 
and  variable  moisture  and,  consequently,  control  of 
soil  erosion  should  be  based  on  efficient  regulation 
of  snowmelt  runoff  and  storm  runoff  and  on  pro- 
ductive use  of  soil  moisture  to  stabilize  and  in- 
crease crop  yields.  A  concept  of  water  erosion 
control  is  proposed  that  takes  into  account  the 
reduction  of  soil  loss  to  the  level  of  natural  soil 
formation,  efficient  redistribution  of  overland  flow 
to  maintain  a  favorable  moisture  regime  for  crops 
in  the  root  zone,  and  replenishment  of  the  under- 
ground water  supply  and  small  streams.  New 
methods  are  proposed  for  evaluating  the  flow- 
regulating,  erosion  control,  and  agronomic  effec- 
tiveness of  soil  conservation  measures  singly  or  in 
combination.  The  developed  principles  of  water 
erosion  control  can  be  used  in  planning  optimum 
systems  of  soil  conservation  farming  ensuring 
higher  yields  of  winter  wheat  by  as  much  as  6-8 
cntr/ha.  The  new  method  of  evaluating  the  flow- 
regulating,  erosion  control,  and  agronomic  effec- 
tiveness of  soil  conservation  measures  provides  a 
means  of  decreasing  four-fold  the  time  required  for 
determining  which  is  the  most  effective  from  a 
zonal  standpoint.  To  obtain  objective  water  ero- 
sion characteristics  during  short-term  observations, 
combined  runoff  and  soil  loss  series  must  be  con- 
structed with  regard  to  their  independence  and 
homogeneity.  (Rochester-PTT) 
W91-05827 


ECONOMICS  OF  EROSION  AND  SEDIMENT 
CONTROL  IN  SOUTHWESTERN  ONTARIO. 

Guelph  Univ.  (Ontario).  Dept.  of  Agricultural  Ec- 
onomics and  Business. 
G.  Fox,  and  E.  J.  Dickson. 

Canadian  Journal  of  Agricultural  Economics,  Vol. 
38,  No.   1,  p  23-44,  March   1990.  9  tab,  45  ref. 

Descriptors:  'Cost-benefit  analysis,  'Economic 
evaluation,  'Erosion  control,  'Ontario,  'Sediment 
control,  'Soil  conservation,  Canada,  Conservation 
tillage,  Cropland,  Economic  aspects,  Farm  man- 
agement, Model  studies,  Simulation  analysis,  Till- 
age, Water  quality  management. 

Recent  research  has  indicated  that  the  off-farm 
costs  of  soil  erosion  are  substantial.  The  use  of 
conservation  tillage  has  been  suggested  as  one 
strategy  to  protect  surface  water  quality  in  regions 
of  intensive  cropping.  However,  none  of  the  previ- 
ous studies  use  Canadian  data  to  assess  the  water 
quality  benefits  of  conservation  tillage.  The  costs 
of  off-farm  damage  from  sediment  displaced 
through  erosion  from  southern  Ontario,  Canada, 
cropland  were  compared  with  the  costs  of  erosion 
control  to  farmers  using  available  conservation 
tillage  techniques.  The  SOILEC  model  was  used 
to  simulate  the  long-run  on-farm  profitability  of 
alternative  tillage  systems.  The  Guelph  model  for 
evaluating  the  effects  of  Agricultural  Management 
systems  on  Erosion  and  Sedimentation  (GAMES) 
was  used  to  estimate  changes  in  sediment  delivery 
rates  under  different  production  systems.  Results 
from  the  analysis  indicate  that  the  off-farm  gains 
from  the  use  of  conservation  tillage  generally 
exceed  the  on-farm  costs  of  erosion  control  for 
southwestern  Ontario  growing  conditions.  (Au- 
thor's abstract) 
W9 1-05849 


COMBINING    INDUSTRIAL    WASTES    WITH 
LIME  FOR  SOIL  STABILIZATION. 

Kyoto  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-05867 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5A — Identification  Of  Pollutants 


5.  WATER  QUALITY 
MANAGEMENT  AND 
PROTECTION 

5A.  Identification  Of  Pollutants 


STABILITY  OF  VOLATILE  ORGANIC  COM- 
POUNDS IN  ENVIRONMENTAL  WATER 
SAMPLES  DURING  TRANSPORT  AND  STOR- 
AGE. 

Oak  Ridge  National  Lab.,  TN.  Analytical  Chemis- 
try Div. 

M.  P.  Maskarinec,  L.  H.  Johnson,  S.  K.  Holladay, 
R.  L.  Moody,  and  C.  K.  Bayne. 
Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1665-1670,  Novem- 
ber 1990.  8  fig,  5  tab,  14  ref.  EPA  Interagency 
Agreement  1744-1744-A1;  DOE  Interagency 
Agreement  1743-1743-A1;  DOE  Contract  DE- 
AC05-84OR21400. 

Descriptors:  'Chlorides,  *Laboratory  methods, 
•Sample  preservation,  'Volatile  organic  com- 
pounds, 'Water  analysis,  "Water  sampling,  Chemi- 
cal degradation,  Distilled  water,  Groundwater, 
Surface  water. 

Methods  have  been  developed  for  the  preparation 
of  standard  environmental  water  samples  contain- 
ing known  concentrations  of  volatile  organics. 
Three  samples  were  used:  distilled  water,  surface 
water  and  groundwater.  Samples  were  stored  at 
both  room  temperature  and  under  refrigeration. 
Data  were  collected  over  a  365-day  period  by  gas 
chromotography/mass  spectrometry.  Rapid  dehy- 
drohalogenation  of  tetrachloroethane  to  trichlor- 
oethylene  occurred  in  the  distilled  water,  surface 
water  and  groundwater  samples  stored  at  room 
temperature.  Reduced  aromatic  volatiles  were  ob- 
served in  both  surface  and  groundwater  matrices 
after  28  days.  Loss  of  carbon  tetrachloride  was 
also  apparent  in  surface  water  samples  stored  at 
room  temperature.  Experiments  were  conducted  to 
determine  the  value  of  using  HC1,  sodium  bisulfate 
and  ascorbic  acid  as  preservatives.  Sampling  and 
analytical  considerations  make  the  use  of  HC1  im- 
practical. Samples  preserved  with  the  other  two 
acids  were  stable  over  the  112-day  experimental 
period.  (Feder-PTT) 
W9 1-04947 


AIRBORNE  MERCURY  DEPOSITION  AND 
WATERSHED  CHARACTERISTICS  IN  RELA- 
TION TO  MERCURY  CONCENTRATIONS  IN 
WATER,  SEDIMENTS,  PLANKTON  AND  FISH 
OF  EIGHTY  NORTHERN  MINNESOTA 
LAKES. 

Minnesota  Univ.,  Duluth.  Coll.  of  Science  and 
Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04951 

DISTINGUISHING  DIPHENYLAMINE  AND  N- 
NrTROSODIPHENYLAMINE  IN  HAZARDOUS 
WASTE  SAMPLES  BY  USING  HIGH-PER- 
FORMANCE LIQUID  CHROMATOGRAPHY/ 
THERMOSPRAY/MASS  SPECTROMETRY. 
Environmental  Monitoring  Systems  Lab.,  Cincin- 
nati, OH. 

J.  S.  Ho,  T.  A.  Bellar,  J.  W.  Eichelberger,  and  W. 
L.  Budde. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1748-1751,  Novem- 
ber 1990.  3  fig,  1  tab,  5  ref. 

Descriptors:  'Analytical  methods,  'Hazardous 
wastes,  'Liquid  chromatography,  'Mass  spectrom- 
etry, 'Pollutant  identification,  'Soil  analysis,  Car- 
cinogens, Soil  contamination. 

N-Nitrosodiphenylamine  and  diphenylamine  in  en- 
vironmental samples  cannot  be  easily  distinguished 
and  determined  by  conventional  gas  chromatogra- 
phy/mass  spectrometry.  By  using  a  high-perform- 
ance liquid  chromatography/thermospray/mass 
spectrometry  technique,  these  two  compounds 
were  directly  distinguishable  .  Analytical  results 
showed  two  distinct  chromatographic  peaks  and 


distinct  mass  spectra  of  these  two  compounds.  The 
method  was  applied  to  a  soil  sample  from  an 
abandoned  hazardous  waste  site  near  Buffalo,  NY 
and  showed  unequivocally  that  there  was  no  N- 
nitrosodiphenylamine.  However,  7400  mg/kg  di- 
phenylamine was  found  in  the  sample.  The  detec- 
tion limit  for  both  compounds  is  estimated  to  be 
about  15  ppm  in  a  highly  contaminated  soil  sample. 
(Feder-PTT) 
W9 1-04956 


POTENTIAL  OF  BASING  AN  ECOLOGICAL 
TYPOLOGY  OF  AQUATIC  SEDIMENTS  ON 
THE  NEMATODE  FAUNA:  AN  EXAMPLE 
FROM  THE  RIVER  RHINE. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Nematology. 
T.  Bongers,  and  J.  Van  De  Haar. 
Hydrobiological  Bulletin  HYBUD9,  Vol.  24,  No. 
1,  p  37-45,  July  1990.  1  fig,  3  tab,  30  ref,  append. 

Descriptors:  'Bioindicators,  'Ecosystems,  'Nema- 
todes, 'Rhine  River,  'River  sediments,  'Sediment 
contamination,  Ammonia,  Estuaries,  Population 
density,  Species  composition,  The  Netherlands, 
Worms. 

In  Dutch  River  sediments,  nematodes  can  occur  in 
high  numbers;  azoic  sediments  are  as  yet  unknown. 
In  a  series  of  samples  taken  from  the  Rhine  River 
and  its  estuaries,  nematode  density  varied  from  5.0 
to  1.7  million/sq  m,  and  about  50  genera  were 
identified.  Anoxic  conditions  appear  to  have  less 
influence  on  the  nematode  abundance  than  the 
presence  of  ammonia.  Based  on  nematode  genera, 
an  ecological  typology  of  aquatic  soils  would 
appear  to  be  feasible.  River  sediments  in  The  Neth- 
erlands can  be  separated  into  three  pollution  class- 
es: azoic  sediments  in  some  harbor  basins,  sedi- 
ments with  only  Tubificidae,  and  sediments  with  at 
least  four  tubificid  species  together  with  chirono- 
mids  and  mollusks.  For  the  assessment  of  water 
quality,  tubificids  are  considered  to  be  relatively 
tolerant  to  pollutants  and  only  have  an  indicator 
value  in  extreme  cases  of  pollution.  Nematode 
fauna  have  the  potential  to  act  as  an  additional 
instrument  to  develop  an  overall  typology  and 
assessment  system  of  sediments  and  terrestrial  soils. 
(Author's  abstract) 
W9 1-04960 


PCB  CONCENTRATIONS  IN  STREAM  SUN- 
FISH  (LEPOMIS  AURITUS  AND  L.  MACRO- 
CHIRUS)  IN  RELATION  TO  PROXIMITY  TO 
CHRONIC  POINT  SOURCES. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04982 


USE  OF  SEDIMENT  BAGS  AS  A  MONITOR  OF 
FECAL  POLLUTION  IN  STREAMS. 

E.V.S.  Consultants  Ltd.,  North  Vancouver  (British 

Columbia). 

P.  G.  Nix,  and  C.  H.  Merry. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  6,  p  864-869, 

December  1990.  2  fig,  2  tab,  10  ref. 

Descriptors:  'Bioindicators,  'Fecal  coliforms, 
'Monitoring,  'Sampling,  'Sediment  bags,  'Sedi- 
ment contamination,  Bacteria,  Clostridium,  Coli- 
forms, Data  acquisition,  Fecal  bacteria,  Urban 
areas,  Water  quality. 

Sediment  and  water  were  tested  for  two  fecal 
indicators,  fecal  coliforms  and  Clostridium  perfrin- 
gens.  Natural  stream  sediments  were  collected  into 
sterile  Whirl-Pac  bags  using  a  trowel  previously 
washed  in  a  dilute  solution  of  bleach  and  rinsed  in 
the  downstream  water.  Fecal  coliforms  (FC)  were 
enumerated  using  the  three  tube  MPN  (most  prob- 
able number)  technique  with  lauryl  tryptose  broth 
(LTB)  and  Escherichia  coli  (EC)  broth  and  with 
results  expressed  in  most  probable  number  (MPN) 
per  100  grams  of  sediment.  The  sediment  bags 
were  suspended  in  the  stream  water  during  collec- 
tion of  natural  sediments  and  sampled  one  week 
later.  In  a  preliminary  study  of  Shone  Creek  in 
North  Vancouver,   British  Columbia,   fecal  coli- 


forms were  undetectable  in  both  the  water  (<2 
CFU/100  ml)  and  natural  sediment  (<3  MPN/100 
g).  However,  fecal  coliforms  were  detected  at 
levels  of  240  to  460  MPN/100  g  in  sediment  bags. 
It  is  likely  that  the  natural  sediment  did  not  show  a 
positive  result  because  it  consisted  of  a  coarse 
gravel  which  was  presumably  not  capable  of  accu- 
mulating substantial  numbers  of  bacteria  through 
processes  of  adsorption  or  attachment.  Water  sam- 
ples were  similarly  negative,  probably  a  result  of 
the  inability  of  a  single  grab  sample  to  detect 
transient  fecal  contamination  events.  Levels  of  C. 
perfringens  were  low  (<4  MPN/100  g)  in  both 
natural  sediments  and  sediment  bags  suggesting 
that  much  lower  concentrations  existed  in  the 
water  column  compared  with  fecal  coliforms. 
Fecal  contamination  was  much  greater  in  three 
urban  creeks  (Parkside,  Hastings,  and  McKay 
Creeks,  all  near  North  Vancouver:  140,000;  9,240; 
and  40,500  MPN/100  g,  respectively)  compared  to 
Shone  Creek,  reflecting  increased  levels  of  con- 
tamination. In  all  cases,  the  sediment  bags  provided 
a  more  sensitive  monitor  for  determining  fecal 
contamination  at  upstream  sites.  (Lantz-Pl  1) 
W9 1-05008 


TOXICITY  OF  MERCURY  TO  THE  FRESHWA- 
TER MALE  AND  FEMALE  FIELD  CRABS, 
PARATELPHUSA  HYDRODROMOUS 

(HERBST)  (DECAPODA:  BRACHYURA). 

Andhra  Univ.,  Waltair  (India).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-0501 3 


PRELIMINARY  OBSERVATIONS  ON  THE  EC- 
OLOGICAL RELEVANCE  OF  THE  GAM- 
MARUS  'SCOPE  FOR  GROWTH'  ASSAY: 
EFFECT  OF  ZINC  ON  REPRODUCTION. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

L.  Maltby,  and  C.  Naylor. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

393-397,  1990.  4  fig,  23  ref. 

Descriptors:  'Analytical  methods,  'Bioassay,  'Pol- 
lutant identification,  'Toxicology,  'Water  pollu- 
tion effects,  'Zinc,  Amphipods,  Aquatic  animals, 
Reproduction,  Scope  for  growth  assay. 

'Gammarus  scope  for  growth'  is  a  7-day  assay  that 
measures  the  effect  of  stress  on  the  energy  budgets 
of  individuals.  The  effects  of  zinc  on  reproduction 
in  the  brooding  female  Gammarus  pulex  (L.)  and 
on  scope  for  growth  (SfG)  were  investigated.  The 
reproductive  parameters  measured  were  size  and 
number  of  offspring  released  from  one  brood  incu- 
bated under  zinc  stress  (current  brood)  and  another 
provisioned  under  zinc  stress  (subsequent  brood). 
In  both  experiments,  a  significant  effect  was  ob- 
served at  0.3  mg  Zn/L.  At  this  concentration,  SfG 
was  reduced,  as  a  result  of  a  decrease  in  energy 
absorbed,  and  there  was  a  decrease  in  the  size  of 
offspring  released  from  the  subsequent  brood. 
There  was  no  effect  on  the  size  or  number  of 
offspring  released  from  the  current  brood  nor  on 
the  number  of  offspring  in  the  subsequent  brood. 
Moreover,  both  present  and  past  zinc  stress  caused 
an  increase  in  the  number  of  broods  aborted.  It  is 
concluded  that  stress-induced  changes  in  SfG  are 
indicative  of  more  long-term  effects  on  the  orga- 
nism, which  in  turn  can  be  used  to  make  predic- 
tions concerning  the  population  as  a  whole.  (Au- 
thor's abstract) 
W91-05041 


CLONAL  VARIATION  IN  GENERAL  RE- 
SPONSES OF  DAPHNIA  MAGNA  STRAUS  TO 
TOXIC  STRESS:  I.  CHRONIC  LD7E-HISTORY 
EFFECTS. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 
Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05042 


CLONAL  VARIATION  DS  GENERAL  RE- 
SPONSES OF  DAPHNIA  MAGNA  STRAUS  TO 
TOXIC  STRESS:  II.  PHYSIOLOGICAL  EF- 
FECTS. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Identification  Of  Pollutants — Group  5A 


Sheffield  Univ.  (England).  Dept.  of  Animal  and 
Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05043 


EFFECTS  OF  TBT  CONTAMINATION  ON  NU- 
CELLA  POPULATIONS. 

Liverpool  Univ.,  Port  Erin  (England).  Dept.  of 
Marine  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05045 


ASSESSING  THE  IMPACT  OF  TIN  AND  TBT 
IN  ESTUARIES  AND  COASTAL  REGIONS. 

Plymouth  Marine  Lab.  (England). 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-05046 


USE  OF  CHEMICAL  ANALOGUES  SUCH  AS 
EU/AM  IN  ECOTOXICOLOGICAL  STUDIES. 

Reading  Univ.  (England).  Dept.  of  Zoology. 

J.  Bierkens,  and  K.  Simkiss. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

445-447,   1990.   1  fig,  3  tab,  4  ref.  NERC  Grant 

GST/02/202. 

Descriptors:  'Americium,  'Aquatic  animals, 
•Bioaccumulation,  'Bioassay,  'Europium,  'Path  of 
pollutants,  'Radioisotopes,  Chemical  analogs, 
Crabs,  Crayfish,  Crustaceans,  Ecotoxicology,  Tox- 
icity. 

The  suitability  of  Eu-152  as  a  chemical  analog  for 
the  radiotoxic  Am-241  in  ecotoxicological  studies 
was  examined  in  marine  crabs  (Carcinus  maenas 
(L.))  and  freshwater  crayfish  (Astacus  leptodacty- 
lus).  Both  elements  were  strongly  absorbed  onto 
the  surface  of  crabs  and  crayfish,  although  crayfish 
appeared  to  equilibrate  more  slowly  in  freshwater. 
The  distribution  of  the  isotopes  in  subcellular  frac- 
tions of  the  digestive  gland  was  also  very  similar 
and  was  dominated  by  their  incorporation  into  the 
granular  fraction.  The  results  indicated  that  the 
environmental  distribution  of  both  Eu-152  and 
Am-241  is  dictated  by  surface  adsorption  onto 
exoskeletons  and  cellular  deposits.  It  is  concluded 
that  europium  could  be  used  as  a  chemical  analog 
in  ecotoxicological  studies  of  americium  distribu- 
tion. Studies  utilizing  chemical  analogues  are  rec- 
ommended for  tracing  the  distribution  and  bioac- 
cumulation of  xenobiotics  in  an  ecosystem  without 
the  simultaneous  problem  of  toxic  effects.  (MacK- 
een-PTT) 
W9 1-05047 


IMPOSEX  INDUCTION  IN  NUCELLA  LIMA 
(GMELIN)  VIA  MODE  OF  EXPOSURE  TO  TRI- 
BUTYLTIN. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Zo- 
ology and  Physiology. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05054 


ANION-EXCHANGE  CHROMATOGRAPHY 
PARTICLE  BEAM  MASS  SPECTROMETRY 
FOR  THE  CHARACTERIZATION  OF  ARO- 
MATIC SULFONIC  ACIDS  AS  THE  MAJOR 
ORGANIC  POLLUTANTS  IN  LEACHATES 
FROM  STRINGFELLOW,  CALIFORNIA. 
California  Dept.  of  Health  Services,  Berkeley. 
Hazardous  Materials  Lab.  Section. 
I.  S.  Kim,  F.  I.  Sasinos,  R.  D.  Stephens,  and  M.  A. 
Brown. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  12,  p  1832-1836,  Decem- 
ber 1990.  3  fig,  4  tab,  12  ref. 

Descriptors:  'California,  'Groundwater  pollution, 
•Hazardous  waste  disposal,  'Organic  pollutants, 
'Pollutant  identification,  'Superfund,  Chlorinated 
hydrocarbon  insecticides,  DDT,  Hazardous 
wastes,  Landfills,  Leachates,  Liquid  chromatogra- 
phy, Mass  spectrometry,  Spectrophotometry,  Sul- 
fonic acids. 

Anion-exchange  liquid  chromatography  with  de- 
tection via  both  particle  beam  mass  spectrometry 
(electron  impact  and  negative  chemical  ionization) 


and  UV  absorption  spectrophotometry  was  used  to 
characterize  target  and  nontarget  compounds  in 
lyophilizates  from  three  hazardous  waste  leachates 
from  the  Stringfellow,  CA  Superfund  site:  up- 
stream, downstream,  and  charcoal-treated  mixture. 
Lyophilization  retains  essentially  all  the  organic 
carbon,  which  is  513,  46.8,  and  453  ppm,  respec- 
tively. Charcoal  treatment  removes  priority  pollut- 
ants but  not  most  of  the  total  organic  carbon 
(TOC),  which  is  primarily  highly  polar,  nonextrac- 
table,  and  nonpurgeable  material.  Besides  4-chloro- 
benzenesulfonic  acid  (from  53-69%  of  the  TOC), 
seven  additional  major  aromatic  sulfonic  acids 
were  tentatively  identified.  All  are  sulfonated  and 
chlorinated  byproducts,  probably  from  DDT  man- 
ufacture. Relative  ratios  of  the  aromatic  sulfonic 
acids  are  not  altered  significantly  by  the  charcoal 
treatment.  The  potential  impact  on  human  health 
of  these  highly  polar  halogenated  organic  com- 
pounds is  unknown.  (Author's  abstract) 
W9 1-05073 


ESTIMATION  OF  POLYCHLORINATED  DI- 
BENZOFURAN  AND  DIBENZO-P-DIOXIN 
CONTAMINATION  OF  A  COASTAL  REGION 
USING  ISOMER  PROFILES  IN  CRABS. 

Norsk  Inst,  for  Luftforskning,  Lillestroem. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05074 


CASE  STUDY  OF  LEAD  IN  DRINKING 
WATER:  PROTOCOL,  METHODS,  AND  IN- 
VESTIGATIVE TECHNIQUES. 

IBM  Corp.,  Boulder,  CO. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05089 


PHOSPHATE-SENSITIVE  ENZYME  ELEC- 
TRODE: A  POTENTIAL  SENSOR  FOR  ENVI- 
RONMENTAL CONTROL. 

Lyon-1  Univ.,  Villeurbanne  (France).  Lab.  de 
Genie  Enzymatique. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-05090 


DETERMINATION  OF  RHENRJM  IN 
GROUNDWATER  BY  INDUCTIVELY  COU- 
PLED PLASMA  MASS  SPECTROMETRY 
WITH  ON-LINE  CATION  EXCHANGE  MEM- 
BRANE SAMPLE  CLEANUP. 
National  Enforcement  Investigations  Center, 
Denver,  CO. 
M.  E.  Ketterer. 

Analytical  Chemistry  ANCHAM,  Vol.  62,  No.  23, 
p  2522-2526,  December  1990.  2  fig,  5  tab,  18  ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Groundwater  chemistry,  'Mass  spectrome- 
try, 'Rhenium,  'Sample  cleanup,  'Water  analysis, 
'Water  chemistry,  Cation  exchange,  Detection 
limits,  Dissolved  solids,  Mine  wastes,  Sample  prep- 
aration, Separation  techniques. 

A  scheme  was  presented  for  determining  rhenium 
by  inductively  coupled  plasma  mass  spectrometry 
in  groundwater  samples  that  contain  up  to  4000 
mg/L  dissolved  solids.  A  commercially  available 
cation  exchange  membrane  cartridge  is  used  on- 
line to  exchange  cationic  species  for  equivalent 
quantities  of  hydrogen  ion;  rhenium,  which  is 
present  as  the  perrhenate  anion,  remains  on  the 
upstream  side  of  the  membrane  and  is  transported 
directly  into  the  inductively  coupled  plasma.  This 
arrangement  successfully  alleviates  the  matrix-re- 
lated sample  introduction  difficulties  and  permits 
direct  determination  of  rhenium  in  water  with  a 
detection  limit  of  0.03  microg/L  using  a  Meinhard- 
type  nebulizer.  Removal  efficiencies  of  up  to  100% 
are  achieved  for  sodium,  magnesium,  aluminum, 
potassium,  and  calcium  ions,  while  perrhenate  is 
transmitted  with  100%  efficiency.  Samples  of 
groundwater  from  40  monitoring  wells  in  the  vi- 
cinity of  a  metal  sulfide  tailings  impoundment  in 
the  western  United  States  contained  rhenium  in 
concentrations  ranging  from  <0.03  to  2.97 
microg/L.  (Author's  abstract) 
W9 1-05091 


DETERMINATION  OF  LINEAR  ALKYLBEN- 
ZENESULFONATES    AND    DIALKYLTETRA- 
LINSULFONATES    IN    WATER    AND    SEDI- 
MENT BY  GAS  CHROMATOGRAPHY/MASS 
SPECTROMETRY. 
Monsanto  Co.,  St.  Louis,  MO. 
M.  T.  Trehy,  W.  E.  Gledhill,  and  R.  G  Orth. 
Analytical  Chemistry  ANCHAM,  Vol.  62,  No.  23, 
p  2581-2586,  December  1990.  6  fig,  4  tab,  38  ref. 

Descriptors:  'Analytical  techniques,  'Detergents, 
'Linear  alkyl  sulfonates,  'Pollutant  identification, 
•Surfactants,  'Water  analysis,  'Water  quality  mon- 
itoring, Alkylbenzene  sulfonates,  Detection  limits, 
Gas  chromatography,  Mass  spectrometry,  Sedi- 
ment analysis. 

A  method  for  the  determination  of  linear  alkylben- 
zenesulfonates  (LAS)  and  dialkyltetralinsulfonates 
(DATS)  in  water  and  sediment  samples  by  gas 
chromatography/mass  spectrometry  (GC/MS)  is 
described.  Sulfonates  are  converted  to  their  tri- 
fluoro  sulfonate  derivatives  in  a  two-step  derivatiz- 
tion  procedure.  In  the  first  step  the  sulfonates  are 
converted  to  the  sulfonyl  chlorides  by  treatment 
with  phosphorus  pentachloride.  After  extraction, 
the  sulfonates  are  then  converted  to  their  corre- 
sponding trifluoroethyl  derivatives  by  the  addition 
of  trifluoroethanol.  Quantitation  is  by  an  internal 
standard  technique  with  a  C9  DATS  as  the  inter- 
nal standard.  The  derivatization  GC/MS  method 
permits  the  detection  and  quantitation  of  LAS  and 
of  DATS,  which  are  minor  components  present  in 
LAS.  The  limit  of  detection  for  both  LAS  and 
DATS  in  water  by  electron  capture  negative 
chemical  ionization  GC/MS  is  estimated  to  be 
0.001  mg/L.  In  sediment  the  detection  limit  is  0.5 
mg/kg  for  LAS  and  0.2  mg/kg  for  DATS.  En- 
hanced sensitivity  and  selectivity  of  the  GC/MS 
method  permit  the  detection  of  LAS  and  DATS  at 
the  low  concentrations  detected  in  environmental 
samples.  (Author's  abstract) 
W9 1-05092 


LIQUID  CHROMATOGRAPHY-ELECTRO- 
CHEMICAL  DETECTION  OF  INORGANIC  AR- 
SENIC USING  A  WALL  JET  CELL  WITH  CON- 
VENTIONAL AND  MICROSIZED  PLATINUM 
DISK  ELECTRODES. 

Deakin  Univ.,  Melbourne  (Australia).  Div.  of 
Chemical  and  Physical  Sciences. 
R.  S.  Stojanovic,  A.  M.  Bond,  and  E.  C.  V.  Butler. 
Analytical  Chemistry  ANCHAM,  Vol.  62,  No.  24, 
p  2692-2697,  December  15,  1990.  6  fig,  2  tab,  56 
ref. 

Descriptors:  'Analytical  methods,  'Arsenic, 
'Electrochemistry,  'Electrodes,  'Instrumentation, 
'Liquid  chromatography,  'Pollutant  identification, 
'Water  analysis,  Bottled  water,  Detection  limits, 
Oxidation,  Performance  evaluation,  Platinum. 

A  critical  evaluation  of  a  highly  sensitive  and 
specific  liquid  chromatography  amperometric  de- 
tection method  (wall  jet  cell)  for  the  determination 
of  arsenic  has  been  undertaken  with  platinum  disk 
electrodes  of  variable  size.  The  limit  of  detection 
for  arsenic  is  5  nM  using  platinum  disc  electrodes 
of  conventional  size  (mm  radius)  and  10,  20,  50  and 
500  nM  using  microelectrodes  of  50,  25,  12.5,  and 
2.5  micrometer  diameter,  respectively.  Thus,  the 
determination  of  arsenic  is  readily  achieved  in  a 
bottled  mineral  water  sample  with  a  conventional 
size  electrode,  whereas  the  arsenic  levels  are  too 
low  to  be  detected  precisely  with  a  microelec- 
trode.  However,  with  respect  to  the  desirable 
properties  of  a  lower  dependence  on  flow  rate  and 
a  shorter  time  taken  to  achieve  a  stable  baseline, 
and  in  cases  where  sensitivity  is  not  a  problem,  the 
microelectrode  method  is  advantageous.  The 
method  for  detection  involves  a  surface-based  oxi- 
dation process  in  which  As(III)  is  converted  to 
As(IV).  It  is  suggested  that  advantages  and  disad- 
vantages offered  by  using  microelectrodes  as  an 
alternative  to  conventionally  sized  electrodes  are 
critically  dependent  on  the  mechanism  of  the  elec- 
trode process.  (Author's  abstract) 
W9 1-05093 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5A — Identification  Of  Pollutants 


CAN   THE   UNITED   STATES   AFFORD   BIO- 
MONITORING. 

For   primary   bibliographic   entry   see   Field    5G. 
W9 1-05 143 


DETERMINATION  OF  HEAVY  METALS  AND 
RADIOACTIVE  ELEMENTS  IN  PURIFIER 
SLUDGE. 

Universitat  de  les  Hies  Balears,  Palma  de  Mallorca 
(Spain).  Dept.  de  Chemistry. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-05209 


ANALYSIS  OF  PETROLEUM  CONTAMINAT- 
ED SOIL  AND  WATER:  AN  OVERVIEW. 

Massachusetts  Univ.,  Amherst.  Chenoweth  Lab. 
T.  L.  Potter. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  97-109,  2 
fig,  2  tab,  23  ref. 

Descriptors:  'Pollutant  identification,  'Soil  con- 
tamination, *Path  of  pollutants,  *Oil  pollution, 
•Analytical  methods,  'Leaks,  Oil  spills,  Hydrocar- 
bons, Data  interpretation. 

Spills,  leaks,  and  other  releases  of  gasolines,  diesel 
fuels,  heating  oils,  and  other  petroleum  products 
often  result  in  the  contamination  of  soil  and  water. 
Analyses  required  to  evaluate  the  extent  of  such 
releases  and  the  threat  they  present  to  public 
health  and  the  environment  take  a  variety  of  forms. 
The  least  specific  and  most  general  analytical  ap- 
proach to  the  problem  usually  involves  some  form 
of  'total  petroleum  hydrocarbon'  measurement.  In 
contrast  are  analyses  which  are  focused  on  selected 
target  compounds.  In  this  review  article,  the  'state- 
of-the-art'  of  petroleum  contaminated  soil  and 
water  analysis  is  discussed  with  emphasis  on  the 
US  EPA  Methods.  Various  examples  demonstrate 
that  the  methods  can  be  used  effectively  for  this 
purpose  but  that  problems  do  arise.  The  need  for 
specific  method  development  in  this  area  is  empha- 
sized. (See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05245 


ONSITE  ANALYTICAL  SCREENING  OF  GAS- 
OLINE CONTAMINATED  MEDIA  USING  A 
JAR  HEADSPACE  PROCEDURE. 

Massachusetts  Dept.  of  Environmental  Quality  En- 
gineering, Woburn.  Div.  of  Hazardous  Waste. 
J.  Fitzgerald. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  119-136,  13 
fig,  1  tab,  6  ref. 

Descriptors:  'Analytical  methods,  'Gasoline,  'Soil 
contamination,  'Measuring  instruments,  Laborato- 
ry methods,  Oil  pollution,  Path  of  pollutants,  Data 
interpretation,  Data  acquisition,  Ionization,  'Field 
tests,  Monitoring,  'Instrumentation,  'Pollutant 
identification,  Volatile  organic  compounds. 

Analytical  and  interpretative  limitations  exist  in  the 
utilization  of  portable  photoionization  detector 
(PID)  and  flame  ionization  detector  (FID)  re- 
sponse meters.  Historically,  improper  and/or  in- 
consistent use  of  these  investigative  tools  has  per- 
haps limited  their  acceptance  and  field  utility.  Pre- 
liminary data  has  been  obtained  to  aid  in  the  inter- 
pretation of  analytical  headspace  screening  data. 
Based  upon  an  evaluation  of  field  headspace  devel- 
opment and  'probe  insertion'  sampling  parameters, 
the  following  procedural  elements  are  recommend- 
ed: (1)  utilize  glass  jars  for  field  instrumentation 
which  are  between  9  and  16  oz.  in  capacity  with 
sampling  flow  rates  greater  than  500  ml/min;  (2) 
half-fill  sample  jars  and  seal  with  a  clean  sheet  of 
aluminum  foil;  (3)  agitate  the  sample  jar  for  30 
seconds  over  a  5  to  10  minute  headspace  develop- 
ment period;  and  (4)  quickly  insert  the  PID  or  FID 
sampling  probe  through  the  aluminum  foil  seal  and 
record  the  maximum  meter  response  as  the  'total 
organic  vapor'  headspace  concentration.  Maximum 
response  should  occur  between  2  and  5  seconds 
when  using  a  9  oz.  or  16  oz.  jar.  Erratic  meter 


responses   should    be   discounted.    PID    measure- 
ments above  1 50  ppm  (v/v)  TOV  as  benzene  may 
be  significantly  nonlinear.   (See  also  W9 1-05236) 
(Lantz-PTT) 
W9 1-05247 


PROBLEMS  ASSOCIATED  WITH  ANALYSIS 
OF  PETROLEUM-DERIVED  MATERIALS  IN 
THE  ENVIRONMENT. 

Iowa  Univ.,  Iowa  City.  State  Hygienic  Lab. 
P.  A.  Kostle,  D.  R.  Seeger,  and  J.  Knapp. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  137-148,  9 
fig,  4  tab,  4  ref. 

Descriptors:  'Pollutant  identification,  'Water  anal- 
ysis, 'Groundwater  pollution,  'Monitoring,  'Ana- 
lytical methods,  'Oil  pollution,  'Path  of  pollutants, 
Data  interpretation,  Laboratory  methods,  Soil  con- 
tamination, Measuring  instruments,  Chromatogra- 
phy, Ionization,  Hydrocarbons,  Gasoline,  Ben- 
zenes, Toluenes,  Xylenes. 

The  Iowa  Department  of  Natural  Resources  re- 
quires that  soil  or  groundwater  samples  from  exca- 
vation sites  of  former  underground  storage  tanks 
be  analyzed  to  determine  if  contamination  has  oc- 
curred. Different  techniques  and  detectors  have 
been  used  to  analyze  these  samples  for  gasoline, 
benzene,  toluene,  xylenes  and  total  extractable  hy- 
drocarbons. Because  of  the  Mixxor  micro-extrac- 
tor's unsuitability  for  solid  matrices,  high  quantita- 
tion limits  for  direct  extract  analysis,  and  poor 
volatile  aromatic  recoveries  for  solvent  concentra- 
tion techniques,  efforts  to  use  solvent  extraction 
procedures  for  hydrocarbon  analyses  were  not 
continued.  Current  plans  are  to  implement  the  use 
of  purge  and  trap  sample  concentration  and  mega- 
bore  capillary  column  gas  chromatography  with 
photoionization  detector/flame  ionization  detector 
(PID/FID)  in  series  to  provide  acceptable  volatile 
aromatic  quantitation  limits  while  minimizing  inter- 
ferences and  analytical  delays  caused  by  the  pres- 
ence of  heavier  hydrocarbons  from  products  such 
as  diesel  fuel  and  motor  oil.  Identification  and 
quantitation  of  heavier  hydrocarbon  contamination 
will  continue  to  require  solvent  extraction  and 
capillary  column  gas  chromatography  of  an  aliquot 
of  the  concentrated  extract.  (See  also  W9 1-05236) 
(Lantz-PTT) 
W91-05248 


GUIDANCE  FOR  CONTRACTING  BIOLOGI- 
CAL AND  CHEMICAL  EVALUATIONS  OF 
DREDGED  MATERIAL. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-05276 


PROBABILISTIC  SOIL  CONTAMINATION 
EXPOSURE  ASSESSMENT  PROCEDURES. 

Environmental  Defense  Fund,  Austin,  TX. 
V.  J.  Smith,  and  R.  J.  Charbeneau. 
Journal   of  Environmental   Engineering   (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1143-1163,  Novem- 
ber/December 1990.  5  fig,  2  tab,  22  ref,  append. 

Descriptors:  'Environmental  engineering,  'Soil 
contamination,  'Risk  assessment,  'Model  studies, 
•Organic  pollutants,  'Groundwater  pollution, 
Monte  Carlo  method,  Simulation  analysis,  'Path  of 
pollutants,  Solute  transport,  Probability  distribu- 
tion, Population  exposure,  Uncertainty,  Soil  prop- 
erties. 

An  exposure  assessment  procedure  was  examined 
to  address  the  question  of  whether  the  presence  of 
an  organic  chemical  in  soil  poses  a  significant  risk 
to  an  underlying  groundwater  supply.  A  compari- 
son was  conducted  between  Monte  Carlo  simula- 
tion and  first-order  uncertainty  analysis  within  the 
framework  of  this  scenario.  For  the  exposure  as- 
sessment procedure,  the  exposure  point  concentra- 
tion was  predicted  by  performing  Monte  Carlo 
simulation  using  a  one-dimensional  vertical,  soil- 
water  solute-transport  model  coupled  with  a  two- 
dimensional,    horizontal    groundwater    fate    and 


transport  model.  The  result  was  expressed  as  a 
probability  distribution  of  the  contaminant  concen- 
tration at  the  point  of  human  exposure  (water 
supply  well).  To  complete  the  exposure  assessment 
procedure,  the  concentration  corresponding  to  a 
prespecified  risk  level  (usually  5%)  was  evaluated 
against  the  appropriate  and/or  relevant  health- 
based  standards  for  the  site.  First-order  uncertainty 
analysis  was  tested  as  an  alternative  to  Monte 
Carlo  simulation  for  the  exposure  assessment  pro- 
cedure, and  was  found  to  be  a  useful  tool  for 
examining  the  relative  importance  of  the  various 
site  parameters;  however,  the  method  was  not 
found  to  be  a  substitute  for  Monte  Carlo  simulation 
in  the  context  of  this  particular  exposure  assess- 
ment procedure,  because  of  its  inhomogeneous  soil 
characteristics  and  vaguely-defined  climate  param- 
eters. (Author's  abstract) 
W9 1-05326 


ON-LINE  DETERMINATION  OF  RESIDUAL 
ALUMINIUM  IN  POTABLE  AND  TREATED 
WATERS  BY  FLOW-INJECTION  ANALYSIS. 

Hull  Univ.  (England).  Dept.  of  Chemistry. 
R.  L.  Benson,  P.  J.  Worsfold,  and  F.  W.  Sweeting. 
Analytica  Chimica  Acta  ACACAM,  Vol.  238,  No. 
1,  p  177-182,  1990.  4  fig,  5  tab,  17  ref. 

Descriptors:  'Water  treatment,  'Spectrophoto- 
metry, 'Pollutant  identification,  'Aluminum,  'An- 
alytical techniques,  'Water  analysis,  Potable 
waters,  Flow  injection  analysis,  Automation, 
Treated  water,  Monitoring,  Metal  complexes,  Col- 
loids, Detection  limits,  Metals. 

One  aspect  of  water  quality  monitoring  is  the 
determination  of  residual  aluminum  (Al)  in  potable 
and  treated  waters.  Due  to  potential  health  risks, 
European  community  legislation  set  a  MAC  (maxi- 
mum acceptable  concentration)  level  of  200  micro- 
grams/L  and  guideline  level  of  50  micrograms/L 
for  Al.  A  portable,  automated,  flow-injection- 
based  solid-state  spectrophotometric  field  monitor 
for  the  determination  of  residual  dissolved  Al  in 
potable  and  treated  waters  was  designed.  Alumi- 
num is  determined  by  complexation  with  pyrocate- 
chol  violet  to  form  a  colloidal  lake  with  a  maxi- 
mum absorbance  at  580  nm.  Interference  from 
iron(III)  is  masked  by  reduction  to  iron(II)  and 
complexation  with  1,10-phenanthroline.  The  moni- 
tor operates  on  a  30-min  analytical  cycle,  i.e.,  with 
48  results  per  day,  and  each  cycle  includes  an 
autocalibration  step.  Over  the  course  of  a  3-month 
field  trial  the  reliability  was  greater  than  90%.  The 
performance  conforms  to  industry  specifications 
for  both  overall  accuracy  (bias  +/-10%)  and  re- 
peatability (relative  standard  deviation  <  +/- 
10%),  the  linear  range  is  0  to  1000  micrograms/L, 
and  the  practical  limit  of  detection  is  <  45  micro- 
grams/L. A  maintenance  program  would  be  sched- 
uled around  replenishment  of  reagents  and  the 
only  other  routine  maintenance  required  is  the 
replacement  of  pump  tubing  every  30  days.  This 
Al  monitor  meets  the  performance  characteristics 
specified  by  the  water  industry  and  is  sufficiently 
rugged  and  reliable  for  field  use.  (Vernooy-PTT) 
W9 1-05330 


RAPID  ION-EXCHANGE  TECHNIQUE  FOR 
THE  SEPARATION  AND  PRECONCENTRA- 
TION  OF  CHROMIUMCVD  AND 

CHROMIUMdn)  IN  FRESH  WATERS. 

Eidgenoessische   Anstalt   fuer   Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,    Due- 

bendorf  (Switzerland). 

C.  A.  Johnson. 

Analytica  Chimica  Acta  ACACAM,  Vol.  238,  No. 

2,  p  273-278,  1990.  2  fig,  1  tab,  24  ref. 

Descriptors:  'Ion  exchange,  'Separation  tech- 
niques, 'Analytical  techniques,  'Water  analysis, 
•Chromium,  'Pollutant  identification,  'Atomic  ab- 
sorption spectrophotometry,  Resins,  Detection 
limits,  Preconcentration,  Laboratory  methods, 
Metals. 

Chromium  is  present  in  fresh  water  systems  in  two 
thermodynamically  stable  oxidation  states,  Cr(VI) 
and  Cr(III),  depending  on  the  redox  conditions.  A 
technique  for  the  separation  and  preconcentration 
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of  Cr(VI)  and  Cr(III)  in  fresh  waters  was  devel- 
oped. The  analytical  procedure  involves  the  use  of 
anion  and  cation-exchange  columns.  The  columns 
are  eluted  and  the  eluate  is  analyzed  for  chromium 
using  a  graphite  furnace  atomic  absorption  spectro- 
photometer. Efficiency  of  the  cation  and  anion- 
exchange  columns  was  determined  by  the  standard 
addition  of  chromium  species  to  a  lake  water 
sample.  The  recovery  of  Cr(VI)  and  Cr(III)  was 
97.86  +  /-1.31%  and  102.36  +/-1.25%  (95%  confi- 
dence), respectively.  The  detection  limits  were 
0.019  and  0.020  micrograms/L  for  200  ml  of 
sample  (twice  the  standard  deviation  of  eleven 
replicate  blanks).  This  method  is  a  rapid  and  reli- 
able method  for  freshwater  samples.  Whereas  such 
methodology  previously  required  up  to  24  hours 
from  separation  to  analysis,  several  duplicate  sam- 
ples can  now  be  ready  for  analysis  within  1  hour. 
Minimum  sample  handling  ensures  that  there  is  less 
likelihood  of  sample  contamination.  Also,  relative- 
ly small  sample  volumes  are  required  and  large 
concentration  factors  are  easily  achieved.  Future 
method  development,  however,  will  have  to  ad- 
dress the  problem  of  total  chromium  determination 
and  the  characterization  of  the  colloidal  chromium 
fraction.  (VerNooy-PTT) 
W91-05332 


ION  CHROMATOGRAPHIC  DETERMINA- 
TION OF  TRACE  AMOUNTS  OF  ALUMINIUM 
WITH  ON-LINE  PRECONCENTRATION  AND 
SPECTROPHOTOMETRIC  DETECTION. 

Padua  Univ.  (Italy).  Dipt  di  Chimica  Inorganica, 

Metallorganica  e  Analitica. 

A.  Tapparo,  and  G.  G.  Bombi. 

Analytica  Chimica  Acta  ACACAM,  Vol.  238,  No. 

2,  p  279-284,  1990.  6  fig,  2  tab,  28  ref. 

Descriptors:  'Spectrophotometry,  'Pollutant  iden- 
tification, 'Aluminum,  'Ion  exchange  chromatog- 
raphy, 'Analytical  techniques,  'Water  analysis, 
Detection  limits,  Metals,  Preconcentration,  Pollut- 
ant identification,  Trace  levels,  Laboratory  meth- 
ods, Metal  complexes. 

Increasing  awareness  of  the  toxicity  and  ecotoxi- 
city  of  aluminum  has  prompted  the  development  of 
new  methods  for  the  determination  of  Al  at  trace 
and  ultra-trace  levels.  A  method  was  developed  to 
determine  trace  amounts  of  Al  in  aqueous  samples 
by  ion  chromatography  using  ammonium  sulfate/ 
nitric  acid  as  eluent  and  pyrocatechol  violet  (PCV) 
as  post-column  chromogenic  reagent.  A  Dionex 
2010i  ion  chromatographic  system  equipped  with  a 
spectrophotometry  detector  was  employed.  To 
avoid  sample  contamination  and  minimize  sample 
losses  during  injection,  a  pneumatic  injection 
system  was  used.  The  detection  limit  for  a  50 
microliter  sample  was  10  micrograms/L.  Precon- 
centration of  the  sample  (obtained  by  replacing  the 
sampling  loop  with  a  short  ion-exchange  column) 
allows  larger  amounts  of  sample  to  be  loaded  and 
lowers  the  detection  limit  below  1  microgram/L. 
Many  metal  complexes  with  PCV  give  a  measura- 
ble absorbance  in  the  present  detection  system; 
however,  under  given  chromatographic  conditions 
the  retention  times  for  these  interfering  species  are 
all  lower  than  that  of  Al(III).  Using  the  proposed 
procedure  only  the  total  monomelic  and  labile 
polymeric  species  of  Al  can  be  determined;  appli- 
cation of  the  method  to  natural  waters  in  which 
inert  polymeric  Al  may  be  present  will  be  the 
subject  of  further  work.  (VerNooy-PTT) 
W91-05333 


SIMPLE  BIOASSAY  FOR  THE  DIAGNOSIS  OF 
ALUMINIUM  TOXICITY  IN  SOILS. 

Queensland  Dept.  of  Primary  Industries,  Indooroo- 
pilly  (Australia).  Agricultural  Chemistry  Branch. 
R.  L.  Aitken,  P.  W.  Moody,  and  B.  L.  Compton. 
Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  7/8,  p  511-529,  1990.  2 
fig,  2  tab,  22  ref. 

Descriptors:  'Pollutant  identification,  'Acid  rain 
effects,  'Toxicity,  'Aluminum,  'Soil  contamina- 
tion, 'Bioassay,  'Plant  growth,  Root  development, 
Soil  tests,  Sublethal  effects,  Soil  solution,  Roots, 
Seedlings. 

A  bioassay  procedure  was  developed  for  diagnos- 
ing  Al   toxicity   in   soils   using   short   term   root 


growth  in  extracted  soil  solution.  Soil  solution  is 
extracted  from  moist  soil  which  has  been  incubated 
at  'field  capacity'  for  4  days.  Soil  solution  extracted 
is  divided  into  two  portions,  each  of  which  is 
treated  with  calcium  chloride  and  boric  acid  to 
ensure  that  neither  calcium  nor  boron  is  limiting 
root  growth.  One  portion  is  adjusted  to  pH  5.5  (pH 
adjusted  treatment)  with  saturated  Ca(OH)2  solu- 
tion. Aliquots  (11  mL)  of  each  portion  are  sepa- 
rately dispensed  into  each  of  five  polypropylene 
tubes.  Seedlings  (in  this  case  Glycine  max  cv. 
Forrest)  of  uniform  root  length  are  inserted  into 
each  tube  and  grown  for  48  hours.  The  increase  in 
root  length  during  the  48  hour  growth  period  (root 
elongation)  in  the  unadjusted  solutions  is  expressed 
as  a  percentage  of  that  in  the  pH  adjusted  solutions 
to  derive  relative  root  elongation  (RRE)--an  index 
of  Al  toxicity.  For  24  acidic  surface  soils,  RRE 
using  this  soil  solution  bioassay  was  linearly  corre- 
lated (R  squared  =  0.96)  with  RRE  obtained  from 
a  soil  bioassay  (with  unamended,  calcium  sulfate 
and  calcium  carbonate  treatments).  Calcium  car- 
bonate is  commonly  used  to  obtain  an  index  of  Al 
toxicity.  The  proposed  procedure  is  less  time  con- 
suming and  tedious  than  the  soil  bioassay,  and 
interpretation  of  the  result  is  unambiguous.  (Au- 
thor's abstract) 
W91-05340 


DEVELOPMENT  AND  USE  OF  AN  ELECTRI- 
CAL RESISTIVITY  CONE  FOR  GROUNDWAT- 
ER CONTAMINATION  STUDIES. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Civil 

Engineering. 

R.  G.  Campanella,  and  I.  Weemees. 

Canadian  Geotechnical  Journal  CGJOAH,  Vol. 

27,  No.  5,  p  557-567,  October  1990.  9  fig,  1  tab,  21 

ref. 

Descriptors:  'Instrumentation,  'Measuring  instru- 
ments, 'Water  quality,  Monitoring,  'Geophysical 
methods,  Electrical  properties,  Groundwater  pol- 
lution, 'Soil  contamination,  'Groundwater  quality, 
•Resistivity,  Soil  density  probes,  Field  tests,  British 
Columbia,  Dissolved  solids,  Electrodes,  Sand. 

The  evaluation  of  groundwater  quality  has  become 
increasingly  important  as  more  industrial  waste 
and  solid  domestic  refuse  come  into  contact  with 
groundwater.  One  method  of  detecting  contami- 
nated groundwater  is  by  noting  the  electrical  resis- 
tivity of  the  contaminated  soil.  This  method  has 
been  applied  at  the  University  of  British  Columbia 
by  the  development  and  use  of  a  new  resistivity 
cone  (RCPTU).  The  resistivity  cone  consists  of 
four  circumferential  surface  electrodes  contained 
in  a  separate  module  behind  a  15  sq  cm  piezocone. 
The  cone  is  capable  of  providing  a  continuous 
record  of  resistivity  with  depth.  An  initial  labora- 
tory testing  program  was  carried  out  using  a  sim- 
plified probe  design  to  ensure  the  feasibility  of  the 
project.  On  the  basis  of  favorable  laboratory  re- 
sults the  module  was  constructed,  calibrated  in  the 
laboratory,  and  then  field-tested  at  three  sites  in  the 
lower  mainland  of  British  Columbia.  Field  testing 
illustrated  the  capability  of  the  RCPTU  to  produce 
a  detailed  profile  of  bulk  resistivity  which  is  repre- 
sentative of  changes  in  the  amount  of  total  dis- 
solved solids  in  the  groundwater.  It  was  noted  that 
soil  resistivity  could  be  related  to  measured  cone 
parameters  in  sandy  soils.  This  shows  that  the  state 
of  soil  with  respect  to  porosity  and  amount  of  fines 
can  influence  the  bulk  resistivity.  The  RCPTU 
showed  that  changes  in  soil  density  caused  by 
penetration  do  affect  bulk  soil  resistivity  measure- 
ments. Comparing  the  results  of  the  inner  and 
outer  electrode  measurements  it  can  be  concluded 
that  two  electrodes  excited  at  1000  Hz  are  ade- 
quate for  resistivity  measurements.  The  speed, 
economy,  and  reliability  of  the  RCPTU  make  it 
ideal  for  many  contaminant  site  investigations  in 
unconsolidated  soil.  (Fish-PTT) 
W91-05358 


INTERFERENCE  OF  SOLUBLE  SILICA  IN 
THE  DETERMINATION  OF  ORTHOPHOS- 
PHATE-PHOSPHORUS. 

Bologna  Univ.  (Italy).  Inst,  of  Agricultural  Chem- 
istry. 

C.  Ciavatti,  L.  V.  Antisari,  and  P.  Sequi. 
Journal  of  Environmental  Quality  JEVQAA,  Vol. 


19,  No.  4,  p  761-764,  Oct-Dec  1990.  3  fig,  2  tab,  18 
ref. 

Descriptors:  'Analytical  methods,  'Chemical  in- 
terference, 'Orthophosphates,  'Phosphates,  'Pol- 
lutant identification,  'Silica,  'Water  analysis,  Col- 
orimetry,  Nonpoint  pollution  sources,  Perform- 
ance evaluation,  Spectrophotometry,  Water  pollu- 
tion sources. 

Determination  of  P  concentrations  in  dilute  solu- 
tions is  currently  used  to  assess  P  loadings  to  fresh 
and  marine  waters  from  nonpoint  sources.  The 
methods  most  widely  used  are  colorimetric  and 
involve  the  formation  of  a  blue  molybdenum  acid 
complex.  Possible  P  overestimates  from  interfer- 
ences are  caused  by  the  presence  of  silica,  which 
also  forms  a  blue  complex.  The  commonly  used 
methods  of  Murphy  and  Riley,  Dick  and  Tabata- 
bai,  and  the  Italian  'Instituto  di  Ricerca  Sulle 
Acque'  (IRSA)  were  tested  for  possible  interfer- 
ences caused  by  Si/P  ratios  (1000-5000)  similar  to 
those  reported  to  occur  in  soil  solutions  and  in 
groundwaters.  The  three  methods  all  overestimat- 
ed P  concentrations  due  to  the  presence  of  Si  in 
the  solutions,  especially  if  the  spectrophotometric 
readings  were  taken  more  than  10  min  from  the 
addition  of  reagents.  The  least  interference  oc- 
curred with  the  procedure  of  Murphy  and  Riley, 
which  partially  reduces  the  interference  of  the 
more  slowly  forming  silicomolybdenum  complex 
by  taking  readings  exactly  10  min  after  the  addition 
of  reagents  and  inhibiting  its  formation  with  the 
addition  of  sulfuric  acid.  This  method  is  therefore 
recommended.  (Doyle-PTT) 
W9 1-05407 


METHOD  FOR  DETERMINING  VOLATILE 
ORGANIC  SOLVENTS  IN  CHALK  PORE 
WATERS  (SOUTHERN  AND  EASTERN  ENG- 
LAND) AND  ITS  RELEVANCE  TO  THE  EVAL- 
UATION OF  GROUNDWATER  CONTAMINA- 
TION. 

British  Geological  Survey,  Wallingford  (England). 
Hydrogeology  Research  Group. 
A.  R.  Lawrence,  P.  J.  Chilton,  R.  J.  Barron,  and 
W.  M.  Thomas. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
6,  No.  4,  p  377-386,  December  1990.  2  fig,  2  tab,  10 
ref. 

Descriptors:  'England,  'Groundwater  pollution, 
•Interstitial  water,  'Limestone,  'Organic  solvents, 
'Pollutant  identification,  'Sampling,  Aquifers, 
Chlorinated  hydrocarbons,  Gas  chromatography, 
Path  of  pollutants,  Sample  preparation,  Separation 
techniques. 

Conventional  methods  of  sampling  groundwater  in 
chalk  aquifers  sample  the  mobile  water  in  the 
fissures  only  and  not  the  non-mobile  water  held  in 
the  microporous  matrix.  However,  the  micropor- 
ous  matrix  can  play  an  important  role  in  modifying 
groundwater  quality  by  attenuating  contaminant 
migration  through  diffusion  exchange  and,  in  the 
longer  term,  by  acting  as  a  reservoir  for  contami- 
nant retention.  A  method  for  extracting  and  ana- 
lyzing chalk  pore  waters  for  chlorinated  solvents 
was  developed.  Chalk  sub-samples  were  taken 
from  a  drill-core  sample  in  a  glass  bottle  containing 
distilled  water  and  pentane.  Each  bottle  was  tight- 
ly sealed  and  shaken  on  a  vortex  mixer  to  release 
the  pore  water  and  to  enhance  extraction  into  the 
pentane.  After  the  bottles  were  centrifuged  to  sep- 
arate chalk  as  sediment  a  sample  was  removed 
from  the  liquid  portion  in  the  neck  of  the  bottle 
and  injected  into  the  gas  chromatography  column. 
Chalk  pore  water-depth  profiles  at  the  site  of  a 
spillage  of  tetrachloroethene  demonstrated  that  the 
immiscible  phase  of  the  solvent  had  migrated  to 
depths  of  50  m,  producing  solvent  concentrations 
in  the  matrix  pore  waters  of  up  to  40,000  micro- 
grams/L. In  addition,  the  pore  water-depth  profile 
indicated  that  the  immiscible  phase  had  ponded 
upon  a  less  permeable  horizon  within  the  chalk 
aquifer  at  shallow  depths.  (Author's  abstract) 
W91-05417 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5A — Identification  Of  Pollutants 


BIOACCUMULATION  OF  MUTAGENS  AND 
PROMUTAGENS  IN  FISH  TAKEN  FROM 
FOUR  SITES   IN  NORTHEAST  TENNESSEE. 

East  Tennessee  State  Univ.,  Johnson  City.  Dept.  of 

Health  Sciences. 

R.  D.  Blevins,  and  C.  D.  Mohr. 

Journal  of  Environmental  Science  and  Health  (A) 

JESEDU,  Vol.  24,  No.  7,  p  731-744,  October  1989. 

2  fig,  1  tab,  5  ref. 

Descriptors:  •Bioaccumulation,  'Bioindicators, 
•Fish  populations,  'Mutagenicity,  'Mutagens, 
•Path  of  pollutants,  *Tennessee,  'Water  pollution 
effects,  Bioassay,  Boone  Lake,  Fish  metabolism, 
Holston  River,  Mammalian  microsome  assay,  Noli- 
chuky  River,  Separation  techniques,  Toxicity, 
Watuga  Lake. 

The  accumulation  of  mutagens  and/or  promuta- 
gens  was  investigated  in  fish  using  the  Ames  Sal- 
monella/mammalian microsome  assay.  The  fish 
were  taken  from  four  different  collection  sites  in 
northeast  Tennessee:  Watuga  Lake,  Boone  Lake, 
the  Nolichucky  River,  and  the  Holston  River.  A 
gross  autopsy  was  performed  on  each  fish.  This 
autopsy  consisted  of  recording  weight,  length,  age, 
sex,  and  the  physical  condition  of  the  various  fish 
organs.  Each  fish  (whole  body)  was  extracted 
using  ultra-pure  2-propanol  as  the  solvent.  Extracts 
were  then  screened  for  mutagenicity  using  bacte- 
rial Salmonella  typhimurum  tester  strains  TA97, 
TA98,  TA100,  and  TA102.  Two  fish  extracts 
showed  mutagenicity  (i.e.,  mutagenicity  ratio  > 
2.5):  one  from  Boone  Lake  and  the  other  from  the 
Nolichucky  River.  These  two  sample  extracts 
were  retested  at  several  doses.  Results  indicated 
that  only  the  fish  sample  from  the  Nolichucky 
River  displayed  a  dose  response  when  using  either 
strains  TA97  or  TA98  with  microsomal  activation. 
(Author's  abstract) 
W9 1-05462 


NEW  METHOD  FOR  DETERMINING  CON- 
CENTRATIONS OF  ENDOD-S  (PHYTOLACCA 
DODECANDRA)  IN  WATER  DURING  MOL- 
LUSCICIDING. 

Tulane  Univ.,  New  Orleans,  LA.  Dept.  of  Envi- 
ronmental Health  Sciences. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-05468 


WATER     SAMPLE     CONTAMINATION     BY 
GLASS  FIBER  AND  CELLULOSE  FILTERS. 

State  Univ.  of  New  York,  Syracuse.  Coll.  of  Envi- 
ronmental Science  and  Forestry. 
For  primary  bibliographic  entry  see  Field  7B. 
W91-05559 


CHLORIDE  ANALYSES  OF  SOIL  LEACHATE 
USING  THE  TRAACS  800  ANALYZER. 

Guelph  Univ.  (Ontario). 
D.  A.  Tel,  and  C.  Heseltine. 

Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  13-16,  p  1689-1693, 
1990.  2  fig,  5  ref. 

Descriptors:  'Analytical  techniques,  'Chemical 
analysis,  'Chlorides,  'Instrumentation,  'Leachates, 
'Measuring  instruments,  'Soil  chemistry,  'Water 
analysis,  Clays,  Colloids,  Colorimetry,  Sample 
preparation. 

Chloride  is  often  used  as  a  tracer  element  in  leach- 
ing studies  in  soils.  In  many  cases  the  leachate 
contains  colloidal  clay  and  organic  colored  sub- 
stances that  interfere  with  the  determination  of 
chloride.  The  use  of  automatic  colorimetry  has 
become  increasingly  popular  in  recent  years  due  to 
its  high  sensitivity  and  speed.  The  TRAACS  800 
continuous  flow  Auto  Analyzer  is  equipped  with 
features  which  enable  the  analysis  of  a  wide  range 
of  concentrations  with  a  minimum  of  sample  prep- 
aration. The  system  includes  a  dialyzer,  which 
overcomes  the  interference  problems  associated 
with  Cl(-)  determination,  a  random  access  sampler 
and  an  auto-dilute  function.  Highly  colored  plant 
extracts  were  analyzed  without  interference.  In 
this  method,  the  sample  is  mixed  with  the  color 
reagent  and  dialyzed  into  the  reagent  again.  The 
color   reagents   consist   of  mercuric   thiocyanate, 


methanol,  nitric  acid  and  ferric  nitrate.  The  reac- 
tion depends  on  the  liberation  of  thiocyanate  ions 
from  mercuric  thiocyanate,  by  reaction  with  Cl(-) 
ions  and  the  formation  of  un-ionized  but  soluble 
mercuric  chloride.  In  the  presence  of  ferric  ion,  the 
liberated  thiocyanate  ion  forms  highly  colored 
ferric  thiocyanate,  the  concentration  of  which  is 
proportional  to  the  original  chloride  concentration. 
It  was  concluded  that  the  TRAACS  800  enables 
the  rapid  and  reliable  analysis  of  Cl(-)  in  soil,  plant 
and  water  extracts.  (Agostine-PTT) 
W9 1-05560 


EFFICIENCY  OF  METHANOL:WATER  SOLU- 
TIONS FOR  METRIBUZIN  EXTRACTION 
FROM  SELECTED  SOILS. 

Agricultural    Research    Service,    Stoneville,    MS. 
Southern  Weed  Science  Lab. 
M.  A.  Locke,  J.  V.  Pothuluri,  T.  B.  Moorman,  and 
S.  S.  Harper. 

Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  17/18,  p  2141-2152, 
1990.  6  tab,  20  ref. 

Descriptors:  'Analytical  techniques,  'Metribuzin, 
•Pollutant  identification,  'Soil  chemistry,  'Soil 
contamination,  'Triazine  herbicides,  'Water  analy- 
sis, Chemical  analysis,  Laboratory  methods,  Loam, 
Pesticides. 

Extraction  efficiency  for  metribuzin  (4-amino-6- 
(1,1  -dimethylethyl)-3-(methylthio)- 1 ,2,4-triazin- 
5(4H)-one)  from  soil  was  evaluated  using  four  solu- 
tions of  methanol: water  at  ratios  of  1:1,  7:3,  4:1, 
and  1:0  v/v.  Two  concentrations  of  metribuzin 
(0.216  and  2.44  microgram/g  soil,  unlabeled  and 
14-C  labelled  metribuzin,  respectively)  were  added 
to  surface  and  subsurface  samples  of  a  Dundee  silt 
loam  soil.  Although  the  differences  in  extraction 
efficiencies  were  slight  due  to  differences  in 
methano!:water  ratios,  the  metribuzin  recovery 
varied  with  soil  depth.  Less  metribuzin  was  recov- 
ered from  surface  soil  extracted  with  1:1  and  1:0 
methanol: water  solutions  when  compared  to  7:3 
and  4:1  solutions  (80  and  81%  vs  89  and  88% 
recoveries,  respectively).  About  equal  quantities, 
81  to  85%,  were  recovered  from  the  subsurface 
soil.  Three  extraction  shaking  times  (0.5  h  followed 
by  another  0.5  h;  4  h:4  h;  and  24  h:24  h)  were  also 
evaluated  using  the  4:1  extractant.  No  recovery 
differences  were  observed  between  the  0.5  h  and  4 
h  shaking  times.  However,  significantly  higher  re- 
coveries occurred  in  both  the  surface  and  subsur- 
face soil  with  24  h  shaking.  The  efficiency  of  this 
method  was  also  determined  on  Eustis  loamy  sand, 
Sharkey  clay,  and  Dorovan  muck  soils  of  diverse 
physical  and  chemical  properties.  The  4:1  extract- 
ing solution  consistently  yielded  among  the  highest 
metribuzin  recovery  (74  to  97%)  from  the  four  soil 
types,  and  two  depths  of  a  Dundee  soil.  (Author's 
abstract) 
W91-05563 


ELECTROPHILES  AND  ACUTE  TOXICITY  TO 
FISH. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Inst,  of  Toxicology. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-05566 


MODHTED  MOST-PROBABLE-NUMBER 

TECHNIQUE  FOR  THE  SPECIFIC  DETERMI- 
NATION OF  ESCHERICHIA  COLI  FROM  EN- 
VIRONMENTAL SAMPLES  USING  A  FLUOR- 
OGENIC  METHOD. 

Malaga  Univ.  (Spain).  Dept.  of  Microbiology. 
M.  C.  Balebona,  M.  A.  Morinigo,  R.  Cornax,  J.  J. 
Borrega,  and  M.  Torregrossa. 
Journal   of  Microbiological   Methods   JMIMDQ, 
Vol.  12,  No.  3/4,  p  235-245,  1990.  1  fig,  4  tab,  44 
ref. 

Descriptors:  'Bacteria,  'Bioindicators,  'Escheri- 
chia coli,  'Fluorometry,  'Statistical  methods, 
•Water  analysis,  Analysis  of  variance,  Coliforms, 
Data  interpretation,  Laboratory  methods,  Mathe- 
matical studies,  Microbiological  studies,  Water 
quality. 

A  specific  and  sensitive  modification  of  the  most- 
probable-number  (MPN)  technique  was  performed 


by  the  addition  of  4-methylumbelliferyl-beta-D- 
glucuronide  (MUG)  to  both  presumptive  and  con- 
firmatory media.  The  use  of  this  modification 
allows  of  the  precise  determination  of  Escherichia 
coli  from  marine  samples  (seawater,  sediment  and 
shellfish)  within  7  days,  compared  t6  10-12  days 
required  by  using  the  standard  methodology.  This 
assay  is  based  on  the  almost  exclusive  presence  of 
the  enzyme  beta-glucuronidase  in  E.  coli.  The  sub- 
strate MUG  is  broken  down  by  the  enzyme  to 
release  4-methylumbelliferone,  which  is  fluorescent 
under  ultraviolet  light  (365  nm).  No  false-positive 
isolates  for  fluorescence  reaction  were  observed, 
although  one  E.  coli  strain  that  was  fluorescent 
positive  on  agar  was  isolated  from  non-fluorescent 
tubes.  Klebsiella  pneumoniae  was  the  species  most 
frequently  detected  from  tubes  with  gas  and  fluo- 
rescence production  and  typical  morphology  on 
mFC  agar,  but  failed  on  nutrient-MUG  agar.  Using 
a  unifactorial  variance  analysis  of  the  mean,  fluo- 
rescence in  tubes  and  on  agar  was  determined  to  be 
the  factor  which  allows  the  detection  of  E.  coli  in 
the  three  sample  types  with  high  accuracy.  The 
incorporation  of  MUG  to  the  selective  broth  in  the 
confirmatory  test  has  been  shown  to  prevent  false- 
positive  results  due  to  shellfish  tissue  beta-glucu- 
ronidase activity.  Specificity  of  the  MUG-MPN 
method  was  high  (Se  =  0.94  and  Sp  =  0.79).  The 
results  obtained  using  laboratory  strains  snowed 
that  although  E.  coli,  Citrobacter  freundii,  Entero- 
bacter  cloacae  and  K.  pneumoniae  produce  acid 
and  gas  in  MacConkey-purple  broth,  beta-glucu- 
ronidase activity  in  this  selective  broth  is  specific 
to  E.  coli.  (Author's  abstract) 
W91-05572 


CROSS-FLOW  FILTRATION  OF  COLLOIDS 
FROM  AQUATIC  ENVIRONMENTS. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Oceanography. 

B.  G.  Whitehouse. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  6,  p  1368-1375,  September  1990.  3  fig,  3  tab,  11 

ref.  Department  of  Supply  and  Services  (Canada) 

Contract  09SC.FP901-5-A514. 

Descriptors:  •Colloids,  *Filtration,  'Laboratory 
methods,  'Pollutant  identification,  'Ultrafiltration, 
'Water  analysis,  Contamination,  Mass  balance,  Or- 
ganic matter,  Trace  metals. 

In  recognition  of  problems  associated  with  tradi- 
tional ultrafiltration  techniques,  cross-flow  ultrafil- 
tration has  been  adapted  to  isolate  colloidal  materi- 
al from  natural  aquatic  environments,  both  fresh- 
water and  marine.  The  procedure  is  capable  of 
delivering  filtration  rates  on  the  order  of  tens  of 
liters  per  hour  without  introducing  significant 
quantities  of  organic  or  trace-metal  contaminants, 
and  thus  is  suitable  for  large- volume  and  trace- 
component  applications.  Mass  balance  experiments 
in  which  concentrations  were  measured  in  ultrafil- 
trate  and  retained  fractions  show  that  both  organic 
material  and  several  trace  metals  are  recovered 
without  significant  losses  on  the  filters.  (Author's 
abstract) 
W91-05585 


USE  OF  A  REMOTE  OPERATED  VEHICLE 
(ROV)  TO  EVALUATE  MARINE  DISCHARGES 
OF  TREATED  WASTEWATER. 

Metcalf  and  Eddy,  Inc.,  Wakefield,  MA. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-05663 

ISOLATION  OF  BACTERIOPHAGES  FROM 
LARGE  VOLUMES  OF  PRISTINE  TROPICAL 
WATERS  AND  THEHt  CORRELATION  TO 
FECAL  CONTAMINATION. 

Puerto  Rico  Univ.,  Rio  Piedras.  Environmental 
Microbiology  Lab. 

E.  A.  Hernandez  Delgado,  and  G.  A.  Toranzos. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  543-551,  1  fig,  3  tab,  21  ref. 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Identification  Of  Pollutants — Group  5A 


Descriptors:  'Bacteriophage,  *Bioindicators, 
•Fecal  coliforms,  'Pollutant  identification,  'Tropi- 
cal hydrology,  'Tropical  regions,  'Viruses, 
•Water  quality,  Bacteria,  Coliforms,  Laboratory 
methods,  Microbiological  studies,  Monitoring, 
Streptococcus. 

Recently,  strong  evidence  has  been  found  against 
the  use  of  coliforms  as  indicator  organisms  of  fecal 
contamination  in  tropical  waters.  False  positive 
and  false  negative  results  are  commonly  found. 
There  is  a  need  for  the  development  of  more  rapid 
low-cost  techniques  for  determining  microbiologi- 
cal water  quality.  A  method  has  been  developed  to 
analyze  large  volumes  of  pristine  tropical  waters 
for  the  presence  of  coliphages.  It  involves  the 
filtration  of  water  through  positively  charged  fil- 
ters and  an  elution  step.  The  eluent  is  then  mixed 
with  nutrient  agar  and  incubated.  Water  samples 
were  analyzed  from  a  rain  forest,  ranging  from 
pristine  river  waters  and  water  collected  from  bro- 
meliads  (epiphytic  vegetation),  to  recreational 
rivers.  Total  and  fecal  coliforms  as  well  as  fecal 
streptococci  levels  detected  were  higher  than  rec- 
ommended standards  for  fecal  contamination  of 
waters.  Bacteriophages  have  been  detected  only  in 
recreational  waters,  but  not  from  bromeliads  or 
pristine  waters.  These  data  suggest  a  correlation 
between  the  presence  of  phages  and  fecal  contami- 
nation. (See  also  W91-05611)  (Author's  abstract) 
W9 1-05666 


DETERMINATION  OF  1  NG/L.  LEVELS  OF 
MERCURY  IN  WATER  BY  ELECTROTHER- 
MAL ATOMIZATION  ATOMIC-ABSORPTION 
SPECTROMETRY  AFTER  SOLVENT  EXTRAC- 
TION. 

Universite  de  Bretagne-Occidentale,  Brest 
(France). 

A.  Le  Bihan,  and  J.  Y.  Cabon. 
Talanta  TLNTA2,  Vol.  37,  No.  12,  p  1119-1122, 
December  1990.  1  fig,  1  tab,  19  ref. 

Descriptors:  'Atomic  absorption  spectrophoto- 
metry, 'Chemical  analysis,  'Laboratory  methods, 
•Mercury,  'Pollutant  identification,  Detection 
limits,  Sensitivity  analysis,  Solvents,  Water  chemis- 
try. 

The  sensitivity  of  current  methods  of  trace  deter- 
mination of  mercury  is  high  but  not  sufficient  for 
the  direct  determination  of  mercury  in  unpolluted 
natural  waters.  To  measure  such  low  levels  a  pro- 
cedure is  proposed  for  determination  of  mercury  in 
the  ng/L  range  with  sample  volumes  around  100 
ml,  by  use  of  only  conventional  electrothermal 
atomic  absorption  spectrometers.  To  reduce  the 
risk  of  mercury  losses  (or  gains  by  contamination) 
the  metal  is  determined  in  the  solvent  used  for  the 
extraction,  which  is  performed  directly  in  the  sam- 
pling vessel.  The  determination  of  mercury  in 
water,  at  the  1  ng/L  level,  requires  optimization  of 
the  experimental  conditions  for  both  the  atomic 
absorption  spectrophotometry  and  the  extraction. 
A  low  characteristic  mass  was  achieved  by  integra- 
tion of  the  signal  and  by  choosing  an  atomization 
temperature  close  to  700  degrees;  in  such  condi- 
tions the  characteristic  mass  is  20  pg  in  aqueous 
solution  and  30  pg  in  chloroform  extracts  (with 
Zeeman  correction).  When  the  extraction  with 
sodium  diethyldithiocarbamate  was  performed  di- 
rectly in  the  sampling  vessel  at  a  sample-to-solvent 
volume  ratio  of  100  (100  ml  sample,  400  microliters 
extract),  the  characteristic  concentration  was 
better  than  1  ng/L  (0.8  ng/L),  with  a  30%  relative 
standard  deviation.  Besides  high  sensitivity,  advan- 
tages of  the  procedure  include  time  saving  and  a 
reduced  risk  of  contamination  with,  or  Toss  of, 
mercury.  (Fish-PTT) 
W91-05800 


MAPPING  ZONES  OF  CONTAMINATED 
GROUND-WATER  DISCHARGE  USING 
CREEK-BOTTOM-SEDIMENT  VAPOR  SAM- 
PLERS, ABERDEEN  PROVING  GROUND, 
MARYLAND. 

Geological  Survey,  Columbia,  SC. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05813 


'WHERE'S  THE  BENZENE':  EXAMINING 
CALIFORNIA  GROUND-WATER  QUALITY 
SURVEYS. 

Applied  Science  and  Engineering,  Inc.,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05818 


USE  OF  ATOMIC  ABSORPTION  SPECTROS- 
COPY WITH  A  GRAPHITE  FURNACE  TO  DE- 
TERMINE ARSENIC  IN  NATURAL  WATERS 
AND  AQUEOUS  SOIL  EXTRACTS. 

Z.  N.  Kakhnovich,  and  L.  A.  Lerner. 
Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  2,  p 
113-118,  1989.  2  fig,  5  tab,  3  ref.  Translated  from: 
Pochvovedeniye,  No.  10,  p  127-131,  1988. 

Descriptors:  'Arsenic,  'Chemical  analysis,  'Pol- 
lutant identification,  'Spectroscopy,  'Water  analy- 
sis, Atomic  adsorption  spectroscopy,  Graphite  fur- 
nace, Laboratory  methods,  Performance  evalua- 
tion. 

An  electrothermal  atomic  absorption  method  of 
determining  arsenic  in  natural  waters  and  aqueous 
soil  extracts  using  a  graphite  furnace  was  devel- 
oped. The  effects  of  HC1,  HN03,  Na,  K,  Ca,  Mg, 
Al,  Fe,  Si,  and  P  and  the  effect  of  the  type  of 
graphite  surface  on  the  arsenic  absorbing  capacity 
A(As)  was  investigated.  Nickel  sulfate  (NiS04)  at 
1  mg/1  is  recommended  as  a  modifier  to  eliminate 
the  effect  of  extraneous  elements  on  A(As).  The 
use  of  NiS04  also  makes  in  possible  to  raise  the 
temperature  of  the  thermolysis  stage  to  1500  C. 
Arsenic  is  determined  in  a  standard  graphite  fur- 
nace in  the  presence  of  NiS04  using  two-stage 
thermolysis.  The  validity  of  the  method  was  tested 
by  the  'added  and  found'  technique  and  by  com- 
paring the  analyses  of  state  standard  samples  with 
their  certified  concentrations.  The  detection  limit 
for  arsenic  was  0.005  microgram/ml.  The  coeffi- 
cient of  variation  was  3.4%.  (Rochester-PTT) 
W91-05829 


ELECTROPHILES  AND  ACUTE  TOXICITY  TO 
FISH. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Inst,  of  Toxicology. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-05891 


INSTRUMENTAL  NEUTRON  ACTIVATION 
ANALYSIS  OF  STANDARD  REFERENCE  MA- 
TERIAL 1941,  ORGANICS  IN  MARINE  SEDI- 
MENT. 

National  Inst,  of  Standards  and  Technology 
(NML),  Gaithersburg,  MD.  Center  for  Analytical 
Chemistry. 

S.  F.  Stone,  B.  J.  Koster,  and  R.  Zeisler. 
Biological   Trace   Element   Research   BTERDG, 
Vol.  26/2,  p  579-586,  July/December  1990,  1  fig,  1 
tab,  13  ref. 

Descriptors:  'Marine  sediments,  'Neutron  activa- 
tion analysis,  'Organic  pollutants,  *Pollutant  iden- 
tification, *Sediment  analysis,  'Standards,  Analyti- 
cal methods,  Laboratory  methods,  Marine  pollu- 
tion, Organic  compounds,  Sediment  contamina- 
tion, Trace  elements. 

The  National  Institute  of  Standards  and  Technolo- 
gy has  developed  a  new  Standard  Reference  Mate- 
rial 1941,  'Organics  in  Marine  Sediment.'  In  addi- 
tion to  the  organic  constituents,  consisting  of  11 
polycyclic  aromatic  hydrocarbons,  15  PCB  con- 
geners, and  seven  chlorinated  pesticides,  over  30 
elements  have  been  determined  by  instrumental 
neutron  activation  analysis  and  prompt-gamma  ac- 
tivation analysis.  The  homogeneity  of  the  material 
was  investigated  and  relative  standard  deviations 
of  single-element  concentrations  in  the  250  mg 
samples  were  found  to  be  1%  or  less  with  regard 
to  major  inorganic  constituents  and  rare  earth  ele- 
ments. A  slightly  higher  relative  SD  was  found  for 
elements  that  may  stem  from  biological  or  anthro- 
progenic  input.  The  element  concentrations  deter- 
mined in  this  work  were  compared  for  content  and 
homogeneity  with  IAEA-SD-N-1/2  a  similar  refer- 
ence material  used  as  a  control.  Concentrations  for 
3 1  elements  will  be  included  for  information  on  the 
certificate.  (Doyle-PTT) 


W9 1-05900 


MICRONUCLEUS  TEST  IN  FISH  FOR  MONI- 
TORING THE  GENOTOXIC  EFFECTS  OF  IN- 
DUSTRIAL WASTE  PRODUCTS  IN  THE 
BALTIC  SEA,  SWEDEN. 

Institut  Jozef  Stefan,  Ljubljana  (Yugoslavia). 
K.  Al-Sabti,  and  J.  Hardig. 

Comparative  Biochemistry  and  Physiology  (C) 
CBPCEE,  Vol.  97,  No.  1,  p  179-182,  1990.  2  fig,  1 
tab,  21  ref. 

Descriptors:  *Baltic  Sea,  *Bioindicators,  'Industri- 
al wastewater,  'Monitoring,  'Pulp  and  paper  in- 
dustry, 'Sweden,  'Toxicity,  'Wastewater  pollu- 
tion, 'Water  pollution  effects,  Erythrocytes,  Field 
tests,  Genotoxicity,  Micronuclei. 

Biological  testing  is  a  scientifically  valid  approach 
to  control  toxic  substances  in  industrial  wastewater 
discharges.  Therefore,  the  feasibility  of  using  mi- 
cronuclei induction  in  fish  as  an  indicator  of  geno- 
toxics  under  actual  field  conditions  was  investigat- 
ed. The  micronucleus  test  provides  estimates  of  the 
frequencies  of  mutational  damage,  and  gives  in- 
sight into  the  direct  and/or  indirect  risk  to  human 
health  of  environmental  pollutants.  The  test  is 
based  on  the  fact  that  the  consequences  of  unre- 
paired mutations  are  expressed  by  the  frequency  of 
micronuclei.  Perch  were  collected  from  the  Baltic 
Sea  in  the  vicinity  of  a  pulp  plant  in  Sweden,  and 
their  blood  cells  examined  for  micronuclei.  A 
single  micronucleus  was  predominant  in  the  perch 
erythrocyte  cells,  and  this  was  found  in  about  95% 
of  all  counted  micronucleated  erythrocyte  cells, 
while  about  5%  were  with  two  micronuclei.  A 
discharge  distance-relationship  was  found.  Fish 
specimens  found  in  the  Baltic  seawater  contaminat- 
ed by  pulp  wastewater  products  had  increased 
levels  of  micronuclei  frequency  in  the  erythro- 
cytes, which  was  a  function  of  distance  from  the 
discharge  points.  These  results  indicate  that  the 
frequency  of  micronuclei  in  fish  can  serve  as  a 
relevant  parameter  in  the  assessment  of  genotoxic 
pollutants.  Micronuclei  measurements  in  fish  were 
shown  to  be  a  better  parameter  than  chromosomal 
aberrations  in  environmental  studies  under  labora- 
tory and  field  conditions.  (White-Reimer-PTT) 
W9 1-05944 


CHARACTERIZATION  OF  THE  H4IIE  RAT 
HEPATOMA  CELL  BIOASSAY  AS  A  TOOL 
FOR  ASSESSING  TOXIC  POTENCY  OF 
PLANAR  HALOGENATED  HYDROCARBONS 
IN  ENVIRONMENTAL  SAMPLES. 
Michigan  State  Univ.,  East  Lansing.  Pesticide  Re- 
search Center. 

D.  E.  Tillitt,  J.  P.  Giesy,  and  G.  T.  Ankley. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  25,  No.  1,  p  87-92,  January  1991.  4 
fig,  3  tab,  52  ref. 

Descriptors:  'Bioassay,  'Chemical  analysis,  'Halo- 
genated  hydrocarbons,  'Hydrocarbons,  'Pollutant 
identification,  'Toxicity,  Polychlorinated  biphen- 
yls,  Polychlorinated  dibenzofurans,  Testing  proce- 
dures, Tissue  analysis. 

Planar  halogenated  hydrocarbons  (PHHs)  are  a 
group  of  chemicals  with  isosteric  configurations  or 
structures  and  include,  among  other  environmental 
contaminants,  polychlorinated  biphenyls  (PCBs), 
polychlorinated  dibenzo-p-dioxins  (PCDDs),  and 
polychlorinated  dibenzofurans  (PCDFs).  An  in 
vitro  system,  the  H4IIE  rat  hepatoma  cell  bioas- 
say, was  characterized  for  use  in  assessing  the 
overall  toxic  potency  of  PCBs,  PCDDs,  and 
PCDFs  in  extracts  from  environmental  samples. 
This  in  vitro  bioassay  of  cytochrome  P450AI1 
catalytic  activity  in  the  H4IIE  cells  in  response  to 
PHHs  was  repeatable  over  time  and  standards 
were  reproducible  among  laboratories  when 
dosing  conditions  were  similar.  Three  common 
extraction/cleanup  procedures  tested  had  no  ad- 
verse effect  on  the  response  of  the  cells  and  bio- 
genic interferences  were  not  encountered.  Com- 
parison of  the  response  of  the  H4IIE  cells  to 
extracts  was  calibrated  against  their  response  to  the 
standard,  2,3,7,8-tetrachlorodibenzo-p-dioxin 

(TCDD)  to  give  TCDD  equivalents  (TCDD-EQ). 
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Group  5A — Identification  Of  Pollutants 


This  method  of  calibration  proved  to  be  effective 
for  quantitation  of  known  amounts  of  PHHs  spiked 
into  a  sample  matrix.  The  bioassay  was  applied  to 
fish  and  wildlife  samples  (Chinook  salmon,  aquatic 
bird  eggs)  taken  from  the  Great  Lakes.  The 
TCDD-EQ  in  picog/g  ranged  from  26.7  in  Chi- 
nook salmon  to  415.7  in  Caspian  tern  eggs.  The 
potential  utility  of  this  bioassay  is  as  an  integrative 
tool  to  assess  the  toxic  potency  of  complex  mix- 
tures of  PHHs.  The  results  of  this  bioassay  can 
complement  chemical  residue  analysis  and  direct 
the  need  for  such  analysis,  as  well  as  aid  in  the 
interpretation  of  biological  effects  data  from  envi- 
ronmental studies.  (Author's  abstract) 
W9 1-05950 


APPLICATION  OF  THE  MASTER  ANALYTI- 
CAL SCHEME  TO  THE  DETERMINATION  OF 
VOLATILE  ORGANICS  IN  WASTEWATER  IN- 
FLUENTS AND  EFFLUENTS. 

Research  Triangle  Inst.,  Research  Triangle  Park, 

NC. 

L.  C.  Michael,  E.  D.  Pellizzari,  and  D.  L. 

Norwood. 

Environmental        Science        and       Technology 

ESTHAG,   Vol.   25,  No.    1,   p   150-155,  January 

1991.  3  fig,  4  tab,  3  ref.  EPA  Contract  68a-01-6904. 

Descriptors:  'Pollutant  identification,  'Testing 
procedures,  'Volatile  organic  compounds, 
•Wastewater  analysis,  'Wastewater  pollution, 
•Water  pollution  sources,  Halogens,  Laboratory 
methods,   Wastewater  treatment,  Water  analysis. 

Volatile  organic  compounds  were  isolated,  identi- 
fied, and  quantitated  in  wastewater  influents  and 
effluents  by  using  the  EPA  Master  Analytical 
Scheme  (MAS),  a  set  of  protocols  developed  to 
determine  a  broad  spectrum  of  organic  pollutants 
from  a  wide  variety  of  chemical  classes.  The  MAS 
volatile  organics  protocol  is  designed  to  measure 
purgeable  organic  compounds  in  wastewaters,  as 
well  as  other  types  of  water.  These  analyses  were 
performed  as  part  of  a  U.S.  EPA  assessment  of 
water  quality  in  the  Great  Lakes  basin.  In  addition 
to  50  target  compounds,  up  to  55  nontarget  (un- 
known) compounds  were  identified  and  quantitat- 
ed in  20  samples  obtained  from  public-owned  treat- 
ment works.  This  analytical  approach  showed 
clear  reductions  between  influents  and  effluents,  in 
the  number  of  compounds  identified,  the  total  con- 
centration of  halogenated  and  nonhalogenated 
compounds,  and  the  concentration  of  the  largest 
component.  Reductions  in  the  number  of  target 
compounds  detected  in  influents  vs  effluents  were 
relatively  small  in  proportion  to  reductions  in  the 
total  amounts  of  halogenated  and  nonhalogenated 
compounds.  Overall,  reductions  in  nontarget  com- 
pounds, before  and  after  treatment,  were  compara- 
ble to  reductions  in  target  compounds  in  terms  of 
both  number  and  total  concentration.  (Author's 
abstract) 
W91-05955 


DETECTION  OF  POLY(ETHYLENE  GLYCOL) 
RESIDUES  FROM  NONIONIC  SURFACTANTS 
IN  SURFACE  WATER  BY  1H  AND  13C  NUCLE- 
AR MAGNETIC  RESONANCE  SPECTROME- 
TRY. 

Geological  Survey,  Denver,  CO. 
J.  A.  Leenheer,  R.  L.  Wershaw,  P.  A.  Brown,  and 
T.  I.  Noyes. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  25,  No.  1,  p  161-168,  January 
1991.  7  fig,  2  tab,  22  ref. 

Descriptors:  'Oolorimetry,  'Mississippi  River, 
•Pollutant  identification,  *Polyethylene  glycol, 
•Spectrometry,  •Surfactants,  Colorado,  Fulvic 
acids,  Laboratory  methods,  Organic  pollutants, 
Surface  water. 

Poly(ethylene  glycol)  (PEG)  residues  were  detect- 
ed in  organic  solute  isolates  from  surface  water  by 
1H  nuclear  magnetic  resonance  spectrometry 
(NMR),  13C  NMR  spectrometry,  and  colorimetric 
assay.  PEG  residues  were  separated  from  natural 
organic  solutes  in  Clear  Creek,  CO,  by  a  combina- 
tion of  methylation  and  chromatographic  proce- 
dures. The  isolated  PEG  residues,  characterized  by 
NMR  spectrometry,  were  found  to  consist  of  neu- 


tral and  acidic  residues  that  also  contained 
poly(propylene  glycol)  moieties.  The  1H  NMR 
and  the  colorimetric  assays  for  poly(ethylene 
glycol)  residues  were  done  on  samples  collected  in 
the  lower  Mississippi  River  and  tributaries  between 
St.  Louis,  MO,  and  New  Orleans,  LA,  in  July- 
August  and  November-December  1987.  Aqueous 
concentrations  for  poly(ethylene  glycol)  residues 
based  on  colorimetric  assay  ranged  from  undetec- 
table to  about  28  microg/L.  Concentrations  based 
on  1H  NMR  spectrometry  ranged  from  undetecta- 
ble to  145  microg/L.  The  most  specific  technique 
was  13C  NMR  spectrometry,  which  allows  one  to 
distinguish  poly(ethylene  glycols)  from 
poly(propylene  glycols)  in  the  presence  of  natural 
organic  solutes.  1H  NMR  spectrometry  has  ade- 
quate sensitivity  for  environmental  monitoring,  but 
it  lacks  the  resolution  to  distinguish  various  end 
groups  and  poly(propylene  glycol)  content  in  PEG 
residues  in  the  presence  of  fulvic  acid.  The  NMR 
and  colorimetric  assays  of  organic  solutes  from 
both  rivers  indicate  that  PEG  residues  are  ubiqui- 
tous contaminants  in  these  waters  during  both 
summer  and  winter.  The  1H  NMR  assay  found  4- 
15  times  the  PEG  residue  concentrations  in  the 
lower  Mississippi  River  than  was  determined  by 
colorimetric  assay  of  these  samples.  The  concen- 
trations of  PEG  residues  found  in  Clear  Creek  and 
in  the  lower  Mississippi  river  make  these  residues 
one  of  the  most  abundant  contaminant  classes 
found  in  these  surface  waters.  (White-Reimer- 
PTT) 
W9 1-05956 


5B.  Sources  Of  Pollution 


ROLE  OF  THE  CEMENT  INDUSTRY  IN  THE 
CONTAMINATION  OF  AIR,  WATER,  SOIL 
AND  PLANT  WITH  VANADIUM  IN  CAIRO. 

National  Research  Centre,  Cairo  (Egypt).  Air  Pol- 
lution Dept. 

K.  T.  Hindy,  H.  I.  Shafy,  and  S.  A.  Farag. 
Environmental  Pollution  ENPOEK,  Vol.  66,  No. 
3,  p  195-205,  1990.  2  fig,  4  tab,  22  ref. 

Descriptors:  *Air  pollution  sources,  *Cairo, 
•Cement  industry,  'Egypt,  'Vanadium,  'Water 
pollution  sources,  Plant  contamination,  Soil  con- 
tamination. 

Levels  of  vanadium  in  air,  water,  soil  and  plants 
resulting  from  the  operation  of  a  cement  factory 
were  studied  over  a  twelve-month  period.  Samples 
of  air  solids,  dry  deposition,  water,  soil  and  plants 
around  the  cement  factory,  as  well  as  the  raw 
materials  used  in  the  cement  production  were  sam- 
pled on  a  monthly  basis.  Results  obtained  were 
compared  with  the  level  of  vanadium  in  a  relative- 
ly non-polluted  residential  area.  The  cement  facto- 
ry is  the  main  source  of  the  element  in  the  adjacent 
environment,  being  responsible  for  more  than  70% 
of  the  vanadium  in  dry  deposition.  The  levels  of 
vanadium  in  the  El-Khashab  canal,  soil,  and  Eich- 
hornia  crassipes  were  highest  at  the  site  nearest  the 
cement  factory  and  showed  a  gradual  decrease 
with  increasing  distance  from  the  factory.  This  is 
due  to  the  fact  that  the  cement  factory  is  using 
fossil  fuels  and  raw  materials  both  of  which  con- 
tain high  levels  of  vanadium  without  adequate 
control  of  the  release  of  pollutants.  Continuous 
release  of  air-borne  dust  from  the  cement  industry 
will  increase  the  level  of  vanadium  in  the  sur- 
rounding environment  in  the  long  run.  (Feder- 
PTT) 
W9 1-04941 


INFLUENCE  OF  MODE  OF  EXPOSURE  AND 
THE  PRESENCE  OF  A  TUBICULOUS  POLY- 
CHAETE  ON  THE  FATE  OF 

BENZ(A)ANTHRACENE  IN  THE  BENTHOS. 

Woods  Hole  Oceanographic  Institution,  MA. 
A.  E.  McElroy,  J.  W.  Farrington,  and  J.  M.  Teal. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1648-1655,  Novem- 
ber 1990.  4  fig,  3  tab,  41  ref.  NOAA  contract  83- 
ABD-00012. 

Descriptors:  'Benthos,  'Microbial  degradation, 
•Polychaetes,  'Polycyclic  aromatic  hydrocarbons, 
Biological  oxidation,  Boston  Harbor,  Sediment 
contamination. 


The  distribution  and  metabolism  of 
benz(a)anthracene  (BA)  was  followed  in  benthic 
microcosms  in  the  presence  and  absence  of  the 
polycheate  Nereis  virens  for  periods  of  4-25  days 
to  assess  simultaneously  the  effects  of  mode  of 
introduction  and  the  presence  of  large  burrowing 
organisms  on  the  fate  of  polycyclic  aromatic  hy- 
drocarbons and  their  metabolites  in  the  benthos. 
Radiolabeled  BA  was  added  to  the  chambers  in 
three  ways:  already  sorbed  to  the  entire  sediment 
reservoir,  directly  into  the  water  column,  or  incor- 
porated into  food  for  the  worms.  BA  added  to  the 
water  column  was  more  available  for  uptake  and 
metabolism  by  worms  and  microbial  mineralization 
to  carbon  dioxide  than  BA  previously  sorbed  to 
the  entire  sediment  reservoir.  In  experiments  with 
the  sediment  reservoir  uniformly  labeled  with  BA, 
worms  increased  flux  of  BA  from  the  sediment, 
and  with  time,  their  presence  led  to  increased  rates 
of  microbial  mineralization  of  BA  to  carbon  diox- 
ide. Dietary  BA  was  most  rapidly  metabolized  by 
Nereis.  (Author's  abstract) 
W9 1-04945 


INFLUENCE  OF  ORGANIC  MATTER  FROM 
SOILS  AND  SEDIMENTS  FROM  VARIOUS 
ORIGINS  ON  THE  SORPTION  OF  SOME 
CHLORINATED  ALIPHATIC  HYDROCAR- 
BONS: IMPLICATIONS  ON  K(OC)  CORRELA- 
TIONS. 

Tuebingen  Univ.  (Germany,  F.R.).  Inst,  fuer  Geo- 
logie  und  Palaentologie. 
P.  Grathwohl. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1687-1693,  Novem- 
ber 1990.  5  fig,  5  tab,  36  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Fate  of 
pollutants,  'Organic  matter,  'Path  of  pollutants, 
'Sediment  contamination,  'Soil  contamination, 
•Sorption,  Sediment  chemistry,  Soil  chemistry. 

Soprtion  of  nonionic  compounds  is  strongly  de- 
pendent on  the  content  as  well  as  the  nature  of  the 
organic  matter  in  soils  and  sediments.  The  compo- 
sition and  the  structure  of  organic  matter  varies 
due  to  its  origin  and  geological  history  and  strong- 
ly influences  the  sorption  affinity  for  nonionic  or- 
ganic compounds.  Organic  matter  in  unweathered 
shales  and  high-grade  coals  shows  enhanced  sorp- 
tion compared  to  organic  matter  in  recent  soils  or 
geologically  young  material  and  low-grade  coals. 
The  results  obtained  indicate  a  decrease  in  sorption 
with  increasing  proportions  of  oxygen-containing 
functional  groups  in  natural  organic  substances.  A 
first  approximation  to  estimate  sorption  coefficients 
for  various  organic  matter  is  provided  by  an  empir- 
ical correlation  between  the  hydrogen/oxygen 
atomic  ratio  as  an  index  of  the  oxidation  of  the 
organic  matter  and  the  organic  carbon  normalized 
sorption  coefficients  (Koc).  This  approximation 
also  permits  adjustment  of  Koc  values  derived 
from  the  respective  octanol-water  partition  coeffi- 
cients. (Author's  abstract) 
W9 1-04948 


ORGANIC  CONTAMINANTS  IN  AN  AGRICUL- 
TURAL SODl  WITH  A  KNOWN  HISTORY  OF 
SEWAGE  SLUDGE  AMENDMENTS:  POLYNU- 
CLEAR  AROMATIC  HYDROCARBONS. 

Lancaster  Univ.  (England).  Inst,  of  Environmental 
and  Biological  Sciences. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-04949 

AIRBORNE  MERCURY  DEPOSITION  AND 
WATERSHED  CHARACTERISTICS  IN  RELA- 
TION TO  MERCURY  CONCENTRATIONS  IN 
WATER,  SEDIMENTS,  PLANKTON  AND  FISH 
OF  EIGHTY  NORTHERN  MINNESOTA 
LAKES. 

Minnesota  Univ.,  Duluth.  Coll.  of  Science  and 
Engineering. 

J.  A.  Sorensen,  G.  E.  Glass,  K.  W.  Schmidt,  J.  K. 
Huber,  and  G.  R.  Rapp. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1716-1727,  Novem- 
ber 1990.  5  fig,  6  tab,  50  ref. 


82 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


Descriptors:  *Air  pollution  effects,  'Lakes,  'Mer- 
cury, 'Minnesota,  'Water  analysis,  'Water  pollu- 
tion sources,  Pike,  Sediment  analysis,  Sediment 
contamination,  Water  sampling,  Watershed 
models,  Zooplankton. 

Mercury  concentrations  in  precipitation,  lake 
water  and  sediment,  zooplankton  and  fish  were 
measured  and  analyzed  together  with  extensive 
watershed  and  lake  chemistry  data  for  eighty  lake 
watersheds  in  the  study  region  of  northeastern 
Minnesota.  The  annual  average  volume-weighted 
mercury  concentrations  were  measured  in  precipi- 
tation for  1988  at  Mercell,  Ely  and  Duluth,  MN 
and  found  to  be  18,  19  and  22  ng  of  Hg/L,  respec- 
tively. The  calculated  yearly  wet  depositional 
loadings  for  lakes  across  the  study  region  ranged 
from  10  to  15  micrograms  of  Hg/sq  m.  Mercury 
levels  in  surface  water  ranged  from  <2  to  7  ng  of 
Hg/L  and  averaged  2.5  ng  of  Hg/L  with  40  %  of 
the  lakes  being  consistently  below  the  detection 
limit.  Mercury  levels  in  surface  sediment  on  a  dry 
weight  basis  ranged  from  34  to  331  ng  of  Hg/g 
with  an  average  of  160  Hg/n.  Mercury  levels  of 
zooplankton  on  a  dry  weight  basis  ranged  from  9 
to  200  ng  of  Hg/g  with  an  average  of  88  ng  of  Hg/ 
g.  The  mercury  level  in  northern  pike  for  these 
lakes  averaged  450  ng  of  Hg/g  and  ranged  from 
140  to  1500  ng  of  Hg/g.  The  primary  source  of 
mercury  was  found  to  be  of  atmospheric  origin. 
(Feder-PTT) 
W9 1-04951 


NOVEL  CHLORINATED  TERPHENYLS  IN 
SEDIMENTS  AND  SHELLFISH  OF  AN  ESTUA- 
RINE  ENVIRONMENT. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
R.  C.  Hale,  J.  Greaves,  K.  Gallagher,  and  G.  G. 
Vadas. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1727-1731,  Novem- 
ber 1990.  3  fig,  1  tab,  23  ref. 

Descriptors:  'Estuarine  sediments,  'Halogenated 
compounds,  'Oysters,  'Polychlorinated  terphen- 
yls,  'Sediment  analysis,  Aroclors,  Back  River,  Es- 
tuarine environment,  Gas  chromatography,  Virgin- 


Polychlorinated  terphenyls  (PCTs)  are  structurally 
similar  to  polychlorinated  biphenyls  (PCBs)  and 
have  been  used  in  analogous  applications.  Aroclor 
5432,  a  PCT  formulation  whose  congeners  contain 
predominantly  two  to  five  chlorines,  was  detected 
in  sediments  and  oysters  from  a  saltmarsh  creek 
and  an  adjacent  Chesapeake  Bay  tributary,  Back 
River.  Capillary  gas  chromatography  with  electro- 
lytic conductivity  detection  was  used  for  quantita- 
tion. Identifications  were  confirmed  by  both  elec- 
tron ionization  and  negative  chemical  ionization 
mass  spectrometry.  Sediment  concentrations  de- 
tected were  as  high  as  250,000  microgram/kg(dry- 
weight  basis).  Oysters  collected  from  these  areas 
contained  up  to  35,000  microgram/kg.  This  value 
exceeds  the  applicable  United  States  limit  for  PCBs 
in  edible  shellfish  by  more  than  a  factor  of  three. 
(Author's  abstract) 
W91-04952 


EVIDENCE  OF  SENSITIZED  PHOTOLYSIS 
OF  POLYCHLORINATED  DIBENZO-P-DIOX- 
INS  IN  NATURAL  WATERS  UNDER  SUN- 
LIGHT CONDITIONS. 

Manitoba  Univ.,  Winnipeg.  Pesticide  Research 
Lab. 

K.  J.  Friesen,  D.  C.  G.  Muir,  and  G.  R.  Webster. 
Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1739-1744,  Novem- 
ber 1990.  4  fig,  3  tab,  37  ref.  Canadian  Wildlife 
Service  contract  OSU-82-00277;  Natural  Sciences 
and  Engineering  Research  Council  of  Canada 
Grant  G 1505. 

Descriptors:  'Dioxins,  'Fate  of  pollutants,  'Natu- 
ral waters,  'Photolysis,  Distilled  water,  Laborato- 
ry methods,  Water  analysis. 

The    sunlight    photolysis    of    carbon- 14    labeled 
l,2,„3,4,7-pentachlorodibenzo-p-dioxin(P5CDD) 
and  1 ,2,3,4,6,7,8-heptachlorodibenzo-p- 

dioxin(H2CDD)  was  studied  at  50  degrees  N  lati- 


tude in  filter-sterilized  natural  water  and  in  distilled 
water-acetronitrile(2:3,  v/v)  solutions  to  determine 
the  extent  of  direct  versus  indirect  photolysis 
under  environmental  conditions.  Under  midsum- 
mer sunlight  conditions,  pseudo-first-order  sunlight 
photolysis  rate  constants  of  0.74  and  0.28  day(-l) 
were  measured  for  P(5)CDD  and  H(7)CDD  in 
natural  water.  However,  slower  direct  aqueous 
photolysis  rates  were  observed  for  the  two  PCDD 
congeners  in  distilled  water-acetronitrile,  with  rate 
constants  of  0.058  and  0.019  day(-l)  for  P(5)CDD 
and  H(7)CDD,  in  relatively  food  agreement  with 
predicted  rates  of  direct  aqueous  photolysis.  The 
results  indicate  that  an  indirect  or  sensitized  photo- 
lytic  mechanism  may  dominate  the  photodegrada- 
tion  of  PCDDs  in  natural  waters.  The  major  deg- 
radation products  appeared  as  nonextractable 
(14)C  activity,  with  increases  in  this  fraction  paral- 
lelling the  disappearance  of  the  parent  PCDD. 
(Author's  abstract) 
W91-04954 


MONITORING  THE  TOXICITY  OF  ORGANIC 
COMPOUNDS  DISSOLVED  IN  RHINE 
WATER. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands).  Lab.  for  Eco- 
toxicology,  Environmental  Chemistry  and  Drink- 
ing Water. 

D.  De  Zwart,  and  A.  Folkerts. 
Hydrobiological  Bulletin  HYBUD9,  Vol.  24,  No. 
1,  p  5-12,  July  1990.  5  fig,  14  ref. 

Descriptors:  'Bioassay,  'Organic  compounds, 
'Path  of  pollutants,  'Rhine  River,  'Toxicity, 
'Water  pollution  effects,  'Water  quality,  Absorp- 
tion, Bacteria,  Laboratory  methods,  Microbiologi- 
cal studies,  Monitoring,  The  Netherlands. 

Organic  concentrates  from  Rhine  River  water 
were  tested  for  toxicity  with  a  15  minute  test 
(MICROTOX)  on  luminescent  bacteria  (Photobac- 
terium  phosphoreum,  Bacteria).  A  total  number  of 
18  stations  in  the  Dutch  lower  Rhine  area  were 
sampled  5  times  at  monthly  intervals  (April  1988- 
August  1988),  whereas  two  stations  located  the 
furthest  apart  (Lobith  and  Maassluis)  were  sampled 
at  two  week  intervals  between  January  and  Octo- 
ber. The  river  samples  were  concentrated  by  neu- 
tral absorption  on  XAD  resins,  followed  by  elution 
with  acetone.  Toxicity  is  expressed  on  a  relative 
scale  within  a  range  of  approximately  3  to  18, 
which  indicates  that  the  organic  toxics  present  in 
the  Rhine  water  had  to  be  concentrated  between 
55  and  330  fold.  During  transport  in  The  Nether- 
lands, the  dissolved  organic  toxicity  contained  in 
the  water  of  the  Rhine  River  decreased  gradually, 
either  as  a  consequence  of  degradation  or  by  ad- 
sorption to  newly  formed  particulates.  In  the  in- 
dustrialized areas  of  the  lower  Rhine  in  The  Neth- 
erlands, a  slight  but  temporary  increase  in  toxicity 
is  observed.  Since  water  quality  improved  greatly 
with  respect  to  inorganic  (heavy  metal)  pollution, 
the  organic  toxicity  reflects  the  actual  pollution 
status  more  closely  than  in  the  past.  The  speed  and 
simplicity  of  the  combination  of  XAD  concentra- 
tion and  MICROTOX  toxicity  determination  en- 
ables large-scale  monitoring  studies  on  organic 
toxins  in  moderately  polluted  water.  (Author's  ab- 
stract) 
W9 1-04957 


KINETICS  OF  THE  DEGRADATION  OF 
CHLOROFORM  AND  BENZENE  IN  ANAERO- 
BIC SEDIMENT  FROM  THE  RIVER  RHINE. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
P.  Van  Beelen,  and  F.  Van  Keulen. 
Hydrobiological  Bulletin  HYBUD9,  Vol.  24,  No. 
1,  p  13-21,  July  1990.  11  fig,  14  ref. 

Descriptors:  'Benzene,  'Biodegradation,  'Chloro- 
form, 'Fate  of  pollutants,  'Kinetics,  'Path  of  pol- 
lutants, 'Rhine  River,  'Sediments,  Anaerobic  bac- 
teria, Bacteria,  Carbon  dioxide,  Carbon  radioiso- 
topes, Degradation,  Mathematical  studies,  Radio- 
active half-life. 

In  anaerobic  methanogenic  sediment  microcosms 
14-C  labeled  chloroform  was  degraded  mainly  to 
C02.  At  a  concentration  of  4  microg/L,  the  miner- 


alization followed  first  order  kinetics  with  a  half- 
life  of  12  days  at  10  C,  and  2.6  days  at  20  C.  At  a 
concentration  of  400  microg/L  the  mineralization 
time  increased  with  time  and  followed  logarithmic 
kinetics  with  a  micro  max  (maximal  growth  rate  of 
bacteria,  which  is  dependent  on  temperature)  of 
0.02/d  at  10  C.  The  logarithmic  kinetics  can  be 
explained  by  growth  of  the  bacteria  on  the  higher 
concentration  of  chloroform  with  a  generation 
time  of  35  days.  Shaking  and  oxygenation  did  not 
inhibit  the  mineralization  of  chloroform,  probably 
because  of  bacterial  consumption  of  the  dissolved 
oxygen.  Carbon- 14  labeled  benzene  was  mineral- 
ized only  for  a  small  percentage  to  14-C  labeled 
C02  while  other,  not  acid  extractable,  degradation 
products  were  formed.  Under  anaerobic  conditions 
5%  of  the  benzene  was  degraded  to  C02  after  just 
one  day,  and  the  mineralization  ceased  while  the 
disappearance  of  benzene  proceeded.  With  air  in 
the  head  space  of  the  incubation  bottles,  25%  of 
the  benzene  was  mineralized  to  C02.  The  anaero- 
bic degradation  of  benzene  at  a  concentration  of 
100  microg/L  showed  similar  kinetics  to  the  degra- 
dation at  1  microg/L.  Hence,  no  adaptation  of  the 
microflora  in  the  sediment  occurred  during  the  63 
days  of  the  experiment  at  100  microg/L.  (Author's 
abstract) 
W91-04958 


SOURCES  OF  PETROLEUM  HYDROCAR- 
BONS IN  URBAN  RUNOFF. 

Rhode     Island     Univ.,     Narragansett.     Graduate 

School  of  Oceanography. 

J.  S.  Latimer,  E.  J.  Hoffman,  G  Hoffman,  J.  L. 

Fasching,  and  J.  G.  Quinn. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.  1/2,  p  1-21,  1990.  5  fig,  5  tab,  30  ref.  NO  A  A 

Office  of  Marine  Pollution  Assessment  Grant  No. 

NA80RAD0O047. 

Descriptors:  'Hydrocarbons,  'Oil  pollution, 
'Trace  metals,  'Urban  runoff,  'Water  pollution 
sources,  Aromatic  compounds,  Cadmium,  Copper, 
Iron,  Land  use,  Lead,  Manganese,  Path  of  pollut- 
ants, Zinc. 

Petroleum  products  as  well  as  probable  source 
materials  were  analyzed  for  hydrocarbons  and 
trace  metals  and  then  compared  to  urban  runoff 
samples  from  four  different  land  use  areas.  The 
petroleum  products  considered  were  No.  2  and 
No.  6  fuel  oils,  used  and  virgin  crankcase  oils,  and 
gasoline.  Source  materials  included  street  dust, 
roadside  soil,  roadside  vegetation,  and  atmospheric 
fallout;  and  the  land  use  categories  were  commer- 
cial, residential,  interstate  highway,  and  industrial 
areas.  The  samples  were  compared  on  the  basis  of 
hydrocarbons  (saturated  and  aromatic),  and  trace 
metal  (Cd,  Pb,  Mn,  Cu,  Fe,  Zn)  loadings  and 
distributions.  Results  indicated  that  the  hydrocar- 
bon content  in  runoff  at  all  four  land  use  sites 
originated  primarily  from  used  crankcase  oil,  will  a 
small  amount  of  No.  2  fuel  oil  detected  at  the 
industrial  site.  Only  a  small  portion  of  the  crank- 
case oil  component  came  from  the  sources  sur- 
veyed, and  the  majority  of  this  oil  probably  came 
from:  (1)  oil  drops  within  the  driving  lanes  on  the 
road  surfaces  or  deposits  in  parking  areas,  and/or 
(2)  direct  dumping  of  waste  crankcase  oil  down 
storm  drains.  (Author's  abstract) 
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ELEMENTAL  CONCENTRATIONS  IN  FISHES 
FROM  THE  SALTON  SEA,  SOUTHEASTERN 
CALIFORNIA. 

National  Fisheries  Contaminant  Research  Center, 

Dixon,  CA.  Field  Research  Station-Dixon. 

M.  K.  Saiki. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.  1/2,  p  41-56,  1990.  1  fig,  4  tab,  27  ref. 

Descriptors:  'Bioaccumulation,  'Drainage  water, 
•Fish,  'Irrigation  effects,  'Path  of  pollutants, 
'Saline  lakes,  'Salton  Sea,  'Selenium,  Arsenic, 
Boron,  California,  Cobalt,  Copper,  Ecotoxicology, 
Iron,  Lead,  Mercury,  Molybdenum,  Nickel,  Public 
health,  Tissue  analysis,  Trace  metals,  Vanadium, 
Water  pollution  effects,  Water  pollution  sources, 
Zinc. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5B — Sources  Of  Pollution 

The  Salton  Sea  is  a  93,000  ha  saline  lake  fed  by 
drainage  water  from  more  than  283000  ha  of  irri- 
gated lands  in  the  Imperial  and  Coachella  valleys 
of  California.  A  total  of  2 1  composite  samples  of  4 
recreationally  important  fish  species-bairdiella 
(Bairdiella  icistia),  orangemouth  corvina  (Cynos- 
cion  xanthulus),  sargo  (Aniostremus  davidsoni), 
and  Mozambique  tilapia  (Tilapia  mossambica)-col- 
lected  there  were  analyzed  for  14  elements. 
Twelve  of  these  elements  were  detected  in  one  or 
more  of  the  samples:  As,  B,  Co,  Cu,  Fe,  Hg,  Mo, 
Ni,  Pb,  Se,  V,  and  Zn.  Cadmium  and  Tl  were  not 
detected.  The  ranges  in  concentrations  in  elements 
in  the  skinless  filets  of  bairdiella,  corvina,  and 
sargo,  and  in  whole  bodies  of  all  four  fishes  were 
comparable  to  levels  that  are  typically  measured  in 
saltwater  fishes.  Only  Se  concentrations  were  ele- 
vated (as  much  as  14  micro  g/g  dry  weight  in  both 
filets  and  whole  bodies)  in  this  series  of  samples. 
Elevated  concentrations  of  Se  have  already  led  to 
public  health  advisories  concerning  the  consump- 
tion of  fish  and  might  eventually  cause  the  demise 
of  fish  populations  from  toxic  effects.  (Author's 
abstract) 
W9 1-04968 


CONCENTRATION  AND  PARTIONING  OF 
PARTICULATE  TRACE  METALS  IN  THE 
CHANGJIANG  (YANGTZE  RIVER). 

Department  of  Marine  Chemistry,  Ocean  Univ.  of 

Qingdao,  5  Yushan  Road,  Qingdao  266003,  P.R. 

China. 

J.  Zhang,  W.  W.  Huang,  and  Q.  Wang. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.  1/2,  p  57-70,  1990.  3  fig,  4  tab,  45  ref. 

Descriptors:  *Changjiang  River,  'Suspended  sedi- 
ments, 'Trace  metals,  *Water  chemistry,  'Water 
pollution  sources,  Cadmium,  Chemical  analysis, 
China,  Chromium,  Copper,  Erosion,  Heavy  metals, 
Huang  He  River,  Lead,  Nickel,  Sediment  chemis- 
try, Weathering. 

Suspended  sediments  from  the  lower  Changjiang 
(Yangtze  River)  were  sampled  to  determine  con- 
centrations of  Cu,  Cd,  Pb,  Ni,  and  Cr.  The  particu- 
late trace  element  values  in  the  Changjiang  are 
higher  than  in  the  Huanghe  (Yellow  River)  but 
lower  than  other  large  Chinese  rivers  (e.g.  Pearl 
River)  and  polluted  rivers.  A  general  pattern  of 
high  element  levels  in  the  clay  minerals  and  low 
element  concentrations  in  coarse  sediment  frac- 
tions are  observed  in  the  Changjiang.  Sequential 
extraction  shows  the  predominance  of  metals  in  the 
residual  fraction  relative  to  labile  fractions  in  the 
Changjiang,  emphasizing  the  importance  of  natural 
weathering  and  erosion  in  the  drainage  basin  on 
the  transport  of  particulate  metals.  Evaluated  En- 
richment Factors  (EF:  the  ratio  of  elemental  con- 
centration in  microsurface  to  that  in  subsurface 
layer  minus  1.0)  suggest  a  potential  influence  of 
atmospheric  input  on  the  concentrations  of  particu- 
late metals  in  the  river.  (Author's  abstract) 
W9 1-04969 


ROLE  OF  WEATHERING  AND  FORESTRY  IN 
DETERMINING  THE  ACIDITY  OF  LAKES  IN 

SWEDEN. 

Lund  Inst,  of  Tech.  (Sweden).  Dept.  of  Chemical 

Engineering. 

H.  Sverdrup,  and  P.  Warfvinge. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.  1/2,  p  71-78,  1990.  3  tab,  16  ref. 

Descriptors:  *Acid  rain  effects,  "Acidity,  "Forest- 
ry, "Lake  acidification,  "Sweden,  "Water  pollution 
sources,  "Weathering,  Alkalinity,  Biomass,  Forest 
watersheds,  Hydrogen  ion  concentration,  Limnol- 
ogy, Productivity. 

The  long-term  acidity  level  of  a  lake  is  determined 
by  the  balance  between  acidity  input  to  the  catch- 
ment and  the  generation  of  alkalinity  in  the  catch- 
ment. If  the  input  of  acidity  through  biomass  net 
production  and  the  production  of  alkalinity 
through  weathering  of  minerals  can  be  estimated, 
then  the  steady-state  acidity  level  can  be  calculated 
for  the  lake  under  a  certain  acid  deposition  rate. 
Such  a  calculation  has  been  carried  out  for  8  lakes 
ranging  from  acid  to  neutral.  For  lakes  with  the 
most  sensitive  soils  in  the  catchment,  the  critical 


acid  deposition  load  that  will  permit  the  lake  to 
stay  neutral  may  be  less  than  zero  acidity,  indicat- 
ing that  forest  growth  is  contributing  to  the  acidifi- 
cation of  a  very  sensitive  system  under  the  present 
forest  management  methods.  (Author's  abstract) 
W9 1-04970 


CONTROLS  ON  SURFACE  WATER  CHEMIS- 
TRY IN  THE  SOUTHERN  BLUE  RIDGE  AND 
PIEDMONT  PROVINCES. 

R.  E.  Stauffer. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.    1/2,   p  79-96,    1990.   5   fig,    10  tab,   37   ref. 

Descriptors:  "Acid  rain,  "Geochemistry,  "Surface 
water,  "Water  chemistry,  "Water  pollution 
sources,  Acidification,  Alkalinity,  Blue  Ridge,  Cal- 
cium, Cations,  Chemical  interactions,  Environmen- 
tal chemistry,  Gibbsite,  Magnesium,  Mountains, 
Nitrates,  Piedmont  Plateau,  Potassium,  Silica, 
Sodium,  Sulfates,  Weathering. 

Using  lake  and  stream  data  collected  during  the 
National  Surface  Water  Survey  (NSWS),  and  cor- 
rected for  regional  wet  deposition  and  local  cultur- 
al contamination,  the  role  of  weathering  in  supply- 
ing base  cations  C  sub  B,  silica,  and  alkalinity  was 
evaluated  for  the  southern  Blue  Ridge  (SBR)  and 
southern  Piedmont  (SPM)  Provinces  of  the  United 
States.  Silicate  weathering  can  account  for  virtual- 
ly all  of  the  noncultural  (Na  +  K)  leaving  the 
catchments,  consistent  with  the  weathering  of  feld- 
spars to  kaolinite,  and  in  some  dilute  montane 
catchments,  gibbsite.  The  net  export  of  divalent  C 
sub  B  (Ca  4-  Mg)  represents  62  to  66%  (median 
values)  of  total  C  sub  B  export  for  the  regional 
NSWS  index  sample  populations;  the  alkalis  ac- 
count for  the  remainder.  The  median  percentage 
(Ca  +  Mg)  is  significantly  lower  (53%)  for  SBR 
special  sites,  consistent  with  their  unusual  vulner- 
ability to  acid  deposition.  Exchange-leaching  cur- 
rently accounts  for  <  17%  of  the  divalent  CB 
mobilized  in  these  SBR  and  SPM  catchments,  pos- 
sibly because  of  the  high  regional  retention  rates 
for  both  nitrate  and  sulfate.  (Author's  abstract) 
W9 1-04971 


ASSESSMENT  OF  PERFORMANCE  OF  WET 
ATMOSPHERIC  DEPOSITION  SAMPLERS. 
PART  2.  VALIDATION  OF  SITING  CRITERIA. 

Military  Academy,  West  Point,  NY.  Science  Re- 
search Lab. 

For  primary  bibliographic  entry  see  Field  7B. 
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OBSERVATIONAL  STUDY  ON  PRECIPITA- 
TION CHEMISTRY  DATA  AS  A  FUNCTION 
OF  SURFACE  WIND  DIRECTION. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 

Meteorology. 

E.  P.  Weijers,  and  H.  F.  Vugts. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.    1/2,  p   115-132,   1990.  6  fig,   3  tab,  23  ref. 

Descriptors:  "Acid  rain,  "Chemical  analysis, 
"Chemistry  of  precipitation,  "Instrumentation, 
•Path  of  pollutants,  "The  Netherlands,  "Water  pol- 
lution sources,  "Wind  effects,  Ammonia,  Calcium, 
Chlorides,  Dry  deposition,  Hydrogen  ion  concen- 
tration, Magnesium,  Measuring  instruments,  Ruhr 
River  Basin,  Sodium,  Sulfates,  Wet  deposition. 

Precipitation  chemistry  data  were  collected  at  8 
sites  in  the  western  part  of  The  Netherlands  over  a 
period  of  15-1/2  years.  Using  specially  designed 
wind  direction  dependent  rain  collectors,  it  was 
demonstrated  that  levels  of  ion  constituents  in  rain 
water  vary  with  wind  direction,  which  can  be 
assigned  to  different  sources  of  contamination.  The 
strongest  variation  was  measured  for  Na.  As  ex- 
pected, trajectories  over  sea  contributed  most. 
Continental  sources  slightly  reduced  the  variation 
for  CI  and  Mg.  For  both  NH4  and  excess  S04, 
maxima  were  found  in  southeasterly  rainfall.  It  is 
assumed  that  polluted  air  from  the  large  industrial 
Ruhr  Area  crosses  a  region  with  strong  NH3  emis- 
sions in  the  southeast  and  The  Netherlands.  The 
presence  of  ammonium  sulfate  was  suggested. 
Minor  variations  were  measured  for  N03  (due  to 
diffusely-spread  emissions  and  possible  sampling 


artifact)  and  for  H  and  Ca  (dry  deposition  effects). 
Over  the  period  1973-1987  excess  S04  levels  de- 
creased significantly  (-3.3%/yr,  p  <  0.01)  which  is 
consistent  with  reduced  S  emission  in  Western 
Europe.  Over  the  last  decade  an  upward  trend  in 
N03  levels  has  been  observed  (3.2%/yr,  p  <  0.05) 
which  is  possibly  related  to  the  increased  usage  of 
cars.  (Author's  abstract) 
W9 1-04973 


EFFECTS  OF  SODL-CATION  COMPOSITION 
ON  REACTIONS  OF  FOUR  HERBICIDES  IN  A 
CANDLER  FINE  SAND. 

Florida   Univ.,    Lake   Alfred.   Citrus   Experiment 

Station. 

A.  K.  Alva,  and  M.  Singh. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.    1/2,  p   175-182,   1990.   2  fig,  2  tab,   15  ref. 

Descriptors:  "Cations,  "Herbicides,  "Leaching, 
"Path  of  pollutants,  "Sand,  "Soil  density,  "Water 
pollution  sources,  Aluminum  chloride,  Bromacil, 
Calcium  chloride,  Chlorides,  Cupric  chloride, 
Diuron,  Ferric  chloride,  Florida,  Norflurazon,  Po- 
tassium chloride,  Simazine,  Sorption. 

Sorption,  persistence  and  transport  of  herbicides  in 
soils  depend  on  the  relative  saturation  of  soils  with 
cations  from  various  soil  amendments.  Research 
was  conducted  to  study  the  effect  of  preequilibra- 
tion  of  a  Candler  fine  sand  (Hyperthermic  uncoat- 
ed  typic  Quartzipsamments;  0-30  cm  depth)  with 
A1C13,  CaC12,  CuC12,  FeC13,  or  KC1  salt  solutions 
on  the  sorption  of  bromacil,  simazine,  norflurazon, 
and  diuron  herbicides  commonly  used  in  Florida 
citrus  groves.  Preequilibration  of  the  soil  with 
either  FeC13,  or  A1C13,  significantly  decreased  the 
sorption  and  therefore  increased  the  internal  leach- 
ing potential,  of  all  4  herbicides  as  compared  to 
their  sorption  in  untreated  soil.  This  decrease  in 
sorption  was  much  greater  for  bromacil  and  sima- 
zine (24  to  35%)  than  for  norflurazon  and  diuron 
(7-8%).  The  desorption  of  bromacil  and  diuron  in 
1M  NH40Ac  was  also  significantly  lower  in  soils 
preequilibrated  with  FeC13  or  A1C13,  than  the 
untreated  soil.  However  the  reverse  was  true  in  the 
case  of  simazine  and  norflurazon.  Preequilibration 
of  the  soil  with  CuC12,  KC1,  and  CaC12  resulted  in 
a  significant  decrease  in  sorption  of  norflurazon, 
diuron,  and  simazine  but  did  not  affect  bromacil 
sorption.  Accordingly,  the  species  of  adsorbed  ca- 
tions had  varying  effects  on  the  sorption/desorp- 
tion  of  each  of  the  herbicides  and  varied  their 
leaching  potential.  (Author's  abstract) 
W91-04975 


INFLUENCES  OF  TEMPERATURE  ON  AQUE- 
OUS ALUMINUM  CHEMISTRY. 

Norges  Landbrukshoegskole,  Aas.  Isotope  Lab. 
For  primary  bibliographic  entry  see  Field  2K. 
W91-04977 


INFLUENCE  OF  LABELLED  FOOD  TYPE  ON 
THE  ACCUMULATION  AND  RETENTION  OF 
60-CO  BY  A  FRESHWATER  FISH,  CYPRINUS 
CARPIO  L. 

CEA  Centre  d'Etudes  Nucleaires  de  Cadarache, 
Saint-Paul-les-Durance  (France).  Inst,  de  Protec- 
tion et  de  Surete  Nucleaire. 
J.  P.  Baudin,  A.  F.  Fritsch,  and  J.  Georges. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  51, 
No.   3/4,  p  261-270,   1990.  4  fig,  3  tab,  32  ref. 

Descriptors:  "Bioaccumulation,  "Cobalt  radioiso- 
topes, "Fish,  "Fish  food,  "Path  of  pollutants,  Bio- 
logical magnification,  Carp,  Cobalt,  Crustaceans, 
Midges,  Snails. 

A  study  was  carried  out  on  3  groups  of  10  fish, 
each  fed  on  a  different  natural  labeled  food.  The 
prey  selected  were  a  crustacean  (Gammarus 
pulex),  a  midge  larvae  (Chironomus  sp.),  and  the 
soft  tissue  from  a  snail  (Lymnaea  stagnalis),  which 
are  usually  consumed  by  carp  in  the  natural  envi- 
ronment. The  contaminated  food  consumption  by 
the  fish  resulted  in  a  60-Co  maximum  transfer 
factor  ranging  from  0.0012  to  0.0051,  depending  on 
the  food  type.  These  values  and  the  contamination 
kinetics  indicate  that  biomagnification  of  radionu- 
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cleotides  cannot  occur,  even  over  the  long-term. 
Cobalt-60  depuration  from  fish  was  also  influenced 
by  the  contaminated  food  type,  previously  ingest- 
ed. Considering  the  three  species  of  prey  tested  in 
the  experiment,  the  highest  transfer  factor  corre- 
sponded to  the  lowest  elimination  rate  (Gammarus 
pulex)  and  vice-versa  (Lymnaea  stagnalis).  (Au- 
thor's abstract) 
W9 1-04979 


REMOVAL  OF  CU  AND  CD  FROM  WATER  BY 
BACOPA  MONNIERI  L. 

National     Botanical     Research     Inst.,     Lucknow 

(India).  Aquatic  Botany  Lab. 

S.  Sinha,  and  P.  Chandra. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  51, 

No.  3/4,  p  271-276,   1990.  2  fig,  4  tab,    16  ref. 

Descriptors:  *Aquatic  plants,  *Cadmium,  *Copper, 
•Fate  of  pollutants,  'Path  of  pollutants, 
•Wastewater  treatment,  *Water  pollution  treat- 
ment, Bioaccumulation,  Chlorophyll,  Heavy 
metals,  Macrophytes,  Monitoring,  Water  pollution 
effects. 

Copper  and  Cd  accumulation  was  determined  in 
Bacoda  monnieri,  a  common  aquatic  plant.  Plants 
showed  an  ability  to  accumulate  both  metals  in 
single  and  mixed  metal  treatments.  Copper  accu- 
mulation was  stimulated  by  the  presence  of  Cd, 
whereas  uptake  of  Cd  was  inhibited  by  Cu.  A  high 
tolerance  to  Cu  and  Cd  was  shown  by  the  plants  of 
B.  monnieri  at  lower  concentrations  (0.05  and  0.1 
mg/L).  No  phytotoxic  symptoms  were  visible  on 
plants  at  these  concentrations.  Chlorophyll  content 
decreased  initially  but  soon  after  48  hr,  it  increased 
gradually.  However,  at  higher  metal  concentra- 
tions, chlorophyll  decreased  considerably  during 
the  long  exposure.  These  results  suggest  the  possi- 
bility of  using  this  plant  for  mitigating  Cu  and  Cd 
pollution  in  the  aquatic  environment.  Preliminary 
findings  suggest  the  possible  application  of  B.  mon- 
nieri plants  in  wastewater  treatment  programs  due 
to  its  ability  to  accumulate  Cu  and  Cd.  (Lantz- 
PTT) 
W9 1-04980 


PCB  CONCENTRATIONS  IN  STREAM  SUN- 
FISH  (LEPOMIS  AURTTUS  AND  L.  MACRO- 
CHntUS)  IN  RELATION  TO  PROXIMITY  TO 
CHRONIC  POINT  SOURCES. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 
G.  R.  Southworth. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  51, 
No.  3/4,  p  287-296,  1990.  3  fig,  20  ref.  DOE 
Contract  No.  DE-AC05-840R21400. 

Descriptors:  'Bioindicators,  'Path  of  pollutants, 
•Polychlorinated  biphenyls,  *Sunfish,  Bioaccumu- 
lation, Fish  populations,  Organic  compounds,  Pop- 
ulation dynamics. 

Sunfish  (Lepomis  auritus  and  L.  macrochirus) 
were  used  to  monitor  polychlorinated  biphenyl 
(PCB)  contamination  in  a  group  of  small  streams 
flowing  into  a  larger  stream/reservoir  system. 
Mean  PCB  concentrations  in  sunfish  appeared  to 
reflect  exposure  conditions  at  the  site  of  capture. 
Fish  from  uncontaminated  sites  1  to  2  km  distant 
from  PCB-contaminated  sites  did  not  exhibit  PCB 
contamination,  and  PCB  concentrations  in  fish 
downstream  from  a  discrete  source  decreased  at  a 
rate  greater  than  or  equal  to  downstream  dilution 
of  the  point  source.  Mean  PCB  concentrations  in 
fish  near  the  source  exhibited  relatively  large 
(40%)  fluctuations  between  semiannual  sampling 
periods,  suggesting  that  PCB  concentrations  in 
sunfish  populations  may  respond  rapidly  to 
changes  in  exposure.  Sunfish  were  not  sensitive 
enough  indicators  of  contamination  to  use  in  as- 
sessing whether  or  not  problematic  levels  of  con- 
tamination may  occur  in  other  species.  Although 
the  presence  of  PCB  contamination  in  sunfish 
cannot  be  used  to  infer  that  PCBs  are  elevated  in 
other  species,  the  absence  of  PCB  contamination  in 
sunfish  can  be  used  to  infer  that  older,  fattier  fish 
higher  up  in  the  food  chain  are  uncontaminated. 
(Author's  abstract) 
W9 1-04982 


CHLORIDE    IN    THE    PORE    WATER    AND 

WATER    COLUMN    OF    ONONDAGA    LAKE, 

N.Y.,  U.S.A. 

Upstate  Freshwater  Inst.,  Inc.,  Syracuse,  NY. 

S.  W.  Effler,  S.  M.  Doerr,  C.  M.  Brooks,  and  H.  C. 

Rowell. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  51, 

No.   3/4,  p  315-326,    1990.   5  fig,  2  tab,  29  ref. 

Descriptors:  'Chlorides,  'Interstitial  water,  'New 
York,  'Onondaga  Lake,  'Path  of  pollutants,  'Ver- 
tical distribution,  *Water  pollution  control,  *Water 
pollution  sources,  Industrial  wastewater,  Limnolo- 
gy, Water  chemistry. 

The  vertical  distributions  of  CI  in  the  pore  waters 
of  the  sediments  and  in  the  water  column  of  Onon- 
daga Lake,  New  York,  were  documented  and  used 
to  estimate  the  diffusion  flux  of  CI  across  the 
sediment-water  interface,  and  establish  the  reduc- 
tion in  lake  concentrations  that  has  occurred  as  a 
result  of  the  closure  of  an  industrial  source  of  CI. 
Despite  the  industrial  enrichment  of  the  water 
column  with  CI  over  the  last  100  year,  gradients 
within  the  upper  sediments  toward  the  overlying 
water  of  0.069  to  0.085  mg/cu  cm/cm  exist  in  the 
deep  basins  of  the  lake.  These  upward  gradients 
are  apparently  a  manifestation  of  the  salt  deposits 
that  underlie  the  region.  The  estimated  diffusion 
flux  from  the  sediments  to  the  water  column, 
3,200,000  kg/yr,  represents  a  small  percentage  of 
the  external  load  during  the  operation  of  the  indus- 
try (0.4%)  and  after  its  closure  (1.6%).  The  CI 
concentration  has  decreased  approximately  70%  in 
response  to  an  approximately  equal  percent  reduc- 
tion in  external  loading  as  a  result  of  closure  of  the 
industry.  This  supports  the  position  that  the  lake's 
concentrations  largely  reflect  external  loading  and 
lake  flushing  associated  with  surface  inputs.  (Au- 
thor's abstract) 
W91-04983 


REGIONAL  SCALE  MODEL  FOR  THE  CAL- 
CULATION OF  EPISODIC  CONCENTRA- 
TIONS AND  DEPOSITIONS  OF  ACIDIFYING 
COMPONENTS. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
H.  J.  Van  Rheineck  Leyssius,  F.  A.  A.  M.  De 
Leeuw,  and  B.  H.  Kesseboom. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  51, 
No.  3/4,  p  327-304,    1990.  7  fig,   5  tab,   33  ref. 

Descriptors:  *Acid  rain,  "Model  studies,  'Path  of 
pollutants,  'Regional  analysis,  'Water  pollution 
sources,  Air  pollution,  Data  interpretation,  Dry 
deposition,  Mathematical  models,  Nitrates,  Sul- 
fates, Wet  deposition. 

An  eulerian  long-range  transport  model  was  devel- 
oped for  the  calculation  of  concentrations  of  S02, 
S04,  NOx,  and  N03  and  wet  and  dry  depositions 
of  SOx  (sum  of  S02  and  S04)  and  NOx  (sum  of 
NO,  N02  and  N03)  over  Europe.  The  model  is 
developed  in  such  a  way  that  only  routinely  avail- 
able, analyzed  or  prognostic  meteorological  fields 
are  required  as  input  data.  In  this  way  it  is  possible 
to  obtain  a  forecast  of  the  air  quality  during  smog 
episodes.  For  evaluation  of  smog  episodes  the 
model  provides  a  way  to  estimate  the  contributions 
of  different  sources  and  the  effect  of  emission 
scenarios.  The  model  has  been  evaluated  for  four 
winter  and  three  summer  episodes.  The  modeled 
concentrations  of  S02  and  S04  are  in  agreement 
with  the  available  measurements.  A  lesser  agree- 
ment is  found  for  N02  and  Nox  (sum  of  NO  and 
N02)  concentrations.  For  these  components  the 
model  tends  to  underpredict  the  measured  values. 
(Author's  abstract) 
W9 1-04984 


EFFECTS  OF  SEDIMENT-ASSOCIATED 
COPPER  ON  ECOLOGICAL  STRUCTURE  AND 
FUNCTION  OF  AQUATIC  MICROCOSMS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04992 


POLYCYCLIC  AROMATIC  HYDROCARBON 
METABOLISM  IN  THE  POLYCHAETE 
NEREIS  VIRENS. 

Massachusetts  Univ.  at  Boston.  Environmental  Sci- 
ence Program. 
A.  E.  McElroy. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  1,  p 
35-50,  November  1990.  4  fig,  2  tab,  47  ref.  NOAA 
Contract  No.  83-ABD-00012. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
•Metabolism,  'Path  of  pollutants,  'Polychaetes, 
•Polycyclic  aromatic  hydrocarbons,  Aromatic 
compounds,  Benthic  fauna.  Cytochromes,  Hydro- 
carbons, Organic  compounds. 

Polychaetes  exposed  to  C-14  benz(a)anthracene 
contaminated  sediment,  water  or  diets  for  periods 
of  days  to  weeks  rapidly  accumulated  and  metabo- 
lized this  polycyclic  aromatic  hydrocarbon  (PAH) 
primarily  to  water  soluble  and  unextractable  com- 
pounds. Benz(a)pyrene  hydroxylase  activity  meas- 
ured in  vitro  in  microsomes  prepared  from  homog- 
enates  of  the  polychaetes  in  these  experiments  or  in 
microsomes  prepared  from  intestinal  tissue  homog- 
enates  from  polychaetes  injected  with  3-methyl- 
cholanthrene,  were  indistinguishable  from  those 
measured  in  control  organisms.  These  results  indi- 
cate that  forms  of  cytochrome  p-450  responsible 
for  aromatic  hydrocarbon  metabolism  in  this  spe- 
cies may  be  constitutive.  (Author's  abstract) 
W9 1-04993 


POLYCHLORINATED  BIPHENYLS  IN  EX- 
TRACTS OF  BRAIN  FROM  MANX  SHEAR- 
WATERS. 

Reading  Univ.  (England).  Dept.  of  Physiology  and 

Biochemistry. 

J.  T.  Borlakoglu,  J.  P.  G.  Wilkins,  C  H.  Walker, 

and  R.  R.  Dils. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  6,  p  819-823, 

December  1990.  1  tab,  6  ref. 

Descriptors:  'Bioaccumulation,  'Bioindicators, 
•Path  of  pollutants,  'Polychlorinated  biphenyls, 
'Tissue  analysis,  'Water  birds,  Arochlor,  Brain, 
DDE,  Food  chains,  Organic  compounds,  Physio- 
logical effects. 

Polychlorinated  biphenyls  (PCBs)  accumulate  in 
the  fatty  tissues  of  fish-eating  seabirds  at  the  apex 
of  marine  food  chains  by  the  ingestion  of  PCB- 
contaminated  lipid  components  of  food.  Measure- 
ments of  the  concentrations  of  PCBs  that  have 
accumulated  can  be  used  to  monitor  the  pollution 
of  the  marine  environment.  The  mean  concentra- 
tion of  total  PCBs  in  three  tissue  sample  extracts 
was  75.5  microg/g  of  wet  weight  of  brain.  The 
mean  concentration  of  p,p'-DDE,  which  is  fre- 
quently present  as  a  major  chemical  residue  in  the 
fatty  tissues  of  many  species,  was  0.48  microg/g  of 
wet  weight  of  brain.  Samples  of  brain  tissue  had 
low  concentrations  of  cytochrome  P-450  compo- 
nents of  enzymes  involved  in  the  metabolism  of 
drugs  and  other  xenobiotics  and  did  not  metabolize 
C14-4-monochlorobiphenyl  or  C14-2,2',5,5'-te- 
trachlorobiphenyl  at  measurable  rates.  Of  the  40 
individual  PCBs  identified,  9  congeners  accounted 
for  60%  of  the  total  concentration  of  PCBs  in  the 
tissue.  These  were  mainly  di-ortho-substituted  con- 
geners and  were  greatly  enriched  compared  with 
their  abundance  in  Arochlor  1260  and  1254.  This 
suggests  that  their  accumulation  far  exceeded  their 
metabolism  and  excretion.  (Lantz-PTT) 
W9 1-05007 


ORGANOCHLORINE  CONTAMINANTS  IN 
EGGS  AND  TISSUE  OF  WOOD  DUCKS  FROM 
MISSISSIPPI. 

Mississippi    Cooperative    Fish    and    Wildlife    Re- 
search Unit,  Mississippi  State. 
W.  M.  Ford,  and  E.  P.  Hill. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  45,  No.  6,  p  870-875, 
December  1990.  3  tab,  18  ref. 

Descriptors:  'Bioaccumulation,  'Eggs,  'Organic 
pesticides,  'Path  of  pollutants,  'Pesticides,  'Tissue 
analysis,   'Water  birds,  'Water  pollution  effects, 
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Chlorinated  hydrocarbons,  DDE,  Mississippi,  Re- 
production, Toxaphenes,  Waterfowl. 

A  recent  study  of  green-back  herons  (Butorides 
striatus)  in  and  around  Yazoo  National  Wildlife 
Refuge  (YNWR),  Mississippi  showed  high  concen- 
trations of  total  DDT.  Suppressed  local  hatching 
success  and  eggshell  thinning  from  continued  ex- 
posure to  p,p'-DDE  were  also  documented.  Pesti- 
cide residues  in  eggs  and  body  tissues  of  resident 
wood  ducks,  and  pesticide  induced  eggshell  thin- 
ning were  the  focus  of  the  study.  Analyses  of 
wood  duck  eggs  and  whole  body  tissue  for  organ- 
ochlorine  pesticide  residues  were  conducted  at  the 
Mississippi  State  Chemical  Laboratory.  The  mini- 
mum detection  level  for  all  organochlorine  com- 
pounds, including  toxaphene,  in  tissue  samples  of 
wood  duck  eggs  and  wood  ducks  was  0.01  ppm. 
Results  for  all  samples  were  reported  on  a  wet 
weight  basis.  Wood  duck  eggs  collected  at  YNWR 
and  the  Noxubee  National  Wildlife  Refuge 
(NNWR),  contained  residues  of  p,p'-DDE.  Eggs 
from  YNWR  also  contained  toxaphene,  p,p'-DDD, 
and  p,p'-DDT  residues.  The  results  indicate  a 
trend  in  reduction  of  contaminant  residue  levels 
over  a  period  between  1984  and  1988  in  wood 
duck  eggs.  Reduced  reproductive  performance  in 
wood  ducks  at  YNWR  was  related  to  predation 
and  intraspecific  competition  for  nesting  sites. 
(Lantz-PTT) 
W9 1-05009 


AMINO  ACID  SEQUENCE  OF  CADMIUM- 
BINDING  PEPTIDE  INDUCED  IN  A  MARINE 
DIATOM,  PHAEODACTYLUM  TRICORNU- 
TUM. 

Hokkaido  Univ.,  Sapporo  (Japan).  Research  Inst. 

of  North  Pacific  Fisheries. 

S.  Kawaguchi,  and  Y.  Maita. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  6,  p  893-899, 

December  1990.  4  fig,  4  tab,  12  ref. 

Descriptors:  'Biochemistry,  'Cadmium,  'Diatoms, 
'Fate  of  pollutants,  'Path  of  pollutants,  'Peptides, 
Amino  acids,  Bioaccumulation,  Chemical  interac- 
tions, Chromatography,  Culturing  techniques, 
Heavy  metals,  Marine  environment,  Proteins, 
Zinc. 

The  amino  acid  sequence  of  Cd-binding  peptide 
was  investigated.  Phaeodactylum  tricomutum  was 
batch  cultured  in  0.5-5  L  of  Mutsu  medium.  Cad- 
mium, copper  and  zinc  were  added  to  the  experi- 
mental cultures.  After  14  days,  the  cells  were  col- 
lected by  centrifugation.  The  supernatant  was 
chromatographed  on  a  Sephadex  G-75  column. 
The  elution  profile  on  Sephadex  G-75  of  the  ex- 
tract from  cells  cultured  with  1  mg  Cd/L  was 
eluted  as  a  single  peak.  Induction  of  binding  pep- 
tides by  individual  additions  of  sublethal  concen- 
trations of  Cu  or  Zn  was  not  observed.  However, 
additions  of  Cu  and  Zn  to  plankton  growing  in  the 
presence  of  Cd  caused  the  displacement  of  Cd  in 
the  binding  peptide  fraction  with  Cu.  This  suggests 
that  the  peptide  has  a  higher  affinity  for  Cu,  than 
for  Cd  and  Zn.  Ion  exchange  chromatography  of 
the  Cd-rich  fraction  obtained  by  gel  filtration 
showed  a  peak  at  254  nm  (cDBP-1)  with  a  shoul- 
der (CdBP-2).  CdBP-1  and  CdBP-2  consisted  of 
only  three  species  of  amino  acid,  Glu,  Cys,  and 
Gly.  Further  analysis  indicated  that  the  peptide 
contained  only  1  gly,  located  in  the  C-terminal 
position,  and  that  Glu  exists  in  the  N-terminal. 
Based  on  all  the  characteristics  of  purified  CdBP-1 
in  this  study,  it  is  concluded  that  CdBP-1  is  identi- 
cal with  phytochelatin,  (Gamma-Glu-Cys)4-Gly. 
(Lantz-PTT) 
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TRACE  AND  HEAVY  METALS  IN  THE 
OYSTER  CRASSOSTREA  VIRGINICA,  SAN 
ANDRES  LAGOON,  TAMAULIPAS,  MEXICO. 

Universidad     Nacional     Autonoma    de     Mexico, 

Mexico  City.  Inst,  de  Ciencias  del  Mar  y  Limnolo- 

gia. 

F.  Vazquez,  G.  Aguilera,  D.  Delgado,  and  A. 

Marquez. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  6,  p  907-914, 

December  1990.  3  fig,  1  tab,  17  ref  Oceanographic 


Branch  of  the  Mexican  Navy  and  UNAM  Grant 
132. 

Descriptors:  'Bioaccumulation,  'Heavy  metals, 
•Oysters,  'Path  of  pollutants,  'San  Andres 
Lagoon,  'Seasonal  variation,  'Trace  metals,  Ad- 
sorption, Cadmium,  Cobalt,  Copper,  Hydrogen  ion 
concentration,  Iron,  Lead,  Manganese,  Mexico, 
Mollusks,  Nickel,  Salinity,  Temperature,  Zinc. 

Seasonal  variations  of  the  concentrations  of  seven 
trace  metals  (Cd,  Cu,  Co,  Fe,  Mn,  Ni,  Pb,  and  Zn) 
in  the  American  oyster  Crassostrea  virginica  were 
determined  in  order  to  establish  the  levels  of  metal 
pollution  in  Mexican  oysters.  Changes  in  metal 
concentrations  for  each  season  and  sampling  sta- 
tion were  not  regular.  Concentrations  of  Ni  and 
Cd  were  homogeneous.  Concentrations  of  Ni  fell 
within  the  standard  level  for  seafood  (10  ppm). 
Concentrations  of  Cd  were  lower  than  the  report- 
ed LC50  value  (7.5  ppm).  Iron  ranged  from  40.5  to 
101.3  ppm  and  Mn  from  13.5  to  49.5  ppm.  Pb  does 
not  appear  to  be  a  matter  for  concern  in  seawater. 
Lead  in  C.  Virginica  ranged  from  3.3  to  10.4  ppm. 
Zinc  ranged  from  269.4  to  6371.4  ppm.  (Lantz- 
PTT) 
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TOXICITY  OF  CHAUTAUQUA  LAKE  BRIDGE 
RUNOFF  TO  YOUNG-OF-THE-YEAR  SUN- 
FISH  (LEPOMIS  MACROCHIRUS). 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5C. 
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PATTERN  OF  PARTICULATE  NITROGEN 
TRANSPORT  IN  WORLD  RIVERS. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Bio- 

chemie  und  Lebensmittelschemie. 

V.  Ittekkot,  and  S.  Zhang. 

Global  Biogeochemical  Cycles  GBCYEP,  Vol.  3, 

No.  4,  p  383-391,  December  1989.  3  fig,  5  tab,  39 

ref. 

Descriptors:  'Amino  acids,  'Erosion,  'Nitrogen, 
'Nutrient  transport,  'Path  of  pollutants,  'Rivers, 
Carbon,  Deforestation,  Fertilizers,  Flow  rates,  Par- 
ticulate matter,  Solute  transport. 

Samples  from  several  major  world  rivers  were 
analyzed  for  their  particulate  nitrogen  (PN)  con- 
tents, C/N  ratios,  and  total  particulate  amino  acid 
(TPAA)  contents.  The  results  show  a  global  PN 
transport  of  33  x  10(22)  g  N/yr,  more  than  80%  of 
which  occurs  in  rivers  carrying  high  suspended 
matter  concentrations  such  as  the  Ganges,  Brahma- 
putra, Mekong,  and  Huanghe.  Quantitatively,  ni- 
trogen transported  in  the  particulate  fraction  ex- 
cedes  that  reported  for  dissolved  inorganic  nitro- 
gen. The  bulk  of  the  PN  transport  is  associated 
with  material  having  relatively  low  C/N  ratios  and 
low  TPAA  contents.  TPAA  accounted  for  about 
20%  of  the  total  PN  transport.  Although  natural 
processes  leading  to  high  rates  of  erosion  in  Asian 
rivers  might  have  partly  contributed  to  the  ob- 
served PN  transport  pattern,  the  results  suggest 
that  human  activities  such  as  deforestation  and 
increased  use  of  nitrogen  fertilizer  in  their  drainage 
basins  are  an  important  factor.  (Author's  abstract) 
W9 1-050 18 


KINETIC  MODELS  TO  PREDICT  BIOACCU- 
MULATION OF  POLLUTANTS. 

Reading  Univ.  (England).  Dept.  of  Physiology  and 

Biochemistry. 

C.  H.  Walker. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

295-301,  1990.  1  fig,  1  tab,  22  ref. 

Descriptors:  'Bioaccumulation,  'Chlorinated  hy- 
drocarbons, 'Mathematical  models,  'Model  stud- 
ies, 'Path  of  pollutants,  'Pesticides,  Absorption, 
Aquatic  environment,  Diffusion,  Ecology,  Fish, 
Metabolism,  Organic  pollutants.  Terrestrial  envi- 
ronment. 

Kinetic  models  to  predict  the  bioaccumulation  of 
pollutants  in  both  aquatic  systems  and  terrestrial 
organisms  were  examined.  A  model  system  for  the 


bioaccumulation  of  lipophilic  pollutants  specified 
principal  routes  of  pollutant  uptake  and  loss  for 
aquatic  systems  as  diffusion.  In  the  case  of  fish,  in 
addition  to  the  exchange  of  pollutants  by  diffusion, 
food  becomes  important  as  an  uptake  route  and 
metabolism  may  be  a  significant  route  of  loss.  In 
terrestrial  systems,  the  principal  route  of  uptake  for 
predators  is  food  and  the  main  route  of  loss  is 
metabolism.  The  simple  exchange  diffusion  model 
has  been  of  some  practical  value  for  the  prediction 
of  bioconcentration  factors  in  the  field.  A  more 
complex  model  has  been  useful  for  predicting 
bioaccumulation  by  fish.  A  model  for  terrestrial 
predators  is  yet  untested.  Large  species  differences 
in  rate  of  metabolism  makes  reliable  predictions 
using  data  from  laboratory  animals  impossible.  It  is 
concluded  that  predictive  models  for  the  bioaccu- 
mulation of  pollutants  may  give  forewarning  of  the 
potential  risks  of  bioaccumulation  of  certain  com- 
pounds in  particular  species.  (MacKeen-PTT) 
W9 1-05038 


INTERACTIONS  BETWEEN  THE  SURFACE 
OF  RAINBOW  TROUT,  ONCORHYNCHUS 
MYKISS,  AND  WATERBORNE  METAL  TOXI- 
CANTS. 

Dundee  Univ.  (Scotland).  Dept.  of  Biological  Sci- 
ences. 

R.  D.  Handy,  and  F.  B.  Eddy. 
Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 
385-392,  1990.  3  fig,  1  tab,  35  ref. 

Descriptors:  'Bioaccumulation,  'Fish,  'Metals, 
'Path  of  pollutants,  'Water  pollution  effects,  Acid 
rain  effects,  Acidic  water,  Aluminum,  Metal  com- 
plexes, Nutrition,  Toxicity,  Trout,  Zinc. 

Interactions  between  waterborne  metal  toxicants 
and  metal-binding  ligands  on  the  surface  of  fish  are 
important  in  the  processes  of  metal  accumulation 
and  toxicity.  Metal  toxicant-fish  surface  interac- 
tions were  examined  in  relation  to  the  initial  stages 
of  metal  toxicant  accumulation.  Fish  were  exposed 
to  short,  laboratory-based  episodes  of  Al  or  Zn  in 
an  artificial  soft  water,  to  simulate  conditions 
which  may  occur  in  some  freshwater  environ- 
ments. The  gill  tissue  and  body  mucus  were  impor- 
tant sites  of  both  Al  and  Zn  absorption.  Further- 
more, Zn  accumulation  was  exacerbated  by  starva- 
tion prior  to  episodic  exposure,  suggesting  that 
both  the  dietary  and  waterborne  routes  should  be 
considered  in  metal  accumulation.  Moreover,  the 
higher  rate  of  Zn  accumulation  by  starved  com- 
pared to  fed  fish  can  partly  be  explained  by 
changes  in  body  mucus  during  starvation.  Mucus 
from  fed  and  starved  fish  contained  2.0  and  0.5 
mmol/L  Na(+),  respectively,  suggesting  that 
some  metal-binding  ligands  in  mucus  from  starved 
fish  remain  uncomplexed  and  available  to  bind 
toxic  metal  ions.  The  solute  chemistry  of  soft  water 
may  also  influence  waterborne  metal-fish  surface 
interactions,  effecting  the  absorption  of  non-toxic 
essential  ions  such  as  Na(+).  Acidification  of  soft 
water  decreased  the  absorption  of  Na(  +  )  onto  the 
body  surface  by  85%  indicating  that  metal  toxicity 
is  a  process  of  toxic  ion  accumulation  and  a  reduc- 
tion in  the  availability  of  essential  waterborne 
Na(  +  ).  (Author's  abstract) 
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USE  OF  CHEMICAL  ANALOGUES  SUCH  AS 
EU/AM  IN  ECOTOXICOLOGICAL  STUDIES. 

Reading  Univ.  (England).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05047 


ENVIRONMENTAL  HEALTH. 

For  primary   bibliographic   entry  see   Field   6G. 
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PRODUCTION  AND  TRANSPORT  OF 
CARBON  DIOXIDE  IN  A  CONTAMINATED 
VADOSE  ZONE:  A  STABLE  AND  RADIOAC- 
TIVE CARBON  ISOTOPE  STUDY. 

Arizona  Univ.,  Tucson.  Environmental  Radioiso- 
tope Center. 

K.  H.  Suchomel,  D.  K.  Kreamer,  and  A.  Long. 
Environmental        Science       and        Technology 
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ESTHAG,  Vol.  24,  No.  12,  p  1824-1831,  Decem- 
ber 1990.  4  fig,  3  tab,  38  ref.  EPA  Grant  CR- 
812583-01-0. 

Descriptors:  'Arizona,  *Fate  of  pollutants,  'Iso- 
tope studies,  'Organic  solvents,  'Path  of  pollut- 
ants, 'Pollutant  identification,  'Soil  gases,  Biode- 
gradation,  Carbon  dioxide,  Carbon  isotopes,  Or- 
ganic pollutants,  Soil  contamination,  Vadose  zone, 
Wastewater  disposal. 

Analyses  of  soil  gas  compositions  and  stable  and 
radioactive  carbon  isotopes  in  the  vadose  zone 
above  an  alluvial  aquifer  were  conducted  at  an 
organic  solvent  disposal  site  in  Phoenix,  Arizona. 
The  study  investigated  the  source  and  movement 
of  carbon  dioxide  above  a  plume  of  organic  solvent 
contamination.  Two  soil  gas  monitor  wells,  each 
screened  and  grouted  at  four  discrete  depths  above 
the  water  table,  provided  sampling  access.  One 
well  penetrated  the  uncontaminated  vadose  zone, 
the  other  penetrated  a  contaminated  area  now  cov- 
ered with  asphalt.  Carbon  dioxide  concentrations 
in  the  uncontaminated  area  range  from  1.45%  at  8 
ft  and  3%  at  19  ft  below  land  surface.  Isotopic 
evidence  suggests  root  respiration  and  minor  oxi- 
dation of  organic  matter  as  C02  sources  at  this 
site.  Carbon  dioxide  in  soil  gas  samples  from  the 
contaminated  area  exceeded  15%,  whereas  02 
levels  were  as  low  as  1%.  Carbon  dioxide  concen- 
trations and  carbon  isotope  values  are  consistent 
with  in  situ  aerobic  biodegradation  of  the  organic 
pollutants.  (Author's  abstract) 
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ANION-EXCHANGE        CHROMATOGRAPHY 
PARTICLE    BEAM    MASS    SPECTROMETRY 
FOR   THE   CHARACTERIZATION    OF   ARO- 
MATIC SULFONIC  ACIDS  AS  THE  MAJOR 
ORGANIC    POLLUTANTS     IN     LEACHATES 
FROM  STRINGFELLOW,  CALIFORNIA. 
California   Dept.    of  Health   Services,    Berkeley. 
Hazardous  Materials  Lab.  Section. 
For  primary  bibliographic  entry  see  Field  5A. 
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ESTIMATION  OF  POLYCHLORINATED  DI- 
BENZOFURAN  AND  DIBENZO-P-DIOXIN 
CONTAMINATION  OF  A  COASTAL  REGION 
USING  ISOMER  PROFILES  IN  CRABS. 

Norsk  Inst,  for  Luftforskning,  Lillestroem. 
M.  Oehme,  A.  Bartonova,  and  J.  Knutzen. 
Environmental        Science        and       Technology 
ESTHAG,  Vol.  24,  No.  12,  p  1836-1841,  Decem- 
ber 1990.  5  fig,  2  tab,  20  ref. 

Descriptors:  'Bioindicators,  'Chlorinated  hydro- 
carbons, 'Coasts,  'Crabs,  'Dioxins,  'Industrial 
wastewater,  'Norway,  'Path  of  pollutants, 
•Wastewater  pollution,  Bioaccumulation,  Coastal 
areas,  Isomers,  Statistics,  Wastewater  disposal. 

Compared  to  other  marine  biota  such  as  fish,  crabs 
lack  the  ability  to  metabolize  most  of  the  polychlo- 
rinated  dibenzofuran  (PCDF)  and  dibenzo-p-dioxin 
(PCDD)  isomers.  Therefore,  they  preserve  nearly 
undisturbed  the  characteristic  isomer  profiles 
found  the  wastewater  from  a  magnesium  produc- 
tion plant  in  southern  Norway.  The  isomer  pattern 
of  this  process  shows  significant  differences  com- 
pared to  other  PCDF/PCDD  sources  such  as 
combustion  or  the  pulp  industry.  The  isomer  distri- 
bution and  concentration  levels  were  determined 
in  pooled  samples  of  stationary  male  crabs,  which 
were  collected  within  a  distance  of  a  few  kilome- 
ters and  more  than  100  km  from  the  source.  Two 
main  isomer  distributions  could  be  identified,  one 
belonging  to  the  Mg  process  and  one  more  similar 
to  that  earlier  reported  from  the  Skagerrak  region. 
When  statistical  methods  such  as  discriminant  or 
variance  analyses  were  employed,  the  coastal  area 
contaminated  by  the  factory  could  be  estimated  to 
approximately  50  km  downstream  from  the  source. 
(Author's  abstract) 
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KINETICS  OF  SELENATE  AND  SELENITE 
ADSORPTION/DESORPTION  AT  THE 
GOETHITE/WATER  INTERFACE. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  and  Soil 


Sciences. 

P.  Zhang,  and  D.  L.  Sparks. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  12,  p  1848-1856,  Decem- 
ber 1990.  5  fig,  3  tab,  30  ref. 

Descriptors:  'Kinetics,  'Minerals,  'Path  of  pollut- 
ants, 'Selenium,  'Soil  chemistry,  'Water  chemis- 
try, Adsorption,  Chemical  reactions,  Desorption, 
Goethite,  Selenate,  Selenite. 

Kinetics  and  mechanisms  of  selenate  and  selenite 
adsorption/desorption  at  the  goethite/water  inter- 
face were  studied  using  pressure-jump  (p-jump) 
relaxation  with  conductivity  detection  at  298.15  K. 
The  results  of  such  kinetic  studies  should  be  useful 
in  predicting  the  rate  of  retention  and  release  of 
selenium  species  in  soil,  which  in  turn  should 
permit  prediction  of  the  fate  of  Se  in  soils,  as  it 
affects  surface  and  groundwater  quality.  A  single 
relaxation  was  observed  for  selenate  (Se04(2-)) 
adsorption.  This  relaxation  was  ascribed  to 
Se04(2-)  on  a  surface  site  through  electrostatic 
attraction  accompanied  simultaneously  by  a  pro- 
tonation  process.  The  intrinsic  rate  constant  for 
adsorption  was  much  larger  than  that  for  desorp- 
tion. The  intrinsic  equilibrium  constant  obtained 
from  the  kinetic  study  (log  K  =  8.02)  was  of  the 
same  order  of  magnitude  as  that  obtained  from  the 
equilibrium  study  (log  K  =  8.65).  Unlike  Se04(2-), 
selinite  adsorption  on  goethite  produced  two  types 
of  complexes  XHSeO3(0)  and  XSe03(-),  via  a 
ligand-exchange  mechanism.  Double  relaxations 
were  attributed  to  two  reaction  steps.  The  first  step 
was  the  formation  of  an  outer-sphere  surface  com- 
plex through  electrostatic  attraction.  In  the  second 
step,  the  adsorbed  selenite  ion  replaced  a  H20 
from  the  protonated  surface  hydroxyl  group  and 
formed  an  inner-sphere  surface  complex.  A  modi- 
fied triple  layer  model  (TLM)  was  employed  to 
describe  the  adsorption  phenomena.  The  intrinsic 
equilibrium  constants  obtained  from  the  equilibri- 
um modeling  and  from  the  kinetic  studies  were 
similar,  which  further  verified  the  hypothesized 
reaction  mechanism.  (A  uthor's  abstract) 
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CASE  STUDY  OF  LEAD  IN  DRINKING 
WATER:  PROTOCOL,  METHODS,  AND  IN- 
VESTIGATIVE TECHNIQUES. 

IBM  Corp.,  Boulder,  CO. 

W.  F.  Davis. 

American  Industrial  Hygiene  Association  Journal 

AIHAAP,  Vol.  51,  No.  12,  p  620-624,  1990.  1  fig,  5 

tab,  21  ref. 

Descriptors:  'Analytical  methods,  'Drinking 
water,  'Lead,  'Path  of  pollutants,  'Plumbing, 
'Pollutant  identification,  'Water  analysis,  'Water 
pollution  sources,  Case  studies,  Colorado,  On-site 
investigations,  Remediation,  Water  pollution  treat- 
ment. 

A  site  study  of  lead  in  drinking  water  was  per- 
formed at  an  IBM  Corporation  facility  in  Boulder, 
Colorado  comprising  36  buildings.  During  the  ini- 
tial survey,  124  first  draw  samples  were  collected 
from  water  coolers  and  sinks  and  analyzed  by 
atomic  adsorption  for  total  lead.  Three  of  71  water 
coolers  sampled  had  lead  levels  >50  microg/L 
and  13  had  levels  in  the  10-50  microg/L  range. 
Two  of  the  three  water  coolers  having  the  highest 
lead  levels  were  from  the  same  manufacturer  and 
were  immediately  replaced,  as  were  other  identical 
models.  Of  56  faucets  sampled,  9  had  >  50  microg/ 
L  Pb  and  14  had  10-50  microg/L  Pb.  The  solder 
scraping  technique  was  used  to  identify  whether 
lead  was  used  in  the  solder.  When  lead  solder  was 
confirmed,  all  plumbing  to  the  source  was  re- 
moved and  replaced  using  lead-free  solder. 
Follow-up  sampling  indicated  that  lead  concentra- 
tions were  reduced  to  acceptable  levels.  Water  in 
the  two  newest  buildings  had  average  Pb  levels  of 
approximately  40  microg/L.  These  levels  were 
reduced  to  <10  microg/L  by  1-2  gal/min  leaks 
introduced  into  the  recirculating  loop  systems,  at  a 
cost  of  roughly  $10,000/yr.  The  plumbing  in  both 
buildings  was  replaced  by  the  contractor.  A  pro- 
gram at  IBM  Boulder  to  ensure  that  new  sources 
of  lead  are  not  introduced  into  drinking  water 
includes  enforcement  of  specifications  for  lead-free 
solder,  tool  box  audits,  and  solder  analysis.  It  is 


concluded  that  the  most  effective  way  to  eliminate 
lead  from  water  in  plumbing  systems  is  to  use 
nonlead  materials.  (MacKeen-PTT) 
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AEROBIC  BIODEGRADATION  OF  VINYL 
CHLORIDE  IN  GROUNDWATER  SAMPLES. 

Dow  Chemical  Co.,  Midland,  MI.  Health  and  En- 
vironmental Sciences. 
J.  W.  Davis,  and  C.  L.  Carpenter. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  56,  No.  12,  p  3878-3880,  Decem- 
ber 1990.  2  fig,  1  tab,  15  ref. 

Descriptors:  'Aerobic  conditions,  'Biodegrada- 
tion, 'Fate  of  pollutants,  'Groundwater  pollution, 
'Microbial  degradation,  'Vinyl  chloride,  Aquifer 
characteristics,  Microorganisms,  Mineralization, 
Oklahoma,  Radioactive  tracers,  South  Canadian 
River. 

The  aerobic  degradation  of  vinyl  chloride  by  natu- 
rally occurring  microorganisms  in  groundwater 
was  examined.  Aquifer  material  was  obtained  from 
a  site  located  on  the  northern  bank  of  the  South 
Canadian  River  from  an  area  bordering  the  munici- 
pal landfill  in  Norman,  Oklahoma.  Biodegradation 
of  C-14  labelled  vinyl  chloride  was  examined  in 
microcosms  prepared  with  subsurface  soil  and 
groundwater.  Under  aerobic  conditions,  vinyl 
chloride  was  readily  degraded,  with  greater  than 
99%  of  the  labeled  material  being  degraded  after 
108  days  and  approximately  65%  being  mineral- 
ized to  C-14  labelled  carbon  dioxide.  The  microor- 
ganisms present  in  the  aquifer  were  capable  of 
mineralizing  vinyl  chloride  at  concentrations  of 
100  ppb  and  below.  The  results  indicate  that  vinyl 
chloride  can  be  rapidly  degraded  under  aerobic 
conditions.  The  absence  of  an  observable  lag  or 
adaptation  period  suggests  a  widespread  ability  of 
soil  and  groundwater  microorganisms  to  degrade 
vinyl  chloride.  (MacKeen-PTT) 
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ACTIONS  AND  INTERACTIONS  OF  TEMPER- 
ATURE AND  PHOTOPERIOD  ON  MERCURY 
ACCUMULATION  BY  ELODEA  DENSA  FROM 
SEDIMENT  SOURCE. 

Bordeaux-1  Univ.,  Talence  (France).  Lab.  d'Ecolo- 
gie  Fondamentale  et  d'Ecotoxicologie. 
R.  Maury-Brachet,  F.  Ribeyre,  and  A.  Boudou. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  20,  No.   2,  p   141-155,  October 
1990.  4  fig,  34  ref. 

Descriptors:  'Bioaccumulation,  'Bottom  sedi- 
ments, 'Mercury,  'Path  of  pollutants,  'Synergistic 
effects,  Ecosystems,  Heavy  metals,  Photoperiod, 
Rooted  aquatic  plants,  Sediments,  Temperature  ef- 
fects. 

Actions  and  interactions  of  two  abiotic  param- 
eters-temperature (18,  21  and  24  C)  and  photoper- 
iod (8,  12,  and  16  h/day)-on  mercury  bioaccumu- 
lation by  a  rooted  macrophyte  species,  Elodea 
densa,  from  a  sediment  source  were  studied.  Com- 
parative analysis  of  shoot  growth  was  made  to 
examine  a  possible  inhibiting  action  by  the  metal. 
The  total  amount  of  mercury  accumulated  in  the 
whole  plant  after  a  28-day  exposure  was  40  times 
greater  when  the  mercury  was  added  as  methyl 
mercury  than  when  added  in  the  inorganic  form. 
Temperature  and  photoperiod  had  a  strong  influ- 
ence on  methyl  mercury  accumulation  by  the 
plants,  separately  and  in  interaction.  The  interac- 
tions generally  represent  an  amplification  of  effects 
produced  by  each  abiotic  factor,  although  this 
synergy  varied  according  to  the  accumulation  cri- 
teria being  considered  or  to  the  part  of  the  plant 
analyzed  (whole  plant,  leaves,  or  stems).  (Author's 
abstract) 
W91-05103 


LEVELS  OF  TOTAL  CYANIDE  AND  NACL  IN 
SURFACE  WATERS  ADJACENT  TO  ROAD 
SALT  STORAGE  FACILITIES. 

Maine  Univ.  at  Orono.  Dept.  of  Plant  and  Soil 

Sciences. 

T.  Ohno. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


Environmental  Pollution  ENPOEK,  Vol.  67,  No. 
2,  p  123-132,  1990.  3  ftg,  3  tab,  15  ref. 

Descriptors:  'Cyanide,  *Deicers,  *Path  of  pollut- 
ants, 'Sodium  chloride,  'Surface  water,  'Water 
pollution  sources.  Leaching,  Seasonal  variation, 
Soil  absorption  capacity,  Water  pollution,  Wet- 
lands. 

Concentrations  of  Na,  CI,  and  total  cyanide  (simple 
+  complex  forms  of  cyanide)  in  surface  waters 
adjacent  to  uncovered,  outdoor  sand-salt  storage 
facilities  were  monitored  for  the  calendar  year 
1988.  Runoff  of  deicing  salt  from  these  unprotect- 
ed sand-salt  piles  resulted  in  CI  concentrations  up 
to  13,500  mg/L  in  surrounding  surface  waters, 
indicating  substantial  leaching  of  road  salt  from 
sand/salt  storage  lots.  The  use  of  sodium 
hexacyanoferrate(II)  as  an  anti-caking  agent  in 
road  salt  resulted  in  up  to  200  microg/L  total 
cyanide  (CN)  in  surface  waters  adjacent  to  sand- 
salt  piles.  Concentrations  of  Na  and  CI  were  high- 
est during  the  summer  months  whereas  the  concen- 
trations of  total  CN  were  highest  during  the 
autumn  months.  The  observed  concentrations  of 
CN  were  less  than  the  calculated  maximum  con- 
centrations based  on  total  CN  content  in  pure  road 
salt,  indicating  that  sodium  hexacyanoferrate(II) 
was  being  adsorbed  during  overland  flow  onto 
soils  and/or  sediments  of  the  wetlands.  A  laborato- 
ry adsorption  study  using  five  soils  and  a  road  salt 
solution  showed  that  the  soils  adsorbed  from  25  to 
83%  of  the  sodium  hexacyanoferrate(II)  present  in 
the  soil-road  salt  suspensions.  The  percentage  of 
sodium  hexacyanoferrate(II)  adsorbed  on  soils  in- 
creased with  decreasing  soil  pH.  (Author's  ab- 
stract) 
W91-05111 


CONCENTRATIONS  OF  SYNTHETIC  ORGAN- 
IC CHEMICALS  IN  LEACHATE  FROM  A  MU- 
NICIPAL LANDFILL. 

McNeese  State  Univ.,  Lake  Charles,  LA. 

H.  E.  Murray,  and  J.  N.  Beck. 

Environmental  Pollution  ENPOEK,  Vol.  67,  No. 

3,  p  195-203,  1990.  3  fig,  1  tab,  16  ref. 

Descriptors:  'Landfills,  'Leachates,  'Municipal 
wastes,  'Organic  compounds,  'Path  of  pollutants, 
'Pesticides,  'Water  pollution  sources,  Chlorinated 
hydrocarbon  insecticides,  Halogenated  hydrocar- 
bons, Hydrocarbons,  Lake  Charles,  Louisiana,  Ob- 
servation wells,  Polycyclic  aromatic  hydrocar- 
bons, Water  quality  standards. 

A  study  on  the  concentrations  of  synthetic  organic 
chemicals  in  leachate  from  the  municipal  landfill  of 
Lake  Charles,  Louisiana,  was  conducted  from  June 
1987  through  March  1989.  Mean  concentrations  of 
total  halogenated  aromatic  compounds  were  0.772, 
0.380,  and  0.233  microg/L  for  leachate  collected 
from  three  monitoring  wells  (MW1,  MW2,  and 
MW3).  Mean  levels  of  total  polynuclear  aromatic 
hydrocarbons  were  0.448,  0.301,  and  1.220  microg/ 
L  in  leachate  from  MW1,  MW2,  and  MW3,  re- 
spectively. Mean  levels  of  contaminants  in  leachate 
from  MW1,  located  outside  the  perimeter  of  the 
landfill,  were  as  follows:  Aldrin,  0.333  microg/L; 
Dieldrin,  0.104  microg/L;  total  BHCs,  0.465 
microg/L;  total  Heptachlor,  0.148  microg/L;  total 
DDTs,  0.647  microg/L;  and  total  Endrin,  0.325 
microg/L.  A  number  of  the  organic  compounds 
identified  in  the  leachate  are  included  in  the  EPA 
drinking  water  standards.  It  is  recommended  that  a 
more  intensive  evaluation  of  both  municipal  and 
industrial  landfill  leachates  be  conducted.  (MacK- 
een-PTT) 
W91-05112 


PESTICIDE  RESIDUES  IN  FRESHWATER 
AND  MARINE  ZOOPLANKTON:  A  REVIEW. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
K.  E.  Day. 

Environmental  Pollution  ENPOEK,  Vol.  67,  No. 
3,  p  205-222,  1990.  1  fig,  3  tab,  75  ref. 

Descriptors:  'Literature  review,  'Path  of  pollut- 
ants, 'Pesticide  residues,  'Pesticides,  'Water  pollu- 
tion effects,  'Zooplankton,  Aquatic  animals, 
Bioaccumulation,  Herbicides,  Organophosphorus 
pesticides,  Pesticide  toxicity,  Pyrethrins. 


A  review  of  the  scientific  literature  on  pesticide 
residues  in  freshwater  and  marine  zooplankton  is 
presented.  At  nil  to  very  low  concentrations  of 
pesticides  in  the  environment,  there  may  be  no 
detectable  residues  in  the  organism  and  no  observ- 
able biological  effects.  Conversely,  the  organism 
may  experience  a  toxic  effect  but  the  residues 
within  the  organism  may  be  below  the  level  of 
analytical  detection.  Pesticides  which  fall  into  this 
category  include  the  organophosphate  insecticides, 
the  synthetic  pyrethroids  and  many  herbicides.  As 
concentrations  of  pesticides  in  the  environment 
increase  or  under  conditions  of  continuous  input  of 
persistent,  lipophilic  chemicals,  organisms  may 
bioaccumulate  residues  to  detectable  levels.  Fac- 
tors which  influence  these  levels  include  environ- 
mental variables,  the  physiological  condition  of  the 
organism,  the  physicochemical  characteristics  of 
the  pesticide,  and  the  presence  of  dissolved  and 
particulate  organic  matter.  Detectable  residues  of 
pesticides  in  zooplankton  may  not  necessarily 
cause  a  toxic  effect,  due  to  the  capacity  of  animals 
to  tolerate  or  store  large  concentrations  of  the 
chemical  in  their  bodies.  The  presence  of  lipophilic 
and  persistent  organochlorine  insecticides  in  rou- 
tine biomonitoring  may  not  necessarily  have  asso- 
ciated toxicity,  although  the  long-term  biological 
effects  of  these  residues  in  zooplankton  are  un- 
known. The  main  environmental  hazard  resulting 
from  residues  of  pesticides  in  zooplankton  may 
prove  to  be  transfer  of  these  chemicals  to  higher 
trophic  levels  where  their  detrimental  effects,  at 
least  in  the  well-known  case  of  DDT,  have  been 
demonstrated.  (MacKeen-PTT) 
W91-05113 


USE  OF  SELECTED  AUTOCHTHONOUS  SOIL 
BACTERIA  TO  ENHANCE  DEGRADATION  OF 
HYDROCARBONS  IN  SOIL. 

Universidad  Nacional  de  La  Plata  (Argentina).  Fa- 

cultad  de  Ciencias  Exactas. 

For  primary  bibliographic   entry   see   Field   5G. 

W91-05114 


SOIL  NITRATE  PROFILES  UNDER  IRRIGA- 
TION ON  COASTAL  PLAIN  SOILS. 

Delaware  Univ.,  Newark.  Dept.  of  Agricultural 

Engineering. 

W.  F.  Ritter,  A.  E.  M.  Chirnside,  and  R.  W. 

Scarborough. 

Journal  of  Irrigation  and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.    116,  No.  6,  p  738-751, 

1990.  9  fig,  8  tab,  20  ref. 

Descriptors:  'Delaware,  'Fertilizers,  'Groundwat- 
er pollution,  'Irrigation  effects,  'Nitrates,  'Non- 
point  pollution  sources,  'Water  pollution  sources, 
Agricultural  runoff,  Corn,  Leaching,  Nebraska, 
Soil  contamination,  Soybeans. 

A  number  of  reports  have  indicated  that  irrigation 
has  increased  the  nitrate  concentrations  in  ground- 
water. In  the  Platte  River  Valley  of  Nebraska,  a 
study  attributed  the  increase  in  nitrate  levels  to 
leaching  of  nitrogen  in  fertilizer  applied  to  corn  on 
coarse-textured  and  medium-textured  soils.  Similar 
reports  have  appeared  covering  various  parts  of 
the  United  States.  Soil  samples  were  taken  in  the 
fall  of  1983  from  the  surface  to  a  depth  of  152  cm 
on  16  irrigated  sites  and  one  forested  site  in  Dela- 
ware. All  but  one  of  the  irrigated  sites  had  corn 
grown  on  it  in  four  out  of  the  five  preceding  years. 
Soil  types  of  the  irrigated  sites  were  Matapeake  silt 
loam,  Sassafras  sandy  loam,  Woodstown  sandy 
loam,  Rumford  loamy  sand,  and  Evesboro  loamy 
sand.  Soil  samples  also  were  taken  in  the  fall  of 
1983  and  spring  of  1984  from  irrigated  corn  plots 
where  poultry  manure  and  ammonium  nitrate  fer- 
tilizer were  applied  at  a  rate  of  202  kg/ha  of 
available  N.  Nitrate  concentrations  were  lower  on 
the  forested  site  than  any  of  the  cropland  sites. 
Nitrate  leaching  was  occurring  to  some  extent  on 
all  of  the  irrigated  corn  sites.  The  greatest  nitrate 
concentrations  in  the  soil  profile  occurred  where 
excessive  nitrogen  was  applied  using  manure  in 
addition  to  commercial  fertilizer.  The  site  where 
soybeans  had  grown  in  the  previous  four  growing 
seasons  had  lower  nitrate  concentrations  than  any 
of  the  cropland  sites.  Nitrate  concentrations  were 
lower  at  greater  depths  on  the  corn  plots  in  the 
spring  of  1984  than  in  the  fall  of  1983.  The  most 


dominant  factor  affecting  the  fall  nitrate  profile 
levels  is  the  total  amount  of  N  applied.  (Rochester- 
PTT) 
W91-05129 


FLUORESCENCE  QUENCHING  AND  POLAR- 
IZATION STUDIES  OF  NAPHTHALENE  AND 
1-NAPHTHOL  INTERACTION  WITH  HUMIC 
ACID 

Idaho  Univ.,  Moscow.  Dept.  of  Plant,  Soil  and 

Entomological  Sciences. 

M.  J.  Morra,  M.  O.  Corapcioglu,  R.  M.  A.  von 

Wandruszka,  D.  B.  Marshall,  and  K  Topper. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  5,  p  1283-1289,  September/October 

1990.  4  fig,  2  tab,  48  ref. 

Descriptors:  'Analytical  techniques,  'Fate  of  pol- 
lutants, 'Fluorometry,  'Path  of  pollutants,  Soil 
contamination,  Water  pollution,  'Humic  acids, 
•Naphthalene,  'Polarization,  Fluorescence 
quenching,  Model  studies,  Adsorption  spectra,  Soil 
chemistry. 

The  environmental  behavior  and  fate  of  synthetic 
organic  compounds  are  altered  on  association  with 
humic  materials,  but  the  nature  of  this  interaction 
has  been  a  source  of  controversy.  Fluorescence 
quenching  and  polarization  techniques  were  used 
to  study  the  interaction  between  water-soluble 
humic  acid  and  naphthalene  and  1-naphthol.  Stern- 
Volmer  plots  constructed  using  intensity  values  for 
these  fluorophores  dissolved  in  humic  acid  solu- 
tions (0  to  25  mg/L)  were  linear.  The  ultraviolet/ 
visible  absorption  spectra  of  each  fluorophore  in 
the  presence  and  absence  of  the  humic  acid 
quencher  were  identical.  This  result,  in  addition  to 
the  observed  increase  in  quenching  with  tempera- 
ture, indicates  a  dynamic  (collisional)  mode  of 
quenching.  Fluorescent  lifetimes  of  the  probes  de- 
creased in  the  presence  of  humic  acid,  providing 
further  evidence  of  dynamic  quenching.  However, 
the  slopes  of  Stern-Volmer  plots  constructed  with 
lifetime  values  were  considerably  smaller  than 
plots  obtained  with  intensity  values.  Calculated 
bimolecular  quenching  constants  of  52,000,000,000 
/M/sec  for  naphthalene  and  480,000,000,000  /M/ 
sec  for  1-naphthol  are  above  the  maximum  consid- 
ered possible  for  a  diffusion-controlled  interaction. 
Fluorescence-polarization  measurements  indicate 
no  rigid  association  between  unquenched  1-naph- 
thol and  humic  acid.  The  interaction  of  naphtha- 
lene and  1-naphthol  with  humic  acid  in  aqueous 
solution  occurs  through  a  loose  association  in 
which  humic  acid  surrounds  the  fluorophore  in  a 
cage-like  manner.  This  pseudomicelle  confines  the 
probe  without  rigidly  binding,  thus  promoting  fre- 
quent quenching  collisions  and  a  combination  of 
dynamic  and  static  quenching.  (Author's  abstract) 
W91-05180 


FLUORESCENCE  SPECTROSCOPY  OF  AQUE- 
OUS LEAF  LrTTER  EXTRACTS  AND  THEIR 
COMPLEXES  WITH  ALUMINUM. 

Bern  Univ.  (Switzerland).  Geological  Inst. 
For  primary  bibliographic  entry  see  Field  2K. 
W91-05181 


DISTRIBUTION  OF  LONG-LIVED  RADIONU- 
CLIDES IN  AN  ABANDONED  REACTOR 
COOLING  RESERVODX. 

Savannah  River  Ecology  Lab.,  Aiken,  SC 

F.  W.  Whicker,  J.  E.  Pinder,  J.  W.  Bowling,  J.  J. 

Alberts,  and  I.  L.  Brisbin. 

Ecological  Monographs  ECMOAQ,  Vol.  60,  No. 

4,  p  471-496,  December  1990.  13  fig,  5  tab,  94  ref. 

Department     of    Energy     Contract     DE-AC09- 

76SR0O-819. 

Descriptors:  'Cooling  water,  'Fate  of  pollutants, 
•Sediment  contamination,  'South  Carolina,  'Nu- 
clear reactors,  'Radioisotopes,  'Radioactive 
wastes,  Cesium  radioisotopes,  Strontium  radioiso- 
topes, Plutonium  radioisotopes,  Americium  radioi- 
sotopes, 'Radioisotope  concentration,  Radioactive 
decay,  Flow  discharge,  Seston,  Suspended  sedi- 
ments, Macrophytes,  Recreation. 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


The  distribution  of  cesium- 137,  strontium-90,  plu- 
tonium-238,  plutonium-239,  240,  americium-24 1 , 
and  curium-244  was  studied  in  the  biotic  and  abiot- 
ic components  of  an  abandoned  reactor  cooling 
impoundment,  Pond  B.  The  impoundment  is  locat- 
ed at  the  United  States  Department  of  Energy's 
Savannah  River  Plant  in  South  Carolina.  It  re- 
ceived radioactive  contaminants  via  cooling  water 
discharges  from  R  Reactor  from  September  1961 
to  June  1964.  The  radionuclide  inventories  were 
estimated  in  water,  seston,  sediments,  and  biotic 
components  after  20  yr  of  equilibration.  Chemical, 
physical,  and  biological  relationships  to  the  radio- 
nuclide distribution  patterns  were  investigated. 
Biotic  components  contained  some  of  the  highest 
radionuclide  concentration  ratios  observed  to  date. 
However,  most  of  the  radioactivity  resides  in  sedi- 
ments. The  principal  mechanisms  of  loss  from  the 
system  are  radioactive  decay  and  periodic  outflow 
of  water  and  suspended  materials;  biotic  export 
and  seepage  appear  to  be  inconsequential.  Stronti- 
um-90 was  much  more  mobile  in  the  system  than 
the  other  radionuclides.  Aquatic  macrophytes 
dominated  the  biotic  component  radionuclide  in- 
ventories and  their  dynamics  exert  a  strong  influ- 
ence on  the  spatial  distribution  and  turnover  of 
radioactivity  in  the  ecosystem.  Pond  B  supports  a 
diverse  and  productive  flora  and  fauna.  Cleanup  of 
the  system  is  not  indicated.  Use  of  Pond  B  for 
recreation  is  feasible  with  adequate  attention  to 
monitoring  and  radiological  health  guidelines.  (Au- 
thor's abstract) 
W9 1-05200 


MICROBIOLOGY  AND  WATER  CHEMISTRY 
OF  TWO  NATURAL  SPRINGS  IMPACTED  BY 
GRAZING  IN  SOUTH  CENTRAL  NEVADA. 

Nevada  Univ.,   Las  Vegas.   Dept.   of  Biological 

Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-05204 


PHYSICAL  AND  CHEMICAL  ANALYSIS  OF 
EGYPT'S  WADI  EL-RAIYAN  MAN  MADE 
LAKES. 

Texas  Southern  Univ.,  Houston.  Dept.  of  Chemis- 
try. 

B.  L.  Wilson,  and  M.  A.  Saleh. 
Journal  of  Environmental  Science  and  Health  (A) 
JESEDU,  Vol.  25,  No.  7,  p  775-784,  October  1990. 
3  tab,  21  ref.  Grant  No.  FRCU  842020. 

Descriptors:  'Irrigation  runoff,  *Nonpoint  pollu- 
tion sources,  *Water  pollution  sources,  Evapora- 
tion, Phosphates,  Sulfides,  Sulfur  compounds, 
*Egypt,  'Artificial  lakes,  'Salinity,  'Drainage 
water,  Dissolved  oxygen,  Hydrogen  ion  concen- 
tration, Lake  fisheries,  Nitrites,  Sulfides,  Phos- 
phates. 

Detailed  physical  and  chemical  analyses  of  select- 
ed sites  in  two  Wadi  El-Raiyan  lakes  in  the  El- 
Faiyum  Province  of  Egypt  were  conducted  over  a 
2-year  period.  These  man-made  lakes  with  a  sur- 
face area  of  about  200  sq.  km  were  created  in  early 
1973  as  a  reservoir  for  agricultural  irrigation  drain- 
age water  in  the  western  desert  of  Egypt.  Evapora- 
tion coupled  with  a  very  low  precipitation  led  to  a 
rapid  increase  in  salinity  and  trace  metal  content. 
The  salinity  was  0.5  ppt  near  the  source  tunnel  and 
increased  gradually  to  1.0  at  the  first  lake  and  to  an 
average  of  2.0  in  the  second  lake.  Salinity  at  the 
water  spring  was  constant  but  increased  dramati- 
cally to  7  ppt  at  the  seepage  area.  Water  pH  was 
neutral  to  slightly  basic  (7.8-8.8)  and  constant 
throughout  the  lakes.  Dissolved  oxygen  in  the 
lakes  varied  from  6.2-11  mg/1  and  ammonium  ni- 
trogen from  0.02-0.05  ppm.  Nitrite,  sulfide,  phos- 
phate and  thiocyanate  concentrations  were  very 
low  while  halides  and  sulfates  were  relatively  high 
(515-1285  ppm).  These  values  are  suitable  for  fish 
production  and  recreational  purposes.  (Medina- 
PTT) 
W91-05205 


LABORATORY  AND  IN-SITU  SEDIMENT 
OXYGEN  DEMAND  DETERMINATIONS  FOR 
A  PASSAIC  RIVER  (NJ)  CASE  STUDY. 

New  Jersey  Agricultural  Experiment  Station,  New 
Brunswick. 


J.  V.  Giga,  and  C.  G.  Uchrin. 

Journal  of  Environmental  Science  and  Health  (A) 
JESEDU,  Vol.  25,  No.  7,  p  833-845,  October  1990. 
5  fig,  2  tab,  11  ref.  New  Jersey  Department  of 
Environmental  Protection  and  New  Jersey  Agri- 
cultural Experiment  Station  Grant,  Publication 
No.  D-07524-1-90. 

Descriptors:  'Passaic  River,  'Path  of  pollutants, 
'Fate  of  pollutants,  'Sampling,  Comparison  stud- 
ies, Laboratory  methods,  In  situ  tests,  'Sediments, 
'Biochemical  oxygen  demand,  'River  sediments, 
Mathematical   models,  Temperature,  Flow  rates. 

Results  from  laboratory  method  for  determining 
stream  sediment  oxygen  demand  (SOD)  were  com- 
pared to  in  situ  measurements  performed  concur- 
rently at  sampling  stations  on  the  Passaic  River  in 
New  Jersey.  In  situ  methods  are  generally  prefera- 
ble since  the  stream  bottom  can  remain  relatively 
undisturbed  at  ambient  temperatures  and  overlying 
water  can  be  used.  There  was  some  variation  in  the 
SOD  values  between  samples  taken  at  different 
times  from  the  same  sampling  station.  These  vari- 
ations appeared  to  be  randomly  distributed  and 
were  most  likely  a  function  of  river  flow  rate 
fluctuations  and  also  sample  collection  variation.  A 
virtual  1:1  correlation  was  noted  for  in  situ  meas- 
urements at  temperatures  greater  than  18  C. 
(Medina-PTT) 
W9 1-05208 


ABILITY  OF  SOIL  UNDER  FOREST  TO 
PURIFY  FERTILIZER-POLLUTED  RUNOFF. 

Desnal      Anti-Erosion      Experimental      Station, 

Ukrainian  Institute  of  Agricultural  and  Forestry 

Melioration. 

Y.  D.  Matukhno. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  5,  p  18- 

22,  1989.  1  fig,  3  tab,  18  ref. 

Descriptors:  'Fate  of  pollutants,  'Forest  soils, 
•Nutrient  removal,  'Path  of  pollutants,  'Runoff, 
'Fertilizers,  'Water  pollution  treatment,  Ammoni- 
um, Soil  horizons,  Soil  profiles,  Percolation,  Nutri- 
ent concentration,  Loam. 

The  ability  of  soils  under  forests  to  sorb  nutrients 
from  percolating  runoff  was  studied  in  field  and 
laboratory  experiments.  Light  loam  gray  forest  soil 
and  sandy-loam  sodpodzolic  soil  under  forests  do 
not  provide  sufficiently  effective  removal  of  am- 
monium nitrogen  from  percolating  runoff  in  a  1  m 
thick  profile.  The  presence  of  macrogaps  in  soils 
promotes  the  penetration  of  largely  unaltered  pol- 
luted waters  deep  into  the  soil.  Further  purification 
of  the  runoff  takes  place  in  the  lower  soil  horizons 
and  in  the  subsoil;  the  concentrations  of  nutrients 
(other  than  nitrates)  in  the  subsoil  waters,  where 
the  aquifers  lie  at  depths  of  10  m  or  more,  are  safe. 
The  parent  material  is  capable  of  further  purifying 
the  percolating  water  even  at  a  nutrient  load  ten 
times  the  ordinary  load.  Purification  by  loam  is 
several  times  as  efficient  as  purification  by  sand. 
(Brunone-PTT) 
W91-05216 


NITROGEN  LOSSES  FROM  THE  SOIL  WITH 
INFILTRATING  WATER  IN  A  FERTILIZED 
PINE  STAND. 

Belorussion  Scientific-Research  Institute  of  Forest- 
ry, USSR. 

V.  S.  Pobedov,  V.  V.  Kopytkov,  Y.  A.  Lebedev, 
A.  I.  Sviridenok,  and  L.  S.  Koretskaya. 
Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  1,  p  14- 
19,  1990.  Stab,  11  ref. 

Descriptors:  'Nutrient  transport,  'Coniferous  for- 
ests, 'Fertilization,  'Forest  hydrology,  'Forest 
management,  Pine  trees,  'Nitrogen,  'Soil  chemis- 
try, 'Infiltration,  Ammonium,  Nitrites,  Calcium, 
Magnesium,  Nitrates. 

Nitrogen  is  lost  with  infiltrating  water  when 
normal  and  slow-acting  fertilizers  are  applied  in 
pine  plantations.  Nitrogen  losses  from  normal  am- 
monium nitrate,  applied  at  a  rate  of  1 50  kg/ha  in  a 
mature  mossy  pine  forest,  over  3.5  years  amounted 
to  24.86  kg/ha  (17%)  of  the  rate  applied,  while 
nitrogen  losses  from  slow-acting  fertilizers  at  the 
same  application  rates  were  only  7%.  Nitrogen  is 


leached  mainly  as  nitrate;  significantly  less  is 
leached  as  ammonia,  and  insignificant  amounts  are 
leached  as  nitrites.  Application  of  nitrogen  fertiliz- 
ers to  a  70-year-old  mossy  pine  forest  led  to  an 
increase  in  the  concentration  of  calcium,  magnesi- 
um, and  potassium  in  the  infiltrating  water.  (Brun- 
one-PTT) 
W91-05223 


BIOCHEMISTRY  OF  HEAVY  METALS  IN  AN 
URBAN  ENVIRONMENT. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

A.  I.  Obukhov,  and  O.  M.  Lepneva. 
Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  1,  p  44- 
53,  1990.  3  fig,  5  tab,  18  ref. 

Descriptors:  'Soil  chemistry,  'Path  of  pollutants, 
'Urban  areas,  'Urban  runoff,  'Heavy  metals, 
•Moscow,  Trace  metals,  'Water  pollution  sources, 
Plant  physiology,  Seasonal  variation,  Absorption, 
Snowmelt. 

The  state  of  heavy  metals  (HM)  in  natural  compo- 
nents of  an  urban  environment  was  studied  in 
Moscow.  The  distribution  patterns  of  HMs  in  soils 
and  plants  from  grass  strips  along  highways  and  in 
large  city  parks  were  examined.  The  various  forms 
of  HM  compounds  in  soils  and  their  current  supply 
to  the  soil  surface  average  60  mgAg  for  lead,  230 
mg/kg  for  zinc,  80  mgAg  for  copper,  and  0.7  mg/ 
kg  for  cadmium.  These  values  exceed  typical  levels 
of  sod-podzolic  soils  by  four  to  six  times.  The  level 
of  HM  in  the  soils  of  grass  strips  along  radial 
highways  increases  toward  the  center  of  the  city, 
and  varies  as  a  function  of  the  distance  from  the 
pavement.  During  precipitation,  some  of  the  pol- 
lutants are  washed  from  plant  leaves  into  the  soil 
and  other  are  absorbed  into  plants.  Thus,  the  con- 
tent of  HMs  in  plants  varies  greatly  with  the 
seasons.  Approximate  flows  of  HMs  can  be  deter- 
mined from  analysis  of  the  snowcover.  The 
meltwater  from  the  snow  of  large  parks  far  from 
the  city  center  contains  2  to  6  microg  of  lead,  23  to 
46  microg  of  zinc,  4  to  12  microg  of  copper,  and 
0.2  to  0.3  microg  of  cadmium  per  liter.  The  neutral 
or  slightly  alkaline  reaction  typical  of  meltwater 
also  lowers  the  solubility  of  HMs.  (Brunone-PTT) 
W9 1-05224 


REMOVAL  OF  NATURAL  RADIONUCLIDES 
FROM  SOIL  IN  LYSIMETRIC  WATER. 

L.  T.  Fevraleva,  T.  A.  Fedorova,  and  Y.  T. 

Bobrikova. 

Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  1,  p  58- 

60,  1990.  3  tab,  4  ref. 

Descriptors:  'Lysimeters,  'Path  of  pollutants,  'Ra- 
dioisotopes, 'Soil  chemistry,  'Soil  water,  'Solute 
transport,  Uranium  radioisotopes,  Radium  radioi- 
sotopes, Lead  radioisotopes,  Polonium  radioiso- 
topes, Thorium  radioisotopes,  Irrigation. 

The  behavior  of  uranium-238,  radium-226,  lead- 
210,  polonium-210,  and  thorium-232  in  soil  and 
irrigation  water  was  studied  in  a  lysimeter  experi- 
ment. Uranium-238  was  sorbed  to  a  lesser  degree 
by  the  soil  and  was  removed  to  a  greater  extent  by 
infiltration  water  than  radium-226  and  its  daughter 
nuclides  (lead-210  and  polonium-210).  When  a  ura- 
nium solution  was  added  to  the  soil,  the  amount 
removed  by  water  was  0.22%,  10  times  as  great  as 
the  control.  Thorium-232  was  leached  from  the 
soil  to  the  smallest  extent,  0.0002%  of  the  amount 
present  in  the  soil.  The  mineral  concentration  of 
the  infiltration  water  had  no  significant  effect  on 
the  level  of  removal  of  radionuclides  from  the  soil. 
(Brunone-PTT) 
W9 1-05225 


DEGRADATION  OF  TERBACIL  IN  SOIL. 

Institute    of    Phytopathology,    Moscow    Region, 

USSR. 

Y.  Y.  Spiridonov,  V.  G.  Shestakov,  Y.  M. 

Matveyev,  and  L.  M.  Dykova. 

Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  1,  p  61- 

65,  1990.  3  fig,  1  tab,  18  ref. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


Descriptors:  'Fate  of  pollutants,  'Microbial  degra- 
dation, 'Terbacil,  'Herbicides,  'Path  of  pollutants, 
•Soil  contamination,  'Soil  water.  Temperature, 
Soil  types.  Chernozems,  Kinetics,  Microorganisms, 
Activation  energy. 

The  degradation  of  Terbacil,  a  soil  herbicide  used 
to  destroy  annual  and  perennial  weeds,  in  sod- 
podzolic,  gray  forest,  chestnut  brown,  and  Cherno- 
zem soils  in  the  laboratory  is  described  with  satis- 
factory accuracy  by  first-order  kinetics.  The  soil 
factors  with  the  greatest  influence  on  the  degrada- 
tion of  Terbacil  are  moisture  and  temperature. 
Results  indicate  that  Terbacil  was  broken  down 
most  slowly  when  the  moisture  content  was  40% 
of  field  capacity  and  most  rapidly  at  100%  of  field 
capacity;  a  further  rise  in  moisture  content  did  not 
increase  the  rate  of  degradation.  The  degradation 
of  Terbacil  in  soils  is  well  described  by  first-order 
kinetics.  The  low  calculated  activation  energy, 
which  ranges  from  21.1  to  42.6  kJ/mole  in  the 
different  soil  types,  indicates  pronounced  biocata- 
lysis  of  the  degradation  of  Terbacil  in  the  soil, 
most  probably  by  the  vigorous  action  of  soil 
microorganisms.  (Brunone-PTT) 
W9 1-05226 


EFFECT  OF  IRRIGATION  WATERS  POLLUT- 
ED WITH  INDUSTRIAL  WASTES  ON  HEAVY- 
METAL  CONCENTRATION  IN  SOIL  AND  IN 
CERTAIN  CROPS. 

Erevan  State  Univ.  (USSR). 

K.  V.  Grigoryan. 

Soviet  Soil  Science  SSSCAE,  Vol.  22,  No.  2,  p 

121-128,  1990.  3  tab,  19  ref. 

Descriptors:  'Water  pollution  effects,  'Irrigation 
effects,  Crop  production,  Copper,  Lead,  Manga- 
nese, Nickel,  'Path  of  pollutants,  'Industrial 
wastes,  'Heavy  metals,  'Soil  contamination,  'Ag- 
riculture, Plant  physiology,  Bioaccumulation, 
Trace  minerals,  Forest  soils. 

Irrigation  with  polluted  waters  leads  to  an  increase 
in  heavy-metal  concentrations  in  soil  and  cultivat- 
ed crops.  On  polluted  soils,  plants  have  a  relatively 
high  content  of  heavy  metals.  A  strong  correlation 
is  observed  between  the  content  of  copper,  lead, 
nickel  and  manganese  in  cinnamon-brown  forest 
steppe  soil  and  in  leaves  of  cultivated  crops.  A 
scale  of  heavy  metal  contamination  of  cultivated 
crops  was  established.  Irrigation  of  cinnamon- 
brown  forest  steppe  soils  with  waters  of  the  Debed 
River  polluted  with  industrial  wastes  leads  to 
bioaccumulation  of  heavy  metals.  The  content  of 
copper,  lead,  nickel  and  manganese  in  polluted 
soils  is  well  above  their  maximum  permissible  con- 
centration. The  content  of  heavy  metals  in  culti- 
vated crops  increases  with  their  increasing  concen- 
tration in  the  soil,  and  on  polluted  soils,  plants  have 
a  relatively  high  content  of  heavy  metals.  (Brun- 
one-PTT) 
W9 1-05235 


PETROLEUM  CONTAMINATED  SOILS. 
VOLUME  2:  REMEDIATION  TECHNIQUES, 
ENVIRONMENTAL  FATE,  RISK  ASSESS- 
MENT, ANALYTICAL  METHODOLOGIES. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05236 


CURRENT    ISSUES    IN    MANAGEMENT    OF 
MOTOR  FUEL  CONTAMINATED  SOILS. 

American  Petroleum  Inst.,  Washington,  DC. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-05240 


UNDERGROUND  STORAGE  TANK  RELEASES 
IN  ARIZONA:  CAUSES,  EXTENT,  AND  REME- 
DIATION. 

Arizona  Dept.  of  Environmental  Quality,  Phoenix. 
Hydrology  Section. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05243 


ANALYSIS  OF  PETROLEUM  CONTAMINAT- 
ED SOIL  AND  WATER:  AN  OVERVIEW. 

Massachusetts  Univ.,   Amherst.   Chenoweth   Lab. 


For  primary  bibliographic  entry  see  Field  5A. 
W9 1 -05245 


PROBLEMS  ASSOCIATED  WITH  ANALYSIS 
OF  PETROLEUM-DERIVED  MATERIALS  IN 
THE  ENVIRONMENT. 

Iowa  Univ.,  Iowa  City.  State  Hygienic  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05248 


THREE  COMMON  MISCONCEPTIONS  CON- 
CERNING THE  FATE  AND  CLEANUP  OF  PE- 
TROLEUM PRODUCTS  IN  SOIL  AND 
GROUNDWATER. 

Dragun  Corp.,  Berkley,  MI. 
J.  Dragun,  and  J.  Barkach. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  149-155,  3 
tab,  16  ref. 

Descriptors:  'Fate  of  pollutants,  'Path  of  pollut- 
ants, 'Oil  pollution,  'Soil  contamination,  'Ground- 
water pollution,  Soil  properties,  Geohydrology, 
Permeability,  Organic  compounds,  Benzenes,  Xy- 
lenes, Toluene,  Monitoring,  Water  table. 

There  are  three  fallacies  commonly  asserted  when 
discussing  the  fate  of  petroleum  in  the  environ- 
ment. First,  soil  macropores  can  cause  bulk  hydro- 
carbons to  migrate  quickly  downward  toward  the 
water  table  without  leaving  significant  amounts  of 
residual  saturation  on  unsaturated  zone  soil.  In 
addition,  some  organic  solvents  can  react  with  soil 
and  cause  soil  shrinkage  resulting  in  substantial 
increase  in  soil  permeability.  Second,  soils  as  well 
as  petroleum  and  its  products  are  comprised  of 
hundreds  of  individual  organic  chemicals  including 
benzene,  xylene,  toluene,  and  ethylbenzene.  The 
presence  of  low  levels  of  these  organic  chemicals 
soil  or  groundwater  should  not  be  immediately  and 
unequivocally  interpreted  as  irrefutable  evidence 
of  a  discharge  of  petroleum  or  its  products.  The 
natural  occurrence  of  these  chemicals  should  be 
evaluated  before  on  reaches  the  definitive  conclu- 
sion that  a  spill  or  leak  has  occurred.  Third,  soil 
gas  surveys  can  provide  useful  information  regard- 
ing the  presence  of  petroleum  products  in  soil  and 
groundwater  in  some  soil  systems.  In  general,  any 
soil  condition  that  inhibits  or  restricts  the  migra- 
tion of  a  chemical  in  soil  air  can  lead  to  the 
generation  of  unreliable  data.  The  following  condi- 
tions favor  successful  soil  gas  surveys:  sandy  and 
gravely  soil  textures,  a  shallow  water  table,  static 
sampling  methods  for  deeper  water  tables  and  for 
finer  soil  types,  laboratory  instrumentation,  and  the 
presence  of  low  molecular  weight  organic  chemi- 
cals. (See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05249 


EFFECT  OF  WATER-SOLUBLE  ORGANIC  MA- 
TERIAL ON  THE  TRANSPORT  OF  PHENAN- 
THRENE  IN  SOIL. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
B.  R.  Magee,  A.  T.  Lemley,  and  L.  W.  Lion. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  157-176,  9 
fig,  4  tab,  45  ref. 

Descriptors:  'Soil  properties,  'Path  of  pollutants, 
'Organic  matter,  'Phenanthrene,  Organic  com- 
pounds, Tannic  acid,  Humic  matter,  Clay,  Sand, 
Model  studies,  'Soil  contamination. 

Not  all  forms  of  dissolved  organic  carbon  can  be 
proposed  as  equally  effective  carriers  of  phenan- 
threne in  soil.  Even  though  they  may  solubilize 
hydrophobic  compounds,  many  potential  carriers 
such  as  tannic  acid,  humic  acid,  or  even  water 
soluble  soil  organic  matter  (WSSOM)  may  sorb 
too  strongly  to  soil  to  facilitate  transport.  In  some 
cases,  WSSOM  can  be  an  effective  carrier. 
WSSOM  derived  from  a  clayey  silty  loam  con- 
tained a  variety  of  hydrophilic  and  hydrophobic 
functional  groups  and  was  relatively  unaltered  by 
its  passage  through  a  sand  column.  WSSOM  en- 
hanced the  transport  of  phenanthrene  through  sand 


by  an  average  factor  of  1.8,  even  though  WSSOM 
itself  was  retarded  (R  =  3.2).  However,  phenan- 
threne transport  was  not  enhanced  in  the  Rhine- 
beck  soil  from  which  the  WSSOM  was  derived.  A 
model  which  incorporates  three  distribution  coeffi- 
cients was  effective  in  estimating  retardation  in  a 
sand  column  in  the  presence  of  WSSOM.  (See  also 
W9 1-05236)  (Lantz-PTT) 
W9 1-05250 


USING  SOIL  VAPOR  CONTAMINANT  AS- 
SESSMENT AT  HYDROCARBON  CONTAMI- 
NATED SITES. 

EA  Engineering,  Science,  and  Technology,  Inc., 
Symrna,  GA. 

H.  J.  Reisinger,  J.  M.  Kerr,  R.  E.  Hinchee,  D.  R. 
Burns,  and  R.  S.  Dykes. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  303-317,  9 
fig,  2  tab,  4  ref. 

Descriptors:  'Soil  vapor  surveys,  'Site  remedi- 
ation, 'Volatile  organic  compounds,  'Soil  con- 
tamination, 'Hydrocarbons,  'Path  of  pollutants, 
'Data  acquisition,  'Monitoring,  Measuring  instru- 
ments, Vacuum  extraction,  Absorption,  Measuring 
instruments. 

Soil  vapor  surveying  has  been  widely  applied  as  a 
useful  tool  in  assessing  sites  contaminated  with 
volatile  organic  compounds.  It  is  typically  utilized 
only  as  an  initial  assessment  tool  to  screen  for  site 
contamination  and  to  aid  in  monitoring  well  place- 
ment. Careful  planning  and  an  understanding  of 
vapor  fate  and  transport  theory  can  extend  the 
utility  of  the  data  generated.  The  first  step  in 
conducting  a  soil  vapor  survey  is  to  determine  the 
appropriateness  of  the  compounds  spilled  and  the 
site  for  assessment  by  the  vapor  technique.  Appro- 
priateness of  the  site  for  vapor  surveying  rests  in 
the  logistical  nature  of  the  site,  the  character  of  the 
soil,  the  depth  to  bedrock,  the  water  content  of  the 
soil,  and  the  soil  vertical  heterogeneity.  If,  after 
making  these  determinations  the  site  is  judged  to 
be  a  good  candidate,  target  compounds  are  select- 
ed. At  this  point  it  is  necessary  to  decide  whether 
an  active  or  passive  approach  is  to  be  used.  The 
active  technique  employs  installation  of  probes  on 
a  predetermined  sampling  grid  and  extraction  of 
soil  vapor  with  a  vacuum  system.  The  passive 
approach  employs  deployment  of  hydrocarbon  ad- 
sorber traps  in  flux  chambers.  The  traps  often 
consist  of  activated  carbon;  however,  other  materi- 
als can  be  used  as  site  needs  dictate.  In  many 
instances,  when  rapid  response  is  required,  data 
generated  via  a  soil  vapor  survey  can  form  the 
basis  for  the  design  and  implementation  of  remedi- 
ation systems.  Prudent  utilization  of  a  soil  vapor 
survey  data  can  reduce  the  time  between  discovery 
of  contamination  and  implementation  of  a  remedial 
system.  (See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05260 


ASSESSMENT  AND  REMEDIATION  OF  RESI- 
DENTIAL PROPERTIES  CONTAMINATED 
WITH  HOME  HEATING  OIL:  CASE  STUDIES. 

Haley  and  Aldrich,  Inc.,  Cambridge,  MA. 

For  primary  bibliographic   entry  see   Field   5G. 

W9 1-05262 


CALIFORNIA  LEAKING  UNDERGROUND 
FUEL  TANK  FIELD  MANUAL:  A  GUIDANCE 
DOCUMENT  FOR  ASSESSMENT  OF  UNDER- 
GROUND FUEL  LEAKS. 

Orange  County  Health  Care  Agency,  Santa  Ana, 

CA. 

For   primary  bibliographic   entry   see  Field   5G. 

W9 1-05265 


LETTING  THE  SLEEPING  DOG  LIE:  A  CASE 
STUDY  IN  THE  NO-ACTION  REMEDIATION 
ALTERNATIVE  FOR  PETROLEUM  CON- 
TAMINATED SOILS. 

Bank  of  America  Environmental  Services,  Orange, 

CA. 

For   primary   bibliographic   entry   see   Field   5G 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


W9 1-05266 


COMPREHENSIVE  ANALYSIS  OF  MIGRA- 
TION PATHWAYS  (CAMP):  CONTAMINANT 
MIGRATION  PATHWAYS  AT  CONFINED 
DREDGED  MATERIAL  DISPOSAL  FACILI- 
TIES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
J.  M.  Brannon,  J.  C.  Pennington,  D.  Gunnison,  and 
T.  E.  Myers. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22126361.  Miscellaneous 
Paper  D-90-5,  September  1990.  Final  Report.  68p, 
2  fig,  1  tab,  159  ref. 

Descriptors:  *Comprehensive  Analysis  of  Migra- 
tion Pathways,  'Path  of  pollutants,  'Dredging 
wastes,  *Waste  disposal,  Waste  management, 
Dikes,  Leaching,  Confined  disposal,  Volatile  or- 
ganic compounds. 

A  combined  disposal  facility  (CDF)  is  a  diked 
enclosure  having  either  permeable  or  low-permea- 
ble walls  that  are  used  to  retain  dredged  material 
solids.  A  framework  for  the  analysis  of  contami- 
nant migration,  cycling,  and  mobilization  pathways 
is  being  developed  to  integrate  and  assess  the  phys- 
ical, chemical,  and  biological  processes  that  occur 
in  CDFs.  The  framework  will  use  a  tiered  ap- 
proach for  estimating  and  predicting  mass  trans- 
port for  contaminants  in  migration,  cycling,  and 
mobilization  pathways.  Key  contaminant  mobility 
processes  and  pathways  operative  in  CDFs  under 
varying  operational  and  environmental  conditions 
are  documented  and  identified,  along  with  infor- 
mation on  models,  assessment  techniques,  and  areas 
for  which  insufficient  information  is  available. 
Pathways  involving  the  movement  of  large  masses 
of  water,  such  as  CDF  effluent,  leaching  through 
permeable  dykes  or  through  dredged  material, 
have  the  greatest  potential  for  moving  significant 
quantities  of  contaminants  out  of  the  CDF.  Path- 
ways such  as  volatilization  may  also  result  in  the 
movement  of  substantial  amounts  of  volatile  organ- 
ic contaminants  from  CDFs.  The  relative  impor- 
tance of  contaminant  cycling  and  mobilization 
pathways  to  net  mass  balance  has  not  been  deter- 
mined, but  available  information  on  each  of  the 
contaminant  migration,  cycling  and  mobilization 
pathways  is  summarized.  Where  possible,  methods 
are  provided  for  making  rough  estimates  of  con- 
taminant mass  movement  via  pathways.  (Lantz- 
PTT) 
W9 1-05269 


GEOGRAPHIC  INFORMATION  SYSTEM 
DOCUMENTATION  OF  WATERSHED  DATA 
FOR  DIRECT/DELAYED  RESPONSE 

PROJECT:  SOUTHERN  BLUE  RIDGE  PROV- 
ENCE DATABASE. 

NSI  Technology  Services  Corp.,  Corvallis,  OR. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-05278 


AGRICULTURAL  CHEMICALS  IN  RURAL, 
PRIVATE  WATER  WELLS  IN  ILLINOIS:  REC- 
OMMENDATIONS FOR  A  STATEWIDE 
SURVEY. 

Illinois  State  Geological  Survey  Div.,  Champaign. 
D.  P.  McKenna,  S.  C.  Schock,  E.  Mehnert,  S.  C. 
Mravik,  and  D.  A.  Keefer. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-223820. 
Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 
1989  Cooperative  Groundwater  Report  11,  (1989). 
lOOp,  95  fig,  94  tab,  59  ref,  6  append. 

Descriptors:  'Water  pollution  sources,  'Agricul- 
tural chemicals,  'Path  of  pollutants,  'Illinois, 
'Wells,  'Rural  areas,  'Surveys,  'Groundwater 
pollution,  Pesticides,  Aquifers,  Drinking  water, 
Data  acquisition,  Decision  making. 

In  Illinois,  the  concern  over  the  potential  for  agri- 
cultural chemical  contamination  of  groundwater  is 
based  on  these  facts:  (1)  Agricultural  chemicals  are 
extensively  used-two  out  of  three  acres  of  rural 
Illinois  are  treated  with  pesticides;  (2)  Groundwat- 
er is  the  only  source  of  drinking  water  in  many 


rural  areas;  (3)  Aquifers  occur  at  shallow  depths 
throughout  the  state-approximately  40%  of  the 
rural  land  is  underlain  by  aquifers  within  50  feet  of 
the  surface;  (4)  Pesticide  contamination  of  ground- 
water has  been  found  in  other  midwestern  states. 
An  initial  effort  is  recommended  to  assess  the 
extent  of  agricultural  chemical  contamination  of 
groundwater  in  private  wells,  in  rural  areas  of  the 
state.  The  experimental  design  proposed  will  maxi- 
mize the  acquisition  of  data  on  the  potential  expo- 
sure of  the  rural  population  of  Illinois  to  agricul- 
tural chemicals  in  drinking  water.  By  sampling 
existing  wells,  this  approach  will  minimize  sample 
collection  costs.  Key  elements  of  the  experimental 
design  are:  (1)  sample  population  defined  as  drilled, 
rural,  private  water  supply  wells,  (2)  recommended 
analytes  based  on  use  in  Illinois  and  potential  to 
contaminate  groundwater,  (3)  stratified  random 
sampling  design  using  the  potential  for  contamina- 
tion of  shallow  aquifers  as  the  stratification  vari- 
able, (4)  sampling  plan  for  randomly  selecting 
wells  to  sample  within  each  of  the  strata,  (5)  char- 
acterization of  well  sites  and  identification  of  po- 
tential contamination  sources,  (6)  well  sampling 
schedule  that  addresses  the  potential  for  temporal 
variability  in  the  occurrence  of  agricultural  chemi- 
cals, (7)  protocols  for  sample  collection,  (8)  quality 
assurance/control  procedures  to  ensure  collection 
of  high  quality  data,  (9)  recommendations  for 
project  organization  and  management.  (Lantz- 
PTT) 
W9 1-05280 


IMPACTS  OF  METEOROLOGICAL  VARI- 
ATIONS ON  ACID  RAIN  ABATEMENT  DECI- 
SIONS. 

Waterloo  Univ.  (Ontario).  Dept.  of  Systems 
Design  Engineering. 

K.  Ponnambalam,  E.  A.  McBean,  and  T.  E.  Unny. 
Journal   of  Environmental    Engineering   (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1063-1075,  Novem- 
ber/December 1990.  6  fig,  4  tab,  13  ref. 

Descriptors:  'Environmental  policy,  'Water  pollu- 
tion sources,  'Model  studies,  'Water  quality  man- 
agement, 'Acid  rain,  'Meteorological  data,  'Air 
pollution  control,  Linear  programming,  Industrial 
wastes,  Sulfur  compounds,  Sulfur  dioxide,  Simula- 
tion analysis,  Cost  analysis,  Sulfates,  Canada. 

Sulfur-based  acid  rain  in  eastern  North  America  is 
caused  primarily  by  the  emissions  from  power  and 
nonpower  industries  represented  by  235  point  'con- 
trollable' sources  and  area  pollution  sources  repre- 
sented by  83  'noncontrollable'  sources;  in  addition, 
there  is  a  background  deposition  not  accounted  for 
by  the  emissions  from  these  pollution  sources. 
However,  selection  between  strategies  for  reduc- 
ing acidic  deposition  is  an  arduous  task  because  of 
the  numerous  approaches  and  criteria  that  may  be 
used  to  allocate  reductions  among  S02  emitters.  A 
linear  programming  (LP)  based  simulation  model 
was  used  to  examine  the  effects  of  variable  meteor- 
ology on  optimal  controls  for  acid-rain  abatement 
in  eastern  North  America.  The  LP  model  mini- 
mized the  total  cost  of  pollution  control  corre- 
sponding to  the  235  controllable  sources  subject  to 
satisfying  the  maximum  acid  deposition  limits  at  20 
receptor  locations.  The  meteorologic  inputs  were 
transformed  into  transfer  coefficients  relating  emis- 
sions from  sources  to  depositions  at  receptors.  The 
meteorologic  inputs  varied  from  season  to  season 
and  year  to  year,  reflecting  meteorologic  uncer- 
tainty. The  resulting  optimal  control  strategies  for 
five  years  of  meteorologic  data  were  used  in  a 
simulation  model  to  develop  a  curve  of  control 
costs  versus  the  cumulative  violation  of  a  critical 
deposition  limit  at  the  selected  receptor  locations 
in  order  to  study  the  tradeoff  between  emission 
reduction  cost  and  'damage'  reduction.  It  was 
shown  that  for  the  same  total  cost,  the  cumulative 
violations  of  the  LP  results  are  much  better,  i.e.,  a 
cumulative  violation  of  about  5  kg  wet  sulfate 
instead  of  the  about  26  kg  wet  sulfate  over  the 
critical  limit  for  the  five  years  achieved  by  a  50% 
across-the-board  cut.  As  may  be  expected,  each 
dollar  invested  is  more  effective  at  home-country 
(U.S.  or  Canada)  receptors  than  at  receptors  in  the 
neighboring  country.  (Fish-PTT) 
W91-05321 


GAS-TRANSFER     MEASUREMENTS     USING 
HEADSPACE  ANALYSIS  OF  PROPANE. 

Harza  Engineering  Co.,  Chicago,  IL. 

For  primary  bibliographic  entry  see  Field  7B. 

W91-05324 


FATE  AND  TRANSPORT  OF  COMBINED  RE- 
SIDUAL CHLORTNE  IN  SMALL  STREAM. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Civil  En- 
gineering. 

D.  A.  Reckhow,  D.  W.  Ostendorf,  and  M.  E.  Billa. 
Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1125-1142,  Novem- 
ber/December 1990.  4  fig,  5  tab,  39  ref,  2  append. 
Massachusetts  Division  of  Water  Pollution  Control 
Project  No.  87-05. 

Descriptors:  'Environmental  engineering,  'Resid- 
ual chlorine,  'Fate  of  pollutants,  'Path  of  pollut- 
ants, 'Stream  pollution,  'Model  studies,  'Chlorina- 
tion,  Municipal  wastewater,  Wastewater  manage- 
ment, Wastewater  outfall,  Water  chemistry,  Massa- 
chusetts. 

Chlorination  of  municipal  wastewater  is  wide- 
spread in  the  U.S.,  and  most  of  this  chlorine  will 
react  with  ambient  ammonia  to  form  combined 
residual  chlorine  (CRC),  i.e.,  monochloramine, 
dichloramine.  The  combined  forms  are  relatively 
stable,  persistent,  and  toxic  to  certain  forms  of 
aquatic  life.  Concentration  profiles  of  CRC  were 
measured  in  a  small  stream  just  below  a  municipal 
wastewater  outfall  (Lampson  Brook  in  Belcher- 
town,  Massachusetts).  Loss  of  CRC  was  found  to 
be  due  primarily  to  volatilization.  Vertical  and 
longitudinal  concentration  profiles  were  success- 
fully modeled  with  a  two-dimensional  diffusive 
transport  model,  not  incorporating  a  stagnant  film. 
To  calibrate  this  model,  a  Henry's  Law  constant 
for  CRC  was  determined  in  the  laboratory.  The 
model  proved  superior  in  the  case  studied  to  the 
classical  two-film  model  for  the  prediction  of 
depth-integrated  combined  residual  chlorine.  The 
diffusive  transport  model  was  nearly  identical  to 
the  two-film  model  under  conditions  of  imposed 
gas-phase  limitation.  However,  the  two-film  theory 
predicted  liquid-phase  limitation  for  the  data  in  this 
study,  and  as  a  result,  significant  differences  existed 
between  the  two  sets  of  model  predictions.  Field 
data  clearly  indicated  gas-phase  limitation,  which 
was  predicted  by  the  two-dimensional  diffusive 
transport  model.  (Fish-PTT) 
W91-05325 


DO  MODEL  UNCERTAINTY  WrTH  CORRE- 
LATED INPUTS. 

Nanjing  Univ.  (China).  Dept.  of  Environmental 
Science. 

Q.  Song,  and  L.  C.  Brown. 

Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1164-1180,  Novem- 
ber/December 1990.  3  fig,  9  tab,  10  ref,  append. 
Environmental  Protection  Agency  Cooperative 
Agreement  No.  811883. 

Descriptors:  'Streamflow,  'Model  studies,  'Un- 
certainty, 'Dissolved  oxygen,  'Correlation  analy- 
sis, Simulation  analysis,  Water  quality  manage- 
ment, Water  pollution,  Streeter-Phelps  equation, 
Sensitivity  analysis,  Error  analysis,  'Monte  Carlo 
method,  Nitrification,  Biological  oxygen  demand, 
Oxygen  deficit. 

In  achieving  effective  environmental  control,  de- 
veloping methodologies  for  dealing  with  uncer- 
tainties in  model  simulations  of  pollutant  behavior 
and  effects  is  important.  Much  of  the  uncertainty 
work  has  assumed  that  all  input  variables  and 
parameters  are  mutually  independent.  The  signifi- 
cance of  correlation  among  the  inputs  on  errors  in 
model  forecasts  has  not  been  closely  examined  in 
the  past.  The  effect  of  correlation  among  the  input 
parameters  and  variables  on  the  output  uncertainty 
of  the  Streeter-Phelps  water-quality  model  was 
examined.  Three  uncertainty  analysis  techniques 
were  used:  sensitivity  analysis,  first-order  error 
analysis,  and  Monte  Carlo  simulation.  A  modified 
version  of  the  Streeter-Phelps  model  that  includes 
nitrification,  net  algal  oxygen  production,  and  sedi- 
ment oxygen  demand  was  used.   Analyses  were 
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Group  5B — Source*  Of  Pollution 

performed  for  a  wide  variety  of  simulated  stream- 
flow  conditions.  Results  showed  that  the  standard 
deviation  of  the  predicted  dissolved  oxygen  deficit 
(DOD)  with  correlated  inputs  potentially  can  be 
20-40%  larger  than  with  independent  inputs. 
Under  conditions  of  moderate  to  high  velocity,  the 
reaeration  and  bio-oxidation  coefficients  were  the 
dominant  contributors  to  DOD  uncertainty,  while 
net  oxygen  production  from  algal  activity  and 
sediment  oxygen  demand  were  the  major  factors  at 
low  velocity.  The  largest  effect  of  input  correla- 
tion on  DOD  occurred  in  the  vicinity  of  the  sag 
point.  Uncertainty  results  from  first-order  analysis 
differed  by  at  most  10%  from  those  of  a  Monte 
Carlo  simulation  for  both  correlated  and  independ- 
ent inputs.  (Author's  abstract) 
W9 1-05327 


TOXICITY  ASSESSMENT  BY  POLLUTION-IN- 
DUCED  COMMUNITY   TOLERANCE   (PICT), 
AND   IDENTIFICATION    OF   METABOLITES 
IN  PERIPHYTON  COMMUNITIES  AFTER  EX- 
POSURE TO  4,5,6-TRICHLOROGUAIACOL. 
Goeteborg  Univ.  (Sweden).  Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05334 


COPPER  AND  ZINC  SORPTION  ON  SOME  B 
HORIZONS  OF  QUEBEC  SOILS. 

Macdonald  Coll.,  Ste.  Anne  de  Bellevue  (Quebec). 
Dept.  of  Renewable  Resources. 
M.  Duquette,  and  W.  H.  Hendershot. 
Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  5/6,  p  377-394,  1990.  2 
fig,  4  tab,  28  ref.  Natural  Sciences  and  Engineering 
Research  Council  of  Canada  Grant  A5822  and 
Conseil  de  Recherches  et  Services  Agricoles  du 
Quebec  Grant  MCA  85-C1176. 

Descriptors:  •Sorption,  'Copper,  'Zinc,  'Soil  ho- 
rizons, 'Soil  solution,  'Nutrient  transport,  Soil  en- 
vironment, Soil  tests,  Heavy  metals,  Hydrogen  ion 
concentration,  'Path  of  pollutants. 

The  sorption  of  copper  (Cu)  and  zinc  (Zn)  on  soils, 
as  a  function  of  pH,  is  important  to  an  understand- 
ing of  their  mobility  in  the  soil  solution  and  their 
availability  for  plant  nutrition.  At  high  concentra- 
tions in  the  soil  solution  these  elements  can  be 
toxic  to  plants.  Copper  and  Zn  sorption  as  a  func- 
tion of  the  pH  were  measured  for  six  B  horizons  of 
two  Orthic  Humic  Gleysols,  tow  Orthic  Humo- 
Ferric  Podzols,  one  Orthic  Dystric  Brunisol  and 
one  Orthic  Sombric  Brunisol.  The  results  show 
that:  1)  for  the  same  amount  of  metal  in  solution 
and  the  same  pH,  more  Cu  is  sorbed  than  Zn  and 
2)  there  is  a  maximum  of  sorption  at  or  just  above 
pH  5.00  and  a  large  decrease  as  pH  decreases. 
During  the  pH-dependent  sorption  of  Cu  and  Zn 
on  six  B  horizons  of  Quebec  soils,  it  was  found  that 
ions  were  released  into  solution  thus  altering  the 
charge  generated  by  the  soil  at  low  pH  and  the 
sorption  behavior  of  Cu  and  Zn.  The  solid  phase 
most  likely  to  control  the  level  of  ions  in  solution  is 
believed  to  be  the  amorphous  and  oxide  forms  of 
Al  and  Fe.  The  dissolution  of  these  metal  oxide  or 
hydrous  oxide  materials  also  releases  cations  ad- 
sorbed on,  or  occluded  in,  the  amorphous  material. 
(Author's  abstract) 
W91-05338 


EFFECT  OF  SULPHUR  DIOXIDE  ON  EX- 
TRACTABLE  MANGANESE  IN  SOILS. 

La  Trobe  Univ.,  Bundoora  (Australia).  School  of 
Agriculture. 
N.  C.  Uren. 

Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  5/6,  p  429-438,  1990.  4 
fig,  2  tab,  10  ref. 

Descriptors:  'Sulfur  dioxide,  'Sorption,  'Soil 
chemistry,  'Path  of  pollutants,  'Manganese,  Soil 
environment,  'Soil  water,  Atomic  absorption  spec- 
troscopy, Solubility,  Peat,  Lime,  Chemical  reduc- 
tion. 

The  major  factor  affecting  sulfur  dioxide  (S02) 
sorption  by  soils  is  the  moisture  content,  due  to  the 
high  solubility  of  the  gas  in  water.  Samples  of 
oven-dry  soil,  i.e.  either  clay  soil  from  Kangaroo 


Ground  or  Toomuc  sandy  loam  (Australia),  were 
put  in  a  desiccator.  The  desiccator  was  evacuated 
with  a  water  pump  and  S02  was  introduced  at  a 
given  pressure.  After  a  given  time  the  water  solu- 
ble plus  exchangeable  manganese  (extractable  Mn) 
was  extracted  and  analyzed  for  Mn  by  atomic 
absorption  spectroscopy.  Treatment  of  these  soils 
with  S02  caused  rapid  increases  in  concentrations 
of  water  soluble  plus  exchangeable  Mn.  The  ex- 
tractable  Mn  increased  with  increasing  pressure  of 
S02  and  time  of  exposure,  and  increased  with 
increasing  water  contents  up  to  field  capacity,  but 
decreased  beyond  this  point.  The  addition  of  peat 
to  the  sandy  loam  increased  the  effect  of  S02  on 
extractable  Mn  while  the  addition  of  lime  de- 
creased the  effect.  Under  the  conditions  of  these 
experiments  results  illustrate  that  S02  sorption  rap- 
idly leads  to  the  reduction  of  Mn  oxides  and  al- 
though the  reductant  is  primarily  S02,  in  some 
soils  the  acidity  which  develops  induces  reduction 
by  organic  matter.  Reactive  Mn  oxides  in  soils  may 
contribute  significantly  to  S02  sorption  by  soils. 
(VerNooy-PTT) 
W91-05339 


EFFECTS  OF  LEACHING  SURFACE-APPLIED 
AMENDMENTS  ON  SUBSOIL  ALUMINUM 
AND  ALFALFA  GROWTH  IN  A  LOUISIANA 
ULTISOL. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of 
Agronomy. 

B.  W.  Mathews,  and  R.  E.  Joost. 
Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  7/8,  p  567-581,  1990.  2 
fig,  4  tab,  35  ref. 

Descriptors:  'Acid  rain  effects,  'Toxicity,  'Leach- 
ing, 'Soil  amendments,  'Aluminum,  'Alfalfa, 
'Subsoil,  'Plant  growth,  'Path  of  pollutants, 
Loam,  Soil  contamination,  Root  development, 
Heavy  metals,  Soil  solution. 

Crop  production  on  many  soils  of  the  southeastern 
USA  is  often  severely  restricted  by  subsoil  alumi- 
num (Al)  toxicity,  which  retards  root  growth.  Al- 
though alfalfa  is  normally  deep-rooted,  high  levels 
of  soluble  Al  in  subsoils  can  reduce  tap  root  elon- 
gation in  this  species.  A  greenhouse  leaching 
column  study  was  conducted  to  compare  the  ef- 
fects of  surface-applied  langbeinite  (LB),  phospho- 
gypsum  (PG),  calcium  silicate  slag  (SS),  and  calci- 
fic lime  (CL)  on  subsoil  Al  and  growth  of  alfalfa 
(Medicago  sativa  L.  'Florida  77')  in  Toula  silt  loam 
soil  (Typic  Fragiudult).  Langbeinite  was  found  to 
be  more  effective  than  PG  in  the  reduction  of 
subsoil  exchangeable  Al.  It  may  play  an  important 
role  in  reducing  subsoil  exchangeable  Al  in  Ultisols 
via  precipitation  of  Al-hydroxy-sulfate  minerals. 
The  study  demonstrated  that  high  exchangeable  Al 
levels  are  not  always  indicative  of  Al  toxicity  in 
the  soil  solution  phase.  The  primary  factors  limit- 
ing alfalfa  growth  in  the  Toula  soil  were  surface 
soil  pH  and  manganese  (Mn)  toxicity  rather  than 
subsoil  Al  toxicity.  The  liming  materials,  SS  and 
CL,  effectively  corrected  the  surface  soil  Mn  and 
pH  problems,  but  had  no  effect  on  subsoil  chemical 
properties.  Further  research  is  needed  to  determine 
if  leaching  of  LB  followed  by  surface  application 
of  liming  materials  is  of  any  greater  benefit  than 
surface  liming  alone  for  alfalfa  root  growth  in 
subsoils  with  high  Al  levels.  (VerNooy-PTT) 
W91-05341 


EQUATIONS  TO  CALCULATE  THE  APPROXI- 
MATE DURATION  AND  TERMINATION  OF 
THE  MAXIMAL  RATE  PHASE  OF  NITRIFICA- 
TION IN  SODL. 

Orange   Free   State   Univ.,   Bloemfontein   (South 
Africa).  Dept.  of  Soil  Science. 
D.  J.  Laubscher,  J.  M.  van  Zyl,  and  C.  C.  du 
Preez. 

Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  7/8,  p  611-621,  1990.  2 
fig,  3  tab,  17  ref. 

Descriptors:  'Fate  of  pollutants,  'Agricultural 
chemicals,  'Model  studies,  'Mathematical  models, 
•Nitrification,  'Fertilizers,  'Soil  contamination, 
Soil  amendments,  Mathematical  equations,  Mathe- 
matical analysis,  Ammonium,  Kinetics,  Model  test- 
ing. 


Increasing  concern  for  the  efficient  use  of  nitrogen 
(N)  fertilizer  is  being  shown  as  the  cost  of  crop 
production  and  the  pollution  of  groundwater 
become  critical  factors  in  agriculture.  It  is  there- 
fore very  important  to  be  able  to  estimate  the 
transformation  rates  (e.g.,  nitrification)  of  applied 
N  in  soils.  Nitrification  in  soil  is  characterized  by  a 
sigmoidal  curve  with  a  delay,  maximum  rate  and 
retarded  phase.  A  model  based  on  the  Verhulst 
equation  was  used  to  describe  all  three  phases  of 
the  nitrification  process.  Equations  to  calculate  the 
maximum  nitrification  rate  (K.  sub  mx)  and  the 
delay  period  (T)  exist  already.  Equations  to  calcu- 
late the  approximate  duration  (delta  T)  and  termi- 
nation (t  sub  s)  of  the  maximal  rate  phase  were  also 
derived  from  the  Verhulst  equation.  The  duration 
of  maximal  nitrification  when  ammonium  ion 
(NH4(  +  ))  is  oxidized  at  a  maximal  rate  is  the 
period  from  the  end  of  the  delay  period  until  the 
retarded  phase  starts.  The  termination  of  the  maxi- 
mal rate  phase  marks  the  approximate  time  when 
the  retarded  phase  starts  due  to  a  depletion  of 
NH4  +  .  At  this  stage  in  the  nitrification  process 
additional  NH4  +  must  be  applied  to  prevent  the 
minimum  changes  in  the  maximum  nitrification 
rate  of  a  soil.  When  first-order  kinetics  are  used, 
the  course  of  nitrification  can  consequently  be 
described  quantitatively  by  four  parameters,  K  sub 
mx,  t',  delta  t  and  t  sub  s.  The  equations  were 
verified  with  experimental  data  from  Clovelly  and 
Dundee  topsoils  and  subsoils.  Similar  parameters 
can  also  be  calculated  from  experimental  data  of 
other  biological  reactions  which  are  characterized 
by  sigmoidal  curves.  (Author's  abstract) 
W9 1-05342 


MARINE  POLLUTION  FROM  LANDUSE  IN 
THE  PACIFIC  ISLANDS  REGION. 

G.  B.  K.  Baines,  and  R.  J.  Morrison. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

11,  p  506-515,  November  1990.  2  fig,  15  ref. 

Descriptors:  'Water  pollution  sources,  'Pacific  Is- 
lands, 'Islands,  'Marine  pollution,  'Land  use, 
•Sediment  discharge,  *Coasts,  Soil  erosion,  Ero- 
sion, Landslides,  Tectonics,  Tropical  cyclones, 
Suspended  sediments,  Agricultural  runoff,  Water 
quality,  Stream  discharge. 

With  the  single  exception  of  Papua  New  Guinea, 
all  land  in  the  countries  and  territories  of  the 
Pacific  islands  region  lies  within  the  coastal  zone. 
Both  sediment  and  freshwater  are  land-derived 
substances  that  can  give  rise  to  a  condition  of 
marine  pollution.  Natural  land  changes  include  tec- 
tonic activity  and  cyclones  with  exceptionally 
heavy  rainfalls  leading  to  landslip  activity.  As  a 
result,  sediment  and  suspended  matter  constitute  an 
important  land-derived  marine  pollutant.  The  way 
in  which  forest  removal  influences  material  trans- 
fer from  land  to  sea,  sometimes  to  polluting  levels, 
varies.  Where  the  intensification  of  small-scale  tra- 
ditional agricultural  is  taking  place,  increased  and 
sustained  transfer  of  terrestrial  sediment  and  fresh- 
water to  coastal  waters  is  inevitable.  Plantation 
agriculture  and  forestry  should  be  less  damaging  to 
long-term  hydrological  and  erosional  behavior  of 
watersheds  than  many  other  changes  in  land  use. 
However,  this  situation  may  not  be  achieved  with- 
out an  extended  period  of  significant  disturbance  to 
coastal  waters.  The  massive  excavation  of  surface 
and/or  subsurface  material  which  accompanies 
mineral  development  also  poses  problems  for 
coastal  waters.  In  addition,  more  sophisticated 
measures  such  as  systems  of  water  drainage  control 
incorporating  sediment  traps  and  slope  stabilization 
are  needed  to  curb  soil  loss  from  road  and  con- 
struction in  the  region.  National  strategies  for  deal- 
ing with  coastal  water  pollution  originating  from 
land  use  increasingly  are  being  formulated  in  line 
with  the  South  Pacific  Regional  Environment  Pro- 
gramme (SPREP)  Action  Plan  of  1982.  Further 
research  is  needed  to  extend  the  development  of 
ideas  for  improved  land  use  in  relation  to  mainte- 
nance of  coastal  water  quality.  Integrated  studies 
on  watersheds,  catchments  and  the  impact  of 
runoff  on  the  coastal  environment  are  required. 
(VerNooy-PTT) 
W91-05343 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


ESTIMATED  INPUTS  OF  ORGANOCHLOR- 
INES  FROM  THE  RIVER  EBRO  INTO  THE 
NORTHWESTERN  MEDITERRANEAN. 

Centro  de  Investigacion  y  Desarrollo,  Barcelona 

(Spain). 

J.  F.  Cid  Montanes,  R.  W.  Risebrough,  B.  W.  de 

Lappe,  M.  G.  Marino,  and  J.  Albaiges. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

11,  p  518-523,  November  1990.  2  fig,  3  tab,  22  ref. 

Descriptors:  *Water  pollution  sources,  Nonpoint 
pollution  sources,  *Chlorinated  hydrocarbons, 
•Polychlorinated  biphenyls,  'Ebro  River,  •Medi- 
terranean, *Path  of  pollutants,  'DDT,  'Marine 
pollution,  Pollution  load,  Halogenated  pesticides, 
Stream  pollution,  Pollutant  identification,  Chemi- 
cal analysis. 

The  Ebro  River  in  northeastern  Spain  accounts  for 
about  6%  of  all  riverine  waters  entering  into  the 
Mediterranean  Sea.  Measurements  of  organochlor- 
ines  in  the  particulate  and  dissolved  phases  of  Ebro 
River  water,  sampled  at  the  mouth  at  four  periods 
over  1982-1983,  are  combined  with  data  on  daily 
flows  to  produce  estimates  of  the  inputs  of  these 
compounds  into  the  northwestern  Mediterranean 
from  this  source.  Hexachlorobenzene  (HCB)  was 
the  most  abundant  of  the  compounds  detected, 
with  an  estimated  yearly  input  of  30  kg,  followed 
by  polychlorinated  biphenyls  (PCBs),  with  a 
yearly  input  of  about  12  kg.  The  HCB  and  PCBs 
are  attributed  principally  to  a  manufacturing  facili- 
ty on  the  river.  Other  estimated  yearly  inputs  are  8 
kg  of  total  DDTs,  1  kg  each  of  dieldrin,  endrin, 
and  endosulfan,  and  2  kg  of  chlordane  compounds. 
Relatively  high  levels  of  p,p'-DDT  among  the 
DDT  compounds  indicated  recent  use  or  mobiliza- 
tion of  DDT.  These  estimates  of  river  inputs  are 
substantially  lower  than  those  used  or  derived  in 
several  recent  reviews  of  contamination  problems 
in  the  Mediterranean.  If  the  organochlorine  con- 
centrations reported  here  for  the  Ebro  are  typical 
of  the  majority  of  Mediterranean  rivers,  total  input 
of  organochlorines  from  rivers  would  be  less  than 
2  tons.  This  is  much  less  than  a  1984  UNEP 
estimate  of  90  tons/year.  The  estimates  support 
conclusions  of  other  studies  that  the  principal  dis- 
persal pathway  of  the  organochlorines  is  the  at- 
mosphere. (Author's  abstract) 
W91-05344 


PCB  AND  PCT  CONTAMINATION  IN  WINTER 
QUARTERS  BAY,  ANTARCTICA. 

California  Univ.,  Santa  Cruz.  Inst,  of  Marine  Sci- 

R.  W.  Risebrough,  B.  W.  de  Lappe,  and  C. 

Younghans-Haug. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

11,  p  523-529,  November  1990.  6  fig,  1  tab,  22  ref. 

Descriptors:  *Water  pollution  sources,  *Fate  of 
pollutants,  *Antarctic,  *Polychlorinated  biphenyls, 
•Polycyclic  aromatic  hydrocarbons,  'Chlorinated 
hydrocarbons,  'Path  of  pollutants,  'Marine  pollu- 
tion, 'Sediment  contamination,  Winter  Quarters 
Bay,  Waste  dumps,  Aroclors,  Sediment  sampler. 

Polychlorinated  biphenyls  (PCBs)  are  likely  con- 
taminants in  the  vicinity  of  an  antarctic  base  be- 
cause of  their  presence  in  electrical  equipment  and 
many  other  materials  used  at  the  base.  Winter 
Quarters  Bay  at  McMurdo  Station  in  Antarctica 
provides  docking  facilities  to  visiting  ships  and  is 
adjacent  to  a  former  dump  site.  Sediments  are 
heavily  contaminated  with  a  tarry  material  and 
contain  a  moderately  high  level  of  chlorinated 
biphenyls,  in  the  range  of  100  to  1400  nanograms/g 
dry  weight.  The  composition  in  most  samples  is 
identical  to  that  of  Aroclor  1260,  with  no  evidence 
of  partial  degradation,  indicating  a  dominant  point 
source  of  contamination.  Chlorinated  terphenyls 
(PCTs),  also  with  a  60%  chlorine  composition,  are 
present  at  levels  in  the  order  of  30  to  1200  nano- 
grams/g. These  amounts  could  have  been  disposed 
of  at  the  former  dump,  or  may  have  been  derived 
from  machine  shop  waste  discharged  with  bilge 
waters  into  Winter  Quarters  Bay.  Outside  Winter 
Quarters  Bay,  PCB  levels  decrease  sharply,  by  two 
orders  of  magnitude  over  1  km,  and  four  orders  of 
magnitude  at  stations  9  and  15  km  distant.  A  sub- 
stantial modification  of  the  congener  composition 
is  evident  at  the  distant  station,  but  the  McMurdo 


PCB  'signature'  nevertheless  dominates  over  the 
'global'  signature  characteristic  of  PCBs  in  the 
global  atmospheric  circulation.  (Author's  abstract) 
W9 1-05345 


METALS  AND  ORGANIC  CONTAMINANTS  IN 
NORTHWEST  ATLANTIC  DEEP-SEA  TILE- 
FISH  TISSUES. 

National  Marine  Fisheries  Service,  Highlands,  NJ. 

Sandy  Hook  Lab. 

F.  W.  Steimle,  V.  S.  Zdanowicz,  and  D.  F. 

Gadbois. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

11,  p  530-535,  November  1990.  2  fig,  4  tab,  22  ref. 

Descriptors:  'Bioaccumulation,  'Tilefish,  Marine 
fisheries,  'Heavy  metals,  'Polycyclic  aromatic  hy- 
drocarbons, 'Polychlorinated  biphenyls,  'Haloge- 
nated pesticides,  'Path  of  pollutants,  'Atlantic 
Ocean,  Tissue  analysis,  Animal  tissues,  Trace 
metals,  Fish,  Distribution  patterns. 

Tilefish  are  a  large,  benthophagous,  demersal  spe- 
cies usually  found  in  sediment  burrows  within  a 
restricted  temperature-depth  zone  on  the  outer 
continental  shelf  and  upper  slope  of  the  northwest 
Atlantic,  from  Nova  Scotia  to  the  Caribbean  Sea. 
Data  are  presented  on  trace  metal  (silver,  cadmi- 
um, chromium,  copper,  nickel,  lead,  and  zinc)  and 
organic  hydrocarbons,  i.e.,  polychlorinated  bi- 
phenyls (PCBs),  polynuclear  aromatic  hydrocar- 
bons (PAHs),  and  chlorinated  pesticides,  in  tilefish. 
Chemical  concentrations  were  determined  in 
muscle,  liver,  gonad,  and  other  tissues  from  two 
small  1981  to  1982  collections  of  tilefish  (Lophola- 
tilus  chamaeleonticeps)  from  near  Lydonia  Canyon 
(on  Georges  Bank)  and  below  Hudson  Canyon  (off 
New  Jersey).  Significant  concentrations  of  trace 
metals  and  chlorinated  hydrocarbons  (PCBs  and 
pesticides)  were  detected  in  the  tissues,  but  these 
were  generally  within  the  ranges  reported  for 
other  deep-sea  and  continental  shelf  fish  in  the 
Middle  Atlantic  Bight.  Higher  chlorinated  hydro- 
carbon concentrations  were  detected  in  fish  from 
the  Lydonia  Canyon  area,  compared  with  concen- 
trations detected  in  the  fish  from  below  the 
Hudson  Canyon.  The  difference  appears  to  be  sta- 
tistically significant  for  most  compounds  and  no 
satisfactory  explanation  can  be  suggested.  (Au- 
thor's abstract) 
W91-05346 


IMPACT  ASSESSMENT  FOR  THE  FRENCH 
NUCLEAR  WEAPON  TEST  SITES  IN  FRENCH 
POLYNESIA. 

Sydney  Univ.  (Australia).  Ocean  Sciences  Inst. 
J.  Ribbe,  and  M.  Tomczak. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 
11,  p  536-542,  November  1990.  4  fig,  2  tab,  29  ref. 

Descriptors:  'Nuclear  explosions,  'Environmental 
impact,  'French  Polynesia,  'Cesium  radioisotopes, 
'Fallout,  'Path  of  pollutants,  Nuclear  accidents, 
Moruroa  Atoll,  Foreign  research,  Hazard  assess- 
ment, Marine  pollution,  Radioactivity,  'Water  pol- 
lution sources. 

Nuclear  weapon  tests  of  the  French  government  at 
the  Moruroa  Atoll  in  French  Polynesia  represent 
the  largest  producer  of  artificial  radionuclides  in 
the  South  Pacific  region.  Weapon  testing  began  in 
1966,  followed  by  an  underground  testing  program 
since  1974.  A  numerical  dispersion  model  for 
cesium- 137  data  was  used  to  elaborate  an  impact 
assessment  for  the  French  nuclear  weapon  testing 
site  in  French  Polynesia.  The  three  dimensional 
equation  of  advection/diffusion  was  solved  by  the 
Monte  Carlo  Technique.  The  mean  transport  field, 
isotropic  horizontal  and  vertical  turbulent  ex- 
change and  radioactive  decay  were  taken  into  con- 
sideration, but  no  biochemical  processes  were  in- 
cluded. Over  a  period  of  10  years  the  dispersion  of 
the  assumed  radionuclide  cesium- 137  was  moni- 
tored considering  two  different  scenarios  of  its 
introduction  into  the  marine  environment.  The  first 
scenario  or  'worst  case',  assumed  a  single  release  of 
the  total  radioactivity  occurred  which  is  currently 
stored  in  the  interior  of  the  Moruroa  Atoll.  For  the 
second  scenario  a  more  likely  and  realistic  case 
was  studied:  the  venting  of  radioactive  contaminat- 
ed water  from  a  constant  source.  The  results  of 


both  scenarios  are  quite  different  in  the  farfield. 
However,  in  both  cases  the  local  environment  of 
French  Polynesia  is  the  most  affected.  In  the  first 
scenario  the  loading  during  the  first  3  to  4  years 
after  the  accident  is  more  a  result  of  a  decreasing 
but  very  high  activity  concentration  well  above 
the  background  activity  concentration  of  3  to  4 
Becquerels  (Bq)/cu  m,  while  in  the  'realistic  case' 
the  loading  is  characterized  by  a  nearly  constant 
local  activity  concentration  with  values  between 
50  and  150  Bq/cu  m.  Only  in  the  'worst  case'  the 
western  part  of  the  South  Pacific  and  its  bordering 
countries  are  also  affected  by  an  activity  concen- 
tration with  a  value  higher  than  80  Bq/cu  m,  i.e., 
well  above  the  background  noise.  (VerNooy-PTT) 
W9 1-05347 


ORGANOCHLORINE  COMPOUNDS  IN  THE 
PORTUGUESE  OYSTER:  IMPORTANCE  OF 
SEASONAL  VARIATIONS. 

Instituto    Nacional   de   Investigacao   des   Pescas, 

Lisbon  (Portugal). 

Castro,  A.  M.  Ferreira,  and  C.  Vale. 

Marine  Pollution  Bulletin  MPNBAZ,  Vol.  21,  No. 

11,  p  545-547,  November  1990.  2  fig,  1  tab,  11  ref. 

Descriptors:  'Water  pollution  sources,  'Agricul- 
tural chemicals,  'Bioaccumulation,  'Chlorinated 
hydrocarbons,  'Halogenated  pesticides,  'Poly- 
chlorinated biphenyls,  'Oysters,  'Portugal,  'Estu- 
arine  fisheries,  Seasonal  variation,  DDT,  DDE, 
DDD,  Tissue  analysis,  Animal  tissues,  'Path  of 
pollutants,  Spawning. 

Organochlorine  concentration  in  oysters  may  vary 
geographically  and  seasonally.  Spatial  variability  is 
normally  interpreted  as  different  contamination  in 
the  environment,  whereas  seasonal  fluctuation  may 
result  from  temporal  changes  in  organochlorines  in 
the  environment  as  well  as  from  lipid  variations  in 
the  organism,  which  are  generally  related  to  the 
reproductive  cycle.  The  seasonal  variation  of  poly- 
chlorinated biphenyl  (PCB)  and  DDT  (p,p'-DDE 
+  p,p'-DDD  -(-  p,p'-DDT)  concentrations  in 
whole  soft  tissue  of  the  oyster,  Crassostrea  angu- 
lata,  was  studied.  Oysters  were  collected  at  four 
stations  along  the  upper  Sado  estuary  (Portugal) 
from  October  1985  to  January  1987.  Lipid  concen- 
trations remained  normally  below  5%,  but  in 
March  and  May  values  reached  14%  and  12%, 
respectively.  Concentrations  of  DDT  ranged  from 
3  to  98  ng/g:  high  levels  were  recorded  in  January 
and  March,  decreasing  to  a  minimum  in  July. 
Concentrations  of  PCB  varied  from  164  to  712  ng/ 
g:  the  highest  value  was  recorded  in  March,  fol- 
lowing a  gradual  decrease  to  July/September. 
Linear  relationships  between  PCB  and  DDT  con- 
centrations, and  lipid  concentrations  were  found 
(r=0.86,  n  =  23  and  r  =  0.75,  n  =  22  respectively,  p 
<  0.0001).  The  gametogenesis-spawning  cycle  is 
important  in  the  organochlorine  uptake-release  by 
bivalves.  DDT  and  PCB  concentrations  in  the 
remaining  soft  tissue  of  C.  Angulata  from  the 
upper  Sado  Estuary  tend  to  be  more  or  less  con- 
stant, except  when  dramatic  changes  occur  in  the 
environment.  As  the  most  important  change  in  the 
upper  estuary  is  runoff  which  occurs  in  winter-a 
pre-spawning  period-the  excess  of  organochlor- 
ines accumulated  in  the  tissues  is  rapidly  eliminated 
by  subsequent  spawning.  (VerNooy-PTT) 
W91-05348 


NATURE   AND   MECHANISMS   OF   FORMA- 
TION OF  METAL-HUMUS  COMPLEXES. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

For   primary   bibliographic   entry   see   Field   2G 
W91-05350 


AIRBORNE  TRACE  METALS  IN  SNOW  ON 
THE  JAPAN  SEA  SIDE  OF  JAPAN. 

Kanazawa  Univ.  (Japan).  Dept.  of  Chemistry. 
F.-J.  Ecker,  E.  Hirai,  and  T.  Chohji. 
Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  10,  p  2593-2600,  1990.  5 
fig,  4  tab,  23  ref. 

Descriptors:  'Japan,  'Trace  metals,  'Path  of  pol- 
lutants,   'Snow,    'Heavy   metals,    Meteorological 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5B — Sources  Of  Pollution 

data  collection,  Aluminum,  Cadmium,  Chromium, 
Copper,  Iron,  Manganese,  Lead,  Zinc,  Hydrogen 
ion  concentration,  Air  pollution,  Drinking  water, 
Distribution  patterns,  Precipitation,  Wet  deposi- 
tion. 

In  Japan,  numerous  field  surveys  have  studied  the 
chemical  composition  of  wet  and  dry  deposition 
intensively,  especially  within  the  industrialized 
areas  along  the  Pacific  coast.  However,  informa- 
tion is  lacking  for  less-industrialized  areas  on  the 
Japan  Sea  (west)  side;  such  data  are  considered 
especially  important  in  the  analysis  of  long-range 
transport  of  airborne  materials  from  the  Asian  con- 
tinent. Prevailing  seasonal  weather  patterns 
produce  a  homogeneous  distribution  of  snow  from 
the  coast  to  the  mountains  in  the  Hokuriku  region 
on  the  Japan  Sea  side  of  Japan.  Daily  snowfall  was 
collected  on  polyethylene  foils  at  six  sites  along  the 
coast,  in  city  areas  and  in  the  inland  mountains. 
The  samples  were  analyzed  for  pH  and  the  soluble 
and  insoluble  fractions  of  Al,  Cd,  Cr,  Cu,  Fe,  Mn, 
Pb,  and  Zn.  The  relative  order  of  concentration  of 
metals  per  volume  snow  was  Fe  >  Al  >  Mn,  Pb, 
Zn  >  Cu  >  Cd.  Compared  with  data  from  other 
regions  of  the  world,  the  concentrations  found  in 
wet-deposited  snow  in  this  study  were  rather  low, 
even  for  the  urban  sites.  Concentration  levels  of 
toxic  elements  such  as  Cd  and  Pb  were  found 
mostly  to  be  within  acceptable  allowances  for 
drinking  water  in  Japan.  The  contribution  of  trace 
metals  derived  from  sea  spray  and  Kosa-loess  par- 
ticles was  found  to  be  of  minor  importance  to  the 
regional  background.  The  pH  values  of  melted 
snow  averaged  around  4.6  over  a  range  of  3  pH 
units,  with  the  greatest  fluctuations  at  the  seaside 
and  mountain  sites.  In  the  cities,  these  pH  fluctua- 
tions occurred  within  a  narrower  and  generally 
lower  pH  spectrum.  (Author's  abstract) 
W9 1-05355 


MAJOR  ELEMENT  CHEMISTRY,  DELTA-2-H, 
DELTA-18-O  AND  87-SR/86-SR  IN  A  SNOW 
PROFILE  ACROSS  CENTRAL  SCANDINAVIA. 

Stockholm  Univ.  (Sweden).  Dept.  of  Geology. 
P.  Andersson,  R.  Lofvendahl,  and  G.  Aberg. 
Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  10,  p  2601-2608,  1990.  4 
fig,  3  tab,  25  ref. 

Descriptors:  'Scandinavia,  *Snow,  *Path  of  pollut- 
ants, *Air  pollution,  'Water  pollution  sources, 
•Radioisotopes,  'Isotope  studies,  Trace  metals, 
Precipitation,  Strontium  radioisotopes,  Oxygen  iso- 
topes, Hydrogen  isotopes,  Seawater,  Magnesium, 
Strontium,  Chlorine,  Sodium,  Distribution  pat- 
terns. 

Snow  in  northern  Scandinavia  is  well  suited  for  the 
chemical  analysis  of  natural  and  pollutive  atmos- 
pheric deposition.  In  late  February  1988,  fresh 
snow  was  sampled  at  eight  stations  along  a  450-km 
transect,  spanning  the  Scandinavian  Peninsula 
from  the  Atlantic  Ocean  in  the  west  to  the  Gulf  of 
Bothnia  in  the  east.  The  elements  Na,  Mg,  Ca,  S, 
CI,  Sr,  Al,  Fe,  Mn,  and  Zn  were  analyzed,  and  the 
nuclide  pairs  87-Sr-86-Sr,  18-0-16-0,  and  2-H--1- 
H  measured.  Concentrations  of  Na,  Mg,  CI,  and  Sr 
were  found  to  decrease  rapidly  with  distance  from 
the  Atlantic  coast.  The  other  elements  studied 
reflected  more  complicated  patterns,  caused  by  the 
addition  of  terrigenous  matter  and  anthropogenic 
pollution.  Stable  oxygen  and  hydrogen  isotopic 
compositions  followed  the  general  precipitation 
pattern,  with  values  close  to  seawater  in  the  west 
becoming  isotopically  progressively  lighter  east- 
ward. The  87-Sr/86-Sr  ratio  in  snow  varied  from 
0.7098  near  the  Atlantic  Ocean  to  0.7194  at  the 
easternmost  station.  Mixing  calculations  revealed 
that  seawater  contributes  about  90%  of  the  Sr  at 
the  westernmost  stations,  decreasing  to  10-30% 
some  300  km  eastward.  Increases  in  the  87-Sr/86- 
Sr  ratio  inland  are  controlled  by  Sr  fractions  more 
radiogenic  than  seawater,  but  strongly  heteroge- 
nous. The  easternmost  station  was  found  to  be 
strongly  influenced  by  pollution,  giving  enhanced 
concentrations  of  S,  Ca,  and  Sr  and  the  highest  87- 
Sr/86-Sr  ratio.  (Fish-PTT) 
W91-05356 


SEASONAL  VARIATION  OF  PERSISTENT  OR- 
GANOCHLORINE    INSECTICIDE    RESIDUES 


IN  VELLAR  RIVER  WATERS  IN  TAMIL 
NADU,  SOUTH  INDIA. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 

A.  Ramesh,  S.  Tanabe,  H.  Iwata,  R.  Tatsukawa, 
and  A.  N.  Subramanian. 

Environmental  Pollution  ENPOEK,  Vol.  67,  No. 
4,  p  289-304,  1990.  13  fig,  2  tab,  33  ref.  Internation- 
al Scientific  Research  Programme  of  the  Ministry 
of  the  Education,  Science  and  Culture  of  Japan 
Projects  62042017  and  63041094. 

Descriptors:  'India,  'Nonpoint  pollution  sources, 
•Organochlorine  pesticides,  'Path  of  pollutants, 
'Pesticide  residues,  'Pesticides,  'Stream  pollution, 
Benzene  hexachloride,  DDD,  DDE,  DDT,  Man- 
grove swamps,  Rice,  Runoff,  Seasonal  variation, 
Vellar  River,  Water  sampling. 

Water  samples  collected  from  Vellar  river  and 
Pichavaram  mangroves  at  Porto  Novo  (11  degrees 
29'  N,  79  degrees  46'  E),  Tamil  Nadu  State,  South 
India,  from  December  1987  to  January  1989  were 
analyzed  to  determine  the  seasonal  variation  of  the 
levels  of  organochlorine  insecticides  such  as  HCH 
(BHC)  and  DDT.  Both  these  insecticides  showed 
higher  levels  from  October  to  February,  although 
this  trend  was  more  pronounced  in  HCH  than 
DDT,  reflecting  the  application  of  technical  HCH 
largely  and  probably  small  quantities  of  DDT 
during  the  flowering  season  of  rice.  The  alpha- 
HCH  was  detected  as  a  dominant  isomer  for  all 
seasons  monitored  followed  by  beta-HCH.  Among 
DDT  compounds,  p,p'-DDT  was  highest  in  the 
river  water  except  in  the  dry  season  when  p,p'- 
DDD  showed  a  higher  percentage.  On  the  other 
hand,  in  mangroves  p,p'-DDE  was  highest  during 
the  wet  season  and  p,p'-DDD  during  the  dry 
season.  Air-water  partitioning  data  of  HCH  iso- 
mers and  DDT  compounds  in  Vellar  river  re- 
vealed that  these  chemicals  tend  to  be  in  the  water 
phase.  These  observations  may  aid  in  understand- 
ing the  role  of  a  tropical  paddy  area  on  the  behav- 
ior and  fate  of  man-made  chemicals  in  view  of 
worldwide  contamination.  (Author's  abstract) 
W91-05388 


USE  OF  LYSIMETERS  TO  ESTIMATE  LEACH- 
ING OF  PESTICIDES  IN  AGRICULTURAL 
SOILS. 

Sveriges    Lantbruksuniversitet,    Uppsala.    Div.    of 

Water  Management. 

For  primary  bibliographic  entry  see  Field  7B. 

W91-05389 


NUTRIENT  AND  SEDIMENT  LOSSES  FROM 
TURFGRASS. 

Maryland  Univ.,  College  Park.  Dept.  of  Agrono- 
my. 

CM.  Gross,  J.  S.  Angle,  and  M.  S.  Welterlen. 
Journal  of  Environmental  Quality  JEVQAA,  Vol. 
19,  No.  4,  p  663-668,  Oct-Dec  1990.  1  fig,  3  tab,  25 
ref. 

Descriptors:  'Agricultural  runoff,  'Fertilizers, 
'Nonpoint  pollution  sources,  'Sediment  erosion, 
'Turf  grasses,  'Water  pollution  sources,  Leaching, 
Nitrogen  compounds,  Nitrogen  removal,  Nutrient 
removal,  Percolation,  Plant  growth,  Runoff. 

The  contribution  of  turfgrass  fertilizer  to  surface 
and  groundwater  pollution  is  not  well  document- 
ed. Two  studies,  at  separate  locations,  were  there- 
fore initiated  to  examine  losses  of  nutrients  and 
sediment  via  leaching  and  runoff  from  turfgrass. 
Treatments  included  fertilizer  applied  in  a  liquid 
and  granular  form  and  an  unfertilized  control. 
Sodded  tall  fescue  /  Kentucky  bluegrass  plots 
were  fertilized  at  a  rate  of  220  kg  N  per  hectare 
per  year  in  metered  applications  of  urea.  Runoff 
was  collected  and  analyzed  for  volume,  suspended 
and  soluble  solids,  NH4-N,  N03-N,  total  N,  P04- 
P,  total  soluble  P,  and  total  P.  Runoff  losses  of 
sediment  and  all  nutrients  were  extremely  low. 
Runoff  losses  of  total  N  were  significantly  (p  less 
than  or  equal  to  0.05)  higher  when  comparing  the 
liquid  and  granular  treatments  to  the  control,  al- 
though there  was  no  difference  between  the  fertil- 
izer treatments.  Losses  for  all  forms  of  P  and 
sediment  did  not  differ  significantly  with  regard  to 
treatment.  Soil  percolate  (0.75  m  depth)  was  col- 


lected monthly  from  various  treatments.  Percolate 
N03-N  concentrations  from  the  liquid  and  granu- 
lar treatments  did  not  differ  significantly,  although 
both  were  significantly  higher  than  the  untreated 
control.  Soil  cores  (2.1  m  depth)  were  collected 
every  spring  and  fall  in  0.30  m  increments.  Nitrate- 
N  concentrations  generally  decreased  with  depth; 
however,  the  granular  treatment  exhibited  higher 
soil  N03-N  concentration  than  either  liquid  or 
control  treatments.  These  results  indicate  that 
when  compared  with  agronomic  row  crops,  nutri- 
ent and  sediment  losses  from  turf  via  runoff,  and 
leaching  are  very  low.  (Author's  abstract) 
W9 1-05396 


TILLAGE  EFFECTS  ON  SEDIMENT  AND 
SOLUBLE  NUTRIENT  LOSSES  FROM  A 
MAURY  SILT  LOAM  SOIL. 

Kentucky  Agricultural  Experiment  Station,  Lex- 
ington. Dept.  of  Agronomy. 
R.  L.  Blevins,  W.  W.  Frye,  P.  L.  Baldwin,  and  S. 
D.  Robertson. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 
19,  No.  4,  p  683-686,  Oct-Dec  1990.  5  tab,  23  ref. 

Descriptors:  'Agricultural  practices,  'Agricultural 
runoff,  'Atrazine,  'Loam,  'Nonpoint  pollution 
sources,  'Nutrient  transport,  'Sediment  erosion, 
•Tillage,  'Water  pollution  sources,  Corn,  Nitrogen 
removal,  Phosphorus  removal,  Surface  runoff. 

The  contributions  of  three  tillage  systems  used  in 
corn  (Zea  mays)  production  with  (i)  sediment 
losses  and  surface  runoff  and  (ii)  the  potential  for 
nonpoint-source  surface  water  pollution  from  N 
and  P  fertilizers  and  triazine  herbicides  were  com- 
pared. Tillage  treatments  were  no-tillage,  chisel- 
plow  tillage,  and  conventional  tillage  (moldboard 
plow  plus  secondary  tillage).  The  study  site  was  on 
a  Maury  silt  loam.  Over  the  4  yr  period,  conven- 
tional tillage  runoff  volume  was  576.7  kl/ha, 
chisel-plow  205.7  kl/ha,  and  no-tillage  239.9  kl/ha. 
Total  soil  loss  from  conventional  tillage  was  19.79 
Mg/ha,  chisel  plow  0.71  Mg/ha,  and  no-tillage 
0.55  Mg/ha.  Amounts  of  N03,  soluble  P,  and 
atrazine  leaving  the  plots  in  surface  runoff  were 
greatest  from  conventional  tillage  and  about  equal 
from  chisel-plow  and  no-tillage.  The  magnitudes  of 
losses  in  surface  runoff  water  were  small  for  all 
chemicals  measured.  (Doyle-PTT) 
W9 1-05  399 


LEACHING  OF  CHLORSULFURON  AND 
METSULFURON  METHYL  IN  THREE  SWED- 
ISH SOILS  MEASURED  EN  FIELD  LYSI- 
METERS. 

Sveriges   Lantbruksuniversitet,   Uppsala.    Div.   of 

Water  Management. 

L.  Bergstrom. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p70 1-706,  Oct-Dec  1990.  2  fig,  4  tab,  24 

ref. 

Descriptors:  'Herbicides,  'Leaching,  'Lysimeters, 
•Nonpoint  pollution  sources,  'Path  of  pollutants, 
•Pesticides,  'Sweden,  'Water  pollution  sources, 
Agricultural  runoff,  Chlorsulfuran,  Metsulfuron, 
Percolation,  Soil  chemistry. 

Leaching  of  the  herbicides  chlorsulfuron  (2- 
chloro-N-(4-methoxy-6-methyl-l,3,5-triazin-yl) 
aminocarbonyl)  benzene-sulfonamide)  and  metsul- 
furon methyl  (methyl  2-(4-methoxy-6-methyl-l,3,5- 
triazin-2-yl)  aminocarbonyl)-aminosulfonyl)  benzo- 
ate)  was  studied  using  field  lysimeters  containing 
either  undisturbed  soil  monoliths  or  packed  soil. 
Three  soil  types  were  represented,  two  sandy  soils 
and  one  clay  soil.  Each  herbicide  was  applied  at 
two  rates,  4  and  8  g  a.i./ha,  representing  normal 
and  double  doses  of  the  compounds  for  spring 
cereals.  All  lysimeters  received  supplementary  wa- 
tering in  addition  to  natural  rainfall.  With  the 
exception  of  a  single  sample  that  had  a  chlorsul- 
furon concentration  (14  ng/L)  just  above  the  de- 
tection limit,  neither  compound  was  detectible  in 
leachate  from  lysimeters  receiving  the  normal  dose 
of  the  herbicides.  For  both  herbicides  at  double 
dose,  levels  above  the  minimum  detectible  were 
found  in  selected  lysimeters,  reaching  43  and  21 
ng/L  for  chlorsulfuron  and  metsulfuron  methyl, 
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respectively.  Converted  to  fluxes  over  the  seven 
month  period,  considerably  less  than  1%  of  the 
applied  chlorsulfuron  and  metsulfuron  methyl  ap- 
peared in  the  leachate.  (Author's  abstract) 
W91-05401 


EVALUATING  PESTICIDE  MIGRATION  IN 
TILE-DRAINED  SOILS  WITH  A  TRANSFER 
FUNCTION  MODEL. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 

Abt.  fuer  Physische  Geographie  und  Landschaft- 

soekologie. 

J.  Utermann,  E.  J.  Kladivko,  and  W.  A.  Jury. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  707-714,  Oct-Dec  1990.  5  fig,  4  tab,  23 

ref. 

Descriptors:  *Model  studies,  *Nonpoint  pollution 
sources,  *Path  of  pollutants,  *  Pesticides,  *Soil  con- 
tamination, *Solute  transport,  *Tile  drainage, 
•Water  pollution  sources,  Leaching,  Probability 
distribution,  Sensitivity  analysis,  Soil  saturation, 
Traveltime,  Water  pollution  prevention. 

The  interpretation  and  prediction  of  chemical  out- 
flow in  tile  drains  as  a  result  of  solute  migration 
through  both  unsaturated  and  saturated  soil  can  be 
an  important  tool  for  understanding  and  reducing 
groundwater  pollution  risk.  A  simple  analytical 
solution  for  predicting  pesticide  transport  in  tile- 
drained  soils,  based  on  the  transfer  function  con- 
cept, is  presented  and  tested  in  screening  scenarios 
for  chemicals  with  widely  varying  fate  properties 
under  different  hypothetical  transport  characteris- 
tics for  the  individual  soil  layers.  The  inherent  soil 
travel  time  variability  of  the  two  layers  is  em- 
bodied in  probability  density  functions  (pdf).  The 
unsaturated  zone  is  represented  by  either  a  unimo- 
dal  or  a  bimodal  pdf,  the  latter  describing  both 
preferential  and  matrix  flow  of  solutes  at  the  field 
scale.  The  saturated  travel  time  pdf  is  derived  from 
cumulative  travel  time  distributions  calculated  by 
streamline  functions.  Sensitivity  analysis  focused 
on  chemical  outflow  in  tile  drains  as  a  function  of 
travel  time  variability  in  the  unsaturated  and  satu- 
rated soil,  assuming  linear  equilibrium  adsorption 
and  first  order  decay  in  either  the  entire  soil  or  the 
preferential  and/or  slow  flow  regions  of  the  un- 
saturated soil,  respectively.  The  tile  drain  outflow 
clearly  reflects  the  time-delayed  travel  time  char- 
acteristics of  the  unsaturated  soil.  Compared  with  a 
Gaussian-like  pdf,  a  bimodal  pdf  for  the  unsaturat- 
ed zone  affects  primarily  the  shortest  travel  times 
of  highly  retarded  and  short-lived  chemicals. 
Screening  scenarios  with  10  different  pesticides 
exhibit  a  strong  influence  of  preferential  flow  on 
both  the  early  arrival  time  in  the  tile  and  the  total 
residual  mass  fraction,  whereas  the  total  residence 
time  is  nearly  independent  of  travel  time  character- 
istics of  the  unsaturated  soil.  (Author's  abstract) 
W9 1-05402 


MICROBIAL  TRANSFORMATION  OF  1,2-DI- 
BROMO-3-CHLOROPROPANE  (DBCP). 

Cornell  Univ.,  Ithaca,  NY.  Inst,  for  Comparative 
and  Environmental  Toxicology. 
For  primary  bibliographic  entry  see   Field   5G. 
W9 1-05403 


RESIDUAL  EFFECT  OF  SEWAGE  SLUDGE  ON 
HEAVY  METAL  CONTENT  OF  TOBACCO 
AND  PEANUT. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Soil  Science. 

L.D.  King,  and  L.  M.  Hajjar. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  738-748,  Oct-Dec  1990.  8  fig,  5  tab,  26 

ref. 

Descriptors:  *Heavy  metals,  *Peanuts,  'Sludge, 
•Sludge  disposal,  *Soil  amendments,  'Tobacco, 
•Water  pollution  sources,  Crop  rotation,  Hydro- 
gen ion  concentration,  Municipal  wastewater,  Re- 
gression analysis,  Soil  contamination. 

The  residual  effect  of  sewage  sludge  in  metal  con- 
centrations in  tobacco  and  peanut  was  evaluated  in 
a  greenhouse  pot  experiment  with  a  Typic  Haplu- 
dult  soil  from  a  field  that  received  aerobically 
digested  municipal  sewage  sludge  at  0,  9,  18,  and 


27  Mg/ha/yr  for  3  yr.  Cumulative  amount  of 
metals  applied  at  the  27  Mg  rate  were  (kg/ha)  1.8 
Cd,  39  Cu,  48  Cr,  9  Ni,  30  Pb,  and  84  Zn.  Sulfuric 
acid  or  Ca(OH)2  was  used  to  effect  three  soil  pH 
regimes:  5.2,  5.8,  and  6.4  (median  value  within  each 
regime).  Tobacco  ('Speight  G-28')  was  grown  to 
flowering  and  peanut  (NC  7)  was  grown  to  maturi- 
ty. At  the  termination  of  the  experiment,  soils  were 
extracted  with  diethylenetriaminopentaacetic  acid 
(TPA)  and  Mehlich  3  extractant  (M3)  for  metal 
analysis.  Tobacco  dry  weight  (averaged  over  pH) 
increased  from  66  g/pot  with  no  sludge  to  94  g/ 
pot  at  the  highest  sludge  rate.  Peanut  kernel  yield 
(averaged  over  pH)  was  depressed  by  sludge 
(probably  as  a  result  of  Zn  toxicity)  and  no  kernels 
were  formed  at  the  medium  and  high  rates.  Sludge 
rates  and  soil  pH  had  little  effect  on  concentration 
of  Cr  and  Pb  in  tobacco  or  peanut.  Concentration 
of  Cd,  Ni,  and  Zn  in  tobacco  and  in  peanut  top 
growth  decreased  as  soil  pH  increased  to  5.8  to  6.0 
but  no  decrease  was  noted  at  higher  pH.  Sludge 
rate  effect  was  significant  at  low  pH  but  dimin- 
ished as  pH  increased.  Concentration  of  Cd,  Ni, 
and  Zn  declined  but  Cu  concentration  increased 
with  increasing  height  of  leaf  on  the  tobacco  stalk. 
Results  of  stepwise  multiple  regression  using  linear 
and  quadratic  forms  of  cumulative  sludge  rate,  soil 
pH,  and  DTPA-extractable  metals  and  pH  X  rate 
and  pH  X  DTPA-extractable  metals  interactions  as 
independent  variables  and  metal  concentration  in 
the  lower  tobacco  leaves  or  in  peanut  tops  as 
dependent  variables  suggested  DTPA  would  pre- 
dict tissue  metal  concentrations  better  than  would 
M3.  (Doyle-PTT) 
W9 1-05404 


EFFECT    OF    DEICING    SALTS    ON    TRACE 
METAL  MOBILITY  IN  ROADSIDE  SOILS. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-05408 


MOBILIZATION  OF  COLLOIDS  IN  GROUND- 
WATER DUE  TO  INFILTRATION  OF  WATER 
AT  A  COAL  ASH  DISPOSAL  SITE. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-054 13 


INFLUENCE  OF  MINERALOGY  AND  SOLU- 
TION CHEMISTRY  ON  THE  ATTACHMENT 
OF  BACTERIA  TO  REPRESENTATIVE  AQUI- 
FER MATERIALS. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

M.  A.  Scholl,  A.  L.  Mills,  J.  S.  Herman,  and  G.  M. 
Hornberger. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
6,  No.  4,  p  321-336,  December  1990.  4  fig,  1  tab,  33 
ref. 

Descriptors:  'Aquatic  bacteria,  'Groundwater  pol- 
lution, 'Limestone,  'Minerals,  'Path  of  pollutants, 
Aquifers,  Chemical  properties,  Hydrogen  ion  con- 
centration, Muscovite,  Porous  media,  Quartz, 
Water  chemistry. 

The  rate  and  extent  of  bacterial  attachment  to 
mineral  surfaces  (chips  of  quartz,  muscovite,  lime- 
stone, and  Fe-hydroxide-coated  quartz  and  musco- 
vite) was  investigated  by  counting  the  numbers  of 
bacterial  cells  (Lula-D,  an  indigenous  groundwater 
organism)  associated  with  each  surface  over  time. 
The  degree  of  attachment  of  cells  to  mineral  sur- 
faces was  correlated  with  the  sign  of  the  surface 
charge  as  estimated  from  literature  values  for  the 
isoelectric  point;  attachment  of  the  negatively 
charged  bacteria  was  much  greater  to  the  positive- 
ly charged  surfaces  of  limestone,  Fe-hydroxide- 
coated  quartz,  and  Fe-hydroxide-coated  muscovite 
than  to  the  negatively  charged  surfaces  of  clean 
quartz  and  clean  muscovite.  Batch  experiments 
determined  that  the  numbers  of  bacteria  attached 
to  clean  muscovite  increased  with  increasing  ionic 
strength  of  the  solution,  and  the  numbers  attached 
to  clean  quartz  were  greater  at  pH  5  than  at  pH  7. 
In  columns  of  clean  quartz  sand  under  saturated 
flow  conditions,  bacteria  initially  broke  through  at 


1  pore  volume  but  continued  to  elute  for  at  least  7 
pore  volumes.  Columns  of  Fe-hydroxide-coated 
sand  retained  more  of  the  bacteria  added  to  the 
columns  (99.9%  vs.  97.4%),  and  elution  of  cells 
ceased  after  the  primary  breakthrough.  The  results 
indicate  that  surface  interactions  between  the  min- 
eral grains  in  an  aquifer  and  the  bacterial  cells  must 
play  an  essential  role  in  determining  the  movement 
of  bacteria  through  saturated  porous  media.  (Au- 
thor's abstract) 
W91-05414 


INFLUENCE  OF  DETERGENT  FORMULA- 
TION ON  NUTRIENT  MOVEMENT 
THROUGH  SAND  COLUMNS  SIMULATING 
MOUND  AND  CONVENTIONAL  SEPTIC 
SYSTEM  DRATNFIELDS. 
Geraghty  and  Miller,  Inc.,  Raleigh,  NC. 
B.  J.  Alhajjar,  C.  L.  Gould,  G.  Chesters,  and  J.  M. 
Harkin. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
6,  No.  4,  p  337-356,  December  1990.  6  fig,  7  tab,  22 
ref. 

Descriptors:  'Detergents,  'Nitrogen,  'Path  of  pol- 
lutants, 'Phosphates,  'Septic  drain  fields,  'Septic 
tanks,  'Soil  disposal  fields,  Leachates,  Leaching, 
Minerals,  Phosphorus,  Wastewater  disposal,  Zeo- 
lites. 

The  effects  of  phosphate  (P)  and  zeolite  (Z)-built 
detergents  on  leaching  of  N  and  P  through  sand 
columns  simulating  septic  system  drainfields  were 
examined  in  laboratory  columns.  To  simulate 
mound  septic  system  drainfields,  paired  sets  of 
columns  were  dosed  intermittently  with  septic  tank 
effluent  from  households  using  P-,  or  Z-built  deter- 
gent. Two  other  paired  sets  of  columns  were  flood- 
ed with  P-,  or  Z-effluent  to  simulate  new  conven- 
tional septic  system  drainfields;  after  clogging  mats 
or  crusts  developed  at  infiltration  surfaces,  the 
subsurfaces  of  the  columns  were  aerated  to  simu- 
late mature  (crusted)  conventional  septic  system 
drainfields.  N03  loading  in  leachate  was  1.1  times 
higher  and  ortho-P  loading  was  4.3  times  lower 
when  columns  were  dosed  with  Z-than  with  P- 
effluent.  Dosed  columns  removed  P  poorly;  total 
phosphorus  (TP)  loading  in  leachate  was  81  and  19 
gm/sq  m/yr  with  P-and  Z-effluent,  respectively. 
In  flooded  columns  1.3,  2.0  and  1.8  times  more 
NH4,  organic  nitrogen  (ON)  and  total  nitrogen 
(TN)  respectively,  were  leached  with  Z-than  with 
P-effluent;  N03  leaching  was  similar.  Flooded  col- 
umns removed  P  efficiently;  TP  leached  through 
flooded  systems  was  2.5  and  1.4  gm/sq  m/yr  with 
P-and  Z  effluent,  respectively.  Crusted  columns 
fed  Z-effluent  leached  1.2,  2.6,  1.4  and  2.1  times 
more  NH4,  N03,  ON  and  TN,  respectively,  than 
those  with  P-effluent  but  1.8  times  less  TP.  Crusted 
columns  removed  P  satisfactorily:  8.2  and  4.6  gm/ 
sq  m/yr  TP  with  P-and  Z-effluent,  respectively. 
The  P-built  detergent  substantially  improves  the 
efficiency  of  N  removal  with  satisfactory  P  remov- 
al in  columns  simulating  conventional  septic 
system  drainfields.  Simultaneous  removal  of  N  and 
P  under  flooded  conditions  might  be  explained  by 
precipitation  of  struvite-type  minerals.  Dosed 
system  drainfields  were  less  efficient  in  removing 
N  and  P  compared  to  flooded  and  crusted  system 
drainfields.  (Author's  abstract) 
W9 1-054 15 


ESTIMATION  OF  ORGANIC  CHEMICAL 
SORPTION  BY  SODLS. 

Agricultural    Research   Organization,    Bet-Dagan 

(Israel).  Volcani  Center. 

Z.  Gerstl. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

6,  No.  4,  p  357-375,  December  1990.  4  fig,  9  tab,  36 

ref. 

Descriptors:  'Organic  carbon,  'Organic  com- 
pounds, 'Path  of  pollutants,  'Regression  analysis, 
'Soil  chemistry,  'Sorption,  Data  collections,  Or- 
ganic matter,  Physicochemical  properties,  Solubili- 
ty, Statistical  analysis,  Structure-activity  relation- 
ships. 

Sorption  data  for  over  400  compounds  were  col- 
lected from  the  scientific  literature  and  analyzed  to 
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provide  accurate  predictive  equations  for  a  chemi- 
cal's behavior  in  the  environment.  Sorption  coeffi- 
cients on  an  organic  carbon  basis  (Koc)  were 
found  to  be  log-normally  distributed.  Correlations 
between  log  Koc  and  log  aqueous  solubility  (S), 
log  Kow  (octanol-water  partition  coefficient)  and 
molecular  connectivity  (MC)  indices  were  calcu- 
lated and  their  predictive  ability  determined  with  a 
set  of  test  data  not  included  in  the  original  data  set. 
It  was  found  that  the  equations  (log  Koc  vs.  either 
log  S  or  log  Kow)  for  individual  chemical  groups 
were  preferred  over  the  general  equation  for  all 
chemicals  but  that  a  group  correction  term  (Fc) 
added  to  the  total  equation  gave  similar  results. 
The  use  of  MC  indices  alone  were  inadequate  for 
predicting  sorption  values  with  the  exception  of  a 
few  homologous  groups.  Another  factor  which 
makes  this  task  difficult  is  the  tremendous  variabili- 
ty in  the  nature  of  methods  used  to  determine 
sorption  and  the  inherent  variability  of  soils  and 
soul  organic  matter.  (Author's  abstract) 
W9 1-054 16 


VOLATILIZATION  OF  ORGANIC  COM- 
POUNDS IN  UNSATURATED  POROUS 
MEDIA  DURING  INFILTRATION. 

Princeton  Univ.,  NJ.  Dept.  of  Civil  Engineering 

and  Operations  Research. 

H.  J.  Cho,  and  P.  R.  Jaffe. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

6,  No.  4,  p  387-410,  December  1990.  6  fig,  4  tab,  21 

ref. 

Descriptors:  'Groundwater  pollution,  "Infiltration, 
•Mathematical  models,  'Model  studies,  *Path  of 
pollutants,  'Porous  media,  'Volatilization,  Mass 
transfer,  Numerical  analysis,  Organic  solvents, 
Solute  transport,  Thermodynamics,  Unsaturated 
flow. 

A  laboratory  study  was  conducted  to  evaluate  the 
validity  of  equilibrium  assumptions  for  steady-state 
vapor-phase  transport  in  homogeneous,  well- 
packed  porous  media  in  the  presence  of  water 
infiltration.  The  movement  of  a  volatile,  slightly 
water-soluble  compound,  trichlorethylene  (TCE), 
was  traced  from  a  reservoir  of  solute  dissolved  in 
water,  through  a  tension  saturated  zone  and  over- 
lying unsaturated  zone,  to  the  soil  surface.  The 
experimental  data  and  modeling  results  suggest 
that  numerical  models  based  on  the  assumption  of 
thermodynamic  equilibrium  between  the  liquid-and 
gas-phase  concentrations  are  inappropriate  to  de- 
scribe this  system.  A  model  that  assumes  thermo- 
dynamic equilibrium  between  phases  and  uniform 
infiltration  velocities  predicts  negligible  gas-phase 
flux  at  any  of  the  infiltration  rates  applied  to  the 
sand  columns.  Fluxes  ranging  from  0.046  micro- 
grams/hr/sq  cm  for  an  infiltration  rate  of  0.210/cm 
to  0.006/micrograms/hr/sq  cm  for  an  infiltration 
rate  of  1.34  cm/hr  were  observed.  An  equilibrium 
model  adapted  for  a  nonuniform  velocity  field,  i.e. 
one  that  assumes  all  nonuniformities  can  be  de- 
scribed by  a  dispersion  coefficient,  predicts  that 
dissolved-phase  dispersive  phenomena  will  domi- 
nate solute  transport  of  a  slightly  soluble  com- 
pound in  soils  during  infiltration.  This  dispersive 
transport  acts  counter  to  the  average  velocity  field, 
and  it  is  physically  irrational  that  dispersion 
counter  to  the  average  flow  is  the  predominant 
transport  mechanism.  A  nonequilibrium  model  is 
proposed  in  which  the  infiltration  flow  regime  is 
assumed  to  be  nonuniform  and  the  fluid  phases  are 
not  assumed  to  be  in  equilibrium  with  each  other. 
The  method  requires  the  knowledge  of  a  gas-liquid 
mass-transfer  coefficient  for  volatile  compounds  in 
a  porous  medium.  Values  of  this  mass-transfer  co- 
efficient have  not  been  previously  reported.  (Au- 
thor's abstract) 
W91-05418 


INTERFACIAL  MIXING  CAUSED  BY  TURBU- 
LENT BUOYANT  JETS. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Mechanical 

and  Aerospace  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W91-05419 


MISCIBLE  DISPLACEMENT  WITH  DENSITY 
AND  VISCOSITY  CONTRASTS.  ESTIMATION 


OF  DISPLACEMENT  PARAMETERS  AND 
STABILITY  IN  MECHANICAL  DISPERSION 
REGIME  (DEPLACEMENT  MISCIBLE  AVEC 
CONTRASTES  DE  DENSITE  ET  DE  VISCO- 
SITE  EN  MILIEU  POREUX.  IDENTIFICATION 
DES  PARAMETRES  DE  DEPLACEMENT  ET 
STABILITE  EN  REGIME  DE  DISPERSION 
MECANIQUE). 
Strasbourg- 1  Univ.  (France). 
M.  A.  Bues,  and  L.  Zilliox. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  125-141,  December  1990.  7  fig,  20  ref.  (English 
summary). 

Descriptors:  'Aquifers,  'Groundwater  pollution, 
•Path  of  pollutants,  Dispersion,  Kinematic  viscosi- 
ty, Mathematical  studies,  Numerical  analysis,  Po- 
rosity, Porous  media,  Saline  water. 

The  behavior  and  estimation  of  pollutant  transport 
with  water  in  an  aquifer  are  based  on  the  determi- 
nation of  displacement  parameters  (velocity  field, 
dispersion  tensor,  kinematic  porosity).  The  one- 
dimensional  and  isothermal  displacement  of  two 
miscible  fluids  through  an  isotropic  and  homogene- 
ous porous  medium  in  mechanical  dispersion  were 
considered.  An  in  situ  measurement  technique  cou- 
pled with  an  impulse  response  method  was  used  to 
verify  the  theoretical  solution  in  the  error  function 
(trace  case).  With  viscosity  and  density  gradients, 
experimental  and  numerical  (application  of  instabil- 
ity criterion)  results  were  in  good  agreement.  An 
asymptotic  dispersion  regime  was  shown  for  a 
quasi-stable  displacement.  The  localization  of  a 
pollutant  front  in  the  studied  configuration  is  dis- 
cussed. (Author's  abstract) 
W9 1-05435 


GEOCHEMICAL  CALCULATIONS  AND  OB- 
SERVATIONS ON  SALT  WATER  INTRU- 
SIONS: II.  VALIDATION  OF  A  GEOCHEMI- 
CAL MODEL  WITH  LABORATORY  EXPERI- 
MENTS. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 
Aardwetenschappen. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05440 


CAESIUM  DISTRIBUTION  IN  NORTHWEST 
MEDITERRANEAN  SEAWATER,  SUSPENDED 
PARTICLES  AND  SEDIMENTS. 

Commissariat  a  l'Energie  Atomique,  La  Seyne-sur- 

mer  (France). 

D.  Calmet,  and  J.  M.  Fernandez. 

Continental  Shelf  Research  CSHRDZ,  Vol.    10, 

No.  9/11,  p  895-913,   1990.  7  fig,  3  tab,  63  ref. 

Descriptors:  'Cesium  radioisotopes,  'Fallout, 
'Gulf  of  Lions,  'Mediterranean  Sea,  'Path  of  pol- 
lutants, 'Sediment  transport,  'Sedimentation  rates, 
'Suspended  sediments,  Chernobyl  accident,  Conti- 
nental shelf,  Deposition,  Estuaries,  Field  methods, 
Heterogeneity,  Marine  environment,  Mixing, 
Rhone  Estuary,  Runoff,  Seawater,  Sedimentation, 
Suspended  solids,  Tracers,  Water  column. 

On  account  of  cesium- 134  and  cesium- 137  isotope 
content,  Chernobyl  fallout  has  been  considered  a 
useful  single  pulse  input  to  study  transport  process- 
es in  the  northwestern  Mediterranean  marine  envi- 
ronment. Although  the  highest  cesium  values  in 
seawater  surface  layers  were  observed  in  the 
Rhone  estuary,  across  the  whole  Gulf  of  Lions  the 
long  distance  impact  of  the  Rhone  releases  (in- 
creased by  continental  runoff  associated  with  the 
autumnal  rains)  has  been  demonstrated  by  using 
the  existing  discrepancy  in  the  cesium  137/cesium 
134  ratio  for  Chernobyl  fallout,  as  opposed  to  the 
controlled  authorized  industrial  liquid  releases. 
The  inventory  in  the  water  column  after  the  Cher- 
nobyl accident,  shows  that  the  dissolved  cesium- 
137  fraction  is  contained  mainly  in  the  upper  layer 
with  slow  downward  mixing.  In  the  estuary, 
cesium- 137  in  seawater  is  subjected  to  high  tempo- 
ral, as  well  as  vertical  and  horizontal  spatial  het- 
erogeneity, with  accumulation  in  the  surface  mi- 
crolayer.  The  calculation  of  cesium  fluxes  is  diffi- 
cult without  continuous  records.  The  cesium- 137 
linked  to  suspended  matter  in  the  Rhone  discharge 
is  deposited  rapidly  on  the  continental  shelf.  No 
evidence   exists   that   the   Minor   Rhone   Canyon 


might  be  an  active  pathway  for  exported  Rhone 
terrigenous  sediment  to  the  deep  sea  domain.  In 
areas  of  intense  sediment  deposition,  such  as  the 
Rhone  estuary,  the  cesium- 137/cesium- 134  ratio 
can  be  used  to  estimate  the  present  sedimentation 
rate;  this  rate  can  be  up  to  35  cm/year,  in  the  area 
of  abundant  depositions.  (Author's  abstract) 
W9 1-05453 


FLUX  OF  TRANSURANIUM  NUCLIDES  AND 
CHLORINATED  HYDROCARBONS  IN  THE 
NORTHWESTERN  MEDITERRANEAN. 

International     Lab.     of     Marine     Radioactivity, 
Monaco- Ville  (Monaco). 
S.  W.  Fowler,  S.  Ballestra,  and  J.-P.  Villeneuve. 
Continental  Shelf  Research  CSHRDZ,  Vol.   10, 
No.  9/11,  p  1005-1023,  1990.  1  fig,  10  tab,  36  ref. 

Descriptors:  'Americium  radioisotopes,  'Chlorin- 
ated hydrocarbons,  'Gulf  of  Lions,  'Mediterrane- 
an Sea,  'Path  of  pollutants,  'Plutonium  radioiso- 
topes, 'Sediment  transport,  Biogeochemical  cycle, 
DDT,  Fallout,  Fate  of  pollutants,  Particulate 
matter,  Polychlorinated  biphenyls,  Residence  time, 
Sediment  sampler,  Vertical  flow,  Water  column. 

The  transuranium  nuclides,  plutonium  and  americi- 
um, and  selected  chlorinated  hydrocarbon  com- 
pounds have  been  measured  in  sediment  trap  sam- 
ples, bottom  sediments  and  waters.  These  measure- 
ments have  been  used  to  quantify  vertical  fluxes 
and  elucidate  particulate  biogeochemical  cycles,  of 
these  man-made  contaminants  in  the  northwestern 
Mediterranean.  Sediment  trap  experiments  in  the 
Gulf  of  Lions  (Lacaze-Duthiers  Canyon)  have 
shown  that  transuranic  fluxes  are  considerably 
higher  in  the  Gulf  of  Lions,  than  those  which  have 
been  reported  for  the  northeast  Pacific,  principally 
due  to  the  relatively  high  mass  fluxes  in  this  region 
of  the  Mediterranean.  Water,  surface  sediment  and 
sediment  trap  data  indicate  that  americium -241  is 
being  transported  downward  (via  particle  settling) 
more  rapidly  than  plutonium-239  +  240.  From 
direct  flux  measurement,  residence  times  for  pluto- 
nium-239+240 and  americium-241  in  the  upper  300 
m  were  computed  to  be  2.5  and  0.14  years,  respec- 
tively. Comparison  of  plutonium-239  +  240  concen- 
trations in  the  water  column,  in  1986,  with  similar 
measurements  made  5-1 1  years  earlier  suggests  that 
fallout  input  to  the  Mediterranean  has  decreased 
by  nearly  a  factor  of  2  during  the  period  from  1975 
to  1986.  Fluxes  of  PCB,  HCB,  gamma-HCH  and 
DDT  residues  varied  by  as  much  as  an  order  of 
magnitude,  or  more,  both  temporally  and  with 
depth.  The  average  fluxes  of  most  of  the  com- 
pounds in  the  Lacaze-Duthiers  Canyon,  during 
1985  to  1986,  were  quite  similar  to  those  measured 
off  the  coast  of  Monaco  several  years  earlier.  Gen- 
erally, the  increased  chlorinated  hydrocarbon 
fluxes  observed  with  depth  were  a  direct  result  of 
the  much  higher  mass  fluxes  which  occurred  with 
depth.  Demonstrated  differences  in  PCB  concen- 
trations in  the  settling  particles,  deposited  surface 
sediments  and  overlying  sediment  floe  indicate  that 
simple  bottom  sediment  resuspension  is  not  a  major 
contributor  to  the  enhanced  PCB  flux.  (Author's 
abstract) 
W9 1-05457 


CONTRIBUTION  OF  THE  RHONE  RIVER  TO 
ORGANIC  CARBON  INPUTS  TO  THE  NORTH- 
WESTERN MEDITERRANEAN  SEA. 

Perpignan  Univ.  (France).  Lab.  of  Marine  Sedi- 
mentalogy  and  Geochemistry. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05458 


TRACERS  AND  CONSTITUENTS  INDICATING 
THE  NATURE  OF  ORGANIC  FLUXES,  THEIR 
ORIGIN  AND  THE  EFFECT  OF  ENVIRON- 
MENTAL CONDITIONS. 

Perpignan  Univ.  (France).  Lab.  of  Marine  Sedi- 
mentalogy  and  Geochemistry. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-05459 
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BIOACCUMULATION  OF  MUTAGENS  AND 
PROMUTAGENS  IN  FISH  TAKEN  FROM 
FOUR  SITES  IN  NORTHEAST  TENNESSEE. 

East  Tennessee  State  Univ.,  Johnson  City.  Dept.  of 
Health  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05462 

EFFECT  OF  COMPETITION  ON  THE  AD- 
SORPTION OF  SOME  IONS  (COPPER,  ZINC, 
ZIRCONIUM,  SELENIUM,  AND  STRONTIUM) 
ON  RIVER-MUD. 

Al-Najah  National  Univ.,  Nablus  (Jordan).  Dept. 

of  Chemistry. 

R.  Salim,  and  K.  Bloh. 

Journal  of  Environmental  Science  and  Health  (A) 

JESEDU,  Vol.  24,  No.  7,  p  809-821,  October  1989. 

5  fig,  1  tab,  8  ref. 

Descriptors:  "Adsorption,  'Competition,  "Copper, 
•Mud,  "Path  of  pollutants,  "River  sediments,  "Se- 
lenium, "Strontium,  "Zinc,  "Zirconium,  Adsorp- 
tion kinetics,  Heavy  metals,  Nickel,  Sediment 
chemistry,  Trace  metals,  Yttrium. 

The  effect  of  the  presence  of  several  competing 
ions  on  the  adsorption  process  of  copper,  zinc, 
zirconium,  selenium,  and  strontium  in  river  mud 
was  investigated,  and  the  effect  of  the  concentra- 
tion of  these  competing  ions  on  the  competitive 
efficiencies  was  determined.  The  presence  of  com- 
peting ions  is  effective  in  reducing  the  adsorption 
efficiency  of  river  mud  towards  a  particular  ion. 
Reduction  of  adsorption  is  dependent  upon  the 
concentration  of  competing  ions.  Zinc,  zirconium, 
selenium,  strontium,  and  yttrium  ions  can  compete 
efficiently  with  copper  ion  adsorption  on  river 
mud.  The  competition  efficiencies  of  these  ions 
decrease  in  the  order  zirconium  >  strontium  > 
selenium  >  yttrium  >  zinc.  The  ions  of  selenium, 
strontium,  yttrium  and  nickel  can  compete  with 
zinc  adsorption  efficiency  on  river  mud;  strontium, 
yttrium,  and  nickel  ions  can  compete  with  seleni- 
um adsorption  efficiency;  yttrium  and  nickel  ions 
can  compete  with  strontium  adsorption  efficiency. 
(Brunone-PTT) 
W9 1-05464 


FRACTIONATION  OF  THE  ORGANIC 
MATTER  IN  SOILS  AND  SEDIMENTS  AND 
THEIR  CONTRIBUTION  TO  THE  SORPTION 
OF  PESTICIDES. 

Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 

(Israel).  Inst,  of  Soil  and  Water. 

Z.  Gerstl,  and  L.  Kliger. 

Journal  of  Environmental  Science  and  Health  (B) 

JPFCD2,  Vol.  25,  No.  6,  p  729-741,  1990.  3  tab,  12 

ref. 

Descriptors:  "Fate  of  pollutants,  "Organic  matter, 
"Path  of  pollutants,  "Pesticides,  "Sediment  chemis- 
try, "Soil  chemistry,  "Sorption,  Cellulose,  Herbi- 
cides, Hydrogen  ion  concentration,  Napropamide, 
Separation  techniques. 

The  organic  matter  of  several  soils  and  sediments 
was  extracted  by  a  gross  fractionation  procedure 
designed  to  dissolve  specific  classes  of  organic 
compounds.  The  sorption  of  napropamide,  a  non- 
ionic  herbicide,  was  measured  on  the  original  and 
extracted  soils.  Results  showed  that  soils  contained 
a  higher  percentage  of  cellulose  and  hemicellulose 
materials,  while  sediments  contained  a  higher  per- 
centage of  lipid-like  fraction.  Sorption  of  the  test 
chemical  was  greater  in  the  sediment,  even  on  an 
organic  basis,  than  in  the  soils.  Removal  of  specific 
fractions  slightly  affected  the  organic  carbon  sorp- 
tion coefficient  of  the  sediments  but  not  of  the 
soils.  Acid  extraction  resulted  in  large  increases  in 
sorption  by  both  soils  and  sediments;  this  effect 
was  only  partially  reversible  upon  readjusting  the 
pH.  (Author's  abstract) 
W9 1-05466 


EFFECT  OF  VOLATILIZATION  ON  THE 
MASS  FLOW  OF  A  NON-AQUEOUS  POLLUT- 
ANT LIQUID  MIXTURE  IN  AN  INERT 
POROUS  MEDIUM:  EXPERIMENTS  WITH 
KEROSENE. 
Volcani  Inst,  of  Agricultural  Research,  Bet-Dagan 


(Israel).  Inst,  of  Soil  and  Water. 

T.  Galin,  C.  McDowell,  and  B.  Yaron. 

Journal  of  Soil  Science  JSSCAH,  Vol.  41,  No.  4,  p 

631-641,  December  1990.  7  fig,  4  tab,  17  ref. 

Descriptors:  "Fate  of  pollutants,  "Kerosene,  "Path 
of  pollutants,  "Volatile  organic  compounds,  "Vola- 
tilization, Groundwater  pollution,  Infiltration, 
Mass  transport,  Retention  capacity,  Saturated  soils, 
Soil  water,  Viscosity. 

Kerosene,  an  industrial  petroleum  product  charac- 
terized by  the  presence  of  a  large  number  of  petro- 
leum hydrocarbons  (C9  to  CI 5)  was  selected  as  an 
example  of  a  non-aqueous  pollutant  liquid  (NAPL) 
mixture  for  obtaining  input  parameters  that  could 
be  used  in  modeling  NAPL  transport  in  a  porous 
medium.  Three  inert  materials  (fine,  medium,  and 
coarse  sand)  were  used  in  the  experiments  and  the 
initial  amount  of  kerosene  applied  ranged  from 
residual  to  saturated  retention  capacity.  Volatiliza- 
tion in  the  air  phase  and  saturated  mass  flow  of 
kerosene  in  the  three  sands  were  studied  in  the 
laboratory  under  controlled  conditions.  The  vola- 
tilization was  the  major  physico-chemical  process 
affecting  the  fate  of  kerosene  in  the  inert  porous 
medium.  During  volatilization  the  liquid  kerosene 
changed  composition  by  gradually  losing  its  light 
components,  and  the  viscosity  of  the  remaining 
liquid  kerosene  increased.  The  increase  in  viscosity 
led  to  a  decrease  in  the  infiltration  rate,  for  exam- 
ple, by  about  20%  when  the  viscosity  increased 
from  .0013  to  .002  Pa  s.  The  relationship  between 
the  composition  of  the  residual  kerosene  following 
volatilization  and  its  mass  flow  in  a  sand  illustrates 
the  behavior  of  non-aqueous  pollutants  in  non- 
porous  media.  (Author's  abstract) 
W9 1-05470 


COMPARISON  OF  THE  SURFACE  IMPED- 
ANCE FACTORS  OF  CA,  NA,  RB,  AND  CS 
DERIVED  FROM  THEIR  SELF-DIFFUSION 
COEFFICIENTS  IN  VARIOUS  SOILS. 

Oxford  Univ.  (England).  Soil  Science  Lab. 

S.  Staunton. 

Journal  of  Soil  Science  JSSCAH,  Vol.  41,  No.  4,  p 

643-653,  December  1990.  2  fig,  5  tab,  23  ref. 

Descriptors:  "Diffusion  coefficient,  "Impedance, 
"Path  of  pollutants,  "Soil  physical  properties,  "Soil 
water,  Calcium,  Cation  exchange,  Cesium,  Distri- 
bution, Rubidium,  Sodium,  Trace  minerals. 

Self-diffusion  coefficients  of  calcium,  sodium,  ru- 
bidium and  cesium  on  the  topsoils  and  subsoils  of 
contrasting  soil  series  were  determined.  The  distri- 
bution ratios  of  each  cation  on  each  soil,  at  the 
moisture  content  of  the  diffusion  experiments,  have 
been  calculated  by  extrapolation  from  series  of 
suspensions.  Diffusion  coefficients  were  found  in 
each  case  to  be  greater  than  expected  by  consider- 
ing the  liquid  phase  alone.  Surface-phase  imped- 
ance factors  (0  were  calculated.  Although  imped- 
ance factors  are  considerably  smaller  on  the  sur- 
face than  in  solution,  the  surface  flux  may  exceed 
the  flux  in  the  liquid  phase.  Differences  of  an  order 
of  magnitude  separated  average  values  of  f  for 
each  cation.  For  a  given  cation,  variations  between 
soils  were  considerably  less.  No  correlation  was 
found  between  f  and  soil  mineralogy  or  composi- 
tion. Values  of  f  were  found  to  decrease  with 
increasing  distribution  ratio.  A  comparison  of  the 
relative  values  of  f  for  these  cations  suggests  that 
considerable  demixing  occurs  on  the  soil  surface, 
and  that  the  various  adsorbed  species  of  any  cation 
in  a  given  system  may  have  differing  mobilities. 
(Author's  abstract) 
W9 1-05471 


"Tropical  regions,  Ammonium  chloride,  Hydrogen 
ion  concentration,  Soil  types,  Sulfates,  Water  pol- 
lution sources. 

Delay  in  the  leaching  of  nitrate  was  measured  in 
laboratory  columns  of  repacked  soils  (Oxisols, 
Alfisols,  Ultisols,  and  Inceptisols)  from  South 
America,  Africa,  and  southeast  Asia.  Between  one 
and  five  pore  volumes  were  required  for  the  fron- 
tal displacement  of  chloride  by  nitrate  (2  mM 
adjusted  to  the  natural  pH  of  the  soil).  The  delay 
was  in  good  agreement  with  that  calculated  from 
charge  (0  to  1.7  cmol  positive  charge/kg).  Meas- 
urement of  charge  by  batch  equilibration  with  0.5 
M  and  then  2  mM  ammonium  chloride  at  the  pH 
of  the  soil  overestimated  the  effective  charge, 
probably  due  to  the  removal  of  sulfate  in  the 
washings.  A  leaching  method  using  only  2  mM 
ammonium  chloride  gave  a  better  estimation.  (Au- 
thor's abstract) 
W9 1-05472 


ASPECTS  OF  TRANSPORT  PROCESSES  IN 
AGGREGATED  SOILS. 

Silsoe  Coll.  (England). 

E.  G.  Youngs,  and  P.  B.  Leeds-Harrison. 

Journal  of  Soil  Science  JSSCAH,  Vol.  41,  No.  4,  p 

665-675,  December  1990.  2  fig,  26  ref,  3  append. 

Descriptors:  "Path  of  pollutants,  "Soil  aggregates, 
"Soil  porosity,  "Solute  transport,  Aggregates, 
Boundary  conditions,  Drainage,  Leaching,  Macro- 
pores,  Mathematical  models,  Saturated  soils,  Soil 
physical  properties,  Solutes. 

The  way  in  which  water  and  solutes  move  in 
aggregated  soils  depends  on  the  mode  of  saturation 
of  the  pore  space  that  is  made  up  of  the  micropore 
region  within  the  aggregates  and  the  macropores 
surrounding  them.  When  both  regions  are  saturat- 
ed, a  hydraulic-head  gradient  causes  water  to  flow 
preferentially  in  the  macropores  with  little  flow 
within  the  aggregates,  so  that  movement  of  solutes 
in  or  out  of  the  aggregates  is  mainly  by  diffusion 
caused  by  the  difference  between  the  solute  con- 
centrations of  the  water  in  the  two  regions.  When 
macropores  full  of  water  surround  unsaturated  ag- 
gregates, water  is  imbibed  by  the  aggregates, 
giving  rise  to  convective  movement  of  solutes  with 
the  moving  water.  When  the  macropores  are 
empty,  the  aggregates  become  almost  isolated  so 
that  redistribution  of  water  and  solutes  occurs  only 
within  the  aggregates  with  very  little  transport  of 
water  and  solutes  between  them.  The  movement  of 
water  and  solutes  in  the  micropore  region  within 
the  aggregates  can  be  considered  to  behave  as  if  in 
a  continuum,  and  can  be  described  by  Darcy's  law 
and  the  dispersion  equation,  with  boundary  condi- 
tions imposed  by  conditions  in  the  macropores. 
These  physical  considerations  of  transport  behav- 
ior in  aggregated  soils  can  be  used  to  give  guid- 
ance in  soil  management  practices  concerning 
drainage  and  leaching.  (Author's  abstract) 
W9 1-05473 


HEAVY-METAL  UPTAKE  FROM  THE  FREI- 
BURG WASTEWATER  FIELD  BY  GARDEN 
VEGETABLES  (SCHWERMETALLAUF- 

NAHME  VON  GARTENPFLANZEN  DER  FREI- 
BURGER  RIESELFELDER). 
Freiburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Boden- 
kunde  und  Waldrnaehrungslehre. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-05474 


RETARDED  LEACHING  OF  NITRATE  IN 
ACID  SOILS  FROM  THE  TROPICS:  MEAS- 
UREMENT OF  THE  EFFECTIVE  ANION  EX- 
CHANGE CAPACITY. 

Reading  Univ.  (England).  Dept.  of  Soil  Science. 
M.  T.  F.  Wong,  R.  Hughes,  and  D.  L.  Rowell. 
Journal  of  Soil  Science  JSSCAH,  Vol.  41,  No.  4,  p 
655-663,  December  1990.  2  fig,  3  tab,  24  ref. 

Descriptors:  "Acidic  soils,  "Anion  exchange, 
"Laboratory  methods,  "Leaching,  "Nitrates,  "Path 
of   pollutants,    "Soil    chemistry,    "Soil    columns, 


CADMIUM  ADSORPTION  BY  SEWAGE 
SLUDGE-TREATED  SOIL  AFTER  DIFFERENT 
WETTING  AND  DRY  CYCLES. 

Akademia       Techniczno-Rolnicza,        Bydgoszcz 

(Poland). 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-05479 


ABSORPTION  OF  HERBICIDES  BY  SOILS  OF 
THE  CAMPANIA  REGION  (ADSORBIMENTO 
DI  DISERBANTI  SU  SUOLI  DELLA  CAM- 
PANIA). 

Naples  Univ.  (Italy).  1st.  di  Chimica  Agraria. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


G.  Basile,  M.  Arienzo,  and  G.  Celano. 
Agrochimica  AGRCAX,  Vol.  34,  No.  3,  p  181- 
192,  May/June  1990.  5  fig,  6  tab,  6  ref.  English 
summary. 

Descriptors:  'Herbicides,  *Italy,  'Path  of  pollut- 
ants, 'Soils,  *Triazine  herbicides,  Absorption, 
Atrazine,  Clays,  Paraquat,  Simazine,  Soil  organic 
matter. 

The  environmental  behavior  of  Atrazine,  Simazine, 
Trifluralin,  Linuron  and  Paraquat  on  some  soils  of 
the  Campania  region  was  studied.  The  adsorption 
coefficients  showed  the  order  of  adsorption  to  be 
as  follows:  trifluralin  >  paraquat  >  linuron  > 
atrazine  >  simazine.  It  is  evident  from  the  adsorp- 
tion coefficient  that  s-triazines  are  almost  solely 
adsorbed  by  organic  matter.  The  adsorption  coeffi- 
cient also  indicated  the  role  of  clays  in  the  immobi- 
lization of  trifluralin  and  paraquat  on  clay  soils  in 
Battipaglia  and  Castelvolturno.  Finally,  the  weak 
adsorption  of  paraquat  by  sandy  soils  in  the  Vesu- 
vius region  suggests  a  greater  probability  of  photo- 
chemical degradation  phenomena  and  of  residual 
action.  (Author's  abstract) 
W9 1-05482 


IONIC  TRACER  MOVEMENT  THROUGH  A 
WYOMING  SNOWPACK. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 
Water  Resources. 

R.  C.  Bales,  A.  Sommerfeld,  and  D.  G.  Kebler. 
Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  11,  p  2749-2758,  1990.  7 
fig,  2  tab,  20  ref.  USDA  Forest  Service  coopera- 
tive agreement  28-C8-461  with  the  University  of 
Arizona. 

Descriptors:  *Acid  rain,  *Ion  transport,  "Ions, 
•Path  of  pollutants,  *Snow  cover,  *Snowpack, 
'Tracers,  'Water  pollution  sources,  'Wyoming, 
Chemical  properties,  Ice,  Lysimeters,  Melting, 
Moisture  meters,  Physical  properties,  Silica, 
Water. 

The  movement  of  ionic  species  through  a  well- 
characterized  shallow  snowpack  in  the  field  was 
investigated.  The  experimental  work  involved 
adding  chemical  tracers  to  amplify  the  chemical 
signal  in  snow,  then  making  point  measurements  of 
the  magnitude  and  timing  of  the  ionic  pulse  using 
snow  pits  and  lysimeters.  The  water  and  ionic  flux 
measurements  were  then  related  to  the  physical 
and  chemical  properties  of  the  snowpack  during 
both  the  accumulation  and  melt  seasons.  A 
meltwater  ionic  pulse  with  initial  concentrations  of 
5-10  or  more  times  the  average  was  observed  in 
lysimeters  set  at  the  base  of  a  2-m  snowpack  in  an 
unpolluted,  alpine  watershed.  Both  background 
chemical  species  and  added  tracers  exhibited  the 
initial  pulse.  About  ten  days  after  the  onset  of 
meltwater  release,  solute  concentrations  collected 
in  the  lysimeters  dropped  to  near  the  average 
snowpack  level.  Silica  was  elevated  more  than 
major  ions  in  some  initial  lysimeter  samples,  which 
is  evidence  of  a  soil-water  or  overland-flow  contri- 
bution. Lysimeter  flow  rates  were  equivalent  to 
about  2  cm  of  melted  snow  per  day,  approximately 
equal  to  the  daily  melt  estimated  from  a  tempera- 
ture-index model.  Less  than  10  percent  of  the 
ionic-tracer  mass  applied  to  snow  directly  above 
the  lysimeters  was  present  in  the  meltwater.  Snow 
pits  dug  in  an  area  adjacent  to  the  lysimeters 
showed  that  ice  lenses  played  a  significant  role  in 
solute  movement  through  the  pack,  influencing 
both  solute  depletion  and  horizontal  vs  vertical 
flow.  Snow  pits  also  showed  depletion  of  at  least 
25-35  percent  of  the  solute  mass  during  release  of 
the  first  10  percent  of  meltwater.  (Author's  ab- 
stract) 
W9 1-05490 


ATMOSPHERIC    POLLUTANT    DEPOSITION 
TO  HIGH  ELEVATION  ECOSYSTEMS. 

Institute  of  Ecosystem  Studies,  Millbrook,  NY. 
G.  M.  Lovett,  and  J.  D.  Kinsman. 
Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  11,  p  2767-2786,  1990.  4 
fig,  4  tab,  132  ref.  Integrated  Forest  Study  of  the 
Electric  Power  Research  Institute  Project  RP- 
262 1  through  Oak  Ridge  National  Laboratory. 


Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Air 
pollution  effects,  'Chemistry  of  precipitation, 
•Deposition,  'Forest  ecosystems,  'Mountains, 
•North  America,  'Path  of  pollutants,  'Pollutants, 
Clouds,  Elevation,  Heavy  metals,  Hydrogen  ion 
concentration,  Lead,  Nitrates,  Orography,  Re- 
views, Seasonal  variation,  Variability,  Vegetation, 
Wind  velocity. 

Current  knowledge  regarding  deposition  of  atmos- 
pheric pollutants  to  mountain  ecosystems  is  re- 
viewed, focusing  on  the  mountains  of  Eastern 
North  america.  Despite  a  general  paucity  of  pub- 
lished data  on  the  subject,  some  generalizations 
emerge.  Wet  deposition  (i.e.  precipitation  input)  of 
S04(2-),  N03(-),  H(  +  )  and  Pb  tends  to  increase 
with  elevation,  primarily  because  of  the  orographic 
increase  in  precipitation  amount.  Cloud  water  dep- 
osition of  these  substances  can  be  significant  for 
mountain  forests,  but  is  highly  variable  spatially 
because  of  its  strong  dependence  on  wind  speed, 
cloud  characteristics,  and  vegetation  canopy  struc- 
ture, which  are  all  heterogeneously  distributed. 
Dry  deposition  has  not  been  quantified  sufficiently 
to  draw  empirical  generalizations,  but  the  process- 
es involved  are  discussed  with  regard  to  expected 
elevational  trends.  Based  on  the  few  studies  in 
which  total  annual  deposition  (dry,  wet,  plus  cloud 
water  inputs  for  an  entire  year)  has  been  measured, 
it  appears  that  some  high-elevation  sites  in  the 
Appalachian  Mountains  receive  substantially  more 
S04(2-),  N03(-)  and  H(+)  deposition  than  do  typi- 
cal low-elevation  sites.  The  amount  of  elevational 
increase  depends  largely  on  the  amount  of  cloud 
water  deposition  at  the  mountain  site.  Data  from 
two  clusters  of  sites  in  the  northern  Appalachians 
indicate  that  total  deposition  of  S04(2-),  N03(-), 
and  H(  +  )  to  mountaintop  sites  is  typically  3-7 
times  greater  than  deposition  to  nearby  lowland 
sites.  Similarly,  some  studies  of  Pb  accumulation  in 
organic  soil  horizons  suggest  a  two  to  four-fold 
increase  from  lowlands  to  mountaintops.  Night  and 
early  morning  03  concentrations  are  greater  at 
high-elevation  than  at  low-elevation  sites.  Daytime 
03  levels  are  equal  or  slightly  higher  at  high- 
elevations.  (Author's  abstract) 
W9 1-05491 


INFLUENCE  OF  SEA  SALT  AEROSOLS  AND 
LONG  RANGE  TRANSPORT  ON  PRECIPITA- 
TION CHEMISTRY  AT  EL  VERDE,  PUERTO 
RICO. 

State  Univ.  of  New  York  Coll.  at  Oswego.  Re- 
search Center. 

W.  H.  McDowell,  C.  Gines  Sanchez,  C.  E. 
Asbury,  and  C.  R.  Ramos  Perez. 
Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  11,  p  2813-2821,  1990.  4 
fig,   5   tab,   48   ref.   U.S.   Department  of  Energy 
Contract  DE-AC05-760R01833. 

Descriptors:  'Acid  rain,  'Air  pollution  sources, 
'Chemistry  of  precipitation,  'Marine  climates, 
'Puerto  Rico,  'Sea  breezes,  'Seawater,  'Water 
pollution  sources,  Aerosol  transport,  Aerosols,  Air 
pollution,  Forests,  Hydrogen  ion  concentration, 
Ions,  Nutrients,  Rain  forests,  Seasonal  variation, 
Statistical  analysis. 

The  role  of  precipitation  in  nutrient  cycles  in  the 
Caribbean  National  Forest  was  documented.  This 
was  done  by  (1)  describing  the  chemistry  of  pre- 
cipitation; (2)  quantifying  deposition  to  the  rain 
forest;  and  (3)  attempting  to  identify  the  sources  of 
the  principal  ions  in  precipitation.  The  chemistry 
of  bulk  precipitation  was  measured  from  Novem- 
ber 1983  to  September  1987  at  El  Verde  in  the 
Luquillo  Experimental  Forest,  Puerto  Rico.  Wet- 
only  precipitation  was  also  analyzed  as  part  of  the 
National  Atmospheric  Deposition  Program  from 
1984  to  1987.  Volume-weighted  mean  pH  was  5.14 
in  bulk  precipitation  and  5.12  in  wet  precipitation. 
Concentrations  of  most  species  were  correlated 
negatively  with  weekly  rainfall.  Sea  salt  aerosols 
contributed  most  of  the  Na(  +  ),  Cl(-),  Mg(2  +  )  and 
K(  +  )  found  in  wet  and  bulk  precipitation;  sulfate 
and  calcium,  however,  were  derived  primarily 
from  non-sea  salt  sources.  Due  to  the  high  rainfall 
(3.4  m  annually  during  the  study  period)  and  close 
proximity  of  the  study  site  to  the  ocean,  deposition 
rates  of  the  major  cations  and  anions  were  high 
relative  to  many  other  tropical  sites.  Precipitation 


chemistry  at  El  Verde  appears  to  be  affected  by 
several  factors.  During  summer,  Saharan  dusts 
contribute  a  significant  portion  of  the  excess 
Ca(2  +  ),  K(  +  )  and  Mg(2  +  ).  During  winter 
months,  cold  fronts  may  transport  S04(2-)  and 
N03(-)  from  North  America  and  the  western  part 
of  Puerto  Rico  to  the  sampling  site.  (Author's 
abstract) 
W9 1-05492 


MOVEMENT  OF  SALTS  IN  SOIL  IRRIGATED 
WITH  LOW  AND  HIGH  CONDUCTIVITY 
WATERS. 

Incitec  Ltd.,  Morningside  (Australia). 

For  primary  bibliographic  entry  see  Field  3C. 

W9 1-05561 


239,  240-PU  AND  137-CS  CONCENTRATIONS 
IN  SOME  MARINE  ORGANISMS,  MOSTLY 
FROM  THE  IBARAKI  AND  AOMORI  COASTS, 
JAPAN,  1987-1989. 

National  Inst,  of  Radiological  Sciences,  Nakamin- 

ato  (Japan).  Div.  of  Marine  Radioecology. 

Y.  Nagaya,  Y.  Suzuki,  and  K.  Nakamura. 

Nippon  Suisan  Gakkaishi  (Bulletin  of  the  Japanese 

Society  of  Scientific  Fisheries)  NSUGAF,  Vol.  56, 

No.  10,  p  1599-1604,  October  1990.  1  fig,  6  tab,  16 

ref. 

Descriptors:  'Aomori,  'Bioaccumulation,  'Cesium 
radioisotopes,  'Coastal  waters,  'Ibaraki,  'Japan, 
'Path  of  pollutants,  'Plutonium  radioisotopes, 
•Radioisotopes,  Benthic  environment,  Fish,  Pollut- 
ant identification,  Radioactivity,  Regional  varia- 
tion, Tissue  analysis. 

An  effort  has  been  made  to  clarify  the  discrepan- 
cies in  the  radionuclide  contents  among  regions, 
tissues  and  species  from  two  coastal  regions  of 
Japan.  Several  marine  biological  samples  were  col- 
lected from  the  Pacific  coasts  of  Ibaraki  and 
Aomori  Prefecture  in  1987  to  1989,  and  137-Cs 
concentrations  were  measured.  The  radionuclides 
of  some  pelagic  and  benthic  fish  were  also  meas- 
ured to  make  comparisons  with  coastal  species. 
239-Pu  and  240-Pu  contents  of  coastal  fish  were 
higher  in  the  viscera,  while  muscle  tissue  usually 
had  the  lowest  values.  In  contrast,  137-Cs  values 
were  somewhat  higher  in  the  muscle.  Differences 
in  radionuclide  concentrations  were  found  among 
species,  but  no  definite  regional  variation  was  ob- 
served between  the  Ibaraki  and  Aomori  coasts. 
This  suggests  a  similar  radioactive  pollution  level 
along  the  Pacific  coast  of  northern  Japan.  The  239- 
Pu  and  240-Pu  concentration  level  in  coastal  fish 
was  higher  than  that  in  pelagic  ones,  and  no  signifi- 
cant difference  was  observed  between  pelagic  fish 
from  warm  water  masses  and  cold  water  masses. 
On  the  contrary,  there  was  a  clear  difference  in  the 
137-Cs  content  of  pelagic  fish  between  warm  water 
species  and  cold  water  species.  The  surface  and 
benthic  fish  seemed  to  have  similar  concentration 
levels  of  radionuclides.  The  concentration  of  ra- 
dionuclides in  marine  organisms  seems  to  be  con- 
trolled by  both  the  biological  affinity  and  the  phys- 
icochemical  state  of  the  isotopes  in  sea  water.  Most 
of  the  137-Cs  is  reportedly  in  a  dissolved  state  in 
sea  water  and  transported  with  water  movement, 
whereas  considerable  portions  of  Pu  isotopes  are 
reported  to  be  in  particulate  form.  The  general 
tendencies  of  radionuclide  distribution  in  fish  were 
probably  caused  by  the  difference  in  the  physico- 
chemical  form  of  the  radionuclides.  (Agostine- 
PTT) 
W91-05573 


POLYCYCLIC  AROMATIC  HYDROCARBONS 
IN  LEACHED  CHERNOZEMS  AND  GRAY 
FOREST  SOILS  OF  NATURAL  AND  TECHNO- 
GENIC  LANDSCAPES. 

Moscow  State  Univ.  (USSR).  Faculty  of  Geogra- 
phy. 

Y.  M.  Nikiforova,  I.  S.  Kozin,  T  A.  Teplitskaya, 
and  K.  Tsird. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  3,  p  53- 
61,  1989.  2  fig,  1  tab,  20  ref.  Translated  from: 
Pochrovedeniye,  1989,  No.  20:70-78. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution— Group  5B 


Descriptors:  *Forest  soils,  'Industrial  wastes, 
•Leachates,  'Path  of  pollutants,  'Polycyclic  aro- 
matic hydrocarbons,  'Soil  formation,  'Tracers, 
•USSR,  'Weathering,  Fluorometry,  Geochemis- 
try, Organic  compounds,  Pollutant  identification, 
Soil  contamination. 

Certain  of  the  most  widespread  polycyclic  aromat- 
ic hydrocarbons  (PAH's)  were  studied  in  the  soils 
of  a  large  industrial  city  in  the  forest  steppe  zone  of 
the  trans- Volga  region.  The  soils  are  polluted  with 
technogenic  emissions  from  a  synthetic  rubber 
plant.  Data  from  field  soil-geochemical  investiga- 
tions made  in  June  1985  were  analyzed  using  un- 
polluted soils  developing  in  analogous  landscapes, 
but  free  of  technogenic  influences  were  also  stud- 
ied, as  a  reference.  Fine-structure  spectrofluoro- 
metry  was  used  to  study  the  composition,  concen- 
tration and  distributions  of  various  individual  PAH 
structures  in  reference  and  polluted  soils.  It  was 
concluded  that  the  PAH's  may  be  used  as  geo- 
chemical  indicators  of  natural  soil  formation  proc- 
esses and  secondary  or  superimposed  trends  of 
technopedogenesis.  The  natural  transformation  of 
the  organic  matter  of  leached  Chernozems  and 
Dark  Gray  Forest  soils,  and  their  natural  evolution 
in  the  forest  steppe  landscapes  of  the  trans- Volga 
region,  is  accompanied  by  the  formation  of  'angu- 
lar' low  molecular  weight  phenanthrene  structures 
among  the  PAH's.  The  detection  of  condensed 
structures  with  4  to  7  rings  among  the  polyarenes 
of  reference  soils  indicates  the  presence  of  a  re- 
gional and  global  geochemical  PAH  reference. 
The  pronounced  accumulation  of  4-7  ring  polyar- 
enes in  the  surface  horizons  of  urban  soils  expresses 
the  composition  and  strength  of  local  technogenic 
PAH  anomalies,  which  pose  a  direct  danger  to  the 
health  of  the  population.  The  considerable  de- 
crease in  the  concentration  of  'biogenic'  molecules 
in  the  presence  of  urban  pollution  is  balanced  by  an 
increase  in  the  concentration  of  anthropogenic 
molecules.  (Agostine-PTT) 
W91-05575 


ALKALINITIES    OF    MAINE    LAKES:     ARE 
THEY  REALLY  CHANGING. 

Maine  Univ.,  Orono.  Dept.  of  Geological  Sciences. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-05579 


PHOSPHATE  UPTAKE  ALONG  A  COASTAL 
PLAIN  ESTUARY. 

Delaware  Univ.,  Lewes.  Coll.  of  Marine  Studies. 

M.  E.  Lebo. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  6,  p  1279-1289,  September  1990.  8  fig,  38  ref. 

NSF   Grant   OCE-86-01616,    NO  A  A    Sea   Grant 

NA86AA-D-SG040. 

Descriptors:  'Cycling  nutrients,  'Delaware  River 
Estuary,  'Estuaries,  'Nutrients,  'Path  of  pollut- 
ants, 'Phosphates,  Algal  physiology,  Bacteria, 
Bacterial  physiology,  Competition,  Phytoplankton, 
Seasonal  variation,  Spatial  distribution,  Suspended 
sediments,  Tidal  rivers. 

Biotic  P04(3-)  uptake  rates  were  measured  along 
the  Delaware  estuary  to  examine  seasonal  and  spa- 
tial patterns  of  variation.  Uptake  was  highest  (40  to 
90  nmol/L/h)  in  summer  and  lowest  (<10  nmol/ 
L/h)  in  winter.  The  highest  rates  of  P04(3-) 
uptake  were  measured  in  the  tidal  and  the  lower 
bay,  the  concentration  of  suspended  sediment  is 
high,  and  POM}-)  uptake  was  reduced  (<5nmol/ 
L/h)  at  all  times  of  the  year.  Partitioning  of  uptake 
by  size  revealed  that  both  bacteria  and  phytoplank- 
ton are  important  in  the  uptake  of  P04(3-) 
throughout  the  estuary.  The  proportion  of  uptake 
by  bacteria,  however,  changed  spatially.  In  the 
tidal  river  where  anthropogenic  inputs  are  high, 
bacteria  dominated  P04(3-)  uptake  and  accounted 
for  up  to  70%  of  the  total.  Within  the  salinity 
gradient  of  the  estuary,  the  proportion  of  bacterial 
uptake  was  much  lower,  with  bacteria  accounting 
for  only  15  to  25%  of  P04(3-)  uptake.  The  compe- 
tition between  bacteria  and  phytoplankton  for 
P04(3-)  was  affected  by  anthropogenic  inputs  into 
the  tidal  river.  (Author's  abstract) 
W91-05580 


GROUND- WATER  POLLUTION  RISK  ASSESS- 
MENT FOR  PUBLIC  WATER  SUPPLY 
SOURCES  IN  BARBADOS. 

British  Geological  Survey,  Wallingford  (England). 
Hydrogeology  Research  Group. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05639 

ASPECTS  OF  THE  HYDROGEOLOGY  OF  THE 
NORTHWEST  REGION,  YUCATAN  PENIN- 
SULA, MEXICO. 

Northern  Illinois  Univ.,  De  Kalb.  Dept.  of  Geolo- 
gy. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05647 


WATER  QUALITY  OF  A  CARBONATE 
ISLAND  KARST  AQUIFER,  SAN  SALVADOR 
ISLAND,  BAHAMAS. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Geology  and  Geography. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05654 


Descriptors:  'Fate  of  pollutants,  'Insecticides, 
♦Mevinphos,  'Organophosphorus  pesticides,  'Path 
of  pollutants,  'Pesticides,  'Tropical  hydrology, 
•Water  pollution  effects,  Cleanup  operations, 
Groundwater  quality,  Jamaica,  Lakes  Pen,  Phos- 
drin,  Potable  water,  Spills. 

The  uncontrolled  spill  of  237  gallons  of  poisonous 
Phosdrin  organo-phosphate  insecticide  at  Lakes 
Pen  resulted  in  3  human  casualties.  Through 
prompt  diagnosis,  all  three  recovered  completely. 
Remedial  clean-up  and  disposal  of  Mevinphos  was 
followed  by  soil  and  water  quality  studies  to  deter- 
mine the  extent  of  contamination.  Analytic  results 
showed  effective  degradation  of  Mevinphos  in  soil, 
and  no  contamination  of  groundwater.  Changes 
observed  in  groundwater  chemistry  at  Lakes  Pen 
were  gradual,  controlled  by  travel  distance  and 
time  in  the  alluvium  aquifer.  Both  groundwater 
and  surface-water  quality  appeared  independent  of 
dump  operations  at  Lakes  Pen,  and  conformed  to 
WHO  Inorganic  Potable  Water  Guidelines.  (See 
also  W91-0561 1)  (Author's  abstract) 
W9 1-05659 


BASELINE  WATER-QUALITY  EVALUATION 
OF  THREE  BASINS  IN  THE  UPPER  RIO 
GRANDE  DE  ARECIBO  BASIN,  PUERTO 
RICO. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

P.  W.  McKinley. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  433-441,  2  fig,  4  tab,  11  ref. 

Descriptors:  'Baseline  studies,  'Copper,  'Mining 
effects,  'Puerto  Rico,  'Rio  Grande  de  Arecibo 
Basin,  'Tropical  hydrology,  'Water  chemistry, 
♦Water  quality,  Bicarbonates,  Calcium,  Hydrogen 
ion  concentration,  Monitoring,  Rio  Pellejas,  Rio 
Tanama,  Rio  Vivi,  River  basins,  Sulfates,  Suspend- 
ed sediments. 

The  upper  Rio  Grande  de  Arecibo  basin  contains 
undeveloped  copper  ore  deposits  in  the  Rios  Pelle- 
jas, Vivi,  and  Tanama  drainage  basins.  Baseline 
water  quality  data  are  needed  to  monitor  water 
quality  as  economic  development  comes  to  the 
upper  Rio  Grande  de  Arecibo  basin.  Dissolved 
sulfate  at  Rios  Pellejas  and  Vivi  averages  over  44 
mg/L,  whereas  at  Rio  Tanama,  the  average  con- 
centration is  12.4  mg/L.  Dissolved  calcium  repre- 
sents about  50%  of  the  dissolved  cations  in  all 
three  basins.  Water  from  the  Rio  Tanama  basin  is 
best  described  as  calcium  bicarbonate.  The  specific 
conductance  for  the  three  basins  is  in  the  150  to 
250  microsiemens/cm  range,  and  the  pH  normally 
is  between  7  and  8  units.  Dissolved  copper  concen- 
trations of  samples  from  Rio  Tanama  averaged  7.2 
micrograms/L.  The  average  annual  suspended 
sediment  yield  for  Rio  Vivi  was  760  Mgm/sq  km/ 
yr,  and  for  Rio  Tanama,  1,090  Mgm/sq  km/yr. 
(See  also  W91-05611)  (Author's  abstract) 
W91-05655 


LAND  DEVELOPMENT  AND  WATER  QUAL- 
ITY: THE  CAYMAN  ISLANDS  STUDY. 

Tennessee  Univ.,  Knoxville. 

For  primary  bibliographic  entry  see  Field  4C. 

W91-05656 

FATE  OF  MEVINPHOS  SPILL  AND  WATER 
QUALITY:  A  CASE  STUDY  FROM  LAKES  PEN 
MUNICIPAL  DUMP. 

Underground  Water  Authority,  Kingston  (Jamai- 
ca). 

P.  Lamm. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  475-484,  8  fig,  20  ref. 


USE  OF  ADSORBED  AND  NON-ADSORBED 
TRACERS  TO  STUDY  THE  TRANSPORT  OF 
AGRICULTURAL  CHEMICALS  TO  SHALLOW 
GROUNDWATER. 

Iowa  State  Univ.,  Ames.  Dept.  of  Agricultural 
Engineering. 

R.  S.  Kanwar,  C.  J.  Everts,  and  G.  F.  Czapar. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  485-494,  8  fig,  24  ref. 

Descriptors:  'Agricultural  chemicals,  'Environ- 
mental tracers,  'Groundwater  pollution,  'Herbi- 
cides, 'Path  of  pollutants,  'Tracers,  'Tropical  hy- 
drology, Alachlor,  Anions,  Bromides,  Cations, 
Chlorides,  Cyanazine,  Dye  releases,  Leaching, 
Lithium,  Nitrates,  Rhodamine,  Simulated  rainfall. 

Field  experiments  were  conducted  in  1987,  1988, 
and  1989  at  Iowa  State  University's  Research  Cen- 
ters in  Ames  and  Kanawha  to  evaluate  the  effec- 
tiveness of  anions,  a  cation,  and  a  fluorescent  dye 
as  tracers  for  investigating  how  agricultural  chemi- 
cals leach  to  groundwater.In  one  tracer  experi- 
ment, bromide,  nitrate,  lithium,  and  Rhodamine 
WT  were  applied  with  irrigation  water  to  the  field 
plot  through  a  sprinkler  system.  In  the  second 
study,  bromide,  chloride,  and  Rhodamine  WT 
were  mixed  with  two  herbicides  (cyanazine  and 
alachlor)  and  were  sprayed  on  the  surface  of  the 
plot,  which  received  rainfall  with  a  rainfall  simula- 
tor. During  and  after  the  experiments,  groundwat- 
er samples  were  collected  from  subsurface  drain 
outflows  (located  at  a  depth  of  1.2  m).  These 
samples  were  analyzed  for  tracer  and  chemical 
concentrations.  Based  on  adsorption  coefficients  in 
the  literature  and  field  experiments,  Rhodamine 
WT  dye  is  roughly  20  to  40  times  more  strongly 
adsorbed  than  the  commonly  used  pesticides.  Ex- 
perimental results  also  indicate  that  a  combination 
of  adsorbed  tracers  (fluorescent  dyes)  and  non- 
adsorbed  tracers  (anions)  have  the  potential  for 
tracing  the  movement  of  water  as  well  as  adsorbed 
and  non-adsorbed  chemicals  (nitrates  and  pesti- 
cides). (See  also  W91-05611)  (Author's  abstract) 
W9 1-05660 

UTILIZATION  OF  INTRACELLULAR  GRAN- 
ULES OF  INT-FORMAZAN  AND  GENE 
PROBES  FOR  TRACING  MICROORGANISMS 
IN  GROUND  WATER. 

Puerto  Rico  Univ.,  Rio  Piedras.  Environmental 
Microbiology  Lab. 

A.  J.  Alvarez,  S.  I.  Davila,  and  G.  A.  Toranzos. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan,  PR., 
July  22-27,  1990.  American  Water  Resources  Asso- 
ciation, Bethesda,  MD.  (1990).  p  495-503,  7  fig,  20 
ref.  INDUNIV  Grant  9020539303,  R.I.M.I.  Grant 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


M3289B91,  and  Public  Health  Service  Grants  RR- 
2657  and  RR-8 102. 

Descriptors:  'Biological  pollution,  'Environmen- 
tal tracers,  'Formazan,  'Genes,  'Groundwater 
pollution,  'Intracellular  granules,  'Path  of  pollut- 
ants, 'Tracers,  'Tropical  hydrology,  Bacteria, 
Laboratory  methods,  Microbiological  studies,  Or- 
ganic compounds,  Tetrazolium  chloride. 

Currently  used  methods  (halogen  salts  or  fluores- 
cein dyes)  for  tracing  microorganisms  in  ground- 
water aside  from  being  toxic  do  not  necessarily 
reflect  bacterial  movement.  Living  cells  reduce  2- 
(p-iodophenyl)-3-(p-nitrophenyl)-5-phenyl  tetrazo- 
lium chloride  to  2-(p-iodophenyl)-3-(p-nitro- 
phenyl)-5-phenyl  tetrazolium  chloride-Formazan, 
which  accumulates  as  intercellular  granules.  The 
granules  can  be  used  as  markers  for  genetically 
engineered  organisms  as  well  as  for  pathogenic 
microorganisms.  The  use  of  genetic  probes  has 
been  shown  to  be  a  sensitive  technique,  although 
cumbersome  for  the  detection  of  organisms  under  a 
variety  of  conditions.  In  this  study,  a  strain  of 
formaldehyde  fixed  2-(p-iodophenyl)-3-(p-nitro- 
phenyl)-5-phenyl  tetrazolium  chloride-formazan 
granule  containing  genetically  engineered  microor- 
ganisms was  seeded  into  sand  columns.  The  ad- 
sorption rate  and  genetically  engineered  organisms 
travel  time  were  determined  at  varying  times  by 
concentrating  granule-containing  cells  onto  cellu- 
lose acetate  membranes,  and  passing  4  ml  of  a 
solvent  through  the  membranes.  The  resulting  ex- 
tract was  read  spectrophotometrically.  Radioac- 
tively  labeled  probes  were  also  used  to  detect  these 
very  same  cells.  In  the  sand  columns  viable  cells 
move  at  the  same  rate  as  the  non-viable  cells. 
Travel  times  of  two  genetically  engineered  micro- 
organisms were  different.  These  results  indicate 
that  the  adsorption  rates  as  well  as  possible  travel 
distances  in  the  subsoil  will  have  to  be  determined 
for  each  individual  organism.  In  addition  results 
show  that  granule  solubilization  and  hybridization 
analysis  can  be  used  alone  or  conjointly  to  trace 
any  microorganisms  through  the  subsoil  in  a  very 
rapid  and  safe  manner.  (See  also  W91-05611)  (Au- 
thor's abstract) 
W9 1-05661 


OPTIMAL  CONFIGURATION  AND  SCHEDUL- 
ING OF  GROUND-WATER  TRACER  TEST. 

California  Univ.,  Los  Angeles.  Dept.  of  Civil  Engi- 
neering. 

T.  G.  Cleveland,  and  W.  W.-G.  Yeh. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  117,  No.  1,  p  37-51, 
1991.  9  fig,  4  tab,  20  ref.  Department  of  Interior, 
U.S.  Geological  Survey  grant  14-08-OO01-G1499. 

Descriptors:  'Dynamic  programming,  'Ground- 
water pollution,  'Model  studies,  'Network  design, 
•Path  of  pollutants,  'Tracers,  Algorithms,  Budget- 
ing, Finite  difference  methods,  Model  testing, 
Monitoring,  Optimization,  Scheduling,  Water  sam- 
pling. 

A  technique  for  jointly  configuring  and  scheduling 
a  monitoring  network  for  an  aquifer  tracer  test  has 
been  developed.  A  dynamic  programming  (DP) 
algorithm  is  used  to  select  among  competing  de- 
signs for  a  test  to  provide  data  for  estimating 
aquifer  model  parameters.  A  maximal  information 
criterion  is  used  to  evaluate  competing  designs  that 
satisfy  a  particular  budget  constraint.  Decision 
variables  in  DP  formulation  are  sampling  locations 
(configuration  variables)  and  sampling  initiation 
times  (scheduling  variables).  A  forward  DP  solu- 
tion method  is  used,  optimal  configuration  and 
scheduling  are  determined  by  maximizing  informa- 
tion without  exceeding  a  budget.  Maximization  of 
information  is  argued  to  be  equivalent  to  minimiz- 
ing total  cost  of  installation  as  well  as  sampling  and 
analysis  subject  to  an  information  demand  function 
constructed  from  the  trace  of  the  covariance 
matrix  of  the  estimated  parameters.  A  tracer  test 
for  a  confined  aquifer  was  simulated  using  a  finite 
difference  scheme.  A  short  injection  period  fol- 
lowed by  a  monitoring  period  was  simulated.  The 
DP  algorithm  was  applied  to  this  model  to  design  a 
monitoring  network  and  schedule  to  estimate  aqui- 
fer characteristics.  The  sampling  network  and 
schedule  was  designed  with  estimation  of  transmis- 


sivity,  retardation,  and  dispersivities  in  mind.  Re- 
sulting designs  were  reasonable,  and  it  may  be 
concluded  that  the  method  can  be  extended  to 
regional-sized  problems  with  little  modification. 
(Author's  abstract) 
W9 1-05789 


MULTIPHASE  FLOW  AND  TRANSPORT  IN 
POROUS  MEDIA. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.   Center  for  Environmental  and   Hazardous 
Material  Studies. 
J.  C.  Parker. 

Reviews  of  Geophysics  RVGPB4,  Vol.  27,  No.  3, 
p  311-328,  August  1989.  15  fig,  1  tab,  30  ref.  U.S. 
Environmental  Protection  Agency  R.  S.  Kerr  En- 
vironmental Research  Laboratory  cooperative 
agreement  CR-8 12073. 

Descriptors:  'Groundwater  pollution,  'Hydrodyn- 
amics, 'Multiphase  flow,  'Path  of  pollutants, 
'Porous  media,  'Solute  transport,  Compressibility, 
Continuity  equation,  Darcys  law,  Density, 
Groundwater  movement,  Hydrologic  models, 
Hysteresis,  Numerical  analysis,  Permeability,  Po- 
rosity, Soil  saturation,  Viscosity  coefficient. 

Multiphase  flow  and  transport  of  compositionally- 
complex  fluids  in  geologic  media  is  of  importance 
in  a  number  of  applied  problems  which  have  major 
social  and  economic  effects.  Principles  of  modeling 
fluid  flow  in  systems  containing  up  to  three  fluid 
phases  (namely,  water,  air,  and  organic  liquid) 
were  examined.  Mechanisms  of  transport  in  multi- 
component  multiphase  systems  in  which  species 
may  partition  between  phases  was  examined,  and 
the  governing  equations  were  developed  for  the 
case  in  which  local  phase  equilibrium  may  be  as- 
sumed. A  generalized  Darcy  equation  was  substi- 
tuted into  continuity  equations.  Coefficients  re- 
quired to  model  multiphase  flow  include  phase 
viscosities;  reference  state  densities  and  compressi- 
bilities; porous  medium  porosity;  intrinsic  perme- 
ability or  saturated  conductivity  of  a  single  phase; 
and  functional  relations  between  fluid  saturations, 
pressure  heads,  and  relative  permeabilities.  Consti- 
tutive relations  for  multiphase  flow  must  be  char- 
acterized, such  as  two-phase  and  three-phase  satu- 
ration-capillary pressure  relations,  vertical  equilib- 
rium fluid  distributions,  and  relative  permeability 
relations.  The  behavior  of  components  of  the  or- 
ganic liquid  phase  is  important  to  the  study  of 
groundwater  contamination  because  of  the  finite 
solubility  in  the  aqueous  phase  and  volatility  to  the 
gas  phase.  A  number  of  hypothetical  numerical 
problems  were  used  to  illustrate  the  physical  be- 
havior of  systems  in  which  multiphase  flow  and 
transport  arise,  including  oil  plume  movement 
under  rising  water  table  conditions,  density  and 
viscosity  effects  on  spill  migration,  and  coupled 
flow  and  transport  of  a  light  hydrocarbon  plume. 
Models  to  account  for  hysteresis  and  nonwetting 
fluid  entrapment  effects,  in  particular,  remain  quite 
speculative.  (Fish-PTT) 
W9 1-05798 


MAPPING  ZONES  OF  CONTAMINATED 
GROUND-WATER  DISCHARGE  USING 
CREEK-BOTTOM-SEDIMENT  VAPOR  SAM- 
PLERS, ABERDEEN  PROVING  GROUND, 
MARYLAND. 

Geological  Survey,  Columbia,  SC. 
D.  A.  Vroblesky,  M.  A.  Lorah,  and  S.  P.  Trimble. 
Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  7-12, 
January  /February  1991.  6  fig,  1  tab,  8  ref. 

Descriptors:  'Groundwater  pollution,  'Mapping, 
•Path  of  pollutants,  'Surface-ground water  rela- 
tions, 'Volatile  organic  compounds,  Aberdeen 
Proving  Ground,  Chlorinated  hydrocarbons, 
Groundwater  movement,  Maryland,  Military  res- 
ervations, Monitoring  wells,  Sampling. 

Increased  understanding  of  discharge-zone  geome- 
try provides  information  on  the  lateral  extent  of 
groundwater  contamination  near  the  discharge 
zone  and  may  lead  to  more  efficient  site  remedi- 
ation. The  data  potentially  can  be  used  to  locate 
observation  well  sites  more  effectively  and  monitor 
remediation  progress.  Forty  passive  vapor  sam- 
plers were  placed  in  creek-bottom  sediment  in  an 


area  where  groundwater  contaminated  with  vola- 
tile organic  compounds  discharged  to  surface 
water.  The  vapor  samplers  were  composed  of  acti- 
vated carbon  fused  to  a  ferromagnetic  wire  in  a 
test  tube.  The  samplers  were  analyzed  in  a  labora- 
tory using  an  extranuclear  quadrupole  mass  spec- 
trometer. Data  from  the  samplers  reveal  distribu- 
tions of  chloroform,  tetrachloroethylene,  trichlor- 
oethylene,  and  benzene  in  the  bottom  sediment 
that  closely  correspond  to  the  distribution  of  those 
compounds  in  the  adjacent  groundwater.  More- 
over, concentrations  of  tetrachloroethylene  in 
bottom  sediment  estimated  from  the  samplers  are 
similar  to  those  measured  in  observation  wells  near 
the  shoreline.  Thus,  the  passive  vapor  samplers 
may  be  used  to  locate  and  map  areas  where  con- 
taminated groundwater  is  being  discharged  to  sur- 
face water  and  to  determine  the  approximate  con- 
centrations of  specific  contaminants  in  the  dis- 
charging groundwater.  (Author's  abstract) 
W91-05813 


MODELING  SOLUTE  TRANSPORT  IN 
GROUND  WATER  AT  OR  NEAR  FREEZING. 

Alaska  Univ.,  Fairbanks.  Dept.  of  Mining  and  Ge- 
ological Engineering. 
M.  D.  Zukowski,  and  M.  A.  Tumeo. 
Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  21-25, 
January/February  1991.  6  fig,  18  ref. 

Descriptors:  'Cold  regions,  'Freezing,  'Ground- 
water movement,  'Model  studies,  'Path  of  pollut- 
ants, 'Solute  transport,  Alaska,  GWFREEZE 
model,  Hydrologic  models,  Mathematical  models, 
Prediction,  Temperature,  Viscosity. 

Under  freezing  or  near-freezing  conditions,  tem- 
perature-induced viscosity  changes,  solute  immobi- 
lization, and  solute  exclusion  can  affect  field-scale 
solute  transport  in  groundwater.  This  can  lead  to 
concentration  profiles  significantly  different  from 
those  predicted  by  models  that  do  not  account  for 
these  processes.  A  model  (GWFREEZE)  has  been 
developed  that  incorporates  these  processes  into  a 
two-dimensional  transport  equation  for  saturated 
porous  media  subject  to  a  hydraulic  head  that  does 
not  vary  with  time.  Groundwater  temperature  can 
be  expected  to  vary  widely  in  some  natural  and 
artificial  freezing  and  near-freezing  situations.  Spa- 
tially varying  temperature  fields  cause  spatial  vari- 
ations in  the  fluid  viscosity  field,  especially  near  0 
C,  where  viscosity  varies  faster  than  temperature. 
GWFREEZE  models  these  phenomena  with  a  vis- 
cosity-dependent hydraulic  conductivity  that  is  a 
function  of  temperature.  Solute  exclusion  is  mod- 
eled by  a  variable  exclusion  coefficient,  which 
represents  the  percentage  of  solute  excluded  at  the 
freezing  front.  The  freezing  front  is  modeled  as  a 
planar  no-flow  boundary  behind  which  solutes  are 
immobilized  and  at  which  solutes  are  excluded. 
(Author's  abstract) 
W91-05816 


'WHERE'S  THE  BENZENE':  EXAMINING 
CALIFORNIA  GROUND-WATER  QUALITY 
SURVEYS. 

Applied  Science  and  Engineering,  Inc.,  Davis,  CA. 
P.  W.  Hadley,  and  R.  Armstrong. 
Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  35-40, 
January /February  1991.  5  tab,  29  ref. 

Descriptors:  'Benzene,  'California,  'Fate  of  pol- 
lutants, 'Groundwater  pollution,  'Pollutant  identi- 
fication, 'Underground  storage  tanks,  Biodegrada- 
tion,  Fuel,  Leakage,  Monitoring  wells,  State  juris- 
diction, Surveys. 

Thousands  of  leaking  underground  gasoline  tanks 
have  been  located  throughout  California  from 
which  a  tremendous  amount  of  gasoline  has  leaked 
into  groundwater  over  the  last  half  century.  The 
most  water-soluble  constituent  of  gasoline  is  ben- 
zene, which  typically  contaminates  groundwater 
below  leaking  underground  tanks.  In  a  state-man- 
dated program,  7167  wells  serving  water-supply 
systems  throughout  California  were  tested  for  a 
broad  panel  of  organic  contaminants.  Of  the  wells 
tested  812  (11.3%)  had  detectable  concentrations 
of  at  least  one  of  the  contaminants  tested  for. 
Detectable  concentrations  of  benzene  were  report- 
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ed  for  only  10  wells.  Similar  findings  were  report- 
ed in  surveys  focused  on  the  San  Gabriel  and  San 
Fernando  Basins.  While  many  processes  influence 
the  environmental  fate  of  organic  contaminants  in 
groundwater,  the  most  likely  explanation  for  the 
nonoccurrence  of  benzene  is  that  it  is  destroyed 
near  its  source  by  biodegradation.  (Author's  ab- 
stract) 
W91-05818 

SIMPLE  DERIVATION  OF  THE  RETARDA- 
TION EQUATION  AND  APPLICATION  TO 
PREFERENTIAL  FLOW  AND  MACRODISPER- 

SION-  ™_  A  7 

Agricultural    Research    Service,    Phoenix,    AZ.. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05819 

ASSESSMENT  OF  POROUS  MEDIA  HETERO- 
GENEITY BY  INVERSE  PLUME  ANALYSIS. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Geol- 
ogy and  Geological  Engineering. 
E.  P.  Poeter,  and  W.  R.  Belcher. 
Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  56-62, 
January/February  1991.  10  fig,  1  tab,  12  ref.  Ba- 
telle  Pacific  Northwest  Laboratory  Agreement  B- 
N9191-A-6  (USDOE  Contract  DE-AC06-76RLO 
1830)  and  USDOE  Contract  DE-AM06-76- 
RL02225. 

Descriptors:  'Dispersion,  'Groundwater  pollution, 
♦Mathematical  analysis,  'Model  studies,  'Path  of 
pollutants,  'Plumes,  Dispersivity,  Heterogeneity, 
Porous  media,  Spatial  variation. 

Results  from  analysis  of  models  of  heterogeneous 
porous  media  indicate  that  inverse  plume  analysis 
has  potential  for  use  in  delineating  zones  of  differ- 
ing characteristics  within  porous  media  even  when 
the  zones  are  not  penetrated  by  a  borehole.  By 
analyzing  the  concentrations  at  pairs  of  points  in  a 
contaminant  plume,  the  spatial  distributions  of  ap- 
parent transverse  dispersivity  and  source  size  are 
determined.  Since  dispersivity  is  an  intrinsic  prop- 
erty of  a  porous  medium,  spatial  distributions  of 
the  apparent  dispersivities  obtained  from  inverse 
analysis  of  plumes  are  an  indication  of  transitions  in 
the  character  of  the  porous  medium.  Dispersivity 
values  obtained  by  inverse  plume  analysis  in  heter- 
ogeneous porous  media  are  'apparent'  because  the 
equation  on  which  the  analysis  was  based  was 
developed  under  the  assumption  that  the  porous 
media  is  isotropic  and  homogeneous.  In  the  case  of 
heterogeneous  porous  media,  the  dispersivity  value 
obtained  at  a  given  location  by  inverse  plume 
analysis  is  affected  by  the  spreading  of  a  plume 
through  different  materials.  Therefore,  variations 
in  dispersivity  should  be  interpreted  qualitatively 
for  delineation  of  heterogeneity  and  not  quantita- 
tively as  for  input  to  numerical  transport  models. 
(Author's  abstract) 
W91-05821 


PARTICLE  TRACKING  ANALYSIS  OF  RE- 
CHARGE AREAS  ON  LONG  ISLAND,  NEW 
YORK. 

Geological  Survey,  Trenton,  NJ. 

H.  T.  Buxton,  T.  E.  Reilly,  D.  W.  Pollock,  and  D. 

A.  Smolensky. 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  63-71, 

January /February  1991.  10  fig,  3  tab,  7  ref. 

Descriptors:  'Groundwater  movement,  'Ground- 
water pollution,  'Groundwater  recharge,  'Long 
Island,  'New  York,  'Path  of  pollutants,  'Tracers, 
•Water  pollution  sources,  Aquifers,  Hydrologic 
budget,  Hydrologic  models,  Lloyd  Aquifer,  Mag- 
othy  Aquifer,  Particle  tracking,  Prediction,  Spatial 
distribution. 

Protection  of  groundwater  resources  form  the  ef- 
fects of  anthropogenic  contamination  requires  defi- 
nition of  the  source  of  water  flowing  in  developed 
aquifers.  Aquifer  recharge  areas  for  the  confined 
Magothy  and  Lloyd  aquifers  of  Long  Island,  New 
York,  were  estimated  using  a  three-dimensional 
model  of  the  Long  Island  groundwater  flow 
system  and  a  particle-tracking  algorithm.  Aquifer 
recharge  areas  under  predevelopment  conditions 


are  consistent  with  an  understanding  of  the 
groundwater  flow  system  operation.  A  budget 
comparison  indicated  that  the  recharge  occurring 
in  each  area  as  calculated  by  particle  tracking  was 
within  1%  of  the  flow  entering  the  aquifer  accord- 
ing to  the  water  budget  computed  from  the  flow 
model.  Aquifer  recharge  areas  of  two  stressed  con- 
ditions, one  at  the  present  time  and  the  other  an 
estimate  for  the  year  2020,  are  more  difficult  to 
define  because  of  numerous  pumped  wells.  Maxi- 
mum and  minimum  recharge  areas  for  each  aquifer 
were  calculated  for  both  present  conditions  and  for 
the  year  2020  to  bracket  the  actual  aquifer  re- 
charge areas.  These  results  also  are  consistent  with 
the  water  budgets  computed  from  the  flow  model. 
Results  indicate  that  development  causes  large- 
scale  changes  in  flow  patterns  and  the  size  and 
shape  of  aquifer  recharge  areas.  The  accuracy  of 
defining  recharge  areas  is  limited  by  the  model's 
representation  of  local-scale  characteristics  of  the 
flow  system  and  the  wells.  (Author's  abstract) 
W9 1-05822 

GROUND-WATER  CONTAMINATION  FROM 
TWO  SMALL  SEPTIC  SYSTEMS  ON  SAND 
AQUIFERS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

W.  D.  Robertson,  J.  A.  Cherry,  and  E.  A. 

Sudickv 

Ground  Water  GRWAAP,  Vol.  29,  No.  1,  p  82-92, 

January /February  1991.  10  fig,  3  tab,  32  ref. 

Descriptors:  'Groundwater  pollution,  'Ontario, 
'Plumes,  'Sand  aquifers,  'Septic  tanks, 
•Wastewater  pollution,  'Water  pollution  sources, 
Alkalinity,  Dissolved  organic  carbon,  Dissolved 
oxygen,  Groundwater  movement,  Hydrogen  ion 
concentration,  Ions,  Nitrates,  Regulations,  Sodium, 
Unconfined  aquifers. 

Distinct  plumes  of  septic-impacted  groundwater  at 
two  single-family  homes  located  on  shallow  un- 
confined sand  aquifers  in  Ontario  (Canada)  showed 
elevated  levels  of  chloride,  nitrate,  sodium,  calci- 
um potassium,  alkalinity,  and  dissolved  organic 
carbon  and  depressed  levels  of  pH  and  dissolved 
oxygen.  At  the  Cambridge  site,  in  use  12  yr,  the 
plume  had  sharp  lateral  and  vertical  boundaries 
and  was  more  than  130  m  in  length  with  a  uniform 
width  of  about  10  m.  As  a  result  of  low  transverse 
dispersion  in  the  aquifer,  mobile  plume  solutes  such 
as  nitrate  and  sodium  ion  occurred  at  more  than 
50%  of  the  source  concentrations  130  m  downgra- 
dient  from  the  septic  system.  At  the  Muskoka  site, 
in  use  3  yr,  the  plume  also  had  discrete  boundaries 
reflecting  low  transverse  dispersion.  After  1.5  yr  of 
system  operation,  the  Muskoka  plume  began  dis- 
charging into  a  river  located  20  m  from  the  tile 
field.  Almost  complete  nitrate  attenuation  was  ob- 
served within  the  last  2  m  of  the  plume  flowpath 
before  discharge  to  the  river.  This  was  attributed 
to  denitrification  occurring  within  organic  matter- 
enriched  riverbed  sediments.  The  very  weakly  dis- 
persive nature  of  the  two  aquifers  was  consistent 
with  the  results  of  recently  reported  natural-gradi- 
ent tracer  tests  in  sands.  Therefore,  for  many  un- 
confined sand  aquifers,  the  minimum  distance-to- 
well  regulations  for  permitting  septic  systems  in 
most  parts  of  North  America  should  not  be  expect- 
ed to  be  adequately  protective  of  well-water  qual- 
ity in  situations  where  mobile  contaminants  such  as 
nitrate  are  not  attenuated  by  chemical  or  microbio- 
logical processes.  (Author's  abstract) 
W91-05824 

EMPIRICAL  BAYES  REGIONALIZATION 
METHODS  FOR  SPATIAL  STOCHASTIC 
PROCESSES. 

Gradient  Corp.,  Cambridge,  MA. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05832 

LABORATORY  ANALYSIS  OF  FLUID  FLOW 
AND  SOLUTE  TRANSPORT  THROUGH  A 
FRACTURE  EMBEDDED  IN  POROUS  TUFF. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 
Water  Resources. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05836 


STEADY  FLUID  FLOW  AND  TRAVEL  TIMES 
IN  PARTIALLY  SATURATED  FRACTURES 
USING  A  DISCRETE  AIR-WATER  INTER- 
FACE. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05837 

GROUNDWATER  CONTAMINATION  STUD- 
IES--THE  STATE-OF-THE-ART. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia). 

A.  N.  Khondaker,  R.  I.  Al-Layla,  and  T.  Husain. 
CRC  Critical  Reviews  in  Environmental  Control 
CCECAU,  Vol.  20,  No.  4,  p  231-256,  1990.  1  fig,  1 
tab,  319  ref,  append. 

Descriptors:  'Groundwater  pollution,  'Interdisci- 
plinary studies,  'Literature  review,  'Research  pri- 
orities, 'Solute  transport,  Fate  of  pollutants,  Geo- 
chemistry, Geohydrology,  Geology,  Geophysics, 
Groundwater  movement,  Hydrologic  models, 
Mathematical  studies,  Model  studies,  Path  of  pol- 
lutants, Physical  models. 

With  the  increasing  sense  of  awareness  and  the 
recognition  of  the  need  for  environmental  protec- 
tion,   the    study    of   solute    transport    related    to 
groundwater  contamination  has  become  the  focus 
of  numerous  researchers.  The  problem  has  been 
approached  from  many  viewpoints,  and  the  result- 
ing achievements  are  so  extensive  and  scattered 
that  it  seems  essential  to  inventory  the  completed 
works.  A  systematic  study  was  made  of  the  avail- 
able theoretical  and  experimental  works.  The  study 
of  groundwater  flow  and  contaminant  transport 
requires  knowledge  of  many  of  the  basic  principles 
of  geology,  physics,  chemistry,  and  mathematics; 
there  is  a  close  kinship  between  groundwater  hy- 
drology, soil  physics,  soil  mechanics,  rock  mechan- 
ics, and  petroleum  engineering.  These  interdiscipli- 
nary studies  can  be  broadly  categorized  as  theory 
and  development  of  solute-transport  phenomena, 
modeling  of  solute  transport,  and  studies  on  model 
parameters.  There  are  a  number  of  important  areas 
which  need  further  research  to  predict  the  fate  and 
the  behavior  of  contaminants  in  the  subsurface 
system,  including:  (1)  additional  work  to  derive 
field-scale  models;   (2)  correlation  between  field 
and   laboratory    values   of  input   parameters   for 
solute  transport  models;  (3)  continued  investigation 
of  the  geochemistry  of  contaminant  reactions  in 
both  saturated  and  unsaturated  subsurface  environ- 
ments; (4)  further  study  of  the  chemical  and  bio- 
logical reaction  on  the  permeability  of  aquifer  ma- 
terials; (5)  systematic  comparison  of  all  existing 
model's  and  the  advanced  solution  techniques;  (6) 
development  of  an  efficient  model  including  all  the 
biological  processes;  (7)  better  understanding  of 
reaction  rates  in  the  subsurface  environment.  The 
necessity  of  interdisciplinary  cooperation  among 
investigators  is  essential  for  the  future  advance- 
ments in   the  ability   to  deal   with  groundwater 
contamination  problems.  (Fish-PTT) 
W91-05848 


CHEMICAL  ANALYSIS  OF  RAIN  SAMPLES 
COLLECTED  OVER  THE  PACIFIC  OCEAN. 

National   Oceanic   and   Atmospheric   Administra- 
tion, Boulder,  CO.  Environmental  Research  Labs. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-05862 


BERYLLIUM-7  AND  LEAD-210  IN  THE  AT- 
MOSPHERE AND  SURFACE  SNOW  OVER 
THE  GREENLAND  ICE  SHEET  IN  THE 
SUMMER  OF  1989. 

New   Hampshire   Univ.,    Durham.    Inst,    for   the 
Study  of  Earth,  Oceans  and  Space. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-05864 

METHANE  FLUXES  IN  WETLAND  AND 
FOREST  SOILS,  BEAVER  PONDS,  AND  LOW- 
ORDER  STREAMS  OF  A  TEMPERATE 
FOREST  ECOSYSTEM. 

Cornell  Univ.,  Ithaca,  NY.  Dept.  of  Natural  Re- 
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sources. 

J.  B.  Yavitt,  G.  E.  Lang,  and  A.  J.  Sexstone. 
Journal  of  Geophysical  Research  (D)  Atmospheres 
JGRDE3,  Vol.  95,  No.  13,  p  22,463-22,474,  De- 
cember 20,  1990.  6  fig,  3  tab,  46  ref.  NASA  grant 
NAGW-842;  NSF  grant  BSR  85-16700;  EPA  co- 
operative agreement  CR81265  with  Cornell  Uni- 
versity. 

Descriptors:  *Air  pollution  sources,  'Forest  water- 
sheds, 'Methane,  'Paths  of  pollutants,  'Wetlands, 
Air-earth  interfaces,  Air-water  interfaces,  Ecosys- 
tems, Forest  soils,  Global  warming,  Greenhouse 
effect,  Maryland,  Temperate  zone,  Tropical  re- 
gions, West  Virginia. 

Studies  in  tropical  and  boreal  regions  suggest  that 
wetlands  and  forest  soils  are  important  sources  and 
sinks  for  atmospheric  methane.  A  study  was  con- 
ducted to  determine  whether  temperate  wetlands 
and  forests  play  important  roles  in  the  global  bal- 
ances of  atmospheric  methane.  Flux  measurements 
for  methane  in  several  different  wetland,  forest, 
and  open-water  (e.g.,  beaver  pond  and  low-order 
stream)  sites  were  determined  using  collection 
chambers  placed  over  the  soil-air  or  water-air 
interface.  All  of  the  sites  were  located  in  the 
Appalachian  Mountain  region  of  West  Virginia 
and  western  Maryland.  Between  June  1987  and 
April  1989  the  wetland  sites  acted  as  small  sources 
of  atmospheric  methane,  with  emission  rates  for 
methane  usually  <200  mg  CH4/sq-m/d;  consump- 
tion of  atmospheric  methane  in  the  wetland  soils 
was  observed  frequently.  The  forest  sites  were 
mostly  atmospheric  methane  sinks,  even  though 
emission  rates  (<40  mg  CH4/sq-m/d)  were  ob- 
served sporadically.  Open-water  sites  were  large 
sources  of  atmospheric  methane,  with  emission 
rates  often  exceeding  1000  mg  CH4/sq-m/d.  Meth- 
ane fluxes  were  poorly  correlated  with  environ- 
mental variables  including  soil  moisture,  soil  and 
air  temperature,  and  cloud  cover,  thereby  making 
it  difficult  to  determine  the  factors  controlling 
methane  fluxes  in  these  sites.  Scenarios  of  future 
global  climate  warming  due  to  an  increasing  green- 
house effect  suggest  that  wetlands  and  forests  in 
the  southern  boreal  forest  will  begin  to  resemble 
present-day  temperate  wetlands  and  forests.  The 
results  of  these  studies  suggest  that  methane  emis- 
sions from  these  'temperatelike'  ecosystems  will 
not  result  in  a  large  positive  feedback  that  might 
exacerbate  the  rate  of  global  climate  warming. 
(Author's  abstract) 
W91-05865 


PREFERENTIAL  FLOW  IN  A  SANDY  VADOSE 
ZONE:  2.  MECHANISM  AND  IMPLICATIONS. 

Wisconsin  Univ.-Madison.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05877 


STUDIES  OF  CADMIUM  UPTAKE  IN  BONE 
AND  ITS  ENVIRONMENTAL  DISTRIBUTION. 

Toronto  Univ.  (Ontario).  Dept.  of  Chemical  Engi- 
neering and  Applied  Chemistry. 
S.  S.  Krishnan,  S.  M.  W.  Lui,  R.  E.  Lewis,  and  J. 
E.  Harrison. 

Biological  Trace  Element  Research  BTERDG, 
Vol.  26/2,  p  257-261,  July/December  1990,  3  tab,  4 
ref. 

Descriptors:  'Adsorption,  'Bioaccumulation, 
'Cadmium,  'Heavy  metals,  'Path  of  pollutants, 
•Toxicity,  'Trace  elements,  Animal  pathology, 
Atomic  absorption  spectrophotometry,  Canada, 
Distribution  patterns,  Fertilizers,  Foods,  Histolo- 
gy, Neutron  activation  analysis,  Rats,  Sludge. 

Rat  experiments  indicate  that  oral  ingestion  of 
cadmium  through  drinking  water  leads  to  an  accu- 
mulation of  cadmium  in  bone,  in  addition  to  liver 
and  kidney.  After  five  weeks  of  cadmium  intake  in 
drinking  water  (50  to  100  mg/L),  the  bone  cadmi- 
um levels  increased  in  proportion  to  the  intake 
concentration.  Bone  and  kidney  histology  showed 
no  signs  of  damage  up  5  wk  of  cadmium  ingestion. 
Cadmium  accumulation  in  bone  was  a  primary 
phenomenon  and  not  secondary  to  renal  failure.  In 
addition,  cadmium  levels  have  been  estimated  in  a 
variety  of  sources,  e.g.,  foodstuff,  fertilizer,  and 
sewage  sludge,  using  neutron  and  proton  activa- 


tion analyses  and  atomic  absorption  spectrophoto- 
metry. Cadmium  levels  of  Canadian  foods  are  in 
the  range  of  0.O02-0./07  mg/kg,  and  soils  are  in  the 
range  of  0.55  to  1.72  mg/kg.  Fertilizers  contain 
cadmium  from  0.3  to  1.25  mg/kg,  whereas  sewage 
sludge  contains  up  to  122  mg/kg.  (Author's  ab- 
stract) 
W9 1-05895 


ENVIRONMENTAL      IMPACT      OF      GOLD 
MINING  INDUSTRY  IN  GHANA. 

Ghana  Univ.,  Legon.  Dept.  of  Physics. 

For  primary  bibliographic  entry  see  Field  4C. 

W9 1-05896 


ENVIRONMENTAL  RESEARCH  ON  TRACE 
ELEMENTS  IN  FRESHWATER  FISH  BY  NEU- 
TRON ACTIVATION  ANALYSIS. 

Korean  Inst,  of  Energy  and  Resources,  Seoul  (Re- 
public of  Korea). 

K.  S.  Park,  N.  B.  Kim,  H.  J.  Woo,  Y.  Y.  Yoon,  and 
K.  Y.  Lee. 

Biological  Trace  Element  Research  BTERDG, 
Vol.  26/2,  p  347-354,  July/December  1990,  2  fig,  3 
tab,  13  ref. 

Descriptors:  'Fish  populations,  'Korea,  'Neutron 
activation  analysis,  'Path  of  pollutants,  'Stream 
pollution,  'Trace  elements,  Cadmium,  Han  River, 
Mercury,  Radiochemical  analysis,  Tissue  analysis, 
Water  quality  trends. 

In  a  case  study  of  environmental  contamination, 
radiochemical  activation  analysis  was  applied  to 
freshwater  fishes  (of  the  crucian  group)  collected 
in  the  Han  River  in  Korea.  Sixteen  trace  elements 
(Hg,  Cd,  As,  Br,  Cu,  Na,  K,  Se,  Cr,  Hf,  Rb,  Fe, 
Zn,  Co,  La,  and  Cs)  were  separated  into  three 
groups  using  distillation  and  diethyldithiocarba- 
mate  extraction  methods,  and  their  concentrations 
were  determined  by  a  single  comparator  method. 
Compared  with  values  15  years  ago,  the  values  for 
mercury  and  cadmium  have  drastically  decreased 
in  the  middle  and  lower  part  of  the  river.  The 
reason  seems  to  be  that  several  sewage  treatment 
facilities  were  installed,  and  contaminated  sediment 
has  been  cleaned  up  during  the  Han  River  redevel- 
opment project.  With  the  exception  of  selenium, 
concentrations  of  all  other  elements  increase  slight- 
ly in  the  down  stream  direction;  the  significance  of 
this  trend  is  not  yet  known.  Selenium  concentra- 
tions, in  contrast,  decrease  in  the  downstream  di- 
rection; the  reason  for  this  is  also  unknown. 
(Doyle-PTT) 
W9 1-05  897 


IDENTIFYING  SOURCES  OF  GROUNDWAT- 
ER POLLUTION  USING  TRACE  ELEMENT 
SIGNATURES. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Nuclear 

Reactor  Lab. 

I.  Olmez,  and  M.  J.  Hayes. 

Biological   Trace   Element   Research   BTERDG, 

Vol.  26/2,  p  355-361,  July/December  1990,  2  fig,  1 

tab,  8  ref. 

Descriptors:  'Environmental  tracers,  'Groundwat- 
er pollution,  'Neutron  activation  analysis,  'Path  of 
pollutants,  'Trace  elements,  'Water  pollution 
sources,  Distribution  patterns,  Hazardous  wastes, 
Land  disposal,  Model  studies,  Powerplants,  Test 
wells. 

A  simple  receptor  modeling  approach  has  been 
applied  to  groundwater  pollution  studies  and  has 
shown  that  marker  trace  elements  can  be  used 
effectively  in  source  identification  and  apportion- 
ment. This  new  approach  to  groundwater  studies  is 
successful  because,  unlike  organic  compounds,  in- 
organic elements  carry  exactly  the  same  signatures 
as  the  source  material  regardless  of  the  distance 
between  the  source  and  the  monitoring  wells.  For 
example,  vanadium  and  rare  earth  elements  are 
indicators  of  oil  combustion;  Pb  in  urban  areas 
originates  from  motor  vehicles;  S,  Se,  and  As  are 
almost  always  associated  with  coal  related  pollu- 
tion. Groundwater  and  source  materials  from  one 
coal-fired  and  five  oil-fired  power  plants,  and  one 
coal-tar  disposal  site  have  been  analyzed  by  instru- 
mental neutron  activation  analysis  for  more  than 


20  minor  and  trace  elements.  In  one  of  the  oil-fired 
power  plants,  trace  element  patterns  indicated  a 
leak  from  the  hazardous  waste  surface  impound- 
ments owing  to  the  failure  of  the  hypolon  liner. 
Also,  the  extent  and  spatial  distribution  of  ground- 
water contamination  have  been  determined  in  a 
coal-tar  disposal  site.  (Doyle-PTT) 
W9 1-05898 


HISTORY  OF  A  CHLORPYRIFOS  SPILL:  CAR- 
TAGENA, COLOMBIA. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 

Toxicology  and  Chemistry  Research  Lab. 

U.  M.  Cowgill,  R.  T.  Gowland,  C.  A.  Ramirez, 

and  V.  Fernandez. 

Environmental   International  ENVIDV,  Vol.    17 

No.  1,  p  61-71,  1991,  1  fig,  6  tab,  9  ref. 

Descriptors:  'Chlorpyrifos,  'Colombia,  'Fate  of 
pollutants,  'Marine  pollution,  'Organophosphorus 
pesticides,  'Spills,  Bays,  Cartagena,  Cleanup  oper- 
ations, Fishkill,  Rehabilitation,  Water  pollution  ef- 
fects. 

Due  to  an  operational  error,  a  small  amount  of 
chlorpyrifos  (an  organophosphorus  compound)  en- 
tered the  bay  of  Cartagena,  Colombia.  The  result- 
ing fish  kill  was  extensive  (17  tons).  To  hasten  the 
degradation  process,  the  contaminated  sediment, 
the  main  source  of  chlorpyrfos  to  the  bay,  was 
repeatedly  removed.  In  addition,  the  exact  amount 
spilled  is  unknown.  Thus,  rates  of  disappearance 
can  only  be  estimated.  Under  the  physical  condi- 
tions of  the  Bay  of  Cartagena,  the  half-life  in  water 
is  about  9  days  and  in  fish  11  days.  The  Bay 
showed  considerable  recovery  from  the  biological 
and  chemical  effects  of  the  chlorpyrfos  spill  in  23 
days,  i.e.,  chlorpyrifos  was  below  the  limits  of 
detection  (at  or  <0.3  microgram/L)  in  water. 
During  days  3-6  of  this  study,  residue  levels  in  live 
fish  caught  were  below  the  level  that  would  cause 
a  human  health  problem  if  they  were  eaten.  (Au- 
thor's abstract) 
W9 1-05901 


STUDY  OF  CARBOFURAN  MOVEMENT  IN 
SOILS:  PART  I-SOIL  STRUCTURE. 

Laboratoire   de   Protection   des   Cultures,   Nancy 

(France). 

J.  Achik,  M.  Schiavon,  and  P.  Jamet. 

Environmental  International  ENVIDV,  Vol.   17, 

No.  1,  p  73-79,  1991,  7  fig,  2  tab,  13  ref. 

Descriptors:  'Adsorption,  'Carbamate  pesticides, 
•Carbofuran,  'Desorption,  'Path  of  pollutants, 
•Pesticides,  'Soil  contamination,  Clay  loam,  Clay 
soils,  Isotherms,  Leaching,  Percolation  tests. 

Under  natural  conditions,  drained  water  of  a  clay 
soil  rich  in  organic  matter  was  shown  to  be  system- 
atically more  highly  contaminated  than  that  of  a 
loamy  clay  soil.  To  study  this  phenomenon,  labora- 
tory soil  columns  were  used  to  determine  the  role 
of  soil  structure,  percolation  speed,  and  product 
dose  on  carbofurans  movement  and  leaching.  Al- 
though these  factors  modify  insecticide  transfer,  it 
was  observed  that  the  soil  theoretically  having  the 
stronger  adsorption  capacity  did  not  retain  the 
product  well.  Hence,  a  comparative  study  of  the 
adsorption-desorption  phenomena  was  conducted. 
Analysis  of  experimental  data  for  adsorption  and 
desorption  isotherms  showed  that  organic  clay  is 
indeed  the  most  adsorbing  system  and  the  most 
suitable  for  retaining  the  product.  Modification  of 
certain  experimental  parameters,  such  as  the  aggre- 
gate size  or  the  percolation  speed,  showed  that 
carbofuran  movement  can  be  significantly  modi- 
fied and  the  adsorbing  power  of  the  soil  supressed. 
(See  also  W9 1-05903)  (Doyle-PTT) 
W9 1-05902 


STUDY   OF  CARBOFURAN   MOVEMENT  IN 
SOILS:  PART  II-KINETICS. 

Laboratoire   de   Protection   des   Cultures,   Nancy 

(France). 

J.  Achik,  M.  Schiavon,  and  P.  Jamet. 

Environmental   International  ENVIDV,  Vol.    17, 

No.  1,  p  81-88,  1991,  7  fig,  4  tab,  6  ref. 
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Descriptors:  'Adsorption  kinetics,  'Carbamate 
pesticides,  'Carbofuran,  'Mathematical  models, 
•Path  of  pollutants,  'Pesticide  kinetics,  'Soil  con- 
tamination, Adsorption,  Carbon  radioisotopes, 
Clay  loam,  Clay  soils,  Desorption,  Radioactivity 
techniques. 

The  time  variation  of  the  quantity  of  Carbon- 14 
carbofuran  adsorbed  on  two  agricultural  soils  was 
evaluated  by  an  agitation-type  technique.  The  ex- 
perimental results  showed  the  occurrence  of  a 
'rapid'  adsorption  phase,  followed  by  a  'slow'  ad- 
sorption phase.  Three  mathematical  models  de- 
scribing the  adsorption  or  adsorption-desorption 
kinetics  of  pesticides  in  soil  were  used  and  dis- 
cussed for  analyzing  and  comparing  the  behavior 
of  the  carbofuran  in  two  soils.  These  models  in- 
cluded a  hyperbolic  model  and  two  2  or  3  com- 
partment models.  The  three  compartment  model 
yielded  the  highest  estimated  values  for  the  maxi- 
mum amount  of  adsorbed  carbofuran.  The  clay  soil 
had  greater  adsorptive  capacity  than  the  loamy 
clay  soil.  The  results  indicate  that  carbofuran 
tended  to  desorb  (the  desorption  rate  constant  was 
greater  than  the  adsorption  rate  constant)  and  ex- 
plain, at  least  partially,  the  mobility  of  carbofuran 
specific  to  certain  soils.  (See  also  W9 1-05902)  (Au- 
thor's abstract) 
W9 1-05903 


QUESTION  OF  NITRATES. 

Salford  Univ.  (England).  Environmental  Re- 
sources Unit. 

M.  J.  Muia,  and  M.  P.  Thomas. 
Environmental       Education       &       Information 
EEDIEF,  Vol.  9,  No.  2,  p  91-100,  1991,  20  ref. 

Descriptors:  'Fertilizers,  'Groundwater  pollution, 
'Human  diseases,  'Nitrates,  'Nitrogen  removal, 
'Water  pollution  control,  'Water  pollution  effects, 
'Water  pollution  sources,  Agricultural  practices, 
Algal  blooms,  Cancer,  England,  European  Eco- 
nomic Community,  Eutrophication,  Waste  dispos- 
al, Water  treatment. 

Nitrogen,  when  present  in  large  amounts  in  the 
diet  is  believed  to  cause  methaemoglobinaemia  (cy- 
anosis) in  infants,  and,  gastric  cancers  resulting 
from  its  conversion  to  nitrosamines  in  the  stomach. 
In  addition,  it  is  responsible  for  algal  blooms  which 
starve  other  organisms  of  oxygen.  Changes  in  agri- 
cultural practices  are  needed  to  reduce  the  risk  of 
groundwater  pollution  by  nitrates  from  nitrogen 
fertilizers,  since  about  20%  of  the  nitrates  in  our 
diets  come  from  water,  while  80%  comes  from 
foods.  Other  sources  of  nitrates  such  as  cattle 
slurry,  sewage  sludge  and  effluent  should  be  re- 
leased to  the  environment  under  careful  control  to 
avoid  exceeding  European  Community  maximum 
admissible  nitrate  limits  of  50  mg/L  in  drinking 
water.  Such  measures  include  limiting  the  amount 
of  fertilizer  applied  in  the  autumn  since  it  is  poorly 
adsorbed  in  the  winter  and  more  readily  leached, 
and  inhibiting  nitrification  by  using  a  material  like 
dicyandiamide  to  improve  nitrogen  utilization. 
Several  methods  of  reducing  nitrates  in  water  in- 
clude blending  and  long  term  storage,  use  of  ion 
exchange  resins,  and  biological  fluidised  beds.  Al- 
though the  incidents  of  gastric  cancer  and  cyanosis 
are  low  in  Britain,  nitrate  levels  should  be  main- 
tained at  low  level  until  research  proves  conclu- 
sively that  nitrates  in  drinking  water  are  not  re- 
sponsible for  these  conditions.  (Doyle-PTT) 
W9 1-05904 


METAL  POLLUTION  IN  SEDIMENTS  OF  JA- 
MAICA BAY,  NEW  YORK,  USA-AN  URBAN 
ESTUARY. 

Yale  Univ.,  New  Haven,  CT.  Dept.  of  Geology 

and  Geophysics. 

D.  E.  Seidemann. 

Environmental  Management  EMNGDC,  Vol.  15, 

No.  1,  p  73-81,  January /February  1991,  3  fig,  5  tab, 

23  ref. 

Descriptors:  'Estuarine  sediments,  'Heavy  metals, 
•Jamaica  Bay,  'Sediment  contamination,  'Urban 
areas,  Atmospheric  deposition,  Landfills,  Lea- 
chates,  New  York,  Organic  carbon,  Wastewater 
pollution. 


Calculations  of  the  annual  input  of  heavy  metals  to 
Jamaica  Bay,  New  York,  reveal  that  sewage  efflu- 
ent carries  the  largest  quantities  of  Ni,  Zn,  Cu,  and 
Cd  to  the  bay.  Storm  sewers  and  atmospheric 
fallout  are  the  main  sources  of  Pb.  Atmospheric 
fallout  of  Zn,  Cu,  and  Cd,  although  smaller  than 
the  combined  input  from  sewers  contributes  a  sig- 
nificant fraction  of  these  metals.  The  metal  input 
from  landfill  leachate  is  far  smaller  than  from  other 
sources.  Analysis  of  available  data  shows  that 
metal  concentrations  in  the  sediment  of  the  bay 
correlate  with  each  other  and  with  percent  total 
organic  carbon  (%TOC).  This  is  consistent  with 
the  observation  that  the  input  of  metals  is  predomi- 
nantly associated  with  sewage.  It  is  demonstrated 
that  metal-TOC  ratios,  rather  than  metal  concen- 
trations, must  be  used  in  efforts  to  detect  local 
intensive  sources  of  metals  in  solution;  metal-TOC 
ratios  in  intertidal  sediment  adjacent  to  these  land- 
fills are  elevated  by  the  adsorption  of  leachate 
metals,  while  metal  concentrations  are  not.  Subti- 
dal  sediment  within  a  few  hundred  meters  from 
two  landfills  shows  no  evidence  of  addition  of 
metals  from  that  source,  which  is  consistent  with 
the  small  input  of  metals  estimated  for  these  land- 
fills. The  evidence  cited  in  this  study  sharply  con- 
tradicts the  implication  made  in  a  widely  publi- 
cized report  issued  by  an  environmental  advocacy 
group  that  a  significant  link  exists  between  metals 
found  in  subtidal  sediment  of  Jamaica  Bay  and 
landfill  leachate.  (Author's  abstract) 
W9 1-05906 

RECOGNITION  OF  AREAS  EFFECTED  BY  PE- 
TROLEUM SEEPAGE:  NORTHERN  GULF  OF 
MEXICO  CONTINENTAL  SLOPE. 

Texas  A  and  M  Univ.,  College  Station.  Geochemi- 
cal  and  Environmental  Research  Group. 
M.  C.  Kennicutt,  and  J.  M.  Brooks. 
Geo-Marine  Letters  GMLEDI,  Vol.  10,  No.  4,  p 
221-224,  1990,  2  fig,  22  ref. 

Descriptors:  'Gulf  of  Mexico,  'Hydrocarbons, 
'Marine  pollution,  'Oil,  'Seeps,  'Water  pollution 
sources,  Benthic  environment,  Continental  slope, 
Geologic  formations,  Marine  sediments,  Ocean 
bottom,  Tectonics. 

The  presence  of  large  amounts  of  gas  and/or  liquid 
hydrocarbon  seepage  in  near-surface  sediments  can 
produce  distinct  features  including  irregular  topog- 
raphy (on  several  scales,  ranging  from  meters  to 
kilometers);   seismically  transparent/chaotic  sedi- 
ments; oil  staining;  gas  plumes;  sediments  contain- 
ing elevated  concentrations  of  extractable  organic 
matter  organic  carbon,  and  calcium  carbonate;  as- 
sociated brine  seepage  and  anoxic  conditions;  ex- 
tensive bacterial  mats;  hydrate  formation  and  de- 
composition; and  dense  chemoautotrophic  commu- 
nities. Although  no  single  characteristic  is  always 
uniquely  associated  with  seepage,  the  co-occur- 
rence of  several  of  these  features  is  strongly  sug- 
gestive of  an  area  being  exposed  to  non-indigenous 
upward   migrating  hydrocarbons.   Chaotic   facies 
which  can  result  from  the  presence  of  secondary 
carbonate  or  sulfides  that  commonly  co-occur  with 
seepage  have  been  documented  over  a  large  area 
of  the  Gulf  of  Mexico  where  a  majority  of  loca- 
tions exhibiting  seismically-transparent  sediments 
contain  carbonate  accumulations,  gas  pockets  and/ 
or  hydrates.  Salt  diapirism  has  been  shown  to  be 
especially  important  in  controlling  the  distribution 
of  petroleum  seepage  on  the  northern  Gulf  of 
Mexico  continental  shelf/slope.  The  occurrence  of 
deeper-seated  hydrocarbons  (source  rocks  and/or 
reservoired  oil/gas)  and  salt-induced  faulting,  that 
provides  conduits  for  migration,  intimately  links 
seepage  and  salt  tectonics  on  this  slope.  At  Green 
Canyon  Lease  Block   184/185  on  the  Louisiana 
continental  slope,  oil  and  gas  in  shallow  sediments 
are  similar  to  oil  and  gas  reservoired  2000  to  3000 
m  deep  in  the  subsurface.  (Doyle-PTT) 
W9 1-059 15 


Geo-Marine  Letters  GMLEDI,  Vol.  10,  No.  4,  p 
232-243,  1990,  9  fig,  21  ref.  NOAA  Grants 
NA80AA-8-00081  and  NA88AA-D-UR004  and 
Louisiana  State  University  Center  for  Energy 
Studies  grant  135-15-0150. 

Descriptors:  'Continental  slope,  'Hydrocarbons, 
'Louisiana,  'Marine  pollution,  'Ocean  bottom, 
'Petroleum  hydrocarbons,  'Seeps,  'Water  pollu- 
tion sources,  Benthos,  Calcium  carbonate,  Geolog- 
ic formations,  Gulf  of  Mexico. 

Observations  and  samples  from  research  submersi- 
ble dives  confirm  that  brines,  crude  oil,  fluid  mud, 
and  gases  are  common  seep  products.  Through  this 
mechanism  a  unique  interplay  of  geochemical,  geo- 
logic, and  biological  processes  resulting  in  unusual 
sea  floor  features  ranging  from  carbonate  rich  nod- 
ular sediments  to  mounds  with  tens  of  meters  of 
relief.  Stable  carbon  isotopes  occluded  in  the  car- 
bonates provide  a  permanent  imprint  that  links 
these  authigenic  carbonates  to  by-products  of  mi- 
crobial breakdown  of  crude  oil  and  gas.  Recent 
DSV  ALVIN  dives  confirm  that  hydrocarbon 
seeps  on  the  Louisiana  continental  slope  are  nu- 
merous and  display  a  high  degree  of  variability 
with  regard  to  seafloor  response  features.  Seeps 
and  their  accompanying  chemosynthetic  communi- 
ties and  authigenic  carbonate  mounds  occur  over 
the  entire  depth  range  of  the  slope.  Mound  mor- 
phologies, internal  components,  and  geochemical 
characteristics  of  the  carbonates  suggest  both  sea- 
floor  and  shallow  subsurface  origins.  (Doyle-PTT) 
W9 1-059 16 


SEA  FLOOR  RESPONSES  TO  HYDROCAR- 
BON SEEPS,  LOUISIANA  CONTINENTAL 
SLOPE. 

Louisiana  State  Univ.,  Baton  Rouge.  Coastal  Stud- 
ies Inst. 

H.  H.  Roberts,  P.  Aharon,  R.  Carney,  J.  Larkin, 
and  R.  Sassen. 


GULF  OF  MEXICO  HYDROCARBON  SEEP 
COMMUNITIES:  VI.  PATTERNS  IN  COMMU- 
NITY STRUCTURE  AND  HABITAT. 

Texas  A  and  M  Univ.,  College  Station.  Geochemi- 
cal and  Environmental  Research  Group. 
I.  R.  MacDonald,  N.  L.  Guinasso,  J.  F.  Reilly,  J. 
M.  Brooks,  and  W.  R.  Callender. 
Geo-Marine  Letters  GMLEDI,  Vol.  10,  No.  4,  p 
244-252,  1990,  6  fig,  39  ref. 

Descriptors:  'Benthic  environment,  'Benthic 
fauna,  'Ecosystems,  'Gulf  of  Mexico,  'Hydrocar- 
bons, 'Seeps,  'Water  pollution  sources,  Coastal 
environment,  Continental  shelf,  Ocean  bottom,  Oil, 
Species  composition,  Sulfur  cycle. 

Communities  of  chemosynthetic  fauna  that  depend 
on  seeping  oil  and  gas  have  been  found  in  the  Gulf 
of  Mexico  at  approximately  45  sites  between  88 
degrees  W  and  95  degrees  W  and  between  the  350 
and  2,200  m  isobaths.  Since  the  initial  discovery  of 
hydrothermal  venting  in  1977,  occasioned  in  part 
by  the  observation  of  anomalous  concentrations  of 
clams  in  an  otherwise  depauperate  abyssal  zone, 
investigations  suggest  that  the  number  of  sites  and 
range  of  occurrence  will  increase  with  additional 
exploration.  The  dominant  fauna  consist  of  species 
within  four  groups:  tube  worms,  seep  mussels, 
epibenthic  clams,  and  infaunal  clams.  These  species 
co-occur  to  some  degree,  but  tend  to  form  assem- 
blages dominated  by  a  single  group.  Community 
development  is  closely  coupled  to  geological  and 
geochemical  processes  of  seepage.  At  hydrocarbon 
seeps,  sulfides  are  concentrated  in  the  sediments. 
Communities  form  on  patches  of  oily  sediment 
where  sulfides  either  with  the  oil  or  via  anoxia 
caused  by  microbial  oxidation  of  hydrocarbons  and 
where  the  combined  effects  of  carbonate  precipita- 
tion and  increased  sedimentation  cause  a  gradual 
mounding  of  the  stratum.  (Doyle-PTT) 
W9 1-059 17 


MULTI-PHASE  PARTITIONING  OF  TRICH- 
LOROETHYLENE  AND  ORTHO-XYLENE  IN 
WATER  SUSPENSIONS  OF  TUFF:  EXPERI- 
MENTS AND  ANALYSIS. 

Texas  Univ.  at  El  Paso.  Dept.  of  Civil  Engineer- 
ing. 

H.  R.  Fuentes,  E.  H.  Essington,  J.  L.  Smith,  and 
W.  L.  Polzer. 

Hazardous  Waste  and  Hazardous  Materials 
HWHME2,  Vol.  7,  No.  4,  p  347-359,  Fall  1990,4 
fig,  7  tab,  23  ref. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5B — Sources  Of  Pollution 

Descriptors:  'Air  pollution,  'Groundwater  pollu- 
tion, 'Path  of  pollutants,  'Soil  contamination, 
*Trichoroethylene,  'Xylenes,  Adsorption,  Analyti- 
cal methods,  Chemical  analysis,  Model  studies, 
Tuff,  Volatile  organic  compounds. 

Laboratory  batch  experiments  were  conducted  to 
determine  the  multiphase  distribution  of  trichlor- 
oethylene  (TCE)  and  ortho-xylene  (O-X)  among  a 
simulated  groundwater,  air  and  Bandelier  tuff.  A 
range  of  concentrations  was  added  to  water  in 
batch  reactors  at  the  beginning  of  the  experiments 
and  their  partitioning  between  water  and  air  was 
measured.  Equilibrium  was  practically  reached 
within  the  first  hour.  Estimated  adsorption  on  tuff 
was  effectively  modeled  by  linear  and  Freundlich 
isotherms.  Henry's  Law  constants  were  also  calcu- 
lated for  both  compounds.  Equilibrium  data  indi- 
cate that  TCE  will  partition  from  an  aqueous  solu- 
tion to  64-81%  in  water,  16-23%  in  vapor  phase 
and  2-20%  in  tuff.  O-X  will  partition  differently: 
77-94%  in  the  water,  3-19%  as  vapor,  and  1-13% 
in  the  tuff.  Analytical  chemistry  techniques  includ- 
ed both  radioanalysis  and  gas  chromatography 
mass  spectrometry  (GC/MS).  The  study  highlights 
the  need  for  adequate  techniques  and  procedures 
to  ensure  mass  accountability  of  volatile  com- 
pounds in  the  laboratory.  (Author's  abstract) 
W9 1-05920 


ABILITY  OF  SORBENT  MATERIALS  TO 
ADSORB  AND  RETAIN  ORGANIC  LIQUIDS 
UNDER  LANDFILL  CONDITIONS. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Soil  and  Crop  Sciences. 

K.  W.  Brown,  J.  C.  Thomas,  M.  holder,  and  J.  F. 

Artiola. 

Hazardous     Waste     and     Hazardous     Materials 

HWHME2,  Vol.  7,  No.  4,  p  361-372,  Fall  1990,  4 

fig,  3  tab,  7  ref. 

Descriptors:  'Adsorbents,  'Cleanup,  'Desorption, 
•Land  disposal,  'Landfills,  'Organic  solvents, 
'Path  of  pollutants,  'Waste  disposal,  Capillarity, 
Clay  minerals,  Diatomaceous  earth,  Leaching,  Per- 
colation tests,  Spills. 

A  variety  of  sorbent  materials  is  used  in  accident 
cleanup  to  contain  spilled  chemicals.  The  ability  of 
these  sorbents  to  retain  liquids  after  being  placed  in 
landfills  is  dependent  on  capillary  retention  against 
the  force  of  gravity,  overburden  pressure,  and 
leaching  by  infiltrating  water.  Three  commonly 
available  sorbents  were  tested  for  their  ability  to 
retain  water,  acetone,  TCE  (trichloroethylene)  and 
diesel  oil.  In  all  cases  the  sorbents  retained  less 
organic  liquids  than  they  did  water  against  capil- 
lary drainage.  Under  certain  simulated  landfill  con- 
ditions, retention  of  all  liquids  was  less  than  that  at 
saturation,  as  a  result  of  the  combination  of  gravi- 
tational drainage  and  overburden  pressure  which 
depended  on  the  location  within  the  landfill.  For 
water  and  all  the  organic  liquids  tested  except 
TCE,  the  retention  increased,  but  in  some  cases 
only  slightly  with  depth.  For  TCE  the  retention 
decreased  with  depth.  Displacement  with  water 
resulted  in  large  fractions  of  the  retained  organic 
liquids  being  removed  from  the  sorbents.  These 
results  indicate  that  large  volumes  of  pollutants 
may  be  released  from  both  saturated  and  unsaturat- 
ed sorbents  placed  in  landfills.  The  use  of  satura- 
tion tests  and  consolidometer  tests  alone  will  not 
simulate  retention  under  these  conditions.  (Au- 
thor's abstract) 
W9 1-05921 


ESTIMATION  OF  THE  GROUNDWATER  POL- 
LUTION POTENTIAL  ON  AN  AGRICULTUR- 
AL WATERSHED. 

Agricultural   Research   Service,   University   Park, 

PA.  Northeast  Watershed  Research  Center. 

A.  S.  Rogowski. 

Agricultural  Water  Management  AWMADF,  Vol. 

18,  No.  3,  p  209-230,  September  1990.  8  fig,  5  tab, 

38  ref. 

Descriptors:  'Agricultural  chemicals,  'Agricultur- 
al watersheds,  'Groundwater  pollution,  'Solute 
transport,  Model  studies,  Potential  flow. 

Using  conservative  assumptions  and  worst-case 
scenarios  a  strategy  is  suggested  for  evaluating  the 


potential  impact  of  water-soluble  and  interactive 
agricultural  chemicals  on  a  watershed  using  readily 
available  data.  It  was  shown  that  a  quantity-arrival 
time  distribution  could  be  used  to  estimate  the 
spatial  extent  of  contributing  areas  and  time  of 
adverse  impacts  associated  with  transport  of  solu- 
ble contaminants  to  the  water  table.  Simplifying 
assumptions  were  used  to  compute  distributions  of 
interactive  agricultural  chemicals  within  a  soil  pro- 
file as  well  as  their  potential  concentrations, 
maxima,  and  arrival  times  at  the  water  table.  The 
most  questionable  assumption  this  strategy  uses 
concerns  the  flux  rates  predicated  on  a  matrix  flow 
model.  Should  preferential  pathways  be  present, 
arrival  times  at  the  water  table  and  concentrations 
of  contaminants  in  the  groundwater  may  be  most 
affected.  (Author's  abstract) 
W9 1-05931 


ALUMINIUM  ACCUMULATION  AND  DISTRI- 
BUTION IN  THE  FRESHWATER  CLAMS  (UN- 
IONIDAE). 

Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Experimental  Zoology. 

K.  Pynnonen. 

Comparative    Biochemistry   and    Physiology    (C) 

CBPCEE,  Vol.  97,  No.  1,  p  111-117,  1990.  7  fig,  5 

tab,  33  ref. 

Descriptors:  'Acid  rain  effects,  'Aluminum, 
'Bioaccumulation,  'Clams,  'Heavy  metals,  *Mol- 
lusks,  'Path  of  pollutants,  Acid  rain,  Hardness, 
Hydrogen  ion  concentration,  Laboratory  methods, 
Tissue  analysis,  Toxicity. 

During  the  last  few  decades,  the  freshwater  chem- 
istry of  lakes  and  rivers  of  poorly  buffered  water- 
sheds has  been  frequently  affected  by  sulfur  diox- 
ide emissions.  The  resulting  decrease  in  pH  often 
leads  to  a  rapid  increase  in  the  total  metal  concen- 
tration and  in  the  amount  of  bioavailable  forms  of 
metals.  In  order  to  better  understand  aluminum 
kinetics  and  toxicity,  freshwater  unionids  (Ano- 
donta  anatina  L.  and  Unio  pictorum  L.)  were 
exposed  to  aluminum  (300  and  900  microg/L, 
nominal)  in  continuous  (3  weeks)  and  fluctuating 
(24  days)  acid  exposures.  In  addition,  accumulation 
was  monitored  for  2  weeks  under  semi-static  acid 
(pH  4-5)  and  circumneutral  (pH  6.6-8.3)  conditions 
in  hard  (35  mg  Ca/L)  and  soft  water  (3.5  mg  Ca/ 
L).  A  fluctuating  exposure  of  24  days,  consisting  of 
three  intermittent  pulses  which  combined  low  pH 
(4-5)  and  high  Al  (900  microg/L)  concentration 
was  also  performed.  The  various  organs  of  A. 
cygnea,  collected  from  a  watershed  with  relatively 
high  heavy  metal  concentrations,  were  analyzed 
for  their  Al  and  Cd  concentrations.  The  ultimate 
order  of  the  Al  and  Cd  concentration  in  these 
clams  was  identical:  kidney  >  or  =  midgut  gland 
>  or  =  rest  >  or  =  gill  >  or  =  mantle.  During 
the  3  weeks  of  exposure,  the  Al  concentration  in 
the  gills  and  kidney  increased  linearly,  and  satura- 
tion level  was  not  reached.  The  Al  concentration 
in  the  calcium  concretion  material  isolated  from 
the  gills  was  lower  than  that  of  the  whole  organ. 
An  elimination  period  of  12  weeks  was  needed  to 
reach  the  background  level  of  Al  in  the  gills, 
whereas  in  the  kidney  the  initial  Al  concentration 
was  reached  after  4  weeks  of  elimination.  In  both 
species  the  ambient  pH  had  a  significant  effect  on 
Al  accumulation  in  the  gills,  whereas  the  effect  of 
the  water  hardness  was  only  of  minor  importance. 
Rapid  elimination  of  the  Al  accumulated  in  the 
gills  of  U.  pictorum  during  the  episodic  3-day 
exposure  was  recorded.  (Author's  abstract) 
W9 1-05940 


POLYCHLORINATED  BIPHENYLS  (PCBS)  IN 
FISH-EATING  SEA  BIRDS -I.  MOLECULAR 
FEATURES  OF  PCB  ISOMERS  AND  CON- 
GENERS IN  ADIPOSE  TISSUE  OF  MALE  AND 
FEMALE  RAZORBILLS  (ALCA  TARDA)  OF 
BRITISH  AND  IRISH  COASTAL  WATERS. 
Reading  Univ.  (England).  Dept.  of  Physiology  and 
Biochemistry. 

J.  T.  Borlakoglu,  J.  P.  G.  Wilkins,  C  H.  Walker, 
and  R.  R.  Dils. 

Comparative  Biochemistry  and  Physiology  (C) 
CBPCEE,  Vol.  97,  No.  1,  p  151-160,  1990.  3  fig,  5 
tab,  21  ref. 


Descriptors:  'Bioaccumulation,  'Fate  of  pollut- 
ants, 'Ireland,  'Path  of  pollutants,  'Polychlorinat- 
ed  biphenyls,  'Scotland,  'Water  birds,  Diphenyl- 
dichloroethylene,  Food  chains,  Monitoring,  Razor- 
bills, Tissue  analysis. 

Since  fish-eating  sea  birds  are  at  the  apex  of  marine 
food  chains,  measurement  of  the  concentration  of 
polychlorinated  biphenyls  (PCBs)  that  have  accu- 
mulated in  their  adipose  tissue  can  be  used  to 
monitor  pollution  of  the  marine  environment  by 
PCBs.  The  concentration  of  individual  PCBs  was 
measured  in  adipose  tissue  of  male  and  female 
razorbills  obtained  from  the  Isle  of  May  and  the 
Saltees  islands.  No  significant  differences  were 
found  in  the  concentration  of  total  PCBs,  which 
showed  positive  correlations  with  the  concentra- 
tion of  p,p'-diphenyldichloroethylene  in  the  tissues. 
Enrichment  factors  were  calculated  by  comparing 
the  concentration  of  an  individual  PCB  in  the 
tissue  with  its  abundance  in  commercial  mixtures 
of  PCBs.  Eight  PCBs,  together  accounting  for  20- 
65%  of  the  concentration  of  total  PCBs  present, 
had  enrichment  factors  of  >  10.  They  had  the 
common  molecular  feature  of  chlorine  atoms  at 
adjacent  meta-para  positions  in  at  least  one  of  the 
biphenyl  rings.  Many  PCBs  had  enrichment  factors 
of  <  1,  suggesting  that  they  had  been  subjected  to 
metabolism  and  presumably  excretion.  They  had, 
in  common,  the  absence  of  chlorine  atoms  at  the 
meta-para  positions  of  the  biphenyl  rings.  (See  also 
W9 1-05942  and  W9 1-05943)  (Author's  abstract) 
W9 1-05941 


POLYCHLORINATED  BIPHENYLS  (PCBS)  IN 
FISH-EATING  SEA  BIRDS  -II.  MOLECULAR 
FEATURES  OF  PCB  ISOMERS  AND  CON- 
GENERS IN  ADIPOSE  TISSUE  OF  MALE  AND 
FEMALE  PUFFINS  (FRATERCULA  ARCTICA), 
GUIELEMOTS  (URIA  AALGA),  SHAGS  (PHA- 
LACROCORAX  ARISTOTELIS)  AND  CORMO- 
RANTS (PHALACROCORAX  CARBO)  OF 
BRITISH  AND  HUSH  COASTAL  WATERS. 
Reading  Univ.  (England).  Dept.  of  Physiology  and 
Biochemistry. 

J.  T.  Borlakoglu,  J.  P.  G.  Wilkins,  C.  H.  Walker, 
and  R.  R.  Dils. 

Comparative  Biochemistry  and  Physiology  (C) 
CBPCEE,  Vol.  97,  No.  1,  p  161-171  1990.  4  fig,  8 
tab,  5  ref. 

Descriptors:  'Bioaccumulation,  'Fate  of  pollut- 
ants, 'Ireland,  'Path  of  pollutants,  'Polychlorinat- 
ed biphenyls,  'Scotland,  'Water  birds,  Diphenyl- 
dichloroethylene,  Excretion,  Metabolism,  Tissue 
analysis. 

Polychlorinated  biphenyls  (PCBs)  accumulate  in 
the  adipose  tissue  of  fish-eating  sea  birds  at  the 
apex  of  marine  food  chains  by  the  ingestion  of 
PCB-contaminated  lipid  components  of  food. 
Therefore,  measurement  of  the  concentration  of 
PCBs  that  have  accumulated  can  be  used  to  moni- 
tor pollution  of  the  marine  environment.  The  con- 
centration of  individual  PCBs  was  measured  in 
adipose  tissue  of  male  and  female  puffins,  shags, 
guillemots  and  cormorants  obtained  from  the  Isle 
of  May  and  the  Saltees  islands.  The  concentrations 
of  total  PCBs  showed  positive  correlations  with 
that  of  p.p'-diphenyldichloroethylene  (DDE)  in 
the  tissues.  Enrichment  factors  were  calculated  by 
comparing  the  concentration  of  an  individual  PCB 
in  the  tissue  with  its  abundance  in  commercial 
mixtures  of  PCBs.  Of  the  47  individual  PCBs  iden- 
tified, five  prominent  PCBs  had  enrichment  factors 
considerably  >  1  and  accounted  for  approximately 
35%  of  the  total  concentration  of  PCBs  present. 
They  shared  the  common  molecular  feature  of 
chlorine  atoms  at  adjacent  meta-para  positions  in  at 
least  one  of  the  biphenyl  rings.  Many  PCBs  had 
enrichment  factors  of  <1,  which  suggested  that 
they  had  been  subjected  to  metabolism  and  pre- 
sumably excretion.  They  shared  the  common  fea- 
ture of  the  absence  of  chlorine  atoms  at  the  meta- 
para  positions  of  the  biphenyl  rings.  These  results 
support  strongly  the  structural  'rules'  suggested 
previously  for  the  tendency  of  individual  PCBs  to 
accumulate  or  to  be  subjected  to  metabolism.  (See 
also  W9 1-05942  and  W9 1-05943)  (Author's  ab- 
stract) 
W9 1-05942 
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POLYCHLORINATED  BIPHENYLS  (PCBS)  IN 
FISH-EATING  SEA  BIRDS--III.  MOLECULAR 
FEATURES  AND  METABOLIC  INTERPRETA- 
TIONS OF  PCB  ISOMERS  AND  CONGENERS 
IN  ADDPOSE  TISSUES. 

Reading  Univ.  (England).  Dept.  of  Physiology  and 
Biochemistry. 

J.  T.  Borlakoglu,  J.  P.  G.  Wilkins,  C.  H.  Walker, 
and  R.  R.  Dils. 

Comparative  Biochemistry  and  Physiology  (C) 
CBPCEE,  Vol.  97,  No.  1,  p  173-177,  1990.  6  tab, 
12  ref. 

Descriptors:  'Bioaccumulation,  'Fate  of  pollut- 
ants, 'Path  of  pollutants,  *Polychlorinated  biphen- 
yls,  'Structure-activity  relationships,  *Water  birds, 
Congeners,  Ireland,  Metabolism,  Scotland,  Tissue 
analysis,  Toxicity. 

Enrichment  factors  were  calculated  for  several 
persistent  polychlorinated  biphenyl  (PCB)  con- 
geners in  the  adipose  tissue  for  five  species  of  fish- 
eating  sea  birds  (female  razorbills,  puffins,  guille- 
mots, shags  and  cormorants)  obtained  from  the 
British  and  Irish  coasts.  There  were  no  significant 
differences  between  the  five  species  in  the  enrich- 
ment factor  of  individual  persistent  PCBs  com- 
pared with  persistent  congener  153,  indicating 
similar  levels  of  diminished  metabolism  of  this 
group  of  congeners.  Of  the  47  individual  PCBs 
identified,  ten  congeners  had  enrichment  factors  of 
>  1  in  all  of  the  species  and  these  accounted  for  up 
to  70%  of  the  concentration  of  total  PCBs  present. 
A  number  of  congeners  were  identified  with  en- 
richment factors  of  <  1  compared  with  their  abun- 
dance in  Aroclor  1260,  and  very  striking  differ- 
ences were  observed  between  the  five  species  in 
the  ratio  of  non-persistent  congeners  to  the  persist- 
ent congener  153.  These  non-persistent  congeners 
share  the  molecular  feature  of  at  least  one  pair  of 
adjacent  unsubstituted  meta-para  carbon  atoms  in 
the  rings.  This  agrees  with  the  molecular  'rule'  that 
congeners  with  this  structural  feature  are  subjected 
to  metabolism  by  the  cytochrome  P-450  compo- 
nent of  hepatic  microsomal  monooxygenases.  Sev- 
eral PCB  isomers  and  congeners  that  accumulate 
in  the  adipose  tissue  of  these  five  species  are 
known  to  bind  to  the  cytoplasmic  aryl  hydrocar- 
bon (Ah)  receptor  that  has  been  identified  in  cer- 
tain strains  of  mice  and  rats.  This  protein  may  be 
involved  in  the  transfer  of  individual  PCBs  to  the 
nucleus  where  they  could  interact  with  chromo- 
somal DNA  to  produce  pronounced  toxic  effects. 
(See  also  W9 1-05941  and  W9 1-05942)  (Author's 
abstract) 
W9 1-05943 


SOLUBILIZATION  OF  POLYCYCLIC  ARO- 
MATIC HYDROCARBONS  IN  MICELLAR 
NONIONIC  SURFACTANT  SOLUTIONS. 

Carnegie-Mellon  Univ.,  Pittsburgh,  PA.  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05954 


SORPTION  AND  MICROBIAL  DEGRADA- 
TION OF  NAPHTHALENE  IN  SOIX-WATER 
SUSPENSIONS  UNDER  DENTTRIFICATION 
CONDITIONS. 

Michigan  Technological  Univ.,  Houghton.  Dept. 

of  Civil  and  Environmental  Engineering. 

J.  R.  Mihelcic,  and  R.  G.  Luthy. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.   25,  No.    1,  p   169-177,  January 

1991.  6  fig,  3  tab,  50  ref.  DOE.  Contract  DE- 

AC18-84FC10619. 

Descriptors:  *Denitrification,  *Fate  of  pollutants, 
•Microbial  degradation,  *Naphthalenes,  *Path  of 
pollutants,  *Soil-water  relationships,  Kinetic 
models,  Model  studies,  Soil  contamination,  Sorp- 
tion. 

Knowledge  of  the  transport  and  fate  of  pollutants 
that  have  been  discharged  into  soil-water  systems 
is  important  for  understanding  the  effects  of  envi- 
ronmental contaminants  in  the  subsurface  environ- 
ment. The  microbial  degradation  of  naphthalene 
under  denitrification  conditions  in  batch  soil-water 
suspensions  was  described  by  a  kinetic  model  that 
included  consideration  of  the  sorbed-phase  solute. 


This  approach  combined  a  retarded  radial  diffusion 
model  to  describe  solute  sorption  and  desorption 
with  Michaelis-Menten  kinetics  to  describe  the  rate 
of  substrate  depletion  from  the  bulk  aqueous  phase, 
assuming  the  bacterial  concentration  was  constant 
over  the  period  of  interest  and  sorbed  solute  was 
inaccessible  to  microorganisms.  Experimental 
measurements  showed,  and  modeling  confirmed, 
that  the  process  of  naphthalene  sorption-desorption 
was  reversible  and  the  kinetics  were  rapid  com- 
pared to  those  of  microbial  degradation  for  the  soil 
particle  size  employed  in  the  investigation.  The 
rate  of  naphthalene  degradation  was  independent 
of  nitrate  concentration  and  proportional  to  the 
soil-to-water  ratio  in  the  range  of  1-5  g/50  mL  as 
employed  in  the  batch  microbial  degradation  ex- 
periments. Nitrate  reduction  was  related  to  naph- 
thalene degradation  by  a  stoichiometric  conversion 
factor  that  assumed  end  products  of  carbon  diox- 
ide, water,  and  nitrogen  gas.  The  concepts  and 
assumptions  embodied  in  the  coupled  desorption- 
degradation  model  are  potentially  significant  when 
the  reactions  and  fate  of  hydrophobic  organic 
compounds  in  soil-water  systems  are  evaluated. 
(White-Reimer-PTT) 
W9 1-05957 


USE  OF  COLLOID  FILTRATION  THEORY  IN 
MODELING  MOVEMENT  OF  BACTERIA 
THROUGH  A  CONTAMINATED  SANDY  AQ- 
UIFER. 

Geological  Survey,  Menlo  Park,  CA. 
R.  W.  Harvey,  and  S.  P.  Garabedian. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  25,  No.    1,  p   178-185,  January 
1991.  6  fig,  2  tab,  31  ref. 

Descriptors:  *  Aquifers,  *  Bacteria,  'Groundwater 
pollution,  'Model  studies,  *Path  of  pollutants,  Fil- 
tration models,  Filtration  theory,  Groundwater 
movement,  Massachusetts,  Sand  aquifers. 

The  recognition  that  water-supply  well  contamina- 
tion by  microbial  pathogens  is  a  major  cause  of 
waterborne  disease  outbreaks  in  the  United  States 
and  the  increasing  interest  in  the  use  of  genetically 
altered  and  'waste  adapted'  bacteria  for  aquifer 
restoration  are  leading  to  efforts  to  model  more 
accurately  the  transport  of  bacteria  through  porous 
media.  A  filtration  model  commonly  used  to  de- 
scribe removal  of  colloids  during  packed-bed  filtra- 
tion in  water  treatment  applications  was  modified 
for  describing  downgradient  transport  of  bacteria 
in  sandy  aquifer  sediments.  The  modified  model 
was  applied  to  the  results  of  a  small-scale  (7m), 
natural-gradient  tracer  test  and  to  observations  of 
an  indigenous  bacterial  population  moving  down- 
gradient  within  a  plume  of  organically  contaminat- 
ed groundwater  in  Cape  Cod,  MA.  The  model 
reasonably  accounted  for  concentration  histories  of 
labeled  bacteria  appearing  at  samplers  downgra- 
dient from  the  injection  well  in  the  tracer  experi- 
ment and  for  the  observed  0.25  microm  increase  in 
average  cell  length  for  an  unlabeled,  indigenous 
bacterial  population,  0.6  km  downgradient  from 
the  source  of  the  plume.  Several  uncertainties  were 
apparent  in  applying  filtration  theory  to  problems 
involving  transport  of  bacteria  in  groundwater. 
However,  adsorption  (attachment)  appeared  to  be 
a  major  control  of  the  extent  of  bacterial  move- 
ment downgradient,  which  could  be  described,  in 
part,  by  filtration  theory.  Estimates  of  the  collision 
efficiency  factor,  which  represents  the  physico- 
chemical  factors  that  determine  adsorption  of  the 
bacteria  onto  the  grain  surfaces,  ranged  from 
0.0054  to  0.0097.  These  results  suggest  that  filtra- 
tion theory  may  be  useful  in  a  multicomponent 
description  of  immobilization  in  transport  models 
involving  bacteria  in  groundwater.  (Author's  ab- 
stract) 
W91-05958 


5C.  Effects  Of  Pollution 


EFFECTS   OF   AMMONIA   ON   PERIPHYTIC 
COMMUNITIES. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 
B.  R.  Niederlehner,  and  J.  Cairns. 


Effects  Of  Pollution — Group  5C 

Environmental  Pollution  ENPOEK,  Vol.  66,  No. 
3,  p  207-221,  1990.  7  fig,  3  tab,  31  ref.  USAF  Grant 
85-0324. 

Descriptors:  'Ammonia,  'Bacteria,  'Nitrogen, 
'Periphyton,  'Toxicity,  'Water  pollution  effects, 
Biomass,  Chronic  toxicity,  Ecosystems,  Population 
exposure. 

Laboratory  tests  were  conducted  to  evaluate  the 
chronic  effects  of  ammonia  on  periphytic  commu- 
nities. Species  richness  of  the  protozoan  compo- 
nent of  these  communities  was  affected  at  un- 
ionized ammonia  concentrations  of  <  or  =  1  mg 
NH(3)/L.  A  biologically  important  concentration 
was  defined  as  the  concentration  of  ammonia  af- 
fecting 20%  of  species  and  was  estimated  from  a 
concentration-response  regression  as  0.011  mg/L. 
A  comparable  value  based  on  literature  reports  of 
chronic  toxicity  to  fish  and  invertebrates  was 
0.0126  mg/L.  Other  non-taxonomic  responses 
were  equally  sensitive  to  ammonia.  Biomass  (ash- 
free  dry  weight)  and  algal  biomass  (in  vivo  fluores- 
cence) were  significantly  reduced  even  at  the 
lowest  tested  ammonia  treatment,  0.01  mg/L,  but 
the  abundance  of  bacteria  was  reduced  only  in  the 
biomass  treatment  group,  0.43  mg/L.  Net  commu- 
nity metabolism  was  reduced  in  all  ammonia  treat- 
ments. Periphyton  communities  were  affected  at 
levels  below  the  USEPA  chronic  criterion  of 
0.027/L.  (temperature  =  8.8  C  and  pH  =  8.1). 
Successful  maturity  or  age  of  the  periphytic  com- 
munity affected  the  amount  of  biomass  and  algal 
biomass,  but  did  not  modify  sensitivity  to  ammo- 
nia. (Author's  abstract) 
W9 1-04942 


MONITORING  THE  TOXICITY  OF  ORGANIC 
COMPOUNDS  DISSOLVED  IN  RHINE 
WATER. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands).  Lab.  for  Eco- 
toxicology,  Environmental  Chemistry  and  Drink- 
ing Water. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04957 


IMPACT  OF  EUTROPHICATION  ON  THE  SIL- 
ICATE CYCLE  OF  MAN-MADE  BASINS  IN 
THE  RHEME  DELTA. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
W.  Admiraal,  and  J.  C.  Van  Der  Vlugt. 
Hydrobiological  Bulletin  HYBUD9,  Vol.  24,  No. 
1,  p  23-36,  July  1990.  8  fig,  1  tab,  32  ref. 

Descriptors:  'Chemical  interactions,  'Eutrophica- 
tion,  'Rhine  River,  'Silicates,  'Water  pollution 
effects,  Algal  blooms,  Biochemistry,  Chemical  pre- 
cipitation, Geochemistry,  Lake  Usael,  Nitrogen, 
Nutrients,  Phosphates,  Phytoplankton,  Seasonal 
variation. 

The  impact  of  eutrophication  on  the  biochemical 
cycle  of  silicate  in  the  Rhine  delta  was  analyzed 
by:  (1)  comparing  the  seasonal  variation  in  river 
water,  stagnant  freshwater  and  coastal  seawater, 
and  (2)  observations  in  well  controlled  experimen- 
tal reservoirs  subjected  to  different  regimes  of 
phosphate  precipitation.  The  high  input  of  dis- 
solved silicate  from  Rhine  water  was  rapidly  de- 
pleted in  receiving  water  systems  through  vigorous 
phytoplankton  (diatom)  growth.  In  reservoirs 
about  50%  of  the  silicate  input  was  retained  over  a 
seven  year  observation  period.  The  regeneration  of 
silicates  immobilized  by  diatoms  was  accelerated 
by  very  dense  blooms  of  phytoplankton  in  reser- 
voirs and  in  Lake  IJssel  that  increased  the  pH 
value  over  9.  The  prevailing  low  ratios  of  Si/N 
and  Si/P  in  Rhine  water  entail  the  risk  of  massive 
blooms  of  flagellates  or  cyanobacteria  in  receiving 
waters.  The  50%  reduction  of  N  and  P04  emis- 
sions agreed  upon  in  the  Rhine  Action  Plan  may 
reduce,  but  not  eliminate,  the  risk.  (Author's  ab- 
stract) 
W9 1-04959 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C— Effects  Of  Pollution 


PHASES  IN  THE  DEVELOPMENT  OF  RIVER- 
INE PLANKTON:  EXAMPLES  FROM  THE 
RIVERS  RHINE  AND  MEUSE. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
E.  D.  De  Ruyter  Van  Steveninck,  B.  Van  Zanten, 
and  W.  Admiraal. 

Hydrobiological  Bulletin  HYBUD9,  Vol.  24,  No. 
1,  p  47-55,  July  1990.  9  fig,  35  ref. 

Descriptors:  'Meuse  River,  'Phytoplankton, 
•Plankton,  'Population  dynamics,  *Rhine  River, 
•Water  pollution  effects,  *Zooplankton,  Crusta- 
ceans, Diatoms,  Flow  discharge,  Population  densi- 
ty, River  flow,  Rotifers,  Runoff,  Silicates. 

Observations  on  phytoplankton  and  zooplankton  in 
two  hydrographically  different  rivers  were  com- 
pared in  order  to  discriminate  phases  in  plankton 
development.  Along  the  longitudinal  axis  of  the 
Rhine  River,  a  gradual  increase  in  the  develop- 
ment of  phytoplankton  was  observed  which 
reached  its  maximum  of  about  100  km  before  the 
river  flows  into  its  artificial  sedimentation  area. 
The  development  of  rotifer  populations  was  slight- 
ly retarded  compared  with  that  of  phytoplankton; 
the  highest  population  densities  were  only  reached 
in  the  sedimentation  area.  Crustaceans  developed 
in  significant  numbers  only  when  the  river  water 
had  entered  the  sedimentation  area.  Development 
of  zooplankton  coincided  with  a  strong  decrease  in 
the  density  of  phytoplankton.  A  similar  trend  in 
plankton  development  was  observed  in  the  Meuse 
River,  although  in  this  river  the  highest  densities  of 
phytoplankton  and  zooplankton  already  occurred 
in  its  middle  reaches.  Differences  in  the  timing  of 
plankton  growth  in  the  two  rivers  are  probably 
caused  by  differences  in  flow  regime  between  both 
rivers.  The  Rhine  River,  which  is  fed  by  rainwater 
and  melting  glaciers  in  the  Alps,  has  a  relatively 
constant  discharge.  On  the  other  hand,  the  low 
discharge  of  the  rainfed  Meuse  River,  combined 
with  an  increased  residence  time  of  the  water  as  a 
consequence  of  large  numbers  of  weirs,  allows  a 
full  cycle  of  plankton  development  long  before  its 
discharge  into  the  sea.  This  phenomenon  was  also 
reflected  in  the  silicate  cycle  in  the  Meuse,  where 
the  consumption  by  plankton  diatoms  and  the  re- 
generation of  silicate  of  deposits  seem  to  be  impor- 
tant. In  contrast,  in  the  main  branches  of  the  Rhine 
River  only  the  effects  of  silicate  consumption  were 
detectable.  (Author's  abstract) 
W9 1-04961 


REEUWIJK  LAKES:  A  FIVE  YEARS  WATER 
QUALITY  STUDY  IN  AN  EUTROPHIC  ECO- 
SYSTEM. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
J.  C.  Van  Der  Vlugt,  and  S.  P.  Klapwijk. 
Hydrobiological  Bulletin  HYBUD9,  Vol.  24,  No. 
1,  p  57-67,  July  1990.  9  fig,  2  tab,  18  ref. 

Descriptors:  'Comparison  studies,  'Eutrophic 
lakes,  *Eutrophication,  'Lake  restoration,  'Phos- 
phorus removal,  *Reeuwijk  Lakes,  *Water  quality, 
Aquatic  bacteria,  Biomass,  Chlorophyll  a.  Ecosys- 
tems, Lake  Elfhoeven,  Lake  Nieuwenbroek,  Lim- 
nology, Nitrogen,  Nutrients,  Phosphorus,  Rhine 
River  Basin,  Seasonal  variation,  The  Netherlands, 
Zooplankton. 

The  Reeuwijk  Lakes  (The  Netherlands)  present  a 
typical  example  of  eutrophication  in  the  lower 
Rhine  catchment  area.  In  1986,  restoration  of  these 
lakes  started  by  reducing  the  external  P-loading. 
Two  lakes:  Lake  Elfhoeven  and  Lake  Nieuwen- 
broek, differing  in  P-load  and  residence  time  were 
selected  for  monitoring  water  quality  parameters 
before  (1983-1985)  and  after  (1986-1987)  restora- 
tion measures.  Reduction  of  the  external  P-loading 
did  not  result  in  lower  P-concentrations  in  both 
lakes.  In  contrast,  P  and  N  increased.  This  may 
have  been  caused  by  an  increase  in  diffuse  charges. 
However,  seasonal  cycles  of  P  and  N  point  to  a 
strong  internal  loading  of  nutrients.  The  concentra- 
tions of  chlorophyll-a  and  carotene  decreased,  indi- 
cating a  lower  phytoplankton  biomass.  However, 
as  C-phycocyanine  concentrations  increased  the 
relative  abundance  of  cyanobacteria  became 
higher.  Seston  concentrations  and  zooplankton 
densities  did  not  change.  Transparency  in  the  lakes 


slightly  decreased  after  P-reduction  and  is  far  too 
low  for  the  development  of  any  vegetation  of 
submerged  waterplants.  The  typical  differences  be- 
tween both  lakes  remained  after  restoration  meas- 
ures. The  inverse  relationship  between  the  concen- 
trations of  chlorophyll-a  and  total  phosphorus  at 
the  two  sampled  stations  remained  constant.  The 
differences  in  phytoplankton  composition  and  the 
zooplankton  biomass  give  a  plausible  explanation 
for  this  inverse  relationship  between  the  two  sta- 
tions. Restoring  the  two  lakes  after  four  decades  of 
P-loading  cannot  be  done  by  simply  lowering  the 
external  P-load  alone.  Supplementary  in-lake  meas- 
ures may  accelerate  the  restoration  process.  (Au- 
thor's abstract) 
W9 1-04962 


MODELLING  PHOSPHORUS  FLUXES  IN 
THE  HYPERTROPHIC  LOOSDRECHT  LAKES. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
J.  H.  Janse,  and  T.  Aldenberg. 
Hydrobiological  Bulletin  HYBUD9,  Vol.  24,  No. 
1,  p  69-89,  July  1990.  14  fig,  33  ref,  append. 

Descriptors:  *Eutrophication,  'Lake  restoration, 
•Limnology,  'Loosdrecht  Lakes,  *ModeI  studies, 
•Phosphorus,  'Phosphorus  removal,  Algae, 
Carbon,  Chemical  interactions,  Chlorophyll  a, 
Comparison  studies,  Cycling  nutrients,  Detritus, 
Ecosystems,  Fish,  Interstitial  water,  Organizations, 
Phytoplankton,  Simulation  analysis,  Surface  water, 
The  Netherlands,  Zooplankton. 

A  dynamic  and  deterministic  model  simulates  the 
phosphorus  cycle  and  plankton  growth  in  the  shal- 
low, hypertrophic  Loosdrecht  Lakes  (The  Nether- 
lands) before  and  after  restoration  measures.  Beside 
inorganic  phosphorus  (SRP)  in  both  the  surface 
water  and  the  interstitial  water,  the  model  com- 
prises three  algal  groups,  zooplankton,  fish,  detri- 
tus, zoobenthos  and  upper  sediments  (all  modeled 
both  in  carbon  and  phosphorus).  Within  the  model 
system,  the  phosphorus  cycle  is  completely  closed. 
Carbon  and  phosphorus  are  described  independ- 
ently, so  that  the  dynamics  of  the  P/C  ratios  can 
be  modeled.  Sediment  processes  are  described  in  a 
simplified  form.  Simulated  values  are  largely 
within  the  observed  range.  The  detrital  fraction  of 
the  seston  (  =  phytoplankton  +  detritus)  varies 
from  50%  to  60%  in  summer,  to  about  90%  in  the 
winter.  SRP  in  the  surface  water  is  very  low 
during  most  of  the  year.  Sensitivity  for  external 
phosphorous  input  is  larger  for  algal  and  detrital  P 
than  for  algal  and  detrital  C  and  chlorophyll-a.  So 
the  P/C  ratio  of  the  seston  decreases  following 
restoration  measures  as  is  observed  in  the  lakes, 
while  the  much  higher  P/C  ratios  of  zooplankton 
and  fish  remain  constant.  Phosphorus  mobilization 
from  the  sediment  decreases  with  decreasing  exter- 
na] input.  Adaptation  of  the  model  system  to  the 
reduced  loading  takes  place  within  about  two 
years.  Sources  of  uncertainty  in  the  model  include 
the  limited  knowledge  on  selective  grazing  as  well 
as  on  mortality  and  mineralization  processes.  (Au- 
thor's abstract) 
W9 1-04963 


MODEL  ON  THE  COMPETITION  BETWEEN 
TWO  MACROPHYTE  SPECIES  IN  ACIDIFY- 
ING SHALLOW  SOFT-WATER  LAKES  IN  THE 
NETHERLANDS. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands).  Lab.  for  Eco- 
toxicology,  Environmental  Chemistry  and  Drink- 
ing Water. 
F.  G.  Wortelboer. 

Hydrobiological  Bulletin  HYBUD9,  Vol.  24,  No. 
1,  p  91-107,  July  1990.8  fig,  4  tab,  26  ref,  append. 

Descriptors:  'Acid  lakes,  'Acid  rain  effects, 
•Acidification,  'Competition,  'Limnology,  *Ma- 
crophytes,  'The  Netherlands,  'Water  pollution  ef- 
fects, Aquatic  plants,  Rushes,  Species  composition, 
Surface  water. 

To  predict  changes  in  vegetation  as  a  result  of 
acidification  in  Dutch  lakes,  a  mathematical  model 
was  formulated  which  describes  the  growth  of 
Littorella  uniflora  and  Juncus  bulbosus,  species 
characteristic  for  nonacidified  and  acidified  situa- 


tions, respectively.  The  2  species  compete  for  light, 
C02  and  nutrients.  The  model  integrates  current 
knowledge  about  the  ecophysiology  of  the  species. 
The  results  generated  by  the  model  are  similar  to 
field  data  concerning  dominance  of  the  species  in 
different  habitats.  L.  Uniflora  is  able  to  grow  well 
under  environmental  conditions  associated  with 
acidification  as  long  as  it  is  not  outcompeted  by  J. 
bulbosus.  (Author's  abstract) 
W9 1-04964 


EFFECTS  OF  INCREASING  ACIDITY  ON 
AQUATIC  PROTOZOAN  COMMUNITIES. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

B.  R.  Niederlehner,  and  J.  Cairns. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.  1/2,  p  183-196,  1990.  5  fig,  6  tab,  44  ref.  Air 
Force  Office  of  Scientific  Research  Grant  No.  85- 
0324. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
•Chronic  toxicity,  'Ecological  effects,  'Protozoa, 
•Species  diversity,  'Water  pollution  effects,  Acidi- 
ty, Algae,  Aquatic  fungi,  Bacteria,  Hydrogen  ion 
concentration,  Taxonomy. 

Laboratory  tests  were  conducted  to  evaluate  the 
chronic  effects  of  increased  acidity  on  protozoan 
communities.  Taxonomic  richness  of  the  protozoan 
component  of  these  communities  was  severely  af- 
fected at  pH  <  or  =  5.3.  Taxonomic  composition 
was  significantly  affected  at  much  higher  pH.  A 
permissible  concentration  was  defined  as  the  pH 
affecting  no  more  than  20%  of  the  species,  and 
estimated  from  concentration-response  regression 
as  6.92  (5.92  to  8.04)  pH  units.  Bacterial  abundance 
decreased  at  pH  levels  <  or  =  5.34  pH  units.  A 
similar  value  estimated  from  more  conventional 
chronic  toxicity  tests  were  6.28  (6.16  to  6.45)  pH 
units.  Other  nontaxonomic  responses  (e.g.,  bio- 
mass, algal  biomass,  fungal  biomass,  net  oxygen 
metabolism)  were  not  sensitive  to  increases  in  acid- 
ity. (Author's  abstract) 
W9 1-04976 


EFFECTS  OF  OZONE  AND  ACIDIC  PRECIPI- 
TATION ON  THE  GROWTH  AND  PHOTO- 
SYNTHESIS OF  RED  SPRUCE  AFTER  TWO 
YEARS  OF  EXPOSURE. 

Boyce  Thompson  Inst,  for  Plant  Research,  Ithaca, 

NY. 

R.  J.  Kohut,  J.  A.  Laurence,  P.  G.  Amundson,  R. 

M.  Raba,  and  J.  J.  Melkonian. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  51, 

No.   3/4,  p  277-286,   1990.  4  tab,  25  ref.  EPA- 

USDA  Forest  Service  Forest  Response  Program 

Grant  No.  23-115,  EPRI  Contract  RP2799-1. 

Descriptors:  'Acid  rain  effects,  'Air  pollution  ef- 
fects, 'Ozone,  'Plant  growth,  'Spruce  trees,  Acid- 
ity, Ecological  effects,  Hydrogen  ion  concentra- 
tion, Photosynthesis,  Seedlings,  Simulation  analy- 
sis, Stress. 

Although  the  agents  responsible  for  the  decline  of 
red  spruce  on  high  elevation  sites  in  the  northeast 
are  not  known,  03  and  acidic  rain  are  considered 
to  be  possible  contributing  stresses.  Research  from 
the  second  year  of  a  three  year  study  is  presented 
to  evaluate  and  quantify  the  influences  of  03  and 
acid  precipitation  on  seedling  red  spruce.  Two 
year  old  red  spruce  seedlings  were  exposed  to  03 
at  4  levels  (approximately  0.5,  1.0,  1.5,  and  2.0 
times  ambient  03  concentration)  and  simulated 
acid  precipitation  at  3  levels  (pH  3.1,  4.1,  and  5.1) 
in  open  top  chambers.  The  exposures  occurred 
during  June  through  October,  1988  after  the  seed- 
lings had  been  exposed  to  the  pollutants  the  previ- 
ous year.  At  three  intervals  during  the  exposure 
period,  seedlings  were  harvested  and  the  effects  of 
the  pollutant  treatments  were  assessed  by  measur- 
ing the  length  of  the  1988  terminal  shoot,  the 
number  and  length  of  branches,  the  dry  mass  of 
stems,  needles  and  roots,  and  rate  of  photosynthe- 
sis. There  were  no  significant  effects  of  03  on  any 
of  the  growth  variables  or  on  photosynthesis. 
There  was  a  significant  effect  of  pH  on  photosyn- 
thesis. Rates  of  photosynthesis  increased  as  acidity 
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of  the  treatment  increased.  However,  the  higher 
rates  of  photosynthesis  were  not  reflected  in  an 
increased  biomass  of  the  seedlings.  Significant  03 
by  pH  interactions  occurred  for  several  growth 
variables.  (Author's  abstract) 
W91-04981 


DNA   DAMAGE   DETERMINATION   BY  THE 

ALKALINE  ELUTION  TECHNIQUE  IN  THE 

HAEMOLYMPH  OF  MUSSEL  MYTILUS  GAL- 

LOPROVTNCIALIS  TREATED  WITH 

BENZO(A)PYRENE      AND     4-NITROQUINO- 

LINE-N-OXIDE. 

Institut    Rudjer    Boskovic,    Rovinj    (Yugoslavia). 

Centar  za  Istrazivanje  Mora. 

N.  Bihari,  R.  Batel,  and  R.  K.  Zahn. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  1,  p 

13-22,  November  1990.  3  fig,  3  tab,  36  ref. 

Descriptors:  *Benz(a)pyrene,  *DNA,  'Laboratory 
methods,  'Mussels,  'Nitroquinoline,  'Water  pollu- 
tion effects,  Chemical  analysis,  Genotoxicity,  Or- 
ganic compounds,  Toxicity. 

The  ability  of  benzo(a)pyrene  (BaP)  and  4-nitro- 
quinoline-N-oxide  (NQO)  to  induce  DNA  break- 
age in  hemolymph  of  the  mussel  Mytilus  gallopro- 
vincialis  was  studied  using  an  alkaline  elution 
assay.  The  elution  of  hemolymph  DNA  from  con- 
trol animals  increased  from  pH  12.1-12.8,  suggest- 
ing that  DNA  alkali-labile  sites  are  already  present 
in  the  hemolymph.  The  difference  between  control 
and  treated  mussels  is  sufficient  at  pH  12.3  that 
additional  alkali-labile  sites  and  single  strand  breaks 
caused  by  BaP  and  NQO  can  be  measured.  Elution 
of  hemolymph  DNA  from  both  BaP  and  NQO 
treated  mussels,  increased  in  a  dose  dependent 
manner  after  1.5  hours,  followed  by  a  decrease  in 
the  elution  rate  depending  on  dose,  after  48  hours 
for  BaP  and  5  days  for  NQO.  The  results  indicate 
that  the  repair  of  DNA  in  mussel  hemolymph  is 
significant  and  dependent  on  the  dose  of  chemical 
applied.  DNA  damage  in  BaP  treated  mussels 
could  be  explained  by  the  formation  of  peroxides 
and/or  radicals  during  low  BaP  metabolism,  and 
their  effects  on  DNA.  (Author's  abstract) 
W9 1-04991 


index  were  significantly  higher  than  in  the  control. 
Results  of  this  study  may  be  useful  in  predicting 
the  impact  of  similar  toxic  stress  on  natural  ecosys- 
tems. (Author's  abstract) 
W9 1-04992 


SUBLETHAL  PHYSIOLOGICAL  CHANGES  IN 
FRESHWATER  CRAYFISH,  ASTACUS  ASTA- 
CUS,  EXPOSED  TO  NITRITE:  HAEMOLYMPH 
AND  MUSCLE  TISSUE  ELECTROLYTE 
STATUS,  AND  HAEMOLYMPH  ACID-BASE 
BALANCE  AND  GAS  TRANSPORT. 
Odense  Univ.  (Denmark).  Biological  Inst. 
F.  B.  Jensen. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  1,  p 
51-60,  November  1990.  5  fig,  16  ref. 

Descriptors:  'Animal  physiology,  'Crayfish,  'Ni- 
trites, 'Sublethal  effects,  'Toxicity,  'Water  pollu- 
tion effects,  Hemolymph,  Physiological  ecology, 
Tissue  analysis. 

Crayfish,  Astacus  astacus,  were  exposed  to  0.8mM 
environmental  nitrite  for  up  to  seven  days  to  inves- 
tigate nitrite-induced  pertubations  of  crustacean 
homeostasis.  Nitrite  accumulation  in  the  hemo- 
lymph to  8-10  mM  within  two  days,  whereafter  the 
extracellular  concentration  remained  constant. 
This  was  associated  with  a  substantial  decrease  in 
hemolymph  chloride  and  a  smaller  decrease  in 
sodium,  whereas  other  hemolymph  ions  (potassi- 
um, calcium,  magnesium,  bicarbonate  and  lactate) 
were  unchanged.  In  muscle,  a  pronounced  de- 
crease in  potassium  concentration  occurred, 
whereas  sodium,  calcium  and  magnesium  concen- 
trations were  unaffected.  It  is  proposed  that  K 
efflux  from  intercellular  compartments  constitute  a 
general  response  to  nitrite.  The  extracellular  acid 
base  status  changed  toward  a  respiratory  alkalosis. 
Hemolymph  P02  increased  and  the  hemocyanin 
concentration  decreased.  The  respiratory  pigment 
itself  appeared  only  marginally  affected  by  nitrite. 
Oxygen  transport  accordingly  was  not  severely 
perturbed,  and  lactate  levels  remained  low.  (Au- 
thor's abstract) 
W9 1-04994 


EFFECTS  OF  SEDIMENT-ASSOCIATED 
COPPER  ON  ECOLOGICAL  STRUCTURE  AND 
FUNCTION  OF  AQUATIC  MICROCOSMS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 
V.  S.  Scanferlato,  and  J.  Cairns. 
Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  1,  p 
23-34,  November  1990.  2  fig,  3  tab,  24  ref. 

Descriptors:  'Copper,  'Path  of  pollutants,  'Sedi- 
ment contamination,  'Toxicity,  'Water  pollution 
effects,  Adenosine  triphosphate,  Biomass,  Chloro- 
phyll a,  Ecotoxicology,  Heavy  metals,  Productivi- 
ty, Respiration. 

The  fate  and  effects  of  sediment-associated  copper 
(Cu)  on  the  structure  and  function  of  aquatic  com- 
munities were  studied  in  aquatic  microcosms  that 
were  constructed  from  naturally  derived  water  and 
sediment.  Sediment  was  spiked  with  nominal  Cu 
concentrations  of  0,  10,  100,  or  1000  mgAg  dry 
sediment.  Copper  partitioning  between  sediment 
particles,  pore  water,  and  overlying  water  was 
followed  in  an  8  week  long  experiment.  Most  of 
the  added  Cu  was  bound  to  sediment  particles. 
There  was  no  evidence  that  the  structural  or  func- 
tional measures  were  affected  in  microcosms  con- 
taining the  nominal  concentration  of  10  mg  CuAg 
sediment.  In  100  mgAg  microcosms,  with  Cu  con- 
centrations of  about  0.5  mg/L  of  overlying  water, 
chlorophyll-a  content  and  respiration  significantly 
decreased  compared  to  the  control.  The  failure  to 
detect  significant  impacts  on  other  structural  and 
functional  attributes  probably  resulted  from  the 
high  variability  of  the  nontaxonomic  attributes  and 
the  displacement  of  species  sensitive  to  Cu  by  the 
tolerant  species.  In  microcosms  containing  the 
nominal  concentration  of  1000  mg  CuAg  (about  20 
mg  Cu/L  of  overlying  water),  the  community 
showed  a  significant  decrease  in  production,  respi- 
ration, respiration/biomass  ratio,  ATP,  and  chloro- 
phyll-a;   the    assimilation    ratio    and    autotrophic 


INCIDENT  OF  SOUTHERN  OCEAN  OIL  POL- 
LUTION: EFFECTS  OF  A  SPILLAGE  OF 
DIESEL  FUEL  ON  THE  ROCKY  SHORE  OF 
MACQUARIE  ISLAND  (SUB-ANTARCTIO. 

University  of  New  England,  Armidale  (Australia). 
Dept.  of  Zoology. 

A.  Pople,  R.  D.  Simpson,  and  S.  C.  Cairns. 
Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  41,  No.  5,  p  603-620,  1990. 
1 1  fig,  3  tab,  23  ref,  append. 

Descriptors:  'Antarctic,  'Macquarie  Island, 
'Marine  environment,  'Oil  spills,  'Water  pollution 
effects,  Algae,  Ecological  effects,  Invertebrates, 
Littoral  zone,  Oil  pollution,   Population  density. 

On  December  3,  1987,  the  Australian  resupply  ship 
Nella  Dan  ran  aground  at  Macquarie  Island,  releas- 
ing approximately  270,000  L  of  oil,  mostly  light 
marine  diesel,  into  the  sea.  This  represented  one  of 
the  few  spills  to  have  occurred  in  southern  hemi- 
sphere cold  waters.  Following  the  spill,  thousands 
of  marine  invertebrates  were  washed  up  dead  on 
beaches  along  2  km  of  the  shore.  Twelve  months 
after  the  spill,  a  study  was  conducted  to  examine 
the  shore  community  in  5  zones  at  2  oil  affected 
and  two  control  locations.  Three  sites  were  exam- 
ined within  each  of  these  locations.  Densities  of 
marine  invertebrates  appear  to  have  been  markedly 
reduced  in  the  lower  littoral  and  sublittoral  zones 
in  the  vicinity  of  the  wreck.  In  the  upper  littoral 
zones,  algal  cover  and  invertebrate  abundance 
were  similar  at  oil-affected  and  control  locations. 
The  significance  of  the  spill  and  its  long-term 
effects  require  continued  monitoring.  Such  moni- 
toring will  add  to  the  knowledge  of  long-term  oil 
pollution  effects  on  marine  communities.  Densities 
of  affected  invertebrates,  particularly  N.  macquar- 
iensis,  should  be  determined,  preferably  in  the 
Lower  Red  zone.  In  addition,  knowledge  of  the 
size  classes  (juvenile  vs.  adult)  of  recolonizing  indi- 
viduals may  indicate  their  origin.  Monitoring 
should  be  conducted  at  least  at  the  heavily  oil 
affected  location  and  at  control  sites.  (Lantz-PTT) 


W9 1-05005 


ORGANOCHLORINE  CONTAMINANTS  IN 
EGGS  AND  TISSUE  OF  WOOD  DUCKS  FROM 
MISSISSIPPI. 

Mississippi    Cooperative    Fish    and    Wildlife    Re- 
search Unit,  Mississippi  State. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05009 


ACUTE  TOXICITY  TO  FRESHWATER 
BENTHIC  MACROINVERTEBRATES  OF  FLU- 
ORIDE ION  (F-)  IN  SOFT  WATER. 

Instituto    Nacional    de    Investigaciones   Agrarias, 

Madrid  (Spain).  Centro  de  Investigacion  y  Tecno- 

logia. 

J.  A.  Camargo,  and  J.  V.  Tarazona. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  6,  p  883-887, 

December  1990.  3  tab,  16  ref. 

Descriptors:  'Benthic  environment,  'Fluorides, 
'Macroinvertebrates,  'Toxicity,  'Water  pollution 
effects,  Acute  toxicity,  Aquatic  insects,  Daphnia, 
Freshwater,  Spain,  Water  quality  standards. 

Fluoride  acute  toxicity  was  investigated  in  five 
species  of  aquatic  insect  larvae  which  are  ordinary 
benthic  macroinvertebrates  in  rivers  from  the  Ibe- 
rian Peninsula.  Last  instar  of  trichoptera  aquatic 
larvae  were  collected  from  fluoride  unpolluted 
areas  of  Spanish  rivers:  Chimarra  marginatta  Lin- 
naeus, Hydropsyche  lobata  MacLachlan  and  Hy- 
dropsyche  bulbifera  MacLachlan  from  Rio  Aulen- 
cia  (Madrid),  Hydropsyche  exocellata  Dufor  from 
Rio  Jarama  (Madrid),  and  Hydropsyche  pelluci- 
dula  Curtis  from  Rio  Duration  (Segovia).  In  the 
laboratory,  test  organisms  were  randomly  selected 
and  placed  into  test  aquaria.  Fluoride  concentra- 
tions were  monitored  daily.  There  were  no  dead 
animals  in  sodium  and  conductivity  controls  after 
96  hour  exposures  to  sodium  chloride.  Simple  com- 
parison of  median  lethal  concentrations  for  the  five 
species  indicate  that  H.  bulbifera  and  H.  exocellata 
are  the  most  sensitive  species  to  fluoride,  since 
their  96-hr  LC50s  are  smallest  and  their  95%  confi- 
dence limits  do  not  significantly  overlap  with  the 
95%  confidence  limits  of  the  other  species  tested. 
This  may  indicate  that  some  freshwater  benthic 
macroinvertebrates  like  H.  bulbifera  and  H.  exocel- 
lata can  be  more  sensitive  than  freshwater  fish  to 
fluoride  ion.  Water  quality  criteria,  based  on  the 
more  sensitive  species,  should  provide  adequate 
protection  to  fluoride  pollution.  (Lantz-PTT) 
W91-05010 


SEASONAL  LETHALITY  OF  PENTACHLORO- 
PHENOL  TO  JUVENILE  ATLANTIC 
SALMON. 

Department  of  Fisheries  and  Oceans,  St.  Andrews 

(New  Brunswick).  Biological  Station. 

L.  E.  Burridge,  and  K.  Haya. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  6,  p  888-892, 

December  1990.  1  tab,  10  ref. 

Descriptors:  'Laboratory  methods,  'Pentachloro- 
phenol,  'Salmon,  'Seasonal  variation,  'Toxicity, 
'Water  pollution  effects,  Hydrogen  ion  concentra- 
tion, Lethal  limit,  Organic  compounds,  Phenols, 
Temperature,  Zinc. 

Pentachlorophenol  (PCP)  is  a  broad  spectrum  bio- 
cide.  It  has  been  suggested  that  pentachlorophenol 
and  its  sodium  salt,  sodium  pentachlorophenate,  be 
used  as  a  reference  toxicant  for  fish  studies.  Results 
are  reported  of  a  2-year  study  in  which  juvenile 
Atlantic  salmon  (Salmo  salar)  were  exposed  to 
PCP  in  a  series  of  lethality  tests  to  determine  if  the 
lethality  of  this  compound  is  effected  by  the  time 
of  year  of  exposure.  There  appears  to  be  no  differ- 
ence in  lethality  of  PCP  to  juvenile  Atlantic 
salmon  with  season.  The  range  of  LC50  values  (58 
to  127  microg/L)  suggest  that  there  is  some  differ- 
ence in  sensitivity;  however,  there  is  no  clear  sea- 
sonal trend.  No  significant  size  effects  on  lethality 
were  apparent.  A  linear  regression  of  weight 
versus  LC50  (over  a  2-year  period)  reveals  no 
significant  correlation  between  these  factors  (p  > 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5C— Effects  Of  Pollution 

.05).  Any  significant  differences  in  lethality  meas- 
urements would  then  be  attributed  to  lab  or  stock 
differences  or  indicative  of  other  mitigative  factors 
such  as  stress.  (Lantz-PTT) 
W9 1-050 11 


TOXICITY  OF  MERCURY  TO  THE  FRESHWA- 
TER MALE  AND  FEMALE  FIELD  CRABS, 
PARATELPHUSA  HYDRODROMOUS 

(HERBST)  (DECAPODA:  BRACHYURA). 

Andhra  Univ.,  Waltair  (India).  Dept.  of  Zoology. 
K.  V.  V.  Ananthalakshmikumari,  K. 
Shyamasundari,  and  K.  H.  Rao. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  45,  No.  6,  p  900-906, 
December  1990.  2  fig,  3  tab,  18  ref. 

Descriptors:  'Bioindicators,  'Crabs,  'Mercury, 
•Toxicity,  'Water  pollution  effects,  Crustaceans, 
Ecotoxicology,  Heavy  metals,  Lethal  limit,  Mor- 
tality. 

Freshwater  organisms  are  known  to  be  susceptible 
to  mercury  contaminants,  but  there  is  no  detailed 
account  on  the  acute  toxicity  of  mercury  to  the 
crab  Paratelphusa  hydrodromous.  This  work  was 
designed  to  calculate  the  LC50,  standard  error 
values,  and  their  95%  fiducial  limits  of  mercury  to 
P.  hydrodromous  under  static  conditions.  Static 
bioassays  were  conducted  on  the  freshwater  crab 
P.  hydrodromous.  The  heavy  metal  used  for  the 
test  was  HgC12  (analytical  grade).  There  was  a 
difference  in  the  sensitivity  of  male  and  female 
crabs  when  exposed  to  mercury.  The  lethal  con- 
centrations of  mercury  were  higher  for  females 
than  males,  which  may  be  attributable  to  the  lipo- 
philic compounds  stored  in  fat  deposits  which  act 
as  a  reservoir,  temporarily  removing  the  insecti- 
cide from  circulation.  The  mortality  of  mercury  in 
both  sexes  increases  with  increased  time  of  expo- 
sure. Lethal  concentration  values  decrease  with 
exposure  time.  Because  of  their  sensitivity  to  many 
pollutants,  crabs  should  be  used  as  predictors  of 
adverse  conditions  of  the  environment.  (Lantz- 
PTT) 
W9 1-050 13 


TRACE  AND  HEAVY  METALS  IN  THE 
OYSTER  CRASSOSTREA  VIRGIN1CA,  SAN 
ANDRES  LAGOON,  TAMAULIPAS,  MEXICO. 

Universidad     Nacional     Autonoma    de    Mexico, 

Mexico  City.  Inst,  de  Ciencias  del  Mar  y  Limnolo- 

gia. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-050 14 


TOXICITY  TESTING  WITH  FRESHWATER 
ALGAE  IN  RIVER  PERTYAR  (INDIA). 

Cochin   Univ.   (India).   School  of  Environmental 

Studies. 

C.  M.  Joy. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  45,  No.  6,  p  915-922, 

December  1990.  2  fig,  4  tab,  21  ref. 

Descriptors:  'Algae,  'Industrial  wastewater,  *Per- 
iyar  River,  'Toxicity,  'Water  pollution  effects, 
Bioassay,  Ecotoxicology,  India,  Lethal  limit. 

An  investigation  was  conducted  to  determine  the 
effect  of  a  fertilizer  factory  effluent  on  two  species 
of  unicellular  algae.  A  prediction  for  the  probable 
effect  of  continued  discharge  of  waste  is  proposed. 
Laboratory  studies  were  conducted  on  axenic  cul- 
tures of  two  freshwater  algae:  Nitzschia  palea  and 
Oocystis  pusilla  isolated  from  the  upstream  area  of 
the  Periyar  River.  Preliminary  range  finding  tests 
revealed  that  the  effluent  was  inhibitory  to  the 
growth  of  the  test  species  and  their  relative  toler- 
ance varied.  The  effluent  significantly  inhibited  the 
rate  of  cell  multiplication  and  production  of  chlo- 
rophyll-a,  -c,  and  carotenoids  of  N.  palea  at  all 
concentrations  tested.  Inhibition  of  growth  (EC50) 
occurred  at  74%  concentration  of  the  effluent.  The 
growth  of  O.  pusilla  was  stimulated  by  5%  effluent 
and  at  10%  was  similar  to  that  of  the  control.  As 
the  concentration  increased,  the  growth  rate  de- 
clined. Fifty  percent  of  growth  was  observed  at 
21%  effluent  concentration.  These  results  suggest 
that  the  response  to  a  particular  industrial  effluent 


is  dependent  upon  species  as  well  as  concentration. 
The  industrial  effluents  affect  primary  production 
either  by  increased  light  attenuation  or  direct  phy- 
totoxicity  or  physiological  stress.  The  results  fur- 
ther indicate  that  the  discharge  in  the  Periyar 
River  during  premonsoon  months  is  inadequate  to 
dilute  the  effluent  to  a  safe  level.  (Lantz-PTT) 
W9 1-050 15 


TOXICITY  OF  CHAUTAUQUA  LAKE  BRIDGE 
RUNOFF  TO  YOUNG-OF-THE-YEAR  SUN- 
FISH  (LEPOMIS  MACROCHIRUS). 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

L.  Adams  Kszos,  J.  D.  Winter,  and  T.  A.  Storch. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  45,  No.  6,  p  923-930, 
December  1990.  2  fig,  2  tab,  22  ref. 

Descriptors:  'Chautauqua  Lake,  'Deicers,  'High- 
way effects,  'Nonpoint  pollution  sources,  'Sun- 
fish,  'Toxicity,  'Water  pollution  effects,  Bioassay, 
Cadmium,  Heavy  metals,  Highways,  Sodium  chlo- 
ride, Urban  runoff,  Zinc. 

Runoff  from  roadways  is  a  common  nonpoint 
source  of  water  pollution.  Ice-control  chemicals 
contribute  significantly  to  nonpoint  water  pollution 
in  the  snow  belt  region  of  the  United  States.  The 
annual  use  of  highway  deicers,  for  example  is 
about  8-9  million  metric  tons  of  NaCl,  0.3  million 
metric  tons  of  CaC12,  and  7  million  metric  tons  of 
abrasives.  Several  studies  suggest  that  deicing  salts 
contribute  to  increased  concentrations  of  chloride 
in  receiving  waters.  In  addition,  many  studies  have 
shown  that  NaCl  and  metals  can  be  toxic  to  fish.  A 
study  of  Chautauqua  Lake  Bridge,  in  western  New 
York,  runoff  toxicity  on  sunfish  further  illustrates 
this  toxicity.  NaCl  appeared  to  be  the  major  con- 
tributor to  the  toxicity  of  runoff  from  the  Chautau- 
qua Lake  bridge  in  laboratory  bioassays.  However, 
concentrations  of  Zn  and  Cd  present  in  the  50% 
winter  runoff  were  in  the  range  reported  to  be 
toxic  to  fish,  and  may  have  been  additive  or  syner- 
gistic with  the  NaCl  toxicity  in  the  laboratory 
bioassays.  Because  runoff  from  the  Chautauqua 
Lake  bridge  will  be  greatly  diluted  when  it  enters 
the  lake,  it  is  unlikely  that  the  bridge  runoff  will  be 
toxic  to  fish  in  the  lake.  However,  if  runoff  compa- 
rable to  that  which  enters  Chautauqua  Lake  during 
the  winter  were  to  enter  a  much  smaller  body  of 
water,  the  NaCl  would  probably  cause  significant 
harm  to  freshwater  organisms.  (Lantz-PTT) 
W9 1-050 16 


NON-O  GROUP  1  VIBRIO  CHOLERAE:  A 
LOOK  AT  THE  EPIDEMIOLOGY  OF  AN  OC- 
CASIONAL PATHOGEN. 

Maryland  Univ.  at  Baltimore.  School  of  Medicine. 
J.  G.  Morris. 

Epidemiologic  Reviews  EPIRD7,  Vol.  12,  p  179- 
191,  1990.  6  tab,  85  ref. 

Descriptors:  'Enteric  bacteria,  'Epidemiology, 
'Human  diseases,  'Pathogenic  bacteria,  'Water 
pollution  effects,  Aquatic  bacteria,  Gastroenteritis, 
Human  pathogens,  Shellfish,  Vibrio,  Water  pollu- 
tion. 

Non-Ol  Vibrio  cholerae  is  a  ubiquitous  environ- 
mental isolate.  The  principle  reservoir  for  non-Ol 
V.  cholerae  appears  to  be  the  aquatic  environment; 
non-Ol  strains  are  part  of  the  normal  autochthon- 
ous bacterial  flora  in  estuarine  environments.  It  is  a 
common  contaminant  of  shellfish,  and  in  the  devel- 
oping world,  it  is  frequently  isolated  from  food  and 
water.  Asymptomatic  carriage  rates  approaching 
4%  have  been  described  among  persons  involved 
in  high-risk  activities,  such  as  eating  oysters  in 
New  Orleans  or  going  on  a  pilgrimage  to  Mecca. 
The  actual  occurrence  of  the  disease  appears  to  be 
much  less  common.  Non-Ol  V.  cholerae  is  an 
'occasional'  pathogen  which  may  be  responsible 
for  outbreaks  or  high  frequency  of  isolation  in 
certain  areas  at  specific  times  but  which  generally 
ranks  as  a  minor  cause  of  diarrheal  disease.  While 
host  susceptibility  and  infectious  dose  may  help 
explain  the  relatively  infrequent  occurrence  of 
non-Ol  V.  cholerae-associated  disease,  it  also  ap- 
pears likely  that  only  a  small  minority  of  strains 
carry  the  necessary  virulence  factors  to  cause  gas- 


troenteritis. There  does  not  appear  to  be  a  single 
mechanism  by  which  the  organisms  cause  diarrhea; 
it  is  likely  that  a  heterogeneous  pattern  of  viru- 
lence mechanisms,  similar  to  that  seen  among  diar- 
rhea-genic  E.  coli,  will  be  found.  (MacKeen-PTT) 
W9 1-05037 


EPISODIC  POLLUTION:  CAUSES,  TOXICO- 
LOGICAL  EFFECTS  AND  ECOLOGICAL  SIG- 
NIFICANCE. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

C.  P.  McCahon,  and  D.  Pascoe. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

375-383,  1990.  3  fig,  2  tab,  67  ref. 

Descriptors:  'Acid  rain  effects,  'Environmental 
effects,  'Testing  procedures,  'Toxicology,  'Water 
pollution,  'Water  pollution  effects,  Aluminum, 
Aquatic  organisms,  Bioindicators,  Dissolved 
oxygen,  Episodic  pollution,  Farm  wastes,  Field 
tests,  Invertebrates,  Laboratory  methods,  Liming, 
Simulation  analysis,  Toxicity. 

The  importance  of  episodic  pollution  is  discussed 
along  with  methods  for  field  and  laboratory  simu- 
lations of  such  events.  In  episodic  toxicity  testing 
procedures,  a  range  of  factors  can  influence  the 
organism  and  ecosystem  response  to  a  toxicant: 
duration,  concentration  and  amplitude  of  the  epi- 
sode, frequency  of  event,  absorption,  degradation 
and  recovery  rates.  Since  the  occurrence  of  epi- 
sodic pollution  incidents  generally  cannot  be  pre- 
dicted, its  study  relies  heavily  on  simulations.  Field 
simulations  of  acid  episodes  have  indicated  that 
aluminum  at  low  pH  is  the  most  damaging  combi- 
nation of  the  conditions  tested  and  that  fish  were 
less  tolerant  than  invertebrates.  The  practice  of 
adding  limestone  to  chronically  acid  streams  in  an 
attempt  to  raise  the  pH  and  reduce  aluminum 
toxicity  was  shown  to  have  limited  effectiveness  in 
simulation  studies.  Field  simulations  of  farm  waste 
pollution  indicated  that  stoneflies  and  mayflies 
were  the  most  sensitive  to  conditions  of  reduced 
dissolved  oxygen.  Laboratory  simulations  have 
been  used  to  study  post-exposure  lethal  and  sub- 
lethal responses  to  pulses  of  toxicants  such  as  cad- 
mium. It  is  recommended  that  modifications  of 
standard  toxicity  tests  be  made  to  allow  the  study 
of  brief  exposure  to  toxicants  to  be  incorporated  in 
the  hazard  evaluation  process.  (MacKeen-PTT) 
W9 1-05039 


INTERACTIONS  BETWEEN  THE  SURFACE 
OF  RAINBOW  TROUT,  ONCORHYNCHUS 
MYKISS,  AND  WATERBORNE  METAL  TOXI- 
CANTS. 

Dundee  Univ.  (Scotland).  Dept.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05040 


PRELIMINARY  OBSERVATIONS  ON  THE  EC- 
OLOGICAL RELEVANCE  OF  THE  GAM- 
MARUS  'SCOPE  FOR  GROWTH'  ASSAY: 
EFFECT  OF  ZINC  ON  REPRODUCTION. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 
Plant  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05041 


CLONAL  VARIATION  IN  GENERAL  RE- 
SPONSES OF  DAPHNIA  MAGNA  STRAUS  TO 
TOXIC  STRESS:  I.  CHRONIC  LIFE-HISTORY 
EFFECTS. 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

D.  J.  Baird,  I.  Barber,  and  P.  Calow. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

399-407,  1990.  6  fig,  20  ref.  NERC  Grant  TFS/86/ 

AnE/4. 

Descriptors:  'Bioindicators,  'Cadmium,  'Daphnia, 
•Heavy  metals,  'Pesticide  residues,  'Water  pollu- 
tion effects,  Acute  toxicity,  Chronic  toxicity,  Ge- 
netic variation,  Lethal  limit,  Life  history  studies, 
Waterfleas. 
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The  responses  of  different  genotypes  of  the  par- 
thenogenetic  cladoceran  Daphnia  magna  Straus  to 
acute  and  chronic  exposures  of  cadmium  and  the 
non-polar  organic  pesticides  residue,  3,4-dichlor- 
oaniline  (DCA),  were  investigated.  Large  differ- 
ences in  interclonal  responses  were  observed  in 
acute  tolerance  to  cadmium,  with  LC50  values 
ranging  from  0.06  to  >  100  ppb.  Interclonal  varia- 
tion in  chronic  stress  tolerance  was  also  observed, 
although  in  this  case  differences,  though  signifi- 
cant, were  relatively  small  (effective  concentra- 
tions 25-50  ppb  for  DCA  and  0.6-6.0  ppb  for 
cadmium).  Deleterious  effects  on  life-history  varia- 
bles and  energy  allocation  followed  the  same  pat- 
tern for  all  clones  exposed  to  both  toxicants.  It  is 
concluded  that  specific  mechanisms  (e.g.  metal- 
lothionein  detoxification  of  heavy  metals)  domi- 
nate differences  in  acute  responses,  whereas  gener- 
al mechanisms  (relating  to  energy  supply  and 
demand)  dominate  in  chronic  responses.  (See  also 
W9 1-05043)  (Author's  abstract) 
W9 1-05042 

CLONAL  VARIATION  IN  GENERAL  RE- 
SPONSES OF  DAPHNIA  MAGNA  STRAUS  TO 
TOXIC  STRESS:  II.  PHYSIOLOGICAL  EF- 
FECTTS 

Sheffield  Univ.  (England).  Dept.  of  Animal  and 

Plant  Sciences. 

I.  Barber,  D.  J.  Baird,  and  P.  Calow. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

409-414,  1990.  4  fig,  21  ref.  NERC  Grant  TFS/86/ 

AnE/4. 

Descriptors:  •Bioindicators,  'Cadmium,  'Daphnia, 
•Heavy  metals,  *Pesticide  residues,  'Water  pollu- 
tion effects,  Acute  toxicity,  Chronic  toxicity,  Eco- 
toxicology,  Genetic  variation,  Oxygen  consump- 
tion, Physiology,  Proteins,  Waterfleas. 

Changes  in  protein  turnover  and  their  metabolic 
costs  are  thought  to  play  an  important  role  in  the 
general  response  of  animals  to  toxicants.  Making 
use  of  genetic  differences  in  the  tolerance  of  differ- 
ent clones  of  Daphnia  magna  Straus,  a  partheno- 
genetic  cladoceran  extensively  used  in  ecotoxicolo- 
gical  tests,  responses  to  cadmium  and  the  non-polar 
organic  pesticide  residue,  3,4-dichloroaniline 
(DCA),  were  investigated.  Irrespective  of  toler- 
ances, there  was  evidence  that  all  clones  showed 
an  increase  in  protein  turnover  and  associated  in- 
creases in  respiratory  maintenance  costs  under 
toxic  stress,  indicating  the  deployment  of  a  general 
stress  response.  One  clone  that  was  least  sensitive 
to  DCA  showed  a  more  extreme  form  of  these 
responses.  It  was  concluded  that  there  is  consider- 
able convergence  between  clones  of  Daphnia 
magna  in  metabolic  responses  to  chronic  exposure 
to  toxicants.  (See  also  W9 1-05042)  (Author's  ab- 
stract) 
W9 1-05043 


paraquat).  Antioxidant  enzymes  (superoxide  dismu- 
tase  (SOD),  catalase,  glutathione  peroxidase, 
NAD(P)H-DT-diaphorase)  and  free  radical  scav- 
engers (glutathione,  vitamins  A,  C  and  E,  beta- 
carotene)  are  present  in  molluscan  tissues.  Poten- 
tial sources  of  pollutant-enhanced  oxyradical  gen- 
eration include  uptake  of  redox  cycling  xenobio- 
tics,  elevation  of  cytochrome  P-450  and  cytoch- 
rome P-450  reductase,  and  biotransformation  of 
BaP  and  other  polycyclic  aromatic  hydrocarbons 
to  redox  cycling  quinones.  Transient  increases  in 
antioxidant  enzymes  occurred  with  exposure  of 
bivalves  to  paraquat,  BaP  or  menadione.  Increases 
in  lipid  peroxidation  also  were  indicated.  Future 
studies  should  concentrate  on  demonstrating  oxyr- 
adical production  in  vivo  and  on  examining  the 
link  between  oxidative  damage  and  animal  fitness. 
(Author's  abstract) 
W9 1-05044 

EFFECTS  OF  TBT  CONTAMINATION  ON  NU- 
CELLA  POPULATIONS. 

Liverpool  Univ.,  Port  Erin  (England).  Dept.  of 
Marine  Biology.  _ 

S.  K.  Spence,  G.  W.  Bryan,  P.  E.  Gibbs,  D. 
Masters,  and  L.  Morris. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 
425-432,  1990.  4  fig,  1  tab,  34  ref.  NERC  Grant 
TFS/86/ AnE/2,  Dept.  of  Environment  Contracts 
DGR  480/51,  PECD  7/7/113  and  226,  and  EEC 
Contracts  ENV-686-UK(H)  and  ENV-687-UK(H). 

Descriptors:  *Antifoulants,  *Aquatic  animals, 
♦Bioindicators,  *Coasts,  *Organotin  compounds, 
•Path  of  pollutants,  *Water  pollution  effects,  Eng- 
land, Gastropods,  Imposex,  Isle  of  Man,  Physiolo- 
gy, Population  density,  Population  exposure. 

Leachates  from  tributyltin  (TBT)  based  antifouling 
paints  have  been  shown  to  induce  the  superimposi- 
tion  of  male  characteristics  on  females  (imposex)  in 
the  dogwhelk,  Nucella  lapillus  (L.).  The  use  of 
imposex  in  Nucella  as  an  indicator  of  TBT  pollu- 
tion showed  widespread  TBT  contamination  in 
Britain.  Contamination  is  localized  close  to  the 
source  in  most  of  the  country,  with  the  exception 
of  the  south  coast  where  boating  activity  is  intense. 
Investigation  of  paired  shores  along  an  unconta- 
minated  and  contaminated  wave  exposure  gradient 
on  the  Isle  of  Man  showed  natural  changes  that 
occur  in  population  structure  and  the  decline  in 
abundance  due  to  TBT  contamination.  Barnacle 
and  fucoid  algae  cover  estimates  suggested  that 
dogwhelk  abundance  declines  with  reduced  prey 
abundance.  On  semi-exposed  shores  the  natural 
cycle  of  barnacle/fucoid  domination  may  be  affect- 
ed by  a  decline  in  dogwhelk  population.  It  is 
concluded  that  imposex  in  dogwhelks  may  be  used 
as  an  ecological  index  of  TBT  pollution.  (MacK- 
een-PTT) 
W9 1-05045 


OXYRADICAL  PRODUCTION  AS  A  POLLU- 
TION-MEDIATED MECHANISM  OF  TOXICI- 
TY IN  THE  COMMON  MUSSEL,  MYTILUS 
EDULIS  L.,  AND  OTHER  MOLLUSKS. 

Plymouth  Marine  Lab.  (England). 

D.  R.  Livingstone,  P.  Garcia  Martinez,  X.  Michel, 

J.  F.  Narbonne,  and  S.  O'Hara. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

415-424,  1990.  2  tab,  66  ref. 

Descriptors:  'Enzymes,  *Mollusks,  'Toxicity, 
•Water  pollution  effects,  Benz(a)pyrene,  Herbi- 
cides, Hydrogen  peroxide,  Hydroxyl  radical,  Mus- 
sels, Oxidation-reduction,  Oxyradicals,  Paraquat, 
Pesticide  toxicity,  Polycyclic  aromatic  hydrocar- 
bons,  Redox  cycling,   Superoxide  anion  radical. 

Normal  and  pollution-enhanced  oxyradical  (super- 
oxide anion  radical,  hydrogen  peroxide,  hydroxyl 
radical)  production  in  mollusks  are  reviewed.  Ad- 
ditionally, antioxidant  enzyme  responses  and  lipid 
peroxidation  effects  in  the  digestive  gland  of  Myti- 
lus  edulis  L.  exposed  to  50  ppb  benzo(a)pyrene 
(BaP)  or  1  ppm  of  the  model  redox  recycling 
compound  menadione  were  investigated.  Digestive 
gland  microsomes  support  NADPH-dependent 
and  NADH-dependent  oxyradical  generation  and 
the  rates  of  production  are  increased  by  redox 
cycling    compounds    (menadione,    nitrofurantoin, 


ASSESSING  THE  IMPACT  OF  TIN  AND  TBT 
IN  ESTUARIES  AND  COASTAL  REGIONS. 

Plymouth  Marine  Lab.  (England). 

W.  J.  Langston,  G.  W.  Bryan,  G.  R.  Burt,  and  P. 

E.  Gibbs. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

433-443,  1990.  5  fig,  2  tab,   17  ref.  Dept.  of  the 

Environment  Grants  PECD  7/7/226  and  PECD 

7/8/103. 

Descriptors:  'Antifoulants,  *Aquatic  animals, 
•Bioindicators,  •Estuarine  sediments,  'Organotin 
compounds,  *Sediment  contamination,  •Tin, 
•Water  pollution  effects,  Bioavailability,  Clams, 
Coasts,  England,  Estuaries,  Gastropods,  Imposex, 
Isle  of  Wight,  Toxicity. 

The  environmental  effects  of  tin  and  tributlytin 
(TBT)  pollution  in  a  coastal  area  in  southwest 
England  were  examined.  Total  Sn  concentrations 
in  excess  of  1000  microg/g  are  not  uncommon  in 
estuarine  sediments  of  Restronguet  Creek  and  the 
Hayle  and  Helford  estuaries.  For  the  majority  of 
sites,  Sn  tissue  burdens  correlated  most  closely 
with  Sn  levels  in  1  N  HC1  sediment  extracts. 
However,  in  areas  of  high  boating  activity,  TBT 
from  antifouling  paints  contributed  a  much  higher 
bioaccumulation  potential  relative  to  inorganic  Sn. 
Deleterious  effects  caused  by  sediment-bound  Sn 


were  strongly  related  to  chemical  speciation. 
Abundance  of  clams  (Scrobicularia  plana)  ap- 
peared to  have  declined  substantially  in  TBT-con- 
taminated  areas.  Levels  of  TBT  well  in  excess  of 
the  environmental  quality  target  level  of  20  ng/L 
were  measured  for  waters  adjacent  to  the  Isle  of 
Wight.  Intensities  of  imposex  in  dogwhelks  (Nu- 
cella lapillus  (L.)),  expressed  as  relative  penis  size 
(RPS),  in  general  were  found  to  reflect  organotin 
concentrations  in  tissue.  However,  TBT  levels  in 
tissues  reflected  relatively  recent  exposure,  while 
RPS  indices  were  indicative  of  exposure  over  sev- 
eral years.  Results  indicated  that  TBT  has  been 
gradually  eliminating  N.  lapillus  from  the  Isle  of 
Wight.  It  is  concluded  that  measurement  of  repro- 
ductive abnormalities  in  dogwhelks  provides  an 
extremely  sensitive  and  specific  means  of  monitor- 
ing the  biological  impact  of  TBT  in  coastal  waters. 
(MacKeen-PTT) 
W9 1-05046 


PHYSIOLOGICAL    AND    MORPHOGENETIC 
EFFECTS  OF  MONOPHENYLTIN  TRICHLO- 
RIDE ON  OCENEBRA  ERINACEA  (L). 
Southampton  Univ.  (England).  Dept.  of  Oceanog- 
raphy. 

L.  E.  Hawkins,  and  S.  Hutchinson. 
Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 
449-454,  1990.  4  fig,  23  ref. 

Descriptors:  *Marine  pollution,  'Mollusks,  •Or- 
ganotin compounds,  *Water  pollution  effects,  Ac- 
climatization, Animal  morphology,  Antifoulants, 
Aquatic  animals,  Devon,  England,  Enzymes,  Im- 
posex, Physiology,  Solent,  Sublethal  effects. 

The  sub-lethal  effects  of  monophenyltin  (MPhT),  a 
less  active  form  of  organotin,  on  the  marine  mol- 
lusk  Ocenebra  erinacea  were  investigated.  Speci- 
mens were  obtained  from  two  sites  on  the  British 
coast:  south  Devon,  where  sediments  were  expect- 
ed to  carry  a  lower  tin  burden,  and  western  Solent, 
where  sediments  contained  higher  tin  concentra- 
tions. Experimental  animals  were  exposed  to  0.2 
microgMPhT/L  for  10  days.  Unexposed  animals 
from  the  Devon  site  had  significantly  greater  diffu- 
sional  water  permeability  than  did  MPhT-exposed 
animals  from  either  site  and  control  animals  from 
Solent.  Total  ATPase  activities  were  greater  in 
control  than  treated  animals  from  both  sites.  Car- 
bonic anhydrase  activity  was  reduced  in  the 
MPhT-treated  animals  from  the  Devon  site,  rela- 
tive to  control  levels.  Exposure  to  MPhT  increased 
penile  length  in  males  and  females  from  the  Devon 
site  but  a  reduction  was  observed  in  animals  from 
western  Solent.  It  is  concluded  that  exposure  to 
sub-lethal  concentrations  of  MPhT  causes  acute 
changes  in  the  control  of  hydromineral  regulation 
and  chronic  changes  manifested  as  abnormal  penile 
morphogenesis.  It  is  suggested  that  long-term  ac- 
climation to  organotin  pollution  may  have  oc- 
curred in  Solent  animals.  (MacKeen-PTT) 
W9 1-05048 


INFLUENCE  OF  METAL  AND  TEMPERA- 
TURE STRESS  ON  THE  IMMUNE  SYSTEM  OF 
CRABS. 

Victoria  Univ.  of  Manchester  (England).  Dept.  of 

Environmental  Biology. 

R.  Truscott,  and  K.  N.  White. 

Functional  Ecology  FECOE5,  Vol.  4,  No.  3,  p 

455-461,  1990.  4  fig,  1  tab,  32  ref. 

Descriptors:  *Aquatic  animals,  *Heavy  metals, 
•Immunology,  'Toxicity,  'Water  pollution  effects, 
Cadmium,  Copper,  Crabs,  Crustaceans,  Cytology, 
Hemocytes,  Mercury,  Temperature  effects. 

The  effects  of  heavy  metals  (20,  50,  500  and  1000 
microgCu/L,  10  and  500  microgCd/L,  and  5  and 
50  microgHg/L)  and  temperature  on  the  cellular 
(hemocyte)  component  of  the  immune  system  were 
investigated  in  the  shore  crab,  Carcinus  maenas 
(L.).  Marked  fluctuations  in  circulating  hemocyte 
numbers  were  observed  in  control  crabs;  these 
appeared  to  correlate  with  daily  changes  in  tidal 
height  and  the  spring-neap  tidal  cycle.  No  change 
in  hemocyte  number  was  observed  in  crabs  ex- 
posed to  the  metals  for  up  to  30  days.  However, 
Hg  (Cu  and  Cd  were  not  examined)  at  the  highest 
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concentration  used  suppressed  the  tidal  influence. 
A  gradual  rise  in  temperature  from  10  to  20  C 
significantly  increased  blood  cell  numbers,  al- 
though a  rapid  change  initiated  no  response.  In 
vitro  cytotoxicity  studies  suggested  that  hemocytes 
were  relatively  tolerant  of  metals.  Copper  had  no 
effect  on  recognition  or  phagocytosis  of  bacteria  in 
vitro  although  Cd  slightly  suppressed  phagocyto- 
sis. It  is  concluded  that  the  immune  system  of  C. 
maenas  is  relatively  tolerant  of  metal  stress.  (Au- 
thor's abstract) 
W9 1-05049 


EFFECTS  OF  CADMIUM  ON  ANOXIC  SUR- 
VIVAL,   HAEMATOLOGY,    ERYTHROCYTIC 
VOLUME  REGULATION  AND  HAEMOGLO- 
BIN-OXYGEN AFFINITY  IN  THE  MARINE  BI- 
VALVE SCAPHARCA  INAEQUIVALVIS. 
Aarhus  Univ.  (Denmark).  Zoophysiology  Lab. 
R.  E.  Weber,  M.  Lykke-Madsen,  A.  Bang,  A.  De 
Zwaan,  and  P.  Cortesi. 

Journal  of  Experimental  Marine  Biology  and  Ecol- 
ogy JEMBAM,  Vol.  144,  No.  1,  p  29-38,  Novem- 
ber 27,  1990.  4  fig,  1  tab,  31  ref.  Commission  of  the 
European  Communities  4th  Research  and  Devel- 
opment Programme  Contract  EV4V-0121-DK, 
Danish  Environmental  Ministry  Grant  HAV-90/1- 
04,  and  Danish  Natural  Science  Research  Council 
Grant  11-7764. 

Descriptors:  *Animal  physiology,  'Aquatic  ani- 
mals, 'Bivalves,  'Cadmium,  'Heavy  metals, 
•Toxicology,  'Water  pollution  effects,  Anoxia, 
Erythrocytes,  Hemoglobin,  Mollusks. 

Exposure  to  50  ppb  Cd  for  6  weeks  reduced  sur- 
vival of  the  bivalve,  Scapharca  inaequivalvis  in 
anoxic  water  (LT50  decreasing  approximately  15 
to  12  days).  The  treatment  decreased  packed  eryth- 
rocyte volume  (hematocrit)  and  erythrocyte  count 
but  increased  mean  cellular  hemoglobin  concentra- 
tion. In  vitro  cadmium  administration  had  no  sig- 
nificant effect  on  oxygen  affinity  or  cooperativity 
in  oxygen  binding  of  the  stripped  hemolysate. 
Erythrocyte  suspensions  exhibited  a  slight  volume 
regulatory  decrease,  following  swelling  in  hypo- 
tonic media,  and  no  significant  capacity  for  volume 
regulatory  increase  under  hypertonic  stress.  Nei- 
ther pattern  was  markedly  affected  by  in  vivo  or  in 
vitro  Cd  administration,  which  however,  tended  to 
reduce  the  primary  volume  changes.  It  is  conclud- 
ed that  the  observed  cellular  and  molecular  effects 
of  Cd  are  unlikely  to  have  significant  survival 
value  in  adult  S.  inaequivalvis  since  the  pro- 
nounced ones  (reduction  in  red  cell  count  and 
hematocrit)  are  compensated  by  adaptive  increases 
in  hemoglobin(c).  (Author's  abstract) 
W9 1-05052 


EFFECTS  OF  MERCURY  ON  THE  FUNCTION- 
AL PROPERTIES  OF  HAEMOGLOBINS 
FROM  THE  BIVALVE  MOLLUSC  SCA- 
PHARCA INAEQUIVALVIS. 

Aarhus  Univ.  (Denmark).  Zoophysiology  Lab. 
R.  E.  Weber. 

Journal  of  Experimental  Marine  Biology  and  Ecol- 
ogy JEMBAM,  Vol.  144,  No.  1,  p  39-48,  Novem- 
ber 27,  1990.  6  fig,  22  ref.  Commission  of  the 
European  Communities  4th  Research  and  Devel- 
opment Programme  Contract  EV4V-0121-DK, 
Danish  Environmental  Ministry  Grant  HAV-90/1- 
04,  and  Danish  Natural  Science  Research  Council 
Grant  11-7764. 

Descriptors:  'Animal  physiology,  'Aquatic  ani- 
mals, 'Bivalves,  'Heavy  metals,  'Mercury,  'Tox- 
icity, 'Water  pollution  effects,  Erythrocytes,  He- 
moglobin, Mollusks,  Oxygen  binding. 

The  effects  of  inorganic  Hg  were  investigated  on 
the  functional  properties  of  Scapharca  inaequival- 
vis hemoglobin,  which  is  endowed  with  a  unique 
subunit  assembly  in  that  helices  containing  the  Hg- 
binding  cysteine  residues  are  involved  in  the  major 
intersubunit  contact.  Hg  drastically  increased 
oxygen  affinity  and  depressed  cooperativity  of  the 
stripped  erythrolysate.  Hg  exerted  a  greater  effect 
on  the  tetrameric  Hbll  (2  alpha  and  2  beta  subun- 
its)  than  on  the  homodimeric  Hbl  (2  alpha  subun- 
lts),  the  opposite  of  the  relative  affinities  in  metal- 
free  preparations.  The  dose-response  curves  indi- 


cated a  1:1  stoichiometrical  Hg:subunit  binding 
with  strong  oxygenation  linkage,  and  smaller  ef- 
fects at  higher  concentration  ratios.  In  contrast, 
Cd,  Cu,  and  Zn  exerted  only  minor  effects.  It  is 
concluded  that  a  Hg-induced  increase  in  oxygen 
affinity  would  facilitate  oxygen  loading  under  con- 
ditions of  ambient  oxygen  depletion  and  simulta- 
neously lower  tensions  for  unloading  oxygen  in  the 
metabolizing  tissues.  (Author's  abstract) 
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IMPOSEX  INDUCTION  IN  NUCELLA  LIMA 
(GMELIN)  VIA  MODE  OF  EXPOSURE  TO  TRI- 
BUTYLTIN. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Zo- 
ology and  Physiology. 

W.  B.  Stickle,  J.  L.  Sharp-Dahl,  S.  D.  Rice,  and  J. 
W.  Short. 

Journal  of  Experimental  Marine  Biology  and  Ecol- 
ogy JEMBAM,  Vol.  143,  No.  3,  p  165-180,  No- 
vember 13,  1990.  2  fig,  4  tab,  22  ref. 

Descriptors:  'Antifoulants,  'Aquatic  animals, 
•Bioaccumulation,  'Bioindicators,  'Organotin 
compounds,  'Snails,  'Toxicity,  'Water  pollution 
effects,  Animal  physiology,  Foods,  Imposex,  Popu- 
lation exposure,  Seawater. 

Exposure  of  Nucella  lima  (Gmelin)  to  seawater  or 
Mytilus  trossulus  (Gould)  flesh  containing  tributyl- 
tin  (TBT)  for  4  months  resulted  in  the  develop- 
ment of  imposex,  the  superimposition  of  male  re- 
productive tract  characteristics  in  female  snails,  in 
a  time-dependent  manner.  Increases  in  the  magni- 
tude of  two  imposex  indices,  relative  penis  size 
(RPS)  and  the  vas  deferens  sequence  (VDS)  index, 
were  measured  in  female  snails.  Imposex  character- 
istics developed  to  a  similar  degree  in  snails  fed 
TBT-contaminated  mussels  (0.362  microg  TBT/g 
wet  weight)  or  exposed  to  0.064  microg/L  TBT  in 
seawater  by  the  second  month  of  exposure.  After 
exposure  to  TBT  for  4  months,  intensification  of 
imposex  characteristics  continued  during  a  10- 
month  recovery  period.  No  significant  differences 
in  mortality  and  feeding  rates  occurred  between 
control  snails  and  those  exposed  to  TBT-laden 
mussels  or  0.064  microgTBT/L  in  seawater:  signif- 
icant mortality  and  a  decreased  feeding  rate  oc- 
curred in  snails  exposed  to  0.914  microgTBT/L  in 
seawater,  indicating  that  this  concentration  is  close 
to  the  long-term  LC50.  TBT  was  bioaccumulated 
from  both  food  and  seawater  in  direct  relationship 
to  concentration  and  length  of  exposure.  Debutyli- 
zation  of  TBT  occurred  at  a  slow  rate  in  all 
experimental  groups,  but  a  higher  proportion  of 
TBT  was  metabolized  in  snails  exposed  to  0.914 
microgTBT/L.  For  N.  lima,  TBT  bioaccumulation 
from  food  and  resulting  imposex  responses  are 
equivalent  to  low  level  exposures  to  TBT  in  sea- 
water. (Author's  abstract) 
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EFFECTS  OF  ACIDIC  SEAWATER  ON  THREE 
SPECIES  OF  LAMELLIBRANCH   MOLLUSC. 

National  Power,  Fawley  (England).  Marine  Biol- 
ogy Unit. 
R.  N.  Bamber. 

Journal  of  Experimental  Marine  Biology  and  Ecol- 
ogy JEMBAM,  Vol.  143,  No.  3,  p  181-191,  No- 
vember 13,  1990.  8  fig,  1  tab,  15  ref. 

Descriptors:  'Acidic  water,  'Mollusks,  'Seawater, 
•Toxicity,  'Water  pollution  effects,  Acidic  sea- 
water, Hydrogen  ion  concentration,  Lethal  effects, 
Mussels,  Oysters. 

Three  species  of  commercial  bivalve  mollusk, 
Ostrea  edulis,  Crassostrea  gigas  and  Mytilus  edulis, 
were  maintained  in  seawater  over  a  pH  range  of 
5.4-8.2  (control),  for  30  days.  Significant  mortali- 
ties occurred  in  C.  gigas  at  pH  <  or  =  6,  in  M. 
edulis  at  pH  <  or  =  to  6.6,  in  O.  edulis  young  at 
pH  <  or  =  to  6.9  (after  60  days)  and  spat  at  at  pH 
<  or  =  to  7  after  18  days.  Survival  at  a  given  pH 
level  decreased  with  time  of  exposure  and  in- 
creased with  temperature  and  size  of  animal. 
Growth  suppression,  tissue  weight  loss,  reduced 
shell  size,  shell  dissolution  and  suppressed  feeding 
activity  occurred  at  pH  <  or  =  7.  Abnormal 
behavior  analogous  to  narcosis  (excessive  shell 
gaping,  torpor)  occurred  at  pH  <  or  =  to  pH  6.5, 


possibly    attributable    to   carbon    dioxide   excess. 
These  and  other  collated  results  confirm  that  sea- 
water at  pH  7  or  lower  is  intolerable  to  bivalve 
mollusks.  (Author's  abstract) 
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COMPREHENSIVE  SURVEY  OF  THE  HYPER- 
TROPHIC LAKE  TUUSULANJARVI:  NUTRI- 
ENT LOADING,  WATER  QUALITY  AND 
PROSPECTS  OF  RESTORATION. 

Keski  Uusimaa  Inter-Municipal  Corp.  for  Water 
Pollution  Control,  Kerava  (Finland). 
For   primary   bibliographic   entry   see   Field   5G. 
W9 1-05061 


PALEOLIMNOLOGICAL  INVESTIGATION  OF 
THE  EUTROPHICATION  HISTORY  OF  LAKE 
TUUSULANJARVI,  SOUTHERN  FINLAND. 

Joensuu  Univ.  (Finland).  Dept.  of  Biology. 

K.  Tolonen,  V.  Ilmavirta,  H.  Hartikainen,  and  J. 

Suksi. 

Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  27-41, 

1990.  9  fig,  3  tab,  46  ref. 

Descriptors:  'Eutrophic  lakes,  'Eutrophication, 
•Finland,  'Lake  Tuusulanjarvi,  'Paleolimnology, 
•Water  pollution  effects,  *Water  pollution  sources, 
Aeration,  Agricultural  runoff,  Alkalinity,  Diatoms, 
History,  Hydrogen  ion  concentration,  Lake  resto- 
ration, Lake  sediments,  Palynology,  Phosphorus, 
Radioactive  dating,  Sedimentation,  Soil  erosion, 
Wastewater  pollution. 

A  520-cm  long  sediment  core  was  obtained  from 
the  deep  of  the  highly  eutrophic  Lake  Tuusulan- 
jarvi (Finland),  dated  by  14C,  210Pb,  and  pollen 
analysis,  and  the  eutrophication  history  of  the  lake 
was  traced  by  sedimentary  diatoms  and  chemistry. 
Originally  the  lake  was  pelotrophic,  circumneutral, 
and  more  or  less  mesotrophic.  Forest  clearance 
and  cultivation  started  in  the  lake  catchment  in 
about  1000  A.D.  and  resulted  in  a  temporary 
slightly  acidic  and  dystrophic  stage.  Field  erosion 
and  associated  leaching  of  nutrients,  as  well  as  the 
effects  of  domestic  wastewater  from  the  growing 
urban  and  suburban  population  are  reflected  in  the 
higher  inferred  pH  and  alkalinity  figures  from 
diatom  assemblages  (pH  indexes,  detrended  corre- 
spondence analysis,  and  canonical  correspondence 
analysis).  Concurrently,  the  net  sedimentation  of 
total-P  rose  10-fold  and  the  concentration  of  the 
inorganic  Fe-bound  P  fraction  6-fold  above  that  of 
the  precultivation  stage.  The  mass  sedimentation 
around  the  year  1980  rose  to  7  kg/sq  m/yr  from 
0.4  kg/sq  m/yr  during  the  precultivation  period. 
These  unusually  high  figures  are,  however,  partly 
reflections  of  the  strong  sediment  focusing  in  the 
narrow  deep  hollow  of  the  lake.  Recent  limnologi- 
cal  observations  on  the  eutrophication  of  Lake 
Tuusulanjarvi  agree  with  the  paleolimnological 
records.  The  history  of  eutrophication  resulting 
from  sediments  points  to  the  need  to  maintain 
aeration  as  well  as  attempt  to  control  external 
nutrient  sources.  The  reduction  of  external  non- 
point  source  load  alone  will  not  improve  the  lake 
significantly  in  the  near  future.  (Author's  abstract) 
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INTERACTIONS  BETWEEN  SHEWANELLA 
COLWELLIANA,  OYSTER  LARVAE,  AND  HY- 
DROPHOBIC ORGANOPHOSPHATE  PESTI- 
CIDES. 

Maryland  Univ.,  College  Park.  Marine-Estuarine- 
Environmental  Sciences  Program. 
M.  P.  Labare,  and  R.  M.  Weiner. 
Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  56,  No.  12,  p  3817-3821,  Decem- 
ber 1990.  5  tab,  30  ref.  Maryland  Department  of 
Natural  Resources  Grant  S-124-88-088  and  Mary- 
land Sea  Grant  College  Grant  NA88-AAD-OO014. 

Descriptors:  'Aquatic  bacteria,  'Biofilms,  'Estua- 
rine  environment,  'Oysters,  'Pesticides,  'Water 
pollution  effects,  Abate,  Adsorption,  Biological 
magnification,  Malathion,  Organophosphorus  pes- 
ticides, Periphyton. 

Shewanella  colwelliana  (strain  D)  is  a  periphytic 
estuarine  bacterium  that  forms  biofilms  beneficial 
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to  oyster  set.  The  concentration  by  biofilms  of  two 
hydrophobic,  organophosphate  pesticides  (Abate 
and  raalathion)  that  are  detected  in  Chesapeake 
Bay  oyster  waters  was  examined.  Both  biofilms 
and  purified  exopolysaccharide  of  S.  colwelliana 
did  not  adsorb  more  of  the  Abate  or  malathion 
than  could  be  accounted  for  by  adsorption  to  con- 
trol surfaces.  Similar  results  were  obtained  by 
using  Deleya  marina,  Hyphomonas  MHS3,  and 
autochthonous  biofilms.  Conversely,  decapsulated 
S.  colwelliana  D  cells,  prepared  in  the  laboratory, 
bioconcentrated  Abate.  Significantly,  the  S.  col- 
welliana D  biofilms  exposed  to  Abate  did  not 
inhibit  the  settlement  and  metamorphosis  of  Cras- 
sostrea  gigas  larvae.  (Author's  abstract) 
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CHRONIC  TOXICITIES  OF  SURFACTANTS 
AND  DETERGENT  BUDLDERS  TO  ALGAE:  A 
REVIEW  AND  RISK  ASSESSMENT. 

Battelle,  Columbus,  OH.  Environmental  Biology 

and  Assessment. 

M.  A.  Lewis. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  20,  No.  2,  p   123-140,  October 

1990.  1  fig,  2  tab,  101  ref. 

Descriptors:  *Algae,  *Chronic  toxicity,  'Litera- 
ture review,  *Risk  assessment,  *Surfactants,  ♦Toxi- 
cology, *Water  pollution  effects,  Algal  growth, 
Detergents,  Ecosystems,  Field  tests,  Marine  envi- 
ronment, Structure-activity  relationships. 

The  chronic  toxicity  levels  of  surfactants  for  algae, 
an  important  trophic  level  in  aquatic  ecosystems, 
are  summarized.  Laboratory  toxicity  tests  for  a  few 
commercially  important  surfactants,  primarily  on 
cultured  freshwater  algae,  have  indicated  inhibi- 
tion, and  in  some  cases,  stimulation  of  algal 
growth.  The  reported  toxicities  of  surfactants  have 
varied  widely  over  several  orders  of  magnitude 
and  the  effect  levels  are  compound  and  species- 
specific.  Species  sensitivity  can  vary  as  much  as 
three  orders  of  magnitude  to  the  same  surfactant 
and  the  effects  of  different  surfactants  on  the  same 
species  can  vary  as  much  as  four  orders  of  magni- 
tude. Therefore,  data  generalizations  and  extrapo- 
lations are  difficult;  however  anionic  and  nonionic 
surfactants  and  detergent  builders  are  relatively 
non-toxic  when  compared  to  various  cationic  mon- 
oalkyl  and  dialkyl  quaternary  ammonium  salts. 
Recent  toxicity  studies  conducted  in  the  field  mon- 
itoring the  effects  of  several  surfactants  used  in 
commercial  products  on  various  structural  and 
functional  parameters  of  natural  algal  communities 
have  shown  toxicity  to  be  less  in  many  cases  than 
that  predicted  from  laboratory  tests.  Furthermore, 
the  field-derived  effect  levels  typically  exceed  the 
reported  measured  environmental  levels  of  the  cor- 
responding surfactant,  indicating  the  likelihood  of 
no  impact.  Additional  field  studies  are  needed  to 
substantiate  this  trend  for  these  and  other  commer- 
cially important  surfactants,  particularly  for  natu- 
ral saltwater  algal  assemblages  for  which  the  toxic- 
ity data  base  is  unavailable.  (Author's  abstract) 
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INFLUENCE  OF  CYTOCHROME  P450  MIXED- 
FUNCTION  OXIDASE  INDUCTION  ON  THE 
ACUTE  TOXICITY  TO  RAINBOW  TROUT 
(SALMO  GAIRDNERI)  OF  PRIMARY  ARO- 
MATIC AMINES. 

Environmental  Research  Lab.,  Duluth,  MN. 
J.  L.  M.  Hermens,  S.  P.  Bradbury,  and  S.  J. 
Broderius. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  20,  No.  2,  p  156-166,  October 
1990.  2  fig,  3  tab,  41  ref. 

Descriptors:  *Acute  toxicity,  'Amines,  *Aromatic 
compounds,  'Cytochromes,  *Fish,  'Toxicity, 
•Toxicology,  'Water  pollution  effects,  Aromatic 
amines,  Dyes,  Enzymes,  Hydrocarbons,  Lethal 
limit,  Trout. 

The  influence  of  enzyme  induction  on  the  acute 
toxicity  of  aniline  and  4-chloroaniline  to  rainbow 
trout  (Salmo  gairdneri)  was  investigated.  For  these 
two  xenobiotics,  bioactivation  reactions  are  known 
to  occur  in  mammals.  Induction  of  cytochrome 
P450  mixed-function  oxidase  was  obtained  by  in- 


traperitoneal (ip)  injection  of  trout  with  a  mixture 
of  polychlorinated  biphenyls  (Aroclor  1254).  Five 
days  after  ip  injection  with  three  different  doses  of 
Aroclor  1254  (50,  100,  and  200  mg/kg), 
benzo(a)pyrene  hydroxylase  activity  in  trout  liver 
microsomes  increased  five-fold  to  six-fold.  Cytoch- 
rome P450  concentrations  in  the  microsomes  were 
slightly  but  significantly  enhanced  in  two  of  the 
three  dose  levels.  The  96-h  LC50's  of  aniline  and  4- 
chloroaniline  were  not  affected  by  pretreatment 
with  Aroclor  1254,  suggesting  that  metabolic  acti- 
vation does  not  necessarily  play  a  role  in  the  acute 
toxicity  of  aromatic  amines  to  fish.  (Author's  ab- 
stract) 
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EVALUATION  OF  TOLUENE  EXPOSURE  VIA 
DRINKING  WATER  ON  LEVELS  OF  REGION- 
AL BRAIN  BIOGENIC  MONOAMINES  AND 
THEIR  METABOLITES  IN  CD-I  MICE. 

Utah  State  Univ.,  Logan.  Dept.  of  Biology. 

G.  C.  Hsieh,  R.  P.  Sharma,  R.  D.  R.  Parker,  and 

R.  A.  Coulombe. 

Ecotoxicology       and       Environmental        Safety 

EESADV,  Vol.  20,  No.  2,  p   175-184,  October 

1990.  3  fig,  3  tab,  31  ref.  U.S.  Geological  Survey 

Grant  G-1255. 

Descriptors:  'Drinking  water,  'Population  expo- 
sure, 'Toluene,  'Toxicity,  'Water  pollution  ef- 
fects, Brain  biochemistry,  Mice,  Monoamines 
'Toxicology,  Animal  behavior,  Dose-response  re- 
lationships, Chronic  toxicity. 

Toluene,  a  potentially  neurotoxic  substance,  is 
found  in  trace  amounts  in  groundwater.  Adult  CD- 
1  mice  were  continuously  fed  drinking  water  ad 
libitum  containing  0,  17,  80,  and  405  mg/L  toluene. 
After  a  28-day  treatment,  animals  were  tested  for 
endogenous  levels  of  the  biogenic  monoamines 
norepinephrine  (NE),  dopamine  (DA),  and  sero- 
tonin (5-HT)  and  their  respective  metabolites,  3- 
methoxy-4-hydroxymandelic  acid  (VMA),  3,4-di- 
hydroxyphenylacetic  acid  (DOPAC),  homovanil- 
lic  acid  (HVA),  and  5-hydroxyindoleacetic  acid  (5- 
HIAA),  in  six  discrete  brain  regions.  The  maxi- 
mum toluene-induced  increases  of  biogenic  amines 
and  their  metabolites  generally  occurred  at  a  tolu- 
ene concentration  of  80  mg/L.  In  the  hypothala- 
mus, a  major  NE-containing  compartment,  the 
concentrations  of  NE  significantly  increased  by  51, 
63,  and  34%  in  groups  dosed  with  17,  80,  and  405 
mg/L,  respectively.  Significant  increases  of  NE 
were  also  observed  in  the  medulla  oblongata  and 
midbrain.  Concomitantly,  concentrations  of  VMA 
increased  in  various  brain  regions.  Concentrations 
of  DA  were  significantly  higher  in  the  corpus 
striatum  and  hypothalamus.  Alterations  in  levels  of 
DA  metabolites,  DOPAC  and  HVA,  were  margin- 
al. Toluene  significantly  increased  concentrations 
of  5-HT  in  all  dissected  brain  regions,  except  cere- 
bellum, and  increased  the  5-HIAA  levels  in  the 
hypothalamus,  corpus  striatum,  and  cerebral 
cortex.  The  results  support  the  possible  involve- 
ment of  monoamine  metabolism  in  the  reported 
behavioral  and  neurophysiological  effects  of  tolu- 
ene exposure.  It  is  recommended  that  the  EPA 
maximum  permissible  concentration  for  toluene 
(14.3  mg/L)  be  reevaluated.  (Author's  abstract) 
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BASELINE-ECOSYSTEM  APPROACH  TO  THE 
ANALYSIS  OF  ECOTOXICOLOGICAL  EF- 
FECTS. 

Bremen  Univ.  (Germany,  F.R.).  Fachbereich  2  - 

Studiengang  Biologic 

K.  Mathes,  and  G.  Weidemann. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.   20,  No.   2,  p   197-202,  October 

1990.  4  fig,  17  ref.  German  Ministry  of  Research 

PTU:  0339238A. 

Descriptors:  'Bioindicators,  'Ecology,  'Ecosys- 
tems, 'Ecotoxicology,  'Environmental  effects, 
•Toxicology,  Data  requirements,  Environmental 
impact,  Germany,  Pesticides,  Planning,  Soil  orga- 
nisms. 

Since  1980  the  German  Ministry  of  Research  has 
sponsored  a  number  of  ecotoxicological  research 
projects  aimed  at  the  analysis  of  effects  of  environ- 


mental chemicals  on  terrestrial  ecosystems.  Some 
of  these  field  studies  were  conducted  by  using  a 
baseline-ecosystem  approach.  The  first  step  in  the 
process  is  to  detect  and  describe  a  chemically 
induced  change  by  means  of  bioindicators.  The 
next  step  is  to  judge  what  ecological  consequences 
an  observed  change  might  have  within  the  biogeo- 
coenosis  under  study.  The  goal  of  the  analysis  is 
then  possible:  the  valuation  of  the  impact  of  a 
chemical  on  the  biogeocoenosis.  Criteria  for  the 
selection  of  bioindicators  are  considered:  (1)  spatial 
and  temporal  scales  of  exposition;  (2)  temporal 
variability  of  reaction  and  regeneration;  and  (3) 
taxonomic  and  biological  diversity.  An  example  of 
the  operationalization  of  a  ruderal  biogeocoenosis 
as  a  baseline  ecosystem  includes  plants  as  primary 
producers,  soil  animals  such  as  enchytraeids,  mites, 
and  collembola  as  consumers,  and  microorganisms 
as  reducers.  The  nitrogen  cycle  is  studied  as  an 
integrative  process  which  results  from  abiotic- 
biotic  interactions  within  the  biogeocoenosis. 
(MacKeen-PTT) 
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EMPLOYMENT  OF  CEPEX  ENCLOSURES 
FOR  MONITORING  TOXICITY  OF  HG  AND 
ZN  ON  IN  SITU  STRUCTURAL  AND  FUNC- 
TIONAL CHARACTERISTICS  OF  ALGAL 
COMMUNITIES  OF  RD7ER  GANGA  IN  VAR- 
ANASI,  INDIA. 

Banaras  Hindu  Univ.,  Varanasi  (India).  Centre  for 
Advanced  Study  in  Botany. 
L.  C.  Rai,  A.  K.  Singh,  and  N.  Mallick. 
Ecotoxicology       and       Environmental        Safety 
EESADV,  Vol.   20,  No.   2,  p  211-221,  October 
1990.  2  fig,  6  tab,  31  ref. 

Descriptors:  'Algae,  'Heavy  metals,  'India,  'Tox- 
icity, 'Toxicology,  'Water  pollution  effects,  Algal 
growth,  Aquatic  populations,  Bioindicators, 
Carbon  dioxide,  Ganges  River,  Mercury,  Nitrogen 
fixation,  Zinc. 

Effects  of  Hg  and  Zn  on  in  situ  nitrogen  fixation, 
autotrophic  index,  pigment  diversity,  (C-14)carbon 
dioxide  uptake,  and  change  in  algal  community 
structure  of  Ganges  water  were  studied  for  the 
first  time  in  an  aquatic  ecosystem  in  India  using 
Controlled  Ecosystem  Pollution  Experiment 
(CEPEX)  chambers.  A  concentration  dependent 
decrease  in  in  situ  nitrogenase  activity  of  Ganges 
water  with  Hg  and  Zn  was  observed.  No  ethylene 
production  was  observed  at  0.8  microg/ml  of  Hg, 
however,  an  increase  in  the  autotrophic  index  (AI) 
was  observed  in  CEPEX  enclosures  treated  with 
Hg  and  Zn.  The  AI  value  was  maximum  at  0.8 
microg/ml  Hg  after  an  incubation  of  15  d.  An 
increase  in  pigment  diversity  also  followed  the 
pattern  of  AI  with  the  test  metals  used.  Inhibition 
of  (C-14)carbon  dioxide  uptake  of  phytoplankton 
in  Ganges  water  was  maximum  at  0.8  microg/ml 
Hg  (79%),  followed  by  8.0  microg/ml  Zn  (69%). 
Carbon  fixation  showed  an  increase  at  1  h,  after 
which  no  appreciable  change  was  observed.  Maxi- 
mum inhibition  of  algal  number  was  observed  at 
0.8  microg/ml  Hg,  followed  by  8.0  microg/ml  Zn. 
Members  of  Chlorophyceae  showed  greater  toler- 
ance to  the  metals  than  did  Cyanophyceae  and 
Bacillariophyceae.  The  filamentous  forms  were 
more  tolerant  to  Hg  and  Zn.  In  contrast,  unicellu- 
lar forms  were  more  sensitive  to  Hg.  The  results 
suggest  that  (C-14)carbon  dioxide  fixation  could  be 
used  as  a  sensitive  parameter  for  metal  toxicity 
biomonitoring.  (Author's  abstract) 
W91-05108 


FLUORIDE  INDUCED  CHANGES  IN  PRO- 
TEIN METABOLISM  IN  THE  TISSUES  OF 
FRESHWATER  CRAB  BARYTELPHUSA 
GUERINI. 

Osmania  Univ.,  Hyderabad  (India).  Dept.  of  Zool- 
ogy- 

S.  L.  N.  Reddy,  and  N.  B.  R.  K.  Venugopal. 
Environmental  Pollution  ENPOEK,  Vol.  67,  No. 
2,  p  97-108,  1990.  5  tab,  32  ref. 

Descriptors:  'Aquatic  animals,  'Crustaceans, 
•Fluorides,  *Toxicity,  'Toxicology,  'Water  pollu- 
tion effects,  Chronic  toxicity,  Crabs,  Enzymes, 
Metabolism,  Proteins,  Sublethal  effects. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C — Effects  Of  Pollution 


Exposure  of  the  freshwater  field  crab  Barytelphusa 
guerini  to  a  sublethal  concentration  of  NaF  (30 
mg/L)  caused  significant  alterations  in  protein  me- 
tabolism. After  an  exposure  time  of  15  days,  the 
crab  was  found  to  have  a  marked  depletion  of  total 
protein  and  free  amino  acid  content.  The  maximum 
reduction  of  total  protein  was  found  in  the  hepato- 
pancreas  (40.8%),  followed  by  the  gills  (34.0%), 
muscle  (25.9%)  and  heart  (16.9%).  A  significant 
elevation  in  transaminases,  aspartate  aminotransfer- 
ase and  alanine  aminotransferase,  and  glutamate 
dehydrogenase  activities  was  reflected  in  the  free 
amino  acid  levels  of  the  tissues.  Decreases  in  the 
protein  content  and  the  free  amino  acids  during 
fluoride  intoxication  suggests  an  acceleration  of 
protein  catabolism  as  one  of  the  possible  physio- 
logical compensatory  mechanisms  under  fluoride 
toxicity.  (MacKeen-PTT) 
W9 1-05 109 


INFLUENCE  OF  PERSISTENCE  PERIOD  OF 
AN  INSECTICIDE  ON  RECOVERY  PATTERNS 
OF  A  ZOOPLANKTON  COMMUNITY  IN  EX- 
PERIMENTAL PONDS. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan).  Environmental  Biology  Div. 

T.  Hanazato,  and  M.  Yasuno. 

Environmental  Pollution  ENPOEK,  Vol.  67,  No. 

2,  p  109-122,  1990.  8  fig,  22  ref. 

Descriptors:  'Insecticides,  'Pesticide  toxicity, 
•Pesticides,  'Succession,  'Water  pollution  effects, 
•Zooplankton,  Artificial  ponds,  Carbaryl,  Clado- 
cerans,  Pesticide  residues,  Rotifers,  Species  com- 
position. 

An  insecticide,  carbaryl,  was  applied  singly  or 
repeatedly  to  experimental  ponds  in  order  to  con- 
trol the  residue  of  the  chemical,  and  the  subsequent 
changes  in  the  zooplankton  community  were  in- 
vestigated. In  ponds  where  a  single  application  of 
carbaryl,  which  degraded  rapidly  in  the  water,  was 
made,  cladocerans  were  reduced,  but  recovered 
soon  and  suppressed  rotifers  through  competition. 
On  the  other  hand,  in  ponds  receiving  repeated 
chemical  applications,  the  treatment  suppressed 
cladocerans  for  longer  and  induced  the  occurrence 
of  abundant  rotifers.  The  rotifer  abundance  after 
the  treatment  seemed  to  depend  on  the  persistence 
period  of  the  chemical.  From  these  findings  it  can 
be  hypothesized  that  applications  of  chemicals 
which  have  different  degradation  rates  induce  dif- 
ferent zooplankton  community  structures.  (Au- 
thor's abstract) 
W91-05110 


PESTICIDE     RESIDUES     IN     FRESHWATER 
AND  MARINE  ZOOPLANKTON:  A  REVIEW. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05113 


INFLUENCE  OF  DISSOLVED  HUMIC  MATE- 
RIALS ON  THE  BIOLOGICAL  EFFECTS  OF 
DRILLING  COMPONENTS. 

Mississippi  Univ.,  University.  Research  Inst,  of 
Pharmaceutical  Sciences. 
W.  H.  Benson,  and  R.  A.  Stackhouse. 
In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  85-91,  4  tab,  36  ref. 

Descriptors:  'Bioaccumulation,  'Drilling  fluids, 
•Ecosystems,  'Humic  substances,  'Toxicity, 
'Toxicology,  'Water  pollution  effects,  Bioassay, 
Cadmium,  Chromium,  Dissolved  solids,  Environ- 
mental impact.  Groundwater  pollution,  Trace 
metals,  Waterfleas. 

Accurate  prediction  of  the  toxicity  of  trace  metals 
associated  with  drilling  fluids  in  the  freshwater 
ecosystem  is  dependent  on  understanding  the  be- 
havior of  these  elements  in  the  environment.  Dis- 
solved humic  materials  (DHM)  appear  to  have 
contradictory  effects  on  the  bioaccumulation  of 
trace  metals  by  marine  and  freshwater  organisms. 
An  investigation  was  made  to  evaluate  the  influ- 


ence of  DHM,  humic  acid  (HA),  on  the  toxicity 
and  bioaccumulation  of  selected  trace  metals  asso- 
ciated with  drilling  fluid  components,  cadmium 
and  chromium.  Due  to  their  ecological  signifi- 
cance, the  cladocerans  Daphnia  pulex  and  D. 
magna  were  selected  as  animal  models  for  acute 
toxicity  bioassays,  bioaccumulation  analysis,  and 
chemical  analysis,  it  was  found  that  HA  had  a 
greater  influence  on  the  bioaccumulation  of  Cd 
and  the  Cr  III  compounds  than  of  Cr  VI.  The  50 
mg/L  HA  concentration  significantly  decreased 
the  bioaccumulation  of  Cd  and  both  Cr  III  com- 
pounds (chromic  chloride  and  chrome  lignosulfate) 
at  most  of  the  time  points,  while  only  significantly 
decreasing  bioaccumulation  of  Cr  VI  by  96  h.  The 
interaction  of  trace  metals  and  dissolved  organic 
material,  such  as  HA,  can  result  in  an  altered 
physicochemical  form  of  the  metal,  which  in  turn, 
may  affect  bioaccumulation.  The  results  of  this 
investigation  indicate  that  the  influence  of  HA  on 
the  bioaccumulation  of  Cr  and  Cd  is  dependent  on 
oxidation  state,  temporal  relationship,  and  HA  con- 
centration. (See  also  W91-05137)  (Fish-PTT) 
W91-05146 


DEVELOPMENT     OF    A    TOXIC    ALEXAN- 
DRIUM  MINUTUM  HALIM  (DINOPHYCEAE) 
BLOOM     IN     THE     HARBOUR     OF     SANT 
CARLES    DE    LA    RAPITA    (EBRO    DELTA, 
NORTHWESTERN  MEDITERRANEAN). 
Instituto  de  Ciencias  del  Mar,  Barcelona  (Spain). 
M.  Delgado,  M.  Estrada,  J.  Camp,  J.  V. 
Fernandez,  and  M.  Santmarti. 
Scientia  Marina,  Vol.  54,  No.  1,  p  1-7,  March  1990. 
7  fig,  26  ref. 

Descriptors:  'Mediterranean  Sea,  'Eutrophication, 
Sea  mussels,  'Dinoflagellates,  'Toxicity,  'Harbors, 
Sant  Carles  de  la  Rapita,  'Path  of  pollutants,  'Nu- 
trients, 'Shellfish,  'Algal  toxins,  Mixing,  'Red 
tides,  Stratification,  'Algal  blooms,  Phytoplankton, 
Human  diseases,  Sea  mussels. 

A  bloom  of  Alexandrium  minutum,  reaching  con- 
centrations up  to  2,800,000  cells/L,  was  observed 
in  the  harbor  of  Sant  Carles  de  la  Rapita  (north- 
western Mediterranean)  on  May  4,  1989.  During 
the  following  days,  paralytic  shellfish  poisoning 
toxicity  was  detected  in  mussels  exposed  to  harbor 
waters  and  in  mussels  from  the  neighboring  bay  of 
Els  Alfacs,  where  bivalves  are  extensively  cul- 
tured. In  El  Fangar,  the  other  bay  of  the  delta,  A. 
minutum  was  recorded  in  lower  concentrations 
and  no  toxicity  was  detected  in  mussels.  Shellfish 
harvesting  was  stopped  in  the  delta  region  and  no 
human  illnesses  occurred.  During  the  initial  stage 
of  the  red  tide,  the  concentration  of  phytoplankton 
in  the  harbor  was  much  higher  than  in  the  bay. 
Meteorological  and  hydrographic  conditions 
during  the  red  tide  were  typical  of  those  reported 
for  similar  events.  Mixing  by  strong  winds  may 
have  caused  nutrient  enrichment,  and  the  follow- 
ing warm  weather  and  stratification  of  the  water 
column  then  may  have  favored  the  accumulation 
of  the  phytoplankton.  Continuing  research  is  nec- 
essary to  improve  our  understanding  of  red  tide 
phenomena  and  to  devise  adequate  forms  of  action 
to  mitigate  possible  damages.  (Brunone-PTT) 
W91-05171 


DIFFERENTIAL  TOLERANCES  AMONG 
SOFT-WATER  MACROPHYTE  SPECIES  TO 
ACIDIFICATION. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Lab.  of 

Aquatic  Ecology. 

G.  H.  P.  Arts,  J.  G  M.  Roelofs,  and  M.  J.  H.  De 

Lyon. 

Canadian  Journal  of  Botany  CJBOAW,  Vol.  68, 

No.   10,  p  2127-2134,   1990.  5  fig,   1  tab,  36  ref. 

Descriptors:  'Water  pollution  effects,  'Acid  rain 
effects,  'Alkaline  water,  'The  Netherlands, 
•Acidic  water,  'Acidification,  'Macrophyte  spe- 
cies, 'Hydrogen  ion  concentration,  Alkalinity,  Dis- 
tribution patterns,  Historical  data. 

Twenty-six  macrophyte  species  were  studied  for 
their  degree  of  tolerance  to  extremely  acid  condi- 
tions. They  are  characteristic  of  soft  water  on 
sandy  soils  in  The  Netherlands.  These  species  were 
divided  into  two  groups  based  on  their  recent 


distribution  by  pH  and  alkalinity.  The  first  group 
consisted  of  species  that  can  (at  least  temporarily) 
survive  under  extremely  acid  conditions  (pH  <  5); 
the  second  group  contained  species  that  are  limited 
by  a  distinct  minimum  pH  of  the  water  (pH  5-6). 
Disappearance  of  the  two  ecological  groups  of 
soft-water  species  from  soft-water  sites  during 
acidification  from  1937  to  1986  is  shown  graphical- 
ly. In  very  soft  waters,  there  was  an  early  disap- 
pearance of  the  tolerant  species.  Where  they  coex- 
isted, the  less  tolerant  species  generally  disap- 
peared before  the  tolerant  species,  a  consequence 
of  the  reduction  of  alkalinity  during  acidification. 
This  sharp  distinction  between  groups  on  the  basis 
of  pH  can  be  used  for  reconstruction  of  the  devel- 
opment of  acidification  in  waters  using  historical 
data  on  the  macrophytes  involved.  The  two 
groups  of  species  can  be  used  to  discriminate  be- 
tween two  types  of  soft  water  in  The  Netherlands. 
(Medina-PTT) 
W91-05191 


MICROBIOLOGY  AND  WATER  CHEMISTRY 
OF  TWO  NATURAL  SPRINGS  IMPACTED  BY 
GRAZING  IN  SOUTH  CENTRAL  NEVADA. 

Nevada   Univ.,    Las   Vegas.    Dept.   of  Biological 

Sciences. 

D.  A.  Hall,  and  P.  S.  Amy. 

Great  Basin  Naturalist  GRBNAR,  Vol.  50,  No.  3, 

p  289-294,  October  1990.  9  fig,  5  ref.  Bureau  of 

Land  Management  Contract  UV053-R09-11. 

Descriptors:  'Water  pollution  effects,  'Endan- 
gered species,  'Cattle,  'Fecal  bacteria,  'Water  pol- 
lution sources,  'Fish  Conservation,  'Feedlot 
runoff,  Seasonal  variation,  Water  level,  Water  tem- 
perature, Flow  discharge,  Hydrogen  ion  concen- 
tration, Dissolved  oxygen,  Conductivity,  Bacterial 
analysis,  Coliforms,  Organic  phosphorus,  Pseudo- 
monas,  Aeromonas. 

The  water  chemistry  and  microbial  populations  at 
two  sites  in  southern  Nevada:  Ash  Springs  and 
Condor  Canyon  were  monitored.  Cattle  impact 
was  suspected  to  be  a  causative  factor  in  increased 
mortality  of  two  endangered  fish  species:  White 
River  springfish  (Crenichthys  baileyi  baileyi)  in 
Ash  Springs  and  Big  Springs  spindace  (Lepido- 
meda  mollispinis  pratensis)  in  Condor  Canyon. 
Water  samples  were  gathered  and  weather  condi- 
tions, water  levels  and  flow  were  monitored  by 
observation.  Water  and  air  temperatures,  conduc- 
tivity, pH,  and  dissolved  oxygen  were  tested  in  the 
field  using  calibrated  equipment.  Total  bacterial 
counts  were  evaluated  by  dilution  and  spread  plat- 
ing as  well  as  by  membrane  filtration  during  the 
winter  months  when  the  counts  were  low.  Total 
coliforms  were  measured  using  the  most  probable 
number  method  and  membrane  filtration  followed 
by  growth  on  agar.  Pseudomonas  aeruginosa  and 
Aeromonas  hydrophila  were  also  evaluated  by 
membrane  filtration.  Although  temperature  in  the 
Condor  Canyon  dropped  during  the  winter 
months,  it  remained  steady  throughout  the  year  in 
Ash  Springs.  Ammonia  levels  in  the  canyon  fluctu- 
ated throughout  the  year,  but  a  general  increase 
was  observed  during  December  and  January.  A 
similar  pattern  was  observed  for  nitrate  plus  nitrite 
and  organic  phosphorus  levels.  Total  viable  counts 
in  the  canyon  were  dramatically  similar  to  organic 
phosphorus  levels  during  March;  also  shown  on 
microbial  counts  of  P.  aeruginosa  and  A.  hydro- 
phila, opportunistic  fish  pathogens.  Elevated  mi- 
crobial levels  during  March  were  probably  due  to 
the  availability  of  organic  phosphorus  and  other 
nutrients  washed  in  by  the  rain  from  both  feces  and 
any  fertilizers  used  by  the  nearby  rancher.  As 
expected,  bacterial  levels  were  influenced  by  water 
temperatures,  with  higher  counts  correlating  with 
warmer  slower  water  and  with  times  when  cattle 
were  more  prevalent.  (Medina-PTT) 
W9 1-05204 


DEGRADATION  OF  CHERNOZEMS  ON  THE 
DANUBE-DNIESTER  IRRIGATION  SYSTEM. 

Odessa  Agricultural  Inst.  (USSR). 

For  primary  bibliographic  entry  see  Field  3C. 

W91-05227 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Effects  Of  Pollution — Group  5C 


EFFECT  OF  IRRIGATION  WATERS  POLLUT- 
ED WITH  INDUSTRIAL  WASTES  ON  HEAVY- 
METAL  CONCENTRATION  IN  SOIL  AND  IN 
CERTAIN  CROPS. 

Erevan  State  Univ.  (USSR). 

For  primary  bibliographic  entry  see  Field  5B. 

W91-05235 


HEALTH  EFFECTS  RESEARCH  INITIATIVES 
AT  THE  AGENCY  FOR  TOXIC  SUBSTANCES 
AND  DISEASE  REGISTRY -APPLICABILITY 
TO  CONTAMINATED  SOILS. 

Agency  for  Toxic  Substances  and  Disease  Regis- 
try, Atlanta,  GA.  Office  of  Health  Assessment. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-05242 


TOXICITY  ASSESSMENT  BY  POLLUTION-IN- 
DUCED  COMMUNITY   TOLERANCE   (PICT), 
AND    IDENTIFICATION    OF   METABOLITES 
IN  PERIPHYTON  COMMUNITIES  AFTER  EX- 
POSURE TO  4,5,6-TRICHLOROGUAIACOL. 
Goeteborg  Univ.  (Sweden).  Dept.  of  Botany. 
S.  Molander,  H.  Blanck,  and  M.  Soderstrom. 
Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  3,  p 
115-136,  December  17,  1990.  5  fig,  6  tab,  37  ref. 

Descriptors:  *Toxicity,  'Hazard  assessment, 
•Chlorinated  hydrocarbons,  *Water  pollution  ef- 
fects, "Periphyton,  *Biotransformation,  *Phenols, 
Metabolites,  Sublethal  effects,  Population  expo- 
sure, Bioassay,  Bioindicators,  Brackish  water, 
Marine  environment,  Ecosystems,  Trichloroguaia- 
col,  Biomass,  Species  composition,  Tolerance. 

Periphyton  communities  established  on  artificial 
substrates    in    a    brackish-water    mesocosm    test 
system  and  in  a  marine  microcosm  test  system 
were  exposed  to  4,5,6-trichloroguaiacol  (456-TCG; 
a  polychlorinated  phenolic  compound)  and  moni- 
tored for  effects  on  biomass,  species  composition 
and  short-term  tolerance  of  carbon  dioxide  incor- 
poration. In  the  brackish-water  mesocosms  no  ef- 
fects on  biomass  or  species  composition  were  cor- 
related with  the  456-TCG  exposures  in  the  range 
of  1.7  to  50  nanomoles.  The  20%  effective  concen- 
tration (EC20)  of  456-TCG  for  short-term  effects 
on  periphyton  C02  incorporation  were  between  1 
and  12  micromoles.  Periphyton  from  the  marine 
microcosm  system  showed  the  same  short-term 
tolerance  of  C02  incorporation  except  at  the  pre- 
exposure level  of  32  micromoles,  where  a  marked 
increase  occurred.  The  pre-exposure  of  32  micro- 
moles is  higher  than  the  short-term  EC20  of  all 
periphyton  communities  exposed  to  lower  pre-ex- 
posure concentrations.  This  is  in  accordance  with 
the  concept  of  Pollution  Induced  Community  Tol- 
erance (PICT)  which  states  that  a  toxicant  acting 
as  a  selection  pressure  on  a  community  causes  a 
tolerance  increase  due  to  exclusion  of  sensitive 
species  and/or  individuals  from  the  community. 
The  periphyton  community  exposed  to  32  micro- 
moles showed  both  an  increased  short-term  toler- 
ance, a  decreased  species  number,  and  a  decreased 
concentration  of  chlorophyll  a.  Two  metabolites 
were  identified  in  the  periphyton  of  the  microcosm 
test  system,  3,4,5-trichlorocatechol  (345-TCC)  and 
3-bromo-4,5,6-trichlorocatechol  (BTCC).  A  dimer- 
ic  biotransformation  product  was  also  found  in  the 
periphyton.   Acid  hydrolysis  of  both  water  and 
periphyton    samples    gave    an    increase    in    the 
amounts  of  456-TCG  and  metabolites,  indicating  a 
large  proportion  of  the  compounds  being  bound  or 
conjugated.  (Author's  abstract) 
W91-05334 


mass,  Autoradiography,  Dissolved  organic  carbon, 
Photosynthesis. 

The  effects  of  a  pulp  and  paper  mill  effluent  on  the 
structure  and  metabolism  of  periphytic  algal  com- 
munities were  examined.  The  impact  of  pulp  and 
paper  mill  effluent  on  periphytic  algae  growing 
under  controlled  conditions  in  experimental 
streams  was  manifested  as  a  drop  in  species  rich- 
ness and  diversity,  and  changes  in  the  taxonomic 
structure  of  the  algal  community.  The  decrease  in 
diatom  density  was  compensated  by  the  relative 
contribution  of  Chlorophyceae,  which  increased 
with  increasing  effluent  concentration  (0.5%,  2.5% 
and  10%  vol/vol).  The  presence  of  effluent  also 
led  to  a  rise  in  heterotrophic  biomass  and  activity. 
However,  the  stream  with  the  highest  effluent 
concentration  (10%  vol/vol)  showed  a  greater  au- 
totrophic biomass,  and  had  the  lowest  photosyn- 
thetic  efficiency,  suggesting  that  algal  species 
which  develop  under  such  conditions  exhibit  im- 
portant heterotrophic  activity.  This  hypothesis  was 
supported  by  micro-autoradiographic  studies, 
which  showed  that  Chlamydomonas  cells  were 
very  strongly  marked  after  incubation  in  the  pres- 
ence of  amino  acids,  while  diatoms  showed  little  or 
no  radioactivity.  This  suggested  that  the  dissolved 
organic  carbon  in  the  effluent  acted  as  a  eutroph- 
ication  factor  for  periphytic  algal  communities. 
(Author's  abstract) 
W91-05335 


PHYSIOLOGICAL  AND  CELLULAR  RE- 
SPONSES TO  COPPER  AND  MERCURY  IN 
THE  GREEN  MUSSEL  PERNA  VIRIDIS  (LIN- 
NAEUS). ,  t  „  .. 
Central  Marine  Fisheries  Research  Inst.,  Cochin 
(India). 

P.  K.  Krishnakumar,  P.  K.  Asokan,  and  V.  K. 
Pillai. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  3,  p 
163-174,  December  17,  1990.  2  fig,  2  tab,  42  ref. 

Descriptors:  "Toxicity,  "Mussels,  "Animal  physiol- 
ogy, "Mercury,  "Copper,  "Water  pollution  effects, 
Marine  environment.  Sublethal  effects,  Path  of  pol- 
lutants, Bioassay,  Tissue  analysis,  Animal  tissues, 
Animal  pathology,  Heavy  metals. 

The  suspension  feeding  bivalve  mollusks  accumu- 
late and  concentrate  most  pollutants  within  their 
tissues  to  concentrations  significantly  above  ambi- 
ent levels  in  the  environment  thus  facilitating  accu- 
rate chemical  analysis  and  assessment.  The  physio- 
logical and  cellular  responses  of  Perna  viridis  after 
1  and  2  weeks  chronic  exposure  to  copper  (25 
micrograms/L)  and  mercury  (25  micrograms/L) 
was  measured.  Filtration  rate,  oxygemnitrogen 
ratio,  scope  for  growth  and  growth  efficiency  of 
metal  exposed  mussels  decreased  significantly  in 
comparison  to  controls.  Digestive  cells  and  tissues 
of  metal-exposed  mussels  had  severe  pathological 
changes  such  as  increased  lipofuscin  accumulation, 
digestive  tubule  dilation,  tubule  breakdown  and 
cilia  loss  in  the  digestive  diverticula.  Compared  to 
mercury,  copper  accumulated  more  in  the  tissues 
of  exposed  mussels.  The  physiological  and  cellular 
responses  of  mussels  to  copper  and  mercury  were 
generally  in  the  same  direction,  although  mercury 
exposed  mussels  were  comparatively  less  affected. 
Toxic  effects  of  copper  and  mercury  observed  at  a 
cellular  and  tissue  level  were  in  agreement  with 
those  observed  at  the  organismic  level.  (VerNooy- 
PTT) 
W91-05336 


EFFECTS  OF  A  PULP  AND  PAPER  MILL  EF- 
FLUENT ON  THE  STRUCTURE  AND  METAB- 
OLISM OF  PERIPHYTIC  ALGAE  IN  EXPERI- 
MENTAL STREAMS. 

INRS-Eau,  Sainte-Foy  (Quebec). 
C.  Amblard,  P.  Couture,  and  G.  Bourdier. 
Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  3,  p 
137-162,  December  17,  1990.  9  fig,  5  tab,  62  ref. 

Descriptors:  "Eutrophication,  "Pulp  wastes,  "Me- 
tabolism, "Algal  growth,  "Chlorophyta,  "Water 
pollution  effects,  "Periphyton,  "Effluents,  "Toxici- 
ty, Wastewater  analysis,  Species  diversity,  Popula- 
tion density,  Diatoms,  Heterotrophic  bacteria,  Bio- 


W91-05341 

SOLUBILITY  AND  HYDROLYSIS  OF  AQUE- 
OUS ALUMINIUM  HYDROXIDES  IN  DILUTE 
FRESH  WATERS  AT  DIFFERENT  TEMPERA- 
TURES. 

Norges  Landbrukshoegskole,  Aas.  Isotope  Lab. 
E.  Lydersen. 

Nordic  Hydrology  NOHYBB,  Vol.  21,  No.  3,  p 
195-204,  1990.  2  fig,  26  ref. 

Descriptors:  "Temperature  effects,  "Acid  rain  ef- 
fects, Limnology,  "Water  chemistry,  Inorganic 
compounds,  "Hydrolysis,  "Aluminum  hydroxide, 
♦Metal  complexes,  Water  temperature,  "Solubility, 
Dissolved  solids,  "Aluminum,  Thermodynamics, 
Toxicity,  Water  quality,  Aquifer  systems. 

Acidification  of  soil  systems  may  cause  a  mobiliza- 
tion of  toxic  inorganic  dissolved  aluminum  species 
from  edaphic  reservoirs  to  surface  waters.  The 
effect  of  temperature  and  pH  on  the  chemistry  of 
Al(OH)3(s)  were  studied  using  available  thermody- 
namic data.  Calculations  show  that  a  doubling  of 
the  concentration  of  H(  +  )  or  a  decrease  in  temper- 
ature by  1 5  C,  yields  approximately  the  same  solu- 
bility increase  of  the  various  Al(OH)3(s)  presented. 
The  relative  concentration  of  aqueous  aluminum 
hydrolysis  complexes  is  also  highly  temperature- 
dependent.  At  decreased  temperatures  the  concen- 
tration of  Al(  +  3)  greatly  increases  with  respect  to 
the  other  dissolved  inorganic  aluminum  hydrox- 
ides. In  natural  soil/water  systems  the  solubility 
products  of  crystalline  and  amorphous  solid  alumi- 
num sources  are  unknown  and  the  solubility  may 
also  be  coupled  to  combined  weathering/ion  ex- 
change processes.  In  addition,  a  substantial  amount 
of  aluminum  may  be  present  as  organic  complexes 
where  aluminum  by  cation  exchange  reactions  may 
enter  the  solution  as  monomelic  inorganic  species. 
Thus,  if  a  low  value  for  the  equilibrium  constants 
of  Al(OH)3(s)  is  used  as  a  reference  when  calculat- 
ing the  degree  of  aluminum  saturation,  an  apparent 
oversaturation  will  often  be  demonstrated.  Estima- 
tion of  the  degree  of  aluminum  saturation  in  natu- 
ral waters  should  therefore  only  be  of  theoretical 
interest.  (Author's  abstract) 
W91-05383 


SIMPLE  BIOASSAY  FOR  THE  DIAGNOSIS  OF 
ALUMINIUM  TOXICITY  IN  SOILS. 

Queensland  Dept.  of  Primary  Industries,  Indooroo- 
pilly  (Australia).  Agricultural  Chemistry  Branch. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05  340 


EFFECTS  OF  LEACHING  SURFACE-APPLIED 
AMENDMENTS  ON  SUBSOIL  ALUMINUM 
AND  ALFALFA  GROWTH  IN  A  LOUISIANA 
ULTISOL. 

Louisiana   State   Univ.,    Baton   Rouge.   Dept.   of 

Agronomy. 

For  primary  bibliographic  entry  see  Field  5B. 


EFFECT  OF  SIMULATED  ACID  RAIN  ON 
QUANTITY  OF  EPIPHYTIC  MICROFUNGI 
ON  SCOTS  PINE  (PINUS  SYLVESTRIS  L.) 
NEEDLES. 

Turku  Univ.  (Finland).  Dept.  of  Biology. 

H.M.  Ranta. 

Environmental  Pollution  ENPOEK,  Vol.  67,  No. 

4,  p  349-359,  1990. 

Descriptors:  "Acid  rain,  "Acid  rain  effects, 
"Fungi,  "Pine  trees,  "Simulated  rainfall,  Artificial 
precipitation,  Epiphytes,  Finland,  Species  compo- 
sition. 

The  effects  of  simulated  acid  rain  on  the  phyllos- 
phere  microflora  of  pine  were  studied  experimen- 
tally in  northern  Finland  during  the  summer  of 
1988  Trees  were  irrigated  with  artificial  acid  rain 
of  pH  4  and  pH  3  (H2S04  and  HN03,  weight  ratio 
of  S:N  =  2.86:1).  Untreated  trees  and  trees  irrigat- 
ed with  spring  water  (pH  6)  were  used  as  controls. 
Two  sampling  heights  (0.5  m  and  2  m)  were  used. 
The  needles  were  colonized  exclusively  by  epiphy- 
tic fungi,  mainly  Aureobasidium  pullulans  (de 
Bary)  Arnaud.  The  lower  branches  had  significant- 
ly more  epiphytic  fungi  than  the  upper  branches. 
Compared  to  the  control  trees,  the  numbers  of 
epiphytic  fungi  were  significantly  decreased  on  the 
needles  of  the  trees  irrigated  with  acid  rain.  Acid 
rain  affected  the  number  of  epiphytic  fungi  equally 
at  both  sampling  heights.  The  species  composition 
of  the  epiphytic  fungi  was  not  affected  by  the  acid 
treatments.  (Author's  abstract) 
W9 1-05390 


EFFECT  OF  LEAD,  MERCURY  AND  CADMI- 
UM ON  A  SULPHATE-REDUCING  BACTERI- 
UM. 

National  Inst,  of  Oceanography,  Panaji  (India). 
P.  A.  Loka  Bharthi,  V.  Sathe,  and  D. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5C— Effects  Of  Pollution 

Chandramohan. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  361-374,  Oct-Dec  1990.  4  fig,  27  ref. 

Descriptors:  'Cadmium,  'Lead,  'Mercury,  'Sulfur 
bacteria,  'Toxicity,  'Water  pollution  effects,  An- 
aerobic bacteria,  Bacterial  growth,  Culture  media, 
Estuarine  sediments,  Heavy  metals,  India. 

Heavy  metals  form  an  important  class  of  pollutants 
but  little  is  known  about  the  effects  of  their  accu- 
mulation on  sediment  microflora,  such  as  the  sul- 
fate-reducing  bacteria  which  play  an  important 
role  in  the  anaerobic  turnover  of  carbon  and  other 
elements  in  the  environment.  A  marine  bacterial 
strain,  which  resembles  Desulfosarcina  in  its  physi- 
ology, was  isolated  from  off  the  south-west  coast 
of  India.  This  organism  was  tested  for  its  behavior 
towards  HgC12,  CdS04,  and  Pb(N03)2.  The  order 
of  toxicity  of  these  metal  salts  to  growth  in  a 
lactate-based  medium  at  50  micrograms/ml  con- 
centrations was  Cd>Pb>Hg  and  to  respiration 
Pb>Cd>Hg.  Inhibitory  concentrations  (viz.  100 
micrograms/ml  of  HgC12  and  200  micrograms/ml 
of  Pb(N03)2)  had  a  stimulatory  effect  when  the 
substrate  was  changed  to  acetate.  With  sodium 
acetate  at  0.1%  concentration,  Hg  and  Pb  had 
maximum  stimulatory  effect  for  growth  and  sulfide 
production.  Experiments  conducted  directly  with 
estuarine  sediment  slurries  amended  with  lactate 
showed  that  all  three  metals  (at  levels  below  their 
inhibitory  concentrations,  i.e.  50  micrograms/ml  of 
metal  salt  for  Cd  and  Hg  and  100  micrograms/ml 
for  Pb)  inhibited  sulfide-reducing  activity  (SRA) 
with  Pb  decreasing  the  peak  production  by  68%. 
The  order  of  toxicity  in  both  lactate  and  acetate- 
amended  slurry  was  Pb>Cd>Hg  and 
Pb>Hg>Cd,  respectively.  With  acetate,  SRA  in 
the  presence  of  Cd  and  Hg  was  stimulated  110% 
and  27%  respectively.  Pb  inhibited  SRA  by  11%. 
There  was  a  general  reduction  in  the  inhibition  of 
sulfide  production  in  slurries  as  compared  with 
pure  culture  of  the  isolate.  (Author's  abstract) 
W9 1-05391 


LONG-TERM  SWINE  LAGOON  EFFLUENT 
APPLICATIONS  ON  'COASTAL'  BERMUDA- 
GRASS:  II.  EFFECT  ON  NUTRIENT  ACCUMU- 
LATION IN  SOIL. 

North  Carolina  State  Univ.,  Raleigh.  Dept.  of  Soil 

Science. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-05406 


ICHTHYOFAUNAL  EVALUATION  OF  THE 
PEACE  RIVER,  FLORIDA. 

Florida  Game  and  Fresh  Water  Fish  Commission, 

Lakeland,  FL. 

T.  R.  Champeau. 

Florida  Scientist  FLSCAQ,  Vol.  53,  No.  4,  p  302- 

311,  Autumn  1990.  1  fig,  2  tab,  26  ref. 

Descriptors:  'Fish  populations,  'Florida,  'Peace 
River,  'Species  composition,  'Species  diversity, 
•Water  pollution  effects,  Biological  oxygen 
demand,  Biomass,  Ecological  effects,  Environmen- 
tal effects,  Population  dynamics,  Turbidity. 

Fishes  were  collected  from  six  locations  along  the 
freshwater  portion  of  the  Peace  River  from  1983 
through  1988.  Analysis  of  fish  community  charac- 
teristics such  as  species  richness,  diversity,  abun- 
dance, biomass  and  species  composition  indicated 
the  fish  community  of  the  Peace  River  has  been 
significantly  impacted  by  human  activities.  De- 
graded water  quality  and  invasion  of  exotic  fishes 
have  altered  species  composition,  diversity  and  fish 
production.  Effluent  from  headwater  lakes  and 
streams  increased  turbidity  and  biological  oxygen 
demand  in  the  upper  35-km  section  of  the  river 
that  was  dominated  by  pollution-tolerant  fishes. 
Dilution  from  tributaries  exhibiting  higher  water 
quality  improved  biotic  conditions  downstream  as 
evidenced  by  higher  species  diversity  and  more 
complex  fish  community  structure.  Tidal  influence 
on  the  lower  35-km  portion  of  the  river  reduced 
flushing  and  stressed  conditions  were  indicated  by 
lower  species  richness  and  diversity.  Fish  commu- 
nity structure  at  the  lower  river  was  dominated  by 
large  piscivores  and  omnivores.  (Author's  abstract) 
W91-05411 


MOBILIZATION  OF  COLLOIDS  IN  GROUND- 
WATER DUE  TO  INFILTRATION  OF  WATER 
AT  A  COAL  ASH  DISPOSAL  SITE. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 

Civil  Engineering. 

P.  M.  Gschwend,  D.  A.  Backhus,  J.  K. 

MacFarlane,  and  A.  L.  Page. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

6,  No.  4,  p  307-320,  December  1990.  5  fig,  3  tab,  18 

ref. 

Descriptors:  'Ash  disposal,  'Coal  ash,  'Colloids, 
•Groundwater  pollution,  'Leaching,  'Path  of  pol- 
lutants, 'Water  pollution  effects,  'Water  pollution 
sources,  Carbonates,  Electric  powerplants, 
Groundwater  movement,  Infiltration,  Pollution 
load,  Sampling,  Silicates,  Suspended  solids. 

Groundwaters  in  the  vicinity  of  a  coal  ash  site  near 
an  electric  generating  station  in  the  western  U.S.A. 
were  studied  to  ascertain  why  fine  particles  or 
colloids  appear  in  local  groundwater  samples.  Ap- 
plication of  very  careful  sampling  techniques  (slow 
pumping  rates,  no  atmospheric  exposure)  did  not 
cause  the  large  quantities  of  colloids  observed  pre- 
viously to  disappear  from  well  water  in  which  they 
occurred.  The  same  sampling  procedures  did  not 
cause  similar  abundances  of  colloids  to  appear  in 
waters  collected  from  neighboring  wells  installed 
and  developed  in  the  same  manner  and  in  the  same 
geologic  strata.  Groundwater  chemistry  and  the 
nature  of  the  suspended  colloids  (size,  composi- 
tion) strongly  suggest  these  fine  particles  were 
suspended  and  therefore  moving  with  the  ground- 
water flow.  At  wells  exhibiting  large  amounts  of 
suspended  colloids  (approximately  10-100  mg/L), 
the  water  was  enriched  in  carbon  dioxide  and 
depleted  in  oxygen  relative  to  nearby  locations. 
The  colloids  were  typically  between  0.1  and  2 
microns  in  size  and  were  primarily  silicates.  These 
results  suggest  that,  where  infiltrating  water  is 
percolating  through  a  site  that  has  been  mixed  with 
coal  ash,  the  secondary  carbonate  minerals  in  the 
soils  are  being  dissolved;  removal  of  this  cementing 
carbonate  phase  may  consequently  release  soil  sili- 
cate colloids  to  be  carried  in  the  flowing  water. 
Such  processes  may  enhance  contaminant  trans- 
port in  groundwater  by  augmenting  the  pollutant 
load  moving  in  the  groundwater,  and  increasing 
the  permeability  of  the  porous  medium  to  pollutant 
infiltration  with  waste  water  and/or  rainwater. 
(Author's  abstract) 
W9 1-054 13 


MODELLING  STREAM  ACIDIFICATION  IN 
AFFORESTED  CATCHMENTS:  LONG-TERM 
RECONSTRUCTIONS  AT  TWO  SITES  IN  CEN- 
TRAL SCOTLAND. 

Duke  Univ.,  Durham,  NC.  School  of  Forestry  and 

Environmental  Studies. 

B.  J.  Cosby,  A.  Jenkins,  R.  C.  Ferrier,  J.  D.  Miller, 

and  T.  A.  B.  Walker. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 

p   143-162,  December   1990.  7  fig,  6  tab,  41   ref. 

Descriptors:  'Acid  rain,  'Acidic  water,  'Acidifi- 
cation, 'Environmental  effects,  'Forest  manage- 
ment, 'Forest  watersheds,  'Forests,  'Model  stud- 
ies, 'Scotland,  'Water  pollution  effects,  Acid 
streams,  Air  pollution,  Environmental  chemistry, 
Evapotranspiration,  Forestry,  Path  of  pollutants, 
Soil  chemistry. 

A  conceptual  model  of  the  combined  effects  of 
afforestation  and  acidic  deposition  was  applied  to 
two  forested  sites  in  central  Scotland.  Refinements 
were  made  to  the  model  inputs  specifically  to 
include:  increased  dry  deposition  to  the  forests  (in 
excess  of  the  dry  deposition  expected  for  moorland 
sites)  as  the  forest  canopy  develops;  uptake  of  ions 
by  the  growing  forests;  and  increased  evapotran- 
spiration (and  thus  decreased  water  yield)  as  the 
forests  mature.  The  model  was  calibrated  using  a 
fuzzy  optimization  technique  which  incorporated 
uncertainty  in  target  variables  (stream  base  cation 
concentrations  and  soil  exchangeable  bases)  and 
uncertainty  in  selecting  values  for  fixed  and  adjust- 
able parameters  which  describe  the  physicochem- 
ical  characteristics  of  the  catchments.  Simulated 
present-day  stream  and  soil  chemistry  closely 
matched  observed  values  at  both  sites.  The  cali- 
brated models  indicated  that  while  the  patterns  of 


acidification  in  the  two  catchments  are  broadly 
similar,  some  differences  do  exist  between  the  sites 
in  the  response  of  the  soils  to  acidic  deposition  and 
afforestation.  It  was  concluded  that  the  calibrated 
models  provide  a  tool  for:  (1)  comparison  of  the 
relative  effects  of  deposition  and  afforestation  on 
soil  and  surface  water  acidification;  and  (2)  assess- 
ment of  the  likely  effects  of  reductions  in  future 
deposition  combined  with  future  forestry  manage- 
ment practices.  (See  also  W9 1-05437)  (Author's 
abstract) 
W9 1-05436 


MODELLING  STREAM  ACIDIFICATION  IN 
AFFORESTED  CATCHMENTS:  AN  ASSESS- 
MENT OF  THE  RELATIVE  EFFECTS  OF  ACID 
DEPOSITION  AND  AFFORESTATION. 

Institute  of  Hydrology,  Wallingford  (England). 
A.  Jenkins,  B.  J.  Cosby,  R.  C.  Ferrier,  T.  A.  B. 
Walker,  and  J.  D.  Miller. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  163-181,  December  1990.  6  fig,  3  tab,  25  ref. 

Descriptors:  'Acid  rain,  'Acid  streams,  'Acidifica- 
tion, 'Environmental  effects,  'Forest  management, 
'Forest  watersheds,  'Forestry,  'Path  of  pollutants, 
•Scotland,  *Water  pollution  effects,  Air  pollution, 
Model  studies,  Soil  chemistry. 

A  model  of  the  combined  long-term  effects  of 
acidic  deposition  and  forest  growth  was  developed 
and  calibrated  for  un  upland  site  in  Scotland.  The 
model  was  used  to  perform  a  series  of  simulation 
experiments  to  assess  the  relative  effects  of  affores- 
tation and  acidic  deposition  on  soil  and  surface 
water  chemistry.  The  experiments  compare  and 
contrast:  (1)  the  simulated  historical  effects  of  in- 
creased acidic  deposition  and  forest  growth,  both 
individually  and  in  combination;  and  (2)  the  simu- 
lated future  effects  of  various  levels  of  reduction  of 
deposition  in  combination  with  the  forestry  strate- 
gies of  harvesting  with  and  without  replanting. 
Results  indicate  that  historical  acidification  of  sur- 
face waters  in  areas  receiving  high  levels  of  acidic 
deposition  has  been  exacerbated  by  afforestation 
practices.  Afforestation  in  the  absence  of  acidic 
deposition,  however,  has  had  a  lesser  effect  on 
surface  water  acidification  even  though  the  nutri- 
ent demands  of  forest  growth  have  caused  signifi- 
cant soil  acidification.  Comparisons  of  future  forest 
management  strategies  in  conjunction  with  likely 
deposition  reductions  indicate  that,  in  sensitive 
areas,  replanting  of  a  felled  forest  without  treat- 
ment of  the  soil  by  addition  of  base  cations,  should 
not  be  undertaken  even  if  significant  deposition 
reductions  are  realized.  (See  also  W9 1-05436)  (Au- 
thor's abstract) 
W9 1-05437 


BIOACCUMULATION  OF  MUTAGENS  AND 
PROMUTAGENS  IN  FISH  TAKEN  FROM 
FOUR  SITES  IN  NORTHEAST  TENNESSEE. 

East  Tennessee  State  Univ.,  Johnson  City.  Dept.  of 
Health  Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05462 


CHANGES  OF  OXYGEN  CONSUMPTION  ON 
PROCAMBARUS  CLARKII  EXPOSED  TO 
METHIDATHION:  EFFECT  ON  ISOLATED 
GDLLS. 

Valencia  Univ.  (Spain).  Dept.  of  Animal  Physiolo- 
gy- 

C.  Cebrian,  E.  Andreu-Moliner,  A.  Fernandez- 
Casalderrey,  and  M.  D.  Ferrando. 
Journal  of  Environmental  Science  and  Health  (B) 
JPFCD2,  Vol.  25,  No.  6,  p  767-775,  1990.  3  fig,  1 
tab,  22  ref. 

Descriptors:  'Crayfish,  'Insecticides,  'Laboratory 
methods,  'Methidathion,  'Organophosphorus  pes- 
ticides, 'Oxygen  requirements,  'Pesticides,  'Water 
pollution  effects,  Animal  physiology,  Contamina- 
tion, Environmental  effects,  Gills,  Respiration,  Sol- 
vents, Synergistic  effects. 

The  effects  of  exposure  to  methidathion,  an  organ- 
ophosphate  insecticide,  on  the  gill  respiration  rate 
of  Procambarus  clarkii  were  determined  by  using  a 
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Gilson  differential  respirometer.  Procambarus  clar- 
kii  was  exposed  to  LC50-96h,  1/5  LC50-96h  and 
1/10  LC50-96h  for  0,  24,  48,  72,  and  96  h.  Only  the 
LC50  value,  measured  after  96  h,  significantly  in- 
creased the  oxygen  consumption  rate  (p  <  0.05). 
The  solvent,  ethanol,  caused  a  synergistic  decrease 
in  oxygen  consumption  with  the  methidathion.  Al- 
though laboratory  exposure  to  one  contaminant 
cannot  account  for  all  natural  conditions  because 
toxicity  is  influenced  by  many  natural  factors,  any 
factor  may  become  a  limiting  factor  to  the  crayfish 
in  a  grossly  polluted  natural  environment.  Howev- 
er, the  results  of  a  controlled  exposure  experiment 
may  prove  useful  in  understanding  the  nature  and 
action  of  this  pesticide.  (Brunone-PTT) 
W9 1-05467 


TOXICITY  OF  CHROMIUM  (VI)  TO  PHOTO- 
SYNTHESIS OF  THE  PHYTOPLANKTON  AS- 
SEMBLAGE OF  LAKE  ERIE  AND  THE 
DIATOM  FRAGILARIA  CROTONENSIS 
KITTON. 

Windsor  Univ.  (Ontario).  Dept.  of  Biology. 
D.  G.  Wallen. 

Aquatic  Botany  AQBODS,  Vol.  38,  No.  4,  p  331- 
340,  December  1990.  2  fig,  3  tab,  32  ref. 

Descriptors:  *Algae,  'Chromium,  'Diatoms,  *Fra- 
gilaria,  'Heavy  metals,  'Lake  Erie,  'Lakes,  'Pho- 
tosynthesis, 'Phytoplankton,  'Toxicity,  'Water 
pollution  effects,  Analytical  methods,  Inhibition, 
Irradiation. 

The  toxicity  of  chromium  to  the  photosynthesis  of 
algae,  specifically  the  diatom  Fragilaria  crotonen- 
sis  Kitton,  and  natural  phytoplankton  assemblages 
in  Lake  Erie  was  investigated.  Photosynthesis  was 
measured  in  the  presence  of  chromium  (VI)  at 
concentrations  from  0  to  2.0  micromolar.  All  chro- 
mium (VI)  concentrations  tested  inhibited  the  pho- 
tosynthetic  capacity  (Pmax)  of  the  photosynthetic- 
irradiance  (P-I)  relationship  of  F.  crotonensis,  with 
inhibition  being  greatest  at  2.0  micromolar  Cr(VI), 
the  highest  concentration  tested.  Pmax  values  of 
the  phytoplankton  assemblage  were  also  reduced, 
but  the  effects  were  less  severe  in  that  2.0  micro- 
molar Cr(VI)  reduced  Pmax  to  37.5%  of  the  con- 
trol compared  with  5.9%  for  F.  crotonensis. 
Changes  in  the  slope  of  the  P-I  curve  of  F.  croton- 
ensis indicated  inhibition  at  all  concentrations 
except  0.5  micromolar  Cr(VI),  with  inhibition 
being  greatest  at  2.0  micromolar  Cr(VI),  12.4%  of 
the  control.  However,  for  the  phytoplankton  as- 
semblage, inhibition  was  observed  only  at  a  con- 
centration of  2.0  micromolar.  (Author's  abstract) 
W91-05486 


ELECTROPHILES  AND  ACUTE  TOXICITY  TO 
FISH. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Inst,  of  Toxicology. 

J.  L.  M.  Hermens. 

Environmental    Health    Perspectives    EVHPAZ, 

Vol.  87,  p  219-225,  July  1990.  4  tab,  32  ref. 

Descriptors:  'Electrophiles,  'Water  pollution  ef- 
fects, 'Fish,  'Toxicity,  'Chemical  reactions, 
Lethal  limit,  Organic  compounds,  Hydrophobic 
compounds,  Ecotoxicology,  Chemical  properties, 
Mutagens. 

Electrophiles  are  a  class  of  compounds  that  can 
react  with  several  types  of  nucleophiles.  Amino  (- 
NH2),  hydroy  (-OH),  and  sulfhydryl  (-SH)  groups 
are  the  most  important  of  these  from  a  biological 
point  of  view  because  they  are  found  in  many 
biological  macromolecules,  such  as  in  proteins  and 
in  organic  bases  in  DNA.  Effect  concentrations  in 
fish  LC50  tests  with  directly  acting  electrophiles 
are  lower  than  those  of  unreactive  chemicals  that 
act  by  narcosis.  LC50  values  of  more  hydrophobic 
reactive  chemicals  tend  to  approach  those  of  un- 
reactive chemicals.  Quantitative  studies  to  corre- 
late fish  LC50  data  to  physical-chemical  properties 
indicate  that  LC50  values  of  reactive  chemicals 
depend  on  hydrophobicity  as  well  as  chemical 
reactivity.  Several  examples  are  given  of  reactive 
chemical  substructures  according  to  the  atom  or 
chemical  group  that  can  bind  a  nucleophile:  acyla- 
tion  reaction,  reaction  with  cyanate,  reaction  with 
carbonyl  compounds,  alkylation  and  arylation  re- 


actions, reaction  with  metal  ions  and  organometal- 
lic  compounds,  and  other  miscellaneous  reactions 
with  sulfhydryl  groups.  This  classification  might 
be  useful  to  identify  chemicals  that  are  more  effec- 
tive at  lower  concentrations  than  unreactive  com- 
pounds. Chemicals  that  require  bioactivation  are 
not  included  because  almost  no  information  is 
available  on  the  influence  of  bioactivation  on  acute 
toxic  effects  in  aquatic  organisms.  (Lantz-PTT) 
W9 1-05566 


COPPER  TOXICITY  TO  MICROSCOPIC 
STAGES  OF  GIANT  KELP  MACROCYSTIS 
PYRIFERA:  INTERPOPULATION  COMPARI- 
SONS AND  TEMPORAL  VARIABILITY. 

California  Univ.,  Santa  Cruz.  Inst,  of  Marine  Sci- 
ences. 

B.  S.  Anderson,  J.  W.  Hunt,  S.  L.  Turpen,  A.  R. 
Coulon,  and  M.  Martin. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 
68,  No.  1/2,  p  147-156,  December  15,  1990.  4  fig, 
44  ref.  CSWRCB  Contract  No.  7-120-250-0. 

Descriptors:  'Algal  growth,  'Copper,  'Kelps, 
'Toxicity,  'Water  pollution  effects,  Germination, 
Laboratory  methods,  Lethal  limit,  Spores,  Tempo- 
ral variation. 

Experiments  were  conducted  to  evaluate  temporal 
and  geographic  variation  in  sensitivity  of  micro- 
scopic stages  of  giant  kelp  Macrocystis  pyrifera  to 
copper.  Spores  from  kelp  sporophylls  collected 
from  different  locations  and  at  different  times  of 
the  year  were  exposed  to  series  of  copper  concen- 
trations following  a  standard  toxicity  test  proce- 
dure. After  48  h  static  exposures,  toxicity  was 
determined  by  measuring  2  test  endpoints:  germi- 
nation success  and  growth  of  germination  tubes. 
The  sensitivity  of  these  endpoints  to  copper  was 
also  compared  with  the  sensitivity  of  longer-term 
reproductive  endpoints:  sporophyte  production 
and  sporophyte  growth.  No  significant  differences 
in  response  to  copper  were  found  among  spores 
from  collection  sites.  Variability  between  4  tests 
conducted  quarterly  throughout  the  year  was 
greater  than  that  between  3  tests  done  consecutive- 
ly within  1  month,  indicating  temporal  variability 
in  response  to  copper.  Long-term  reproductive 
endpoints  were  more  sensitive  to  copper  than  were 
short-term  vegetative  endpoints,  with  no  observed 
effects  concentration  of  <  10  microg/L  for  sporo- 
phyte production,  10  microg/L  for  sporophyte 
growth,  10  microg/L  for  germ-tube  growth,  and 
50  microg/L  for  germination  inhibition.  (Author's 
abstract) 
W91-05592 


FATE  OF  MEVINPHOS  SPILL  AND  WATER 
QUALITY:  A  CASE  STUDY  FROM  LAKES  PEN 
MUNICIPAL  DUMP. 

Underground  Water  Authority,  Kingston  (Jamai- 
ca). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05659 


DETECTION  AND  CHARACTERKATION  OF 
(3H)2,3,7,8-TETRACHLORODIBENZO-P- 
DIOXIN  BINDING  TO  AH  RECEPTOR  IN  A 
RAINBOW  TROUT  HEPATOMA  CELL  LINE. 

Hospital   for   Sick   Children,   Toronto   (Ontario). 

Div.  of  Clinical  Pharmacology  and  Toxicology. 

A.  Lorenzen,  and  A.  B.  Okey. 

Toxicology  and  Applied  Pharmacology  TXAPA9, 

Vol.  106,  No.  1,  p  53-62,  October  1990.  8  fig,  31 

ref. 

Descriptors:  'Dioxins,  'Laboratory  methods, 
•Pollutant  identification,  'Water  pollution  effects, 
Aromatic  compounds,  Bioaccumulation,  Hazard- 
ous materials,  Hydrocarbons,  Oil,  Receptors, 
Tissue  analysis,  Trout. 

Several  species  of  teleost  fish  are  highly  sensitive 
to  halogenated  aromatic  hydrocarbons,  such  as 
'dioxins'  and  polychlorinated  biphenyls,  as  well  as 
non-halogenated  aromatic  hydrocarbons  and  crude 
petroleum  mixtures.  Although  the  toxicity  to  fish  is 
well-recognized,  virtually  nothing  is  known  about 
how  fish  recognize  and  respond  to  toxic  aromatics. 
Aromatic  hydrocarbon  (Ah)  receptor  was  identi- 


fied and  characterized  in  cytosol  and  nuclear  ex- 
tracts from  the  rainbow  trout  hepatoma  cell  line 
RTH-149.  The  cytosolic  receptor  was  detectable 
with  both  halogenated  ((3H)2,3,7,8-tetrachlorodi- 
benzo-p-dioxin  (TCDD))  and  non-halogenated 
((3H)3-methylcholanthrene  and 

((3H)benzo(a)pyrene  aromatic  hydrocarbons  and 
sedimented  at  approximately  9  S  after  velocity 
sedimentation  on  sucrose  gradients.  The  apparent 
binding  affinity  of  cytosolic  Ah  receptor  was 
always  less  than  1  nanomolar  as  derived  from 
Scatchard  or  Woolf  plot  analyses.  The  same  analy- 
ses indicated  a  concentration  of  Ah  receptor  in  the 
RTH-149  cells  of  approx  20  femtomole/mg  cytoso- 
lic protein  or  approximately  4400  receptor  sites  per 
cell.  Thus,  this  trout  hepatoma  cell  line  has  a  low 
concentration  of  high-affinity  binding  sites  com- 
pared to  cytosol  obtained  from  rodent  tissues.  In- 
cubation of  whole  cells  with  the  radioligand 
(3H)TCDD  resulted  in  transformation  of  the  cyto- 
solic Ah  receptor  to  a  nuclear  binding  form  that 
could  be  detected  as  a  specifically  labeled  peak 
sedimenting  at  approximately  6  S  on  sucrose  gradi- 
ents. Aryl  hydrocarbon  hydroxylase  was  induced 
after  exposure  of  RTH-149  cells  to  TCDD  or 
benz(a)anthracene  for  24  hr  in  culture.  These  data 
demonstrate  the  existence  of  the  Ah  receptor  in  a 
cell  line  derived  from  a  nonmammalian  species  and 
provide  an  additional  step  toward  understanding 
the  mechanisms  by  which  fish  respond  to  specific 
aquatic  contaminants.  (Author's  abstract) 
W91-05830 


ELECTROPHILES  AND  ACUTE  TOXICITY  TO 
FISH. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Inst,  of  Toxicology. 

J.  L.  M.  Hermens. 

Environmental    Health    Perspectives    EVHPAZ, 

Vol.  87,  p  219-225,  July  1990.  4  tab,  32  ref. 

Descriptors:  'Water  chemistry,  'Toxicology, 
'Electrophiles,  'Fish,  'Toxicity,  'Water  pollution 
effects,  'Ecotoxicology,  Chemical  properties,  Hy- 
drophobic compounds,  Lethal  limit,  Mutagens,  Or- 
ganic compounds,  Chemical  reactions. 

Electrophiles  are  a  class  of  compounds  that  can 
react  with  several  types  of  nucleophiles.  Amino  (- 
NH2),  hydroy  (-OH),  and  sulfhydryl  (-SH)  groups 
are  the  most  important  of  these  from  a  biological 
point  of  view  because  they  are  found  in  many 
biological  macromolecules,  such  as  in  proteins  and 
in  organic  bases  in  DNA.  Effect  concentrations  in 
fish  LC50  tests  with  directly  acting  electrophiles 
are  lower  than  those  of  unreactive  chemicals  that 
act  by  narcosis.  LC50  values  of  more  hydrophobic 
reactive  chemicals  tend  to  approach  those  of  un- 
reactive chemicals.  Quantitative  studies  to  corre- 
late fish  LC50  data  to  physical-chemical  properties 
indicate  that  LC50  values  of  reactive  chemicals 
depend  on  hydrophobicity  as  well  as  chemical 
reactivity.  Several  examples  are  given  of  reactive 
chemical  substructures  according  to  the  atom  or 
chemical  group  that  can  bind  a  nucleophile:  acyla- 
tion  reaction,  reaction  with  cyanate,  reaction  with 
carbonyl  compounds,  alkylation  and  arylation  re- 
actions, reaction  with  metal  ions  and  organometal- 
lic  compounds,  and  other  miscellaneous  reactions 
with  sulfhydryl  groups.  This  classification  might 
be  useful  to  identify  chemicals  that  are  more  effec- 
tive at  lower  concentrations  than  unreactive  com- 
pounds. Chemicals  that  require  bioactivation  are 
not  included  because  almost  no  information  is 
available  on  the  influence  of  bioactivation  on  acute 
toxic  effects  in  aquatic  organisms.  (Lantz-PTT) 
W91-05891 


SOLUBLE  METALS  IN  THE  ATMOSPHERE 
AND  THEIR  BIOLOGICAL  IMPLICATIONS:  A 
STUDY  TO  IDENTIFY  IMPORTANT  AERO- 
SOL COMPONENTS  BY  STATISTICAL  ANAL- 
YSIS OF  PIXE  DATA. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Ocean- 
ography. 

J.  W.  Winchester. 

Biological  Trace  Element  Research  BTERDG, 
Vol.  26/2,  p  195/212,  December  1990,  2  fig,  3  tab, 
39  ref. 


DC 


115 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C— Effects  Of  Pollution 


Descriptors:  'Acid  rain  effects,  'Aerosols,  *Air 
pollution,  *Air  pollution  effects,  •Atmospheric 
chemistry,  'Statistical  analysis,  'Trace  metals, 
Aluminum,  Atmospheric  deposition,  Chemical 
analysis,  Ecological  effects,  Human  diseases,  Iron, 
Multivariate  analysis,  Solubility,  Sulfur  dioxide, 
Trace  elements.  X-ray  spectroscopy. 

Multivariate  statistical  analysis  has  been  applied  to 
time  series  measurements  of  aerosol  elemental 
composition  from  PIXE  (photon-induced  x-ray 
emission)  analysis  of  filter  samples,  and  principal 
components  have  been  resolved  that  represent  dis- 
tinct particle  types  in  an  external  mixture  in  the 
atmosphere.  A  combination  of  chemical  and  statis- 
tical analyses  of  the  data  may  be  more  powerful  in 
determining  chemical  species  in  atmospheric  aero- 
sols than  studies  that  employ  mainly  direct  chemi- 
cal analysis  of  chemical  species  in  unresolved  mix- 
tures of  aerosol  particle  samples.  Sulfur  is  general- 
ly associated  with  mineral  dust  elements.  It  is 
reasoned  that  the  association  may  represent  sulfu- 
ric acid  coatings  on  particles  that  can  lead  to 
mineral  dissolution  and  solubilization  of  significant 
amounts  of  aluminum,  iron,  and  other  metals. 
Upon  wet  or  dry  deposition  to  the  surface,  the 
fluxes  of  these  metals  in  biologically-available  form 
may  be  sufficient  to  affect  primary  productivity  in 
the  world  ocean  and  cause  ecological  damage  in 
lakes.  As  a  consequence,  the  fluxes  of  biogenic 
trace  gases  to  the  atmosphere  may  be  changed, 
possibly  leading  to  changes  in  the  tropospheric 
concentration  of  ozone.  The  inputs  to  lakes  of 
soluble  aluminum,  which  is  toxic  to  fish,  may  be 
partly  by  deposition  directly  from  the  atmosphere  , 
thus  not  limited  to  leaching  of  soils  by  acid  deposi- 
tion. Human  inhalation  of  soluble  aluminum  and 
other  solubilized  mineral  metals  may  account,  in 
part,  for  the  observed  geographic  pattern  of  deaths 
attributed  to  chronic  obstructive  pulmonary  dis- 
ease (COPD)  that  show  high  rates  in  cities  of  the 
Western  US  and  southeast  region,  but  low  in  most 
of  the  midwest  and  northeast.  (Author's  abstract) 
W91-05894 


STUDIES  OF  CADMIUM  UPTAKE  IN  BONE 
AND  ITS  ENVIRONMENTAL  DISTRIBUTION. 

Toronto  Univ.  (Ontario).  Dept.  of  Chemical  Engi- 
neering and  Applied  Chemistry. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05895 


QUESTION  OF  NITRATES. 

Salford     Univ.     (England).     Environmental     Re- 
sources Unit. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05904 


MICRONUCLEUS  TEST  IN  FISH  FOR  MONI- 
TORING THE  GENOTOXIC  EFFECTS  OF  IN- 
DUSTRIAL WASTE  PRODUCTS  IN  THE 
BALTIC  SEA,  SWEDEN. 

Institut  Jozef  Stefan,  Ljubljana  (Yugoslavia). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05944 


ALASKA'S     RESPONSE     TO     THE     EXXON 
VALDEZ  OIL  SPILL. 

Alaska  State  Dept.  of  Environmental  Conserva- 
tion, Juneau. 

For  primary  bibliographic   entry   see   Field   5G. 
W9 1-05946 


EXXON  VALDEZ  OIL  SPILL:  INITIAL  ENVI- 
RONMENTAL IMPACT  ASSESSMENT. 

Exxon  Co.  USA,  Anchorage,  AK. 

A.  W.  Maki. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  25,  No.  1,  p  24-29,  January  1991.  5 

fig,  1  tab,  1 2  ref. 

Descriptors:  'Alaska,  'Cleanup  operations,  'Envi- 
ronmental impact,  'ExAon  Valdez,  'Oil  spills, 
•Water  pollution  effects,  Fisheries,  Monitoring,  Oil 
pollution,  Oil  recovery,  Prince  William  Sound, 
Toxicity,  Wildlife. 

Exxon's  response  to  the  Exxon  VaJdez  oil  spill  on 
Bligh  Reef  in  Prince  William  Sound  in  Alaska  was 


unprecedented  in  scale.  The  Exxon  response  in- 
cluded the  employment  of  more  than  11,000 
people,  utilization  of  essentially  the  entire  world 
supply  of  containment  booms  and  skimmers,  and 
an  expenditure  of  more  than  two  billion  dollars. 
Following  the  spill  and  cleanup,  Exxon  mobilized 
a  massive  environmental  assessment  program.  Data 
from  these  studies  indicate  that  wildlife  and  habi- 
tats are  recovering  from  the  impacts  of  the  spill 
and  that  commercial  catches  of  herring  and  salmon 
in  Prince  William  Sound  are  at  record  high  levels. 
Samplings  of  petroleum  aromatic  hydrocarbons 
concentrations  in  the  waters  clearly  demonstrate 
that  average  levels  have  remained  well  below  ex- 
posure levels  known  to  cause  acute  and  chronic 
effects  to  sensitive  aquatic  life.  Field  counts  of 
plants,  fish  and  mammals  from  throughout  the  spill 
area  provide  convincing  data  that  wildlife  species 
are  surviving  and  reproducing,  thus  confirming 
that  biological  recovery  is  rapidly  taking  place. 
Ecosystem  recovery  from  spill  impacts  is  due  to 
the  combined  efforts  of  the  cleanup  program  as 
well  as  natural  physical,  chemical,  and  biological 
processes.  From  all  indications  this  recovery  proc- 
ess can  be  expected  to  continue.  (See  also  W91- 
05946)  (White-Reimer-PTT) 
W9 1 -05947 


5D.  Waste  Treatment  Processes 


DYNAMICS  AND  CONTROL  OF  SUBSTRATE 
INHIBITION  IN  ACTIVATED  SLUDGE. 

Waterloo  Univ.  (Ontario).  Dept.  of  Chemical  En- 
gineering. 

P.  J.  Allsop,  M.  Moo- Young,  and  G.  R.  Sullivan. 
CRC  Critical  Reviews  in  Environmental  Control 
CCECAU,  Vol.  20,  No.  2,  p  1 15-167,  1990.  8  fig,  2 
tab,  265  ref. 

Descriptors:  'Activated  sludge,  'Activated  sludge 
process,  'Biological  wastewater  treatment,  'Con- 
trol systems,  'Industrial  wastewater,  'Wastewater 
treatment,  Chemical  industry,  Kinetics,  Literature 
review,  Phenols,  Steel  industry. 

The  activated  sludge  wastewater  treatment  process 
predominantly  used  in  the  chemical  and  steel  in- 
dustries was  reviewed  to  determine  the  dynamics 
and  control  of  activated  sludge  systems  treating 
inhibitory  wastes.  While  this  process  has  the  capac- 
ity to  degrade  a  variety  of  toxic  or  inhibitory 
wastes,  the  underlying  mechanisms  are  not  clear. 
A  variety  of  issues  exist  requiring  further  study:  (1) 
the  role  of  various  microorganisms  in  waste  re- 
moval and  system  stability,  (2)  the  mechanisms  of 
inhibitory  action  at  both  the  level  of  the  primary 
consumer  and  at  the  level  of  the  whole  process,  (3) 
the  suitability  of  phenol  as  a  model  inhibitory 
substrate,  (4)  the  appropriateness  of  using  pure 
culture,  CSTR  results  obtained  at  relatively  high 
specific  growth  rates  to  predict  the  response  of 
activated  sludge  systems,  (5)  the  rationalization  of 
microbiological  predictions  for  oligotrophic  sys- 
tems with  observations  in  activated  sludge  systems, 
and  (6)  the  development  of  appropriate  monitoring 
tools  for  detecting  process  instabilities.  (Feder- 
PTT) 
W9 1-04937 


BACTERIAL  LEACHING  OF  HEAVY  METALS 
FROM  SEWAGE  SLUDGE-BIOREACTORS 
COMPARISON. 

INRS-Eau,  Sainte-Foy  (Quebec). 

D.  Couillard,  and  G.  Mercier. 

Environmental  Pollution  ENPOEK,  Vol.  66,  No. 

3,  p  237-252,  1990.  4  fig,  5  tab,  29  ref. 

Descriptors:  'Aeration,  'Biological  treatment, 
•Cadmium,  'Copper,  'Heavy  metals,  'Leaching, 
•Municipal  wastes,  'Sewage  bacteria,  'Sludge 
treatment,  'Wastewater  treatment,  'Zinc,  Hydro- 
gen ion  concentration,  Land  disposal,  Retention 
time. 

Microbial  leaching  of  heavy  metals  from  municipal 
sludge  was  studied  in  a  continuously  stirred  tank 
reactor  without  recycling  (CSTR)  or  with  sludge 
recycling  (CSTRWR)  at  residence  times  of  1,2,3 
and  4  days.  The  CSTRWR  and  the  CSTR  with  a  1 
g/L  FeSO4.7H20  addition  were  equally  efficient 


because  of  copper  reprecipitation  or  recomplexa- 
tion  in  the  settling  tank  of  the  CSTRWR.  In  the 
CSTR,  about  62%  of  copper  and  about  77%  of 
zinc  were  dissolved  in  three  days  residence  time 
compared  to  50%  of  copper  and  64%  of  zinc  in  the 
CSTRWR  if  3  g/L  FeS04  was  added.  Thus  with  a 
larger  amount  of  substrate  the  CSTR  was  more 
efficient  than  the  CSTRWR.  Residence  time  and 
pH  were  the  main  factors  for  zinc  solubilization 
while  for  copper,  the  redox  potential  was  also  a 
major  factor.  Increased  concentration  of 
FeS04.7H20  yielded  better  copper  solubilization 
while  it  had  no  effect  or  a  negative  effect  on  zinc. 
(Author's  abstract) 
W9 1-04943 


BEHAVIOR  OF  CARBON  MONOXIDE  AS  A 
TRACE  COMPONENT  OF  ANAEROBIC  DI- 
GESTER GASES  AND  METHANOGENESIS 
FROM  ACETATE. 

Michigan  Biotechnology  Inst.,  Lansing. 
R.  F.  Hickey,  and  M.  S.  Switzenbaum. 
Environmental        Science       and       Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1642-1648,  Novem- 
ber 1990.  4  fig,  3  tab,  45  ref. 

Descriptors:  'Acetates,  'Anaerobic  digestion, 
'Biodegradation,  'Carbon  monoxide,  'Methano- 
genesis,  'Sludge  digestion,  'Wastewater  treatment, 
Thermodynamics. 

The  levels  of  gaseous  carbon  monoxide  in  anaero- 
bic digester  samples  and  digester  inocula  in  defined 
media  are  directly  related  to  the  acetate  concentra- 
tions and  inversely  related  to  methane  concentra- 
tions. This  thermodynamic  framework  better  ex- 
plains acetate  metabolism  by  methanogens  from  a 
redox  perspective.  The  carbon  monoxide  concen- 
tration increased  in  response  to  perturbing  the  di- 
gestion process  by  increasing  organic  loading  or 
adding  acetate.  Reducing  headspace  methane  level 
resulted  in  higher  measured  carbon  monoxide  con- 
centrations. A  thermodynamic  relationship  was  de- 
veloped by  dividing  the  acetoclastic  methane  reac- 
tion into  two  half-cell  reactions,  representing  pro- 
duction of  and  subsequent  oxidation  of  carbon 
monoxide.  A  constant  fraction  for  the  total  free 
energy  available  for  acetate  conversion  to  methane 
was  assigned  to  each  half-cell  based  on  experimen- 
tal observations.  It  was  determined  that  approxi- 
mately 54%  of  the  energy  available  for  acetate 
conversion  to  methane  was  consistently  associated 
with  the  anaerobic  oxidation  of  carbon  monoxide 
to  carbon  dioxide.  Estimated  values  compared  well 
for  measured  concentrations  for  both  mesophilic 
and  thermophillic  digesters  operating  under 
steady-state  conditions.  The  thermodynamic  rela- 
tionship, based  upon  gaseous  components  only, 
was  manipulated  to  accurately  predict  acetate  con- 
centration in  a  digester  system  subjected  to  an 
organic  overload  that  was  monitored  with  an  on- 
line data  acquisition  system.  (Author's  abstract) 
W9 1-04944 


STOICHIOMETRY  AND  KINETICS  OF  THE 
REACTION  OF  NITRITE  WITH  FREE  CHLO- 
RINE IN  AQUEOUS  SOLUTIONS. 

California  Univ.,  Berkeley.  Dept.  of  Civil  Engi- 
neering. 

V.  Diyamandoglu,  B.  J.  Marinas,  and  R.  E. 
Selleck. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1711-1718,  Novem- 
ber 1990.  9  fig,  3  tab,  16  ref. 

Descriptors:  'Chlorides,  'Chlorination,  'Chlorine, 
•Disinfection,  'Nitrates,  'Nitrites,  'Wastewater 
treatment,  'Water  treatment,  Hydrogen  ion  con- 
centration, Kinetics. 

The  reaction  of  nitrite  with  free  chlorine  in  dilute 
aqueous  solution  (3.4  <  pH  <  11.5)  was  studied 
under  continuous-flow  mixing  conditions.  Chlo- 
rine, chloride,  nitrite  and  nitrate  were  all  measured 
analytically.  Stoichiometric  balances  demonstrated 
that  nitrite  was  oxidized  to  nitrate  and  chlorine 
was  reduced  to  chloride,  without  the  significant 
production  of  any  other  chemical  species.  The 
kinetic  studies  demonstrate  that  the  reaction  is 
very  fast  at  neutral  or  acidic  pH  with  the  rate 
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decreasing  with  increasing  pH.  The  reaction  was 
strictly  bimolecular  in  the  pH  range  of  9.5-11.6, 
where  it  was  sufficiently  slow  to  be  followed  with 
time.  The  reaction  appears  to  proceed  between 
nitrous  and  hypochlorous  acid  molecules.  (Au- 
thor's abstract) 
W9 1-04950 


ANAEROBIC  DECHLORINATION/DEGRADA- 
TION  OF  CHLORINATED  ORGANIC  COM- 
POUNDS OF  DIFFERENT  MOLECULAR 
MASSED  IN  BLEACH  PLANT  EFFLUENTS. 

Svenska  Traeforskningsinstitutet,  Stockholm. 
R.  Fitzsimons,  M.  Ek,  and  K.  L.  Eriksson. 
Environmental        Science        and       Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1744-1748,  Novem- 
ber 1990.  4  fig,  2  tab,  Href. 

Descriptors:  *Anaerobic  digestion,  'Bleaching 
wastes,  'Dechlorination,  'Industrial  wastewater, 
•Pulp  and  paper  industry,  'Wastewater  treatment, 
Degradation,  Halogenated  organic  compounds. 

Anaerobic  dechlorination/degradation  of  high  mo- 
lecular mass  material  in  bleach  plant  effluent  was 
investigated  in  different  systems.  A  decrease  in 
organically  bound  chlorine,  measured  as  adsorb- 
able  organic  halogen(AOX)  was  found  with  all 
molecular  mass  fractions.  The  rate  and  extent  of 
dechlorination  and  degradation  of  soluble  AOX 
decreased  with  increasing  molecular  mass.  Part  of 
the  dechlorination  appears  to  be  dependent  on 
readily  degradable  carbon  sources.  The  possibility 
that  degradation  is  a  combination  of  chemical  de- 
polymerization  or  desorption  of  small  molecules 
followed  by  their  biological  degradation  cannot  be 
excluded.  In  these  experiments,  the  rate  of  dechlor- 
ination of  high  molecular  mass  material  proceeded 
too  slowly  to  be  of  any  practical  use  in  effluent 
treatment.  (Author's  abstract) 
W91-04955 


REMOVAL  OF  CU  AND  CD  FROM  WATER  BY 
BACOPA  MONNIERI  L. 

National     Botanical     Research     Inst.,     Lucknow 
(India).  Aquatic  Botany  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04980 


SEPTAGE-ONLY  TREATMENT  PLANT 
OPENS  AFTER  19  YEARS  OF  HURDLES. 

Linenthal  Eisenberg  Anderson,  Inc.,  Boston,  MA. 
B.  Fehan,  and  P.  Guertin. 

Public  Works  PUWOAH,  Vol.  121,  No.  11,  p  46- 
48,  October  1990. 

Descriptors:  'Cape  Cod,  'Massachusetts,  'Septic 
wastewater,  'Wastewater  facilities,  'Wastewater 
treatment,  Archaeology,  Biological  oxygen 
demand,  Effluents,  Groundwater  protection,  Ni- 
trates, Social  aspects. 

One  of  the  country's  first  septage-only  treatment 
plants  has  begun  operation  on  Massachusetts's 
Cape  Cod.  The  regional  $13  million  facility  treats 
45,000  gpd  of  septage  from  the  towns  of  Orleans, 
Brewster  and  Eastham.  The  design  process  had  to 
overcome  several  obstacles:  public  resistance  to 
any  type  of  sewered  option;  the  town's  location  in 
a  groundwater  protection  district  with  strict  archi- 
tectural requirements;  and  the  discovery  that  the 
site  contained  significant  archaeological  resources. 
Present  operations  are  finding  effluent  BOD  and 
suspended  solids  running  at  approximately  10  mg/ 
L,  well  below  the  discharge  permit  of  30  mg/L  of 
both  parameters.  The  nitrogen  levels  are  also  run- 
ning well  below  the  permit  requirements  of  50  mg/ 
L.  (Author's  abstract) 
W9 1-05025 


UTILrrY  FINANCIAL  PLANNING  AND  RATE 
DESIGN  BY  COMPUTER. 

Kalamazoo  City  Dept.  of  Public  Utilities,  MI. 

J.  A.  Barnett-Moore,  W.  G.  Standard,  and  B.  D. 

Foster. 

Public  Works  PUWOAH,  Vol.  121,  No.  11,  p  56- 

59,  115,  October  1990.  5  fig. 

Descriptors:  'Computers,  'Management  planning, 
'Metropolitan     water     management,      'Utilities, 


•Wastewater  treatment,  'Water  treatment,  Com- 
puter models,  Computer  programs,  Industrial 
wastes,  Michigan,  Sewage  rate,  Water  rates. 

The  city  of  Kalamazoo,  Michigan  owns  and  oper- 
ates water  supply  and  wastewater  treatment  sys- 
tems that  provide  service  to  approximately  1 50,000 
residents  as  well  as  business  and  industry  in  the 
city  and  the  surrounding  metropolitan  area.  Serv- 
ice outside  the  city  is  provided  both  on  a  retail  and 
wholesale  basis  through  contracts  with  17  town- 
ships and  municipalities.  The  city  also  provides 
wastewater  collection  and  treatment  service  to 
three  major  industries  by  separate  service  con- 
tracts. The  city  selected  Lotus  1-2-3  Release  2.2 
spreadsheet  software  to  develop  customized  finan- 
cial planning  and  rate  models  to  enable  routine 
revisions  and  updates  of  revenue  requirements, 
cost  allocations  and  rate  schedules.  (Author's  ab- 
stract) 
W9 1-05026 


HISTORIC  TOWN  RECYCLES  HISTORY  FOR 
WASTEWATER  TREATMENT. 

Camp,  Dresser  and  McKee,  Inc.,  Cambridge,  MA. 
F.  Requena,  and  H.  W.  Storrs. 
Public  Works  PUWOAH,  Vol.  121,  No.  11,  p  63- 
65,  October  1990. 

Descriptors:  'Massachusetts,  'Sludge  digestion, 
'Upgrading,  'Wastewater  facilities,  'Wastewater 
treatment,  'Water  quality  standards,  Chlorination, 
Concord  River,  Sand  filters,  Settling  tanks,  Sludge 
drying,  Trickling  filters. 

The  town  of  Concord,  Massachusetts  has  recycled 
its  turn-of-the-century  treatment  plant  which  origi- 
nally contained  four  unlined  natural  sand  filter 
beds  to  meet  the  demands  of  an  increased  popula- 
tion and  to  meet  state  and  federal  discharge  per- 
mits. By  1980,  five  more  filter  beds  were  added;  a 
primary  settling  tank  with  anaerobic  sludge  diges- 
tion and  sludge  drying  beds  were  installed;  chlorin- 
ation facilities  and  underdrains  piped  the  effluent 
to  the  Great  Meadows  Wildlife  Sanctuary,  a  large 
marshland  between  the  plant  and  the  Concord 
River;  and  the  effluent  discharge  outfall  was  ex- 
tended to  the  Concord  River.  The  system  was 
designed  to  handle  a  1-mgd  flow,  but  could  only 
treat  about  0.70  mgd  and  still  meet  its  National 
Pollutant  Discharge  Elimination  System  (NPDES) 
discharge  permit  requirements.  A  combination  of 
plastic-trickling  filters  and  upgraded  sand  filter 
beds  was  installed.  As  a  result,  the  plant  can  now 
handle  1.2  mgd  of  effluent  and  the  effluent  param- 
eters are  below  the  NPDES  permit  requirements. 
(Feder-PTT) 
W9 1-05027 


LIGHTING  GUIDE  FOR  WASTEWATER 
TREATMENT  FACILnTES. 

General  Electric  Co.  Lighting  Systems,  Hender- 

sonville,  NC. 

C.  Laughter. 

Public  Works  PUWOAH,  Vol.  121,  No.  11,  p  69- 

70,  October  1990. 

Descriptors:  'Lighting,  'Wastewater  facilities, 
'Wastewater  treatment,  Construction,  Design  cri- 
teria, Energy  costs,  Engineering. 

For  wastewater-treatment  operations  to  run 
smoothly  day  and  night,  workers  must  have  good 
visibility  around  outdoor  settling  and  aeration 
tanks  and  indoor  sludge-removal  equipment.  Stan- 
chion-mounted outdoor  lights  should  be  installed 
where  workers  monitor  wastewater  and  take  core 
samples.  Stairs  and  truck-loading  stations  must  also 
be  well  lit.  For  hazardous  and/or  corrosive  envi- 
ronments, hazardous-location  fixtures  are  recom- 
mended. For  any  outdoor  location,  fixtures  should 
have  a  'Suitable  for  Wet  Locations'  listing  from  the 
Underwriters  Laboratories  and  should  be  made  of 
corrosion-resistant  materials  and/or  have  a  corro- 
sion-resistent  finish.  High-mast  lighting  systems 
provide  general  illumination  for  a  large  facility. 
Floodlights  and  wall  mounted  fixtures  are  also 
useful  in  indoor  locations.  Hazardous-location  fix- 
tures should  be  chosen  for  indoor  locations  that  are 
or  may  be  hazardous  or  corrosive.  In  non-hazard- 
ous treatment  areas,  industrial  fixtures  are  a  good 


choice.  High-pressure  sodium  lamps  are  the  most 
energy-efficient  light  sources.  (Feder-PTT) 
W9 1-05029 


SLUDGE  MADE  MANAGEABLE  WITH 
WEDGEWATER  FILTER  BEDS. 

Kalamazoo  City  Dept.  of  Public  Utilities,  MI. 
C.  G.  Wilmut,  T.  T.  Palit,  and  T.  Decell. 
Public  Works  PUWOAH,  Vol.  121,  No.  11,  p  76- 
78,  October  1990.  2  fig,  1  tab. 

Descriptors:  'Filter  media,  'Sludge  drying, 
'Sludge  filters,  'Sludge  treatment,  'Waste  man- 
agement, 'Wastewater  treatment,  Filtration,  Floc- 
culation,  Polymers,  Sludge  solids. 

The  Wedgewater  filter  bed  system  utilizes  either 
stainless  steel  media  or  high  density  polyurethane 
media.  This  system  works  on  the  same  principle  as 
a  conventional  sand/gravel  drying  bed.  However, 
the  Wedgewater's  loading  capacity  (about  2  lb  of 
dry  solids  per  sq  ft)  is  about  twice  as  high  as  the 
sand/gravel  beds.  Properly  operated  under  favor- 
able environmental  conditions,  the  sludge  reaches  a 
solids  content  of  15  to  20  percent  in  about  three  or 
four  days  on  the  filter  beds.  Efficient  sludge  floc- 
culation  was  achieved  through  the  use  of  polymer 
handling/injection  equipment.  (Author's  abstract) 
W9 1-05030 


FORMULATING  STRATEGIES  FOR  ACTIVAT- 
ED SLUDGE  SYSTEMS. 

Environmental     Resources     Management,     Inc., 

Exton,  PA. 

A.  F.  Rozich,  and  R.  J.  Colvin. 

Water  Engineering  and  Management  WENMD2, 

Vol.   137,  No.   10,  p  39-41,  October  1990.  5  fig. 

Descriptors:  'Activated  sludge  process,  'Biologi- 
cal wastewater  treatment,  'Process  control,  *Re- 
spirometry,  'Waste  management,  'Wastewater 
treatment,  Chemical  oxygen  demand,  Management 
planning,  Model  studies,  Oxygen  uptake,  Toxicity. 

For  enhancing  biological  wastewater  treatment 
systems,  respirometric  methods  can  be  used  to 
enhance  treatability  studies  and  the  application  of 
predictive  models  for  process  control.  The  primary 
advantages  of  respirometry  are  that  it  streamlines 
the  traditional  treatability  study  and  that  it  adds  a 
set  of  data  (oxygen  uptake)  which  allows  the  ana- 
lyst to  crosscheck  chemical  oxygen  demand  or 
specific  compound-removal  data.  Individual  respir- 
ometric tests  can  be  run  in  one  day  or  less,  which 
means  this  technique  could  be  used  as  a  proactive 
process-control  tool.  These  techniques  are  applied 
in  either  a  predictive  modeling  mode  or  a  screen- 
ing mode.  The  predictive  modeling  mode  enables 
management  to  define  capacity,  optimize  operating 
policies  or  institute  programs  designed  to  keep  the 
facilities  in  compliance.  The  screening  mode  is 
designed  to  identify  the  constituents  of  influent 
waste  which  tend  to  be  recalcitrant  and  which 
contribute  to  effluent  toxicity  or  COD.  (Feder- 
PTT) 
W9 1-05036 


ABCS  OF  SRFS. 

R.  A.  Blattner,  and  T.  S.  Davis. 

Civil  Engineering   (ASCE)  CEWRA9,  Vol.   60, 

No.  12,  p  54-56,  December  1990. 

Descriptors:  'Financing,  'State  revolving  funds, 
•Wastewater  facilities,  Cost  analysis,  Government 
finance,  Ohio. 

Wastewater  treatment  plants  in  the  United  States 
are  deteriorating  faster  than  they  can  be  repaired 
and  the  outlook  for  future  federal  funding  is  bleak. 
State  and  local  governments  will  have  to  rely  on 
their  own  resources  to  fund  the  plant  expansions 
and  upgrades  needed  to  meet  Environmental  Pro- 
tection Agency  treatment  regulations.  According 
to  a  1988  EPA  survey,  more  than  $83.5  billion 
dollars  will  be  needed  to  meet  wastewater  require- 
ments through  2008.  Of  the  various  financing  alter- 
natives available,  the  State  Revolving  Fund  (SRF) 
Loan  Programs  appear  to  be  favored  in  cost-bene- 
fit analysis.  Communities  can  use  the  SRF  in  sever- 
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,il  ways:  (1)  the  fund  can  lend  money,  but  loans 
must  be  made  at  or  below  market  interest  rates  and 
amortized  no  more  than  20  yr  after  project  com- 
pletion; (2)  the  SRF  can  be  used  to  refinance 
existing  debt  obligations  incurred  for  construction 
of  publicly  owned  wastewater  treatment  projects 
after  March  7,  1985;  (3)  an  SRF  can  guarantee 
local  debt  obligations  to  improve  credit  market 
access  or  reduce  interest  rates;  (4)  SRF  resources 
can  be  leveraged  to  increase  the  value  of  the  fund 
without  obtaining  additional  money  from  the  state; 
(5)  an  SRF  may  provide  loan  guarantees  for  similar 
revolving  funds  established  by  municipalities  or 
inter-municipal  agencies;  (6)  an  SRF  may  earn 
interest  on  fund  accounts  prior  to  a  loan  disburse- 
ment; and  (7)  money  in  the  SRF  may  be  used  for 
reasonable  administrative  costs  provided  the 
amount  does  not  exceed  4%  of  all  SRF  capitaliza- 
tion grants  awarded.  The  20-yr-old  SRF  program 
in  Ohio  was  used  by  the  EPA  as  a  model  for  the 
national  program.  By  offering  loans  at  2-5%  inter- 
est, savings  equivalent  to  a  40-20%  grant  are  ob- 
tained. On  the  whole  the  SRF  loan  program  offers 
a  bright  alternative  for  communities  to  refinance 
their  wastewater  treatment  needs.  (Rochester- 
PTT) 
W9 1-05071 


VENTURI  AERATION  AND  THERMOPHILIC 
AEROBIC  SEWAGE  SLUDGE  DIGESTION  IN 
SMALL-SCALE  REACTORS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

P.  Burt,  M.  H.  Littlewood,  S.  F.  Morgan,  B.  N. 

Dancer,  and  J.  C.  Fry. 

Applied       Microbiology       and       Biotechnology 

AMBIDG,  Vol.  33,  No.  6,  p  721-724,  September 

1990.  1  tab,  1  fig,  14ref. 

Descriptors:  'Aeration,  'Aerobic  digestion, 
•Sludge  digestion,  'Sludge  treatment,  'Thermo- 
philic bacteria,  'Wastewater  treatment,  Chemical 
oxygen  demand,  Hydrogen  ion  concentration, 
Sludge  solids,  Small-scale  reactors,  Venturi  meters, 
Wastewater  reactors. 

The  aeration  performance  of  two  venturi  aeration 
reactors  (operating  volumes  38  L  and  25  L)  was 
studied  for  an  air-water  system.  It  was  found  that 
the  mass  transfer  coefficient  could  be  described  in 
terms  of  the  superficial  gas  velocity  (Vs)  alone  in  a 
simple  relationship.  A  similar  relationship  was 
obeyed  when  the  38-L  reactor  was  aerated  with  a 
diffuser  tile.  A  linear  relationship  between  the  mass 
transfer  coefficient  and  gas  hold-up  was  observed 
for  the  38-L  reactor  with  both  venturi  and  diffuser 
aeration.  The  25-L  reactor  was  used  successfully 
for  the  thermophilic  aerobic  digestion  of  sewage 
sludge.  A  mean  sludge  temperature  rise  of  30  C 
was  observed.  Chemical  oxygen  demand,  pH,  and 
total  solids  content  of  the  digested  sludge  differed 
significantly  from  the  feed  sludge  and  were  similar 
to  values  obtained  for  full-scale  thermophilic  aero- 
bic digestion.  No  significant  differences  between 
inorganic  solids  content,  dissolved  oxygen  concen- 
tration, or  redox  potential  were  observed  between 
feed  and  digested  sludge.  It  is  concluded  that  ther- 
mophilic aerobic  digestion  with  the  venturi  aerator 
is  possible  over  a  range  of  scales  suitable  for  labo- 
ratory, intermediate  scale,  and  industrial  purposes. 
(Author's  abstract) 
W9 1-05094 


MICROBIAL  POPULATIONS  AND  SLUDGE 
CHARACTERISTICS  IN  THERMOPHILIC 
AEROBIC  SEWAGE  SLUDGE  DIGESTION. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

P.  Burt,  S.  F.  Morgan,  B.  N.  Dancer,  and  J.  C. 

Fry. 

Applied       Microbiology       and       Biotechnology 

AMBIDG,  Vol.  33,  No.  6,  p  725-730.  September 

1990.  3  fig,  1  tab,  23  ref. 

Descriptors:  'Aerobic  digestion,  'Sludge  analysis, 
•Sludge  digestion.  'Sludge  treatment,  'Thermo- 
philic bacteria.  'Wastewater  treatment.  Bacterial 
analysis,  Bacterial  growth,  Coliforms,  Population 
density.  Populations,  Process  control,  Temperature 
effects. 


Estimates  of  bacterial  numbers  from  raw  sewage 
sludge  and  sludge  treated  by  thermophilic  aerobic 
digestion  were  compared  with  simple  indicators  of 
sludge  quality  and  concentrations  of  potential  sub- 
strates. Significant  differences  were  found  between 
sludge  types  for  all  but  one  of  the  variables  exam- 
ined (frequency  of  dividing  cells).  During  a  stable 
period  of  digestor  operation,  the  average  number 
of  viable  obligate  thermophiles  present  in  digested 
sludge  (1.63  million/ml)  was  approximately  100- 
fold  greater  than  in  feed  sludge  (11,000/ml).  Total 
numbers  of  bacteria  were  slightly  greater  in  digest- 
ed sludge  (32.4  billion/ml)  than  in  feed  sludge  (23.9 
billion/ml),  as  were  viable  counts  of  bacteria  at 
incubation  temperatures  of  37  C  and  55  C.  Signifi- 
cant correlation  was  found  between  viable  counts 
of  bacteria  37  C  and  55  C  for  digested  sludge,  and 
65  C  and  55  C  for  feed  sludge.  The  numbers  of 
obligate  thermophiles  present  and  the  total  num- 
bers of  bacteria  present  were  related  to  the  temper- 
ature and  pH  of  the  digested  sludge  and  inversely 
to  the  numbers  of  Escherichia  coli  and  coliforms 
present,  which  were  not  detected  at  temperatures 
greater  than  50  C.  It  is  concluded  that  temperature 
has  a  major  influence  on  the  thermophilic  aerobic 
digestion  process  and  that  the  role  of  bacterial 
populations  merits  study  in  future  work  on  process 
optimization.  (Author's  abstract) 
W9 1-05095 


COMPARISON  OF  CADMIUM  BIOSORPTION 
BY  GRAM-POSITIVE  AND  GRAM-NEGATIVE 
BACTERIA  FROM  ACTIVATED  SLUDGE. 

New  Jersey  Inst,  of  Tech.,  Newark.  Biotechnology 
Research  Group. 

R.  Gourdon,  S.  Bhende,  E.  Rus,  and  S.  S.  Sofer. 
Biotechnology  Letters  BILED3,  Vol.  12,  No.  11,  p 
839-842,  November  1990.  1  fig,  1  tab,  13  ref. 

Descriptors:  'Activated  sludge,  'Bacteria,  'Bioac- 
cumulation,  'Biological  treatment,  'Cadmium, 
•Wastewater  treatment,  Bacterial  analysis,  Bacte- 
rial physiology,  Biosorption,  Heavy  metals,  Hy- 
drogen ion  concentration. 

Gram-positive  and  Gram-negative  bacteria  were 
isolated  from  activated  sludge  and  used  to  evaluate 
differences  in  cadmium  biosorption.  Gram-positive 
bacteria  exhibited  approximately  20%  more  cadmi- 
um biosorption  at  30  C  and  pH  6.6  than  did  Gram- 
negative  bacteria.  Biosorption  increased  signifi- 
cantly with  pH  in  both  cases.  Biosorption  was 
largely  passive  in  both  cases,  although  metabolic 
uptake  appeared  to  occur  to  a  higher  extent  with 
Gram-positive  bacteria.  It  is  suggested  that  glyco- 
proteins on  the  outer  side  of  the  cell  wall  in  Gram- 
positive  bacteria  may  be  responsible  for  the  differ- 
ence in  cadmium  biosorption  between  Gram-posi- 
tive and  Gram-negative  bacteria.  (MacKeen-PTT) 
W9 1-05099 


SUBSTRATE  INHIBITION  OF  PHENOL  OXI- 
DATION BY  A  STRAIN  OF  CANDIDA  TROPI- 
CALIS. 

Cranfield    Inst,    of  Tech.    (England).    School    of 

Water  Sciences. 

T.  Stephenson. 

Biotechnology  Letters  BILED3,  Vol.  12,  No.  11,  p 

843-846,  November  1990.  2  fig,  1  tab,  8  ref. 

Descriptors:  'Activated  sludge  process,  'Biode- 
gradation,  'Biological  wastewater  treatment, 
•Phenols,  *Wastewater  treatment,  *Yeasts,  Cultur- 
ing  techniques,  Kinetics,  Organic  compounds,  Oxi- 
dation, Sludge,  Substrate  inhibition. 

Removal  of  phenol  from  wastewaters  can  be 
achieved  through  aerobic  biodegradation  in  acti- 
vated sludge  plants.  Pseudomonas  putida  is  a  spe- 
cies commonly  found  in  sludge  plants  and  capable 
of  using  phenol  as  a  major  carbon  source.  After 
unsuccessful  attempts  to  grow  P.  putida  in  shake 
flasks  on  phenol,  a  surviving  fungal  culture,  identi- 
fied as  Candida  tropicalis,  was  obtained.  The  kinet- 
ics for  growth  on  phenol  by  C.  tropicalis  were 
investigated  in  batch  culture  and  by  respirometry. 
The  culture  was  tolerant  of  an  initial  phenol  con- 
centration of  up  to  1.5  g/L.  The  optimum  tempera- 
ture for  phenol  oxidation  was  32  C  and  below  this 
temperature  the  Arrhenius  relationship  was 
obeyed.     A     Michaelis-Menten     relationship    de- 


scribed the  substrate  inhibition  of  the  Candida  by 
phenol.  The  results  indicated  that  there  was  less 
substrate  inhibition  of  phenol  oxidation  at  tempera- 
tures below  the  optimum  and  that  the  model  for 
that  inhibition  cannot  be  applied  at  or  below  25  C. 
(MacKeen-PTT) 
W91-05100 


SCREENING  OF  WHITE-ROT  FUNGI  FOR  EF- 
FICIENT DECOLOURIZATION  OF  BLEACH 
PULP  EFFLUENTS. 

Pontificia  Univ.  Catolica  de  Chile,  Santiago.  Dept. 

of  Chemical  Engineering. 

G.  Galeno,  and  E.  Agosin. 

Biotechnology  Letters  BILED3,  Vol.  12,  No.  1 1,  p 

869-872,    November    1990.    2   fig,    1    tab,    15   ref. 

UNDP  Grant  CHI/87/021. 

Descriptors:  •Biological  wastewater  treatment, 
•Bleaching  wastes,  'Fungi,  •Industrial 
wastewater,  'Pulp  wastes,  'Wastewater  treatment, 
Biodegradation,  Chile,  Decolorization,  Effluents, 
Lignin,  Pulp  and  paper  industry. 

Several  white-rot  fungi  collected  in  the  South  of 
Chile  were  evaluated  for  their  ability  to  decolorize 
kraft  pulp  bleached  effluents.  All  four  strains  stud- 
ied decolorized  the  brownish  effluent  to  a  clear 
yellow  solution.  No  apparent  adsorption  of  chro- 
mophores  on  the  surface  of  the  mycelium  was 
observed,  suggesting  that  the  colored  components 
of  the  effluent  were  biochemically  decomposed 
and  not  simply  adsorbed.  Strain  158,  recently  iden- 
tified as  a  Ramaria  sp.,  showed  the  highest  poten- 
tial for  the  biological  treatment  of  El  effluent: 
90%  of  the  color  was  removed  by  this  strain 
grown  under  air,  with  a  similar  rate  and  extent  of 
decolorization  as  Phanerochaete  chrysosporium 
under  oxygen.  Significant  decrease  of  the  high 
molecular  weight  fraction,  as  well  as  the  appear- 
ance of  new  low  molecular  weight  aromatic  com- 
pounds, indicated  that  the  chlorolignins  were  sig- 
nificantly depolymerized.  However,  neither  strain 
was  able  to  completely  degrade  the  high  molecular 
weight  chlorinated  lignin  compounds  found  in  the 
El  effluent.  (MacKeen-PTT) 
W91-05101 


LIKELIHOOD   OF   SIGNIFICANT   COST   RE- 
DUCTIONS IN  DESALINATION. 

Ewbank  Preece  Consulting  Ltd.,  Brighton  (Eng- 
land). 

For  primary  bibliographic  entry  see  Field  3A. 
W91-05193 


EXPERIMENTAL  STUDY  ON  INTEGRATED 
MEMBRANE  PROCESSES  IN  THE  TREAT- 
MENT OF  SOLUTIONS  SIMULATING  TEX- 
TILE EFFLUENTS:  ENERGY  AND  EXERGY 
ANALYSIS. 

Universita  di  Reggio  Calabria,  Cosenza  (Italy). 
Dept.  of  Chemistry. 

V.  Calabro,  G.  Pantano,  M.  Kang,  R.  Molinari, 
and  E.  Drioli. 

Desalination  DSLNAH,  Vol.  78,  No.  2,  p  257-277, 
August  1990.  13  fig,  6  tab,  15  ref. 

Descriptors:  'Industrial  wastewater,  'Textile  mill 
wastes,  'Wastewater  treatment,  'Reverse  osmosis, 
•Membrane  distillation,  *Membrane  filters, 
•Wastewater  facilities,  'Energy  equation,  'Dye  in- 
dustry wastes,  'Mathematical  models,  Hydrodyna- 
mics, Chemical  recovery,  Chemical  wastewater, 
Membrane  processes,  Fouling. 

Experiments  on  a  reverse  osmosis  (RO)  pilot  plant 
and  a  membrane  distillation  (MD)  laboratory  plant 
were  made  using  simulant  fluids.  Hydrodynamic 
behavior,  rejection  characteristics  of  the  modules, 
maximum  attainable  concentration,  permeate  flow 
decay,  fouling  of  the  modules  by  simulant  compo- 
nents, and  suitable  cleaning  techniques  were  stud- 
ied. Some  cycles  for  recovering  dyes  and  chemical 
auxiliaries  were  also  proposed.  For  each  cycle  an 
energy  and  exergy  (the  maximum  useful  work  that 
a  system  can  do  when  it  passes  from  an  actual  state 
to  the  reference  state  where  it  is  in  equilibrium 
with  the  surroundings)  analysis  was  developed  for 
evaluating  the  efficiency  in  using  the  energy  and 
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for  comparing  the  cycles  without  recovery  and 
those  with  recovery  in  which  different  integrated 
membrane  processes  were  used.  An  energy  and 
energy  analysis  was  applied  to  a  simulant  textile 
cycle  with  reverse  osmosis  recovery  and  with  a 
sequence  of  RO  +  MD  recovery.  With  respect  to 
the  cycle  without  recovery,  significant  energy  and 
energy  decreases  for  both  the  cycles  were  ob- 
tained. Further  decrease  in  the  required  energy 
and  exergy  for  the  RO  +  MD  with  respect  to  the 
RO  was  also  observed.  In  principle,  this  showed  a 
convenience  in  using  integrated  RO  +  MD  plants 
for  obtaining  concentrate  solutions.  Experiments 
on  concentration  of  salts  and  dye  solutions  by  RO 
showed  good  performances  for  the  modules  used. 
Cleaning  procedures  had  a  reversible  fouling  by 
the  various  aqueous  salt  solutions  in  the  range  of 
tested  concentrations.  When  dyes  were  used, 
cleaning  was  relatively  more  difficult  and  an  irre- 
versible decrease  in  the  flux  was  observed.  For  dye 
concentrations,  the  results  indicate  it  was  possible 
to  reach  dye  concentration  on  the  order  of  40-50 
g/1  in  the  MD  plant.  (Medina-PTT) 
W9 1-05 198 


DYNAMIC  DATA  ON  LEAD  UPTAKE  FROM 
WATER  BY  CHABAZITE. 

Naples  Univ.  (Italy).  Dipt,  di  Ingegneria  dei  Ma- 

teriali  e  della  Produzione. 

M.  Pansini,  and  C.  Colella. 

Desalination  DSLNAH,  Vol.  78,  No.  2,  p  287-295, 

August  1990.  5  fig,  20  ref. 

Descriptors:  'Industrial  wastewater,  Ion  exchange, 
Heavy  metals,  *Italy,  *Chabazite,  'Wastewater 
treatment,  'Zeolite,  Tuff,  'Lead,  Mathematical 
models. 

The  possibility  of  using  chabazite,  a  natural  zeolite 
exchanger,  for  lead  removal  from  wastewaters  was 
examined,  testing  fixed  beds  made  of  Campanian 
tuff,  a  volcanic  rock  rich  in  such  zeolite  using  the 
mass  transfer  zone  method.  Chabazite  tuff  bed  use 
for  lead  removal  from  water  was  best  when  lead 
concentrations  were  not  too  high  and  flow  rates 
did  not  exceed  about  10  ml/min.  Lead  break- 
through curves,  as  a  function  of  pollutant  concen- 
tration and  influent  flow  rate  were  determined  and 
dynamic  parameters  connected  with  ion  exchange 
operation  were  mathematically  calculated.  Dy- 
namic ion  exchange  tests  confirmed  the  good  selec- 
tivity of  chabazite  for  lead  and  suggested  that 
Campanian  tuff  may  be  used  for  removing  lead 
from  wastewaters,  instead  of  the  usual  methods 
based  on  precipitation.  (Medina-PTT) 
W9 1-05 199 


EVALUATION  OF  A  SMALL  UNSTEADY  CON- 
TINUOUS FLOW  RBC  SYSTEM. 

Jordan  Univ.  of  Science  and  Technology,  Irbid. 

Dept.  of  Civil  Engineering. 

A.  B.  M.  Shahalam,  and  B.  Abbassi. 

Journal  of  Environmental  Science  and  Health  (A) 

JESEDU,  Vol.  25,  No.  7,  p  785-798,  October  1990. 

5  fig,  4  tab,  20  ref. 

Descriptors:  'Biological  wastewater  treatment, 
'Rotating  biological  contactors,  'Mathematical 
models,  'Wastewater  treatment,  Water  quality 
standards,  Model  studies. 

Rotating  Biological  Contactors  (RBC)  consist  of 
fixed  media  of  synthetic  materials  and  are  often 
used  for  the  treatment  of  wastewater  from  small 
and  medium  size  cities.  This  system  is  basically 
divided  into  two  parts:  the  disk  and  the  trough. 
Parts  of  the  system  are  related  to  each  other  while 
operating  simultaneously  to  constitute  a  successful 
RBC  system.  An  unsteady  continuous  flow  mathe- 
matical model  of  RBC  analytically  correlates  the 
major  biochemical  and  physical  phenomena  that 
occur  in  the  system.  The  model  was  calibrated  and 
tested  in  an  operating  RBC  system  located  at  Irbid, 
Jordan.  Under  steady  state  conditions,  the  model 
could  predict  the  performance  of  the  operating 
plant  within  a  standard  error  of  2.6%  of  the  aver- 
age steady  state  condition  in  the  first  stage  of  the 
system.  Under  unsteady  conditions,  the  standard 
deviation  in  model  prediction  of  effluent  quality 
measured  within  the  range  of  78-132  mg/1  was  7.8 
mg/(BOD)  indicating  that  the  model  may  be  uti- 


lized to  simulate  an  RBC  system  under  unsteady 
state  conditions.  (Medina-PTT) 
W9 1-05206 


SIMULATION  MODELING  OF  PRIMARY 
CLARIFIERS  (CASE  STUDY  OF  DOHA 
TREATMENT  PLANT). 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Coll.  of  Engineering. 
N.  S.  Abuzeid,  S.  G.  Vellioglu,  and  G.  F.  Nakhla. 
Journal  of  Environmental  Science  and  Health  (A) 
JESEDU,  Vol.  25,  No.  7,  p  799-820,  October  1990. 
8  fig,  6  tab,  9  ref. 

Descriptors:  'Model  studies,  'Clarifiers,  Regres- 
sion analysis,  'Suspended  solids,  'Biochemical 
oxygen  demand,  'Mathematical  models, 
'Wastewater  treatment,  Overflow  rate,  Load  dis- 
tribution, Organic  removal,  Wastewater  facilities, 
Regression  analysis. 

Regression  models  were  developed  for  the  remov- 
al of  suspended  solids  (SS)  and  biochemical  oxygen 
demand  (BOD)  in  primary  settling  tanks  at  the 
Doha  Municipal  Wastewater  Treatment  Plant  in 
Qatar.  Despite  poor  correlation  and  variations  be- 
tween the  data  and  existing  models,  the  newly 
developed  expressions  for  SS  removal  confirmed 
the  findings  of  previous  research  which  showed 
that  removal  efficiency  is  a  function  of  the  hyraulic 
loading  rate  and  the  influent  SS.  Although  there 
are  relatively  few  equations  for  BOD  removal  in 
primary  clarifiers  which  establish  the  correlation 
between  organic  removal  efficiency  on  one  hand, 
and  influent  BOD  and  SS  on  the  other,  the  study 
indicated  the  importance  of  the  overflow  rate  as  an 
additional  parameter  that  must  not  be  overlooked. 
(Author's  abstract) 
W9 1-05207 


ICA  SYMPOSIUM  ON  INSTRUMENTATION, 
CONTROL  AND  AUTOMATION  IN  WATER 
AND  WASTEWATER  MANAGEMENT. 

National  Inst,  for  Water  Research,  Pretoria  (South 
Africa). 

Available  from  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161,  as  PB89- 
175079.  Price  codes:  E07  in  paper  copy,  E07  in 
microfiche.  Program  and  summaries  of  the  sympo- 
sium held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  99p. 

Descriptors:  'South  Africa,  'Monitoring,  'Auto- 
mation, 'Water  treatment  facilities,  'Wastewater 
facilities,  Industrial  wastes,  'Instrumentation, 
Computers,  Probes,  Pumps,  Data  processing,  Data 
acquisition. 

The  use  of  various  instrumentation,  control  sys- 
tems, and  automatic  monitoring  systems  was  evalu- 
ated and  described  based  on  case  studies  from 
South  Africa.  Types  of  systems  examined  include 
ion  measuring  probes,  flow  monitoring,  automatic 
pumps,  gas  meters,  and  others.  Systems  were  de- 
scribed for  industrial  uses,  water  treatment  plants, 
and  wastewater  facilities.  In  addition  computer 
systems  for  processing  data  and  monitoring  results 
were  evaluated.  (See  W91-05282  thru  W91-05299) 
(White-Reimer-PTT) 
W9 1-05281 


AUTOMATED  FLOW  AND  PH  CONTROL  IN  A 
PILOT  PLANT  FLUIDIZED  BED  REACTOR. 

Rand  Water  Board,  Johannesburg  (South  Africa). 
J.  C.  Geldenhuys. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  25-28. 

Descriptors:  'Wastewater  treatment,  'Process  con- 
trol, 'Hydrogen  ion  concentration,  'Fluidized 
beds,  'Calcium,  'Chemical  precipitation,  Hard- 
ness, Calcium  oxide,  Calcium  carbonate,  Lime, 
Flow  rate,  Electrodes,  Automation. 

The  automated  control  of  flow  and  pH  in  a  pellet 
bed  reactor  in  which  calcium  oxide  is  recovered  in 


the  form  of  calcium  carbonate  was  investigated. 
Successful  operation  of  the  unit  treatment  process 
depends  heavily  on  a  steady  flow  through  the 
fluidized  bed  and  accurate  pH  control.  Calcium 
hydroxide  is  added  in  the  form  of  slaked  lime  and 
the  newly  formed  calcium  carbonate  crystallizes 
on  the  seed  material  in  the  fluidized  bed.  Calcium 
carbonate  removed  from  the  reactor  is  calcined, 
then  slaked  and  recycled  through  the  reactor  in  the 
form  of  calcium  hydroxide.  Since  the  objective  is 
to  recover  as  much  as  possible  of  the  calcium  oxide 
(dosed  as  lime),  the  pH  must  be  controlled  within 
the  strict  limits  in  which  the  stoichiometric  reac- 
tion takes  place.  The  flow  control  is  based  on  the 
principle  that  a  specific  flow  rate  in  a  pipe  will 
exercise  a  corresponding  pressure.  For  this  reason 
the  feed  line  to  the  reactor  was  fitted  with  a 
differential  pressure  meter  over  an  orifice  plate. 
The  fluidized  pellet  bed  reactor  is  run  continuously 
and  the  pH  control  system  should  respond  rapidly 
to  pH  changes  in  the  feed  water.  The  pH  control 
system  comprises  a  pH  meter  fitted  with  a  continu- 
ous cleaning  revolving  antimony  electrode  coupled 
to  a  programmable  pH/mv  transmitter/controller 
and  a  variable  speed  positive  displacement  cavity 
pump.  Alterations  in  the  lime  feed  rate  take  place 
as  a  result  of  deviations  from  the  pH  required  in 
the  effluent  from  the  reactor.  The  rate  at  which  the 
lime  dosage  is  adjusted  is  controlled  through  the 
programmable  transmitter/controller.  Because  of 
the  inherent  simplicity  and  robustness  of  the 
system,  maintenance  is  very  low.  The  automated 
unit  has  been  running  for  three  years,  and  has  been 
out  of  service  only  to  replace  worn-out  parts  in  the 
lime  feed  pump.  (See  also  W9 1-05281)  (White- 
Reimer-PTT) 
W91-05283 


INSTRUMENTATION,  CONTROL  AND  AUTO- 
MATION IN  WATER  AND  WASTEWATER 
MANAGEMENT  ELANDSJAGT  WATER 
TREATMENT  WORKS. 

Ninham  Shand,  Inc.,  Cape  Town  (South  Africa). 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05286 


CONFIGURATION  OF  COMPUTER  BASED 
CONTROL  SYSTEMS  FOR  WASTEWATER 
TREATMENT  PLANTS. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Chemi- 
cal Engineering. 
E.  W.  Randall,  and  P.  L.  Dold. 
IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  49-51,  1  fig. 

Descriptors:  'Control  systems,  'Wastewater  treat- 
ment, 'Measuring  instruments,  Data  transmission, 
Remote  sensing,  'Computers,  'Wastewater  facili- 
ties, 'Automation,  Monitoring,  Process  control, 
Economic  aspects,  Telemetry. 

Wastewater  treatment  computer  control  and  moni- 
toring systems  generally  comprise  a  central  com- 
puter transmitting  to  and  receiving  information 
from  a  number  of  remotely  situated  control  ele- 
ments and  monitoring  instruments.  A  necessary 
part  of  the  system  is  the  link  between  the  remote 
devices  (instruments,  valves,  etc.)  and  the  comput- 
er. Current  technology  enables  the  use  of  digitally 
encoded  signal  transmission  which  is  superior  to 
conventional  telemetry  in  terms  of  speed  and  reli- 
ability. The  hardware  configuration  suitable  for  a 
treatment  plant  application  requires  a  host  comput- 
er which  carries  out  the  numerical  analysis,  control 
functions,  data  logging  and  display.  The  host  com- 
puter is  linked  to  one  or  more  remote  serial  inter- 
face units  for  performing  the  input/output  and  in 
some  cases  limited  local  data  reduction  and  distrib- 
uted control  tasks.  This  approach  to  the  implemen- 
tation of  process  control  and  monitoring  systems 
has  been  proved  viable  and  cost  effective.  A 
system  can  be  set  up  using  any  computer  with  a 
serial  port  and  by  constructing  the  serial  interface 
unit  from  commercially  available  modules.  (See 
also  W91-05281)  (White-Reimer-PTT) 
W91-05288 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Watte  Treatment  Processes 


INSTRUMENTATION  FOR  ROOIWAL  WA- 
TERCARE  WORKS. 

Meiring  and  Partners,  Pretoria  (South  Africa). 
J.  L.  Barnard,  and  J.  R.  Hoffman. 
IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  52-57,  3  fig. 

Descriptors:  'Activated  sludge  process,  'Nutrient 
removal,  Sensors,  Trickling  fitlers,  Industrial 
wastes,  'South  Africa,  'Wastewater  facilities, 
•Automation,  'Instrumentation,  Air  control, 
Blowers,  Computers. 

The  Rooiwal  Watercare  Works  in  South  Africa 
consists  of  a  nutrient  removal  activated  sludge 
plant  incorporating  a  trickling  filter  plant  and  has  a 
population  equivalent  of  about  1,000,000.  A  sub- 
stantial portion  of  the  flow  originates  from  indus- 
tries in  Rosslyn,  South  Africa,  one  of  which  is  a 
brewery.  The  plant  was  designed  to  have  6  mod- 
ules with  a  later  extension  to  8  modules.  Air  is 
supplied  to  the  fine  bubble  diffused  air  system  from 
a  central  blower  house  by  means  of  three  and  later 
four  blowers.  The  blower  control  system  is  intri- 
cate and  at  the  time  of  tendering,  the  control 
system  was  included  as  part  of  the  tender  to  avoid 
splitting  of  responsibility.  The  blower  control  has 
to  ensure  that  all  the  conditions  are  correct  before 
startup  of  a  blower  and  has  to  adjust  the  inlet 
vanes  to  a  low  setting  during  startup.  The  surge 
must  be  open  during  startup  and  must  be  closed 
when  the  running  speed  is  achieved.  An  increased 
air  demand  is  accomplished  by  either  opening  the 
inlet  vanes  more,  or  when  fully  open,  by  starting 
up  another  blower  while  coordinating  the  vanes 
for  both  blowers  to  have  the  same  setting.  In 
application  it  was  found  that  the  control  system  for 
the  air  output  worked  well  as  long  as  the  blower 
control  system  was  functional  but  problems  were 
experienced  with  the  balancing  of  the  flow  to  the 
various  modules.  To  eliminate  this  situation,  con- 
sideration is  being  given  to  the  possibility  of  using 
the  air  flow  meters  to  the  modules  for  controlling 
the  flow  distribution.  Due  to  the  large  number  of 
probes  one  should  be  able  to  get  reasonable  control 
even  with  a  number  of  the  probes  defective,  while 
the  distribution  will  not  be  solely  dependent  on  the 
probes.  (See  also  W91-05281)  (White-Reimer-PTT) 
W9 1-05289 


CHEMICAL  PHOSPHATE  REMOVAL  AT 
BOKSBURG  WATER  POLLUTION  CONTROL 
WORKS:  AUTOMATION  AND  CONTROL. 

Boksburg  Town  Council  (South  Africa). 
A.  S.  Louw. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  58-65,  3  fig,  1  tab. 

Descriptors:  'Phosphate,  'South  Africa,  'Control 
systems,  Water  pollution  control,  Biological  filters, 
Anaerobic  digestion,  Wastewater  analysis,  'Phos- 
phorus removal,  'Wastewater  treatment,  'Chemi- 
cal treatment,  Automation,  Instrumentation,  Hy- 
drogen ion  concentration. 

A  study  was  conducted  to  optimize  the  chemical 
usage  for  the  removal  of  phosphates  from  biologi- 
cal filter  plant  effluents  and  quantify  the  additional 
sludge  production  caused  by  phosphate  removal 
for  the  Vlakplaats  Water  Pollution  Control  Works 
in  South  Africa.  The  facility  consists  of  three  virtu- 
ally identical  self-contained  biological  filtration 
units  in  parallel,  each  designed  to  treat  18  Ml/d 
with  its  own  independent  inlet  works,  primary 
settlers,  biological  filters,  humus  tanks  and  anaero- 
bic sludge  digesters.  The  chemical  dosing  strate- 
gies considered  were:  (1)  constant  volume  dosing; 
(2)  dosing  proportional  to  flow;  and  (3)  dosage 
proportional  to  flow  with  adjustment  for  varying 
phosphate  concentration  on  different  days  of  the 
week.  A  daily  dosage  rate  was  found  to  be  the  best 
approach  coupled  with  an  on-line  continuous  mon- 
itoring system.  The  system  that  was  the  most  prac- 
tical at  the  Vlakplaats  Works  was  to  sample  the 


effluent  recycle  proportional  to  flow,  using  an 
automatic  liquid  sampler  and  then  to  analyze  the 
samples  in  the  laboratory.  The  pH  of  the  chemical- 
ly treated  humus  tank  effluent  was  monitored  and 
recorded  continuously  using  a  radiometer  pH 
meter  and  stripchart  recorder.  As  a  rule  the  pH 
varied  very  little,  in  the  range  of  7.0  to  7.3.  (See 
also  W9 1-05281)  (White-Reimer-PTT) 
W9 1-05290 


GAS  METERING  AT  SEWAGE  PURIFICATION 
WORKS. 

Stewart,     Sviridov     and     Oliver,     Marshalltown 
(South  Africa). 
F.  F.  Kolbe. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  66-69. 

Descriptors:  'Measuring  instruments,  'Flow  meas- 
urements, 'Wastewater  facilities,  'Digesters,  'Di- 
gester gas,  'Instrumentation,  Meters,  Flow,  Calori- 
metric  meters,  Displacement  meters,  Head  loss 
meters. 

Accurate  and  reliable  metering  of  digester  gas 
production  and  consumption  at  a  sewage  purifica- 
tion works  is  complicated  by  the  low  pressures 
involved  and  by  the  aggressive  nature  of  the  gas. 
Accurate  metering  of  gas  production  is  made  more 
difficult  by  the  highly  variable  pattern  of  gas  gen- 
erated by  an  individual  digester.  The  rate  of  gas 
production  rises  very  steeply  within  15  minutes  of 
feeding  in  a  healthy  digester,  to  at  least  250%  or 
even  500%  of  the  average  production,  depending 
on  the  feed  cycle.  This  production  then  gradually 
tapers  to  as  low  as  10%  of  the  average,  depending 
on  the  feed  cycle.  The  solution  is  to  feed  each 
digester  on  as  steady  a  basis  as  possible.  The  types 
of  meters  that  have  been  considered  are:  displace- 
ment meters,  which  are  of  the  semi-positive  or 
inferential  type,  with  construction  basically  similar 
to  a  water  meter;  loss  of  head  meters,  which  indi- 
cates both  the  rate  of  flow  and  quantity;  and  calori- 
metric  meters,  which  measures  the  calorimetric 
value  of  the  gas  flowing  in  the  pipeline.  At  this 
time  inferential  meters  are  generally  used  to  meas- 
ure gas  consumption,  as  in  an  engine  or  incinera- 
tor, where  the  flow  rate  is  relatively  steady  and 
accurately  defined.  In  this  situation  a  meter  with 
both  an  acceptably  low  loss  of  head  and  high 
accuracy  would  be  selected.  The  newer,  but  un- 
tried, calorimetric  meter  is  better  used  on  a  digest- 
er gas  collection  pipe,  where  its  wide  range  and 
lack  of  interference  with  the  flow  of  gas,  make  it  a 
natural  choice.  (See  also  W91-05281)  (White- 
Reimer-PTT) 
W9 1-05291 


DATA  CAPTURE  SYSTEMS  AT  THE  JOHAN- 
NESBURG NORTHERN  WORKS. 

Johannesburg    City    Health    Dept.    Labs.    (South 
Africa). 
C.  S.  Stevens. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  70-75,  2  fig,  1  tab. 

Descriptors:  'Water  quality  control,  Performance 
evaluation,  Effluents,  Data  storage  and  retrieval, 
'Wastewater  facilities,  'Monitoring,  'Instrumenta- 
tion, South  Africa,  Automation,  Computers,  'Data 
acquisition,  Data  processing. 

The  use  of  on-line  monitors  to  record  effluent 
quality  and  plant  performance  on  large  sewage 
works  has  become  common  practice  world-wide. 
These  monitors  rapidly  generate  vast  quantities  of 
data  which  have  to  be  captured,  processed,  stored, 
utilized,  and  interpreted.  Two  data  capture  systems 
developed  at  the  Northern  Works  in  South  Africa 
are  a  purchased  commercial  logger  system,  and 
complementing  this,  an  in-house  system  based  on  a 
personal  computer.  The  Northern  Works  is 
equipped  with  both  two-stage  biological  filters  and 


a  nutrient  removal  activated  sludge  plant.  Param- 
eters being  monitored  are  pH,  alkalinity,  nitrate, 
ammonia,  phosphorus,  oxygen,  and  redox  poten- 
tial. All  the  monitoring  instruments  are  linked  to  an 
office  block  where  two  parallel  data  capture  sys- 
tems are  located.  All  instruments  except  the  respir- 
ometers  are  connected  to  the  Envirologger  which 
is  designed  to  operate  in  a  network  where  each  site 
logger  is  linked  by  telephone  to  a  central  host 
computer.  The  logger  has  the  ability  to  turn  equip- 
ment on  and  off,  at  user-defined  times,  thus  initiat- 
ing automatic  calibration  by  the  monitors.  It  also 
detects  parameter  limits,  enabling  it  to  turn  chemi- 
cal equipment  on  or  off.  Data  capture  systems 
which  monitor  sewage  works  effluent  quality,  pro- 
vide a  continuous  and  immediately  available 
source  of  information  to  works  management.  (See 
also  W9 1-05281)  (White-Reimer-PTT) 
W9 1-05292 


COMPUTERISED   INSTRUMENTATION   AND 
CONTROL  SYSTEMS. 

Lektratek  Marketing,  P.O.  Box  1257,  Rivenia  2128, 
South  Africa. 

For  primary  bibliographic  entry  see  Field  7B. 
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D.O.  CONTROL:  EXTENT  OF  PROBLEM  IN 
SOUTH  AFRICA. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Chemi- 
cal Engineering. 
P.  L.  Dold,  and  G.  R.  Marais. 
IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
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Descriptors:  'Wastewater  facilities,  'Activated 
sludge  process,  'Dissolved  oxygen,  'South  Africa, 
'Process  control,  Instrumentation,  Nutrient  re- 
moval, Monitoring,  'Water  quality  control.  Con- 
trol systems,  Performance  evaluation. 

A  survey  was  carried  out  in  1986  by  the  University 
of  Cape  Town,  South  Africa,  in  collaboration  with 
the  Water  Research  Commission,  to  assess  the 
extent  to  which  process  control  problems  are  expe- 
rienced in  South  African  wastewater  treatment 
plants.  Monitoring  instrumentation  information 
was  reported  in  two  categories:  (1)  plants  with 
monitoring  instrumentation,  and  (2)  plants  with 
monitoring  instrumentation  other  than  flow  meas- 
uring instruments.  The  results  of  the  survey  indi- 
cated that  activated  sludge  plants  have  the  greatest 
number  of  control  problems  because  of  the  greater 
complexity  of  the  process.  This  process  has  ex- 
panded performance  objectives  and  a  larger 
number  of  variables  that  can  be  adjusted  (oxygen 
input  rate,  recycle  rates,  etc.)  than  bio-filters.  For 
activated  sludge  plants  the  principal  control  prob- 
lem encountered  revolves  around  dissolved  oxygen 
control.  The  problems  associated  with  dissolved 
oxygen  control  are:  (1)  sixty-eight  percent  of  the 
control  systems  do  not  operate  satisfactorily;  (2) 
the  problem  is  most  prominent  in  biological  nitro- 
gen and  phosphorus  removal  systems;  and  (3)  the 
factors  affecting  dissolved  oxygen  control  are  un- 
reliable monitors  and  inappropriately  configured 
control  systems.  (See  also  W91-05281)  (White- 
Reimer-PTT) 
W9 1-05294 


DEMINERALISATION  EFFLUENT  PURIFICA- 
TION BY  VACUUM  DISTILLATION. 

ISCOR  Ltd.,  Newcastle  (South  Africa). 
R.  De  Beer. 
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and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
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systems,  Process  control,  'Wastewater  treatment, 
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lation,  Evaporation,  Vertical  evaporator,   Instru- 
mentation. 

Effluent  water  from  a  demineralization  plant  was 
pumped  to  4  evaporation  dams;  however,  expan- 
sion of  the  plant  caused  the  dams  to  overflow.  An 
investigation  of  the  problem  resulted  in  the  deci- 
sion to  recover  the  effluent  would  be  more  eco- 
nomical than  expanding  the  evaporation  dam  ca- 
pacity. A  multi-effect  vertical  tube  evaporation 
plant  was  erected  that  consisted  of  two  sections: 
(1)  a  pre-treatment  section  for  neutralization  and 
filtration;  and  (2)  a  concentration  section  for  evap- 
oration by  means  of  vacuum  distillation.  Neutral- 
ized effluent  is  pumped  to  the  evaporators  for 
purification.  Each  of  the  4  evaporator  cells  contain 
a  wet  leg,  extended  teflon  coated,  and  metal  dia- 
phragm transmitter  and  impulses  from  the  trans- 
mitter are  transmitted  by  means  of  a  dual  cable 
system  to  the  control  panel  where  the  levels  are 
manually  set  for  operation.  At  the  base  of  each 
effect  a  manual  override  controller  is  installed  to 
provide  the  facility  for  emergency  level  adjust- 
ments. Various  other  temperature,  vacuum  and 
level  indicators  are  transmitted  to  the  control 
panes  via  a  telemetric  system  for  recording.  On  the 
whole  all  the  instruments  comply  to  the  standards 
as  specified.  Most  of  the  problems  that  occurred 
during  commission  of  the  plant  and  during  the  first 
six  months  were  due  to  teething  problems  which 
have  since  been  resolved.  (See  also  W91-05281) 
(White-Reimer-PTT) 
W91-05295 


COMPUTER  AUTOMATION  IN  ANAEROBIC 
DIGESTION  OF  BREWERY  WASTE. 

South  African  Breweries,  Durban. 
D.  K.  Kala. 
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Descriptors:  'Automation,  'Instrumentation, 
•Wastewater  treatment,  'Industrial  wastes,  Brew- 
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ture, Organic  wastes,  'Food-processing  wastes, 
•Anaerobic  digestion,  Economic  aspects,  Comput- 


In  response  to  the  need  for  a  wastewater  pretreat- 
ment  system  in  a  South  African  brewery,  an 
upflow  anaerobic  sludge  blanket  (UASB)  process 
was  installed.  In  order  to  successfully  operate  the 
system  it  was  necessary  to  constantly  monitor  the 
pH,  temperature,  and  organic  load.  The  instrumen- 
tation used  for  monitoring  was  both  static  monitor- 
ing instrumentation  and  dynamic  monitoring  in- 
strumentation. Static  monitors  only  record  the  pa- 
rameter values  whereas  dynamic  monitors  main- 
tain certain  levels  by  controlling  valves  and  set- 
tings. Probes  must  be  cleaned  and  calibrated,  but 
once  the  system  is  running  there  is  minimal  mainte- 
nance. Because  of  the  level  of  automation  built  into 
the  system,  it  is  extremely  cost  effective  both  in 
regard  to  chemical  costs  and  personnel  needed.  In 
addition,  due  to  automation,  no  time  is  lost  for 
recovering  from  process  deviation  in  the  biochemi- 
cal/microbiological control  since  the  digester  re- 
ceives influent  of  a  consistent  quality.  (See  also 
W91-05281)  (White-Reimer-PTT) 
W9 1-05296 


PH  &  RH  CONTROL  IN  METAL  SURFACE 
TREATMENT  RECOVERY  SYSTEM. 

Chemserve  Trio  (Pty)  Ltd.,  Isando  (South  Africa). 
J.  I.  Trope. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  86-92. 

Descriptors:  'Process  control,  'Metal-finishing 
wastes,  Recycling,  'Waste  recovery,  'Hydrogen 
ion  concentration,  'Oxidation-reduction  potential, 
Industrial  wastes,  'Instrumentation,  Probes,  Galva- 
nizing, Hydroxides,  Precipitation. 


The  adequacy  of  presently  available  equipment  for 
pH  and  Redox  control  in  a  flux  regeneration 
system  for  recovery  and  recycling  operations  was 
evaluated.  Galvanizing  operations  produce  copious 
amounts  of  effluent  containing  iron  and  zinc.  Both 
of  these  metals  are  unacceptable  in  discharge 
waters  to  sewers,  and  the  problem  is  compounded 
by  the  low  pH  that  results  from  the  process.  Flux 
regeneration  systems  have  been  installed  at  a 
number  of  plants  whereby  the  effluent  from  the 
cold  water  rinse  tank  is  neutralized  using  ammoni- 
um hydroxide,  thus  forming  ammonium  chloride 
and  water,  and  the  increase  in  pH  causes  the 
precipitation  of  iron  hydroxide  and  zinc  hydroxide 
or  forms  a  zinc  amine  complex.  The  process  oper- 
ates very  effectively  but  is  based  on  reliable  pH 
and  oxidation/reduction  potential  control  systems. 
Therefore  the  electrode  cells  of  the  monitoring 
probes  must  be  maintained  at  maximum  efficiency 
and  sensitivity  at  all  times.  However,  there  is  a 
tendency  for  the  coating  of  the  electrodes  and  for 
the  plugging  of  the  ceramic  liquid  junction.  A 
number  of  different  electrode  cleaning  systems 
have  been  designed  over  the  years.  These  include 
ultrasonic  cleaners,  automated  brush  cleaners, 
spray  systems  and  others.  However,  it  has  been 
found  that  the  manual  cleaning  method  is  the  only 
suitable  system  for  the  process.  This  method  con- 
sists of  removing  the  electrode  from  its  position  in 
the  circuit,  cleaning  it  with  a  suitable  acid  or 
alkaline  mixture  and  brushing  the  surface  of  the 
ceramic  junction  point  before  recalibration  and 
return  to  the  measuring  tank.  The  maintenance  has 
to  be  carried  out  once  every  2-3  days  and  takes  not 
more  than  five  minutes.  (See  also  W91-05281) 
(White-Reimer-PTT) 
W9 1-05297 


USE  OF  A  DIGITAL  CONTROL  SYSTEM  FOR 
WATER  TREATMENT  AND  MANAGEMENT 
AT  SAPPI'S  ENSTRA  MILL. 

Sappi  Fine  Papers  (Pty)  Ltd.,  Isando  (South 
Africa). 

A.  B.  Stevens,  and  H.  J.  Jacobs. 
IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  93-95. 

Descriptors:  'Control  systems,  'Water  reuse, 
•Wastewater  treatment,  'Water  treatment,  Eco- 
nomic aspects,  'South  Africa,  'Automation,  'In- 
strumentation, 'Industrial  water,  Pulp  and  paper 
industry,  Computers,  Flocculation,  Aluminum, 
Maintenance. 

Sappi's  Enstra  mill  in  South  Africa  is  dependant  on 
purified  sewage  water  as  part  of  its  water  intake. 
The  biologically  treated  sewage  water  is  upgraded 
by  using  a  dissolved  air  flotation  process  with  alum 
and  a  polyelectrolyte  as  a  flocculent.  The  buffer 
storage  for  this  purified  water  after  the  flotation 
plant  is  very  small  and  the  consumption  of  water 
can  vary  rapidly.  A  control  system  is  required  to 
keep  flocculating  chemical  concentrations  propor- 
tionally constant  with  the  throughput  of  the  plant. 
A  microprocessor  system  was  chosen  when  the 
system  was  upgraded.  A  micro-computer  based 
central  processing  unit  was  installed  that  is  sup- 
plied with  software  that  allows  for  the  creation  of 
a  system  to  control  the  plant  and  allow  modifica- 
tion quickly  and  easily  by  simply  configuring  the 
preprogrammed  function  modules.  Maintenance  of 
the  control  system  is  negligible,  with  only  occa- 
sional external  cleaning  of  the  various  units  and 
attention  to  the  hardcopy  printer,  and  regular  pre- 
ventive maintenance  on  the  field  measuring  and 
control  devices.  Due  to  the  optimized  flocculation 
of  the  sewage  water,  it  was  possible  to  eliminate  a 
host  of  process  problems  related  to  precipitation  of 
aluminimum  hydroxide  floe  on  paper  machine 
clothing.  This  in  turn  affected  the  production  rate 
of  the  paper  machines  as  well  as  the  quality  of  the 
paper  produced.  These  benefits  have  an  estimated 
payback  period  on  the  distributed  control  system 
of  as  little  as  two  months.  (See  also  W91-05281) 
(White-Reimer-PTT) 
W9 1-05298 


FOUNDATION      CONSTRUCTION      WITHIN 
WASTEWATER-TREATMENT  PLANT. 

Hampton   (Delon)   and    Associates,    Washington, 

DC. 
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STEADY-STATE  ANALYSIS  FOR  BIOLOGI- 
CAL TREATMENT  OF  INHIBITORY  SUB- 
STRATES. 

Battelle  Memorial  Inst.,  Columbus,  OH. 
S.  K.  Ong,  and  A.  R.  Bowers. 

Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1013-1028,  Novem- 
ber/December 1990.  7  fig,  3  tab,  31  ref. 

Descriptors:  'Wastewater  treatment,  'Biological 
wastewater  treatment,  'Organic  pollutants,  'Bio- 
technology, Analytical  techniques,  Biomass,  'In- 
hibitors, Steady  flow,  Substrates,  Phenols,  Biode- 
gradation,  Toxic  wastes,  Wastewater  reactors. 

The  treatment  of  toxic  and  inhibitory  organic  com- 
pounds using  biological  technology  has  recently 
been  pursued  vigorously  as  a  promising  treatment 
option.  A  steady-state  approach  for  designing  bio- 
logical wastewater  treatment  systems  has  been  de- 
veloped for  inhibitory  substrates  using  the  Haldane 
rate  expression.  Steady-state  solutions  are  derived 
for  a  continuous-flow  completely  mixed  reactor 
with  recycle  of  the  biomass.  It  is  determined  that 
two  steady-state  operating  regions  exist  at  any  one 
mean  cell  residence  time:  an  unstable  region, 
where  the  substrate  concentration  increases;  and  a 
stable  region,  where  the  substrate  concentration 
decreases  and  the  biomass  concentration  increases 
with  mean  cell  residence  time.  A  critical  mean  cell 
residence  time  is  established  as  a  design  parameter 
for  inhibitory  substrates  to  maintain  a  biological 
reactor  in  the  stable  operating  region.  A  survey  of 
published  data  for  phenol  exhibits  an  excellent  log- 
probability  relationship  for  the  critical  mean  cell 
residence  time.  For  design  purposes,  the  hydraulic 
residence  time  is  set  equal  to  the  critical  mean  cell 
residence  time.  This  restricts  the  mean  cell  resi- 
dence time  to  values  higher  than  the  hydraulic 
residence  time,  and  maintains  a  reactor  in  the 
stable  operating  region  at  all  times  (based  on 
steady-state  analysis).  For  phenol,  a  very  biode- 
gradable inhibitory  substrate,  the  data  indicate  a 
log-mean  critical  mean  cell  residence  time  of  0.29 
days.  However,  values  of  the  critical  mean  cell 
residence  time  that  guarantee  a  less-than-1% 
chance  that  the  critical  mean  cell  residence  time 
will  be  exceeded  are  in  excess  of  one  day.  (Au- 
thor's abstract) 
W91-05318 


PILOT-SCALE  DISTILLERY  SPENTWASH 
BIOMETHANATION. 

National  Environmental  Engineering  Research 
Inst.,  Nagpur  (India). 

P.  P.  Karhadkar,  B.  K.  Handa,  and  P.  Khanna. 
Journal   of  Environmental   Engineering   (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1029-1045,  Novem- 
ber/December 1990.  7  fig,  4  tab,  17  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Wastewater  treatment,  'Industrial  wastes,  'An- 
aerobic digestion,  'Methanogenesis,  Organic 
carbon,  Biological  oxygen  demand,  Chemical 
oxygen  demand,  Dissolved  solids,  Hydrogen  ion 
concentration,  'Biogas,  Inorganic  compounds,  Or- 
ganic loading,  Mathematical  models,  Volatile 
acids,  Methane. 

Distillery  spentwash  from  molasses  fermentation  is 
characterized  by  high  biochemical  oxygen  demand 
(BOD),  high  chemical  oxygen  demand  (COD), 
high  total  organic  carbon  (TOC),  low  pH,  high 
temperature,  high  dissolved  solids,  and  high  con- 
centrations of  inorganics.  Such  spentwash  warrants 
extensive  treatment  before  disposal.  Anaerobic 
processes  enabling  recovery  of  biogas  appear  to 
offer  the  most  appropriate  treatment  options.  Me- 
sophilic  biomethanation  of  distillery  spentwash  has 
been  investigated  at  a  pilot  scale  with  a  diphasic 
anaerobic  process.  An  operational  strategy  to  sup- 
press sulfide  inhibition  through  pH  control  in  the 
methane  phase  has  also  been  validated.  The  acid 
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phase  was  operated  on  lime-neutralized  spentwash 
at  an  organic  loading  rate  of  30  kg  COD/cu-m/ 
day.  Methane  phase  operation  without  solids  recy- 
cling enabled  65%  COD  reduction  and  0.3  cu-m  of 
biogas  production  with  60%  methane  per  kilogram 
COD  utilized  at  an  organic  loading  rate  of  3.25  kg 
COD/cu-m/day.  The  contact  methane  phase  at  5 
kg  COD/cu-m/day  and  27-day  mean  cell-resi- 
dence time  achieved  70%  COD  reduction  and  0.3 
cu-m  gas  production  with  70%  methane  per  kilo- 
gram of  COD  utilized.  An  energy  audit  revealed 
over  13  times  the  energy  production  per  unit 
energy  consumed  in  the  process.  A  mathematical 
model  for  the  acid  phase  predicted  volatile  acid 
concentrations  within  15%  of  experimental  results. 
The  methane  phase  model  incorporated  inhibition 
and  was  independent  of  growth  or  nongrowth- 
associated  phenomena.  The  model  predicted  efflu- 
ent substrate  concentrations  and  gas  yields  within 
10%  and  15%  of  experimental  values  in  the  meth- 
ane phase,  respectively.  (Author's  abstract) 
W91-05319 


MOLECULAR  SIZE  DISTRIBUTIONS  OF  DIS- 
SOLVED ORGANIC  MATTER. 

Arizona  Univ.,  Tucson.  Dept.  of  Civil  Engineer- 
ing. 

B.  E.  Logan,  and  Q.  Jiang. 

Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1046-1062,  Novem- 
ber/December 1990.  10  fig,  1  tab,  29  ref. 

Descriptors:  *Water  analysis,  'Water  treatment, 
•Dissolved  solids,  *Molecular  structure, 
•Wastewater  treatment,  'Membrane  filters,  Dis- 
solved organic  carbon,  Municipal  wastewater, 
Water  treatment,  Groundwater  pollution,  Florida. 

The  performance  of  many  water  and  wastewater 
treatment  processes  is  related  to  the  size  distribu- 
tion of  dissolved  organics.  Discrete  molecular  size 
distributions  of  dissolved  organic  matter  (DOM)  in 
natural  waters  and  wastewaters  are  usually  deter- 
mined using  an  array  of  ultrafiltration  membranes 
in  stirred  cells.  However,  many  researchers  neglect 
membrane  rejection,  resulting  in  an  understanding 
of  DOM  in  low  molecular  weight  size  classes.  A 
simple  model  has  been  developed,  based  on  a  per- 
meation coefficient,  that  can  be  used  to  improve 
the  accuracy  of  size  distributions.  Since  permeation 
coefficients  are  a  function  of  membrane  material 
and  water  composition,  these  coefficients  must  be 
determined  for  every  water  sample.  The  utility  of 
the  model  was  demonstrated  by  comparing  unad- 
justed size  distributions  of  dissolved  organic 
carbon  (DOC)  in  groundwater  and  municipal 
wastewater.  For  example,  when  membrane  rejec- 
tion is  neglected,  41%  of  the  DOC  in  Biscayne 
Aquifer  (Florida)  groundwater  has  an  apparent 
molecular  weight  greater  than  5,000  amu.  Size 
distributions  determined  using  the  permeation  co- 
efficient model,  however,  indicate  only  16%  of  the 
DOC  is  greater  than  5,000  amu.  (Author's  abstract) 
W9 1-05  3  20 


COMPARISON  OF  SERUM  BOTTLE  TOXICI- 
TY TEST  WITH  OECD  METHOD. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  Civil  Engi- 
neering. 

N.  H.  Tang,  D.  J.  W.  Blum,  and  R.  E.  Speece. 
Journal    of  Environmental    Engineering   (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1076-1084,  Novem- 
ber/December 1990.  4  fig,  3  tab,  6  ref.  National 
Science  Foundation  Grant  Number  ECE-86-17101. 

Descriptors:  'Wastewater  analysis,  *Water  analy- 
sis, 'Wastewater  treatment,  'Activated  sludge 
process,  'Aerobic  treatment,  Toxic  wastes,  Indus- 
trial wastes,  'Toxicity,  Analytical  methods,  'Test- 
ing procedures,  Organic  wastes,  Volatility,  Phen- 
ols. 

In  1984,  the  Organization  for  Economic  Coopera- 
tion and  Development  (OECD)  published  a  proce- 
dure to  test  the  effect  of  a  chemical  on  the  respira- 
tion rate  of  activated  sludge.  Subsequently,  in 
1987,  the  OECD  published  a  document  promoting 
the  use  of  this  test  procedure  for  control  of  toxic 
waste  in  industrial  effluents.  The  use  of  closed 
serum  bottles  to  test  the  effect  of  toxicity  on  aero- 
bic biological  activity  was  initiated  in  1989.  Each 


procedure  has  its  strengths  and  weaknesses;  the 
serum  bottle  (SB)  activated  sludge  toxicity  test  and 
the  OECD  procedures  were  compared  and  con- 
trasted to  determine  how  one  technique  can  com- 
plement the  other.  If  the  toxicity  measurements 
obtained  from  the  two  testing  procedures  are  com- 
parable, users  can  select  either  procedure  based  on 
time  constraint  and  equipment  availability.  Seven- 
teen organic  toxicants  were  selected  for  the  com- 
parison. The  results  show:  (1)  for  chemicals  with 
low  volatility,  the  OECD  procedure  and  SB  pro- 
cedure give  comparable  results  for  obtaining  the 
IC50  of  organic  toxicants;  and  (2)  for  volatile 
chemicals,  the  SB  procedure  can  be  reliably  used 
whereas  the  OECD  procedure  cannot  because  aer- 
ation in  an  open  vessel  strips  out  the  chemical  of 
interest  and  the  culture  is  subjected  to  a  concentra- 
tion decrease  with  time.  Four  phenolic  compounds 
were  used  for  studying  the  effect  on  the  IC50 
results  due  to  the  origin  of  the  activated  sludge. 
Lab-activated  sludge  grown  on  a  complex,  defined 
organic  medium  and  sewage-activated  sludge  gave 
comparable  IC50  results.  (Author's  abstract) 
W9 1-05322 


HEURISTIC  DESIGN  OF  SEWER  NETWORKS. 

Kuwait  Univ.,  Safat.  Dept.  of  Electrical  and  Com- 
puter Engineering. 
C.  Charalambous,  and  A.  A.  Elimam. 
Journal    of  Environmental    Engineering   (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1181-1199,  Novem- 
ber/December 1990.  4  fig,  5  tab,  12  ref. 

Descriptors:  'Environmental  engineering,  'Hy- 
draulic design,  'Sewer  systems,  'Computer-aided 
design,  Mathematical  equations,  Optimization,  Al- 
gorithms, Hazen-Williams  equation,  Mannings 
equation,    Hydraulic   engineering,   Model   testing. 

The  incorporation  of  lift  stations  into  sewers  intro- 
duces considerable  complexities  in  the  formulation 
of  sewer  network  mathematical  models  and  their 
optimization.  A  heuristic  approach  has  been  devel- 
oped for  the  design  of  sewer  networks  that  can 
handle  the  introduction  of  lift  stations  and  the  use 
of  standard  diameters.  This  heuristic  approach  pro- 
vides good  and  logical  (rather  than  optimal)  de- 
signs of  sewer  networks.  The  necessary  and  suffi- 
cient conditions  to  determine  the  position  of  a  lift 
station  is  first  developed  in  a  theorem.  Based  on 
this  theoretical  result,  a  heuristic  design  algorithm, 
using  either  the  Manning  or  the  modified  Hazen- 
Williams  hydraulic  equation,  is  developed.  The 
proposed  heuristic  approach  design  algorithm 
takes  into  account  all  the  structural  and  hydraulic 
requirements.  The  approach  was  validated  and  il- 
lustrated by  designing  several  hypothetical  and 
two  real  large  sewer  networks  on  a  microcomput- 
er. The  CPU  time  for  designing  sewer  networks 
using  the  proposed  heuristic  was  less  than  10%  of 
the  time  required  for  the  optimization  procedure. 
Such  application  indicates  the  effectiveness  of  the 
heuristic  approach  in  rapidly  providing  'good' 
sewer  network  designs  that  are  comparable  to  the 
optimal  ones.  (Author's  abstract) 
W9 1-05328 


VELOCITY  AND  DEPTH  OF  FLOW  CALCULA- 
TIONS IN  PARTIALLY  FILLED  PIPES. 

Marmara  Univ.,  Istanbul  (Turkey).  Dept.  of  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8B. 
W91-05329 


MONITORING  AND  CONTROL  OF  BIOLOGI- 
CAL REMOVAL  OF  PHOSPHORUS  AND  NI- 
TROGEN BY  FLOW-INJECTION  ANALYSERS 
IN  A  MUNICIPAL  PILOT-SCALE  WASTE- 
WATER TREATMENT  PLANT. 
Technical  Univ.  of  Denmark,  Lyngby.  Dept.  of 
Chemical  Engineering. 

K.  M.  Pedersen,  M.  Kummel,  and  H.  Soeberg. 
Analytica  Chimica  Acta  ACACAM,  Vol.  238,  No. 
1,  p  191-199,  1990.  10  fig,  9  ref. 

Descriptors:  'Wastewater  treatment,  'Monitoring, 
'Analytical  techniques,  'Wastewater  analysis,  'Bi- 
ological wastewater  treatment,  'Phosphorus  re- 
moval, 'Nitrogen  removal,  'Process  control, 
Flow-injection    analysis,    Municipal    wastewater, 


Pilot  plants,  Wastewater  facilities,  Nitrates,  Phos- 
phates, Activated  sludge  process,  Colorimetry, 
Computers,  Spectrophotometry,  Automation. 

Research  was  conducted  to  develop  closed-loop 
control  strategies  for  wastewater  treatment  plants 
with  biological  removal  of  organic  matter,  nitro- 
gen and  phosphorus.  In  order  to  establish  a  good 
foundation  for  this  work,  a  flow-injection  system 
was  designed  and  constructed.  The  system  was 
used  for  monitoring  and  control  of  a  biological 
wastewater  treatment  plant.  The  wastewater  treat- 
ment plant  is  an  activated  sludge  type  on  a  pilot 
scale,  with  municipal  wastewater  as  the  influent. 
The  flow-injection  system  monitors  the  concentra- 
tions of  phosphate,  ammonia  and  nitrate  in  four 
places:  in  the  inlet,  in  the  outlet  of  the  anaerobic 
pretreatment  tank,  in  one  of  the  aeration  tanks  and 
in  the  outlet  of  the  plant.  Sampling  is  carried  out 
via  a  cross-flow  filter  system,  based  on  an  ultra- 
filtration membrane.  The  analyzers  employ  highly 
pulsating,  single-piston  liquid  chromatographic 
pumps.  Synchronization  of  injection  time  and 
pump  pulses  eliminates  the  need  for  pulse-damping 
devices  and  ensures  high  reproducibility.  Chemical 
methods  are  based  on  classical  colorimetric  meth- 
ods. The  measurement  system  has  been  designed 
with  emphasis  on  long-term  stability,  low  reagent 
consumption  and  minimum  maintenance.  To  main- 
tain stable,  low  flow-rates,  on-line  degassing  has 
been  installed  for  each  reagent.  Further,  online 
standard  calibration  is  being  used  to  compensate 
for  drift  in  the  sensitivity  of  the  analyzers.  The 
system  is  controlled  by  a  personal  computer  (PC), 
programmed  in  ASYST.  Calibrated  data  is  fed  to  a 
programmable  logic  controller  (PLC),  which  also 
controls  the  pilot  plant.  A  supervisory  PC,  pro- 
grammed in  Factory  Link,  stores  and  presents 
data.  The  measurements  will  be  used  for  studies  of 
different  control  strategies  for  the  plant,  e.g.,  rule- 
based  control.  (Author's  abstract) 
W91-05331 


REMOVAL  OF  BARIUM  ION  FROM  SOLU- 
TION USING  DATURA  INNOXIA  MILL.  SUS- 
PENSION CULTURE  CELLS. 

Los  Alamos  National   Lab.,   NM.   Life  Sciences 

Div. 

P.  J.  Jackson,  A.  P.  Torres,  E.  Delhaize,  E.  Pack, 

and  S.  L.  Bolender. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  644-648,  Oct-Dec  1990.  5  fig,  1  tab,  10 

ref. 

Descriptors:  'Barium,  'Biological  membranes,  'Bi- 
ological wastewater  treatment,  'Heavy  metals, 
•Industrial  wastes,  'Munitions  wastes, 
•Wastewater  treatment,  Cleanup,  Culturing  tech- 
niques, Decontamination,  Explosives,  Soil  con- 
tamination, Water  quality  standards. 

The  present  method  of  Ba(++)  removal  from 
wastewater  generated  by  explosives  manufacturing 
consists  of  precipitating  the  nitrate  as  a  sulfate  with 
subsequent  land  burial  of  the  sludge.  This  process 
will  not  be  able  to  to  meet  compliance  standards  if 
new  guidelines  requiring  a  100  fold  decrease  in 
effluent  concentration  are  adapted.  Plant  suspen- 
sion culture  cells  derived  from  Datura  innoxia 
anthers  rapidly  remove  Ba(++)  from  solution. 
Free  Ba(++)  is  removed  as  a  result  of  strong 
interaction  with  a  component  of  the  cell  wall. 
Binding  to  this  component  occurs  over  a  wide 
range  of  pH  and  salt  concentrations  and  does  not 
require  active  metabolism.  Cells  will  remove 
Ba(+  +)  from  nutrient  media  or  from  waste  solu- 
tions that  cannot  support  cell  growth.  Discharge  of 
untreated  effluent  prior  to  the  implementation  of 
environmental  guidelines  has  led  to  the  contamina- 
tion of  a  number  of  large  sites  with  this  toxic  ion. 
Large  scale  growth  of  plant  cell  suspension  cul- 
tures to  remove  this  and  other  toxic  ions  from 
industrial  effluent  together  with  the  development 
of  techniques  to  regenerate  the  binding  sites  and 
genetic  enhancement  of  selected  species  may  pro- 
vide a  method  for  the  cleanup  and  removal  of  toxic 
substances  from  soils  or  effluent  prior  to  discharge. 
(Doyle-PTT) 
W91-05393 
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DENITRIFICATION  IN  POROUS  MEDIA 
DURING  RAPID,  CONTINUOUS  LEACHING 
OF  SYNTHETIC  WASTEWATER  AT  SATU- 
RATED WATER  FLOW. 

Hiroshima  Univ.  (Japan).  Faculty  of  Engineering. 

T.  Yamaguchi,  P.  Moldrup,  S.  Teranishi,  and  D.  E. 

Rolston. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  676-683,  Oct-Dec  1990.  4  fig.  6  tab,  30 

ref. 

Descriptors:  *Denitrification,  *Land  treatment, 
•Leaching,  *Porous  media,  'Saturated  flow, 
•Wastewater  disposal,  'Wastewater  treatment,  Ni- 
trogen removal,  Soil  columns,  Temperature  ef- 
fects. 

Denitrification  in  six  porous  media  columns  (98% 
decomposed  granite  or  sand  and  2%  field  soil) 
during  saturated  leaching  at  constant  flow  rates  of 
synthetic  wastewater  was  investigated.  Concentra- 
tions of  N03-N  and  methanol  between  20  and  60 
mg/L  were  applied  and  vertical  concentration  pro- 
files of  N03-N,  N02-N  and  NH4-N  were  meas- 
ured for  45  d  at  30  C  (three  columns)  and  at  10  C  ( 
three  columns).  A  time  lag  in  denitrification  of  10 
d  was  found  at  10  C.  Complete  N  removal  was 
obtained  after  3  d  at  30  C  but  was  not  obtained  at 
high  N-loading  at  10  C.  A  N02-N  leaching  was 
observed  between  Day  1  and  3  at  30  C.  Assuming 
first-order  denitrification  at  steady  state,  the  corre- 
sponding first-order  reaction  rate  coefficients  (k  1) 
for  N03  reduction  in  the  columns  were  estimated 
to  be  between  1.4  and  5.0  per  hour  at  30  C  and 
between  0.017  and  0.14  per  hour  at  10  C.  The 
N03-N  concentration  in  the  influent  found  to  be 
the  most  optimal  for  denitrification  at  steady  state 
was  found  to  be  20  mg  N/L  at  10  C  and  40  mg  N/ 
L  at  30  C.  No  significant  differences  in  k  1  values 
in  columns  containing  decomposed  granite  and 
sand,  respectively,  were  found.  Steady-state  N03 
profiles  were  obtained  between  1.5  and  4.5  wks 
after  the  experiments  were  started.  (Author's  ab- 
stract) 
W9 1-05398 


LONG  TERM  SWINE  LAGOON  EFFLUENT 
APPLICATIONS  ON  'COASTAL'  BERMUDA- 
GRASS:  I.  YIELD,  QUALITY,  AND  ELEMENT 
REMOVAL. 

North  Carolina  Agricultural  Research  Service,  Ra- 
leigh. 

J.C.  Burns,  L.  D.  King,  and  P.W.  Westerman. 
Journal  of  Environmental  Quality  JEVQAA,  Vol. 
19,  No.  4,  p  749-756,  Oct-Dec  1990.  2  fig,  7  tab,  31 
ref. 

Descriptors:  'Bermudagrass,  'Hogs,  'Land  dispos- 
al, 'Land  treatment,  'Manure,  'Soil  contamina- 
tion, 'Wastewater  disposal,  'Wastewater  lagoons, 
•Water  pollution  effects,  Animal  wastes,  Holding 
ponds,  Humid  areas,  Nutrient  concentrations,  Phy- 
totoxicity,  Pollution  load. 

Swine  (Sus  scrofa  domesticus)  confinement  sys- 
tems that  use  anaerobic  lagoons  for  waste  collec- 
tion in  the  humid  regions  require  effluent  removal 
during  the  year.  Land  area  adjacent  to  the  hog 
facility  frequently  becomes  the  site  for  continuous 
effluent  distribution.  The  effect  of  long  term  appli- 
cation of  swine  lagoon  effluent  on  dry  matter 
yield,  stand  persistence,  and  nutrient  concentration 
and  removal  in  Bermuda  grass  (Cynodon  dactylon) 
was  studied.  Effluent  loading  rates  of  low  (L), 
medium  (M),  and  high  (H),  approximating  335, 
670,  and  1340  kg  of  N  /ha/yr,  respectively,  were 
evaluated  for  11  yr  beginning  in  1973  through 
1983.  The  experiment  was  a  randomized  complete 
block  with  three  replicates.  Dry  matter  yields  in 
Year  1 1  were  altered  by  effluent  loading  rates  with 
greater  production  from  the  M  (19.0  Mg/ha)  or  H 
(19.6  Mg/ha)  compared  with  the  L  (13.1  Mg/ha). 
Although  fluxes  in  stands  occurred,  they  recov- 
ered completely  as  indicated  by  these  yields. 
Higher  concentrations  of  N,  P,  K,  Mg,  CI,  and  Zn 
were  present  in  forage  in  1983  compared  with 
1973.  Calcium  was  unchanged  and  Cu,  Fe,  and  Na 
were  less.  In  vitro  dry  matter  disappearance  of  the 
forage  was  similar  among  loading  rates  (0.634)  in 
1983  and  greater  than  in  1973  (0.553).  Concentra- 
tions of  N03-N  were  higher  in  1978  (1.14  gAg) 
compared  with  1973  (0.87  gAg)  ,  but  the  highest 


concentrations  occurred  in  1983  (1.57  gAg).  By 
1983,  N03-N  concentrations  of  forages  from  the  H 
loading  rate  approached  or  exceeded  the  toxic 
threshold  in  all  summer  harvests.  Only  the  H  load- 
ing (1340  kgAa  )  caused  unstable  stands  and  even- 
tually produced  forage  that  had  N03-N  concentra- 
tions potentially  toxic  if  fed  as  the  sole  ration  to 
ruminants.  Further,  it  resulted  in  disproportionally 
greater  quantities  of  elements,  especially  N,  P,  K, 
CI,  and  Na,  that  remained  in  the  soil  environment 
to  become  potential  soil  and  soil-water  pollutants. 
(See  also  W9 1-05406)  (Author's  abstract) 
W9 1-05405 


FLY-ASH  FOR  THE  TREATMENT  OF  WATER 
ENRICHED  IN  LEAD(II). 

Banaras  Hindu  Univ.,  Varanasi  (India).   Inst,  of 

Tech. 

For  primary  bibliographic  entry  see  Field  5F. 
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INDOLACETIC  ACID  PRODUCTION  FROM 
OLIVE  WASTE  WATER  BY  ARTHROBACTER 
SPP. 

Istituto  di  Radiobiochimica  ed  Ecofisiologia  Vege- 

tale,  Rome  (Italy). 

For  primary  bibliographic  entry  see  Field  5E. 
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APPLICATION  OF  BIOTECHNOLOGY  TO 
MUNICIPAL  WASTEWATER  TREATMENT. 

Public   Works  Research   Inst.,   Tsukuba  (Japan). 

Water  Quality  Control  Div. 

T.  Matsui,  S.  Kyosai,  and  M.  Takahashi. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.   10/2,  p   1723-1732,   1991.   19  fig,  7  tab. 

Descriptors:  'Advanced  wastewater  treatment, 
'Biological  wastewater  treatment,  'Biotechnol- 
ogy, 'Japan,  'Municipal  wastewater,  'Wastewater 
treatment,  Anaerobic  digestion,  Biological  treat- 
ment, Genetic  engineering,  Microorganisms,  Re- 
search, Sludge  digestion,  Sludge  treatment,  Water 
pollution. 

The  Japan  Ministry  of  construction  conducted  a 
research  project  called  'The  Development  of  New 
Wastewater  Treatment  Systems  Employing  Bio- 
technology,' commonly  called  Biofocus  WT,  from 
1985  to  1989.  Biotechnology  was  applied  to 
wastewater  treatment,  including  microorganisms 
banks,  genetic  engineering  application,  immobiliza- 
tion of  microorganisms,  bioreactors  for  wastewater 
treatment,  bioreactors  for  sludge  treatment,  sus- 
pended solids  separators  for  raw  wastewater,  bio- 
sensors and  new  wastewater  treatment  systems. 
The  data  bank  provided  ecological  properties  for 
each  strain  of  microorganism  and  all  strains  were 
classified  by  their  relationship  to  wastewater  sys- 
tems. The  immobilization  of  microorganisms  in 
bioreactors  for  wastewater  treatment  and  sludge 
treatment  was  useful  to  increase  the  concentration 
of  microorganisms  in  the  reactor  and  to  maintain  a 
large  amount  of  microorganisms  for  the  specific 
removal  of  particular  pollutants.  Twenty-three 
bioreactors  were  investigated  in  pilot-plant  scale. 
Aerobic  bioreactors,  anaerobic  bioreactors,  multi- 
stage reversing  flow  bioreactors,  and  bioreactors 
for  nitrogen  removal  were  examined.  All  the  bior- 
eactors incorporated  immobilization  methods  and 
the  main  development  target  was  to  reduce  the 
retention  time  in  the  reactors.  Anaerobic  sludge 
digestion  processes  were  developed  to  shorten  the 
sludge  digestion  period  and  to  increase  the  solid 
decomposition  percentage.  A  self-sustaining 
energy  system  was  proposed  as  the  ultimate  system 
for  an  energy-saving  wastewater  treatment  system. 
(Mertz-PTT) 
W9 1-05499 


DESIGN  OF  MULTI-STORY  SEWAGE  TREAT- 
MENT FACILITIES. 

Osaka  Municipal  Government  Bureau  of  Sewage 
Works  (Japan). 

Y.  Yuki,  E.  Takayanagi,  and  T.  Abe. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  1733-1742,  1991.  6  fig,  5  tab,  1  ref. 

Descriptors:      'Japan,      'Wastewater      facilities, 
•Wastewater  treatment,  Aeration,  Aerators,  Con- 


struction costs,  Design  standards,  Osaka,  Settling 
tanks. 

In  Osaka  City,  Japan,  rising  land  prices  and  the 
rapid  advances  of  urbanization  make  it  difficult  to 
enlarge  sites  for  sewage  treatment  facilities.  To 
enhance  efficient  land  utilization,  construction  of 
multi-story  facilities  has  been  promoted.  This  effort 
commenced  with  the  building  of  a  two-story  pri- 
mary settling  tank,  followed  by  two-story  final 
settling  tanks,  aeration  tanks  vertically  combined 
with  final  settling  tanks  and  three-story  final  set- 
tling tanks.  Together  with  the  introduction  of  these 
multi-story  facilities,  efforts  have  also  been  made 
to  further  deepen  the  aeration  tanks.  One  feature  of 
the  city's  multi-story  sewage  treatment  facilities  is 
the  use  of  outlet  pipes  for  purified  wastewater  in 
the  final  settling  tanks.  This  has  helped  to  promote 
the  introduction  of  multi-story  facilities.  These 
multi-story  facilities  in  Osaka  City  have  already 
been  in  operation  for  10  to  20  years  under  satisfac- 
tory treatment  conditions.  The  area  occupied  by  a 
multi-story  structure  is  only  46%  that  of  conven- 
tional single-story  structures.  Construction  costs 
for  single-story  and  multi-story  structures  are 
almost  equal.  (Author's  abstract) 
W91-055O0 


OPERATION  OF  CENTRALIZED  SLUDGE 
TREATMENT  FACILITIES. 

Yokohama  City  Sewage  Works  Bureau  (Japan). 

Research  and  Development  Div. 

S.  Kaneko,  and  H.  Shimomura. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.    10/2,  p   1753-1762,    1991.   6  fig,   6  tab. 
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gester gas,  Digestion,  Energy  recovery,  Inciner- 
ation, Japan,  Recycling,  Sludge  disposal,  Sludge 
drying,  Waste  heat. 

Construction  of  sewerage  systems  in  the  city  of 
Yokohama  has  proceeded  at  a  rapid  pace  ever 
since  the  first  wastewater  treatment  plant  went 
into  operation  in  1962.  By  1984,  all  11  of  the 
planned  wastewater  treatment  plants  were  in  oper- 
ation. By  March  1989,  the  sewerage  service  had 
reached  80%  of  the  city's  residents.  The  expansion 
of  the  sewerage  system  was  reflected  in  a  commen- 
surate increase  in  the  quantity  of  sludge  for  treat- 
ment and  disposal.  It  was  decided  to  shift  from  the 
former  decentralized  method  of  sludge  treatment 
at  the  plant  generating  it  to  a  method  of  central- 
ized treatment  at  two  sludge  treatment  centers, 
each  built  within  a  different  wastewater  treatment 
plant  located  in  the  waterfront  area.  The  newly 
constructed  centralized  sludge  treatment  facilities 
featured:  the  first  egg-shaped  digestion  tanks;  a 
high-concentration  mode  of  digestion  made  possi- 
ble by  the  use  of  centrifugal  thickeners;  power 
generators  fueled  by  digestion  gas;  effective  use  of 
the  waste  heat  from  these  generators;  and  the 
saving  of  fuel  by  the  use  of  incinerators  equipped 
with  dryers.  The  quantity  of  digestion  generated  at 
the  facility  was  double  that  of  the  former  method. 
Power  generation  fueled  by  digestion  gas  supplied 
64%  of  the  facility's  own  power  needs.  While 
operating  at  only  one-fifth  of  the  planned  sludge 
capacity,  treatment  costs  were  less  than  half  of  the 
treatment  cost  of  the  same  quantity  utilizing  the 
former  method.  (Mertz-PTT) 
W91-05502 


SLUDGE  INCINERATION  PROCESS  OF 
KYOTO  CTTY--THE  EMPLOYMENT  AND 
HEAT  BALANCE  OF  THE  STEP  GRATE 
STOKER  FURNACE. 

Kyoto  City  Sewage  Works  Bureau  (Japan).  Sludge 

Treatment  Section. 

T.  Ito. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,   No.    10/2,   p    1763-1772,    1991.   8   fig,   6  tab. 

Descriptors:  •Incineration,  *Japan,  *Kyoto, 
•Sludge  drying,  *Sludge  treatment,  'Wastewater 
treatment,  Dewatering,  Sludge  cake,  Sludge  dis- 
posal, Stoker  furnace,  Waste  management, 
Wastewater  disposal,  Wastewater  facilities. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5D — Waste  Treatment  Processes 


Kyoto  City  has  been  actively  constructing  its 
public  sewerage  system  as  one  of  the  most  impor- 
tant policies  of  the  city.  As  of  April  1989,  79.6%  of 
the  urbanized  areas  of  the  city  had  been  sewered. 
The  increased  sewered  ratio  also  reflects  a  steady 
increase  in  the  influent  volume  of  wastewater.  Due 
to  the  inland  location  of  the  city,  sludge  produced 
in  the  wastewater  treatment  plants  has  been  land- 
filled  after  incineration.  Recently,  however,  the 
securing  of  appropriate  sites  for  landfill  has  became 
difficult.  In  order  to  minimize  the  ultimate  disposal 
volume,  incineration  of  the  entire  volume  of  sludge 
was  undertaken.  At  present,  Kyoto  City  has  four 
treatment  plants  in  operation.  The  Toba  Treatment 
Plant,  which  has  the  largest  treatment  capacity, 
receives  sludge  cake  trucked  from  the  Fushimi 
Treatment  Plant  and  excess  sludge  pumped 
through  pipes  from  the  Kisshoin  Treatment  Plant, 
and  incinerates  the  entire  amount  of  sludge  cake 
generated  at  its  own  plant.  Sludge  cake  produced 
at  the  Ishida  Treatment  Plant  is  incinerated  at  an 
adjacent  refuse  sanitation  plant  together  with  the 
municipal  refuse  from  the  city.  A  step  grate  stoker 
furnace  system  was  introduced  to  reduce  the  final 
disposal  volume  and  to  save  energy.  This  furnace 
incinerates  not  only  the  polymer  cake  but  also  the 
lime  cake.  The  sludge  cake  is  sent  to  an  indirect 
steam  dryer  where  it  is  dried  to  a  40%  moisture 
content  and  then  sent  to  the  step  grate  stoker 
furnace.  The  inside  of  the  furnace  is  a  step-shaped 
structure,  with  alternating  fixed  and  movable  steps. 
The  cake  is  turned  over  and  lowered  gradually  to 
the  bottom  section  through  the  back  and  forth 
motion  of  the  movable  steps.  In  comparison  with  a 
multiple-hearth  furnace  system,  the  volume  of  gen- 
erated ash  was  decreased  by  more  than  50%. 
Energy  consumption  was  reduced  by  77%,  result- 
ing in  an  18%  reduction  of  operating  expenses. 
(Mertz-PTT) 
W91-05503 


OPERATIONAL  RESULTS  OF  MELTING 
SYSTEM  FOR  SEWAGE  SLUDGE. 

Toyama  Prefectural  Public  Works  Dept.  (Japan). 

Sewage  Div. 

D.  Yashiki,  and  T.  Murakami. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  1773-1781,  1991.  7  fig,  6  tab,  3  ref. 

Descriptors:  'Japan,  'Melting,  *Sludge  treatment, 
•Wastewater  treatment,  Heavy  metals,  Inciner- 
ation, Recycling,  Slags,  Sludge,  Sludge  disposal, 
Sludge  drying,  Waste  treatment. 

In  Toyama  Prefecture,  Japan,  various  sludge  treat- 
ment and  disposition  systems  were  investigated  in 
planning  the  Futakami  Sewage  Treatment  Plant. 
The  Toyama  Prefecture  decided  on  the  adoption 
of  a  melting  treatment  system  fully  capable  of 
minimizing  sludge  generation,  achieving  safety  by 
sealing  in  the  heavy  metals,  and  recycling  the 
generated  sludge  for  use  as  a  construction  material. 
The  Futakami  Sewage  Treatment  Plant  started 
operating  the  melting  furnace  in  July  1988.  Capac- 
ity of  the  sludge  melting  furnace  is  5.3  ton  of  dry 
solids/day.  Dewatered  sludge  is  dried  in  a  low 
temperature  dryer  until  the  moisture  content  is 
around  20%.  Dryer  exhaust  gas  is  recycled  as 
carrier  gas  after  the  moisture  is  removed  in  a 
moisture  removal  tower.  About  20%  of  the  circu- 
lation gas  is  drained  as  surplus  exhaust  and  deodor- 
ized by  combustion  in  the  secondary  combustion 
chamber  of  the  melting  furnace.  The  reflector 
melting  furnace  consists  of  a  feeding  hopper,  pri 
mary  combustion  chamber  and  secondary  combus- 
tion chamber.  The  primary  combustion  chamber  is 
a  conical  shape.  In  the  primary  combustion  cham- 
ber, just  the  necessary  caloric  value  of  the  dried 
sludge  is  incinerated  to  maintain  the  temperature  at 
above  1 300  C  and  the  rest  is  completely  burned  as 
decomposed  gas  in  the  secondary  combustion 
chamber.  In  this  way,  double  stage  combustion  in 
the  reflector  melting  furnace  generates  less  than 
150  parts  per  million  of  nitrous  oxides.  Heat  from 
the  exhaust  gas  is  collected  and  utilized  as  a  drying 
heat  source.  The  exhaust  is  then  cooled  to  40-60  C, 
and  SOx  and  HC1  are  removed  from  the  gas  by  the 
NaOH-rich  circulation  liquid  in  the  upper  absorp- 
tion chamber.  Dust  is  removed  by  a  wet  precipita- 
tor. About  170  tons  of  slag  were  generated  in  1988; 
some  190  tons  of  slag  are  expected  in  1989.  Leach- 
ing tests  conducted  on  the  slag  at  different  pHs 


showed    no    leaching    of    harmful    components. 

(Mertz-PTT) 

W91-05504 


INTRODUCTION  OF  DEEP  OXIC/ ANOXIC 
TANKS  AT  HENDRIKSDAL  SEWAGE  TREAT- 
MENT PLANT  TO  INCREASE  THE  CAPAC- 
ITY. 

Stockholm      Water      and      Wastewater      Works 

(Sweden). 

J.  Hultgren,  I.  Mollersten,  and  L.  G.  Reinius. 

Water  Science  and  Technology  WSTED4,  Vol. 
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The  requirements  for  purification  of  sewage  are 
tightening  in  Sweden.  At  the  Henriksdal  sewage 
treatment  plant  situated  in  rock,  the  volume  avail- 
able for  of  the  biological  stage  of  nitrogen  removal 
have  to  be  increased  from  about  70,000  cubic  m 
today  to  about  200,000  cubic  m  in  the  future.  To 
achieve  adequate  volumes,  the  aeration  tanks  must 
be  deepened  from  5  to  12  m.  To  learn  more  about 
aeration  at  there  depths,  a  pilot  plant  tank  was  built 
during  the  spring  of  1989.  The  tank  is  5  m  in 
diameter,  without  maximum  test  depth  of  13  m.  A 
full-coverage  system  of  61  Nopol  KKI  rubber 
membrane  aerators  was  installed  on  the  floor. 
Measurements  of  the  oxygen  transfer  efficiency 
were  carried  out  in  clean  water  at  5  m,  7.5  m,  10  m 
and  12  m.  Air  flow  was  measured  with  a  mass 
flowmeter  and  the  dissolved  oxygen  was  measured 
partly  with  four  dissolved  oxygen  probes  at  differ- 
ent levels  and  partly  with  analyses  of  grab  samples. 
All  data  were  sampled  in  a  computer  and  were 
evaluated  with  the  ASCE  Non-linear  Oxygen 
Transfer  Estimation  Program.  The  results  indicat- 
ed an  almost  linear  relationship  between  the 
oxygen  transfer  efficiency  and  the  aeration  depth. 
For  air  flows  in  the  interval  1-5  cubic  nanometers/ 
hour  and  diffuser,  the  efficiency  was  about  5%  per 
m  aeration  depth.  To  achieve  the  required  volume 
of  205,000  cubic  m  with  14  aeration  tanks,  the 
depth  must  be  12  m.  The  existing  tanks  are  5  m 
deep  and  have  to  be  deepened  by  7  m.  The  14 
aeration  tanks  will  be  coupled  two  and  two  with  a 
total  length  of  240  m.  Each  of  these  coupled  lines 
will  be  connected  with  two  secondary  tanks.  In 
each  of  the  7  lines  the  flow  to  the  two  sedimenta- 
tion tanks  will  be  regulated  separately  over  weirs 
at  the  end  of  the  aeration  tanks.  Since  the  plant 
must  be  in  operation  throughout  the  entire  exten- 
sion period  with  the  least  possible  reduction  of 
capacity,  the  work  will  be  divided  into  three 
stages.  Total  cost  for  the  planned  extension  of 
Henriksdal  sewage  treatment  plant  is  calculated  to 
be  around  $75-90  million.  The  extension  should  be 
ready  in  mid- 1990.  (Mertz-PTT) 
W91-05505 


ADVANCED  WASTEWATER  TREATMENT  BY 
MEANS  OF  DRY  BED  FILTERS;  SEMI-TECH- 
NICAL TEST  RESULTS;  EXPERIENCES  ON  A 
LARGE-TECHNICAL  SCALE  AND  RESULTS. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Sied- 

lungswasserwirtschaft  und  Abfalltechnik. 

A.  Kraft,  and  C.  R.  Seyfried. 
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Pulp  and  paper  industry,  Suspended  solids,  Trick- 
ling filters. 

The  dry  bed  filtration  process  eliminates  suspended 
solids  and  can  be  combined  with  biological  activi- 
ties such  as  nitrification  and  reduction  of  chemical 
oxygen  demand  and  biological  oxygen  demand.  In 
the  dry  bed  filtration  water  treatment  system, 
water  is  distributed  via  a  sprinkling  system  over  a 
filter  bed  surface.  The  water  trickles  over  the 
surface  of  the  filter  material.   Air  is  sucked  or 


pressed  through  the  filter  bed  in  the  direction  of 
the  water  flow  or  against  the  water  flow,  depend- 
ing on  design.  For  maximum  effectiveness, 
wastewater  should  be  filtrated  as  deep  as  possible 
into  the  bed.  Multi-bed  or  dual-bed  dry  bed  filters 
are  most  effective.  Tests  concerning  the  nitrifica- 
tion performance  and  simultaneous  elimination  of 
suspended  solids  with  a  basalt/anthracite  filter 
showed  that  a  dual-media  dry  bed  filter,  compared 
with  conventional  processes,  is  extremely  efficient. 
Maximum  volumetric  degradation  performances  of 
2.0  kg  NH4-N/cubic  m/day  were  achieved.  Tests 
carried  out  at  two  large  technical  plants  (municipal 
wastewater  treatment  plant  and  paper  industry 
wastewater  treatment  plant)  showed  that  dry  bed 
filtration  is  a  practical  and  efficient  means  of 
wastewater  treatment.  (Mertz-PTT) 
W91-05506 


REVIVAL  OF  INCINERATION   IN  THE  UK. 

AQUA-ENVIRO,  Wakefield  (England). 

P.  Lowe,  and  G.  Groeger. 
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Sludge,  Wastewater  facilities. 

Incineration  of  sewage  sludge  was  regarded,  in  the 
United  Kingdom  in  the  1970s,  as  a  viable  method 
for  the  disposal  of  sludge.  Toward  the  end  the  that 
decade  the  operating  costs,  compared  with  those 
of  other  treatment  methods,  were  very  high  and  all 
but  four  incineration  plants  were  closed  down.  In 
1986,  Yorkshire  Water  contracted  for  the  construc- 
tion of  the  first  new  incinerator  in  almost  a  decade. 
The  plant  was  designed  to  incinerate  18,000  dry 
tons/year  of  sewage  sludge  comprising  11,500  dry 
tons  of  primary  sludge  and  6,500  dry  tons  of  humus 
sludge.  It  had  to  operate  for  8000  hours  per  year 
under  autogenous  conditions  and  was  required  to 
meet  current  air  emission  standards.  The  integrated 
design  approach  resulted  in  competitive  operating 
costs.  Competitive  costs,  together  with  environ- 
mental pressures  to  control  or  reduce  other  dispos- 
al routes,  such  as  recycling  to  agricultural  land, 
landfill  and  sea  disposal,  has  led  to  a  renewed 
interest  in  the  incineration  process.  Early  oper- 
ational experience  from  the  Bradford  plant  indi- 
cates that  the  two  major  objectives  of  no  harmful 
effects  on  the  environment  and  competitive  operat- 
ing costs  can  be  met  with  modern,  well-designed 
incineration  plants.  Plans  are  in  hand  to  provide 
two  more  plants  in  Yorkshire,  and  other  Water 
Services  are  also  evaluating  the  incineration  proc- 
ess as  part  of  their  overall  sludge  disposal  strategy. 
(Mertz-PTT) 
W9 1-05507 


MEASUREMENT  OF  OPERATOR  TRAINING 
BENEFITS. 

California  State  Univ.,  Sacramento.  Dept.  of  Civil 

Engineering. 

For   primary   bibliographic   entry   see   Field   5G. 
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APPLICATION    OF    COARSE-MEDIA    SLOW 
SAND  FJXTRATION  IN  AQUACULTURE. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 
Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  5F. 
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THE  TOKYO  SUBURB  OF  NAGAREYAMA 
CITY. 

Tokyo  Univ.  (Japan).  Dept.  of  Urban  Engineering. 
J.  Nakanishi,  M.  Ishiwatari,  and  M.  Ichimura. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  1835-1844,  1991.  3  fig,  5  tab,  8  ref. 

Descriptors:  'Japan,  'Nagareyama,  'On-site 
wastewater     treatment,     'Wastewater     facilities, 
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•Wastewater  treatment,  Case  studies,  Cost-benefit 
analysis,  Urban  areas,  Wastewater  disposal. 

In  Japan,  the  rapid  and  unsystematic  concentration 
of  large  populations  in  metropolitan  areas  has 
caused  a  drastic  decrease  in  surface  water  quality. 
At  the  same  time,  only  33%  of  the  population  is 
serviced  by  the  existing  sewerage  system.  In  areas 
not  served  by  sewage  treatment  systems,  where 
half  the  households  use  flush  toilets  gray  water  is 
discharged  into  receiving  ditches  and  streams  with- 
out any  treatment.  This  wastewater  is  treated  in 
conventional  purification  tanks  and  discharged  into 
surface  receiving  waters.  The  other  half  of  the 
households  use  nonflush  toilets-privy  pits.  Night 
soil  from  these  houses  is  collected  and  transported 
by  vacuum  trucks  to  be  treated  at  facilities.  Tech- 
nology for  the  on-site  treatment  of  raw  sewage 
from  households  with  few  members  has  developed 
very  rapidly,  and  such  installations  have  been  ap- 
proved since  1985.  A  typical  commercial  treatment 
unit  for  a  family  of  five  measures  2.3  m  long  by  1.2 
m  wide  and  1.5  m  deep,  about  the  size  of  a  small 
car.  The  capability  of  an  on-site  sewage  treatment 
system  was  examined  in  Nagareyama,  a  suburb  of 
metropolitan  Tokyo,  with  the  multi-objective  opti- 
mization method.  The  total  cost,  local  expense, 
drinking  water  quality,  stream  water  quality  and 
speed  of  sewerage  service  were  considered  and 
evaluated  another  relative  weight  by  interviews 
with  44  citizens.  On-site  treatment  systems  appear 
to  be  more  economical  in  many  districts,  when 
compared  with  regional  sewerage.  No  sewer  pipes 
are  needed  and  on-site  plants  can  be  mass-pro- 
duced. In  the  optimal  sewerage  plan,  about  half  of 
the  planning  area  was  concluded  to  be  suitable  for 
on-site  treatment  systems.  (Mertz-PTT) 
W9 1-055 11 


DISSOLVED         OXYGEN  IN  SMALL 

WASTEWATER  COLLECTION  SYSTEMS. 

Technical  Univ.  of  Lisbon  (Portugal).  Dept.  of 
Civil  Engineering. 

J.  Saldanha  Matos,  and  E.  Ribeiro  de  Sousa. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  1845-1851,  1991.  3  fig,  2  tab,  7  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Dissolved  oxygen,  •Flow  velocity,  'Sewage  bac- 
teria, 'Sewers,  'Wastewater  treatment,  Aeration, 
Biological  treatment,  Flow  characteristics,  Oxygen 
balance,  Slime,  Wastewater  management. 

The  oxygen  balance  in  a  stream  of  sewage  is 
important  with  respect  to  the  control  of  septicity 
which  is  frequently  associated  with  the  generation 
of  sulfide,  and  with  respect  to  the  degree  of  biolog- 
ical oxidation  that  usually  occurs  within  sewerage 
systems.  To  predict  the  oxygen  balance  in  sewers, 
reaeration  and  dissolved  consumption,  both  within 
the  stream  and  within  the  biological  slime  layer  on 
the  pipe  wall,  must  be  computed,  with  special 
emphasis  given  to  the  slime  layer.  Fours  sewers  in 
a  small  municipal  sewer  system  were  studied:  one 
located  near  the  upstream  end  of  the  wastewater 
system  with  a  mild  slope;  another  also  located  at 
the  upstream  end,  but  with  a  steep  slope;  and  two 
sewers  located  near  the  downstream  end  of  the 
system  with  flat  slopes.  A  comparison  of  the  exper- 
imental results  concerning  the  activity  of  the  slime 
layer,  as  calculated  by  the  Pomeroy  and  Parkhusrt 
equation,  did  not  lead  to  good  agreement.  Under 
low  flow  conditions  and  high  dissolved  oxygen 
concentrations,  a  significant  correlation  was  found 
between  velocity  and  dissolved  oxygen  consump- 
tion by  the  slime  layer.  No  correlation  was  found 
between  dissolved  oxygen  concentration  within 
the  stream  and  dissolved  oxygen  utilization  by  the 
slime  layer.  (Mertz-PTT) 
W9 1-055 12 


WASTEWATER  TREATMENT  BY  A  SUB- 
MERGED CONTACT  MEDIA  PROCESS  USING 
NET  PLATES. 

Gifu  Prefectural  Inst,  of  Public  Health  (Japan). 

Dept.  of  Physics  and  Chemistry. 

T.  Nambu,  K.  Kawarura,  and  M.  Kaneko. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  1853-1862,  1991.  11  fig,  2  tab,  7  ref. 

Descriptors:  'Activated  sludge  process,  'Biofilm 
reactors,  'Biological  oxygen  demand,  'Biological 


wastewater  treatment,  'Wastewater  treatment, 
Biotechnology,  Comparison  studies,  Microorga- 
nisms, Nitrogen  removal,  Retention  time,  Temper- 
ature. 

The  activated  sludge  process  requires  more  com- 
plicated maintenance  and  operation,  and  produces 
more  excess  sludge,  than  other  biological 
wastewater  treatment  processes.  Small  communi- 
ties that  have  difficulties  in  getting  skilled  engi- 
neers are  not  willing  to  adopt  this  process  in  their 
own  wastewater  management  programs.  It  is  be- 
lieved that  the  biological  wastewater  treatment 
processes  using  attached  microorganisms  are  suita- 
ble for  application  in  such  small  communities. 
Wastewater  treatment  using  a  series  of  bioreactors 
with  submerged  net  plates  on  which  microbial 
growths  can  develop,  was  studied  to  evaluate  its 
treatment  performance  and  to  find  suitable  oper- 
ational conditions  for  sufficient  biological  oxygen 
demand  and  nitrogen  removal.  A  comprehensive 
experimental  study  was  carried  out  using  a  bench- 
scale  plant  which  treated  artificial  wastewater,  and 
a  pilot-scale  plant  which  treated  municipal 
wastewater.  This  process  worked  well  for  the 
wastewater  with  higher  pollutant  loads  compared 
to  the  conventional  activated  sludge  process. 
Wastewater  containing  200  mg  biological  oxygen 
demand/L  was  reduced  to  20  mg  biological 
oxygen  demand/L  at  the  high  biological  oxygen 
demand  loading  of  1.94  kg/cu  m/day  and  a  reten- 
tion time  of  less  than  5  hours.  Nitrogen  removal 
can  be  explained  by  an  index  defined  as  the  prod- 
uct of  the  water  temperature  and  the  retention 
time.  When  the  ratio,  in  flow  rate  of  recycled 
water  to  influent  was  4,  and  the  index  was  more 
than  400,  a  nitrogen  removal  of  more  than  80% 
was  obtained.  (Mertz-PTT) 
W91-05513 


PILOT  PLANT  STUDIES  ON  TANNERY 
WASTE  WATER  TREATMENT  WITH  THE  OB- 
JECTIVE TO  REDUCE  SLUDGE  PRODUC- 
TION. 

Venice  Univ.  (Italy).  Dept.  of  Environmental  Sci- 
ence. 

L.  Szpyrkowicz,  S.  Rigoni-Stern,  and  F.  Zilio 
Grandi. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  1863-1871,  1991.  3  fig,  6  tab,  13  ref. 

Descriptors:  'Italy,  'Physicochemical  treatment, 
'Pilot  plants,  'Tannery  wastes,  'Wastewater  treat- 
ment, Biological  treatment,  Chemical  treatment, 
Industrial  wastewater,  Sludge  excess,  Sulfides, 
Wastewater  composition. 

With  the  demand  being  placed  on  industries  to 
meet  rigid  Italian  standard  requirements  for  ef- 
fluents, problems  related  to  the  treatment  of  tan- 
nery wastewaters  appear  to  be  particularly  com- 
plex. The  presence  of  a  high  sulfide  content,  to- 
gether with  a  very  high  organics  and  nitrogen 
load,  requires  a  very  effective  treatment  for  tan- 
nery wastewater.  However,  this  treatment  often 
produces  a  large  quantity  of  troublesome  sludges. 
In  an  effort  to  reduce  the  quantity  of  sludge  pro- 
duced during  the  treatment  of  chrome  tannery 
wastewaters,  the  modified  Ludzack-Ettinger  proc- 
ess for  high  nitrogen  content  wastewaters  was 
tested,  without  the  chemical-physical  pretreatment 
normally  adopted  to  eliminate  the  compounds  po- 
tentially inhibitory  for  biological  processes.  In  a 
full-scale  treatment  plant,  wastewaters  flow  into  an 
aerated  equalization  tank  with  a  22-hour  retention 
time,  where  sulfides  are  oxidized  by  air  in  the 
presence  of  MnS04  as  catalyst.  Wastewaters  then 
undergo  a  chemical-physical  treatment  with  alumi- 
num salts,  lime  and  an  anionic  poly-electrolyte.  In 
the  pilot  plant  used,  basic  operational  parameters 
of  the  biological  section  of  the  full-scale  plants 
were  the  same,  except  for  a  slight  variation  of  hour 
residence  time.  The  main  difference  between  the 
full-scale  and  the  pilot  plant  was  the  lack  of  equali- 
zation or  a  chemical-physical  phase.  In  the  experi- 
ment, the  pilot  plant  was  fed  with  the  same  raw 
wastewaters  that  arrive  at  the  full-scale  treatment 
plant.  Results  obtained  in  the  pilot  plant  during 
four  runs  differing  in  wastewater  flow  and 
strength,  and  in  mixed-liquor  suspended  solids  re- 
cycling ratio,  demonstrated  the  lack  of  inhibition 
of  denitrification  and  nitrification  by  the  high  con- 


tent of  sulfides  and  chromium.  In  comparison  with 
traditional  tannery  wastewater  treatment,  a  60% 
reduction  of  the  sludge  to  be  wasted,  and  the 
improvement  of  final  effluent  quality  were 
achieved.  The  mean  overall  rate  of  chemical 
oxygen  demand  removal  was  0.38  mg  chemical 
oxygen  demand/mg  mixed-liquor  suspended 
solids/day  and  nitrogen  removal  was  0.125  mg  N/ 
mg  mixed-liquor  suspended  solids/day.  (Mertz- 
PTT) 
W91-05514 


FEASIBILITY  EVALUATION  OF  A  NOVEL 
METHOD  FOR  DESTRUCTION  OF  ORGAN- 
ICS. 

Khudenko  Engineering,  Atlanta,  GA. 

B.  M.  Khudenko. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  1873-1881,  1991.  4  fig,  1  tab,  11  ref. 

Descriptors:  'Electrochemistry,  'Hazardous 
wastes,  'Industrial  wastes,  'Physicochemical  treat- 
ment, 'Waste  treatment,  'Wastewater  treatment, 
Aluminum,  Hydrogen  ion  concentration,  Iron,  Or- 
ganic wastes,  Oxidation-reduction  potential. 

Many  industries  generate  aqueous  wastes  bearing 
hazardous  and/or  poorly  degradable  organics, 
such  as  solvents,  complexing  agents,  dyes,  antisep- 
tic materials,  still  bottoms  and  other  process  tails. 
An  array  of  chemical  and  physical-chemical  proc- 
esses exists  for  destruction  of  such  organics.  Of  all 
these  methods,  only  electrochemical  processes  can 
effect  both  oxidation  and  reduction  reactions  in  a 
single  apparatus.  Major  disadvantages  of  the  exist- 
ing electrochemical  processes  include  high  energy 
use  and  complex  and  expensive  equipment.  The 
feasibility  of  an  alternative  process  that  is  free  from 
disadvantages  of  current  processes  was  examined. 
The  method,  called  cementation  induced  oxida- 
tion-reduction of  organics,  belongs  to  the  class  of 
electroless  electrochemical  processes,  and  makes 
use  of  a  sufficiently  electronegative  sacrificial 
metal,  such  as  iron  or  aluminum,  a  salt  of  a  suffi- 
ciently electropositive  metal,  such  as  copper,  and 
reagents  for  pH  control.  The  oxidation-reduction 
of  organics  is  induced  as  a  parallel  reaction  to  the 
cemetation  process.  Based  on  theoretical  analysis 
and  preliminary  experimental  evaluations,  the  tech- 
nical feasibility  of  the  new  method  has  been 
shown.  In  particular,  the  chemical  transformation 
of  dissolved  organics,  such  as  dyes,  and  the  separa- 
tion of  emulsified  oil  and  grease  have  been  demon- 
strated. The  process  rate  and  efficiency  are  sub- 
stantially higher  than  those  of  other  processes.  The 
major  factors  essential  for  metal  cementation,  par- 
ticularly the  presence  of  a  sacrificial  metal  and 
noble  metal  ions,  and  an  acidic  medium,  are  also 
operable  in  the  cementation  induced  oxidation- 
reduction  of  organics.  When  at  least  one  of  these 
factors  is  missing,  the  process  efficiency  and  rate 
decline  dramatically.  The  sludges  produced  in  the 
cementation  induced  processes  appear  to  be  more 
dense  than  those  generated  in  the  coagulation 
processes,  and  are  more  easily  filterable.  The  esti- 
mated process  economics  compares  favorably  to 
that  of  competing  processes.  (Mertz-PTT) 
W91-05515 


BIOLOGICAL  TREATMENT  OF  COKE-PLANT 
WASTEWATER  FOR  COD  AND  NH3-N  RE- 
MOVAL. 

Tsinghua  Univ.,  Beijing  (China).  Dept.  of  Environ- 
mental Engineering. 
W.  Yibo,  Z.  Min,  and  Q.  Yi. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  1883-1892,  1991.  8  fig,  8  tab,  19  ref. 

Descriptors:  'Ammonia,  'Biological  wastewater 
treatment,  'Chemical  oxygen  demand,  'Coke  plant 
wastewater,  'Wastewater  treatment,  Activated 
sludge,  Cyanide,  Nitrogen  compounds,  Phenols, 
Steam  stripping,  Sulfur. 

Coke  plant  wastewaters  are  generally  a  composite 
of  waste  ammonia  liquor,  light  oil  plant 
wastewater  and  several  lesser  streams,  all  generat- 
ed in  the  by-product  area  of  a  coke  plant.  The 
contaminants  present  in  these  wastewaters  include: 
ammonia,    cyanide,    thiocyanate,    phenolics    and 
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other  organic  substances,  such  as  mono-cyclic  and 
poly-cyclic  nitrogen-containing  aromatics,  oxygen- 
containing  and  sulfur-containing  heterocyclics  and 
polynuclear  aromatic  hydrocarbons.  Treatment  of 
coke  plant  wastewater  involes  solvent  extraction 
for  the  removal  of  phenolics  and  other  organics, 
and  steam  stripping  for  the  reduction  of  ammonia 
and  other  dissolved  gases,  followed  by  a  biological 
treatment  unit.  Because  of  the  presence  of  refracto- 
ry and  biologically  inhibitory  organics  in  coke 
plant  wastewaters,  a  conventional  activated  sludge 
system  is  not  efficient  in  removing  chemical 
oxygen  demand,  although  it  is  acceptable  in  phenol 
and  biological  oxygen  demand  removal.  For  re- 
moving chemical  oxygen  demand  and  NH3-N 
from  high  strength  coke  plant  wastewaters,  studies 
were  conducted  on  a  laboratory  scale,  using  a 
continuous  flow  system  in  which  anaerobic,  anoxic 
and  oxic  units  were  included.  Results  showed  that 
the  effluent  chemical  oxygen  demand  of  anaerobic, 
anoxic  and  oxic  systems  could  be  less  than  78  mg/ 
L  and  NH3-N  could  be  less  than  4.7  mg/L  when 
the  influent  chemical  oxygen  demand  was  higher 
than  1200  mg/L  and  NH3-H  was  higher  than  240 
mg/L  at  a  total  hour  residence  time  of  36  hours. 
Moreover,  the  total  wastewater  nitrogen  was  re- 
duced by  49%.  It  is  concluded  that  anaerobic, 
anoxic  and  oxic  system  is  efficient  for  coke  plant 
wastewater  treatment;  the  anaerobic  process  has 
played  a  very  important  role  in  the  system.  (Mertz- 
PTT) 
W91-05516 


FERRITE  PROCESS;  HEAVY  METAL  IONS 
TREATMENT  SYSTEM. 

Tokyo  Inst,  of  Tech.  (Japan).  Dept.  of  Chemistry. 
Y.  Tamaura,  T.  Katsura,  S.  Rojarayanont,  T. 
Yoshida,  and  H.  Abe. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  1893-1900,  1991.  5  fig,  3  tab,  13  ref. 

Descriptors:  'Cations,  'Chemical  treatment,  *Fer- 
rite  process,  *Heavy  metals,  'Iron  compounds, 
•Wastewater  treatment,  Hydrogen  ion  concentra- 
tion, Japan,  Laboratory  methods,  Laboratory 
wastes,  Metal-finishing  wastes,  Mine  wastes. 

The  Ferrite  process  was  first  adopted  as  a  treat- 
ment for  the  laboratory  wastewaters  containing 
heavy  metal  ions  from  the  Tokyo  Institute  of 
Technology,  in  1979.  In  the  Ferrite  Process,  the 
heavy  metal  ions  are  incorporated  into  the  lattice 
points  of  the  ferrites  in  the  course  of  the  formation 
of  spinel  structure  is  a  oxidation  of  the  Fe(II)  ions. 
The  ferrite  formation  reaction  proceeds  in  two 
paths  depending  on  the  reaction  pH:  (1)  the  green 
rust  path  (pH  7-10),  and  (2)  the  gamma-FeO(OH) 
path  (pH  10.5-11).  The  mole  ratio  of  the  heavy 
metal  ions  incorporated  into  the  lattice  points  to 
the  total  Fe  in  the  ferrites  depends  on  the  reaction 
pH  and  the  mole  ratio  of  the  heavy  metal  ions  in 
the  reaction  solution,  and  to  the  Fe(II)  ions  added 
to  the  reaction  solution.  Ferrite  Process  is  now 
practically  adopted  to  the  treatment  of  the  labora- 
tory wastewaters  at  the  universities  and  the  insti- 
tutes in  Japan,  to  the  treatment  of  the  plating 
wastewaters,  and  to  the  treatment  of  branching 
mine  drainage  waters.  Since  the  ferrite  sludge  has  a 
strong  magnetic  property,  it  is  reused  as  a  useful 
magnetic  material.  (Author's  abstract) 
W91-05517 


PRETREATMENT  OF  YEAST  INDUSTRY 
WASTEWATER  IN  AN  AERATED  BALANCING 
TANK  AND  ITS  EFFECT  ON  THE  MUNICIPAL 
TREATMENT  PLANT  PERFORMANCE. 

Aquateam-Norwegian  Water  Technology  Centre 

of  Oslo  (Norway). 

B.  Rusten,  and  K.  Sandberg. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  1901-1908,  1991.  5  fig,  5  tab,  6  ref. 

Descriptors:  •Food-processing  wastes,  'Industrial 
wastes,  •Pretreatment  of  wastewater,  'Wastewater 
treatment,  'Yeasts,  Aeration,  Biological 
wastewater  treatment,  Chemical  wastewater  treat- 
ment, Laboratory  tests,  Norway,  Residence  time. 

Historically,  untreated  wastewater  from  the  Idun 
yeast  plant  in  Oslo,  Norway  was  discharged  to  the 
City   of  Oslo's   municipal    wastewater   treatment 


plant  at  Bekkelaget.  The  municipal  treatment  plant 
is  a  chemical/biological  plant  with  pre-precipita- 
tion.  Organic  shock  loads  from  the  yeast  plant 
caused  severe  operational  problems  and  unaccept- 
able effluent  qualities  at  the  chemical/biological 
wastewater  treatment  plant  serving  the  City  of 
Oslo.  To  alleviate  these  problems  a  pretreatment 
concept  for  the  yeast  wastewater,  based  on  an 
aerated  balancing  tank  without  following  solids 
separation,  was  proposed.  Laboratory  tests  with 
aeration  of  yeast  wastewater  at  hydraulic  residence 
times  of  0.5  to  2.3  days  showed  25  to  67%  removal 
of  soluble  chemical  oxygen  demand.  Jar-tests  indi- 
cated that  with  proper  balancing,  yeast  wastewater 
aerated  for  at  least  0.8  days  would  have  a  very 
limited  influence  on  the  pre-precipitation  process 
at  the  municipal  treatment  plant.  Based  on  this 
information,  a  full-scale  aerated  balancing  tank  was 
constructed.  After  pretreatment  of  the  yeast 
wastewater  was  introduced,  data  from  the  munici- 
pal treatment  plant  showed  very  low  and  stable 
effluent  concentrations.  (Mertz-PTT) 
W91-05518 


ANAEROBIC-AEROBIC  TREATMENT  OF  OR- 
GANIC HIGH-STRENGTH  INDUSTRIAL 
WASTE  WATER. 

Universitaet  fuer  Bodenkultur,  Vienna  (Austria). 

Inst,  fuer  Wasservorsorge. 

R.  Haberl,  K.  Atanasoff  and  R.  Braun. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  1909-1918,  1991.  7  fig,,  7  tab,  9  ref. 

Descriptors:  'Aerobic  treatment,  'Anaerobic  di- 
gestion, 'Denitrification,  'Industrial  wastewater, 
'Pretreatment  of  wastewater,  'Wastewater  treat- 
ment, Austria,  Chemical  oxygen  demand,  Corn, 
Food-processing  wastes,  Nitrogen,  Wood  wastes. 

A  research  project  funded  by  the  Austrian  Minis- 
try of  Agriculture  and  Forestry  examined  a 
number  of  high  strength  organic  industrial 
wastewater  that  were  treated  anaerobic-aerobical- 
ly.  Sewages  from  maize  starch  production  and 
from  rendering  plants  were  taken  as  examples  to 
illustrate  the  influence  of  anaerobic  pretreatment 
on  aerobic  subsequent  stage.  The  sewage  of  the 
fiberboard  industry  served  as  example  for  testing 
different  anaerobic  reactions  and  some  ways  of 
neutralization.  For  most  of  the  sewages,  the  anaer- 
obic-aerobic treatment  turned  out  to  be  possible, 
although  occasional  technical  problems  were  ob- 
served. Such  problems  occurred  in  the  final  aero- 
bic stage  in  connection  with  wastes  with  a  high 
content  of  N.  They  could  be  solved  by  a  pre- 
denitrification  stage.  Fiberboard  sewage  was  taken 
as  an  example  for  wastes  containing  persistent  sub- 
stances; different  anaerobic  processes  were  tested, 
it  turned  out  that  a  two-stage  anaerobic  treatment 
was  necessary  to  stabilize  the  process.  In  many 
cases  the  anaerobic-aerobic  process  proved  to  be 
very  economical.  In  a  detailed  calculation  of  costs 
concerning  wastes  from  the  fiberboard  industry, 
the  economy  of  the  anaerobic-aerobic  treatment 
was  compared  with  that  of  the  aerobic  treatment. 
From  the  economical  point  of  view,  the  anaerobic- 
aerobic  process  must  be  preferred  to  the  aerobic 
one,  but  only  with  chemical  oxygen  demand-load 
>  4  kg/cubic  m/cu  day,  chemical  oxygen 
demand-reduction  >  70%  and  with  the  use  of 
Ca(OH)2  for  neutralization  in  the  anaerobic  pre- 
treatment. (Mertz-PTT) 
W91-05519 


ANAEROBIC  (UASB)  TREATMENT  OF  PULP 
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A  chemi-thermomechanical  pulp  (CTMP)  effluent 
was    treated    by    upflow    anaerobic    sludge    bed 


(UASB)  reactors.  The  purpose  of  the  254  day 
experiment  was  to  evaluate  the  acclimatization 
process  for  two  types  of  anaerobic  granules  to 
chemi-thermomechanical  pulp  wastewater.  One 
type  was  an  acetic  acid  enriched  culture  composed 
mainly  of  methanogenic  bacteria  (reactor  I)  and 
the  other  was  a  mixed  anaerobic  culture  containing 
both  methanogenic  and  acidogenic  bacteria  (reac- 
tor II).  Initially,  the  reactors  were  maintained  on 
synthetic  feed  with  acetic  acid  (reactor  I)  or  su- 
crose (reactor  II)  as  the  carbon  source.  In  order  to 
acclimatize  the  granules  to  the  wastewaters,  chemi- 
thermomechanical  pulp  wastewater  was  intro- 
duced in  3  stages  (10,  50,  and  100  %).  The 
wastewater  contained  8200  mg/L  chemical  oxygen 
demand,  30-40%  of  which  was  non-biodegradable. 
Both  reactors  were  operated  at  a  specific  loading 
rate  of  0.16  g  chemical  oxygen  demand/g  volatile 
suspended  solids/day  throughout  the  experiment. 
Supplementary  batch  tests  using  serum  bottles 
were  conducted  to  evaluate  toxicity  of  the  chemi- 
thermomechanical  pulp  wastewater  and  two 
known  toxic  compounds,  pentachlorophenol  and 
mercuric  chloride,  on  mixed  anaerobic  culture 
granules.  Reactor  II  acclimatized  to  the  chemi- 
thermomechanical  pulp  wastewater  better  than  re- 
actor I.  At  50%  chemi-thermomechanical  pulp 
wastewater,  a  chemical  oxygen  demand  removal 
rate  of  80%  was  attained  for  reactor  II,  while 
reactor  I  removed  only  55%  of  the  influent  chemi- 
cal oxygen  demand.  An  unexpected  discovery  was 
that  the  granules  from  both  reactors  were  com- 
pletely inhibited  2  weeks  after  the  completion  of 
the  254  day  experiment.  The  results  of  batch  tests 
showed  a  dramatic  reduction  in  granule  biogas 
production  after  exposure  both  to  starvation  and  to 
toxicants  at  levels  higher  than  a  certain  threshold 
concentration.  The  toxicity  of  100%  chemi-ther- 
momechanical pulp  was  equivalent  to  7  parts  per 
million  of  pentachlorophenol  and  25  parts  per  mil- 
lion of  mercuric  chloride.  (Mertz-PTT) 
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The  oxygen  transfer  rate  in  water  is  generally 
determined  by  the  instationary  absorption  method, 
a  precise  but  rather  time  consuming  and  tedious 
method.  Moreover,  large  quantities  of  sodium  sul- 
fite and  water  are  used  in  practice  when  testing 
aeration  equipment  in  larger  tanks.  Therefore,  a 
model  is  proposed  by  which  the  oxygen  transfer 
rate  can  be  calculated  on  the  basis  of  simple  and 
rapid  measurements  of  the  air  bubble  size  and  its 
distribution  and  of  the  total  air  content  in  the  water 
applying  a  recently  developed  technique.  The  ac- 
curacy of  this  method  is  checked  by  the  absorption 
method  and  can  be  rated  as  reasonable  (0  to  13% 
deviation).  Greater  accuracy  is  obtained  at  smaller 
bubbles  (<3  mm)  and  improvements  in  this  respect 
are  proposed.  The  proposed  method  of  calculating 
the  oxygen  transfer  rate  from  air  bubble  measure- 
ments is  considered  as  a  potential  improvement  of 
the  usual  absorption  method.  Due  to  its  still  lower 
accuracy  it  can  be  used  at  present  only  in  conjunc- 
tion with  the  instationary  absorption  method,  re- 
ducing its  chemical  and  water  consumption.  (Au- 
thor's abstract) 
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Spiral  flow  aeration  is  the  most  commonly  used 
aeration  system  in  sewage  treatment  at  this  time. 
For  energy  saving  purposes,  it  is  important  to 
establish  how  spiral  flow  aeration  could  be  done 
more  efficiently.  The  oxygen  transfer  efficiency  of 
spiral  flow  aeration  is  affected  by  many  factors, 
such  as  the  shape  of  aeration  tank,  the  type  of 
diffuser,  and  the  air  flow  rate.  The  relationship 
between  these  factors  and  the  efficiency  of  aeration 
was  examined.  It  was  found  that  these  factors  were 
restricted  by  certain  independent  variables,  for  ex- 
ample, depth  of  the  diffuser  and  pressure  at  that 
depth.  The  relationship  between  these  variables 
and  the  efficiency  of  aeration  based  on  data  from 
full  scale  experiments  on  spiral  flow  aeration  using 
porous  ceramic  diffusers  was  analyzed  quantita- 
tively. Experimental  data  were  regression  analyzed 
by  adding  the  factor  of  bubbling  area  to  get  quanti- 
tative relationships  between  the  oxygen  transfer 
efficiency  at  any  operating  condition  by  the  postu- 
lation  of  each  factor.  Regression  equations  showed 
that  the  efficiency  of  spiral  the  aeration  would  be 
higher  with  a  reduction  of  the  air  feed  rate  per 
tank  volume  and  an  increase  of  the  total  bubbling 
area  of  the  diffusers.  Other  variables  did  not  have 
as  important  an  effect  on  efficiency.  (Mertz-PTT) 
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It  is  well  known  that  land  application  of  sewage 
sludge  benefits  plant  growth,  crop  production  and 
soil  conditioning.  One  problem  is  contamination  by 
pathogenic  microorganisms.  Ionizing  radiation  is 
effective  for  the  disinfection  of  pathogenic  bacteria 
in  sludge.  A  pilot  plant  was  built  to  gather  infor- 
mation on  scale-up  factors  associated  with  elec- 
tron-beam disinfection  of  sludge  for  composting.  A 
Cockcroft-Walton  type  of  electron  accelerator  was 
used.  Maximum  accelerating  voltage  was  2  mega- 
volts  and  beam  current  was  30  milliamps.  Because 
penetration  of  the  electron  beam  was  narrow,  it 
was  necessary  to  spread  the  sludge  cake  in  a  thin 
layer  on  a  conveyer.  Raw  sludge  pumped  through 
a  flat  nozzle  applied  a  thin  layer  of  sludge  on  the 
conveyer.  The  width  of  the  nozzle  was  20  cm  and 
sludge  thickness  was  adjustable.  The  composting 
plant  consisted  of  a  mixer,  a  granulating  machine,  a 
fermenter  with  three  screw-type  mixing  blades, 
and  the  conveyer  system.  Efficient  composting 
was  realized  by  controlling  fermentation  tempera- 
ture, by  controlling  air  flow  rate,  and  by  frequent 
mixing  in  the  fermenter.  An  economic  feasibility 
study  based  on  results  from  the  pilot  plant  showed 
that  capital  costs  and  treatment  costs  for  the  proc- 
ess could  be  lower  than  those  seen  in  conventional 
composting  setups,  if  the  treatment  capacity  of  the 
plant  exceeded  50  ton/day.  (Mertz-PTT) 
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COST  OPTIMIZATION  OF  SEWAGE  SLUDGE 
FILTERPRESSING. 
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The  effectiveness  and  cost  of  sewage  sludge  treat- 
ment and  disposal  are  strongly  affected  by  sludge 
volume  and,  consequently,  by  its  solids  concentra- 
tion. Therefore,  mechanical  dewatering  is  a  very 
important  operation  that  is  almost  always  utilized 
in  sludge  processing.  Several  types  of  equipment 
can  be  used  for  sewage  sludge  dewatering,  but 
cakes  with  solids  concentration  higher  than  30% 
can  be  easily  produced  only  by  pressure  filtration. 
As  a  result,  a  self-sustaining  combustion,  and  easier 
landfilling  operation  and  a  cheaper  disposal  cost 
can  be  obtained.  Models  of  filterpressing  and 
chemical  conditioning  allow  the  dewatering  oper- 
ation to  be  simulated  and  then  optimized  with 
regard  to  total  cost.  The  optimizing  procedure  was 
applied  to  a  dewatering  plant  serving  100,000  in- 
habitants with  a  unit  production  of  70  g/day  dry 
solids;  initial  sludge  concentration  and  specific  re- 
sistance to  filtration  were  considered  as  parametric 
values.  Moreover,  disposal  unit  costs  of  25,000  and 
50,000  Italian  lira/ton  and  total  operating  times  of 
8  and  16  hours  were  considered.  The  optimal  oper- 
ating conditions  were  determined  as  those  minimiz- 
ing the  total  cost.  The  best  results  were  obtained 
with  sludges  of  better  quality,  for  example,  higher 
initial  solids  concentration  and  lower  specific  re- 
sistance to  filtration.  Total  costs  varied  from  604  to 
2004  million  Italina  lira/year  with  an  incidence  of 
operating  costs  varying  over  the  range  of  18-45%. 
Due  to  the  strong  influence  of  amortization  and 
disposal  costs,  the  optimal  operating  conditions 
result,  in  practice,  in  those  minimizing  such  costs. 
(Mertz-PTT) 
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Pockets  of  inadequate  water  supply  represent  a 
serious  contemporary  concern  for  the  U.S.  water 
supply  industry.  Several  factors  have  contributed 
to  the  problem.  Contamination  has  forced  the  clo- 
sure of  many  well  fields  across  the  country. 
Droughts  have  exacerbated  water  problems  in 
some  areas.  Long-term  trends  in  water  demand  and 
the  availability  of  new  water  supplies  have  given 
impetus  for  wastewater  reclamation  and  reuse.  Al- 
though the  uses  of  reclaimed  wastewater  are  rela- 
tively small  at  present,  reclaimed  wastewater  has 
potential  to  be  a  permanent  component  in  an  inte- 
grated water  supply  system.  Agricultural  and  land- 
scape irrigation  offer  significant  opportunities  for 
wastewater  reuse.  The  second  potential  use  of  re- 
claimed municipal  wastewater  is  industry,  primari- 
ly for  cooling  and  process  needs.  The  third  poten- 
tial reuse  application  is  groundwater  recharge  with 
reclaimed  wastewater,  either  via  spreading  basins 
or  direct  injection.  A  fourth  use  is  characterized  as 
miscellaneous  subpotable  uses,  such  as  for  recre- 
ational lakes,  aquaculture,  and  toilet  flushing  in 
buildings.  According  to  the  only  comprehensive 
survey  available  on  existing  wastewater  reclama- 
tion and  reuse  projects,  over  535  wastewater  reuse 
projects  were  reported  in  the  U.S.  As  with  Califor- 
nia, most  of  the  wastewater  reuse  sites  in  the  U.S. 
have  been  located  in  the  arid  and  semi-arid  western 
and  southwestern  states.  However,  an  increasing 
number  of  wastewater  reuse  projects  are  being 
implemented  in  the  humid  regions  such  as  Florida 
and  South  Carolina.  (Mertz-PTT) 
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Due  to  limited  water  resources,  water  reuse  is 
pursued  as  a  major  component  of  an  overall  strate- 
gy to  optimize  water  use  in  South  Africa.  Progress 
in  South  African  water  reuse  research,  mainly 
since  1985,  was  examined.  In  the  field  of  potable 
reuse  research,  epidemiological  studies  have  been 
conducted.  Activated  carbon,  the  microbiology  of 
reclaimed  water  bioassaying,  and  reverse  osmosis 
are  being  studied.  Direct  application  of  purified 
sewage  effluents  is  being  used  for  agriculture  and 
industry.  Indirect  reuse  is  steadily  increasing  and 
research  that  traditionally  addressed  direct  potable 
reuse  is  becoming  of  equal  relevance  to  indirect 
reuse.  In  addition,  research  becomes  necessary  on 
problems  that  relate  specifically  to  indirect  reuse, 
such  as:  treatment  of  algal  waters;  variation  of  raw 
water  quality;  upgrading  of  sewage  effluent  qual- 
ity; organohalogens;  and  salination  problems. 
Recent  advances  in  research  on  internal  water 
reuse  by  industry  focuses  on  membranes  and  salt 
removal  technology.  Reused  wastewater  has  been 
applied  to  textile  dyehouses,  scouring,  bleaching 
and  mercerising  processes;  bottle  washing;  wool 
scouring;  water  works  wash  water;  and  power 
station  cooling.  (Author's  abstract) 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Waste  Treatment  Processes 


Although  wastewater  reuse  has  been  practiced  for 
well  over  100  years  as  an  effective  combined  strat- 
egy for  water  conservation  and  water  pollution 
prevention,  health  regulations  in  the  form  of  guide- 
lines and  standards  have  developed  erratically 
under  the  influence  of  varying  historical  forces  and 
social  trends.  In  the  earliest  periods  there  was  little 
or  no  regulation.  Early  in  the  20th  century,  with 
the  growing  awareness  and  fear  of  environmental 
transmission  of  communicable  diseases,  the  pendu- 
lum swung  in  the  direction  of  extremely  severe, 
and  often  unenforceable,  health  regulation  that 
lacked  a  firm  epidemiological  basis.  Recent  re- 
search studies  and  policy  reviews  sponsored  by  the 
World  Band  and  the  World  Health  Organization 
have  provided  a  sound  scientific  basis  for  re-evalu- 
ating the  health  risks  associated  with  wastewater 
reuse  and  technological  and  policy  guidelines  for 
their  control.  This  more  rational  and  realistic  ap- 
proach based  on  credible  epidemiological  evidence 
has  led  to  the  promulgation  by  the  World  Health 
Organization  of  new  health  guidelines  allowing  for 
unrestricted  agricultural  irrigation  of  all  crops  in- 
cluding vegetables  eaten  raw,  with  an  effluent 
standard  of  1  or  less  helminths/L  and  a  mean  of 
1000  fecal  coliform/100  ml.  (Author's  abstract) 
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Wastewater  reuse  has  been  mandated  in  both  the 
states  of  Arizona  and  Florida.  In  Arizona,  stand- 
ards have  been  set  for  enteric  virus  and  Giardia 
levels  to  maintain  a  specified  effluent  quality  de- 
pending on  the  reuse;  in  Florida,  specified  treat- 
ment control  has  been  implemented.  Data  on  virus 
levels  in  treated  wastewaters  have  been  generated 
in  both  states.  Average  virus  levels  ranged  from 
13-130  plaque  forming  units/100  L  after  secondary 
treatment,  while  with  the  addition  of  filtration, 
levels  were  reduced  to  averages  between  0.13  to 
1.25  plaque  forming  units/100  L.  Giardia  cyst 
levels  also  dropped  by  100-fold  after  filtration 
averaging  0.32/40  L.  Using  a  probability  of  infec- 
tion model,  risk  infection  from  100  ml  accidental 
ingestion  ranged  from  approximately  .002  to  .0002 
for  the  levels  of  viruses  and  protozoa  found  in 
chlorinated  secondary  effluent  and  the  risk  was 
reduced  to  .0002  to  .000002  with  filtration  and 
disinfection  following  activated  sludge  treatment. 
It  appears  that  well  operated  treatment  plants  with 
secondary  treatment,  filtration  and  disinfection 
produce  a  quality  of  reclaimed  water  that  can  be 
used  for  non-restricted  irrigation  while  maintaining 
an  adequate  margin  of  safety  by  limiting  the  popu- 
lation exposed  to  these  waters  containing  low 
levels  of  pathogens.  The  results  of  these  studies  in 
both  states  demonstrate  that,  in  order  to  achieve  an 
effluent  quality  for  unrestricted  irrigation,  filtration 
is  needed  in  addition  to  secondary  treatment. 
(Mertz-PTT) 
W91-05537 


USE  OF  RECLAIMED  WASTEWATER  FOR 
ORNAMENTAL  AND  RECREATIONAL  PUR- 
POSES. 

Tokyo  Univ.  (Japan).  Dept.  of  Urban  Engineering. 
For  primary  bibliographic  entry  see  Field  3C. 
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EFFLUENTS  QUALITY  ALONG  A  MULTIPLE- 
STAGE  WASTEWATER  RECLAMATION 
SYSTEM  FOR  AGRICULTURAL  REUSE. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Sherman 
Center  for  Research  in  Environmental  and  Water 
Resources  Engineering. 

For  primary  bibliographic  entry  see  Field  3C. 
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WASTEWATER  REUSE  FOR  IRRIGATION  IN 
THE  NEAR  EAST  REGION. 

Food  and  Agriculture  Organization  of  the  United 
Nations,  Rome  (Italy).  Land  and  Water  Develop- 
ment Div. 

For  primary  bibliographic  entry  see  Field  3C. 
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WATER  SAVING  AND  WASTEWATER  REUSE 
AND  RECYCLE  IN  CHINA. 

Beijing  Municipal  Research  Inst,  of  Environmental 

Protection  (China). 

Z.  Zhongxiang,  and  Q.  Yi. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.    10/2,   p  2135-2140,    1991.    1   tab,   7  ref. 

Descriptors:  'China,  'Developing  countries, 
'Public  policy,  'Reclaimed  water,  'Water  conser- 
vation, 'Water  reuse,  Industrial  wastewater,  Indus- 
trial water,  Municipal  wastewater,  Wastewater 
treatment,  Wastewater  utilization,  Water  consump- 
tion, Water  resources  management,  Water  supply. 

With  the  development  of  industrial  economy  and 
urban  construction  and  the  increase  of  population, 
the  water  demand  of  cities,  industries  and  agricul- 
ture has  been  rapidly  increasing  in  China.  In  addi- 
tion, water  pollution  is  a  very  serious  problem  in 
China.  Based  on  information  provided  by  the  na- 
tional Environmental  Protection  Agency,  the  total 
annual  amount  of  wastewater  in  1987  was  34.9 
billion  tons,  including  26.4  billion  tons  of  industrial 
wastewater.  About  74%  of  the  wastewater  was 
untreated  and  directly  discharged  into  rivers,  lakes 
and  seas.  The  prevention  of  water  pollution  and 
economizing  water  resources  has  been  declared  a 
national  policy  by  the  Chinese  government.  Many 
effective  measures  have  been  taken  to  economize 
water  use  in  industry.  Municipal  wastewater  is 
treated  and  successfully  reused  for  different  pur- 
poses in  the  northern  region  of  China.  Compared 
with  developed  counties,  the  water  consumption 
per  unit  industrial  products  in  China  is  rather  high, 
so  an  effort  is  being  made  to  develop  water  and 
wastewater  reuse  and  recycle  systems  that  will  cut 
down  on  water  consumption.  Such  activities  in- 
clude: recycling  cooling  water;  reuse  and  recycle 
wastewater;  and  implement  cascade  reuse  systems 
(multi-purpose  reuse  systems)  for  water  and 
wastewater.  Some  production  processes  can  be 
modified  to  reduce  water  consumption,  such  as: 
develop  vaporizing  cooling  systems  for  blast  fur- 
naces, converters,  and  other  furnaces;  apply  air- 
cooling  processes;  and  develop  new  cleaning  proc- 
esses. Tightening  up  the  management  of  water 
resources  and  water  users  is  another  important 
measure  for  solving  water  shortage  problems. 
Some  cities  in  Northern  China  have  made  compre- 
hensive plans  for  reuse  of  treated  municipal 
wastewater  as  a  secondary  water  resource.  (Mertz- 
PTT) 
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WASTEWATER    REUSE    CASE    STUDIES    IN 
THE  MIDDLE  EAST. 

Acer  Consultants  Ltd.,  London  (England). 
For  primary  bibliographic  entry  see  Field  3C. 
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WASTEWATER  DISPOSAL  BY  SUB-SURFACE 
TRICKLE  IRRIGATION. 

Ben-Gurion    Univ.    of    the    Negev,    Sde    Boker 
(Israel).  Jacob  Blaustein  Inst,  for  Desert  Research. 
For  primary  bibliographic  entry  see  Field  3C. 
W9 1-05544 


PUBLIC  ATTITUDE  TOWARDS  WATER  AND 
WATER  REUSE. 

Qatar  Univ.,  Doha.  Faculty  of  Engineering. 
For  primary  bibliographic  entry  see  Field  6B. 
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WATER  QUALITY  FOR  POTABLE  REUSE. 

Denver  Water  Dept.,  CO. 

W.  C.  Lauer. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2172-2180,  1991.  5  fig,  2  tab,  19  ref. 

Descriptors:  'Potable  water,  'Reclaimed  water, 
•Secondary  wastewater  treatment,  'Wastewater 
treatment,  'Water  quality,  'Water  reuse,  Colora- 
do, Cost  analysis,  Health  aspects,  Wastewater  utili- 
zation, Water  pollution,  Water  quality  control. 

Denver's  Potable  Water  Reuse  Demonstration 
Project  is  designed  to  examine  the  feasibility  of 
converting  secondary  treated  wastewater  to  pota- 
ble water  quality.  A  1.0  million  gallons/day  treat- 
ment plant  began  operation  in  1985  and  during  the 
first  three  years  many  processes  were  evaluated. 
Data  from  the  evaluation  period  was  used  to  select 
the  optimum  treatment  sequence  which  is  now 
being  used  to  produce  samples  from  the  two-year 
animal  feeding  health  effects  study  now  underway. 
The  Reuse  Demonstration  Plant  health  effects 
treatment  processes  were  selected  to  remove  all 
contaminants  present  in  unchlorinated  secondary 
wastewater  effluent.  The  plant  is  designed  to 
produce  water  that  satisfies  all  drinking  water  reg- 
ulations and  compares  with  Denver's  high  quality 
drinking  water.  The  selected  processes  were  tested 
to  verify  their  ability  to  remove  high  concentra- 
tions of  a  variety  of  contaminants  not  routinely 
found  in  the  plant  influent.  These  tests  showed  an 
extremely  high  level  of  protection  against  a  poten- 
tial pollutant.  Operation  in  the  current  configura- 
tion will  continue  until  early  1991  during  which 
time  comprehensive  analytical  studies  will  further 
define  the  water  quality  in  relation  to  existing 
standards  and  Denver's  current  potable  supply.  A 
decision  concerning  the  full-scale  implementation 
of  direct  potable  reuse  will  follow  extensive  analy- 
sis of  the  test  results  and  in-depth  economic  evalua- 
tion. (Mertz-PTT) 
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STUDY  OF  RECLAMATION  OF  SEWAGE  FOR 
INDUSTRIAL  WATERS. 

National  Univ.  of  Singapore.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3E. 
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TRENDS  AND  PROBLEMS  OF  WASTEWATER 
REUSE  SYSTEMS  IN  BUILDINGS. 

Tokyo  Inst,  of  Tech.  (Japan). 

F.  Kiya,  and  H.  Aya. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2189-2197,  1991.  5  fig,  5  tab,  6  ref. 

Descriptors:  'Impaired  water  use,  'Japan,  'Water 
resources  management,  'Water  reuse,  'Water  use, 
Public  policy,  Reclaimed  water,  Surveys, 
Wastewater  treatment,  Wastewater  utilization, 
Water  consumption,  Water  resources,  Water 
supply. 

The  National  Land  Agency  published  a  detailed 
report  on  the  current  status  of  water  resources  and 
water  consumption  in  Japan.  The  agency  in  con- 
cerned about  decreasing  annual  rainfall  and 
droughts  in  recent  winter  seasons.  Yet,  the  demand 
for  water  is  increasing  gradually  in  active  urban 
areas,  owing  to  rapid  changes  of  lifestyle  and  the 
concentration  of  economic  activities.  To  solve  the 
shortage  of  available  water  source,  the  national 
government  and  local  authorities  have  introduced 
the  policy  to  make  use  of  alternative  water  sources 
such  as  reuse  of  wastewater  and  utilization  of 
rainwater  in  large  buildings.  Details  of  the  practice 
of  wastewater  reuse  systems  in  buildings  and 
survey  results  on  the  performance  of  recycling 
systems  installed  in  large  buildings  is  examined. 
The  investigation  suggests  that  most  of  reclamation 
plants  perform  very  well  in  quality  but  not  well  in 
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quantity.  There  has  never  been  any  serious  claim 
from  users  nor  any  hygiene  trouble  in  several  years 
of  use.  But  the  full  capacity  of  plants  was  not 
usually  utilized  as  designed.  The  very  small 
demand  at  weekends  and  holidays  creates  oper- 
ational problems  of  biological  treatment  plants  and 
raises  cost  of  reclaimed  water.  Individual  building 
wastewater  reuse  is  not  efficient  enough  to  solve 
the  shortage  of  water  resources.  However,  it  sill 
remains  a  very  important  means  to  deal  with  urban 
problems.  It  will  lessen  excess  loading  on  existing 
sanitary  sewers  and  interceptors  and  will  reduce 
pollutants  discharged  from  a  sewage  plant.  (Mertz- 
PTT) 
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INVESTIGATION  ON  WASTEWATER  REUSE 
ON  PASSENGER  AIRCRAFT. 

Technische   Univ.   Hamburg-Harburg   (Germany, 

F.R.). 

I.  Sekoulov,  A.  Figueroa,  and  J.  Oles. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2199-2208,  1991.  5  fig,  6  tab,  16  ref. 

Descriptors:  *Aircraft,  'Impaired  water  use,  *Re- 
claimed  water,  *Toilets,  *Water  conservation, 
•Water  reuse,  Electrodialysis,  Filtration,  Mem- 
brane processes,  Ozonation,  Reverse  osmosis,  Sep- 
aration techniques,  Wastewater  treatment, 
Wastewater  utilization. 

The  development  of  lavatory  facilities  on  passen- 
ger aircraft  has  always  been  connected  to  the 
problem  of  reduction  in  weight.  To  limit  the 
volume  of  flushing  water,  lavatories  were  equipped 
with  recirculation  toilets.  Further  development  of 
toilet  systems  led  to  the  installation  of  a  central 
collecting  system.  In  order  to  reduce  the  take-off 
weight  on  passenger  aircraft  the  possible  incorpo- 
ration of  water  recycling  systems  from  deep  space 
flights  was  investigated.  The  treatment  system, 
composed  of  several  non-phase  change  units,  was 
studied  in  laboratory  scale.  Mainly  membrane  sepa- 
ration techniques  (micro/ultrafiltration,  reverse  os- 
mosis, electrodialysis)  and  ozone  oxidation  were 
examined.  The  pretreatment  stage  with  screen,  gap 
filter  and  micro/ultrafiltration  unit  is  an  integral 
part  of  the  recycling  system  in  order  to  protect  the 
succeeding  stages  against  clogging  and  biofouling. 
For  the  main  treatment  stage  the  combination  of 
reverse  osmosis  and  electrodialysis  achieved  the 
best  quality  water.  With  investigations  conducted 
so  far  it  was  not  possible  to  meet  the  treatment 
goal  of  drinking  water  quality.  Residual  total  or- 
ganic carbon  identification  should  be  carried  on 
and  the  possible  introduction  of  compounds 
through  disinfectants  in  the  wastewater  system  on 
the  ground  before  departure  should  be  avoided. 
(Mertz-PTT) 
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REUSE  OF  TREATED  WASTEWATER  IN  AN 
ARTIFICIAL  STREAM  CSESERAGI')  IN 
KAWASAKI  CITY,  JAPAN. 

Kawasaki  City  Sewage  Bureau  (Japan).  Dept.  of 

Planning. 

S.  Kuribayashi. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,   No.    10/2,   p   2209-2214,    1991.   6  fig,   8   ref. 

Descriptors:  "Artificial  watercourses,  'Japan,  •Re- 
claimed water,  'Wastewater  utilization,  'Water 
reuse,  Activated  sludge,  Artificial  streams,  Chlor- 
ination,  Ozonation,  Phosphorus  removal,  Public 
health,  Wastewater  treatment,  Water  quality. 

Kawasaki  City,  Japan,  intends  to  reuse  treated 
wastewater  from  a  sewage  treatment  plant  as  the 
water  source  for  an  artificial  stream  (called  a  seser- 
agi)  in  the  Kawasaki  Aqua-promenade  which  is  to 
be  constructed  on  the  riverbed  of  the  dried-up 
River  Egawa.  Four  types  of  treated  wastewater 
were  studied.  Short  streams  built  in  the  Kase 
Sewage  Treatment  Center  were  used  for  the  ex- 
periments. Stream  water  quality  requirements  in- 
clude factors  affecting  appearance,  public  health, 
and  existence  of  aquatic  life.  In  other  words, 
growth  of  attached  algae  should  be  inhibited,  path- 
ogenic organisms  should  be  at  an  acceptable  level 
(as  indicated  by  number  of  coliform  bacteria),  and 
the  stream  should  be  a  suitable  habitat  for  fish. 


Four  types  of  treated  wastewater  were  investigat- 
ed: effluents  from  a  conventional  activated  sludge 
process;  a  biological  phosphate  removal  process;  a 
biological  phosphate  removal  process  with  post 
chlorination  (addition  of  sodium  hypochlorite); 
and  a  biological  phosphate  removal  process  with 
post  ozonation.  It  was  concluded  that  treated 
wastewater  from  the  biological  phosphate  removal 
process  with  post  ozonation  was  the  most  suitable 
as  the  water  source  of  the  artificial  stream,  when 
the  three  requirements  were  considered  in  con- 
junction with  the  influence  of  the  disinfection 
method  on  the  aquatic  environment.  (Author's  ab- 
stract) 
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ANALYSIS  OF  SULFATE  IN  SEWAGE 
SLUDGE  USING  ION  CHROMATOGRAPHIC 
TECHNIQUES. 

Technical  Univ.  of  Denmark,  Lyngby.  Inst,  for 

Bioteknologi. 

S.  P.  Petersen,  and  B.  K.  Ahring. 

Journal   of  Microbiological   Methods  JMIMDQ, 

Vol.   12,  No.  3/4,  p  225-230,   1990.  2  fig,  4  ref. 

Danish  Technical  Science  Research  Council  Grant 

5.17.4.6.17. 

Descriptors:  'Analytical  techniques,  'Chemical 
analysis,  'Ion  exchange  chromatography,  'Pollut- 
ant identification,  'Sludge,  'Sulfates,  'Wastewater 
analysis,  Anaerobic  digestion,  Biodegradation, 
Laboratory  methods,  Raw  wastewater. 

A  high-pressure  liquid  ion  chromatography 
method  for  analyzing  sulfate  in  sewage  sludge  was 
applied  for  the  determination  of  sulfate  reduction 
rates  in  anaerobic  digester  systems.  The  eluent 
used  was  a  borate/gluconate  solution.  Prior  to 
analysis,  a  clean-up  procedure  was  used  in  order  to 
avoid  interference  from  organic  compounds.  Two 
sample  preparation  columns  were  used  for  clean- 
up, a  SEP-PAK  C-18  column  and  a  SEP-PAK 
Accel  CM  column.  Conductivity  detection  was 
applied,  which  allowed  a  detection  limit  of  635 
pmol.  In  spite  of  a  10  times  dilution  during  the 
clean-up  procedure,  sulfate  concentrations  down  to 
50  microM  could  be  quantified.  The  method 
showed  a  good  recovery  (>91%),  when  sulfate 
standards  were  measured  in  raw  and  anaerobic 
digested  sludge.  The  method  was  used  to  quantify 
sulfate  reduction  rates  in  anaerobic  digester  sys- 
tems. The  values  for  reduction  rates  obtained  were 
in  good  agreement  with  earlier  findings  using  ra- 
diotracer techniques.  The  results  demonstrate  the 
feasibility  of  ion  chromatography  techniques  for 
determination  of  sulfate  concentrations  or  sulfate 
reduction  rates  even  for  systems  with  high  concen- 
trations of  analytically  of  interfering  compounds. 
(Agostine-PTT) 
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USING  BREAKTHROUGH  CURVES  FOR  PA- 
RAMETER ESTIMATION  IN  THE  CONVEC- 
TION-DISPERSION MODEL  OF  SOLUTE 
TRANSPORT. 

Hiroshima  Univ.  (Japan).  Dept.  of  Environmental 

Science. 

For   primary  bibliographic   entry  see  Field   2G. 
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STUDY  AND  RECOMMENDATIONS  ON  THE 
SAN  GERMAN  VAULTED  BRICK  STORM 
SEWER  SYSTEM. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  General 
Engineering. 

L.  Pumarada-O'Neill,  and  M.  Cruz-Arocho. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  MD.  (1990).  p 
227-236,  2  fig,  9  ref.  Dept.  of  the  Interior  Water 
Research  and  Development  Grant  No.  14-08-0001- 
G-1249  (Proj.  no.  5). 

Descriptors:  'Hydraulic  structures,  'Puerto  Rico, 
'San  German,  'Sewer  systems,  'Storm  sewers, 
•Storm  water,  'Tropical  hydrology,  Flood  con- 
trol, Pipes,  Sewers,  Tourism,  Upgrading, 
Wastewater. 


The  storm  water  drainage  of  a  126  acre  basin 
within  the  city  of  San  German,  Puerto  Rico,  is 
through  a  system  of  vaulted  brick  tunnels  covering 
former  surface  streams.  This  tunnel  system,  cover- 
ing Quebrada  Manzanares  and  its  tributaries,  has 
resulted  from  the  expansion  of  an  urban  area  in  a 
wet,  hilly  environment.  The  streambeds  were 
vaulted  over  haphazardly,  segment  by  segment, 
between  1820  and  1917.  The  segments  correspond 
to  arch  bridges  and  culverts  and  to  barrel  vaults 
erected  by  landowners  in  order  to  build  structures 
on  properties  crossed  by  the  stream.  The  system's 
definite  tourism  potential  is  affected  by  several 
factors,  principally  flash  floods  during  storm 
events  and  polluted  water  due  to  illegal  discharges 
of  raw  sewage.  Recommendations  are  to:  open  a 
service  access,  repair  the  damaged  floors,  stabilize 
the  vaults,  and  remove  the  raw  sewage  discharges. 
(See  also  W91-0561 1)  (Author's  abstract) 
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MANAGEMENT  OF  SLUDGE  FROM  PUERTO 
RICO'S  REGIONAL  INDUSTRIAL 

WASTEWATER  TREATMENT  PLANT:  PHASE 
2-DEWATERING. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  Chemical 
Engineering. 
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IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  525-533,  2  fig,  4  tab,  18  ref. 

Descriptors:  'Industrial  wastewater,  'Puerto  Rico, 
'Sludge  drying,  'Sludge  treatment,  'Tropical  hy- 
drology, 'Waste  management,  'Wastewater  treat- 
ment, Dewatering,  Filtration,  Mathematical  stud- 
ies, Model  studies,  Vacuum  filtration,  Wastewater 
facilities. 

The  most  important  variables  influencing  the  per- 
formance of  vacuum  filters  were  studied  for  the 
particular  case  of  dewatering  the  primary  and  di- 
gested sludges  from  the  Barceloneta  Regional 
Wastewater  Treatment  Plant.  Jar  tests  were  per- 
formed to  determine  the  optimum  coagulant  re- 
quirements for  both  types  of  sludge.  Buchner 
funnel  tests  were  used  to  measure  their  specific 
resistances  at  an  applied  vacuum  of  fifteen  inches 
of  mercury.  The  specific  resistance  for  the  digested 
sludge  was  found  to  be  significantly  higher  than 
for  the  primary  sludge.  A  model  was  developed, 
based  on  Darcy's  law,  to  correlate  the  loading  to  a 
vacuum  filter  with  operational  parameters,  such  as 
applied  pressure,  solids  deposited  per  unit  volume 
of  filtrate,  and  form  time.  Experimental  data  were 
obtained  through  filter  leaf  tests  to  evaluate  the 
empirical  parameters  of  the  model.  The  experimen- 
tal results  were  correlated  using  a  non-linear  re- 
gression program.  A  statistical  analysis  of  the  re- 
gression results  led  to  the  conclusion  that  the 
model  developed  was  a  satisfactory  representation 
of  a  behavior  of  a  vacuum  filter  and,  therefore, 
could  be  used  for  the  design  of  a  full-scale  facility 
for  the  dewatering  of  the  sludges  from  the  Barce- 
loneta plant.  (See  also  W9 1-05611)  (Author's  ab- 
stract) 
W9 1-05664 


REMOVAL  OF  GIARDIA  SPP.  BY  CONVEN- 
TIONAL WATER  AND  SEWAGE  TREATMENT 
PROCESSES  AND  PRESENCE  OF  CYSTS  IN 
SURFACE  WATERS  OF  PUERTO  RICO. 

Puerto  Rico  Univ.,  Rio  Piedras.  Environmental 
Microbiology  Lab. 

I.  E.  Correa,  G.  M.  Yumet,  and  G.  A.  Toranzos. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan,  PR., 
July  22-27,  1990.  American  Water  Resources 
Assoc.  Bethesda,  MD.  (1990).  p  535-541,  3  tab,  16 
ref.  NIH  Grants  RR-2657  and  RR-8102,  Sea  Grant 
5-35338,  and  Water  Resources  Research  Inst. 
Grant  14-08O0O1-G1611. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5D — Waste  Treatment  Processes 


Descriptors:  •Giardia,  'Human  pathogens,  ♦Puerto 
Rico,  'Surface  water,  *Tropical  hydrology, 
•Wastewater  treatment,  'Water  treatment,  Epide- 
miology, Filtration,  Microbiological  studies,  Proto- 
zoa, Public  health,  Water  quality. 

Sewage  treatment  plants,  surface,  marine  and 
drinking  waters  in  Puerto  Rico,  were  sampled  for 
the  incidence  and  prevalence  of  Giardia  spp.  Cysts 
were  concentrated  from  large  volumes  (40-800  L) 
of  water  of  sewage  onto  polypropylene  cartridge 
filters  and  detected  by  indirect  immunofluores- 
cence. The  sewage  treatment  plants  sampled  were 
shown  to  remove  from  4.3%  to  100%  of  the  cysts 
present  in  the  influent.  The  presence  of  Giardia 
spp.  (2.0-195  cysts/100  mL)  was  demonstrated  in 
rivers,  lakes  and  marine  waters.  No  Cryptospori- 
dium oocysts  were  detected  in  any  of  the  samples. 
To  date,  very  few  cryptosporidiosis  cases  have 
been  observed  in  Puerto  Rico.  The  absence  of 
Cryptosporidium  oocysts  in  domestic  sewage,  to- 
gether with  the  few  cases  reported,  indicate  that 
this  parasite  is  rarely  present  on  the  island.  Howev- 
er, the  large  numbers  of  Giardia  cysts  in  sewage 
and  the  presence  on  this  parasite  in  the  environ- 
mental waters  indicate  its  prevalence  in  the  popula- 
tion. (See  also  W9 1-0561 1)  (Author's  abstract) 
W9 1-05665 


METAL-BEARING  WASTE  STREAMS:  MINI- 
MIZING, RECYCLING  AND  TREATMENT. 

Jacobs  Engineering  Group,  Inc.,  Pasadena,  CA. 
M.  Meltzer,  M.  Callahan,  and  T.  Jensen. 
Noyes    Publications,    Park    Ridge,    New    Jersey. 
1990.  406p.  Pollution  Technology  Review  No.  196. 

Descriptors:  'Hazardous  wastes,  'Heavy  metals, 
•Industrial  wastes,  'Metal-finishing  wastes,  'Recy- 
cling, 'Waste  reduction,  'Waste  treatment, 
•Wastewater  treatment,  Metals,  Operating  policies, 
Waste  recovery,  Wastewater  management,  Water 
quality  management. 

Alternatives  to  land  disposal  of  hazardous  metal 
waste  streams  were  analyzed,  with  special  atten- 
tion to  methods  that  prevent  waste  generation. 
Source  reduction,  recycling,  and  treatment  strate- 
gies were  examined.  Industrial  operations  that  are 
responsible  for  generating  significant  amounts  of 
metal  wastes  were  examined:  metal  casting,  surface 
cleaning  and  stripping,  surface  treatment  and  plat- 
ing, draining  and  rinsing,  and  coating.  Also  exam- 
ined were  refinery  processes,  printed  circuit  board 
manufacturing,  and  photofinishing.  Metal  bearing 
waste  streams  from  these  activities  include  spent 
process  solutions,  contaminated  rinse  waters,  and 
emission  waste  collected  by  air  pollution  control 
equipment.  The  waste  minimization  strategies  iden- 
tified are  both  technical  and  organizational.  Tech- 
nical options  include  changes  in  raw  materials  and 
manufacturing  processes,  and  frequently  involve 
equipment  modifications.  Organizational  changes 
involve  scheduling  and  purchasing  modifications, 
training  programs,  and  better  process  documenta- 
tion procedures.  Part  I  of  the  book  details  various 
industrial  operations  and  waste  streams  and  sug- 
gested methods  of  treatment.  Part  II  contains  25 
papers  from  'Metal  Waste  Management  Alterna- 
tives-Minimizing, Recycling,  and  Treating  Haz- 
ardous Metal  Wastes,  Symposium  Proceedings', 
sponsored  by  California  Department  of  Health 
Services  in  cooperation  with  the  U.S.  EPA.  (See 
W90-05669  thru  W90-05693)  (MacKeen-PTT) 
W9 1-05668 


IMPLEMENTATION  OF  A  HEAVY  METALS 
REDUCTION  PROGRAM  IN  THE  CITY  OF 
LOS  ANGELES. 

Los  Angeles  City  Bureau  of  Sanitation,  CA. 

For   primary  bibliographic  entry   see   Field   5G. 

W9 1-05673 


SOURCE  REDUCTION  OPPORTUNITIES  IN 
THE  PLATING  INDUSTRY. 

Minnesota  Technical  Assistance  Program,  Minne- 
apolis. 
T.  Foecke. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  207-217.  22  ref. 


Descriptors:  'Industrial  plants,  'Industrial  wastes, 
•Industrial  wastewater,  'Metal-finishing  wastes, 
•Waste  reduction,  'Wastewater  management, 
Chromium,  Cyanide,  Electroplating,  Hazardous 
wastes,  Process  control,  Process  modification. 

Material  substitution  options  for  waste  reduction 
include  the  use  of  deionized  water  in  place  of  tap 
or  softened  water,  the  use  of  zinc  chloride  or 
alkaline  zinc  in  place  of  zinc  cyanide  in  plating 
solutions,  and  trivalent  chromium  in  place  of  hexa- 
valent  ions  in  process  solutions.  Process  modifica- 
tions for  waste  reduction  include  use  of  drain- 
boards  to  catch  drips,  agitation  to  improve  rinsing 
efficiencies,  utilization  of  flow  restrictors  and  use 
of  conductivity  cells  on  flow  controllers.  Spray 
rinses  and  air  knives  can  reduce  the  amount  of 
solution  carried  over  subsequent  process  steps. 
Process  modifications  which  require  floor  space  in 
addition  to  capital  and  downtime  are  dragout  re- 
covery and  multiple  rinse  tanks.  Modified  operat- 
ing practices  include  process  solution  control, 
training  and  education,  withdrawal  time,  extended 
drain  times,  contact  times,  parts  orientation,  and 
housekeeping  practices.  Implementing  source  re- 
duction in  a  plating  operation  can  be  described  as  a 
series  of  loops,  with  sequential  use  of  process 
modification,  material  substitution  and  operating 
practice  modification  strategies.  (See  also  W91- 
05668)  (MacKeen-PTT) 
W91-05674 


CASE  STUDY  OF  A  MINIMUM  DISCHARGE, 
HEAVY  METAL  WASTE  REDUCTION 
SYSTEM  AT  AEROSCIENTIFIC  CORPORA- 
TION, ANAHEIM,  CALIFORNIA. 

Toxic  Recovery  Systems  International,  Elk  Grove, 
CA. 

G.  Hulbert,  and  B.  Fleet. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  245-250.  2  fig. 

Descriptors:  'Heavy  metals,  'Industrial  wastes, 
•Metal-finishing  wastes,  *Waste  recovery,  *Waste 
reduction,  'Wastewater  management, 

♦Wastewater  treatment,  'Water  pollution  control, 
California,  Copper,  Ion  exchange,  Lead,  On-site 
wastewater  treatment,  Tin. 

Increasing  public  concern  about  the  effects  of  vari- 
ous chemical  pollutants  has  caused  governments  to 
enforce  stringent  environmental  legislation  which 
is  now  causing  these  industries  to  seriously  re- 
evaluate their  waste-management  strategies  and 
options  along  with  the  liabilities  and  future  costs 
associated  with  their  present  practices.  As  a  result 
of  these  pressures,  many  industries,  especially 
those  generating  heavy-metal  waste  streams-in- 
cluding printed-circuit  board  fabricators,  semicon- 
ductor manufacturers,  and  metal  finishers-are 
seeking  alternative  waste-management  strategies. 
A  waste-treatment  system  to  reduce  heavy  metals 
in  wastewater  at  Aeroscientific  Corporation,  Ana- 
heim, California,  allows  the  recovery  of  chelated 
copper,  unchelated  copper,  tin,  and  lead  from 
process  dumps  and  rinses.  Metals  are  retrieved  as 
sheets  and  up  to  90%  of  the  plant's  process  water 
is  recycled  to  the  manufacturing  process  as  high- 
purity  deionized  water.  The  system  comprises  ion 
exchange,  electrolytic  recovery,  unchelated 
copper,  chelated  copper,  tin/lead,  demineraliza- 
tion,  discharge  control  and  process  control  compo- 
nents. Installation  was  completed  in  4  months  and 
the  system  is  undergoing  an  economic  and  per- 
formance evaluation  by  the  California  Department 
of  Health  Services.  (See  also  W9 1-05668)  (MacK- 
een-PTT) 
W91-05678 


RECOVERY  OF  RINSE  WATER  AND  PLAT- 
ING BATH  FROM  PROCESS  RINSES  USING 
ADVANCED  REVERSE  OSMOSIS. 

Water  Technologies,  Inc.,  Eden  Prairie,  MN. 
R.  R.  Rich,  and  T.  von  Kuster. 
IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  252-259.  4  fig. 

Descriptors:  'Industrial  wastewater,  'Metal-finish- 
ing wastes,  'On-site  wastewater  treatment,  'Re- 


verse osmosis,  'Waste  recovery,  'Wastewater 
treatment,  'Water  pollution  control,  Control  sys- 
tems, Electroplating,  Metals,  Wash  water,  Waste 
management. 

The  use  of  advanced  reverse  osmosis  (ARO)  for 
recovery  of  rinse  water  and  plating  bath  can 
achieve  1,000-10,000  fold  concentration  of  solutes 
using  lower  performance  membranes.  The  system 
is  a  closed  loop,  remotely  controlled  and  operated. 
Testing  of  the  ARO  system  has  been  completed  on 
over  50  plating  and  metal  finishing  solutions  at  a 
wide  range  of  pH.  The  main  constraints  on  ARO 
are  highly  concentrated,  oxidative  solutions  such 
as  nitric  acid,  chromic  acid  and  peroxysulfuric 
etchant.  Rinse  purification  and  metal  recovery 
from  these  solutions  shortens  membrane  life,  which 
is  typically  4-6  months  in  other  applications.  ARO 
systems  are  operating  in  several  categories  of  metal 
finishing:  electronic  parts  and  circuit  board  manu- 
facture, functional  (cyanide)  plating,  and  aluminum 
coating  and  finishing.  It  is  concluded  that  on-site 
recovery  using  ARO  allows  regulatory  goals  to  be 
met  at  a  lower  cost  than  that  of  hazardous  waste 
disposal.  (See  also  W9 1-05668)  (MacKeen-PTT) 
W9 1-05679 


SOLIDS  DETOXIFICATION:  METALS  RECOV- 
ERY. 

Enviroscience,  Inc.,  Hot  Springs,  AR. 
C.  T.  Philipp. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  260-269.  6  fig. 

Descriptors:  'Heavy  metals,  'Metal-finishing 
wastes,  'Slags,  'Sludge  treatment,  'Waste  recov- 
ery, 'Waste  treatment,  Chromium,  Electroplating, 
Hazardous  wastes,  Industrial  wastes,  Recycling, 
Solid  wastes,  Waste  management. 

Metal  oxides  can  be  strongly  bonded  to  silica  and 
solidified  in  a  slag  formulation.  Many  slags  are 
notably  resistant  to  solution  or  leaching  in  ground- 
waters. A  system  of  slag  formulations  which  pro- 
vide complete  fusion  of  sludges  below  1250  C  was 
devised.  Hexavalent  chromium  could  be  dissolved 
in  these  slags  to  amounts  of  about  6%  and  remain 
resistant  to  leaching.  At  the  fusion  temperatures  of 
these  slags,  much  of  the  metal  contents  could  be 
recovered  by  reduction  with  carbon.  The  slagging 
system  comprises  the  following:  sludge  dryer, 
blender,  melting  furnace,  hood  and  duct  over  the 
melting  unit,  and  scrubber.  Recovery  economics 
depend  upon  the  characteristics  of  the  filter  cake, 
sludge  generation  rates,  and  present  disposal  costs. 
It  is  concluded  that  the  slagging  technology  allows 
economically  feasible  recovery  of  metals  and  metal 
alloys  from  hazardous  metal  sludges.  (See  also 
W91-05668)  (MacKeen-PTT) 
W9 1-05680 


WASTE  MINIMIZATION  OF  HAZARDOUS 
WASTE  SOLUTIONS  IN  THE  ELECTROPLAT- 
ING AND  PRECIOUS  METALS  INDUSTRY 
USING  THE  FINAL  TREATMENT  DISTTLLA- 
TIONUNIT. 

Drew  Resource  Corp.,  Berkeley,  CA. 
P.  Wavrock. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  270-275.  1  fig. 

Descriptors:  'Hazardous  wastes,  'Industrial 
wastewater,  'Metal-finishing  wastes,  'On-site 
wastewater  treatment,  'Waste  reduction, 
'Wastewater  treatment,  'Water  pollution  control, 
Cost  analysis,  Distillation,  Electroplating,  Metals, 
Wash  water,  Wastewater  management. 

The  'Final  Treatment'  distillation  unit  uses  a  new 
distillation  method  for  the  treatment  of  wastewater 
from  the  metal-finishing  industry.  Two  options  for 
use  of  the  system  are  available:  (1)  the  wastewater 
solutions  may  be  concentrated  to  a  sludge  to  mini- 
mize the  volume;  or  (2)  drag-out  solution  or  static 
wash  may  be  reduced  to  about  25%  of  the  initial 
volume,  chemically  adjusted,  and  returned  to  the 
plating  tank.  The  distillation  unit  includes  three 
features  designed  to  reduce  energy  requirements  to 
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0.2  KW/L  of  solution  treated:  (1)  operation  in  a 
residual  vacuum  allows  distillation  to  be  carried 
out  at  30-35  C;  (2)  a  heat  pump  provides  heat  for 
evaporation  and  refrigeration  for  condensation; 
and  (3)  the  surface  on  which  the  heat  exchange 
takes  place  is  constantly  cleaned  by  a  rotating 
blade.  A  plating  shop  generating  an  average  of  40 
gallons  of  nickel  drag-out  solutions  per  day  has 
purchased  a  Final  Treatment  50  unit  for  $14,800. 
At  a  cost  savings  of  $167.28/day  over  having  a 
licensed  waste  hauler  pick  up  3600  gal  every  90 
days  at  $5.00/gal  for  removal  to  a  state-approved 
disposal  site,  the  unit  will  pay  for  itself  in  less  than 
three  months.  As  another  example,  a  circuit-board 
manufacturer  which  produces  125  gallons/day  of 
waste  cyanide  solutions  is  contemplating  purchas- 
ing a  Final  Treatment  150  unit  and  an  Aqua  Clear 
30  unit  (to  further  treat  the  distillate)  for  a  total 
cost  of  $64,800.  At  a  savings  of  $495.79/day  over 
paying  a  licensed  transportation  and  disposal  com- 
pany $4.75  a  gallon  to  remove  11,250  gallons  of 
cyanide  waste  every  90  days,  the  payback  period 
could  be  less  than  4.4  months.  Thus,  the  distillation 
system  provides  an  economically  feasible  method 
for  electroplating-waste  minimization.  (See  also 
W9 1-05668)  (MacKeen-PTT) 
W9 1-05681 


RECOVERY  OF  METALS  IN  CIRCUIT  BOARD 
AND  METAL  PLATING  MANUFACTURING. 

General  Dynamics  Corp.,  Pomona,  CA.  Pomona 
Div. 

A.  Crane. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  276-278. 

Descriptors:  'Industrial  wastewater,  'Metal-finish- 
ing wastes,  'On-site  wastewater  treatment,  'Waste 
recovery,  'Wastewater  management,  'Wastewater 
treatment,  'Water  pollution  control,  Cadmium, 
Chromium,  Copper,  Electroplating,  Metals, 
Nickel,  Sludge,  Wash  water. 

General  Dynamics  Pomona  Division  installed  an 
electrolytic  system  which  reduced  6,000  tons/y  of 
liquid  hazardous  waste  to  filter  cake  sludge.  Addi- 
tion of  a  sludge  dryer  allowed  further  reduction  in 
the  volume  of  sludge.  Three  process  chemistry 
substitutions  eliminated  a  major  source  of  chrome- 
containing  wastes.  A  program  to  reduce  rinsewater 
flows  concentrated  on  the  elimination  of  duplicate 
processes  and  the  installation  of  on-demand  rinsing 
systems.  New  technologies  were  applied  to  recov- 
er saleable  products  from  concentrated  wastes.  A 
crystallizer  system  was  installed  to  recover  copper 
sulfate.  An  automated  printed  circuit  board  plating 
process  incorporating  both  rinse  reduction  and 
metal  recovery  technologies  achieved  a  reduction 
of  over  10  tons  in  weekly  sludge  production.  Sepa- 
rate systems  installed  in  the  wet  process  metal 
plating  production  area  utilize  cation  exchange 
resins  to  recover  chrome,  cadmium,  copper  and 
nickel.  (See  also  W9 1-05668)  (MacKeen-PTT) 
W9 1-05682 


AQUATECH  SYSTEMS:  A  TECHNOLOGY  FOR 
METAL  WASTE  RECOVERY. 

Allied-Signal,  Inc.,  Warren,  NJ.  Aquatech  Sys- 
tems. 

C.  H.  Byszewski,  and  K.  N.  Mani. 
IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  279-288.  8  fig,  2  tab,  5 
ref. 

Descriptors:  'Electrodialysis,  'Industrial 

wastewater,  'Metal-finishing  wastes,  'Separation 
techniques,  'Waste  recovery,  'Wastewater  treat- 
ment, Acids,  Heavy  metals,  Membrane  processes, 
On-site  wastewater  treatment,  Wastewater  man- 
agement, Water  quality  management. 

Aquatech  Systems  is  a  bipolar  membrane  separa- 
tion technology  for  recycling  acid  from  waste 
streams.  It  is  applicable  to  organic  aqueous  salt 
solutions,  as  well  as  mineral  salts  with  either  acidic, 
basic,  or  saline  properties.  The  method  is  a  type  of 
electrodialysis,  requiring  a  cell  stack  which  is  com- 
posed of  hundreds  of  ion  exchange  membrane 
sheets  and  a  pair  of  electrodes  powered  by  DC 


current.  An  ability  to  split  water  into  acid  and  base 
is  what  distinguishes  Aquatech  from  conventional 
electrodialysis.  In  general,  the  Aquatech  approach 
to  recycling  acid  effluent  from  metal  processing 
operations  involves  precipitation  of  the  heavy 
metal,  filtration,  and  regeneration  of  acid  and  base 
from  the  salt  filtrate.  The  method  has  been  applied 
to  the  recycling  of  steel  pickling  acid,  titanium 
milling  solution,  and  waste  acid.  The  payback 
period  for  the  use  of  the  system  for  stainless  steel 
waste  acid  recycling  was  calculated  to  be  3.6 
years.  Thus,  the  Aquatech  System,  used  in  con- 
junction with  conventional  techniques  such  as  fil- 
tration and  electrodialysis,  can  be  used  economi- 
cally for  the  recycling  of  waste  acid  streams.  (See 
also  W9 1-05668)  (MacKeen-PTT) 
W91-05683 


HEAVY  METAL  WASTE  CONVERSION  BY 
THERMALLY-DRIVEN  CHEMICAL  BOND- 
ING. 

Ceramic  Bonding,  Inc.,  Mountain  View,  CA. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-05684 


ELECTROLYTIC  RECOVERY  OF  MERCURY 
METAL  FROM  A  MERCURIC  CHLORIDE- 
CONTAINING  WASTE. 

Fred  Hutchinson  Cancer  Research  Center,  Seattle, 
WA. 

D.  Bender,  and  F.  Riordan. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  298-303.  7  ref. 

Descriptors:  'Electrolysis,  'Industrial  wastewater, 
•Medical  wastes,  'Mercury,  'Metal-finishing 
wastes,  'Waste  recovery,  'Wastewater  treatment, 
Anodes,  Electrochemistry,  Heavy  metals,  On-site 
wastewater  treatment,  Recycling,  Wastewater 
management. 

Heavy  metal  wastes  from  pathology  cell  fixation 
processes  containing  mercuric  chloride  with  con- 
centrations greater  than  11  g/L  can  no  longer  be 
landfilled.  In  an  electrolytic  method  for  the  recov- 
ery of  mercury  metal  from  mercuric  chloride-con- 
taining cell  fixative,  the  spent  bath  was  precipitated 
with  sodium  hydroxide  after  electrolysis,  filtered, 
and  treated  with  an  ion  exchange  resin.  A  standard 
solution  of  fixative  containing  a  mercuric  chloride 
concentration  of  60  g/L  was  plated  for  8  h  and 
yielded  60%  recovered  metal.  High  carbon  steel  as 
the  anode  produced  a  larger  amount  of  mercury 
than  did  steel  or  galvanized  steel.  Hydrochloric 
acid  and  calcium  chloride  were  added  to  the  elec- 
troplating bath  to  produce  electrolytic  activity. 
Other  parameters  affecting  the  efficiency  of  the 
process  were  voltage  used,  agitation  of  the  bath, 
and  cathode  surface  area.  Application  of  this 
method  may  provide  an  alternative  disposal  option 
for  heavy  metal  wastes  generated  in  the  medical 
research  industry.  (See  also  W9 1-05668)  (MacK- 
een-PTT) 
W91-05685 


HYDROMETALLURGICAL    RECYCLING    OF 
METAL  SLUDGE. 

Recontek,  Inc.,  San  Diego,  CA. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-05686 


RECYCLING  AND  TREATMENT  OF  METAL- 
BEARING  SPENT  ACIDS. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-05687 


DEMETALLATION     AND     RECOVERY     OF 
FUEL  OH  FROM  HAZARDOUS  WASTE  OIL. 

Auburn  Univ.,  AL.  Dept.  of  Chemical  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-05688 


MEMBRANE  SEPARATION  PROCESSES  FOR 
TREATMENT  OF  HAZARDOUS  WASTE. 


Cartwright  Consulting  Co.,  Minneapolis,  MN. 
P.  S.  Cartwright. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  329-343.  13  fig,  3  tab. 

Descriptors:  'Hazardous  wastes,  'Industrial 
wastewater,  'Membrane  processes,  'Metal-finish- 
ing wastes,  'Reviews,  'Separation  techniques, 
♦Wastewater  treatment,  On-site  wastewater  treat- 
ment, Recycling,  Reverse  osmosis,  Ultrafiltration, 
Waste  recovery,  Wastewater  management. 

Membrane  separation  processes  for  hazardous 
waste  treatment  are  reviewed.  Industrial  contami- 
nants may  exist  in  several  forms:  suspended  solids, 
dissolved  ionic  species,  or  dissolved  organic  mate- 
rials. Membrane  processes  such  as  cross-flow  mi- 
crofiltration,  ultrafiltration,  and  reverse  osmosis 
offer  the  potential  for  continuous  removal  of  con- 
taminants. Other  advantages  of  membrane  separa- 
tion processes  include  low  energy  requirements, 
modular  construction,  simple  maintenance,  positive 
barrier  to  contaminants  and  ambient  temperature 
operation.  Membrane  configurations  with  differing 
packing  density  and  tolerance  to  suspended  solids 
are  available  (tubular,  hollow  fiber,  spiral  wound, 
and  plate  and  frame).  Industrial  applications  of  the 
processes  have  been  made  in  several  areas:  metal 
finishing  treatment;  oily  waste  treatment;  printed 
circuit  effluent  treatment;  and  semi-conductor 
manufacturing  effluent  treatment.  Membrane  sepa- 
ration processes  are  especially  effective  for  recov- 
ering specific  components  at  the  point  of  source, 
allowing  recycling  of  hazardous  materials.  (See 
also  W9 1-05668)  (MacKeen-PTT) 
W9 1-05689 


ARSENIC  WASTE  REDUCTION  IN  THE  ELEC- 
TRONICS ENDUSTRY. 

EBASCO  Environmental  Services,  Santa  Ana, 
CA. 

D.  W.  Hertz,  and  R.  M.  Holland. 
IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  344-361.  9  fig,  2  tab,  7 
ref. 

Descriptors:  'Arsenic,  'Filtration,  'Industrial 
wastewater,  'Metal-finishing  wastes,  'Waste  re- 
covery, 'Waste  reduction,  'Wastewater  treatment, 
Cost  analysis,  Hazardous  wastes,  On-site 
wastewater  treatment,  Recycling,  Wastewater 
management. 

Methods  for  the  reduction  of  arsenic  wastes  pro- 
duced in  the  manufacture  of  gallium  arsenide 
(GaAs)  microelectronics  chips  were  evaluated. 
Analysis  of  the  waste  streams  at  Hewlet  Packard's 
San  Jose,  CA,  facility  indicated  that  arsenic  solids 
(GaAs)  represented  at  least  94%  of  the  arsenic 
contamination  found  in  the  sludge  cake  produced 
from  the  hydrofluoric  treatment  process.  Filtration 
was  identified  as  the  simplest  potential  treatment 
process  for  removal  of  the  solids.  Pilot  scale  oper- 
ations were  conducted  with  filtration  equipment 
from  several  vendors  to  assess  the  following:  re- 
moval efficiency  of  GaAs,  overall  equipment  per- 
formance; corrosion  resistance;  final  product  tech- 
nical specifications,  purchase,  operating  and  main- 
tenance costs;  and  health,  safety  and  environmental 
concerns.  Results  indicated  that  arsenic  waste  gen- 
eration at  the  facility  could  be  reduced  by  almost 
30,000  kg  per  year  by  filtration.  Potential  annual 
cost  savings  include  $100,000  from  the  sale  of 
decontaminated  HF  treatment  solids;  $5,000  from 
direct  GaAs  recycling;  $35,000  in  disposal  costs; 
and  $15,000  reduced  maintenance  and  health  and 
safety  costs.  The  technology  may  also  be  useful  in 
other  industries  where  heavy  metal  solids  are  pro- 
duced. (See  also  W91-05668)  (MacKeen-PTT) 
W91-05690 


BIOLOGICAL    TREATMENT    OF    MERCURY 
WASTE. 

Utah  State  Univ.,  Logan.  Dept.  of  Nutrition  and 
Food  Science. 

C.  L.  Hansen,  and  G.  S.  Choudhury. 
IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
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Group  5D — Watte  Treatment  Processes 

Ridge,  New  Jersey.  1990.  p  373-382.  4  fig,  26  ref.       W91-05720 


Descriptors:  'Bio-degradation,  'Biological  treat- 
ment, 'Mercury,  'Metal-finishing  wastes,  'Sludge 
treatment,  'Waste  treatment,  'Wastewater  treat- 
ment, 'Water  pollution  treatment,  Bioreactors, 
Culturing  techniques,  Hazardous  wastes,  Heavy 
metals,  Industrial  wastes. 

A  biological  process  for  the  detoxification  of  mer- 
cury in  polluted  water  and  sludges  has  been  devel- 
oped which  involves  reduction  of  mercuric  ions  to 
mercury  metal  and  subsequent  volatilization  of  this 
hazardous  metal  from  contaminated  water  and 
sediments.  Preliminary  experiments  using  cultures 
of  Escherichia  coli  strain  KP245  harboring  the 
cloned  plasmid  pRR130  indicated  that  mercury  (5 
mg/L  mercuric  chloride)  increases  the  lag  phase 
but  does  not  affect  the  growth  rate.  It  was  also 
demonstrated  that  the  growth  rate  was  minimal 
during  rapid  mercury  removal,  after  which  growth 
resumed.  A  continuous  biological  process  was  de- 
veloped for  mercury  removal,  involving  addition 
of  mercury  contaminated  waste  to  a  continuous 
mixed  culture  of  resistant  organisms  maintained  on 
raw  sewage.  The  bioreactor  was  able  to  remove 
mercuric  ions  from  sewage  containing  70  mg/L 
mercury  at  the  rate  of  2.5  mg/L  h  with  an  efficien- 
cy of  88%.  Two  types  of  adsorbent  for  recovery  of 
elemental  mercury  are  under  investigation.  A  full- 
scale  bioprocess  for  mercury  removal  has  been 
designed  to  use  whey  permeate  as  the  energy 
source.  (See  also  W9 1-05668)  (MacKeen-PTT) 
W9 1-05692 


COPPER     MINE     DRAINAGE    TREATMENT 
PLANT  DRIVEN  BY  WATER  WHEEL. 

California  Univ.,  Richmond.  Richmond  Field  Sta- 
tion. 

For  primary  bibliographic  entry   see   Field   5G. 
W91-05693 


EFFECTS  OF  HEAT  TREATMENT  ON  THE 
HIGH-RATE  ANAEROBIC  DIGESTION  OF 
HUMAN  WASTES  CONCENTRATES. 

Nishihara     Environmental     Sanitation     Research 

Corp.  Ltd.,  Tokyo  (Japan). 

M.  Takashima,  Y.  Sugawara,  T.  Ohkawa,  and  Y. 

Ohkubo. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1137-1145,  1991.  9  fig,  2  tab,  8  ref. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Domestic  wastes,  'Heat 
treatment,  'Methanogenesis,  'Organic  wastes, 
•Wastewater  treatment,  Calcium,  Digestion,  Ex- 
perimental data,  Fatty  acids,  Inhibition,  Inhibitors, 
Particulate  matter,  Powdered  activated  carbon, 
Retention  time. 

The  solubilization  of  particulate  organic  matter  is 
generally  rate-limiting  in  the  anaerobic  digestion  of 
human  wastes.  It  appears  that  the  use  of  a  physical 
treatment,  such  as  heat  treatment,  is  necessary  for 
high-rate  solubilization  of  the  rather  refractory 
particulate  substrates.  The  effect  of  heat  treatment 
on  the  solubilization  of  particulate  organic  matter 
and  methane  production  in  concentrated  human 
wastes  was  examined  by  conducting  a  series  of 
batch  and  continuous  (i.e.,  35  day  duration)  experi- 
ments at  temperatures  which  ranged  between  100 
C  and  250  C.  In  batch  studies,  the  heat  treatments 
above  150  C  were  found  to  inhibit  methane  pro- 
duction to  a  severe  degree  as  the  temperature  was 
raised.  The  addition  of  powdered  activated  carbon 
(PAC)  or  calcium  to  heat-treated  concentrates 
showed  a  complete  reduction  of  the  inhibition. 
This  remedial  effect  of  calcium  and  measurements 
on  volatile  fatty  acids  indicated  that  long-chain 
fatty  acids  were  the  inhibitory  substances  pro- 
duced. The  effectiveness  of  heat  treatment  at  150  C 
and  175  C  was  demonstrated  in  a  continuous  study 
which  simulated  a  high-rate  digestion  process 
having  a  solids  separation  device.  The  continuous 
experiment  was  conducted  at  a  hydraulic  retention 
time  (HRT)  of  2.5  days  and  a  solids  retention  time 
(SRT)  of  about  15  days  with  a  mesophilic  operat- 
ing temperature  of  35  C.  The  fraction  of  particu- 
late substrates  solubilized  increased  about  two-fold, 
and  methane  production  increased  40%  when 
combined  with  the  PAC  addition.  (Author's  ab- 
stract) 


DEVELOPMENT  OF  HIGH-PERFORMANCE 
THERMOPHILIC  TWO-PHASE  DIGESTION 
PROCESS. 

NGK   Insulators   Ltd.,   Handa  (Japan).   Research 

and  Development  Lab. 

N.  Aoki,  and  M.  Kawase. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1147-1156,  1991.  5  fig,  4  tab,  8  ref. 

Descriptors:  'Anaerobic  digestion,  'Methanogene- 
sis, 'Sludge  conditioning,  'Sludge  digestion, 
•Sludge  treatment,  'Wastewater  treatment,  En- 
zymes, Experimental  data,  Experimental  design, 
Fatty  acids,  Fermentation,  Japan,  Methane  bacte- 
ria, Suspended  solids. 

Anaerobic  digestion  of  anaerobic  sewage  sludge 
leads  to  the  generation  of  methane  gas  and  reduc- 
tion of  the  sludge  volume.  Because  conventional 
digestion  requires  a  long  time,  the  digestion  facili- 
ties must  be  large.  The  destruction  of  volatile 
suspended  solids  (VSS)  appears  to  be  the  rate- 
determining  step  in  the  sludge  digestion  process 
and  so  may  partially  contribute  to  the  aforemen- 
tioned problem.  The  digestion  of  excess  sewage 
sludge  was  studied  using  a  bench  scale  experimen- 
tal design  known  as  the  High-Performance  Ther- 
mophilic Two-Phase  Digestion  (HPTTD)  process. 
This  thermophilic  process  consists  of  sludge  condi- 
tioning, acidification,  and  methanation  steps.  In  the 
conditioning  step,  sewage  sludge  is  conditioned 
with  thermal  treatment  at  90  C  for  1  hr.  The 
sludge  is  then  dosed  with  a  proteolytic  enzyme.  In 
the  next  step,  acidification,  acid  fermentation  is 
carried  out  at  70  C.  This  is  believed  to  promote  the 
destruction  of  VSS  and  the  accumulation  of  vola- 
tile fatty  acids.  In  the  methanation  step,  an  anaero- 
bic fixed-bed  reactor  is  used  to  immobilize  methan- 
ogenic  microbes.  The  microbes  are  then  kept  at 
high  concentrations  in  the  reactor  so  that  methane 
fermentation  can  be  carried  out  rapidly.  The  re- 
sults indicated  that  the  reduction  ratio  of  VSS  at  20 
days  of  hydraulic  retention  time  (HRT)  was  in- 
creased to  78%  which  was  well  above  those  in 
conventional  digestion  processes.  Also,  at  around  5 
days  HRT,  the  HPTTD  process  demonstrated  a 
high  reduction  of  VSS  as  compared  with  the  con- 
ventional digestion  process.  (Korn-PTT) 
W9 1-05721 


COMPARISON  OF  ONE-PHASE  AND  TWO- 
PHASE  ANAEROBIC  DIGESTION  PROCESS- 
ES IN  CHARACTERISTICS  OF  SUBSTRATE 
DEGRADATION  AND  BACTERIAL  POPULA- 
TION LEVELS. 

Tsinghua  Univ.,  Beijing  (China).  Dept.  of  Environ- 
mental Engineering. 
T.  C.  Zhang,  and  T.  Noike. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1157-1166,  1991.  6  fig,  7  tab,  16  ref. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Methanogenesis, 

•Wastewater  treatment,  Bacterial  analysis,  Chemi- 
cal oxygen  demand,  Degradation,  Hydrogen  ion 
concentration,  Retention  time,  Substrates, 
Wastewater  reactors. 

A  comparison  was  made  between  one-phase  and 
two-phase  anaerobic  digestion  processes  in  order 
to  clarify  the  differences  in  the  characteristics  of 
substrate  degradation  and  bacterial  population 
levels.  The  investigation  was  performed  using  che- 
mostat-type  reactors  to  which  starch  was  fed  as 
substrate.  Both  one-phase  and  two-phase  processes 
were  operated  under  the  same  experimental  condi- 
tions. By  decreasing  the  solids  retention  time 
(SRT)  of  both  systems  from  10.2  days  (d)  to  5  d, 
2.5  d,  and  1.75  d,  it  was  found  that  the  two-phase 
system  was  more  stable  with  change  in  pH  than 
the  one-phase  system.  The  methane  recovery  rates 
increased  from  4%  to  9%  and  the  chemical  oxygen 
demand  (COD)  removal  rates  increased  from  3% 
to  10%  in  the  two-phase  system.  However,  the 
methane  recovery  rate  and  the  COD  removal  rate 
in  the  one-phase  system  were  slightly  higher  than 
those  in  the  two-phase  system  at  a  SRT  of  10.2  d. 
The  concentration  of  propionate  in  the  effluent  of 
the  one-phase  system  was  30%  to  50%  higher  than 


that  in  the  two-phase  system.  The  concentrations 
of  acetate  and  butyrate  in  the  one-phase  system 
were  slightly  lower  than  those  in  the  two-phase 
system.  The  enumeration  of  the  bacteria  was  per- 
formed by  the  most  probable  number  (MPN) 
method.  While  the  population  levels  of  acidogenic 
bacteria  in  both  systems  were  in  the  same  order  (10 
to  the  8th  power  to  10  to  the  10th  power  MPN/ 
ml),  the  two-phase  system  could  exploit  the  acido- 
genic potentiality  to  its  maximum  limit.  The 
number  of  HAc-utilizing  methanogens  in  the  meth- 
anogenesis of  the  two-phase  system  were  2  to  10 
times  higher  than  in  the  one-phase  system.  There- 
fore, the  one-phase  system  cannot  be  regarded 
simply  as  the  sum  of  acidogenesis  and  methanogen- 
esis. (Author's  abstract) 
W9 1-05722 


PILOT  AND  FULL-SCALE  EXPERIENCE  IN 
ANAEROBIC  TREATMENT  OF  BREWER'S 
YEAST  PROCESSING  WASTEWATER. 

Kurita  Water  Industries  Ltd.,  Atsugi  (Japan). 
M.  Yoda,  S.  Imabayashi,  and  N.  Suzuki. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1167-1177,  1991.  9  fig,  6  tab,  5  ref. 

Descriptors:  *Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Food-processing  wastes, 
•Sludge,  'Wastewater  treatment,  Chemical  oxygen 
demand,  Sludge  bed,  Sludge  digestion,  Sludge 
treatment,  Trace  metals,  Wastewater  reactors, 
Yeasts. 

Anaerobic  processes  are  extremely  attractive  for 
the  treatment  of  easily  degradable  medium- 
strength  to  high-strength  wastewaters.  Among  sev- 
eral anaerobic  processes,  the  upflow  anaerobic 
sludge  blanket  (UASB)  process  is  generally  consid- 
ered as  one  of  the  most  efficient  processes.  Howev- 
er, the  efficiency  of  the  process  depends  on  the 
existence  of  granular  sludge.  While  it  usually  re- 
quires a  great  deal  of  time  to  cultivate  sufficient 
granular  sludge,  the  anaerobic  expanded  micro- 
carrier  bed  (MCB)  process  may  provide  a  potential 
source  of  the  necessary  sludge.  The  MCB  process, 
which  utilizes  fine  particles  (i.e.,  particle  diameters 
of  75-100  micrometers)  as  expanded  bed  media, 
was  applied  to  the  wastewater  from  a  brewer's 
yeast  processing  plant.  Based  on  the  results  of  the 
pilot  study,  in  which  97  to  99%  chemical  oxygen 
demand  (COD)  removals  were  maintained  at  13  to 
24  kg  COD/cu  m/day,  a  full-scale  MCB  plant  with 
a  total  reactor  volume  of  985  cu  m  was  construct- 
ed. Though  not  found  in  the  pilot  study,  cobalt  and 
nickel  were  found  to  be  deficient  in  the  wastewater 
and  had  to  be  supplemented  during  start-up.  How- 
ever, a  sufficient  amount  of  granular  sludge  was 
cultivated  so  that  the  reactor  could  accept  the 
design  loading  within  three  months  of  operation 
and  achieve  average  COD  removal  of  93.5%  at  9.8 
kg  COD/cu  m/day.  Thus,  it  was  clearly  demon- 
strated in  the  full-scale  installation  that  the  MCB 
process  could  provide  a  reliable  and  predictable 
way  to  cultivate  the  granular  sludge  necessary  for 
efficient  anaerobic  treatment.  (Author's  abstract) 
W91-05723 


PILOT-SCALE  DEMONSTRATION  OF  TWO- 
PHASE  ANAEROBIC  DIGESTION  OF  ACTI- 
VATED SLUDGE. 

Utah  Univ.,  Salt  Lake  City.  Dept.  of  Civil  Engi- 
neering. 
S.  Ghosh. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,   No.   7/9,  p   1179-1188,    1991.   3  tab,   29  ref. 

Descriptors:  'Activated  sludge,  'Activated  sludge 
process,  'Anaerobic  digestion,  'Foaming,  'Meth- 
anogenesis, 'Wastewater  treatment,  Fermentation, 
Hydrolysis,  Nitrates,  Organic  acids,  Pilot  plants, 
Sulfates,  Temperature  effects,  Volatile  solids. 

Pilot-scale  anaerobic  digestion  process  was  devel- 
oped to  stabilize  concentrated  (7-5%)  activated 
sludge  at  a  12-day  solid  retention  time  (SRT)  and  a 
loading  rate  of  5  kg  volatile  solids  (VS)/cu  m/d. 
The  pilot  system  exhibited  an  unusually  high  VS 
reduction  of  73%,  an  aggregated  carbohydrate- 
protein-lipid  reduction  of  71%,  and  a  methane 
yield  of  0.3  cu  in/kg  VS  added.  Optimum  acido- 
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genie  fermentation  producing  9500  mg/1  of  organic 
acids  was  achieved  at  a  hydraulic  retention  time 
(HRT)  of  3  days  and  a  loading  rate  of  16  kg  VS/cu 
m/d  or  higher.  Enhanced  acidogenic  hydrolysis 
and  prehydrolysis  of  polymers  and  nocardial  resi- 
dues eliminated  digester  foaming.  Sulfate  and  ni- 
trate reductions,  and  syntrophic  methane  fermenta- 
tion occurred  during  acidogenic  conversions.  Ace- 
togenesis  and  aceticlastic  methane  fermentation 
were  predominant  in  the  methane  digester,  which 
generated  93%  of  the  system  methane  production. 
Contrary  to  literature  reports,  there  was  no  inhibi- 
tion of  acetogens  or  methanogens  at  a  high  ammo- 
nia-N  concentration  of  2500  mg/1  and  pH  7.7.  The 
acid  and  methane  digesters  could  be  started  quick- 
ly. They  were  resilient  to  temperature  drops  and 
loading  fluctuations.  Acid  fermentation  of  8%  of 
the  plant's  waste  activated  sludge  (WAS)  and  addi- 
tion of  the  resulting  fermentation  products  (en- 
zymes, organic  acids,  etc.)  to  the  full-scale  high- 
rate  digester  increased  VS  reduction  by  46%  and 
eliminated  severe  foaming.  (Author's  abstract) 
W9 1-05724 


PREVENTION  OF  LIPID  INHIBITION  IN  AN- 
AEROBIC PROCESSES  BY  INTRODUCING  A 
TWO-PHASE  SYSTEM. 

Tokyo  Univ.  (Japan).  Dept.  of  Urban  Engineering. 
T.  Komatsu,  K.  Hanaki,  and  T.  Matsuo. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1189-1200,  1991.  9  fig,  5  tab,  10  ref. 

Descriptors:  *Anaerobic  digestion,  'Biological 
wastewater  treatment,  *Fatty  acids,  'Inhibition, 
•Lipids,  'Wastewater  treatment,  Experimental 
design,  Laboratory  methods,  Methanogenesis, 
Saturation,  Wastewater  reactors. 

The  inhibitory  effect  of  lipids  and  prevention  of 
this  inhibition  in  a  two-phase  anaerobic  wastewater 
treatment  process  were  examined  using  laboratory- 
scale  reactors  and  batch  experiments.  Lipids  were 
satisfactorily  degraded  in  a  two-phase  anaerobic 
filter  while  in  a  single-phase  system,  inhibition 
resulted  in  poor  lipid  degradation.  Unsaturated 
long-chain  fatty  acids  (LFAs)  had  a  greater  inhibi- 
tory effect  than  saturated  LFAs.  Methane  produc- 
tion as  well  as  beta-oxidation  (degradation  of  satu- 
rated LFAs)  were  inhibited  by  unsaturated  LFAs. 
The  saturation  of  unsaturated  LFAs  was  not  inhib- 
ited, and  palmitate  (C16:l)  was  accumulated  in  the 
degradation  of  oleate  (C18:l)  or  linoleate  (C18:2). 
Greater  inhibition  was  observed  at  low  pH  values. 
Continuous  operation  of  a  suspended-growth 
acidogenic  reactor  showed  that  hydraulic  retention 
times  (HRTs)  of  no  less  than  8  hours  were  neces- 
sary to  mitigate  the  inhibition  in  a  two-phase  proc- 
ess. The  fact  that  saturation  of  oleate  occurred  at 
HRTs  no  less  than  8  hours  suggests  that  the  satura- 
tion of  unsaturated  LFAs  in  an  acidogenic  reactor 
is  essential  in  the  prevention  of  lipid  inhibition  in 
two-phase  anaerobic  processes.  (Author's  abstract) 
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Catechol,  a  major  chemical  constituent  in  coal 
gasification  wastewater,  not  only  exhibits  resist- 
ance to  conventional  biological  treatment  process- 
es, but  is  also  toxic  to  microbes.  Therefore,  the 
toxic  nature  of  catechol,  limits  its  biodegradability. 
A  series  of  batch  Biochemical  Methane  Potential 
(BMP)  tests  and  two  parallel  Upflow  Anaerobic 
Sludge  Bed  (UASB)  processes  were  conducted  to 
investigate  the  influence  of  glucose  supplement  on 


the  degradation  of  catechol.  The  substrate  inhibi- 
tion of  catechol  caused  by  thermal  shock,  restart, 
or  other  operating  problems  was  also  studied.  The 
results  from  the  batch  tests  and  UASB  process 
showed  that  the  glucose  supplement  could  acceler- 
ate the  degradation  rate  of  catechol,  and  the  effect 
was  more  pronounced  in  the  higher  concentration 
range.  The  mechanisms  of  cosubstrate  utilization 
and  the  anaerobic  metabolic  pathway  of  catechol 
were  proposed  to  explain  these  symptoms.  Data  of 
both  batch  tests  and  UASB  processes  indicated 
that  a  high  concentration  of  catechol  did  inhibit 
the  bioactivity  of  anaerobic  microbes.  Effluent  re- 
circulation could  maintain  appropriate  in-tank  con- 
centration to  promote  high  bioactivity  in  the  reac- 
tors. Low  temperature  could  also  result  in  inhibi- 
tion of  the  microbes.  The  temperature  factor 
(theta),  with  a  value  of  1.093  estimated  from  the 
batch  data,  indicated  that  anaerobic  microbes  were 
very  sensitive  to  temperature  change.  Low  bioacti- 
vity and  increased  catechol  accumulation  were 
observed  during  the  restart  period.  It  is  suggested 
that  a  lower  volumetric  loading  should  be  applied 
in  order  to  resume  the  bioactivity  and  to  restart  the 
reactor.  (Author's  abstract) 
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The  anaerobic  degradation  of  chlorinated  organic 
compounds,  in  particular  fatty  acids,  has  been  in- 
vestigated for  application  to  anaerobic  treatment  of 
wastewaters.  In  the  study,  4-chlorobutyrate  and 
acrylate  were  used  as  model  substrates  to  examine 
the  anaerobic  degradation  of  chlorinated  fatty 
acids  and  related  compounds.  In  addition,  anaero- 
bic bacteria  were  isolated  from  the  enrichment 
culture  using  each  compound.  Two  anaerobic  rod- 
shaped  bacteria,  strains  K-l  and  ACR  were  isolat- 
ed from  mesophilic  digester  sludge  acclimatized 
with  4-chlorobutyrate  or  acrylate  as  the  main 
energy  and  carbon  source.  Both  bacteria  have  ten- 
tatively been  classified  in  the  genus  Clostridium 
because  of  their  cell  morphology  and  spore  forma- 
tion. Strain  K-l  could  utilize  chlorinated  com- 
pounds such  as  4-chlorobutyrate  and  3-chlorobu- 
tyrate,  and  the  main  products  were  butyrate  and 
acetate,  propionate  and  acetate,  respectively.  Cro- 
tonate  and  3-hydroxybutyrate  could  also  be  de- 
graded by  strain  K-l  and  the  same  products  from 
the  degradation  of  4-chlorobutyrate  were  ob- 
served. Strain  ACR  could  utilize  acrylate  to 
produce  propionate  and  acetate.  It  could  also  uti- 
lize chlorinated  fatty  acids  such  as  4-chlorobutyr- 
ate and  3-chlorobutyrate.  However,  neither  of  the 
strains  could  utilize  saturated  fatty  acids  such  as 
propionate  and  butyrate.  Reduction  dechlorination 
or  saturation  of  unsaturated  bonds  may  thus  possi- 
bly serve  as  a  regeneration  system  for  a  reduced 
coenzyme,  which  may  by  formed  in  an  oxidation 
pathway  of  such  compounds  to  acetate.  (Korn- 
PTT) 
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The  thermal  sludge  conditioning  process  is  used 
for  sludge  dewatering.  However,  the  supernatant 
produced  from  thickeners  and  dewatering  ma- 
chines (i.e.,  the  thermal  sludge  conditioning  liquor) 
has  extremely  high  organic  strength  and  sometimes 
causes  undesirable  effluent  quality  when  the  super- 
natant is  directly  returned  to  the  main  stream. 
Thermal  sludge  conditioning  liquor  from  a  munici- 
pal wastewater  treatment  plant  was  successfully 
treated  with  a  pilot-scale  upflow  anaerobic  hybrid 
reactor  with  an  effective  volume  of  10.4  cu  m. 
More  than  70%  of  soluble  chemical  oxygen 
demand  (COD)  in  the  influent  was  removed  even 
at  an  organic  loading  as  high  as  30  kg  COD/cu  m/ 
day.  Though  the  reactor  was  seeded  with  an  anaer- 
obically  digested  sludge,  granular  sludge  was  pro- 
duced in  the  reactor.  The  ratio  of  granular  sludge 
to  the  solids  in  the  reactor  increased  up  to  70%  at 
the  end  of  the  experiment.  Volatile  fatty  acids 
remaining  in  the  effluent  were  consistently  less 
than  60  mg/1  after  the  day  when  stable  treatment 
had  been  achieved.  Biological  activity  of  the 
granular  sludge  was  measured  as  a  methane  pro- 
duction rate  using  an  acetate  solution.  The  methan- 
ogenic  activity  of  the  granular  sludge  was  0.8  to 
1.1  kg  CH4  as  COD/kgSS/day  and  much  higher 
than  for  anaerobically  digested  sludge.  Seventy 
percent  of  the  sludge  in  the  reactor  was  granular 
sludge  with  diameters  which  ranged  from  0.3  to 
3.0  mm.  (Korn-PTT) 
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While  anaerobic  sludge  digestion  is  considered  the 
most  important  phase  in  a  municipal  wastewater 
treatment  plant,  the  process  still  suffers  from  a 
reputation  of  unreliability.  The  characteristics  of 
treating  municipal  sludge  by  the  anaerobic  activat- 
ed sludge  digestion  (AASD)  system  were  investi- 
gated. In  order  to  provide  optimum  growth  of  a 
methane  producing  population  directly  responsive 
to  the  substrate  loading,  the  AASD  system  consist- 
ed of  a  semi-continuously  fed,  completely  mixed 
reactor  followed  by  solid/liquid  separation.  The 
effluent  and  waste  sludge  was  discharged  from  the 
separator  and  different  amounts  of  settled  biomass 
were  returned  back  to  the  reactor.  The  results  of 
the  investigation  indicated  that,  with  a  total  solids 
(TS)  content  of  2%,  the  nonbiodegradable  portion 
of  the  substrate  concentration  contained  in  the 
primary  and  secondary  sludge  was  40.6%  and 
35.1%  on  the  basis  of  total  volatile  solids  (TVS) 
and  chemical  oxygen  demand  (COD),  respectively. 
A  maximum  specific  growth  rate  of  0.363/day  was 
also  obtained  in  the  study,  based  on  COD.  The 
reactions  at  a  recycling  ratio  of  R=l  and  R  =  3 
were  considerably  more  stable  than  those  achieved 
in  conventional  or  other  recycling  ratio  digestors 
with  a  hydraulic  retention  time  (HRT)  of  9  days  or 
longer.  The  gas  production  and  bioactivity  is  also 
higher  than  that  normally  produced  by  the  con- 
ventional single-stage  digestion  system.  The  experi- 
mental results  indicated  that  the  dilution  rate  ex- 
ceeds the  maximum  specific  growth  rate  as  the 
HRT  is  decreased  from  9  days  to  6  days.  The 
significant  saving  in  reactor  volume  and  enhanced 
methane  generation  should  offset  the  energy  re- 
quired for  digested  sludge  recycling.  (Author's  ab- 
stract) 
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Precipitation  of  calcium  in  anaerobic  treatment  can 
be  a  severe  problem,  especially  for  fixed  bed  reac- 
tors where  the  flow  passage  can  become  blocked. 
In  order  to  assess  calcium  precipitation  quantita- 
tively, an  equilibrium  model  has  been  developed. 
The  calcium  carbonate  equilibrium  determines  the 
solubility  of  calcium  for  drinking  and  surface 
waters.  The  main  end  products  in  anaerobic  degra- 
dation of  organic  wastes  are  carbon  dioxide  and 
methane.  The  amount  of  carbon  dioxide  formed  in 
anaerobic  treatment  depends  on  the  amount  of 
chemical  oxygen  demand  (COD)  and  total  organic 
carbon  (TOC)  removed  and  on  the  pH,  and  is, 
therefore,  not  constant.  The  equilibrium  model  de- 
veloped in  the  investigation  enabled  the  prediction 
of  chemical  equilibria  in  anaerobic  reactors  on  the 
basis  of  the  usual  pollution  parameters  of  the 
wastewater.  With  the  help  of  the  model,  the  pH 
value  that  would  result  and  the  maximum  solubili- 
ty of  calcium  ions  could  be  calculated.  The  solubil- 
ity of  calcium  carbonate  is  mainly  dependent  on 
the  value  of  the  solubility  product.  With  measure- 
ments for  the  solubility  product  of  calcium  carbon- 
ate obtained  in  this  study,  pK  values  between  7  and 
7.4  were  calculated.  The  investigation  also  deter- 
mined that  the  danger  of  a  precipitation  of  calcium 
carbonate  in  an  anaerobic  reactor  increases  with  an 
increase  of  removable  COD  in  the  wastewater. 
With  COD  values  below  2000  mg/1  and  weakly 
buffered  waste  waters,  an  increase  in  the  alkalinity 
with  the  addition  of  CaO  or  Ca(OH)2  can  be  taken 
into  consideration  without  the  expectation  of  prob- 
lems with  precipitation  of  calcium  carbonate. 
(Korn-PTT) 
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Laboratory-scale  experiments  were  carried  out  to 
study  the  performance  of  sequencing  batch  anaero- 
bic reactors  (SBAR)  with  respect  to  substrate  re- 
moval and  biogas  production  using  a  synthetic 
high-strength  organic  wastewater.  A  major  advan- 
tage of  the  sequencing  batch  reactor  process  is  the 
settling  of  biomass  under  quiescent  conditions  due 
to  the  absence  of  hydraulic  transients  which  could 
affect  biomass  sedimentation.  In  general,  each  reac- 
tor in  the  SBAR  process  has  five  operating  periods 
(i.e.,  fill,  react,  settle,  draw,  and  idle  periods). 
Biological  reactions  commence  during  the  fill 
period  and  continue  to  the  end  of  the  react  period. 
The  laboratory  experiments  on  SBAR  were  con- 
ducted for  about  6  months  and  the  main  operating 
parameters  studied  were  the  cycle  period,  the 
fill:react  ratio,  and  the  fill  period.  The  fill:react 
ratios  and  the  cycle  periods  of  SBAR  were  varied 
to  study  their  effects  on  SBAR  performance.  Maxi- 
mum soluble  substrate  removal  of  73%  was  ob- 
served in  the  SBAR  operating  with  a  cycle  period 
of  16  days  and  a  fill:react  ratio  of  1:3.  The  treat- 
ment performance  of  the  SBAR  was  affected  more 
by  the  fill  period  than  the  fill:react  ratio.  The 
maximum  biogas  production  rate  of  4.8  L/day  was 
obtained  in  the  SBAR  operating  at  a  cycle  period 


and  fill  period  of  12  and  6  days,  respectively.  The 
SBAR  reactions  could  be  modelled  by  quasi- 
second  order  kinetics.  However,  it  is  recommend- 
ed that  verification  of  the  proposed  kinetic  model 
on  soluble  substrate  removal  in  the  SBAR  should 
be  done  additionally  with  other  experimental  data 
where  influent  substrate  concentrations,  initial  bio- 
mass concentrations,  and  the  fraction  of  sludge 
reserve  are  varied.  (Korn-PTT) 
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The  competition  for  substrate  between  sulfate-re- 
ducing  and  methane-producing  bacteria  was  inves- 
tigated for  the  selection  of  a  proper  anaerobic 
treatment  process.  The  inhibitory  effects  of  the 
sulfide  produced  as  a  result  of  microbial  sulfate 
reduction  were  also  evaluated.  Substrates  used  in 
the  investigation  were  synthetic  waste  prepared 
with  various  COD/S04(2-)  ratios,  and  industrial 
wastes.  The  synthetic  substrate  was  composed  of 
acetic  acid  supplemented  with  nutrients.  The  labo- 
ratory anaerobic  contact  units  used  were  seeded 
with  polluted  marine  sediments.  A  municipal  di- 
gester was  also  used.  The  results  of  the  study 
revealed  that  sulfate  reducers  and  methane  produc- 
ers were  very  competitive  at  COD/S04(2-)  ratios 
between  1.7  and  2.7.  As  the  ratio  increased,  meth- 
ane producers  predominated,  while  sulfate  reduc- 
ers were  dominant  as  the  ratio  decreased.  Inhibito- 
ry concentrations  of  2000  mg/1  sulfate  (160-200 
mg/1  sulfide)  for  sulfate  reducers  and  1200  mg/1 
sulfate  (120-140  mg/1  sulfide)  for  methane  produc- 
ers were  obtained  in  those  experiments  conducted 
with  synthetic  substrate.  However,  sulfide  inhibito- 
ry concentrations  varied  with  the  hydraulic  or 
organic  loading  rates  and  particular  substrate  used. 
In  general,  as  loading  rates  increased,  the  inhibito- 
ry effect  was  greater.  (Korn-PTT) 
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The  relative  significance  of  different  inorganic  and 
organic  sulfur  compounds  on  the  sulfide  produc- 
tion in  anaerobic  biofilms  grown  on  domestic 
wastewater  was  investigated.  Biofilms  originally 
grown  on  domestic  wastewater  with  sulfate  as  the 
only  electron  acceptor  were  also  able  to  reduce 
sulfite  and  thiosulfate.  The  bacteria  preferred  thio- 
sulfate  to  sulfate  if  both  were  present  and  the 
sulfide  production  rates  increased  by  a  factor  of 
1.5.  Disproportionation  of  thiosulfate  to  equal 
amounts  of  sulfide  and  sulfate  was  demonstrated  to 
take  place  in  the  biofilms  but  only  at  low  concen- 
trations of  organic  substrates.  Some  sulfide  produc- 
tion from  the  organic  sulfur  compounds  cysteine 
and  methionine  was  observed.  The  rates  were, 
however,  insignificant  compared  to  sulfide  produc- 
tion from  sulfate  reduction  in  wastewater.  Biofilm 
activity  measured  as  the  zero  order  volume  con- 
stant (kof)  was  around  0.18  mg  S04-S/cu  m/h  at 


20  C.  If  the  biofilms  were  grown  on  domestic 
wastewater  enriched  with  sulfite  or  thiosulfate,  kof 
increased  about  two  times.  The  sulfide  production 
rate  from  both  sulfite  and  thiosulfate  considerably 
higher  than  the  rate  from  sulfate  in  these  biofilms. 
The  results  were  modeled  using  biofilm  kinetics 
which  showed  that  the  presence  of  sulfite  or  thio- 
sulfate in  the  wastewater  strongly  affected  the 
potential  sulfide  production  and  could  in  some 
cases  be  a  limiting  compound  in  addition  to  organ- 
ic matter.  Knowledge  about  the  presence  of  sulfur 
compounds  other  than  sulfate  in  wastewater,  e.g., 
from  industrial  sources,  may  therefore  be  very 
important  to  forecast  sulfide  buildup  in  sewer  sys- 
tems. (Author's  abstract) 
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SEDIMENTS  AND  DETERMINATION  OF 
CORROSION  RATE. 

Shimane  Univ.,  Matsue  (Japan).  Faculty  of  Agri- 
culture. 

T.  Mori,  M.  Koga,  Y.  Hikosaka,  T.  Nonaka,  and  F. 
Mishina. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1275-1282,  1991.  4  fig,  4  tab,  5  ref. 

Descriptors:  'Anaerobic  digestion,  'Corrosion, 
•Hydrogen  sulfide,  'Microbial  degradation, 
•Pipes,  *Sewer  systems,  'Sulfur  bacteria, 
'Wastewater  treatment,  Cements,  Concretes, 
Mortar,  Sewers,  Wastewater  facilities. 

An  investigation  was  undertaken  to  evaluate  the 
degree  of  microbial  corrosion  of  concrete  sewer 
pipes  under  anaerobic  conditions.  It  has  been  de- 
termined that  H2S,  a  highly  corrosive  compound, 
is  produced  from  slime  layers  on  pipe  walls.  How- 
ever, only  a  small  slime  layer  is  found  on  the  pipe 
wall  under  anaerobic  conditions  if  the  flow  rate  is 
relatively  high.  Samples  of  corroded  sewer  pipe 
and  mortar  from  the  Ohmuta,  Japan,  treatment 
plant  were  prepared,  while  sediment  samples  were 
taken  from  the  main  trunk  and  the  pressure  main. 
The  results  of  the  study  indicated  that  H2S  was  not 
generated  from  slime  layers  on  the  pipe  walls  but 
was  mostly  produced  from  sediments  in  the  main 
trunks  and  the  pressure  mains.  The  H2S  produc- 
tion rate  from  the  sediments  ranged  from  5.5  to  64 
micrograms/g  solid/h  depending  on  the  organic 
content  and  the  cell  numbers  of  sulfate  reducing 
bacteria  (SRB)  in  sediments.  The  limiting  nutrients 
for  the  production  of  H2S  from  sediments  were 
fatty  acids.  The  corrosion  rate  in  the  concrete 
sewer  pipe  were  found  to  be  3.7-7.6  mm/y  from 
the  core  samples  at  an  H2S  concentration  of  3-400 
ppm  and  a  temperature  range  of  10  and  30  C.  The 
corrosion  rates  of  mortar  specimens  were  3.7-7.6 
mm/y  at  H2S  concentrations  of  25  to  300  ppm  and 
a  temperature  range  of  10-30  C.  The  maximum 
corrosion  rates  of  the  mortar  was  36  mm/y  at  a 
temperature  range  of  25-30  C  and  at  3  to  400  ppm 
of  H2S.  It  was  determined  that  nutrients  in  the 
sewage  could  accelerate  the  corrosion  of  the 
mortar.  Corroded  materials  found  in  the  concrete 
sewer  pipe  and  the  mortar  specimens  were  identi- 
fied as  gypsum  and  ettringite.  (Korn-PTT) 
W9 1-05734 


ANAEROBIC  FILTER  TREATMENT  OF  SUL- 
FATE-CONTATNING  WASTEWATERS. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
G.  F.  Parkin,  M.  A.  Sneve,  and  H.  Loos. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1283-1291,  1991.  3  fig,  5  tab,  21  ref 
Environmental  Protection  Agency  Contract  No. 
R-81 1657-01-1. 

Descriptors:  'Anaerobic  digestion,  'Anaerobic  fil- 
ters, 'Biological  wastewater  treatment,  'Industrial 
wastewater,  'Sulfates,  'Wastewater  reactors, 
•Wastewater  treatment,  Hydrogen  sulfide,  Inhibi- 
tion, Methane  bacteria,  Methanogenesis,  Retention 
time,  Sulfides,  Sulfur  bacteria,  Toxicity. 

The  use  of  anaerobic  biological  processes  for  the 
treatment  of  industrial  wastewaters  has  significant 
merit.  When  high  levels  of  sulfate  are  present,  the 


134 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes — Group  5D 


sulfate  is  biologically  reduced  to  sulfide,  the  result 
being  potential  toxicity  to  the  consortia  of  orga- 
nisms responsible  for  methane  production.  An 
upflow  anaerobic  filter  fed  propionate  was  used  to 
asses  the  ability  of  such  a  reactor  system  to  treat 
wastewaters  containing  high  levels  of  sulfate.  The 
investigation  also  sought  to  determine  the  levels  of 
H2S  and  dissolved  sulfide  causing  decreased  proc- 
ess performance,  and  to  compare  the  performance 
of  the  anaerobic  filter  to  completely  mixed  reactor 
systems.  Hydraulic  retention  times  of  one  and  two 
days  were  tested  while  organic  loading  rates  were 
varied  from  3-5  g  COD/L-day  and  feed  COD/S 
was  varied  from  24.5  to  8.  Unionized  hydrogen 
sulfide  and  dissolved  sulfide  levels  associated  with 
decreased  process  performance  were  approximate- 
ly 110  mg  S/L  and  350  mg  S/L,  respectively. 
These  levels  are  significantly  higher  than  those 
levels  causing  inhibition  in  completely  mixed  reac- 
tors. Most  of  the  sulfate  reduction  and  propionate 
removal  took  place  in  the  first  300  mm  of  the  1050- 
mm-long  reactor,  indicating  that  sulfate  reduction 
and  methane  production  were  occurring  in  the 
same  location  in  the  filter.  (Author's  abstract) 
W91-05735 


PILOT  PLANT  STUDIES  ON  BIOLOGICAL 
SULPHATE  REMOVAL  FROM  INDUSTRIAL 
EFFLUENT. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
J.  P.  Maree,  G.  Hulse,  D.  Dods,  and  C.  E.  Schutte. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1293-1300,  1991.  2  fig,  3  tab,  14  ref. 

Descriptors:  *Anaerobic  digestion,  'Biodegrada- 
tion,  'Biological  wastewater  treatment,  'Industrial 
wastewater,  'Microbial  degradation,  'Sulfates, 
•Sulfur  bacteria,  'Wastewater  treatment,  Acetic 
acid,  Hydrogen  sulfide,  Molasses,  Sugars, 
Wastewater  reactors. 

Sulfate-rich  industrial  effluents  present  a  serious 
environmental  pollution  problem.  A  biological  sul- 
fate removal  process  has  been  developed  for  the 
treatment  of  such  effluents.  The  process  consists  of 
anaerobic,  stripping,  and  sulfur  production  stages. 
In  the  anaerobic  stage  of  the  process,  sulfate  is 
converted  to  hydrogen  sulfide  when  an  energy 
source,  such  as  molasses,  sugar,  or  a  producer  gas 
is  added.  The  hydrogen  sulfide  is  stripped  off  in  a 
stripping  stage,  with  a  carrier  gas  such  as  nitrogen. 
The  gas  is  then  recycled  through  a  ferric  solution 
where  it  is  oxidized  to  elemental  sulfur.  In  a  subse- 
quent aerobic  stage,  degradation  of  organic  carbon 
residuals  and  calcium  carbonate  crystallization  are 
achieved  simultaneously.  The  anaerobic  stage  of 
the  process  was  evaluated  on  a  pilot  scale.  After 
the  inoculation  period,  sulfate  was  removed  con- 
tinuously for  a  period  of  100  days  from  2200  mg/1 
to  below  200  mg/1.  For  the  first  part  of  the  study 
acetic  acid  served  as  the  energy  source  as  the  sugar 
content  of  molasses  was  allowed  to  ferment. 
Thereafter,  fresh  molasses  was  supplied  as  an 
energy  source  and  the  bacterial  culture  had  to 
adapt  to  utilize  the  sugar  in  the  molasses  as  the 
energy  source.  A  volatile  suspended  solids  (VSS) 
concentration  of  27  g/1  was  present  in  the  packing 
material  of  the  anaerobic  reactor.  With  this  VSS- 
value,  a  hydraulic  retention  time  of  12  hours  was 
needed  for  sulfate  removal.  (Author's  abstract) 
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REMOVAL  OF  ORGANIC  CONSTITUENTS  IN 
MUNICIPAL  SEWAGE  USING  ANAEROBIC 
FLUIDIZED  SLUDGE  BLANKET  AND  ANAER- 
OBIC FILTER. 

Meisei  Univ.,  Tokyo  (Japan).  Dept.  of  Civil  Engi- 
neering. 

S.  Tanaka,  T.  Ichikawa,  and  T.  Matsuo. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1301-1310,  1991.  7  fig,  5  tab,  5  ref. 
Japanese  Ministry  of  Education,  Science  and  Cul- 
ture Grant-in-Aid  for  Scientific  Research  No. 
63850124. 

Descriptors:  'Anaerobic  digestion,  'Anaerobic  fil- 
ters, 'Biological  wastewater  treatment,  'Domestic 
wastes,  'Municipal  wastes,  'Sludge  digestion, 
•Wastewater  reactors,  'Wastewater  treatment, 
Carbohydrates,  Chemical  oxygen  demand,  Humic 


acids,  Lignin,  Lipids,  Methanogenesis,  Organic 
matter,  Proteins,  Retention  time,  Sludge  analysis, 
Sulfates,  Surfactants,  Tannins,  Total  organic 
carbon. 

The  removal  of  various  organic  constituents  from 
municipal  sewage  was  investigated  using  anaerobic 
fluidized  sludge  blanket  (AFSB)  and  anaerobic 
filter  (AF)  reactors.  The  experiments  were  con- 
ducted at  37  C  and  hydraulic  retention  times 
(HRT)  which  varied  between  24  and  8  hours.  The 
municipal  sludge  in  the  AFSB  reactor  did  not 
aggregate,  but  flocculated  with  the  formation  of  a 
sludge  blanket.  Results  of  the  experimental  investi- 
gation revealed  that  the  AFSB  reactor  could  treat 
the  sewage  more  efficiently  than  the  AF  reactor 
and  the  removal  efficiency  of  organic  matter  great- 
ly varied  in  constituents.  At  the  temperature  and 
HRTs  used  in  the  AFSB  reactor  experiments, 
there  was  a  50%  reduction  in  the  chemical  oxygen 
demand  (COD)  and  a  59%  reduction  in  total  or- 
ganic carbon  (TOC)  content  of  the  municipal 
sewage.  Lipids,  proteins,  and  carbohydrates  were 
highly  removed,  but  the  removal  efficiency  of 
surfactants  was  very  low  under  anaerobic  condi- 
tions. No  removals  of  tannin,  lignin,  or  humic  acids 
were  observed  during  the  experiments.  Methane 
production  was  rather  limited  (0.12  cu  m  Ag  COD 
removed  at  STP)  with  a  COD  removal  by  sulfate 
reduction  mechanism  serving  as  a  possible  explana- 
tion. The  sludge  production  during  the  272  day 
operation  time  was  0.272  g  volatile  suspended 
solids  (VSS)/g  COD  removed  in  the  AFSB  reac- 
tor; a  net  sludge  destruction  of  68%  was  obtained 
in  the  AFSB  reactor  experiment.  (Korn-PTT) 
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EFFECTS  OF  SUBSTRATE  COMPOSITION 
AND  LOADING  RATE  ON  METHANOGENIC 
PROCESS  IN  ANAEROBIC  FLUIDIZED  BED 
SYSTEMS. 

Sanki  Engineering  Corp.   Ltd.,  Yamato  (Japan). 

Technical  Research  Labs. 

A.  Matsumoto,  and  T.  Noike. 

Water  Science  an  .1  technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1311-' 317,  1991.  10  fig,  1  tab,  16  ref. 

Descriptors:  'Anaerobic  digestion,  'Biofilm  reac- 
tors, 'Biological  wastewater  treatment,  'Fluidized 
bed  process,  'Hydraulic  loading,  'Wastewater 
treatment,  Biofilms,  Laboratory  methods,  Load 
distribution,  Methanogenesis,  Substrates, 

Wastewater  reactors. 

The  effects  of  substrate  composition  and  high  volu- 
metric loading  rates  on  the  characteristics  of  sub- 
strate removal  and  biofilm  formation  in  the  meth- 
anogenic  phase  of  the  anaerobic  two-phase  diges- 
tion process  were  investigated  by  using  laboratory- 
scale  anaerobic  fluidized  reactors.  The  effect  of 
substrate  composition  was  studied  using  three 
kinds  of  substrate.  The  first  substrate  was  com- 
posed of  acetic  acid,  while  the  second  and  third 
were  mixed-acid  substrates  composed  of  acetic 
acid,  propionic  acid,  and  butyric  acid.  A  small 
amount  of  yeast  extract  and  glucose  were  added  to 
the  second  and  third  substrates,  respectively.  In 
experiments  in  which  yeast  extract  or  glucose  was 
added  to  the  mixed  acid  substrate,  the  substrate 
removal  efficiencies  were  higher  than  those  in  the 
experiments  using  only  the  acetic  acid  substrate. 
The  biofilm  formation  was  accelerated  by  using 
the  mixed  substrate  to  which  yeast  extract  was 
added.  The  effects  of  high  volumetric  loading  rates 
were  studied  using  an  acetic  acid  substrate  and  a 
mixed  acid-glucose  substrate.  In  both  cases,  the 
chemical  oxygen  demand  (COD)  removal  efficien- 
cies of  the  reactors  were  remarkably  high  (e.g., 
over  98.5%)  at  a  COD  volumetric  loading  rate 
which  ranged  from  2.5  to  30  kg  COD/cu  m/d. 
However,  the  effluent  quality  of  that  reactor  to 
which  acetic  acid  was  added  proved  to  be  unsta- 
ble. (Author's  abstract) 
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APPLICATION   OF  BIOFILM   KINETICS  TO 
ANAEROBIC  FIXED  BED  REACTORS. 

Technical  Univ.  of  Istanbul  (Turkey). 

I.  E.  Gonenc,  D.  Orhon,  and  B.  B.  Baykal. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,   No.   7/9,   p    1319-1326,    1991.   8   fig,    13  ref. 


Descriptors:  'Anaerobic  digestion,  'Biofilm  reac- 
tors, 'Biological  wastewater  treatment,  'Food- 
processing  wastes,  'Kinetics,  'Wastewater  treat- 
ment, Biofilms,  Chemical  oxygen  demand,  Design 
standards,  Hydraulics,  Industrial  wastewater,  Izmit 
Bay,  Model  studies,  Operating  policies,  Pilot 
plants,  Process  control,  Turkey,  Wastewater  reac- 
tors. 

A  recent  investigation  revealed  that  fermentation 
industries  have  been  one  of  the  major  polluting 
sources  in  Izmit  Bay,  Turkey.  In  these  industries 
different  kinds  of  products  are  produced  mainly  by 
fermentation  of  sugar-beet  molasses.  In  order  to 
meet  discharge  standards  for  the  bay,  the  anaerobic 
fixed  bed  system  was  selected  for  the  treatment  of 
the  molasses  wastewaters  and  a  study  was  under- 
taken to  provide  design  and  operation  procedures 
for  the  anaerobic  system.  The  study  focused  on  a 
pilot-scale  investigation  of  process  characteristics 
both  from  a  fundamental  and  a  practical  stand- 
point. Two  basic  phenomena  describe  the  soluble 
chemical  oxygen  demand  (COD)  removal  mecha- 
nisms in  anaerobic  fixed  bed  reactors.  One  phe- 
nomenon concerned  reactor  hydraulics  while  the 
other  was  mass  transport  through  biofilm  coupled 
with  kinetic  expressions  for  substrate  transforma- 
tions. The  results  of  the  experimental  investigation 
revealed  that  the  removal  of  soluble  organic  matter 
in  anaerobic  fixed  film  reactors  was  governed  by 
biofilm  kinetics.  It  was  demonstrated  that  the  solu- 
ble COD  removal  rates  led  to  bulk  first-order 
reaction  rates  at  low  COD  concentrations.  At 
higher  concentrations,  the  COD  removal  rates  in- 
dicated bulk  half-order  reaction  rates  as  a  result  of 
partial  penetration  of  COD.  In  those  cases  when 
the  biofilm  had  been  completely  penetrated,  the 
COD  removal  rates  indicated  zero-order  reaction 
rates.  (Korn-PTT) 
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TRANSIENT  RESPONSES  OF  WASTEWATER 
TREATMENT  AND  BIOMASS  DEVELOP- 
MENT IN  A  METHANOGENIC  FLUIDIZED 
BED. 
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Water  Science  and  Technology  WSTED4,  Vol. 
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Descriptors:  'Anaerobic  digestion,  'Biofilm  reac- 
tors, 'Biological  wastewater  treatment,  'Fluidized 
bed  process,  'Methanogenesis,  'Microbial  degra- 
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tal design,  Fatty  acids,  Laboratory  methods,  Meth- 
ane bacteria,  Substrates,  Wastewater  reactors. 

A  study  conducted  was  to  develop  a  model  that 
can  describe  the  characteristics  of  anaerobic  treat- 
ment in  a  methanogenic  fluidized  bed  reactor 
under  non-steady  state  conditions.  The  usefulness 
of  the  model,  in  which  active  biomass  concentra- 
tion is  used  as  an  index  of  bacteria  concentration, 
was  also  evaluated.  Treatment  in  the  fluidized  bed 
reactor  started  with  biocoated  synthetic  zeolite  as 
support  material.  The  reactor  was  supplied  with 
synthetic  wastewater  which  was  a  mixture  of  vola- 
tile fatty  acids  (VFAs).  Batch  experiments  on  ac- 
tivity were  carried  out  under  several  steady  state 
conditions,  using  a  kind  of  VFA  as  a  substrate.  The 
results  of  the  experiments  and  simulations  per- 
formed on  the  methanogenic  fluidized  bed  re- 
vealed that  the  overall  growth  yields  of  acetogenic 
and  methanogenic  bacterial  groups  were  estimated 
at  about  0.05  (chemical  oxygen  demand  (COD) 
cell/  COD  substrate),  based  on  COD  conservation 
using  steady  state  data.  An  experiment  on  response 
was  conducted  according  to  the  stepwise  changing 
of  the  influent  concentration.  Transient  responses 
of  water  quality  were  evaluated  in  relation  to  the 
growth  of  bacterial  groups  which  decompose 
VFAs.  The  transient  response  of  substrate  concen- 
trations appeared  to  be  the  result  of  the  growth  of 
active  biomass.  Based  on  the  results,  a  dynamic 
model  was  proposed,  in  which  attached  biomass  is 
categorized  into  active  biomass  and  inert  organic 
matter.  (Author's  abstract) 
W9 1-05740 
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FED-BATCH     TECHNIQUE     TO     EVALUATE 

BIODEGRADATION  RATES  OF  INHIBITORY 

COMPOUNDS  WITH  ANAEROBIC  BIOFILMS 

ATTACHED     TO     GRANULAR     ACTIVATED 

CARBON. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

P.  Fox,  and  M.  T.  Suidan. 
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bial degradation,  Substrates. 

Adsorption  kinetics  render  measurements  of  sub- 
strate utilization  rates  in  biofilm  attached  to  ad- 
sorbing materials  difficult.  A  fed-batch  technique 
which  maintains  a  constant  concentration  of  sub- 
strate in  the  presence  of  biomass  attached  to  granu- 
lar activated  carbon  (GAC)  was  developed  to 
measure  biological  kinetics  independent  of  adsorp- 
tion kinetics.  The  fed-batch  technique  used  pre- 
adsorbed  substrate  on  GAC  as  a  source  of  sub- 
strate. During  the  experiment,  the  mass  of  substrate 
that  is  biodegraded  is  negligible  when  compared  to 
the  large  mass  of  adsorbed  substrate.  Near  equilib- 
rium adsorption  phenomena  maintain  the  concen- 
tration of  substrate  constant  throughout  the  experi- 
ment and  eliminates  mass  transport  resistance 
within  the  biofilms.  Substrate  utilization  rates  were 
measured  at  a  specific  substrate  concentration  by 
monitoring  methane  gas  production  rates.  Samples 
of  GAC  with  attached  biomass  were  removed 
from  two  expanded-bed  anaerobic  reactors.  GAC 
samples  from  a  3-ethylphenol  (3-ep)  fed  reactor 
were  used  in  batch  experiments  with  3-ep  as  the 
substrate  and  GAC  samples  from  an  orthochloro- 
phenol  (OCP)  fed  reactor  were  used  in  batch  ex- 
periments with  OCP  as  the  substrate.  Data  were 
observed  to  fit  Haldane  kinetics  and  predictions 
from  the  Haldane  kinetic  parameters  were  in 
agreement  with  transient  behavior  from  the  3-ep 
fed  reactor.  This  technique  was  useful  in  predicting 
threshold  inhibitory  levels  for  continuous  treat- 
ment of  inhibitory  wastewaters  in  expanded-bed 
GAC  reactors.  The  fed-batch  technique  might  also 
be  applied  to  measure  substrate  utilization  rates  of 
biomass  attached  to  other  adsorbable  materials 
such  as  soils.  (Author's  abstract) 
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The  use  of  attached  growth  processes,  e.g.,  three- 
phase  liquid-fluidized  beds,  is  a  means  of  obtaining 
very  high  concentrations  of  bacteria.  When  treat- 
ing wastewaters,  very  high  concentrations  of  bac- 
teria make  it  possible  to  increase  the  loading  ap- 
plied and  so  reduce  the  size  of  the  treatment  proc- 
ess. Using  a  hydrodynamic  model  of  the  three- 
phase  liquid-fluidized  bed,  the  study  delineates  re- 
lationships between  the  characteristics  of  the  bio- 
film and  the  environmental  conditions  to  which  it 
is  subject.  A  three-phase  liquid-fluidized  bed  bio- 
film reactor  was  operated  over  a  wide  range  of 
parameters,  including  liquid  velocity,  air  velocity, 
medium  concentration,  and  substrate  surface  load- 
ing. Biofilm  characteristics,  such  as  total  coloniza- 
tion, polysaccharide  content,  density,  and  thick- 
ness, and  the  specific  detachment  coefficient  (bs), 
were  determined  by  a  combination  of  experimental 
measurements  and  a  hydrodynamic  model.  The 
results  demonstrated  that  dense  and  thin  biofilms 


were  induced  by  the  physical  condition  of  high 
particle-to-particle  contacts  and  high  liquid  turbu- 
lence, respectively.  The  biofilm's  polysaccharide 
content  was  increased  by  increased  air  turbulence 
and  a  low  substrate  availability.  The  specific  de- 
tachment coefficient,  had  a  strong  negative  corre- 
lation to  the  concentration  of  the  medium  and  a 
strong  positive  correlation  to  the  polysaccharide 
content  of  the  biofilm.  Overall,  the  detachment 
coefficient  can  be  controlled  significantly  by  the 
gas  and  liquid  velocities  used  in  the  reactor  and  so 
increasing  either  velocity  would  tend  to  increase 
specific  detachment  coefficient.  (Author's  abstract) 
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The  properties  of  a  biofilm,  such  as  the  sp 
distribution  of  biofilm  density,  bacterial  population, 
and  intrinsic  biochemical  rates,  were  determined 
for  a  rotating  biological  contactor  (RBC)  system. 
In  order  to  measure  biofilm  properties,  thin  slices 
were  made  of  the  biofilm  using  a  micro-slicer.  The 
slices  were  then  divided  into  three  groups,  depend- 
ing on  their  appearance,  and  density,  bacterial  pop- 
ulation, and  intrinsic  biochemical  reaction  rate 
measurements  were  made.  A  series  of  experiments 
were  conducted  to  discover  the  factors  influencing 
the  simultaneous  nitrification  and  denitrification 
using  a  covered  RBC  in  which  the  oxygen  pres- 
sure was  controlled  between  approximately  0.2  and 
0.05  atms.  The  results  of  the  investigation  revealed 
that  the  biofilm  density  and  the  number  of  hetero- 
trophs,  nitrifiers,  and  denitrifiers,  per  unit  volume 
of  biofilm  increased  with  biofilm  depth.  However, 
the  intrinsic  reaction  rates  per  unit  biomass  did  not 
significantly  change  with  depth.  The  experimental 
results  demonstrated  that  nitrogen  removal  effi- 
ciency in  an  aerobic  RBC  depends  on  the  oxygen 
partial  pressure  in  the  air  phase,  water  tempera- 
ture, hydraulic  detention  time  and  ratio  of  the 
influent  concentration  of  organics  to  ammonia  ni- 
trogen. (Korn-PTT) 
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OF  MICROBIAL  SPECIES  IN  MIXED  CUL- 
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The  concentrations  of  dissolved  organic  substrates 
may  drastically  change  over  the  depth  of  a  biofilm. 
Thus,  it  has  to  be  expected  that  the  population 
which  develops  in  the  depth  of  a  mixed  culture 
biofilm  also  differs  from  that  near  the  biofilm  sur- 
face. While  there  are  experimental  observations 
which  reveal  a  nonuniform  spatial  distribution  of 
microbial  species,  most  biofilm  models  assume  a 
uniform  microbial  distribution.  A  current  study 
was  conducted  to  obtain  experimental  data  from  a 
biofilm  reactor  in  which  groups  of  nitrifiers  and 
heterotrophs  competed  for  dissolved  oxygen.  First 


a  biofilm  of  known  spatial  composition  of  hetero- 
trophic and  autotrophic  biomass  was  grown  in  a 
laboratory  reactor.  The  development  of  the  micro- 
bial composition  was  examined  indirectly  by  meas- 
uring the  nitrification  rate  under  various  experi- 
mental conditions.  The  experimental  results  were 
then  analyzed  using  a  Mixed  Culture  Biofilm 
Model.  The  results  showed  that  within  nine  days 
the  nitrification  rate  in  a  biofilm  of  constant  thick- 
ness could  change  by  a  factor  of  five.  Model 
predictions  indicated  that  these  changes  must  be 
due  to  a  significant  shift  of  the  biofilm  population. 
The  distribution  of  the  autotrophic  and  heterotro- 
phic species  over  the  depth  of  the  biofilm  turned 
out  to  be  an  important  aspect  of  mixed  culture 
biofilm  behavior.  (Korn-PTT) 
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Aerobic  biodegradation  of  the  phenols:  2-methyl- 
phenol,  4-methylphenol,  2,4-dimethylphenol,  3,5- 
dimethylphenol,  and  2,4,6-trimethylphenol  was 
studied  in  a  biofilm  reactor  to  establish  kinetic 
constants  under  conditions  where  the  phenols  were 
the  sole  carbon  source.  In  the  experiments,  phenol 
concentrations  were  very  low  (microgram/1 
range).  The  results  of  the  experiments  revealed 
that  while  2,4,6-trimethylphenol  had  not  been  de- 
graded, the  degradation  kinetics  of  the  other  phen- 
ols was  first  order  at  concentrations  in  the  bulk 
phase  below  20-50  micrograms/1.  At  bulk  phase 
concentrations  above  200  microgram/1,  zero  order 
reaction  kinetics  predominated.  The  first  order  rate 
constants  calculated  from  the  experimental  data 
were  3-30  times  higher  than  the  constants  calculat- 
ed for  organic  compounds  degraded  at  100-1000 
times  higher  bulk  phase  concentrations  (mg/1 
range).  However,  the  maximum  phenol  utilization 
rates  and  the  Monod  constants  were  much  lower 
when  compared  with  constants  obtained  for  micro- 
organisms grown  in  the  mg/1  concentration  range 
with  the  Monod  constant  being  about  100  times 
lower.  The  removal  of  total  biodegradable  phenol 
(TB-phenol)  was  very  similar  to  the  removal  of  a 
specific  compound.  The  degradation  of  TB-phenol 
was  first  order  at  concentrations  below  200  micro- 
grams/1. When  TB-phenol  was  near  its  maximum 
capacity  (i.e.,  zero  order  reaction)  there  was  a 
preferential  degradation  of  the  most  easily  degrad- 
able  phenols  (phenol  and  2-methylphenol),  leading 
to  an  apparent  inhibition  of  the  degradation  of  the 
more  slowly  degradable  phenols,  in  particular,  2,4- 
dimethylphenol  and  3,5-dimethylphenol.  (Author's 
abstract) 
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There  is  a  growing  concern  over  the  discharge  of 
industrial  waste  streams  to  the  environment.  Indus- 
trial wastewaters  containing  chlorinated  hydrocar- 
bons cause  contamination  of  receiving  water 
Bodies  and  pose  a  threat  to  human  health.  The 
:ffectiveness  of  the  expanded-bed  granular  activat- 
id  carbon  (GAC)  anaerobic  reactor  in  treating 
industrial  wastewaters  was  evaluated.  The  industri- 
al wastewater  synthesized  for  experimental  evalua- 
tion contained  5900  mg/L  of  acetic  acid,  3000  mg/ 
L  of  phenol,  and  20-430  mg/L  of  1,1,1-trichlor- 
Dethane  (TCA).  The  results  of  the  investigation 
revealed  that  the  acetic  acid  and  phenol  removal 
sfficiencies  were  always  better  than  93  and  99%, 
respectively.  The  TCA  reduction  rate  was  always 
Better  than  99.4%.  The  adsorptive  capacity  of 
GAC  improved  the  performance  efficiency  of  the 
system  but  was  not  necessary  for  the  successful 
Dperation  of  the  reactor.  Acetate  and  phenol  bio- 
degradation was  inhibited  by  TCA,  with  a  stronger 
sffect  observed  on  the  methanogens.  The  treat- 
ment system  tolerated  moderate  fluctuations  in  the 
feed  concentration  of  TCA.  (Korn-PTT) 
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Recent  investigations  have  revealed  that  the  bacte- 
ria in  biofilms  are  protected,  to  a  marked  extent, 
from  the  bactericidal  action  of  various  biocides. 
The  possible  penetration  mechanisms  of  three  bio- 
cides into  biofilm  formed  on  the  surface  of  polyvi- 
nyl chloride  (PVC)  tubing  were  examined.  It  was 
determined  that  penetration  depths  of  the  three 
biocides  into  biofilm  reached  a  steady  state  in  2 
hours  or  less.  Penetration  depths  at  the  steady-state 
were  dependent  on  external  concentrations  of  the 
biocides  in  the  fluids.  The  results  of  the  experi- 
ments suggested  that  penetration  of  the  biocides 
into  biofilm  depended  on  the  diffusion  of  biocide 
molecules  into  biofilm  and  the  continuous  con- 
sumption of  biocide  within  the  biofilm.  Bacterial 
growth  appeared  to  be  inhibited  regardless  of  cell 
densities  supporting  the  assumption  that  the  bio- 
cides are  decomposed  or  inactivated  by  bacteria. 
Penetration  depth  was  limited  by  decomposition  of 
the  biocides  by  biofilm,  and  the  decomposing  abili- 
ties were  maintained  even  in  the  killed  bacteria. 
(Korn-PTT) 
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Biological  phosphate  (P)  removal  systems  have 
become  important  over  the  past  years  because  nu- 
trient removal  can  be  achieved  without  the  need  of 
adding  chemicals  to  the  water.  A  study  evaluated 
the  performance  of  a  laboratory-scale  fixed  bed 
biofilm  reactor,  employing  a  sequencing  batch  re- 
actor (SBR)  strategy  as  a  phosphate  removal 
system.  The  reactor  was  seeded  with  activated 
sludge  taken  from  wastewater  treatment  plants.  To 
create  the  conditions  required  for  enrichment  of 
phosphate-accumulating  bacteria,  the  reactor  was 
periodically    filled    and    drained    using    synthetic 


wastewater,  and  the  aerator  periodically  turned  on 
and  off  (i.e.,  SRB  strategy).  The  reactor  performed 
very  effectively,  but  it  took  several  weeks  to  reach 
steady-state  conditions.  The  highest  phosphate 
uptake  rates  were  observed  when  sequestration  of 
the  organic  substrates  was  accomplished  at  an 
early  stage  of  the  anaerobic  process  phase,  and 
release  of  phosphate  at  the  expense  of  sequestered 
or  stored  substrates  (endogenous  phosphate  re- 
lease) was  encouraged.  Temperature,  which 
ranged  between  15  and  25  C,  appeared  to  affect  the 
rate  of  P  release  and  P  uptake,  but  had  no  signifi- 
cant effects  on  the  overall  P  removal  efficiencies  of 
the  experimental  system.  The  microbial  system  re- 
sponded very  differently  to  the  organic  com- 
pounds of  the  synthetic  wastewater  when  one  of 
these  compounds  was  intermittently  fed  as  the  only 
carbon  source.  It  was  determined  that  a  direct 
stoichiometry  occurred  between  anaerobic  pep- 
tone or  acetate  uptake  and  P  release.  However, 
glucose  uptake  occurred  much  more  rapidly  than 
the  accompanying  P  release,  indicating  that  glu- 
cose uptake  was  not  directly  coupled  with  storage 
of  glucose  carbon.  (Korn-PTT) 
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A  study  was  conducted  in  which  two  sets  of  fixed- 
film  biological  processes  were  operated  separately 
for  nitritification  of  ammonium  and  for  denitritifi- 
cation  of  nitrite  associated  with  organic  com- 
pounds. The  experimental  data  revealed  that  high 
strength  ammonium  wastewater  (50-1000  mg 
NH4(  +  )-N/i)  could  be  effectively  nitritified  by  a 
draft-tube  fluidized  bed  which  was  operated  at  an 
extremely  high  loading  of  1.0  kg  NH4(+)-N/ 
m3.day  with  95%  ammonium  conversion  and  60  to 
95%  nitrite  formation.  Additionally,  a  biofilm 
fixed-bed  was  employed  to  denitritify  the  high 
strength  nitrite  (200  to  1000  mg  N02(-)-N/l)  asso- 
ciated with  organic  compounds  of  glucose,  acetate, 
and  benzoic  acid.  Complete  nitrite  removal  could 
be  achieved  with  sufficient  hydraulic  retention 
times  (HRT)  and  chemical  oxygen  demand 
(COD)/N02(-)-N  ratio.  The  conversion  ratios 
were  estimated  experimentally  at  2.5  for  glucose 
and  acetate,  and  2.0  g  delta  COD/g  delta  N02(-)- 
N  for  benzoic  acid.  It  is  proposed  that  an  aerobic 
nitritifying  biofilm  reactor  combined  with  an 
anoxic  denitritifying  biofilm  reactor  in  series  could 
be  employed  for  complete  nitrogen  removal.  (Au- 
thor's abstract) 
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Warm  concentrated  industrial  wastewaters  are 
preferably  treated  in  an  anaerobic  reactor  for  rea- 


sons of  energy  generation  and  low  surplus  sludge 
production.  However,  there  are  problems  to  be 
solved  in  the  practical  application  of  the  technolo- 
gy. These  problems  include  a  low  growth  rate  of 
the  microorganisms,  their  low  settling  rate  process 
instability,  and  the  need  for  after-treatment  of  the 
noxious  anaerobic  effluent  which  often  contains 
NH4(  +  )  and  HS(-).  An  investigation  was  under- 
taken to  determine  the  use  of  biomass  immobilized 
on  small  suspended  carriers  as  a  suitable  means  to 
overcome  these  problems.  Research  at  Gist-bro- 
cades, Delft,  The  Netherlands,  led  to  the  construc- 
tion of  a  full  scale  plant  which  utilized  an  anaero- 
bic pretreatment  process  and  an  aerobic  posttreat- 
ment  process.  The  anaerobic  pretreatment  process 
used  a  liquid/solid  fluidized  bed  as  the  reactor. 
Results  revealed  that  the  anaerobic  fluidized  bed 
system  offered  an  acceptable  alternative  in  that  the 
process  enabled  a  good  anaerobic  treatment  at  high 
loads  and  short  liquid  residence  times  for  a  normal 
load.  The  aerobic  posttreatment  system  consisted 
of  an  aerobic  airlift  suspension  reactor.  The  use  of 
this  system  has  shown  the  process  to  be  efficient 
for  high  rate  aerobic  purification.  High  biomass 
concentrations  and  purification  capacities  in  a  diffi- 
cult wastewater  were  possible  to  achieve.  (Korn- 
PTT) 
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Acid  mine  drainage  is  usually  highly  acidic  and 
contains  a  large  amount  of  ferrous  iron  formed 
naturally  by  dissolution  of  metal  sulfides  through 
biological  and  chemical  reactions.  One  of  the  treat- 
ment processes  for  this  mine  drainage  involves  the 
biological  oxidation  of  ferrous  iron  to  ferric  iron 
by  iron  oxidizing  bacteria.  An  investigation  was 
conducted  in  which  the  biological  oxidation  of 
iron  was  studied  both  in  batch  experiments  and  in 
fluidized  bed  reactor  with  Amberlite  IRA-938  as  a 
support  medium.  Results  from  the  batch  experi- 
ments revealed  that  the  effects  of  the  initial  ferrous 
iron  and  dissolved  oxygen  concentrations  on  the 
specific  rate  of  ferrous  iron  oxidation  could  be 
expressed  by  a  Monod  type  equation.  The  fluidized 
bed  reactor  achieved  ferrous  iron  oxidation  of  > 
90%  within  the  flow  rate  range  of  0.75  1/h  to  4.5  1/ 
h.  The  ferrous  iron  oxidation  in  the  fluidized  bed 
reactor  did  not  appear  to  be  influenced,  to  any 
great  degree,  by  the  change  in  the  water  tempera- 
ture. To  avoid  the  problem  of  clogging  by  ferric 
hydroxide,  it  was  recommended  that  the  fluidized 
bed  reactor  be  operated  such  that  the  influent  pH 
is  not  more  than  2.0.  A  proposed  mathematical 
model  describing  the  behavior  of  ferrous  iron  con- 
centration in  the  fluidized  bed  reactor  was  very 
useful  for  predicting  the  effluent  ferrous  iron  con- 
centration under  both  steady  and  nonsteady  state 
conditions.  (Author's  abstract) 
W91-05752 


PERFORMANCE  ANALYSIS  OF  THE  ROTAT- 
ING BIOLOGICAL  CONTACTOR  PROCESS 
BASED  ON  PARTICLE  FRACTION  AND  IM- 
PROVEMENT OF  FINAL  EFFLUENT  QUAL- 
ITY. 

Japan  Sewage  Works  Agency,  Toda.  Research  and 
Technology  Development  Div. 
K.  Tanaka,  M.  Tada,  M.  Ito,  and  N.  Shimizu. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1457-1466,  1991.  9  fig,  2  tab,  2  ref. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Waste  Treatment  Processes 


Descriptors:  *Biofilms,  'Biological  wastewater 
treatment,  'Particle  size,  'Suspended  solids, 
'Transparency,  'Wastewater  treatment,  Biofilm 
reactors,  Biological  oxygen  demand,  Clarification, 
Coagulation,  Filtration. 

Biofilm  processes  are,  in  general,  suitable  for  small- 
scale  wastewater  treatment  plants.  However,  final 
effluent  qualities  of  biofilm  processes  are  not  as 
good  as  those  of  activated  sludge  processes  due  to 
fine  particles  remaining  in  the  effluents.  To  im- 
prove the  effluent  qualities  of  the  Rotating  Biologi- 
cal Contactor  (RBC)  process,  the  behavior  of  fine 
particles  through  the  process  and  the  removal  of 
fine  particles  with  solids-liquid  separation  methods, 
rapid  filtration,  and  coagulation-filtration,  were  in- 
vestigated using  the  particle  fraction  method.  An 
increase  of  the  hydraulic  retention  time  (HRT)  in 
the  RBC  reactor  reduced  the  amount  of  fine  parti- 
cles and  increased  the  amount  of  coarse  suspended 
solids  of  44  micrometers  or  more  in  diameter, 
which  are  easily  removed  by  clarification.  Thus, 
the  final  effluent  qualities  were  improved  by  the 
increase  of  HRT.  Suspended  solids  in  effluent  from 
the  RBC  process  at  the  standard  loading  are  so  fine 
that  improvement  of  the  quality  is  not  expected  by 
only  lowering  the  overflow  rate  of  a  final  clarifier. 
In  contrast,  rapid  filtration  or  a  coagulation-filtra- 
tion process  is  effective.  The  suspended  solid  con- 
centration and  transparency  of  the  effluent  from 
the  final  clarifier  was  improved  by  a  factor  of  two 
to  four,  and  the  biological  oxygen  demand  (BOD) 
of  the  final  effluent  was  removed  by  40-85%.  (Au- 
thor's abstract) 
W91-05753 


PERFORMANCE  EVALUATION  OF  COM- 
PACT RBC-SETTLING  TANK  SYSTEM. 

Korea  Advanced  Inst,  of  Science  and  Technology, 
Seoul  (Republic  of  Korea).  Environmental  Engi- 
neering Lab. 

K.  H.  Ahn,  and  J.  S.  Chang. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1467-1476,  1991.  13  fig,  4  tab,  10  ref. 

Descriptors:  'Biological  wastewater  treatment, 
'Domestic  wastes,  'Nitrogen  removal,  'Sludge 
treatment,  'Wastewater  reactors,  'Wastewater 
treatment,  Ammonia,  Biomass,  Hydraulic  loading, 
Organic  loading,  Sludge,  Suspended  solids. 

A  laboratory  study  was  conducted  to  investigate 
the  performance  of  a  rotating  biological 
contactor(RBC)-settling  tank  system  on 
wastewater  treatment  in  comparison  with  conven- 
tional RBC.  The  same  synthetic  wastewater  was 
fed  parallel  into  four  stage  laboratory  scale  cas- 
cade-connected RBC-settling  tank  and  convention- 
al RBC  reactors  at  a  fixed  rotational  speed  and 
hydraulic  loading.  At  three  different  organic  load- 
ing rates  of  6.14,  13.44,  and  23.31  g  soluble  chemi- 
cal oxygen  demand  (SCOD)/sq  m/d,  the  results  of 
the  systems  are  presented  in  terms  of  ammonia 
nitrogen  (NH3-N),  total  kjeldahl  nitrogen  (TKN), 
organic  and  suspended  solids  (SS)  loading  and 
removal.  Disk  biomass  index  (DBI),  sludge  bio- 
mass index  (SBI),  and  fractional  biomass  volatile 
solids  destruction  (FBVSD)  were  used  to  compare 
the  disk  active  biomass  and  the  sludge  stability  of 
the  RBC-settling  tank  system  with  those  of  the 
conventional  RBC.  Removal  efficiency  of  SS, 
NH3-N,  and  TKN  was  much  higher  in  the  RBC- 
settling  tank  system  than  the  conventional  RBC. 
However,  organic  removal,  in  terms  of  g  SCOD 
removed/sq  m/d  of  both  reactors  was  not  much 
different.  Much  better  sludge  stabilization  was  ob- 
served in  the  RBC-settling  tank  system.  Because 
the  RBC-settling  tank  system  performed  very  well 
overall,  it  may  be  an  effective  and  economical 
system  for  treating  domestic  wastewater  in  small 
and  isolated  communities.  (Author's  abstract) 
W9 1-05754 


DENITRIFICATION  OF  LANDFILL  LEACH- 
ATE  BY  THE  MODIFIED  ROTATING  BIO- 
LOGICAL CONTACTOR  (RBC). 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

M.  Hosomi,  I.  Yuhei,  K.  Matsushige,  and  R.  Sudo. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1477-1485,  1991.  2  fig,  10  tab,  11  ref 


Descriptors:  'Anaerobic  filters,  'Biological  filters, 
•Landfills,  'Leachates,  'Nitrogen  removal, 
•Sludge  disposal,  'Wastewater  treatment,  'Water 
pollution  prevention,  Biological  oxygen  demand, 
Denitrification,  Nitrification,  Organic  compounds, 
Organic  loading. 

In  order  to  simultaneously  remove  high-strength 
nitrogen  and  organics  from  a  landfill  leachate,  a 
modified  rotating  biological  contactor  (RBC)  was 
developed.  The  modified  RBC  contained  an  anaer- 
obic biofilter  which  was  packed  with  special  string 
media  and  was  then  incorporated  into  a  standard 
RBC.  The  leachate  used  in  the  investigation  was 
taken  from  a  co-disposal  site  for  sewage  sludge  and 
municipal  solid  waste.  The  biological  oxygen 
demand  (BOD)  surface  loading  of  the  rotating 
disks  was  varied  from  2  to  10  g/sq  m/d  while  the 
rotating  rate  of  the  disks  ranged  from  8  to  32  rpm. 
The  capability  to  remove  chemical  oxygen  demand 
(COD)  containing  refractory  organic  compounds 
was  much  greater  in  the  modified  RBC  than  in  the 
standard  RBC.  Nitrogen  removal  in  the  modified 
RBC  was  about  90%  compared  to  50%  in  the 
standard  RBC.  The  modified  RBC  had  the  advan- 
tage of  nitrogen  removal  because  nitrification  and 
denitrification  proceeded  efficiently,  even  when  a 
carbon  source  was  not  added.  Finally,  the  perform- 
ance of  the  modified  RBC  was  superior  to  that  of 
the  standard  RBC  in  both  BOD  surface  loading 
and  BOD  volumetric  loading.  (Korn-PTT) 
W91-05755 


EFFECT  OF  SHORT-TERM  AND  LONG-TERM 
CHANGES  IN  HYDRAULIC  CONDITIONS  ON 
NITRIFYING  BIOFILM. 

Tokyo  Univ.  (Japan).  Dept.  of  Urban  Engineering. 
S.  Kugaprasatham,  H.  Nagaoka,  and  S.  Ongaki. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1487-1494,  1991.  6  fig,  2  tab,  6  ref. 

Descriptors:  'Biofilms,  'Biomass,  'Laboratory 
methods,  'Substrates,  'Wastewater  treatment, 
'Water  treatment,  Bacteria,  Microbiological  stud- 
ies, Model  studies,  Turbulent  flow. 

One  of  the  important  applications  of  biofilm  proc- 
esses is  the  removal  of  pollutants  found  at  very  low 
concentrations  in  water  and  wastewater  systems. 
At  low  concentrations,  the  amount  of  biofilm  bio- 
mass is  very  small  and  hydraulic  conditions 
become  an  important  factor  affecting  the  biofilm's 
performance.  The  effects  of  hydraulic  conditions 
on  nitrifying  biofilms  grown  under  substrate-limit- 
ing conditions  was  investigated  using  a  laboratory 
scale  cylindrical  reactor.  The  nitrifying  biofilm 
was  grown  on  the  wall  of  the  reactor  at  a  base 
hydraulic  condition  with  an  average  turbulent  in- 
tensity of  6.6  cm/s.  Specific  fluxes  measured  at  the 
end  of  short  time  periods  for  changed  turbulent 
intensities  varied  according  to  a  power  law  with  a 
coefficient  of  0.76  up  to  a  turbulent  intensity  of  1.3 
cm/s.  This  value  was  in  agreement  with  the  theo- 
retical expression  derived  for  filamentous  biofilms 
under  turbulent  conditions.  However,  further  re- 
duction of  turbulent  intensity  did  not  decrease  the 
specific  flux.  These  findings  indicated  the  existence 
of  molecular-type  diffusion  under  low  turbulent 
intensities.  Long-term  changes  in  hydraulic  condi- 
tions (i.e.,  decreases)  decreased  the  specific  flux 
showing  substrate  transfer  limitations.  An  examina- 
tion of  the  nature  of  the  biofilms  biomass  indicated 
that  filamentous-type  biofilms  were  observed  at 
high  velocities  and  turbulent  intensities  while 
colony-type  biofilms  were  found  under  low  veloci- 
ties and  turbulent  intensities.  (Korn-PTT) 
W91-05756 


SHOULD  WASTE  STABILIZATION  PONDS  BE 
DESIGNED  FOR  PERFECT-MIXING  OR 
PLUG-FLOW. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Sherman 

Center  for  Research  in  Environmental  and  Water 

Resources  Engineering. 

M.  Juanico. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1495-1502,  1991.  4  fig,  2  tab,  15  ref. 

Descriptors:  'Flow  pattern,  'Model  studies,  'Plug 
flow,  'Stabilization  ponds,  'Wastewater  treatment, 
Bacteria,  Biological  oxygen  demand,  Effluents, 
Hydraulic  loading. 


The  effect  of  the  hydraulic  flow  pattern  on  the 
performance  of  waste  stabilization  ponds  (WSP) 
was  analyzed  by  modelling  two  parameters  with 
different  removal  constants  (i.e.,  bacteria  and  bio- 
logical oxygen  demand  (BOD)).  The  analysis  was 
made  for  cases  of  steady  hydraulic  loading  and 
hydraulic  loading  changes  occurring  on  weekends. 
The  results  of  the  modelling  exercises  revealed  that 
plug-flow  ponds  performed  much  better  than  per- 
fect mixed  ponds  for  removal  of  parameters  with 
high  removal  constants  such  as  bacteria.  Changes 
in  the  hydraulic  loading  regime,  due  to  weekend 
effects,  did  not  modify  the  variability  of  outflow 
quality  from  plug-flow  ponds.  The  plug-flow  and 
perfect  mixed  ponds  performed  very  similarly 
when  the  removal  constant  was  low,  as  for  BOD. 
However,  the  changes  in  hydraulic  loading  did 
affect  the  variability  of  outflow  quality  from  per- 
fect mixed  ponds  only  in  the  case  of  parameters 
with  high  removal  constants,  such  as  bacteria.  Fur- 
ther implications  of  the  current  modelling  investi- 
gation revealed  that  polishing  ponds,  intended  for 
bacterial  removal,  should  be  designed  for  a  flow 
pattern  similar  to  plug-flow.  In  addition,  faculta- 
tive ponds  intended  for  BOD  removal  may  be 
designed  for  perfect  mixed,  partial  mixed,  or  plug- 
flow.  It  was  envisioned  that  several  small  ponds 
with  short  residence  times,  located  in  series,  could 
avoid  short  circuiting  of  effluents  between  inlet 
and  outlet.  However,  this  design  did  not  assure  a 
plug-flow  pattern,  and  it  could  lead  to  the  forma- 
tion of  dead  areas  and  the  reduction  of  the  actual 
residence  time  of  effluents  within  the  system.  (Au- 
thor's abstract) 
W9 1-05757 


APPLICATION  OF  THREE  STEP-BIOLOGI- 
CAL POND  WITH  THE  USE  OF  AQUATIC 
PLANT  FOR  POST  TREATMENT  OF  PETRO- 
LEUM WASTEWATER  IN  VIETNAM. 

Ho  Chi  Minh  City  Polytechnic  (Vietnam).  Dept. 

of  Environmental  Engineering. 

L.  M.  Triet,  N.  T.  Viet,  T.  V.  Thinh,  H.  D.  Cuong, 

and  J.  C  L.  van  Buuren. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1503-1507,  1991.  5  fig,  2  tab,  4  ref. 

Descriptors:  'Chlorella,  'Industrial  wastewater, 
•Oil  wastes,  *Reeds,  *  Stabilization  ponds,  'Waste 
stabilization,  'Wastewater  treatment,  'Water  hya- 
cinth, Activated  sludge  process,  Biodegradation, 
Effluents,  Oil  industry,  Vietnam,  Wastewater, 
Wastewater  pollution. 

Wastewater  pollution  is  a  serious  problem  in  Viet- 
nam where,  currently,  domestic  and  industrial 
wastewaters  are  discharged  directly  into  water 
courses  without  any  treatment.  It  has  recently  been 
decided  that  all  new  industrial  facilities  will  install 
their  own  wastewater  treatment  plants.  The  cur- 
rent study  focuses  on  the  potential  wastewater 
treatment  system  for  a  petroleum  refinery  plant  in 
Vietnam.  The  effluent  from  the  activated  sludge 
treatment  of  the  petroleum  wastewater  was  treated 
with  the  aid  of  a  ponding  system.  The  system 
consisted  of  a  3  step  biological  pond  which  used 
three  kinds  of  aquatic  plants.  The  first  step  used 
the  water  hyacinth,  the  second  step  used  Chlorella, 
while  the  third  step  used  reeds.  Results  of  the 
investigation  revealed  that  the  purification  efficien- 
cy of  the  pilot  pond  system  depended  on  a  resi- 
dence time  of  approximately  14  days.  The  purifica- 
tion of  the  petroleum  wastewater  was  based  on 
breakdown  by  microorganisms.  Petroleum  remov- 
al ranged  between  97-98%,  while  the  chemical 
oxygen  demand  (COD)  removal  was  88-93%.  In 
the  pond  using  Chlorella,  the  amount  of  dissolved 
oxygen  increased  from  0.7  mg/1  to  9.8  mg/1  and 
the  pH  increased  from  6.9  to  8-8.6.  It  was  deter- 
mined that  the  aquatic  plants  functioned  well  by 
providing  attachment  sites  for  the  organisms,  pro- 
ducing dissolved  oxygen,  and  consuming  the  nutri- 
ents supplied  to  the  ponds.  (Korn-PTT) 
W9 1-05758 


PERFORMANCE  OF  STABILIZATION  RESER- 
VOIRS AS  A  FUNCTION  OF  DESIGN  AND 
OPERATION  PARAMETERS. 

Technion  -  Israel  Inst,  of  Tech.,  Haifa.  Sherman 
Center  for  Research  in  Environmental  and  Water 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes — Group  5D 


Resources  Engineering. 

M.  Juanico,  and  G.  Shelef. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1509-1516,  1991.  4  fig,  3  tab,  4  ref. 

Descriptors:  'Irrigation  water,  *Model  studies, 
'Stabilization  ponds,  'Wastewater  irrigation, 
'Wastewater  renovation,  'Wastewater  treatment, 
•Water  reuse,  Biological  oxygen  demand,  Chemi- 
cal oxygen  demand,  Effluents,  Israel,  Reservoirs, 
Seasonal  variation. 

Stabilization  reservoirs  were  initially  developed  for 
the  treatment  and  storage  of  wastewater  used  for 
agricultural  irrigation.  However,  the  additional  sta- 
bilization that  they  could  provide  to  effluents 
became  evident.  The  current  study  formulates 
equations  for  biological  oxygen  demand  (BOD) 
and  chemical  oxygen  demand  (COD)  removal  in 
these  stabilization  reservoirs.  The  removal  of  BOD 
and  COD  was  high  (i.e.,  50  to  85%)  in  terms  of 
annual  means,  but  sharply  changed  during  the 
year.  Three  models  were  developed  to  predict 
BOD  and  COD  removals  as  a  function  of  design 
and  operation  parameters.  Input  for  the  models 
was  provided  by  the  large  amount  of  data  available 
from  four  different  reservoirs.  The  results  of  the 
modelling  study  revealed  that  the  percentage  of 
fresh  effluents  within  the  reservoir  had  a  negative 
effect  on  BOD  and  COD  removals.  High  water 
levels,  and  their  concomitant  low  area/volume  re- 
lationships, also  had  a  negative  effect  on  removal 
efficiency  due  to  poor  oxygenation  of  the  water 
column.  The  percentage  of  fresh  effluents  within 
the  system  was  a  hydraulic  parameter  used  to 
analyze  the  performance  of  non-steady  state 
wastewater  treatment  systems.  Based  on  that  pa- 
rameter, the  quality  of  the  effluents  released  for 
irrigation  from  the  reservoirs  deteriorated  during 
the  second  half  of  the  irrigation  season.  This  dete- 
rioration was  due  to  both  the  increase  in  the  per- 
centage of  fresh  effluents  within  the  reservoir,  and 
the  occurrence  of  dead  areas  and  short-circuiting 
phenomenon  at  low  water  levels.  These  problems 
must  be  resolved  by  proper  design  and  operation 
of  the  reservoirs  in  order  to  obtain  a  more  homo- 
geneous effluent  quality  throughout  the  irrigation 
season.  (Author's  abstract) 
W91-05759 


MICROBIOLOGICAL  PERFORMANCE  OF 
MULTI-STAGE  STABILIZATION  PONDS  FOR 
EFFLUENT  USE  IN  AGRICULTURE. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 

Civil  Engineering. 

M.  M.  Saqqar,  and  M.  B.  Pescod. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1517-1524,  1991.  6  fig,  5  tab,  16  ref. 

Descriptors:  'Agricultural  water,  'Fecal  con- 
forms, 'Helminths,  'Nematodes,  'Stabilization 
ponds,  'Wastewater  irrigation,  'Wastewater  ren- 
ovation, 'Wastewater  treatment,  'Wastewater  use, 
•Water  use,  Biological  oxygen  demand,  Databases, 
Effluents,  Hydrogen  ion  concentration,  Jordan, 
Organic  loading,  Regression  analysis,  Retention 
time,  Wastewater. 

A  study  was  conducted  on  total  and  fecal  coliform 
removal  and  on  intestinal  nematode  egg  removal 
achieved  in  the  Al-Samra  stabilization  ponds  in 
Jordan  during  the  period  December  1986  through 
March  1987.  The  Al-Samra  treatment  plant  con- 
sists of  three  almost  identical  parallel  trains,  each 
containing  ten  ponds  in  series.  The  results  of  the 
investigation  revealed  that  a  complete  removal  of 
nematode  eggs  was  achieved  for  a  total  retention 
time  of  34  days  in  the  pond  series.  However, 
during  that  same  period,  the  treatment  plant  was 
unable  to  meet  World  Health  Organization  (WHO) 
guidelines  for  the  removal  of  fecal  coliforms.  Part 
of  the  reason  the  plant  was  unable  to  meet  the 
guidelines  could  be  the  high  organic  loading  rates 
which  occur  along  the  pond  series.  The  anaerobic 
influent  wastewater,  with  high  concentrations  of 
ammonia-nitrogen  and  sulfide,  adversely  affected 
algal  activity  and  changes  in  pH  values  in  the 
ponds.  An  initial  linear  regression  analysis  per- 
formed on  the  data  indicated  that  retention  time, 
pond  biological  oxygen  demand  (BOD)5  concen- 
tration, pH,  and  depth  had  a  significant  effect  on 
the  rate  of  fecal  coliform  die-off  While  the  rate  of 


pond  organic  loading  seemed  to  have  less  of  an 
influence  on  the  treatment  process,  it  was  apparent 
that  there  were  interactions  among  several  of  the 
parameters.  A  multiple  regression  analysis  is  being 
applied  to  a  more  extensive  data  set  than  that 
presented  here  and  should  illustrate  the  relative 
importance  of  the  various  parameters.  (Korn-PTT) 
W91-05760 


BACTERIAL  (TOTAL  COLIFORM)  DIE-OFF  IN 
MATURATION  PONDS. 

New  South  Wales  Univ.,  Kensington  (Australia). 
School  of  Civil  Engineering. 

D.  Qin,  P.  J.  Bliss,  D.  Barnes,  and  P.  A.  Fitzgerald. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1525-1534,  1991.  3  fig,  5  tab,  12  ref. 

Descriptors:  'Correlation  analysis,  'Kinetics, 
'Model  studies,  'Stabilization  ponds,  'Wastewater 
treatment,  Australia,  Bacterial  analysis,  Coliforms, 
Effluents,  Experimental  data,  Experimental  design, 
Ponds,  Temperature  effects. 

The  bacteriology  of  maturation  ponds  has  not  been 
explored  sufficiently  to  provide  a  basis  for  an  un- 
derstanding of  the  fundamental  factors  affecting 
bacterial  die-off.  The  current  study  focuses  on  the 
main  parameters  affecting  the  removal  of  total 
coliform  and  evaluates  the  kinetics  of  bacterial  die- 
off  The  investigation  was  divided  into  three 
phases  which  included  static  tests,  a  mathematical 
model,  and  dynamic  laboratory  pilot  scale  pond 
experiments.  The  mathematical  model  of  total  coli- 
form die-off  in  maturation  ponds  was  developed 
based  on  first  order  kinetics.  Laboratory  single 
factor  and  dynamic  model  pond  tests  were  carried 
out  using  effluent  from  a  municipal  trickling  filter 
wastewater  treatment  plant.  Results  of  the  investi- 
gation revealed  correlations  between  two  groups 
of  factors  which  have  a  significant  effect  on  the 
first  order  rate  coefficient.  These  two  groups  in- 
cluded environmental  factors  (i.e.,  temperature, 
pH,  and  organic  loading)  and  illumination-related 
factors  (i.e.,  sunlight  intensity,  depth,  algal  concen- 
tration, and  turbidity).  These  correlations  were 
used  in  the  model  along  with  the  physical  configu- 
ration factors  (i.e.,  dimensions,  detention  time,  and 
dispersion  number)  and  a  calibrated  dispersion 
model.  Predictions  of  the  bacterial  die-off  using  the 
model  agreed  well  with  experimental  results  ob- 
tained from  the  dynamic  model  pond  tests.  (Au- 
thor's abstract) 
W91-05761 


NUTRIENT  REMOVAL  BY  HIGH  RATE  POND 
SYSTEM  IN  A  MEDITERRANEAN  CLIMATE 
(FRANCE). 

Montpellier-2  Univ.  (France). 

B.  Picot,  H.  El  Halouani,  C.  Casellas,  S.  Moersidik, 

and  J.  Bontoux. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1535-1541,  1991.  6  fig,  1  tab,  10  ref. 

Descriptors:  'Detention  time,  'Light  intensity, 
'Marine  climates,  'Ponds,  'Stabilization  ponds, 
'Temperature  effects,  'Wastewater  treatment, 
•Water  pollution  prevention,  Algae,  Ammonia, 
Domestic  wastewaters,  Eutrophication,  Nitrogen 
removal,  Oxidation  ponds,  Phosphorus  removal, 
Photosynthesis,  Seasonal  variation. 

A  study  was  conducted  to  ascertain  the  mecha- 
nisms involved  in  nitrogen  and  phosphorus  remov- 
al from  wastewater  and  to  determine  the  most 
effective  treatment  conditions  for  removing  these 
nutrients  by  high  rate  ponding  (HRP)  in  a  Mediter- 
ranean climate.  The  HRP  system  favors  algal  pro- 
duction and  assures  satisfactory  treatment  of  do- 
mestic wastewater.  Tests  carried  out  in  Meze 
(France)  showed  that  variations  of  climatic  factors 
(i.e.,  light  and  temperature)  can  be  compensated  by 
changes  in  detention  times.  During  the  winter, 
when  there  was  low  light  intensity  and  low  tem- 
peratures, the  pond  was  operated  with  long  deten- 
tion times  (8  days).  The  pond  was  operated  for 
short  detention  times  in  the  summer  when  the 
climatic  conditions  were  more  favorable.  The  re- 
sults of  the  investigation  revealed  that  the  rates  of 
NH4-N  and  P04-P  removal  were  high  and  stable 
(i.e.,  94  and  71%,  respectively)  during  the  study 
period  February  to  September,  1988.  Several  phe- 


nomenon were  believed  to  be  responsible  for  nutri- 
ent elimination  in  the  HRP.  In  addition  to  photo- 
synthetic  assimilation,  the  volatilization  of  ammo- 
nia was  also  thought  to  be  responsible  for  nutrient 
removal.  The  precipitation  of  calcium  phosphate, 
due  to  the  high  pH  obtained  by  intense  algal  pho- 
tosynthetic  activity  was  also  believed  to  play  a  role 
in  the  removal  of  nitrogen  and  phosphorus  from 
the  wastewaters.  Wastewater  treatment  by  HRP 
appears  to  be  an  attractive  technique  for  prevent- 
ing eutrophication  in  receiving  waters.  (Author's 
abstract) 
W9 1-05762 


PERFORMANCE  OF  AN  INTEGRATED  POND- 
ING SYSTEM  OPERATED  IN  ARID  ZONES. 

Kuwait  Inst,  for  Scientific  Research,  Safat.  Dept. 
of  Biotechnology. 

K.  Puskas,  I.  I.  Esen,  I.  Banat,  and  R.  Al-Daher. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1543-1552,  1991.  3  fig,  5  tab,  8  ref. 

Descriptors:  'Agricultural  water,  'Arid  climates, 
'Biological  wastewater  treatment,  'Irrigation 
water,  'Oxidation  ponds,  'Stabilization  ponds, 
•Wastewater  facilities,  'Wastewater  treatment, 
'Water  reuse,  Algae,  Bacteria,  Biological  oxygen 
demand,  Biomass,  Chemical  oxygen  demand,  Coli- 
forms, Disinfection,  Experimental  design,  Kuwait, 
Pilot  plants. 

A  research  project  was  conducted  to  develop  a 
ponding  system  for  municipal  wastewater  treat- 
ment adapted  to  arid  regions.  High-rate  algal 
ponds  preceded  by  facultative  ponds  create  a  com- 
bined biological  system  that  can  provide  treated 
effluent  suitable  for  landscape  irrigation  or,  if  up- 
graded, agricultural  irrigation.  The  system  can  also 
provide  algae  for  soil  conditioning  or  animal  feed. 
A  pilot  plant  was  designed  and  constructed  to 
study  the  operation  and  performance  of  the 
system.  An  intensive  experimental  program  was 
introduced  with  in-situ  measurements  of  the  daily 
pond  conditions  and  laboratory  analysis  of  the 
pond  effluents  to  evaluate  the  system  and  deter- 
mine the  design  parameters.  The  algal-bacterial 
ponding  system  performed  satisfactorily  providing 
treated  effluent  with  less  than  20  mg/1  biological 
oxygen  demand  (BOD),  130  mg/1  chemical  oxygen 
demand  (COD),  40  mg/1  total  nitrogen,  and  25 
mg/1  NH3N.  The  average  production  of  algal  bio- 
mass was  250  kg/ha.d.  Proper  disinfection  was 
achieved,  as  indicated  by  the  average  bacterial 
count  of  5  N/ml  total  coliforms  and  1000  N/ml 
total  bacteria.  The  areas's  seasonal  weather  vari- 
ations, dense  wastewater  and  fluctuating  organic 
and  hydraulic  load,  did  not  adversely  effect  the 
system.  The  pilot  operation  proved  the  advantages 
and  efficiency  of  the  algal-bacterial  pond  system  in 
arid  regions.  (Author's  abstract) 
W9 1-05763 


PREDICTIONS  OF  DIURNAL  FLUCTUA- 
TIONS IN  AN  ALGAL  BACTERIAL  CLAY 
WASTEWATER  TREATMENT  SYSTEM. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

J.  B.  Carberry,  and  C.  M.  Brunner. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1553-1561,  1991.  12  fig,  4  tab,  16  ref. 

Descriptors:  'Biodegradation,  'Biological 

wastewater  treatment,  'Diurnal  variation,  'Model 
studies,  'Wastewater  treatment,  Algae,  Bacteria, 
Biomass,  Carbon  dioxide,  Chemical  oxygen 
demand,  Dissolved  oxygen,  Hydrogen  ion  concen- 
tration, Microbial  degradation,  Microbiological 
studies,  Oxidation-reduction  potential,  Photosyn- 
thesis, Substrates. 

A  series  of  experiments  were  conducted  to  investi- 
gate the  effect  of  diurnal  fluctuations  and  the  mag- 
nitude of  resulting  02,  C02,  and  pH  oscillations 
for  an  algal  bacterial  clay  treatment  process.  The 
experiments  were  performed  in  a  biostat  using 
different  combinations  of  algae,  bacteria,  and  sub- 
strate at  various  concentrations.  The  results  of  the 
experiments  indicated  that  C02  decreased  and  02 
increased  during  light  periods  due  to  photosynthe- 
sizing  algae.  The  levels  of  C02  increased  and  02 
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decreased  during  dark  periods  due  to  respiration 
by  both  algae  and  bacteria.  The  pH  fluctuated 
opposite  to  C02  fluctuations.  However,  pH  values 
less  than  5  caused  system  failure  due  to  a  continu- 
ing decrease  in  algal  concentration.  The  redox 
potential  reached  a  minimum  at  low  dissolved 
oxygen  (DO)  and  then  increased  and  leveled  out  at 
a  value  above  zero.  The  level  of  chemical  oxygen 
demand  (COD)  overrode  the  usual  diurnal  effect 
of  light  on  the  algal-bacterial  interactions.  Data 
from  the  experiments  were  used  to  develop  two 
models  that  could  predict  changes  in  these  param- 
eters over  a  24-hour  period.  One  model,  incorpo- 
rating changes  in  redox  potential,  appeared  to  be 
more  sensitive  to  changes  in  the  aqueous  environ- 
ment than  the  other  model,  which  was  based  on 
changes  in  COD  and  light  fluctuations.  However, 
both  models  appeared  accurate  at  predicting  the 
timing  of  changes  in  the  measured  parameters  as 
well  as  predicting  the  algal  biomass  generated. 
(Korn-PTT) 
W9 1-05764 


NUTRIENT  REMOVAL  FROM  AERATED  LA- 
GOONS USING  ALUM  AND  FERRIC  CHLO- 
RIDE-A  CASE  STUDY. 

Sherbrooke  Univ.  (Quebec).  Dept.  of  Civil  Engi- 
neering. 

K.  S.  Narasiah,  C.  Morasse,  and  J.  Lemay. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1563-1572,  1991.  6  fig,  5  tab,  8  ref. 

Descriptors:  'Aerated  lagoons,  'Alum,  'Chemical 
coagulation,  'Nutrient  removal,  'Phosphates, 
•Phosphorus  removal,  'Secondary  wastewater 
treatment,  'Wastewater  treatment,  Chemical  pre- 
cipitation, Domestic  wastes,  Effluents,  Eutrophica- 
tion,  Flocculation,  Hydrogen  ion  concentration, 
Iron  compounds,  Physicochemical  treatment,  Sea- 
sonal variation. 

The  presence  of  phosphorus  in  wastewater  effluent 
can  trigger  eutrophication  in  the  receiving  body  of 
water.  Therefore,  wastewater  treatment  plants 
must  be  able  to  control  nutrient  output.  A  series  of 
laboratory  and  on-site  studies  were  conducted  over 
a  period  of  one  year  on  an  existing  aerated  lagoon 
treatment  plant  treating  domestic  wastes.  The  main 
objective  of  the  investigation  was  the  removal  of 
phosphate  from  the  effluent  using  alum  and  ferric 
chloride  as  coagulants.  Simple  relationships  linking 
coagulant  dosage  to  phosphate  removal  were  es- 
tablished. It  was  confirmed  during  the  study  that 
alum  reacts  preferentially  with  polyphosphates  and 
not  with  orthophosphates  in  the  precipitation  proc- 
ess. Seasonal  temperature  variations  did  not  appear 
to  affect  the  coagulation  and  flocculation  process 
adversely.  The  molar  capacity  of  alum  for  precipi- 
tating the  orthophosphate  fraction  was  greater  at 
the  secondary  level  of  treatment  compared  with 
that  at  the  primary  level.  For  low  concentrations 
of  filterable  phosphates,  ferric  chloride  served  as  a 
better  coagulant  than  alum.  Overall,  the  phospho- 
rus removal  efficiency  varied  between  90  and  95% 
in  the  case  of  both  coagulants.  However,  a  neces- 
sary precondition  for  precipitation  was  an  optimal 
pH  value.  (Korn-PTT) 
W9 1-05765 


JAPAN'S  AQUA  RENAISSANCE  90  PROJECT. 

Tokyo  Univ.  (Japan).  Dept.  of  Chemical  Engineer- 
ing. 

S.  Kimura. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1573-1582,  1991.  8  fig,  7  tab,  1  ref. 

Descriptors:  'Biofilm  reactors,  'Biological 
wastewater  treatment,  'Membrane  filters, 
•Wastewater  reactors,  'Wastewater  renovation, 
•Wastewater  treatment,  'Water  reuse,  Energy 
costs,  Industrial  wastewater,  Membranes,  Pretreat- 
ment  of  wastewater. 

Aqua  Renaissance  90  is  a  six  year  research  and 
development  project  for  water  reuse  and  energy 
recovery  supported  by  the  Japanese  Ministry  of 
International  Trade  and  Industry.  The  objective  is 
to  develop  low  cost  treatment  processes  utilizing 
bioreactors  coupled  with  membrane  separation 
units  to  produce  reusable  water  from  industrial 
wastewater  and  sewage.   Polymeric  and  ceramic 


membranes  in  capillary,  hollow  fiber,  tubular,  plate 
and  frame  modules  have  been  tested  in  conjunction 
with  bioreactors  on  a  number  of  actual  wastewater 
and  sewage  streams.  An  important  problem  associ- 
ated with  wastewater  treatment  is  the  pretreatment 
phase  of  the  system.  Excessive  use  of  pretreatment 
leads  to  high-cost  performance,  while  simple  treat- 
ment leads  to  severe  fouling  of  membranes  and 
modules  and  poor  equipment  performance.  In  the 
Aqua  Renaissance  Project,  membranes  and  mod- 
ules are  used  without  any  pretreatment.  The 
project  studied  the  performance  of  various  mem- 
branes and  the  power  consumed  by  each  process. 
Results  from  the  test  plant  operations  revealed  that 
successful  treatment  of  concentrated  wastewater 
could  be  accomplished  by  the  use  of  membrane 
separation  units.  In  addition,  the  units  used  less 
than  a  third  of  the  conventional  power  require- 
ment. (Author's  abstract) 
W9 1-05766 


EFFECT  OF  OPERATIONAL  FACTORS  ON 
SOLID/LIQUID  SEPARATION  BY  ULTRA- 
MEMBRANE  FILTRATION  IN  A  BIOLOGI- 
CAL DENJTRIFICATION  SYSTEM  FOR  COL- 
LECTED HUMAN  EXCRETA  TREATMENT 
PLANTS. 

Institute  of  Public  Health,  Tokyo  (Japan).  Dept.  of 
Sanitary  Engineering. 
Y.  Magara,  and  M.  Itoh. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1583-1590,  1991.  12  fig,  2  tab,  1  ref. 

Descriptors:  'Denitrification,  'Domestic  wastes, 
'Filtration,  'Membrane  filters,  'Wastewater  treat- 
ment, Biodegradation,  Energy  costs,  Gels,  Hy- 
draulic loading,  Japan,  Separation  techniques,  Sus- 
pended solids,  Temperature  effects,  Ultrafiltration, 
Wastewater  facilities,  Wastewater  reactors. 

One  third  of  the  total  population  of  Japan  is  served 
by  collected  human  excreta  treatment  systems  for 
the  sanitary  treatment  of  human  wastes.  In  order  to 
cope  with  the  stringent  effluent  quality  regulations 
set  for  human  excreta  treatment  plants,  the  high- 
load  biological  denitrification  process  with  ultra- 
membrane  filtration  for  solid/liquid  separation  has 
been  recently  developed.  This  system  has  advan- 
tages not  only  with  respect  to  the  solid/liquid 
separation  stage  of  biological  treatment  processes, 
but  also  with  regard  to  the  cost  and  operational 
effectiveness  of  advanced  treatment  processes  (e.g., 
ozonation  and  activated  carbon  adsorption).  How- 
ever, problems  can  be  experienced  with  the  ultra- 
membrane  filtration  process  because  the  attainable 
hydraulic  load  is  completely  governed  by  the  per- 
meation flux.  Therefore,  in  order  to  utilize  the 
ultra-membrane  filtration  process  in  a  biological 
wastewater  treatment  system,  the  effects  of  the 
operational  factors  on  the  permeation  flux  must  be 
clarified.  The  effects  of  water  temperature,  sus- 
pended solids  concentration,  driving  pressure,  and 
water  velocity  on  the  treatment  process  were  stud- 
ied. Results  revealed  that  in  order  to  attain  a  stable 
permeation  flux,  the  water  temperature  and  sus- 
pended solids  concentration  should  be  kept  as 
stable  as  possible.  In  addition,  the  development  of 
cake  or  gel  layer  resistance  showed  that  high  pres- 
sure and  high  velocity  gave  a  high  and  stable 
permeation  flux.  However,  it  has  also  been  shown 
that  the  optimum  operational  conditions  are  high 
pressure  and  low  velocity,  due  to  the  energy  costs 
for  operation  of  the  system.  (Author's  abstract) 
W9 1-05767 


MEMBRANE  BIOREACTOR  ON  DOMESTIC 
WASTEWATER  TREATMENT  SLUDGE  PRO- 
DUCTION AND  MODELLING  APPROACH. 

Lyonnaise  des  Eaux,  Le  Pecq  (France).  Lab.  Cen- 
tral. 

S.  Chaize,  and  A.  Huyard. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1591-1600,  1991.  10  fig,  4  tab,  16  ref. 

Descriptors:  'Activated  sludge,  'Biological 
wastewater  treatment,  'Domestic  wastes,  'Mem- 
brane filters,  'Model  studies,  'Wastewater  treat- 
ment, Biodegradation,  Biomass,  Kinetics,  Mainte- 
nance, Membranes,  Microbiological  studies,  Pilot 
plants,  Retention  time.  Sludge,  Ultrafiltration, 
Wastewater  reactors. 


Conventional  biological  processes  for  wastewater 
treatment  use  biomass  recycling  to  increase  the 
microorganism  concentration  in  the  aeration  tank. 
Membrane  separation  techniques  have  been  used 
for  biomass  recycling  in  wastewater  treatment 
processes.  The  effects  of  solids  retention  time 
(SRT)  and  hydraulic  retention  time  (HRT)  on  the 
performance  of  a  completely  mixed  biological  re- 
actor connected  to  an  ultrafiltration  module  were 
studied  in  a  pilot  plant  run  under  variable  operat- 
ing conditions  (i.e.,  SRT  and  HRT).  The  results 
revealed  that  changes  in  the  operational  param- 
eters of  the  reactor  had  no  effect  on  the  water 
quality  produced.  Data  obtained  in  the  experiments 
were  then  compared  to  theoretical  values  calculat- 
ed using  biological  wastewater  treatment  models. 
Major  disagreements  were  noted  in  biomass  con- 
centrations between  modelling  and  experimental 
results  with  experimental  values  being  generally 
lower  than  theoretically  predicted  values.  These 
differences  may  be  due  to  the  large  SRT  and  low 
HRT  used  in  the  experiments.  In  addition,  the 
maintenance  phenomena,  which  express  the  energy 
consumption  necessary  for  the  endogenous  respira- 
tion of  the  microorganisms,  was  not  incorporated 
into  the  model.  In  order  to  better  understand  the 
biological  reactions  involved  in  this  process,  it  is 
necessary  to  further  develop  the  maintenance  con- 
cept and  its  application  to  conventional 
wastewater  treatment  prediction  models.  (Korn- 
PTT) 
W91-05768 


EFFECTS  OF  ACTIVATED  SLUDGE  PROPER- 
TIES ON  WATER  FLUX  OF  ULTRAFILTRA- 
TION MEMBRANE  USED  FOR  HUMAN  EX- 
CREMENT TREATMENT. 

Kurita    Water    Industries    Ltd.,    Tokyo    (Japan). 

Technical  Dept. 

T.  Sato,  and  Y.  Ishii. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  7/9,  p  1601-1608,  1991.  3  fig,  4  tab,  3  ref. 

Descriptors:  'Activated  sludge  process,  'Biologi- 
cal wastewater  treatment,  'Domestic  wastes,  'Ul- 
trafiltration, 'Wastewater  treatment,  Chemical 
oxygen  demand,  Correlation  analysis,  Filtration, 
Japan,  Membranes,  Viscosity. 

In  the  treatment  of  human  excrement  in  Japan  it  is 
becoming  increasingly  necessary  to  develop  com- 
pact, water-saving  treatment  systems  due  to  the 
shortage  of  dilution  water  and  construction  sites. 
However,  for  non-dilution,  high-load  treatment 
processes,  it  is  necessary  to  raise  the  activated 
sludge  concentration  (MLSS)  in  a  biological  reac- 
tor and  develop  high  quality  solid-liquid  separation 
techniques.  Attention  has  been  focused  on  the  utili- 
zation of  ultrafiltration  (UF)  membranes  for  solid- 
liquid  separation.  A  study  investigated  the  relation- 
ship between  water  flux  of  a  UF  membrane  to 
MLSS,  sludge  viscosity,  and  soluble  chemical 
oxygen  demand  (COD)  with  a  high-concentration 
activated  sludge  suspension  fed  through  the  UF 
membrane.  A  bench  scale  plate  and  frame  UF 
membrane  test  unit  was  used  for  the  experiments. 
All  runs  reached  a  stable  state  water  flux  after  20- 
50  hours  of  operation.  Correlation  analysis  was 
then  performed  on  the  data  and  an  estimate  of  +/- 
24%  was  obtained  for  the  filtration  resistance  in 
the  test  unit.  It  was  determined  that  soluble  COD 
had  the  largest  effect  on  water  flux,  followed  by 
MLSS,  while  the  effect  of  viscosity  was  relatively 
small.  (Korn-PTT) 
W91-05769 


DISINFECTION  AND  CLARIFICATION  OF 
TREATED  SEWAGE  BY  ADVANCED  MICRO- 
FILTRATION. 

Memtec  Ltd.,  Windsor  (Australia). 

M.  Kolega,  G.  S.  Grohmann,  R.  F.  Chiew,  and  A. 

W.  Day. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,   No.   7/9,   p   1609-1618,    1991.   5  tab,   21   ref. 

Descriptors:  'Advanced  wastewater  treatment, 
•Clarification,  'Disinfection,  'Filtration,  'Mem- 
brane filters,  'Microfiltration,  'Secondary 
wastewater  treatment,  'Wastewater  treatment, 
Bacteria,   Biofouling,   Biological  oxygen  demand, 


140 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes— Group  5D 


Grease,  Heavy  metals,  Membranes,  Microbiologi- 
cal studies,  Phosphorus,  Suspended  solids,  Turbidi- 
ty, Viruses. 

A  study  was  conducted  to  investigate  the  use  of  an 
advanced  membrane  microfiltration  system  to  dis- 
infect and  clarify  secondary  and  primary  treated 
sewage.  The  membrane  microfiltration  system 
tested  incorporated  a  patented  gas  backwashing 
technique  which  significantly  reduces  fouling.  A 
comprehensive  microbiological  testing  program  es- 
tablished that  all  indicator  bacteria  and  viruses 
were  removed  by  this  system.  Testing  for  chemical 
quality  showed  significant  reductions  in  biological 
oxygen  demand  (BOD),  suspended  solids,  turbidi- 
ty, phosphorus,  oil/grease,  and  heavy  metals.  Con- 
sistent filtration  rates  over  several  months  were 
achieved  without  significant  biological  fouling. 
The  study  conclusively  showed  the  capability  of 
the  microfiltration  system  to  disinfect  and  clarify 
treated  sewage.  (Author's  abstract) 
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In  Osaka  City,  the  dredged  soil  has  been  disposed 
in  a  sea-based  solid  waste  disposal  site  since  1975. 
The  pond  at  the  solid  waste  disposal  site  allows 
sedimentation  and  purification  of  a  very  large  bulk 
of  wastewater  associated  with  the  dumped  dredged 
soil.  According  to  monthly  monitoring  of  the 
pond,  chemical  oxygen  demand  (COD)  values  rose 
in  the  spring  and  autumn  along  with  suspended 
solids  concentration  to  a  value  of  50.6  mg/1.  It  was 
determined  that  the  rise  in  COD  values  was  the 
result  of  exponential  growth  of  phytoplankton  in 
the  pond  and  appropriate  wastewater  treatment 
measures  were  necessary.  A  pollution  prevention 
membrane  of  30  m  width  and  2  m  depth  was 
constructed  to  remove  the  phytoplankton  from  the 
effluent.  The  maximum  effective  level  of  COD 
removal  achieved  by  the  pollution  prevention 
membrane  was  73%  and  COD  values  in  the  pond 
were  kept  below  20  mg/1.  From  the  point  of  both 
construction  and  maintenance  costs,  it  was  con- 
cluded that  the  pollution  prevention  membrane 
was  the  most  economical  method  for  wastewater 
treatment.  (Author's  abstract) 
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The  Tokyo  Metropolitan  Government  has  been 
exploring  ways  of  reclaiming  wastewater  to 
produce  high-quality  low-cost  water  for  recre- 
ational reuse  by  using  a  reverse  osmosis  membrane 


in  advanced  wastewater  treatment.  The  parameters 
used  to  evaluate  the  membrane  were  the  permeate 
quantity,  permeate  water  quality,  flux  decline  coef- 
ficient, and  recovery  rate  of  the  permeate  quantity 
by  chemical  cleaning.  As  a  result  of  the  study, 
spiral-wound  polyvinyl  alcohol  composite  mem- 
branes and  hollow-fiber  cellulose  triacetate  reverse 
osmosis  membranes  were  found  to  be  of  high  prac- 
tical value.  The  permeate  through  these  mem- 
branes was  colorless,  transparent,  and  odorless, 
with  an  appearance  equivalent  to  city  water.  The 
rejection  rate  of  the  fecal  coliform  group  was 
100%  and  the  chemical  oxygen  demand  (COD)  of 
the  permeate  was  1-2  mg/1,  with  a  chromaticity  of 
1  degree  or  less  and  a  phosphorus  content  of  0.01 
mg/1.  Under  the  same  pressure  condition,  these 
membranes  provided  three  times  more  permeate 
quantity  than  a  conventional  acetyl  cellulose  mem- 
brane having  a  time-proven  performance.  More- 
over, these  membranes  were  sufficiently  resistant 
to  fouling  and  could  recover  to  a  100%  permeate 
quantity  by  chemical  cleaning  once  they  were 
fouled.  (Author's  abstract) 
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The  feasibility  of  a  laboratory-scale  sequencing 
batch  membrane  reactor  (SBMR)  was  investigated 
for  the  treatment  of  wastewater  from  a  tannery 
operation  in  Bangkok,  Thailand.  Tannery 
wastewater  is  considered  toxic  as  it  contains  high 
strength  organic  matter  and  chromium.  The 
SBMR  system  consisted  of  a  hollow  fiber  microfil- 
tration unit  in  a  sequencing  batch  reactor  (SBR) 
for  solid-liquid  separation.  The  aim  of  the  design 
was  to  enhance  sludge  concentration  in  the  reactor 
thereby  promoting  the  stable  removal  of  organic 
matter  and  heavy  metals.  The  results  of  the  investi- 
gation revealed  that  the  removal  efficiency  for 
chemical  oxygen  demand  (COD)  was  93.7  to 
96.3%  while  total  chromium  had  a  removal  effi- 
ciency of  95.4  to  97.7%.  In  order  to  attain  stable 
filtration,  the  critical  sludge  concentration  was  de- 
termined to  lie  between  30,000  and  40,000  mg/1. 
Lower  solid  retention  times  (SRT)  gave  lower  Cr 
content  in  the  sludge  under  conditions  of  constant 
organic  loading.  Higher  organic  loading  generally 
resulted  in  lower  Cr  values  at  fixed  SRT,  except  in 
the  case  of  the  longest  SRT.  An  SRT  of  20  days 
gave  the  highest  ammoniacal/total  nitrogen  re- 
moval values  while  a  shorter  SRT  of  10  days  had 
adverse  effects  on  the  nitrifying  bacteria  because  of 
their  low  growth  rate.  Judging  from  the  process 
stability  in  terms  of  the  removal  of  organic  matter, 
nitrogen,  chromium,  and  the  flux,  an  SRT  of  20 
days  was  selected  as  the  most  appropriate.  Howev- 
er, with  an  SRT  of  20  days,  it  was  recommended 
that  volumetric  organic  loading  be  kept  less  than  8 
kgCOD/cu  m/d.  (Author's  abstract) 
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One  of  the  problems  met  in  application  of  adsorp- 
tion processes  in  water  treatment  is  the  slow  kinet- 
ics of  adsorption  which  is  due  to  the  slow  intrapar- 
ticle  diffusion  in  granular  adsorbents  such  as  granu- 
lar activated  carbon  (GAC)  in  liquid  phase.  How- 
ever, in  the  recently  developed  activated  carbon 
fibers  (ACF),  the  controlling  step  of  adsorption 
kinetics  becomes  axial  dispersion  in  the  packed 
beds  of  fibers.  By  using  the  correlation  of  axial 
dispersion  in  fiber  beds,  breakthrough  curves  from 
fiber  beds  can  be  estimated.  Because  of  its  small 
diffusion  distance  in  the  fiber,  fibrous  adsorbents 
provide  much  faster  adsorption  kinetics  compared 
with  granular  adsorbents.  The  application  of  fiber 
adsorbents  may  lead  to  smaller  adsorption  reactors 
and  effective  recovery  of  valuable  components 
present  in  wastewater.  Adsorption  of  trichloroeth- 
ylene from  contaminated  groundwater  on  activat- 
ed carbon  fiber  and  the  removal  of  phosphate  from 
wastewater  by  adsorption  on  zirconium  oxide  par- 
ticles supported  on  cotton  cellulose  fibers  have 
been  successful.  For  the  purpose  of  establishing  the 
application  of  fiber  adsorbents,  there  are  still  sever- 
al problems  left  for  research,  including  the  estab- 
lishment of  regeneration  methods  of  spent  adsorb- 
ents and  the  production  of  fiber  adsorbents  with 
less  cost.  (Korn-PTT) 
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The  removal  of  pollutants  from  diluted  aqueous 
solution  is  often  performed  with  the  use  of  activat- 
ed carbon  in  the  form  of  a  membrane.  A  series  of 
experiments  were  performed  using  batch  reactors 
and  pilot  units  to  evaluate  the  performance  of  the 
activated  carbon  membranes  on  aqueous  solutions 
containing  aromatic  compounds.  The  results  indi- 
cated that  very  rapid  adsorption  was  obtained  as  a 
result  of  using  the  activated  carbon  membranes. 
The  membranes  had  maximum  adsorption  capac- 
ities that  were  slightly  higher  than  that  of  activated 
carbon  grains  or  powder.  After  testing  the  operat- 
ing parameters  and  determining  the  breakthrough 
curves  in  the  case  of  phenol  adsorption,  a  simple 
model  was  obtained  which  could  be  used  to  derive 
the  breakthrough  curves.  The  velocity  and  inlet 
concentrations  were  parameters  for  the  proposed 
model.  The  utilization  of  the  membrane  in  the  field 
of  water  purification  or  wastewater  treatment 
seems  to  be  promising.  The  material  could  be  used 
as  a  final  stage  for  water  previously  treated  by 
classical  processes  or  ultrafiltration  membranes. 
Small  treatment  units  could,  therefore,  be  designed 
for  producing  drinking  water,  treating  waste  or 
recycling  water.  (Korn-PTT) 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Waste  Treatment  Processes 


Dyestuffs  and  pigments,  once  thought  to  be  inert, 
nontoxic  materials,  are  now  believed  to  be  very 
harmful  to  aquatic  life  in  the  rivers  to  which  they 
have  been  discharged.  Recent  attention  has  fo- 
cused on  the  possible  use  of  an  adsorption  process 
for  the  treatment  of  these  dyestuff  wastes.  A  poten- 
tial advantage  of  this  process  may  be  the  ability  to 
recover  the  dyestuffs  in  concentrated  form.  A 
study  was  conducted  on  the  effectiveness  of  chito- 
san  fibers  on  the  adsorption  of  Brilliant  Yellow 
(direct  dye),  Acid  Orange  II  (acid  dye),  and  Crys- 
tal Violet  (basic  dye).  The  results  were  compared 
to  results  obtained  when  activated  carbon  fibers 
were  used  for  the  same  dyestuffs.  The  amount  of 
adsorption  of  Brilliant  Yellow  and  Acid  Orange  II 
on  chitosan  fibers  was  much  larger  than  on  the 
activated  carbon  fiber.  However,  Crystal  Violet 
was  adsorbed  on  the  chitosan  fiber  to  a  small 
degree  while  the  activated  carbon  fibers  appeared 
to  adsorb  Crystal  Violet  very  well.  Experimental 
equilibrium  isotherms  for  the  adsorption  of  the 
dyes  were  measured  using  the  batch  method.  The 
equilibrium  isotherms  appeared  to  be  significantly 
affected  by  the  initial  concentration  of  the  dye  and 
temperature  while  the  presence  of  NaCl  seemed  to 
have  little  effect.  Irreversible  desorption  of  the 
direct  dye  and  the  acid  dye  could  be  accomplished 
using  dilute  aqueous  solutions  of  caustic  soda,  such 
as  20  mol/cu  m.  (Korn-PTT) 
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Granular  and  powdered  activated  carbon  (GAC, 
PAC)  processes  are  widely  used  to  control  pollut- 
ant levels  in  the  water  and  wastewater  treatment 
fields.  One  way  that  adsorption  onto  activated 
carbon  can  be  accomplished  is  by  using  a  com- 
pletely mixed  activated  carbon  contactor.  In  this 
process,  operated  at  steady  state,  a  continuous  mass 
stream  of  the  adsorbent  is  applied  to  the  reactor.  A 
mathematical  model  was  derived  for  the  steady 
state  adsorption  of  pollutants  from  completely 
mixed  activated  carbon  contactors.  A  sludge  age 
distribution  has  been  incorporated  for  the  adsorb- 
ent in  order  to  describe  these  processes  accurately. 
The  resulting  mathematical  model  was  solvable 
analytically  using  the  homogeneous  surface  diffu- 
sion model  (HSDM)  as  a  descriptor  of  intraparticle 
mass  transfer  resistance.  It  was  demonstrated  that  a 
single,  equivalent  particle  size  could  be  used  for 
practical  computations  to  approximate  a  particle 
size  distribution  encountered  for  commercially 
available  carbons.  Extension  of  the  newly  derived 
model  for  multicomponent  competitive  adsorption 
appears  to  be  straightforward.  In  addition,  an 
equivalent  single  component  system  could  be  used 
to  study  the  behavior  of  a  trace  component  in  a 
multi-solute  environment.  (Korn-PTT) 
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Upgrading  of  oxidation  pond  effluents  by  algal 
removal    has   received   considerable   attention    in 


recent  years  considering  the  potential  economic 
value  of  microalgae  and  the  probable  development 
of  high-rate  ponds  where  solids  production  is  maxi- 
mized. The  effectiveness  of  the  use  of  seawater  and 
of  magnesium  in  the  removal  of  microalgae  from 
oxidation  pond  effluents  was  investigated  using  a 
magnesium  induced  fluidized  bed  flocculation 
system.  The  results  indicated  that  the  major  floccu- 
lating reaction  was  the  magnesium  hydroxide  pre- 
cipitation which  occurred  at  pH  11.5.  The  next 
step  was  to  intensify  the  liquid-solids  separation  by 
use  of  a  fluidized  bed  flocculator  packed  with  800 
micrometer  inert  resin  particles  provided  with  an 
inclined  multitubular  settler.  The  outcome  of  this 
step  indicated  that  the  total  suspended  solids  abate- 
ment could  reach  95%  with  a  superficial  upflow 
velocity  of  35  m/h  corresponding  to  a  residence 
time  through  the  whole  unit  of  only  5  minutes.  The 
energy  requirement  quantified  by  the  pressure 
drop  through  the  bed  was  very  low  and  the  waste 
sludge  extracted  from  the  settler  was  easily  thick- 
ened. (Korn-PTT) 
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A  new  approach  to  sewage  treatment  involving 
the  rapid  clarification  of  raw  sewage  with  fine 
magnetite  particles  has  been  investigated  for  a  con- 
tinuous pilot  plant  operating  in  Melbourne,  Austra- 
lia. In  the  clarification  process,  fine  magnetite  par- 
ticles are  mixed  with  partially  settled  raw  sewage. 
During  the  mixing  period,  extra  chemical  coagu- 
lants are  added  which  act  synergistically  with  the 
magnetite  in  clarifying  the  raw  sewage  to  a  biolog- 
ical oxygen  demand  (BOD)  level  of  approximately 
40  mg/1  BOD.  The  magnetite  particles  are  then 
recovered  by  magnetic  flocculation  and  settling. 
These  particles  are  then  passed  to  a  magnetite 
washing  stage  where  they  are  treated  with  a  dilute 
caustic  soda  solution  which  strips  the  sewage  or- 
ganic-- from  the  particle  surfaces  to  form  a  liquid 
sewage  concentrate.  The  concentrate  then  under- 
goes anaerobic  digestion  to  reduce  the  chemical 
oxygen  demand  (COD)  by  80%.  The  washed  mag- 
netite particles  are  recycled  for  use  in  the  clarifica- 
tion step.  The  technique  can  be  applied  to  large 
flow  rates  and,  as  long  as  chemical  costs  are  con- 
tained, offers  hope  for  a  significant  reduction  in 
total  treatment  costs.  (Korn-PTT) 
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A  study  was  performed  to  develop  a  working 
model  for  the  least-cost  optimal  design  of  a  storm 


sewer  system,  including  the  construction  and  oper- 
ational costs  of  pumping  stations.  The  new  model 
is  a  modification  of  the  Illinois  Least-Cost  Storm- 
Sewer  System  Design  Model  (ILSD-1)  developed 
at  the  University  of  Illinois.  It  can  be  applied  to  a 
storm  sewer  network,  especially  in  a  lowland  area, 
with  pumping  stations  inside  or  at  the  outlet  of  the 
network.  In  order  to  match  the  discrete  differential 
dynamic  programming  optimization  scheme  used 
in  ILSD-1,  a  pumping  station  is  considered  as  an 
inserted  stage.  The  state  variables  of  the  stage  of  a 
pumping  station  include  not  only  the  storm  sewer 
crown  elevations  originally  used  in  ILSD-1  but 
also  the  capacity  of  the  pumping  stations.  The 
decision  variable  is  the  pumping  head  at  the  pump- 
ing stations.  The  cost  of  a  pumping  station  is 
composed  of  the  cost  of  pumps  and  the  cost  of 
detention  storage.  Hence,  the  optimal  design  of  a 
pumping  station  is  a  trade-off  between  determining 
the  size  of  the  detention  storage  and  the  capacity 
of  pumps.  This  new  model  has  been  satisfactorily 
applied  to  a  storm  sewer  system  with  pumping 
stations  in  a  lowland  area  in  northern  Taiwan. 
(Author's  abstract) 
W91-05787 


SELECTION  OF  EGG-SHAPED  SLUDGE  DI- 
GESTERS FOR  BOSTON. 
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When  construction  is  completed,  the  new  Massa- 
chusetts Water  Resources  Authority  (MWRA) 
wastewater  treatment  facilities  on  Deer  Island,  in 
Boston  Harbor,  will  include  a  new  480-mgd  pri- 
mary and  secondary  wastewater  treatment  plant. 
The  plant  will  have  one  of  the  largest  installations 
of  egg-shaped  digesters  in  the  world-both  in 
number  and  in  the  size  of  the  units.  In  1989, 
MWRA  had  completed  planning  for  residuals 
management  facilities  needed  to  end  the  illegal 
discharge  of  sludge  into  the  harbor,  by  identifying 
several  important  issues:  severely  limited  land  area 
for  all  treatment  needs;  a  high  grit  load  to  the 
plant;  a  history  of  digester  problems  including  grit 
accumulation  and  scum  blanket  formation;  a  need 
for  as  much  operator  experience  and  input  as  possi- 
ble into  digester  selection  and  design;  sole  financial 
support  from  rate-payers  requiring  close  control  on 
all  economic  aspects;  and  high  visibility  from  sur- 
rounding areas.  Review  of  several  reactor  configu- 
rations, including  conventional  U.S.,  deep  conven- 
tional, and  egg-shaped,  caused  the  MWRA  to  con- 
clude that  egg-shaped  digesters  offered  clear  ad- 
vantages for  future  operation  and  maintenance  that 
offset  their  higher  initial  cost.  The  egg-shaped  ge- 
ometry enhances  mixing  and  requires  less  energy 
to  keep  the  contents  well-mixed,  mitigating  grit 
accumulation  problems.  The  advanced  internal 
design  of  the  egg-shaped  digesters  precludes  sepa- 
rate digester  cleaning  facilities.  Computer-aided 
design  plots  demonstrated  that  the  already-planned 
manmade  hill  on  the  island  would  be  large  enough 
to  screen  the  adjacent  community  from  the  plant. 
The  initial  eight  digesters  will  be  brought  on  line  in 
1994  to  process  primary  sludge;  the  remaining  four 
units  will  be  needed  by  late  1999  when  full  second- 
ary treatment  is  needed.  (Fish-PTT) 
W9 1-05801 


COMPATIBILITY  OF  STREAM  HABITAT 
RECLAMATION  WITH  POINT  SOURCE  AND 
NONPOINT  SOURCE  CONTROLS. 

Colorado  Univ.  at  Boulder. 

For   primary   bibliographic   entry   see   Field   5G 
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GREATER  CAIRO  WASTEWATER  PROJECT. 

AMBRIC,  Cairo  (Egypt). 

W.  J.  Buchholz,  and  J.  P.  Somerville. 
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Waste  Treatment  Processes— Group  5D 


Vol.  3,  No.  1,  p  33-35,  January  1991.  2  fig,  1  tab. 
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The  high  population  growth  rate  in  Cairo,  Egypt, 
caused  overloading  of  the  wastewater  systems  in 
the  1960s.  In  the  late  1970s,  planning  began  on  a 
massive  system  sufficient  to  collect  and  treat  the 
city's  wastewater  until  the  year  2010,  when  the 
population  was  estimated  to  reach  16  million.  This 
effort  is  known  today  as  the  Greater  Cairo 
Wastewater  Project  and  the  first  phase  is  expected 
to  be  completed  in  1994,  with  a  total  cost  estimated 
at  almost  $2.5  billion.  The  planning  has  followed 
the  general  strategy  of:  (1)  buy  time  and  get 
wastewater  out  of  the  streets  by  rehabilitating  the 
existing  system;  (2)  devise  methods  to  collect 
wastewater  from  the  large  number  of  unsewered 
areas;  (3)  design  and  build  a  new  collection  and 
transport  system  and  connect  it  to  the  existing 
system;  (4)  build  secondary  treatment  plants;  (5) 
train  local  staff  to  administer,  operate,  and  main- 
tain the  system;  and  (6)  expand  the  collection 
system  into  the  unsewered  areas  in  conjunction 
with  the  water  system  expansion.  The  project  is 
made  possible  by  an  international  cooperative 
effort  that  includes  governments,  consulting  engi- 
neers, and  contractors.  Another  problem  in  the 
area  is  a  result  of  the  groundwater  levels  in  the 
Sphinx/Pyramids  area  being  higher  than  normal 
and,  along  with  surface  disposal  of  wastewater, 
contributing  to  the  damage  to  the  Sphinx  in  1988 
as  a  result  of  upward  migration  of  soil  moisture. 
The  Sphinx  Emergency  Program  was  organized  to 
provide  local  sewer  service  and  to  monitor 
groundwater  movements  and  quality.  Currently,  a 
massive  training  program  for  operations  staff  is 
being  organized,  and  the  master  plan  is  being  reex- 
amined and  updated.  (Fish-PTT) 
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STORMWATER      MANAGEMENT      UTILITY 
BILLING  RATE  STRUCTURE. 

CH2M  Hill,  Inc.,  Gainesville,  FL. 

For  primary  bibliographic  entry  see  Field  6C. 
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OPERATIONAL  QUALITY  IN  WASTEWATER 
MANAGEMENT. 

Water  Pollution  Control  Federation,  Alexandria, 

VA. 

W.  A.  Peterson. 

Water    Environment    &   Technology    WAETEJ, 

Vol.  3,  No.  1,  p  50-52,  January  1991.  1  fig. 

Descriptors:  'Wastewater  facilities,  'Wastewater 
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Achieving  operational  excellence  in  the  field  of 
wastewater  treatment  means  knowing  the  objec- 
tive elements  of  quality  and  the  'Zen'  or  art  of 
treatment  plant  operations.  Quality  operations 
have  measurable  characteristics  and  spiritual  char- 
acteristics such  as  creativity,  pro-activeness,  serv- 
ice to  the  administration  and  community,  truth  and 
credibility  in  communications,  and  care  and  con- 
cern. The  aspects  of  well-operated  plants  that  are 
more  easily  measured  or  defined  can  be  classified 
in  three  areas:  output,  process,  and  resource  use. 
Output  is  the  volume  of  wastewater  treated  and 
degree  of  treatment  achieved.  Well-designed  and 
well-operated  facilities  meet  or  exceed  design  and 
permit  standards  for  treatment  efficiency,  as  meas- 
ured by  better-than-acceptable  effluent  quality. 
Process  is  at  the  heart  of  quality  standards,  and 
consists  of  the  texture,  feel,  and  color  of  oper- 
ations; the  process  of  operation  is  the  way  that 
results  are  achieved,  the  atmosphere  in  which  the 
staff  works,  the  environment  created  around  the 
plant  site,  and  all  of  the  management  systems  that 
assure  staff  and  facilities  are  maintained  and  devel- 
oped. Quality  operations  have  an  aura  of  positive- 
ness  and  a  dedication  to  detail  and  concern,  with 


high  operator  certification  levels,  ongoing  operator 
training,  high  skill  levels,  safety  priorities,  respon- 
sive management,  effective  maintenance  programs, 
and  good  community  relations.  A  well-operated 
plant  optimizes  resource  use  by  minimizing  consu- 
mable costs  for  chemicals,  labor,  and  consumable 
materials,  while  investing  appropriate  amounts  of 
additional  resources  to  assure  consistent  short-term 
performance,  adequate  care  of  capital  investment, 
and  capital  reinvestments  needed  to  improve  and 
maintain  asset  value.  Excellence  in  operations 
should  be  the  goal  of  every  wastewater  treatment 
facility.  (Fish-PTT) 
W9 1-05  806 


EFFECTS  OF  AEROBIC  THERMOPHILIC 
PRETREATMENT. 

UTB,  Buchs  (Switzerland). 

U.  Baier,  and  H.  P.  Zweifelhofer. 
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Vol.  3,  No.  1,  p  56-61,  January  1991.  5  fig,  4  tab. 
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Most  treatment  facilities  in  Europe  are  now  imple- 
menting optimization  plans  for  sludge  treatment. 
Primary  objectives  are  to  assure  constant  quality  of 
stabilized  sludges  with  respect  to  further  treatment; 
the  destruction  of  potentially  pathogenic  organisms 
with  respect  to  agricultural  use  of  sludges;  the 
improvement  of  thickening  properties  of  stabilized 
sludge  with  respect  to  storage  volume,  tanker 
costs,  and  mechanical  dewatering;  and  the  im- 
provement of  dewatering  characteristics  of  thick- 
ened sludge  with  respect  to  drying,  incineration, 
and  disposal.  Because  of  the  rising  demands  for 
sludge  quality,  many  mesophilic  digesters  can  no 
longer  meet  treatment  standards  required  for 
sludge  used  in  agricultural  land  application.  Aero- 
bic thermophilic  (AT)  pretreatment  followed  by 
anaerobic  digestion-dual  digestion-has  been  ap- 
plied in  most  cases  in  Europe.  The  dual  sludge 
treatment  process  is  a  combination  of  pre-thicken- 
ing  of  primary  and  waste  activated  sludge  (either 
combined  or  separately),  AT  pretreatment,  anaero- 
bic mesophilic  digestion,  and  storage  and  consoli- 
dation. Performance  data  from  more  than  70  plants 
shows  that  this  process  is  an  effective  means  to 
eliminate  and  control  pathogenic  organisms.  The 
chosen  combination  of  a  temperature  of  >60  C 
and  hydraulic  retention  time  of  20  to  24  hours 
guarantees  an  operation  free  of  short  circuiting. 
Hydrolysis  of  organic  material  in  the  thermophilic 
reactor  varies  from  5%  to  10%  (volatile  solids)  and 
can  easily  be  controlled  by  variation  of  oxygen 
input.  Biogas  production  is  not  affected  negatively 
by  AT  pretreatment.  (Fish-PTT) 
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CLARIFICATION  AND  FILTRATION  TO 
MEET  LOW  TURBIDITY  RECLAIMED 
WATER  STANDARDS. 

Kennedy/Jenks/Chilton,  Inc.,  San  Francisco,  CA. 
J.  A.  Faller,  and  R.  A.  Ryder. 
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The  use  of  treated  wastewater  for  field  and  crop 
irrigation  has  become  prevalent  in  the  state  of 
California  in  the  last  25  years.  California  water  and 
wastewater  management  districts  have  been  chal- 
lenged to  incorporate  reclaimed  water  into  existing 
treatment  and  conveyance  systems  while  meeting 
tightening  state  water  quality  standards. 
Wastewater  treatment  plants  (WWTPs)  using 
trickling  filters  in  their  secondary  treatment  train 
have  a  unique  problem:  trickling  filter  effluent  does 
not  meet  California's  turbidity  standard  (less  than  2 
nephelometric  turbidity  units  (NTUs)).  At  a  recla- 
mation plant  operated  by  the  Marin  Municipal 
Water  District  (MMWD),  an  in-depth  evaluation 


of  clarification  and  filtration  options  was  undertak- 
en to  identify  the  most  economical  and  effective 
process  to  treat  trickling-filter  effluent  to  meet 
turbidity  standards  for  reclaimed  water.  Bench- 
scale  tests  indicated  that  conventional  flocculation 
and  clarification  were  the  best  processes;  however, 
high  concentrations  of  alum  were  required  to 
produce  good  settling.  Three  pilot  processes  were 
tested:  high-rate  solids-contact  and  upflow  clarifi- 
cation processes  for  treatment  upstream  of  the 
existing  direct  filtration  reclamation  plant,  and  a 
diatomaceous-earth  filtration  (DEF)  process  for 
polishing  treatment  downstream  of  the  existing 
sand  filters.  It  was  found  that  all  three  of  the  pilot 
plants  tested  were  successful  in  removing  turbidity 
in  the  wastewater  to  less  than  2  NTU.  Alternative 
plant  improvement  facilities  were  compared  on  the 
basis  of  capital  costs,  operation  and  maintenance 
costs,  annual  cost  effectiveness,  and  non-monetary 
factors.  Proportionate  ranking  of  these  factors  fa- 
vored the  high-rate  solids-contact  clarification 
process  as  the  best  project  to  design  and  construct. 
(Fish-PTT) 
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POTABLE  WATER  REUSE. 

CH2M/Hill,  Denver,  CO. 

C.  L.  Hamann,  and  B.  McEwen. 

Water    Environment    &   Technology    WAETEJ, 
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Water  reuse  is  becoming  an  increasingly  common 
component  of  water  resource  planning  as  opportu- 
nities for  conventional  water-supply  development 
dwindle  and  costs  for  wastewater  disposal  climb. 
For  indirect,  potable  reuse,  the  recovered  water 
must  be  of  equal  or  better  quality  than  the  receiv- 
ing water  source.  For  direct,  potable  reuse,  the 
receiving  water  must  be  of  equal  or  better  quality 
than  the  finished  water  produced  from  the  highest 
quality  source  water  locally  available.  Close  in- 
volvement with  state  and  local  agencies  is  para- 
mount to  the  development  of  a  potable  reuse  im- 
plementation program  that  encourages  a  variance 
from  regulation  prohibition,  serves  as  a  catalyst  for 
the  development  of  potable  reuse  regulations,  and 
persuades  responsible  agencies  of  the  benefits  and 
safety  of  the  project.  Unit  processes  often  included 
in  a  reuse  facility  are  biological  treatment  with  or 
without  nitrogen  removal,  high-lime  treatment 
with  two-stage  recarbonation,  granular-media  fil- 
tration, granular  activated  carbon  (GAC),  demin- 
eralization  (membrane  treatment),  air  stripping, 
rapid  infiltration  and  recovery,  and  disinfection. 
Selection  of  a  potable  reuse  treatment  and  its 
planned  integration  into  a  water-supply  system  is 
site-specific;  the  conceptual  layout  and  specific 
treatment  selected  should  satisfactorily  address 
health,  regulatory,  social,  and  technical  issues  and 
concerns.  The  economic  feasibility  of  potable  reuse 
should  be  based  on  a  cost  comparison  of  develop- 
ing other  raw  water  supplies.  The  steps  necessary 
to  implement  a  potable  reuse  project  address  the 
issues  and  concerns  regarding  water  quality  stand- 
ards and  public  health;  legal,  regulatory,  and  politi- 
cal influences;  public  acceptance;  and  technical 
process  engineering.  (Fish-PTT) 
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MAJOR  UNIT  PROCESS  EVALUATION 
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PROGRAM  APPROACH. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Watte  Treatment  Processes 


Improved  Publicly  Owned  Treatment  Works 
(POTW)  performance  can  be  accomplished  by  an 
evaluation  phase,  known  as  Comprehensive  Per- 
formance Evaluation  (CPE),  and  by  a  performance 
improvement  phase,  known  as  a  Composite  Cor- 
rection Program  (CCP).  A  CPE  consists  of  a 
review  and  analysis  of  the  POTW  design  and  of 
other  non-design  areas  such  as  administration,  op- 
eration, and  maintenance.  If  the  CPE  results  indi- 
cate that  significant  improvements  can  be  achieved 
without  a  major  upgrade,  then  a  CCP  is  imple- 
mented to  improve  POTW  performance.  The  pri- 
mary CPE  activity  is  the  evaluation  of  POTW 
major  unit  processes  using  current  plant  loadings, 
categorizing  the  adequacy  of  the  current  unit  proc- 
ess design  by  categorizing  the  POTW  as  Type  1,  2, 
or  3  (from  most  to  least  adequate)  using  a  point 
system  evaluation.  Suspended  growth  major  unit 
process  evaluations  were  conducted  at  three 
POTWs  to  determine  the  relative  effectiveness  of 
the  CPE  procedure.  It  was  found  that  CPE  unit 
process  evaluation  appeared  to  be  appropriate,  and 
results  can  provide  the  experienced  evaluator  with 
useful  preliminary  assessment  information  on 
POTW  major  unit  process  capacities.  The  CPE 
evaluation  process  is  not  intended  to  and  cannot 
replace  the  judgment  and  knowledge  of  the  experi- 
enced professional  who  can  effectively  factor  unit 
process  evaluation  results  into  an  overall  assess- 
ment of  existing  process  capabilities.  In  combina- 
tion with  other  evaluator  skills,  properly  interpret- 
ed and  derived  CPE  unit  process  capacity  results 
will  provide  a  sound  basis  for  determining  whether 
a  major  facility  upgrade  is  required  to  achieve 
improved  POTW  effluent  quality.  (Fish-PTT) 
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MODIFYING  EXISTING  ACTIVATED  SLUDGE 
PLANTS  TO  ACHIEVE  NITRIFICATION  AND 
DENITRIFICATION. 

Stearns  and  Wheeler,  Cazenovia,  NY. 
D.  E.  Schwinn. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  23,  No.  1,  p  23-29,  January/ 
February  1990.  8  fig,  1  tab,  4  ref. 

Descriptors:  'Activated  sludge  process,  'Nitrogen 
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trification,  Massachusetts,  New  York,  Nitrification, 
Water  quality  standards. 

In  some  areas  of  the  U.S.,  water  quality  criteria 
require  the  removal  of  nitrogen  from  wastewater 
treatment  plant  effluents.  Modification  of  an  acti- 
vated sludge  process  to  a  single-stage  nitrification- 
denitrification  reactor  using  intermittent  aeration  is 
a  viable  option  when  nitrogen  removal  is  desired. 
To  allow  implementation  of  the  single  stage  nitrifi- 
cation-denitrification  process  at  an  existing  facility, 
necessary  process  operation  and  control  features 
include:  (1)  sufficient  tank  volume  and  aeration 
capacity  to  allow  complete  nitrification;  (2)  timers 
on  the  aeration  equipment  to  provide  aerobic- 
anoxic  cycling;  (3)  monitoring  of  nitrification  by 
alkalinity  measurements  using  an  ammonia  probe 
(chemical  addition  may  be  necessary);  (4)  monitor- 
ing of  denitrification  by  nitrate  analysis;  (5)  proper 
solids  inventory  and  attention  to  solids  wasting  to 
maintain  the  required  solids  retention  time;  and  (6) 
operator  understanding  of  the  fundamentals  of 
each  major  process  involved  and  the  basic  process 
interrelationships.  The  methodologies  were  used  to 
convert  three  existing  plants  (Oswego,  NY;  Clin- 
ton, NY:  and  Barnstable,  MA)  to  incorporate  nitro- 
gen removal.  (Fish-PTT) 
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BIOLOGICAL  TREATMENT  FOR  HAZARD- 
OUS WASTES. 

C.  G.  Golueka,  and  L.  F.  Diaz. 
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Descriptors:  'Biodegradation,  'Biological  treat- 
ment, 'Hazardous  waste  treatment,  'Hazardous 
wastes,  'Waste  management,  'Waste  treatment, 
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wastewater  treatment,  Composting,  Contactors,  In 
situ  treatment,  Land  disposal.  Microbial  degrada- 


tion, Microorganisms,  Solid  wastes,  Trickling  fil- 
ters. 

Biological  treatment  of  hazardous  wastes  is  the  use 
of  microbes  (microorganisms)  to  break  down 
harmful  compounds  found  in  wastes  to  innocuous 
intermediate  or  end  products.  A  major  advantage 
of  biological  systems  over  most  thermal  and  chem- 
ical systems  is  their  ability  to  break  down  toxic 
substances  in  situ  at  lower  cost  and  less  time.  If 
active  microbes  are  not  indigenous  in  the  waste, 
either  naturally  occurring  or  genetically  engi- 
neered microbes  are  introduced  by  inoculation, 
mass  inoculation,  recirculation,  or  other  means. 
Nitrogen  (N)  is  usually  the  limiting  nutrient  in 
hazardous  wastes,  and  must  be  added  in  a  form  and 
concentration  available  to  active  microbes  to  pro- 
mote a  growth  rate  equal  to  or  greater  than  that  of 
competitive  microbes.  The  system  should  be  main- 
tained at  the  optimum  temperature  (i.e.,  that  of  the 
active  microbes).  The  type  of  treatment  selected  is, 
in  part,  a  function  of  the  physical  state  of  the  waste 
(liquid,  solid,  or  intermediate).  Among  the  systems 
available  for  the  biological  treatment  of  wastes  in 
liquid  form  are  the  activated  sludge  system,  aer- 
ated lagoon,  trickling  filter,  and  rotating  biological 
contactor  (rotating  disk).  Composting  and  land 
treatment  ('land-farming')  are  the  two  most  com- 
monly used  methods  for  the  biological  treatment  of 
solid  hazardous  wastes.  Anaerobic  digestion  ranks 
a  distant  second  (or  third).  (Fish-PTT) 
W9 1-05843 


START-UP  REGIMES  FOR  ANAEROBIC  FLU- 
IDIZED  SYSTEMS  TREATING  DAIRY 
WASTEWATER. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Public  Health  Engineering  Lab. 

D.  M.  L.  da  Motta-Marques,  S.  M.  Cayless,  and  J. 

N.  Lester. 

Biological  Wastes  BIWAED,  Vol.  34,  No.  3,  p 

191-202,   1990.  6  fig,   1  tab,  26  ref.  Science  and 

Engineering    Research    Council    Grant    GR/E/ 

28734. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Dairy  industry,  'Fluidized 
bed  process,  'Organic  wastes,  'Wastewater  treat- 
ment, Animal  wastes,  Biofilm  reactors,  Chemical 
oxygen  demand,  Fatty  acids,  Fluidized  beds,  In- 
dustrial wastes,  Volatile  acids. 

High-rate  anaerobic  systems  such  as  fluidized  beds 
are  known  to  be  suitable  for  the  treatment  of 
industrial  effluents  of  large  volume  and  high  or- 
ganic strength.  However,  the  problem  of  effective 
start-up  must  be  addressed  when  treating  organic 
wastes.  Biofilm  accumulation  and  reactor  perform- 
ance are  influenced  by  separation  of  the  anaerobic 
process  into  two  phases,  the  addition  of  metal  ions, 
and  the  addition  of  biological  polymer  extracted 
from  anaerobically-digested  sludge.  Four  anaero- 
bic fluidized  beds  were  started  up  on  a  dairy-type 
effluent  of  5000  mg  chemical  oxygen  demand 
(COD)/L  using  different  regimes:  (a)  two-phase; 
(b)  Ca(  +  2)  addition;  (c)  polymer  addition;  and  (d) 
control.  Substrate  removal  efficiencies  reached  76- 
92%  at  9.4  kg  COD/cu-m/day  in  the  two-phase, 
calcium-amended  and  biopolymer-amended  reac- 
tors. The  data  suggest  that  removal  efficiency  and 
biomass  concentration  peaks  were  variable  but 
mature  biofilms,  which  were  dependent  on  the 
protocol  applied,  were  developed  in  these  three 
reactors.  Volatile  fatty  acids  concentrations  were 
reflected  by  intermediary/partial  alkalinity  vari- 
ations. If  the  quick  establishment  of  operational 
reactors  is  needed,  calcium  and  biopolymer  addi- 
tion might  be  considered,  although  with  low  sub- 
strate-removal efficiencies  compared  to  a  two- 
phase  system.  The  combination  of  phase  separation 
with  calcium  or  biopolymer  would  perhaps  aid  the 
formation  of  a  biofilm  with  high  removal  efficien- 
cy and  reduce  the  time  required  to  establish  this 
highly  active  biofilm.  (Fish-PTT) 
W9 1-05844 


ANAEROBIC  DIGESTION  OF  WASTES  CON- 
TAINING PYROLIGNITIC  ACIDS. 

Turin  Univ.  (Italy).  1st.  di  Microbiologia  ed  Indus- 
trie Agrarie. 
V.  Andreoni,  P.  Bonfanti,  D.  Daffonchio,  C 


Sorlini,  and  M.  Villa. 

Biological  Wastes  BIWAED,  Vol.  34,  No.  3,  p 

203-214,  1990.  4  fig,  3  tab,  21  ref. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Industrial  wastes,  'Lignin, 
•Wastewater  treatment,  'Wood  wastes,  Biodegra- 
dation, Biological  treatment,  Hazardous  wastes, 
Organic  acids,  Organic  wastes,  Phenols,  Pyrolysis, 
Toxic  wastes,  Wastewater  reactors. 

Liquid  effluents  from  pyrolysis  of  wood  residues 
(pyrolignitic  acids)  are  known  to  contain  several 
compounds  originating  from  the  breakdown  of 
lignin.  The  use  of  anaerobic  treatment  for  highly- 
concentrated  wastewaters  is  growing  since  the  ab- 
sence of  oxygenation,  the  small  amount  of  sludge 
generated,  and  the  production  of  biogas  are  all 
advantages  over  conventional  aerobic  processes. 
Anaerobic  digestion  was  applied  to  the  treatment 
of  a  mixture  of  a  solution  of  pyrolignitic  acids  and 
diluted  swine  slurry.  The  swine  slurry  was  added 
to  adjust  the  pH  and  to  dilute  the  solutions  con- 
taining pyrolignitic  acids  to  a  concentration  of 
phenolic  compounds  not  potentially  inhibiting  to 
anaerobic  microorganisms.  Small  quantities  of  the 
mixture  were  digested  in  two  anaerobic  fixed-bed 
upflow  digesters,  filled  with  wood-chips  or  PVC 
as  support  media.  The  two  digesters  showed  about 
the  same  efficiency  when  treating  swine  slurry 
containing  pyrolignitic  acids  up  to  6.5%  (v/v). 
With  a  10%  (v/v)  concentration,  chemical  oxygen 
demand  removal  efficiency,  specific  biogas  pro- 
duction, and  pH  of  the  effluent,  (utilized  as  proc- 
ess-efficiency parameters)  decreased  remarkably 
for  both  plants.  However,  the  digester  with  wood- 
chips  showed  a  stronger  resistance  to  the  presence 
of  pyrolignitic  acids.  Therefore,  a  fixed-bed  upflow 
digester  with  wood-chips  can  be  considered  a  suit- 
able plant  to  treat  wastes  with  a  high  organic 
concentration  and  containing  toxic  substances. 
(Fish-PTT) 
W9 1-05845 


ANAEROBIC  DIGESTION  OF  PESTICIDE- 
PLANT  WASTEWATER. 

Feng  Chia  Univ.,  Taichung  (Taiwan).   Dept.  of 

Hydraulic  Engineering. 

C.  Y.  Lin. 

Biological  Wastes  BIWAED,  Vol.  34,  No.  3,  p 

215-226,  1990.  7  fig,  3  tab,  11  ref.  Taiwan  National 

Science  Council  grant  no.  NSC7-0410-E305-03Z. 

Descriptors:  'Anaerobic  digestion,  'Biological 
treatment,  'Organophosphorus  pesticides,  'Pesti- 
cides, 'Wastewater  management,  'Wastewater 
treatment,  Acetates,  Biodegradation,  Biological 
studies,  Biological  wastewater  treatment,  Chemical 
oxygen  demand,  Industrial  wastewater,  Pesticide 
residues,  Taiwan,  Toxic  wastes. 

Pesticide  manufacturing  industries  are  essential  to 
the  development  of  agriculture  and  economics  in 
Taiwan.  However,  the  need  for  better  environmen- 
tal quality  requires  industry  to  pay  more  attention 
to  pollution  problems,  particularly  toxic 
wastewater.  Some  pesticide  industry  wastewater 
contains  a  high  percentage  of  acetate,  which  is 
known  to  be  a  major  intermediate  product  of  an- 
aerobic digestion  and  also  a  major  methane  precur- 
sor. An  experiment  was  performed  to  investigate 
the  digestibility  and  operating  parameters  for  the 
anaerobic  digestion  of  pesticide-plant  wastewater 
containing  a  high  percentage  (62%)  of  acetate, 
using  chemostat-type  digesters  maintained  at  35  C. 
The  influent  chemical  oxygen  demand  (COD)  con- 
centration was  9650  mg/L.  The  digesters  operated 
stably  at  the  retention  times  of  15,  20,  and  30  days, 
with  COD  removal  efficiencies  of  87.0,  89.4,  and 
91.5%,  respectively.  The  biokinetic  constants 
were:  maximum  specific  substrate  utilization  rate 
3.37  mg  COD/mg/day;  substrate  saturation  con- 
centration 4077  mg  COD/L;  growth  yield  of 
microorganism  0.148  volatile  suspended  solids/mg 
COD;  and  endogenous  decay  coefficient  of  micro- 
organism 0.050/day.  Bacilli  and  sarcinae  were  the 
predominant  morphological  species  and  the  domi- 
nance was  independent  of  retention  time.  The  opti- 
mal retention  time  was  15  days.  It  may  be  conclud- 
ed that  anaerobic  digestion  of  this  type  of 
wastewater  is  feasible.  (Fish-PTT) 
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W9 1-05846 


WATER-QUALITY  EFFECTIVENESS  OF  A  DE- 
TENTION/WETLAND TREATMENT  SYSTEM 
AND  ITS  EFFECT  ON  AN  URBAN  LAKE. 

Metropolitan  Council,  St.  Paul,  MN. 
G.  L.  Oberts,  and  R.  A.  Osgood. 
Environmental  Management  EMNGDC,  Vol.  15, 
No.  1,  p  131-138,  January/February  1991,  1  fig,  6 
tab,  12  ref. 

Descriptors:  'Artificial  wetlands,  *Lake  manage- 
ment, 'Storm  water  management,  "Surface  deten- 
tion, 'Urban  areas,  'Water  quality  management, 
•Wetland  treatment,  Lake  McCarrons,  Lake  resto- 
ration, Minnesota,  Phosphorus,  Rainfall-runoff  re- 
lationships, Suspended  solids. 

A  newly  installed  combined  detention/wetland 
stormwater  treatment  facility  upstream  from  Lake 
McCarrons,  Roseville,  Minnesota,  was  monitored 
for  21  months  to  evaluate  its  effectiveness  and  the 
response  of  the  lake  to  decreased  phosphorus 
loads.  The  treatment  facility  consists  of  a  1.0-ha 
detention  pond  that  discharges  into  a  series  of  six 
constructed  wetland  'chambers'.  Flow  was  con- 
tinuously monitored  from  September  1986  through 
May  1988  and  was  automatically  sampled  during 
21  rainfall  and  four  snowmelt  events  at  the  outflow 
of  the  detention  pond  and  at  the  wetland  system 
outflow.  Event  samples  were  flow-composited  and 
analyzed  for  total  suspended  solids,  volatile  sus- 
pended solids,  chemical  oxygen  demand,  total 
phosphorus,  dissolved  phosphorus,  total  Kjeldahl 
nitrogen,  nitrate  nitrogen,  and  total  lead.  Data 
collected  for  the  wetland  treatment  system  show 
that  the  best  overall  reductions  are  for  pollutants 
associated  with  solids  and  with  the  particulate  por- 
tion of  the  nutrient  load.  Soluble  nutrients  are  not 
as  easily  removed  because  of  their  tendency  to 
move  quickly  through  the  system.  Data  from  the 
lake  show  very  little  change  in  its  water  quality 
from  three  years  prior  to  restoration  (1984-1986)  to 
three  years  following  restoration  (1987-1989):  the 
lake's  phosphorus  and  chlorophyll  has  actually  in- 
creased. (Author's  abstract) 
W9 1-05908 


UTILIZATION  OF  ADIPIC  ACID  BYPROD- 
UCTS FOR  ENERGY  RECOVERY  AND  EN- 
HANCEMENT OF  FLUE  GAS  DESULFURTZA- 
TION. 

Monsanto  Chemical  Co.,  Pensacola,  FL. 

C.  T.  Chi,  and  J.  H.  Lester. 

Environmental  Progress  ENVPDI,  Vol.  8,  No.  4, 

p  223-226,  November  1989,  6  fig,  1  tab,   12  ref. 

Descriptors:  'Chemical  wastewater,  'Desulfuriza- 
tion,  'Emissions  control,  'Energy  recovery, 
•Waste  recovery,  'Waste  utilization,  'Wastewater 
treatment,  Additives,  Energy  use  efficiency,  Or- 
ganic acids,  Separation  techniques,  Sulfur  dioxide. 

Beneficial  utilization  of  two  waste  streams  from 
adipic  acid  manufacture  has  resulted  in  the  cre- 
ation of  product  for  the  enhancement  of  flue  gas 
desulfurization  in  coal  fired  power  plants  and  for 
energy  recovery.  The  first  stream  was  a  waste 
liquor  from  the  crystallization  of  adipic  acid,  con- 
taining adipic,  glutaric,  and  succinic  acids.  This 
mixture  (AGS)  was  found  to  be  very  effective  in 
improving  the  efficiency  of  limestone  scrubbers  for 
removing  S02  from  coal  fired  power  plant  gases. 
Most  of  this  waste  liquor  is  directed  to  an  evapora- 
tor and  concentrated  to  50%  organic  solids  for 
sales  to  coal-fired  utilities.  AGS  enhances  mass 
transfer  of  S02  in  limestone  scrubbers  by  acting  as 
a  suitable  buffer  and  increases  removal  efficiency 
by  50-90%  enabling  the  user  to  meet  regulatory 
requirements.  The  sale  of  AGS  has  resulted  in  a 
growing  multimillion  pound  per  year  business.  The 
second  waste  stream  was  a  residue  from  cyclohex- 
anol  refining.  The  waste  liquor  contains  25%  diba- 
sic acids,  water  and  sodium  and  boron  contami- 
nants. The  inorganics  are  removed  by  liquid-liquid 
extraction  in  a  contact  centrifuge,  while  the  oil 
phase  plus  excess  AGS  is  incinerated  in  the  plant 
boiler  for  fuel  value  recovery.  (Doyle-PTT) 
W9 1-05909 


OIL  RECOVERY  AND  WASTE  REDUCTION 
BY  MICROWAVE  RADIATION. 

University  of  Southwestern  Louisiana,  Lafayette. 

Dept.  of  Chemical  Engineering. 

C.  S.  Fang,  P.  M.  C.  Lai,  B.  K.  L.  Chang,  and  W. 

J.  Kloila. 

Environmental  Progress  ENVPDI,  Vol.  8,  No.  4, 

p  235-238,  November   1989,  4  fig,  2  tab,  7  ref. 

Descriptors:  'Microwaves,  'Oil  recovery,  'Oil 
wastes,  'Separation  techniques,  'Waste  reduction, 
'Wastewater  treatment,  Emulsions,  Industrial 
wastes,  Oil-water  interfaces,  Recycling,  Waste  re- 
covery. 

Oil-in-water  and  oil-water-solid  emulsions,  by- 
products of  various  industrial  operations,  often  are 
environmental  concerns.  Laboratory  and  field  tests 
have  shown  that  these  emulsions  can  be  demulsi- 
fied  and  separated  into  their  individual  layers  by 
microwave  radiation.  The  data  also  show  that 
microwave  separation  is  faster  than  gravity  separa- 
tion and  can  be  faster  than  conventional  heating 
under  many  conditions.  After  separation  of  emul- 
sion water,  slop  and  oil  layers,  water  can  be  dis- 
charged and  oil  collected  for  recycle.  The  volume 
of  slop  is  much  smaller  than  the  original  volume  of 
emulsion:  therefore,  the  oily  waste  to  be  disposed 
of  is  greatly  reduced.  The  zeta  potential  of  oily 
droplets  in  water  was  measured  and  found  that  it  is 
reduced  by  microwave  radiation.  This  indicates 
that  microwaves  provide  heating  and  reduction  of 
zeta  potential  in  demulsification.  (Author's  ab- 
stract) 
W91-05910 


EVALUATION  OF  MEMBRANE  PROCESSES 
FOR  THE  REDUCTION  OF  TRACE  ORGANIC 
CONTAMINANTS. 

Tenera  Corp.,  Berkeley,  CA. 

S.  Lyandres,  and  J.  Meardon. 

Environmental  Progress  ENVPDI,  Vol.  8,  No.  4, 

p  239-244,  November  1989,  8  fig,  2  tab,  11  ref. 

Descriptors:  'Membrane  processes,  'Organic  pol- 
lutants, 'Pretreatment  of  wastewater,  'Reverse  os- 
mosis, 'Waste  reduction,  'Wastewater  treatment, 
Cellulose  acetate  membranes,  Comparison  studies, 
Performance  evaluation,  Separation  techniques, 
Total  organic  carbon,  Trace  levels. 

Reverse  osmosis  (RO)  was  experimentally  tested 
on  liquid  condensates  produced  from  a  pilot  evap- 
orative crystallizer.  The  condensates  contained  re- 
sidual light  organic  compounds.  The  original 
sources  of  the  condensate  feeds  were  two  solar 
evaporation  ponds  that  received  treated  liquid  ef- 
fluents from  a  hazardous  waste  treatment  and  dis- 
posal facility.  The  condensates  differed  in  type  and 
concentrations  of  organics.  Two  brands  of  RO 
membranes  were  compared  and  both  exhibited 
98%  plus  removal  efficiency  for  organics  over  a 
wide  range  of  test  conditions.  Permeate  qualities 
were  consistently  less  than  50  mg/L  of  total  organ- 
ic carbons  (TOC)  with  typical  ranges  from  10-30 
mg/L.  TOC  were  reduced  to  levels  acceptable  for 
discharge  into  local  publicly-owned  treatment 
works  or  surface  waters.  Thus,  RO  is  a  viable 
secondary  treatment  process  for  the  removal  of 
organic  compounds  from  liquid  waste  streams. 
(Doyle-PTT) 
W91-05911 


EFFLUENT  TREATMENT  FOR  ALCOHOL 
DISTILLERY:  THERMAL  PRETREATMENT 
WITH  ENERGY  RECOVERY. 

Bombay  Univ.  (India).  Dept.  of  Chemical  Tech- 
nology. 

S.  S.  Lele,  P.  J.  Rajadhyaksha,  and  J.  B.  Joshi. 
Environmental  Progress  ENVPDI,  Vol.  8,  No.  4, 
p  245-252,  November  1989,  8  fig,  10  tab,  23  ref. 

Descriptors:  'Distillation,  'Energy  recovery,  'In- 
dustrial wastes,  'Pretreatment  of  wastewater, 
•Waste  recovery,  'Wastewater  treatment,  Aerobic 
digestion,  Char,  Chemical  oxygen  demand,  Hydro- 
gen ion  concentration,  Sugarcane,  Temperature  ef- 
fects. 

Stillage  from  cane  molasses  based  alcohol  distillery 
was  thermally  treated  at   160  to  250  C  at  high 


pressure  and  in  the  absence  of  air.  A  solid  charred 
residue  was  precipitated  that  was  easily  separated 
by  gravity  filtration  from  a  liquid  suitable  for  an- 
aerobic digestion  or  wet  oxidation.  The  charred 
residue  was  comparable  with  typical  lignite  coal  in 
terms  of  carbon  content  and  calorific  value.  Effects 
of  temperature  and  pH  on  COD  reduction,  biode- 
gradability,  and  filterability  were  reductions  in 
COD  from  100  kg/cu  m  to  78.5  kg/cu  m  at  160 
deg  and  40  kg/cu  m  at  250  C.  At  all  temperatures 
COD  attained  a  constant  value  after  2  h.  Filterabi- 
lity of  the  residue  obtained  at  higher  temperatures 
also  improved,  while  a  decrease  was  demonstrated 
at  higher  pH's.  Thermal  pretreatment  of  stillage  in 
reduction  of  COD  is  primarily  due  to  physical 
separation  of  residue.  Energy  equivalent  to  COD 
reduction  is  obtained  in  the  form  of  charred  resi- 
due which  can  be  used  as  fuel  and  lower  COD  in 
the  stillage  eliminates  the  need  for  dilution  prior  to 
aerobic  digestion.  (Doyle-PTT) 
W9 1-059 12 


TREATMENT  OF  PENTACHLOROPHENOL- 
CONTAMINATED  SOILS  USING  FENTON'S 
REAGENT. 

Washington  State  Univ.,  Pullman.  Dept.  of  Civil 
and  Environmental  Engineering. 
R.  J.  Watts,  M.  D.  Udell,  and  P.  A.  Rauch. 
Hazardous  Waste  and  Hazardous  Materials 
HWHME2,  Vol.  7,  No.  4,  p  335-345,  Fall  1990,  8 
fig,  2  tab,  27  ref.  EPA  Assistance  Agreement  R- 
814425-01-0  and  NSF  grant  CES-8704878. 

Descriptors:  'Chemical  treatment,  'Cleanup,  'De- 
contamination, 'Fentons  reagent,  'Pentachloro- 
phenol,  'Soil  contamination,  Chlorinated  aromatic 
compounds,  Hydrogen  ion  concentration,  Mineral- 
ization, Organic  carbon,  Oxidation,  Reagents. 

The  Fenton's  reagent  (hydrogen  peroxide  and  iron 
II)  treatment  of  pentachlorophenol  (PCP)  was  in- 
vestigated as  a  basis  for  the  on  site  and  in  situ 
treatment  of  contaminated  surface  soils.  Mineral- 
ization of  PCP  was  demonstrated  in  a  silica  sand 
system  spiked  with  250  mgAg  PCP,  which  was 
divided  into  2.5  g  aliquots  and  treated  with  12.5 
mL  of  6.5%  H202  and  1  mL  of  FeS04  solution. 
The  removal  of  the  parent  compound  and  total 
organic  carbon  with  corresponding  stoichiometric 
recovery  of  chloride  was  measured.  The  data  show 
that  greater  than  99%  of  the  original  PCP  was 
degraded  in  24  h  and  that  removal  of  total  organic 
carbon  closely  followed  PCP  removal.  The  treat- 
ment of  PCP  was  investigated  in  two  natural  soils 
of  varying  organic  carbon  content.  Pentachloro- 
phenol was  degraded  in  soils  with  and  without  iron 
II  addition.  The  optimum  treatment  conditions 
were  found  at  pH2  to  3.  (Doyle-PTT) 
W9 1-059 19 


STUDIES  ON  INTERRELATIONSHIP  BE- 
TWEEN DIFFERENT  ANAEROBIC  BACTERIA 
IN  BIOGAS  DIGESTER. 

Shivaji  Univ.,  Kolhapur  (India).  Dept.  of  Physics. 
S.  V.  Kulkarni,  and  S.  H.  Godbole. 
Current  Science  CUSCAM,  Vol.   59,  No.   12,  p 
603-605,  June  25,  1990.  2  fig,  7  ref. 

Descriptors:  'Anaerobic  bacteria,  'Anaerobic  di- 
gestion, 'Biogas,  'Digesters,  'Farm  wastes, 
'Methanogenesis,  'Wastewater  treatment,  Meth- 
ane bacteria,  Nitrates,  Redox  potential,  Sulfates. 

A  large  variety  of  microorganisms  are  involved  in 
production  of  methane  by  anaerobic  digestion  of 
organic  matter.  Sulfate-reducing  and  denitrifying 
bacteria  are  of  particular  importance  since  they 
have  been  reported  to  inhibit  methanogenesis 
when  sulfate  and  nitrate  are  available  in  the 
system.  These  bacteria  have  been  reported  to  com- 
pete with  methanogenic  bacteria  for  their  common 
substrates  and  thus  inhibit  methanogenesis.  Studies 
on  the  interrelationship  between  methanogenic  sul- 
fate-reducing and  denitrifying  bacteria  were  car- 
ried out  in  an  anaerobic  biogas  digester  charged 
with  a  slurry  of  fresh  cattle  dung  having  a  10% 
total  solid  content.  Most  probable  number  of  these 
bacteria,  concentration  of  sulfate  and  nitrate  in 
fermenting  slurry,  gas  production,  and  redox  po- 
tential were  compared  for  52  days.  It  was  observed 
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that  sulfate-reducing  bacteria  reduce  initial  sulfate 
content  of  the  fermenting  slurry  to  bring  it  to  a 
low  level  and  denitrifying  bacteria  help  to  establish 
the  anaerobiosis  by  reducing  the  redox  potential 
through  utilization  of  nitrate.  (White-Reimer-PTT) 
W9 1-05945 


DYNAMIC    MODELING    OF    WASTEWATER 
TREATMENT  PROCESSES. 

Laval  Univ.,  Quebec.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-05948 


APPLICATION  OF  THE  MASTER  ANALYTI- 
CAL SCHEME  TO  THE  DETERMINATION  OF 
VOLATILE  ORGANICS  IN  WASTEWATER  IN- 
FLUENTS AND  EFFLUENTS. 

Research  Triangle  Inst.,  Research  Triangle  Park, 

NC. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-05955 


5E.  Ultimate  Disposal  Of  Wastes 


BACTERIAL  LEACHING  OF  HEAVY  METALS 
FROM  SEWAGE  SLUDGE-BIOREACTORS 
COMPARISON. 

INRS-Eau,  Sainte-Foy  (Quebec). 

For   primary   bibliographic   entry   see   Field    5D. 

W9 1-04943 


ORGANIC  CONTAMINANTS  IN  AN  AGRICUL- 
TURAL SOIL  WITH  A  KNOWN  HISTORY  OF 
SEWAGE  SLUDGE  AMENDMENTS:  POLYNU- 
CLEAR  AROMATIC  HYDROCARBONS. 

Lancaster  Univ.  (England).  Inst,  of  Environmental 
and  Biological  Sciences. 

S.  R.  Wild,  K.  S.  Waterhouse,  S.  P.  McGrath,  and 
K.  C.  Jones. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1706-1709,  Novem- 
ber 1990.  2  fig,  5  tab,  30  ref. 

Descriptors:  'Hydrocarbons,  'Organic  pollutants, 
•Polycyclic  aromatic  hydrocarbons,  *Sludge  dis- 
posal, 'Soil  amendments,  Agriculture,  Biodegrada- 
tion,  England,  Sludge  analysis,  Soil  analysis, 
Woburn. 

The  polynuclear  aromatic  hydrocarbon  (PAH) 
content  of  soils  from  a  long-term  agricultural  ex- 
periment that  received  25  separate  sewage  sludge 
applications  from  1942  to  1961  is  presented  along 
with  data  from  an  untreated  control  plot  and  a  plot 
that  received  repeated  applications  of  farmyard 
manure.  Archived  plough  layer  (0-23  cm)  soil  sam- 
ples were  collected,  stored  and  processed  in  the 
same  manner  between  1942  and  1984  and  samples 
of  the  plowed  layer  were  available  for  sample  and 
analysis.  Total  soil  PAH  concentrations  increased 
between  1942  and  1960  on  the  sludge-amended 
plot  and  subsequently  showed  a  steady  decline.  By 
1984  the  sludge-amended  plot  still  contained  over 
three  times  more  total  PAH  than  the  correspond- 
ing control  soil.  By  1960  70%  of  the  total  PAH 
load  added  in  the  sludge  was  unaccounted  for;  this 
had  increased  to  nearly  85%  by  1984.  Some  com- 
pound-specific trends  are  apparent  in  the  data; 
generally,  the  higher  molecular  weight  PAH's 
have  been  more  persistent.  It  is  argued  that  biode- 
gradation  and  transboundary  transfers  due  to 
ploughing  are  the  two  main  loss  mechanisms.  (Au- 
thor's abstract) 
W9 1-04949 


STOICHIOMETRY  AND  KINETICS  OF  THE 
REACTION  OF  NITRITE  WITH  FREE  CHLO- 
RINE IN  AQUEOUS  SOLUTIONS. 

California  Univ.,  Berkeley.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04950 


NEW  YORK  CITY'S  PLAN  TO  END  OCEAN 
DISPOSAL  OF  SLUDGE. 

New  York  City  Dept.  of  Environmental  Protec- 


tion. Bureau  of  Wastewater  Treatment. 

G.  N.  Lutzic,  and  P.  A.  Bender. 

Public  Works  PUWOAH,  Vol.  121,  No.  11,  p  66- 

67,  October  1990.  1  fig. 

Descriptors:  'Future  planning,  'Land  disposal, 
•New  York  City,  'Ocean  dumping,  'Sludge  dis- 
posal, 'Waste  disposal,  'Waste  management,  Man- 
agement planning,  Privatization,  Recycling,  Regu- 
lations, Sludge  drying. 

To  comply  with  the  Ocean  Dumping  Ban  Act  of 
1988,  New  York  City  is  developing  landbased 
methods  of  recycling  its  sewage  sludge.  The  city 
generates  2.5  million  gallons  of  sludge  daily.  By 
January  1992  the  City  is  required  of  dewater  and 
dispose  (land-based)  20%  of  its  sludge  and  100% 
by  June  1992.  To  meet  this  demand,  the  New  York 
City  Department  of  Environmental  Protection  is  in 
the  process  of  implementing  a  complex,  multi- 
billion  dollar  land-based  sludge  management  pro- 
gram. It  involves  the  design  and  construction  of 
eight  dewatering  facilities,  the  privatization  of 
sludge  management  services  and  the  establishment 
of  sludge  processing  and  disposal  systems  that  will 
meet  the  city's  needs  for  a  generation  to  come. 
(Author's  abstract) 
W9 1-05028 


CLASSIFICATION  OF  THE  THERMAL 
REGIME  OF  HYDRAULIC-FILL  STRUCTURES 
IN  THE  WINTER  PERIOD  OF  OPERATION. 

V.  G.  Panteleev,  and  A.  N.  Frolov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  36-40,  1990.  3  fig,  2  tab,  10  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp. 
31-34,  January,  1990. 

Descriptors:  'Ash  disposal,  'Hydraulic  fill,  'Mine 
wastes,  'Soviet  Union,  'Waste  disposal,  Ash,  Cli- 
mates, Heat  exchange,  Hydraulic  engineering, 
Sludge  lagoons. 

Hydraulic-fill  dumps  (e.g.,  ash  dumps,  tailings 
dams,  and  sludge  storage  ponds)  operate  continu- 
ously at  any  time  of  the  year  in  various  climatic 
regions  of  the  Soviet  Union.  Two  main  problems 
arise  when  operating  hydraulic  ash  disposal 
(HAD)  systems  at  thermal  power  stations:  (1)  ef- 
fective storage  of  the  material  without  loss  of 
reliability  of  the  structure  and  (2)  effective  clarifi- 
cation of  the  water  for  reuse.  Theoretical  analyses 
and  practical  investigations  were  conducted  with 
respect  to  thermal  behavior  in  winter  of  more  than 
20  ash  dumps  in  various  climatic  areas  of  the 
Soviet  Union.  Three  types  of  dumps  were  recog- 
nized: (1)  nonthermally  loaded  or  'cold'  dump;  (2) 
thermally  loaded  or  'warm'  dump;  and  (3)  moder- 
ately thermally  dump.  This  classification  is  based 
on  the  character  of  heat  exchange  at  its  surface 
with  the  environment  under  extreme  meteorologi- 
cal conditions  and  largely  depends  on  the  relation- 
ship between  the  amounts  of  incoming  and  dissi- 
pating heat.  During  winter  operation,  a  dump  that 
is  characterized  initially  as  a  thermally  loaded 
dump  can  be  transformed  into  a  cold  dump  due  to 
heat  loss  in  the  recirculated  water  supply  pipeline. 
More  effective  storage  of  industrial  wastes  and 
clarification  of  water  is  realized  on  hydraulic-fill 
dumps  of  the  thermally  loaded  type  and  at  the 
same  time  subsequent  excavation  of  these  dumps 
for  using  the  wastes  in  the  economy  is  facilitated. 
(Rochester-PTT) 
W9 1-05084 


HEAVY  METAL  BINDING  BY  THE  POLY- 
MERIC ORGANIC  FRACTIONS  OF  SEWAGE 
SLUDGES. 

Imperial  Coll.  of  Science,  Technology  and  Medi- 
cine, London  (England).  Public  Health  Engineer- 
ing Lab. 

N.  K.  Karapanagiotis,  R.  M.  Sterritt,  and  J.  N. 
Lester. 

Environmental  Pollution  ENPOEK,  Vol.  67,  No. 
3,  p  259-278,  1990.  5  fig,  5  tab,  50  ref. 

Descriptors:  'Heavy  metals,  'Metal  complexes, 
•Metal-organic  complexes,  'Sludge,  'Sludge  dis- 
posal, 'Soil  contamination,  Cadmium,  Copper,  Di- 
gested sludge,  Mixed  liquor  solids,  Nickel,  Zinc. 


Organic  complexes  in  sewage  sludge  play  an  im- 
portant role  in  the  speciation  and  transformation  of 
metals  into  potentially  more  toxic  and  bioavailable 
forms.  Two  organic  fractions,  bacterial  extracellu- 
lar polymer  and  fulvic  acid,  were  extracted  from 
mixed  liquor  and  digested  sewage  sludge.  The 
homogeneity  of  the  extracts  was  verified  using  gel 
permeation  chromatography.  Conditional  stability 
constants  and  complexation  capacities  of  the  or- 
ganic fractions  from  the  sludges  with  copper,  cad- 
mium, nickel  and  zinc  have  been  determined  using 
equilibrium  dialysis  titration.  Organic  fractions 
from  digested  sludge  demonstrated  a  greater  ca- 
pacity to  complex  metals  over  mixed  liquor  ex- 
tracts. Copper  formed  stronger  complexes  than 
nickel  with  the  mixed  liquor  biomass  and  cadmium 
exhibited  the  greatest  affinity  for  digested  sludge 
organic  matter.  It  is  concluded  that  the  organic 
matter  of  very  complex  matrices,  such  as  sludges, 
should  be  further  characterized  and  fractionated 
before  more  reliable  results  can  be  obtained  for 
metal-sludge  binding  studies.  (Author's  abstract) 
W91-05115 


ECONOMIC  FEASIBILITY  OF  DRYING  MU- 
NICIPAL SOLID- WASTE  COMBUSTION  RESI- 
DUE. 

McMaster   Univ.,   Hamilton   (Ontario).    Dept.   of 
Civil  Engineering  and  Engineering  Mechanics. 
M.  Blaisdell,  D.  Lee,  and  B.  Baetz. 
Journal  of  Energy  Engineering  (ASCE)  JLEED9, 
Vol.  116,  No.  2,  p  87-97,  August  1990.  4  fig,  3  tab, 
1 6  ref,  append. 

Descriptors:  'Ash,  'Feasibility  studies,  'Inciner- 
ation, 'Landfills,  'Leachates,  'Waste  disposal, 
Cost  analysis,  Cost-benefit  analysis,  Economic  as- 
pects, Heat  transfer,  Municipal  wastes. 

Incineration  of  municipal  solid  waste  (MSW)  is 
increasing  in  many  parts  of  the  world.  Waste  incin- 
eration creates  an  ash  residue  that  must  be  disposed 
of,  typically  in  a  solid-waste  landfill.  The  ash  often 
is  water-quenched  after  incineration  and  may  con- 
tain up  to  50%  moisture  by  weight.  This  moisture 
increases  the  weight  of  the  ash  sent  to  the  landfill 
and  the  leachate  load  placed  on  the  landfill's  leach- 
ate  collection.  Current  literature  on  MSW  is  re- 
viewed, current  ash  handling  practices  are  out- 
lined, and  the  economic  feasibility  of  ash-moisture 
reduction  schemes  are  presented  in  the  form  of  a 
cost-benefit  analysis.  Electric  heating  of  the 
quenched  bottom  ash  is  shown  to  be  an  economi- 
cally feasible  scheme  for  moisture  reduction.  For 
current  cost  levels,  the  net  yearly  benefit  may  be  as 
high  as  $1,200,000  for  a  typical  500  ton/day  plant. 
The  actual  yearly  benefit  depends  on  a  number  of 
factors,  including:  heat  transfer  efficiency  attain- 
able in  an  ash  dryer;  cost  of  electricity;  moisture 
content  of  the  ash  after  quench  and  dewatering; 
percentage  moisture  reduction  possible;  disposal 
and  transport  costs;  initial  capital  and  maintenance 
cost;  and  discount  rate.  Further  research  and  pilot 
plant  studies  are  necessary  to  determine  the  opti- 
mum dryer  type  and  configuration  for  maximum 
benefit.  (Rochester-PTT) 
W91-05123 


STABILIZING  COMPACTED  CLAY  AGAINST 
CHEMICAL  ATTACK. 

New   Haven  Univ.,   West  Haven,  CT.   Dept.  of 

Civil  Engineering. 

For   primary   bibliographic   entry   see   Field   8D. 

W91-05128 


WHAT    SHALL    WE    DO    WITH    GARBAGE- 
DUMP  AND  LANDFILL  LEACHATE. 

For  primary   bibliographic   entry   see   Field   5G. 
W91-05156 


DETERMINATION  OF  HEAVY  METALS  AND 
RADIOACITVE  ELEMENTS  IN  PURIFIER 
SLUDGE. 

Universitat  de  les  Hies  Balears,  Palma  de  Mallorca 

(Spain).  Dept.  de  Chemistry. 

P.  Blanco,  M.  T.  Ohms,  J.  M.  Estela,  and  V. 

Cerda. 

Journal  of  Environmental  Science  and  Health  (A) 
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JESEDU,  Vol.  25,  No.  7,  p  855-868,  October  1990. 
2  fig,  4  tab,  12ref. 

Descriptors:  'Sludge  disposal,  "Land  disposal, 
Heavy  metals,  'Sludge  analysis,  'Radiochemical 
analysis,  Emission  spectrometry,  X-ray  fluores- 
cence, Alpha  spectrometry,  Organic  wastes, 
Heavy  metals,  Fertilizers. 

The  serious  problems  posed  by  environmental  pol- 
lution in  the  last  few  years  and  the  steady  price 
increase  of  mineral  fertilizers  caused  local  authori- 
ties to  study  the  use  of  organic  wastes  as  fertilizers 
in  agricultural  farming.  This  particular  study  was 
made  from  a  wastewater  treatment  plant  in  Sant 
Jordi,  Palma  de  Mallorca,  Spain.  The  concentra- 
tion of  heavy  metal  and  radiochemical  element 
contents  of  sludge  from  industrial  (hotels)  and  do- 
mestic sources  were  analyzed  by  emission  spec- 
trography,  X-ray  fluorescence  and  alpha  spectrom- 
etry. The  results  showed  that  none  of  the  heavy 
metals  and  radiochemical  elements  in  sludges  from 
the  treatment  plant  had  concentrations  above  the 
maximum  allowable  limits.  It  is  concluded  that 
these  sludges  may  therefore  be  safely  used  as  fertil- 
izers. (Medina-PTT) 
W91-05209 


HEALTH  EFFECTS  RESEARCH  INITIATIVES 
AT  THE  AGENCY  FOR  TOXIC  SUBSTANCES 
AND  DISEASE  REGISTRY-APPLICABILITY 
TO  CONTAMINATED  SOILS. 

Agency  for  Toxic  Substances  and  Disease  Regis- 
try, Atlanta,  GA.  Office  of  Health  Assessment. 
C.  M.  Harris. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  49-53,  2  ref. 

Descriptors:  'Water  pollution  effects,  'Path  of  pol- 
lutants, 'Superfund,  'Waste  disposal,  'Public 
health,  'Research  priorities,  'Toxicity,  'Soil  con- 
tamination, 'Environmental  effects,  Hazardous 
wastes,  Monitoring,  Classification,  Institutions,  Re- 
search facilities. 

The  Agency  for  Toxic  Substances  and  Disease 
Registry  (ATSDR),  part  of  the  U.S.  Public  Health 
Service,  was  created  to  implement  health  measures 
mandated  under  the  Comprehensive  Environmen- 
tal Response,  Compensation,  and  Liability  Act 
(CERCLA)  of  1980  (Public  Law  96-510). 
ATSDR's  mission  is  to  prevent  or  mitigate  adverse 
human  health  effects  and  the  diminished  quality  of 
life  resulting  from  environmental  exposures  to  haz- 
ardous substances.  CERCLA  authorizes  ATSDR 
to  support  generalized  applied  health  effects  re- 
search on  toxic  contaminants  found  at  hazardous 
waste  sites.  CERCLA  provided  a  congressional 
mandate  to  clean  up  abandoned  hazardous  waste 
sites,  to  provide  federal  aid  in  toxic  emergency 
situations,  and  also  mandates  that  ATSDR  and 
EPA  jointly  rank,  in  order  of  priority,  those  sub- 
stances that  are  most  prevalent  at  Superfund  sites 
and  pose  the  greatest  threat  to  human  health.  The 
primary  criteria  used  in  ranking  these  substances 
are:  (1)  overall  toxicity  of  the  substance  (acute, 
subacute,  and  chronic  toxicities);  (2)  frequency  of 
occurrence;  and  (3)  human  exposure  potential.  The 
implementation  of  sponsored  health  effects  re- 
search to  fill  significant  data  gaps  concerning 
human  exposure  pathways,  and  the  toxicity  of  sub- 
stances commonly  found  at  hazardous  waste  sites, 
is  of  high  priority  in  accomplishing  the  global 
mission  of  ATSDR-service  to  the  public  through 
the  mitigation  and  prevention  of  human  exposure. 
(See  also  W91-05236)  (Lantz-PTT) 
W9 1-05242 


FIELD-SCREENING  TECHNIQUES:  QUICK 
AND  EFFECTIVE  TOOLS  FOR  OPTIMIZING 
HAZARDOUS  WASTE  SITE  INVESTIGA- 
TIONS. 

Weston  (Roy  F.),  Inc.,  Walnut  Creek,  CA. 

For  primary  bibliographic   entry  see   Field   5G. 

W9 1-05246 


STABILIZED  PETROLEUM  WASTE  INTERAC- 
TION WITH  SILTY  CLAY  SUBGRADE. 


Drexel  Univ.,   Philadelphia,   PA.  Dept.   of  Civil 

Engineering. 

For  primary  bibliographic   entry   see   Field   5G. 

W9 1-05251 


BIOREMEDIATION  OF  PETROLEUM  CON- 
TAMINATED SOILS  USING  A  MICROBIAL 
CONSORTIA  AS  INOCULUM. 

Solmar  Corp.,  Orange,  CA. 

For  primary   bibliographic   entry  see   Field   5G. 

W9 1-05254 


CUTOFF  WALLS  TO  CONTAIN  PETROLEUM 
CONTAMINATED  SOILS. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Civil  En- 
gineering. 

M.  D.  Boscardin,  and  D.  W.  Ostendorf. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  233-250,  2 
fig,  5  tab,  47  ref. 

Descriptors:  'Water  pollution  prevention,  'Cut- 
offs, 'Petroleum  products,  'Soil  contamination, 
'Waste  disposal,  'Environmental  protection,  'Ma- 
terials testing,  Path  of  pollutants,  'Barriers,  Grout- 
ing, Liners,  Bentonite. 

A  number  of  barrier  materials  and  methods  of 
construction  are  examined.  Several  barrier  types 
appeared  more  suited  to  retain  petroleum  related 
contaminants  than  others.  In  general,  permeation 
grouting  appears  to  be  a  poor  choice  due  to  the 
difficulties  in  ensuring  continuity  of  the  barrier. 
Slurry  wall  construction  techniques  with  the  ap- 
propriate backfill  or  liner  composition  should  per- 
form satisfactorily.  Plastic  concrete  backfill  or  a 
composite  of  backfill  and  membrane  liner  (HDPE 
or  PVC)  may  be  attractive  alternatives.  With  the 
latter,  difficulties  with  seaming  and  installation 
without  tears  or  punctures  will  require  special 
construction  techniques  and  may  hinder  its  use. 
Asphalt  slurries,  particularly  those  that  include 
Portland  cement,  may  also  provide  satisfactory 
performance  as  a  slurry  trench  backfill.  In  general, 
the  bentonite-based  backfills  tend  to  fair  poorly 
when  faced  with  organic  contaminants;  however, 
proprietary  mixes  of  treated  bentonite  may  provide 
satisfactory  performance  under  the  appropriate 
conditions.  Crucial  factors  for  the  success  of  bar- 
riers installed  in  situ,  to  surround  a  zone  of  con- 
tamination, are  compatibility  of  the  materials  and 
the  permeant  (at  the  appropriate  concentration), 
compatability  of  the  construction  techniques  with 
the  barrier  materials,  the  ground  conditions  en- 
countered, and  good  specifications  and  quality  as- 
surance controls  for  construction.  (See  also  W91- 
05236)  (Lantz-PTT) 
W91-05255 


COMPREHENSTVE  ANALYSIS  OF  MIGRA- 
TION PATHWAYS  (CAMP):  CONTAMINANT 
MIGRATION  PATHWAYS  AT  CONFINED 
DREDGED  MATERIAL  DISPOSAL  FACILI- 
TIES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05269 


GUIDANCE  FOR  CONTRACTING  BIOLOGI- 
CAL AND  CHEMICAL  EVALUATIONS  OF 
DREDGED  MATERIAL. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

T.  C.  Sturgis. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

D-90-10,  September   1990.  Final  Report.   127p,  5 

fig,  4  tab,  39  ref,  10  append. 

Descriptors:  'Waste  management,  'Dredging 
wastes,  'Waste  disposal,  'Standards,  Field  tests, 
Management  planning,  Decision  making,  'Pollut- 
ant identification,  'Chemical  analysis. 

Contracting  is  a  cost-effective  method  for  increas- 
ing the  capability  of  the  Corp  of  Engineers  to 


conduct  dredged  material  evaluations.  Test  data 
generated  by  a  contractor  are  used  as  an  integral 
part  of  the  decision  making  process  by  the  Corp 
and  the  US  EPA  regarding  the  suitability  of 
dredged  material  for  disposal.  Therefore,  conscien- 
tious contract  management  is  vital  to  ensure  that 
the  generated  data  are  of  the  highest  quality,  are 
obtained  in  a  competent  fashion,  and  can  be  de- 
fended against  legal  scientific  challenge.  A  general 
outline  is  provided  of  the  various  types  of  contrac- 
tors, guidance  on  a  variety  of  activities  required 
for  management  of  chemical  and  biological  con- 
tracts, and  quality  assurance/quality  control  tech- 
niques specifically  for  dredged  and  fill  material. 
(Author's  abstract) 
W9 1-05276 


GENERALIZED  LAGRANGIAN  MODEL  FOR 
BUOYANT  JETS  IN  CURRENT. 

Hong  Kong  Univ.  Dept.  of  Civil  and  Structural 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W91-05323 


CHARACTERIZING  IN  SITU  STRESS  DO- 
MAINS AT  THE  AECL  UNDERGROUND  RE- 
SEARCH LABORATORY. 

Atomic  Energy  of  Canada  Ltd.,  Pinawa  (Manito- 
ba). Whiteshell  Nuclear  Research  Establishment. 
For  primary  bibliographic  entry  see  Field  8E. 
W91-05362 


WATER  CONTENT-DENSITY  CRITERIA  FOR 
COMPACTED  SOTL  LINERS. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
D.  E.  Daniel,  and  C.  H.  Benson. 
Journal    of    Geotechnical    Engineering    (ASCE) 
JGENDZ,  Vol.  116,  No.  12,  p  1811-1830,  1990.  17 
fig,  1  tab,  18  ref. 

Descriptors:  'Landfill  covers,  'Water  pollution 
prevention,  'Lanfills,  'Waste  disposal,  'Liners, 
Soil  water,  Soil  density,  'Clay  liners,  'Landfill 
liners,  'Soil  engineering,  'Soil  compaction,  Envi- 
ronmental engineering,  Waste  disposal,  Hydraulic 
conductivity,  Compacted  soils,  Permeability,  Soil 
properties. 

Compacted  soil  is  widely  used  to  line  landfills  and 
waste  impoundments,  to  cap  new  waste  disposal 
units,  and  to  close  old  waste  disposal  sites.  Most 
engineers  rely  primarily  on  field-measured  water 
contents  and  dry  unit  weights  to  verify  proper 
compaction  of  the  soil.  Soil  liners  have  traditional- 
ly been  compacted  in  the  field  to  a  minimum  dry 
weight  over  a  specified  range  in  water  content. 
With  soil  liners,  hydraulic  conductivity  is  usually 
of  paramount  importance.  Hence,  the  approach 
used  to  ensure  adequate  strength  and  permissible 
compressibility  is  not  necessarily  applicable  to  the 
construction  of  soil  liners.  The  water  content-den- 
sity criteria  for  compacted  soil  liners  can  be  formu- 
lated in  a  manner  that  is  different  from  the  ap- 
proach currently  used  by  many  engineers.  The 
recommended  approach  is  based  on  defining  water 
content-density  requirements  for  a  broad,  but  rep- 
resentative, range  of  compactive  energy,  and  relat- 
ing those  requirements  to  hydraulic  conductivity 
and  other  relevant  factors.  The  procedure  is:  (1) 
soils  are  compacted  over  a  range  in  water  content 
using  maximum,  typical,  and  minimum  compactive 
effort;  (2)  compacted  specimens  are  permeated;  (3) 
compaction  data  are  plotted;  (4)  an  acceptable 
zone  is  drawn  that  encompasses  the  test  results 
meeting  or  exceeding  the  design  criteria;  and  (5) 
the  acceptable  zone  is  modified  to  account  for 
other  factors  that  may  be  relevant  to  a  given 
project.  A  case  history  illustrates  the  recommend- 
ed procedure  and  its  implementation.  Hydraulic 
conductivity  measurements  were  performed  on 
three  soils  to  develop  an  'acceptable  zone'  on  the 
compaction  curve  that  was  used  for  quality  control 
during  construction.  As  a  result  of  implementing 
the  recommended  procedure,  construction  oper- 
ations were  significantly  accelerated.  (Fish-PTT) 
W91-05379 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5E— Ultimate  Disposal  Of  Wastes 


BIODEGRADATION  OF  LAND-APPLIED 
SLUDGE. 

Harvard  Univ.,  Cambridge,  MA.  Lab.  of  Microbial 

Ecology. 

M.  Boyle. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  640-644  ,  Oct-Dec  1990.  2  tab,  36  ref. 

US  EPA  grant  CR-8 12699. 

Descriptors:  'Biodegradation,  'Decomposing  or- 
ganic matter,  *Land  disposal,  'Microbial  degrada- 
tion, 'Sludge  disposal,  'Waste  disposal,  Economic 
aspects,  Heavy  metals,  Sludge  digestion,  Sludge 
treatment,  Soil  organisms,  Toxicity. 

In  the  last  20  years,  land  application  of  both  acti- 
vated and  digested  sludge  has  received  a  renewed 
interest  because  of  the  high  energy  cost  of  inciner- 
ation and  the  phasing  out  of  ocean  dumping. 
Before  we  can  design  better  methods  for  land 
disposal  or  'engineer'  better  microbial  decom- 
posers, the  limitations  of  sludge  decay  must  first  be 
addressed.  There  is  a  need  to  increase  the  rate  of 
decomposition  during  and  after  sludge  formation. 
The  means  of  sludge  formation  often  determines 
which  environmental  factors  and  enzymatic  reac- 
tions are  effective  in  further  degrading  this  com- 
plex substrate.  Municipal  sludges  contain  relatively 
high  concentrations  of  heavy  metals  from  industri- 
al discharge  and  residential  plumbing.  The  soil/ 
plant  system  is  usually  a  good  barrier  to  human 
exposure  from  toxic  components  within  sludge. 
When  sludge  is  applied  to  land  there  is  an  initial 
flush  of  microbial  activity.  The  microbial  biomass 
decreases  as  the  easily  degradable  materials  from 
the  initial  substrate  and  microbial  metabolites  are 
mineralized.  During  humification,  sludge  under- 
goes extensive  reduction  in  soluble  carbon,  cellu- 
lose, and  hemicellulose  complexes  along  with  a 
relative  increase  in  the  proportion  of  lignin.  As  the 
composition  of  the  organic  material  shifts  with 
time  presumably  the  microbial  decomposer  com- 
munity also  changes.  (Doyle-PTT) 
W9 1-05392 


NITROGEN  MINERALIZATION  AND  ELE- 
MENTAL AVAILABILITY  IN  SOILS  AMEND- 
ED WITH  COCOMPOSTED  SEWAGE 
SLUDGE. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  Science. 

J.  T  Sims. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  669-675,  Oct-Dec  1990.  3  fig,  7  tab,  31 

ref. 

Descriptors:  'Composting,  'Nitrogen,  'Sludge  dis- 
posal, 'Soil  amendments,  'Waste  disposal,  Fertiliz- 
ers, Land  disposal,  Mineralization,  Nitrogen  fixa- 
tion, Nutrient  transport,  Sludge  utilization,  Soil 
chemistry. 

Land  application  of  cocomposted  sewage  sludge 
(CCSS),  produced  by  the  aerobic  digestion  of  mu- 
nicipal refuse  and  anaerobically  digested  sewerage 
sludge,  represents  an  alternative  use  for  organic 
wastes  that  are  currently  landfilled,  incinerated,  or 
disposed  of  by  ocean  dumping.  Laboratory  and 
greenhouse  studies  were  conducted  with  four 
types  of  CCSS  to  determine  their  suitability  for 
agricultural  use,  based  on  mineralizable  N  and  the 
availability  of  plant  nutrients  and  certain  nonessen- 
tial heavy  metals  (Cd,  Cr,  Ni,  Pb).  Nitrogen  miner- 
alization studies,  conducted  for  20  wk  with  three 
soils  amended  with  22  Mg/ha  of  each  CCSS  type 
(total  N  added  =  250  to  398  kg  N/ha),  indicated 
that  immobilization  of  N  could  be  a  serious  prob- 
lem with  these  composts.  Negative  values,  ranging 
from  -7  to  -39  mg/kg,  were  obtained  for  net  N 
mineralization  (N  mineralized  adjusted  for  inorgan- 
ic N  added  in  the  CCSS  and  mineralized  soil  N). 
Additionally  ,  wheat  (Triticum  aestivum  L.)  plants 
grown  in  the  greenhouse  for  8  wk  with  the  sam 
CCSS  applied  at  rates  of  0,  11,  22,  and  44  Mg/ha, 
and  supplemented  with  100  mg/kg  of  N  as 
NH4NCO,  exhibited  N  deficiency  symptoms,  re- 
duced dry  matter  production,  and  lower  plant  N 
concentrations  of  P,  K,  Ca,  Mg,  Cu,  Cd,  Cr.  Ni 
and  Pb  were  noted  among  CCSS  types  in  the 
greenhouse  study.  The  CCSS  rate  also  had  little 
influence  on  plant  and  soil  concentrations  of  these 
elements.  Soil  pH,  however,  was  increased  by 
lime-amended  CCSS,   resulting  in  significant  de- 


creases in  plant  concentrations  of  Mn  and  Zn.  In 
summary,  results  from  laboratory  and  greenhouse 
studies  suggest  that,  when  applied  at  agronomic 
rates,  these  composts  can  produce  satisfactory 
plant  growth,  if  adequate  amounts  of  supplemental 
N  fertilizers  are  applied,  and  that  increases  in  soil 
and  plant  concentrations  of  nonessential  heavy 
metals  should  not  be  a  limiting  factor  in  compost 
use.  (Author's  abstract) 
W9 1-05397 


DENITRIFICATION  IN  POROUS  MEDIA 
DURING  RAPID,  CONTINUOUS  LEACHING 
OF  SYNTHETIC  WASTEWATER  AT  SATU- 
RATED WATER  FLOW. 

Hiroshima  Univ.  (Japan).  Faculty  of  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05398 


NITROGEN  STATUS  OF  FOREST  FLOOR, 
SOILS,  AND  VEGETATION  FOLLOWING  MU- 
NICIPAL WASTEWATER  SLUDGE  APPLICA- 
TION. 

Naval    Facilities    Engineering    Command,    Pearl 

Harbor,  HI.  Pacific  Div. 

S.  G.  Aschmann,  M.S.  Mcintosh,  J.  S.  Angle,  R. 

L.  Hill,  and  R.  R.  Weil. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  687-694,  Oct-Dec  1990.  3  fig.  6  tab,  21 

ref. 

Descriptors:  'Enrichment,  'Fertilizers,  'Forest 
soils,  'Land  application,  'Municipal  wastewater, 
♦Nitrogen,  'Sludge  disposal,  Deciduous  forests, 
Maryland,  Nitrification,  Nutrient  transport,  Soil 
chemistry. 

As  available  agricultural  land  decreases  in  the 
Northeast,  the  feasibility  of  applying  sludge  to 
established  hardwood  forests  is  increasingly  being 
considered.  A  major  concern  with  this  practice  is 
the  potential  for  the  large  quantities  of  nitrogen  in 
sludge  to  be  detrimental  to  the  forest  ecosystem.  In 
June  1986,  aerobically  digested  liquid  sludge  was 
surface  applied  to  a  Maryland  hardwood  forest  at 
rates  of  0,  3,  6,  and  12  dry  Mg/ha,  corresponding 
to  nitrogen  loadings  of  0,  200,  400,  and  800  kg  N/ 
ha,  respectively.  Soils  from  the  0  to  10  and  10  to  20 
cm  soil  depth  were  analyzed  for  extractable  N03- 
N  and  NH4-N  in  the  spring  and  fall  of  1986  and 
1987.  Standing  litter,  litterfall,  and  leaves  of  five 
overstory  and  seven  understory  species  were  ana- 
lyzed for  total  nitrogen  annually.  The  first  year 
following  sludge  application,  total  extractable  ni- 
trogen in  the  surface  10  cm  of  soil  ranged  28  mg/ 
kg  soil  in  the  control  to  125  mg/kg  under  the  800 
kg  N/ha  treatment.  With  in  two  years,  total  ex- 
tractable N  in  the  soil  surface  was  not  significantly 
different  among  treatments.  Nitrogen  concentra- 
tion in  litterfall  increased  with  increasing  sludge 
rates  but  only  during  the  second  year  after  sludge 
was  applied.  Nitrogen  in  the  standing  litter  of  the 
800  kg  N/ha  increased  in  response  to  sludge  the 
first  year  of  application,  indicating  that  decomposi- 
tion was  accelerated  in  sludge  treated  plots.  The 
second  year  after  sludge  application,  foliar  nitro- 
gen concentration  was  increased  with  increasing 
sludge  rate  in  two  of  five  tree  species  and  four  of 
seven  understory  species.  The  total  nitrogen 
uptake  was  small  compared  with  the  total  available 
nitrogen.  Low  rainfall  in  1986  and  1987  may  have 
limited  nitrogen  uptake  by  the  vegetation.  (Doyle- 
PTT) 
W9 1-05400 


LONG  TERM  SWINE  LAGOON  EFFLUENT 
APPLICATIONS  ON  *COASTAL'  BERMUDA- 
GRASS:  I.  YIELD,  QUALITY,  AND  ELEMENT 
REMOVAL. 

North  Carolina  Agricultural  Research  Service,  Ra- 
leigh. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05405 


Science. 

L.  D.  King,  J.  C.  Burns,  and  P.  W.  Westerman. 
Journal  of  Environmental  Quality  JEVQAA,  Vol 
19,  No.  4,  p  756-760,  Oct-Dec  1990.  5  fig,  8  ref. 

Descriptors:  'Bermudagrass,  'Fertilizers,  'Hogs, 
•Land  disposal,  'Land  treatment,  'Manure,  'Soil 
chemistry,  'Wastewater  disposal,  'Wastewater  la- 
goons, 'Water  pollution  effects,  Holding  ponds, 
Nitrates,  Nutrient  concentrations,  Phosphates, 
Runoff,  Soil  cores,  Surface-groundwater  relations. 

Application  of  effluent  from  animal  manure  la- 
goons to  cropland  is  an  effective  method  of  utiliz- 
ing the  nutrients  in  the  effluent  and  minimizing 
groundwater  and  surface-water  pollution.  The 
effect  of  land  application  of  effluent  from  a  swine 
manure  lagoon  on  selected  soil  chemicalproperties 
was  studied  over  an  11  yr  period.  Effluent  was 
applied  at  rates  to  supply  approximately  335,  670, 
and  1340  kg  of  N/ha/yr  to  'coastal'  bermudagrass 
(Cynodon  dactylon)  on  a  Paleudult  soil  from  1973 
to  1983.  Soil  cores  taken  to  a  depth  of  210  cm  were 
analyzed  for  H20-extractable  N03-N  and  Mehlich 
1 -extractable  P  and  cations.  Nitrate-N  concentra- 
tions (1-5  mg/kg)  with  the  two  lower  rates  were 
similar  to  concentrations  where  no  effluent  was 
applied.  At  the  high  effluent  rate,  N03-N  concen- 
trations were  elevated,  particularly  in  the  subsoil, 
and  540  kg  N03-N  was  present  in  the  profile. 
Phosphorus  increased  with  loading  rate  and  at  the 
high  rate,  P  concentrations  (450  mg/kg)  in  the  0  to 
15  cm  zone  was  10  times  the  level  above  which  no 
response  to  P  fertilization  would  be  expected.  Po- 
tassium concentration  increased  with  loading  rate 
throughout  the  profile.  Magnesium  accumulation 
was  inversely  related  to  effluent  loading  rate  in  the 
0  to  15  cm  zone,  but  accumulation  in  the  subsoil 
was  directly  related  to  loading  rate.  Comparison  of 
profile  nutrient  distributions  at  the  high  rate  for 
Years  6  and  1 1  showed  no  appreciable  accumula- 
tion of  N03-N  during  the  period.  Accumulation  of 
the  nutrients  during  this  5  yr  period  was  P,  210%, 
K,  200%,  Ca,  140%,  Mg,  60%,  and  Na,  10%  as 
compared  with  Year  6.  Soil  pH  was  decreased  by 
the  high  effluent  rate  but  did  increase  from  4.2  at 
Year  6  to  5.0  at  Year  1 1  due  to  the  increased  rate 
of  application  of  basic  cations  during  that  period. 
The  high  rate  poses  a  groundwater  pollution 
hazard  because  of  the  large  quantity  of  N03-N 
present  in  the  profile.  In  previous  years,  apprecia- 
ble N03-N  was  also  present  at  the  medium  rate, 
but  N03-N  was  low  at  this  rate  in  Year  11.  The 
high  P  concentrations  in  the  surface  soil  increase 
the  potential  for  runoff  transport  of  P,  which 
might  pose  a  surface-water  pollution  problem.  (See 
also  W9 1-05405)  (Author's  abstract) 
W9 1-05406 


INFLUENCE    OF    DETERGENT    FORMULA- 
TION       ON        NUTRIENT        MOVEMENT 
THROUGH   SAND   COLUMNS   SIMULATING 
MOUND     AND     CONVENTIONAL     SEPTIC 
SYSTEM  DRAINFTELDS. 
Geraghty  and  Miller,  Inc.,  Raleigh,  NC. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05415 


INTERFACIAL  MLXING  CAUSED  BY  TURBU- 
LENT BUOYANT  JETS. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Mechanical 

and  Aerospace  Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W91-05419 


LONG-TERM  SWINE  LAGOON  EFFLUENT 
APPLICATIONS  ON  'COASTAL'  BERMUDA- 
GRASS:  II.  EFFECT  ON  NUTRIENT  ACCUMU- 
LATION IN  SOIL. 

North  Carolina  State  Univ.,  Raleigh.  Dept.  of  Soil 


HEAVY-METAL  UPTAKE  FROM  THE  FREI- 
BURG WASTEWATER  FTELD  BY  GARDEN 
VEGETABLES  (SCHWERMETALLAUF- 

NAHME  VON  GARTENPFLANZEN  DER  FREI- 
BURGER  RIESELFELDER). 
Freiburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Boden- 
kunde  und  Waldrnaehrungslehre. 
P.  Truby,  and  A.  Raba. 

Agribiological  Research,  Vol.  43,  No.  2,  p  139-146, 
1990.  7  tab,  10  ref.  English  summary. 

Descriptors:  'Agriculture,  'Germany,  'Heavy 
metals,  'Irrigation,  'Soil  contamination,  'Vegeta- 
ble   crops,    'Wastewater    utilization.    Cadmium, 
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Comparative  studies,  Lead,  Plant  growth,  Variabil- 
ity, Zinc. 

The  use  of  wastewater  from  the  city  of  Freiburg 
for  irrigation  resulted  in  an  enrichment  of  heavy 
metals  in  the  soil.  The  Zn,  Cd,  and  Pb-uptake  of 
different  plant  species  was  determined  by  a  field 
experiment.  Data  for  the  Zn  and  Cd-contents  of 
leaf  and  root  vegetables  were  in  general  relatively 
high  when  compared  to  data  from  other  investiga- 
tions. The  standard  values  established  by  ZEBS  in 
1986,  were  often  significantly  exceeded.  Fruit  and 
vegetables  were  found  to  have  low  heavy  metal 
concentrations.  However,  lettuce,  mangold,  spin- 
ach, celeriac  and  carrot  grown  on  a  neighboring 
uncontaminated  field  also  had  high  Cd  concentra- 
tions. This  resulted  from  a  non  optimal  plant 
growth  and  a  high  annual  variation  in  the  uptake. 
These  factors  can  have  a  greater  influence  on  the 
heavy  metal  uptake  than  the  soil  content.  There- 
fore it  is  not  possible  to  predict  the  uptake  of 
heavy  metals  by  garden  vegetables  on  the  basis  of 
the  soil  content.  (Author's  abstract) 
W9 1-05474 


CADMIUM  ADSORPTION  BY  SEWAGE 
SLUDGE-TREATED  SOIL  AFTER  DIFFERENT 
WETTING  AND  DRY  CYCLES. 

Akademia  Techniczno-Rolnicza,  Bydgoszcz 
(Poland). 

I.  Szymura,  L.  Lubrano,  B.  Pezzarossa,  and  G. 
Petruzzelli. 

Agrochimica  AGRCAX,  Vol.  34,  No.  1/2,  p  Hi- 
ll 6,  1990.  1  fig,  1  tab,  6  ref. 

Descriptors:  'Agriculture,  "Cadmium,  'Heavy 
metals,  *Path  of  pollutants,  'Sludge,  'Sludge  dis- 
posal, 'Soil  chemistry,  Absorption,  Acidification, 
Drying,  Seasonal  variation,  Soil  organic  matter, 
Soil  types,  Wetting. 

The  adsorption  of  cadmium  by  a  soil  treated  with 
sewage  sludge  and  subjected  to  one  and  five  wet- 
ting and  drying  cycles  was  investigated.  The  wet- 
ting and  drying  procedure  which  resembles  the 
variation  in  the  soil  properties  over  the  course  of  a 
growing  season  in  the  field,  affects  some  param- 
eters related  to  heavy  metal  absorption.  In  particu- 
lar, the  process  could  be  associated  with  an  in- 
crease in  surface  acidity.  A  slight,  but  significant, 
decrease  in  soil  pH  was  found  in  both  soil  samples. 
The  decrease  was  more  evident  in  the  treated  soils 
(pH  7.0  to  6.2),  and  was  near  to  the  value  of  the 
original  soil  (pH  6.1).  Wetting  and  drying  cycles 
decreased  the  cadmium  adsorption  by  the  soil,  as 
reflected  by  the  Langmuir  parameters,  probably 
due  to  the  surface  acidity  induced  by  this  process. 
The  addition  of  organic  materials  enhanced  the 
absorptive  capacity  of  the  soil.  Sewage  sludge  in- 
creased the  number  of  surfaces  which  react  with 
the  metal.  The  results  obtained  highlight  the  im- 
portance of  different  phenomena  related  not  only 
to  sewage-sludge  addition  to  agricultural  soils,  but 
also  to  variations  in  some  soil  parameters  that  are 
influenced  by  the  wetting  and  drying  process. 
(Agostine-PTT) 
W9 1-05479 


INDOLACETIC  ACID  PRODUCTION  FROM 
OLD/E  WASTE  WATER  BY  ARTHROBACTER 
SPP. 

Istituto  di  Radiobiochimica  ed  Ecofisiologia  Vege- 

tale,  Rome  (Italy). 

U.  Tomati,  G.  Di  Lena,  E.  Galli,  A.  Grappelli,  and 

R.  Buffone. 

Agrochimica  AGRCAX,  Vol.  34,  No.  3,  p  223- 

228,  May/June  1990.  2  fig,  2  tab,  12  ref. 

Descriptors:  'Bacteria,  'Bacterial  physiology,  'In- 
dustrial wastewater,  'Wastewater  utilization,  Bio- 
mass,  Biosynthesis,  Microorganisms,  Olive  oil,  Or- 
ganic compounds,  Phenols. 

Olive  oil  wastewater  is  a  material  rich  in  organic 
compounds.  The  organic  matter  responsible  for  the 
polluting  effect  could  be  considered  as  a  feasible 
source  for  biomass  production.  The  possibility  of 
obtaining  biologically  active  substances  by  Arthro- 
bacter  spp.  was  investigated.  Four  strains  of  Arth- 
robacter  (A.  globiformis  NCIB8602,  A.  viscosus 
NBIC9728,  A.  fluoresces  DSM3680,  and  A.  gia- 


comelloi  DSM3681)  were  tested.  The  high  content 
of  phenolic  compounds  present  in  olive  oil 
wastewater  is  a  limiting  factor  for  its  use  in  bacte- 
rial biomass  production,  since  phenols  have  an 
inhibiting  effect  on  microbial  growth.  Although 
Arthrobacter  are  among  the  microorganisms  able 
to  metabolize  phenols,  the  four  strains  used  reacted 
differently  when  cultured  in  olive  oil  wastewater. 
A.  giacomelloi  and  A.  viscosus  were  found  to  be 
suitable  for  indolacetic  acid  (IAA)  production.  The 
addition  of  tryptophan  enhanced  biomass  produc- 
tion while  greatly  enhancing  IAA  biosynthesis. 
The  phenol  concentration  was  a  limiting  factor  for 
biomass  production.  During  their  growth,  all  mi- 
crobial strains  strongly  reduced  the  phenol  content 
in  the  cultural  medium.  (Agostine-PTT) 
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SEWAGE  SLUDGE  UTILIZATION  TECHNOL- 
OGY IN  TOKYO. 

Tokyo  Sewerage  Bureau  (Japan).  Engineering  Re- 
search and  Development  Section. 
Y.  Yasuda. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.    10/2,   p   1743-1752,    1991.   5   fig,  7  tab. 

Descriptors:  'Compost,  'Japan,  'Recycling, 
'Sludge  disposal,  'Sludge  treatment,  'Sludge  utili- 
zation, 'Tokyo,  'Waste  utilization,  Ash,  Compost- 
ing, Organic  matter,  Slags,  Sludge  drying,  Sludge 
solids,  Waste  management,  Waste  solidification, 
Wastewater  disposal. 

As  an  increasing  quantity  of  sewage  sludge  is  pro- 
duced in  Tokyo,  it  has  become  difficult  to  acquire 
enough  land  for  sewage  sludge  disposal.  Therefore, 
efforts  have  been  made  to  develop  sewage  sludge 
utilization  technologies.  Five  such  technologies  are 
conversion  of  sewage  sludge  to  compost,  conver- 
sion of  sewage  sludge  to  fuel,  production  of  artifi- 
cial light-weight  aggregate  from  ashes,  press  burn- 
ing of  incineration  ashes,  and  conversion  of  sewage 
sludge  to  melted  slag.  Converting  sewage  sludge  to 
compost  and  to  fuel  utilizes  the  organic  matter  in 
sewage  sludge.  Good  results  have  been  obtained 
composting  sewage  sludge.  A  full-scale  facility 
with  a  compost  production  capacity  of  2-3  ton/day 
was  constructed  at  the  Minami  Tama  Wastewater 
Treatment  Plant.  Because  sewage  sludge  cannot 
normally  be  used  as  fuel  due  to  its  moisture  con- 
tent, the  Tokyo  Metropolitan  Government  devel- 
oped an  efficient  drying  method  whereby  the  fuel 
production  process  became  practical.  A  sludge 
drying  facility  was  constructed  in  1989  and  is 
currently  operating  on  a  trial  basis.  The  inorganic 
matter  in  sewage  sludge  is  utilized  by  converting 
sludge  ashes  to  an  artificial  lightweight  aggregate, 
press  burning  of  ashes  and  converting  sludge  to 
melted  slag.  The  Tokyo  Metropolitan  Government 
began  research  on  sewage  sludge  ash  utilization 
technology  in  1974  and  currently  operates  a  facili- 
ty that  produces  3  ton/day  of  lightweight  aggre- 
gate. Sludgelight,  as  the  product  in  called,  is  ap- 
propriate for  manufacturing  baked  products;  press 
burning  of  sewage  sludge  ashes  produces  bricks.  A 
facility  is  under  construction  at  the  Nambu  Sludge 
Plant  that  will  process  10  ton  of  sludge/day.  The 
facility  should  begin  operations  in  1990.  (Mertz- 
PTT) 
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REVIVAL  OF  INCINERATION  IN  THE  UK. 

AQUA-ENVIRO,  Wakefield  (England). 

For  primary  bibliographic  entry   see   Field   5D. 
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EFFECTIVENESS  OF  EVAPOTRANSPIRA- 
TION  SYSTEMS  IN  DISPOSING  OF 
WASTEWATER  IN  REMOTE  ABORIGINAL 
COMMUNITIES  IN  NORTHWEST  AUSTRA- 
LIA. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
D.  R.  McGrath,  G.  E.  Ho,  and  K.  Mathew. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.   10/2,  p   1825-1833,   1991.  2  fig,  20  ref. 

Descriptors:  'Evapotranspiration,  'Evapotranspir- 
ation  potential,  'Plant-water  relationships, 
•Wastewater     disposal,     Australia,     Eucalyptus, 


Evaporation,  Evaporation  pans,  Grasses,  Gravel, 
Hydrologic  equation,  Lysimeters,  Water  loss. 

The  outstation  movement,  where  Aboriginal 
people  in  remote  areas  of  Australia  are  returning  to 
their  ancestral  lands,  has  resulted  in  the  develop- 
ment of  many  new  communities.  Health  problems 
rising  from  ineffective  waste  disposal  systems  and  a 
lack  of  maintenance  of  existing  systems  are  preva- 
lent in  many  of  these  communities.  Evapotranspir- 
ation systems  have  potential  for  use  in  those  areas 
where  soil  absorption  fields  fail.  The  systems  cost 
considerably  less  and  potentially  require  less  main- 
tenance than  reticulated  systems.  The  effectiveness 
of  evapotranspiration  systems  in  disposing  of 
wastewater,  and  the  application  of  these  systems  to 
remote  Aboriginal  outstations  was  investigated. 
Evapotranspiration  system  sizing  requirements 
were  determined  with  the  water  balance  equation. 
Water  loss  from  lysimeters  planted  in  tanks  with 
trees  (Eucalyptus  camaldulensis)  or  lawn  grass, 
and  from  bare  soil  and  gravel  was  monitored  oyer 
several  months  and  compared  to  pan  evaporation 
measured  during  the  same  period.  It  was  found 
that  evapotranspiration  from  bare  soil  and  grass 
followed  similar  trends  to  pan  evaporation,  ranging 
from  30-60%  of  pan  evaporation  for  soil  and  from 
60-80%  of  pan  evaporation  for  grass.  Evapotran- 
spiration rates  increased  in  the  tanks  planted  with 
trees  as  the  plants  grew  and  exceeded  pan  evapora- 
tion rates.  Evaporation  from  gravel-filled  lysi- 
meters was  low;  as  little  as  10%  of  pan  evapora- 
tion. (Mertz-PTT) 
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EFFECT   OF   STRIP   BED   ROUGHNESS   ON 
THE  REAERATION  RATE  COEFFICIENT. 

Sao  Paulo  Univ.,  Sao  Carlos  (Brazil).  Dept.  de 

Hidraulica  e  Saneamento. 

For  primary  bibliographic   entry   see   Field   5G. 
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SEWAGE  SLUDGE  COMPOSTING  PROCESS 
BY  STATIC  PILE  METHOD. 

Japan  Sewage  Works  Agency,  Toda.  Research  and 

Technology  Development  Div. 

H.  Ishii,  K.  Tanaka,  M.  Aoki,  T.  Murakami,  and 

M.  Yamada. 

Water  Science  and  Technology  WSTED4,  Vol. 
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Descriptors:  'Composting,  'Sludge  treatment, 
•Sludge  utilization,  'Static  pile  composting, 
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drying,  Soil  amendments,  Temperature, 
Wastewater  treatment. 

Sewage  sludge  is  considered  to  be  a  promising 
fertilizer  and  soil  conditioner.  Since  dewatered 
sludge  might  cause  some  problems  in  its  direct 
application  onto  fields  it  is  recommended  that 
dewatered  sludge  be  treated  aerobically  before  ap- 
plication by  composting.  Dewatered  raw  sludge 
with  polymer  was  composed  without  any  bulking 
agents  by  using  recycled  compost  to  preadjust  the 
moisture  content  of  the  dewatered  sludge.  Ap- 
proximately 6  tons  of  mixture  was  piled  on  the 
floor  to  be  composted.  The  aeration  methods  em- 
ployed were  natural  ventilation  and  intermittent 
aeration.  Results  of  the  static  pile  composting 
process  revealed  that  the  moisture  content  of  the 
feed  mixture,  which  was  dewatered  sludges  and 
recycled  composts,  was  lowered  to  approximately 
50%.  This  allowed  the  raw  sludge  to  be  composted 
by  either  natural  ventilation  or  intermittent  aer- 
ation. When  the  biological  oxygen  demand  of  feed 
mixture  was  lower  than  50  g/kg  of  dewatered 
sludge  the  fermentation  temperature  did  not  reach 
60  C  and  the  moisture  content  of  the  mixture  was 
not  lowered  during  composting  period.  The  re- 
quired composting  time  was  approximately  50  days 
for  natural  ventilation  (at  an  average  temperature 
of  10  C  or  24  C)  and  approximately  35  days  for 
intermittent  aeration,  when  the  moisture  content  of 
finished  compost  was  40%  and  the  biological 
oxygen  demand  was  30  gAg  dewatered  sludge  or 
less.  There  was  a  highly  positive  correlation  be- 
tween the  amount  of  water  evaporated  and  the 
amount  of  biological   oxygen  demand   removed. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5E— Ultimate  Disposal  Of  Wastes 


This  result  suggested  that  the  amount  of  water 
evaporation  could  be  reduced.  (Mertz-PTT) 
W91-05526 


ESTIMATION  OF  ENERGY  SAVING  FOR 
MELTING  PROCESS  ON  SEWAGE  SLUDGE. 

Japan  Sewage  Works  Agency,  Toda.  Research  and 

Technology  Development  Div. 

T.  Murakami,  K.  Sasabe,  K.  Sasaki,  and  T. 

Kawashima. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,   No.    10/2,   p   2011-2018,    1991.   6  fig,   2   ref. 

Descriptors:  'Energy  use  efficiency,  *  Incineration, 
•Melting,  *Sludge  disposal,  'Sludge  treatment, 
•Wastewater  disposal,  Cost  savings,  Energy  con- 
servation, Moisture  content,  Slags,  Sludge  melting, 
Temperature,  Wastewater  treatment. 

The  possible  volume  reduction  and  stabilization  of 
the  sewage  sludge  associated  with  the  melting 
process  are  expected  to  be  greater  than  with  the 
incineration  process.  In  addition,  melted  slag  can 
be  utilized.  However,  since  the  melting  process 
requires  a  very  high  temperature  to  melt  inorgan- 
ics (ash)  in  the  sludge,  the  technologies  to  minimize 
energy  consumption,  to  establish  system  operation 
and  to  prolong  durability  of  facilities  need  to  be 
developed.  A  model  was  prepared  that  provides 
the  auxiliary  fuel  consumption  of  the  melting 
system  on  the  basis  of  the  mass  and  heat  balances. 
Evaluation  the  auxiliary  fuel  consumption  in  the 
model  used  the  cake  moisture  content,  the  volatile 
solids  of  the  cake,  the  dried  cake  moisture  content, 
and  the  melting  temperature  as  parameters.  Oper- 
ational conditions  for  an  energy  saving  melting 
system  were  examined.  The  experiment  showed 
that  the  quantitative  treatment  of  heat  did  not 
cause  any  problems  in  a  temperature  range  of  up  to 
1600  C  in  the  melting  furnace.  Moisture  content  of 
dewatered  cake  fed  to  the  drying  unit  had  a  large 
effect  on  the  auxiliary  fuel  consumption.  For  exam- 
ple, reducing  moisture  content  from  80-75%  result- 
ed in  a  25%  reduction  in  the  water  volume.  It  was 
preferable  that  the  moisture  content  of  dewatered 
cake  be  low  enough  in  the  melting  furnace  to 
maintain  the  melting  temperature  without  auxiliary 
fuel.  A  greater  ignition  loss  meant  a  lower  fuel 
consumption.  High  basicity  required  a  higher  melt- 
ing temperature,  and  that  resulted  in  higher  auxilia- 
ry fuel  consumption.  Electricity,  water  and  chemi- 
cals should  be  considered  as  utilities  for  the  melt- 
ing process  in  addition  to  an  auxiliary  fuel.  This 
will  be  studied  in  the  future.  (See  also  W91-05530) 
(Mertz-PTT) 
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CHARACTERISTICS  OF  MELTING  PROCESS 
FOR  SEWAGE  SLUDGE. 

Japan  Sewage  Works  Agency,  Toda.  Research  and 

Technology  Development  Div. 

T.  Murakami,  T.  Ishida,  K.  Sasabe,  K.  Sasaki,  and 

S.  Harada. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2019-2028,  1991.  9  fig,  4  tab,  4  ref. 

Descriptors:  •  Incineration,  *Melting,  'Sludge  dis- 
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materials,  Enthalpy,  Fuel,  Moisture  content,  Phos- 
phoric acid,  Sludge,  Sludge  utilization,  Tempera- 
ture. 

The  development  of  melting  process  techniques  in 
the  sewage  works  can  make  possible  the  utilization 
of  sewage  sludge  as  construction  materials.  Since 
the  pouring  temperature  affects  the  runoff  of  melt- 
ing ash,  the  heat  resistance  of  reactor  wall  materi- 
als, and  the  quantity  of  heat-loss  from  reactors,  it  is 
a  crucial  factor  for  planning  and  designing  the 
melting  system.  On  the  other  hand,  the  moisture 
content,  the  calorific  value,  and  the  organic  matter 
content  of  sludge  greatly  affect  the  auxiliary  fuel 
consumption  since  the  sludge  melting  process  is 
operated  at  a  high  temperature.  Ash  components 
of  sewage  sludge  were  measured  and  analyzed,  the 
fall  of  the  pouring  temperature  on  sewage  sludge 
was  estimated  from  various  points  of  view  and  heat 
values  of  sewage  sludge  were  measured.  There 
were  three  effective  parameters  for  the  auxiliary 
fuel  consumption  in  the  melting  process:  ignition 
loss,  moisture  content  of  sludge  and  temperature. 


The  estimation  model  showed  that  the  lowering  of 
the  pouring  point  temperature  was  most  effective 
for  the  auxiliary  fuel  saving  on  the  melting  process. 
The  ash  component  in  the  sludge  is  similar  to 
natural  rock  except  for  a  higher  ratio  of  phosphor- 
ic acid  content.  The  index  of  the  basicity  is  suitable 
at  around  1.0.  In  using  the  experimental  three- 
component  status  graph,  two  ranges  where  the 
pouring  point  temperature  decreases  have  been 
found.  A  comprehensive  equation  was  proposed 
such  that  the  calorific  value  of  sludge  could  be 
expressed  as  a  function  of  the  ignition  loss.  (See 
also  W9 1-05529)  (Mertz-PTT) 
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SLUDGE  MELTING  PROCESS  WITH  HAZ- 
ARDOUS ASBESTOS  WASTES. 

Kyoto  Univ.  (Japan).  Environment  Preservation 

Center. 

S.  Sakai,  H.  Takatsuki,  M.  Hiraoka,  and  T. 

Tsunemi. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2029-2037,  1991.  5  fig,  3  tab,  17  ref. 

Descriptors:  'Asbestos,  'Hazardous  wastes,  'In- 
cineration, 'Melting,  'Sludge  disposal, 
'Wastewater  disposal,  Ash,  Construction  materi- 
als, Environmental  effects,  Slags,  Sludge  utiliza- 
tion, Temperature. 

Sewage  sludge  melting  has  been  developed  and 
operated  in  full-scale  plants  for  sludge  processing 
and  utilization  of  the  by-products  as  construction 
materials.  Hazardous  asbestos  wastes  should  be 
disposed  of  properly  so  as  not  to  lead  to  environ- 
mental pollution.  The  co-melting  process  for 
sewage  sludge  and  asbestos  wastes  is  examined 
based  on  the  basic  melting  behavior  of  asbestos  and 
a  laboratory  plant  experiment.  Microscopic  obser- 
vation and  X-ray  diffraction  analysis  showed  that 
asbestos  forms  could  be  changed  physically  and 
chemically  by  the  high  temperature  melting.  The 
disappearance  of  asbestos  fibrous  forms  and  chemi- 
cal changes  of  its  composition  in  the  melted  slag 
are  not  always  concluded  to  be  non-toxic,  but 
considering  that  the  melted  slag  is  a  rock-like 
material  with  high  strength,  the  melting  is  accepta- 
ble as  a  method  of  hazardous  asbestos  waste  dis- 
posal. Laboratory  scale  experiments  have  been 
conducted  on  co-melting  disposal  of  sprayed-on 
chrysotile  asbestos  waste  and  a  mixture  of  lime- 
added  and  polymer-added  sewage  sludge.  It  was 
possible  to  maintain  the  temperatures  around  1600 
C  and  to  discharge  slag  smoothly.  It  is  also  expect- 
ed that  asbestos  cement  wastes  will  contribute  to 
the  adjustment  materials  of  basicity  (CaO/Si02)  in 
the  polymer-added  sludge  melting.  (Author's  ab- 
stract) 
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GROUND       WATER       RECHARGE       WITH 
SEWAGE  EFFLUENT. 

Agricultural    Research    Service,    Phoeniz,    AZ. 
Western  Cotton  Research  Lab. 
For  primary  bibliographic  entry  see  Field  3C. 
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WASTEWATER  DISPOSAL  BY  SUB-SURFACE 
TRICKLE  IRRIGATION. 

Ben-Gurion    Univ.    of    the    Negev,    Sde    Boker 
(Israel).  Jacob  Blaustein  Inst,  for  Desert  Research. 
For  primary  bibliographic  entry  see  Field  3C. 
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CHEMICAL  RECLAMATION  OF  SALINE- 
SODIC  SOILS  OF  THE  LOWER  DON  FLOOD- 
PLAIN  BY  SOME  INDUSTRIAL  WASTES. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  2G. 
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USE  OF  A  REMOTE  OPERATED  VEHICLE 
(ROV)  TO  EVALUATE  MARINE  DISCHARGES 
OF  TREATED  WASTEWATER. 

Metcalf  and  Eddy,  Inc.,  Wakefield,  MA. 
For  primary  bibliographic  entry  see  Field  7B. 
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CALIFORNIA   LAND   BAN  OF  METAL-CON- 
TAINING AQUEOUS  WASTES. 

California  Dept.  of  Health  Services,  Sacramento. 
Alternative  Technology  Section. 
For  primary   bibliographic   entry   see   Field   5G. 
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HEAVY  METAL  WASTE  CONVERSION  BY 
THERMALLY-DRIVEN  CHEMICAL  BOND- 
ING. 

Ceramic  Bonding,  Inc.,  Mountain  View,  CA. 
B.  A.  Johnson,  C.  B.  Rubenstein,  R.  J.  Martin,  and 
J.  O.  Leckie. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  289-297.  3  tab,  7  ref. 

Descriptors:  'Chemical  treatment,  'Hazardous 
wastes,  'Heavy  metals,  'Metal-finishing  wastes, 
•Sludge  treatment,  'Waste  treatment,  Industrial 
wastes,  Metals,  Recycling,  Solid  wastes,  Waste 
management,  Waste  utilization. 

A  new  technology  for  on-site  conversion  of  haz- 
ardous, heavy-metal  wastes  to  ceramic  construc- 
tion materials  involves  high  temperature  physical- 
chemical  bonding  of  metals  into  naturally  occur- 
ring alumina-silicates,  to  produce  a  non-soluble, 
non-leachable  ceramic  aggregate.  The  process  is 
accomplished  in  two  stages:  proportioning  and 
mixing  of  the  additive  material  with  the  metal 
sludge;  and  thermal  processing.  Samples  of  three 
industrial  metal  sludges  were  subjected  to  the 
bonding  process  and  analyzed  for  solubilities  in 
weak  and  strong  acids.  Thermal  processing  of  a 
spent  nickel  plating  bath  resulted  in  a  98%  reduc- 
tion in  cobalt,  nickel  and  zinc  extractable  by  weak 
acid.  Two  other  waste  samples  had  85-97%  reduc- 
tions in  the  amounts  of  chromium,  copper,  and 
zinc  extracted  by  strong  acid  after  treatment.  Phys- 
ical analysis  of  the  ceramic  aggregates  indicated 
that  the  specific  surface  area  was  between  0.3  and 
6  sq.m/g  and  that  the  material  contained  pores 
which  were  not  interconnected.  Results  indicate 
that  the  ceramic  aggregate  may  be  suitable  for  use 
as  concrete  sand  and  for  blending  into  a  manufac- 
tured ceramic  product.  (See  also  W9 1-05668) 
(MacKeen-PTT) 
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HYDROMETALLURGICAL  RECYCLING  OF 
METAL  SLUDGE. 

Recontek,  Inc.,  San  Diego,  CA. 
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ment, 'Waste  recovery,  'Waste  treatment,  Indus- 
trial wastes,  Metallurgy,  Metals,  Solid  wastes, 
Waste  management. 

A  hydrometallurgical  process  for  the  extraction  of 
metals  from  metal  hydroxide  sludges  relies  upon 
sulfuric  acid  extraction,  followed  by  filtration,  and 
then  distillation  to  remove  chlorides,  borates  or 
nitrates.  Iron  is  removed  by  conversion  to  jarosite; 
copper  recovery  is  by  electrowinning.  Cadmium, 
zinc,  and  subsequently  nickel  are  removed  by  pre- 
cipitation with  zinc.  The  zinc-rich  electrolyte  is 
electrowon  for  zinc,  after  which  the  sulfuric  acid- 
rich  solution  is  returned  to  dissolve  the  next  batch 
of  sludge.  A  comparison  of  disposal  costs  of  metal 
sludge  revealed  that  hydrometallurgical  recycling 
($195/ton)  was  significantly  less  expensive  than 
land  disposal  ($485/ton).  A  pilot  facility  at  San 
Diego,  California,  has  conducted  the  major  com- 
ponents of  the  process  at  1/10  (2  ton)  scale.  Full 
scale  facilities  are  under  construction  or  planned 
for  Illinois,  Florida,  Arizona,  and  Indiana.  (See 
also  W9 1-05668)  (MacKeen-PTT) 
W9 1-05686 


RECYCLING  AND  TREATMENT  OF  METAL- 
BEARING  SPENT  ACIDS. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
E.  O.  Jones,  and  T.  L.  Stewart. 
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IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  311-319.  1  fig,  4  tab,  8 
ref. 

Descriptors:  'Hazardous  wastes,  'Heavy  metals, 
'Industrial  wastes,  'Metal-finishing  wastes,  'Recy- 
cling, 'Waste  recovery,  'Waste  treatment, 
•Wastewater  treatment,  Acids,  Copper,  Uranium, 
Waste  management,  Zirconium. 

Three  wastes  generated  during  nuclear  fuel  fabri- 
cation were  chosen  for  testing  a  method  for  the 
reduction  of  waste  from  metal-bearing  spent  acids 
generated  during  metal  refining,  refinishing  and 
electroplating  operations:  (1)  milling  solution,  con- 
taining nitric  and  sulfuric  acids  with  uranium  as  the 
major  impurity;  (2)  etch  solution,  containing  hy- 
drofluoric and  nitric  acids  with  zirconium  as  the 
major  metal  impurity;  and  (3)  strip  solution,  con- 
taining nitric  acid  with  copper  as  the  major  metal. 
The  method  uses  oxalic  acid  for  precipitation  of 
Cu  and  sodium  fluoride  for  precipitation  of  Zr. 
Distillation  is  used  for  reclaiming  the  U  containing 
acid  streams  and  for  concentrating  acids  from 
stripping  and  etching  operations  once  detoxifica- 
tion and  recycling  are  no  longer  possible.  The 
design  flow  rate  of  the  pilot-scale  test  system  is  900 
L/day.  Tests  of  the  method  have  indicated  the 
following:  85%  recovery  of  Cu  and  Zr;  80%  re- 
covery of  nitric  acid;  and  40%  or  greater  reduction 
in  waste  volume.  It  is  concluded  that  similar  recov- 
eries can  be  expected  from  other  metal-bearing 
spent  acids.  (See  also  W9 1-05668)  (MacKeen-PTT) 
W9 1-05687 


DEMETALLATION  AND  RECOVERY  OF 
FUEL  OIL  FROM  HAZARDOUS  WASTE  OIL. 

Auburn  Univ.,  AL.  Dept.  of  Chemical  Engineer- 
ing. 

N.  Dhuldhoya,  A.  R.  Tarrer,  and  W.-T.  Wu. 
IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  320-328.  5  fig,  5  tab,  8 
ref. 

Descriptors:  'Chemical  treatment,  'Hazardous 
wastes,  'Heavy  metals,  'Metal-finishing  wastes, 
'Oil  recovery,  'Waste  recovery,  'Waste  treat- 
ment, Automotive  industry,  Industrial  wastes, 
Lead,  Recycling,  Sludge,  Waste  management. 

In  a  recently-developed  chemical  method  for  the 
removal  of  metals  from  waste  oil,  reaction  of  diam- 
monium  phosphate  (DAP)  with  organometallic 
compounds  in  waste  oil  forms  metal  hydroxyl 
phosphates  in  the  interfacial  region.  The  amount  of 
DAP  required  to  treat  a  waste  oil  was  found  to 
depend  upon  the  ash  content  of  the  oil.  Triethanol- 
amine  (TEA)  added  to  the  reaction  mixture  was 
found  to  aid  in  lead  removal  and  to  remove  sludge 
effectively.  Oil  recovery  was  found  to  increase 
with  increasing  settling  time  and  with  increasing 
temperature.  More  than  85%  reductions  in  ash  and 
lead  content  were  obtained  by  treating  waste  oil 
with  1  wt%  DAP  and  0.5  wt%  TEA  for  one  hour 
at  80  C  under  atmospheric  pressure.  The  develop- 
ment of  a  pilot  plant  for  waste  oil  recovery  with  a 
capacity  for  treatment  of  5  gal/min  is  underway. 
(See  also  W91-05668)  (MacKeen-PTT) 
W91-05688 


DENITRIFICATION  OF  LANDFILL  LEACH- 
ATE  BY  THE  MODIFIED  ROTATING  BIO- 
LOGICAL CONTACTOR  (RBO. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

For  primary  bibliographic   entry  see   Field   5D. 

W91-05755 


STEADY  FLUID  FLOW  AND  TRAVEL  TIMES 
IN  PARTIALLY  SATURATED  FRACTURES 
USING  A  DISCRETE  AIR-WATER  INTER- 
FACE. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 
Water  Resources. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05837 


ODOUR  AND  AMMONIA  EMISSIONS  FOL- 
LOWING THE  SPREADING  OF  ANAEROBI- 
CALLY-DIGESTED  PIG  SLURRY  ON  GRASS- 
LAND. 

AFRC  Inst,  of  Grassland  and  Animal  Production, 

Hurley  (England). 

B.  F.  Pain,  T.  H.  Misselbrook,  C.  R.  Clarkson,  and 

\    T   Recs 

Biological  Wastes  BIWAED,  Vol.  34,  No.  3,  p 

259-267,  1990.  4  tab,  18  ref. 

Descriptors:  'Agricultural  practices,  'Anaerobic 
digestion,  'Fertilizers,  'Land  disposal,  'Odor  con- 
trol, Ammonia,  Emission  control,  England,  Fatty 
acids,  Grasslands,  Nitrogen,  Slurries. 

The  number  of  complaints  about  odors  arising 
from  agricultural  practices  in  the  UK  has  been 
increasing  since  the  1960s.  Pig  production  is  the 
major  source  of  complaints,  almost  half  of  the  total 
number  of  complaints  from  the  practice  slurry  and 
manure  spreading.  Anaerobic  digestion  might  be 
expected  to  reduce  the  odor  offensiveness  of  pig 
slurry;  however,  there  is  little  objective,  quantita- 
tive data  to  show  that  the  process  reduces  the 
concentration  of  odors  emitted  when  slurries  are 
spread  on  land.  During  slurry  spreading,  nitrogen 
is  lost  to  the  atmosphere  by  ammonia  volatiliza- 
tion, which  represents  a  reduction  in  the  fertilizer 
value  of  the  slurry,  and  may  cause  damaging  envi- 
ronmental effects  from  ammonia  emissions.  Anaer- 
obically  digested  and  untreated  pig  slurries  were 
spread  on  grassland  plots  and  measurements  of 
odor  and  ammonia  emissions  were  made  using  a 
system  of  small  wind  tunnels.  It  was  found  that 
digestion  reduced  total  solids,  total  nitrogen,  and 
volatile  fatty  acid  content  of  pig  slurry  and  in- 
creased pH  value.  Odor  emission  during  the  first  6 
h  following  application  was  reduced  by  between 
70-80%.  Odor  intensity  was  also  reduced,  but  odor 
offensiveness,  when  measured  at  the  same  intensi- 
ty, was  unchanged.  Digestion  had  no  significant 
effect  on  the  ammonia  volatilization  from  pig 
slurry  following  application  to  grassland.  (Fish- 
PTT) 
W9 1-05  847 


COMBINING  INDUSTRIAL  WASTES  WITH 
LIME  FOR  SOIL  STABILIZATION. 

Kyoto  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
M.  Kamon,  and  S.  Nontananandh. 
Journal    of    Geotechnical    Engineering    (ASCE) 
JGENDZ,  Vol.  117,  No.  1,  p  1-17,  January  1991. 
11  fig,  8  tab,  18  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Industri- 
al wastes,  'Lime,  'Sludge  utilization,  'Soil  stabili- 
zation, 'Waste  disposal,  Hydration,  Incineration, 
Loam,  Portland  cements,  Soil  moisture,  Waste 
management. 

In  recent  years,  researchers  from  various  fields 
have  attempted  to  solve  environmental  problems 
posed  by  the  production  of  industrial  wastes.  Incin- 
eration is  one  way  to  eliminate  problems  of  dispos- 
al of  sludgy  waste  materials  containing  oily  and 
toxic  materials.  It  is  of  great  benefit  to  soil  stabili- 
zation if  this  kind  of  waste  can  be  converted  into  a 
useful  material.  A  study  was  performed  to  examine 
the  potential  for  burning  various  industrial  wastes 
combined  with  lime,  in  certain  proportions,  to 
produce  a  by-product  having  cementing  character- 
istics similar  to  ordinary  portland  cement  (OPC).  It 
was  found  that  the  percentages  of  main  cementi- 
tious  compounds  in  this  new  cement-like  stabilizer 
are  comparable  to  those  of  OPC.  The  by-product 
also  shows  promise  for  use  in  stabilizing  a  loam  soil 
containing  a  high  moisture  content  and  organic 
matter.  The  addition  of  ettringite  as  a  strength 
developer,  due  to  the  fixation  of  at  least  34%  of 
hydration  water,  can  be  used  to  stabilize  loam  soil 
for  subgrade  purposes.  The  quality  of  this  cement- 
like material  can  be  controlled  by  strictly  checking 
the  chemical  compositions,  particularly  those  of 
the  main  oxides,  using  the  calculated  hydration 
modulus  of  1.78  as  a  guideline,  prior  to  each  mix 
design.  Future  plans  include  studying  the  effect  of 
variation  of  the  calculated  hydration  modulus,  par- 
ticularly at  values  approaching  2.4,  which  it  is 
believed  would  significantly  improve  the  stabilized 
materials  strength.  (Fish-PTT) 
W9 1-05867 


ABILITY  OF  SORBENT  MATERIALS  TO 
ADSORB  AND  RETAIN  ORGANIC  LIQUIDS 
UNDER  LANDFILL  CONDITIONS. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 
Soil  and  Crop  Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05921 

5F.  Water  Treatment  and 
Quality  Alteration 


CHLORINATION  OF  HUMIC  MATERIALS: 
BYPRODUCT  FORMATION  AND  CHEMICAL 
INTERPRETATIONS. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Civil  En- 
gineering. 

D.  A.  Reckhow,  P.  C.  Singer,  and  R.  L.  Malcolm. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1655-1664,  Novem- 
ber 1990.  8  fig,  7  tab,  63  ref.  EPA  Research  Grant 
R-8 10235. 

Descriptors:  'Chlorination,  'Drinking  water, 
•Fulvic  acids,  'Humic  acids,  'Model  studies,  *Tri- 
halomethanes,  'Water  treatment,  Acetic  acid, 
Chloroform,  Statistical  models. 

Ten  aquatic  humic  and  fulvic  acids  were  isolated 
and  studied  with  respect  to  their  reaction  with 
chlorine.  Yields  of  TOX,  chloroform,  trichlorace- 
tic acid,  dichloroacetic  acid,  dichloroacetonitrile 
and  1,1,1-trichloropropanone  were  measured  at  pH 
7  and  12.  Humic  acids  produced  higher  concentra- 
tions than  their  corresponding  fulvic  acids  of  all 
byproducts  except  1,1,1-trichloropropanone.  Chlo- 
rine consumption  and  byproduct  formation  were 
related  to  fundamental  chemical  characteristics  of 
the  humic  materials.  A  statistical  model  was  pro- 
posed for  activated  aromatic  content  based  on 
(13)C  NMR  and  base  titration  data.  The  values 
estimated  from  this  model  were  found  to  be  well 
correlated  with  chlorine  consumption.  Specific  by- 
product formation  was  related  to  UV  absorbance, 
nitrogen  content  or  the  activated  aromatic  content. 
(Author's  abstract) 
W9 1-04946 


STOICHIOMETRY  AND  KINETICS  OF  THE 
REACTION  OF  NITRITE  WITH  FREE  CHLO- 
RINE IN  AQUEOUS  SOLUTIONS. 

California  Univ.,  Berkeley.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-04950 


RISK  COMMUNICATION  IN  LOS  ANGELES: 
A  CASE  STUDY. 

Southern  California  Metropolitan  Water  District, 

Los  Ansclcs 

M.  G.  Shovlin,  and  S.  S.  Tanaka. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.   11,  p  40-44,  November 

1990.  1  tab,  4  ref. 

Descriptors:  'Communication,  'Los  Angeles, 
•Metropolitan  water  management,  'Public  rela- 
tions, 'Risk  communication,  'Risks,  'Water  treat- 
ment, Air  stripping,  California,  Case  studies,  Public 
participation,  Social  aspects. 

The  communication  program  of  the  Los  Angeles 
Department  of  Water  and  Power  (LADWP)  has 
been  largely  informational-messages  have  histori- 
cally been  passed  from  the  utility  to  the  public 
without  citizens  being  involved  in  any  substantive 
way  in  decisions  about  water  quality  issues.  In 
1985,  when  LADWP  made  plans  to  construct  an 
aeration  tower  to  strip  contaminants  from  ground- 
water without  notifying  the  community  in  the  im- 
mediate vicinity  of  the  proposed  site,  there  was  a 
public  outcry.  The  LADWP  staff  has  learned  from 
this  and  currently  is  approaching  communication 
and  public  participation  in  a  more  proactive 
manner.  Lessons  learned  included  the  importance 
of  public  participation  in  the  early  planning  stages 
of  a  project,  the  advantages  of  providing  as  much 
information  as  possible  to  the  public  and  the  recog- 
nition that  risk  judgments  are  often  based  on  fac- 
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tors  other  than  the  degree  of  hazard.  (Author's 

abstract) 

W9 1-050 19 


DEVELOPING  A  RISK  COMMUNICATION 
STRATEGY. 

ABB    Environmental    Services,    Inc.,    Wakefield, 

MA. 

S.  L.  Santos. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.   11,  p  45-49,  November 

1990.  8  ref. 

Descriptors:  'Communication,  *Environmental 
policy,  'Public  relations,  'Risk  communication, 
•Risks,  'Water  treatment,  Decision  making,  Legis- 
lation, Public  participation,  Regulations,  Social  as- 
pects, Utilities. 

The  complex  decisions  regarding  the  control  of 
toxic  chemicals  in  drinking  water  require  more 
than  just  an  understanding  of  the  risks  posed  and 
the  pollution-control  mechanisms  that  are  avail- 
able. Increasing  concern  over  environmental  prob- 
lems and  the  passage  of  more  stringent  legislation 
have  led  utility  personnel  to  recognize  that  risk 
communication  must  become  a  part  of  their  overall 
approach  to  environmental  management.  The  key 
to  effective  risk  communication  is  the  two-way 
exchange  of  information  between  the  utility  and 
the  public.  The  utility  explains  technical  data  to 
interested  segments  of  the  public,  who  in  turn 
voice  their  concerns,  opinions  and  reactions.  The 
public  should  also  be  involved  in  decisions  relating 
to  risk  control.  (Feder-PTT) 
W9 1-05020 


RISK  FEEDBACK:  AN  IMPORTANT  STEP  IN 
RISK  COMMUNICATION. 

Risk  Writers  Ltd.,  St.  Paul,  MN. 

S.  L.  Benjamin,  and  D.  A.  Belluck. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  11,  p  50-55,  November 

1990.  12  ref. 

Descriptors:  'Communication,  'Environmental 
policy,  'Public  participation,  'Risk  communica- 
tion, 'Risk  feedback,  'Water  treatment,  Adminis- 
trative agencies,  Decision  making,  Environmental 
quality,   Project   planning,    Risks,   Social   aspects. 

During  the  past  decade,  citizens  have  increasingly 
demanded  that  government  reduce  risks  associated 
with  exposure  to  potentially-toxic  chemicals.  To 
better  inform  the  public  about  environmental  risk 
issues,  government  agencies  are  providing  increas- 
ing amounts  of  information  on  the  potential  risks 
posed  by  chemicals  discharged  into  the  environ- 
ment, discovered  at  a  given  site,  or  detected  as 
residues  in  food.  Interactive  risk  communication 
requires  a  strong  risk-feedback  component.  Risk 
feedback  is  a  structured  process  whereby  the 
agency  solicits,  receives  and  evaluates  citizen  input 
for  inclusion  in  a  risk-management  plan.  Proce- 
dures for  planning  and  managing  risk  feedback  are 
presented  and  applied  to  a  hypothetical  drinking- 
water-contamination  situation.  Risk  feedback 
guidelines  include  the  following  items:  (1)  Know 
the  goal  of  each  step  in  the  decision-making  proc- 
ess and  design  risk  feedback  to  help  achieve  that 
goal;  (2)  Continually  evaluate  citizen  input  against 
the  goals  and  needs  identified  in  the  planning  step; 
(3)  Facilitate  teamwork;  and  (4)  Select  feedback 
techniques.  (Feder-PTT) 
W9 1-05021 


EFFECTS  OF  TEMPERATURE  ON  TURBU- 
LENT FLOCCULATION:  FLUID  DYNAMICS 
AND  CHEMISTRY. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 

Civil,   Agricultural  and  Geological   Engineering. 

A.  T.  Hanson,  and  J.  L.  Cleasby. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.   11,  p  56-73,  November 

1990.    25   fig,   2   tab,   73   ref.   NSF  grant   ECG- 

8613737. 

Descriptors:  'Flocculation,  'Hydrodynamics, 
•Temperature  effects,  'Turbulent  flow,  'Water 
chemistry,    'Water    treatment,    Alum,    Analytical 


techniques,  Chemical  coagulation,  Impellers,  Iron 
compounds,  Temperate  zone. 

Utilities  treating  surface  waters  in  temperate  re- 
gions face  unique  challenges  because  the  water 
that  they  treat  may  be  5  C  or  colder  for  five 
months  of  the  year.  An  attempt  was  made  to 
identify  the  best  available  measure  of  the  intensity 
of  turbulence  with  a  view  to  correcting  the  mixing 
intensity  of  the  flocculation  process  to  compensate 
for  temperature  effects.  It  was  concluded,  howev- 
er, that  no  one  measure  of  turbulence  intensity  is 
better  than  another.  It  was  observed  that  the  floc- 
culation efficiency  at  20  C  is  not  sensitive  to  impel- 
ler geometry,  but  at  5  C  impeller  geometry  is  much 
more  important.  A  turbine  impeller  caused  much 
more  floe  breakup  than  a  stake  and  stator  impeller. 
With  metal  coagulants,  the  use  of  constant  pOH  is 
appropriate  for  correcting  system  chemistry  for 
temperature  effects.  Alum  floe  was  significantly 
weaker  than  iron  floe  under  all  conditions  tested. 
(Author's  abstract) 
W9 1-05022 


COLIFORM  REGROWTH  IN  DRINKING 
WATER:  A  REVIEW. 

American  Water  Works  Service  Co.,  Inc.,  Belle- 
ville, IL.  Belleville  Lab. 
M.  W.  LeChevallier. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  11,  p  74-86,  November 
1990.  4  fig,  166  ref. 

Descriptors:  'Bacterial  analysis,  'Bacterial 
growth,  'Coliforms,  'Drinking  water,  'Literature 
review,  •Water  quality  standards,  Biological  treat- 
ment, Corrosion,  Disinfection,  Nutrients,  Rainfall, 
Water  temperature. 

The  new  1989  coliform  regulations  will  challenge 
U.S.  water  utilities  to  bring  regrowth  of  bacteria  in 
drinking  water  systems  to  a  halt.  Parameters  relat- 
ed to  the  growth  of  coliform  bacteria  in  drinking 
water  supplies  include  environmental  factors,  such 
as  temperature  and  rainfall;  the  availability  of  nu- 
trients (carbon,  nitrogen  and  phosphorous);  the 
ineffectiveness  of  disinfectant  residuals;  corrosion 
and  sediment  accumulation;  and  hydraulic  effects. 
Injured  and  particle-associated  bacteria  may  not  be 
detected  using  conventional  compliance  monitor- 
ing procedures,  but  methods  are  available  to  enu- 
merate these  organisms  and  correct  treatment  defi- 
ciencies. Biological  treatment,  biofilms,  assimilable 
organic  carbon  and  sensitive  bacterial  enumeration 
procedures  will  be  utilized  in  the  future.  (Feder- 
PTT) 
W9 1-05023 


CONTAMINANTS  IN  POLYELECTROLYTES 
USED  IN  WATER  TREATMENT. 

American    Water    Works    Association    Research 

Foundation,  Denver,  CO. 

R.  D.  Letterman,  and  R.  W.  Pero. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.   11,  p  87-97,  November 

1990.  3  fig,  5  tab,  68  ref. 

Descriptors:  'Coagulation,  •Contamination, 
•Drinking  water,  'Polyelectrolytes,  'Public 
health,  'Water  treatment,  Acrylamide,  Administra- 
tive agencies,  Analytical  methods,  Epichlorohy- 
drin,  Polymers,  Potable  water. 

In  April  1990,  the  USEPA  transferred  the  respon- 
sibility of  offering  advisory  opinions  on  the  poten- 
tial health  effects  of  polyelectrolyte  coagulant 
products  used  in  drinking  water  treatment  to  a 
consortium  of  organizations  led  by  the  National 
Sanitation  Foundation.  Although  more  than  1000 
polyelectrolyte  products  were  accepted  for  use  by 
the  EPA,  evidence  suggests  that  probably  fewer 
than  10  to  15  different  types  of  polymer  com- 
pounds are  represented.  Polyelectrolyte  products 
used  by  the  US  water  supply  industry  may  contain, 
in  addition  to  the  polyelectrolyte,  measurable 
amounts  of  certain  contaminants.  These  contami- 
nants can  be  categorized  as  residual  monomers, 
unreacted  chemicals  used  to  form  the  monomer 
units,  and  the  products  of  reactions  that  transform 
or  degrade  residual  monomer.  The  concentration 
of  a  residual  monomer  in  a  product  depends  on  its 


manufacturing  process.  Chronic  exposure  to  low 
concentrations  of  contaminants  such  as  acrylamide 
and  epichlorohydrin  is  an  important  concern  in 
potable  water  treatment.  Analytical  procedures  are 
available  for  determining  contaminant  concentra- 
tions in  polyelectrolyte  products.  (Feder-PTT) 
W9 1-05024 


UTILITY  FINANCIAL  PLANNING  AND  RATE 
DESIGN  BY  COMPUTER. 

Kalamazoo  City  Dept.  of  Public  Utilities,  MI. 
For   primary   bibliographic   entry   see   Field   5D. 
W9 1-05026 


APPLICATION  OF  GAS  ABSORPTION  THEO- 
RIES TO  O-CRESOL  OZONATION  IN  WATER. 

Universidad     Complutense    de    Madrid    (Spain). 

Dept.  de  Ingenieria  Quimica. 

J.  L.  Sotelo,  F.  J.  Beltran,  J.  M.  Encinar,  and  M. 

Gonzalez. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 

12,  No.  4,  p  341-353,   1990.  4  fig,  3  tab,   17  ref. 

Comision   Asesora  de   Investigacion   Cientifica   y 

Tecnica  Grant  PA  85/332. 

Descriptors:  'Cresols,  'Kinetics,  'Mass  transfer, 
•Organic  compounds,  'Ozonation,  'Ozone, 
•Water  treatment,  Absorption,  Chemical  reactions, 
Theoretical  analysis,  o-Cresol. 

The  reaction  rate  between  ozone  and  o-cresol  in 
aqueous  solution  at  pH  2  has  been  studied.  Accord- 
ing to  the  absorption  theories,  the  kinetic  regime  of 
the  process  in  the  experimental  conditions  investi- 
gated corresponds  to  an  irreversible  fast  pseudo- 
first  order  reaction  between  non-dissociated  o- 
cresol  and  ozone.  Similar  values  for  the  rate  con- 
stant are  deduced  from  different  theories:  film 
theory,  surface  renewal  and  eddy  diffusion  theo- 
ries. Therefore  the  film  theory,  having  a  simple 
mathematical  basis,  seems  to  be  the  most  appropri- 
ate model  for  this  kinetic  study.  The  average  value 
of  the  rate  constant  deduced  from  film  theory  by 
the  differential  method  was  13,747  M(-l)s(-l).  (Au- 
thor's abstract) 
W9 1-05056 


POWER  EVALUATION  OF  THE  LOS  ANGE- 
LES OXYGEN-FED  OZONE  SYSTEM. 

Process  Applications,  Inc.,  Fort  Collins,  CO. 
K.  L.  Rakness,  and  G  F.  Stolarik. 
Ozone:  Science  and  Engineering  OZSEDS,  Vol. 
12,  No.  4,  p  355-376,   1990.  4  fig,  6  tab,  7  ref. 

Descriptors:  *Drinking  water,  'Economic  aspects, 
•Energy  costs,  'Ozonation,  'Ozone,  'Water  treat- 
ment, 'Water  treatment  facilities,  California, 
Direct  filtration,  Disinfection,  Flocculation,  Los 
Angeles,  Oxygen,  Performance  evaluation,  Quality 
control. 

The  Los  Angeles  Department  of  Water  and  Power 
(LADWP)  operates  a  600  mgd  (2,270  ML/day) 
direct  filtration  water  treatment  plant  which  in- 
cludes a  7,900  lb/day  (149  kg/h)  ozonation  system. 
Ozone  is  applied  as  a  preoxidant  for  the  purposes 
of  disinfection  and  microflocculation.  The  ozona- 
tion system  is  unique  in  that  high  purity  oxygen  is 
generated  on-site  and  is  used  as  the  feed  gas  in  a 
once-through  system.  The  process  was  selected 
through  competitive  bids  and  evaluated  for  total 
present  worth  from  20-year  life  cycle  costs  which 
included  capital  plus  energy  expenses.  Power  con- 
sumption (and  penalty)  was  valued  at  $6,500AW. 
System  power  demand  was  measured  at  nine  ozone 
production  rates.  A  minimum  specific  energy  of 
6.5  kWh/lb  of  ozone  was  observed  when  generat- 
ing ozone  at  a  concentration  between  5  and  6% 
(wt)  (65  and  80  g/cu  m;  where  the  standard  tem- 
perature and  pressure  are  70  F  and  1  atm,  respec- 
tively). The  ozonation  system,  as  installed,  is  be- 
lieved to  represent  the  most  cost-effective  process 
for  the  Los  Angeles  Aqueduct  Filtration  Plant. 
Power  consumption  was  the  dominant  criterion 
use  in  determing  life  cycle  cost  (representing  2/3 
of  present  worth  value)  and  ultimately  was  the 
basis  for  selecting  the  oxygen/ozone  system. 
(Mackeen-PTT) 
W91-O5057 
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METHODS  FOR  DETERMINING  ASSIMILA- 
BLE ORGANIC  CARBON  AND  SOME  FAC- 
TORS AFFECTING  THE  VAN  DER  KOOIJ 
METHOD. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 
neering. 

P.  M.  Huck,  P.  M.  Fedorak,  and  W.  B.  Anderson. 
Ozone:  Science  and  Engineering  OZSEDS,  Vol. 
12,  No.  4,  p  377-392,   1990.  3  fig,  2  tab,  26  ref. 

Descriptors:  'Analytical  methods,  *Drinking 
water,  'Laboratory  methods,  *Organic  carbon, 
•Ozonation,  'Water  quality,  *Water  treatment,  As- 
similable organic  carbon,  Bacterial  growth, 
Canada,  Edmonton,  Water  quality  monitoring. 

Methods  for  measuring  the  concentration  of  assim- 
ilable organic  carbon  (AOC)  were  reviewed  and 
factors  affecting  the  van  der  Kooij  method  of 
AOC  determination  were  investigated.  The  origi- 
nal AOC  method  measures  the  growth  of  Pseudo- 
monas  fluorescens  strain  PI 7  in  water  samples.  The 
Werner  method  utilizes  turbidity  measurements  to 
determine  the  bacterial  growth  potential  of  a  water 
sample.  The  Jago  and  Stanfield  and  Cardiff  Uni- 
versity methods  use  mixed  inocula  in  an  attempt  to 
obtain  maximal  growth  responses.  The  methods  of 
Billen  and  Servais  and  Joret  and  Levi  provide 
measurements  of  biodegradable  organic  carbon. 
AOC  was  measured  by  the  van  der  Kooij  method 
in  a  pilot  plant  study  in  Edmonton,  Alberta, 
Canada.  Difficulties  with  the  survival  of  P.  fluores- 
cens strain  PI 7  following  sedimentation  were  at- 
tributed to  the  use  of  polyaluminum  chloride  as  a 
coagulant.  Ozonation  was  found  to  inhibit  P17 
growth  severely.  The  filtration  of  samples  through 
cellulose  acetate  filters  increased  the  measured 
AOC  significantly.  (MacKeen-PTT) 
W9 1-05058 


OZONE  TREATMENT  OF  SMALL-SIZE 
SWIMMING  POOLS  AND  WHIRLPOOLS. 

Innsbruck  Univ.  (Austria).  Hygiene  Inst. 

F.  H.  Tiefenbrunner,  H.  G.  Moll,  A.  Grohmann, 

D.  Eichelsdorfer,  and  H.  Seidel. 

Ozone:  Science  and  Engineering  OZSEDS,  Vol. 

12,  No.  4,  p  393-400,  1990.  5  fig,  10  ref. 

Descriptors:  *Disinfection,  'Ozonation,  •Recrea- 
tion facilities,  'Water  treatment,  Bacteria,  Filtra- 
tion, Ozone,  Swimming  pools,  Whirlpools. 

The  use  of  ozone  treatment  for  the  disinfection  of 
small  swimming  pools  and  whirlpools  was  exam- 
ined. Standard  sand  filtration  practices  for  small 
size  pools  were  found  to  provide  inadequate  disin- 
fection. At  filter  bed  depths  of  up  to  40  cm, 
marked  amounts  of  aluminum  floccules  were  ob- 
served on  sand  grains  by  x-ray  fluorescence  analy- 
sis. Investigations  with  various  indicator  strains  of 
bacteria  suggested  that  in  order  to  operate  small 
pools  hygienically,  Pseudomonas  aeruginosa  must 
be  eliminated  at  the  filter  inlet  by  disinfection,  and 
flushed  out  of  the  filter  by  effective  filter  washes. 
The  use  of  ozone  for  disinfection  of  small  size 
pools  is  recommended  due  to  the  superiority  of 
ozone  for  disinfecting  raw  water.  An  ozone  high 
oxidation  stage  is  recommended  in  disinfecting  hot 
whirlpools,  to  compensate  for  the  reduced  contact 
time  with  the  disinfectant  (chlorine)  of  small 
volume  systems.  Compact,  high  frequency  ozone 
generators  are  thought  to  be  suitable  for  use  as 
regeneration  plants  for  hot  whirlpools.  (MacKeen- 
PTT) 
W9 1-05059 


RURAL  WATER  SUPPLY  DEVELOPMENT  IN 
FINLAND:  POSSIBLE  IMPLICATIONS  FOR 
THE  DEVELOPING  COUNTRIES. 

Tampere  Univ.  of  Technology  (Finland).  Inst,  of 

Water  and  Environmental  Engineering. 

T.  Katko,  and  M.  Viitasaari. 

Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  3-12, 

1990.  7  fig,  25  ref. 

Descriptors:  'Developing  countries,  'Finland, 
•Potable  water,  'Rural  areas,  'Water  resources 
development,  Agriculture,  Economic  aspects,  His- 
tory, Pumping,  Social  aspects,  Water  conveyance, 
Wells. 


Rural  water  supply  is  one  of  the  main  sectors  in 
Finnish  development  cooperation.  The  develop- 
ment of  rural  water  supply  in  Finland  is  reviewed 
with  the  aim  of  discussing  how  this  experience 
might  be  exploited  to  solve  problems  the  develop- 
ing countries  are  facing  today.  Finland  has  devel- 
oped into  a  post-industrial  nation  perhaps  faster 
than  any  other  western  country.  Consequently,  a 
wealth  of  knowledge  and  experience  remains  on 
the  development  of  rural  water  supply  systems. 
Growth  in  per  capita  gross  national  product  in 
Finland  over  the  period  1860  to  1985  was  faster  in 
Finland  than  in  Sweden,  the  United  Kingdom,  or 
the  United  States.  Rural  water  supply  has  relied 
primarily  on  ground  water.  Wells  traditionally 
were  sited  by  browsing  or  witching,  using  a  forked 
willow  twig  (divining  rod).  The  most  common 
water  lifting  devices  were  bucket  with  rod,  hand- 
pump,  and  windlass.  Only  about  7%  of  rural 
households  had  pumped  water  in  1950-1951.  Public 
water  supplies  in  cities  began  to  be  developed  in 
the  1870s.  The  first  pipe  networks  were  construct- 
ed with  wooden  pipes.  A  study  of  women's  work 
hours  on  farms  conducted  in  1948  showed  that  the 
reason  for  the  relatively  primitive  state  of  rural 
water  supply  was  that  women's  time  was  given 
little  value,  hence  hand  carrying  of  water  from 
wells  continued.  After  World  War  II,  extensive 
expansion  of  piped  water  for  animal  husbandry 
needs  occurred,  and  many  rural  homes  received 
water  and  sewers,  but  only  after  animal  sheds  were 
supplied.  Piping  of  water  supplies  in  rural  areas 
followed  the  introduction  of  electricity,  which  was 
needed  to  operate  the  pumps.  Clear  positive  health 
effects  have  resulted  from  the  development  of  or- 
ganized water  systems.  Individuals  have  acted  as 
initiators  and  managers  of  water  supply  systems. 
The  experiences  of  a  country  such  as  Finland 
suggest  that  a  more  realistic  time-frame  should  be 
used  for  evaluating  efforts  at  water  supply  devel- 
opment in  developing  countries.  Several  types  of 
technology  at  different  levels,  and  thus  several 
service  standards,  should  be  offered.  (Rochester- 
PTT) 
W9 1-05060 


ASSESSMENT  OF  THE  BACTERIOLOGICAL 
ACnvrTY  ASSOCIATED  WITH  GRANULAR 
ACITVATED  CARBON  TREATMENT  OF 
DRINKING  WATER. 

Southern  California  Metropolitan  Water  District, 
La  Verne.  Water  Quality  Lab. 
M.  H.  Stewart,  R.  L.  Wolfe,  and  E.  G.  Means. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  56,  No.  12,  p  3822-3829,  Decem- 
ber 1990.  8  fig,  3  tab,  29  ref. 

Descriptors:  'Bacterial  analysis,  'Coliforms, 
'Granular  activated  carbon,  'Heterotrophic  bacte- 
ria, 'Water  quality  monitoring,  'Water  treatment, 
Chloramines,  Chlorination,  Chlorine,  Disinfection, 
Water  treatment  facilities. 

Bacteriological  analyses  were  performed  on  the 
effluent  from  a  conventional  water  treatment  pilot 
plant  in  which  granular  activated  carbon  (GAC) 
had  been  used  as  the  final  process  to  assess  the 
impact  of  GAC  on  the  microbial  quality  of  the 
water  produced.  Samples  collected  for  160  d  from 
6  GAC  columns  were  analyzed  for  heterotrophic 
plate  counts  and  total  coliforms.  The  results  indi- 
cated that  heterotrophic  plate  counts  in  the  ef- 
fluents from  all  columns  increased  to  100,000 
CFU/ml  within  5  days  and  subsequently  stabilized 
at  10,000  CFU/ml.  Coliforms  (identified  as  Entero- 
bacter  spp.)  were  recovered  from  nondisinfected 
effluent  on  only  two  occasions.  Disinfection  of  the 
effluents  with  1.5  mg/L  of  chloramines  resulted  in 
the  inactivation  of  approximately  50%  more  bacte- 
ria than  did  disinfection  with  1.0  mg/L  of  free 
chlorine  after  1  h  of  contact  time.  Chloramines  and 
chlorine  selected  for  the  development  of  different 
bacterial  species:  Pseudomonas  spp.  and  Flavobac- 
terium  spp.,  respectively.  Carbon  particles  were 
recovered  in  the  effluents  at  levels  of  10-62  parti- 
cles/L.  Scanning  electron  microscopy  indicated 
that  8%  of  the  particles  had  no  detectable  colo- 
nized bacteria,  77%  were  colonized  with  1  to  50 
bacterial  cells,  and  8%  were  colonized  with  sever- 
al hundred  to  several  thousand  bacterial  cells.  On 
one  occasion,  a  fecal  coliform  identified  as  Kleb- 
siella pneumoniae   was  desorbed   from   a  carbon 


particle.  Disinfection  studies  indicated  that  bacteria 
attached  to  the  GAC  particles  were  extremely 
resistant  to  either  chlorine  or  chloramines  at  1.5 
mg/L,  even  after  40  min  of  exposure.  These  find- 
ings suggest  that  chloramines  may  be  more  effec- 
tive than  chlorine  in  controlling  the  heterotrophic 
plate  counts  resulting  from  GAC  treatment  when 
the  bacterial  population  is  predominantly  com- 
posed of  non-Pseudomonas  spp.  It  is  concluded 
that  bacterially  colonized  GAC  particles  released 
into  the  product  water  are  extremely  resistant  to 
disinfection.  (Author's  abstract) 
W9 1-05097 


MEMBRANE  SOFTENING:  THE  CONCEPT 
AND  ITS  APPLICATION  TO  MUNICIPAL 
WATER  SUPPLY. 

Stone  and  Webster  Water  Technology  Services, 

Fort  Lauderdale,  FL. 

W.  J.  Conlon,  C.  D.  Hornburg,  B.  M.  Watson,  and 

C.  A.  Kiefer. 

Desalination  DSLNAH,  Vol.  78,  No.  2,  p  157-175, 

August  1990.  8  fig,  1  tab,  10  ref. 

Descriptors:  'Florida,  'Water  treatment,  'Reverse 
osmosis,  'Membrane  filters,  Dissolved  solids, 
Groundwater,  'Desalination,  Lime,  'Water  soften- 
ing, Cost  analysis. 

A  modified  reverse  osmosis  membrane  process  is 
being  used  in  Florida  instead  of  lime  softening  to 
treat  waters  with  low  total  dissolved  solids  (TDS). 
Membrane  softening  (MS)  is  a  desalination  process 
since  it  removes  dissolved  inorganics  as  well  as 
organics  from  the  feed  water  and  the  product 
water  complies  with  present  SDWA  regulations. 
MS  is  particularly  cost  effective  in  treating  ground 
water  in  Florida  which  is  high  in  hardness  and 
natural  organics  such  as  humic  and  fulvic  acids. 
The  MS  process  is  similar  to  conventional  reverse 
osmosis  (RO)  except  three  stages  are  employed  for 
90%  recovery,  operation  is  at  90-120  psi  with  a 
booster  pump  on  the  third  stage;  and  pretreatment 
is  greatly  simplified.  Capital  costs  for  MS  facilities 
are  less  than  $0.90  per  US  gallon/day  capacity 
(over  30  USmgd  capacity)  and  operation  and  main- 
tenance costs  are  in  the  order  of  $0.40  per  1000  US 
gallons.  Utilizing  blending  of  waters  treated  by  MS 
and  other  techniques  further  enhances  the  applica- 
tion of  MS.  Desalination  by  MS  of  waters  below 
1000  ppm  TDS  extends  the  economical  treatability 
range  of  desalination  for  drinking  water  supplies. 
(Author's  abstract) 
W9 1-05 194 


PORTLAND  WATER  DISTRICT'S  WATER  DIS- 
TRIBUTION MASTER  PLAN. 

Portland  Water  District,  ME. 
J.  B.  Taylor,  and  S.  L.  Bishop. 
Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  2,  p  123-140,  June 
1990.  11  fig. 

Descriptors:  'Maine,  Pumping,  Water  conveyance, 
♦Portland,  'Water  distribution,  'Model  studies, 
'Water  requirements,  'Water  demand,  'Future 
planning,  Pressure  zones,  Pipelines,  Water  storage, 
Capital  costs. 

The  Portland,  Maine  water  district  has  recently 
completed  a  water  distribution  master  plan  to  de- 
termine the  configuration  and  sizing  of  their  water 
transmission  and  distribution  system  for  the  next  25 
years.  The  study  required  identifying  additional 
towns  that  might  be  served  and  determining  what 
changes  would  be  required  in  the  system  to  pro- 
vide a  service  to  these  towns.  Significant  modifica- 
tions were  required  to  the  pressure  zones  to  pro- 
vide expanded  service.  Once  these  modifications 
were  determined,  a  model  of  the  existing  and  pro- 
posed, transmission  distribution  system  was  pre- 
pared. Projections  of  future  water  supply  require- 
ments addressed  residential,  commercial,  and  in- 
dustrial demands  as  well  as  potential  fire  flows. 
Extensive  use  of  dynamic  modeling  was  made  to 
determine  the  proper  sizing  of  transmission  mains 
and  storage  facilities  to  meet  the  projected  maxi- 
mum day  and  peak  hour  demands.  Special  design 
procedures  were  incorporated  in  the  modeling  pro- 
gram to  assist  in  evaluating  alternative  sizes  of  pipe 
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for  improvements.  As  a  result  of  the  master  plan,  it 
was  determined  that  a  major  pumping  station  lo- 
cated at  Sebago  Lake  would  provide  economical 
service  to  meet  future  demands  in  conjunction 
with  improvements  to  the  transmission  and  distri- 
bution system.  A  5-year  capital  improvements  pro- 
gram was  developed  by  the  District  as  a  result  of 
the  recommendations  provided  in  the  master  plan. 
The  District  is  now  in  a  position  to  proceed  to 
improve  and  expand  their  system  in  a  logical  fash- 
ion to  meet  anticipated  future  demands  which  may 
be  imposed  by  growth  in  the  rapidly  growing 
Portland  Metropolitan  area.  (Author's  abstract) 
W9 1-052 10 


WHAT  IS  A  WATER  AUDIT. 

Easton  Water  Div.,  MA. 

For   primary   bibliographic   entry   see   Field    3D. 
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USE  OF  CHLORAMINES  -  PAST,  PRESENT 
AND  FUTURE. 

Massachusetts  Water  Resources  Authority,  South- 
boro.  Water  Quality  Div. 
G.  M.  Foss. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  2,  p  146-148,  June 
1990.  3  ref. 

Descriptors:  *Water  treatment,  'Chemical  treat- 
ment, 'Chloramines,  'Disinfection,  Colorado, 
Ottawa,  Ammonia,  Chlorine,  Cost  analysis, 
•Chlorination. 

Chloramines  in  the  water  treatment  process  were 
first  used  around  1915  when  Sir  Alexander  Hous- 
ton recognized  the  superior  advantages  of  chlora- 
mines in  some  treatment  processes  and  suggested 
applying  ammonia  prior  to  chlorine  to  avoid  un- 
pleasant tastes  resulting  from  the  chlorination  of 
organic  material.  In  1916,  chloramines  were  adopt- 
ed on  a  plant-scale  basis  at  Denver,  Colorado  and 
in  1917  at  Ottawa.  Widespread  use  of  chloramines 
followed  due  to  the  realization  that  a  more  stable 
residual  was  produced  and  that  objectionable  tastes 
formed  during  the  disinfection  process  were  re- 
duced. Popularity  later  declined  due  to  the  superi- 
or disinfection  capability  of  free  chlorine.  Present 
and  future  EPA  rule-making  is  going  to  have  a 
large  impact  on  water  utilities,  both  large  and 
small.  Design  of  facilities  to  achieve  compliance 
with  these  regulations,  should  not  focus  on  one 
regulation  or  be  directed  towards  one  particular 
treatment  process.  Each  utility  should  study  its 
own  system  and  then  attempt  to  obtain  data 
through  bench-testing,  pilot  testing  or  other  means 
to  evaluate  alternatives  that  will  be  both  cost- 
effective,  flexible,  and  able  to  be  operated  at  the 
optimum  efficiency.  Secondary  disinfection  with 
chloramines  is  one  such  alternative  that  may  be 
both  cost  effective  and  provide  the  ease  of  oper- 
ation necessary  to  many  utilities.  (Medina-PTT) 
W91-05212 


TRANSLATING  RESEARCH  INTO  PRACTICE: 
THE  DRINKING  WATER  INDUSTRY. 

Environmental     Protection     Agency,     Cincinnati, 
OH.  Drinking  Water  Research  Div. 
R.  M.  Clark. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-218770. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/D-89/014,  1989.  23  p,  9  fig, 
2  tab,  10  ref. 

Descriptors:  'Drinking  water,  'Research  prior- 
ities, 'Regulations,  Water  supply,  Costs,  Decision 
making,  Management  planning. 

The  water  supply  industry  which  has  traditionally 
been  highly  conservative  is  being  forced  into  rapid 
and  major  change  by  a  massive  increase  in  regula- 
tory activity.  The  industry  is  currently  involved  in 
a  regulatory  development  phase  but  soon  will  be 
forced  into  a  massive  implementation  effort.  Al- 
though many  innovations  are  being  considered  for 
solving  some  of  these  problems,  there  is  relatively 
little  diffusion  of  new  technology  into  the  field. 
The  industry  consists  of  over  200,000  water  suppli- 
ers most  of  which  are  small.  Economies  of  scale 


dictate  that  any  technological  solution  adopted 
will  have  a  high  unit  cost.  In  addition,  the  various 
groups  involved  in  the  decision  making  process  are 
highly  conservative.  EPA  has  a  vital  interest  in 
information  diffusion  because  it  in  effect  creates 
the  market  by  writing  regulations  and  then  forcing 
compliance.  Although  many  efforts  both  in  and 
outside  of  the  EPA  have  been  initiated  to  accom- 
plish this,  these  efforts  do  not  seem  effective.  The 
theory  of  information  diffusion  emphasizes  several 
basic  steps  that  involve  making  the  application  of 
technologies  explicit.  One  mechanism  that  might 
assist  in  this  information  development  process  is 
the  development  of  a  Drinking  Water  Innovative 
Technology  Evaluation  program.  (Lantz-PTT) 
W9 1-05279 


ICA  SYMPOSIUM  ON  INSTRUMENTATION, 
CONTROL  AND  AUTOMATION  IN  WATER 
AND  WASTEWATER  MANAGEMENT. 

National  Inst,  for  Water  Research,  Pretoria  (South 

Africa). 

For   primary   bibliographic   entry   see   Field    5D. 
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CONTROL  OF  THE  PUMPED  WATER 
SUPPLY  TO  WIGGINS  WATERWORKS. 

Umgeni    Water    Board,    Pietermaritzburg    (South 
Africa). 
G.  D.  Ward. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  29-31. 

Descriptors:  'Flow  control,  Control  systems, 
Gravity  flow,  Balancing  reservoirs,  'Reservoirs, 
'Reservoir  operation,  'Pumps,  'South  Africa, 
Valves,  Water  level,  Water  supply,  Automation. 

The  Umgeni  Water  Board's  Wiggins  waterworks 
in  South  Africa  was  designed  to  receive  water  by 
gravity  from  the  new  Inanda  Dam  on  the  Umgeni 
River,  with  downstream  control  by  means  of 
valves  at  Wiggins.  It  was  necessary  to  control  the 
pumps  automatically  to  maintain  a  reasonably  con- 
stant level  in  the  balancing  reservoir,  regardless  of 
the  flow  demand  at  Wiggins.  The  project  con- 
straints led  to  a  choice  of  three  large  and  three 
small  pumps,  which  in  various  combinations  are 
equivalent  to  15  small  pumps.  Two  primary  float 
switches,  separated  by  700  mm  depth,  were  pro- 
vided. A  water  level  below  the  lower  switch 
prompts  a  programmable  controller  to  start  pumps 
at  regular  intervals,  initially  set  at  4  minutes.  A 
water  level  between  the  two  switches  retains  the 
status  quo,  and  a  level  above  the  upper  switch 
switches  off  pumps  at  the  same  time  interval.  Once 
the  flow  has  stabilized,  the  routine  is  identical  to 
the  classic  pump  control  method.  A  number  of 
pumps  will  provide  a  base  flow,  and  only  one 
pump  will  switch  on  and  off,  as  controlled  by  the 
two  switches.  The  controller  has  performed  well; 
however,  the  relentless  switching  on  and  off  of  the 
machinery  has  taken  its  toll  on  the  mechanical 
equipment.  An  investigation  of  the  pump,  motor 
and  transformer  characteristics  as  installed  re- 
vealed that  start-up  could  be  directed  into  the 
rising  main  and  the  valves  were  subsequently  left 
open.  This  has  improved  operation  and  made  the 
sequencing  logic  simpler,  as  the  opening  and  clos- 
ing time  of  the  valves  need  not  be  taken  into 
account.  (See  also  W91-05281)  (White-Reimer- 
PTT) 
W9 1-05284 


AUTOMATION  OF  THE  WATER  SUPPLY 
SCHEME  ON  THE  OFS  GOLDFIELDS. 

Gold  Fields  Water  Board,  Bothaville  (South 
Africa). 

A.  J.  Dippenaar. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  32-39,  3  fig. 


Descriptors:  'South  Africa,  'Instrumentation, 
•Water  treatment  facilities,  'Water  supply,  'Up- 
grading, 'Automation,  Computers,  Pumps,  Valves, 
Remote  control,  Economic  aspects,  Water  use. 

The  Board  for  the  town  of  Bothaville,  South 
Africa,  operates  two  water  purification  plants,  but 
expansion  of  the  facilities  was  required  due  to 
water  extraction  limitations  on  the  Sand  River.  In 
addition  to  the  expansion  the  Board  also  renovated 
the  existing  facilities.  Due  to  the  difficulty  in  ob- 
taining personnel  and  providing  housing  and  super- 
vision in  the  outlying  areas  an  automated  system 
was  approved.  Balkfontein  is  the  major  control 
center  which  issues  all  operating  directives,  and  all 
other  plants  and  out-stations  report  to  Balkfontein 
by  means  of  a  UHF  radio  link.  Input  into  and 
output  from  the  programmable  logic  controllers  is 
achieved  by  simple  push  button  panels  in  the  case 
of  pump  stations,  and  personal  computers  equipped 
with  the  appropriate  software  for  the  more  com- 
plex applications  like  chemical  dosing.  The  system 
was  designed  to  be  maintained  on  a  first  line  basis, 
no  major  repairs  to  equipment  will  be  done  on  site. 
A  major  problem  that  developed  was  that  individ- 
ual plant  items,  like  valves,  were  tampered  with 
which  led  to  the  malfunction  of  software.  There- 
fore, the  plant  items  were  locked  and  the  supervi- 
sor was  made  responsible  for  the  key.  As  a  result 
of  the  automation  only  4  white  and  20  black  opera- 
tors are  now  needed  where  previously  50  white 
and  150  black  operators  had  been  required.  The 
use  of  automation  and  remote  control  are  greatly 
assisting  the  more  efficient  use  of  water  in  South 
Africa.  (See  also  W9 1-05281)  (White-Reimer-PTT) 
W91-05285 


INSTRUMENTATION,  CONTROL  AND  AUTO- 
MATION IN  WATER  AND  WASTEWATER 
MANAGEMENT  ELANDSJAGT  WATER 
TREATMENT  WORKS. 

Ninham  Shand,  Inc.,  Cape  Town  (South  Africa). 
I.  K.  Reid. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  40-45. 

Descriptors:  'Control  systems,  Flow  meters,  Res- 
ervoirs, Pumps,  'South  Africa,  'Automation,  'In- 
strumentation, 'Water  treatment  facilities, 
•Wastewater  treatment,  Computers,  Safety,  Con- 
trol panels. 

During  the  design  of  the  Elandsjagt  water  treat- 
ment works  in  South  Africa  it  was  recognized  that 
a  centralized  computer  based  system  for  the  man- 
agement and  control  of  the  water  supply  system  as 
a  whole  was  required.  The  first  stage  of  the  system 
covers  the  reservoirs  and  pump  stations  up  to  15 
km  from  the  City  center  while  the  operation  and 
control  of  the  major  treatment  works  and  the  more 
distant  reservoirs  and  booster  pump  station  contin- 
ues as  before.  The  system  consists  of  a  central 
control  station  within  the  treatment  works  which 
contains  a  control  panel  with  buttons  for  operating 
equipment  and  a  mimic  diagram  of  the  treatment 
works  showing  all  units  and  equipment  and  dis- 
playing trip,  run  and  alarm  indication  as  well  as 
digital  display  of  process  parameters  and  flow.  An 
IBM  personal  computer  is  provided  for  data  stor- 
age and  manipulation.  The  central  panel  controls 
the  mechanical  plant,  flows,  process  parameters, 
and  water  levels.  In  the  event  of  any  of  the  alarms 
or  trip  being  activated  an  alarm  light  is  lit  in  the 
central  control  panel  and  the  operator  is  able  to 
take  appropriate  action  and  dispatch  staff  to  cor- 
rect the  problem.  The  control  system  apart  from 
the  personal  computer  has  been  in  operation  since 
the  commissioning  of  the  plant  in  August  1985. 
Apart  from  problems  experienced  with  the  accura- 
cy of  flow  meters  the  equipment  has  performed 
well.  (See  also  W91-05281)  (White-Reimer-PTT) 
W9 1-05286 


USE  OF  A  DIGITAL  CONTROL  SYSTEM  FOR 
WATER  TREATMENT  AND  MANAGEMENT 
AT  SAPPI'S  ENSTRA  MILL. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Water  Treatment  and  Quality  Alteration — Group  5F 


Sappi    Fine    Papers    (Pty)    Ltd.,    Isando    (South 

Africa). 

For  primary  bibliographic   entry   see  Field   5D. 
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CONDUCTIVITY  AS  A  MEANS  OF  CONTROL 
ON  THE  DEMINERALISATION  PLANT  AT 
MATIMBA  POWER  STATION. 

Electricity     Supply    Commission,    Johannesburg 
(South  Africa).  Engineering  Investigations  Div. 
E.  Maughan. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  96-99. 

Descriptors:  *South  Africa,  'Conductivity,  'De- 
mineralization,  'Powerplants,  'Instrumentation, 
Pumps,  Monitoring,  Ammonia,  Hydrogen  ion  con- 
centration, Water  treatment,  'Process  control, 
Cooling  water. 

The  Marimba  power  station  in  South  Africa  is 
direct-cooled  and  requires  a  demineralization  plant 
for  the  steam-water  circuit.  The  demineralization 
plant  comprises  three  demineralization  trains,  each 
of  which  consists  of  a  stratified  cation  exchanger,  a 
degasser,  a  stratified  anion  exchanger  and  a  mixed- 
bed  unit.  The  quality  of  the  water  leaving  each 
stage  of  the  demineralization  train  is  monitored  for 
conductivity,  sodium,  and  silica.  Once  the  water 
leaving  a  demineralization  train  fails  to  meet  speci- 
fications the  resin  must  be  regenerated.  The  con- 
ductivity of  the  regenerant  is  measured  on-line  and 
the  strength  is  maintained  at  the  desired  pre-set 
value  via  a  signal  from  a  controller  in  the  loop 
which  finely  adjusts  the  metering  pump  stroke. 
The  dilution  water  for  regeneration  is  drawn  from 
the  demineralized  water  storage  tanks.  The  quality 
of  this  water  is  also  monitored  by  conductivity 
measurement.  The  water  treatment  plant  is  moni- 
tored and  controlled  from  a  control  desk  with 
automatic  sequences  following  initiation  by  the 
plant  operator.  Besides  analogue  and  digital  dis- 
plays, plant  schematics  and  operating  records  may 
be  called  onto  visual  display  units,  and  a  hardcopy 
is  also  possible.  A  relationship  exists  between  pH, 
concentration  of  ammonia  and  conductivity,  and 
conductivity  is  used  for  control.  Monitoring  is 
carried  out  continuously,  and  when  the  measured 
value  varies  from  the  selected  setpoint,  typically 
2.5  to  4.5  microS/cm  at  25  C,  a  signal  in  the 
control  loop  adjusts  the  variable-stroke  pump  used 
for  ammonia  dosing.  (See  also  W91-05281)  (White- 
Reimer-PTT) 
W91-05299 


MOLECULAR  SIZE  DISTRIBUTIONS  OF  DIS- 
SOLVED ORGANIC  MATTER. 

Arizona  Univ.,  Tucson.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic   entry  see  Field   5D. 
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ON-LINE  DETERMINATION  OF  RESIDUAL 
ALUMINIUM  IN  POTABLE  AND  TREATED 
WATERS  BY  FLOW-INJECTION  ANALYSIS. 

Hull  Univ.  (England).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
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REDUCING  DRINKING  WATER  SODIUM 
CONCENTRATIONS  DDD  NOT  ESFLUENCE 
ADOLESCENT  BLOOD  PRESSURE. 

Massachusetts  Univ.,  Amherst.  Div.  of  Public 
Health. 

R.  W.  Tuthill,  and  E.  J.  Calabrese. 
Journal  of  Environmental  Science  and  Health  (A) 
JESEDU,  Vol.  24,  No.  7,  p  711-729,  October  1989. 
4  fig,  5  tab,  12  ref.  American  Waterworks  Founda- 
tion Contract  No.  H-82;  Massachusetts  Depart- 
ment of  Environmental  Quality  Engineering,  Divi- 
sion of  Water  Pollution  Control  Contract  No.  85- 
15. 

Descriptors:  'Blood  pressure,  'Drinking  water, 
•Human     population,     'Massachusetts,     'Public 


health,  'Sodium  chloride,  'Water  treatment,  Diets, 
Human  physiology,  Hydrogen  ion  concentration, 
Salinity,  Sodium,  Water  chemistry,  Water  treat- 
ment facilities. 

Previous  investigations  established  that  elementary 
and  high  school  students  residing  in  Reading,  Mas- 
sachusetts displayed  significantly  higher  blood 
pressure  than  their  counterparts  in  the  adjacent 
community  of  Stoneham,  Massachusetts.  Extensive 
evaluations  of  family  history,  dietary  patterns, 
socio-demographic  variables  and  chemical  meas- 
urements of  drinking  water  revealed  that  the  level 
of  sodium  in  the  drinking  water  was  the  variable 
most  strongly  associated  with  the  higher  blood 
pressure  of  the  Reading  students.  A  subsequent 
study  indicated  that  female  but  not  male  students 
displayed  a  significant  decrease  in  their  blood  pres- 
sure when  given  Stoneham  water  for  all  drinking 
and  cooking  purposes.  Subsequently,  the  Town  of 
Reading  announced  its  intention  to  reduce  sodium 
levels  in  the  drinking  water  by  switching  from  the 
use  of  sodium  hydroxide  to  calcium  hydroxide  as  a 
pH  adjustment  technique.  The  impact  of  such  a 
reduction  in  drinking  water  sodium  levels  (i.e.  120 
mg/L  to  35  mg/L)  on  the  blood  pressure  distribu- 
tion was  assessed  in  Reading  school  children.  The 
study  design  included  a  comparison  of  the  blood 
pressure  values  of  Reading  and  Stoneham  eighth 
grade  students  taken  just  prior  to  the  proposed 
change  in  the  drinking  water  to  their  blood  pres- 
sure values  one  year  after  the  new  treatment  facili- 
ty was  operational.  Because  of  unanticipated  and 
prolonged  problems  in  the  construction  and  initial 
operation  of  the  plant,  the  blood  pressure  retesting 
occurred  two  and  a  half  years  after  the  initial 
blood  pressure  screening,  and  ten  months  after  the 
Reading  treatment  plant  had  been  operating  with 
consistently  lowered  levels  of  sodium  (35  mg/L). 
Results  showed  that  the  reduction  in  sodium  con- 
centration in  the  Reading  drinking  water  was  not 
associated  with  a  differential  change  in  blood  pres- 
sure in  the  Reading  adolescents  as  compared  to  the 
Stoneham  adolescents.  (Author's  abstract) 
W91-05461 


FLY-ASH  FOR  THE  TREATMENT  OF  WATER 
ENRICHED  IN  LEADOI). 

Banaras  Hindu  Univ.,  Varanasi  (India).   Inst,  of 

Tech. 

K.  P.  Yadava,  B.  S.  Tyagi,  and  V.  N.  Singh. 

Journal  of  Environmental  Science  and  Health  (A) 

JESEDU,  Vol.  24,  No.  7,  p  783-808,  October  1989. 

17  fig,  5  tab,  33  ref. 

Descriptors:  'Adsorption  kinetics,  'Diffusion, 
'Fly  ash,  'Lead,  'Mass  transfer,  'Mathematical 
models,  'Model  studies,  'Wastewater  treatment, 
'Water  treatment,  Activation  energy,  Hydrogen 
ion  concentration,  Parameter  estimation,  Tempera- 
ture effects,  Thermodynamics. 

The  removal  of  lead(II)  is  dependent  on  contact 
time,  concentration,  pH  and  temperature  of  the 
solution.  The  various  rate  parameters  of  adsorption 
were  determined  at  different  concentrations  and 
temperatures  for  the  present  lead  removal  system. 
An  empirical  model  was  tested  to  calculate  the 
kinetics  of  lead(II)  removal  at  different  concentra- 
tions. Pore  diffusion  was  the  main  rate  control 
step.  The  Langmuir  isotherm  was  applied  to  quan- 
tify the  adsorption  parameters  involved  in  the 
present  adsorption  process,  and  the  isosteric  heat 
of  adsorption  was  calculated  at  different  surface 
coverages  of  the  adsorbent.  The  negative  value  of 
enthalpy  change  (-7.269  Kcal/mol)  suggests  that 
the  adsorption  process  is  exothermic.  The  activa- 
tion energy  was  -8.533  Kjoules.  Various  calculated 
thermodynamic  parameters  helped  determine 
mechanisms  involved  in  the  adsorption  process.  By 
adjusting  the  temperature,  pH  of  the  solution,  and 
dose  of  the  adsorbent,  the  lead(II)  concentration  in 
water  and  wastewaters  can  be  reduced  below  the 
permissible  limit,  even  to  zero  concentration. 
These  results  may  help  in  the  design  and  establish- 
ment of  continuous  treatment  plants  for  the  remov- 
al of  lead(II)  enriched  effluents.  (Brunone-PTT) 
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EFFECT  OF  HIGH  SALT  CONCENTRATIONS 
ON  OZONE  DECOMPOSITION  IN  WATER. 


Universidad    Complutense    de    Madrid    (Spain). 
Dept.  de  Ingenieria  Quimica. 
J.  L.  Sotelo,  F.  J.  Beltran,  M.  Gonzalez,  and  J. 
Dominguez. 

Journal  of  Environmental  Science  and  Health  (A) 
JESEDU,  Vol.  24,  No.  7,  p  823-842,  October  1989. 
4  fig,  1  tab,  18  ref.  Comision  Asesora  de  Investiga- 
tion Cientifica  y  Tecnica  Grant  PA  85/332. 

Descriptors:  'Decomposition,  'Ozone,  'Salinity, 
'Water  chemistry,  'Water  treatment,  Carbonates, 
Hydrogen  ion  concentration,  Kinetics,  Phosphates, 
Phosphoric  acid,  Sulfates. 

Ozone  decomposition  in  water  in  the  presence  of 
different  salts  varies  depending  on  the  nature  of  the 
salt  and  the  pH.  At  low  pH,  molecular  phosphoric 
acid  has  a  positive  influence  on  ozone  conversion. 
At  neutral  and  basic  pH,  ozone  decomposes 
through  a  radical  mechanism,  whose  termination 
step  depends  on  the  type  of  ionic  species  present. 
At  pH  6  in  the  absence  of  salts  or  in  the  presence 
of  chloride  ions,  the  decomposition  is  considered  a 
second-order  termination  step.  When  sulfate,  phos- 
phate, or  carbonate  ions  are  present  in  the  water, 
the  termination  step  changes  to  first  order,  due  to 
the  hydroxyl  radical  scavenging  effect  of  these 
ions.  These  ions  destabilize  molecular  ozone  in 
water.  (Author's  abstract) 
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APPLICATION  OF  COARSE-MEDIA  SLOW 
SAND  FILTRATION  IN  AQUACULTURE. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 
Environmental  Engineering. 
S.  Vigneswaran,  V.  L.  Casiano,  and  C.  Polprasert. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.   10/2,  p   1817-1824,   1991.   10  fig,  4  ref. 

Descriptors:  'Aquaculture,  'Filtration,  'Sand  fil- 
ters, 'Wastewater  treatment,  'Water  reuse,  'Water 
treatment,  Biological  filters,  Comparison  studies, 
Fish  farming,  Nitrogen,  Organic  carbon,  Phospho- 
rus, Turbidity,  Water  quality. 

Aquaculture  has  been  practiced  in  Asia  for  a  long 
time  and  it  partially  provides  the  animal  protein  in 
diets.  The  selection  of  a  proper  type  of  water 
system  for  any  proposed  aquaculture  facility  is  a 
critical  factor  in  the  optimization  of  production 
and  proper  utilization  of  the  available  land  and 
water  supply.  A  major  constraint  in  aquaculture  is 
a  supply  of  water  of  suitable  quality  and  quantity. 
Methods  of  conserving  and  reusing  the  water 
within  the  recycled  systems  are  of  considerable 
interest.  Coarse-media  slow  sand  filtration  was 
tested  as  a  potentially  economical  treatment  unit  in 
a  recirculating  aquaculture  system.  Laboratory  ex- 
periments were  carried  out  with  a  pilot-scale  ex- 
perimental unit  of  a  coarse  media  slow  sand  filter. 
A  2.7  m  high  filter  column  with  a  diameter  of  0.56 
m  was  operated  with  a  filter  media  size  of  1-2  mm, 
media  depth  of  1.0  m,  and  filtration  rates  of  0.5  and 
0.2  cu  m/sq  m/hr.  This  filter  was  connected  to  a 
circular  concrete  fish  tank  with  a  diameter  of  1.16 
m.  The  performance  of  the  coarse-media  slow  sand 
filter  was  compared  with  the  1.5  m  by  1.0  m  by  1.0 
m  biological  filter  operated  at  a  filtration  rate  of 
1.92  cu  m/sq  m/hr,  which  was  connected  to  eight 
fish  tanks.  Experimental  results  showed  that 
coarse-media  slow  sand  filtration  had  a  compara- 
tively higher  removal  efficiency  than  the  biological 
filter  for  turbidity,  total  phosphorous,  nitrogen  and 
organic  carbon.  (Mertz-PTT) 
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REAGENTLESS-CONnNUOUS  FLOW 

METHOD  FOR  DETERMINATION  OF  AQUE- 
OUS OZONE  WITH  THIN  FILM  SEMICON- 
DUCTOR  AND   APPLICATION   TO   AN   AD- 
VANCED WATER  TREATMENT  PLANT. 
Osaka  Prefectural  Univ.,  Sakai  (Japan).  Lab.  of 
Environmental  Chemistry. 
T.  Aoki,  H.  Oguro,  K.  Fujiyoshi,  and  M. 
Yamamoto. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  10/2,  p  1961-1968,  1991.  4  fig,  1  tab,  15  ref. 

Descriptors:  'Analytical  techniques,  'Disinfection, 
'Drinking    water,    'Ozonation,    'Ozone,    'Water 
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treatment,  Japan,  Performance  evaluation,  Semi- 
conductors, Separation  techniques,  Thin  films, 
Water  analysis. 

A  method  without  any  reagent  for  the  determina- 
tion of  ultra-trace  aqueous  ozone,  utilizing  a  glass 
tube-separation  process  and  a  thin  film  semicon- 
ductor was  examined.  The  glass  tube  was  used  to 
transfer  ozone  from  water  into  a  gas  phase.  Ozone 
was  transferred  into  clean  air  flowing  in  the  tube 
and  then  was  continuously  monitored  at  the  thin 
film  semiconductor.  Signals  were  proportional  to 
concentration  of  aqueous  ozone  more  than  5  mi- 
crogram/!.. The  relative  standard  deviation  was 
3.8%  at  7.6  microgram/L.  The  interference  from 
hydrogen  peroxide,  monochloramine,  and  dichlor- 
amine,  was  completely  eliminated.  Since  October 
1988,  the  monitor  has  been  applied  to  the  advanced 
pilot-plant  in  the  Murano  water  treatment  plant 
operated  by  the  Waterworks  Department  of  Osaka 
Prefecture,  Japan.  The  raw  water  is  pumped  from 
the  River  Yodo.  Two  treatment  lines  operate  in 
parallel.  The  water  supply  rate  at  each  line  is  45 
cubic  m/hour.  Aluminum  sulfate  is  fed  at  a  dose  of 
about  30  mg/L  and  chlorine  is  fed  at  0.5  mg/L. 
Studies  on  the  site  variations  of  the  measured  aque- 
ous ozone  using  the  monitor  are  now  being  carried 
out  in  detail.  (Mertz-PTT) 
W91-05524 


WATER  QUALITY  FOR  POTABLE  REUSE. 

Denver  Water  Dept.,  CO. 

For  primary   bibliographic   entry   see   Field   5D. 

W9 1-05547 


OPTIMIZATION  OF  DRINKING  WATER 
CHLORINATION  PRACTICES  FOR  MINIMI- 
ZATION OF  TRIHALOMETHANES  FORMA- 
TION. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  Chemical 
Engineering. 

C.  N.  Burgos,  J.  Benitez,  and  L.  Saliceti. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  505-514,  1  fig,  6  tab,  11  ref. 

Descriptors:  *Chlorination,  'Drinking  water, 
•Puerto  Rico,  'Trihalomethanes,  'Tropical  hy- 
drology, 'Water  quality  control,  'Water  treat- 
ment, Bromine,  Chlorine,  Filtration,  Hydrogen  ion 
concentration,  Model  studies,  Organic  carbon,  Or- 
ganic compounds,  Regression  analysis. 

Operational  variables  involved  in  the  chlorination 
of  drinking  waters  which  influence  the  formation 
of  THMs,  are  identified  using  raw  waters  from 
different  geographical  areas  of  Puerto  Rico.  They 
were  found  to  be:  non-volatile  total  organic  carbon 
(NVTOC),  pH,  the  ratio  of  applied  chlorine  dose 
to  NVTOC,  and  bromide  ion  concentration.  A 
factorial  experiment  was  carefully  designed  with 
the  purpose  of  ascertaining  the  effect  of  those 
variables  on  total  trihalomethanes  (TTHMs) 
formed  during  the  chlorination  process.  Pilot  plant 
water  filtration  and  chlorination  facilities  were  de- 
signed and  built  in  order  to  implement  the  multi- 
variate analysis  of  the  process.  A  highly  significant 
regression  model  was  developed  relating  TTHMs 
formation  to  the  operational  variables  of  the  chlor- 
ination process.  Residual  chlorine,  a  measure  of 
disinfection  effectiveness,  was  also  measured  and 
correlated  to  the  same  variables.  The  two  correla- 
tions developed  provide  a  useful  tool  for  minimiza- 
tion of  THMs  formation  while  guaranteeing  proper 
disinfection.  (See  also  W91-05611)  (Lantz-PTT) 
W9 1-05662 


REMOVAL  OF  GIARDIA  SPP.  BY  CONVEN- 
TIONAL WATER  AND  SEWAGE  TREATMENT 
PROCESSES  AND  PRESENCE  OF  CYSTS  IN 
SURFACE  WATERS  OF  PUERTO  RICO. 

Puerto   Rico   Univ.,   Rio   Piedras.   Environmental 

Microbiology  Lab. 

For   primary   bibliographic   entry   see   Field   5D. 

W91-05665 


WATER  QUALITY  PROBLEMS  OF  RURAL 
COMMUNITIES  IN  PUERTO  RICO--A  CASE 
STUDY. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  Civil  Engi- 
neering. 

R.  A.  Roman-Seda,  I.  Pagan  Trinidad,  R. 
Williams,  S.  Shaw,  and  J.  Martinez. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  553-566,  77  fig,  3  tab,  16  ref. 

Descriptors:  'Developing  countries,  'Puerto  Rico, 
•Rural  areas,  'Tropical  hydrology,  'Water  qual- 
ity, 'Water  supply,  'Water  treatment  facilities, 
Case  studies,  Drinking  water,  Fecal  coliforms,  Fil- 
tration, Hydraulic  design,  Sand  filters,  Training. 

Many  privately  owned  rural  water  supply  systems 
in  Puerto  Rico  have  been  observed  to  distribute 
fecally  contaminated  waters  to  their  users.  Con- 
cern over  the  potential  public  health  hazard  this 
represents  has  moved  the  US  EPA  to  sponsor  a 
demonstration  project  in  which  appropriate  tech- 
nology is  used  to  correct  this  condition  at  a  chosen 
site  with  a  record  of  chronic  fecal  contamination. 
The  chosen  technology  has  been  slow  sand  filters 
(SSF)  preceded  by  horizontal  flow  gravel  pre- 
filters  (HFGP).  The  expectation  is  that  this  type  of 
treatment,  as  witnessed  in  other  Third  World 
countries,  will  provide  bacteriologically  safe,  pota- 
ble water  at  all  times,  even  during  the  frequent 
flood  events  that  plague  surface  waters  during  the 
rainy  season.  An  initial  water  quality  characteriza- 
tion has  been  made  of  the  source.  The  treatment 
system  is  expected  to  enter  the  construction  phase 
within  the  next  few  months.  After  construction,  a 
startup  and  training  phase  will  follow  operators  of 
the  system.  Upon  completion  of  this  phase,  the 
system  shall  be  passed  on  to  the  community  for 
permanent  use.  A  new  intake  and  dam  have  been 
designed  in  order  to  take  into  account  the  new 
hydraulic  requirements  of  the  proposed  system. 
(See  also  W9 1-0561 1)  (Lantz-PTT) 
W9 1-05667 


POINT-OF-USE/ENTRY  TREATMENT  OF 
DRINKING  WATER. 

Pollution  Technology  Review  N.  188,  21  pollu- 
tionNoyes  Publications,  Park  Ridge,  New  Jersey. 
1990.  146p. 

Descriptors:  'Administrative  regulations,  'Drink- 
ing water,  'Water  quality,  'Water  treatment, 
'Water  treatment  facilities,  Administrative  agen- 
cies, Point-of-entry  water  treatment,  Point-of-use 
water  treatment,  Water  analysis,  Water  quality 
monitoring,  Water  quality  standards. 

Information  is  presented  on  the  appliction  of  point- 
of-use  (POU)  and  point-of-entry  (POE)  systems  for 
treating  drinking  water,  based  on  the  papers  pre- 
sented at  a  recent  conference  held  in  Cincinnati, 
Ohio.  Papers  covered  both  administrative  and 
technical  aspects  of  utilizing  POU/POE  systems  to 
solve  individual  and  small  community  drinking 
water  problems.  Until  Recent  years,  the  principal 
use  for  POU  systems  was  to  improve  the  the 
aesthetic  quality  (taste  and  odor)  of  drinking  water 
provided  by  a  municipal  or  private  water  supply. 
With  the  passage  of  the  Safe  drinking  Water  Act 
and  a  greater  concern  by  the  public  on  health 
issues,  consumers  have  begun  to  purchase  these 
systems  for  health  reasons  as  well  as  aethetic  rea- 
sons. With  this  increase  in  the  use  of  POU  systems 
for  health  reasons,  many  issues  have  been  raised  by 
the  regulatory  agencies  and  water  utility  industry 
over  the  role  of  POU/POE  systems  in  solving 
drinking  water  problems.  (See  W9 1-05695  thru 
W91-05719)  (Mackeen-PTT) 
W9 1-05694 


POINT-OF-ENTRY  AND  POINT-OF-USE  DE- 
VICES FOR  MEETING  DRINKING  WATER 
STANDARDS. 

Environmental    Protection   Agency,   Washington, 

DC. 

S.  W.  Clark. 


IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  4-9.  2  ref. 

Descriptors:  'Drinking  water,  'Point-of-entry 
water  treatment,  'Point-of-use  water  treatment, 
•Regulations,  'Safe  Drinking  Water  Act,  'Water 
quality  standards,  'Water  treatment,  Administra- 
tive agencies,  Administrative  regulations,  Bottled 
water,  Compliance,  Environmental  Protection 
Agency,  Legislation,  Water  quality. 

The  Safe  Drinking  Water  Act  Amendments  of 
1986  require  the  EPA  to  set  standards  for  83 
contaminants  by  June  of  1989.  Recognizing  the 
difficulty  that  small  drinking  water  supply  systems 
would  have  complying  with  many  of  the  new 
standards,  EPA  considered  allowing  a  variety  of 
decentralized  approaches,  including  point-of-entry 
(POE)  devices,  point-of-use  (POU)  devices,  and 
bottled  water.  Three  options  were  discussed  at  a 
public  hearing  on  decentralized  approaches  to 
drinking  water  treatment:  (1)  consider  POE  to  be 
an  acceptable  means  of  compliance;  (2)  allow 
POE.  POU,  and  bottled  water  as  acceptable  means 
of  compliance;  and  (3)  consider  POE,  POU,  and 
bottled  water  to  be  best  available  technology 
(BAT)  for  small  systems  (less  than  500  persons). 
After  considering  all  public  comments  and  through 
a  variety  of  discussions  at  all  levels  of  manage- 
ment, EPA  decided  that  POE  devices  were  suita- 
ble for  compliance,  but  they  were  not  BAT.  It  was 
also  decided  that  POU  and  bottled  water  could  be 
used  as  interim  measures,  but  were  not  to  be  con- 
sidered BAT  or  a  means  of  compliance.  Five  crite- 
ria are  necessary  for  compliance  using  POE:  cen- 
tral control,  effective  monitoring,  application  of 
effective  technology,  maintenance  of  microbial 
safety,  and  protection  of  all  consumers.  It  was 
concluded  that  the  approach  using  POE  devices 
may  allow  a  cost  effective  means  of  compliance  for 
small  systems  that  have  had  the  most  violations  of 
EPA's  drinking  water  standards.  (See  also  W9I- 
05694)  (MacKeen-PTT) 
W9 1-05695 


REGULATORY  REQUIREMENTS  FOR 
POINT-OF-USE  SYSTEMS. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Pesticides  and  Toxic  Substances. 
R.  Douglas. 

IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  10-11.  1  ref. 

Descriptors:  'Drinking  water,  'Point-of-entry 
water  treatment,  'Point-of-use  water  treatment, 
'Regulations,  'Water  quality,  'Water  quality 
standards,  'Water  treatment,  Administrative  agen- 
cies, Administrative  regulations,  Compliance,  Fil- 
ters, Legislation. 

There  are  three  general  categories  of  water  treat- 
ment units:  (1)  units  not  intended  to  treat  microor- 
ganisms or  other  pests;  (2)  units  that  consist  of  only 
a  physical  or  mechanical  means  of  treating  any 
microorganisms  or  pests;  and  (3)  units  that  incor- 
porate a  chemical  antimicrobial  agent  to  treat 
microorganisms  or  pests.  Products  in  the  first  cate- 
gory are  subject  to  neither  registration  nor  regula- 
tion under  the  Federal  Insecticide,  Fungicide,  and 
Rodenticide  Act  (FIFRA).  Products  in  the  second 
category  are  only  subject  to  regulation  under 
FIFRA.  Products  in  the  third  category  are  subject 
to  both  registration  requirements  and  regulation 
under  FIFRA.  The  requirements  for  registration  of 
bacteriostatic  water  filters  have  not  changed  since 
1979,  and  consist  of  data  showing  effectiveness  of 
the  product  against  bacteria,  viruses,  and  protozo- 
an cysts.  Specific  testing  parameters  for  products 
claiming  effectiveness  as  microbiological  water  pu- 
rifiers have  been  published  in  the  'Guide  Standard 
and  Protocol  for  Testing  Microbiological  Water 
Purifiers',  dated  April  1986  and  revised  in  April 
1987.  (See  also  W91-05694)  (MacKeen-PTT) 
W9 1-05696 


CONTROL  OF  POINT-OF-USE  WATER 
TREATMENT  DEVICES  IN  CANADA:  LEGAL 
AND  PRACTICAL  CONSIDERATIONS. 
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Environmental  Health  Directorate,  Ottawa  (Ontar- 
io). 

R.  S.  Tobin. 

IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  12-14.  9  ref. 

Descriptors:  'Canada,  'Drinking  water,  'Point-of- 
entry  water  treatment,  'Point-of-use  water  treat- 
ment, 'Public  health,  'Regulations,  'Water  qual- 
ity, 'Water  treatment,  Administrative  agencies, 
Administrative  regulations,  Legal  aspects,  Legisla- 
tion, Water  quality  standards. 

In  Canada  there  is  no  specific  legislation  control- 
ling the  sale,  use,  or  performance  of  point-of-use 
(POU)  water  treatment  devices.  A  number  of  acts, 
however,  do  have  provisions  that  could  be  related 
to  these  devices.  The  Pest  Control  Products  Act 
may  be  applied  to  devices  (e.g.  ozonators,  chemi- 
cal feeders)  that  are  used  for  the  treatment  of 
nonpotable  water.  Depending  upon  the  exact 
claims  made,  POU  devices  may  come  under  the 
provisions  of  The  Medical  Devices  Regulations. 
The  Hazardous  Products  Act  may  be  applied  to 
consumer  products  which  may  represent  a  danger 
to  the  health  and  safety  of  the  public.  Parts  of  the 
Competition  Act  have  been  used  where  misrepre- 
sentation of  devices  has  been  alleged.  The  Health 
and  Welfare  Canada  program  on  POU  devices 
includes  the  following  nonlegislative  aspects:  test- 
ing and  evaluation  of  devices;  provision  of  advice 
and  educational  materials;  and  cooperation  with 
industry  and  nonprofit  organizations.  (See  also 
W9 1-05694)  (MacKeen-PTT) 
W9 1-05697 


REGULATION  OF  WATER  TREATMENT  DE- 
VICES IN  CALIFORNIA. 

R.  F.  Burns. 

IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  15-17.  4  ref. 

Descriptors:  'California,  'Drinking  water,  'Point- 
of-entry  water  treatment,  'Point-of-use  water 
treatment,  'Public  health,  'Regulations,  'Water 
quality,  'Water  treatment,  Administrative  agen- 
cies, Administrative  regulations,  Legal  aspects, 
Legislation,  Water  quality  standards. 

During  1986,  the  California  legislature  enacted  two 
legislative  measures  regarding  point-of-use  (POU) 
and  point-of-entry  (POE)  water  treatment  devices. 
Senate  Bill  SB  2119  enacted  a  statute  which  re- 
quires that  any  water  treatment  device  for  which  a 
health  benefit  claim  is  made  cannot  be  sold  in 
California  unless  the  device  had  performance  test- 
ing that  had  been  certified  by  the  Department  of 
Health  Services  (DHS).  The  law  further  requires 
the  DHS  to  adopt  regulations  setting  forth  the 
criteria  and  procedures  for  certification  of  the  de- 
vices. The  DHS  Public  Water  Supply  Branch  has 
been  given  the  responsibility  for  the  implementa- 
tion of  SB  2119  and  is  currently  developing  policy 
and  regulations  for  the  certification  program. 
Senate  Bill  SB  2361  enacted  a  statute  which  pro- 
vides •truth-in-advertising'  as  it  relates  to  water 
treatment  devices.  The  statute  addresses  false  or 
misleading  advertising  and  is  expected  to  deter 
unscrupulous  salespersons  and  reduce  the  number 
of  complaints  relative  to  fraudulent  sales.  (See  also 
W9 1-05694)  (MacKeen-PTT) 
W9 1-05698 


WISCONSIN  REGULATION  OF  POINT-OF- 
USE  AND  POINT-OF-ENTRY  WATER  TREAT- 
MENT DEVICES. 

Wisconsin  Dept.  of  Industry,  Labor  and  Human 

Relations,  Madison. 

L.  Trapp. 

IN:   Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  18-21.  3  append. 

Descriptors:  'Drinking  water,  *Point-of-entry 
water  treatment,  'Point-of-use  water  treatment, 
•Water  quality,  'Water  treatment,  'Wisconsin, 
Administrative  agencies,  Administrative  regula- 
tions, Legal  aspects,  Legislation,  Public  health, 
Water  quality  standards. 


Wisconsin's  involvement  in  regulating  point-of-use 
(POU)  and  point-of-entry  (POE)  water  treatment 
devices  involves  five  different  state  agencies.  Two 
of  those  state  agencies,  the  Department  of  Justice 
and  the  Department  of  Agriculture,  Trade  and 
Consumer  Protection,  have  consumer  protection 
sections.  A  third  state  agency,  the  Department  of 
Health  and  Social  Services,  is  responsible  for  rec- 
ommending enforcement  standards  for  groundwat- 
er contaminants  of  public  health  concern.  The 
Department  of  Natural  Resources  (DNR)  uses  the 
enforcement  standards  to  establish  whether  or  not 
a  water  supply  is  contaminated.  The  Department 
of  Industry,  Labor  and  Human  Relations  (DlLHR) 
reviews  all  POU  and  POE  water  treatment  devices 
for  safety  and  performance.  Water  treatment 
device  manufacturers  and  dealers  will  most  often 
become  involved  with  DILHR  regulations,  and  to 
a  lesser  extent  DNR  regulations.  A  list  of  contact 
people  for  each  of  the  five  state  agencies  is  provid- 
ed. (See  also  W9 1-05694)  (MacKeen-PTT) 
W9 1-05699 


HOUSEHOLD  WATER  QUALITY  EDUCA- 
TION: THE  COOPERATIVE  EXTENSION 
SYSTEM  ROLE. 

Kansas  State  Univ.,  Manhattan.  Cooperative  Ex- 
tension Service. 
G.  M.  Powell. 

IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  22-24.  4  tab. 

Descriptors:  'Drinking  water,  'Education, 
'Kansas,  'Point-of-entry  water  treatment,  'Point- 
of-use  water  treatment,  'Public  health,  'Water 
quality,  'Water  quality  monitoring,  'Water  treat- 
ment, Administrative  agencies,  Compliance,  Legis- 
lation, Safe  Drinking  Water  Act,  Water  quality 
standards,  Well  water. 

An  educational  program  on  household  water  qual- 
ity is  conducted  by  the  Kansas  Cooperative  Exten- 
sion Service.  The  extension  system  is  a  complex 
organization  of  the  50  state  Cooperative  Extension 
Services  and  the  Extension  Service,  U.S.  Dept.  of 
Agriculture  (USDA).  Private  water  wells,  which 
serve  20%  of  the  Kansas  population,  exceeded  the 
maximum  contaminant  level  for  inorganics  in  37% 
of  wells  tested,  and  10%  of  the  wells  contained 
organic  contaminants.  It  was  estimated  that  at  least 
half  of  the  state's  private  water  supplies  would  not 
meet  standards  established  by  the  Safe  Drinking 
Water  Act  and  its  amendments.  The  Kansas  Coop- 
erative Extension  Service  program  provides  infor- 
mation on  quality  of  water  from  private  wells  and 
in  all  homes.  It  includes  training  of  county  agricul- 
tural, home  economics,  4-H  and  youth  agents,  and 
county  health  services  personnel  as  local  sources 
of  information.  Bulletins  and  leaflets  address  water 
quality,  water  testing,  water  treatment,  and  water 
quality  protection.  (See  also  W9 1-05694)  (MacK- 
een-PTT) 
W91-O570O 


FEDERAL  TRADE  COMMISSION  REGULA- 
TION OF  WATER  TREATMENT  DEVICES. 

Federal  Trade  Commission,  Washington,  DC. 
J.  Winston. 

IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  25-26. 

Descriptors:  'Administrative  agencies,  'Drinking 
water,  'Point-of-entry  water  treatment,  'Point-of- 
use  water  treatment,  'Public  health,  'Water  qual- 
ity, 'Water  treatment,  Administrative  regulations, 
Consumer  protection,  Federal  Trade  Commission, 
Legal  aspects,  Legislation. 

The  Federal  Trade  Commission  (FTC)  is  a  small 
independent  Federal  Agency  with  a  broad  man- 
date: to  promote  free  and  open  competition  and 
protect  consumers  from  unfair  and  deceptive  prac- 
tices. The  FTC  has  no  specific  regulations  govern- 
ing the  advertising  of  water  treatment  devices. 
Like  other  advertising,  claims  for  these  devices 
must  be  truthful  and  substantiated.  In  general,  the 
types  of  advertising  claims  that  the  FTC  may  be 
concerned  about  in  this  area  are  as  follows:  claims 
that  a  device  will  purify  the  water  or  remove  all 


contaminants;  claims  that  ordinary  tap  water  is 
hazardous  to  health;  and  false  claims  of  consumer 
or  expert  endorsements.  In  1987,  two  formal  ac- 
tions were  brought  against  advertisers  of  water 
treatment  devices.  New  Medical  Techniques,  Inc. 
was  charged  with  false  advertising  of  its  Aquaspr- 
ing  Home  Water  Distiller  after  claiming  that  the 
device  would  remove  all  contaminants  from  water. 
An  administrative  complaint  was  issued  against 
North  American  Philips  Corporation,  maker  of  the 
Norelco  Clean  Water  Machine,  a  table-top  activat- 
ed carbon  filter.  In  addition  to  these  cases,  the 
FTC  continues  to  monitor  advertising  that  con- 
cerns water  treatment  issues.  (See  also  W9 1-05694) 
(MacKeen-PTT) 
W9 1-05701 


POU/POE  PRODUCT  PROMOTION  GUIDE- 
LINES AND  CODE  OF  ETHICS. 

Water  Quality  Association,  Lisle,  IL. 

M.  M.  Robb. 

IN:   Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  27-30.  2  fig. 

Descriptors:  'Drinking  water,  'Point-of-entry 
water  treatment,  'Point-of-use  water  treatment, 
'Regulations,  'Water  quality,  'Water  treatment, 
Consumer  protection,  Organizations,  Public 
health,  Standards,  Water  quality  standards. 

The  Water  Quality  Association  (WQA),  an  indus- 
try-sponsored organization,  has  advanced  a  set  of 
voluntary  guidelines  and  code  of  ethics  for  the 
promotion  of  point-of-use  (POU)  and  point-of- 
entry  (POE)  water  treatment  devices.  The  guide- 
lines were  adopted  in  March  of  1985  and  revised  in 
April  of  1987.  Two  types  of  requests  can  be  sub- 
mitted through  the  Voluntary  Industry  Product 
Promotion  Guidelines  process.  They  are  a  Com- 
plaint Request,  filed  on  an  existing  advertisement 
or  promotion,  which  can  be  voluntarily  resolved 
or  can  move  on  to  the  Review  Panel;  and  an 
Advisory  Request,  in  which  a  company  submits  its 
promotional  material  or  advertising  for  compliance 
prior  to  printing  or  releasing  it.  A  trend  toward 
voluntary  compliance  with  the  guidelines  has  been 
observed.  A  Voluntary  Industry  Code  of  Ethics 
was  expected  to  be  published  by  the  WQA  in  early 
1988.  (See  also  W9 1-05694)  (MacKeen-PTT) 
W91-05702 


NSPS  LISTING  PROGRAM  FOR  POU/POE 
DWTUS. 

National  Sanitation  Foundation,  Ann  Arbor,  MI. 
R.  A.  Dougherty. 

IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  31-34.  2  tab. 

Descriptors:  'Drinking  water,  *  Point-of-entry 
water  treatment,  'Point-of-use  water  treatment, 
'Public  health,  'Water  quality,  'Water  quality 
standards,  'Water  treatment,  Consumer  protection, 
Organizations,  Standards. 

The  National  Sanitation  Foundation  (NSF)  has 
established  a  listing  program  for  point-of-use 
(POU)  and  point-of-entry  (POE)  water  treatment 
devices.  NSF  standards  are  voluntary,  consensus 
standards  which  specify  the  minimum  require- 
ments for  a  product  to  satisfy  public  health  con- 
cerns. NSF  Listing  Marks  are  for  use  on  listed 
products  which  fully  comply  with  all  NSF  require- 
ments. NSF  has  legal,  contractual,  and  ethical  obli- 
gations to  monitor  and  verify  that  only  authorized 
companies  use  the  mark,  and  use  it  properly. 
Public  listings  information  on  drinking  water  treat- 
ment units  is  made  available  in  a  listing  book 
published  annually,  up  to  nine  supplements  pub- 
lished each  year,  and  by  direct  electronic  access  by 
computer.  Listing  is  on  an  annual  basis,  with  con- 
tinuous monitoring  of  listed  products.  Complaints 
from  public  health  or  other  regulatory  officials  or 
from  users  for  noncompliance  are  investigated  by 
NSF.  The  listing  program  for  POU/POE  devices 
has  13  companies  with  listed  units;  21  additional 
companies  have  applied  for  listing.  (See  also  W91- 
05694)  (MacKeen-PTT) 
W9 1-05703 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5F — Water  Treatment  and  Quality  Alteration 


WATER  QUALITY  ASSOCIATION  VOLUN- 
TARY PRODUCT  VALIDATION  PROGRAM 
AND  VOLUNTARY  CERTIFICATION  PRO- 
GRAM. 

Water  Quality  Association,  Lisle,  IL. 

L.  Cole. 

IN:    Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  35-36. 

Descriptors:  •Drinking  water,  *Point-of-entry 
water  treatment,  *Point-of-use  water  treatment, 
•Professional  certification,  'Regulations,  •Water 
quality,  *Water  treatment,  Consumer  protection, 
Organizations,  Professional  personnel,  Public 
health,  Standards,  Water  quality  standards. 

The  Water  Quality  Association  (WQA)  has  devel- 
oped voluntary  programs  for  product  validation 
and  for  professional  certification  in  the  water  qual- 
ity improvement  industry.  The  product  validation 
program  comprises  five  voluntary  industry  stand- 
ards: (1)  for  household,  commercial  and  portable 
exchange  water  softeners;  (2)  for  efficiency-rated 
water  softeners;  (3)  for  household  and  commercial 
water  filters;  (4)  for  point-of-use  low  pressure  re- 
verse osmosis  drinking  water  systems;  and  (5)  for 
distillation  drinking  water  systems.  Under  the  pro- 
gram, a  manufacturer  may  voluntarily  submit  a 
specific  type  of  equipment  or  system  to  the  WQA 
laboratory  where  its  performance  will  be  evaluated 
in  accordance  with  the  appropriate  standard.  Over 
300  products  produced  by  companies  in  the  water 
quality  improvement  industry  have  been  validated 
by  the  WQA  laboratory.  The  WQA  certification 
program  was  established  by  association  members 
to  provide  industry-wide  standards  for  evaluating 
the  knowledge  of  point-of-use/point-of-entry 
water  treatment  personnel.  Since  the  inception  of 
the  program  in  1977,  nearly  1,800  people  have 
been  certified  in  one  of  three  categories:  dealer, 
specialist,  or  installer.  (See  also  W9 1-05694) 
(MacKeen-PTT) 
W91-05704 


GUIDE  STANDARDS  AND  PROTOCOL  FOR 
TESTING  MICROBIOLOGICAL  WATER  PURI- 
FIERS. 

Army    Biomedical    Research    and    Development 

Lab.,  Fort  Detrick,  MD. 

S.  A.  Schaub,  and  C.  P.  Gerba. 

IN:    Point-of-Use/Entry    Treatment    of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  37-43.  2  fig,  7  tab. 

Descriptors:  'Drinking  water,  'Microorganisms, 
*Point-of-entry  water  treatment,  *Point-of-use 
water  treatment,  'Public  health,  'Regulations, 
'Water  quality,  'Water  quality  standards,  'Water 
treatment,  Consumer  protection,  Human  diseases, 
Microbiological  analysis. 

A  Guide  Standard  and  Protocol  for  Testing  of 
Microbiological  Water  Purifiers  was  developed  by 
a  multidisciplinary  task  force  and  has  been  accept- 
ed on  a  provisional  basis  by  the  U.S.  EPA's  Office 
of  Drinking  Water  and  Office  of  Pesticide  Pro- 
grams. The  test  protocol  addresses  the  following 
technologies:  ceramic  filtration  candles,  halogenat- 
ed  resins  and  units,  and  ultraviolet  (UV)  units.  The 
microbiological  challenges  for  testing  were  select- 
ed to  be  representative  of  bacterial,  viral,  and 
protozoan  pathogens  of  the  gastrointestinal  tract. 
Physical  and  chemical  parameters  are  tested  using 
a  worst  case  challenge  of  pH,  total  organic  carbon, 
turbidity,  total  dissolved  solids,  temperature  and 
for  UV  light  units,  a  UV  quenching  test  compo- 
nent. Standards  of  acceptance  for  microbiological 
treatment  require  that  less  than  10%  of  the  sample 
pairs  from  three  units  tested  fall  below  the  toler- 
ances for  removal:  99.999%  removal  for  bacteria; 
99.9%  removal  for  virus;  and  99.5%  removal  for 
protozoa.  It  is  concluded  that  the  Guide  Standard 
and  Protocol  for  Testing  Microbiological  Water 
Purifiers  provides  the  water  industry,  consumers, 
and  government  with  a  common  approach  to  the 
evaluation  of  existing  and  development  products 
for  their  microbiological  removal  capabilities.  (See 
also  W9 1-05694)  (MacKeen-PTT) 
W9 1-05705 


PERFORMANCE  AND  APPLICATIONS  OF 
GRANULAR  ACTIVATED  CARBON  POINT- 
OF-USE  SYSTEMS. 

Amway  Corp.,  Ada,  MI.  Research  and  Develop- 
ment Div. 

K.  Van  Dyke,  and  R.  W.  Kuennen. 
IN:    Point-of-Use/Entry    Treatment   of   Drinking 
Water.    Noyes    Publications,    Park    Ridge,    New 
Jersey.  1990.  p  44-61.  7  fig,  12  tab,  20  ref. 

Descriptors:  'Drinking  water,  'Granular  activated 
carbon,  *Point-of-entry  water  treatment,  'Point-of- 
use  water  treatment,  'Volatile  organic  compounds, 
'Water  quality,  'Water  treatment,  Compliance, 
Legislation,  Literature  review,  Performance  eval- 
uation, Safe  Drinking  Water  Act,  Water  quality 
standards. 

Laboratory  and  field  tests  of  point-of-use  (POU) 
water  treatment  devices  based  on  granular  activat- 
ed carbon  (GAC)  were  summarized.  The  addition 
of  volatile  organic  compounds  (VOCs)  to  the  Safe 
Drinking  Water  Act,  with  their  low  maximum 
contaminant  levels  (MCL)  places  more  stringent 
requirements  on  devices  claiming  to  remove  them 
to  below  MCL  concentrations.  There  are  two 
basic  criteria  that  determine  the  efficacy  of  a 
GAC-based  POU  device:  the  capacity  of  the  GAC 
used  (isotherm  capacities)  and  the  design  of  the 
final  unit  to  approach  maximum  capacity  (dynamic 
testing).  Results  have  indicated  that  a  properly 
designed  POU  device  can  be  effective  in  removing 
the  regulated  VOCs  to  below  the  MCL  concentra- 
tions for  a  significant  period.  Isotherm  capacities 
can  predict  relative  breakthrough  orders  for  the 
VOCs.  Temperature  was  found  to  be  an  important 
parameter  in  POU  treatment  device  testing.  Test- 
ing with  a  surrogate  chemical,  e.g.  chloroform, 
provides  a  conservative  capacity  value  for  the 
other  VOCs.  (See  also  W91-05694)  (MacKeen- 
PTT) 
W9 1-05706 


PERFORMANCE  AND  APPLICATION  OF  RO 
SYSTEMS. 

Desalination  Systems,  Inc.,  Escondido,  CA. 

D.  T.  Bray. 

IN:    Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  62-68.  10  fig. 

Descriptors:  'Drinking  water,  'Membrane  proc- 
esses, 'Point-of-entry  water  treatment,  'Point-of- 
use  water  treatment,  'Public  health,  'Reverse  os- 
mosis, 'Water  quality,  'Water  treatment,  Bacteria, 
Leakage,  Microorganisms,  Performance  evalua- 
tion, Viruses,  Water  quality  standards. 

Performance  and  application  of  reverse  osmosis 
(RO)  systems  for  point-of-use  (POU)  water  treat- 
ment were  discussed.  The  three  types  of  RO  sys- 
tems currently  in  use,  under  the  counter,  over  the 
counter  and  office  units,  all  use  a  spiral-wound 
membrane  assembly.  Two  types  of  membrane  are 
utilized  in  RO  POU  units:  cellulose  acetate  types, 
which  have  the  advantages  of  low  cost,  good  ionic 
rejection  and  greater  experience  in  use;  and  thin 
film  membranes,  which  provide  high  flow  rates, 
high  rejections,  operate  at  a  wide  range  of  temper- 
ature and  pH,  and  are  bacteria  resistant.  Approxi- 
mately 500,000  RO  POU  units  are  in  use  in  the 
United  States.  The  economic  value  in  1987  was 
about  $40  million  to  the  system  manufacturers  and 
$100  million  to  the  dealers  and  distributors.  While 
membranes  can  be  made  to  be  leakage-free  with 
respect  to  bacteria  and  viruses,  by-pass  leakage  on 
the  order  of  0.1  to  0.5%  exists  in  RO  POU  systems. 
For  this  reason,  the  RO  POU  systems  are  not 
recommended  for  use  on  a  nonpotable  water 
supply.  (See  also  W9 1-05694)  (MacKeen-PTT) 
W9 1-05707 


PERFORMANCE  AND  APPLICATION  OF  UL- 
TRAVIOLET LIGHT  SYSTEMS. 

Ideal  Horizons,  Inc.,  Rutland,  VT. 

C.  Foust. 

IN:    Point-of-Use/Entry    Treatment    of   Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  69-70. 

Descriptors:      'Disinfection,      'Drinking      water, 
*Point-of-entry     water     treatment,     'Point-of-use 


water  treatment,  'Ultraviolet  radiation,  'Water 
quality,  'Water  treatment,  Bacteria,  Microorga- 
nisms, Performance  evaluation,  Public  health,  Vi- 
ruses, Water  quality  standards. 

The  use  of  ultraviolet  (UV)  light  systems  for  the 
disinfection  of  water  was  evaluated.  Three  param- 
eters important  in  the  treatment  of  water  with  UV 
light  are  the  sensitivity  of  the  organisms,  the 
dosage  required,  and  the  unit  design.  Most  patho- 
genic microorganisms  have  been  tested  for  their 
sensitivity  to  UV  light  and  the  results  have  been 
published  in  various  publications.  Data  using 
wavelengths  other  than  254  nm  should  be  correct- 
ed for  effectiveness.  Most  units  treat  with  a  dosage 
of  30,000-35,000  microW-s/sq  cm,  which  is  capable 
of  approximately  a  four  log  reduction  in  microor- 
ganisms. In  general,  UV  light  treatment  systems 
consist  of  a  cylindrical  reaction  chamber,  a  bulb 
separated  by  a  quartz  sleeve,  a  flow  control  device 
and  a  monitoring  and/or  shut-off  device.  Advan- 
tages of  the  method  include  elimination  of  the 
addition  of  harmful  chemicals  to  the  water,  with 
consequent  avoidance  of  secondary  chemical  prod- 
ucts; no  taste  or  odor  imparted  to  the  water;  no 
possibility  of  overtreatment;  users  are  not  exposed 
to  any  harmful  products;  and  limited  maintenance 
required.  (See  also  W91-05694)  (MacKeen-PTT) 
W9 1-05708 


PRECOAT  CARBON  FILTERS  AS  BARRIERS 
TO  INCIDENTAL  MICROBIAL  CONTAMINA- 
TION. 

Everpure,  Inc.,  Westmont,  IL. 
P.  Regunathan,  W.  H.  Beauman,  and  D.  J.  Jarog. 
IN:    Point-of-Use/Entry   Treatment   of  Drinking 
Water.    Noyes    Publications,    Park    Ridge,    New 
Jersey.  1990.  p  71-80.  15  fig,  9  tab,  14  ref. 

Descriptors:  'Drinking  water,  'Microbiological 
studies,  *Point-of-entry  water  treatment,  'Point-of- 
use  water  treatment,  'Public  health,  'Water  qual- 
ity, 'Water  treatment,  Bacteria,  Carbon  filters, 
Coliforms,  Enteroviruses,  Heterotrophic  bacteria, 
Microorganisms,  Performance  evaluation,  Proto- 
zoa, Viruses,  Water  quality  standards. 

The  use  of  point-of-use  (POU)  precoat  carbon 
filters  as  barriers  to  microbial  contamination  of 
drinking  water  was  analyzed.  Results  indicated 
that  precoat  carbon  filters  caused  significant  reduc- 
tions in  the  numbers  of  coliforms  (99%),  enteric 
viruses  (99%),  and  protozoan  cyst  or  surrogates 
(>99.9%).  Silver  in  precoat  carbon  filters  lowered 
conform  levels  at  least  one  log  more  than  the 
standard  precoat  filters.  Silver  and  copper  were 
found  to  act  slowly  to  reduce  coliform  levels  in 
filters  during  nonuse  periods.  A  new  procedure  for 
determining  heterotrophic  plate  count  (HPC)  orga- 
nisms involved  incubation  for  7  days  at  25-28  C, 
instead  of  2  days  at  35  C.  The  new  method  yielded 
0.5-1.5  logs  higher  counts  and  favored  a  different 
population.  Silver  appeared  to  effectively  control 
the  filter  effluent  HPC  levels.  It  was  concluded 
that  carbon  precoat  filters  with  or  without  silver 
act  as  barriers  to  incidental  microbial  contamina- 
tion of  potable  water  supplies.  (See  also  W91- 
05694)  (MacKeen-PTT) 
W91-05709 


MICROBIOLOGICAL  STUDDZS  OF  GRANU- 
LAR ACTIVATED  CARBON  POINT-OF-USE 
SYSTEMS. 

Environmental     Protection    Agency,    Cincinnati, 

OH.  Drinking  Water  Research  Div. 

D.  J.  Reasoner. 

IN:    Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  81-83.  2  ref. 

Descriptors:  'Activated  carbon,  'Drinking  water, 
•Microbiological  studies,  *Point-of-entry  water 
treatment,  'Point-of-use  water  treatment,  'Public 
health,  'Water  quality,  'Water  treatment,  Bacteria, 
Granular  activated  carbon,  Heterotrophic  bacteria, 
Microorganisms,  Performance  evaluation,  Water 
quality  standards. 

The  microbiological  characteristics  of  granular  ac- 
tivated carbon  (GAC)  point-of-use  (POU)  filters 
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were  examined.  It  was  found  that  heterotrophic 
plate  counts  (HPC)  of  the  filtered  water  were 
generally  higher  in  morning  samples  than  in  after- 
noon samples.  Stagnation  periods  from  several 
hours  to  several  weeks  resulted  in  significantly 
increased  HPC  levels  in  the  test  filters.  The  poten- 
tial for  colonization  of  filters  was  examined  by 
innoculating  the  filters  with  pure  culture  suspen- 
sion. Pseudomonas  aeruginosa,  Enterobacter  aero- 
genes,  and  Citrobacter  freundii  were  found  to  col- 
onize the  filters  and  persisted  in  the  product  water 
for  time  periods  ranging  from  5-156  days.  Recom- 
mendations for  use  of  POU  home  treatment  de- 
vices include:  use  only  on  a  microbiologically  safe 
water  supply;  flush  unit  after  prolonged  quiescent 
period;  change  the  filter  cartridge  at  least  as  fre- 
quently as  directed  by  the  manufacturer;  and 
adhere  to  the  manufacturer's  maintenance  recom- 
mendations. It  was  concluded  that  all  GAC  POU 
devices  become  generators  of  bacteria  but  the  po- 
tential for  adverse  human  health  effects  from  inges- 
tion of  large  numbers  of  HPC  bacteria  in  water 
appears  to  be  low.  (See  also  W9 1-05694)  (MacK- 
een-PTT) 
W91-05710 


HEALTH  STUDIES  OF  AEROBIC  HETERO- 
TROPHIC BACTERIA  COLONIZING  GRANU- 
LAR ACTIVATED  CARBON  SYSTEMS. 

Health   Effects   Research   Lab.,   Cincinnati,   OH. 

Toxicology  and  Microbiology  Div. 

A.  P.  Dufour. 

IN:   Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  84-87.  3  tab,  12  ref. 

Descriptors:  *Activated  carbon,  *Drinking  water, 
•Human  diseases,  'Microbiological  studies,  *Point- 
of-entry  water  treatment,  *Point-of-use  water 
treatment,  'Public  health,  'Water  quality,  'Water 
treatment,  Bacteria,  Connecticut,  Granular  activat- 
ed carbon,  Heterotrophic  bacteria,  Microorga- 
nisms, Performance  evaluation,  Water  quality 
standards. 

The  health  effects  of  the  amplification  of  aerobic 
heterotrophic  bacteria  by  granular  activated 
carbon  (GAC)  filters  were  examined.  The  study 
was  conducted  at  a  large  military  reservation  in 
eastern  Connecticut.  Health  data  were  collected  by 
health  status  calendar  and  by  instructing  partici- 
pants to  report  to  the  medical  facility  if  they 
experienced  a  gastrointestinal  illness  or  skin  infec- 
tion. The  exposure  to  heterotrophic  bacteria  was, 
on  the  average,  20  times  greater  for  bypass-filter 
users  than  for  control  groups.  The  faucet-type 
filter  effluents  contained  about  12  times  more  he- 
terotrophs  than  were  found  in  tap  water.  During 
the  course  of  the  study,  only  a  few  individuals 
reported  to  the  medical  facility  for  treatment.  No 
bacterial  specimens  were  obtained  from  these  pa- 
tients and,  therefore,  no  relationship  between  clini- 
cal isolates  and  isolates  from  GAC  could  be  estab- 
lished. No  excess  illness  could  be  linked  to  the  use 
of  GAC  filters  when  the  health  status  calendars 
were  analyzed.  It  is  concluded  that  point-of-use 
GAC  treated  water  containing  high  densities  of 
heterotrophic  bacteria  is  not  a  risk  factor  for 
healthy  populations.  (See  also  W9 1-05694)  (MacK- 
een-PTT) 
W91-05711 


ACTIVATED  ALUMINA  FOR  POU/POE  RE- 
MOVAL OF  FLUORIDE  AND  ARSENIC. 

Water  Treatment  Engineers,  Scottsdale,  AZ. 
R.  L.  Lake. 

IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  88-89.  8  ref. 

Descriptors:  'Activated  alumina,  'Arsenic, 
•Drinking  water,  'Fluorides,  'Ion  exchange, 
'Point-of-entry  water  treatment,  *Point-of-use 
water  treatment,  'Water  quality,  'Water  treat- 
ment, Performance  evaluation,  Resins,  Water 
chemistry,  Water  quality  standards. 

The  use  of  activated  alumina  in  point-of-use  (POU) 
and  point-of-entry  (POE)  systems  for  the  removal 
of  fluoride  and  arsenic  was  discussed.  Activated 
alumina  (AA)  is  primarily  a  hydrated  aluminum 


oxide  which  has  been  heated  to  a  temperature  of 
300-700  C.  AA  should  be  pre-treated  before  incor- 
poration into  a  POU/POE  system  by  back  wash- 
ing and  acid  washing.  Acid-treated  AA  is  primari- 
ly an  anion  exchanger.  An  effective  regeneration 
method  for  AA  entails  allowing  complete  replace- 
ment of  the  sorbate  with  hydroxide  followed  by 
complete  neutralization  of  the  basic  state  AA  with 
acid.  It  is  concluded  that  POU  systems  utilizing 
activated  alumina  constitute  a  cost  effective 
method  of  treating  high  fluoride  and/or  arsenic 
water  in  situations  where  the  cost  of  central  treat- 
ment would  be  prohibitive.  (See  also  W9 1-05694) 
(MacKeen-PTT) 
W9 1-057 12 


MODELLING  POINT-OF-ENTRY  RADON  RE- 
MOVAL BY  GAC. 

Maine  Univ.,  Orono. 

J.  D.  Lowry,  and  S.  B.  Lowry. 

IN:   Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  90-98.  7  fig,  3  tab,  28  ref.  U.S.  EPA 

Grant  R8 108290. 

Descriptors:  'Drinking  water,  'Granular  activated 
carbon,  'Point-of-entry  water  treatment,  'Point-of- 
use  water  treatment,  'Radon,  'Water  quality, 
•Water  treatment,  Field  tests,  Model  studies,  Per- 
formance evaluation,  Radioisotopes,  Water  quality 
standards. 

A  design  model  for  the  removal  of  radon  by  granu- 
lar activated  carbon  (GAC)  in  point-of-entry 
(POE)  applications  was  developed.  A  first  order 
model  accurately  described  the  adsorption/decay 
steady  state  removal  of  Rn-222  by  GAC.  A  single 
design  constant,  Kss,  could  be  used  to  rank  a  given 
GAC  type  for  Rn-222  removal.  The  ranking  of  a 
carbon  for  steady  state  performance  did  not  appear 
to  be  related  to  its  ranking  according  to  an  adsorp- 
tion isotherm.  There  was  a  significant  range  of 
design  constant  for  the  carbons  tested,  making  the 
selection  of  the  correct  GAC  important.  This  is 
especially  true  for  small  public  water  supply  appli- 
cation, where  economics  are  more  sensitive  to 
vessel  size.  More  than  99%  reduction  of  Rn-222  is 
possible  with  an  effective  GAC.  The  progeny  of 
Rn-222  make  it  important  to  consider  the  location 
of  and  protective  shielding  for  a  GAC  bed,  to 
minimize  increased  gamma  exposure  over  back- 
ground levels.  Limited  data  indicated  a  possible 
premature  fouling  of  approximately  3-5%  of  exist- 
ing GAC  units.  (See  also  W9 1-05694)  (MacKeen- 
PTT) 
W91-05713 


POINT-OF-ENTRY  ACTIVATED  CARBON 
TREATMENT  LAKE  CARMEL -PUTNAM 
COUNTY. 

New  York  State  Dept.  of  Health,  Albany.  Bureau 

of  Public  Water  Supply  Protection. 

G.  A.  Stasko. 

IN:    Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  99-105.  2  fig,  8  tab. 

Descriptors:  'Activated  carbon,  'Drinking  water, 
•New  York,  *Point-of-entry  water  treatment, 
•Point-of-use  water  treatment,  *Water  quality, 
•Water  treatment,  Coliforms,  Lake  Carmel,  Per- 
formance evaluation,  Putnam  County,  Volatile  or- 
ganic compounds,  Water  quality  standards. 

Activated  carbon  point-of-entry  treatment  systems 
were  implemented  in  Lake  Carmel,  Putnam 
County,  New  York.  After  complaints  from  resi- 
dents of  petroleum  odors  in  their  well  water,  an 
investigation  revealed  that  water  supplies  had  been 
contaminated  by  localized  petroleum  leaks  and 
spills,  and  by  chemicals  flushed  into  septic  systems. 
In  addition,  high  nitrate  levels  and  widespread 
bacterial  contamination  of  the  water  was  discov- 
ered. The  health  department  recommended  that  a 
public  water  supply  be  provided  for  the  affected 
area,  and  a  feasibility  study  found  that  the  cost 
would  exceed  $1200  per  year  per  homeowner. 
Therefore,  a  point-of-entry  water  treatment  system 
was  designed  comprising  the  following:  a  raw 
water  tap  used  to  collect  untreated  samples;  two  5 
micrometer   cartridge-type    prefilters    to    remove 


particulate  matter;  two  activated  carbon  filters  in 
series;  a  valving  arrangement  to  allow  for  water 
use  during  the  cylinder  changing  procedure;  pres- 
sure gages  before  and  after  the  treatment  system  to 
determine  head  loss  across  the  system;  and  an 
ultraviolet  light  disinfection  component  located 
after  the  activated  carbon  units.  The  systems  are 
managed  by  a  not-for-profit  corporation  formed  by 
the  homeowners.  The  annual  charge  for  system 
operation  is  currently  $320  per  year.  Bacteriologi- 
cal analysis  of  21  paired  samples  indicated  that 
three  untreated  samples  had  high  coliform  counts 
and  one  treated  sample  had  a  count  of  2  coliforms/ 
100  ml.  Limited  testing  for  organic  compounds 
indicated  that  the  system  was  performing  satisfac- 
torily. (See  also  W9 1-05694)  (MacKeen-PTT) 
W9 1-057 14 


COMMUNITY  DEMONSTRATION  OF  POU 
SYSTEMS  REMOVAL  OF  ARSENIC  AND  FLU- 
ORIDE: SAN  YSIDRO,  NEW  MEXICO. 

Leedshill-Herkenhoff,  Inc.,  Albuquerque,  NM. 
K.  Rogers. 

IN:  Point-of-Use/Entry  Treatment  of  Drinking 
Water.  Noyes  Publications,  Park  Ridge,  New 
Jersey.  1990.  p  106-110.  1  tab. 

Descriptors:  *Drinking  water,  *New  Mexico, 
•Point-of-entry  water  treatment,  *Point-of-use 
water  treatment,  *Reverse  osmosis,  *Water  qual- 
ity, *Water  treatment,  Arsenic,  Coliforms,  Fluor- 
ides, Performance  evaluation,  Safe  Drinking  Water 
Act,  San  Ysidro,  Water  quality  standards. 

Point-of-use  (POU)  treatment  of  drinking  water 
containing  elevated  arsenic  and  fluoride  levels  was 
discussed  for  the  community  of  San  Ysidro,  New 
Mexico.  San  Ysidro  is  a  small  rural  community  of 
approximately  200  people  where  the  mean  annual 
income  is  $13,500  per  family.  The  local  ground- 
water contains  leachate  from  geothermal  activity 
in  the  area's  abundant  mineral  deposits  and  exceeds 
the  standards  and/or  maximum  contaminant  levels 
for  arsenic,  fluoride,  iron,  manganese,  chloride, 
and  total  dissolved  solids.  After  consideration  of 
treatment  alternatives,  approximately  70  point-of- 
use  reverse  osmosis  (RO)  systems  were  installed  in 
the  homes  of  the  villagers,  for  treatment  of  cook- 
ing and  drinking  water.  Periodic  testing  of  the 
units  has  revealed  occasional  coliform  contamina- 
tion which  is  treated  by  replacement  of  the  RO 
module  and  disinfection  of  the  tubing  and  tank. 
Preliminary  data  indicated  that  some  RO  mem- 
branes need  replacement  as  often  as  once  per  year. 
The  most  prevalent  maintenance  problems  have 
been  leaks.  It  is  concluded  that  POU  treatment  is 
the  best  choice  for  the  water  system  of  San  Ysidro 
at  the  current  time.  (See  also  W91-05694)  (MacK- 
een-PTT) 
W9 1-057 15 


FLORIDA'S  FUNDING  FOR  CONTAMINA- 
TION CORRECTION. 

Florida  State  Dept.  of  Environmental  Regulation, 

Tallahassee. 

G  Dykes. 

IN:    Point-of-Use/Entry   Treatment    of   Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  111-112. 

Descriptors:  *Drinking  water,  *Florida,  *Granular 
activated  carbon,  *Point-of-entry  water  treatment, 
♦Point-of-use  water  treatment,  'Water  quality, 
•Water  treatment,  Aldicarb,  Compliance,  Cost 
analysis,  Ethylene  dibromide,  Legislation,  Per- 
formance evaluation,  Safe  Drinking  Water  Act, 
Volatile  organic  compounds,  Water  quality  stand- 
ards. 

Possible  to  correct  the  contamination  of  Florida's 
groundwater  were  evaluated.  Testing  by  the  U.S. 
EPA  and  by  state  laboratories  confirmed  the  con- 
tamination of  groundwater  by  aldicarb  and  ethyl- 
ene dibromide  (EDB).  Legislative  efforts  at  cor- 
recting the  contamination  included  the  passage  of 
the  Water  Quality  Assurance  Act  in  1983,  provi- 
sion of  funding  to  correct  the  EDB  contamination 
problem,  and  the  establishment  of  the  Inland  Pro- 
tection Trust  Fund  to  address  groundwater  con- 
tamination from   leaking  underground   petroleum 
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storage  tanks.  The  Groundwater  Contamination 
Task  Force  was  organized  to  address  EDB  and 
other  contaminant  problems.  It  found  that  point-of- 
entry  (POE)  carbon  filtration  was  a  satisfactory 
method  of  removing  EDB.  Granular  activated 
carbon  filtration  has  also  been  shown  to  remove 
benzene  and  other  hydrocarbons,  and  thus  may  be 
useful  in  correcting  petroleum  contamination.  Pro- 
jected cost  per  household  for  the  POE  system  was 
$12,000.  In  view  of  the  high  cost  of  POE  treat- 
ment, it  is  recommended  that  a  central  system  for 
the  whole  community  be  considered.  (See  also 
W9 1-05694)  (MacKeen-PTT) 
W91-05716 


MONITORING  AND  MAINTENANCE  PRO- 
GRAMS FOR  POU/POE. 

National  Sanitation  Foundation,  Ann  Arbor,  MI. 
G.  E.  Bellen,  and  T.  G.  Stevens. 
IN:    Point-of-Use/Entry   Treatment   of  Drinking 
Water.    Noyes    Publications,    Park    Ridge,    New 
Jersey.  1990.  p  1 13-1 17.  5  tab,  15  ref. 

Descriptors:  'Drinking  water,  *Point-of-entry 
water  treatment,  'Point-of-use  water  treatment, 
•Public  health,  'Water  quality,  'Water  quality 
monitoring,  'Water  treatment,  Administrative 
agencies,  Administrative  regulations,  Compliance, 
Environmental  Protection  Agency,  Water  quality 
standards. 

Providing  water  to  consumers  that  meets  the  U.S. 
EPA  National  primary  Water  regulations  requires 
system  organization,  maintenance,  and  monitorig. 
The  EPA  has  specified  conditions  that  must  be  met 
for  the  use  of  POU/POE  systems:  central  control 
of  the  treatment  devices;  effective  monitoring;  ap- 
plication of  effective  technology;  maintenance  of 
microbiological  safety;  and  protection  of  all  con- 
sumers. POU/POE  treatment  technologies  include 
reverse  osmosis,  cation  exchange,  anion  exchange, 
activated  alumina,  direct  filtration,  activated 
carbon,  and  distillation.  A  proposed  minimum 
monitoring  program  requires  contaminant  monitor- 
ing of  at  least  seven  devices  per  quarter  for  the 
first  two  years  and  three  per  quarter  after  the 
useful  life  of  the  devices  has  been  established. 
Microbiological  sampling  required  includes  routine 
monitoring  of  heterotrophic  plate  counts  and  con- 
forms, and  testing  for  fecal  coliforms  if  positive 
coliform  results  are  obtained.  Treated  volume  re- 
cordings should  be  obtained  on  25%  of  devices  per 
quarter  for  the  first  year  and  10%  per  quarter 
thereafter.  Additional  source  water  monitoring  is 
required  by  the  EPA.  It  is  concluded  that  effective 
and  reasonable  monitoring  programs  can  be  devel- 
oped for  POU/POE  devices  to  assure  that  U.S. 
EPA  National  Primary  Drinking  Water  Regula- 
tions are  met  by  the  product  water.  (See  also  W91- 
05694)  (MacKeen-PTT) 
W91-05717 


POINT-OF-USE  AND  POINT-OF-ENTRY 
TREATMENT  DEVICES  USED  AT  SUPER- 
FUND  SITES  TO  REMEDIATE  CONTAMINAT- 
ED DRINKING  WATER. 

Environmental  Protection  Agency,  Chicago,  IL. 

Region  V. 

S.  L.  Bianchin. 

IN:    Point-of-Use/Entry    Treatment    of   Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  118-128.  5  fig. 

Descriptors:  'Drinking  water,  'Illinois,  'Indiana, 
*Point-of-entry  water  treatment,  *Point-of-use 
water  treatment,  'Site  remediation,  'Superfund, 
'Water  quality,  'Water  treatment,  Administrative 
agencies,  Byron,  Elkhart,  Environmental  Protec- 
tion Agency,  Water  quality  standards. 

The  Comprehensive  Environmental  Response, 
Compensation,  and  Liability  Act  (CERCLA),  re- 
ferred to  as  the  Superfund  Law,  provided  broad 
federal  authority  and  resources  to  investigate  and 
respond  to  releases  of  hazardous  substances.  Over 
two-thirds  of  Superfund  actions  to  date  deal  with  a 
contaminated  drinking  water  supply.  Short-term 
alternatives  to  alleviate  the  danger  of  contaminated 
drinking  water  include  bottled  water,  alternative 
water,  point-of-use  (POU)  treatment  devices,  and 
point-of-entry  (POE)  treatment  devices.   A  case 


history  of  the  Byron  Johnson  Salvage  Yard  Super- 
fund  site,  located  in  Byron,  IL  is  presented.  After 
EPA  studies  that  documented  groundwater  con- 
tamination by  volatile  organic  compounds,  POU 
and  POE  treatment  systems  were  installed  in  some 
areas.  A  second  Superfund  site,  the  Main  Street 
Well  Field  in  Elkhart,  IN,  was  also  discussed  in 
detail.  At  homes  where  the  water  exhibited  minor 
trichloroethylene  contamination,  or  where  munici- 
pal water  hookup  was  not  feasible,  POU  or  POE 
treatment  devices  were  installed.  A  number  of 
pilot  projects  using  POU/POE  treatment  devices 
at  Superfund  sites  are  underway.  It  is  concluded 
that  the  use  of  POU/POE  technology  has  gained 
wider  acceptance  in  the  remediation  of  hazardous 
waste  sites  where  drinking  water  is  contaminated. 
(See  also  W9 1-05694)  (MacKeen-PTT) 
W9 1-057 18 


NEW  DEVELOPMENTS  IN  POINT-OF-USE/ 
POINT-OF-ENTRY  DRINKING  WATER 
TREATMENT. 

Ametek,  Inc.,  Sheboygan,  WI. 

G.  L.  Hatch. 

IN:    Point-of-Use/Entry   Treatment   of  Drinking 

Water.    Noyes    Publications,    Park    Ridge,    New 

Jersey.  1990.  p  129-135.  4  fig,  4  tab,  26  ref. 

Descriptors:  'Disinfection,  'Drinking  water, 
•Point-of-entry  water  treatment,  'Point-of-use 
water  treatment,  'Public  health,  'Water  quality, 
'Water  treatment,  Bacteria,  Halogenated  resins, 
Ion  exchange,  Microorganisms,  Radon,  Reverse 
osmosis,  Viruses,  Water  quality  standards. 

New  developments  in  the  treatment  of  drinking 
water  by  point-of-use  (POU)  and  point-of-entry 
(POE)  systems  are  discussed.  Recent  developments 
in  POU/POE  technology  have  involved  the  appli- 
cation of  well-known  technologies  to  contaminants 
of  public  health  concern.  Activated  carbon  and 
aeration  are  being  used  for  radon  removal  in  POE 
systems,  and  ultraviolet  light  and  ozonation  tech- 
nologies have  been  designed  into  packaged  systems 
hardware  for  POU/POE  application.  Reverse  os- 
mosis has  become  a  viable  treatment  method  for 
certain  health-threatening  inorganic  contaminants 
such  as  nitrate,  fluoride  and  arsenic.  A  new  tech- 
nology for  water  disinfection  involves  combining  a 
halogen  with  an  ion  exchange  resin  in  a  POU 
system.  Advantages  of  the  method  include:  no 
electrical  connections  necessary;  ease  of  installa- 
tion and  maintenance;  no  down  time;  minimal 
space  requirements;  more  efficient  use  of  disinfect- 
ant; and  good  potential  for  integration  with  other 
POU  technology.  It  is  concluded  that  currently 
available  POU  water  treatment  technology  can  be 
properly  combined  with  halogenated  resins  to 
offer  another  alternative  for  providing  microbiolo- 
gically  safe  drinking  water.  (See  also  W9 1-05694) 
(MacKeen-PTT) 
W91-05719 


BIOLOGICAL  REMOVAL  OF  DION  FROM 
GROUNDWATER. 

Hunter  District  Water  Board,  Newcastle  (Austra- 
lia). Water  Investigation  and  Planning  Section. 
M.  N.  Viswanathan,  and  B.  Boettcher. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1437-1446,  1991.  6  fig,  1  tab,  11  ref. 

Descriptors:  'Biodegradation,  'Groundwater, 
•Iron,  'Organic  matter,  'Water  treatment,  Biologi- 
cal oxidation,  Biological  reactors,  Filters,  Ground- 
water chemistry,  Heterotrophic  bacteria,  Humic 
acids,  Iron  bacteria,  Organic  acids,  Water  treat- 
ment facilities,  Well  water. 

Most  of  the  soluble  iron  in  groundwater  exists  in 
complexes  with  organic  matter.  Removal  of  iron, 
complexed  with  organic  matter,  is  difficult  and 
requires  the  use  of  a  strong  oxidant  such  as  ozone, 
chlorine,  etc.  This  increases  capital  and  operating 
costs  of  water  treatment  plants.  Iron  oxidizing 
bacteria  such  as  Gallionella  ferruginea  are  known 
to  oxidize  iron  and  derive  the  energy  for  the 
reduction  of  C02.  A  biological  reactor  was  devel- 
oped, based  on  these  principals,  to  remove  iron 
from  groundwater.  The  reactor  was  successful  in 
reducing  iron  levels  in  groundwater  from  2.5-3 
mg/1  down  to  about  0.1  mg/1.  It  was  observed 


that,  apart  from  G.  ferruginea,  Sphaerotilus  were 
also  present  in  the  reactor  column.  No  major  prob- 
lems with  respect  to  clogging  of  filters  or  the 
reactor  column  were  experienced.  (Author's  ab- 
stract) 
W9 1-05751 


EFFECT  OF  SHORT-TERM  AND  LONG-TERM 
CHANGES  IN  HYDRAULIC  CONDITIONS  ON 
NITRIFYING  BIOFILM. 

Tokyo  Univ.  (Japan).  Dept.  of  Urban  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05756 


APPLICATION  OF  FIBER  ADSORBENTS  IN 
WATER  TREATMENT. 

Tokyo  Univ.  (Japan).  Inst,  of  Industrial  Science. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05774 


POLLUTANT  ADSORPTION  ONTO  ACTIVAT- 
ED CARBON  MEMBRANES. 

Ecole  Nationale  Superieure  de  Chimie  de  Rennes 
(France).  Lab.  de  Chimie  des  Nuisances  et  Genie 
de  l'Environnement. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05775 


STEADY  STATE  PERFORMANCE  OF  ACTI- 
VATED CARBON  CONTACTORS. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  En- 
vironmental Engineering. 

For  primary   bibliographic   entry  see   Field   5D. 
W91-05777 


REMOVAL  OF  TRIHALOMETHANE  PRE- 
CURSORS FROM  RTVER  AND  LAKE  WATER 
BY  ACTIVATED  CARBON  ADSORPTION. 

Meiji  Univ.,  Kawasaki  (Japan).  Dept.  of  Industrial 
Chemistry. 

Y.  Takeuchi,  Y.  Suzuki,  A.  Koizumi,  and  N. 
Soeda. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  7/9,  p  1687-1694,  1991.  11  fig,  3  tab,  6  ref. 
Japanese  Ministry  of  Education,  Science  and  Cul- 
ture Grant  in  Aid  for  Special  Projects  No. 
63602002. 

Descriptors:  'Activated  carbon,  'Adsorption, 
•Biodegradation,  'Chemical  precipitation,  'Filtra- 
tion, 'Trihalomethanes,  'Water  treatment,  Chlor- 
ination,  Chlorine,  Coagulation,  Drinking  water, 
Total  organic  carbon. 

A  comprehensive  study  was  undertaken  to  clarify 
the  method  of  reducing  trihalomethane  (THM)  and 
its  precursors  from  river  and  lake  water  in  view  of 
drinking  water  purification  standards.  Sources  of 
water  were  selected  from  lakes  and  rivers  in  East- 
ern Japan.  The  water  samples  were  then  subjected 
to  biological  treatment  and  coagulative  precipita- 
tion prior  to  the  use  of  an  activated  carbon  adsorp- 
tion process.  Both  granular  activated  carbon  and 
activated  carbon  fiber  were  used  in  series.  Experi- 
mental results  indicated  that  activated  carbon  ad- 
sorption was  effective  in  removing  trihalomethane 
precursors  with  molecular  weights  below  300.  In 
addition,  when  coagulative  precipitation  was  car- 
ried out  effectively,  water  soluble  organic  com- 
pounds with  molecular  weights  greater  than  3000 
were  removed.  One  outcome  of  the  investigation 
revealed  a  strong  relation  between  total  organic 
carbon  (TOC)  and  the  trihalomethane  formation 
potential  (THMFP)  of  raw  and  treated  samples. 
The  relation  changed  depending  on  the  extent  of 
biological  treatment.  Though  the  chemical  struc- 
ture of  substances  which  may  cause  trihalomethane 
formation  was  not  clear,  the  content  of  ammoni- 
acal  nitrogen  was  believed  to  be  responsible  for  a 
reduction  in  the  amount  of  trihalomethane  pro- 
duced when  chlorine  was  added  to  the  water  sam- 
ples. However,  this  does  not  mean  that  the  reduc- 
tion of  the  chlorine  dose  could  be  achieved  simply 
by  biological  treatment.  (Korn-PTT) 
W91-05778 
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CHARACTERISTICS  OF  METAL-POLYSILI- 
CATE  COAGULANTS. 

Suido  Kiko  Kaisha  Ltd.,  Tokyo  (Japan).  Div.  of 

Research  and  Development. 

T.  Hasegawa,  K.  Hashimoto,  T.  Onitsuka,  K. 

Goto,  and  N.  Tambo. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,   No.   7/9,   p   1713-1722,    1991.    16   fig,   5   ref. 

Descriptors:  'Chemical  coagulation,  'Floccula- 
tion,  'Polymers,  'Wastewater  treatment,  'Water 
treatment,  Coagulation,  Color  removal,  Electro- 
phoresis, Hydrogen  ion  concentration,  Metal  com- 
plexes, Silica,  Silicates,  Turbidity. 

The  recent  development  of  polymer  coagulants 
and  flocculation  aids  has  contributed  to  the  im- 
provement of  wastewater  treatment  processes.  A 
study  investigated  the  use  of  polymerized  silicic 
acid  as  one  of  the  fundamental  substances  in  an 
inorganic  polymer  coagulant.  The  silicic  acid  used 
in  the  tests  was  polymerized  in  an  acidic  region  to 
obtain  a  higher  molecular  weight  and  longer  stabil- 
ity. Metal  ions  were  then  introduced,  under  acidic 
condition,  to  the  polysilicic  acid  to  give  charge- 
neutralizing  capability.  The  results  of  the  study 
revealed  that  the  molar  ratio  of  silica  to  metal  ions 
became  an  important  factor  in  examining  the  pH 
range  suitable  for  coagulation.  In  addition,  with 
higher  molecular  weights,  the  resulting  floes  are 
very  tough,  and  so  the  new  inorganic  polymer 
coagulant  could  achieve  much  higher  settling  floes 
in  terms  of  both  turbidity  and  color  removal. 
(Korn-PTT) 
W9 1-05781 


PARAMETER  ESTIMATION  FOR  WATER 
DISTRIBUTION  NETWORKS. 

Arizona  Univ.,  Tucson.  Dept.  of  Civil  Engineer- 
ing. 

K.  E.  Lansey,  and  C.  Basnet. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  117,  No.  1,  p  126- 
144,  1991.  4  fig,  13  tab,  15  ref. 

Descriptors:  'Hydraulic  engineering,  'Network 
design,  'Water  conveyance,  'Water  distribution, 
Algorithms,  Automation,  Pipe  flow,  Pipes,  Pres- 
sure head,  Simulation  analysis,  Water  demand. 

Calibration  of  a  water  distribution  network  is  a 
long,  tedious  task,  if  analyzed  by  an  engineer,  with 
no  guarantee  of  determining  the  proper  system 
parameters.  In  addition,  more  utilities  are  moving 
toward  automated  control  and  wish  to  estimate  the 
state  of  the  network  based  upon  telemetry  data.  A 
rigorous,  nonlinear  programming  algorithm,  which 
incorporates  a  network  simulation  model,  has  been 
developed  to  solve  these  problems.  The  model  is 
capable  of  analyzing  one  or  more  independent 
demand  patterns,  or  extended  period  simulations, 
or  both.  The  model  assumes  the  measurements  are 
exact  and  has  an  objective  of  minimizing  the  sum 
of  the  squares  of  absolute  values  of  the  differences 
between  observed  and  estimated  values  of  pipe 
flows  and  nodal  pressure  heads.  The  model  consist- 
ently finds  optimal  solutions  with  the  objective 
function  equal  to  zero  with  exact  data.  However, 
the  estimated  parameters  (pipe  roughness  coeffi- 
cients, valve  settings,  and  nodal  demands)  are  not 
always  the  true  values,  which  points  to  a  need  to 
collect  sufficient  quantities  of  high-quality  data. 
(Author's  abstract) 
W9 1-05794 


WILDERNESS  WATER  PURIFICATION. 

PRODECO  Environmental   Systems  Div.,   Ken- 
more,  WA. 
K.  Coralline. 

Water  Environment  &  Technology  WAETEJ, 
Vol.  3,  No.  1,  p  13-15,  January  1991.  1  fig,  1  tab. 

Descriptors:  'Alaska,  'Potable  water,  'Reverse  os- 
mosis, 'Water  quality  management,  'Water  treat- 
ment, Membrane  filters,  Water  costs,  Water  treat- 
ment facilities,  Wilderness  areas. 

A  fish-processing  plant  in  remote  Ekuk,  Alaska, 
has  suffered  severe  water  quality  problems.  Before 
the  1990  season  began,  the  company  decided  to 
improve  the  domestic  water  supply,  drawn  from 


three  wells  and  a  gravity-fed  source  from  a  lake 
two  miles  away.  The  decision-making  process  re- 
quired consideration  of  various  alternatives,  based 
mainly  on  the  cost  per  gallon  output.  Distillation 
and  mechanical  filtration  were  eliminated  because 
of  cost  and  complexity,  respectively.  Reverse  os- 
mosis (RO)  was  chosen  because  of  the  relatively 
low  cost  and  simplicity  of  its  these  step  process: 
dual  media  filtration,  acid  adjustment,  and  RO. 
The  system  uses  membrane  elements  to  provide 
cross-flow  filtration,  which  repels  all  bacteria,  vi- 
ruses, and  pyrogens.  The  process  produces  32  gal/ 
min  of  permeate  which  is  pumped  60  ft  up  into  the 
camp's  high  water  tank.  The  remaining  concen- 
trate (not  potable,  but  environmentally  safe)  is 
dumped.  Over  75%  of  the  water  put  through  the 
system  is  recovered  as  potable  water.  The  RO 
water  costs  about  $1-$1. 50/1000  gal,  or  about  0.1- 
0.15  cent/gal.  Installation  involved  laying  a  con- 
crete foundation  for  the  system,  building  a  440  sq- 
ft  filtration  house  around  the  equipment,  charging 
the  dual  media  filter,  and  operator  training.  The 
cost  of  the  equipment-not  including  the  founda- 
tion, house,  or  installation-was  just  under  $80,000. 
(Fish-PTT) 
W91-05803 


POTABLE  WATER  REUSE. 

CH2M/Hill,  Denver,  CO. 

For  primary  bibliographic  entry  see   Field   5D. 

W91-05809 


APPLICATION  OF  INAA  AND  PIXE  ON  THE 
ANALYSIS  OF  NUTRITIONAL  AND  TOXICO- 
LOGICAL  ELEMENTS  IN  SAMPLES  OF 
DRINKABLE  WATER. 

Florence  Univ.  (Italy).  Dipt,  di  Fisica. 

P.  Blasi,  G.  Capannesi,  A.  Cecchi,  F.  Lucarelli, 

and  F.  A.  Sedda. 

Biological   Trace   Element   Research   BTERDG, 

Vol.  26/2,  p  363-374,  July/December  1990,  4  fig,  5 

tab,  9  ref. 

Descriptors:  'Contamination,  'Domestic  water, 
•Drinking  water,  'Neutron  activation  analysis, 
•Trace  elements,  'Water  analysis,  'X-ray  spectros- 
copy, Aluminum,  Arno  River,  Florence,  Heavy 
metals,  Italy,  Phosphorus,  Plumbing,  Silicon, 
Water  sampling,  Water  treatment. 

Multielemental  detection  using  Instrumental  Neu- 
tron Activation  Analysis  (INAA)  and  Photon-in- 
duced X-ray  Emission  (PIXE)  analysis  were  used 
to  measure  the  concentrations  of  52  elements  in  the 
drinkable  water  of  Florence,  Italy.  The  samples 
were  taken  in  seven  private  homes  after  an  ex- 
tended flow  period,  and  from  the  inlet  and  outlet 
sides  of  the  municipal  aqueduct.  No  chemical  treat- 
ment was  performed  on  the  samples  before  or  after 
irradiation.  On  the  basis  of  an  appropriate  combi- 
nation of  the  analytical  techniques,  employing  a 
thermalized  column  consisting  of  a  70  cm  long 
pipe  filled  with  heavy  water  having  a  neutron  flux 
of  4,000,000,000  n/sq  cm/s  in  conjunction  with 
INAA,  a  procedure  for  the  determination  of  alumi- 
num which  eliminated  the  interferences  of  high 
concentrations  of  Si  and  P  was  developed.  Si 
comes  primarily  from  the  sand  filters  used  during 
the  potabilization  process  but  P  is  present  in  com- 
pound forms  in  the  Arno  river.  During  the  floccu- 
lation step  of  the  water  potabilization  process,  the 
concentrations  of  the  heavy  metals  were  reduced 
to  very  low  levels.  The  results  of  analysis  of  water 
samples  from  private  homes  are  affected  by  the 
corrosive  effect  of  the  water  itself  on  the  pipelines. 
The  effect  is  increased  by  the  addition  of  chlorine, 
and  as  a  consequence  levels  of  Cu,  Zn,  Cd,  and  Pb 
were  higher  in  comparison  with  those  obtained  in 
samples  taken  at  the  aqueduct.  An  increase  by  a 
factor  of  10  was  noted  in  the  concentration  of 
these  four  elements  after  a  period  of  no  flow. 
(Doyle-PTT) 
W9 1-05899 


BACTERIAL  COLONIZATION  OF  DOMESTIC 
REVERSE-OSMOSIS  WATER  FILTRATION 
UNITS. 

Institut  Armand-Frappier,  Laval  (Quebec).  Centre 
de  Recherche  en  Virologie. 
P.  Payment. 


Canadian  Journal  of  Microbiology  CJMIAZ,  Vol. 
35,  No.  11,  p  1065-1067,  November  1989.  3  fig,  1 
tab,  7  ref. 

Descriptors:  'Bacterial  analysis,  'Domestic  water, 
•Drinking  water,  'Filtration,  'Reverse  osmosis, 
•Water  treatment,  Acinetobacter,  Activated 
carbon,  Alcaligenes,  Chromobacterium,  Coloniza- 
tion, Flavobacterium,  Potable  water,  Pseudo- 
monas,  Water  analysis. 

Bacterial  regrowth  is  a  major  problem  in  water 
distribution  systems  as  well  as  in  domestic  water 
filtration  units  using  activated  charcoal.  In  order  to 
study  this  problem  the  bacterial  content  of  water 
from  the  reservoirs  of  300  reverse-osmosis  units 
installed  in  households  were  analyzed.  The  hetero- 
trophic plate  counts  on  R2A  medium  (20  and  35  C) 
ranged  from  0  to  10,000,000  colony  forming  units 
per  milliliter  (cfu/mL).  Most  reservoirs  contained 
water  with  bacterial  counts  between  10,000  and 
100,000  cfu/mL.  The  bacteria  identified  were 
Pseudomonas  (not  aeruginosa),  Alcaligenes  or 
Moraxella,  Acinetobacter,  Flavobacterium,  and 
Chromobacterium.  The  units  appeared  to  be  colo- 
nized by  only  one  species  at  a  time.  The  average 
counts  from  these  units  were  several  orders  of 
magnitude  above  those  of  tap  water.  The  bacterial 
species  detected  are  not  recognized  pathogens 
through  ingestion  and  should  not  pose  any  particu- 
lar health  risk  when  found  in  drinking  water. 
(White-Reimer-PTT) 
W9 1-05939 


SUBCHRONIC  TOXICITY  STUDY  OF  OZON- 

ATE        AND        OZONATED/CHLORINATED 

HUMIC  ACIDS  IN  SPRAGUE-DAWLEY  RATS: 

A  MODEL  SYSTEM  FOR  DRINKING  WATER 

DISINFECTION. 

Health  Effects  Research  Lab.,  Cincinnati,  OH. 

F.  B.  Daniel,  M.  Robinson,  H.  P.  Ringhand,  J.  A. 

Stober,  and  N.  P.  Page. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  25,  No.  1,  p  93-98,  January  1991.  3 

tab,  29  ref. 

Descriptors:  *Chlorination,  •  Disinfection,  •Drink- 
ing water,  *Humic  acids,  'Ozonation,  'Toxicity, 
'Water  treatment,  Bioassay,  Kidneys,  Liver,  Rats, 
Tissue  analysis. 

A  search  for  alternative  processes  to  the  disinfec- 
tion of  drinking  water  by  chlorination  is  underway 
based  on  the  concern  over  hazardous  byproducts 
formed  by  chlorination.  Ozonation  represents  an 
attractive  alternative.  The  comparative  toxicity  of 
exposure  to  drinking  water  containing  gram  per 
liter  levels  of  either  nondisinfected  humic  acids  or 
humic  acids  that  had  been  ozonated  or  ozonated 
and  subsequently  chlorinated  was  evaluated.  Male 
and  female  Sprague-Dawley  rats  were  adminis- 
tered drinking  water  containing  humic  acids  either 
nondisinfected  or  following  ozonation  (03)  or 
ozonation/chlorination  (03/02)  for  90  consecu- 
tive days.  Test  animals  drank  either  of  two  concen- 
trations of  humic  acids,  0.25  and  1.0  g/L  total 
organic  carbon  (TOC),  while  controls  received 
phosphate-buffered,  distilled  water.  No  consistent 
significant  treatment-related  effects  were  observed 
in  body  weight  gain,  organ  weights,  food  or  water 
consumption,  or  hematological  and  clinical  chem- 
istry parameters.  No  target  organs  were  identified 
from  the  histopathological  examination  of  the  tis- 
sues. The  most  significant  observation,  an  increase 
in  liver  to  body  weight  ratio  for  the  male  animals 
in  the  1.0  g/L  03/C12  humic  acid  group,  was  not 
observed  in  any  other  group,  nor  was  it  corrobo- 
rated via  any  biochemical  measurements  or  histo- 
pathological analysis.  Kidney  lesions,  primarily 
chronic  progressive  nephropathy  were  a  common 
observation  in  both  controls  and  treated  groups 
with  no  apparent  relationship  to  either  humic  acid 
concentration  or  the  disinfection  process.  (Au- 
thor's abstract)  (White-Reimer-PTT) 
W9 1-05951 


IDENTIFICATION  OF  OXIDIZED  AND  RE- 
DUCED FORMS  OF  THE  STRONG  BACTE- 
RIAL MUTAGEN  (Z)-2-CHLORO-3-(DICHLOR- 
OMETHYD-4-OXOBUTENOIC  ACID  (MX)  IN 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5F — Water  Treatment  and  Quality  Alteration 


EXTRACTS  OF  CHLORINE-TREATED 
WATER. 

Abo  Akademi,  Turku  (Finland).  Dept.  of  Organic 

Chemistry. 

L.  Kronberg,  R.  F.  Christman,  R.  Singh,  and  L. 

M.  Ball. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  25,  No.  1,  p  99-104,  January  1991. 

4  fig,  4  tab,  23  ref. 

Descriptors:  'Chlorination,  'Disinfection,  'Drink- 
ing water,  'Mutagens,  'Water  treatment,  Ames 
test,  Fulvic  acids,  Humic  acids,  Oxidation,  Public 
health,  Reduction. 

Concern  for  the  potential  human  health  hazards 
associated  with  chlorinated  drinking  water  has 
been  heightened  by  the  widespread  recognition  in 
recent  years  of  mutagenic  activity  exhibited  by  the 
nonvolatile  fraction.  Oxidized  and  reduced  forms 
of  (Z)-2-chloro-3-(dichloromethyl)-4-oxobutenoic 
acid  (MX)  and  the  oxidized  form  of  its  geometric 
isomer  (EMX)  were  synthesized,  evaluated  for  mu- 
tagenic potency  in  the  Ames  assay,  and  quantita- 
tively determined  in  chlorinated  aqueous  solutions 
of  fulvic  acids,  in  chlorinated  natural  humic  acid, 
and  in  chlorinated  drinking  water.  The  compounds 
were  found  in  chlorinated  drinking  waters  at  con- 
centrations equal  to  or  greater  than  MX.  In  the 
Ames  assay  the  pure  oxidized  compounds  were 
nonmutagenic  at  the  dose  levels  tested  while  the 
reduced  form  of  MX  was  weakly  mutagenic  rela- 
tive to  MX.  These  finding  suggest  that  the  cis 
arrangement  of  the  dichloromethyl  and  chlorine 
groups  around  the  carbon-carbon  double  bond  and 
the  presence  of  the  aldehyde  function  strongly 
enhance  the  mutagenic  response.  It  is  possible  that 
MX  and  its  analogues  are  formed  through  sequen- 
tial oxidations  of  a  common  precursor  unit  in  the 
humic  acid  macromolecule.  (Author's  abstract) 
(White-Reimer-PTT) 
W91-05952 
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SUPERCRITICAL  FLUID  EXTRACTION  OF 
COAL  TAR  CONTAMINATED  SOIL. 

Cook  Coll.,  New  Brunswick,  NJ.  Dept.  of  Food 
Science. 

X.  Xu,  X.  Wang,  R.  Bartha,  and  J.  D.  Rosen. 
Environmental        Science       and        Technology 
ESTHAG,  Vol.  24,  No.  11,  p  1732-1738,  Novem- 
ber 1990.  4  fig,  8  tab,  7  ref. 

Descriptors:  'Cleanup  operations,  'Coal  tars,  *Po- 
lycyclic  aromatic  hydrocarbons,  'Site  remediation, 
'Soil  contamination,  'Supercritical  fluid  extrac- 
tion, 'Water  pollution  prevention,  Carbon  dioxide, 
Methanol,  Mutagenicity,  Separation  techniques, 
Soil  analysis,  Toxicity. 

A  coal  tar  contaminated  soil  containing  over  0. 1  % 
polycyclic  aromatic  hydrocarbons  (PAH)  was 
treated  by  supercritical  fluid  extraction  with 
carbon  dioxide/methanol.  A  7-h  extraction  period 
resulted  in  removal  of  92%  of  the  PAH  and  other 
contaminants.  This  was  reflected  in  the  virtual 
elimination  of  toxicity  and  mutagenic  activity  as 
measured  by  two  short-term  assays.  Shorter  ex- 
traction periods  gave  lesser,  but  still  significant, 
toxicity  and  mutagenic  activity  reductions.  (Au- 
thor's abstract) 
W91-04953 


REEUWIJK  LAKES:  A  FIVE  YEARS  WATER 
QUALITY  STUDY  IN  AN  EUTROPHIC  ECO- 
SYSTEM. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04962 


MODELLING     PHOSPHORUS     FLUXES     IN 
THE  HYPERTROPHIC  LOOSDRECHT  LAKES. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-04963 


EFFECTS  OF  LIMING  ON  NUTRIENT  LIMI- 
TATION OF  EPILITHIC  ALGAE  IN  AN  ACID 
LAKE. 

West  Chester  Univ.  of  Pennsylvania.  Dept.  of  Biol- 
ogy. 

G.  W.  Fairchild,  and  J.  W.  Sherman. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.  1/2,  p  133-147,  1990.  4  fig,  2  tab,  34  ref.  NSF 
Grant  No.  BSR-9604543. 

Descriptors:  'Acid  rain  effects,  'Acidic  lakes, 
•Algae,  'Lake  restoration,  'Liming,  'Nutrients, 
Alkalinity,  Biomass,  Carbon,  Chlorophyll  a,  Hy- 
drogen ion  concentration,  Lake  Earnest,  Limiting 
nutrients,  Limnology,  Nitrogen,  Pennsylvania, 
Phosphorus. 

The  process  of  lake  acidification  and  lake  restora- 
tion frequently  involve  major  changes  in  dissolved 
inorganic  carbon  (DIC)  and  dissolved  inorganic 
nitrogen  (DIN),  both  of  which  may  potentially 
limit  algal  growth.  The  nutrient  limitation  of 
benthic  algal  biomass  and  species  abundances  was 
evaluated  during  the  summers  of  1987  and  1989, 
before  and  after  the  liming  of  Lake  Earnest  (NE 
Pennsylvania)  in  November  1988.  Limestone  addi- 
tion caused  immediate  increases  in  pH  from  4.7  to 
7.2.  Alkalinity  was  -34  microeq/L  in  summer  1987 
but  rose  to  620  microeq/L  in  summer  1989  where- 
as DIN  declined  from  10.7  micromol/L  to  1.1 
micromol/L.  The  algae  were  sampled  after  45  to 
46  d  from  clay  flower  pot  substrates  diffusing 
combinations  of  N,  P  and  C.  Algal  biomass  was 
strongly  C  limited  in  1987,  but  NP-limited  in  1989. 
Mougeotia  species  which  comprised  >  99%  of 
total  algal  biovolume  prior  to  liming,  decline  to  < 
1%  of  the  community  on  control  substrates,  while 
Oedogonium  species  increased  to  43%  of  total 
biovolume  in  1989.  The  stimulation  of  chlorophyll- 
a  accrual  with  C-enrichment  during  1987  was  con- 
sistent with  the  later  increase  in  chlorophyll-a  on 
control  substrates  following  liming.  Species  en- 
hanced by  the  diffused  nutrients,  however,  gener- 
ally differ  from  those  which  dominated  the  natural 
community.  (Author's  abstract) 
W9 1-04974 


CHLORIDE  IN  THE  PORE  WATER  AND 

WATER  COLUMN  OF  ONONDAGA  LAKE, 

N.Y.,  U.S.A. 

Upstate  Freshwater  Inst.,  Inc.,  Syracuse,  NY. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-04983 


RISK  FEEDBACK:  AN  IMPORTANT  STEP  IN 
RISK  COMMUNICATION. 

Risk  Writers  Ltd.,  St.  Paul,  MN. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05021 


GROUNDWATER  REMEDIATION  PLAN. 

ARI  Technologies,  Palatine,  IL. 

C.  Owano,  and  L.  C.  Hardison. 

Water  Engineering  and  Management  WENMD2, 

Vol.   137,  No.   10,  p  25-27,  October   1990.   1  fig. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'Industrial  wastes,  'Project  planning, 
•Site  remediation,  'Trichloroethane,  Air  stripping, 
Catalysis,  Observation  wells,  Pumping,  Risk  assess- 
ment, Volatile  organic  compounds. 

A  groundwater  remediation  plan  was  developed 
and  installed  at  a  manufacturing  site  located  in 
Woodstock,  111.  that  was  contaminated  with  trich- 
loroethane. A  preliminary  study  indicated  that  the 
contamination  was  contained  within  five  acres  of 
the  29-acre  site  and  the  VOC  contamination  was 
detected  only  at  relatively  shallow  depths  below 
the  water  table,  averaging  10-12  ft  deep.  A  health 
risk  assessment  indicated  that  no  contamination  of 
the  three  water  wells  on  the  property  or  any  off- 
site  aquifer  was  involved.  The  work  plan  requires 
pumping  the  contaminated  groundwater  from  the 
upper  aquifer,  air-stripping  the  contaminants  and 
treating  the  stripped  air  with  a  catalytic  oxidation 
chloroorganic-destruction  device.  Then  the 
cleaned  water  will  be  reinjected  into  the  ground. 
To  evaluate  the  effectiveness  of  the  groundwater 
remedial  program,  six  monitoring  wells  will  be 
sampled  on  a  quarterly  basis.  (Feder-PTT) 


W9 1-05033 


MAKING  GROUNDWATER  SAFE  TO  DRINK. 

Metcalf  and  Eddy,  Inc.,  Wakefield,  MA. 

D.  Brocard,  and  C.  Haggar. 

Water  Engineering  and  Management  WENMD2, 

Vol.   137,  No.   10,  p  28-31,  October  1990.  2  fig. 

Descriptors:  'Cleanup  operations,  'Drinking 
water,  'Groundwater  pollution,  'Groundwater 
quality,  'Monitoring,  'Site  remediation,  'Water 
pollution  treatment,  Feasibility  studies.  Model 
studies,  Path  of  pollutants,  Regulations,  Water  pol- 
lution sources. 

Drinking  water  regulations  for  groundwater  are 
driving  the  industry  to  account  for  sources  of 
groundwater  contamination,  learn  the  techniques 
used  to  access  and  monitor  groundwater  quality 
and  determine  how  to  tailor  treatments  to  ground- 
water cleanup  projects.  A  multitude  of  groundwat- 
er contamination  sources  result  from  a  variety  of 
irrigation  and  industrial/municipal  uses  of  ground- 
water. Contaminants  include  inorganic  com- 
pounds, metals,  volatile  organic  compounds,  syn- 
thetic organics,  pesticides  and  PCB's,  bacteria,  vi- 
ruses and  radioactive  substances.  The  steps  to 
groundwater  cleanup  require  a  site  assessment  and 
remedial  investigation/feasibility  study.  Final  steps 
include  cleanup  system  design,  implementation,  op- 
erations and  ongoing  monitoring.  Computer 
models  are  also  used  to  simulate  groundwater  flow 
and  contaminant  transport.  Vadose-zone  monitor- 
ing provides  early  warning  signs  that  leachate  is 
moving  toward  the  groundwater  and  identifies  the 
movement  of  contamination  as  closed  to  the  source 
as  possible.  Treatment  technology  is  tailored  to  the 
specific  contaminants.  Activated  carbon  effectively 
filters  many  halogenated  and  non-halogenated  vo- 
latiles  and  non-volatiles.  Air  stripping  is  used  on 
either  halogenated  or  non-halogenated  volatile  or- 
ganic compounds.  Non-halogenated  non-volatile 
compounds  such  as  heavy  fuel  oils  and  household 
waste  respond  well  to  biological  treatment.  Treat- 
ment of  heavy  metals  is  limited  to  separation  tech- 
nologies since  these  contaminants  are  elements  that 
cannot  be  destroyed.  More  than  one  contaminant  is 
usually  present  in  groundwater  aquifers  and  often  a 
combination  of  treatment  forms  is  appropriate. 
(Feder-PTT) 
W9 1-05034 


IMPROVING  STRATEGIES  FOR  CHEMICAL 
SPILLS. 

Ohio  River  Valley  Water  Sanitation  Commission, 

Cincinnati. 

P.  A.  Tennabt,  and  L.  H.  Betscher. 

Water  Engineering  and  Management  WENMD2, 

Vol.   137,  No.   10,  p  32-34,  October  1990.  2  fig. 

Descriptors:  'Administrative  agencies,  'Interstate 
commissions,  'Ohio  River  basin,  'Spills,  'Water 
pollution  control,  'Water  quality,  Emergency 
planning,  Monitoring,  Organic  pollutants,  Public 
relations,  Water  policy,  Water  quality  standards. 

The  Ohio  River  Valley  Water  Sanitation  Commis- 
sion (ORSANCO)  is  an  interstate  water  pollution 
control  agency  established  by  a  compact  signed  in 
1948  by  representatives  of  the  states  of  IL,  IN,  KY, 
NY,  OH,  PA,  VA  and  WV,  with  the  approval  of 
the  U.S.  Congress.  A  full-time  staff  carries  out 
programs  in  the  areas  of  water-quality  monitoring, 
data  analysis,  toxics  control,  pollution-control 
standards,  emergency  response  and  public  informa- 
tion. The  detection  system  provides  daily  analyses 
for  23  purgeable  organic  compounds  at  14  loca- 
tions. As  a  result  of  the  ORSANCO  organics  de- 
tection system,  deliberate  spills  of  harmful  chemi- 
cals into  the  Ohio  River  and  its  tributaries  have 
significantly  declined.  (Feder-PTT) 
W9 1-05035 


COMPREHENSIVE  SURVEY  OF  THE  HYPER- 
TROPHIC LAKE  TUUSULANJARVI:  NUTRI- 
ENT LOADING,  WATER  QUALITY  AND 
PROSPECTS  OF  RESTORATION. 

Keski  Uusimaa  Inter-Municipal  Corp.  for  Water 
Pollution  Control,  Kerava  (Finland). 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Water  Quality  Control — Group  5G 


M.  Pekkarinen. 

Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  13-25, 

1990.  8  fig,  1  tab,  31  ref. 

Descriptors:  *Eutrophic  lakes,  *Finland,  *Lake 
Tuusulanjarvi,  •Lake  restoration,  'Pollution  load, 
•Water  pollution  control,  'Water  pollution  effects, 
Aeration,  Biomanipulation,  Fish,  Lake  Rusutjarvi, 
Lake  sediments,  Paijanne  Tunnel,  Phosphorus, 
Phosphorus  removal,  Trophic  level,  Water  quality. 

Basic  characteristics  of  the  shallow,  pelotrophic 
Lake  Tuusulanjarvi  (Finland:  mean  depth  3.2  m, 
area  6.0  sq  km)  are  described.  The  lake  is  situated 
in  a  densely  populated  agricultural  area  in  southern 
Finland.  Studies  of  nutrient  loading  and  water 
quality  and  potential  restoration  measures  are  re- 
viewed briefly.  Heavy  eutrophication  began  in  the 
mid-1950s  and  the  lake  was  at  its  worst  in  the  early 
1970s.  Since  the  beginning  of  winter  aeration  in 
1972  the  lake  began  to  recover  slowly.  In  1979  the 
phosphorus  load  was  cut  by  50%  when  the  dis- 
charge of  wastewater  from  the  town  of  Jarvenpaa 
ceased.  Within  some  years  the  condition  of  the  lake 
improved  noticeably  due  to  decreased  nutrient 
levels  and  phytoplankton  biomass.  On  the  other 
hand,  the  diffuse  phosphorus  load  (0.75  g/sq  m/yr) 
is  sufficient  to  keep  the  lake  hypertrophic  unless 
further  measures  are  taken.  The  diffuse  phosphorus 
load  can  be  decreased  by  20  or  30%.  In  addition, 
the  internal  load  should  be  controlled  by  several 
methods,  although  none  of  them  alone  will  be 
sufficient.  Dilution  with  a  small  amount  of  added 
water  (0.1-0.2  cu  m/sec)  pumped  from  the  Pai- 
janne tunnel  through  Lake  Rusutjarvi  is  to  be 
started  in  1992.  The  continuation  of  aeration  will 
be  necessary  as  well.  Biomanipulation  will  first  be 
directed  to  stocking  of  carnivorous  fish.  Eliminat- 
ing water  level  regulation,  which  would  be  benefi- 
cial to  fishing,  is  also  under  consideration.  Sedi- 
ment will  be  removed  from  some  parts  of  the  basin, 
but  the  procedure  will  be  expensive  because  of  the 
lack  of  suitable  sediment  disposal  sites  near  the 
lake.  (Rochester-PTT) 
W9 1-05061 


PALEOLIMNOLOGICAL  INVESTIGATION  OF 
THE  EUTROPHICATION  HISTORY  OF  LAKE 
TUUSULANJARVI,  SOUTHERN  FINLAND. 

Joensuu  Univ.  (Finland).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05062 


making  contexts.  Optimization  is  useful  in  the  eval- 
uation of  large-scale  management  of  decisions, 
such  as  the  design  of  further  sampling  and  monitor- 
ing, and  the  socioeconomic  acceptability  of  further 
lake  restoration  strategies.  (Rochester-PTT) 
W9 1-05063 


OCCURRENCE  OF  VEGETATED  BUFFER 
ZONES  ALONG  BROOKS  IN  THE  CATCH- 
MENT AREA  OF  LAKE  TUUSULANJARVI, 
SOUTH  FINLAND. 

Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  55-64, 
1990.  5  fig,  4  tab,  18  ref. 

Descriptors:  *Bank  erosion,  *Buffer  zones,  •Catch- 
ment areas,  •Erosion  control,  'Finland,  'Lake 
Tuusulanjarvi,  'Vegetation,  'Water  pollution  pre- 
vention, Bank  protection,  Bioindicators,  Duck- 
weed, Eutrophication,  Nettles,  Nutrients,  Path  of 
pollutants. 

Vegetated  buffer  zones  along  brooks  in  arable  land 
were  studied  in  the  catchment  of  Lake  Tuusulan- 
jarvi (Finland).  The  buffer  zone  usually  was 
narrow  or  absent  (mean  breadth  1.3  m,  median  0.3 
m).  The  conditions,  were,  however,  rather  good  at 
one  brook,  Vuohikkaanoja  (mean  depth  5.0  m, 
median  1.5  m).  On  the  west  shore  of  Tuusulanjarvi, 
low-lying  cultivated  areas  evidently  cause  signifi- 
cant nutrient  and  soil  losses  into  the  lake.  In  gener- 
al brook  slopes  were  covered  by  vegetation,  and 
bad  erosion  occurred  only  at  some  places.  The 
vegetation  on  the  slopes  and  buffer  zones  was 
luxuriant  at  the  mouths  of  brooks,  but  less  rich  in 
the  middle  and  upper  course.  Urtica  dioica  fre- 
quently indicated  increased  nutrient  losses  from  the 
arable  land.  The  aquatic  plant  Lemna  minor  was 
abundant  in  some  brooks  with  narrow  buffer 
zones.  An  improvement  of  the  buffer  zone  condi- 
tions would  be  an  effective  means  of  decreasing 
nutrient  load  into  Lake  Tuusulanjarvi.  Breadth  of 
the  vegetated  buffer  zone  in  the  catchment  area 
should  everywhere  be  at  least  1-2  m  and  in  places 
tens  of  meters.  (Author's  abstract) 
W9 1-05064 


VEGETATED     BUFFER     ZONE     EXAMINA- 
TIONS ON  THE  VANTAA  RIVER  BASIN. 

Water  Protection  Association  of  the  Vantaa  River 
and  Helsinki  District  (Finland). 
For  primary  bibliographic  entry  see  Field  4D. 
W9 1-05065 


MODELING  OF  WATER  QUALITY  IN  LAKE 
TUUSULANJARVI. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Hydrology  and  Water  Resources  Engi- 
neering. 

O.  Varis,  and  J.  Kettunen. 

Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  43-54, 
1990.  13  fig,  1  tab,  48  ref. 

Descriptors:  'Computer  models,  'Eutrophic  lakes, 
•Finland,  'Lake  Tuusulanjarvi,  *Lake  restoration, 
•Model  studies,  'Monitoring,  Decision  making, 
Limnology,  Management  planning,  Mathematical 
models,  Phytoplankton,  Sampling,  Statistics,  Water 
quality. 

Lake  Tuusulanjarvi  (Finland)  has  been  subjected 
to  regular  water  quality  monitoring  for  almost 
three  decades.  Sampling  for  standard  physical  and 
chemical  analyses  has  been  running  on  a  monthly 
basis.  Phytoplankton  sampling  has  been  concen- 
trated in  the  summer  months.  The  data  set  was 
analyzed  using  a  selection  of  computerized  mathe- 
matical and  statistical  techniques,  with  both  meth- 
odological and  limnological  scopes  (trend  analysis, 
multivariate  analysis,  mechanistic  modeling,  state 
and  parameter  estimation,  rule-based  expert  sys- 
tems, optimal  design  of  observations,  and  Bayesian 
decision  theory).  Many  of  the  substudies  are  still  in 
progress,  but  all  the  approaches  reviewed  have 
potential  in  practical  decision  making  or  in  scientif- 
ic research.  The  study  demonstrated  that,  even  in 
the  case  of  a  single  lake,  it  pays  to  apply  a  number 
of  complementary  approaches,  illuminating  the 
problems  from  different  problem  settings  and  at 
different  phenomenological  levels.  The  results  of 
static  and  dynamic  data  analyses  serve  as  the  basis 
of  inference,  in  both  the  ecological  and  decision- 


PRELDvHNARY  OBSERVATIONS  ON  THE  EF- 
FECTS OF  LIMING  TO  THE  FISH  POPULA- 
TIONS OF  SMALL  ACIDIC  LAKES  IN  SOUTH- 
ERN FINLAND. 

Finnish  Game  and  Fisheries  Research  Inst.,  Helsin- 
ki. Fisheries  Div. 
J.  Raitaniemi,  and  M.  Rask. 

Aqua  Fennica  AQFEDI,  Vol.  20,  No.  1,  p  115-123, 
1990.  4  fig,  2  tab,  30  ref. 

Descriptors:  'Acid  rain,  'Finland,  'Lake  restora- 
tion, *Liming,  Acidic  water,  Alkalinity,  Fish  popu- 
lations, Hydrogen  ion  concentration,  Perch,  Per- 
formance evaluation,  Roach. 

Six  acidified  lakes  (pH  5.3-6.2)  in  Finland  were 
sampled  before  or  soon  after  liming  to  determine 
the  structure  of  the  fish  populations  and  again  2-3 
yr  after  liming.  Three,  similarly  acidified  but  not 
limed,  lakes  were  chosen  as  control  lakes  and  were 
examined  in  the  same  way.  Perch  (Perca  fluviatilis 
L.)  was  the  dominant  species  in  the  catches  of  most 
lakes  both  before  and  after  neutralization.  The 
species  relationships  changed  noticeably  in  only 
one  lake,  where  the  small  roach  (Rutilus  rutilus  L.) 
population  still  left  before  the  liming  reproduced 
successfully  in  the  next  spring  after  neutralization. 
Half  the  catch  consisted  of  roach  2  yr  after  liming. 
At  the  time  of  fishing  this  lake  had  the  highest 
alkalinity  (0.16  millimole/liter)  of  the  limed  lakes. 
Increased  growth  rates  were  recorded  if  both 
young  and  old  roach  in  comparison  with  the  time 
before  liming.  No  effects  of  liming  were  detected 
in  catches  or  growth  of  perch  in  the  lakes,  if 
alkalinity  can  be  maintained  at  a  high  level,  popu- 
lations of  sensitive  fish  species  can  succeed  in 
limed  lakes.  (Author's  abstract) 


W9 1-05068 

U.S.  TACKLES  LEAKING  TANKS. 

V.  Fair  weather. 

Civil   Engineering  (ASCE)  CEWRA9,   Vol.   60, 

No.  12,  p  47-49,  December  1990. 

Descriptors:  *Oil  pollution,  *Regulations,  'Under- 
ground storage  tanks,  *Water  pollution  prevention, 
Cathodic  protection,  Cost  analysis,  Environmental 
Protection  Agency,  Fiberglass,  Leakage,  Pipes, 
Texas. 

The  Underground  Storage  Tank  (UST)  program 
was  established  to  deal  with  the  serious  risk  to 
groundwater  associated  with  2  million  under- 
ground petroleum  storage  tanks  in  the  United 
States,  about  25%  of  which  are  leaking.  The  Envi- 
ronmental Protection  Agency  has  promulgated 
regulations  with  a  series  of  deadlines,  which  began 
in  1989  for  tanks  installed  before  1969.  These  dead- 
lines cover  site  investigation,  bringing  tanks  into 
compliance  with  UST  and  for  remediation  where 
necessary.  Compliance  includes  options  for  corro- 
sion and  leak  protection  in  tanks  and  piping,  pro- 
viding for  spills  during  deliveries,  and  monitoring 
and  testing  for  the  life  of  the  tanks.  Examples  of 
tank  owners  complying  with  UST  program  in- 
clude the  city  of  Houston,  Texas,  which  had  some 
50  city  tanks  at  various  fueling  sites.  The  5-yr  plan 
for  correcting  Houston  tank  problems  will  cost  $5 
million.  To  meet  UST  regulations  all  new  tanks 
have  to  be  steel  coated  with  fiberglass  or  have  a 
cathodic  protection  system.  The  average  cost  of 
removing  an  old  tank  and  installing  a  new  tank  has 
been  estimated  at  about  $80,000-90,000,  of  which 
about  $10,000  is  for  the  new  tank  itself.  A  1988 
EPA  study  of  tank  failures  concluded  that  tank 
wall  thickness  is  more  important  than  tank  age  for 
predicting  tank  failure.  Future  problems  that  will 
be  especially  challenging  include  disposing  of  con- 
taminated soils  and  determining  whether  future 
alternative  fuels  will  worsen  corrosion  problems. 
(Rochester-PTT) 
W9 1-05070 


PLANTS  PROTECT  WATER  BODIES. 

I.  M.  Kuturin. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  1,  p  49-50,  1990.  Translated  from  Gidrotekhni- 

cheskoe  Stroitel'stvo,  No.  1,  pp.  40-41,  January, 

1990. 

Descriptors:  *Aquatic  plants,  'Water  pollution 
control,  'Water  quality,  'Watershed  management, 
Agricultural  runoff,  Algae,  Bioindicators,  Ecolo- 
gy, Fertilizers,  Forests,  Macrophytes,  Nonpoint 
pollution  sources,  Nutrients,  Photosynthesis,  Sur- 
face water. 

The  role  of  plants  (algae,  aquatic  macrophytes,  and 
forest  trees)  in  forming  and  maintaining  the  quality 
of  surface  water  and  in  protecting  surface  water 
bodies  from  pollution  is  considerable.  Photosynthe- 
sis by  algae  produces  organic  matter  and  releases 
oxygen.  Algae  improve  the  health  of  water  bodies 
by  releasing  bactericidal  substances  that  inhibit 
pathogenic  microfauna.  Algae  also  serve  as  excel- 
lent indicators  of  decreased  water  quality.  Exces- 
sive growth  of  algae  stimulated  by  fertilizer  runoff 
into  water  bodies  can  create  algal  pollution. 
Higher  aquatic  vegetation  (macrophytes)  also  play 
a  considerable  role  in  improving  the  health  of 
water  bodies,  including  such  activities  as  removing 
oil,  petroleum  products,  biogenic  elements,  and 
mineral  salts  from  surface  waters.  Harvesting  of 
macrophytes  after  they  have  absorbed  nutrients  is 
a  way  to  employ  aquatic  vegetation  in  pollutant 
removal.  Forests  reduce  water  pollution  by  pesti- 
cides, biogenic  elements,  and  salts  contained  in 
runoff  from  fields.  The  natural  mechanism  of  pro- 
tecting water  bodies  from  anthropogenic  influ- 
ences is  rather  stable  under  conditions  of  ecologi- 
cal equilibrium.  However,  it  is  quite  fragile  and 
cannot  perform  its  functions  after  considerable  dis- 
turbance of  the  ecological  equilibrium.  (Rochester- 
PTT) 
W9 1-05087 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G— Water  Quality  Control 

ACUTE  TOXICITY  OF  THE  NATURAL  ALGI- 
CIDE,  CYANOBACTERIN,  TO  DAPHNIA 
MAGNA. 

Minnesota  Univ.,   Minneapolis.   Div.  of  Environ- 
mental Health. 
N.  A.  Klapes. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  20,  No.  2,  p  167-174,  October 
1990.  1  fig,  2  tab,  17  ref. 

Descriptors:  *Acute  toxicity,  •Algal  control,  *A1- 
gicides,  *Cyanophyta,  *Daphnia,  'Risk  assessment, 
•Toxicology,  Algal  blooms,  Environmental  effects, 
Lethal  limit,  Structure-activity  relationships. 

Cyanobacterin  is  a  potent  photosynthetic  inhibitor 
produced  as  a  secondary  metabolite  by  the  fila- 
mentous, freshwater  cyanobacterium  Scytonema 
hofmanni.  With  a  spectrum  of  activity  encompass- 
ing species  of  cyanobacteria  and  eukaryotic  algae 
as  well  as  higher  plants,  cyanobacterin  might  be 
utilized  as  a  commercial  algicide  for  algae  waterb- 
loom  control.  As  a  component  of  the  preliminary 
environmental  risk/hazard  evaluation  of  this  pro- 
posed application,  the  acute  toxicity  of  cyanobac- 
terin to  the  planktonic  crustacean  Daphnia  magna 
was  assessed.  Based  on  five  trials,  the  48-h  LC50 
for  D.  magna  was  determined  to  be  approximately 
1.37  microg/ml  (range:  0.78-2.58  microg/ml).  In 
addition,  a  significant  percentage  of  the  surviving 
daphnids  were  completely  immobile  at  the  end  of 
the  48-h  exposure  period.  These  results  give  strong 
indication  that  cyanobacterin  and/or  its  residues 
exhibit  some  nontarget  organism  lethal  effects  at 
projected  use  concentration  levels.  Furthermore, 
estimates  of  partition  coefficients  and  bioconcen- 
tration  factor,  generated  through  quantitative 
structure-activity  relationships,  suggest  that  sedi- 
ment, suspended  particulates,  and  biota  may  serve 
as  major  compartments  of  cyanobacterin  partition- 
ing in  an  aquatic  ecosystem.  Before  cyanobacterin 
should  be  further  considered  for  application  as  a 
commercial  algicide,  a  rigorous  evaluation  of  non- 
target  organism  lethal  effects  and  environmental 
fate  is  required.  (Author's  abstract) 
W91-05105 


USE  OF  SELECTED  AUTOCHTHONOUS  SOIL 
BACTERIA  TO  ENHANCE  DEGRADATION  OF 
HYDROCARBONS  IN  SOIL. 

Universidad  Nacional  de  La  Plata  (Argentina).  Fa- 

cultad  de  Ciencias  Exactas. 

G.  I.  Vecchioli,  M.  T.  Del  Panno,  and  M.  T. 

Painceira. 

Environmental  Pollution  ENPOEK,  Vol.  67,  No. 

3,  p  249-258,  1990.  1  fig,  3  tab,  19  ref. 

Descriptors:  'Biodegradation,  'Bioremediation, 
•Decontamination,  'Fate  of  pollutants,  'Microbial 
degradation,  *Soil  bacteria,  'Water  pollution  treat- 
ment, Hydrocarbons,  Industrial  wastes,  Land  dis- 
posal, Oil  wastes,  Soil  contamination,  Soil  treat- 
ment. 

A  mixed  population  of  soil  hydrocarbon-degrading 
bacteria  was  used  to  accelerate  the  biodegradation 
of  a  petrochemical  waste.  In  untreated  control 
soils,  hydrocarbon-degrading  bacteria  were  found 
in  the  100,000  cfu/g  range.  The  addition  of  a  10% 
loading  rate  of  an  aromatic  hydrocarbon  mixture 
increased  the  number  of  hydrocarbon  degraders  by 
two  to  three  orders  of  magnitude.  An  aromatic 
storage  tank  bottom  was  mixed  with  soil  (10%  w/ 
w).  After  a  month,  43%  of  the  hydrocarbons  were 
degraded  in  uninoculated  and  in  fertilized  soil, 
while  65%  were  degraded  in  soil  inoculated  with 
stains  of  hydrocarbon-degrading  bacteria.  Two  iso- 
lates were  identified  as  members  of  the  genus  Pseu- 
domonas  and  the  third  was  tentatively  classified  as 
an  Alcaligenes  sp.  The  strains  grown  in  nutrient 
supplemented  vermiculite  at  room  temperature  in 
the  absence  of  hydrocarbons  preserved  their  hy- 
drocarbon-degrading abilities  for  at  least  a  month. 
It  is  concluded  that  biodegradation  of  heavily  pol- 
luted soils  such  as  those  found  in  land  treatment 
facilities  or  accidental  spills  may  be  enhanced  by 
inoculation  with  selected  indigenous  bacteria. 
(MacKeen-PTT) 
W91-05114 


CAN    THE    UNrTED   STATES    AFFORD    BIO- 
MONITORING. 


L.  F.  Jones. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  59-66,  17  ref. 

Descriptors:  'Bioindicators,  'Biotechnology, 
•Monitoring,  'Regulations,  'Toxic  wastes,  'Water 
pollution  control,  'Water  quality  standards,  Ana- 
lytical techniques,  Clean  Water  Act,  Effluent 
streams,  Testing  procedures,  Toxicity,  Water  pol- 
lution, Water  quality  control. 

Regulation  of  toxic  pollutants  is  difficult  because 
of  the  great  number  of  toxic  chemicals  that  poten- 
tially may  be  discharged  to  receiving  waters,  the 
need  to  identify  and  analyze  specific  toxic  chemi- 
cals, the  changes  in  toxic  effects  of  a  chemical 
resulting  from  its  reactions  with  the  matrix  of 
constituents  in  which  it  exists,  and  our  inability  to 
predict  the  effects  of  exposure  to  combinations  of 
chemicals.  Two  approaches  to  water  quality  toxic 
control  are  the  chemical-specific  approach,  which 
uses  analytical  chemistry  techniques,  and  the 
whole-effluent,  or  toxicity-based,  approach,  which 
uses  biological  techniques  to  assess  effluent  dis- 
charges. The  principal  advantages  of  biological 
techniques  are  that:  (1)  the  effects  of  complex 
discharges  of  many  known  and  unknown  constitu- 
ents can  be  measured  only  by  biological  analyses; 
(2)  bioavailability  of  pollutants  after  discharge  is 
measured  best  by  toxicity  testing;  and  (3)  pollut- 
ants for  which  there  are  inadequate  chemical  ana- 
lytical methods  or  criteria  can  be  addressed.  Toxic- 
ity testing  protocols  involve  factors  inherent  in  any 
procedure  which  can  introduce  variability,  includ- 
ing: the  species  chosen  for  the  test;  the  age  and 
health  of  the  organisms;  the  test  conditions;  and  the 
nature  of  the  dilution  water.  The  statutory  basis  for 
biomonitoring  is  the  Clean  Water  Act,  as  amended 
by  the  Water  Quality  Act  (WQA)  of  1987,  requir- 
ing states  to  identify  and  list  those  waters  that  are 
adversely  affected  by  pollutants  and  to  prepare 
individual  control  strategies  that  will  control  point 
source  discharges  of  toxic  pollutants.  From  indus- 
trial and  municipal  case  studies,  it  is  apparent  that 
absolute  and  final  answers  do  not  exist  for  control- 
ling and  investigating  whole-effluent  toxicity.  (See 
also  W9 1-05 137)  (Fish-PTT) 
W9 1-05 143 


BIOTECHNOLOGY  APPROACH  TO  BIORE- 
MEDIATION. 

Mississippi  Forest  Products  Utilization  Lab.,  Mis- 
sissippi State. 

A.  Borazjani,  G.  D.  McGinnis,  L.  K.  McFarland, 
M.  F.  Hannigan,  and  F.  Hendrix. 
In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.   1990.  p  67-71,   1  fig,  4  tab,  9  ref. 

Descriptors:  'Biodegradation,  'Bioremediation, 
•Biotechnology,  'Cleanup,  'Mississippi,  'Wood 
wastes,  Chemical  wastes,  Fungi,  Microbial  degra- 
dation, Pentachlorophenol,  Polycyclic  aromatic 
hydrocarbons,  Slurries,  Soil  contamination,  Water 
pollution  treatment. 

The  contamination  of  soil  and  water  by  woodtreat- 
ing  chemicals  is  a  growing  environmental  concern 
in  Mississippi  and  most  of  the  southeastern  United 
States.  Two  very  common  components  of  organic 
woodtreating  wastes  are  polycyclic  aromatic  hy- 
drocarbons (PAHs)  and  pentachlorophenol  (PCP). 
The  application  of  adapted,  microbial  cultures  to 
polluted  areas  is  demonstrated  to  be  an  efficient 
and  economical  method  for  bioremediation  of 
chemical  wastes.  A  study  was  performed  to  (1)  use 
two  different  biological  systems  to  evaluate  the 
biodegradation  rate  of  PAH  and  PCP  in  common 
water;  (2)  use  a  bacterial  system  to  determine  the 
biodegradation  rate  of  PCP  and  PAH  in  highly 
contaminated  slurry  condition;  and  (3)  determine 
the  effectiveness  of  a  fungus  in  biodegradation  of 
PAH  in  contaminated  soil.  Four  treatments 
(checks  (no  additive),  bacterial  solution  added, 
bacterial  solution  and  inorganic  solution  added, 
and  fungal  solutions  added)  with  three  replications 
were  used.  It  was  found  that  highly  contaminated 


water,  soil,  and  slurry  could  be  effectively  biore- 
mediated  by  using  proper  microorganisms  and  cor- 
rect methods  of  treatment.  Bioaugmentation  was 
shown  to  be  effective  in  increasing  the  biodegrada- 
tion rate  of  chemicals  in  contaminated  soil  and 
water.  (See  also  W9 1-05 137)  (Fish-PTT) 
W9 1-05 144 


BIOREMEDIATION  DEMONSTRATION  UNIT 
AT  WEED,  CALIFORNIA. 

Mississippi  State  Univ.,  Mississippi  State. 
D.  F.  Pope,  G.  D.  McGinnis,  H.  Borazjani,  D. 
Strobel,  and  J.  Wagner. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  72-84,  2  fig,  10  tab. 

Descriptors:  'Biodegradation,  'Bioremediation, 
'California,  'Cleanup,  'Microbial  degradation, 
•Soil  contamination,  'Superfund,  'Wood  preserva- 
tives, Creosote,  Feasibility  studies,  Metals,  Pen- 
tachlorophenol, Polycyclic  aromatic  hydrocar- 
bons, Soil  bacteria,  Soil  fungi. 

The  J.  H.  Baxter/International  Paper/Roseburg 
Superfund  site  in  the  city  of  Weed,  in  northern 
California,  has  been  an  active  wood  treating  plant 
since  1936,  using  such  preservative  chemicals  as 
pentachlorophenol,  creosote,  and  metals.  The  soil 
at  the  site  is  contaminated  with  the  various  wood 
preservatives.  As  part  of  a  comprehensive  site  re- 
mediation plan,  land  treatment  of  the  pentachloro- 
phenol and  creosote  contaminated  soils  was  con- 
sidered as  a  treatment  alternative.  A  feasibility 
study  was  conducted,  consisting  of  three  phases: 
(1)  laboratory  studies  of  microbial  degradation  of 
pentachlorophenol  (PCP)  and  creosote  contami- 
nated soils;  (2)  a  field  demonstration  study;  and  (3) 
a  full-scale  land  treatment  demonstration  facility. 
Phases  1  and  2  have  been  completed,  and  show 
that  the  levels  of  nitrogen,  phosphorus,  and  organ- 
ic carbon  in  the  different  soils  appear  to  be  ade- 
quate for  biodegradation.  Metal  concentrations  did 
not  appear  to  inhibit  breakdown  rates  in  the  labo- 
ratory studies.  All  classes  of  polynuclear  aromatic 
hydrocarbons  (PAHs)  exhibited  good  breakdown 
rates  in  the  laboratory.  The  microbial  populations 
developed  readily  and  were  maintained.  Acclimat- 
ed bacteria  levels  were  at  moderate  to  high  levels, 
and  fungi  populations  were  particularly  high,  indi- 
cating that  good  PCP  breakdown  rates  could  be 
expected.  In  the  field  study,  the  best  percentage 
reduction  of  PAHs,  PCP,  tetrachlorophenol,  and 
octachlorodibenzo-p-dioxin  occurred  with  moder- 
ate starting  constituent  concentrations  and  the 
highest  level  of  added  manure;  the  lowest  reduc- 
tion percentage  occurred  with  the  highest  starting 
levels  of  hazardous  constituents  and  no  added 
manure.  The  laboratory  results  were  generally 
confirmed.  (See  also  W91-05137)  (Fish-PTT) 
W9 1-05 145 


COMPUTER  METHODS  FOR  EVALUATING 
WELLHEAD  PROTECTION  AREAS. 

M.  J.  Mallory. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  127-135,  3  fig,  2  tab,  3  ref. 

Descriptors:  'Computer  programs,  'Groundwater 
movement,  'Mississippi,  'Shallow  wells,  'Water 
pollution  control,  'Water  pollution  prevention, 
•Well  regulations,  'Wellhead  protection,  Flow 
characteristics,  Flow  equations,  Fortran,  Geo- 
graphic information  systems,  Groundwater  pollu- 
tion, Surface  water  data,  Well  data. 

Throughout  Mississippi  there  are  approximately 
440  shallow  (<350  feet  deep)  public  water  supply 
wells  that  may  be  vulnerable  to  surface  contamina- 
tion, depending  on  the  geohydrologic  conditions  in 
the  vicinity  of  the  wells.  One  way  of  preventing 
contaminated  groundwater  from  entering  wells 
and  springs  is  by  establishing  areas  of  protection 
around  them,  which  necessarily  restricts  some  uses 
of  the  land  so  designated  and  requires  that  the 
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technical  basis  of  the  designation  be  scientifically 
valid,  objective,  and  unambiguous.  Three  methods 
were  used  in  the  analysis  of  flow  components  near 
shallow  public  water  supply  wells  in  Mississippi, 
consisting  of  the  calculated-fixed-radius  criterion, 
the  area-of-contribution  criterion,  and  the  time-of- 
travel  criterion.  The  computer  program  used  to 
calculate  and  display  the  boundaries  of  the  areas 
determined  using  these  three  criteria  is  written  in 
standard  Fortran  77,  providing  an  interactive  envi- 
ronment for  determining  wellhead  protection  areas 
based  on  the  described  criterion.  Physical  and  con- 
struction data  about  wells,  containing  the  hydro- 
logic  information  needed  to  determine  which 
public  supply  water  wells  might  require  protection 
from  contamination,  are  stored  in  the  U.S.  Geolog- 
ical Survey's  Ground-water  Site  Information 
system  database.  A  significant  improvement  in 
speed  and  ease  of  use  might  be  realized  by  integrat- 
ing the  calculations  of  the  described  program  with 
the  graphic  display  capabilities  of  a  Geographic 
Information  System  to  obtain  a  product  without 
the  need  for  manual  overlay  and  preparation.  (See 
also  W9 1-05 137)  (Fish-PTT) 
W91-05153 


WHAT  SHALL  WE  DO  WITH  GARBAGE- 
DUMP  AND  LANDFILL  LEACHATE. 

T.-H.  Shih. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  156-165,  5  tab,  25  ref. 

Descriptors:  *Landfills,  'Mississippi,  *Solid  waste 
disposal,  *Waste  disposal,  •Waste  management, 
•Wastewater  treatment,  *Water  pollution  sources, 
Aerobic  treatment,  Anaerobic  digestion,  Garbage 
dumps,  Groundwater  pollution,  Incineration, 
Landfill  covers,  Landfill  linings,  Leachates,  Regu- 
lations, Sanitary  landfills,  Wastewater  facilities. 

The  garbage  dumps  and  sanitary  landfills  used  for 
solid  waste  disposal  in  the  past  represent  a  liability 
that  must  be  dealt  with.  As  growing  populations 
encroach  upon  these  areas,  it  is  being  discovered 
that  the  leachates  are  contaminating  the  ground- 
water needed  for  drinking  water.  The  regulations 
pertinent  to  solid  waste  leachate  were  studied  to 
consider  the  feasibility  of  leachate  treatment  at 
existing  publicly-owned  treatment  works  (POTWs) 
and  to  simulate,  through  a  program  written  in 
BASIC  language,  the  oil-fired  incineration  of  such 
leachate.  The  new  regulation,  40  CFR  Part  258, 
has  been  added  as  the  guidance  for  solid  waste 
landfill  operation.  Together  with  the  Resource 
Conservation  and  Recovery  Act  Subtitle  C  &  D 
and  40  CFR  Part  257,  the  operations  of  municipal 
solid  waste  and  hazardous  waste  landfill  are  cov- 
ered by  more  complete  regulations  than  before. 
Garbage  dumps  no  longer  will  be  legal.  Ground- 
water monitoring  will  be  part  of  the  landfill  oper- 
ation. The  separation  of  runoff  and  leachate  are 
important  for  wastewater-volume  minimization. 
The  roofing  principle,  separating  precipitation  and 
leachates,  ideally  protects  the  top  of  the  landfill, 
and  a  dependable  lining  system,  preventing  the 
contamination  of  groundwater,  isolates  the  bottom 
of  the  landfill  from  its  surroundings.  If  aerobic 
processes  are  to  be  used  for  leachate  treatment, 
effluent  recycle  with  the  lowered  concentrations 
and  extended  detention  times  may  be  an  option. 
Anaerobic  methods  may  be  considered  for  landfill- 
leachate  treatment  due  to  the  high  efficiency  and 
short  hydraulic  retention  times  they  allow.  Leach- 
ate incineration  may  be  considered  if  its  organic 
concentration  and  operational  temperature  can  be 
raised  sufficiently.  (See  also  W9 1-05 137)  (Fish- 
PTT) 
W9 1-05 156 


ABILITY    OF    SOJX    UNDER    FOREST    TO 
PURIFY  FERTILIZER-POLLUTED  RUNOFF. 

Desnal      Anti-Erosion      Experimental      Station, 

Ukrainian  Institute  of  Agricultural  and  Forestry 

Melioration. 

For  primary  bibliographic  entry  see  Field  5B. 
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PETROLEUM  CONTAMINATED  SOILS. 
VOLUME  2:  REMEDIATION  TECHNIQUES, 
ENVIRONMENTAL  FATE,  RISK  ASSESS- 
MENT, ANALYTICAL  METHODOLOGIES. 

Proceedings  of  the  Second  National  Conference  on 
the  Environmental  and  Public  Health  Effects  of 
Soils  Contaminated  with  Petroleum  Products,  Uni- 
versity of  Massachusetts,  Amherst,  September  28- 
30,  1987.  Lewis  Publishers,  Chelsea,  Michigan. 
1989.  515  p.  Edited  by  Edward  J.  Calabrese,  and 
Paul  T.  Kostecki. 

Descriptors:  'Soil  contamination,  'Oil  pollution, 
•Cleanup  operations,  *Path  of  pollutants,  'Site  re- 
mediation, Conferences,  Risk  assessment,  Fate  of 
pollutants,  Industrial  wastes,  Public  health,  Regu- 
lations, State  jurisdiction,  Federal  jurisdiction,  Re- 
search priorities. 

A  comprehensive  assessment  is  provided  of  the 
field  of  petroleum  contamination  of  soil  with  re- 
spect to  the  problem  (Chapters  1-4)  and  research 
(5-9),  as  well  as  specific  technical  areas  such  as 
analysis  (Chapters  10-13),  environmental  fate 
(Chapters  14-16),  remedial  techniques  (Chapters 
17-25  and  27),  public  health  assessment  (Chapters 
26,  28-34)  and  regulatory  approaches  (Chapters  35- 
37).  The  expertise  from  federal  and  state  govern- 
mental agencies;  affected  industries,  most  notable 
petroleum  and  electric  utilities;  private  consultants; 
and  academia  provides  bot^  ...storical  sense  of 
the  problems  and  practi  -  approaches  for  their 
solutions  within  the  context  of  a  complex  web  of 
regulatory  approaches.  (See  W91-052378  thru 
W9 1-05267)  (Lantz-PTT)  (For  Vol.  I  see  W90- 
03830) 
W91-05236 


ENVIRONMENTAL  REGULATIONS  PLACE 
NEW  RESPONSIBILITIES  ON  PROPERTY 
OWNERS. 

Environmental  Realty  Services,  Nashville,  TN. 
B.  D.  Taylor. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  3-7. 

Descriptors:  *Oil  pollution,  'Soil  contamination, 
•Regulations,  'Environmental  protection,  •Super- 
fund,  'Cleanup  operations,  Legislation,  Public  par- 
ticipation, Economic  aspects,  Legal  aspects,  Haz- 
ardous wastes,  Waste  disposal,  Underground  stor- 
age tanks. 

The  courts  have  found  that  liability  under  the 
Superfund  Act  was  strict  (current  owners  and  op- 
erations may  be  accountable  for  the  cost  of  clean- 
up); actual  responsibility  for  the  problem  does  not 
have  to  be  shown.  The  courts  also  stated  that  the 
necessary  proof  of  causation  linking  the  defendant 
to  a  particular  waste  was  relatively  loose.  Congress 
amended  the  Superfund  law  by  adopting  the  Su- 
perfund Amendments  and  Reauthorization  Act  of 
1986  (SARA),  which  became  effective  on  October 
17,  1986.  The  act  makes  it  clear  that  real  property 
owners  may  be  held  liable  for  all  costs  of  cleaning 
up  on-site  hazardous  substances  unless  they  can 
prove  that  they  can  satisfy  the  standards  for  the 
'innocent  landowner'  immunity.  To  qualify  for  the 
immunity,  any  party  to  a  land  purchase  agreement 
or  financing  agreement  that  provides  for  title  trans- 
fer in  the  event  of  default,  must  be  able  to  show  all 
of  the  following:  (1)  The  release  of  a  hazardous 
substance  was  caused  by  an  act  of  God  or  a  third 
party;  (2)  The  property  was  acquired  after  the 
hazardous  waste  had  been  disposed  of;  (3)  There 
was  no  knowledge  and  no  reason  to  know  that  any 
hazardous  substance  had  been  disposed  of  on-site; 
(4)  Due  care  with  respect  to  the  hazardous  sub- 
stance concerned  had  been  exercised,  and/or  (5) 
Precautions  against  foreseeable  acts  or  omissions  of 
any  third  party  were  taken.  Businesses  likely  to 
feel  the  greatest  impact  of  these  regulations  include 
industrial  operations,  industrial  and  agricultural 
terminal  operations,  service  stations,  and  anyone 
buying  or  selling  property  with  underground  stor- 
age tanks.  (See  also  W91-05236)  (Lantz-PTT) 
W9 1-05237 


PROVIDING     ENVIRONMENTAL     IMPAIR- 
MENT LIABILITY  INSURANCE  COVERAGE. 


Environmental  Insurance  Management,  Inc., 
McLean,  VA. 

J.  J.  Metelski,  and  W.  P.  Gulledge. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,     Analytical     Methodologies.     Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  9-12. 

Descriptors:  *Environmental  protection,  •Insur- 
ance, *Legal  aspects,  'Liability,  Pollution  control, 
Economic  aspects,  Regulation. 

The  insurance  industry  faces  two  major  road 
blocks  to  the  development  of  pollution  liability 
insurance  coverage:  (1)  The  potential  liability  for 
gradual  pollution  coverage  under  existing  general 
liability  coverages  using  'occurrence  policy  forms' 
intended  to  cover  only  sudden  or  accidental  pollu- 
tion events;  and  (2)  the  technical  and  legal  inability 
of  insurers  to  demonstrate  to  the  courts  when  a 
pollution  event  started  and  when  it  should  trigger 
coverage  under  an  insurance  policy.  First,  insur- 
ance companies  issue  one  of  two  types  of  third 
party  damage  insurance  contracts:  an  'occurrence' 
policy,  or  a  'claims  made'  policy.  Second,  pollution 
liabilities  are  ongoing  problems  that  require  a  high 
level  of  technical  skill  to  determine  the  condition 
of  a  property  before  it  is  insured.  Many  insurance 
carriers  are  still  technically  incompetent  to  assist 
insureds  with  the  most  basic  pollution  incident.  A 
basic  requirement  for  the  survival  of  any  new 
insurance  program  is  profitability.  The  providers 
of  EIL  (Environmental  Impairment  Liability)  in- 
surance should  not  have  to  make  apologies  for 
achieving  underwriting  profits.  More  and  more 
EIL  insurers  are  recognizing  the  keys  to  providing 
quality  EIL  insurance  services.  The  EPA's  finan- 
cial responsibility  requirement  for  owners/opera- 
tors of  underground  storage  tanks  will  increase  the 
available  EIL  options.  (See  also  W9 1-05236) 
(Lantz-PTT) 
W91-05238 


IMPLICATIONS  OF  DEALING  WITH   REAL 
ESTATE-BASED  CLEANUP  STATUTES. 

Nixon,  Hargrave,  Devans  and  Doyle,  Albany,  NY. 
For  primary  bibliographic  entry  see  Field  6E. 
W9 1-05239 


CURRENT  ISSUES  IN  MANAGEMENT  OF 
MOTOR  FUEL  CONTAMINATED  SOILS. 

American  Petroleum  Inst.,  Washington,  DC. 
B.  Bauman. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  31-42,  2  fig, 
3  tab,  7  ref. 

Descriptors:  *Water  pollution  prevention,  *Oil 
pollution,  *Soil  contamination,  *Path  of  pollutants, 
•Environmental  protection,  •Underground  storage 
tanks,  'Management  planning,  Site  remediation, 
Oil  industry,  Regulations,  Public  health,  Risk  as- 
sessment. 

Active  Underground  Storage  Tank  (UST)  replace- 
ment programs  of  the  major  oil  companies,  initiat- 
ed in  advance  of  state  and  local  regulations  for 
USTs,  are  evidence  that  the  industry  recognizes  its 
responsibility  to  provide  the  petroleum  products 
our  society  requires  (in  excess  of  400  million  gal- 
lons of  fuels  alone  each  day),  in  a  manner  that 
minimizes  the  associated  environmental  risks. 
However,  given  the  volume  of  activity,  and  the 
large  number  of  sites  where  petroleum  is  stored,  it 
is  inevitable  that  some  releases  will  occur.  When 
they  do  it  is  important  to  respond  in  a  manner  that 
will  provide  a  high  level  of  protection  for  both 
human  health  and  the  environment.  The  industry 
also  recognizes  that  the  goals  of  corrective  action 
programs  should  not  be  dominated  by  the  need  to 
remove  or  eliminate  every  single  molecule  of  con- 
tamination as  rapidly  as  can  be  arranged.  Instead, 
the  emphasis  should  be  to  manage  affected  sites  in 
a  manner  that  ensures  the  protection  of  water 
resources  and  eliminates  unnecessary  risks  and  ex- 
posures, but  does  not  waste  limited  economic  re- 
sources. (See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05240 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G— Water  Quality  Control 

EPRI-SPONSORED  RESEARCH  ON  UNDER- 
GROUND STORAGE  TANKS. 

Electric   Power  Research   Inst ,   Palo  Alto,  CA. 
Coal  Combustion  Systems  Div. 
M.  E.  McLearn. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  43-47. 

Descriptors:  'Soil  contamination,  *Site  remedi- 
ation, 'Water  pollution  control,  'Research  prior- 
ities, 'Underground  storage  tanks,  'Electrical  in- 
dustry, Fuel,  'Oil  pollution,  Environmental  pro- 
tection, Leaking,  Groundwater  pollution,  Environ- 
mental engineering,  Utilities,  Cleanup. 

Underground  storage  tanks  (UST)  are  used  by  the 
electric  utility  industry  for  a  number  of  functions 
ranging  from  storage  of  motor  vehicle  fuel  at  serv- 
ice centers  to  storage  of  backup  diesel  fuel  at 
power  plants.  While  no  accurate  count  has  been 
made,  it  is  estimated  that  the  industry  operates  less 
than  2%  of  the  UST  in  the  country;  this  represents, 
however,  more  than  15,000  underground  tanks. 
Almost  all  electric  utility  companies  have  some 
UST,  and  some  have  several  hundred.  In  response 
to  increasing  concern  about  leaking  tanks  and  po- 
tential resulting  groundwater  contamination,  the 
electric  utility  industry  has  initiated  a  wide  ranging 
research  program  to  address  the  management  of 
UST.  Research  on  engineering  options  has  focused 
on  the  important  issue  of  remediation  of  contami- 
nated soil  and  groundwater  from  UST  leaks.  Thir- 
teen techniques,  both  in  situ  and  non-in  situ,  were 
evaluated  for  application  at  UST  sites.  In  addition 
to  the  engineering  aspects  (equipment,  operation 
maintenance),  institutional,  environmental,  and 
cost  considerations  in  the  application  of  each  tech- 
nique were  explored.  Electric  utility  companies  are 
strongly  motivated  by  economic  considerations  to 
minimize  UST  leaks.  To  aid  utilities  in  the  choice 
of  options  for  UST  management,  EPRI  has  devel- 
oped a  decision  support  tool.  The  model,  called 
TANKS,  balances  the  known  costs  of  leak  preven- 
tion and  mitigation  against  the  uncertain  cost  of 
tank  leaks  using  tank  and  on  site-specific  data  to 
address  key  questions.  (See  also  W9 1-05236) 
(Lantz-PTT) 
W91-05241 


UNDERGROUND  STORAGE  TANK  RELEASES 
IN  ARIZONA:  CAUSES,  EXTENT,  AND  REME- 
DIATION. 

Arizona  Dept.  of  Environmental  Quality,  Phoenix. 
Hydrology  Section. 
J.  Haney. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  55-72,  13 
fig,  3  tab,  4  ref. 

Descriptors:  'Water  pollution  sources,  'Under- 
ground storage  tanks,  'Path  of  pollutants,  'Arizo- 
na, 'Environmental  protection,  'Site  remediation, 
Environmental  effects,  Monitoring,  Leaking,  Data- 
bases, Fuel,  Oil  pollution,  Groundwater  pollution, 
Geohydrology. 

The  underground  storage  tank  (UST)  leak  database 
was  assessed  to  determine  causes,  extent,  and  reme- 
diation of  UST  leaks  in  Arizona.  The  majority  of 
UST  leaks  in  Arizona  have  occurred  from  product 
piping.  UST  leaks  are  primarily  gasoline  and  diesel 
fuel,  with  lesser  numbers  of  aviation  gas,  waste  oil, 
and  solvent  leaks.  The  environmental  impact  of 
UST  leaks  depend  on  the  geohydrologic  setting. 
Approximately  26%  of  the  UST  leaks  reviewed 
have  affected  groundwater  quality,  with  approxi- 
mately 1/3  of  these  requiring  free  product  remov- 
al. The  extent  of  contamination  has  been  defined  in 
all  UST  leak  sites  in  Arizona  demonstrating  that: 
(1)  the  vertical  extent  of  contamination  usually  far 
exceeds  the  horizontal  extent,  (2)  clay  and  caliche 
layers  do  not  halt  the  downward  migration  of 
product,  and  (3)  the  extent  of  contamination  is 
often  larger  than  would  be  predicted  based  on 
estimates  of  the  amount  of  product  lost.  Since  soil 
sample  collection  and  analysis  is  problematic,  a 
conservative  approach  which  utilizes  a  sufficient 
number   of  soil   samples   is   recommended.    Also, 


standardization  of  soil  sample  collection  and  analy- 
sis procedures  should  be  utilized.  State  UST  pro- 
gram development  is  ongoing  in  both  technical  and 
regulatory  areas.  (See  also  W9 1-05236)  (Lantz- 
PTT) 
W9 1-05243 


STATE  OF  RESEARCH  AND  REGULATORY 
APPROACH  OF  STATE  AGENCIES  FOR 
CLEANUP  OF  PETROLEUM  CONTAMINAT- 
ED SOILS. 

Massachusetts  Univ.,  Amherst.  Environmental  and 
Health  Sciences  Program. 
C.  E.  Bell,  P.  T.  Kostecki,  and  E.  J.  Calabrese. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  73-94,  4  tab, 
5  ref. 

Descriptors:  'Water  pollution  prevention,  'Re- 
search priorities,  'Regulations,  'Cleanup  oper- 
ations, 'Soil  contamination,  'State  jurisdiction, 
'Oil  pollution,  Public  health,  Standards,  Path  of 
pollutants. 

Results  from  a  recent  survey  suggest  that  state 
regulators  are  concerned  about  the  problem  of 
cleanup  of  petroleum  contaminated  soils  (PCS)  and 
its  potential  effect  on  public  health  and  the  envi- 
ronment. Most  states  have  recently  developed,  or 
are  in  process  of  developing,  standard  operating 
procedures  (SOPs),  guidelines,  and  cleanup  stand- 
ards to  address  the  PCS  problem.  States  vary  in 
the  type  of  analytical  methodologies  applied  to 
determine  the  extent  of  contamination,  and  often 
handle  sites  on  a  case  by  case  basis.  Few  states 
have  developed  formal  standards  for  cleanup; 
however  many  states  have  indicated  a  need  for  the 
development  of  formalized  standards,  as  evidenced 
by  the  number  of  states  applying  informal  cleanup 
levels  to  address  the  problem.  Many  states  could 
benefit  significantly  from  information  collected  by 
other  states'  research  activities  and  experience,  and 
through  the  implementation  of  alternative  manage- 
ment strategies.  Conventional  treatment  options 
such  as  excavating  to  landfills  may  be  replaced  in 
the  future  by  new  technologies  specifically  devel- 
oped to  deal  with  the  PCS  problem.  (See  also 
W9 1-05236)  (Lantz-PTT) 
W9 1-05244 


FIELD-SCREENING  TECHNIQUES:  QUICK 
AND  EFFECTIVE  TOOLS  FOR  OPTIMIZING 
HAZARDOUS  WASTE  SITE  INVESTIGA- 
TIONS. 

Weston  (Roy  F.),  Inc.,  Walnut  Creek,  CA. 
L.  M.  Preslo,  W.  M.  Leis,  and  R.  Pavlick. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  111-117,  1 
tab,  3  ref. 

Descriptors:  'Data  acquisition,  'Field  tests,  'Haz- 
ardous wastes,  'Waste  disposal,  Monitoring,  Ana- 
lytical methods,  Remote  sensing,  Site  remediation. 

Goals  for  site  cleanup  at  hazardous  waste  sites  can 
range  from  complete  cleanup  and  site  restoration 
of  the  environment,  along  with  controlling  off-site 
migration  of  contaminants  to  minimal  actions  de- 
voted to  monitoring  only.  Engineers  require  data 
with  which  to  identify  remedial  alternatives,  assess 
risks,  compare  these  risks  and  alternatives  against 
ideal  situations  and  to  each  other,  and  to  evaluate 
the  costs  that  would  be  involved  with  site  actions. 
The  application  of  some  available  but  lesser  used 
field  techniques  to  increase  the  efficiency  of  col- 
lecting necessary  field  data  are  proposed,  such  as: 
(1)  Conducting  a  field  program  driven  by  the 
needs  of  the  engineering  design  program;  (2)  Ex- 
hausting all  available  site  data  before  collecting 
new  site  data;  and  (3)  Conducting  less  intrusive 
studies  which  do  not  disturb  the  site.  Remote  sens- 
ing data  and  searches  of  site  records  will  allow  a 
fairly  accurate  assessment  of  site  problems  with  an 
initial  indication  of  possible  remedial  options.  In 
addition  to  remote  sensing  and  surface  geophysics, 
on-site  chemical  analytic  techniques  are  being  used 
increasingly  as  field  screening  techniques.   Field 


screening  techniques  provide  information  which 
streamlines  data  collection  efforts  by  optimizing 
the  use  of  intrusive  techniques  (soil  boring  and 
monitoring  wells),  and  the  number  of  samples  sent 
to  the  laboratory  for  confirmatory  chemical  analy- 
sis. The  ability  to  conduct  site  characterizations 
rapidly  and  provide  necessary  base-line  data  for 
remedial  action  engineering  is  enhanced  by  the  use 
of  less  intrusive  field  techniques.  Further,  by  con- 
ducting field  studies  in  a  support  role  to  the  reme- 
dial engineering,  the  efficiency  of  the  total  project 
operation  is  maintained  and  costs  are  minimized. 
(See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05246 


ONSITE  ANALYTICAL  SCREENING  OF  GAS- 
OLINE CONTAMINATED  MEDIA  USING  A 
JAR  HEADSPACE  PROCEDURE. 

Massachusetts  Dept.  of  Environmental  Quality  En- 
gineering, Woburn.  Div.  of  Hazardous  Waste. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05247 


STABILIZED  PETROLEUM  WASTE  INTERAC- 
TION WITH  SILTY  CLAY  SUBGRADE. 

Drexel  Univ.,  Philadelphia,  PA.  Dept.  of  Civil 
Engineering. 

J.  P.  Martin,  F.  J.  Biehl,  and  W.  T.  Robinson. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  177-197,  8 
fig,  2  tab,  14  ref. 

Descriptors:  'Water  pollution  prevention,  'Soil 
contamination,  'Petroleum  products,  'Oil  pollu- 
tion, 'Silt,  'Clay,  'Path  of  pollutants,  'Waste  dis- 
posal, Soil  properties,  Waste  management,  Hydro- 
gen ion  concentration,  Hydrocarbons,  Capillary 
conductivity,  Infiltration,  Groundwater  move- 
ment, Geohydrology,  Diffusion. 

A  technique  has  been  developed  to  improve  the 
on-site  storage  or  disposal  of  hydrocarbon  refining 
wastes  that  have  little  prospect  of  future  reprocess- 
ing or  feasibility  for  destructive  (mineralization) 
treatment.  The  three  basic  controls  on  contaminant 
release  from  subsurface  waste  deposits  or  spill  re- 
siduals are  the:  (1)  prevention  of  mobility,  (2)  re- 
striction of  transport,  and  (3)  control  of  potential 
gradients.  Focus  during  the  stabilization  process 
itself  is  on  the  first  two.  The  technique  employed  is 
to:  recycle  some  of  the  wastes-the  spent  clay;  and 
to  mechanically,  chemically,  and  hydraulically  sta- 
bilize the  other  waste-acid  hydrocarbon  sludge.  It 
is  also  necessary  to  control  the  pH  and  provide  a 
pozzolanic  cementing  for  the  clay  structure.  The 
result  is  not  unlike  the  entrapment  of  hydrocarbons 
in  an  adsorptive,  very  fine  grained  matrix-a  micro- 
encapsulation. Movement  from  such  a  condition  is 
restricted,  but  is  certainly  possible.  A  number  of 
potential  mechanisms  of  dissolved  contaminant 
transport  were  identified.  Four  involved  hydraulic 
gradients  (capillary  and  consolidation  drainage, 
and  infiltration  and  groundwater  seepage).  Capil- 
lary and  consolidation  drainage  are  expected  to  be 
important  only  during  the  first  few  years  after 
deposition,  while  the  risk  of  groundwater  contami- 
nation is  a  key  long-term  threat.  Another  mecha- 
nism of  release  is  molecular  diffusion  which  can 
only  be  limited  indirectly,  by  emphasizing  contami- 
nant fixation  and  liner  thickening  to  reduce  the 
concentration  gradient.  It  was  also  demonstrated 
that  the  liner  displayed  significant  capacity  for 
development  for  contaminant  attenuation  as  well 
as  providing  a  reasonably  stable  hydraulic  barrier. 
(See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05251 


ENHANCED  BIOREMEDIATION  TECH- 
NIQUES FOR  IN  SITU  AND  ONSITE  TREAT- 
MENT OF  PETROLEUM  CONTAMINATED 
SOD^S  AND  GROUNDWATER. 

C.A.A.  Bioremediation  Systems,  Boston,  MA. 
S.  Fogel,  M.  Findlay,  and  A.  Moore. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,     Analytical     Methodologies.     Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  201-209,  5 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Water  Quality  Control — Group  5G 


fig,  1  ref. 

Descriptors:  *Water  pollution  treatment,  'Site  re- 
mediation, *Bioremediation,  *In  situ  treatment, 
On-site  investigation,  Petroleum  production,  'Oil 
pollution,  'Groundwater  pollution,  *Soil  contami- 
nation, 'Biodegradation,  Cleanup  operations,  Mon- 
itoring, Organic  compounds,  Soil  bacteria, 
Oxygen,  Nutrients,  Hydrocarbons,  Biological 
treatment. 

Bioremediation  is  a  process  by  which  organic  con- 
taminants are  destroyed  by  the  action  of  soil  bacte- 
ria. Since  the  constituents  of  petroleum  products 
are  naturally  occurring  chemicals,  soil  bacteria  ca- 
pable of  degrading  them  are  relatively  ubiquitous. 
Bioremediation  can  be  carried  out  in  situ  for  satu- 
rated soils  located  below  the  water  table.  Unsatu- 
rated soils  can  also  be  treated  in  situ  or  on-site.  The 
same  principles  are  involved,  but  the  methods  of 
delivering  oxygen  and  mineral  nutrients  differ.  Bio- 
degradation in  place  is  a  faster  and  less  costly 
method  for  the  treatment  of  contaminated  soil 
below  the  water  table.  In  this  approach,  the 
oxygen  and  mineral  nutrients  are  delivered  to  the 
contaminated  area  so  that  the  bacteria  can  degrade 
the  dissolved,  adsorbed  and  trapped  hydrocarbons 
in  place.  The  delivery  of  the  nutrients  is  accom- 
plished by  dissolving  them  in  groundwater  that  is 
recirculated  through  the  contaminated  area  and 
reinjected  up-gradient  using  wells  or  trenches.  Soil 
which  is  contaminated  by  petroleum  hydrocarbons 
may  be  excavated  from  a  spill  site,  either  to  pre- 
vent further  contamination  of  underlying  strata  or 
to  permit  excavation  of  a  leaking  tank.  Such  soil 
has  traditionally  been  hauled  to  a  disposal  site  and 
replaced  with  clean  backfill.  Recently,  the  cost  of 
soil  disposal  has  risen  sharply,  making  biological 
treatment  a  cost  effective  alternative.  Furthermore, 
biological  treatment  results  in  the  destruction  of 
the  contamination  and  the  elimination  of  future 
liability.  (See  also  W91-05236)  (Lantz-PTT) 
W91-05252 


BIODEGRADATION  OF  DISSOLVED  ARO- 
MATIC HYDROCARBONS  IN  GASOLINE- 
CONTAMINATED  GROUNDWATERS  USING 
DENITRD7ICATION. 

San  Diego  State  Univ.,  CA.  Graduate  School  of 
Public  Health. 

R.  M.  Gersberg,  W.  J.  Dawsey,  and  H.  F. 
Ridge  way. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  211-217,  2 
fig,  3  tab,  8  ref. 

Descriptors:  *Water  pollution  treatment,  ♦Biode- 
gradation, *Aromatic  compounds,  'Hydrocarbons, 
•Groundwater  pollution,  'Denitrification,  'Clean- 
up  operations,  Biological  treatment,  Hydrogen  per- 
oxide, Aquifers,  Microbial  degradation,  Benzenes, 
Toluene,  Xylenes,  Organic  compounds,  Nitrates. 

The  biodegradation  of  benzene,  toluene,  and 
xylene  (BTX)  in  gasoline-contaminated  ground- 
water was  investigated  in  the  laboratory  both  aero- 
bically  (using  hydrogen  peroxide)  and  also  under 
anoxic  conditions  with  nitrate  serving  as  the  princi- 
pal electron  acceptor.  Aerobic  loss  rates  for  mon- 
oaromatics  can  be  very  rapid  when  peroxide  distri- 
bution (and  subsequent  breakdown  to  02)  is  uni- 
form. The  difficulty  of  distributing  H202  uniform- 
ly throughout  an  aquifer  and  also  controlling  its 
decomposition  in  the  subsurface  environment 
makes  an  extrapolation  of  experimental  laboratory 
data  results  to  actual  field-scale  situation,  problem- 
atic. Data  presented  show  that  the  microorganisms 
in  groundwaters  have  the  ability  to  degrade  BTX 
under  anoxic  (denitrifying)  as  well  as  aerobic  con- 
ditions. The  ability  of  phosphorus  to  enhance  such 
activity  is  demonstrated.  Rates  of  BTX  loss  under 
denitrifying  conditions  are  high  enough  to  suggest 
that  the  addition  of  nitrate  to  BTX-contaminated 
groundwaters  may  prove  to  be  a  cost-effective 
alternative  to  conventional  aerobic  processes  for 
the  bioremediation  of  aquifers  contaminated  with 
monoaromatic  hydrocarbons.  (See  also  W91- 
05236)  (Lantz-PTT) 
W91-05253 


BIOREMEDIATION  OF  PETROLEUM  CON- 
TAMINATED SOILS  USING  A  MICROBIAL 
CONSORTIA  AS  INOCULUM. 

Solmar  Corp.,  Orange,  CA. 
B.  A.  Molnaa,  and  R.  B.  Grubbs. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  219-232,  4 
fig,  2  tab,  14  ref. 

Descriptors:  *Site  remediation,  'Water  pollutio 
treatment,  *Bioremediation,  *Petroleum  products, 
•Soil  contamination,  *Microbial  degradation, 
•Cleanup  operations,  Waste  disposal,  Oil  pollution, 
Hydrocarbons,  Biological  treatment,  'Biodegrada- 
tion, California. 

Several  innovative  and  successful  bioremediation 
programs  have  been  conducted  in  conjunction 
with  various  environmental  engineering  firms  and 
remediation  contractors.  Bioremediation  was  se- 
lected to  clean  up  an  abandoned  refinery  site  in 
southern  California.  The  initial  contamination  site 
ranged  from  a  low  of  1,500  ppm  to  a  high  of  30,000 
ppm.  The  site  was  sectioned  off  into  several  treat- 
ment zones  and  a  bioremediation  was  begun.  The 
treatment  was  conducted  over  a  period  of  6 
months  and  the  entire  area  was  certified  as  cleaned 
within  one  year.  The  City  of  Carson  condemned  a 
site  that  had  been  used  as  a  petrochemical  tank 
storage  tank  and  salvage  operation.  A  bioaugmen- 
tation  program  was  elected  to  clean  up  the  site. 
The  cost  of  the  cleanup  was  less  than  $132,000. 
The  price  for  hauling  away  the  contaminated  soil 
for  proper  disposal  was  estimated  to  have  been  2 
million  dollars-a  considerable  savings.  Bioreme- 
diation was  the  method  of  treatment  opted  for,  to 
treat  1500  cu  yd  of  diesel-contaminated  soil  at  the 
former  King's  Truck  Stop  in  Sacramento,  Califor- 
nia. The  project  reduced  the  diesel  contaminated 
levels  from  3000  ppm  to  <  30  ppm  in  approximate- 
ly 62  treatment  days.  Similar  cases  are  presented 
showing  the  cost  effectiveness  and  ieliability  of 
bioremediation  are  presented.  (See  also  W91- 
05236)  (Lantz-PTT) 
W9 1-05254 


CUTOFF  WALLS  TO  CONTAIN  PETROLEUM 
CONTAMINATED  SOILS. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-05255 


THERMAL  DESORPTION  OF  HAZARDOUS 
AND  TOXIC  ORGANIC  COMPOUNDS  FROM 
SOIL  MATRICES. 

C.  P.  Varuntanya,  M.  Hornsby,  A.  Chemburkar, 
and  J.  W.  Bozzelli. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  251-265,  12 
fig,  6  tab,  1 1  ref. 

Descriptors:  *Superfund,  *Cleanup  operations, 
•Hazardous  wastes,  'Organic  compounds,  'Soil 
contamination,  Thermal  properties,  Dioxin,  Chlor- 
inated hydrocarbons,  'Site  remediation,  Inciner- 
ation. 

Thermal  desorption  of  soil  matrices  contaminated 
with  organic  compounds  (compounds  such  as 
chlorinated  dioxins  not  yet  tested)  is  the  method  of 
choice  when  considering  remediation  of  hazardous 
waste  sites.  Moderate  desorption  over  tempera- 
tures, in  the  vicinity  of  the  boiling  point  of  the 
target  compound,  can  be  suitable  for  reducing  con- 
centrations to  acceptable  levels.  The  moderate 
temperature  requirements  can  be  equated  to  mod- 
erate energy  inputs  and  costs.  Cost  is  a  major 
criteria  in  the  selection  of  a  remedial  technology. 
Modified  conventional  equipment  such  as  rotary 
kilns,  asphalt  kilns,  or  incinerators  operated  at 
lower  than  normal  temperatures  may  be  used  in 
scaled  up  operations.  This  will  serve  to  further 
lower  costs.  Thermal  desorption  also  satisfies  two 
EPA  policies  established  in  the  1986  Superfund 
Amendments  and  Reauthorization  Act  (SARA): 
on-site   treatment   and   permanent   solutions.   The 


thermal  desorption  system  could  be  portable  and 
transported  to  a  site,  then  removed  when  the  soil 
has  been  processed.  Desorption  can  be  a  part  of  a 
permanent  solution.  Once  the  vapors  have  been 
desorbed,  they  could  be  incinerated  in  an  after- 
burner, thus  reducing  long-term  risks  and  liabil- 
ities. (See  also  W91-05236)  (Lantz-PTT) 
W9 1-05256 


HOT  MIX  ASPHALT  TECHNOLOGY  AND 
THE  CLEANING  OF  CONTAMINATED  SOIL. 

Brox  (George),  Inc.,  Dracut,  MA. 
R.  C.  Czarnecki. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  267-277,  5 
fig,  3  tab. 

Descriptors:  'Soil  contamination,  'Cleanup  oper- 
ations, 'Site  remediation,  'Hot  mix  asphalt,  'Incin- 
eration, Soil  treatment,  Soil  properties,  Particle 
size,  Clay,  Sand. 

Processing  contaminated  soil  in  a  Hot  Mix  Asphalt 
(HMA)  facility  has  many  advantages:  (1)  The  in- 
cineration technology  required  is  related  to  HMA 
technology,  (2)  Capital  investment  is  in  place  with 
only  modifications  required;  (3)  Decontaminated 
soil  can  be  incorporated  into  HMA;  (4)  Small 
quantities  of  soil  can  be  processed  economically 
(large  quantities  or  continuous  runs  are  not  neces- 
sary); (5)  With  over  5000  HMA  plants,  a  plant 
should  be  near  the  product,  and  thereby  lower 
freight  costs,  and  (6)  No  continuing  liability  for  the 
generator.  Not  all  soils  are  suitable  for  recycling 
into  HMA,  owing  to  clay  content  and  particle  size. 
High  clay  content  is  objectional  because  it  reduces 
the  overall  strength  of  HMA.  Soils  with  high 
content  (20%)  of  any  minus  200  mesh  material  may 
also  deteriorate  when  incorporated  into  HMA  by 
contributing  to  potential  stripping  problems.  An 
average  HMA  composition  contains  60%  coarse 
aggregate,  40%  fine  aggregate  (sand),  and  5.5% 
liquid  asphalt.  The  total  acceptable  minus  200  mesh 
material  in  the  end  product  is  approximately  6%. 
(See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05257 


REMOVING  PETROLEUM  PRODUCTS  FROM 
SOILS  WITH  OZONE,  ULTRAVIOLET,  UL- 
TRASONICS, AND  ULTRAPURE  WATER. 

Excalibur  Enterprises,  Inc.,  New  York. 
L.  Boeve. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  279-282,  2 
fig- 
Descriptors:  'Water  pollution  treatment,  'Petrole- 
um products,  'Soil  contamination,  'Cleanup  oper- 
ations, 'Ozone,  'Ultraviolet  radiation,  'Ultrason- 
ics, 'Ultrapure  water,  'Site  remediation,  Chemical 
treatment,  Organic  compounds,  Polychlorinated 
biphenyls,  Phenols,  Benzene,  Cyanide. 

An  effective  and  economical  system  has  been  de- 
veloped to  purify  air,  water,  and  inert  materials, 
including  soils  and  sediments.  The  OUUU  process 
utilizes  ozone,  ultraviolet,  ultrasonics,  and  ultra- 
pure  water  to  remove  and  destroy  contaminants. 
The  OUUU  process  is  a  two  stage  system  in  which 
the  contaminants  are  first  removed  from  the  soil 
with  ultrapure  water  as  the  solvent,  and  then  the 
aqueous  solution  is  treated  to  convert  the  contami- 
nants into  C02,  H20  and  harmless  salts.  The  proc- 
ess requires  no  incineration,  landfilling  or  chemi- 
cals, is  portable,  and  can  be  operated  on-site.  The 
OUUU  process  has  been  used  to  remove  a  number 
of  organic  contaminants  including  polychlorinated 
biphenyls  (PCBs),  pentachlorophenols  (PCPs), 
2,4,5-trichlorophenols  (TCPs),  benzene  and  cya- 
nide from  water  and  inert  materials  such  as  wood, 
paper,  metals,  and  resins.  The  size  of  the  systems 
ranged  from  one  cubic  foot  per  hour  of  inert 
material  with  a  water  flow  rate  of  one  gallon  per 
minute,  to  27  cubic  yards  per  hour  with  a  water 
flow  rate  of  50  gal/min.  (See  also  W9 1-05236) 
(Lantz-PTT) 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5G — Water  Quality  Control 


W9 1-05258 


CLEANUP  OF  A  GASOLINE  CONTAMINATED 
SITE  USING  VACUUM  EXTRACTION  TECH- 
NOLOGY. 

Terra  Vac,  Inc.,  Princeton,  NJ. 
J.  J.  Malot. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  283-301,  8 
fig,  5  tab,  3  ref. 

Descriptors:  'Groundwater  pollution,  *Water  pol- 
lution treatment,  Vadose  zone,  Leakage,  Pipelines, 
•Cleanup  operations,  *Gasoline,  'Vacuum  extrac- 
tion, Petroleum  products,  'Site  remediation,  Hy- 
drocarbons, Benzenes,  Toluene,  Xylenes,  Organic 
compounds. 

Based  on  the  results  of  a  pilot  test,  The  Terra  Vac 
Vacuum  Extraction  Process  has  been  found  to  be 
effective  in  cleaning  up  the  residual  hydrocarbons 
beneath  the  Belleview  site  in  Florida,  where  resi- 
dents complained  that  water  the  municipal  well 
field  had  an  objectionable  taste  and  odor.  Testing 
of  subsoils  indicated  elevated  levels  of  gasoline 
hydrocarbons  above  a  clay  layer  occurring  at 
depths  of  1 5  to  20  ft  that  are  spread  at  least  50  feet 
from  the  source  area  of  a  leaky  pipeline.  In  addi- 
tion, high  levels  of  benzene,  toluene,  and  xylenes 
(BTX)  were  observed  near  the  water  table.  Rates 
of  extraction  of  hydrocarbons  from  the  subsoils 
using  the  vacuum  extraction  process  reached  a 
maximum  of  2000  lb/day.  More  than  22,000  lb 
(2750  gal)  of  gasoline  hydrocarbons  were  recov- 
ered during  the  pilot  test  and  subsequent  vacuum 
extraction  operations.  As  a  result  of  vacuum  ex- 
traction operations,  hydrocarbon  concentrations  in 
the  groundwater  aquifer  have  been  reduced  signifi- 
cantly. The  vacuum  process  operated  a  total  of  150 
days  over  a  period  of  seven  months  and  achieved 
significant  reductions  of  hydrocarbons  within  the 
vadose  zone.  Soil  concentrations  were  reduced 
from  initial  levels  of  about  30  ppm  to  levels  rang- 
ing from  less  than  1  ppm  benzene.  Comparison 
with  cleanup  objectives  for  the  site  indicated  that 
within  the  radius  of  influence  of  the  vacuum 
system,  soil  decontamination  had  been  achieved. 
(See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05259 


USING  SOIL  VAPOR  CONTAMINANT  AS- 
SESSMENT AT  HYDROCARBON  CONTAMI- 
NATED SITES. 

EA  Engineering,  Science,  and  Technology,  Inc., 
Symrna,  GA. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05260 


ASSESSMENT  AND  REMEDIATION  OF  RESI- 
DENTIAL PROPERTIES  CONTAMINATED 
WITH  HOME  HEATING  OIL:  CASE  STUDIES. 

Haley  and  Aldrich,  Inc.,  Cambridge,  MA. 
R.  W.  Wilhelm,  and  R.  J.  Bouchard. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  329-346,  2 
fig,  3  tab. 

Descriptors:  'Risk  assessment,  'Site  remediation, 
•Oil  pollution,  'Case  studies,  'Path  of  pollutants, 
•Soil  contamination,  Leakage,  Storage  tanks, 
Cleanup  operations,  Costs,  Economic  aspects,  Reg- 
ulations, Standards,  Public  policy,  Insurance, 
Groundwater  pollution,  Massachusetts. 

Three  case  studies  are  presented  which  exhibit 
some  of  the  complexities  encountered  when  faced 
with  the  restoration  of  a  residential  property  fol- 
lowing a  release  of  home  heating  oil.  Some  of  the 
problems  addressed  relative  to  cleanup  are:  (1) 
Physical  constraints-relatively  small  work  areas 
often  limited  by  the  living  space  itself,  (2)  Costs  of 
investigations  and  remedial  work-completely 
borne  by  the  homeowner,  and  limited  through 
property  value  or  limits  set  by  the  insurance 
policy,  (3)  Time-the  time  needed  to  temporarily 
relocate  families  while  restoration  takes  place,  and 


for  dealing  with  adverse  weather  conditions,  (4) 
Regulatory  Involvement-the  imposition  of  stand- 
ards and  policies  designed  for  larger  commercial 
and  industrial  sites.  Another  problem  which  must 
be  dealt  with  is  the  homeowner's  insurance  policy. 
A  typical  policy  excludes  environmental  impair- 
ment, and  is  restricted  to  replacement  value  of  the 
structure  and  contents,  and  not  the  resultant  con- 
taminated soil  or  groundwater  beneath  it.  In  the 
three  cases  reviewed,  each  residence  possessed  an 
above  ground  tank.  The  potential  for  leaks  and 
spills  in  this  situation  is  usually  due  to  sudden  and 
accidental  causes,  as  opposed  to  the  gradual  loss  of 
product  typically  associated  with  underground 
storage  tanks.  Preferred  engineering  options  for 
the  restoration  of  the  residential  property  versus 
the  undesirable  alternative  of  demolition,  are  re- 
viewed relative  to  the  magnitude  of  the  fuel  oil 
released  under  the  structure.  The  assessment  tech- 
niques and  remedial  actions  presented  were  per- 
formed at  residential  properties  located  in  contrast- 
ing geohydrologic  and  urban  settings  in  southeast- 
ern Massachusetts.  (See  also  W91-05236)  (Lantz- 
PTT) 
W9 1-05262 


OVERVIEW  AND  SUGGESTED  METHODOL- 
OGY TO  DETERMINE  THE  ADEQUACY  OF 
CLEANUP  OF  CONTAMINATED  SOILS. 

Environmental  Protection  Systems,  Inc.,  Fairlawn, 
NJ. 

F.  N.  Rubel,  B.  J.  Burgher,  and  E.  C.  McGriff. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  409-416,  4 
fig,  1  tab,  14  ref. 

Descriptors:  'Cleanup  operations,  *Soil  contami- 
nation, 'Performance  evaluation,  'Oil  pollution, 
•Management  planning,  Petroleum  products,  Poly- 
cyclic  aromatic  hydrocarbons,  Standards,  Regula- 
tions. 

Guideposts  exist  for  selecting  the  level  of  cleanup 
of  oil  contaminated  soils;  with  few  exceptions  this 
remains  a  case  by  case  determination.  The  use  of 
comparative  data  on  the  presence  of  oil  and  its 
constituents  in  the  environment  should  be  consid- 
ered in  setting  any  firm  standard  or  site-specific 
cleanup  level.  An  environmentally  important  com- 
ponent of  oil  is  the  class  of  compounds  identified  as 
polynuclear  aromatic  hydrocarbons.  They  include 
carcinogens,  and  therefore  represent  a  significant 
subset  of  data  to  focus  on  when  setting  a  desired 
cleanup  level  for  petroleum  contaminated  soil. 
Regulatory  agencies  should  establish  an  agreed- 
upon  risk  assessment  model  for  oil  contaminated 
soils.  To  date,  a  conceptual  hierarchy  of  cleanup 
criteria,  in  the  shape  of  a  pyramid,  based  on  the 
concentration  of  oil  in  the  soil,  has  been  developed. 
The  highest  concentration  (the  base  of  the  hierar- 
chy of  cleanup)  will  lend  itself  to  visual  criteria, 
while  the  lowest  concentration  (at  the  peak)  will 
be  subject  to  health  risk  criteria.  (See  also  W91- 
05236)  (Lantz-PTT) 
W9 1-05263 


TOWARD  ECONOMICALLY  EFFICIENT 
MANAGEMENT  OF  UNDERGROUND  STOR- 
AGE TANKS:  A  RISK-BASED  APPROACH. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA. 
B.  H.  Metzger. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  417-450,  14 
fig,  7  tab,  16  ref. 

Descriptors:  'Water  pollution  prevention, 
'Groundwater  pollution,  'Economic  aspects,  'Un- 
derground storage  tanks,  Risk  assessment,  Classifi- 
cation, Costs,  Model  studies. 

Algorithms  were  developed  for  rapid,  sufficiently 
accurate,  and  inexpensive  classification,  assessment 
and  ranking  of  underground  storage  tanks  (UST) 
sites,  with  a  conceptual  framework  for  identifying 
the  best  groundwater  protective  action  for  any 
given  site.  These  algorithms  have  not  been  tested 
yet  under  field  conditions,  and  the  mechanism  for 


prescribing  action  has  to  be  fully  developed  and 
calibrated  using  field  data.  Therefore  a  number  of 
tasks  have  been  identified  and  proposed  which 
warrant  further  work  before  a  risk-based  policy 
can  be  formulated.  There  may  be  500,000  UST 
sites  in  the  US  (23,000  in  Illinois)  with  an  average 
age  of  over  14  years.  Most  of  the  tanks  are  of 
unprotected  bare  steel  construction  and,  according 
to  national  statistics,  10%  or  more  may  be  leaking 
at  this  time.  A  large  fraction  of  them  are  installed 
in  urban  areas,  posing  safety  threats  and  fire  and 
explosion  hazards,  and  affecting  environment  and 
land  values.  The  US  EPA  favors  a  uniform  techni- 
cal standard  for  all  UST  sites,  regardless  of  site 
risk.  The  agency,  in  an  economic  model,  assumes 
corrective  action  costs  never  to  exceed  $388,000  at 
any  site.  This  contradicts  empirical  evidence  which 
suggests  that  in  5%  to  10%  of  sites,  corrective 
action  can  cost  $1  million.  (See  also  W9 1-05236) 
(Lantz-PTT) 
W9 1-05264 


CALIFORNIA  LEAKING  UNDERGROUND 
FUEL  TANK  FIELD  MANUAL:  A  GUIDANCE 
DOCUMENT  FOR  ASSESSMENT  OF  UNDER- 
GROUND FUEL  LEAKS. 

Orange  County  Health  Care  Agency,  Santa  Ana, 
CA. 

S.  J.  Daugherty. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  453-469,  2 
fig,  7  tab,  8  ref. 

Descriptors:  'California,  'Water  pollution  sources, 
•Manuals,  *Underground  storage  tanks,  'Data  in- 
terpretation, 'Path  of  pollutants,  'Soil  contamina- 
tion, Petroleum  products,  Groundwater  pollution, 
Risk  assessment. 

An  effort  to  develop  more  consistent,  systematic, 
and  defensible  procedures  to  assess  the  significance 
of  soil  contamination  from  underground  fuel  tanks, 
and  its  relationship  to  potential  groundwater  pollu- 
tion, was  initiated  in  California  in  October  1985.  A 
result  of  this  is  the  California  Leaking  Under- 
ground Fuel  Tank  (LUFT)  Field  Manual.  The 
LUFT  Field  Manual  procedures  are  directed 
toward  site  specific  risk  assessment  and  risk  man- 
agement. The  manual  is  a  nonmandated,  nonexclu- 
sive technical  guidance  tool  that  uses  a  stepwise 
screening  procedure  to  assess  sites  for  regulatory 
purposes.  LUFT  procedures  are  applicable  only  to 
contamination  from  underground  fuel  tanks  and 
focus  on  the  ingestion  (via  groundwater)  exposure 
pathway.  The  methodology  is  limited  to  gasoline 
and  diesel  fuel,  and  develops  procedures  that  result 
in  numerical  cleanup  levels.  From  a  local  agency 
viewpoint,  the  LUFT  document  can  be  considered 
an  attempt  to  better  define  'significant  soil  contami- 
nation'. (See  also  W91-05236)  (Lantz-PTT) 
W9 1-05265 


LETTING  THE  SLEEPING  DOG  LH£:  A  CASE 
STUDY  IN  THE  NO-ACTION  REMEDIATION 
ALTERNATIVE  FOR  PETROLEUM  CON- 
TAMINATED SOILS. 

Bank  of  America  Environmental  Services,  Orange, 
CA. 

E.  C.  Henry,  and  M.  E.  F.  Hansen. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  471-483,  4 
fig,  2  tab,  5  ref. 

Descriptors:  'Fate  of  pollutants,  'Biodegradation, 
•Case  studies,  'Site  remediation,  'Soil  contamina- 
tions 'Petroleum  products,  Cleanup  operations, 
Geohydrology,  Soil  properties,  Underground  stor- 
age tanks,  Waste  disposal,  Hydrocarbons,  Oil  pol- 
lution, Path  of  pollutants. 

In  selected  circumstances  where  geological  and 
hydrological  conditions  are  favorable,  a  'no  action 
remediation'  may  be  considered  the  appropriate 
alternative  to  the  cleanup  of  petroleum  contami- 
nated soils.  A  case  study  presents  the  rationale  for 
leaving  some  petroleum  contaminated  soil  in  place 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Water  Quality  Control — Group  5G 


and  untreated,  based  on  the  understanding  of  site 
conditions  and  potential  impacts  as  drawn  from 
environmental  investigations  performed  at  the  site. 
Three  8,000  gallon  steel  tanks  were  excavated. 
During  removal  it  was  observed  that  the  tank 
backfill  soils  exhibited  a  strong  gasoline  odor.  Soils 
were  removed  and  stockpiled.  Fuel  hydrocarbons 
in  the  soils  appeared  to  be  from  spilling  during 
overfillage.  Six  soil  samples  were  retained  and 
analyzed  and  the  presence  of  hydrocarbons  was 
detected.  A  fate  and  transport  study  was  undertak- 
en to  estimate  the  history  of  the  hydrocarbons  over 
time  if  left  in  place.  The  hydrocarbons  which 
remain  in  the  soils  are  expected  to  biodegrade  over 
time  by  naturally  bacterial  metabolism.  Since  hy- 
drocarbons occur  within  the  unsaturated  zone  well 
above  the  water  table,  they  will  be  subject  to  long- 
term  aerobic  conditions  and  are  expected  to  dimin- 
ish in  concentration  over  time.  (See  also  W91- 
05236)  (Lantz-PTT) 
W9 1-05266 


COUNCIL  FOR  HEALTH  AND  ENVIRON- 
MENTAL SAFETY  OF  SOILS  (CHESS):  A  COA- 
LITION TO  STANDARDIZE  APPROACHES 
TO  SOIL  CONTAMINATION  PROBLEMS. 

Massachusetts  Univ.,  Amherst.  Environmental  and 
Health  Sciences  Program. 
P.  T.  Kostecki,  and  E.  J.  Calabrese. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  485-495,  4 
fig- 

Descriptors:  *Soil  contamination,  'Council  for 
Health  and  Environmental  Safety  of  Soils,  •Institu- 
tions, Standards,  Risk  assessment,  'Site  remedi- 
ation, Information  exchange,  Decision  making. 

The  International  Society  of  Regulatory  Toxicol- 
ogy and  Pharmacology  created  for  the  Council  for 
Health  and  Environmental  Safety  of  Soils-CHESS 
has  as  its  goal  a  leadership  role  in  soil  contamina- 
tion issues  through:  (1)  providing  consensus  guide- 
lines on  analytical  techniques,  risk  assessment 
methodologies,  and  remediation  of  contaminated 
soils;  (2)  conducting  scientific  evaluations  and  anal- 
yses and  providing  recommendations;  (3)  provid- 
ing technical  information  transfer;  (4)  providing 
education  and  training  functions;  (5)  enhancing 
dialog  among  affected  groups.  The  ultimate  prod- 
uct of  CHESS  will  be  comprehensive  decision 
methodology  (tree)  which  will  be  applicable  to  all 
types  of  soil  contamination  sites.  The  methodology 
will  include  a  decision  making  frame  work  for  site 
specific  considerations  from  initial  analyses  to  final 
corrective  action.  (See  also  W9 1-05236)  (Lantz- 
PTT) 
W9 1-05267 


EFFECTS  OF  ALUM  TREATMENT  ON  PHOS- 
PHORUS DYNAMICS  AND  PHYTOPLANK- 
TON  RESPONSE  IN  EAU  GALLE  RESERVOIR, 
WISCONSIN. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

J.  W.  Barko,  W.  F.  James,  W.  D.  Taylor,  and  D. 

O.  McFarland. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

E-90-1,  September  1990.  Final  Report.  44p,  11  fig, 

4  tab,  67  ref,  append. 

Descriptors:  'Water  pollution  treatment,  'Lake 
restoration,  'Alum,  *Eau  Galle  Reservoir,  'Phos- 
phorus, 'Phytoplankton,  'Ecological  effects, 
'Limnology,  Wisconsin,  Water  quality,  Aluminum 
sulfate,  Ecosystems,  Productivity,  Water  chemis- 
try, Nutrients,  Hypolimnion,  Cyanophyta. 

The  hypolimnion  of  Eau  Galle  Reservoir,  Wiscon- 
sin, was  treated  with  aluminum  sulfate  (alum)  in 
1986  to  reduce  excessive  phytoplankton  produc- 
tion associated  with  high  phosphorus  loading  from 
anoxic,  profundal  sediments.  Prior  to  treatment, 
internal  total  phosphorus  (TP)  loading  was  3  to  6 
times  greater  than  external  TP  loading  during 
summer  stratification.  Periodic  increases  in  epilim- 
netic  TP  mass  and  chlorophyll-a  concentrations 
closely  corresponded  with  elevated  internal  TP. 


For  1  year  following  treatment,  internal  TP  load- 
ing and  concentrations  of  soluble  reactive  phos- 
phorus in  the  hypolimnion  were  substantially  re- 
duced. Abnormally  high  TP  loading  during  the 
stratified  period  of  1986  sustained  high  TP  mass 
and  chlorophyll  in  the  epilimnion.  During  the 
summer  of  1987,  effects  of  alum  treatment  on  inter- 
nal TP  loading  were  essentially  negated,  as  epilim- 
netic  TP  mass  and  chlorophyll  remained  un- 
changed from  pretreatment  years.  Following  alum 
treatment  in  1986,  phytoplankton  biomass  was  less 
than  half  that  occurring  during  the  previous  year; 
however,  it  was  not  significantly  different  from 
other  years.  Subsequent  to  several  years  of  codo- 
minance  with  blue-green  algae,  the  dinoflagellate 
Ceratium  hirundinella  assumed  singular  dominance 
in  1985.  With  the  exception  of  change  in  relative 
dominance  (maintained  through  1988),  the  phyto- 
plankton community  of  the  Eau  Galle  Reservoir 
has  been  remarkably  stable,  despite  effects  of 
winter  drawdown  in  1984,  alum  treatment  in  1986, 
and  climatic  (wet  versus  dry)  extremes  over  the  8- 
year  study  period.  Without  a  decrease  in  phospho- 
rus availability,  Ceratium  and  blue-green  algae  are 
likely  to  persist  as  codominants  during  the  summer 
in  this  system  for  many  years.  (Author's  abstract) 
W9 1-05271 


TRANSLATING  RESEARCH  INTO  PRACTICE: 
THE  DRINKING  WATER  INDUSTRY. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Drinking  Water  Research  Div. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05279 


CONTINUOUS  WATER  QUALITY  MONITOR- 
ING. 

South  Africa  Dept.  of  Water  Affairs,  Pretoria. 
Water  Pollution  Control  Directorate. 
P.  Van  Eeden,  and  H.  Myburgh. 
IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  46-47. 

Descriptors:  'Water  pollution  control,  'Water 
sampling,  'Measuring  instruments,  Conductivity, 
Temperature,  Control  systems,  Data  acquisition, 
'South  Africa,  'Monitoring,  'Automation,  Water 
quality  control,  Probes. 

The  need  for  a  more  rigorous  method  of  control  of 
the  quality  of  the  scarce  water  sources  in  the 
Republic  of  South  Africa,  prompted  the  Pollution 
Control  Directorate  of  the  Department  of  Water 
Affairs  to  explore  alternate  strategies  to  the  con- 
ventional 'grab'  sampling  technique.  A  prototype 
for  a  discrete  data  logger  capable  of  capturing 
conductivity  and  temperature  data  was  installed  in 
the  Hartbeespoort  Dam  catchment  in  December 
1981.  Each  unit  consisted  of  a  probe  in  the  stream 
connected  by  electric  cable  to  a  display  unit  and 
battery,  in  turn  connected  to  a  micro-processor 
(memory)  controlling  the  system  and  capturing 
data  every  30  minutes  onto  an  EPROM  (erasable 
programmable  read  only  memory).  The  reliability 
is  around  95%  (over  a  period  of  4  years)  and  error 
is  around  10%  (once  the  probe  has  been  stabilized 
in  the  river  system).  The  major  cost  factor  to 
obtain  one  reading  is  incurred  in  the  form  of  trav- 
elling expenses.  Equipment  depreciation  and  bat- 
tery replacement  is  minor.  Based  on  the  network 
being  operated,  the  cost  per  reading  is  under  lc. 
Distant  stations  using  their  own  field  staff,  and 
posting  the  EPROM's  to  the  Department's  central 
data  processing  facility,  operate  well  within  this 
figure.  (See  also  W91-05281)  (White-Reimer-PTT) 
W91-05287 


WATER  CONTENT-DENSITY  CRITERIA  FOR 
COMPACTED  SOIL  LINERS. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-05379 


ECONOMIC     DECISION-MAKING     FRAME- 
WORK   FOR    ANALYZING    ATMOSPHERIC 


DEPOSITION    IMPACTS    IN    EASTERN    U.S. 
FORESTS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Forestry. 
For  primary  bibliographic  entry  see  Field  6B. 
W91-05387 


MICROBIAL  TRANSFORMATION  OF  1,2-DI- 
BROMO-3-CHLOROPROPANE  (DBCP). 

Cornell  Univ.,  Ithaca,  NY.  Inst,  for  Comparative 

and  Environmental  Toxicology. 

R.  A.  Bloom,  and  M.  Alexander. 

Journal  of  Environmental  Quality  JEVQAA,  Vol. 

19,  No.  4,  p  722-726,  Oct-Dec  1990.  3  fig,  2  tab,  24 

ref.  NIH  Public  Health  Service  training  grant  ES- 

07052. 

Descriptors:  'Biodegradation,  'Biological  treat- 
ment, 'Bioremediation,  'Fate  of  pollutants,  'Mi- 
crobial degradation,  'Pesticides,  'Pseudomonas, 
•Water  pollution  treatment,  Culturing  techniques, 
Detoxification,  Groundwater  pollution,  Pesticides 
residues,  Soil  contamination. 

A  once  widely  used  nematicide  that  is  now 
banned,  l,2-dibromo-3-chloropropane  (DBCP), 
persists  in  groundwaters  and  is  a  significant  pollut- 
ant in  some  water  supplies.  A  study  was  conducted 
to  determine  whether  a  means  for  the  biodegrada- 
tion of  this  persistent  compound  could  be  devised. 
DBCP  was  not  converted  to  organic  products, 
halide,  or  C02  in  unamended  samples  of  soil,  sub- 
soil, subsoil  material,  or  groundwaters  in  60  d,  and 
no  microorganism  could  be  isolated  that  was  able 
to  use  the  compound  as  a  C  source  for  growth. 
However,  cell  suspensions  of  Pseudomonas  putida 
and  of  bacteria  grown  in  solutions  containing 
chlorinated  fatty  acids  or  3-chloro-l-propanol  co- 
metabolized  DBCP  in  the  presence  of  02  with  the 
formation  of  halide  but  not  C02.  Pseudomonas 
putida  had  the  greatest  activity.  DBCP  was  also 
converted  aerobically  to  organic  products  and 
C02  by  soil  suspensions  incubated  with  methane. 
The  compound  was  also  converted  anaerobically 
to  organic  products  but  not  C02  in  suspensions  of 
soil,  but  no  anaerobic  transformation  was  observed 
in  samples  of  groundwater  or  aquifer  solids.  These 
results  suggest  that  biological  treatment  may  be 
used  as  a  means  to  destroy  this  pollutant.  (Author's 
abstract) 
W9 1-05403 


ASPECTS   OF   TRANSPORT   PROCESSES   IN 
AGGREGATED  SOILS. 

Silsoe  Coll.  (England). 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05473 


MEASUREMENT  OF  OPERATOR  TRAINING 
BENEFITS. 

California  State  Univ.,  Sacramento.  Dept.  of  Civil 

Engineering. 

K.  D.  Kerri. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  1811-1816,  1991.  3  fig,  1  tab,  3  ref. 

Descriptors:  'Cost-benefit  analysis,  'Personnel 
management,  'Training,  'Wastewater  facilities, 
•Wastewater  treatment,  Education,  Employee 
training,  Facility  operation,  Operating  policies, 
Public  relations. 

Training  programs  can  be  very  helpful  in  assisting 
operators  to  prepare  for  and  pass  operator  certifi- 
cation examinations.  Operators  in  a  training  pro- 
gram perform  at  a  much  higher  level  than  opera- 
tors without  the  benefit  of  a  training  program. 
Benefits  from  operator  training  programs  need  to 
be  measured  to  justify  training  budgets.  Training 
benefits  can  be  measured  by  both  quantitative  and 
qualitative  procedures.  Actual  benefits  from  opera- 
tor training  programs  can  be  measured  in  terms  of 
money  saved  on  plant  operation  and  maintenance, 
improved  operator  performance  on  certification 
examinations,  better  quality  plant  effluents, 
achievement  of  optimum  chemical  dose  and  favor- 
able impressions  on  regulatory  agency  personnel. 
Benefits  from  training  also  affect  public  satisfac- 
tion, public  image,   protection  of  capital  invest- 
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ment,  compliance  with  regulations,  safety,  staff 
selection  and  promotion  and  operator  self-esteem. 
However,  trainers  need  to  identify  the  objectives 
of  a  training  program  before  they  can  develop 
means  of  measuring  benefits.  Wastewater  treatment 
plant  operators  can  be  expected  to  be  able  to: 
protect  the  environment  from  inadequately  treated 
wastewater;  keep  accurate  records;  maintain  equip- 
ment; adjust  and  calibrate  controls;  read  meters; 
repair  and  replace  broken  pipes;  perform  calcula- 
tions related  to  tank  volumes  and  waste  loadings; 
order  parts  and  tools;  collect  samples  and  perform 
laboratory  tests;  conduct  safety  inspections;  pre- 
pare written  reports;  and  pass  operator  certifica- 
tion or  licensing  exams.  (Mertz-PTT) 
W91-05508 


EFFECT  OF  STRIP  BED  ROUGHNESS  ON 
THE  REAERATION  RATE  COEFFICIENT. 

Sao  Paulo  Univ.,  Sao  Carlos  (Brazil).  Dept.  de 

Hidraulica  e  Saneamento. 

J.  R.  Bicudo,  and  M.  F.  Giorgetti. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  1929-1939,  1991.  7  fig,  2  tab,  19  ref. 

Fundacao  de  Amparo  a  Pesquisa  do  Estado  de  Sao 

Paulo  grants  88/2118-5  and  89/0037-0. 

Descriptors:  'Dissolved  oxygen,  *Instream  aer- 
ation, 'Receiving  waters,  'Wastewater  disposal, 
•Water  pollution  treatment,  Biodegradation,  Bio- 
logical oxygen  demand,  Organic  wastes,  Oxygen, 
Reaeration  coefficient. 

Stream  reaeration  is  the  physical  absorption  of 
oxygen  from  the  atmosphere  by  a  flowing  stream. 
This  is  recognized  as  the  main  process  by  which  a 
stream  replenishes  the  oxygen  consumed  during 
biodegradation  of  organic  wastes.  The  primary  use 
of  reaeration  rate  coefficients  is  in  the  quantifica- 
tion of  river  recovery  processes  by  dissolved 
oxygen-biological  oxygen  demand  water  quality 
models.  The  reaeration  coefficient  must  be  known 
accurately  if  the  dissolved  oxygen  resources  of  the 
stream  are  to  be  properly  managed.  Measurements 
were  taken  for  the  rate  of  atmospheric  reaeration 
in  open-channel  flow  under  different  conditions  of 
depth  and  bed  roughness.  A  2  to  the  k  factorial 
design  was  employed  for  the  estimation  of  both 
depth  and  bed  resistance  factor  effects  upon  stream 
reaeration.  Consistent  results  indicated  that  stream 
reaeration  is  primarily  controlled  by  water  shear, 
but  that  different  modes  of  instability  generated  by 
a  combination  of  depth  and  strip  roughness  levels 
might  prevail  for  different  boundary  roughness 
conditions,  and  as  a  consequence,  differently  affect 
the  reaeration  coefficient.  (Mertz-PTT) 
W9 1-05521 


ANALYSIS  OF  DEWATERING  CHARACTER- 
ISTICS OF  LAKE  AND  RIVER  SEDIMENTS. 

National    Chemical    Lab.    for    Industry,    Yatabe 

(Japan). 

S.  Tokunaga. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  1969-1978,  1991.  12  fig,  1  tab,  5  ref. 

Descriptors:  'Drying,  'Lake  sediments,  'Organic 
pollutants,  'River  sediments,  'Sediment  analysis, 
•Sedimentation  rates,  'Water  pollution  treatment, 
Dewatering,  Dredging,  Sediment  contamination, 
Sediments,  Water  pollution,  Water  quality  control. 

The  water  quality  of  enclosed  water  areas  such  as 
lakes,  bays,  and  inland  seas  is  strongly  affected  by 
the  sediments  on  the  bottom  containing  large 
amounts  of  pollutants.  At  present,  seriously  pollut- 
ed sediments  are  removed  from  the  water  area 
mainly  by  dredging  operations.  The  dredged  sedi- 
ments are  usually  transported  to  an  adjacent  recla- 
mation area  and  allowed  to  stand  in  order  to 
reduce  the  volume  of  the  sediment  mainly  by  grav- 
ity settling.  It  is  usually  very  difficult  to  remove 
water  from  sediments  since  they  strongly  hold 
water.  In  order  to  analyze  the  dewatering  charac- 
teristics of  sediments,  settling  and  filtration  tests 
were  made  on  25  types  of  freshwater  lake  and  river 
sediments.  Relationships  among  the  indexes  of  the 
dewatering  characteristics  and  effects  of  particle 
size  and  ignition  loss  on  the  dewatering  character- 
istics were  analyzed.  A  linear  correlation  existed 
between  the  initial  settling  rate  and  the  compres- 


sion volume.  Particle  size  showed  linear  correla- 
tions to  the  initial  settling  rate,  compression 
volume,  and  water  content  of  filter  cake,  indicating 
that  sediments  of  fine  particles  were  difficult  to  be 
dewatered.  Existence  of  organic  pollutants  strong- 
ly reduced  the  efficiency  of  gravity  settling.  By  the 
addition  of  NaCl,  the  initial  settling  rates  decreased 
down  to  56%  and  the  specific  resistances  de- 
creased down  to  35%  of  the  NaCl-free  sediments. 
(Mertz-PTT) 
W91-05525 


FATE  OF  MEVINPHOS  SPILL  AND  WATER 
QUALITY:  A  CASE  STUDY  FROM  LAKES  PEN 
MUNICIPAL  DUMP. 

Underground  Water  Authority,  Kingston  (Jamai- 
ca). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05659 


USEPA  POLLUTION  PREVENTION  RE- 
SEARCH PROGRAM. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Risk  Reduction  Engineering  Lab. 
H.  M.  Freeman. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  167-177. 

Descriptors:  'Administrative  agencies,  'Environ- 
mental protection,  'Federal  jurisdiction,  'Metal- 
finishing  wastes,  'Water  pollution  control,  'Water 
quality  management,  Air  pollution  control,  Envi- 
ronmental Protection  Agency,  Industrial  wastes, 
Local  governments,  Recycling,  Research  prior- 
ities, Waste  management,  Waste  reduction,  Water 
pollution  prevention. 

The  U.S.  EPA  pollution  prevention  program  being 
carried  out  by  the  Office  of  Research  and  Devel- 
opment was  discussed.  Six  fundamental  goals  of 
the  program  were  identified:  (1)  Stimulate  the  de- 
velopment and  use  of  products  that  result  in  re- 
duced pollution;  (2)  Stimulate  the  development  and 
implementation  of  technologies  and  processes  that 
result  in  reduced  pollution;  (3)  Expand  the  reusabi- 
lity and  recyclability  of  wastes  and  products  and 
the  demand  for  recycled  products;  (4)  Identify  and 
promote  the  implementation  of  effective  non-tech- 
nological approaches  to  pollution  prevention;  (5) 
Establish  a  program  of  research  that  will  anticipate 
and  address  future  environmental  problems  and 
pollution  prevention  opportunities;  and  (6)  Con- 
duct a  vigorous  technology  transfer  and  technical 
assistance  program.  In  fiscal  year  1989,  several 
major,  largely  extramural  programs  were  estab- 
lished within  the  Pollution  Prevention  Research 
Branch.  The  Waste  Reduction  Innovative  Tech- 
nology Evaluation  Program  (WRITE)  was  de- 
signed to  identify,  evaluate,  and/or  demonstrate 
the  use  of  innovative  engineering  and  scientific 
technologies  to  reduce  the  volume  and/or  toxicity 
of  wastes.  The  WRITE  Program  has  three  sub- 
programs: The  WRITE  Pilot  Program  with  State 
and  Local  Governments;  the  WRITE  Program 
with  Industry;  and  the  WRITE  Research  Program. 
The  Waste  Reduction  Evaluations  at  Federal  Sites 
Program  (WREAFS)  consists  of  a  series  of  demon- 
stration and  evaluation  cooperative  projects  be- 
tween USEPA  and  other  federal  agencies.  The 
Waste  Reduction  Assessments  Program  (WRAP) 
encourages  the  industrial  and  commercial  sector  to 
actively  seek  out  opportunities  to  reduce  the  gen- 
eration of  wastes.  Other  programs  include  the 
USEPA's  Pollution  Prevention  Information  Clear- 
inghouse (PPIC)  and  the  Waste  Reduction  Insti- 
tute for  Scientists  and  Engineers  (WRISE)  estab- 
lished in  cooperation  with  the  University  of  Cin- 
cinnati. A  list  of  sources  to  contact  for  more  infor- 
mation is  included.  (See  also  W9 1-05668)  (MacK- 
een-PTT) 
W9 1-05669 


DHS  WASTE  REDUCTION  PROGRAM. 

California  Dept.  of  Health  Services,  Sacramento. 
Toxic  Substances  Control  Div. 
K.  Wilhelm,  P.  Hadley,  D.  Hartley,  and  R. 
McCormick. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 


Ridge,  New  Jersey.  1990.  p  178-183. 

Descriptors:  'Administrative  agencies,  'California, 
•Environmental  protection,  'Metal-finishing 
wastes,  'Recycling,  'Waste  reduction,  'Water  pol- 
lution control,  Air  pollution  control,  Industrial 
wastes.  State  governments,  Waste  management, 
Water  pollution  prevention,  Water  quality  manage- 
ment. 

The  Waste  Reduction  Program  of  California  is 
located  in  the  Alternative  Technology  Section, 
Toxic  Substances  Control  Division,  Department  of 
Health  Services  (DHS).  The  program  comprises 
three  units:  the  Waste  Reduction  Unit;  the  Re- 
source Recovery  Unit;  and  the  Technology  Clear- 
inghouse Unit.  The  major  activities  undertaken  by 
the  Waste  Reduction  Unit  include  managing  the 
Department's  Hazardous  Waste  Reduction  Grants 
Program  and  contracting  for  waste  audit  studies  to 
assist  California's  smaller  businesses  in  reducing 
their  hazardous  wastes.  The  Resource  Recovery 
Unit  has  as  its  primary  focus  the  promotion  of 
recycling,  reuse  and  recovery  of  resources  that 
might  otherwise  be  lost  to  land  disposal.  The  ob- 
jective of  the  Technology  Clearinghouse  Unit  is  to 
provide  a  focal  point  for  the  generation  and  dis- 
semination of  technical  information  on  hazardous 
waste  reduction,  recycling  and  treatment  technol- 
ogies and  strategies.  Increasingly  more  stringent 
regulations,  escalating  treatment  and  disposal  costs, 
and  industry  trends  may  be  the  major  impetus  for 
industries  to  minimize  waste.  (See  also  W9 1-05668) 
(MacKeen-PTT) 
W9 1-05670 


DEVELOPING  THE  WASTE  REDUCTION  AS- 
SESSMENT MANUAL  (WRAM):  AN  AID  TO 
WASTE  REDUCTION. 

California  Dept.  of  Health  Services,  Sacramento. 
Alternative  Technology  Section. 
D.  Q.  Garza. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  184-188.  1  tab,  2  ref. 

Descriptors:  'California,  'Handbooks,  'Hazardous 
wastes,  'Industrial  wastes,  'Metal-finishing  wastes, 
'Waste  reduction,  'Water  pollution  control,  As- 
sessments, Economic  evaluation,  Recycling,  Waste 
management,  Water  pollution  prevention,  Water 
quality  management. 

A  Waste  Reduction  Assessment  Manual  (WRAM) 
was  developed  by  the  California  Department  of 
Health  Services.  The  WRAM  is  intended  to  give 
medium  and  small  shops  a  tool  for  evaluating  their 
operations  from  a  waste  reduction  perspective. 
The  checklist  is  organized  into  a  format  that  pro- 
vides descriptions  of  the  waste  reduction  options 
and  explanations  of  the  benefits  of  each  option. 
The  manual  gives  a  simple  procedure  for  evaluat- 
ing and  prioritizing  the  options  which  can  be  modi- 
fied to  fit  the  operations  of  a  particular  shop.  A 
simple  worksheet  is  included  to  allow  a  rough 
estimate  of  the  costs,  savings  and  payback  period 
of  a  waste  reduction  option.  It  is  concluded  that 
using  WRAMs  can  help  small  quantity  generators 
reduce  the  amount  of  hazardous  waste  they 
produce.  (See  also  W91-05668)  (MacKeen-PTT) 
W9 1-05671 


CALIFORNIA  LAND  BAN  OF  METAL-CON- 
TAINING AQUEOUS  WASTES. 

California  Dept.  of  Health  Services,  Sacramento. 
Alternative  Technology  Section. 
B.  W.  Lee. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  189-203.  1  fig,  4  tab,  38 
ref. 

Descriptors:  'California,  'Hazardous  wastes, 
•Land  disposal,  'Metal-finishing  wastes,  'Metals, 
•Regulations,  'Wastewater  treatment,  'Water  pol- 
lution control.  Administrative  agencies,  Chemical 
wastewater  treatment,  Chromium,  Industrial 
wastewater,  Legislation,  Standards. 
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The  Hazardous  Waste  Management  Act  of  1986 
requires  the  Department  of  Health  Services  to 
prohibit,  by  May  8,  1990,  the  land  disposal  of 
untreated  hazardous  wastes,  and  to  adopt  treat- 
ment standards  establishing  the  level  of  treatment 
required  prior  to  land  disposal.  Since  the  federal 
Resource  Conservation  and  Recovery  Act 
(RCRA)  wastes  are  subject  to  federal  treatment 
standards,  only  non-RCRA  wastes  were  consid- 
ered. Two  waste  treatability  groups  were  identi- 
fied, based  upon  the  fact  that  all  metals  except 
hexavalent  chromium  can  be  directly  precipitated 
and  removed  from  aqueous  media.  Two  major 
groups  of  demonstrated  technologies  for  aqueous 
wastes  with  metals  were  identified.  Chemical  pre- 
cipitation methods  include  lime  or  caustic  precipi- 
tation, sulfide  precipitation,  and  coprecipitation 
with  ferrous  sulfate,  ferrous  chloride  or  dithiocar- 
bamate.  Chemical  and  electrochemical  reduction 
methods  are  used  for  the  reduction  of  hexavalent 
chromium  to  the  trivalent  state.  Demonstrated  re- 
ducing agents  are  sodium  metabisulfite,  sulfur  diox- 
ide, ferrous  sulfide,  and  other  ferrous  ions.  The 
Department  of  Health  Services  of  California  has 
established  feasible  treatment  levels  for  13  regulat- 
ed metals.  An  immediate  effective  date  for  the 
proposed  treatment  standards  for  metal-containing 
aqueous  wastes  is  recommended,  based  on  a  find- 
ing that  there  is  sufficient  off-site  commercial  treat- 
ment capacity  in  California.  (See  also  W9 1-05668) 
(MacKeen-PTT) 
W9 1-05672 


IMPLEMENTATION  OF  A  HEAVY  METALS 
REDUCTION  PROGRAM  IN  THE  CITY  OF 
LOS  ANGELES. 

Los  Angeles  City  Bureau  of  Sanitation,  CA. 
P.  Costa,  and  B.  W.  Yohannes. 
IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  204-205. 

Descriptors:  "Heavy  metals,  'Los  Angeles, 
•Metal-finishing  wastes,  *Waste  management, 
•Waste  reduction,  'Wastewater,  *Water  pollution 
control,  Cadmium,  California,  Enforcement,  Haz- 
ardous wastes,  Industrial  wastewater,  Municipal 
wastewater,  Standards,  Water  quality  manage- 
ment. 

A  heavy  metals  reduction  project  was  undertaken 
by  the  Los  Angeles  Bureau  of  Sanitation,  Enforce- 
ment Division.  The  objectives  of  the  project  were: 
(1)  identification  of  major  contributing  sources;  (2) 
estimation  of  quantities;  (3)  program  development; 
and  (4)  program  implementation.  After  targeting 
cadmium  as  the  metal  of  first  concern,  a  phase  I 
program  was  developed  for  an  estimated  cadmium 
reduction  of  25-30%.  The  program  consisted  of  an 
in  depth  monitoring  and  site  assessment  of  firms 
known  to  be  using  cadmium.  Process  operations, 
pretreatment  capabilities,  wastewater  discharge 
analysis  and  hazardous  waste  management  tech- 
niques were  reviewed  at  each  site.  Progressive 
enforcement  actions  were  taken  against  facilities  in 
violation  of  discharge  standards,  and  limited  on- 
site  instruction  on  proper  hazardous  waste  manage- 
ment techniques  was  given.  A  reduction  in  the 
amount  of  cadmium  entering  the  energy-recovery 
system  was  observed  as  a  result  of  the  program 
implementation.  (See  also  W9 1-05668)  (MacKeen- 
PTT) 
W9 1-05673 


SOURCE  REDUCTION  OPPORTUNITIES   IN 
THE  PLATING  INDUSTRY. 

Minnesota  Technical  Assistance  Program,  Minne- 
apolis. 

For  primary  bibliographic  entry  see   Field   5D. 
W9 1-05674 


SUBSTITUTING  THERMAL  SPRAYING  FOR 
ELECTROPLATING. 

Bender  Machine,  Inc.,  Vernon,  CA. 
D.  Gansert,  and  G.  Grenier. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  218-220. 

Descriptors:  'Environmental  impact,  'Environ- 
mental protection,  •Industrial  wastes,  •Metal-fin- 


ishing wastes,  'Technology,  'Waste  reduction, 
'Water  pollution  control,  Chromium,  Electroplat- 
ing, Hazardous  wastes,  Industrial  wastewater, 
Nickel,  Thermal  spraying. 

Thermal  spray  technology  is  increasingly  being 
used  as  a  replacement  for  environmentally-detri- 
mental electroplating  processes  as  a  means  of  pro- 
viding machinery  parts  with  wear-resistant  and 
corrosion-resistant  coatings.  Thermally-sprayed  ce- 
ramic coatings  have  replaced  chrome-plated  water 
rolls  in  the  printing  industry.  Chrome-plated  rolls 
require  acid  etching,  which  is  an  environmental 
concern.  Isopropyl  alcohol  is  used  to  increase  the 
wetting  action  on  chrome  rolls,  but  the  volatility 
of  this  alcohol  is  also  an  environmental  concern. 
Hasteloy  C  has  replaced  nickel  and  chrome  plating 
on  print  cylinders  and  on  composite  rolls  in  the 
plastics  industry.  There  has  been  a  reduction  in 
nickel  platers  because  of  increasing  environmental 
pressure.  (See  also  W9 1-05668)  (MacKeen-PTT) 
W91-05675 


CLOSED  LOOP  PLATING  SYSTEM  FOR 
WASTE  MINIMIZATION. 

Foss  Plating  Company,  Sante  Fe  Springs,  CA. 
L.  Foss. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  221-223. 

Descriptors:  'Chromium,  'Industrial  wastes,  'In- 
dustrial wastewater,  'Metal-finishing  wastes, 
•Waste  reduction,  'Wastewater  management, 
'Water  pollution  control,  Electroplating,  Hazard- 
ous wastes,  Industrial  plants,  Process  control, 
Process  modification,  Water  quality  management. 

In  order  to  minimize  wastes  at  a  chrome  plating 
plant,  the  hexavalent  chromium  used  in  the  plating 
solutions  was  initially  converted  to  trivalent 
chrome  by  addition  of  sodium  bisulfite  to  a  two- 
station  counter  current  rinse.  A  closed  loop  system 
was  then  implemented  in  December  1986  and  used 
until  March  1989.  Addition  of  the  drag  out  tank 
contents  to  the  chrome  tank  resulted  in  an  increase 
in  chrome  content  from  28  to  36  oz.  The  sulfate 
ratio  was  adjusted  on  a  daily  basis.  After  adjust- 
ment of  the  fluoride  level,  no  problems  were  expe- 
rienced in  the  plating  process.  Advantages  of  the 
system  included:  decrease  in  consumption  of 
chrome,  caustic,  and  sodium  bisulfate,  decreases  in 
filter  cake  production,  decrease  in  wastewater  tox- 
icity, and  savings  of  $2000-3000  per  month.  (See 
also  W9 1-05668)  (MacKeen-PTT) 
W91-05676 


FERROUS  FOUNDRY  WASTE  MINIMIZA- 
TION OPTIONS. 

RMT,  Inc.,  Madison,  WI. 
J.  E.  Vondracek. 

IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  224-244.  10  fig,  10  ref. 

Descriptors:  'Hazardous  wastes,  'Industrial 
wastes,  'Metal-finishing  wastes,  'Solid  wastes, 
'Steel  industry,  'Waste  management,  'Waste  re- 
duction, 'Water  pollution  control,  Acetylene, 
Heavy  metals,  Hydrogen  sulfide,  Industrial  plants, 
Process  control,  Process  modification,  Water  qual- 
ity management. 

Recycling  of  scrap  metals  by  the  foundry  industry 
can  result  in  the  generation  of  hazardous  wastes. 
Two  types  of  hazardous  waste  in  the  ferrous 
foundry  industry  are  calcium  carbide  desulfuriza- 
tion  slag  and  melt  emission  control  residuals.  De- 
sulfurization  slag  reacts  with  water  to  form  acety- 
lene gas  and  may  emit  hydrogen  sulfide  gas  under 
acidic  conditions.  Alteration  of  raw  materials,  im- 
proving process  controls,  and  recycling  to  the 
original  manufacturing  processes  are  the  best  op- 
tions for  calcium  carbide  desulfurization  slag  man- 
agement, assuming  the  product  requirements 
cannot  be  modified  enough  to  eliminate  the  genera- 
tion this  waste.  Emission  control  residuals  contain 
toxic  metals,  including  copper,  nickel,  chromium, 
cadmium,  molybdenum,  tin,  aluminum  and  lead. 
The  best  options  for  minimization  of  emission  con- 
trol wastes  are  alteration  of  raw  materials  and  use 


of  electric  induction  melting  without  air  pollution 
control  equipment.  It  is  recommended  that  minimi- 
zation options  for  this  waste  be  assessed  on  a  case- 
by-case  basis.  (See  also  W9 1-05668)  (MacKeen- 
PTT) 
W9 1-05677 


CASE  STUDY  OF  A  MINIMUM  DISCHARGE, 
HEAVY  METAL  WASTE  REDUCTION 
SYSTEM  AT  AEROSCIENTIFIC  CORPORA- 
TION, ANAHEIM,  CALIFORNIA. 

Toxic  Recovery  Systems  International,  Elk  Grove, 

CA. 

For  primary   bibliographic   entry   see  Field   5D. 

W9 1-05678 


WASTE  MINIMIZATION  OF  HAZARDOUS 
WASTE  SOLUTIONS  IN  THE  ELECTROPLAT- 
ING AND  PRECIOUS  METALS  INDUSTRY 
USING  THE  FINAL  TREATMENT  DISTILLA- 
TION UNIT. 

Drew  Resource  Corp.,  Berkeley,  CA. 
For  primary  bibliographic   entry  see  Field   5D. 
W9 1-05681 


RECOVERY  OF  METALS  IN  CIRCUIT  BOARD 
AND  METAL  PLATING  MANUFACTURING. 

General  Dynamics  Corp.,  Pomona,  CA.  Pomona 

Div. 

For  primary   bibliographic   entry   see   Field    5D. 

W91-05682 


CHEMICAL  FIXATION  OF  HEAVY  METAL- 
CONTAMINATED  SOILS. 

Chemfix  Technologies,  Inc.,  Metairie,  LA. 
C.  P.  Lo,  D.  N.  Silverman,  and  A.  M.  Porretta. 
IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  362-372.  1  fig,  6  tab,  9 
ref. 

Descriptors:  'Chemical  treatment,  'Cleanup  oper- 
ations, 'Heavy  metals,  'Metal-finishing  wastes, 
'Soil  contamination,  'Soil  treatment,  'Waste  stabi- 
lization, 'Water  pollution  treatment,  Performance 
evaluation,  Silicates,  Site  remediation,  Superfund, 
Waste  treatment. 

A  recently  developed  chemical  fixation  method 
(Chemfix)  for  the  treatment  of  heavy  metal-con- 
taminated soil  is  based  on  the  use  of  soluble  sili- 
cates and  silicate  setting  agents.  The  combination 
and  proportions  of  reagents  are  optimized  for  each 
particular  waste  requiring  treatment.  The  two-part, 
inorganic  chemical  system  reacts  with  polyvalent 
metal  ions,  other  waste  components  and  also  with 
itself  to  produce  a  chemically  and  physically  stable 
solid  material.  Treatment  of  spiked  synthetic  soil 
samples  by  the  chemfix  process  reduced  metal 
leachability  by  96-100%.  Kinetic  analysis  of  the 
process  indicated  that  the  metal  binding  reactions 
took  place  almost  instantaneously.  The  process 
was  tested  on  soils  from  a  Superfund  site  which 
was  contaminated  with  heavy  metals,  particularly 
cobalt,  cadmium  and  nickel,  in  concentrations 
ranging  from  3000-5000  mg/kg.  Leachate  analysis 
of  the  treated  soils  indicated  a  long-term  stability 
of  the  product.  A  full  scale  process  with  an  esti- 
mated capacity  of  250-350  cubic  yards/day  was 
designed.  (See  also  W9 1-05668)  (MacKeen-PTT) 
W9 1-05691 


BIOLOGICAL    TREATMENT    OF    MERCURY 
WASTE. 

Utah  State  Univ.,  Logan.  Dept.  of  Nutrition  and 
Food  Science. 

For  primary   bibliographic   entry  see  Field   5D. 
W9 1-05692 


COPPER     MINE     DRAINAGE    TREATMENT 
PLANT  DRIVEN  BY  WATER  WHEEL. 

California  Univ.,  Richmond.  Richmond  Field  Sta- 
tion. 

F.  H.  Pearson,  and  J.  L.  Potter. 
IN:  Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment,  Noyes  Publications,  Park 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5G — Water  Quality  Control 


Ridge,  New  Jersey.  1990.  p  383-403.  9  fig,  3  tab,  19 
ref. 

Descriptors:  *Copper,  'Energy  sources,  'Heavy 
metals,  'Metal-finishing  wastes,  'Mine  drainage, 
•Mine  wastes,  'On-site  wastewater  treatment, 
•Wastewater  treatment,  'Water  pollution  treat- 
ment, Acid  mine  drainage,  California,  Industrial 
wastewater,  Settling  basins,  Wastewater  manage- 
ment, Water  quality  management. 

An  innovative  wastewater  treatment  plant  was  de- 
signed, constructed  and  operated  to  remove  toxic 
heavy  metals  from  copper  mine  drainage  at  an 
isolated,  subalpine  site  in  Northern  California. 
Though  on  pilot  scale,  up  to  60%  of  wastewater 
from  the  mine  was  treated  to  remove  an  average  of 
72%  of  copper  at  high  loadings,  or  93%  at  lower 
loadings.  Treatment  involved  neutralization  first 
with  crushed  limestone,  then  with  alkaline  reagent 
solution  to  approximately  pH  10,  followed  by  set- 
tlement in  a  basin.  Metals  removal  efficiency  was 
limited  by  solids  separation  in  the  basin,  which  was 
consistent  with  fourth-order  removal  kinetics. 
Lacking  electricity  at  the  site,  a  water  wheel  was 
used  to  drive  the  three  mechanized  neutralization 
processes  used.  In  one  limestone  process,  a  cylin- 
drical drum  packed  with  crushed  stone  rotates  at 
several  revolutions  per  minute  to  tumble  and 
abrade  the  stone  to  fines  which  dissolve  into  the 
acidic  water.  The  other  limestone  process  is  a 
drum  rotating  a  few  revolutions  per  day  for  attri- 
tion of  coatings  from  crushed  stone  tumbling 
inside,  which  neutralizes  water  passing  through  the 
drum.  Also  connected  to  the  water  wheel  is  a 
metering  pump  to  dispense  a  neutralizing  solution. 
As  the  site  is  snowbound  for  about  6  months  of  the 
year,  the  treatment  plant  was  designed  to  operate 
unattended  for  months  at  a  time.  Unattended  oper- 
ation over  short  periods  was  demonstrated,  but 
after  the  final  inspection  before  winter  the 
wastewater  supply  from  the  mine  to  the  treatment 
plant  was  interrupted  by  rupture  of  the  feed  pipe 
under  snow  loading,  which  also  crushed  two  sheds 
at  the  site.  However,  a  flume  packed  with  crushed 
limestone  to  neutralize  mine  drainage  operated 
continuously  through  the  winter  under  snowpack. 
(See  also  W9 1-05668)  (Author's  abstract) 
W9 1-05693 


DENITR1FICATION  OF  LANDFILL  LEACH- 
ATE  BY  THE  MODIFIED  ROTATING  BIO- 
LOGICAL CONTACTOR  (RBO. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

For  primary   bibliographic   entry   see   Field   5D. 

W91-05755 


NUTRIENT  REMOVAL  BY  HIGH  RATE  POND 
SYSTEM  IN  A  MEDITERRANEAN  CLIMATE 
(FRANCE). 

Montpellier-2  Univ.  (France). 

For  primary  bibliographic   entry  see   Field   5D. 

W9 1-05762 


EFFLUENT  POLLUTION  CONTROL  OF 
OSAKA  NORTH  PORT  DREDGED  SOIL  DIS- 
POSAL SITE  (NORTH  SECTION-SITE  II  AND 

III). 

Osaka  City  Inst,  of  Public  Health  and  Environ- 
mental Sciences  (Japan).  Dept.  of  Environmental 
Technology. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05771 


COMPATIBILITY  OF  STREAM  HABITAT 
RECLAMATION  WITH  POINT  SOURCE  AND 
NONPOINT  SOURCE  CONTROLS. 

Colorado  Univ.  at  Boulder. 

J.  T.  Windell. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  3,  No.  1,  p  9-13,  January  1991.  1  fig. 

Descriptors:  'Ammonia  removal,  'Colorado, 
•Habitat  restoration,  'Riparian  land,  'Wastewater 
facilities,  'Water  pollution  control,  'Water  quality 
control,  'Water  quality  management,  Denitrifica- 
tion,  Land  use,  Nonpoint  pollution  sources,  Stream 
improvement,  Wastewater  management, 

Wastewater   treatment,   Water  pollution   sources. 


A  series  of  studies  done  under  contract  with  the 
city  of  Boulder  (Colorado)  Public  Works  was  com- 
pleted recently,  in  response  to  the  need  to  adopt 
more  stringent  un-ionized  ammonia  and  other 
water  quality  control  standards,  to  upgrade  an 
aging  wastewater  treatment  plant,  to  determine  the 
causes  of  deterioration  (water  quality  and  land-use 
problems)  in  Boulder  Creek  downstream  from  the 
plant,  and  to  develop  recommendations  for  remedi- 
ation of  the  problems.  Major  recommendations 
proposed  that  aquatic  and  riparian  habitat  reclama- 
tion using  selected  best  management  practices 
(BMPs)  would  serve  as  a  compliment  to  advanced 
wastewater  treatment.  The  studies  concluded  that 
implementation  of  state-approved  stream  manage- 
ment practices  downstream  of  the  city's 
wastewater  treatment  plant  (WWTP)  could  poten- 
tially eliminate  the  need  for  future  denitrification 
towers,  resulting  in  long-term  cost  savings  for 
WWTP  capital  construction,  operation,  and  main- 
tenance. An  aquatic  and  riparian  habitat  demon- 
stration project  was  authorized  to  implement  those 
BMPs  that  would  reduce  un-ionized  ammonia  ex- 
cursions, control  nonpoint  source  (NPS)  pollution, 
restore  habitat  function,  and  encourage  good  land 
use  practice.  Phase  I  included  construction  of  fenc- 
ing to  exclude  cattle  from  riparian  habitat;  restor- 
ing stream  stability  by  using  log  revetments;  plant- 
ing tree  cuttings  to  regenerate  riparian  habitat;  and 
creating  boulder  aeration  structures  to  increase 
instream  oxygen  and  carbon  dioxide  which  lowers 
pH.  Phase  II  includes  an  irrigation  return-flow 
ditch  that  flows  year-round.  Phase  III  will  use 
abandoned  gravel  pits  for  detention  basins.  Report- 
ed observations  and  documentation  indicate  that  a 
final  water  quality  management  plan  for  the  Boul- 
der Creek  Basin  should  include  both  point  source 
and  NPS  pollution  controls.  (Fish-PTT) 
W91-05802 


CLARIFICATION  AND  FILTRATION  TO 
MEET  LOW  TURBIDITY  RECLAIMED 
WATER  STANDARDS. 

Kennedy/Jenks/Chilton,  Inc.,  San  Francisco,  CA. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05808 


PENNSYLVANIA'S  WATER  QUALITY:  HOW 
FAR  WE  HAVE  COME,  HOW  FAR  WE  HAVE 
TOGO. 

For  primary  bibliographic  entry  see  Field  6B. 
W91-05810 


SIMPLE  DERIVATION  OF  THE  RETARDA- 
TION EQUATION  AND  APPLICATION  TO 
PREFERENTIAL  FLOW  AND  MACRODISPER- 
SION. 

Agricultural    Research    Service,    Phoenix,    AZ. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05819 


VALUING      POTENTIAL      GROUNDWATER 
PROTECTION  BENEFITS. 

Wyoming  Univ.,   Laramie.   Dept.  of  Economics. 
For  primary  bibliographic  entry  see  Field  6B. 
W9 1-05831 


QUESTION  OF  NITRATES. 

Salford     Univ.     (England).     Environmental     Re- 
sources Unit. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05904 


DEVELOPMENT  AND  USE  OF  SITE-SPECIFIC 
CHEMICAL  AND  BIOLOGICAL  CRITERIA 
FOR  ASSESSING  NEW  BEDFORD  HARBOR 
PILOT  DREDGING  PROJECT. 

Environmental  Research  Lab.,  Narragansett,  RI. 
W.  G.  Nelson,  and  D.  J.  Hansen. 
Environmental  Management  EMNGDC,  Vol.  15, 
No.  1,  p  105-112,  January /February  1991,  2  fig,  2 
tab,  17  ref. 

Descriptors:  'Biological  properties,  'Chemical 
properties,  'Cleanup  operations,  'Decision 
making,    'Dredging,    'Evaluation,    'Monitoring, 


•New  Bedford  Harbor,  'Risk  assessment,  'Sedi- 
ment contamination,  'Site  remediation,  'Stand- 
ards, 'Superfund,  'Water  pollution  control,  Bioin- 
dicators,  Heavy  metals,  Massachusetts,  Polychlori- 
nated  biphenyls,  Water  sampling. 

Numerical  site-specific  chemical  and  biological  cri- 
teria were  established  to  assess  the  impact  of  a  pilot 
dredging  project  on  water  quality  at  the  New 
Bedford  Harbor,  Massachusetts  Superfund  site.  Be- 
cause most  existing  chemical  concentrations  in  the 
water  column  and  indigenous  biota  exceeded  fed- 
eral and  state  water  quality  limits,  the  derivation  of 
site-specific  criteria  was  required.  Prior  to  any 
operational  phases  of  the  project  (i.e.  dike  con- 
struction, dredging),  criteria  values  were  devel- 
oped from  background  concentrations  of  PCB's 
and  metals  in  water  and  biota,  as  well  as  for  the 
toxic  effects  of  water  quality  on  the  biota.  During 
each  operational  phase  of  the  project,  water  sam- 
ples were  collected,  analyzed  within  16  hr,  and  the 
data  supplied  to  a  management  committee  in  order 
to  assess  the  environmental  impact  of  the  previous 
days'  operation.  The  ambient  unfiltered  water  con- 
centration of  PCB's  and  metals  were  the  only 
chemical  or  biological  criteria  exceeded.  Modifica- 
tion of  the  next  days'  operation  resulted  in  a  return 
of  these  concentrations  to  background  levels.  The 
combined  use  of  site-specific  criteria  and  real  time 
decision  making  management  process  allowed  for 
successful  completion  of  this  project  with  minimal 
effect  on  water  quality.  (Author's  abstract) 
W9 1-05907 


WATER-QUALITY  EFFECTIVENESS  OF  A  DE- 
TENTION/WETLAND TREATMENT  SYSTEM 
AND  ITS  EFFECT  ON  AN  URBAN  LAKE. 

Metropolitan  Council,  St.  Paul,  MN. 

For  primary  bibliographic  entry  see   Field   5D. 

W9 1-05908 


MYERS  DUMP  CASE  HISTORY:  INNOVA- 
TIVE UTILIZATION  OF  AIR  STRIPPER-ACTI- 
VATED CARBON  TECHNOLOGIES. 

Weston  (Roy  F.),  Inc.,  Chicago,  IL.  Spill  Preven- 
tion and  Emergency  Response  Div. 
J.  S.  Binkley,  S.  Matz,  K.  L.  Myers,  and  K. 
Theisen. 

Environmental  Progress  ENVPDI,  Vol.  8,  No.  4, 
p  253-256,  November   1989,   1   fig,   1   tab,  7  ref. 

Descriptors:  'Activated  carbon,  'Air  stripping, 
'Cleanup  operations,  'Groundwater  pollution, 
•Trichloroethylene,  Adsorbents,  Indiana,  Myers 
Dump  Site,  Site  remediation,  Trihalomethanes, 
Volatile  organic  compounds. 

The  treatment  of  residential  well  water  contami- 
nated with  volatile  organic  compounds  (VOCs) 
has  typically  included  the  use  of  granulated  acti- 
vated carbon  (GAC)  filters.  The  significant  carbon 
replacement  costs  associated  with  filtration  has 
prompted  research  into  more  cost  effective  alterna- 
tives. An  alternative  for  treatment  of  ground  water 
contaminated  with  VOCs  is  air  stripping.  This 
process  does  not  require  extensive  maintenance 
costs  but  it  generally  cannot  achieve  the  required 
removal  levels  for  small  scale  applications.  The 
combination  of  these  two  technologies  can  result  in 
achieving  optimum  removal  levels  while  reducing 
carbon  replacement  costs.  Past  activities  at  the 
Myers  Dump  Site,  Osceola,  Indiana  involved  un- 
controlled dumping  of  drums  containing  waste  sol- 
vent into  unlined  pits  and  subsequent  recycling  of 
the  drums  the  design  of  the  treatment  system  im- 
plemented is  a  combination  of  a  1.78  m  high  coun- 
tercurrent  air  flow  stripping  tower  in  tandem  with 
two  45  kg  GAC  filters,  with  a  calculated  carbon 
usage  rate  of  3.54  kg  of  carbon  per  3,785  L  of 
water.  Total  system  removal  achieved  a  level  of 
99.9999%  effectiveness.  (Doyle-PTT) 
W91-05913 


USE  OF  CARBON  ADSORPTION  PROCESSES 
IN  GROUNDWATER  TREATMENT. 

Calgon  Corp.,  Pittsburgh,  PA. 

M.  H.  Stenzel,  and  W.  J.  Merz. 

Environmental  Progress  ENVPDI,  Vol.  8,  No.  4, 

p  257-264,  November  1989,  4  fig,  5  tab,  11  ref. 
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Water  Quality  Control — Group  5G 


Descriptors:  'Activated  carbon,  'Adsorption, 
•Cleanup  operations,  'Economic  aspects, 
•Groundwater  pollution,  'Water  pollution  treat- 
ment, Cost  analysis,  Economic  prediction,  Organic 
pollutants,  Performance  evaluation,  Site  remedi- 
ation, Trichloroethylene. 

One  of  the  leading  treatment  technologies  for  re- 
duction of  organic  contaminants  in  groundwater 
has  become  the  adsorption  process  utilizing  granu- 
lar activated  carbon  (GAC).  A  basic  evaluation 
technique  for  activated  carbon  is  the  liquid  phase 
adsorption  isotherm  with  which  a  carbon  usage 
rate  can  be  established  for  economic  analysis.  Ac- 
celerated column  tests  (ACTs)  have  been  used  to 
model  system  performance  by  evaluating  contact 
times  and  carbon  usage  rates.  These  tests  show  that 
systems  with  short  contact  times  can  obtain  45- 
50%  of  theoretical  capacity  of  GAC  before  time  of 
breakthrough.  Annual  operating  costs  for  a  single 
downflow  fixed  bed  adsorber  10  ft  in  diameter, 
containing  20,000  lbs  of  GAC,  and  treating  350 
gpm  of  500  ppb  trichloroethyene,  typically  achieve 
99%  removal  efficiency  in  a  range  of  22-55  cents 
per  1000  gallons.  Column  studies  are  also  useful  in 
determining  if  a  second  stage  treatment  may  im- 
prove carbon  usage  and  optimize  treatment  costs. 
GAC  adsorption  systems  are  also  useful  removal  of 
volatile  organic  compound  contaminants  from  air 
in  stripping  processes.  The  decision  of  where  to 
employ  regenerable  or  non  regenerable  systems  is 
based  on  the  expected  life  of  the  remedial  project. 
(Doyle-PTT) 
W9 1-059 14 


BIOREMEDIATED  SOIL  VENTING  OF  LIGHT 
HYDROCARBONS. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Civil  En- 
gineering. 

D.  W.  Ostendorf,  and  D.  H.  Kampbell. 
Hazardous  Waste  and  Hazardous  Materials 
HWHME2,  Vol.  7,  No.  4,  p  319-334,  Fall  1990,  5 
fig,  4  tab,  34  ref,  2  append.  National  Center  for 
Groundwater  Research  of  Rice,  Oklahoma,  and 
Oklahoma  State  Universities  Cooperative  Agree- 
ment C$812808. 

Descriptors:  'Bioremediation,  'Capillary  zone, 
'Hydrocarbons,  'Kinetics,  'Soil  aeration,  'Soil 
contamination,  Cleanup  operations,  Feasibility 
studies,  Gasoline,  Groundwater  pollution,  Michi- 
gan, Model  studies. 

The  effectiveness  and  feasibility  of  bioremediated 
soil  venting  of  light  hydrocarbons  in  the  unsaturat- 
ed zone  was  tested  by  comparing  field  perform- 
ance data  in  an  unsaturated  clay  soil  bioreactor  for 
a  propellant  waste  gas  mixture  of  propane,  n- 
butane,  and  isobutane  against  an  analytical  solution 
in  which  degradation  mechanics  were  considered 
as  a  one  dimensional  balance  of  storage,  linear 
sorption,  vertical  advection  and  Michaelis-Menton 
kinetics.  The  analytical  theory  was  tested  against 
field  degradation  data  at  Racine,  Wisconsin,  for  a 
propellant  waste  gas  mixture  of  propane,  n-butane, 
and  isobutane  with  reasonable  accuracy,  based  on 
laboratory  values  for  the  kinetics.  A  series  of  vent- 
ing simulations  was  run  to  assess  the  biodegrada- 
tion  of  vapors  above  an  aviation  gasoline  spill  in 
sandy  soil  at  Traverse  City,  Michigan,  based  on 
field  and  microcosm  estimates  of  the  kinetic  pa- 
rameters. Acclimated,  nutrient  rich  soil  effectively 
and  feasibly  reduced  effluent  vapor  concentration 
from  the  strong  influent  concentration  associated 
with  dispersed  residual  gasoline  in  the  contaminat- 
ed capillary  fringe.  Aggregated  residual  contami- 
nation required  a  stronger  airflow  for  a  longer 
duration  while  natural  kinetics  were  too  slow  for 
feasible  and  effective  treatment  by  bioremediated 
soil  venting  at  Traverse  City.  Laboratory  studies 
of  the  air  stripping  characteristics  of  intact  core 
samples  from  the  Traverse  City  site  are  currently 
being  conducted  to  provide  corroborating  evi- 
dence; the  resulting  data  will  be  input  to  prototype 
tests  by  the  US  Coast  Guard  to  establish  field 
documentation  of  the  feasibility  and  effectiveness 
of  bioremediated  soil  venting  at  the  site.  (Doyle- 
PTT) 
W9 1-059 18 


ION  EXCHANGE  TREATMENT  OF  SUBSUR- 
FACE DRAINAGE  WATER. 


Maryland  Univ.,  College  Park.  Dept.  of  Agricul- 
tural Engineering. 

W.  L.  Magette,  P.  A.  Pachero,  and  F.  W. 
Wheaton. 

Agricultural  Water  Management  AWMADF,  Vol. 
18,  No.  2,  p  121-132,  July  1990.  3  fig,  6  tab,  17  ref. 

Descriptors:  'Ion  exchange,  'Nitrates,  'Return 
flow,  'Subsurface  drainage,  'Water  pollution 
treatment,  Agricultural  runoff,  Fertilizers,  Labora- 
tory methods,  Sulfates. 

A  laboratory  study  was  conducted  to  investigate 
the  single-bed  anion  exchange  process  for  removal 
of  nitrogen  nitrate  from  agricultural  subsurface 
drain  outflow.  Tests  were  performed  in  duplicate 
at  flow  rates  of  103  ml/min  and  512  ml/min, 
respectively,  using  both  synthetic  and  natural 
drainage  water.  Nitrate  breakthrough  occurred  at 
nearly  the  same  column  volumes  for  both  flow 
rates.  Sulfate  competed  strongly  for  exchange  sites 
decreasing  the  efficiency  of  the  resin  to  absorb 
nitrate.  The  anion  exchange  process  has  the  poten- 
tial for  removing  NO(3)N  from  drainage  outflow, 
however  several  technical  and  economic  problems 
must  be  solved  before  it  can  be  applied  in  the  field  . 
(Author's  abstract) 
W9 1-05924 


LABORATORY  RECLAMATION  STUDY  FOR 
SODIC  SOILS  USED  FOR  RICE  PRODUC- 
TION. 

Chonbuk  National  Univ.  (Republic  of  Korea). 
J.  W.  Koo,  R.  J.  Edling,  and  V.  Taylor. 
Agricultural  Water  Management  AWMADF,  Vol. 
18,  No.  3,  p  243-252,  September  1990.  1  tab,  5  fig,  9 
ref. 

Descriptors:  'Impervious  soils,  'Rice,  'Sodic  soils, 
•Soil  chemistry,  'Soil  reclamation,  'Soil  texture, 
Gypsum,  Laboratory  methods,  Leaching,  Saline 
soils,  Soil  management,  Soil  treatment. 

Soils  used  for  rice  production  are  characteristically 
nearly  impervious  to  water  movement.  Therefore, 
sodic  rice  soils  are  difficult  to  reclaim  by  tech- 
niques that  depend  upon  leaching.  A  study  was 
conducted  to  compare  rinsing  and  leaching  tech- 
niques for  two  coarse  textured  and  one  fine  tex- 
tured soil.  Three  levels  of  gypsum  treatment  (0.4.5 
and  9.0  t/ha)  were  used.  The  rinsing  involved 
mixing  the  gypsum  treatment  with  the  soil,  mixing 
the  soil-gypsum  mixture  with  water,  letting  the  soil 
settle  and  decanting  the  supernatent  water.  Four 
sequential  extractions  of  either  the  supernatant 
liquid  or  leachate  were  conducted.  Rinsing  and 
leaching  methods  were  effective  in  reducing  SAR, 
ESP  and  EC  in  the  two  coarse  textured  soils. 
Leaching  was  not  possible  for  the  fine  textured 
soil;  however,  rinsing  significantly  reduced  the 
sodic  content  of  the  soil.  Treatments  of  4.5  and  9.0 
t/ha  gypsum  were  more  efficient  than  treatments 
without  gypsum.  Leaching  following  .5  t/ha  of 
gypsum  treatment  is  effective  in  reclaiming  sodic 
soils,  provided  drainage  through  the  soil  is  ade- 
quate. The  rinsing  method  with  4.5  t/ha  of  gypsum 
treatment  has  potential  as  a  reclamation  method, 
when  drainage  through  the  soil  is  poor.  (Author's 
abstract) 
W91-05933 


ALASKA'S  RESPONSE  TO  THE  EXXON 
VALDEZ  OIL  SPILL. 

Alaska  State  Dept.  of  Environmental  Conserva- 
tion, Juneau. 

D.  D.  Kelso,  and  M.  Kendziorek. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  25,  No.  1,  p  16-23,  January  1991.  3 
fig,  17  ref. 

Descriptors:  'Alaska,  'Cleanup  operations, 
•Exxon  Valdez,  •Oil  spills,  •Prince  William 
Sound,  *Water  pollution  effects,  Accidents,  Fish- 
kill,  Management,  Marine  mammals,  Oil  disper- 
sants,  Oil  pollution,  Oil  recovery,  Technology, 
Water  birds. 

When  the  tanker  Exxon  Valdez  spilled  nearly  11 
million  gallons  of  crude  oil  in  Prince  William 
Sound,  Alaska,  an  estimated  100,000-300,000  sea 
birds,  thousands  of  marine  mammals,  and  hundreds 


of  bald  eagles  were  killed.  The  spill  also  disrupted 
the  herring  and  salmon  harvests  of  commercial  #nd 
subsistence  fisheries  that  had  consistently  support- 
ed communities  in  the  spill  area.  The  response  to 
the  spill  was  conducted  in  three  phases:  (1)  imme- 
diate containment  and  recovery  of  oil  from  the 
water;  (2)  emergency  removal  of  oil  from  the 
shoreline;  and  (3)  long-term  shoreline  treatment  to 
remove  oil.  In  addition  to  the  direct  spill  response, 
state  and  federal  agencies  also  initiated  natural 
resource  damage  assessment  and  restoration  ef- 
forts. In  fact,  the  technology  available  to  carry  out 
these  strategies  was  inadequate.  In  the  Exxon 
Valdez  spill,  the  combination  of  technology  limita- 
tions and  management  problems  resulted  in  mas- 
sive damage  and  limited  cleanup.  The  primary 
lesson  of  the  Exxon  Valdez  spill  is  that  oil  spill 
prevention  and  response  technologies  need  sub- 
stantial, sustained  research  and  development. 
There  must  be  adequate  amounts  of  equipment  in 
place  in  time  to  properly  respond  to  an  oil  spill. 
Management  systems  need  to  be  improved  so  they 
effectively  use  these  technologies.  (See  also  W91- 
05947)  (White-Reimer-PTT) 
W9 1-05946 


EXXON  VALDEZ  OIL  SPILL:  INITIAL  ENVI- 
RONMENTAL IMPACT  ASSESSMENT. 

Exxon  Co.  USA,  Anchorage,  AK. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-05947 


BIODEGRADATION  OF  AROMATIC  HYDRO- 
CARBONS BY  AQUIFER  MICROORGANISMS 
UNDER  DENITRIFYING  CONDITIONS. 

Robert   S.    Kerr   Environmental   Research   Lab., 

Ada,  OK. 

S.  R.  Hutchins,  G.  W.  Sewell,  D.  A.  Kovacs,  and 

G.  A.  Smith. 

Environmental        Science        and       Technology 

ESTHAG,  Vol.  25,  No.  1,  p  68-76,  January  1991.  6 

fig,  2  tab,  34  ref. 

Descriptors:  'Aquifers,  'Biodegradation,  'Biore- 
mediation, 'Cleanup  operations,  'Denitrification, 
•Hydrocarbons,  'Laboratory  methods,  'Microbial 
degradation,  'Water  pollution  treatment,  Ben- 
zenes, Fuel,  Nitrates,  Nutrients,  Toluene,  Xylenes. 

A  series  of  laboratory  tests  was  conducted  to 
evaluate  whether  denitrification  would  be  a  suita- 
ble alternative  for  biorestoration  of  an  aquifer  con- 
taminated with  JP-4  jet  fuel.  Microcosms  were 
prepared  from  both  uncontaminated  and  contami- 
nated aquifer  material  from  the  site,  in  an  anaero- 
bic glovebox,  amended  with  nitrate,  nutrients,  and 
aromatic  hydrocarbons,  and  incubated  under  a  ni- 
trogen atmosphere  at  12  C.  With  uncontaminated 
core  material,  there  was  no  observable  lag  period 
prior  to  removal  of  toluene  whereas  30  days  was 
required  before  biodegradation  commenced  for  xy- 
lenes, ethylbenzene,  and  1,2,4-trimethylbenzene. 
An  identical  test  with  contaminated  aquifer  materi- 
al exhibited  not  only  much  longer  lag  periods  but 
decreased  rates  of  biodegradation;  benzene,  ethyl- 
benzene,  and  0-xylene  were  not  significantly  de- 
graded within  the  6-month  time  period  even 
though  active  denitrification  occurred  at  this  time. 
First-order  biodegradation  rate  constants  ranged 
from  0.016  to  0.38/d  for  uncontaminated  core  ma- 
terial and  from  0.022  to  0.067/d  for  contaminated 
core  material.  Tests  with  individual  compounds  in 
uncontaminated  core  indicated  that  benzene  and 
m-xylene  inhibited  the  basal  rate  of  denitrification. 
These  data  demonstrate  that  several  aromatic  com- 
pounds can  be  degraded  under  denitrifying  condi- 
tions, but  rates  of  biodegradation  may  be  lower  in 
material  contaminated  with  JP-4  jet  fuel.  (Author's 
abstract) 
W9 1-05949 


STUDY  OF  ADSORPTION-DESORPTION  OF 
CONTAMINANTS  ON  SINGLE  SOIL  PARTI- 
CLES USING  THE  ELECTRODYNAMIC 
THERMOGRAVIMETRIC  ANALYZER. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 
Chemical  Engineering. 

L.  Tognotti,  M.  Flytzani-Stephanopoulos,  A.  F. 
Sarofim,  H.  Kopsinis,  and  M.  Stoukides. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5G — Water  Quality  Control 


Environmental  Science  and  Technology 
ESTHAG,  Vol.  25,  No.  1,  p  104-109,  January 
1991.  9  fig,  3  tab,  30  ref.  Center  for  Environmental 
Management  of  Tufts  University  Grant  CR- 
813481-02-0. 

Descriptors:  'Cleanup  operations,  'Hazardous 
waste  disposal,  'Soil  contamination,  'Soil  proper- 
ties, 'Soil  types,  *Water  pollution  prevention, 
Carbon  tetrachloride,  Electrodynamic  thermogra- 
vimetry.  Toluene. 

The  increasing  public  and  scientific  concern  with 
the  problem  of  hazardous  waste  disposal  has  initi- 
ated and  promoted  the  study  of  fundamentals  asso- 
ciated with  such  waste  treatment  processes.  Recent 
studies  have  pointed  out  the  importance  of  adsorp- 
tion and  desorption  of  contaminants  in  the  soil 
particles  during  incineration.  The  development  of 
several  thermal  and  nonthermal  soil  decontamina- 
tion techniques  will  involve  the  use  of  contaminant 
desorption.  The  electrodynamic  thermogravime- 
tric  analyzer  (EDTGA)  was  used  to  study  the 
adsorption  and  desorption  of  organic  compounds 
on  single  particles  of  several  porous  soils.  The 
isothermal  adsorption  and  desorption  of  organic 
vapors  on  a  single  soil  particle  were  examined. 
Toluene  and  carbon  tetrachloride  were  tested  at 
room  temperature  during  their  adsorption  on 
Spherocarb,  montmorillonite,  and  Carbopack  par- 
ticles. The  maximum  amount  of  either  organic 
compound  adsorbed  was  comparable  to  that  re- 
quired for  one  monolayer  coverage  of  the  particle 
surface  area.  Significant  differences  among  various 
pairs  of  solid-organic  vapor  examined  were  identi- 
fied and  correlated  to  differences  in  solid  pore 
structure  and  chemical  affinity  between  the  organ- 
ic compound  and  the  solid.  Montmorillonite  ad- 
sorbs the  largest  amount  of  C7H8  and  CC14,  and  it 
has  the  largest  intrusion  volume.  Spherocarb  came 
next,  although  it  has  the  highest  surface  area.  This 
can  be  explained  by  taking  into  account  that 
Spherocarb  consists  mainly  of  micropores.  Forma- 
tion of  liquid  in  pores  of  that  size  is  highly  likely 
and  this  could  inhibit  penetration  of  the  organic 
compound  inside  the  particle.  EDTGA  is  a  useful 
tool  for  studying  the  fundamentals  of  contamina- 
tion and  decontamination  of  porous  soils.  It  can 
also  be  used  for  continuously  measuring  the  tem- 
perature and  weight  of  a  heated  particle  during 
small  intervals  of  time.  (White-Reimer-PTT) 
W91-05953 


SOLUBILIZATION  OF  POLYCYCLIC  ARO- 
MATIC HYDROCARBONS  IN  MICELLAR 
NONION1C  SURFACTANT  SOLUTIONS. 

Carnegie-Mellon  Univ.,  Pittsburgh,  PA.  Dept.  of 

Civil  Engineering. 

D.  A.  Edwards,  R.  G.  Luthy,  and  Z.  Liu. 

Environmental        Science        and        Technology 

ESTHAG,   Vol.   25,  No.    1,   p   127-133,  January 

1991.  8  fig,  4  tab,  34  ref.  EPA  Grant  12-815325-01- 

0. 

Descriptors:  'Cleanup  operations,  •  Earth-water 
interfaces,  'Hydrocarbons,  'Organic  compounds, 
•Path  of  pollutants,  'Site  remediation,  'Soil  con- 
tamination, 'Surfactants,  Naphthalenes,  Phenan- 
threne,  Pyrene,  Sediment  contamination,  Solubili- 
ty- 

Hydrophobic  organic  compounds,  such  as  polycy- 
clic  aromatic  hydrocarbons  (PAHs),  are  of  special 
interest  in  soil  contamination  because  they  are 
strongly  sorbed  to  soil  or  sediments.  As  a  result, 
remediation  of  hydrophobic  organic  contamination 
in  soil-water  systems  is  often  dependent  on  desorp- 
tion of  the  contaminant  from  the  soil  surface  and 
subsequent  incorporation  of  the  pollutant  into  the 
bulk  aqueous  phase.  Experimental  data  are  present- 
ed on  the  enhanced  apparent  solubilities  of  naph- 
thalene, phenanthrene,  and  pyrene  resulting  from 
solubilization  in  aqueous  solutions  of  four  commer- 
cial, nonionic  surfactants:  an  alkyl  polyoxyethylene 
(POE)  type,  two  octylphenol  POE  types,  and  a 
nonylphenol  POE  type.  Apparent  solubilities  of 
the  PAH  compounds  in  surfactant  solutions  were 
determined  by  radiolabeled  techniques.  Solubiliza- 
tion of  each  PAH  compound  commenced  at  the 
surfactant  critical  micelle  concentration  and  was 
proportional  to  the  concentration  of  surfactant  in 
micelle  form.  The  partitioning  of  organic  com- 


pounds between  surfactant  micelles  and  aqueous 
solution  is  characterized  by  a  mole  fraction  mi- 
celle-phase/aqueous-phase partition  coefficient, 
Km.  Values  of  log  Km  for  PAH  compounds  in 
surfactant  solutions  of  this  study  range  from  4.57  to 
6.53.  Values  of  log  Km  for  a  particular  surfactant 
PAH  system  appear  to  be  correlated  with  PAH 
octanol-water  partition  coefficients.  A  knowledge 
of  partitioning  in  aqueous  surfactant  systems  is  a 
prerequisite  to  understanding  mechanisms  affecting 
the  behavior  of  hydrophobic  organic  compounds 
in  soil-water  systems  in  which  surfactants  play  a 
role  in  contaminant  remediation  of  facilitated  trans- 

tort.  (Author's  abstract) 

"'91-05954 
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6.  WATER  RESOURCES 
PLANNING 

6A.  Techniques  Of  Planning 


APPLICATION  OF  QUANTITATIVE  RISK  AS- 
SESSMENT EVALUATION  OF  UNDER- 
GROUND STORAGE  TANKS  TO  INSURANCE, 
BANKING,  AND  REAL  ESTATE  TRANSAC- 
TIONS. 

Versar,  Inc.,  Springfield,  VA.  Underground  Stor- 
age Tank  Branch. 
J.  Casana,  and  G.  Dixon. 

IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  321-327,  2 
fig,  3  tab. 

Descriptors:  Waste  management,  'Risk  assessment, 
•Underground  storage  tanks,  'Financial  aspects, 
'Waste  disposal,  Insurance,  Real  estate,  Costs,  Soil 
properties,  Hydraulic  conductivity,  Leakage,  Path 
of  pollutants. 

A  simple  and  effective  risk  assessment  procedure 
has  been  developed  as  part  of  an  overall  risk 
management  program  for  underground  storage 
tanks.  Risk  rating  procedures  and  their  use  in  an 
insurance  and  property  transfer  application  are  de- 
scribed. Two  sets  of  criteria  are  used  to  quantify 
risks  and  prioritize  tanks.  The  first  set  consists  of 
release  potential  characteristics  (e.g.,  frequency  of 
release),  such  as  tank  age,  corrosion  protection 
controls,  leak  detection  controls,  tank  design  and 
soil  corrosivity.  The  second  set  of  criteria  consists 
of  site  vulnerability  factors,  such  as  depth  to  water 
table,  soil  hydraulic  conductivity,  surrounding 
population,  aquifer  use,  and  proximity  to  surface 
waters.  Over  time,  the  risk  rating  system  would 
greatly  reduce  the  tank  owner's  expenditures  by 
allowing  him  to  focus  his  resources  where  they  are 
most  needed.  Similarly,  the  insurance  company 
would  be  able  to  provide  competitive  rates  by 
being  able  to  efficiently  identify  and  address  the 
highest  risk  tanks  first.  Ultimately,  the  significant 
savings  in  tank  upgrading/insurance  costs  and  in 
reduced  claims  will  be  passed  to  the  general  public 
through  lower  retail  prices.  (See  also  W9 1-05236) 
(Lantz-PTT) 
W91-05261 


INTERNATIONAL  PROGRAMME  FOR  ENVI- 
RONMENTALLY SOUND  HYDROLOGIC  AND 
WATER  MANAGEMENT  STRATEGHiS  IN 
THE  HUMID  TROPICS. 

United  Nations  Educational,  Scientific  and  Cultur- 
al Organization,  Paris  (France).  International  Hy- 
drological  Programme. 
J.  S.  Gladwell,  and  M.  Bonell. 
IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  1-10,  1  tab,  2  ref. 

Descriptors:  'Developing  countries,  'Humid  cli- 
mates, 'International  agreements,  'Tropical  hy- 
drology, 'Tropical  regions,  'Water  resources  man- 
agement, Human  population,  Management  plan- 
ning, Research  priorities,  Sedimentation,  Water 
quality,  Water  quality  management. 


The  problems  of  the  humid  tropics  and  other 
warm  humid  regions  have  been  identified  through 
a  series  of  mechanisms,  most  recently  by  the  Inter- 
national Colloquium  on  the  Development  of  Hy- 
drologic  and  Water  Management  Strategies  in  the 
Humid  Tropics.  The  problems  are  numerous  and 
their  solutions  are  expensive.  With  the  exception  of 
relatively  small  areas,  this  region  consists  almost 
entirely  of  developing  countries.  Additionally,  it 
has  been  estimated  that  by  the  end  of  this  century 
nearly  half  of  the  worlds'  population  will  be  living 
in  the  region.  The  results  of  neglecting  these  prob- 
lems will  be  felt  worldwide.  It  was  the  consensus 
of  this  colloquium  that  if  the  disadvantages  are  to 
be  overcome,  the  following  steps  should  be  taken: 
(1)  research  efforts  into  all  aspects  of  the  hydrolog- 
ic  cycle  within  the  humid  tropics  should  be 
strengthened  and  encouraged;  (2)  research  efforts 
in  the  identification  and  measurement  of  sediment/ 
water  quality  sources  and  storage,  and  processes  of 
transfer  at  a  catchment  scale  with  particular  refer- 
ence to  rural  areas;  (3)  quantify  the  physical  and 
economic  effectiveness  of  land  rehabilitation  meth- 
ods and  programs  on  the  hydrology,  sediment  and 
water  quality  within  the  framework  of  water  man- 
agement at  the  catchment  scale;  (4)  particular  ur- 
gency should  be  given  to  the  research  needs  of 
urbanized  areas  with  respect  to  the  hydrology  and 
water  quality;  (5)  long-term  monitoring  of  rainfall, 
climate  and  streamflow  within  the  basin  systems  of 
the  region  should  be  continued  and  extended, 
taking  care  to  match  these  programs  to  the  capac- 
ities of  the  countries  involved;  (6)  integrated  wa- 
tershed/river basin  planning  at  both  an  internation- 
al and  regional  level  must  be  developed  and  policy 
decisions  coordinated;  (7)  education  opportunities 
must  be  expanded  and  curricula  designed  to  re- 
spond to  the  needs  of  managers  who  can  interpret 
conditions  and  implement  policies  across  a  range  of 
disciplines;  and  (8)  institutional  arrangements  for 
regional  and  world-wide  coordinated  cooperative 
research,  education  and  training,  and  other  aspects 
of  the  humid  tropics  and  other  warm  humid  re- 
gions should  be  developed.  (See  also  W91-05611) 
(Lantz-PTT) 
W91-05612 


RESERVOIR  PLANNING  FOR  IRRIGATION 
DISTRICT. 

Iran  Univ.  of  Science  and  Technology,  Tehran. 
Dept.  of  Civil  Engineering. 
A.  Afshar,  M.  A.  Marino,  and  A.  Abrishamchi. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  117,  No.  1,  p  74-85, 
1991.  3  fig,  5  tab,  21  ref.  Agricultural  Research 
Service  Cooperative  Agreements  4116-H  and 
4350-H. 

Descriptors:  'Irrigation  design,  'Reservoir  design, 
•Water  resources  management,  Cost  analysis,  De- 
cision making,  Irrigable  land,  Land  development, 
Model  studies,  Reservoir  capacity,  Reservoir  oper- 
ation, Water  demand,  Water-carrying  capacity, 
Watershed  management. 

Due  to  increasing  water  demands  and  water  scarci- 
ty, greater  attention  is  being  given  to  water  re- 
source development  and  management  in  irrigated 
agriculture.  Any  modeling  study  dealing  with  sur- 
face reservoir  system  design  for  irrigation  must 
realize  the  interdependency  of  three  decision  varia- 
bles: reservoir  capacity,  distribution  system  capac- 
ity, and  hectares  of  land  to  be  developed  for  irriga- 
tion as  well  as  its  allocation  to  given  crops.  A 
mixed  integer  linear  optimization  model  for  river 
basin  development  for  irrigation  has  been  pro- 
posed. The  model  is  a  chance-constrained  optimi- 
zation model  that  considers  the  interactions  be- 
tween design  and  operation  parameters.  The  model 
is  capable  of  integrating  all  decision  variables  in 
the  design  phase,  thus  accounting  directly  for  any 
interdependency  between  the  design  variables.  The 
model  uses  a  mixed  integer  technique  to  linearize 
the  nonlinear  cost  functions  and  is  applicable  to 
concave  and  convex  cost  functions.  Solution  of  the 
model  provides  the  optimum  extent  of  the  land 
development  for  irrigation,  cropping  pattern,  reser- 
voir and  canal  capacities,  as  well  as  the  necessary 
linear  decision  rule  operational  parameters.  Also, 
solution  of  the  model  reveals  the  importance  of 
direct  inclusion  of  the  reservoir  cost  in  the  model 
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in  comparison  to  only  minimizing  the  reservoir 
capacity  under  an  assumed  demand  distribution. 
(Author's  abstract) 
W9 1-05791 


MODEL  FOR  INVESTMENT  APPRAISAL  OF 
GRASSLAND  DRAINAGE  SCHEMES  ON 
FARMS  IN  THE  U.K. 

AFRC  Inst,  of  Grassland  and  Animal  Production, 
Hurley  (England). 

For  primary  bibliographic  entry  see  Field  4A. 
W9 1-05923 

6B.  Evaluation  Process 


APPLICATION  OF  QUANTITATIVE  RISK  AS- 
SESSMENT EVALUATION  OF  UNDER- 
GROUND STORAGE  TANKS  TO  INSURANCE, 
BANKING,  AND  REAL  ESTATE  TRANSAC- 
TIONS. 

Versar,  Inc.,  Springfield,  VA.  Underground  Stor- 
age Tank  Branch. 

For  primary  bibliographic  entry  see  Field  6A. 
W9 1-05261 


ECONOMIC  DECISION-MAKING  FRAME- 
WORK FOR  ANALYZING  ATMOSPHERIC 
DEPOSITION  IMPACTS  IN  EASTERN  U.S. 
FORESTS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Forestry. 
W.  A.  Leuschner,  J.  M.  Ferguson,  and  J.  E.  de 
Steiguer. 

Journal  of  Environmental  Management 
JEVMAW,  Vol.  31,  No.  4,  p  367-389,  Dec  1990.  5 
tab,  71  ref.  USD  A/Forest  Service  Cooperative 
Research  Agreement  No.  29-194. 

Descriptors:  *Acid  rain,  'Acid  rain  effects,  'Air 
pollution  effects,  'Decision  making,  'Economic 
impact,  'Environmental  impact,  'Forest  manage- 
ment, Cost-benefit  analysis,  Evaluation,  Logging, 
Recreation  demand,  Scenery,  Water  use,  Wildlife. 

The  potential  effects  of  pollutants,  to  the  extent 
they  injure  trees,  are  mortality,  growth  loss,  pre- 
disposition to  secondary  pathogens  and  stresses, 
visible  damage,  and  loss  of  reproductive  vigor. 
Impacts  on  forest  outputs  include  changing  the 
quality,  quantity,  and  timing  of  timber  yields  from 
existing  and  subsequent  stands.  Recreation  and 
scenic  beauty  impacts  are  most  likely  to  be  reflect- 
ed by  users  who  discontinue  the  activity,  users 
who  substitute  another  site  or  activity,  or  users 
who  continue  the  activity  as  before  but  have  de- 
creased enjoyment.  Techniques  of  estimating  rec- 
reational value  (and  the  impact  of  atmospheric 
deposition  thereon)  include  the  'travel  cost 
method',  which  is  particularly  useful  for  estimating 
loss  of  recreational  value  for  site-discontinued 
users,  and  'contingent  valuation',  whose  appeal  lies 
in  its  ability  to  estimate  a  price  for  aesthetic  values. 
Water  impacts  seem  least  likely  to  occur  but  would 
be  measured  by  changes  in  yield,  quality,  and 
timing  if  they  did.  Among  the  more-easily-evaluat- 
ed water-use  impacts  are  the  availability  of  water 
for  hydroelectric  power  generation,  dilution  of 
waste  product  effluents,  and  for  irrigation,  industri- 
al, and  municipal  use.  Wildlife  impacts  will  be 
reflected  in  changes  in  species  and  population  num- 
bers. (Doyle-PTT) 
W91-05387 


PUBLIC  ATTITUDE  TOWARDS  WATER  AND 
WATER  REUSE. 

Qatar  Univ.,  Doha.  Faculty  of  Engineering. 

S.  Ahmad. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  10/2,  p  2165-2170,  1991.  3  fig,  3  tab,  12  ref. 

Descriptors:  'Attitudes,  'Qatar,  'Social  aspects, 
•Surveys,  'Water  reuse,  'Water  supply,  Color, 
Irrigation  water,  Public  participation,  Reclaimed 
water,  Wastewater  utilization,  Water  conservation, 
Water  consumption,  Water  quality. 

A  survey  was  taken  in  Doha,  the  capital  city  of 
Qatar,  to  assess  the  perception  and  attitudes  of  the 


consumers  towards  water  supply  and  water  reuse. 
A  questionnaire  was  distributed  to  about  100 
people  which  included  questions  about  method  of 
supply,  quantity  and  quality  of  water,  use  of  bot- 
tled water  and  filters  in  homes,  awareness  and 
concern  about  the  high  cost  of  water  production, 
willingness  to  pay  the  cost  of  water,  response 
towards  water  conservation  and  water  reuse, 
awareness  towards  water  reuse  in  Qatar  and  else- 
where, its  significance  to  the  society  and  any  preju- 
dices towards  water  reuse.  In  spite  of  the  fact  that 
the  region  is  arid,  and  mostly  desalinated  water  is 
used,  the  water  supply  is  very  generous.  This  is 
evident  by  the  fact  that  the  water  consumption 
varies  between  640  to  750  L/person/day.  Howev- 
er, the  water  is  subsidized  by  the  government  and 
is  supplied  at  a  minimal  cost.  Survey  results  indi- 
cated that  the  water  is  corrosive  and  often  acquires 
a  red  color.  Because  of  this,  home  filters  are  used 
in  the  kitchen  and  washer  to  get  rid  of  the  color 
and  taste  in  water.  People  are  aware  of  the  high 
cost  of  water  production  and  supply  in  such  an 
arid  region,  but  they  did  not  respond  positively 
towards  sharing  the  cost  of  improvement  in  the 
water  supply  in  spite  of  the  fact  that  they  currently 
play  very  little  for  receiving  more  than  an  ade- 
quate water  supply.  The  community  in  general  was 
not  well  informed  about  the  water  conservation 
measures  and  the  water  reuse.  People  seemed  to  be 
prejudiced  against  water  reuse.  A  large  percentage 
of  respondents  did  not  favor  water  reuse  in  lawns 
and  gardens,  car  washing,  toilet  flushing,  industries 
and  farming.  There  is  a  need  for  better  communi- 
cation between  the  water  departments  and  the 
community  for  implementing  water  conservation. 
For  the  present,  water  reuse  should  be  limited  to 
landscaping  along  the  roads  and  irrigation  of  farms 
for  growing  animal  fodder.  (Mertz-PTT) 
W91-05546 


USER-SPECIFIC  WATER  DEMAND  ELASTIC- 
ITIES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS. 

For  primary  bibliographic  entry   see   Field   6D. 
W9 1-05790 


ALTERNATIVE  WATER-DISTRICT  ORGANI- 
ZATION: SCREENING-LEVEL  ANALYSIS. 

California  State  Dept.  of  Water  Resources,  Sacra- 
mento. 

C.  Enright,  and  J.  R.  Lund. 

Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  117,  No.  1,  p  86- 
107,  1991.  11  fig,  4  tab,  24  ref. 

Descriptors:  'Management  planning,  'Water 
demand,  'Water  districts,  'Water  resources  man- 
agement, 'Water  supply,  Alternative  planning, 
California,  Cost-benefit  analysis,  Economic  evalua- 
tion, Mathematical  equations,  Municipal  water, 
Prices. 

The  new  era  of  scarce  water  supplies  will  require 
organizational  reform  to  respond  flexibly  to  future 
supply  limits.  Several  water-district  organization 
alternatives  were  investigated  using  data  and 
demand  functions  from  a  municipal  water  district 
in  northern  California.  A  mathematical  program 
found  optimal  seasonal  allocations  and  water  prices 
for  the  district's  sales  to  several  water  users.  The 
net  economic  benefits  produced  by  the  current 
water-district  organization  were  compared  with 
the  net  benefits  produced  by  alternative  'mutual 
stock'  organizations.  Dual  variables  and  sensitivity 
analysis  indicated  aspects  of  optimal  district  orga- 
nization and  the  economic  potential  of  water  trade 
under  different  hydrologic  regimes.  For  conditions 
where  water  availability  varies  greatly  between 
years,  results  indicated  that  optimized  fixed  shares 
of  the  mutual  stock  might  improve  the  net  eco- 
nomic product  of  the  district,  but  not  necessarily 
by  large  amounts.  (Author's  abstract) 
W9 1-05792 


CLIMATIC    SENSITIVITY    OF    CALIFORNIA 
WATER  RESOURCES. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 
D.  P.  Lettenmaier,  and  D.  P.  Sheer. 


Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  117,  No.  1,  p  108- 
125,  1991.  8  fig,  5  tab,  19  ref.  U.S.  Environmental 
Protection  Agency  Cooperative  Agreement 
CR8 14637. 

Descriptors:  'California,  'Climatic  changes, 
'Global  warming,  'Greenhouse  effect,  'Rainfall- 
runoff  relationships,  'Water  resources  manage- 
ment, 'Watershed  management,  Alternative  plan- 
ning, Model  studies,  Reservoir  operation,  Runoff 
volume,  Seasonal  variation. 

The  State  of  California  and  the  federal  government 
have  enormous  investments  in  facilities  designed  to 
deal  with  the  vagaries  of  climate  in  California.  The 
possible  effects  of  climate  change  on  the  combined 
Central  Valley  Project-California  State  Water 
Project  (CVP/SWP)  were  evaluated  using  a  three- 
stage  approach.  In  the  first  stage,  runoff  from  four 
headwater  'study  catchments'  was  simulated  using 
rainfall/snowmelt-runoff  models,  with  climatic 
input  taken  from  C02  doubling  scenarios  from 
three  general  circulation  models  (GCMs).  In  the 
second  stage,  long-term  inflows  to  the  CVP/SWP 
reservoir  system  were  simulated,  conditioned  on 
the  study  catchment  flows,  using  a  stochastic  dis- 
aggregation model.  In  the  third  stage,  a  system 
simulation  model  was  used  to  evaluate  the  per- 
formance of  the  reservoir  system.  It  was  found  that 
for  all  of  the  alternative  climate  scenarios,  runoff 
would  be  shifted  from  the  spring  to  the  winter. 
Significantly  lower  water  deliveries  from  the  SWP 
would  occur  under  the  C02  doubling  scenarios. 
The  reduced  deliveries  would  occur  because  some 
of  the  increased  winter  runoff  would  be  spilled 
from  the  reservoirs  instead  of  being  stored  in  the 
snowpack,  even  though  the  mean  annual  runoff 
increased  slightly  under  some  climatic  scenarios. 
Annual  San  Francisco  Bay  delta  flows  would  in- 
crease under  all  three  climate  scenarios;  however, 
flows  to  the  bay  would  be  substantially  increased 
in  winter  and  somewhat  decreased  in  spring  and 
summer.  (Author's  abstract) 
W9 1-05793 


PENNSYLVANIA'S  WATER  QUALITY:  HOW 
FAR  WE  HAVE  COME,  HOW  FAR  WE  HAVE 
TOGO. 

P.  H.  Woodruff. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  23,  No.  1,  p  12-16,  January/ 
February  1990.  9  fig. 

Descriptors:  'Nonpoint  pollution  sources,  'Penn- 
sylvania, 'Water  quality  control,  'Water  quality 
management,  'Water  resources  management,  Acid 
mine  drainage,  Biological  oxygen  demand,  Clean 
Water  Act,  Hazardous  wastes,  Regulations, 
Runoff,   Storage  tanks,   Water  pollution  sources. 

Water  quality  in  Pennsylvania  and  throughout  the 
U.S.  has  been  maintained  or  improved  in  the  last 
15  years,  despite  an  increase  in  the  number  of 
pollution  sources  and  the  increasingly  complex 
nature  of  the  problem.  The  Construction  Grants 
Program  and  the  National  Pollution  Discharge 
Elimination  System  (NPDES)  permits  program, 
two  of  the  largest  point  source  pollution  control 
programs  initiated  under  the  Clean  Water  Act  of 
1972,  are  designed  to  depend  heavily  on  individual 
states  for  guidance  and  implementation.  Biological 
oxygen  demand  (BOD)  levels  discharged  to  Penn- 
sylvania waterways  were  dramatically  reduced 
(5.3  to  3.1  million  population  equivalents),  possibly 
the  most  significant  success  in  water  quality  efforts 
in  the  past  20  years.  Since  the  1 970s,  there  has  been 
an  increasing  realization  that  nonpoint  source  pol- 
lution (urban  runoff,  pesticide  runoff  from  farm- 
land, acid  drainage  from  abandoned  mines,  and 
acid  rain)  and  hazardous  waste  problems  (industrial 
discharges  to  waterways,  air  emissions,  hazardous 
waste  sites)  require  adoption  of  diverse  and  far- 
reaching  strategies.  In  Pennsylvania,  nonpoint 
source  pollution  is  the  most  significant  threat  to 
water  quality;  acid  mine  drainage  is  responsible  for 
more  than  half  of  the  overall  damage  from  toxic 
substances,  and  it  will  cost  an  estimated  $13-$  15 
billion  to  reclaim  all  abandoned  mines.  The 
number  one  threat  to  groundwater  is  leaking  un- 
derground storage  tanks  (35,000  out  of  100,000). 
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Field  6— WATER  RESOURCES  PLANNING 


Group  6B — Evaluation  Process 

The  techniques  which  are  helping  toward  a  global 
environmental  solution-environmental  education, 
awareness,  and  regulation  where  appropriate-will 
also  help  toward  better  water  quality.  (Fish-PTT) 
W9 1-058 10 


MAJOR  UNIT  PROCESS  EVALUATION 
USING  THE  COMPOSITE  CORRECTION 
PROGRAM  APPROACH. 

GPU  Nuclear  Corp.,  Middletown,  PA. 

For  primary   bibliographic   entry   see   Field   5D. 

W9 1-058 11 


VALUING  POTENTIAL  GROUNDWATER 
PROTECTION  BENEFITS. 

Wyoming  Univ.,  Laramie.  Dept.  of  Economics. 
T.  D.  Crocker,  B.  A.  Forster,  and  J.  F.  Shogren. 
Water  Resources  Research  WRERAQ,  Vol.  27, 
No.  1,  p  1-6,  January  1991.  28  ref. 

Descriptors:  *Cost-benefit  analysis,  'Economic  as- 
pects, 'Groundwater  protection,  'Water  pollution 
prevention,  'Wellhead  protection,  Behavior, 
Groundwater  pollution,  Regulations,  Risk  assess- 
ment, Value. 

Individuals  often  employ  self-protective  activities 
to  reduce  the  probability  or  severity  of  asset  loss, 
such  as  contamination  of  their  groundwater 
supply.  That  is,  the  individual's  risks  from  ground- 
water contamination  can  be  endogenous.  The  im- 
plications of  endogenous  risks  for  the  economic 
value  of  preventing  groundwater  contamination 
were  examined.  The  analytical  implications  were 
considered  of  five  key  building  blocks  frequently 
used  to  structure  the  groundwater  valuation  litera- 
ture: the  probability  and  location  of  contamination; 
the  exposed  population;  risk  perceptions;  and  inter- 
temporal issues.  In  general,  this  analysis  demon- 
strated that  disregard  of  endogenous  risk  can  cause 
the  straightforward,  piecemeal  application  of  con- 
ventional cost-benefit  analysis  to  underestimate  the 
value  of  groundwater  protection,  potentially  lead- 
ing to  a  cumulative  loss  of  groundwater  resources. 
It  is  argued  that  the  current  focus  of  groundwater 
protection  cost-benefit  analysis  is  misdirected  be- 
cause it  fails  to  disentangle  private  and  collective 
contributions  to  risk  reduction.  Regulations  ban- 
ning a  given  environmental  state  that  do  not  con- 
sider the  individuals'  views  of  their  own  self-inter- 
est and  their  willingness  to  employ  discretion  (en- 
dogenous risk)  have  economic  consequences  that 
are  unpredictable.  (Rochester-Pi  1) 
W9 1-05831 
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ABCS  OF  SRFS. 

For   primary   bibliographic   entry   see   Field   5D. 
W9 1-05071 


TOWARD  ECONOMICALLY  EFFICIENT 
MANAGEMENT  OF  UNDERGROUND  STOR- 
AGE TANKS:  A  RISK-BASED  APPROACH. 

Little  (Arthur  D),  Inc.,  Cambridge,  MA. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-05264 


EFFECTS  OF  PRICING  POLICIES  ON  WATER 
CONSERVATION  AND  DRAINAGE. 

California  Univ.,  Santa  Barbara.  Dept.  of  Econom- 
ics. 

M.  Caswell,  E.  Lichtenberg,  and  D.  Zilberman. 
American    Journal    of    Agricultural    Economics 
AJAEBA,  Vol.  72,  No.  4,  p  883-890,  November 
1990.  2  fig,  1  tab,  8  ref. 

Descriptors:  'Conservation,  'Drainage,  'Model 
studies,  'Water  policy,  'Water  rates,  Agriculture, 
California,  Drainage  practices,  Economic  aspects, 
Irrigation,  Resources  management. 

A  model  for  analyzing  the  adoption  of  input-con- 
serving technologies  is  presented.  The  model  ab- 
stracts several  important  facets  of  adoption  deci- 
sions. Important  extensions  include  incorporating 


within-firm  heterogeneity  such  as  variations  in 
land  quality  within  a  field,  aggregation  to  the 
industry  level  and,  most  important,  dynamic  con- 
siderations such  as  the  impacts  of  changes  in  re- 
source scarcity  and  environmental  damage  over 
time  on  the  adoption  process.  The  conceptual 
model  is  based  on  the  profit-maximizing  behavior 
of  farmers  with  varying  land  quality.  While  the 
model  is  presented  in  terms  of  irrigation  and  drain- 
age management,  the  concepts  are  applicable  to  a 
broad  variety  of  inputs  used  in  agricultural  or 
industrial  production.  An  environmental  regulation 
such  as  a  drainage  effluent  charge  is  shown  to 
influence  adoption.  Early  adopters  are  likely  to  be 
producers  with  less  efficient  fixed  assets  (land  of 
low  quality  or  antiquated  capital),  higher  input 
costs  (higher  water  prices  or  greater  depth  to 
groundwater),  and  in  more  environmentally  sensi- 
tive regions.  A  numerical  simulation  model  based 
on  irrigation  and  drainage  in  cotton  production  in 
the  western  San  Joaquin  Valley,  California,  illus- 
trates the  relative  importance  of  conservation  and 
pollution  policies  for  solving  a  major  agricultural 
problem.  The  simulations  show  that  drainage  regu- 
lations can  be  expected  to  play  a  major  role  in  the 
adoption  of  more  efficient  irrigation  technologies 
in  California.  Thus,  conservation  may  be  a  key  to 
solving  resource  scarcity  problems  and  reducing 
external  environmental  costs.  (Agostine-PTT) 
W91-05484 


STORMWATER  MANAGEMENT  UTILITY 
BILLING  RATE  STRUCTURE. 

CH2M  Hill,  Inc.,  Gainesville,  FL. 

J.  E.  Scholl. 

Water    Environment    &   Technology    WAETEJ, 

Vol.  3,  No.  1,  p  47-49,  January  1991.  1  tab. 

Descriptors:  'Metropolitan  water  management, 
'Public  utility  districts,  'Storm  water  manage- 
ment, 'Water  rates,  Ordinances,  Policy  making, 
Taxes,  User  charges,  Wastewater  management. 

The  development  of  a  rate  structure  is  critical  to 
the  successful  implementation  and  operation  of  a 
storm  water  management  utility.  Once  an  appro- 
priate rate  structure  is  established,  procedures  for 
billing  and  database  management  requirements  can 
be  established.  Charges  for  storm  water  runoff 
must  be  fair,  reasonable,  and  easy  to  understand; 
and  policy  decisions  related  to  charges  must  be 
legal  and  locally  acceptable.  The  basic  algorithm 
for  calculating  charges  must  be  readily  available, 
reasonably  accurate,  and  technically  defensible. 
Revenue  requirements  must  be  documented  and 
represent  the  actual  service  costs,  and  rates  must 
be  set  to  generate  adequate  revenues  to  provide 
visible  service  benefits  to  customers.  The  most 
fundamental  policy  issue  is  who  must  pay  for  serv- 
ices. The  basis  for  calculating  individual  charges 
can  be  developed,  typically  from  the  amount  of 
storm  water  generated  from  property.  Funding 
and  expenditures  on  existing  and  desired  services 
must  be  compared  to  establish  the  revenue  require- 
ments, and  policy  decisions  can  then  provide  direc- 
tion on  changes  to  be  made.  With  the  policy  decid- 
ed, quantifying  the  total  number  of  billing  units 
available  to  the  jurisdiction  of  the  affected  local 
government  is  possible,  often  based  preliminarily 
on  property  tax  roll  data  and  then  specified  ac- 
cording to  the  adopted  rate  structure  criteria  using 
a  computerized  spreadsheet  approach.  Public 
awareness  is  critical  to  successful  implementation, 
although  the  local  legislative  body  can  establish 
the  utility  by  adoption  of  an  ordinance.  Consider- 
ation for  preparing  the  billing  data  include  the 
number  of  parcels  to  be  measured,  the  time  avail- 
able to  do  the  work,  and  the  tolerance  for  accept- 
ing errors.  (Fish-PTT) 
W91-05805 


ECONOMICS  OF  EROSION  AND  SEDIMENT 
CONTROL  IN  SOUTHWESTERN  ONTARIO. 

Guelph  Univ.  (Ontario).  Dept.  of  Agricultural  Ec- 
onomics and  Business. 

For   primary   bibliographic   entry   see   Field   4D. 
W9 1-05849 


ECONOMICS  OF  SOIL  EROSION  AND  CON- 
SERVATION ON  SIX  SOIL  GROUPINGS  IN 
MANITOBA. 


Agriculture    Canada,    Brandon    (Manitoba).    Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05938 
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HYDROSTATION  RESERVOIRS  AND  RECRE- 
ATION. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-05086 


WATER  SUPPLY  CHALLENGE  IN  THE  GULF 
REGION. 

Water     Membrane     Mfg.     Co.,     Jeddah     (Saudi 

Arabia). 

For  primary  bibliographic  entry  see   Field   3D. 
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FRAMEWORK  FOR  INCORPORATING 
STREAM  USE  IN  THE  DETERMINATION  OF 
PRIORITY  WATERSHEDS. 

Wisconsin  Univ. -Green  Bay.  Coll.  of  Environmen- 
tal Sciences. 

R.  B.  Wenger,  Y.  Rong,  and  H.  J.  Harris. 
Journal         of        Environmental         Management 
JEVMAW,  Vol.  31,  No.  4,  p  335-350,  Dec  1990.  9 
fig,  7  tab,  1 1  ref. 

Descriptors:  'Environmental  policy,  'Model  stud- 
ies, 'Stream  classification,  'Stream  use,  'Water 
use,  'Watershed  management,  Agricultural  runoff, 
Aquatic  habitats,  Kewaunee  River  Basin,  Lotic 
environment,  Nonpoint  pollution  sources,  Stream 
fisheries,  Wisconsin. 

A  methodological  framework  is  presented  which 
allows  planners  to  take  stream  use  into  account  in 
the  determination  of  priority  watersheds.  The 
framework  provides  a  formal  structure  for  organiz- 
ing non-point  source  data  such  as  the  number  and 
size  of  barnyard  and  animal  operations  per  unit 
area,  and  the  number  of  feet  of  streambed  in  need 
of  protection.  These  are  compared  with  physical 
variables  which  include  turbidity,  dissolved 
oxygen,  and  substrate  type  together  with  existing 
models  on  habitat  suitability  for  three  species  of 
fish,  in  a  manner  suitable  as  inputs  to  two  fuzzy  set 
models.  The  fuzzy  set  models  incorporate  the  im- 
precision and  fuzziness  characteristic  of  non-point 
source  water  pollution  problems.  Such  relation- 
ships lack  precision  but  have  the  virtue  of  preserv- 
ing relative  relationships  and  describing  general 
trends.  In  an  illustrative  application  to  the 
Kewaunee  River  Basin  in  Wisconsin,  the  method- 
ology is  used  to  identify  priority  watersheds  when 
streams  are  categorized  on  the  basis  of  potential 
fisheries.  (Doyle-PTT) 
W91-05386 


PREFERRED  ALTERNATIVE  USES  OF 
WATER  RESOURCES:  VIEWS  OF  ENVIRON- 
MENTAL ACTIVISTS  IN  THE  U.S.  VIRGIN  IS- 
LANDS. 

Nevada  Univ.,  Las  Vegas.  Dept.  of  Political  Sci- 
ence. 

D.  L.  Soden. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  11-17,  3  tab,  19  ref. 

Descriptors:  'Political  aspects,  'Public  opinion, 
•Tropical  hydrology,  'Virgin  Islands  (US), 
•Water  allocation,  'Water  conservation,  'Water 
resources  management,  'Water  use,  Competing 
use,  Decision  making,  Economic  aspects,  Local 
governments,  Policy  making,  Water  resources  de- 
velopment. 

Perceptions  of  environmental  activists  and  non- 
activists  about  alternative  uses  of  water  resources 
are  linked  systematically  to  a  preservationist  vs. 
developmentalist  belief  orientation.  Based  on  ag- 
gregate analyses  of  survey  data,  individual  case 
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studies  can  be  compared  to  determine  the  extent  to 
which  localized  developments  yield  results  inde- 
pendent from  those  derived  from  survey  data. 
Local  political  settings,  especially  in  areas  in  great 
need  of  economic  influx  can  render  results  quite 
different  from  those  obtained  initially.  For  exam- 
ple, the  need  for  economic  development  may 
direct  choices  about  water  resources  uses  which 
are  more  consumptive  in  fashion,  but  preservation- 
ist forces  may  be  expected  to  react  among  environ- 
mental activists  regardless  of  the  situation.  Impor- 
tant to  note  is  the  large  middle-of-the-road  group 
of  'conservationists'  which  may  act  as  a  significant 
swing  group  favoring  action  in  one  instance  along 
a  developmental  line,  while  in  another  supporting 
preservationist  actions.  Recognition  of  the  exist- 
ence of  the  preservationist-developmentalist  dis- 
tinction, and  the  existence  of  a  large  'swing'  group 
who  may  be  a  galvanized  into  action  for  either 
development  or  preservation,  can  be  a  very  advan- 
tageous guide  for  those  involved  in  policy  and 
decision  making  attendant  to  water  resources  in 
tropical  regions  and  aid  them  in  better  understand- 
ing of  the  issues  at  hand.  (See  also  W9 1-056 11) 
(Lantz-PTT) 
W9 1-056 13 


USER-SPECIFIC  WATER  DEMAND  ELASTIC- 
nXES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS. 

M.  L.  Schneider,  and  E.  E.  Whitlatch. 
Journal  of  Water  Resources  Planning  and  Manage- 
ment (ASCE)  JWRMD5,  Vol.  117,  No.  1,  p  52-73, 
1991.  8  tab,  36ref. 

Descriptors:  'Elasticity  of  demand,  *Model  stud- 
ies, 'Ohio,  'Water  demand,  'Water  users,  Least 
squares  method.  Model  testing,  Prices,  Regression 
analysis,  Water  use. 

A  large  number  of  studies  have  investigated  water 
demand  relationships  for  total  municipal  and  resi- 
dential water  use;  however,  relatively  few  studies 
have  dealt  with  water  demand  disaggregated  by 
user  class.  Water  demand  elasticity  was  estimated 
for  six  user  categories:  residential,  commercial,  in- 
dustrial, government,  school,  and  total  metered. 
Eight  generalized  least-squares,  linear  regression 
models  were  derived  for  each  user  category.  Ex- 
planatory variables  tested  were  price,  per  capita 
income,  resident  population  per  user  account, 
housing  composition,  and  summer  precipitation. 
Pooled  cross-sectional  and  time  series  annual  data 
from  the  city  of  Columbus,  Ohio,  and  incorporated 
suburbs  were  used.  The  recommended  regression 
was  a  partial  adjustment,  generalized  least-squares 
model  with  cross-sectional  dummy  variables.  Price 
is  a  significant  factor  for  all  user  categories  except 
industry.  The  greatest  price  effect  was  for  school 
accounts,  followed  by  commercial,  government, 
total  metered,  and  residential.  Governmental  and 
school  demands  were  most  responsive  to  fluctua- 
tions in  real  income,  followed  by  residential  and 
total  metered  accounts.  Commercial  demand  was 
unresponsive  to  real  income.  Both  short-run  and 
long-run  elasticities  are  available  from  the  partial 
adjustments  model,  and  the  time  to  reach  90%  of 
the  long-run  response  varies  from  three  to  eight 
years.  (Author's  abstract) 
W9 1-05790 
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LEGAL  CONCEPTS  IN  WATER  MANAGE- 
MENT: SHAPESG  THE  LAW  TO  SERVE  THE 
PUBLIC  INTEREST. 

B.  E.  Griffith. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  5-26,  69  ref. 

Descriptors:  'Comprehensive  planning,  'Inter- 
agency cooperation,  'Legal  aspects,  'Mississippi, 
'State  jurisdiction,  'Water  resources  management, 
Alluvial  plains,  Alluvial  rivers,  Long-term  plan- 
ning, Management  planning,  Water  districts,  Water 
management,  Water  quality  management. 


Increasing  emphasis  is  being  placed  on  comprehen- 
sive structures  for  state-level  management,  conser- 
vation, and  long-range  water  resource  planning. 
The  State  of  Mississippi  and  the  Mississippi  Delta, 
utilizing  water  management  concepts  and  models 
developed  in  the  southeastern  and  western  states, 
have  recently  organized  the  Yazoo-Mississippi 
Delta  (YMD)  Joint  Water  Management  District  to 
overcome  fragmentation  of  water  resource  man- 
agement on  the  state  and  local  government  levels. 
Numerous  opportunities  exist  for  the  YMD  Joint 
Water  Management  District  to  take  the  lead  in 
water  resource  management,  planning,  research, 
and  education  in  the  areas  of:  water  quality  and 
contamination;  surface  water  monitoring;  research 
and  technical  assistance;  chemical  treatment  and 
disease  control;  optimum  water  use  studies;  non- 
point  source  pollution  control;  pesticide  container 
program;  Mississippi  River  diversion;  augmenta- 
tion of  water  supplies;  and  wetlands  protection  and 
management.  It  is  proposed  that  the  YMD  Joint 
Water  Management  District  perform  the  following 
during  its  first  year  of  operation:  fund  an  evalua- 
tion of  the  chemical  and  physical  properties  of 
Delta  surface  water;  set  up  the  district  staff;  assist 
with  alluvial  aquifer  water  level  measurements; 
assist  with  evaluation  of  water  use  and  conserva- 
tion practices  in  rice  production;  and  evaluate  the 
possibility  of  additional  low  water  weirs  on  various 
small  streams.  Entities  such  as  the  YMD  Joint 
Water  Management  District  are  in  a  position  to 
undertake  a  program  of  systematic  education  cou- 
pled with  qualitative  and  quantitative  conserva- 
tion, management,  and  long-term  planning.  (See 
also  W9 1-05 137)  (Fish-PTT) 
W9 1-05 138 


WHAT  CAN  YOU  LEARN  ABOUT  WATER  RE- 
SOURCES IN  MOSCOW,  U.S.S.R. 

Florida  Univ.,  Gainesville.   Dept.  of  Civil  Engi- 
neering. 
J.  V.  Walters. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  120-121. 

Descriptors:  'Civil  engineering,  'Conferences, 
'Organizations,  'Professional  societies,  'USSR, 
'Water  resources  management,  Interdisciplinary 
studies,  Wastewater  treatment,  Water  quality, 
Water  resources,  Water  supply,  Water  treatment. 

During  June,  1989,  a  small  group  of  members  of 
the  American  Society  of  Civil  Engineers  attended 
a  three-day,  bilateral,  water  quality  conference  in 
Moscow,  the  first  joint  conference  sponsored  by 
the  Union  of  Scientific  and  Engineering  Societies 
of  the  U.S.S.R.  As  might  be  anticipated  in  the 
U.S.S.R.,  their  organizations  have  more  central 
coordination  than  do  professional  societies  in  the 
U.S.,  which  allows  a  greater  ease  in  achieving 
interdisciplinarity  in  their  considerations  of  sub- 
jects. The  leading  technologists  have  seen  the  need 
to  reevaluate  their  techniques  and  procedures  and 
to  seek  cooperative  ties  with  their  counterparts  in 
other  countries.  The  opening  papers  described  the 
water  supply  perspectives  of  the  two  nations,  fol- 
lowed by  descriptions  of  representative  municipal 
water  supply  systems  for  each  of  the  countries. 
Water  quality,  water  treatment  systems,  disinfec- 
tion, problematic  coagulative  treatment,  filtration 
practice,  sludge  management,  surface  water  sup- 
plies, aquifer  protection,  artificial  groundwater  re- 
charge and  conjunctive  use,  water  use  rates,  and 
water  conservation  practices  next  were  addressed 
by  speakers  of  both  nationalities.  The  single  most 
general  conclusion  possible  from  the  information 
presented  during  the  conference  is  that  Soviets  and 
Americans  who  deal  with  water  resources  manage- 
ment, water  supply,  and  wastewater  treatment  face 
approximately  the  same  problems  and  opportuni- 
ties. The  needs  for  quantity  and  quality  and  geo- 
graphic incompatibilities  of  supply  and  demand  in 
the  two  countries,  as  well  as  approaches  to  prob- 
lem solutions,  are  very  similar.  Probably  most  of 
the  variances  of  viewpoint  derive  from  the  vastly 
different  ways  that  the  two  societies  are  organized 
to  operate.  (See  also  W9 1-05 137)  (Fish-PTT) 
W91-05151 


BRIEF  REVIEW  OF  WATER  RIGHTS  IN  NEW 
HAMPSHIRE. 

New  Hampshire  Dept.  of  Environmental  Services, 
Concord.  Water  Management  Bureau. 
K.  Stern. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  2,  p  149-152,  June 
1990. 

Descriptors:  'Legal  aspects,  'New  Hampshire, 
'Water  rights,  'Legislation,  'Administrative  agen- 
cies, Governmental  interrelations,  Water  use, 
Public  trust  doctrine,  Groundwater,  Instream  flow. 

There  is  increasing  awareness  and  concern  among 
water  users  over  the  status  and  security  of  their 
water  rights.  In  New  Hampshire,  since  the  indus- 
trial revolution,  the  common  law  of  riparian  rights 
and  reasonable  use  was  the  rule  which  applied  to 
water  use.  Today,  water  rights  can  be  established, 
challenged  and  limited  in  a  variety  of  ways  which 
contributes  to  uncertainty.  The  legislature  as  the 
ultimate  custodian  of  the  public  interest  can,  at  its 
own  discretion  alter,  limit,  or  repeal  rights  exer- 
cised by  citizens,  municipalities,  or  businesses.  The 
legislature  can  further  convey  its  powers  to  admin- 
istrative agencies  for  regulation  and  control  of  the 
flows  in  rivers  and  streams.  The  role  of  the  courts, 
legislative  appropriation,  the  public  trust  doctrine, 
groundwater,  instream  flows  and  actions  of  admin- 
istrative agencies  are  also  briefly  reviewed. 
(Medina-PTT) 
W9 1-052 13 


N.  H.  WATER  RIGHTS:  AN  ENDANGERED 
SPECIES. 

Manchester  Water  Works,  NH. 
D.  Kittredge. 

Journal  of  the  New  England  Water  Works  Asso- 
ciation JNEWA6,  Vol.  104,  No.  2,  p  153-156,  June 
1990.  1  fig,  3  ref. 

Descriptors:  'New  Hampshire,  'Public  trust  doc- 
trine, 'Legislation,  'Riparian  rights,  'Public 
waters,  Governmental  controls,  Recreation  facili- 
ties, Surface  water,  Legal  aspects,  Groundwater. 

In  August,  1989,  the  New  Hampshire  (NH)  Attor- 
ney General  decided  that  existing  and  proposed 
water  withdrawals  from  Loon  Pond  for  recreation- 
al snow  making  would  be  an  unreasonable  use  of 
public  waters  held  in  trust  by  the  State,  a  long 
established  legal  principle  called  the  doctrine  of 
public  trust,  and  therefore  legislative  action  would 
be  required  to  permit  future  withdrawals.  The 
opinion  went  further  by  suggesting  that  the  NH 
Supreme  Court  might  eventually  adopt  a  rule 
which  applies  in  other  jurisdictions  that  water  use 
for  public  distribution  is  outside  the  scope  of  ripari- 
an rights  and  thus  requires  legislative  approval. 
One  could  say  then  that  the  existing  doctrine  of 
riparian  rights  has  been  challenged  by  the  State 
and  that  the  guiding  principle  of  reasonable  use 
may  soon  fall  victim  to  a  new  legislation  leading  to 
increased  governmental  controls  and  possible  allo- 
cation of  water  supplies  throughout  New  Hamp- 
shire. This  decision  could  conceivably  lead  to  dra- 
matic changes  in  the  ability  of  water  suppliers  and 
others  to  withdraw  water  from  surface  and,  by 
extension,  even  underground  sources.  This  could 
signal  a  significant  change  in  the  principle  of  ripari- 
an rights  as  we  now  know  them.  (Medina-PTT) 
W9 1-052 14 


ENVIRONMENTAL  REGULATIONS  PLACE 
NEW  RESPONSIBILITIES  ON  PROPERTY 
OWNERS. 

Environmental  Realty  Services,  Nashville,  TN. 
For   primary   bibliographic   entry   see   Field   5G. 
W9 1-05237 


PROVIDING      ENVIRONMENTAL      IMPAIR- 
MENT LIABILITY  INSURANCE  COVERAGE. 

Environmental      Insurance      Management,      Inc., 

McLean,  VA. 

For   primary   bibliographic   entry   see   Field   5G. 

W91-05238 
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Field  6— WATER  RESOURCES  PLANNING 


Group  6E — Water  Law  and  Institutions 


IMPLICATIONS  OF  DEALING  WITH  REAL 
ESTATE-BASED  CLEANUP  STATUTES. 

Nixon,  Hargrave,  Devans  and  Doyle,  Albany,  NY. 
J.  L.  Greenthal,  and  M.  P.  Millspaugh. 
IN:  Petroleum  Contaminated  Soils.  Volume  2:  Re- 
mediation Techniques,  Environmental  Fate,  Risk 
Assessment,  Analytical  Methodologies.  Lewis 
Publishers,  Chelsea,  Michigan.  1989.  p  17-27,  1  tab, 
21  ref. 

Descriptors:  'Cleanup  operations,  'Legislation, 
•Real  estate,  'Legal  aspects,  'Regulations,  Envi- 
ronmental protection,  Management  planning. 

The  government  is  attempting  to  control  and 
remedy  environmental  contamination  by  enacting 
statutes  and  regulations  which  have  a  profound 
and  wide  reaching  effect.  In  turn,  a  number  of 
market  forces  are  acting  to  impose  further  controls 
on  industry's  actions  relative  to  environmental 
contamination.  Although  there  are  pros  and  cons 
concerning  both  statutory  and  market  controls,  it  is 
evident  that  both  will  continue  to  work  on  business 
and  real  estate  transactions.  Corporate  policies  and 
management  practices  which  stress  preventive 
maintenance  and  proper  environmental  housekeep- 
ing will  substantially  reduce  economic  and  oper- 
ational disruptions  when  the  time  comes  to  transfer 
or  sell  an  industrial  facility.  It  is  also  crucial  that  all 
parties  to  transactions  involving  real  estate  be 
aware  of  the  condition  and  extent  of  contamination 
at  a  site,  an  awareness  achieved  only  through  the 
performance  of  environmental  audits  and  assess- 
ments of  property  before  transactions  are  finalized. 
Undertaking  and  completing  these  types  of  protec- 
tive and  preventive  measures  will  minimize  the 
disruption  caused  by  environmental  contamination. 
(See  also  W9 1-05236)  (Lantz-PTT) 
W9 1-05239 


STATE  OF  RESEARCH  AND  REGULATORY 
APPROACH  OF  STATE  AGENCIES  FOR 
CLEANUP  OF  PETROLEUM  CONTAMINAT- 
ED SOILS. 

Massachusetts  Univ.,  Amherst.  Environmental  and 
Health  Sciences  Program. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05244 


COUNCIL  FOR  HEALTH  AND  ENVIRON- 
MENTAL SAFETY  OF  SOILS  (CHESS):  A  COA- 
LITION TO  STANDARDIZE  APPROACHES 
TO  SOIL  CONTAMINATION  PROBLEMS. 

Massachusetts  Univ.,  Amherst.  Environmental  and 
Health  Sciences  Program. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05267 


PREFERRED  ALTERNATIVE  USES  OF 
WATER  RESOURCES:  VIEWS  OF  ENVIRON- 
MENTAL ACTIVISTS  IN  THE  U.S.  VIRGIN  IS- 
LANDS. 

Nevada  Univ.,  Las  Vegas.  Dept.  of  Political  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  6D. 
W9 1-056 13 


CALIFORNIA   LAND  BAN  OF  METAL-CON- 
TAINING AQUEOUS  WASTES. 

California  Dept.  of  Health  Services,  Sacramento. 
Alternative  Technology  Section. 
For   primary  bibliographic   entry   see   Field   5G. 
W9 1-05672 


IMPLEMENTATION  OF  A  HEAVY  METALS 
REDUCTION  PROGRAM  IN  THE  CITY  OF 
LOS  ANGELES. 

Los  Angeles  City  Bureau  of  Sanitation,  CA. 

For   primary   bibliographic    entry   see   Field    5G 

W91-05673 


REGULATORY         REQUIREMENTS         FOR 
POINT-OF-USE  SYSTEMS. 

Environmental    Protection    Agency,    Washington, 
DC.  Office  of  Pesticides  and  Toxic  Substances. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05696 


CONTROL  OF  POINT-OF-USE  WATER 
TREATMENT  DEVICES  IN  CANADA:  LEGAL 
AND  PRACTICAL  CONSIDERATIONS. 

Environmental  Health  Directorate,  Ottawa  (Ontar- 
io). 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05697 


REGULATION  OF  WATER  TREATMENT  DE- 
VICES IN  CALIFORNIA. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05698 


WISCONSIN  REGULATION  OF  POINT-OF- 
USE  AND  POINT-OF-ENTRY  WATER  TREAT- 
MENT DEVICES. 

Wisconsin  Dept.  of  Industry,  Labor  and  Human 
Relations,  Madison. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05699 


FEDERAL   TRADE   COMMISSION    REGULA- 
TION OF  WATER  TREATMENT  DEVICES. 

Federal  Trade  Commission,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05701 


POU/POE   PRODUCT  PROMOTION   GUIDE- 
LINES AND  CODE  OF  ETHICS. 

Water  Quality  Association,  Lisle,  IL. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05702 


NSPS   LISTING   PROGRAM   FOR   POU/POE 
DWTUS. 

National  Sanitation  Foundation,  Ann  Arbor,  MI. 
For  primary  bibliographic  entry  see  Field  5F. 
W91-05703 


WATER  QUALITY  ASSOCIATION  VOLUN- 
TARY PRODUCT  VALIDATION  PROGRAM 
AND  VOLUNTARY  CERTIFICATION  PRO- 
GRAM. 

Water  Quality  Association,  Lisle,  IL. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05704 


GUIDE  STANDARDS  AND  PROTOCOL  FOR 
TESTING  MICROBIOLOGICAL  WATER  PURI- 
FIERS. 

Army    Biomedical    Research    and    Development 
Lab.,  Fort  Detrick,  MD. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05705 


6G.  Ecologic  Impact  Of 
Water  Development 


EXTENDING  THE  CAPABILITY  OF  THE 
COMPONENT  INTERACTION  MATRIX  AS  A 
TECHNIQUE  FOR  ADDRESSING  SECOND- 
ARY IMPACTS  IN  ENVIRONMENTAL  AS- 
SESSMENT. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Envi- 
ronmental and  Geographical  Science. 
J.  Shopley,  M.  Sowman,  and  R.  Fuggle. 
Journal        of        Environmental        Management 
JEVMAW,  Vol.  31,  No.  3,  p  197-213,  October 
1990.  5  fig,  3  tab,  21  ref. 

Descriptors:  'Component  Interaction  Matrix,  'En- 
vironmental effects,  'Environmental  impact, 
'Water  resources  development.  Computer  pro- 
grams, Project  planning. 

The  component  interaction  technique  has  been  de- 
veloped to  structure  a  preliminary  investigation  of 
secondary  impacts  during  the  initial  phase  of  envi- 
ronmental impact  assessments.  The  technique  is 
based  on  the  component  interaction  matrix,  where 
the  environment  is  modeled  as  a  list  of  compo- 
nents, and  direct  dependencies  between  these  com- 
ponents are  then  recorded.  Computerized  matrix 
powering  procedures  are  employed  to  structure 


the  data  to  facilitate  an  investigation  of  the  second- 
ary impact  potential  in  the  system.  Chains  of  de- 
pendents between  components  can  be  traced,  and 
components  ranked  in  order  of  their  ability  to 
initiate  secondary  impacts  or  their  susceptability  to 
secondary  impacts.  The  procedures  essential  to  the 
definition  of  the  component  interaction  matrix 
ensure  that  the  preliminary  analysis  of  secondary 
impacts  is  based  on  a  comprehensive  and  struc- 
tured consideration  of  the  environment.  The  tech- 
nique is  designed  to  compliment  the  use  of  any  of  a 
wide  range  of  impact  analysis  methods  currently 
employed,  but  which  are  unable  to  consider  sec- 
ondary impacts.  (Lantz-PTT) 
W9 1-04965 


ENVIRONMENTAL  HEALTH. 

P.  Ramayya  Naidu. 

Indian  Journal  of  Public  Health  IPBHAH,  Vol.  32, 

No.  2,  p  70-81,  April/June  1988. 

Descriptors:  'Air  pollution,  'Environmental  qual- 
ity, 'Resources  management,  'Water  pollution, 
•Water  pollution  sources,  Human  population, 
India,  Industrial  wastewater,  Irrigation  effects, 
Land  resources,  Nonpoint  pollution  sources, 
Public  health,  Soil  erosion,  Urbanization, 
Wastewater  pollution,  Water  pollution  effects, 
Water  resources,  Waterlogging. 

A  keynote  address  on  environmental  health  in 
India  was  presented.  Environmental  problems  in 
India  were  classified  in  the  following  areas:  (1) 
land  management,  (2)  water  management,  includ- 
ing marine  and  coastal  waters,  (3)  ambient  air 
quality/air  pollution  control,  (4)  noise  pollution, 
(5)  population  planning,  and  (6)  environmental 
education.  The  major  threats  to  land  resources  in 
India  are  ascribed  to  waterlogging,  salinization  and 
soil  erosion.  Wastes  that  contribute  to  water  pollu- 
tion are  sewage  and  industrial  wastes  (point 
sources)  and  agricultural  and  dairy  waste  and 
runoff  (nonpoint  sources).  Public  health  problems 
associated  with  irrigation  in  India  are  malaria,  fila- 
riasis  and  fluorosis.  A  safe  public  water  supply  is 
seen  as  the  foundation  for  economic  progress  in 
India.  It  is  estimated  that  30%  of  mortality  and 
50%  of  morbidity  due  to  infectious  diseases  in 
India  is  due  to  water  borne  diseases.  Important  air 
pollutants  in  the  country  are  particulates,  sulfur 
oxides,  carbon  monoxide,  nitrogen  dioxide,  hydro- 
carbons, fluorine,  radioactive  nuclides  and  carbon 
dioxide.  By  the  year  2000,  India  will  have  an 
estimated  1000  million  inhabitants,  33%  of  which 
will  be  living  in  urban  areas,  creating  an  increased 
demand  for  resources  and  increasing  pollution 
levels.  It  is  recommended  that  environmental  edu- 
cation be  promoted  at  all  levels  of  social  structure 
and  not  merely  restricted  to  the  general  public  in 
the  form  of  mass  education.  (MacKeen-PTT) 
W9 1-05051 


EFFECTS  OF  CLEARING  AND  SNAGGING  ON 
PHYSICAL  CONDITIONS  OF  RIVERS. 

Memphis  State  Univ.,  TN.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  4A. 
W91-05141 


TENNESSEE-TOMBIGBEE  WATERWAY 

CANAL  SECTION  EFFECT  ON  ADJACENT 
BOTTOMLAND  HARDWOODS. 

Soil  Conservation  Service,  Jackson,  MS. 
R.  L.  Ulmer. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  92-97,  3  fig,  8  ref. 

Descriptors:  'Bottomland,  'Canals,  'Environmen- 
tal impact,  'Flood  plain  management,  'Forest  hy- 
drology, 'Tennessee,  Alluvial  aquifers,  Artesian 
head,  Clays,  Groundwater  level,  Moisture  tension, 
Piezometers,  Plant  growth,  Seasonal  variation,  Soil 
water,  Tensiometers. 

Landowners,  environmentalists,  and  project  man- 
agement personnel  have  all  expressed  concern  as 
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to  what  effect  the  Tennessee-Tombigbee  Water- 
way Canal  Section,  with  its  operating  water  level 
above  the  adjacent  flood  plain  surface,  would  have 
on  the  bottomland  hardwoods.  A  seven-year 
(1982-1989)  study  was  made  in  the  bottomland 
hardwood  plain  to  measure  the  alluvial  aquifer 
levels,  the  groundwater  levels,  the  soil  moisture, 
and  the  vegetative  growth.  Measurements  were 
made  once  monthly  to  track  seasonal  changes  dis- 
tinguished from  pre-pool  and  post-pool  changes 
using  piezometers,  tensiometers,  soil  moisture 
blocks,  and  a  nuclear  moisture  probe.  The  pre-pool 
alluvial  piezometer  water  levels  clearly  show  a 
seasonal  wet/dry  summer  pattern  which  is  contin- 
ued at  the  higher  post-pool  levels.  The  soil  mois- 
ture tension  and  total  soil  moisture  values  continue 
the  seasonal  fluctuations  during  both  pre-pool  and 
post-pool  periods.  The  Canal  pool  influence  ex- 
tends from  about  1000  feet  to  1500  feet  outside  the 
Canal  levee  centerline,  typical  for  dry  and  wet 
periods,  respectively.  The  influence  appears  to  be 
diminished,  due  to  aquifer  material  resistance,  to 
about  1.0  foot  of  additional  artesian  head  at  the 
1300- foot  distance,  about  0.5  foot  below  natural 
ground.  The  clay  soil  material  supporting  the  veg- 
etative growth  is  about  10  feet  thick,  providing  an 
effective  barrier  against  the  alluvial  artesian  pres- 
sure influencing  vegetative  growth.  Piezometers 
show  that  vegetative  consumptive  use  is  greater 
than  water  movement  through  the  soil.  The  contin- 
ued measurements  from  1982-1989  show  normal 
growth  rates  for  the  selected  trees.  It  is  concluded 
that  there  is  no  impact  and,  therefore,  no  vegeta- 
tive changes  caused  by  the  Canal  impoundment. 
(See  also  W9 1-05 137)  (Fish-PTT) 
W91-05147 


UPSTREAM  EXTENT  OF  SALINE  WATER  IN 
THE  PASCAGOULA  RIVER. 

R.  A.  Rebich,  and  M.  N.  Landers. 
In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  98-104,  5  fig,  4  ref. 

Descriptors:  *Estimating  equations,  'Mississippi, 
•Pascagoula  River,  'Saline  water  intrusion, 
•Saline-freshwater  interfaces,  *Tidal  rivers, 
•Water  resources  development,  Least  squares 
method,  Mathematical  equations,  Regression  anal- 
ysis, River  mouth,  Runoff-salinity  relationships, 
Surface  water  availability,  Water  supply  develop- 
ment. 

Rapid  development  of  the  groundwater  resources 
in  the  Mississippi  Gulf  Coast  region  has  caused 
long-term  declines  in  both  water  levels  and  water 
quality.  As  a  consequence,  the  development  of  a 
surface  water  supply  has  been  proposed  to  help 
meet  future  demands  of  the  Pascagoula-Moss  Point 
metropolitan  area.  The  surface  water  source  that 
has  the  greatest  potential  for  development  is  the 
Pascagoula  River.  The  lower  reach  of  the  river  is 
tidally  affected  and  has  a  fairly  typical  'wedge'  of 
saline  water  intrusion  from  the  Mississippi  Sound. 
A  multiple  least  squares  regression  equation  can  be 
used  to  estimate  the  upstream  extent  of  saline 
water  in  the  lower  Pascagoula  River,  information 
that  would  be  helpful  to  water  resources  planners 
and  managers.  This  equation  can  be  used  in  evalua- 
tions of  the  potential  development  of  the  Pasca- 
goula River  as  a  surface  water  supply.  The  two 
significant  explanatory  variables  are  salinity  at  the 
mouth  of  the  river  and  the  7-day  average  dis- 
charge. Tide  stage  and  direction,  temperature,  and 
Escatawpa  River  inflow  were  not  statistically  sig- 
nificant to  the  location  of  the  upstream  extent  of 
saline  water.  The  maximum  extent  of  salinity  was 
estimated  to  be  17  miles  upstream  of  the  mouth  of 
the  Pascagoula  River  using  the  equation  and  ex- 
treme values  of  the  explanatory  variables  (high 
salinity  in  the  river  mouth  and  7-day,  10-year  low 
flow).  (See  also  W9 1-05 137)  (Fish-PTT) 
W9 1-05 148 


INFLUENCE  OF  GREENTREE  RESERVOIR 
MANAGEMENT  ON  OVERSTORY  COMPOSI- 
TION, CANOPY  DENSITY,  AND  HARDWOOD 
REGENERATION  ON  NOXUBEE  NATIONAL 
WILDLIFE  REFUGE. 


Mississippi  State  Univ.,  Mississippi  State.  School  of 
Forestry. 

G.  L.  Young,  B.  L.  Karr,  J.  D.  Hodges,  B.  D. 
Leopold,  and  R.  M.  Kaminski. 
In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  105-115,  1  fig,  4  tab,  31  ref. 

Descriptors:  'Bottomland,  'Flood  plain  manage- 
ment, 'Forest  management,  'Mississippi,  'Reser- 
voir operation,  'Wildlife  habitats,  Canopy,  Oak 
trees,  Seedlings,  Species  composition,  Vegetation 
effects,  Waterfowl. 

Greentree  reservoirs  (GTRs)  are  modified  bottom- 
land forest  sites  at  least  partly  enclosed  by  a  system 
of  levees  which  serve  to  impound  water  between 
late  fall  and  early  spring.  These  reservoirs  are 
primarily  managed  for  migrating  waterfowl,  par- 
ticularly mallards  and  wood  ducks.  The  dramatic 
decrease  in  Mississippi's  bottomland  acreage  and 
drainage  and  flood  control  projects  have  reduced 
the  availability  of  this  waterfowl  habitat,  in  the 
form  of  floral  compositional  changes  and  plant 
cover  loss.  Maintaining  desirable  tree  species  com- 
position within  these  modified  bottomland  hard- 
wood sites  is  crucial  to  the  long-term  productivity 
of  these  areas.  Managers  of  Noxubee  National 
Wildlife  refuge  (NNWR)  are  concerned  that  30 
years  of  annual  flooding  in  two  of  their  GTRs  may 
be  causing  a  shift  in  composition  toward  water 
tolerant  oak  species.  Tree-species  composition  (rel- 
ative frequency,  relative  density,  and  relative 
dominance  of  each  species)  within  the  two  GTRs 
and  a  control  area  was  sampled  using  the  point- 
center  quarter  method.  It  was  found  that  commu- 
nity structure  has  been  modified  as  a  result  of  GTR 
management.  Shifts  toward  increased  dominance 
by  overcup  oak  were  evident  in  the  overstory  and 
in  seedling  regeneration.  Canopy  density  has  been 
reduced  resulting  in  a  discontinuous  and  nonuni- 
form canopy  appearance.  A  marked  decrease  in 
saplings  and  a  substantial  increase  in  the  number  of 
seedlings  have  also  occurred.  Existing  data  are 
insufficient  to  evaluate  the  current  2-year  flooding 
cycle  now  being  practiced.  Current  water  manage- 
ment should  allow  for  greater  soil  aeration  and 
consequently  increased  tree  vigor.  (See  also  W91- 
05137)  (Fish-PTT) 
W91-05149 


GLOBAL   CLIMATE   CHANGE:   POLICY   IM- 
PLICATIONS FOR  FISHERDZS. 

NSI  Technology  Services  Corp.,  Corvallis,  OR. 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-05 167 


CONSERVATION  STATUS  OF  THREATENED 
FISHES  IN  WARNER  BASIN,  OREGON. 

Bureau  of  Land  Management,  Washington,  DC. 

Wildlife  and  Fisheries  Div. 

J.  E.  Williams,  M.  A.  Stern,  A.  V.  Munhall,  and  G. 

A.  Anderson. 

Great  Basin  Naturalist  GRBNAR,  Vol.  50,  No.  3, 

p  243-248,  October   1990.    1   fig,    1    tab,    13   ref. 

Descriptors:  'Endangered  species,  Water  re- 
sources development,  Irrigation,  'Oregon,  'Fish 
conservation,  'Population  density,  Reservoirs, 
Dams,  Foskett  speckled  dace,  Warner  sucker, 
Crappie,  Bullhead,  Lentic  environment. 

Two  federally  listed  fishes,  the  Foskett  speckled 
dace  and  Warner  sucker,  are  endemic  to  Warner 
Basin  in  central  Oregon.  The  Foskett  speckled 
dace  is  native  only  to  a  single  spring  in  Coleman 
Valley.  A  nearby  spring  was  stocked  with  dace  in 
1979  and  1980,  and  now  provides  a  second  popula- 
tion. The  numbers  of  dace  probably  are  at  their 
highest  levels  since  settlement  of  the  region.  The 
Warner  sucker  historically  occurred  throughout 
much  of  the  Warner  Valley,  but  its  distribution  and 
abundance  have  been  reduced  by  construction  of 
reservoirs  and  irrigation  dams  and  the  introduction 
of  predatory  game  fishes.  Lentic  habitats  have 
become  dominated  by  introduced  fishes,  particular- 
ly white  crappie,  black  crappie,  and  brown  bull- 
head. The  largest  remaining  population  of  Warner 
suckers  occurs  in   Hart   Lake,   where  successful 


reproduction  was  documented  but  there  is  no  evi- 
dence of  recruitment  to  the  adult  population.  (Au- 
thor's abstract) 
W9 1-05203 


MICROBIAL  POPULATIONS  OF  A  SOUTH- 
ERN CHERNOZEM  AS  AN  INDICATOR  OF 
IRRIGATION  EFFECTS. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  3F. 
W91-05217 


EFFECT  OF  SIBERIAN  RESERVOIRS  ON  THE 
ENVIRONMENT. 

For  primary  bibliographic  entry  see  Field  4A. 
W91-05302 


IMPACT  OF  MAN. 

Johns  Hopkins  Univ.,  Baltimore,  MD. 

For  primary  bibliographic  entry  see  Field  4C. 

W91-05872 
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PROBABILISTIC     SODL     CONTAMINATION 
EXPOSURE  ASSESSMENT  PROCEDURES. 

Environmental  Defense  Fund,  Austin,  TX. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-05326 


OPTIMAL  CONFIGURATION  AND  SCHEDUL- 
ING OF  GROUND- WATER  TRACER  TEST. 

California  Univ.,  Los  Angeles.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-05789 


'WHERE'S  THE  BENZENE':  EXAMINING 
CALIFORNIA  GROUND-WATER  QUALITY 
SURVEYS. 

Applied  Science  and  Engineering,  Inc.,  Davis,  CA. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-05818 


CRITIQUE  OF  THE  CLIMATIC  RECORD  OF 
'WATER  EQUIVALENT  OF  SNOW  ON  THE 
GROUND'  IN  THE  UNITED  STATES. 

Kent  State  Univ.,  OH.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2C. 
W91-05859 


7B.  Data  Acquisition 


IDENTIFICATION  OF  THE  BOUNDARIES  BE- 
TWEEN TWO  WATERSHEDS  IN  A  VOLCANIC 
AREA  BY  THE  SELF-POTENTIAL  METHOD 
(VERIFICATION  DE  LIMITES  DE  NAPPES 
AQUIFERES  EN  TERRAIN  VOLCANIQUE 
PAR  LA  METHODE  DE  POLARISATION 
SPONTANEE). 

Observatoire  de  Physique  du  Globe  de  Clermont- 
Ferrand  (France). 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-04939 


INFLUENCE  OF  MODE  OF  EXPOSURE  AND 
THE  PRESENCE  OF  A  TUBICULOUS  POLY- 
CHAETE  ON  THE  FATE  OF 

BENZ(A)ANTHRACENE  IN  THE  BENTHOS. 

Woods  Hole  Oceanographic  Institution,  MA. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04945 


STABILITY  OF  VOLATILE  ORGANIC  COM- 
POUNDS IN  ENVIRONMENTAL  WATER 
SAMPLES  DURING  TRANSPORT  AND  STOR- 
AGE. 
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Field  7— RESOURCES  DATA 
Group  7B — Data  Acquisition 


Oak  Ridge  National  Lab.,  TN.  Analytical  Chemis- 
try Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04947 


DISTINGUISHING  DIPHENYLAMINE  AND  N- 
NITROSODIPHENYLAMINE  IN  HAZARDOUS 
WASTE  SAMPLES  BY  USING  HIGH-PER- 
FORMANCE LIQUID  CHROMATOGRAPHY/ 
THERMOSPRAY/MASS  SPECTROMETRY. 
Environmental  Monitoring  Systems  Lab.,  Cincin- 
nati, OH. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-04956 


ASSESSMENT  OF  PERFORMANCE  OF  WET 
ATMOSPHERIC  DEPOSITION  SAMPLERS. 
PART  2.  VALIDATION  OF  SITING  CRITERIA. 

Military  Academy,  West  Point,  NY.  Science  Re- 
search Lab. 
R.  C.  Graham. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.  1/2,  p  97-114,  1990.  8  fig,  12  tab,  9  ref.  USGS 
Agreement  No.  WRD-4000-4352-84. 

Descriptors:  'Acid  rain,  'Instrumentation,  'Net- 
work design,  •Performance  evaluation,  'Samplers, 
•Site  selection,  *Wet  deposition,  Chemical  analy- 
sis, Dry  deposition,  Hydrogen  ion  concentration, 
Measuring  instruments,  Specific  conductivity,  Sta- 
tistical analysis. 

The  variability  in  performance  of  4  wet/dry  at- 
mospheric deposition  samplers  were  compared  for 
1  year.  Samples  were  collected  weekly  and  ana- 
lyzed for  pH,  specific  conductance,  common  ionic 
chemical  constituents,  and  sample  mass.  Differ- 
ences in  the  results  between  collectors  were  inter- 
preted in  terms  of  violations  of  siting  criteria. 
Several  of  the  criteria  used  in  siting  collectors  for 
the  National  Atmospheric  Deposition  Program/ 
National  Trends  networks  were  purposely  com- 
promised to  determine  the  effects  of  such  criteria 
on  the  validity  of  samples  collected  at  sites  where 
the  location  of  samplers  violates  accepted  siting 
criteria.  The  study  showed  that  items  should  be 
excluded  within  a  45  degree  cone  of  the  sampler 
and  also  items  of  sufficient  bulk  to  disturb  wind 
patterns  should  be  excluded  within  5  m  of  the 
sampler.  The  non-normal  distribution  of  residuals 
from  a  parametric  analysis  of  variance  of  the  data 
set  necessitated  the  application  of  the  nonparame- 
tric  Friedman  test  to  assess  comparability  of  chem- 
ical deposition  and  volume  between  and  within 
samplers.  Statistically  significant  differences  exist- 
ed for  most  comparisons,  however  the  test  does 
not  permit  quantification  of  their  magnitudes,  al- 
though general  trends  may  be  determined.  The 
major  factor  that  appears  to  control  differences  in 
deposition  is  the  collection  efficiency  of  a  sampler. 
(Lantz-PTT) 
W9 1-04972 


DNA   DAMAGE   DETERMINATION   BY   THE 

ALKALINE  ELUTION  TECHNIQUE  IN  THE 

HAEMOLYMPH  OF  MUSSEL  MYTILUS  GAL- 

LOPROVTNCIALIS  TREATED  WITH 

BENZO(A)PYRENE      AND     4-NTTROQUINO- 

LINE-N-OXIDE. 

Institut    Rudjer    Boskovic,    Rovinj    (Yugoslavia). 

Centar  za  Istrazivanje  Mora. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-04991 


EFFICIENCY  ESTIMATES  OF  A  STREAM 
BENTHOS  SUCTION  SAMPLER. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
I.  O.  Growns. 

Australian  Journal  of  Marine  and  Freshwater  Re- 
search AJMFA4,  Vol.  41,  No.  5,  p  621-626,  1990.  1 
fig,  2  tab,  14  ref. 

Descriptors:  *Benthic  sampling,  'Instrumentation, 
•Measuring  instruments,  'Performance  evaluation, 
•Samplers,  'Sampling,  Boulton  Suction  Sampler, 
Macroinvertebrates,  Organic  matter. 

The  efficiency  of  a  modified  Boulton  suction  sam- 
pler was  tested  in  two  riffle  zones,  using  multiple 


removals.  Macroinvertebrate  fauna  was  sampled 
with  approximately  70%  efficiency  on  first  remov- 
al, while  organic  matter  was  sampled  with  55% 
efficiency.  Sampling  efficiencies  for  specific  taxa 
ranged  from  86%  (Plecoptra)  to  66%  (Chironomi- 
dae)  and  59%  (Trichoptera).  The  results  of  this 
study  indicate  that  sampling  efficiency  can  be  im- 
proved either  by  taking  multiple  samples  at  one 
location  or  by  increasing  the  time  spent  disturbing 
the  substratum  and  pumping  water  from  the  stand 
pipe.  The  results  also  indicate  the  importance  of 
conducting  pilot  studies  to  determine  the  efficiency 
of  a  sampler  at  sites  where  the  efficiency  is  likely 
to  be  different.  (Author's  abstract) 
W9 1-05006 


USE  OF  SEDIMENT  BAGS  AS  A  MONITOR  OF 
FECAL  POLLUTION  IN  STREAMS. 

E.V.S.  Consultants  Ltd.,  North  Vancouver  (British 

Columbia). 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-05008 


SEASONAL  LETHALITY  OF  PENTACHLORO- 
PHENOL  TO  JUVENILE  ATLANTIC 
SALMON. 

Department  of  Fisheries  and  Oceans,  St.  Andrews 

(New  Brunswick).  Biological  Station. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-05011 


AMINO  ACID  SEQUENCE  OF  CADMIUM- 
BINDING  PEPTIDE  INDUCED  IN  A  MARINE 
DIATOM,  PHAEODACTYLUM  TRICORNU- 
TUM. 

Hokkaido  Univ.,  Sapporo  (Japan).  Research  Inst, 
of  North  Pacific  Fisheries. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-050 12 


MONITORING  RIVER   ICE  WITH  LANDSAT 
IMAGES. 

Cold   Regions   Research   and   Engineering   Lab., 
Hanover,  NH.  Geological  Sciences  Branch. 
For  primary  bibliographic  entry  see  Field  2C. 
W9 1-05031 


ASSESSMENT  OF  VEGETATION  AND  SOIL 
WATER  REGIMES  IN  PARTIAL  CANOPIES 
WITH  OPTICAL  REMOTELY  SENSED  DATA. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For  primary   bibliographic   entry   see  Field   2G. 

W9 1-05032 


METHODS  FOR  DETERMINING  ASSIMILA- 
BLE ORGANIC  CARBON  AND  SOME  FAC- 
TORS AFFECTING  THE  VAN  DER  KOOIJ 
METHOD. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05058 


PHOSPHATE-SENSITIVE  ENZYME  ELEC- 
TRODE: A  POTENTIAL  SENSOR  FOR  ENVI- 
RONMENTAL CONTROL. 

Lyon-1    Univ.,    Villeurbanne    (France).    Lab.    de 

Genie  Enzymatique. 

E.  M.  d'Urso,  and  P.  R.  Coulet. 

Analytica  Chimica  Acta  ACACAM,  Vol.  239,  No. 

1,  p  1-5,  November  23,  1990.  5  fig,  16  ref. 

Descriptors:  'Analytical  methods,  'Electrodes, 
'Instrumentation,  'Phosphates,  'Pollutant  identifi- 
cation, 'Sensors,  'Water  quality  monitoring,  De- 
tection limits,  Enzymes,  Eutrophication,  Ion-selec- 
tive electrodes,  Measuring  instruments,  Water 
analysis. 

A  highly  selective  enzyme  electrode  was  designed 
for  the  assay  of  phosphate  ions.  A  bienzyme  mem- 
brane with  co-immobilized  nucleoside  phosphoryl- 
ase  and  xanthine  oxidase  was  used  with  a  platinum 
amperometric  electrode  for  the  detection  of  enzy- 
matically  generated  hydrogen  peroxide.  A  detec- 


tion limit  of  100  nM  was  obtained.  The  calibration 
graph  was  linear  for  phosphate  concentrations  be- 
tween 0.1  and  10  microM,  the  range  of  interest  for 
environmental  analysis.  A  relative  standard  devi- 
ation of  4%  was  obtained  for  ten  replicate  assays 
of  1  microM  potassium  dihydrogen  phosphate. 
Analysis  of  phosphate  solutions  prepared  in  sea- 
water  indicated  a  sensitivity  85%  of  that  obtained 
for  solutions  in  distilled  water.  About  70%  of  the 
initial  sensitivity  of  the  electrode  remained  after  20 
h  of  use.  In  preliminary  experiments  a  very  low 
response  was  obtained  with  solutions  of  tripoly- 
phosphate,  a  compound  used  in  many  detergents 
and  which  is  partly  responsible  for  eutrophication. 
It  is  concluded  that  the  phosphate  sensitive 
enzyme  electrode  may  be  useful  for  assays  of  pol- 
luted waters.  (MacKeen-PTT) 
W9 1-05090 


DYNAMIC      RESPONSE      OF      AUTOMATIC 
WATER-LEVEL  CONTROLLER:  I.  THEORY. 

Wuhan  Inst,  of  Hydraulic  and  Electric  Power  En- 
gineering (China). 

For  primary  bibliographic  entry  see  Field  3F. 
W91-05131 


DYNAMIC  RESPONSE  OF  AUTOMATIC 
WATER-LEVEL  CONTROLLER:  II.  APPLICA- 
TION. 

Agricultural     Research     Service,     Phoenix,     AZ. 

Water  Conservation  Lab. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-05132 


RATING  CORRECTION  FOR  LATERAL  SET- 
TLEMENT OF  PARSHALL  FLUMES. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

S.  R.  Abt,  and  K.  J.  Staker. 

Journal  of  Irrigation  and   Drainage   Engineering 

(ASCE)  JIDEDH,  Vol.    116,  No.  6,  p  797-803, 

November/December   1990.   1   fig,   1  tab,   II  ref. 

Descriptors:  'Discharge  measurement,  'Errors, 
'Flow  rates,  'Instrumentation,  'Rating  flumes, 
Accuracy,  Comparison  studies,  Correction  factors, 
Parshall  flumes,  Performance  evaluation. 

Various  factors  can  lead  to  settling  of  Parshall 
flumes  made  of  conventional  materials  and  in- 
stalled where  they  are  subject  to  freezing  and 
thawing  cycles.  Work  in  the  early  1970s  showed 
that  settling  could  lead  to  errors  of  1-76%  for  free 
flow  and  1-66%  for  submerged  flow  conditions.  A 
study  was  conducted  to  determine  how  lateral,  or 
transverse,  settlement  of  a  Parshall  flume  influ- 
ences the  accuracy  of  discharge  measurements  for 
free-flow  conditions.  A  3-in  Parshall  flume  was 
installed  in  a  channel  and  flow  rates  were  meas- 
ured with  lateral  flume  crest  slopes  of  0,  3.6,  6.5, 
9.0,  13.3,  -3.8,  -4.8,  -7.2,  and  -11.8%.  The  apparent 
discharge  was  compared  to  the  measured  dis- 
charge for  each  slope  with  free  outfall  conditions. 
The  results  indicate  that  the  Parshall  flume  accura- 
cy is  in  error  apporximately  7%  at  a  lateral  slope 
of  +or-10%.  The  flow  measurement  requires  a 
0.75%  adjustment  for  each  1%  of  lateral  settlement 
at  the  flume  crest.  A  method  for  correcting  the 
apparent  discharge  with  the  measured  discharge  is 
presented  for  variable  lateral  slope  conditions. 
(Rochester-PTT) 
W91-05133 


ANALYSES  OF  ADSORPTION  KINETICS 
USING  STIRRED-FLOW  CHAMBER:  II.  PO- 
TASSIUM-CALCIUM EXCHANGE  ON  CLAY 
MINERALS. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  and  Soil 

Sciences. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-05179 


PORTABLE  LASER  SCANNER  FOR  MEASUR- 
ING SOIL  SURFACE  ROUGHNESS. 

National  Soil  Erosion  Lab.,  West  Lafayette,  IN. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-05186 


RESOURCES  DATA— Field  7 
Data  Acquisition — Group  7B 


WICK  TENSIOMETER  TO  MEASURE  LOW 
TENSIONS  IN  COARSE  SOILS. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  2G. 
W91-05188 


VOLUME     RECORDER     FOR     LYSIMETER 
WATERS. 

Great    Lakes    Forestry    Research    Centre,    Sault 

Sainte  Marie  (Ontario). 

For  primary  bibliographic  entry  see  Field   2G. 

W91-05189 


ICA  SYMPOSIUM  ON  INSTRUMENTATION, 
CONTROL  AND  AUTOMATION  IN  WATER 
AND  WASTEWATER  MANAGEMENT. 

National  Inst,  for  Water  Research,  Pretoria  (South 

Africa). 

For  primary  bibliographic  entry  see  Field   5D. 

W91-05281 


FLOW  MONITORING  SYSTEM  FOR  THE 
VAAL  AND  WILGE  RIVERS. 

Department  of  Water  Affairs,  Pretoria  (South 
Africa). 

R.  A.  Chantler. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  18-24. 

Descriptors:  'Streamflow,  'Flood  warning  sys- 
tems, Water  supply,  *South  Africa,  'Telemetry, 
•Flow  measurement,  'Flood  forecasting,  Reser- 
voirs, Vaal  Dam,  Design  criteria,  Resource  man- 
agement. 

Vaal  Dam  is  a  vital  component  in  the  water  supply 
system  of  the  Pretoria- Witwatersrand-Vereeniging 
region  in  South  Africa  and  has  a  full  storage  capac- 
ity of  2,529  cu  m.  Water  for  the  Vaal  Dam  is 
collected  by  the  Vaal  and  Wilge  rivers.  A  teleme- 
try system  was  designed  primarily  to  provide  early 
warning  of  conditions  that  may  cause  a  flood  and 
thereafter  to  provide  an  accurate  record  of  the 
situation  existing  at  various  points  in  the  catchment 
area.  The  system  also  provides  water  flow  statistics 
and  assists  with  day-to-day  resource  management. 
The  information  collected  is  used  to  perform  flood 
routing  by  taking  the  hydrographs  obtained  from 
the  various  river  measuring  stations  and  forecast- 
ing the  propagation  of  the  flood  wave  to  the 
stations  further  downstream.  A  total  of  15  river 
measuring  stations  are  placed  at  carefully  selected 
positions  along  the  rivers  and  major  tributaries, 
with  7  stations  in  the  Vaal  river  area,  5  stations  in 
the  Wilge  River  area,  and  3  stations  covering  the 
river  downstream  of  Vaal  Dam.  All  telemetry 
stations  are  of  the  intelligent  type  using  micro- 
processors. Each  outstation  provides  water  level  as 
well  as  river  flow  readings.  Flow  is  calculated 
from  level  readings  using  floating  point  arithmetic 
and  conversion  formulae  with  5  sets  of  conversion 
constants,  all  down-loadable  from  the  Pretoria  or 
Vaal  Dam  master  stations.  The  major  source  of 
power  for  the  outstations  and  repeater  stations  is 
solar  power,  and  extensive  steps  were  taken  to 
limit  damage  caused  by  lightning  and  other  static 
discharges.  By  properly  integrating  all  subsystems 
into  a  well  engineered  network,  a  reliable  teleme- 
try system  was  produced  to  fulfill  the  requirements 
laid  down  at  the  planning  stage.  (See  also  W91- 
05281)  (White-Reimer-PTT) 
W91-05282 


CONTINUOUS  WATER  QUALITY  MONITOR- 
ING. 

South  Africa  Dept.   of  Water  Affairs,   Pretoria. 
Water  Pollution  Control  Directorate. 
For  primary  bibliographic   entry  see  Field   5G. 
W9 1-05287 


CONFIGURATION  OF  COMPUTER  BASED 
CONTROL  SYSTEMS  FOR  WASTEWATER 
TREATMENT  PLANTS. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Chemi- 


cal Engineering. 

For  primary  bibliographic  entry   see   Field   5D. 

W91-05288 


GAS  METERING  AT  SEWAGE  PURIFICATION 
WORKS. 

Stewart,     Sviridov     and     Oliver,     Marshalltown 
(South  Africa). 

For  primary  bibliographic   entry   see   Field   5D. 
W9 1-05291 


DATA  CAPTURE  SYSTEMS  AT  THE  JOHAN- 
NESBURG NORTHERN  WORKS. 

Johannesburg    City    Health    Dept.    Labs.    (South 

Africa). 

For  primary  bibliographic  entry   see  Field   5D. 

W9 1-05292 


COMPUTERISED  INSTRUMENTATION  AND 
CONTROL  SYSTEMS. 

Lektratek  Marketing,  P.O.  Box  1257,  Rivenia  2128, 
South  Africa. 
A.  Sugden,  and  H.  J.  Els. 

IN:  ICA  Symposium  on  Instrumentation,  Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. Program  and  summaries  of  the  symposi- 
um held  19  November  1987,  CSIR  Conference 
Centre,  Pretoria,  South  Africa.  Report  No.  S467, 
(1987).  p  76-78. 

Descriptors:  'Control  systems,  'Measuring  instru- 
ments, 'Water  quality  monitoring,  Flow  control, 
Flow  measurements,  Varied  flow,  'Instrumenta- 
tion, 'Automation,  'Wastewater  facilities,  Moni- 
toring, Computers,  Economic  aspects. 

In  recent  years,  with  the  advent  of  electronics, 
modern  instruments  have  become  more  compact, 
versatile,  and  multi-purpose.  The  latest  develop- 
ment is  the  Lektratek  MONITA  which  is  a  com- 
puterized multi-purpose  instrument  for  water  qual- 
ity data  logging,  level/flow  measurement  and  con- 
trolling purposes.  In  addition  to  the  various  indi- 
vidual functions,  and  because  it  is  programmable, 
the  MONITA  is  able  to  carry  out  a  number  of 
parameter  measurements,  perform  calculations  and 
then  control  mechanical  equipment  to  ensure  that 
the  final  water  or  effluent  quality  is  within  certain 
limits.  This  system  was  installed  at  a  wastewater 
treatment  works  in  an  open  channel  between  the 
biological  filters  and  the  final  settling  tanks.  The 
biological  filters  were  controlled  by  dosing  siphons 
and  the  flow  patterns  measured  in  the  open  chan- 
nel could  be  described  as  'erratic'  due  to  these 
circumstances.  Because  of  the  variable  flow  pat- 
terns and  the  addition  of  two  chemicals,  the 
MONITA  had  to  be  carefully  programmed  and 
finely  tuned  for  this  installation.  After  the  initial 
problems,  due  to  the  variations  in  flow  rates,  the 
system  has  worked  well.  The  system  is  proving  to 
be  cost  effective  as  only  the  required  amount  of 
chemicals  are  being  used  to  ensure  that  the  pH 
levels  of  the  effluent  are  being  maintained  within 
the  predetermined  limits.  (See  also  W91-05281) 
(White-Reimer-PTT) 
W9 1-05293 


CONDUCTIVITY  AS  A  MEANS  OF  CONTROL 
ON  THE  DEMINERALISATION  PLANT  AT 
MATTMBA  POWER  STATION. 

Electricity     Supply    Commission,    Johannesburg 
(South  Africa).  Engineering  Investigations  Div. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05299 

COMPARISON  OF  SERUM  BOTTLE  TOXICI- 
TY TEST  WITH  OECD  METHOD. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-05322 


GAS-TRANSFER     MEASUREMENTS     USING 
HEADSPACE  ANALYSIS  OF  PROPANE. 

Harza  Engineering  Co.,  Chicago,  IL. 

J.  R.  Thene,  and  J.  S.  Gulliver. 

Journal   of  Environmental    Engineering   (ASCE) 


JOEEDU,  Vol.  116,  No.  6,  p  1107-1124,  Novem- 
ber/December 1990.  5  fig,  6  tab,  19  ref.  National 
Science  Foundation,  Environmental  Program, 
Grant  ECE-861  5279. 

Descriptors:  'Air-water  interfaces,  'Path  of  pollut- 
ants, Uncertainty,  'Environmental  engineering, 
'Oxygen  transfer,  'Analytical  methods,  'Water 
chemistry,  'Gas  chromatography,  Propane, 
Wastewater  disposal,  Tracers,  Wastewater  man- 
agement, Laboratory  methods,  Dissolved  oxygen. 

Environmental  gas  transfer  is  the  exchange  of 
chemicals  between  the  gaseous  phase  in  the  atmos- 
phere and  the  dissolved  phase  in  a  water  body,  as 
in  the  reaeration  or  dissolved  oxygen  (DO)  transfer 
from  the  atmosphere  to  rivers  in  order  to  allow  a 
river  to  assimilate  waste  loads  from  wastewater 
treatment  facilities.  Direct  measurement  of  oxygen 
transfer  in  rivers  is  not  often  possible  because  of 
the  interference  of  other  in-stream  processes  affect- 
ing DO  transfer,  and  because  of  the  large  uncer- 
tainties when  DO  approaches  saturation  concentra- 
tions. A  sampling  and  analysis  procedure  for  the 
tracer  measurement  of  gas  transfer  has  been  devel- 
oped. Dissolved  propane  was  used  as  a  gas-transfer 
tracer.  The  propane  samples  were  analyzed  by  a 
headspace  gas  chromatographic  technique  that  was 
tested  as  an  alternative  to  the  purge-and-trap  tech- 
nique previously  used  for  tracer  measurements. 
Headspace  analysis  is  simple,  fast,  precise,  and  does 
not  require  the  extensive  apparatus  required  by  the 
purge-and-trap  technique,  so  that  any  gas-chroma- 
tography  laboratory  can  perform  the  analysis. 
Headspace  analysis  was  found  to  give  excellent 
results  with  low  uncertainty  and  a  low  limit  of 
detection  (0. 1 5  micrograms/L).  Gas-transfer  meas- 
urements were  performed  on  flow  across  a  large- 
scale  laboratory  weir.  A  detailed  uncertainty  anal- 
ysis was  conducted  for  the  transfer  measurements; 
headspace  analysis  resulted  in  an  average  uncer- 
tainty of  0.0056,  or  approximately  1.4%,  in  terms 
of  transfer  efficiency.  The  results  are  applicable  to 
other  tracer  measurements  of  gas  transfer,  and  the 
headspace  technique  may  be  applied,  with  modifi- 
cations, for  the  laboratory  analysis  of  any  volatile 
compound.  (Fish-PTT) 
W9 1-05324 


MONITORING  AND  CONTROL  OF  BIOLOGI- 
CAL REMOVAL  OF  PHOSPHORUS  AND  NI- 
TROGEN BY  FLOW-INJECTION  ANALYSERS 
IN  A  MUNICIPAL  PILOT-SCALE  WASTE- 
WATER TREATMENT  PLANT. 
Technical  Univ.  of  Denmark,  Lyngby.  Dept.  of 
Chemical  Engineering. 

For  primary  bibliographic   entry   see  Field   5D. 
W9 1-05331 


DEVELOPMENT  AND  USE  OF  AN  ELECTRI- 
CAL RESISTIVITY  CONE  FOR  GROUNDWAT- 
ER CONTAMINATION  STUDIES. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-05358 


ELECTROMAGNETIC  PROFILING  FOR 
GROUNDWATER  IN  PRECAMBRIAN  BASE- 
MENT COMPLEX  AREAS  OF  NIGERIA. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2F. 
W91-05384 


USE  OF  LYSIMETERS  TO  ESTIMATE  LEACH- 
ING OF  PESTICIDES  IN  AGRICULTURAL 
SOILS. 

Sveriges   Lantbruksuniversitet,   Uppsala.   Div.   of 

Water  Management. 

L.  Bergstrom. 

Environmental  Pollution  ENPOEK,  Vol.  67,  No. 

4,  p  325-347,  1990.  4  fig,  84  ref. 

Descriptors:  'Agricultural  chemicals,  'Analytical 
methods,  'Leaching,  'Lysimeters,  'Path  of  pollut- 
ants, 'Pesticides,  'Reviews,  Agricultural  runoff, 
Experimental  design,  Percolation,  Soil  properties, 
Soil  types,  Water  pollution  sources. 
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Field  7— RESOURCES  DATA 
Group  7B— Data  Acquisition 

Different  aspects  concerning  soil-filling  techniques, 
lysimeter  size  and  materials,  and  drainage-system 
types  are  reviewed.  The  type  of  lysimeter  used  is 
determined  by  the  type  of  measurements  to  be 
made  and  the  degree  of  precision  required.  For 
example,  short  term  evapotranspiration  studies 
would  require  hourly  monitoring  and  a  sensitivity 
of  0.05mm  of  water,  whereas  1mm  and  weekly 
monitoring  are  sufficient  for  long  term  water  bal- 
ance studies.  In  pesticide  leaching  studies,  it  is 
important  to  control  all  the  water  percolating 
through  the  soil  profile.  The  bioactivity  of  many 
pesticides  is  strongly  coupled  to  pH,  soil  tempera- 
ture, texture,  etc.  and  the  physical  conditions  of  an 
isolated  soil  under  study  will  have  a  major  influ- 
ence on  the  outcome  of  results.  Since  repacked 
lysimeters,  though  adequate  for  sandy  soils,  are 
unacceptable  for  well-aggregated  and  stratified 
soils,  an  undisturbed  soil  monolith  may  be  pre- 
pared by  pushing  a  lysimeter  casing  into  the 
ground  and  then  digging  around  the  outside  of  the 
casing.  In  pesticide  studies,  the  surface  area  of  the 
lysimeter  should  be  at  least  0.05  square  meters  to 
reduce  the  effects  of  sidewall  flow  and  approxi- 
mately 1  m  in  depth  and  all  materials  used  should 
be  non-sorptive  with  regard  to  pesticides  being 
tested.  At  least  two  soil  types,  sand  and  clay, 
should  be  represented,  and  soils  with  extreme  pH 
values  (<5  and  >8)  should  be  avoided.  Prior  to 
treatment  with  pesticides,  lysimeters  should  be  wa- 
tered until  leachate  is  observed  in  the  collection 
vessel  in  order  to  standardize  results.  Pesticide 
concentrations  reached  in  lysimeter  percolate  rep- 
resent levels  which  under  natural  conditions  are 
typical  of  water  leaving  the  root  zones  and  ulti- 
mately reaching  a  river,  lake  or  groundwater  reser- 
voir. (Doyle-PTT) 
W91-05389 


MEANINGFUL  ENVIRONMENTAL  DATA: 
NOT  JUST  THE  LABORATORY'S  RESPONSI- 
BILITY. 

Hart  Environmental  Management  Corp.,  Albany, 

D.  C.  Anne. 

Florida  Scientist  FLSCAQ,  Vol.  53,  No.  4,  p  297- 

301,  Autumn  1990.  Href. 

Descriptors:  'Data  collections,  'Environmental 
data,  'Environmental  policy,  'Laboratory  meth- 
ods, 'Precision,  'Sampling,  Data  interpretation, 
Experimental  design,  Monitoring,  Statistical  meth- 
ods, Testing  procedures. 

Increased  federal  and  state  environmental  legisla- 
tion has  increased  the  need  for  environmental  in- 
vestigative, monitoring  and  clean-up  programs. 
More  consultants  and  analytical  laboratories  are 
entering  the  environmental  market  to  meet  the 
demand  for  assistance  in  answering  questions  and 
solving  problems.  Obtaining  samples,  maintaining 
sample  integrity,  and  accurate  sample  analysis  are 
critical  to  any  environmental  program  that  gener- 
ates analytical  data.  In  order  to  judge  quality, 
validity,  and  reliability  of  both  the  sampling  effort 
and  the  laboratory  analysis,  five  aspects  of  mean- 
ingful environmental  data  should  be  addressed: 
comparability,  representativeness,  precision,  accu- 
racy and  completeness.  To  ensure  comparability, 
historical  environmental  data  must  be  reviewed 
and  the  parameters  to  be  used  in  sampling  should 
be  decided  upon.  Once  a  program  has  been  estab- 
lished for  sampling,  the  variables  should  be  kept  to 
a  minimum.  Sampling  and  analytical  procedures 
should  remain  consistent  throughout  the  history  of 
the  project  so  that  later  data  may  be  effectively 
compared  with  earlier  data.  The  population  of 
interest  must  be  represented  without  bias.  A  field 
log  book  should  be  kept  to  record  sample  location 
and  weather  conditions  at  the  time  of  sample  col- 
lection. A  properly  prepared  chain-of-custody 
form  must  accompany  all  environmental  samples 
collected  so  that  a  written  record  can  be  used  to 
trace  possession  and  holding  of  samples  from  the 
time  of  collection  through  sample  analysis  and  data 
reporting.  The  third  and  fourth  aspects  of  environ- 
mental data,  precision  and  accuracy,  are  typically 
used  to  describe  analytical  data  and  are  the  pri- 
mary responsibility  of  the  laboratory.  Accuracy  is 
routinely  assessed  by  means  of  spiked  samples  and 
reference  materials.  Precision  is  defined  as  the 
agreement  between  a  set  of  replicate  measurements 


without  assumption  or  knowledge  of  the  true 
value.  Precision  is  assessed  by  means  of  duplicate/ 
replicate  analyses.  Data  completeness  involves  en- 
suring that  all  the  necessary  sampling  and  analyti- 
cal requirements  are  met.  (Geiger-PTT) 
W91-05410 


METHOD  FOR  DETERMINING  VOLATILE 
ORGANIC  SOLVENTS  IN  CHALK  PORE 
WATERS  (SOUTHERN  AND  EASTERN  ENG- 
LAND) AND  ITS  RELEVANCE  TO  THE  EVAL- 
UATION OF  GROUNDWATER  CONTAMINA- 
TION. 

British  Geological  Survey,  Wallingford  (England). 
Hydrogeology  Research  Group. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-054 17 


CHECKS  ON  THE  MEASUREMENT  OF  PO- 
TENTIAL EVAPOTRANSPIRATION  USING 
WATER  BALANCE  DATA  AND  INDEPEND- 
ENT MEASURES  OF  GROUNDWATER  RE- 
CHARGE. 

Liverpool  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2D. 
W9 1-05430 


NEW  METHOD  FOR  DETERMINING  CON- 
CENTRATIONS OF  ENDOD-S  (PHYTOLACCA 
DODECANDRA)  IN  WATER  DURING  MOL- 
LUSCICIDING. 

Tulane  Univ.,  New  Orleans,  LA.  Dept.  of  Envi- 
ronmental Health  Sciences. 
A.  Monkiedje,  J.  H.  Wall,  A.  J.  Englande,  and  A. 
C.  Anderson. 

Journal  of  Environmental  Science  and  Health  (B) 
JPFCD2,  Vol.  25,  No.  6,  p  777-786,  1990.  3  fig,  1 
tab,  13ref. 

Descriptors:  'Bioassay,  'Field  tests,  'Mollusci- 
cides,  'Plant  toxins,  'Thin  layer  chromatography, 
Calibrations,  Correlation  analysis,  Correlation  co- 
efficient, Hemolysis,  Pesticides,  Saponins,  Water 
sampling. 

A  hemolytic  method  was  developed  for  the  quanti- 
tative determination  of  oleanane  saponin  (Endod- 
S)  in  Phytolacca  dodecandra  (Phytolaccaceae),  a 
plant  with  potent  molluscicidal  properties.  A 
chemical  method  based  on  thin  layer  chromatogra- 
phy (TLC)  was  used  as  a  control  for  comparison 
with  a  hemolysis  test.  Standard  curves  for  calibra- 
tion of  both  tests  of  Endod-S  gave  high  correlation 
coefficients.  The  hemolysis  method  gave  a  correla- 
tion coefficient  of  0.98  for  saponin  (Endod-S) 
levels  ranging  from  1.6  to  4.2  mg/l.  The  TLC 
method  gave  a  correlation  coefficient  of  0.99  for 
saponin  levels  above  1.5  microg.  Due  to  the  action 
of  saponins  on  erythrocytes,  the  hemolysis  method 
could  not  be  used  at  levels  below  1.6  and  above  4.2 
mg/l.  Similarly,  sample  sizes  limited  TLC  quantifi- 
cation of  these  saponins  at  levels  below  1  microg. 
Both  the  TLC  and  the  hemolysis  methods  on  iden- 
tical Endod-S  water  samples  gave  comparable  re- 
sults at  saponin  levels  between  2  and  6  mg/L.  A 
snail  bioassay  showed  that  the  LC50  and  the  LC90 
concentrations  of  Endod-S  to  the  snail  Biompha- 
laria  glabrata  (albino)  were  2.57  and  2.92  mg/L 
respectively.  These  values  fell  in  the  standard 
curve  range  for  the  hemolysis  method  thus  indicat- 
ing that  the  hemolysis  method  is  of  practical  value 
for  testing  Endod-S  concentrations  that  would  ac- 
tually be  used  in  field  applications  for  snail  control. 
The  hemolysis  method  is  less  expensive  than  TLC 
and  can  easily  be  adapted  to  field  conditions.  (Au- 
thor's abstract) 
W9 1-05468 


RETARDED  LEACHING  OF  NITRATE  IN 
ACID  SOILS  FROM  THE  TROPICS:  MEAS- 
UREMENT OF  THE  EFFECTIVE  ANION  EX- 
CHANGE CAPACITY. 

Reading  Univ.  (England).  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05472 


PREDICTION  OF  OXYGEN  TRANSFER 
RATES  FROM  SIMPLE  MEASUREMENTS  OF 
BUBBLE  CHARACTERISTICS. 


Technische    Hochschule    Darmstadt    (Germany, 

F.R.).   Inst,  fuer  Wasserversorgung,  Abwasserbe- 

seitigung  und  Raumplanung. 

For   primary   bibliographic   entry   see   Field    5D. 

W91-05522 


REAGENTLESS-CONTINUOUS  FLOW 

METHOD  FOR  DETERMINATION  OF  AQUE- 
OUS OZONE  WITH  THIN  FILM  SEMICON- 
DUCTOR   AND   APPLICATION   TO   AN   AD- 
VANCED WATER  TREATMENT  PLANT. 
Osaka  Prefectural  Univ.,  Sakai  (Japan).  Lab.  of 
Environmental  Chemistry. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05524 


WATER  SAMPLE  CONTAMINATION  BY 
GLASS  FIBER  AND  CELLULOSE  FILTERS. 

State  Univ.  of  New  York,  Syracuse.  Coll.  of  Envi- 
ronmental Science  and  Forestry. 
D.  H.  Bickelhaupt,  and  J.  H.  Porter. 
Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,   Vol.   21,   No.    13-16,  p   1477-1501 
1990.  9  tab,  13  ref. 

Descriptors:  'Cellulose,  'Chemical  analysis,  'Con- 
tamination, 'Membrane  filters,  'Sample  prepara- 
tion, 'Sample  preservation,  'Sampling,  'Water 
analysis,  'Water  sampling,  Analytical  techniques, 
Ions,  Laboratory  methods,  Performance  evalua- 
tion, Water  quality. 

Paper  and  glass  fiber  filters,  routinely  used  to 
remove  particulate  matter  which  interferes  with 
analysis,  are  potential  sources  of  contamination  of 
environmental  solution  samples.  A  study  was  con- 
ducted to  determine  if  simulated  precipitation  and 
throughfall  samples  were  altered  (positive  or  nega- 
tive) during  filtering  with  cellulose  or  glass  fiber 
filters.  The  magnitude  of  chemical  alteration  by 
five  cellulose  and  five  glass  fiber  filters  was  tested 
during  the  sample  preparation  of  environmental 
solutions.  Solutions  chemically  similar  to  precipita- 
tion and  throughfall  in  a  northeastern  U.S.  hard- 
wood forest  were  prepared.  Two  volumes  (50  and 
500  mL)  were  vacuum-filtered.  Concentrations  of 
Ca,  Mg,  Na,  K,  N03,  CI,  and  S04  were  deter- 
mined. All  filters  tested  contributed  either  positive 
or  negative  contamination  for  two  or  more  of  the 
analyzed  ions.  For  some  ion-filter-solution  combi- 
nations, the  concentrations  in  the  50  mL  samples 
were  different  than  the  concentrations  in  the  500 
mL  samples.  In  general,  cellulose  filter  papers 
caused  less  positive  contamination  than  glass  fiber 
filters.  Some  negative  contamination  of  Ca  and  Mg 
was  associated  with  the  use  of  filter  papers,  but 
was  generally  less  than  ten  percent  of  the  concen- 
tration of  the  unfiltered  solutions.  The  authors 
recommend  that  glass  fiber  filters  not  be  used 
when  using  anion-cation  balance  to  determine  the 
correction  of  data.  (Agostine-PTT) 
W9 1-05559 


EFFICIENCY  OF  METHANOL:WATER  SOLU- 
TIONS FOR  METRIBUZIN  EXTRACTION 
FROM  SELECTED  SODLS. 

Agricultural    Research   Service,   Stoneville,    MS. 

Southern  Weed  Science  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-05563 


ANALYSIS  OF  SULFATE  IN  SEWAGE 
SLUDGE  USING  ION  CHROMATOGRAPHIC 
TECHNIQUES. 

Technical  Univ.  of  Denmark,  Lyngby.   Inst,  for 

Bioteknologi. 

For  primary   bibliographic   entry  see  Field   5D. 

W91-05571 


CROSS-FLOW    FILTRATION    OF   COLLOIDS 
FROM  AQUATIC  ENVIRONMENTS. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Oceanography. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-05585 
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MULTILEVEL,  IN  SITU  PORE-WATER  SAM- 
PLER FOR  USE  IN  INTERTIDAL  SEDIMENTS 
AND  LABORATORY  MICROCOSMS. 

Plymouth  Marine  Lab.  (England). 

P.  G.  Watson,  and  T.  E.  Flickers. 

Limnology  and  Oceanography  LIOCAH,  Vol.  35, 

No.  6,  p  1381-1389,  September  1990.  4  fig,  5  tab,  18 

ref.  UK  Dept.  of  the  Environment  PECD  7/7/163. 

Descriptors:  'Instrumentation,  *Intertidal  areas, 
♦Laboratory  methods,  'Samplers,  'Sediment  anal- 
ysis, 'Sediment  sampler,  Centrifugation,  Interstitial 
water,  Temporal  variation. 

A  sampler  for  in  situ  separation  of  pore  fluids  from 
intertidal  sediments  and  in  laboratory  microcosms 
offers  marked  improvements  in  resolution,  number 
of  sampling  depths,  compactness,  and  simplicity 
over  previously  reported  devices.  The  sampler  is 
operated  by  applying  a  vacuum  to  chambers 
linked,  through  porous  segments,  to  successive 
depths  in  the  sediment  profile.  Analyses  of  repli- 
cate samples  taken  at  hourly  intervals  (total  alka- 
linity, pH,  dissolved  Fe(2-)  and  Mn(2-)  show  that 
concentration  changes  induced  by  the  sampler 
with  time  are  small  compared  to  those  due  to 
natural  sediment  variability.  Sampling  accuracy  is 
assessed  from  comparative  analyses  of  pore  waters 
obtained  with  samplers  and  by  centrifuging  core 
sections.  Applications  include  field  sampling  of 
intertidal  pore  waters,  deployment  inside  benthic 
chambers,  laboratory  studies  of  temporal  changes 
in  pore-water  compositions,  and  shipboard  sam- 
pling of  cores  collected  subtidally.  (Author's  ab- 
stract) 
W91-05586 


TECHNIQUES  FOR  APPRAISAL  OF 
GROUND-WATER  RESOURCES  ON  ATOLL 
ISLANDS:  CASE  STUDIES  FROM  MICRONE- 
SIA. 

Geological  Survey,  Honolulu,  HI.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-05640 


VERY  LOW  FREQUENCY  ELECTROMAG- 
NETIC MAPPING  OF  A  FRESHWATER  LENS 
AT  KEY  WEST,  FLORIDA. 

Environmental  Resources  Management-South, 
Inc.,  Miami,  FL. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05642 


COMPUTER  PROGRAM  FOR  GEOPHYSICAL 
LOG  DATA  MANAGEMENT  AND  PLOTTING 
(GEOMAN). 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

I.  E.  Arroyo,  S.  Torres-Gonzalez,  and  R.  A. 
Carrasquillo. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  Internationa]  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  395-401,  3  fig,  1  tab,  3  ref. 

Descriptors:  'Borehole  geophysics,  'Computer 
programs,  'Data  processing,  'GEOMAN  pro- 
gram, 'Groundwater  management,  'Logging  (Re- 
cording), 'Tropical  hydrology,  Computers,  Data 
interpretation,  Geophysics,  Lithology,  Plotting, 
Well  logs. 

GEOMAN,  a  menu  driven  program  written  in 
Prime  Fortran  77  allows  the  user  to  edit,  manage 
and  plot  borehole  geophysical  log  data  obtained 
from  a  Mount  Sopris  logging  instrument,  Series 
III.  The  program  supports  a  five-option  menu:  (1) 
reading  geophysical  log  data  from  cassette  tape  or 
file,  or  digitizing  the  geophysical  logs,  (2)  identify- 
ing well  and  geophysical  logs  in  the  cassette  tape 
or  file,  (3)  editing  geophysical  logs  into  a  file  ready 
for  plotting,  (4)  entering  lithologic  information  for 
a  particular  well,  and  (5)  plotting  geophysical  and 
lithologic  data  for  a  well  or  group  of  wells.  The 
plotting  program  option  allows  for  vertical  and 
horizontal      exaggeration.      Other      features     of 


GEOMAN  include  the  ability  to  plot  several  types 
of  geophysical  logs  (physical,  nuclear,  and  elec- 
tric). Cumulative  (first  derivative)  and  second  de- 
rivative plots  of  selected  geophysical  logs  can  also 
be  plotted  using  this  program.  The  use  of 
GEOMAN  facilitates  and  speeds  the  management 
and  interpretation  of  geophysical  log  data  through 
the  use  of  a  digital  interface  which  transfers  the 
field  data  from  the  data  logger  to  a  standard 
format.  (See  also  W9 1-0561 1)  (Lantz-PTT) 
W9 1-05651 


USE  OF  ADSORBED  AND  NON-ADSORBED 
TRACERS  TO  STUDY  THE  TRANSPORT  OF 
AGRICULTURAL  CHEMICALS  TO  SHALLOW 
GROUNDWATER. 

Iowa  State  Univ.,  Ames.   Dept.   of  Agricultural 

Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05660 


UTILIZATION  OF  INTRACELLULAR  GRAN- 
ULES OF  INT-FORMAZAN  AND  GENE 
PROBES  FOR  TRACING  MICROORGANISMS 
IN  GROUND  WATER. 

Puerto  Rico  Univ.,  Rio  Piedras.  Environmental 
Microbiology  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05661 


USE  OF  A  REMOTE  OPERATED  VEHICLE 
(ROV)  TO  EVALUATE  MARINE  DISCHARGES 
OF  TREATED  WASTEWATER. 

Metcalf  and  Eddy,  Inc.,  Wakefield,  MA. 
R.  J.  Reimold,  W.  K.  Scott,  M.  M.  Irizarry,  R.  G. 
Nigaglioni,  and  S.  J.  Cibik. 

IN:  Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. Proceedings  of  the  International  Symposi- 
um on  Tropical  Hydrology  and  Fourth  Caribbean 
Islands  Water  Resources  Congress,  San  Juan, 
Puerto  Rico,  July  22-27,  1990.  American  Water 
Resources  Association,  Bethesda,  Maryland. 
(1990).  p  515-524,  4  fig  8  ref. 

Descriptors:  'Data  'cquisition,  'Ocean  dumping, 
•Puerto  Rico,  'Kemotely  operated  vehicles, 
•Tropical  hydrology,  'Wastewater  disposal, 
'Wastewater  outfall,  Bottom  sampling,  Ecological 
effects,  Marine  biology,  Samplers,  Waste  disposal, 
Water  quality. 

Between  1979  and  1989  the  Puerto  Rico  Aqueduct 
and  Sewer  Authority  applied  to  the  US  EPA  for  a 
waiver  of  secondary  treatment  requirements  under 
section  301(h)  of  the  Clean  Water  Act.  As  part  of 
this  process,  an  ROV  (Remote  Operated  Vehicle), 
coupled  with  conventional  quantitative  benthic 
grab  sampling  (using  a  van  Veen  sampler),  was 
used  to  determine  the  benthic  ecological  condi- 
tions adjacent  to  marine  wastewater  discharges 
from  Bayamon/Puerto  Nuevo  and  Ponce,  Puerto 
Rico.  The  ROV  also  proved  effective  in  docu- 
menting the  ecological  conditions  in  marine  areas 
where  hard  bottom  conditions,  or  quantities  of 
coral  rubble,  precluded  the  successful  use  of  the 
van  Veen  sampler.  Integration  of  conventional 
water  quality  and  biological  monitoring  results 
with  ROV  videotapes  and  still  photographs  pro- 
vided a  greater  ability  to  assess  the  impacts  associ- 
ated with  301(h)  permitted  discharges.  In  the 
future,  ROVs  will  be  used  in  a  expanded  role  in 
various  aspects  of  marine  biological  investigations. 
The  results  of  implementation  of  this  approach  will 
provide  cost-effective  and  environmentally-com- 
prehensive data  for  the  evaluation  of  any  marine 
discharge.  (See  also  W9 1-056 11)  (Author's  ab- 
stract) 
W9 1-05663 


APPLICATIONS  OF  FORWARD  MODELING 
RESISTIVITY  PROFILES. 

United  Nations  Educational,  Scientific  and  Cultur- 
al Organization,  Paris  (France).  Div.  of  Water 
Sciences. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-05814 


USE  OF  ATOMIC  ABSORPTION  SPECTROS- 
COPY WITH  A  GRAPHITE  FURNACE  TO  DE- 


TERMINE ARSENIC  IN  NATURAL  WATERS 
AND  AQUEOUS  SOIL  EXTRACTS. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-05829 


DECAMETRIC  VARIABILITY  OF  SOUDANO- 

SAHELIAN    RAINFALL    FIELDS    (VARIABI- 

LITE  SPATIALE  DES  PRECIPITATIONS  SOU- 

DANO-SAHELIENNES  A  L'ECHELLE  DECA- 

METRIQUE). 

Laboratoire     de     Geologie     Appliquee,      Paris 

(France). 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-05850 


RETRIEVAL  OF  PRECIPITATION  PROFILES 
FROM  AIRBORNE  RADAR  AND  PASSIVE  RA- 
DIOMETER MEASUREMENTS:  COMPARI- 
SON WITH  DUAL-FREQUENCY  RADAR 
MEASUREMENTS. 

Wisconsin  Univ.,  Madison.  Dept.  of  Meteorology. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05852 


SNOW/CLOUD  DISCRIMINATION  WITH 
MULTISPECTRAL  SATELLITE  MEASURE- 
MENTS. 

Naval  Postgraduate  School,  Monterey,  CA.  Dept. 
of  Meteorology. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05853 


RETRIEVAL  OF  WATER  VAPOR  PROFILES 
FROM  MICROWAVE  RADIOMETRIC  MEAS- 
UREMENTS NEAR  90  AND  183  GHZ. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,   MD.   Goddard   Space  Flight   Center. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-05854 


ESTIMATION  OF  AREA-AVERAGED  RAIN- 
FALL OVER  TROPICAL  OCEANS  FROM 
MICROWAVE  RADIOMETRY:  A  SINGLE 
CHANNEL  APPROACH. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Meteorology. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-05855 


EVALUATION  OF  CONSTRUCTED  AND  NAT- 
URAL SOIL  MICROPORES  USING  X-RAY 
COMPUTED  TOMOGRAPHY. 

Missouri  Univ. -Columbia.  Dept.  of  Agronomy. 
For  primary   bibliographic   entry   see   Field   8D. 
W9 1-05874 


SEPARATION  AND  SIMULTANEOUS  DETER- 
MINATION OF  ALUMINUM,  IRON,  AND 
MANGANESE  IN  NATURAL  WATER  SAM- 
PLES BY  USING  HIGH-PERFORMANCE 
LIQUID  CHROMATOGRAPHY  WITH  SPEC- 
TROPHOTOMETRY AND  ELECTROCHEMI- 
CAL DETECTION. 

Fukui  Univ.  (Japan).  Faculty  of  Engineering. 
Y.  Nagaosa,  and  H.  Kawabe. 
Analytical  Chemistry  ANCHAM,  Vol.  63,  No.  1, 
p  28-33,  January   1,    1991,   5  fig,  4  tab,  41   ref. 

Descriptors:  'Aluminum,  'Analytical  methods, 
•Electrochemistry,  *High  performance  liquid 
chromatography,  'Iron,  'Liquid  chromatography, 
•Manganese,  *Separation  techniques,  •Spectro- 
photometry, *Water  analysis,  Detection  limits, 
Electrodes,  Heavy  metals,  Measuring  instruments, 
Trace  levels. 

Reversed-phase  liquid  chromatography  has  been 
used  to  determine  simultaneously  trace  levels  of 
Al,  Fe,  and  Mn  in  natural  water  samples  after 
direct  injection  of  their  9-quinolinol  complexes 
onto  a  Bondasphere  ODS  column.  Chromatogra- 
phic separation  can  be  made  with  the  mobile  phase 
of  2:3  acetonitrile/20  mM  acetate  buffer  solution 
containing  5  mM  of  8-quinolinol  reagent.  Excellent 
sensitivity  is  obtained  by  spectrophotometric  de- 
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tection  at  390  nm.  The  spectrometric  detection 
limits  of  these  metals  are  at  the  part  per  billion 
levels  of  test  solution.  The  tolerance  limits  of  nu- 
merous other  metal  ions  are  reported.  Only  Cr(III) 
and  Ni(II)  interfere  with  determination  of  Al,  and 
Mo(VI)  interferes  with  the  determination  of  Mn  at 
concentrations  less  than  a  100-fold  excess.  Analyti- 
cal data  obtained  on  river  and  sea  water  samples 
are  in  agreement  with  expected  values.  Ampero- 
metric  detection  of  Mn  and  Fe  with  thin-layer  flow 
cell  and  glassy-carbon  working  electrode  proved 
less  sensitive  but  more  specific  than  spectrophoto- 
metric  detection.  (Author's  abstract) 
W9 1-05892 


REAL  SAMPLE  ANALYSIS  BY  ETA-LEAFS 
WITH  BACKGROUND  CORRECTION:  APPLI- 
CATION TO  GOLD  DETERMINATION  IN 
RIVER  WATER. 

CEA  Centre  d'Etudes  Nucleaires  de  Fontenay- 
aux-Roses  (France).  Dept.  de  Chimie  Appliquee  et 
d'Etudes  Analytiques. 
B.  Remy,  I.  Verhaeghe,  and  P.  Mauchien. 
Applied  Spectroscopy  APAPA4,  Vol.  44,  No.  10, 
p  1633-1638,  December  1990,  12  fig,  1  tab,  25  ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, •Fluorescence  spectroscopy,  *Gold,  'Lasers, 
•Water  analysis,  Fluorescence,  Heavy  metals, 
Measuring  instruments,  Spectroscopy,  Stream 
chemistry,  Trace  elements. 

Very  low  limits  of  detection  have  been  achieved 
by  ETA-LEAFS  (electrothermal  atomizer/laser- 
excited  atomic  fluorescence  spectrometry),  but  the 
full  analytical  potential  of  this  technique  has  yet  to 
be  reached.  Laser-induced  fluorescence  has  been 
demonstrated  to  be  a  very  powerful  technique  for 
ultratrace  analysis  in  liquid  samples.  Single-step 
excited  direct  line  fluorescence  performed  in  a 
commercial  graphite-furnace  tube  atomizer  was 
used  for  cobalt  and  gold  analysis  in  pure  water. 
The  problem  of  matrix  interferences  with  this  ap- 
paratus was  evaluated  using  gold  determination  in 
river  water.  A  specifically-designed  dual  monoch- 
romator  setup  was  used  to  correct  background 
fluorescence  resulting  from  a  high  concentration  of 
molecular  species  in  the  matrix.  Detection  limits 
obtained  in  pure  water  were  4  fg  for  cobalt  and  10 
fg  for  gold,  and  the  background  correction  effi- 
ciency is  demonstrated  by  the  analysis  of  gold  in 
river  water  at  300  fg  level  with  15%  precision. 
(Doyle-PTT) 
W9 1-05893 


APPLICATION  OF  INAA  AND  PIXE  ON  THE 
ANALYSIS  OF  NUTRITIONAL  AND  TOXICO- 
LOGIC^ ELEMENTS  IN  SAMPLES  OF 
DRINKABLE  WATER. 

Florence  Univ.  (Italy).  Dipt,  di  Fisica. 

For  primary  bibliographic  entry  see  Field  5F. 

W91-05899 


INSTRUMENTAL  NEUTRON  ACTIVATION 
ANALYSIS  OF  STANDARD  REFERENCE  MA- 
TERIAL 1941,  ORGANICS  IN  MARINE  SEDI- 
MENT. 

National    Inst,    of    Standards    and    Technology 

(NML),  Gaithersburg,  MD.  Center  for  Analytical 

Chemistry. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-05900 
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SIMULATION  OF  HYDROCHEMISTRY  IN  A 
HIGHLAND  SCOTTISH  CATCHMENT  USING 
THE  BIRKENES  MODEL. 

Oslo  Univ.  (Norway).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-04978 


REGIONAL  SCALE  MODEL  FOR  THE  CAL- 
CULATION OF  EPISODIC  CONCENTRA- 
TIONS AND  DEPOSITIONS  OF  ACIDIFYING 
COMPONENTS. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-04984 


MODELING  OF  WATER  QUALITY  IN  LAKE 
TUUSULANJARVI. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Hydrology  and  Water  Resources  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05063 


GROUNDWATER  MODELS  OF  THE  MIO- 
CENE AQUIFER  SYSTEM  IN  JONES 
COUNTY,  MISSISSIPPI. 

Delta  Environmental  Consultants,  Inc.,  Tampa, 
FL.  P 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05 154 


NEW  STATE  GEOLOGIC  MAP  FOR  MISSIS- 
SIPPI: A  TOOL  FOR  UPDATING  NOMENCLA- 
TURE AND  DEFINITIONS  OF  THE  STATE'S 
AQUIFERS  AND  AQUITARDS. 

D.  T.  Dockery. 

In:  Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  April  10-11,  1990.  Jackson, 
Mississippi.  Water  Resources  Research  Institute, 
Mississippi  State  University,  Mississippi  State,  Mis- 
sissippi 39762.  1990.  p  175-177,  11  ref. 

Descriptors:  'Aquifer  management,  *Geologic 
mapping,  'Mississippi,  'Water  resources  manage- 
ment, Aquitards,  Computerized  maps,  Decision 
making,  Environmental  policy,  Geohydrologic 
units,  Geologic  formations,  Stratigraphy. 

The  Mississippi  Bureau  of  Geology  has  increased 
its  staff  of  geologic  mappers  and  is  undertaking 
work  toward  the  production  of  a  new  state  geolog- 
ic map.  Problem  areas  of  the  1969  map  are  being 
remapped  on  7  minute  quadrangles.  These  quad- 
rangle maps  can  be  digitized  and  made  available  to 
the  public.  A  new  state  geologic  map  along  with 
quadrangle  maps  and  the  continuing  county  bulle- 
tin series  will  provide  the  detailed  surface  geologic 
data  needed  for  groundwater  and  environmental 
management  decisions  as  well  as  to  document  the 
state's  surficial  mineral  resources.  These  maps  may 
also  serve  as  legal  documents  for  defining  forma- 
tions and  their  boundaries  and  for  providing  the 
correct  stratigraphic  nomenclature  for  aquifers  and 
aquitards.  (See  also  W9 1-05 137)  (Fish-PTT) 
W9 1-05 158 


GLOBAL  WORLD  PROPAGATION  OF  DRY- 
NESS AND  WETNESS  WAVES  (PROPAGA- 
TION DES  ONDES  DE  SECHERESSE  ET 
D'HUMIDITE  A  TRAVERS  LE  MONDE). 

Centre    National    de    la    Recherche    Scientifique, 
Strasbourg  (France).  Centre  de  Sedimentologie  et 
de  Geochimie  de  la  Surface. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-04938 


SIMULATION  OF  WATER  FLOW  FROM  A 
PERCOLATION  TEST  HOLE  IN  LAYERED 
SOIL. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Agronomy. 

For  primary   bibliographic  entry   see   Field   2G. 

W91-05175 


EVALUATION  OF  OPTIMUM  THICKNESS  OF 
BOTTOM  INSULATION  FOR  A  CONVEN- 
TIONAL SOLAR  STILL. 

Indian    Inst,    of  Tech.,    New    Delhi.    Centre   of 

Energy  Studies. 

For  primary  bibliographic  entry  see  Field  3A. 

W91-05197 


EVALUATION  OF  A  SMALL  UNSTEADY  CON- 
TINUOUS FLOW  RBC  SYSTEM. 

Jordan  Univ.  of  Science  and  Technology,  Irbid. 


Dept.  of  Civil  Engineering. 

For   primary   bibliographic   entry  see   Field   5D 

W9 1 -05206 


SIMULATION  MODELING  OF  PRIMARY 
CLARIFIERS  (CASE  STUDY  OF  DOHA 
TREATMENT  PLANT). 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Coll.  of  Engineering. 
For   primary   bibliographic   entry   see   Field   5D. 
W9 1-05207 


NUMERICAL  MODELING  OF  HYDRODYNA- 
MICS.  BRAZOS  ISLAND  HARBOR  PROJECT, 
TEXAS  (BROWNSVILLE  SHIP  CHANNEL). 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05268 


UPDATING  THE  SMITH-FEDDES  MODEL. 

Arvin/Calspan    Advanced    Technology    Center. 
Buffalo,  NY. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05277 


GEOGRAPHIC  INFORMATION  SYSTEM 
DOCUMENTATION  OF  WATERSHED  DATA 
FOR  DIRECT/DELAYED  RESPONSE 

PROJECT:  SOUTHERN  BLUE  RIDGE  PROV- 
INCE DATABASE. 

NSI  Technology  Services  Corp.,  Corvallis,  OR. 
D.  Mortenson. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-219539. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/600/3-89/002,  March  1989.  26p, 
2  fig,  1  tab,  8  ref,  6  append. 

Descriptors:  'Water  pollution  sources,  'Geograph- 
ic Information  Systems,  'Databases,  'Computers, 
'Acid  rain  effects,  'Path  of  pollutants,  Data  stor- 
age and  retrieval,  Blue  Ridge  Mountains,  Mapping. 

The  Direct/Delayed  Response  Project  (DDRP) 
was  designed  by  the  US  EPA  within  the  National 
Acid  Precipitation  Assessment  Program  (NAPAP) 
to  predict  the  long-term  response  of  watersheds 
and  surface  waters  to  acidic  deposition.  The  pur- 
pose of  the  DDRP  is  to  investigate  and  distinguish 
the  time  scales  over  which  surface  water  systems 
might  change  chemically  under  varying  levels  of 
acidic  deposition.  The  DDRP  is  examining  of 
subset  of  watersheds  sampled  in  the  US  EPA  Na- 
tional Surface  Water  Survey.  In  the  Southern  Blue 
Ridge  Province  Region  of  the  United  States,  35 
watersheds  are  under  study.  The  DDRP  required 
detailed  watershed  information  on  those  character- 
istics thought  important  relative  to  the  effects  of 
acid  deposition.  This  information  was  then 
mapped,  then  entered  into  a  Geographic  Informa- 
tion System  (GIS).  Protocols,  guidelines,  and 
standards  were  used  to  complete  GIS  entry  of  the 
mapping  data,  and  quality  control  procedures  were 
used  to  ensure  accuracy  and  consistency.  (Author's 
abstract) 
W9 1-05278 


FATE  AND  TRANSPORT  OF  COMBINED  RE- 
SDDUAL  CHLORINE  IN  SMALL  STREAM. 

Massachusetts  Univ.,  Amherst.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-05325 


HEURISTIC  DESIGN  OF  SEWER  NETWORKS. 

Kuwait  Univ.,  Safat.  Dept.  of  Electrical  and  Com- 
puter Engineering. 

For  primary  bibliographic   entry  see  Field   5D. 
W91-05328 


IMPACT  ASSESSMENT  FOR  THE  FRENCH 
NUCLEAR  WEAPON  TEST  SITES  IN  FRENCH 
POLYNESIA. 

Sydney   Univ.    (Australia).   Ocean    Sciences   Inst. 


184 


RESOURCES  DATA— Field  7 


Evaluation,  Processing  and  Publication — Group  7C 


For  primary  bibliographic  entry  see  Field  5B. 
W91-05347 


SIMULATION  OF  GROUNDWATER  FLOW  IN 
COMPLEX  MULTIAQUIFER  SYSTEMS:  PER- 
FORMANCE OF  A  QUASI  THREE-DIMEN- 
SIONAL TECHNIQUE  IN  THE  STEADY- 
STATE  CASE. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 
Research. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05360 


DEVELOPMENT  OF  AN  AUTOMATED  SPA- 
TIAL SYNOPTIC  CLIMATOLOGICAL  CLASSI- 
FICATION. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  2B. 
W91-05373 


BIAS  AND  VARIANCE  OF  QUANTILE  ESTI- 
MATES FROM  A  PARTIAL  DURATION 
SERIES. 

Royal  Netherlands  Meteorological  Inst.,  De  Bilt. 
T.  A.  Buishand. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  35-49,  December  1990.  6  fig,  9  ref,  3  append. 

Descriptors:  *Data  interpretation,  'Mathematical 
models,  'Partial  duration  series,  'Poisson  ratio, 
•Statistical  analysis,  'Statistical  methods,  'Statis- 
tics, Mathematical  studies,  Rainfall,  Statistical 
models. 

Partial  duration  series  methods  have  been  used  to 
estimate  the  T-year  event  Zt  of  a  hydrological 
variable.  The  maximum  likelihood  estimate  of  Zt  is 
considered  for  the  model  with  a  Poisson  number  of 
peaks  and,  independently,  exponentially  distributed 
peak  magnitudes.  The  mean  and  the  variance  of 
maximum  likelihood  of  Zt  are  evaluated  by  finite 
summations.  Approximations  to  the  bias  the  maxi- 
mum likelihood  of  Zt  are  expressed  by  a  simple 
analytical  expression.  Even  when  the  expected 
number  of  peaks  is  small,  the  asymptotic  expres- 
sion for  the  variance  of  the  estimated  T-year  event 
gives  acceptable  results.  The  poorest  results  with 
this  expression  are  obtained  when  the  quantile  of 
interest  is  close  to  the  base  level.  The  corrections 
for  non-asymptotic  behavior  differ  from  those  pro- 
posed previously  by  other  researchers.  The  vari- 
ance of  the  quantile  estimate  strongly  depends  on 
the  underlying  partial  duration  series  model.  The 
effect  of  a  slight  departure  from  the  assumed  expo- 
nential distribution  is  generally  much  larger  than 
the  error  from  the  use  of  a  simple  asymptotic 
expression.  (Geiger-PTT) 
W9 1-05429 


PARAMETER  ESTIMATION  FOR  SEASONAL 
TO  SUBSEASONAL  DISAGGREGATION. 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Civil  En- 
gineering. 
G.-F.  Lin. 

Journal  of  Hydrology  JHYDA7,  Vol.  120,  No.  1-4, 
p  65-77,  December  1990.  3  fig,  11  ref.  National 
Science  Council,  Republic  of  China  Grant  NSC 
79-0410-E002-13. 

Descriptors:  'Mathematical  models,  'Model  stud- 
ies, 'Seasonal  variation,  'Streamflow,  Data  inter- 
pretation, Error  analysis,  Hydrologic  models, 
Mathematical  studies,  Simulation  analysis. 

A  model  structure  of  staged  disaggregation  using 
the  full  Mejia  and  Rousselle  model  is  considered 
and  the  parameter  estimation  problem  for  this 
model  is  addressed.  A  technique  is  developed  to 
derive  the  corrected  parameter  estimation  equa- 
tions associated  with  the  use  of  the  Mejia  and 
Rousselle  model  for  a  two-stage  disaggregation 
scheme.  The  technique  is  based  on  making  the 
parameter  estimation  equations  mathematically 
consistent.  Following  this  technique,  it  was  found 
that  corrected  parameter  estimation  equations  for 
the  Mejia  and  Rousselle  model  were  conditional  on 
its  key  series  (input)  generation  model.  With  pa- 
rameters estimated  from  corrected  parameter  esti- 


mation equations  coupled  with  the  corrected 
moment  estimates  for  the  preservation  of  additi- 
vity,  the  modeling,  in  theory,  can  exactly  preserve 
the  important  moments  of  interest  and  the  additi- 
vity.  The  effects  of  using  the  corrected  parameter 
estimation  scheme  are  also  verified  by  an  example 
which  generates  monthly  flows  by  disaggregating 
quarterly  flows  which  were  in  turn  disaggregated 
from  annual  flows  from  historical  data  of  Shiftmen 
station  in  the  Tanshui  River  Basin,  Taiwan.  The 
models,  using  the  corrected  parameter  estimates, 
performed  better  than  that  using  the  original  pa- 
rameter estimates  in  the  reproduction  of  the  histor- 
ical moments.  (Author's  abstract) 
W9 1-05431 


ESTIMATION  OF  THE  GEV  DISTRIBUTION 
FROM  CENSORED  SAMPLES  BY  METHOD 
OF  PARTIAL  PROBABILITY  WEIGHTED  MO- 
MENTS. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-05433 


UNBIASED  ESTIMATION  OF  PROBABILITY 
WEIGHTED  MOMENTS  AND  PARTIAL 
PROBABILITY  WEIGHTED  MOMENTS 
FROM  SYSTEMATIC  AND  HISTORICAL 
FLOOD  INFORMATION  AND  THEIR  APPLI- 
CATION TO  ESTIMATING  THE  GEV  DISTRI- 
BUTION. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05434 


MODELLING  STREAM  ACIDIFICATION  IN 
AFFORESTED  CATCHMENTS:  LONG-TERM 
RECONSTRUCTIONS  AT  TWO  SITES  IN  CEN- 
TRAL SCOTLAND. 

Duke  Univ.,  Durham,  NC.  School  of  Forestry  and 
Environmental  Studies. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05436 


CRITICAL       DROUGHT       ANALYSIS       BY 
SECOND-ORDER  MARKOV  CHAIN. 

Technical  Univ.  of  Istanbul  (Turkey).   Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W91-05438 


COMPARISON  OF  ESTIMATES  OF  SNOW 
INPUT  WITH  A  SMALL  ALPINE  CATCH- 
MENT. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Fort  Collins,  CO. 
For  primary  bibliographic  entry  see  Field  2C. 
W9 1-05444 


USE  OF  COLOR  SPLITTING  AND  A  COMPUT- 
ER TECHNIQUE  TO  SEPARATE  SOIL  MOIS- 
TURE GROUPS. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05605 


SOIL,  LANDSCAPE,  AND  EROSION  RELA- 
TIONSHIPS IN  A  NORTHWEST  ILLINOIS 
WATERSHED. 

Illinois  Univ.,  Urbana.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05606 


REGIONAL  EQUATIONS  TO  DETERMINE 
PEAK  STREAM  DISCHARGES  IN  THE  SAN- 
TANDER  REGION,  COLOMBIA. 

Universidad  Industrial  de  Santander,  Bucaramanga 

(Colombia).  Dept.  de  Ingenierria  Civil. 

For  primary  bibliographic  entry  see  Field  2E. 

W91-05636 


GEOPHYSICAL  MAPPING  AND  HYDROGEO- 
LOGIC  ANALYSIS  OF  FRESH-WATER 
LENSES  AT  BIG  PINE  KEY,  FLORIDA. 

University  of  South  Florida,  Tampa.  Dept.  of  Ge- 
ology. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05641 


VERY  LOW  FREQUENCY  ELECTROMAG- 
NETIC MAPPING  OF  A  FRESHWATER  LENS 
AT  KEY  WEST,  FLORIDA. 

Environmental  Resources  Management-South, 
Inc.,  Miami,  FL. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05642 


APPLICATION  OF  THE  BOUNDARY  ELE- 
MENT METHOD  TO  SOME  PROBLEMS  IN 
WATER  RESOURCES. 

Arizona  Univ.,  Tucson.  Dept.  of  Civil  Engineering 
and  Engineering  Mechanics. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05645 


COMPUTER  PROGRAM  FOR  GEOPHYSICAL 
LOG  DATA  MANAGEMENT  AND  PLOTTING 
(GEOMAN). 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-05651 


INTERACTIVE  COMPUTER  PROGRAM  MO- 
DUMANAG,  A  DATA  MANAGEMENT  TOOL 
FOR  THE  MODULAR  FINITE-DIFFERENCE 
GROUND- WATER  FLOW  MODEL. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05652 


MODELLING  POINT-OF-ENTRY  RADON  RE- 
MOVAL BY  GAC. 

Maine  Univ.,  Orono. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-057 13 


TESTING  STOCHASTIC  DYNAMIC  PRO- 
GRAMMING MODELS  CONDITIONED  ON 
OBSERVED  OR  FORECASTED  INFLOWS. 

Bureau     of     Environmental     Protection,     Taipei 

(Taiwan). 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-05788 


CLIMATIC    SENSITIVITY    OF    CALIFORNIA 
WATER  RESOURCES. 

Washington  Univ.,  Seattle.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  6B. 
W9 1-05793 


CLIMATE     CHANGE,     HYDROLOGY,     AND 
WATER  RESOURCES. 

Pacific  Inst,  for  Studies  in  Development,  Environ- 
ment and  Security,  Berkeley,  CA. 
For  primary  bibliographic  entry  see  Field  2A. 
W91-05799 


EMPIRICAL  BAYES  REGIONALIZATION 
METHODS  FOR  SPATIAL  STOCHASTIC 
PROCESSES. 

Gradient  Corp.,  Cambridge,  MA. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-05832 


CONVEX  INTERPOLATION  FOR  GRADIENT 
DYNAMIC  PROGRAMMING. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

E.  Foufoula-Georgiou. 

Water  Resources  Research  WRERAQ,  Vol.  27, 
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Field  7— RESOURCES  DATA 

Group  7C — Evaluation,  Processing  and  Publication 


No.  1,  p  31-36,  January  1991.  4  fig,  17  ref.  NSF 
Grant  BSC-8957469. 

Descriptors:  'Dynamic  programming,  •Hermite 
interpolation,  'Mathematical  models,  'Model  stud- 
ies, Computer  models,  Discrete  dynamic  program- 
ming, Errors,  Interpolation,  Optimization,  Per- 
formance evaluation,  Theory. 

Local  approximation  of  functions  based  on  values 
and  derivatives  at  the  nodes  of  a  discretized  grid 
are  often  used  in  solving  problems  numerically  for 
which  analytical  solutions  do  not  exist.  In  gradient 
dynamic  programming,  the  use  of  such  functions 
for  the  approximation  of  cost-to-go  function  allevi- 
ates the  'curse  of  dimensionality'  by  reducing  the 
number  of  discretization  nodes  per  state  while  ob- 
taining high-accuracy  solutions.  Also,  sufficient 
Newton-type  schemes  can  be  used  for  the  stage- 
wise  optimization,  because  now  the  approximation 
functions  have  continuous  first  derivatives.  Of  par- 
ticular interest  is  the  case  where  the  cost-to-go 
function  is  convex.  Interpolants,  however,  may  not 
always  be  convex,  introducing  numerical  prob- 
lems. The  problem  of  interpolating  nodal  values 
and  derivatives  of  a  one-dimensional  convex  func- 
tion with  a  convex  interpolant  is  addressed  in  such 
a  way  that  potential  computational  difficulties  due 
to  approximation-induced  nonconvexity  are  avoid- 
ed and  an  efficient  convergence  to  global  rather 
than  local  optimal  controls  is  guaranteed  at  every 
single-stage  optimization.  Hermite  interpolating 
polynomials  have  found  extensive  application  in 
finite  element  methods  for  the  numerical  solution 
of  partial  differential  equations  arising  in  many 
engineering  and  scientific  problems.  The  advan- 
tage of  using  Hermite  interpolation  both  in  the 
context  of  discrete  optimization  and  in  the  context 
of  numerically  solving  partial  differential  equations 
will  be  realized  fully  when  these  polynomials  result 
in  a  convex  interpolation  of  convex  functions.  The 
conditions  of  convexity  in  multidimensional  Her- 
mite interpolation  are  fairly  complicated,  as  is  the 
study  of  the  feasibility  and  construction  of  multidi- 
mensional convex  interpolants.  From  the  practical 
standpoint,  the  usefulness  of  these  methods  is  ex- 
pected to  be  much  greater  in  problems  of  large 
dimensionality.  (Rochester-PTT) 
W91-05834 


NONPARAMETRIC  VARIABLE  KERNEL  ES- 
TIMATION WITH  HISTORICAL  FLOODS 
AND  PALEOFLOOD  INFORMATION. 

University  Coll.,  Galway  (Ireland).  Dept.  of  Engi- 
neering Hydrology. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05839 


CLIMATOLOGICALLY  TUNED  REFLECTIV- 
ITY-RAIN RELATIONS  AND  LINKS  TO  AREA- 
TIME  INTEGRALS. 

National  Aeronautics  and  Space  Administration, 
Greenbelt,   MD.   Goddard   Space   Flight   Center. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-05858 


FRACTALS,  RAINDROPS  AND  RESOLUTION 
DEPENDENCE  OF  RAIN  MEASUREMENTS. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Phys- 
ics. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05860 


USING  MORPHOMETRY  EXPRESSIONS 
FOR  MACROPORES  TO  IMPROVE  SOIL 
PHYSICAL  ANALYSES  OF  FIELD  SOILS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Soil  Science  and  Geology. 

For   primary   bibliographic   entry   see   Field   2G. 

W91-05873 


NONLINEAR         CHANCE        CONSTRAINED 
MODEL  FOR  IRRIGATION  PLANNING. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand). 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-05922 


TRANSIENT   HYDRAULIC  MODELING   FOR 
IMPROVED  CANAL  SYSTEM  OPERATION. 

Utah  State  Univ.,  Logan.   Dept.  of  Agricultural 
and  Irrigation  Engineering. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-05929 


NEW  TOOL:  DELINEATION  OF  TEXTURAL 
HETEROGENEITIES  IN  UNCONFINED 
AQUIFERS,  USING  MICROGRAVITY  SUR- 
VEYS DURING  PUMPING. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Geol- 
ogy and  Geological  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-05937 


DYNAMIC  MODELING  OF  WASTEWATER 
TREATMENT  PROCESSES. 

Laval  Univ.,  Quebec.  Dept.  of  Civil  Engineering. 
P.  Lessard,  and  M.  B.  Beck. 

Environmental  Science  and  Technology 
ESTHAG,  Vol.  25,  No.  1,  p  30-39,  January  1991.  2 
fig,  139  ref. 

Descriptors:  'Dynamic  programming,  'Model 
studies,  'Wastewater  treatment,  'Water  pollution 
control,  Biological  treatment,  Clarifiers,  Linguistic 
models,  Lumped-parameter  models,  Sedimenta- 
tion, Sludge  treatment,  Storm  wastewater,  Storm 
water  management,  Time-series  models. 

Until  recently,  the  main  task  for  river  pollution 
control  in  populous  industrialized  regions  has  been 
to  mitigate  the  effects  of  gross  pollution,  usually  as 
measured  in  terms  of  biochemical  oxygen  demand, 
and  suspended  solids.  What  has  become  of  increas- 
ing concern  is  not  only  the  mean  fixed  level  of 
water  quality  to  be  achieved  in  the  future,  but  also 
the  operational  problem  of  maintaining,  or  improv- 
ing, this  baseline  condition  in  the  face  of  a  more 
readily  apparent  temporal  variability  of  types  and 
levels  of  pollution.  Effective  control  of  the  dynam- 
ic behavior  of  a  unit  process,  or  of  the  entire 
treatment  plant,  depends  on  three  factors:  the  abili- 
ty to  observe  the  state  of  the  process  and  its 
response  to  various  perturbations  (monitoring);  the 
ability  to  relate  unambiguously  causes  to  effects; 
and  the  capacity  to  act,  that  is,  to  manipulate  the 
causes  to  correct  undesirable  effects  or  to  bring 
about  more  desirable  effects.  In  order  to  relate 
causes  to  effects  a  dynamic,  unsteady-state  model 
is  the  most  natural  form  of  representation.  The 
current  status  of  modeling  wastewater  treatment 
units  has  been  summarized  and  those  models  that 
would  be  of  most  use  in  studying  and  advancing 
the  operation  of  these  units  in  the  wider  context  of 
river  quality  management  are  identified.  Four 
types  of  models  can  be  distinguished  for  the  de- 
scription of  the  dynamic  process:  linguistic  models; 
time-series  or  black-box  models;  lumped-parameter 
models;  and  distributed-parameter  models.  Model 
applications  are  considered  for:  (1)  storm  sewage 
retention;  (2)  primary  sedimentation;  (3)  secondary 
treatment  processes  such  as  suspended  growth, 
biological  reactors,  secondary  clarifiers,  and  at- 
tached-growth; (4)  sludge  treatment;  (5)  the  plant 
as  a  whole;  and  (6)  likely  paths  of  innovation. 
(White-Reimer-PTT) 
W9 1-05948 


USE  OF  COLLOID  FILTRATION  THEORY  IN 
MODELING  MOVEMENT  OF  BACTERIA 
THROUGH  A  CONTAMINATED  SANDY  AQ- 
UIFER. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-05958 
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ANCHORING  A  DAM. 

R.  A.  Bragg,  P.  M.  Wimberly,  and  T.  J.  Flaherty. 
Civil   Engineering   (ASCE)   CEWRA9,   Vol.   60, 
No.  12,  p  38-41,  December  1990. 


Descriptors:  'Anchors,  'Dam  stability,  'West  Vir- 
ginia, Concrete  dams,  Dam  construction,  Drain- 
age, History,  Lake  Lynn. 

Lake  Lynn  Dam,  a  concrete  gravity  dam  situated 

3.6  miles  upstream  from  where  the  Cheat  River 
meets  the  Monongahela  River,  in  West  Virginia, 
was  constructed  over  the  period  1912-1926.  The 
generating  capacity  at  this  dam  is  50,000  kw.  In 
response  to  a  safety  inspection  conducted  in  the 
period  1982-1989,  remedial  measures  were  under- 
taken that  almost  doubled  the  dam's  previous 
design  flood  capacity.  Previously,  in  1972,  the  16 
post-tensioned  anchors  with  design  loads  of  705 
kips  each  were  installed  in  the  east  bulkhead.  Al- 
though this  strengthened  the  bulkhead's  overturn- 
ing stability  for  floods  up  to  about  50%  of  the 
probable  maximum  flood,  more  stringent  regula- 
tions necessitated  further  work.  Operating  from 
platforms  nearly  100  ft  above  the  waters  of  the 
Cheat  River,  workmen  installed  75  rock  anchors, 
including  the  largest  ever  assembled  in  North 
America.  The  work  was  part  of  a  $4  million  pro- 
gram of  stability  improvement.  Also  included  in 
this  program  were  improvements  to  a  drainage 
system  of  46  drains  to  maintain  uplift  pressure  on 
the  base  of  the  dam  at  close  to  the  hydrostatic 
tailwater  pressure.  Original  construction  drawings 
were  unclear  concerning  the  locations  of  originally 
installed  drains,  so  the  first  step  in  this  project  was 
to  clean  and  map  the  existing  drain  system.  There 
are  now  84  functioning  drains  and  PVC-lined  foun- 
dation drain  holes  at  Lake  Lynn  Dam.  The  design 
flood  used  in  the  analysis  was  477,000  cfs,  about 

1.7  times  the  design  flood  used  in  the  1972  stability 
evaluation.  (Rochester-PTT) 

W9 1-05069 


CALCULATED  PREDICTION  OF  EARTH 
PRESSURES  ON  TAILWATER  TUNNELS  OF 
THE  ROGUN  HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-05076 


WATER-HOLDING  CAPACITY  OF  STRUC- 
TURES MADE  OF  SAND-GRAVEL-PEBBLE 
SOILS. 

For  primary  bibliographic  entry  see  Field  8D. 
W9 1-05078 


LOW-CLINKER  CEMENT  FOR   HYDRAULIC 
STRUCTURES. 

For  primary  bibliographic  entry  see  Field  8F. 
W9 1-05079 


USE  OF  PRECAST  REINFORCED-CONCRETE 
BEAMS  IN  THE  FLOORS  OF  THE  DRAFT 
TUBES  OF  THE  CHEBOKSARY  HYDROELEC- 
TRIC STATION. 

For  primary  bibliographic  entry  see  Field  8F. 
W9 1-05081 


CONCEPT  OF  SAFETY  EVALUATION  OF  THE 
ARCH  DAM  OF  THE  INGURI  HYDROELEC- 
TRIC STATION. 

G.  Y.  Berdichevskii,  V.  I.  Bronshtein,  and  Y.  B. 

Mgalobelov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  1,  p  26-30,  1990.  2  fig,  1  tab.  Translated  from 

Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp.  24-27, 

January,  1990. 

Descriptors:  'Arch  dams,  'Dam  design,  'Dam  sta- 
bility, Dam  inspection,  Hydroelectric  plants,  Mate- 
rials engineering,  Measuring  instruments,  Seepage, 
Soviet  Union,  Structural  engineering. 

Problems  of  the  reliability  and  safe  operation  of  the 
arch  dam  at  the  Inguri  hydroelectric  station 
(Soviet  Union),  a  record  dam  in  height  and  unique 
in  many  parameters  and  construction  conditions, 
were  decisive  at  all  stages  of  its  design,  construc- 
tion, and  temporary  operation.  An  extensive  com- 
bination of  surveying,  research,  design,  and  experi- 
mental field  work  without  precedent  in  Soviet  dam 
construction  was  performed  to  substantiate  the  re- 
liability.  Numerous  on-site  observations  are  pro- 
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vided  during  operation  for  checking  the  safety  of 
the  arch  dam;  about  3000  embedded  instruments 
were  placed  in  the  structure  and  foundation.  The 
evaluation  of  the  technical  state  and  safety  of  the 
Ingun  dam  is  based  on  the  following  principles:  (1) 
the  actual  state  of  the  dam-foundation  system  de- 
termined by  on-site  observations  should  corre- 
spond to  the  design  concepts  about  behavior  of  this 
system  and  (2)  the  indices  of  state  measured  in  the 
prototype  should  form  a  system  having  sufficient 
completeness  ensuring  the  necessary  reliability  of 
conclusions  about  the  correspondence  of  prototype 
and  design.  The  following  indices  of  the  state  of 
the  arch  dam  served  for  checking  the  correspond- 
ence between  the  actual  behavior  of  the  dam  and 
the  design  concepts:  (1)  stresses  at  the  points  of 
installing  rosettes  of  linear  strain-gauge  transduc- 
ers; (2)  displacements  of  the  dam  and  rock  founda- 
tion relative  to  the  base  points,  which  are  consid- 
ered fixed;  and  (3)  indices  characterizing  seepage 
in  the  rock  foundation  of  the  dam  as  well  as 
seepage  discharges  at  the  gaging  stations  and  pie- 
zometric  levels  monitoring  the  piezometric  heads 
in  the  rock  contact  zone  and  the  behavior  of  grout 
curtain  and  drainage.  Deformation  and  strength 
characteristics  of  the  rock  foundation,  elastic  wave 
velocities  and  cyclic  load  during  operation  of  the 
dam,  and  stresses  in  the  antiseismic  reinforcement 
also  are  monitored.  (Rochester- PTT) 
W9 1-05082 


OPTIMIZATION  OF  THE  DESIGNS  OF 
EARTH  DAMS. 

L.  N.  Rasskazov,  and  V.  Sepeda. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  30-35,  1990.  4  fig,  5  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp.  27-30, 
January,  1990. 

Descriptors:  'Construction  costs,  *Dam  design, 
•Earth  dams,  'Economic  aspects,  Cost  analysis, 
Design  criteria,  Hydraulic  engineering,  Hydraulic 
structures,  Optimization,  Pareto  method. 

Optimization  of  the  designs  of  hydraulic  structures 
in  general  and  of  earth  dams  in  particular  becomes 
an  inseparable  part  of  design,  because  it  makes 
possible  the  selection  of  the  most  economical 
design  while  fulfilling  all  technical  specifications. 
Calculation  procedures  were  investigated  for  vari- 
ous methods  of  optimization  and  their  relative  per- 
formance was  evaluated,  particularly  with  regard 
to  the  economic  effect  of  using  each  method  of 
optimization.  Of  the  methods  of  optimization  in- 
vestigated (Pareto,  penalty  functions,  and  direct 
search),  the  most  convenient  is  the  direct  search 
method,  because  it  makes  it  possible  to  adhere  to 
all  constraints.  However,  the  other  methods  also 
have  benefits.  For  example,  the  Pareto  method 
makes  possible  a  complex,  although  approximate, 
evaluation  of  the  performance  of  the  structure. 
Optimization  enables  the  reduction  of  the  cost  of 
the  designs  of  earth  dams  by  5-15%.  (Rochester- 
PTT) 
W91-05083 


HYDROSTATION  RESERVOIRS  AND  RECRE- 
ATION. 

S.  B.  Elakhovskii. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  44-48,  1990.  1  fig,  10  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp.  36-39, 
January,  1990. 

Descriptors:  'Multipurpose  reservoirs,  'Planning, 
•Recreation,  'Recreation  facilities,  'Reservoirs, 
•Soviet  Union,  Economic  aspects,  Hydroelectric 
plants,  Management  planning,  Systems  engineer- 
ing, Water  resources  development. 

In  the  Soviet  Union,  particularly  the  500-700  km 
wide  strip  along  the  entire  southern  boundary  of 
the  country,  the  demand  for  recreational  opportu- 
nities in  lakes  and  rivers  is  increasing  rapidly. 
Various  countries,  such  as  the  United  States  and 
Czechoslovakia,  have  progressed  quite  far  in  the 
development  of  reservoirs  for  recreational  use.  To 
develop  recreation  in  the  Soviet  Union  will  require 
an  intensified  effort.  Two  ways  to  solve  the  prob- 
lem of  providing  more  recreational  facilities  at 
reservoirs  are:  (1)  to  thoroughly  study  the  prob- 


lem, including  considering  new  economic  struc- 
tures and  the  use  of  specialized  technical  teams  of 
specialists  and  (2)  to  create  or  improve  recreational 
and  sports  facilities  at  reservoirs  already  in  recre- 
ational use.  The  Sayano-Shushenskoe  hydro  station 
reservoir  is  a  unique  case  in  which  the  creation  of  a 
reservoir  actually  improved  access  to  a  beautiful 
natural  setting  and  created  a  large  (621  sq  km)  lake 
with  1400  km  of  shoreline.  Two  thrusts  for  future 
development  of  this  site  to  improve  recreation 
have  been  identified:  (1)  improved  walking  routes 
and  provision  for  horseback  riding  and  winter 
sports  and  (2)  creating  large  establishments  on  the 
shore  with  places  for  overnight  stays,  boat  hire, 
fishing  and  hunting,  and  bases  for  collection  of 
pine  nuts.  It  is  the  duty  of  hydropower  engineers 
to  compensate  for  the  country's  population  with 
recreational  benefits  for  those  negative  impacts 
associated  with  some  earlier  hydro  projects.  The 
recreational  use  of  a  given  reservoir  increases  its 
effectiveness  as  a  multipurpose  hydro  development 
(and  thereby  increases  the  competitiveness  of  the 
hydro  station  as  a  power  facility).  (Rochester- 
PTT) 
W9 1-05086 


RELIABILITY  OF  THE  ASSURANCE  OF  STA- 
BILITY OF  EARTH  MASSES. 

For  primary  bibliographic   entry  see  Field   8D. 
W9 1-05088 


CONCRETE-FACED  ROCKFILL  DAM. 

Cooke  (J.  Barry),  Inc.,  San  Rafael,  CA. 

J.  B.  Cooke. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  43,  No.  1,  p  11-15,  January  1991.  3 

fig- 

Descriptors:  'Concretes,  'Dam  construction, 
'Facings,  'Rockfill  dams,  Compaction,  Dam  sta- 
bility, Design  criteria,  History,  Modulus  of  com- 
pressibility, Performance  evaluation,  Shear 
strength. 

The  concrete-faced  rockfill  dam  (CFRD)  is  now 
well  established  as  a  dam  type  to  be  considered  in 
feasibility  studies.  The  leakage  experience  with 
early  high  CFRDs  of  dumped  rockfill  limited  the 
acceptance  of  this  dam  in  the  1950s,  and  the  devel- 
opment of  the  earth  core  rockfill  dam  began.  After 
the  advent  of  compacted  rockfill  in  the  1960s, 
many  CFRD  dams,  including  high  ones,  were  con- 
structed, and  their  performance  and  economy  have 
restored  the  CFRD  as  a  major  dam  type.  Com- 
pacted rockfill  has  properties  that  are  particularly 
useful:  high  shear  strength  and  high  modulus  of 
compressibility.  The  traffic  of  loaded  trucks  and 
the  movements  of  the  spreading  dozer  provide 
effective  compaction,  which  is  supplemented  by 
passes  of  the  smooth  drum  vibratory  roller.  For 
sound  (hard)  rock,  the  fines  and  small  rocks  in  the 
upper  zone  of  a  layer  are  well  compacted.  Since  all 
rockfill  of  sound  rock  is  highly  segregated  in  each 
layer,  grading  of  quarry-run  rock  is  not  important. 
The  use  of  water  improves  rockfill  properties,  par- 
ticularly reducing  compressibility.  For  sound 
(hard)  rock,  the  specifications  can  be  general  and 
precise.  Compacted  rockfill  and  the  modern  fea- 
tures of  CFRD  design  combine  to  provide  an 
inherently  safe  and  economical  dam.  The  CFRD 
can  be  considered  for  the  highest  dams  and  for 
major  projects.  (Rochester-PTT) 
W91-05116 


DESIGN  AND  CONSTRUCTION  OF  THE  SE- 
GREDO  CONCRETE-FACED  ROCKFILL  DAM. 

Companhia     Paranaense     de     Engeria,     Curitiba 

(Brazil). 

S.  H.  Neidert,  and  N.  B.  Toniatii. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  43,  No.  1,  p  15-19,  January  1991.  5 

fig,  3  ref. 

Descriptors:  'Brazil,  'Concretes,  'Dam  construc- 
tion, 'Hydroelectric  plants,  'Rockfill  dams,  Civil 
engineering,  Compaction,  Hydraulic  structures, 
Iguacu  River,  Segredo  Project,  Spillways. 

The  Segredo  project,  presently  under  construction, 
is  the   second   hydroelectric   plant  comprising  a 


concrete-faced  rockfill  dam  (CFRD)  to  be  built  by 
Companhia  Paranaense  de  Energia  (COPEL)  in 
southern  Brazil.  The  plant  is  sited  downstream  of 
the  Foz  do  Areia  dam,  on  the  Iguacu  River,  in 
Parana  State.  Construction  was  initiated  in  No- 
vember 1986  and  the  first  turbine  is  scheduled  to 
go  on  line  in  October  1992.  The  first  phase  gener- 
ating capacity  at  Segredo  will  1260  MW.  The 
choice  of  a  CFRD  resulted  mainly  from  economic 
considerations  corroborated  by  COPEL's  positive 
experience  in  constructing  and  operating  the  Foz 
do  Areia  dam.  The  rockfill  was  obtained  mostly 
from  the  excavation  required  for  the  hydraulic 
structure.  The  rockfill  embankment  and  the  con- 
crete membrane  will  both  be  built  in  two  stages. 
The  upstream  slope  will  be  1  V:1.3  H  and  the 
downstream  nominal  slope  was  maintained  at  1:1.4, 
but  the  actual  slopes  between  access  road  berms 
are  1:1.2.  Compaction  of  the  upstream  third  of  the 
rockfill  embankment,  including  the  transition  zone, 
is  by  6  passes  of  a  9-t  roller,  with  25%  added 
water.  The  plinth  slab  was  cast  as  a  continuous 
slab,  dowelled  to  the  rock,  without  joints,  except 
for  construction  joints  with  reinforcement  passing 
through.  As  of  July  1990,  the  first  stage  of  rockfill 
placement  was  complete;  excavation  was  80% 
complete;  and  the  total  volume  of  concrete  placed 
had  reached  20%  of  the  total.  The  finished  dam 
will  be  145  m  high  and  will  bring  the  installed 
capacity  on  the  main  river  to  6000  MW.  The  major 
civil  engineering  feature  of  the  project  will  be  the 
15,000  cu  m/sec  spillway,  with  a  400-m  chute, 
unlined  along  its  280-m  downstream  portion. 
(Rochester-PTT) 
W91-05117 


ADVANCES  IN  FACE  SLAB  CONSTRUCTION 
TECHNIQUES  FOR  CFRDS. 

Tasmania    Hydro-Electric    Commission,    Hobart 

(Australia).  Engineering  Div. 

For  primary  bibliographic  entry  see  Field  8F. 

W91-05118 


COLOMBIAN  EXPERIENCE  WITH  CON- 
CRETE FACE  ROCKFILL  DAMS. 

Ingetec  S.A.,  Bogota  (Colombia). 
A.  Marulanda,  F.  Amaya,  and  C.  A.  Ramirez. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  43,  No.  1,  p  25-32,  January  1991. 
13  fig,  3  tab,  12  ref. 

Descriptors:  'Colombia,  'Concretes,  'Dam  con- 
struction, 'Design  criteria,  'Rockfill  dams,  Alto 
Anchicaya  Dam,  Geology,  Golillas  Dam,  Salava- 
jina  Dam. 

Three  major  concrete-face  rockfill  dams  (CFRDs) 
have  been  constructed  in  Columbia  between  1965 
and  1985:  Alto  Anchicaya  (140  m),  Golillas  (125 
m),  and  Salavajina  (148  m).  The  three  dams  have, 
respectively,  22,300  sq  m,  14,300  sq  m,  and  57,459 
sq  m  of  face  area.  The  design  thickness  of  the  face 
slab  was  established  as  a  minimum  of  0.3  m  at  the 
top  and  increased  with  hydrostatic  head  (H),  as 
follows:  0.003  H  at  Alto  Anchicaya,  0.0037  H  at 
Golillas,  and  0.0031  H  at  Salavajina.  At  all  three 
dams,  the  28  day  design  compressive  strength  of 
the  concrete  was  210  kg/sq  cm.  The  width  of  the 
slabs  (joint  spacing)  was  15  m,  and  slide  forms 
were  used.  The  concrete  facing  at  Alto  Anchicaya 
was  built  in  two  stages,  leaving  a  horizontal  con- 
struction joint  at  the  elevation  of  the  termination 
point  of  the  impervious  material  covering  the  con- 
crete slab.  At  the  other  two  sites,  three  stages  were 
used,  leaving  two  horizontal  construction  joints. 
Important  lessons  learned  include:  (1)  the  influence 
of  the  shape  of  the  canyon  on  the  deformation  of 
compacted  fills;  (2)  the  possibility  of  building 
CFRDs  in  geological  conditions  previously  consid- 
ered unfavorable  for  this  type  of  dam;  (3)  the 
development  of  more  convenient  features  to  ensure 
adequate  performance  of  the  waterstop  in  the 
joints  of  the  concrete  slabs;  (4)  the  optimization  of 
both  the  concrete  thickness  and  the  reinforcement 
of  the  impervious  element;  and  (5)  knowledge 
about  leakage  problems  that  can  occur  during  the 
first  filling  and  of  remedial  measures  that  can  be 
adopted  without  greatly  affecting  the  operation  of 
the  project.  (Rochester-PTT) 
W91-05119 
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Field  8— ENGINEERING  WORKS 
Group  8A — Structures 


PROPERTIES  AND  USE  OF  FLY  ASHES  FOR 
EMBANKMENTS. 

Drexel   Univ.,   Philadelphia,   PA.   Dept.   of  Civil 

Engineering. 

For   primary   bibliographic  entry   see   Field   8G. 

W9 1-05 122 


METHOD  OF  TRANSIENT  ANALYSIS  OF 
THREE-DIMENSIONAL  DAM-RESERVOIR 
INTERACTIONS. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W9 1-05 124 


LA  VILLITA  DAM  RESPONSE  DURING  FIVE 
EARTHQUAKES  INCLUDING  PERMANENT 
DEFORMATION. 

Rensselaer  Polytechnic  Inst.,  Troy,  NY.  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  8E. 

W91-05125 


PERFORMANCE  DATA  FOR  A  SLOPED  REIN- 
FORCED SOIL  WALL. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Civil 

Engineering. 

For   primary   bibliographic   entry   see   Field   8D. 

W91-05365 


STUDY  AND  RECOMMENDATIONS  ON  THE 
SAN  GERMAN  VAULTED  BRICK  STORM 
SEWER  SYSTEM. 

Puerto  Rico  Univ.,  Mayaguez.  Dept.  of  General 

Engineering. 

For  primary  bibliographic   entry   see  Field   5D. 

W9 1-05634 


OPTIMAL    DESIGN    FOR    STORM    SEWER 
SYSTEM  WITH  PUMPING  STATIONS. 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Civil  En- 
gineering. 

For  primary   bibliographic   entry  see  Field   5D. 
W9 1-05787 


RESERVOIR    PLANNING   FOR   IRRIGATION 
DISTRICT. 

Iran  Univ.  of  Science  and  Technology,  Tehran. 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  6A. 

W91-05791 


PARAMETER     ESTIMATION     FOR     WATER 
DISTRIBUTION  NETWORKS. 

Arizona  Univ.,  Tucson.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05794 


SEISMIC  RISK  ANALYSIS  FOR  EARTH 
DAMS. 

Northeastern  Univ.,  Boston,  MA.  Dept.  of  Civil 

Engineering. 

M.  K.  Yegian,  E.  A.  Marciano,  and  V.  G. 

Ghahraman. 

Journal    of    Geotechnical    Engineering    (ASCE) 

JGENDZ,  Vol.  117,  No.  1,  p  18-34,  January  1991. 

5  fig,  7  tab,  38  ref.  National  Science  Foundation 

Grant  No.  DFR-84-12124. 

Descriptors:  'Dam  stability,  'Earth  dams,  'Hy- 
draulic engineering,  'Hydraulic  structures,  'Risk 
assessment,  'Seismic  surveys.  Dam  design,  Dam 
failure,  Earthquakes,  Embankments,  Performance 
evaluation,  Probabilistic  process,  Safety,  Seismic 
exploration,  Seismology. 

There  are  many  sources  of  uncertainty  involved  in 
seismic  safety  evaluations  of  an  embankment  or  an 
earth  dam.  Even  when  conservative  assumptions 
and  selections  of  parameters  are  made,  there  will 
always  be  a  probability  that  performance  of  the 
dam  during  its  lifetime  may  not  be  as  predicted.  To 
evaluate  the  seismic  risk  of  damage  or  failure  of 
earth  dams,  a  seismic  risk  analysis  procedure  has 


been  developed.  The  future  occurrence  of  earth- 
quakes was  probabilistically  described  in  terms  of 
both  intensity  and  number  of  cycles  of  ground 
motion  (seismic  hazard  analysis).  Furthermore,  a 
probabilistic  procedure  for  the  calculation  of  per- 
manent deformation  of  earth  dams  (seismic  per- 
formance analysis)  was  developed,  characterizing 
the  seismic  event  in  terms  of  acceleration,  number 
of  cycles,  and  predominant  period  of  motion.  The 
results  of  seismic  hazard  and  seismic  performance 
analyses  were  combined  to  yield  the  risk  of  seismic 
damage  or  failure  of  a  dam  (seismic  risk  analysis). 
An  example  case  study  was  examined  to  illustrate 
the  application  of  the  procedures.  A  risk-based 
seismic  safety  evaluation  of  an  embankment  or  an 
earth  dam  can  provide  estimates  of  relative  risks 
that  are  useful  in  design  and  decision  analysis  and 
can  avoid  compounding  of  conservatism.  (See  also 
W9 1-05869)  (Author's  abstract) 
W9 1-05868 


EARTHQUAKE-INDUCED  PERMANENT  DE- 
FORMATIONS: PROBABILISTIC  APPROACH. 

Northeastern  Univ.,  Boston,  MA.  Dept.  of  Civil 

Engineering. 

M.  K.  Yegian,  E.  A.  Marciano,  and  V.  G. 

Ghahraman. 

Journal    of    Geotechnical    Engineering    (ASCE) 

JGENDZ,  Vol.  117,  No.  1,  p  35-50,  January  1991. 

10  fig,  2  tab,  23  ref.  National  Science  Foundation 

Grant  No.  DFR-84-12124. 

Descriptors:  'Deformation,  'Earth  dams,  'Earth- 
quakes, 'Hydraulic  engineering,  'Probabilistic 
process,  'Seismic  surveys,  Computer  programs, 
Embankments,  Hydraulic  structures,  Model  stud- 
ies, Performance  evaluation,  Risk  assessment. 
Safety,  Seismology,  Slope  stabilization. 

A  simple  procedure  for  estimating  earthquake-in- 
duced permanent  deformations  of  earth  dams,  em- 
bankments, and  slopes  has  been  developed.  The 
analytical  model  is  based  on  computed  permanent 
deformations  obtained  by  using  Newmark's  sliding- 
block  analysis  and  actual  recorded  acceleration 
time  histories.  The  model  incorporates  the  effect  of 
earthquake  magnitude  through  the  use  of  equiva- 
lent uniform  cycles  of  motion.  Uncertainties  in  the 
model  and  the  parameters  used  are  accounted  for 
through  the  use  of  modeling  error  theory.  Normal- 
ized plots  and  a  computer  program  are  used  to 
provide  the  probability  that  the  permanent  defor- 
mation of  a  critical  sliding  mass  will  exceed  a 
specified  value.  The  results  from  this  probabilistic 
procedure  can  be  expressed  in  terms  of  damage 
probabilities  in  the  form  of  a  seismic  performance 
analysis  matrix.  (See  also  W9 1-05868)  (Author's 
abstract) 
W9 1-05869 


RAPID  WATER  CONTENT  BY  COMPUTER- 
CONTROLLED  MICROWAVE  DRYING. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS. 

For   primary   bibliographic   entry   see   Field   8G. 
W9 1-05871 


DESIGN  OF  STORAGE  TANKS  FOR  WATER 
HARVESTING  IN  RAINFED  AREAS. 

Dryland  Research  Station,  Hoshiarpur  (India). 

H.  N.  Verma,  and  P.  B.  Sarma. 

Agricultural  Water  Management  AWMADF,  Vol. 

18,  No.  3,  p  195-207,  September  1990.  4  fig,  4  tab,  9 

ref. 

Descriptors:  'Agricultural  water,  'India,  'Storage 
tanks,  'Water  harvesting,  'Water  storage,  'Water 
tanks,  Computer-aided  design,  Cost-benefit  analy- 
sis, Design  criteria,  Punjab. 

The  design  of  water  harvesting  tanks  and  supple- 
mental irrigation  systems  is  highly  location-specific 
and,  thus,  makes  it  very  difficult  to  develop  a 
general  model  which  can  be  used  for  all  areas.  A 
procedure  for  the  design  of  water  harvesting  tanks 
for  rainfed  farming  in  northern  Punjab,  India,  was 
developed  which  can  be  modified  and  used  for 
other  rainfed  areas.  It  was  observed  that  the  total 
cost  of  tank  per  unit  of  capacity  decreased  with 
increasing  tank  capacity.  For  maximum  benefit  the 


tanks  should  be  designed  on  the  basis  of  lowest 
assured  runoff  for  presowing  irrigation  to  wheat. 
The  appropriate  probability  level  of  lowest  assured 
runoff  for  tank  design  increases  with  increasing 
catchment  area  and  varies  from  40  to  80%.  The 
benefit-cost  ratio  of  such  tanks  varied  from  1.60  to 
4.56  for  catchment  areas  1  to  100  ha.  (Author's 
abstract) 
W9 1-05930 
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METHOD  OF  TRANSIENT  ANALYSIS  OF 
THREE-DIMENSIONAL  DAM-RESERVOIR 
INTERACTIONS. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

C.  S.  Tsai,  and  G.  C.  Lee. 

Journal     of     Engineering     Mechanics     (ASCE) 

JENMDT,  Vol.  116,  No.  10,  p  2151-2172,  1990.  14 

fig,    45    ref,    append.    NSF-National    Center    for 

Earthquake       Engineering       Research       Grant 

ECE8607591. 

Descriptors:  'Dam  stability,  'Dam-reservoir  inter- 
actions, 'Earthquake  engineering,  'Structural  en- 
gineering, 'Transient  analysis,  Dams,  Finite  ele- 
ment method,  Mathematical  analysis,  Reservoirs. 

The  nonlinear  behavior  of  dam-reservoir  interac- 
tions is  not  well  understood,  especially  when  the 
system  is  formulated  as  a  three-dimensional  prob- 
lem. One  of  the  major  difficulties  is  a  lack  of  time- 
domain  transmitting  boundary  for  the  far  field 
(extending  to  infinity  in  the  fluid  domain).  An 
efficient  time-domain  analysis  procedure  for  a 
three-dimensional  fluid-structure  system  based  on  a 
semianalytical  method  was  developed  that  takes 
into  consideration  the  radiated  waves  in  the  far 
field.  The  cross  section  of  the  far  field,  which  may 
have  an  arbitrary  shape,  is  assumed  to  extend  uni- 
formly to  infinity  in  the  upstream  direction.  The 
irregular  near  field  with  arbitrary  geometric  shape 
and  boundary  conditions  is  modeled  using  the  con- 
ventional finite  element  method.  Accuracy  of  the 
proposed  method  is  established  by  comparing  the 
numerical  results  with  piecewise  exact  form  of 
analytical  solutions  for  a  vertical  rigid  dam  with 
vertical  valleys  subjected  to  actual  earthquake  and 
ramp  loadings.  In  the  proposed  method,  all  of  the 
procedures  are  processed  directly  in  the  time 
domain,  which  is  efficient  for  nonlinear  analyses  of 
dams  with  infinite  reservoirs  formulated  as  a  three- 
dimensional  problem.  (Author's  abstract) 
W91-05124 


RED  RIVER  WATERWAY,  REVISED  OUTLETS 
FOR  RED  RIVER  LOCKS:  HYDRAULIC 
MODEL  INVESTIGATION. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-05272 


ABSTRACTS  OF  THE  SECOND  INTERNA- 
TIONAL SYMPOSIUM  ON  GAS  TRANSFER 
AT  WATER  SURFACES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  2A. 
W9 1-05273 


PREDICTION  OF  THE  DESTRUCTION  OF 
THE  BANKS  OF  THE  CHEBOKSARY  RESER- 
VOIR AS  A  RESULT  OF  A  RISE  OF  THE 
LEVEL. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-05301 


CALCULATIONS    OF    SWINGING    OF    THE 
FLOW  IN  TRAPEZOIDAL  CHANNELS. 

A.  B.  Maslov,  and  D.  A.  Yusupov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  2,  p  131-135,  1990.  4  fig,  7  ref. 

Descriptors:     'USSR,     Hydraulic     engineering, 
•Channel  flpw,  'Flow  models,  'Transition  flow, 
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Hydraulic  jump,  'Hydraulic  models,  'Channel 
morphology,  Flow  channels,  Flow  characteristics, 
Flow  measurement,  Canals,  Turbulent  flow, 
Eddies,  Flow  velocity,  Canal  design,  Froude 
number,  Water  depth. 

The  most  important  stage  in  the  design  of  new  and 
reconstruction  of  existing  water  management  sys- 
tems is  hydraulic  calculation  of  the  water-convey- 
ance channels  under  their  various  operating  re- 
gimes. The  most  complex  is  the  calculation  of  the 
unsteady  motion  of  a  rapid  flow  in  the  transition 
sections  of  pools,  where  a  marked  change  occurs  in 
the  longitudinal  slopes  of  fast-flowing  canals. 
Transformation  of  a  rapid  flow  into  a  tranquil  flow 
in  the  transition  sections  of  trapezoidal  channels 
has  an  extremely  unstable  swinging  character, 
causing  increased  turbulence  in  the  eddy  zones, 
large  velocity  gradients,  and  pressure  differences. 
Hydraulic  calculations  of  flow  swings  in  trapezoi- 
dal channels  (canals)  show  that  a  rapid  swinging 
flow  (free  hydraulic  jump)  is  analogous  in  its  de- 
structive force  to  an  unsubmerged  hydraulic  jump 
in  a  rectangular  channel.  Therefore,  the  length  of 
the  transition  section  of  the  pools  should  be  maxi- 
mally reduced  by  increasing  the  natural  depth  in 
the  canal.  An  increase  of  the  depth  of  the  lower 
pool  with  increase  of  the  Froude  number  is  ex- 
plained by  an  increase  of  the  kinetic  energy  of  the 
rapid  swinging  jet,  leading  to  an  increase  of  the 
second  conjugate  depth  of  the  hydraulic  jump.  The 
values  of  the  actual  bottom  velocities  along  the 
channel  line  and  along  the  boundary  of  the  rapid 
swinging  jet  differ  substantially.  The  total  mean 
vertical  load  on  the  slabs  of  the  canal  under  three- 
dimensional  conditions  of  transition  of  the  pools  in 
the  general  case  is  equal  to  the  volume  indicated 
by  the  pressure  deficit  diagram.  The  length  of  the 
apron  part  of  the  canal  can  be  determined  from  the 
location  of  the  eddy  region  of  swinging  of  the 
flow,  after  determining  the  length  of  the  stretch 
where  the  standard  deviation  of  the  pressure  fluc- 
tuation stabilizes,  and  comparing  the  values.  (Fish- 
PTT) 
W91-05314 


GENERALIZED  LAGRANGIAN  MODEL  FOR 
BUOYANT  JETS  IN  CURRENT. 

Hong  Kong  Univ.  Dept.  of  Civil  and  Structural 
Engineering. 

J.  H.  W.  Lee,  and  V.  Cheung. 
Journal   of  Environmental   Engineering   (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1085-1106,  Novem- 
ber/December 1990.  9  fig,  33  ref. 

Descriptors:  'Environmental  engineering, 
'Wastewater  outfall,  'Jets,  'Buoyancy,  'Outfall 
sewers,  Flow  models,  Tidal  currents,  'Water  cur- 
rents, Wastewater  management,  Wastewater  dis- 
posal, Hydraulic  engineering,  Hydraulic  design, 
Environmental  impact,  Mixing,  'Model  studies, 
Turbulent  flow. 

In  shallow  coastal  waters,  submarine  outfalls  are 
often  designed  so  that  adjacent  wastewater  plumes 
do  not  interfere  before  they  surface  or  reach  the 
terminal  height  of  rise.  By  orienting  the  jet  dis- 
charge horizontally  into  a  perpendicular  along- 
shore tidal  current  (and  hence  increasing  the  dis- 
tance of  travel  for  a  given  vertical  rise  of  the  jet), 
optimal  mixing  of  the  wastewater  effluent  can  be 
achieved.  Since  a  tidal  current  is  present  for  the 
greater  part  of  the  time,  it  is  often  desirable  to  take 
into  account  the  effect  of  an  ambient  current  in 
outfall  design  and  environmental  impact  assess- 
ment. However,  the  mixing  of  a  deflected  turbu- 
lent buoyant  jet  in  a  current  is  a  much  more 
complicated  problem.  A  general  Lagrangian  jet 
model  formulation  has  been  developed  for  an  in- 
clined buoyant  jet  in  a  current,  with  a  three-dimen- 
sional trajectory.  The  shear-induced  entrainment 
was  computed  as  a  function  of  the  local  densime- 
tric  Froude  number  and  jet  orientation,  while  the 
forced  entrainment  was  taken  as  the  ambient  flow 
intercepted  by  the  'windward'  side  of  the  buoyant 
jet.  Model  predictions  were  compared  with  both 
trajectory  and  tracer  concentration  data  for  a  wide 
range  of  discharge  and  ambient  flow  conditions 
(horizontal  buoyant  jets  in  a  coflow;  vertical  jets, 
oblique  jets,  and  dense  plumes  in  a  cross  flow; 
buoyant  jets  in  a  stagnant  uniform  or  stratified 
fluid;  and  a  horizontal  buoyant  jet  in  a  perpendicu- 


lar cross  flow),  and  found  to  be  valid.  The  model  is 
also  consistent  with  the  concept  of  asymptotic 
flow  regimes,  and  reproduces  the  correct  behavior 
in  both  the  near  and  far  field  of  a  vertical  momen- 
tum of  buoyancy-dominated  jet  in  a  cross  flow. 
(Fish-PTT) 
W91-05323 


VELOCITY  AND  DEPTH  OF  FLOW  CALCULA- 
TIONS IN  PARTIALLY  FILLED  PIPES. 

Marmara  Univ.,  Istanbul  (Turkey).  Dept.  of  Engi- 
neering. 
A.  Saatci. 

Journal  of  Environmental  Engineering  (ASCE) 
JOEEDU,  Vol.  116,  No.  6,  p  1202-1208,  Novem- 
ber/December 1990.  3  fig,  1  tab,  1  ref. 

Descriptors:  'Environmental  engineering,  'Com- 
puter-aided design,  'Sewer  systems,  'Hydraulic 
design,  'Flow  equations,  Pipe  flow,  Pipes,  Man- 
nings equation,  Design  criteria,  Hydraulic  models, 
Flow  velocity,  Flow  models,  Flow  characteristics, 
Critical  depth,  Mathematical  equations. 

Sewer  design  is  usually  based  on  a  selected  formula 
that  can  represent  the  flow  conditions  in  partially 
filled  pipes.  Manning's  formula  is  the  most  com- 
monly used  equation  in  sewer  design  practice  be- 
cause of  its  simplicity  and  the  availability  of  nu- 
merous nomographs  and  tables.  However,  the  rou- 
tine calculations  or  the  use  of  nomographs  and 
tables  can  be  a  time-consuming  task.  Different 
computer  programs  have  been  introduced  to  mini- 
mize the  laborious  calculations.  In  either  method 
of  approach,  the  calculation  procedures  involve 
the  determination  of  important  design  parameters, 
such  as  minimum  slope,  actual  and  full-flow  veloci- 
ties, actual  and  full-flow  rates,  and  the  depth  of 
flow.  Calculation  of  actual  velocity  and  depth  of 
flow  using  computers  requires  the  application  of 
iterative  techniques.  An  algebraic  equation  that 
simplifies  the  velocity  and  depth  of  flow  calcula- 
tions in  partially  filled  sewers  has  been  developed. 
This  equation  is  only  valid  if  the  water  surface 
angle  is  less  than  or  equal  to  265  degrees.  It  is 
expected  that  the  proposed  equation  will  facilitate 
the  laborious  calculations  required  to  study  differ- 
ent design  alternatives  in  partially  filled  pipes.  The 
suggested  equation  was  successfully  applied  to  an 
example  problem  and  the  results  compared  closely 
with  the  exact  solutions.  (Fish-PTT) 
W91-05329 


INTERFACIAL  MIXING  CAUSED  BY  TURBU- 
LENT BUOYANT  JETS. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Mechanical 

and  Aerospace  Engineering. 

H.  J.  S.  Fernando,  H.  Johnstone,  and  F. 

Zangrando. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  1,  p  1-20,  January  1991. 

12  fig,  5  tab,  18  ref. 

Descriptors:  'Boundary  processes,  'Buoyant  jets, 
'Entrainment,  'Fluid  dynamics,  'Mixing,  'Outfall, 
'Path  of  pollutants,  'Turbulent  flow,  'Wastewater 
disposal,  Buoyancy,  Fluid  mechanics,  Jets,  Mathe- 
matical models,  Model  studies,  Theoretical  analy- 


Laboratory  experiments  were  carried  out  to  inves- 
tigate mixing  and  entrainment  induced  by  a  planar 
turbulent  buoyant  jet  impinging  on  a  stable  density 
interface.  The  jet  was  released  horizontally  into 
the  homogeneous  bottom  layer  of  a  fluid  system  in 
which  the  top  linearly  stratified  layer  was  separat- 
ed from  the  homogeneous  layer  by  a  density  dis- 
continuity. This  flow  configuration  has  similarities 
to  those  that  occur  in  solar  ponds  and  ocean  ther- 
mal energy  conversion  plants.  The  results  reveal 
markedly  different  entrainment  mechanisms,  and 
thus  entrainment  laws,  for  different  jet  regimes  that 
depend  on  the  inlet  buoyancy  of  the  jet.  Measure- 
ments included  the  entrainment  velocity,  interfa- 
cial-layer  thickness,  and  time  evolution  of  vertical 
density  profiles.  Based  on  observations  of  entrain- 
ment mechanisms,  simple  theoretical  models  were 
developed  to  predict  entrainment  laws  for  slightly 
buoyant  and  neutrally  buoyant  jet  regimes,  and  the 
model  predictions  are  compared  with  the  experi- 
mental results.  Within  the  error  margins  of  the 
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experiments,  the  model  predictions  were  in  satis- 
factory agreement  with  the  experimental  results. 
(Author's  abstract) 
W9 1-054 19 


SIMULATION    OF    FLOOD    WAVES    FROM 
OUTBURST  OF  GLACIER-DAMMED  LAKE. 

Instituto  Nacional  de  Ciencia  y  Tecnica  Hidricas, 
Mendoza  (Argentina). 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-05421 


SUPERCRITICAL  FLOW  IN  SMOOTH  OPEN 
CHANNELS. 

Indian  Inst,  of  Science,  Bangalore.  Dept.  of  Civil 

Engineering. 

K.  V.  N.  Sarma,  and  P.  Syamala. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  1,  p  54-63,  January  1991. 

3  fig,  1  tab,  23  ref. 

Descriptors:  'Flow  friction,  'Froude  number, 
'Open-channel  flow,  'Reynolds  number,  'Super- 
critical flow,  'Turbulent  flow,  Darcy-Weisbach 
equation,  Hydraulics,  Mathematical  models,  Open 
channels,  Subcritical  flow,  Unsteady  flow. 

The  effect  of  Reynolds  number  and  Froude 
number  on  the  Darcy/Weisbach  friction  factor 
was  studied  for  supercritical  turbulent  flow  in 
smooth  rectangular  open  channels.  The  values  of 
Froude  numbers  for  various  aspect  ratios,  beyond 
which  the  flow  becomes  unstable,  were  determined 
using  the  method  of  Berlamont  and  Vanderstappen 
and  the  measured  momentum  coefficients.  For  a 
certain  range,  the  effect  of  the  Froude  number  is  to 
increase  the  friction  factor  by  a  constant  amount. 
For  stable  supercritical  flows,  the  friction  factor 
varies  with  Reynolds  number  only,  as  in  the  case 
of  subcritical  flows.  For  unstable  supercritical 
flows,  the  friction  factor  was  found  to  vary  ac- 
cording to  Rouse's  equation.  As  the  flow  becomes 
unstable,  the  friction  factor  becomes  consistently 
higher  than  that  for  stable  flows.  (Geiger-PTT) 
W9 1-05422 


FORCE  ON  SLAB  BENEATH  HYDRAULIC 
JUMP. 

Urmia  Univ.  (Iran).  Dept.  of  Irrigation. 

J.  Farhoudi,  and  R.  Narayanan. 

Journal     of     Hydraulic      Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  1,  p  64-82,  January  1991. 

17  fig,  17  ref. 

Descriptors:  'Hydraulic  jump,  'Mathematical 
models,  'Open-channel  flow,  'Stilling  basins, 
♦Water  pressure,  Flow  measurement,  Fluid  me- 
chanics, Froude  number,  Hydraulic  design,  Hy- 
draulic engineering,  Open  channels,  Turbulent 
flow. 

The  mean  and  fluctuating  forces  exerted  on  the 
slab  beneath  the  free  hydraulic  jump  were  meas- 
ured on  slabs  of  various  lengths  and  widths  and  at 
Froude  numbers  of  the  upstream  flow  varying 
from  4.0  to  10.0.  The  intensity  of  force  fluctuations 
on  an  area  of  slab  beneath  a  hydraulic  jump  de- 
pends on  its  length  and  width,  and  on  its  position 
from  the  toe  of  the  jump.  Experimental  results 
show  that  the  transverse  scale  of  pressure  produc- 
ing patterns  of  the  turbulent  hydraulic  jump  is 
longer  than  the  streamwise  scale.  The  scales  of 
these  patterns  vary  with  the  Froude  number  of  the 
flow  and  the  position  within  the  jump.  The  prob- 
abilities of  the  force  fluctuations  were  negatively 
skewed  for  the  slab  near  the  toe  of  the  jump  and 
positively  skewed  towards  the  downstream  part  of 
the  jump.  The  results  with  respect  to  large  slabs 
are  presented  in  a  form  that  would  help  in  estimat- 
ing the  intensity  of  force  fluctuations  and  be  useful 
to  designers  of  stilling  basins.  (Author's  abstract) 
W9 1-05423 


EFFECT  OF  ROUGHENED-BED  STILLING 
BASIN  ON  LENGTH  OF  RECTANGULAR  HY- 
DRAULIC JUMP. 

Toyohashi  Univ.  of  Technology  (Japan).  Dept.  of 
Civil  Engineering. 
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H.  S.  Mohamed  Ali. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  117,  No.  1,  p  83-93,  January  1991. 
9  fig,  2  tab,  10  ref. 

Descriptors:  'Channel  flow,  'Froude  number, 
•Hydraulic  design,  'Hydraulic  jump,  'Hydraulic 
roughness,  'Stilling  basins,  Channel  morphology, 
Economic  aspects,  Flow  measurement,  Hydraulic 
properties,  Irrigation  design,  Mathematical  models. 

The  rectangular  hydraulic  jump  downstream  of 
low-head  irrigation  structures  was  studied  on  a 
rough  channel  bed  under  different  flow  conditions 
to  obtain  the  optimum  length  of  roughness  from 
both  the  hydraulic  and  the  economic  point  of 
view.  Laboratory  experiments  showed  that  the 
length  of  hydraulic  jump  is  clearly  reduced  by 
using  cubic  roughness.  Decreasing  the  ratio  of  the 
length  of  roughened  bed  to  height  of  cubic  rough- 
ness improves  the  efficiency  of  the  stilling  basin  by 
decreasing  the  relative  length  of  jump;  at  a  certain 
value  of  this  ratio,  the  relative  length  of  jump  will 
be  minimum.  The  effective  relative  length  of 
roughness  (ratio  of  length  of  roughened  bed  to 
height  of  cubic  roughness  =  28)  provides  a  re- 
markable reduction  in  the  relative  length  of  jump 
(ratio  of  length  of  hydraulic  jump  to  initial  depth 
of  jump).  This  reduction  ranges  from  about  27.4% 
to  about  67.4%  for  initial  Froude  numbers  ranging 
from  10-4.  The  percentage  reduction  in  length  of 
jump  using  bed  roughness  decreases  with  increas- 
ing initial  Froude  number,  provided  that  the  most 
efficient  design  is  used  for  a  stilling  basin.  (Geiger- 
PTT) 
W9 1-05424 


RESISTANCE     IN     FLAT-BED     SEDIMENT- 
LADEN  FLOWS. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 

dromechanik. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-05425 


CULVERT  FLOW  IN  SMALL  DRAINAGES  IN 
MONTANE  TROPICAL  FORESTS:  OBSERVA- 
TIONS FROM  THE  LUQUILLO  EXPERIMEN- 
TAL FOREST  OF  PUERTO  RICO. 

Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-05635 


TIDAL     HYDRAULICS     OF     SATNT     JOHN 
RD7ER. 

Centro  de  Investigacion  Cientifica  y  de  Educacion 

Superior  de  Ensenada  (Mexico). 

For  primary  bibliographic  entry  see  Field  2L. 

W91-05783 


LAGRANGIAN  MOTIONS  IN  SIMPLE  KINE- 
MATIC OSCILLATORY  FLOW  FIELD. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
K.-C.  Wong. 

Journal  of  Waterway,  Port,  Coastal  and  Ocean 
Engineering  (ASCE)  JWPED5,  Vol.  117,  No.  1,  p 
29-43,  1991.  6  fig,  10  ref.  National  Science  Founda- 
tion grant  OCE-8822969. 

Descriptors:  'Fluid  flow,  'Fluid  mechanics, 
•Kinematic  waves,  'Model  studies,  'Oscillating 
flow,    'Waves,    Frequency    analysis,    Oscillatory 


There  are  two  ways  to  describe  the  motions  of  a 
fluid:  to  examine  the  flow  property  at  fixed  points 
within  the  space  occupied  by  the  fluid  (Eulerian), 
or  to  follow  each  fluid  parcel  as  it  flows  through 
space  (Lagrangian).  A  kinematic  approach  was 
taken  to  examine  analytically  the  Euler-Lagrange 
transformation  and  the  basic  behavior  of  fluid 
parcel  trajectories  associated  with  a  monochroma- 
tic oscillatory  current  field  having  progressive 
wave  characteristics.  This  study  examined  (1)  the 
dependency  of  the  Lagrangian  motions  on  the 
initial  release  conditions;  and  (2)  the  distinction 
between  the  Eulerian  and  Lagrangian  time  scales 
and  its  implications  on  the  residual  Lagrangian 
flow  field.  It  was  found  that,  while  the  instantane- 
ous trajectory  of  a  labeled  parcel  depended  strong- 


ly on  the  initial  conditions,  the  appropriate  period 
in  the  Lagrangian  framework  (T-lag)  and  the  resid- 
ual Lagrangian  drift  over  such  a  period  were  inde- 
pendent of  the  initial  conditions.  Because  T-lag  and 
the  Eulerian  time  scale  (T-eu),  defined  as  the 
period  of  the  oscillatory  Eulerian  current,  may  be 
quite  different,  the  residual  Lagrangian  drift  over  a 
complete  T-eu  may  show  strong  dependency  with 
the  initial  release  conditions.  It  was  also  found  that, 
while  the  Eulerian  current  was  monochromatic, 
the  Lagrangian  trajectory  exhibited  multiple  har- 
monics, with  components  at  both  higher  and  lower 
frequencies  relative  to  the  fundamental  frequency. 
(Author's  abstract) 
W9 1-05784 


WAVE  FORCES  ON  A  WALL. 

Coastal  Engineering  Research  Center,  Vicksburg, 

MS. 

F.  E.  Camfield. 

Journal  of  Waterway,  Port,  Coastal  and  Ocean 

Engineering  (ASCE)  JWPED5,  Vol.  117,  No.  1,  p 

76-79,  1991.  2  fig,  8  ref. 

Descriptors:  'Coastal  engineering,  'Hydraulic  en- 
gineering, 'Hydraulic  structures,  'Sea  walls, 
•Wave  action,  Shores,  Wave  runup. 

It  is  often  necessary  to  compute  wave  forces  on 
coastal  structures  located  adjacent  to  shorelines. 
Such  structures  are  subjected  to  the  force  of  waves 
running  up  on  the  shoreline,  and  impacting  on  the 
structure.  A  need  exists  to  update  the  method  for 
determining  wave  force  described  in  the  Shore 
Protection  Manual  (SPM)  of  1984,  to  incorporate 
additional  information  on  runup  and  surge  forces, 
and  to  obtain  a  more  reasonable  solution  for  the 
wave  force.  A  methodology  has  been  developed 
for  broken  waves,  i.e.,  it  is  assumed  that  the  wave 
will  not  reform  into  a  nonbreaking  wave  between 
the  breaking  point  and  the  shoreline,  on  slopes 
exceeding  1%  and  assuming  a  natural  shoreline 
with  a  slope  not  exceeding  10%.  Only  the  total 
force  is  calculated;  the  pressure  distribution  would 
require  additional  experimental  investigations. 
(Fish-PTT) 
W91-05785 
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CONTROL     OF     THE      PUMPED      WATER 
SUPPLY  TO  WIGGINS  WATERWORKS. 

Umgeni    Water    Board,    Pietermaritzburg   (South 

Africa). 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05284 


AUTOMATION    OF    THE    WATER    SUPPLY 
SCHEME  ON  THE  OFS  GOLDFEELDS. 

Gold    Fields    Water    Board,    Bothaville    (South 

Africa). 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05285 


INSTRUMENTATION    FOR    ROOIWAL    WA- 
TERCARE  WORKS. 

Meiring  and  Partners,  Pretoria  (South  Africa). 
For   primary   bibliographic   entry   see   Field    5D. 
W91-05289 


CHEMICAL  PHOSPHATE  REMOVAL  AT 
BOKSBURG  WATER  POLLUTION  CONTROL 
WORKS:  AUTOMATION  AND  CONTROL. 

Boksburg  Town  Council  (South  Africa). 

For   primary   bibliographic   entry   see   Field    5D. 

W9 1-05290 


EFFECT  OF  CHANGES  ns  THE  GEOCRYOLO- 
GICAL  CONDrriONS  EV  THE  BASIN  OF  RES- 
ERVOHtS  ON  FUNCTIONING  OF  NORTHERN 
HYDROELECTRIC  STATIONS. 

L.  I.  Kudoyarov,  and  T.  S.  Onikienko. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  2,  p  55-60,  1990.  3  fig,  3  ref. 

Descriptors:  'USSR,  *Water  yield,  •Hydraulic  en- 
gineering,    'Hydroelectric     plants,     'Permafrost, 


•Reservoir  operation,  Reservoir  design,  Geologic 
control,  'Frozen  ground,  Ground  ice,  Geological 
surveys,  Geohydrology,  Cryology,  Frost  heaving, 
Frost  thrusting,  Engineering  geology. 

Experience  in  operating  hydroelectric  stations  in 
permafrost  regions  of  the  U.S.S.R.  shows  that 
change  in  the  geocryological  (frozen-ground)  con- 
ditions of  river  valleys  under  the  effect  of  reser- 
voirs leads  to  deformation  of  the  reservoir  bed, 
water  loss  due  to  seepage,  and  a  decrease  of  the 
normal  pool  level  and  of  the  capacity  and  produc- 
tion of  the  hydrostations.  The  existing  methods  of 
calculating  the  water-power  indices  used  in  the 
design  stage  require  preassigned  parameters  of  the 
reservoir  (volumes,  areas)  and  do  not  take  into 
account  the  effect  of  geocryological  changes  of  the 
reservoir  basin  during  formation.  The  effect  of 
these  changes  on  hydrostation  functioning  was 
studied  at  three  hydro  developments  in  the  perma- 
frost region  of  the  U.S.S.R.  It  was  found  that  the 
lack  of  experience  in  reservoir  operation  during 
hydropower  development  of  the  Far  North  terri- 
tory in  the  1960s  caused  a  number  of  factors  re- 
garding reservoir  formation  to  be  overlooked,  af- 
fecting the  production  and  capacity  of  the  hydros- 
tations. At  the  feasibility  and  design  stages  of  hy- 
drostation construction  in  the  northern  regions  it  is 
necessary  to  use  a  new  methodological  approach 
based  on  consideration  of  the  hydrological,  geo- 
cryological, hydrogeological,  and  other  site-specif- 
ic conditions  of  the  planned  reservoirs  and  space- 
time  changes  in  these  conditions  during  their  oper- 
ation. Engineering-geological  surveys  must  be  con- 
ducted in  regions  where  hydrostations  are  planned 
in  the  Far  North  for  reliable  predictions  of  engi- 
neering geocryological  processes,  changes  in  the 
hydrogeological  conditions  during  formation  of 
reservoirs,  and  provision  of  the  design  areas  of  the 
right-of-way  and  hydropower  indices  of  the  hydro 
developments.  (Fish-PTT) 
W9 1-05300 


METHODOLOGICAL  AND  ORGANIZATION- 
AL CHARACTERISTICS  OF  SURVEYS  FOR 
SMALL  HYDROELECTRIC  STATIONS. 

S.  I.  Skiba. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  69-72,  1990.  3  ref. 

Descriptors:  'USSR,  Hydraulic  engineering, 
•Project  planning,  'Hydroelectric  plants,  'Sur- 
veys, 'Hydraulic  design,  Design  criteria,  Geologi- 
cal surveys,  Mountain  streams,  Environmental 
impact,  Reservoir  siting,  Baseline  studies,  Engi- 
neering geology,  Estimated  costs. 

Increasing  development  of  small  hydroelectric 
power  engineering  projects  requires  reexamination 
of  the  main  methodological  and  organizational 
techniques  of  surveys  for  small  hydrostations 
(characterized  by  capacities  from  0.5-1.0  to  30 
MW,  and  small  and  comparatively  simple  struc- 
tures such  as  arch  dams  with  a  height  up  to  60  m, 
channels  on  slopes,  tunnels  under  complex  geologi- 
cal conditions,  aqueducts,  sag  pipes,  etc.).  The 
majority  of  small  hydrostations  will  be  examined 
anew  by  the  All-Union  Planning,  Surveying,  and 
Scientific-Research  Institute.  Some  general  princi- 
ples which  should  be  considered  during  the  survey 
include  the  following.  Unpredicted  processes  com- 
plicating construction  or  operation  and  often  lead- 
ing to  failures  are  known  precisely  for  small  hy- 
draulic structures,  and  must  be  recognized.  Prac- 
tice has  shown  the  error  of  'a  priori'  assignment  of 
estimated  survey  costs  for  hydropower  facilities. 
Engineering-geological  substantiations  for  small 
hydrostations  at  the  development  stage  should  be 
realized  without  the  difficult  exploratory  works. 
The  main  design  and  construction  stages  are  the 
most  important  ones  for  small  hydrostations  be- 
cause the  design  stage,  as  a  rule,  is  absent  and  the 
working  design  begins  at  the  next  stage.  Mountain 
rivers,  where  concentrated  falls  and  the  possibility 
of  creating  reservoirs  with  minimum  flooding  and 
subirrigation  areas  are  combined,  are  most  pro- 
spective for  constructing  small  hydrostations. 
Some  unpopulated  stretches  of  the  valleys  of 
mountain  rivers  have  favorable  natural  conditions 
for  creating  seasonal  reservoirs  which  increase  the 
efficiency,  capacity,  and  production.   Under  cur- 
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rent  conditions  it  is  necessary  to  find  new  ways  to 
organize   surveys   for   small   hydrostations,   with 
mobile,   economically-independent   parties.   (Fish- 
PTT) 
W9 1-05303 


ICE  CONDITIONS  IN  POOLS  OF  THE  DAM 
OF  THE  KOLYMA   HYDROELECTRIC  STA- 
TION DURING  INITIAL  OPERATION. 
For  primary  bibliographic  entry  see  Field  2C. 
W9 1-05309 


STATE  AND  PROBLEMS  OF  ON-SITE  OBSER- 
VATIONS AT  HYDRO  DEVELOPMENTS  BY 
GEODETIC  MEASUREMENTS. 

A.  A.  Karlson. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  108-112,  1990.  10  ref. 

Descriptors:  *USSR,  Hydraulic  engineering,  •Hy- 
droelectric plants,  *Structural  engineering,  'Strain 
measurement,  'Geological  surveys,  Structural  set- 
tlement, Structural  behavior,  Deformation,  Hy- 
draulic structures,  Dams,  Reservoirs,  Foundation 
rocks. 

On-site  observations  by  geodetic  methods  are  car- 
ried out  on  a  large  scale  at  all  hydro  developments 
in  the  U.S.S.R.  being  constructed  and  at  the  major- 
ity of  those  in  operation.  The  main  task  of  geodetic 
measurements  is  an  objective  evaluation  of  the 
state  of  the  structure  and  its  working  conditions, 
and  information  about  the  development  of  undesir- 
able processes.  An  evaluation  of  the  state  of  a 
structure  with  the  use  of  measurement  results  was 
carried  out  by  comparing  the  measured  deforma- 
tions (settlements,  horizontal  displacements)  with 
those  expected,  using  the  maximum  allowable  indi- 
ces (MAIs).  The  accuracy  of  calculating  the  MAIs 
and  reliability  of  evaluating  the  state  of  hydraulic 
structures  will  be  increased  considerably  if  not 
only  the  total  deformations  but  also  their  compo- 
nents caused  by  individual  factors,  as  well  as  the 
regularities  of  their  change  with  time,  were  deter- 
mined. Geodetic  measurements  at  large  hydro  de- 
velopments have  made  it  possible  to  reveal  and 
evaluate  certain  processes  in  rock  which  earlier 
were  unknown  or  not  taken  into  account  in  calcu- 
lations during  design,  such  as  a  rise  of  the  founda- 
tion and  territory  adjacent  to  the  dam,  or  a  change 
in  the  distance  between  banks  during  reservoir 
operation.  Measurements  of  deformations  make  it 
possible  to  check  construction  quality,  theoretical 
premises  and  mathematical  formulas  given  in  the 
design,  and  to  determine  the  region  of  interaction 
of  the  dam  and  the  reservoir  with  the  environment. 
There  are  many  problems  in  on-site  observations 
by  geodetic  methods  at  hydro  developments 
whose  solution  can  substantially  increase  the  qual- 
ity of  geodetic  measurements  and  will  make  it 
possible  to  more  reliably  evaluate  the  state  of  hy- 
draulic structures.  (Fish-PTT) 
W91-05310 


GEODETIC  INVESTIGATIONS  OF  DEFORMA- 
TIONS OF  THE  EARTH'S  CRUST  IN  THE  RE- 
GIONS OF  THE  NUREK  AND  ROGUN  HY- 
DROELECTRIC STATIONS. 

For  primary  bibliographic  entry  see  Field  8E. 
W91-05311 


STEAM  FOGS  IN  LOWER  POOLS  OF  HYDRO- 
ELECTRIC STATIONS  AND  POSSIBILITIES 
OF  THEIR  ARTIFICIAL  DISPERSION. 

For  primary  bibliographic  entry  see  Field  2C. 
W91-05312 
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CALCULATED  PREDICTION  OF  EARTH 
PRESSURES  ON  TAILWATER  TUNNELS  OF 
THE  ROGUN  HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-05076 


WATER-HOLDING  CAPACITY  OF  STRUC- 
TURES MADE  OF  SAND-GRAVEL-PEBBLE 
SOILS. 

V.  F.  Kanarskii,  V.  M.  Kondrat'ev,  V.  A. 
Osadchuk,  A.  M.  Padnya,  and  A.  I.  Svintsov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  10-13,  1990.  3  fig,  5  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp.  14-16, 
January,  1990. 

Descriptors:  'Earthworks,  'Reservoirs,  'Sand, 
•Soil  physical  properties,  Design  methods,  Eco- 
nomic aspects,  Facings,  Gravel,  Hydraulic  engi- 
neering, Permeability,  Sandy  soils,  Watertight  con- 
struction. 

The  necessary  water-holding  capacity  of  structures 
made  of  sand  with  a  flattened  profile  and  with  a 
foundation  also  composed  of  sand  with  a  perme- 
ability coefficient  (Kp)  of  20-30  m/day  can  be 
provided  without  using  watertight  elements  in  the 
body.  In  contrast,  the  water-holding  capacity  of 
analogous  structures  on  a  high-permeability  foun- 
dation (Kp  >  30  m/day)  can  be  provided  by  using 
watertight  elements  or  by  constructing  the  struc- 
tures using  appropriate  technology.  The  design 
process  required  for  construction  of  the  body  of 
the  structure  by  hydraulic  filling  to  achieve  the 
necessary  water-holding  capacity  was  analyzed 
and  the  results  applied  to  structures  composed  of 
gravel-pebbles.  The  water-holding  capacity  of 
structures  composed  of  gravel-pebbles  is  provided 
by  the  placement  of  an  upstream  facing  and  apron, 
core  and  apron,  and  other  watertight  elements. 
The  permeability  coefficient  of  the  compacted  clay 
soil  of  the  facing,  apron,  and  core  is  determined  by 
a  method  that  considers  the  density  and  degree  of 
deformation  of  the  pores  from  compaction  using  a 
previously  published  method.  The  method  was 
employed  in  the  design  and  construction  of  the 
water-enclosing  structures  made  of  sand-gravel- 
pebble  soils  for  the  reservoir  of  the  Terek-Malka 
hydro  development.  The  economic  effect  of  con- 
structing the  number  1  water-enclosing  tank  of 
sand  without  a  watertight  facing  of  loam  on  a 
stretch  8.5  km  long  was  1.07  million  rubles.  (Roch- 
ester-PTT) 
W9 1-05078 


OPTIMIZATION     OF     THE     DESIGNS     OF 
EARTH  DAMS. 

For  primary  bibliographic  entry  see  Field  8A. 
W91-05083 


RELIABILITY  OF  THE  ASSURANCE  OF  STA- 
BILITY OF  EARTH  MASSES. 

V.  N.  Bukhartsev. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  51-54,  1990.  2  fig,  1  tab,  3  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp. 
41-44,  January,  1990. 

Descriptors:  'Earthworks,  'Structural  engineer- 
ing, 'Structural  stability,  Dam  stability,  Mathemat- 
ical analysis,  Soviet  Union,  Standards. 

The  problem  of  estimating  the  reliability  of  earth 
mass  structures  is  still  little  elaborated.  Many  prob- 
lems, particularly  standardization  of  the  degree  of 
reliability  of  large  hydraulic  structures  are  in  need 
of  serious  investigation.  A  method  is  proposed  for 
evaluating  the  reliability  of  earth  masses,  making  it 
possible  to  use  any  method  of  evaluating  stability 
with  any  method  of  finding  the  dangerous  surface 
of  sliding  in  combination  with  any  stability  crite- 
rion. The  main  task  of  the  reliability  calculation 
consists  of  calculating  the  probability  that  an  unal- 
lowable limit  state  is  not  reached.  Numerous 
random  variables  other  than  structural  stability, 
such  as  seepage  and  earthquakes,  are  replaced  by 
deterministic  calculated  values  that  are  united  into 
the  most  unfavorable,  but  nevertheless  possible, 
combinations.  Using  as  an  example  an  overflow 
dam,  it  is  shown  that,  for  the  given  conditions,  the 
degree  of  reliability  is  high  despite  the  fact  that  the 
value  of  the  stability  factor  is  barely  more  than 
1.20,  even  for  P  =  0.90.  When  P  >  0.99,  it  is 
difficult  to  determine  reliability  because  of  the 
limitations  of  available  official  tables.  The  concept 
of  'reliability  of  preservation  of  a  certain  safety 
factor'  is  the  probability  that  the  object  under 


consideration  not  only  does  not  lose  bearing  capac- 
ity but  keeps  the  safety  factor  assigned  beforehand. 
This  method  provides  continuity  of  reliability  cal- 
culations with  stability  calculations  regulated  by 
the  current  building  codes  in  the  Soviet  Union. 
(Rochester-PTT) 
W9 1-05088 


SETTLEMENT  AND  MOISTURE  MOVEMENT 
IN  COLLAPSIBLE  SOILS. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Civil  Engi- 
neering. 

M.  El-Ehwany,  and  S.  L.  Houston. 
Journal    of    Geotechnical    Engineering    (ASCE) 
JGENDZ,  Vol.  116,  No.  10,  p  1521-1535,  October 
1990.   14  fig,  3  tab,  10  ref.  NSF  Grants  CES87- 
08193  and  BCS89-00838. 

Descriptors:  'Collapse,  'Field  tests,  'Foundation 
failure,  'Soil  mechanics,  'Wetting,  Footings,  Infil- 
tration, Performance  evaluation,  Ponding,  Struc- 
tural engineering. 

A  high-quality  prediction  of  collapse  settlement 
depends  strongly  on  an  accurate  estimate  of  the 
depth  of  the  wetted  zone.  A  study  was  conducted 
to  predict  and  monitor  the  infiltration  of  surface 
ponded  water  below  a  footing.  A  full-scale  footing 
was  constructed  at  a  collapsible  soil  site  in  Scotts- 
dale,  Arizona.  The  infiltration  of  ponded  water 
beneath  the  footing  on  collapsible  soil  was  moni- 
tored. Soil  suction,  water  content,  and  footing 
settlement  measurements  were  made.  Laboratory 
infiltration  tests  were  used  to  predict  the  extent  of 
wetting  in  the  field.  Close  agreement  between  ob- 
served and  predicted  extent  of  wetting  was  ob- 
tained. The  in  situ  values  of  soil  suction  were  quite 
high,  corresponding  to  a  pF  value  of  about  5.26 
(1,820  m  of  water)  and  degree  saturation  of  about 
15%.  In  response  to  ponding,  soil  suction  dropped 
by  a  factor  of  about  10  behind  the  wetted  front,  but 
remained  high,  with  pF  4-4.5  (100-316  m  of  water) 
and  degree  of  saturation  averaging  about  50%. 
Laboratory  collapse  tests  show  that  partial  wetting 
produces  only  partial  collapse,  with  50%  satura- 
tion producing  about  85%  of  full  collapse  strain  for 
the  soil  tested.  Partial  wetting  is  considered  in 
making  footing  settlement  predictions;  the  predict- 
ed settlement  exceeds  the  observed  settlement  by 
only  about  12%.  It  appears  reasonable  to  expect 
close  agreement,  as  in  this  case,  when  the  extent  of 
wetting  is  known  in  advance  or  well-predicted. 
(Author's  abstract) 
W9 1-05 127 


STABILIZING  COMPACTED  CLAY  AGAINST 
CHEMICAL  ATTACK. 

New  Haven  Univ.,  West  Haven,  CT.  Dept.  of 

Civil  Engineering. 

G.  P.  Broderick,  and  D.  E.  Daniel. 

Journal    of    Geotechnical    Engineering    (ASCE) 

JGENDZ,  Vol.  116,  No.  10,  p  1549-1567,  October 

1990.  13  fig,  6  tab,  33  ref. 

Descriptors:  'Clays,  'Landfills,  'Liners,  'Organic 
chemicals,  'Sealants,  'Soil  stability,  'Waste  dispos- 
al, Clay  minerals,  Hydraulic  conductivity,  Lime, 
Portland  cements,  Sodium  silicate,  Soil  mechanics. 

Concentrated  organic  chemicals  have  been  shown 
to  cause  large  increases  in  the  hydraulic  conductiv- 
ity of  compacted  clay.  Mechanical  and  chemical 
methods  of  stabilizing  four  different  types  of  com- 
pacted clay  against  chemical  attack  were  investi- 
gated. Mechanical  stabilization  using  a  large  com- 
pactive  effort  (measured  by  Proctor  compaction) 
or  application  of  compressive  stress  of  at  least  10 
psi  (70  kPa)  rendered  a  compact  clay  invulnerable 
to  attack  by  concentrated  organic  chemicals 
(acetic  acid,  ethanolamine,  heptane,  methanol,  and 
trichloroethylene)  under  laboratory  conditions.  At- 
tapulgite,  a  clay  mineral  having  little  electrical 
charge,  was  relatively  unaffected  compared  to 
more  common  clay  minerals  such  as  kaolinite, 
illite,  and  smectite  by  organic  chemicals.  Addition 
of  approximately  7%  by  weight  of  lime,  Portland 
cement,  or  lime  plus  sodium  silicate  greatly  im- 
proved the  ability  of  the  compacted  clay  to  resist 
attack  by  concentrated  organic  chemicals.  In  some 
cases  the  amended  soils  were  less  permeable  to 
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concentrated  organic  chemicals  than  the  unamend- 
ed soils  were  to  water.  (Author's  abstract) 
W91-05128 


SOFT  CLAY  SOILS  IN  THE  FOUNDATION  OF 
HYDRAULIC  STRUCTURES. 

N.  F.  Aripov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  81-85,  1990.  4  fig,  3  tab,  3  ref. 

Descriptors:  •Clay  soils,  'USSR,  Hydraulic  engi- 
neering, 'Foundation  failure,  'Hydraulic  struc- 
tures, 'Soil  dynamics,  Engineering  geology,  Rigid 
foundations,  Compacted  soils,  Saturated  soils,  Per- 
meability, Soil  physical  properties,  Pore  pressure, 
Slope  stability,  Soil  stability,  Clays. 

Soft  water-saturated  clay  soils  are  those  which 
have  a  modulus  of  total  deformation  equal  to  or 
less  than  5  MPa  and  are  characterized  by  a  degree 
of  saturation  more  than  0.8  in  between  0.05  to  0.3 
MPa  pressure.  They  possess  low  strength  indices, 
high  compressibility,  and  small  permeability.  As  a 
consequence  of  this,  long  and  often  nonuniform 
stabilization  of  settlements  in  structural  foundations 
cause  great  complications  during  construction  and 
operation  of  the  structures.  However,  it  has  been 
shown  that  with  appropriate  engineering  measures, 
soft  water-saturated  clay  soils  can  be  a  completely 
reliable  foundation.  One  of  the  main  conditions  of 
studying  their  properties  is  correct  setup  of  the 
investigations  themselves  and  interpretations  of  the 
experimental  data  obtained,  taking  into  account 
both  the  construction  technology  and  the  structur- 
al parameters;  occurrence  and  thickness  of  the 
investigated  soft  clay  soils;  and  hydrogeological 
conditions.  The  piezometric  head  in  the  foundation 
is  due  not  only  to  the  hydrogeological  conditions 
but  also  to  the  pore  pressure  of  soil  consolidation, 
due  to  compaction.  The  presence  of  pore  pressure 
in  clay  soils  of  a  foundation  determines  the  stability 
of  the  dam  slopes  and  deformation  of  structures 
with  time.  All  investigations  and  interpretation  of 
the  results  should  be  related  to  determination  of 
predictive  parameters  of  the  soils  both  for  the 
period  of  construction  and  operation  of  the  struc- 
tures. To  obtain  objective  information  about  the 
state  and  properties  of  soils  in  the  foundation  of 
structures,  experimental  embankments  are  neces- 
sary along  with  the  conventional  investigations  of 
undisturbed  soils  in  laboratory  and  field  investiga- 
tions in  situ  (penetration,  vanes,  plates).  Consider- 
ation of  these  circumstances  when  designing  hy- 
draulic structures  in  the  U.S.S.R.  will  make  it 
possible  to  make  more  substantiated  economic  de- 
cisions. (Fish-PTT) 
W9 1-05305 


RESULTS  OF  ON-SITE  OBSERVATIONS  OF 
LANDSLIDE  SLOPES  OF  THE  ZAGORSK 
PUMPED-STORAGE  STATION  AND  RELI- 
ABILITY OF  GEOLOGICAL  FORECASTS. 

T.  E.  Baranova,  I.  A.  Kraseva,  and  A.  I. 

Yudkevich. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  86-92,  1990.  4  fig,  1  tab. 

Descriptors:  'USSR,  Hydraulic  engineering,  'Hy- 
droelectric plants,  'Engineering  geology,  'Land- 
slides, Geological  surveys,  Clays,  Geologic  frac- 
tures, 'Pumped  storage,  Geohydrology,  Slope  sta- 
bility, Reservoir  operation,  Elastic  properties,  Soil 
creep,  Hydraulic  structures,  Drainage  engineering, 
Reservoir  construction. 

Pumped-storage  stations  (PSSs)  are  highly  com- 
plex from  an  engineering-geological  viewpoint. 
The  flatland  Zagorsk  PSS,  located  30  km  north  of 
the  city  of  Zagorsk,  in  the  basin  of  the  Volga 
River,  is  the  first  such  structure  in  the  U.S.S.R. 
The  presence  of  the  rather  persistent  thin  interlay- 
er  of  'green  clays'  determined  the  formation  of 
several  slip  blocks,  which  were  cut  away  and 
replaced  with  a  counter  berm  and  drainage  de- 
vices. Hydrogeological  observations  have  been 
carried  out  for  one  year  on  stretches  of  the  land- 
slide slopes  to  monitor  the  temporal  change  in  the 
stability  of  the  slopes,  and  to  establish  the  most 
efficient  methods  of  operating  the  structure.  Obser- 
vations show  the  rather  effective  operation  of  the 
drainage  systems.  Filling  of  the  reservoir  caused  an 


increase  of  the  rate  of  deformations  of  the  slope  up 
to  0.4  mm/day  with  a  diminishing  tendency.  Re- 
verse development  of  this  deformation  occurred 
after  rapid  emptying  of  the  reservoir,  because  of  its 
'elastic'  (pseudoelastic)  character.  The  rate  of  sec- 
ondary creep  during  initial  operation  is  0.02-0.03 
m/day,  indicating  that  the  slope  is  stable,  and  the 
stability  factor  is  practically  equal  to  that  before 
the  start  of  construction,  but  is  greater  than  that  of 
the  period  of  construction  of  the  landslide-control 
toe  wall.  The  experience  in  studying,  monitoring, 
and  forecasting  the  stability  of  slopes  with  consid- 
eration of  technogenic  factors  obtained  during  con- 
struction and  startup  of  the  Zagorsk  PSS  is  of 
great  practical  significance  for  the  general  design 
and  construction  of  flatland  PSSs  and  should  be 
taken  into  account  and  used  in  methodological 
standards.  (Fish-PTT) 
W9 1-05  306 


LANDSLIDE  AT  THE  ABUTMENT  OF  THE 
DAM  OF  THE  MINGECHAUR  HYDROELEC- 
TRIC STATION. 

A.  I.  Kotyuzhan,  and  L.  A.  Molokov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  2,  p  92-95,  1990.  2  fig,  1  tab. 

Descriptors:  'USSR,  Hydraulic  engineering, 
•Landslides,  'Hydroelectric  plants,  'Engineering 
geology,  'Slope  stability,  Water  level  fluctuations, 
Reservoir  operation,  Dam  foundations,  Weather- 
ing zone,  Stress  analysis,  Soil  creep,  Rock  proper- 
ties, Geologic  control,  Sediment  control,  Erosion 
control,  Karst. 

On  August  23,  1989,  a  landslide  occurred  at  the 
upper  pool  of  the  dam  of  the  Mingechaur 
(U.S.S.R.)  hydroelectric  station,  preceded  by  a 
heavy  rain  (78  mm  in  24  h).  After  creating  the 
reservoir  with  water  level  fluctuations  within  ele- 
vations 72-83  m,  the  middle  and  upper  parts  of  the 
slopes  were  exposed  to  the  development  of  land- 
slide processes.  It  is  known  that  landslide  deforma- 
tions are  caused  by  changes  in  the  stress  state  due 
to  reworking  of  the  banks,  undercutting  of  the 
slopes,  hydrodynamic  forces,  worsening  of  the 
physical  and  mechanical  properties  of  argillaceous 
rocks  due  to  weathering,  additional  wetting  by 
infiltration  precipitation  through  karst  fissures,  and 
as  a  consequence  of  creep  of  clays.  Because  of 
these  conditions,  a  commission  of  the  Ministry  of 
Power  and  Electrification  recommended  the  fol- 
lowing immediate  priority  measures:  (1)  cutting 
away  the  potentially  unstable  rocks  above  eleva- 
tion 230  m;  (2)  cutting  away  the  slide  masses  of  the 
upper  and  middle  parts  of  the  slope;  and  (3)  resto- 
ration of  the  lower  part  of  the  slope  and  slopes  of 
the  intake  basin.  After  performing  the  priority 
works,  it  will  be  necessary  to  implement  landslide- 
control  measures  providing  general  stability  of  the 
slopes  during  the  entire  period  of  operation  of  the 
hydraulic  structures,  such  as:  cutting  away  the 
crest  to  elevations  of  210-220  m,  flattening  the 
upper  and  lower  parts  of  the  slope,  construction  of 
a  counter  berm  in  the  lower  part  of  the  slope, 
construction  of  a  storm  drain,  and  filling  of  all 
karst  cavities  in  this  stretch.  (Fish-PTT) 
W9 1-05307 


FOUNDATION  CONSTRUCTION  WITHIN 
WASTEWATER-TREATMENT  PLANT. 

Hampton  (Delon)  and  Associates,  Washington, 
DC. 

D.  Hampton,  J.  S.  Jin,  and  E.  A.  Clark. 
Journal  of  Construction  Engineering  and  Manage- 
ment (ASCE)  JCEMD4,  Vol.  116,  No.  4,  p  564- 
573,  December  1990.  4  fig,  1  tab,  3  ref. 

Descriptors:  'Foundations,  'Rigid  foundations, 
•Piles,  'Structural  engineering,  'Construction 
methods,  'Wastewater  facilities,  Design  criteria. 
Bases,  Projects,  Dewatering,  Load  distribution, 
Civil  engineering,  Soil  strength,  Saturated  soils, 
Structural  settlement,  Georgia. 

It  was  recently  necessary  to  expand  and  upgrade 
the  Poplar  Street  Water  Pollution  Control  Plant 
located  in  Macon,  Georgia.  Weak  soils  existed  to 
significant  depths  over  the  entire  site  as  did  a  high 
groundwater  table.  New  facilities  had  to  be  con- 
structed on  or  in  soft  soils  below  the  water  table 


without  damaging  or  impairing  the  operation  of 
existing  structures  on  the  site.  A  field  monitoring 
and  observation  program  was  implemented  to  vali- 
date the  design  assumptions,  to  assess  construction 
impacts  on  existing  structures,  and  to  provide  data 
from  which  decisions  could  be  made  relating  to 
changes  in  construction  procedures  or  methods  as 
dictated  by  performance.  Since  the  elevations  of 
the  bases  of  the  structures  varied  significantly,  it 
was  cost-effective  to  vary  foundation  type  depend- 
ing upon  the  estimated  load-carrying  capacity  of 
the  soil  at  the  base  of  the  proposed  foundations. 
Consideration  also  had  to  be  given  to  the  possibili- 
ty of  detrimental  total  and  differential  settlements 
as  a  result  of  dewatering  as  well  as  differences  in 
foundation  type  between  existing  and  proposed 
structures.  This  project  demonstrated  that  a  prop- 
erly designed  and  adequately  executed  foundation 
construction  program  can  effectively  eliminate  the 
need  for  expensive  underpinning  of  nearby  existing 
facilities.  The  pile  load  test  is  a  reliable  tool  to 
establish  the  driving  criteria,  to  confirm  the  design 
assumptions,  and  to  economize  the  required  pile 
length.  (Fish-PTT) 
W91-05317 


PERMEABILITY  ANISOTROPY  OF  NATURAL 
CLAYS  AS  A  FUNCTION  OF  STRAIN. 

Laval  Univ.,  Quebec.  Dept.  of  Civil  Engineering. 
S.  Leroueil,  G  Bouclin,  F.  Tavenas,  L.  Bergeron, 
and  P.  La  Rochelle. 

Canadian  Geotechnical  Journal  CGJOAH,  Vol. 
27,  No.  5,  p  568-579,  October  1990.  15  fig,  1  tab,  23 
ref,  append. 

Descriptors:  'Permeability,  'Clays,  'Soil  tests, 
•Strain  measurement,  'Compressibility,  Founda- 
tion failure,  Embankments,  Hydraulic  conductivi- 
ty, Void  ratio,  Permeameters,  Anisotropy,  Marine 
sediments,  Silty  soils. 

When  a  clay  foundation  settles  under  an  embank- 
ment, its  void  ratio  decreases  with  a  resultant 
reduction  of  the  permeability  (hydraulic  conduc- 
tivity). Seven  series  of  tests  were  performed  on 
specimens  from  five  natural  soft  clay  sites,  using  a 
radial-flow  permeameter  and  triaxial  and  odeo- 
meter  cells,  to  determine  the  variation  of  the  verti- 
cal and  horizontal  permeabilities  when  the  soil  is 
unidimensionally  compressed.  Results  showed  that 
permeability  anisotropy  does  not  increase  signifi- 
cantly with  compression  up  to  strains  of  25%  for 
marine  clays.  In  varved  clays,  because  the  clay 
laminae  are  more  compressible  than  the  silty  la- 
minae, the  anisotropy  increases  with  vertical  com- 
pression. (Author's  abstract) 
W91-05359 


MODELLING  SPATIAL  VARIABILITY  OF 
SOIL  PARAMETERS. 

Ecole  Polytechnique,  Montreal  (Quebec).  Dept.  of 

Civil  Engineering. 

M.  Soulie,  P.  Montes,  and  V.  Silvestri. 

Canadian   Geotechnical   Journal   CGJOAH,   Vol. 

27,  No.  5,  p  617-630,  October  1990.  21  fig,  15  ref, 

append. 

Descriptors:  'Soil  physical  properties,  'Model 
studies,  'Geostatistics,  'Soil  mechanics,  Clays,  Soil 
strength,  Quebec,  Canada,  Shear,  Spatial  distribu- 
tion, Anisotropy,  Kriging,  Soil  structure,  Error 
analysis,  Estimating  equations,  Mathematical 
models,  Broadback  River. 

The  undrained  shear  strength  of  a  clay  deposit 
represents  one  of  its  most  important  mechanical 
properties.  The  dispersion  of  each  measurement  of 
the  undrained  shear  strength  about  its  average 
value,  and  the  spatial  variability,  are  natural  phe- 
nomena whose  analysis  leads  to  a  better  under- 
standing of  the  short-term  behavior  of  soft  clay 
soils.  It  has  been  found  that  the  vane  test,  used  in 
the  last  20-30  years,  can  allow  estimates  of  the 
undrained  shear  strength  to  be  too  high.  Geostatis- 
tics can  help  in  finding  the  structure  of  the  spatial 
variability  of  the  undrained  shear  strength  within  a 
clay  deposit.  A  site  on  the  shore  of  the  Broadback 
River  in  the  James  Bay  area  of  Quebec,  Canada, 
was  studied  to  develop  an  applicable  geostatistical 
model.  Geostatistical  analysis  was  carried  out  on 
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the  unaltered  zone  of  the  clay;  it  shows  an  aniso- 
tropic structure  for  the  spatial  variability.  Knowl- 
edge of  the  structure  (variogram)  of  the  undrained 
shear  strength  was  used  in  the  kriging  theory  to 
compute  estimations  at  points  of  the  deposit  where 
experimental  measurements  were  not  available. 
Kriging  was  also  used  to  identify  weak  zones 
within  the  clay.  It  may  be  concluded  that,  even 
when  errors  of  measurements  were  small,  the  var- 
iogram permitted  the  detection  and  correction  of  a 
bias  that  affected  a  certain  number  of  vane  profiles. 
(Fish-PTT) 
W91-05361 

FACTORS  CONTROLLING  DEBRIS  AVA- 
LANCHE INITIATION. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Geo- 
logical Sciences. 

For  primary  bibliographic  entry  see  Field  23. 
W91-05364 

PERFORMANCE  DATA  FOR  A  SLOPED  REIN- 
FORCED SOD.  WALL. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Civil 

Engineering. 

R.  J.  Fannin,  and  S.  Hermann. 

Canadian  Geotechnical  Journal  CGJOAH,  Vol. 

27  No.  5,  p  676-686,  October  1990.  14  fig,  5  tab,  14 

ref. 

Descriptors:  'Reinforced  soil  structures,  'Slope 
protection,  'Slope  stability,  'Retaining  walls,  Per- 
formance evaluation,  'Structural  behavior,  'Load 
testing,  Soil  creep,  Strain  measurement,  Earth 
pressure,  Load  distribution,  Stress-strain  curves, 
Field  tests,  Strength. 

Reinforced  soil  walls  and  slopes  may  be  broadly 
distinguished  by  the  manner  in  which  force  is 
mobilized  in  the  reinforcing  elements  and  the  re- 
sultant profile  of  force  along  the  length  of  the 
reinforcement.  A  sloped  reinforced  soil  wall,  com- 
prising two  sections  with  a  different  arrangement 
and  spacing  of  geogrid  reinforcement,  was  built 
and   monitored    for   loading   conditions   of  self- 
weight,  a  cycle  of  surcharge  load,  and  permanent 
surcharge  loading  of  the  wall  crest.  Instrumenta- 
tion was  used  to  measure  force  and  strain  in  the 
reinforcement,   soil   strain   and   temperature,   and 
earth  pressure  for  20  months  following  completion 
of  construction.  It  was  found  that  interaction  be- 
tween the  geogrid  and  soil  agreed  well  with  the 
existing  understanding  of  behavior;  a  good  inter- 
lock existed  between  the  geogrid  and  the  soil,  and 
the  distribution  of  observed  strains  showed  strain 
magnitudes  of  zero  close  to  the  embedded  end  of 
the  reinforcement,  increasing  to  a  maximum  value 
close  to  the  front  of  the  slope  where  the  reinforce- 
ment fixed  to  lightweight  facing  units.  A  nonuni- 
form spacing  of  primary  reinforcement  was  ob- 
served to  promote  a  more  uniform  distribution  of 
force  in  the  layers  of  reinforcement.  An  appropri- 
ate plane  strain  value  for  the  angle  of  soil  friction, 
from  analysis  of  direct  shear  tests,  calculated  theo- 
retical values  for  the  coefficient  of  active  earth 
pressure  which  are  in  agreement  with  the  field 
observations.  Measurements  of  force  and  strain  in 
the  embedded  reinforcement  indicated  values  for  a 
modulus  of  stiffness  which  are  compatible  with 
laboratory  test  data.  A  small  amount  of  creep  was 
observed  to  take  place  in  the  reinforcement,  due  to 
the  relatively  low  magnitude  of  mobilized  force  in 
the  reinforcement  compared  with  the  ultimate  ten- 
sile strength.  (Fish-PTT) 
W9 1-05365 


PIPING  AND  EROSION  TESTS  AT  CONNER 
RUN  DAM.  ,    .   .,  _ 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

G.  A.  Leonards,  A.  B.  Huang,  and  J.  Ramos. 
Journal    of    Geotechnical    Engineering    (ASCE) 
JGENDZ,  Vol.  117,  No.  1,  p  108-117,  1991.  5  fig, 
3  tab,  1  ref. 

Descriptors:  'Dam  design,  'Erosion,  'Filtration, 
•Hydraulic  engineering,  'Soil  mechanics,  'West 
Virginia,  Clays,  Compacted  soils,  Drainage  engi- 
neering, Fly  ash,  Hydraulic  gradient,  Permeability, 
Plasticity,  Reservoir  sediments,  Seepage,  Soil 
properties. 


Tests  were  conducted  on  the  filtration  characteris- 
tics of  the  chimney  drain,  and  on  the  erodibility  of 
the  upstream  clay  blanket,  at  Conner  Run  Dam 
near  Moundsville,  West  Virginia.  It  was  found  that 
the  weathered  clay  shale  with  the  lowest  plasticity 
was  the  most  susceptible  to  piping  but  plasticity 
had  no  apparent  influence  on  the  resistance  to 
internal  erosion.  The  sand  filter  prevented  piping 
from  occurring  at  the  interface  between  the  clay 
sample  and  its  container  at  hydraulic  gradients  in 
excess  of  240.  Compaction  reduces  the  potential 
for  piping  significantly.  In  pinhole  tests,  internal 
erosion  commenced  immediately,  and  was  not  ar- 
rested by  the  boiler  slag  filter  at  upstream  water 
pressures  corresponding  to  a  water  head  of  55  m 
(maximum  reservoir  level).  This  corroborated  the 
prediction  that  the  boiler  slag  was  too  coarse  to  act 
as  a  filter.  The  permeability  of  the  fly  ash/clay 
system   was   more  than   an   order   of  magnitude 
smaller  when  the  fly  ash  was  upstream  of  the 
compacted  clay  than  when  it  was  downstream. 
Drilling  into  and  sampling  the  existing  upstream 
clay  blanket  from  the  water  line  to  a  depth  of  1 1  m 
(a  vertical  height  corresponding  to  the  thickness  of 
the  inclined  blanket)  showed  the  hole  to  be  dry 
and  the  water  contents  of  the  samples  to  be  compa- 
rable to  the  mean  values  of  the  placement  water 
content,  confirming  laboratory  tests  which  showed 
that  the  fly  ash  clogged  the  pores  in  the  compacted 
clay  and  greatly  reduced  its  permeability.  It  was 
concluded  that  fly  ash  in  the  reservoir  would  effec- 
tively control  potential  concentrated  leaks  in  the 
clay  core  of  Conner  Run  Dam.  The  fly  ash  also 
reduced    seepage   losses   through   the   sides   and 
bottom  of  the  reservoir  itself.  (Fish-PTT) 
W9 1-05870 


EVALUATION  OF  CONSTRUCTED  AND  NAT- 
URAL SOJX  MACROPORES  USING  X-RAY 
COMPUTED  TOMOGRAPHY. 

Missouri  Univ.-Columbia.  Dept.  of  Agronomy. 
S.  H.  Anderson,  R.  L.  Peyton,  and  C.  J.  Gantzer. 
Geoderma  GEDMAB,  Vol.  46,  No.  1/3,  p  13-29, 
March  1990.  6  fig,  1  tab,  27  ref.  USGS  Award  14- 
08-0001-G1643. 

Descriptors:  'Computed  tomography,  'Macro- 
pores,  'Measuring  instruments,  'Soil  structure, 
Agriculture,  Bulk  density,  Cultivated  lands,  Data 
acquisition,  Performance  evaluation,  Soil  cores, 
Soil  density,  Soil  density  probes,  Soil  properties, 
Statistical  analysis. 

Characterization   of  macropores   (1-5   mm  diam. 
holes)  in  undisturbed  soils  has  been  hindered  by  the 
lack  of  an  easy,  noninvasive  method.  The  recently 
developed  x-ray  computed  tomography  (CT)  scan- 
ners may  provide  a  technique  for  the  rapid,  nonde- 
structive analysis  of  macropores  in  undisturbed  soil 
cores.  Research  was  conducted  to  evaluate  con- 
structed and  natural  soil  macropores  using  a  Sie- 
mens DRH  CT  scanner.  Undisturbed  soil  cores 
(76.4  x  76.4  mm)  were  removed  from  the  A  hori- 
zon of  a  Menfro  silt  loam  (fine-silty,  mixed,  mesic 
Typic  Hapludalf)  soil  of  two  adjacent  sites.  One 
site  had  been  under  continuous  cultivation  and  the 
other  under  natural  forest.  Additional  soil  cores 
were  packed  to  selected  soil  densities  using  sieved 
soil    material    from   the   surface   horizon   of  the 
Menfro  silt  loam  soil.  Macropores  were  created  by 
placing  wires  ranging  from  0.5  to  5.0  mm  diameter 
in  the  soil  during  packing  and  removing  the  wires 
prior  to  scanning.  Bulk  density,  measured  in  1  cu 
mm  volumes,  correlated  well  (r=0.97)  with  the 
size  and  location  of  the  constructed  macropores. 
Frequency  distributions  of  bulk  density  measured 
in  the  undisturbed  soil  cores  from  the  cultivated 
and  forest  sites  were  negatively  skewed  due  to  the 
low  density  within  structural  features  of  the  cores. 
The  mean  skewness  coefficients  were  -0.28  and  - 
0.37  for  the  cultivated  and  forest  cores,  respective- 
ly. Analysis  of  bulk  densities  measured  in  transects 
within  the  cores  using  autocorrelation  and  partial 
autocorrelation  functions  suggested  that  bulk  den- 
sity  was   autocorrelated   at   small   distances   and 
could  be  described  by  a  first-order  autoregressive 
system.  Results  indicate  that  CT  has  good  potential 
as  a  technique  for  evaluating  structural  characteris- 
tics in  soils.  (Author's  abstract) 
W91-05874 


8E.  Rock  Mechanics  and 
Geology 

CALCULATED  PREDICTION  OF  EARTH 
PRESSURES  ON  TAILWATER  TUNNELS  OF 
THE  ROGUN  HYDROELECTRIC  STATION. 

Y.  K.  Zaretskii,  and  I.  U.  Madzhidov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  1-5,  1990.  6  fig,  7  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp.  8-10, 
January,  1990. 

Descriptors:  'Dams,  'Soil  mechanics,  'Tunnels, 
Earth  pressure,  Reinforced  concrete,  Rogun  hy- 
droelectric plant,  Structural  engineering. 

The  tailwater  tunnels  at  the  Rogun  hydro  develop- 
ment (USSR)  consist  of  reinforced  concrete  cul- 
verts that  pass  under  the  downstream  shoulder  of 
the  dam  at  a  depth  of  250  m.  Nonuniform  settling 
of  the  soil  above  the  structure  and  side  zones 
occurs  due  to  substantially  different  deformability 
of  the  tunnel  lining  and  fill.  As  a  result,  vertical 
slip  surfaces  form  that  are  tangential  to  the  struc- 
ture and  reach  the  level  of  equal  settlement.  Fric- 
tional  forces  occurring  on  these  surfaces  also  load 
the  soil  mass  above  the  structure.  As  a  result  of  this 
effect,  the  vertical  pressure  on  the  structure  ex- 
ceeds the  fill's  own  weight  above  the  tunnel  lining. 
Calculations  were  performed  to  evaluate  the  mag- 
nitude of  this  additional  pressure  and  the  effective- 
ness of  engineering  measures  on  their  unloading. 
The  method  was  based  on  calculating  a  series  of 
two-dimensional  problems  with  respect  to  the 
transverse  and  longitudinal  sections  of  the  tunnel 
based  on  the  finite-element  method  and  using  trian- 
gular finite  elements  of  second  order  as  well  as  a 
mathematical  model  of  soil.  The  method  employed 
appears  to  be  useful  both  for  analyzing  the  expedi- 
ency and  effectiveness  of  various  unloading  meas- 
ures and  for  refining  the  values  of  additional  pres- 
sures occurring  on  structures  in  high  embankments 
of  dams,  levees,  and  other  earth  structures.  This 
method  can  be  used  in  solving  problems  of  the 
interaction  of  reinforced  concrete  structures  with  a 
soil  mass  not  only  to  determine  the  contact  stresses 
but  to  predict  more  accurately  the  stress-strain 
state  of  the  structure  and  the  optimum  reinforce- 
ment of  its  elements.  (Rochester- PTT) 
W9 1-05076 


EFFECT  OF  DILATANCY  OF  ROCKS  ON  RE- 
SISTANCE TO  SHEARING  LOADS. 

V.  N.  Burlakov,  and  S.  B.  Ukhov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  5-9,  1990.  5  fig,  2  tab,  1  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp. 
11-13,  January,  1990. 

Descriptors:  'Rock  properties,  'Shear  stress,  Di- 
latancy,  Friction,  Performance  evaluation,  Plate 
experiments,  Testing  procedures. 

The  results  of  more  than  200  plate  experiments  on 
shearing  resistance  in  rocks  have  demonstrated 
that  the  ultimate  resistance  to  shearing  loads  large- 
ly depends  on  processes  of  compression  and  de- 
compression (dilatancy)  occurring  at  the  base  in 
the  shear  zone.  A  method  was  developed  and 
tested  for  conducting  shear  tests  of  plates  and 
analyzing  the  results  for  determining  three  param- 
eters, including  the  angle  of  internal  friction  and 
the  limit  resistance  to  slip  (Nsl).  The  results  of 
shear  tests  under  field  and  laboratory  conditions 
permit  the  conclusion  that  resistance  to  shearing 
loads  largely  depends  on  the  parameter  Nsl.  Thus, 
resistance  to  shearing  loads  is  a  function  of  two 
variables:  normal  stresses  (p)  and  the  dilatancy 
parameter  (Nsl),  which  can  be  taken  as  a  charac- 
teristic of  the  direction  of  the  slip  surfaces  in  the 
limit  state.  Further  experiments  and  analysis  led  to 
the  conclusion  that  this  relationship  has  a  genera] 
character.  (Rochester-PTT) 
W9 1-05077 

DIFFERENTIAL  PRESSURE  TILTMETER  FOR 
LARGE-SCALE  GROUND  MONITORING. 

Meier   (Edi)   and   Partner,   Winterthur   (Switzer- 
land). 
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For   primary   bibliographic   entry   see   Field    8G. 
W91-05121 


LA  VILLITA  DAM  RESPONSE  DURING  FIVE 
EARTHQUAKES  INCLUDING  PERMANENT 
DEFORMATION. 

Rensselaer  Polytechnic  Inst.,  Troy,  NY.  Dept.  of 

Civil  Engineering. 

A.  M.  Elgamal,  R.  F.  Scott,  M.  F.  Succarieh,  and 

L.  Yan. 

Journal    of    Geotechnical    Engineering    (ASCE) 

JGENDZ,  Vol.  116,  No.  10,  p  1443-1462,  October 

1990.  20  fig,  2  tab,  15  ref. 

Descriptors:  'Dam  stability,  'Earthquakes, 
•Mexico,  *Rockfill  dams,  Deformation,  Earth 
dams,  Instrumentation,  La  Villita  dam,  Measuring 
instruments,  Seismographs,  Shear  stress,  Sliding. 

La  Villita  is  a  60  m-high  earth  and  rockfill  dam 
located  350  km  southwest  of  Mexico  City,  Mexico. 
Since  its  construction  the  dam  has  been  subjected 
to  six  major  earthquakes,  five  of  which  are  be- 
lieved to  be  responsible  for  significant  localized 
deformation  in  the  dam.  The  dynamic  response  of 
the  dam  to  these  shaking  events  was  recorded  by  a 
strong-motion  instrument  located  near  the  crest  on 
a  portion  of  the  dam,  which  appears  to  move  as  a 
sliding  block.  In  addition,  permanent  displacements 
after  each  earthquake  were  recorded  and  docu- 
mented. In  this  investigation,  it  was  found  that  the 
strong-motion  records  not  only  indicated  localized 
deformations  (partial  incremental  failure),  but 
reveal  as  well  the  magnitude  of  the  associated  yield 
acceleration.  The  available  crest  records  at  La 
Villita  reveal  the  yield-acceleration  magnitude  that 
was  necessary  to  overcome  shear  strength  and 
cause  stick-slip-type  sliding.  Accumulation  of  stick- 
slip-type  deformation  such  as  that  at  La  Villita  is 
not  unusual  when  strong  earthquakes  affect  dams, 
retaining  walls,  and  other  structures.  The  presence 
of  strong-motion  instrumentation  at  the  locations 
where  sliding  may  occur  will  reveal  additional 
information  concerning  the  strength  of  these  struc- 
tures as  inferred  from  any  observed  yield  accelera- 
tion. Additional  understanding  of  the  characteris- 
tics and  mechanisms  involved  in  stick-slip  deforma- 
tion can  be  facilitated  by  the  availability  of  en- 
hanced acceleration  records.  (Rochester-PTT) 
W91-05125 


RELIABILITY    MODEL    FOR    SOIL    LINER: 
POSTCONSTRUCTION. 

Nebraska  Univ.-Lincoln.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic   entry  see   Field   8G. 
W91-05126 


SYSTEM  FOR  DETERMINING  THE  DESIGN 

CHARACTERISTICS  OF  ROCK  MASSES. 

Y.  A.  Fishman. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  73-81,  1990.  2  fig,  11  ref. 

Descriptors:  *Rock  mechanics,  'USSR,  Hydraulic 
engineering,  'Hydraulic  design,  'Engineering  ge- 
ology, 'Foundation  rocks,  Design  criteria,  Rock 
properties,  Geological  surveys,  Structural  models, 
Cost-benefit  analysis,  Mathematical  models,  Base- 
line studies,  Physical  models. 

The  reliability  and  cost-effectiveness  of  hydraulic 
structures  depend  on  the  accuracy  of  the  founda- 
tion design  characteristics;  however,  a  reliable  de- 
termination of  geomechanical  characteristics  can 
only  be  obtained  by  conducting  large-scale  experi- 
ments, limited  by  the  great  complexity,  high  cost, 
long  duration,  and  the  validity  of  the  results.  To 
solve  this  contradiction,  a  system  of  geomechanical 
investigations  is  needed  which  would  make  it  pos- 
sible to  determine  the  properties  of  rock  masses 
with  the  required  accuracy  and  reliability  with 
minimum  expenditures  of  means  and  time,  using 
quantitative  methods  of  analysis.  Engineering-geo- 
logical models  (EGMs)  should  be  constructed  as  a 
basis  for  calculations,  physical  modeling,  and  struc- 
tural design;  establishment  of  the  range  of  charac- 
teristics required  for  the  design;  predictive  evalua- 
tion of  their  values;  optimization  of  investigations; 
selection  and  processing  of  representative  plots; 


selection  of  standard  and  design  values;  their  appli- 
cation to  the  rock  mass;  and  routine  monitoring  of 
the  foundation  during  construction  and  operation. 
The  EGMs  should  reflect  the  regularities  of  the 
structure,  state,  and  properties  of  the  rock  mass, 
which  enables  prediction  of  the  engineering-geo- 
logical conditions  at  any  point;  and  the  EGMs 
should  schematize  the  natural  conditions  to  the 
degree  necessary  for  solving  the  stated  problem: 
mathematical  or  physical  modeling  of  structures, 
consideration  of  the  characteristics  of  particular 
calculation  methods,  etc.  In  the  next  stage  the 
required  geomechanical  parameters  are  established 
on  the  basis  of  a  combined  examination  of  the 
design  and  engineering-geological  models  (an  anal- 
ysis of  the  operation  scheme  of  the  structures, 
methods  of  their  calculation,  structure  of  the  rock 
mass,  and  types  of  investigated  rocks).  (Fish-PTT) 
W9 1-05  304 


RELATION  BETWEEN  PARAMETERS  OF 
SEISMIC  EFFECTS  AND  INTENSITY. 

I.  P.  Kuzin. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  96-104,  1990.  2  fig,  6  tab,  23  ref. 

Descriptors:  'USSR,  'Structural  engineering, 
•Seismology,  'Seismic  properties,  'Earthquake  en- 
gineering, Seismic  intensity,  'Earthquakes,  Shock 
loads,  Seismic  waves,  Hydraulic  structures. 

The  intensity  scale  of  a  strong  earthquake  does  not 
contain  the  quantitative  information  necessary  for 
calculating  the  seismic  stability  of  various  struc- 
tures. Therefore,  investigators  have  attempted  to 
establish  a  relation  between  ground  motion  accel- 
erations and  intensities.  The  shortcomings  of  previ- 
ously-developed scales  with  respect  to  the  effect  of 
the  duration  and  frequency  of  strong  ground  mo- 
tions on  the  macroseismic  effect  were  eliminated  in 
the  draft  of  a  modification  of  the  scale--the  variant 
MMSK-86  proposed  by  the  Institute  of  Physics  of 
the  Earth,  Academy  of  Sciences  of  the  U.S.S.R. 
However,  this  scale  was  developed  on  the  basis  of 
experimental  samples  truncated  on  both  the  side  of 
the  high  level  of  shocks  (intensity  8  or  more)  and 
low  level  (less  than  intensity  7).  Therefore,  the 
relationships  between  the  kinematic  parameters  of 
ground  motions  and  intensity  7-9  were  examined 
on  the  basis  of  a  single  initial  seismological  parame- 
ter~the  earthquake  magnitude  (M  =  the  conven- 
tional index  of  the  energy  released  at  the  earth- 
quake focus,  which  corresponds  to  the  common 
logarithm  of  the  amplitude  of  ground  motions).  It 
was  found  that  the  highest  acceleration  values  in 
intensity  7-8  zones  refute  the  widespread  fallacy 
that  the  highest  accelerations  in  intensity  7-9  zones 
are  due  to  the  strongest  earthquakes.  The  average 
acceleration  for  the  intensity  9  zone  according  to 
the  MMSK-86  scale  is  about  1.4  times  too  high.  A 
nonuniformity  of  the  step  of  the  increase  of  accel- 
erations is  found,  indicating  that  the  expected  seis- 
mic loads  in  the  intensity  9  zone  should  be  reduced 
by  about  40%.  With  an  increase  of  intensity  from  7 
to  9,  the  oscillation  periods  become  shorter  by 
about  1.75  times,  possibly  due  to  a  decrease  in  the 
average  radii  of  the  isoseismals  of  maximum  inten- 
sity with  increase  of  its  level  and  by  the  dominance 
of  earthquakes  of  relatively  small  magnitudes  in 
the  formation  of  a  high  level  of  intensity  and  large 
values  of  the  parameters  of  seismic  effects.  When 
calculating  the  stability  of  structures  it  is  necessary 
to  be  oriented  toward  an  increase  of  the  frequency 
of  oscillations  and  decrease  of  their  duration  with 
increase  of  intensity  from  7  to  9.  (Fish-PTT) 
W91-05308 


STATE  AND  PROBLEMS  OF  ON-SITE  OBSER- 
VATIONS AT  HYDRO  DEVELOPMENTS  BY 
GEODETIC  MEASUREMENTS. 

For  primary  bibliographic  entry  see  Field  8C. 
W91-05310 


GEODETIC  INVESTIGATIONS  OF  DEFORMA- 
TIONS OF  THE  EARTH'S  CRUST  IN  THE  RE- 
GIONS OF  THE  NUREK  AND  ROGUN  HY- 
DROELECTRIC STATIONS. 

A.  P.  Raizman. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  1 12-1 16,  1990.  5  fig,  4  ref. 


Descriptors:  'Dam  effects,  'USSR,  Hydraulic  en- 
gineering, 'Strain  measurement,  'Hydroelectric 
plants,  'Geologic  surveys,  'Deformation,  Subsid- 
ence, Dams,  Reservoirs,  Hydraulic  structures, 
Structural  engineering,  Bench  marks,  Water  level 
fluctuations,  Engineering  geology. 

Investigations  of  deformations  of  the  earth's  crust, 
by  geodetic  methods,  in  the  regions  of  the  Nurek 
and  Rogun  hydroelectric  stations  under  construc- 
tion in  the  USSR  were  begun  in  1974-1976.  The 
geodetic  studies  in  the  region  of  the  Nurek  hydros- 
tation  call  for  evaluation  of  vertical  and  horizontal 
components  of  crustal  movements  possible  as  a 
result  of  filling  the  reservoir.  Vertical  movements 
of  three  bench  marks  located  in  the  region  of  the 
Nurek  dam  on  the  downstream  side  show  that  the 
region  of  the  dam  is  subsiding  at  a  rate  of  3.6-8.4 
mm/yr.  Vertical  movements  of  an  oscillatory  char- 
acter can  be  seen  against  the  background  of  gener- 
al subsidence  of  the  earth's  surface  at  the  sites  of 
the  bench  marks  correlating  to  the  change  in 
volume  of  water  in  the  reservoir  and  relative 
change  in  heights  of  the  marks:  with  an  increase  of 
water  volume  the  heights  of  the  bench  marks  de- 
crease and,  conversely,  a  relative  increase  of  the 
heights  of  the  leveling  marks  corresponds  to  a 
decrease  of  water.  Vertical  movements  in  the 
region  of  the  Rogun  hydro  development  were 
studied  along  two  repeated  leveling  routes  laid  out 
in  the  southern  part  of  the  reservoir.  The  rate  of 
horizontal  movements  of  geodetic  points  measured 
in  1949-1950,  1968,  and  1971  in  local  stretches  is 
within  9-17  mm/yr.  The  results  obtained,  although 
they  are  of  a  preliminary  character,  agree  with 
geological  and  tectonic  concepts.  (Fish-PTT) 
W91-05311 


REFINEMENT  OF  THE  ENGINEERING-GEO- 
LOGICAL CONDITIONS  OF  THE  FOUNDA- 
TION OF  THE  KHUDONI  ARCH  DAM. 

A.  I.  Savich,  V.  K.  Razumov,  G.  R.  Khositashvili, 
A.  M.  Pershutkina,  and  T.  L.  Tetradze. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  2,  p  122-130,  1990.  5  fig,  2  tab,  6  ref. 

Descriptors:  'USSR,  'Hydraulic  engineering,  'En- 
gineering geology,  'Hydroelectric  plants,  'Dam 
foundations,  Foundation  rocks,  Rock  properties, 
Geological  surveys,  Geophysical  surveys,  Geolog- 
ic fractures,  Rock  excavation,  'Arch  dams,  Seis- 
mic exploration,  Stress  analysis,  Elastic  properties, 
Load  testing. 

The  Khudon  hydroelectric  station  is  located  in  the 
U.S.S.R.  on  the  Inguri  River  within  an  anticline  of 
a  large  fold  system.  Detailed  engineering-geologi- 
cal, geomechanical,  and  geophysical  investigations 
were  conducted  at  the  site  during  the  design  stage, 
revealing  a  number  of  characteristics  of  the  rock 
mass  requiring  design  corrections.  On  the  left  wall 
of  the  canyon,  a  nonactive  tectonic  fault  is  devel- 
oped parallel  to  the  bedding.  Geostructural  analy- 
sis was  made  of  the  rock  mass  joint  systems  devel- 
oped in  the  region;  however,  during  excavation  for 
the  arch  dam,  the  discovery  of  large  fractures  on 
the  left  bank  was  unexpected.  Seismic  data  were 
analyzed  to  compare  the  rock  properties  of  the 
undisturbed  mass  and  the  fault  zone.  The  change  in 
wave  velocity  with  depth  for  rocks  of  the  undis- 
turbed mass  occurred  more  rapidly  than  for  rocks 
of  the  fault  zone,  due  to  different  levels  of  stress 
acting  on  the  rocks.  Graphical  analysis  indicates 
that  excavation  of  the  foundation  pit  caused  a 
considerable  decrease  of  the  elastic  characteristics 
of  the  rock  mass,  and  the  rocks  composing  the 
fault  zone  are  characterized  by  lower  elastic  indi- 
ces only  in  the  uppermost  part  of  the  section.  The 
stress  level  of  the  fault  zone  rocks  in  the  area  of 
surface  unloading  is  approximately  2  times  lower 
than  in  the  surrounding  mass.  On  the  basis  of  the 
original  calculations  of  the  foundation  strength  of 
the  arch  dam  in  the  fault  zone,  without  considering 
the  natural  stress  state  of  the  rocks,  the  design 
called  for  sealing  the  zone  with  concrete.  Howev- 
er, the  recent  surveys  indicate  that  the  high  level 
of  natural  stresses  in  the  rocks  of  the  left-bank 
abutment  causes  considerable  unloading  of  the 
mass  in  the  excavation  zone,  causing  a  sharp  de- 
crease of  the  indices  of  the  physical,  mechanical, 
and  seepage  properties  of  the  rocks  in  selvages  of 
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the  zone.  Therefore,  underground  sealing  was  re- 
jected in  favor  of  simple  stabilization  treatment  of 
the  upper  5-m  'decompressed'  part  of  this  zone. 
(Fish-PTT) 
W91-05313 

HYDROGEOTHERMAL  THEORY  OF  EARTH- 
QUAKES-BASIS OF  PREDICTION,  WARNING 
SYSTEMS,  AND  COUNTERACTIONS. 

V.  S.  Panfilov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  2,  p  142-148,  1990.  1  fig,  6  tab,  4  ref. 

Descriptors:  'USSR,  Hydraulic  engineering, 
♦Geohydrology,  •Earthquakes,  'Geothermal 
water,  Earthquake  engineering,  *Seismology,  Geo- 
logic fractures,  Free  water,  Thermal  water,  Steam, 
Earth  pressure,  Thermal  energy,  Heat  flow,  Elastic 
properties,  Mathematical  equations,  Sulfur,  'Warn- 
ing systems,  Water  pressure,  Water  temperature. 

A  'hydrogeothermal  theory  of  the  occurrence  of 
earthquakes'  has  been  previously  developed  from  a 
generalization  of  the  available  data  on  phenomena 
of  technogenic  seismicity,  calculations,  and  physi- 
cal modeling.  The  presence  of  faults,  fractures,  and 
voids  in  the  crust  containing  water  in  a  free  gravi- 
tational (not  capillary)  state  is  a  necessary  condi- 
tion for  the  occurrence  of  earthquakes.  An  unsta- 
ble thermohydraulic  system  is  created  in  the  fault 
due  to  heating  of  the  lower  part,  with  ejection  of  a 
steam-water  mixture  into  the  upper  part  of  the 
fault  which  removes  the  pressure  in  the  lower  part, 
which  is  the  main  source  of  energy  of  the  earth- 
quake trigger.  It  is  necessary  to  estimate  the 
energy  of  the  passing  heat  flow  to  determine  what 
amount  of  this  flow  can  be  stored  and  the  efficien- 
cy of  this  mechanism.  Estimations  of  the  possible 
range  of  this  energy  completely  correspond  to  the 
data  of  on-site  observations  of  the  intensity  and 
frequency  of  earthquakes.  The  mechanism  of  ejec- 
tion due  to  phase  transformations  can  be  described 
by  a  system  of  three  or  four  differential  equations 
relating  the  fault  pressures,  water  levels  and  vol- 
umes, steam,  and  elastic  strains  of  the  masses  con- 
sidering only  the  internal  heat  of  the  system.  The 
efficiency  of  the  ejection  system  will  not  substan- 
tially change  as  a  function  of  pressure  and  tempera- 
ture, but  can  be  determined  more  exactly  by  solv- 
ing a  system  of  equations  and  by  experiments.  At 
great  depths  sulfur  can  play  the  same  role  as  water 
in  crustal  earthquakes.  Earthquake  warning  sys- 
tems should  be  based  on  a  system  of  recording 
water  pressures  and  temperature  in  the  fault  zone 
at  various  depths  to  compare  them  with  the  water 
parameters  along  the  phase  transformation  line;  the 
counteraction  system  should  be  based  on  elimina- 
tion of  the  possibility  of  the  formation  of  unstable 
steam-water  systems  in  faults.  (Fish-PTT) 
W91-05316 


CHARACTERIZING  IN  SITU  STRESS  DO- 
MAINS AT  THE  AECL  UNDERGROUND  RE- 
SEARCH LABORATORY. 

Atomic  Energy  of  Canada  Ltd.,  Pinawa  (Manito- 
ba). Whiteshell  Nuclear  Research  Establishment. 
C.  D.  Martin. 

Canadian  Geotechnical  Journal  CGJOAH,  Vol. 
27,  No.  5,  p  631-646,  October  1990.  22  fig,  1  tab,  27 
ref,  append. 

Descriptors:  'Waste  disposal,  'Radioactive  waste 
disposal,  'Structural  geology,  'Rock  mechanics, 
•Stress  analysis,  'Geologic  fractures,  'Hydraulic 
fracturing,  'Rock  excavation,  Anisotropy,  Gran- 
ites, Cores,  Manitoba,  Canada,  'Underground 
waste  disposal. 

Atomic  Energy  of  Canada  Limited  (AECL)  is 
conducting  geomechanical  research  at  its  Under- 
ground Research  Laboratory  (URL)  in  southeast- 
ern Manitoba,  Canada,  as  part  of  its  research  pro- 
gram to  assess  the  feasibility  of  nuclear  fuel  waste 
disposal  deep  in  a  plutonic  rock  mass.  The  URL 
access  shaft  was  excavated  from  the  surface  to 
about  the  185-m  depth  in  jointed  pink  granite. 
Below  this  depth,  to  the  443-m  depth,  the  shaft  was 
excavated  in  massive  gray  granite.  The  gray  gran- 
ite is  essentially  unjointed,  except  for  a  major  low- 
dipping  thrust  fault  and  associated  minor  splays. 
Overcoring,    hydraulic    fracturing,    convergence 


measurements,  microseismic  monitoring,  and  ob- 
servations of  shaft-wall  failure  and  core  discing, 
indicate  that  unusually  high  in  situ  stresses  can  be 
associated  with  large  volumes  of  massive,  unjoint- 
ed granite  at  fairly  shallow  depths.  The  database  of 
in  situ  stress  measurements  collected  at  the  URL 
indicates  that  major  geological  features,  such  as 
thrust  faults,  can  act  as  boundaries  for  in  situ  stress 
domains  and  that  both  the  magnitude  and  direction 
of  the  in  situ  stress  state  can  change  when  these 
geological  features  are  traversed.  Stress  relief  in 
the  form  of  microcracking  can  occur  and  result  in 
anisotropy  and  nonlinear  response.  The  method  for 
interpreting  the  stress  magnitudes  from  subhori- 
zontal  hydraulic  fractures  needs  further  investiga- 
tion. The  interpretation  of  in  situ  stresses  requires  a 
thorough  understanding  of  the  limitations  of  the 
methods  used  to  obtain  the  stresses  and  a  good 
geological  model.  (Fish-PTT) 
W9 1-05362 

TURBULENT  STRUCTURE  IN  COMPOUND 
OPEN-CHANNEL  FLOWS. 

Nagoya  Inst,  of  Tech.  (Japan).  Dept.  of  Civil  Engi- 
neering. 

A.  Tominaga,  and  I.  Nezu. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  117,  No.  1,  p  21-41,  January  1991. 
15  fig,  1  tab,  29  ref. 

Descriptors:  'Channel  morphology,  'Fluid  me- 
chanics, 'Open  channels,  'Roughness  coefficient, 
'Turbulence,  'Turbulent  flow,  Channel  flow, 
Flood  plains,  Flow  velocity,  Hydraulic  engineer- 
ing, Reynolds  number,  Shear  stress. 

An  investigation  of  three-dimensional  (3-D)  turbu- 
lent structure,  including  turbulence-driven  second- 
ary currents  in  compound  open-channel  flows,  is 
important  in  hydraulic  and  river  engineering,  as 
well  as  in  fluid  mechanics.  Accurate  measurements 
in  fully  developed  compound  open  channel  flows 
are  conducted  by  mean  of  a  fiber-optic  laser  Dopp- 
ler  anemometer  3-D  measurement  system.  The 
characteristics  of  compound  open-channel  flows 
are  recognized  in  the  junction  region  between  the 
main  channel  and  flood  plain,  whereas  the  charac- 
teristics of  rectangular  open-channel  flows  are  ob- 
served in  a  region  near  the  sidewall  of  the  main 
channel.  Strong,  inclined  secondary  currents, 
which  are  associated  with  a  pair  of  longitudinal 
vortices,  are  generated  in  the  junction  region  be- 
tween the  main  channel  and  the  flood  plain.  The 
primary  mean  velocity  field  is  directly  influenced 
by  these  secondary  currents.  Three-dimensional 
structures  of  Reynolds  stresses  and  turbulence  in- 
tensities were  revealed  in  compound  open-channel 
flows.  The  distributions  of  Reynolds  stresses  in  the 
x-y  and  x-z  planes  are  affected  by  the  strong  mo- 
mentum exchange  between  the  main  channel  and 
the  floodplain.  When  the  flood  plain  bed  was 
rough,  the  structure  of  secondary  currents  was 
almost  the  same  as  that  for  a  smooth  bed.  (Au- 
thor's abstract) 
W9 1-05420 


8F.  Concrete 

LOW-CLINKER  CEMENT  FOR  HYDRAULIC 
STRUCTURES. 

E.  I.  Allilueva,  and  L.  M.  Deryugin. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  13-16,  1990.  2  fig,  2  tab,  3  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp. 
16-18,  January,  1990. 

Descriptors:  'Concrete  construction,  'Concretes, 
'Dam  construction,  'Hydraulic  structures,  'Low- 
clinker  cement,  'Portland  cements,  Dams,  Hydra- 
tion, Hydroelectric  power  plants,  Roller-compact- 
ed concretes,  Soviet  Union. 

Portland  blast-furnace  cement  (PBFC)  with  a  slag 
content  of  up  to  50%  is  widely  used  in  the  Soviet 
Union  for  construction  of  hydraulic  structures. 
Practically  all  hydro  developments  in  Siberia,  the 
Far  North,  and  the  Far  East  have  been  constructed 
using  PBFC  of  grade  300  produced  according  to 
technical  specifications  TU  21-21-4-82.  A  change 
in  the  conditions  and  technology  of  constructing 


dams  requires  broadening  of  the  range  of  PBFC.  In 
the  construction  of  the  Katun  hydroelectric  sta- 
tion, low-cement,  roller-compacted  concretes  with 
a  strength  of  20  MPa  at  a  design  age  of  180  days 
and  impermeability  of  6-8  was  used.  For  this  order, 
a  low-clinker  cement  with  a  content  of  70-80% 
blast  furnace  slag,  15-25%  clinker,  and  up  to  5% 
gypsum  was  developed.  At  28  days  of  normal 
hardening,  the  cement  corresponds  to  grade  200 
and  has  an  activity  margin  of  1  to  7  MPa.  The  low- 
clinker  cement  has  slower  start  and  end  of  setting 
than  that  of  PBFC  according  to  TU  21-21-4-82,  by 
about  1  hr.  It  is  considerably  behind  PBFC  in 
terms  of  hydration.  By  changing  the  content  of  the 
low-clinker  cement  in  concrete,  it  was  possible  to 
obtain  a  broad  range  of  concretes  with  an  8-mo 
strength  of  15-30  MPa.  Concretes  with  grades  up 
to  200-250  were  reliably  obtained  with  average 
cement  contents.  Due  to  the  lower  heat  of  hydra- 
tion of  low-concrete  cement  and  the  decrease  in 
heat  liberation  of  concretes  on  its  base,  it  is  possi- 
ble to  increase  the  dimensions  of  blocks  in  plans 
and  to  considerably  reduce  expenditures  on  heat 
insulation  and  cooling  the  blocks  of  structures. 
(Rochester-PTT) 
W9 1-05079 

SELECTION  OF  THE  COMPOSITION  OF 
ROLLER-COMPACTED  CONCRETES. 

R.  S.  Tilles,  F.  E.  Glebova,  and  N.  A.  Khokhlova. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  17-21,  1990.  5  fig,  1  tab,  4  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp. 
18-21,  January,  1990. 

Descriptors:  'Concrete  construction,  'Concretes, 
•Roller-compacted  concretes,  Cements,  Dam  con- 
struction, Design  criteria,  Materials  engineering, 
Plasticizers,  Soviet  Union. 

There  are  three  different  concepts  for  the  design 
and  construction  of  rollcrete  dams.  Regardless  of 
the  required  concrete  grade,  the  main  consider- 
ation when  selecting  and  designing  the  proportions 
of  the  concrete  mix  being  compacted  by  rollers  is 
an  acceptable  particle  size  distribution  that  pro- 
vides the  required  mechanical  properties  with  a 
minimum  of  binding  materials.  A  method  of  select- 
ing the  composition  of  rollcretes  has  been  pro- 
posed based  on  generalization  and  analysis  of  for- 
eign and  Soviet  experience.  With  maximum  size  of 
coarse  aggregate  in  the  range  120-150  mm,  the 
content  in  volume  %  can  be  55-60,  whereas  at  a 
maximum  aggregate  size  of  10  mm,  the  content  is 
40-45  volume  %.  The  size  of  the  coarse  aggregate 
should  not  be  less  than  1/3  the  height  of  the  layer 
being  compacted  by  the  vibrating  roller.  Relation- 
ships have  been  determined  for  the  numerous  other 
relationships  important  to  final  concrete  quality, 
such  as  dependence  of  strength  on  cement  content, 
the  dependence  of  concrete  strength  on  density, 
and  the  relation  between  density  and  paste/mortar 
ratio.  Based  on  these  relationships,  procedures 
have  been  developed  for  mixing  content  of  the 
required  stiffness  and  ultimate  strength,  and  for 
ensuring  that  the  concrete  is  workable  during  the 
rolling  process.  Plasticizing  additives  must  be  used. 
(Rochester-PTT) 
W9 1-05080 


USE  OF  PRECAST  REINFORCED-CONCRETE 
BEAMS  IN  THE  FLOORS  OF  THE  DRAFT 
TUBES  OF  THE  CHEBOKSARY  HYDROELEC- 
TRIC STATION. 

E.  A.  Bilev,  and  A.  V.  Kuzovkin. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  21-25,  1990.  Translated  from  Gidrotekhni- 
cheskoe Stroitel'stvo,  No.   1,  pp.  21-23,  January, 
1990. 

Descriptors:  'Concrete  construction,  'Hydraulic 
structures,  'Hydroelectric  plants,  'Precast  con- 
crete, 'Reinforced  concrete,  'Soviet  Union,  Che- 
boksary hydroelectric  station,  Dam  construction, 
Economic  analysis,  Structural  engineering. 

Precast  reinforced  concrete  members  were  used  to 
a  large  extent  in  the  construction  of  the  hydraulic 
structures  of  the  Cheboksary  hydroelectric  station 
(Soviet  Union).  One  of  the  examples  of  the  effec- 
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live  use  of  precast  reinforced  concrete  members  in 
structures  at  the  Cheboksary  hydroelectric  station 
is  the  construction  of  the  floors  of  the  diffuser  of 
the  draft  tubes.  The  floor  span  is  12  m  and  thick- 
ness of  the  floor  varies  from  4.5  to  2  m.  A  tower 
crane  was  necessary  for  installing  the  5-ton  B-l-5 
diffuser  floor  beams.  The  reserve  bearing  capacity 
of  the  design  beams  was  realized  by  using  the 
entire  design  height  of  the  beams  with  the  condi- 
tion of  working  under  'oblique  bending.'  Under 
oblique  bending,  beams  of  an  angle  profile  support- 
ed by  their  base  on  an  inclined  plane  and  oriented 
'toe'  downslope  work  more  effectively,  as  a  full 
section.  Design  studies  confirmed  that  the  light- 
weight PB-1,2  beams  had  equal  strength  to  the  B- 
1-5  design.  The  following  economic  benefits  were 
obtained  from  using  the  type  PB  beams  in  sections 
3-9  of  the  diffuser  floor:  (1)  a  reduction  of  the 
scarce  time  of  the  BK.-1000  cranes  by  70-75%  by 
using  the  more  available  and  maneuverable  KBGS- 
450  crane;  (2)  a  reduction  (up  to  0.6  ton)  of  the 
consumption  of  metal  of  the  reinforcement  cages 
of  the  PB  beams  by  the  more  efficient  functioning 
of  the  beams  under  oblique  bending  and  more 
rational  use  of  reinforcing  bars  of  variable  section 
in  accordance  with  the  momentum  diagram;  and 
(3)  reduction  of  the  volume  of  precast  reinforced 
concrete  by  4  cu  m/beam,  which  reduced  the 
weight  per  beam  by  10  tons.  The  use  of  creative 
engineering  at  this  site  helped  to  bring  the  project 
to  completion  on  time  and  with  minimum  expendi- 
ture. (Rochester-PTT) 
W9 1-05081 


CONCRETE-FACED  ROCKFILL  DAM. 

Cooke  (J.  Barry),  Inc.,  San  Rafael,  CA. 

For  primary  bibliographic  entry  see  Field  8A. 

W91-05116 


DESIGN  AND  CONSTRUCTION  OF  THE  SE- 
GREDO  CONCRETE-FACED  ROCKFILL  DAM. 

Companhia     Paranaense     de     Engeria,     Curitiba 

(Brazil). 

For  primary  bibliographic  entry  see  Field  8A. 

W91-05117 


ADVANCES  IN  FACE  SLAB  CONSTRUCTION 
TECHNIQUES  FOR  CFRDS. 

Tasmania    Hydro-Electric    Commission,    Hobart 
(Australia).  Engineering  Div. 
A.  Beach,  R.  Gill,  and  P.  Van  Emmerick. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  43,  No.  1,  p  19-23,  January  1991.  4 
fig,  2  ref. 

Descriptors:  'Australia,  'Concretes,  'Dam  con- 
struction, 'Rockfill  dams,  Hydroelectric  plants, 
Management  planning,  Newton  Dam,  Tasmania, 
White  Spur  Dam. 

The  Hydro-Electric  Commission  of  Tasmania 
(Australia)  was  a  pioneer  in  the  early  development 
of  face  slab  construction  techniques  for  concrete- 
faced  rockfill  dams  (CFRDs).  A  revised  approach 
has  been  adopted  recently  to  minimize  overall  con- 
struction duration  and  labor  requirements.  The  ob- 
jectives of  the  new  approach  are  as  follows:  (1) 
minimize  the  delay  between  completion  of  the 
rockfill  and  commencement  of  concrete  placement; 
(2)  omit  starter  bays;  (3)  minimize  the  delay  be- 
tween bay  pours  to  achieve  almost  continuous 
concrete  placement;  (4)  ensure  that  the  slipform 
could  accommodate  variable  bay  widths;  (5)  mini- 
mize uplift  of  the  slipform;  (6)  minimize  the  labor 
requirement  overall,  both  in  person-hours  and  skill 
of  labor;  and  provide  a  uniform  workload  to  maxi- 
mize the  efficiency  of  the  work  force.  The  new 
methods  and  equipment  to  meet  these  objectives 
have  been  used  successfully  on  two  small  dams  at 
the  HEC's  Anthony  Power  Development,  the  44 
m-high  White  Spur  dam  and  37  m-high  Newton 
dam.  At  Newton  the  overall  labor  reduction  was 
35%  compared  to  HEC's  original  approach  for 
CFRDs.  The  ultimate  productivity  that  can  be 
achieved  for  face  slab  construction  depends  not 
only  on  the  methods  and  equipment,  but  on  factors 
such  as  site  topography,  climate,  industrial  rela- 
tions, and  degree  of  multi-skilling  in  the  work 
force.  (Rochester-PTT) 
W91-05118 


COLOMBIAN     EXPERIENCE     WITH     CON- 
CRETE FACE  ROCKFILL  DAMS. 

Ingetec  S.A.,  Bogota  (Colombia). 

For  primary  bibliographic  entry  see  Field  8A. 

W91-05119 


PRELIMINARY  INVESTIGATION  OF  CEMEN- 
TITIOUS  MATERIALS  FOR  OLMSTED  LOCK 
AND  DAM. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Structures  Lab. 
T.  S.  Poole,  M.  C.  Sykes,  and  S.  D.  Griffin. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161.  Miscellaneous 
Paper  SL-90-3,  October  1990.  Final  Report.  31p,  8 
fig,  7  tab,  4  ref. 

Descriptors:  •Cements,  *Materials  testing,  •Olmst- 
ed Lock  and  Dam,  *Construction  materials,  Fly 
ash,  Portland  cement,  Strength,  *Concretes,  Dams. 

The  effect  of  4  fly  ashes  on  strength  development 
and  heat-of-hydration  characteristics  of  portland 
cement-fly  ash  mixtures  was  investigated.  These 
comprise  three  class  F  and  one  Class  C  fly  ash. 
Mixtures  containing  Class  C  fly  ash  gained 
strength  more  rapidly  than  mixtures  containing 
Class  F  fly  ash.  At  2  days,  heat  of  hydration  was 
reduced  by  all  fly  ashes,  but  the  Class  C  fly  ash 
contributed  substantial  heat  at  later  ages;  exceeding 
pure  portland  cement  in  some  mixtures.  Class  C  fly 
ashes  are  reputed  to  contribute  more  to  early 
strength  gain  than  equivalent  replacements  of  Class 
F  fly  ashes.  In  this  investigation,  two  Class  C  fly 
ashes  were  evaluated  for  use  at  Red  River  Lock 
and  Dam  3.  Mixtures  containing  these  fly  ashes  at 
30%  replacement  for  portland  cement  exhibited 
about  70%  of  control  strength  at  7  days  compared 
with  the  60%  of  control  exhibited  by  Class  C  ash 
in  this  study.  At  28  days  the  Red  River  ashes  had 
gained  >  90%  of  control,  while  the  ash  used  in  this 
study  had  gained  to  82%  of  control.  This  differ- 
ence may  not  be  due  to  the  differences  among  fly 
ash  sources  since  different  portland  cements  were 
used.  (Lantz-PTT) 
W9 1-05270 


IN  SITU  REPAIR  OF  DETERIORATED  CON- 
CRETE IN  HYDRAULIC  STRUCTURES: 
EPOXY  INJECTION  REPAIR  OF  A  BRIDGE 
PIER. 

Brookhaven  National  Lab.,  Upton,  NY.  Process 
Sciences  Div. 

For  primary  bibliographic  entry  see  Field  8G. 
W9 1-05274 


8G.  Materials 


EFFECT  OF  DILATANCY  OF  ROCKS  ON  RE- 
SISTANCE TO  SHEARING  LOADS. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-05077 


CONCEPT  OF  SAFETY  EVALUATION  OF  THE 
ARCH  DAM  OF  THE  INGURI  HYDROELEC- 
TRIC STATION. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-05082 


WAYS  TO  INCREASE  THE  SERVICE  LIFE  OF 
METAL  MEMBERS  OF  HYDRAULIC  STRUC- 
TURES. 

B.  Y.  Aivazov,  M.  S.  Trifel,  and  G.  M.  Akhmedov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  1,  p  41-43,  1990.  2  fig,  1  tab,  5  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  1,  pp. 
34-36,  January,  1990. 

Descriptors:  •Corrosion,  'Corrosion  control,  'Hy- 
draulic structures,  *Metals,  Aluminum,  Anodes, 
Cathodes,  Coatings,  Oxides,  Tensile  strength,  Zinc. 

For  numerous  reasons,  organic  coatings  are  unsuit- 
able for  protecting  large  metal  members  of  hydrau- 
lic structures  from  corrosion.  The  presence  of 
paint  on  a  metal  surface  leads  to  the  occurrence  of 
anodic   potentials,   resulting   in   the   formation   of 


water-filled  gas  bubbles,  which  encourage  corro- 
sion of  the  metal  at  places  where  the  paint  is 
damaged.  A  metallic  coating  was  developed  by 
applying  molten  aluminum  on  a  zinc  sublayer.  The 
aluminum  coatings  exceed  by  tens  of  times  the 
corrosion  resistance  of  nonferrous  metal  members. 
The  electrode  potentials  of  the  aluminum  coating 
are  close  to  the  potentials  of  the  nonferrous  metal, 
which  in  the  overwhelming  number  of  cases  pre- 
cludes the  formation  of  anodes  at  places  of  coating 
damage.  The  effect  of  a  mechanical  load  in  a 
corrosive  environment  was  tested  using  the  alumi- 
num alloy  ATsM.  Specimens  were  subjected  to 
cathode  currents  of  densities  of  0.01,  0.02,  0.06,  0.1, 
and  0.2  A/sq  m.  The  test  was  conducted  for  40 
days  on  loaded  specimens  with  a  stabilized  current 
density.  The  specimens  remained  uncorroded.  Re- 
sidual strength  tests  conducted  following  the  initial 
stress  test  showed  that  polarization  did  not  de- 
crease the  strength  of  the  alloy,  but  increased  the 
strength  to  a  maximum  of  1.78  times  that  of  the 
unpolarized  specimens.  However,  at  current  densi- 
ties higher  than  0.02  A/sq  m,  tensile  strength  de- 
creased. Weakening  of  the  specimen  as  a  result  of 
cathodic  destruction  of  the  oxide  film  by  the  ca- 
thodic  alkaline  products  also  occurred.  The  in- 
crease in  corrosion  rate  of  aluminum  at  current 
densities  greater  than  0.02-0.03  A/sq  m  indicates 
that  cathodic  polarization  should  be  used  with 
extreme  caution  for  members  with  aluminum  coat- 
ings in  a  corrosive  environment.  There  is  only  a 
slight  decrease  of  the  corrosion  rate  at  the  maxi- 
mum effectiveness  of  cathodic  protection.  The  in- 
crease of  strength  of  the  polarized  aluminum,  even 
with  maximum  preservation  of  strength  upon  po- 
larization, is  3-4%  lower  than  the  initial  strength  of 
the  unpolarized  and  unloaded  structures.  (Roches- 
ter-PTT) 
W9 1-05085 


PIEZOELECTRIC  QUARTZ  CRYSTAL  WATER 
LEVEL  MEASUREMENT. 

Rittmeyer  A.G.,  Zug  (Switzerland). 

H.  P.  Vaterlaus. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  43,  No.  1,  p  36-38,  January  1991.  3 

fig,  6  ref. 

Descriptors:  •  Instrumentation,  'Measuring  instru- 
ments, 'Quartz  sensors,  'Water  level,  'Water  pres- 
sure sensors,  Design  criteria,  Hydraulic  engineer- 
ing. 

In  the  management  of  water  and  energy  resources, 
there  is  an  increasing  demand  for  'intelligent'  in- 
strumentation. Paralleling  this  development,  there 
has  been  a  continual  use  increase  in  the  demands 
made  on  the  sensors  in  terms  of  accuracy,  long- 
term  stability,  and  ease  of  operation.  Quartz  tech- 
nology, in  conjunction  with  the  microcomputer- 
controlled  computation  unit,  offers  an  alternative 
and  opens  up  new  perspectives  for  accurate  and 
level  measurement,  both  in  the  laboratory  and 
under  more  difficult  environmental  conditions. 
Quartz  resonators  consist  of  crystalline  quartz 
(Si02).  Under  the  simultaneous  influences  of  an 
electric  field  (oscillator)  and  mechanical  deforma- 
tion (force,  pressure),  the  internal  energy  of  a 
piezoelectric  quartz  crystal  is  altered,  resulting  in  a 
change  in  the  quartz  resonance  frequency.  By 
combining  bellows  of  different  dimensions,  and 
varying  the  geometry  of  the  quartz  resonator,  it  is 
possible  to  cover  pressure  measurements  from  0- 
0.1  MPa  or  from  0-3.5  MPa.  The  W1Q  measuring 
system  offers  an  innovative  solution  to  the  problem 
of  obtaining  high-precision  water  level  readings. 
The  instrument  can  be  used  to  measure  hydrostatic 
pressure  by  direct  contact  with  the  water  (sensor 
on  upstream  face  of  dam  below  the  water  line)  or  it 
can  be  used  to  measure  water  level  by  pneumatic 
pressure  measurement,  where  a  tube  forces  air  into 
the  reservoir  water  and  the  pressure  in  the  air 
column  is  measured  and  converted  to  a  depth 
measurement.  (Rochester-PTT) 
W91-05120 


DIFFERENTIAL  PRESSURE  TILTMETER  FOR 
LARGE-SCALE  GROUND  MONITORING. 

Meier   (Edi)   and    Partner,    Winterthur   (Switzer- 
land). 
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E.  Meier. 

International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  43,  No.  1,  p  38-40,  January  1991.  6 
fig- 
Descriptors:  'Dam  stability,  'Earthquakes,  'In- 
strumentation, 'Measuring  instruments,  'Tilt- 
meters,  Earth  tides,  Inclinometers. 

Tilt  measurement  until  recently  employed  high- 
resolution  inclinometers  of  short  base  length. 
These  inclinometers  were  introduced  into  bore- 
holes. However,  the  results  of  these  measurements 
were  not  very  successful.  A  new  system  has  been 
developed  that  permits  enlarging  the  measurement 
base  to  500  m  with  the  result  that  local  tilt  effects 
are  eliminated.  Tidal  effects  on  the  earth  provide 
the  resolution  basis  for  this  new  tiltmeter.  The  new 
instrument  works  on  the  principle  of  the  differen- 
tial pressure  of  two  liquid  columns  causing  a  mem- 
brane to  bend.  This  bending  effect  is  converted 
into  an  electrical  signal,  which  is  recorded  and 
interpreted  by  a  computer.  The  instrument  has  a 
working  range  of  10  cm  of  elevation  difference. 
The  zero-line  and  linearity  of  the  range  can  be 
controlled  at  any  time  by  remote  operation.  Earth- 
quakes, landslides,  and  nuclear  explosions  cause 
surface  waves  that  are  propagated  all  around  the 
earth  and  registered  by  the  tiltmeter.  Such  surface 
waves  can  be  verified  by  comparison  with  seismo- 
graphic  records  from  any  earthquake  station.  The 
new  tiltmeter  was  installed  at  the  Albigna  dam  at 
Bergell  Valley,  near  Vicosoprano,  Canton  Grisons, 
Switzerland.  The  dam  stands  on  a  prominent  rock 
barrier;  the  granite  rock  barrier  tends  to  deform 
considerably  during  reservoir  filling.  Measure- 
ments of  the  tilt  changes  at  the  dam  base  in  the 
period  1  November  1989  to  10  January  1990 
showed  that  the  upstream  heel  of  the  dam  was 
sinking  in  relation  to  the  downstream  toe,  almost 
continuously.  Twice  daily  changes  in  tilt  were 
observed  in  the  reservoir  foundation  that  were 
associated  with  earth  tides  caused  by  the  moon  and 
the  sun.  In  addition,  the  whole  rock  foundation 
moves  during  impounding  and  drawing  down  of 
the  reservoir.  (Rochester-PTT) 
W91-05121 


PROPERTIES  AND  USE  OF  FLY  ASHES  FOR 
EMBANKMENTS. 

Drexel  Univ.,  Philadelphia,  PA.  Dept.  of  Civil 
Engineering.  . 

J.  P.  Martin,  R.  A.  Collins,  J.  S.  Browning,  and  F. 
J.  Biehl.  ^„ 

Journal  of  Energy  Engineering  (ASCE)  JLEED9, 
Vol.  116,  No.  2,  p  71-86,  August  1990.  7  fig,  4  tab, 
14  ref. 

Descriptors:  'Earthworks,  'Embankments,  'Fly 
ash,  'Waste  disposal,  Cost  analysis,  Delaware, 
Economic  aspects,  Highways,  New  Jersey,  Penn- 
sylvania, Structural  engineering,  Thermal  power- 
plants. 

Coal-fired  power  plants  produce  millions  of  tons  of 
fly  ash  annually,  but  only  a  fraction  is  productively 
employed.  The  geotechnical  properties  of  ashes 
from  coal-burning  utilities  in  Pennsylvania,  Dela- 
ware, and  New  Jersey  were  investigated  for  use  in 
a  highway  embankment  for  1495  near  Wilmington, 
Delaware.  Mechanical  and  environmental  data 
were  obtained  from  laboratory  tests,  construction 
observations,  and  postconstruction  exploration. 
Results  were  compared  to  published  results  for 
ashes  from  other  sources.  Geotechnical  properties 
of  light-weight  fly  ashes  from  the  Delaware  Valley 
can  be  readily  quantified  by  customary  methods 
and  the  mass  behavior  of  a  compacted  embank- 
ment can  be  predicted.  Published  studies  indicate 
that  fly  ash  can  be  rapidly  compacted  with  meth- 
ods similar  to  those  used  for  granular  soils  and 
construction  with  fly  ash  is  less  sensitive  to  com- 
paction-moisture content  than  the  fine-grained  soils 
commonly  used  as  structural  fill.  Overall  perform- 
ance equals  or  exceeds  that  of  similarly  graded 
natural  borrow  materials.  Postconstruction  explo- 
ration of  embankments  indicates  high  resistance  to 
penetration.  In  this  study,  the  materials  were  rela- 
tively innocuous  environmentally.  Although  the 
performance  of  fly  ash  is  underpredicted  by  the 
empirical  correlations  and  assumptions  traditional- 
ly used  in  standard  earthwork  practice,  the  avail- 


ability of  fly  ash  at  little  or  no  cost  may  make  it 
competitive  with  other  materials.  (Rochester-PTT) 
W9 1-05 122 

RELIABILrTY  MODEL  FOR  SOIL  LINER: 
POSTCONSTRUCTION. 

Nebraska  Univ.-Lincoln.  Dept.  of  Civil  Engineer- 
ing. 

I.  Bogardi,  W.  E.  Kelly,  and  A.  Bardossy. 
Journal    of    Geotechnical    Engineering    (ASCE) 
JGENDZ,  Vol.  116,  No.  10,  p  1502-1520,  October 
1990.  11  fig,  5  tab,  33  ref. 

Descriptors:  'Landfills,  'Liners,  'Permeability, 
•Testing  procedures,  Composite  flexible  membrane 
liners,  Geostatistics,  Leakage,  Prediction,  Reliabil- 
ity. 

The  guidance  required  for  composite  flexible  mem- 
brane liner  (CFML)  systems  prescribes  construc- 
tion of  a  test  fill  for  a  compacted  soil  liner  using 
the  same  material,  procedures,  and  equipment  that 
will  be  used  on  the  full-scale  facility.  Test-fill  re- 
sults are  helpful,  but  the  extrapolation  to  the  full- 
scale  liner  from  these  results  is  far  from  certain.  A 
methodology  was  developed  for  predicting  post- 
construction  reliability  of  full-scale  liners  given  a 
set  of  direct  and  indirect  (compaction  moisture 
content  and  dry  density)  permeability  measure- 
ments from  a  test  fill.  The  permeability  is  consid- 
ered as  a  spatially-correlated,  lognormally-distrib- 
uted  random  variable.  Six  systems-reliability  meas- 
ures are  defined  to  characterize  a  soil  liner  repre- 
sented by  a  system  of  blocks  and  lifts.  The  reliabil- 
ity measures  are  weakest  link,  averaging,  and  par- 
allel systems  of  blocks  and  lifts.  Geostatistics  is 
used  to  transfer  test-fill  information  to  full-scale 
liner  permeability  /reliability  estimates.  A  relation- 
ship was  developed  for  the  number  of  permeability 
measurements  necessary  to  monitor  construction  of 
the  full-scale  liner,  the  target  average  permeability, 
the  specified  reliability  limit.  The  methodology  is 
illustrated  with  a  numerical  example.  Direct  per- 
meability measurements  and  surrogate  tests  com- 
monly performed  during  soil-liner  construction  can 
be  combined.  Reliability  bounds,  based  on  effective 
hydraulic  permeability,  can  be  obtained  by  consid- 
ering various  simple  averaging  schemes  over  a 
multilift  soil  liner.  (Rochester-PTT) 
W9 1-05 126 
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program  directed  toward  identifying  in  situ  repair 
procedures  to  be  utilized  in  the  rehabilitation  of 
cracked  concrete  hydraulic  structures.  Emphasis  of 
the  laboratory  and  field  research  performed  in 
Phase  4  was  directed  toward  the  optimization  of 
equipment  and  materials  to  be  used  with  pressure 
repair  injection  techniques.  The  repair  procedure  is 
demonstrated  in  a  field  test  performed  at  Lock  and 
Dam  13  on  the  Mississippi  River  at  Fulton,  IL. 
Results  of  hydrostatic  pressure  tests  showed  that 
molded  injection  ports  mounted  within  a  drilled 
port  hole  can  withstand  pressures  of  200  to  275 
psig  before  leaks  begin  to  develop  around  the 
perimeter  of  the  injection  ports.  Surface  mounted 
ports  withstand  pressures  between  50  and  150  psig, 
depending  upon  the  type  of  port.  (Lantz-PTT) 
W9 1-05274 


PIPING  AND  EROSION  TESTS  AT  CONNER 
RUN  DAM. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

For  primary  bibliographic   entry   see  Field   8D. 
W91-05870 

RAPID  WATER  CONTENT  BY  COMPUTER- 
CONTROLLED  MICROWAVE  DRYING. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS. 

P.  A.  Gilbert. 

Journal    of    Geotechnical    Engineering    (ASCE) 

JGENDZ,  Vol.  117,  No.  1,  p  118-138,  1991.  7  fig, 

2  tab,  17  ref. 


PRELIMINARY  INVESTIGATION  OF  CEMEN- 
TITIOUS  MATERIALS  FOR  OLMSTED  LOCK 
AND  DAM. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Structures  Lab. 
For  primary  bibliographic  entry  see  Field  8F. 
W9 1-05270 

IN  SITU  REPAIR  OF  DETERIORATED  CON- 
CRETE IN  HYDRAULIC  STRUCTURES: 
EPOXY  INJECTION  REPAIR  OF  A  BRIDGE 
PIER. 

Brookhaven  National  Lab.,  Upton,  NY.  Process 
Sciences  Div. 

R.  P.  Webster,  L.  E.  Kukacka,  and  D.  Elhng. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161as  DE87004607. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Technical  Report  REMR-CS-30,  September  1990. 
Final  Report.  109p,  31  fig,  7  tab,  5  ref,  4  append. 

Descriptors:  'In  situ  repair,  'Maintenance,  'Hy- 
draulic structures,  'Epoxy,  'Piers,  'Concretes, 
Concrete  construction,  Field  tests,  Mississippi 
River,  Case  studies. 

A  survey  by  the  US  Army  Corp  of  Engineers 
showed  that  the  three  most  common  problems 
encountered  in  the  Corp's  civil  works  concrete 
hydraulic  structures  were:  (a)  cracking,  (b)  seep- 
age, and  (c)  spalling.  These  three  problems  ac- 
counted for  77%  of  the  10,096  deficiencies  identi- 
fied during  a  review  of  inspection  reports.  Con- 
crete cracking  was  observed  most  often,  account- 
ing for  38%  of  the  deficiencies.  In  situ  repairs  seem 
suited  to  repairing  deterioration  caused  by  crack- 
ing and  spalling,  although  they  may  not  be  readily 
applicable  to  seepage  problems.  Presented  are  the 
results  of  the  fourth  and  final  phase  of  a  research 


Descriptors:  'Compaction,  'Drying,  'Field  tests, 
'Hydraulic  engineering,  'Microwaves,  'Soil  anal- 
ysis, 'Soil  water,  Clays,  Data  acquisition,  Earth 
dams,  Earthworks,  Gypsum,  Heating,  Soil  com- 
paction, Soil  properties. 

Equipment  for  determining  water  content  rapidly, 
accurately,  and  reliably  is  required  to  properly 
monitor  the  compaction  of  earth  fills.  A  micro- 
wave drying  system  has  been  developed  to  deter- 
mine water  content  reliably  and  accurately  in  real 
time.  The  design  of  the  system  is  based  on  continu- 
ously monitoring  the  weight  change  of  a  soil  speci- 
men subjected  to  automated  microwave  radiation. 
Analysis  of  data  acquired  during  initial  testing  and 
two  subsequent  field  studies  show  that  agreement 
between  control  and  microwave  tests  for  a  wide 
variety  of  soils  is  usually  less  than  half  a  percent- 
age point  and  often  substantially  less  for  properly- 
sized  specimens.  Specimens  used  with  this  equip- 
ment should  have  an  initial  mass  between  100  and 
200  g.  Water  content  determination  in  the  micro- 
wave oven  appears  to  be  unaffected  by  particle 
size,  i.e.,  the  size  of  a  chunk  or  clump  of  clay; 
however,  1-in  (2.5  cm)  sizes  or  less  appear  to  be 
optimal.  Containers  used  in  the  oven  should  be 
able  to  transmit  microwaves.  Some  undisturbed 
low-permeability  soils  will  explode  upon  exposure 
to  microwave  heating,  and  should  be  contained  in 
capped  vessels  which  allow  for  escape  of  vapor 
pressure.  A  microwave  oven  should  not  be  used  to 
dry  soil  without  the  provision  of  an  empty  oven 
load.  Gypsum-rich  soils  are  dehydrated  by  the 
microwave  oven  system  and  do  not  converge  to 
the  correct  water  content,  and  should  not  be  ana- 
lyzed by  this  method.  (Fish-PTT) 
W91-05871 


81.  Fisheries  Engineering 

SPRING  GROWING  PERIOD  AS  A  REGULA- 
TOR OF  THE  SIZE  OF  THE  SMOLT  RUN  IN 
TROUT  (SALMO  TRUTTA). 

Department  of  the  Marine,  Castleknock  (Ireland). 
Fisheries  Research  Centre. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05000 


ESTIMATION  OF  FISH  PRODUCTION  AND 
POTENTIAL  YIELD  IN  LAKE  MANZALA, 
EGYPT. 

Cairo  Univ.,  Giza  (Egypt).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-05001 
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Field  8— ENGINEERING  WORKS 


Group  81 — Fisheries  Engineering 

POTENTIAL  EFFECTS  OF  GLOBAL  WARM- 
ING ON  NATIVE  FISHES  OF  THE  SOUTHERN 
GREAT  PLAINS  AND  SOUTHWEST. 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05 166 


GLOBAL  CLIMATE  CHANGE:  POLICY  IM- 
PLICATIONS FOR  FISHERIES. 

NSI  Technology  Services  Corp.,  Corvallis,  OR. 
H.  Gucinski,  R.  T.  Lackey,  and  B.  C.  Spence. 
Fisheries  (Bethesda)  FISHDN,  Vol.  15,  No.  6,  p 
33-38,  November/December   1990.   1   tab,  42  ref. 

Descriptors:  'Resources  management,  'Research 
priorities,  Primary  productivity.  Social  aspects, 
'Climate  change,  'Policy  making,  'Fisheries, 
'Global  warming,  Species  composition,  Genetics, 
Fish  populations,  Spawning. 

Several  government  agencies  are  evaluating  policy 
options  for  addressing  global  climate  change. 
These  include  planning  for  anticipated  effects  and 
developing  mitigation  options  where  feasible  if  cli- 
mate does  change  as  predicted.  For  fisheries  re- 
sources, policy  questions  address  effects  on  inter- 
national, national,  and  regional  scales.  Climate 
change  variables  expected  to  affect  inland  and 
offshore  fisheries  include  temperature  rise,  changes 
in  the  hydrologic  cycle,  alterations  in  nutrient 
fluxes,  and  reduction  and  relocation  of  spawning 
and  nursery  habitat.  These  variables  will  affect 
resources  at  all  levels  of  biological  organization, 
including  the  genetic,  organism,  population,  and 
ecosystem  levels.  In  this  context,  changes  in  pri- 
mary productivity,  species  composition  in  the  food 
web,  migration,  invasions,  synchrony  in  biological 
cycles,  shifts  in  utilization  of  niches,  and  problems 
of  larvae  entrainment  in  estuaries  have  been  identi- 
fied. Maintaining  ecosystem  robustness  (i.e.  high 
biodiversity)  is  another  component  of  the  problem. 
Action  requires  establishing  priorities  for  informa- 
tion needs,  determining  appropriate  temporal  and 
spatial  scales  at  which  to  model  effects,  and  ac- 
counting for  interactive  changes  in  physical  and 
biological  cycles.  A  policy  response  can  be  derived 
when  these  results  are  integrated  with  social  needs 
and  human  population  constraints.  (Author's  ab- 
stract) 
W9 1-05 167 


DOES  HISTORY  HAVE  A  FUTURE.  FORE- 
CASTING CLIMATE  CHANGE  EFFECTS  ON 
FISHERIES  BY  ANALOGY. 

National  Center  for  Atmospheric  Research,  Boul- 
der, CO.  Environmental  and  Societal  Impacts 
Group. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-05 168 


OBSERVATIONAL  AND  MODEL  STUDIES  OF 
PHYSICAL  PROCESSES  AFFECTING 

BENTHIC  LARVAL  RECRUITMENT  IN  DELA- 
WARE BAY. 

Cook  Coll.,  New  Brunswick,  NJ.  Dept.  of  Marine 
and  Coastal  Sciences. 

T.  R.  Jacobsen,  J.  D.  Milutinovic,  and  J.  R.  Miller. 
Journal  of  Geophysical  Research  (C)  Oceans 
JGRCEY,  Vol.  95,  No.  11,  p  20,331-20,345,  No- 
vember 15,  1990.  15  fig,  34  ref,  append. 

Descriptors:  'Population  dynamics,  'Estuarine  en- 
vironment, 'Oysters,  Ecological  distribution, 
•Model  studies,  'Larvae,  'Delaware  Bay, 
•Benthic  fauna,  Advection,  Particle  dispersion, 
Vertical   migration,   Mathematical   models,   Wind. 

Physical  processes  are  important  in  determining 
benthic  recruitment  success  in  estuarine  ecosys- 
tems. Two  field  studies  have  been  conducted  with 
passive  surface  drifters  to  examine  the  large-scale 
advection  and  local  dispersion  in  the  region  of  the 
oyster  seed  beds  in  Delaware  Bay.  The  two  studies 
show  that  the  wind  is  critical  in  determining  the 
final  location  of  the  drifters  and  that  axial  fronts  in 
the  bay  may  play  an  important  role  in  reducing 
cross-bay  particle  dispersion  and  may  keep  parti- 
cles in  the  nearshore  oyster  beds.  Simulations  of 
particle  trajectories  from  a  three-dimensional  nu- 
merical model  of  Delaware  Bay  were  also  ana- 


lyzed to  determine  the  sensitivity  of  particle  trajec- 
tories to  varying  wind  conditions  and  different 
assumptions  about  larval  vertical  migration.  Un- 
derstanding the  three-dimensional  dispersion  and 
ultimate  recruitment  within  an  estuary  is  of  critical 
importance  to  understanding  the  population  dy- 
namics of  benthic  ecosystems.  (Author's  abstract) 
W9 1-05 169 


CONSERVATION  STATUS  OF  THREATENED 
FISHES  IN  WARNER  BASIN,  OREGON. 

Bureau  of  Land  Management,  Washington,  DC. 

Wildlife  and  Fisheries  Div. 

For  primary   bibliographic  entry  see  Field   6G. 

W9 1-05203 


ICHTHYOFAUNAL    EVALUATION    OF    THE 
PEACE  RIVER,  FLORIDA. 

Florida  Game  and  Fresh  Water  Fish  Commission, 
Lakeland,  FL. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-054 11 


FISHERY-DEPENDENT  BASED  STUDY  OF 
FISH  SPECIES  COMPOSITION  AND  ASSOCI- 
ATED CATCH  RATES  AROUND  OIL  AND  GAS 
STRUCTURES  OFF  LOUISIANA. 

Louisiana  State  Univ.,  Baton  Rouge.  Coastal  Ecol- 
ogy and  Fisheries  Inst. 
D.  R.  Stanley,  and  C.  A.  Wilson. 
Fishery  Bulletin  FSYBAY,  Vol.  88,  No.  4,  p  719- 
730,  1990.  4  fig,  7  tab,  25  ref. 

Descriptors:  'Fish  harvesting,  'Fish  populations, 
•Fisheries,  'Louisiana,  'Offshore  platforms,  'Oil 
wells,  'Species  composition,  Data  acquisition, 
Field  tests,  Gas  structures,  Oil  industry,  Population 
density,  Red  snapper,  Sea  trout. 

The  impact  of  oil  and  gas  development  on  fish 
populations  off  Louisiana  is  presumed  significant 
but  poorly  understood.  A  study  investigated  the 
applicability  of  a  logbook  program  in  developing  a 
long  term  database  of  species  composition  and 
relative  abundance  of  fish  associated  with  oil  and 
gas  structures.  A  pilot  logbook  program  involving 
120  private  vessel  owners  and  25  charterboat  oper- 
ators was  conducted  between  March,  1987  and 
December,  1988.  Participants  recorded  date,  fish- 
ing time,  fishing  method,  number  of  anglers,  and 
catch  composition  at  each  structure  fished.  Log- 
books from  a  total  of  55  private  vessel  owners  and 
10  charter  boat  operators  were  used  in  the  analysis. 
Data  collected  included  15,780  angler  hours  of 
fishing  effort  and  61,227  fish  caught  over  the  study 
period.  A  total  of  1719  trips  were  made  to  589 
different  oil  and  gas  structures  with  at  least  46 
different  species  of  fish  caught.  Red  snapper  and 
spotted  seatrout  were  the  most  commonly  caught 
species  and  had  the  highest  catch  rates.  Results 
differed  from  past  logbook  programs  and  creel 
surveys,  possibly  indicating  a  change  in  the  com- 
munity of  fish  associated  with  oil  and  gas  struc- 
tures. (Author's  abstract) 
W9 1-05460 


TEMPORAL  DISTRIBUTION  OF  ICHTHYO- 
PLANKTON  NEAR  BEAUFORT  INLET, 
NORTH  CAROLINA. 

National  Marine  Fisheries  Service,  Beaufort,  NC. 

Beaufort  Lab. 

For  primary  bibliographic  entry  see  Field  2L. 

W91-05593 


EFFECTS  OF  ESTUARINE  ENVIRONMENTAL 
CONDITIONS  ON  POPULATION  DYNAMICS 
OF  YOUNG-OF-THE-YEAR  GULF  MENHA- 
DEN. 

Louisiana   State   Univ.,    Baton   Rouge.    Dept.   of 

Marine  Science. 

For  primary  bibliographic  entry  see  Field  2L. 

W91-05595 


9.  MANPOWER,  GRANTS 
AND  FACILITIES 

9A.  Education  (Extramural) 


HOUSEHOLD  WATER  QUALITY  EDUCA- 
TION: THE  COOPERATIVE  EXTENSION 
SYSTEM  ROLE. 

Kansas  State  Univ.,  Manhattan.  Cooperative  Ex- 
tension Service. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05700 

9C.  Research  Facilities 


USEPA      POLLUTION      PREVENTION      RE- 
SEARCH PROGRAM. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Risk  Reduction  Engineering  Lab. 
For  primary  bibliographic  entry  see  Field   5G. 
W9 1-05669 


CENTER     FOR     AQUIFER     SCDINCE     AND 

TECHNOLOGY  (CAST). 

Rensselaer  Polytechnic  Inst.,  Troy,  NY.  Dept.  of 

Environmental  Engineering. 

D.  B.  Aulenbach. 

Northeastern   Environmental   Science  NOESDE, 

Vol.   8,   No.   2,  p   100-105,    1989.   2  fig,    16  ref. 

Descriptors:  'Groundwater  research,  •Interdisci- 
plinary studies,  'Research  facilities,  'Research  pri- 
orities, 'Scientific  personnel,  'Technical  societies, 
Aquifer  characteristics,  Environmental  engineer- 
ing, Laboratories,  Site  remediation,  Soil  contami- 
nation, Water  pollution. 

In  July  1987  the  program  in  Environmental  Engi- 
neering and  Environmental  Sciences  (EEES)  was 
established  at  Rensselaer  Polytechnic  Institute. 
This  program  brings  together  faculty  in  Environ- 
mental Engineering,  Chemistry,  Biology,  Geology, 
Civil  Engineering,  Chemical  Engineering,  Nuclear 
Engineering,  Systems  Engineering,  and  Operations 
Research  and  Statistics  to  address  fundamental  and 
applied  aspects  of  environmental  studies,  including 
biotransformation,  microbial  ecology,  and  interfa- 
cial  phenomena.  This  group  is  committed  to  con- 
sidering the  problems  of  hazardous  and  toxic 
wastes,  one  of  the  more  pressing  environmental 
problems  in  society  today.  In  an  effort  to  conduct 
research  on  the  interrelationships  of  materials  in 
the  ground,  the  Center  for  Aquifer  Science  and 
Technology  (CAST)  was  created,  dedicated  to 
developing  a  more  complete  understanding  of  the 
functioning  of  aquifers,  both  natural  and  stressed. 
The  information  gained  from  these  studies  will  be 
vital  to  the  exploration  of  methods  for  remediation 
of  contaminated  soils  and  groundwater.  To  facili- 
tate these  studies,  a  dedicated  laboratory,  the  Aqui- 
Sim  Laboratory,  is  being  created.  In  addition  to 
typical  small  soil  column  experiments,  this  labora- 
tory will  contain  large  full-scale  modules  (AquiSim 
Modules)  containing  both  natural  and  simulated 
soil  profiles  in  which  both  unsaturated  and  saturat- 
ed soil  conditions  can  be  simulated.  The  goals  of 
the  CAST  research  are  to  understand  the  interrela- 
tionships among  geomedia  and  microbial  and 
chemical  activities  in  the  vadose  and  saturated 
subsurface  soil  materials  of  the  ground.  Research 
products  include  baseline  knowledge  of  the  behav- 
ior of  natural  earth  systems,  and  better  technology 
for  dealing  with  contaminated  earth  and  ground- 
water. (Author's  abstract) 
W9 1-05795 
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10.  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 

IOC.  Secondary  Publication 
And  Distribution 


GEOGRAPHIC  INFORMATION  SYSTEM 
DOCUMENTATION  OF  WATERSHED  DATA 
FOR  DIRECT/DELAYED  RESPONSE 

PROJECT:  SOUTHERN  BLUE  RIDGE  PROV- 
INCE DATABASE. 

NSI  Technology  Services  Corp.,  Corvallis,  OR. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-05278 

10F.  Preparation  Of  Reviews 

DYNAMICS  AND  CONTROL  OF  SUBSTRATE 
INHIBITION  IN  ACTIVATED  SLUDGE. 

Waterloo  Univ.  (Ontario).  Dept.  of  Chemical  En- 
gineering. 


For   primary   bibliographic   entry   see   Field    5D. 
W9 1-04937 


COLIFORM      REGROWTH     IN     DRINKING 
WATER:  A  REVIEW. 

American  Water  Works  Service  Co.,  Inc.,  Belle- 
ville, IL.  Belleville  Lab. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05023 


CHRONIC  TOXICITIES  OF  SURFACTANTS 
AND  DETERGENT  BUILDERS  TO  ALGAE:  A 
REVIEW  AND  RISK  ASSESSMENT. 

Battelle,  Columbus,  OH.  Environmental  Biology 
and  Assessment. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-05 102 


PESTICIDE     RESIDUES     IN     FRESHWATER 
AND  MARINE  ZOOPLANKTON:  A  REVIEW. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 


W91-05113 

USE  OF  LYSIMETERS  TO  ESTIMATE  LEACH- 
ING OF  PESTICIDES  IN  AGRICULTURAL 
SOILS. 

Sveriges  Lantbruksuniversitet,  Uppsala.  Div.  of 
Water  Management. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-05389 


MEMBRANE  SEPARATION  PROCESSES  FOR 
TREATMENT  OF  HAZARDOUS  WASTE. 

Cartwright  Consulting  Co.,  Minneapolis,  MN. 
For   primary  bibliographic   entry  see   Field   5D. 
W9 1-05689 


PERFORMANCE  AND  APPLICATIONS  OF 
GRANULAR  ACTIVATED  CARBON  POINT- 
OF-USE  SYSTEMS. 

Amway  Corp.,  Ada,  MI.  Research  and  Develop- 
ment Div. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05706 
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SUBJECT  INDEX 


ACCRETION 
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Chemical  Reclamation  of  Saline-Sodic  Soils  of 

the  Lower  Don  Floodplain  by  Some  Industrial 

Wastes. 

W91-05576  2G 

Chemical  Fixation  of  Heavy  Metal-Contaminat- 
ed Soils. 
W9 1-05691  5G 

Development  and  Use  of  Site-Specific  Chemical 
and  Biological  Criteria  for  Assessing  New  Bed- 
ford Harbor  Pilot  Dredging  Project. 
W9 1-05907  5G 

Myers  Dump  Case  History:  Innovative  Utiliza- 
tion of  Air  Stripper-Activated  Carbon  Technol- 
ogies. 
W9 1-059 13  5G 

Use  of  Carbon  Adsorption  Processes  in  Ground- 
water Treatment. 
W91-05914  5G 

Alaska's   Response   to   the   Exxon   Valdez   Oil 

Spill. 

W9 1-05946  5G 

Exxon  Valdez  Oil  Spill:  Initial  Environmental 

Impact  Assessment. 

W9 1-05947  5C 

Biodegradation  of  Aromatic  Hydrocarbons  by 

Aquifer    Microorganisms    Under    Denitrifying 

Conditions. 

W9 1-05949  5G 

Study  of  Adsorption-Desorption  of  Contami- 
nants on  Single  Soil  Particles  Using  the  Electro- 
dynamic  Thermogravimetric  Analyzer. 
W91-05953  5G 

Solubilization  of  Polycyclic  Aromatic  Hydro- 
carbons in  Micellar  Nonionic  Surfactant  Solu- 
tions. 
W91-05954  5G 


CLIMATE  CHANGE 

Global  Climate  Change:  Policy  Implications  for 

Fisheries. 

W91-05167  8I 

CLIMATE  CHANGES 

Holocene  Vegetation  of  the  Hornaday  Moun- 
tains of  Northwestern  Sonora,  Mexico. 
W91-05597  2B 

CLIMATIC  CHANGE 

Influence  of  the  Seasons  and  Climatic  Variations 
on  the  Fish  Populations  of  a  Tropical  Lagoon  in 
West  Africa,  (Influence  des  saisons  et  des  vari- 
ations climatiques  sur  les  peuplements  de  pois- 
sons  d'une  lagune  tropicale  en  Afrique  de 
l'Ouest). 
W91-05160  2L 

Anticipated    Effects    of    Climate    Change    on 
Freshwater  Fishes  and  Their  Habitat. 
W91-05164  2B 

Anticipated  Effects  of  Climate  Change  on  Estua- 

rine  and  Coastal  Fisheries. 

W91-05165  2B 

Potential  Effects  of  Global  Warming  on  Native 
Fishes  of  the  Southern  Great  Plains  and  South- 
west. 
W91-05166  2B 

Does  History  Have  a  Future.  Forecasting  Cli- 
mate Change  Effects  on  Fisheries  by  Analogy. 
W91-05168  2B 

Deterministic    Signals    in    USA    Precipitation 

Records:  Part  I. 

W9 1-05374  2B 

Effect  of  Climate  Variability   and  Change   in 

Groundwater  in  Europe. 

W91-05382  2B 

CLIMATIC  CHANGES 

Improving  Estimates  of  Low-flow  Characteris- 
tics for  Streamflow  Stations  Affected  by  Climat- 
ic Cycles. 
W91-05140  2E 


Climatic   Sensitivity   of  California   Water   Re- 
sources. 
W9 1-05793  6B 

Climate   Change,   Hydrology,   and   Water  Re- 
sources. 
W9 1-05799  2  A 

Beryllium-7  and  Lead-210  in  the  Atmosphere 
and  Surface  Snow  over  the  Greenland  Ice  Sheet 
in  the  Summer  of  1989. 
W91-05864  2K 

CLIMATIC  DATA 

Global  World  Propagation  of  Dryness  and  Wet- 
ness Waves  (Propagation  des  Ondes  de  Secher- 
esse  et  D'Humidite  a  Travers  le  Monde). 
W91-04938  2B 

Space-Time  Variability  of  Rainfall  in  April  and 
October-November  over  East  Africa  during  the 
Period  1932-1983. 
W91-05370  2B 

Ice-Cover  Climatology  for  Lake  Erie  and  Lake 

Superior  for  the  Winter  Seasons  1897-1898  to 

1982-1983. 

W9 1-05371  2C 

Development  of  an  Automated  Spatial  Synoptic 

Climatological  Classification. 

W91-05373  2B 

Deterministic    Signals    in    USA    Precipitation 

Records:  Part  I. 

W91-05374  2B 
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Climatologically  Tuned  Reflectivity-Rain  Rela- 
tions and  Links  to  Area-Time  Integrals. 
W91-05858  2B 

Critique    of   the    Climatic    Record    of  'Water 

Equivalent   of  Snow   on   the   Ground'  in   the 
United  States. 

W91-05859  2C 

Diagnostics  and  Prediction  of  Anomalous  River 

Discharge  in  Northern  South  America. 

W9 1-05861  2E 

CLIMATOLOGY 

Global  World  Propagation  of  Dryness  and  Wet- 
ness Waves  (Propagation  des  Ondes  de  Secher- 
esse  et  D'Humidite  a  Travers  le  Monde). 
W9 1-04938  2B 

Improving  Estimates  of  Low-flow  Characteris- 
tics for  Streamflow  Stations  Affected  by  Climat- 
ic Cycles. 
W91-05140  2E 

Historical   Evidence   for  Southern   Oscillation- 
Southern  African  Rainfall  Relationships. 
W9 1-05369  2B 

Space-Time  Variability  of  Rainfall  in  April  and 
October-November  over  East  Africa  during  the 
Period  1932-1983. 
W9 1-05370  2B 

Ice-Cover  Climatology  for  Lake  Erie  and  Lake 

Superior  for  the  Winter  Seasons  1897-1898  to 

1982-1983. 

W9 1-05371  2C 

Occurrence  and  Characteristics  of  Lower  Tro- 
pospheric  Ice  Crystals  in  the  Arctic. 
W91-05372  2C 

Development  of  an  Automated  Spatial  Synoptic 

Climatological  Classification. 

W91-05373  2B 

Deterministic    Signals    in    USA    Precipitation 

Records:  Part  I. 

W91-05374  2B 

USA  Corn  Yields,  The  El  Nino  and  Agricultural 

Drought:  1867-1988. 

W91-05375  2B 

Annual  and  Seasonal  Patterns  of  Rainfall  Fluctu- 
ations in  Sub-Saharan  West  Africa. 
W9 1-05376  2B 

Onset  of  Thunderstorms  and  Precipitation  over 

Northern  Nigeria. 

W91-05377  2B 

Effect   of  Climate   Variability   and   Change   in 

Groundwater  in  Europe. 

W9 1-05382  2B 

Increase  of  Early  Rains  in  Southern  Israel  Fol- 
lowing Land-Use  Change. 
W9 1-05409  2B 

Mechanisms  of  Interannual   Variability  of  the 
Southwest  United  States  Summer  Rainfall  Maxi- 
mum. 
W91-05412  2B 

Annual  and  Seasonal  Fluctuations  of  Precipita- 
tion and  Streamflow  in  the  Aconcagua  River 
Basin,  Chile. 
W9 1-05432  2B 

Holocene  Vegetation  of  the  Hornaday  Moun- 
tains of  Northwestern  Sonora,  Mexico. 
W9 1-05597  2B 

Role  of  Temperature  for  Drought  Study. 

W9 1-05627  2E 


Shape  of  Freshwater  Lens  in  Small  Carbonate 
Islands:    Great    Exuma   Vs.    Bermuda   and    the 
Effect  of  Climate. 
W9 1-05643  2F 

Hudson   Basin   Precipitation   Regimes:   Croton, 

Esopus,  and  Schoharie  Watersheds. 

W9 1-05796  2B 

Climate   Change,   Hydrology,   and   Water   Re- 
sources. 
W9 1-05799  2A 

Light  Stable  Isotope  Systematics  of  Large-Scale 
Hydrologic  Regimes  in  California  and  Nevada 
W91-05838  2A 

Decametric     Variability    of    Soudano-Sahelian 
Rainfall  Fields  (Variabilite  Spatiale  des  Precipi- 
tations Soudano-Saheliennes  a  l'Echelle  Deca- 
metrique). 
W9 1-05850  2B 

Climatologically  Tuned  Reflectivity-Rain  Rela- 
tions and  Links  to  Area-Time  Integrals. 
W9 1-05858  2B 

Precipitation  Type  Transition  Regions  in  Winter 

Storms  over  Southern  Ontario. 

W9 1-05863  2B 

Greenhouse  Effect  and  Coastal  Wetland  Policy: 
How  Americans  Could  Abandon  an  Area  the 
Size  of  Massachusetts  at  Minimum  Cost. 
W9 1-05905  2B 

CLOSTRIDIUM 

Anaerobic  Bacteria  Degrading  Low  Molecular 
Chlorinated    Fatty    Acids    and    Related    Com- 
pounds. 
W9 1-05727  5D 

CLOUD  COVER 

Snow/Cloud  Discrimination  with  Multispectral 

Satellite  Measurements. 

W9 1-05853  2B 

Retrieval  of  Water  Vapor  Profiles  from  Micro- 
wave Radiometric  Measurements  near  90  and 
183  GHz. 
W9 1-05854  2B 


CLOUD  LIQUID  WATER 

Updating  the  Smith-Feddes  Model. 

W9 1-05277  2B 

CLOUD  PHYSICS 

Updating  the  Smith-Feddes  Model. 

W9 1-05277  2B 


Occurrence  and  Characteristics  of  Lower  Tro- 

pospheric  Ice  Crystals  in  the  Arctic. 

W9 1-05372  2C 

CLOUD  SEEDING 

Second  Israeli  Rainfall  Stimulation  Experiment: 
Analysis  of  Precipitation  on  Both  Targets. 
W91-05856  3B 

CLOVERS 

Correlation  of  Growth  of  the  Root  and  Shoot 
Systems  of  White  Clover  after  a  Period  of  Water 
Shortage  and/or  Defoliation. 
W9 1-05498  21 

COAGULATION 

Contaminants  in  Polyelectrolytes  Used  in  Water 

Treatment. 

W91-05024  5F 

Magnesium  Induced  Algal  Flocculation  in  a  Flu- 

idized  Bed. 

W9 1-05779  5D 

COAL  ASH 

Mobilization  of  Colloids  in  Groundwater  Due  to 
Infiltration  of  Water  at  a  Coal  Ash  Disposal  Site. 
W91-05413  5C 


COAL  TARS 

Supercritical  Fluid  Extraction  of  Coal  Tar  Con- 
taminated Soil. 
W9 1-04953  so 

COASTAL  AQUIFERS 

Significance  of  Chemical  Boundaries  to  Ground- 
Water  Management  of  Coastal  Aquifers. 
W91-05615  4B 

Ground    Water    Seepage   in    the    Indian    River 

Lagoon,  Florida. 

W9 1-05648  2F 

COASTAL  AREAS 

Assessment  of  Future  Coast  Land  Loss  Along 
the  Upper  Texas  Gulf  Coast  to  the  Year  2050 
W9 1-05936  2J 

COASTAL  ENGINEERING 

Wave  Forces  on  a  Wall. 
W91-05785 


COASTAL  ENVIRONMENT 

Saline  Maritime  Soils  of  Estonia. 
W9 1-05229 


8B 


2G 


COASTAL  MARSHES 

Studies  of  a  Subarctic  Coastal  Marsh.  III.  Mod- 
elling the  Subsurface  Water  Fluxes  and  Chloride 
Distribution. 
W9 1-05427  2H 

COASTAL  STREAMS 

Geochemistry  of  Black  Water  in  Selected  Coast- 
al Streams  of  the  Southeastern  United  States. 
W9 1-05562  2H 

COASTAL  WATERS 

Ecology  of  Neritina  glabrata  in  Lagos  Lagoon, 

Nigeria. 

W9 1-05002  2H 

Anticipated  Effects  of  Climate  Change  on  Estua- 

rine  and  Coastal  Fisheries. 

W9 1-05 165  2B 

Water  Interchange  between  the  Ria  of  Vigo  and 

the  Coastal  Shelf. 

W91-05174  2L 

Guidelines  for  Vegetative  Erosion  Control  on 
Wave-Impacted  Coastal  Dredged  Material  Sites. 
W91-05275  4D 

239,  240-Pu  and  137-Cs  Concentrations  in  Some 
Marine  Organisms,  Mostly  from  the  Ibaraki  and 
Aomori  Coasts,  Japan,  1987-1989. 
W91-05573  5B 

COASTAL  WETLANDS 

Greenhouse  Effect  and  Coastal  Wetland  Policy: 
How  Americans  Could  Abandon  an  Area  the 
Size  of  Massachusetts  at  Minimum  Cost. 
W9 1-05905  2B 

COASTAL  ZONE  MANAGEMENT 

Environmental  Assessment  of  Human  Interfer- 
ence on  the  Natural  Processes  Affecting  the 
Barrier  Beaches  of  Long  Island,  New  York. 
W9 1-05797  4C 

Assessment  of  Future  Coast  Land  Loss  Along 
the  Upper  Texas  Gulf  Coast  to  the  Year  2050. 
W9 1-05936  2J 

COASTS 

Effects  of  TBT  Contamination  on  Nucella  Popu- 


lations. 
W9 1-05045 


5C 


Estimation  of  Polychlorinated  Dibenzofuran  and 
Dibenzo-p-dioxin   Contamination   of  a  Coastal 
Region  Using  Isomer  Profiles  in  Crabs. 
W9 1-05074  5B 
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Marine  Pollution  from  Landuse  in  the  Pacific 

Islands  Region. 

W91-05343  5B 

COBALT  RADIOISOTOPES 

Influence  of  Labelled  Food  Type  on  the  Accu- 
mulation and  Retention  of  60-Co  by  a  Freshwa- 
ter Fish,  Cyprinus  carpio  L. 
W91-04979  5B 

COHESIVE  SOILS 

Erosion  Tests  on  Four  Intact  Ontario  Clays. 
W91-05366  2J 

COKE  PLANT  WASTEWATER 

Biological  Treatment  of  Coke-Plant  Wastewater 

for  COD  and  NH3-N  Removal. 

W91-05516  5D 

COLD  REGIONS 

Nature   of  Dissolved   Organic   Matter   in   the 
Drainage  Basin  of  a  Boreal  Humic  River  in 
Northern  Finland. 
W9 1-05394  2H 

Modeling  Solute  Transport  in  Ground  Water  at 

or  near  Freezing. 

W91-05816  5B 

COLIFORMS 

Coliform    Regrowth    in    Drinking    Water:    A 

Review. 

W9 1-05023  5F 

Assessment  of  the  Bacteriological  Activity  Asso- 
ciated with  Granular  Activated  Carbon  Treat- 
ment of  Drinking  Water. 
W9 1-05097  5F 

COLLAPSE 

Settlement  and  Moisture  Movement  in  Collapsi- 
ble Soils. 
W9 1-05 127  8D 

COLLOIDS 

Mobilization  of  Colloids  in  Groundwater  Due  to 
Infiltration  of  Water  at  a  Coal  Ash  Disposal  Site. 
W91-05413  5C 

Cross-Flow  Filtration  of  Colloids  from  Aquatic 

Environments. 

W91-05585  5A 

COLOMBIA 

Colombian    Experience    with    Concrete    Face 

Rockfill  Dams. 

W91-05119  8A 

Regional  Equations  to  Determine  Peak  Stream 
Discharges  in  the  Santander  Region,  Colombia. 
W91-05636  2E 

History  of  a  Chlorpyrifos  Spill:  Cartagena,  Co- 
lombia. 
W91-05901  5B 

COLONIZATION 

Formation,  Colonization  and  Fate  of  Floating 
Sudds  in  the  Maunachira  River  System  of  the 
Okavango  Delta,  Botswana. 
W91-05485  2H 

COLORADO 

Compatibility   of  Stream   Habitat   Reclamation 
with  Point  Source  and  Nonpoint  Source  Con- 
trols. 
W91-05802  5G 

COLORIMETRY 

Use  of  Color  Splitting  and  a  Computer  Tech- 
nique to  Separate  Soil  Moisture  Groups. 
W9 1-05605  2G 

Detection    of   Polyethylene    glycol)    Residues 
from  Nonionic  Surfactants  in  Surface  Water  by 
1H  and  13C  Nuclear  Magnetic  Resonance  Spec- 
trometry. 
W91-05956  5A 


COMMUNICATION 

Risk  Communication  in  Los  Angeles:  A  Case 

Study. 

W9 1-050 19  5F 

Developing  a  Risk  Communication  Strategy. 
W9 1-05020  5F 

Risk  Feedback:  An  Important  Step  in  Risk  Com- 
munication. 
W9 1-05021  5F 

COMPACTION 

Rapid  Water  Content  by  Computer-Controlled 

Microwave  Drying. 

W9 1-05871  8G 

COMPARISON  STUDIES 

Reeuwijk  Lakes:  A  Five  Years  Water  Quality 

Study  in  an  Eutrophic  Ecosystem. 

W9 1-04962  5C 

COMPETITION 

Model  on  the  Competition  Between  Two  Ma- 
crophyte  Species  in  Acidifying  Shallow  Soft- 
Water  Lakes  in  the  Netherlands. 
W9 1-04964  5C 

Competition    for    Space    Between    Eichhornia 
crassipes  (Mart.)  Solms  and  Pistia  stratiotes  L. 
Cultured  in  Nutrient  Enriched  Water. 
W91-04986  2H 

Effect   of  Competition  on   the   Adsorption   of 
Some  Ions  (Copper,  Zinc,  Zirconium,  Selenium, 
and  Strontium)  on  River-Mud. 
W9 1-05464  5B 

COMPONENT  INTERACTION  MATRIX 

Extending   the   Capability    of  the   Component 
Interaction  Matrix  as  a  Technique  for  Address- 
ing Secondary  Impacts  in  Environmental  Assess- 
ment. 
W9 1-04965  6G 

COMPOST 

Sewage     Sludge     Utilization     Technology     in 

Tokyo. 

W9 1-05  501  5E 

COMPOSTING 

Nitrogen  Mineralization  and  Elemental  Avail- 
ability  in   Soils   Amended   with   Cocomposted 
Sewage  Sludge. 
W91-05397  5E 

Sewage  Sludge  Composting  Process  by  Static 

Pile  Method. 

W91-05526  5E 

Pilot  Plant  Test  of  Electron-Beam  Disinfected 

Sludge  Composting. 

W9 1-05527  5D 

COMPREHENSIVE  ANALYSIS  OF 
MIGRATION  PATHWAYS 

Comprehensive  Analysis  of  Migration  Pathways 
(CAMP):  Contaminant  Migration  Pathways  at 
Confined  Dredged  Material  Disposal  Facilities. 
W91-05269  5B 

COMPREHENSIVE  PLANNING 

Legal  Concepts  in  Water  Management:  Shaping 

the  Law  to  Serve  the  Public  Interest. 

W9 1-05 138  6E 

COMPRESSIBILITY 

Permeability  Anisotropy  of  Natural  Clays  as  a 

Function  of  Strain. 

W91-05359  8D 

COMPUTED  TOMOGRAPHY 

Evaluation  of  Constructed  and  Natural  Soil  Ma- 
cropores  Using  X-Ray  Computed  Tomography. 
W91-05874  8D 


COMPUTER-AIDED  DESIGN 

Heuristic  Design  of  Sewer  Networks. 
W91-05328 


5D 


Velocity  and  Depth  of  Flow  Calculations  in 

Partially  Filled  Pipes. 

W91-05329  8B 

COMPUTER  MODELS 

Modeling  of  Water  Quality  in  Lake  Tuusulan- 

jarvi. 

W9 1-05063  5G 

Applications  of  Forward  Modeling  Resistivity 

Profiles. 

W91-05814  2F 

Model  for  Investment  Appraisal  of  Grassland 

Drainage  Schemes  on  Farms  in  the  U.K. 

W9 1-05923  4A 

Transient    Hydraulic   Modeling    for   Improved 

Canal  System  Operation. 

W9 1-05929  3F 

COMPUTER  PROGRAMS 

Computer   Methods   for   Evaluating   Wellhead 

Protection  Areas. 

W91-05153  5G 

Use  of  Color  Splitting  and  a  Computer  Tech- 
nique to  Separate  Soil  Moisture  Groups. 
W9 1-05605  2G 

Development  of  an  Aquifer  Management  Model: 

AQMAN3D. 

W91-05616  4B 

Approximative  Techniques  in  the  Operational 
Optimization  of  the  Mahaweli  Reservoir  System 
in  Sri  Lanka. 
W9 1-05628  *A 

Application  of  the  Boundary  Element  Method 

to  Some  Problems  in  Water  Resources. 

W9 1-05645  2F 

Computer  Program  for  Geophysical  Log  Data 
Management  and  Plotting  (GEOMAN). 
W91-05651  7B 

Interactive      Computer      Program      MODU- 

MANAG,  A  Data  Management  Tool  for  the 

Modular  Finite-Difference  Ground- Water  Flow 

Model. 

W9 1-05652  2F 

COMPUTERS 

Utility  Financial  Planning  and  Rate  Design  by 

Computer. 

W9 1-05026  5D 

Geographic  Information  System  Documentation 
of  Watershed    Data   for    Direct/Delayed    Re- 
sponse Project:  Southern  Blue  Ridge  Province 
Database. 
W9 1-05278  7C 

Configuration  of  Computer  Based  Control  Sys- 
tems for  Wastewater  Treatment  Plants. 
W91-05288  5D 

CONCRETE  CONSTRUCTION 

Low-Clinker  Cement  for  Hydraulic  Structures. 
W9 1-05079  8F 

Selection  of  the  Composition  of  Roller-Com- 
pacted Concretes. 
W9 1-05080  8F 

Use  of  Precast  Reinforced-Concrete  Beams  in 
the  Floors  of  the  Draft  Tubes  of  the  Cheboksary 
Hydroelectric  Station. 
W9 1-05081  8F 

CONCRETES 

Low-Clinker  Cement  for  Hydraulic  Structures. 
W9 1-05079  8F 

Selection  of  the  Composition  of  Roller-Com- 
pacted Concretes. 
W9 1-05080  8F 
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Concrete-Faced  Rockflll  Dam. 
W91-05116 


8A 


Design  and  Construction  of  the  Segredo  Con- 
crete-Faced Rockflll  Dam. 
W91-05117  8A 

Advances  in  Face  Slab  Construction  Techniques 

for  CFRDs. 

W91-05118  8F 

Colombian    Experience    with    Concrete    Face 

Rockflll  Dams. 

W91-05119  8A 

Preliminary  Investigation  of  Cementitious  Mate- 
rials for  Olmsted  Lock  and  Dam. 
W9 1-05270  8F 

In  Situ  Repair  of  Deteriorated  Concrete  in  Hy- 
draulic Structures:  Epoxy  Injection  Repair  of  a 
Bridge  Pier. 
W9 1-05274  8G 

CONDUCTIVITY 

Conductivity  as  a  Means  of  Control  on  the  De- 
mineralisation  Plant  at  Matimba  Power  Station. 
W9 1-05299  5F 

CONFERENCES 

Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  1990. 
W91-05137  2E 

What  Can  You  Learn  about  Water  Resources  in 

Moscow,  U.S.S.R. 

W91-05151  6E 

Tropical  Hydrology  and  Caribbean  Water  Re- 
sources. 
W91-05611  2A 

CONFINED  AQUIFERS 

Development  of  an  Aquifer  Management  Model: 

AQMAN3D. 

W91-05616  4B 

Laboratory  Simulation  of  the  Effects  of  Over- 
burden Stress  on  the  Specific  Storage  of  Shallow 
Artesian  Aquifers. 
W9 1-05646  2F 

Aspects  of  the  Hydrogeology  of  the  Northwest 

Region,  Yucatan  Peninsula,  Mexico. 

W9 1-05647  2F 

CONIFEROUS  FORESTS 

Nitrogen  Losses  from  the  Soil  with  Infiltrating 

Water  in  a  Fertilized  Pine  Stand. 

W91-05223  5B 

CONSERVATION 

Effects  of  Pricing  Policies  on  Water  Conserva- 
tion and  Drainage. 
W9 1-05484  6C 

CONSOLIDATION 

Hydraulic    Response   of  Highly   Compressible 

Aquitards  During  Consolidation. 

W91-05833  2F 

CONSTRUCTION  COSTS 

Optimization  of  the  Designs  of  Earth  Dams. 
W9 1-05083  8A 

CONSTRUCTION  MATERIALS 

Preliminary  Investigation  of  Cementitious  Mate- 
rials for  Olmsted  Lock  and  Dam. 
W9 1-05270  8F 

CONSTRUCTION  METHODS 

Foundation    Construction    within    Wastewater- 

Treatment  Plant. 

W91-05317  8D 
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the  Photosynthetic  Capacity  of  Kenaf  (Hibiscus 
cannabinus  L.)  under  Field  Conditions. 
W9 1-05497  21 

Variations  in  Chemical  Composition  of  the  Soil 
Solution  over  a  Four- Year  Period  at  an  Upland 
Site  in  Southwest  Scotland. 
W91-05564  2G 

Rapid  Water  Content  by  Computer-Controlled 

Microwave  Drying. 

W91-05871  8G 

FILTER  MEDIA 

Sludge    Made    Manageable    with    Wedgewater 

Filter  Beds. 

W9 1-05030  5D 

FILTRATION 

Advanced  Wastewater  Treatment  by  Means  of 
Dry  Bed  Filters;  Semi-Technical  Test  Results; 


Experiences  on   a  Large-Technical   Scale   and 

Results. 

W91-05506  5D 

Application  of  Coarse-Media  Slow  Sand  Filtra- 
tion in  Aquaculture. 
W91-05509  5F 

Cross-Flow  Filtration  of  Colloids  from  Aquatic 

Environments. 

W9 1-05585  5  A 

Arsenic  Waste  Reduction  in  the  Electronics  In- 
dustry. 
W9 1-05690  5D 

Effect  of  Operational  Factors  on  Solid/Liquid 
Separation  by  Ultra-Membrane  Filtration  in  a 
Biological  Denitrification  System  for  Collected 
Human  Excreta  Treatment  Plants. 
W9 1-05767  5D 

Disinfection     and     Clarification     of     Treated 

Sewage  by  Advanced  Microfiltration. 

W9 1-05770  5D 

Effluent  Pollution  Control  of  Osaka  North  Port 
Dredged  Soil  Disposal  Site  (North  Section-Site 
II  and  III). 
W91-05771  5D 

Removal   of  Trihalomethane   Precursors   from 

River  and  Lake  Water  by  Activated  Carbon 

Adsorption. 

W91-05778  5F 

Clarification  and  Filtration  to  Meet  Low  Tur- 
bidity Reclaimed  Water  Standards. 
W91-05808  5D 

Piping  and  Erosion  Tests  at  Conner  Run  Dam. 
W91-05870  8D 

Bacterial  Colonization  of  Domestic  Reverse-Os- 
mosis Water  Filtration  Units. 
W91-05939  5F 

FINANCIAL  ASPECTS 

Application    of  Quantitative    Risk    Assessment 
Evaluation  of  Underground  Storage  Tanks  to 
Insurance,  Banking,  and  Real  Estate  Transac- 
tions. 
W9 1-05261  6A 
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ABCs  of  SRFs. 
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FINITE  DIFFERENCE  METHODS 

Interactive      Computer      Program      MODU- 

MANAG,  A  Data  Management  Tool  for  the 

Modular  Finite-Difference  Ground-Water  Flow 

Model. 

W9 1-05652  2F 

FINLAND 

Rural  Water  Supply  Development  in  Finland: 
Possible  Implications  for  the  Developing  Coun- 
tries. 
W9 1-05060  5F 

Comprehensive    Survey    of   the    Hypertrophic 
Lake  Tuusulanjarvi:  Nutrient  Loading,  Water 
Quality  and  Prospects  of  Restoration. 
W9 1-05061  5G 

Paleolimnological  Investigation  of  the  Eutroph- 

ication  History  of  Lake  Tuusulanjarvi,  Southern 

Finland. 

W9 1-05062  5C 

Modeling  of  Water  Quality  in  Lake  Tuusulan- 
jarvi. 
W9 1-05063  5G 
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Occurrence  of  Vegetated  Buffer  Zones  Along 
Brooks  in  the  Catchment  Area  of  Lake  Tuusu- 
lanjarvi,  South  Finland. 
W9 1-05064  5G 

Vegetated    Buffer   Zone   Examinations   on   the 

Vantaa  River  Basin. 

W9 1-05065  4D 

Seasonal  Fluctuations  in  the  Chemistry  of  Small 
Forest  Lakes  in  Southern  Finland  with  Special 
Reference  to  Acidity. 
W9 1-05066  2H 

Preliminary    Observations    on    the    Effects    of 
Liming  to  the  Fish  Populations  of  Small  Acidic 
Lakes  in  Southern  Finland. 
W9 1-05068  5G 

Nature   of  Dissolved  Organic    Matter   in   the 

Drainage  Basin  of  a  Boreal  Humic  River  in 
Northern  Finland. 

W9 1-05394  2H 

Excretion  of  Organic  Carbon  by  Phytoplankton: 
Its  Relation  to  Algal  Biomass,  Primary  Produc- 
tivity and  Bacterial  Secondary  Productivity  in 
the  Baltic  Sea. 
W9 1-05590  2H 

FISH 

Elemental   Concentrations   in   Fishes   from   the 
Salton  Sea,  Southeastern  California. 
W91-04968  5B 

Influence  of  Labelled  Food  Type  on  the  Accu- 
mulation and  Retention  of  60-Co  by  a  Freshwa- 
ter Fish,  Cyprinus  carpio  L. 
W9 1-04979  5B 

Interactions  between  the  Surface  of  Rainbow 
Trout,  Oncorhynchus  mykiss,  and  Waterborne 
Metal  Toxicants. 
W9 1-05040  5B 

Influence  of  Cytochrome  P450  Mixed-Function 
Oxidase   Induction  on   the  Acute  Toxicity  to 
Rainbow  Trout  (Salmo  gairdneri)  of  Primary 
Aromatic  Amines. 
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Electrophiles  and  Acute  Toxicity  to  Fish. 
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Electrophiles  and  Acute  Toxicity  to  Fish. 

W9 1-05891  5C 

FISH  CONSERVATION 

Conservation   Status  of  Threatened   Fishes   in 

Warner  Basin,  Oregon. 

W9 1-05203  6G 

Microbiology   and   Water   Chemistry   of  Two 
Natural  Springs  Impacted  by  Grazing  in  South 
Central  Nevada. 
W9 1-05204  5C 

FISH  FOOD 

Influence  of  Labelled  Food  Type  on  the  Accu- 
mulation and  Retention  of  60-Co  by  a  Freshwa- 
ter Fish,  Cyprinus  carpio  L. 
W9 1-04979  5B 

FISH  HARVESTING 

Fishery-Dependent  Based  Study  of  Fish  Species 
Composition  and  Associated  Catch  Rates 
Around  Oil  and  Gas  Structures  off  Louisiana. 
W9 1-05460  81 

FISH  LARVAE 

Temporal  Distribution  of  Ichthyoplankton  near 

Beaufort  Inlet,  North  Carolina. 

W9 1-05593  2L 

Effects  of  Estuarine  Environmental  Conditions 
on  Population  Dynamics  of  Young-of-the-Year 
Gulf  Menhaden. 
W9 1-05595  2L 


FISH  MANAGEMENT 

Does  History  Have  a  Future.  Forecasting  Cli- 
mate Change  Effects  on  Fisheries  by  Analogy. 
W91-05168  2B 

MM  I  MIGRATION 
Spring  Growing  Period  as  a  Regulator  of  the 
Size  of  the  Smolt  Run  in  Trout  (Salmo  trutta). 
W9 1-05000  2H 

FISH  POPULATIONS 

Estimation   of  Fish   Production   and   Potential 

Yield  in  Lake  Manzala,  Egypt. 

W9 1-05001  2H 

Influence  of  the  Seasons  and  Climatic  Variations 
on  the  Fish  Populations  of  a  Tropical  Lagoon  in 
West  Africa,  (Influence  des  saisons  et  des  vari- 
ations climatiques  sur  les  peuplements  de  pois- 
sons  d'une  lagune  tropicale  en  Afrique  de 
l'Ouest). 
W91-05160  2L 

Potential  Effects  of  Global  Warming  on  Native 
Fishes  of  the  Southern  Great  Plains  and  South- 
west. 
W91-05166  2B 

Ichthyofaunal  Evaluation  of  the  Peace  River, 

Florida. 
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Fishery-Dependent  Based  Study  of  Fish  Species 
Composition  and  Associated  Catch  Rates 
Around  Oil  and  Gas  Structures  off  Louisiana. 
W9 1-05460  81 

Bioaccumulation  of  Mutagens  and  Promutagens 

in  Fish  Taken   from   Four  Sites  in  Northeast 

Tennessee. 

W9 1-05462  5  A 

Environmental  Research  on  Trace  Elements  in 
Freshwater  Fish  by  Neutron  Activation  Analy- 


W91-05897 


5B 


FISHERIES 

Global  Climate  Change:  Policy  Implications  for 

Fisheries. 
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Does  History  Have  a  Future.  Forecasting  Cli- 
mate Change  Effects  on  Fisheries  by  Analogy. 
W91-05168  2B 

Fishery-Dependent  Based  Study  of  Fish  Species 
Composition  and  Associated  Catch  Rates 
Around  Oil  and  Gas  Structures  off  Louisiana. 
W9 1-05460  81 

FISSURE  WATER 

Origin  and  Morphology  of  Limestone  Caves. 
W9 1-05851  2F 

FLASH  FLOODS 

Post-Spate    Development    of    Epilithic    Algal 
Communities    in    Different    Current    Environ- 
ments. 
W91-05190  2H 

FLOCCULATION 

Effects  of  Temperature  on  Turbulent  Floccula- 

tion:  Fluid  Dynamics  and  Chemistry. 

W9 1-05022  5F 

Magnesium  Induced  Algal  Flocculation  in  a  Flu- 

idized  Bed. 

W9 1-05779  5D 

Characteristics  of  Metal- Polysilicate  Coagulants. 
W9 1-05781  5F 

FLOOD  CONTROL 

Real  Time  Operation  of  a  Multipurpose  Reser- 
voir During  Typhoon  Occurrence. 
W9 1-05629  4A 


FLOOD  DAMAGE 

Effects  of  Record  High  Mean  Monthly  Stream- 
flows  in  Selected  Streams  North  Mississippi  in 
1989. 
W91-05142  2E 

Floods  Threatening  Kashmir  Wetlands. 
W91-05385  2E 

FLOOD  FLOW 

Runoff  Prediction   Uncertainty   for   Ungauged 

Agricultural  Watersheds. 

W91-05130  2E 

FLOOD  FORECASTING 

Expectation  of  Maximum  Daily  Rainfall  for  the 
Central  Climatic  Region  in  Mississippi. 
W91-05150  2B 

Flow  Monitoring  System  for  the  Vaal  and  Wilge 

Rivers. 

W9 1-05282  7B 

Simulation  of  Flood  Waves  from  Outburst  of 

Glacier-Dammed  Lake. 

W9 1-05421  2E 

Estimation  of  the  GEV  Distribution  from  Cen- 
sored Samples  by  Method  of  Partial  Probability 
Weighted  Moments. 
W9 1-05433  2E 

Unbiased  Estimation  of  Probability  Weighted 
Moments  and  Partial  Probability  Weighted  Mo- 
ments from  Systematic  and  Historical  Flood  In- 
formation and  Their  Application  to  Estimating 
the  GEV  Distribution. 
W9 1-05434  2E 

Regional  Equations  to  Determine  Peak  Stream 
Discharges  in  the  Santander  Region,  Colombia. 
W9 1-05636  2E 

Nonparametric  Variable  Kernel  Estimation  with 
Historical  Floods  and  Paleoflood  Information. 
W91-05839  2E 

Monte  Carlo  Study  of  Rainfall  Sampling  Effect 

on  a  Distributed  Catchment  Model. 

W9 1-05842  2E 

FLOOD  FREQUENCY 

Runoff  Prediction   Uncertainty   for   Ungauged 

Agricultural  Watersheds. 

W91-O5130  2E 

Effects  of  Clearing  and  Snagging  on  Physical 

Conditions  of  Rivers. 

W91-05141  4A 

Estimation  of  the  GEV  Distribution  from  Cen- 
sored Samples  by  Method  of  Partial  Probability 
Weighted  Moments. 
W9 1-05433  2E 

Unbiased  Estimation  of  Probability  Weighted 
Moments  and  Partial  Probability  Weighted  Mo- 
ments from  Systematic  and  Historical  Flood  In- 
formation and  Their  Application  to  Estimating 
the  GEV  Distribution. 
W9 1-05434  2E 

FLOOD  PEAK 

Regional  Equations  to  Determine  Peak  Stream 
Discharges  in  the  Santander  Region,  Colombia. 
W9 1-05636  2E 

FLOOD  PLAIN  MANAGEMENT 

Effects  of  Record  High  Mean  Monthly  Stream- 
flows  in  Selected  Streams  North  Mississippi  in 
1989. 
W91-05142  2E 

Tennessee-Tombigbee  Waterway  Canal  Section 
Effect  on  Adjacent  Bottomland  Hardwoods. 
W91-05147  6G 
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Influence  of  Greentree  Reservoir  Management 
on   Overstory   Composition,    Canopy   Density, 
and  Hardwood  Regeneration  on  Noxubee  Na- 
tional Wildlife  Refuge. 
W91-05149  6G 

FLOOD  RECURRENCE  INTERVAL 

Nonparametric  Variable  Kernel  Estimation  with 
Historical  Floods  and  Paleoflood  Information. 
W91-05839  2E 

FLOOD  ROUTING 

Simulation  of  Flood  Waves  from  Outburst  of 

Glacier-Dammed  Lake. 

W9 1-05421  2E 

FLOOD  WARNING  SYSTEMS 

Flow  Monitoring  System  for  the  Vaal  and  Wilge 

Rivers. 

W91-05282  7B 

FLOOD  WAVES 

Simulation  of  Flood  Waves  from  Outburst  of 

Glacier-Dammed  Lake. 

W91-05421  2E 

FLOODING 

Urea  Losses  in  Flooded  Soils  with  Established 

Oxidized  and  Reduced  Soil  Layers. 

W91-05554  3F 

Phosphorus  Behavior  in  Flooded-Drained  Soils: 

I.  Effects  on  Phosphorus  Sorption. 

W9 1-05602  2G 

Phosphorus  Behavior  in  Flooded-Drained  Soils. 

II.  Iron  Transformation  and  Phosphorus  Sorp- 
tion. 

W91-05603  2G 

Phosphorus  Behavior  in  Flooded-Drained  Soils: 

III.  Phosphorus  Description  and  Availability. 
W91-05604  2G 

FLOODS 

Nonparametric  Variable  Kernel  Estimation  with 
Historical  Floods  and  Paleoflood  Information. 
W91-05839  2E 

FLORIDA 

Methane    Emissions    from    the    Florida    Ever- 
glades:  Patterns  of  Variability   in   a   Regional 
Wetland  Ecosystem. 
W91-05017  2H 

Membrane  Softening:  The  Concept  and  Its  Ap- 
plication to  Municipal  Water  Supply. 
W91-05194  5F 

Ichthyofaunal  Evaluation  of  the  Peace  River, 

Florida. 

W91-05411  5C 

Assessing  Potential  Health  Risks  from  Viruses 
and  Parasites  in  Reclaimed  Water  in  Arizona 
and  Florida,  USA. 
W91-05537  5D 

Geophysical  Mapping  and  Hydrogeologic  Anal- 
ysis of  Fresh-Water  Lenses  at  Big  Pine  Key, 
Florida. 
W9 1-05641  2F 

Very  Low  Frequency  Electromagnetic  Mapping 
of  a  Freshwater  Lens  at  Key  West,  Florida. 
W9 1-05642  2F 

Ground   Water   Seepage   in   the   Indian   River 

Lagoon,  Florida. 

W9 1-05648  2F 

Florida's   Funding   for   Contamination   Correc- 
tion. 
W9 1-057 16  5F 

Aqueous  Geochemistry  of  the  Sand-and-Gravel 

Aquifer,  Northwest  Florida. 

W9 1-05820  2K 


FLOW  CHARACTERISTICS 

Improving  Estimates  of  Low-flow  Characteris- 
tics for  Streamflow  Stations  Affected  by  Climat- 
ic Cycles. 
W9 1-05 140  2E 

FLOW  CONTROL 

Control  of  the  Pumped  Water  Supply  to  Wig- 
gins Waterworks. 
W91-05284  5F 

Effects  of  Hurricane  Storm  Flow  on  Transport 
of  Woody  Debris  in  a  Rain  Forest  Stream  (Lu- 
quillo  Experimental  Forest,  Puerto  Rico). 
W9 1-05631  2J 

FLOW  EQUATIONS 

Velocity  and   Depth  of  Flow  Calculations  in 

Partially  Filled  Pipes. 

W9 1-05329  8B 

Simulation  of  Groundwater  Flow  in  Complex 
Multiaquifer  Systems:  Performance  of  a  Quasi 
Three-Dimensional   Technique   in   the   Steady- 
State  Case. 
W91-05360  2F 

FLOW  FRICTION 

Supercritical  Flow  in  Smooth  Open  Channels. 
W9 1-05422  8B 

Resistance  in  Flat-Bed  Sediment-Laden  Flows. 
W9 1-05425  2E 

FLOW  MEASUREMENT 

Flow  Monitoring  System  for  the  Vaal  and  Wilge 

Rivers. 

W91-05282  7B 

FLOW  MEASUREMENTS 

Volume  Recorder  for  Lysimeter  Waters. 
W91-05189  2G 

Gas  Metering  at  Sewage   Purification  Works. 
W9 1-05291  5D 

FLOW  MODELS 

Calculations  of  Swinging  of  the  Flow  in  Trape- 
zoidal Channels. 
W91-05314  8B 

Interactive      Computer      Program      MODU- 

MANAG,  A  Data  Management  Tool  for  the 

Modular  Finite-Difference  Ground-Water  Flow 

Model. 

W91-05652  2F 

New  Tool:  Delineation  of  Textural  Heterogene- 
ities in  Unconfined  Aquifers,  Using  Microgra- 
vity  Surveys  During  Pumping. 
W91-05937  2F 

FLOW  PATTERN 

Evidence  for  Large-scale  Subglacial  Meltwater 
Flood  Events  in  Southern  Ontario  and  Northern 
New  York  State. 
W91-05367  2E 

Should  Waste  Stabilization  Ponds  Be  Designed 

for  Perfect-Mixing  or  Plug-Flow. 

W91-05757  5D 

Preferential  Paths  of  Flow  under  Conventional 

and  Conservation  Tillage. 

W9 1-05879  2G 

FLOW  PROFILES 

Culvert  Flow  in  Small  Drainages  in  Montane 
Tropical   Forests:   Observations   from   the   Lu- 
quillo  Experimental  Forest  of  Puerto  Rico. 
W91-05635  2E 

Preferential  Flow  in  a  Sandy  Vadose  Zone:  1. 

Field  Observation. 

W91-05876  2G 

Preferential  Flow  in  a  Sandy  Vadose  Zone:  2. 

Mechanism  and  Implications. 
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Water    Movement    Through    an    Aggregated, 

Gravelly  Oxisol  from  Cameroon. 

W9 1-05889  2G 

FLOW  RATES 

Rating  Correction  for  Lateral  Settlement  of  Par- 
shall  Flumes. 
W91-05133  7B 

FLOW  RESISTANCE 

Resistance  in  Flat-Bed  Sediment-Laden  Flows. 
W91-05425  2E 

FLOW  VELOCITY 

Interaction  Between  the  Effects  of  Substratum, 

Velocity  and  Location  on  Stream  Benthos:  an 

Experiment. 

W9 1-05003  2E 

Dissolved  Oxygen  in  Small  Wastewater  Collec- 
tion Systems. 
W91-05512  5D 

Diffusive  Boundary  Layer  of  Sediments: 
Oxygen  Microgradients  over  a  Microbial  Mat. 
W91-05584  2H 

Study  and  Application  of  Rainfall-Runoff  Model 

for  Karst  Regions. 

W9 1-05623  2  A 

FLUID  DROPS 

Fractals,  Raindrops  and  Resolution  Dependence 

of  Rain  Measurements. 

W91-05860  2B 

FLUID  DYNAMICS 

Interfacial  Mixing  Caused  by  Turbulent  Buoyant 

Jets. 

W9 1-054 19  8B 

FLUID  FLOW 

Lagrangian  Motions  in  Simple  Kinematic  Oscil- 
latory Flow  Field. 
W91-05784  8B 

FLUID  MECHANICS 

Turbulent  Structure  in  Compound  Open-Chan- 
nel Flows. 
W9 1-05420  8E 

Lagrangian  Motions  in  Simple  Kinematic  Oscil- 
latory Flow  Field. 
W91-05784  8B 
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Effects  of  Substrate  Composition  and  Loading 
Rate  on   Methanogenic   Process  in  Anaerobic 
Fluidized  Bed  Systems. 
W91-05738  5D 

Transient  Responses  of  Wastewater  Treatment 
and  Biomass  Development  in  a  Methanogenic 
Fluidized  Bed. 
W91-05740  5D 

Nitrification     and     Denitrification     of     High- 
Strength   Ammonium   and   Nitrite   Wastewater 
with  Biofilm  Reactors. 
W9 1-05749  5D 

Biological  Oxidation  of  Ferrous  Iron  in  High 
Acid  Mine  Drainage  by  Fluidized  Bed  Reactor. 
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Start-up  Regimes  for  Anaerobic  Fluidized  Sys- 
tems Treating  Dairy  Wastewater. 
W91-05844  5D 

FLUIDIZED  BEDS 

Automated   Flow  and  pH  Control  in  a  Pilot 

Plant  Fluidized  Bed  Reactor. 

W91-05283  5D 

Study  of  Biofilm  and  Fluidization  of  Bioparticles 
in  a  Three-Phase  Liquid-Fluidized-Bed  Reactor. 
W9 1-05742  5D 
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Real   Sample   Analysis  by   ETA-LEAFS   with 
Background   Correction:   Application   to  Gold 
Determination  in  River  Water. 
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FLUORIDES 

Acute  Toxicity  to  Freshwater  Benthic  Macroin- 
vertebrates  of  Fluoride  Ion  (F-)  in  Soft  Water. 
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Fluoride  Induced  Changes  in  Protein  Metabo- 
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W91-05181  2K 

Modified  Most-Probable-Number  Technique  for 
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FOAMING 

Pilot-Scale  Demonstration  of  Two-Phase  Anaer- 
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Stations  and  Possibilities  of  Their  Artificial  Dis- 
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Municipal  Treatment  Plant  Performance. 
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Pilot  and  Full-Scale  Experience  in  Anaerobic 
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W9 1-05723  5D 
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Recent  Advances  in  Water  Reuse  Research  in 
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FOREST  ECOSYSTEMS 

Atmospheric  Pollutant  Deposition  to  High  Ele- 
vation Ecosystems. 
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Effect  on  Adjacent  Bottomland  Hardwoods. 
W91-05147  6G 
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Water  Permeability  of  Frozen  Soils  Under  Tree 
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Rainfall-Soil   Moisture  Relations  in   Landslide- 
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Liquid    Chromatography-Electrochemical    De- 
tection of  Inorganic  Arsenic  Using  a  Wall  Jet 
Cell  with  Conventional  and  Microsized  Plati- 
num Disk  Electrodes. 
W9 1-05093  5  A 

Piezoelectric  Quartz  Crystal  Water  Level  Meas- 
urement. 
W9 1-05 120  8G 

Differential  Pressure  Tiltmeter  for  Large-scale 

Ground  Monitoring. 

W91-05121  8G 

Dynamic  Response  of  Automatic  Water-Level 

Controller:  I.  Theory. 

W91-05131  3F 

Dynamic  Response  of  Automatic  Water-Level 

Controller:  II.  Application. 

W9 1-05 132  3F 

Rating  Correction  for  Lateral  Settlement  of  Par- 
shall  Flumes. 
W91-05133  ?B 

Portable  Laser  Scanner  for  Measuring  Soil  Sur- 
face Roughness. 
W91-05186  2J 

Onsite  Analytical  Screening  of  Gasoline  Con- 
taminated Media  Using  a  Jar  Headspace  Proce- 
dure. 
W9 1-05247  5  A 

ICA   Symposium   on   Instrumentation,   Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. 
W91-05281  5D 

Automation  of  the  Water  Supply  Scheme  on  the 

OFS  Goldfields. 

W91-05285  5F 

Instrumentation,    Control    and    Automation    in 
Water  and  Wastewater  Management  Elandsjagt 
Water  Treatment  Works. 
W9 1-05286  5F 

Instrumentation  for  Rooiwal  Watercare  Works. 
W91-05289  5D 

Gas  Metering  at  Sewage  Purification  Works. 
W9 1-05291  5D 

Data    Capture    Systems    at    the    Johannesburg 

Northern  Works. 

W9 1-05292  5D 

Computerised  Instrumentation  and  Control  Sys- 
tems. 
W91-05293  ?B 

Computer  Automation  in  Anaerobic  Digestion 

of  Brewery  Waste. 

W9 1-05296  5D 

pH  &  RH  Control  in  Metal  Surface  Treatment 

Recovery  System. 

W9 1-05297  5D 


Use  of  a   Digital   Control   System   for   Water 

Treatment  and  Management  at  Sappi's  Enstra 

Mill. 

W91-05298  5D 

Conductivity  as  a  Means  of  Control  on  the  De- 
mineralisation  Plant  at  Matimba  Power  Station. 
W9 1-05299  5F 

Development  and  Use  of  an  Electrical  Resistivi- 
ty Cone  for  Groundwater  Contamination  Stud- 
ies. 
W91-05358  5A 

Chloride  Analyses  of  Soil  Leachate  Using  the 

TRAACS  800  Analyzer. 

W91-05560  5A 

Multilevel,  In  Situ  Pore-Water  Sampler  for  Use 
in  Intertidal  Sediments  and  Laboratory  Micro- 
cosms. 
W91-05586  7B 

Use  of  Color  Splitting  and  a  Computer  Tech- 
nique to  Separate  Soil  Moisture  Groups. 
W91-05605  2G 

INSULATION 

Evaluation  of  Optimum  Thickness  of  Bottom 

Insulation  for  a  Conventional  Solar  Still. 

W9 1-05 197  3  A 

INSURANCE 

Providing  Environmental  Impairment  Liability 

Insurance  Coverage. 

W9 1-05238  5G 

INTERAGENCY  COOPERATION 

Legal  Concepts  in  Water  Management:  Shaping 

the  Law  to  Serve  the  Public  Interest. 

W9 1-05 138  6E 

INTERDISCIPLINARY  STUDIES 

Center   for   Aquifer   Science   and   Technology 

(CAST). 

W9 1-05795  9C 

Groundwater  Contamination  Studies-The  State- 

of-the-Art. 

W91-05848  5B 

INTERNATIONAL  AGREEMENTS 

International  Programme  For  Environmentally 
Sound    Hydrologic    and    Water    Management 
Strategies  in  the  Humid  Tropics. 
W9 1-056 12  6  A 

INTERSTATE  COMMISSIONS 

Improving  Strategies  for  Chemical  Spills. 

W9 1-0503  5  5G 

INTERSTITIAL  WATER 

Chloride  in  the  Pore  Water  and  Water  Column 

of  Onondaga  Lake,  N.Y.,  U.S.A. 

W9 1-04983  5B 

Heuristic  Model  of  Pore  Space  for  Imitation  of 
Moisture-Transport  in  Structured  Soils. 
W91-05352  2G 

Ancient    Subaerial    Exposure    and    Freshwater 

Leaching  in  Sandstones. 

W91-05368  2J 

Method  for  Determining  Volatile  Organic  Sol- 
vents in  Chalk  Pore  Waters  (Southern  and  East- 
ern England)  and  Its  Relevance  to  the  Evalua- 
tion of  Groundwater  Contamination. 
W9 1-054 17  5  A 

Organic     Carbon     Isotope     Geochemistry     of 
Clayey      Deposits      and      Their      Associated 
Porewaters,  Southern  Alberta. 
W9 1-05441  2G 
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INTERTIDAL  AREAS 

Multilevel.  In  Situ  Pore-Water  Sampler  for  Use 
in  Intertidal  Sediments  and  Laboratory  Micro- 
cosms. 
W91-05586  7B 

INTRACELLULAR  GRANULES 

Utilization   of  Intracellular   Granules   of  INT- 
Formazan  and  Gene  Probes  for  Tracing  Micro- 
organisms in  Ground  Water. 
W9 1-0566 1  5B 

INVERTEBRATES 

Factors  that  Delay  Colonization  of  Fresh  Alder 

Leaves  by  Aquatic  Hyphomycetes. 

W9 1-04995  2H 

ION  EXCHANGE 

Rapid  Ion-Exchange  Technique  for  the  Separa- 
tion and  Preconcentration  of  Chromium(VI)  and 
Chromium(III)  in  Fresh  Waters. 
W91-05332  5A 

Calculation    of    Mass-Exchange    Processes    in 

Leached  Soils. 

W9 1-05353  2G 

Modeling  of  Mass-Exchange  of  Phases  in  a  So- 

lonetzic    Soil    Leached    after    Application    of 

Gypsum. 

W9 1-05354  2G 

Activated  Alumina  for  POU/POE  Removal  of 

Fluoride  and  Arsenic. 

W91-05712  5F 

Ion  Exchange  Treatment  of  Subsurface  Drain- 
age Water. 
W9 1-05924  5G 

ION  EXCHANGE  CHROMATOGRAPHY 

Ion  Chromatographic  Determination  of  Trace 
Amounts  of  Aluminium  with  On-Line  Precon- 
centration and  Spectrophotometric  Detection. 
W91-05333  5A 

Analysis  of  Sulfate  in  Sewage  Sludge  using  Ion 

Chromatographic  Techniques. 

W9 1-05571  5D 

ION  TRANSPORT 

Ionic  Tracer  Movement  through  a  Wyoming 

Snowpack. 

W91-05490  5B 

IONIZATION 

Pilot  Plant  Test  of  Electron-Beam  Disinfected 

Sludge  Composting. 

W9 1-05527  5D 

IONS 

Ionic  Tracer   Movement   through  a  Wyoming 

Snowpack. 

W9 1-05490  5B 

IRELAND 

Spring  Growing  Period  as  a  Regulator  of  the 
Size  of  the  Smolt  Run  in  Trout  (Salmo  trutta). 
W9 1-05000  2H 

Polychlorinated  Biphenyls  (PCBs)  in  Fish- 
Eating  Sea  Birds-I.  Molecular  Features  of  PCB 
Isomers  and  Congeners  in  Adipose  Tissue  of 
Male  and  Female  Razorbills  (Alca  tarda)  of  Brit- 
ish and  Irish  Coastal  Waters. 
W9 1-05941  5B 

Polychlorinated  Biphenyls  (PCBs)  in  Fish- 
Eating  Sea  Birds-II.  Molecular  Features  of  PCB 
Isomers  and  Congeners  in  Adipose  Tissue  of 
Male  and  Female  Puffins  (Fratercula  arctica), 
Guillemots  (Uria  aalga).  Shags  (Phalacrocorax 
aristotelis)  and  Cormorants  (Phalacrocorax 
carbo)  of  British  and  Irish  Coastal  Waters. 
W9 1-05942  5B 


IRON 

Effect  of  Fertilizer  Phosphates  on  Solubility  of 
Ca,  Mg,  Mn,  Al,  and  Fe  Compounds  in  Gray 
Forest  Soil. 
W9 1-05232  2K 

Phosphorus  Behavior  in  Flooded-Drained  Soils. 
II.  Iron  Transformation  and  Phosphorus  Sorp- 
tion. 
W9 1-05603  2G 

Biological  Removal  of  Iron  from  Groundwater 
W91-05751  5p 

Separation  and  Simultaneous  Determination  of 
Aluminum,  Iron,  and  Manganese  in  Natural 
Water  Samples  by  Using  High-Performance 
Liquid  Chromatography  with  Spectrophotome- 
tric and  Electrochemical  Detection. 
W9 1-05  892  7B 

IRON  BACTERIA 

Biological  Oxidation  of  Ferrous  Iron  in  High 
Acid  Mine  Drainage  by  Fluidized  Bed  Reactor. 
W9 1-05752  5D 

IRON  COMPOUNDS 

Ferrite  Process;  Heavy  Metal  Ions  Treatment 

System. 

W9 1-055 17  5D 

IRRIGATION 

Vapor-Budget  Measurement  of  Irrigation  Evap- 
orative Losses. 
W91-05135  3F 

Heavy-Metal      Uptake     from     the     Freiburg 
Wastewater     Field     by     Garden     Vegetables 
(Schwermetallaufnahme  von  Gartenpflanzen  der 
Freiburger  Rieselfelder). 
W9 1-05474  5E 

Response  of  Peanut  to  Moisture  Stress  and  Irri- 
gation. 
W9 1-05475  3F 

Effect  of  Irrigation  Schedule  on  Soil  Tempera- 
ture. 
W9 1-05476  3F 

Agronomic  Studies  on  the  Productivity  of  Kenaf 
(Hibiscus  cannabinus  L.  cv.  Guatemala  4)  under 
Rainfed  and  Irrigated  Conditions  in  the  North- 
ern Territory. 
W9 1-05553  3F 

Urea  Losses  in  Flooded  Soils  with  Established 

Oxidized  and  Reduced  Soil  Layers. 

W9 1-05554  3F 

Movement  of  Salts  in  Soil  Irrigated  with  Low 

and  High  Conductivity  Waters. 

W91-05561  3C 

Phosphorus  Behavior  in  Flooded-Drained  Soils: 

I.  Effects  on  Phosphorus  Sorption. 

W9 1-05602  2G 

Phosphorus  Behavior  in  Flooded-Drained  Soils. 

II.  Iron  Transformation  and  Phosphorus  Sorp- 
tion. 

W9 1-05603  2G 

Phosphorus  Behavior  in  Flooded-Drained  Soils: 

III.  Phosphorus   Description   and   Availability. 
W9 1-05604  2G 

Nonlinear  Chance  Constrained  Model  for  Irriga- 
tion Planning. 
W9 1-05922  3F 

Water  Use  and  Yield  Relationships  of  Irrigated 

Potato. 

W91-05928  3F 

Effect  of  Intermittent  Irrigation  on  Groundwat- 
er Table  Contribution,  Irrigation  Requirement 


and   Yield   of  Rice   in   Mollisols  of  the  Tarai 

Region. 

W9 1-05932  3F 

Potential  Economic  Returns  to  Improved  Irriga- 
tion Infiltration  Uniformity. 
W9 1-05934  3p 

IRRIGATION  CANALS 

Dynamic  Response  of  Automatic  Water-Level 

Controller:  I.  Theory. 

W91-05131  3F 

Dynamic  Response  of  Automatic  Water-Level 

Controller:  II.  Application. 

W91-05132  3F 

Performance  Measures  for  Evaluation  of  Irriga- 
tion-Water-Delivery Systems. 
W9 1-05 134  3F 

Transient    Hydraulic    Modeling    for   Improved 

Canal  System  Operation. 

W9 1-05929  3F 

IRRIGATION  DESIGN 

Agronomic  Studies  on  the  Productivity  of  Kenaf 
(Hibiscus  cannabinus  L.  cv.  Guatemala  4)  under 
Rainfed  and  Irrigated  Conditions  in  the  North- 
ern Territory. 
W91-05553  3F 

Reservoir  Planning  for  Irrigation  District. 
W91-05791  6A 

Nonlinear  Chance  Constrained  Model  for  Irriga- 
tion Planning. 
W9 1-05922  3F 

Water  Use  and  Yield  Relationships  of  Irrigated 

Potato. 

W9 1-05928  3F 

IRRIGATION  EFFECTS 

Elemental   Concentrations  in   Fishes  from  the 

Salton  Sea,  Southeastern  California. 

W9 1-04968  5B 

Soil  Nitrate  Profiles  under  Irrigation  on  Coastal 

Plain  Soils. 

W91-05129  5B 

Microbial  Populations  of  a  Southern  Chernozem 
as  an  Indicator  of  Irrigation  Effects. 
W91-05217  3F 

Degradation   of  Chernozems  on   the   Danube- 
Dniester  Irrigation  System. 
W9 1-05227  3C 

Effect  of  Irrigation  Waters  Polluted  with  Indus- 
trial Wastes  on  Heavy-Metal  Concentration  in 
Soil  and  in  Certain  Crops. 
W91-05235  5B 

Leaching  of  Saline  Soils  in  the  Omsk  Oblast  by 

Deep  Furrow  Irrigation. 

W91-05351  2G 

Laboratory  Study  on  Leaching  of  Calcareous 

Soil  from  Kuwait. 

W91-05378  2G 

Hydraulic  Conductivity  and  Leaching  of  an  Or- 
ganic Saline-Sodic  Soil. 
W91-05565  2G 

Effect   of  the   Meliorative    State   of  Irrigated 
Lands  of  the  Chu  River  Valley  on  the  Water- 
Salt  Regime  and  Yield. 
W9 1-05826  3F 

Effect  of  Intermittent  Irrigation  on  Groundwat- 
er Table  Contribution,  Irrigation  Requirement 
and   Yield   of  Rice  in   Mollisols  of  the  Tarai 
Region. 
W9 1-05932  3F 
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Effect    of  Irrigation    Scheduling    on    Growth, 

Yield  and  Evapotranspiration  of  Wheat  in  Sodic 

Soils. 

W9 1-0593  5  3F 

IRRIGATION  EFFICIENCY 

Performance  Measures  for  Evaluation  of  Irriga- 
tion-Water-Delivery Systems. 
W91-05134  3F 

Rice  and  Furrow  Irrigation  Management. 
W91-05159  3F 

Response  of  Peanut  to  Moisture  Stress  and  Irri- 
gation. 
W91-05475  3F 

IRRIGATION  ENGINEERING 

Performance  Measures  for  Evaluation  of  Irriga- 
tion-Water-Delivery Systems. 
W91-05134  3F 

Economic  and  Engineering  Considerations  for 
Planning  Medium  Scale  Irrigation  Systems:  A 
Study  from  Northeast  Thailand. 
W91-05633  3F 

IRRIGATION  MANAGEMENT 

Rice  and  Furrow  Irrigation  Management. 
W91-05159  3F 

IRRIGATION  PRACTICES 

Economic  and  Engineering  Considerations  for 
Planning  Medium  Scale  Irrigation  Systems:  A 
Study  from  Northeast  Thailand. 
W91-05633  3F 

Effect   of  Irrigation    Scheduling    on    Growth, 

Yield  and  Evapotranspiration  of  Wheat  in  Sodic 

Soils. 

W91-05935  3F 

IRRIGATION  PROGRAMS 

Effect  of  Irrigation  Schedule  on  Soil  Tempera- 
ture. 
W9 1-05476  3F 

Conditions  for  Successful  Irrigation  Projects  in 

Africa. 

W91-05618  3F 

Economic  and  Engineering  Considerations  for 
Planning  Medium  Scale  Irrigation  Systems:  A 
Study  from  Northeast  Thailand. 
W91-05633  3F 

IRRIGATION  REQUIREMENTS 

Water  Use  and  Yield  Relationships  of  Irrigated 

Potato. 

W9 1-05928  3F 

Effect  of  Intermittent  Irrigation  on  Groundwat- 
er Table  Contribution,  Irrigation  Requirement 
and  Yield  of  Rice  in  Mollisols  of  the  Tarai 
Region. 
W91-05932  3F 

IRRIGATION  RUNOFF 

Physical    and    Chemical    Analysis    of   Egypt's 

Wadi  El-Raiyan  Man  Made  Lakes. 

W91-O5205  5B 

IRRIGATION  WATER 

Role  of  Wastewater  Reclamation  and  Reuse  in 

the  USA. 

W91-05533  5D 

Health  Guidelines  and  Standards  for  Wastewater 
Reuse  in  Agriculture:  Historical  Perspectives. 
W91-05535  5D 

Effluents     Quality     Along     a     Multiple-Stage 
Wastewater  Reclamation  System  for  Agricultur- 
al Reuse. 
W91-O5540  3C 

Wastewater  Reuse  for  Irrigation  in  the  Near 

East  Region. 

W91-05541  3C 


Wastewater  Disposal  by  Sub-Surface  Trickle  Ir- 
rigation. 
W9 1-05  544  3C 

Chemical  Analysis  of  Irrigation  Waters  in  Bah- 
rain. 
W9 1-05545  3F 

Establishment  and  Production  of  Lucerne  on  a 
Salinised  Clay  Soil  Irrigated  with  a  Moderately 
Saline  Groundwater. 
W91-05552  3C 

Generalized   Results   from   Crop   Yield   Model 

with  Saline  Waters. 

W91-05601  3C 

Performance  of  Stabilization  Reservoirs  as  a 
Function  of  Design  and  Operation  Parameters. 
W91-05759  5D 

Performance  of  an  Integrated  Ponding  System 

Operated  in  Arid  Zones. 

W91-05763  5D 

ISLAND  HYDROLOGY 

Problems  of  Ground-Water  Development  in 
Small  Volcanic  Islands  in  the  Eastern  Caribbean. 
W9 1-05637  2F 

Techniques  for  Appraisal  of  Ground- Water  Re- 
sources on  Atoll  Islands:  Case  Studies  from  Mi- 


cronesia. 
W9 1-05640 


2F 


ISLANDS 

Marine  Pollution  from  Landuse  in  the  Pacific 

Islands  Region. 

W91-05343  5B 

Atoll  Island  Hydrogeology:  Flow  and  Freshwa- 
ter Occurrence  in  a  Tidally  Dominated  System. 
W9 1-05446  2F 

Problems  of  Ground-Water  Development  in 
Small  Volcanic  Islands  in  the  Eastern  Caribbean. 
W9 1-05637  2F 

Techniques  for  Appraisal  of  Ground-Water  Re- 
sources on  Atoll  Islands:  Case  Studies  from  Mi- 
cronesia. 
W91-05640  2F 

Shape  of  Freshwater  Lens  in  Small  Carbonate 
Islands:   Great   Exuma   Vs.   Bermuda  and   the 
Effect  of  Climate. 
W9 1-05643  2F 

ISOTOPE  RATIOS 

Stable  Carbon  Isotopes  and  the  C:N  Ratio  in  the 
Estuaries   of  the   Pamlico   and   Neuse   Rivers, 
North  Carolina. 
W91-05581  2L 

ISOTOPE  STUDIES 

Production  and  Transport  of  Carbon  Dioxide  in 
a  Contaminated  Vadose   Zone:   A   Stable  and 
Radioactive  Carbon  Isotope  Study. 
W91-05072  5B 

Major  Element  Chemistry,  delta-2-H,  delta- 18-0 

and  87-Sr/86-Sr  in  a  Snow  Profile  across  Central 

Scandinavia. 

W91-05356  5B 

Chemical  and  Stable  Isotopic  Characteristics  of 

Ground  Water  on  Grand  Cayman. 

W9 1-05653  2F 

Estimating  Recharge  Rates  Through  Unsaturat- 
ed Glacial  Till  by  Tritium  Tracing. 
W91-05817  2F 

Beryllium-7  and   Lead-210  in  the  Atmosphere 
and  Surface  Snow  over  the  Greenland  Ice  Sheet 
in  the  Summer  of  1989. 
W9 1-05864  2K 


Precipitation  in  the  Southern  High  Plains:  Mete- 

orologic  and  Isotopic  Features. 

W91-05866  2B 

ISRAEL 

Increase  of  Early  Rains  in  Southern  Israel  Fol- 
lowing Land-Use  Change. 
W9 1-05409  2B 

Role  of  Wastewater  Reuse  in  Water  Resources 

Management  in  Israel. 

W91-05536  3C 

Effluents     Quality     Along     a     Multiple-Stage 
Wastewater  Reclamation  System  for  Agricultur- 
al Reuse. 
W91-05540  3C 

Second  Israeli  Rainfall  Stimulation  Experiment: 
Analysis  of  Precipitation  on  Both  Targets. 
W91-05856  3B 

ITALY 

Dynamic  Data  on  Lead  Uptake  from  Water  by 

Chabazite. 

W91-05199  5D 

Effect    of    Polyvinyl    Alcohol,    Dextran    and 

Humic  acid  on  Some  Physical  Properties  of  a 

Clay  and  Loam  Soil:  I.  Cracking  and  Aggregate 

Stability. 

W9 1-05480  2G 

Absorption  of  Herbicides  by  Soils  of  the  Cam- 
pania Region  (Adsorbimento  di  Diserbanti  su 
Suoli  della  Campania). 
W91-05482  5B 

Pilot  Plant  Studies  on  Tannery  Waste  Water 

Treatment  with  the  Objective  to  Reduce  Sludge 

Production. 

W91-05514  5D 

JAMAICA  BAY 

Metal  Pollution  in  Sediments  of  Jamaica  Bay, 
New  York,  USA-An  Urban  Estuary. 
W91-05906  5B 

JAPAN 

Airborne  Trace  Metals  in  Snow  on  the  Japan 

Sea  Side  of  Japan. 

W91-05355  5B 

Application    of    Biotechnology    to    Municipal 

Wastewater  Treatment. 

W9 1-05499  5D 

Design  of  Multi-Story  Sewage  Treatment  Facili- 
ties. 
W9 1-05  500  5D 

Sewage     Sludge     Utilization     Technology     in 

Tokyo. 

W91-O5501  5E 

Sludge  Incineration  Process  of  Kyoto  City-The 
Employment   and   Heat   Balance   of  the   Step 
Grate  Stoker  Furnace. 
W9 1-05503  5D 

Operational    Results    of    Melting    System    for 

Sewage  Sludge. 

W91-05504  5D 

Capability  of  On-Site  Sewage  Treatment  System 
in  Japan:  Case  Study  in  the  Tokyo  Suburb  of 
Nagareyama  City. 
W9 1-055 11  5D 

Use  of  Reclaimed  Wastewater  for  Ornamental 

and  Recreational  Purposes. 

W91-05539  3C 

Trends  and  Problems  of  Wastewater  Reuse  Sys- 
tems in  Buildings. 
W9 1-05  549  5D 
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Reuse  of  Treated   Wastewater  in  an  Artificial 
Stream  ('Seseragi')  in  Kawasaki  City,  Japan. 
W9 1-05551  5D 

239,  240-Pu  and  137-Cs  Concentrations  in  Some 
Marine  Organisms,  Mostly  from  the  Ibaraki  and 
Aomori  Coasts,  Japan,  1987-1989. 
W9 1-05573  5B 

Simulation  of  Seasonal  Snowcover  Based  on  Air 

Temperature  and  Precipitation. 

W9 1-05857  2C 

JETS 

Generalized  Lagrangian  Model  for  Buoyant  Jets 

in  Current. 

W91-05323  8B 

KANSAS 

Household  Water  Quality  Education:  The  Coop- 
erative Extension  System  Role. 
W9 1-05700  5F 

KARST 

Curves  of  Chemical  Flux  Versus  Discharge  and 
Working  of  Karst  Aquifers  (Les  Courbes  Flux 
Chimique-Debit  et  le  Fonctionnement  des  Aqui- 
feres  Karstiques). 
W9 1-05443  2F 

Origin  and  Morphology  of  Limestone  Caves. 
W91-05851  2F 

KARST  HYDROLOGY 

Curves  of  Chemical  Flux  Versus  Discharge  and 
Working  of  Karst  Aquifers  (Les  Courbes  Flux 
Chimique-Debit  et  le  Fonctionnement  des  Aqui- 
feres  Karstiques). 
W9 1-05443  2F 

Study  and  Application  of  Rainfall-Runoff  Model 

for  Karst  Regions. 

W9 1-05623  2A 

Hydrogeology  and  Tidal   Analysis  Along   the 

Western  North  Coast  of  the  Yucatan  Peninsula, 

Mexico. 

W9 1-05644  2F 
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W91-05334  5C 

GOLD  FTELDS  WATER  BOARD, 
BOTHA VILLE  (SOUTH  AFRICA). 

Automation  of  the  Water  Supply  Scheme  on  the 

OFS  Goldfields. 

W91-05285  5F 

GOVIND  BALLABH  PANT  UNTV.  OF 
AGRICULTURE  AND  TECHNOLOGY, 
PANTNAGAR  (INDIA).  DEPT.  OF  SOIL 
SCIENCE. 

Effect  of  Intermittent  Irrigation  on  Groundwat- 
er Table  Contribution,  Irrigation  Requirement 
and  Yield  of  Rice  in  Mollisols  of  the  Tarai 
Region. 
W91-05932  3r 

GPU  NUCLEAR  CORP.,  MIDDLETOWN,  PA. 

Major  Unit  Process  Evaluation  Using  the  Com- 
posite Correction  Program  Approach. 
W91-05811  5D 

GRADIENT  CORP.,  CAMBRIDGE,  MA. 

Empirical  Bayes  Regionalization  Methods  for 

Spatial  Stochastic  Processes. 

W91-05832  2F 

GREAT  LAKES  FORESTRY  RESEARCH 
CENTRE,  SAULT  SAINTE  MARIE 
(ONTARIO). 

Volume  Recorder  for  Lysimeter  Waters. 

W9 1-05 189  2G 

GRIFFITH  UNIV.,  NATHAN  (AUSTRALIA). 
SCHOOL  OF  AUSTRALIAN 
ENVIRONMENTAL  STUDIES. 

Tree/Pasture  Interactions  at  a  Range  of  Tree 
Densities   in   an   Agroforestry    Experiment:    I. 
Rooting  Patterns. 
W91-05161  2I 

Tree/Pasture  Interactions  at  a  Range  of  Tree 
Densities  in  an  Agroforestry  Experiment:  II. 
Water  Uptake  in  Relation  to  Rooting  Patterns. 
W9 1-05 162  2I 

Tree/Pasture  Interactions  at  a  Range  of  Tree 
Densities  in  an  Agroforestry  Experiment:  III. 
Water  Uptake  in   Relation  to   Soil   Hydraulic 
Conductivity  and  Rooting  Patterns. 
W9 1-05 163  2G 

GUELPH  UNTV.  (ONTARIO). 

Chloride  Analyses  of  Soil  Leachate  Using  the 

TRAACS  800  Analyzer. 

W91-05560  5A 


ORGANIZATIONAL  INDEX 
HUNTER  DISTRICT  WATER  BOARD,  NEWCASTLE  (AUSTRALIA).  WATER  INVESTIGATION 

HELSINKI  UNIV.,  LAMMI  (FINLAND). 
LAMMI  BIOLOGICAL  STATION. 

Seasonal  Fluctuations  in  the  Chemistry  of  Small 
Forest  Lakes  in  Southern  Finland  with  Special 
Reference  to  Acidity. 
W9 1-05066  2H 


HALEY  AND  ALDRICH,  INC.,  CAMBRIDGE, 

MA. 

Assessment    and    Remediation    of    Residential 
Properties  Contaminated   with   Home   Heating 
Oil:  Case  Studies. 
W91-05262  5(J 

HAMBURG  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  BIOCHEMIE  UND 
LEBENSMITTELSCHEMIE. 

Pattern   of  Particulate   Nitrogen  Transport   in 

World  Rivers. 

W91-05018  5B 

HAMPTON  (DELON)  AND  ASSOCIATES, 
WASHINGTON,  DC. 

Foundation    Construction    within    Wastewater- 

Treatment  Plant. 

W91-05317  8U 

HANOVER  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  SIEDLUNGSWASSERWIRTSCHAFT 
UND  ABFALLTECHNIK. 

Advanced  Wastewater  Treatment  by  Means  of 

Dry  Bed  Filters;  Semi-Technical  Test  Results; 

Experiences  on  a  Large-Technical   Scale  and 

Results. 

W91-05506  5U 

HART  ENVIRONMENTAL  MANAGEMENT 
CORP.,  ALBANY,  NY. 

Meaningful  Environmental  Data:  Not  Just  the 

Laboratory's  Responsibility. 

W91-05410  7B 

HARVARD  SCHOOL  OF  PUBLIC  HEALTH, 
BOSTON,  MA.  INTERDISCIPLINARY 
PROGRAMS  IN  HEALTH. 

Evidence  Against  Incorporation  of  Exogenous 
Thymidine  by  Sulfate-Reducing  Bacteria. 
W91-05588  2L 

HARVARD  UNIV.,  CAMBRIDGE,  MA.  LAB. 
OF  MICROBIAL  ECOLOGY. 

Biodegradation  of  Land-Applied  Sludge. 
W91-05392  5E 

HARZA  ENGINEERING  CO.,  CHICAGO,  IL. 

Gas-Transfer   Measurements   Using   Headspace 

Analysis  of  Propane. 

W91-05324  7B 

HAWAII  UNTV.,  HONOLULU.  DEPT.  OF 
GEOGRAPHY. 

Local  Differences  in  Soil  Temperature  and  Soil 
Moisture  Regimes  on  a  Mountain  Slope,  Hawaii. 
W9 1-05  569  2G 

HEALTH  EFFECTS  RESEARCH  LAB., 
CINCINNATI,  OH. 

Subchronic    Toxicity    Study    of   Ozonate    and 
Ozonated/Chlorinated  Humic  Acids  in  Sprague- 
Dawley  Rats:  A  Model  System  for  Drinking 
Water  Disinfection. 
W91-05951  5F 

HEALTH  EFFECTS  RESEARCH  LAB., 
CINCINNATI,  OH.  TOXICOLOGY  AND 
MICROBIOLOGY  DIV. 

Health  Studies  of  Aerobic  Heterotrophic  Bacte- 
ria Colonizing  Granular  Activated  Carbon  Sys- 
tems. 
W91-05711  5h 


GUELPH  UNTV.  (ONTARIO).  DEPT.  OF 
AGRICULTURAL  ECONOMICS  AND 
BUSINESS. 

Economics  of  Erosion  and  Sediment  Control  in 

Southwestern  Ontario. 

W9 1-05849  4D 

GUELPH  UNIV.  (ONTARIO).  DEPT.  OF 
LAND  RESOURCE  SCIENCE. 

Humidity  and  Soil  Water  Influence  the  Transpi- 
ration Response  of  Maize  to  C02  Enrichment. 
W91-05557  2D 


HEBREW  UNIV.  OF  JERUSALEM  (ISRAEL). 
DIV.  OF  ENVIRONMENTAL  SCIENCES. 

Health  Guidelines  and  Standards  for  Wastewater 
Reuse  in  Agriculture:  Historical  Perspectives. 
W91-05535  5D 


HELSINKI  UNTV.  OF  TECHNOLOGY,  ESPOO 
(FINLAND).  LAB.  OF  HYDROLOGY  AND 
WATER  RESOURCES  ENGINEERING. 

Modeling  of  Water  Quality  in  Lake  Tuusulan- 

jarvi. 

W9 1-05063  5(J 

HIROSHIMA  UNTV.  (JAPAN).  DEPT.  OF 
ENVIRONMENTAL  SCIENCE. 

Using  Breakthrough  Curves  for  Parameter  Esti- 
mation in  the  Convection-Dispersion  Model  of 
Solute  Transport. 
W9 1-05600  2G 

HIROSHIMA  UNTV.  (JAPAN).  FACULTY  OF 
ENGINEERING. 

Denitrification  in  Porous  Media  During  Rapid, 
Continuous  Leaching  of  Synthetic  Wastewater 
at  Saturated  Water  Flow. 
W91-05398  5D 

HO  CHI  MINH  CITY  POLYTECHNIC 
(VDZTNAM).  DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Application  of  Three  Step-Biological  Pond  with 
the  Use  of  Aquatic  Plant  for  Post  Treatment  of 
Petroleum  Wastewater  in  Vietnam. 
W91-05758  5D 

HOFSTRA  UNTV.,  HEMPSTEAD,  NY.  DEPT. 
OF  GEOLOGY. 

Environmental  Assessment  of  Human  Interfer- 
ence on  the  Natural  Processes  Affecting  the 
Barrier  Beaches  of  Long  Island,  New  York. 
W9 1-05797  4C 

HOKKAIDO  UNTV.,  SAPPORO  (JAPAN). 
RESEARCH  INST.  OF  NORTH  PACIFIC 
FISHERIES. 

Amino    Acid    Sequence    of   Cadmium-Binding 
Peptide  Induced  in  a  Marine  Diatom,  Phaeodac- 
tylum  tricornutum. 
W91-05012  5B 

HONG  KONG  UNTV.  DEPT.  OF  CIVIL  AND 
STRUCTURAL  ENGINEERING. 

Generalized  Lagrangian  Model  for  Buoyant  Jets 

in  Current. 

W91-05323  8B 

HOSPITAL  FOR  SICK  CHILDREN, 
TORONTO  (ONTARIO).  DIV.  OF  CLINICAL 
PHARMACOLOGY  AND  TOXICOLOGY. 

Detection  and  Characterization  of  (3H)2,3,7,8- 
Tetrachlorodibenzo-p-dioxin  Binding  to  Ah  Re- 
ceptor in  a  Rainbow  Trout  Hepatoma  Cell  Line. 
W91-05830  5C 

HUDSON  VALLEY  CLIMATE  SERVICE, 
MAHOPAC,  NY. 

Hudson   Basin   Precipitation  Regimes:   Croton, 

Esopus,  and  Schoharie  Watersheds. 

W9 1-05796  2B 

HULL  UNIV.  (ENGLAND).  DEPT.  OF 
CHEMISTRY. 

On-line  Determination  of  Residual  Aluminium  in 

Potable  and  Treated  Waters  by  Flow-Injection 

Analysis. 

W91-05330  5A 


... 
j 

S3 

ts 

is 

'.  ±i 

=) 


HEBREW  UNIV.  OF  JERUSALEM  (ISRAEL). 
SEAGRAM  CENTRE  FOR  SOIL  AND  WATER 

SCI  EN  CES 

Precipitation  in  the  Southern  High  Plains:  Mete- 

orologic  and  Isotopic  Features. 

W91-05866  2B 


HUNTER  DISTRICT  WATER  BOARD, 
NEWCASTLE  (AUSTRALIA).  WATER 
INVESTIGATION  AND  PLANNING  SECTION. 

Biological  Removal  of  Iron  from  Groundwater. 
W91-05751  5F 

OR-9 


HYDROGEOLOGIC,  INC.,  HERNDON,  VA. 

HYDROGEOLOGIC,  INC.,  HERNDON,  VA. 

Solute  Rejection  in  Freezing  Soils. 

W91-05840  2K 

HYDROLOGIC  ENGINEERING  CENTER 
DAVIS,  CA. 

Runoff   Prediction    Uncertainty    for    Ungauged 

Agricultural  Watersheds. 

W9 1-05 130  2E 

IBADAN  UNIV.  (NIGERIA).  DEPT.  OF 
GEOLOGY. 

Electromagnetic  Profiling  for  Groundwater  in 
Precambrian  Basement  Complex  Areas  of  Nige- 
ria. 
W9 1-05384  2F 

IBADAN  UNIV.  (NIGERIA).  DEPT.  OF 
ZOOLOGY. 

Ecology  of  Neritina  glabrata  in  Lagos  Lagoon, 

Nigeria. 

W9 1-05002  2H 

IBM  CORP.,  BOULDER,  CO. 

Case  Study  of  Lead  in  Drinking  Water:  Proto- 
col, Methods,  and  Investigative  Techniques. 
W9 1-05089  5B 

IDAHO  UNIV.,  MOSCOW.  DEPT.  OF  PLANT, 
SOIL  AND  ENTOMOLOGICAL  SCIENCES. 

Fluorescence  Quenching  and  Polarization  Stud- 
ies of  Naphthalene  and  1-Naphthol  Interaction 
with  Humic  Acid. 
W9 1-05 180  5B 

IDEAL  HORIZONS,  INC.,  RUTLAND,  VT. 

Performance    and    Application    of    Ultraviolet 

Light  Systems. 

W9 1-05708  5F 

ILLINOIS  STATE  GEOLOGICAL  SURVEY 
DIV.,  CHAMPAIGN. 

Agricultural  Chemicals  in  Rural,  Private  Water 
Wells  in  Illinois:  Recommendations  for  a  State- 
wide Survey. 
W9 1-05280  5B 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  AGRICULTURAL  ECONOMICS. 

Economic  and  Engineering  Considerations  for 
Planning  Medium  Scale  Irrigation  Systems:  A 
Study  from  Northeast  Thailand. 
W91-05633  3F 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  CIVIL  ENGINEERING. 

Fed-Batch  Technique  to  Evaluate  Biodegrada- 
tion  Rates  of  Inhibitory  Compounds  with  Anaer- 
obic Biofilms  Attached  to  Granular  Activated 
Carbon. 
W91-05741  5D 

Anaerobic  Treatment  of  a  High-Strength  Indus- 
trial Waste  Bearing  Inhibitory  Concentrations  of 
1,1,1  -Trichloroethane. 
W9 1-05746  5D 

Use  of  Temporal  Moment  Analysis  to  Study 

Reactive     Solute  Transport     in     Aggregated 
Porous  Media. 

W9 1-05887  2G 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Steady  State  Performance  of  Activated  Carbon 

Contactors. 

W91-05777  5D 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  PHYSICS. 

USA  Corn  Yields,  The  El  Nino  and  Agricultural 

Drought:  1867-1988. 

W91-05375  2B 


ORGANIZATIONAL  INDEX 


ILLINOIS  UNIV.,  URBANA.  DEPT.  OF 
AGRONOMY. 

Quantification  of  Postsettlement  Deposition  in  a 

Northwestern  Illinois  Sediment  Basin. 

W9 1 -05 185  2J 

Soil,  Landscape,  and  Erosion  Relationships  in  a 

Northwest  Illinois  Watershed. 

W9 1-05606  2J 

IMPERIAL  COLL.  OF  SCIENCE  AND 
TECHNOLOGY,  LONDON  (ENGLAND). 
PUBLIC  HEALTH  ENGINEERING  LAB. 

Start-up  Regimes  for  Anaerobic  Fluidized  Sys- 
tems Treating  Dairy  Wastewater. 
W91-05844  so 

IMPERIAL  COLL.  OF  SCIENCE, 
TECHNOLOGY  AND  MEDICINE,  LONDON 
(ENGLAND).  PUBLIC  HEALTH 
ENGINEERING  LAB. 

Heavy  Metal  Binding  by  the  Polymeric  Organic 

Fractions  of  Sewage  Sludges. 

W91-05115  5E 

INCTTEC  LTD.,  MORNINGSIDE 
(AUSTRALIA). 

Movement  of  Salts  in  Soil  Irrigated  with  Low 

and  High  Conductivity  Waters. 

W91-05561  3c 

INDIAN  INST.  OF  SCIENCE,  BANGALORE. 
DEPT.  OF  CIVIL  ENGINEERING. 

Supercritical  Flow  in  Smooth  Open  Channels. 
W9 1-05422  8B 

INDIAN  INST.  OF  TECH.,  KHARAGPUR. 
DEPT.  OF  AGRICULTURAL  ENGINEERING. 

Response  of  Peanut  to  Moisture  Stress  and  Irri- 
gation. 
W9 1-05475  3F 

Effect  of  Irrigation  Schedule  on  Soil  Tempera- 
ture. 
W9 1-05476  3F 

INDIAN  INST.  OF  TECH.,  NEW  DELHI. 
CENTRE  OF  ENERGY  STUDIES. 

Evaluation  of  Optimum  Thickness  of  Bottom 

Insulation  for  a  Conventional  Solar  Still. 

W9 1-05 197  3  a 

INDIANA  UNIV.  AT  BLOOMINGTON.  DEPT. 
OF  GEOGRAPHY. 

Mechanisms  of  Interannual   Variability  of  the 
Southwest  United  States  Summer  Rainfall  Maxi- 


mum. 
W9 1-054 12 


2B 


INGETEC  S.A.,  BOGOTA  (COLOMBIA). 

Colombian    Experience    with    Concrete    Face 

Rockfill  Dams. 

W91-05119  8A 

INNSBRUCK  UNIV.  (AUSTRIA).  HYGIENE 
INST. 

Ozone    Treatment    of    Small-Size    Swimming 

Pools  and  Whirlpools. 

W9 1-05059  5F 

INRS-EAU,  SAINTE-FOY  (QUEBEC). 

Bacterial    Leaching    of    Heavy    Metals    from 

Sewage  Sludge-Bioreactors  Comparison. 

W9 1-04943  5D 

Effects  of  a  Pulp  and  Paper  Mill  Effluent  on  the 
Structure  and  Metabolism  of  Periphytic  Algae  in 
Experimental  Streams. 
W91-05335  5C 

INSTITUT  AGRONOMIQUE  ET 
VETERINAIRE  HASSAN  II,  RABAT 
(MOROCCO).  DEPT.  OF  SOIL  SCIENCE. 

Modeling  Wheat  Seedling  Growth  and  Emer- 
gence:   I.    Seedling    Growth    Affected   by    Soil 
Water  Potential. 
W9 1-05607  2G 


Modeling  Wheat  Seedling  Growth  and  Emer- 
gence: II.  Comparison  with  Field  Experiments. 
W9 1 -05608  21 

INSTITUT  ARMAND-FRAPPIER,  LAVAL 
(QUEBEC).  CENTRE  DE  RECHERCHE  EN 
VIROLOGIE. 

Bacterial  Colonization  of  Domestic  Reverse-Os- 
mosis Water  Filtration  Units. 
W9 1-05939  5F 

INSTITUT  DES  SA VANES,  BOUAKE  (IVORY 
COAST). 

Water   Balance  Estimation   Model:   Field  Test 

and  Sensitivity  Analysis. 

W91-05183     '  2G 

INSTITUT  FOTOSINTEZA,  PUSHKINO  SSR). 
Biogeochemistry   of  Nitrogen   in    Agricultural 
Landscapes. 
W9 1-05  349  2G 

Geochemical  Flows  of  Microelements  in  Agri- 
cultural  Landscapes  of  the  Central   European 
USSR. 
W9 1-05828  2J 

INSTITUT  FRANCAIS  DE  RECHERCHE 

SCIENTIFIQUE  POUR  LE 

DEVELOPPEMENT  EN  COOPERATION, 

MONTPELLIER.  CENTRE  DE 

MONTPELLIER. 
Influence  of  the  Seasons  and  Climatic  Variations 
on  the  Fish  Populations  of  a  Tropical  Lagoon  in 
West  Africa,  (Influence  des  saisons  et  des  vari- 
ations climatiques  sur  les  peuplements  de  pois- 
sons  d'une  lagune  tropicale  en  Afrique  de 
l'Ouest). 
W91-05160  2L 

INSTITUT  FRESENIUS  CHEMISCHE  UND 
BIOLOGISCHE  LABORATORIEN  G.M.B.H., 
TAUNUSSTEIN-NEUHOF  (GERMANY,  F.R.). 

Occurrence  and  Distribution  of  Methane  Thiol 
and  Other  Volatile  Sulphur  Compounds  in  a 
Stratified  Lake  with  Anoxic  Hypolimnion. 
W9 1-04999  2K 

INSTITUT  JOZEF  STEFAN,  LJUBLJANA 
(YUGOSLAVIA). 

Micronucleus  Test  in  Fish  for  Monitoring  the 
Genotoxic  Effects  of  Industrial  Waste  Products 
in  the  Baltic  Sea,  Sweden. 
W9 1-05944  5  a 

INSTITUT  RUDJER  BOSKOVIC,  ROVTNJ 
(YUGOSLAVIA).  CENTAR  ZA  ISTRAZIVANJE 
MORA. 

DNA  Damage  Determination  by  the  Alkaline 
Elution    Technique    in    the    Haemolymph    of 
Mussel  Mytilus  galloprovincialis  Treated  with 
Benzo(a)pyrene  and  4-Nitroquinoline-N-oxide. 
W9 1-04991  5C 

INSTITUTE  OF  APPLIED  PHYSICS, 
PUSHKINO  (USSR). 

Effect  of  Fertilizer  Phosphates  on  Solubility  of 

Ca,  Mg,  Mn,  AI,  and  Fe  Compounds  in  Gray 

Forest  Soil. 

W9 1-05232  2K 

INSTITUTE  OF  ECOSYSTEM  STUDIES, 
MILLBROOK,  NY. 

Atmospheric  Pollutant  Deposition  to  High  Ele- 
vation Ecosystems. 
W91-05491  5B 

INSTITUTE  OF  HYDROLOGY, 
WALLINGFORD  (ENGLAND). 

Modelling   Stream   Acidification   in   Afforested 
Catchments:  An  Assessment  of  the  Relative  Ef- 
fects of  Acid  Deposition  and  Afforestation. 
W9 1-05437  5C 


OR-10 


ORGANIZATIONAL  INDEX 

KARLSRUHE  UNIV.  (GERMANY,  F.R.).  INST.  FUER  HYDROMECHANIK. 


Soil  Controls  on  Recharge  to  Aquifers. 
W9 1-05469 

INSTITUTE  OF  PHYTOPATHOLOGY, 
MOSCOW  REGION,  USSR. 

Degradation  of  Terbacil  in  Soil. 
W9 1-05226 


2F 


5B 


INSTITUTE  OF  PUBLIC  HEALTH,  TOKYO 
(JAPAN).  DEPT.  OF  SANITARY 
ENGINEERING. 

Effect  of  Operational  Factors  on  Solid/Liquid 
Separation  by  Ultra-Membrane  Filtration  in  a 
Biological  Denitrification  System  for  Collected 
Human  Excreta  Treatment  Plants. 
W9 1-05767  5D 

INSTITUTE  OF  TROPICAL  FORESTRY,  RIO 
PIEDRAS,  PR. 

Culvert  Flow  in  Small  Drainages  in  Montane 
Tropical   Forests:   Observations  from   the   Lu- 
quillo  Experimental  Forest  of  Puerto  Rico. 
W91-05635  2E 

INSTITUTO  DE  CIENCIAS  DEL  MAR, 

BARCELONA  (SPAIN). 

Development  of  a  toxic  Alexandrium  minutum 
Halim  (Dinophyceae)  Bloom  in  the  Harbour  of 
Sant  Carles  de  la  Rapita  (Ebro  Delta,  North- 
western Mediterranean). 
W91-05171  5C 

INSTITUTO  DE  INVESTIGACIONES 
MARINAS,  VIGO  (SPAIN). 

Water  Interchange  between  the  Ria  of  Vigo  and 

the  Coastal  Shelf. 

W91-05174  2L 

INSTITUTO  NACIONAL  DE  CIENCIA  Y 
TECNICA  HDDRICAS,  MENDOZA 
(ARGENTINA). 

Simulation  of  Flood  Waves  from  Outburst  of 

Glacier-Dammed  Lake. 

W9 1-05421  2E 

INSTITUTO  NACIONAL  DE  INVESTIGACAO 
DES  PESCAS,  LISBON  (PORTUGAL). 

Organochlorine  Compounds  in  the  Portuguese 
Oyster:  Importance  of  Seasonal  Variations. 
W91-05348  5B 

INSTITUTO  NACIONAL  DE 
INVESTIGACIONES  AGRARIAS,  MADRID 
(SPAIN).  CENTRO  DE  INVESTIGACION  Y 
TECNOLOGIA. 

Acute  Toxicity  to  Freshwater  Benthic  Macroin- 
vertebrates  of  Fluoride  Ion  (F-)  in  Soft  Water. 
W91-05010  5C 

INSTITUTO  POLITECNICO  DE  F.  P. 
MARJTTMO-PESQUERO  DEL  ESTRECHO, 
11008  CADIZ. 

Orcadian  Rhythms  and  Vertical  Profiles  in  a 

Shallow  Marine  Ecosystem  (Ritmos  Circadianos 

y  Perfiles  Verticales  en  un  Ecosistema  Litoral 

Somero). 

W91-05172  2L 

INTERNATIONAL  BANK  FOR 
RECONSTRUCTION  AND  DEVELOPMENT, 
WASHINGTON,  DC.  INFRASTRUCTURE  AND 
URBAN  DEVELOPMENT  DEPT. 

International  Perspective  on  Water  Resources 
Management  and  Wastewater  Reuse-Appropri- 
ate Technologies. 
W91-05532  3C 

INTERNATIONAL  INST.  FOR  LAND 
RECLAMATION  AND  IMPROVEMENT, 
WAGENINGEN  (NETHERLANDS). 

Variability    of   Soil    Water   Tension    and    Soil 

Water  Content. 

W9 1-05925  2G 


INTERNATIONAL  LAB.  OF  MARINE 
RADIOACTIVITY,  MONACO-VILLE 
(MONACO). 

210-Po,  210-Pb  in  Sediment  Trap  Particles  on  a 

Mediterranean  Continental  Margin. 

W9 1-05456  v 

Flux  of  Transuranium  Nuclides  and  Chlorinated 
Hydrocarbons  in  the  Northwestern  Mediterrane- 
an. 
W91-05457  5B 

IOWA  STATE  UNIV.,  AMES.  DEPT.  OF 
AGRICULTURAL  ENGINEERING. 

Use  of  Adsorbed  and  Non- Adsorbed  Tracers  to 
Study  the  Transport  of  Agricultural  Chemicals 
to  Shallow  Groundwater. 
W91-05660  5B 

IOWA  STATE  UNIV.,  AMES.  DEPT.  OF 
AGRONOMY. 

Effect  of  Solute  Application  Method  on  Prefer- 
ential Transport  of  Solutes  in  Soil. 
W91-05890  2G 

IOWA  UNTV.,  IOWA  CITY.  DEPT.  OF  CIVIL 
AND  ENVIRONMENTAL  ENGINEERING. 

Anaerobic  Filter  Treatment  of  Sulfate-Contain- 

ing  Wastewaters. 

W91-05735  5D 

Monte  Carlo  Study  of  Rainfall  Sampling  Effect 

on  a  Distributed  Catchment  Model. 

W91-05842  2E 

IOWA  UNTV.,  IOWA  CITY.  STATE  HYGIENIC 
LAB. 

Problems  Associated  with  Analysis  of  Petrole- 
um-Derived Materials  in  the  Environment. 
W9 1-05248  5A 

IRAN  UNIV.  OF  SCIENCE  AND 
TECHNOLOGY,  TEHRAN.  DEPT.  OF  CIVIL 
ENGINEERING. 

Reservoir  Planning  for  Irrigation  District. 

W9 1-05791  6A 

ISCOR  LTD.,  NEWCASTLE  (SOUTH  AFRICA). 

Demineralisation      Effluent      Purification      by 

Vacuum  Distillation. 

W9 1-05295  5D 

ISTITUTO  DI  RADIOBIOCHIMICA  ED 
ECOFISIOLOGIA  VEGETALE,  ROME 
(ITALY). 

Indolacetic  Acid  Production  from  Olive  Waste 

Water  by  Arthrobacter  spp. 

W91-05483  5E 

ISTITUTO  DI  RICERCA  SULLE  ACQUE, 
ROME  (ITALY). 

Cost  Optimization  of  Sewage  Sludge  Filterpress- 

ing. 

W91-05528  5D 

IWATE  UNTV.,  MORIOKA  (JAPAN).  DEPT. 
OF  CIVIL  ENGINEERING. 

Biological  Oxidation  of  Ferrous  Iron  in  High 
Acid  Mine  Drainage  by  Fluidized  Bed  Reactor. 
W91-05752  5D 

JACOBS  ENGINEERING  GROUP,  INC., 
PASADENA,  CA. 

Metal-Bearing  Waste  Streams:  Minimizing,  Re- 
cycling and  Treatment. 
W91-05668  5D 

JAPAN  ATOMIC  ENERGY  RESEARCH  INST., 
TAKASAKI.  TAKASAKI  RADIATION 
CHEMISTRY  RESEARCH  ESTABLISHMENT. 

Pilot  Plant  Test  of  Electron-Beam  Disinfected 

Sludge  Composting. 

W91-05527  5D 


JAPAN  SEWAGE  WORKS  AGENCY,  TODA. 
RESEARCH  AND  TECHNOLOGY 
DEVELOPMENT  DIV. 

Sewage  Sludge  Composting  Process  by  Static 

Pile  Method. 

W91-05526  5E 

Estimation  of  Energy  Saving  for  Melting  Proc- 
ess on  Sewage  Sludge. 
W91-05529  5E 

Characteristics  of  Melting  Process  for  Sewage 

Sludge. 

W91-05530 


5E 


Anaerobic  Treatment  of  Thermal  Sludge  Condi- 
tioning Liquor  and  Characteristics  of  Granular 
Sludge  Produced. 
W91-05728  5D 

Performance  Analysis  of  the  Rotating  Biological 
Contactor  Process  Based  on  Particle  Fraction 
and  Improvement  of  Final  Effluent  Quality. 
W9 1-05753  5D 

JOENSUU  UNIV.  (FINLAND).  DEPT.  OF 
BIOLOGY. 

Paleolimnological  Investigation  of  the  Eutroph- 

ication  History  of  Lake  Tuusulanjarvi,  Southern 

Finland. 

W9 1-05062  5C 

JOHANNESBURG  CITY  HEALTH  DEPT. 
LABS.  (SOUTH  AFRICA). 

Data    Capture    Systems    at    the    Johannesburg 

Northern  Works. 

W9 1-05292  5D 

JOHNS  HOPKINS  UNTV.,  BALTIMORE,  MD. 

Impact  of  Man. 

W9 1-05872  4C 

JORDAN  UNIV.  OF  SCIENCE  AND 
TECHNOLOGY,  DXBID.  DEPT.  OF  CIVIL 
ENGINEERING. 

Evaluation   of  a   Small   Unsteady   Continuous 

Flow  RBC  System. 

W9 1-05206  5D 

KALAMAZOO  CITY  DEPT.  OF  PUBLIC 
UTILITIES,  ML 

Utility  Financial  Planning  and  Rate  Design  by 

Computer. 

W9 1-05026  5D 

Sludge    Made    Manageable    with   Wedgewater 

Filter  Beds. 

W9 1-05030  5D 

KANAZAWA  UNIV.  (JAPAN).  DEPT.  OF 
CHEMISTRY. 

Airborne  Trace  Metals  in  Snow  on  the  Japan 

Sea  Side  of  Japan. 

W91-05355  5B 

KANSAS  STATE  UNTV.,  MANHATTAN. 
COOPERATIVE  EXTENSION  SERVICE. 

Household  Water  Quality  Education:  The  Coop- 
erative Extension  System  Role. 
W91-05700  5F 

KANSAS  UNIV.,  LAWRENCE.  DEPT.  OF 

CIVIL  ENGINEERING. 

ARMA  Model  for  Rainfall-Runoff  with  Appli- 
cations. 
W9 1-05620  2B 

KARLSRUHE  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  HYDROMECHANIK. 

Resistance  in  Flat-Bed  Sediment-Laden  Flows. 
W9 1-05425  2E 
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KASHMIR  UNIV.,  SRINAGAR  (INDIA). 
CENTRE  OF  RESEARCH  FOR 
DEVELOPMENT. 

Floods  Threatening  Kashmir  Wetlands. 
W9 1-05385 


2E 


KATHOLIEKE  UNIV.  NIJMEGEN 
(NETHERLANDS).  LAB.  OF  AQUATIC 
ECOLOGY. 

Differential  Tolerances  Among  Soft-Water  Ma- 

crophyte  Species  to  Acidification. 

W91-05191  5C 

KAWASAKI  CITY  SEWAGE  BUREAU 
(JAPAN).  DEPT.  OF  PLANNING. 

Reuse  of  Treated  Wastewater  in  an  Artificial 
Stream  ('Seseragi')  in  Kawasaki  City,  Japan. 
W91-05551  5D 

KAZAN  STATE  UNIV.  (USSR). 
Ameliorating  Effect  of  Shelter-Belt  Forests  on 
Chernozems. 
W9 1-05222  4D 

KENNEDY/ JENKS/CHILTON,  INC.,  SAN 
FRANCISCO,  CA. 

Clarification  and  Filtration  to  Meet  Low  Tur- 
bidity Reclaimed  Water  Standards. 
W9 1-05808  5D 

KENT  STATE  UNIV.,  OH.  DEPT.  OF 
GEOGRAPHY. 

Critique    of   the    Climatic    Record    of   'Water 
Equivalent   of  Snow   on   the   Ground'   in   the 
United  States. 
W9 1-05859  2C 

KENTUCKY  AGRICULTURAL  EXPERIMENT 
STATION,  LEXINGTON.  DEPT.  OF 
AGRONOMY. 

Tillage  Effects  on  Sediment  and  Soluble  Nutri- 
ent Losses  from  a  Maury  Silt  Loam  Soil. 
W91-05399  5B 

Mechanism  of  Water  Entry  into  Simulated  Ma- 

cropores. 

W9 1-05  599  2G 

KESKI  UUSIMAA  INTERMUNICIPAL  CORP. 
FOR  WATER  POLLUTION  CONTROL, 
KERAVA  (FINLAND). 

Comprehensive    Survey    of   the    Hypertrophic 
Lake  Tuusulanjarvi:  Nutrient   Loading,   Water 
Quality  and  Prospects  of  Restoration. 
W9 1-05061  so 

KHUDENKO  ENGINEERING,  ATLANTA,  GA. 

Feasibility  Evaluation  of  a  Novel  Method  for 

Destruction  of  Organics. 

W91-05515  so 

KING  ABDULAZIZ  UNIV.,  JEDDAH  (SAUDI 
ARABIA).  DEPT.  OF  THERMAL 
ENGINEERING. 

Economics    of   Desalination    for    Three    Plant 

Sizes. 

W91-05196  3A 

KINKI  UNIV.,  HIGASHIOSAKA  (JAPAN). 
DEPT.  OF  FISHERIES. 

Spectral  Distribution  Characteristics  in  Down- 
welling  Irradiance  and  Optical  Properties  within 
the  Euphotic  Layer  in  the  North  Basin  of  Lake 
Biwa. 
W9 1-04996  2H 

KOREA  ADVANCED  INST.  OF  SCIENCE  AND 
TECHNOLOGY,  SEOUL  (REPUBLIC  OF 
KOREA).  ENVIRONMENTAL  ENGINEERING 
LAB. 

Performance  Evaluation  of  Compact  RBC-Set- 

tling  Tank  System. 

W91-05754  5D 


KOREA  UNIV.,  SEOUL  (REPUBLIC  OF 
KOREA).  DEPT.  OF  CIVIL  ENGINEERING. 

Competition  and  Inhibition  of  Sulfate  Reducers 
and    Methane    Producers   in   Anaerobic   Treat- 
ment. 
W91-05732  5D 

KOREAN  INST.  OF  ENERGY  AND 
RESOURCES,  SEOUL  (REPUBLIC  OF 
KOREA). 

Environmental  Research  on  Trace  Elements  in 
Freshwater  Fish  by  Neutron  Activation  Analy- 


W9 1-05897 


5B 


KURITA  WATER  INDUSTRIES  LTD.,  ATSUGI 

(JAPAN). 

Pilot  and   Full-Scale  Experience  in  Anaerobic 

Treatment     of     Brewer's     Yeast     Processing 

Wastewater. 

W9 1-05723  5D 


Penetration  of  Biocides  into  Biofilm. 
W9 1-05747 


5D 


KURITA  WATER  INDUSTRIES  LTD.,  TOKYO 
(JAPAN).  TECHNICAL  DEPT. 

Effects  of  Activated  Sludge  Properties  on  Water 
Flux    of   Ultrafiltration    Membrane    Used    for 
Human  Excrement  Treatment. 
W9 1-05769  5D 

KUWAIT  INST.  FOR  SCIENTIFIC 
RESEARCH,  SAFAT. 

Numerical  Simulation  of  Subsurface- Water  Rise 

in  Kuwait  City. 

W91-05825  2F 

KUWAIT  INST.  FOR  SCIENTIFIC 
RESEARCH,  SAFAT.  DEPT.  OF 
BIOTECHNOLOGY. 

Performance  of  an  Integrated  Ponding  System 

Operated  in  Arid  Zones. 

W9 1-05763  5D 

KUWAIT  UNIV.,  SAFAT.  DEPT.  OF  CIVIL 
ENGINEERING. 

Laboratory  Study  on  Leaching  of  Calcareous 

Soil  from  Kuwait. 

W91-05378  2G 

KUWAIT  UNIV.,  SAFAT.  DEPT.  OF 
ELECTRICAL  AND  COMPUTER 
ENGINEERING. 

Heuristic  Design  of  Sewer  Networks. 

W9 1-05328  5D 


KYABRAM  RESEARCH  INST.  (AUSTRALIA). 

Correlation  of  Growth  of  the  Root  and  Shoot 
Systems  of  White  Clover  after  a  Period  of  Water 
Shortage  and/or  Defoliation. 
W9 1-05498  21 

KYOTO  CITY  SEWAGE  WORKS  BUREAU 
(JAPAN).  SLUDGE  TREATMENT  SECTION. 

Sludge  Incineration  Process  of  Kyoto  City-The 
Employment   and    Heat    Balance   of  the   Step 
Grate  Stoker  Furnace. 
W9 1-05503  5D 

KYOTO  UNIV.  (JAPAN).  DEPT.  OF  CIVIL 
ENGINEERING. 

Combining  Industrial  Wastes  with  Lime  for  Soil 

Stabilization. 

W91-05867  5E 

KYOTO  UNIV.  (JAPAN).  ENVIRONMENT 
PRESERVATION  CENTER. 

Sludge  Melting  Process  with  Hazardous  Asbes- 
tos Wastes. 
W91-05531  5E 

KYUSHU  UNIV.,  FUKUOKA  (JAPAN).  DEPT. 
OF  HYDRAULIC  CIVIL  ENGINEERING. 

Transient  Responses  of  Wastewater  Treatment 
and  Biomass  Development  in  a  Methanogenic 
Fluidized  Bed. 
W9 1-05740  5D 


LA  TROBE  UNIV.,  BUNDOORA 
(AUSTRALIA).  SCHOOL  OF  AGRICULTURE. 

Effect  of  Sulphur  Dioxide  on  Extractable  Man- 
ganese in  Soils. 
W9 1-05339  5B 

LABORATOIRE  DE  GEOLOGIE  APPLIQUEE, 
PARIS  (FRANCE). 

Decametric     Variability     of    Soudano-Sahelian 
Rainfall  Fields  (Variabilite  Spatiale  des  Precipi- 
tations Soudano-Saheliennes  a  1'Echelle  Deca- 
metrique). 
W9 1-05850  2B 

LABORATOIRE  DE  PROTECTION  DES 
CULTURES,  NANCY  (FRANCE). 

Study  of  Carbofuran  Movement  in  Soils:  Part  I- 

Soil  Structure. 

W9 1-05902  5B 

Study  of  Carbofuran  Movement  in  Soils:  Part  II- 

Kinetics. 

W9 1-05903  5B 

LANCASTER  UNIV.  (ENGLAND).  INST.  OF 
ENVIRONMENTAL  AND  BIOLOGICAL 
SCIENCES. 

Organic  Contaminants  in  an  Agricultural  Soil 
with    a    Known    History    of   Sewage    Sludge 
Amendments:  Polynuclear  Aromatic  Hydrocar- 
bons. 
W9 1-04949  5E 

LAVAL  UNIV.,  QUEBEC.  DEPT.  OF  CIVIL 
ENGINEERING. 

Permeability  Anisotropy  of  Natural  Clays  as  a 

Function  of  Strain. 

W91-05359  go 

Dynamic  Modeling  of  Wastewater  Treatment 

Processes. 

W9 1-05948  7c 

LAWRENCE  BERKELEY  LAB.,  CA.  EARTH 
SCIENCES  DIV. 

Fluid  Flow  in  Partially  Saturated,  Welded-Non- 

welded  Tuff  Units. 

W91-05883  2F 

LEEDSHILL-HERKENHOFF,  INC., 

ALBUQUERQUE,  NM. 
Community  Demonstration  of  POU  Systems  Re- 
moval  of  Arsenic   and   Fluoride:   San   Ysidro, 
New  Mexico. 
W91-05715  5F 

LEKTRATEK  MARKETING,  P.O.  BOX  1257, 
RTVENIA  2128,  SOUTH  AFRICA. 

Computerised  Instrumentation  and  Control  Sys- 
tems. 
W9 1-05293  7B 

LINENTHAL  EISENBERG  ANDERSON,  INC., 
BOSTON,  MA. 

Septage-Only  Treatment  Plant  Opens  After  19 

Years  of  Hurdles. 

W9 1-05025  5D 

LITTLE  (ARTHUR  D),  INC.,  CAMBRIDGE, 
MA. 

Toward  Economically  Efficient  Management  of 
Underground  Storage  Tanks:  A  Risk-Based  Ap- 
proach. 
W9 1-05264  5G 

LIVERPOOL  UNTV.  (ENGLAND).  DEPT.  OF 
GEOGRAPHY. 

Checks  on  the  Measurement  of  Potential  Evapo- 
transpiration  Using  Water  Balance  Data  and  In- 
dependent Measures  of  Groundwater  Recharge. 
W9 1-05430  2D 
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LIVERPOOL  UNTV.,  PORT  ERIN 
(ENGLAND).  DEPT.  OF  MARINE  BIOLOGY. 

Effects  of  TBT  Contamination  on  Nucella  Popu- 
lations. 
W91-05045  5C 

LOS  ALAMOS  NATIONAL  LAB.,  NM.  LIFE 
SCIENCES  DIV. 

Removal  of  Barium  Ion  from  Solution  Using 
Datura  innoxia  Mill.  Suspension  Culture  Cells. 
W91-05393  5D 

LOS  ANGELES  CITY  BUREAU  OF 
SANITATION,  CA. 

Implementation  of  a  Heavy  Metals  Reduction 
Program  in  the  City  of  Los  Angeles. 
W91-05673  5G 

LOUISIANA  STATE  UNTV.,  BATON  ROUGE. 
COASTAL  ECOLOGY  AND  FISHERDZS  INST. 

Fishery-Dependent  Based  Study  of  Fish  Species 
Composition  and  Associated  Catch  Rates 
Around  Oil  and  Gas  Structures  off  Louisiana. 
W9 1-05460  8I 

LOUISIANA  STATE  UNIV.,  BATON  ROUGE. 
COASTAL  STUDIES  INST. 

Sea  Floor  Responses  to   Hydrocarbon   Seeps, 

Louisiana  Continental  Slope. 

W91-05916  5B 

LOUISIANA  STATE  UNTV.,  BATON  ROUGE. 
DEPT.  OF  AGRONOMY. 

Effects  of  Leaching   Surface-Applied  Amend- 
ments on  Subsoil  Aluminum  and  Alfalfa  Growth 
in  a  Louisiana  Ultisol. 
W91-05341  5B 

LOUISIANA  STATE  UND7.,  BATON  ROUGE. 
DEPT.  OF  CTVn.  ENGINEERING. 

Derivation  of  Infiltration  Equation  Using  Sys- 
tems Approach. 
W9 1-05 136  2G 

LOUISIANA  STATE  UNIV.,  BATON  ROUGE. 
DEPT.  OF  ECONOMICS. 

Oil  and  Gas  Activity  and  Louisiana  Wetland 

Loss. 

W9 1-04966  4C 

LOUISIANA  STATE  UNTV.,  BATON  ROUGE. 
DEPT.  OF  MARINE  SCIENCE. 

Effects  of  Estuarine  Environmental  Conditions 
on  Population  Dynamics  of  Young-of-the-Year 
Gulf  Menhaden. 
W91-05595  2L 

LOUISIANA  STATE  UNIV.,  BATON  ROUGE. 
DEPT.  OF  ZOOLOGY  AND  PHYSIOLOGY. 

Imposex  Induction  in  Nucella  lima  (Gmelin)  via 

Mode  of  Exposure  to  Tributyltin. 

W9 1-05054  5C 

LOUISIANA  STATE  UNTV.,  BATON  ROUGE. 
LAB.  FOR  WETLAND  SOILS  AND 
SEDEMENTS. 

Subsidence,  Accretion,  and  Sea  Level  Rise  in 

South  San  Francisco  Bay  Marshes. 

W9 1-05  5  87  2L 

LOUISVILLE  UNTV.,  KY.  DEPT.  OF 
BIOLOGY. 

Post-Spate    Development    of    Epilithic    Algal 
Communities    in    Different    Current    Environ- 
ments. 
W9 1-05 190  2H 

LUND  INST.  OF  TECH.  (SWEDEN).  DEPT.  OF 
CHEMICAL  ENGINEERING. 

Role  of  Weathering  and  Forestry  in  Determin- 
ing the  Acidity  of  Lakes  in  Sweden. 
W91-04970  5B 

LUND  UNTV.  (SWEDEN).  DEPT.  OF  WATER 
RESOURCES  ENGINEERENG. 

Numerical  Simulation  of  Shoreline  Change  at 

Lorain,  Ohio. 

W91-05782  2J 


LYON-1  UNIV.,  VILLEURBANNE  (FRANCE). 
LAB.  DE  GENIE  ENZYMATIQUE. 

Phosphate-Sensitive  Enzyme  Electrode:  A  Po- 
tential Sensor  for  Environmental  Control. 
W9 1-05090  7B 

LYONNAISE  DES  EAUX,  LE  PECQ 
(FRANCE).  LAB.  CENTRAL. 

Study  of  Biofilm  and  Fluidization  of  Bioparticles 
in  a  Three-Phase  Liquid-Fluidized-Bed  Reactor. 
W9 1-05742  5D 

Membrane  Bioreactor  on  Domestic  Wastewater 

Treatment   Sludge   Production   and   Modelling 

Approach. 

W91-05768  5D 

MACDONALD  COLL.,  STE.  ANNE  DE 
BELLEVUE  (QUEBEC).  DEFT.  OF 
RENEWABLE  RESOURCES. 

Copper  and  Zinc  Sorption  on  Some  B  Horizons 

of  Quebec  Soils. 

W91-05338  5B 

MAINE  UNIV.  AT  ORONO.  DEPT.  OF 
PLANT  AND  SOIL  SCIENCES. 

Levels  of  Total  Cyanide  and  NaCl  in  Surface 
Waters  Adjacent  to  Road  Salt  Storage  Facilities. 
W91-05111  5B 

MAINE  UND/.,  ORONO. 

Modelling  Point-of-Entry  Radon  Removal  by 

GAC. 

W91-05713  5F 

MAINE  UND/.,  ORONO.  DEPT.  OF 
GEOLOGICAL  SCIENCES. 

Alkalinities  of  Maine  Lakes:  Are  They  Really 

Changing. 

W91-05579  2H 

MALAGA  UNIV.  (SPAIN).  DEPT.  OF 
MICROBIOLOGY. 

Modified  Most-Probable-Number  Technique  for 
the  Specific  Determination  of  Escherichia  coli 
from  Environmental  Samples  using  a  Fluoro- 
genic  Method. 
W91-05572  5A 

MANCHESTER  WATER  WORKS,  NH. 

N.  H.  Water  Rights:  An  Endangered  Species. 
W91-05214  6E 

MANITOBA  UNIV.,  WINNIPEG.  PESTICIDE 
RESEARCH  LAB. 

Evidence  of  Sensitized  Photolysis  of  Polychlori- 
nated    Dibenzo-p-Dioxins    in    Natural    Waters 
under  Sunlight  Conditions. 
W9 1-04954  5B 

MARMARA  UNIV.,  ISTANBUL  (TURKEY). 
DEPT.  OF  ENGINEERING. 

Velocity  and  Depth  of  Flow  Calculations  in 

Partially  Filled  Pipes. 

W91-05329  8B 

MARYLAND  UNTV.  AT  BALTIMORE. 
SCHOOL  OF  MEDICTNE. 

Non-O  Group  1  Vibrio  cholerae:  A  Look  at  the 

Epidemiology  of  an  Occasional  Pathogen. 

W9 1-05037  5C 

MARYLAND  UNIV.,  CAMBRIDGE.  HORN 
POINT  ENVIRONMENTAL  LABS. 

Anticipated  Effects  of  Climate  Change  on  Estua- 
rine and  Coastal  Fisheries. 
W9 1-05 165  2B 

MARYLAND  UND/.,  COLLEGE  PARK.  DEPT. 
OF  AGRICULTURAL  ENGINEERING. 

Ion  Exchange  Treatment  of  Subsurface  Drain- 
age Water. 
W9 1-05924  5G 

MARYLAND  UNIV.,  COLLEGE  PARK.  DEPT. 
OF  AGRONOMY. 

Nutrient  and  Sediment  Losses  from  Turfgrass. 
W9 1-05  396  5B 


MARYLAND  UNIV.,  COLLEGE  PARK. 
MARINE-ESTUARINE-ENVIRONMENTAL 
SCIENCES  PROGRAM. 

Interactions   between    Shewanella   colwelliana, 
Oyster  Larvae,  and  Hydrophobic  Organophos- 
phate  Pesticides. 
W9 1-05096  5C 

MASSACHUSETTS  DEPT.  OF 
ENVIRONMENTAL  QUALITY 
ENGINEERING,  WOBURN.  DIV.  OF 
HAZARDOUS  WASTE. 

Onsite  Analytical  Screening  of  Gasoline  Con- 
taminated Media  Using  a  Jar  Headspace  Proce- 
dure. 
W9 1-05247  5  A 

MASSACHUSETTS  INST.  OF  TECH., 
CAMBRIDGE.  DEPT.  OF  CHEMICAL 
ENGENEERING. 

Study  of  Adsorption-Desorption  of  Contami- 
nants on  Single  Soil  Particles  Using  the  Electro- 
dynamic  Thermogravimetric  Analyzer. 
W9 1-05953  5G 

MASSACHUSETTS  INST.  OF  TECH., 
CAMBRIDGE.  DEPT.  OF  CIVIL 
ENGINEERING. 

Mobilization  of  Colloids  in  Groundwater  Due  to 
Infiltration  of  Water  at  a  Coal  Ash  Disposal  Site. 
W91-05413  5C 

MASSACHUSETTS  INST.  OF  TECH., 
CAMBRIDGE.  NUCLEAR  REACTOR  LAB. 

Identifying  Sources  of  Groundwater  Pollution 

Using  Trace  Element  Signatures. 

W91-05898  5B 

MASSACHUSETTS  UNIV.,  AMHERST. 
CHENOWETH  LAB. 

Analysis  of  Petroleum  Contaminated  Soil  and 

Water:  An  Overview. 

W9 1-05245  5  A 

MASSACHUSETTS  UNTV.,  AMHERST.  DEPT. 
OF  CIVIL  ENGINEERING. 

Chlorination   of  Humic    Materials:    Byproduct 

Formation  and  Chemical  Interpretations. 

W9 1-04946  5F 

Cutoff  Walls  to  Contain  Petroleum  Contaminat- 
ed Soils. 
W9 1-05255  5E 

Fate  and  Transport  of  Combined  Residual  Chlo- 
rine in  Small  Stream. 
W91-05325  5B 

Bioremediated  Soil  Venting  of  Light  Hydrocar- 
bons. 
W9 1-059 18  5G 

MASSACHUSETTS  UNIV.,  AMHERST.  DD7. 
OF  PUBLIC  HEALTH. 

Reducing  Drinking  Water  Sodium  Concentra- 
tions Did  Not  Influence  Adolescent  Blood  Pres- 
sure. 
W91-05461  5F 

MASSACHUSETTS  UNIV.,  AMHERST. 
ENVIRONMENTAL  AND  HEALTH  SCIENCES 
PROGRAM. 

State  of  Research  and  Regulatory  Approach  of 
State  Agencies  for  Cleanup  of  Petroleum  Con- 
taminated Soils. 
W9 1-05244  5G 

Council  for  Health  and  Environmental  Safety  of 
Soils  (CHESS):  A  Coalition  to  Standardize  Ap- 
proaches to  Soil  Contamination  Problems. 
W9 1-05267  5G 
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MASSACHUSETTS  UNIV.  AT  BOSTON. 
ENVIRONMENTAL  SCIENCE  PROGRAM. 

Polycyclic  Aromatic  Hydrocarbon  Metabolism 

in  the  Polychaete  Nereis  virens. 

W9 1-04993  5B 

MASSACHUSETTS  WATER  RESOURCES 
AUTHORITY,  BOSTON. 

Selection  of  Egg-Shaped  Sludge  Digesters  for 

Boston. 

W9I-05801  5D 

MASSACHUSETTS  WATER  RESOURCES 
AUTHORITY,  SOUTHBORO.  WATER 
QUALITY  DIV. 

Use  of  Chloramines  -  Past,  Present  and  Future 
W9 1-052 12  5F 

MCGILL  UNIV.,  MONTREAL  (QUEBEC). 
DEPT.  OF  PHYSICS. 

Fractals,  Raindrops  and  Resolution  Dependence 

of  Rain  Measurements. 

W91-05860  2B 

MCMASTER  UNIV.,  HAMILTON  (ONTARIO) 
DEPT.  OF  CIVIL  ENGINEERING  AND 
ENGINEERING  MECHANICS. 

Economic     Feasibility    of    Drying    Municipal 

Solid-Waste  Combustion  Residue. 

W91-05123  5E 

MCNEESE  STATE  UNIV.,  LAKE  CHARLES, 
LA. 

Concentrations  of  Synthetic  Organic  Chemicals 
in  Leachate  from  a  Municipal  Landfill. 
W91-05112  5B 

MEIER  (EDI)  AND  PARTNER,  WINTERTHUR 
(SWITZERLAND). 

Differential  Pressure  Tiltmeter  for  Large-scale 

Ground  Monitoring. 

W91-05121  8G 

MEIJI  UNIV.,  KAWASAKI  (JAPAN).  DEPT. 
OF  INDUSTRIAL  CHEMISTRY. 

Removal   of  Trihalomethane   Precursors   from 

River  and  Lake  Water  by  Activated  Carbon 

Adsorption. 

W9 1-05778  5p 

MEIRING  AND  PARTNERS,  PRETORIA 
(SOUTH  AFRICA). 

Instrumentation  for  Rooiwal  Watercare  Works 
W9 1-05289  5D 

MEISEI  UNIV.,  TOKYO  (JAPAN).  DEPT.  OF 
CIVIL  ENGINEERING. 

Removal  of  Organic  Constituents  in  Municipal 
Sewage  Using  Anaerobic  Fluidized  Sludge  Blan- 
ket and  Anaerobic  Filter. 
W9 1-05737  5D 

MEMORIAL  UNTV.  OF  NEWFOUNDLAND, 
ST.  JOHN'S.  DEPT.  OF  GEOGRAPHY. 

Studies  of  a  Subarctic  Coastal  Marsh.  III.  Mod- 
elling the  Subsurface  Water  Fluxes  and  Chloride 
Distribution. 
W9 1-05427  2H 

MEMPHIS  STATE  UNTV.,  TN.  DEPT.  OF 
CIVIL  ENGINEERING. 

Effects  of  Clearing  and  Snagging  on  Physical 

Conditions  of  Rivers. 

W91-05141  4A 

MEMTEC  LTD.,  WINDSOR  (AUSTRALIA). 

Disinfection     and     Clarification     of     Treated 

Sewage  by  Advanced  Microfiltration. 

W9 1-05770  5D 

METCALF  AND  EDDY,  INC.,  WAKEFIELD, 
MA. 

Making  Groundwater  Safe  to  Drink. 

W9 1-05034  5G 


Use  of  a  Remote  Operated  Vehicle  (ROV)  to 

Evaluate      Marine      Discharges      of     Treated 

Wastewater. 

W91-05663  7B 

METROPOLITAN  COUNCIL,  ST.  PAUL,  MN. 

Water-Quality    Effectiveness    of  a    Detention/ 
Wetland  Treatment  System  and  Its  Effect  on  an 
Urban  Lake. 
W9 1-05908  5D 

MICHIGAN  BIOTECHNOLOGY  INST., 
LANSING. 

Behavior  of  Carbon  Monoxide  as  a  Trace  Com- 
ponent of  Anaerobic  Digester  Gases  and  Meth- 
anogenesis  from  Acetate. 
W9 1-04944  5D 

MICHIGAN  STATE  UNIV.,  EAST  LANSING. 
PESTICIDE  RESEARCH  CENTER. 

Characterization  of  the  H4IIE  Rat  Hepatoma 
Cell   Bioassay  as  a  Tool  for  Assessing  Toxic 
Potency  of  Planar  Halogenated  Hydrocarbons  in 
Environmental  Samples. 
W9 1-05950  5  A 

MICHIGAN  TECHNOLOGICAL  UNIV., 
HOUGHTON.  DEPT.  OF  CIVIL  AND 
ENVIRONMENTAL  ENGINEERING. 

Sorption  and  Microbial  Degradation  of  Naph- 
thalene in  Soil-Water  Suspensions  under  Denitri- 
fication  Conditions. 
W9 1-05957  5B 

MILITARY  ACADEMY,  WEST  POINT,  NY 
SCIENCE  RESEARCH  LAB. 

Assessment  of  Performance  of  Wet  Atmospheric 

Deposition  Samplers.  Part  2.  Validation  of  Siting 

Criteria. 

W9 1-04972  7B 

MINNESOTA  TECHNICAL  ASSISTANCE 
PROGRAM,  MINNEAPOLIS. 

Source  Reduction  Opportunities  in  the  Plating 

Industry. 

W9 1-05674  so 

MINNESOTA  UNIV.,  DULUTH.  COLL.  OF 
SCIENCE  AND  ENGINEERING. 

Airborne  Mercury  Deposition  and  Watershed 
Characteristics  in  Relation  to  Mercury  Concen- 
trations in  Water,  Sediments,  Plankton  and  Fish 
of  Eighty  Northern  Minnesota  Lakes. 
W9 1-04951  5B 

MINNESOTA  UNIV.,  MINNEAPOLIS.  DIV. 
OF  ENVIRONMENTAL  HEALTH. 

Acute  Toxicity  of  the  Natural  Algicide,  Cyano- 

bacterin,  to  Daphnia  magna. 

W9 1-05 105  5G 

MINNESOTA  UNIV.,  MINNEAPOLIS.  ST. 
ANTHONY  FALLS  HYDRAULIC  LAB. 

Convex    Interpolation    for    Gradient    Dynamic 

Programming. 

W9 1-05834  7C 

MINNESOTA  UNTV.,  ST.  PAUL.  DEPT.  OF 
SOIL  SCIENCE. 

Earthworm   Effects   on   Corn   Residue   Break- 
down and  Infiltration. 
W9 1-05609  2G 

MISSISSIPPI  COOPERATIVE  FISH  AND 
WILDLIFE  RESEARCH  UNIT,  MISSISSIPPI 
STATE. 

Organochlorine    Contaminants    in    Eggs    and 

Tissue  of  Wood  Ducks  from  Mississippi. 

W9 1-05009  5B 

MISSISSIPPI  FOREST  PRODUCTS 
UTILIZATION  LAB.,  MISSISSIPPI  STATE. 

Biotechnology  Approach  to  Bioremediation. 
W91-05144  5G 


MISSISSIPPI  STATE  UNIV.,  MISSISSIPPI 
STATE. 

Bioremediation   Demonstration   Unit  at   Weed, 

California. 

W91-05145  so 

MISSISSIPPI  STATE  UNIV.,  MISSISSIPPI 
STATE.  DEPT.  OF  AGRICULTURAL  AND 
BIOLOGICAL  ENGINEERING. 

Substituting  Climate  for  Groundwater  in  Aqua- 
culture:  The  Potential  for  Conservation  in  the 
Southeastern  United  States. 
W9 1-05 157  3F 

MISSISSIPPI  STATE  UNIV.,  MISSISSIPPI 
STATE.  DEPT.  OF  GEOLOGY  AND 
GEOGRAPHY. 

Water  Quality  of  a  Carbonate  Island  Karst  Aqui- 
fer, San  Salvador  Island,  Bahamas. 
W9 1-05654  2F 

MISSISSIPPI  STATE  UNIV.,  MISSISSIPPI 
STATE.  SCHOOL  OF  FORESTRY. 

Influence  of  Greentree  Reservoir  Management 
on   Overstory   Composition,   Canopy   Density, 
and  Hardwood  Regeneration  on  Noxubee  Na- 
tional Wildlife  Refuge. 
W91-05149  6G 

MISSISSIPPI  UNIV.,  UNIVERSITY. 
RESEARCH  INST.  OF  PHARMACEUTICAL 
SCIENCES. 

Influence  of  Dissolved  Humic  Materials  on  the 
Biological  Effects  of  Drilling  Components. 
W91-05146  5C 

MISSISSIPPI  WATER  RESOURCES 
RESEARCH  INST.,  MISSISSIPPI  STATE. 

Proceedings,  Twentieth  Mississippi  Water  Re- 
sources Conference,  1990. 
W91-05137  2E 

MISSOURI  UNrV.-COLUMBIA.  DEPT.  OF 
AGRONOMY. 

Evaluation  of  Constructed  and  Natural  Soil  Ma- 
cropores  Using  X-Ray  Computed  Tomography. 
W9 1-05874  gD 

MIYAZAKI  UNTV.  (JAPAN).  DEPT.  OF  CIVIL 
ENGINEERING. 

Biofilm  Properties  and  Simultaneous  Nitrifica- 
tion and  Denitrification  in  Aerobic  Rotating  Bio- 
logical Contactors. 
W91-05743  5D 

MONASH  UNTV.,  CLAYTON  (AUSTRALIA). 
DEPT.  OF  BOTANY. 

Interaction  Between  the  Effects  of  Substratum, 

Velocity  and  Location  on  Stream  Benthos:  an 

Experiment. 

W9 1-05003  2E 

MONSANTO  CHEMICAL  CO.,  PENSACOLA, 
FL. 

Utilization    of    Adipic    Acid    Byproducts    for 

Energy  Recovery  and  Enhancement  of  Flue  Gas 

Desulfurization. 

W9 1-05909  5D 

MONSANTO  CO.,  ST.  LOUIS,  MO. 

Determination  of  Linear  Alkylbenzenesulfonates 
and  Dialkyltetralinsulfonates  in  Water  and  Sedi- 
ment by  Gas  Chromatography/Mass  Spectrome- 
try. 
W9 1-05092  5  a 

MONTPELLIER-2  UNIV.  (FRANCE). 

Nutrient  Removal  by  High  Rate  Pond  System  in 

a  Mediterranean  Climate  (France). 

W91-05762  5D 
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MONTPELLIER-2  UNIV.  (FRANCE).  INST. 
DES  SCIENCES  DE  L'INGENIEUR. 

Magnesium  Induced  Algal  Flocculation  in  a  Flu- 

idized  Bed. 

W9 1-05779  5D 

MONTPELLIER-2  UNIV.  (FRANCE).  LAB. 
D'HYDROGEOLOGIE. 

Water-Table  Fluctuations  in  Weathered  Crystal- 
line Rocks  in  a  High  Altitude  Humid  Intertropi- 
cal Zone  (High  Plateaux  of  Madagascar)  (Com- 
portement  Piezometrique  des  Nappes  d'Alterites 
en  Zone  Intertropical  Humide  d'Altitude 
(Hauts  Plateaux  de  Madagascar)). 
W9 1-05442  2F 

MORRIS  (GREGORY  L.)  AND  ASSOCIATES, 
SAN  JUAN,  PR. 

Geographic  Distribution  of  Drought  on  Two 
Caribbean  Islands:  Puerto  Rico  and  St.  Kitts. 
W9 1-05626  2E 

MOSCOW  STATE  UNIV.  (USSR).  DEPT.  OF 
SOIL  SCIENCE. 

Formation  and  Physical  State  of  Leached  Fer- 

rallitic  Savanna  Soils  of  Mali. 

W91-05215  2J 

Microbial  Populations  of  a  Southern  Chernozem 
as  an  Indicator  of  Irrigation  Effects. 
W91-05217  3F 

Water  Regime  of  Shelterbelts  in  a  Dry  Steppe 

Zone. 

W91-05218  2G 

Biochemistry  of  Heavy  Metals  in  an  Urban  En- 
vironment. 
W91-05224  5B 

Nature  and  Mechanisms  of  Formation  of  Metal- 
Humus  Complexes. 
W91-05350  2G 

Chemical  Reclamation  of  Saline-Sodic  Soils  of 

the  Lower  Don  Floodplain  by  Some  Industrial 

Wastes. 

W9 1-05576  2G 

MOSCOW  STATE  UNIV.  (USSR).  FACULTY 
OF  GEOGRAPHY. 

Polycyclic  Aromatic  Hydrocarbons  in  Leached 
Chernozems  and  Gray  Forest  Soils  of  Natural 
and  Technogenic  Landscapes. 
W91-05575  5B 

MURDOCH  UNIV.  (WESTERN  AUSTRALIA). 
SCHOOL  OF  BIOLOGICAL  AND 
ENVIRONMENTAL  SCIENCES. 

Efficiency  Estimates  of  a  Stream  Benthos  Suc- 
tion Sampler. 
W91-05006  7B 

Effectiveness  of  Evapotranspiration  Systems  in 
Disposing  of  Wastewater  in  Remote  Aboriginal 
Communities  in  Northwest  Australia. 
W91-05510  5E 

MURRAY-DARLING  FRESHWATER 
RESEARCH  CENTRE,  ALBURY 
(AUSTRALIA). 

Optical   Properties  of  Waters  in  the  Murray- 
Darling  Basin,  South-Eastern  Australia. 
W9 1-05004  2E 

NAGOYA  INST.  OF  TECH.  (JAPAN).  DEPT. 
OF  CIVIL  ENGINEERING. 

Turbulent  Structure  in  Compound  Open-Chan- 
nel Flows. 
W91-05420  8E 

NANJING  HYDROLOGICAL  RESEARCH 
INST.  (CHINA). 

Study  and  Application  of  Rainfall-Runoff  Model 

for  Karst  Regions. 

W91-05623  2A 


NANJING  UNIV.  (CHINA).  DEPT.  OF 
ENVIRONMENTAL  SCIENCE. 

DO  Model  Uncertainty  with  Correlated  Inputs. 
W9 1-05327  5B 

NANYANG  TECHNOLOGICAL  INST., 
SINGAPORE.  SCHOOL  OF  CIVIL  AND 
STRUCTURAL  ENGINEERING. 

Bed  Features  in  Nonuniform  Sediments. 
W91-05426  2E 

NAPLES  UNIV.  (ITALY).  DIPT.  DI 
INGEGNERIA  DEI  MATERIALI  E  DELLA 
PRODUZIONE. 

Dynamic  Data  on  Lead  Uptake  from  Water  by 

Chabazite. 

W91-05199  5D 

NAPLES  UNIV.  (ITALY).  1ST.  DI  CHIMICA 
AGRARIA. 

Absorption  of  Herbicides  by  Soils  of  the  Cam- 
pania Region  (Adsorbimento  di  Diserbanti  su 
Suoli  della  Campania). 
W91-05482  5B 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION,  GREENBELT,  MD. 
GODDARD  SPACE  FLIGHT  CENTER. 

Retrieval  of  Water  Vapor  Profiles  from  Micro- 
wave Radiometric  Measurements  near  90  and 
183  GHz. 
W9 1-05854  2B 

Climatologically  Tuned  Reflectivity-Rain  Rela- 
tions and  Links  to  Area-Time  Integrals. 
W91-05858  2B 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION,  HAMPTON,  VA. 
LANGLEY  RESEARCH  CENTER. 

Methane    Emissions    from    the    Florida    Ever- 
glades:  Patterns   of  Variability   in   a   Regional 
Wetland  Ecosystem. 
W9 1-050 17  2H 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION,  MOFFETT  FIELD,  CA. 
AMES  RESEARCH  CENTER. 

Diffusive  Boundary  Layer  of  Sediments: 
Oxygen  Microgradients  over  a  Microbial  Mat. 
W91-05584  2H 

NATIONAL  BOTANICAL  RESEARCH  INST., 
LUCKNOW  (INDIA).  AQUATIC  BOTANY 
LAB. 

Removal  of  Cu  and  Cd  from  Water  by  Bacopa 

monnieri  L. 

W91-04980  5B 

NATIONAL  CENTER  FOR  ATMOSPHERIC 
RESEARCH,  BOULDER,  CO. 
ENVIRONMENTAL  AND  SOCIETAL 
IMPACTS  GROUP. 

Does  History  Have  a  Future.  Forecasting  Cli- 
mate Change  Effects  on  Fisheries  by  Analogy. 
W9 1-05 168  2B 

NATIONAL  CENTRAL  UNIV.,  CHUNG-LI 
(TArWAN).  DEPT.  OF  CIVIL  ENGINEERING. 

Increased  Stability  of  Anaerobic  Digestion  by 

Controlled  Recirculation. 

W9 1-05729  5D 

NATIONAL  CHEMICAL  LAB.  FOR 
INDUSTRY,  YATABE  (JAPAN). 

Analysis  of  Dewatering  Characteristics  of  Lake 

and  River  Sediments. 

W91-05525  5G 

NATIONAL  CHENG  KUNG  UNIV.,  TAINAN 
(TATWAN).  DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Nitrification     and     Denitrification     of     High- 
Strength   Ammonium   and   Nitrite   Wastewater 
with  Biofilm  Reactors. 
W91-05749  5D 


NATIONAL  CHENG  KUNG  UNIV.,  TAINAN 
(TAIWAN).  DEPT.  OF  HYDRAULICS  AND 
OCEAN  ENGINEERING. 

Automatic    Parameters    Calibration    Technique 

for  Rainfall-Runoff  Modelling. 

W91-05622  2B 

NATIONAL  CHENG  KUNG  UNIV.,  TAINAN 
(TAIWAN).  GRADUATE  INST.  OF  CIVIL 
ENGINEERING. 

Influence  of  Glucose  Supplement  on  the  Degra- 
dation of  Catechol. 
W9 1-05726  5D 

NATIONAL  ENFORCEMENT 
INVESTIGATIONS  CENTER,  DENVER,  CO. 

Determination  of  Rhenium  in  Groundwater  by 
Inductively  Coupled  Plasma  Mass  Spectrometry 
with    On-Line    Cation    Exchange    Membrane 
Sample  Cleanup. 
W9 1-05091  5A 

NATIONAL  ENVIRONMENTAL 
ENGINEERING  RESEARCH  INST.,  NAGPUR 
(INDIA). 

Pilot-Scale    Distillery    Spentwash    Biomethana- 

tion. 

W91-05319  5D 

NATIONAL  FISHERIES  CONTAMINANT 
RESEARCH  CENTER,  DIXON,  CA.  FIELD 
RESEARCH  STATION-DIXON. 

Elemental   Concentrations  in  Fishes  from  the 

Salton  Sea,  Southeastern  California. 

W9 1-04968  5B 

NATIONAL  INST.  FOR  ENVIRONMENTAL 
STUDIES,  TSUKUBA  (JAPAN). 

Primary   Production   of  Epiphytic   Algae   and 

Phytoplankton   in  the  Littoral   Zone  of  Lake 

Kasumigaura. 

W91-05596  2H 

Denitrification  of  Landfill  Leachate  by  the 
Modified  Rotating  Biological  Contactor  (RBC). 
W91-05755  5D 

NATIONAL  INST.  FOR  ENVIRONMENTAL 
STUDIES,  TSUKUBA  (JAPAN). 
ENVIRONMENTAL  BIOLOGY  DIV. 

Influence  of  Persistence  Period  of  an  Insecticide 
on  Recovery  Patterns  of  a  Zooplankton  Com- 
munity in  Experimental  Ponds. 
W91-05110  5C 

NATIONAL  INST.  FOR  WATER  RESEARCH, 
PRETORIA  (SOUTH  AFRICA). 

ICA   Symposium  on  Instrumentation,   Control 
and  Automation  in  Water  and  Wastewater  Man- 
agement. 
W91-05281  5D 

NATIONAL  INST.  OF  OCEANOGRAPHY, 
PANAJI  (INDIA). 

Effect  of  Lead,  Mercury  and  Cadmium  on  a 

Sulphate-Reducing  Bacterium. 

W9 1-05  391  5C 

NATIONAL  INST.  OF  POLAR  RESEARCH, 
TOKYO  (JAPAN). 

Simulation  of  Seasonal  Snowcover  Based  on  Air 

Temperature  and  Precipitation. 

W91-05857  2C 

NATIONAL  INST.  OF  RADIOLOGICAL 
SCIENCES,  NAKAMINATO  (JAPAN).  DIV.  OF 
MARINE  RADIOECOLOGY. 

239,  240-Pu  and  137-Cs  Concentrations  in  Some 
Marine  Organisms,  Mostly  from  the  Ibaraki  and 
Aomori  Coasts,  Japan,  1987-1989. 
W91-05573  5B 
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NATIONAL  INST.  OF  STANDARDS  AND 
TECHNOLOGY  (NML),  GAITHERSBURG, 
MD.  CENTER  FOR  ANALYTICAL 
CHEMISTRY. 

Instrumental    Neutron    Activation    Analysis    of 
Standard  Reference  Material  1941,  Organics  in 
Marine  Sediment. 
W91-05900  5A 

NATIONAL  MARINE  FISHERIES  SERVICE, 
BEAUFORT,  NC.  BEAUFORT  LAB. 

Temporal  Distribution  of  Ichthyoplankton  near 

Beaufort  Inlet,  North  Carolina. 

W9 1-05593  2L 

NATIONAL  MARINE  FISHERIES  SERVICE, 
HIGHLANDS,  NJ.  SANDY  HOOK  LAB. 

Metals  and  Organic  Contaminants  in  Northwest 

Atlantic  Deep-sea  Tilefish  Tissues. 

W9 1-05346  5B 

NATIONAL  OCEANIC  AND  ATMOSPHERIC 
ADMINISTRATION,  ANN  ARBOR,  MI. 
GREAT  LAKES  ENVIRONMENTAL 
RESEARCH  LAB. 

Ice-Cover  Climatology  for  Lake  Erie  and  Lake 

Superior  for  the  Winter  Seasons   1897-1898  to 

1982-1983. 

W9 1-05371  2C 

NATIONAL  OCEANIC  AND  ATMOSPHERIC 
ADMINISTRATION,  BOULDER,  CO. 
ENVIRONMENTAL  RESEARCH  LABS. 

Chemical  Analysis  of  Rain  Samples  Collected 

over  the  Pacific  Ocean. 

W91-05862  2K 

NATIONAL  POWER,  FAWLEY  (ENGLAND). 
MARINE  BIOLOGY  UNIT. 

Effects  of  Acidic  Seawater  on  Three  Species  of 

Lamellibranch  Mollusc. 

W9 1-05055  5C 

NATIONAL  RESEARCH  CENTRE,  CAIRO 
(EGYPT).  AIR  POLLUTION  DEPT. 

Role  of  the  Cement  Industry  in  the  Contamina- 
tion of  Air,  Water,  Soil  and  Plant  with  Vanadi- 
um in  Cairo. 
W91-04941  5B 

NATIONAL  RESEARCH  COUNCIL  OF 
CANADA,  OTTAWA  (ONTARIO).  DIV.  OF 
BIOLOGICAL  SCIENCES. 

Anaerobic  (UASB)  Treatment  of  Pulp  (CTMP) 
Wastewater  and  the  Toxicity  on  Granules. 
W91-05520  5D 

NATIONAL  SANITATION  FOUNDATION, 
ANN  ARBOR,  MI. 

NSF's  Listing  Program  for  POU/POE  DWTUs. 
W9 1-05703  5p 

Monitoring    and    Maintenance    Programs    for 

POU/POE. 

W91-05717  5F 

NATIONAL  SOIL  EROSION  LAB.,  WEST 
LAFAYETTE,  IN. 

Antecedent  Water  Content  and  Rainfall  Energy 
Influence  on  Soil  Aggregate  Breakdown. 
W91-05184  2J 

Portable  Laser  Scanner  for  Measuring  Soil  Sur- 
face Roughness. 
W91-05186  2J 

NATIONAL  TAIWAN  UNTV.,  TAIPEI.  DEPT. 
OF  CIVIL  ENGINEERING. 

Parameter  Estimation  for  Seasonal  to  Subsea- 

sonal  Disaggregation. 

W9 1-05431  7C 

Optimal  Design  for  Storm  Sewer  System  with 

Pumping  Stations. 

W91-05787  5D 


NATIONAL  UNIV.  OF  SINGAPORE.  DEPT 
OF  CIVIL  ENGINEERING. 

Study  of  Reclamation  of  Sewage  for  Industrial 

Waters. 

W9 1-05548  3E 

NATIONAL  WATER  RESEARCH  INST., 
BURLINGTON  (ONTARIO).  RIVERS 
RESEARCH  BRANCH. 

Pesticide   Residues   in   Freshwater   and   Marine 

Zooplankton:  A  Review. 

W91-05113  5B 

NAVAL  FACILITIES  ENGINEERING 
COMMAND,  PEARL  HARBOR,  HI.  PACIFIC 
DIV. 

Nitrogen    Status   of  Forest   Floor,    Soils,    and 
Vegetation    Following    Municipal    Wastewater 
Sludge  Application. 
W9 1-05400  5£ 

NAVAL  POSTGRADUATE  SCHOOL, 
MONTEREY,  CA.  DEPT.  OF 
METEOROLOGY. 

Snow/Cloud  Discrimination  with  Multispectral 

Satellite  Measurements. 

W91-05853  2B 

NEBRASKA  UNTV.-LINCOLN.  DEPT.  OF 
AGRONOMY. 

Mineralogical    Implications   of  High   Ratios   of 
1500  kPa  Water  Content  to  Percent  Measured 
Clay  for  Two  Soils  of  Western  Nebraska. 
W9 1-05567  2G 

NEBRASKA  UNIV.-LINCOLN.  DEPT.  OF 
CIVIL  ENGINEERING. 

Reliability  Model  for  Soil  Liner:  Postconstruc- 

tion. 

W9 1-05 126  go 

NEUCHATEL  UNIV.  (SWITZERLAND). 
GROUPE  OCEANE. 

Hydrographic  Structure  and  Nepheloid  Spatial 

Distribution  in  the  Gulf  of  Lions  Continental 

Margin. 

W9 1-05454  2J 

NEVADA  UNIV.,  LAS  VEGAS.  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Microbiology   and   Water   Chemistry   of  Two 
Natural  Springs  Impacted  by  Grazing  in  South 
Central  Nevada. 
W9 1-05204  5C 

NEVADA  UNIV.,  LAS  VEGAS.  DEPT.  OF 
POLITICAL  SCIENCE. 

Preferred  Alternative  Uses  of  Water  Resources: 
Views  of  Environmental  Activists  in  The  U.S. 
Virgin  Islands. 
W91-05613  6D 

NEW  HAMPSHIRE  DEPT.  OF 
ENVIRONMENTAL  SERVICES,  CONCORD. 
WATER  MANAGEMENT  BUREAU. 

Brief  Review  of  Water  Rights  in  New  Hamp- 
shire. 
W91-05213  6E 

NEW  HAMPSHHtE  UNTV.,  DURHAM.  INST. 
FOR  THE  STUDY  OF  EARTH,  OCEANS  AND 
SPACE. 

Beryllium-7   and   Lead-210  in   the   Atmosphere 
and  Surface  Snow  over  the  Greenland  Ice  Sheet 
in  the  Summer  of  1989. 
W9 1-05864  2K 

NEW  HAVEN  UNTV.,  WEST  HAVEN,  CT. 
DEPT.  OF  CIVIL  ENGINEERING. 

Stabilizing  Compacted  Clay  Against  Chemical 

Attack. 

W91-05128  8D 


NEW  JERSEY  AGRICULTURAL 
EXPERIMENT  STATION,  NEW  BRUNSWICK. 

Laboratory     and     In-Situ     Sediment     Oxygen 
Demand    Determinations    for   a    Passaic    River 
(NJ)  Case  Study. 
W9 1-05208  5B 

NEW  JERSEY  INST.  OF  TECH.,  NEWARK 
BIOTECHNOLOGY  RESEARCH  GROUP. 

Comparison  of  Cadmium  Biosorption  by  Gram- 
Positive  and  Gram-Negative  Bacteria  from  Acti- 
vated Sludge. 
W9 1-05099  5D 

NEW  MEXICO  STATE  UNIV.,  LAS  CRUCES. 
DEPT.  OF  CIVIL,  AGRICULTURAL  AND 
GEOLOGICAL  ENGINEERING. 

Effects  of  Temperature  on  Turbulent  Floccula- 

tion:  Fluid  Dynamics  and  Chemistry. 

W9 1-05022  5p 

NEW  SOUTH  WALES  UNIV.,  KENSINGTON 
(AUSTRALIA).  SCHOOL  OF  CIVIL 
ENGINEERING. 

Bacterial  (Total  Coliform)  Die-Off  in   Matura- 
tion Ponds. 
W9 1-05761  5D 

NEW  YORK  BOTANICAL  GARDEN,  BRONX, 
NY.  INST.  OF  ECOSYSTEM  STUDIES. 

Short-Range  Atmospheric  Transport:  A  Signifi- 
cant Source  of  Phosphorus  to  an  Oligotrophic 
Lake. 
W91-05578  2H 

NEW  YORK  CITY  DEPT.  OF 
ENVIRONMENTAL  PROTECTION.  BUREAU 
OF  WASTEWATER  TREATMENT. 

New  York  City's  Plan  to  End  Ocean  Disposal  of 

Sludge. 

W9 1-05028  5E 

NEW  YORK  STATE  COLL.  OF 
AGRICULTURE  AND  LIFE  SCIENCES, 
ITHACA.  DEPT.  OF  AGRICULTURAL  AND 
BIOLOGICAL  ENGINEERING. 

Preferential  Paths  of  Flow  under  Conventional 

and  Conservation  Tillage. 

W9 1-05879  2G 

Numerical  Model  for  Preferential  Solute  Move- 
ment in  Structured  Soils. 
W91-05885  2G 

NEW  YORK  STATE  DEPT.  OF  HEALTH, 
ALBANY.  BUREAU  OF  PUBLIC  WATER 
SUPPLY  PROTECTION. 

Point-of-Entry    Activated    Carbon    Treatment 

Lake  Carmel-Putnam  County. 

W91-05714  5F 

NEWCASTLE  UPON  TYNE  UNIV. 
(ENGLAND).  DEPT.  OF  CIVIL 
ENGINEERING. 

Microbiological     Performance    of    Multi-Stage 
Stabilization  Ponds  for  Effluent  Use  in  Agricul- 
ture. 
W9 1-05760  5D 

NGK  INSULATORS  LTD.,  HANDA  (JAPAN). 
RESEARCH  AND  DEVELOPMENT  LAB. 

Development  of  High-Performance  Thermophi- 
lic Two-Phase  Digestion  Process. 
W9 1-05721  5D 

NGK  INSULATORS  LTD.,  NAGOYA  (JAPAN). 
Basic   Study  of  the  Efficiency  of  Spiral   Flow 
Aeration. 
W9 1-05523  5D 
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NICE  UNIV.  (FRANCE). 

Mass-Physical  Properties  of  Surficial  Sediments 
on  the  Rhone  Continental  Margin:  Implications 
for  the  Nepheloid  Benthic  Layer. 
W9 1-05451  2J 

NINHAM  SHAND,  INC.,  CAPE  TOWN 
(SOUTH  AFRICA). 

Instrumentation,    Control    and    Automation    in 
Water  and  Wastewater  Management  Elandsjagt 
Water  Treatment  Works. 
W91-05286  5F 

NISHIHARA  ENVIRONMENTAL 
SANITATION  RESEARCH  CORP.  LTD., 
TOKYO  (JAPAN). 

Effects  of  Heat  Treatment  on  the  High-Rate 
Anaerobic  Digestion  of  Human  Wastes  Concen- 
trates. 
W9 1-05720  5D 

NIXON,  HARGRAVE,  DEVANS  AND  DOYLE, 
ALBANY,  NY. 

Implications  of  Dealing  with  Real  Estate-Based 

Cleanup  Statutes. 

W9 1-05239  6E 

NORGES  LANDBRUKSHOEGSKOLE,  AAS. 
ISOTOPE  LAB. 

Influences  of  Temperature  on  Aqueous  Alumi- 
num Chemistry. 
W9 1-04977  2K 

Solubility  and  Hydrolysis  of  Aqueous  Alumini- 
um Hydroxides  in  Dilute  Fresh  Waters  at  Differ- 
ent Temperatures. 
W91-05383  5C 

NORSK  INST.  FOR  LUFTFORSKNING, 
LHXESTROEM. 

Estimation  of  Polychlorinated  Dibenzofuran  and 
Dibenzo-p-dioxin   Contamination   of  a   Coastal 
Region  Using  Isomer  Profiles  in  Crabs. 
W9 1-05074  5B 

NORTH  CAROLINA  AGRICULTURAL 
RESEARCH  SERVICE,  RALEIGH. 

Long  Term  Swine  Lagoon  Effluent  Applica- 
tions on  'Coastal'  Bermudagrass:  I.  Yield,  Qual- 
ity, and  Element  Removal. 
W91-05405  5D 

NORTH  CAROLINA  STATE  UNTV.  AT 
RALEIGH.  DEPT.  OF  SOIL  SCIENCE. 

Residual  Effect  of  Sewage  Sludge  on  Heavy 

Metal  Content  of  Tobacco  and  Peanut. 

W9 1-05404  5B 

NORTH  CAROLINA  STATE  UNTV., 
RALEIGH.  DEPT.  OF  SOIL  SCIENCE. 

Long-Term   Swine   Lagoon   Effluent   Applica- 
tions on  'Coastal'  Bermudagrass:  II.  Effect  on 
Nutrient  Accumulation  in  Soil. 
W9 1-05406  5E 

Directional   Saturated   Hydraulic  Conductivity 

and  Macropore  Morphology  of  a  Soil-Saprolite 

Sequence. 

W91-05875  2F 

NORTH-EASTERN  HILL  UNTV.,  SHILLONG 
(INDIA).  DEPT.  OF  BOTANY. 

Comparative  Assessment  of  Line  Transect  and 
Point  Intercept  Methods  for  Stream  Periphyton. 
W9 1-04997  2H 

NORTHEASTERN  UNTV.,  BOSTON,  MA. 
DEPT.  OF  CIVIL  ENGINEERING. 

Seismic  Risk  Analysis  for  Earth  Dams. 

W9 1-05  868  8  A 

Earthquake-Induced    Permanent    Deformations: 

Probabilistic  Approach. 

W9 1-05869  8A 


NORTHERN  ILLINOIS  UNIV.,  DE  KALB. 
DEPT.  OF  GEOLOGY. 

Aspects  of  the  Hydrogeology  of  the  Northwest 

Region,  Yucatan  Peninsula,  Mexico. 

W9 1-05647  2F 

NSI  TECHNOLOGY  SERVICES  CORP., 
CORVALLIS,  OR. 

Global  Climate  Change:  Policy  Implications  for 

Fisheries. 

W9 1-05 167  gI 

Geographic  Information  System  Documentation 
of  Watershed    Data    for    Direct/Delayed    Re- 
sponse Project:  Southern  Blue  Ridge  Province 
Database. 
W91-05278  7C 

OAK  RIDGE  NATIONAL  LAB.,  TN. 

Physical  and  Chemical  Controls  of  Preferred 
Path  Flow  Through  a  Forested  Hillslope. 
W91-05882  2G 

OAK  RIDGE  NATIONAL  LAB.,  TN. 
ANALYTICAL  CHEMISTRY  DIV. 

Stability  of  Volatile  Organic  Compounds  in  En- 
vironmental  Water   Samples  during  Transport 
and  Storage. 
W9 1-04947  5  A 

OAK  RIDGE  NATIONAL  LAB.,  TN. 
ENVIRONMENTAL  SCIENCES  DIV. 

PCB  Concentrations  in  Stream  Sunfish  (Lepomis 
auritus  and  L.  macrochirus)  in  Relation  to  Prox- 
imity to  Chronic  Point  Sources. 
W9 1-04982  SB 

Toxicity  of  Chautauqua  Lake  Bridge  Runoff  to 
Young-of-the-Year    Sunfish    (Lepomis    macro- 
chirus). 
W91-05016  5C 

Unsaturated  Solute  Transport  Through  a  Forest 

Soil  During  Rain  Storm  Events. 

W9 1-05  880  2G 

Hydrology    of   a    Forested    Hillslope    During 

Storm  Events. 

W9 1-05881  2G 

OBAFEMI  AWOLOWO  UNTV.,  ILE-IFE 
(NIGERIA).  DEPT.  OF  GEOGRAPHY. 

Annual  and  Seasonal  Patterns  of  Rainfall  Fluctu- 
ations in  Sub-Saharan  West  Africa. 
W91-05376  2B 

OBSERVATOIRE  DE  PHYSIQUE  DU  GLOBE 
DE  CLERMONT-FERRAND  (FRANCE). 

Identification  of  the  Boundaries  Between  Two 
Watersheds  in  a  Volcanic  Area  by  the  Self- 
Potential  Method  (Verification  de  Limites  de 
Nappes  Aquiferes  en  Terrain  Volcanique  par  la 
Methode  de  Polarisation  Spontanee). 
W9 1-04939  2F 

OCEAN  UNIVERSITY  OF  QINGDAO,  5 
YUSHAN  ROAD,  266003  QINGDAO, 
PEOPLE'S  REPUBLIC  OF  CHINA. 

Huanghe  (Yellow  River)  and  Its  Estuary:  Sedi- 
ment Origin,  Transport  and  Deposition. 
W9 1-05439  2J 

ODENSE  UNIV.  (DENMARK).  BIOLOGICAL 
INST. 

Sublethal  Physiological  Changes  in  Freshwater 
Crayfish,  Astacus  astacus,  Exposed  to  Nitrite: 
Haemolymph  and  Muscle  Tissue  Electrolyte 
Status,  and  Haemolymph  Acid-Base  Balance  and 
Gas  Transport. 
W9 1-04994  5C 

ODESSA  AGRICULTURAL  INST.  (USSR). 
Degradation   of  Chernozems  on   the   Danube- 
Dniester  Irrigation  System. 
W9 1-05227  3C 


OFFICE  OF  THE  SUPERVISING  SCIENTIST 
FOR  THE  ALLIGATOR  RIVERS  REGION, 
SYDNEY  (AUSTRALIA). 

Sediment  Seedbanks  in  Grasslands  on  the 
Magela  Creek  Floodplain,  Northern  Australia. 
W91-04985  2H 

OHIO  RIVER  VALLEY  WATER  SANITATION 
COMMISSION,  CINCINNATI. 

Improving  Strategies  for  Chemical  Spills. 
W91-05035  5G 

OHIO  UNIV.,  ATHENS.  DEPT.  OF  CIVIL 
ENGINEERING. 

Role  of  Temperature  for  Drought  Study. 

W9 1-05627  2E 

OKLAHOMA  UNTV.,  KINGSTON. 
BIOLOGICAL  STATION. 

Potential  Effects  of  Global  Warming  on  Native 
Fishes  of  the  Southern  Great  Plains  and  South- 
west. 
W9 1-05 166  2B 

OKLAHOMA  UNTV.,  NORMAN.  DEPT.  OF 
ZOOLOGY. 

Effects  of  Hurricane  Storm  Flow  on  Transport 
of  Woody  Debris  in  a  Rain  Forest  Stream  (Lu- 
quillo  Experimental  Forest,  Puerto  Rico). 
W9 1-05631  2J 

OLDENBURG  UNTV.  (GERMANY,  F.R.). 
DEPT.  OF  BIOLOGY. 

Characteristics  of  a  Marshland  Soil  Built  Up 

from  Marine  and  Peat  Material. 

W91-05568  2H 

OMSK  AGRICULTURAL  INST.  (USSR). 

Leaching  of  Saline  Soils  in  the  Omsk  Oblast  by 

Deep  Furrow  Irrigation. 

W91-05351  2G 

ORANGE  COUNTY  HEALTH  CARE  AGENCY, 
SANTA  ANA,  CA. 

California    Leaking    Underground    Fuel    Tank 
Field  Manual:  A  Guidance  Document  for  As- 
sessment of  Underground  Fuel  Leaks. 
W9 1-05265  5G 

ORANGE  FREE  STATE  UNTV., 
BLOEMFONTEIN  (SOUTH  AFRICA).  DEPT. 
OF  SOIL  SCIENCE. 

Equations  to  Calculate  the  Approximate  Dura- 
tion and  Termination  of  the  Maximal  Rate  Phase 
of  Nitrification  in  Soil. 
W91-05342  5B 

OSAKA  CITY  INST.  OF  PUBLIC  HEALTH 
AND  ENVIRONMENTAL  SCIENCES  (JAPAN). 
DEPT.  OF  ENVIRONMENTAL 
TECHNOLOGY. 

Effluent  Pollution  Control  of  Osaka  North  Port 
Dredged  Soil  Disposal  Site  (North  Section-Site 
II  and  III). 
W91-05771  5D 

OSAKA  MUNICIPAL  GOVERNMENT 
BUREAU  OF  SEWAGE  WORKS  (JAPAN). 
Design  of  Multi-Story  Sewage  Treatment  Facili- 
ties. 
W9 1-05500  5D 

OSAKA  PREFECTURAL  UNIV.,  SAKAI 
(JAPAN).  DEPT.  OF  CHEMICAL 
ENGINEERING. 

Recovery  of  Direct  Dye  and  Acid  Dye  by  Ad- 
sorption on  Chitosan  Fiber-Equilibria. 
W9 1-05776  5D 
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OSAKA  PREFECTURAL  UNIV.,  SAKAI 
(JAPAN).  LAB.  OF  ENVIRONMENTAL 
CHEMISTRY. 

Reagenlless-Continuous  Flow  Method  for  De- 
termination of  Aqueous  Ozone  with  Thin  Film 
Semiconductor  and  Application  to  an  Advanced 
Water  Treatment  Plant. 
W9 1 -05524  5p 

OSLO  UNIV.  (NORWAY).  DEFT.  OF 
CHEMISTRY. 

Simulation  of  Hydrochemistry  in  a  Highland 
Scottish  Catchment  Using  the  Birkenes  Model. 
W9 1-04978  2K 

OSMANIA  UNIV.,  HYDERABAD  (INDIA). 
DEFT.  OF  ZOOLOGY. 

Fluoride  Induced  Changes  in  Protein  Metabo- 
lism in  the  Tissues  of  Freshwater  Crab  Barytel- 
phusa  guerini. 
W91-05109  5C 

OULU  UNIV.  (FINLAND).  DEFT.  OF 
BOTANY. 

Nature   of   Dissolved    Organic    Matter   in    the 
Drainage   Basin   of  a    Boreal    Humic   River   in 
Northern  Finland. 
W9 1-05394  2H 

OXFORD  UNTV.  (ENGLAND).  SOIL  SCIENCE 
LAB. 

Comparison  of  the  Surface  Impedance  Factors 
of  Ca,  Na,  Rb,  and  Cs  Derived  from  Their  Self- 
Diffusion  Coefficients  in  Various  Soils. 
W9 1-05471  5B 

PACIFIC  INST.  FOR  STUDIES  IN 
DEVELOPMENT,  ENVIRONMENT  AND 
SECURITY,  BERKELEY,  CA. 

Climate   Change,   Hydrology,   and   Water   Re- 
sources. 
W9 1-05799  2  A 

PADUA  UNTV.  (ITALY).  DIPT  DI  CHTMICA 
INORGANICA,  METALLORGANICA  E 
ANALTTICA. 

Ion  Chromatographic  Determination  of  Trace 
Amounts  of  Aluminium  with  On-Line  Precon- 
centration  and  Spectrophotometry  Detection. 
W91-05333  5A 

PENNSYLVANIA  STATE  UNTV.,  UNIVERSITY 
PARK.  DEPT.  OF  AGRONOMY. 

Simulation  of  Water  Flow  from  a  Percolation 

Test  Hole  in  Layered  Soil. 

W91-05175  2G 

PENNSYLVANIA  STATE  UNTV.,  UNIVERSITY 
PARK.  DEPT.  OF  METEOROLOGY. 

Occurrence  and  Characteristics  of  Lower  Tro- 

pospheric  Ice  Crystals  in  the  Arctic. 

W9 1-05372  2C 

PERPIGNAN  UNIV.  (FRANCE).  LAB.  OF 
MARINE  SEDIMENT ALOGY  AND 
GEOCHEMISTRY. 

Particle  Fluxes  and  Ecosystem  Response  on  a 
Continental  Margin:  The  1985-1988  Mediterra- 
nean ECOMARGE  Experiment. 
W91-05450  2J 

Contribution   of  the   Rhone   River   to  Organic 
Carbon  Inputs  to  the  Northwestern  Mediterra- 
nean Sea. 
W9 1-05458  2J 

Tracers  and  Constituents  Indicating  the  Nature 
of  Organic  Fluxes,  Their  Origin  and  the  Effect 
of  Environmental  Conditions. 
W9 1-05459  2L 

PHUKET  MARINE  BIOLOGICAL  CENTER 
(THAILAND). 

Fate  of  Mangrove  Litter  in  a  Mangrove  Forest 

on  Ko  Yao  Yai,  Southern  Thailand. 

W91-05574  2L 


PLYMOUTH  MARINE  LAB.  (ENGLAND). 

Oxyradical  Production  as  a  Pollution-Mediated 
Mechanism  of  Toxicity  in  the  Common  Mussel, 
Mytilus  edulis  L.,  and  Other  Mollusks. 
W9 1-05044  sc 

Assessing  the  Impact  of  Tin  and  TBT  in  Estu- 
aries and  Coastal  Regions. 
W9 1-05046  sc 

Multilevel,  In  Situ  Pore- Water  Sampler  for  Use 
in  Intertidal  Sediments  and  Laboratory  Micro- 
cosms. 
W91-05586  7B 

POLYTECHNIC  INSTITUTE,  SOFIA, 
BULGARIA. 

Properties  of  Surface  Waterlogged  Clay  Soils 

Containing  Exchangeable  Mg. 

W9 1-05228  2G 

PONTIFICIA  UNIV.  CATOLICA  DE  CHILE, 
SANTIAGO.  DEPT.  OF  CHEMICAL 
ENGINEERING. 

Screening  of  White-Rot  Fungi  for  Efficient  De- 
colourization  of  Bleach  Pulp  Effluents. 
W91-05101  so 

PORTLAND  WATER  DISTRICT,  ME. 

Portland    Water   District's   Water   Distribution 

Master  Plan. 

W9 1-052 10  5F 

PRINCETON  UNIV.,  NJ.  DEPT.  OF  CIVIL 
ENGINEERING  AND  OPERATIONS 
RESEARCH. 

Volatilization  of  Organic  Compounds  in  Unsatu- 
rated Porous  Media  During  Infiltration. 
W91-05418  5B 

PROCESS  APPLICATIONS,  INC.,  FORT 
COLLINS,  CO. 

Power  Evaluation  of  the  Los  Angeles  Oxygen- 
Fed  Ozone  System. 
W91-05057  5F 

PRODECO  ENVIRONMENTAL  SYSTEMS 
DIV.,  KENMORE,  WA. 

Wilderness  Water  Purification. 

W9 1-05803  5F 

PUBLIC  WORKS  RESEARCH  INST., 
TSUKUBA  (JAPAN).  WATER  QUALITY 
CONTROL  DIV. 

Application    of    Biotechnology    to    Municipal 

Wastewater  Treatment. 

W9 1-05499  5D 

PUERTO  RICO  DEPT.  OF  NATURAL 
RESOURCES,  SAN  JUAN. 

Ground-Water    Management    Problems   in   the 
North  Central  Coast  of  Puerto  Rico. 
W91-05614  4B 

PUERTO  RICO  UNIV.,  MAYAGUEZ. 

Estimation  of  Total  Water  Consumption  of  Se- 
lected  Vegetable   Crops   in   the   Semiarid   and 
Humid  Regions  of  Puerto  Rico. 
W91-05632  3F 

PUERTO  RICO  UNTV.,  MAYAGUEZ.  DEPT. 
OF  CHEMICAL  ENGINEERING. 

Optimization   of  Drinking   Water   Chlorination 

Practices  for  Minimization  of  Trihalomethanes 

Formation. 

W9 1-05662  5F 

Management  of  Sludge  from  Puerto  Rico's  Re- 
gional Industrial  Wastewater  Treatment  Plant: 
Phase  2-Dewatering. 
W9 1-05664  5D 

PUERTO  RICO  UNTV.,  MAYAGUEZ.  DEPT. 
OF  CTVTL  ENGINEERING. 

Comparison  of  Serum  Bottle  Toxicity  Test  with 

OECD  Method. 

W91-05322  5D 


Development  of  an  Aquifer  Management  Model: 

AQMAN3D. 

W91-056I6  4B 

Water  Quality  Problems  of  Rural  Communities 

in  Puerto  Rico-A  Case  Study. 

W9 1-05667  5F 

PUERTO  RICO  UNIV.,  MAYAGUEZ.  DEPT. 
OF  GENERAL  ENGINEERING. 

Using  Common  Sense  to  Prevent  Soil  Erosion 

from  Urban  Development  Areas. 

W91 -05619  4D 

Parameter  Estimation  in  Conceptual  Precipita- 
tion-Runoff Models   with   Emphasis  on   Error 
Analysis. 
W9 1-05621  2B 

Study  and  Recommendations  on  the  San 
German  Vaulted  Brick  Storm  Sewer  System. 
W9 1-05634  5D 

PUERTO  RICO  UNIV.,  RIO  PIEDRAS. 
ENVIRONMENTAL  MICROBIOLOGY  LAB. 

Utilization   of  Intracellular  Granules  of  INT- 
Formazan  and  Gene  Probes  for  Tracing  Micro- 
organisms in  Ground  Water. 
W9 1-0566 1  5B 

Removal  of  Giardia  spp.  by  Conventional  Water 
and  Sewage  Treatment  Processes  and  Presence 
of  Cysts  in  Surface  Waters  of  Puerto  Rico. 
W9 1-05665  5D 

Isolation  of  Bacteriophages  from  Large  Volumes 
of  Pristine  Tropical  Waters  and  Their  Correla- 
tion to  Fecal  Contamination. 
W9 1-05666  5  a 

PUNJAB  AGRICULTURAL  UNIV., 
LUDHIANA  (INDIA).  DEPT.  OF  SOILS. 

Determination  of  Exchangeable  Sodium  Status 
of  Salt-Affected  Soils  and  its  Relationship  with 
Growth  of  Plants. 
W9 1-05477  2K 

PURDUE  UNTV.,  LAFAYETTE,  IN.  DEPT.  OF 
EARTH  AND  ATMOSPHERIC  SCIENCES. 

Estimating  Recharge  Rates  Through  Unsaturat- 
ed Glacial  Till  by  Tritium  Tracing. 
W91-05817  2F 

PURDUE  UNIV.,  LAFAYETTE,  IN.  SCHOOL 
OF  CTVTL  ENGINEERING. 

Piping  and  Erosion  Tests  at  Conner  Run  Dam. 
W9 1-05870  8D 

QATAR  UNIV.,  DOHA.  FACULTY  OF 
ENGINEERING. 

Public    Attitude    Towards    Water    and    Water 

Reuse. 

W9 1-05546  6B 

QUEEN'S  UNIV.,  KINGSTON  (ONTARIO). 
DEPT.  OF  CIVIL  ENGINEERING. 

Erosion  Tests  on   Four  Intact  Ontario  Clays. 
W91-05366  2J 

QUEEN'S  UNTV.,  KINGSTON  (ONTARIO). 
DEPT.  OF  GEOGRAPHY. 

Evidence  for  Large-scale  Subglacial  Meltwater 
Flood  Events  in  Southern  Ontario  and  Northern 
New  York  State. 
W9 1-05367  2E 

QUEENSLAND  DEPT.  OF  PRIMARY 
INDUSTRIES,  INDOOROOPILLY 
(AUSTRALIA).  AGRICULTURAL  CHEMISTRY 
BRANCH. 

Simple  Bioassay  for  the  Diagnosis  of  Aluminium 

Toxicity  in  Soils. 

W9 1-05340  5A 


OR-18 


ORGANIZATIONAL  INDEX 

SHEFFIELD  UNIV.  (ENGLAND).  DEFT.  OF  ANIMAL  AND  PLANT  SCIENCES. 


QUEENSLAND  UNIV.,  BRISBANE 
(AUSTRALIA).  DEPT.  OF  AGRICULTURE. 

Effect  of  Solution  pH,  External  Calcium  Con- 
centration, and  Aluminum  Activity  on  Nodula- 
tion  and  Early  Growth  of  Cowpea. 
W9 1-05495  2I 

RAND  WATER  BOARD,  JOHANNESBURG 
(SOUTH  AFRICA). 

Automated  Flow  and  pH  Control  in  a  Pilot 

Plant  Fluidized  Bed  Reactor. 

W91-05283  5D 

READING  UNIV.  (ENGLAND).  DEPT.  OF 
PHYSIOLOGY  AND  BIOCHEMISTRY. 

Polychlorinated  Biphenyls  in  Extracts  of  Brain 

from  Manx  Shearwaters. 

W9 1-05007  5B 


Kinetic  Models  to  Predict  Bioaccumulation  of 

Pollutants. 

W91-05038 


5B 


Polychlorinated  Biphenyls  (PCBs)  in  Fish- 
Eating  Sea  Birds-I.  Molecular  Features  of  PCB 
Isomers  and  Congeners  in  Adipose  Tissue  of 
Male  and  Female  Razorbills  (Alca  tarda)  of  Brit- 
ish and  Irish  Coastal  Waters. 
W9 1-05941  5B 

Polychlorinated  Biphenyls  (PCBs)  in  Fish- 
Eating  Sea  Birds-II.  Molecular  Features  of  PCB 
Isomers  and  Congeners  in  Adipose  Tissue  of 
Male  and  Female  Puffins  (Fratercula  arctica), 
Guillemots  (Uria  aalga),  Shags  (Phalacrocorax 
aristotelis)  and  Cormorants  (Phalacrocorax 
carbo)  of  British  and  Irish  Coastal  Waters. 
W9 1-05942  5B 

Polychlorinated    Biphenyls    (PCBs)    in    Fish- 
Eating  Sea  Birds-Ill.  Molecular  Features  and 
Metabolic  Interpretations  of  PCB  Isomers  and 
Congeners  in  Adipose  Tissues. 
W9 1-05943  5B 

READING  UNIV.  (ENGLAND).  DEPT.  OF 
SODL  SCD2NCE. 

Retarded  Leaching  of  Nitrate  in  Acid  Soils  from 
the    Tropics:    Measurement    of   the    Effective 
Anion  Exchange  Capacity. 
W9 1-05472  5B 

READING  UNTV.  (ENGLAND).  DEPT.  OF 
ZOOLOGY. 

Use  of  Chemical  Analogues  Such  as  Eu/Am  m 

Ecotoxicological  Studies. 

W9 1-05047  5  A 

RECONTEK,  INC.,  SAN  DIEGO,  CA. 

Hydrometallurgical  Recycling  of  Metal  Sludge. 
W9 1-05686  5E 

RENSSELAER  POLYTECHNIC  INST.,  TROY, 
NY.  DEPT.  OF  CTVIL  ENGINEERING. 

La  Villita  Dam  Response  During  Five  Earth- 
quakes Including  Permanent  Deformation. 
W91-05125  8E 

RENSSELAER  POLYTECHNIC  INST.,  TROY, 
NY.  DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Center   for   Aquifer   Science   and   Technology 

(CAST). 

W91-05795  9C 

RESEARCH  TRIANGLE  INST.,  RESEARCH 
TRIANGLE  PARK,  NC. 

Application  of  the  Master  Analytical  Scheme  to 
the    Determination    of    Volatile    Organics    in 
Wastewater  Influents  and  Effluents. 
W9 1-05955  5A 

RHODE  ISLAND  UNIV.,  KINGSTON.  DEPT. 
OF  RESOURCE  ECONOMICS. 

Potential  Economic  Returns  to  Improved  Irriga- 
tion Infiltration  Uniformity. 
W91-05934  3F 


RHODE  ISLAND  UNIV.,  NARRAGANSETT. 
GRADUATE  SCHOOL  OF  OCEANOGRAPHY. 

Sources  of  Petroleum  Hydrocarbons  in  Urban 

Runoff. 

W91-04967  5B 

RIJKSINSTrrUUT  VOOR  DE 
VOLKSGEZONDHEID  EN  MILIEUHYGIENE, 
BILTHOVEN  (NETHERLANDS). 

Kinetics  of  the  Degradation  of  Chloroform  and 

Benzene  in  Anaerobic  Sediment  from  the  River 

Rhine. 

W91-04958  5B 

Impact  of  Eutrophication  on  the  Silicate  Cycle 
of  Man-Made  Basins  in  the  Rhine  Delta. 
W91-04959  5C 

Phases  in  the  Development  of  Riverine  Plank- 
ton:   Examples    from    the    Rivers    Rhine    and 
Meuse. 
W9 1-04961  5C 

Reeuwijk  Lakes:  A  Five  Years  Water  Quality 

Study  in  an  Eutrophic  Ecosystem. 

W9 1-04962  5C 

Modelling   Phosphorus   Fluxes   in   the   Hyper- 
trophic Loosdrecht  Lakes. 
W9 1-04963  5C 

Regional  Scale  Model  for  the  Calculation  of 
Episodic    Concentrations    and    Depositions    of 
Acidifying  Components. 
W9 1-04984  5B 

RIJKSINSTITUUT  VOOR  DE 
VOLKSGEZONDHEID  EN  MILIEUHYGIENE, 
BILTHOVEN  (NETHERLANDS).  LAB.  FOR 
ECOTOXICOLOGY,  ENVIRONMENTAL 
CHEMISTRY  AND  DRINKING  WATER. 

Monitoring  the  Toxicity  of  Organic  Compounds 

Dissolved  in  Rhine  Water. 

W91-04957  5B 

Model  on  the  Competition  Between  Two  Ma- 
crophyte  Species  in  Acidifying  Shallow  Soft- 
Water  Lakes  in  the  Netherlands. 
W9 1-04964  5C 

RISK  WRITERS  LTD.,  ST.  PAUL,  MN. 

Risk  Feedback:  An  Important  Step  in  Risk  Com- 
munication. 
W9 1-05021  5F 

RITTMEYER  A.G.,  ZUG  (SWITZERLAND). 

Piezoelectric  Quartz  Crystal  Water  Level  Meas- 
urement. 
W91-05120  8G 

RMT,  INC.,  MADISON,  WI. 

Ferrous  Foundry  Waste  Minimization  Options. 
W9 1-05677  5G 

ROBERT  S.  KERR  ENVIRONMENTAL 
RESEARCH  LAB.,  ADA,  OK. 

Biodegradation  of  Aromatic  Hydrocarbons  by 

Aquifer    Microorganisms    Under    Denitrifying 

Conditions. 

W9 1-05949  5G 

ROCHESTER  UNIV.,  NY. 

Second  Israeli  Rainfall  Stimulation  Experiment: 
Analysis  of  Precipitation  on  Both  Targets. 
W91-05856  3B 

ROCKY  MOUNTAIN  FOREST  AND  RANGE 
EXPERIMENT  STATION,  FORT  COLLINS, 

CO. 

Comparison  of  Estimates  of  Snow  Input  with  a 

Small  Alpine  Catchment. 

W9 1-05444  2C 

ROORKEE  UNIV.  (INDIA).  DEPT.  OF  CIVIL 
ENGINEERING. 

Annual   Runoff  Estimation   for  Catchments  in 

India. 

W9 1-05786  2E 


ROYAL  NETHERLANDS 
METEOROLOGICAL  INST.,  DE  BILT. 

Bias  and  Variance  of  Quantile  Estimates  from  a 

Partial  Duration  Series. 

W9 1-05429  7C 

SALFORD  UNIV.  (ENGLAND). 
ENVIRONMENTAL  RESOURCES  UNIT. 

Question  of  Nitrates. 

W91-05904  SB 

SALISBURY  STATE  UNIV.,  MD.  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Seasonal  Contrasts  in  Diurnal  Carbon  Incorpo- 
ration by   Phytoplankton   Size  Classes  of  the 
Coastal  Plume  of  Chesapeake  Bay. 
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SAN  DIEGO  STATE  UNTV.,  CA.  GRADUATE 
SCHOOL  OF  PUBLIC  HEALTH. 

Biodegradation  of  Dissolved  Aromatic  Hydro- 
carbons in  Gasoline-Contaminated  Groundwat- 
ers Using  Denitrification. 
W9 1-05253  5G 

SAN  JOSE  STATE  UNTV.,  CA.  DEPT.  OF 
GEOLOGY. 

Atoll  Island  Hydrogeology:  Flow  and  Freshwa- 
ter Occurrence  in  a  Tidally  Dominated  System. 
W9 1-05446  2F 

SANKI  ENGINEERING  CORP.  LTD., 
YAMATO  (JAPAN).  TECHNICAL  RESEARCH 
LABS. 

Effects  of  Substrate  Composition  and  Loading 
Rate  on   Methanogenic   Process  in  Anaerobic 
Fluidized  Bed  Systems. 
W91-05738  5D 

SAO  PAULO  UNTV.,  SAO  CARLOS  (BRAZIL). 
DEPT.  DE  HIDRAULICA  E  SANEAMENTO. 

Effect  of  Strip  Bed  Roughness  on  the  Reaeration 

Rate  Coefficient. 

W9 1-05  521  5G 

SAPPI  FINE  PAPERS  (PTY)  LTD.,  ISANDO 
(SOUTH  AFRICA). 

Use   of  a  Digital   Control   System   for  Water 

Treatment  and  Management  at  Sappi's  Enstra 

Mill. 

W9 1-05298  5D 

SASKATCHEWAN  UNIV.,  SASKATOON.  DD7. 
OF  HYDROLOGY. 

Examination  of  Morton's  CRAE  Model  for  Esti- 
mating   Daily    Evaporation    from    Field-Sized 
Areas. 
W9 1-05445  2D 

SAVANNAH  RTVER  ECOLOGY  LAB.,  AIKEN, 
SC. 

Distribution  of  Long-Lived  Radionuclides  in  an 

Abandoned  Reactor  Cooling  Reservoir. 

W9 1-05200  5B 

SHEFFIELD  UNIV.  (ENGLAND).  DEPT.  OF 
ANIMAL  AND  PLANT  SCIENCES. 

Preliminary  Observations  on  the  Ecological  Rel- 
evance of  the  Gammarus  'Scope  for  Growth' 
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W9 1-05041  5A 

Clonal  Variation  in  General  Responses  of  Daph- 
nia  magna  Straus  to  Toxic  Stress:  I.  Chronic 
Life-History  Effects. 
W9 1-05042  5C 

Clonal  Variation  in  General  Responses  of  Daph- 
nia  magna  Straus  to  Toxic  Stress:  II.  Physiologi- 
cal Effects. 
W9 1-05043  5C 
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CIVIL  ENGINEERING. 

Nutrient  Removal  from  Aerated  Lagoons  Using 
Alum  and  Ferric  Chloride-A  Case  Study. 
W91-05765  5D 

SHIMANE  UNIV.,  MATSUE  (JAPAN). 
FACULTY  OF  AGRICULTURE. 

Microbial  Corrosion  of  Concrete  Sewer  Pipes, 
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W9 1-05734  5D 

SHIVAJI  UNIV.,  KOLHAPUR  (INDIA).  DEPT. 
OF  PHYSICS. 

Studies  on  Interrelationship  Between  Different 

Anaerobic  Bacteria  in  Biogas  Digester. 

W9 1-05945  5D 

SILSOE  COLL.  (ENGLAND). 

Aspects  of  Transport  Processes  in  Aggregated 

Soils. 

W91-05473  5B 

SOIL  CONSERVATION  SERVICE, 
GREENWOOD,  MS. 

Rice  and  Furrow  Irrigation  Management. 
W91-05159  3F 

SOIL  CONSERVATION  SERVICE,  JACKSON, 
MS. 

Tennessee-Tombigbee  Waterway  Canal  Section 
Effect  on  Adjacent  Bottomland  Hardwoods. 
W91-05147  6G 

SOLMAR  CORP.,  ORANGE,  CA. 

Bioremediation  of  Petroleum  Contaminated 
Soils  Using  a  Microbial  Consortia  as  Inoculum. 
W91-05254  5G 

SOUTH  AFRICA  DEPT.  OF  WATER 
AFFAIRS,  PRETORIA.  WATER  POLLUTION 
CONTROL  DIRECTORATE. 

Continuous  Water  Quality  Monitoring. 
W91-05287  5G 

SOUTH  AFRICAN  BREWERIES,  DURBAN. 

Computer  Automation  in  Anaerobic  Digestion 

of  Brewery  Waste. 

W91-05296  5D 

SOUTHAMPTON  UNTV.  (ENGLAND).  DEPT. 
OF  OCEANOGRAPHY. 

Physiological    and    Morphogenetic    Effects    of 
Monophenyltin  Trichloride  on  Ocenebra  erina- 
cea  (L). 
W9 1-05048  5C 

SOUTHERN  CALIFORNIA  METROPOLITAN 
WATER  DISTRICT,  LA  VERNE.  WATER 
QUALITY  LAB. 

Assessment  of  the  Bacteriological  Activity  Asso- 
ciated with  Granular  Activated  Carbon  Treat- 
ment of  Drinking  Water. 
W9 1-Q5097  5F 

SOUTHERN  CALIFORNIA  METROPOLITAN 
WATER  DISTRICT,  LOS  ANGELES. 

Risk  Communication  in  Los  Angeles:  A  Case 

Study. 

W91-05019  5F 

SOYUZGIPROLESKHOZ  RESEARCH  AND 
DESIGN  INSTITUTE,  MOSCOW,  USSR. 

Water  Permeability  of  Frozen  Soils  Under  Tree 

Stands  in  the  Forest-Steppe  Zone. 

W91-05233  2G 

STATE  UNTV.  OF  NEW  YORK  AT  BUFFALO. 
DEPT.  OF  CIVIL  ENGINEERING. 

Method  of  Transient  Analysis  of  Three-Dimen- 

sionaJ  Dam-Reservoir  Interactions. 

W91-05124  8B 


STATE  UNIV.  OF  NEW  YORK  AT  STONY 
BROOK.  INST.  FOR  ATMOSPHERIC 
SCIENCES. 

Deterministic     Signals    in     USA     Precipitation 

Records:  Part  I. 

W9 1-05374  2B 

STATE  UNIV.  OF  NEW  YORK  COLL.  AT 
ONEONTA.  DEPT.  OF  EARTH  SCIENCES. 

Origin  and  Morphology  of  Limestone  Caves. 
W9 1-05851  2F 

STATE  UNIV.  OF  NEW  YORK  COLL.  AT 
OSWEGO.  RESEARCH  CENTER. 

Influence  of  Sea  Salt  Aerosols  and  Long  Range 
Transport    on    Precipitation    Chemistry    at    El 
Verde,  Puerto  Rico. 
W9 1-05492  5B 

STATE  UNIV.  OF  NEW  YORK,  SYRACUSE. 
COLL.  OF  ENVIRONMENTAL  SCIENCE  AND 
FORESTRY. 

Water   Sample   Contamination   by   Glass   Fiber 

and  Cellulose  Filters. 

W91-05559  7B 

STEARNS  AND  WHEELER,  CAZENOVIA,  NY. 

Modifying  Existing  Activated  Sludge  Plants  to 

Achieve  Nitrification  and  Denitrification. 

W9 1-058 12  5D 

STEPHEN  F.  AUSTIN  STATE  UNIV., 
NACOGDOCHES,  TX.  SCHOOL  OF 
FORESTRY. 

Hydrological  Responses  to  Urbanization  in  For- 
ested LaNana  Creek  Watershed  Nacogdoches, 
Texas. 
W9 1-05625  4C 

STEWART,  SVIRIDOV  AND  OLIVER, 
MARSHALLTOWN  (SOUTH  AFRICA). 

Gas  Metering  at  Sewage  Purification  Works. 
W91-05291  5D 

STIRLING  UNIV.  (SCOTLAND).  DEPT.  OF 
ENVIRONMENTAL  SCIENCE. 

Variations  in  Chemical  Composition  of  the  Soil 
Solution  over  a  Four- Year  Period  at  an  Upland 
Site  in  Southwest  Scotland. 
W9 1-05564  2G 

STOCKHOLM  UNIV.  (SWEDEN).  DEPT.  OF 
GEOLOGY. 

Major  Element  Chemistry,  delta-2-H,  delta- 18-0 

and  87-Sr/86-Sr  in  a  Snow  Profile  across  Central 

Scandinavia. 

W91-05356  5B 

STOCKHOLM  WATER  AND  WASTEWATER 
WORKS  (SWEDEN). 

Introduction   of  Deep  Oxic/ Anoxic   Tanks  at 
Hendriksdal    Sewage   Treatment    Plant    to   In- 
crease the  Capacity. 
W9 1-05505  5D 

STONE  AND  WEBSTER  WATER 
TECHNOLOGY  SERVICES,  FORT 
LAUDERDALE,  FL. 

Membrane  Softening:  The  Concept  and  Its  Ap- 
plication to  Municipal  Water  Supply. 
W91-05194  5F 

STRASBOURG- 1  UNTV.  (FRANCE). 

Miscible  Displacement  with  Density  and  Viscos- 
ity Contrasts.  Estimation  of  Displacement  Pa- 
rameters and  Stability  in  Mechanical  Dispersion 
Regime  (Deplacement  Miscible  Avec  Contrastes 
de  Densite  et  de  Viscosite  en  Milieu  Poreux. 
Identification  des  Parametres  de  Deplacement  et 
Stabilite  en  Regime  de  Dispersion  Mecanique). 
W9 1-05435  5B 

SUIDO  KIKO  KAISHA  LTD.,  TOKYO 
(JAPAN).  DIV.  OF  RESEARCH  AND 
DEVELOPMENT. 

Characteristics  of  Metal-Polysilicate  Coagulants. 
W91-05781  5F 


SVENSKA  TRAEFORSKNINGSINSTITUTET, 
STOCKHOLM. 

Anaerobic        Dechlorination/Degradation       of 
Chlorinated  Organic  Compounds  of  Different 
Molecular  Massed  in  Bleach  Plant  Effluents. 
W91-04955  5D 

SVERIGES  LANTBRUKSUNIVERSITET, 
UPPSALA.  DIV.  OF  WATER  MANAGEMENT. 

Use  of  Lysimeters  to  Estimate  Leaching  of  Pes- 
ticides in  Agricultural  Soils. 
W91-05389  7B 

Leaching    of   Chlorsulfuron    and  Metsulfuron 

Methyl   in   Three   Swedish   Soils  Measured   in 
Field  Lysimeters. 

W9 1-05401  5B 

SYDNEY  UNIV.  (AUSTRALIA).  OCEAN 
SCIENCES  INST. 

Impact    Assessment    for    the    French    Nuclear 
Weapon  Test  Sites  in  French  Polynesia. 
W91-05347  5B 

TALLINN  BOTANICAL  GARDEN  (USSR). 
Saline  Maritime  Soils  of  Estonia. 
W9 1-05229  2G 

TAMPERE  UNTV.  OF  TECHNOLOGY 
(FINLAND).  INST.  OF  WATER  AND 
ENVIRONMENTAL  ENGINEERING. 

Rural  Water  Supply  Development  in  Finland: 
Possible  Implications  for  the  Developing  Coun- 
tries. 
W9 1-05060  5F 

TASMANIA  HYDRO-ELECTRIC 
COMMISSION,  HOBART  (AUSTRALIA). 
ENGINEERING  DIV. 

Advances  in  Face  Slab  Construction  Techniques 

for  CFRDs. 

W91-05118  8F 

TECHNICAL  UNIV.  OF  DENMARK,  LYNGBY. 
DEPT.  OF  CHEMICAL  ENGINEERING. 

Monitoring  and  Control  of  Biological  Removal 
of  Phosphorus  and  Nitrogen  by  Flow-Injection 
Analysers   in   a   Municipal    Pilot-Scale   Waste- 
Water  Treatment  Plant. 
W91-05331  5D 

TECHNICAL  UNTV.  OF  DENMARK,  LYNGBY. 
DEPT.  OF  SANITARY  ENGINEERING. 

Rain-Runoff  Parameters  for  Six  Small  Gauged 

Urban  Catchments. 

W91-05381  2B 

Biodegradation  Kinetics  of  Phenols  in  an  Aero- 
bic Biofilm  at  Low  Concentrations. 
W9 1 -05745  5D 

TECHNICAL  UNTV.  OF  DENMARK,  LYNGBY. 
INST.  FOR  BIOTEKNOLOGI. 

Analysis  of  Sulfate  in  Sewage  Sludge  using  Ion 

Chromatographic  Techniques. 

W91-05571  5D 

TECHNICAL  UNTV.  OF  ISTANBUL 
(TURKEY). 

Application  of  Biofilm   Kinetics  to  Anaerobic 

Fixed  Bed  Reactors. 

W91-05739  5D 

TECHNICAL  UNTV.  OF  ISTANBUL 
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Critical    Drought    Analysis    by    Second-Order 

Markov  Chain. 

W9 1-05438  2E 
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W91-05512  5D 
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W91-05380  2B 

TECHNION  -  ISRAEL  INST.  OF  TECH., 
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W91-0554O  3C 

Should  Waste  Stabilization  Ponds  Be  Designed 
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W91-05757  5D 
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W91-05522  5D 

TECHNISCHE  UNIV.  BRAUNSCHWEIG 
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Evaluating  Pesticide  Migration  in  Tile-Drained 
Soils  with  a  Transfer  Function  Model. 
W91-05402  5B 

TECHNISCHE  UNIV.  HAMBURG-HARBURG 
(GERMANY,  F.R.). 

Investigation  on  Wastewater  Reuse  on  Passen- 
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W9 1-05  5  50  5D 

TECHNISCHE  UNTV.,  VIENNA  (AUSTRIA). 
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LANDSCHAFTSWASSERBAU. 

Calcium  Carbonate  Precipitation  in  Anaerobic 

Waste  Water  Treatment. 

W9 1-05730  5D 

TEL-AVIV  UNTV.  (ISRAEL). 

Increase  of  Early  Rains  in  Southern  Israel  Fol- 
lowing Land-Use  Change. 
W9 1-05409  2B 

TENERA  CORP.,  BERKELEY,  CA. 

Evaluation  of  Membrane  Processes  for  the  Re- 
duction of  Trace  Organic  Contaminants. 
W9 1-059 11  5D 

TENNESSEE  UNIV.,  KNOXVILLE. 

Land   Development   and   Water   Quality:   The 

Cayman  Islands  Study. 

W91-05656  4C 

TERRA  VAC,  INC.,  PRINCETON,  NJ. 

Cleanup  of  a  Gasoline  Contaminated  Site  Using 

Vacuum  Extraction  Technology. 

W91-05259  5G 

TEXAS  A  AND  M  UND7.,  COLLEGE 
STATION.  DEFT.  OF  METEOROLOGY. 

Estimation    of    Area-Averaged    Rainfall    over 
Tropical  Oceans  from  Microwave  Radiometry: 
A  Single  Channel  Approach. 
W9 1-05855  2B 


TEXAS  A  AND  M  UND/.,  COLLEGE 
STATION.  DEPT.  OF  SOIL  AND  CROP 
SCIENCES. 

Ability   of  Sorbent   Materials   to   Adsorb   and 
Retain  Organic  Liquids  Under  Landfill  Condi- 
tions. 
W91-05921  5B 

TEXAS  A  AND  M  UND7.,  COLLEGE 
STATION.  GEOCHEMICAL  AND 
ENVIRONMENTAL  RESEARCH  GROUP. 

Recognition  of  Areas  Effected  by   Petroleum 

Seepage:  Northern  Gulf  of  Mexico  Continental 

Slope. 

W91-05915  5B 

Gulf  of  Mexico  Hydrocarbon  Seep  Communi- 
ties: VI.  Patterns  in  Community  Structure  and 
Habitat. 
W9 1-059 17  5B 

TEXAS  AGRICULTURAL  EXPERIMENT 
STATION,  TEMPLE.  BLACKLAND 
RESEARCH  CENTER. 

Cotton  Root  Growth  and  Soil  Water  Extraction. 
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TEXAS  SOUTHERN  UNIV.,  HOUSTON. 
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TEXAS  UNTV.  AT  AUSTIN.  DEPT.  OF  CIVIL 
ENGINEERING. 
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W91-05379  5E 

TEXAS  UNTV.  AT  AUSTIN.  DEPT.  OF 
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W9 1-04998  2H 
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W91-05517  5D 
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DEVELOPMENT  SECTION. 
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The  Secretary  of  the  Interior  has  deterimined  that  the  publication  of  this  periodical  is  necessary  in  the  transaction 

of  the  public  business  required  by  law  of  this  Department.  Use  of  funds  for  printing  this  periodical  has  been 

approved  by  the  Office  of  Management  and  Budget  through  September  1991 . 


As  the  Nation's  principal  conservation  agency,  the  Department  of  the  Interior  has  respon- 
sibility for  most  of  our  nationally  owned  public  lands  and  natural  resources.  This  in- 
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Selected  Water  Resources  Abstracts,  a  monthly 
journal,  includes  abstracts  of  current  and  earlier 
pertinent  monographs,  journal  articles,  reports,  and 
other  publication  formats.  These  documents  cover 
water  resources  as  treated  in  the  life,  physical,  and 
social  sciences  and  the  related  engineering  and  legal 
aspects  of  the  characteristics,  supply  condition,  con- 
servation, control,  use,  or  management  of  water 
resources.  Each  abstract  includes  a  full  bibliographic 
citation  and  a  set  of  descriptors  which  are  listed  in 
the  Water  Resources  Thesaurus.  The  abstract 
entries  are  classified  into  10  fields  and  60  groups 
similar  to  the  water  resources  research  categories 
established  by  the  Committee  on  Water  Resources 
Research  of  the  then  Federal  Council  for  Science  and 
Technology. 

Selected  Water  Resources  Abstracts  is  designed 
to  serve  the  scientific  and  technical  information  needs 
of  scientists,    engineers,  and  managers  as  one  of 


several  services  of  the  Water  Resources  Scientific 
Information  Center.  The  cumulative  SWRA  file  from 
1968  and  monthly  updates  are  available  also  in 
magnetic  tape  through  lease  from  NTIS. 

THE  WATER  RESOURCES  SCIENTIFIC  INFOR- 
MATION CENTER  DOES  NOT  PROVIDE  COPIES  OF 
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Sufficient  bibliographic  information  is  given  to  en- 
able readers  to  order  the  desired  documents  from 
local  libraries  or  other  sources. 

Comments  and  suggestions  concerning  the  contents 
and  arrangement  of  this  bulletin  are  welcome. 
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SELECTED  WATER  RESOURCES  ABSTRACTS 


2.  WATER  CYCLE 
2A.  General 


CONSEQUENCES  OF  THE  RECENT  CLIMAT- 
IC VARIATIONS  ON  RIVER  FLOW  REGIMES 
IN  WEST  AFRICA. 

Lagos  Univ.  (Nigeria).  Dept.  of  Geography. 

O.  Ojo. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  251-262,  2  fig, 

1  tab,  8  ref. 

Descriptors:  'Climatic  changes,  'Data  analysis, 
•Developing  countries,  'Drought,  *Hydrologic 
data,  'Model  studies,  'River  flow,  'Streamflow 
forecasting,  'West  Africa,  Data  acquisition,  Net- 
work design,  Sahel  region,  Spatial  variation,  Tem- 
poral variation. 

During  the  past  25  yr,  climate  in  Africa  has  varied 
considerably.  Particularly  in  West  Africa,  these 
variations  have  resulted  in  hydroclimatic  events 
with  serious  consequences  for  man  and  his  envi- 
ronment. Variability  in  temporal  and  spatial  char- 
acteristics of  the  flow  regimes  of  rivers  (24  stations 
in  the  Sahel  region  and  36  stations  outside  the 
Sahel  region)  were  examined  with  the  aim  of  as- 
sessing the  consequences  of  recent  climatic  vari- 
ations and  establishing  some  relationships  between 
these  variations  and  the  river  flow  regimes.  Both 
locational  and  regional  variations,  particularly 
with  respect  to  river  basins  in  West  Africa,  were 
used.  The  results  show  that  much  temporal  and 
spatial  variation  characterizes  the  climatic  events 
and  their  effects  on  river  flow  regimes  in  West 
Africa.  These  variations  limit  the  representative- 
ness of  many  of  the  existing  climatic  and  hydrocli- 
matic data  and  information  for  relatively  large 
areas.  The  validity  of  the  empirically  determined 
data  and  information  on  flow  regimes  is  consider- 
ably limited,  particularly  for  the  purpose  of  appli- 
cation of  these  data  and  information  for  research, 
planning,  and  development.  There  exists  an  urgent 
need  to  improve  the  acquisition  of  data  and  infor- 
mation on  hydroclimatic  characteristics  in  West 
Africa.  The  current,  empirically  determined  rela- 
tions may  be  valid  within  reasonable  errors  only 
for  the  locations  for  which  they  were  derived. 
Three  other  issues  of  importance  are  (1)  transfer 
and/or  adaptation  of  efficient  technology,  (2)  edu- 
cation and  training;  and  (3)  cooperation  and  co- 
ordination in  solving  hydrological  problems.  (See 
also  W9 1-06461)  (Rochester-PTT) 
W91-06487 


ESTIMATING  WATER  USE  BY  EUCALYPTUS 
GRANDIS  WITH  THE  PENMAN-MONTEITH 
EQUATION. 

South  African  Forestry  Research  Inst.,  Sabie. 
For  primary  bibliographic   entry  see  Field   2D. 
W9 1-06541 


EXTRAPOLATION  OF  RESEARCH  RESULTS 
BY  DETERMINISTIC  MODELS. 

Warsaw  Univ.   (Poland).   Faculty  of  Geography 
and  Regional  Studies. 
U.  Soczynska. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  585-594,  7  fig,  1  tab,  11  ref. 

Descriptors:  'Forest  hydrology,  'Hydrologic 
models,  'Kinematic  wave  theory,  'Model  studies, 
'Simulation  analysis,  'Streamflow  forecasting, 
Canopy,  Effective  precipitation,  Infiltration,  Inter- 
ception, Overland  flow,  Poland,  Runoff,  Soil  mois- 
ture. 

Traditionally,  extrapolation  of  hydrological  char- 
acteristics is  connected  with  the  indirect  approach, 
using  research  results  from  the  net  of  representa- 
tive basins.  An  approach  has  been  developed 
which  allows  direct  simulation  of  hydrological 
precesses  in  ungaged  catchments  using  a  determi- 
nistic, distributed,  physically-based  model.  This 
model  was  used  to  simulate  the  hydrological  proc- 


esses in  a  15-sq-km  basin  in  the  Middle-Polish 
Lowland.  Particular  attention  was  given  to  inter- 
ception by  the  four-layer  plant  canopy,  effective 
rainfall  simulation,  infiltration,  and  overland  flow. 
The  one-dimensional  component  was  tested  by 
comparing  measured  and  computed  soil  moisture 
profiles  and  the  three-dimensional  one  by  compar- 
ing the  simulated  and  measured  volumes  of  flow 
from  the  basin.  Movement  of  the  effective  rainfall 
to  the  river  bed  as  well  as  routing  within  the 
channel  was  described  by  kinematic  wave  equa- 
tions for  one-dimensional  flow.  The  basin  area  was 
approximated  by  six  planes,  whereby  computed 
overland  flow  from  a  plane  occurs  at  the  same  time 
as  inflow  to  a  channel  reach.  Correlation  between 
simulated  and  observed  direct  runoff  hydrographs 
for  a  storm  in  June  1975  showed  R=0.86.  The 
accumulation  of  a  large  number  of  physiographic 
parameters  and  results  permits  one  to  establish  a 
database  of  parameters  representative  of  the  physi- 
cal environment  as  well  as  the  hydrological  season. 
(See  also  W91-06510)  (Fish-PTT) 
W9 1-06566 


SPATIAL     VARIABILITY     OF     OVERLAND 
FLOW  IN  A  SMALL  ARID  BASIN. 

Bar-Ilan  Univ.,  Ramat  Gan  (Israel).  Dept.  of  Ge- 
ography. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06724 


2B.  Precipitation 


ERROR  STRUCTURE  OF  MULTIPARAMETER 
RADAR  AND  SURFACE  MEASUREMENTS  OF 
RAINFALL.  PART  III:  SPECIFIC  DIFFEREN- 
TIAL PHASE. 

Alabama  Univ.  in  Huntsville. 

V.  Chandrasekar,  V.  N.  Bringi,  N.  Balakrishnan, 

and  D.  S.  Zrnic. 

Journal  of  Atmospheric  and  Oceanic  Technology 

JAOTES,  Vol.  7,  No.  5,  p  621-629,  October  1990. 

5  fig,  36  ref,  append. 

Descriptors:  'Error  analysis,  'Meteorology, 
•Radar,  'Rainfall  rate,  'Remote  sensing,  Model 
studies,  Rain,  Reflectivity,  Simulation  models. 

The  error  structure  of  the  specific  differential 
phase  measurement  in  rainfall  was  investigated; 
this  allows  one  to  analyze  three  estimators  of  rain- 
fall rate,  the  first  based  on  the  reflectivity  factor, 
the  second  based  on  combining  reflectivity  and 
differential  reflectivity,  and  the  third  based  on 
specific  differential  phase  alone.  Simulations  are 
used  to  model  random  errors  in  the  three  param- 
eters. Physical  variations  in  the  raindrop  size  distri- 
bution are  modeled  by  varying  the  gamma  param- 
eters over  a  range  typically  found  in  natural  rain- 
fall. Thus,  the  simulations  in  experiment  incorpo- 
rate physical  fluctuations  onto  which  random 
measurement  errors  have  been  superimposed. 
Radar-derived  estimates  using  data  obtained  in 
convective  rainfall  were  also  compared.  The  range 
of  applicability  of  the  three  rainfall  rate  estimators 
was  determined.  At  intermediate  rainfall  rates  be- 
tween approximately  20  and  70  mm/h,  simulations 
show  that  the  estimator  using  the  combination  of 
reflectivity  and  differential  reflectivity  give  the 
least  error.  However,  there  are  other  reasons  that 
make  the  specific  differential  rate  method  useful: 
(1)  its  stability  with  respect  to  mixed  phase  precipi- 
tation, and  (2)  the  fact  that  it  is  a  differential  phase 
measurement  and  thus  insensitive  to  system  gain 
calibration.  This  last  premise  suggests  an  accurate 
method  of  system  gain  calibration  based  on  the 
rain  medium.  (Author's  abstract) 
W91-06110 


NEW  FAST  RESPONSE  INSTRUMENT  FOR 
MEASURING  TOTAL  WATER  CONTENT 
FROM  AIRCRAFT. 

Royal     Aerospace    Establishment,     Farnborough 

(England). 

For  primary  bibliographic  entry  see  Field  7B. 

W91-06111 


METHOD  FOR  IMPROVING  RAIN  ESTI- 
MATES FROM  VERTICAL-INCIDENCE  DOPP- 
LER  RADAR  OBSERVATIONS. 

Chicago  Univ.,  IL.  Lab.  for  Atmospheric  Probing. 
For  primary  bibliographic  entry  see  Field  7B. 
W91-06112 


DEPENDENCE  OF  REFLECTIVITY  FACTOR- 
RAINFALL  RATE  RELATIONSHIP  ON  PO- 
LARIZATION. 

National  Severe  Storms  Lab.,  Norman,  OK. 

D.  S.  Zrnic,  and  N.  Balakrishnan. 

Journal  of  Atmospheric  and  Oceanic  Technology 

JAOTES,  Vol.  7,  No.  5,  p  792-795,  October  1990. 

3  fig,  14  ref. 

Descriptors:  'Mathematical  studies,  'Meteorology, 
'Radar,  'Rainfall  rate,  'Reflectivity,  'Remote 
sensing,  Error  analysis,  Polarization,  Precipitation. 

The  reflectivity  factor  (Z),  rainfall  rate  (R)  rela- 
tionship for  weather  radars  that  probe  precipitation 
at  low  elevation  angles  is  sensitive  to  polarization. 
A  method  has  been  developed  to  derive  a  formula 
that  relates  a  reflectivity  factor  for  orthogonal 
linear  or  circular  polarization  with  a  rain  rate, 
provided  that  one  such  relationship  and  the  polar- 
ization are  known.  The  derivation  and  evidence 
from  literature  suggest  that  the  familiar  formula  Z 
=  200  times  R  to  the  1.6  power  is  correct  for 
horizontal  polarization.  The  results  are  simple  and 
can  be  obtained  by  substitutions  requiring  minimal 
calculations.  They  imply  that  bias  errors  larger 
than  20%  occur  if  a  wrong  polarization  is  used  in 
the  Z,R  relation.  Although  there  are  several  causes 
that  contribute  to  the  variability  in  rain  rates  that 
are  estimated  from  single  parameter  Z,R  relations, 
polarization  should  not  be  one  of  these  because  it  is 
well  understood  and  can  be  quantified.  (Doria- 
PTT) 
W91-06113 


APPARENT  GEOGRAPHIC  AND  ATMOS- 
PHERIC INFLUENCES  ON  RAINDROP  SIZES 
AND  RAINFALL  KINETIC  ENERGY. 

Illinois  Univ.,  Urbana.  Dept.  of  Agricultural  Engi- 
neering. 
G.  F.  Mclsaac. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 
Vol.  45,  No.  6,  p  663-666,  November/December 
1990.  3  fig,  1  tab,  28  ref. 

Descriptors:  'Climatology,  'Meteorology,  'Rain, 
•Rainfall  energy,  *Rainfall  impact,  District  of  Co- 
lumbia, Indonesia,  Kinetic  energy,  Marshall  Is- 
lands, New  Jersey,  North  Carolina,  Panama,  Zim- 
babwe. 

Rainfall  kinetic  energy  was  calculated  from  aver- 
age drop  size  distributions  measured  at  six  loca- 
tions. Median  raindrop  diameters  in  North  Caroli- 
na, New  Jersey,  and  the  Marshall  Islands  tended  to 
be  less  than  those  observed  in  Panama,  Indonesia, 
Washington,  D.C.,  and  Zimbabwe.  Calculated 
rainfall  kinetic  energies  for  Panama  and  Indonesia 
were  within  10%  of  that  predicted  by  the  universal 
soil  loss  equation  rainfall  energy  equation.  Calcu- 
lated rainfall  energies  for  New  Jersey,  the  Marshall 
Islands,  and  North  Carolina  ranged  from  5%  to 
28%  less  than  that  predicted  by  the  universal  soil 
loss  equation  rainfall  energy  equation.  An  uncer- 
tainty interval  of  15%  to  30%  of  the  estimated 
rainfall  energy  value  is  suggested  to  reflect  uncer- 
tainties in  geographic  differences  in  raindrop  sizes. 
Increasing  the  rainfall  energy  estimate  by  7%  for 
each  1000  m  (3280  feet)  of  elevation  above  sea 
level  is  suggested  to  account  for  increased  raindrop 
velocity  under  reduced  atmospheric  pressure.  Ad- 
ditional research  is  recommended  on  the  geograph- 
ic efforts  on  raindrop  sizes  and  raindrop  detach- 
ment of  soil,  particularly  in  West  Africa,  at  higher 
elevations  and  for  periods  exceeding  2  years.  (Au- 
thor's abstract) 
W9 1-0623  5 


RESPONSE  OF  MESQULTE  TO  NITRATE  AND 
SALINITY  IN  A  SIMULATED  PHREATIC  EN- 
VIRONMENT:  WATER   USE,   DRY   MATTER 
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Field  2— WATER  CYCLE 


Group  2B — Precipitation 


AND  MINERAL  NUTRIENT  ACCUMULA- 
TION. 

Oregon  Graduate  Center,  Beaverton.  Dept.  of  En- 
vironmental Science  and  Engineering. 
W.  M.  Jarrell,  and  R.  A.  Virginia. 
Plant  and  Soil  PLSOA2,  Vol.  12S,  No.  2,  p  185- 
196,  1990.  5  fig,  7  tab,  36  ref. 

Descriptors:  *Mesquite,  •Phreatophytes,  'Plant 
growth,  'Saline  groundwater,  'Salt  tolerance, 
•Soil-water-plant  relationships,  'Water  use  effi- 
ciency, California,  Desert  plants,  Dry  matter. 
Leaves,  Nitrates,  Nitrogen,  Nutrients,  Roots, 
Sodium,  Soil  water. 

Desert  rivers  or  low-lying  areas  where  groundwat- 
er accumulates  are  commonly  populated  with  suc- 
cessful phreatophytes,  often  competing  with  agri- 
cultural or  municipal  users  for  water.  Relatively 
few  studies  have  been  directed  toward  examining 
the  environmental  factors  affecting  the  growth  of 
these  plants,  or  their  effects  on  the  soils  in  which 
they  grow.  Mesquite  plants  (Prosopis  glandulosa 
var.  Torreyana)  were  grown  in  soil  columns,  and 
provided  with  a  constant,  stable  groundwater 
source,  containing  0,  1,  or  5  mM  nitrate,  or  a  mixed 
salt  solution  (1.4,  2.8,  or  5.6  dS/m)  with  the  ionic 
ratios  of  groundwater  found  in  a  field  stand  of 
Prosopis  at  Harper's  Well  (2.8  dS/m)  in  the  west- 
em  Sonoran  Desert  of  California.  Water  uptake  in 
the  highly  salinized  columns  began  to  decrease 
relative  to  low  salt  columns  when  soil  salinity 
probes  read  approximately  28  dS/m,  a  potential 
threshold  for  mesquite  salt  tolerance.  Prosopis 
growth  increased  with  increasing  nitrate,  and  de- 
creased with  increasing  salinity.  Water  use  efficien- 
cy was  little-affected  by  treatment.  Most  fine  roots 
were  recovered  from  about  25  cm  above  the 
groundwater  surface  where  water  content  and  aer- 
ation appeared  to  be  optimal  for  root  growth. 
Root-shoot  ratio  was  little-affected  by  nitrate,  but 
increased  slightly  with  increasing  salinity.  Plant 
tissue  phosphorus  concentrations  tended  to  in- 
crease with  increasing  salinity  and  decrease  with 
increasing  nitrogen  (N),  approaching  potentially 
deficient  foliage  concentrations  at  5  mM  nitrate. 
The  whole-plant  leaf  samples  increased  in  sodium 
concentration  both  with  added  salt  and  with  added 
nitrate.  Concentrations  of  sodium  in  leaves  were 
low  considering  the  high  salt  concentrations  in  the 
groundwater.  Prosopis  appears  to  exclude  sodium 
very  effectively,  especially  from  its  younger 
leaves.  Although  Prosopis  is  highly  salt-tolerant, 
the  degree  to  which  it  utilizes  soil  nitrate  in  place 
of  biologically-fixed  N  may  lower  its  salinity  toler- 
ance and  affect  its  nutrient  relations  in  phreatic 
environments.  (Author's  abstract) 
W91-06312 


PRECIPITATION  PREDICTION  OVER  THE 
TROPICS  FROM  A  GLOBAL  SPECTRAL 
MODEL. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Meteor- 
ology. 

T.  N.  Krishnamurti,  H.  S.  Bedi,  and  D.  K. 
Oosterhof. 

Atmosfera  ATMSEF,  Vol.  3,  No.  4,  p  255-280, 
October  1990.  13  fig,  1  tab,  30  ref,  2  append. 
Florida  State  University  NSF  grant  No.  ATM- 
8812053  and  NOAA  Grant  No.  NA  87  AA-D- 
AC038. 

Descriptors:  'Climatology,  'Meteorology,  'Model 
studies,  'Precipitation,  'Satellite  technology, 
•Tropical  regions,  'Weather  forecasting,  Africa, 
Atlantic  Ocean,  Climatic  data,  Convective  precipi- 
tation, Hurricanes,  Marine  climates,  Monsoons, 
Precipitation  mapping,  Rainfall,  Regression  analy- 
sis, Typhoons. 

With  the  recent  improvements  in  resolution,  physi- 
cal parameterization  and  data  analysis  techniques, 
global  models  are  displaying  considerable  improve- 
ment of  skill.  The  lack  of  observations  has  been  a 
major  factor  for  the  lower  skill  over  the  Southern 
Hemisphere  and  especially  over  the  tropics.  The 
Florida  State  University  (FSU)  has  developed  a 
global  spectral  model  capable  of  precipitation  fore- 
casting over  the  tropics.  Monsoon  rainfall  was 
predicted  by  mapping  the  'observed'  distribution  of 
rainfall  using  1979  datasets.  Over  the  oceanic  areas 
the  analysis  is  largely  regression  dependent  and  is 


found  to  underestimate  the  rainfall  by  as  much  as 
100%.  Evaporation  over  the  tropical  oceans  was 
enhanced  by  the  additional  treatment  of  surface 
layer  physics,  deep  convection,  and  initial  analysis 
of  the  moisture  field.  The  prediction  of  monsoon 
rainfall  as  a  function  of  increasing  resolution  exhib- 
ited a  major  improvement  in  the  position  of  the 
depression.  An  example  of  a  precipitation  forecast 
(up  to  about  5  or  6  days)  from  a  very  high  resolu- 
tion regional  model  (horizontal  resolution  of  the 
order  of  45  km)  determined  detailed  hurricane 
rainbands  in  close  agreement  with  the  bands  seen 
from  satellite  photographs.  Results  thus  far  have 
used  the  European  Centre  for  Medium-range 
Weather  Forecast  (ECMWF)  First  GARP  Global 
Experiment  (FGGE)  Illb  (gridded  analyzed)  data- 
base, and  indicate  that  African  easterly  waves  can 
be  tracked  across  the  Atlantic  Ocean  for  4  to  6-day 
periods.  The  best  results  of  typhoon  tracking  fore- 
casts came  from  the  multilevel  physical  model  at 
the  highest  resolution.  There  is  a  need  to  further 
increase  the  resolution  of  global  models.  (Fish- 
PTT) 
W9 1-06404 


MECHANISMS  OF  THE  BLACK  SEA  CIRCU- 
LATION. 

Sofia  Univ.  (Bulgaria).  Dept.  of  Geophysics. 
E.  V.  Stanev. 

Earth  Science  Reviews  ESREAV,  Vol.  28,  No.  4, 
p  285-319,  1990.  40  fig,  1  tab,  36  ref. 

Descriptors:  'Atmospheric  circulation,  'Black  Sea, 
•Hydrologic  models,  'Marine  climates,  'Model 
studies,  'Ocean  circulation,  Air  circulation,  Air- 
water  interfaces,  Eddies,  Evaporation,  Heat  ex- 
change, Kinetic  energy,  Precipitation,  Wind. 

Bryan's  1989  model  was  used  in  a  study  to  simulate 
the  circulation  in  the  Black  Sea.  Wind  stress,  heat 
exchange,  precipitation,  and  evaporation  at  sea  sur- 
face were  prescribed  from  climatic  data.  River 
inflow  and  the  inflow  from  the  Mediterranean  Sea 
were  taken  from  observations.  Two  types  of 
models  were  examined:  a  general  circulation  model 
(GCM)  with  horizontal  resolution  delta  lambda  = 
1  degree,  delta  phi  =  0.5  degree  and  12  levels;  and 
an  eddy  general  circulation  model  (EGCM)  with 
horizontal  resolution  delta  lambda  =  20  minutes, 
delta  phi  =  10  minutes  on  the  same  levels.  The 
GCM  was  designed  to  study  the  role  of  the  wind 
and  buoyancy  fluxes  for  the  establishment  of  circu- 
lation. Model  data  showed  that  in  the  baroclinic 
experiments  kinetic  energy  was  less  than  in  the 
barotropic  experiment.  This  was  a  consequence  of 
the  formation  of  a  strong  halocline  in  the  upper 
layer,  where  a  substantial  part  of  the  energy  input 
transforms  into  potential  energy.  The  specific  ver- 
tical stratification  in  the  Black  Sea  restricted  the 
penetration  of  seasonal  signal  into  deep  layers,  and 
preconditioned  the  establishment  of  a  cold  interme- 
diate layer.  Model  data  from  the  EGCM  showed 
that  eddies  contribute  to  some  change  in  the  trans- 
port mechanisms,  compared  to  those  in  the  GCM. 
Seasonal  forcing  affected  substantially  the  variabil- 
ity of  the  main  Black  Sea  gyre.  Comparisons  be- 
tween model  and  observational  data  indicated  that 
models  resolve  the  main  features  of  the  Black  Sea 
circulation.  They  illustrated  correctly  physical 
processes  in  strong  stratified  geophysical  fluids, 
and  particularly  in  semi-enclosed  basins,  where 
precipitation  and  runoff  exceeds  evaporation.  (Au- 
thor's abstract) 
W91-O6410 


CONSEQUENCES  OF  THE  RECENT  CLIMAT- 
IC VARIATIONS  ON  RIVER  FLOW  REGIMES 
IN  WEST  AFRICA. 

Lagos  Univ.  (Nigeria).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2A. 
W9 1-06487 


SPATIAL  AND  TEMPORAL  VARIATION  OF 
RAINFALL  AND  RUNOFF  IN  HONG  KONG. 

Hong  Kong  Univ.  Dept.  of  Civil  Engineering. 
A.  W.  Jayawardena,  and  M.  R.  Peart. 
IN:  FRIENDS  in  Hydrology.  IAHS  Publication 
No.  187.  International  Association  of  Hydrological 
Sciences,  Washington,  DC.  1989.  p  409-418,  2  fig, 
4  tab,  8  ref. 


Descriptors:  'Climates,  'Data  analysis,  'Hong 
Kong,  'Hydrologic  data,  'Model  studies,  'Rain- 
fall, 'Runoff,  'Streamflow  forecasting.  Long-term 
studies.  Network  design,  Spatial  variation,  Stream 
gages,  Temporal  variation. 

Hong  Kong  lies  in  the  tropics  and  experiences  hot, 
humid  summers  that  contrast  markedly  with  the 
cool,  dry  winters.  The  incised  topography  is  devel- 
oped mainly  upon  predominantly  volcanic  and  in- 
trusive igneous  rocks.  Considerable  spatial  varia- 
tion of  the  hydrologic  variables  can  be  seen  in 
Hong  Kong  despite  its  small  size.  Maps  of  mean 
annual  rainfall  reveal  spatial  variation  due  to  to- 
pography as  well  as  to  seasonal  effects.  It  is  possi- 
ble to  provide  a  simple  measure  of  the  spatial 
variation  in  rainfall  by  using  the  ratio  of  the  high- 
est to  the  lowest  values  recorded  at  any  two  gages 
in  the  network,  with  unity  indicating  no  spatial 
variability.  For  the  22  gages  having  records  for  the 
period  1953-1982,  the  ratios  for  the  months  Janu- 
ary through  December  are:  1.98,  2.00,  1.59,  1.68, 
1.69,  1.90,  1.71,  1.66,  1.65,  1.69,  1.95,  and  1.97, 
respectively.  These  ratios  indicate  that  rainfall  is 
most  variable  during  the  winter.  For  seven  drain- 
age basins,  runoff  data  for  1981-1982  show  that  the 
maximum  daily  flow  is  recorded  in  the  wet  season 
for  all  basins,  but  that  the  day  on  which  the 
maximum  runoff  is  recorded  varies  among  the 
basins.  The  spatial  variation  in  the  timing  of  maxi- 
mum runoff  may  reflect  the  spatial  differences  in 
precipitation  input.  Temporal  variation  was  ana- 
lyzed using  data  from  the  Shek  Pi  Tau  lowland 
stream  gaging  station  (2792-hectare  catchment). 
Runoff  series  (1965-1984)  for  this  catchment  and 
rainfall  series  (1946-1984)  were  analyzed  for  statis- 
tical properties  and  trends.  Auto-regressive 
moving  average  (ARMA)  models  also  were  em- 
ployed in  analyzing  the  two  time  series.  (See  also 
W9 1-06461)  (Rochester-PTT) 
W91-O6501 


FROM  THE  PLOT  TO  THE  WATERSHED: 
SCALE  EFFECT  IN  THE  AMAZONIAN 
FOREST  ECOSYSTEM  (DE  LA  PARCELLE  AU 
PETIT  BASSIN-VERSANT:  EFFET  D'ECHELLE 
DANS  L'ECOSYSTEME  FORESTIER  AMA- 
ZONIEN). 

Office  de  la  Recherche  Scientifique  et  Technique 
Outre-Mer,  Cayenne  (French  Guiana). 
J.  M.  Fritsch,  P.  L.  Dubreuil,  and  J.  M.  Sarrailh. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  131-142,  5  fig,  2  tab,  7  ref.  English 
summary. 

Descriptors:  'Forest  hydrology,  'Forest  water- 
sheds, 'Rainfall-runoff  relationships,  'Scale  fac- 
tors, 'Surface  runoff,  Amazon,  Catchment  areas, 
French  Guiana,  Geohydrologic  units,  Soil  proper- 
ties. Tropical  regions. 

Comparisons  were  made  between  surface  runoff  on 
a  plot  (400  sq  m),  on  elementary  drainage  basins 
(0.15  sq  km)  and  on  a  small  drainage  basin  (4.5  sq 
km),  all  three  on  weathered  shales  and  under  tropi- 
cal rain  forest  cover  in  French  Guyana.  Annual 
runoff  on  the  plot  was  8.8%  of  total  rainfall  in 
1981,  while  small  basin  quickflow  was  23%.  The 
difference  appears  to  result  from  soil  properties. 
Elementary  basin  yield  may  be  close  to  that  of  the 
plot  or  the  small  basin,  depending  on  the  evolu- 
tionary stage  of  the  soil  cover.  There  is  evidence  of 
hydrologic  units  which  keep  the  regime  independ- 
ent of  the  size  of  the  drainage  basin.  Thus,  the 
variable  source  area  concept  is  applicable  in  this 
region,  for  understanding  scale  effects.  This  meth- 
odology is  attractive  in  a  humid  tropical  environ- 
ment because  of  its  simplicity  of  use  for  an  elemen- 
tary basin,  for  which  it  would  be  laborious  and 
time-consuming  to  continuously  record  the  rainfall 
and  water  levels.  (See  also  W9 1-065 10)  (Fish-PTT) 
W9 1-06522 


MODELLING       FOREST      TRANSPIRATION 
FROM  CLIMATOLOGICAL  DATA. 

Groningen  Rijksuniversiteit  (Netherlands).   Dept. 

of  Physical  Geography. 

For  primary   bibliographic   entry   see   Field   2D. 
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W9 1-06540 

EXPERIMENTAL   STUDY   OF   SLOPE   FAIL- 
URE CAUSED  BY  HEAVY  RAINFALL. 

National  Research  Center  for  Disaster  Prevention, 

Sakura  (Japan). 

For  primary  bibliographic  entry  see  Field  2J. 

W91-06583 


CRITICAL  RAINFALL  (DANGER  INDEX)  FOR 
DISASTERS  CAUSED  BY  DEBRIS  FLOWS 
AND  SLOPE  FAIXURES. 

Kyoto  Univ.  (Japan). 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06593 


EXPERIMENTAL  STUDY  ON  THE  PHENOM- 
ENA OF  RAIN  INFILTRATION. 

National  Research  Center  for  Disaster  Prevention, 
Sakura  (Japan). 
M.  Tominaga. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  247-248.  1  fig,  3  ref. 

Descriptors:  'Erosion,  'Infiltration,  'Rainfall, 
•Rainfall  infiltration,  'Soil  water,  Dewatering, 
Groundwater  movement,  Rainfall  intensity,  Soil 
saturation,  Surface  erosion.  Wetting. 

Infiltration  of  rain  is  one  of  the  most  important 
factors  influencing  ground  hazards  such  as  slop 
failure  and  surface  erosion.  A  series  of  experiments 
was  conducted  on  rain  infiltration  to  clarify  its 
dynamic  characteristics  and  to  explore  the  relation- 
ship between  rainfall  pattern  and  the  change  with 
time  of  the  soil  water  content.  Characteristics  of 
rain  infiltration  can  be  summarized  as  follows:  rain 
water  infiltrates  into  ground  that  is  principally  in 
an  unsaturated  condition;  the  surface  of  the  ground 
is  not  always  covered  by  water,  and  air  in  the  soil 
is  connected  with  the  atmosphere  through  pores  at 
the  surface  of  the  ground;  the  delivery  of  rainwater 
to  the  ground  surface  is  not  continuous;  and,  soil 
water  content  varies  in  response  to  changes  in  the 
intensity  of  rain.  The  wetting  front  moved  down- 
ward at  constant  velocity  under  constant  rain  in- 
tensity. Capillary  water  appeared  between  the 
ground  surface  and  the  wetting  front  when  rain  is 
continued.  Outflow  of  groundwater  begins  imme- 
diately after  the  wetting  front  reaches  the  capillary 
fringe.  Changing  patterns  of  rainfall  intensity  are 
transmitted  to  deep  zones  through  the  unsaturated 
soil-water  zone  after  the  wetting  front  reaches  the 
capillary  zone.  Immediately  after  rain  input  ends, 
dewatering  occurs  for  every  position  in  the  soil 
above  the  wetting  front.  (See  also  W9 1-06570) 
(Brunone-PTT) 
W91-06598 


CHEMISTRY  OF  ATMOSPHERIC  PRECIPITA- 
TION AT  THE  WESTERN  ARABIAN  GULF 
COAST. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Research  Inst. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06873 


TESTS  OF  MODELS  OF  CLOUDWATER  DEP- 
OSITION TO  FOREST  CANOPIES  USING  AR- 
TIFICIAL AND  LIVING  COLLECTORS. 

Tennessee  Valley  Authority,  Muscle  Shoals,  AL. 
Atmospheric  Science  Dept. 
J.  D.  Joslin,  S.  F.  Mueller,  and  M.  H.  Wolfe. 
Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  12,  p  3007-3019,  1990.  7 
fig,  5  tab,  28  ref. 

Descriptors:  *Acid  rain,  "Cloud  liquid  water, 
•Cloudwater  collectors,  "Forests,  "Model  testing, 
•Path  of  pollutants,  *Water  sampling,  "Wet  depo- 
sition, Canopy,  Model  studies,  Regression  analysis, 
Spruce  trees,  Virginia,  Wind  velocity. 

A  passive  string  cloudwater  collector,  a  small  arti- 
ficial tree,  and  a  living  Norway  spruce  were  ex- 
posed to  cloudwater  on  a  raised  platform  at  the 


summit  of  Whitetop  Mountain,  Virginia  over  a  5- 
month  period.  Collection  rates  by  these  three  col- 
lectors were  used  to  examine  relationships  between 
these  rates  and  measured  values  for  two  important 
meteorological  variables  in  models  of  cloudwater 
deposition  to  forest  canopy,  namely  liquid  water 
content  and  wind  speed,  the  product  of  which  is 
the  horizontal  cloudwater  flux.  Collection  rates  for 
all  three  collectors  were  predicted  moderately  well 
by  horizontal  cloudwater  flux  across  all  hours  of 
observation,  but  were  least  strongly  related  when 
liquid  water  content  was  low.  Collection  efficiency 
was  related  to  the  logarithm  of  horizontal  water 
flux,  as  predicted  by  the  models,  only  when  this 
relationship  was  analyzed  within  individual  cloud 
events.  Between  individual  cloud  events,  collection 
efficiency  varied  across  a  wide  range  with  efficien- 
cies much  higher  during  events  of  short  duration. 
Collection  efficiency  was  often  lower  than  predict- 
ed by  models,  possibly  because  the  models  do  not 
take  into  account  reductions  in  wind  speed  occur- 
ring within  needle  clusters  on  branches.  Collection 
rates  for  all  three  collectors  correlated  highly  with 
one  another,  as  well  as  with  a  mature  red  spruce 
canopy.  It  is  concluded  that  either  the  string  col- 
lector or  an  artificial  tree  would  serve  as  a  good 
surrogate  collector  for  living  spruce  tree  crowns. 
(Author's  abstract) 
W9 1-06876 


COMPOSITION  OF  BULK  PRECIPITATION 
ON  A  COASTAL  ISLAND  WITH  AGRICUL- 
TURE COMPARED  TO  AN  URBAN  REGION. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 

Meteorology. 

E.  P.  Weijers,  and  H.  F.  Vugts. 

Atmospheric  Environment  Part  A:  General  Topics 

AEATEN,  Vol.  24,  No.  12,  p  3021-3031,  1990.  5 

fig,  5  tab,  16  ref. 

Descriptors:  'Acid  rain,  'Agriculture,  'Chemistry 
of  precipitation,  'Coastal  environment,  'Islands, 
•Urban  areas,  *Water  pollution  sources,  Acidity, 
Ammonia,  Ammonium,  Annual  distribution,  Calci- 
um, Cattle,  Chlorides,  Ions,  Magnesium,  Nitrates, 
Nitrification,  Potassium,  Precipitation,  Sodium, 
Statistical  analysis,  Sulfates,  The  Netherlands, 
Weather,  Wind. 

Results  of  chemical  analyses  of  1 5  years  of  month- 
ly bulk  samples  from  an  island  in  the  northern 
Netherlands  are  interpreted  and  compared  with 
samples  from  a  village  near  Amsterdam.  Concen- 
trations of  ammonium,  sulfate,  and  nitrate  were 
higher  in  the  island  samples  than  in  the  village. 
Elevated  ammonium  concentrations  were  attrib- 
uted to  dry-deposited  NH3  from  cattle  breeding, 
the  only  economic  activity  on  the  island.  This 
trend  is  intensifying.  Annual  cycles  and  statistical 
computations  indicate  prior  combinations  of  parts 
of  ammonium  and  excess  sulfate  as  ammonium 
sulfate.  The  nitrate  content  appears  to  be  strongly 
related  to  ammonium.  In  the  village  data  this  cor- 
respondence is  much  weaker,  whereas  its  pH 
values  are  systematically  lower.  It  is  therefore 
believed  that  nitrate  concentrations  on  the  island 
are  increased  by  nitrification  of  ammonium  in  the 
collector.  Annual  cycles  of  sodium,  magnesium, 
and  chloride,  and  to  a  lesser  extent  potassium,  are 
very  similar  (maximum  November  to  January). 
The  other  annual  patterns  peak  in  the  first  half  of 
the  year:  ammonium  and  excess  sulfate  in  Febru- 
ary, nitrate  in  June,  potassium  in  January,  and 
excess  calcium  in  April.  A  combination  of  fre- 
quently occurring  offshore  winds  and  low  precipi- 
tation amounts  accounts  for  this  behavior.  (Au- 
thor's abstract) 
W9 1-06877 


RELATIONSHIP  BETWEEN  PRECIPITATION 
AMOUNT  AND  WET  DEPOSITION  OF  NI- 
TRATE AND  AMMONIUM. 

Kiel  Univ.  (Germany,  F.R.).  Inst,  fuer  Meeres- 

kunde. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-06879 


EL  NINO  EFFECTS  ON  HYDROGEN  ION 
CONCENTRATION  OF  A  CALIFORNIA  RES- 
ERVOIR. 


California  Univ.,  Berkeley.  Kearney  Foundation  of 
Soil  Science. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06943 


2C.  Snow,  Ice,  and  Frost 


DEPOSrriONAL  RECORD  OF  A  GLACIAL- 
LAKE  OUTBURST:  GLACIAL  LAKE  SOURIS, 
NORTH  DAKOTA. 

National  Highway  Traffic  Safety  Administration, 

East   Liberty,  OH.   Vehicle  Research   and   Test 

Center. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-06411 


LATE  WISCONSIN  ICEBERG-CALVING 
RATES  AND  ICE-SHEET  MASS  BALANCE  RE- 
CONSTRUCTED FROM  PALEO-SEA  LEVELS, 
MOUNT  DESERT  ISLAND,  MAINE. 

Cincinnati  Univ.,  OH.  Dept.  of  Geology. 

T.  V.  Lowell. 

Geology  GLGYBA,  Vol.   19,  No.  2,  p  155-158, 

February  1991.  4  fig,  1  tab,  21  ref. 

Descriptors:  'Alaska,  'Geologic  history,  'Glacier 
mass  balance,  •Glaciohydrology,  'Icebergs,  *Pa- 
leoclimatology,  'Sea  level,  Floating  ice,  Ice  break- 
up, Ice  cover,  Ice  thickness,  Moraines,  Paleohy- 
drology,  Sea  ice. 

Ice  sheets  terminating  in  water  may  provide  geo- 
logic evidence  to  reconstruct  iceberg-calving  rates 
and  hence  provide  insight  to  ice-sheet  mass  balance 
at  certain  locations.  Recent  work  reported  an  em- 
pirical relation  for  12  modern  tidewater  glaciers  in 
Alaska  in  which  iceberg-calving  rate  is  directly 
related  to  the  average  water  depth.  The  former 
Laurentide  ice  sheet  split  into  tidewater  glaciers  in 
the  troughs  of  Mount  Desert  Island,  Maine,  and 
deposited  moraine  banks  at  sea  level  transgressed 
onto  the  island.  Paleoshorelines  were  at  least  65  m 
and  probably  as  high  as  90  m  above  present-day 
sea  level.  With  75  m  shoreline  elevation,  the  aver- 
age water-depth  values  correspond  to  iceberg- 
calving  rates  of  650  to  2100  m/yr.  The  total  ice- 
volume  flux  is  equal  to  the  rate  of  change  in 
terminus  position  times  the  terminus  area.  Because 
the  terminus  is  stationary  when  moraines  are  de- 
posited, the  calving  flux  is  equal  to  the  discharge 
flux  at  that  time.  Calculated  discharge  fluxes  for 
Mount  Desert  Island  range  from  0.65  to  290,000  cu 
m/yr;  the  average  is  170,000  cu  m/yr  across  a  unit 
width  of  the  terminus.  Consideration  of  the  ice- 
sheet  geometry  and  estimated  precipitation  and 
temperature  conditions  indicates  that  most  of  this 
flux  must  come  from  ice-sheet  thinning  rather  than 
mass  accumulation.  The  geometry  of  this  analysis 
dictates  that  all  of  these  estimates  are  minimum 
values.  (Author's  abstract) 
W91-06412 


PERMEABILITY  OF  FROZEN  AND  THAWED 
SOILS  AND  SUB-SOILS  DURING  SPRING 
SNOWMELT  FLOOD. 

Gosudarstvennyi    Gidrologicheskii    Inst.,    Valdai 

(USSR). 

A.  A.  Kapotov. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.   1989.  p  27-34,  3  ref. 

Descriptors:  'Frozen  ground,  'Infiltration, 
•Runoff,  *Snowmelt,  *Soil  porosity,  *Soil  water, 
•Soviet  Union,  *Surface-groundwater  relations, 
Flood  forecasting,  Seasonal  distribution,  Subsur- 
face drainage. 

The  infiltration  capacity  of  soils  and  subsoils  in  the 
basin  of  the  Valdai  Branch  of  the  State  Hydrologi- 
cal Institute  (Soviet  Union)  is  an  important  charac- 
teristic essential  for  computation  and  forecasting  of 
meltwater  runoff  losses  during  the  spring  flood. 
Laboratory  and  field  tests  have  been  conducted  to 
study  the  effects  of  various  factors  on  this  process. 
The  main  tasks  undertaken  were:  (1)  detailed  inves- 
tigations of  the  physical  aspects  of  meltwater  infil- 
tration and  the  factors  that  determine  water  trans- 
porting and  water  absorbing  capacity  of  frozen  and 
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thawed  soils;  (2)  establishment  of  integral  indices 
of  the  water  transporting  capacity  of  soils  and 
subsoils;  (3)  accounting  for  spatial  irregularities  in 
water  absorption  due  to  soil-landscape  heterogene- 
ity in  river  basins;  and  (4)  evaluation  of  hydro- 
meteorological  and  agro-meteorological  factors 
and  permanent  landscape  features  of  the  basins  to 
determine  the  conditions  under  which  the  extreme 
values  of  infiltration  and  percolation  can  be  ob- 
served. Differences  in  the  infiltration  capacities  of 
soils  and  subsoils  of  fields  and  forested  basins  in  the 
zone  of  water  surplus  and  adequate  moistening 
explain  differences  in  the  formation  of  spring 
snowmelt  runoff.  In  field  basins  composed  of 
loams,  during  years  of  strong  freezing  of  soils,  the 
snowmelt  runoff  is  formed  mainly  in  the  surface. 
When  the  depth  of  freezing  is  shallow,  the  ground- 
water component  may  be  50%  of  total  river 
runoff.  In  forested  basins,  extent  of  soil  freezing 
has  practically  no  effect  on  the  formation  of  river 
runoff.  (See  also  W9 1-06461)  (Rochester- PTT) 
W9 1-06465 


WATER  RELEASE  FROM  A  FORESTED 
SNOWPACK  DURING  RAINFALL. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Berkeley,  CA.  Snow  Hydrology  Project. 
R.  Kattelmann. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  265-272,  2  tab,  23  ref. 

Descriptors:  'Flooding,  *Forest  hydrology,  •Rain- 
fall-runoff relationships,  *Snowmelt,  'Snowpack, 
California,  Flood  peak,  Landslides,  Snow  depth, 
Snow  sampling,  Soil  water. 

The  role  of  forest  cover  in  rain-on-snow  flooding  is 
a  major  uncertainty  in  the  forest  hydrology  of  the 
Pacific  Northwest.  In  areas  of  shallow  to  moderate 
snowcover,  peak  flows,  landslides,  and  debris  tor- 
rents have  been  attributed  to  storm  periods  involv- 
ing snowmelt  during  rainfall.  The  frequency  and 
magnitude  of  these  damaging  flows  may  be  in- 
creasing due  to  timber  harvesting.  Snowpack 
water  equivalent  and  snowpack  outflow  were 
monitored  during  several  rain-on-snow  events  at  a 
forest  site  and  an  adjacent  open  site  in  the  Sierra 
Nevada  of  California.  In  all  but  two  cases,  the 
open  snowpack  lost  more  water  than  did  the  forest 
snowpack.  The  presence  of  a  snowpack  resulted  in 
a  delay  of  only  a  few  hours  from  the  onset  of  rain 
until  water  was  released  to  the  soil.  There  was 
little  difference  in  delay  between  the  forest  and 
open  sites.  (See  also  W9 1-065 10)  (Fish-PTT) 
W91-06535 


FOREST  HARVEST,  SNOWMELT  AND 
STREAMFLOW  IN  THE  CENTRAL  SIERRA 
NEVADA. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Berkeley,  CA. 

For  primary  bibliographic  entry  see  Field  4A. 
W9 1-065  36 


SNOW   REDISTRIBUTION:   STRIP   CUTS   AT 
YUBA  PASS,  CALIFORNIA. 

Pacific  Southwest  Forest  and  Range  Experiment 

Station,  Berkeley,  CA. 

For  primary  bibliographic  entry  see  Field  4A. 

W91-06537 


EFFECTS     OF     FORESTS     ON     WETLAND 
RUNOFF  DURING  SPRING. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of  Ge- 
ography. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06538 


SPREADING  OF  OIL  SPILLED  UNDER  ICE. 

Clarkson  Univ.,  Potsdam,  NY.  Dept.  of  Civil  and 
Environmental  Engineering 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07029 


2D.  Evaporation  and  Transpiration 


DETERMINATION  OF  CRITICAL  MOISTURE 
CONTENTS  OF  SOILS  IN  THE  COURSE  OF 
EVAPOTRANSPIRATION. 

Slovenska  Akademia  Vied,  Bratislava  (Czechoslo- 
vakia). Ustav  Hydrologie  a  Hydrauliky. 
V.  Novak. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  4,  p 
122-126,  1989.  4  fig,  10  ref. 

Descriptors:  *Evapotranspiration,  'Mathematical 
equations,  'Soil  moisture  retention,  'Soil  water, 
'Soil-water-plant  relationships,  Soil  properties. 

Equations  relating  the  relative  evapotranspiration 
and  moisture  content  of  soil  for  three  types  of 
plants  are  derived  from  laboratory  measurements. 
The  critical  moisture  contents  of  the  soil  are  deter- 
mined as  a  function  of  potential  evapotranspiration 
(Eo)  rate  and  soil  properties.  The  relationship  be- 
tween the  relative  evapotranspiration  and  the  mois- 
ture content  of  the  soil  E/Eo  =  f(W)  (where  E  is 
the  actual  evapotranspiration  rate)  may  consist  of 
three  linear  segments  whose  transition  points  are 
the  critical  moisture  values  W(kl)  and  W(k2).  The 
critical  moisture  content  W(kl)  is  proportional  to 
the  potential  evapotranspiration  and  the  critical 
moisture  content  W(k2)  may  as  a  first  approxima- 
tion be  assumed  constant  (W(k2)  =  0.67  W(3)). 
The  slope  of  the  plot  E/Eo  =  f(W)  will  be  be- 
tween values  of  W(k2)  and  W(kl).  (Author's  ab- 
stract) 
W9 1-05981 


MEASUREMENT  OF  WATER  USE  AND  PAS- 
TURE GROWTH  ON  TEMPLETON  SILT 
LOAM. 

Canterbury  Agriculture  and  Science  Centre,  Lin- 
coln (New  Zealand). 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-06307 


EVAPORATION  MEASUREMENTS  BENEATH 
CORN,  COTTON,  AND  SUNFLOWER  CANO- 
PIES. 

Universidad    de    Extremadura,    Badajoz    (Spain). 

Dept.  de  Hortofruticultura. 

F.  J.  Villalobos,  and  E.  Fereres. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  6,  p 

1153-1159,  November/December  1990.  7  fig,  3  tab, 

31  ref. 

Descriptors:  'Crops,  'Evaporation,  'Evapotran- 
spiration, 'Soil  water,  'Soil-water-plant  relation- 
ships, 'Transpiration,  Corn,  Cotton,  Hydrologie 
budget,  Hydrologie  models,  Irrigation,  Leaves, 
Lysimeters,  Rainfall,  Root  zone,  Spain,  Water  use. 

In  studies  of  crop-water  relationship,  it  is  impor- 
tant to  separate  soil  water  evaporation  (E)  from 
transpiration  (T),  particularly  in  studies  of  crop 
water  use  efficiency  and  in  testing  soil  water  bal- 
ance models.  Experiments  were  conducted  at  Cor- 
doba (southern  Spain)  between  1986  and  1988  to 
obtain  independent  estimates  of  E  from  the  soil  and 
crop  T  in  irrigated  corn,  cotton,  and  sunflower. 
Microlysimeters  that  allowed  root  exploration 
were  used  to  estimate  E  by  differential  weighing. 
Cotton  and  sunflower  evapotranspiration  (ET) 
were  measured  with  a  weighing  lysimeter  (3  by  2 
by  1.5  m),  while  corn  ET  was  estimated  using  a 
water  balance  technique.  Root  density  and  soil 
water  content  inside  the  open  microlysimeters 
were  similar  to  those  measured  in  the  surrounding 
soil.  Estimated  E,  when  the  soil  surface  was  wet, 
varied  from  80%  of  reference  ET  at  0.8  leaf  area 
index  (LAI)  to  15%  when  LAI  increased  to  four. 
A  single  relationship  between  E/ET(reference) 
and  LAI  fit  the  data  for  the  three  crops.  The 
estimated  E  values  for  periods  spanning  30  to  40 
days,  when  LAI  increased  from  0.7  to  5,  was  20  to 
27%  of  measured  ET,  for  an  irrigation  frequency 
of  7  to  8  days.  The  T  values,  calculated  as  the 
difference  between  ET  and  E,  varied  for  a  given 
LAI  depending  on  the  E  level.  When  the  soil 
surface  was  dry  and  E  was  low,  the  ratio  T/ 
ET(reference)  in  cotton  was  1.1  for  a  LAI  of  three. 
If  the  surface  soil  was  wetted  by  rain  or  irrigation, 
the  calculated  T/ET(reference)  ratio  dropped  to 


0.58  the  first  day  after  wetting.  The  results  high- 
light the  interdependence  of  the  E  and  T  processes 
in  the  consumptive  use  of  water  by  row  crops. 
(Author's  abstract) 
W9 1-06400 


SIMPLE  WATER-BALANCE  MODELS  FOR 
SIMULATING  MOISTURE,  SALINITY  AND 
SODICITY  PROFILES  IN  SOILS  UNDER 
WHEAT. 

Punjab    Agricultural     Univ.,     Ludhiana    (India). 

Dept.  of  Soils. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06418 


CLASS  A  PAN  EVAPORATION  VERSUS  PO- 
TENTIAL EVAPOTRANSPIRATION  AT 
SEVEN  LOCATIONS  IN  PUERTO  RICO. 

C.  C.  de  Baez,  and  M.  R.  Goyal. 
Journal  of  Agriculture  of  the  University  of  Puerto 
Rico  JAUPA8,  Vol.  74,  No.  3,  p  343-346,  July 
1990.  2  tab,  7  ref. 

Descriptors:  'Evaporation  rate,  'Evapotranspira- 
tion, 'Evapotranspiration  potential,  'Model  stud- 
ies, 'Pan  evaporation,  'Puerto  Rico,  Climatic  data, 
Correlation  coefficient,  Estimating  equations,  Hy- 
drologie models,  Regression  analysis. 

Several  investigators  have  related  estimated  poten- 
tial evapotranspiration  (PET)  with  evaporation 
data  to  see  if  a  model  is  suitable  for  a  particular 
location.  A  study  was  performed  to  develop  linear 
relationships  among  PET  with  various  methods 
versus  class  A  pan  evaporation.  Estimations  and 
monthly  class  A  pan  evaporation  at  seven  locations 
in  Puerto  Rico  were  used.  Six  PET  models  were 
used:  Penman  with  albedo  of  0.05,  Penman  with 
albedo  of  0.23,  Blaney-Criddle  USDA-SCS, 
Blaney-Criddle  modified  by  Shih,  Blaney-Criddle 
modified  by  FAO,  and  Thornthwaite.  Linear  re- 
gression relationships  were  used  to  rank  each  PET 
model  based  on  values  of  r.  All  regression  coeffi- 
cients and  coefficients  of  correlation  were  signifi- 
cant at  P=0.05  at  all  locations  and  for  all  models 
except  at  one  site  and  for  the  Blaney-Criddle 
model  modified  by  Shih.  The  Penman  method 
gave  the  best  estimate  of  PET.  It  is  advisable  to 
estimate  PET  with  each  model  and  determine  a 
monthly  PET  range  and  average  PET  (sum  of 
PET  with  each  model  divided  by  number  of 
models).  No  single  method  is  suitable  for  all  loca- 
tions. Selection  of  each  method  is  based  on  the 
type  of  climatic  data  available.  (Fish-PTT) 
W91-06419 


TRANSPIRATION  OF  MATURE  STANDS  OF 
SPRUCE  (PICEA  ABIES  (L.)  KARSTj  AS  ESTI- 
MATED BY  THE  TREE-TRUNK  HEAT  BAL- 
ANCE METHOD. 

Vysoka  Skola  Zemedelska,  Brno  (Czechoslovakia). 
Inst,  of  Forest  Ecology. 
J.  Cermak,  and  J.  Kucera. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  311-317,  3  fig,  2  tab,  10  ref. 

Descriptors:  'Analytical  methods,  'Forest  hydrol- 
ogy. 'Plant-water  relationships,  'Spruce  trees, 
•Transpiration,  Czechoslovakia,  Drought  effects, 
Heat  balance,  Hydrologie  budget,  Soil  water. 

Transpiration  of  fully-grown  forest  trees  is  an  im- 
portant part  of  stand  or  drainage  basin  water  bal- 
ance. Direct  measurement  of  transpiration  in  vari- 
able terrain,  representative  enough  for  hydrologi- 
cal purposes,  is  not  common.  One  of  the  most 
promising  methods  to  obtain  tree  transpiration  data 
is  to  measure  the  transpiration  flow  passing 
through  tree  trunks.  The  tree-trunk  heat  balance 
method  for  determining  transpiration  rate  was  ap- 
plied to  fully-grown  spruce  trees  and  stands  in  a 
hilly  region  of  south  Moravia.  The  maximum  tran- 
spiration of  a  single  tree  was  130  L/day,  and  that 
of  the  entire  spruce  stand  45  mm/month.  For  the 
growing  season  the  total  transpiration  was  180-280 
mm,  dependent  on  precipitation  and  soil  moisture 
conditions.  Dry  soil  caused  the  transpiration  rate 
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to  decrease,  thus  jeopardizing  survival  of  the  trees. 
The  results  obtained  during  long-term  as  well  as 
short-term  studies  of  tree  transpiration  show  that 
hydrological  and  physiological  behavior  are  close- 
ly correlated.  (See  also  W91-06510)  (Fish-PTT) 
W91-06539 

MODELLING  FOREST  TRANSPIRATION 
FROM  CLIMATOLOGICAL  DATA. 

Groningen  Rijksuniversiteit  (Netherlands).  Dept. 
of  Physical  Geography. 
A.  J.  Dolman,  and  J.  B.  Stewart. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  319-327,  4  fig,  3  tab,  14  ref,  append. 

Descriptors:  'Climatic  data,  'Forest  hydrology, 
•Forest  watersheds,  'Hydrological  models, 
•Model  studies,  'Plant-water  relationships,  'Tran- 
spiration, Conductance,  Humidity,  Hydrologic 
equation,  Meteorological  data,  Soil  moisture  defi- 
ciency, Soil  water. 

Accurate  prediction  of  the  transpiration  compo- 
nent of  forests  is  of  great  importance  in  hydrologi- 
cal modeling  of  forested  basins.  The  prediction  of 
transpiration  fluxes,  however,  is  hampered  by  the 
lack  of  suitable  models  describing  the  interaction 
between  transpiration  and  environmental  variables. 
A  method  has  been  developed  which  yields  hourly 
meteorological  values  from  climatological  data. 
These  hourly  data  were  used  to  predict  hourly 
forest  transpiration  with  the  Penman  Monteith 
equation  and  an  elaborate  submodel  of  surface 
conductance.  Comparison  with  measured  values 
showed  good  agreement.  The  need  for  soil  mois- 
ture measurements  was  removed  by  using  a  simple 
water  balance  model.  Estimates  of  soil  moisture 
deficits  and  transpiration  for  an  eleven-month 
period  showed  good  agreement  with  measured 
values.  A  comparison  with  simpler  models  of  sur- 
face conductance  showed  the  need  to  include  both 
soil  moisture  and  humidity  feedbacks  in  models  of 
surface  conductance.  (See  also  W91-06510)  (Au- 
thor's abstract) 
W9 1-06540 


ESTIMATING  WATER  USE  BY  EUCALYPTUS 
GRANDIS  WITH  THE  PENMAN-MONTErTH 
EQUATION. 

South  African  Forestry  Research  Inst.,  Sabie. 
P.  J.  Dye. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  329-337,  3  fig,  2  tab,  4  ref. 


Forest  and  Forest  Products  Research  Inst.,  Kyoto 
(Japan).  Kansai  Branch. 
S.  Hattori. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  349-355,  4  fig,  1  tab,  8  ref. 

Descriptors:  'Coniferous  forests,  'Energy,  *Eva- 
potranspiration,  'Forest  hydrology,  'Forest  water- 
sheds, 'Solar  radiation,  Bowen  ratio,  Canopy, 
Cedar  trees,  Heat  storage,  Japan,  Water  yield. 

An  estimate  of  forest  evapotranspiration  is  neces- 
sary to  understand  the  effects  of  forest  treatments 
on  the  water  yield  of  basins.  In  Japan,  forest  eva- 
potranspiration has  generally  been  estimated  with 
the  water  balance  method;  micrometeorological 
methods  have  only  been  used  in  a  limited  number 
of  cases.  In  addition,  long-term  observations  of  net 
radiation  over  forests  are  scarce,  even  though  net 
radiation  absorbed  by  forest  is  regarded  as  the 
primary  energy  source  for  evapotranspiration.  The 
radiation  and  energy  balances  for  1980  over  a  29- 
year-old  hinoki  cedar  (Chamaecyparis  obtusa) 
stand  were  measured.  The  total  short-wave  radi- 
ation received  by  the  stand  was  partitioned  as 
10.7%  reflected  radiation,  58.4%  for  the  net  radi- 
ation, and  minus  30.9%  for  the  effective  long-wave 
radiation  on  an  annual  basis.  The  evapotranspira- 
tion was  calculated  by  the  energy  balance  Bowen 
ratio  method  for  1 14  days  between  April  and  Octo- 
ber under  the  dry  canopy  condition.  Averaged 
over  the  period,  the  net  radiation  in  daytime  was 
utilized  for  the  evapotranspiration  of  45.8%  and 
the  sensible  heat  flux  of  54.2%,  and  the  heat  stor- 
age in  the  soil  was  negligibly  small  compared  with 
other  components.  (See  also  W9 1-065 10)  (Fish- 
PTT) 
W9 1-06543 


Descriptors:  'Eucalyptus  trees,  'Forest  hydrolo- 
gy, 'Plant-water  relationships,  'South  Africa, 
'Transpiration,  'Water  use,  Canopy,  Hydrological 
equation,  Leaves,  Meteorological  data,  Model 
studies,  Penman  equation,  Sensitivity  analysis,  Sto- 
matal  transpiration. 

A  conflict  exists  in  South  Africa  between  the  rising 
demands  for  both  water  and  forest  products  from 
relatively  small  high  rainfall  regions.  Detailed 
knowledge  of  transpiration  from  forest  canopies  is 
especially  needed  to  predict  the  hydrological  con- 
sequences of  afforestation.  The  Penman-Monteith 
equation  was  used  to  estimate  hourly  transpiration 
from  Eucalyptus  grandis,  the  most  widely  planted 
hardwood  species  in  South  Africa.  Micrometeoro- 
logical data  above  the  canopy  were  collected  over 
one  year,  and  supplemented  by  stomatal  conduct- 
ance and  leaf  area  data.  Daily  water  use  was 
estimated  on  11  days  when  canopy  conductance 
was  measured,  as  well  as  over  57  dry  winter  days 
when  canopy  conductance  could  be  estimated 
from  ambient  vapor  pressure  deficit.  Mean  daily 
water  use  over  this  period  was  calculated  to  be  4.7 
mm.  A  sensitivity  analysis  of  the  Penman-Monteith 
equation  on  a  typical  winter  day  suggested  that 
hourly  transpiration  can  be  predicted  from  ambient 
humidity  with  a  high  degree  of  accuracy.  (See  also 
W9 1-065 10)  (Author's  abstract) 
W9 1-06541 


SEASONAL  VARIATION  OF  RADIATION  AND 
ENERGY  BALANCES  IN  A  HINOKI  STAND. 


USE  OF  LYSIMETER  MEASUREMENTS  FOR 
ESTIMATION  OF  THE  EVAPOTRANSPIRA- 
TION OF  PINE  FOREST  BY  BAGROV'S 
METHOD. 

Humboldt-Univ.  zu  Berlin  (German  D.R.).  Sektion 
Physik. 
A.  Helbig. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  357-363,  2  fig,  2  tab,  9  ref. 

Descriptors:  'Evapotranspiration,  'Forest  hydrol- 
ogy, 'Hydrologic  budget,  'Lysimeters,  'Pine 
trees,  Annual  precipitation,  Evapotranspiration  po- 
tential, Germany,  Grasslands,  Hydrologic  equa- 
tion, Rain  gages,  Rainfall-runoff  relationships. 

In  order  to  ascertain  the  impact  of  a  growing 
scotch  pine  forest  (Pinus  silvestris,  440  trees)  on 
water  balance,  measurements  were  carried  out  near 
Magdeburg,  Germany,  during  1974-1985  using  a 
nonweighing  lysimeter  (surface  area  660  sq  m,  soil 
depth  4  m).  The  components  of  water  balance 
runoff  and  precipitation  were  measured  and  yearly 
mean  values  of  the  evapotranspiration  were  esti- 
mated. It  was  found  that  with  advancing  years  the 
evapotranspiration  increased  from  293.6  mm/year 
(3  years  old)  to  528.8  mm/year  (14  years  old). 
Simultaneously  the  evapotranspiration  for  grass 
vegetation  were  measured  by  means  of  12  weigh- 
ing lysimeters.  Evapotranspiration  for  the  forest 
was  less  than  that  for  the  grass  up  to  the  age  of 
seven  for  the  pine  forest.  Combined  with  the  com- 
putation of  the  potential  evapotranspiration  after 
Turc/Ivanov,  the  'effectiveness  parameter'  after 
Bagrov  was  estimated  based  on  quotients  of 
smoothed  monthly  sums  of  forest  precipitation  to 
potential  evapotranspiration  and  forest  evapotran- 
spiration to  potential  evapotranspiration.  Knowl- 
edge of  these  effectiveness  parameter  values  al- 
lowed the  calculation  of  yearly  evapotranspiration 
sums  of  pine  forests  from  precipitation  and  poten- 
tial evapotranspiration  data  taking  into  consider- 
ation their  age.  (See  also  W91-06510)  (Fish-PTT) 
W9 1-06544 


RATIOS     OF     EDDY     TRANSFER     COEFFI- 
CIENTS OVER  THE  AMAZON  FOREST. 

Instituto   de   Pesquisas   Espaciais,    Sao   Jose   dos 


Campos  (Brazil). 

Y.  Viswanadham,  L.  D.  De  Abreu  Sa,  V.  D.  P. 
Silva  Filho,  and  A.  O.  Manzi. 
IN:   Forest  Hydrology  and  Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  365-373,  2  fig,  1  tab,  13  ref. 

Descriptors:  'Eddy  diffusion,  'Energy  transfer, 
•Evapotranspiration,  'Forest  hydrology,  'Hydro- 
logic  budget,  'Rain  forests,  Amazon,  Brazil,  Heat 
flow,  Hydrologic  equation,  Thermal  energy, 
Water  vapor. 

Interpretations  of  results  from  a  number  of  field 
experiments  have  established  dimensionless  forms 
for  the  flux-profile  relationships  and  for  the  turbu- 
lence structure  as  functions  of  thermal  stability. 
These  formulations  provide  a  working  basis  for 
further  studies  in  forest  meteorology  and  other 
allied  fields.  A  study  was  made  to  determine  ratios 
of  eddy  transfer  coefficients  based  on  simultaneous 
measurements  of  the  vertical  turbulent  fluxes  and 
vertical  profiles  above  the  Amazon  tropical  rain 
forest  in  Brazil.  Simultaneous  profile  and  eddy  flux 
data  gathered  over  the  Amazon  forest  have  been 
analyzed  to  find  values  of  the  nondimensional  pro- 
file gradients  (phi  values)  and  vertical  eddy  diffusi- 
vity  constants  (K  values)  for  momentum,  heat,  and 
water  vapor.  The  ratio  of  the  K  value  for  heat  to 
that  for  momentum  and  to  that  for  water  vapor 
were  obtained  from  phi  functions.  The  phi  func- 
tions and  ratios  of  eddy  diffusivities  were  evaluat- 
ed over  a  stability  range  of  -1.0  <  Ri  <  0.25  (Ri  = 
Richardson  number).  The  results  showed:  (1)  in 
quasi-neutral  conditions  (-0.03  <  Ri  <  0.03),  the 
inferred  value  of  the  phi  value  for  momentum  was 
1.28  (  +  /-0.13),  that  for  heat  was  0.53  (  +  /-0.25), 
and  that  for  water  vapor  was  0.45  (  +  /-0.15);  (2) 
the  ratios  of  the  K  values  for  heat  to  momentum, 
water  vapor  to  momentum,  and  heat  to  water 
vapor  were  greater  than  unity  in  unstable,  near 
neutral,  and  slightly  stable  conditions;  and  (3)  the 
ratio  for  heat  to  water  vapor  was  less  than  unity 
for  Ri  >  0.04.  Turbulent  transport  processes  can 
account  for  the  anomalies  in  K  values.  (See  also 
W9 1-065 10)  (Author's  abstract) 
W9 1-06545 

2E.  Streamflow  and  Runoff 


DISSOLVED  ORGANIC  CARBON  DYNAMICS 
IN  A  SMALL  STREAM. 

Bucknell  Univ.,  Lewisburg,  PA.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06009 

SUMMER  FEEDING  PATTERNS  OF  WHITE 
PERCH,  CHANNEL  CATFISH,  AND  YELLOW 
PERCH  IN  THE  SUSQUEHANNA  RIVER, 
MARYLAND. 

Versar,  Inc.,  Columbia,  MD. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-06010 


EFFECTS  OF  VARYING  CURRENT  ON 
WEIGHT  LOSS  FROM  WILLOW  LEAF  PACKS. 

Chadwick  and  Associates,  Littleton,  CO. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-06011 

FISH  ASSOCIATIONS  AND  ENVIRONMEN- 
TAL VARIABLES  IN  AGE-0  COLORADO 
SQUAWFISH  HABITATS,  GREEN  RIVER, 
UTAH. 

Fish  and  Wildlife  Service,  Vernal,  UT. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-06013 

SIMPLE  SYSTEM  OF  REPLICATED  RECIR- 
CULATING EXPERIMENTAL  STREAMS. 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-06014 
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Field  2— WATER  CYCLE 


Group  2E — Streamflow  and  Runoff 


MACROINVERTEBRATE  COMMUNITIES  AS- 
SOCIATED WITH  THREE  AQUATIC  MACRO- 
PHYTES  (CERTOPHYLLUM  DEMERSUM, 
MYRIOPHYLLUM  SPICATUM,  AND  VALLIS- 
NERIA  AMERICANA)  IN  LAKE  ONALASKA, 
WISCONSIN. 

National  Fisheries  Research  Center,  La  Crosse, 
WI. 

For  primary  bibliographic  entry  see  Field  2H. 
W91-06016 


DIFFERENTIAL  COLONIZATION  AND 
GROWTH  OF  ALGAE  AND  FERROMANGAN- 
ESE-DEPOSITING  BACTERIA  IN  A  MOUN- 
TAIN STREAM. 

Middlebury  Coll.,  VT.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-06018 


CURRENT  DISTRIBUTION  AND  STATUS  OF 
THE  UPPER  CUMBERLAND  RIVER  JOHNNY 
DARTER,  ETHEOSTOMA  NIGRUM  SUSANAE. 

Tennessee   Cooperative   Fishery    Research    Unit, 

Cookeville. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-06019 


SEASONAL  VARIATIONS  IN  BACTERIAL 
COMMUNITIES  IN  ADIRONDACK  STREAMS 
EXHIBITING  PH  GRADIENTS. 

Rensselaer  Polytechnic  Inst.,  Troy,  NY.  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-06022 


HYDRODYNAMIC  AND  FLUVIAL  MORPHO- 
LOGIC PROCESSES:  IMPLICATIONS  FOR 
FISHERIES  MANAGEMENT  AND  RESEARCH. 

Rocky  Mountain  Forest  and  Range  Experiment 

Station,  Tempe,  AZ.  Forestry  Sciences  Lab. 

B.  H.  Heede,  and  J.  N.  Rinne. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,   Vol.    10,   No.3,   p   249-268,   Summer 

1990.  6  fig,  106  ref. 

Descriptors:  •Aquatic  habitats,  'Channel  morphol- 
ogy, *Fish  management,  'Fisheries,  'Stream  im- 
provement, 'Stream  morphology.  Sediment  trans- 
port, Stream  fisheries,  Streambeds. 

The  disciplines  of  hydrology,  fluvial  morphology, 
and  fisheries  science  have,  for  the  most  part,  devel- 
oped separately.  However,  the  functioning  and 
interactions  of  stream  hydrology  and  morphology 
dictate  the  habitat  and  its  quality  for  fish.  Some 
hydromorphological  parameters  appear  to  be  more 
relevant  in  determining  fish  habitat  than  others,  in 
part  perhaps  because  of  the  current  level  of  under- 
standing between  them.  Nevertheless,  all  factors 
interact  to  produce  conditions  either  beneficial  or 
detrimental  to  fish.  Streamflow,  sediment  trans- 
port, and  channel  morphology  are  all  examples  of 
important  factors  influencing  fish  habitat.  The  des- 
ignation of  whether  changes  in  stream  habitat  have 
either  positive  or  negative  effects  on  fishes  is  life 
stage  dependent.  Further,  the  more  hydraulic  and 
geomorphologic  factors  considered  relative  to  the 
various  fish  life  stages,  the  greater  is  the  informa- 
tion content,  reliability,  and  applicability  of  results. 
Habitat  improvement  designs  can  affect  the  project 
results.  For  instance,  neglect  of  the  existence  of 
knickpoints  downstream  from  a  planned  habitat 
enhancement  (i.e.,  installation  of  structures)  could 
lead  to  failure  of  the  project  due  to  undercutting 
by  the  upstream  progression  of  the  knickpoints. 
Characteristics  of  fish  habitat  must  be  modified 
with  great  care,  and  then  only  if  (1)  the  causes  for 
an  undesirable  condition  are  known;  and  (2)  the 
modifications  will  be  compatible  with  future 
stream  development.  In  such  an  evaluation  of  fish 
habitat,  the  inclusion  of  hydrodynamic  and  fluvial 
morphologic  variables  should  provide  more  pre- 
cise quantification  of  habitat  characteristics.  (Au- 
thor's abstract) 
W9 1-06026 


ROLE  OF  REFUGIA  IN  THE  RECOLONIZA- 
TION  OF  STREAMS  DEVASTATED  BY  THE 
1980  ERUPTION  OF  MOUNT  ST.  HELENS. 


Utah  State  Univ.,  Logan.  Dept.  of  Fisheries  and 

Wildlife. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1 -06034 


SYSTEMATIC      POLLUTEGRAPH      SIMULA- 
TION FOR  REAL  SCALE  RIVER  BASIN. 

Yamaguchi  Univ.  (Japan).  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06054 


INFLUENCE  OF  VARIOUS  EXPOSURE  PERI- 
ODS ON  THE  BIOMASS  AND  CHLORO- 
PHYLL A  OF  CLADOPHORA  GLOMERATA 
(CHLOROPHYTA). 

Northern  Arizona  Univ.,  Flagstaff.  Dept.  of  Biol- 
ogy- 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06248 


EFFECTS  OF  SUBSTRATE  RELIEF  ON  THE 
DISTRIBUTION  OF  PERIPHYTON  IN  LABO- 
RATORY STREAMS.  I.  HYDROLOGY. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Botany 
and  Plant  Pathology. 
D.  M.  DeNicola,  and  C.  D.  Mclntire. 
Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  4,  p 
624-633,  1990.  5  fig,  8  tab,  57  ref.  U.S.D.I.  Geolog- 
ical Survey  grant  BSR-83 18386. 

Descriptors:  'Algae,  'Algal  growth,  'Flow  veloci- 
ty, 'Periphyton,  'Stream  biota,  'Streams,  Aquatic 
habitats,  Biomass,  Chlorophyta,  Epilithon,  Habi- 
tats, Streambeds,  Streamflow,  Substrates. 

The  hypothesis  that  the  heterogeneity  of  epilithic 
algal  assemblages  in  streams  may  be  partly  a  result 
of  hydrologic  differences  created  when  water 
flows  over  a  rough  substrate  was  examined.  A  32- 
day  experiment  was  conducted  in  laboratory 
streams  that  contained  either  22.5  by  22.5  by  4  cm 
or  7.5  by  22.5  by  4  cm  tile  blocks.  Free-water 
velocities  in  the  streams  averaged  28  cm/second. 
Hydrologic  parameters  and  algal  assemblages  asso- 
ciated with  surfaces  on  top  of  blocks  and  with 
recessed  surfaces  between  blocks  were  compared 
to  corresponding  surfaces  in  streams  with  no  relief. 
In  streams  with  blocks,  shear  velocities  averaged 
1.7  cm/second  on  the  top  of  blocks  and  0.8  cm/ 
second  in  the  recessed  areas.  Shear  velocity  aver- 
aged 1.7  cm/second  on  the  top  of  blocks  and  0.8 
cm/second  in  the  recessed  areas.  Shear  velocity  at 
corresponding  surfaces  in  the  control  (no  relief) 
streams  averaged  1.9  cm/second  and  exhibited 
little  variation.  The  hydrologic  differences  created 
by  the  larger  blocks  significantly  affected  the  dis- 
tribution of  algal  biomass,  with  recessed  areas 
giving  an  average  of  2.6  g/square  ash-free  dry 
weight  more  biomass  than  surfaces  on  the  top  of 
blocks.  Differences  in  shear  velocities  and  biomass 
accumulation  between  top  and  recessed  areas  for 
the  smaller  blocks  were  less  than  for  large  blocks. 
Successional  changes  on  all  substrates  were  similar 
with  the  exception  that  recessed  surfaces  had  a 
significantly  greater  abundance  of  the  filamentous 
chlorophyte  Stigeoclonium  tenue  (Ag.)  Kutz.  after 
day  16.  The  results  suggest  that  in  cobble  riffle 
areas  of  natural  streams,  the  interactions  between 
current  flow  and  substrate  relief  have  the  potential 
to  create  patches  of  algae  which  are  different  in 
biomass  and  taxonomic  composition.  (See  also 
W91-06255)  (Author's  abstract) 
W9 1-06254 


EFFECTS  OF  SUBSTRATE  RELIEF  ON  THE 
DISTRIBUTION  OF  PERIPHYTON  IN  LABO- 
RATORY STREAMS.  II.  INTERACTIONS 
WITH  IRRADIANCE. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Botany 
and  Plant  Pathology. 
D.  M.  DeNicola,  and  C.  D.  Mclntire. 
Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  4,  p 
634-641,  1990.  5  fig,  2  tab,  53  ref.  U.S.D.I.  Geolog- 
ical Survey  grant  BSR-83 18386. 

Descriptors:  'Algae,  'Algal  growth,  'Light  ef- 
fects, 'Light  intensity,  'Periphyton,  'Stream  biota. 
Aquatic  life,   Biomass,   Light,   Light  penetration, 


Radiation,  Species  diversity,  Streambeds,  Stream- 
flow,  Substrates. 

Laboratory  streams  were  used  in  a  42-day  experi- 
ment designed  to  investigate  how  the  spatial  and 
temporal  distribution  of  lotic  periphyton  created 
by  current  flow  over  cobble-size  substrates  is  af- 
fected by  irradiance.  The  streams  contained  22.5 
by  22.5  by  4  cm  substrate  blocks  and  were  exposed 
to  either  385,  90  or  20  microE/square  m/second. 
Periphyton  succession  in  fast  current  regimes  on 
top  of  blocks  and  in  slower  current  regimes  on 
surfaces  recessed  between  blocks  were  monitored. 
The  absolute  differences  in  ash-free  dry  weight 
algal  biomass  between  top  and  recessed  substrates 
were  significantly  affected  by  irradiance  and  time. 
At  the  end  of  the  experiment,  biomass  in  streams 
exposed  to  385  microE/square  m/second  was  ap- 
proximately 2  times  greater  than  in  streams  ex- 
posed to  90  microE/square  m/second  and  8  times 
greater  than  streams  exposed  to  20  microE/square 
m/second.  Differences  in  biomass  were  greater 
between  irradiance  levels  than  between  top  and 
recessed  substrates  within  an  irradiance  level.  Irra- 
diance also  had  a  greater  effect  than  current 
regime  on  the  taxonomic  composition  of  assem- 
blages. Oscillatoria  agardhii  Gomont  and  Navicula 
minima  Grun.  characterized  assemblages  at  20 
microE/square  m/second,  whereas  Fragilaria  vau- 
cheriae  (Kutz),  Nitzschia  oregona  Sov.,  Navicula 
arvensis  Hust.  and  Stigeoclonium  tenue  (Ag.) 
Kutz.  were  more  abundant  at  the  two  higher  irra- 
diances.  Detrended  correspondence  analysis  indi- 
cated that  the  rate  of  succession  was  relatively 
high  for  assemblages  at  high  irradiance  and  in  the 
slow  current  regimes  between  blocks.  The  results 
suggested  that  in  natural  streams,  periphyton 
patches  produced  by  large  differences  in  irradiance 
should  have  a  greater  effect  on  periphyton  hetero- 
geneity than  substrate-induced  patches.  Moreover, 
the  heterogeneity  of  algal  patches  produced  by 
hydrologic  differences  over  a  substrate  is  con- 
strained by  irradiance  level.  (See  also  W9 1-06254) 
(Author's  abstract) 
W9 1-06255 


PHYSICOCHEMICAL  FACTORS  AFFECTING 
THE  ABUNDANCE  AND  SPECIES  RICHNESS 
OF  FISHES  IN  THE  CIMARRON  RIVER. 

Oklahoma    Water    Resources    Board,    Oklahoma 
City.  Water  Quality  Div. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06278 


SELECTIVE  SORTING   AND   ABRASION   OF 
RIVER  GRAVEL:  I.  THEORY. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 
Hydraulic  Lab. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06290 


SELECTIVE  SORTING  AND  ABRASION  OF 
RIVER  GRAVEL:  II.  APPLICATIONS. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

G.  Parker. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.   117,  No.  2,  p  150-171,  February 

1991.  15  fig,  2  tab,  16  ref. 

Descriptors:  'Abrasion,  'Alluvial  channels,  'Bed 
load,  'Gravel,  'Particle  size,  'Sediment  sorting, 
•Sediment  transport,  'Sedimentology,  Alberta, 
Canada,  Case  studies,  Limestone,  Quartz,  Red 
Deer  River,  River  basins,  Rock  properties,  Sedi- 
ment grading,  Tectonics. 

Most  gravel  rivers  show  a  tendency  for  character- 
istic grain  size  to  decrease  in  the  downstream 
direction  over  scales  of  tens  or  hundreds  of  kilome- 
ters. It  has  been  surmised  that  this  downstream 
fining  is  due  to  some  combination  of  selective 
sorting,  by  which  finer  grains  are  preferentially 
transported  downstream;  and  abrasion,  by  which 
individual  particles  are  reduced  in  size.  A  frame- 
work for  the  simultaneous  treatment  of  both  phe- 
nomena has  been  developed  and  used  to  analyze 
several  cases  of  interest.  In  particular,  wavelike 
aggradational   profiles  of  permanent   form   were 
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considered.  An  application  to  the  Red  Deer  River 
in  Alberta,  Canada,  as  well  as  several  hypothetical 
cases,  suggests  the  following  result.  In  the  case  of 
quartzite,  selective  sorting  controls  downstream 
fining-  in  the  case  of  limestone,  abrasion  and  selec- 
tive sorting  are  of  roughly  equal  importance;  and 
in  the  case  of  a  mixture  of  quartz  and  limestone, 
abrasion  ceases  to  be  important  beyond  some  char- 
acteristic length  scale  required  to  grind  the  gravel- 
sized  limestone  out  of  existence.  (See  also  W91- 
06290)  (Author's  abstract) 
W9 1-06291 

SUSPENDED     SEDIMENT-TRANSPORT     CA- 
PACITY FOR  OPEN  CHANNEL  FLOW. 

West  Virginia  Univ.,  Morgantown.  Dept.  of  Me- 
chanical and  Aerospace  Engineering. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-06293 


FIRST-ORDER   ANALYSIS   OF  OPEN-CHAN- 
NEL FLOW. 

Polytechnic  Univ.,  Brooklyn,  NY. 

For  primary  bibliographic  entry  see  Field  8B. 

W9 1-06297 


RATES  OF  SOIL  CHEMICAL  CHANGES  WITH 
ELEVEN  ANNUAL  APPLICATIONS  OF 
CATTLE  FEEDLOT  MANURE. 

Agriculture  Canada,  Lethbridge  (Alberta).  Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06408 


FTUENDS  IN  HYDROLOGY. 

Proceedings  of  an  International  Conference  held  at 
Bolkesjo,  Norway,  April  1-6,  1989.  IAHS  Publica- 
tion No.  187.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1989.  491  p. 
Edited  by  Lars  Roald,  Kjell  Nordseth  and  Karin 
Anker  Hassel. 

Descriptors:  *Conferences,  *Data  analysis,  •Ex- 
perimental basins,  *Hydrologic  data,  *Hydrology, 
•Model  studies,  *Streamflow  forecasting,  Coop- 
eration, Data  acquisition,  FREND  project,  Floods, 
Low  flow,  Norway,  Runoff,  Technology  transfer. 

International  collaboration  in  hydrological 
projects  allows  a  variety  of  analytical  techniques 
to  be  applied  to  large  regional  data  sets  not  con- 
fined by  national  boundaries.  The  scientific  value  is 
enhanced  if  these  data  sets  include  high-quality 
measurements  from  experimental  and  research 
basins.  The  FREND  (Flow  Regimes  from  Experi- 
mental and  Network  Data)  project  was  initiated  by 
the  Institute  of  Hydrology  (Wallingford,  U.K.)  and 
proposed  and  accepted  as  a  contribution  to  Project 
6  1  in  UNESCO's  International  Hydrological  Pro- 
gramme-Ill for  1985-1988.  The  FRIENDS  (Flow 
Regimes  from  International  Experimental  and  Net- 
work Data  Sets)  Conference,  held  in  April  1989  at 
Bolkesjo,  Norway,  marks  the  conclusion  of  the 
FREND  project,  an  example  of  practical  coopera- 
tion involving  13  European  countries.  The  present 
volume  contains  the  proceedings  from  the 
FRIENDS  Conference,  including  contributions  on 
hydrologic  techniques,  regional  analysis,  human 
impact  studies,  managing  international  research 
programs,  hydrologic  modeling,  data  acquisition, 
data  processing,  statistics,  and  low-flow  and  high- 
flow  analysis  and  prediction.  (See  W9 1-06462  thru 
W9 1-06509)  (Rochester-PTT) 
W9 1-06461 


•United   Nations,   Experimental   basins,   Network 
design,  Rainfall,  Soil  moisture. 

The  FREND  (Flow  Regimes  from  Experimental 
and  Network  Data)  project  is  part  of  UNESCO's 
Third  International  Hydrological  Programme.  The 
study  area  covers  Great  Britain,  Scandinavia,  and 
much  of  western  Europe.  The  several  objectives  of 
the  FREND  project  were  to:  develop  a  data  base 
of  river  flow  and  rainfall  data;  to  apply  existing 
methods  and  to  develop  new  methods  for  estimat- 
ing extreme  events  at  ungaged  sites;  to  apply  con- 
sistent methods  for  analysis  to  a  number  of  smal 
research  basins;  to  use  models  developed  at  small 
research  watersheds  for  evaluating  the  impact  of 
human  influences,  including  impacts  on  soil  mois- 
ture regime  and  water  table;  and  to  carry  out  a 
literature  survey  of  the  most  important  human 
influences.  One  of  the  tasks  of  the  first  100  days  of 
the  FREND  project  was  to  select  and  collect  data 
from  a  large  number  of  agencies  in  northern  and 
western  Europe.  This  data  collection  effort  covers 
a  wide  range  of  data  types  and  involves  over  40 
European  agencies.  Despite  length  of  records  limi- 
tations in  some  localities,  inadequate  distribution  of 
stations,  and  inconsistency  among  catchment  char- 
acteristics, the  current  data  base  is  a  valuable  re- 
search resource  for  the  tasks  of  describing  the 
temporal  and  spatial  distribution  of  floods  and  low 
flows,  and  for  developing  new  techniques  for  ana- 
lyzing research  basin  data  and  studying  human 
influences.  To  fulfill  one  of  the  initial  objectives  of 
the  project,  the  river  flow,  rainfall,  and  single- 
value  catchment  characteristic  indices  have  been 
made  generally  available  for  use  in  future  research. 
(See  also  W9 1-06461)  (Rochester-PTT) 
W9 1-06462 

REVIEW  ON  THE  SMALL  HYDROLOGICAL 
BASINS  IN  FINLAND. 

Environmental     Protection     Service,     Jerusalem 

(Israel). 

P.  Seuna.  ,.      . 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 
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Research  in  small  hydrological  research  catch- 
ments in  Finland  began  with  the  establishment  in 
1929  of  a  network  of  32  basins  by  the  National 
Board  of  Agriculture.  In  a  reorganization  during 
the  period  1957-1962,  all  but  four  of  the  original 
basins  were  retained  in  a  new  system  of  research 
basins.  By  1987  there  were  60  basins.  The  data 
obtained  from  these  basins  has  been  employed  in 
four  ways:  (1)  direct  transposition  of  observations 
to  an  ungaged  basin;  (2)  development  and  use  of 
design  models  and  nomographs;  (3)  control  basin 
studies  for  land  use  changes;  and  (4)  process  stud- 
ies. The  data  obtained  from  the  Finnish  network 
has  been  employed  in  the  first  phase  of  the 
FREND  (Flow  Regimes  from  Experimental  and 
Network  Data)  project,  which  is  part  of  UNES- 
CO's Third  International  Hydrological  Pro- 
gramme. The  FREND  project  incorporates  data 
from  other  countries  in  northern  and  western 
Europe.  (See  also  W91-06461)  (Rochester-PTT) 
W9 1-06463 
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Optimal  filtering  techniques  based  on  Kalman  fil- 
tering, with  adaptations,  have  been  used  widely  in 
hydrology.  Some  optimal  filtering  techniques  for 
flood  forecasting  were  applied  to  a  data  set  from 
Basse  Seine  in  France  with  the  aim  of  evaluating 
the  merit  of  the  filtering  techniques.  Comparative 
performance    of   the    ARMAX    (AutoRegressive 
Moving  Average  with  exogenous  inputs)  model 
with  adaptive  filtering  and  a  deterministic  model 
were  analyzed  for  some  steps-ahead  flood  fore- 
casts.  Various   adaptive   filtering   techniques   for 
forecasting  floods  at  Seine  at  Melun  were  com- 
pared with  two  constraints:  (1)  flood  events  of 
short  duration  and  (2)  relatively  high  level  of 
measurement  noise.  The  quality  of  the  optimal 
filter  is  conditioned  by  the  precision  of  the  estimate 
of  R  and  Q  (error  statistics)  were  tested,  but  the 
results  differed  little.  The  recursive  least  squares 
(RLS)  method  gave  equally  good  results  in  one- 
day-ahead  forecasts.  This  may  be  due  to  sensitivity 
of  initial  values,  especially  for  flood  events  of  short 
duration.  The  method  of  considering  discharges  as 
state  variables  did  not  give  notable  improvements. 
As  R  was  very  close  to  0,  the  results  were  almost 
identical  to  those  obtained  with  the  RLS  method. 
For  the  same  reason,  the  method  using  two  filters 
(MISP  Technique)  gave  very  little  improvement. 
The  instrumental  variable  method  (IV  and  AML), 
which  is  very  efficient  with  a  high  noise  level, 
gave  similar  results  because  noise  was  almost  white 
and  the  events  were  of  short  duration.  This  method 
is  very  effective  for  data  of  longer  duration.  A 
deterministic  method  based  on  the  Saint  Venant 
equation  was  applied  to  the  same  data.  The  adapt- 
ive method  gave  better  one-day-ahead  forecasts, 
but  the  performance  became  almost  the  same  for 
two  and  three  days  ahead  forecasts.  For  forecasts 
more  than  one  day  ahead,  deviation  increases  due 
to  uncertainties  in  tributary  inflows  are  common  in 
both  methods.  (See  also  W9 1-06461)  (Rochester- 
PTT) 
W9 1-06464 
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Water  balances  are  a  common  method  used  to 
establish  the  quantitative  estimates  of  the  hydrolo- 
gical components  within  river  catchments.  Despite 
their  popularity,  little  work  has  been  done  on  the 
effects  of  instrumentation  and  the  associated  errors 
on  the  overall  conclusions  of  water  balance  state- 
ments. The  major  components  of  surface  water 
balance  were  measured  independently  in  this 
study.  Estimates  of  precipitation  were  derived 
from  ground  level,  turf  wall,  and  standard  rain 
gages,  whereas  evapotranspiration  estimates  were 
derived  from  Penman  data  and  directly  from  irri- 
gated lysimeters  and  evaporation  tanks.  The  aim 
was  to  establish  which  (if  any)  combination  of 
instrumentation  provides  the  best  agreement  be- 
tween the  residuals  of  the  surface  water  balance 
(precipitation-discharge-evapotranspiration)  and 
the  observed  fluctuations  of  groundwater  storage. 
Simple  correlation  and  linear  regression  analysis 
were  used  to  compare  inferred  storage  changes  in 
groundwater  storage.  Correlations  are  highest  on  a 


! 


EC 


Field  2— WATER  CYCLE 


Group  2E — Streamflow  and  Runoff 


monthly  water  balance  basis  despite  the  apparent 
complication  of  autocorrelation  between  consecu- 
tive months.  The  combination  of  instruments  that 
yields  the  best  agreement  between  inferred  and 
actual  storage  changes  appears  to  be  one  based  on 
ground  level  rainfall,  Penman  PE,  and  stream  dis- 
charge. The  exclusion  of  systematic  soil  moisture 
measurements  originally  was  thought  to  be  the 
main  deficiency  in  the  field  data.  The  effects  of  soil 
moisture  and  surface  depression  storage  may,  how- 
ever, be  deduced  from  the  nature  of  the  regression 
relationship  between  the  surface  water  balance  re- 
siduals and  the  groundwater  storage  fluctuations. 
(See  also  W9 1-06461)  (Author's  abstract) 
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From  the  Federal  Republic  of  Germany  Interna- 
tional Hydrological  Decade  recommendations, 
two  different  methods  of  hydrograph  analysis,  base 
flow  and  recession  analysis,  were  selected  and  the 
performance  of  these  methods  was  evaluated.  The 
application  of  the  results  was  assessed  in  a  multiple 
regression  model  was  assessed  using  data  from  the 
FREND  (Flow  Regimes  from  Experimental  and 
Network  Data)  project  area  (Europe).  The  base 
flow  method  is  limited  to  basins  with  sustained 
flows,  whereas  in  the  recession  analysis  a  simple 
exponential  model  was  applied  and  the  master  re- 
cession curve  was  obtained  by  simple  arithmetic 
averaging  of  the  recession  parameters.  The  method 
was  biased  toward  the  more  short,  steep  recessions, 
so  a  more  robust  model  was  developed  using  a 
shifting  procedure  to  reposition  the  recession 
limbs.  Relationships  were  established  using  a  multi- 
ple regression  model.  The  model  used  base  flow 
and  recession  constant  as  predictors  and  morpho- 
metry characteristics  and  a  climatic  parameter  as 
independent  variables.  Besides  the  effect  of  stand- 
ardizing the  base  flow,  the  role  of  the  base  flow 
index  (BFI)  and  the  time  on  the  regression  model 
were  investigated.  This  application  of  two  hydro- 
graph  analysis  procedures  on  an  international  data 
set  is  a  successful  step  toward  using  small  research 
basins  in  regional  hydrology.  The  modified  base 
flow  estimation  procedure  gave  good  results  in 
those  catchments  representing  low  flow  regimes. 
In  flashy  catchments  with  low  storage  capacity  the 
method  was  not  applicable.  (See  also  W9 1-06461) 
(Rochester-PTT) 
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Several  techniques/models  available  for  prediction 
of  baseflow  have  been  devised.  A  graphical 
method  was  developed  for  separating  residual 
flows  during  baseflow  analysis.  The  method  was 


applied  to  377  recession  periods  on  nine  British 
hard-rock  catchments  prior  to  the  derivation  of 
baseflow  recession  constants  for  these  catchments. 
The  main  objective  of  the  study  was  to  assess  the 
accuracy  of  flows  predicted  during  baseflow  reces- 
sion using  the  exponential  decay  model.  The  pre- 
diction errors  were  calculated  for  time  units  vary- 
ing from  1-21  days.  For  time  units  of  1-4  days, 
prediction  errors  were  between  4%  and  8%, 
whereas  for  time  units  of  5-12  days  the  errors 
averaged  about  15%.  Beyond  12  days,  the  predict- 
ed flows  were  significantly  in  error,  with  devi- 
ations reaching  34%  for  a  17-day  prediction.  The 
results  presented  here  are  intended  as  a  guide  for 
water  resources  managers  on  what  error  margins 
to  incorporate  in  planning  or  management  deci- 
sions based  on  predicted  recession  flows,  such  as  in 
river  regulation  or  pollution  control.  (See  also 
W91-06461)  (Author's  abstract) 
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The  estimation  of  runoff  from  a  drainage  basin  and 
the  character  and  quantity  of  river  supply  from 
groundwater  can  be  made  on  the  basis  of  drainage 
basin  observations  including  the  phenomenon  of 
rainfall-runoff  relationships.  The  method  of  basin 
hydrogeological  regionalization  proposed  by  Poz- 
niak  in  1975  helps  in  the  evaluation  of  the  quantity 
of  river  supply  from  groundwater  as  well  as  the 
unit  groundwater  flow  in  a  hydrodynamic  formu- 
lation. Based  on  this  approach,  a  method  was  de- 
vised for  defining  the  recession  curve.  The  method 
was  applied  to  data  from  the  River  Odra  basin, 
Poland.  The  main  hydrological  characteristics  de- 
fining the  water  reserves  in  the  river  basin  are 
mean  flow,  precipitation,  and  retention  capacity. 
The  highest  correlation  observed  in  the  present 
study  was  the  relation  of  baseflow  with  discharge, 
for  which  the  R-squared  was  0.5-0.77,  depending 
on  the  river  reach.  The  recession  curves  defined  by 
this  method  can  be  used  for  solving  such  hydro- 
geologic  problems  as  forecasting  of  low  water 
flows,  separation  of  groundwater  from  the  hydro- 
graph,  and  evaluation  of  active  groundwater  re- 
sources. Comparing  the  unit  flows  with  the  flows 
resulting  from  annual  and  from  long-term  recession 
curves  in  different  sections  shows  clearly  that  the 
hypothesis  of  the  'River  Odra's  water  escape'  to 
the  groundwater  zone  is  not  confirmed.  (See  also 
W9 1-06461)  (Rochester-PTT) 
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Information  on  the  origin  of  river  basin  discharge, 
particularly  the  proportion  of  different  discharge 
components  comprising  the  seasonal  variation,  is 


very  important  for  various  purposes  in  hydrology 
and  water  management.  A  computerized  technique 
and  the  program  DIFGA,  developed  at  the  Dres- 
den University  of  Technology,  can  be  used  to 
continuously  separate  lengthy  time  series  of  re- 
corded daily  discharges  into  flow  components  and 
to  investigate  and  evaluate  the  water  balance  of  the 
basin  on  a  monthly  basis.  The  application  of  this 
technique  has  proved  to  be  useful  for  analyzing  the 
seasonal  distribution  of  flow  into  its  main  compo- 
nents, the  overall  water  balance  of  the  river  basins 
under  consideration,  and  the  chemical  composition 
of  the  water  in  relation  to  the  considered  flow 
components.  The  technique  was  tested  in  more 
than  30  test  basins  with  areas  between  0.5  and  300 
sq  km.  As  an  example,  results  form  the  Saidenbach 
basin  (area  54.7  sq  km)  for  the  period  1968-1983 
show  that  amounts  and  ratios  of  runoff  in  winter 
are  significantly  higher  than  in  summer.  During 
summer  direct  flow  exceeds  base  flow  (unlike 
winter).  Other  research  has  shown  that,  for  the 
period  1975-1984,  the  nitrate-N  concentration 
clearly  was  related  to  the  delayed  long-term  base 
flow  component  but  not  to  the  total  discharge. 
This  observation  underscores  the  significance  of 
investigating  flow  components  in  connection  with 
water  quality  studies.  The  most  critical  assumption 
of  the  present  technique,  the  approximation  of  the 
discharge  behavior  of  groundwater  systems  (short- 
term  base  flow  and  long-term  base  flow)  by  that  of 
a  linear  reservoir,  has  been  proved  to  be  accepta- 
ble. It  was  found,  however,  that  the  application  of 
more  complicated  and  complex  models  (e.g.,  of 
nonlinear  reservoirs)  did  not  yield  significant  im- 
provements. (See  also  W9 1-06461)  (Rochester- 
PTT) 
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It  is  generally  accepted  that  it  is  necessary  to 
include  a  numerical  expression  for  the  storage 
properties  of  a  catchment  in  a  low-flow  study.  In 
Norway  the  recession  constant  commonly  has  been 
used  for  this  purpose.  However,  individual  reces- 
sion segments  show  great  variability  within  a 
catchment.  The  present  study  examined  the  natural 
causes  of  this  variation  by  incorporating  data  on 
precipitation  and  temperature  during  the  recession 
period.  The  recession  constant  was  included  in  a 
low  flow  regression  model  to  investigate  the  possi- 
bilities of  improving  the  accuracy  of  the  estimation 
equations.  The  results  were  compared  with  an 
earlier  study  in  which  a  different  expression  of 
storage  properties,  the  Base  Flow  Index  (BFI),  was 
included  in  the  same  type  of  low-flow  regression 
model.  No  significant  relationship  could  be  found 
between  temperature  and  recession  values  using 
statistical  techniques.  Similarly,  the  recession 
values  could  not  be  related  to  geomorphological 
characteristics.  A  further  approach  is  to  model  the 
catchment  system  as  a  way  of  assessing  vertical 
water  budget.  This  provides  a  more  realistic  esti- 
mate for  water  losses  during  recession  periods. 
Inclusion  of  a  recession  constant  in  a  low-flow 
model  increases  the  estimation  accuracy  of  all  the 
recession  equations.  The  same  effect  was  achieved 
by  incorporating  the  BFI.  The  regression  constant 
is  preferable  when  the  low  flow  indices  are  stand- 
ardized by  mean  annual  runoff  and  the  BFI  is 
preferable  when  they  are  standardized  by  area. 
Both  analyses  demonstrate  the  need  for  incorporat- 
ing an  expression  for  storage  properties.  (See  also 
W9 1-06461)  (Rochester-PTT) 
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Probability  distributions  of  annual  minimum  flows 
are  required  for  a  number  of  water  resources  appli- 
cations. These  include  estimating  the  availability  of 
water  for  effluent  dilution  and  for  domestic,  indus- 
trial, and  agricultural  abstractions.  To  respond  to 
this  range  of  design  problems,  it  often  is  necessary 
to  derive  these  distributions  for  flows  of  different 
durations.  In  doing  so  it  is  necessary  to  ensure  that 
estimated  quantiles  of  long  durations  exceed  those 
of  short  durations.  Due  to  sampling  errors  this  is 
not  necessarily  achieved  when  the  fits  are  per- 
formed individually  for  each  duration.  A  method 
was  developed  for  fitting  a  three-parameter  Wei- 
bull  distribution  to  annual  minimum  flows  that 
complies  with  this  constraint  and  remains  as  close 
as  possible  to  the  maximum  likelihood  estimations 
provided  by  individual  fits.  The  method  is  illustrat- 
ed using  data  for  the  River  Findhorn  at  Shenachie, 
Scotland.  Daily  mean  flows  are  available  for  this 
station  for  the  period  1960-1984  (25  yr).  The 
method  described  here  could  be  developed  and 
applied  to  a  wide  range  of  practical  problems 
where  it  is  necessary  to  maintain  consistency  be- 
tween different,  but  related,  frequency  curves. 
These  include  flood  flows  of  different  durations, 
depth-duration-frequency  analysis  for  rainfall 
design,  and  reservoir  storage-yield  relationships. 
Further  work  is  needed  in  evaluating  the  precision 
of  the  estimations  and  in  selecting  a  suitable  range 
of  durations  to  use.  (See  also  W9 1-06461)  (Roches- 
ter-PTT) 
W9 1-06472 


CONSISTENT  SCALE  PARAMETER  FOR  HY- 
DROLOGICAL STUDD2S. 
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Descriptors:  *Arid  regions,  'Data  analysis,  *Hy- 
drologic  budget,  'Hydrologic  data,  'Hydrologic 
models,  'Model  studies,  'Semiarid  lands,  •Stream- 
flow  forecasting,  Evaporation,  Latent  heat,  Mathe- 
matical models,  Scale  factors,  Spatial  distribution, 
Temporal  distribution. 

An  understanding  of  the  temporal  and  spatial  dis- 
tribution of  hydrologic  variables  is  crucial  in  arid 
and  semiarid  regions.  Based  on  the  general  obser- 
vation that  water  and  heat  balances  of  a  land 
surface  are  strongly  coupled  through  evaporation- 
latent  heat  equivalence,  a  description  of  the  com- 
plex system  formed  by  the  global  water  cycle  and 
the  energy  transfer  is  considered  through  conduc- 
tion and  turbulent  processes.  The  invariance  prop- 
erties of  this  model  also  were  investigated.  The 
symmetry  transformations  that  leave  the  action 
function  invariant  depend  crucially  on  a  scale  pa- 
rameter that  has  been  shown  to  be  related  to  the 
parameter  identified  previously  by  Lorenz  and  by 
May.  (See  also  W9 1-06461)  (Rochester-PTT) 
W9 1-06473 


ANALYSIS  AND  APPLICATION  OF  EXPERI- 
MENTAL AND  NETWORK  DATA  FOR  DEFIN- 
ING HYDROLOGIC  CHARACTERISTICS  OF 
UPSTREAM  FORESTED  WATERSHEDS. 
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Sciences,  Washington,  DC.  1989.  p  119-128,  5  fig, 
6  tab,  14  ref. 

Descriptors:  *Data  analysis,  *Forest  watersheds, 
•Hydrologic  data,  'Hydrology,  'Model  studies, 
•Streamflow  forecasting,  *Taiwan,  Experimental 
basins,  Network  design,  Runoff,  Seasonal  distribu- 
tion, Streamflow,  Te  Chi  Reservoir. 

An  integrated  approach  utilizing  relevant  physio- 
graphic and  hydrometeorological  information  was 
employed  to  describe  and  demonstrate  the  hydro- 
logic  characteristics  of  forested  watersheds  tribu- 
tary to  the  Te  Chi  Reservoir  in  central  Taiwan. 
Despite  having  shallow  soils  and  steep  slopes,  the 
study  watersheds  appear  to  have  large  capacities 
for  influencing  the  water  yield  production  and  the 
streamflow  regimes  during  intense  torrential 
storms  in  the  May-October  typhoon  season,  possi- 
bly due  mainly  to  each  having  good  forest  cover 
and  heavy  undergrowth  and  a  thick  forest  floor 
humus  layer.  Variations  of  annual  and  monthly 
streamflows  are  related  closely  to  those  of  rainfalls. 
The  study  area  watersheds  are  correlated  closely 
for  most  streamflow  parameters,  indicating  similar 
hydrologic  environments.  Therefore,  roving  short- 
term  hydrometric  stations  can  be  used  together 
with  relevant  data  from  long-term  network  stations 
to  better  define  and  estimate  hydrologic  character- 
istics of  watersheds  of  various  sizes  in  a  relatively 
large  geographic  area.  Experimental  watershed 
data  are  particularly  useful  in  gaining  some  insight 
into  hydrologic  processes  such  as  flow  generation 
mechanisms  and  flow  regimes  of  small  watersheds. 
(See  also  W91-06461)  (Author's  abstract) 
W9 1-06474 
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Descriptors:  *Australia,  'Data  analysis,  ♦Hydro- 
logic  data,  *Model  studies,  *Runoff,  *Streamflow, 
•Streamflow  forecasting,  Network  design,  Rain- 
fall, Regression  analysis,  Statistics,  Stream  gages. 

Indices  of  streamflow,  rainfall,  and  landscape  were 
defined  for  a  set  of  gaged  basins  in  the  Hunter 
Valley,  Australia,  and  multiple  regression  equa- 
tions were  developed  that  relate  the  indices  of 
streamflow  to  those  of  rainfall  and  landscape.  Ap- 
plication of  the  regression  equations  to  the  popula- 
tion of  meso-scale  basins  in  the  valley  allows  the 
basins  to  be  classified  into  hydrological  similarity 
groups.  The  classification  was  used  to  examine  the 
adequacy  of  the  stream  gaging  network  in  the 
valley.  A  population  of  non-nested  basins  in  the 
Hunter  and  Karuah  valleys  was  selected.  It  includ- 
ed 213  basins  having  areas  in  the  range  10-270  sq 
km.  (The  population  was  chosen  independently  of 
29  ungauged  basins  under  consideration.)  Each  of 
the  four  1931-1980  50-yr  rainfall  indices  Rl  to  R4, 
for  the  basins  of  the  population  was  estimated  by 
fitting  a  splined  surface  to  the  index  values  of  the 
forty-six  50-yr  rainfall  stations  using  functions  of 
latitude  and  longitude  and,  for  Rl  and  R2,  eleva- 
tion. An  estimated  index  value  for  each  grid  cell 
within  a  basin  was  read  from  the  surface  and  the 
basin  average  calculated.  The  landscape  indices  for 
the  basins  of  the  population  were  determined  by 
locating  each  basin  in  the  landscape  space  at  the 
weighted  centroid  of  the  positions  of  the  grid-cell 
groups  contained  within  it.  Values  of  the  1931- 
1980  streamflow  indices  for  each  basin  were  esti- 
mated using  four  regression  equations  representing 
observed  vs  predicted  streamflow  indices  for  the 
29  ungaged  basins.  This  procedure  located  the 
basins  of  the  population  in  4-dimensional  stream- 
flow  space.  Twenty-six  streamflow  similarity 
groups  within  this  space  were  defined  using  a 
Euclidean  distance  measure  and  a  sequential,  ag- 
glomerative,  hierarchical,  non-overlapping  classifi- 
cation procedure.  It  is  hypothesized  that  proximity 
in  the  streamflow  space  indicates  similarity  in  hy- 


drologic behavior  and  that  this  behavior  may  be 
inferred  from  gauged  basins  in  the  same  neighbor- 
hood of  the  space.  (See  also  W9 1-06461)  (Roches- 
ter-PTT) 
W9 1-06475 


ASPECTS  OF  HYDROLOGICAL  INTERPOLA- 
TION WITH  THE  HELP  OF  GIS. 

Hydroconsult  A.B.,  Uppsala  (Sweden). 
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Descriptors:  'Data  analysis,  *Geographic  informa- 
tion systems,  *Hydrologic  data,  *Hydrologic  data 
collections,  *Model  studies,  *Streamflow  forecast- 
ing, 'Sweden,  Data  acquisition,  Data  processing, 
Hydrology,  Lake  Hjalmaren,  Mapping,  Network 
design,  Runoff,  Satellite  technology. 

During  the  last  decade,  geographic  information 
systems  (GIS)  have  become  an  important  potential 
source  of  information  for  hydrologic  applications. 
The  problem  of  the  adequacy  of  traditional  hydro- 
logic  observational  data  for  GIS  applications  was 
addressed  using  a  GIS  application  developed  and 
tested  for  the  basin  of  Lake  Hjalmaren,  Sweden. 
The  system  employs  digitized  map  data,  satellite 
data,  and  point  observation  data.  The  basic  units  in 
the  system  are  sub-basins  of  a  main  basin  50-100  sq 
km  in  area.  The  system  was  used  to  calculate 
hydrologic  characteristics  for  each  sub-basin,  em- 
ploying a  number  of  interpolation  methods.  Ade- 
quacy of  the  results  of  such  interpolations  based  on 
the  existing  hydrologic  and  climatologic  observa- 
tion nets  is  doubtful.  The  existing  networks  in 
Sweden  do  not  appear  to  cover  mesoscale  variabil- 
ity. The  regional  regression  equations  used  for 
interpolation  were  developed  for  catchments  of  the 
20  to  2000  sq  km  area.  However,  these  equations 
do  not  consider  the  mesoscale  physiographic  varia- 
bility, which  is  connected  to  that  of  runoff  as  was 
shown  by  the  field  study.  Inductive  methods,  ie, 
direct  measurements  of  runoff,  must  be  used  for 
proper  interpolation  to  mesoscale.  To  be  able  to 
use  the  information  offered  by  GIS  when  interpo- 
lating runoff  to  mesoscale,  the  traditional  hydrolo- 
gical observations,  which  provide  time  series  for  a 
point,  should  be  complemented  by  synchronous 
hydrological  measurements  at  many  points  in 
space.  Future  hydrologic  applications  of  GIS  call 
for  a  more  flexible  attitude  concerning  what  con- 
stitutes hydrologic  sampling  in  time  and  space. 
(See  also  W9 1-06461)  (Rochester-PTT) 
W9 1-06476 
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Descriptors:  *Belgium,  'Catchment  areas,  'Data 
analysis,  'Geographic  information  systems,  'Hy- 
drologic data,  'Hydrologic  models,  'Mapping, 
•Model  studies,  'Remote  sensing,  'Streamflow 
forecasting,  Land  use,  Mathematical  models,  Satel- 
lite technology,  Simulation,  Soils,  Spatial  variation, 
Vegetation. 

The  different  modeling  techniques  employed  in 
hydrology  require  information  concerning  various 
features  of  watersheds:  type  of  soil,  physical  and 
hydric  soil  properties,  slope,  land  use,  type  of 
vegetation  cover,  etc.  All  these  parameters,  com- 
ponents of  conceptual  hydrologic  models,  exhibit 
spatial  variability  regarding  watersheds.  Manipu- 
lating these  data  in  digitized  form  makes  the  model 
easier  to  use  and  makes  it  possible  for  its  sensitivity 
to  any  spatial  or  temporal  modification  of  water- 
shed features  to  be  checked.  Small  watersheds  in 
Belgium  were  spatially  characterized  by  the  inte- 
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gration  of  cartographic  and  remote  sensing  data. 
The  hydrological  model  SWRRB  (Simulator  for 
Water  Resources  in  Rural  Basins)  was  tested.  The 
results  obtained  with  this  model  are  quite  satisfac- 
tory for  small  watersheds,  especially  considering 
that  the  model  was  not  adapted  or  adjusted  for  the 
flows  studied.  The  present  study  demonstrated  the 
importance  of  creating  a  data  bank  in  the  form  of  a 
geographic  information  systems  (GIS)  prior  to 
using  a  hydrologic  model.  GIS-type  data  have  the 
distinct  advantage  of  enabling  algorithms,  devel- 
oped for  processing  numerical  images  obtained  by 
earth  observation  satellites,  to  be  applied  to  the 
majority  of  spatial  parameters.  (See  also  W91- 
06461)  (Rochester- PTT) 
W9 1-06477 


HYDROLOGY  OF  MOUNTAINOUS  AREAS: 
SCIENTIFIC  PROBLEM  AND  A  FIELD  OF 
INTERNATIONALLY  COORDINATED  RE- 
SEARCH. 
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flow  forecasting,  Evapotranspiration,  Mathemati- 
cal equations.  Precipitation,  Runoff,  Stream  gages, 
Water  storage. 

Mountainous  areas,  with  their  specific  features, 
remain  one  of  the  most  important  sources  of  fresh 
and  high-quality  water  on  earth.  However,  the 
steep  slopes  of  mountains  with  variable  soil  condi- 
tions and  vegetation  create  a  rather  complicated 
system  to  be  fully  described  and  mathematically 
modeled.  Areal  heterogeneity  of  runoff  in  these 
areas  is  related  to  several  factors,  including:  rough 
terrain  and  high  elevation,  orientation  and  steep- 
ness of  basin  slopes,  vegetation  cover,  soil  profile 
characteristics,  and  geologic  structure.  Develop- 
ment realistic  water  balance  equation  for  moun- 
tainous areas  requires  that  the  special  conditions 
for  the  single  components  of  (1)  precipitation,  (2) 
runoff,  (3)  evapotranspiration,  and  (4)  water  stor- 
age in  mountainous  areas  be  taken  into  consider- 
ation. The  higher  proportion  of  snow  in  precipita- 
tion, as  well  as  the  effect  of  high  winds,  contribute 
to  making  precipitation  measurements  in  mountain- 
ous areas  inaccurate.  Traditional  stream-gaging 
methods  fail  to  provide  information  on  subsurface 
flow  in  alluvium  and  stream-alluvium  interactions, 
two  characteristics  of  runoff  in  mountain  streams. 
Numerous  factors  contribute  to  the  complexity  of 
making  accurate  determinations  of  evapotranspira- 
tion in  mountainous  areas.  Water  storage  in  the 
mountainous  basin,  including  deep  seepage,  is  prac- 
tically immeasurable  Cooperative  programs  have 
been  undertaken  at  both  the  Central  and  Eastern 
European  and  global  levels  to  study  the  hydrology 
of  mountain  areas.  (See  also  W9 1-06461)  (Roches- 
ter-PTT) 
W91-06478 
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Methods  for  identifying  homogeneous  groups  of 
basins  in  terms  of  their  flood  frequency  distribu- 
tions were  applied  to  1597  series  from  basins  in 
northwest  Europe  (13  countries).  Cluster  analysis 
based  on  a  data  space  defined  by  flood  statistics 
was  able  to  identify  homogeneous  groups,  but  the 


group  membership  could  not  be  identified  uniquely 
for  each  site  based  on  catchment  characteristics. 
Use  of  an  alternative  definition  of  the  data  space 
based  on  catchment  characteristics  resulted  in 
groups  that  were  not  homogeneous  in  terms  of  the 
frequency  distribution.  Catchment  characteristics 
employed  in  the  analysis  were  basin  area,  shortest 
distance  to  sea,  altitude  of  station,  slope  of  main 
stream,  EFS  stream  density  index,  forest  fraction, 
urban  fraction,  weighted  lake  index,  soil  index, 
base  flow  index,  average  annual  precipitation,  and 
rainfall  intensity.  Better  results  were  obtained  by 
dividing  the  data  set  into  subsets  containing  geo- 
graphic regions  according  to  the  general  flood 
regime  prior  to  cluster  and  discriminant  analysis. 
Groups  defined  from  cluster  analysis  based  on 
basin  characteristics  will  not  define  homogeneous 
groups  unless  the  analysis  is  limited  to  geographic 
regions  consisting  of  one  regime.  (See  also  W91- 
06461)  (Rochester-PTT) 
W9 1-06479 
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Descriptors:  'Data  analysis,  'England,  'Flood  fre- 
quency, 'Hydrologic  data,  'Model  studies,  'Re- 
gional analysis,  'Streamflow  forecasting,  'Un- 
gaged  basins,  Hydrologic  models,  Mathematical 
models,  Prediction,  Regression  analysis. 

In  traditional  approaches  to  regional  flood  frequen- 
cy analysis,  the  study  area  is  divided  into  disjoint 
regions  and  a  dimensionless  flood  frequency  rela- 
tionship is  derived  separately  for  each.  Flood 
quantiles  for  ungaged  or  poorly  gaged  drainage 
basins  may  be  estimated  by  assigning  the  basin  to 
its  appropriate  region.  'Regions'  may  be  contigu- 
ous geographical  areas  of  land  or  areas  of  a  space 
defined  by  the  physical  characteristics  of  gaged 
basins.  To  avoid  discontinuities  in  flood  estimates 
across  regional  boundaries  and  to  allow  for  basins 
that  cannot  be  unambiguously  assigned  to  one 
region.  If  such  fractional  membership  is  permitted 
it  can  be  argued  that  there  is  no  longer  any  need  to 
have  a  priori  regions.  Each  basin  can  constitute  its 
own  region  and  flood  frequency  estimates  for  un- 
gaged sites  can  be  calculated  directly  from  a 
number  of  similar  or  nearby  basins.  The  contribu- 
tion from  each  site  is  weighted  by  a  measure  of  the 
physical  similarity  between  them,  such  as  the  in- 
verse distance  between  the  basins  in  physical  char- 
acteristic space.  The  major  problem  to  be  over- 
come is  defining  the  relative  importance  of  differ- 
ent physical  characteristics  when  deriving  the 
weights.  Results  of  regression  analysis  and  sensitiv- 
ity analysis  using  a  stochastic  rainfall  model  in 
tandem  with  a  deterministic  rainfall-runoff  model 
were  examined  as  a  way  to  help  resolve  this  prob- 
lem. Although  use  of  a  regression  model  directly 
for  flood  estimation  has  disadvantages,  it  provides 
useful  insight  into  the  relative  influence  of  different 
basin  characteristics  on  flood  frequency.  An  alter- 
native method  is  to  calculate  weights  using  a  rain- 
fall-runoff model.  Such  a  model  has  been  devel- 
oped for  Famborough  (southeast  England).  Run- 
ning the  model  with  a  1000-yr  sequence  of  simulat- 
ed hourly  rainfalls  using  the  optimum  parameter 
set  for  the  River  Mole  provided  a  baseline  flow 
sequence.  To  fully  utilize  the  results  of  this  type  of 
analysis  on  ungaged  sites,  relationships  must  be 
developed  between  model  parameters  and  physical 
characteristics  of  the  basins  (e.g.,  soil  type)  that 
can  be  measured  on  maps.  (See  also  W9 1-06461) 
(Rochester-PTT) 
W9 1-06480 
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No.  187.  International  Association  of  Hydrological 
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The  basic  principles  of  regional  flood  frequency 
analysis  currently  in  use  in  Ireland  are  those  con- 
tained in  the  Natural  Environment  Research  Coun- 
cil's (NERQ1975  Flood  Studies  Report.  Two  con- 
trasting methods  for  ungaged  catchments  are  in- 
cluded in  the  report's  recommendations:  (1) 
Method  A,  based  on  statistical  flood  frequency 
analysis  and  predicting  the  mean  annual  flood  from 
catchment  characteristics  and  use  of  region  curve 
coordinates  (flood  peak  of  return  period  T  in  cu 
m/sec  divided  by  mean  annual  flood)  and  (2) 
Method  B,  founded  on  rainfall  frequency  analysis 
and  a  rainfall-runoff  unit  hydrograph/losses  proce- 
dure, which  uses  the  design  storm  and  unit  hydro- 
graph  model  as  published  by  NERC  Without 
modification  Method  A  agrees  more  closely  with 
floods  estimated  from  observed  annual  maximum 
flood  data  than  Method  B,  which  tends  to  overesti- 
mate. Modifications  have  been  developed  for  local 
conditions  that  take  account  of  arterial  drainage 
effects  and  the  availability  of  unit  hydrograph  and 
percentage  runoff  data.  (See  also  W91-06461)  (Au- 
thor's abstract) 
W9 1-06481 
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LESS  HYDROGRAPH  MODELS  TO  UN- 
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IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  197-203,  3  fig, 

10  ref. 

Descriptors:  'Data  analysis,  'Flood  peak,  'Hydro- 
logic  data,  'Hydrologic  models,  'Model  studies, 
•Poland,  •Streamflow  forecasting,  'Ungaged 
basins,  'Unit  hydrographs,  Carpathian  Mountains, 
Floods,  Geographic  instantaneous  unit  hydro- 
graph,  Lososina  River,  Mathematical  models.  Per- 
formance evaluation,  Rainfall  intensity,  Sola  River. 

In  the  Geographical  Instantaneous  Unit  Hydro- 
graph  (GIUH)  approach,  the  instantaneous  unit 
hydrograph  (IUH)  is  derived  as  a  function  of  the 
basin's  geomorphological  and  physiographic  char- 
acteristics and  is  interpreted  as  the  probability  den- 
sity function  of  the  travel  time  for  a  drop  of  water 
landing  anywhere  in  the  basin.  The  dimensionless 
hydrograph  (DH)  model  depends  on  determination 
of  two  parameters  (peak  flow  and  the  concentra- 
tion time),  which  may  be  computed  on  the  basis  of 
physical  basin  characteristics  and  effective  rainfall 
intensity.  The  calibration  of  models  was  conducted 
in  two  basins  in  the  western  Carpathian  mountains 
(Poland):  Sola  River  basin  at  Rajcza  cross  section 
and  Lososina  River  basin  at  Jakubkowice  cross 
section.  In  the  Sola  River  basin  the  errors  in  peak 
flow  estimation  with  the  GIUH  and  DH  methods 
were,  respectively,  54%  and  28%;  the  relationship 
of  the  computed  peak  flow  to  those  observed  were 
1.54  and  1.28,  respectively,  for  the  two  methods. 
The  accuracy  of  peak  flow  occurrence  calculation 
with  the  DH  model  is  connected  strictly  to  the 
temporal  distribution  of  effective  rainfall.  The  basis 
of  the  hydrograph  determination  is  the  mean  value 
of  effective  rainfall  intensity.  The  results  of  over- 
land flow  simulation  in  the  Lososina  River  basin 
were  good.  Error  in  the  peak  flow  estimation  was 
13.5%  with  GIUH  and  6%  with  DH.  Relations  of 
the  peak  flows  computed  to  those  observed  were 
0.86  and  0.94,  respectively.  (See  also  W91-06461) 
(Rochester-PTT) 
W9 1-06482 
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WATER  CYCLE— Field  2 
Streamflow  and  Runoff — Group  2E 


A.  Gustard,  and  R.  Gross. 
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1  tab,  15  ref. 

Descriptors:  'Data  analysis,  *Europe,  *Hydrologic 
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models,  Regional  analysis,  Seasonal  variation,  Soil 
classification.  Spatial  variation,  Winter  rainfall  ac- 
ceptance potential. 

The  FREND  (Flow  Regimes  from  Experimental 
and  Network  Data)  project  employs  an  extensive 
database  of  daily  flow  data  and  catchment  charac- 
teristics from  national  network  and  research  basins 
throughout  western  Europe.  Three  years  of  study 
of  the  low  flow  regimes  of  1350  rivers  of  north- 
west Europe  were  conducted  as  part  of  the 
FREND  project.  The  controls  on  the  spatial  sea- 
sonal variability  of  low  flow  regimes  were  consid- 
ered and  the  relationships  between  low  flows  and 
catchment  characteristics  were  analyzed,  with  par- 
ticular reference  to  the  role  of  soil  type  in  deter- 
mining catchment  response.  Flow  frequency  analy- 
sis identified  consistent  relationships  across  the 
study  area  between  the  mean  and  the  variability  of 
annual  minima  and  between  low  flows  of  different 
durations.  Variability  of  annual  runoff  was  shown 
to  be  related  to  the  magnitude  of  runoff.  Clear 
regional  patterns  of  seasonal  runoff  were  identified 
and  the  spatial  variation  of  low  flows  appeared  to 
be  much  greater  than  that  of  equivalent  flood 
statistics.  The  success  of  the  five-class  (soil) 
WRAP  (Winter  Rainfall  Acceptance  Potential) 
map  in  predicting  low  flow  behavior  varied  over 
the  study  area,  but  improvements  could  be  made 
by  returning  to  the  European  Community  soil 
classes.  Analysis  of  the  frequency  of  occurrence  of 
low  flows  revealed  a  remarkable  consistency  over 
the  study  area  of  the  relationship  between  the 
magnitude  of  annual  minimum  flows  and  the  varia- 
bility of  low  flows.  For  example,  from  a  knowl- 
edge of  the  10-day  duration  mean  annual  minimum 
flow,  estimates  could  be  made  on  the  annual 
minima  of  different  return  periods.  (See  also  W91- 
06461)  (Rochester-PTT) 
W9 1-06483 


REGIONAL  ANALYSIS  OF  FLOW  DURATION 
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Flow  duration  curves  or  numbers  indicate  on  how 
many  days  of  an  average  year  discharges  through  a 
cross  section  of  a  river  are  reached  or  exceeded.  In 
many  countries  flow  duration  curves  are  derived 
and  published  for  gauging  stations  with  sufficient 
records.  However,  planning  engineers  often  have 
difficulty  in  deriving  duration  curves  for  ungaged 
river  basins.  In  response  to  this  problem  a  research 
study  was  conducted  with  the  following  objec- 
tives: (1)  parameterization  of  duration  curves  (i.e., 
choice  of  a  suitable  mathematical  equation  and 
determination  of  parameter  values  for  gaged  river 
basins;  (2)  regionalization,  correlation  between 
shape  parameters  and  basin  properties  to  establish 
regional  regression  equations  for  the  synthesis  of 
duration  curves  for  ungaged  basins;  and  (3)  analy- 
sis of  the  influence  of  urbanization  on  shape  and 
parameters  of  flow  duration  curves.  Data  from 
three  basins  in  the  North-Rhine  Westphalia  area 
(Germany)  were  analyzed.  A  total  of  24  basins  in 
the  three  regions,  with  areas  ranging  from  3.4  to 
770  sq  km  and  representing  hills  and  forests  and  an 
urbanized  region  (770  sq  km)  were  used  in  the 
analysis.  Good  results  were  obtained  using  the 
three-parameter  gamma  function  to  model  density 


functions  of  the  flow  duration  curves.  As  simplifi- 
cation, flow  duration  curves  of  smaller,  non-urban- 
ized basins  in  the  region  may  be  described  by  the 
mass  curve  of  the  linear  reservoir,  thus  depending 
on  the  parameter  K  only.  This  parameter  is  related 
to  basin  property;  its  value  corresponds  to  mean 
flow  of  the  basin  under  consideration.  (See  also 
W9 1-06461)  (Author's  abstract) 
W9 1-06484 
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DRAULIC GEOMETRY  RELATIONS  OF  AL- 
LUVIAL STREAM  CHANNELS  IN  A  HUMID 
TROPICAL  ENVIRONMENT,  SOUTHWEST- 
ERN NIGERIA. 

Ondo  State  Univ.,  Ado-Ekiti  (Nigeria).  Dept.  of 
Geography. 
F.  S.  Ebisemiju. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 
No.  187.  International  Association  of  Hydrological 
Sciences,  Washington,  DC.  1989.  p  221-236,  4  fig, 
2  tab,  19  ref. 

Descriptors:  'Channel  morphology,  *Data  analy- 
sis, *Geomorphology,  'Hydraulic  geometry,  'Hy- 
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The  study  of  the  morphology  alluvial  channels  in 
the  Elemi  River  Basin,  southwestern  Nigeria,  re- 
veals that  stream  channel  capacity  is  related  only 
moderately  to  stream  discharge  indexed  by  basin 
area,  but  is  controlled  more  strongly  by  bank  cohe- 
sion, which  accounts  for  65%  of  the  variance. 
Analysis  of  the  downstream  hydraulic  geometry  of 
the  streams  reveals  that,  while  the  coefficients  and 
exponents  are  consistently  high  and  closest  to  1.0 
for  small  ephemeral  headwater  streams,  both  de- 
crease in  the  middle  and  lower  reaches  of  larger 
streams  and  vary  appreciably  between  streams  of 
different  sizes.  The  relationship  between  basin  area 
and  channel  capacity  is  curvilinear  (negative  expo- 
nential) with  two  threshold  basin  areas  at  about  20 
sq  km  and  100  sq  km.  The  observed  downstream 
changes  in  the  hydraulic  geometry  relations  are 
attributed  to  downstream  changes  in  flow  regime 
and  increase  in  environmental  heterogeneity  as 
drainage  basins  area  increases.  The  spatial  variation 
in  the  downstream  hydraulic  geometry  relations 
between  streams  also  is  strongly  related  to  the 
variability  in  the  channel  perimeter  cohesion  index. 
These  findings  suggest  that  (1)  site-specific  rather 
than  area  factors  are  the  main  determinants  of 
channel  morphology  in  the  area;  (2)  truly  consist- 
ent and  predictable  relationships  between  channel 
size  and  basin  area  exist  only  along  streams  with 
homogeneous  catchment  and  hydrological  charac- 
teristics; and  (3)  the  results  of  small  catchment 
experiments  cannot  be  extrapolated  meaningfully 
to  larger  basins  because  of  greater  variability  in 
channel  perimeter  stability,  catchment  characteris- 
tics, and  flow  regime.  (See  also  W9 1-06461)  (Au- 
thor's abstract) 
W9 1-06485 
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ral  trends  using  spatial  characteristics  of  change. 
Such  a  regional  perspective  was  adopted  here  to 
address  the  question  of  whether  flood  and  low 
flow  events  are  becoming  more  frequent  in  west- 
ern Europe.  Data  collected  for  the  FREND  (Flow 
Regimes  from  Experimental  and  Network  Data) 
project  were  employed  in  the  analysis.  Changes 
over  time  show  a  very  strong  spatial  coherence 
across  the  study  area,  and  reflect  variations  in 
climatic  inputs.  Recent  years  have  seen  more  and 
bigger  floods  than  earlier  periods,  related  to  an 
increase  in  wet  winters  and  springs,  but  there  in  no 
evidence  to  suggest  that  very  extreme  floods  are 
becoming  more  frequent.  An  increase  in  dry  and 
warm  summers  does  not  appear  to  have  resulted  in 
lower  low  flows.  Low  flows  were  lowest  over 
much  of  Europe  during  the  mid-1970s,  and  only  in 
parts  of  northern  Britain  and  Denmark  were  low 
flows  were  experienced  in  the  1980s.  The  observed 
changes  seem  consistent  with,  but  do  not  necessari- 
ly confirm,  the  possible  effects  of  global  warming 
associated  with  the  greenhouse  effect.  It  is  appar- 
ent that  the  conventional  approach  of  using  flow 
records  from  the  past  as  a  reasonable  model  for  the 
future  is  unrealistic.  Determining  the  effects  of 
temporal  change  on  estimates  of  events  with  high 
return  periods  is  difficult  because  such  estimates 
have  a  high  sampling  variability  even  under  sta- 
tionary conditions.  (See  also  W9 1-06461)  (Roches- 
ter-PTT) 
W9 1-06486 


CONSEQUENCES  OF  THE  RECENT  CLIMAT- 
IC VARIATIONS  ON  RIVER  FLOW  REGIMES 
IN  WEST  AFRICA. 

Lagos  Univ.  (Nigeria).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2A. 
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The  use  of  simulation  techniques  when  describing 
the  hydrological  conditions  within  a  basin  always 
will  be  an  abstraction  of  reality  and  even  the  most 
rigorous  physically-based  models  are  extreme  sim- 
plifications of  reality,  forced  by  practical  consider- 
ations to  use  equivalent  parameter  values  over 
parts  of  the  flow  domain.  The  uncertainty  of  the 
large  number  of  parameter  values  that  needs  to  be 
determined  for  each  grid  element  has  limited  the 
application  and  validation  of  these  models  on  a 
basin  scale.  An  attempt  was  made  to  find  simple 
conceptual  soil  moisture  models,  driven  by  readily 
available  meteorological  data,  that  can  be  used  to 
assess  basin  behavior.  Using  soil  moisture  observa- 
tions from  forest  and  grassland  sites  in  Sweden  and 
.  the  United  Kingdom,  a  range  of  daily  soil  moisture 
deficit  (SMD)  models  were  tested.  The  optimal 
combination  of  physical  relevance  and  simplicity 
determined  the  ultimate  choice  of  model  structure 
used  for  an  analysis  of  basin  behavior  in  the  Velen 
experimental  basin  (Sweden).  Calculated  moisture 
deficits,  groundwater  recharge,  transpiration,  and 
interception  rates  showed  good  agreement  not 
only  with  point  measurements  but  with  the  overall 
basin  behavior.  (See  also  W9 1-06461)  (Rochester- 
PTT) 
W9 1-06489 
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In  the  area  of  flow  frequency  analysis,  the  prob- 
lems of  detecting  a  possibly  weak  'signal'  from  a 
'noisy'  process  are  compounded  by  the  short  peri- 
ods of  record  generally  available  for  analysis.  One 
approach  is  to  use  data  from  many  measuring  sites 
over  a  large  area  to  draw  inferences  about  tempo- 
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The  water-regulating  and  water-protecting  role  of 
forests  is  widely  acknowledged.  Numerous  experi- 
ments conducted  in  the  Soviet  Union  have  shown 
that  the  hydrological  role  of  forest  is  subject  to 
most  significant  changes  as  a  result  of  different 
forestry  practices  (forest  cut  and  forest  regenera- 
tion) on  small  basins.  Evapotranspiration  regime 
changes  in  response  to  forest  cutting.  In  one-year 
and  two-year  cuttings  in  spruce  and  pine  forests, 
evapotranspiration  from  soil  (from  the  forest  un- 
derstory  with  trees  separate)  is  45-60%  of  the 
evapotranspiration  of  the  mature  forest.  After  the 
forest  is  replanted  or  begins  to  regenerate  natural- 
ly, the  process  of  evapotranspiration  recovery 
starts.  By  the  time  of  climax  spruce  stand  growth 
(40-45  yr),  the  evapotranspiration  observed  is  10- 
15%  greater  than  that  of  the  original  mature  forest. 
Subsequently  there  is  a  gradual  decrease  in  evapo- 
transpiration. Runoff  also  changes  in  response  to 
forest  cutting  and  regeneration.  The  greatest 
amounts  of  total  runoff  are  seen  in  newly  cut 
forests  and  the  least  amounts  are  seen  in  plots  of 
45-yr-old  forest.  Runoff  values  from  the  spruce 
forest  of  95-100  yr  age  are  less  than  those  from  a 
cleared  plot,  but  greater  than  those  from  the  45-yr- 
old  spruce  stand.  During  regeneration  of  forests, 
groundwater  regime  also  changes.  Groundwater 
recharge  from  infiltration  increased  twice  during 
the  first  decade  after  forest  planting  and  twice 
during  the  second  decade,  thus  reaching  the  condi- 
tions of  a  mature  spruce  forest.  In  the  Sinia  Gnilka 
experimental  basin,  total  runoff  was  formed  mainly 
from  the  surface  component  in  the  years  before 
forest  planting  (1957-1961).  After  extensive  affores- 
tation (1971),  the  portion  of  runoff  derived  from 
groundwater  reached  44%,  which  is  close  to  the 
value  typical  of  a  basin  with  mature  spruce  cover. 
(See  also  W9 1-06461)  (Rochester-PTT) 
W9 1-06490 
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Drainage  of  agricultural  land  and  the  planting  of 
the  poorer  land  with  man-made  forests  are  major 
changes  currently  taking  place  in  northern  Europe; 
these  activities  may  have  widespread  effects  on 
river  flows.  Storm  flows  from  drained  an  un- 
drained  land  at  eight  experimental  sites  were  ana- 
lyzed and  compared.  The  study  brings  together 
data  from  sites  in  England,  Ireland,  Scotland,  and 
Wales.  It  was  found  that  drainage  may  increase  or 
decrease  peak  flows  relative  to  undrained  land, 
depending  on  a  number  of  easily  measured  site 
characteristics.  Soil  properties  and  soil  water 
regime  prior  to  drainage  are  of  critical  importance 
in  determining  the  direction  and  magnitude  of  hy- 
drological change.  Studies  of  plantation  forestry  at 
four  sites  indicate  that  the  hydrological  effects  of 
tree  growth  and  of  the  associated  pre-planting 
ground  drainage  are  often  distinct  and  may  act  in 
opposite  directions.  The  balance  between  them 
will  change  over  time  with  growth  of  the  trees  and 
deterioration  of  the  ditch  system.  The  hydrological 


response  of  even  a  mature  forest  plantation  may  be 
different  from  that  of  the  naturally  regenerated 
(and  undrained)  woodlands  often  cited  in  text- 
books. (See  also  W91-06461)  (Author's  abstract) 
W9 1-06491 
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The  Institute  of  Hydrology  (Wallingford,  Eng- 
land) lumped  conceptual  model  uses  flow  records 
to  optimize  a  number  of  parameters  controlling 
separate  interception,  soil,  and  channel  stores  for 
several  different  land  uses  in  a  catchment.  The 
model  was  applied  in  three  studies:  (1)  in  the  Elan 
Valley  catchment  (central  Wales)  to  estimate  the 
effect  of  afforestation  of  the  catchment  on  water 
resources;  (2)  in  the  Hore  catchment  (central 
Wales)  to  model  the  effects  on  low  flows  of  large- 
scale  clear  cutting  of  a  predominantly  forested 
catchment;  and  (3)  in  predicting  the  effects  of 
changes  in  afforestation  of  the  Doller  catchment 
(eastern  France).  Where  sufficient  data  are  avail- 
able, the  lumped  conceptual  model  can  be  applied 
successfully  to  a  variety  of  catchments.  Data  re- 
quirements of  daily  rainfall,  flows,  and  evapotran- 
spiration estimates  for  calibration  of  the  model  are 
small  compared  to  those  of  physically-based 
models.  The  simulated  flows  agree  well  with  those 
observed.  A  change  in  the  emphasis  of  optimiza- 
tion of  the  model  parameters  may  enable  the  low- 
flow  part  of  the  flow  regime  to  be  modeled  more 
closely.  Even  with  very  limited  meteorological 
data,  coarse  predictions  of  the  direction  and  extent 
of  change  in  flow  regime  are  possible  using  the 
model.  By  applying  low  flow  analysis  techniques 
to  the  flow  data  produced  by  models  of  different 
levels  of  forest  in  a  catchment,  more  details  on  the 
change  in  seasonal  distribution  of  flows  and  the 
frequency  of  occurrence  of  certain  levels  of 
drought  can  be  obtained.  The  combination  of  the 
lumped  conceptual  model  and  low-flow  analysis 
techniques  would  be  valuable  in  any  preliminary 
analysis  of  the  environmental  impact  or  implica- 
tions for  water  resources  of  proposed  change  in 
afforestation  of  a  catchment.  (See  also  W91-06461) 
(Rochester-PTT) 
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Computer  models  can  be  used  to  operationally 
evaluate  the  effects  of  man's  activities  on  runoff 
processes.  In  making  these  estimates,  the  main 
runoff-producing  factors  are  of  great  importance. 
Multipurpose  investigations  were  made  at  the  State 
Hydrological  Institute  (SHI)  and  its  Valdai  Branch 
(VB,  Soviet  Union)  to  develop  a  river  basin  model 


intended  for  study  of  rainfall  runoff  and  evaluation 
of  the  effects  of  changes  in  the  basin  natural  condi- 
tions on  this  process.  Studies  were  conducted  in 
the  Polomet  River  basin,  a  432-sq  km  area  in 
which  a  long-term  runoff  series,  a  sufficiently 
dense  precipitation  gaging  network,  and  radar 
measurements  were  available.  The  conditions  of 
rainfall  runoff  formation  in  the  Polomet  basin  are 
typical  of  forest  basins.  Surface  runoff  is  extremely 
rare.  Rainfall  floods  result  from  subsurface  runoff, 
which  may  account  for  80-100%  of  total  river 
runoff.  Submodels  essential  to  the  RBM  of  the 
Polomet  River  were  developed  to  describe  the 
formation  of  lateral  inflow  into  the  channel  (sub- 
surface flow)  and  flood  wave  routing.  The  basin 
scheme  is  based  on  the  meshes  of  radar  data  aver- 
aging, every  mesh  being  1 1  sq  km  in  area  (3.3  x  3.3 
km).  The  Polomet  basin  surface  is  represented  as  a 
population  of  sloping  plots  corresponding  to  53 
meshes  of  radar  data  averaging.  A  numerical  ex- 
periment was  conducted  in  which  it  was  assumed 
that  a  successive  forest  cut  had  been  made  on  10 
plots  adjacent  to  the  river  channel  over  10  yr. 
After  the  cut  the  forest  regenerated.  Runoff  hydro- 
graphs  were  computed  that  were  produced  by 
rainfalls  50  mm  deep  during  1  hr,  which  corre- 
spond to  the  1%  frequency  of  rainstorms  for  the 
Valdai  area.  A  change  in  evaporation  after  the  cut 
(during  forest  regeneration)  was  included.  For  the 
specified  conditions  of  runoff  formation  and  forest 
cut  practices,  the  increases  in  maximum  discharges 
and  runoff  volumes  observed  corresponded  to  36% 
and  53%,  respectively,  by  the  sixth  year  and  65% 
and  94%  by  the  tenth  year.  When  forest  cuts  are 
stopped,  the  opposite  process  occurs,  although 
very  slowly,  with  complete  runoff  recovery  occur- 
ring only  by  the  25th  year.  (See  also  W91-06461) 
(Rochester-PTT) 
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Measures  of  low  river  flow  are  required  by  the 
water  industry  for  many  purposes.  When  gaging 
station  networks  are  not  available  or  ar  inadequate, 
flow  must  be  estimated.  There  are  several  methods 
by  which  the  natural  component  of  flow  of  specific 
duration  or  frequency  can  be  calculated,  but 
stream  flows  typically  have  an  artificial  compo- 
nent. Although  both  components  can  change, 
changes  in  the  artificial  component  can  be  both 
sudden  and  marked.  Observations  in  the  United 
Kingdom  show  the  relative  components  of  the 
flow,  how  they  interact,  and  how  stable  they  are. 
The  residual  flow  diagram  provides  a  hydrological 
snapshot  of  a  river  or  catchment  for  a  particular 
flow  condition.  Each  significant  influence  on  a 
river  is  quantified  to  provide  an  overall  picture  of 
the  total  flow  at  any  point.  Three  types  of  data  are 
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required  for  construction  of  residual  flow  dia- 
grams: (1)  river  flows  obtained  from  hydrometric 
networks  and  spot  gagings;  (2)  water  reclamation 
works  discharges;  and  (3)  abstractions  and  trade 
effluents.  The  Rivers  Tame  and  Derwent  are  locat- 
ed in  the  same  geographical  region  (English  Mid- 
lands) and  their  sizes  are  similar,  but  because  of 
geological,  morphological,  and  meteorological  ef- 
fects the  natural  flows  in  the  Derwent  are  double 
those  in  the  Tame.  However,  because  of  massive 
artificial  influences  in  the  Tame,  its  dry  weather 
flow  is  twice  that  of  the  Tame.  Without  a  residual 
flow  diagram  it  would  be  impossible  to  understand 
the  comparative  low-flow  hydrology  of  these 
rivers.  Analysis  of  time  series  at  Stoke-on-Trent 
demonstrate  that  the  disproportionate  influence  of 
changes  in  the  artificial  component  on  total  flow. 
Such  changes  are  pertinent  to  water  quality,  dilu- 
tion ratios,  and  licensed  abstractions  downstream. 
The  use  of  residual  flow  diagrams  by  water  au- 
thorities would  lead  to  improved  methods  of  flow 
estimation  on  unmonitored  reaches  and  sub-basins. 
(See  also  W9 1-06461)  (Rochester-PTT) 
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The  FREND  (Flow  Regimes  from  Experimental 
and  Network  Data)  project  has  developed  an  inter- 
national hydrological  data  base  by  collating  data 
from  over  2000  small  research  basins  and  national 
network  stations  from  northern  and  western 
Europe.  The  project  has  benefitted  both  from  inte- 
grating national  data  bases  and  from  the  experience 
of  using  analysis  techniques  from  a  number  of 
countries.  Studies  conducted  as  part  of  the 
FREND  project  include:  flood  studies,  low-flow 
studies,  research  basin  studies,  and  modeling 
human  influences.  These  studies  have  produced 
results  that  demonstrate  the  value  of  the  FREND 
project.  Recommendations  for  the  future  are  as 
follows:  employ  a  more  consistent  approach  to 
collecting,  processing,  and  analyzing  data  to 
achieve  the  full  potential  of  the  research;  initiatives 
aimed  at  improving  links  among  research  groups 
should  be  developed  and  extended;  the  full  poten- 
tial of  the  FREND  data  base  should  be  exploited 
by  implementing  the  second  phase  of  the  FREND 
project;  the  FREND  data  base  should  be  extended 
to  include  longer  time  series  and  a  consistent  set  of 
catchment  characteristics  across  the  study  area  to 
enable  regional  estimation  techniques  to  be  based 
on  a  coherent  data  set;  the  FREND  data  base 
should  be  used  in  further  studies  of  changes  in 
hydrologic  time  series,  monitoring  the  frequency 
of  extreme  events;  model  developments  using 
FREND  data  should  cover  a  wide  range  of  scales 
from  detailed  modeling  at  the  plot  scale  to  provid- 
ing hydrologic  input  to  general  circulation  models; 
and  the  feasibility  of  implementing  the  FREND 
program  in  a  different  climate  region  of  the  world 
should  be  considered.  (See  also  W91-06461)  (Roch- 
ester-PTT) 
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Groundwater  flow,  Urbanization,  Water  quality. 

Within  the  framework  of  the  International  Hydro- 
logical  Programme  (IHP)  of  UNESCO,  regional 
projects  with  an  objective  to  develop  and  consoli- 
date collaboration  in  research  on  hydrological  phe- 
nomena and  processes  in  different  natural  environ- 
ments of  neighboring  countries  are  considered  of 
special  importance.  The  national  committees  of  the 
IHP  in  central  and  eastern  Europe  put  forward  the 
idea  in  1968  of  devising  a  number  of  mutual  scien- 
tific research  topics  in  the  framework  of  regional 
cooperation.  The  regional  projects  were  per- 
formed in  seven  countries:  Bulgaria,  Czechoslova- 
kia, German  Democratic  Republic,  Hungary, 
Poland,  Romania,  and  the  Soviet  Union.  The  re- 
sults of  several  of  these  studies  that  might  be  of 
interest  for  phase  two  of  the  FREND  (Flow  Re- 
gimes from  Experimental  and  Network  Data) 
project  are  summarized  here.  The  projects  accom- 
plished are  as  follows:  underground  flow  for  the 
territory  of  central  and  eastern  Europe;  water  bal- 
ance maps  for  the  territory  of  central  and  eastern 
Europe;  international  manual  for  the  methods  of 
the  main  hydrological  characteristics  design;  and 
estimation  of  the  impact  of  reservoirs  on  flow 
regime  and  water  quality.  Projects  currently  under 
way  include:  assessment  of  the  effect  of  urbaniza- 
tion on  the  hydrological  system  and  water  quality; 
improvements  of  the  methods  for  land  evaporation 
estimation;  methodological  research  in  experimen- 
tal basins;  and  influence  of  acid  rainfall  on  water 
quality.  (See  also  W9 1-06461)  (Rochester-PTT) 
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The  prediction  of  floods  on  ungaged  catchments 
implies  that  a  mathematical  model  use  only  clima- 
tological  and  simple  and  available  physical  param- 
eters over  the  area  studied.  However,  the  model 
can  be  applied  on  well-known  drainage  basins  by 
using  a  measurement  system.  This  is  one  of  the 
principal  purposes  of  representative  and  experi- 
mental basins  (REBs).  A  study  was  conducted 
using  observations  made  in  the  drainage  basins  of 
the  Real  Collobrier  REB  in  southern  France  (10 
water  level  recorders  and  28  rain  recorders  over  an 
area  of  100  sq  km).  A  simple  flood  model  was 
employed  in  which  the  production  function  has  a 
single  J  parameter  (potential  interception  of  the 
drainage  basin  in  mm).  Floods  were  reconstructed 
using  a  triangular  unit  hydrograph.  Four  drainage 
basins  were  studied.  The  comparative  results  of  the 
present  study  showed  that  the  J  production  param- 
eter varies  from  one  drainage  basin  to  another. 
Variation  of  J  over  time  could  not  be  explained 
deterministically.  A  seasonal  probabilistic  model 
was  developed  that  makes  it  possible  to  study 
floods  of  long  return  period.  (See  also  W91-06461) 
(Rochester-PTT) 
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In  the  last  5-6  yr,  the  Hydrology  Department  of 
the  Norwegian  Water  Resources  and  Energy  Ad- 
ministration has  executed  flood  calculations  for  60 
areas  involving  more  than  100  dams.  In  calcula- 
tions of  water  levels  and  discharges  that  form  the 
basis  for  the  design  of  spillways  and  outlet  works, 
the  design  inflow  flood  is  used  (defined  as  the 
inflow  flood  occurring  at  a  return  period  of  1000 
yr,  Q1000).  For  calculations  to  check  the  safety  of 
a  dam  against  failure,  the  probable  maximum  flood 
(PMF)  is  used.  This  is  the  greatest  inflow  flood 
that  can  occur  from  a  catchment  and  cannot  be 
related  to  a  fixed  return  period.  It  is  based  on  the 
most  unfavorable  combination  of  meteorological 
and  hydrological  conditions  possible.  Usually  the 
year  is  divided  into  two  flood  seasons  to  provide 
homogeneous  data  for  statistical  analysis.  Floods  in 
spring  and  early  summer  are  caused  by  snow  melt, 
whereas  autumn  floods  are  caused  mainly  by  pre- 
cipitation alone.  The  values  of  Q 1000  inflow  flood, 
specific  daily  mean,  range  from  approximately  400 
L/sec  per  sq  km  in  the  most  southeastern  part  of 
Norway  to  3000  L/sec  per  sq  km  in  some  small 
catchments  close  to  the  southwestern  coast.  The 
ratio  of  PMF/Q1000  is  mostly  in  the  interval  1.7- 
2.2,  giving  PMF  inflow  flood  values  that  range 
from  around  800  to  almost  5000  L/sec  per  sq  km. 
(See  also  W9 1-06461)  (Rochester-PTT) 
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In  Finland  a  graphical  method  has  been  used  to 
study  average  return  periods  of  extreme  discharges 
as  well  as  the  magnitudes  of  rare  discharges.  The 
present  study  sought  to  determine  whether  it  was 
possible  to  use  a  probability  distribution  and  the 
general  frequency  equation  to  achieve  more  accu- 
rate results  for  rarely  occurring  discharges  or  to 
estimate  an  average  return  period  for  a  known 
discharge.  Data  were  collected  for  maximum 
annual  discharges  (38  sites)  and  for  minimum 
annual  discharges  (37  sites)  in  Finland;  many  sites 
were  the  same  for  both  observation  series.  The 
probability  distributions  applied  to  the  annual  ex- 
tremes were  the  Gumbel  distribution  (Fisher-Tip- 
pett  I),  the  two-parameter  lognormal  distribution, 
and  the  two-parameter  gamma  distribution.  The 
unknown  parameters  of  the  distribution  were  esti- 
mated by  the  method  of  moments  and  the  method 
of  maximum  likelihood.  The  fit  of  the  distributions 
was  tested  using  the  Kolmogorov-Smirnov  test. 
The  results  showed  that  the  distributions  fitted  at 
the  95%  confidence  level.  When  the  standard  fre- 
quency distribution  was  used  and  the  95%  confi- 
dence limits  were  defined,  it  showed  that  the 
Gumbel  distribution  gave  greater  floods  than  the 
lognormal  and  gamma  distributions  and  smaller 
low  flows  than  the  two  others.  The  estimates  cal- 
culated using  the  lognormal  and  gamma  distribu- 
tions were  close  to  each  other.  In  general,  it  was 
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concluded  that  the  distributions  fit  better  to  floods 
than  to  low  flows.  (See  also  W9 1-06461)  (Roches- 
ter-PTT) 
W9 1-06504 


LOW  FLOW  ANALYSIS. 

Norges  Vassdrags-  og  Elektrisitetsvesen,  Oslo.  Hy- 

drological  Div. 

B.  Krokli. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  443-451,  7  fig, 

4  ref. 

Descriptors:  'Data  analysis,  'Hydrologic  data, 
•Low  flow,  'Model  studies,  'Norway,  'Stream- 
flow,  'Streamflow  forecasting,  Mathematical  equa- 
tions, Regional  analysis,  Regression  analysis, 
Runoff,  Seasonal  distribution,  Time  series  analysis, 
Ungaged  basins. 

To  meet  a  growing  demand  for  low  flow  data  for 
ungaged  sites,  frequency  and  regression  analyses 
were  conducted  using  data  from  172  stations  in 
Norway,  135  of  which  had  record  lengths  exceed- 
ing 30  yr.  The  annual  minimum  series  were  split 
into  two  populations,  thus  giving  separate  sets  of 
equations  for  summer  and  winter  seasons.  Extreme 
value  analysis  was  conducted  to  compute  the  mean 
annual  D  day  minimum  and  the  annual  D  day 
minimum  of  10  yr  return  period,  where  D  =  7,  30, 
and  60  days.  To  make  stipulations  possible  in  un- 
gaged catchments,  attempts  were  made  to  relate 
mean  annual  minimum  discharge,  7-day  average 
(i.e.,  MAM(7))  to  physiographic  parameters  and  to 
mean  annual  specific  runoff  for  the  period  1930- 
1960.  To  obtain  homogeneous  regions,  different 
combinations  of  the  1 1  hydrological  administrative 
regions  of  Norway  and  different  hydrological  re- 
gimes were  tried.  Multiple  regression  analysis  was 
conducted  using  both  untransformed  data  and  lo- 
garithmically transformed  data  for  absolute  values 
(cu  m/sec)  and  specific  runoff  (L/sec  per  sq  km). 
Testing  the  regression  equations  on  data  for  sta- 
tions not  in  the  analysis  showed  that  the  data  set  of 
logarithmically  transformed  data  was  clearly  supe- 
rior. Summer  equations  did  not  differ  between 
regions  1,  2,  3,  and  6,  7.  Differences  were  apparent 
for  the  other  regions.  The  winter  equations  for  all 
regions  were  not  significantly  different  from  each 
other.  (See  also  W9 1-06461)  (Rochester-PTT) 
W9 1-06505 


REGIONAL  HYDROLOGY:  APPLICATIONS 
OF  INFORMATION  TECHNOLOGY. 

Oslo  Univ.  (Norway).  Dept.  of  Geography. 

B.  Erichsen. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  479-481,  1  fig, 

6  ref. 

Descriptors:  'Data  acquisition,  'Data  analysis, 
•Hydrologic  budget,  'Hydrologic  data,  'Hydro- 
logic  models,  'Model  studies,  'Norway,  'Regional 
analysis,  'Streamflow  forecasting,  Cooperation, 
Data  processing,  Drought,  Floods,  Snowmelt. 

A  project  was  conducted  based  on  cooperation 
between  the  University  of  Oslo,  the  Norwegian 
Water  Resources  and  Energy  Administration,  and 
the  Norwegian  Meteorological  Institute.  The  in- 
tention of  the  project  was  to  investigate  and  devel- 
op methods  for  application  of  the  steadily  increas- 
ing volume  of  hydrologically  relevant  data  avail- 
able in  digital  form.  Work  so  far  has  concentrated 
on  developing  an  informative  data  base  and  investi- 
gation of  the  use  of  maps  and  video  presentation  to 
illustrate  the  regional  variation  in  time  series.  Re- 
gional development  of  droughts  and  floods  in 
Norway  and  snowmelt  process  development  in 
major  rivers  were  the  fust  topics  studied.  The 
work  with  regional  floods  and  droughts  was  the 
first  attempt  at  interpolation  from  point  values  to 
area]  values  done  for  southern  Norway.  An  inverse 
distance  weighting  procedure  was  used.  The  result 
is  satisfying  so  far,  considering  the  simple  method. 
A  simple  distributed  model  has  been  developed  for 
snow  melting  in  a  larger  catchment.  The  raster 
format  was  chosen  because  data  storage  and  access 
are  easier  than  with  the  vector  format.  The  accura- 


cy is  highly  dependent  on  grid  resolution,  which  in 
this  case  was  1  sq  km.  The  development  of  meth- 
ods to  transform  scales  without  losing  essential 
information  is  of  great  importance.  (See  also  W91- 
06461)  (Rochester-PTT) 
W9 1-06508 


TIME-LAPSE  STREAMFLOW  OVER  NORTH 
AMERICA. 

Time-Lapse  Systems,  Inc.,  Seattle,  WA. 

W.  Tangborn. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  483-491,  2  fig, 

4  ref. 

Descriptors:  'Canada,  'Data  analysis,  'Hydrologic 
data,  'Model  studies,  'Streamflow,  'Streamflow 
forecasting,  'Time-lapse  mapping,  'United  States, 
Alaska,  Computer  programs,  Graphical  analysis, 
Long-term  studies,  Maps,  Runoff,  video. 

A  time-lapse  sequence  of  mapped  daily  streamflow 
over  48  adjacent  United  States,  Alaska,  and  south- 
ern and  western  Canada  has  been  developed  on 
video  tape.  Records  of  mean  daily  stream  dis- 
charge for  the  1930  through  1988  period  were 
used.  Maps  of  daily  streamflow  were  generated 
using  235  subregions  defined  by  the  United  States 
Geological  Survey's  standard  hydrologic  map 
series  and  the  Canadian  Department  of  Energy  and 
Mines  Drainage  Index  map  series.  Each  subregion 
was  represented  by  a  gaged  drainage  basin,  so  that 
the  daily  mean  discharge  observed  at  a  gaging 
station  was  assumed  to  have  the  same  unit  flow 
over  the  entire  subregion.  The  AutoCAD  graphics 
software  package  was  used  to  generate  the  subre- 
gion base  map.  The  map  generated  for  each  day 
was  in  13  colors,  varying  from  dark  blue  for  high 
flows  to  dark  red  for  low  flows.  In  addition  to 
condensing  years  of  data  into  a  short  visual  experi- 
ence, the  time-lapse  approach  provides  clues  about 
subtle  weather-related  patterns.  The  database  used 
to  generate  the  time-lapse  pictures  is  ideal  for 
further  analysis  of  phenomena  depicted  on  the 
videotape.  The  data  can  be  manipulated  on  the 
computer  screen  to  generate  composite  maps  to 
show,  for  example,  changes  in  streamflow  over 
time,  drought-prone  regions,  absolute  runoff,  and 
various  statistical  determinations  such  as  mean 
annual  and  mean  monthly  runoff.  (See  also  W91- 
06461)  (Author's  abstract) 
W9 1-06509 


RUNOFF    AND    EROSION    IN    CLEARINGS 

FOLLOWING    CUTTING    OF    THE    HUMID 

TROPICAL     FOREST     (ECOULEMENTS     ET 

EROSION  SOUS  PRAIRIES   ARTIFICIELLES 

APRES  DEFRICHEMENT  DE  LA  FORET  TRO- 

PICALE  HUMIDE). 

Office  de  la  Recherche  Scientifique  et  Technique 

Outre-Mer,  Cayenne  (French  Guiana). 

For  primary  bibliographic  entry  see  Field  4C 

W9 1-06521 


FROM    THE   PLOT   TO   THE   WATERSHED: 

SCALE     EFFECT     IN     THE     AMAZONIAN 

FOREST  ECOSYSTEM  (DE  LA  PARCELLE  AU 

PETIT  BASSIN-VERSANT:  EFFET  D'ECHELLE 

DANS    L'ECOSYSTEME    FORESTIER    AMA- 

ZONIEN). 

Office  de  la  Recherche  Scientifique  et  Technique 

Outre-Mer,  Cayenne  (French  Guiana). 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-06522 


INFILTRATION  AND  REDISTRIBUTION  OF 
OVERLAND  FLOW  AND  SEDIMENT  ON  A 
LOW  RELIEF  LANDSCAPE  OF  SEMI-ARID, 
TROPICAL  QUEENSLAND. 

James  Cook  Univ.  of  North  Queensland,  Towns- 
ville  (Australia).  Dept.  of  Geography. 
M.  Bonell,  and  J.  Williams. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  199-21 1,  2  fig,  2  tab,  27  ref. 

Descriptors:  'Australia,  'Forest  hydrology, 
•Overland    flow,    'Runoff,    'Sediment    transport, 


•Semiarid  lands,  Forest  fires,  Infiltration,  Rainfall- 
runoff  relationships,  Runoff  volume,  Slopes,  Soil 
erosion,  Storm  runoff. 

There  is  a  dearth  of  knowledge  concerning  the 
runoff  and  erosion  processes  in  the  eucalypt  wood- 
land communities  which  occupy  the  smooth  plains 
of  tropical,  semiarid  Australia.  Furthermore,  the 
effect  of  fire  has  virtually  been  neglected.  The 
processes  of  overland  flow  and  sediment  transfer 
under  natural  rainfall  were  examined  for  a  sloping 
area  of  open  eucalypt  woodland  in  Queensland, 
using  a  cascade  system  of  five  troughs,  10  m  long, 
offset  at  25-m  intervals.  RunofT-runon,  infiltration, 
and  sediment  flux  were  calculated  from  simple 
equations.  It  was  found  that  the  variability  of 
runoff-runon  over  these  low  relief  landscapes  dem- 
onstrates the  value  of  a  cascade  system  of  un- 
bounded collection  troughs.  Only  small  amounts  of 
rain  at  10  mm/h  or  greater  are  required  for  pond- 
ing and  the  initiation  of  overland  flow,  most  of  it  is 
redistributed  and  subsequently  infiltrates  as  a  con- 
sequence of  the  short  duration  of  storms,  the  low 
slope  angle,  and  the  relatively  high  field  saturated 
hydraulic  conductivity  of  the  soil  between  the 
scattered  herbaceous  groundcover.  The  spatial  het- 
erogeneity of  surface  soil  hydraulic  properties 
causes  some  sections  of  the  slope  to  export  runoff 
and  sediment  while  other  sections  accept  water 
and  sediment  as  runon  and  sediment,  allowing  a 
continuous  relationship  between  deposition  and 
runon  to  be  established.  The  net  loss  from  the  slope 
under  the  present  land  use  is  small  and,  from  the 
event  sequence  studied  for  two  years,  was  not 
significantly  altered  by  fire,  although  sediment 
movement  was  increased  following  fire.  (See  also 
W91-06510)(Fish-PTT) 
W91-06529 


GEOMORPHIC  AND  VEGETATIVE  RECOV- 
ERY PROCESSES  ALONG  MODIFIED  TEN- 
NESSEE STREAMS:  AN  INTERDISCIPLINARY 
APPROACH  TO  DISTURBED  FLUVIAL  SYS- 
TEMS. 

Geological  Survey,  Nashville,  TN. 
For  primary  bibliographic  entry  see  Field  4A. 
W9 1-06534 


WATER     RELEASE     FROM     A     FORESTED 
SNOWPACK  DURING  RAINFALL. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Berkeley,  CA.  Snow  Hydrology  Project. 
For  primary  bibliographic  entry  see  Field  2C. 
W9 1-06535 


EFFECTS  OF  FORESTS  ON  WETLAND 
RUNOFF  DURING  SPRING. 

McMaster  Univ.,  Hamilton  (Ontario).  Dept.  of  Ge- 
ography. 

M.-K.  Woo,  and  R.  Heron. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  297-307,  5  fig,  10  ref. 

Descriptors:  'Forest  hydrology,  'Runoff,  'Snow 
cover,  'Vegetation  effects,  'Wetlands,  Canada, 
Forest  watersheds,  Frost,  Groundwater  runoff, 
Ontario,  Rainfall-runoff  relationships,  Snow  accu- 
mulation, Snowdrift,  Snowmelt,  Solar  radiation. 
Subarctic  zone,  Surface  runoff. 

Forested  wetlands  occur  extensively  in  many  su- 
barctic regions  of  the  world.  The  hydrological 
characteristics  of  wetlands  are  responsible  for  the 
development  paths  of  the  forested  belts  to  varying 
extent;  but  the  presence  of  a  forest  also  affects  the 
hydrology  of  the  existing  wetlands.  The  influence 
of  the  forested  belts  upon  the  runoff  pattern  of  a 
subarctic  wetland  was  examined  by  measuring 
snow  accumulation,  radiation,  snowmelt,  and 
ground  frost  in  a  forested  wetland  in  northern 
Ontario,  Canada,  in  1985  before,  during,  and  after 
the  snowmelt  season.  During  winter,  the  forest 
edges  accumulated  much  drifting  snow  (1.2 
maximum),  providing  melt  water  to  the  open  vet- 
lands  in  spring.  Short-wave  radiation  varied  from 
250-700  W/sq  m,  depending  on  cloud  cover;  the 
presence  of  a  forest  reduces  the  incident  short- 
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wave  radiation,  particularly  during  the  clear  days. 
The  melt  rates  for  the  bog  and  shrub  areas  exceed- 
ed those  for  the  forests.  Lower  energy  input  and  a 
longer  duration  of  snow  cover  prolonged  the  dura- 
tion of  ground  frost  in  the  forest  for  at  least  three 
weeks  longer  than  at  the  open  site.  Three  types  of 
runoff  can  be  distinguished  in  the  forested  wetland 
areas:  overland  flow,  channelled  flow,  and  subsur- 
face flow.  Runoff  mode,  direction,  and  magnitude 
are  controlled  by  the  spatial  and  temporal  vari- 
ations of  the  water  supply  and  the  thickness  and 
duration  of  ground  frost.  Since  the  forests  occur  on 
higher  ground,  they  often  produced  groundwater 
mounds  that  deflected  the  paths  of  flow  in  the 
wetlands.  Surface  flow  peaked  in  early  spring  but 
as  meltwater  supply  diminished  and  as  ground 
frost  disappeared,  groundwater  flow  prevailed  in 
summer.  (See  also  W91-06510)  (Fish-PTT) 
W91-06538 


STREAMFLOW  CHARACTERISTICS  OF  TWO 
SMALL,  STEEP  AND  FORESTED  WATER- 
SHEDS IN  HIGH  ELEVATION  AREAS  OF 
CENTRAL  TAIWAN. 

British  Columbia  Ministry  of  Forests,  Kamloops. 

Hydrology  Research  Section. 

For  primary  bibliographic  entry  see  Field  4C. 

W91-06557 


CHANGES  IN  STREAMFLOW  PEAKS  FOL- 
LOWING TIMBER  HARVEST  OF  A  COASTAL 
BRITISH  COLUMBIA  WATERSHED. 

British  Columbia  Univ.,  Vancouver.   Faculty  of 

Forestry. 

For  primary  bibliographic  entry  see  Field  4C. 

W91-06558 


RUNOFF  FORMATION  CONCEPT  TO  MODEL 
WATER  PATHWAYS  IN  FORESTED  BASINS. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 
Inst,  fuer  Geographic 

A.  Herrmann,  J.  Koll,  M.  Schoniger,  and  W. 
Stichler. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  519-529,  4  fig,  31  ref. 

Descriptors:  *Forest  hydrology,  'Forest  water- 
sheds, 'Hydrologic  models,  *Model  studies,  *Sur- 
face-groundwater  relations,  ^Watershed  manage- 
ment, Flood  hydrogTaphs,  Germany,  Groundwater 
movement,  Hydraulic  properties,  Hydrography, 
Porous  media,  Soil  water,  Surface  flow. 

Making  process-near  hydrograph  simulation  and 
forecast  models  available  depends  on  substantial 
conceptual  innovation.  Starting  from  common 
model  concepts,  ideas  are  being  developed  as  to 
runoff  formation  by  using  the  Lange  Bramke 
basin/Harz  Mts.  in  Germany  (0.76  sq  km,  543-700 
m  above  mean  sealevel,  90%  forested)  as  an  exam- 
ple. These  ideas  are  mainly  based  on  the  experi- 
mental results  from  isotopical  hydrograph  separa- 
tion, sprinkling,  and  groundwater  table  monitoring. 
Evidence  was  seen  of  spontaneous  hydraulic  re- 
sponse of  fractured  rock  and  porous  aquifers  caus- 
ing important  exfiltration  to  streams,  and  of  effi- 
cient macropore  systems  in  the  unsaturated  soil 
zone  which  guarantee  rapid  compensation  of 
groundwater  losses.  It  may  be  concluded  from 
these  observations  that  the  old  concept  of  surface 
flow  mostly  generating  flood  hydrographs  must  be 
revised.  Future  tasks  concern  regional  diversifica- 
tion of  experiments,  mapping  of  variable  subsur- 
face source  areas  (aquifers),  and  numerical  model 
treatment  of  relevant  hydrologic  and  hydraulic 
parameters.  (See  also  W91-06510)  (Author's  ab- 
stract) 
W91-06559 


EFFECT  OF  CLEARCUTTTNG  ON  STREAM- 
FLOW  GENERATING  PROCESSES  FROM  A 
SUBALPINE  FOREST  SLOPE. 

Forest  Service,  Fort  Collins,  CO. 

For  primary  bibliographic  entry  see  Field  4C. 

W9 1-06562 


EFFECT  OF  ASPEN  HARVEST  AND  GROWTH 
ON  WATER  YIELD  IN  MINNESOTA. 

North  Central  Forest  Experiment  Station,  Grand 
Rapids,  MN.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06563 


EFFECTS  OF  WHOLE-TREE  CLEARCUTTING 
ON  STREAMFLOW  CAN  BE  ADEQUATELY 
ESTIMATED  BY  SIMULATION. 

Northeastern  Forest  Experiment  Station,  Durham, 
NH.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06564 


SIMULATION  OF  EFFECTS  OF  FOREST 
GROWTH  ON  WATER  YIELD  WITH  A  DY- 
NAMIC PROCESS-BASED  USER  MODEL. 

Natal    Univ.,    Pietermaritzburg    (South    Africa). 

Dept.  of  Agricultural  Engineering. 

For  primary  bibliographic  entry  see  Field  4C. 

W91-06565 


EXTRAPOLATION  OF  RESEARCH  RESULTS 
BY  DETERMINISTIC  MODELS. 

Warsaw  Univ.   (Poland).   Faculty  of  Geography 
and  Regional  Studies. 

For  primary  bibliographic  entry  see  Field  2A. 
W9 1-06566 


SIMULATION  OF  WATER  FLOW  AND  SOIL 
EROSION  PROCESSES  WITH  A  DISTRIBUT- 
ED PHYSICALLY-BASED  MODELLING 
SYSTEM. 

Danish  Inst,  of  Applied  Hydraulics,  Hoersholm. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06567 


ANALYSIS  OF  STORMFLOW  AND  ITS 
SOURCE  AREA  EXPANSION  THROUGH  A 
SIMPLE  KINEMATIC  WAVE  EQUATION. 

Forest  and  Forest  Products  Research  Inst.,  Kyoto 
(Japan).  Kansai  Branch. 
M.  Tani,  and  T.  Abe. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  609-615,  5  fig,  9  ref. 

Descriptors:  *Forest  hydrology,  'Forest  soils, 
•Hydrologic  models,  'Kinematic  wave  theory, 
•Rainfall-runoff  relationships,  *Storm  runoff, 
Channel  flow,  Japan,  Mannings  equation,  Moun- 
tains, Simulation  analysis,  Slopes,  Soil  moisture 
deficiency,  Soil  water. 

In  humid,  well-vegetated  regions,  the  usual  range 
of  rainfall  intensity  is  smaller  than  that  of  the 
saturated  conductivity  of  the  forest  floor,  and  all 
rain  falling  onto  unsaturated  areas  must  enter  the 
soil.  Stormflow  passes  through  complicated  path- 
ways including  the  ground  surface,  the  soil  matrix, 
and  macropores  within  the  soil.  Analyzing  the 
responses  of  storm  runoff  to  rainfall  may  show  the 
characteristics  of  the  complex  flow.  Characteristics 
of  stormflow  and  its  source  area  expansion  in  a 
mountainous  basin  were  considered  by  analyzing 
responses  of  stormflow  to  rainfall,  using  a  simple 
kinematic  wave  equation.  Hydrographs  for  various 
storms  observed  in  an  experimental  basin  (17.3  ha) 
in  Japan  were  well  simulated  through  the  analysis. 
It  was  found  that  the  stormflow  had  more  intense 
nonlinearity  than  that  derived  from  the  Manning 
formula,  and  that  the  source  of  the  stormflow 
originated  from  the  channel  area  and  expanded 
upslope  as  rainfall  increased.  The  expansion  was 
generated  by  the  distribution  of  threshold  soil 
water  deficit,  which  should  also  be  reduced  by  the 
soil  water  movement  after  rainfall  ceased.  The 
shrinkage  process  of  the  source  area  after  a  storm 
needs  further  study.  (See  also  W9 1-065 10)  (Fish- 
PTT) 
W9 1-06568 


CONTRIBUTION  OF  BEDROCK  GROUND- 
WATER FLOW  TO  STORM  RUNOFF  AND 
HIGH  PORE  PRESSURE  DEVELOPMENT  IN 
HOLLOWS. 


California  Univ.,  Berkeley.  Dept.  of  Geology  and 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06575 


HYDROGEOMORPHOLOGICAL  CHARAC- 
TERISTICS OF  A  ZERO-ORDER  BASIN. 

Tokyo  Univ.  of  Agriculture  and  Technology 
(Japan).  Dept.  of  Forestry. 
Y.  Tsukamoto,  and  H.  Minematsu. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  61-70.  7  fig,  1  tab,  10  ref. 

Descriptors:  'Erosion,  •Geohydrology,  •Geomor- 
phology,  •Rainfall-runoff  relationships,  *Slope  sta- 
bility, *Soil  properties,  *Weathering,  Colluvial 
soils,  Groundwater  movement,  Landslides,  Mass 
wasting,  Overland  flow,  Permeability,  Saturated 
flow,  Storm  runoff,  Storms. 

A  zero-order  basin  is  a  slope  unit  characterized  by 
frequent  discharge  of  weathered  materials.  The 
topographical  development  of  a  zero-order  basin  is 
described  by  the  relationship  between  slope  types, 
soil  properties,  mass  slides,  storm  runoff  processes 
and  the  occurrence  of  saturated  overland  flow. 
The  depth  of  the  subsurface  flow  in  a  slope  is  a 
determining  factor  in  the  development  of  topogra- 
phy of  a  zero-order  basin.  An  important  result  is 
that  the  variable  source  area  is  predominant  in  low 
relief  mountains  and  liquefaction  of  colluvial  de- 
posits is  predominant  in  high  relief  mountains.  Fre- 
quent occurrence  of  widespread  expansion  of  satu- 
rated overland  flow  area  in  a  hollow  requires  bed 
materials  under  the  surface  soil  composed  of  im- 
permeable, clay  rich  materials  or  impermeable 
rocks;  ground  water  levels  high  enough  to  gener- 
ate saturated  overland  flow  in  small  storms;  and, 
hollows  with  gentle  gradients  and  wide,  flat  bot- 
toms. (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06576 


TOMBI  LANDSLIDE  AND  ITS  IMPACT  ON 
THE  JOGAN JI  RJVER,  JAPAN. 

Chuo  Univ.,  Tokyo  (Japan).  Inst,  of  Geosciences. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06584 


FORESTED  BLOCK  SLIDES  IN  THE  LOWER 
REDWOOD  CREEK  BASIN,  NORTHWEST 
CALIFORNIA. 

Redwood  National  Park,  Orick,  CA. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-065  89 


LARGE-SCALE  DEBRIS  AVALANCHE  AS  AN 
EPISODE  IN  SLOPE-CHANNEL  PROCESSES. 

Kyoto   Univ.    (Japan).    Disaster    Prevention    Re- 
search Inst. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-06595 

EROSION    PROCESSES    AND    EFFECTS    OF 
DEBRIS  FLOW. 

Chengdu  Inst,  of  Geography  (China). 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06596 


MOBILISATION  OF  DEBRIS  FLOWS  FROM 
SHALLOW  SLIDES. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06597 


SOIL  LOSSES  AND  RUNOFF  RATES  FROM 
THE  FORESTED  WATERSHEDS  IN  KOREA. 

Seoul  National  Univ.  (Republic  of  Korea).  Dept. 
of  Forestry. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06603 
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Field  2— WATER  CYCLE 

Group  2E — Streamflow  and  Runoff 


SEDIMENT  YIELDS  AND  SURFACE  RUNOFF 
FROM  SIX  TYPES  OF  AGROFORESTRY  AT 
MAE-KLONG  WATERSHED  RESEARCH  STA- 
TION, KANCHANABURI,  THAILAND. 

Royal  Forest  Dept.,  Bangkok  (Thailand).  Water- 
shed Management  Div. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06605 


POST-FIRE  RESPONSE  OF  A  BOULDER-BED 
CHANNEL. 

Pacific  Southwest  Forest  and  Range  Experiment 

Station,  Riverside,  CA. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-06612 


RELATIONSHIPS  BETWEEN  CHANNEL 
MORPHOLOGY,  UNIT  STREAM  POWER, 
AND  SEDIMENT  ROUTING  AND  STORAGE 
IN  A  STEEP,  BEDROCK  CONTROLLED 
CHANNEL. 

California  Univ.,  Santa  Barbara.  Dept.  of  Geologi- 
cal Sciences. 

J.  L.  Florsheim,  and  E.  A.  Keller. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  279-280. 

Descriptors:  'California,  'Channel  morphology, 
•Channel  storage,  'Computer  modeling,  'Geomor- 
phology,  *Model  studies,  'Sediment  transport, 
Backwater,  Bedrock,  Channels,  Flow  rates,  Ripari- 
an waters,  Sedimentation,  Streams. 

A  study  was  conducted  to  obtain  a  better  under- 
standing of  the  basic  fluvial  processes  associated 
with  the  volumetric  and  areal  distribution  of  chan- 
nel deposits  in  steep,  bedrock  controlled  stream 
channels,  and  to  evaluate  the  effects  of  wildfire  on 
sediment  routing  in  the  chaparral  riparian  system. 
Relationships  between  channel  morphology, 
energy  slope,  unit  stream  power  distribution,  and 
sediment  storage  and  routing  over  a  spectrum  of 
low  to  high  magnitude  discharges  were  examined 
in  a  small,  2.14  sq  km,  drainage  basin  which  is  a 
tributary  of  Matilija  Creek  located  in  the  western 
Transverse  Ranges  north  of  Ventura,  California. 
Modeling  flow  events  utilizing  the  HEC-2  step 
backwater  computer  program  suggests:  (1)  energy 
gradients  at  all  flows  are  steep  through  bedrock 
construction;  (2)  energy  gradients  are  relatively 
gentle  upstream  of  constrictions  in  areas  affected 
by  backwater  flow  and  downstream  of  constric- 
tions where  channel  expansions  occur;  (3)  the 
length  of  channel  affected  by  backwater  flow  up- 
stream of  constrictions  is  less  at  low  discharge  than 
at  high  discharge;  (4)  peaks  in  unit  stream  power 
occur  in  bedrock  constrictions  while  minima  occur 
in  areas  affected  by  backwater  flow  and  in  channel 
expansions;  (5)  the  spatial  distribution  of  sediment 
deposition  during  a  low  magnitude  flow  is  greatly 
influenced  by  bedrock  controlled  channel  geome- 
try; and  (6)  although  the  distribution  of  unit  stream 
power  is  often  complex,  modeling  explains  the 
gross  location  of  sediment  deposits  and  thus,  rout- 
ing. (See  also  W9 1-06570)  (Brunone-PTT) 
W91-06613 


SEDIMENT  TRANSPORT  AND  DEPOSITION 
BY  FIRE-RELATED  DEBRIS  FLOWS  IN 
SOUTHERN  CALIFORNIA. 

California  Univ.,  Los  Angeles.  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-06615 


OVERVIEW:  CHANNEL  MORPHOLOGY  AND 
SEDIMENT  TRANSPORT  IN  STEEPLAND 
STREAMS. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Areata,  CA. 
T.  E.  Lisle. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  287-297.  55  ref. 

Descriptors:  'Channel  morphology,  'Channel 
scour.     'Geomorphology,     'Sediment     transport. 


'Streams,  Bed-load  discharge,  Braided  streams, 
Channel  storage,  Debris  flow,  Heterogeneity, 
Mathematical  models,  Meanders,  Model  studies, 
Particle  size,  Reservoirs,  Slopes. 

New  understanding  of  how  steepland  channels  are 
formed  is  being  pursued  over  a  large  range  of 
scales,  from  entrainment  of  bed  particles  to  the 
transfer  of  stored  sediment  down  channel  systems. 
Low  submergence  of  bed  particles  during  trans- 
port and  wide  heterogeneity  in  particle  sizes 
strongly  affect  bedload  transport.  At  the  scale  of  a 
reach,  scour-lobes  are  becoming  widely  recognized 
as  common  constructional  units  governing  behav- 
ior of  braided,  meandering,  and  pool-riffle  chan- 
nels. Channel  morphology  and  sediment  transport 
can  be  radically  altered  by  infrequent  debris  flows 
and  torrents,  however,  which  provide  a  common 
linkage  between  mass  movement  on  hillslopes  and 
sediment  transport  in  channels.  Because  of  the 
impracticality  of  monitoring  the  downstream 
progress  of  sediment  over  meaningful  periods, 
sediment  routing  is  best  approached  by  mathemati- 
cal models  that  incorporate  the  age  and  volume  of 
sediment  in  storage  reservoirs.  (See  also  W91- 
06570)  (Author's  abstract) 
W9 1-066 16 


INITIAL  MOTION  OF  COARSE  SEDIMENT  IN 
STREAMS  OF  HIGH  GRADIENT. 

Washington  Univ.,  Seattle.  Dept.  of  Geophysics. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-066 17 


CRITICAL  CONDITIONS  FOR  BED  MATERI- 
AL MOVEMENT  IN  STEEP,  BOULDER-BED 
STREAMS. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-066 18 


MODELLING    BED-LOAD    TRANSPORT    IN 
STEEP  MOUNTAIN  STREAMS. 

Ministry  of  Works  and  Development,  Lower  Hutt 
(New  Zealand).  Central  Labs. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-066 19 


NEW  MODELS  OF  HYDROLOGICAL  AND 
STREAM  CHANNEL  RELATIONSHIPS. 

Washington  State  Univ.,  Pullman. 
J.  F.  Orsborn,  and  J.  M.  Stypula. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  375-384.  3  fig,  4  tab,  12  ref. 

Descriptors:  'Channel  morphology,  'Hydraulic 
models,  'Hydrological  models,  'Model  studies, 
•Oregon,  Aquatic  habitats,  Ecosystems,  Flow 
rates.  Model  testing,  Resource  management, 
Streamflow. 

A  study  was  conducted  to  develop  a  basis  for  the 
interrelationships  among  the  geometric  character- 
istics of  stream  channels  and  streamflow  from 
which  the  natural  or  modified  state  of  streams 
could  be  determined.  A  series  of  ten  model  and 
thru  test  stream  gaging  stations  in  the  mid-coast 
region  of  Oregon  were  selected  for  investigation. 
Relationships  used  to  hydrologically,  hydraulically 
and  geometrically  characterize  streams  include:  (1) 
at-a-station  hydraulic  geometry,  (2)  regional  hy- 
draulic geometry,  and  (3)  a  new  expression  for 
relating  channel  boundary  shear  to  channel  shape. 
A  regional  hydraulic  geometry  model  was  devel- 
oped for  basins  in  the  mid-coast  region  of  Oregon. 
The  regional  model  was  integrated  into  the  new 
expression  for  channel  shear  and  shape.  The  di- 
mensionless  shear-shape  relationship  expresses  the 
stream  channel  width-to-depth  ratio  as  a  function 
of  the  wetted  perimeter  and  the  flow  area.  Esti- 
mates of  widths,  depths  and  velocities  for  average 
annual  flows  compare  favorably  with  actual 
values.  Possible  applications  of  these  new  models 
include  on-site  flow  estimation,  fish  habitat  estima- 
tion, regional  hydrological  models,  and  a  sequence 
of  hydrological,  hydraulic  and  fisheries  habitat 
models.  (See  also  W9 1-06570)  (Brunone-PTT) 


W9 1-06624 


HYDRAULICS   AND  TRANSPORT  AT   HIGH 
FINE  SEDIMENT  LOADS. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06625 


INCISED  CHANNEL  AND  TERRACE  FORMA- 
TION NEAR  MOUNT  ST.  HELENS,  WASHING- 
TON. 

Eton  Coll.,  Windsor  (England).  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06627 


PREDICTING  CHANNEL  RESPONSES  TO 
CHANGING  FLOW  REGIMES:  BEAVER 
CREEK,  ALASKA. 

Bureau   of  Land   Management,    Lakewood,   CO. 
Denver  Service  Center. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06629 


LICHENOMETRIC     DATING     APPLIED     TO 
FLOOD  DEPOSITS. 

Freshwater    Biological     Association,     Ambleside 

(England). 

For  primary  bibliographic  entry  see  Field  7C. 

W9 1-06630 


HYDROLOGICAL  REGIME  AND  FLUVIAL 
PROCESSES  IN  BASALTIC  MOUNTAINOUS 
AREAS. 

Haifa  Univ.  (Israel).  Dept.  of  Geography. 
M.  Inbar. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  399. 

Descriptors:  'Channel  erosion,  'Erosion,  'Fluvial 
sediments,  'Hydrological  regime,  'Israel,  'Moun- 
tain streams,  Bed  load,  Climates,  Floods,  Golan 
Heights,  Particle  size,  Rainfall,  Rainfall-runoff  re- 
lationships, Runoff,  Sediment  yield,  Sedimentation, 
Suspended  sediments. 

Basalt  plains  composed  of  thick  columnar  jointed 
flows  are  characterized  by  deep  incised  channels 
into  these  wide  plateaus.  Fluvial  processes  are 
mainly  determined  by  lithological  factors.  The 
studied  area  included  five  major  basins  in  the 
Golan  Heights.  Elevations  range  from  200  m 
below  to  over  1000  m  above  sea  level  but  despite 
this  range  the  physiography  is  quite  homogenous. 
Rainfall  is  of  a  Mediterranean  type,  ranging  from 
400  to  900  mm  per  year.  Hydrological  data  were 
obtained  from  8  hydrometric  recording  stations. 
Suspended  sediment  was  collected  during  flood 
events.  Bedload  transport  was  measured  by  sedi- 
ment types.  Runoff  follows  rainfall  events  in  the 
rainy  period.  For  most  of  the  streams,  storm  runoff 
accounts  for  more  than  three-quarters  of  total 
runoff.  Runoff  starts  after  200  mm  of  rainfall;  the 
runoff/rainfall  ratio  is  in  the  order  of  30  to  50% 
and  the  mean  yearly  value  is  only  about  10  to  20%. 
Peak  floods  are  above  100  cu  m/sec  in  the  lower 
reaches.  Suspended  sediment  yield  is  low.  Bedload 
material  is  coarse  and  composed  mainly  of  pebbles 
and  boulders,  with  a  unimodal  sediment  size  distri- 
bution that  reflects  uniform  energy  conditions 
during  sedimentation.  In  the  lower  part  of  the 
basins,  channels  are  characterized  by  braided  depo- 
sitional  systems,  with  very  coarse  bedloads,  which 
act  as  cohesive  material  under  most  flow  condi- 
tions. (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06632 


DISCHARGE  AND  SUSPENDED  SEDIMENT 
OF  THE  UPPER  NAN  RIVER,  NAN  PROV- 
INCE, THAILAND. 

Royal  Forest  Dept.,  Bangkok  (Thailand).  Water- 
shed Management  Div. 
For  primary  bibliographic  entry  see  Field  2J. 
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W9 1-06633 

SLACKWATER  HABITAT  IN  TORRENT-IM- 
PACTED STREAMS. 

Oregon  State  Univ.,  Corvallis.   Dept.   of  Forest 
Engineering. 
P.  R.  Kaufmann. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  407-408.  1  fig,  2  ref. 

Descriptors:  'Aquatic  habitats,  'Channel  morphol- 
ogy, 'Detritus,  'Flooding,  'Mathematical  models, 
•Model  studies,  'Oregon,  'Scour,  'Slackwaters, 
•Streams,  'Torrents,  Backwater,  Channel  storage, 
Correlation  analysis,  Darcy-Weisbach  equation. 
Flow  rates,  Sedimentation,  Thalweg. 

Debris  floods  and  torrents  can  greatly  alter  the 
channels  of  small  streams  in  the  Oregon  Coast 
Range,  causing  both  increases  and  decreases  in  the 
amount  and  size  of  pools  and  other  slackwater 
features  important  for  fish  habitats.  Fourteen  100 
m  reaches  in  three  streams  were  selected  to  encom- 
pass the  variability  in  channel  conditions  observed 
during  recovery  following  torrent  scour  or  deposi- 
tion. Residual  pool  vertical  profile  area  was  calcu- 
lated as  an  index  of  pool  volume  from  longitudinal 
profiles  of  channel  thalweg  bottom  elevation  meas- 
ured in  1985.  Dye  tracers  were  used  to  obtain 
corresponding  data  on  hydraulic  transit  time  and 
dispersion.  Transient  storage  volume  fraction  esti- 
mates were  calculated  from  concentration-time 
data  using  a  transient  storage  model.  Dead  zone 
fraction  ranged  from  0.3  to  0.6,  corresponding 
with  residual  pool  volume  (r  =  0.94)  and  SDD, 
the  standard  deviation  of  thalweg  depth  (r  =  0.95). 
Darcy-Weisbach  friction  factors  (f)  ranging  from  2 
to  90  were  highly  correlated  with  SDD  within 
restricted  ranges  of  discharge  (r  =  0.95  to  0.98). 
Regressions  of  f  versus  SDD  showed  more  scatter 
when  combined  over  a  wider  range  of  discharge. 
The  large  pool  and  dead  zone  volumes  in  several 
reaches  were  primarily  associated  with  woody 
debris.  Among  the  three  study  streams,  the  great- 
est total  pool  volume,  dead  zone  fraction,  and 
channel  complexity  occurred  in  torrent  deposit 
reaches  of  Cape  Creek,  representing  an  intermedi- 
ate torrent  recovery  stage.  Debris  flood  and  tor- 
rent scouring,  therefore,  appeared  to  reduce  pool 
volume,  dead  zone  fraction  and  channel  complex- 
ity. (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06636 


CONSERVATION  OF  FISH  HABITAT  IN 
STREAMS  BY  THE  METHOD  OF  LOW  DAMS 
SERIES. 

Toyama  Prefectural  Coll.  of  Technology,  Kosugi 

(Japan). 

For  primary  bibliographic  entry  see  Field  81. 

W9 1-06637 


GEOMORPHIC  AND  HYDROLOGIC  CONDI- 
TIONS FOR  COLD  POOL  FORMATION  ON 
REDWOOD  CREEK,  CALIFORNIA. 

Redwood  National  Park,  Areata,  CA. 
V.  L.  Ozaki. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  Internationa]  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  415-416.  1  fig,  2  ref. 

Descriptors:  'Anadromous  fish,  'Aquatic  habitats, 
•California,  *Fisheries,  •Geomorphology,  •Red- 
wood Creek,  •  Sedimentation,  'Water  temperature, 
Aggradation,  Channel  morphology,  Gravel, 
Groundwater,  Meanders,  Mixing,  Scour,  Seasonal 
variation.  Thermal   stratification,   Woody  debris. 

Widespread  streambed  aggradation  in  Redwood 
Creek  in  coastal  northern  California,  during  the 
last  few  decades  severely  impacted  important  nurs- 
ery habitats  for  anadromous  fish  stocks.  The  physi- 
cal processes  responsible  for  controlling  and  main- 
taining summer  cold  pools  were  investigated  on 
Redwood  Creek.  Five  pools  were  studied  in  the 
lower  21  km  of  the  main  channel  of  Redwood 
Creek.  Detailed  morphologic  and  topographic 
maps  were  made  of  each  pool.  Cold  pools  on 


Redwood  Creek  provide  areas  of  concentrated 
cold  water  which  maintain  summer  water  tempera- 
tures several  degrees  Celsius  below  mainstem  tem- 
peratures. In  Redwood  Creek,  pools  typically  form 
on  the  outside  of  meander  bends  and  are  often 
associated  with  scour  around  bedrock  outcrops  or 
large  woody  debris.  Channel  morphology  strongly 
influenced  the  occurrence  and  development  of 
cold  pools.  Cross-sectional  temperature  profiles 
showed  that  a  gravel  bar  sill  or  barrier  effectively 
retarded  mixing  of  the  warmer  mainstem  water 
with  cold  pool  water.  Woody  debris  in  the  channel 
was  unstable  and  often  shifted  during  winter  flows. 
Cold  pools  were  sustained  by  a  complex  interac- 
tion of  water  sources.  Mass  balance  calculations 
indicated  that  tributary  flow  and  upwelling  of  sub- 
surface water  were  the  primary  sources  of  cold 
water  which  maintained  summer  cold  pools  in 
Redwood  Creek.  Bottom  seepage  from  ground- 
water and  intragravel  flow  accounted  for  100%  of 
the  cold  water  discharge  in  pools  not  associated 
with  tributary  inflow,  and  comprised  up  to  43%  of 
flow  in  pools  located  at  tributary  mouths.  (See  also 
W9 1-06570)  (Brunone-PTT) 
W9 1-06640 


RESIDENCE  TIMES  OF  CHANNEL-STORED 
SEDIMENT  IN  REDWOOD  CREEK,  NORTH- 
WESTERN CALIFORNIA. 

Redwood  National  Park,  Areata,  CA. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06642 


BANKFULL  DISCHARGE  AND  SEDIMENT 
TRANSPORT  IN  NORTHWESTERN  CALIFOR- 
NIA. 

Geological  Survey,  Menlo  Park,  CA. 
K.  M.  Nolan,  T.  E.  Lisle,  and  H.  M.  Kelsey. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  439-449.  3  fig,  2  tab,  26  ref. 

Descriptors:  'Bankfull  stage,  'California,  'Flow 
rates,  'Sediment  transport,  'Suspended  sediments, 
Channel  erosion,  Flood  recurrence  interval, 
Gaging  stations. 

High-magnitude,  low-frequency  discharges  are 
more  responsible  for  transporting  suspended  sedi- 
ment and  forming  channels  in  northwestern  Cali- 
fornia than  in  previously  studied  areas.  Bankfull 
discharge  and  the  magnitude  and  frequency  of 
suspended  sediment  discharge  were  determined  at 
five  gaging  stations  in  northwestern  California. 
Although  discharges  below  which  50%  of  the 
suspended  sediment  was  transported  and  dis- 
charges which  transport  the  greatest  suspended 
sediment  (effective  discharge)  occurred  relatively 
frequently,  recurrence  intervals  for  these  dis- 
charges were  relatively  high  when  compared  to 
data  from  other  areas.  Likewise,  discharges  below 
which  90%  of  the  suspended  sediment  was  trans- 
ported were  also  relatively  infrequent.  In  most 
cases,  the  recurrence  interval  of  bankfull  discharge 
was  several  times  greater  than  that  of  the  effective 
discharge,  because  floodplain  formation  appears  to 
be  due  more  to  overbank  deposition  during  large 
sediment-laden  discharges  than  to  lateral  channel 
migration  and  point  bar  formation.  (See  also  W91- 
06570)  (Author's  abstract) 
W9 1-06643 


EROSION  PROCESS  IN  THE  MIDDLE  AND 
UPPER  REACHES  OF  THE  YANGZI  RIVER. 

Chengdu  Inst,  of  Geography  (China). 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06647 


CONTROLS  ON  THE  RELATION  OF 
STREAMSIDE  LANDSLIDING  TO  CHANNEL 
SEDIMENT  STORAGE  IN  A  REGION  OF 
ACTIVE  UPLIFT. 

Western  Washington  Univ.,  Bellingham.  Dept.  of 

Geology. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06652 


Streamflow  and  Runoff— Group  2E 

EROSION,   TRANSPORT   AND   DEPOSITION 
PROCESSES. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-067 17 


HELD  EXPERIMENTS  ON  THE  RESISTANCE 
TO  OVERLAND  FLOW  ON  DESERT  HILLS- 
LOPES. 

State  Univ.  of  New  York  at  Buffalo.   Dept.  of 

Geography. 

A.  T.  Abrahams,  A.  J.  Parsons,  and  S.-H.  Luk. 

IN:  Erosion,  Transport  and  Deposition  Processes. 

IAHS  Publication  No.  189.  IAHS  Press,  Institute 

of  Hydrology,  Wallingford,  England.  1990.  p  1-18, 

7  fig,  1  tab,  31  ref.  NATO  Grant  RG.  85/0066. 

Descriptors:  'Deserts,  'Field  tests,  'Flow  resist- 
ance, 'Overland  flow,  'Slopes,  Arid  lands,  Arizo- 
na, Darcy-Weisbach  equation,  Floods,  Flow  pro- 
files, Hydrographs,  Mathematical  studies,  Reyn- 
olds number,  Runoff. 

At-a-section  and  downslope  variations  in  resistance 
to  overland  flow  on  desert  hillslopes  have  been 
investigated  by  performing  a  series  of  experiments 
on  six  runoff  plots  in  southern  Arizona.  The  sur- 
face of  these  plots  are  irregular  and  covered  with 
stones.  As  overland  flow  increases,  the  stones  and 
microtopographic  protruberances,  which  consti- 
tute the  major  roughness  elements,  are  progressive- 
ly inundated,  thereby  altering  the  flow  resistance. 
Analyses  of  14  cross  sections  reveal  that  the  rela- 
tion between  the  Darcy-Weisbach  friction  factor 
(0  and  the  Reynolds  number  (Re)  has  two  basic 
shapes:  convex-upward  and  negatively  sloping. 
These  shapes  are  explained  in  terms  of  the  simulta- 
neous operation  of  two  processes.  The  first  is  the 
progressive  inundation  of  roughness  elements  and 
increase  in  their  wetted  upstream  projected  area  as 
discharge  increases.  This  process  causes  f  to  in- 
crease. The  second  is  the  progressive  increase  in 
the  depth  of  flow  over  already  inundated  parts  of 
the  bed  as  discharge  increases.  This  process  causes 
f  to  decline.  Whether  the  f-Re  relation  has  a  posi- 
tive or  a  negative  slope  depends  on  whether  the 
first  or  the  second  process  dominates,  and  this 
depends  on  the  configuration  of  the  bed  and  the 
level  of  the  discharge.  These  findings  have  pro- 
found implications  for  the  mathematical  modeling 
of  overland  flow  on  desert  hillslopes,  as  the  com- 
puted overland  flow  hydrograph  is  very  sensitive 
to  the  form  of  the  f-Re  relationship.  The  downs- 
lope analyses  indicate  that  there  is  a  general  tend- 
ency for  f  to  decrease  down  the  runoff  plots, 
owing  to  the  progressive  downslope  concentration 
of  flow.  This  finding  contrasts  with  Emmetts  con- 
clusion that  f  remains  approximately  constant 
downslope  because  of  ponding  behind  microtopo- 
graphic highs,  notably  vegetation  mounds.  This 
finding  appears  to  be  more  representative  than 
Emmett's  of  sparsely  vegetated  desert  hilltops. 
(See  also  W91-06717)  (Author's  abstract) 
W9 1-067 18 


EMPIRICAL  RELATIONSHIPS  FOR  THE 
TRANSPORT  CAPACITY  OF  OVERLAND 
FLOW. 

Katholieke  Univ.   Leuven  (Belgium).   Lab.   voor 
Experimented  Geomorfologie. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06720 

EVOLUTION  OF  AN  ANTHROPOGENIC 
DESERT  GULLY  SYSTEM. 

Oxford  Polytechnic  (England).  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06721 

RELATIONSHIP  BETWEEN  SEDIMENT  DE- 
LIVERY RATIO  AND  STREAM  ORDER:  A  RO- 
MANIAN CASE  STUDY. 

Statiunea  de  Cercetari  Stejarul,  Piatra-Neamt  (Ro- 
mania). Geomorphology  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06722 
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Field  2— WATER  CYCLE 


Group  2E — Streamflow  and  Runoff 


SIMULATION        MODEL 
RUNOFF  AND  EROSION. 

Leeds  Univ.  (England).  School  of  Geography. 
M.  Kirkby. 

IN:  Erosion,  Transport  and  Deposition  Processes. 
IAHS  Publication  No.  189.  IAHS  Press,  Institute 
of  Hydrology,  Wallingford,  England.  1990.  p  87- 
104,  17  fig,  15  ref. 

Descriptors:  'Deserts,  'Erosion,  'Model  studies, 
'Simulation  analysis,  'Surface  runoff,  Arid  lands, 
Evapotranspiration,  Flood  routing,  Geohydrology, 
Hydrologic  models,  Infiltration,  Overland  flow, 
Rainfall-runoff  relationships,  Regoliths,  Slopes, 
Soil  water. 

A  distributed  hillslope  hydrological  model  is  pre- 
sented for  a  slope  profile  strip  of  variable  width.  It 
is  based  on  stores  representing  soil  moisture  in  an 
irregular  bedrock  surface,  partially  or  entirely  cov- 
ered by  a  colluvial  and/or  wind-blown  regolith. 
The  model  is  used  to  explore  the  variations  in 
infiltration,  overland  flow,  soil  moisture  and  eva- 
potranspiration in  response  to  differences  in  rainfall 
totals  and  storm  durations,  and  in  gradient  and 
regolith  depth  and  uniformity.  Infiltration  is  sepa- 
rately estimated  for  bedrock  and  regolith  compo- 
nents with  evapotranspiration  estimated  from  local 
soil  moisture  storage,  and  therefore  persists  longer 
in  areas  with  only  partial  regolith  cover.  Biological 
activity  is  related  to  storage  and  evapotranspira- 
tion rates.  Overland  flow  is  routed  downslope  as  a 
one-dimensional  kinematic  wave.  The  model  is  also 
used  in  aggregate  form  for  longer  periods  to  esti- 
mate erosion  by  overland  flow.  (See  also  W91- 
06717)  (Lantz-PTT) 
W9 1-06723 


SPATIAL  VARIABILITY  OF  OVERLAND 
FLOW  IN  A  SMALL  ARID  BASIN. 

Bar-Ilan  Univ.,  Ramat  Gan  (Israel).  Dept.  of  Ge- 
ography. 

H.  Lavee,  and  A.  Yair. 

IN:  Erosion,  Transport  and  Deposition  Processes. 
IAHS  Publication  No.  189.  IAHS  Press,  Institute 
of  Hydrology,  Wallingford,  England.  1990.  p  105- 
120,  15  fig,  ltab,  10  ref. 

Descriptors:  'Arid  lands,  'Israel,  'Overland  flow, 
'Rainfall-runoff  relationships,  'Spatial  variation, 
Deserts,  Evaporation,  Hydrologic  budget,  Infiltra- 
tion, Model  studies,  Negev  Desert,  Slopes,  Surface 
flow. 

Overland  flow  generation  and  continuity  along 
hillslopes  in  a  small  arid  drainage  basin  in  the 
northern  Negev,  Israel,  has  been  assessed  on  the 
basis  of  field  measurements.  Variables  measured 
include:  rainfall,  overland  flow,  evaporation,  infil- 
tration rates  and  soil  moisture.  Data  obtained  show 
great  spatial  and  temporal  variability  among  all 
variables.  The  most  frequent  phenomenon  encoun- 
tered was  overland  flow  discontinuity  along  slopes 
having  lengths  ranging  from  55  to  76  m.  This 
discontinuity  is  attributed  to  the  short  duration  of 
rain  showers  and  can  be  enhanced  by  surface  prop- 
erties (where  the  infiltration  rate  increases  downs- 
lope). A  deterministic  simulation  model  for  the 
spatial  and  temporal  variations  in  overland  flow 
along  the  hillslopes  was  developed  taking  into 
consideration  the  spatial  and  temporal  distribution 
of  the  variables  mentioned  above.  The  model  is 
based  upon  functions  derived  from  the  field  meas- 
urements and  permits  the  delineation  of  the  hills- 
lope area  contributing  to  channel  flow  under  vari- 
ous rain  conditions.  Results  obtained  may  explain 
the  use  of  certain  water  harvesting  techniques 
adopted  by  farmers  living  in  the  area  some  2000 
years  ago.  (See  also  W9 1-067 17)  (Author's  ab- 
stract) 
W9 1-06724 


TOWARDS  A  DYNAMIC  MODEL  OF  GULLY 
GROWTH. 

Bristol  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06725 


DYNAMICS  OF  GULLY  HEAD  RECESSION  IN 
A  SAVANNA  ENVIRONMENT. 


FOR        DESERT       Bayero  Univ.,  Kano  (Nigeria).  Dept.  of  Geogra- 
FhV 


For  primary  bibliographic  entry  see  Field  2J. 
W9 1 -06726 


CONDITIONS  FOR  THE  EVACUATION  OF 
ROCK  FRAGMENTS  FROM  CULTIVATED 
UPLAND  AREAS  DURING  RAINSTORMS. 

Katholieke   Univ.   Leuven  (Belgium).   Lab.   voor 
Experimentele  Geomorfologie. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06727 


SEASONAL  VARIATIONS  OF  RUNOFF  RATES 
FROM  FIELD  PLOTS  IN  THE  FEDERAL  RE- 
PUBLIC OF  GERMANY  AND  IN  HUNGARY 
DURING  DRY  YEARS. 

Trier  Univ.  (Germany,  F.R.).  Angewandte  Phy- 

sische  Geographic  Fach  Femerkundung. 

G.  Richter,  and  A.  Kertesz. 

IN:  Erosion,  Transport  and  Deposition  Processes. 

IAHS  Publication  No.  189.  IAHS  Press,  Institute 

of  Hydrology,  Wallingford,  England.  1990.  p  161- 

168,  9  fig,  1  tab. 

Descriptors:  'Field  tests,  'Germany,  'Rainfall- 
runoff  relationships,  'Romania,  'Runoff  rates, 
•Seasonal  variation,  'Sediment  yield,  Climatic  ef- 
fects, Coastal  environment,  Precipitation,  Runoff, 
Sediment  transport,  Soil  water.  Surface  runoff, 
Temperature. 

Plot  measurements  from  the  Mosel  region  (FRG) 
and  from  northern  Hungary  have  been  used  to 
compare  seasonal  variations  of  surface  runoff  and 
sediment  production  in  two  different  types  of 
moist-temperate  climates.  In  addition  to  seasonal 
contrasts  between  summer  and  winter  periods,  the 
following  differences  have  been  detected:  under 
the  maritime  west  coast  climate  of  the  western  part 
of  the  Federal  Republic  of  Germany,  surface 
runoff  and  sediment  production  during  the  summer 
exceeded  that  in  the  winter.  In  contrast,  under  the 
humid  continental  climate  of  Hungary,  having 
with  its  mediterranean  influence,  autumn  rainfall 
and  snowmelt  in  early  spring  often  exert  a  domi- 
nant role.  This  situation  was  evident  during  the 
measurement  period;  there  were  also  years  with  a 
summer  maximum  runoff.  Beside  precipitation  dis- 
tribution, temperature  and  soil  moisture  regimes 
contribute  to  these  findings  obtained  under  ex- 
treme conditions.  The  measurement  series  from 
both  areas  point  to  the  existence  of  semiarid  years 
with  300-450  mm  precipitation  per  year,  which  are 
prone  to  further  modifications.  (See  also  W91- 
06717)  (Author's  abstract) 
W9 1-06728 


COMPARISON  OF  THE  DIETARY  COMPOSI- 
TION OF  EPILITHIC  TRICHOPTERAN  SPE- 
CIES IN  A  FIRST-ORDER  STREAM. 

Max-Planck-Inst.  fuer  Limnologie,  Schlitz  (Germa- 
ny, F.R.).  Limnologische  Flussstation. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06752 


OBSERVATIONS  ON  THE  PHYTOBENTHOS 
OF  THE  FRESHWATER  THAMES:  III.  THE 
FLORISTIC  COMPOSITION  AND  SEASONA- 
LITY OF  ALGAE  IN  THE  TIDAL  AND  NON- 
TIDAL  RIVER. 

British  Museum  of  Natural  History,  London  (Eng- 
land). Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06760 


EFFECT  OF  LONG-TERM  WATER  VELOCITY 
CHANGES  ON  STREAMBED  BIOFILM  AC- 
TIVITY. 

Minnesota  Univ.,  Navarre.  Gray  Freshwater  Bio- 
logical Inst. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06859 


MORPHOLOGICAL   ASSESSMENT  OF   SOIL 

MICROTOPOGRAPHY    USING    A  DIGITAL 

ELEVATION     MODEL    ON    ONE  SQUARE 
METRE  PLOTS. 


Centre  de  Recherches  de  Rennes  (France).  Lab.  de 
Science  du  Sol. 

P.  Bruneau,  and  C.  Gascuel-Odoux. 
Catena,  Vol.  17,  No.  4/5,  p  315-325,  August/Octo- 
ber 1990.  5  fig,  Href. 

Descriptors:  'Data  acquisition,  'Depression  stor- 
age, 'Model  studies,  'Morphology,  'Overland 
flow,  'Photogrammetry,  'Soil  erosion,  'Soil  sur- 
faces, 'Topography,  Cultivated  lands,  Geomor- 
phology,  Infiltration,  Mapping,  Runoff. 

Depression  storage  restrains  overland  flow  and 
erosion.  A  technique  for  delimiting  areas  of  depres- 
sion storage  from  Digital  Elevation  Models 
(D.E.M.s)  involves  mapping  local  and  simple  geo- 
morphological  features,  based  upon  the  compari- 
son of  the  elevation  of  each  point  with  each  of  its 
neighbors.  These  features  are  mapped  and  the  mor- 
phology of  depression  storage,  connections  and 
flow  lines  between  the  depressions  are  then  accu- 
rately identified.  The  method  is  illustrated  with  an 
example  from  a  field  in  which  maize  had  just  been 
harvested.  D.E.M.s  in  the  form  of  altitude  matrices 
were  established  by  photogrammetry  for  plots  of 
about  1  sq  m  at  I  cm  spacing  on  square  grids.  The 
analysis  of  the  D.E.M.s  identified  and  delimited 
small  storage  depressions,  some  of  which  were 
isolated  and  others  interconnected,  in  the  middle  of 
the  spaces  between  the  rows  of  the  crop.  (Author's 
abstract) 
W9 1-06904 


STREAM  HEAD  MIGRATION:  AN  INDICA- 
TOR OF  RUNOFF  PROCESSES  ON  CHALK- 
LANDS. 

Institute  of  Hydrology,  Wallingford  (England). 
A.  Calver. 

Catena,  Vol.  17,  No.  4/5,  p  399-408,  August/Octo- 
ber 1990.  3  fig,  11  ref. 

Descriptors:  'Calcareous  soils,  'Erosion  rates, 
•Geomorphology,  'Gully  erosion,  'Runoff, 
•Stream  discharge,  'Streamflow,  Base  flow,  Chan- 
nel erosion,  Drainage  patterns,  England,  Ground- 
water recharge,  Storms. 

The  changing  extent  of  headwater  streamflow  was 
monitored  in  four  catchments  in  a  chalk  region  of 
southern  England  by  taking  monthly  readings 
under  conditions  of  baseflow  and  hydrological 
events  of  significance.  The  four  streams  showed  a 
seasonal  migration  of  their  upstream  limit,  produc- 
ing an  annual  cycle  of  stream  extension  and  retrac- 
tion. Superimposed  on  these  annual  cycles  are 
short-lived  extensions  occurring  shortly  after  large 
rainfall  events:  sufficiently  large  summer  storms 
produced  extensions  similar  to  winter  baseflow 
conditions.  Maximum  winter  and  minimum 
summer  positions  were  not  synchronous  in  the  four 
streams.  Volume  and  frequency  of  streamflow 
were  associated  with  differing  degrees  of  boulder 
clay  cover  and  it  was  suggested  that  a  key  process 
is  lateral  flow  via  field  drainage  systems.  This 
holds  implications  for  groundwater  recharge  as 
well  as  for  surface  streamflow.  These  mechanisms 
may  be  expected  to  occur  in  many  areas  of  agricul- 
turally-improved heavy  soils  on  chalk.  (Geiger- 
PTT) 
W9 1-06908 


HEAVY  METALS  AND  ORGANIC  MICRO- 
POLLUTANTS  IN  FLOODPLAINS  OF  THE 
RIVER  WAAL,  A  DISTRIBUTARY  OF  THE 
RIVER  RHINE,  1958-1981. 

Institute  for  Soil  Fertility,  Haren  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06936 


INFLUENCE  OF  TIDAL  CONDITIONS  AND 
RIVER  VOLUME  ON  PHYTOPLANKTON  DIS- 
TRIBUTION AND  COMPOSITION  IN  THE 
PAS  ESTUARY  (NORTHERN  SPAIN). 

Cantabria  Univ.,  Santander  (Spain).  Lab.  de  Ecolo- 
gy. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06939 
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WATER  CYCLE— Field  2 


WATER  INTERCHANGE  BETWEEN  THE  RIA 
OF  VIGO  AND  THE  COASTAL  SHELF. 

Instituto  de  Investigaciones  Marinas,  Vigo  (Spain). 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06940 


EFFECTS  OF  SUBSTRATE  ON  DENSITY  OF 
AQUATIC  INSECTS  IN  A  SOUTHEAST  NE- 
BRASKA STREAM. 

Nebraska  Univ. -Lincoln.  Dept.  of  Entomology. 
P.  O.  Darrow,  and  K.  P.  Pruess. 
Transactions  of  the  Nebraska  Academy  of  Sci- 
ences TNASDJ,  Vol.  17,  1989.  p  19-22,  1990.  1  fig, 
2  tab,  16  ref. 

Descriptors:  'Aquatic  insects,  •Ecological  effects, 
•Nebraska,  *Population  density,  'Streams,  •Sub- 
strates, Beetles,  Caddisflies,  Environmental  effects, 
Fluvial  sediments,  Mayflies,  Midges. 

Effects  of  artificial  substrate  on  aquatic  insect  den- 
sity were  studied  in  Haines  Branch,  Lancaster 
County,  Nebraska.  Treatments  consisted  of  small, 
medium,  large,  and  mixed  (mixture  of  small  and 
medium)  concrete  substrates  in  modified  basket 
samplers.  Three  replicates  of  each  treatment  were 
removed  at  14  and  28  days  and  aquatic  insects 
were  then  enumerated.  Insects  collected  were  chir- 
onomids  (63%),  mayflies  (19%),  caddisflies  (15%), 
and  beetles  (3%).  Mean  mayfly  densities,  averaged 
over  all  substrate  treatments,  were  higher  on  day 
28  than  on  day  14,  while  the  reverse  was  observed 
for  chironomid  densities.  Mean  densities  for  may- 
flies and  chironomids  were  higher  in  medium  and 
large  than  in  small  substrate  samplers.  Chironomid 
densities  were  higher  in  large  substrate  treatments 
versus  medium  and  in  uniform  versus  mixed  sub- 
strate treatments.  No  significant  treatment  effects 
were  found  for  the  remaining  taxa.  It  is  concluded 
that  neither  substrate  size  nor  heterogeneity  are 
good  predictors  for  insect  densities  in  this  stream. 
(Author's  abstract) 
W9 1-07008 


CHEMICAL  AND  PHYSICAL  CHARACTERIS- 
TICS OF  THE  MISSOURI  RTVER,  NEBRASKA. 

Nebraska  Game  and  Parks  Commission,  Norfolk. 
For  primary  bibliographic  entry  see  Field  6G. 
W9 1-07009 


EFFECT  OF  BUOYANCY  ON  TRANSVERSE 
MIXING  IN  STREAMS. 

Stevens  Inst,  of  Tech.,  Hoboken,  NJ.  Dept.  of 
Civil,  Environmental  and  Coastal  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07030 


BOUNDARY  SHEAR  STRESS  AND  ROUGH- 
NESS OVER  MOBILE  ALLUVIAL  BEDS. 

EA  Northwest  Operations,  Redmont,  WA. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07031 


EFFECTS    OF   MOMENTUM   TRANSFER    IN 
COMPOUND  CHANNELS. 

University   of  the   Witwatersrand,   Johannesburg 

(South  Africa). 

For  primary  bibliographic  entry  see  Field  8B. 

W91-07032 


OPTIMAL  SPECTRAL  BASE-FLOW  ESTIMA- 
TION. 

Mexican  Inst,  of  Water  Technology,  Progreso. 
J.  Collado,  A.  A.  Aldama,  and  J.  L.  Acosta- 
Rodriguez. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  116,  No.  12,  p  1540-1546,  Decem- 
ber 1990.  1  fig,  14  ref. 

Descriptors:  "Base  flow,  'Mathematical  models, 
•Stream  discharge,  'Stream  gages,  *Streamflow, 
•Surface-groundwater  relations,  Aquifer  charac- 
teristics, Aquifer  systems,  Discharge  hydrographs, 
Fourier  analysis,  Intermittent  streams,  Linear  pro- 
gramming, Mathematical  equations,  Model  studies. 

A  physically-motivated  technique  based  on  linear 
systems  theory  for  base-flow  estimation  in  perenni- 


al and  effluent  streams  that  exclusively  requires 
daily  (total)  flow  measurements  is  proposed.  An 
attenuated  and  lagged  ideal  low-pass  filter  that 
transforms  observed  discharges  into  base  flow  is 
identified  by  examining  the  conceptual  characteris- 
tics of  aquifer  depletion.  The  values  of  the  filter 
parameters  are  determined  through  optimization, 
involving  a  filtering  step  in  frequency  domain  and 
a  search  procedure  both  in  frequency  and  time 
domains.  The  method  is  applied  to  an  actual 
stream-gaging  record,  showing  good  performances 
even  in  the  absence  of  rainless  periods  and  also  in 
handling  total  flow  hydrographs  with  multiple 
peaks.  (Hoskin-PTT) 
W9 1-07034 


AGGRADATION  AND  DEGRADATION  OF  AL- 
LUVIAL SAND  DEPOSITS,  1965  TO  1986,  COL- 
ORADO RIVER,  GRAND  CANYON  NATIONAL 
PARK,  ARLZONA. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07041 


TRAVELTIME  AND  REAERATION  COEFFI- 
CIENTS FOR  THE  NORTH  PLATTE  RIVER, 
CASPER  TO  ORIN,  WYOMING. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

J.  G.  Rank],  and  M.  A.  Carnevale. 
1989.  34p,  11  fig,  6  tab,  24  ref. 

Descriptors:  'Aeration,  'Path  of  pollutants, 
•Platte  River,  'River  flow,  'Traveltime,  Disper- 
sion, Dye  dispersion,  Flow  discharge,  Flow  veloci- 
ty, Oxygen,  Reaeration,  Tracers. 

The  opportunities  for  accidental  spills  of  hazardous 
wastes  into  the  North  Platte  River  between  Casper 
and  Orin,  Wyoming,  are  numerous.  The  movement 
of  materials  that  may  be  spilled  or  discharged  into 
the  North  Platte  River  and  the  measurement  of 
reaeration  coefficients  are  described  in  this  report. 
Four  traveltime  and  dispersion  measurements  were 
made  on  the  North  Platte  River  between  Casper 
and  Orin.  The  first  measurement  was  made  at  a 
discharge  of  940  cu  ft/sec  on  November  7-8,  1978. 
The  second  measurement  was  made  at  a  discharge 
of  3,100  cu  ft/sec  on  May  14-15,  1985.  The  third 
and  fourth  measurements  were  made  in  conjunc- 
tion with  a  reaeration  measurement  on  October  9- 
12,  1985.  The  discharge  for  the  third  measurement 
was  about  800  cu  ft/sec,  and  the  discharge  for  the 
fourth  measurement  was  about  890  cu  ft/sec.  For  a 
large  range  of  stream  discharges,  the  rate  of  move- 
ment of  soluble  material  spilled  or  discharged  into 
the  North  Platte  River  can  be  estimated  from 
graphs  developed  from  the  four  traveltime  meas- 
urements. The  following  traveltime  characteristics 
were  developed:  traveltime  of  the  center  of  the 
dye  cloud  as  a  function  of  stream  discharge,  dye 
cloud  passage  time  as  a  function  of  distance,  and 
unit  peak  concentration  as  a  function  of  traveltime. 
The  rate  of  oxygen  uptake  by  the  North  Platte 
River  can  be  estimated  from  measured  reaeration 
coefficients.  On  the  basis  of  gas  and  dye  tracer  data 
for  a  stream  discharge  of  800  cu  ft/sec,  reaeration 
coefficients  were  measured  for  three  reaches  of  the 
North  Platte  River.  The  three  reaches,  which  have 
a  total  distance  of  37.0  river  miles,  extended  from 
Casper  to  the  Dave  Johnston  Power  Plant  near 
Glenrock.  Reaeration  coefficients  were  measured 
using  the  modifier-tracer  technique  for  both  the 
area  and  peak  methods.  Computed  reaeration  coef- 
ficients ranged  from  4.85  to  6.70/day  at  20  C,  in 
base-e  logarithm  units.  (Lantz-PTT) 
W9 1-07042 


SURFACE-WATER  QUALITY  IN  THE  WEST 
BRANCH  SUSQUEHANNA  RIVER  BASIN, 
PENNSYLVANIA:  AN  APPRAISAL  OF  AREAL 
AND  TEMPORAL  VARIABILITY  FROM  1962 
TO  1982  IN  HYDROLOGIC  ACCOUNTING 
UNIT  020502. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07043 


Groundwater — Group  2F 

HYDROLOGICAL  CHARACTERISTICS  AS  A 
DETERMINANT  OF  SEDIMENT  DELIVERY 
IN  WATERSHEDS. 

Illinois  Univ.  at  Chicago  Circle.  Dept.  of  Geologi- 
cal Sciences. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07067 

2F.  Groundwater 


PRELIMINARY  INVESTIGATION  ON  ACIDI- 
FICATION  OF  GROUND  WATER  IN  FINNISH 
WELLS. 

Water  and  Environment  Research  Inst.,  Helsinki 

(Finland). 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06097 


STATIONARY  PACKER  SYSTEM  FOR  LAYER- 
WISE  GROUNDWATER  SAMPLING  IN  MONI- 
TORING WELLS-TECHNIQUE  AND  RE- 
SULTS. 

Karlsruhe  Univ.  (Germany,  F.R.).   Engler-Bunte 

Inst. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-06098 


SOME  FACTORS  AFFECTING  DISTRIBUTION 
OF  DIATOM  ASSEMBLAGES  IN  PYRENEAN 
SPRINGS. 

Barcelona  Univ.  (Spain).  Dept.  de  Ecologia. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06270 


STUDY  ON  THE  EFFECT  OF  CHANGES  OF 
GROUNDWATER  LEVELS  ON  SOIL  MOIS- 
TURE CONDITION  AND  EVAPOTRANSPIRA- 
TION. 

Agricultural  Univ.,  Wageningen  (Netherlands). 
Dept.  of  Hydraulics  and  Catchment  Hydrology. 
H.  S.  Lumadjeng. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 
No.  187.  International  Association  of  Hydrological 
Sciences,  Washington,  DC.  1989.  p  265-279,  7  fig, 
5  tab,  12  ref. 

Descriptors:  'Data  analysis,  'England,  'Evapo- 
transpiration,  'Hydrologic  data,  'Hydrologic 
models,  'Model  studies,  'Soil  water,  'Streamflow 
forecasting,  'The  Netherlands,  Hupselse  Beek, 
MUST  model,  Mathematical  models,  Performance 
evaluation,  Soil  physics,  Water  table  fluctuations. 

When  water  is  limiting  in  vegetated  areas,  plants 
try  to  adapt  to  the  situation  by  increasing  their 
suction  through  the  roots  and  closing  their  stomata 
to  reduce  the  transpiration  flux.  Soil  water  regime 
is  important  in  determining  the  degree  and  dura- 
tion of  water  stress  experienced  by  plants.  The 
Model  for  Unsaturated  flow  above  a  Shallow 
water  Table  (MUST)  was  employed  in  simulation 
of  evapotranspiration  processes  at  Hupselse  Beek 
catchment  (The  Netherlands)  and  a  simulation  of 
soil  water  regimes  responses  to  water  table  lower- 
ing in  Yarnton  (England).  An  investigation  was 
conducted  into  the  model  sensitivity  to  different 
input  parameters  and  computations  of  evapotran- 
spiration under  different  meteorological,  land  use, 
and  soil  conditions.  Simulation  of  the  evapotran- 
spiration process  and  responses  of  soil  water  re- 
gimes to  annual  water  table  fluctuations  using  the 
MUST  model  give  satisfactory  results  within  the 
constraints  of  the  available  data  and  model  limita- 
tions. The  model  has  a  relatively  simple  conception 
compared  to  other  models  for  unsaturated  flows, 
but  it  still  requires  detailed  soil  physical  and  hy- 
draulic conductivity  data.  Within  the  Hupselse 
Beek  area  there  exist  some  significant  differences  in 
evaporation  rates  due  to  variability  in  the  soil 
horizons  and  water  table  ranges.  It  appears  that  a 
finer  distinction  of  the  soil  layers  is  necessary  for 
correct  representation  of  the  profile.  Sensitivity 
analysis  conducted  with  Yarnton  data  showed  that 
the  three  root  zone  layers  could  be  approximated 
by  one  horizon  without  any  significant  differences 
in  the  results.  It  can  be  concluded  vertical  variabil- 
ity as  well  as  horizontal  variability  within  the  soil 
profile  could  be  important  depending  on  soil  char- 
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acteristics.  Simulations  of  the  impact  of  water  table 
lowering  on  soil  water  regimes  in  Yarnton  have 
shown  that  historical  and  prevailing  soil  moisture 
conditions  were  important  for  the  assessment  of 
regimes  responses.  (See  also  W9 1-06461)  (Roches- 
ter-PTT) 
W9 1-06488 


RECOVERY  OF  A  NEW  MEXICO  DRAINAGE 
BASIN  FROM  A  FOREST  FIRE. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Civil  Engineering. 
S.  B.  Bolin,  and  T.  J.  Ward. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  191-198,  4  fig,  1  tab,  5  ref. 

Descriptors:  'Accelerated  erosion,  'Forest  fires, 
•Forest  hydrology,  'Forest  watersheds,  'New 
Mexico,  'Runoff,  'Watershed  management,  Defor- 
estation, Flood  peak,  Flow  discharge,  Sediment 
discharge,  Sediment  transport,  Sediment  yield. 

New  Mexico  is  a  semiarid  state  with  essentially  all 
surface  water  originating  as  runoff  from  forested 
drainage  basins.  When  these  basins  are  disturbed 
by  natural  or  man-made  events,  a  vital  part  of  the 
state's  water  resource  is  affected.  In  1977,  a  fire 
burned  approximately  60%  of  a  45.33-sq-km  forest- 
ed basin  in  northern  New  Mexico.  Following  the 
fire,  water  discharge  was  high  and  erratic.  Peak 
flow  was  100  times  greater  than  the  pre-fire  levels. 
Suspended  sediment  concentrations  immediately 
following  the  fire  were  as  high  as  98,800  mg/L. 
Two  years  after  the  fire,  peak  sediment  concentra- 
tions dropped  to  less  than  600  mg/L.  In  the  first 
two  years  after  the  fire,  an  estimated  23,290  tons  of 
sediment  were  removed  from  the  basin  compared 
to  10  tons  over  the  next  two  years.  Analyses 
showed  that  the  sediment  yield  began  as  a  trans- 
port-limited phenomena,  but  eventually  returned  to 
a  more  typical  supply-limited  situation.  (See  also 
W91-06510)  (Author's  abstract) 
W9 1-06528 


RUNOFF  FORMATION  CONCEPT  TO  MODEL 
WATER  PATHWAYS  IN  FORESTED  BASINS. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 

Inst,  fuer  Geographic 

For  primary  bibliographic  entry  see  Field  2E. 

W91-06559 


SUBSURFACE  PIPEFLOW  DYNAMICS  OF 
NORTH-COASTAL  CALIFORNIA  SWALE  SYS- 
TEMS. 

Forest  Service,  Arcadia,  CA. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06577 


TERRAIN    ANALYSIS    FOR    QUANnTATD/E 
DESCRIPTION  OF  ZERO-ORDER  BASINS. 

Queen  Mary  Coll.,  London  (England).  Dept.  of 

Geography  and  Earth  Science. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-06582 


GROUND     WATER     QUALITY     CONCERNS 
ABOUT  NITROGEN. 

Agricultural  Research  Service,  Fort  Collins,  CO. 
Soil-Plant-Nutrient  Research  Unit. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06732 


SOURCES  OF  NITRATE  TO  GROUND  WATER. 

Iowa  State  Univ.,  Ames.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-06733 


NITRATE    IN    GROUND    WATER    IN    THE 
UNITED  STATES. 

Iowa  Dept.  of  Natural  Resources,  Iowa  City. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06734 


LINKAGES  WITH  GROUND  WATER. 


Agricultural    Research    Service,     Phoenix,    AZ. 

Water  Conservation  Lab. 

H.  Bouwer. 

IN:    Nitrogen    Management   and   Ground    Water 

Protection.    Developments    in    Agricultural    and 

Managed-Forest  Ecology  21.  Elsevier,  New  York, 

NY.  1989.  p  363-372,  2  fig,  27  ref. 

Descriptors:  'Groundwater  movement,  'Infiltra- 
tion, 'Nitrates,  'Nonpoint  pollution  sources,  'Path 
of  pollutants,  'Percolation,  Aquifers,  Fertilizers, 
Flow  velocity.  Irrigation,  Nitrogen  compounds, 
Percolating  water,  Percolation  rate,  Porosity,  Soil 
water,  Vadose  water. 

In  nonirrigated  areas,  downward  flow  or  deep 
percolation  rates  (Darcy  flux)  in  the  vadose  zone 
typically  range  from  approximately  1  mm/yr  or 
less  for  semiarid  or  arid  areas,  to  approximately 
500  mm/yr  or  more  for  humid  areas.  Irrigated 
areas  in  dry  climates  can  have  deep  percolation 
rates  as  few  as  cm/yr  to  a  few  dm/yr  for  relatively 
efficient  irrigation  systems,  and  as  much  as  1  or  3 
m/yr  for  inefficient  irrigation  systems.  Assuming 
an  N03-N  leaching  of  50  kg/ha/yr  (approximately 
one-fourth  of  the  fertilizer  N  applied),  these  fluxes 
give  calculated  N03-N  concentrations  in  vadose 
zone  water  of  10  to  100  mg/L,  which  agree  with 
values  found  in  practice.  To  prevent  high  N03-N 
concentrations  in  vadose  zone  water  below  irrigat- 
ed areas,  best  management  practices  for  irrigation 
must  be  combined  with  best  management  practices 
for  nitrogen  fertilizer.  Rates  of  downward  move- 
ment of  nitrate  in  the  vadose  zone  are  equal  to  the 
pose  velocities  of  the  water.  Theoretically,  these 
are  calculated  as  Darcy  flux  divided  by  volumetric 
water  content.  Because  of  preferential  flow,  how- 
ever, actual  velocities  can  be  considerably  higher, 
(i.e.,  2  to  5  times  higher)  for  soils  without  obvious 
macropores,  and  as  much  as  20  times  higher  or 
more  for  soils  with  cracks,  rootholes,  wormholes, 
etc.  Downward  velocities  of  nitrate  in  the  vadose 
zone  below  agricultural  land  may  range  from  a  few 
dm/yr  to  a  few  m/yr.  Longitudinal  dispersion  may 
be  influenced  more  by  spatial  variability  of  infiltra- 
tion rates  than  by  hydrodynamic  effects.  Nitrate 
concentrations  in  water  pumped  from  the  aquifer 
eventually  can  approach  those  in  water  from  the 
vadose  zone.  Where  nitrate  concentrations  exceed 
the  maximum  limit  for  drinking,  treatment  of  the 
water  may  be  necessary.  Of  the  various  techniques, 
a  method  that  combines  anion  exchange  and  deni- 
trification  holds  promise.  (See  also  W9 1-067 17) 
(Author's  abstract) 
W9 1-06743 


TRANSFORMATIONS  AND  MOVEMENT  OF 
NITRATE  IN  AQUIFER  SYSTEMS. 

Agricultural  Research  Service,  Tifton,  GA.  South- 
east Watershed  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06744 


PRESENT  GROUNDWATER  STATUS  IN 
EGYPT  AND  THE  ENVIRONMENTAL  IM- 
PACTS. 

H.  Idris,  and  S.  Nour. 

Environmental  Geology  and  Water  Sciences 
EGWSEI,  Vol.  16,  No.  3,  p  171-177,  November/ 
December  1990.  3  fig,  16  ref. 

Descriptors:  'Aquifers,  'Egypt,  'Environmental 
impact,  'Groundwater  availability,  'Groundwater 
resources,  'Hydrologic  data  collections,  Geohy- 
drology,  Groundwater  data,  Groundwater  deple- 
tion, Groundwater  management,  Groundwater 
pollution,  Groundwater  potential,  Groundwater 
quality,  Groundwater  recharge,  Saline  water  intru- 
sion. 

he  status  of  groundwater  studies  in  Egypt  is  re- 
viewed briefly.  In  terms  of  groundwater  hydrolo- 
gy, Egypt  can  be  divided  into  the  following 
groundwater  provinces:  (1)  the  Western  Desert,  (2) 
the  Eastern  Desert-Sinai,  (3)  the  Nile  Valley,  (4) 
the  Northern  Coastal  Zone,  and  (5)  Wadi  El- 
Natrun.  The  source  of  groundwater  in  the  Western 
Desert  groundwater  system  is  the  Nubian  Sand- 
stone Aquifer.  It  is  estimated  that  the  amount  of 
water  that  may  be  extracted  from  the  system 
ranges  from  140  million  cubic  meters  per  year  to 


1.2  billion  cubic  meters  per  year.  The  Eastern 
Desert-Sinai  system  is  characterized  by  a  sedimen- 
tary zone  and  an  igneous  zone  and  the  exploitable 
water  contained  in  this  system  is  estimated  to  be  31 
million  cubic  meters  per  year.  One  of  the  main 
aquifer  systems  in  Egypt  is  the  Pleistocene  alluvial 
aquifer  underlying  the  Nile  basin  regions  (i.e.,  the 
delta  and  Nile  Valley).  The  total  annual  extraction 
from  the  delta  and  Nile  Valley  aquifers  is  estimated 
to  be  on  the  order  of  1.6  and  1.3  billion  cubic 
meters  per  year,  respectively.  Groundwater  reser- 
voirs of  the  Coastal  Aquifer  System  are  recharged 
from  local  rainfall.  It  is  estimated  that  the  annual 
exploitable  groundwater  could  be  on  the  order  of 
49.84  million  cubic  meters.  Wadi  El-Naturn,  one  of 
the  most  northerly  topographical  depressions  in 
the  Western  Desert  of  Egypt,  consists  of  a  shallow 
sandy  freshwater-bearing  zone.  A  total  discharge 
of  5000  cubic  meters/hour  is  used  in  cultivating 
6000  acres.  Additional  wells  are  envisaged  for  this 
aquifer  system.  However,  pollution  of  the  freshwa- 
ter aquifer  as  a  result  of  saline  water  intrusion  from 
local  saltwater  lakes  is  possible.  (Korn-PTT) 
W9 1-06798 


APPLICATION  OF  MARINE  SEISMIC  PRO- 
FILING TO  A  GROUND  WATER  CONTAMI- 
NATION STUDY,  ABERDEEN  PROVING 
GROUND,  MARYLAND. 

Geological  Survey,  Towson,  MD. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-06849 


USE     OF    A     STANDPIPE    TO     EVALUATE 
GROUND  WATER  SAMPLERS. 

Geological  Survey,  Stennis  Space  Center,  MS. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-06853 


GROUND     WATER     CONTAMINATION     AT 
WOOD  TREATMENT  FACILITIES. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 
Vegas,  NV. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06854 


ANALYSIS  OF  NITRATE-NITROGEN  IN 
GROUND  WATER  BENEATH  UNSEWERED 
SUBDIVISIONS. 

Wisconsin  Univ.-Eau  Claire. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06855 


INVESTIGATION  OF  POSSIBLE  CONTAMI- 
NATION OF  SHALLOW  GROUND  WATER  BY 
DEEPLY  INJECTED  LIQUID  INDUSTRIAL 
WASTES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Groundwater  Contamination  Section. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06856 


TRACING  THE  INFLUX  OF  SEWAGE  FROM  A 
LEAKY  SEWER  INTO  A  VERY  THTN  AND 
FAST-FLOWING  AQUIFER. 

Technische    Univ.    Muenchen    (Germany,    F.R.). 

Lehrstuhl   und   Pruefamt   fuer  Wasserguetewirts- 

chaft  und  Gesundheitsingenieurwesen. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06867 


MANAGEMENT  OF  GROUND-WATER  RE- 
SOURCES USING  SIMULATION  MODELS. 

National  Geophysical  Research  Inst.,  Hyderabad 

(India). 

C.  P.  Gupta,  and  M.  Thangarajan. 

Water  Resources  Journal,  No.  164,  p  34-42,  March 

1990.  5  fig. 

Descriptors:  'Groundwater  management, 

•Groundwater  movement,  'Mathematical  models, 
•Model  studies,  'Simulation  analysis,  'Water  re- 
sources management,  Aquifers,  Artificial  recharge, 
Geohydrology,  Groundwater  mining,  Groundwat- 
er recharge,  Sensitivity  analysis. 
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In  order  to  evolve  appropriate  schemes  for  an 
optimal  utilization  of  groundwater  resources,  in 
conjunction  with  surface  water  and  rain  water,  it  is 
imperative  to  study  and  quantify  the  aquifer  re- 
sponse to  a  set  of  most  probable  input  and  output 
stresses.  Aquifer  modeling  involves  identifying  the 
physical  characteristics  of  the  aquifer  and  stresses 
acting  on  it;  field  estimation  of  as  many  hydrogeo- 
logical  parameters  as  possible;  interpolation  of 
these  parameters  to  characterize  the  entire  area 
under  study;  integration  of  all  available  hydrologi- 
cal  data  to  conceptualize  and  resurrect  the  full- 
scale  natural  system;  mathematically  describing  the 
conceptual  model  giving  spatio-temporal  relation- 
ship between  those  parameters  constrained  by  the 
fundamental  laws  of  hydraulics;  and  solving  the 
mathematical  equations  describing  the  groundwat- 
er regime  in  terms  of  observables  such  as  ground- 
water levels  or  concentrations  of  pollutants.  A 
sensitivity  analysis  of  the  model  and  refinement  of 
the  model  should  bring  plausibility  and  compatibil- 
ity between  field  estimates  of  the  various  geohy- 
drological  parameters  through  calibration.  The 
prognosis  of  the  aquifer  should  be  used  to  evolve 
efficient  management  options  for  optimal  utiliza- 
tion of  groundwater  resources.  A  mathematical 
model  was  tested  to  identify  the  effects  of  pumping 
on  an  open  cast  mine.  A  prognostic  study  of  the 
aquifer  response  to  a  number  of  probable  pumping 
options  indicated  that  a  further  decline  in  the  re- 
gional groundwater  piezometric  heads  could 
result,  and  identified  artificial  recharge  to  contain 
the  decline  of  piezometric  heads.  A  prognostic  run 
showed  that  a  battery  of  injection  wells  through 
which  a  part  of  the  pumped  groundwater  could  be 
fed  back  to  the  system  reduced  the  drawdown  due 
to  an  augmented  recharge.  (Geiger-PTT) 
W9 1-06900 


BIOLOGICAL  SURVEY  OF  GROUND  WATER 
FROM  THE  TEHRAN  PLAIN,  IRAN. 

Tehran  Univ.  (Iran).  School  of  Pharmacy. 

M.  Shariatpanahi,  and  A.  C.  Anderson. 

Water  Resources  Journal,  No.  164,  p  58-62,  March 

1990.  1  fig,  3  tab,  Href. 

Descriptors:  *Biological  pollution,  *Drinking 
water,  *Drinking  water  sources,  'Groundwater 
pollution,  'Iran,  'Water  quality,  Algae,  Aque- 
ducts, Aquifers,  Bacteria,  Leaching,  Path  of  pollut- 
ants, Protozoa,  Water  table  rise. 

The  city  of  Tehran,  Iran  relies  heavily  on  ground- 
water as  a  source  of  drinking  water.  Since  the  city 
lacks  municipal  sewage  facilities,  there  is  potential 
for  seepage  from  pit  privies,  seepage  pits,  and 
leaching  cess-pools  into  the  groundwater  aquifer. 
Rises  in  the  groundwater  table  in  recent  years  may 
increase  the  potential  for  groundwater  contamina- 
tion and  limit  groundwater  use.  The  biological 
quality  of  Tehran's  groundwater  was  surveyed  for 
its  safety  by  sampling  50  sources  of  water  used  for 
drinking  and  washing.  The  sample  sites  included 
43  wells  and  seven  aqueducts  that  were  evenly 
distributed  throughout  the  city  of  Tehran.  Virtual- 
ly all  regions  showed  microbial  contamination  of 
the  water  sources.  Water  samples  from  aqueducts 
generally  had  a  greater  number  and  variety  of 
organisms  than  did  the  wells.  Generally,  the 
number  of  wells  showing  bacterial  indicators  in- 
creased from  north  to  southeast.  This  is  due,  in 
part,  to  the  shallow  water  table  in  the  south-east, 
and  the  possibility  of  infiltration  of  sewage  from 
seepage  pits  and  sewage  wells  which  may  pene- 
trate into  groundwater  aquifers.  In  this  survey, 
bacteria,  algae,  and  ciliates  predominated.  Factors 
which  could  influence  microbial  movement  in  soils 
include  rainfall,  soil  moisture,  soil  type,  soil  ion 
content,  and  other  soil  physical  properties.  The 
presence  of  bacteria  indicates  the  need  for  rigorous 
disinfection,  public  health  education,  and  attention 
to  individual  decontamination  practices  prior  to 
use.  (Geiger-PTT) 
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TRANSPORT  OF  GROUNDWATER-BORNE 
NUTRIENTS  FROM  WATERSHEDS  AND 
THEIR  EFFECTS  ON  COASTAL  WATERS. 

Boston  Univ.,  MA.  Marine  Biological  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
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GROUNDWATER  CONTRIBUTION  TO  THE 
NUTRIENT  BUDGET  OF  TOMALES  BAY, 
CALIFORNIA. 

San  Jose  State  Univ.,  CA.  Dept.  of  Geology. 

J.  A.  Oberdorfer,  M.  A.  Valentino,  and  S.  V. 

Smith. 

Biogeochemistry  BIOGEP,  Vol.  10,  No.  3,  p  199- 

216,  1990.  5  fig,  4  tab,  24  ref.  NSF  Grant  OCE 

8613647. 

Descriptors:  'Bays,  •California,  *Groundwater 
movement,  'Hydrogeology,  'Model  studies,  •Nu- 
trient transport,  Ammonium,  Dissolved  inorganic 
carbon,  Groundwater  chemistry,  Nitrogen  com- 
pounds, Phosphates,  Seasonal  variation. 

Tomales  Bay,  a  graben  structure  along  the  San 
Andreas  Fault,  was  selected  for  modeling  ecosys- 
tem nutrient  dynamics  because  of  its  linear,  one- 
dimensional  morphology  and  relatively  pristine 
state.  Groundwater  is  a  potentially  important  term 
in  the  nutrient  budget.  The  geologic  complexities 
created  by  the  San  Andreas  Fault,  however,  com- 
plicate the  hydrogeology  and  require  the  area  to 
be  subdivided  into  three  regions:  granite  to  the 
west,  Franciscan  to  the  east,  and  alluvial  fill  in  the 
trough.  Nutrient  concentrations  in  the  groundwat- 
er were  determined  through  extensive  well  sam- 
pling; groundwater  discharge  was  estimated  using 
both  Darcy's  Law  calculations  and  a  soil  moisture 
budget.  Results  indicate  that  groundwater  dis- 
charge is  of  the  same  order  of  magnitude  as 
summer  streamflow  into  the  Bay,  while  being  sig- 
nificantly less  than  other  freshwater  inputs  in 
winter.  Dissolved  nutrient  (phosphate,  nitrate  + 
nitrite,  ammonium,  silica  and  dissolved  inorganic 
carbon)  concentrations  in  groundwater  were  con- 
sistently higher  (by  as  much  as  an  order  of  magni- 
tude) than  in  surface  water  discharges.  During  the 
summer  months,  groundwater  flow  contributes 
about  as  much  nutrient  load  to  the  bay  as  does 
streamflow.  During  the  winter,  the  groundwater 
contribution  to  nutrient  loading  is  about  20%  of 
the  streamflow  contribution.  The  findings  indicate 
that  groundwater  is  a  significant  component  of 
terrestrial  nutrient  and  freshwater  loading  to  To- 
males Bay,  particularly  during  the  summer  months. 
However,  neither  groundwater  nor  streamflow  nu- 
trient fluxes  are  large  in  comparison  to  the  mixing 
flux  at  the  Bay  mouth  of  the  flux  of  N2  gas  across 
the  air-water  interface.  (Author's  abstract) 
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INFLUENCE  OF  TIDAL  MARSHES  ON 
UPLAND  GROUNDWATER  DISCHARGE  TO 
F  STU  A  PIES 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 
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GROUNDWATER  SEEPAGE  ALONG  A  BAR- 
RIER ISLAND. 

State  Univ.  of  New  York  at  Stony  Brook.  Marine 

Sciences  Research  Center. 

H.  Bokuniewicz,  and  B.  Pavlik. 

Biogeochemistry  BIOGEP,  Vol.  10,  No.  3,  p  257- 

276,  1990.  6  fig,  37  ref. 

Descriptors:  *Barrier  islands,  'Groundwater 
movement,  *New  York,  'Saline  groundwater, 
*Saline-freshwater  interfaces,  'Seepage,  Bays, 
Freshwater,  Model  studies,  Oceans,  Saline  water, 
Water  level  fluctuations,  Wave  action,  Wells, 
Wind. 

Measurements  were  made  on  a  barrier  island  on 
the  south  shore  of  Long  Island,  New  York  to 
examine  the  distribution  of  fresh  groundwater  and 
the  potential  for  recirculation  of  saline  groundwat- 
er. A  standard  resistivity  survey  was  done  to  exam- 
ine the  distribution  of  fresh  and  saline  groundwater 
under  the  island  and  measurements  were  made  of 
the  difference  in  water  level  between  the  bay  and 
the  ocean.  In  addition,  shallow  temporary  wells 
were  used  to  measure  the  elevation  of  the  water 
table.  The  depth  to  the  base  of  the  freshwater  lens 
was  over-predicted  by  calculations  of  the  static- 
equilibrium  depth  to  a  sharp  interface  apparently 
because  of  the  sensitivity  of  the  calculation  to  the 
low  water-table  elevations  which  are  in  turn  sensi- 


Groundwater — Group  2F 

tive  to  variations  in  sea  level  because  of  the  exist- 
ence of  a  transition  zone  between  fresh  and  saline 
groundwater.  Mixing  and  recirculation  of  saline 
groundwater  at  the  base  of  the  lens  produced  a 
transition  zone  up  to  9.65  m  thick.  Measurements 
also  support  model  forecasts  of  a  mean  bay  level 
several  centimeters  above  sea  level,  augmented  by 
atmospheric  forcing  and  wave  setup.  A  time  lag  of 
about  8  hours  between  the  response  of  the  ocean 
level  to  longshore  winds  and  the  corresponding 
response  of  the  bay  level  can  result  in  a  difference 
in  elevation  between  the  bay  and  the  ocean  that  is 
up  to  four  times  that  produced  by  other  agents 
such  as  Stokes  transport  and  density  differences.  In 
the  presence  of  differential  hydraulic  head,  bay  and 
ocean  water  may  be  exchanged  via  groundwater 
flow  between  the  base  of  the  freshwater  lens  under 
the  barrier  beach  and  a  deeper  clay  layer.  The 
observations  illustrate:  (1)  the  size  and  shape  of  the 
freshwater  lens  can  show  substantial  differences 
from  theoretical  predictions;  (2)  the  recirculation 
of  saltwater  could  be  an  important  component  of 
the  total  seepage  across  the  sea  floor;  and  (3)  water 
level  differences  between  the  bay  and  ocean  have 
the  potential  for  driving  an  independent  flow  of 
saline  groundwater.  (Author's  abstract) 
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INTERANNUAL  PATTERNS  OF  WATER 
TABLE  HEIGHT  AND  GROUNDWATER  DE- 
RIVED NITRATE  IN  NEARSHORE  SEDI- 
MENTS. 

Maryland  Univ.,  Solomons.  Chesapeake  Biological 

Lab. 

D.  G.  Capone,  and  J.  M.  Slater. 

Biogeochemistry  BIOGEP,  Vol.  10,  No.  3,  p  277- 

288,   1990.  7  fig,  9  ref.  NSF  Division  of  Ocean 

Sciences  Grants  OCE  84-17595  and  85-15886. 

Descriptors:  'Aquatic  soils,  'Groundwater  move- 
ment, 'Nearshore  processes,  'Nitrates,  'Sedi- 
ments, 'Water  level  fluctuations,  'Water  table, 
Bays,  Chemical  properties,  Cores,  Denitrification, 
Interstitial  water,  Nitrogen  compounds,  Precipita- 
tion, Salinity,  Seasonal  variation. 

Nitrate  concentration  and  microbial  nitrogen  trans- 
formations in  groundwater-affected  sediments  of 
Great  South  Bay,  NY  were  examined  over  several 
annual  cycles.  An  attempt  was  made  to  relate  the 
extent  of  groundwater  derived  nitrate  in  interstitial 
waters  to  factors  likely  controlling  its  discharge, 
namely  rainfall  and  water  table  height.  Nitrate 
concentrations  are  typically  higher  at  40  cm  depth 
than  at  the  surface,  while  salinity  generally  de- 
creases with  depth.  Denitrification  occurs  through 
the  sediment  core  and  is  organic  substrate  limited 
at  depth  while  being  nitrate  limited  near  the  sedi- 
ment-water interface.  Denitrification  accounts  for 
about  50%  of  the  biological  N03(-)  decrease  be- 
tween 40  and  15  cm  depth  interval.  Above  average 
rainfall  in  1983-84  was  reflected  in  an  elevated 
water  table  as  well  as  lower  bay  salinities.  Con- 
versely, very  low  rainfall  occurred  in  1985-86,  and 
the  water  table  reached  an  extreme  low  in  Sept. 
1986.  The  amounts  of  nitrate  in  the  sediment 
column  of  the  primary  station  varied  directly  with 
the  water  table  height  and,  presumably,  the  dis- 
charge rate  of  enriched  groundwater.  The  factors 
controlling  the  distributions  of  nitrate  in  these  sedi- 
ments may  be  summarized  as  follows:  at  low  water 
table  height,  the  combination  of  denitrification  and 
low  input  of  nitrate  results  in  uniformly  low  N03(- 
)  concentrations;  at  intermediate  rates  of  ground- 
water discharge,  dilution,  diffusion  and  denitrifica- 
tion presumably  combine  to  create  the  atypical 
distributions  of  N03(-)  generally  observed;  and 
relatively  high  concentrations  of  nitrate  occur 
throughout  the  sediment  column  at  high  flow  due 
to  dominance  of  advective  flow  relative  to  diffu- 
sion and  a  reduced  ability  of  sediment  associated 
denitrifiers  to  affect  the  overall  concentrations  of 
nitrate.  (Agostine-PTT) 
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NUTRIENT  COUPLINGS  BETWEEN  ON-SITE 
SEWAGE  DISPOSAL  SYSTEMS,  GROUND- 
WATERS, AND  NEARSHORE  SURFACE 
WATERS  OF  THE  FLORIDA  KEYS. 

Harbor   Branch   Oceanographic   Institution,   Inc., 


21 


Field  2— WATER  CYCLE 
Group  2F — Groundwater 

Fort  Pierce,  FL. 

For  primary  bibliographic  entry  see  Field  5B. 
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NITROGEN  INPUTS  TO  A  MARINE  EMBAY- 
MENT:  THE  IMPORTANCE  OF  GROUND- 
WATER. 

Marine  Biological  Lab.,  Woods  Hole,  MA.  Eco- 
systems Center. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06957 


REPORT  OF  FLUOROSIS  IN  THE  UNITED 
STATES  SECONDARY  TO  DRINKING  WELL 
WATER. 

Veterans     Administration     Wadsworth     Medical 
Center,  Los  Angeles,  CA. 
For  primary  bibliographic  entry  see  Field  5C. 
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OPTIMAL  SPECTRAL  BASE-FLOW  ESTIMA- 
TION. 

Mexican  Inst,  of  Water  Technology,  Progreso. 
For  primary  bibliographic  entry  see  Field  2E. 
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ESTIMATION  OF  SHALLOW  GROUND- 
WATER QUALITY  IN  THE  WESTERN  AND 
SOUTHERN  SAN  JOAQUIN  VALLEY,  CALI- 
FORNIA. 

San  Joaquin  Valley  Drainage  Program,  Sacramen- 
to, CA. 
W.  C.  Swain. 

Technical  Information  Record,  September  1990.  47 
p,  1  fig,  2  tab,  9  ref,  5  append. 

Descriptors:  'Data  collections,  •Groundwater  irri- 
gation, 'Groundwater  quality,  'San  Joaquin 
Valley,  'Water  quality,  Agriculture,  Arsenic, 
Boron,  California,  Maps,  Molybdenum,  Salinity, 
Selenium. 

Shallow  groundwater  quality  information  is  re- 
quired for  the  development  and  evaluation  of  shal- 
low groundwater  and  agricultural  drainage  water 
management  alternatives  in  the  San  Joaquin  Valley 
Drainage  Program.  The  1.7  million  acres  in  the 
western  and  southern  San  Joaquin  Valley  under- 
lain by  shallow  groundwater  within  20  feet  of  the 
ground  surface.  Water  quality  constituents  elevat- 
ed are  salinity,  arsenic,  boron,  molybdenum  and 
selenium.  Information  has  been  developed  for  the 
purpose  of  supporting  planning  activities  at  the 
regional  and  subregional  scale,  rather  than  for  site- 
specific  purposes.  There  is  a  high  degree  of  areal 
and  vertical  variability  throughout  the  study  area, 
and  shallow  groundwater  quality  can  and  does 
vary  more  than  is  shown  in  this  report.  Water 
quality  information  is  presented  in  the  form  of 
maps,  expressed  as  areas  with  ranges  of  concentra- 
tion values  for  each  constituent  evaluated.  The 
areal  extent  of  the  various  mapping  units  are  based 
upon  available  water  quality  data,  surficial  geology 
and  physiography,  depositional  environments,  sedi- 
ment source  areas,  soils  and  irrigation,  and  drain- 
age histories.  Dissolved  constituent  concentrations 
throughout  the  study  area  range  approximately 
three  orders  of  magnitude  between  minimum  and 
maximum  values.  Such  variability  occurs  on  a  re- 
gional scale,  with  localized  variability  generally 
limited  to  a  factor  of  two  to  three.  Mapping  specif- 
ic dissolved  constituents  in  shallow  groundwater  is 
limited  to  those  which  have  been  identified  as 
confirmed  or  strongly  suspected  of  limiting  man- 
agement options.  As  more  information  becomes 
available  through  ongoing  studies  and  monitoring 
programs,  additional  constituents  which  affect  the 
management  of  agricultural  drainage  water  may  be 
identified.  (Lantz-PTT) 
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TECHNIQUES  OF  WATER-RESOURCES  IN- 
VESTIGATIONS OF  THE  UNITED  STATES 
GEOLOGICAL  SURVEY.  CHAPTER  B4:  RE- 
GRESSION MODELING  OF  GROUND-WATER 
FLOW. 

R.  L.  Cooley,  and  R.  L.  Naff. 
Boole  3:  Application  of  Hydraulics,  1990.  232p,  35 


fig,  8  tab,  23  ref,  8  append.  Includes  one  5-1/4  in. 
diskette  of  'Regression  Modeling  of  Ground-Water 
Flow,  v.  2.0. 

Descriptors:  'Groundwater  movement,  •Mathe- 
matical analysis,  'Mathematical  models,  'Model 
studies,  'Regression  analysis,  Data  interpretation, 
Finite  difference  methods,  Groundwater  discharge, 
Groundwater  recharge,  Hydrologic  models,  Statis- 
tical methods. 

Scientists  and  engineers  have  been  using  ground- 
water flow  models  to  study  groundwater  flow 
systems  for  more  than  20  years.  The  basic  model- 
ing process  seems  to  be  relatively  straightforward. 
Initially,  a  sound  conceptual  model  is  formed  and 
is  translated  into  a  tractable,  mathematical  model. 
Contributing  to  (and  following)  this  conceptualiza- 
tion process  is  the  collection  of  field  information, 
such  as:  (1)  location  and  extent  of  hydrostratigra- 
phic  units,  recharge  areas,  discharge  areas,  and 
system  boundaries;  (2)  hydraulic  head  measure- 
ments; and  (3)  pumping  discharges.  These  data 
form  the  basis  for  input  to  the  flow  model.  Finally, 
the  model  is  run,  and  the  desired  information  such 
as  head  distribution  or  flux  rates  is  extracted.  How- 
ever, people  engaged  in  modeling  usually  observe 
that  two  pervasive  problems  considerably  compli- 
cate the  situation.  One  problem  is  that  good,  gener- 
al methods  of  measuring  (or  computing)  some  of 
the  variables  that  characterize  the  flow  system  and 
its  geologic  framework  do  not  exist.  The  second 
problem  relates  to  errors  in  the  measurements  and 
their  propagation  into  model  results.  As  a  conse- 
quence of  these  two  problems,  measurement  (or 
computation)  of  the  necessary  input  variables,  ap- 
plication of  them  to  an  adequate  model,  and  calcu- 
lation of  the  desired  results  to  an  acceptable  accu- 
racy generally  are  not  possible.  Other  methods  that 
recognize  and  deal  with  the  problems  of  incom- 
pleteness and/or  inaccuracy  of  data  must  also  be 
applied.  A  basic  methodology  of  multiple  nonlin- 
ear regression  has  been  developed  in  which  the 
regression  model  is  some  type  of  groundwater 
flow  model.  The  main  body  of  the  text  is  organized 
into  six  major  sections:  (1)  an  introduction  that 
discusses  the  general  topic  of  modeling  groundwat- 
er flow;  (2)  since  the  specific  optimization  ap- 
proach employed  is  regression  this  section  is  in- 
cluded to  provide  the  student  with  the  necessary 
statistical  background  material;  (3)  presents  de- 
tailed material  on  linear  and  nonlinear  regression; 

(4)  applies  the  nonlinear  regression  method  to  the 
specific  problem  of  developing  a  general  finite 
difference  model  of  steady-state  groundwater  flow; 

(5)  statistical  procedures  are  given  to  analyze  and 
use  general  linear  and  nonlinear  regression  models; 
and  (6)  supplements  to  the  preceding  sections. 
(Lantz-PTT) 
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GEOHYDROLOGY  AND  SIMULATION  OF 
GROUND-WATER  FLOW  IN  THE'400-FOOT,' 
'600-FOOT,'  AND  ADJACENT  AQUIFERS, 
BATON  ROUGE  AREA,  LOUISIANA. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 
E.  L.  Kuniansky. 

Water  Resources  Technical  Report  No.  49,  1989. 
90p,  58  fig,  7  tab,  7  plates,  30  ref. 

Descriptors:  'Aquifers,  'Geohydrology,  'Ground- 
water movement,  'Model  studies,  'Simulation 
analysis,  Aquifer  systems,  Baton  Rouge,  Ground- 
water mining,  Louisiana,  Mississippi  River  Basin, 
Water  level. 

Population  growth  southeast  of  the  industrial  area 
of  Baton  Rouge,  Louisiana,  has  resulted  in  new 
pumping  centers  in  the  '400-foot'  and  '600-foot' 
aquifers  in  the  area.  This  development  was  evaluat- 
ed by  using  a  three  dimensional  groundwater  flow 
model  calibrated  using  water  levels  from  1940  to 
1948,  and  potentiometric  maps  for  May  and  Octo- 
ber 1984.  Through  calibration,  it  was  determined 
that  subsidence  may  have  reduced  the  conductance 
of  clay  beds  that  underlie  the  industrial  district. 
Simulations  indicate  that  <  1  in/yr  of  recharge  in 
the  outcrop  area  goes  into  the  regional  flow 
system.  More  than  95%  of  recharge  in  the  outcrop 
area  is  discharged  to  streams  with  no  permanent 
change  in  storage  in  the  aquifer  in  the  outcrop 


area.  Simulated  flow  to  or  from  the  Mississippi 
River  through  the  Mississippi  alluvial  aquifer  is 
seasonal  and  dependent  on  river  stage.  Simulated 
flow  into  or  out  of  the  river  to  the  aquifer  was 
always  <  500  cu  ft/sec  for  the  reach  of  the  river 
between  St.  Francisville  and  New  Orleans,  Louisi- 
ana. Simulated  vertical  flux  to  the  '400-foot'  and 
'600-foot'  aquifers  recovers  quickly  from  the  ef- 
fects of  pumpage  because  of  the  proximity  of  the 
outcrop  area  and  the  Mississippi  River.  The  Baton 
Rouge  fault,  which  is  a  barrier  to  groundwater 
flow  in  the  deeper  aquifers  is  a  barrier  to  flow  in 
the  '400-foot'  and  '600-foot'  aquifers  west  of  the 
Amite  River.  Simulation  of  future  pumpage  in 
southeastern  Baton  Rouge  indicates  declines  of  40- 
60  feet  from  the  simulated  water  levels  of  the 
undeveloped  aquifers  and  about  20  feet  from  the 
simulated  1984  water  levels.  (Lantz-PTT) 
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GEOHYDROLOGY  AND  WATER  QUALITY 
OF  STRATIFIED-DRIFT  AQUIFERS  IN  THE 
EXETER,  LAMPREY,  AND  OYSTER  RIVER 
BASINS,  SOUTHEASTERN  NEW  HAMP- 
SHIRE. 

Geological  Survey,  Bow,  NH.  Water  Resources 
Div. 

R.  B.  Moore. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  88- 
4128,   1989.  61p,  29  fig,  3  tab,  8  plates,  28  ref. 

Descriptors:  'Aquifers,  'Geohydrology,  'Ground- 
water quality,  'New  Hampshire,  'Water  quality. 
Aquifer  systems,  Arsenic,  Chlorides,  Chromium, 
Exeter  River  Basin,  Groundwater  recharge,  Heavy 
metals,  Iron,  Lamprey  River  Basin,  Mercury, 
Model  studies,  Oyster  River  Basin,  Sodium,  Vola- 
tile organic  compounds,  Water  analysis. 

An  investigation  was  conducted  by  the  US  Geo- 
logical Survey  (USGS)  in  cooperation  with  the 
State  of  New  Hampshire  Department  of  Environ- 
mental Services,  Water  Resources  Division  to  de- 
scribe the  geohydrology  and  water  quality  of 
stratified-drift  aquifers  in  the  Exeter,  Lamprey,  and 
Oyster  River  Basins  of  southeastern  New  Hamp- 
shire. Characteristics  of  stratified  drift  materials 
that  affect  groundwater  storage  and  movement  are 
related  to  the  original  glaciofluvial  environment  in 
which  they  are  deposited.  The  geohydrology  of 
stratified-drift  aquifers  was  investigated  by  focus- 
ing on  basic  aquifer  properties,  including:  aquifer 
boundaries;  recharge,  discharge,  and  direction  of 
groundwater  flow;  saturated  thickness  and  storage; 
and,  transmissivity.  Two  aquifer  areas,  West 
Epping  and  Newmarket  Plains,  were  selected  to 
evaluate  the  use  of  superposition  technique  in  con- 
junction with  a  digital  flow  model.  The  results 
demonstrate  that  the  amount  of  water  that  poten- 
tially is  available  is  greatest  in  aquifers  where 
induced  infiltration  from  streams  occurs.  The  sizes 
of  the  areas  of  contribution  to  wells  estimated 
using  the  model  results  are  1.7  sq  mi  for  the  West 
Epping  aquifer  and  0.38  sq  mi  for  the  New  Market 
Plains  Aquifer.  Water  samples  from  38  test  wells 
and  2  springs  were  collected  and  analyzed  to  assess 
background  water  quality  within  the  aquifers. 
Known  areas  of  contamination  were  avoided,  in- 
cluding three  sites  that  are  on  the  National  Priority 
List  of  Hazardous  Waste  sites.  Results  of  the  sam- 
pling program  show  that  water  in  the  stratified 
aquifer  generally  meets  US  EPA  drinking  water 
regulations  and  recommended  limits,  with  some 
exceptions.  One  sample  had  a  280  mg/L  chloride 
concentration  and  12  samples  had  sodium  concen- 
trations that  exceeded  20  mg/L  (mainly  from  road 
salt);  5  samples  had  iron  concentrations  >  1,000 
micro  g/L,  and  27  samples  had  manganese  concen- 
trations that  >  50  micro  g/L  (of  natural  origin). 
Other  evidence  of  possible  degraded  groundwater 
conditions  include  one  sample  with  a  chromium 
concentration  of  50  micro  g/L,  one  sample  with  a 
mercury  concentration  of  4  micro  g/L,  two  sam- 
ples with  elevated  arsenic  concentrations  of  14  and 
1 1  micro  g/L,  and  one  sample  with  detectable 
concentrations  of  volatile  organic  compounds. 
(Lantz-PTT) 
W9 1-07050 
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EFFECTS  OF  HETEROGENEOUS  POROUS 
GEOLOGY  ON  GROUNDWATER  FLOW  AND 
TRANSPORT  MODELING  IN  MULTIA- 
QUIFER  SYSTEMS. 

Savannah  River  Lab.,  Aiken,  SC. 

D.  E.  Stephenson. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161,  as  DE89-010442. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

Report  No.  DP-MS-88-59,  1989.  25p,  18  fig,  1  tab, 

18  ref. 

Descriptors:  *Aquifer  systems,  'Geohydrology, 
•Groundwater  movement,  •Heterogeneity, 
•Model  studies,  'Path  of  pollutants,  'Solute  trans- 
port, Data  interpretation,  Flow  profiles,  Hydrolog- 
ic  models,  Lithology,  Mathematical  models,  Poros- 
ity, Savannah  River  Plant,  Soil  properties,  South 
Carolina. 

A  multiaquifer  groundwater  flow  system  occurs  in 
the  Coastal  Plain  sediments  underlying  the  Savan- 
nah River  Plant  (SRP)  in  South  Carolina.  Four 
predominantly  silty  or  clayey  beds  divide  these 
sediments  into  a  sequence  of  five  aquifers  and  four 
aquitards.  In  the  past,  these  units  have  generally 
been  considered  to  be  areally  continuous  for  mod- 
eling purposes.  However,  recent  geologic  investi- 
gations suggest  the  existence  of  small-scale  vari- 
ations in  the  lithology  and  continuity  of  the  aqui- 
tards. A  three-dimensional  model  was  used  to  in- 
vestigate the  influence  of  simple  heterogeneities 
and  discontinuities  in  an  aquitard  on  groundwater 
flow  and  transport  in  a  17  sq  mi  region  of  SRP 
where  geologic  and  hydrologic  control  exists. 
Simple  holes  and  faults  in  the  confining  bed  were 
studied.  These  features  produced  variations  in  the 
distribution  of  hydraulic  heads  that  could  be  diffi- 
cult to  detect  without  closely  spaced  monitoring 
wells  in  the  vicinity  of  the  feature.  In  terms  of 
solute  transport,  however,  significant  changes  in 
flow  directions  and  rates  resulted  from  the  pres- 
ence of  the  feature.  The  simulations  showed  that 
such  heterogeneities  and  discontinuities  can  re- 
verse flow  directions  near  the  feature  and  signifi- 
cantly reduce  contaminant  travel  times  to  lower 
aquifers.  The  results  of  these  model  simulations 
indicate  the  importance  of  adequate  geologic  con- 
trol for  the  accurate  prediction  of  groundwater 
flowpaths  in  multiaquifer  systems  with  implications 
for  groundwater  monitoring  strategies,  remedial 
system  design,  and  risk  assessments.  (Lantz-PTT) 
W9 1-0705  3 


EFFECT  OF  IRRIGATED  HORTICULTURAL 
CROPPING  ON  GROUNDWATER  QUALLTY: 
SWAN  COASTAL  PLAIN,  WESTERN  AUSTRA- 
LIA. 

Agricultural  Research  Service,  University  Park, 
PA.  Northeast  Watershed  Research  Center. 
For  primary  bibliographic   entry  see  Field   5G. 
W9 1-0705  5 


cule  decreased  as  the  percentage  of  nitrogen  in- 
creased. During  inundation,  the  hydrolyzable  com- 
ponents were  split  off  from  humic  acid  molecules, 
CH(2)  and  CH(3)  groups  were  lost  and  the  per- 
centage of  the  most  highly  aromatic  humic  acids 
increased.  (Author's  abstract) 
W9 1-05978 


EFFECT  OF  WETTING  AND  DRYING  ON  THE 
SOIL  STRUCTURE. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

V.  I.  Makeyeva. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  4,  p  81- 
89,  1989.  3  fig,  2  tab,  13  ref. 

Descriptors:  *Irrigation  effects,  •Soil  compaction, 
•Soil  structure,  *Soil  water,  'Soils,  'USSR,  Humic 
acids,  Soil  chemistry.  Soil  physics,  Soil  porosity. 

The  processes  of  periodic  wetting  and  drying  of 
soils  from  the  Black  Meadow  and  Chernozem, 
USSR,  were  studied  to  determine  the  cause  of  soil 
compaction  and  to  predict  the  effect  of  prolonged 
use  of  irrigation.  Swelling  and  shrinking  are  de- 
pendent upon  the  structural  condition  of  the  soil; 
the  better  structured  the  soil,  the  less  it  swells  and 
shrinks  compared  to  structureless  soil.  Periodic 
wetting  and  drying  contributes  to  the  formation  of 
aggregates  in  the  structureless  soil  due  to  numer- 
ous cracks  which  are  formed  in  the  course  of 
drying  and  cause  it  to  separate  into  individual 
fragments.  This  process  causes  a  decrease  in  the 
total  active  surface  of  the  soil  and  in  its  relative 
swelling  from  one  cycle  to  another.  Prolonged 
periodic  wetting  and  drying  of  the  upper  2  cm 
layer  of  black  compact  Meadow  soil  leads  to  the 
formation  of  a  mulch  layer  which  consists  of  ag- 
gregates 3-5  mm  in  diameter  and  reduces  water 
loss  from  underlying  horizons  of  the  soil.  The 
moisture  content  of  lower  horizons  of  black  com- 
pact Meadow  soil  varies  between  12  and  27%.  At 
this  moisture  content  the  action  of  various  forces, 
which  impart  maximum  stability  to  the  soil  mass,  is 
greatest.  Improper  irrigation  of  Chernozems  at 
high  moisture  levels  causes  the  soil  to  become 
thixotropic.  Systematic  mechanical  cultivation  of 
the  soil  at  intolerable  moisture  limits  causes  a  struc- 
ture deterioration  and  may  eventually  lead  to  ap- 
preciable compaction  of  the  soils  when  dehydrat- 
ed. (Author's  abstract) 
W9 1-05979 
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ALTERATION  OF  SOIL  ORGANIC  MATTER 
BY  INUNDATION. 

Irkutskii  Gosudarstvennyi  Univ.  (USSR).  Inst,  of 

Petrochemical  and  Coal-Chemical  Synthesis. 

V.  A.  Seryshev,  G.  V.  Ratovskiy,  Y.  V.  Nazarova, 

N.  A.  Ivanova,  and  N.  V.  Serysheva. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  4,  p  45- 

58,  1989.  4  tab,  41  ref. 

Descriptors:  *Flooding,  *Soil  chemistry,  *Soil  or- 
ganic matter,  'USSR,  Bratsk  Reservoir,  Chemical 
properties,  Decomposing  organic  matter,  Humic 
acids,  Nitrogen,  Soil  analysis,  Soil  water. 

The  composition  of  humus  in  temporarily  and  con- 
stantly inundated  auromorphic  soils  of  the  Ust-Ilim 
and  Bratsk  reservoirs  and  buried  inundated  soils  of 
Proval  Bay  in  Lake  Baikal,  USSR,  was  investigat- 
ed to  determine  the  composition  of  soil  organic 
matter  and  the  nature  of  its  alteration  in  suba- 
queous conditions.  As  a  result  of  inundation,  the 
soil  organic  matter  acquired  several  irreversible 
properties:  the  carbon  content  of  humic  acids  de- 
creased and  their  degree  of  oxidation  increased; 
the  percentage  of  carbon  in  the  humic  acid  mole- 


EFFECT  OF  THE  COMPOSITION  OF  SOIL 
SOLUTIONS  AND  EXCHANGE  CATIONS  ON 
WATER  RETENTION  AND  HYDRAULIC  CON- 
DUCTIVITY. 

Institute  of  Applied  Physics,  Pushkino  (USSR). 
Y.  A.  Pschcpskiv. 

Soviet  Soil  Science  SSSCAE,  Vol.  21,  No.  4,  p  90- 
103,  1989.  4  fig,  2  tab,  29  ref. 

Descriptors:  'Hydraulic  conductivity,  'Soil  chem- 
istry, *Soil  solution,  *Soil  structure,  Calcium, 
Cation  exchange,  Chlorides,  Clay  minerals,  Model 
studies,  Permeability  coefficient,  Sodium. 

Additional  swelling  and  water  retention  and  the 
decrease  of  the  permeability  coefficient  from 
Ca(2  +  )-saturated  samples  to  samples  in  the  mixed 
Ca-Na  form  depend  mainly  on  the  average  thick- 
ness of  the  hydrate-ion  layers  in  the  interlayer 
spacings  of  smectite  minerals.  The  hypothesis  that 
the  change  in  the  water  retention  and  hydraulic 
conductivity  of  soils  is  determined  by  the  swelling 
of  clay  minerals  if  the  solution  in  large  pores  is  not 
excessively  demineralized,  is  investigated  to  deter- 
mine the  limits  of  applicability  and  to  find  working 
formulas  for  its  practical  use.  The  investigations 
were  performed  for  salinization  with  hydrolytical- 
ly  neutral  salts  using  soil  samples  affected  by  calci- 
um and  sodium  chlorides.  The  thickness  of  hy- 
drate-ion layers  in  the  interlayer  spacings  of  smec- 
tite minerals  can  be  calculated  from  formulas  de- 
rived from  the  cation-separation  and  tactoid 
models.  The  degree  of  swelling  of  the  clay  frac- 
tion, water  retention  and  the  permeability  coeffi- 
cient in  soils  affected  by  sodium  and  calcium  chlor- 
ides depend  mainly  on  the  thickness  of  the  hy- 
drate-ion layers  at  an  ionic  strength  of  the  solution 
exceeding  0.003  mol/liter  (a  concentration  greater 
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than  0.11-0.17  g/liter).  These  relationships  are  af- 
fected by  the  content  of  smectite  minerals  in  the 
clay  fraction,  by  particle-size  composition  and  by 
the  content  of  strengthening  components  in  the 
solid  phase.  (Author's  abstract) 
W9 1-05980 


DETERMINATION  OF  CRITICAL  MOISTURE 
CONTENTS  OF  SOILS  IN  THE  COURSE  OF 
EVAPOTRANSPIRATION. 

Slovenska  Akademia  Vied,  Bratislava  (Czechoslo- 
vakia). Ustav  Hydrologie  a  Hydrauliky. 
For  primary   bibliographic   entry  see   Field   2D. 
W9 1-05981 


ELUTION  OF  ENDRIN  THROUGH  COM- 
PACTED SOIL  WITH  ETHANOL-WATER  MIX- 
TURES. 

Trevecca  Nazarene  Coll.,  Nashville,  TN. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06021 


DROUGHT-INDUCED  ACCUMULATION  OF 
NITRATE  IN  GRAIN  SORGHUM. 

Arkansas  Univ.,  Hope.  Southwest  Research  and 
Extension  Center. 

M.  L.  May,  J.  M.  Phillips,  and  G.  L.  Cloud. 
Journal  of  Production  Agriculture,  Vol.  3,  No.  2,  p 
238-241,  1990.  1  fig,  2  tab,  15  ref. 

Descriptors:  'Agricultural  engineering,  'Drought 
effects,  'Nitrates,  'Soil-water-plant  relationships, 
Cattle,  Crop  damage,  Fertilizers,  Grain  crops, 
Plant  growth,  Sorghum. 

Nitrate  accumulation  in  crop  plants  is  intensified 
by  stress  from  inadequate  moisture,  but  little  infor- 
mation is  available  about  the  effect  of  N  fertiliza- 
tion rate  on  N03  accumulation  in  sorghum  during 
a  dry  period.  During  the  summer  drought  of  1988, 
N03  concentrations  in  Funks  G-522  DR  grain 
sorghum  receiving  0  to  150  lb  N/acre  as  NH4N03 
were  measured  over  five  harvests  (cutting  height 
6-in  above  the  soil  surface),  which  simulated  sal- 
vage of  a  grain  crop  for  animal  feed.  The  objec- 
tives of  the  study  were  to  determine  the  effects  of 
N  fertilization  rate  on  N03  and  dry  matter  accu- 
mulation as  well  as  total  N  uptake  of  grain  sor- 
ghum. Sorghum  was  seeded  26  April  on  a  Bowie 
fine  sandy  loam  soil  (fine-loamy,  siliceous,  thermic 
Plinthic  Paleudults).  When  sampled  on  23  June, 
N03  concentration  in  sorghum  tissue  was  equal  to 
the  2100  ppm  N03-N  concentration  that  could  be 
lethal  to  cattle  (Bos  taurus,  Bos  indicus)  where  50 
lb  N/acre  had  been  applied,  and  increased  as  N 
fertilizer  rate  increased  up  to  the  100  lb  N/acre 
rate  (2160,  4280,  and  5360  ppm  N03-N  for  50,  100, 
and  150  lb  N/acre,  respectively,  at  growth  stage  5, 
or  boot  state).  When  harvested  for  animal  feed  on 
26  July  (growth  stage  7,  soft  dough),  the  sorghum 
was  safe  for  consumption  by  cattle.  Percent  total  N 
in  sorghum  tissue  increased  as  N  fertilizer  rate 
increased,  and  dry  matter  accumulation  averaged 
approximately  7700  lb/acre  at  growth  stage  7. 
Based  on  the  observations  from  this  study,  sor- 
ghum producers  who  consider  salvaging  a  grain 
crop  at  the  boot  growth  stage  should  test  the 
forage  for  N03  content  if  drought  conditions  exist. 
(Author's  abstract) 
W9 1-06300 


MEASUREMENT  OF  WATER  USE  AND  PAS- 
TURE GROWTH  ON  TEMPLETON  SILT 
LOAM. 

Canterbury  Agriculture  and  Science  Centre,  Lin- 
coln (New  Zealand). 
R.  J.  Martin. 

New  Zealand  Journal  of  Agricultural  Research 
NEZFA7,  Vol.  33,  No.  2,  p  343-349,  1990.  4  fig,  1 
tab,  1 5  ref. 

Descriptors:  'Evapotranspiration,  'New  Zealand, 
•Pastures,  'Soil  moisture  deficiency,  'Soil  water, 
'Soil-water-plant  relationships,  Crop  production, 
Dry  matter,  Evapotranspiration  potential,  Pasture 
management,  Soil  profiles. 
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Pasture  growth  in  Canterbury,  New  Zealand,  is 
frequently  restricted  by  inadequate  soil  moisture 
levels.  To  prevent  the  development  of  soil  mois- 
ture conditions  which  will  have  an  adverse  effect 
on  pasture  production,  farmers  need  to  know  the 
soil  water  deficit  at  which  pasture  growth  is  re- 
stricted, either  by  direct  measurement  or  by  a 
water  budget  which  has  preferably  been  calibrated 
to  a  measured  water  deficit.  Soil  water  contents  to 
a  depth  of  I. OS  m  and  pasture  growth  were  meas- 
ured over  three  years  on  irrigated  and  dryland 
perennial  ryegrass-white  clover  pasture  on  a  Tem- 
pleton  silt  loam  soil  near  Christchurch,  New  Zea- 
land. Cumulative  dry  matter  (DM)  yield  was  lin- 
early related  to  cumulative  Penman  potential  eva- 
potranspiration  when  soil  moisture  deficits  in  the 
top  1.05  m  of  soil  were  less  than  90  mm,  and 
averaged  11.3  kg  DM/ha  per  mm  potential  evapo- 
transpiration.  Growth  was  slower  for  soil  moisture 
deficits  between  90  and  160  mm,  and  stopped  at 
greater  deficits.  The  maximum  soil  moisture  deficit 
obtained  in  a  very  dry  year  was  190  mm.  Soil 
moisture  extraction  occurred  mainly  from  the  top 
450-600  mm  of  soil  at  low  water  deficits.  As  the 
soil  dried,  progressively  more  moisture  was  taken 
up  from  lower  down  the  profile.  Yields  were  re- 
duced at  smaller  soil  water  deficits  than  transpira- 
tion. (Author's  abstract) 
W9 1-06307 


SOIL  WATER  DYNAMICS,  TRANSPIRATION, 
AND  WATER  LOSSES  IN  A  CRESTED 
WHEATGRASS  AND  NATIVE  SHORTGRASS 
ECOSYSTEM. 

Colorado    State    Univ.,    Fort    Collins.    Dept.    of 

Range  Science. 

For  primary  bibliographic  entry  see  Field  21. 

W91-06314 


PROTON  CYCLE  OF  A  DECIDUOUS  FOREST 
ECOSYSTEM  IN  THE  NETHERLANDS  AND 
ITS  IMPLICATIONS  FOR  SOIL  ACIDIFICA- 
TION. 

Amsterdam  Univ.  (Netherlands).  Lab.  for  Physical 
Geography  and  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-063 17 


SOIL  WATER  ASSESSMENT  MODEL  FOR 
SEVERAL  CROPS  IN  THE  HIGH  PLAINS. 

Louisiana   State   Univ.,    Baton   Rouge.    Dept.   of 

Agronomy. 

J.  M.  Robinson,  and  K.  G.  Hubbard. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  6,  p 

1141-1148,  November/December  1990.  5  fig,  5  tab, 

27  ref. 

Descriptors:  'Agricultural  engineering,  'Crops, 
•Hydrologic  models,  'Model  studies,  'Soil  water, 
•Soil-water-plant  relationships,  Com,  Evapotran- 
spiration,  Hydrologic  budget,  Meteorological  data, 
Root  zone,  Soil  horizons,  Sorghum,  Soybeans, 
Wheat. 

Soil  properties,  soil  water  content,  and  precipita- 
tion vary  widely  within  the  High  Plains  of  the  US. 
Reliable  estimates  of  crop  water  status  have  been 
hampered  by  a  general  sparsity  of  soil  water  moni- 
toring. This  study  examined  the  feasibility  of  deter- 
mining soil  water  status  using  a  soil  water  balance 
model.  Soil  water  content  was  measured  under 
corn,  wheat,  sorghum,  and  soybean  at  different 
sites  in  the  High  Plains  during  1986  and  1987. 
Surface  weather  data  collected  from  the  High 
Plains  Automated  Weather  Data  Network  served 
as  input  to  a  model  that  estimates  evapotranspira- 
tion  and  soil  water  content  on  a  daily  time  step. 
Atmospheric  demand  was  represented  by  potential 
evapotranspiration  calculated  from  the  Penman 
method.  Model  estimates  of  total  water  in  the  root 
zone  were  compared  to  measured  values  using 
statistical  measures  including  the  index  of  agree- 
ment. Comparison  at  one  site  between  measured 
and  estimated  soil  water  by  individual  soil  layers 
beneath  a  corn  crops  indicated  that  water  content 
was  slightly  underestimated  in  the  upper  layers  and 
overestimated  in  the  lower  layers.  The  perform- 
ance of  the  model  in  estimating  total  soil  water 
over  a  range  of  soil  types,  crops,  and  weather  was 
satisfactory,  with  the  majority  of  index  of  agree- 


ment values  exceeding  0.75.  Based  on  the  results  of 
this  study,  it  was  concluded  that  it  is  now  possible 
to  accurately  estimate  soil  water  conditions  in  a 
timely  fashion  under  reasonably  flat  terrain,  pro- 
vided near-real  time  weather  data  are  available. 
(Author's  abstract) 
W9 1-06399 


ESTIMATING  THE  ATTERBERG  LIMITS  OF 
SOUTHERN  SASKATCHEWAN  SOILS  FROM 
TEXTURE  AND  CARBON  CONTENTS. 

Saskatchewan  Univ.,  Saskatoon.  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  8D. 
W9 1-06405 


GRAZING  IMPACTS  ON  INFILTRATION  IN 
MIXED  PRAIRIE  AND  FESCUE  GRASSLAND 
ECOSYSTEMS  OF  ALBERTA. 

Alberta  Univ.,  Edmonton.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06406 


INFLUENCE  OF  AGGREGATE  DIAMETER, 
SURFACE  AREA  AND  ANTECEDENT  WATER 
CONTENT  ON  THE  DISPERSIBILITY  OF 
CLAY. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science. 

B.  D.  Kay,  and  A.  R.  Dexter. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 

70,  No.  4,  p  655-671,  November  1990.  6  fig,  5  tab, 

25  ref. 


Descriptors:  'Antecedent  moisture,  'Australia, 
•Clay  soils,  'Soil  aggregates,  'Soil  properties, 
•Soil  science,  'Soil  water,  Aggregates,  Clays,  Dis- 
persion, Farm  management,  Soil  management,  Soil 
stability. 


Dispersible  clay  influences  a  range  of  physical  and 
mechanical  properties  of  soils,  and  values  of  dis- 
persible clay  should  be  included  in  assessments  of 
new  soil,  crop,  and  water  management  practices. 
The  percentages  of  spontaneously-dispersed  clay 
and  mechanically-dispersed  clay  in  a  suspension  of 
a  given  ionic  strength  were  hypothesized  to  be 
controlled  by  the  specific  area  of  exposed  aggre- 
gate surfaces  and  the  dispersibility  of  clay  per  unit 
specific  aggregate  surface  area.  This  hypothesis 
was  evaluated  using  different-sized  aggregates  col- 
lected in  1988  from  wheat-fallow  and  continuous 
pasture  rotations  established  in  1925  on  a  red- 
brown  earth  in  southern  Australia.  Aggregates 
which  were  initially  air-dry  were  wetted  to  matric 
water  potentials  ranging  from  -10  to  -0.3  kPa,  then 
placed  in  distilled  water  and  percentages  of  sponta- 
neously-dispersed and  mechanically-dispersed  clay 
measured.  Amounts  of  spontaneously-dispersed 
clay  increased,  as  hypothesized,  with  increasing 
surface  area  of  aggregates.  However,  the  spontane- 
ously-dispersed clay  per  unit  surface  area  of  aggre- 
gates increased  with  increasing  size  of  aggregates 
and  increasing  antecedent  soil  water  content.  The 
effect  of  water  content  was  greatest  in  the  larger 
aggregates  of  the  less  stable  wheat-fallow  soil. 
Mechanically-dispersed  clay  was  approximately  12 
times  larger  than  spontaneously-dispersed  clay  and 
increased  with  increasing  initial  aggregate  size  and 
increasing  antecedent  water  content.  The  sensitivi- 
ty of  mechanically-dispersed  clay  to  water  content 
was  greatest  on  the  least  stable  soil.  Calculations 
showed  that  the  higher  values  of  mechanically- 
dispersed  clay  on  unstable  soils  were  due  to  both 
larger  exposed  aggregate  surface  areas  and  higher 
dispersibility  of  the  clay  on  these  surfaces.  (Au- 
thor's abstract) 
W9 1-06407 


IRRIGATION  SUITABILITY  OF  SOLONETZIC 
SOILS  IN  THE  COUNTY  OF  NEWELL,  AL- 
BERTA. 

Alberta  Agriculture,  Lethbridge.  Land  Evaluation 

and  Reclamation  Branch. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06409 


VERTICALLY  INSTALLED,  FLUSH-MOUNT- 
ED TENSIOMETER  FOR  TURFGRASS  RE- 
SEARCH. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Horticul- 
ture. 

For  primary  bibliographic  entry  see  Field  7B. 
W91-06413 


MEASUREMENT  OF  SOIL  WATER  POTEN- 
TIAL. 

Gulf  Coast  Research  and  Education  Center,  Bra- 

denton,  FL. 

G.  A.  Clark. 

Horticultural  Science,  Vol.  25,  No.   12,  p   1548- 

1551,  December  1990.  18  ref. 

Descriptors:  'Instrumentation,  'Measuring  instru- 
ments, 'Soil  science,  'Soil  water,  'Soil  water  po- 
tential, Energy  equation,  Tensiometers,  Thermal 
conductivity,  Thermocouples. 

Total  soil  water  potential  includes  pressure,  gravi- 
metric, and  osmotic  components.  Measurement  of 
gravimetric  potential  is  relatively  easy  because  it  is 
referenced  to  a  fixed  datum.  Unsaturated  pressure 
potentials  and  osmotic  potentials  are  more  difficult 
to  measure.  Generally,  another  property  of  the  soil 
is  measured  and  calibrated  to  the  water  potential, 
or  a  reference  matrix  is  used  to  equilibrate  with  the 
soil  and  then  a  property  of  that  reference  matrix  is 
measured.  Common  devices  used  for  measuring 
soil  water  potential  include  tensiometers,  electrical 
resistance  blocks,  heat  pulse  (or  thermal  conductiv- 
ity) sensors,  and  thermocouple  psychrometers.  Soil 
water  potential  represents  the  static  energy  state  of 
soil  water  and  its  potential  energy.  Movement  of 
water  within  the  soil  is  slow;  thus,  the  other  form 
of  energy,  kinetic,  is  considered  to  be  negligible. 
Soil  water  potential  is  considered  to  be  the  'total' 
energy  level  with  respect  to  the  energy  state  of  soil 
water  and  is  generally  expressed  in  terms  relative 
to  water  in  a  standard  reference  state.  (Author's 
abstract) 
W91-06415 


SIMPLE  WATER-BALANCE  MODELS  FOR 
SIMULATING  MOISTURE,  SALINITY  AND 
SODICTTY  PROFILES  IN  SOILS  UNDER 
WHEAT. 

Punjab    Agricultural    Univ.,     Ludhiana    (India). 

Dept.  of  Soils. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06418 


PERMEABILITY  OF  FROZEN  AND  THAWED 
SOILS  AND  SUB-SOILS  DURING  SPRING 
SNOWMELT  FLOOD. 

Gosudarstvennyi    Gidrologicheskii    Inst.,    Valdai 

(USSR). 

For  primary  bibliographic  entry  see  Field  2C. 

W9 1-06465 


STUDY  ON  THE  EFFECT  OF  CHANGES  OF 
GROUNDWATER  LEVELS  ON  SOIL  MOIS- 
TURE CONDmON  AND  EVAPOTRANSPIRA- 
TION. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Hydraulics  and  Catchment  Hydrology. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-06488 


TESTS  AND  APPLICATION  OF  SOIL  MOIS- 
TURE DEFICIT  MODELS  USED  FOR  ANALY- 
SIS OF  BASIN  BEHAVIOUR. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06489 


ROOT  ZONE  DRAINAGE  FROM  A  HUMID 
FOREST  SOIL  IN  THE  WEST  COAST  OF 
CANADA. 

British  Columbia  Ministry  of  Forests,  Kamloops. 

Hydrology  Research  Section. 

J.  D.  Cheng. 

IN:   Forest   Hydrology   and   Watershed   Manage- 
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WATER  CYCLE— Field  2 
Water  In  Soils— Group  2G 


ment.  IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  377-386,  4  fig,  1  tab,  12  ref. 

Descriptors:  'Forest  hydrology,  *Forest  soils, 
•Forest  watersheds,  'Root  zone,  'Soil  water,  Brit- 
ish Columbia,  Canada,  Drainage,  Evapotranspira- 
tion,  Hemlock  trees,  Hydraulic  conductivity,  Hy- 
drologic  budget,  Hydrologic  equation,  Lysimeters, 
Rainfall,  Rainfall-runoff  relationships,  Surface 
runoff. 

The  hydrologic  processes  taking  place  within  the 
root  zone  control  or  influence  the  amounts  and 
rates  of  water  movement  to  stream  channels,  the 
leaching  of  soluble  nutrients,  and  the  effects  of 
forest  operations  on  these  parameters.  The  root 
zone  water  balance  of  a  forest  soil  can  be  expressed 
in  terms  of  rainfall,  evapotranspiration,  surface 
runoff,  change  in  soil  water  content,  and  drainage. 
A  study  was  conducted  to  determine  and  compare 
the  drainages  from  the  root  zone  of  a  humid  forest 
soil  using  two  simple  and  inexpensive  methods:  (1) 
Darcy's  equation  with  required  data  determined  in 
situ;  and  (2)  an  unconfined  type  tension  lysimeter 
system  modified  to  allow  manual  adjustments  of 
suction  on  the  lysimeter  plate  according  to  the 
tensions  in  the  soil.  Root  zone  drainage  from  the 
Jamieson  Creek  watershed  in  southwestern  British 
Columbia  and  within  the  wetter  subzone  of  the 
coastal  western  hemlock  biogeoclimatic  zone  was 
evaluated.  Suction  on  the  lysimeter  plate,  which 
had  improved  hydraulic  contact  with  the  soil,  was 
adjusted  according  to  the  tension  in  the  surround- 
ing soil.  Field-determined  soil  hydraulic  conductiv- 
ity and  hydraulic  gradient  data  were  used  in  the 
Darcy's  equation  method.  Drainages  measured  by 
the  two  methods  were  similar  with  the  lysimeter 
method  giving  slightly  higher  values,  and  drainage 
amounts  during  two  drying  periods  agreed  well 
with  those  estimated  from  a  water  balance  method. 
The  variations  of  root  zone  drainage  were  closely 
related  to  those  of  rainfall  and  streamflow  of  the 
small  surrounding  watershed.  Human  and/or  sys- 
tematic errors  may  be  corrected  by  making  neces- 
sary improvements,  e.g.,  utilizing  more  expensive 
automatic  recording  equipment  and  control  de- 
vices. (See  also  W9 1-065 10)  (Fish-PTT) 
W9 1-06546 


SOIL  WATER  BALANCE  MODEL  FOR  PARTI- 
TIONING WATER  USE  AMONG  CROP  TREES, 
EVAPORATION,  AND  COMPETING  VEGETA- 
TION. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Soil  Sci- 
ence. 

S.  W.  Childs,  C.  Costello,  and  A.  L.  Flint. 
IN:   Forest  Hydrology  and  Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  387-399,  5  fig,  3  tab,  20  ref. 

Descriptors:  'Forest  hydrology,  'Forest  water- 
sheds, 'Model  studies,  'Reforestation,  'Soil  water, 
•Soil-water-plant  relationships,  'Watershed  man- 
agement, Evapotranspiration,  Forest  soils,  Hydro- 
logic  budget,  Hydrologic  equation,  Land  manage- 
ment, Seedlings,  Sensitivity  analysis. 

Soil  water  balance  information  is  routinely  used  to 
analyze  and  plan  reforestation  operations  after 
timber  harvest;  soil  water  storage,  evapotranspira- 
tion, and  timing  all  must  be  considered  when  eval- 
uating the  likelihood  of  reforestation  success.  Land 
managers  need  techniques  to  evaluate  large  num- 
bers of  reforestation  sites.  The  detailed  approaches 
of  currently  available  soil  water  balance  models 
require  too  much  site  specific  data  for  routine  use. 
A  soil  water  balance  model  was  developed  to 
simulate  the  processes  that  affect  moisture  condi- 
tions for  seedling  growth  and  survival,  by  calculat- 
ing the  soil  water  balance  given  input  measure- 
ments or  estimates  of  climate,  soil  properties,  and 
vegetative  cover  conditions.  The  input  data  re- 
quirement was  kept  to  a  minimum  in  order  to 
maximize  the  utility  of  the  model  in  situations 
where  few  measurements  are  available.  The  model 
was  tested  for  use  in  four  common  reforestation 
environments  (shading,  mulching,  vegetation  con- 
trol, and  no  treatment)  where  competing  vegeta- 
tion and  soil  surface  evaporation  may  reduce  soil 
water  supply  below  that  needed  for  seedling  sur- 


vival. The  verification  experiment  showed  that  the 
model  can  calculate  the  measured  treatment  differ- 
ences found  in  a  detailed  soil  water  balance  study. 
A  sensitivity  analysis  of  the  model  showed  the 
model  was  not  overly  sensitive  to  errors  in  estimat- 
ing soil  properties  and  cover  percentages.  The 
model  was  sensitive  to  climate  inputs  but  no  more 
so  than  the  soil  water  balance  itself.  The  modeling 
technique  is  recommended  as  a  method  for  assess- 
ing the  probability  of  seedling  water  supply  limita- 
tions given  a  historical  data  set  from  or  near  a 
given  site.  (See  also  W9 1-065 10)  (Fish-PTT) 
W9 1-06547 


PRELIMINARY  ASSESSMENT  OF  SOIL  HY- 
DRAULIC PROPERTIES,  AND  THEIR  IMPLI- 
CATIONS FOR  AGRO  FORESTRY  MANAGE- 
MENT IN  GRENADA,  WEST  INDIES. 

Plymouth  Polytechnic  (England).  Dept.  of  Geo- 
graphical Sciences. 

J.  L.  Ternan,  A.  G.  Williams,  and  K.  Solman. 
IN:   Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  409-421,  4  fig,  2  tab,  23  ref. 

Descriptors:  'Forest  hydrology,  'Forest  water- 
sheds, 'Grenada,  'Hydraulic  properties,  'Land 
use,  'Soil  erosion,  'Soil  properties,  'Soil  water, 
•Tropical  regions,  'Watershed  management, 
Forest  soils,  Grasslands,  Hydraulic  permeability, 
Land  management,  Runoff,  Soil  analysis,  Soil  den- 
sity, Soil  horizons,  Soil  porosity,  Throughfall, 
West  Indies. 

In  parts  of  the  tropics  such  as  Grenada  much  of  the 
natural  forest  has  long  since  been  replaced  by 
various  types  of  tree  vegetation  ranging  from  semi- 
natural  secondary  forest  to  mixed  plantation  crops. 
Pressure  to  make  such  land  more  productive  for 
food,  cash  crops,  or  timber  requires  information  on 
runoff  processes  in  these  disturbed  but  well-vege- 
tated areas,  as  well  as  an  assessment  of  the  possible 
impact  of  planned  land-use  changes  on  runoff  and 
erosional  processes.  Because  of  a  lack  of  flow  data 
for  Grenadian  rivers  and  limited  time  and  re- 
sources available,  attention  was  focused  on  a  re- 
connaissance investigation  into  soil  hydraulic  prop- 
erties in  the  Annandale  basin,  and  the  implications 
of  these  results  for  management.  Soil  texture,  bulk 
density,  air  capacity,  and  soil  permeability  at  six 
sites  showed  considerable  variations  between  sites 
and  within  profiles.  Differences  between  sites  can 
be  related  to  variations  in  land  use,  site  position, 
and  geomorphic  history,  and  eluviation  processes 
within  the  profile.  Near-surface  horizons  were 
characterized  by  low  bulk  density,  high  air  capac- 
ity, and  high  permeability  (>2.7  m/day).  Subsur- 
face horizons  have  restricted  permeability  (<1.5 
m/day)  and  low  air  capacity.  Saturated  through- 
flow  at  shallow  depths  is  considered  likely  to  be 
the  major  storm  runoff-generating  process.  Meas- 
urements in  open  scrub  and  grassland  sites  suggest 
that  conversion  from  the  present  tree-based  land 
use  to  open  pasture  is  likely  to  have  detrimental 
effects  on  runoff  and  soil  erosion  processes.  (See 
also  W9 1-065 10)  (Fish-PTT) 
W9 1-06549 


CONTRIBUTION  OF  BEDROCK  GROUND- 
WATER FLOW  TO  STORM  RUNOFF  AND 
HIGH  PORE  PRESSURE  DEVELOPMENT  IN 
HOLLOWS. 

California  Univ.,  Berkeley.  Dept.  of  Geology  and 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06575 


EXPERIMENTAL  STUDY  ON  THE  PHENOM- 
ENA OF  RAIN  INFILTRATION. 

National  Research  Center  for  Disaster  Prevention, 
Sakura  (Japan). 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-06598 


NITRATE     TRANSPORT     AND     LEACHING 
MECHANISMS. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 


For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06736 


LINKAGES  WITH  GROUND  WATER. 

Agricultural    Research    Service,    Phoenix,    AZ. 
Water  Conservation  Lab. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-06743 


PH  DEPENDENT  ACCUMULATION  OF  PCP 
IN  AQUATIC  MICROCOSMS  WITH  SEDI- 
MENT. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Entomolo- 
gy- 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06748 


EFFECTS  OF  SOIL  FAUNA  ON  LEACHING  OF 
NITROGEN  AND  PHOSPHORUS  FROM  EX- 
PERIMENTAL SYSTEMS  SIMULATING  CO- 
NIFEROUS FOREST  FLOOR. 

Jyvaeskylae   Univ.   (Finland).    Dept.   of  Biology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06786 

DENITRIFICATION  WITH  DIFFERENT  SIZES 
OF  SOIL  AGGREGATES  OBTAINED  FROM 
DRY-SIEVING  AND  FROM  SIEVING  WITH 
WATER. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science. 

E.  G.  Beauchamp,  and  A.  G.  Seech. 

Biology  and  Fertility  of  Soils  BFSOEE,  Vol.  10, 

No.  3,  p  188-193,  1990.  4  fig,  3  tab,  23  ref. 

Descriptors:  'Denitrification,  'Sieve  analysis, 
•Soil  aggregates,  'Soil  analysis,  Carbon,  Limiting 
factors,  Loam,  Mineralization,  Particle  size,  Soil 
organic  matter,  Soil  water,  Spatial  variation,  Vari- 
ability. 

The  spatial  variability  of  denitrification  in  soil  in 
the  field  is  of  interest  since  measurements  in  the 
field  are  highly  variable  even  within  distances  of  a 
few  centimeters,  and  an  understanding  of  the  varia- 
bility may  assist  in  discerning  the  relative  impor- 
tance of  limiting  factors  such  as  the  organic  carbon 
(C)  supply.  The  spatial  variability  of  denitrification 
in  soil  was  studied  by  comparing  dry-sieved  and 
wet-sieved  aggregates  of  different  sizes.  It  was 
observed  that  the  denitrification  rate  generally  de- 
creased as  the  dry-sieved  aggregate  size  increased. 
In  contrast,  the  denitrification  rate  increased  as  the 
wet-sieved  aggregate  size  increased.  In  both  cases, 
however,  the  denitrification  rate  was  positively 
related  to  aerobically  mineralizable  carbon.  Oven- 
warming  of  the  wet-sieved  aggregates  at  105  C  for 
30  minutes  increased  the  denitrification  rate,  appar- 
ently due  to  the  release  of  C  substrate.  Neverthe- 
less, the  positive  relationship  between  the  denitrifi- 
cation rate  and  the  wet-sieved  aggregate  size  per- 
sisted. There  was  no  clear  relationship  between 
water-soluble  C  and  the  denitrification  rate.  There 
may  have  been  a  contribution  from  C  in  microbial 
polysaccharides  in  aggregates  of  different  sizes. 
The  results  demonstrated  that  there  was  a  large 
spatial  variability  in  denitrification  over  short  dis- 
tances in  soil,  which  was  associated  with  aggre- 
gates of  different  sizes  and  water  stability.  (Au- 
thor's abstract) 
W9 1-06787 


SOIL  ELECTRICAL  CONDUCTIVITY:  EF- 
FECTS OF  SOIL  PROPERTIES  AND  APPLICA- 
TION TO  SOIL  SALINITY  APPRAISAL. 

Agricultural  Research  Service,  Riverside,  CA.  Sa- 
linity Lab. 

J.  D.  Rhoades,  and  D.  L.  Corwin. 
Communications  in  Soil  Science  and  Plant  Analy- 
sis CSOSA2,  Vol.  21,  No.  11/12,  p  837-860,  1990. 
12  fig,  1  tab,  11  ref. 

Descriptors:  'Conductivity,  'Model  studies, 
'Saline  soils,  'Soil  physical  properties,  'Soil  water, 
California,  Clays,  Correlation  analysis,  Estimating, 
Field  tests,  Mapping,  Model  testing,  Pore  size, 
Salinity,  Salts,  Soil  density,  Soil  surveys. 
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Field  2— WATER  CYCLE 
Group  2G— Water  In  Soils 


A  model  was  developed  which  relates  bulk  soil 
electrical  conductivity  to  volumetric  water  con- 
tent, electrical  conductivity  of  the  soil  water,  volu- 
metric content  of  the  solid  phase  and  average 
electrical  conductivity  of  the  soil  particles.  Within 
the  model  a  distinction  is  made  between  the  water 
and  dissolved  salt  present  in  the  'immobile'  (fine 
pores)  and  'mobile'  (large  pores)  phases.  The  ef- 
fects of  bulk  density,  particle  density  and  clay 
content  upon  bulk  soil  electrical  conductivity  are 
discussed  in  relation  to  their  influence  upon  volu- 
metric water  content,  volumetric  content  of  the 
solid  phase,  electrical  conductivity  of  the  soil  parti- 
cles and  the  proportions  of  fine  and  large  pores. 
The  practical  application  of  the  model  to  interpret 
soil  salinity  requires  that  estimation  of  several  soil 
properties  in  the  field  and  the  use  of  some  empiri- 
cal relationships  to  estimate  values  of  parameters 
required  by  the  model.  The  results  support  the 
utility  of  the  model  as  an  explicit  description  of 
electrical  conductivity  in  soil  and  as  a  practical 
field  salinity  appraisal  tool.  The  model  was  used 
for  diagnosing  and  mapping  soil  salinity  in  an 
intensive  field  study  (more  than  700  sites  tested)  in 
the  San  Joaquin  Valley  of  California.  A  high  cor- 
relation between  predicted  and  measured  salinity 
magnitude  and  distribution  within  the  study  area 
was  seen.  Where  the  differences  were  large,  the 
salinity  levels  were  so  high  as  to  make  them  agri- 
culturally unimportant.  (Author's  abstract) 
W9 1-06789 


DEGRADATION  OF  DIFLUBENZURON  AND 
ITS  CHIEF  METABOLITES  IN  SOILS  PART 
III:  FATE  OF  2,6-DIFLUOROBENZOIC  ACID. 

Duphar  B.V.,  The  Hague  (Netherlands).  Crop 
Protection  Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06792 


LEACHING  POTENTIAL  AND  DECOMPOSI- 
TION OF  FLUROXYPYR  IN  SWEDISH  SOILS 
UNDER  FIELD  CONDITIONS. 

Sveriges  Lantbruksuniversitet,  Uppsala.  Div.  of 
Water  Management. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06794 


DEGRADATION  OF  PENDIMETHALIN  BY 
SOIL  FUNGI. 

Bidhan  Chandra  Krishi  Viswa  Vidyalaya,  Mohan- 
pur  (India).  Dept.  of  Agricultural  Chemistry  and 
Soil  Science. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06795 


FIELD  MOVEMENT  AND  PERSISTENCE  OF 
FENAMIPHOS  IN  DRIP-IRRIGATED  PINEAP- 
PLE SOILS. 

Hawaii    Univ.    at    Manoa,    Honolulu.    Dept.    of 
Agronomy  and  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06797 


DISSIPATION  OF  FLURTAMONE  IN  THREE 
GEORGIA  SOILS. 

Georgia  Univ.,  Athens.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06828 


EFFECTS  OF  SOU.  PROPERTDZS  AND  MOIS- 
TURE ON  SORPTION  OF  TRICHLOROETHY- 
LENE  VAPOR. 

Cornell  Univ.,  Ithaca,  NY.  School  of  Civil  and 
Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06861 


SPATIAL  VARIABILITY  OF  AN  AGRICUL- 
TURAL HELD:  GEOSTATISTICAL  ANALYSIS 
OF  SOIL  TEXTURE,  SOIL  MOISTURE  AND 
YIELD  COMPONENTS  OF  TWO  RAINFED 
CROPS. 

Centre  National  de  la  Recherche  Scientifique,  Gre- 
noble (France).  Inst,  de  Mecanique  de  Grenoble. 
J.  Munoz-Pardo,  P.  Ruelle,  and  M.  Vauclin. 


Catena,  Vol.  17,  No.  4/5,  p  369-381,  August/Octo- 
ber 1990.  4  fig,  4  tab,  14  ref. 

Descriptors:  'Crop  yield,  •Cultivated  lands, 
•Error  analysis,  *Geostatistics,  "Soil  texture,  •Soil 
water,  'Soil-water-plant  relationships,  Crop  pro- 
duction, Oats,  Sampling,  Spatial  distribution.  Sta- 
tistical methods,  Wheat. 

Spatial  variations  of  soil  moisture  content,  textural 
components  and  yield  components  of  two  rainfed 
crops  (vetch-oat  and  durum  wheat)  were  studied 
by  classical  statistical  and  geostatistical  tools.  The 
measurements  were  made  at  81  nodes  of  a  15  by  10 
m  grid  superimposed  on  a  1.1  ha  plot  selected  in  a 
13.5  ha-field.  The  variability  of  each  variable  is 
characterized  by  a  coefficient  of  variation  ranging 
from  11%  to  more  than  100%  and  a  range  varying 
from  a  distance  smaller  than  the  sampling  interval 
to  about  80  m.  The  concepts  of  dispersion  and 
estimation  variances  were  used  to  estimate  the 
accuracy  of  the  calculated  mean  values  and  to 
derive  the  relation  between  the  dimensions  of  the 
sampled  plot  and  the  number  of  measurements 
needed  to  estimate  average  values  with  a  given 
pre-specified  error.  The  results  show  that  the  total 
relative  errors  affecting  the  mean  values  calculated 
from  81  observations  are  in  the  range  between  3 
and  26%  according  to  the  variables,  the  major 
contribution  arising  from  the  finite  character  of  the 
sampled  plot.  They  also  suggest  that  for  the  case 
where  variables  have  spatial  structure,  decreasing 
the  error  on  mean  values  cannot  be  achieved  with- 
out increasing  the  size  of  the  sampling  surface. 
(Author's  abstract) 
W9 1-06906 


SHRINKAGE  OF  DUTCH  CLAY  SOIL  AGGRE- 
GATES. 

Winand  Staring  Centre  for  Integrated  Land,  Soil 
and  Water  Research,  Wageningen  (Netherlands). 
J.  J.  B.  Bronswijk,  and  J.  J.  Evers-Vermeer. 
Netherlands  Journal  of  Agricultural  Science 
NETMAW,  Vol.  38,  No.  2,  p  175-194,  1990.  6  fig, 
5  tab,  35  ref. 

Descriptors:  *Clay  soils,  'Soil  aggregates,  •The 
Netherlands,  Climates,  Drying,  Shrinkage,  Soil 
profiles,  Soil  water,  Subsidence. 

Shrinkage  processes  in  clay  soils  are  important 
because  surface  subsidence  and  shrinkage  cracks 
have  a  large  impact  on  transport  processes  in  these 
soils  and  on  their  use  potential.  Of  7  representative 
clay  soil  profiles  from  the  Netherlands,  shrinkage 
characteristics  and  COLE  (coefficient  of  linear 
extensibility)  and  PLE  (potential  linear  extensibil- 
ity) values  were  measured,  using  undisturbed  natu- 
ral aggregates.  It  appeared  that  the  course  of  the 
shrinkage  process  upon  drying  varied  strongly 
from  one  soil  to  another,  and  very  often  the  meas- 
ured shrinkage  characteristics  deflected  from  the 
theoretical  curve.  Some  Dutch  heavy  clay  soils 
belong  to  the  strongest  swelling  and  shrinking  soils 
of  the  world,  with  volume  decreases  of  aggregates 
being  maximally  49%  between  saturation  and 
oven-dryness,  and  maximally  42%  between  satura- 
tion and  a  pressure  head  of  minus  16,000  cm. 
Potential  surface  subsidence  of  a  Dutch  field  soil 
due  to  shrinkage  is  maximally  1 5  cm.  Under  Dutch 
climatic  circumstances,  in  some  heavy  clay  soils,  as 
a  result  of  normal  shrinkage,  the  aggregates  remain 
saturated  throughout  the  whole  year.  Only  interag- 
gregate  pores  like  shrinkage  cracks  contain  air. 
(Author's  abstract) 
W9 1-06935 


EFFECT  OF  DIFFERENT  DRAINAGE  SYS- 
TEMS ON  BEARING  RESISTANCE  OF  SOME 
WEST  COAST,  SOUTH  ISLAND  SOILS. 

Department  of  Scientific  and  Industrial  Research, 

Lower  Hutt  (New  Zealand).  Div.  of  Land  and  Soil 

Sciences. 

R.  F.  Thomas,  G.  Mew,  and  P.  R.  Barker. 

New  Zealand  Journal  of  Agricultural   Research 

NEZFA7,  Vol.  33,  No.  3,  p  479-488,  1990.  4  fig,  4 

tab,  23  ref. 

Descriptors:  'Drainage  effects,  'Grazing,  'New 
Zealand,  'Pasture  management,  'Soil  properties, 
Cattle,   Drains,   Fences,   Peat  soils,   Productivity, 


Sheep,  Soil  types,  Strength,  Subsoil  drains,  Tile 
drains,  Wetlands. 

Development  of  extensive  areas  of  West  Coast, 
South  Island  (New  Zealand)  wetland  soils  into 
pasture  has  led  to  unacceptable  levels  of  pugging 
and  loss  of  pasture  production  when  cattle  are 
introduced  following  sheep  grazing.  A  trial  was 
established  to  test  two  main  drainage  systems,  sub- 
soiling  and  'humps  and  hollows,'  with  several  sup- 
plementary treatments  including  tile  drains  and 
gravel-filled  slits.  Measurements  were  made  from 
1983,  before  systems  were  installed,  to  1987.  Gen- 
eral relationships  were  found  between  water  con- 
tent and  plate-bearing  resistance  for  each  trial  plot, 
and  for  all  sites  with  Okarito  soils.  Soils  underlain 
by  Kini,  Maimai,  and  Okarito  soils  with  peaty 
topsoils  had  significantly  lower  plate-bearing  re- 
sistance compared  with  Okarito  soils  with  mineral 
topsoils  on  major  interfluves,  regardless  of  the 
drainage  treatment  applied.  In  the  first  year  of 
installation,  the  driest  parts  of  the  hollows  in  the 
humps  and  hollows  treatment  (Okarito  subsoil  ma- 
terial) had  very  high  bearing  resistance.  The  trial 
data  show  that  Okarito  soils  with  mineral  topsoils 
will  withstand  cattle  treading  without  the  addition- 
al drainage  treatments  attempted  here.  Detailed 
soil  survey,  with  subsequent  fencing  and  manage- 
ment to  isolate  areas  with  low  bearing  resistance, 
will  lead  to  higher  productivity  on  such  soils. 
(Author's  abstract) 
W9 1-06937 


SULFUR  DYNAMICS  IN  MINERAL  HORI- 
ZONS OF  TWO  NORTHERN  HARDWOOD 
SOILS:  A  COLUMN  STUDY  WITH  S35. 

State  Univ.  of  New  York  at  Syracuse.  Coll.  of 
Environmental  Science  and  Forestry. 
B.  R.  Dhamala,  M.  J.  Mitchell,  and  A.  C.  Stam. 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  2,  p  143- 
160,  1990.  6  fig,  4  tab,  45  ref. 

Descriptors:  'Acid  rain,  'Adirondack  Mountains, 
•Forest  soils,  'Path  of  pollutants,  'Radioisotopes, 
•Soil  chemistry,  *Soils,  "Sulfur  compounds,  Ana- 
lytical methods,  Biogeochemistry,  Leaching,  Min- 
eralization, Minerals,  Organic  compounds,  Soil 
columns,  Spodosols,  Tracers. 

Sulfur  dynamics  of  two  Spodosols  were  deter- 
mined using  soil  columns  constructed  from  homog- 
enized mineral  soil  from  northern  hardwood  eco- 
systems at  the  Huntington  Forest  (HF)  in  the  Adi- 
rondack Mountains  of  New  York  and  Bear  Brook 
Watershed  in  Maine  (BBWM).  Columns  were 
leached  for  20  weeks  with  a  simulated  throughfall 
solution  containing  S35  labelled  S04(2-).  Sulfur 
constituents  were  similar  to  those  of  other  Spodo- 
sols, with  the  organic  S  fractions  (C-bonded  S  and 
ester  sulfate)  constituting  over  90%  of  total  S.  HF 
soil  columns  had  higher  total  S  than  that  for  the 
BBWM  soil  columns,  primarily  due  to  higher  C- 
bonded  S  in  the  HF  columns.  Initially,  adsorbed 
sulfate  accounted  for  5%  (BBWM)  and  4%  (HF) 
of  total  S  for  the  soil  columns.  After  20  weeks, 
adsorbed  sulfate  decreased  (81%)  in  BBWM  and 
increased  (33%)  in  HF  soil  columns.  For  both  HF 
and  BBWM,  C-bonded  S  increased  and  ester  sul- 
fate decreased,  but  only  for  HF  was  there  a  net 
mineralization  of  organic  S.  The  greatest  decrease 
in  ester  sulfate  occurred  at  the  top  of  the  columns. 
Leaching  of  S35  was  less  than  0.5%  of  the  S35 
added  due  to  its  retention  in  various  S  constituents. 
There  was  an  exponential  decrease  in  S35  with 
column  depth  and  most  of  the  radioisotope  was 
found  in  C-bonded  S.  The  rapid  turnover  of  ad- 
sorbed sulfate  was  reflected  in  its  high  specific 
activity.  The  lower  specific  activity  of  adsorbed 
sulfate  in  HF  was  attributable  to  greater  isotopic 
dilution  by  non-radioactive  sulfate  derived  from 
greater  organic  S  mineralization  in  the  HF  versus 
the  BBWM  columns.  Leaching  of  nitrate  and  sul- 
fate was  correlated  with  losses  of  Mg(2  +  )  and 
Ca(2  +  ),  of  which  the  latter  was  the  dominant 
cation.  Results  indicate  that  for  BBWM  columns, 
adsorption-desorption  dominated  the  S  biogeoche- 
mistry while  in  HF  columns,  organic  S  mineraliza- 
tion-immobilization processes  were  more  impor- 
tant. (Author's  abstract) 
W9 1-06948 
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IMPORTANCE  OF  SOIL  WATER  CONTENT 
WHEN  ESTIMATING  SOIL  MICROBIAL  C,  N 
AND  P  BY  THE  FUMIGATION-EXTRACTION 
METHODS. 

New  Zealand  Soil  Bureau,  Lower  Hutt. 

G.  P.  Sparling,  and  A.  W.  West. 

Soil  Biology  &  Biochemistry  SBIOAH,  Vol.  21, 

No.  2,  p  245-253,  1989.  2  fig,  6  tab,  30  ref. 

Descriptors:  'Analytical  methods,  *Carbon,  'Ni- 
trogen, 'Phosphorus,  'Separation  techniques,  'Soil 
chemistry,  'Soil  water,  Biomass,  Chemical  proper- 
ties, Fumigation,  Incubation,  Mathematical  studies, 
Microorganisms,  Physical  properties,  Soils. 

The  influence  of  soil  water  content  on  the  estima- 
tion of  microbial  C,  N  and  P  by  the  fumigation- 
extraction  (FE)  method  and  microbial  C  and  N  by 
the  fumigation-incubation  (FI)  method  was  investi- 
gated using  a  range  of  air-dry  soils.  The  estimates 
of  microbial  C  were  compared  with  those  obtained 
by  the  substrate-induced  respiration  (SIR)  method. 
Soils  which  were  either  air-dry  or  rewetted  to 
50%  w/w  water  content  were  fumigated  overnight 
with  chloroform.  The  presence  of  water  during 
fumigation  greatly  increased  the  C  and  N  extracted 
by  0.5  M  K2S04  compared  with  soils  fumigated 
while  air-dry.  Overnight  rewetting  of  non-fumigat- 
ed (control)  soils  decreased  extractable-C  but  the 
effect  on  extractable-N  was  variable.  Rewetting 
before  fumigation  also  increased  C02-C  produc- 
tion and  net  N-mineralization  (during  subsequent 
incubation)  compared  to  soils  fumigated  while  air- 
dry.  However,  because  of  high  variability  the  in- 
creases were  often  not  significant.  The  flushes  of 
extractable-C  and  N  (the  difference  between  fumi- 
gated and  non-fumigated  soils)  were  calculated  in 
three  ways.  Comparison  with  the  biomass  C  esti- 
mated on  air-dry  soils  by  the  SIR  method  suggests 
the  most  appropriate  way  to  estimate  the  flush  is: 
flush  =  (extractable-C  from  wetted,  fumigated 
soil)  minus  (extractable-C  from  air-dry,  non-fumi- 
gated soil).  Estimates  of  microbial  C  varied  by  up 
to  5-fold  depending  on  how  the  flush  was  calculat- 
ed. The  release  of  inorganic  P  by  fumigation  of  air- 
dry  soil  was  generally  increased  by  rewetting.  Re- 
leases were  greatest  from  rewetted  soil  fumigated 
with  chloroform  vapor,  lower  when  using  liquid 
chloroform  and  usually  lowest  when  air-dry  soil 
was  fumigated  with  vapor.  To  estimate  microbial 
biomass  C,  N  and  P  of  air-dry  or  moisture  stressed 
soils  when  using  the  FE  or  FI  methods  it  is  recom- 
mended that  the  soils  be  rewetted  immediately 
before  fumigation.  (Author's  abstract) 
W9 1-06961 


DENITRrFICATION  IN  NORTH  TEMPERATE 
FOREST  SOILS:  RELATIONSHIPS  BETWEEN 
DENITRIFICATION  AND  ENVIRONMENTAL 
FACTORS  AT  THE  LANDSCAPE  SCALE. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Crop 

and  Soil  Sciences. 

P.  M.  Groffman,  and  J.  M.  Tiedje. 

Soil  Biology  &  Biochemistry  SBIOAH,  Vol.  21, 

No.  5,  p  621-626,  1989.  6  fig,  2  tab,  33  ref. 

Descriptors:  'Denitrification,  'Environmental  ef- 
fects, 'Forest  soils,  'Soil  chemistry,  Analytical 
methods,  Biological  factors,  Biomass,  Extraction 
techniques,  Fumigation,  Mathematical  studies, 
Microorganisms,  Mineralization,  Physical  proper- 
ties, Seasonal  variation,  Soil  types,  Soil  water,  Sub- 
soil drainage. 

The  relationship  between  denitrification  activity 
and  microbial  biomass  is  an  unexplored  area.  Mi- 
crobial biomass  C  and  N  contents  are  indicators  of 
the  amount  of  labile  C  and  N  in  soil  and  are  the 
integrative  product  of  multiple  physical  and  bio- 
logical factors.  They  may  be  useful  for  indexing  C 
availability  and  multifactor  interactions  that  lead  to 
differences  in  denitrification  among  different  eco- 
systems. Relationships  between  annual  denitrifica- 
tion N  loss  and  soil  physical  and  biological  factors 
were  investigated  in  nine  north  temperate  forest 
soils  of  different  texture  and  drainage  classes.  Soil 
texture  was  analyzed  numerically  by  using  sand  as 
a  variable  and  soil  wetness  was  quantified  by  a 
continuous  drainage  function.  Correlations  be- 
tween soil  texture,  soil  drainage,  microbial  biomass 
C  and  N  content,  the  ratio  of  the  flush  of  C 
mineralization   to   the   flush  of  N   mineralization 


following  fumigation  (CfNf),  denitrification 
enzyme  activity  (DEA),  the  ratio  of  DEA-to-bio- 
mass  C,  and  annual  denitrification  N  loss  were 
quantified.  The  DEA  and  DEA-to-biomass  C  ratio 
accounted  for  up  to  96%  of  the  variation  in  annual 
denitrification  N  loss.  Percentage  sand  and  soil 
wetness  also  accounted  for  a  large  proportion  of 
the  annual  variation  in  denitrification  rates  among 
sites.  Very  low  rates  of  denitrification  in  wet  sandy 
soils  were  related  to  high  CfNf  values.  The  ratio 
DEA-to-biomass  C  is  an  indicator  of  the  propor- 
tion of  the  soil  microbial  population  that  can  deni- 
trify. Differences  in  this  ratio  among  the  soils 
studied  suggest  that  there  is  a  selective  advantage 
to  organisms  with  the  ability  to  denitrify.  By  ana- 
lyzing annual  denitrification  N  loss  and  by  evaluat- 
ing landscape-scale  factors,  such  as  soil  texture  and 
drainage,  it  was  possible  to  establish  strong  rela- 
tionships between  denitrification  and  environmen- 
tal factors.  (Author's  abstract) 
W9 1-06963 


BIODEGRADATION  OF  SYNTHETIC 

ORGANO-METALLIC  COMPLEXES  OF  IRON 
AND  ALUMINUM  WITH  SELECTED  METAL 
TO  CARBON  RATIOS. 

Centre  de  Pedologie  Biologique,  Vandoeuvre-les- 
Nancy  (France). 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06965 


NITROGEN  DYNAMICS  OF  SOIL  WATER  IN 
BURNED  AND  UNBURNED  TALLGRASS 
PRAIRIE. 

Kansas  State  Univ.,  Manhattan.  Div.  of  Biology. 
D.  C.  Hayes,  and  T.  R.  Seastedt. 
Soil  Biology  &  Biochemistry  SBIOAH,  Vol.  21, 
No.   8,  p   1003-1007,   1989.  4  fig,  4  tab,  24  ref. 

Descriptors:  'Fire  effects,  'Grasslands,  'Nitrogen, 
•Nitrogen  cycle,  'Prairie  fires,  'Prairies,  'Soil 
water,  Chemical  properties,  Moisture  meters,  Pre- 
cipitation, Soil  chemistry,  Subsurface  water,  Wa- 
tersheds. 

The  importance  of  fire  in  influencing  the  patterns 
and  concentrations  of  N  in  the  soil  was  evaluated. 
Porous  cup  lysimeters  were  used  to  study  the 
effects  of  burning  for  5  years  on  soil  water  nitro- 
gen dynamics  of  tallgrass  prairie.  The  study  was 
performed  at  the  Konza  Prairie  located  10  km 
south  of  Manhattan,  Kan.  Vegetation  in  this  area  is 
dominated  by  big  bluestem  (Andropogon  gerardii 
Vitman),  little  bluestem  (A.  scoparius  Michx.),  and 
Indiangrass  (Sorgastrum  nutans  (L)  Nash).  N03(-)- 
N  concentrations  within  the  rooting  zone  (20  cm 
depth)  were  unaffected  by  burning  and  averaged 
27  microgram/L.  Concentrations  at  80  cm  were 
also  similar  for  burned  and  unburned  prairie  and 
averaged  13  microgram/L.  Organic  N  was  the 
dominant  form  of  N  in  soil  water,  and  showed  a 
strong  effect  of  treatment  and  depth.  Organic  N 
concentrations  averaged  409  microgram/L  at  20 
cm  depth  on  unburned  watersheds  versus  295  mi- 
crogram/L on  burned  watersheds  (P  <  0.05). 
Values  were  not  influenced  by  burning  at  80  cm 
depths  but  were  30-50%  lower  than  those  ob- 
served at  20  cm.  Soil  water  N  concentrations  aver- 
aged <  30%  of  those  observed  in  bulk  precipitation 
inputs,  and  while  fire  is  responsible  for  the  mainte- 
nance of  the  tallgrass  prairie  flora,  fire  does  not 
appear  to  be  an  important  factor  affecting  ground- 
water export  of  N  in  this  biome.  Total  N  concen- 
trations increased  from  an  average  of  circa  200 
microgram/L  in  1982  to  an  average  of  circa  400 
microgram/L  during  1986,  while  lysimeter  vol- 
umes declined  from  >  400  to  circa  200  mL/ 
sample.  These  changes  were  not  related  to  precipi- 
tation, and  suggest  that  the  soil  environment  sam- 
pled by  the  lysimeters  changes  through  time.  (Au- 
thor's abstract) 
W9 1-06966 


SOLUTE  DISPERSION  DURING  UNSTEADY 
LEACHING  AS  AFFECTED  BY  AGGREGATE 
SIZE  AND  SOIL  WATER  CONTENT. 

National   Inst,   of  Agro-Environmental   Sciences, 
Kannondai  (Japan).  Div.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06968 


DETERMINATION  OF  SOLUBLE  SELENIUM 
IN  SOILS. 

Kyoto  Univ.  (Japan).  Dept.  of  Agricultural  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06970 


STUDIES  ON  SALINE  SOILS  IN  KHON  KAEN 
REGION,  NORTHEAST  THAILAND:  II.  SEA- 
SONAL CHANGES  OF  PHYSICAL  AND 
CHEMICAL  PROPERTIES. 

Khon  Kaen  Univ.  (Thailand).  Faculty  of  Agricul- 
ture. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06975 


STUDIES  ON  SALINE  SOILS  IN  KHON  KAEN 
REGION,  NORTHEAST  THAILAND:  III.  EF- 
FECTS OF  AMELIORATION  TREATMENTS 
ON  PHYSICAL  AND  CHEMICAL  PROPER- 
TIES OF  THE  SALINE  SOIL. 
Khon  Kaen  Univ.  (Thailand).  Faculty  of  Agricul- 
ture. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06977 


SOIL-WATER  RELATIONS  AND  INTERFER- 
ENCE BETWEEN  DEVIL'S-CLAW  (PROBOSCI- 
DEA  LOUISIANICA)  AND  COTTON  (GOSSY- 
PIUM  HIRSUTUM). 

Oklahoma  State  Univ.,  Stillwater.  Dept.  of  Agron- 
omy. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06980 


EFFECT    OF    WATER    STRESS,    NITROGEN, 

AND   GIBBERELLIC   ACID   ON   FLUAZIFOP 

AND    GLYPHOSATE    ACTIVITY    ON    OATS 

(A  VENA  SATIVA). 

Lincoln  Coll.,  Canterbury  (New  Zealand).  Dept. 

of  Plant  Science. 

For  primary  bibliographic  entry  see  Field  3F. 
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EFFECT  OF  MOISTURE  ON  CHLORIMURON 
DEGRADATION  IN  SOIL. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 
DE.  Agricultural  Products  Dept. 
For  primary  bibliographic  entry  see  Field  5B. 
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CHARACTERIZING  SURFACE  WATERS  THAT 
MAY  NOT  REQUIRE  FILTRATION. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Drinking  Water  Research  Div. 
E.  E.  Geldreich,  J.  A.  Goodrich,  and  R.  M.  Clark. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.   12,  p  40-50,  December 
1990.  7  fig,  11  tab,  42  ref. 

Descriptors:  'Disinfection,  'Surface  water,  'Water 
quality  standards,  'Water  treatment,  Chlorine, 
Fecal  coliforms,  Lake  stratification,  Lakes,  Reser- 
voirs, Storage  capacity,  Thermal  stratification, 
Turbidity,  Watershed  management. 

A  relatively  clean  raw  surface  water  that  is  amena- 
ble to  disinfection  as  the  only  controlling  treatment 
process  is  with  no  preliminary  filtration  defined. 
The  essential  criteria  and  associated  standards  are: 
fecal  coliform  <20  organisms/lOOml,  turbidity 
<  1.0  ntu,  color  <  15  acu,  and  chlorine  demand  <2 
mg/L.  These  criteria  were  selected  from  a  study  of 
data  gathered  form  34  raw  waters  used  by  utilities 
with  full-scale  application  of  disinfection  as  the 
only  treatment  process.  Selection  of  water  charac- 
teristics was  based  on  the  potential  for  impact  on 
disinfection  effectiveness  and  magnitude  of  fecal 
pollution  tolerated.  The  monitoring  strategy  must 
be  sensitive  to  frequent  and  unpredictable  fluctua- 
tions in  water  quality  caused  by  major  storms  and 
seasonal  destratifications  of  the  lake  or  impound- 
ment. The  utility  must  also  meet  four  conditions 
for  system  operations:  (1)  There  must  be  redundan- 
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cy  in  disinfection  equipment  to  bridge  emergency 
periods  caused  by  equipment  failure  or  natural 
disasters  that  disrupt  power  to  automated  chlorina- 
tion;  (2)  Alternative  source  waters  or  finished- 
water  storage  capacity  must  be  available  for  48  h 
when  primary  source  characteristics  are  temporari- 
ly beyond  minimal  quality  for  disinfection  barrier 
protection;  (3)  Flexibility  of  disinfection  treatment 
must  provide  options  for  application  of  different 
disinfectants;  and  (4)  There  must  be  no  history  of  a 
waterborne  disease  outbreak  within  the  previous 
12  months  and  a  successful  action  response  to  any 
previous  episode.  (Author's  abstract) 
W9 1-05959 


DISSOLVED  ORGANIC  CARBON  DYNAMICS 
IN  A  SMALL  STREAM. 

Bucknell  Univ.,  Lewisburg,  PA.  Dept.  of  Biology. 
C.  J.  Ciaio,  and  W.  F.  McDiffett. 
Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 
No.  4,  p  383-390,  December  1990.  4  fig,  26  ref. 

Descriptors:  'Dissolved  organic  carbon,  'Environ- 
mental chemistry,  'Limnology,  'Nutrients,  'Or- 
ganic carbon,  'Pennsylvania,  'Stream  chemistry, 
Correlation  analysis,  Runoff,  Seasonal  variation, 
Stream  discharge,  Water  chemistry,  Watersheds. 

Dissolved  organic  carbon  (DOC)  concentrations 
were  monitored  seasonally  and  during  rainstorms 
in  a  small  stream  (watershed  area  ca.  60  ha)  in 
central  Pennsylvania  to  determine  seasonal  varia- 
tion and  patterns  in  the  concentration  of  DOC  of 
differing  molecular  weight,  and  to  assess  the  rela- 
tionship of  different  size  fractions  to  stream  dis- 
charge. Total  DOC  and  DOC  <  10,000  MW  were 
monitored.  Considerable  variation  in  total  DOC 
was  evident  during  the  study  period,  due  primarily 
to  the  <  10,000  MW  fraction.  Values  ranged  from 
4.92  to  13.66  mg/L.  Highest  concentrations  oc- 
curred during  the  autumn  and  late  winter,  while 
minimum  concentrations  were  seen  during  the 
summer  months.  A  weak  positive  relationship  was 
found  between  total  DOC  and  flow  rate  over  the 
course  of  the  study,  although  no  correlation  was 
seen  between  rate  of  discharge  and  DOC  >  10,000 
MW.  During  rainstorms  higher  concentrations  of 
DOC  were  found  as  flow  rates  increased.  The 
increased  concentrations  observed  during  rain 
events  were  due  primarily  to  the  <  10,000  MW 
fraction,  the  concentrations  of  which  were  again 
more  variable  than  those  of  the  >  10,000  MW 
fraction.  This  greater  variability  in  the  small  mo- 
lecular weight  fraction  was  not  unexpected  given 
its  more  labile  nature.  The  molecular  weight  distri- 
bution generally  corresponded  to  that  found  in 
several  other  studies,  although  most  of  the  systems 
investigated  have  shown  wide  variations  in  the 
total  DOC  concentrations.  (White-Reimer-PTT) 
W9 1-06009 


SUMMER  FEEDING  PATTERNS  OF  WHITE 
PERCH,  CHANNEL  CATFISH,  AND  YELLOW 
PERCH  IN  THE  SUSQUEHANNA  RIVER, 
MARYLAND. 

Versar,  Inc.,  Columbia,  MD. 

S.  B.  Weisberg,  and  A.  J.  Janicki. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  4,  p  391-405,  December  1990.  7  fig,  3  tab,  43 

ref. 

Descriptors:  'Diurnal  variation,  'Fish  behavior, 
•Fish  diets,  'Stream  biota,  'Susquehanna  River, 
Amphipods,  Aquatic  drift,  Benthos,  Caddisflies, 
Fish  food  organisms,  Fish  populations,  Maryland, 
Midges,  Population  density,  Species  composition. 

Diel  feeding  patterns  of  white  perch,  yellow  perch, 
and  channel  catfish  were  investigated  by  the  use  of 
electroshock  in  the  lower  Susquehanna  River 
during  the  summer  and  early  fall  of  1982  and  1983. 
On  several  occasions,  ambient  densities  of  benthic 
and  drifting  invertebrates  were  also  estimated. 
Stomach  content  analysis  identified  that  trichopter- 
ans,  primarily  Cheumatopsyche  sp.,  were  the  dom- 
inant prey  item,  accounting  for  at  least  40%  of  diet 
biomass  for  each  fish  species.  The  amphipod  Gam- 
marus  fasciatus  and  chironomids  accounted  for 
more  than  40%  of  the  yellow  perch  and  channel 
catfish  diets,  respectively,  but  contributed  less  than 
10%  to  the  diet  of  the  other  fish  species.  Diurnal 


feeding  patterns  were  most  apparent  for  yellow 
perch,  whose  feeding  was  limited  almost  exclusive- 
ly to  daylight  hours.  Species  composition  and  rela- 
tive abundance  in  the  diets  of  all  three  fish  were 
more  like  the  composition  and  abundance  of  the 
benthos  than  of  the  drift,  suggesting  that  most 
foraging  occurred  on  the  bottom  rather  than  in  the 
water  column.  The  timing  and  composition  of  drift 
did  not  appear  to  be  related  to  prey  selection  by 
any  of  these  fish  species.  (Author's  abstract) 
W91-06010 


EFFECTS  OF  VARYING  CURRENT  ON 
WEIGHT  LOSS  FROM  WILLOW  LEAF  PACKS. 

Chadwick  and  Associates,  Littleton,  CO. 

S.  P.  Canton,  and  R.  J.  Martinson. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  4,  p  413-415,  December  1990.  2  tab,  14  ref. 

Descriptors:  'Decomposition,  'Detritus,  'Flow 
velocity,  'Streamflow,  'Willow  trees,  Channel 
flow,  Currents,  Leaf  packs,  Microbial  degradation, 
Organic  matter,  Streams,  Willow  leaves. 

Leaf  packs  of  willow  leaves  (Salix  amygdaloides) 
weighing  500  g  each,  were  placed  in  four  artificial 
stream  channels  with  currents  of  12,19,  26,  and  31 
cm/sec  to  determine  the  effects  of  velocity  on 
weight  loss  of  the  packs  in  the  absence  of  aquatic 
macroinvertebrates.  In  general,  there  was  little  dif- 
ference in  weight  loss  of  the  packs  between  chan- 
nels. The  exception  to  this  was  in  the  26  and  31 
cm/sec  channels,  which  had  significantly  lower 
leaf  pack  weights  after  six  weeks  than  the  two 
slower  channels.  These  differences  in  leaf  pack 
weight  between  the  'slow'  and  'fast'  channels  ap- 
peared to  be  more  a  factor  of  greater  accumulation 
of  fine  particulate  organic  matter  (FPOM)  in  the 
packs  in  the  slower  velocity  channels  rather  than 
increased  breakdown  of  packs  in  the  faster  chan- 
nels. The  accumulated  FPOM  is  thought  to  be 
primarily  a  result  of  microbial  colonization  of  the 
packs.  FPOM  accumulation  was  greater  in  the  two 
slower  channels  throughout  the  study,  with  the 
greatest  amount  (46.9  mg/pack)  found  in  the  slow- 
est channel  in  week  6.  This  contrasted  to  only  12.2 
g/pack  accumulated  fines  in  the  fastest  channel 
during  the  same  time  period.  These  results  suggest 
that  current  may  affect  the  rate  of  breakdown  of 
leaf  packs  more  through  control  of  microbial  colo- 
nization or  maintenance  of  microbial  colonies, 
rather  than  physical  abrasion.  (Author's  abstract) 
W91-06011 


INFLUENCE  OF  SEDIMENT  AND  GROUND- 
WATER ON  THE  DISTRIBUTION  AND  BIO- 
MASS OF  MYRIOPHYLLUM  SPICATUM  L.  IN 
DEVIL'S  LAKE,  WISCONSIN. 

Wisconsin  Dept.  of  Natural  Resources,  Madison. 

Water  Resources  Research  Section. 

R.  A.  Lillie,  and  J.  W.  Barko. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  4,  p  417-426,  December  1990.  2  fig,  5  tab,  30 

ref. 

Descriptors:  'Devils  Lake,  'Lake  ecology,  'Lake 
sediments,  'Limnology,  'Macrophytes,  'Wiscon- 
sin, Aquatic  plants,  Biomass,  Groundwater  move- 
ment, Nutrients,  Sediment  analysis,  Water  milfoil. 
Particle  size. 

Influences  of  physical  and  chemical  characteristics 
of  sediments  and  of  groundwater  inputs  on  the 
distribution  and  biomass  of  Eurasion  milfoil,  Myr- 
iophyllum  spicatum  L.,  were  studied  in  Devil's 
Lake,  Wisconsin.  Sediment  cores  from  inside  and 
outside  M.  spicatum  beds  were  analyzed  for  densi- 
ty, particle  size  composition,  moisture,  organic, 
elemental,  and  nutrient  contents.  Groundwater  di- 
rection, volume,  and  nutrient  concentrations  were 
determined  using  seepage  meters.  The  composition 
of  Devil's  Lake  littoral  sediments  appears  inad- 
equate to  support  the  massive  amounts  of  macro- 
phytes present.  The  strong  positive  correlation  be- 
tween M.  spicatum  biomass  and  organic  content  (p 
<  0.002)  suggests  possible  enrichment  of  otherwise 
infertile  sandy  sediments  rather  than  a  preference 
of  M.  spicatum  for  moderately  organic  substrates. 
Standing  crop  biomass  in  the  lake  was  directly 
associated  with  nitrogen  as  well  as  potassium,  since 
both  were  moderately  co-associated.  Groundwater 


inputs  may  have  influenced  the  distribution  of  M. 
spicatum  in  the  lake.  While  the  supply  of  available 
nutrients  in  the  sediments  was  relatively  low,  the 
pool  of  groundwater  nutrients  was  high  and  may 
have  provided  an  important  source  of  nutrients  for 
the  beds.  (White-Reimer-PTT) 
W91-06012 


FISH  ASSOCIATIONS  AND  ENVIRONMEN- 
TAL VARIABLES  IN  AGE-0  COLORADO 
SQUAWFISH  HABITATS,  GREEN  RIVER, 
UTAH. 

Fish  and  Wildlife  Service,  Vernal,  UT. 

G.  B.  Haines,  and  H.  M.  Tyus. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  4,  p  427-435,  December  1990.  1  fig,  6  tab,  15 

ref. 

Descriptors:  'Fish  populations,  'Green  River, 
•Minnow,  'Stream  fisheries,  Catfish,  Colorado, 
Competition,  Endangered  species,  Fish  larvae, 
Habitats,  Introduced  species,  Life  cycles,  Popula- 
tion distribution,  Seasonal  variation,  Species  com- 
position, Streamflow,  Sucker,  Yampa  River. 

Colorado  squawfish  (Ptychocheilus  lucius),  the 
largest  North  American  minnow,  was  once  abun- 
dant and  widely  distributed.  It  now  exists  in  less 
than  about  20%  of  its  historic  range,  and  is  classi- 
fied as  an  endangered  species.  The  species  associa- 
tions of  age-0  Colorado  squawfish  were  evaluated 
in  the  Green  River,  Utah,  from  their  hatching 
through  the  first  growing  season,  and  the  influence 
of  several  variables  (i.e.  backwater  area,  depth,  and 
temperature;  peak  spring  and  summer  discharge) 
on  the  relative  abundance  and  distribution  of  the 
more  common  fishes  was  determined.  Drifting 
larval  fish  (<30  mm  total  length  (TL)  were  sam- 
pled in  the  Yampa  River  and  Green  River  on  dates 
corresponding  to  larval  emergence  and  down- 
stream drift  of  Colorado  squawfish.  The  age-0 
squawfish  were  sympatric  with  seven  native  and 
fifteen  introduced  fishes  in  the  Green  River. 
Larva]  squawfish  was  the  most  abundant  fish  cap- 
tured in  summer  drift  (38%)  which  included  suck- 
ers, Catostomus  spp.  (33%),  speckled  dace,  Rhin- 
ichthys  osculus  (14%),  and  channel  catfish,  Icta- 
lurus  punctatus  (3%).  However,  ephemeral  shore- 
line embayments  used  by  Colorado  squawfish  as 
nursery  habitats  were  dominated  by  introduced 
fishes,  including  red  shiner,  Notropis  lutrensis 
(87%)  in  summer,  and  red  shiner  (65%)  and  fat- 
head minnow,  Pimephales  promelas  (16%)  in 
autumn.  Abundance  of  most  fishes  was  highest  in 
years  of  lower,  more  historic  summer  flow.  Most 
fishes  in  backwaters  inhabited  a  wide  range  of 
environmental  conditions,  but  were  most  abundant 
in  habitats  deeper  than  15  cm.  No  segregation  in 
habitat  use  was  detected  between  young  Colorado 
squawfish  and  non-native  fishes.  Hydrologic  condi- 
tions in  the  regulated  Green  River  presumably 
favor  the  establishment  and  proliferation  of  fish 
invaders  from  more  mesic  environments.  (White- 
Reimer-PTT) 
W91-06013 


SIMPLE  SYSTEM  OF  REPLICATED  RECIR- 
CULATING EXPERIMENTAL  STREAMS. 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
W.  J.  Matthews,  F.  P.  Gelwick,  and  T.  J.  Gardner. 
Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 
No.  4,  p  437-443,  December  1990.  2  fig,  1  tab,  12 
ref.  NSF  Grant  BSR  8706046. 

Descriptors:  'Artificial  streams,  'Hydraulic 
models,  'Laboratory  methods,  'Streams,  Algae, 
Artificial  substrates,  Costs,  Crayfish,  Experimental 
streams,  Hydraulic  systems,  Minnow,  Pumps,  Sim- 
ulation models,  Snails. 

A  system  of  recirculating  artificial  streams  was 
developed  that  has  low  initial  cost  and  operating 
expense  and  operates  efficiently  over  long  periods 
of  time.  Although  individual  stream  units  are  large 
enough  to  accommodate  minnows  and  crayfish, 
they  are  sufficiently  compact  that  replication  with 
up  to  12  streams  is  possible  in  a  relatively  small 
laboratory.  The  system  is  simple  in  design,  with  no 
moving  parts  (except  pumps)  and  no  costly  flow 
meters  or  regulating  devices.  Replication  of  stream 
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units  is  facilitated  by  depending  on  inlet  ports  of 
fixed  size,  full-capacity  operation  of  pumps,  and 
uniform  diameters  of  distribution  systems.  Each 
individual  stream  unit  consists  of  a  circular  tank  in 
which  a  submersible  pump  moves  water  unidirec- 
tionally  around  a  center  post.  Tanks  are  sturdy 
molded  black  polypropylene  plastic  with  a  top 
diameter  of  140  cm  and  a  depth  of  53  cm.  The 
center  post  is  a  20  liter  plastic  bucket  weighted  in 
place  by  filling  it  with  water  and  stones.  Water  is 
circulated  by  a  1/15  horsepower  submersible  cen- 
trifugal pump.  Up  to  12  units  can  be  combined 
together  for  water-exchange  and  inflow-outflow  of 
water  in  different  applications.  The  system  has 
been  operated  for  almost  a  year  with  very  little 
cost  or  repair.  Substrates  incubated  in  the  laborato- 
ry streams  readily  grow  an  algal  flora  similar  to 
that  of  nearby  natural  streams,  and  fish,  crayfish 
and  snails  exhibit  normal  activities  in  the  streams. 
Total  cost  for  construction  of  a  12-stream  system 
was  less  than  $3,500.  (White-Reimer-PTT) 
W91-06014 


DETERMINISTIC  MODEL  OF  THE  RE- 
SPONSE OF  THREADFIN  SHAD  TO  AQUATIC 
MACROPHYTE  CONTROL. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Wildlife  and  Fisheries  Sciences. 

For  primary  bibliographic  entry  see  Field  4A. 

W91-06015 


MACROINVERTEBRATE  COMMUNITIES  AS- 
SOCIATED WITH  THREE  AQUATIC  MACRO- 
PHYTES  (CERTOPHYLLUM  DEMERSUM, 
MYRIOPHYLLUM  SPICATUM,  AND  VALLIS- 
NERIA  AMERICANA)  IN  LAKE  ONALASKA, 
WISCONSIN. 

National  Fisheries  Research  Center,  La  Crosse, 
WI. 

E.  W.  Chilton. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 
No.  4,  p  455-466,  December  1990.  5  fig,  1  tab,  20 
ref. 

Descriptors:  'Lake  Onalaska,  'Limnology,  *Ma- 
croinvertebrates,  'Macrophytes,  'Species  compo- 
sition, 'Stream  biota,  Amphipods,  Aquatic  insects, 
Ceratophyllum,  Habitats,  Mississippi  River,  Odon- 
ata,  Population  density,  Taxonomy,  Vallisneria, 
Water  milfoil,  Wisconsin. 

In  large  river  systems,  backwater  areas  often  serve 
as  a  nursery  habitat  for  a  variety  of  fish.  Inverte- 
brates constitute  a  vital  food  source  for  many  of 
these  fish,  in  both  juvenile  and  adult  stages.  The 
standing  crop  and  species  diversity  of  macroinver- 
tebrates  associated  with  wild  celery  (Vallisneria 
americana),  Eurasion  watermilfoil  (Myriophyllum 
spicatum),  and  coontail  (Ceratophyllum  demer- 
sum)  were  examined  in  Lake  Onalaska,  Pool  7  of 
the  upper  Mississippi  River,  during  the  summer 
1983.  A  total  of  140  macrophyte-associated  inver- 
tebrate taxa  were  identified.  The  most  abundant 
taxonomic  groups  were  Amphipoda,  Diptera,  Gas- 
tropoda, Hemiptera,  Odonata,  and  Tricoptera. 
These  groups  comprised  more  than  90%  of  the 
specimens  collected.  Other  groups  that  were  some- 
times numerically  important  were  Ephemeroptera, 
Lepidoptera,  and  Oligochaeta.  Although  Cerato- 
phyllum generally  supported  the  largest  inverte- 
brate standing  crop  (number  per  g  plant  dry 
weight),  differences  in  invertebrate  abundance 
among  plant  species  were  not  consistent  across 
time.  However,  the  distribution  of  several  taxa 
were  significantly  affected  by  plant  species.  Hya- 
lella  azteca  (overall  the  most  abundant  species)  and 
Enallagma  spp.  (the  most  abundant  predator)  were 
consistently  the  most  numerous  in  Ceratophyllum 
samples  and  least  abundant  in  Vallisneria  samples. 
Generally,  invertebrate  community  composition 
differed  significantly  among  plant  species  through- 
out the  year.  (White-Reimer-PTT) 
W91-06016 


IMPORTANCE  OF  EMERGENT  VEGETATION 
IN  REDUCING  SEDIMENT  RESUSPENSION 
IN  WETLANDS. 

South  Dakota  State  Univ.,   Brookings.  Dept.  of 
Wildlife  and  Fisheries. 
C.  D.  Dieter. 


Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 
No.  4,  p  467-473,  December  1990.  3  fig,  2  tab,  14 
ref. 

Descriptors:  'Aquatic  vegetation,  'Limnology, 
•Sediment  transport,  'Suspended  sediments,  'Wet- 
lands, 'Wind-driven  currents,  Habitats,  Lake  sedi- 
ments, Macrophytes,  Marshes,  Mud  Lake,  Sand 
Lake,  Sand  Lake  National  Wildlife  Refuge,  Sedi- 
ment resuspension,  Sediment  sampler,  South 
Dakota. 

Wind-induced  resuspension  of  bottom  sediment 
was  measured  with  sediment  traps  in  Sand  Lake 
National  Wildlife  Refuge,  South  Dakota.  The  pri- 
mary objective  was  to  compare  the  amount  of 
resuspension  of  the  marsh  substrate  caused  by 
wind-induced  wave  action  in:  (1)  open  areas  un- 
protected from  wind  by  emergent  vegetation;  (2) 
areas  moderately  protected  by  emergent  vegeta- 
tion; and  (3)  areas  completely  protected  by  emer- 
gent vegetation.  Three  sampling  stations  were  se- 
lected in  both  Mud  Lake  and  Sand  Lake  pools,  and 
in  an  intermediate  area.  There  was  a  significant 
difference  in  the  amount  of  sediment  resuspended 
in  the  three  habitat  types  when  data  from  both 
marshes  were  combined.  Sediment  resuspension 
was  significantly  greater  in  open  areas  (5  g/trap) 
than  in  moderately  protected  area  (2.7  g/trap)  or 
in  greatly  protected  areas  (1.6  g/trap).  There  were 
no  significant  differences  among  the  average  wind 
speeds,  which  ranged  from  9  to  1 1  mph,  during  the 
four  sampling  periods.  The  results  illustrate  that 
wind-induced  resuspension  of  bottom  sediment  is 
negated  by  dense  stands  of  emergent  vegetation. 
Turbidity  was  higher  in  open  water  areas  than  in 
moderately  or  greatly  protected  areas  in  both 
pools.  Resuspended  sediment  was  apparently  uni- 
formly distributed  throughout  the  water  column. 
(White-Reimer-PTT) 
W91-06017 


DIFFERENTIAL  COLONIZATION  AND 
GROWTH  OF  ALGAE  AND  FERROMANGAN- 
ESE-DEPOSITING  BACTERIA  IN  A  MOUN- 
TAIN STREAM. 

Middlebury  Coll.,  VT.  Dept.  of  Biology. 

S.  P.  Sheldon,  and  D.  K.  Skelly. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  4,  p  475-485,  December  1990.  3  fig,  3  tab,  15 

ref. 

Descriptors:  'Aquatic  bacteria,  'Diatoms,  'Moun- 
tain streams,  'Periphyton,  'Vermont,  Algae,  Colo- 
nization, Iron,  Leptothrix,  Limiting  factors,  Lim- 
nology, Manganese,  Species  composition. 

The  structure  of  the  epilithic  communities  of  lotic 
systems  is  a  function  of  both  abiotic  and  biotic 
factors.  A  small  mountain  stream  in  northern  Ver- 
mont where  the  epilithic  community  undergoes  a 
radical  shift  in  dominance  from  diatoms  to  the 
ferromanganese-depositing  bacterium,  Leptothrix 
ochracea,  within  a  distance  of  less  than  ten  meters, 
was  examined.  Eight  sample  locations  were  chosen 
along  the  study  section  of  the  brook,  and  algal  and 
bacterial  colonization  were  quantified  using  both 
unglazed  tiles  and  glass  microscope  slides  at  each 
of  the  sites.  Over  a  1  km  stretch  of  the  brook  the 
species-rich  diatom  community  was  replaced  by  a 
nearly  mono-specific  community  of  Leptothrix, 
and  is  subsequently  replaced  by  a  diverse  diatom 
assemblage.  Concurrent  with  this  shift,  iron  con- 
centration increased  24  fold  and  manganese  in- 
creased 20  fold.  Disturbances  (digging  and  place- 
ment of  a  lined  septic  system  in  the  vicinity)  most 
likely  resulted  in  the  mobilization  of  these  ions  in 
the  stream.  Over  the  subsequent  course  of  the 
stream,  concentrations  of  iron  and  manganese  de- 
creased. There  are  a  number  of  algae-bacteria 
interactions  which  could  account  for  the  observed 
pattern  of  algal  and  Leptothrix  distribution.  The 
bacteria  could  limit  the  availability  of  nutrients  for 
algae,  competition  for  space  could  be  limited  by 
the  bacteria,  and/or  the  bacteria  could  be  hetero- 
trophs  that  attack  algal  cells  directly.  (White- 
Reimer-PTT) 
W91-06018 


CURRENT  DISTRIBUTION  AND  STATUS  OF 
THE  UPPER  CUMBERLAND  RIVER  JOHNNY 
DARTER,  ETHEOSTOMA  NIGRUM  SUSANAE. 


Tennessee   Cooperative    Fishery    Research    Unit, 

Cookeville. 

C.  J.  O'Bara. 

Journal   of  the  Tennessee   Academy  of  Science 

JTASAG,  Vol.  66,  No.  1,  p  9-11,  January  1991.  1 

fig,  1  tab,  8  ref. 

Descriptors:  'Cumberland  River,  'Darters,  'Fish 
populations,  Distribution  patterns,  Endangered 
species,  Flow  profiles,  Habitats,  Kentucky,  Popula- 
tion dynamics,  Sediments,  Silt  load,  Tennessee, 
Water  pollution  effects. 

Seventy  locations  within  38  lotic  systems,  in  the 
upper  Cumberland  River  system  of  Kentucky  and 
Tennessee,  were  sampled  to  determine  the  current 
status  of  the  upper  Cumberland  River  johnny 
darter,  Etheostoma  nigrum  susanae.  Fifteen  loca- 
tions were  found  to  contain  the  subspecies  of 
which  six  were  new  distributional  records.  The  15 
locations  represent  eight  distinct  populations  isolat- 
ed by  either  poor  quality  reaches,  impoundments, 
or  natural  barriers.  Habitat  consisted  of  shallow, 
low  velocity  reaches  with  a  sand  or  sand  gravel 
substrate.  The  major  limiting  factor  to  the  subspe- 
cies' continued  existence  is  siltation  attributed  to 
coal  mining  and  related  activities.  The  restricted 
distribution  and  isolation  of  E.  nigrum  susanae 
populations  warrant  concern  for  the  subspecies' 
future.  (Author's  abstract) 
W91-06019 


SEASONAL  VARIATIONS  IN  BACTERIAL 
COMMUNITIES  IN  ADIRONDACK  STREAMS 
EXHIBITING  PH  GRADIENTS. 

Rensselaer  Polytechnic  Inst.,  Troy,  NY.  Dept.  of 

Biology. 

M.  P.  Osgood,  and  C.  W.  Boylen. 

Microbial  Ecology  MCBEBU,  Vol.  20,  No.  3,  p 

21 1-230,  1990.  7  fig,  2  tab,  43  ref. 

Descriptors:  'Acid  rain  effects,  'Adirondack 
Mountains,  'Aquatic  bacteria,  'Hydrogen  ion  con- 
centration, 'Mountain  streams,  Biomass,  New 
York,  Nutrients,  Organic  matter,  Plankton,  Pro- 
ductivity, Seasonal  variation,  Water  chemistry. 

Small  woodland  stream  ecosystems  are  largely  de- 
pendent on  externally  produced  organic  matter. 
These  flowing-water  environments  can  provide  a 
continuous,  albeit  uneven,  supply  of  nutrients  to 
stream  organisms.  Nutrients  do  not  cycle  in  place 
but  are  displaced  downstream  in  what  has  been 
described  as  a  spiral,  through  sediments,  orga- 
nisms, and  water.  Spiraling  can  be  influenced  sig- 
nificantly by  physical,  chemical,  and  biological 
factors.  The  bacterial  numbers,  total  viable  micro- 
bial biomass,  and  bacterial  production  spatially  as 
well  as  temporally  were  followed  in  three  low- 
order  Adirondack  streams  in  New  York  State  for 
two  years.  The  primary  focus  was  on  seasonal 
patterns  of  acid-impacted  bacterial  communities 
and  the  effect  on  these  populations  of  water  chem- 
istry parameters,  especially  those  related  to  pH. 
These  streams  exhibited  spatial  and  temporal  gradi- 
ents in  water  pH  ranging  from  a  high  of  7.0  to  a 
low  of  4.5.  Twelve  sites  along  these  streams  were 
used  for  comparative  analysis  of  the  effects  of  pH 
and  water  chemistry  on  the  planktonic,  sedimenta- 
ry, and  epilithic  bacterial  communities.  The  plank- 
tonic bacterial  communities  were  not  influenced  by 
water  pH  or  related  water  chemistry  parameters. 
For  sedimentary  populations,  the  organic  content 
of  the  sediment  was  more  important  than  the 
chemistry  of  the  overlying  water.  The  epilithic 
bacterial  communities,  however,  were  influenced 
significantly  by  the  pH  of  the  water  column,  show- 
ing decreased  bacterial  production  at  lower  pH. 
(White-Reimer-PTT) 
W9 1-06022 


EXPLANATION  FOR  THE  DECLINE  OF  BAC- 
TERIA  INTRODUCED  INTO   LAKE  WATER. 

Cornell  Univ.,  Ithaca,  NY.  Lab.  of  Soil  Microbi- 
ology. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06023 
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QUALITATIVE  IMPORTANCE  OF  THE  MI- 
CROBIAL LOOP  AND  PLANKTON  COMMU- 
NITY STRUCTURE  IN  A  EUTROPHIC  LAKE 
DURING  A  BLOOM  OF  CYANOBACTERIA. 

Vandkvalitetsinstitutet,  Hoersholm  (Denmark). 
K.  ChristofTersen,  B.  Riemann,  L.  R.  Hansen,  A. 
Klysner,  and  H.  B.  Sorensen. 
Microbial  Ecology  MCBEBU,  Vol.  20,  No.  3,  p 
253-272,  1990.  8  fig,  4  tab,  71  ref. 

Descriptors:  'Algal  blooms,  'Cyanophyta,  'Eutro- 
phic  lakes,  'Lake  ecology,  'Limnology,  'Plank- 
ton, Algae,  Bacteria,  Biomass,  Denmark,  Ecosys- 
tems, Food  chains,  Organic  carbon,  Phytoplank- 
ton,  Species  composition,  Zooplankton. 

Plankton  community  structure  and  major  pools 
and  fluxes  of  carbon  were  observed  before  and 
after  the  culmination  of  a  bloom  of  cyanobacteria 
in  eutrophic  Frederiksborg  Slotsso,  Denmark.  Bio- 
mass changes  of  heterotrophic  nanoflagellates,  cili- 
ates,  microzooplankton  (50  to  140  microm)  and 
macrozooplankton  (larger  than  140  microm)  were 
compared  to  phytoplankton  and  bacterial  produc- 
tion as  well  as  micro  and  macrozooplankton  inges- 
tion rates  of  phytoplankton  and  bacteria.  Phyto- 
plankton biomass  decreased  and  algae  smaller  than 
20  microm  replaced  Aphanizomenon  after  the  cul- 
mination of  cyanobacteria.  Bacterial  net  produc- 
tion peaked  shortly  after  the  culmination  of  the 
bloom  and  decreased  thereafter  to  a  level  of  ap- 
proximately 124  microg  C/L.  Cyclopoid  copepods 
and  small-sized  cladocerans  started  to  grow  after 
the  culmination,  but  food  limitation  probably  con- 
trolled the  biomass  after  the  collapse  of  the  bloom. 
Grazing  of  microzooplankton  and  macroplankton 
were  estimated  from  in  situ  experiments  using  la- 
beled bacteria  and  algae.  Macrozooplankton 
grazed  22%  of  bacterial  net  production  during  the 
bloom  and  86%  after  the  bloom,  while  microzoo- 
plankton (nauplii,  rotifers  and  ciliates  larger  than 
50  microm)  ingested  low  amounts  of  bacteria  and 
removed  10-16%  of  bacterial  carbon.  Both  macro- 
zooplankton and  microzooplankton  grazed  algae 
smaller  than  20  microm,  although  they  did  not 
control  algal  biomass.  From  calculated  clearance 
rates  it  was  found  that  heterotrophic  nanoflagel- 
lates grazed  3-4%  of  the  bacterial  production, 
while  ciliates  smaller  than  50  microm  removed  19- 
39%  of  bacterial  production,  supporting  the  idea 
that  ciliates  are  an  important  link  between  bacteria 
and  higher  trophic  levels.  During  and  after  the 
bloom  of  Aphanizomenon,  major  fluxes  of  carbon 
between  bacteria,  ciliates  and  crustaceans  were 
observed,  and  heterotrophic  nanoflagellates  played 
a  minor  role  in  the  pelagic  food  web.  (Author's 
abstract) 
W9 1-06024 


BLOOM  OF  A  BROWN  PHOTOTROPHIC 
SULFUR  BACTERIUM  IN  LAKE  KINNERET: 
HYDROCHEMICAL  ASPECTS. 

Kinneret  Limnological  Lab.,  Tiberias  (Israel). 
W.  Eckert,  Y.  Z.  Yacobi,  and  H.  G.  Truper. 
Microbial  Ecology  MCBEBU  Vol.  20,  No.  3,  p 
273-282,  1990.  5  fig,  1  tab,  37  ref. 

Descriptors:  'Hydrogen  sulfide,  'Lake  Kinneret, 
•Light  intensity,  'Limnology,  *Sulfur,  'Water 
chemistry,  Africa,  Aquatic  bacteria,  Biomass, 
Chemical  properties,  Dissolved  oxygen,  Hydrogen 
ion  concentration,  Sulfur  bacteria.  Temperature, 
Therm  ocline. 

High  concentrations  of  phototrophic  sulfur  bacte- 
ria are  commonly  observed  in  the  metalimnion  of 
stratified  water  systems.  The  main  ecological  fac- 
tors triggering  these  bacterial  blooms  are  known  to 
be  hydrogen  sulfide  and  light  intensity.  In  Lake 
Kinneret,  Africa,  an  annual  bloom  of  the  brown 
phototrophic  sulfur  bacterium  Chlorobium  phaeo- 
bacteroides  appears  from  July  until  September, 
when  the  thermocline  is  stabilized  at  a  depth  be- 
tween 14  and  18  m.  The  direct  influence  of  photo- 
trophic bacteria  on  the  prevailing  hydrochemical 
conditions  was  studied.  Temperature,  dissolved 
oxygen,  pH,  and  pH2S  values  were  measured,  and 
cell  numbers  of  phototrophic  sulfur  bacteria  were 
determined.  The  water  column  profiles  gave  no 
direct  evidence  of  the  phototrophic  bacterial 
impact  on  metalimnic  conditions.  There  were  sig- 
nificant correlations  between  the  Chlorobium  bio- 


mass and  the  prevailing  redox  conditions  (positive) 
and  the  total  sulfide  concentration  (negative). 
Under  the  prevailing  hydrochemical  conditions  in 
the  metalimnion  of  Lake  Kinneret,  the  measured  in 
situ  electroactivities  are  probably  dominated  by  the 
ambient  sulfide  concentrations,  which  are  also  sub- 
jected to  phototrophic  bacterial  oxidation.  There- 
fore the  measured  metalimnetic  redox  changes  can 
be  explained  by  the  consumption  of  reducing 
power  through  Chlorobium  phaeobacteroides,  that 
is,  an  indirect  redox  effect  caused  by  sulfide 
uptake.  (White-Reimer-PTT) 
W9 1-06025 


EFFECTS  OF  RESERVOIR  ENLARGEMENT 
AND  OTHER  FACTORS  ON  THE  YIELD  OF 
WILD  RAINBOW  AND  CUTTHROAT  TROUT 
IN  SPADA  LAKE,  WASHINGTON. 

Washington  Cooperative  Fishery  Research  Unit, 

Seattle. 

T.  B.  Stables,  G.  L.  Thomas,  S.  L.  Thiesfeld,  G.  B. 

Pauley,  and  M.  A.  Wert. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.    10,  No.   3,  p  305-314,  Summer 

1990.  2  fig,  6  tab,  27  ref. 

Descriptors:  'Fish  populations,  'Reservoir  fisher- 
ies, 'Spada  Lake,  'Trout,  Creel,  Fisheries,  Produc- 
tivity, Reservoir  capacity,  Sport  fishing,  Washing- 
ton, Water  quality. 

Spada  Lake  in  Snohomish  County,  Washington,  is 
a  reservoir  that  supports  wild  populations  of  rain- 
bow trout  Oncorhynchus  mykiss,  cutthroat  trout 
Oncorhynchus  clarki,  and  hybrids  of  these  species, 
which  sustain  a  locally  popular  sport  fishery.  Creel 
surveys  were  conducted  in  6  years  between  1979- 
1988  to  assess  the  effect  on  the  fishery  of  enlarge- 
ment of  the  reservoir  in  1984.  The  available  creel 
survey  and  water  quality  data  were  synthesized  to 
evaluate  the  effect  of  enlargement  and  other  fac- 
tors on  the  yield  of  wild  trout.  Yield  increased 
from  less  than  1,000  kg/y  before  enlargement  to 
nearly  5,000  kg/y  immediately  after  enlargement 
and  then  declined.  Harvest  per  unit  of  effort  was 
variable,  but  mean  length  of  trout  in  the  harvest 
declined  steadily  after  enlargement  until  a  mini- 
mum-length limit  was  imposed  in  1988.  Analysis  of 
year-class  abundance  indicated  that  natural  pro- 
duction in  stream  spawning  and  rearing  areas  after 
lake  enlargement  remained  sufficient  to  sustain  the 
fishery,  but  that  harvests  exceeded  the  sustainable 
level  of  lacustrine  production.  Estimation  of  lake 
production  capacity  from  the  morphoedaphic 
index  (total  dissolved  solids/mean  lake  depth)  indi- 
cated that,  although  total  potential  yield  (kg/y) 
may  have  increased  84%  after  enlargement,  sus- 
tainable yield  was  exceeded  in  both  periods  until 
harvest  was  reduced  by  the  change  in  fishing  regu- 
lations. Only  moderate  trout  growth  rates,  com- 
pared with  those  in  other  lakes,  and  a  diet  consist- 
ing primarily  of  small  invertebrates  pointed  to  a 
limited  production  potential  for  Spada  Lake.  The 
yield  of  rainbow  trout  was  further  limited,  relative 
to  that  of  cutthroat  trout,  by  higher  natural  mortal- 
ity of  fish  older  than  age  2.  (Author's  abstract) 
W9 1-06029 


RECOVERY  OF  LAKES  IN  THE  1980  BLAST 
ZONE  OF  MOUNT  ST.  HELENS. 

Washington    Univ.,    Seattle.    Fisheries    Research 

Inst. 

R.  C.  Wissmar. 

Northwest  Science  NOSCAX,  Vol.  64,  No.  5,  p 

268-270,  November  1990.  5  fig,  10  ref. 

Descriptors:  'Limnology,  'Mount  St  Helens, 
•Mountain  lakes,  'Succession,  'Volcanoes,  'Wash- 
ington, Alkalinity,  Castle  Lake,  Chemical  proper- 
ties, Coldwater  Lake,  Ecological  effects,  Ecosys- 
tems, Geochemistry,  Hydrogen  ion  concentration, 
Plankton,  Spirit  Lake,  Turbidity. 

Over  the  past  10  years,  following  the  catastrophic 
1980  eruption  of  Mount  St.  Helens,  considerable 
research  has  been  conducted  on  altered  and  newly 
created  lake  ecosystems  in  different  depositional 
regions  of  the  blast  zone.  Impact  and  recovery 
characteristics  have  been  followed  for  the  altered 
Spirit  Lake  and  two  newly  created  lakes  S.  F. 
Castle   and   Coldwater   Lakes.   During   the    1980 


eruption,  Spirit  Lake  was  directly  impacted  by 
debris  avalanches  and  pyroclastic  flows.  The 
unique  characteristics  of  the  Mount  St.  Helens 
volcanic  eruption  and  geochemistry,  such  as  low 
inputs  of  sulfate  and  high  loadings  of  organic?,  from 
devastated  forests  to  lakes,  combined  to  form 
chemical  environments  favorable  to  biological  ac- 
tivity. Even  though  weathering,  organic  and  mi- 
crobial reactions  were  evidently  the  important 
processes  regulating  alkalinity  of  these  lakes,  pat- 
terns of  changes  in  pH,  total  alkalinity,  and  dis- 
solved organic  carbon  and  changes  in  microbial 
assemblages  and  processes  also  suggested  a  se- 
quence of  biological  reactions  that  occurred  during 
the  early  recovery  period  of  1980  and  1981.  The 
biological  recovery  of  the  lakes  via  succession  ol 
microbial  reactions  suggests  a  tendency  for  the 
higher  energy  producing  reactions  to  dominate 
lesser  energy  producing  reactions.  As  turbid  and 
high  suspended  particulate  matter  levels  decreased, 
phytoplankton  primary  production  increased  to 
produce  mixed  bacteria-phytoplankton-zooplank- 
ton  communities.  (White-Reimer-PTT) 
W9 1-0603  3 


ROLE  OF  REFUGIA  IN  THE  RECOLONIZA- 
TION  OF  STREAMS  DEVASTATED  BY  THE 
1980  ERUPTION  OF  MOUNT  ST.  HELENS. 

Utah  State  Univ.,  Logan.  Dept.  of  Fisheries  and 
Wildlife. 

C.  P.  Hawkins,  and  J.  R.  Sedell. 
Northwest  Science  NOSCAX,  Vol.  64,  No.  5,  p 
271-274,  November  1990.  1  tab,  5  ref.  NSF  con- 
tracts    BSR-841627,     BSR-8414325,     and     BSR- 
8508356. 

Descriptors:  'Colonization,  'Detritus,  'Ecosys- 
tems, 'Mt  St  Helens,  'Refugia,  'Stream  biota, 
•Volcanoes,  'Washington,  Algae,  Amphibians, 
Clearwater  Creek,  Dispersal,  Ecological  effects, 
Fish,  Invertebrates. 

The  1980  eruption  of  Mount  St.  Helens  eliminated 
stream  communities  in  several  surrounding  basins. 
The  eruption  had  two  primary  effects  on  the  physi- 
cal environment  of  these  streams.  First,  massive 
quantities  of  ash  and  volcanic  debris  entered  many 
stream  channels.  Second,  the  upslope  forest  and 
riparian  communities  were  destroyed  or  dramati- 
cally altered.  Since  the  eruptions,  the  character  of 
these  streams  has  started  to  return  to  pre-emption 
conditions.  The  recovery  of  the  stream  biota  in  the 
Clearwater  Creek  basin  located  just  inside  the  blast 
zone  has  been  studied  for  the  last  10  years.  It  was 
found  that  the  different  types  and  intensities  of 
disturbance  within  the  Clearwater  basin  produced 
systems  with  different  amounts  and  types  of  refu- 
gia (individual  patches  embedded  within  complex 
environments  that  protect  organisms  from  disturb- 
ances). Differences  in  refugia  among  streams 
strongly  influenced  recolonization  by  different 
kinds  of  stream  biota.  For  algae  the  specific  loca- 
tion of  refugia  and  their  proximity  to  disturbed 
reaches  within  a  basin  were  probably  not  signifi- 
cant with  respect  to  patterns  and  rates  of  recovery. 
Composition  of  the  invertebrate  communities  in 
the  streams  appeared  to  be  largely  a  function  of 
differences  in  temperature  and  random  coloniza- 
tion. For  amphibians,  recolonization  may  take  100 
yr  or  more  because  of  the  combination  of  distance 
to  nearest  refuge  and  slow  dispersal  rates.  Recov- 
ery of  fish  populations  in  this  stream  was  complete- 
ly dependent  on  the  existence  of  refugia  within  the 
basin,  because  a  30  m  waterfall  blocked  any  migra- 
tion from  downstream.  The  trajectories  of  overall 
community  recovery  in  the  disturbed  streams  near 
Mount  St.  Helens  depends  on  several  factors:  (1) 
the  type  of  habitats  surviving;  (2)  the  mix  of  spe- 
cies within  those  habitats  that  can  act  as  colonists; 

(3)  the  dispersal  abilities  of  individual  species;  and 

(4)  the  degree  to  which  and  the  length  of  time  it 
takes  different  stream  environments  to  return  to 
stable  conditions.  (White-Reimer-PTT) 

W9 1-06034 


SUCCESSION     OF     PHYTOPLANKTON     IN 
LAKE  SOYANG. 

Kangweon  National  Univ.,  Chuncheon  (Republic 

of  Korea).  Dept.  of  Biology. 

K.  S.  Cho,  B  C.  Kim,  and  W.  M  Heo. 
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Physiology  and  Ecology  Japan  PEJAE6,  Vol.  27, 
p  81-92,  March  1990.  7  fig,  16  ref,  append. 

Descriptors:  'Algal  blooms,  'Korea,  *Lake 
Soyang,  'Lake  ecology,  'Limnology,  'Nitrogen, 
•Phytoplankton,  Anabaena,  Cyanophyta,  Diatoms, 
Dinoflagellates,  Ecosystems,  Euphotic  zone,  Peri- 
dinium,  Seasonal  variation,  Stratification,  Succes- 
sion. 

The  phytoplankton  community  of  Lake  Soyang  in 
Korea  has  received  attention  because  of  the  local 
bloom  of  the  dinoflagellate,  Peridinium  bipes, 
which  occurs  yearly  in  warm  seasons.  Recently 
bluegreen  algae  blooms  have  also  appeared  in  the 
summer  under  conditions  of  high  nitrogen  concen- 
trations. The  seasonal  succession  of  dominant  spe- 
cies in  the  lake  is  distinct.  In  winter  and  spring 
diatoms  (Asterionella  formosa  and  A.  gracillima) 
were  dominant,  while  Peridinium  bipes  and  blue- 
green  algae  were  dominant  in  the  warm  seasons. 
Since  1986,  Peridinium  has  been  replaced  with 
Anabaena.  Thus  the  seasonal  succession  sequence 
of  Asterionella-Peridinium-Asterionella  has 
changed  to  Asterionella-Peridinium-Anabaena-As- 
terionella.  Bluegreen  algal  blooms  are  well-known 
indicators  of  lake  eutrophication.  However,  a  re- 
markable finding  in  this  study  is  that  bluegreen 
blooms  are  occurring  in  a  nitrogen-rich  environ- 
ment where  the  N/P  ratio  is  very  high,  and  it  is 
rare  for  bluegreen  algae  blooms  to  occur  in  waters 
with  a  high  N/P  ratio.  The  reason  for  bluegreen 
algae  to  flourish  is  not  known,  but  the  buoyancy  of 
Anabaena  which  allows  it  to  reside  in  the  euphotic 
zone  may  be  a  possible  mechanism.  In  spring,  the 
depth  of  the  surface  mixing  layer  is  shallow  and 
phytoplankters  with  high  sinking  velocity  can  sur- 
vive. However,  in  late  summer,  intermediate  cur- 
rents of  inflowing  water  make  a  thick  mixing  layer 
and  buoyant  phytoplankters  have  an  advantage  in 
competing  for  light.  (White-Reimer-PTT) 
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TEMPERATURE  PREFERENCE  VERSUS  AC- 
CLIMATION IN  FISHES:  SELECTION  FOR 
CHANGING  METABOLIC  OPTIMA. 

Eastern  New  Mexico  Univ.,  Portales.  Dept.  of  Life 

Sciences. 

S.  W.  Kelsch,  and  W.  H.  Neill. 
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Descriptors:  'Fish  behavior,  'Fish  physiology, 
•Model  studies,  'Temperature  effects,  Acclima- 
tion, Bluegills,  Carp,  Metabolism,  Water  tempera- 
ture. 

A  model  was  developed  that  accounts  for  the 
variety  in  observed  relationships  between  tempera- 
ture preference  and  acclimation  in  fish.  The 
model's  premise  is  that  fish  prefer  temperatures 
that  are  an  integrated  optimum  for  metabolic  proc- 
esses; that  is,  fish  prefer  temperatures  that  afford 
the  maximum  potential  to  do  work  on  their  envi- 
ronment. Given  that  temperatures  selected  by  fish 
are  a  function  of  acclimation  temperature,  then-if 
the  model  is  correct-trie  temperature  correspond- 
ing to  the  maximum  scope  must  also  change  with 
acclimation.  An  experiment  was  conducted  that 
involved  a  series  of  tests  to  determine  the  critical 
swimming  speeds  of  naive  blue  tilapias  and  blue- 
gills  at  three  test  temperatures  for  each  of  three 
acclimation  temperatures.  The  data  were  consid- 
ered to  support  the  model  if  the  animals  were  able 
to  swim  faster  at  their  preferred  temperature  than 
at  test  temperatures  immediately  above  and  below 
the  preferred  temperature.  The  results  supported 
the  model.  The  primary  value  of  the  model  is  that 
it  demonstrates  the  commonality  of  numerous  dis- 
junct concepts  and  makes  corresponding  predic- 
tions. These  concepts  of  thermal  optimum,  maxi- 
mum scope  for  metabolism,  activity  metabolism, 
and  temperature  preference  all  appear  to  be  inter- 
related. For  any  acclimation  temperature,  the 
model  predicts  correspondence  between  the  pre- 
ferred temperature,  the  temperature  for  maximum 
scope,  and  the  temperature  for  maximum  critical 
swimming  speed.  Thus,  behavioral  tendency  (tem- 
perature preference)  can  be  predicted  on  the  basis 
of  physiological  capacity  (metabolic  scope),  which 
presumably  is  less  subject  to  inherent  variability. 
CWhite-Reimer-PTT) 
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YIELD  OF  YELLOW  PERCH  IN  LAKES  ERIE 
AND  ST.  CLAIR:  COMMUNITY  ASSOCIA- 
TIONS. 

Ontario   Ministry  of  Natural   Resources,   Maple. 
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analysis,  Species  composition,  Temperature,  Water 
temperature. 

Commercial  catches  of  yellow  perch  Perca  flaves- 
cens  in  the  Canadian  gill-net  fishery  of  Lake  Erie 
declined  in  the  1970s,  even  though  fishing  efforts 
increased  and  mesh  size  decreased  between  1970 
and  1975.  Multiple  stepwise  regression  of  annual 
catch  (kg)  on  effort  (km  gill  net),  recruitment  by 
year-class,  total  fish  community  biomass,  and 
weight  at  age  3  showed  that  only  recruitment 
explained  a  significant  portion  of  the  variations  in 
catches  in  the  eastern  basin,  and  only  weight  was 
important  in  the  western  basin.  Year-class  strength 
declined  in  the  late  1960s  and  1970s;  catches  from 
both  experimental  and  commercial  gear  provided 
some  indication  of  improvement  by  the  1980s.  Al- 
though recruitment  was  associated  with  variations 
in  the  abundance  of  some  species  in  four  fish 
communities  (Lake  St.  Clair  and  the  three  basins  of 
Lake  Erie),  there  was  no  evidence  that  any 
common  groups  of  species  were  regulating  recruit- 
ment. Fish  community  structures  were  similar  (dis- 
criminant function  analysis)  in  the  eastern  and  cen- 
tral basins;  the  western  basin  and  St.  Clair  commu- 
nities were  different,  but  more  similar  to  each 
other  than  to  the  other  two  basins.  Temporal 
changes  in  community  structure  within  basins  were 
not  associated  with  water  temperature  variables 
(canonical  correlation).  Temporal  correlations  of 
abundance  were  correlated  with  spatial  correla- 
tions of  abundance,  indicating  that  negative  inter- 
specific interactions  were  greater  for  species  with 
less  overlap  in  habitat.  It  was  concluded  that  there 
was  no  evidence  that  interspecific  interactions  reg- 
ulated community  structure  or  yellow  perch  re- 
cruitment. (Author's  abstract) 
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EVOLVING  ISSUES  ON  DEVELOPMENT  AND 
CONSERVATION  OF  LAKE  BIWA  --YODO 
RIVER  BASIN. 

Kyoto  Univ.,  Otsu  (Japan).  Otsu  Hydrobiological 
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EFFECT  OF  WATER  PURIFICATION  ECO- 
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NORTH  LAKE,  WESTERN  AUSTRALIA. 
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W9 1-06056 


ECOLOGICAL  STUDIES  ON  THE  HYDROME- 
DUSAE,  SIPHONOPHORES  AND  CTENO- 
PHORES  IN  THE  XIAMEN  HARBOR  AND  AD- 
JACENT WATERS. 
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POPULATION  DYNAMICS  AND  SECONDARY 
PRODUCTION    OF    OWENIA    FUSIFORMIS 


DELLE  CHIAJE  (POLYCHAETA)  FROM  THE 
BAY  OF  SEINE  (EASTERN  ENGLISH  CHAN- 
NEL). 

Centre  d'Etudes  d'Oceanographie  et  de  Biologie 
Marine,  Roscoff  (France). 
F.  Menard,  F.  Gentil,  and  J.  C,  Dauvin. 
Journal  of  Experimental  Marine  Biology  and  Ecol- 
ogy JEMBAM,  Vol.  133,  No.  1/2,  p  151-167, 
December  14,  1989.  4  fig,  6  tab,  32  ref.  Centre 
National  pour  1-Exploitation  des  Oceans  contracts 
81-6534  and  82-6915. 

Descriptors:  'Bays,  'Benthic  fauna,  'English 
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Owenia  fusiformis  Delle  Chiaje  is  the  only  species 
in  the  genus  Owenia.  It  has  been  reported  from 
areas  world-wide;  from  the  low-water  mark  to 
depths  of  at  least  1700  m,  possibly  to  4554  m. 
However,  geographical  and  bathymetric  distribu- 
tion of  O.  fusiformis  is  uncertain  as  it  is  questioned 
whether  any  of  the  cosmopolitan  polychaete  spe- 
cies are  a  single  species.  The  life  cycle,  population 
dynamics  and  production  of  Owenia  fusiformis 
Delle  Chiaje  from  the  muddy  fine  sand  community 
in  the  Bay  of  Seine  were  studied  at  two  stations 
from  May  1981  to  September  1983.  Densities 
showed  large  and  synchronized  variations  at  both 
stations;  means  were  1110  and  327  individuals/sq 
m.  Recruitment  occurred  at  the  end  of  the  spring 
or  during  the  summer.  The  number  of  recruits 
varied  strongly  from  one  year  to  another.  Recruit- 
ments were  marked  in  1983  and  weak  in  1981-1982. 
Growth  of  young  individuals  was  rapid  during  the 
summer  and  the  beginning  of  the  autumn,  then 
slowed  down  in  October  and  stopped  during 
autumn  and  winter.  Growth  resumed  in  April  for 
the  overwintered  specimens  and  continued  during 
the  spring  and  the  summer.  Growth  rates  were 
similar  from  one  year  to  another  for  all  the  year 
classes.  The  mortality  rate  was  higher  for  the  4th 
year  of  life  than  it  was  for  the  first  3  years  of  life. 
The  maximum  life  span  was  4  years  at  both  stations 
but  the  mean  life  span  did  not  exceed  3  years  at 
Station  A  and  2-3  years  at  Station  B.  Production 
was  estimated  for  two  annual  cycles  at  both  sta- 
tions. Growth  production  varied  from  4.2  to  18.8  g 
dry  weight/square  m/year  and  elimination  produc- 
tion from  1.7  to  33.6  g  dry  weight/square  m/year. 
Growth  production/average  biomass  ratios  ranged 
from  0.75  to  1.55  and  elimination  production/aver- 
age biomass  ratios  from  0.6  to  1.85.  Production, 
and  growth  production/biomass  ratios,  were  simi- 
lar to  previously  published  data  for  other  popula- 
tions of  Polychaetes  which  live  >/=  3  years. 
(Mertz-PTT) 
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FUNGAL  CONTROL  OF  POPULATION 
CHANGES  OF  THE  PLANKTONIC  DIATOM 
ASTERIONELLA  FORMOSA  IN  A  SHALLOW 
EUTROPHIC  LAKE. 

Tokyo  Univ.  (Japan).  Dept.  of  Botany. 
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Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  2,  p 
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effects. 

Many  freshwater  and  some  marine  algal  species  are 
infected  by  parasitic  organisms  such  as  fungi, 
phage,  virus  or  bacteria  and  are  killed  by  loss  of 
cellular  contents.  These  types  of  biological  interac- 
tions also  affect  the  population  size  of  the  host 
algae.  Studies  have  shown  that  the  diatom  Aster- 
ionella formosa  and  its  fungal  parasite  have  a  host- 
parasite  interaction  that  is  species-specific  and  that 
the  parasite  grows  only  on  live  algal  cells  by 
consuming  host  protoplasm.  Low  infection  per- 
centages of  an  A.  formosa  population  by  fungi  in 
winter  in  a  reservoir  (Lake  Suwa,  Japan)  are  prob- 
ably due   to  extremely   low   temperatures.   Field 
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studies  were  conducted  at  2  to  14-day  intervals 
from  November  1986  to  November  1987  on  the 
shallow,  eutrophic  Lake  Suwa,  located  in  a  fault 
basin  in  central  Japan.  Parasitic  fungi  infected  an 
A.  formosa  Hass.  population  for  10  months  of  the 
year,  during  which  time  the  population  density  of 
the  alga  was  over  100  cells/L.  High  infection  rates 
of  more  than  20%  of  the  cells  were  observed 
between  February  and  July,  except  on  a  few  occa- 
sions such  as  late  April  and  late  June.  Mortality  of 
infected  diatom  cells  was  temperature  dependent  in 
dialysis  tube  culture  experiments;  the  loss  rate  of 
field  populations  due  to  fungal  infection  also  was 
affected  by  temperature.  Loss  rates  of  diatom  cells 
were  negligibly  small  in  February  even  though 
infection  percentages  were  more  than  20%,  but 
increased  toward  summer  with  an  increase  in  tem- 
perature. High  infection  percentages  and  corre- 
spondingly high  loss  rates  occurred  periodically 
during  the  summer.  The  results  suggest  that  this 
type  of  host-parasite  interaction  is  an  important 
control  of  algal  population  size  in  natural  waters. 
(Mertz-PTT) 
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INFLUENCE  OF  VARIOUS  EXPOSURE  PERI- 
ODS ON  THE  BIOMASS  AND  CHLORO- 
PHYLL A  OF  CLADOPHORA  GLOMERATA 
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Several  studies  have  addressed  the  changes  in  tail- 
water  algal  communities  that  result  from  modified 
physico-chemical  features  below  reservoirs.  How- 
ever, the  impacts  of  stranding  on  algal  populations 
in  regulated  rivers  has  received  little  attention.  The 
biomass  of  Cladophora  glomerata  (L.)  Kutz.  was 
estimated  at  selected  sites  in  the  Colorado  River 
between  Glen  Canyon  Dam,  Arizona,  and  River 
Kilometer  345.  C.  glomerata  biomass  was  signifi- 
cantly higher  at  sites  above  Lees  Ferry  (25  km 
downstream  from  the  Dam)  than  sites  below  the 
Ferry.  Biomass  and  chlorophyll  a  were  significant- 
ly reduced  when  C.  glomerata  was  subjected  to 
one-time  exposures  to  the  atmosphere  for  12  day- 
light hours  or  more.  Repeated  12/12  hour  and  24/ 
24  hours  (exposure/submergence)  cycles  over  a 
two-week  period  also  showed  a  significant  reduc- 
tion in  biomass.  This  infers  that  ultraviolet  light 
during  the  day  is  harmful  and  desiccation  rates 
during  darkness  are  slower,  perhaps  due  to  higher 
relative  humidities  and  lower  temperatures  during 
the  night.  Exposed  filaments  near  the  holdfast  that 
are  not  protected  by  a  neighboring  plant  are  the 
first  parts  of  the  C.  glomerata  tuft  to  be  exposed  to 
the  atmosphere  and  the  first  portion  of  the  tuft  to 
dry.  These  filaments  are  therefore  most  susceptible 
to  desiccation  and  damage  due  to  exposure.  As  the 
river  begins  to  rise,  weakened  filaments  are  easily 
broken,  resulting  not  only  in  the  loss  of  the  dam- 
aged portions  of  filaments,  but  in  the  loss  of  the 
viable  terminal  tufts  as  well.  After  repeated  cycles 
of  exposure  over  long  periods  of  time,  the  long 
tufts  in  the  shallower  portions  of  the  river  bed  may 
be  nearly  eradicated  and  thereby  expose  the  basal 
holdfast.  Continued  exposure  of  the  river  bed  may 
damage  the  holdfast  and  inhibit  regeneration  of  C. 
glomerata  in  the  exposed  zones.  (Mertz-PTT) 
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EFFECTS  OF  LIGHT  AND  WAVE  DISTURB- 
ANCE ON  VERTICAL  ZONATION  OF  AT- 
TACHED MICROALGAE  IN  A  LARGE  RESER- 
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Descriptors:  'Algae,  'Algal  growth,  'Diatoms, 
•Light  effects,   'Limnology,   'Reservoirs,   'Wind 


waves,  Growth,   Light  intensity,   Population  dy- 
namics,  Species  diversity.   Water  depth,   Waves. 

Experimental  field  manipulations  of  artificial  sub- 
strata were  used  to  examine  the  mechanism  con- 
trolling attached  algal  zonation  down  the  face  of 
the  dam  in  Lake  McConaughy,  a  large  reservoir  in 
western  Nebraska.  Sets  of  clay  tiles  were  incubated 
in  the  upper  (2.5  m  depth)  and  lower  (8  m  depth) 
growth  zones  for  two  weeks.  Five  sets  of  tiles 
were  then  switched  from  the  upper  to  the  lower 
growth  zone  and  vice  versa.  Five  additional  sets  of 
tiles  were  switched  to  the  lower  zone  and  artificial- 
ly disturbed.  Diatom  cell  densities  increased  rapid- 
ly in  both  zones;  however,  wind-induced  turbu- 
lence caused  dramatic  declines  (up  to  61%)  in 
densities  in  the  upper  zone.  Consequently,  cell 
densities  in  the  upper  and  lower  growth  zones 
were  not  significantly  different  after  four  weeks, 
despite  the  17-30%  higher  light  levels  in  the  upper 
zone.  Based  on  cell  densities  and  relative  abun- 
dances on  clay  tiles  and  naturally  occurring  rocks, 
26  of  the  32  most  common  diatom  taxa  had  a 
significant  upper  (10)  or  lower  (16)  zone  prefer- 
ence. Of  these,  15  taxa  exhibited  a  consistent  re- 
sponse to  one  or  both  switching  manipulations, 
confirming  a  growth  zone  preference,  and  two 
showed  a  clear  preference  for  disturbed  substrata. 
Diatom  growth  form  appeared  to  play  a  major  role 
in  determining  the  vertical  zonation  of  attached 
communities,  since  actively  motile  taxa  exhibited  a 
lower  zone  preference  and  stalked  forms  occurred 
primarily  in  the  upper  zone.  This  study  indicates 
that  light  attenuation  and  wave  disturbance  are 
primary  mechanisms  that  control  the  vertical  zona- 
tion of  freshwater  epilithic  algae.  (Author's  ab- 
stract) 
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ITY OF  FRUITING  MYXOBACTERIA  IN  LAKE 
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The  fruiting  myxobacteria  are  gliding  bacteria  with 
the  unique  property  of  being  decomposers  of  other 
bacteria  and  plant  debris.  Although  the  taxonomy 
and  physiology  of  these  bacteria  have  been  exten- 
sively studied,  knowledge  of  their  ecology  is  scant. 
They  are  commonly  isolated  from  soil,  but  only  a 
few  studies  have  demonstrated  their  occurrence  in 
aquatic  habitats.  The  seasonal  distribution  of  fruit- 
ing myxobacteria,  which  are  able  to  lyse  cyanobac- 
teria  in  the  water  and  sediments  of  eutrophic  lakes, 
was  determined  periodically  in  1985  and  1986. 
Fruiting  myxobacteria  isolated  from  sediments  of 
these  sites  were  found  to  have  a  lytic  effect  on  a 
wide  variety  of  cyanobacteria.  The  myxobacterium 
isolate  designated  as  S-l-8  was  identified  as  Myxo- 
coccus  fulvus  Cohn.  Lytic  activity  for  cyanobac- 
teria was  produced  during  growth  of  the  organism 
in  a  number  of  complex  media.  The  maximal 
amount  of  activity  was  produced  in  casitone-yeast 
media  and  at  the  end  of  the  log  phase  of  growth. 
Usually,  fruiting  myxobacteria  are  thought  to  be 
highly  aerobic  and  unable  to  grow  under  anaerobic 
conditions.  Lake  Suwa  is  a  shallow  hypertrophic 
lake  that  supports  blooms  of  cyanobacteria  every 
summer.  During  the  summer  the  oxygen  produced 
by  photosynthetic  plants  reaches  200%  of  satura- 
tion at  the  lake  surface  but  often  decreases  marked- 
ly at  the  sediment  surface.  Such  low  levels  of 
oxygen  are  unsuitable  environments  for  the  growth 
of  fruiting  myxobacteria.  In  this  shallow  lake,  the 
water  is  easily  mixed  by  wave  action  caused  by 
winds,  and  the  oxygen-depleted  condition  does  not 
appear  to  occur  for  long  periods.  Therefore,  when 
large  amounts  of  organic  substrate  containing 
living  or  dead  cyanobacteria  are  supplied,  myxo- 
bacteria multiply  easily  and  in  turn  lyse  them. 
(Mertz-PTT) 
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EFFECTS  OF  SUBSTRATE  RELIEF  ON  THE 
DISTRIBUTION  OF  PERIPHYTON  IN  LABO- 
RATORY STREAMS.  I.  HYDROLOGY. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Botany 
and  Plant  Pathology. 

For  primary  bibliographic  entry  see  Field  2E. 
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EFFECTS  OF  SUBSTRATE  RELIEF  ON  THE 
DISTRIBUTION  OF  PERIPHYTON  IN  LABO- 
RATORY STREAMS.  II.  INTERACTIONS 
WITH  IRRADIANCE. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Botany 

and  Plant  Pathology. 

For  primary  bibliographic  entry  see  Field  2E. 
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RESPONSE  OF  ANABAENA  FLOS-AQUAE 
(CYANOPHYTA)  NITROGENASE  ACTIVITY 
TO  SUDDEN  PHOSPHATE  DEPRIVATION. 

Kent  State  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

B.  L.  Gerber,  and  C.  E.  Wickstrom. 
Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  4,  p 
650-655,  1990.  4  fig,  1  tab,  34  ref. 

Descriptors:  'Algae,  'Algal  blooms,  'Aphanizo- 
menon,  'Cyanophyta,  'Eutrophic  lakes,  'Limnolo- 
gy, 'Nitrogen  fixation,  'Phosphorus,  Anabaena, 
Aquatic  life,  Ecology,  Mesotrophic  lakes. 

Algal  blooms  consisting  of  nitrogen-fixing  genera 
such  as  Anabaena  and  Aphanizomenon  commonly 
occur  in  mesotrophic  and  eutrophic  lakes  and  res- 
ervoirs. Correlative  and  experimental  studies  dem- 
onstrate a  strong  relation  between  development  of 
cyanobacterial  populations  and  phosphorus  load- 
ings in  these  systems.  At  the  cellular  level  phos- 
phorus may  accumulate  in  polyphosphate  bodies  as 
a  result  of  luxury  consumption  by  blue-green  algae 
including  nitrogen-fixing  species.  Cultures  of  An- 
aebaena  flos-aquae  (Lyng.)  Breb.  were  used  to 
determine  changes  in  nitrogenase  activity  (acety- 
lene reduction)  after  external  concentrations  of 
phosphorus  were  lowered.  Two  days  following 
immersion  in  phosphorus-free  medium,  nitrogenase 
activity  had  doubled  and  required  8  days  to  return 
to  time  zero  levels.  Subsequent  long-term  experi- 
ments showed  that  concentrations  of  soluble  reac- 
tive phosphorus  releases  from  the  algae  transferred 
into  the  phosphorus-free  medium  reached  maxi- 
mum levels  by  day  3  and  returned  to  initial  low 
values  by  days  7-10.  Nitrogenase  activity  was 
always  highest  during  the  soluble  reactive  phos- 
phorus release-reassimilation  phase  but  steadily  de- 
creased after  reassimilation  was  complete.  Day  56 
nitrogenase  activity  was  5-14%  of  initial  activity. 
The  data  support  the  hypothesis  that  heterocyst 
and  vegetative  cell  adensoine  triphosphate  (ATP) 
pools  are  discrete  and  suggest  that  the  short-term 
effects  of  phosphorus  removal  as  an  aquatic  resto- 
ration technique  need  further  study.  (Mertz-PTT) 
W91-06257 


WIDESPREAD  OCCURRENCE  OF  HIGHLY 
BRANCHED  ACYCLIC  C20,  C25  AND  C30  HY- 
DROCARBONS IN  RECENT  SEDIMENTS  AND 
BIOTA  -  A  REVIEW. 

Polytechnic    South    West,    Plymouth    (England). 
Dept.  of  Environmental  Sciences. 
For  primary  bibliographic  entry  see  Field  2K. 
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SOME  FACTORS  AFFECTING  DISTRIBUTION 
OF  DIATOM  ASSEMBLAGES  IN  PYRENEAN 
SPRINGS. 

Barcelona  Univ.  (Spain).  Dept.  de  Ecologia. 

S.  Sabater,  and  J.  P.  Roca. 

Freshwater  Biology  FWBLAB,  Vol.  24,  No.  3,  p 

493-507,  December  1990.  5  fig,  5  tab,  52  ref. 

Descriptors:  'Algae,  'Ecology,  'Pyrenees  Moun- 
tains, 'Species  composition,  'Springs,  Chryso- 
phyta,    Diatoms,    Flow   velocity,   Ionic   strength. 
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PhysicochemicaJ    properties,    Population    density, 
Spain,  Spring  water. 

The  composition  and  abundance  of  diatom  assem- 
blages were  studied,  together  with  physiographical 
and  physicochemical  variables  in  twenty-eight 
springs  in  the  Central  Pyrenees  during  the  period 
of  1987-88.  Characteristic  groupings  of  diatom  taxa 
were  revealed  by  Principal  Components  Analysis. 
One  group,  made  up  of  assemblages  of  the  taxa 
Navicula  cincta,  Caloneis  spp.  and  Nitzschia  ellip- 
tica,  is  characteristic  of  springs  with  waters  of  high 
ionic  strength.  Certain  diatom  taxa  are  characteris- 
tic of  hard  water  springs,  either  in  quiet  waters 
(Denticula  tenuis,  Achnanthes  minutissima,  Euno- 
tia)  or  fast  flowing  ones  (Fragilaria,  Diatoma  hie- 
male).  Other  taxa  are  representative  of  relatively 
quiet,  soft  water  springs:  Anomeoneis  brachysira, 
Tabellaria  flocculosa,  Aulacoseira  distans  and  Fra- 
gilaria vaucheriae.  Five  different  spring  types  were 
identified,  with  respect  to  diatom  assemblages, 
using  discriminant  analysis.  The  first  consisted  of 
high  mountain  springs  with  cold,  fast  waters  and 
low  ionic  strength.  The  second  group,  distributed 
throughout  the  Pyrenees,  had  similar  environmen- 
tal characteristics  to  the  first  group  but  with  inter- 
mediate water  velocity  and  slightly  higher  mineral 
content.  The  third  contained  springs  in  calcareous 
regions  of  the  Pyrenees,  mainly  slow-flowing  and 
with  hard  waters.  The  fourth  was  composed  of  soft 
water  springs,  while  the  fifth  consisted  of  two 
springs  which  were  subject  to  stressful  conditions 
(limitation  of  light,  abundance  of  nitrates  of  high 
salinity).  Ionic  strength  and  current  velocity  ap- 
peared to  be  the  dominant  environmental  factors 
affecting  diatom  distribution  in  Pyrenean  springs. 
(Author's  abstract) 
W9 1-06270 


INDIRECT  EFFECTS  OF  FISH  PREDATION 
ON  CALCITE  SUPERSATURATION,  PRECIPI- 
TATION AND  TURBIDITY  IN  A  SHALLOW 
PRAIRIE  LAKE. 

North  Dakota  State  Univ.,  Fargo.  Dept.  of  Zoolo- 
gy- 

M.  A.  Hanson,  M.  G.  Butler,  J.  L.  Richardson,  and 
J.  L.  Arndt. 

Freshwater  Biology  FWBLAB,  Vol.  24,  No.  3,  p 
547-556,  December  1990.  7  fig,  39  ref. 

Descriptors:  'Calcite,  'Ecology,  *Fish,  'Lakes, 
•Limnology,  'Turbidity,  Daphnia,  Eutrophic 
lakes,  Fishkill,  Lake  Christina,  Lake  ecology,  Min- 
nesota, Phytoplankton,  Seston,  Supersaturation. 

Calcite  saturation  and  seston  composition  were 
studied  during  1987  and  1988  in  a  shallow,  eutro- 
phic hard  water  prairie  lake  (Lake  Christina,  Min- 
nesota), one  year  before  and  one  year  after  a  lake- 
wide  fish  removal.  In  both  years  calcite  saturation 
increased  rapidly  after  all  ice  had  thawed  and  it 
peaked  during  mid-summer  to  late  summer,  with 
the  mineral  saturation  index  of  calcite  sometimes 
exceeding  30.  Removal  of  calcite  from  lake  seston 
by  gentle  acidification  of  unfiltered  water  samples 
showed  suspended  calcite  to  be  an  important 
source  of  turbidity  in  the  lake.  The  lake-wide  fish 
removal  produced  detectable  changes  in  the  annual 
cycle  of  calcite  saturation  and  precipitation.  In- 
creased grazing  by  Daphnia  galeata  and  Daphnia 
pulex  apparently  reduced  calcite  saturation  during 
early  summer  by  suppressing  the  phytoplankton, 
and  lowering  the  demand  for  carbon  dioxide. 
Lower  calcite  precipitation,  as  well  as  direct  re- 
moval of  calcite  by  Daphnia  grazing,  probably 
contributed  to  the  improvement  in  water  transpar- 
ency observed  after  the  fish  kill.  (Author's  ab- 
stract) 
W9 1-06271 


PHYSICOCHEMICAL  FACTORS  AFFECTING 
THE  ABUNDANCE  AND  SPECIES  RICHNESS 
OF  FISHES  IN  THE  CIMARRON  RIVER. 

Oklahoma    Water    Resources    Board,    Oklahoma 
City.  Water  Quality  Div. 
R.  J.  Reash,  and  J.  Pigg. 

Proceedings  of  the  Oklahoma  Academy  of  Sci- 
ence, Vol.  70,  p  23-28,  1990.  1  fig,  2  tab,  15  ref. 

Descriptors:  'Ecology,  'Fish,  'Fish  populations, 
•Physicochemical  properties,  'Rivers,  'Species  di- 


versity, Biomass,  Cimarron  River,  Conductivity, 
Dissolved  oxygen,  Flow  rates,  Oklahoma,  Popula- 
tion density,  Statistical  analysis,  Turbidity,  Water 
temperature. 

Factors  influencing  fish  assemblage  parameters 
(species  richness,  density,  and  biomass)  were  ana- 
lyzed at  seven  sites  along  811  km  of  the  Cimarron 
River  in  Oklahoma  using  correlation  and  multiple 
regression  techniques.  The  data  were  obtained  by 
the  Oklahoma  State  Department  of  Health  during 
1976-1986.  Significant  differences  in  dissolved 
oxygen,  temperature,  turbidity,  conductivity,  and 
flow  rate  were  observed  among  sites,  reflecting 
longitudinal  changes  in  physiography,  land  use, 
and  tributary  influence.  Fish  assemblage  param- 
eters and  physicochemical  variables  were  more 
frequently  correlated  at  upstream  sites  than  at 
downstream  sites.  At  upstream  sites,  fish  species 
richness,  density  and  biomass  were  positively  cor- 
related with  typical  low-flow  conditions.  These 
parameters  increased  when  water  velocity,  average 
depth,  flow  rate,  and  turbidity  decreased.  The 
more  harsh  and  extreme  environmental  conditions 
at  upstream  sites  (e.g.  in  isolated  pools  during  late 
summer,  with  little  or  no  shading  and  non-point 
source  pollution)  and  fewer  potential  biotic  inter- 
actions may  explain  the  more  profound  influence 
of  a  few  variables  on  fish  abundance  and  diversity 
in  the  Cimarron  River.  (Author's  abstract) 
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ASPECTS  OF  THE  NITROGEN  CYCLE  IN 
PEATLAND  AND  PLANTATION  FOREST 
ECOSYSTEMS  IN  WESTERN  IRELAND. 

University  Coll.,  Dublin  (Ireland).  Dept.  of  Envi- 
ronmental Resource  Management. 
E.  P.  Farrell. 

Plant  and  Soil  PLSOA2,  Vol.  128,  No.  1,  p  13-20, 
1990.  10  fig,  6  tab,  10  ref. 

Descriptors:  'Forest  ecosystems,  'Ireland,  'Nitro- 
gen cycle,  'Peat,  'Soil  chemistry,  'Soil-water- 
plant  relationships,  'Wetlands,  Fertilizers,  Forest 
soils,  Marine  climates,  Nitrates,  Nutrients,  Phos- 
phorus, Pine  trees,  Plant  growth,  Precipitation, 
Spruce  trees. 

Extensive  plantation  forests  cover  large  areas  of 
blanket  peatland  in  western  Ireland.  Sites  are  char- 
acterized by  the  ombrotrophic  nature  of  the  peat 
and  the  often  extreme  maritime  conditions  prevail- 
ing. A  study  area  was  chosen  which  is  located 
close  to  two  coastlines  and  in  consequence,  ions  of 
marine  origin  are  dominant  in  the  bulk  precipita- 
tion. Mean  annual  nitrogen  deposition  is  2.26  kg/ 
ha.  Forestry  development  in  the  region  dates  from 
the  early  1950s.  Deficiency  of  phosphorus  is  uni- 
versally encountered,  sometimes  accompanied  by  a 
shortage  of  nitrogen.  A  fertilizer  experiment  in  the 
study  area  was  maintained  for  16  years.  It  was 
found  that  the  principal  response  was  to  applied 
phosphorus  and  although  nitrogen  had  a  positive 
influence  on  growth  in  the  early  years,  it  was  of 
little  consequence  in  the  longer  term.  Over  900  kg 
N/ha  was  accumulated  in  the  forest  floor.  In  a 
mineralization  study  of  peat  collected  from  plots 
fertilized  14  years  previously,  differences  in  total 
mineral  nitrogen  production  between  treatments 
were  small,  but  in  nitrogen-treated  plots  a  higher 
proportion  of  the  mineral  nitrogen  was  as  nitrate 
than  in  those  which  had  not  received  fertilizer 
nitrogen.  Throughfall  measurements  in  pole-stage 
crops  of  Sitka  spruce  and  lodgepole  pine  which 
had  received  no  fertilizer  nitrogen  showed  signifi- 
cantly greater  quantities  of  nitrogen  than  bulk  pre- 
cipitation. (Author's  abstract) 
W9 1-06321 


SEASONALITY  OF  DENITRIFICATION  IN 
WATER-LOGGED  ALDER  STANDS. 

Copenhagen  Univ.  (Denmark).  Dept.  of  General 

Microbiology. 

S.  Struwe,  and  A.  Kjoller. 

Plant  and  Soil  PLSOA2,  Vol.  128,  No.  1,  p  109- 

113,  1990.  2  fig,  ltab,  14  ref. 

Descriptors:  'Alder  trees,  'Denitrification,  'Nitro- 
gen cycle,  'Soil  chemistry,  'Swamps,  'Wetlands, 
Acetates,  Acetylene,  Gas  chromatography,  Am- 
monia, Nitrates,  Nitrogen  oxides,  Seasonal  varia- 
tion, Waterlogging. 


In  the  last  decade  many  contributions  have  been 
made  towards  the  understanding  of  the  importance 
of  denitrification.  The  introduction  of  the  acety- 
lene inhibition  technique  has  facilitated  gas  chro- 
matographic detection  of  nitrous  oxide  (N20), 
which  is  the  major  end  product  of  denitrification 
when  acetylene  is  present.  This  technique  was  used 
to  investigate  denitrification  in  an  alder  stand, 
based  on  the  presumption  of  a  high  nitrate  turnov- 
er in  the  aerobic  layers  of  the  nitrogen-rich  soil.  It 
has  been  well  described  that  the  soil  under  alder 
has  a  high  content  of  combined  nitrogen  and  a 
high  ammonia  concentration.  The  actual  and  po- 
tential denitrification  in  an  alder  swamp  was  meas- 
ured in  situ.  A  bottle  method  with  inserted  serum 
bottles  without  bottoms  was  used  to  trap  N20 
escaping  from  the  soil.  Acetylene  was  added  to  the 
headspace  as  inhibitor  to  stop  denitrification  of 
N20.  Measurements  were  performed  monthly  and 
N20  was  usually  collected  over  a  24-hour  period. 
Denitrification  rates  increased  with  addition  of  ni- 
trate and  acetate  and  denitrification  continued  for 
at  least  48  hours.  The  annual  denitrification  rate 
was  calculated  from  these  monthly  measurements. 
It  was  found  that  the  denitrifying  activity  was  very 
low  in  the  winter  season  and  highest  in  spring  and 
summer.  The  annual  denitrification  rate  in  alder 
soil  was  4.9  kg  N/ha  with  acetylene  as  inhibitor  (3 
times  the  rate  in  non-inhibited  plots)  and  42.1  kg 
N/ha  when  acetate  and  nitrate  were  also  added. 
The  relation  between  the  end  products  of  denitrifi- 
cation N20:N2  is  1:2  in  the  water-logged  system. 
(Fish-PTT) 
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HYDROLOGY  OF  AN  ACID  WETLAND 
BEFORE  AND  AFTER  DRAINING  FOR  AF- 
FORESTATION, WESTERN  NEW  ZEALAND. 

Forest  Research   Inst.,  Christchurch  (New  Zea- 
land). Forest  and  Wildland  Ecosystems  Div. 
For  primary  bibliographic  entry  see  Field  4C. 
W91-06553 


SEDIMENTARY  DATA  BASE:  AN  APPRAISAL 
OF  LAKE  AND  RESERVOIR  SEDIMENT 
BASED  STUDIES  OF  SEDIMENT  YIELD. 

Coventry  (Lanchester)  Polytechnic  (England). 
Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-067 19 


INSHORE  FISH  YIELD  POTENTIAL  OF  LAKE 
KARIBA,  ZIMBABWE. 

Zimbabwe  Univ.,  Harare.  Dept.  of  Biological  Sci- 
ences. 

N.  A.  G.  Moyo. 

African  Journal  of  Ecology  AJOEDE,  Vol.  28, 
No.  3,  p  227-233,  September  1990.  3  fig,  2  tab,  9 
ref. 

Descriptors:  'Fish  harvest,  'Fisheries,  'Kariba 
Lake,  'Lake  fisheries,  'Zimbabwe,  Fish  manage- 
ment, Model  studies. 

Four  surplus  yield  models  were  used  to  estimate 
the  yield  potential  of  the  Kariba  inshore  fishery. 
The  classical  methods  gave  maximum  sustainable 
yield  (MSY)  values  as  high  as  1333  t/y.  These 
values  are  regarded  as  overestimates  in  view  of  the 
present  average  annual  catch  of  619.4  t/y.  The 
Schnute  (1978)  model  gave  an  MSY  of  719  t/y  and 
a  failure  index  close  to  1,  indicating  that  the  model 
does  not  fit  the  data  well.  Overestimation  will  be 
quite  high  in  a  fishery  that  has  had  a  history  of 
increasing  yields,  as  the  plot  of  yield  against  effort 
will  always  lie  above  the  true  equilibrium  curves. 
Yields  from  the  Kariba  inshore  fishery  increased 
between  1962  and  1964  but  have  declined  since 
then,  suggesting  that  the  magnitude  of  overestima- 
tion, at  least  for  the  classical  approach,  is  not  so 
high.  Walter's  (1986)  graphical  approach  of  fitting 
an  approximate  equilibrium  yield  curve  to  catch 
and  effort  predicts  an  MSY  between  550  and  570  t/ 
y.  It  is  suggested  that  the  Kariba  inshore  fishery  on 
the  Zimbabwean  side  should  be  managed  within 
this  range,  in  specific  basins.  (Author's  abstract) 
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INFLUENCE  OF  SEASON  ON  THE  BREAK- 
DOWN OF  SUBMERGED  LEAVES. 

Mohamed-1    Univ.,   Oujda   (Morocco).    Dept.   de 

Biologic. 

H.  Chergui,  and  E.  Pattee. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   120, 

No.  1,  p  1-12,  November  1990.  5  fig,  42  ref. 

Descriptors:  •Deciduous  trees,  •Decomposition, 
•Detritus,  •Leaves,  'Seasonal  variation,  •Temper- 
ature effects,  Alder  trees,  Decomposing  organic 
matter,  Pond  water,  Poplar  trees,  Willow  trees. 

The  influence  of  season  and  temperature  on  the 
breakdown  of  submerged  leaves  of  three  deciduous 
tree  species,  alder  (Alnus  glutinosa),  poplar  (Popu- 
lus  nigra),  and  willow  (Salix  sp.)  was  investigated. 
Nitrogen  and  phosphorous  contents  indicated  that 
the  leaves  entering  the  water  in  summer  and 
autumn  were  most  readily  colonized  by  microorga- 
nisms. Temperature  influenced  overall  processing 
most  clearly  by  its  impact  on  leaching.  Leaves 
entering  the  water  in  September  had  weight  losses 
in  the  first  two  months  of  59,  42,  and  46%,  for 
alder,  poplar,  and  willow,  respectively.  During  the 
next  three  months,  they  lost  a  further  23,  23,  and 
24%  of  initial  weights.  The  later  reduction  of 
breakdown  rate  in  natural  conditions  did  not 
appear  to  be  due  to  winter  temperatures,  but  to  the 
presence  of  the  refractory  components  of  the  leaf 
skeleton  (cellulose,  lignin).  It  is  concluded  that  leaf 
composition  and  texture  were  more  important  than 
temperature  in  determining  leaf  breakdown  rate. 
(MacKeen-PTT) 
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COMPARISON  OF  THE  DIETARY  COMPOSI- 
TION OF  EPILITHIC  TRICHOPTERAN  SPE- 
CIES IN  A  FIRST-ORDER  STREAM. 
Max-Planck-Inst.  fuer  Limnologie,  Schlitz  (Germa- 
ny, F.R.).  Limnologische  Flussstation. 
G.  Becker. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  120, 
No.  1,  p  13-40,  November  1990.  16  fig,  4  tab,  97 
ref. 

Descriptors:  'Aquatic  insects,  'Diets,  'Europe, 
•Foods,  'Periphyton,  *Stream  biota,  Breitenbach, 
Caddisflies,  Ecology,  First-order  streams,  Food 
chains,  Larvae,  Seasonal  variation. 

The  dietary  composition  of  six  epilithic  trichopter- 
an  species,  each  with  a  similar  life  cycle,  was 
examined.  In  1896  and  1987  the  gut  contents  of 
later  stage  larvae  were  analyzed  and  comparisons 
were  made  between  specimens  sampled  along  the 
lower  2  km  of  a  Central  European  first-order 
stream.  Gut  contents  were  classified  into  9  compo- 
nents and  quantified  using  image  analysis.  Statisti- 
cal analysis  revealed  significant  differences  be- 
tween the  utilization  of  several  food  components 
by  the  six  species  considered,  despite  an  overlap  in 
their  microhabitats  and  food  resources.  The  gut 
contents  of  Drusus  annulatus,  Tinodes  rostocki, 
and  Micrasema  longulum  contained  a  high  propor- 
tion of  diatoms,  whereas  cyanobacteria  were  abun- 
dant in  Apatania  fimbriata  and  D.  annulatus.  There 
were  fewer  algae,  but  higher  proportions  of  detri- 
tus, in  Agapetus  fuscipes  and  Silo  pallipes.  Season- 
al variability  in  periphyton  composition  was  partly 
reflected  in  the  larval  gut  contents.  A  cluster  anal- 
ysis revealed  three  species  groupings:  A.  fuscipes 
and  S.  pallipes  showed  the  most  distinct  trophic 
niche  overlap,  followed  by  A.  fimbriata  and  D. 
annulatus.  T.  rostocki  and  M.  longulum  were  com- 
bined in  one  group  at  a  lower  similarity  level. 
Significant  differences  between  the  utilization  of 
several  food  components  reduced  the  likelihood  of 
any  inter-specific  competition  for  high  quality  food 
resources.  (Author's  abstract) 
W9 1-06752 


EFFECT  OF  ESCAPE  REACTIONS  ON  THE 
QUANTITATIVE  SAMPLING  OF  GRAVEL 
STREAM  FAUNA. 

Biological  Station.  Lunz  am  See  (Austria). 
For  primary  bibliographic  entry  see  Field  7B. 
W91-06753 


DAPHNIA  GROWTH  AT  DIFFERENT  CON- 
CENTRATIONS OF  BLUE-GREEN  FILA- 
MENTS. 

Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.). 
Z.  M.  Gliwicz. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  120, 
No.  1,  p  51-65,  November  1990.  5  fig,  5  tab,  44  ref 

Descriptors:  'Algal  blooms,  'Aquatic  animals, 
•Crustaceans,  'Cyanophyta,  'Daphnia,  'Limnolo- 
gy, Aphanizomenon,  Growth  rates,  Waterfleas. 

Body  growth  rates  in  four  Daphnia  species  (D. 
magna,  D.  pulicaria,  D.  hyalina  and  D.  cucullata) 
decreased  with  increased  concentration  of  Aphani- 
zomenon filaments  when  animals  were  grown  in 
batch  cultures  at  high  Scenedesmus  food  levels 
(0.3-0.5  mg  C/L)  in  an  artificial  medium  adequate 
for  Aphanizomenon  at  20  C.  Growth  rates  became 
negative  in  high  filament  concentrations.  The  max- 
imum filament  concentration  that  allowed  for  posi- 
tive growth  rate  was  greater  in  the  small-bodied  D. 
cucullata  and  D.  hyalina  than  in  the  large-bodied 
D.  magna  and  D.  pulicaria,  supporting  the  notion 
that  smaller  species  are  less  vulnerable  to  interfer- 
ence from  algal  filaments.  The  critical  filament 
concentration  was  higher  when  estimated  in  the 
artificial  medium  diluted  by  membrane-filtered  lake 
water,  in  which  filaments  were  more  susceptible  to 
grazing  by  Daphnia.  No  tendency  for  growth  rate 
of  Daphnia  to  decrease  with  increased  filament 
concentration  was  observed  in  diluted  medium  at 
low  Scenedesmus  food  levels  (<0.1  mg  C/L). 
Different  levels  of  readily  available  food,  and  dif- 
ferent concentrations  and  physiological  states  of 
filaments  in  the  field  and  experimental  studies  may 
be  among  reasons  why  cyanobacterial  filaments  do 
not  always  cause  reduced  assimilation  and  in- 
creased respiration  in  Daphnia.  Otherwise,  the  fila- 
ments may  result  in  halting  growth  and  reproduc- 
tion of  Daphnia,  eventually  leading  to  its  extinc- 
tion. (Author's  abstract) 
W9 1-06754 


HC03O  AS  AN  EXOGENOUS  CARBON 
SOURCE  FOR  RUPPIA  CIRRHOSA  (PEN- 
TAGNA)  GRANDE. 

Institut  de  Recerca  i  Tecnologia  Agroalimentaries, 

Barcelona  (Spain). 

J.  Penuelas,  and  M.  Menendez. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   120, 

No.    1,  p  89-96,   November   1990.   3  fig,    19  ref. 

Descriptors:  'Aquatic  plants,  'Bicarbonates, 
•Carbon,  •Photosynthesis,  Alkaline  water,  Alka- 
linity, Carbon  dioxide,  Energy  sources,  Saline 
water.  Salinity. 

The  aquatic  plant  Ruppia  cirrhosa  was  investigated 
for  its  ability  to  utilize  bicarbonate  and  carbon 
dioxide  as  exogenous  carbon  sources  for  photosyn- 
thesis. In  sodium  bicarbonate  solutions,  R.  cirrhosa 
increased  the  pH  to  a  maximum  of  9.85,  corre- 
sponding to  a  carbon  dioxide  compensation  point 
of  0.55  mmol/cu  m  of  carbon  dioxide.  Measured 
photosynthetic  rates  cannot  be  explained  by 
carbon  dioxide  uptake  alone.  Photosynthetic  rates 
decreased  at  high  pH  but  did  not  decline  to  zero 
until  pH  11.5.  Furthermore,  photosynthesis  was 
increased  by  higher  bicarbonate  concentrations  at 
constant  carbon  dioxide  concentration.  It  is  con- 
cluded that  Ruppia  cirrhosa  has  the  capability  to 
utilize  bicarbonate,  which  helps  to  explain  its  wide 
distribution  in  alkaline  saline  waters.  (Author's  ab- 
stract) 
W91-06756 


MACROPHYTE  INFLUENCES  ON  THE  ZON- 
ATION  OF  SEDIMENT  ACCRETION  AND 
COMPOSITION  IN  A  NORTH-TEMPERATE 
RESERVOIR. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-06759 


OBSERVATIONS  ON  THE  PHYTOBENTHOS 
OF  THE  FRESHWATER  THAMES:  III.  THE 
FLORISTIC  COMPOSITION  AND  SEASONA- 


LITY OF  ALGAE  IN  THE  TIDAL  AND  NON- 
TIDAL  RIVER. 

British  Museum  of  Natural  History,  London  (Eng- 
land). Dept.  of  Botany. 
D.  M.  John,  L.  R.  Johnson,  and  J.  A.  Moore. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   120, 
No.  2,  p  143-168,  December  1990.  14  fig,  8  tab,  32 
ref,  append. 

Descriptors:  'Algae,  'Ecology,  'England,  'Estu- 
aries, 'Rivers,  'Thames  River,  'Tidal  rivers,  Pop- 
ulation density,  Seasonal  variation,  Species  compo- 
sition. 

The  floristic  composition,  seasonality,  and  distribu- 
tion of  algae  were  studied  using  plastic  surfaces 
placed  in  the  freshwater  tidal  Thames  and  in  the 
non-tidal  river.  Surfaces  placed  in  the  tidal  river 
were  subjected  to  twice  daily  emersion,  unlike 
those  positioned  above  the  influence  of  the  tides. 
With  the  exception  of  some  members  of  the  Cyan- 
ophyceae,  the  majority  of  the  algae  were  more 
frequent  on  surfaces  placed  in  the  non-tidal  river 
and  a  few  were  not  detected  downriver  in  the  tidal 
stretch.  Desiccation  during  emersion,  heavy  silta- 
tion  and  water  movement  are  considered  to  be  the 
most  important  factors  influencing  the  assemblage 
of  algae  found  on  surfaces  placed  in  the  freshwater 
tidal  river,  here  defined  as  the  stretch  sandwiched 
between  the  brackish  water  estuary  and  the  non- 
tidal  river.  (Author's  abstract) 
W9 1-06760 


COEXISTENCE  OF  DAPHNIA  SPECIES  AND 
THEIR  HYBRIDS:  AN  EXPERIMENTAL  POP- 
ULATION GENETICS  APPROACH. 

Max-Planck-Inst.  fuer  Limnologie  zu  Ploen  (Ger- 
many, F.R.).  Abt.  Oekophysiologie. 
M.  A.  Mort. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  120, 
No.  2,  p  169-183,  December  1990.  4  fig,  5  tab,  23 
ref. 

Descriptors:  'Aquatic  animals,  'Genetics,  'Ger- 
many, 'Lake  ecology,  'Lakes,  'Limnology,  Algae, 
Competitive  exclusion,  Daphnia,  Nutrition,  Popu- 
lation dynamics,  Schohsee,  Species  composition, 
Waterfleas. 

The  ecological  relationships  in  a  Daphnia  species 
assemblage  (D  galeata,  D.  hyalina,  and  galeata  x 
hyalina  hybrids)  were  studied  in  Schohsee,  a  large 
permanent  lake  in  northern  Germany.  The  popula- 
tions were  manipulated  in  in  situ  experiments,  in 
which  the  laboratory-grown  green  alga  Scenedes- 
mus was  added  to  large-scale  enclosures  (1500  L). 
Responses  were  monitored  using  genotypes  at  the 
Pgm  and  Got  loci.  In  four  experiments  of  40-57 
day  duration,  D.  hyalina  exhibited  relative  in- 
creases in  enclosures  receiving  algae  while  hybrids 
underwent  steady  increases  in  enclosures  both  with 
and  without  added  algae.  These  results  are  in  part 
consistent  with  the  argument  that  slight  differences 
in  resource  utilization  exist  among  the  Daphnia 
species  considered  here  and  that  these  differences 
are  masked  by  environmental  fluctuations.  (Au- 
thor's abstract) 
W9 1-06761 


SENSITIVITY  OF  TWO  CLADOCERANS  TO 
WATER  QUALITY  VARIABLES:  SALINITY 
AND  HARDNESS. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 
Toxicology  and  Chemistry  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06762 


CARBON  ISOTOPE  DISCRIMINATION  BY 
PHYTOPLANKTON  AND  PHOTOSYNTHETIC 
BACTERIA  IN  MONOMICTIC  LAKE  FUKAMI- 
IKE. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
K.  Takahashi,  E.  Wada,  and  M.  Sakamoto. 
Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   120, 
No.  2,  p  197-210,  December  1990.  6  fig,  3  tab,  28 
ref  Ministry  of  Education,  Science,  and  Culture 
Grant  63540519. 
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Descriptors:  *Aquatic  bacteria,  'Carbon,  *Carbon 
radioisotopes,  'Japan,  'Lakes,  'Limnology,  *Phy- 
toplankton,  'Radioisotopes,  'Tracers,  Isotope 
studies,  Lake  Fukami-ike,  Organic  carbon,  Photo- 
synthetic  bacteria. 

Carbon  isotope  ratios  of  particulate,  settling,  and 
sedimentary  organic  carbon,  and  dissolved  inor- 
ganic carbon  (DIC)  were  analyzed  to  study  the 
eco-physiology  of  phytoplankton  and  photosyn- 
thetic  bacteria  (green  sulfur  bacteria)  and  the  fate 
of  organic  matter  in  Lake  Fukami-ike,  Japan. 
Carbon  isotope  ratios  of  particulate  organic  carbon 
(POC)  decreased  from  -24.8  through  -17.8  ppt  at 
the  water  surface  to  -29.2  through  -23.6  ppt  at  8  m 
depth,  while  those  of  DIC  increased  with  depth 
and  ranged  from  -17.7  to  -4.4  ppt.  Calculated 
carbon  isotope  discrimination  between  POC  and 
bicarbonate  in  the  euphotic  zone,  which  can  pro- 
vide long-term  integrated  information  on  the  kinet- 
ic mode  of  photosynthesis,  ranged  from  0.3  to  21.3 
and  increased  with  depth,  indicating  a  relatively 
high  photosynthetic  rate  at  the  surface.  Discrimi- 
nations by  the  photosynthetic  bacteria  at  5  m  depth 
were  consistently  larger  than  those  by  surface  phy- 
toplankton. This  finding  suggested  that  photosyn- 
thetic bacterial  populations  had  grown  at  a  slow 
rate  in  Lake  Fukami-ike  from  June  to  July  1988, 
consistent  with  low  carbon  and  nitrogen  uptake 
rates  in  tracer  experiments.  The  high  delta  C-13 
values  of  DIC  in  deeper  layers  seem  to  result 
partly  from  isotope  fractionation  in  the  process  of 
methane  production  in  this  lake.  (Author's  ab- 
stract) 
W9 1-06763 


PRODUCTIVITY,  DIET,  AND  ENVIRONMEN- 
TAL CONTAMINANTS  IN  BALD  EAGLES 
NESTING  NEAR  THE  WISCONSIN  SHORE- 
LINE OF  LAKE  SUPERIOR. 

Wisconsin  Univ.-Stevens  Point.  Coll.  of  Natural 

Resources. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06774 


EFFECT  OF  HERBICIDE  RESIDUES  ON  MI- 
CROBIAL PROCESSES  IN  POND  SEDIMENT. 

Clemson  Univ.,  SC.  Dept.  of  Microbiology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06777 


BIOMAGNIFICATION  OF  POLYCHLORINAT- 
ED  BIPHENYLS,  TOXAPHENE,  AND  DDT 
COMPOUNDS  IN  A  LAKE  MICHIGAN  OFF- 
SHORE FOOD  WEB. 

Michigan  Univ.,   Ann  Arbor.   Center  for  Great 

Lakes  and  Aquatic  Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06778 


GENETIC  DAMAGE  IN  A  POPULATION  OF 
SLIDER  TURTLES  (TRACHEMYS  SCRIPTA) 
INHABITING  A  RADIOACTIVE  RESERVOIR. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06784 


DISTRIBUTION  AND  ABUNDANCE  OF 
LARVAL  COQUILLETTIDIA  PERTURBANS 
IN  A  FLORIDA  FRESHWATER  MARSH. 

Polk  County  Board  of  Commissioners  for  Environ- 
mental Services,  Bartow,  FL. 
C.  D.  Morris,  J.  L.  Callahan,  and  R.  H.  Lewis. 
Journal  of  the  American  Mosquito  Control  Asso- 
ciation JAMAET,  Vol.  6,  No.  3,  p  452-460,  Sep- 
tember 1990.  8  tab,  31  ref. 

Descriptors:  'Florida,  'Insect  control,  'Larvae, 
•Mosquitoes,  'Population  density,  Marsh  manage- 
ment, Marsh  plants,  Marshes,  Wetlands. 

Studies  are  being  conducted  in  Florida  to  deter- 
mine the  spatial  distributions  of  all  larval  instars  of 
Coquillettidia  pertubans  and  the  factors  that  influ- 
ence these  distributions  as  part  of  an  effort  to 
develop  control  programs.  All  instars  of  larval 
Coquillettidia  perturbans  were  found  in  the  same 
habitats,  but  early  instar  larvae  were  more  aggre- 


gated than  later  instars.  Larvae  were  most  numer- 
ous in  areas  dominated  by  arrow-arum  and  maiden- 
cane,  less  so  in  areas  dominated  by  sedges  and 
miscellaneous  mixed  vegetation,  and  least  abundant 
in  pickerelweed  areas.  Larvae  were  uncommon  in 
open  water  35-70  cm  deep.  There  was  also  a  tend- 
ency for  them  to  concentrate  in  areas  beyond  25  m 
from  shore.  Larvae  were  log-normally  distributed 
in  favorable  sites  and  became  progressively  more 
aggregated  as  sites  became  less  favorable.  Since 
larva]  aggregation  is  related  to  vegetation,  water 
depth  and  proximity  to  the  marsh  edge  some  con- 
trol could  be  achieved  by  managing  aquatic  vege- 
tation and  water  depth.  While  this  approach  may 
not  be  possible  in  natural  marshes,  it  is  possible  in 
manmade,  restored,  or  enhanced  wetlands  projects, 
including  lake  shores.  (Doyle-PTT) 
W9 1-06824 


EFFECTS  OF  CONTROLLED  BURNING  ON 
AEDES  TAENIORHYNCHUS  EGGS  IN  AN 
ABANDONED  RICE  IMPOUNDMENT  IN 
SOUTH  CAROLINA. 

Citadel,  Charleston,  SC. 

For  primary  bibliographic  entry  see  Field  4A. 

W9 1-06826 


GREAT  LAKES  ESTUARIES. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Zoology. 
C.  E.  Herdendorf. 

Estuaries  ESTUDO,  Vol.  13,  No.  4,  p  493-503, 
December,  1990.  3  fig,  3  tab,  27  ref. 

Descriptors:  'Estuaries,  'Great  Lakes,  'Lake  mor- 
phology, 'Lakes,  Influent  streams,  Lake  classifica- 
tion, River  mouth. 

Like  oceans,  large  lakes  can  possess  estuarine-like 
environments.  An  estuary  is  distinguished  from 
other  bodies  of  water  by  three  characteristics:  (1)  it 
is  a  coastal  feature  with  some  constriction  at  its 
opening  to  the  sea;  (2)  it  has  a  free  connection  to 
the  sea  to  permit  continuous  exchange  of  water;  (3) 
and  there  is  a  mixing  of  two  kinds  of  water.  These 
three  basic  concepts  can  logically  be  applied  to  the 
Great  Lakes  where  the  lower  courses  of  many 
tributaries  are  characterized  by  drowned  or  estua- 
rine  like  stream  mouths,  where  river  water  is 
mixed  with  that  of  the  lakes.  The  role  of  Old 
Woman  Creek  estuary  in  ameliorating  storm-water 
flow  enroute  to  Lake  Erie  demonstrates  functional 
similarity  to  brackish  water  estuaries  by  acting  as  a 
chemical  processor  which  retains  12-60%  of  the 
metals  and  35-80%  of  the  biologically  important 
nutrients  before  discharging  into  the  lake.  The 
termination  of  Wisconsinian  glaciation,  which  re- 
sulted in  a  eustatic  rise  in  sea  level  of  100  m  and  in 
the  formation  of  such  Atlantic  coast  estuaries  as 
the  Chesapeake  and  Delaware  Bays,  also  resulted 
in  isostatic  rebound  and  the  formation  of  drowned 
river  valleys  or  rias  in  the  Great  Lakes  region. 
Based  on  analysis  of  literature  and  field  observa- 
tion, it  is  proposed  that  the  term  freshwater  or 
Great  Lakes  estuary  be  applied  to  the  drowned 
potion  of  the  streams  entering  the  Great  Lakes. 
(Doyle-PTT) 
W9 1-06846 


CHANGE  IN  C:N:P  RATIOS  DURING  PAS- 
SAGE OF  WATER  AREAS  FROM  RIVERS  TO 
A  LAKE. 

National  Inst,  for  Environmental  Studies,  Tsukuba 
(Japan).  Water  and  Soil  Environment  Div. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-06870 


ACUTE  TOXICITIES  TO  LARVAL  RAINBOW 
TROUT  OF  REPRESENTATIVE  COMPOUNDS 
DETECTED  IN  GREAT  LAKES  FISH. 

National  Fisheries  Research  Center-Great  Lakes, 
Ann  Arbor,  MI. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06882 


USING  LAKE  TROUT  AS  A  SURROGATE  OF 
ECOSYSTEM  HEALTH  FOR  OLIGOTROPHIC 
WATERS  OF  THE  GREAT  LAKES. 

North  Central  Forest  Experiment  Station,  Rhine- 


lander,  WI.  Forestry  Sciences  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-06923 


ECOSYSTEM  HEALTH,  A  HUMAN  PERCEP- 
TION: DEFINITION,  DETECTION,  AND  THE 
DICHOTOMOUS  KEY. 

Ontario  Ministry  of  Natural  Resources,  Thunder 
Bay.  Fisheries  Research  Section. 
For  primary  bibliographic  entry  see  Field   5G. 
W9 1-06925 


NEW  STRATEGIES  FOR  GREAT  LAKES  TOXI- 
COLOGY. 

International  Joint  Commission-United  States  and 
Canada,  Windsor  (Ontario). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06926 


FISH  COMMUNITY  HEALTH  ASSESSMENT: 
A  USEFUL  CONCEPT. 

Institut  Maurice-Lamontagne,  Mont-Joli  (Quebec). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06927 


COMMENTARY  ON  FISH  COMMUNITY 
HEALTH:  MONITORING  AND  ASSESSMENT 
IN  LARGE  LAKES. 

Case    Western    Reserve    Univ.,    Cleveland,    OH. 

Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-06928 


DETERMINING  THE  HEALTH  OF  FISH  COM- 
MUNITIES: PARALLELS  WITH  HUMAN 
MEDICINE. 

Wilfrid  Laurier  Univ.,  Waterloo  (Ontario).  Dept. 
of  Biology. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06929 


OBSERVATIONS     ON     FISH     COMMUNITY 
HEALTH. 

Environmental  Protection  Agency,  Chicago,  IL. 
Great  Lakes  National  Program  Office. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06930 


ASSESSMENT  AND  MANAGEMENT  OF  FISH 
COMMUNITY  HEALTH  IN  THE  GREAT 
LAKES:  SYNTHESIS  AND  RECOMMENDA- 
TIONS. 

Ontario  Ministry  of  Natural  Resources,  Maple. 
Fisheries  Branch. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06931 


POREWATER  OXIDATION,  DISSOLVED 
PHOSPHATE  AND  THE  IRON  CURTAIN: 
IRON-PHOSPHORUS  RELATIONS  IN  TIDAL 
FRESHWATER  MARSHES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06944 


METHANE  PRODUCTION  AND  SULFATE  RE- 
DUCTION IN  TWO  APPALACHIAN  PEAT- 
LANDS. 

Villanova  Univ.,  PA.  Dept.  of  Biology. 
R.  K.  Wieder,  J.  B.  Yavitt,  and  G  E.  Lang. 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  2,  p  81- 
104,  1990.  9  fig,  1  tab,  64  ref.  NSF  Grants  BSR- 
8215731    and    BSR-8516700,    and    NASA    Grant 
NAGW-842. 

Descriptors:  'Acid  rain,  'Bogs,  'Methanogenesis, 
•Peat,  'Sulfur  compounds,  Anaerobic  conditions, 
Carbon,  Cores,  Freshwater,  Mineralization,  Oxida- 
tion, Sphagnum,  Watersheds. 

Anaerobic  carbon  mineralization  was  evaluated 
over  a  1-year  period  in  two  Sphagnum-dominated 
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peatlands.  Big  Run  Bog,  West  Virginia,  and  Buck- 
le's Bog,  Maryland.  The  coring  technique  used 
caused  minimal  disturbance  and  was  effective  in 
preserving  any  vertical  stratification  present  in  the 
peat  deposit.  The  measurements  of  anaerobic  meth- 
ane and  carbon  dioxide  production  were  made  on 
anaerobic  slurries  in  which  peatland  interstitial 
water  was  added  to  peat  samples  from  each  depth. 
Rates  of  methane  production  were  similar  to  rates 
reported  for  other  freshwater  peatlands,  but  meth- 
ane production  accounted  for  only  11.7  and  2.8%, 
respectively,  of  the  total  anaerobic  carbon  mineral- 
ization at  these  two  sites.  Carbon  dioxide  produc- 
tion, resulting  substantially  from  sulfate  reduction, 
dominated  anaerobic  carbon  mineralization.  Con- 
siderable sulfate  reduction,  despite  low  instantane- 
ous dissolved  sulfate  concentrations  (typically  < 
300  micromole/L  of  substrate),  was  apparently 
fueled  by  oxidation  and  rapid  turnover  of  the  re- 
duced inorganic  sulfur  pool.  The  coincidence  of 
high  sulfate  inputs  to  the  two  watersheds  through 
acid  precipitation  with  the  unexpected  importance 
of  sulfate  reduction  leads  to  the  suggestion  of  a 
new  hypothesis:  peatlands  not  receiving  high  sul- 
fate loading  should  exhibit  low  rates  of  anaerobic 
decomposition,  and  a  predominance  of  methane 
production  over  sulfate  reduction;  however,  if 
such  peatlands  become  subjected  to  high  rates  of 
sulfur  deposition,  sulfate  reduction  may  be  en- 
hanced as  an  anaerobic  mineralization  pathway 
with  attendant  effects  on  carbon  balance  and  peat 
accumulation.  (Author's  abstract) 
W9 1-06946 


CUMULATIVE  EFFECT  OF  WETLANDS  ON 
STREAM  WATER  QUALITY  AND  QUANTITY: 
A  LANDSCAPE  APPROACH. 

Minnesota  Univ.-Duluth.  Natural  Resources  Re- 
search Inst. 

C.  A.  Johnston,  N.  E.  Detenbeck,  and  G.  J.  Niemi. 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  2,  p  105- 
141,  1990.  5  fig,  8  tab,  67  ref.  U.S.  EPA  Grants 
EPA  CR-814083-010  and  EPA  CR-81548-0102. 

Descriptors:  'Marshes,  'Streams,  'Water  quality 
management,  'Wetlands,  Chemical  properties, 
Land  use,  Model  studies,  Nitrogen  compounds, 
Organic  matter.  Phosphorus,  Physical  properties, 
Resources  management,  Seasonal  variation,  Sus- 
pended solids. 

A  method  was  developed  to  evaluate  the  cumula- 
tive effect  of  wetland  mosaics  in  the  landscape  on 
stream  water  quality  and  quantity  in  the  nine- 
county  region  surrounding  Minneapolis-St.  Paul, 
Minnesota.  A  Geographic  Information  System  was 
used  to  record  and  measure  33  watershed  variables 
derived  from  historical  aerial  photos.  These  water- 
shed variables  were  then  reduced  to  eight  principal 
components  which  explained  86%  of  the  variance: 
(1)  wetland  extent;  (2)  wetland  proximity,  water- 
shed area;  (3)  land  use  (agricultural/urban);  (4)  3rd 
order  streams,  watershed  diversity,  soil  pH;  (5) 
forested  stream  fringe;  (6)  elongated  headwater 
watersheds;  (7)  soil  erodibility,  forest;  and  (8)  her- 
baceous marsh  extent.  Relationships  between 
stream  water  quality  variables  and  the  three  wet- 
land-related principal  components  were  explored 
through  stepwise  multiple  regression  analysis.  The 
proximity  of  wetlands  to  the  sampling  station  was 
related  to  principal  component  two,  which  was 
associated  with  decreased  annual  concentrations  of 
inorganic  suspended  solids,  fecal  coliform,  nitrates, 
specific  conductivity,  flow-weighted  NH4,  flow- 
weighted  total  P,  and  a  decreased  proportion  of 
phosphorus  in  dissolved  form  (p  <  0.05).  Wetland 
extent  was  related  to  decreased  specific  conductiv- 
ity, chloride,  and  lead  concentrations.  The  wet- 
land-related principal  components  were  also  asso- 
ciated with  the  seasonal  export  of  organic  matter, 
organic  nitrogen,  and  orthophosphate.  Relation- 
ships between  water  quality  and  wetlands  compo- 
nents were  different  for  time-weighted  averages  as 
compared  to  flow-weighted  averages.  This  sug- 
gests that  wetlands  were  more  effective  in  remov- 
ing suspended  solids,  total  phosphorus,  and  ammo- 
nia during  high  flow  periods  but  were  more  effec- 
tive in  removing  nitrates  during  low  flow  periods. 
(Author's  abstract) 
W9 1-06947 


EFFECTS  OF  SUBSTRATE  ON  DENSITY  OF 
AQUATIC  INSECTS  IN  A  SOUTHEAST  NE- 
BRASKA STREAM. 

Nebraska  Univ. -Lincoln.  Dept.  of  Entomology. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07008 


IN  SITU  VOLTAMMETRIC  MEASUREMENT 
OF  TRACE  ELEMENTS  IN  LAKES  AND 
OCEANS. 

Geneva    Univ.    (Switzerland).    Dept.    de   Chimie 

Minerale,  Analytique  et  Appliquee. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-07016 


MODEL  EXPERIMENTS  ON  BED  LOAD 
TRANSPORT  IN  THE  VARIABLE  BACKWA- 
TER ZONE  OF  A  RESERVOIR. 

Chengdu    Univ.     of    Science    and    Technology 
(China).  Dept.  of  Hydraulic  Engineering. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07063 


SUSPENDED  SEDIMENT  ROUTING  ALONG  A 
RESERVOIR. 

Universidad     Nacional     Autonoma    de    Mexico, 
Mexico  City.  Facultad  de  Ingenieria. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07070 


LAKE-CATCHMENTS:  AN  EVALUATION  OF 
THEIR  CONTRIBUTION  TO  STUDIES  OF 
SEDIMENT  YIELD  AND  DELIVERY  PROC- 
ESS. 

Coventry  (Lanchester)  Polytechnic  (England). 
Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-07101 


AVERAGE  LONG-TERM  SEDIMENT  DIS- 
CHARGE INVESTIGATIONS  BASED  ON  RES- 
ERVOIR RESURVEY  DATA  AND  SEDIMENT 
YIELD  RATE  FACTORS. 

Fundacao  Centro  Tecnologico  de  Minas  Gerais 

(Brazil). 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07102 


ESTIMATION  OF  COLLUVIAL  RESERVOIR 
LIFE  FROM  SEDIMENT  BUDGETING,  KA- 
TIORIN  EXPERIMENTAL  BASIN,  KENYA. 

Toronto  Univ.  (Ontario).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07U4 


SEDIMENT  YIELD  AND  AVAILABILITY  FOR 
TWO  RESERVOIR  DRAINAGE  BASINS  IN 
CENTRAL  LUZON,  PHILIPPINES. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 

Overseas  Development  Unit. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07116 


21.  Water  In  Plants 


WILLIAM  A.  CANNON:  THE  SONORAN  DE- 
SERTS FIRST  RESIDENT  ECOLOGIST. 

Geological  Survey,  Tucson,  AZ. 

For   primary   bibliographic   entry   see   Field   6G. 

W9 1-06008 


COMBINED  EFFECTS  OF  LEACHING  FRAC- 
TION, SALINITY,  AND  POTASSIUM  CON- 
TENT OF  WATERS  ON  GROWTH  AND 
WATER-USE  EFFICIENCY  OF  WHEAT  AND 
BARLEY. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 
Soil  Science. 

For  primary  bibliographic  entry  see  Field  3F. 
W91-06311 


SOIL  WATER  DYNAMICS,  TRANSPIRATION, 
AND     WATER     LOSSES     IN     A     CRESTED 


WHEATGRASS  AND  NATIVE  SHORTGRASS 
ECOSYSTEM. 

Colorado    State    Univ.,    Fort    Collins.    Dept.    of 

Range  Science. 

M.  J.  Trlica,  and  M.  E.  Biondini. 

Plant  and  Soil  PLSOA2,  Vol.  126,  No.  2,  p  187- 

201,  1990.  8  fig,  3  tab,  46  ref.  NSF  Grant  No.  BSR- 

8405604   and    Colorado    Agriculture    Experiment 

Station  Project  100. 

Descriptors:  'Grasses,  'Plant  water  potential, 
'Soil  water,  'Soil-water-plant  relationships, 
•Wheatgrasses,  Leaves,  Plant  growth,  Roots,  Soil 
moisture  deficiency,  Soil  water  potential,  Transpi- 
ration, Water  loss,  Water  use. 

Numerous  crested  wheatgrass  communities  have 
been  established  with  little  or  no  apparent  succes- 
sion for  more  than  40  years  in  the  western  U.S  and 
Canada.  Few  studies  have  elucidated  the  persist- 
ence of  crested  wheatgrass  in  the  shortgrass  steppe 
environment.  The  status  of  water  in  soil  and  vege- 
tation was  monitored  in  a  stand  of  crested  wheat- 
grass  and  a  nearby  shortgrass  steppe  during  a 
growing  season  in  Wyoming,  in  order  to  determine 
if  water  use  and  losses  were  similar  among  two 
very  different  communities  in  a  similar  climate. 
The  native  shortgrass  community  with  greater  root 
biomass  had  consistently  greater  soil  water  deple- 
tion in  the  deeper  soil  horizons  than  was  found  in 
the  crested  wheatgrass  community,  suggesting  that 
they  might  be  more  competitive  than  crested 
wheatgrass  in  a  water-limited  environment. 
Crested  wheatgrass  maintained  a  high  leaf  water 
potential  early  in  the  season,  but  lower  water  po- 
tential and  leaf  conductance  (and  thus  seasonal 
transpiration)  during  the  latter  part  of  the  growing 
season  as  compared  with  the  major  shortgrass  spe- 
cies, blue  grama,  and  western  wheatgrass.  Water 
loss  through  transpiration  was  less  for  western 
wheatgrass,  with  less  leaf  area,  than  for  either  blue 
grama  or  crested  wheatgrass.  However,  western 
wheatgrass  was  as  efficient  as  the  other  species  in 
its  use  of  water.  Crested  wheatgrass  transpired 
more  water  than  blue  grama  early  in  the  growing 
season,  but  less  than  either  native  species  for  the 
remainder  of  the  growing  season.  Estimated  sea- 
sonal transpiration  loss  was  greater  in  the  short- 
grass  ecosystem  than  in  the  established  crested 
wheatgrass  stand.  The  different  water  use  patterns 
suggest  that  wet,  cool  spring  seasons  should  favor 
crested  wheatgrass;  summertime  thunderstorms 
might  be  more  effectively  used  by  native  short- 
grass  species.  (Fish-PTT) 
W9 1-063 14 


SOIL  PHYSICAL  BEHAVIOUR  AND  CROP 
RESPONSES  TO  TILLAGE  IN  LOWLAND 
RICE  SOILS  OF  VARYING  CLAY  CONTENT. 

International    Rice    Research    Inst.,    Los    Banos, 

Laguna  (Philippines). 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06315 


RICE  HULL  AND  CARYOPSIS  DISCOLORA- 
TION DISEASES:  I.  SEVERITY  AND  INCI- 
DENCE IN  THREE  ECOSYSTEMS  IN  WEST 
AFRICA. 

International  Inst,  of  Tropical  Agriculture,  Ibadan 

(Nigeria). 

R  Dobson,  and  I.  W.  Buddenhagen. 

Plant  and  Soil  PLSOA2,  Vol.  127,  No.  1,  p  97-101, 

1990.  3  fig,  13  ref. 

Descriptors:  'Available  water,  'Grain  crops,  'Ni- 
geria, 'Plant  diseases,  'Rice,  'Soil-water-plant  re- 
lationships, Africa,  Agricultural  hydrology,  Eco- 
systems, Fertilizers,  Herbicides,  Phreatophytes, 
Plant  growth,  Soil  properties,  Soil  water,  Wet- 
lands. 

In  West  Africa,  rice  is  grown  in  three  contrasting 
ecosystems:  upland,  phreatic,  and  lowland,  which 
is  characterized  by  differing  water  availability  and 
soil  properties.  These  ecosystems  influence  the  pre- 
disposition of  rice  to  disease  problems,  including 
the  grain  discoloration  complex.  A  study  was  un- 
dertaken to  determine,  for  both  upland  and  low- 
land-adapted cultivars,  the  severity  of  each  of  the 
two  diseases  in  the  three  ecosystems.  In  1983  and 
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1984  five  rice  cultivars  were  grown  in  a  random- 
ized complete  block  design  with  four  replications 
in  the  three  ecosystems  located  at  different  sites. 
The  irrigated  lowland  site  was  puddled  and  ammo- 
nium sulfate,  P205,  and  potassium  chloride  were 
applied.  The  upland  and  phreatic  sites  were 
sprayed  with  a  contact  herbicide  and  a  fertilizer. 
At  maturity,  a  random  200  grain  sample  of  each 
cultivar  was  collected  from  each  replication.  After 
being  rated  for  hull  discoloration,  the  grains  in 
each  category  were  hulled  and  the  caryopses  rated 
as  clean  or  discolored.  It  was  found  that  discolora- 
tion of  the  hull  was  most  severe  in  the  upland,  less 
in  the  phreatic,  and  least  in  the  water-saturated 
lowland  ecosystem.  Caryopsis  discoloration,  how- 
ever, showed  no  consistent  pattern  in  relation  to 
the  three  ecosystems  and  was  not  correlated  with 
hull  discoloration,  indicating  that  other  factors  are 
involved.  (See  also  W91-06319)  (Fish-PTT) 
W91-06318 


RICE  HULL  AND  CARYOPSIS  DISCOLORA- 
TION DISEASES:  II.  EFFECTS  OF  SOIL  AND 
SOIL  WATER  ON  HULL  DISEASE  AT  TWO 
SITES  IN  NIGERIA. 

International  Inst,  of  Tropical  Agriculture,  Ibadan 

(Nigeria). 

R.  Dobson,  and  K.  Aluri. 

Plant  and  Soil  PLSOA2,  Vol.  127,  No.  1,  p  103- 

106,  1990.  3  tab,  8  ref. 

Descriptors:  *Africa,  *Agricultural  hydrology, 
•Available  water,  'Nigeria,  *Plant  diseases,  *Rice, 
•Soil-water-plant  relationships,  Climatic  zones, 
Drainage  effects,  Soil  properties,  Soil  saturation, 
Soil  water. 

In  West  Africa,  discoloration  of  the  rice  hull  is 
influenced  by  water  availability  and  soil  properties. 
These  two  critical  environmental  factors  were  ex- 
amined in  controlled  pot  experiments  in  contrast- 
ing environments.  It  was  found  that  coarse  upland 
soils  and  free-draining  soil-water  regimes  increased 
hull  discoloration  and  disease  severity,  while  low- 
land soils  and  water  saturation  minimized  disease 
severity.  However,  with  all  soils  tested,  the  humid, 
high-rainfall  environment  of  Southeast  Nigeria  was 
found  to  increase  hull  discoloration  in  comparison 
to  the  drier  West  Nigerian  environment.  (See  also 
W91-06138)  (Author's  abstract) 
W9 1-063 19 


DISSOLVED  INORGANIC  NITROGEN  CON- 
CENTRATIONS AND  FLUXES  IN  THREE 
BRITISH  SITKA  SPRUCE  PLANTATIONS. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06323 


RAINFALL  DISTRIBUTION  UNDER  A  CORN 
CANOPY:  IMPLICATIONS  FOR  MANAGING 
AGROCHEMICALS. 

National  Soil  Tilth  Lab.,  Ames,  IA. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06401 


EFFICIENCY  OF  NITROGEN  USE  BY  DRY- 
LAND WHEAT  IN  A  SUBHUMID  REGION  IN 
RELATION  TO  OPTIMIZING  THE  AMOUNT 
OF  AVAILABLE  WATER. 

Punjab    Agricultural    Univ.,    Ludhiana    (India). 

Dept.  of  Soils. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06417 


TRANSPIRATION  OF  MATURE  STANDS  OF 
SPRUCE  (PICEA  ABIES  (L.)  KARST.)  AS  ESTI- 
MATED BY  THE  TREE-TRUNK  HEAT  BAL- 
ANCE METHOD. 

Vysoka  Skola  Zemedelska,  Brno  (Czechoslovakia). 

Inst,  of  Forest  Ecology. 

For  primary   bibliographic   entry   see  Field   2D. 

W91-06539 


ESTIMATING  WATER  USE  BY  EUCALYPTUS 
GRANDIS  WITH  THE  PENMAN-MONTEITH 
EQUATION. 


South  African  Forestry  Research  Inst.,  Sabie. 
For  primary   bibliographic   entry   see   Field   2D. 
W9 1-06541 


EFFECT  OF  SURROUNDING  TOPOGRAPHY 
ON  RECEIPT  OF  SOLAR  RADIATION. 

Geological  Survey,  Mercury,  NV.  Water  Re- 
sources Div. 

A.  L.  Flint,  and  S.  W.  Childs. 
IN:   Forest  Hydrology  and  Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  339-347,  6  fig,  12  ref. 

Descriptors:  *Forest  hydrology,  'Plant  growth, 
•Productivity,  *Solar  radiation,  *Topography, 
Albedo,  Atmosphere,  Forest  watersheds,  Hydro- 
logic  models,  Model  studies,  Snow  cover,  Terrain 
analysis,  Trees. 

Solar  radiation  is  a  major  factor  controlling  forest 
site  productivity  and  tree  growth.  Characteristics 
of  radiation  receipt  in  basins  can  be  measured  or 
modeled.  The  modeling  approach  is  of  particular 
value  when  site  specific  data  are  not  available  or 
when  estimates  are  required  for  a  large  number  of 
sites.  A  study  was  performed  to  assess  the  annual 
solar  radiation  on  sites  in  terrain  where  surround- 
ing ridges  and  tall  ridges  and  tall  trees  block  both 
direct  beam  and  sky  diffuse  short  wave  radiation. 
The  model  used  accounts  for  topographic  blocking 
of  direct  beam  radiation,  anisotropic  diffuse  radi- 
ation, and  ground-reflected  radiation.  Model  re- 
sults show  the  importance  of  various  components 
of  short  wave  radiation  at  a  site.  Ground-reflected 
radiation  averages  8%  throughout  the  year  but 
makes  a  larger  contribution  (15%)  in  winter  when 
snow  cover  increases  ground  albedo.  Circumsolar 
diffuse  radiation  comprises  about  7%  of  the  total 
radiation  but  is  as  large  as  15%  during  the  summer 
months  when  increased  atmospheric  turbidity  in- 
creases aerosol-scattered  radiation.  The  decline  in 
direct  beam  radiation  during  the  summer  is  due  to 
decreased  atmospheric  transmission.  Although 
direct  beam  radiation  is  the  major  component  it 
only  contributes  about  half  of  the  total  radiation  in 
January  when  isotropic  diffuse  and  ground-reflect- 
ed radiation  components  are  large.  The  contribu- 
tion of  ground-reflected  and  isotropic  diffuse  radi- 
ation is  important  in  steep  terrain  when  direct 
beam  and  circumsolar  diffuse  radiation  is  blocked. 
Comparisons  among  sites  are  less  dramatic  than 
those  made  with  models  that  do  not  account  for 
changing  atmospheric  and  ground  albedo  condi- 
tions. The  model  may  be  used  to  calculate  radi- 
ation receipt  for  an  entire  basin.  (See  also  W91- 
06510)  (Fish-PTT) 
W9 1-06542 


USE  OF  LYSIMETER  MEASUREMENTS  FOR 
ESTIMATION  OF  THE  EVAPOTRANSPIRA- 
TION  OF  PINE  FOREST  BY  BAGROV'S 
METHOD. 

Humboldt-Univ.  zu  Berlin  (German  D.R.).  Sektion 

Physik. 

For  primary  bibliographic   entry   see  Field   2D. 

W9 1-06544 


SOIL  WATER  BALANCE  MODEL  FOR  PARTI- 
TIONING WATER  USE  AMONG  CROP  TREES, 
EVAPORATION,  AND  COMPETING  VEGETA- 
TION. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-06547 


TURGOR  MAINTENANCE  IN  ROSA  RUGOSA 
GROWN  AT  THREE  LEVELS  OF  NITROGEN 
AND  SUBJECTED  TO  DROUGHT. 

Tennessee  Univ.,  Knoxville.  Dept.  of  Ornamental 
Horiculture  and  Landscape  Design. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-069 18 


EFFECT  OF  PATTERN  OF  WATER  SUPPLY 
ON  VICIA  FABA  L.:  1.  DRY  MATTER  PARTI- 
TIONING AND  YIELD  VARIABILITY. 


Water  In  Plants— Group  21 

Centre  for  Agrobiological  Research,  Wageningen 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-06932 


MOISTURE  DISTRIBUTION  WITHIN  A 
MAIZE  CROP  DUE  TO  DEW. 

Agricultural  Univ.,  Wageningen  (Netherlands). 
Dept.  of  Meteorology. 

A.  J.  Atzema,  A.  F.  G.  Jacobs,  and  L.  Wartena. 
Netherlands     Journal     of    Agricultural     Science 
NETMAW,  Vol.  38,  No.  2,  p  117-129,  1990.  8  fig, 
1  tab,  21  ref. 

Descriptors:  *Corn,  *Dew,  *Moisture  profiles, 
•Soil-water-plant  relationships,  Canopy,  Conden- 
sation, Crop  production,  Dewpoint,  Distribution, 
Energy,  Soil  properties,  Soil  water,  Temperature, 
Temperature  gradient. 

During  16  nights  in  September  and  October  1986, 
the  process  of  dew  formation  was  studied  within  a 
maize  crop.  With  the  Bowen  ratio  energy  balance 
technique  the  total  dewfall  from  above  the  canopy 
was  measured.  By  estimating  the  soil  characteris- 
tics and  measuring  the  soil  moisture  and  tempera- 
ture gradients  of  the  topsoil,  an  assessment  of  the 
dewrise  from  the  soil  could  be  made.  To  estimate 
the  distribution  of  free  water  within  the  crop,  the 
liquid  water  profile  was  measured  with  Leick 
plates  at  5  levels.  Dewfall  proved  to  contribute 
most  to  the  total  dew  deposition.  As  an  average  for 
the  experimental  period,  nearly  5%  could  be  attrib- 
uted to  dewrise  and  95%  could  be  attributed  to 
dewfall.  On  the  10  occasions,  the  total  amount  of 
dew  ranged  between  0.01  and  0.41  mm  per  night. 
To  obtain  a  simple  but  rough  indication  of  the 
amount  of  dew,  the  difference  between  the  mini- 
mum and  midday  dewpoint  temperature  could  be 
applied,  or,  if  the  soil  was  well  watered,  the  topsoil 
temperature  gradient  could  be  applied.  (Author's 
abstract) 
W9 1-06933 


EFFECT  OF  PATTERN  OF  WATER  SUPPLY 
ON  VICIA  FABA  L.:  2.  POD  RETENTION  AND 
FILLING,  AND  DRY  MATTER  PARTITION- 
ING, PRODUCTION  AND  WATER  USE. 

Centre  for  Agrobiological  Research,  Wageningen 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-06934 


CONTRIBUTION  OF  OSMOTIC  ADJUST- 
MENT TO  GRAIN  YIELD  IN  SORGHUM  BI- 
COLOR  (L.)  MOENCH  UNDER  WATER-LIM- 
ITED CONDITIONS:  I.  WATER  STRESS 
BEFORE  ANTHESIS. 

Queensland  Univ.,  Brisbane  (Australia).  Dept.  of 
Agriculture. 

J.  M.  Santamaria,  M.  M.  Ludlow,  and  S.  Fukai. 
Australian     Journal     of    Agricultural     Research 
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Descriptors:  *Anthesis,  •Crop  yield,  'Drought, 
•Grain  crops,  •Osmoregulation,  *Soil-water-plant 
relationships,  *Sorghum,  *Water  stress,  Agricul- 
ture, Field  tests,  Membrane  processes,  Plant 
growth. 

The  contribution  of  osmotic  adjustment  to  grain 
yield  in  Sorghum  bicolor  (L.)  Moench  was  studied 
using  six  varieties.  Three  of  the  varieties  (Gol- 
drush,  E57,  and  DK470)  were  selected  for  high 
osmotic  adjustment  and  the  other  three  (Texas 
610SR,  Texas  671,  and  SC  219-9-19-1)  for  low 
osmotic  adjustment.  They  were  divided  into  early, 
intermediate  and  late  maturity  groups.  The  plants 
were  either  well  watered,  or  subjected  to  a  41 -day 
period  of  water  shortage  prior  to  anthesis  and  well 
watered  for  the  remainder  of  their  growth.  The 
varieties  selected  for  higher  osmotic  adjustment 
developed  higher  levels  of  osmotic  adjustment  in 
intermediate  and  late  maturity  groups,  but  not  in 
the  early  group.  However,  the  level  of  osmotic 
adjustment  was  not  related  to  the  maturity  group, 
when  water  stress  was  imposed  at  the  same  devel- 
opmental stage.  Varieties  with  high  osmotic  adjust- 
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ment  produced  higher  grain  yields  than  those  with 
low  osmotic  adjustment.  The  higher  mean  grain 
yield  was  due  mainly  to  a  larger  grain  number 
(19%).  Even  though  varieties  with  high  osmotic 
adjustment  had  a  greater  root  length,  soil  water 
extraction  and  dry  matter  production  during  the 
pre-anthesis  stress  period,  there  was  no  significant 
difference  in  dry  matter  yield  at  physiological  ma- 
turity between  low  and  high  adjustment  groups. 
Consequently,  the  higher  mean  grain  yield  was 
related  solely  to  a  higher  harvest  index  (27%), 
which  was  associated  with  a  higher  distribution 
index  (25%)  and  a  higher  grain  number  (19%). 
There  appears  to  be  at  least  two  pathways  in 
which  higher  levels  of  osmotic  adjustment  contrib- 
uted to  higher  grain  number  of  sorghum  subjected 
to  water  stress  prior  to  anthesis.  Moreover,  there 
appears  to  be  a  clear  linkage  between  higher  grain 
numbers  and  grain  yield  via  higher  distribution 
indices  and  higher  harvest  indices.  It  is  believed 
that  this  scheme  is  consistent  with,  though  not 
proof  of,  a  causal  relationship  between  osmotic 
adjustment  and  grain  yield  of  sorghum  grown 
under  water-limiting  conditions  before  anthesis. 
(See  also  W9 1-06942)  (Author's  abstract) 
W9 1-06941 


CONTRIBUTION  OF  OSMOTIC  ADJUST- 
MENT TO  GRAIN  YIELD  IN  SORGHUM  BI- 
COLOR  (L.)  MOENCH  UNDER  WATER  LIM- 
ITED CONDITIONS:  II.  WATER  STRESS 
AFTER  ANTHESIS. 
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Australian     Journal     of    Agricultural     Research 
AJAEA9,  Vol.  41,  No.  1,  p  67-78,  1990.  3  fig,  4 
tab,  16ref. 

Descriptors:  'Anthesis,  'Crop  yield,  'Grain  crops, 
•Osmoregulation,  'Soil-water-plant  relationships, 
•Sorghum,  'Water  stress,  Agriculture,  Field  tests, 
Membrane  processes,  Plant  growth. 

The  contribution  of  osmotic  adjustment  to  grain 
yield  in  Sorghum  bicolor  (L.)  subjected  to  water 
stress  between  anthesis  and  maturity  was  studied 
using  six  varieties.  Three  of  the  varieties  (Gol- 
drush,  E57,  and  DK470)  were  selected  for  high 
osmotic  adjustment  and  the  other  three  (Texas 
620SR,  Texas  671,  and  SC  219-9-19-1)  for  low 
osmotic  adjustment.  They  were  divided  into  early, 
intermediate  and  late  maturity  groups.  The  plants 
were  either  well  watered  or  subjected  to  a  50-day 
period  of  water  shortage  after  anthesis  following 
being  well  watered  prior  to  anthesis.  Varieties 
selected  for  high  osmotic  adjustment  had  mean 
values  of  osmotic  adjustment  at  the  end  of  the 
post-anthesis  stress  that  were  more  than  double 
those  selected  for  low  osmotic  adjustment.  The 
corresponding  mean  grain  yield  of  varieties  with 
high  osmotic  adjustment  were  24%  higher  than 
that  of  varieties  with  low  osmotic  adjustment.  The 
higher  yield  was  due  to  both  more  and  larger 
grains,  and  it  was  associated  with  higher  harvest 
index  and  distribution  index.  At  best,  the  difference 
in  dry  matter  at  maturity  could  explain  only  a  few 
percent  of  the  difference  in  grain  yield  between 
varieties  with  low  and  high  osmotic  adjustment. 
Water  stress  prior  to  anthesis  was  previously 
shown  to  reduce  yield  more  than  a  post-anthesis 
stress  of  the  same  intensity.  However,  osmotic 
adjustment  was  equally  effective  in  minimizing  the 
reduction  in  grain  yields  in  both  stages.  It  is  con- 
cluded that  osmotic  adjustment  can  be  used  as  a 
selection  trait  in  programs  to  improve  the  yield  of 
grain  sorghum.  The  main  obstacles  to  incorporat- 
ing osmotic  adjustment  are  the  development  of 
procedures  to  impose  reproducible  stresses  and  of 
rapid  methods  to  measure  the  level  of  osmotic 
adjustment,  and  knowledge  of  inheritance  of  the 
trait.  (See  also  W9 1-06941)  (Author's  abstract) 
W9 1-06942 
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SEEDLINGS. 
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For  primary  bibliographic  entry  see  Field  5C. 
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TEM. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
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INFLUENCE  OF  SEDIMENT  AND  GROUND- 
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IMPORTANCE  OF  EMERGENT  VEGETATION 
IN  REDUCING  SEDIMENT  RESUSPENSION 
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For  primary  bibliographic  entry  see  Field  2H. 

W91-06017 
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LOGIC PROCESSES:  IMPLICATIONS  FOR 
FISHERIES  MANAGEMENT  AND  RESEARCH. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Tempe,  AZ.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  2E. 
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MENTS. 

Academia    Sinica,    Guangzhou    (China).     South 

China  Sea  Inst,  of  Oceanology. 
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USLE  P  FACTORS  FOR  SUBSURFACE  DRAIN- 
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Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Ag- 
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NEUTRON  ACTIVATION  ANALYSIS  (NAA) 
AND  GEOCHEMICAL  STUDIES  OF  38  ELE- 
MENTS IN  SURFACE  SEDIMENTS  FROM 
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ology. 
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Descriptors:  'China,  'Estuarine  sediments,  'GeO' 
chemistry,  'Metals,  'Neutron  activation  analysis, 
•Sediment  analysis,  Aluminum,  Arsenic,  Barium 
Cesium,  Chemical  properties,  Chromium,  Cobalt 
Correlation  analysis,  Hafnium,  Huang  He  River, 
Iron,  Manganese,  Rare  earth  elements,  Rubidium 
Scandium,  Tantalum,  Titanium,  Uranium,  Vanadi 
um,  Zinc,  Zirconium. 

Huanghe  River,  the  second  largest  river  in  China, 
starts  from  the  Kalabayan  Mountain  Range  and, 


after  passing  through  nine  provinces,  ends  at  the 
coast  of  Shandong  Peninsula.  The  massive  load  of 
suspended  material  carried  by  Huanghe  is  derived 
largely  from  erosion  of  the  Huangtoo  (loess)  Pla- 
teau. Using  a  neutron  activation  analysis  technique, 
38  elements  in  sediments  from  the  lower  reach  and 
estuary  of  Huanghe  were  determined.  From  inter- 
elemental  correlations,  it  was  found  that  a  large 
number  of  metals  (Mn,  As,  Co,  Cr,  Cs,  Rb,  Sc,  Ti, 
Ta,  V  and  Zn)  correlated  positively  with  Fe.  Ba 
and  Ca  correlated  positively  with  Al.  Although 
some  elements  (Ti  and  lanthanides)  showed  no 
correlation  with  either  Fe  or  Al.  On  the  other 
hand,  Hf  and  Zr  showed  a  negative  correlation 
with  Fe.  Elements  that  tended  to  be  scavenged  by 
Fe  and  Al  colloids  or  suspended  particles  were 
enriched  in  sediments  at  the  Huanghe  Estuary  rela- 
tive to  its  lower  reach.  The  contents  of  some 
elements  (Zr,  Hf,  U,  Ba)  were  higher  in  sediments 
from  the  lower  reach  of  Huanghe  than  in  the 
estuarine  sediments,  which  may  be  related  to  the 
sorting  during  deposition  of  source  materials.  On 
the  basis  of  their  chemical  properties  and  geo- 
chemical  behavior,  the  38  elements  were  classified 
into  seven  groups:  (1)  weathering-prone  elements, 
group  A--K,  Rb,  Cs  and  Na;  (2)  weathering-prone 
elements,  group  B-Mg,  Ca,  Ba  and  Al;  (3)  transi- 
tion elements~Fe,  Co,  Ni,  Zn,  As,  Sb,  Mn,  Cr,  W, 
Mo,  V,  Ta,  and  Sc;  (4)  rare  elements-group  A  (Zr 
and  HO  and  group  B  (Ti);  (5)  rare  earth  elements- 
the  lanthanides;  (6)  halogens-Cl  and  Br,  and  (7) 
natural  radioactive  elements--U  and  Th.  (Mertz- 
PTT) 
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DYNAMICS  OF  DECLINING  SOIL  EROSION 
RATES. 

Connecticut  Univ.,  Storrs.  Dept.  of  Agricultural 

and  Resource  Economics. 

L.  K.  Lee. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 
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Descriptors:  'Erosion,  'Erosion  rates,  'Rill  ero- 
sion, 'Sheet  erosion,  'Soil  erosion,  Arable  soils, 
Erosion  control,  National  Resources  Inventory, 
Soil  Conservation  Service,  Soil  surveys. 

Data  released  from  the  1987  National  Resources 
Inventory,  conducted  by  the  Soil  Conservation 
Service,  estimate  that  average  annual  sheet  and  rill 
erosion  on  U.S  cropland  declined  from  4.3  tons  per 
acre  per  year  in  1982  to  3.8  tons  per  acre  per  year 
in  1987.  Although  wind  erosion  rates  rose  during 
this  same  time  period,  declines  in  sheet  and  rill 
erosion  occurred  in  every  region  of  the  country. 
Regionally,  the  declines  were  most  significant  in 
the  Com  Belt,  which  contains  about  22%  of  the 
nation's  cropland.  The  Southern  Plains,  Mountain, 
and  Northeast  regions  showed  little  or  no  declines 
in  sheet  and  rill  erosion.  These  regions,  however, 
had  sheet  and  rill  erosion  rates  that  in  1982  were 
already  below  the  estimated  national  rate.  Possible 
explanations  for  this  reduction  in  soil  loss  include 
adoption  and  improvements  in  conservation  prac- 
tices, temporary  diversions  of  cropland  to  federal 
land-idling  programs  during  the  1982-1987  period, 
and  conversion  of  erodible  cropland  to  noncro- 
pland  uses.  The  1987  National  Resources  Invento- 
ry is  designed  to  allow  analysis  of  changes  in  land 
use  and  land  use  conditions  during  the  five-year 
period  from  1982  to  1987.  (Mertz-PTT) 
W9 1-06231 


INDOOR  SOIL  EROSION  RESEARCH  FACILI- 
TY. 

Oklahoma  State  Univ.,  Stillwater.  Dept.  of  Agri- 
cultural Engineering. 
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A  large-scale  experimental  apparatus  for  conduct- 
ing erosion  studies  in  a  controlled  laboratory  set- 
ting was  designed  to  study  erosion  processes  on  a 
2.4  m  by  9.8  m  or  smaller  surface  by  rainfall  and/ 
or  runoff  forces.  A  computer  room  and  wet  labora- 
tory were  located  adjacent  to  the  space.  Soil  for 
the  plot  was  stored  outside.  Suspended  above  the 
erosion  surface  was  a  rainfall  simulator.  Image- 
processing  techniques  were  used  to  measure  ero- 
sion characteristics.  Surface  velocities  were  deter- 
mined by  placing  small  wooden  beads  on  the  water 
surface.  These  beads  then  floated  under  a  down- 
stream video  camera  where  images  were  recorded 
on  video  tape.  The  velocity  was  obtained  by  meas- 
uring the  travel  distance  of  beads  with  time.  The 
facility  was  used  to  study  the  dynamic  changes  in 
rill  characteristics  and  to  evaluate  the  drainage 
network  of  rill.  This  system  was  unique  in  its 
capabilities  of  gathering  detailed  and  accurate  ero- 
sion data  on  a  large,  indoor  surface.  These  studies 
illustrate  the  usefulness  of  the  indoor  facility  for 
conducting  experiments  requiring  sophisticated  in- 
strumentation techniques,  better  control  of  erosion 
parameters,  and  effective  use  of  financial  resources. 
(Mertz-PTT) 
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CROPPING  AND  TILLAGE  OPTIONS  TO 
ACHIEVE  EROSION  CONTROL  GOALS  AND 
MAXIMUM  PROFIT  ON  IRREGULAR 
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A.  J.  Jones,  R.  A.  Selley,  and  L.  N.  Mielke. 
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Descriptors:  'Erosion,  *Erosion  control,  "Slope 
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radation, Slopes. 

The  conservation  compliance  provision  of  the  1985 
Food  Security  Act  was  intended  to  reduce  soil 
erosion  to  an  acceptable  level  on  highly  erodible 
land  and  in  such  a  manner  that  farmers  participat- 
ing in  the  program  did  not  incur  undue  economic 
hardship.  These  goals  were  addressed  by  determin- 
ing cropping  and  tillage  options  required  to 
achieve  maximum  profit  for  several  specific  soil 
erosion  control  goals  and  by  identifying  the  extent 
to  which  production  inputs  could  be  changed  to 
minimize  the  loss  of  potential  profit  consistent  with 
soil  erosion  control.  A  case  study  on  a  landscape 
from  eastern  Nebraska  was  used  to  convey  the 
analytical  approach  used  in  the  analysis.  Irregular 
slope  segments  consisting  of  six  landscape  positions 
were  considered  when  estimating  soil  loss  using 
the  universal  soil  loss  equation.  Upper  and  lower 
linear  positions  had  the  greatest  erosion  rates  and 
the  lowest  gross  margins  of  profit.  Maximum  gross 
margin  was  achieved  in  the  field  by  planting  con- 
tinuous sorghum  on  the  upper  and  lower  interflu- 
vial  positions  and  a  sorghum-soybean  rotation  on 
the  shoulder,  upper  and  lower  linear,  and  foot 
slope  positions.  Erosion  control  was  increased  by 
changing  from  conventional  tillage  to  reduced  and 
no-till  systems  and  by  farming  on  the  contour. 
Erosion  was  reduced  further  by  substituting  con- 
tinuous sorghum  and/or  alfalfa  for  the  sorghum- 
soybean  rotation.  Tradeoffs  between  profit  and 
erosion  control  for  combinations  of  tillage  and 
cropping  options  were  quantified.  When  erosion 
control  objectives  reduced  potential  profit  below 
an  desirable  level,  alternatives  for  reducing  input 
costs  were  provided  so  that  profit  could  be  sus- 
tained. It  is  expected  that  this  type  of  synthesis 
would  lead  to  an  integrated  farming  approach  that 
includes  goals  for  erosion  control  that  are  compati- 
ble with  economic  survival.  (Author's  abstract) 
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EFFECTS  OF  PAST  EROSION  ON  THE  IN- 
TERRILL  ERODIBILJTY  OF  A  FRAGIPAN 
SOIL. 

Agricultural  Research  Service,  Oxford,  MS. 
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Soil  susceptibility  to  erosion  by  water  is  subject  to 
change  as  the  thickness  of  well-developed  profiles 
decreases  and  underlying  horizons  contribute  in- 
creasing amounts  of  materials  to  the  plow  layer. 
Most  soil  erosion  models  do  not  account  for  these 
potential  changes.  How  soil  loss  parameters 
change  as  a  soil  profile  is  progressively  eroded 
away  was  studied  on  field  sites  located  on  a  Grena- 
da silt  loam  (fine  silty,  mixed,  thermic,  Glossic 
Fragiudalf)  that  represented  virgin  (uneroded), 
slightly  eroded,  moderately  eroded,  and  severely 
eroded  phases  of  the  soil.  Soil  thicknesses  above 
the  fragipan  were  100  cm  for  uneroded  soil,  59  cm 
for  slightly  eroded,  42  cm  for  moderately  eroded, 
and  19  cm  for  severely  eroded  soil.  Simulated 
rainfall  was  applied  to  tilled  plots  at  each  site  using 
an  intensity  of  7.3  cm/hour  for  the  initial  dry  run. 
The  following  day,  multiple-intensity  rainfall  was 
applied  to  the  plots  wetted  by  the  previous  storm. 
Sediment  in  the  runoff  from  row  sideslopes  for  all 
storms  totaled  80.3  mg/hectare  for  slightly  eroded 
sites,  71.4  mg/hectare  for  moderately  eroded,  and 
58.6  mg/hectare  for  severely  eroded  sites;  whereas 
the  virgin  site  yielded  only  30.9  mg/hectare. 
Runoff  from  these  same  sites  totaled  1028  mg/ 
hectare  for  virgin  sites,  1067  mg/hectare  for  slight- 
ly eroded,  1090  mg/hectare  for  moderately 
eroded,  and  1144  mg/hectare  for  severely  eroded 
sites.  Sediment  size  distributions  at  the  virgin  site 
were  much  coarser  than  those  at  the  eroded  sites, 
but  the  distributions  among  eroded  sites  generally 
were  similar.  The  gradual  decline  in  soil  loss  rates 
from  eroded  fragipan  soils  as  profile  thickness  de- 
creased illustrates  the  need  for  more  thorough  soil 
profile  characterization  and  laboratory  studies  that 
relate  soil  properties  to  erodibility.  (Author's  ab- 
stract) 
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TRANSPORTED  MATERIAL  IN  A  SMALL 
RIVER  WITH  MULTIPLE  IMPOUNDMENTS. 
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•Sediment  transport,  Algal  blooms,  Buffalo  River, 
Dam  effects,  Dissolved  solids,  Particle  size,  South 
Africa,  Water  pollution. 

The  transport  of  particulate  material  in  a  multiply- 
impounded  southern  African  river  (Buffalo  River, 
South  Africa)  was  studied  from  source  to  mouth 
over  a  period  of  2  years  during  base  flow  condi- 
tions. More  than  95%  of  the  dissolved  and  particu- 
late material  in  transport  was  ultra-fine  (<80 
microm).  The  ratio  of  coarse  particles  (1000-4000 
microm)  to  fine  particles  (250-1000  microm)  in 
transport  decreased  with  increasing  stream  order 
as  a  result  of  inputs  of  fine  particles  from  pollution 
sources  and  from  plankton  blooms  discharged  from 
reservoirs.  The  downstream  effects  of  impound- 
ment depended  largely  on  the  type  of  release  and 
the  quality  of  the  inflowing  water:  surface-releas- 
ing reservoirs  in  the  clean,  upper  reaches  of  the 
river  had  the  least  effect  on  transported  material. 
A  polluted  surface-releasing  impoundment  in  the 
mid-reaches  of  the  river  converted  the  particle  size 
spectrum  from  ultra-fine  to  fine.  Bottom-released 
water  carried  high  concentrations  (36-190  g/cu  m) 
of  small  (<5  microm)  and  largely  inorganic  (86- 
93%)  material.  The  distance  required  for  zooplank- 
ton  densities  to  reduce  by  95%  was  between  4  and 
8  km  downstream  of  an  impoundment,  except 
below  a  polluted  impoundment  where  32-35  km 
was  the  required  distance.  Most  of  the  downstream 
changes  in  transported  organic  matter  in  the  Buffa- 
lo River  are  due  to  inflows  of  agricultural  and 
urban  effluent.  These  disturbances  to  the  river 
cause  greater  perturbations  than  do  the  impound- 
ments. (Author's  abstract) 
W9 1-06272 


MANAGEMENT  OF  COASTAL  ZONE  ERO- 
SION IN  NIGERIA. 

Port  Harcourt  Univ.  (Nigeria).  Dept.  of  Geogra- 
phy. 

C.  U.  Oyegun. 

Ocean  &  Shoreline  Management  OSMAE6,  Vol. 
14,  No.  3,  p  215-228,  1990.  3  fig,  2  tab,  25  ref. 

Descriptors:  "Coastal  zone  management,  "Coasts, 
•Erosion,  "Erosion  control,  "Nigeria,  Beach  ero- 
sion, Coastal  environment,  Environmental  protec- 
tion, Geomorphology,  Natural  resources  manage- 
ment, Political  aspects. 

There  is,  as  yet,  no  universal  agreement  among 
coastal  geomorphologists  regarding  the  exact  defi- 
nition or  delimitation  of  the  coastal  zone  even 
though  all  recognize  the  existence  of  such  a  zone. 
The  coastal  zone  is  generally  understood  to  extend 
from  the  low  water  mark  to  the  furthest  limits 
inland  of  marine  influence.  The  limit  for  the  Nige- 
rian coast  has  been  put  at  between  30-40  km  from 
the  coastline.  This  width  is  reduced  along  the 
barrier  ridge-lagoon  complex  of  the  Lagos  area 
and  the  strand  coast  in  southeast  Nigeria.  Coastal 
zone  erosion  is  manifested  in  Nigeria  along  the 
outer  barrier  beaches  and  the  banks  of  tidal  basins 
and  creeks.  The  nature  of  shore  erosion  was  exam- 
ined by  using  case  studies  to  highlight  its  causes, 
consequences  and  the  implication  for  coastal  re- 
source management.  The  analysis  is  based  on  pri- 
mary and  secondary  data  sources.  The  global  cause 
of  accelerated  coastal  erosion  has  been  attributed 
to  rising  sea-level,  though  local  factors  have  exac- 
erbated this  process.  Although  the  federal  govern- 
ment of  Nigeria  is  doing  all  it  can  to  mitigate  the 
problem,  there  remains  the  need  to  adopt  more  far- 
reaching  strategies  than  the  present  ad  hoc  ap- 
proach. A  merger  of  all  government  parastatals 
charged  with  different  aspects  of  the  environment 
into  an  environmental  authority  staffed  with  goal- 
seeking  scientists  in  needed.  The  conclusion  is  that 
rudiments  of  cost-benefit  analysis  should  be  used  in 
deciding  which  coastal  stretches  require  protection 
against  erosion.  (Mertz-PTT) 
W9 1-06267 


SEDIMENTARY  GEOLOGY  OF  THE  COLUM- 
BIA RD/ER  ESTUARY. 

Battelle/Marine  Sciences  Lab.,  Sequim,  WA. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06280 


ENERGETICS    AND    SEDIMENTARY    PROC- 
ESSES IN  THE  COLUMBIA  RD7ER  ESTUARY. 

Washington  Univ.,  Seattle.  Geophysics  Program. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06283 


SELECTTVE  SORTING  AND  ABRASION  OF 
RIVER  GRAVEL:  I.  THEORY. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

G.  Parker. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  2,  p  131-149,  February 

1991.  7  fig,  23  ref. 

Descriptors:  "Abrasion,  "Alluvial  channels,  "Bed 
load,  "Gravel,  "Particle  size,  "Sediment  sorting, 
"Sediment  transport,  "Sedimentology,  River 
basins,  Rock  properties,  Sediment  grading,  Tecton- 
ics. 

Most  gravel  rivers  show  a  tendency  for  character- 
istic grain  size  to  decrease  in  the  downstream 
direction  over  scales  of  tens  or  hundreds  of  kilome- 
ters. It  has  been  surmised  that  this  downstream 
fining  is  due  to  some  combination  of  selective 
sorting,  by  which  finer  grains  are  preferentially 
transported  downstream;  and  abrasion,  by  which 
individual  particles  are  reduced  in  size.  A  frame- 
work for  the  simultaneous  treatment  of  both  phe- 
nomena has  been  developed.  The  analysis  is  re- 
stricted to  bed-load  transport  of  gravel.  Only  abra- 
sion due  to  binary  collisions  between  moving  bed 
load  and  stationary  bed  particles  is  considered.  The 
formulation  includes  the  possibility  of  differential 
basin  uplift  and  subsidence  due  to  tectonism,  and 


9 


39 


Field  2— WATER  CYCLE 


Group  2J — Erosion  and  Sedimentation 


mixtures  of  rock  types  with  differing  coefficients 
of  abrasion.  The  formulation  of  selective  sorting  is 
based  on  the  concept  of  hiding,  as  applied  to  a 
surface-based  bed-load  transport  relation.  Abrasion 
is  first  treated  in  terms  of  a  Lagrangian  formulation 
for  individual  grains,  and  then  transformed  into  an 
Eulerian  expression  that  appears  in  the  formulation 
of  gravel  mass  balance.  (See  also  W9 1-06291)  (Au- 
thor's abstract) 
W9 1-06290 


SELECTIVE   SORTING   AND   ABRASION   OF 
RIVER  GRAVEL:  II.  APPLICATIONS. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 
Hydraulic  Lab. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06291 


VORTEX-SETTLING  BASIN  DESIGN  CONSID- 
ERATIONS. 

Irrigation   and    Power   Research    Inst.,    Amritsar 

(India). 

For  primary  bibliographic  entry  see  Field  8B. 

W9 1-06292 


SUSPENDED  SEDIMENT-TRANSPORT  CA- 
PACITY FOR  OPEN  CHANNEL  FLOW. 

West  Virginia  Univ.,  Morgantown.  Dept.  of  Me- 
chanical and  Aerospace  Engineering. 
I.  Celik,  and  W.  Rodi. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  117,  No.  2,  p  191-204,  February 
1991.  3  fig,  2  tab,  29  ref. 

Descriptors:  'Correlation  analysis,  'Open-channel 
flow,  'Sediment  transport,  'Suspended  load,  'Sus- 
pended sediments,  Bed  load,  Flow  equations,  Open 
channels. 

The  suspended  sediment-transport  capacity  of 
open  channel  flow  can  be  calculated  by  a  fairly 
simple  correlation.  The  correlation  is  based  on  the 
assumption  that  the  work  performed  by  buoyancy 
force  on  the  sediment  particles  is  proportional  to 
the  production  of  turbulent  kinetic  energy.  The 
proportionality  constant  is  determined  by  calibra- 
tion using  a  wide  range  of  experimental  data.  The 
new  formula  does  involve  bed-load  correlations, 
and,  hence,  avoids  the  considerable  uncertainty 
generic  to  those  correlations.  By  assuming  a  suita- 
ble concentration  profile,  the  formula  can  be  used 
for  calculating  the  maximum,  full-capacity  concen- 
tration at  a  reference  level,  but  the  formula  itself 
does  not  involve  a  priori  profile  assumptions.  An 
approximate  relation  is  provided  between  the 
depth-averaged  concentration  and  the  transport 
concentration  itself.  This  makes  it  possible  to  cal- 
culate easily  the  reference  bed  concentrations 
using  a  graphical  chart  provided  for  the  cases 
where  the  Rouse  profile  for  concentration  is  a 
good  approximation.  (Author's  abstract) 
W9 1-06293 


DEPOSrriONAL  RECORD  OF  A  GLACIAL- 
LAKE  OUTBURST:  GLACIAL  LAKE  SOURIS, 
NORTH  DAKOTA. 

National  Highway  Traffic  Safety  Administration, 

East   Liberty,   OH.    Vehicle   Research   and   Test 

Center. 

M.  L.  Lord. 

Geological       Society       of      America       Bulletin 

BUGMAF,  Vol.  103,  No.  2,  p  290-299,  February 

1991.  13  fig,  1  tab,  41  ref. 

Descriptors:  'Glacial  sediments,  'Lake  sediments, 
•North  Dakota,  'Sediment  distribution,  'Sediment 
transport,  'Sedimentation,  'Turbidity  currents, 
Aggradation,  Braided  streams,  Deposition,  Geo- 
logic history,  Glacial  drift,  Gravel,  Sand. 

Glacial  Lake  Souris,  in  what  is  now  North  Dakota, 
was  inundated  by  sediment-laden  water  from  the 
outburst  of  Glacial  Lake  Regina  (Saskatchewan). 
Glacial-lake  outbursts  were  common  during  the 
Late  Pleistocene,  but  detailed  studies  of  outburst- 
deposited  sediments  in  lake  environments  have  not 
been  done.  The  outburst-deposited  sediments  in 
Lake  Souris  have  been  grouped  into  three  lithofa- 
cies  on  the  basis  of  textural  analyses:  (1)  sand,  (2) 


matrix-rich  gravel,  and  (3)  matrix-deficient  gravel. 
Sand  is  the  most  common  sediment  and  generally 
overlies  other  lithofacies.  Matrix-rich,  lignite-bear- 
ing gravel  generally  occurs  at  the  base  of  the 
outburst  sections.  Matrix-deficient  gravel  occurs 
near  the  ground  surface,  overlying  other  outburst 
lithofacies,  in  the  inlet  area.  Deposition  of  the 
outburst  sediment  is  attributed  to  three  main  proc- 
esses: low-density  turbidity  current:,  (the  predomi- 
nant process),  high-density  turbidity  currents,  and 
aggradation  in  braided  rivers.  Continuous,  low- 
density  turbidity  currents  caused  by  the  influx  of 
sediment-laden  flows  and  by  residual  currents  from 
high-density  flows  characterized  the  outburst 
event  in  Lake  Souris.  Most  high-density  flows 
resulted  from  the  initial  influx  of  the  outburst  or 
from  continuous  avalanching  as  a  result  of  rapid 
deposition.  Thick,  homogenous  sections  of  out- 
burst sediments;  a  gradual,  systematic  fining  of 
sediments  distally  from  the  Souris  spillway;  and 
the  scarcity  of  silt-sized  and  clay-sized  sediment 
indicate  that  there  was  little  decrease  in  flow 
energy  during  the  outburst.  Nonrepetitive  vertical 
sequences,  showing  little  textural  variation,  indi- 
cate that  there  was  little  migration  of  individual 
depositions.  These  characteristics  may  be  used  to 
identify  and  interpret  other  outburst  events  in  simi- 
lar settings  and  to  help  evaluate  the  Pleistocene 
sedimentary  record  in  the  marine  offshore  zone. 
(Author's  abstract) 
W91-06411 


MORPHOLOGY  AND  DOWNSTREAM  HY- 
DRAULIC GEOMETRY  RELATIONS  OF  AL- 
LUVIAL STREAM  CHANNELS  IN  A  HUMID 
TROPICAL  ENVIRONMENT,  SOUTHWEST- 
ERN NIGERIA. 

Ondo  State  Univ.,  Ado-Ekiti  (Nigeria).  Dept.  of 
Geography. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-0648  5 


METHOD  FOR  PREDICTING  TERRAIN  SUS- 
CEPTIBLE TO  LANDSLIDES  FOLLOWING 
FOREST  HARVESTING:  A  CASE  STUDY 
FROM  THE  SOUTHERN  COAST  MOUNTAINS 
OF  BRITISH  COLUMBIA. 
British  Columbia  Ministry  of  Environment,  Victo- 
ria. 

D.  E.  Howes. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  143-154,  5  fig,  2  tab,  21  ref. 

Descriptors:  'British  Columbia,  'Forest  hydrolo- 
gy, 'Landslides,  'Soil  water,  'Terrain  analysis, 
•Watershed  management,  Canada,  Computerized 
maps,  Geologic  mapping,  Land  clearing,  Land 
management,  Logging,  Rainfall-runoff  relation- 
ships, Slope  stability. 

Several  different  types  of  terrain  evaluations  have 
been  undertaken  for  the  assessment  of  landslide 
hazards  and  include  simple  inventories  of  existing 
mass  movements  to  multiple-factor  mapping  of 
slope,  geology,  soils,  and  other  terrain  features.  A 
terrain  evaluation  method  has  been  developed  for 
predicting  post-logging  landslide  activity  based  on 
the  analysis  of  base  data  obtained  from  a  landslide 
inventory  and  a  terrain  (surficial  geology)  mapping 
program.  More  objective  and  quantitative  than 
previous  approaches  used  in  British  Columbia, 
Canada,  it  involves  four  steps:  (1)  defining  homo- 
geneous areas,  terrain  polygons,  with  respect  to 
their  surficial  geology;  (2)  analysis  of  landslide  site 
data  to  identify  factors  influencing  clearcut  land- 
slides; (3)  defining  a  set  of  terrain  classes  based  on 
these  factors  such  that  each  polygon  can  be  as- 
signed to  only  one  class;  and  (4)  grouping  the 
classes  into  four  stability  ratings  based  on  the  ratio 
of  the  number  of  clearcut  landslides  to  the  number 
of  clearcut  hectares.  The  application  of  this  system 
to  a  case  study  allowed  a  computer-generated 
landslide  rating  map  and  a  comparison  of  landslide 
rates  to  documented  changes  in  local  precipitation 
records  since  1940.  It  was  found  that  clearcut 
landslide  rates  for  defined  time  periods  corre- 
sponded closely  to  the  historical  precipitation 
trends.  The  difference  between  the  natural  and 
clearcut  landslide  rates  during  this  period  suggests 


that  the  removal  of  the  forest  cover  has  strongly 
influenced  the  clearcut  landslide  rate  in  this  water- 
shed by  increasing  soil  moisture  conditions  and/or 
the  reduction  of  root  reinforcement,  and  has  been 
further  aggravated  by  increasing  'wetter'  condi- 
tions during  the  past  28  years.  (See  also  W91- 
06510)  (Fish-PTT) 
W9 1 -06523 


TEST  OF  AN  ERODIBILITY  RATING  SYSTEM 
FOR  THE  FOOTHILLS  OF  CENTRAL  ALBER- 
TA, CANADA. 

National  Agrarian  Univ.,  Lima  (Peru).  Dept. 
Manejo  Forestal. 

C.  A.  Llerena,  H.  Zhang,  and  R.  L.  Rothwell. 
IN:   Forest   Hydrology  and   Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  155-161,  3  fig,  1  tab,  15  ref. 

Descriptors:  'Alberta,  'Forest  hydrology,  'Forest 
soils,  'Model  studies,  'Soil  erosion,  'Watershed 
management,  Canada,  Erosion  rates,  Forest  water- 
sheds, Hydrologic  models,  Infiltration  rate.  Rain- 
fall infiltration,  Soil  stability,  Soil  water,  Soil- 
water-plant  relationships. 

Forest  harvesting  disturbs  mineral  soil,  increasing 
the  potential  for  erosion  and  water  quality  deterio- 
ration. Several  systems  to  predict  or  assess  erosion 
hazard  have  been  proposed  and  developed  in  the 
past.  A  proposed  method  of  erosion  hazard  rating, 
based  on  infiltration  rates  of  forest  cover-soil  asso- 
ciations as  erodibility  indicators,  was  assessed 
against  measured  soil  loss  using  natural  and  artifi- 
cial rainfall  for  an  area  in  the  Rocky  Mountain 
foothills  of  west  central  Alberta.  Erosion  from 
plots  was  measured  and  ranked  as  low,  moderate, 
or  high.  Both  testing  methods  indicated  similar 
rates  of  erosion  for  the  forest  cover-soil  associa- 
tions tested.  Comparison  of  the  erosion  hazard- 
ranked  areas  to  those  ranked  on  measured  erosion 
showed  poor  agreement.  Statistical  analyses  of  the 
measured  erosion  data  indicated  no  significant  dif- 
ferences in  erodibility  between  and  within  the  dif- 
ferent forest  cover  types  and  soil  associations. 
Based  on  these  observations  and  results,  it  may  be 
concluded  that  there  is  no  consistent  difference  in 
erodibility  among  the  soil  associations  and  forest 
cover  types  tested,  and  that  the  proposed  erosion 
hazard  rating  system  is  ineffective.  However,  the 
small  differences  in  measured  erosion,  and  high 
variability  weaken  these  conclusions.  A  larger 
sample  size  and  greater  control  of  environmental 
variables  may  have  provided  a  more  conclusive 
test.  The  use  of  a  single  parameter  such  as  infiltra- 
tion rate,  as  a  predictor  of  erosion  hazard  may  be 
an  unrealistic  expectation.  (See  also  W9 1-065 10) 
(Fish-PTT) 
W9 1-06524 


PERFORMANCE  OF  GULLY  EROSION  CON- 
TROL MEASURES  IN  SOUTHEASTERN  NIGE- 
RIA. 

Nigeria  Univ.,  Nsukka.  Dept.  of  Geology. 

For  primary  bibliographic   entry  see   Field  4D. 

W91-06525 


POSSIBLE  HYDROLOGICAL  AND  GEOMOR- 
PHOLOGICAL  CHANGES  DUE  TO  ALTER- 
ATION OF  FOREST. 

Kyoto  Univ.  (Japan).  Disaster  Prevention  Re- 
search Inst. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06526 


EVALUATION  OF  THE  EFFECT  OF  DEFOR- 
ESTATION ON  SLOPE  STABILITY  AND  ITS 
APPLICATION  TO  WATERSHED  MANAGE- 
MENT. 

Tokyo  Univ.  of  Agriculture  and  Technology 
(Japan).  Dept.  of  Forestry. 
Y.  Tsukamoto,  and  H.  Minematsu. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  181-189,  5  fig,  2  tab,  6  ref. 
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Descriptors:    'Deforestation,    'Forest   hydrology,       W91-06533 
•Forest  soils,  'Landslides,  'Slope  stability,  'Wa- 
tershed management,  Model  studies,  Roots,  Soil 
creep,  Soil  erosion.  Soil  stabilization.  Soil  strength, 
Theoretical  analysis. 

One  of  the  largest  hydrological  events  in  a  water- 
shed with  forested  steep  slopes  is  the  occurrence  of 
numerous  debris  slides  in  heavy  storms,  resulting  in 
serious  devastation  of  hillslopes,  torrents,  and 
downstream  channels.  The  occurrence  of  debris 
slides  is  greatly  affected  by  forest  cutting.  The 
effects  of  forest  treatments  on  slope  stability  were 
examined  analytically  by  making  use  of  the  con- 
cept of  critical  soil  depths,  zero  order  basins,  and 
the  upper  bound  theorem.  The  critical  soil  depth 
was  estimated  as  an  index  of  instability  of  surface 
soils.  According  to  the  upper  bound  analysis,  a  soil 
is  assumed  to  behave  as  a  perfectly  plastic  material; 
the  strength  of  the  soil  is  expressed  by  an  un- 
drained  shear  strength  and  the  law  of  incompress- 
ibility  is  used.  For  the  computation,  a  failure  of 
surface  soils  is  assumed  to  consist  of  three  blocks. 
Major  parameters  affecting  the  stability  of  surface 
soils  include:  length  of  debris  slide,  width  of  debris 
slide,  surface  soil  depth,  depth  of  transitional  layer, 
ratio  of  vertical  root  volume  to  total  volume,  soil 
cohesion,  slope  gradient,  angle  of  a  sliding  plane  to 
the  slope  surface,  and  weight  of  saturated  soil.  The 
safety  factor  was  calculated  on  three  types  of 
surface  soil  conditions:  soil  without  tree  roots,  soil 
with  vertical  roots,  and  soil  with  vertical  and  later- 
al roots.  It  was  found  that  tree  roots  reinforce  soil 
strength  remarkably;  deforestation  greatly  reduces 
the  safety  factors;  and  the  greatest  strength  was 
indicated  in  mature  forests  where  the  surface  soil 
depth  was  less  than  100  cm.  (See  also  W9 1-065 10) 
(Fish-PTT) 
W91-06527 


REFORESTATION:  ON-SITE  EFFECTS  ON 
HYDROLOGY  AND  EROSION,  EASTERN 
RAUKUMARA  RANGE,  NEW  ZEALAND. 

Forest  Research   Inst.,  Christchurch  (New  Zea- 
land). Forest  and  Wildland  Ecosystems  Div. 
For  primary  bibliographic  entry  see  Field  4A. 
W9 1-06556 


RECOVERY  OF  A  NEW  MEXICO  DRAINAGE 
BASIN  FROM  A  FOREST  FIRE. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-06528 


INFTLTRATION  AND  REDISTRIBUTION  OF 
OVERLAND  FLOW  AND  SEDIMENT  ON  A 
LOW  RELIEF  LANDSCAPE  OF  SEMI-ARID, 
TROPICAL  QUEENSLAND. 

James  Cook  Univ.  of  North  Queensland,  Towns- 
ville  (Australia).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06529 


EFFECT  OF  DIFFERENT  TYPES  OF  FOREST 
MANAGEMENT  ON  THE  TRANSFORMATION 
OF  RAINFALL  ENERGY  BY  THE  CANOPY  IN 
RELATION  TO  SOIL  EROSION. 

Silsoe  Coll.  (England).  Dept.  of  Field  Engineering. 
For  primary  bibliographic  entry  see  Field  4A. 
W9 1-06530 


STUDIES  ON  THE  HYDROLOGICAL  PROC- 
ESSES IN  THE  FOREST  DRAINAGE  BASINS 
OF  THE  WESTERN  GHATS  OF  INDIA. 

Centre   for   Water   Resources   Development   and 

Management,  Calicut  (India). 

For  primary  bibliographic  entry  see  Field  4A. 

W91-06531 


AMOUNT  OF  RUNOFF  AND  SOIL  LOSSES 
FROM  VARIOUS  LAND-USE  SAMPLING 
PLOTS  IN  SAKOLNAKORN  PROVINCE, 
THAILAND. 

Royal   Forest  Dept.,   Bangkok  (Thailand).   Chee 

Watershed  Research  Station. 

For  primary  bibliographic  entry  see  Field  4A. 

W91-06532 


DEFORESTATION  AND  EROSION  IN  THE 
NEPALESE  HIMALAYA-IS  THE  LINK  MYTH 
OR  REALITY. 

Land    Capability    Consultants    Ltd.,    Cambridge 

(England). 

For  primary  bibliographic  entry  see  Field  4C. 


SIMULATION  OF  WATER  FLOW  AND  SOIL 
EROSION  PROCESSES  WITH  A  DISTRIBUT- 
ED PHYSICALLY-BASED  MODELLING 
SYSTEM. 

Danish  Inst,  of  Applied  Hydraulics,  Hoersholm. 
B.  Storm,  G.  H.  Jorgensen,  and  M.  Styczen. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  595-608,  7  fig,  17  ref. 

Descriptors:  'Deforestation,  'Forest  hydrology, 
•Hydrologic  models,  'Model  studies,  'Runoff 
forecasting,  'Soil  erosion,  Hydrograph  analysis, 
Iowa,  Land  management,  Overland  flow,  Sedi- 
ment discharge,  Sediment  transport,  Sediment 
yield,  Thailand. 

Catchments  in  many  geographical  areas  have  been 
subject  to  extensive  land-use  changes  during  the 
recent  decades.  Large-scale  deforestation  has 
caused  increasing  concern  regarding  the  subse- 
quent impact  on  the  hydrological  regime  and  the 
increased  risk  of  severe  soil  erosion.  The  develop- 
ment of  mathematical  models  has  been  directed 
towards  distributed  and  physically-based  models 
which  reliably  describe  both  the  hydrological 
processes  and  the  erosion  and  transport  processes 
within  the  catchment.  A  new  soil  erosion  model 
(SEM)  has  been  developed  based  on  a  physical 
description  of  the  involved  processes.  The  SEM 
model  includes  the  processes  of  splash  detachment 
of  soil  by  overland  flow,  overland  flow  detach- 
ment and  net  transport,  and  net  erosion/deposition 
within  each  model  grid  square.  SEM  has  been 
incorporated  as  a  separate  component  in  the  phys- 
ically-based, distributed  hydrological  modeling 
system  SHE.  The  SEM/SHE  model  complex  was 
tested  on  a  small  research  catchment  with  an  area 
of  5.6  ha  in  the  U.S.  (Iowa),  and  showed  good 
agreement  between  simulated  and  observed  hydro- 
graphs  and  sediment  yield.  Application  to  two 
upland  catchments  in  Thailand  of  45  sq  km  and  128 
sq  km  show  that,  despite  constraints  on  the  spatial 
representation  of  meteorological  input  and  soil 
data,  the  hydrological  regime  is  adequately  simu- 
lated. The  simulated  sediment  discharge  was  com- 
pared with  computed  values  based  on  a  sediment 
rating  curve.  Recognizing  the  uncertainty  on  these 
values,  the  comparisons  show  reasonable  agree- 
ment. Displays  of  spatial  and  temporal  varying 
quantities  such  as  the  phreatic  surface  level  and  net 
erosion/disposition  illustrates  one  of  the  strengths 
in  the  SEM/SHE.  (See  also  W91-06510)  (Fish- 
PTT) 
W91-06567 


landscapes  differ  greatly  with  cultural  and  social 
settings.  At  one  extreme,  the  Japanese  have  devel- 
oped elaborate  research,  educational,  industrial, 
and  governmental  programs  for  erosion  control 
practices  in  their  highly  industrialized,  densely 
populated  archipelago.  Erosion  control  projects 
emphasize  hard  methodologies,  such  as  the  sabo 
dams,  as  well  as  technologically  advanced  predic- 
tive techniques.  At  the  other  extreme,  third  world 
countries  such  as  Columbia  are  just  beginning  to 
identify  their  hydrologic  and  sedimentation  hazard 
areas.  People  living  in  close  association  with  natu- 
ral hazards  develop  technical  and  social  mecha- 
nisms to  cope  with  periodic  disasters.  This  sympo- 
sium was  structured  around  four  special  sessions: 
geomorphic  and  hydrologic  dynamics  of  zero- 
order  basins;  the  physics,  triggering  mechanisms, 
and  runout  characteristics  of  debris  flows;  sedi- 
ment transport  and  channel  morphology  in  high- 
gradient  mountain  streams,  and  drainage  basin  re- 
sponse to  natural  and  human-induced  disturbances 
including  intensive  land  use,  gravel  mining,  and 
damming.  (See  W9 1-06571  thru  W9 1-06654)  (Brun- 
one-PTT) 
W9 1-06570 


EROSION  AND  SEDIMENTATION  ISSUES  IN 
PERU. 

National    Agrarian    Univ.,    Lima    (Peru).    Dept. 
Manejo  Forestal. 
C.  A.  Llerena. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  3-14.  1  fig,  63  ref. 

Descriptors:  'Erosion,  'Erosion  control,  'Forest- 
ry, 'Peru,  'Sedimentation,  Climates,  Gully  ero- 
sion, Land  management,  Landslides,  Mass  wasting, 
Rill  erosion,  Terracing. 

Erosion  and  sedimentation  are  common  problems 
in  Peru's  coastal,  highland,  high  jungle,  and  low 
jungle  regions.  The  highlands  and  high  jungle  are 
the  regions  with  the  most  serious  problems  due  to 
their  physiographic,  climatic,  and  socio-economic 
characteristics.  These  regions  have  problems  with 
rill,  gully,  and  mass  erosion.  Promising  solutions 
are  based  on  local  traditional  technology:  terracing 
in  the  highlands,  and  agroforestry  in  the  jungle. 
Teamwork  between  Peruvian  and  foreign  institu- 
tions keeps  research  and  extension  projects  going. 
Some  specific  areas  needing  new  research  projects 
are  management  of  steep  lands,  landslide  research, 
and  erosion  and  sedimentation  processes  in  jungle 
watersheds.  (See  also  W9 1-06570)  (Author's  ab- 
stract) 
W9 1-06571 


EROSION    RESEARCH    AND    CONTROL    IN 
JAPAN. 

Kyoto  Univ.  (Japan).  Faculty  of  Agriculture. 

For   primary  bibliographic   entry   see   Field   4D. 

W9 1-06572 


EROSION  AND  SEDIMENTATION  IN  THE 
PACIFIC  RIM. 

Oregon  State  Univ.,  Corvallis.  Coll.  of  Forestry. 
Proceedings  of  an  International  Symposium  held  at 
Oregon  State  University,  Corvallis,  Oregon, 
August  3-7,  1987.  International  Association  of  Hy- 
drological Sciences,  Washington,  DC.  1987.  510  p. 

Descriptors:  'Erosion,  'Land  use,  'Pacific  Rim, 
'Sedimentation,  Climates,  Conferences,  Dam  con- 
struction, Disasters,  Erosion  control,  Prediction, 
Rainfall,  Resources  management,  Symposium. 

The  1987  International  Symposium  on  Erosion  and 
Sedimentation  in  the  Pacific  Rim  concentrates  on  a 
landscape  characterized  by  high  relief  and  locally 
heavy  rainfall.  Conditions  lead  to  frequent  natural 
disasters,  accentuated,  in  some  cases,  by  land  use 
practices.  Despite  the  physical  instability  of  many 
of  the  landscapes,  they  support  and  provide  a 
variety  of  valuable  resources,  such  as  fish,  forests, 
wildlife,  minerals  and  agricultural  products. 
Human  concerns  and  responses  to  the  instability  of 


OVERVIEW:  'ZERO-ORDER  BASINS*  AND 
PROBLEMS  OF  DRAINAGE  DENSITY,  SEDI- 
MENT TRANSPORT  AND  HILLSLOPE  MOR- 
PHOLOGY. 

California  Univ.,  Berkeley.  Dept.  of  Geology  and 
Geophysics. 

W.  E.  Dietrich,  S.  L.  Reneau,  and  C.  J.  Reneau. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  27-37.  4  fig,  25  ref.  NSF  Grants  EAR- 
8416775  and  EAR-8451 175. 

Descriptors:  'Drainage  density,  'Geomorphology, 
•Sediment  transport,  'Slopes,  Channels,  Dating, 
Diffusion  coefficient,  Groundwater  movement, 
Heterogeneity,  Hollows,  Model  studies,  Slope  pro- 
file. 

Soil-mantled  hillslopes  are  divided  into  a  network 
of  hollows.  Analogous  to  channel  networks,  hol- 
lows can  be  assigned  to  a  magnitude  based  on  the 
number  of  unbranched  tributary  hollows  they 
have.  The  spacing  between  the  smallest,  magnitude 
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one,  hollows  may  be  determined  in  part  by  the 
minimum  size  required  for  a  thickened  colluvial 
deposit  to  overcome  lateral  root  strength  resist- 
ance. The  source  area  size  above  channel  heads 
varies  inversely  with  the  hollow  gradient,  except 
where  groundwater  flow  is  strongly  forced  to  the 
surface  by  bedrock  inhomogeneities.  Deposits  in 
hollows  record  long  periods  of  erosion  from  side 
slopes  and  noses,  and  dating  of  these  deposits  pro- 
vides a  means  to  estimate  local  sediment  transport 
rates.  Surveys  of  nose  to  hollow  slope  profiles  may 
allow  estimation  of  the  diffusion  coefficient  in  a 
slope  dependent  transport  equation.  Hollows 
appear  to  possess  a  characteristic  three-dimensional 
geometry,  whose  properties  are  not  well-estab- 
lished. (See  also  W9 1-06570)  (Author's  abstract) 
W9 1-06573 


SIZE  AND  LOCATION  OF  COLLUVIAL 
LANDSLIDES  IN  A  STEEP  FORESTED  LAND- 
SCAPE. 

California  Univ.,  Berkeley.  Dept.  of  Geology  and 
Geophysics. 

S.  L.  Reneau,  and  W.  E.  Dietrich. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  39-48.  4  fig,  1  tab,  22  ref.  NSF  Grants 
EAR-8416775  and  EAR-8451 175. 

Descriptors:  'California,  *Colluvial  soils,  •Ero- 
sion, 'Landslides,  'Slope  stability,  'Soil  erosion, 
Forest  watersheds,  Groundwater  movement,  Hol- 
lows, Mountain  watersheds,  Pore  pressure,  Soil 
properties,   Soil  texture,   Soil   water,   Vegetation. 

An  inventory  of  61  landslide  scars  in  part  of  the 
San  Pedro  Ridge  in  the  central  California  Coast 
Ranges  was  used  to  document  sites  of  instability 
and  to  infer  conditions  necessary  for  failure.  Scar 
dimensions  cluster  around  widths  of  7  to  10  m, 
lengths  of  10  to  20  m,  and  depths  of  0.7  to  1.1  m. 
Simple  theoretical  analyses  indicate  that  root 
strength  along  the  margins  of  a  potential  landslide 
imposes  constraints  on  landslide  size;  typical  scar 
size  may  reflect  the  size  of  a  deposit  required  for 
instability  at  sites  with  typical  vegetation,  slope 
gradients,  soil  texture,  and  hydrology.  Hollows  are 
the  main  source  of  landslides,  consistent  with  the 
convergence  of  shallow  groundwater  flow  and  the 
long-term  accumulation  of  colluvium  in  hollows, 
but  conditions  of  sufficiently  thick  soil  and  high 
pore  pressure  for  failure  are  also  attained  on  side 
slopes.  Development  of  deposits  much  larger  than 
required  for  failure  may  indicate  unusual  site  con- 
ditions that  promote  stability;  eventual  failure  can 
produce  exceptionally  large  debris  flows.  (See  also 
W9 1-06570)  (Brunone-PTT) 
W91-06574 


CONTRIBUTION  OF  BEDROCK  GROUND- 
WATER FLOW  TO  STORM  RUNOFF  AND 
HIGH  PORE  PRESSURE  DEVELOPMENT  IN 
HOLLOWS. 

California  Univ.,  Berkeley.  Dept.  of  Geology  and 
Geophysics. 

C.  J.  Wilson,  and  W.  E.  Dietrich. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  49-59.  6  fig,  23  ref.  NSF  Grant  EAR- 
8416775. 

Descriptors:  'California,  'Erosion,  'Hollows, 
•Pore  pressure,  'Slope  stability,  'Soil  water, 
•Storm  runoff,  'Surface-groundwater  relations, 
Channel  erosion,  Colluvial  soils,  Groundwater 
movement,  Landslides,  Overland  flow,  Permeabil- 
ity, Precipitation,  Slopes,  Water  table. 

Many  analyses  of  runoff  generation,  pore  pressure 
development,  and  slope  stability  in  colluvium-man- 
tled  hollows  assume  that  the  bedrock-colluvium 
boundary  forms  a  major  hydrologic  barrier  during 
periods  of  intense  precipitation.  Detailed  field  ob- 
servations are  presented  for  one  year  of  intensive 
monitoring  at  a  16,000  sq  m  grassland  basin  in  Mt. 
Tamalpais  State  Park,  Marin  County,  California. 
These  data  demonstrate  that  significant  large-scale 
and  small-scale  interactions  between  storm  flow  in 
the  bedrock  and  the  colluvium  occur  at  this  site. 


The  basin-scale,  topographically  driven,  flow 
system  terminates  at  the  channel  head,  where  a 
low-permeability  block  of  bedrock  forces  ground- 
water to  the  surface  with  an  average  exfiltration 
gradient  of  0.5  m/m  and  excess  pressure  head  of  1 
m  within  the  basal  colluvium.  This  low-permeabil- 
ity block  also  forces  the  water  table  to  remain 
close  to  the  ground  surface  along  the  hollow  axes, 
enabling  several  storms  per  year  to  generate  signif- 
icant saturation  overland  flow.  Surface  erosion  by 
saturation  overland  flow  may  be  the  dominant 
process  causing  channel  incision  in  the  relatively 
low-gradient  hollow.  Local  bedrock  permeability 
heterogeneities  cause  fluctuations  in  the  position  of 
the  bedrock  water  table  and  result  in  unexpected 
midslope  high  pore  pressures  and  a  persistent  dis- 
continuous zone  of  saturation  overland  flow.  Pres- 
ently, exfiltration  along  the  hollow  prevents  build- 
up of  pore  pressures  in  the  bedrock  and  colluvium 
sufficient  to  cause  landsliding,  but  on  steep  hills- 
lopes  local  up  welling  of  bedrock  storm  flow  may 
strongly  influence  soil  instability.  (See  also  W91- 
06570)  (Author's  abstract) 
W9 1-06575 


HYDROGEOMORPHOLOGICAL        CHARAC- 
TERISTICS OF  A  ZERO-ORDER  BASIN. 

Tokyo    Univ.    of   Agriculture    and    Technology 
(Japan).  Dept.  of  Forestry. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06576 


SUBSURFACE  PIPEFLOW  DYNAMICS  OF 
NORTH-COASTAL  CALIFORNIA  SWALE  SYS- 
TEMS. 

Forest  Service,  Arcadia,  CA. 
R.  R.  Ziemer,  and  J.  S.  Albright. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  71-80.  4  fig,  1  tab,  13  ref. 

Descriptors:  'California,  'Erosion,  'Geomorpho- 
logy,  'Groundwater  movement,  'Pipe  flow, 
•Piping,  'Soil  erosion,  *Swales,  Calibrations, 
Channel  flow,  Channels,  Discharge  rates,  Gullies, 
Headwaters,  Instrumentation,  Precipitation. 

Under  suitable  conditions,  subsurface  drainage  can 
promote  accelerated  erosion  by  chemical,  physio- 
chemical,  and  physical  (piping  and  landsliding) 
processes.  Pipeflow  dynamics  were  investigated  at 
Caspar  Creek  Experimental  Watershed  in  north- 
coastal  California,  near  Ft.  Bragg.  Pipes  have  been 
observed  at  depths  to  2  m  within  trenched  swales 
and  at  the  heads  of  gullied  channels  in  small  (0.8  to 
2  ha)  headwater  drainages.  Digital  data  loggers 
connected  to  pressure  transducers  monitor  dis- 
charge using  calibrated  standpipes.  During  storms, 
pipeflow  up  to  8  L/sec  has  been  measured,  while, 
within  the  same  swales,  no  surface  channel  flow 
occurred.  Pipeflow  discharge  has  been  correlated 
with  antecedent  precipitation.  (See  also  W91- 
06570)  (Author's  abstract) 
W9 1-06577 


BEDROCK  GEOMETRY  OF  UNCHANNE- 
LIZED  VALLEYS. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Geol- 
ogy. 

L.  Dengler,  A.  K.  Lehre,  and  C.  J.  Wilson. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  81-90.  8  fig,  2  tab,  22  ref. 

Descriptors:  "Bedrock,  'California,  'Colluvial 
soils,  'Erosion,  'Geologic  formations,  'Geomor- 
phology,  'Sediments,  'Valleys,  Boreholes,  Hol- 
lows, Seismic  exploration,  Stratigraphy,  Subsur- 
face flow. 

The  gradual  infilling  and  rapid  evacuation  of  collu- 
vium into  and  out  of  unchannelized  valleys  (hol- 
lows) are  important  processes  in  molding  hillslopes 
and  controlling  sediment  budgets.  Models  of  sub- 
surface flow  within  these  hollows  have  shown  the 
importance  of  bedrock  geometry  on  pore  pressure 
and  subsurface  runoff  but  bedrock  geometry  is 
known  in  detail  in  very  few  hollows.  Seismic  re- 


fraction was  used  to  determine  bedrock  geometry 
of  unchannelized  valleys  in  the  Marin  headlands  of 
California.  An  isopach  map  of  colluvium  thickness 
and  a  contour  map  of  bedrock  velocities  were 
constructed  from  seismic  lines  run  down  the  axes 
of  hollows,  transverse  to  the  axes,  and  along  valley 
walls  and  interfluves.  The  bedrock  surface  is 
smooth  and  conforms  fairly  closely  to  the  surface 
topography.  Colluvium  is  thickest  in  the  axes,  with 
greatest  depths  near  the  top  of  one  swale  and  in  the 
middle  portion  of  another.  The  gentlest  swale  is  at 
least  as  thick  as  the  most  deeply  incised,  and  small 
bedrock  tributary  hollows  are  developed  beneath 
relatively  flat  ground  surfaces.  Bedrock  velocities 
are  highest  in  the  axes  and  increase  downslope. 
The  valley  walls  and  interfluves  have  conspicuous- 
ly low  bedrock  velocities.  This  velocity  pattern 
may  be  due  to  bedrock  fracturing,  the  position  of 
the  water  level  and  thickness  of  saprolite.  (See  also 
W9 1-06570)  (Brunone-PTT) 
W9 1-06578 


RATES  OF  SOIL  CREEP  ON  COLLUVIUM- 
MANTLED  HILLSLOPES  IN  NORTH-CEN- 
TRAL CALIFORNIA. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Geol- 
ogy- 

A.  K.  Lehre. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  91-100.  4  fig,  2  tab,  9  ref. 

Descriptors:  'California,  'Colluvial  soils,  'Creep, 
•Erosion,  'Mass  wasting,  'Slope  stability,  'Soil 
creep,  'Soil  erosion,  'Soil  properties,  Detritus, 
Field  studies,  Model  studies,  Seasonal  variation. 

In  1972,  102  soil  creep  measurement  pillars  were 
installed  on  hillslopes  in  the  drainage  basin  of  Lone 
Tree  Creek,  a  small,  relatively  undisturbed  drain- 
age basin  14  km  northwest  of  San  Francisco.  Two 
pillars  were  excavated  in  1974  and  ten  more  in 
1984.  In  many  pillars  little  or  no  difference  be- 
tween segments  was  detected.  Mean  volume  flux 
over  this  twelve  year  period  was  very  small:  be- 
tween about  0.8  cc/cm/yr  (best  estimate)  and  2.6 
cc/cm/yr  (mean  upper  bound).  This  result  con- 
strains rates  of  soil  creep  (averaged  over  depths  of 
0.4  to  0.6  m)  to  0.4  to  1.2  mm/yr.  Creep  rates  were 
unrelated  to  slope  position  or  steepness.  Evidence 
from  pillars  and  field  observations  suggests  that 
biogenic  creep  caused  by  burrowing  animals 
(chiefly  voles  and  gophers)  may  account  for  most 
of  the  present-day  soil  creep  of  grass-covered  col- 
luvium. Many  hillslopes  are  heavily  covered  by 
burrow  debris,  while  >75%  of  the  pillars  excavat- 
ed had  been  disturbed  by  burrowing.  Simple  calcu- 
lations based  on  the  volume  of  debris  piles  and 
excavated  tunnels  yield  rates  of  biogenic  creep  that 
are  locally  on  the  order  of  10  cc/cm/yr  or  more, 
implying  that  biogenic  creep  is  significantly  more 
important  than  'inorganic'  seasonal  creep.  (See  also 
W9 1-06570)  (Author's  abstract) 
W91-06579 


DYNAMIC  MODEL  OF  SLOPE  STABILITY  IN 
ZERO-ORDER  BASINS. 

Forest   Service,   Logan,   UT.    Intermountain   Re- 
search Station. 
R.  C.  Sidle. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  100-110.  3  fig,  29  ref. 

Descriptors:  'Erosion,  'Geomorphology,  'Land- 
slides, 'Mass  wasting,  'Mathematical  models, 
•Model  studies,  'Slope  stability,  'Zero-order 
basins,  Channel  accretion,  Feedback  mechanisms, 
Precipitation,  Rainfall,  Root  development,  Saturat- 
ed soils,  Slope  degradation,  Snowmelt. 

Zero-order  basins  are  prone  to  soil  mass  move- 
ments because  of  their  tendency  to  accumulate 
groundwater  during  extreme  rainfall  and  snowmelt 
events.  Once  soil  in  a  slope  depression  has  failed, 
positive  feedback  mechanisms  are  initiated  to 
ensure  the  eventual  repetition  of  mass  movement. 
The  frequency  of  repetitive  failure  is  governed  by 
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rates  of  infilling,  changes  in  soil  strength,  and  the 
probability  of  a  triggering  rainfall  (or  snowmelt) 
during  a  given  year.  A  conceptual  model,  based  on 
infinite-slope  analyses,  was  developed  to  evaluate 
the  probability  of  failure  in  a  zero-order  basin  over 
time.  Deterministic  functions  were  developed  for 
soil  accretion,  root  strength  regrowth,  and  vegeta- 
tion surcharge  increase  starting  at  the  time  of  fail- 
ure. The  degree  of  soil  saturation  required  to  initi- 
ate slope  failure  (M)  was  then  calculated  for  each 
year  after  initial  failure.  Values  of  M  were  related 
to  stochastic  precipitation  variables,  and  the  proba- 
bility of  a  failure  occurring  in  any  given  year  was 
calculated.  (See  also  W9 1-06570)  (Author's  ab- 
stract) 
W9 1-06580 


ZERO-ORDER  BASINS  SHAPED  BY  DEBRIS 
FLOWS,  SUNOL,  CALIFORNIA,  USA. 
Geological  Survey,  Menlo  Park,  CA.  Branch  of 
Geologic  Risk  Assessment. 
C.  S.  Alger,  and  S.  D.  Ellen. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  111-119.  6  fig,  lOref. 

Descriptors:  *California,  'Debris  flow,  'Erosion, 
•Mass  wasting,  'Soil  erosion,  Channel  erosion,  Cli- 
mates, History,  Landslides,  Slope  degradation, 
Storms,  Zero-order  basins. 

Open,  non-channelized  depressions  on  steep  valley 
walls  of  incised  streams  near  the  active  Calaveras 
fault  are  closely  associated  with  recurrence  of 
debris  flows  in  a  6  sq  km  study  area  in  the  San 
Francisco  Bay  region,  California.  These  zero-order 
basins,  or  bowls,  occupy  on  only  26%  of  valley 
walls  but  include  74%  of  mapped  debris-flow 
scars.  Other  data  suggest  that  debris  flows  are 
responsible  for  the  initiation  and  carving  of  the 
bowls.  Estimates  based  on  debris-flow  scar  vol- 
umes from  an  11 -year  storm  event  show  that 
debris-flow  erosion  can  probably  account  for  bowl 
development  in  a  reasonable  time  period.  Axial 
profiles  of  bowls  are  compatible  with  debris-flow- 
related  slopes  elsewhere  in  the  Bay  region  and 
with  the  general  mechanics  of  debris-flow  initi- 
ation and  flow.  The  continuum  of  bowl  size  and 
geometry,  combined  with  relatively  constant  cli- 
matic history,  suggests  continuity  of  process  into 
the  past.  (See  also  W91-06570)  (Author's  abstract) 
W91-06581 


TERRAIN  ANALYSIS  FOR  QUANnTATTVE 
DESCRIPTION  OF  ZERO-ORDER  BASINS. 

Queen  Mary  Coll.,  London  (England).  Dept.  of 
Geography  and  Earth  Science. 

C.  R.  Thorne,  L.  W.  Zevenbergen,  T.  P.  Burt,  and 

D.  P.  Butcher. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  121-130.  4  fig,  8  ref.  Natural  Environment 
Research  Council,  UK,  studentship  GT4/AAPS/ 
18(D.P.B). 

Descriptors:  'Computer  models,  'Geomorpho- 
logy,  'Model  studies,  'Terrain  analysis,  'Zero- 
order  basins,  Computer  programs,  Drainage  area, 
Groundwater  runoff,  Sedimentation,  Surface 
runoff. 

Zero-order  basins  are  topographic  depressions  at 
the  head  of  fluvial  systems.  They  are  collecting 
areas  for  water  and  sediment,  tending  to  concen- 
trate both  surface  and  subsurface  runoff.  Hydrolo- 
gical and  sedimentary  processes  in  zero-order 
basins  have  received  much  attention  recently,  but 
relatively  little  work  has  concerned  the  objective 
and  quantitative  characterization  of  basin  geome- 
try. A  FORTRAN  terrain  analysis  computer  pro- 
gram was  developed  that  can  be  applied  to  any 
zero-order  basin  for  which  a  contour  map  is  avail- 
able. Output  consists  of  line  printer  maps  of  seven 
topographic  indices,  including  elevation,  slope, 
aspect,  profile  curvature,  planform  curvature, 
drainage  area,  and  upslope  distance  with  the  values 
stored  in  matrices  and  available  for  subsequent  in 
semi-distributed  models.  The  analysis  is  illustrated 
using  data  from  Slapton  Wood  catchment,  Devon, 
England.  (See  also  W91-06570)  (Brunone-PTT) 
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EXPERIMENTAL  STUDY  OF  SLOPE  FAIL- 
URE CAUSED  BY  HEAVY  RAINFALL. 

National  Research  Center  for  Disaster  Prevention, 
Sakura  (Japan). 
T.  Fukuzono. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  133-134.  3  fig,  3  ref. 

Descriptors:  'Erosion,  'Geomorphology,  'Model 
studies,  'Rainfall,  'Slope  degradation,  'Slope  sta- 
bility, Boundary  layers,  Equilibrium,  Groundwat- 
er, Groundwater  level.  Physical  models,  Simulated 
rainfall,  Soil  properties,  Soil  types,  Soil  water. 

Obtaining  information  needed  to  explain  slope  fail- 
ure mechanisms  is  difficult,  because  the  exact  fail- 
ure site,  the  time  of  failure,  and  soil  conditions  at 
failure  are  uncertain.  In  this  study,  conditions  lead- 
ing up  to  slope  failure  were  examined  using  nearly 
actual-scale  slope  models.  Soil  parameters  were 
monitored  as  the  slope  went  from  steady  state  to 
final  failure.  Each  model  slope  had  a  ground  sur- 
face parallel  to  the  impervious  bottom  boundary 
and  both  sides  were  bounded  by  vertical  steel 
walls.  The  soil  layer  was  either  loamy  soil  or  sandy 
soil.  The  intensity  of  artificial  rainfall  was  main- 
tained at  15  and  20  mm/hr  for  loamy-soil  slopes 
and  at  50  mm/hr  for  sandy-soil  slopes  until  large- 
scale  slope  failure  occurred.  Moisture  content, 
groundwater  level,  earth  pressure,  slope-surface 
displacement  and  other  parameters  were  continu- 
ously measured.  All  portions  of  the  sandy  soil  were 
at  equilibrium  before  and  even  after  the  first  addi- 
tions of  rainfall.  Critical  portions  of  the  soil  layer 
then  developed  into  sliding  surfaces  with  addition- 
al rainfall.  The  velocity  of  surface  displacement 
before  final  failure  in  the  loamy  soil  increased  in 
four  successive  stages:  very  little  increase  in  veloc- 
ity; uniform  acceleration;  uniform,  high  velocity; 
and  exponential  increase  in  velocity.  For  both 
loamy  and  sandy  slopes,  during  the  period  of  very 
rapid  displacement,  the  velocity  of  surface  dis- 
placement and  acceleration  of  surface  displacement 
were  related.  The  resulting  equation  can  be  used  to 
predict  failure  time  of  a  slope.  (See  also  W91- 
06570)  (Brunone-PTT) 
W91-06583 


TOMBI  LANDSLIDE  AND  ITS  IMPACT  ON 
THE  JOGANJI  RIVER,  JAPAN. 

Chuo  Univ.,  Tokyo  (Japan).  Inst,  of  Geosciences. 
S.  Ouchi. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  135-136.  1  fig. 

Descriptors:  'Erosion,  'Geomorphology,  'Japan, 
'Joganji  River,  'Landslides,  'Sediment  transport, 
Alluvial  fans,  Dam  effects,  Deposition,  Disasters, 
Earthquakes,  Geological  terraces,  History,  Mud- 
flows,  Reservoirs. 

The  dimensions  of  large  landslides  that  occur  in 
remote  mountain  areas  are  often  very  difficult  to 
evaluate.  The  dimensions  of  the  Tombi  landslide, 
and  its  impact  on  a  river,  was  reexamined  using  old 
documents  and  geomorphological  and  geological 
information.  A  strong  earthquake  triggered  a  large 
landslide  on  Mt.  Tombi  in  April  1858  in  the  up- 
stream area  of  the  Joganji  River,  which  flows 
down  about  56  km  into  the  Sea  of  Japan.  The 
landslide  debris  dammed  up  mountain  valleys  to 
form  large  natural  reservoirs.  The  natural  dams 
then  collapsed  with  increasing  meltwater  and  a 
large  volume  of  sediment  flowed  down  in  the  form 
of  a  mud  flow.  The  original  landslide  debris  and 
terraces  formed  by  the  debris  can  be  traced  for 
about  12  km  from  the  landslide  scarp.  The  land- 
slide debris  is  characterized  by  large  blocks  of 
crushed  rock  that  indicate  violent  movement  of  the 
debris  flow.  The  mean  river  bed  height  down- 
stream from  the  alluvial  fan  apex  to  the  river 
mouth  shows  the  general  tendency  of  accumula- 
tion until  1937.  The  tendency  for  deposition  then 
switched  to  erosion.  The  Joganji  River  is  apparent- 
ly still  recovering  from  the  disturbance  induced  by 


the  Tombi  landslide.  Occasional  small-scale  land- 
slides and  mud  flows  are  still  carrying  the  Tombi 
landslide  debris  down  to  the  main  valley,  and 
frequent  floods  in  the  valleys  are  carrying  these 
materials,  mainly  finer  portions,  further  down- 
stream. (See  also  W91-06570)  (Brunone-PTT) 
W9 1-06584 


ONTAKE  LANDSLIDE  OF  SEPTEMBER  14, 
1984,  IN  JAPAN. 

Public  Works  Research  Inst.,  Tsukuba  (Japan). 
Sabo  Div. 

Y.  Hara,  and  A.  Yazawa. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  137-138.  4  fig,  1  ref. 

Descriptors:  'Disasters,  'Earthquakes,  'Japan, 
•Landslides,  'Ontake  Landslide,  Avalanches,  Dam 
effects,  Flow  velocity,  Friction  coefficient,  Wave 
height. 

On  September  14,  1984,  a  severe  earthquake  trig- 
gered a  large-scale  landslide  and  many  other  land- 
slides, causing  damage  to  public  work  facilities  and 
killing  people.  The  debris  avalanche  first  flowed 
into  the  Denjo  River,  blocking  the  Ohtaki  River 
above  its  confluence  with  the  Nigorisawa  River  to 
form  a  landslide  dam  about  30  m  high.  In  the  upper 
reaches  forming  the  Denjo  and  Nigorisawa  Rivers, 
flow  velocity  apparently  exceeded  the  velocity  of 
a  debris  flow  with  a  normal  wave  height  and  from 
Gakiganodo  downstream  the  flow  was  rather  slow. 
The  Ontake  landslide,  like  other  landslides  com- 
posed of  volcaniclastic  material,  tends  to  have  a 
low  friction  coefficient.  (See  also  W9 1-06570) 
(Brunone-PTT) 
W91-06585 


INITIATION  AND  MECHANICS  OF  DEBRIS 
AVALANCHES  ON  STEEP  FOREST  SLOPES. 

California  Univ.,  Los  Angeles.  Dept.  of  Geogra- 
phy. 

A.  R.  Orme. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  139-140.  1  fig. 

Descriptors:  'Avalanches,  'Erosion,  'Forest  wa- 
tersheds, 'Geomorphology,  'Landslides,  'Slope 
degradation,  'Slopes,  Bedrock,  Cohesion,  Deposi- 
tion, Hollows,  Mass  wasting,  Precipitation,  Rain- 
fall, Root  zone,  Slope  profile,  Snowmelt,  Soil  tex- 
ture. 

Debris  avalanches  are  a  distinct  type  of  mass 
movement  commonly  triggered  by  intense  rainfall 
and  melting  snow  on  steep  hillslopes  underlain  by 
poorly  cohesive  materials.  They  are  triggered  by  a 
combination  of  factors  which  may  be  grouped  in 
terms  of  the  nature  and  magnitude  of  precipitation, 
slope  profile  characteristics,  soil  cohesion  and  infil- 
tration capacity,  bedrock  attitude  and  upper  sur- 
face characteristics,  and  subsurface  morphology. 
Debris  avalanches  are  most  likely  to  develop 
where,  as  a  result  of  intense  and  prolonged  rainfall 
on  melting  snow,  subsurface  drainage  converges 
on  bedrock  hollows  filled  with  poorly  cohesive 
granular  soils,  especially  where  slopes  steepen  sig- 
nificantly above  28  degrees.  The  typical  debris 
avalanche  exhibits  four  or  five  distinct  zones  oc- 
curring sequentially  downslope,  namely  the  failure, 
erosion,  skim,  free-fall,  and  deposition  zones. 
Except  in  the  erosion  zone,  root  strength  of  forest 
trees  appears  to  play  little  part  in  retarding  debris 
avalanches  because  initiation  commonly  occurs  be- 
neath the  root  zone.  (See  also  W91-06570)  (Brun- 
one-PTT) 
W9 1-06586 


EFFECTS  OF  TIMBER  HARVESTING  ON 
PROGRESSIVE  HILLSLOPE  DEFORMATION 
IN  SOUTHWEST  OREGON. 

Pacific  Northwest  Forest  and  Range  Experiment 
Station,  Juneau,  AK.  Forestry  Sciences  Lab. 
D.  N.  Swanston,  G.  W.  Lienkaemper,  R.  C. 
Mersereau,  and  A.  B.  Levno. 
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IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  141-142.  2  ref. 

Descriptors:  *Erosion,  'Forest  management,  'For- 
estry, 'Logging,  'Mass  wasting,  'Oregon,  'Slope 
degradation,  'Slopes,  Correlation  analysis,  Field 
tests,  Precipitation,  Rainfall,  Regression  analysis, 
Seasonal  variation,  Soil  water,  Temporal  variation. 
Timber  harvesting. 

Progressive  hillslope  deformation  and  any  modify- 
ing effects  of  timber  harvest  operations  were  stud- 
ied in  the  Baker  Creek  watershed,  southwest 
Oregon  during  the  10-year  period  1974  to  1984. 
Borehole  inclinometer  access  tubes,  installed  in 
1973  within  and  adjacent  to  a  well  defined  earth- 
flow,  were  monitored  through  the  period  bridging 
pre-logging,  harvesting  and  post-logging  activities 
in  the  watershed.  Access  tubes  provided  a  means 
of  placing  an  inclinometer  at  various  points  within 
the  regolith  to  measure  the  differences  in  rate  and 
mode  of  deformation  with  location  within  and 
around  the  earthflow  feature.  Movement  within 
the  earthflow  mass  was  characterized  by  a  'block- 
glide'  profile  with  uniform  displacement  occurring 
above  a  well-defined  zone  of  shear  3  to  5  m  in 
depth.  No  significant  correlations  were  obtained 
from  linear  regression  of  either  displacement  or 
rate  against  seasonal  and  annual  rainfall  reported  at 
nearby  Powers,  Oregon,  suggesting  that  movement 
was  progressing  independently  of  short-term  pre- 
cipitation and  was  more  responsive  to  long-term 
variations  in  precipitation  and  subsequent  soil- 
water  content  in  the  regolith.  A  direct  correlation 
exists  between  declining  long-term  rainfall  and  de- 
clining displacement  at  this  undisturbed  site. 
During  1978  to  1979,  the  earthflow  responded  to 
an  additional  destabilizing  force  that  had  acceler- 
ated displacement  despite  continued  below-aver- 
age, area-wide  moisture  availability.  Accelerated 
movement  within  the  earthflow  continued  until  the 
fall  of  1979,  when  displacement  rates  returned  to 
pre-logging  levels.  (See  also  W9 1-06570)  (Brunone- 
PTT) 
W91-06587 


FOREST  DISTRIBUTION  USED  AS  AN  ERO- 
SION INDICATOR  ON  LARGE-SCALE  LAND- 
SLIDE SCARS. 

Shizuoka  Univ.  (Japan).  Dept.  of  Forestry. 
H.  Omura,  and  S.  Mochizuki. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  143-144.  2  fig. 

Descriptors:  'Erosion,  'Forest  recovery,  'Forests, 
•Japan,  'Landslides,  'Rockslides,  'Soil  erosion, 
Model  studies,  Resource  management,  Revegeta- 
tion,  Soil  accumulation. 

Natural  recovery  of  large-scale  scars  of  the  rock 
slide  type  of  landslide  was  investigated  using  forest 
distribution  as  an  erosion  indicator.  The  type  and 
density  of  forest  distributed  on  26  large-scale  land- 
slides in  the  Akaishi  mountain  range,  located  in 
central  Japan,  were  analyzed  by  field  work  and 
interpretation  of  aerial  photographs  taken  in  1982. 
The  forest  lost  by  landslides  was  proportional  to 
the  landslide  area.  With  increasing  relative  distance 
downslope,  the  percent  of  area  in  forest  patches 
increases.  Natural  revegetation  and  the  accumula- 
tion of  soil  may  give  an  index  of  the  recovery  of 
forest  at  rock  slide  type  of  landslide  sites.  Based  on 
forest  distribution  pattern  as  an  erosion  indicator  at 
large-scale  landslides  in  alpine  areas,  a  model  of  the 
recovery  of  forest  cover  from  the  outlet  toward 
scarp  can  be  developed  using  the  idea  of  relative 
distance  necessary  for  protection  of  forest  patches. 
(See  also  W9 1-06570)  (Brunone-PTT) 
W91-06588 


FORESTED  BLOCK  SLIDES  IN  THE  LOWER 
REDWOOD  CREEK  BASIN,  NORTHWEST 
CALIFORNIA. 

Redwood  National  Park,  Orick,  CA. 
R.  Sonnevil,  R.  Klein,  D.  Short,  and  W.  Weaver. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 


tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  145-146.  5  ref. 

Descriptors:  'California,  'Erosion,  'Forests, 
•Geomorphology,  'Landslides,  'Mass  wasting, 
•Redwood  Creek  Basin,  'Sediments,  'Slope  degra- 
dation, Block  slides,  Cohesion,  Field  tests,  Perme- 
ability, Rainy  season,  Soil  permeability,  Soil  types, 
Storms. 

Mass  movement  is  an  important  process  shaping 
landforms  and  producing  sediment  in  the  Red- 
wood Creek  basin,  northwest  California.  Here,  35 
active  deep-seated  landslides  are  occurring  on 
schist  terrane.  Most  block  slides  in  the  study  area 
are  discrete,  translational  landslides  ranging  in  size 
from  0.4  to  2.0  ha.  Annual  surface  displacement  on 
three  block  slides  has  been  measured  with  stakeline 
surveys  since  1985.  Data  recorders  have  monitored 
surface  displacement  on  portions  of  two  block 
slides  since  1984  and  on  a  third  slide  since  1985. 
Common  to  nearly  all  block  slides  is  a  sheared, 
black,  albite-muscovite-chlorite-quartz  schist  con- 
taining abundant  carbonaceous  material.  Move- 
ment was  detected  near  the  boundary  between  this 
metamorphosed  argillaceous  rock  and  the  overly- 
ing lighter  colored  regolith  on  three  block  slides. 
This  preferential  failure  zone  development  is  prob- 
ably a  result  of  lower  permeability  and  greater 
cohesion  in  the  underlying  material.  Movement  of 
monitored  block  slides  was  episodic  and  storm- 
related,  whereas  earth  flow  movement  has  often 
persisted  throughout  most  of  the  rainy  season  and, 
in  some  instances,  during  summer  months.  A 
higher  clay  content  and  consequent  lower  perme- 
ability may  increase  water  retention  and  prolong 
movement  duration  of  earth  flows.  Block  slides 
appear  to  be  important  for  sculpting  schist  terrane, 
producing  many  of  the  smaller,  poorly  incised 
first-order  drainages  common  to  this  lithologic  unit 
within  the  lower  Redwood  Creek  basin.  (See  also 
W91-06570)  (Brunone-PTT) 
W9 1-065  89 


ESTIMATION  OF  DEBRIS  FLOW  HYDRO- 
GRAPH  ON  VARIED  SLOPE  BED. 

Kyoto  Univ.  (Japan).  Disaster  Prevention  Re- 
search Inst. 

T.  Takahashi,  H.  Nakagawa,  and  S.  Huang. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  167-177.  2  fig,  1  tab,  3  ref. 

Descriptors:  'Channel  morphology,  'Debris  flow, 
•Erosion,  •Geomorphology,  'Hydrographs,  Co- 
lumbia, Mathematical  analysis,  Model  studies, 
Mudflows,  Nevado  del  Ruiz  Volcano,  Particle 
size,  Sediment  grading,  Sediment  load. 

A  system  of  equations  with  which  to  predict  the 
hydrograph  of  a  debris  flow  is  presented  for  an 
arbitrary  position  in  a  channel  whose  bed  varies  in 
slope,  width  and  thickness  and  is  composed  of  a 
graded  mixture  of  particles.  This  system  can  not 
only  be  used  to  estimate  the  hydrograph  of  a  debris 
flow  under  an  arbitrary  water  supply  but  to  deter- 
mine the  change  in  concentration  of  particles  in  the 
flow  by  separating  them  into  coarse  and  fine  com- 
ponents. This  change  in  the  concentrations  of  the 
coarse  and  fine  fractions  produced  by  erosion  and 
deposition  may  account  for  the  formation  of  mud 
flows  which  contain  little  coarse  sediment  on  well- 
graded  sediment  beds  having  an  abundance  of 
coarse  materials.  Applications  of  this  system  to 
laboratory  experiments  and  to  the  huge  mud  flow 
generated  by  the  eruption  of  the  Nevado  del  Riuz 
Volcano  in  Colombia  proved  its  usefulness.  (See 
also  W9 1-06570)  (Author's  abstract) 
W9 1-06590 


COMPUTER     SIMULATIONS     OF     DEBRIS 
FLOW  DEPOSITIONAL  PROCESSES. 

Public  Works  Research  Inst.,  Tsukuba  (Japan). 
T.  Mizuyama,  and  A.  Yazawa. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  179-190.  15  fig,  5  ref. 

Descriptors:    'Computer    models,    'Debris    flow, 
•Mathematical  models,  'Model  studies,  'Sedimen- 


tation, Alluvial  fans,  Channel  morphology,  Dam 
effects,  Damage,  Erosion  control,  Floods,  Sedi- 
ment transport. 

The  prediction  of  the  deposition  area  of  a  debris 
flow  is  necessary  for  estimating  damage,  control- 
ling land  use,  setting  up  warning  and  evacuation 
systems,  and  evaluating  the  effects  of  debris-flow 
control  structures  such  as  sabo  (erosion-control) 
dams.  Methods  to  predict  debris-flow  deposition 
area  include  topographical  surveys,  empirical 
methods  based  on  depositional  shape  of  past  debris 
flows,  physical  model  tests,  and  mathematical 
models.  A  mathematical  model  is  described  which 
is  appropriate  for  evaluating  the  effects  of  micro- 
topography  on  fans.  The  model  was  improved  to 
calculate  the  debris-flow  depositional  area  more 
accurately  on  alluvial  fans  that  have  channels  of 
comparatively  large  cross  section.  The  inflow  and 
outflow  of  sediment  and  water  between  channels 
and  fan  surfaces,  calculated  one-dimensionally,  are 
used  as  the  boundary  conditions  for  the  calculation 
of  the  debris-flow  deposition  on  fan  surfaces.  (See 
also  W9 1-06570)  (Author's  abstract) 
W9 1-06591 


MECHANISMS  OF  DEBRIS  SUPPLY  TO 
STEEP  CHANNELS  ALONG  HOWE  SOUND, 
SOUTHWEST  BRITISH  COLUMBIA. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Ge- 
ography. 

M.  J.  Bovis,  and  B.  R.  Dagg. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  191-200.  4  fig,  10  ref. 

Descriptors:  'British  Columbia,  'Channel  mor- 
phology, 'Debris  flow,  'Erosion,  'Howe  Sound, 
•Sedimentation,  Deposition,  Flooding,  Model 
studies,  Rainfall-runoff  relationships,  Rainstorms, 
Runoff,  Slopes. 

The  mountain  wall  which  forms  the  east  slope  of 
Howe  Sound  fjord,  near  Vancouver,  British  Co- 
lumbia, is  deeply  dissected  by  steep  creeks,  many 
of  which  have  produced  destructive  debris  torrents 
over  the  past  twenty  years.  The  fact  that  high- 
magnitude  torrents  have  occurred  sporadically 
during  rainstorms  with  only  2  to  3  year  recurrence 
intervals  suggests  that,  in  addition  to  rainfall 
runoff,  the  quantity  and  stability  of  debris  in  the 
channels,  together  with  large  impulsive  loads  from 
adjacent  slopes,  must  be  taken  into  account  when 
examining  torrent  occurrence.  Research  has  fo- 
cused on  hillslope  processes  supplying  debris  and 
impulsive  loads  to  the  channels,  and  on  the  charac- 
ter of  the  materials  involved.  Debris  supply  was 
examined  for  selected  basins  classified  as  either 
'rockslope-dominated'  or  'drift-dominated'.  De- 
tailed studies  of  individual  basins  should  provide 
more  insight  into  the  causes  of  debris  torrents  here 
than  would  rainfall-based  and  runoff-based  models 
derived  in  other  regions.  (See  also  W9 1-06570) 
(Author's  abstract) 
W9 1-06592 


CRITICAL  RAINFALL  (DANGER  INDEX)  FOR 
DISASTERS  CAUSED  BY  DEBRIS  FLOWS 
AND  SLOPE  FAILURES. 

Kyoto  Univ.  (Japan). 
S.  Kobashi,  and  M.  Suzuki. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  201-211.  13  fig.  4  ref. 

Descriptors:  *Debris  flow,  'Disasters,  'Erosion, 
•Flood  forecasting,  'Landslides,  'Rainfall,  'Slope 
degradation,  Mathematical  analysis,  Model  studies, 
Rainfall  intensity,  Slope  stability. 

In  order  to  forecast  the  occurrence  of  debris  flows 
and  slope  failures,  the  rainfall  characteristics  that 
have  caused  mass  wasting  in  Japan  in  the  past  were 
analyzed.  The  occurrence  of  slope  failures  and 
debris  flows  is  related  to  the  amount  of  water 
stored  in  the  surface  layer  (slope  failure)  or  in  the 
stream  bed  (debris  flows).  The  danger  index  of 
rainfall  should  be  related  to  the  amount  of  water 
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stored  in  surface  layer  that  fails.  Calculating  the 
degrees  of  danger  hourly,  according  to  changes  in 
rainfall  intensity,  is  necessary  so  that  disaster  warn- 
ings can  be  given  promptly.  Using  a  tank  model 
and  the  concept  of  effective  rainfall,  the  critical 
rainfall  (danger  index)  for  mountain  regions  was 
developed.  The  most  suitable  criteria  for  danger 
index  and  the  probability  of  occurrence  of  disasters 
by  the  degree  of  slope  stability  were  also  investi- 
gated. When  the  accumulative  amount  of  hourly 
effective  rainfall  over  60  mm  (SE60)  exceeds  200 
mm,  the  failure  ration  increases  quickly.  (See  also 
W9 1-06570)  (Brunone-PTT) 
W9 1-06593 


SEDIMENT  ROUTING  BY  DEBRIS  FLOW. 

Washington  Univ.,  Seattle.  Dept.  of  Geological 
Sciences. 

L.  Benda,  and  T.  Dunne. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  213-223.  2  fig,  16ref. 

Descriptors:  'Debris  flow,  'Erosion,  'Geomor- 
phology,  'Mass  wasting,  'Oregon,  *Sediment 
transport,  Aggradation,  Alluvial  channels,  Bed- 
rock, Channel  armoring,  Channel  erosion,  Chan- 
nels, Colluvial  soils,  Debris  basins,  Hollows,  Land- 
slides, Recurrence  intervals. 

Forty-six  debris  flows  in  a  fifth-order  basin  in  the 
Oregon  Coast  Range,  were  studied  to  determine 
the  role  and  significance  of  debris  flows  in  sedi- 
ment routing.  Dating  of  charcoal  from  basal  collu- 
vium  in  three  bedrock  hollows  and  in  one  first- 
order  channel  yielded  an  average  landslide  recur- 
rence interval  of  approximately  6000  years,  and 
resulted  in  recurrence  intervals  of  debris  flows  in 
first-order  and  second-order  channels  of  respec- 
tively 1500  and  750  years.  These  time  intervals 
were  used  to  construct  sediment  budgets  for  first- 
order  and  second-order  basins,  which,  in  conjunc- 
tion with  textural  analyses  of  colluvium  in  hollows 
and  sediments  in  channels,  indicated  that  first- 
order  and  second-order  basins  store  the  majority  of 
sediments  supplied  to  them  by  mass  wasting  and 
release  it  periodically  by  debris  flows.  The  trans- 
port of  a  majority  of  sediments  to  third-order  and 
higher-order  channels  by  debris  flows  implies  a 
strong  stochastic  character  in  the  routing  of  sedi- 
ments through  basins  that  may  include  alluvial 
channels  alternating  between  conditions  of  aggra- 
dation and  degradation  and  armoring  over  time 
scales  of  100  to  1000  years.  (See  also  W91-06570) 
(Author's  abstract) 
W9 1-06594 


LARGE-SCALE  DEBRIS  AVALANCHE  AS  AN 
EPISODE  IN  SLOPE-CHANNEL  PROCESSES. 

Kyoto  Univ.  (Japan).  Disaster  Prevention  Re- 
search Inst. 

K.  Okunishi,  S.  Okuda,  and  H.  Suwa. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  225-232.  3  fig,  12  ref. 

Descriptors:  'Avalanches,  'Channel  erosion, 
•Debris  flow,  •Geomorphology,  *Japan,  •Sedi- 
ment transport,  Channels,  Check  dams,  Slope  deg- 
radation, Topography,  Travel  distance. 

The  sequence  of  topographic  changes  and  the  asso- 
ciated mass  transport  induced  by  a  large-scale 
debris  avalanche,  discussed  from  a  geomorphic 
viewpoint,  was  used  to  assess  the  possible  topo- 
graphic changes  in  a  drainage  basin.  A  debris  ava- 
lanche which  travelled  down  the  Denjo  River  on 
the  southern  slope  of  Mt.  Ontake,  Japan,  following 
an  earthquake  presents  a  good  example,  because 
the  occurrence,  flow  characteristics  and  resultant 
topographic  changes  have  been  intensively  investi- 
gated. The  structure  and  mechanical  properties  of 
the  debris  avalanche  were  estimated  from  field 
evidence  to  provide  a  method  for  predicting  the 
travel  distance.  The  current  trend  of  topographic 
changes  was  reviewed  to  predict  long-term 
changes  on  the  slopes  and  on  the  valley  floor,  and 
to  consider  interactions  between  slope  processes 
and  fluvial  processes.  The  present  channel  process- 


es in  the  affected  reaches  and  the  downstream 
reaches  appear  to  have  been  regulated  successfully 
by  a  series  of  debris  barriers  and  check  dams 
constructed  after  the  event.  (See  also  W9 1-06570) 
(Author's  abstract) 
W9 1-06595 

EROSION  PROCESSES  AND  EFFECTS  OF 
DEBRIS  FLOW. 

Chengdu  Inst,  of  Geography  (China). 
Z.  Kang,  and  J.  Li.  unci. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Kim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  233-242. 

Descriptors:  *Debris  flow,  'Erosion,  'Sediment 
transport,  Channel  erosion,  Debris  basins,  Deserti- 
fication, Disasters,  Floods,  Gravity  erosion,  River 
basins,  Sediment  yield,  Sedimentation,  Slope  deg- 
radation, Vegetation. 

Debris  flows  are  rapid  mass  movements  and  a 
powerful  dynamic  erosion  process  which  poses 
extreme  hazards  to  human  lives  and  engineering 
developments,  cause  severe  environmental  prob- 
lems, and  destroy  ecological  balance.  Debris  flows 
can  cause  deterioration  of  land  and  decreased  veg- 
etative cover  leading  to  desertification.  The  ero- 
sion mechanisms  of  debris  flows  are  discussed  in 
terms  of  erosion  mode  (slope  erosion,  gravity  ero- 
sion, channel  erosion),  quantity  of  sediment,  and 
erosion  rate.  The  sediment  yield  and  rate  of  sedi- 
ment production  were  obtained  from  erosion  and 
sediment  transport  rates  and  sediment  delivery 
ratios.  Debris-flow  basins,  differing  greatly  from 
river  basins,  are  areas  most  vulnerable  to  erosion. 
The  sediment  delivery  rate  in  low-frequency 
debris-flow  basins  is  very  small  in  normal  years  but 
this  low  transport  rate  has  a  profound  accumula- 
tive effect  by  providing  sediment  for  a  debris  flow 
during  a  catastrophic  flood.  (See  also  W91-06570) 
(Brunone-PTT) 
W9 1-06596 


MOBILIZATION  OF  DEBRIS  FLOWS  FROM 
SHALLOW  SLIDES. 

Geological  Survey,  Menlo  Park,  CA. 
S.  D.  Ellen,  R.  W.  Fleming,  and  H.  J.  Lee. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  243-244.  1  fig,  6  ref. 

Descriptors:  'Debris  flow,  *Erosion,  'Landslides, 
•Mass  wasting,  'Sediment  transport,  'Slope  degra- 
dation, Cohesion,  Model  studies,  Saturated  soils, 
Soil  mechanics,  Soil  physical  properties. 

Predicting  the  mobilization  of  debris  flows  from 
shallow  slides  is  critical  to  evaluating  landslide 
hazard,  because  the  transformation  from  slide  to 
flow  largely  determines  the  velocity  and  travel 
distance  of  mass  movements.  The  transformation 
from  slide  to  flow  can  be  explained  using  critical- 
state  soil  mechanics  to  described  changes  in  void 
ratio  and  effective  confining  stress  during  the  de- 
formation that  accompanies  failure.  Mobilization 
may  be  obtained  by  either  contractive  or  dilative 
soil.  Mobilization  of  loose  soil  should  be  essentially 
instantaneous.  The  entire  slide  mass  should  mobi- 
lize because  strength  is  greatly  reduced  upon  a 
small  strain.  Mobilization  of  dilative  soil  will  be 
slower  because  the  void  ratio,  and  hence  water 
content,  must  increase.  The  potential  for  mobiliza- 
tion can  be  evaluated  by  determination  of  the  ratio 
of  saturated  water  content  to  liquid  limit  as  an 
approximate  mobility  index.  (See  also  W9 1-06570) 
(Brunone-PTT) 
W9 1-06597 

EXPERIMENTAL  STUDY  ON  THE  PHENOM- 
ENA OF  RAIN  INFILTRATION. 

National  Research  Center  for  Disaster  Prevention, 
Sakura  (Japan). 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-06598 


HYDROMECHANICAL     EROSION     MODEL 
FOR  SURFACE-MINED  AREAS. 


National  Pingtung  Inst,  of  Agriculture  (Taiwan). 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06599 

SEDIMENT  YIELD  FROM  BARE  SLOPES 
DUE  TO  LANDSLIDES  IN  CENTRAL  JAPAN. 

Kyoto  Univ.  (Japan).  Faculty  of  Agriculture. 
K.  Mizuhara,  and  K.  Ohte. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  251-252.  1  fig,  1  ref. 

Descriptors:  'Erosion,  'Japan,  'Landslides,  'Rain- 
fall, 'Sediment  yield,  'Slope  degradation,  'Soil 
erosion,  Air  temperature,  Debris  basins,  Disasters, 
Erosion  control,  Rainfall  intensity,  Storage  dams, 
Temporal  variation. 

High  sediment  yield  due  to  landslides  during  heavy 
rainfall  is  a  matter  of  great  concern  in  erosion 
control  planning.  An  additional  source  of  sediment 
is  the  bare  slope  formed  after  the  landslide.  Sedi- 
ment produced  from  these  slopes  may  shorten  the 
lifetime  of  storage  dams  or  bring  about  sediment- 
related  disasters  in  certain  cases.  The  changing 
phase  of  the  average  volume  of  ground-surface 
deformation  per  day,  average  rainfall  per  rain-day, 
and  average  minimum  temperature  per  day  were 
measured.  The  relationship  between  the  negative 
values  of  deformation-volume  and  rainfall  intensity 
is  different  before  and  after  the  month  of  maximum 
erosion.  Positive  values  of  deformation-volume  are 
closely  related  to  the  drop  intemperature.  The 
amount  of  deposition  depended  on  the  value  of  the 
product  of  the  average  minimum  temperature  per 
day  and  the  number  of  frost  days  in  the  measuring 
period.  The  volume  of  ground-surface  deformation 
has  a  tendency  to  change  cyclically  over  a  year. 
The  average  annual  erosion  depth  ranged  from 
0  69  to  1.16  cm/year  and  the  mean  value  was  0.93 
cm/year.  (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06600 

ASSESSMENT  OF  TRANSFERABILITY  OF 
USLE  TO  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 
S.  L.  Liang. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  253-254.  1  fig,  1  tab,  2  ref. 

Descriptors:  'Erosion,  'Slopes,  'Soil  erosion, 
'Taiwan,  'Universal  soil  loss  equation,  Field  tests, 
Runoff,  Soil  texture,  Soil  types. 

The  application  of  the  Universal  Soil  Loss  Equa- 
tion (USLE)  to  steep  slopes  is  needed  throughout 
the  world,  and  especially  for  Taiwan  which  suffers 
from  erosional  damage.  Before  the  USLE  can  be 
used,  the  method's  applicability  must  be  deter- 
mined for  bare  plots  of  steep  slopes  up  to  28 
degrees.  Eight  bare  plots,  with  a  soil  texture  of 
loam/silty-loam  and  varying  slopes,  were  selected. 
Runoff  samplers  were  installed  to  determine  soil 
loss  from  each  plot.  The  relationships  among  the 
predicted  soil  loss,  the  observed  soil  loss,  and  the 
slope  steepness  indicate  that  the  scaling  of  the 
USLE  index  is  inappropriate  for  steep  slope  condi- 
tions. (See  also  W91-06570)  (Brunone-PTT) 
W9 1-06601 


STUDY  OF  EROSION  OF  LATERITIC  SOIL  OF 
LINKOU  TERRACE. 

National  Taiwan  Univ.,  Taipei.  Dept.  of  Civil  En- 
gineering. 

R.  H.  Chen,  and  J.  S.  Yang. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  255-256. 

Descriptors:  'Acid  rain  effects,  'Erosion,  'Later- 
ites,  'Linkou  Terrace,  'Soil  erosion,  'Taiwan,  Dis- 
persion, Erosion  control,  Hydrogen  ion  concentra- 
tion, Infiltration  rate,  Ion  adsorption,  Leaching, 
Rainfall,  Slope  stability,  Soil  water,  Weathering. 
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The  erosion  properties  of  the  lateritic  soil  of 
Linkou  Terrace,  located  in  northwestern  Taiwan, 
were  investigated  so  that  erosion  problems  in  the 
area  can  be  better  controlled.  Both  physical  and 
chemical  methods  were  used  to  evaluate  surface 
erosion  and  infiltration.  Erosion  of  lateritic  soil  by 
infiltrating  water  was  studied  by  the  US  Soil  Con- 
servation Service  dispersion  test,  determination  of 
sodium  absorption  ratio  of  the  soil,  and  the  pinhole 
test.  A  rain  simulator  was  used  to  erode  artificial 
slopes.  Leaching  studies  estimated  the  concentra- 
tion of  sodium  and  iron  ions  after  application  of 
various  chemical  reagents  to  simulate  acid  rain. 
Results  showed  that  the  dispersive  potential  of 
lateritic  soil  is  very  small.  Dry-wet  cycles  affect 
the  resistance  of  lateritic  soil  to  erosion,  with  ero- 
sion rates  greater  for  drier  slopes,  steeper  slopes, 
and  slopes  subjected  to  more  dry-wet  cycles  and 
longer  durations  of  rainfall.  The  erosive  potential 
of  the  lateritic  gravel  revealed  two  types  of  weath- 
ering patterns,  with  a  slow  digestion  process. 
Leaching  tests  showed  that  fresh  lateritic  soil 
would  be  more  influenced  by  acid  rain  than  weath- 
ered slopes;  solutions  of  low  pH  value  would  have 
more  influence;  wet  slopes  are  more  influenced 
than  slopes  with  low  water  content;  and,  the 
amount  of  sodium  ions  leached  decreased  with 
increasing  soil  depth,  while  the  amount  of  iron  ion 
increases.  (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06602 


SOIL  LOSSES  AND  RUNOFF  RATES  FROM 
THE  FORESTED  WATERSHEDS  IN  KOREA. 

Seoul  National  Univ.  (Republic  of  Korea).  Dept. 
of  Forestry. 
B.  M.  Woo. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  257-258.  1  tab,  4  ref. 

Descriptors:  'Erosion,  *Forest  watersheds, 
•Korea,  *Rainfall-runoff  relationships,  'Runoff, 
•Soil  erosion,  Gages,  Irrigation  reservoirs,  Precipi- 
tation, Sedimentation,  Sedimentation  rates,  Topog- 
raphy. 

A  study  investigated  the  influence  of  forests  on  soil 
loss  and  runoff  from  small  watersheds  generally 
with  upper  elevation  forest  types.  About  10  major 
experimental  field  projects  dealing  with  soil  loss 
and  runoff  from  upper  elevation  forested  water- 
sheds have  been  conducted  in  Korea.  Average 
annual  precipitation  for  all  projects  identified 
ranges  from  about  1000  to  1550  mm.  The  ratios  of 
average  annual  surface  runoff  to  annual  precipita- 
tion range  from  44  to  55%  for  forested  watersheds 
to  60  to  70%  for  sloping,  denuded  watersheds.  Soil 
losses  and  runoff  rates  varied  greatly  depending  on 
watershed  topography  and  vegetation.  To  improve 
the  reliability  of  extrapolation  of  these  results  for 
Korea  as  a  whole,  the  Forest  Research  Institute  or 
another  government  agency  should  install  at  least 
two  additional  gaging  stations  near  Jinju  in  the 
southern  region.  Soil  loss  rates  from  the  forested 
watersheds  are  much  smaller  than  the  rates  of 
sedimentation  observed  in  irrigation  reservoirs 
downstream.  (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06603 


INCREASED  SEDIMENTATION  FOLLOWING 
HELICOPTER  LOGGING  AND  PRESCRIBED 
BURNING  ON  GRANITIC  SOIL. 

Intermountain  Forest  and  Range  Experiment  Sta- 
tion, Boise,  ID. 
W.  F.  Megahan. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  259-260.  2  ref. 

Descriptors:  •Clear-cutting,  •Forestry,  'Logging, 
•Prescribed  burning,  •Sediment  yield,  •Sedimenta- 
tion, 'Soil  erosion,  Catchments,  Channel  erosion, 
Channel  morphology,  Check  dams,  Dam  effects, 
Drainage,  Runoff,  Snowmelt,  Statistical  analysis, 
Streamflow,  Water  yield. 

A  study  was  conducted  to  evaluate  the  effects  of 
clearcut  logging  by  helicopter,  and  associated  pre- 
scribed   burning,    on    sediment    yields.    A   paired 


catchment  study  design  was  used,  and  the  study 
site  was  located  in  the  headwaters  of  the  Payette 
River  basin  in  south-central  Idaho.  Data  collection 
for  streamflow  and  sediment  yields  began  in  1965 
and  continued  through  1976  when  the  larger  basin 
was  logged.  Sedimentation  yields  were  determined 
using  sediment  detention  basins  at  the  mouth  of 
each  drainage.  Annual  sediment  yields  show  a 
statistically  significant  increase,  averaging  about 
100%,  as  a  result  of  the  timber  harvest,  with  the 
greatest  effects  occurring  during  years  with  the 
highest  sediment  yields.  Accelerated  sedimentation 
continued  to  persist  nine  years  after  logging.  Fol- 
lowing logging,  no  statistically  significant  differ- 
ences in  channel  cross  sections  existed,  nor  did  the 
volume  of  sediment  stored  behind  natural  obstruc- 
tions in  the  channel  change,  suggesting  that  the 
increased  sedimentation  was  not  caused  by  acceler- 
ated channel  erosion.  Both  annual  water  yields  and 
peak  flow  rates  were  unaffected  by  logging  even 
though  snowmelt  runoff  occurred  earlier  in  the 
spring.  (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06604 


SEDIMENT  YIELDS  AND  SURFACE  RUNOFF 
FROM  SIX  TYPES  OF  AGROFORESTRY  AT 
MAE-KLONG  WATERSHED  RESEARCH  STA- 
TION, KANCHANABURI,  THAILAND. 

Royal  Forest  Dept.,  Bangkok  (Thailand).  Water- 
shed Management  Div. 
P.  Saengkoovong. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  261.  1  tab. 

Descriptors:  'Agronomy,  'Erosion,  'Forestry, 
•Land  use,  *Sediment  yield,  *Soil  erosion,  'Sur- 
face  runoff,  'Thailand,  Agriculture,  Canopy  cover, 
Comparison  studies,  Plant  growth,  Root  develop- 
ment. 

Sediment  yields  and  surface  runoff  were  measured 
from  sample  plots  with  six  types  of  agroforestry  at 
Mae-klong  Watershed  Research  Station,  Kanchan- 
aburi,  Thailand.  The  data  indicate  that  canopy 
cover,  root  area,  height  of  plant,  growth  rate,  and 
shape  of  plant  influenced  soil  and  water  losses 
from  sample  plots.  Sediment  yields  (in  kg/ha/yr) 
and  surface  runoff  (in  cubic  m/ha/yr)  for  the  six 
types  of  agroforestry  were  as  follows:  (1)  Azadir- 
achta  indica  and  cotton,  3930  and  890;  (2)  Parkia 
javanica  and  corn,  3860  and  870;  (3)  Eucalyptus 
camaldulensis  and  cotton,  3390  and  1290;  (4)  Euca- 
lyptus camaldulensis  and  com,  3220  and  1240;  (5) 
Leucaena  leucocephala,  corn  and  millet,  2630  and 
860;  and  (6)  Parkia  javanica,  field  rice,  and  cotton, 
2010  and  710.  (See  also  W91-06570)  (Brunone- 
PTT) 
W9 1-06605 


TEST  OF  A  SURFACE  RUNOFF  AND  SOIL 
EROSION  MODEL  FOR  FOREST  ROAD  SUR- 
FACES. 

Washington  Univ.,  Seattle.  Coll.  of  Forest  Re- 
sources. 

W.  Zhang,  and  T.  W.  Cundy. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  263-264.  1  fig,  4  ref. 

Descriptors:  'Cohesionless  soils,  'Erosion,  'For- 
ests, 'Mathematical  models,  'Model  studies, 
•Roads,  'Soil  erosion,  'Surface  runoff,  Flumes, 
Hydrographs,  Prediction,  Sediment  discharge, 
Sediment  transport. 

A  physically  based  mathematical  model  of  surface 
runoff  and  soil  erosion  on  a  plane  with  cohesion- 
less  soil  is  presented,  which  has  been  calibrated  and 
tested  for  both  steady  flow  and  unsteady  flow  in 
flume  experiments.  For  each  run,  the  hydrograph 
and  sediment  discharge  data  were  collected  for 
entire  rainfall  runoff  event.  The  simulated  results 
from  both  uniform  and  mixture  size  versus  the 
observed  data  show  poor  to  fairly  good  agreement 
for  the  three  runs  on  1.2%  slope  and  good  agree- 
ment for  the  runs  on  the  slope  angles  of  6.3  to 
12.3%.  Comparison  of  the  results  predicted  by  the 
model  and  observed  data  indicate  that  the  model 


gave  very  good  predictions  for  sediment  transport. 
Since  the  model  was  developed  under  the  assump- 
tion of  an  infinite  supply  of  non-cohesive  soil,  it 
gave  poor  predictions  for  sediment  transport  on 
some  of  the  lightly  used  and  moderately  used 
roads,  where  a  limited  supply  of  sediment  existed 
at  the  surface.  Therefore,  application  of  the  model 
requires  incorporation  of  the  sediment  supply  re- 
sulting from  actual  or  anticipated  road  use.  (See 
also  W9 1-06570)  (Brunone-PTT) 
W9 1-06606 


ESTIMATING  DISCHARGE  AND  SEDIMENT 
YIELD  FROM  A  FOREST  ROAD. 

Kyoto  Univ.  (Japan).  Dept.  of  Forestry. 
Y.  Fukushima. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  265-266.  3  fig,  1  tab,  3  ref. 

Descriptors:  'Erosion,  'Forests,  'Roads,  'Sedi- 
ment yield,  'Soil  erosion,  Drainage,  Landslides, 
Prediction,  Rainfall,  Rainfall-runoff  relationships, 
Road  construction,  Roughness,  Runoff,  Soil  con- 
servation, Soil  properties. 

A  forest  road  is  used  not  only  for  the  transporta- 
tion of  harvested  wood,  but  also  for  the  manage- 
ment of  the  forest.  Soil  conservation  problems 
include  erosion  on  the  road  surface  and  landsliding 
from  fill  banks  caused  by  road  drainage.  Discharge 
and  sediment  yield  from  a  forest  road  for  one  year 
at  two  observation  sites  were  investigated.  The 
ratios  of  direct  runoff  to  rainfall  amount  were  high 
at  both  sites.  The  Manning's  equivalent  roughness 
was  calculated  at  N  =  0.05,  using  the  kinematic 
wave  method.  These  results  indicate  that  if  rainfall 
conditions  and  soil  properties  are  known,  surface 
discharge  and  sediment  yield  can  be  predicted  for 
forest  roads.  Such  estimates  would  be  useful  for 
the  planning  of  cross  drains  for  forest  roads.  (See 
also  W91-O6570)  (Brunone-PTT) 
W9 1-06607 


EROSIONAL  EFFECTS  OF  ROAD  CONSTRUC- 
TION IN  PI-LU  EXPERIMENTAL  WATER- 
SHED. 

Thu-Thai  Associates,  Inc.,  Taipei  (Taiwan). 
Y.  L.  Lin. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  267-268.  1  tab,  2  ref. 

Descriptors:  'Erosion,  'Road  construction,  'Sedi- 
ment yield,  'Taiwan,  Channels,  Check  dams, 
Forest  watersheds,  Sediment  sampler,  Sedimenta- 
tion, Watersheds,  Weirs. 

The  effects  of  road  construction  were  tested  on 
sediment  yield  in  a  headwater  conservation-forest 
watershed  in  central  Taiwan.  Pi-Lu  Experimental 
Watershed  is  located  in  the  middle  of  the  central 
mountain  range  of  Taiwan.  Sediment  trapped  in 
the  weirs  at  the  mouth  of  the  two  subbasins  was 
collected  and  weighed  for  four  years  before  com- 
mencing road  construction.  The  road  was  built 
along  the  2600  m  above  mean  sea  level  contour 
within  the  watershed.  At  the  same  time,  18  check 
dams  were  installed  in  various  segments  of  chan- 
nels within  the  watersheds.  Sediment  deposited  in 
the  weirs  and  check  dams  after  the  beginning  of 
road  construction  was  collected  and  volumes  were 
estimated.  Road  construction  did  not  significantly 
change  the  average  annual  amount  of  sediment 
trapped  in  the  weirs.  Road  construction  excavated 
54,574  cub  m  of  the  spoils,  of  which  18,795  cu  m  or 
34%  were  retained  in  check  dams  during  6  years  of 
observation.  The  rock  debris  that  did  not  reach  the 
channels  could  be  a  potential  source  of  sediment  in 
the  future.  (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06608 


EROSION  AND  SEDIMENT  TRANSPORT  BY 
WINDTHROW  IN  A  MOUNTAIN  BEECH 
FOREST,  NEW  ZEALAND. 

Louisiana  Tech  Univ.,  Ruston.  Dept.  of  Geosci- 
ences. 
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S.  F.  Burns,  and  P.  J.  Tonkin. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  269-270.  3  ref. 

Descriptors:  'Erosion,  'Forests,  'New  Zealand, 
•Sediment  transport,  *Wind  erosion,  *Windthrow, 
Mound  topography,  Plant  growth,  Root  develop- 
ment, Sediment  yield,  Soil  movement. 

Windthrow,  the  uprooting  of  trees  by  wind,  is  the 
dominant  forest  regeneration  process  in  many 
beech  forests  in  New  Zealand.  A  three  part  study 
investigated  windthrow  effects  on  soil  distribution, 
root  ecology,  and  sediment  transport  in  a  virgin 
forest.  At  the  study  sites  of  recent  windthrow 
activity,  the  dimensions  of  the  earth  balls,  pits,  and 
the  diameter  at  breast  height  (DBH)  were  record- 
ed. At  sites  of  ancient  windthrow  activity,  the 
three-dimensional  measurements  of  the  pits  and 
mounds  and  their  percent  of  coverage  of  the  forest 
floor  were  noted.  At  the  recent  windthrow  sites, 
there  are  statistically  significant  relationships  be- 
tween the  size  of  the  tree,  as  determined  by  DBH, 
the  volume  of  the  earth  ball,  and  the  dimensions  of 
the  resulting  pits  and  mounds.  Pit  and  mound 
topography  was  absent  from  northwest-facing 
slopes  and  sites  near  treeline.  Using  forest  regen- 
eration values  of  100  to  280  years,  ranges  of  sedi- 
ment transport  rates  have  been  calculated  as  equiv- 
alent to  a  sheet  of  debris  1 1  to  13  mm  thick  moving 
down  the  slope  1.3  to  1.8  m.  Therefore,  in  the  last 
8000  years  since  deglaciation,  this  layer  has  moved 
35  to  145  m.  The  resulting  sediment  yield  from 
windthrow  is  0.4  to  1.3  cu  m/km/yr,  which  is 
more  than  three  orders  of  magnitude  less  than 
nearby  slopes  where  grasses  and  shrubs  have  in- 
vaded after  the  forest  was  removed.  (See  also 
W9 1-06570)  (Bninone-PTT) 
W9 1-06609 


W91-06610 


SEDIMENTOLOGICAL  APPROACH  TO  EX- 
AMINING SEDIMENTS/SOILS  ON  HILLS- 
LOPES:  EXAMPLES  FROM  PAPUA  NEW 
GUINEA  AND  AUSTRALIA. 

Papua  New  Guinea  Univ.,  Port  Moresby.  Dept.  of 
Geography. 
G.  S.  Humphreys. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  271-272.  1  ref. 

Descriptors:  *Australia,  *Papua  New  Guinea,  *Se- 
dimentology,  'Slopes,  'Soil  genesis,  Field  tests, 
Runoff,  Sandstones,  Soil  profiles,  Soil  structure, 
Soil  texture,  Stratigraphy,  Subsoil,  Surface  mound- 
ing. 

Two  sites,  contrasting  in  tectonic  and  environmen- 
tal setting  and  lithology,  are  used  to  show  that  a 
sedimentological  approach  to  soil  stratigraphy, 
combined  with  an  evaluation  of  contemporary 
process  studies,  is  useful  in  determining  the  origin 
of  soils  on  hillslopes.  At  monsoonal  Port  Moresby, 
Papua  New  Guinea,  hillslope  deposits  have  been 
examined  on  5  to  45  degree  slopes  formed  on 
steeply  dipping  and  thrust-faulted  mudstones.  Near 
Sydney,  Australia,  hillslope  deposits  have  been 
examined  on  0  to  25  degree  slopes  formed  on 
dissected,  flat-lying  quartzose  sandstones.  By  map- 
ping the  distribution  of  soil  materials  in  the  land- 
scape in  terms  of  layers  and  not  soil  profiles,  both 
sites  display  (a)  an  unconformable  relationship  be- 
tween a  coarser  textured  upper  layer  and  a  subsoil, 
(b)  the  existence  of  proximal  and  distal  facies  in  the 
upper  layer,  (c)  sedentary  nature  of  the  subsoil 
inherited  directly  from  the  bedrock.  Field  experi- 
ments show  that  a  combination  of  rainwash  and 
biologically  induced  surface  mounding  is  responsi- 
ble for  mobility  at  the  Sydney  site,  whereas  soil 
creep  and  other  mass  movement  processes  are  of 
negligible  importance.  At  the  Port  Moresby  site, 
shallow  debris  avalanching  combined  with  rain- 
wash  and  biological  activity  appear  to  be  impor- 
tant in  explaining  the  formation  of  the  sediment 
wedge  and  contemporary  movement  in  the  near 
surface  layer  or  topsoil;  soil  creep  in  the  form  of 
plastic  deformation  appears  important  at  or  near 
the  interface.  (See  also  W9 1-06570)  (Brunone- 
PTT) 


POSTFIRE  SEDIMENT  MOVEMENT  BY 
DEBRIS  FLOWS  IN  THE  SANTA  YNEZ 
MOUNTAINS,  CALIFORNIA. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Riverside,  CA. 

W.  G.  Wells,  P.  H.  Wohlgemuth,  A.  G.  Campbell, 
and  F.  H.  Weirich. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  275-276.  1  ref. 

Descriptors:  *California,  *Debris  flow,  *Erosion, 
•Fire  effects,  •Geomorphology,  •Sediment  trans- 
port, 'Sedimentation,  Channel  deposition,  Dis- 
criminant analysis,  Flow  rates,  Morphometry, 
Rainfall  intensity,  Santa  Ynez  Mountains,  Seasonal 
variation. 

In  coastal  southern  California,  erosion  and  sedi- 
mentation increase  by  an  order  or  magnitude  or 
more  after  fire.  The  Wheeler  Fire  of  July,  1985, 
which  burned  a  large  area  of  the  Santa  Ynez 
Mountains  in  Ventura  and  Santa  Barbara  Counties, 
provided  an  opportunity  to  investigate  postfire 
erosion  and  sediment  transport  processes  in  a  dif- 
ferent environmental  setting.  During  the  rainy 
season,  reconnaissance  surveys  and  examinations  of 
fresh  channel  deposits  were  used  to  evaluate  debris 
flow  occurrences  in  109  basins  throughout  the 
burned  area.  The  morphometry  analysis  of  topo- 
graphic maps  provided  the  drainage  area,  relief 
ratio,  elongation  ratio  and  drainage  density  of  these 
109  basins.  The  relationship  of  these  morphometric 
parameters  to  debris  flow  occurrences  was  then 
evaluated  using  discriminant  analysis.  Results  of 
the  debris  flow  reconnaissance  surveys  indicate 
that  71  of  109  basins  experienced  at  least  one  debris 
flow  during  the  winter  rainy  season.  These  debris 
flows  occurred  in  response  to  relatively  low  rain- 
fall intensities.  Results  of  the  discriminant  analysis 
suggest  that  debris  flow  occurrence  had  a  positive 
relationship  with  relief  ratio  and  a  negative  rela- 
tionship with  basin  area.  Debris  flows  are  a 
common  mode  of  postfire  sediment  transport  in 
southern  California.  In  the  Santa  Ynez  Mountains 
they  tended  to  be  associated  with  the  smaller  and 
steeper  watersheds.  An  important  feature  of  these 
debris  flows  is  that  they  did  not  require  high 
rainfall  intensities  normally  associated  with  debris 
flow  occurrence.  (See  also  W9 1-06570)  (Brunone- 
PTT) 
W91-06611 


POSTFIRE  RESPONSE  OF  A  BOULDER-BED 
CHANNEL. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Riverside,  CA. 

A.  G.  Campbell,  P.  M.  Wohlgemuth,  and  W.  G. 
Wells. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  277-278.  1  fig,  1  ref. 

Descriptors:  *Boulder-bed  streams,  *California, 
•Erosion,  *Fire  effects,  'Flow  rates,  'Santa  Ynez 
River,  Aggradation,  Catchment  basins,  Channel 
morphology,  Precipitation,  Scour,  Slope  degrada- 
tion, Slopes,  Surface  runoff. 

Following  brushfires  in  southern  California  stee- 
plands,  peak  discharges  increase  substantially,  and 
hillslope  erosion  processes  are  greatly  accelerated. 
To  investigate  the  post-fire  response  of  a  boulder- 
bed  channel  in  southern  California,  a  study  was 
initiated  in  a  4  sq  km  portion  of  the  Santa  Ynez 
River  drainage  basin  that  burned  in  the  disastrous 
Wheeler  Fire  of  July  1985.  Four  representative 
channel  reaches  were  selected,  and  four  to  six 
cross  sections  were  established  at  20  m  intervals  in 
each  for  a  total  of  20  cross  sections.  A  sequence  of 
fill  and  scour  occurred  at  most  of  the  cross  sec- 
tions. The  early  storms  produced  aggradation, 
while  later  storms  resulted  in  degradation.  This 
pattern  of  fill  and  scour  may  be  related  to  changing 
hillslope  erosion  rates  and  variations  in  precipita- 
tion. Although  the  general  pattern  of  channel  re- 
sponse was  aggradation  followed  by  degradation, 


the  response  at  individual  cross  sections  varied. 
During  a  given  runoff  event,  cross  sections  in  close 
proximity  behaved  differently;  certain  cross  sec- 
tions aggraded  while  others  scoured.  In  summary, 
the  post-fire  response  of  this  channel  may  have 
been  related  to  changing  erodibility  of  slopes  that 
were  actively  recovering,  variations  in  precipita- 
tion, and  the  distribution  of  boulders  along  the 
stream  channel.  (See  also  W91-06570)  (Brunone- 
PTT) 
W9 1-066 12 


RELATIONSHIPS  BETWEEN  CHANNEL 
MORPHOLOGY,  UNIT  STREAM  POWER, 
AND  SEDIMENT  ROUTING  AND  STORAGE 
IN  A  STEEP,  BEDROCK  CONTROLLED 
CHANNEL. 

California  Univ.,  Santa  Barbara.  Dept.  of  Geologi- 
cal Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-066 13 


TEMPORAL  AND  SPATIAL  VARIABILITY  OF 
SEDIMENT  STORAGE  AND  EROSION  IN  ASH 
CREEK,  ARIZONA. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Earth 
Resources. 

M.  D.  Harvey,  J.  Pitlick,  and  J.  Laird. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  281-282.  2  ref. 

Descriptors:  *Arizona,  *Ash  Creek,  *Channel  stor- 
age, 'Erosion,  'Sediment  transport,  'Sedimenta- 
tion, 'Spatial  distribution,  'Temporal  variation, 
Alluvial  fans,  Catchment  basins,  Dendrochrono- 
logy, Field  tests,  Flow  rates,  Semiarid  lands, 
Streamflow,  Wolman  counts. 

A  2868  m  long  reach  of  Ash  Creek  in  Arizona  was 
studied  to  determine  the  temporal  and  spatial  vari- 
ability of  sediment  routing  in  a  stream  draining  a 
semi-arid,  chaparral-vegetated,  drainage  basin. 
Topographic  surveys  of  the  study  reach  were 
made  in  March  and  August,  1986.  Eight  cross 
sections  were  surveyed,  and  sediment  samples 
were  collected  from  the  terraces  and  in  the  alluvial 
reach.  Wolman  counts  were  made  in  the  cobble- 
and-boulder  bedded  reach.  Tree  ages  fall  into  two 
groups  (67  to  51  years,  and  26  to  5  years)  which 
represent  two  cycles  of  degradation.  Unlike  ero- 
sion of  many  arroyo  fills  in  the  southwestern  US, 
the  sediment  stored  in  Ash  Creek  has  been  re- 
moved by  a  downstream  progression  of  erosion. 
Dendrochronologic  data  show  the  degradation 
period  of  a  2.8  km  reach  was  on  the  order  of 
several  decades.  (See  also  W9 1-06570)  (Brunone- 
PTT) 
W9 1-066 14 


SEDIMENT  TRANSPORT  AND  DEPOSITION 
BY  FIRE-RELATED  DEBRIS  FLOWS  IN 
SOUTHERN  CALIFORNIA. 

California  Univ.,  Los  Angeles.  Dept.  of  Geogra- 
phy. 

F.  H.  Weirich. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  283-284. 

Descriptors:  'California,  'Debris  flow,  'Fire  ef- 
fects, 'Reservoirs,  'Sediment  distribution,  'Sedi- 
ment transport,  'Turbidity  currents,  Flow  rates, 
Hydraulic  jump,  Lakes,  Sediment  sampler,  Sedi- 
ment yield. 

While  fire-related  debris  flows  have  been  the  sub- 
ject of  extensive  investigation,  detailed  process 
data  is  still  lacking.  The  subaerial  and  subaqueous 
transport  and  deposition  of  sediment  by  fire-related 
flows  was  investigated  in  a  series  of  sub-basins  and 
reservoirs  within  the  San  Dimas  Experimental 
Forest  near  Los  Angeles.  The  streams  emerging 
from  each  of  the  six  basins  were  instrumented  with 
newly  designed,  continuous  record,  sediment  con- 
centration sensors  as  well  as  conventional  flow  and 
temperature  sensors.  In  agreement  with  other  stud- 
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ies,  fire-related  debris  flows  may  be  initiated  after 
only  moderately  intense  rainfalls.  Once  initiated, 
the  relatively  fluid  flows  move  with  velocities  on 
the  order  of  4  to  8  m/sec  down  the  channels  and  in 
some  cases  reach  the  reservoirs  themselves.  The 
sediment  concentrations  of  the  flows,  measured 
continuously,  exceed  60%  by  weight.  These  same 
debris  flows  are  able  to  move  subaqueously  sub- 
stantial distances  across  the  floor  of  the  reservoir. 
In  some  cases  the  flows  undergo  subaqueous  hy- 
draulic jumps  resulting  in  the  conversion  to  turbid- 
ity currents  with  the  subsequent  rapid  outfall  of 
large  amounts  of  sediment.  The  actual  subaqueous 
run-out  distance  of  the  flows  and  depositional  pat- 
tern is  controlled  by  the  location  of  the  hydraulic 
jump.  These  results  provide  a  better  understanding 
of  fire-related  sediment  yields  and  deposition  proc- 
esses in  lakes  and  reservoirs.  (See  also  W9 1-06570) 
(Brunone-PTT) 
W9 1-066 15 


OVERVIEW:  CHANNEL  MORPHOLOGY  AND 
SEDIMENT  TRANSPORT  IN  STEEPLAND 
STREAMS. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Areata,  CA. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-066 16 


INITIAL  MOTION  OF  COARSE  SEDIMENT  IN 
STREAMS  OF  HIGH  GRADIENT. 

Washington  Univ.,  Seattle.  Dept.  of  Geophysics. 
P.  L.  Wiberg,  and  J.  D.  Smith. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  299-308.  4  fig,  1  tab,  11  ref. 

Descriptors:  'Boundary  processes,  'Mathematical 
models,  'Model  studies,  'Sediment  transport, 
•Shear  stress,  'Streams,  Eddy  coefficient,  Field 
tests,  Flow  rates,  Particle  size,  Size  distribution. 

A  method  for  calculating  the  boundary  shear  stress 
necessary  to  set  clasts  of  various  sizes  in  motion  is 
presented  for  steep  mountain  streams,  a  situation  in 
which  the  Shields  technique  breaks  down.  Critical 
shear  stress  is  calculated  from  a  balance  of  forces 
acting  on  a  sediment  particle  at  the  bed,  in  which 
an  appropriate  velocity  profile  and  the  effects  of 
mixed  grain  sizes  are  explicitly  included.  An  algo- 
rithm for  estimating  the  most  probable  velocity 
structure  in  flows  with  large  obstacles  produces 
quasi-linear  velocity  profiles  that  yield  reasonable 
critical  shear  stress  values  when  incorporated  in 
the  force  balance  equation.  Further  refinement  re- 
quires first  making  careful  field  measurements  of 
flow  depths,  velocity  fields,  and  particle  size  distri- 
butions simultaneously  in  some  steep,  coarse- 
bedded  streams  so  that  the  proper  eddy  coefficient 
characterizing  these  flows  can  be  determined.  In 
addition,  field  measurements  for  the  estimation  of 
critical  shear  stress  should  include  information 
about  the  size  distribution  present  on  the  bed  and 
the  estimated  flow  depth  at  the  time  of  initial 
motion.  (See  also  W9 1-06570)  (Brunone-PTT) 
W91-06617 


CRITICAL  CONDITIONS  FOR  BED  MATERI- 
AL MOVEMENT  IN  STEEP,  BOULDER-BED 
STREAMS. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 
Civil  Engineering. 
J.  C.  Bathurst. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  309-318.  4  fig,  2  tab,  15  ref.  NATO  Grant 
092/84. 

Descriptors:  'Bed-load  discharge,  'Boulder-bed 
streams,  'Particle  size,  Channel  morphology,  Field 
tests.  Flow  rates,  Mathematical  analysis,  Mountain 
streams.  Sediment  transport,  Shear  stress. 

In  bed  materials  with  nonuniform  size  distribu- 
tions, particles  smaller  than  a  particular  reference 
size  are  relatively  difficult  to  move  while  particles 
larger  are  relatively  easy  to  move.  In  addition,  at 
steep  slopes,  the  critical  conditions  for  movement 


are  best  predicted  by  an  approach  based  on  water 
discharge  rather  than  the  Shields  shear  stress. 
These  two  conditions  are  combined  empirically  to 
form  a  method  of  calculating  critical  unit  water 
discharge  for  particle  movement  in  steep  channels 
with  coarse  nonuniform  bed  material.  The  relation- 
ship between  particle  size  and  critical  unit  water 
discharge  was  evaluated  using  field  data  and  is 
found  to  vary  with  bed  material  size  distribution. 
The  reference  diameter  is  of  the  order  of  bed 
material  D50  size.  An  independent  test  of  the  rela- 
tionships indicates  good  results  if  the  unit  water 
discharge  is  based  on  the  active  width  for  bed  load 
transport  rather  than  on  flow  width.  (See  also 
W9 1-06570)  (Author's  abstract) 
W9 1-066 18 


MODELLING  BED-LOAD  TRANSPORT  IN 
STEEP  MOUNTAIN  STREAMS. 

Ministry  of  Works  and  Development,  Lower  Hutt 
(New  Zealand).  Central  Labs. 
J.  G.  Whittaker. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  319-332.  7  fig,  17  ref. 

Descriptors:  'Bed-load  discharge,  'Channel  mor- 
phology, 'Model  studies,  'Mountain  streams, 
•Sediment  transport,  Bed  load,  Channel  scour, 
Geomorphology,  Pools. 

Steep  mountain  streams  often  exhibit  a  characteris- 
tic step-pools  structure,  which  itself  gives  rise  to 
the  distinctive  tumbling  flow  pattern.  Bed-load 
transport  processes  in  such  streams  are  strongly 
linked  to  the  bed  configuration.  Typically  derived 
from  limited  input  sites,  bed  load  tends  to  move 
through  the  stream  system  as  waves.  Step-pools 
streams  were  modelled  and  clear  water  scour  and 
sediment  transport  processes  studied.  Results  were 
used  to  develop  an  equation  for  predicting  sedi- 
ment transport  rates  in  step-pool  streams.  Difficul- 
ties exist  in  applying  the  step-pool  equation  to 
prototype  streams,  largely  because  of  differences 
between  the  prototype  stream's  geomorphology 
and  the  structure  of  the  laboratory  idealization. 
Despite  the  error  that  will  result  in  field  applica- 
tion of  the  equation,  its  field  application  offers 
distinct  advantages,  including  greater  accuracy 
than  methods  used  to  date.  The  applicability  of 
these  idealized  model  results  to  prototype  step- 
pool  streams  was  examined,  showing  that  work  is 
required  on  adapting  the  model  to  reflect  field 
conditions  more  correctly.  (See  also  W9 1-06570) 
(Brunone-PTT) 
W9 1-066 19 


BED  LOAD  TRANSFER  AND  CHANNEL  MOR- 
PHOLOGY IN  BRAIDED  STREAMS. 

Saskatchewan  Univ.,  Saskatoon.  Dept.  of  Geogra- 
phy. 

P.  Ashmore. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  333-341.  5  fig,  7  ref. 

Descriptors:  'Bed-load  discharge,  'Braided 
streams,  'Channel  morphology,  'Hydraulic 
models,  'Model  studies,  'Sediment  transport,  Ag- 
gradation, Channel  erosion,  Degradation,  Flow 
rates,  Photography,  Sedimentation,  Temporal  vari- 
ation. 

Observations  of  bed  load  transport  rates  in  hydrau- 
lic models  of  gravel  braided  streams  run  at  con- 
stant discharge  reveal  the  existence  of  regular  fluc- 
tuations in  the  transport  rate  with  periods  of  a  few 
hours.  This  periodicity  is  too  great  to  be  attributa- 
ble to  the  passage  of  individual  gravel  bars  or 
sheets.  Time-lapse  photography  and  channel  pat- 
tern measurements  reveal  that  an  increase  in  the 
bed  load  transport  rate  into  a  given  reach  causes 
local  aggradation,  increased  braiding  intensity, 
more  frequent  channel  avulsion  and  the  appear- 
ance of  groups  of  migratory  bars.  As  each  sedi- 
ment pulse  passes,  degradation  commences  and  a 
portion  of  the  deposit  sediment  is  removed  to 
another  aggradational  site  downstream.  The  pres- 
ence of  alternating  zones  of  diverging  and  con- 


verging flow  is  important  in  determining  the  loca- 
tion of  these  sites.  The  process  of  transfer  of  bed 
load  pulses  is  a  key  element  of  braided  river  me- 
chanics. (See  also  W9 1-06570)  (Author's  abstract) 
W9 1-06620 


INFLUENCE  OF  LARGE  ORGANIC  DEBRIS 
ON  CHANNEL  RECOVERY  IN  THE  QUEEN 
CHARLOTTE  ISLANDS,  BRITISH  COLUM- 
BIA, CANADA. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06621 


INFLUENCE  OF  RIVER  CHANNEL  MOR- 
PHOLOGY AND  SEDIMENT  PRODUCTION 
ON  RESIDENCE  TIME  AND  TRANSPORT 
DISTANCE. 

Hokkaido  Univ.,  Sapporo  (Japan).  Dept.  of  Forest- 
ry- 

F.  Nakamura,  T.  Araya,  and  S.  Higashi. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  355-364.  3  fig,  4  tab,  6  ref. 


Descriptors:  'Channel  morphology,  'Residence 
time,  'Rivers,  'Sediment  transport,  'Sedimenta- 
tion, Channel  erosion,  Channel  storage,  Erosion, 
Japan,  Mountain  streams,  Scour,  Spectral  analysis, 
Stream  beds. 

Transport  and  storage  processes  of  sediment  in  a 
river  channel  should  be  integrated  to  construct  a 
sediment  budget.  Residence  time  (tr)  and  erosion 
rate  (Fo),  which  were  evaluated  from  the  age 
distribution  of  sedimentin  five  rivers  in  mountain- 
ous regions  of  Japan  were  considered  to  be  affect- 
ed by  river  channel  morphology  and  sediment 
production.  Sediment  transport  occurs  as  scouring 
and  deposition  takes  place  alternately  on  a  river- 
bed, with  the  resultant  formation  of  waves.  Assum- 
ing that  a  dominant  wavelength  found  by  a  spec- 
tral analysis  equals  a  transport  distance  of  sediment 
(Dr),  then  Dr/tr  equals  a  transport  distance  per 
year,  which  is  one  of  the  criteria  to  indicate  a 
characteristic  of  storage  and  transport  processes  of 
sediment.  Comparison  between  the  upper  and  the 
lower  reach  indicated  that  tr  and  Dr  increase  with 
an  increase  in  distance  from  upstream.  (See  also 
W91-06570)  (Author's  abstract) 
W9 1-06622 


GEOMORPHIC  INFLUENCES  ON  SEDIMENT 
TRANSPORT  IN  THE  WILLAMETTE  RIVER. 

Oregon  State  Univ.,  Corvallis. 
P.  C.  Klingeman. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  365-374.  6  ref. 

Descriptors:  'Alluvial  channels,  'Channel  mor- 
phology, 'Geomorphology,  'Sediment  transport, 
•Willamette  River,  Bank  stabilization,  Bedrock, 
Channel  scour,  Channel  stability,  Gravel  mining, 
Meanders,  Reservoirs,  Riprap,  Scour,  Sediment 
deposition,  Stream  banks,  Streambeds,  Tributaries. 

The  Willamette  River  in  Oregon  and  the  down- 
stream reaches  of  all  of  its  tributaries  have  alluvial 
channels  that  consist  of  material  quite  susceptible 
to  scour,  transport  and  redeposition.  The  sediment 
transport  regime  is  highly  dynamic,  simultaneously 
reflecting  past  and  present  influences  that  have 
residual  effects  measurable  in  years  or  decades. 
The  Willamette  River  streambed  is  well  armored 
and  stable  for  most  river  discharges.  Consequently, 
the  downstream  movement  of  main-stem  Willam- 
ette River  bed  material  appears  to  be  quite  limited. 
Major  natural  influences  include  the  river's  recent 
geological  history,  meandering,  natural  streambed 
armoring,  constraints  on  bedform  development  due 
to  natural  channel  constrictions,  and  the  presence 
of  bedrock  outcrops  and  old  cemented  gravels. 
Major  human  influences  include  bank  stabilization 
revetments,  gravel  mining  activities,  and  upstream 
reservoir  regulation.  Together,  these  influences  are 
modifying  the  Willamette's  channel   morphology 
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and  sediment  transport  regime.   (See  also  W91- 

06570)  (Brunone-PTT) 

W91-06623 

NEW    MODELS    OF    HYDROLOGICAL    AND 
STREAM  CHANNEL  RELATIONSHIPS. 

Washington  State  Univ.,  Pullman. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06624 


HYDRAULICS  AND  TRANSPORT  AT  HIGH 
FINE  SEDIMENT  LOADS. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 
Engineering. 

J.B.Bradley.  ,„.<.„ 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  385-386.  2  fig,  4  ref. 

Descriptors:  'Hydraulic  models,  'Model  studies, 
•Particle  size,  *Sediment  transport,  'Suspended 
load,  Bed-load  discharge,  Boundary  processes, 
Flow  characteristics,  Flow  rates,  Flumes,  Hydrau- 
lic properties,  Laboratory  methods,  Mudflows. 

The  presence  of  high  fine  suspended  sediment  con- 
centration can  affect  stream  hydraulics  and  sedi- 
ment transport  capacity.  A  laboratory  study  was 
conducted  for  steady  uniform  flow  using  high  con- 
centrations of  viscous  bentonite  as  washload,  and 
sand  as  bedload.  This  flume  study  included  turbu- 
lent sediment-laden  or  hyperconcentrated  flow 
runs,  and  two  laminar  mud  flow  runs.  The  turbu- 
lent-laminar transition  can  be  determined  for  such 
flows  using  a  friction  factor-Reynolds  number- 
yield  stress  index  relationship.  Once  the  flow 
regime  is  determined,  laminar  or  turbulent  resist- 
ance equations  may  be  applied.  In  the  fixed  bed 
runs,  vertical  sand  distributions  were  supply-limit- 
ed and  uniform  in  nature.  The  mobile  dune  and 
plane  bed  runs  had  comparable  'Z'  values  for  meas- 
ured and  computed  cases  in  turbulent  hypercon- 
centrated flows.  Computed  values  were  developed 
from  the  Rouse  equation,  using  a  modified  fall 
velocity  to  reflect  changes  in  fluid  properties. 
Flume  data  which  differ  in  unit  transport  two 
orders  of  magnitude  can  be  classed  in  three  general 
categories.  The  clear  water  and  clay  cemented 
dune  runs  give  the  lowest  transport  rate,  followed 
by  plane  bed,  low  fines  concentration  unit  dis- 
charges. Laminar  mud  flow  give  the  highest  rate. 
(See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06625 


RESPONSE  OF  BED  TOPOGRAPHY  TO  IN- 
CREASED BED  LOAD,  FALL  RIVER,  COLO- 
RADO. ,  ^  ■_ 
Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Earth 
Resources. 

D.  J.  Anthony,  and  M.  D.  Harvey. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  387-388.  2  ref. 

Descriptors:  'Bed  load,  *Bed-load  discharge, 
•Braided  streams,  'Channel  morphology,  'Colora- 
do, 'Meanders,  'Sediment  transport,  Dam  failure, 
Fall  River,  Flow  rates,  Runoff,  Seasonal  distribu- 
tion, Thalweg. 

A  major  increase  in  the  amount  of  bed  load  sup- 
plied to  a  meandering  stream  would  be  expected  to 
cause  a  shift  from  meandering  to  a  braided  plan- 
form.  Such  an  increase  occurred  after  the  Lawn 
Lake  Dam  failure  of  July  15,  1982  in  Fall  River,  a 
meandering  stream  located  in  Rocky  Mountain 
National  Park.  Some  reaches  of  this  river  now  do 
display  a  braided  pattern,  but  other  reaches  appear 
to  have  adjusted  to  the  1000-fold  increase  in  bed 
load  by  more  subtle,  internal  adjustments  of  cross 
sectional  geometry.  This  channel  has  shown  a  re- 
markable change  in  cross  section  geometry  during 
the  1986  snowmelt-fed  runoff  season.  Cross  sec- 
tions measured  at  high  flows  in  June  were  typically 
asymmetric,  as  expected  in  a  meandering  river. 
The  most  distinct  feature  of  the  velocity  compo- 
nents was  the  helical  flow  cell  that  developed  in 
each  bend.  During  the  falling  stage,  the  width/ 


depth  ratio  increased.  This  shallowing  was  accom- 
panied by  a  weakening  of  the  helical  flow  cell,  so 
that  the  thalweg  was  no  longer  swept  clean.  In  this 
mobile  channel,  with  its  abundant  sediment  supply, 
bed  topography  is  a  function  of  the  strength  of  the 
helical  flow  cell,  which  in  turn  is  controlled  by 
discharge  level.  (See  also  W9 1-06570)  (Brunone- 
PTT) 
W9 1-06626 

INCISED  CHANNEL  AND  TERRACE  FORMA- 
TION NEAR  MOUNT  ST.  HELENS,  WASHING- 
TON. 

Eton  Coll.,  Windsor  (England).  Dept.  of  Geogra- 
phy. 

A.  D.  M.  Paine,  D.  F.  Meyer,  and  S.  A.  Schumm. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  389-390.  1  fig,  3  ref. 

Descriptors:  'Channel  erosion,  'Erosion,  'Mount 
St  Helens,  'Sediment  transport,  'Terracing, 
•Washington,  Ash,  Avalanches,  Avulsion,  Bank 
erosion,  Channel  morphology,  Consolidation  sedi- 
mentation, Geomorphology,  Gully  erosion,  Slope 
degradation,  Storms,  Tributaries,  Volcanoes. 

Incision  of  a  channel  into  unconsolidated  volcani- 
clastic  deposits  at  Mount  St.  Helens  illustrates  both 
the  interdependence  of  fluvial  system  components 
and  the  influence  of  bed  and  bank  materials  on 
erosion  rates.  Pumping  to  stabilize  the  level  of 
Spirit  Lake  discharged  water  at  a  constant  rate  of  5 
cu  m/sec  between  November  1982  and  August 
1983.  The  water  flowed  across  and  incised  a  chan- 
nel into  unvegetated  ash  and  debris-avalanche  de- 
posits which  were  locally  50  to  150  m  thick.  The 
initial  channel  was  a  series  of  shallow,  discontinu- 
ous gullies.  Rapid  erosion  occurred  close  to  the 
pump  outlet,  and  the  channel  incised  7. 1  m  during 
the  first  17  days  of  pumping  before  an  armor 
developed.  Incision  was  accompanied  by  some 
large  bank  failures  of  hot  pyroclastic-flow  deposits 
which  caused  phreatic  explosions.  Impressive 
flights  of  terraces  were  formed  during  channel 
incision.  Survey  data  and  stratigraphic  evidence 
suggest  four  causes  of  terrace  formation:  channel 
rejuvenation  caused  by  avulsion;  variations  in  the 
erodibility  of  bed  and  bank  material;  episodic 
inputs  of  sediment  from  rejuvenated  tributaries 
during  storms;  and,  major  bank  collapses  that  tem- 
porarily choked  the  channel.  Rate  and  type  of 
channel  incision  were  controlled  by  three  main 
factors:  erodibility  of  bed  and  banks,  sediment 
supply  from  upstream,  and  rejuvenation  down- 
stream. (See  also  W91-06570)  (Brunone-PTT) 
W9 1-06627 

TRIBUTARY  ENTRENCHMENT  IN  RE- 
SPONSE TO  LOWERED  BASE  LEVEL  BELOW 
A  DAM.  , „     . 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Earth 
Resources. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06628 


minimum  quantity  of  water  necessary  to  protect 
the  outstanding  recreation,  aesthetic,  and  fishery 
values  that  made  Beaver  Creek  a  component  of  the 
Wild  Rivers  System,  and  (2)  to  recommend  a  legal 
strategy  to  protect  the  recommended  instream 
flow  regime.  Beaver  Creek  streamflows  were  syn- 
thesized using  regional  techniques,  indirect  meth- 
ods, and  direct  stream  gaging.  Hydraulic  geometry 
relationships  and  indirect  discharge  rating  curves 
were  developed  at  17  cross-sections.  Relationships 
between  bankfull  discharge  and  bankfull  width, 
depth,  velocity,  and  wetted  perimeter  were  also 
developed.  Beaver  Creek  Wild  River  channel 
slopes  range  from  0.30  to  0.03  percent  and  occur  in 
four  distinct  slope  classes.  Based  upon  the  bankfull 
hydraulic  geometry  relationships  and  descriptions 
of  channel  morphology,  uniform  10,  20  and  30% 
reductions  in  Beaver  Creek's  flood-frequency  rela- 
tionship will  result  in  corresponding  reductions  of 
5  9,  and  14%  in  bankfull  width,  depth  and  wetted 
perimeter.  (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06629 


DRAINAGE  BASIN  CHARACTERISTICS  AF- 
FECTING SEDIMENT  DISCHARGE  FROM 
STEEP  MOUNTAIN  BASINS. 

National  Research  Center  for  Disaster  Prevention, 
Sakura  (Japan). 
T.  Mizutani. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  397-398.  1  fig. 

Descriptors:  'Drainage  area,  'Erosion,  'Flow 
rates,  'Geomorphology,  'Japan,  'Mountain 
streams,  'Sediment  discharge,  'Sedimentation, 
Control  dams,  Gravity,  Rainfall  intensity,  Sedi- 
ment transport,  Sediment  yield,  Volcanoes. 

Topographical,  geological  and  rainfall  factors  af- 
fecting the  rate  of  sediment  discharge  from  steep 
mountain  basins  were  investigated  by  analyzing  the 
sedimentation  data  in  21  sediment  control  dams  in 
the  Northern  Kanto  area,  central  Japan.  The  most 
basic  topographical  factor  related  to  erosion  and 
sediment  transport  in  mountainous  regions  is  slope 
gradient  which  determines  the  component  of  grav- 
ity. By  analyzing  the  sedimentation  data  in  the  21 
dams  in  the  period  from  1952  to  1966  when  only  a 
few  small  dams  were  constructed  in  upper  reaches, 
equations  relating  mean  annual  volumetric  rate  of 
sedimentation  per  unit  drainage  area  (Q)  to  the 
mean  gradient  of  the  basin  were  derived.  Compar- 
ing the  proportional  constants,  the  rate  of  sediment 
yield  in  the  area  of  young  volcanic  bodies  is  about 
two  times  that  of  plutonic  rocks.  Significant  corre- 
lations are  obtained  between  Q  and  drainage 
density ,and  between  Q  and  valley  bed  slope  of  the 
upper  reach  of  dams.  The  maximum  3-hour  rainfall 
intensity  gives  the  greatest  effect  on  sediment 
yield.  (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06631 


PREDICTING  CHANNEL  RESPONSES  TO 
CHANGING  FLOW  REGIMES:  BEAVER 
CREEK,  ALASKA. 

Bureau  of  Land  Management,  Lakewood,  CO. 
Denver  Service  Center. 
W.  L.  Jackson,  and  B.  P.  Van  Haveren. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  393-394.  1  ref. 

Descriptors:  'Alaska,  'Channel  morphology, 
•Flood  frequency,  *Flow  rates,  •Geomorphology, 
Bankfull  stage,  Beaver  Creek,  Bed  load,  Fisheries, 
Hydraulic  geometry,  Meanders,  Oxbow  lakes,  Re- 
source management,  Rivers. 

Beaver  Creek  is  a  north-flowing  tributary  to  the 
Yukon  River  in  central  Alaska.  The  river  is  char- 
acterized by  a  gravel  and  cobble  bed,  numerous 
large  meanders,  oxbows,  sloughs,  bars,  and  multi- 
ple channels  on  certain  low-sinuosity  reaches.  In 
1986,  a  project  was  initiated  (1)  to  determine  the 


HYDROLOGICAL  REGIME  AND  FLUVIAL 
PROCESSES  IN  BASALTIC  MOUNTAINOUS 
AREAS. 

Haifa  Univ.  (Israel).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06632 

DISCHARGE  AND  SUSPENDED  SEDIMENT 
OF  THE  UPPER  NAN  RIVER,  NAN  PROV- 
INCE, THAILAND. 

Royal  Forest  Dept.,  Bangkok  (Thailand).  Water- 
shed Management  Div. 
W.  Jirasuktaveekul,  S.  Charoensuk,  and  S. 
Rouysungnern. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  401. 

Descriptors:  'Flow  rates,  'Sediment  discharge, 
•Stream  discharge,  'Suspended  load,  'Suspended 
sediments,  'Thailand,  'Upper  Nan  River,  Rainfall, 
Regression  analysis,  Seasonal  variation,  Sediment 
yield. 
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Field  2— WATER  CYCLE 

Group  2J — Erosion  and  Sedimentation 


Discharge  and  suspended  sediment  of  the  upper 
Nan  River,  one  of  four  main  streams  of  the  Chao- 
praya.  were  investigated  at  four  locations  south- 
ward along  the  main  stream  at  Chiang  Klang,  Tha 
Wangpha,  Muang  Nan,  and  Sa  stations.  The  rela- 
tionships between  discharge  and  rainfall,  suspend- 
ed sediment  and  rainfall,  as  well  as  discharge  and 
suspended  sediment,  were  analyzed.  The  maximum 
monthly  discharge  at  Chiang  Klang  and  Sa  was 
recorded  in  September  (169  and  582  cu  m/sec)  and 
at  Tha  Wangpha  and  Muang  Nan  in  August  (356 
and  430  cu  m/s).  The  minimum  monthly  discharge 
was  recorded  in  March  at  all  points  (15.9,  6.2,  21.4, 
and  32.1  cu  m/sec,  respectively).  Suspended  sedi- 
ment yield  at  Chiang  Klang,  Tha  Wangpha, 
Muang  Nan.and  Sa  was  50,000,  140,000,  180,000, 
and  220,000  tons/year,  respectively.  The  maximum 
monthly  suspended  sediment  yield  at  Chang 
Klang,  Tha  Wangpha, and  Muang  Man  occurred  in 
August  (213,000,  591,000,  and  975,000  tons,  respec- 
tively) but  occurred  in  September  at  Sa  (940,000 
tons).  The  maximum  suspended  sediment  per  unit 
area  was  477  tons/sq  km  at  Tha  Wangpha,  398 
tons/sq  km  at  Muang  Nan,  361  tons/sq  km  at 
Chiang  Klang,  and  only  258  tons/sq  km  at  Sa.  The 
minimum  suspended  sediment  yield  at  Chiang 
Klang  was  in  February  (571  tons),  at  Tha  Wang- 
pha and  Muang  Nan  in  March  (265  and  685  tons), 
and  at  Sa  in  April  (1700  tons).  Regression  analysis 
indicated  that  the  amount  of  rainfall  had  little 
influence  on  discharge  and  suspended  sediment. 
Discharge  was  found  to  have  the  greatest  influence 
on  suspended  sediment.  (See  also  W9 1-06570)  (Au- 
thor's abstract) 
W91-06633 


EFFECTS  OF  WOODY  DEBRIS  REMOVAL  ON 
SEDIMENT  STORAGE  IN  A  NORTHWEST 
CALIFORNIA  STREAM. 

Redwood  National  Park,  Orick,  CA. 
R.  Klein,  R.  Sonnevil,  and  D.  Short. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  403-404.  1  fig,  2  ref. 

Descriptors:  •California,  'Channel  storage, 
•Debris  removal,  'Sediment  transport,  'Stream 
order,  'Woody  debris,  Accumulation,  Aggrada- 
tion, Channel  morphology,  Fish  migration,  Flow 
rates,  Log  jam,  Model  studies,  Productivity,  Red- 
wood Creek,  Sedimentation,  Tributaries. 

Bridge  Creek,  a  fourth-order  tributary  to  Red- 
wood Creek,  drains  30  sq  km  of  forested,  moun- 
tainous terrain  in  the  Coast  Range  of  northern 
California.  Over  30  cross  sections  and  detailed 
thalweg  and  fill  terrace  surveys  through  the  lower 
2.4  km  of  Bridge  Creek,  combined  with  historical 
information,  were  utilized  to  estimate  pre-disturb- 
ance  and  post-disturbance  stored  sediment  vol- 
umes, as  well  as  annual  sediment  fluxes  since  1984. 
Presently  only  one  significant  woody  debris  accu- 
mulation exists  in  the  study  reach.  To  improve  the 
chances  of  a  fish  passage,  debris  was  removed  from 
the  top  of  the  log  jam  in  the  summer  of  1984. 
Headward  cutting  through  the  stored  sediments 
progressed  to  370  m  upstream  of  the  log  jam,  and 
caused  a  net  scour  of  930  cu  m.  Cross  sections 
further  upstream,  however,  indicated  a  strong 
trend  of  aggradation  increasing  in  a  downward 
direction.  To  estimate  sediment  loss  caused  by 
debris  removal  from  the  log  jam,  a  hypothetical 
volume  of  aggradation  was  calculated  by  extrapo- 
lating the  trend  of  net  aggradation  downstream 
through  the  reach  which  experienced  headward 
cutting.  Removal  of  woody  debris  from  streams 
draining  forested  steeplands  may  have  significant 
and  long-lasting  effects  on  channel  morphology 
and  subsequent  biological  productivity,  emphasiz- 
ing the  need  to  approach  management  of  woody 
debris  with  caution.  A  more  conservation  ap- 
proach of  partial  barrier  removal  warrants  consid- 
eration. (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06634 


STREAM  CHANNEL  RESPONSE  TO  THE  RE- 
MOVAL OF  LARGE  WOODY  DEBRIS,  LARRY 
DAMM  CREEK,  NORTHWESTERN  CALIFOR- 
NIA. 

California  Univ.,  Santa  Barbara.  Dept.  of  Geologi- 


cal Sciences. 

A.  Macdonald,  and  E.  A.  Keller. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  405-406.  4  fig. 

Descriptors:  'California,  'Channel  erosion,  'Chan- 
nel morphology,  'Debris  removal,  'Erosion, 
•Larry  Damm  Creek,  'Sedimentation,  'Woody 
debris,  Bedrock,  Channel  scour,  Flow  velocity, 
Resource  management,  Roughness,  Sinuous  flow, 
Thalweg,  Tributaries. 

The  removal  of  large  woody  debris  (LWD)  causes 
a  channel  form  controlled  by  the  remaining  ran- 
domly distributed  large  roughness  elements  (LRE); 
these  may  be  bends,  exhumed  or  newly  introduced 
woody  debris,  or  bedrock  outcrops.  In  Larry 
Damm  Creek  in  California,  the  net  result  of  re- 
moval of  large  woody  debris  (LWD)  accumula- 
tions has  been  the  evolution  of  the  channel  pattern 
towards  a  more  'alluvial'  state,  stabilized  by  bends 
at  bedrock  outcrops  and  woody-debris-defended 
banks.  To  examine  the  mechanisms  by  which 
LWD  controls  local  energy  expenditure.and  con- 
sequent patterns  of  water  depth,  velocity,  and  sedi- 
ment storage,  70  cu  m  of  LWD  were  removed 
from  Larry  Damm  Creek,  a  third-order  tributary 
in  the  Redwood  Creek  Watershed.  The  most  nota- 
ble effects  of  debris  removal  were  (1)  the  local 
increase  in  water  velocity  through  the  vicinity  of 
the  debris  jams  at  measured  discharges  as  a  result 
of  displaced  channel  roughness  and  decreased  sin- 
uosity of  the  low  flow  thalweg,  (2)  approximately 
100  cu  m  of  sediment  that  was  entrained  solely 
from  within  the  affected  reach  in  the  first  year 
after  debris  removal,  and  (3)  the  creation  or  deep- 
ening of  pools  at  bends  above  and  below  the  two 
debris  jams  at  the  expense  of  numerous  scour  pools 
within  the  jam.  A  sediment  routing  model  based  on 
measured  scour  and  fill  was  used  to  describe  the 
movement  of  fine-grained,  debris-stored  sediment 
into  new  storage  sites.  Channel  morphology  has 
stabilized  around  the  flowing  LRE's:  major  bends 
in  the  channel  above  and  below  the  former  loca- 
tion of  the  debris  jams,  sediment  deposits  associat- 
ed with  these  bends,  and  some  of  the  original 
debris-stored  sediment  that  was  stabilized  with 
vegetation  prior  to  channel  disturbance.  (See  also 
W9 1-06570)  (Brunone-PTT) 
W9 1-0663  5 


SLACKWATER    HABITAT   IN   TORRENT-IM- 
PACTED STREAMS. 

Oregon   State  Univ.,  Corvallis.   Dept.   of  Forest 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06636 


SEDIMENT  TRANSPORT  AND  DEPOSITION 
ZONES  IN  BRAIDED  STREAMS. 

Illinois  Univ.  at  Chicago  Circle.  Dept.  of  Geologi- 
cal Sciences. 
K.  L.  Prestegaard. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  41 1-412. 

Descriptors:  'Alluvial  channels,  'Braided  streams, 
•Channel  morphology,  *East  Rosebud  River, 
•Montana,  'Sediment  transport,  'Sedimentation, 
Bank  erosion,  Bed  load,  Deposition,  Gravel,  Parti- 
cle size,  Sand,  Shear  stress. 

Recent  research  on  sediment  transport  in  heteroge- 
neous gravel-bed  streams  has  shown  that  coarse 
surface  particles  can  regulate  the  mobility  of  finer 
subsurface  materials.  Transport  and  deposition 
processes  were  examined  during  high  flow  periods 
for  5  years  in  the  East  Rosebud  River,  Montana. 
Three  types  of  data  were  collected  in  a  1.5  km 
long  reach.  Channel  cross  sections,  surface  and 
subsurface  particle  sizes,  and  water  surface  slope 
were  measured  over  the  entire  reach;  sediment 
transport  rates  and  materials,  discharge  and  local 
shear  stress  were  measured  at  22  cross  sections; 
and  marked  bed  material  was  monitored  to  exam- 
ine travel  distances  of  particles  and  depositional 
events.  Deposition  resulted  from  replacement  and 


deposition.  Bedload  sand  moves  as  subsurface  sand 
that  is  regulated  by  surface  gravels  and  throughput 
sand  which  moves  in  narrow  zones  or  strings  but 
can  influence  gravel  transport  and  deposition  at 
high  shear  stresses.  Significant  sorting  occurs 
during  transport  and  deposition  events.  In  the  East 
Rosebud  River,  one  population  of  sand  moves  as 
subsurface  material  and  its  mobility  is  limited  by 
the  coarse  surface  material.  A  population  of  sur- 
face sand,  derived  primarily  from  bank  erosion, 
moves  in  narrow  sand  zones  over  the  gravel.  Sur- 
face throughput  sand  accounts  for  a  large  part  of 
the  sand  flux  from  the  system.  The  depositional 
mechanisms  and  behavior  of  sand  populations  in 
this  river  both  attest  to  the  complexity  of  trans- 
port, sorting  and  deposition  of  sediment  in  braided 
streams  with  heterogeneous  sediment  sizes.  (See 
also  W9 1-06570)  (Brunone-PTT) 
W9 1-06638 


CHANGES  IN  SEDIMENT  STORAGE  OVER 
TIME  ON  A  COASTAL  CALIFORNIA  RIVER. 

Monterey  Peninsula  Water  Pollution  Control 
Agency,  CA. 

W.  V.  G.  Matthews,  and  G.  M.  Kondolf. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  413-414.  1  fig,  4  ref. 

Descriptors:  'California,  'Channel  storage, 
•Coastal  streams,  *Dam  effects,  *Sediment  trans- 
port, Bank  erosion,  Carmel  River,  Channel  mor- 
phology, Channel  stability,  Economic  aspects, 
Erosion,  Gages,  History,  Suspended  sediments. 

The  role  of  sediment  storage  has  been  recognized 
in  sediment  budgets  for  many  settings.  Sediment 
supply  from  the  rugged  upper  half  of  the  Carmel 
River  basin  was  reduced  in  1921  by  the  construc- 
tion of  the  San  Clemente  Dam.  The  economic  and 
environmental  problems  resulting  from  the  channel 
instability  prompted  a  study  of  sediment  transport 
on  the  mainstream  and  tributaries  below  the  dam. 
Values  computed  for  the  Robles  gage  are  based  on 
a  poorly  defined  sediment  rating  curve  and  are 
believed  to  underestimate  substantially  the  amount 
of  suspended  sediment  transported  over  the  dam. 
The  difference  between  the  total  of  inputs  and  the 
output  measured  at  the  lower  gage  can  be  attrib- 
uted to  in-channel  storage  changes.  In  1980,  bank 
erosion  transferred  sediment  from  storage  in  the 
flood  terrace  to  in-channel  sites.  In  subsequent 
years,  there  was  a  net  withdrawal  of  a  sediment 
from  in-channel  storage,  consistent  with  post- 1980 
incision  observed  at  many  cross  sections.  (See  also 
W91-06570)  (Brunone-PTT) 
W9 1-06639 


GEOMORPHIC  AND  HYDROLOGIC  CONDI- 
TIONS FOR  COLD  POOL  FORMATION  ON 
REDWOOD  CREEK,  CALIFORNIA. 

Redwood  National  Park,  Areata,  CA. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06640 


MAGNITUDE,  CAUSE  AND  BASIN  RESPONSE 
TO  FLUVIAL  EROSION,  REDWOOD  CREEK 
BASIN,  NORTHERN  CALIFORNIA. 

Redwood  National  Park,  Areata,  CA. 
D.  K.  Hagans,  and  W.  E.  Weaver. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  419-428.  1  fig,  2  tab,  19  ref. 

Descriptors:  'Channel  erosion,  'Erosion,  'Geo- 
morphology,  'Gully  erosion,  'Redwood  Creek 
Basin,  'Sediment  transport,  Bank  erosion,  Channel 
morphology,  Drainage  effects.  Mass  wasting,  Pre- 
diction, Roads,  Sedimentation,  Slope  degradation, 
Slopes,  Storms. 

Detailed  erosion  inventories  and  geomorphic  map- 
ping document  the  magnitude  and  causes  of  fluvial 
sediment  production  from  hillslopes  in  the  197  sq 
km  lower  Redwood  Creek  basin.  Sediment  pro- 
duction from  various  fluvial  erosion  processes 
(gully  erosion,  37%;  washed  out  stream  crossings, 
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7%;  and  surface  erosion  from  bare  soil  areas,  4%) 
is  nearly  equal  in  volume  to  material  derived  from 
mass  movement  processes  (52%).  The  leading 
cause  of  gully  erosion  is  the  diversion  of  stream- 
flow  at  logging  road  and  skid  trail  stream  cross- 
ings. A  simple  predictive  methodology,  based  prin- 
cipally on  road  gradient,  successfully  identifies 
stream  crossings  with  a  high  potential  for  stream 
diversion  (DP).  Undersized  culverts,  infrequent 
culvert  maintenance  and  the  occurrence  of  high 
DP  stream  crossings  have  combined  with  infre- 
quent, severe  winter  storms  to  trigger  widespread 
gully  erosion.  Long-term  effects  of  fluvial  erosion 
include  increased  hillslope  drainage  density,  en- 
larged stream  channels  and  downstream  effects 
including  bank  erosion  and  decreased  pool  fre- 
quency. (See  also  W9 1-06570)  (Author's  abstract) 
W9 1-06641 


RESIDENCE  TIMES  OF  CHANNEL-STORED 
SEDIMENT  IN  REDWOOD  CREEK,  NORTH- 
WESTERN CALIFORNIA. 

Redwood  National  Park,  Areata,  CA. 
M.  A.  Madej. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  429-438.  4  fig,  1  tab,  20  ref. 

Descriptors:  *California,  'Channel  storage,  'Red- 
wood Creek,  'Residence  time,  'Sediment  trans- 
port, 'Sedimentation,  Aggradation,  Detritus, 
Flooding,  Tributaries. 

Floods  in  1964,  1972  and  1975  resulted  in  stream- 
bed  aggradation  in  Redwood  Creek  and  its  tribu- 
taries. Sixty  to  100%  of  the  sediment  stored  in 
steep,  low-order  tributaries  was  transported  out  of 
the  channels  in  five  to  ten  years,  except  where 
trapped  by  debris  jams.  In  the  mainstem  of  Red- 
wood Creek,  recovery  after  aggradation  varies 
from  0  to  70%,  depending  on  the  'activity  level'  of 
the  sediment.  Calculated  residence  times  for  the 
remaining  sediment  range  from  decades  for  active 
and  semi-active  sediment  to  centuries  for  inactive 
and  stable  sediment.  Much  of  the  recovery  of 
Redwood  Creek  and  its  tributaries  after  major 
flooding  and  associated  aggradation  occurred 
within  10  years  of  the  event.  In  the  mainstem  of 
Redwood  Creek,  sediment  stored  in  active  and 
semi-active  categories  is  easily  mobilized  and  has  a 
residence  time  of  ten  to  fifty  years  per  reach.  The 
calculated  residence  time  of  the  remaining  sedi- 
ment exceeds  the  recurrence  interval  of  the  floods 
which  deposited  it.  In  contrast,  steep,  small  tribu- 
taries of  Redwood  Creek  are  more  efficient  sedi- 
ment transporters,  and  they  flush  themselves  clean 
of  sediment  rapidly.  The  residence  time  of  sedi- 
ment upstream  of  debris  jams  is  dependent  on  the 
stability  of  the  jam.  (See  also  W91-06570)  (Brun- 
one-PTT) 
W9 1-06642 


BANKFULL  DISCHARGE  AND  SEDIMENT 
TRANSPORT  IN  NORTHWESTERN  CALIFOR- 
NIA. 

Geological  Survey,  Menlo  Park,  CA. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06643 


RESPONSE  OF  DRY  CREEK,  CALIFORNIA, 
TO  LAND  USE  CHANGE,  GRAVEL  MINING 
AND  DAM  CLOSURE. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Earth 

Resources. 

For  primary  bibliographic  entry  see  Field  4C. 

W9 1-06644 


SEDIMENT  PRODUCTION  AND  TRANSPORT 
IN  THE  PHEWA  VALLEY,  NEPAL. 

Land    Capability    Consultants    Ltd.,    Cambridge 
(England). 
W.  J.  H.  Ramsay. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  461-472.  3  fig,  2  tab,  28  ref. 

Descriptors:  'Erosion,  'Nepal,  'Phewa  Valley, 
'Sediment  transport,  'Sedimentation,  Landslides, 


Mass    wasting,    Seasonal    distribution,    Sediment 
yield,  Slopes,  Water  level. 

A  reconnaissance  survey  of  hillslope  and  fluvial 
processes  in  the  Phewa  Valley  in  central  Nepal 
indicates  seasonally  high  levels  of  sediment  pro- 
duction, principally  due  to  mass  movement  activi- 
ty, high  sediment  delivery  ratios,  and  a  sediment 
yield  downstream  reduced  by  energy  limitations  in 
the  fluvial  transport  system.  Surface  lowering  by 
landsliding  is  approximately  2  to  3  mm/year.  Lo- 
cally, surface  erosion  on  overgrazed  pasture 
reaches  5-6  mm/year.  Although  small  debris  slides 
are  common,  90%  of  all  material  mobilized  by 
mass  wasting  originates  in  large  failures  with  a 
mean  estimated  age  of  24  years.  (See  also  W91- 
06570)  (Author's  abstract) 
W9 1-06645 


EROSION  AND  SEDIMENTATION  CAUSED 
BY  TYPHOONS  IN  1982  IN  THE  AMAHATA 
RIVER  BASIN,  JAPAN. 

Tsukuba  Univ.  (Japan).  Inst,  of  Geoscience. 
M.  Aniya. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  473-482.  6  fig,  6  ref. 

Descriptors:  'Channel  morphology,  'Erosion, 
•Japan,  'Landslides,  'Sedimentation,  'Storms, 
•Typhoons,  Amahata  River  Basin,  Channel  ero- 
sion, Denudation,  Detritus,  Disasters,  Recovery, 
Slope  degradation,  Tributaries. 

Landsliding,  debris  discharge  and  sedimentation 
caused  by  two  typhoons  in  1982  were  investigated 
in  the  Amhata  River  basin,  130  km  west  of  Tokyo, 
Japan.  Landsliding  removed  surface  materials  cor- 
responding to  an  overall  denudation  of  8.24  mm.  In 
the  valley  of  the  Inamata  River,  the  largest  tribu- 
tary, changes  were  particularly  devastating,  for  a 
total  of  212,300  cu  m  was  deposited  on  the  channel 
bed,  raising  the  bed  in  one  place  by  about  17  m. 
Rapid  erosion  ensued  and  the  channel  bed  has  been 
recovering  the  former  profile.  By  October  1986, 
the  amount  of  incision  was  several  meters.  The  rate 
of  erosion  had  become  progressively  slower, 
making  the  recovery  also  slower.  Probably  before 
gaining  the  former  profile,  another  devastating 
change  will  occur  which  will  be  followed  by  a 
different  recovery  process.  Thus  the  channel  pro- 
file dynamically  changes.  (See  also  W91-06570) 
(Author's  abstract) 
W9 1-06646 


EROSION  PROCESS  IN  THE  MIDDLE  AND 
UPPER  REACHES  OF  THE  YANGZI  RIVER. 

Chengdu  Inst,  of  Geography  (China). 
J.  Li,  and  K.  Cheng. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  483-487.  1  fig,  5  ref. 

Descriptors:  'Changjiang  River,  'Channel  erosion, 
•Erosion,  *Silt  load,  Debris  flow,  Erosion  control, 
Gully  erosion,  Land  use,  Reservoir  capacity,  Res- 
ervoir silting,  Tributaries,  Watersheds,  Yellow 
River. 

In  the  Yangzi  River,  the  largest  river  in  China, 
erosion  is  rapidly  progressing  in  the  middle  and 
upper  portions  of  the  basin.  The  present  silt  dis- 
charge of  the  Yangzi  is  twice  that  observed  in 
1958.  The  total  volume  of  silt  transported  annually 
is  around  500  million  tons,  nearly  one-third  the  silt 
volume  of  the  Yellow  River.  In  1949,  the  surface 
area  of  Dongting  Lake,  in  Hubei  Province,  was 
4350  sq  km;  in  1977,  the  surface  area  was  only  2640 
sq  km.  This  decrease  has  reduced  the  reservoir 
capacity  to  control  floods  in  the  Yangzi  River. 
About  27  million  tons  of  solid  materials  are  carried 
down  the  Yangzi  River  into  the  lake  each  year. 
Numerous  debris-flow  gullies  have  developed  in 
the  middle  and  upper  reaches  of  the  Yangzi  River, 
especially  in  tributaries.  The  development  of  gul- 
lies that  produce  debris  flows  is  one  of  the  main 
reasons  for  silting  in  of  the  basin.  The  annual 
erosion  rate  in  some  debris-flow  watersheds 
reaches  8500  to  13,000  cu  m/sq  km.  The  area  is 


undergoing  rapid  development  and  an  increase  in 
human  population.  The  most  meaningful  measure 
for  improving  erosion  conditions  in  the  basin  is  to 
reinstate  the  ecological  environment  of  the  upper 
and  middle  reaches  of  the  Yangzi  River.  At  the 
same  time,  erosion  prevention  measures  should  be 
incorporated  into  the  engineering  projects  that  are 
under  construction.  (See  also  W91-06570)  (Brun- 
one-PTT) 
W9 1-06647 


LANDSLIDE  EROSION  IN  CENTRAL  SANTA 
CRUZ  MOUNTAINS,  CALIFORNIA,  USA. 

Geological  Survey,  Menlo  Park,  CA. 
G.  F.  Wieczorek. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  489-498.  3  fig,  5  tab,  14  ref. 

Descriptors:  *California,  'Erosion,  'Geomorpho- 
logy,  'Landslides,  'Santa  Cruz  Mountains,  Cli- 
mates, History,  Rainfall,  Seasonal  variation,  Slope 
degradation,  Storms. 

Geomorphic  work  performed  by  landsliding  in  an 
11.6  sq  km  area  near  La  Honda,  in  the  central 
Santa  Cruz  Mountains  of  northern  California,  was 
estimated  from  an  inventory  of  277  active  land- 
slides compiled  over  a  period  of  12  years  (1974- 
1986).  Landslides  were  categorized  according  to 
their  dominant  type  of  movement,  allowing  com- 
parison of  erosion  caused  by  different  slope  proc- 
esses and  triggering  events.  Although  relatively 
small  debris  flows  were  the  most  frequent  type  of 
landslide,  the  majority  of  geomorphic  work  was 
done  by  a  relatively  few  large  slumps,  block  slides, 
and  earth  flows.  High  seasonal  rainfall  affected  the 
geomorphic  work  more  than  individual  intense 
storms  did.  Earthquake-induced  landslides  have 
done  only  a  minor  amount  of  work  compared  to 
climatically  induced  landslides  within  the  recent 
historic  past.  (See  also  W9 1-06570)  (Author's  ab- 
stract) 
W9 1-06648 


FORESTRY  AND  SEDIMENT  YIELDS  IN 
UPLAND  SCOTLAND. 

Stirling  Univ.  (Scotland).  Dept.  of  Environmental 
Science. 

R.  Ferguson,  and  T.  Stott. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  499-500.  2  ref. 

Descriptors:  'Erosion,  'Forestry,  'Logging, 
•Scotland,  'Sediment  yield,  'Suspended  sedi- 
ments, 'Watersheds,  Bank  erosion,  Bed  load,  Parti- 
cle size,  Rainfall,  Road  construction,  Slopes, 
Snowfall,  Streamflow,  Tributaries. 

Paired  catchments,  each  about  700  sq  km  in  area 
and  700  m  in  height  and  with  rainfall  and  snowfall 
>  2000  mm/year,  were  instrumented  in  1982,  to 
study  the  effects  of  upland  land  use  on  water 
quantity  and  quality  at  Balquhidder  in  the  Scottish 
Highlands.  Mainstream  outputs  were  monitored 
for  streamflow  and  suspended  sediment  levels.  Re- 
sults show  that  (a)  suspended  sediment  output  from 
the  forested  basin  varied  more  closely  and  sensi- 
tively with  streamflow  and  was  about  three  times 
higher  in  total,  suggesting  greater  availability  of 
fine  sediment;  (b)  tributary  streams  provided  far 
more  sediment  than  hillslopes  or  mainstream  bank 
erosion;  and  (c)  less  than  5%  of  total  sediment 
output  was  bedload.  Following  disturbance,  there 
does  not  seem  to  have  been  a  dramatic  increase  in 
sediment  yield.  Bedload  yield  has  increased  in 
some  tributaries  but  not  all;  suspended  sediment 
yield  has  been  most  disturbed  by  road  construc- 
tion. (See  also  W9 1-06570)  (Brunone-PTT) 
W9 1-06649 
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LAND  USE,  EROSION  RATES,  AND  RESER- 
VOIR SEDIMENTATION  IN  A  COASTAL  EC- 
UADORIAN WATERSHED. 

New  Mexico  State  Engineer  Office,  Santa  Fe. 
W.  M.  Fleming. 
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Field  2— WATER  CYCLE 

Group  2J — Erosion  and  Sedimentation 


IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  501-502. 

Descriptors:  •Ecuador,  'Erosion,  'Land  use, 
•Reservoirs,  •Sedimentation,  Agriculture,  Conser- 
vation, Erosion  control,  Eutrophication,  Forests, 
Poza  Honda,  Reforestation,  Resource  manage- 
ment, Soil  conservation,  Watershed  management. 

The  Poza  Honda  watershed,  located  200  km  south- 
west of  Quito,  Ecuador,  has  severe  problems  with 
sedimentation  and  eutrophication  because  of  the 
tropical  climate  and  intensive  land  use  in  critical 
areas.  Slope,  soil  stability,  and  shoreline  proximity 
are  three  key  variables  in  determining  limits  of 
permissible  use.  Field  evidence  of  erosion  problems 
demonstrated  that  slopes  greater  than  65%  should 
be  classified  as  'protection  forest'  (11%  of  the 
watershed  area).  Slopes  of  45  to  65%  on  stable 
soils  or  slopes  of  35  to  45%  on  unstable  soils  were 
targeted  for  'production  forest'  (16%  of  the  water- 
shed area).  Land  with  stable  soil  and  slopes  of  35 
to  45%  or  any  agricultural  land  with  slopes  of  25 
to  35%  were  designated  as  'grazing/cultivated 
land  needing  conservation  measures'  (31%  of  the 
watershed).  Forty  percent  of  the  watershed  has 
slopes  less  than  25%  and  does  not  require  restric- 
tions on  agricultural  development.  Critical  river 
and  reservoir  shoreline  areas  requiring  the  designa- 
tion of  'protection  forest'  comprise  3%  of  the 
watershed.  A  map  overlay  comparison  of  'permis- 
sible' and  actual  land  uses  shows  that  505  ha  re- 
quire reforestation  for  protection  and  870  ha  need 
tree  plantings  for  production.  An  additional  255  ha 
should  be  reforested  to  protect  the  shorelines  of 
rivers  and  the  reservoir.  (See  also  W9 1-06570) 
(Bninone-PTT) 
W9 1-06650 


RESPONSE  OF  A  NORTHERN  CALIFORNIA 
COASTAL  DRAINAGE  BASIN  TO  LAND  USE 
DISTURBANCE. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Wa- 
tershed Management. 
D.  A.  Short. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  503-504.  1  ref. 

Descriptors:  *Califomia,  *Erosion,  •Landslides, 
•Logging,  •Sediment  transport,  *Slope  degrada- 
tion, •Storms,  Aggradation,  Channel  storage, 
Cuneo  Creek,  Elevation,  Photography,  Revegeta- 
tion,  Riparian  vegetation. 

Major  regional  storms  impacted  the  Cuneo  Creek 
drainage  basin,  located  in  the  Coast  Ranges  of 
northern  California,  in  1955,  1960,  and  1964.  Anal- 
ysis of  historic  air  photos  shows  the  response  of 
the  basin  to  the  major  storm  events  and  the  simul- 
taneous progression  of  logging  in  the  basin.  In- 
creases in  size  and  number  of  landslides  are  evi- 
dent, and  channel  widths  in  lower  Cuneo  Creek 
increased  from  tens  to  hundreds  of  meters.  Bridge 
construction  records  and  ground  level  photo- 
graphs taken  at  the  bridge  crossing  Cuneo  Creek 
near  its  confluence  with  Bull  Creek  reveal  a  histo- 
ry of  extreme  aggradation.  Downcutting  at  the 
bridge  site  is  dependent  on  the  bed  elevation  of 
Bull  Creek  at  its  confluence  with  Cuneo  Creek. 
Decreasing  contributions  of  sediment  from  source 
areas  since  the  mid  1960's  have  allowed  sediment 
stored  in  the  channel  of  Cuneo  Creek  to  be  trans- 
ported downstream  into  Bull  Creek.  The  rate  of 
change  in  the  volume  of  stored  sediment  can  be 
used  as  an  indicator  of  basin  recovery  rate.  Air 
photo  analysis  of  the  upper  basin  reveals  progres- 
sive revegetation  of  the  hillslopes,  a  diminishing 
number  of  new  hillslope  failures,  decreasing 
growth  of  active  landslides,  and  the  reestablish- 
ment  of  riparian  vegetation  along  the  upper 
reaches  of  Cuneo  Creek.  Processes  acting  further 
downstream  outside  of  the  local  basin  are  provid- 
ing significant  control  on  sediment  transport  out  of 
the  Cuneo  Creek  channel.  (See  also  W9 1-06570) 
(Brunone-PTT) 
W9 1-06651 


CONTROLS  ON  THE  RELATION  OF 
STREAMSIDE  LANDSLIDING  TO  CHANNEL 
SEDIMENT  STORAGE  IN  A  REGION  OF 
ACTIVE  UPLIFT. 

Western  Washington  Univ.,  Bellingham.  Dept.  of 
Geology. 
H.  M.  Kelsey. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  505-506. 

Descriptors:  •Channel  morphology,  'Channel 
storage,  'Erosion,  'Geomorphology,  ^Landslides, 
•Sediment  sources,  'Storms,  Channel  erosion, 
Energy  costs,  Particle  size,  Sandstones,  Shear 
stress,  Slopes,  Streams. 

Sites  of  streamside  landslides  are  removed  from 
sites  of  sediment  storage  in  northern  California 
Coast  Range  stream  channels  that  drain  the  Fran- 
ciscan Assemblage.  Infrequent  climatic  events  are 
the  most  important  control  on  initial  delivery  of 
sediment  from  hillslopes  to  channels  because 
streamside  debris  slides  are  storm-induced.  The 
time  rate  of  energy  expenditure  by  the  stream  is  a 
measure  of  relative  sediment  transport  capacity 
between  reaches.  Values  of  stream  power  per  unit 
bed  area  are  relatively  high  for  erosional  reaches 
(sites  of  streamside  landsliding)  and  relatively  low 
for  depositional  reaches  (sites  of  channel-sediment 
storage).  Geologic  mapping  indicates  that  active 
channel  width  often  is  closely  controlled  by  litho- 
logic  variation.  Narrow  channels  are  generally 
confined  to  competent  sandstones  and  wider  chan- 
nels are  generally  in  fine-grained  sheared  sediments 
and  in  schist.  The  role  of  rock  type  on  hillslope- 
channel  interactions  is  that  (1)  competent  sand- 
stones form  narrow  bedrock  valleys  through  the 
combination  of  downcutting  and  streamside  debris 
sliding,  and  (2)  wider  channels  where  competent 
rocks  are  generally  absent  and  streamside  debris 
sliding  is  not  prevalent  store  sediment  for  longer 
periods  of  time  than  in  the  narrow  reaches.  (See 
also  W9 1-06570)  (Brunone-PTT) 
W9 1-06652 


ROLE  OF  MAGNETIC  MEASUREMENTS  IN 
THE  DEVELOPMENT  OF  A  RIVER  BASIN 
EROSIONAL  HISTORY. 

California  Univ.,  Davis.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-06653 


HELD  METHODS  USED  FOR  MONITORING 
EROSION  AND  SEDIMENTATION  PROCESS- 
ES IN  STEEPLANDS  OF  NORTHWESTERN 
CALIFORNIA,  USA. 

Redwood  National  Park,  Areata,  CA. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-06654 


EROSION,  TRANSPORT  AND  DEPOSITION 
PROCESSES. 

Proceedings  of  a  Workshop  held  at  Jerusalem, 
Israel,  March-April  1987.  IAHS  Publication  No. 
189.  IAHS  Press,  Institute  of  Hydrology,  Walling- 
ford,  England.  1990.  203p.  Edited  by  D.  E.  Wall- 
ing, A.  Yair,  and  S.  Berkowicz. 

Descriptors:  'Deposition,  'Erosion,  'Sediment 
transport,  'Workshops,  Arid  lands,  Computer 
models,  Conferences,  Geomorphology,  Model 
studies,  Runoff,  Sedimentation,  Semiarid  lands. 

The  13  papers  presented  in  this  volume  represent 
one  outcome  of  the  International  Workshop  on 
Erosion,  Transport  and  Deposition  Processes.  The 
Workshop  was  a  joint  activity  of  the  Commission 
on  Measurement,  Theory  and  Application  in  Geo- 
morphology (COMTAG)  of  the  International 
Geographical  Union,  and  the  International  Com- 
mission on  Continental  Erosion  (ICCE)  of  the 
International  Association  of  Hydrological  Sci- 
ences. It  represents  the  first  formal  collaboration 
between  these  two  groups  of  geomorphologists 
and  hydrologists,  although  there  have  been  close 
contacts  in  the  past.  Discussions  in  the  lecture  hall, 
as  well  as  in  the  field,  reflected  a  growing  feeling 
among   hydrologists   and   geomorphologists   that, 


over  the  past  two  decades,  computer  modelling  of 
runoff  and  erosion  processes  has  been  losing  much 
of  the  necessary  basis  demonstrable  by  field  rela- 
tionships. Real  world  information  is  essential  to 
enable  an  understanding  of  natural  processes  scien- 
tifically; often,  if  possible,  with  the  aid  of  computer 
modelling,  but  sometimes  also  without  it.  This 
order  of  precedence,  irrespective  of  the  methods 
used,  is  exemplified  in  the  diverse  papers  contained 
in  this  volume  which  are  expected  to  narrow  the 
gap  between  theory  and  modelling  of  erosion  and 
sedimentation  processes,  and  their  actual  behavior 
in  the  real  world.  (See  W9 1-067 18  thru  W91- 
06730)  (Lantz-PTT) 
W91-06717 


SEDIMENTARY  DATA  BASE:  AN  APPRAISAL 
OF  LAKE  AND  RESERVOIR  SEDIMENT 
BASED  STUDIES  OF  SEDIMENT  YIELD. 

Coventry    (Lanchester)    Polytechnic    (England). 

Dept.  of  Geography. 

I.  D.  L.  Foster,  J.  A.  Dealing,  R.  Grew,  and  K. 

Orend. 

IN:  Erosion,  Transport  and  Deposition  Processes. 

IAHS  Publication  No.  189.  IAHS  Press,  Institute 

of  Hydrology,  Wallingford,  England.  1990.  p  19- 

43,  7  fig,  2  tab,  96  ref. 

Descriptors:  'Lake  sediments,  'Reservoirs,  'Sedi- 
ment yield,  'Sedimentation,  Data  interpretation, 
Databases,  Lake  morphology,  Mathematical  stud- 
ies, Sediment  load. 

Direct  monitoring  provides  a  highly  resolved  data- 
base with  which  to  study  short-term  process  re- 
sponse systems,  while  sedimentary  information, 
based  for  example  on  stratigraphic  and  palaeoeco- 
logical  studies  of  river  terraces  and  valley  deposits, 
provide  palaeohydrological  information  covering 
much  of  the  Holocene  period.  Medium  term 
changes,  over  decades  and  centuries,  are  much  less 
well  represented  in  the  hydrological  literature  for 
two  major  reasons.  First,  monitoring  programs 
have  not  been  established  for  a  sufficient  period  of 
time  to  detail  changes  over  these  timescales  and 
second,  sedimentary  features  in  river  valleys  are 
rarely  deposited  continuously  over  these  times- 
cales. These  sediments  do  not  preserve  material  of 
use  for  highly  resolved  dating  and  the  relationships 
between  sediment  yield  and  deposition  in  such 
situations  is  complex.  One  solution  to  this  problem 
is  to  analyze  the  accumulating  sediments  in  natural 
lakes  and  reservoirs  in  order  to  estimate  sediment 
yield  changes  through  time.  Within  this  report,  six 
major  objectives  are  identified  for  monitoring  net- 
works. These  objectives  are:  (1)  to  aid  in  the 
understanding  of  natural  processes  and  how  proc- 
ess rates  are  influenced  by  human  activity  and 
climate;  (2)  to  detect  trends  and  periodicities  in 
hydrologic  time  series;  (3)  to  formulate  hypotheses 
for  possible  causes  of  change  in  the  system;  (4)  to 
measure  process  rates  under  natural  and  altered 
conditions;  (5)  to  describe  qualitatively  and  meas- 
ure quantitatively  the  effects  of  human  activity  on 
the  environment;  and  (6)  to  aid  prediction  in  the 
management  of  land  and  water  resources  in  the 
future.  (See  also  W9 1-067 17)  (Lantz-PTT) 
W9 1-067 19 


EMPIRICAL  RELATIONSHIPS  FOR  THE 
TRANSPORT  CAPACITY  OF  OVERLAND 
FLOW. 

Katholieke  Univ.   Leuven  (Belgium).   Lab.   voor 

Experimented  Geomorfologie. 

G.  Govers. 

IN:  Erosion,  Transport  and  Deposition  Processes. 

IAHS  Publication  No.  189.  IAHS  Press,  Institute 

of  Hydrology,  Wallingford,  England.  1990.  p  45- 

63,  10  fig,  2  tab,  46  ref. 

Descriptors:  'Overland  flow,  'Sediment  transport, 
Erosion,  Flow  profiles,  Mathematical  studies, 
Sand,  Sediment  load,  Sedimentation,  Silt,  Vegeta- 
tion. 

Experiments  were  carried  out  with  5  materials, 
varying  from  silt  to  coarse  sand,  using  a  wide 
range  of  discharges  and  slopes,  in  a  flume  with  a 
plane  bed,  to  determine  the  transport  capacity  of 
overland  flow.  The  experiments  provide  the  neces- 
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sary  data  to  establish  highly  correlated  relation- 
ships between  the  sediment  transport  capacity  of 
the  flow  and  different  hydraulic  parameters,  which 
are  a  necessary  element  of  all  physically  based 
erosion  models.  Some  important  characteristics  of 
these  relationships  are  identified  which  include:  the 
limited  range  of  validity  of  individual  relationships, 
and  the  apparent  lack  of  connection  between  initi- 
ation of  sediment  motion  and  sediment  transport. 
Some  relationships  can  also  be  applied  to  rough 
surfaces  and  to  surfaces  with  vegetative  cover.  It  is 
believed  that  the  proposed  set  of  empirical  rela- 
tionships can  be  of  use  in  the  study  of  many  aspects 
of  soil  erosion  and  deposition.  (See  also  W91- 
06717)  (Author's  abstract) 
W9 1-06720 
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EVOLUTION  OF  AN  ANTHROPOGENIC 
DESERT  GULLY  SYSTEM. 

Oxford  Polytechnic  (England).  Dept.  of  Geogra- 
phy. 

M.  J.  Haigh. 

IN  Erosion,  Transport  and  Deposition  Processes. 
IAHS  Publication  No.  189.  IAHS  Press,  Institute 
of  Hydrology,  Wallingford,  England.  1990.  p  65- 
77,  5  fig,  26  ref. 

Descriptors:  'Arroyos,  'Deserts,  'Gully  erosion, 
•Model  studies,  Aggradation,  Arid  lands,  Arizona, 
Erosion,  Greenes  Canal,  Gullies,  Irrigation,  Math- 
ematical models,  Overland  flow,  Seepage. 

Studies  of  an  unusual  quasi-stationary  desert  gully 
permit  the  description  of  a  system  attractor  which 
may  be  inherent,  if  rarely  physically  expressed,  in 
many  gully  systems.  Measurements  made  in  a 
desert  gully  system  (controlled  by  the  seepage  of 
irrigation  waters  toward  a  stable  base  level)  sug- 
gest a  character  for  the  attractor's  equilibrium 
manifold.  This  is  modelled  mathematically  as  an 
hysteresis  or  limit  cycle  in  phase  space.  Overall, 
the  phenomenon  is  seen  to  belong  to  a  kind  of 
hierarchical  process  associated  with  the  Scheideg- 
ger  'principle  of  instability/saturation  effect'.  It 
reflects  a  dynamic  balance  between  two  hierarchi- 
cal levels  inside  a  single  system.  The  system  in- 
cludes a  singularity  which  is  an  example  of  an 
hierarchical  jump  caused  by  the  reintegration  of  a 
self-assertive  holon.  (See  also  W9 1-067 17)  (Au- 
thor's abstract) 
W9 1-06721 

RELATIONSHIP  BETWEEN  SEDIMENT  DE- 
LIVERY RATIO  AND  STREAM  ORDER:  A  RO- 
MANIAN CASE  STUDY. 

Statiunea  de  Cercetari  Stejarul,  Piatra-Neamt  (Ro- 
mania). Geomorphology  Lab. 
I.  Ichim. 

IN:  Erosion,  Transport  and  Deposition  Processes. 
IAHS  Publication  No.  189.  IAHS  Press,  Institute 
of  Hydrology,  Wallingford,  England.  1990.  p  79- 
86,  3  fig,  1  tab,  1 1  ref. 

Descriptors:  *Geomorphology,  'Romania,  'Sedi- 
ment transport,  'Stream  classification,  Drainage 
area,  Erosion,  Geohydrology,  Mathematical  stud- 
ies, Moldavia,  Overland  flow,  Rock  mechanics, 
Sediment  load,  Sedimentation,  Surface  runoff. 

An  investigation  of  sediment  delivery  ratios  in 
three  regions  of  Romania  (Moldavian  Tableland, 
Subcarpathians  and  Flysch  Mountains)  shows  an 
inverse  relationship  between  sediment  delivery 
ratio  and  drainage  basin  order  (Strahler's  system). 
However,  these  relationships  vary  in  their  precise 
form.  There  are  two  main  controlling  factors:  rock 
erodibility  and  runoff  regime.  When  the  rocks  are 
easily  eroded  and  the  small  headwater  catchments 
evidence  runoff  of  a  torrential  character,  the  sedi- 
ment delivery  ratio  decreases  markedly  with  an 
increase  in  river  network  order.  This  is  the  case  in 
the  Moldavian  Tableland,  where  the  foothills  are  a 
zone  of  active  colluviation.  When  rocks  are  easily 
eroded,  and  runoff  is  greater,  high  sediment  deliv- 
ery ratios  exist;  this  is  the  case  in  the  Subcarpath- 
ians. When  the  rocks  are  resistant  to  erosion  and 
the  runoff  is  high,  the  relationship  between  sedi- 
ment delivery  ratio  and  drainage  basin  order  exhib- 
its a  more  moderate  slope,  as  shown  by  the  Flysch 
Mountains.  (See  also  W9 1-067 17)  (Author's  ab- 
stract) 


SIMULATION        MODEL       FOR        DESERT 
RUNOFF  AND  EROSION. 

Leeds  Univ.  (England).  School  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06723 


TOWARDS  A  DYNAMIC  MODEL  OF  GULLY 
GROWTH. 

Bristol  Univ.  (England).  Dept.  of  Geography. 
A.  C.  Kemp. 

IN:  Erosion,  Transport  and  Deposition  Processes. 
IAHS  Publication  No.  189.  IAHS  Press,  Institute 
of  Hydrology,  Wallingford,  England.  1990.  p  121- 
134,  7  fig,  18  ref. 

Descriptors:  'Drainage  systems,  'Erosion,  'Gul- 
lies, 'Gully  erosion,  'Model  studies,  'Sediment 
transport,  'Spain,  Flood  routing,  Hydrologic 
models,  Mathematical  models,  Overland  flow, 
Semiarid  lands,  Slopes. 

Headward  migration  of  gullies  around  the  margins 
of  drainage  networks  may  be  a  major  factor  in  the 
increased  sediment  yields  observed  in  semi-arid 
southeast  Spain.  Although  many  processes  have 
been  cited,  the  precise  nature  of  this  gully  exten- 
sion and  bifurcation  is  not  known.  A  gully  which  is 
migrating  into  a  hillslope  may  be  defined  way  its 
morphological  dynamics.  A  digital  model  has  been 
formulated  whereby  the  governing  process  is  ero- 
sion by  overland  flow.  Using  finite  techniques,  the 
continuous  phenomena  may  be  approximated  with 
discrete  functions.  The  model  grid  is  set  up  by 
defining  strip  catchments  which  are  bounded  by 
orthogonal  flowlines.  Overland  flow  is  then  routed 
downslope  kinematically,  assuming  gravity  and 
friction  as  the  controlling  forces.  Sediment  detach- 
ment, transport  and  deposition  are  estimated  using 
a  Musgrave-type  approach  which  incorporates  an 
interaction  term.  This  compares  the  energy  re- 
quired to  carry  sediment  already  in  transport  with 
the  total  capacity  of  the  flow  to  do  work.  The 
consequent  change  in  the  slope  surface  is  the  ex- 
pressed by  the  migration  of  the  contours  alone  the 
flow  lines.  In  this  manner,  the  effects  of  hillslope 
and  gully  geometry  on  gully  development  may  be 
explored.  The  simulations  indicate  a  critical  bal- 
ance between  a  linear  propagation  of  the  erosion 
headward,  and  a  diffusion  laterally  of  this  impulse. 
A  possible  mechanism  for  the  bifurcation  phe- 
nomenon is  identified  within  this  balance.  (See  also 
W9 1-067 17)  (Author's  abstract) 
W9 1-06725 


DYNAMICS  OF  GULLY  HEAD  RECESSION  IN 
A  SAVANNA  ENVIRONMENT. 

Bayero  Univ.,  Kano  (Nigeria).  Dept.  of  Geogra- 
phy. 

E.  A.  Olofin. 

IN:  Erosion,  Transport  and  Deposition  Processes. 
IAHS  Publication  No.  189.  IAHS  Press,  Institute 
of  Hydrology,  Wallingford,  England.  1990.  p  135- 
144,  3  fig,  3  tab,  16  ref. 

Descriptors:  'Erosion,  'Gully  erosion,  'Nigeria, 
•Savannas,  Erosion  rates,  Field  tests,  Gullies, 
Runoff,  Seasonal  variation,  Sediment  transport. 

Field  measurements  have  been  carried  out  to  inves- 
tigate the  process  and  rates  of  gully  head  recession 
in  a  tropical  wet  and  dry  location  in  Nigeria,  over 
three  wet  seasons.  A  combination  of  gully  wall 
erosion  processes  and  gully  floor  basal  sapping  was 
found  to  enhance  headscarp  recession  and  gully 
widening  through  a  cycle  of  undercutting,  col- 
lapse, and  removal  of  collapsed  material.  The  aver- 
age recession  rate  was  2.32  m/yr;  the  fastest  reces- 
sion was  4.7  m/yr.  These  rates  amount  to  8.6  cu 
m/yr  and  20.4  cu  m/yr  respectively,  yielding  an 
average  loss  of  41  cu  m/ha.  The  major  on-site 
factors  accounting  for  these  results  include  the 
amount  of  runoff  arriving  at  each  gully  head,  the 
texture  and  structure  of  the  aeolian  material  into 
which  gully  heads  are  cut,  and  the  absence  of  land 
management  in  the  gullied  zone.  To  stabilize  the 
gullies,  the  recession  cycle  must  be  broken.  (See 
also  W9 1-067 17)  (Author's  abstract) 
W9 1-06726 


CONDITIONS  FOR  THE  EVACUATION  OF 
ROCK  FRAGMENTS  FROM  CULTIVATED 
UPLAND  AREAS  DURING  RAINSTORMS. 

Katholieke  Univ.   Leuven  (Belgium).   Lab.   voor 

Experimentele  Geomorfologie. 

J.  W.  A.  Poesen. 

IN:  Erosion,  Transport  and  Deposition  Processes. 

IAHS  Publication  No.  189.  IAHS  Press,  Institute 

of  Hydrology,  Wallingford,  England.  1990.  p  145- 

160,  9  fig,  1  tab,  31  ref. 

Descriptors:  'Cultivated  lands,  'Erosion,  'Rain- 
storms, 'Rocks,  'Soil  erosion,  Gully  erosion, 
Mathematical  studies,  Peak  flow,  Rainfall,  Rill  ero- 
sion, Rills,  Slopes,  Surface  runoff. 

Most  studies  dealing  with  the  erosion  of  stony  soils 
have  treated  rock  fragments  at  the  soil  surface  as 
mulch  elements.  This  investigation  considers  rock 
fragments  on  upland  areas  as  erodible  particles. 
Processes  capable  of  moving  rock  fragments  are, 
the  hydraulic  conditions  necessary  to  start  rock 
fragments  moving  on  slopes,  and  the  factors  that 
determine  displacement  distances  of  rock  frag- 
ments, are  investigated.  Monitoring  the  movement 
of  colored  rock  fragments  revealed  that  during  a 
moderate  rainfall  event,  rock  fragments  up  to  9.0 
cm  in  diameter  travelled  downslope  by  rill  flow. 
The  competence  of  interrill  flow  was  about  one 
order  of  magnitude  smaller.  Incipient  motion  con- 
ditions for  rock  fragments  lying  on  a  rill  bed 
coincide  with  a  critical  Shields  entrainment  param- 
eter of  0.012  rather  than  with  0.06.  Rock  fragment 
transport  distance  was  controlled  more  by  frag- 
ment size  than  by  fragment  shape,  and  correlated 
better  with  rill  bed  slope  than  with  peak  rill  flow 
discharge.  (See  also  W9 1-067 17)  (Lantz-PTT) 
W9 1-06727 


SEASONAL  VARIATIONS  OF  RUNOFF  RATES 
FROM  FIELD  PLOTS  IN  THE  FEDERAL  RE- 
PUBLIC OF  GERMANY  AND  IN  HUNGARY 
DURING  DRY  YEARS. 

Trier  Univ.  (Germany,  F.R.).  Angewandte  Phy- 
sische  Geographic  Fach  Fernerkundung. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06728 


NEW  DEVELOPMENTS  IN  MEASURING  BED 
LOAD  BY  THE  MAGNETIC  TRACER  TECH- 
NIQUE. 

Freie   Univ.    Berlin   (Germany,   F.R.).    Inst,   fuer 
Physische  Geographic 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-06729 

SOME  APPLICATIONS  OF  CAESIUM-137  IN 
THE  STUDY  OF  EROSION,  TRANSPORT  AND 
DEPOSITION. 

Exeter  Univ.  (England).  Dept.  of  Geography. 
D.  E.  Walling,  and  S.  B.  Bradley. 
IN:  Erosion,  Transport  and  Deposition  Processes. 
IAHS  Publication  No.  189.  IAHS  Press,  Institute 
of  Hydrology,  Wallingford,  England.  1990.  p  179- 
203,  1 1  fig,  5  tab,  43  ref. 

Descriptors:  'Cesium  radioisotopes,  'Erosion, 
•Radioactive  tracers,  'Sediment  transport,  'Trac- 
ers, Cultivated  lands,  England,  Geomorphology, 
Sediment  yield,  Sedimentation,  Slopes,  Soil  ero- 


137-Cesium,  a  radionuclide  originating  as  fallout 
generated  by  the  atmospheric  testing  of  nuclear 
weapons,  can  provide  the  geomorphologist  with  a 
valuable  tracer  for  investigating  the  movement  of 
sediment  through  the  fluvial  system.  Three  exam- 
ples of  possible  applications  drawn  from  the  work 
of  the  authors  in  Devon,  England,  are  presented  in 
this  report.  They  involve  the  use  of  137-Cs  for:  (1) 
fingerprinting  suspended  sediment  sources;  (2)  in- 
vestigating patterns  of  soil  erosion  and  sediment 
delivery  of  cultivated  hillslopes;  and  (3)  elucidating 
rates  and  patterns  of  flood  plain  deposition.  (See 
also  W9 1-067 17)  (Author's  abstract) 
W9 1-06730 
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MACROPHYTE  INFLUENCES  ON  THE  ZON- 
ATION  OF  SEDIMENT  ACCRETION  AND 
COMPOSITION  IN  A  NORTH-TEMPERATE 
RESERVOIR. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

W.  F.  James,  and  J.  W.  Barko. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   120, 

No.  2,  p  129-142,  December  1990.  4  fig,  3  tab,  30 

ref. 

Descriptors:  'Aquatic  plants,  'Limnology,  'Reser- 
voir sediments,  'Reservoirs,  'Sediment  distribu- 
tion, 'Sedimentation,  'Sediments,  'Wisconsin,  Eau 
Galle  Reservoir,  Littoral  zone,  Macrophytes,  Sea- 
sonal variation,  Sediment  analysis,  Vegetation. 

Sediment  accretion  and  composition  were  exam- 
ined in  vegetated  and  nonvegetated  regions  across 
all  depths  in  Eau  Galle  Reservoir,  Wisconsin. 
Within  riverine  areas,  delta  formation  was  ob- 
served. In  the  lacustrine  area  of  reservoir,  both 
sediment  accretion  and  moisture  content  de- 
creased, while  sediment  density  increased,  along  a 
gradient  of  decreasing  depth  between  9  and  2.5  m. 
However,  accretion  again  increased  at  shallower 
depths  (<2.5  m)  occupied  by  submersed  macro- 
phytes, Based  on  differences  in  sediment  accretion 
and  composition,  four  zones  of  sediment  accretion 
were  distinguished  in  the  lacustrine  area:  an  accu- 
mulation zone  (>6  m),  a  transport  zone  (3.5-6  m), 
an  erosional  zone  (2.5-3.5  m),  and  a  vegetated 
littoral  zone  (<2.5  m).  Low  density  sediments 
with  relatively  high  organic  matter  and  nutrient 
concentrations  were  found  in  both  the  littoral  and 
accumulation  zones,  while  high  density  sediments 
with  low  organic  matter  and  nutrient  concentra- 
tions were  found  in  the  erosional  zone.  Dispersion 
of  sediment  from  pans  placed  in  the  littoral  zone 
was  greatest  during  vemaJ  mixing,  when  macro- 
phyte  biomass  was  low.  Sediment  dispersion  de- 
creased substantially  as  macrophytes  grew,  and 
remained  low  during  autumnal  overturn,  when  ma- 
crophyte  standing  crop  was  near  peak  biomass. 
Sediment  dispersion  was  high  throughout  the 
study  in  the  nonvegetated,  erosional  zone.  Marked 
differences  in  sediment  composition  between  the 
littoral  erosional  zones,  and  the  occurrence  of  high 
rates  of  sediment  accretion  in  the  littoral  zone, 
suggest  that  submersed  macrophytes  have  been 
influential  in  both  reducing  sediment  erosion  and 
promoting  sediment  accretion  in  the  shallow  re- 
gions of  Eau  Galle  Reservoir.  (Author's  abstract) 
W9 1-06759 


FINE-GRAINED  SEDIMENT  TRANSPORT 
AND  SORTING  BY  TIDAL  EXCHANGE  IN 
XIANGSHAN  BAY,  ZHEJIANG,  CHINA. 

National    Bureau    of   Oceanography,    Hangzhou 
(China).  Second  Inst,  of  Oceanography. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06767 


RESUSPENSION  IN  THE  KATTEGAT: 
IMPACT  OF  VARIATION  IN  WIND  CLIMATE 
AND  FISHERY. 

Uppsala  Univ.   (Sweden).   Naturgeografiska   Inst. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06772 


RAPID  FORMATION  OF  LARGE  COASTAL 
SAND  BODIES  AFTER  EMPLACEMENT  OF 
MAGDALENA  RIVER  JETTIES,  NORTHERN 
COLOMBIA. 

Instituto  Nacional  de  Investigaciones  Geologico- 
Mineras,  Bogota  (Colombia). 
J.  O.  Martinez,  O.  H.  Pilkey,  and  W.  J.  Neal. 
Environmental     Geology    and     Water    Sciences 
EGWSEI,  Vol.  16,  No.  3,  p  187-194,  November/ 
December  1990.  8  fig,  10  ref. 

Descriptors:  'Colombia,  'Deltas,  'Jetties,  'River 
sediments,  'River  systems,  'Sandspits,  'Sediment 
discharge,  'Sediment  transport,  Accretion,  Beach 
erosion,  Beaches,  Channels,  Coastal  zone  manage- 
ment, Ecological  effects,  Economic  aspects,  Ero- 
sion, Future  planning,  Sandbars,  Structural  engi- 
neering, Wave  refraction,  Waves. 

The  Magdalena  River  is  noted  for  its  high  dis- 
charge of  river  sediment  and  its  importance  as  the 


sediment  source  for  a  large  delta  complex  and 
downdrift  coastal  sand  bodies.  The  emplacement 
of  jetties,  completed  in  1935  to  stabilize  the  river 
mouth,  contributed  to  major  changes  in  the  down- 
stream coastal  sand  bodies.  The  western  delta  front 
retreated  an  average  65  m/yr.  Puerto  Colombia 
spit  detached  and  migrated  toward  Puerto  Colom- 
bia at  rates  of  230-430  m/yr,  ultimately  running 
into  the  town's  quay  and  port  facility.  Galera- 
zamba  spit  alternately  elongated  and  shortened 
over  the  short  term,  leading  to  the  destruction  or 
damage  of  coastal  town  sites.  Isla  Cascajo  acted  as 
a  significant  sand  trap  with  nearly  12  km2  of 
accretion  over  a  47-year  period.  Sand  is  now  by- 
passing the  tombolo,  and  the  accretion  zone  con- 
tinues migrating  southwest.  The  small  Punta 
Canaos  spit  also  has  shown  significant  accretion 
since  1974.  The  changes  imply  high  rates  of  sedi- 
ment transport.  Furthermore,  their  growth  is  prob- 
ably dependent  on  jetty-caused  alterations  of  wave 
patterns,  causing  remobilization  of  shelf  sands  as 
well  as  delta-derived  sand.  Understanding  sand 
body  evolution  and  behavior  is  important  to  future 
development  of  the  northern  Colombia  coast. 
Placement  of  port  facilities,  recreational  beaches, 
tourist  villages,  and  related  support  facilities  on 
these  sand  bodies  will  require  significant  planning. 
(Author's  abstract) 
W9 1-06800 


MORPHOLOGY,  SEDIMENTOLOGY,  AND 
TIDAL  CHANNEL  PROCESSES  ON  A  HIGH- 
TIDE-RANGE  MUDFLAT,  WEST  COAST  OF 
SOUTH  KOREA. 

North  Carolina  Univ.  at  Chapel  Hill.  Inst,  of 
Marine  Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-068 16 


INTERNAL  HYDRAULICS  OF  A  SEDIMENT- 
STRATIFIED  CHANNEL  FLOW. 

Louisiana  State  Univ.,  Baton  Rouge.  Coastal  Stud- 
ies Inst. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-068 17 


TRANSPORT  AND  SEDIMENT  ACCUMULA- 
TION OF  PB-210  AND  CS-137  IN  TWO  SOUTH- 
EAST ALASKAN  FJORDS. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
S.  F.  Sugai. 

Estuaries  ESTUDO,  Vol.  13,  No.  4,  p  380-392, 
December,  1990.  6  fig,  3  tab,  40  ref  NOAA, 
Department  of  Commerce,  Grant  No.  NA18AA- 
D-9,  Proj.  No.  E/70-06. 

Descriptors:  'Alaska,  'Cesium  radioisotopes, 
•Erosion,  'Estuarine  sediments,  'Fjords,  'Lead 
radioisotopes,  'Radioisotopes,  'Sedimentation, 
•Tracers,  Boca  de  Quadra  Fjord,  Cores,  Estuaries, 
Radiochemical  analysis,  Sediment  analysis,  Sedi- 
ment distribution,  Sediment  sampling,  Smeaton 
Bay. 

Sediment  profiles  of  Pb-210  and  Cs-137  in  cores 
collected  at  increasing  distances  from  the  heads  of 
Smeaton  Bay  and  Boca  de  Quadra  fjords  indicate 
that  watersheds  influence  the  inventories  of  radioi- 
sotopes present  and  that  the  steep  topographies  of 
the  fjords  enhance  sediment  redistribution.  Episod- 
ic deposition  of  terrestrially  derived  sediment  was 
responsible  for  roughly  50%  of  the  Cs-137  and 
45%  of  the  Pb-210  inventories  in  shallower  (less 
than  180  m)  locations  in  Wilson  and  Bakewell  arms 
of  Smeaton  Bay.  Pb-210  sedimentation  rates  at 
shallower  sites  when  corrected  for  episodic  deposi- 
tion were  less  than  sedimentation  rates  obtained  in 
deep  basins  of  the  fjords  where  sediment  focusing 
and  increased  primary  productivity  in  the  overlay- 
ing water  column  occur.  Higher  fluxes  of  dissolved 
Mn  from  surficial  sediments  and  subsequent  reoxi- 
dation  in  the  overlaying  water  may  have  enhanced 
scavenging  of  Pb-210  in  basin  locations  resulting  in 
higher  inventories.  Episodic  events  have  occurred 
frequently  in  Smeaton  Bay  and  Boca  de  Quadra 
suggesting  that  steady-state  conditions  with  respect 
to  sedimenting  particles  can  be  achieved  only 
when  averaged  over  long  time  periods  approach- 
ing the  time  over  which  Cs-137  and  Pb-210  are 
useful.  (Author's  abstract) 
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MARSH-WATER  COLUMN  INTERACTIONS 
IN  TWO  LOUISIANA  ESTUARIES.  I.  SEDI- 
MENT  DYNAMICS. 

Louisiana   State   Univ.,    Baton    Rouge.    Dept.   of 

Marine  Science. 

D.  L.  Childers,  and  J.  W.  Day. 

Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  393-403, 

December,  1990.  6  fig,  1  tab,  42  ref. 

Descriptors:  'Estuaries,  'Estuarine  sediments, 
'Louisiana,  'Salt  marshes,  *Sediment  transport, 
•Sedimentation  rates,  'Wetlands,  Barataria  Basin, 
Flumes,  Four  League  Bay,  Water  circulation, 
Water  column,  Water  level  fluctuations. 

Throughflow  marsh  flumes  were  used  to  measure 
total  sediment  exchanges  (TSS)  between  the 
marshes  and  water  column  of  two  Louisiana  estu- 
aries. One,  the  Barataria  Basin  estuary,  is  isolated 
from  significant  riverine  sediment  input.  There 
were  significant  (p  <  0.05)  imports  of  33.9  to  443 
mg  TSS/sq  m/h  at  the  Barataria  Basin  brackish 
marsh  (BM)  site.  The  Barataria  Basin  saltmarsh 
(SM)  site  exported  TSS  in  two  summer  samplings, 
but  significant  uptake  was  measured  in  April  (166 
mg/sq  m/h)  and  November  (45  mg/sq  m/h) 
during  a  winter  frontal  passage  event.  The  other 
estuary,  Fourleague  Bay,  receives  large  sediment 
inputs  from  the  Atchafalaya  River,  the  TSS  im- 
ports of  22.5  to  118.5  mg/m2/h  were  measured  at 
the  BM  site.  Sediment  accumulation  from  fluxes 
quantified  in  marsh  flumes  using  site  specific  sedi- 
mentological  data  and  flooding  regimes  were  cal- 
culated for  each  site.  Water  level  records  from 
May  1987  to  April  1989  showed  an  extended 
period  of  unusually  low  flooding  frequencies.  As  a 
result,  calculated  accretion  rates  were  low,  with 
monthly  rates  of  0.02  to  0. 1 1  mm  and  -0.06  to  0.06 
mm  at  the  Barataria  BM  and  SM  sites,  respective- 
ly, and  -0.18  to  0.08  mm  at  the  Fourleague  Bay 
marsh  flume  site.  Actual  net  sediment  deposition, 
determined  by  feldspar  marker  horizon  analysis, 
was  0.7-1.6  mm/mo  at  the  Barataria  SM  and  0.02- 
1.3  mm/mo  at  the  Fourleague  Bay  BM.  Even  the 
highest  calculated  accretion  rates,  based  on  flume 
measurements,  were  half  to  one  order  of  magni- 
tude lower  than  actual  measured  sediment  deposi- 
tion. This  discrepancy  was  probably  because:  (1) 
most  sedimentation  occurs  during  episodic  events, 
such  as  Hurricane  Gilbert  in  September  1988 
which  deposited  3.5-15.5  mm  of  sediment  on  Bara- 
taria Basin  saltmarsh,  or  (2)  most  vertical  accretion 
in  Louisiana  marshes  occurs  via  deposition  of  in 
situ  organic  matter  rather  than  by  influx  of  al- 
lochthonous  sediment.  Results  affirm  the  variabili- 
ty of  short-term  sediment  transport  and  deposition- 
al  processes,  the  close  coupling  of  meteorologic 
forcing  and  flooding  regime  to  sediment  dynamics, 
and  the  importance  of  understanding  these  interre- 
lated mechanisms  in  the  context  of  longer  term 
measurements.  (See  also  W9 1-06837)  (Author's  ab- 
stract) 
W9 1-06836 


COMBINING  A  MODIFIED  UNIVERSAL  SOIL 
LOSS  EQUATION  WITH  A  DIGITAL  TER- 
RAIN MODEL  FOR  COMPUTING  HIGH  RES- 
OLUTION MAPS  OF  SOIL  LOSS  RESULTING 
FROM  RAIN  WASH. 

Gesellschaft  fuer  Systemforschung  und  Umwel- 
planung  mbH,  Ringstrasse  6,  D-8041  Kranzberg, 
Germany. 

W.  Flacke,  K.  Auerswald,  and  L.  Neufang. 
Catena,  Vol.  17,  No.  4/5,  p  383-397,  August/Octo- 
ber 1990.  4  fig,  22  ref. 

Descriptors:  'Mapping,  'Model  studies,  'Rainfall 
impact,  'Slope  effects,  'Slopes,  'Soil  erosion, 
•Terrain  analysis,  'Universal  soil  loss  equation, 
Geographic  information  systems,  Mathematical 
models,  Rainfall,  Runoff,  Topography,  Vegetation 
effects. 

Soil  loss  must  be  predicted  with  high  resolution  for 
landscape  planning  in  areas  of  complex  topogra- 
phy. The  length-slope  factor  LS  is  differentiated 
for  an  application  on  complex  slope  geometries, 
with   specific   consideration   given   to   catchment 
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convergence  and  divergence.  The  result  is  a  differ- 
entiated Universal  Soil  Loss  Equation  (dUSLE).  A 
computational  implementation  on  a  surface  model 
which  has  the  structure  of  a  triangulated  irregular 
network  contains  the  following  information:  poly- 
gons with  information  about  precipitation,  soil,  and 
vegetation;  small  structures  such  as  channels, 
roads,  and  hedgerows,  which  interrupt  the  erosive 
runoff;  and  the  surface  with  its  drainage  network. 
Combination  with  the  functions  of  a  geographical 
information  system  leads  to  an  application  of  the 
dUSLE  which  produces  high  resolution  maps  of 
soil  loss  by  rainfall  if  the  values  of  the  R-,  C-,  K-, 
and  P-factors  are  given.  (Author's  abstract) 
W9 1-06907 


EFFECT  OF  CRUDE  OIL  ON  DENITRIFICA- 
TION  AND  SULFATE  REDUCTION  IN 
MARINE  SEDIMENTS. 

Centre  d'Oceanologie  de  Marseille  (France). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06949 


INTERANNUAL  PATTERNS  OF  WATER 
TABLE  HEIGHT  AND  GROUNDWATER  DE- 
RIVED NITRATE  IN  NEARSHORE  SEDI- 
MENTS. 

Maryland  Univ.,  Solomons.  Chesapeake  Biological 

Lab. 

For  primary  bibliographic  entry  see  Field  2F. 
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TOPOSEQUENCE  OF  FTNE-TEXTURED 
SOILS  IN  THE  HILLY  AREA  OF  THE  NORTH- 
ERNMOST PART  OF  HOKKAIDO:  III.  IM- 
PORTANCE OF  CHELATING  LOW  MOLECU- 
LAR ORGANIC  ACIDS  IN  THE  MIGRATION 
PROCESS  OF  ALUMINUM  AND  IRON. 
Hokkaido  Univ.,  Sapporo  (Japan).  Faculty  of  Ag- 
riculture. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06972 


MODEL  OF  RIVER  BASIN  EVOLUTION. 

Newcastle  Univ.  (Australia).  Dept.  of  Civil  Engi- 
neering. 

G.  Willgoose,  R.  L.  Bras,  and  I.  Rodriguez-Iturbe. 
EOS  EOSTAJ,  Vol.  71,  No.  47,  p  1806-1807, 
November  20,  1990.  1  fig,  23  ref.  NSF  Grant 
8513556-ECE.  Army  Research  Office  DAAL03- 
89-K-0151,  and  National  Weather  Service  Cooper- 
ative Research  Agreement  NA86AA-H-HY123. 

Descriptors:  'Geologic  erosion,  'Geologic  history, 
•Geomorphology,  'Model  studies,  'River  basin 
development,  'River  basins,  Catchment  areas, 
Channel  erosion,  Computer  models,  Geohydro- 
logy,  Mass  transport,  Mathematical  equations, 
Mathematical  models,  Sediment  transport. 

A  physically-based  model  of  catchment  evolution 
can  advance  a  quantitative  understanding  of  how 
channel  networks  and  hillslopes  evolve  with  time. 
Within  the  model  discussed,  neither  the  properties 
of  the  channel  network  nor  the  properties  of  the 
hillslopes  can  be  viewed  isolation;  rather,  they 
must  be  viewed  as  components  of  a  complicated 
large-scale  nonlinear  system:  the  drainage  basin.  A 
computer  model  of  river  basin  evolution  is  intro- 
duced and  its  performance  illustrated.  The  new 
landscape  evolution  model  has  two  main  elements. 
First,  the  elevations  within  the  catchment  are  simu- 
lated by  a  mass  transport  continuity  equation  ap- 
plied over  geologic  time.  The  mass  transport  proc- 
esses considered  include  both  fluvail  sediment 
transport  and  mass  movement  mechanisms  such  as 
creep,  rainsplash,  or  landslide.  The  model  explicit- 
ly differentiates  between  the  processes  that  act  on 
the  hillslopes  and  in  the  channels.  The  model's 
second  element  is  an  equation  that  initiates  the 
advance  of  the  channel  heads  into  the  surrounding 
hillslopes.  This  advance  occurs  when  a  channeliza- 
tion initiation  function,  nonlinearly  dependent  on 
local  discharge  and  slope,  exceeds  a  threshold. 
Conceptually,  the  threshold  can  represent  over- 
land flow  velocity  or  shear  stress,  subsurface  flow 
criteria,  or  local  landsliding  criteria.  A  large 
number  of  catchment  evolution  simulations  were 
performed  with  this  model  to  test  its  behavior  for  a 


range  of  parameter  sets,  and  these  simulations  were 
used  to  derive  general  laws  of  catchment  form. 
(Hoskin-PTT) 
W9 1-07026 


BOUNDARY  SHEAR  STRESS  AND  ROUGH- 
NESS OVER  MOBILE  ALLUVIAL  BEDS. 

EA  Northwest  Operations,  Redmont,  WA. 
P.  J.  Whiting,  and  W.  E.  Dietrich. 
Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  116,  No.  12,  p  1495-1511,  Decem- 
ber 1990.  6  fig,  1  tab,  47  ref.  NSF  Grants  ENG78- 
16977  and  CEE-8307142  and  American  Chemical 
Society  Grant  ACS-PRF-18427-AC2. 

Descriptors:  'Alluvial  channels,  'Boundary  proc- 
esses, 'Hydraulic  roughness,  'Sediment  transport, 
•Shear  stress,  'Turbulent  flow,  Algorithms,  Bed 
load,  Flow  resistance,  Mathematical  equations, 
Model  studies,  Roughness  coefficient,  Streamflow. 

The  resistance  to  flow  in  the  turbulent  rough-flow 
range  depends  primarily  upon  the  size,  shape,  and 
arrangement  of  the  granular  material  making  up 
the  boundary.  The  hydraulic  roughness  of  mobile 
alluvial  surfaces  was  estimated  by  inverting  sedi- 
ment-transport formulas  to  solve  for  the  local 
boundary  shear  stress  required  to  predict  the  ob- 
served sediment  flux  and  size.  Inserting  this  shear 
stress  value  and  a  near-bed  velocity  measurement 
into  the  law  of  the  wall  yields  the  roughness  scale, 
zO,  defined  as  the  height  above  the  bed  where 
velocity  goes  to  zero.  If  the  roughness  is  related  to 
the  coarse  fraction  of  the  bedload,  such  as  D84, 
then  zO  =  0.1  D84.  This  roughness,  obtained  from 
mobile,  naturally  packed,  and  heterogeneous-in- 
size  beds  is  three  times  greater  than  that  predicted 
by  the  Nikuradse  formula  developed  from  nearly 
uniform  and  smoothly  packed  surfaces.  No  varia- 
tion in  roughness  with  transport  stage  was  detect- 
ed, implying  that  the  large  static  and  slowly 
moving  grains  determine  flow  resistance  and  that 
momentum  extraction  by  saltating  grain  is  minor. 
Application  of  this  simple  roughness  algorithm 
allows  convenient  and  accurate  calculation  of  the 
local  boundary  shear  stress.  (Author's  abstract) 
W9 1-07031 


AGGRADATION  AND  DEGRADATION  OF  AL- 
LUVIAL SAND  DEPOSITS,  1965  TO  1986,  COL- 
ORADO RIVER,  GRAND  CANYON  NATIONAL 
PARK,  ARIZONA. 

J.  C.  Schmidt,  and  J.  B.  Graf. 
Available  from   Books  and  Open   Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Professional  Paper  1493,  1990.  74  p,  34  fig, 
14  tab,  29  ref,  append. 

Descriptors:  'Alluvial  deposits,  'Arizona,  'Colo- 
rado River,  'Grand  Canyon  National  Park,  'River 
sediments,  Aggradation,  Channel  degradation, 
Channel  morphology,  Erosion,  Flow  profiles, 
River  flow,  River  mechanics,  Sand. 

Alluvial  sand  deposits  along  the  Colorado  River  in 
Grand  Canyon  National  Park  are  used  as  campsites 
and  are  substrates  for  vegetation.  The  largest  and 
most  numerous  of  these  deposits  are  formed  in 
zones  of  recirculating  current  that  are  downstream 
from  where  the  channel  is  constricted  by  debris 
fans  at  tributary  mouths.  Alluvial  sand  deposits  are 
classified  by  location  and  form.  Separation  and 
reattachment  deposits  are  downstream  from  con- 
strictions within  recirculation  zones.  Separation 
deposits  are  near  the  point  of  flow  separation  and 
typically  mantle  large  debris  fans.  Reattachment 
deposits  are  near  the  point  of  flow  reattachment 
and  project  upstream  beneath  much  of  the  zone  of 
recirculating  current.  Upper  pool  deposits  are  up- 
stream from  a  constriction  and  are  associated  with 
backwaters.  Channel  margin  deposits  line  the  chan- 
nel and  have  the  form  of  terraces;  some  are  created 
in  small  recirculating  zones.  Reattachment  and 
channel  margin  deposits  are  largest  and  most  nu- 
merous in  wide  reaches.  During  high  flows,  both 
separation  and  reattachment  deposits  are  initially 
scoured  but  are  subsequently  redeposited  during 
flow  recession.  Sand  is  also  exchanged  between  the 
main  channel  and  recirculation  zones.  The  rate  of 
recession  of  high  flows  can  affect  the  elevation  of 
alluvial  deposits  that  are  left  exposed  after  a  flood 


has  passed.  Comparison  of  areal  photographs  and 
reinterpretation  of  published  data  concerning 
changes  of  alluvial  sand  deposits  following  reces- 
sion of  high  flows  in  1983  and  1984,  indicate  that 
sand  was  eroded  from  recirculation  zones  in 
narrow  reaches.  In  wide  reaches,  however,  aggra- 
dation in  recirculation  zones  may  have  occurred. 
In  narrow  reaches,  the  decrease  of  reattachment 
deposits  was  greater  than  that  of  separation  depos- 
its. In  all  reaches,  the  percentage  of  separation 
deposits  that  maintained  a  constant  area  was  great- 
er than  for  other  deposits.  Separation  deposits, 
therefore,  appear  to  be  the  most  stable  of  the 
deposit  types.  (Lantz-PTT) 
W9 1-07041 


SEDIMENT  TRANSPORT  IN  THE  LOWER 
PUYALLUP,  WHITE,  AND  CARBON  RIVERS 
OF  WESTERN  WASHINGTON. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div. 
W.  G.  Sikonia. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  89- 
4112,  1990.  204p,  31  fig,  17  tab,  26  ref,  4  append. 

Descriptors:  'Carbon  River,  'Puyallup  River, 
•Sediment  transport,  'Washington,  'White  River, 
River  management,  River  sediments,  Sediment 
control. 

In  1983,  the  Pierce  County  Public  Works  Depart- 
ment began  a  study  of  flood  protection  for  the 
lower  Puyallup,  White,  and  Carbon  Rivers  of 
western  Washington.  Information  was  obtained  on 
sediment  deposition,  scour  and  movement  in  the 
river  channels  in  response  to  potential  alternatives 
for  sediment  control  measures.  This  information 
was  applied  to  investigate  means  of  maintaining  the 
flow  carrying  capacity  of  the  river  channels.  Three 
alternative  approaches  for  managing  sediment  dep- 
osition on  the  rivers  were  compared  using  a  com- 
puter model  of  sediment  transport.  The  three  alter- 
nate courses  of  action  were:  (1)  to  continue  gravel 
mining  by  the  procedure  of  scalping  gravel  bars; 
(2)  to  install  sediment  traps;  or  (3)  not  to  intervene 
at  all  with  sediment  control  measures  on  the  river 
system.  Cross-section  surveys  and  computer  model 
results  indicated  that  the  rivers  were  degrading 
rather  than  aggrading  throughout  much  of  the 
study  area.  Accordingly,  nonintervention  would 
appear  to  be  the  most  appropriate  of  the  three 
alternatives  for  such  reaches,  because  the  other 
two  courses  of  action  mitigate  aggradation,  rather 
than  degradation.  Deposition  of  gravel  and  coarser 
material,  as  well  as  of  sand  and  finer  material,  did 
occur  in  some  reaches.  Model  results  indicate  that 
gravel  was  deposited  at  rates  of  1  to  3  cu  yd/ft  of 
river  distance,  per  year,  in  scattered  localized 
reaches  on  the  three  rivers.  To  maintain  bed  eleva- 
tions, the  long-term  average  rate  of  gravel  removal 
by  scalping  needs  to  equal  the  long-term  average 
rate  of  deposition  at  the  specific  location.  Sediment 
traps  were  shown  by  this  model  study  to  be  an 
effective  but  inefficient  course  of  action  for  remov- 
al of  sand  and  finer  material.  Sediment  traps  mod- 
eled here  reduced  deposition  of  sand  and  finer 
material  in  the  lower  White  and  Puyallup  Rivers 
by  78,000  cu  yds/yr  during  the  modeling  period 
from  August  16,  1984  to  March  19,  1986.  However 
this  reduction  would  require  maintenance  removal 
of  a  combined  total  of  185,000  cu  yds/yr  of  sand 
and  finer  material  from  model  sediment  traps  on  all 
three  of  the  rivers.  (Lantz-PTT) 
W9 1-07045 


SEDIMENT  BUDGETS. 

Proceedings  of  a  Symposium  held  in  Porto  Alegre, 
Brazil,  December  11-15,  1988.  IAHS  Publication 
No.  174.  International  Association  of  Hydrological 
Sciences,  Washington,  DC.  1988.  591p.  Edited  by 
M.  P.  Bordas  and  D.  E.  Walling. 

Descriptors:  'Latin  America,  'Model  studies, 
•Sediment  budget,  'Sediment  erosion,  *Sediment 
transport,  •Sedimentation,  'Symposium,  Brazil, 
Catchment  areas,  Engineering,  Land  management, 
Sediment  discharge,  Sedimentary  basins,  Sedi- 
ments. 
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Field  2— WATER  CYCLE 

Group  2J — Erosion  and  Sedimentation 


The  study  of  sediment  budgets  is  in  its  infancy  and 
more  research  is  required  to  develop  the  necessary 
monitoring  and  modeling  strategies  and  to  improve 
understanding  of  the  processes  involved.  There  is 
an  increasing  awareness  of  the  need  to  establish 
sediment  budgets  which  attempt  to  quantify  the 
relationships  between  the  various  components  of 
the  overall  drainage  basin  erosion-transport-deposi- 
tion system.  The  international  Symposium  on  Sedi- 
ment Budgets  held  in  Brazil  in  1988  considered  a 
number  of  themes  which  are  important  in  moving 
towards  the  goal  of  establishing  meaningful  sedi- 
ment budgets,  including  physical  processes,  sedi- 
ment monitoring,  and  sediment  yields  and  sediment 
budgets.  It  is  hoped  that  the  proceedings  of  the 
symposium  will  provide  a  valuable  resource  for 
engineering  and  land  management  practices,  par- 
ticularly in  Latin  America.  (See  W9 1-07058  thru 
W9 1-071 17)  (Fish-PTT) 
W9 1-07057 


SEDIMENT  LOSSES  FROM  CROPLAND  FUR- 
ROWS. 

Agricultural  Research  Service,  Fort  Collins,  CO. 
Hydro-Ecosystem  Research  Unit. 
C.  V.  Alonso,  L.  D.  Meyer,  and  W.  C.  Harmon. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  3-9,  2  tab,  5  ref. 

Descriptors:  'Cropland,  'Furrow  drainage,  'Sedi- 
ment erosion,  'Sediment  transport,  'Sedimenta- 
tion, 'Soil  erosion,  Catchment  areas,  Drainage 
water,  Rills,  Sediment  discharge,  Sediments,  Sur- 
face runoff. 

Cropland  fields  with  bedded  rows  are  common  for 
cotton  in  the  humid  South  of  the  United  States, 
and  ridged  rows  are  used  for  other  crops  and 
cropping  conditions  throughout  the  nation.  For 
situations  where  these  rows  have  a  continuous 
gradient  in  one  direction,  they  function  as  micro- 
watersheds  that  drain  the  runoff  and  sediment  be- 
tween adjacent  row  ridges.  Simulation  experiments 
were  performed  using  a  physically-based  mathe- 
matical model  which  treats  the  dynamic  interrela- 
tions of  runoff  erosion,  soil  characteristics,  and 
movement  of  eroded  soil  along  bedded  furrows. 
Data  from  a  field  study  of  bedded  rows  with 
furrow  gradients  ranging  from  0.5  to  6.5%  were 
simulated,  and  the  role  played  by  sediment  and 
furrow  parameters  were  examined.  It  was  found 
that  results  from  the  simulations  agreed  well  with 
the  field  measurements.  It  was  determined  that  soil 
losses  depend  greatly  on  the  furrow  gradient. 
Much  of  the  coarsest  sediment  may  deposit  at  the 
flatter  gradients  but  most  will  be  carried  at  the 
intermediate  gradients,  and  furrow  rilling  may 
occur  at  steep  gradients.  (See  also  W9 1-07057) 
(Author's  abstract) 
W9 1-0705  8 


SEDIMENTATION  OF  FOUR  REACHES  OF 
THE  MISSISSIPPI  AND  ILLINOIS  RIVERS. 

Illinois  State  Water  Survey  Div.,  Champaign. 
N.  G.  Bhowmik,  J.  R.  Adams,  and  M.  Demissie. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  11-19,  5  fig,  4  tab, 
5  ref.  Illinois  and  Mississippi  Rivers  Project,  Long- 
Term  Ecological  Program  of  the  Division  of 
Biotic  Systems  and  Resources,  National  Science 
Foundation  Grant  BSR81-14563. 

Descriptors:  'Illinois  River,  'Mississippi  River, 
•River  basins,  'River  sediments,  'Sediment  ero- 
sion, 'Sediment  transport,  'Sedimentation,  Catch- 
ment areas,  Deposition,  Incised  rivers,  Mud  flats, 
River  mechanics,  Sediment  discharge.  Sediment- 
carrying  capacity,  Sedimentary  basins,  Sediments. 

The  Illinois  and  Mississippi  River  basins  are  two  of 
the  largest  river  basins  in  the  United  States.  Over 
the  last  100  years  or  so,  both  of  these  rivers  have 
been  altered  significantly  by  human  activities.  Ex- 
tensive data  on  sediment  input  and  deposition,  in- 
cluding quality  and  characteristics  of  the  sediment, 
were  collected  from  a  number  of  reaches  of  these 
rivers,  analyzed,  and  evaluated.  Pool  19  along  the 
Mississippi  River  has  lost  about  58%  of  its  capacity 
to  sedimentation  and  may  lose  about  67%  of  its 


capacity  by  the  year  2050,  when  it  will  attain  a 
dynamic  equilibrium.  Pool  21  along  the  Mississippi 
River  has  also  been  an  accumulator  of  sediment. 
Peoria  Lake  along  the  Illinois  River  has  lost  about 
68%  of  its  original  capacity,  and  in  another  15  to 
20  years  it  may  become  reminiscent  of  an  incised 
river  with  shallow  mud  flats  on  both  sides.  On  the 
other  hand,  Pool  26  along  the  Mississippi  River  has 
been  a  net  exporter  of  sediment.  (See  also  W91- 
07057)  (Author's  abstract) 
W9 1-07059 


STREAM  POWER  AND  SEDIMENT  DEPOSI- 
TION IN  FLOWING  WATER  (PUISSANCE  HY- 
DRAULIQUE  ET  DEPOT  DE  SEDIMENTS  EN 
EAUX  COURANTES). 

Universidade  Federal  do  Rio  Grande  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
M.  P.  Bordas,  A.  L.  O.  Borges,  and  P.  Medeiros. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  21-33,  5  fig,  2  tab, 
12  ref.  English  summary. 

Descriptors:  'Bed  load,  'Flow  equations,  'River 
sediments,  'Sediment  budget,  'Sediment  transport, 
•Sedimentation,  •Streamflow,  Brazil,  Catchment 
areas,  Hydraulic  properties,  Latin  America,  Sedi- 
ment discharge,  Sedimentary  basins,  Sediments, 
Stream  discharge. 

Knowledge  of  maximum  solid  load  in  a  streamflow 
is  essential  for  the  calculation  of  sediment  budgets, 
since  it  governs  bed  load  routing  on  the  stream 
bed.  It  is  generally  estimated  using  bed  load  formu- 
lae which  are  difficult  to  apply  since  their  results 
may  vary  greatly.  In  an  attempt  to  solve  this 
problem,  basic  research  was  begun  at  IPH  (Institut 
de  Recherches  Hydrauliques)  in  Brazil  to  define 
the  hydraulic  streamflow  conditions  which  govern 
sediment  deposition  in  flowing  water.  From  these 
studies,  relations  were  defined  between  maximum 
sediment  load,  stream  power,  grain  size  of  sedi- 
ments transported,  and  bed  roughness  with  a 
higher  precision  than  classical  bed  load  formulae. 
(See  also  W9 1-07057)  (Author's  abstract) 
W9 1-07060 


GULLYING  IN  THE  SOUTHEASTERN  BRA- 
ZILIAN PLATEAU,  BANANAL,  SP. 

Universidade  Federal  do  Rio  de  Janeiro  (Brazil). 
Dept.  de  Geografia. 

A.  L.  C.  Netto,  N.  F.  Fernandes,  and  C.  E.  de 
Deus. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  35-42,  4  fig,  1  tab, 
13  ref. 

Descriptors:  'Brazil,  'Drainage  patterns,  'Gully 
erosion,  'River  basins,  'Sediment  erosion,  'Sedi- 
ment transport,  'Soil  erosion,  Catchment  areas, 
Latin  America,  Pipe  flow,  Sediment  discharge, 
Sedimentary  basins,  Sediments,  Seepage. 

In  the  hilly  lowlands  of  the  southeastern  Brazilian 
Plateau,  the  regional  drainage  network  has  been 
expanding  into  the  tributary  unchannelled  basins 
('rampa  complexes')  by  gullying  throughout  the 
Holocene  sediments.  Gully  development  is  domi- 
nated by  seepage  erosion,  in  a  manner  similar  to 
the  conceptual  model  of  channel  headward 
growth.  The  rate  of  removal  of  sediment  stored  in 
the  gully  floor  by  channelized  runoff  controls  the 
rate  of  seepage  erosion,  and  for  the  period  Novem- 
ber 1982  to  January  1987  approximately  1076  cu 
m/year  has  been  eroded  at  study  site  in  a  first 
order  basin  adjacent  to  a  tributary  of  the  River 
Bananal.  The  dominance  of  subsurface  flow  in  the 
present  rangeland  environment  may  be  due  to  the 
construction  by  'Sauva'  ants  of  tunnels  in  the  soil 
through  which  overland  flow  enters  the  soil  and 
generates  pipe  flow.  (See  also  W9 1-07057)  (Au- 
thor's abstract) 
W9 1-07061 


MATHEMATICAL  MODEL  FOR  RESERVOIR 
SILTING. 

Sao  Paulo  Univ.,  Sao  Carlos  (Brazil).  Escola  de 
Engenharia. 


P.  R.  J.  Cogollo,  and  S.  M.  Villela. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  43-51,  5  fig,  1  tab, 
5  ref. 

Descriptors:  'Dam  effects,  'Mathematical  models, 
•Model  studies,  'Reservoir  management,  'Reser- 
voir sediments,  'Reservoir  silting,  'Sediment 
transport,  'Sedimentation,  Catchment  areas,  Co- 
lombia, Dams,  Flow  models,  Latin  America,  Res- 
ervoir operation,  River  sediments.  Sediment  dis- 
charge, Sedimentary  basins,  Sediments. 

The  construction  of  a  dam  changes  the  natural 
equilibrium  of  a  river:  the  flow  velocity  will  be 
reduced  and  the  sediment  transported  will  be  de- 
posited in  the  reservoir.  Estimation  of  the  reservoir 
sedimentation  rates  and  location  of  sediment  is  a 
complex  task  due  to  many  interrelated  factors, 
such  as  size  and  texture  of  the  sediment  particles, 
seasonal  variations  in  river  flow  and  sediment  load, 
size  and  shape  of  the  reservoir,  and  reservoir  oper- 
ation scheduling.  A  technique  has  been  developed 
for  estimating  the  sediment  distribution  in  time  and 
space  into  a  lake.  The  river  is  modeled  by  a  single 
channel  assuming  one-dimensional  flow,  and  a  set 
of  multiple  channels  are  used  to  simulate  the  river 
and  flood  plains  in  the  reservoir.  The  physical 
boundaries  for  the  model  are:  the  flow  and  sedi- 
ment rates  at  the  upstream  section  of  the  river,  and 
stages  at  a  downstream  section  of  the  reservoir. 
The  flow  continuity  and  the  flow  momentum  equa- 
tion, and  the  sediment  continuity  equation  are  used 
to  simulate  gradually  varied  unsteady  flow  in  natu- 
ral alluvial  channels.  The  model  was  applied  to  a 
reservoir  in  Colombia.  The  results  were  considered 
satisfactory  at  least  from  a  qualitative  point  of 
view.  A  total  calibration  of  the  model  could  be 
made  with  bed  elevations  surveyed  on  at  least  two 
occasions.  Almost  all  the  sediment  was  deposited 
in  the  entrance  of  the  reservoir.  The  jet  theory 
assumes  that  the  boundary  of  the  jet  spreads  para- 
bolically  from  the  inlet  section  of  the  reservoir. 
For  the  case  of  a  reservoir  with  multiple  inlets,  the 
interaction  between  jets  must  also  be  studied  in  the 
future.  (See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07062 


MODEL  EXPERIMENTS  ON  BED  LOAD 
TRANSPORT  IN  THE  VARIABLE  BACKWA- 
TER ZONE  OF  A  RESERVOIR. 

Chengdu  Univ.  of  Science  and  Technology 
(China).  Dept.  of  Hydraulic  Engineering. 
D.  Fang,  Y.  X.  Chen,  and  J.  Y.  Chen. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  53-62,  5  fig,  4  tab, 
6  ref. 

Descriptors:  'Backwater,  'Bed  load,  'Model  stud- 
ies, 'Reservoir  sediments,  'Sediment  erosion, 
•Sediment  transport,  •Sedimentation,  Catchment 
areas,  China,  Flood  flow,  Navigation  channels, 
Reservoir  operation,  Reservoirs,  Sediment  dis- 
charge, Sedimentary  basins,  Sediments. 

A  lowhead  reservoir  situated  on  one  of  the  tribu- 
taries of  the  Yangze  River  in  China  has  a  58-year 
long-term  hydrological  series.  Systematic  model 
test  observations  were  used  to  investigate  the  bed- 
load  transport.  During  the  study  the  annual  bed 
load  transport  reached  high,  medium,  and  low 
flow  quantities  of  409,000,  280,000,  and  96,000 
tons,  respectively.  A  discharge  of  4,000  cu  m/s 
was  selected  as  a  threshold  for  the  project's  oper- 
ation. The  regulation  sluice  can  raise  the  upstream 
water  level  10  m,  and  will  be  fully  opened  when 
the  inflow  is  greater  than  the  threshold  discharge 
to  remove  the  backwater  effect  from  the  whole 
reach.  After  25  years  of  reservoir  operation,  the 
bed  load  will  be  reduced  to  33.8%  of  that  existing 
before  construction.  After  50  years,  unidirectional 
deposition  will  cease,  and  the  interchange  between 
scour  and  deposition  in  any  one  year  will  approach 
a  relative  equilibrium.  In  the  upper  bend  near  the 
head  of  the  backwater,  the  backwater  effect  is 
weak  but  the  deposition  is  still  appreciable.  At  full 
discharge,  the  scour  activity  is  strong  because  of 
circulatory  flow,  and  large  amounts  of  the  deposit- 
ed sediment  are  pushed  to  the  convex  bank,  in- 
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creasing  the  difference  in  elevation  between  the 
main  channel  and  the  flood  plain.  Although  more 
sediment  is  deposited  in  the  deep  narrow  reach 
during  low  flow  periods,  it  will  not  obstruct  navi- 
gation. The  transition  between  two  bends  in  the 
variable  backwater  zone  is  wide  and  shallow  with 
a  branch,  and  the  main  channel  frequently  shifts, 
causing  navigational  problems.  Realignment  of  the 
transition  was  best  accomplished  by  a  series  of 
longitudinal  dikes,  but  still  may  not  eliminate  navi- 
gation interruption  after  a  large  flood  peak.  (See 
also  W91-07057)  (Fish-PTT) 
W9 1-07063 

GENERAL  RELATION  FOR  THE  LIMITING 
EQUILIBRIUM  STATE  FOR  MOBILE  NON- 
COHERENT BEDS  (EXPRESSION  GENERALE 
DU  DEBUT  D'EROSION  D'UN  FOND  MOBILE 
NON-COHESIF). 

Institut  de  Recherche  et  d'Etude  d'Hydrotechni- 
que  et  d' Amelioration,    136  Rue   '9   Septembre,' 
1618  Sofia,  Bulgaria. 
G.  K.  Gadjev. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  63-70,  2  fig,  3  tab, 
12  ref.  English  summary. 

Descriptors:  'Model  studies,  'River  beds,  •Sedi- 
ment erosion,  *Sediment  transport,  •Sedimenta- 
tion, 'Turbulent  flow,  Catchment  areas,  Channel 
scour,  Equilibrium,  Flow  equations,  Flow  veloci- 
ty, Sediment  discharge,  Sedimentary  basins,  Sedi- 
ments. 

A  dimensionless  relationship  for  the  limiting  equi- 
librium state  for  mobile  noncoherent  beds  is  estab- 
lished on  the  basis  of  theoretical  and  experimental 
investigations.  This  relationship  takes  into  account 
the  turbulent  intensity  of  the  flow,  and  the  proba- 
bility of  the  limiting  non-scouring  pulsation  veloci- 
ty. The  derived  relationship  is  valid  for  the  quad- 
ratic, the  transient,  and  the  laminar  zones.  As  spe- 
cial cases  for  these  zones,  some  formulae  were 
proposed  which  give  the  critical  bottom  and  mean 
velocities,  given  that  the  dimensional  probability  is 
defined  with  consideration  of  the  importance  and 
the  category  of  the  construction  to  be  protected. 
The  results  obtained  were  confirmed  by  experi- 
ments. (See  also  W9 1-07057)  (Author's  abstract) 
W9 1-07064 


SILTING  OF  MOROCCAN  DAMS. 

Hydraulic   Administration,    Avenue   Hassan    Ben 
Chekroun,  Casier  Rabat  Chellah,  Morocco. 
A.  Lahlou. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  71-77,  2  fig,  3  tab, 
1  ref. 

Descriptors:  •Dam  effects,  'Dams,  •Morocco, 
•Reservoir  silting,  *Sediment  transport,  •Sedimen- 
tation, *Water  resources  development,  Annual 
runoff,  Catchment  areas,  Lithology,  Prediction, 
Sediment  discharge,  Sediment  yield,  Sedimentary 
basins,  Sedimentation  rates,  Sediments. 

The  increased  development  of  water  resources  in 
Morocco  increasingly  demands  a  full  knowledge 
and  understanding  of  sediment  generation  and 
transport  and  of  reservoir  siltation.  The  various 
direct  methods  used  for  determination  of  the  rates 
of  silting  of  Moroccan  reservoirs  include:  the  bath- 
ymetric  method,  sediment  monitoring,  the  stereo- 
photogrammetric  method,  and  the  use  of  degrada- 
tion prediction  relationships  for  the  upstream 
basins.  Relationships  between  sediment  yields  from 
the  watersheds  and  their  surface  area,  their  domi- 
nant lithology,  and  their  annual  runoff  were  used 
to  establish  a  series  of  formulae  for  predicting  the 
rate  of  siltation  of  dams  constructed  in  any  region 
of  Morocco  for  various  dominant  lithologies.  Sedi- 
ment yield  data  were  assembled  from  15  river 
monitoring  stations  and  from  23  dams  where  sedi- 
mentation rates  had  been  calculated.  This  provided 
estimates  of  sediment  yield  or  degradation  for  38 
drainage  basins,  representing  a  wide  range  of  litho- 
logies which  made  it  possible  to  isolate  the  influ- 
ence of  basin  lithology  on  sediment  yield.  The  dam 
characteristics  for  which  sedimentation  rates  were 


evaluated  include  the  level  of  the  thalweg,  the 
initial  capacity,  the  surface  of  the  watershed,  the 
annual  silting  and  degradation  based  on  an  average 
density  of  1.2  t/cu  m  for  the  material  and  an 
estimated  trap  efficiency,  and  the  annual  inflow. 
(See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07065 

EFFECTS  OF  SLOPE  LENGTH,  SLOPE  GRA- 
DIENT, TILLAGE  METHODS  AND  CROPPING 
SYSTEMS  ON  RUNOFF  AND  SOIL  EROSION 
ON  A  TROPICAL  ALFISOL:  PRELIMINARY 
RESULTS 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  4D. 
W9 1-07066 


HYDROLOGICAL  CHARACTERISTICS  AS  A 
DETERMINANT  OF  SEDIMENT  DELIVERY 
IN  WATERSHEDS. 

Illinois  Univ.  at  Chicago  Circle.  Dept.  of  Geologi- 
cal Sciences. 

A.  M.  Matherine,  and  K.  L.  Prestegaard. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  89-96,  6  fig,  5  ref. 

Descriptors:  'Hydrologic  cycle,  *Hydrologic 
properties,  •Rainfall-runoff  relationships,  •Sedi- 
ment discharge,  •Sediment  erosion,  'Sediment 
transport,  *Soil  erosion,  *Watersheds,  'Wisconsin, 
Catchment  areas,  Channel  erosion,  Groundwater, 
Runoff  rates,  Sedimentation,  Sediments,  Storm 
runoff. 

Stream  systems  in  southwestern  Wisconsin,  exhibit 
marked  discontinuities  in  their  channel  networks 
and  sediment  budgets.  The  hydrological  processes 
in  these  systems  also  demonstrate  a  variable  re- 
sponse with  scale.  The  large  channels  are  sur- 
rounded by  wide  valleys  with  near-surface  ground- 
water that  can  respond  rapidly  during  summer 
storm  events.  Therefore  the  main  channels  will 
create  major  flows  during  the  summer,  carrying 
with  them  sediment  stored  on  the  river  floor,  pro- 
vided shear  stresses  are  sufficiently  high.  During 
the  winter,  groundwater  levels  in  the  tributary 
basins  rise,  enabling  tributary  channels  to  respond 
to  snowmelt  events.  The  tributaries  do  not  respond 
to  the  low  recurrence  interval  storm  events.  The 
infiltration  capacity  of  the  soil  is  too  high  and  the 
groundwater  table  is  too  low.  In  Sand  Creek,  the 
stream  system  responded  in  an  integrated  manner 
only  during  a  low  magnitude  (<1  year  recurrence 
interval)  storm  that  occurred  during  the  end  of  the 
snowmelt  period.  A  change  in  the  hydrological 
behavior  of  the  system  occurs  at  the  junction  be- 
tween the  small  tributaries  with  low  groundwater 
tables  and  the  larger  channels  with  near-surface 
groundwater.  Most  gaging  stations  in  Wisconsin 
and  throughout  much  of  the  world  are  located  on 
large  perennial  channels,  and  therefore  are  not 
capable  of  monitoring  these  changes  in  hydrologi- 
cal behavior  that  can  have  such  a  profound  influ- 
ence on  erosion  and  deposition  processes  in  the 
drainage  basins.  (See  also  W91-07057)  (Fish-PTT) 
W9 1-07067 


TRANSPORT  OF  SUSPENDED  SEDIMENT  IN 
EPHEMERAL  CHANNELS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 
Civil  Engineering. 
M.  Nouh. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  97-106,  6  fig,  1 
tab,  10  ref.  King  Abdulaziz  City  for  Science  and 
Technology,  (Riyadh,  Saudi  Arabia)  Saudi  Nation- 
al Water  Research  Number  AR-5-62. 

Descriptors:  'Ephemeral  streams,  'Model  studies, 
•Saudi  Arabia,  *Sediment  transport,  •Sedimenta- 
tion, 'Suspended  sediments,  Catchment  areas, 
Flash  floods,  Sediment  discharge,  Sediment  ero- 
sion, Sedimentary  basins,  Shear  stress,  Storm 
runoff. 

In  Saudi  Arabia,  whose  ephemeral  channels 
(which  carry  water  only  during  storms)  are  char- 
acterized by  steep  slopes,  the  amounts  of  transport- 


ed sediment  are  large  and  cause  serious  deposition 
problems  in  surface  reservoirs  built  primarily  for 
water  conservation.  A  program  has  been  initiated 
to  provide  reliable  information  regarding  the  be- 
havior of  transported  sediment  in  the  ephemeral 
channels  of  Saudi  Arabia.  The  results  of  this  pro- 
gram, i.e.,  transport  rates  of  suspended  sediment  in 
37  straight  ephemeral  channels  measured  during  a 
large  number  of  flash  flood  events,  were  compared 
with  the  corresponding  suspended  sediment  dis- 
charges computed  with  two  different  recently-de- 
veloped approaches.  The  first  approach  calculates 
for  a  given  discharge  the  suspended  sediment 
transport  rates  of  individual  fractions,  whereas  the 
second  approach  calculates  for  the  discharge  the 
suspended  transport  rate  for  uniform  sediment 
which  is  then  converted  to  transport  rates  of  non- 
uniform sediment  using  a  multiplying  corrective 
factor.  These  approaches  were  found  to  be  unsatis- 
factory. A  modification  was  developed  for  the 
second  approach  to  improve  its  applicability  in 
ephemeral  channels.  The  modification  considers 
the  characteristics  of  flash  flood  hydrographs  to- 
gether with  the  characteristics  of  the  channel  and 
the  sediments.  The  unique  relation  between  the 
dimensionless  shear  stress  and  suspended  load 
transport  parameters  for  suspended  load  transport 
of  uniform  sediment  can  be  used  to  predict  the 
transport  rate  of  individual  fractions  in  a  mixture 
during  a  flood  flow  by  introducing  a  correction 
factor  which  is  dependent  on  shear  stress.  The 
accuracy  of  the  modified  method  in  the  ephemeral 
channels  was  found  to  be  an  improvement.  (See 
also  W91-07057)  (Fish-PTT) 
W9 1-07068 


METHODS  OF  ESTIMATING  BED  LOAD 
TRANSPORT  RATES  APPLIED  TO  EPHEM- 
ERAL STREAMS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 
Civil  Engineering. 
M.  Nouh. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  107-115,  5  fig,  14 
ref. 

Descriptors:  *Bed  load,  'Ephemeral  streams, 
•Model  studies,  *Saudi  Arabia,  *Sediment  trans- 
port, 'Sedimentation,  'Unsteady  flow,  Catchment 
areas,  Flash  floods,  Flow  equations,  Hydrographs, 
Sediment  discharge,  Sediment  erosion,  Shear 
stress,  Storm  runoff. 

Ephemeral  streams  are  generally  characterized  by 
steep  slopes,  high  sediment  transport  rates,  and 
unsteady  and  nonuniform  flow  rates.  The  sediment 
transported  with  the  flow  is  nonuniform  and 
covers  a  wide  range  of  size  and  standard  deviation. 
There  is  a  lack  of  information  concerning  suitable 
methods  for  computing  transport  rates  of  nonuni- 
form sediments  under  unsteady  flow  conditions. 
Bed  load  transport  was  measured  in  37  straight 
ephemeral  channels  varying  in  width,  slope,  sur- 
face roughness,  and  flood  flow  characteristics,  and 
transport  rates  were  calculated  with  four  different 
methods.  The  first  method  depends  on  the  ratio  of 
the  mean  grain  size  of  the  transported  grain  materi- 
al to  the  subsurface  geometric  mean  grain  size;  the 
second  method  uses  a  relationship  between  the 
dimensionless  grain  shear  stress  and  bed  load  trans- 
port rate  of  nonuniform  sediment  by  introducing  a 
multiplying  correction  factor;  the  third  method  is 
the  same  as  the  second,  but  without  the  correction 
factor;  and  the  fourth  method  uses  the  total  shear 
stress  on  the  bed  instead  of  the  shear  stress  due  to 
grain  resistance.  Comparison  of  these  methods  of 
calculation  with  field  measurements  indicated  that 
the  first  two  methods  gave  the  best  results;  the 
third  and  fourth  methods  gave  poor  results.  Gener- 
ally the  accuracy  of  the  methods  decreased  as  the 
ratio  of  hydrograph  depth  variation  with  time  to 
the  inverse  of  the  shear  velocity  increases,  and  the 
prediction  during  the  descending  period  is  more 
accurate  than  that  during  the  rising  period  of  hy- 
drographs. To  improve  the  applicability  of  the  first 
methods  in  ephemeral  channels,  a  modification 
which  considers  the  effect  of  unsteady  flow  during 
flash  floods  produced  satisfactory  results  in  most  of 
the  investigated  channels.  (See  also  W9 1-07057) 
(Fish-PTT) 
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W9 1-07069 


SUSPENDED  SEDIMENT  ROUTING  ALONG  A 
RESERVOIR. 

Universidad     Nacional     Autonoma    de    Mexico, 
Mexico  City.  Facultad  de  Ingenieria. 
J.  Gracia-Sanchez. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  117-124,  4  fig,  5 
ref. 

Descriptors:  *Flumes,  'Reservoir  sediments, 
•Sediment  discharge,  'Sediment  routing,  'Sedi- 
ment transport,  'Sedimentation,  'Suspended  sedi- 
ments, Density  currents,  Flow  equations,  Flow 
system,  Flow  velocity,  Sediment  erosion,  Sedimen- 
tary basins,  Slopes. 

A  revision  of  the  most  frequently  used  calculating 
procedures  used  to  predict  sediment  location  in  a 
reservoir  shows  that  they  are  of  empirical  charac- 
ter and  that  they  do  not  always  yield  reliable 
results.  Moreover,  the  analytic  procedures  are  still 
in  a  developmental  phase,  especially  those  used  to 
represent  the  behavior  of  fine  sediments.  Some 
experimental  research  was  performed  to  examine 
the  sediment  movement  along  a  reservoir,  using  a 
variable  slope  flume  to  simulate  the  reservoir.  A 
total  of  124  tests  were  performed,  using  different 
water  discharges,  slopes,  sediment  concentrations, 
temperature  profiles,  suspended  sediment  and 
lengthwise  sections.  The  sediment  movement  was 
observed  by  means  of  measurements  of  the  running 
length,  depths,  concentrations  and  temperatures. 
The  general  observed  evolution  of  the  transport 
phenomenon  may  be  divided  into  three  stages:  (1) 
the  water  with  sediment  enters  the  reservoir  quick- 
ly and  then  slows  down  until  a  density  current 
appears;  (2)  the  current  moves  at  almost  constant 
velocity  while  the  discharge  is  constant;  and  (3) 
the  inflow  discharge  stops  and  the  current  velocity 
diminishes  gradually  until  it  comes  to  a  halt.  A 
multifactorial  analysis  showed  that  the  most  impor- 
tant factors  are  slope,  discharge,  and  their  interac- 
tion; no  important  differences  were  observed  re- 
garding the  use  of  the  different  types  of  sediment. 
The  response  surfaces  gave  an  explanation  of  the 
evolution  of  the  plunging  zones,  and  a  good  repre- 
sentation of  the  sediment  behavior  for  high  slopes 
was  obtained.  A  theoretical  approach  and  compu- 
tational procedure  for  predicting  the  phenomena  is 
suggested.  (See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07070 


SOME  FACTORS  AFFECTING  EROSION  OF 
BED  CHANNELS  PROTECTED  WITH 
RIPRAP. 

Sao  Paulo  Univ.,  Sao  Carlos  (Brazil).  Dept.  de 
Hidraulica  e  Saneamento. 
E.  C.  Teixeira,  and  S.  M.  Villela. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  125-132,  6  fig,  1 
tab,  6  ref. 

Descriptors:  'Channel  erosion,  'Erosion  control, 
•Hydraulic  design,  'Riprap,  'Sediment  erosion, 
•Sediment  transport,  Bank  erosion,  Channel  im- 
provement, Channel  stability,  Erosion  rates,  Mate- 
rials testing,  Particle  size,  Slope  protection.  Unsta- 
ble channels. 

The  design  of  stable  channels  for  fine  and  nonco- 
hesive  bed  material  commonly  includes  protection 
by  an  assemblage  of  discrete  particles  known  as 
riprap.  There  are  a  limited  number  of  studies  about 
the  erosive  effect  of  flow  on  the  base  material  with 
respect  to  its  size  distribution,  the  riprap  layer 
thickness,  and  the  riprap  material  size  distribution. 
An  experiment  was  performed  to  study  some  of 
the  factors  responsible  for  the  erosion  process 
acting  on  the  base  material  of  a  stream  bed  protect- 
ed by  riprap.  Using  a  uniform  material  for  the 
riprap  and  two  graded  sands  as  base  material,  a 
series  of  experiments  was  designed  and  conducted 
in  the  laboratory  to  verify  the  effect  of  the  protec- 
tion thickness  and  of  the  base  material  size  distribu- 
tion on  the  base  erosion  process.  It  was  found  that 
the  erosive  effect  of  the  flow  at  the  base  became 
more  significant  with  increasing  mean  shear  stress, 


and  was  strongly  reduced  as  the  riprap  layer  thick- 
ness increased.  Differential  erosion  occurring  at 
the  base  material  was  affected  more  significantly 
by  riprap  layer  thickness  than  by  base  material  size 
distribution.  A  dimensionless  description  of  the 
observed  data  makes  it  possible  to  estimate  either 
the  protective  layer  thickness  or  the  erosion  rate  of 
the  base  material.  Based  on  the  results  of  such 
experiments  and  a  study  of  literature,  conclusions 
may  be  drawn  which  permit  the  more  confident 
design  of  riprap  protection.  (See  also  W9 1-07057) 
(Fish-PTT) 
W9 1-07071 


ANALYTICAL  EVALUATION  OF  BED  LOAD 
TRANSPORT  IN  A  RIVER  SUBJECT  TO 
BACKWATER  EFFECT:  THE  CASE  OF  THE 
RIVER  TROMBETAS. 

ENGE-RIO,  Engenharia  e  Consultoria  S/A,  De- 
partamento  Engenharia  Civil,  Setor  Comercial 
Norte,  Quadra  6,  Conj.  A,  Super  Center  Venancio 
3000,  Sala  601,  Bl.A,  Brasiha/DF,  CEP:  70710, 
Brazil. 

L.  C.  Veiga  Pires,  L.  O.  Ribeiro,  and  A.  R.  S.  R. 
Coimbra. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  133-138,  3  fie,  1 
tab,  6  ref. 

Descriptors:  'Amazon,  'Backwater  effect,  'Bed 
load,  'Model  studies,  'River  sediments,  'Sediment 
discharge,  'Sediment  transport,  Amazon  River 
Basin,  Brazil,  Catchment  areas,  Critical  velocity, 
Sediment  erosion,  Sedimentary  basins,  Sedimenta- 
tion, Sediments,  Tractive  forces. 

The  calculation  of  bed  load  transport  in  a  river  is  a 
problem  that  is  difficult  to  solve.  There  are  many 
formulae,  based  on  tractive  force,  that  estimate  bed 
load  discharge.  These  values  are  overestimated  and 
generally  inconsistent  among  themselves;  in  addi- 
tion, this  methodology  does  not  take  into  account 
the  velocities  near  the  bottom.  To  overcome  these 
problems,  impact  forces  theory  may  be  applied  to 
calculation  of  bed  load  transport.  The  basic  differ- 
ence between  these  two  methodologies  is  that, 
while  in  the  first  one  the  critical  velocity  is  unique, 
the  second  one  yields  an  interval  throughout 
which  velocity  is  critical  and  in  which  movement 
can  occur  according  to  a  probability  distribution. 
The  utilization  of  these  two  methodologies  allows 
the  technician  to  have  available  an  interval  whose 
lower  limit  is  the  result  obtained  by  the  impact 
forces  method,  while  the  upper  limit  is  given  by 
the  formulae  based  on  tractive  force.  These  two 
methodologies  were  used  for  the  determination  of 
bed  load  discharge  in  River  Trombetas,  a  tributary 
of  the  River  Amazon  in  Brazil.  The  results  show 
that  the  bed  load  discharges  obtained  through  the 
impact  forces  method  are  plausible.  The  suspended 
load,  found  to  be  near  1,300,000  t/year,  leads  to 
the  conclusion  that  the  tractive  forces  theory  over- 
estimated bed  load  transport.  But,  through  the 
impact  forces  method,  the  bed  load  found  was 
very  coherent;  the  proportion  of  bed  load  to  sus- 
pended load  usually  found  was  maintained  at  10  to 
30%.  (See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07072 


CROPPING  PATTERN  AND  ITS  ROLE  IN  DE- 
TERMINING EROSION  RISK:  EXPERIMEN- 
TAL PLOT  RESULTS  FROM  THE  MUGELLO 
VALLEY  (CENTRAL  ITALY). 

Florence    Univ.    (Italy).    Dipt,    di    Scienze   della 
Terra. 
C.  Zanchi. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  139-145,  1  fig,  4 
tab,  3  ref.  CNR,  Italy,  Special  Grant  IPRA,  Sub- 
project  2,  Paper  no.  1817. 

Descriptors:  'Agricultural  practices,  'Italy,  'Land 
management,  'Risk  assessment,  'Sediment  erosion, 
•Sediment  transport,  'Soil  conservation,  'Soil  ero- 
sion, Agricultural  runoff,  Corn,  Cropland,  Erosion 
control,  Erosion  rates,  Pastures,  Runoff  coefficient, 
Runoff  rates,  Sediments,  Surface  runoff,  Wheat. 

The  evaluation  of  soil  loss  related  to  different 
crops  is  of  primary  importance,  since  biological 


measures  are  often  the  only  applicable  conserva- 
tion practices  on  hilly  lands.  Runoff  and  soil  loss 
data  (runoff  and  runoff  coefficients)  collected  from 
1979  to  1987  were  examined  for  nine  experimental 
plots  (20  m  long,  5  m  wide,  14%  slope)  in  the 
Mugello  Valley  in  central  Italy,  planted  with  three 
different  crops  (wheat,  corn,  pasture).  It  was  deter- 
mined that  there  is  evidence  of  the  efficacy  of 
pasture  in  reducing  runoff  and  soil  loss  in  compari- 
son with  that  recorded  from  corn  and  wheat  plots. 
Pasture  cover  limited  soil  losses  to  below  the  maxi- 
mum level  of  soil  erosion  tolerance,  which  for  this 
soil  is  about  7  t/ha/year.  This  soil  loss  tolerance 
level  was  greatly  exceeded  by  the  corn  and  to  a 
lesser  extent  by  the  wheat  plots.  The  winter 
months  evidence  the  highest  erosion  risk  for  all 
crops,  but  corn  experienced  another  dangerous 
period  in  May-June,  related  to  the  stage  which 
immediately  follows  sowing.  The  experimental 
values  of  the  cover  and  management  factor  are  in 
accordance  with  those  derived  from  the  Universal 
Soil  Loss  tables  of  1978.  Mean  annual  values  of  the 
cover  and  management  factor  were  estimated  at 
0.13,  0.37,  and  0.03,  respectively,  for  wheat,  corn, 
and  pasture.  On  the  basis  of  experimental  results,  it 
is  important  to  note  that,  in  order  to  maintain  the 
erosion  within  the  admissible  soil  loss  tolerance, 
corn  would  need  to  follow  five  years  of  pasture. 
The  results  also  indicate  that,  in  some  Italian  envi- 
ronments, it  may  be  possible  to  utilize  the  Univer- 
sal Soil  Loss  Equation  which  provides  a  useful  tool 
for  planning  agricultural  systems  to  conserve  the 
soil  fertility.  (See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07073 


MONITORING  PROGRAMME  OF  SEDIMENT 
TRANSPORT  IN  NORWEGIAN  RIVERS. 

Norges  Vassdrags-  og  Elektrisitetsvesen,  Oslo. 
J.  Bogen. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  149-159,  7  fig,  7 
ref. 

Descriptors:  •Erosion,  'Monitoring,  'Norway, 
•Rivers,  *Sediment  erosion,  *Sediment  transport, 
•Sedimentation,  Bed  load,  Catchment  areas,  Gla- 
cial streams,  Land  management,  Mountain  streams. 
Particle  size,  River  basins,  River  sediments.  Sedi- 
ment discharge,  Sediment  yield,  Sedimentary 
basins,  Suspended  sediments. 

A  national  sediment  monitoring  program  has  been 
set  up  by  the  Norwegian  Water  Resources  and 
Energy  Administration  to  study  erosion  processes 
and  sediment  production  in  catchment  areas.  Anal- 
yses of  concentrations  of  suspended  organic  and 
inorganic  particulate  matter,  and  their  size  distribu- 
tions and  mineralogy  are  carried  out  in  the  pro- 
gram. Bed  load  is  estimated  from  measurements  of 
deltaic  growth  in  lakes.  There  are  four  main  types 
of  rivers  in  Norway:  lowland  rivers  draining  for- 
ested till  areas,  rivers  draining  clay  areas  below  the 
postglacial  marine  limit,  glacial  rivers,  and  rivers  in 
arctic  and  high  mountain  areas  without  glaciers. 
Present  knowledge  of  sediment  yield  and  sediment 
related  environmental  problems  due  to  the  various 
activities  within  the  drainage  basins  show  that  the 
largest  suspended  sediment  yields  are  derived  from 
subglacial  erosion.  In  the  lowland  river  basins 
characterized  by  coniferous  forest  and  no  glaciers, 
sediment  yields  are  to  a  large  extent  controlled  by 
the  availability  of  loose  material  and  the  protective 
effect  of  the  vegetation.  There  is  considerable  vari- 
ability in  the  particle  size  characteristics  of  sus- 
pended sediment  in  the  various  types  of  rivers.  The 
most  fine-grained  suspended  sediment  occurs  in  the 
marine  clay  areas.  Glacial  erosion  of  the  igneous 
and  metamorphic  rocks  in  southern  Norway  pro- 
duces relatively  coarse  particles.  Grain  size  is 
poorly  correlated  with  discharge,  and  more  de- 
pendent on  the  type  of  sources  and  the  develop- 
ment of  the  drainage  system  through  the  runoff 
season.  (See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07074 


SELECTION  OF  REPRESENTATIVE  AND  EX- 
PERIMENTAL BASINS  FOR  THE  STUDY  OF 
EROSION  ON  THE  SOUTH  AMERICAN  PLA- 
TEAU  (CHOIX   DE   BASSINS   REPRESENTA- 
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TIFS  ET  EXPERIMENTAL  POUR  L'ETUDE 
DE  L'EROSION  SUR  LE  PLATEAU  BASALTI- 
QUE  SUDAMERICAIN). 

Universidade  Federal  do  Rio  Grande  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
A.  L.  de  O.  Borges,  and  M.  P.  Bordas. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  161-169,  2  fig,  3 
tab,  7  ref.  English  summary. 

Descriptors:  'Computer  models,  *Experimental 
basins,  'Sediment  erosion,  'Sedimentary  basins, 
•South  America,  Brazil,  Catchment  areas,  Climatic 
zones,  Computerized  maps,  Land  management, 
Sediment  discharge,  Sediment  yield,  Sedimenta- 
tion, Sediments,  Suspended  sediments. 

Land  management  efforts  on  the  South  American 
basaltic  plateau  region  has  necessitated  determina- 
tion of  physico-climatic  zones  and  representative 
basin  types  within  each  of  these  zones.  A  computer 
modeling  strategy  has  been  developed  for  selecting 
basins  for  use  in  defining  sediment  production 
functions  in  basins  of  less  than  1000  sq  km.  Existing 
methods  were  adapted  to  local  circumstances,  par- 
ticularly the  specific  height  difference  concept  to 
express  the  influences  of  topography.  Thirteen 
physico-climatic  zones  were  defined,  five  of  which 
occupy  77%  of  the  study  region.  These  zones 
coincide  with  the  map  of  specific  suspended  sedi- 
ment production  utilized  in  the  regionalization  of 
erosion  and  sedimentation  risks  in  Brazil  made  in 
1988.  It  is  not  necessary  to  install  a  representative 
basin  for  each  of  the  similar  zones:  analyzing  the 
spatially  discriminating  models  to  judicially  choose 
a  representative  basin,  it  is  possible  to  reproduce 
the  basin  characteristics  such  that  the  elementary 
production  functions  are  entered  into  the  program. 
The  strategy  for  producing  the  appropriate  scenar- 
io involves  choice  of  a  strategically  representative 
basin,  and  identification  of  experimental  basins  on 
which  definition  is  needed  of  the  elementary  pro- 
duction functions.  (See  also  W9 1-07057)  (Fish- 
PTT) 
W9 1-07075 


METHOD  FOR  DETERMINING  SEDIMENT 
BUDGETS  USING  CAESIUM-137. 

Australian  Nuclear  Science  and  Technology  Or- 
ganisation, Sutherland. 

B.  L.  Campbell,  R.  J.  Loughran,  and  G.  L.  Elliott. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  171-179,  2  fig,  24 
ref. 

Descriptors:  'Analytical  methods,  'Cesium  radioi- 
sotopes, 'Isotopic  tracers,  'Land  management, 
•Sediment  budget,  *Sediment  erosion,  *Sediment 
transport,  *Tracers,  Catchment  areas,  Isotope  stud- 
ies, Sediment  sampler,  Sedimentary  basins,  Sedi- 
mentation, Sediments,  Soil  erosion. 

Cesium- 137  is  a  globally  distributed  product  of 
nuclear  weapons  tests  which  has  widespread  but 
under-utilized  applications  as  a  tracer  of  soil  and 
sediment  movements.  Contrary  to  such  equations 
as  the  Universal  Soil  Loss  Equation,  which  are 
calibrated  under  limited  conditions,  the  137-Cs 
method  provides  real  data  which  are  specific  to  the 
site.  It  may  be  used  to  identify  sediment  sources 
and  storages  which  are  the  most  difficult  compo- 
nents to  quantify  in  a  sediment  budget.  The  simple 
technique  uses  technical  aspects  often  neglected  in 
scientific  papers.  Soil  samples  are  scraped  at  depth 
increments  using  a  beveled  aluminum  blade  with 
depth  guide.  The  sampling  area  is  defined  within  a 
200  x  500  mm  steel  frame  made  from  a  30-45  mm 
wide  angle  iron  frame  hammered  into  the  soil 
surface  to  a  depth  intersecting  the  entire  137-Cs 
distribution.  In  the  laboratory,  simple  treatment  of 
the  samples,  followed  by  gamma-ray  spectrometry 
enables  calculation  of  1 37-Cs  concentration  in  vari- 
ous units  (1/g,  1/sq  cm).  Comparison  of  137-Cs 
values  from  the  sampling  site  relative  to  a  refer- 
ence site  shows  the  gain  or  loss  of  137-Cs  time- 
averaged  for  the  period  1954-1988.  Construction  of 
iso-cesium  lines  may  reveal  patterns  of  soil  loss  but 
nevertheless  soils  can  be  ranked  for  apparent  soil 
degradation.  The  measured  137-Cs  loss  versus 
measured  net  soil  loss  (kg/ha/year)  can  be  calibrat- 


ed within  confidence  limits,  and  these  variables 
correlated  with  productivity  yields.  This  allows 
production  of  maps  of  estimated  net  soil  loss  in  the 
basin.  Sediment  collected  by  water  sampling  at 
basin  outlets  can  also  be  retrieved  for  137-Cs  'fin- 
gerprinting.' (See  also  W9 1-07057)  (Author's  ab- 
stract) 
W9 1-07076 


STRATEGY  FOR  ORGANIZING  A  SEDIMENT 
DATA  COLLECTION  NETWORK  BASED  ON 
THE  AVAILABLE  HYDROLOGICAL 

RECORDS  FOR  A  CATCHMENT  IN  KENYA. 

Ministry     of     Water     Development,     Mombasa 
(Kenya). 
S.  H.  Charania. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  181-188,  5  fig,  4 
tab,  1  ref. 

Descriptors:  •Hydrologic  data  collections, 
•Kenya,  'Land  management,  'Network  design, 
•Sediment  erosion,  'Sediment  transport,  'Sedi- 
ment yield,  Africa,  Catchment  areas,  Costs,  Data 
requirements,  Flow  duration,  Sediment  discharge, 
Sedimentary  basins,  Sediments,  Streamflow  data. 

The  sediment  loads  of  rivers  can  give  rise  to  many 
problems  in  terms  of  water  resource  development 
and  there  is  an  important  need  for  sediment  data  in 
many  areas.  A  network  of  stations  must  be  estab- 
lished for  regular  data  collection  and  a  strategy 
must  be  developed  to  ensure  adequate  data  collec- 
tion for  the  purpose.  The  Tana  catchment  in 
Kenya  was  employed  to  demonstrate  how  such  a 
strategy  could  be  developed.  Flow  duration  analy- 
sis was  carried  out  for  each  station  using  the  daily 
flows  and  the  total  year  method  of  analysis.  The 
flows  were  sorted  into  classes  and  the  relative 
frequencies  and  probabilities  of  flow  were  ob- 
tained. The  flow  duration  curves  were  plotted  on 
normal  arithmetic  paper.  Sediment  yields  were  cal- 
culated and  the  equation  of  the  sediment  rating 
curve  for  each  station  was  obtained  by  plotting  the 
sediment  yields  against  the  corresponding  water 
flows  on  log-log  paper.  These  curves  were  used  to 
convert  the  daily  discharges  into  daily  sediment 
yields.  The  annual  sediment  yields  at  each  station 
were  determined  by  two  methods:  using  the  flow 
duration  curve  and  the  sediment  rating  curve  for 
each  station;  and  using  the  sediment  rating  curve 
and  the  daily  discharge  series  for  the  station.  The 
ratio  of  the  two  sediment  yield  values  was  used  as 
a  correction  factor  for  the  daily  sediment  yield 
values  in  the  final  analysis.  Further  analysis  to 
determine  the  relationship  between  flow  magni- 
tude and  the  corresponding  proportion  of  the  total 
sediment  yield  was  done  to  confirm  that  sufficient 
information  will  be  obtained  through  limited  data 
collection.  It  was  concluded  that  there  is  no  need 
to  undertake  sediment  sampling  all  times  during 
the  year.  If  a  reasonable  error  of,  for  instance,  5% 
was  permitted,  sampling  at  the  stations  in  the 
Upper  Tana  could  be  reduced  by  at  least  40%, 
leading  to  significant  reductions  in  costs  of  sam- 
pling and  more  effective  use  of  the  few  instruments 
available  for  the  purpose,  without  any  significant 
reduction  in  the  accuracy  of  the  results.  (See  also 
W91-07057)(Fish-PTT) 
W9 1-07077 


EVALUATION  OF  LONG  TERM  SUSPENDED 
SEDIMENT  RECORDS  FOR  SELECTED  CA- 
NADIAN RIVERS. 

Environment   Canada,    Ottawa   (Ontario).    Water 
Resources  Branch. 
T.  J.  Day. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  189-195,  3  fig,  1 
tab,  7  ref. 

Descriptors:  'Canada,  'Data  collections,  'Rivers, 
•Sediment  erosion,  *Sediment  transport,  'Suspend- 
ed sediments,  Catchment  areas,  Data  requirements, 
Reservoir  sediments,  Sediment  discharge,  Sedi- 
mentary basins,  Sedimentation,  Streamflow  data. 

Long  term  suspended  sediment  monitoring  in  Ca- 
nadian  rivers  began   in   the    1950s   for   purposes 


which  included  documentation  of  geophysical 
processes  and  reservoir  sedimentation.  Many  de- 
tailed (50-200  samples/year)  data  records  with 
lengths  of  10-30  years  now  exist.  Presently  both 
economic  concerns  and  an  awareness  of  different 
environmental  applications  have  prompted  a 
review  of  these  records.  Results  indicate,  for  exam- 
ple, that  mean  characteristics  are  stable  after  about 
10  years,  and  that  a  good  range  of  conditions  has 
been  sampled.  Long  term  records  of  suspended 
sediment  transport  are  of  limited  use  in  document- 
ing geophysical  processes  due  to  the  limited  sensi- 
tivity of  basin  response  and  to  the  complication  of 
natural  and  man-induced  changes.  As  a  conse- 
quence of  these  reviews,  the  emphasis  of  Canadian 
sediment  monitoring  activities  is  shifting  towards 
shorter  term  programs  with  a  reduced  number  of 
samples.  (See  also  W9 1-07057)  (Author's  abstract) 
W9 1-07078 


ASSESSING  SEDIMENT  SOURCES  IN  A 
SMALL  DRAINAGE  BASIN  ABOVE  THE  TTM- 
BERLINE  IN  THE  PYRENEES. 

Instituto  Pirenaico  de  Ecologia,  Jaca  (Spain). 
J.-C.  Diez,  B.  Alvera,  J.  Puigdefabregas,  and  F. 
Gallart. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  197-205,  3  fig,  10 
ref. 

Descriptors:  'Erosion,  'Mountain  watersheds, 
•Pyrenees  Mountains,  'Sediment  sources,  'Sedi- 
ment transport,  'Sedimentary  basins,  'Sedimenta- 
tion, 'Sediments,  'Small  watersheds,  'Spain, 
Alpine  regions,  Catchment  areas,  Drainage  pat- 
terns, Geomorphology,  Sediment  discharge,  Storm 
runoff,  Surface  runoff. 

Sediment  transfer  pathways  between  hillslopes  and 
channels  in  alpine  grasslands  are  poorly  under- 
stood. The  geomorphic  work  processes  were  ob- 
served in  a  small  alpine  drainage  basin  in  Spain  to 
estimate  their  relative  contribution  to  the  sediment 
budget.  It  was  seen  that  most  of  the  geomorphic 
work  performed  in  the  Izas  basin  is  used  to  change 
its  shape,  and  only  a  small  part  of  the  material 
moved  is  exported  from  it.  Mass  wasting  is  very 
active  on  the  hillslopes,  but  is  disconnected  from 
the  drainage  network  and  its  work  cannot  be  ex- 
pressed in  terms  of  sediment  yield.  The  drainage 
system  itself,  including  the  pipe  network,  is  usually 
the  main  source  of  the  sediment  it  transports,  but 
this  is  primarily  coarse  material  produced  by  cut- 
ting gorges  and  which  is  partially  accumulated  in 
depressions.  Intense  summer  rainstorms  are  able  to 
partially  integrate  the  efficient  sediment  yielding 
hillslope  and  the  fluvial  processes,  but  their  role  is 
uncertain,  because  the  recurrence  interval  of  such 
storms  is  not  known.  Under  these  conditions, 
chemical  weathering  and  dissolved  transport  seem 
to  be  the  most  effective  mechanism  for  export  of 
material  from  the  basin.  (See  also  W9 1-07057)  (Au- 
thor's abstract) 
W9 1-07079 


NATURE  OF  COARSE  MATERIAL  BED  LOAD 
TRANSPORT. 

Freie   Univ.   Berlin   (Germany,   F.R.).    Inst,   fuer 
Physische  Geographic 
P.  Ergenzinger. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  207-216,  4  fig,  23 
ref. 

Descriptors:  'Bed  load,  'Erosion,  'Particle  size, 
'River  sediments,  'Sediment  transport,  'Suspend- 
ed sediments,  Catchment  areas,  Channel  flow, 
Channel  morphology,  Flood  waves,  Italy,  Mon- 
tana, Sediment  discharge,  Sedimentary  basins. 

The  principles  governing  the  conditions  for  coarse 
bed  load  movement  have  often  been  questioned. 
Existing  bed  load  formulae  concentrate  on  the 
hydraulic  conditions  necessary  to  initiate  pebble 
motion,  but  research  carried  out  in  the  Buonamico 
basin  in  southern  Italy  and  in  Squaw  Creek,  Mon- 
tana, U.S.,  indicates  that  bed  load  transport  is  more 
complicated.  The  hydraulic  conditions  are  of  para- 
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mount  importance,  but  other  factors  such  as  sedi- 
ment supply  and  channel  form  changes  have  to  be 
examined  to  comprehend  the  specific  wave-like 
movement  of  bed  load  during  a  flood  wave.  These 
aspects  are  further  complicated  by  apparent 
changes  in  the  types  of  waves  of  bed  load  trans- 
port. Channel  geometry  has  been  studied  in  order 
to  ascertain  whether  or  not  the  passage  of  waves  of 
bed  load  material  can  be  directly  measured. 
Changes  in  the  channel  form  can  be  attributed  to 
the  passage  of  such  waves  through  the  channel 
systems  and  they  also  correspond  well  to  the  vary- 
ing hydraulic  conditions  that  influence  the  removal 
of  storage  of  material  within  the  reach.  It  is  there- 
fore important  that  bed  load  transport  equations 
should  be  questioned  by  devising  a  continuous 
recording  technique  for  bed  load  transport  with 
simultaneous  investigations  of  changes  of  channel 
geometry,  sediment  supply,  and  types  of  bed  load 
movement.  (See  aJso  W9 1-07057)  (Author's  ab- 
stract) 
W9 1-07080 


DEVELOPMENT  AND  FLUME  CALIBRATION 
OF  A  NEW  TYPE  OF  NEAR-STREAMBED 
SUSPENDED  LOAD  SAMPLER. 

Chengdu     Univ.    of    Science    and    Technology 
(China).  Dept.  of  Hydraulic  Engineering. 
D.  Fang,  and  G.  D.  Wang. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  217-224,  4  fie,  2 
tab,  4  ref. 

Descriptors:  »Bed  load,  'Samplers,  'Sediment 
sampler,  'Sediment  transport,  'Suspended  load, 
•Suspended  sediments,  Calibrations,  Flumes,  River 
sediments,  Rivers,  Sediment  contamination,  Sedi- 
ments, Streambeds. 

To  calculate  the  absolute  sediment  concentration 
at  a  certain  point  in  the  vertical  profile  of  river 
flow,  the  sediment  concentration  near  the  stream- 
bed  must  be  known.  Using  a  conventional  suspend- 
ed load  sampler,  it  is  generally  impossible  to  meas- 
ure the  layer  of  high  sediment  concentration  near 
the  streambed.  As  a  result,  the  accuracy  and  value 
of  the  collected  data  are  greatly  reduced.  A  new 
type  of  near-streambed  instantaneous  suspended 
load  sampler  has  been  developed.  A  stay  line  is 
used  to  increase  the  stability  and  to  help  to  in- 
crease the  effectiveness  of  the  sampler.  When  the 
sampler  has  been  moved  to  the  predetermined  sam- 
pling point  along  its  electric  cableway,  the  electro- 
magnetic switch  installed  on  the  river  bank  is  used 
to  close  the  lids  on  the  two  ends  of  the  sampling 
container  and  collect  the  sample.  The  instrument's 
reliability  and  value  have  been  verified  by  flume 
calibration.  A  feasible  means  of  solving  the  prob- 
lem of  total  load  measurement  in  large  rivers  is 
therefore  provided.  (See  also  W91-07057)  (Au- 
thor's abstract) 
W9 1-07081 


ESTIMATING  EROSION  USING  CAESIUM- 
137:  I.  MEASURING  CAESIUM-137  ACTIVITY 
IN  A  SOIL. 

University  of  New  England,  Armidale  (Australia). 
Dept.  of  Resource  Engineering. 
D.  J.  Fredericks,  V.  Norris,  and  S.  J.  Perrens. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of    Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  225-2  tab,  12  ref. 

Descriptors:  'Australia,  'Cesium  radioisotopes, 
•Isotopic  tracers,  'Sediment  erosion,  'Sediment 
transport,  'Soil  erosion.  Analytical  methods,  Esti- 
mating, Isotope  studies,  Land  use,  Sediments,  Uni- 
versal soil  loss  equation. 

Most  estimates  of  topsoil  erosion  in  sediment  budg- 
ets rely  on  the  use  of  the  Universal  Soil  Loss 
Equation.  The  applicability  of  this  empirically  de- 
rived equation  beyond  the  data  base  from  which  it 
was  derived  will  always  be  open  to  question.  The 
measurement  of  the  retention  of  the  fallout  isotope 
137-Cs  has  the  potential  to  provide  a  universal 
physically  based  method  of  estimating  soil  loss. 
Mean  areal  activities  of  137-Cs  under  forest,  graz- 
ing, and  cultivated  land  use  in  northern  New  South 
Wales,  Australia,  were  estimated.  Activities  under 


each  land  use  were  significantly  different;  the 
forest  site  had  the  greatest  137-Cs  activity  and  the 
cultivated  sites  had  the  least.  Variability  in  137-Cs 
activity  at  each  site  was  high  and  was  primarily 
dependent  on  land  use.  The  coefficient  of  variation 
ranged  from  21%  for  a  0.4  ha  cultivated  site  to 
45%  for  the  0.02  ha  grazing  site.  Variability  was 
attributed  to  (a)  an  initially  nonuniform  distribution 
of  137-Cs  within  the  soil,  (b)  small  scale  redistribu- 
tion of  topsoil  controlled  by  microtopography  and 
not  resulting  in  a  net  export  of  soil,  and  (c)  erosion. 
Estimates  of  the  number  of  samples  required  to 
estimate  a  mean  activity  with  a  standard  error  of 
less  than  5%  ranged  from  19  for  the  cultivated  sites 
to  over  80  for  the  grazing  site.  The  large  number 
of  samples  required  to  accurately  estimate  a  mean 
activity  makes  the  routine  application  of  this  tech- 
nique impracticable.  A  method  for  estimating  ac- 
tivity by  bulk  sampling  is  suggested  for  these  appli- 
cations. (See  also  W9 1-07057)  (Author's  abstract) 
W9 1-07082 


ESTIMATING  EROSION  USING  CAESIUM- 
137:  II.  ESTIMATING  RATES  OF  SOIL  LOSS. 

University  of  New  England,  Armidale  (Australia). 
Dept.  of  Resource  Engineering. 
D.  J.  Fredericks,  and  S.  J.  Perrens. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  233-240,  2  fig,  8 
ref. 

Descriptors:  'Australia,  'Cesium  radioisotopes, 
•Erosion  rates,  'Isotopic  tracers,  'Sediment  ero- 
sion, 'Soil  erosion,  Estimating  equations,  Isotope 
studies,  Land  use,  Mass  transfer,  Model  studies, 
Sediment  transport,  Sediments. 

Most  estimates  of  topsoil  erosion  in  sediment  budg- 
ets rely  on  the  use  of  the  Universal  Soil  Loss 
Equation.  The  applicability  of  this  empirically  de- 
rived equation  beyond  the  data  base  from  which  it 
was  derived  will  always  be  open  to  question.  The 
measurement  of  the  retention  of  the  fallout  isotope 
137-Cs  has  the  potential  to  provide  a  universal 
physically  based  method  of  estimating  soil  loss. 
Three  methods  are  available  for  converting  a 
measurement  of  137-Cs  depletion  in  a  soil  to  an 
estimate  of  soil  loss:  (1)  a  simple  linear  relationship 
between  the  two  variables;  (2)  empirically-derived 
relationships  between  the  reduction  in  137-Cs  ac- 
tivity and  soil  loss;  and  (3)  mass  balance  models. 
Each  of  these  techniques  was  used  to  estimate  rates 
of  soil  loss  from  a  site  at  Inverell,  Australia,  using  a 
linear  relationship  soil  loss  was  calculated  to  be  106 
t/ha/year.  Estimates  of  soil  loss  using  a  mass  bal- 
ance model  were  found  to  be  greatly  affected  by 
the  assumptions  used  in  the  model  and  the  tempo- 
ral distribution  of  soil  loss  events  used  in  the  model 
(25-80  t/ha/year).  The  empirically-derived  rela- 
tionship was  found  to  yield  estimates  an  order  of 
magnitude  lower  (1.5  t/ha/year).  Each  method 
needs  to  be  calibrated  using  erosion  plot  data  for  a 
wide  variety  of  soils  and  land  uses  before  any 
confidence  can  be  placed  in  estimates  of  soil  loss. 
(See  also  W9 1-07057)  (Author's  abstract) 
W9 1-07083 


IDENTIFICATION  OF  SOURCES  OF  SEDI- 
MENT TRANSPORT  IN  SMALL  BASINS  WITH 
SPECIAL  REFERENCE  TO  PARTICULATE 
PHOSPHORUS. 

Copenhagen  Univ.  (Denmark).  Inst,  of  Geography. 
B.  Hasholt. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  241-250,  2  fig,  4 
tab,  17  ref. 

Descriptors:  'Denmark,  'Nutrient  transport,  'Path 
of  pollutants,  'Phosphorus,  'Sediment  erosion, 
•Sediment  sources,  'Sediment  transport,  'Sedi- 
ments, 'Small  watersheds,  Catchment  areas,  Ero- 
sion rates,  River  basins,  Runoff,  Sediment  dis- 
charge. 

An  increasing  oxygen  deficiency  in  Danish  lakes 
and  coastal  waters  has  caused  great  concern  about 
the  transport  of  nutrients  to  water  courses.  The 
Danish  Ministry  of  the  Environment  has  sponsored 
a  project  that  deals  with  the  various  aspects  of  the 


transport  of  nutrients  to  the  aquatic  environment. 
One  part  of  the  study  quantifies  the  contribution  of 
different  erosion  sources  to  the  total  transport  of 
phosphorus.  Two  basins  were  selected  (approxi- 
mately 10  sq  km),  where  climatic  parameters,  dis- 
charge, and  sediment  transport  are  recorded  con- 
tinuously at  the  outlets.  The  basins  are  monitored 
once  a  week  for  occurrences  of  erosion  which,  if 
observed,  are  quantified.  Preliminary  results  from 
investigation  performed  during  the  winter  of  1987/ 
88  show  that,  when  the  different  types  of  erosion 
found  during  the  weekly  field  trips  were  distribut- 
ed over  time  using  continuous  records  of  transport 
and  the  sum  for  the  period  computed,  sediment 
transport  from  sources  other  than  the  stream  bed 
and  banks  and  wetlands  in  the  river  valley  are 
insignificant  for  the  Rabis  Baek  basin.  Very  little 
rill  erosion  occurred  during  this  year  and  this  was 
not  at  locations  where  it  could  influence  transport 
at  the  monitoring  stations.  This  is  due  to  the  ex- 
tremely mild  and  rainy  winter  during  which  a 
large  amount  of  water  has  been  able  to  infiltrate 
instead  of  flowing  across  the  frozen  surface.  It  is 
proposed  to  continue  the  field  investigations  for  a 
further  year  in  order  to  obtain  more  data  to  im- 
prove the  statistical  computations  and  extrapola- 
tion of  the  findings  to  other  areas.  (See  also  W91- 
07057)  (Author's  abstract) 
W9 1-07084 


MANAGEMENT   OF   SEDIMENT   MONITOR- 
ING    AT     THE     DRAIX     EXPERIMENTAL 
BASINS  (LA  GESTATION  DU  BASSIN  VER- 
SANT  EXPERIMENTAL  DE  DRAIX  POUR  LA 
MESURE  DE  L'EROSION). 
Centre    National    du    Machinisme    Agricole,    du 
Genie  Rural,  des  Eaux  et  des  Forets,  Saint-Martin 
d'Heres  (France).  Grenoble  Group. 
R.  Mura,  J.  P.  Cambon,  F.  Combes,  M.  Meunier, 
and  J.  Oliver. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  251-258,  5  fig,  1 
tab.  English  summary. 

Descriptors:  'Erosion,  'Erosion  rates,  'Experi- 
mental basins,  'Experimental  design,  'France, 
•Monitoring,  'Sediment  transport,  Forest  water- 
sheds, Sediment  discharge,  Sedimentary  basins, 
Soil  erosion,  Soil  types,  Vegetation  effects. 

The  five  experimental  basins  of  Draix  are  located 
in  the  southern,  Mediterranean  part  of  France; 
their  geology  consists  of  marls  with  badland  facies. 
A  set  of  three  basins  with  surface  areas  of  78  to  108 
ha,  and  which  are  distinguished  by  the  amount  of 
vegetative  cover,  was  selected  for  the  study  of 
erosion  as  a  function  of  vegetation.  The  investiga- 
tion began  in  1984,  but  useful  and  continuous  re- 
sults have  only  existed  since  1985  for  the  Roubine 
and  Laval  Basins  and  since  1987  for  the  Brusquet 
Basin.  For  non-vegetated  soil  the  loss  of  earth 
seems  to  be  independent  of  the  soil  surface  over  a 
long  period  (a  year  or  more).  The  analysis  of  the 
individual  parameters  of  throughflow  show  an  ex- 
treme difference  in  behavior  between  the  forested 
basin  and  the  two  others,  which  seems  capable  of 
explanation  only  through  the  effect  of  the  forest. 
There  were  some  problems  in  obtaining  measure- 
ments of  sediment  discharge  and  in  the  interpreta- 
tion of  these  measurements.  Therefore,  these  re- 
sults and  interpretations  should  be  confirmed  by 
the  continued  collection  of  data  over  a  much 
longer  period.  (See  also  W9 1-07057)  (Fish-PTT) 
W9 1-0708  5 


EXAMINATION  OF  THE  ROLE  OF  SAM- 
PLING STRATEGIES  IN  THE  STUDY  OF  SUS- 
PENDED SEDIMENT  TRANSPORT. 

University  Coll.,  Campbell  (Australia).  Dept.  of 
Geography  and  Oceanography. 
L.  J.  Olive,  and  W.  A.  Rieger. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  259-267,  6  fig,  18 
ref. 

Descriptors:  'Experimental  design,  'Sediment  ero- 
sion, 'Sediment  sampling,  'Sediment  transport, 
•Suspended  sediments,  Artificial  storms,  Erosion 
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rates,  Monitoring,  Sediment  discharge,  Stream  dis- 
charge, Turbidity. 

Studies  of  contemporary  stream  sediment  transport 
have  been  used  to  determine  erosion  and  denuda- 
tion rates.  Little  attention  has  been  given  to  the 
very  important  temporal  relationships  which  exist 
between  suspended  sediment  and  stream  discharge 
and  the  errors  introduced  by  deficiencies  in  the 
temporal  bases  of  sampling  programs  which  do  not 
adequately  sample  variability  through  time.  To 
obtain  an  idea  of  the  possible  errors  involved, 
synthetic  storm  event  series  were  generated  at  one 
minute  intervals  over  a  ten-hour  period.  The  three 
types  of  storm  event  series  represent  common  sus- 
pended sediment  responses:  (1)  single  rise  hydro- 
graph  with  sediment  concentration  lead;  (2)  double 
rise  hydrograph  with  sediment  concentration  lead 
and  sediment  depletion;  and  (3)  multiple  rise  hy- 
drograph with  no  identifiable  pattern  to  suspended 
sediment  concentration.  A  simulation  of  different 
sampling  time  intervals  for  the  calculation  of  loads 
clearly  demonstrated  the  loss  of  information  and 
changes  in  the  nature  of  the  series  which  result 
from  using  a  less  frequent  sampling  interval;  where 
the  temporal  sampling  strategy  is  inadequate, 
errors  in  load  calculation  can  result.  There  are 
relatively  small  errors  in  load  estimation  for  sam- 
pling time  intervals  less  than  30  min;  the  starting 
point  for  the  estimation  of  load  for  a  given  sam- 
pling time  interval  is  critical  as  seen  in  the  range  of 
values  for  the  different  starting  points.  It  was  con- 
cluded that  continuous  monitoring  using  an  indi- 
rect technique  such  as  turbidity  may  result  in  a 
more  accurate  data  set  despite  the  inherent  prob- 
lems involved  in  such  techniques.  (See  also  W91- 
07057)  (Author's  abstract) 
W9 1-07086 


TECHNIQUES  FOR  ESTABLISHING  SUS- 
PENDED SEDIMENT  SOURCES  IN  TWO 
DRAINAGE  BASINS  IN  DEVON,  UK:  A  COM- 
PARATIVE ASSESSMENT. 

Hong  Kong  Univ.  Dept.  of  Geography  and  Geolo- 
gy- 

M.  R.  Peart,  and  D.  E.  Walling. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  269-279,  2  fig,  4 
tab,  15  ref. 

Descriptors:  'England,  'Sampling,  'Sediment 
load,  'Sediment  sources,  'Sediment  transport, 
'Suspended  sediments,  Bank  erosion,  Catchment 
areas,  Cesium  radioisotopes,  Channel  erosion,  Geo- 
logic control,  Isotopic  tracers,  River  basins,  Sedi- 
ment discharge,  Sediment  erosion,  Sedimentary 
basins. 

There  is  an  increasing  need  for  information  con- 
cerning the  source  of  the  sediment  load  leaving  a 
drainage  basin.  However,  such  information  is  diffi- 
cult to  obtain.  Traditional  methods  include  both 
direct  and  indirect  approaches.  The  'fingerprinting' 
technique,  based  on  measurements  of  sediment  and 
source  material  properties,  has  been  developed 
more  recently.  Several  of  these  methods  of  sedi- 
ment source  determination  have  been  applied  in 
two  drainage  basins  in  Devon,  England.  It  was 
found  that  the  construction  of  suspended  sediment 
concentration/discharge  hysteresis  rating  relation- 
ships do  not,  without  additional  information, 
permit  the  evaluation  of  sediment  source  in  terms 
of  a  within-channel,  surface  soil  division.  The 
channel  bank  erosion  study  indicates  that  this 
source  provides  sediment  to  the  channel  system. 
However,  because  of  problems  associated  with 
sediment  storage  and  evaluating  erosion  it  is  diffi- 
cult to  quantify  the  contribution  made  by  bank 
erosion.  Nevertheless,  it  is  believed  that  process 
studies  afford  the  best  method  of  evaluating  new 
techniques  of  sediment  source  evaluation,  such  as 
'fingerprinting.'  In  the  study  basins  the  'fingerprint- 
ing' methodology  proved  most  capable  of  deter- 
mining sediment  source.  However,  in  the  case  of 
the  Jackmoor  Brook  and  the  river  Dart  the  rela- 
tively homogeneous  geology  underlying  the  basins 
may  have  simplified  the  problem  of  finding  proper- 
ties capable  of  distinguishing  topsoil  from  substrate 
material.  In  drainage  basins  with  nonheterogeneous 
geology  this  will  be  more  difficult.  In  such  situa- 
tions  137-Cs  may  be  the  better  tracer  since  its 


behavior  is  largely  independent  of  rock  character. 
(See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07087 


SEDIMENT  PRODUCTION  AND  TRANSPORT 
ON  THE  SQUARE  KILOMETRE  SCALE  IN 
HUMID  SAVANNAH,  IVORY  COAST  (LA 
PRODUCTION  DE  SEDIMENTS  SUR  LES 
VERSANTS  ET  LEUR  TRANSPORT  A  L'E- 
CHELLE  DU  KM-SQ  EN  SAVANE  HUMIDE, 
COTE  D'lVOIRE). 

Office  de  la  Recherche  Scientifique  et  Technique 
Outre-Mer,  Montpellier  (France). 
O.  Planchon. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  281-291,  4  fig,  2 
tab,  6  ref.  English  summary. 

Descriptors:  'Erosion,  'Ivory  Coast,  'Savannas, 
'Sediment  transport,  'Sediment  yield,  'Slope  ef- 
fects, Catchment  areas,  Cover  crops,  Erosion  rates, 
Flood  flow,  Sediment  discharge,  Sediments,  Soil 
erosion. 

The  sediment  production  on  the  slopes  of  a  1.39  sq- 
km  basin  in  the  Ivory  Coast  was  studied  by  means 
of  small  pits  and  sediment  transport  downslope  (by 
examining  flood  propagation  down  the  erosion  ra- 
vines). The  study  showed  that,  at  the  level  of  the 
slopes,  the  erosion  is  more  important  at  the  begin- 
ning of  the  rainy  season  when  the  landscape  is  still 
bare  after  brush  fires.  However,  the  floods  in  the 
erosion  ravines  reach  the  backwater  only  at  the 
end  of  the  season  when  the  water  table  is  at  its 
highest.  Thereby,  the  erosion  on  the  slope  scale 
and  the  erosion  on  the  basin  scale  are  controlled  by 
a  number  of  contradictory  phenomena.  It  was  also 
seen  that  cropping  can  modify  this  equilibrium. 
(See  also  W9 1-07057)  (Author's  abstract) 
W9 1-07088 


PRELIMINARY  ESTIMATE  OF  BED  LOAD 
USING  MEAN  GRAIN  SIZE  DISTRIBUTION 
DATA. 

Universidade  Federal  do  Rio  Grande  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
F.  R.  Semmelmann,  M.  P.  Bordas,  and  A.  E. 
Lanna. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  293-299,  3  fig,  1 
tab,  9  ref. 

Descriptors:  'Bed  load,  'Brazil,  'Particle  size, 
'Sampling,  'Sediment  transport,  'Sediment  yield, 
•Suspended  sediments,  Bed-load  discharge,  Catch- 
ment areas,  Distribution  patterns,  Gaging  stations, 
Latin  America,  Sediment  discharge,  Sedimentary 
basins. 

When  sediment  yield  data,  generally  derived  from 
suspended  discharge  measurements,  are  used  for 
specific  projects,  the  determination  of  total  load 
may  become  necessary.  Relationships  between  pa- 
rameters of  grain  size  distributions  of  river  bed 
material  and  suspended  sediments  may  be  used  to 
obtain  estimates  of  the  importance  of  bed  load, 
expressed  as  a  percentage  of  suspended  load.  These 
relationships  were  examined  using  59  Brazilian 
sediment  gaging  stations.  A  considerable  degree  of 
relative  bed  load  importance  was  associated  with 
the  following  conditions:  (1)  bed  material  which 
contributes  to  suspended  load  is  predominant;  (2) 
bed  sediment  is  predominant  in  suspended  load  size 
distributions;  (3)  the  relative  importance  of  size 
fractions  which  are  contained  in  bed  material  and 
in  suspended  load  is  similar,  provided  that  grain 
sizes  occurring  in  both  size  distributions  are  pre- 
dominant; and  (4)  the  degree  of  uniformity  of  the 
size  distributions  of  bed  material  and  suspended 
sediment  load  is  coincident  in  both  distributions. 
Moderate  relative  importance  of  bed  load  was 
found  to  be  associated  with  the  first  two  condi- 
tions. Low  relative  importance  of  bed  load  was 
found  to  be  associated  with  predominance  of  wash 
load  or  reduced  importance  of  those  grain  size 
fractions  of  bed  material  contributing  to  suspended 
load,  together  with  different  degrees  of  uniformity 
of  sediments  and  bed  material.  The  gaging  stations 
were  classified  by  wash  load/suspended  bed  sedi- 


ment predominance  and  probable  relative  impor- 
tance of  bed  load.  The  relative  frequency  (52%)  of 
stations  with  predominant  wash  loads  in  suspended 
load  size  distributions  was  significant.  All  cases  of 
wash  load  predominance  coincided  with  low  rela- 
tive bed  load  importance  at  the  mean  suspended 
load  concentration  levels  observed  (<1200  ppm). 
A  comprehensive  interpretation  of  the  distributions 
requires  consideration  of  many  parameters  such  as 
land  use  patterns,  soil  and  climatic  conditions,  res- 
ervoir effects,  grade  variations,  and  other  param- 
eters. (See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07089 


ANALYSIS  OF  THE  QUALITY  OF  SUSPEND- 
ED SEDIMENT  DATA. 

Universidade  Federal  do  Rio  Grande  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
F.  R.  Semmelmann,  and  A.  E.  Lanna. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  301-305,  2  fig,  1 
tab,  8  ref. 

Descriptors:  'Brazil,  'Data  quality,  'Data  quality 
control,  'River  sediments,  'Sampling,  'Sediment 
load,  'Statistical  methods,  'Suspended  sediments, 
Error  analysis,  Gaging  stations,  Sediment  concen- 
tration, Sediment  transport,  South  America. 

For  inhomogeneous  river  conditions,  the  practice 
of  excluding  statistical  outliers  from  the  calculation 
of  cross-sectional  mean  suspended  load  concentra- 
tions may  introduce  significant  error  (due  to  elimi- 
nation of  components  of  the  group  mean),  instead 
of  the  intended  improvement  in  data  quality.  It  is 
proposed  to  examine  outliers  (samples)  of  inhomo- 
geneous river  reaches  or  cross  sections  with  regard 
to  compatibility  of  operational  procedure  and  flow 
conditions,  before  deciding  on  the  elimination  of 
such  samples;  following  this  procedure  the  repre- 
sentative character  of  mean  concentration  values 
would  be  maintained  and  quality  could  be  im- 
proved. In  the  example  studied  (30  suspended  load 
measurements  at  the  Indaial  sediment  gaging  sta- 
tion on  the  River  Itajai-Acu  in  southern  Brazil)  an 
improvement  in  the  quality  of  mean  concentration 
values  was  observed,  after  elimination  of  defective 
samples.  (See  also  W91-07057)  (Author's  abstract) 
W9 1-07090 


EROSION  STUDIES  IN  SUME,  A  SEMIARID 
REGION  IN  THE  NORTHEAST  OF  BRAZIL. 

Universidade  Federal  da  Paraiba,  Campina  Grande 
(Brazil).  Dept.  of  Civil  Engineering. 
V.  S.  Srinivasan,  H.  P.  Gomes,  J.  C.  Leprun,  and  I. 
G.  Silva. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  307-314,  4  fig,  2 
tab,  5  ref. 

Descriptors:  'Brazil,  'Land  management,  'Land 
use,  'Rainfall-runoff  relationships,  'Sediment  ero- 
sion, 'Semiarid  lands,  'Soil  erosion,  'Surface 
runoff,  Catchment  areas,  Erosion  rates,  Sediment 
discharge,  Sediment  sampler,  Sediment  transport, 
Sediment  yield,  Sediments,  Slopes,  Vegetation  ef- 
fects, Water  level  recorders. 

The  effects  of  land  use,  slope,  and  vegetal  cover  in 
the  region  of  Sume,  Brazil,  on  surface  runoff  and 
land  erosion  are  not  known  quantitatively.  This 
information  would  be  of  great  importance  in  land 
use  management  of  small  basins  and  could  serve  as 
a  very  useful  input  in  the  regional  planning  proc- 
ess. To  evaluate  the  influence  of  such  factors  on 
the  sediment  production  rates,  several  experimen- 
tal plots  of  100  sq  m  and  four  microbasins  were 
installed  within  the  representative  basin  of  Sume. 
All  basins  were  equipped  with  sediment  collectors, 
automatic  water  level  recorders,  and  means  for 
collecting  a  cumulative  suspended  sediment 
sample.  The  erosion  plots  were  submitted  to  differ- 
ent slopes,  vegetal  cover,  and  management.  Meas- 
urements of  surface  runoff  and  soil  erosion  have 
been  carried  out  since  1982.  The  results  show  the 
large  influence  of  natural  vegetation  on  surface 
runoff  and  erosion.  In  the  case  of  the  nonvegetated 
microbasins,  there  was  a  large  concentration  of 
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events  with  low  yields  of  sediments  and  very  few 
events  with  a  production  of  more  than  1600  kg/ha. 
In  general  it  was  found  that  the  natural  vegetation 
reduced  the  surface  runoff  and  erosion  by  90%  or 
more  for  events  of  less  than  50  mm  of  rain.  The 
soil  loss  per  unit  area  proved  to  be  higher  in  the 
case  of  erosion  plots  than  in  the  microbasins  of 
similar  characteristics.  The  precipitation-runoff  re- 
lationships as  well  as  soil  loss  (erosion)  and  erosi- 
vity  index  showed  far  less  scatter  and  a  better- 
defined  trend  in  the  case  of  100  sq  m  plots.  In  the 
case  of  mulching,  the  average  reduction  of  runoff, 
compared  with  bare  soil  conditions,  was  about 
50%  and  soil  loss  more  than  60%.  The  soil  loss 
was  consistently  higher  for  the  larger  slope,  al- 
though the  runoff  was  the  same.  Similarly,  the 
effect  of  contour  planting  reduced  the  erosion  rates 
by  more  than  50%  on  the  average  when  compared 
to  planting  along  the  slope.  The  runoff  reduction 
was  of  the  order  of  only  20%.  (See  also  W91- 
07057)  (Fish-PTT) 
W9 1-07091 


MEASURING  SEDIMENT  YIELDS  OF 
STORMS  USING  PSALT. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Areata,  CA. 
R.  B.  Thomas. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  315-323,  1  fig,  11 
ref. 

Descriptors:  •California,  'Erosion,  'Forest  water- 
sheds, 'Land  management,  'Rainfall-runoff  rela- 
tionships, 'Sampling,  'Sediment  yield,  'Soil  ero- 
sion, 'Storm  runoff.  Catchment  areas,  Computer 
programs,  Data  acquisition,  Field  tests,  On-site 
data  collections,  River  sediments,  Sediment  dis- 
charge, Sediment  transport,  Sediments,  Suspended 
sediments. 

Storm  yields  of  water  and  sediment  are  being 
measured  as  part  of  a  study  of  the  effects  of 
reading,  logging,  and  burning  in  a  second-growth 
redwood  forest  in  northern  California.  Two  pri- 
mary basins,  each  about  500  ha,  and  13  sub-basins 
in  one  of  them  are  measured  for  sediment  flux  and 
the  presence  and  magnitude  of  sediment-based  'cu- 
mulative effects.'  Study  objectives  require  a  more 
sophisticated  sediment  sampling  design  than  is 
typically  used  in  watershed  experiments.  Sediment 
is  sampled  and  estimated  by  using  PSALT 
(Piecewise  Selection  at  List  Time)«a  probability- 
based  method  for  sampling  that  enhances  data  col- 
lection during  high  flows.  The  method  is  applied 
to  storms  defined  after  field  data  are  collected.  The 
sampling  sites  are  visited  at  arbitrary  times  during 
storm  periods.  Because  PSALT  data  are  independ- 
ent they  can  be  combined  to  give  unbiased  esti- 
mates of  suspended  sediment  yield  and  its  variance 
during  storms.  Application  of  the  method  to  a 
large  number  of  basins  requires  parameter  adjust- 
ment to  balance  sampling  across  storms.  (See  also 
W9 1-07057)  (Author's  abstract) 
W9 1-07092 


USE  OF  CAESIUM-137  MEASUREMENTS  TO 
INVESTIGATE  SEDIMENT  DELIVERY  FROM 
CULTIVATED  AREAS  IN  DEVON,  UK. 

Exeter  Univ.  (England).  Dept.  of  Geography. 
D.  E.  Walling,  and  S.  B.  Bradley. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  325-335,  3  fig,  24 
ref. 

Descriptors:  'Cesium  radioisotopes,  'Cultivated 
lands,  'England,  'Erosion,  'Isotope  studies,  'Land 
management,  'Sediment  transport,  'Sedimenta- 
tion, 'Soil  erosion,  'Tracers,  Cultivation,  Deposi- 
tion, Isotopic  tracers,  Land  use,  Sediment  dis- 
charge, Sediments. 

There  is  a  need  for  empirical  evidence  concerning 
patterns  of  erosion  and  deposition  on  agricultural 
land  and  the  proportion  of  the  eroded  sediment 
reaching  the  water  courses,  in  order  to  improve 
understanding  and  prediction  of  sediment  delivery 
processes.  However,  such  information  is  difficult 
to  assemble  using  conventional  measurement  tech- 


niques. It  is  suggested  that  cesium- 137  measure- 
ments offer  considerable  potential  in  this  context 
and  some  results  of  using  this  approach  to  investi- 
gate sediment  delivery  from  cultivated  areas  in 
Devon,  England,  were  examined.  Measurements  of 
137-Cs  activity  at  a  number  of  sites  within  the 
study  area  characterized  by  hilltop  locations,  mini- 
mal slopes,  and  permanent  pasture  provided  con- 
sistent estimates  of  an  average  baseline  input  of  250 
mBq/sq  cm.  Profiles  excavated  from  individual 
fields  showed  clear  evidence  of  the  influence  of 
cultivation  and  of  erosion  and  deposition.  Deposi- 
tional  gains  of  137-Cs-labeled  sediment  were  con- 
sistent with  continued  mixing  by  cultivation.  With 
a  typical  analytical  precision  of  plus  or  minus  6% 
for  the  core  samples,  sampling  variability  is  respon- 
sible for  most  of  the  overall  range  of  the  precision 
ascribed  to  the  cores.  These  measurements  enable 
generalized  maps  of  the  spatial  distribution  of  ero- 
sion and  deposition  within  cultivated  fields  during 
the  past  30  years  to  be  constructed,  as  well  as 
providing  evidence  of  the  proportions  of  the 
eroded  soil  which  are  redeposited  within,  or  trans- 
ported beyond,  the  field.  (See  also  W9 1-07057) 
(Fish-PTT) 
W9 1-07093 


RELIABILITY  OF  RATING  CURVE  ESTI- 
MATES OF  SUSPENDED  SEDIMENT  YIELD: 
SOME  FURTHER  COMMENTS. 

Exeter  Univ.  (England).  Dept.  of  Geography. 
D.  E.  Walling,  and  B.  W.  Webb. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  337-350,  3  fig,  5 
tab,  20  ref. 

Descriptors:  'England,  'Error  analysis,  'Rating 
curves,  'River  sediments,  'Sediment  yield,  'Sus- 
pended sediments,  Estimating,  Graphical  analysis, 
Sediment  discharge,  Sediment  transport,  Sedi- 
ments, Uncertainty. 

A  number  of  recent  papers  have  suggested  that  the 
underestimation  bias  inherent  in  the  use  of  log- 
transformed  regression  to  derive  suspended  sedi- 
ment rating  relationships  is  a  major  cause  of  the 
error  commonly  associated  with  rating  curve  esti- 
mates of  suspended  sediment  yield,  and  that  this 
bias  can  be  largely  removed  by  applying  simple 
correction  factors.  However,  there  is  conflicting 
evidence  as  to  the  extent  to  which  bias-corrected 
rating  estimates  provide  reliable  values  of  sediment 
yield.  In  order  to  investigate  this  uncertainty  fur- 
ther, continuous  records  of  suspended  sediment 
concentration  and  discharge  for  three  rivers  in 
Devon,  England,  were  assembled.  These  records 
were  used  to  calculate  actual  loads  and  to  synthe- 
size a  variety  of  replicate  data  sets,  representing 
different  manual  sampling  strategies,  for  rating 
curve  derivation.  The  resulting  load  estimates  ob- 
tained using  rating  curves  and  bias-corrected  rating 
curves  were  compared  with  the  actual  loads.  The 
results  indicate  that  bias-correction  procedures  do 
not  provide  accurate  estimates  for  these  rivers  and 
that  other  sources  of  error  associated  with  rating 
curves  are  more  important  in  producing  inaccurate 
estimates.  Further  attention  could  be  given  to 
other  approaches  to  improving  the  accuracy  of 
rating  curve  estimates,  including  the  use  of  regres- 
sion weighted  towards  the  high  values  of  concen- 
tration and  discharge  responsible  for  transporting 
the  majority  of  the  load.  However,  the  substantial 
scatter  evidenced  by  most  rating  relationships  and 
the  complexities  associated  with  hysteresis  and  ex- 
haustion effects  are  thought  to  preclude  any  major 
improvements  in  the  reliability  of  rating  curves. 
(See  also  W9 1-07057)  (Author's  abstract) 
W9 1-07094 


PERIODICITY  OF  SUSPENDED  SEDIMENT 
CONCENTRATIONS  IN  THE  RIVER  TIGRIS 
AT  BAGHDAD  IDENTIFIED  USING  SHORT 
INTERVAL  SAMPLING. 

Baghdad  Univ.  (Iraq).  Dept.  of  Geology. 
N.  A.  Al-Ansari,  and  G  T.  Al-Sinawi. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  353-357,  3  fig,  2 
tab,  7  ref. 


Descriptors:  'Iraq,  'River  sediments,  'Sediment 
concentration,  'Suspended  sediments,  'Tigris 
River,  Agricultural  runoff,  Catchment  areas,  Dep- 
osition, Land  use,  Periodicity,  Sediment  sampling, 
Sediment  transport. 

The  short-term  variation  of  suspended  sediment 
concentrations  in  the  River  Tigris  at  Baghdad, 
Iraq,  was  investigated.  Samples  were  collected  at 
2-h  intervals  from  the  river  at  two  stations  up- 
stream and  downstream  of  the  city  of  Baghdad  for 
seven  days.  Suspended  sediment  concentrations 
were  determined  and  their  periodicity  was  investi- 
gated. The  suspended  sediment  concentrations 
showed  a  mean  value  of  182.5  mg/L  at  the  up- 
stream station  and  a  mean  of  86.6  mg/L  down- 
stream. It  was  concluded  that  agricultural  activity 
upstream  of  Baghdad  increased  the  concentration 
of  suspended  sediments  causing  short  period 
cycles.  The  deposition  of  sediment  along  the  reach 
of  the  river  within  the  city  causes  a  decrease  in 
concentrations  and  diminishes  the  short  period 
cycles  downstream.  (See  also  W9 1-07057)  (Fish- 
PTT) 
W9 1-07095 


EVALUATION  OF  THE  RISKS  OF  EROSION 
AND  SEDIMENTATION  IN  BRAZIL  FROM 
ROUGH  SEDIMENT  BUDGETS  (EVALUA- 
TION DES  RISQUES  D'EROSION  ET  DE  SEDI- 
MENTATION AU  BRESIL  A  PARTIR  DE 
BILANS  SEDIMENTOLOGIQUES  RUDIMEN- 
TAIRES). 

Universidade  Federal  do  Rio  Grande  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
M.  P.  Bordas,  A.  E.  Lanna,  and  F.  R. 
Semmelmann. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  359-368,  1  fig,  3 
tab,  3  ref.  English  summary. 

Descriptors:  'Brazil,  'Risk  assessment,  'Sediment 
erosion,  'Sediment  transport,  'Sedimentation, 
•Suspended  sediments,  Gaging  stations,  Hydraulic 
structures,  Land  management,  Sediment  discharge, 
Sedimentary  basins,  South  America. 

In  Brazil,  the  importance  of  problems  caused  by 
sedimentation  has  only  relatively  recently  been 
recognized.  Preliminary  estimation  of  such  risks 
has  therefore  been  attempted,  using  the  'sediment 
budget'  concept.  The  estimation  of  the  risks  of 
erosion  and  sedimentation  is  proved  feasible,  in 
Brazil,  by  the  use  of  a  simplified  sediment  budget, 
based  on  data  of  generally  mediocre  quality.  Al- 
though insufficient  in  many  ways,  the  data  collect- 
ed in  the  Brazilian  sediment-measurement  network 
permit  the  calculation  of  rough  sediment  budgets 
which  may  help  detect  basins  prone  to  erosion  or 
sedimentation  problems.  Using  these  data,  simpli- 
fied computations  of  mean  concentration  and  mini- 
mum specific  suspended  sediment  production 
permit  the  identification  of  regions  where  sediment 
problems  require  particular  attention  when  design- 
ing or  managing  hydraulic  structures.  The  preci- 
sion of  the  data  is  sufficient  to  guide  an  eventual 
redeployment  of  the  sediment  gaging  network  and 
to  estimate  for  the  first  time  the  importance  of  risks 
and  the  impact  of  sediments  on  the  management  of 
waters  and/or  soils.  (See  also  W9 1-07057)  (Fish- 
PTT) 
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SEDIMENT  YIELD  IN  THE  VELHAS  RIVER 
BASIN  (MINAS  GERAIS,  BRAZIL). 

ELETROBRAS,  Rio  de  Janeiro  (Brazil).  Dept.  de 
Recursos  Energeticos. 
N.  O.  Carvalho. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  369-375,  3  fig,  3 
tab,  3  ref. 

Descriptors:    'Brazil,    'Erosion,    'Land    mana    - 
ment,  'Sediment  yield,  'Sedimentation,  'Soil  e.. 
sion,  Catchment  areas,  Erosion  control,  Land  use, 
River    basins,    Sediment    discharge,    Sedimentary 
basins,  Sediments. 


62 


WATER  CYCLE— Field  2 


Erosion  and  Sedimentation — Group  2J 


The  constant  increase  in  population,  the  necessity 
for  agriculture  and  multifarious  constructions 
along  the  Velhas  River  basin,  a  tributary  of  the 
Sao  Francisco  River,  Minas  Gerais  State,  Brazil, 
are  factors  of  great  importance  which  nevertheless 
result  both  in  erosion  of  the  land  and  degradation 
of  the  soil.  A  sedimentological  diagnosis  was  made 
of  this  basin,  based  on  the  sediment  discharge 
measurements  at  stations  along  the  river.  The 
values  of  sediment  yield  and  soil  degradation  depth 
were  computed  and  compared  with  standard 
values  obtained  by  research  in  other  countries.  The 
work  also  included  a  study  of  the  increase  in 
sediment  yield  of  the  basin  through  the  period 
1956-1983.  It  was  shown  that  the  sediment  yield  in 
the  Velhas  River  basin  may  be  considered  as  mod- 
erate, but  not  alarming.  However,  the  upper  basin 
presents  a  sediment  yield  bigger  than  normal 
values  encountered  in  the  U.S.  It  was  also  shown 
that  sediment  yield  has  increased  throughout  the 
study  period.  It  was  concluded  that  there  is  a  need 
for  action  to  decrease  the  erosion  in  the  basin. 
Some  suggestions  for  the  control  of  erosion  and 
sedimentation  include:  laws  to  prevent  forest  ex- 
ploitation, provision  of  incentives  for  reforestation, 
laws  to  prohibit  the  burning  of  field  vegetation, 
adequate  agricultural  soil  management  techniques, 
laws  for  adequate  use  of  appropriate  earthwork, 
protection  of  slopes  and  uncovered  areas,  care  and 
protection  of  catchment  areas,  studies  of  causes 
and  risks  of  erosion  and  sedimentation,  economic 
evaluation  of  erosion  and  sedimentation  damage, 
and  educational  campaigns  for  local  inhabitants. 
(See  also  W9 1-07057)  (Fish-PTT) 
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ANALYSIS  OF  SEDIMENT  YIELDS  DURING 
THE  HISTORIC  PERIOD  IN  THE  LOESS 
REGION  OF  THE  YELLOW  RIVER  BASIN. 

Yellow  River  Water  Resource  Protection  Inst., 
Zhengzhou  (China). 
S.Dai. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  377-380,  1  fig,  1 
tab,  2  ref. 

Descriptors:  'China,  'Erosion,  'Geologic  history, 
•Huang  He  River  Basin,  'Land  use,  'Sediment 
load,  'Sediment  yield,  'Sedimentation,  Climatic 
changes,  Erosion  rates,  Loess,  Sediment  transport, 
Sedimentary  basins,  Sediments. 

The  Lower  Yellow  River  in  China  carries  the 
largest  sediment  load  of  all  world  rivers;  85%  of 
the  sediment  transported  within  the  lower  Yellow 
River  is  derived  from  the  loess  region  of  the 
Middle  Yellow  River.  The  major  factors  affecting 
sediment  yields  in  the  loess  region  are  the  land 
surface,  climate,  and  human  activity.  Land  surface 
and  climate  have  been  important  throughout  the 
geologic  history  of  the  loess  region  which  extends 
back  over  several  million  years.  The  influence  of 
human  activity  has  only  appeared  in  the  historical 
period  when  human  activity  could  affect  sediment 
yield:  over  the  last  4000-5000  years.  The  mean 
annual  sediment  yield  of  the  Yellow  River  during 
the  geological  period  was  estimated  as  380,000,000 
t  (much  less  than  the  1,600,000,000  t  contemporary 
mean  annual  sediment  yield).  The  loess  deposition 
in  the  Middle  Yellow   River  began  during  the 
Quaternary  period,  when  there  were  four  periods 
of  increased  erosion.  The  third  and  fourth  erosion 
periods  exerted  a  considerable  influence  on  sedi- 
mentation in  the  Lower  Yellow  River.  In  the  his- 
toric period,   human  activities  exerted   a  major 
effect  on  sediment  yields  in  the  loess  region.  Ac- 
cording to  the  evidence  of  alluvial  fan  aggradation 
and  taking  into  account  the  time  factor  and  the 
linear  acceleration  of  erosion,  it  was  estimated  that 
the  rate  of  acceleration  of  the  erosion  rates  during 
the  period  1020  BC  to  1194  AD  should  be  0.71% 
per  hundred  years,  and  the  overall  rate  of  accelera- 
tion of  erosion  rates  during  the  period  1 194  AD  to 
1855  AD  was  1.36%  per  hundred  years,  indicating 
that  the  impact  of  human  activity  in  accelerating 
erosion  rates  was  greater  than  that  of  natural  fac- 
tors during  the  period  1194  AD  to  1855  AD.  (See 
also  W9 1-07057)  (Fish-PTT) 
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SUSPENDED  SEDIMENT  AT  A  CROSS  SEC- 
TION OF  THE  MIDDLE  PARANA  RIVER: 
CONCENTRATION,  GRANULOMETRY  AND 
INFLUENCE  OF  THE  MAIN  TRIBUTARIES. 

Instituto  Nacional  de  Limnologia,  Santo  Tome 
(Argentina). 

E.  C.  Drago,  and  M.  L.  Amsler. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  381-396,  8  fig,  5 
tab,  15  ref. 

Descriptors:  'Parana  River,  'River  sediments, 
•Sediment  yield,  'South  America,  'Suspended 
sediments,  Catchment  areas,  Particle  size,  River 
basins,  Sediment  discharge,  Sediment  load,  Sedi- 
mentary basins,  Wash  load. 

The  middle  reach  of  the  River  Parana,  integrating 
one  of  the  most  important  fluvial  systems  of  South 
America-the  Rio  de  la  Plata  basin-is  the  subject 
of  an  ecological  study  to  assess  the  likely  impact  of 
large  dam  construction.  Based  on  concentrations 
and  granulometry  data  of  suspended  sediments 
from  the  study,  the  origin,  magnitude,  annual  be- 
havior, composition,  and  variations  of  suspended 
material  during  the  different  river  stages  were  in- 
vestigated. It  was  concluded  that  the  River  Ber- 
mejo  through  the  Lower  Paraguay  supplies  more 
than  60%  of  the  suspended  material  carried  by  the 
Middle  Parana,  and  that  the  concentration  peaks 
coming  from  that  river  lag  behind  the  highest 
Middle  Parana  streamflows.  The  suspended  sedi- 
ments are  composed  largely  of  wash  load,  with 
high  percentages  of  particles  within  the  fine  and 
very  fine  silts  and  clay  ranges  (<16  micrometers). 
The  influence  of  the  River  Bermejo  also  confirms 
these  aspects,  since  when  the  concentration  peaks 
occur,  the  mean  diameters,  sorting,  and  clay  per- 
centages are  closely  related  to  those  which  oc- 
curred 2063  km  upstream  in  the  Bermejo  Upper 
basin.  The  total  suspended  yield  in  the  Middle 
Parana  is  not  less  than  100,000,000  t/year.  (See  also 
W9 1-07057)  (Author's  abstract) 
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ETA  (EROSION  TRANSPORT  ACCUMULA- 
TION) SYSTEMS,  THEIR  CLASSIFICATION, 
MAPPING  AND  MANAGEMENT. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 
Hydrogeology  and  Geographical  Hydrology. 
G.  B.  Engelen,  and  R.  G.  W.  Venneker. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  397-412,  10  fig,  1 
tab,  3  ref. 

Descriptors:  'Erosion,  'Hydrologic  maps,  'Land 
management,  'Mapping,  'Sediment  transport, 
•Sedimentation,  Catchment  areas,  Italy,  River 
basins,  Sediment  discharge,  Sedimentary  basins, 
Systems  analysis. 

A  regional,  distributed  systems  approach  for  the 
transport  of  sediment  in  basins  has  been  developed, 
based  on  the  causal  relationships  and  patterns  in 
the  chain  Erosion-Transport-Accumulation 
(ETA).  Thus  ETA  systems  can  be  defined, 
mapped,  and  documented  on  the  basis  of  their 
transporting  agents:  wind,  water,  snow,  ice,  gravi- 
ty, and  man.  ETA  systems  have  an  inherent  logic 
in  space  and  time,  following  sediment  from  source 
areas  to  its  temporary  or  final  accumulation  areas, 
differentiated  according  to  scale  and  the  practical 
problems  to  be  solved.  The  methodology  is  appli- 
cable at  any  scale  of  time  and  space.  The  systems 
can  be:  (1)  inactive  fossil  systems,  called  paleo- 
ETA  systems;  (2)  active,  recent  systems,  called 
actuo-ETA  systems;  and  (3)  to-be-active,  future 
systems,  called  futuro-ETA  systems.  ETA  process- 
es result  in  associated  erosion,  transport,  and  accu- 
mulation features  to  be  observed  and  measured  in 
field  surveys  and  be  remote  sensing.  A  stepwise 
procedure  for  the  strategy  to  manage  the  ETA 
systems  of  an  area  can  be  based  on  ETA  systems 
maps.  Examples  based  on  detailed  field  surveys 
were  examined  for  the  alpine  basin  of  the  Upper 
Boite  River  (approximately  200  sq  km)  in  the  Am- 
pezzan  Dolomites  in  northern  Italy.  The  original 
detailed  ETA  systems  map  at  a  scale  of  1:25,000  of 
the  Upper  Boite  basin  could  be  used  to  compile  a 
map  of  the  actual,  present  source  areas  of  sediment, 


and  to  indicate  critical  positions  in  the  surface 
water  network  where  headward  erosion  should  be 
stopped  or  prevented  by  the  construction  of  drop 
structures  in  the  channels.  (See  also  W9 1-07057) 
(Author's  abstract)  (Fish-PTT) 
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LAKE-CATCHMENTS:  AN  EVALUATION  OF 
THEIR  CONTRIBUTION  TO  STUDIES  OF 
SEDIMENT  YIELD  AND  DELIVERY  PROC- 
ESS. 

Coventry  (Lanchester)  Polytechnic  (England). 
Dept.  of  Geography. 

I.  D.  L.  Foster,  J.  A.  Dealing,  and  R.  Grew. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  413-424,  4  fig,  37 
ref. 

Descriptors:  'Catchment  areas,  'Lake  basins, 
•Model  studies,  'Sediment  yield,  Case  studies, 
Erosion  rates,  Fluvial  sediments,  Geologic  history, 
Geomorphology,  Hydrologic  models,  Lake  man- 
agement, Land  management,  Sediment  discharge, 
Sediment  erosion,  Sediment  transport,  Sedimenta- 
ry basins. 

Hydrologists  and  fluvial  geomorphologists  are  fre- 
quently concerned  with  the  perceived  instability  of 
catchment  systems  responding  to  land  use  change. 
Such  instability  is  reflected  in  changing  sediment 
yields,  often  as  a  result  of  changes  to  the  sediment 
delivery  process.  Many  hydrological  studies  have 
been  instigated  in  forested  and  urban  basins,  for 
example,  to  quantify  the  magnitude  and  direction 
of  change.  There  is  a  fundamental  problem  in 
matching  methodological  and  conceptual  frame- 
works in  order  to  examine  change  in  fluvial  sys- 
tems. Most  models  of  change  can  only  partially  be 
tested  through  contemporary  process  studies.  The 
most  significant  problem  lies  with  selecting  the 
appropriate  timescale  of  system  response  and  re- 
covery and  providing  data  at  that  timescale.  With 
reference  to  a  number  of  case  studies,  it  is  suggest- 
ed that  the  lake-catchment  approach  provides  an 
opportunity  for:  reconstructing  erosion  rates  for 
the  Holocene  period  against  which  contemporary 
accelerated  rates  of  erosion  can  be  evaluated;  de- 
fining the  magnitude  and  frequency  of  sediment 
transport  over  hydrologically  and  geomorphologi- 
cally  relevant  timescales;  testing  models  of  land- 
scape response  and  recovery  by  choosing  sites 
which  permit  hypothesis  testing  through  historical 
enquiry;  extending  the  power  of  paired  and  multi- 
ple catchment  experiments  by  providing  an  histori- 
cal dimension  to  hydrological  change  and  system 
response;  evaluating  concepts  of  geomorphic  effec- 
tiveness through  an  ability  to  reconstruct  sediment 
sources  and  delivery  ratios  through  time;  and  iden- 
tifying the  components  of  system  change  in  re- 
sponse to  a  variety  of  external  forcing  variables 
such  as  climatic  change  and  human  impacts  on 
hydrological  systems.  (See  also  W9 1-07057)  (Fish- 
PTT) 
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AVERAGE  LONG-TERM  SEDIMENT  DIS- 
CHARGE INVESTIGATIONS  BASED  ON  RES- 
ERVOIR RESURVEY  DATA  AND  SEDIMENT 
YIELD  RATE  FACTORS. 

Fundacao  Centro  Tecnologico  de  Minas  Gerais 
(Brazil). 

E.  P.  Garcia,  and  F.  O.  Vignoli. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  425-429,  2  tab,  4 
ref. 

Descriptors:  'Brazil,  'Land  management,  'Reser- 
voir sediments,  'Sediment  discharge,  'Sediment 
transport,  'Sediment  yield,  Catchment  areas,  Ero- 
sion rates,  Land  use,  River  basins,  Soil  conserva- 
tion, Surface  runoff. 

The  amount  of  sediment  moving  in  a  stream  at  a 
given  site  and  at  a  given  time  is  a  function  of  a 
complicated  set  of  active  and  passive  forces  acting 
on  the  drainage  basin  upstream  from  the  site,  in- 
volving erosion  and  transport  capacities  of  rainfall 
runoff.  An  investigation  of  these  processes,  based 
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on  resurveys  of  existing  reservoirs,  was  made  in 
the  state  of  Minas  Gerais,  Brazil.  Comparisons  and 
adjustments  were  made  based  on  sediment  yield 
rate  factors  such  as  rainfall,  soil  type,  topography, 
land  use,  and  drainage  area  size.  The  result  was  a 
tentative  regional  expression  which  correlates  all 
of  these  factors.  The  sediment  yield  rates  in  all  the 
basins  studied  were  found  to  be  consistent  with  a 
predatory  land  use  due  to  deforestation,  use  of  fire 
followed  by  shifting  cultivation,  non-controlled 
cattle  raising,  and  absence  of  soil  conservation 
measures.  It  is  strongly  recommended  that  correc- 
tive measures  be  implemented  to  control  sediment 
yield  rate  by  acting  on  cropping  management  and 
conservation  practice  factors.  Further  investiga- 
tions and  appropriate  reservoir  resurvey  data  are 
considered  essential  to  improve  the  understanding 
of  the  sediment  delivery  system.  (See  also  W91- 
07057)  (Fish-PTT) 
W9 1-07 102 


COMPARISON  OF  THE  SEDIMENT  TRANS- 
PORT AND  YIELD  CHARACTERISTICS  OF 
TWO  ADJACENT  GLACIER  BASINS,  VAL  D' 
HERENS,  SWITZERLAND. 

Southampton  Univ.  (England).  Dept.  of  Geogra- 
phy. 

A.  M.  Gurnell,  J.  Warburton,  and  M.  J.  Clark. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  431-441,  4  fig,  8 
ref. 

Descriptors:  'Glacial  sediments,  'Glacial  streams, 
•Glaciohydrology,  'Sediment  sources,  'Sediment 
transport,  'Sediment  yield,  'Switzerland,  Bed 
load,  Catchment  areas,  Sediment  discharge,  Sedi- 
ment load,  Sedimentary  basins,  Slopes,  Suspended 
sediments. 

There  are  few  alpine  glaciated  basins  for  which  a 
long  term  suspended  sediment  record  is  available, 
but  from  the  limited  published  information  it  ap- 
pears that  their  suspended  sediment  yield  is  above 
the  global  average  (when  standardized  for  catch- 
ment area)  in  spite  of  the  temporally  restricted 
period  of  runoff  production.  Studies  of  the  bed 
load  yield  are  even  more  rare  than  studies  of 
suspended  load.  Field  calibrations  were  performed 
on  sediment  purging  structures  operated  as  part  of 
the  water  intake  works  for  a  hydroelectric  plant  in 
southern  Switzerland,  permitting  estimation  of 
both  suspended  sediment  and  bed  load  yield  over 
prolonged  periods.  These  estimates  were  used  with 
more  traditional  monitoring  techniques  to  charac- 
terize and  explain  differences  in  sediment  yield 
from  two  adjacent  glacier  basins.  The  basins  of 
Glacier  de  Tsidjiore  Nouve  and  Bas  Glacier  d'Ar- 
olla  yield  different  quantities  of  suspended  sedi- 
ment and  bed  load  at  different  time  scales.  Total 
sediment  yield  from  the  Tsidjiore  Nouve  basin  is 
higher  but  the  proportion  of  the  bed  load  is  lower 
than  Bas  Arolla.  The  contrasts  in  patterns  of  sedi- 
ment yield  may  be  caused  by  differences  in  the 
slope  of  the  proglacial  zone  and  the  glacier  bed 
below  the  ablation  zone  and  associated  differences 
in  the  stability  of  the  glacial  drainage  system.  The 
Tsidjiore  Nouve  proglacial  zone  is  steeper  than 
that  of  the  Bas  Arolla  basin  and  its  proglacial 
stream  issues  from  various  locations  at  the  glacier 
snout,  whereas  the  slope  of  the  Bas  Arolla  has 
remained  stable  and  such  movement  of  the  main 
Bas  Arolla  stream  is  rare.  Adjustments  in  the  subg- 
lacial  drainage  network  of  the  Tsidjiore  Nouve 
generates  a  more  marked  response  in  suspended 
sediment  concentratior.  to  variations  in  discharge; 
limitation  of  suspended  sediment  supply  becomes 
progressively  evident  through  the  ablation  season, 
whereas  it  appears  to  be  almost  always  present  in 
the  Bas  Arolla  basin  until  higher  level  sediment 
sources  become  active  later  in  the  ablation  season. 
(See  also  W9 1-07057)  (Fish-PTT) 
W9 1-07 103 


SEDIMENT  DISCHARGE  FROM  THE  ANDES 
TO  THE  AMAZONIA  ALONG  THE  BENI 
RIVER  (EXPORTATION  DE  MATIERES  EN 
SUSPENSION  DES  ANDES  VERS  L'AMA- 
ZONIE  PAR  LE  RIO  BENI,  BOLIVIE). 
Institut  Francais  de  Recherche  Scientifique  pour  le 
Developpement  en  Cooperation,  La  Paz  (Bolivia). 


Mission  ORSTOM  en  Bolivie. 
J.  L.  Guyot,  J.  Bourges,  R.  Hoorelbecke,  M.  A. 
Roche,  and  H.  Calle. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  443-451,  6  fig,  3 
tab,  10  ref.  English  summary. 

Descriptors:  'Amazon  River  Basin,  'Andes  Moun- 
tains, 'Bolivia,  'Sediment  discharge,  'Sediment 
transport,  Beni  River,  Catchment  areas,  Erosion 
rates,  River  basins,  Sedimentary  basins,  Suspended 
sediments. 

An  evaluation  of  the  suspended  sediment  quantities 
and  characterization  of  the  sediment  export  regime 
of  the  Rio  Beni  has  been  made  in  Bolivia.  With  a 
282,000  sq  km  area  and  a  9,300  cu  m/s  mean 
discharge,  the  Rio  Beni  is,  with  the  Rio  Mamore, 
one  of  the  most  important  rivers  which  forms  the 
Rio  Madeira.  A  large  part  of  the  Beni  River  drain- 
age basin  (40%)  lies  in  the  Andes  Eastern  Cordille- 
ra. At  the  foothills  of  the  Andes  the  sediment 
discharge  of  the  Rio  Beni  is  191,000,000  t/year. 
The  Rio  Beni,  at  its  confluence  with  the  Rio 
Mamore  and  with  the  supply  of  its  main  affluents, 
carries  149,000,000  t/year  of  sediment  to  the  Rio 
Madeira.  It  amounts  to  a  global  mechanical  erosion 
rate  of  527  t/sq  km/year  for  the  whole  drainage 
basin.  (See  also  W9 1-07057)  (Author's  abstract) 
W91-07104 


SIMULATION  MODEL  FOR  THE  COMPUTA- 
TION OF  SEDIMENT  YIELD  DUE  TO 
UPLAND  AND  CHANNEL  EROSION  FROM  A 
LARGE  BASIN. 

Universitaet  der  Bundeswehr  Muenchen,  Neubi- 
berg  (Germany,  F.R.).  Inst,  for  Hydromechanics. 
V.  Hrissanthou. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  453-462,  2  fig,  1 
tab,  1 1  ref. 

Descriptors:  'Catchment  areas,  'Channel  erosion, 
'Erosion,  'Model  studies,  'Sediment  discharge, 
•Sediment  transport,  'Sediment  yield,  Channel 
flow,  Germany,  Rainfall-runoff  relationships,  Res- 
ervoir sediments,  Sedimentary  basins,  Simulation 
analysis,  Soil  erosion,  Suspended  sediments. 

A  mathematical  simulation  model  for  the  computa- 
tion of  sediment  yield  due  to  upland  and  channel 
erosion  from  a  large  basin  on  a  daily  basis  has  been 
developed.  The  model  was  tested  with  suspended 
load  data  obtained  at  the  inlet  of  the  Forggensee 
Reservoir  (Bavaria,  Germany),  i.e.,  at  the  outlet  of 
the  corresponding  basin  (approximately  1500  sq 
km),  from  1966  to  1977.  For  more  detailed  calcula- 
tions of  the  sediment  yield  the  basin  was  divided 
into  natural  sub-basins.  Components  of  this  model 
are  the  Universal  Soil  Loss  Equation  (USLE)  used 
to  compute  soil  detachment  in  each  sub-basin,  a 
rainfall-runoff  model  used  to  estimate  the  runoff 
parameters  of  the  USLE,  the  concept  of  overland 
flow  sediment  transport  capacity  used  to  compute 
sediment  transported  to  the  main  channel  of  each 
sub-basin  and  the  concept  of  channel  flow  sedi- 
ment transport  capacity  used  to  compute  sediment 
transported  from  one  sub-basin  to  the  next  sub- 
basin.  The  ratios  of  the  computed  annual  values  of 
sediment  yield  associated  with  upland  and  channel 
erosion,  to  the  measured  values  of  sediment  yield 
at  the  outlet  of  the  whole  basin  ranged  from  0.88 
(1970)  to  5.30  (1972).  A  sensitivity  analysis  showed 
that  rainfall  amount  and  sub-basin  area  strongly 
affect  daily  sediment  yield  at  the  outlet  of  the 
whole  basin.  The  results  are  satisfactory  consider- 
ing the  large  basin  area  and  the  fact  that  the 
computation  was  performed  on  a  daily  basis  and 
that  no  rainfall,  runoff,  or  sediment  yield  data  were 
available  for  the  sub-basins.  These  results  are  much 
better  than  those  obtained  for  the  example  when 
only  upland  erosion  was  taken  into  account  and 
the  whole  basin  was  subdivided  into  subareas  by 
means  of  a  quadrangular  grid.  (See  also  W91- 
07057)  (Fish-PTT) 
W9 1-07 105 


CHANGES  IN  THE  SEDIMENT  OUTPUT  OF 
TWO  UPLAND  DRAINAGE  BASINS  DURING 
FORESTRY  LAND  USE  CHANGES. 


Institute  of  Hydrology,   Balquhidder,   Lochearn- 
head,  Scotland. 
R.  C.  Johnson. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  463-471,  3  fig,  2 
tab,  9  ref. 

Descriptors:  'Erosion,  'Forestry,  'Land  use, 
•Scotland,  'Sediment  discharge,  'Sediment  trans- 
port, 'Vegetation  effects,  Catchment  areas,  Defor- 
estation, Environmental  impact,  Land  manage- 
ment, Reforestation,  Sedimentary  basins,  Sedi- 
ments. 

As  part  of  an  experiment  to  investigate  the  envi- 
ronmental impact  of  forestry  at  Baquhidder  in 
upland  Scotland,  sediment  discharges  were  moni- 
tored during  the  felling  of  a  coniferous  forest  in 
one  basin  and  plowing/planting  in  another.  Sedi- 
ment sampling  techniques  included  the  determina- 
tion of  an  optimal  sampling  point.  The  influence  of 
different  sediment  generating  processes  on  the 
supply  of  mobile  material  was  assessed  by  deter- 
mining seasonal  influences.  Average  annual  yields 
prior  to  the  land  use  changes  were  56  t/sq  km  from 
the  forested  basin  and  37  t/sq  km  from  the  moor- 
land basin.  For  the  period  after  the  land  use 
changes,  loads  increased  by  5  and  3  times,  respec- 
tively. Sediment  sources  appear  to  be  greatly  influ- 
enced by  the  vegetation  cover,  with  a  close  forest 
canopy  providing  shelter  against  frosts,  intense 
rain  and  surface  drying,  as  illustrated  by  the  sea- 
sonal differences  between  the  basins.  Frosts  have 
more  influence  in  the  moorland  basin,  so  that  the 
availability  of  sediment  is  increased  in  winter  and 
spring.  Surface  drying  is  more  frequent  in  the 
moorland  basin  so  that  summer  availability  be- 
comes irregular  depending  on  these  drying  periods 
followed  by  intense  summer  rainfall.  Sources  are 
now  dominated  by  forestry  roads  and  plow  fur- 
rows. These  results  show  how  sensitive  the  Scot- 
tish uplands  are  to  a  major  land  use  change  such  as 
forestry.  (See  also  W9 1-07057)  (Fish-PTT) 
W91-07106 


US  NATIONAL  PROJECT  TO  DEVELOP  IM- 
PROVED EROSION  PREDICTION  TECHNOL- 
OGY TO  REPLACE  THE  USLE. 

Agricultural  Research  Service,  Tucson,  AZ. 
L.  J.  Lane,  D.  L.  Schertz,  E.  E.  Alberts,  J.  M. 
Laflen,  and  V.  L.  Lopes. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  473-481,  25  ref. 

Descriptors:  'Hydrologic  models,  'Land  manage- 
ment, 'Model  studies,  'Sediment  transport,  'Soil 
erosion,  'Universal  soil  loss  equation,  Catchment 
areas,  Cropland,  Erosion,  Overland  flow,  Predic- 
tion, Rill  erosion,  Sediments,  Sheet  erosion,  Sur- 
face runoff. 

Recent  advances  in  hydrology,  soil  science,  ero- 
sion mechanics,  and  computer  technology  have 
provided  the  technological  basis  for  development 
of  process-based  erosion  prediction  technology. 
Concurrent  trends  in  user  requirements  for  erosion 
prediction  have  called  for  increased  sophistication 
in  the  ability  to  predict  soil  erosion  under  a  wide 
variety  of  land  use  and  management  practices. 
These  applications  include  circumstances  beyond 
the  ability  of  current  prediction  technology  as 
represented  by  the  Universal  Soil  Loss  Equation 
(USLE).  Recently  the  US  Department  of  Agricul- 
ture formulated  a  national  project  to  develop  an 
improved  erosion  prediction  technology  to  replace 
the  USLE.  The  USDA  Water  Erosion  Prediction 
Project  (WEPP)  is  designed  to  produce  a  proto- 
type, computer-based  erosion  prediction  technolo- 
gy by  1989  with  a  fully  developed  and  implement- 
ed version  in  use  by  1992.  The  WEPP  erosion 
prediction  technology  is  to  apply  to  'field-sized' 
areas  ranging  in  size  from  a  single  hillslope  up  to 
perhaps  a  few  hundred  hectares,  where  overland 
flow  and  surface  runoff  are  predominant.  The  pro- 
cedures are  to  compute  sheet  and  rill  erosion  asso- 
ciated with  overland  flow  and  concentrated  flow 
erosion  in  natural  and  constructed  waterways  in 
croplands,  rangelands,  and  disturbed  forest  areas 
across  the  US.  The  basic  concepts  incorporated 
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into  the  model  include:  storm  erosivity,  overland 
flow  routing,  development  of  the  runoff  hydro- 
graph,  hydraulic  relationships,  and  interrill  erosion 
processes.  A  very  large  and  extensive  program  of 
field  experiments  is  under  way  to  estimate  the 
model  parameters  on  croplands  and  on  rangelands. 
These  model  parameters  are  in  turn  being  related 
to  soil  properties.  (See  also  W9 1-07057)  (Fish- 
PTT) 
W91-07107 


STUDY  OF  THE  TOTAL  LOAD  TRANSPORT 
BY  THE  YELLOW  RIVER. 

Yellow  River  Conservancy  Commission,  Zhengz- 
hou  (China).  Inst,  of  Hydraulic  Research. 
B.  Lin,  and  Y.  Long. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  483-496,  7  fig,  5 
tab,  12  ref. 

Descriptors:  'China,  'Huang  He  River  Basin, 
•River  sediments,  'Sediment  load,  *Sediment 
transport,  Bed  load,  Catchment  areas,  Error  analy- 
sis, Sediment  sampling,  Suspended  sediments. 

It  is  well  known  that  the  Yellow  River  in  China 
transports  a  very  high  sediment  load.  Analysis  of 
data  obtained  from  field  measurements  revealed 
considerable  discrepancies  in  the  amount  of  deposi- 
tion computed  by  the  range  survey  method  and 
from  the  difference  between  the  sediment  load  at 
the  two  end  sections  of  a  river  reach.  The  results 
obtained  from  range  surveys  are  consistent  with 
actual  river  conditions  and  are  relatively  more 
reliable  than  those  obtained  from  the  load  differ- 
ence method.  Differences  between  the  two  meth- 
ods are  mainly  caused  by  errors  in  the  measure- 
ment of  sediment  load  related  to  the  'unsampled 
load'  which  includes  both  the  unsampled  suspend- 
ed load  and  bed  load.  In  order  to  overcome  this 
problem,  studies  have  been  undertaken  to  develop 
a  method  suitable  for  computing  total  sediment 
load  in  the  Yellow  River.  (See  also  W9 1-07057) 
(Author's  abstract) 
W91-07108 


MODELLING  SEDIMENTATION  PROCESSES 
IN  SMALL  WATERSHEDS. 

Agricultural  Research  Service,  Tucson,  AZ.  Arid- 
land  Watershed  Management  Research  Unit. 
V.  L.  Lopes,  and  L.  J.  Lane. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  497-508,  4  fig,  2 
tab,  10  ref. 

Descriptors:  'Mathematical  models,  'Model  stud- 
ies, 'Sediment  yield,  'Sedimentation,  'Small  wa- 
tersheds, Entrainment,  Experimental  basins,  Over- 
land flow,  Rainfall  impact,  Rainfall-runoff  relation- 
ships, Sediment  transport,  Soil  erosion. 

Attempts  to  model  sedimentation  processes  as  they 
naturally  occur  in  small  watersheds  is  seriously 
constrained  by  the  complexity  of  an  open  system 
with  component  processes  and  state  variables  that 
may  change  rapidly  in  space  and  time.  A  physical- 
ly-based, event-oriented,  mathematical  model  of 
small  watershed  sedimentation  has  been  developed. 
The  unsteady  and  spatially  varying  sedimentation 
processes  on  overland  flow  areas  and  in  small 
concentrated  flow  systems  are  described  dynami- 
cally using  simultaneous  rates  of  sediment  entrain- 
ment and  deposition  rather  than  the  conventional 
approach  using  steady  state  sediment  transport 
functions.  The  model  was  tested  using  sediment 
yield  data  from  rainfall  simulator  plots  and  from 
two  small  experimental  watersheds.  The  agreement 
between  the  simulated  watershed  response  and  the 
observed  watershed  response  indicates  that  the 
governing  equations,  initial  and  boundary  condi- 
tions, and  structural  framework  of  the  model  can 
satisfactorily  describe  the  physical  processes  of 
sediment  generation,  transport,  and  deposition  in 
small  watersheds.  The  source  (entrainment)  and 
sink  (settlement)  terms  for  the  equations  describing 
conservation  of  sediment  mass  in  overland  flow 
areas  and  in  concentrated  flow  systems  are  mathe- 
matically consistent  and  incorporate  appropriate 
initial  and  boundary  sediment  concentrations.  The 


fact  that  the  entrainment-by-rainfall  term  has  a 
behavior  similar  to  the  entrainment-by-shear-stress 
term  makes  it  evident  that  unique  parameter  identi- 
fication may  not  be  possible  with  the  rainfall  simu- 
lator data  used.  Perhaps,  a  better  way  to  estimate 
these  parameters  is  using  runoff/sediment  data 
from  small  plots  (with  detachment  by  raindrop 
impact  only)  to  estimate  the  soil  erodibility  param- 
eter for  raindrop  impact,  and  using  data  from  large 
plots  with  preformed  rills  to  estimate  the  soil  ero- 
dibility parameter  for  runoff.  (See  also  W9 1-07057) 
(Fish-PTT) 
W9 1-07 109 


TRANSPORT  OF  SUSPENDED  AND  DIS- 
SOLVED MATTER  IN  LARGE  RIVERS  IN  IN- 
TERTROPICAL REGIONS:  PRELIMINARY 
RESULTS  IN  THE  BASIN  OF  THE  RIVER 
CONGO  (TRANSPORT  DE  MATIERE  SUR  LES 
GRANDS  FLEUVES  DES  REGIONS  INTER- 
TROPICALES:  LES  PREMIERS  RESULTATS 
DES  MESURES  DE  FLUX  PARTICULATES 
SUR  LE  BASSIN  DU  FLEUVE  CONGO). 
Institut  Francais  de  Recherche  Scientifique  pour  le 
Developpement  en  Cooperation,  Montpellier. 
Centre  de  Montpellier. 

J.  C.  Olivry,  J.  P.  Bricquet,  J.  P.  Thiebaux,  and  N. 
Sigha. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  509-521,  5  fig,  19 
ref.  English  summary. 

Descriptors:  'Congo  River,  'Congo  River  Basin, 
•Dissolved  load,  *River  sediments,  'Sediment 
transport,  'Solute  transport,  'Suspended  load, 
•Suspended  sediments,  Africa,  Catchment  areas, 
Erosion  rates,  Sediment  discharge,  Sediment  sam- 
pling, Zaire. 

The  Congo  River  in  Zaire,  Africa,  is  the  second 
largest  major  river  in  the  world  after  the  Amazon 
River  in  South  America  (mean  discharge:  41,000 
cu  m/s,  area  3,700,000  sq  km).  A  large  scientific 
program  in  the  Congo  basin  follows  the  fluctua- 
tions of  the  suspended  and  dissolved  matter  fluxes 
and  would  characterize  the  mechanical  and  bio- 
geochemical  erosion  with  hydroclimatological  re- 
gimes in  the  equatorial  ecosystems.  Measurements 
were  made  on  the  Congo  at  Brazzaville  and  Uban- 
gui  at  Bangui  (the  major  northern  tributary).  The 
estimate  of  the  suspended  load  was  based  on  a 
large  and  representative  sampling.  The  first  meas- 
urement (1987)  gave  a  sediment  discharge  of 
31,000,000  t/year  for  the  Congo,  2,900,000  t/year 
for  the  Ubangui  (30%  and  43%  of  matter  trans- 
port, respectively).  The  mechanical  erosion  rate 
was  8.9  and  6  t/sq  km/year,  respectively.  Concen- 
trations were  between  15  and  30  mg/L  for  the 
Congo,  and  between  3  and  55  mg/L  for  the  Uban- 
gui. These  values  are  lower  than  previously-pub- 
lished results  for  the  Congo  and  very  small  com- 
pared with  figures  for  the  Amazon  (11%  for  ero- 
sion rate,  5%  for  sediment  discharge).  (See  also 
W91-07057)  (Author's  abstract) 
W91-07110 


reach.  The  residual  in  this  calculation  is  sediment 
that  is  eroded  or  deposited  in  the  reach,  although 
natural  variability  may  cause  this  residual  to  be 
masked  by  error.  A  study  was  made  of  the  sedi- 
ment data  for  the  Missouri  River  and  its  principal 
tributaries  from  Yankton,  South  Dakota,  down- 
stream to  Hermann,  Missouri,  near  the  confluence 
with  the  Mississippi  River.  Within  this  reach  sus- 
pended sediment  load  increases  in  the  Missouri 
River  from  about  1.1  million  t/year  (1957-1968)  to 
about  80  million  t/year  (1957-1981)  primarily  from 
the  addition  of  material  from  intervening  tributar- 
ies. It  was  found  that,  on  the  Missouri  River  main 
stem,  the  standard  errors  of  mean  annual  suspend- 
ed-sediment discharge  increased  in  a  downstream 
direction.  Tributaries  had  greater  standard  errors 
for  the  mean  annual  values  than  main  stem  stations. 
In  the  reach  between  Omaha,  Nebraska,  and  Ne- 
braska City,  Nebraska,  the  variance  in  the  residual 
term  of  the  sediment  budget  accounted  for  13%  of 
the  mean  sediment  discharge  at  Nebraska  City. 
(See  also  W9 1-07057)  (Author's  abstract) 
W91-07111 


MORPHOLOGICAL  CONTROLS  ON  SEDI- 
MENT DELIVERY  PATHWAYS. 

Illinois  Univ.  at  Chicago  Circle.  Dept.  of  Geologi- 
cal Sciences. 
K.  L.  Prestegaard. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  533-540,  7  fig,  10 
ref. 

Descriptors:  'Channel  morphology,  'Geomorpho- 
logy,  'Pennsylvania,  'River  sediments,  'Sediment 
erosion,  'Sediment  transport,  'Sediment  yield, 
Catchment  areas,  Flood  plains,  Gullies,  Sediment 
discharge,  Sedimentary  basins,  Suspended  sedi- 
ments. 

Sediment  budgets  can  be  used  along  with  morpho- 
logical measurements  of  sediment  delivery  path- 
ways to  determine  systematic  variations  in  sedi- 
ment sources  that  occur  with  changes  in  basin  area. 
A  study  of  the  Pequea  Creek  basin  in  southeastern 
Pennsylvania,  shows  that  the  sediment  yield  per 
unit  area  remains  almost  constant  in  the  down- 
stream direction.  An  examination  of  the  morpho- 
logical controls  of  sediment  yields  suggests  that 
there  is  a  decrease  in  the  delivery  efficiency  of 
gullies  in  the  downstream  direction,  but  that  bank 
erosion  maintains  or  slightly  increases  its  effective- 
ness. The  frequent  flooding  of  the  channel  flood 
plains  in  the  downstream  reaches  of  the  basin 
increases  the  amount  of  sediment  that  can  be 
stored  in  the  flood  plain.  These  results  indicate  that 
it  is  not  likely  that  sediment  stored  in  the  lower 
basin  will  simply  migrate  downstream.  The  stream 
gradient  steepens  downstream  prior  to  entering  the 
Susquehanna  River.  Sediment  on  the  streambed 
and  in  suspension  is  transported  through  to  the 
Susquehanna  once  it  reaches  these  steep  reaches. 
(See  also  W9 1-07057)  (Fish-PTT) 
W91-07112 


UNCERTAINTIES  IN  DEFINING  THE  SUS- 
PENDED SEDIMENT  BUDGET  FOR  LARGE 
DRAINAGE  BASINS. 

Geological  Survey,  Denver,  CO. 
R.  S.  Parker. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  523-532,  3  fig,  1 
tab,  8  ref. 

Descriptors:  'Missouri  River,  'Path  of  pollutants, 
'River  sediments,  'Sediment  budget,  'Sediment 
transport,  'Suspended  sediments,  'Uncertainty, 
Catchment  areas,  Error  analysis,  Missouri,  Nebras- 
ka, Sediment  discharge,  South  Dakota. 

Toxic  material  transported  in  association  with  sus- 
pended sediment  has  increased  interest  in  the  sedi- 
ment budgets  of  large  rivers  and  has  emphasized 
concerns  about  uncertainties  in  these  accounting 
methods.  A  sediment  budget  within  a  reach  can  be 
defined  as  a  closed  system  by  considering  the 
measured  sediment  transport  from  upstream,  from 
intervening  tributaries,  and  from  the  outlet  of  the 


CHANNEL  SEDIMENT  BEHAVIOUR  AS  A 
BASIS  FOR  MODELLING  DELIVERY  PROC- 
ESSES. 

New  South  Wales  Univ.,  Kensington  (Australia). 
School  of  Geography. 
W.  A.  Rieger,  L.  J.  Olive,  and  C.  J.  Gippel. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  541-548,  1  fig,  20 
ref. 

Descriptors:  'Australia,  'Channel  morphology, 
'Erosion,  'Model  studies,  'River  sediments, 
•Scour,  *Sediment  discharge,  *Sediment  transport, 
Catchment  areas,  River  basins,  Sediment  concen- 
tration, Slopes,  Storm  runoff,  Surface  runoff. 

Past  research  on  erosion  processes  within  river 
basins  has  concentrated  either  on  the  actual  proc- 
esses operating  on  the  basin  slopes  based  on  the 
sub-basin  level,  or  on  sediment  yield  as  a  result  of 
all  the  erosional  processes  operating  on  the  basin 
slopes.  The  two  approaches  differ  according  to 
scale  and  in  modeling  erosion  processes.  An  at- 
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Field  2— WATER  CYCLE 


Group  2J — Erosion  and  Sedimentation 
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tempt  has  been  made  to  use  the  response  of  sedi- 
ment concentration  to  discharge  during  storm 
events  in  five  small,  adjacent  basins  in  the  south- 
east of  New  South  Wales,  Australia,  to  differenti- 
ate some  factors  which  may  be  contributing  to 
sediment  delivery  from  the  slopes  to  the  channel. 
Analysis  of  the  storm  event  sediment  response 
patterns  showed  both  a  spatial  variation  in  re- 
sponse and  sediment  depletion  throughout  a  storm. 
These  could  be  explained  by  source  areas  of  sur- 
face runoff  within  basins  and  the  related  effect  of 
soil  moisture  conditions  and  pH  of  the  transport 
medium  on  particle  mobility.  This  indicates  how 
channel  behavior  can  form  the  basis  for  determin- 
ing specific  areas  of  a  basin  which  might  be  impor- 
tant to  modeling  the  delivery  process.  (See  also 
W9 1 -07057)  (Fish-PTT) 
W91-07113 


ESTIMATION  OF  COLLUVIAL  RESERVOIR 
LIFE  FROM  SEDIMENT  BUDGETING,  KA- 
TIORIN  EXPERIMENTAL  BASIN,  KENYA. 

Toronto  Univ.  (Ontario).  Dept.  of  Geography. 
R.  A.  Sutherland,  and  R.  B.  Bryan. 
IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International    Association    of   Hydrological    Sci- 
ences, Washington,  DC.  1988.  p  549-560,  3  fig,  2 
tab,  21  ref. 

Descriptors:  'Erosion,  'Kenya,  'Land  manage- 
ment, •Reservoir  sediments,  'Reservoir  silting, 
•Sediment  budget,  'Sediment  transport,  Africa, 
Colluvial  soils,  Entrainment,  Erosion  rates,  Experi- 
mental basins,  River  basins,  River  sediments,  Sedi- 
ment discharge,  Soil  erosion. 

Soil  erosion  and  fluvial  transport  have  been  studied 
in  Africa  for  more  than  50  years.  However,  little  is 
known  about  the  local  transfers  or  storages  of 
material  within  drainage  basins.  Field  studies  of 
sediment  entrainment,  storage,  and  transport  in 
channel  systems  within  a  small,  semiarid  Kenyan 
drainage  basin  (0.30  sq  km)  have  been  in  progress 
since  1984.  The  study  area  was  subject  to  over- 
grazing, drought,  and  locust  invasions  in  the  1920s 
and  1930s.  Field  experiments  were  carried  out 
during  1986  to  quantify  the  total  amount  of  sedi- 
ment within  the  colluvial-hillslope  zone  of  the  Ka- 
tiorin  basin,  and  to  determine  the  net  change  in 
storage  within  this  reservoir  using  a  sediment 
budget  approach.  These  data  were  necessary  to 
assess  erosion  rates  in  the  study  basin.  Results 
indicated  a  net  sediment  loss  of  6150  t/sq  km/year 
from  the  colluvial  reservoir  during  1986.  Once  the 
material  reached  the  channel  network,  it  was  effi- 
ciently removed  from  the  basin.  Results  suggest 
that  at  current  rates  of  colluvium  loss,  70%  of  the 
Katiorin  basin  will  approach  colluvial  exhaustion 
in  150  years.  The  sediment  budget  approach  is  of 
great  practical  value,  since  it  identifies  the  most 
significant  areas  of  sediment  loss  and  areas  where 
rehabilitation  measures  should  be  implemented. 
(See  also  W9 1-07057)  (Author's  abstract)  (Fish- 
PTT) 
W9 1-07 114 


EROSION,  TRANSPORT  AND  DEPOSITION 
OF  SEDIMENTS  BY  THE  TROPICAL  RIVERS 
OF  INDIA. 

Jawaharlal    Nehru    Univ.,    New    Delhi    (India). 
School  of  Environmental  Sciences. 
P.  Vaithiyanathan,  A.  Ramanathan,  and  V. 
Subramanian. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  561-574,  9  fig,  4 
tab,  21  ref. 

Descriptors:  •Erosion,  'India,  'River  sediments, 
•Sediment  transport,  'Sedimentation,  'Sedimenta- 
tion rates,  'Tropical  regions,  Catchment  areas, 
River  basins,  Sediment  discharge,  Sediment  load, 
Sediment  yield,  Suspended  sediments. 

Over  the  past  two  or  three  decades  growing 
awareness  of  the  wide-ranging  environmental  sig- 
nificance of  suspended  sediment  transport  by  rivers 
has  generated  a  considerable  body  of  information 
concerning  the  magnitude  of  sediment  yields  and 
their  control  by  human  activity,  climate,  and  other 
catchment    characteristics.    Some    major    tropical 


rivers  of  India  (the  Cauvery,  Krishna,  and  Goda- 
vari)  were  sampled  to  characterize  their  sediment 
transport.  On  the  basis  of  these  observations  their 
sediment  loads  were  computed  and  compared  with 
those  of  the  major  rivers  of  the  world.  Monthly 
and  annual  variations  in  sediment  transport  as  a 
function  of  time  and  space  were  observed.  The 
mean  annual  sediment  transport  of  the  Godavari, 
Krishna,  and  Cauvery  were  estimated  to  be  170,  4, 
and  1.5  million  tons,  respectively.  The  bulk  of  the 
sediment  transport  (>95%)  takes  place  within  a 
three  month  segment  of  the  monsoon  period.  The 
size  distribution  data  for  suspended  sediment  in  the 
Godavari  River  indicate  that  the  relative  contribu- 
tion of  the  different  grain  sizes  to  annual  sediment 
load  ranges  from  23  to  2%  for  coarse,  from  30  to 
5%  for  medium,  and  from  87  to  49%  for  fine 
sediment.  Mineralogically,  the  suspended  sediment 
of  these  rivers  is  characterized  by  an  abundance  of 
montmorillonite  with  minor  amounts  of  illite,  kao- 
linite,  and  chlorite.  Rates  of  sedimentation  in  sedi- 
ment cores  collected  from  the  deltaic  region  of  the 
river  basins  were  determined  by  the  excess  210-Pb 
technique.  Sediment  deposition  rates  of  1.1  cm/ 
year  for  the  Krishna  River  and  0.35  cm/year  for 
the  Cauvery  River  were  obtained.  (See  also  W91- 
07057)  (Author's  abstract) 
W91-07115 


SEDIMENT  YIELD  AND  AVAILABILITY  FOR 
TWO  RESERVOIR  DRAINAGE  BASINS  IN 
CENTRAL  LUZON,  PHILIPPINES. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
Overseas  Development  Unit. 
S.  White. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  575-581,  3  fig,  1 
tab,  6  ref. 

Descriptors:  'Land  management,  'Philippines, 
•Reservoir  sediments,  'Sediment  transport,  'Sedi- 
ment yield,  'Sedimentation,  Catchment  areas,  Cy- 
clones, Erosion  rates,  Feasibility  studies,  Predic- 
tion, River  sediments,  Sediment  concentration, 
Sediment  discharge,   Soil  erosion,   Storm   runoff. 

Studies  of  two  drainage  basins  in  central  Luzon, 
Republic  of  the  Philippines,  have  been  carried  out 
by  the  British  Overseas  Development  Unit  of  Hy- 
draulics Research  in  collaboration  with  the  Nation- 
al Irrigation  Administration,  Manila.  The  projects 
have  involved  the  measurement  of  sediment  trans- 
port in  rivers  in  order  to  assess  sediment  yield  to 
the  existing  Magat  reservoir  and  the  one  planned 
for  Casecnan.  In  the  Magat  basin,  measurements 
have  also  been  made  of  soil  loss  from  small,  refor- 
ested areas  and  of  sedimentation  in  the  reservoir. 
The  data  collected  so  far  have  shown  the  over- 
whelming importance  of  cyclone  events  in  the 
sediment  transport  process.  One  of  these  events 
can  carry  more  sediment  than  the  sum  of  all  non- 
flood  flows  for  the  year.  These  high  discharges  are 
the  most  difficult  in  which  to  monitor  sediment 
transport.  There  is,  however,  evidence  of  a  'cut- 
off in  sediment  concentrations  at  high  discharge, 
indicating  an  availability  constraint  on  sediment 
yields.  At  the  same  time  information  is  being 
amassed  to  show  that  sedimentation  rates  at  Magat 
may  be  approximately  twice  those  assumed  during 
the  feasibility  study.  Before  construction  of  the 
Magat  dam,  the  reservoir  sedimentation  rate  was 
estimated  to  be  5.5  million  cu  m/year,  equivalent 
to  a  mean  catchment  erosion  rate  of  20  t/ha/year. 
Since  impoundment,  the  sedimentation  rate  has 
been  1 1  million  cu  m/year,  which  is  equivalent  to  a 
mean  erosion  rate  of  38  t/ha/year.  If  this  is  a 
correct  figure  for  reservoir  sedimentation,  it  would 
mean  that  the  useful  life  of  the  reservoir  would  be 
reduced  from  100  to  25  years.  Reasons  for  this 
underestimation  of  sediment  yield  may  include  un- 
reliable original  prediction  rates  based  on  an  ex- 
tremely limited  data  set,  and  the  possibility  of  a 
dramatic  increase  in  sediment  yield  rates  after  res- 
ervoir impoundment  and  population  increase.  (See 
also  W9 1-07057)  (Fish-PTT) 
W91-07116 


APPLICATION  OF  TWO  PHYSICALLY-BASED 
SEDIMENT  YIELD  MODELS  AT  PLOT  AND 
FIELD  SCALES. 


Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 
Civil  Engineering. 

J.  M.  Wicks,  J.  C.  Bathurst,  C.  W.  Johnson,  and  T. 
J.  Ward. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  583-591,  1  fig,  1 
tab,  15  ref. 

Descriptors:  *Erodibility,  'Erosion,  'Model  stud- 
ies, 'Parameter  estimation,  'Scale  factors,  'Sedi- 
ment yield,  'Soil  erosion,  Catchment  areas.  Experi- 
mental basins,  Idaho,  Sediment  discharge,  Sedi- 
ment transport,  Soil  water. 

A  major  problem  in  the  application  of  physically- 
based  soil  erosion  and  sediment  yield  models  is  the 
representation  of  the  soil's  ability  to  withstand 
erosion.  Two  different  sediment  yield  models 
(SHE  and  MULTSED)  were  used  to  assess  the 
degree  to  which  model  parameters  calibrated  at  a 
small  spatial  scale  remain  representative  at  a  large 
scale.  The  test  data  were  taken  from  the  Reynolds 
Creek  rangeland  research  basin  near  Boise,  Idaho. 
At  the  smallest  scale  the  water  and  sediment  yield 
components  of  both  models  were  successfully  cali- 
brated for  32.54  sq  m  rainfall  simulator  plots.  The 
calibrated  models  were  then  applied  to  a  1  ha  sub- 
basin  for  four  summer  rainfall  events.  The  resulting 
simulations  were  poor  but  were  considerably  im- 
proved by  reasonable  variations  in  model  anteced- 
ent soil  moisture  contents.  The  poorest  results 
were  those  for  events  for  which  the  measured 
sediment/water  yield  ratio  differed  significantly 
from  that  for  the  simulator  plots.  For  this  study, 
transfer  of  parameter  values  between  scales  was 
affected  more  by  uncertainties  in  the  model  hy- 
draulic functions  for  dry  soil  and  by  differences  in 
test  conditions  than  by  any  scale  effects.  (See  also 
W9 1-07057)  (Author's  abstract) 
W91-07117 


2K.  Chemical  Processes 


ALTERATION  OF  SOIL  ORGANIC  MATTER 
BY  INUNDATION. 

Irkutskii  Gosudarstvennyi  Univ.  (USSR).  Inst,  of 
Petrochemical  and  Coal-Chemical  Synthesis. 
For   primary   bibliographic   entry  see   Field   2G. 
W91-05978 


PRELIMINARY  STUDY  ON  THE  DISTRIBU- 
TION OF  NUTRIENTS,  ORGANIC  MATTER, 
TRACE  METALS  IN  SEA  SURFACE  MICRO- 
LAYER  IN  XIAMEN  BAY  AND  JIULONG  ES- 
TUARY. 

Xiamen  Univ.  (China).   Dept.  of  Oceanography. 
For  primary  bibliographic  entry  see  Field  2L. 
W91-06100 


NEUTRON  ACTIVATION  ANALYSIS  (NAA) 
AND  GEOCHEMICAL  STUDIES  OF  38  ELE- 
MENTS IN  SURFACE  SEDIMENTS  FROM 
LOWER  REACH  AND  ESTUARY  OF 
HUANGHE  (YELLOW)  RIVER. 
Academia  Sinica,  Qingdao  (China).  Inst,  of  Ocean- 
ology. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-062 19 


INTERFACIAL  GEOCHEMISTRY  OF  BARIUM 
IN  SUSPENSION  AND  SEDIMENT  FROM 
ZHUJIANG  ESTUARY. 

Academia    Sinica,    Guangzhou    (China).     South 
China  Sea  Inst,  of  Oceanology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06220 


WIDESPREAD  OCCURRENCE  OF  HIGHLY 
BRANCHED  ACYCLIC  C20,  C25  AND  C30  HY- 
DROCARBONS IN  RECENT  SEDIMENTS  AND 
BIOTA  --  A  REVIEW. 

Polytechnic    South    West,    Plymouth    (England). 

Dept.  of  Environmental  Sciences. 

S.  J.  Rowland,  and  J.  N.  Robson. 

Marine  Environmental  Research  MERSDW,  Vol. 

30,  No.  3,  p   119-216,   1990.  2  fig,  2  tab,  56  ref. 
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WATER  CYCLE— Field  2 
Chemical  Processes — Group  2K 


Descriptors:  •Geochemistry,  •Hydrocarbons, 
•Marine  sediments,  'Oil,  *Water  chemistry,  Chem- 
ical analysis,  Chemical  properties,  Lacustrine  envi- 
ronment, Marine  biology,  Marine  pollution,  Pollut- 
ant identification,  Sediments,  Water  pollution. 

Many  studies  have  coincidentally  highlighted  the 
occurrence  of  unsaturated  hydrocarbons  that  are 
not  attributable  to  pollution.  Among  these,  a  group 
of  C20,  C25,  and  C30  alkenes  often  predominate 
with  concentrations  as  high  as  40  microgram/g  dry 
sediment.  Few  compounds  in  modern  geochemical 
research  can  have  been  reported  so  frequently,  yet 
remained  unidentified  for  so  long.  Both  acyclic  and 
cyclic  structures  have  been  proposed  and  a  rather 
confused  picture  has  emerged.  The  occurrence  of 
widely  distributed  acyclic  isoprenoid  hydrocar- 
bons, with  highly  branched  structures,  in  sediments 
and  biota  was  examined.  The  compounds  occur  in 
young  aquatic  (both  marine  and  lacustrine)  sedi- 
ments from  many  parts  of  the  globe  (Peru,  Antarc- 
tica, Gulf  of  Suez,  North  Sea,  Atlantic),  sometimes 
in  high  concentrations  relative  to  other  hydrocar- 
bons, as  alkanes  and  alkenes  with  from  one  to  at 
least  four  double  bonds.  However,  the  compounds 
rapidly  disappear  in  older  sediments,  possibly  due 
to  biodegradation  and  reaction  with  sedimentary 
sulfur.  The  alkenes  with  more  than  two  double 
bonds  appear  to  be  rapidly  removed  from  the 
hydrocarbon  fraction  of  most  sediments,  whereas 
the  alkanes  and  monoenes  seem  to  be  more  resist- 
ant to  biodegradation  and  hence  occur  in  some 
more  ancient  sediments  and  oils.  There  is  evidence 
too  that  some  of  the  alkenes  react  rapidly  with 
sulfur  to  form  sedimentary  thiophenes  that  are  also 
present  in  some  oils  and  sediments.  The  sources  of 
this  group  of  hydrocarbons  remain  largely  un- 
known, though  evidence  points  to  algae  (possibly 
diatoms)  as  one  possibility.  The  recent  identifica- 
tion of  related  sulfur-containing  compounds  in  a 
crude  oil  promises  to  extend  the  number  of  reports 
of  these  compounds  still  further,  and  to  increase 
their  importance  as  environmental  biological  mark- 
ers. (Mertz-PTT) 
W9 1-06263 


PROTON  CYCLE  OF  A  DECIDUOUS  FOREST 
ECOSYSTEM  IN  THE  NETHERLANDS  AND 
ITS  IMPLICATIONS  FOR  SOIL  ACIDIFICA- 
TION. 

Amsterdam  Univ.  (Netherlands).  Lab.  for  Physical 

Geography  and  Soil  Science. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06317 


ASPECTS  OF  THE  NITROGEN  CYCLE  IN 
PEATLAND  AND  PLANTATION  FOREST 
ECOSYSTEMS  IN  WESTERN  IRELAND. 

University  Coll.,  Dublin  (Ireland).  Dept.  of  Envi- 
ronmental Resource  Management. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-06321 


SEASONALITY    OF    DENITRIFICATION    IN 
WATER-LOGGED  ALDER  STANDS. 

Copenhagen  Univ.  (Denmark).  Dept.  of  General 

Microbiology. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-06322 


ACID  BUFFERING  IN  LOWLAND  FORESTED 
ECOSYSTEMS:  A  CASE  STUDY  IN  THE 
TRENT  BASIN,  UK. 

Coventry    (Lanchester)    Polytechnic    (England). 

Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06515 


EFFECTS  OF  HYDROCHEMISTRY  VARIA- 
BILITY ON  WATER  QUALITY  SAMPLING 
FREQUENCIES  IN  AN  ALPINE-SUBALPINE 
FOREST  BASIN. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Earth 
Resources. 
J.  D.  Stednick. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 


DC.  1987.  p  401-407,  5  tab,  4  ref. 

Descriptors:  'Cycling  nutrients,  *Forest  hydrolo- 
gy, •Mountain  watersheds,  *Stream  chemistry, 
•Water  chemistry,  *Water  sampling,  Alkalinity, 
Alpine  regions,  Calcium,  Colorado,  Conductivity, 
Forest  watersheds,  Hydrogen  ion  concentration, 
Magnesium,  Nitrogen,  Nutrient  concentrations, 
Nutrient  transport,  Phosphorus,  Potassium, 
Sodium,  Streamflow,  Sulfates,  Water  quality. 

Stream  sampling  data  are  often  used  to  calculate 
export  or  nutrient  fluxes  (mass/time)  from  water- 
sheds. To  appreciate  nutrient  cycling  processes, 
input  and  intrasystem  waters  must  be  sampled  for 
quantity  and  quality.  The  effects  of  hydroche- 
mistry  parameter  variability  on  water  quality  sam- 
pling processes  in  an  alpine-subalpine  forest  basin 
were  studied.  Samples  of  precipitation,  soil  water, 
and  streamflow  from  Hourglass  Creek  in  the  Colo- 
rado Rocky  Mountains  were  analyzed  for  pH, 
conductivity,  alkalinity,  nitrogen,  phosphorus,  cal- 
cium, magnesium,  sodium,  and  potassium.  Time- 
weighted  and  volume-weighted  annual  means  were 
not  significantly  different  from  arithmetic  mean 
concentrations.  A  minimum  sample  size  was  calcu- 
lated. For  precipitation,  with  an  allowed  error  of 
plus  or  minus  10  percent  of  the  annual  mean  at  90 
percent  confidence,  minimum  sample  sizes  ranged 
from  one  sample  for  pH,  orthophosphate,  magnesi- 
um, and  potassium  to  >  120  samples  for  conductiv- 
ity, sulfate,  and  sodium.  Streamflow  had  minimum 
sample  size  estimates  of  one  sample  for  orthophos- 
phate and  magnesium  to  45  samples  for  calcium 
and  102  samples  for  conductivity.  (See  also  W91- 
06510)  (Author's  abstract) 
W9 1-06548 


EFFECT  OF  CLEARCUTTING  ON  CHEMICAL 
EXPORTS  IN  LATERAL  FLOW  FROM  DIF- 
FERING SOIL  DEPTHS  ON  A  SUBALPINE 
FORESTED  SLOPE. 

Forest  Service,  Fort  Collins,  CO. 

For  primary  bibliographic  entry  see  Field  4C. 

W9 1-065  50 


DETERMINATION  OF  HYDROLOGICAL 
FLOW  PATHS  AND  ASSOCIATED  HYDRO- 
CHEMISTRY  IN  FORESTED  CATCHMENTS 
IN  CENTRAL  SCOTLAND. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England). 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-06551 


IMPACT  OF  CONIFER  AFFORESTATION  ON 
WATER  QUALITY  IN  AN  UPLAND  CATCH- 
MENT IN  SOUTHWEST  ENGLAND. 

Plymouth  Polytechnic  (England).  Dept.  of  Geo- 
graphical Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06552 


EFFECTS  OF  SOIL  FAUNA  ON  LEACHING  OF 
NITROGEN  AND  PHOSPHORUS  FROM  EX- 
PERIMENTAL SYSTEMS  SIMULATING  CO- 
NIFEROUS FOREST  FLOOR. 

Jyvaeskylae   Univ.   (Finland).    Dept.   of  Biology. 

H.  Setala,  E.  Martikainen,  M.  Tyynismaa,  and  V. 

Huhta. 

Biology  and  Fertility  of  Soils  BFSOEE,  Vol.  10, 

No.  3,  p  170-177,  1990.  2  fig,  3  tab,  33  ref. 

Descriptors:  *Forest  soils,  *Leaching,  *Nitrogen, 
•Nutrient  transport,  'Phosphorus,  *Soil  organisms, 
Ammonium,  Conifers,  Decomposing  organic 
matter.  Invertebrates,  Laboratory  methods,  Litter, 
Microorganisms,  Mineralization,  Phosphates,  Soil 
analysis,  Soil  environment,  Soil  tests. 

In  order  to  study  the  effect  of  two  structurally 
different  decomposer  communities  on  nitrogen  (N) 
and  phosphorus  (P)  mineralization,  long-term  ex- 
periments (97  to  98  weeks)  were  carried  out  in 
macrocosm  systems  simulating  the  complexity  of 
coniferous  forest  soil.  The  macrocosms  were  par- 
tially sterilized  by  freezing,  thawing  and  drying, 
then  re-inoculated  with  microbes  alone  or  mi- 
crobes and  soil  fauna.  Removable  microcosms  con- 
taining birch  litter,  spruce  litter,  or  humus  were 
inserted  into  the  substrate  humus  in  the  macro- 
cosms. Two  experiments  used  organic  matter  only, 
and  in  the  third  there  was  mineral  soil  below  the 
humus.  The  macrocosms  were  incubated  in  climate 
chambers  that  simulated  both  summer  and  winter 
conditions.  At  4  to  6-week  intervals  the  substrates 
were  irrigated  for  analysis  of  pH,  total  nitrogen, 
ammonium-N,  nitrate-N,  and  phosphate-P  in  the 
leachates.  At  the  end  of  each  growing  season  a 
destructive  sampling  was  performed,  including 
analyses  of  potassium  chloride-extractable  N  and 
P.  Leaching  of  ammonium  and  phosphate  ions 
from  both  the  litter  and  the  total  systems  was 
significantly  enhanced  by  the  soil  fauna.  There 
were  also  differences  in  mineralization  of  N  and  P 
between  the  refaunated  systems,  apparently  due  to 
divergent  development  of  the  faunal  communities. 
In  general,  fauna  affected  KCl-extractable  nutri- 
ents from  the  litter  positively,  although  this  effect 
was  less  evident  than  in  the  leachate.  In  the  humus 
and  mineral  soil  the  fauna  significantly  increased 
the  release  of  N  and  P,  especially  in  the  later  stages 
of  the  experiments.  Soil  pH  was  higher  in  the 
presence  of  fauna,  but  there  was  no  difference  in 
the  pH  of  leachates.  Not  only  invertebrate-micro- 
bial  interactions,  but  also  mutual  relationships 
among  fauna  were  important  in  the  nutrient  dy- 
namics. (Author's  abstract) 
W9 1-06786 


DENITRIFICATION  WITH  DIFFERENT  SIZES 
OF  SOIL  AGGREGATES  OBTAINED  FROM 
DRY-SIEVING  AND  FROM  SIEVING  WITH 
WATER. 

Guelph  Univ.  (Ontario).  Dept.  of  Land  Resource 

Science. 

For  primary   bibliographic   entry   see   Field   2G. 

W9 1-06787 


INFLUENCE  OF  SEASON  ON  THE  BREAK- 
DOWN OF  SUBMERGED  LEAVES. 

Mohamed-1    Univ.,   Oujda  (Morocco).   Dept.   de 

Biologic 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-06751 


CHEMICAL  HYDROLOGY  AND  MACRO- 
PHYTE  VEGETATION  IN  THE  CANALS  OF  A 
MEDITERRANEAN  COASTAL  MARSH. 

Universitat  de  les  Hies  Balears,  Palma  de  Mallorca 
(Spain).  Dept.  de  Biologia  y  Ciencias  de  Salud. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06755 


HC03()  AS  AN  EXOGENOUS  CARBON 
SOURCE  FOR  RUPPIA  CIRRHOSA  (PEN- 
TAGNA)  GRANDE. 

Institut  de  Recerca  i  Tecnologia  Agroalimentaries, 
Barcelona  (Spain). 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06756 


INFLUENCE  OF  PLANTATION  FORESTRY 
ON  THE  PH  AND  ALUMINIUM  CONCENTRA- 
TION OF  UPLAND  WELSH  STREAMS:  A  RE- 
EXAMINATION. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

S.  J.  Ormerod,  A.  P.  Donald,  and  S.  J.  Brown. 
Environmental  Pollution  ENPOEK,  Vol.  62,  No. 
1,  p  47-62,  1990.  5  fig,  4  tab,  33  ref. 

Descriptors:  *Acid  rain,  *Acid  streams,  •Alumi- 
num, 'Ecological  effects,  'Fish,  'Forestry,  'Hy- 
drogen ion  concentration,  'Vegetation  effects, 
•Wales,  Data  collections,  Data  interpretation,  Da- 
tabases, Land  use,  Reforestation,  Regional  analysis, 
Regression  analysis,  Spatial  distribution,  Stream 
biota,  Surveys,  Toxicity,  Water  chemistry,  Water- 
sheds. 

Previous  studies  relating  forest  presence  to  stream 
acidity  and  aluminum  concentration  were  based  on 
small  numbers  of  catchments,  often  precluding  the 
elimination  of  confounding  influences  on  stream 
chemistry,  such  as  geology  or  soil  type.  Spatial 
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patterns  in  aluminum  and  pH  data  from  113  Welsh 
catchments  of  contrasting  land  use  were  analyzed 
in  three  different  ranges  of  acid  sensitivity  (<10, 
10-15,  15-25  mg  CaC03/liter  total  hardness).  In 
each  range,  pH  declined  and  aluminum  increased 
significantly  with  increasing  percentage  forest 
cover.  There  was  no  evidence  that  the  relation- 
ships reflected  a  spurious  effect  of  forest  location. 
Where  aluminum  concentrations  were  elevated 
under  forest  in  a  sub-set  of  13  streams,  aluminum 
was  present  predominantly  in  the  labile  form,  most 
toxic  to  fish.  Regressions  of  pH  and  aluminum  on 
percentage  forest  cover  provide  a  useful  method  of 
assessing  the  amount  of  forest  in  Welsh  catchments 
which  might  give  rise  to  given  chemical  conditions 
(e.g.,  pH  <6,  Al  >  80  micrograms/Iiter),  though 
some  difficulties  are  likely  in  accurately  specifying 
the  conditions  desirable  for  fish  and  other  biota. 
(Author's  abstract) 
W9 1-06806 


ADSORPTION  OF  FE(III),  CO(II),  AND  ZN(II) 

ONTO  PARTICULATES  IN  FRESH  WATERS 

ON  THE  BASIS  OF  THE  SURFACE  COMPLEX- 

ATION  MODEL:  I.  STABILITIES  OF  METAL 

SPECIES  ADSORBED  ON  PARTICULATES. 

Kyushu    Univ.,    Fukuoka    (Japan).    Radioisotope 

Center. 

S.  Osaki,  T.  Miyoshi,  S.  Sugihara,  and  Y. 

Takeshima. 

Science  of  the  Total  Environment  STENDL,  Vol. 

99,  No.  1/2,  p  105-114,  December  1990.  4  fig,  3 

tab,  23  ref. 

Descriptors:  'Adsorption,  'Cobalt,  •Geochemis- 
try, *Iron,  *Metals,  'Model  studies,  'Particulate 
matter,  'Solute  transport,  'Water  chemistry, 
•Zinc,  Chemical  interactions,  Clays,  Gels,  Hydro- 
gen ion  concentration,  Ions,  Mass  transport,  Quan- 
titative analysis,  Quartz,  Sediments,  Silica. 

Adsorption  has  long  been  considered  important  in 
the  transport  of  elements  in  natural  waters,  and 
attempts  have  been  made  to  quantitatively  model 
adsorption.  The  surface  complexa''on  or  site  bind- 
ing model  treats  adsorption  sites  on  the  surface  of  a 
solid  in  the  same  manner  as  dissolved  ligands.  A 
quantitative  description  of  the  adsorption  of  metal 
ions  was  attempted  for  particulates  in  three  fresh 
waters  on  the  basis  of  the  surface  complexation 
model.  In  addition,  fine  particles  in  sediment  at  the 
same  sites,  and  three  pure  materials,  namely  quartz, 
silicagel,  and  kaolin,  were  examined  for  compari- 
son. The  concentrations  of  total  surface  sites  were 
determined  by  acid  titration.  The  results  of  the 
investigation  revealed  that  the  stabilities  of  Fe(III), 
Co(II),  and  Zn(II)  tended  to  decrease  from  fine 
sediments  to  particulates  and  kaolin,  and  finally  to 
silicagel  and  quartz.  The  apparent  stabilities  of 
these  metal  species  on  particulates  were  found  to 
be  similar  to  those  of  their  citrate  complexes  and 
were  slightly  higher  than  those  of  their  glycine 
complexes.  (See  also  W9 1-06820)  (Author's  ab- 
stract) 
W91-06819 


ADSORPTION  OF  FE(III),  CO(II),  AND  ZN(II) 
ONTO  PARTICULATES  IN  FRESH  WATERS 
ON  THE  BASIS  OF  THE  SURFACE  COMPLEX- 
ATION MODEL:  II.  STABILITIES  OF  METAL 
SPECIES  DISSOLVED  IN  FRESH  WATERS. 
Kyushu  Univ.,  Fukuoka  (Japan).  Radioisotope 
Center. 

S.  Osaki,  T.  Miyoshi,  S.  Sugihara,  and  Y. 
Takeshima. 

Science  of  the  Total  Environment  STENDL,  Vol. 
99,  No.  1/2,  p  115-123,  December  1990.  4  fig,  2 
tab,  13  ref. 

Descriptors:  'Adsorption,  'Cobalt,  'Geochemis- 
try, 'Iron,  'Metals,  'Model  studies,  'Particulate 
matter,  'Solute  transport,  'Water  chemistry, 
•Zinc,  Chemical  analysis,  Chemical  interactions, 
Chemical  speciation,  Dissolved  solids,  Ions,  Man- 
ganese, Model  testing,  Oxidation-reduction  poten- 
tial, Quantitative  analysis,  Sediments. 

The  distribution  of  an  element  between  the  aque- 
ous phase  and  a  different  phase  depends  on  the 
relative  stabilities  of  the  element  in  the  two  phases. 
If  these  stabilities  can  be  quantitatively  described 


using  a  model,  the  distribution  of  the  element  can 
be  predicted,  within  the  constraints  of  the  model. 
The  concentration  of  an  element  can  also  be  pre- 
dicted on  the  basis  of  its  distribution  between  the 
two  phases.  A  study  was  conducted  to  test  the 
applicability  of  the  surface  complexation  model  as 
a  quantitative  model  for  the  distribution  of  metals 
between  particulates  and  water  in  natural  aqueous 
systems.  Particulates,  fine  sediments,  and  residue 
from  evaporation  of  the  filtrate  from  fresh  waters 
were  sequentially  extracted  with  several  reagents, 
and  concentrations  of  iron,  manganese,  cobalt,  and 
zinc  were  determined.  Results  of  the  investigation 
revealed  that  concentrations  of  Zn(II)  and  Mn  in 
particulates  were  higher  than  those  found  in  fine 
sediment,  and  they  were  considerably  different  in 
their  chemical  speciation.  The  observed  differences 
between  Fe  and  Mn  may  have  been  due  to  the 
difference  in  their  oxidation  potentials.  In  addition, 
the  difference  observed  between  Co  and  Zn  may 
have  been  dependent  on  their  affinity  for  Fe  and 
Mn  oxides.  Distributions  of  Fe(III),  Co(II),  and 
Zn(II)  between  particulates  and  water  were  deter- 
mined and  compared  with  those  predicted  on  the 
basis  of  the  surface  complexation  model.  The  re- 
sults were  generally  consistent  with  theories  that 
metal  species  dissolved  in  water  exist  as  free  ions 
or  are  considerably  less  stable  than  their  surface 
complexes  on  particulates.  (See  also  W9 1-068 19) 
(Korn-PTT) 
W91-06820 


TRANSPORT  AND  SEDIMENT  ACCUMULA- 
TION OF  PB-210  AND  CS-137  IN  TWO  SOUTH- 
EAST ALASKAN  FJORDS. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06835 


CHEMISTRY  OF  ATMOSPHERIC  PRECIPITA- 
TION AT  THE  WESTERN  ARABIAN  GULF 
COAST. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Research  Inst. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06873 


CONFIRMATION  AND  QUANTITATION  OF 
HYDROXYMETHANESULFONATE  IN  PRE- 
CIPITATION  BY  ELECTROSPRAY  IONIZA- 
TION-TANDEM  MASS  SPECTROMETRY. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06874 


AMBIENT  CONCENTRATIONS,  SCAVENG- 
ING RATIOS,  AND  SOURCE  REGIONS  OF 
ACID  RELATED  COMPOUNDS  AND  TRACE 
METALS  DURING  WINTER  IN  NORTHERN 
MICHIGAN. 

General  Motors  Research  Labs.,  Warren,  MI.  En- 
vironmental Science  Dept. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06875 


COMPOSITION  OF  BULK  PRECIPITATION 
ON  A  COASTAL  ISLAND  WITH  AGRICUL- 
TURE COMPARED  TO  AN  URBAN  REGION. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 

Meteorology. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-06877 


VERTICAL  DISTRIBUTION  OF  AEROSOLS 
AND  ACID  RELATED  COMPOUNDS  IN  AIR 
AND  CLOUDWATER. 

Atmospheric  Environment  Service,  Toronto  (On- 
tario). 

For  primary  bibliographic  entry  see  Field  5B. 
W91-06878 


RELATIONSHIP  BETWEEN  PRECIPITATION 
AMOUNT  AND  WET  DEPOSITION  OF  NI- 
TRATE AND  AMMONIUM. 

Kiel  Univ.  (Germany,  F.R.).  Inst,  fuer  Meeres- 
kunde. 


For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06879 


STABILITY  OF  THE  PH  AND  THE  CONTENTS 
OF  AMMONIUM  AND  NITRATE  IN  PRECIPI- 
TATION SAMPLES. 

Ustredni  Ustav  Geologicky,  Prague  (Czechoslova- 
kia). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06880 


SITE-SPECIFIC  UNDERESTIMATION  OF 
WETFALL  NH4<  +  )  USING  NADP  DATA. 
Kansas  State  Univ.,  Manhattan.  Div.  of  Biology. 
R.  A.  Ramundo,  and  T.  R.  Seastedt. 
Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  12,  p  3093-3095,  1990.  2 
fig,  9  ref.  NSF  Grant  BSR-85 14327. 

Descriptors:  'Ammonium,  'Chemistry  of  precipi- 
tation, 'Data  quality  control,  'Path  of  pollutants, 
•Sample  preservation,  *Wet  deposiiion,  Model 
studies,  NADP  wetfall  collector,  Nitrates,  Nitro- 
gen, Rainfall  distribution,  Seasonal  variation,  Spa- 
tial variation. 

Estimates  of  ammonium  in  weekly  composited 
wetfall  samples  were  measured  in  two  laboratories, 
one  at  Kansas  State  University  and  that  operated 
by  the  National  Atmospheric  Deposition  Program 
(NADP)  in  Illinois.  Ammonium  samples  were 
lower  in  the  NADP  estimates  and  exhibited  a 
strong  seasonal  difference  in  concentrations. 
Losses  were  likely  not  due  to  volatilization;  micro- 
bial immobilization  of  ammonium  likely  occurred 
during  transport  of  samples.  Differences  in  esti- 
mates of  annual  ammonium  ion  deposition  were 
larger  than  those  observed  for  average  weekly 
concentrations  because  of  seasonal  rainfall  pat- 
terns. NADP  values  will  require  site-specific  cor- 
rections for  models  describing  or  predicting  re- 
gional or  national  patterns  of  nitrogen  inputs  in 
wetfall.  (Author's  abstract) 
W9 1-06881 


EFFECT  OF  SELECTED  PHYSIOGRAPHIC 
FACTORS  ON  DISSOLVED  GYPSUM  TRANS- 
PORT BY  SIMULATED  RUNOFF  ON  GYPSIF- 
EROUS  SOILS. 

Exeter  Univ.  (England).  Dept.  of  Geography. 
A.  Navas. 

Catena,  Vol.  17,  No.  4/5,  p  409-416,  August/Octo- 
ber 1990.  3  tab,  15  ref. 

Descriptors:  'Gypsum,  'Runoff,  'Simulated  rain- 
fall, 'Soil  properties,  'Solute  transport,  'Weather- 
ing, Dissolved  solids,  Rainfall  intensity,  Slopes, 
Soil  types,  Topography,  Vegetation  effects. 

Simulated  rainfall  with  intensities  of  48  and  58 
mm/hr,  representing  those  found  in  heavy  storm 
events  in  the  middle  Ebro  valley  of  Northeast 
Spain  were  applied  to  gypsiferous  soils  (easily  sus- 
ceptible to  chemical  weathering)  of  varying  char- 
acteristics and  slope  in  an  attempt  to  assess  the 
effect  of  selected  physiographic  factors  on  the 
transport  of  dissolved  gypsum  by  runoff.  The  51 
field  experiments  carried  out  on  1.25  m  by  1.25  m 
plots  shed  high  variability  in  the  gypsum  yield 
among  the  diverse  situations  tested.  The  gypsum 
load  transported  by  runoff  ranged  from  5  to  40/sq 
gm/hr.  Transport  of  dissolved  gypsum  was  posi- 
tively related  to  rock  outcrop  and  slope,  and  rain- 
fall intensity  produced  a  small  dilution  effect.  Dry 
soil  conditions  and  higher  percentages  of  plant 
cover  favor  higher  gypsum  concentrations.  Runoff 
is  undersaturated  in  gypsum  with  values  ranging 
from  -1.4  to  -0.3.  The  highest  gypsum  yields  were 
recorded  in  Dystric  Leptosols,  followed  by  Gypsic 
Calcisols  (lithic  phase)  and  then  Gypsic  Calcisols. 
(Author's  abstract) 
W9 1-06909 


EL  NINO  EFFECTS  ON  HYDROGEN  ION 
CONCENTRATION  OF  A  CALIFORNIA  RES- 
ERVOIR. 

California  Univ.,  Berkeley.  Kearney  Foundation  of 
Soil  Science. 


68 


WATER  CYCLE— Field  2 


For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06943 


POREWATER  OXIDATION,  DISSOLVED 
PHOSPHATE  AND  THE  IRON  CURTAIN: 
IRON-PHOSPHORUS  RELATIONS  IN  TIDAL 
FRESHWATER  MARSHES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

R.  O.  Chambers,  and  W.  E.  Odum. 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  1,  p  37- 
52,  1990.  6  fig,  1  tab,  52  ref.  Virginia  Sea  Grant 
1988  VGMSC-UVA-O. 

Descriptors:  'Interstitial  water,  'Iron,  'Oxidation, 
•Phosphates,  *Soil  chemistry,  *Tidal  marshes, 
•Virginia,  'Wetlands,  Cores,  Freshwater,  Geomor- 
phology,  Moisture  meters,  Seepage,  Subsurface 
water. 

The  process  of  dissolved  phosphate  removal  from 
aqueous  solution,  which  occurs  during  oxidation  of 
soluble  ferrous  compounds  to  insoluble  ferric 
forms,  was  examined  in  soils  of  two  tidal  freshwa- 
ter marshes  located  along  the  Chickahominy  River 
in  Virginia.  The  two  marshes  were  of  different 
geomorphology:  a  frequently  flooded  low  marsh 
and  a  less  frequently  flooded  high  marsh.  Prelimi- 
nary results  of  modeling  subsurface  water  flow 
indicated  that  creekbanks  are  important  sites  of 
porewater  discharge  in  both  sites.  A  series  of  water 
samples  was  collected  from  reduced  soils  with 
suction  lysimeters  or  'sippers'.  To  compare  creek- 
bank  porewater  with  seepage  water,  sippers  were 
placed  at  depths  of  10-50  cm  in  the  creekbanks  of 
the  two  marshes.  Also,  seepage  collectors  were 
installed  at  various  heights  along  a  section  of 
creekbank  of  the  high  marsh.  Soil  chemistry  was 
studied  using  cores  from  creekbank  and  interior 
areas  of  both  marshes.  Sites  of  amorphous  iron 
deposition  and  sorption  or  co-precipitation  of 
phosphate  were  found  to  be  in  surface  soils  and 
along  creekbanks,  where  both  ion  diffusion  and 
porewater  advection  move  dissolved  iron  and 
phosphate  from  reduced  to  oxidized  regions.  Pro- 
files of  extractable  iron  and  total  phosphorus  from 
creekbank  and  interior  soils  were  consistent  with 
hypothesized  differences  between  a  high  and  a  low 
marsh.  Porewater  concentrations  of  dissolved 
phosphate  were  higher  in  creekbank  soils  of  the 
high  marsh,  compared  with  water  actually  dis- 
charging from  the  creekbank  during  tidal  exposure. 
It  is  proposed  that  an  iron  curtain  of  ferric  hydrox- 
ides functions  as  a  barrier  to  diffuse  and  advective 
movement  of  dissolved  phosphate  along  surfaces 
of  tidal  freshwater  marshes,  and  has  important 
implications  for  the  distribution  and  availability  of 
phosphorus  in  other  types  of  wetlands  and  aqueous 
systems.  (Agostine-PTT) 
W9 1-06944 


EFFECT    OF     HARVEST     INTENSITY     AND 

GROUND  FLORA  ESTABLISHMENT  ON  IN- 

ORGAN1C-N    LEACHING    FROM    A    SITKA 

SPRUCE  PLANTATION  IN  NORTH  WALES, 

UK. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

For  primary  bibliographic  entry  see  Field  4C. 

W9 1-06945 


METHANE  PRODUCTION  AND  SULFATE  RE- 
DUCTION IN  TWO  APPALACHIAN  PEAT- 
LANDS. 

Villanova  Univ.,  PA.  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-06946 


SULFUR  DYNAMICS  IN  MINERAL  HORI- 
ZONS OF  TWO  NORTHERN  HARDWOOD 
SOILS:  A  COLUMN  STUDY  WITH  S35. 
State  Univ.  of  New  York  at  Syracuse.  Coll.  of 
Environmental  Science  and  Forestry. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-06948 


RADIUM  IN  THE  SUWANNEE  RIVER  AND 
ESTUARY:  SPRING  AND  RIVER  INPUT  TO 
THE  GULF  OF  MEXICO. 


Florida  State  Univ.,  Tallahassee.  Dept.  of  Ocean- 
ography. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-06953 


IMPORTANCE  OF  SOIL  WATER  CONTENT 
WHEN  ESTIMATING  SOIL  MICROBIAL  C,  N 
AND  P  BY  THE  FUMIGATION-EXTRACTION 
METHODS. 

New  Zealand  Soil  Bureau,  Lower  Hutt. 

For   primary   bibliographic   entry   see   Field   2G. 

W9 1-06961 

DENITRIFICATION  IN  NORTH  TEMPERATE 
FOREST  SOILS:  RELATIONSHIPS  BETWEEN 
DENITRIFICATION  AND  ENVIRONMENTAL 
FACTORS  AT  THE  LANDSCAPE  SCALE. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Crop 
and  Soil  Sciences. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-06963 


BIODEGRADATION  OF  SYNTHETIC 

ORGANO-METALLIC  COMPLEXES  OF  IRON 
AND  ALUMINUM  WITH  SELECTED  METAL 
TO  CARBON  RATIOS. 

Centre  de  Pedologie  Biologique,  Vandoeuvre-les- 

Nancy  (France). 

J.-P.  Boudot,  A.  Bel  Hadj  Brahim,  R.  Steiman,  and 

F.  Seigle-Murandi. 

Soil  Biology  &  Biochemistry  SBIOAH,  Vol.  21, 

No.  7,  p  961-966,  1989.  6  fig,  2  tab,  34  ref. 

Descriptors:  'Aluminum,  'Biodegradation, 
'Carbon,  'Iron  compounds,  'Organometals,  'Soil 
chemistry,  'Synthetic  compounds,  Citric  acid, 
Flocculation,  Fulvic  acids,  Humic  acids,  Hydrox- 
ides, Incubation,  Organic  compounds,  Podzols, 
Soil  genesis,  Soil  horizons,  Soil  organic  matter. 

Synthetic     organo-ferric     and     organo-aluminous 
complexes  with  various  metahC  ratios  were  pre- 
pared and  incubated  for  44  days  in  an  Eutrochrept 
Al  horizon.  Citric  acid  was  used  as  a  model  of  a 
natural  soil  acid.  Fungal  melanins  synthesized  by 
Epicoccum  purpurescens  were  separated  in  fulvic 
acid-like  and  humic  acid-like  polymers  and  used  as 
models    for    naturally    transformed    soil    organic 
matter.  Under  certain  conditions,  the  biodegrada- 
tion of  such  metal-organic  complexes  was  slower 
than  that  of  the  free  forms  of  the  corresponding 
organic  compounds.  The  intensity  of  this  protec- 
tive effect  depended  mainly  on  the  metal  to  com- 
plexing  functional  groups  molar  ratio  (M/CG)  of 
the  complexes  and  was  also  related  to  their  aque- 
ous solubility.  For  some  organics,  the  protective 
effect  was  observed  at  ratios  exceeding  the  satura- 
tion   of  their   complexing    sites,    and    sometimes 
needed  a  metal  content  exceeding  more  than  twice 
their  complexing  capacity.  In  such  cases,  the  for- 
mation of  a  flocculated  metallic  hydroxide  which 
is  trapping  and  wrapping  the  organic  molecules  is 
suggested  to  better  account  for  the  observed  pro- 
tective effect  than  chemical  binding  per  se.  As  the 
solubility  of  the  'humic'  acids  decreased  faster  than 
that  of  the  'fulvic'  ones  when  their  metallic  charge 
increased,  the  biodegradability  of  the  humic  acids 
decreased  more  rapidly  than  that  of  the  fulvic 
acids  by  metal  complexing.  For  the  same  reasons, 
citric  acid  was  more  protected  by  complexing  Al 
than  Fe.  The  protective  effect  of  both  aluminum 
and  iron  against  the  biodegradation  of  all  types  of 
organic   matter   was  high   and   of  a  comparable 
intensity  at  high  M/CG  molar  ratios.  The  present 
experiments  are  relevant  to  pedogenesis.  Both  the 
protective  effect  and  the  limitations  against  translo- 
cation processes  which  are  characteristic  of  podzo- 
lic  pedogenesis  appear  to  be  controlled  by  the 
flocculation   of  the   organo-metallic   associations. 
(Author's  abstract) 
W9 1-06965 


NITROGEN  DYNAMICS  OF  SOIL  WATER  IN 
BURNED  AND  UNBURNED  TALLGRASS 
PRAIRIE. 

Kansas  State  Univ.,  Manhattan.  Div.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-06966 


Chemical  Processes — Group  2K 

RESOURCE  QUALITY  AND  TROPHIC  RE- 
SPONSES TO  SIMULATED  THROUGHFALL: 
EFFECTS  ON  DECOMPOSITION  AND  NUTRI- 
ENT FLUX  IN  A  NO-TILLAGE  AGROECOSYS- 
TEM. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06967 


SOLUTE  DISPERSION  DURING  UNSTEADY 
LEACHING  AS  AFFECTED  BY  AGGREGATE 
SIZE  AND  SOIL  WATER  CONTENT. 

National   Inst,   of  Agro-Environmental   Sciences, 

Kannondai  (Japan).  Div.  of  Soil  Science. 

H.  Katou,  and  R.  Akiyama. 

Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  1,  p 

53-64,  1990.  5  fig,  4  tab,  16  ref,  append. 

Descriptors:  'Aggregates,  'Dispersion,  'Leaching, 
•Soil  aggregates,  'Soil  water,  'Solute  transport, 
•Solutes,  Chlorides,  Dispersivity,  Halogens,  Inter- 
stitial water,  Mathematical  studies,  Pore  velocity, 
Soil  columns. 

The  dispersion  of  chloride  ion  during  unsteady 
water  flow  as  affected  by  the  aggregate  size  and 
soil  water  content  was  examined.  Attention  was 
paid  to  the  vertical  spreading  of  the  solute  with 
increasing  penetration  depth.  Solute  dispersion 
during  unsteady  leaching  of  chloride  which  had 
been  applied  as  a  solution  was  investigated  in  soil 
columns  differing  in  aggregate  size  (<1  and  <4 
mm),  initial  soil  water  content,  and  the  amount  of 
leaching  water  applied.  The  approximate  analytical 
solution  of  De  Smedt  and  Wierenga  (1978)  for 
solute  flow  during  infiltration  and  redistribution 
was  extended  to  describe  solute  concentration  pro- 
files in  which  the  water  content  at  the  solute  front 
was  different  from  that  at  the  front  of  subsequently 
infiltrating  leaching  water.  The  magnitude  of  the 
solute  dispersion  was  evaluated  as  the  dispersivity 
in  the  solution  that  gave  the  best  fit  of  the  calculat- 
ed concentration  profiles  to  those  measured.  The 
dispersivities  thus  determined  were  consistently 
larger  for  the  coarse-aggregate  columns  than  for 
the  fine-aggregate  columns  irrespective  of  the  ini- 
tial soil  wetness,  reflecting  the  more  efficient 
leaching  observed  in  the  latter  columns.  In  the 
coarse-aggregate  columns  chloride  dispersion  was 
more  enhanced  when  the  soil  water  content  was 
lower,  while  the  reverse  was  true  in  the  fine- 
aggregate  columns.  The  inefficient  leaching  and 
larger  dispersivity  in  the  unsaturated  coarse-aggre- 
gate columns  suggest  that  the  solute  dispersion  in 
aggregated  soils  during  unsaturated  unsteady 
water  flow  is  due  mainly  to  the  restriction  of  the 
diffusion  process  within  the  aggregates.  This  im- 
plies that  the  dispersivity  in  field  soils  will  depend 
not  only  on  the  soil  water  content  but  also  on  the 
pore  water  velocity.  (Author's  abstract) 
W9 1-06968 


CHEMICAL  PROPERTIES  OF  SUBSURFACE 
PEATS  AND  THEIR  DECOMPOSITION  KI- 
NETICS UNDER  FIELD  CONDITIONS. 

Hokkaido  National  Agricultural  Experiment  Sta- 
tion, Sapporo  (Japan).  Peat  Soil  Lab. 
S.  Murayama,  Y.  Asakawa,  and  Y.  Ohno. 
Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  1,  p 
129-140,  1990.  8  fig,  7  tab,  28  ref. 

Descriptors:  'Decomposition,  'Kinetics,  'Peat, 
'Peat  soils,  'Soil  chemistry,  'Wetlands,  Carbon, 
Chemical  properties,  Comparison  studies,  Com- 
post, Field  tests,  Japan,  Mathematical  studies, 
Mulches,  Nitrogen,  Sphagnum,  Straw. 

The  decomposability  of  subsurface  peat  in  surface 
layer  soil  was  examined  under  two  different  water 
regime  conditions,  i.e.,  upland  field  and  wetland 
paddy.  Samples  of  peat  lands  in  Japan  taken  from 
the  subsurface  layers  of  either  a  non-cultivated  site 
or  cultivated  fields  were  analyzed  for  the  content 
of  inorganic  and  organic  constituents,  and  their 
decomposability  in  soil  was  examined  under  field 
conditions  in  upland  and  wetland  rice  fields.  Sam- 
ples included  (1)  high  moor  peat  consisting  of 
Sphagnum  moss,  (2)  high  moor  peat  consisting  of 
Sphagnum  moss  and  Carex  middendorffii,  and  (30 
low  moor  peat  consisting  of  Carex  spp.  For  com- 
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parison  with  the  peat  samples,  rice  and  wheat 
straw  and  compost  were  also  examined.  Decompo- 
sition rate  constants  (k)  of  peats  mixed  with  soil  for 
a  single  compartment  exponential  decay  model 
ranged  from  0.0032  to  0.0096  (1 /month),  equiva- 
lent to  3.7-11%  carbon  loss  after  one  year,  and  the 
decomposition  was  enhanced  by  mixing  with  soil. 
Changes  in  the  amounts  of  nitrogen  of  the  peat 
materials  were  also  fitted  to  the  model  and  gave 
rate  constants  (k)  of  0.0015-0.0078,  equivalent  to 
1.8-9.0%  loss  after  1  year,  for  samples  mixed  with 
soil.  The  decomposition  of  rice  straw,  barley 
straw,  and  compost  fit  a  model  of  double  compart- 
ment exponential  decay.  About  60%  of  rice  straw 
in  the  paddy  field  and  77%  of  wheat  straw  in  the 
upland  field  were  decomposed  as  a  labile  fraction, 
respectively.  The  decomposition  of  lignin  carbon 
accounted  for  the  greater  proportion  of  carbon  loss 
from  peat  materials,  although  the  decomposition 
rate  was  lower  than  that  of  saccharides.  On  the 
contrary,  the  decomposition  of  saccharides  ac- 
counted for  the  greater  proportion  of  the  decom- 
position of  wheat  straw.  (Author's  abstract) 
W9 1-06969 


DETERMINATION  OF  SOLUBLE  SELENIUM 
IN  SOILS. 

Kyoto  Univ.  (Japan).  Dept.  of  Agricultural  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06970 


TOPOSEQUENCE  OF  FINE-TEXTURED 
SOILS  IN  THE  HILLY  AREA  OF  THE  NORTH- 
ERNMOST PART  OF  HOKKAIDO:  III.  IM- 
PORTANCE OF  CHELATING  LOW  MOLECU- 
LAR ORGANIC  ACIDS  IN  THE  MIGRATION 
PROCESS  OF  ALUMINUM  AND  IRON. 
Hokkaido  Univ.,  Sapporo  (Japan).  Faculty  of  Ag- 
riculture. 

F.  Satoh,  T.  Sakuma,  and  H.  Okajima 
Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  2,  p 
251-260,  1990.  6  fig,  2  tab,  13  ref. 

Descriptors:  •Aluminum,  'Chelating  agents,  'Ion 
transport,  'Iron,  •  Japan,  'Organic  acids,  *Soil 
chemistry,  "Soil  genesis,  'Soil  texture,  'Soil  types, 
Acetic  acid,  Chemical  properties,  Citric  acid,  Mi- 
gration, Oxalic  acid,  Soil  solution,  Soils,  Spodo- 
sols. 

Dilute  solutions  (0.001  M)  of  acetic,  oxalic  and 
citric  acids  were  used  for  leaching  experiments  to 
analyze  the  migration  process  of  aluminum  and 
iron  in  'fine-textured'  Spodosols.  Among  the  acids 
used,  oxalic  and  citric  acids  showed  a  strong  effect 
on  the  dissolution  of  aluminum  and  iron  through 
the  formation  of  chelate  complexes.  This  suggests 
that  chelation  is  much  more  important  than  disso- 
lution by  the  soil  solution  at  a  low  pH  for  the 
leaching  of  aluminum  and  iron  in  the  soil  exam- 
ined. The  concept  of  chemical  equilibria  was  ap- 
plied to  analyze  the  mobility  of  aluminum  and  iron 
within  the  profile.  Based  on  the  stability  diagram, 
monovalent  citric  and  oxalic  complexes  with  alu- 
minum and  iron  were  considered  to  be  dominant. 
To  migrate  within  the  fine-textured  soils  rich  in 
active  2:1  clay  minerals,  it  is  necessary  for  the 
aluminum  and  iron  complexes  not  only  to  be  in  a 
low  molecular  weight  form  but  also  to  have  a  low 
electric  charge.  The  complexes  predicted  from  the 
stability  diagrams  satisfied  both  conditions.  Thus,  it 
was  concluded  that  the  formation  of  chelating  low 
molecular  organic  acids  was  significant  in  the  mi- 
gration process  of  aluminum  and  iron.  (See  also 
W9 1-06976)  (Author's  abstract) 
W9 1-06972 


STUDIES  ON  SALINE  SOILS  IN  KHON  KAEN 
REGION,  NORTHEAST  THAILAND:  II.  SEA- 
SONAL CHANGES  OF  PHYSICAL  AND 
CHEMICAL  PROPERTIES. 

Khon  Kaen  Univ.  (Thailand).  Faculty  of  Agricul- 
ture. 

B.  Topark-Ngarm,  P.  Patcharapreecha,  I.  Goto, 
and  M.  Kimura. 

Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  2,  p 
289-298,  1990.  7  fig,2  tab,  3  ref. 

Descriptors:  'Chemical  properties,  'Saline  soils, 
•Soil  chemistry,   'Soil  physical  properties,   'Soil 


types,  'Thailand,  Capillarity,  Dispersion,  Hydro- 
gen ion  concentration,  Leaching,  Physical  proper- 
ties, Precipitation,  Seasonal  variation,  Subsurface 
water. 

The  dynamics  of  salt  movement  and  the  seasonal 
changes  of  the  physical  and  chemical  properties, 
especially  pH  and  clay  dispersion,  of  the  saline 
soils  in  the  Khon  Kaen  Region,  Northeast  Thai- 
land, were  investigated  to  obtain  basic  information 
for  the  improvement  of  saline  soils.  The  mecha- 
nisms of  seasonal  changes  were  also  studied  by 
leaching  experiments.  Results  indicated  that  not 
only  the  salt  but  also  the  clay  moved  upward  with 
the  capillary  movement  of  the  soil  solution,  and 
downward  with  the  percolation  of  rain  water.  The 
soil  pH  was  very  low  (less  than  4)  in  the  dry 
season  and  very  high  (nearly  9)  in  the  rainy  season, 
based  on  the  following  reactions:  H-clay  +  NaCl 
produces  Na-clay  +  HC1  (dry  season);  Na-clay  + 
H20  produces  H-clay  +  NaOH  (rainy  season). 
The  soil  contained  large  amounts  of  dispersible 
clay  in  the  rainy  season,  but  a  small  amount  in  the 
early  dry  season.  FeS  dissolved  in  the  groundwater 
was  considered  to  be  another  acidification  agent, 
as  it  became  oxidized  to  ferric  hydroxide  and  sulfu- 
ric acid  when  it  reached  the  soil  surface  by  capil- 
lary movement.  (See  also  W9 1-06977)  (Author's 
abstract) 
W9 1-06975 


TOPOSEQUENCE  OF  FINE-TEXTURED 
SOILS  IN  THE  HILLY  AREA  OF  NORTHERN- 
MOST HOKKAIDO:  IV.  HYDROLYTIC  REAC- 
TION OF  ALUMINUM  IN  THE  PRESENCE  OF 
OXALIC  OF  CITRIC  ACID  LIGANDS. 
Hokkaido  Univ.,  Sapporo  (Japan).  Faculty  of  Ag- 
riculture. 

F.  Satoh,  T.  Sakuma,  and  H.  Okajima. 
Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  3,  p 
355-361,  1990.  6  fig,  Href. 

Descriptors:  'Aluminum,  'Chelating  agents,  'Che- 
lation, 'Citric  acid,  'Hydrolysis,  'Japan,  'Oxalic 
acid,  'Soil  chemistry,  'Soil  genesis,  'Soil  texture, 
•Soil  types,  Chemical  properties,  Colloids,  Organic 
acids,  Podzols. 

The  hydrolysis  of  aluminum  in  aqueous  solution 
(0.001  M)  was  investigated  in  the  presence  of  0.001 
M  of  oxalic  or  citric  acid  ligands.  Upon  titration 
with  base,  large  aluminum  hydrophilic  colloids 
(0.2-2.0  micrometer  in  diameter)  predominated  in 
the  solution  with  the  oxalic  acid  ligand,  whereas 
micro-polymers  smaller  than  0.025  micrometer  in 
diameter  were  stable  containing  the  citric  acid 
ligand.  The  organic  ligands  were  not  incorporated 
into  the  colloids  but  were  adsorbed  on  the  surface 
of  the  colloids.  These  findings  suggest  that  the 
polymerization  reaction  of  aluminum  can  take 
place  even  in  the  form  of  low  molecular  chelate 
complexes.  Therefore,  hypotheses  were  put  for- 
ward concerning  the  mechanism  of  the  movement 
of  aluminum  and  iron  in  the  'fine-textured'  Spodo- 
sols, in  which  the  formation  of  low  molecular 
chelate  complexes  was  considered  to  be  most  im- 
portant. The  effect  of  low  molecular  chelating 
organic  acids  may  account  for  the  dissolution  and 
accumulation  process  of  aluminum  and  iron  in  the 
fine-textured  soils  studied.  Some  low  molecular 
chelating  acids,  like  oxalic  acid,  have  a  strong 
dissolution  power  and  are  also  effective  in  the 
polymerization  of  aluminum,  though  not  all  of  the 
processes  in  the  formation  of  Spodosols  were 
found  to  take  place.  As  low  molecular  chelating 
organic  acids  predominate  in  the  soil  solution  of 
Spodosols,  these  acids  may  be  involved  in  the 
podzol  formation  process.  (See  also  W9 1-06972) 
(Agostine-PTT) 
W9 1-06976 


STUDIES  ON  SALINE  SOILS  IN  KHON  KAEN 
REGION,  NORTHEAST  THAILAND:  III.  EF- 
FECTS OF  AMELIORATION  TREATMENTS 
ON  PHYSICAL  AND  CHEMICAL  PROPER- 
TIES OF  THE  SALINE  SOIL. 
Khon  Kaen  Univ.  (Thailand).  Faculty  of  Agricul- 
ture. 

P.  Patcharapreecha,  B.  Topark-Ngarm,  I.  Goto, 
and  M.  Kimura. 
Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  3,  p 


363-374,  1990.  8  fig,  1  tab,  16  ref. 

Descriptors:  'Saline  soils,  'Soil  amendments,  'Soil 
physical  properties,  'Soil  treatment,  'Soil  types, 
•Thailand,  Aggregates,  Calcium  carbonate,  Calci- 
um sulfate,  Chemical  properties,  Clays,  Compost, 
Conductivity,  Dispersion,  Field  tests,  Hydrogen 
ion  concentration,  Leaching,  Mulches,  Oil,  Statisti- 
cal analysis,  Straw. 

The  effects  of  several  amelioration  treatments  on 
the  physical  and  chemical  properties  of  the  saline 
soils  (Paleustult)  in  the  Khon  Kaen  Region,  North- 
east Thailand,  were  studied.  The  application  of 
CaS04,  CaC03,  converter  slag,  or  compost  into 
the  plow  layer,  the  placement  of  crude  oil  or  rice 
husks  below  the  plow  layer  and  rice  straw  mulch- 
ing were  compared.  The  plots  with  these  treat- 
ments were  constructed  in  the  field  and  the  mois- 
ture content,  pH,  electrical  conductivity  (EC),  per- 
meability, clay  dispersion,  NH4-N  and  N03-N 
contents  were  determined.  The  evaluation  of  each 
amelioration  treatment  was  as  follows.  Compost 
application  was  most  the  effective,  followed  by 
mulching.  The  addition  of  adequate,  but  not  exces- 
sive amounts  of  calcium  materials  was  necessary  to 
increase  the  soil  buffering  capacity.  The  crude  oil 
and  rice  husk  plots  showed  very  wide  seasonal  pH 
fluctuations  as  in  the  case  of  the  control  plot.  To 
simulate  rainfall  infiltration,  a  leaching  experiment 
was  conducted  using  soils  collected  periodically 
from  the  above  plots.  The  turbidity  level  (clay 
dispersion)  of  the  leachate  of  CaS04  and  CaC03 
plot  soils  was  much  lower  than  that  of  the  other 
plot  soils.  Compost  application  also  had  a  suppres- 
sive effect  on  clay  dispersion.  Clay  was  dispersed 
easily  in  soils  from  the  rice  husk  and  crude  oil  plots 
and  a  high  turbidity  level  of  the  leachate  was 
observed  for  the  rainy  season  samples  of  these 
plots.  By  mulching,  dispersion  was  strongly  sup- 
pressed, which  may  be  due  to  the  stability  of  the 
soil  aggregates.  Leaching  speed  was  negatively 
correlated  with  the  clay  dispersion  and  it  remained 
high  throughout  the  experimental  period  (2  yr)  in 
the  CaS04,  CaC03,  converter  slag  and  compost 
plots.  Therefore,  the  combination  of  compost  and 
calcium  application  to  the  soil  with  mulching  was 
considered  a  suitable  procedure  for  the  ameliora- 
tion of  this  kind  of  soil.  (See  also  W9 1-06975) 
(Author's  abstract) 
W9 1-06977 


COMPOSITION  AND  BEHAVIOR  OF  ALUMI- 
NUM IONS  AND  COLLOIDAL  ALUMINOSILI- 
CATES  IN  ACIDIFIED  TERRESTRIAL 
WATERS. 

Iwate  Univ.,  Morioka  (Japan).  Faculty  of  Agricul- 
ture. 

K.  Inoue,  and  M.  Yoshida. 

Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  3,  p 
461-468,  1990.  4  fig,  3  tab,  22  ref.  Ministry  of 
Education,  Science  and  Culture  of  Japan  Grants- 
in-Aid  for  Scientific  Research  62560057,  63470106 
and  01602020. 

Descriptors:  'Acidic  water,  'Aluminum,  'Col- 
loids, 'Geochemistry,  'Silicates,  'Water  chemis- 
try, Acid  rain,  Acid  rain  effects,  Chemical  proper- 
ties, Irrigation  effects,  Lakes,  Rivers,  Soil  contami- 
nation, Water  quality. 

The  water  quality,  especially  in  terms  of  the  con- 
centration and  composition  of  Al  ions  of  acidified 
terrestrial  waters  in  the  Torigoe  and  Iwamata 
Rivers  and  Bandai-Goshiki  Lakes  in  the  Tohoku 
district  were  investigated.  The  composition  of  alu- 
minum in  seven  acidified  lake  and  river  waters  in 
the  Tohoku  district  was  studied,  and  Al(  +  3)  and 
hydroxy-Al  (HA)  ions  were  identified  in  the  acidi- 
fied waters.  These  acidified  terrestrial  waters  con- 
tained a  small  but  significant  amount  of  hydroxya- 
luminosilicate  (HAS)  ions.  Colloidal  aluminosili- 
cates  (>0.2  micrometer)  identified  in  the  waters 
were  characterized  by  the  predominance  of  proto- 
imogolite  allophane  and/or  allophane.  The  white 
precipitates  and  gelatinous  materials  formed  in  the 
acidified  terrestrial  waters  were  composed  of  pre- 
cipitated allophane.  The  acidic  substances  of  the 
terrestrial  waters  were  mainly  composed  of 
Al(  +  3),  HA,  and  HAS  ions.  HAS  ions  and  HAS 
colloids  were  first  identified  in  the  lake  and  river 


70 


WATER  CYCLE— Field  2 
Estuaries — Group  2L 


waters.  The  presence  of  HAS  ions  and  HAS  col- 
loids provides  valuable  information  on  the  forma- 
tion mechanism  of  precipitated  allophane  in  the 
acidified  terrestrial  waters.  The  reaction  giving  a 
peculiar  bluish-white  color  in  some  lakes  could 
arise  from  HAS  colloids  suspended  in  the  waters. 
There  was  an  equilibrium  relationship  among  HA 
and  HAS  ions,  HAS  colloids,  and  HAS  sediments 
(allophanic)  formed  in  the  acidified  terrestrial 
waters.  The  chloritization  of  paddy  soils  caused  by 
acidified  irrigation  waters  and  the  unfavorable 
effect  on  fish  breeding  were  predominantly  due  to 
Al(+3)  and  HA  ions  in  the  acidified  terrestrial 
waters.  (Author's  abstract) 
W9 1-06979 


EFFECT  OF  MOISTURE  ON  CHLORIMURON 
DEGRADATION  IN  SOIL. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 

DE.  Agricultural  Products  Dept. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06988 

OCTANOL/WATER  PARTITION  COEFFI- 
CIENT OF  METHYLMERCURIC  CHLORIDE 
AND  METHYLMERCURIC  HYDROXIDE  IN 
PURE  WATER  AND  SALT  SOLUTIONS. 

Army    Biomedical    Research    and    Development 
Lab.,  Fort  Detrick,  MD. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06991 


W9 1-0703  5 

ESTIMATION  OF  SHALLOW  GROUND- 
WATER QUALITY  IN  THE  WESTERN  AND 
SOUTHERN  SAN  JOAQUIN  VALLEY,  CALI- 
FORNIA. 

San  Joaquin  Valley  Drainage  Program,  Sacramen- 
to, CA. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-07037 

2L.  Estuaries 

SELF-PROTECTION  OF  ESCHERICHIA  COLI 
IN  SEA  WATER. 

Clyde   River   Purification    Board,    East   Kilbride 

(Scotland). 

For  primary  bibliographic  entry  see  Field  5A. 

W91-05972 

BIOCONCENTRATION  OF  ENDOSULFAN  IN 
DIFFERENT  BODY  TISSUES  OF  ESTUARINE 
ORGANISMS  UNDER  SUBLETHAL  EXPO- 
SURE. ,._,„. 

Hiroshima  Univ.  (Japan).  Faculty  of  Applied  Bio- 
logical Science. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-05989 


PERSISTENCE  OF  A  CHEMICAL  GRADIENT 
IN  THE  LOWER  PLATTE  RIVER,  NEBRASKA. 

Nebraska  Univ.-Lincoln.  Dept.  of  Forestry,  Fish- 
eries and  Wildlife. 

For  primary  bibliographic  entry  see  Field  6G. 
W9 1-070 10 

APPLICATION  OF  AUGER  ELECTRON  SPEC- 
TROSCOPY TO  STUDIES  OF  CHEMICAL 
WEATHERING. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Earth 

Sciences. 

D.  W.  Mogk. 

Reviews  of  Geophysics  RVGPB4,  Vol.  28,  No.  4, 

p  337-356,  November  1990.  6  fig,  1  tab,  145  ref. 

NSF  Grant  EAR  88-16648. 

Descriptors:  'Analytical  methods,  *Chemical  anal- 
ysis, 'Emission  spectroscopy,  'Geochemistry, 
•Weathering,  Chemical  properties,  Chemical  reac- 
tions, Laboratory  methods,  Minerals,  Molecular 
structure,  Sample  preparation,  Spectroscopy. 

Auger  electron  spectroscopy  (AES)  is  a  surface- 
sensitive  analytical  technique  that  derives  from  the 
interaction  of  an  electron  beam  and  atoms  in  resi- 
dence at  the  surface  of  a  sample;  inner  shell  ioniza- 
tions produce  Auger  electrons,   which   have  an 
escape  depth  of  only  a  few  tens  of  angstroms.  This 
technique  has  numerous  applications  to  chemical 
weathering  and  other  geochemical  processes  that 
operate  on  minearal  surfaces.  The  analytical  capa- 
bilities of  AES  include  chemical  analyses  of  the 
near  surfaces  of  minerals  for  all  elements  except  H 
and  He,  semiquantitative  analysis  of  the  relative 
atomic  concentration  of  surface  components,  high 
lateral  spatial  resolution  (>  0.1  microns)  of  the 
analyzed   area  to  determine  the  composition  of 
discrete  domains  on  mineral  surfaces  and  to  identi- 
fy unknown  minerals  on  a  submicrometer  scale, 
and  elemental  depth  profiling  using  an  ion  sputter 
gun.  These  capabilities  can  be  used  to  address  the 
nature  of  mineral  dissolution  processes,  providing 
discrimination  among  mechanisms  such  as  congru- 
ent  versus   incongruent   dissolution,   surface-con- 
trolled reactions  versus  diffusion  through  a  leached 
or  armored  layer,  uniform  versus  heterogeneous 
distribution  of  reacted  layers,  and  identification  of 
alteration  phases.  The  effectiveness  of  AES  analy- 
sis is  limited  by  charging  of  nonconducting  sam- 
ples (e.g.,  silicate  minerals)  and  sample  degradation 
under  the  electron  beam;  these  problems  may  be 
mitigated  by  careful  sample  preparation  and  instru- 
ment operation  procedures.  AES  can  be  used  in 
concert   with   numerous   other   microbeam   tech- 
niques to  fully  characterize  the  surface  compositon 
and  structure  of  reacting  minerals.  (Author's  ab- 
stract) 


PLANT  SUCCESSION  ON  EARTHQUAKE  UP- 
LIFTED COASTAL  WETLANDS,  COPPER 
RrVER  DELTA,  ALASKA. 

Pacific  Northwest  Forest  and  Range  Experiment 
Station,  Juneau,  AK.  Forestry  Sciences  Lab. 
J.  F.  Thilenius. 

Northwest  Science  NOSCAX,  Vol.  64,  No.  5,  p 
259-262,  November  1990.  8  ref. 

Descriptors:  'Copper  River  Delta,  'Earthquakes, 
•Estuaries,  'Succession,  'Tidal  marshes,  'Vegeta- 
tion, Alaska,  Forbs,  Grasses,  Levees,  Sedges,  Sedi- 
mentation, Shrubs,  Sweet  gale,  Vegetation  estab- 
lishment, Wetlands. 

In  1964,  an  earthquake  of  Richter  Magnitude  8.4  to 
8.6  raised  the  entire  Copper  River  Delta  (Alaska) 
1.8-3.4  m  above  the  previous  mean  sea  level.  The 
tidal  regime  was  significantly  altered:  large  areas 
of  subtidal  estuary  became  intertidal  and  much  of 
the  intertidal  wetlands  became  supertidal.   As  a 
result,  the  rate  and  pattern  of  plant  succession  were 
also  significantly  altered.  Supertidal  wetlands  with 
tidally  deposited  silt  substrate  presently  extend  4- 
10  km  inland  from  the  estuary.  Much  of  this  super- 
tidal zone  was  intertidal  before  the  uplift.  Gram- 
noids  are  much  more  common  on  the  delta  than 
forbs  or  shrubs.  The  most  ubiquitous  and  abundant 
plant  is  lyngbye  sedge  (Carex  Lyngbyaei).  The 
low-shrub  sweetgale  (Myrica  gale  var.  tomentosa) 
forms  dense  stands  on  levees  and  upper  channel 
banks  in  the  supertidal  wetland.  Initial  establish- 
ment occurs  first  on  the  inside  curves  of  the  levees 
which  parallel  the  channel.  Eventually  sedge  occu- 
pies the  levees  on  both  sides  of  the  channel.  Suc- 
cession   from    herbaceous    vegetation    to    woody 
vegetation  is  a  normal  and  natural  progression  on 
tidal  wetlands.  It  already  was  taking  place  on  the 
Copper  River  Delta  wetlands  prior  to  the  earth- 
quake uplift,  but  at  a  very  slow  rate.  On  a  small 
scale,   the  basically   geological   process  of  levee 
development  is  enhanced  by  the  establishment  of 
herbaceous  vegetation  which,  in  turn,  increases  the 
rate  of  sediment  accretion  to  the  point  where  depo- 
sitional  rates  decrease  because  of  increased  heights 
of  the  substrate  surface  above  the  level  of  the  tide. 
This  has,  and  is,  taking  place  on  the  Copper  River 
wetlands  at  a  relatively  rapid  rate.  It  is  difficult  to 
estimate  what  the  rates  of  succession  would  have 
been  if  the  uplift  had  not  occurred.  (White-Reimer- 
PTT) 
W91-06032 


SUMMER  HABITAT  SUITABILITY  FOR 
STRIPED  BASS  IN  CHESAPEAKE  BAY:  RE- 
FLECTIONS ON  A  POPULATION  DECLINE. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 


C.  C.  Coutant,  and  D.  L.  Benson. 
Transactions  of  the  American  Fisheries  Society 
TAFSAI,  Vol.  119,  No.  4,  p  757-778,  July  1990.  7 
fig   1  tab,  65  ref.  EPA  Contract  DW  89931605-01- 
0,  and  DOE  Contract  DE-AC05-84OR21400. 

Descriptors:  'Chesapeake  Bay,  'Fish  populations, 
•Striped  bass,  •Temperature  effects,  Dissolved 
oxygen,  Fish  physiology,  Habitats,  Maryland,  Pop- 
ulation dynamics,  Reproduction,  Seasonal  varia- 
tion, Spawning,  Virginia,  Water  temperature. 

Summer    water    temperatures,    dissolved    oxygen 
concentrations,  distribution  of  striped  bass  Morone 
saxatilis  subadults  and  adults,  and  juvenile  abun- 
dance indices  were  evaluated  in  Chesapeake  Bay 
to  discern  any  influences  of  summer  habitat  suit- 
ability on  historical  changes  in  populations.  Crite- 
ria for  habitat  suitability  were  those  identified  in 
freshwater  reservoirs  (temperature  below  25  C  and 
dissolved  oxygen  above  2-3  mg/L),  which  were 
confirmed  for  the  York-Pamunkey  estuary  in  the 
lower  bay.  Habitat  suitability  in  the  upper  central 
basin  in  July  declined  significantly  from  1962  to 
1987,   as   did  juvenile   abundance   indices   (mean 
catches  per  standard  seine  haul).  Thickness  of  suit- 
able temperature-oxygen  habitat  correlated  signifi- 
cantly with  Maryland  juvenile  indices  the  follow- 
ing year.   Relative  reproductive  performance  of 
upper  (Maryland)  and  lower  (Virginia)  bay  stocks 
changed  between  1967-1973  and  1980-1988  in  par- 
allel with  reduction  in  upper  bay  summer  habitat. 
The  annual  temperature-oxygen  cycle  in  the  bay 
revealed  two  key  areas  for  striped  bass  subadults 
and  adults:  (1)  a  zone  of  cool   water  in  north- 
central  Chesapeake  Bay  near  Annapolis,  Maryland, 
where  fish  of  these  ages  congregate  in  summer, 
and  (2)  a  shallow  sill  across  the  lower  bay  near  the 
mouth    of   the    Rappahannock    River,    Virginia, 
where  warm  surface  waters  (>25  C)  in  summer 
impinge  on  the  bottom  and  may  block  egress  from 
the  bay.  The  importance  of  year-round  bay  resi- 
dents for  reproduction  in  the  upper  bay  may  have 
been  underestimated  previously,  at  least  for  the 
recent   low   population  levels.   Reduced  juvenile 
production  at  the  head  of  the  bay  and  population 
decline  would  be  consistent  with  limitation  of  his- 
torically important  habitat  in  summer  and  resultant 
physiological  stresses  of  high  temperature  and  low 
dissolved  oxygen  that  affect  reproductive  compe- 
tence the  following  year.  (Author's  abstract) 
W9 1-06038 


SEWAGE-RELATED  IMPACT  ON  KUWAIT'S 
MARINE  ENVIRONMENT -A  CASE  STUDY. 

Kuwait  Inst,  for  Scientific  Research,  Safat.  Envi- 
ronmental and  Earth  Sciences  Div. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06058 


NONLINEAR  TIDAL  WAVES  IN  A  KIND  OF 
ESTUARY  WITH  GRADUALLY  VARYING 
CROSS-SECTION. 

Department  of  Physical  Oceanography  and  Marine 

Meteorology,  Ocean  University  of  Qingdao,  Qing- 

dao,  China. 

Y.  Du,  Z.  Chen,  and  A.  Ye. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  1,  p  37-50, 

1990.  6  fig,  1  tab,  12  ref. 

Descriptors:  •Estuaries,  •Hydrodynamics,  •Mathe- 
matical analysis,  •Model  studies,  *Tidal  currents, 
'Tidal  waves,  China,  Friction,  Hangzhou  Bay, 
Mathematical  models,  Shallow  water,  Water  cur- 
rents, Waves. 

Nonlinear  tidal  waves  were  studied  in  an  estuary 
that  has  exponentially  varying  width  and  uniform 
depth.  One-dimensional  nonlinear  hydrodynamic 
equations  were  used  and  solved  by  using  the  per- 
turbation method.  Under  the  assumption  of  linear 
friction  coefficient,  shallow  water  constituent 
waves  consist  of  two  parts,  one  produced  by  shal- 
low water  nonlinear  effects  outside  the  estuary, 
and  the  other  generated  by  shallow  water  nonlin- 
ear effects  inside  the  estuary.  Residual  tidal  current 
and  elevation  result  from  the  interaction  of  shallow 
water  nonlinear  effects,  friction,  and  estuarine  de- 
forming effects.  The  shallow  water  constituent 
waves  depend  chiefly  on  shallow  water  nonlinear 
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effects.  The  nonlinear  model  was  applied  to  the 
tidal  waves  in  the  Hangzhou  Bay,  China.  Seven  of 
the  constituent  waves  were  taken  into  account. 
Because  the  results  modeled  by  incident  progres- 
sive waves  and  their  interaction  agree  well  with 
observations,  it  can  be  concluded  that  incident 
progressive  waves  are  dominant  in  the  Hangzhou 
Bay.  (Author's  abstract) 
W9 1-06099 


PRELIMINARY  STUDY  ON  THE  DISTRIBU- 
TION OF  NUTRIENTS,  ORGANIC  MATTER, 
TRACE  METALS  IN  SEA  SURFACE  MICRO- 
LAYER  IN  XIAMEN  BAY  AND  JIULONG  ES- 
TUARY. 

Xiamen  Univ.  (China).  Dept.  of  Oceanography. 
H.  Hong,  and  J.  Lin. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  1,  p  81-90, 
1990.  1  fig,  7  tab,  14  ref. 

Descriptors:  'Enrichment,  'Estuarine  environ- 
ment, *Nutrients,  'Organic  matter,  'Trace  metals, 
Cadmium,  China,  Copper,  Dissolved  organic 
carbon,  Jiulong  Estuary,  Nickel,  Nitrates,  Nitrites, 
Nitrogen,  Organic  carbon,  Particulate  matter, 
Phosphates,  Sampling,  Suspended  solids,  Xiamen 
Bay. 

The  enrichment  of  nutrients,  suspended  particles, 
organic  matter,  and  trace  metals  was  determined  in 
the  sea  surface  microlayer  of  Xiamen  Bay  and 
Jiulong  Estuary  (China).  Nutrients  studied  include 
nitrates,  nitrites,  and  phosphates;  organic  matter 
includes  particulate  organic  carbon,  particulate  or- 
ganic nitrogen,  and  dissolved  organic  carbon;  trace 
metals  include  copper,  nickel,  and  cadmium.  The 
mean  enrichment  factors  mostly  ranged  between 
1.0  and  2.0.  The  dissolved  forms  were  the  major 
forms  of  the  components  measured.  The  enrich- 
ment of  dissolved  organic  matter  and  suspended 
particles  could  lead  to  changes  in  the  total  amount 
and  speciation  of  nutrients  and  trace  metals.  No 
correlation  was  observed  between  sample  concen- 
trations, speciation,  enrichment  factors,  and  sample 
locations.  However,  some  evidence  shows  that 
these  parameters  are  correlated  with  sea  state,  indi- 
cating the  complexity  and  dynamic  nature  of  the 
sea  surface  microlayer.  (Doria-PTT) 
W91-06100 


STUDY  OF  MIXING  RATES  AND  SEDIMEN- 
TATION RATES  IN  MEIZHOU  BAY  SEDI- 
MENTS. 

Academia    Sinica,    Guangzhou    (China).     South 

China  Sea  Inst,  of  Oceanology. 

S.  Chen,  W.  Li,  W.  Shi,  and  Y.  Huang. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  1,  p  109- 

117,  1990.  6  fig,  2  tab,  9  ref. 

Descriptors:  'Coastal  environment,  'Mixing,  'Ra- 
dioactive tracers,  'Sedimentation,  Bays,  Bismuth, 
Cesium  radioisotopes,  China,  Harbors,  Heavy 
metals,  Lead  radioisotopes,  Meizhou  Bay,  Poloni- 
um radioisotopes,  Sedimentation  rates,  Thorium 
radioisotopes,  Tracers. 

The  double-layer  model  of  Pb210  chronology  in 
coastal  areas  was  used  in  the  study  of  sedimenta- 
tion and  mixing  in  Meizhou  Bay  (China).  The 
sedimentation  rate  is  0.53  cm/yr  and  the  mixing 
coefficient  is  0.1  millionths  sq  cm/sec  at  Station 
Xiuyu;  the  sedimentation  rate  is  1.50  cm/yr  at 
Station  Fengwei.  The  sedimentation  rate  deduced 
from  Pb  dating  with  the  Pb210/Po210  method  is 
0.69  at  Station  Xiuyu,  greater  than  that  with  the 
Pb210/Bi210  method.  Sedimentation  rates  at  Sta- 
tions Xiuyu  and  Fengwei  are  0.39  and  1.18  cm/yr 
respectively  using  the  artificial  radionuclide  Csl37. 
The  depth  distribution  of  excess  Th234  indicated 
that  mixing  occurred  in  the  sediment  surface  layer, 
the  mixing  coefficient  is  0.49  millionths  sq  cm/sec, 
greater  than  the  result  obtained  from  excess  Pb210 
distribution.  (Doria-PTT) 
W91-06101 


EFFECTS  OF  A  MIXTURE  OF  CU,  CD,  HG 
AND  ZN  ON  MARINE  PLANKTON:  MARINE 
ECOSYSTEM  ENCLOSURE  EXPERIMENT. 

National  Bureau  of  Oceanography,  Xiamen 
(China).  Third  Inst,  of  Oceanography. 


For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06 102 


EFFECTS  OF  SEDIMENT  FROM  AN  INDUS- 
TRIAL OUTFALL  AREA  ON  A  MARINE 
PLANKTONIC  ECOSYSTEM. 

National     Bureau     of     Oceanography,     Xiamen 
(China).  Third  Inst,  of  Oceanography. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06 103 


PATHWAY  AND  FATE  OF  THE  HEAVY 
METAL  MIXTURE  IN  XIAMEN  MARINE  EX- 
PERIMENT ENCLOSURES. 

National     Bureau     of     Oceanography,     Xiamen 

(China).  Third  Inst,  of  Oceanography. 

For  primary  bibliographic  entry  see  Field  5B. 
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PHOSPHATE  LIMITATION  OF  PHYTO- 
PLANKTON  GROWTH  IN  THE  CHANGJIANG 
ESTUARY. 

Xiamen  Univ.  (China).  Dept.  of  Oceanography. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06 105 


ECOLOGICAL  STUDIES  ON  THE  HYDROME- 
DUSAE,  SIPHONOPHORES  AND  CTENO- 
PHORES  IN  THE  XIAMEN  HARBOR  AND  AD- 
JACENT WATERS. 

National     Bureau     of     Oceanography,     Xiamen 

(China).  Third  Inst,  of  Oceanography. 

M.  Lin,  and  J.  Zhang. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  3,  p  429- 

438,  1990.  5  fig,  1  tab,  25  ref. 

Descriptors:  'Ecological  distribution,  'Inverte- 
brates, 'Marine  environment,  Chemical  properties, 
China,  Ecology,  Harbors,  Physical  properties,  Sa- 
linity, Sampling,  Seasonal  variation.  Species  com- 
position, Water  temperature,  Xiamen  Harbor. 

The  species  composition,  seasonal  change,  and  hor- 
izontal distribution  of  the  Hydromedusae,  Siphon- 
ophores,  and  Ctenophores  in  the  Xiamen  Harbor 
(China)  and  their  relationship  to  environmental 
factors  were  studied.  Samples  from  17  stations  in 
the  Xiamen  Harbor  and  adjacent  waters  were 
taken  once  monthly  between  September  1980  and 
August  1981.  Results  indicate  that  for  the  domi- 
nant species  of  Phialidium  folleatum,  Lensia  subti- 
loides,  and  Pleurobrachia  globosa,  the  total  annual 
number  of  species  has  one  peak  and  the  total 
annual  number  of  individuals  has  one  peak  and  two 
secondary  peaks.  On  the  basis  of  their  ecological 
characteristics,  the  Hydromedusae,  Siphono- 
phores,  and  Ctenophores  found  in  the  this  region 
may  be  divided  into  an  estuarine  group,  a  neritic 
group,  and  an  oceanic  group.  Their  seasonal  suc- 
cession is  correlated  with  the  relative  intensity  of 
several  water  systems.  (Author's  abstract) 
W91-06106 


FINITE  ELEMENT  MODEL  OF  CIRCULA- 
TION IN  SHALLOW  WATER  WITH  MOVING 
BOUNDARY  ON  TIDAL-FLAT. 

Institute    of    Marine    Environmental    Protection, 

Dalian  (China). 

Z.  Cunzhi,  Y.  Lianwu,  and  D.  Zhenxing. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  2,  p  173- 

186,  1990.  13  fig,  1  tab,  5  ref. 

Descriptors:  'China,  'Computer  models,  'Model 
studies,  'Shoals,  'Tidal  flats,  'Water  boundary, 
•Water  circulation,  Bottom  currents,  Boundaries, 
Coriolis  force,  Galerkin  method,  Geohydrologic 
boundaries,  Mathematical  boundaries. 

Numerical  models  of  hydrodynamics  have  been 
widely  applied  in  coastal  waters  and  have  become 
an  effective  technique  for  environmental  assess- 
ments and  predictions.  It  has  not  been  sufficient, 
however,  to  describe  correctly  the  land-water 
boundary  that  would  have  tremendous  influence 
upon  the  computed  result  in  shoaling  waters  with 
large  tidal  flat.  The  circulation  in  shallow  water 
with  tidal  flat  was  examined  with  a  finite  element 
model  for  the  numerical  solution  of  the  shallow 


water  equations  by  means  of  the  standard  Galer- 
kin's  method.  The  domain  computed  was  covered 
with  triangular  finite  elements,  and  water  elevation 
and  velocity  were  approximated  by  linear  interpo- 
lation functions,  and  the  lumped  coefficients  were 
used  to  substitute  for  solving  the  high  order  alge- 
braic equation  system.  The  time-dependent  land- 
water  boundary  changes  were  treated  mathemati- 
cally by  interrelating  the  location  of  the  land-water 
boundary  with  the  instantaneous  tidal  level.  The 
implicit  scheme  was  adopted  for  the  terms  of  the 
bottom  friction  and  the  Coriolis  effect  in  the 
motion  equation  so  that  the  numerical  stability  of 
the  model  was  improved.  The  model  was  applied 
to  the  tidal  current  on  shoaling  water  with  large 
tidal  flat  off  Pikou  Port,  China.  A  comparison 
between  observed  and  calculated  values  showed 
good  agreement,  with  the  flow  pattern  adequately 
reproduced.  The  result  showed  that  the  model 
could  be  widely  applied  for  predicting  the  circula- 
tion in  shoaling  waters.  (Mertz-PTT) 
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POPULATION  DYNAMICS  AND  SECONDARY 
PRODUCTION  OF  OWENIA  FUSIFORMIS 
DELLE  CHIAJE  (POLYCHAETA)  FROM  THE 
BAY  OF  SEINE  (EASTERN  ENGLISH  CHAN- 
NEL). 

Centre  d'Etudes  d'Oceanographie  et  de  Biologie 
Marine,  Roscoff  (France). 
For  primary  bibliographic  entry  see  Field  2H. 
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MANAGEMENT   OF   COASTAL   ZONE   ERO- 
SION IN  NIGERIA. 

Port  Harcourt  Univ.  (Nigeria).  Dept.  of  Geogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2J. 
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COLUMBIA  RIVER  ESTUARY  STUDIES:  AN 
INTRODUCTION  TO  THE  ESTUARY,  A  BRIEF 
HISTORY,  AND  PRIOR  STUDIES. 

Washington    Univ.,    Seattle.    Fisheries    Research 

Inst. 

C.  A.  Simenstad,  L.  F.  Small,  C.  D.  Mclntire,  D. 

A.  Jay,  and  C.  Sherwood. 

Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 

1/4,  p  1-13,  1990.  3  fig,  1  tab,  74  ref. 

Descriptors:  'Columbia  River,  'Data  collections, 
'Ecology,  'Estuaries,  'Rivers,  'Sedimentology, 
Data  acquisition,  Data  interpretation,  Hydrology, 
Regional  analysis,  Seasonal  distribution. 

The  Columbia  River  is  the  second  largest  river  in 
the  United  States,  with  a  drainage  basin,  covering 
a  total  of  660,480  sq  km  in  seven  states  and  two 
Canadian  provinces.  The  mean  annual  discharge  is 
about  5500  cu  m/s,  exclusive  of  irrigation  deple- 
tion of  about  400  cu  m/s,  and  the  regulated  peak 
discharge  is  12,000  cu  m/s.  The  river  supplies 
about  9.7  million  metric  tons  of  sediment  per  year 
to  the  estuary.  The  Columbia  River  Estuary  Data 
Development  Program  (CREDDP)  was  estab- 
lished to  increase  understanding  of  the  hydrology, 
sedimentology,  and  ecology  of  the  estuary.  A 
review  of  the  numerous,  diverse  studies  of  certain 
physical  and  biological  characteristics  of  the  Co- 
lumbia River  Estuary  conducted  prior  to  the  for- 
mation of  the  CREDDP  was  presented.  The 
CREDDP  study  region  included  about  75  km  of 
the  river-estuarine  continuum,  stretching  from  the 
mouth  to  about  20  km  above  the  maximum  extent 
of  salinity  intrusion.  To  facilitate  seasonal  compari- 
sons, the  present  annual  flow  cycle  was  partitioned 
among  three  'hydrological'  seasons:  (1)  winter  or 
fluctuating  flow  (November-March);  (2)  spring  or 
high  flow  (April-June);  and  (3)  summer-fall,  or  low 
flow  (July-October).  Primarily  on  the  basis  of  cir- 
culation and  sedimentological  features,  the  estuary 
was  stratified  spatially  into  three  estuarine  zones: 
Plume  and  Ocean,  Estuarine  Mixing,  and  Tidal 
Fluvial;  these  were  further  divided  into  ten  re- 
gions. Superimposed  on  the  regional  divisions  are 
some  or  all  of  the  following  six  habitat  types:  (1) 
water  column;  (2)  high  marsh  and  swamp;  (3)  low 
marsh;  (4)  tidal  flats;  (5)  demersal  slopes;  and  (6) 
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channel  bottom.  (See  W9 1-06280  thru  W9 1-06288) 

(MacKeen-PTT) 
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SEDIMENTARY  GEOLOGY  OF  THE  COLUM- 
BIA RIVER  ESTUARY. 

Battelle/Marine  Sciences  Lab.,  Sequim,  WA. 
C.  R.  Sherwood,  and  J.  S.  Creager.  • 

Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 
1/4,  p  15-79,  1990.  37  fig,  5  tab,  100  ref. 

Descriptors:  *Estuaries,  'Estuarine  sediments, 
•River  beds,  'Sedimentology,  Bed  load,  Bottom 
sediments,  Columbia  River,  Geology,  Particle  size, 
Seasonal  variation,  Sediment  analysis,  Sediment 
sorting,  Sediment  transport. 

A  multi-year  study  of  the  sedimentary  geology  of 
the  Columbia  River  Estuary  was  performed.  Anal- 
yses of  more  than  2000  bottom-sediment  grab  sam- 
ples indicated  that  the  bed  material  of  the  estuary 
varies  in  a  relatively  narrow  range  between  0  and  8 
phi  with  an  overall  mean  size  of  2.5  phi.  Sediment 
size  decreases  generally  in  the  downstream  direc- 
tion.  Sediments  from  the  up-river  channels  are 
coarse  (1.5-2.0  phi)  and  moderately  well  sorted; 
sediments  in  the  central  estuary  show  a  wider 
range  and  variation  in  grain  size  and  sorting  (1.75- 
6  0  phi).  Sediment  from  the  entrance  region  has  a 
mean  size  of  2.75  phi  and  is  well  sorted.  Seasonal 
changes  in  sediment  size  distributions  occur  and 
are  best  delineated  by  those  samples  containing 
more  than  10%  mud  (silt  plus  clay).  The  distribu- 
tion of  bedforms  of  various  size  and  shape  has  been 
mapped  with  side-scan  sonar  during  three  seasons 
and  at  various  tidal  stages.  The  presence  of  bed- 
forms  with  wavelengths  of  6-8  m  and  alternating 
slip  faces  about  40  cm  high  indicates  that   the 
deeper  portion  of  the  entrance  region  is  dominated 
by  tidally  reversing  lower  flow  regime  sediment 
transport.  Larger  bedforms  in  the  upper  reaches  of 
the   estuary   (maximum   height,    3    m;   maximum 
wavelength,    100  m)  with  smaller,  superimposed 
bedforms,  imply  downstream  bedform  transport 
under  fluvial  conditions.  The  landward  limit  of  up- 
river  bedform  transport  varies  seasonally  in  re- 
sponse to  river  flow  fluctuations.  The  complex 
sedimentary  environments  in  the  Columbia  River 
estuary  are  influenced  by  the  relative  importance 
of  waves,  fluvial  currents,  and  tidal  currents,  as 
modified  by  estuarine  circulation,  vegetation,  or 
human  activity.  (See  also  W91-06279  and  W91- 
06281  thru  W9 1-06288)  (Author's  abstract) 
W9 1-06280 

CIRCULATION,  DENSITY  DISTRIBUTION 
AND  NEAP-SPRING  TRANSITIONS  IN  THE 
COLUMBIA  RIVER  ESTUARY. 

Washington  Univ.,  Seattle.  Geophysics  Program. 
D.  A.  Jay,  and  J.  D.  Smith. 

Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 
1/4,  p  81-112,  1990.  21  fig,  1  tab,  30  ref.  NSF 
Grant  OCE  8208856. 

Descriptors:  'Columbia  River,  •Estuaries,  'Rivers, 
•Tides,  *Water  circulation,  Flow  rates,  Neap  tides, 
River  flow,  Saline  water  intrusion,  Salinity  cur- 
rents, Solute  transport,  Spring  tides,  Stratification, 
Tidal  rivers,  Topography. 


The  circulation  of  the  Columbia  River  estuary  was 
studied  using  tidal-monthly  variations  in  the  densi- 
ty and  velocity  fields  and  salt  and  water  transports. 
With  regard  to  the  velocity  field,  the  influence  of 
stratification  causes  the  tidal  flow  to  show  the 
largest  vertical  variations  in  phase  and  amplitude  in 
the  lower  estuary.  The  vertical  distribution  of  the 
mean  current  is  controlled  by  the  ebb-flood  asym- 
metry in  the  time-dependent  flow,  vertical  mixing 
processes,  the  baroclinic  pressure  gradient,  and 
interaction  of  the  flow  with  topography.  Net  up- 
stream bottom  flow  is  weak  or  absent  during  peri- 
ods of  weak  stratification;  it  is  substantial  only 
when  the  system  is  highly  stratified.  Net  upstream 
bottom  flow  tends  to  occur  downstream  of,  and 
net  downstream  flow  upstream  of,  topographic 
highs.  This  pattern  of  convergence  in  the  mean 
flow  tends  to  preserve  these  topographic  highs  and 
lows  and  is  not  consistent  with  the  traditional  view 
that  the  baroclinic  mean  flow  and  mean  salinity 
distribution  structure  one  another.  Comprehensive 


salt  transport  calculations  indicated  that  neap- 
spring  and  seasonal  variability  of  the  gross  features 
of  the  salinity  intrusion  in  the  lower  estuary  are 
limited  by  compensating  adjustments  of  the  tidal 
advective  and  mean-flow  salt  transports  under 
most  river  flow  conditions.  In  contrast,  the  absence 
of  such  balancing  mechanisms  in  combination  with 
substantial  neap-spring  changes  in  vertical  mixing 
allow  large  variations  in  the  density  field  and  salin- 
ity intrusion  length  in  the  upper  estuary.  Neap- 
spring  variability  is  much  higher  during  the  low- 
flow  season  than  during  the  high-flow  season.  The 
salt  transport  calculations  also  showed  that  salt  is 
carried  into  the  estuary  near  mid-depth  by  tidal 
mechanisms  acting  primarily  in  the  North  Channel. 
Salt  is  transported  out  of  the  estuary  closer  to  the 
surface  of  the  South  Channel  by  the  strong  mean 
flow.  It  is  likely  that  inward  tidal  transport  of  salt 
occurs  at  mid-depth  in  many  estuaries,  as  this  is 
where  salinity  variations  during  the  tidal  cycle  are 
usually  the  greatest.  (See  W91-06279,  W91-06280, 
and  W9 1-06282  thru  W9 1-06288) 
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MODELLING  SALINITY  AND  CIRCULATION 
FOR  THE  COLUMBIA  RIVER  ESTUARY. 

Science  Applications  International  Corp.,  Raleigh, 

NC. 

P.  Hamilton.  , 

Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 

1/4,  p  113-156,   1990.   15  fig,   1  tab,  38  ref.  U.S. 

Army     Engineer     Portland     District     Contract 

DACW57-83-M-1730. 

Descriptors:  'Columbia  River,  •Estuaries,  •Mathe- 
matical models,  *Model  studies,  'Rivers,  'Saline 
water  intrusion,  'Tides,  Flow  rates,  Neap  tides, 
River  flow,  Salinity  currents,  Simulation  analysis, 
Spring  tides,  Tidal  rivers,  Water  currents. 

Simulations  of  the  time  and  depth-dependent  salini- 
ty and  current  fields  of  the  Columbia  River  Estu- 
ary have  been  performed  using  a  multi-channel, 
laterally  averaged  estuary  model.  The  study  simu- 
lated two  periods.  The  first,  in  October  1980,  with 
low  river  flow  of  about  4,000  cu  m/s,  showed 
marked  changes  in  the  salinity  intrusion  processes 
between  neap  and  spring  tides.  The  second  period, 
in  spring  1981,  with  high  river  flow  varying  be- 
tween 7,000  and  15,000  cu  m/s,  showed  the  rapid 
response  of  the  salinity  intrusion  to  changes  in 
river  flow  and  that  vertical  mixing  did  not  change 
character  with  increasing  tidal  energy  because  of 
the   maintenance   of  stratification   by   freshwater 
flow.  An  extreme  low  flow  simulation  (river  flow 
of  2,000  cu  m/s)  showed  a  more  partially  mixed 
character  of  the  estuary  channels  with  tidal  disper- 
sion of  salt  across  the  Taylor  Sands  from  the  North 
Channel  to  the  upper  reaches  of  the  Navigation 
Channel.  Asymmetries  in  the  non-linear  tidal  mean 
flows,  in  the  flood  and  ebb  circulations,  and  salini- 
ty intrusion  characteristics  between  the  two  major 
channels  were  observed  at  all  river  flows.  The 
model  confirmed  that  tidal  advection  of  salt  by  the 
vertically  sheared  tidal  currents  is  the  dominant 
mechanism  by  which  the  salinity  intrusion  is  main- 
tained against  large  freshwater  flows.  An  accurate 
finite-difference  method,  which  minimized  numeri- 
cal dispersion,  was  used  for  the  advection  terms 
and  was  an  important  component  in  reasonably 
simulating  the  October  neap-spring  differences  in 
salinity  intrusion.  The  simulations  compare  favor- 
ably with  elevation,  current  and  salinity  time  series 
observations  taken  during  October  1980  and  spring 
1981.  (See  W91-06279  thru  W91-06281  and  W91- 
06283  thru  W91-06288)  (Author's  abstract) 
W9 1-06282 


ENERGETICS  AND  SEDIMENTARY  PROC- 
ESSES IN  THE  COLUMBIA  RIVER  ESTUARY. 

Washington  Univ.,  Seattle.  Geophysics  Program. 
D  A.  Jay,  B.  S.  Giese,  and  C.  R.  Sherwood. 
Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 
1/4,  p   157-174,   1990.   3  fig,   1  tab,  21   ref.  NSF 
Grant  OCE  8208856. 

Descriptors:  'Columbia  River,  'Estuaries,  'Estua- 
rine sediments,  'Model  studies,  'Sediment  distribu- 
tion, 'Sedimentology,  'Tidal  rivers,  Energetics, 
Energy  budget,  Particle  size,  River  beds,  Sediment 
transport,  Tides. 


The  relationship  between  energetics  and  sedimen- 
tary processes  in  the  Columbia  River  Estuary  was 
investigated.  An  energy  budget  based  on  a  one- 
dimensional  harmonic  tidal  model  was  developed 
for  the  estuary-tidal  river  system  and  has  been 
compared  with  the  results  of  geological  studies  of 
the  bedforms,  large-scale  morphology,   sediment 
distribution,   and   suspended   sediment   field.   The 
pattern  of  energy  fluxes  predicted  by  the  model 
suggests  the  division  of  the  system  into  three  re- 
gions: a  tidally  dominated  lower  estuary,  a  mid- 
estuary  energy  flux  divergence  (EFD)  minimum 
region,    and    a    fluvially    controlled,    tidal-fluvial 
reach.   Model   results  also  show   that   non-linear 
interactions  between  the  tidal  and  fluvial  flows  are 
responsible  for  the  suppression  of  the  tides  in  the 
tidal-fluvial   reach  during  periods  of  high  flow. 
Finally,  changes  in  tidal  amplitude  at  the  mouth 
result  in  a  less  than  proportionate  response  in  tidal 
elevations  at  points  inside  the  estuary,  because  the 
cubic  dependence  of  dissipation  on  tidal  amplitude 
damps  system  responses  to  such  changes.  Many 
features  of  the  observed  sediment  transport  pat- 
terns and  sedimentary  environments  can  be  related 
to  the  energy  budget.   Most  of  the  medium  to 
coarse  sands  entering  the  system  from  the  river  are 
permanently  retained  within  the  EFD  minimum. 
Much  of  this  deposition  takes  place  upstream  of 
the  limits  of  salinity  intrusion  and  is  not,  therefore 
related  to  baroclinic  circulatory  effects.  Most  of 
the  fine  silts  and  clays  entering  the  system  are  not 
permanently  retained.   Some  are  temporarily  re- 
tained in  a  turbidity  maximum,  whose  mean  posi- 
tion is  near  the  lower  end  of  the  EFD  minimum. 
This  position  is  dictated  by  the  inability  of  salinity 
intrusion  to  extend  up  the  fluvial  potential  energy 
gradient.  It  is  concluded  that  the  model  provides  a 
valuable   conceptual    approach   to   the   dominant 
long-term  sedimentary  processes  of  sand  transport 
and  deposition  in  the  Columbia  River  Estuary  that 
structure  the  observed  sedimentary  environments. 
(See  W91-06279  thru  W91-06282  and  W91-06284 
thru  W9 1-06288)  (Author's  abstract) 
W91-06283 


PRIMARY  PRODUCTION,  PLANT  AND  DE- 
TRJTAL  BIOMASS,  AND  PARTICLE  TRANS- 
PORT IN  THE  COLUMBIA  RIVER  ESTUARY. 

Oregon  State  Univ.,  Corvallis.  Coll.  of  Oceanogra- 
phy. 

L.  F.  Small,  C.  D.  Mclntire,  K.  B.  MacDonald,  J. 
R.  Lara-Lara,  and  B.  E.  Frey. 
Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 
1/4,  p  175-210,  1990.  11  fig,  13  tab,  49  ref. 

Descriptors:  'Aquatic  plants,  'Columbia  River  Es- 
tuary, 'Detritus,  'Estuaries,  'Organic  matter,  Pri- 
mary productivity,  'Rivers,  Algae,  Biomass,  De- 
composing organic  matter,  Particle  transport,  Par- 
ticulate matter,  Phytoplankton,  Salinity,  Tidal 
rivers. 

The  dynamics  of  primary  production  and  particu- 
late detritus  cycling  in  the  Columbia  River  Estuary 
were  studied.  Analysis  of  phytoplankton  flora  and 
biomass  and  in  distribution  of  detntal  particulate 
organic  matter  (DPOC)  in  the  water  column  indi- 
cated that  salinities  of  1-5  delineated  an  essentially 
freshwater  flora  from  a  marine  or  euryhaline  flora, 
and  that  living  phytoplankton  was  converted  to 
DPOC  at  the  freshwater-brackish  water  interface. 
Similarly,  the  benthic  diatom  assemblages  on  tidal 
flats   reflected   either   the   fresh   or   the   brackish 
nature  of  the  water  inundating  the  flats.  Emergent 
vascular  plants  were  grouped  into  associations  sep- 
arated mainly  on  the  bases  of  different  relative 
abundances  of  freshwater,  euryhaline  or  brackish 
water  species,  and  on  whether  samples  occurred  in 
high  or  low  marsh  areas.  Annual  rates  of  net  areal 
24-hr  production  averaged  55,  16,  and  403  g  C/sq 
m/y  for  phytoplankton,  benthic  algae,  and  emer- 
gent vascular  vegetation,  respectively.  Total  pro- 
duction over  the  whole  estuary  was  17,667,  1,545, 
and    11,325   mt   C/y   for  phytoplankton,   benthic 
algae,  and  emergent  vascular  plants,  respectively. 
Phytoplankton  biomass  turned  over  approximately 
39  times  per  year  on  average,  while  benthic  algae 
turned  over  about  twice  and  emergent  plants  once 
per    year.    Budgets    for    phytoplankton    carbon 
(PPOC)   and   DPOC   were   developed   based   on 
PPOC  and  DPOC  import  and  export,  grazing  loss, 
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and  in  situ  production  and  conversion  of  PPOC  to 
DPOC.  Perhaps  36,205  mt/y  of  PPOC  is  convert- 
ed to  DPOC  in  the  estuary,  principally  at  the 
freshwater-brackish  water  interface.  About  40,560 
mt/y  of  PPOC  is  exported  to  the  ocean,  and 
159,185  mt/y  of  DPOC  is  transported  into  the 
marine  zone  of  the  estuary.  Thus,  the  estuary  acts 
principally  as  a  conduit  for  the  transport  of  parti- 
cles to  the  sea,  and  only  secondarily  as  a  converter 
of  viable  phytoplankton  cells  to  detrital  carbon  and 
as  a  trap  for  DPOC.  (See  W9 1-06279  thru  W91- 
06283  and  W9 1-06285  thru  W9 1-06288)  (Author's 
abstract) 
W9 1-06284 


COMMUNITY  STRUCTURE,  DISTRIBUTION, 
AND  STANDING  STOCK  OF  BENTHOS,  EPI- 
BENTHOS,  AND  PLANKTON  IN  THE  CO- 
LUMBIA RIVER  ESTUARY. 

Oregon  Dept.  of  Fish  and  Wildlife,  Corvallis. 
K.  K.  Jones,  C.  A.  Simenstad,  D.  L.  Higley,  and 
D.  L.  Bottom. 

Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 
1/4,  p  21 1-241,  1990.  10  fig,  2  tab,  39  ref. 

Descriptors:  'Aquatic  animals,  'Aquatic  habitats, 
•Benthos,  'Columbia  River  Estuary,  'Estuaries, 
•Rivers,  'Secondary  productivity,  Biomass,  River 
flow,  Salinity,  Tidal  flats,  Tidal  rivers. 

Secondary  producers  were  sampled  in  the  Colum- 
bia River  estuary  during  the  1980-81  Columbia 
River  Data  Development  Program  (CREDDP) 
studies.  Benthic  infaunal  macroinvertebrates  were 
sampled  in  all  estuarine  zones  and  habitats  with  a 
grab  sampler  during  a  single  estuary-wide  survey. 
Epibenthic  macrofauna  and  meiofauna  were  sam- 
pled monthly  with  epibenthic  pump  and  sled, 
beach  seine,  and  trawl  in  tidal  flat,  slope,  and 
channel  bottom  habitats  throughout  the  estuary. 
Zooplankton  and  larval  fish  were  sampled  monthly 
with  oblique  zooplankton  net  tows  in  the  main 
channel.  The  distribution  of  secondary  consumers 
coincided  with  division  of  the  estuary  into  three 
salinity  zones  and  six  habitat  types,  where  principal 
physical  and  biological  processes  that  influenced 
the  distribution  and  assemblage  structure  of  sec- 
ondary consumers  were:  (1)  river  discharge;  (2) 
river  discharge  and  tidal  flow  interaction  which 
created  circulation  and  salinity  patterns  and  turbid- 
ity maximum  characteristics;  and  (3)  benthic  proc- 
esses, such  as  sediment  type  and  transport  and 
geomorphology.  Standing  stocks  of  benthic  in- 
fauna  were  highest  in  protected  tidal  flat  habitats 
and  were  comparatively  depressed  in  the  estuarine 
mixing  zone  of  the  estuary.  Standing  stocks  of 
epibenthic  and  zooplanktonic  organisms,  in  con- 
trast, were  concentrated  within  the  estuarine 
mixing  zone.  (See  W91-06279  thru  W91-06284  and 
W9 1-06286  thru  W9 1-06288)  (Author's  abstract) 
W9 1-06285 


SPECIES  COMPOSITION,  DISTRIBUTION, 
AND  INVERTEBRATE  PREY  OF  FISH  ASSEM- 
BLAGES IN  THE  COLUMBIA  RIVER  ESTU- 
ARY. 

Oregon  Dept.  of  Fish  and  Wildlife,  Corvallis. 
D.  L.  Bottom,  and  K.  K.  Jones. 
Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 
1/4,  p  243-270,  1990.  12  fig,  3  tab,  77  ref. 

Descriptors:  'Columbia  River  Estuary,  'Estuaries, 
•Fish,  'Fish  populations,  'Rivers,  Population  den- 
sity, Predation,  Seasonal  variation,  Species  compo- 
sition, Species  diversity,  Turbidity. 

The  fish  community  of  the  Columbia  River  Estu- 
ary was  sampled  with  trawl,  beach  seine,  and  purse 
seine  over  an  18-month  period  during  1980-81. 
Seasonality  of  abundance  and  species  richness  in 
the  estuary  reflect  the  timing  of  migrations  and  the 
reproductive  cycles  of  marine  and  anadromous 
species.  Composition  of  the  fish  community  and 
dominant  species  in  the  Columbia  River  Estuary 
are  similar  to  manu  smaller  estuaries  in  the  Pacific 
Northwest.  These  similarities  reflect  the  influence 
of  the  nearshore  marine  environment  on  fish  com- 
munity structure  throughout  the  West  Coast  as 
well  as  the  wide  geographic  distribution  and  con- 
siderable physiological  tolerance  of  many  domi- 
nant euryhaline  species.  The  distribution  of  fish 


assemblages  within  the  Columbia  River  Estuary  is 
influenced  by  large  seasonal  variation  in  river  dis- 
charge and  salinity.  Within  large  areas  or  salinity 
zones,  species  assemblages  use  different  habitats 
and  invertebrate  prey.  The  distribution  of  abun- 
dance and  the  stomach  fullness  of  fishes  vary  di- 
rectly with  the  density  of  potential  prey.  It  is 
hypothesized  that  fish  production  may  be  limited 
by  dynamic  physical  processes  that  control  prey 
availability  or  the  feeding  efficiencies  of  predators 
in  the  highly  turbid  estuary.  (See  W9 1-06279  thru 
W9 1-06285,  W9 1-06287,  and  W9 1-06288)  (Author's 
abstract) 
W9 1-06286 


CONSUMPTION  PROCESSES  AND  FOOD 
WEB  STRUCTURE  IN  THE  COLUMBIA 
RIVER  ESTUARY. 

Washington    Univ.,    Seattle.    Fisheries    Research 

Inst. 

C.  A.  Simenstad,  L.  F.  Small,  and  C.  D.  Mclntire. 

Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 

1/4,  p  271-297,  1990.  1  fig,  7  tab,  65  ref. 

Descriptors:  'Aquatic  life,  'Columbia  River  Estu- 
ary, 'Estuaries,  'Food  chains,  'Rivers,  Aquatic 
productivity,  Consumption  processes,  Detritus, 
Erosion,  Estuarine  environment,  Predation,  Salini- 
ty, Sedimentation. 

Consumption  processes  at  several  trophic  levels 
tend  to  converge  in  the  central  (estuanne-mixing) 
region  of  the  Columbia  River  estuary,  where  living 
and  detrital  food  resources  are  entrained  within  the 
energy  null  of  the  turbidity  maximum  zone.  Pri- 
mary consumers  in  this  region  are  generalist  and 
omnivorous  feeders,  capable  of  exploiting  both  he- 
terotrophic and  autotrophic  food  web  pathways. 
In  the  presence  of  higher  standing  stocks  of  their 
prey  resources,  feeding  by  secondary  and  tertiary 
consumers  is  also  concentrated,  or  more  effective, 
in  the  estuarine  mixing  region  of  the  estuary. 
During  the  1980-81  studies  of  the  estuary,  total 
consumer  (metazoan)  production  averaged  5.5  g 
C/sq  m  within  the  estuary.  Of  the  estimated  15,000 
mt  C/y  attributed  to  primary  consumption  in  the 
water  column,  83%  was  the  result  of  suspension- 
feeding  pelagic  zooplankton.  In  comparison  to 
grazing  on  phytoplankton,  it  was  estimated  that 
approximately  84%  of  primary  consumption  in  the 
water  column  was  based  on  suspended  detritus 
and,  presumably,  associated  microbiota.  Endemic 
primary  consumers,  principally  epibenthic  crusta- 
ceans accounted  for  a  high  proportion  of  the  con- 
sumption of  suspended  particles.  Wetland  herbi- 
vores inhabiting  the  estuary's  extensive  marshes, 
on  the  other  hand,  were  estimated  to  account  for 
only  2  to  17%  of  total  estuarine  primary  consump- 
tion. Trophic  linkages  to  secondary  and  tertiary 
consumers  were  more  evenly  apportioned  among 
pelagic  fishes,  motile  macroinvertebrates,  and 
benthic  infauna.  High,  comparatively  unknown 
fluxes  of  migratory  or  wide-ranging  tertiary  con- 
sumers, such  as  piscivorous  birds,  seals  and  sea 
lions,  made  estimation  of  their  annual  consumption 
rates  in  the  estuary  highly  tenuous.  The  physical 
processes  of  mixing  and  stratification,  sediment 
accretion  and  erosion,  and  salinity  intrusion  appear 
to  be  the  fundamental  determinants  of  consumption 
processes  in  the  Columbia  River  estuary.  (See 
W91-06279  thru  W91-06286  and  W91-06288)  (Au- 
thor's abstract) 
W9 1-06287 


HISTORICAL  CHANGES  IN  THE  COLUMBIA 
RIVER  ESTUARY. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 
phy. 

C.  R.  Sherwood,  D.  A.  Jay,  R.  B.  Harvey,  P. 
Hamilton,  and  C  A.  Simenstad. 
Progress  in  Oceanography  POCNA8,  Vol.  25,  No. 
1/4,  p  299-352,  1990.  22  fig,  7  tab,  76  ref.  NSF 
Grant  OCE-8504237. 

Descriptors:  'Columbia  River,  'Data  interpreta- 
tion, 'Estuaries,  'Hydrology,  'Irrigation  effects, 
•Navigation,  'Oceanography,  'Rivers,  'Sedimen- 
tology,  Cartography,  History,  Model  studies, 
River  flow,  Statistical  analysis,  Tidal  rivers. 

Historical  changes  in  the  hydrology,  sedimento- 
logy,  and  physical  oceanography  of  the  Columbia 


Estuary  have  been  evaluated  with  a  combination  of 
statistical,  cartographic,  and  numerical  modelling 
techniques.  Comparison  of  data  digitized  from  the 
US  Coast  and  Geodetic  Survey  bathymetric  sur- 
veys conducted  in  the  periods  1867-75,  1926-37, 
and  1949-58  reveals  that  large  changes  in  the  mor- 
phology of  the  estuary  have  been  caused  by  navi- 
gational improvements  and  by  the  diking  and  fill- 
ing of  much  of  the  wetland  area.  The  data  also 
indicate  that,  ignoring  erosion  at  the  entrance  of 
the  estuary,  370  to  485  million  cubic  meters  of 
sediment  has  been  deposited  in  the  estuary  since 
1868  at  an  average  rate  of  0.5  cm/y,  roughly  5 
times  the  rate  at  which  sea  level  has  fallen  locally 
since  the  turn  of  the  century.  River  flow  data 
indicate  that  the  seasonal  flow  cycle  of  the  Colum- 
bia River  has  been  significantly  altered  by  regula- 
tion and  diversion  of  water  for  irrigation.  The 
greatest  changes  have  occurred  in  the  last  thirty 
years.  Flow  variability  over  periods  greater  than  a 
month  has  been  significantly  damped  and  the  net 
discharge  has  been  slightly  reduced.  Results  from  a 
laterally  averaged,  multiple-channel,  two-dimen- 
sional numerical  flow  model  suggest  that  the 
changes  in  morphology  and  river  flow  have  re- 
duced mixing,  increased  stratification,  altered  the 
response  to  fortnightly  (neap-spring)  changes  in 
tidal  forcing,  and  decreased  the  salinity  intrusion 
length  and  the  transport  of  salt  into  the  estuary. 
The  overall  effects  of  human  intervention  in  the 
physical  processes  of  the  Columbia  River  Estuary 
(i.e.  decrease  in  freshwater  inflow,  tidal  prism,  and 
mixing;  increase  in  flushing  time  and  fine  sediment 
deposition,  and  net  accumulation  of  sediment)  are 
qualitatively  similar  to  those  observed  in  less  ener- 
getic and  more  obviously  altered  estuarine  systems. 
(See  W9 1-06279  thru  W9 1-06287)  (Author's  ab- 
stract) 
W9 1-06288 


LITTER  PRODUCTION  BY  MANGROVES:  IH. 
WAVECREST  (TRANSKED  WITH  PREDIC- 
TIONS FOR  OTHER  TRANSKEI  ESTUARIES. 

Durban-Westville  Univ.  (South  Africa).  Dept.  of 

Botany. 

T.  D.  Steinke,  and  C.  J.  Ward. 

South  African  Journal  of  Botany  SAJBDD,  Vol. 

56,  No.  5,  p  514-519,  October  1990.  5  fig,  3  tab,  28 

ref. 

Descriptors:  'Detritus,  'Estuaries,  'Litter,  'Man- 
grove swamps,  'Trees,  Leaves,  Seasonal  variation, 
South  Africa,  Transkei  Estuary,  Wave  crest. 

Litter  fall  was  measured  in  a  mixed  mangrove 
community  in  Wavecrest,  South  Africa  in  which 
Avicennia  marina  (Forssk.)  Vierh.  was  dominant 
over  Bruguiera  gymnorrhiza  (L.)  Lam.  Mean  litter 
production  was  1.24  g  dry  matter/sq  m/d  or  4.51 
tons/ha/y  over  a  3-year  period.  Mean  annual  leaf 
yield  comprised  approximately  72%  of  total  litter. 
Generally  greater  leaf  fall  occurred  in  the  summer 
than  in  the  winter.  In  both  A.  marina  and  B. 
gymnorrhiza,  propagule  production  was  variable 
from  year  to  year.  In  both  species,  reproductive 
material  was  present  on  the  trees  almost  through- 
out the  year.  This  behavior  and  the  low  litter 
yields  appeared  to  indicate  that  the  community  is 
approaching  its  southern  limits.  From  the  14  ha  of 
mangroves  in  the  estuary,  it  is  calculated  that  the 
total  litter  production  is  50.7  tons/y,  of  which 
approximately  36.8  tons/y  is  leaf  litter.  The  total 
litter  production  of  the  larger  stands  of  mangroves 
in  Transkei's  estuaries  was  calculated.  Mangrove 
litter  is  considered  to  provide  a  significant  input  to 
these  systems.  (Author's  abstract) 
W9 1-06289 


MECHANISMS  OF  THE  BLACK  SEA  CIRCU- 
LATION. 

Sofia  Univ.  (Bulgaria).  Dept.  of  Geophysics. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-06410 


ENERGY  WASTE  STABILIZATION  TECH- 
NOLOGY FOR  USE  IN  ARTIFICIAL  REEF 
CONSTRUCTION. 

Florida  Inst,  of  Tech.,  Melbourne.  Dept.  of  Chemi- 
cal and  Environmental  Engineering. 
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For  primary  bibliographic  entry  see  Field  5E. 
W9 1-06674 

CHEMICAL  HYDROLOGY  AND  MACRO- 
PHYTE  VEGETATION  IN  THE  CANALS  OF  A 
MEDITERRANEAN  COASTAL  MARSH. 

Universitat  de  les  Hies  Balears,  Palma  de  Mallorca 
(Spain).  Dept.  de  Biologia  y  Ciencias  de  Salud. 
A.  Martinez  Taberner,  G.  Moya,  G.  Ramon,  and 
V.  Forteza.  ,    .  „„ 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  120, 
No.  1,  p  67-87,  November  1990.  13  fig,  1  tab,  26 
ref. 

Descriptors:  'Aquatic  plants,  •Canals,  *Marshes, 
•Water  chemistry,  *Wetlands,  Albufera  Marsh,  Al- 
kalinity, Coastal  marshes,  Macrophytes,  Majorca, 
Salinity,   Seasonal   variation.   Water  temperature. 

A  canal  system  linking  waters  directly  to  the  sea 
was  built  in  the  Albufera  of  Majorca  during  the 
last  century  in  order  to  drain  the  area.  The  area 
was  sampled  seasonally  from  summer  1983  to 
summer  1985  at  35  to  40  sites.  Conductivity  and 
chloride  concentrations  were  as  expected  in  that 
climate  with  dilution  periods  observed  in  autumn 
and  winter.  In  summer  wedge-shaped  marine 
water  incursions  occurred  that  were  more  appar- 
ent in  the  deeper  water  areas.  Temperature  was 
observed  to  fluctuate  annually  in  both  long  and 
short  canals.  In  general,  pH  increased  during  the 
productive  periods  in  summer  and  spring  and  de- 
creased during  the  winter.  It  is  concluded  that  a 
strong  physico-chemical  gradient  develops  along 
the  canals,  with  fresh  waters  enriched  with  N 
upstream  near  the  farming  area,  and  saline,  phos- 
phate-rich waters  developing  near  the  sea  and 
coastal  urban  development.  The  physico-chemical 
changes  in  the  heterogeneity  of  the  gradient  from 
the  upper  Albufera  to  the  sea  offers  a  diversity  of 
habitats  colonized  by  different  macrophytes.  Con- 
sequently there  is  a  variety  of  food  resources  and 
habitats  for  other  species  such  as  crustaceans,  fish, 
and  birds.  (MacKeen-PTT) 
W91-06755 


PRODUCTION  AND  POPULATION  DYNAM- 
ICS OF  PACHYMELANIA  AURITA  MULLER. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Zoology. 

E.  A.  Ajao,  and  O.  Fagade. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   120, 

No.  1,  p  97-109,  November  1990.  9  fig,  6  tab,  15 

ref. 

Descriptors:  'Aquatic  animals,  'Aquatic  produc- 
tivity, 'Gastropods,  'Lagoons,  'Nigeria,  'Water 
pollution  effects,  Brackish  water,  Clays,  Lagos 
Lagoon,  Metals,  Mollusks,  Population  dynamics, 
Silt. 

From  February  1985  to  December  1986,  a  study 
was  made  on  the  production  and  population  dy- 
namics of  Pachymelania  aurita  Muller  occurring  in 
Lagos  lagoon.  Its  abundance  was  related  to  silt- 
clay,  total  organic  matter  and  the  metal  contents  at 
three  sites  in  the  lagoon.  Greatest  densities  of  P. 
aurita  occurred  at  the  site  furthest  from  anthropo- 
genic inputs  of  sewage  and  industrial  effluents  and 
in  sediments  containing  6  to  40%  silt-clay.  The 
breeding  season  coincided  with  the  end  of  the 
rainy  season  and  beginning  of  the  dry  season  (No- 
vember to  May).  Spawning  was  observed  from 
mid-December  to  early  April.  Annual  production 
varied  between  0.0475  and  6.479  g/cu  cm/yr  (for- 
malin fixed  ash-free  dry  weight)  and  amounted  to 
89.8-100%  of  the  total  molluscan  production  at  the 
sampling  stations.  The  production:biomass  (P:B) 
ratio  varied  between  0.007  and  2.27.  It  was  con- 
cluded that  organic  matter  and  toxic  heavy  metal 
pollution  in  the  industrialized  portion  of  the  lagoon 
limited  the  production  and  abundance  of  P.  aurita. 
(Author's  abstract) 
W9 1-06757 


Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.  120, 
No.  1,  p  111-122,  November  1990.  15  fig,  11  ref. 

Descriptors:  'Coastal  waters,  'Egypt,  'Mediterra- 
nean Sea,  'Salinity,  'Water  masses,  Salinity  cur- 
rents, Seawater,  Water  currents,  Water  tempera- 
ture. 

The  formation  of  intermediate  water  masses  char- 
acterized by  a  secondary  maximum  of  salinity  was 
studied  along  the  Egyptian  Mediterranean  coast. 
Results  of  previous  studies  suggesting  two  areas  of 
formation  of  intermediate  water  were  confirmed: 
the  area  to  the  east  of  longitude  29  degrees  and 
west  of  Alexandria;  and  the  area  in  front  of  Da- 
mietta.  In  addition,  a  new  source  was  identified 
which  appeared  to  be  a  region  of  a  salinity  extreme 
(> 39.30  ppt).  This  area  is  also  characterized  by  a 
relatively  high  temperature  (>  17  C).  The  isopynic 
analysis  of  the  area  indicted  that  the  saline  warm 
water  flows  away  from  the  continental  shelf  to  the 
northwest  in  a  high-salinity  tongue  and  reaches  the 
open  sea  with  values  as  low  as  38.95  ppt.  This 
supports  the  suggestion  that  more  than  one  starting 
point  representing  various  sources  of  formation  of 
the  intermediate  water  mass  of  maximum  salinity 
are  present  in  the  Levantine  basin.  (Author's  ab- 
stract) 
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FORMATION  OF  THE  INTERMEDIATE 
WATER  MASSES  OFF  THE  EGYPTIAN  MEDI- 
TERRANEAN COAST. 

Institute  of  Oceanography  and  Fisheries,  Alexan- 
dria (Egypt). 
M.  A.  Said,  and  A.  M.  Karam. 


SEASONAL  RESPONSE  OF  THE  LOWER  ST 
LAWRENCE  ESTUARY  TO  BUOYANCY 
FORCING  BY  REGULATED  RIVER  RUNOFF. 

Institut  National  de  la  Recherche  Scientifique,  Ri- 

mouski  (Quebec).  Centre  d'Oceanologia. 

V.  G.  Koutitonsky,  R.  E.  Wilson,  and  M.  I.  El- 

Sabh. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  4,  p  359-379,  October  1990.  14  fig,  1 

tab,  46  ref.  NSERC  Grants  A 1426,  A0073,  and 

RD0424.  NSF  Grant  OCE8701061. 

Descriptors:  'Estuaries,  'Model  studies,  'Regulat- 
ed flow,  'Runoff,  'Seasonal  variation,  'Water  cur- 
rents, Buoyancy  forcing,  Eddies,  Freshwater 
runoff,  Mathematical  models,  St  Lawrence  Estu- 
ary, Water  circulation. 

The  seasonal  current  fluctuations  recorded  from 
May  to  September  1979  in  the  Lower  St  Lawrence 
Estuary  (LSLE)  were  re-examined  using  complex 
empirical  orthogonal  functions  analysis.  The  first 
mode  explained  88%  of  the  seasonal  variability, 
and  revealed  the  presence  of  an  estuary-wide  anti- 
cyclonic  eddy  near  the  mouth,  which  lasted  for  40 
days  in  June  and  July.  Careful  inspection  of  the 
(regulated)  freshwater  runoff  and  salinity  time 
series  indicated  that  light  surface  water  pulses  from 
the  St  Lawrence  River  and  the  Saguenay  fjord 
arrived  in  the  LSLE  during  that  time.  Their  dura- 
tion was  about  40  days.  The  contention  is  that  the 
anticyclonic  eddy  results  from  buoyancy  forcing 
by  these  light  water  pulses,  isolated  in  the  LSLE 
by  denser  waters  upwelled  upstream  and  by  the 
buoyancy  front  at  the  mouth.  A  reduced  gravity 
model  is  used  to  show  that  when  the  width  of  the 
LSLE  becomes  greater  than  two  internal  Rossby 
radii,  an  initial  dynamic  height  elevation  will  adjust 
through  geostrophy  to  an  anticyclonic  eddy.  This 
seems  to  occur  downstream  of  Rimouski.  In  the 
absence  of  instabilities  in  the  current  field,  the  eddy 
will  conserve  potential  energy  for  extended  peri- 
ods of  time.  During  August,  the  advected  river 
runoff  decreased,  unstable  wave  activity  devel- 
oped, and  denser  Gulf  waters  entered  LSLE  from 
the  north  shore  producing  a  cyclonic  eddy  near 
the  mouth.  Concurrent  satellite  thermal  imagery 
tends  to  support  these  findings.  (Author's  abstract) 
W9 1-06765 

IMPACT  OF  FRESHWATER  RUNOFF  ON 
PHYSICAL  OCEANOGRAPHY  AND  PLANK- 
TON DISTRIBUTION  IN  A  WESTERN  NOR- 
WEGIAN FJORD:  AN  EXPERIMENT  WITH  A 
CONTROLLED  DISCHARGE  FROM  A  HY- 
DROELECTRIC POWER  PLANT. 
Bergen  Univ.  (Norway).  Dept.  of  Marine  Biology. 
S.  Kaartvedt,  and  H.  Svendsen. 
Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  4,  p  381-395,  October  1990.  11  fig,  4 
tab,  23  ref. 


Descriptors:  'Estuaries,  'Fjords,  'Hydroelectric 
plants,  'Norway,  'Plankton,  'Regulated  flow, 
•Runoff,  'Saline-freshwater  interfaces,  'Water  cir- 
culation, Flow  discharge,  Flow  rates.  Freshwater 
runoff,  Oceanography. 

Investigations  were  carried  out  in  a  20-km  long 
fjord  branch  prior  to,  during,  and  after  a  51-h 
controlled  discharge  from  a  hydroelectric  power 
plant.  The  freshwater  runoff  (230  cu  m/s)  generat- 
ed an  estuarine  circulation  which  was  most  promi- 
nent along  the  mid-axis  of  the  fjord.  High  veloci- 
ties were  recorded  both  in  the  outgoing  surface 
current,  with  a  maximum  of  1  m/s  (10  km  down- 
stream of  the  power  plant),  and  in  a  compensatory 
current  (registration  at  10-m  depth)  with  a  maxi- 
mum of  0.6  m/s  (3  km  downstream).  Velocities 
were  low  at  5-m  depth.  During  discharge,  salinity 
increased  in  the  surface  layer  and  decreased  at  a 
depth  of  several  meters  because  of  more  extensive 
mixing.  Phytoplankton  was  partly  flushed  out  in 
the  upper  layers  throughout  the  fjord  branch,  but 
abundance  increased  in  deeper  layers  in  an  outer 
station,  and  the  horizontal  patchiness  increased. 
The  vertical  center  of  zooplankton  biomass  de- 
scended significantly  during  plant  operation.  Bio- 
mass maxima  in  the  ingoing  compensation  current 
indicate  net  zooplankton  import  during  power 
plant  operation,  but  no  change  in  total  zooplankton 
biomass  in  the  fjord  branch  was  found  during  this 
experiment.  (Author's  abstract) 
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FINE-GRAINED  SEDIMENT  TRANSPORT 
AND  SORTING  BY  TIDAL  EXCHANGE  IN 
XIANGSHAN  BAY,  ZHEJIANG,  CHINA. 

National    Bureau    of   Oceanography,    Hangzhou 

(China).  Second  Inst,  of  Oceanography. 

S.  Gao,  Q.  C.  Xie,  and  Y.  J.  Feng. 

Estuarine,   Coastal  and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  4,  p  397-409,  October  1990.  6  fig,  4 

tab,  15  ref. 

Descriptors:  'China,  'Estuaries,  'Estuarine  sedi- 
ments, 'Sediment  transport,  'Suspended  sedi- 
ments, 'Tidal  effects,  Neap  tides,  Sediment  sorting, 
Spring  tides,  Water  circulation,  Xiangshan  Bay, 
Zhejiang. 

During  the  winter  of  1983,  25-h  measurements  of 
current  speed,  flow  direction,  water  depth  and 
suspended  sediment  concentration  were  carried 
out  at  six  stations  located  in  the  inlet  section  of 
Xiangshan  Bay,  during  spring  and  neap  tides.  An 
analysis  of  the  data  obtained  shows  that  tidal  ex- 
change, in  the  form  of  either  vertical  residual 
circulation  of  bay-mouth  water  mixing,  is  responsi- 
ble for  the  observed  net  landward  movement  of 
suspended  sediment,  though  the  ebb  currents  are 
stronger  than  the  flood  currents  in  the  inlet.  The 
analysis  suggests  also  that  the  tidal  exchange  proc- 
esses, in  combination  with  the  settling  behavior  of 
the  suspended  sediments  and  the  morphological 
features  of  the  inlet  section,  lead  to  a  marked 
sorting  of  the  fine-grained  sediments  with  the  clay- 
like material  predominating  in  the  inner  part  of  the 
bay  and  the  silty  material  in  the  outer  part.  (Au- 
thor's abstract) 
W9 1-06767 


COMPOSITION,  SEASONALITY  AND  ABUN- 
DANCE OF  FISHES  IN  THE  SHATT  AL- 
BASRAH  CANAL,  AN  ESTUARY  IN  SOUTH- 
ERN IRAQ. 

Basrah  Univ.  (Iraq).  Dept.  of  Fisheries  and  Marine 

Resources. 

N.  K.  Al-Daham,  and  A.  Y.  Yousif. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  4,  p  411-421,  October  1990.  3  fig,  3 

tab,  32  ref. 

Descriptors:  'Canals,  'Estuarine  fisheries,  'Fish 
populations,  'Iraq,  'Shatt  Al-Basrah  Canal,  'Spe- 
cies composition,  Population  density,  Seasonal  var- 
iation, Species  diversity. 

A  total  of  8245  fishes  (226.3  kg)  from  47  species 
were  captured  over  the  12-month  period  beginning 
in  February  1985  in  the  Shatt  Al-Basrah  Canal,  a 
sub-tropical  man-made  estuary  in  Southern  Iraq. 
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The  most  abundant  species  was  Liza  subviridis, 
comprising  59.6%  of  the  total  number  and  40%  of 
the  total  weight.  Acanthopagrus  latus,  Thryssa 
malabarica  and  Aspius  vorax  together  formed 
17.7%  of  the  total  number  and  14.5%  of  the  total 
weight.  The  total  number  of  individuals  rose  in 
spring  with  a  peak  in  April.  Numbers  of  species 
fluctuated  from  eight  in  January  to  33  in  Septem- 
ber. Examination  of  fish  species  associations  indi- 
cated that  there  were  more  species  in  the  seasonal 
(17)  and  occasional  (24)  components  and  fewer  in 
the  regular  (6)  component.  The  species  richness 
index  was  greatest  from  June  to  October,  with  a 
peak  of  5.32  in  September,  and  was  lowest,  1.33- 
1.87,  from  January  to  April.  The  Shannon- Wiener 
diversity  index  ranged  from  0.49  in  March  to  2.84 
in  September  for  numbers,  and  from  0.74  in  Janu- 
ary to  2.63  in  September  for  biomass.  The  relative 
diversity  index  fluctuated  from  0.09  in  March  to 
0.47  in  September  for  numbers,  and  from  0.14  to 
0.43  for  biomass  for  the  same  months.  The  even- 
ness index  varied  from  0.07  in  March  to  0.50  in 
September.  (Author's  abstract) 
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ABUNDANCE  AND  BIOMASS  OF  HERBIVO- 
ROUS ZOOPLANKTON  OFF  KINGSTON,  JA- 
MAICA,    WITH     ESTIMATES     OF     THEIR 
ANNUAL  PRODUCTION. 
Guelph  Univ.  (Ontario).  Dept.  of  Zoology. 
C.  Clarke,  and  J.  C.  Roff. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  4,  p  423-437,  October  1990.  3  fig,  4 
tab,  47  ref. 

Descriptors:  *Biomass,  'Coasts,  'Jamaica,  'Marine 
animals,  'Zooplankton,  Aquatic  productivity,  Her- 
bivorous zooplankton,  Kingston,  Lime  Cay, 
Marine  environment,  Population  density,  Species 
composition,  Tropical  regions. 

During  1985-86  weekly  collections  of  zooplankton 
were  made  off  of  Lime  Cay,  Jamaica,  which  is 
representative  of  the  cay  area  off  of  southern  Ja- 
maica. The  dominant  (non-copepod)  herbivorous 
taxa,  Larvacea,  Thaliacea,  Cladocera  and  Pteropo- 
da,  were  enumerated,  and  their  daily  biomasses 
were  estimated  by  direct  weighing  or  from  length- 
weight  regressions.  The  dominant  taxa,  in  abun- 
dance, were  the  Oikopleuridae  and  Fritillaridae 
(49.8%  and  35.8%,  respectively),  but  the  dominant 
taxon  in  terms  of  biomass  was  Thalia  democratica, 
on  average  72%  of  the  total.  These  herbivorous 
taxa  generally  exhibited  pronounced  variations  in 
abundance  which,  with  the  exception  of  an  inverse 
relationship  between  Fritillaria  spp.  and  the  pico- 
plankton,  were  not  correlated  with  any  size  frac- 
tion of  the  phytoplankton.  Calculations  suggested 
that,  in  total,  these  'other'  herbivorous  groups  may 
equal  the  copepods  in  terms  of  annual  production, 
and  may  on  occasions  exceed  them  by  nearly 
three-fold.  (Author's  abstract) 
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RADIUM     AND     RADON     IN     CHARLOTTE 
HARBOR  ESTUARY,  FLORIDA. 

Geological  Survey,  Tampa,  FL. 

For  primary  bibliographic  entry  see  Field  5B. 
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COUPLED  PHYSICAL-BIOLOGICAL  PELAG- 
IC MODEL  OF  A  SHALLOW  SILL  FJORD. 

Bergen  Univ.  (Norway).  Dept.  of  Marine  Biology. 
D.  L.  Aksnes,  and  U.  Lie. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  4,  p  459-486,  October  1990.  9  fig,  9 
tab,  50  ref. 

Descriptors:  'Estuaries,  'Estuarine  environment, 
•Fjords,  'Model  studies,  'Norway,  'Plankton, 
Aquatic  productivity,  Biomass,  Lindaspollene, 
Mathematical  models,  Meteorology,  Nutrients, 
Seasonal  variation,  Simulation  analysis,  Stratifica- 
tion, Water  chemistry. 

A  vertically  resolved  model  for  the  land-locked 
fjord  Lindaspollene  in  western  Norway  is  present- 
ed. Salinity,  temperature,  oxygen,  nitrogen-nutri- 
ents, silicate,  and  two  groups  of  phytoplankton  and 
herbivores  are  represented  as  dynamic  variables. 


From  'below'  the  model  is  driven  by  solar  radi- 
ation, precipitation,  wind  and  tidal  exchange  and 
from  'above'  by  herbivore  mortality.  Comparison 
of  simulation  results  and  actual  observations  indi- 
cated that  the  main  seasonal  and  vertical  character- 
istics of  the  phytoplankton  and  herbivore  dynamics 
are  well  reflected  by  the  model,  and  realistic  sea- 
sonal patterns  may  be  produced  for  several  succes- 
sive years.  The  most  characteristic  vertical  features 
are  the  formation  of  a  summer  surface  production 
maximum  and  a  deep  chlorophyll  maximum.  Fur- 
thermore, an  herbivore  biomass  which  develops  in 
the  surface  layer  divides  into  a  shallow  and  a  deep 
component  during  summer  and  becomes  concen- 
trated in  the  surface  layer  again  in  the  autumn.  The 
nutricline  and  the  pycnocline  develop  independ- 
ently of  one  another,  with  consequences  for  the 
supply  of  nutrients  to  the  upper  euphotic  zone. 
The  bottom-up  control  exerted  by  the  meteorolog- 
ical forcing,  especially  the  freshwater  runoff,  seems 
to  be  of  paramount  significance  for  the  observed 
vertical  structure  and  seasonality  of  the  present 
fjord  system.  (Author's  abstract) 
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RESUSPENSION  IN  THE  KATTEGAT: 
IMPACT  OF  VARIATION  IN  WIND  CLIMATE 
AND  FISHERY. 

Uppsala  Univ.  (Sweden).  Naturgeografiska  Inst. 
S.  Floderus,  and  L.  Pihl. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  4,  p  487-498,  October  1990.  9  fig,  1 
tab,  40  ref. 

Descriptors:  'Climatic  changes,  'Coasts,  'Marine 
fisheries,  'Sediment  distribution,  'Sediment  trans- 
port, Eutrophication,  Kattegat  Sea,  Marine  sedi- 
ments, Resuspension,  Seasonal  variation,  Suspend- 
ed sediments,  Trawling,  Wind  waves. 

The  recurrence  of  various  agents  of  fine  sediment 
resuspension  in  the  Kattegat  Sea,  notably  wind- 
induced  wave  action  and  demersal  trawling,  and 
their  seasonal  variation  and  long-term  trends  have 
been  estimated.  A  comparison  between  the  sedi- 
ment-water interface  and  the  spatial  distribution  of 
theoretical  wind/wave  impact  indicated  that  the 
sediment  is  resuspended  by  further  agents  at  depths 
below  the  permanent  halocline  between  10  and  20 
m  depth.  The  climatic  deterioration  in  1940-70  had 
a  significant  influence  on  the  recurrence  of  wind- 
induced  resuspension,  although  this  was  mostly 
limited  to  a  10-30%  shortening  of  the  recurrence 
period.  On  the  other  hand,  a  quantification  of  the 
effect  of  demersal  trawling  in  the  same  period 
suggests  a  total  shortening  of  recurrence  at  bot- 
toms below  the  halocline  by  75-85%  in  the  autumn 
and  winter,  and  by  one  order  of  magnitude  (90%) 
in  spring  and  summer,  compared  with  the  effect  of 
waves  only  in  the  1930s;  resuspension  caused  by 
near-bottom  unidirectional  currents  was  not  quan- 
tified. At  these  deeper  bottoms,  resuspension  con- 
ditions have  approached  those  prevailing  at  shal- 
low bottoms  above  the  halocline.  (Author's  ab- 
stract) 
W9 1-06772 


TOXICITY  TO  ESTUARINE  ORGANISMS  OF 
LEACHATES  FROM  CHROMATED  COPPER 
ARSENATE  TREATED  WOOD. 

New  Jersey  Medical  School,   Newark.  Dept.  of 

Anatomy. 

For  primary  bibliographic  entry  see  Field  5C. 
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3-D  MAPPING  OF  DISSOLVED  OXYGEN  IN 
MAR  PICCOLO:  A  CASE  STUDY. 

Support  Group,  Fremont,  CA. 

For  primary  bibliographic  entry  see  Field  5C. 
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SALT-MARSH  GROWTH  AND  STRATIFICA- 
TION:  A  NUMERICAL  MODEL  WITH  SPE- 
CIAL REFERENCE  TO  THE  SEVERN  ESTU- 
ARY, SOUTHWEST  BRITAIN. 

Reading  Univ.  (England).  Postgraduate  Research 

Inst,  for  Sedimentology. 

J.  R.  L.  Allen. 

Marine  Geology  MAGEA6,  Vol.  95,  No.  2,  p  77- 


96,  1990.  19  fig,  1  tab,  88  ref. 

Descriptors:  'Estuarine  environment,  'Model 
studies,  'Mud  flats,  'Salt  marshes,  'Stratification, 
•Tidal  marshes,  'Wetlands,  Coasts,  Deposition, 
England,  Erosion,  Intertidal  areas,  Model  testing, 
Numerical  analysis,  Peat,  Sea  level,  Sedimentation, 
Simulation  analysis,  Tidal  flats. 

Numerical  modeling  is  one  way  to  improve  under- 
standing of  the  growth  and  response  to  external 
factors  of  high  tidal  mudflats  and  marshes.  Theo- 
retically, mudflat-marsh  growth  is  determined  by 
the  rates  of  minerogenic  and  organogenic  sedimen- 
tation, the  rate  of  change  and  tendency  of  relative 
sea-level,  and  the  rate  of  long-range  sediment  com- 
paction. A  numerical  simulation  model  for  mud- 
flat-marsh growth  using  these  ideas  has  been  imple- 
mented for  the  Severn  Estuary  on  the  basis  of 
empirical  knowledge  of  its  tidal  and  fine-sediment 
regimes  and  of  the  present-day  order  of  magnitude 
of  the  deposition  rate  of  fine  sediment  in  its  upper 
intertidal  zone.  The  predicted  curve  of  vertical 
growth  relative  to  the  tidal  frame  at  first  rises  very 
steeply  but  thereafter  flattens  rapidly.  Its  precise 
form  depends  on  the  balance  between  the  terms  of 
the  governing  equation.  When  relative  sea-level  is 
rising,  a  marsh  may  grow,  after  a  certain  matura- 
tion time,  to  a  stable  elevation  in  the  moving  tidal 
frame.  This  elevation  is  substantially  less  than  the 
elevation  of  the  extreme  tide,  a  situation  that  could 
inhibit  peat  formation.  When  the  tendency  of  rela- 
tive sea-level  is  downward,  or  when  the  rate  of 
organogenic  sedimentation  is  sufficiently  large,  a 
marsh  after  a  certain  emergence  time  may  rise 
above  the  tidal  frame,  with  the  consequence  that 
peat  growth  is  favored.  The  exploratory  model  is 
supported  by  a  published  growth  curve  for  tidal 
marshes  in  eastern  England,  and  by  the  observed 
internal  stratification  and  relative  elevations  of  the 
salt  marshes  developed  along  the  Severn  Estuary. 
(Author's  abstract) 
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MORPHOLOGY,  SEDIMENTOLOGY,  AND 
TIDAL  CHANNEL  PROCESSES  ON  A  HIGH- 
TIDE-RANGE  MUDFLAT,  WEST  COAST  OF 
SOUTH  KOREA. 

North  Carolina  Univ.  at  Chapel  Hill.  Inst,  of 
Marine  Sciences. 

J.  T.  Wells,  C.  E.  Adams,  Y.  A.  Park,  and  E.  W. 
Frankenberg. 

Marine  Geology  MAGEA6,  Vol.  95,  No.  2,  p  111- 
130,  1990.  15  fig,  47  ref.  National  Science  Founda- 
tion (NSF)  Grant  INT  8509742  and  Korea  Science 
and  Engineering  Foundation  Grant  KOSEF  1986- 
1988. 

Descriptors:  'Channel  morphology,  'Channels, 
•Coasts,  'Intertidal  areas,  'Mud  flats,  'Sediment 
transport,  'Tidal  effects,  'Tidal  flats,  Drainage 
patterns,  Erosion,  Field  tests,  Korea,  Monsoons, 
Sedimentation,  Sediments,  Surges,  Terrace  chan- 
nels, Tidal  currents,  Tributaries. 

Most  of  the  west  coast  of  Korea  is  fronted  by 
broad  intertidal  sand  and  mudflats  which  have 
formed  in  a  high-tide-range  environment  that  is 
subjected  periodically  to  intense  winter  season 
surges  from  monsoonal  winds.  The  lack  of  a  large 
source  of  sediments  and  the  absence  of  a  protective 
barrier  at  their  seaward  margins  makes  these  tidal 
flats  unusual.  Field  studies  were  undertaken  for  the 
purpose  of  describing  the  morphology  of  tidal 
channels  and  the  surrounding  tidal  flat  surfaces  and 
assessing  the  role  of  tidal  channels  in  sedimentation 
processes.  The  results  of  the  investigation  revealed 
a  highly  variable  morphology  with  locally  dense 
drainage  channel  networks.  North-south  transects 
showed  that  the  intertidal  surface  was  actually 
terraced  by  step-like  changes  in  elevation  at  three 
of  the  channels.  While  the  northern,  terraced  tidal 
flat  was  characterized  by  muddy  sediments  and 
tightly  meandering  tributary  channels,  the  south- 
ern region  contained  coarser  sediments  and  lacked 
tributary  channels.  Most  channels  appeared  to  be 
ebb  dominated.  A  record  of  the  first  summer  (mon- 
soonal) storm  showed  enhanced  ebb  flows  and 
transparency  values  near  zero  between  peak  ebb 
and  peak  flood.  The  combined  erosion  by  storms 
and  daily  dispersal  by  channelized  ebb  currents 
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requires  a  substantial  return  of  sediments  in  order 
for  the  tidal  flats  to  maintain  their  elevation.  The 
apparent  lack  of  bathymetric  relief  in  the  subtidal 
region  indicates  that  either  sediments  carried  sea- 
ward in  ebb  channels  are  removed  by  shelf  proc- 
esses or  are  simply  reintroduced  to  the  intertidal 
region  by  flood  currents.  (Author's  abstract) 
W9 1-068 16 

INTERNAL  HYDRAULICS  OF  A  SEDIMENT- 
STRATIFIED  CHANNEL  FLOW. 

Louisiana  State  Univ.,  Baton  Rouge.  Coastal  Stud- 
ies Inst.  , 
C  E.  Adams,  J.  T.  Wells,  and  Y.  A.  Park. 
Marine  Geology  MAGEA6,  Vol.  95,  No.  2,  p  131- 
145  1990  9  fig,  1  tab,  34  ref.  National  Science 
Foundation  (NSF)  Grants  INT-8509742  and  OCE- 
8216144. 

Descriptors:  'Channel  flow,  'Coasts,  'Mud  flats, 
•Sediment  transport,  'Stratified  flow,  'Suspended 
sediments,  'Yellow  Sea,  Boundary  layers,  Channel 
morphology,  Channels,  Deposition,  Flow  velocity, 
Hydraulic  jump,  Korea,  Model  studies,  Numerical 
analysis,  Sediment  load,  Stratification,  Surges,  Tur- 
bidity, Turbidity  currents,  Velocity,  Vertical  distri- 
bution, Waves. 

Mudflats  along  the  macrotidal  Yellow  Sea  coast  of 
South  Korea  are  incised  by  numerous  channels 
that  act  as  drainage  and  sediment  dispersal  routes, 
primarily  during  ebb  flows.  Observations  in  two 
channels  at  maximum  ebb  revealed  stable  vertical 
distributions    of    suspended    sediments    (density) 
capped  by  a  lutocline  at  mid-depth,  across  which 
suspended-sediment-related  density  varied  rapidly. 
Internal  responses,  as  revealed  by  turbidity  and 
velocity  data,  varied  with  flow,  suspended  sedi- 
ment, and  morphology.  At  one  location,  upstream- 
propagating    lowest    mode    internal    waves    with 
period  T=140  s  were  observed.  Superimposed  on 
the    interfacial    waves    were    higher    frequency 
Kelvin-Helmholtz  billows,   apparently   related  to 
mean  flow   shear.   Visual   observations  indicated 
that  billows  filled  the  channel   from  surface  to 
bottom.   At  the  second  location,   an   undulatory 
jump  consisting  of  a  series  of  surges  was  observed. 
Each  surge  resembled  the  head  of  a  turbidity  cur- 
rent. Kelvin-Helmholtz  billows  were  present,  but 
only  at  surge  crests  and  troughs.  Internal  hydraulic 
jumps,  sediment  spilling  from  feeder  channels,  and 
collapse  of  instabilities  may  contribute  to  wave 
generation.  A  range  of  bottom  sediment  sizes  per- 
mits  the   development   of  a   stable   stratification 
within  the  bottom  boundary  layer  beneath  a  luto- 
cline. A  simple  numerical  model  showed  that  the 
lutocline  is  the  upper  limit  of  a  boundary  layer 
with  a  thickness  proportional  to  mean  flow  veloci- 
ty and  to  the  intensity  of  suspended-sediment  strat- 
ification within  the  layer.  Billows  appear  to  en- 
hance resuspension  of  sediment,  thereby  increasing 
load  and  thickness  of  the  boundary  layer.  Loca- 
tions of  hydraulic  jumps  appear  to  be  sites  of 
deposition.  (Author's  abstract) 
W9 1-068 17 


either  chemical  or  photochemical  processes.  How- 
ever, it  has  been  shown  that  the  assessment  of 
aquatic  DOM  may  be  possible  by  optical  measure- 
ments in  the  ultraviolet  (UV)  range.  Recently, 
several  DOM  surveys  were  carried  out  in  the 
Casamance  River,  a  hyperhaline  estuary  in  Senegal 
in  which  light  absorption  by  water  in  the  near  UV 
was  measured.  The  results  of  the  surveys  revealed 
that  the  upstream  portion  of  the  estuary  was  hy- 
draulically  isolated.  Calculations  of  dissolved  or- 
ganic carbon  concentrations  (DOC)  and  mean  mo- 
lecular weight  (MW)  were  high.  Dissolved  organic 
matter  originated  mostly  from  Phragmites  swamps, 
and  was  concentrated  during  the  dry  season,  de- 
spite flocculation  and  photolysis.  New,  more  labile 
DOM  was  brought  in  during  the  rains.  The  sea- 
ward portion  of  the  estuary  received  high  to 
medium  molecular  weight  DOM  from  mangrove 
swamps,  and  lost  some  of  it  to  the  sea  by  tidal 
transport.  In  the  estuary's  median  portion,  low 
molecular  weight  DOM  originated  from  phyto- 
plankton.  The  aquatic  primary  production  in  the 
estuary  could  partly  be  explained  by  the  DOM 
distributions.  (Korn-PTT) 
W9 1-06821 


ECONOMIC  VALUE  OF  WETLANDS-BASED 
RECREATION.  .    . 

Georgia  Univ.,  Athens.  Dept.  of  Agricultural  Eco- 
nomics. 

For  primary  bibliographic  entry  see  Field  6B. 
W9 1-06831 


DISSOLVED  ORGANIC  MATTER  AND  UV  AB- 
SORPTION IN  A  TROPICAL  HYPERHALINE 
ESTUARY. 

Centre     de     Recherches     Oceanographiques     de 

Dakar-Thiaroye  (Senegal). 

J.  Pages,  and  F.  Gadel. 

Science  of  the  Total  Environment  STENDL,  Vol. 

99,  No.  1/2,  p  173-204,  December  1990.  11  fig,  8 

tab,  135  ref,  1  append. 

Descriptors:  'Analytical  methods,  'Analytical 
techniques,  'Casamance  River,  'Dissolved  organic 
carbon,  'Dissolved  solids,  'Estuaries,  'Estuarine 
environment,  'Tropical  regions,  Closed  systems, 
Distribution  patterns,  Hydraulics,  Nutrients,  Phy- 
toplankton,  Primary  productivity,  Seasonal  varia- 
tion, Senegal,  Spatial  distribution,  Spectral  analy- 
sis, Swamps,  Tidal  effects,  Ultraviolet  radiation. 

Dissolved  organic  matter  (DOM)  plays  an  impor- 
tant role  in  aquatic  ecosystems.  Besides  its  sheer 
size  on  a  global  level,  the  DOM  pool  is  also 
important  as  a  potential  nutrient  source,  particular- 
ly in  a  closed  or  confined  ecosystem.  The  assess- 
ment of  DOM  concentration  is  often  difficult  using 


STRUCTURE  OF  VERTICAL  CURRENT  PRO- 
FILES IN  A  MACROTIDAL,  PARTLY-MIXED 
ESTUARY. 

Plymouth  Marine  Lab.  (England). 

R.  J.  Uncles,  and  J.  A.  Stephens. 

Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  349-361, 

December,  1990.  5  fig,  24  ref,  append. 

Descriptors:  'England,  'Estuaries,  'Hydrodyna- 
mics, 'Saline-freshwater  interfaces,  'Tidal  cur- 
rents, 'Tidal  hydraulics,  Gravity  flow,  Mixing, 
Model  studies,  Stratification,  Tamar  Estuary,  Ver- 
tical flow,  Viscosity,  Water  column,  Water  cur- 
rents. 

A  local,  one-dimensional,  depth-dependent  model 
is  used   in   conjunction   with   a  one-dimensional, 
longitudinal,   hydrodynamical   model   to  examine 
the  mechanisms  affecting  vertical  profiles  of  longi- 
tudinal residual  current  in  the  macrotidal  (tidal 
range  typically  exceeds  4  m  during  spring  tides), 
partly-mixed  Tamar  Estuary  (England).  Residual 
currents  are  simulated  at  a  deep  (15  m)  station  in 
the  lower  reaches,  which  possesses  a  small  tidal 
amplitude  to  depth  ratio  and  a  non-zero  salinity 
throughout  the  tidal  cycle,  as  well  as  at  a  shallow 
station  in  the  upper  reaches,  which  varies  in  depth 
from  1  m  at  low  water,  when  salinity  is  zero,  to  5 
m  at  high  water.  A  slow,  up-estuary  current  domi- 
nates the  residual  circulation  just  beneath  the  high 
water  level  at  the  deeper  station.  Further  down  the 
water  column  a  down-estuary  residual  current  de- 
velops which  is  the  near-surface  component  of  a 
two-layer  gravitational  circulation.  The  up-estuary 
component  of  this  gravitational  circulation  occurs 
deeper  in  the  column  and  extends  to  the  bed  at  the 
deep  station,  whereas  at  the  shallow  station  it  is 
eventually  dominated  by  a  down-estuary  current  in 
the  bottom  1  m.  Simulated  residual  currents  are 
fairly  insensitive  to  estuary-bed  slope  and  to  ob- 
served depth  variations  in  longitudinal  density  gra- 
dient. Residual  current  profiles  of  the  observed 
form  can  only  be  generated  by  a  longitudinal  den- 
sity gradient.  The  reduction  in  vertical  eddy  vis- 
cosity by  water  column  stability  due  to  stratifica- 
tion is  an  essential  requirement  for  producing  a 
strong  gravitational   circulation  of  the  observed 
magnitude.  Stratification  at  the  shallow  station  is 
much  higher  during  the  ebb  than  during  the  flood 
and  this  asymmetry  enhances  the  gravitational  cir- 
culation in  the  upper  reaches.  The  formation  of 
residual   flows  at  both  stations  is  illustrated  by 
showing  time-series  data  over  a  tidal  cycle  for  the 
simulated  current  profiles.  (Author's  abstract) 
W9 1-068  32 

SEA  LEVEL  VARIABILITY  IN  LONG  ISLAND 
SOUND. 


Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
K.  C.  Wong. 

Estuaries  ESTUDO,  Vol.  13,  No.  4,  p  362-372, 
December,  1990.  12  fig,  1  tab,  13  ref. 

Descriptors:  'Estuaries,  'Long  Island  Sound, 
•Model  studies,  'Sea  level,  'Tidal  hydraulics, 
•Wave  direction,  Tidal  currents,  Wind-driven  cur- 
rents. 

Sea  level  variability  in  Long  Island  Sound  is  exam- 
ined at  both  tidal  and  subtidal  frequencies  over  a  1 
year  period.  The  sound  is  found  to  be  decoupled 
effectively  from  the  lower  Hudson  Estuary  at  tidal 
frequencies.  The  predominantly  semidiurnal  tides 
in  the  sound  are  forced  by  the  oceanic  tides  trans- 
mitted from  the  mouth.  There  is  a  fourfold  amplifi- 
cation of  the  semi-diurnal  tides  within  the  sound 
due  to  resonance.  Diurnal  tides  are  much  weaker 
in  the  sound,  and  there  is  also  no  evidence  of 
significant  amplification  in  the  interior.  At  subtidal 
frequencies,  the  pressure-adjusted  sea  level  in  the 
interior  of  the  sound  is  forced  by  a  combination  of 
co-oscillation  with  coastal  sea  level  at  the  mouth 
and  direct  setup  induced  by  local  wind  forcing 
over  the  surface  of  the  sound.  Because  the  longitu- 
dinal axis  of  Long  Island  Sound  is  roughly  aligned 
with  the  open  coast  from  Montauk  Point  to  Sandy 
Hook,  these  two  mechanisms  work  in  concert  to 
produce  larger  subtidal  sea  level  fluctuations  in  the 
western   sound   relative   to   those   in   the   eastern 
sound.  A  linearized,  frequency-dependent  analyti- 
cal model  is  developed  to  aid  interpretation  of  field 
observations.  The  simple  analytical  model  devel- 
oped is  a  useful  tool  for  the  understanding  of  the 
basic  response  characteristics  of  the  sound  at  both 
tidal  and  subtidal  frequencies.  While  such  a  simple 
model  does  not  capture  all  the  details  in  the  re- 
sponse characteristics,  the  model  does  seem  to  give 
a  good  representation  about  the  essence  of  the 
response.  (Author's  abstract) 
W9 1-06833 


REDIVERSION  SALINITY  CHANGE  IN  THE 
COOPER  RIVER,  SOUTH  CAROLINA:  ECO- 
LOGICAL IMPLICATIONS. 

South  Carolina  Univ.,  Columbia.  Marine  Science 

Program. 

P.  M.  Bradley,  B.  Kjerfve,  and  J.  T.  Morris. 

Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  373-379, 

December,  1990.  4  fig,  1  tab,  25  ref. 

Descriptors:  'Environmental  effects,  'Estuaries, 
'Estuarine  environment,  'Global  warming, 
•Marsh  plants,  'Plant  populations,  'Saline  water 
intrusion,  'South  Carolina,  'Stream  diversion, 
Cooper  River  Basin,  Mixing,  Model  studies,  Plant 
communities,  Saline-freshwater  interfaces. 

A  70%  reduction  in  fresh  water  discharge  through 
the  Cooper  River  Basin,  South  Carolina,  has  pro- 
vided a  unique  opportunity  to  study  changes  in 
estuarine  plant  communities  in  response  to  a 
system-wide  increase  in  salinity.  A  one-dimension- 
al tidal  prism  mixing  model  was  used  to  simulate 
the  changes  in  the  longitudinal  salinity  distribution 
which  have  occurred  in  the  Cooper  River  since  a 
diversion  in  1985  reduced  the  mean  flow  from  442 
to  1 30  cubic  m/s.  Model  simulations  indicate  that  a 
salinity  increase  of  10-14  ppt  has  occurred  in  the 
region  of  the  river  where  the  marsh  plant  commu- 
nity shifts  from  a  virtual  monoculture  of  Spartina 
alterniflora  to  a  more  diverse  brackish  community. 
The  flow  reduction  and  associated  salinity  increase 
are  expected  to  result  in  an  increased  dominance  of 
the  halophyte,  S.  alterniflora,  and  a  progressive 
exclusion  of  the  less  halotolerant  species  which 
currently  inhabit  this  region.  (Author's  abstract) 
W9 1-06834 

MARSH-WATER  COLUMN  INTERACTIONS 
IN  TWO  LOUISIANA  ESTUARIES.  I.  SEDI- 
MENT DYNAMICS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of 
Marine  Science. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06836 
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MARSH-WATER  COLUMN  INTERACTIONS 
IN  TWO  LOUISIANA  ESTUARIES.  II.  NUTRI- 
ENT DYNAMICS. 

Louisiana  State  Univ.,  Baton  Rouge.  Center  for 

Wetland  Resources. 

D.  L.  Childers,  and  J.  W.  Day. 

Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  404-417, 

December,  1990.  6  fig,  4  tab,  58  ref. 

Descriptors:  •Estuaries,  'Estuarine  sediments, 
•Louisiana,  'Nutrient  transport,  'Wetlands,  Bara- 
taria  Basin,  Carbon,  Dissolved  organic  carbon, 
Flumes,  Four  League  Bay,  Nitrogen,  Phosphorus, 
Salt  marshes,  Water  column. 

The  exchange  of  dissolved  nutrients  between 
marshes  and  the  inundating  water  column  was 
measured  using  throughflow  marsh  flumes  built  in 
two  microtidal  Louisiana  estuaries.  The  flumes 
were  sampled  between  September  1986  and  April 
1988,  after  an  extended  period  of  low  sea  level  on 
the  Louisiana  coast.  The  Barataria  Basin  estuary  is 
in  the  later,  deteriorating  stage  of  deltic  cycle.  Its 
subsiding  marshes  supplied  dissolved  organic  nitro- 
gen (DON),  inorganic  nitrogen  (DIN),  dissolved 
organic  carbon  (DOC),  and  total  Kjeldahl  nitrogen 
(TKN)  to  the  water  column.  The  export  of  DIN  is 
probably  related  to  marsh  deterioration  in  the  late 
stages  of  deltic  development.  Coastal  brackish 
marshes  of  Fourleague  Bay,  a  marsh  system  in  an 
early,  developmental  stage  of  the  deltic  cycle,  ex- 
ported TKN  to  the  open  water  estuary  in  all 
samplings.  This  marsh  apparently  acted  as  a  short- 
term  buffer  of  DIN  by  taking  up  NH4  in  spring 
when  baywide  concentrations  were  high,  and  sup- 
plying DIN  to  the  estuary  in  summer  and  fall  when 
concentrations  in  the  bay  were  lower.  Differences 
in  phosphorus  (P),  DOC,  and  DON  fluxes  between 
these  two  estuaries  were  also  observed.  The  Four- 
league  Bay  site  exported  P  and  imported  DOC. 
This  P  export  may  be  related  to  remobilization  of 
sediment-bound  riverine  P  by  the  reducing  soils  of 
the  marshes.  Fluxes  of  P  at  the  Barataria  Basin  sites 
were  variable  and  low  while  DOC  was  imported. 
Most  imports  of  dissolved  nutrients  were  correlat- 
ed with  higher  upstream  source  concentrations, 
and  flux  rates  were  fairly  consistent  throughout  the 
tide.  However,  dissolved  nutrient  exports  did  not 
correlate  with  upstream  concentrations,  and  in 
many  cases  the  flux  was  dominated  by  early  flood 
tide  nutrient  release.  This  pulsed  behavior  may  be 
caused  by  rapid  diffusion  from  the  sediments  early 
in  the  tidal  cycle,  when  the  sediment-water  con- 
centration gradient  is  largest.  Interestuary  differ- 
ences were  also  seen  in  particulate  organic  matter 
fluxes,  as  the  Fourleague  Bay  marsh  exported  POC 
and  PON  during  all  samplings  while  Barataria 
Basin  imported  these  nutrients.  In  general,  the 
magnitude  and  direction  of  nutrient  exchanges 
seems  to  reflect  the  deltic  stage  of  the  estuary.  (See 
also  W91-06836)  (Doyle-PTT) 
W9 1-06837 


CONTROL  OF  NUTRIENT  CONCENTRA- 
TIONS IN  THE  SEEKONK-PROVIDENCE 
RIVER  REGION  OF  NARRAGANSETT  BAY, 
RHODE  ISLAND. 

Rhode  Island  Univ.,  Narragansett.  Marine  Ecosys- 
tems Research  Lab. 

P.  H.  Doering,  C.  A.  Oviatt,  and  M.  E.  Q.  Pilson. 
Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  418-430, 
December,  1990.  8  fig,  8  tab,  36  ref. 

Descriptors:  'Carbon,  'Estuaries,  'Nitrogen,  'Nu- 
trient transport,  'Nutrients,  'Path  of  pollutants, 
•Phosphates,  'Rhode  Island,  Mixing,  Model  stud- 
ies, Narragansett  Bay,  Nutrient  concentrations, 
Saline-freshwater  interfaces,  Salinity,  Silicon, 
Water  column. 

Six  synoptic  samplings  of  nutrient  concentrations 
of  the  water  column  and  point-source  inputs 
(rivers,  sewage  treatment  plants)  were  conducted 
in  the  Seekonk-Providence  River  region  of  Narra- 
gansett Bay.  This  region  is  surrounded  by  the 
greater  Providence  metropolitan  area  and  is  re- 
sponsible for  an  estimated  60%  of  total  dissolved 
organic  nitrogen  loading  to  the  bay.  Concentra- 
tions of  nutrients  (NH4,  N02  +  N03,  P04,  dis- 
solved silicon,  paniculate  N,  particulate  C)  were 
predicted  using  a  conservative,  two-layer  box 
model  in  order  to  assess  the  relative  influence  of 


external  inputs  and  internal  processes  on  observed 
concentrations.  Although  most  nutrients  were 
clearly  affected  by  processes  internal  to  the  system, 
external  input  and  mixing  explained  most  of  the 
variability  in  and  absolute  magnitude  of  observed 
concentrations,  especially  for  dissolved  constitu- 
ents. The  salinity  of  bottom  water  always  exceeded 
that  near  the  surface,  while  dissolved  nutrients 
exhibited  an  opposite  trend.  In  the  bay  as  a  whole, 
two  functionally  distinct  regions  can  now  be  iden- 
tified: the  Seekonk-Providence  River,  where  dis- 
solved nutrient  concentrations  are  externally  con- 
trolled and  the  lower  Narragansett  Bay  where 
internal  processes  regulate  the  behavior  of  nutri- 
ents. A  preliminary  nitrogen  budget  suggests  that 
the  Seekonk-Providence  River  acts  as  a  conduit 
passing  some  95%  of  the  nitrogen  entering  the 
system  via  point  sources  and  bottom  water  from 
upper  to  lower  Narragansett  Bay,  and  that  control 
of  point  sources  would  substantially  improve  water 
quality  in  this  already  degraded  region.  (Doyle- 
PTT) 
W9 1-068  3  8 


SECONDARY  PRODUCTION  WITHIN  A  SEA- 
GRASS  BED  (ZOSTERA  MARINA  AND 
RUPPIA  MARITIMA)  IN  LOWER  CHESA- 
PEAKE BAY. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
T.  J.  Fredette,  R.  J.  Diaz,  J.  van  Montfrans,  and  R. 
J.  Orth. 

Estuaries  ESTUDO,  Vol.  13,  No.  4,  p  431-440, 
December,  1990.  2  fig,  4  tab,  26  ref.  United  States 
Environmental  Protection  Agency,  Chesapeake 
Bay  Program  Grant  No.  R805974. 

Descriptors:  'Aquatic  plants,  'Chesapeake  Bay, 
'Estuaries,  'Estuarine  environment,  'Productivity, 
•Sea  grasses,  'Secondary  productivity,  Amphi- 
pods,  Crustaceans,  Decapods,  Distribution  pat- 
terns, Isopods,  Population  density,  Species  compo- 
sition. 

Monthly  sampling  of  a  140-ha  seagrass  bed  in  the 
lower  Chesapeake  Bay,  Virginia,  revealed  that  13 
numerically  and  trophically  important  species,  rep- 
resenting about  20%  of  the  total  community  densi- 
ties over  the  year-long  study  period,  accounted  for 
the  production  of  approximately  42  g  dry  wt/sq 
m/yr.  This  estimate  is  likely  conservative  due  to 
assumptions  on  voltinism  and  fixed  size  at  maturity 
regardless  of  season  for  the  species  studied.  The 
isopod  Erichsonella  attenuata  accounted  for  17.6  g 
dry  wt/sq  m/yr  or  42%  of  the  calculated  total 
production,  while  the  portunid  decapod  Callin- 
ectes  sapidus  and  amphipod  Grammarus  mucrona- 
tus  each  accounted  for  7.7  g  dry  wt/sq  m/yr.  The 
10  remaining  species  (4  peracarids,  4  molluscs,  and 
2  decapods)  each  produced  less  than  2  g  dry  wt/sq 
m/yr.  Total  seagrass-associated  secondary  produc- 
tion was  estimated  to  equal  or  exceed  200  g  dry 
wt/sq  m/yr.  By  applying  this  estimate  to  the  entire 
140-ha  grassbed,  an  average  of  4.8  metric  tons  dry 
wt  of  invertebrate  standing  stock  and  55.9  metric 
tons  of  invertebrate  production  is  projected  to 
occur  over  the  year.  (Author's  abstract) 
W9 1-06839 


LIGHT  ATTENUATION  AND  SUBMERSED 
MACROPHYTE  DISTRIBUTION  IN  TIDAL 
POTOMAC  RIVER  AND  ESTUARY. 

Geological  Survey,  Reston,  VA. 

V.  Carter,  and  N.  B.  Rybicki. 

Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  441-452, 

December,  1990.  8  fig,  3  tab,  47  ref. 

Descriptors:  'Aquatic  plants,  'Estuaries,  'Estua- 
rine environment,  'Light  effects,  'Light  penetra- 
tion, 'Macrophytes,  'Potomac  River,  Chlorophyll 
a,  Distribution  patterns,  Population  density,  Sedi- 
ment-water interfaces,  Suspended  solids,  Tidal 
range,  Turbidity,  Water  column. 

Changing  light  availability  may  be  responsible  for 
the  discontinuous  distribution  of  submerged  aquat- 
ic macrophytes  in  the  freshwater  tidal  Potomac 
River.  During  the  1985-1986  growing  seasons, 
light  attenuation  and  chlorophyll  a  and  suspended 
particulate  material  concentrations  were  measured 
in  an  unvegetated  reach  (B)  and  in  two  vegetated 
reaches  (A  and  C).  Light  attenuation  in  reach  B  ( 


the  lower,  fresh  to  oligohaline  tidal  river)  was 
greater  than  that  in  reach  A  (the  recently  revege- 
tated,  upper,  freshwater  tidal  river)  in  both  years. 
Reach  B  attenuation  was  greater  than  that  in  reach 
C  (the  vegetated,  oligohaline  to  mesohaline  transi- 
tion zone  of  the  Potomac  Estuary)  in  1985  and 
similar  to  that  in  reach  C  in  1986.  In  reach  B,  5% 
of  the  total  below-surface  light  penetrated  only  an 
average  of  1.3  m  in  1985  and  1.0  m  in  1986, 
compared  with  1.9  m  and  1.4  m  in  reach  A  and  B 
in  1985  and  1986  respectively.  Water  column  chlo- 
rophyll a  concentration  controlled  light  availabil- 
ity in  reaches  A  and  B  in  1985,  whereas  both 
chlorophyll  a  and  suspended  particulate  material 
concentrations  were  highly  correlated  with  attenu- 
ation in  both  reaches  in  1986.  Reach  C  light  attenu- 
ation was  correlated  with  suspended  particulate 
material  in  1986.  The  relationship  between  attenu- 
ation coefficient  and  Secchi  depth  was  K  par  = 
1.38/Secchi  depth  (where  K  par  is  the  photosynth- 
etically  active  radiation).  The  spectral  distribution 
of  light  at  1  m  was  shifted  toward  the  red  portion 
of  the  visible  spectrum  compared  to  surface  light. 
Blue  light  was  virtually  absent  at  1.0  m  in  reach  B 
during  July  and  August  1986.  Tidal  range  is  prob- 
ably an  important  factor  in  determining  light  avail- 
ability for  submersed  macrophyte  propagule  sur- 
vival at  the  sediment-water  interface  in  this  shal- 
low turbid  system.  (Author's  abstract) 
W9 1-06840 


IMMIGRATION  OF  LARVAE  OF  FALL/ 
WINTER  SPAWNING  MARINE  FISHES  INTO 
A  NORTH  CAROLINA  ESTUARY. 

National  Marine  Fisheries  Service,  Beaufort,  NC. 

Beaufort  Lab. 

S.  M.  Warlen,  and  J.  S.  Burke. 

Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  453-461, 

December,  1990.  6  fig,  2  tab,  38  ref. 

Descriptors:  'Estuaries,  'Estuarine  fisheries,  'Fish 
migration,  'Fish  populations,  'North  Carolina, 
Beaufort  Inlet,  Eel,  Larvae,  Menhaden,  Newport 
River,  Population  density,  Seasonal  distribution, 
Spawning,  Species  composition,  Spot  croakers, 
Temporal  distribution. 

Larval  fishes  were  sampled  weekly  from  late  fall  to 
early  spring  in  the  Newport  River  estuary  just 
inside  Beaufort  Inlet,  North  Carolina.  Quantitative 
samples  were  taken  during  darkness  at  mid-flood 
tide  with  paired  60-cm  bongo  nets  (505  micro 
meter  mesh).  Larvae  of  22  species  from  1 5  families 
were  collected.  Seventy-seven  percent  of  the  spe- 
cies and  97%  of  the  individuals  were  fishes  that 
had  been  spawned  on  the  continental  shelf  and  had 
immigrated  to  the  estuary.  In  descending  order, 
the  five  most  abundant  species,  accounting  for 
90%  of  the  individuals,  were  spot  (Leiostomus 
xanthurus),  Atlantic  croaker  (Micropogonias  undu- 
latus),  Atlantic  menhaden  (Brevoortia  tyrannus), 
pinfish  (Lagodon  rhomboides),  and  speckled  worm 
eel  (Myrophis  punctatus).  Most  species  immigrated 
throughout  the  winter  and  into  the  spring  since 
predation  pressure  on  immigrating  larvae  is  mini- 
mal during  winter.  While  there  were  distinct  sea- 
sonal patterns  in  the  temporal  abundances  of  spe- 
cies, the  long  with-in  year  period  of  immigration 
provides  a  buffer  against  recruitment  failure  during 
short  term  unfavorable  extremes  in  environmental 
factors.  (Doyle-PTT) 
W9 1-06841 


INTERTIDAL  DISTRIBUTION  AND  FEEDING 
HABITS  OF  THE  MUD  CRAB,  EURYTIUM  LI- 
MOSUM. 

Georgia  Univ.,  Sapelo  Island.  Marine  Inst. 

R.  T  Kneib,  and  C.  A.  Weeks. 

Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  462-468, 

December,    1990.   6  fig,   2   tab,   22  ref.   National 

Science  Foundation  Grant  No.  OCE-87 15449. 

Descriptors:  'Crabs,  'Crustaceans,  'Estuaries, 
•Estuarine  environment,  'Estuarine  fisheries, 
•Georgia,  'Killifish,  'Predation,  Distribution  pat- 
terns, Feeding  rates,  Fish  populations,  Population 
density,  Salt  marshes,  Sapelo  Island. 

The  intertidal  distribution  and  feeding  habits  of 
Eurytium  limosum  in  the  salt  marsh  around  Sapelo 
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Island,  Georgia  and  the  potential  importance  of 
this  mud  crab  as  a  predator  on  young  killifish 
(Fundulus  herteroclitus)  that  use  the  intertidal 
marsh  surface  as  a  nursery  habitat  was  determined. 
Average  summer  densities  of  the  xanthid  crab, 
Eurytium  limosum,  in  the  intertidal  salt  marsh  on 
Sapelo  Island  were  in  the  range  of  7.5  to  80.0 
individuals  per  sq  m.  Crab  densities  were  lowest  in 
wet,  low  lying  marsh  and  highest  in  well-drained 
creek  bank  and  mussel  mound  habitats.  An  analysis 
of  crab  stomach  contents  indicated  that  feeding 
occurred  mostly  around  high  tide,  especially  at 
night.  Although  the  diet  included  some  plant  mate- 
rial, Eurytium  limosum  is  primarily  predatory  and 
consumed  crabs,  polychaetes,  ostracods,  bivalves, 
and  snails.  In  the  laboratory,  under  simulated  low- 
tide  field  conditions,  both  small  (11-15  mm  cara- 
pace width)  and  large  (20-37  mm  CW)  Eurytium 
could  capture  and  consume  young  killifish  (Fundu- 
lus heteroclitus).  Large  crabs  consumed  the  entire 
size  range  (7-19  mm  total  length)  of  larval/juvenile 
fish  offered,  but  small  crabs  did  not  prey  upon  fish 
>  11.5  mm  in  length.  The  potential  importance  of 
E.  limosum  as  a  predator  on  young  killifish  may 
not  be  realized  in  the  field  because  alternative  prey 
are  available  and  the  crabs  feed  primarily  at  high 
tide,  when  young  killifish  are  dispersed  in  the 
water  column  and  are  less  vulnerable  to  benthic 
predators.  (Author's  abstract) 
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SPATIO-TEMPORAL  FLUCTUATIONS  IN 
THE  DISTRIBUTION  AND  ABUNDANCE  OF 
DEMERSAL  FISH  AND  EPIBENTHIC  CRUS- 
TACEANS IN  YAQUINA  BAY,  OREGON. 

Environmental  Research  Lab.-Narragansett,  New- 
port, OR.  Mark  O.  Hatfield  Marine  Science 
Center. 

W.  A.  De  Ben,  W.  D.  Clothier,  G.R.  Ditsworth, 
and  D.  J.  Baumgartner. 

Estuaries  ESTUDO,  Vol.  13,  No.  4,  p  469-478, 
December,  1990.  4  fig,  5  tab,  48  ref. 

Descriptors:  'Crustaceans,  'Estuaries,  'Estuarine 
fisheries,  *Fish  populations,  'Oregon,  Crabs,  Dis- 
tribution patterns,  Fish,  Population  density,  Sea- 
sonal distribution,  Shrimp,  Species  composition, 
Yaquina  Bay. 

An  historical  data  set  collected  20  years  ago  from 
the  relatively  undeveloped  Yaquina  Bay  is  de- 
scribed. In  this  data  set  the  spatio-temporal  varia- 
tion in  observed  species  composition  and  abun- 
dance of  demersal  fishes  and  epibenthic  crusta- 
ceans along  an  estuarine  gradient  was  investigated. 
A  total  of  over  32,000  demersal  fish  and  epibenthic 
crustaceans  belonging  to  62  species  were  caught  in 
42  biweekly  trawls  from  10  stations  in  the  bay 
during  1967  and  1968.  English  sole,  Parophrys 
vetulus,  was  the  most  abundant  species.  Seventeen 
species  (13  fishes  and  4  crustaceans)  constituted 
95%  of  the  catch.  Total  numerical  abundances  of 
both  individuals  (mainly  juvenile  fishes)  and  spe- 
cies were  greatest  in  the  lower  12  km  of  the 
estuary  during  the  summer  and  early  fall,  a  period 
of  water  mass  stability  and  increased  water  temper- 
ature and  salinity.  This  section  of  the  estuary  is 
used  by  many  immature  fishes  and  crustaceans  as  a 
'nursery  area.'  The  fewest  species  were  taken  in 
January  1968  from  the  central,  upper  estuarine, 
and  riverine  areas  of  the  bay,  this  being  a  time 
when  high  rainfall  and  river  discharge  result  in 
low  salinity  and  temperature,  and  fish  emigration 
from  the  estuary.  Crustaceans  (  shrimp  and  suba- 
dult  crabs)  were  generally  most  abundant  in  late 
winter  and  early  spring  throughout  the  estuary. 
Changes  in  diversity  indices  reflected  variations  in 
community  structure,  the  influence  of  migratory 
species  and  juvenile  fishes,  and  seasonal  changes  in 
dominance.  Year-to-year  fluctuations  in  abundance 
may  be  due,  in  part,  to  local  hydrographic  and 
meteorological  conditions  along  the  central 
Oregon  coast.  (Author's  abstract) 
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PRODUCTION  AND  LIFE  CYCLE  OF  THE 
GASTROPOD  HYDROBIA  TRUNCATA,  WITH 
NOTES  ON  SPURWINKIA  SALSA  IN  MASSA- 
CHUSETTS SALT  MARSH  POOLS. 

Northeastern  Univ.,  Boston,  MA.  Dept.  of  Biol- 
ogy- 


M.  A.  Mandracchia,  and  E.  Ruber. 

Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  479-485, 

December,  1990.  3  fig,  3  tab,  31  ref. 

Descriptors:  *Estuaries,  'Estuarine  environment, 
•Gastropods,  'Massachusetts,  'Mollusks,  'Salt 
marshes,  'Wetlands,  Distribution  patterns,  Life 
cycles,  Parker  River  National  Wildlife  Refuge, 
Population  density,  Primary  production,  Salinity, 
Snails. 

The  hydrobiid  gastropods  are  important  compo- 
nents of  the  salt  marsh  pool  invertebrate  communi- 
ty at  Parker  River  National  Wildlife  Refuge  near 
Rowley,  Massachusetts.  Hydrobia  truncata  was 
found  to  be  the  dominant  snail  in  the  two  higher 
salinity  pools,  with  Spurwinkia  salsa  becoming  the 
more  important  at  lower  salinities.  H.  truncata 
began  to  reproduce  between  May  19  and  June  9. 
Cohorts  lasted  about  14  months,  and  99%  of  pro- 
duction occurred  during  the  first  12  months.  Shell 
height  in  H.  truncata  was  greater  in  pool  2  which 
had  a  much  lower  density  than  pool  1  on  all  dates 
of  the  1980  growing  season.  Snail  densities  were 
positively  correlated  with  the  presence  of  floating 
algal  mats  of  the  genus  Cladophora,  but  the  snails 
apparently  do  not  graze  on  this  alga.  H.  truncata 
production,  calculated  by  four  methods,  ranged 
from  41.0  to  78.1  and  averaged  60.5  g/sq  m/cohort 
for  pool  1,  but  were  estimated  to  be  less  than  10% 
of  these  values  in  pool  2.  In  pool  1,  H.  truncata 
was  estimated  to  assimilate  55%  of  the  net  primary 
production  or  28%  of  the  total  pool  energy  income 
when  detritus  income  was  included.  When  found 
in  the  same  pool  as  H.  truncata,  Spurwinkia  salsa 
ordinarily  comprised  less  than  0.5%  of  the  total 
snail  population.  S.  salsa  veligers  did  not  metamor- 
phose into  juveniles  until  July  and  were  partitioned 
from  H.  truncata  by  size  during  their  first  growing 
season.  The  main  separation  between  the  two  spe- 
cies, however,  appeared  to  be  spatial,  on  a  salinity 
gradient.  The  S.  salsa  cohort  lasted  about  19 
months  with  a  few  individuals  surviving  to  27 
months  in  their  third  summer.  (Author's  abstract) 
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FORECASTING  THE  ABUNDANCE  OF  THE 
SEA  NETTLE,  CHRYSAORA  QUINQUE- 
CIRRHA,  IN  THE  CHESAPEAKE  BAY. 

Maryland  Univ.,  Solomons.  Center  for  Environ- 
mental and  Estuarine  Studies. 
D.  G.  Cargo,  and  D.  R.  King. 
Estuaries  ESTUDO,  Vol.   13,  No.  4,  p  486-491, 
December,  1990.  2  fig,  3  tab,  26  ref. 

Descriptors:  'Chesapeake  Bay,  'Coelenterates, 
•Estuaries,  'Estuarine  environment,  'Jelly  fish, 
•Sea  nettles,  Forecasting,  Life  cycles,  Model  stud- 
ies, Population  density,  Salinity,  Streamflow,  Tem- 
perature effects. 

The  sea  nettle  shows  variable  seasonal  infestation 
in  the  Chesapeake  Bay.  Public  interest  in  the  me- 
dusal  population  prompted  an  examination  of  the 
effect  of  climatic,  hydrographic,  and  biological 
variables  on  such  changes.  Visual  medusal  counts 
since  1960  were  regressed  in  a  step  wise  fashion 
against  the  suite  of  variables,  to  produce  an  abun- 
dance model  which  allows  a  reasonable  prediction 
of  the  forthcoming  summer's  infestation.  Stream- 
flow  in  the  entire  Chesapeake  watershed  for  the 
months  of  January  through  June  and  the  water 
temperature  for  May  were  most  important.  Lower 
streamflow  apparently  provides  a  salinity  regime 
which  supports  the  sessile  stages  early  in  the  year 
and  allows  the  survival  and  rapid  growth  of 
ephyrae  in  early  summer.  Extensive  field  observa- 
tion and  laboratory  experimentation  show  that  the 
polyp  stage  thrives  in  a  salinity  range  of  10-25  ppt. 
At  salinities  below  10  ppt  their  numbers  diminish, 
and  they  are  never  found  in  the  wild  where  salinity 
falls  below  7  ppt.  The  water  temperatures  in  May 
furnishe  the  trigger  for  strobilation  at  a  propitious 
time.  A  cool  spring  delays  development.  Strobila- 
tion does  not  occur  at  temperatures  below  18  C, 
but  at  20-22C,  it  can  be  initiated  and  completed  in 
3-7  d,  hence  the  importance  of  this  variable. 
(Doyle-PTT) 
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GREAT  LAKES  ESTUARIES. 


Ohio  State  Univ.,  Columbus.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2H. 
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DDT  IN  MYTILUS  EDULIS:  SPATIO-TEMPO- 
RAL VARIATIONS,  IN  THE  PUNTA  BANDA 
ESTUARY,  BAJA  CALIFORNIA,  MEXICO. 

Universidad  Autonoma  de  Baja  California,  Mexi- 

cali  (Mexico).  Inst,  de  Investigaciones  Oceanologi- 

cas. 

For  primary  bibliographic  entry  see  Field  5B. 
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CHARACTERIZATION  AND  CLASSIFICA- 
TION OF  TIDAL  MARSH  SOILS  AND  PLANT 
COMMUNITIES  IN  NORTH-WEST  SPAIN. 

Universidad   Politecnica  de  Madrid   (Spain).   Es- 
cuela  Tecnica  Superior  de  Ingenieros  Agronomos. 
P.  Bascansa,  and  C.  Roquero. 
Catena,  Vol.  17,  No.  4/5,  p  347-355,  August/Octo- 
ber 1990.  2  fig,  1  tab,  19  ref. 

Descriptors:  'Ecosystems,  'Marsh  plants, 
•Marshes,  'Soil  classification,  *Soil  properties, 
•Spain,  *Tidal  marshes,  *Wetlands,  Clays,  Estu- 
aries, Organic  matter,  Pyrite,  Salinity,  Spatial  dis- 
tribution, Sulfur,  Tidal  floods. 

The  soils  and  the  vegetation  of  a  mid-latitude  tidal 
marsh  located  in  the  Ria  of  Betanzos  (northwest 
Spain)  and  formed  in  the  mouth  of  the  Bajoy  River 
have  been  studied.  The  distribution  of  plant  com- 
munities and  soil  characteristics  are  clearly  related 
to  physiographic  position.  The  measurement  of 
some  soil  properties  used  in  their  classification 
indicates  that  necessary  conditions  for  the  forma- 
tion and  accumulation  of  sulfidic  materials  exist  in 
these  soils.  The  soils  are  saline  and  contain  high 
levels  of  organic  matter  and  sulfur,  mainly  as 
pyrite.  They  are  potential  acid  sulfate  clays,  classi- 
fied according  to  Soil  Taxonomy  as  Sulfaquents 
and  Hydraquents.  The  synsedimentary  horizon 
build-up  in  the  study  area  is  only  very  slightly 
affected  by  post-sedimentary  initial  soil  formation. 
Only  partial,  desalinization,  incipient  physical  rip- 
ening and  oxidation  of  sulfides  has  occurred.  The 
pioneer  vegetation,  Spartinetum  maritimae,  colo- 
nizes silty  deposits  at  the  level  of  neap  tide  low 
water.  From  this  level  upward  to  spring  tide  high 
water  level  a  succession  of  halophytic  communities 
is  associated  with  a  succession  of  sedimentary  de- 
posits consisting  of  a  base  of  permanently  reduced 
Gr  sulfidic  horizons  with  progressively  increasing 
contents  of  clay  and  organic  matter  towards  higher 
levels,  culminating  in  a  G-Go-Gro-Gr  profile  in 
the  zone  of  Juncus  gerardi  domain.  Depth  and 
duration  of  tidal  floods  seems  to  be  the  main  order- 
ing factor  in  the  spatial  distribution  of  plant  com- 
munities. The  actual  vegetation  hardly  influences 
the  incipient  soil  development  and  therefore  the 
importance  of  the  pioneering  vegetation  succession 
for  the  soil  formation  in  the  study  area  is  predomi- 
nantly their  synsedimentary  influence  on  the 
parent  material.  (Geiger-PTT) 
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DEVELOPMENT  OF  A  TOXIC  ALEXAN- 
DRIUM  MINUTUM  HALIM  (DINOPHYCEAE) 
BLOOM  IN  THE  HARBOUR  OF  SANT 
CARLES  DE  LA  RAPITA  (EBRO  DELTA, 
NORTHWESTERN  MEDITERRANEAN). 
Instituto  de  Ciencias  del  Mar,  Barcelona  (Spain). 
For  primary  bibliographic  entry  see  Field  5B. 
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INFLUENCE  OF  TIDAL  CONDITIONS  AND 
RIVER  VOLUME  ON  PHYTOPLANKTON  DIS- 
TRIBUTION AND  COMPOSITION  IN  THE 
PAS  ESTUARY  (NORTHERN  SPAIN). 

Cantabria  Univ.,  Santander  (Spain).  Lab.  de  Ecolo- 

gia. 

L.  Perez,  and  J.  C.  Cameras. 

Scientia  Marina,  Vol.  54,  No.  1,  p  77-88,  March 

1990.  6  fig,  5  tab,  27  ref. 

Descriptors:  'Ecological  distribution,  'Estuarine 
environment,  'Phytoplankton,  'Spain,  'Tidal  ef- 
fects, Asterionella,  Chlorophyta,  Diatoms,  Nitzs- 
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chia,  Population  density,  Rivers,  Salinity,  Scen- 
edesmus,  Seasonal  distribution,  Species  composi- 
tion. 

Phytoplankton  composition  and  distribution  was 
studied  in  a  small  estuary  of  Cantabria  (Spain)  from 
February  to  December  1985  under  different  tidal 
conditions.  All  of  the  239  species  identified  showed 
a  high  degree  of  tolerance  to  salinity  changes.  The 
volume  of  the  river  exerted  great  control  over  the 
selection  and  abundance  of  the  species.  The  com- 
munity consisted  of  small  cells  with  high  growth 
rates.  Species  of  clearly  fluvial  influence  (Rhoicos- 
phenia  curvata,  Asterionella  formosa,  Scenedesmus 
quadncauda)  as  well  as  estuarine  species  (Skeleton- 
ema  costatum,  Nitzschia  closterium,  Buddulphia 
moboliensis)  occurred.  Tidal  condition  did  not 
affect  the  specific  composition  of  the  community, 
but  the  number  of  individuals  was  always  greater 
at  low  tide.  At  all  times  there  was  a  downward 
longitudinal  gradient  of  abundance  from  the  inner- 
most to  the  outermost  stations.  Variations  in  the 
volumes  of  marine  and  fresh  waters  throughout  the 
annual  cycle  determine  the  structure  of  the  com- 
munity. (Author's  abstract) 
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WATER  INTERCHANGE  BETWEEN  THE  RIA 
OF  VIGO  AND  THE  COASTAL  SHELF. 

Instituto  de  Investigaciones  Marinas,  Vigo  (Spain). 
R.  Prego,  F.  Fraga,  and  A.  F.  Rios. 
Scientia  Marina,  Vol.  54,  No.  1,  p  95-100,  March 
1990.  5  fig,  4  tab,  18  ref. 

Descriptors:  *Coasta)  plains,  'Estuaries,  'Saline- 
freshwater  interfaces,  'Spain,  'Vigo  Estuary, 
•Water  currents,  'Water  exchange,  Flow,  Mixing, 
Nutrients,  Salinity,  Seasonal  variation,  Upwelling. 

The  water  interchange  between  the  Ria  of  Vigo 
and  the  coastal  shelf  was  studied  from  the  point  of 
view  of  salinity  and  of  the  freshwater  contribution 
from  the  drainage  basin.  In  winter  the  results  show 
a  typical  estuarine  circulation,  produced  by  the 
great  quantity  of  fresh  water  running  into  Ria.  This 
factor  causes  flows  of  around  2  million  kg/s,  2  m/ 
day  upward  movement  of  sea  water,  and  a  speed  of 
3  km/day  for  the  estuarine  residual  current  in  the 
outlet  of  the  Ria.  In  summer  these  values  decrease 
to  about  one  sixth  of  the  winter  values,  although 
there  is  an  increase  in  the  circulation  of  up  to  1 
million  kg/s,  the  consequence  of  upwelling  pro- 
duced by  north  winds  over  the  shelf.  Later  the 
south  wind  produce  the  opposite  effect,  blocking 
interchange  with  the  shelf.  The  mixing  of  water  in 
the  Ria  is  greater  in  summer,  favoring  the  arrival 
and  recycling  of  nutrient  salts  in  the  area.  (Au- 
thor's abstract) 
W9 1-06940 


GROUNDWATER  CONTRIBUTION  TO  THE 
NUTRIENT  BUDGET  OF  TOMALES  BAY, 
CALIFORNIA. 

San  Jose  State  Univ.,  CA.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-06951 


INFLUENCE  OF  TIDAL  MARSHES  ON 
UPLAND  GROUNDWATER  DISCHARGE  TO 
ESTUARIES. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 
J.  W.  Harvey,  and  W.  E.  Odum. 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  3,  p  217- 
236,  1990.8  fig,  2  tab,  35  ref.  NOAA  Grant  1988 
VGMSC-UVA-O. 

Descriptors:  'Estuaries,  'Groundwater  movement, 
•Hydraulic  gradient,  'Tidal  marshes,  'Wetlands, 
Chemical  properties,  Hydraulic  conductivity,  Hy- 
drogeology.  Interstitial  water,  Model  studies, 
Physical  properties,  Salinity,  Sediments. 

The  subsurface  hydrology  in  two  fringing  tidal 
marshes  and  in  underlying  aquifers  in  the  coastal 
plain  of  Virginia  was  investigated.  Vertical  distri- 
butions of  hydraulic  conductivity,  hydraulic  head 
and  salinity  were  measured  in  each  marsh  and  a 
nearby  subtidal  sediment.  Discharge  of  hillslope 
groundwater   into   the   base   of  the   marshes   and 


subtidal  sediment  was  calculated  using  Darcy's 
Law.  In  the  marshes,  fluxes  of  pore  water  across 
the  sediment  surface  were  measured  or  estimated 
by  water  balance  methods.  The  vertical  distribu- 
tion of  salt  in  shoreline  sediments  was  modeled  to 
assess  transport  and  mixing  conditions  at  depth. 
Hydraulic  gradients  were  upward  beneath  shore- 
line sediments;  indicating  that  groundwater  was 
passing  through  marsh  and  subtidal  deposits  before 
reaching  the  estuary.  Calculated  discharge  was 
small  relative  to  fluxes  of  pore  water  across  the 
marsh  surface  at  those  sites;  even  where  discharge 
was  maximal  (at  the  upland  border)  it  was  15  to  50 
times  less  than  infiltration  into  marsh  soils.  Pore 
water  turnover  in  the  marshes  was  therefore  domi- 
nated by  exchange  with  estuarine  surface  water.  In 
contrast,  new  interstitial  water  entering  subtidal 
sediments  appeared  to  be  primarily  groundwater, 
discharged  from  below.  The  presence  of  fringing 
tidal  marshes  delayed  transport  and  increased 
mixing  of  groundwater  and  solute  as  it  traveled 
towards  the  estuaries.  Soil-contact  times  of  dis- 
charged groundwater  were  up  to  100%  longer  in 
marshes  than  in  subtidal  shoreline  sediments.  Meas- 
ured and  modeled  salinity  profiles  indicated  that, 
prior  to  export  to  estuaries,  the  solutes  of  ground- 
water, marsh  pore  water  and  estuarine  surface 
water  were  more  thoroughly  mixed  in  marsh  soils 
compared  to  subtidal  shoreline  sediments.  These 
findings  suggest  that  transport  of  reactive  solutes 
in  groundwater  may  be  strongly  influenced  by 
shoreline  type.  (Author's  abstract) 
W9 1-06952 


RADIUM  IN  THE  SUWANNEE  RIVER  AND 
ESTUARY:  SPRING  AND  RIVER  INPUT  TO 
THE  GULF  OF  MEXICO. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Ocean- 
ography. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06953 


GROUNDWATER  SEEPAGE  ALONG  A  BAR- 
RIER ISLAND. 

State  Univ.  of  New  York  at  Stony  Brook.  Marine 
Sciences  Research  Center. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-06954 


NUTRIENT  COUPLINGS  BETWEEN  ON-SITE 
SEWAGE  DISPOSAL  SYSTEMS,  GROUND- 
WATERS,  AND  NEARSHORE  SURFACE 
WATERS  OF  THE  FLORIDA  KEYS. 

Harbor   Branch   Oceanographic   Institution,   Inc., 

Fort  Pierce,  FL. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06956 


IN  SITU  VOLTAMMETRIC  MEASUREMENT 
OF  TRACE  ELEMENTS  IN  LAKES  AND 
OCEANS. 

Geneva   Univ.    (Switzerland).    Dept.    de   Chimie 
Minerale,  Analytique  et  Appliquee. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-070 16 


3.  WATER  SUPPLY 
AUGMENTATION 
AND  CONSERVATION 

3A.  Saline  Water  Conversion 


DESALTING  PRACTICES  IN  THE  UNITED 
STATES. 

CH2M  Hill,  Inc.,  Gainesville,  FL. 

O.  K.  Buros. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  81,  No.   11,  p  38-42,  November 

1989.  2  fig,  4  tab,  5  ref. 

Descriptors:  'Desalination,  'Desalination  appara- 
tus, 'Desalination  plants,  'Potable  water,  'Water 
resources  development,  'Water  supply  develop- 
ment, Desalination  wastes,  Distillation,  Economic 
aspects,  Electrodialysis,  Membranes,  Municipal 
water,  Operating  costs,  Reverse  osmosis,  Ultrafil- 


tration, Water  costs,  Water  demand,  Water  soften- 
ing, Water  treatment. 

Desalination,  or  desalting,  refers  to  the  removal  of 
salts  from  water.  Currently  in  the  United  States, 
desalination  is  primarily  used  to  eliminate  long 
distance  water  transmission,  refine  industrial  proc- 
esses, and  remove  specific  chemicals.  The  use  of 
desalination  processes  to  produce  municipal  pota- 
ble water  in  the  United  States  is  still  limited  but  is 
steadily  increasing  as  the  need  to  develop  saline 
waters  becomes  more  urgent.  Within  the  mainland 
United  States,  desalting  of  brackish  water  and  soft- 
ening of  hard  water  will  probably  be  the  key 
applications  for  desalination  technologies  over  the 
next  ten  years.  Both  reverse  osmosis  (RO)  and 
electrodialysis  (ED)  desalination  processes  will  be 
used,  but  it  is  likely  that  RO  will  continue  to  have 
the  major  market  share.  Along  the  coastal  areas 
and  in  the  island  possessions  of  the  United  Sates, 
seawater  desalination  will  continue  to  increase, 
either  by  RO  or  distillation,  depending  on  site- 
specific  conditions.  The  share  of  the  water  market 
using  desalination-related  technologies  will  rise  as 
water  professionals  become  more  aware  of  the 
potential  for  desalting,  as  costs  for  conventional 
treatment  and  transmission  increase,  and  as  techno- 
logical advances  in  desalting  reduce  costs  and  im- 
prove the  products  that  are  available.  Over  the 
past  forty  years,  the  use  of  desalination  technology 
to  produce  water  for  municipal  purposes  has  de- 
veloped from  an  idea  to  an  industry.  The  next 
thirty  years  should  take  it  from  the  exotic  to  the 
commonplace  in  water  treatment.  (Korn-PTT) 
W9 1-06808 


USE  OF  MEMBRANE  TECHNOLOGY  IN 
FLORIDA. 

Florida  State  Dept.  of  Environmental  Regulation, 

Tallahassee.  Water  Supply  Section. 

G.  M.  Dykes,  and  W.  J.  Conlon. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  81,  No.   11,  p  43-46,  November 

1989.  3  tab,  13  ref. 

Descriptors:  'Desalination,  'Desalination  appara- 
tus, 'Desalination  plants,  'Electrodialysis,  'Filtra- 
tion, 'Florida,  'Membranes,  'Reverse  osmosis, 
•Water  resources  development,  'Water  supply  de- 
velopment, Brackish  water,  Cost  analysis,  Desali- 
nation wastes,  Dissolved  solids,  Economic  aspects, 
Operating  costs,  Water  costs,  Water  demand, 
Water  quality,  Water  softening,  Water  treatment. 

Florida  water  suppliers  have  been  using  membrane 
treatment  technology  for  decades.  The  use  of 
membranes  for  brackish  water  treatment  in  Florida 
started  with  the  construction  of  an  electrodialysis 
(ED)  plant.  These  first  membrane  systems  were 
used  in  isolated  instances  for  desalinating  limited 
amounts  of  seawater;  cost  were  high  and  the  tech- 
nology was  relatively  unperfected.  Rapid  develop- 
ment of  coastal  areas,  with  their  abundant  supplies 
of  brackish  water,  has  led  many  larger  water  sup- 
pliers to  turn  to  membrane  systems  to  meet  increas- 
ing demand.  Tremendous  advances  have  been 
made  in  membrane  technology  in  the  last  two 
decades  with  membranes  being  tailored  to  meet 
specific  goals.  In  Florida,  low  pressure  technology 
is  generally  applied  to  brackish  waters  with 
< 3,500  mg  total  dissolved  solids  (TDS)/L.  Stand- 
ard pressure  reverse  osmosis  (RO)  is  used  to  treat 
brackish  waters  with  3500-7000  mg  TDS/L,  while 
seawater  RO  technology  would  be  used  for  water 
having  >7000  mg  TDS/L.  Advances  in  membrane 
technology,  its  ability  to  produce  high-quality 
water,  and  the  flexibility  offered  by  modular  ex- 
pandability have  enhanced  the  cost-effectiveness  of 
RO  and  electrodialysis  as  treatment  options. 
Almost  100  FLorida  water  systems  are  now  using 
membrane  processes  to  produce  a  total  of  nearly 
50  mgd,  and  existing  plans  call  for  total  production 
capacity  to  more  than  triple.  (Author's  abstract) 
W9 1-06809 
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WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION— Field  3 


Conservation  In  Agriculture — Group  3F 


3C.  Use  Of  Water  Of  Impaired 
Quality 

RESPONSE  OF  MESQUITE  TO  NITRATE  AND 

SALINITY  IN  A  SIMULATED  PHREATIC  EN- 
VIRONMENT: WATER  USE,  DRY  MATTER 
AND  MINERAL  NUTRIENT  ACCUMULA- 
TION. 

Oregon  Graduate  Center,  Beaverton.  Dept.  of  En- 
vironmental Science  and  Engineering. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-06312 

USING  WASTE  MANAGEMENT  PRODUCTS 
AS  AN  ALTERNATIVE  TO  DEPLETING  NON- 
RENEWABLE FERTILIZER  SOURCES. 

Battelle  Columbus  Div.,  OH. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-06450 


SEWAGE  SLUDGE  APPLICATION  TO  AGRI- 
CULTURAL LAND. 

Battelle  Memorial  Inst.,  Columbus,  OH. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-06451 


INFLUENCE  OF  IRRIGATION  WITH  PULP 
AND  PAPER  MILL  EFFLUENT  ON  SOIL 
CHEMICAL  AND  MICROBIOLOGICAL  PROP- 
ERTIES. 

Tamil     Nadu    Agricultural     Univ.,     Coimbatore 
(India).  Dept.  of  Agricultural  Economics. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06788 


MICROBIAL  QUALITY  AND  PERSISTENCE 
OF  ENTERIC  PATHOGENS  IN  GRAYWATER 
FROM  VARIOUS  HOUSEHOLD  SOURCES. 

University   of  South    Florida,    Tampa.    Coll.    of 

Public  Health. 

J.  B.  Rose,  G.  S.  Sun,  C.  P.  Gerba,  and  N.  A. 

Sinclair. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p37- 

42,  January,  1991,  6  fig,  2  tab,  15  ref. 

•Water  reuse,  'Domestic  water,  *Wash  water, 
•Bacterial  analysis,  *Bacterial  growth,  Public 
health,  'Pathogenic  bacteria,  Coliforms,  Viruses. 

The  microbial  and  chemical  composition  of 
graywater  from  bath/shower,  was  cycle  and  rinse 
cycle  of  a  clothes  washing  machine  were  deter- 
mined to  evaluate  the  quality  and  safety  of 
graywater  were  found  to  persist  for  at  least  several 
days.  Poliovirus  type  1  added  to  graywater  de- 
creased 99  and  90%  at  25  and  17C,  respectively, 
after  6  d  of  storage  in  graywater.  These  data  imply 
that  there  may  be  some  risk  associated  with  reuse 
of  graywater  when  these  pathogenic  bacteria  or 
viruses  are  being  excreted  by  an  individual  produc- 
ing graywater.  (Author's  abstract) 
W91-06862 


SALINITY--AN  OLD  ENVIRONMENTAL 
PROBLEM. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

D.  R.  Williamson. 

Technical  Memorandum  90/7,  June  1990.   lOp,  1 

fig,  3  tab,  9  ref. 

Descriptors:  'Irrigation  practices,  *Saline  water, 
•Salinity,  *Water  pollution  sources,  Agriculture, 
Clear-cutting,   Drainage,   Groundwater  recharge. 

The  establishment  of  irrigated  and  non-irrigated 
agriculture  has  been  accompanied  by  extensive  sa- 
linization  of  productive  agricultural  land,  and  the 
progressive  degradation  of  rivers  in  Australia.  This 
secondary  salinity  occurs  as  saline  seepages 
(798000  ha),  saline  irrigated  land  (156000  ha),  and 
nonpotable  divertible  surface  water  resources 
(1326  million  cu  m  annually).  The  volume  of 
groundwater  degraded  since  European  settlement 
is  unknown.  The  trend  is  for  increasing  saliniza- 


tion.  The  cause  of  the  problem  is  the  clearing  of 
native  vegetation  resulting  in  the  mobilization  of 
salt  accumulated  over  1000s  of  years  in  the  soils 
and  aquifers.  The  primary  source  is  from  the  ocean 
via  rainfall.  The  change  from  deep-rooted  perenni- 
al plants  to  shallow-rooted  crops  and  pastures  re- 
duces evapotranspiration  and  interception.  The 
excess  water  drains  beyond  the  roots  of  plants  to 
add  to  the  groundwater  system,  to  establish  seep- 
age at  the  soil  surface,  and  discharge  into  streams. 
The  enhanced  salt  load  to  streams  is  from  4  to  20 
times  the  pre-clearing  levels.  Salinity  is  a  ground- 
water problem,  governed  by  the  complexities  of 
subsurface  water  movement.  Management  strate- 
gies focus  on  eliminating  the  source  of  water  or 
modifying  the  mechanism  which  mobilizes  the  salt. 
Methods  include:  reduction  of  excess  recharge  by 
irrigation  control  and  vegetation  management;  arti- 
ficial drainage;  and,  enhanced  discharge.  An  inte- 
grated whole  catchment  management  approach  is 
essential.  While  long-term  strategies  take  effect, 
saltland  pasture  management  has  been  demonstrat- 
ed to  provide  an  economic  return  for  otherwise 
waste  land.  (Author's  abstract) 
W9 1-07049 

3D.  Conservation  In  Domestic  and 
Municipal  Use 

ISLE  OF  WIGHT  WATER  METERING  TRIAL. 

Southern  Water  Services  Ltd.,  Isle  of  Wight  Divi- 
sion, England. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-05966 


NETWORK  MANAGEMENT-THE  BRADFORD 
EXPERIENCE. 

Yorkshire   Water   Authority   (England).   Western 

Div. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05967 

3E.  Conservation  In  Industry 

PERSPECTIVE  OF  WATER  RESOURCES  IN 
JAPAN  AND  IN  THE  WORLD. 

Tokyo  Univ.  (Japan).  Dept.  of  Urban  and  Sanitary 

Engineering. 

For  primary  bibliographic  entry   see   Field   6D. 

W91-06040 

3F.  Conservation  In  Agriculture 


ISLE  OF  WIGHT  WATER  METERING  TRIAL. 

Southern  Water  Services  Ltd.,  Isle  of  Wight  Divi- 
sion, England. 

A.  L.  Smith,  and  D.  V.  Rogers. 
Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
403-409,  October  1990.  3  fig,  2  ref. 

Descriptors:  'England,  'Water  conservation, 
•Water  metering,  'Water  resources  management, 
•Water  supply,  Isle  of  Wight,  Utilities,  Water  con- 
veyance. 

The  Isle  of  Wight  water  metering  trial  is  one  of 
twelve  being  conducted  in  England  and  Wales. 
This  trial  involves  installing  water  meters  in  all 
53,000  Island  properties.  The  trials  were  designed 
to  test  the  economics  and  costs  of  the  introduction 
of  metering  over  a  wide  area  and  to  specifically 
examine  meters  placed  either  within  a  property  or 
laid  at  the  property  boundary.  The  benefits  of  the 
two  meter  locations  needed  to  be  assessed,  taking 
into  account  cost,  difficulties  of  installation,  ac- 
ceptability, leakage,  the  ease  of  meter  reading  by 
customers  and  the  utility  staff,  reliability  and  sus- 
ceptibility to  damage.  It  was  decided  that  29,000 
meters  in  one  part  of  the  Island  would  be  located 
externally,  and  23,500  internally  in  the  remaining 
part.  The  installation  program  was  designed  to  be 
completed  in  18  months.  Problems  encountered 
included  installation  of  internal  meters,  joint  sup- 
plies, electrical  earthing  and  long  service  pipes  that 
extended  over  several  properties.   By  December 


1989  approximately  35,000  meters  (65%  external) 
and  been  installed  and  46,000  property  surveys  had 
been  completed.  There  has  been  considerable  inter- 
est in  the  trial  throughout  the  Island,  and  customer 
reaction  has  generally  suggested  that  water  meter- 
ing is  accepted  as  being  a  fairer  method  of  payment 
for  water.  Customers  have  been  acutely  aware  of 
the  slightest  amount  of  leakage,  and  this  has  inevi- 
tably led  to  a  reduction  of  waste  on  the  Island. 
(Feder-PTT) 
W9 1-05966 


EFFECT  OF  WETTING  AND  DRYING  ON  THE 
SOIL  STRUCTURE. 

Moscow  State  Univ.  (USSR).  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic   entry   see   Field   2G. 
W9 1-05979 


EFFECT  OF  THE  COMPOSITION  OF  SOIL 
SOLUTIONS  AND  EXCHANGE  CATIONS  ON 
WATER  RETENTION  AND  HYDRAULIC  CON- 
DUCTIVITY. 

Institute  of  Applied  Physics,  Pushkino  (USSR). 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-05980 


STRATEGIES  FOR  SUSTAINABLE  AGRICUL- 
TURE IN  THE  TROPICS. 

Florida  Univ.,  Gainesville.  Dept.  of  Geography. 
N.  J.  H.  Smith. 

Ecological  Economics,  Vol.  2,  No.  4,  p  311-323, 
1990.  58  ref. 

Descriptors:  'Agricultural  practices,  'Agricultural 
water,  'Conservation,  'Erosion  control,  'Re- 
sources development,  'Tropical  regions,  Crop  pro- 
duction, Crop  yield,  Developing  countries,  Irriga- 
tion water,  Livestock,  Natural  resources,  Policy 
making,  Reviews,  Technology,  Urbanization, 
Water  resources  management. 

Sustainable  agriculture  has  moved  to  the  forefront 
of  priorities  within  the  global  agricultural  research 
system.  Strategies  for  sustaining  yield  gains  include 
the  conservation  and  evaluation  of  plant  and 
animal  genetic  resources,  integrated  pest  manage- 
ment, conservation  and  enlightened  management 
of  soil  and  water  resources,  and  crop  and  livestock 
diversification.  Progress  in  these  areas  is  reviewed. 
It  is  concluded  that  the  productivity  of  existing 
farmlands  needs  to  be  improved  and  stabilized  if 
there  is  to  be  any  hope  of  feeding  the  world's 
growing  population.  This  will  require  high  levels 
of  inputs,  which  can  involve  purchased  items,  or 
can  rely  primarily  on  organic  supplements  and 
manual  labor.  Water  and  soil  management  are 
often  intertivined.  To  help  check  soil  erosion, 
slopes  are  sometimes  planted  with  trees.  A  wooded 
catchment  area  provides  a  more  reliable  and  man- 
ageable supply  of  water  for  irrigation.  The  growth 
of  cities  with  their  increased  demand  for  water  is 
threatening  the  availability  of  irrigation  water  in 
some  regions.  More  efficient  use  of  both  irrigation 
and  urban  water  supplies  are  needed  to  help  sustain 
agricultural  productivity.  A  combination  of  tradi- 
tional conservation  strategies  and  modern  technol- 
ogies, including  biotechnologies,  is  needed.  (Doria- 
PTT) 
W9 1-06 108 


LOW-RESOURCE  AGRICULTURE  ALTERNA- 
TIVES IN  SUB-SAHARAN  AFRICA. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
R.  Lai. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 
Vol.  45,  No.  4,  p  437-445,  July/August  1990.  1  fig, 
4  tab,  69  ref. 

Descriptors:  'Africa,  'Agricultural  practices,  'Ag- 
ricultural water,  'Developing  countries,  'Irriga- 
tion practices,  'Public  policy,  'Resources  manage- 
ment, 'Tropical  regions,  'Water  conservation,  Ag- 
ricultural chemicals,  Crop  production,  Crop  yield, 
Economic  aspects,  Erosion  control.  Fertilizers,  Re- 
search priorities,  Soil  management,  Technology 
transfer,  Tillage,  Water  management. 
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Field  3— WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION 


Group  3F — Conservation  In  Agriculture 


The  key  to  intensifying  agriculture  and  improving 
food  production  in  tropical  Africa  is  in  the  man- 
agement of  soil  and  water  resources.  Some  useful 
and  yield-increasing  technologies  are  available  and 
are  now  awaiting  validation  and  eventual  transfer 
to  various  agroecological  regions.  Soil  and  water 
management  techniques  are  known  for  better  soil 
and  water  management  and  erosion  control  with 
appropriate  tillage  and  soil  surface  management. 
Soil  fertility  can  be  improved  by  growing  planted 
fallows,  adopting  agroforestry  measures,  using 
animal  wastes,  and  applying  supplementary  fertiliz- 
er. Research  and  development  priorities  should  be 
given  to  small-scale  irrigation  and  to  soil  and  water 
management  techniques  that  involve  maximum  use 
of  rainwater  for  crops.  In  contrast  to  traditional 
farming  techniques,  which  have  low  productivity, 
improved  systems  must  have  high  productivity, 
along  with  high  stability  and  low  nsk.  Varieties 
and  cropping  systems  must  be  tolerant  to  pests  and 
be  able  to  maintain  economic  yields  at  low  levels 
of  soil  fertility.  Soil  management  systems  must 
minimize  dependence  on  agrichemicals  and  pre- 
serve the  natural  resources.  Resource-efficient 
technologies  must  be  promoted  by  adequate  incen- 
tives through  judicious  pricing  policies  and  by 
providing  storage  and  marketing  facilities.  (Doria- 

W91-06114 


IMPROVING  IRRIGATION  SCHEDULES  TO 
INCREASE  RETURNS  AND  REDUCE  WATER 
USE  IN  HUMID  REGIONS. 

Virginia  Polytechnic  Inst.,  Blacksburg.  Dept.  of 

Agricultural  Engineering. 

D.  J.  Bosch,  and  B.  B.  Ross. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  4,  p  486-489,  July/August  1990.  3  tab, 

13  ref. 

Descriptors:  *Agricultural  water,  *Crop  yield, 
•Economic  aspects,  'Humid  climates,  •Irrigation 
efficiency,  "Irrigation  practices,  'Irrigation  water, 
•Water  conservation,  Computer  programs,  Con- 
servation, Corn,  Costs,  Evapotranspiration,  Leach- 
ing, Model  studies,  Monetary  returns,  Monitoring, 
Prices,  Profit,  Runoff,  Soil  erosion,  Soil  water, 
Soil-water-plant  relationships,  Sprinkler  irrigation, 
Transpiration,  Water  use. 

Careful  choice  of  irrigation  application  rate  and 
timing,  particularly  in  humid  regions,  can  help 
irrigators  maintain  yields  with  less  water.  Comput- 
er simulations  were  used  to  compare  strategies  that 
vary  according  to  when  irrigation  is  initiated,  rate 
of  application,  and  how  much  information  is  used 
to  help  make  the  irrigation  decision.  Basing  sched- 
uling decisions  on  better  information  lowered  aver- 
age per-acre  water  applications  from  11.7  inches  to 
5.5  inches,  a  reduction  of  more  than  50%  com- 
pared to  the  benchmark  irrigation  strategy.  Better 
scheduling  also  increased  average  per-acre  net  re- 
turns from  $20.44  to  $31.88,  an  increase  of  more 
than  50%  compared  to  the  benchmark.  These  sav- 
ings were  achieved  largely  by  reducing  water  use 
and,  consequently,  labor  and  energy  costs.  By  sub- 
stituting information  and  management  time  for 
water,  the  irrigator  can  raise  returns  while  con- 
serving water  and  energy.  Less  water  is  applied,  so 
the  potential  for  soil  erosion  and  leaching  and 
runoff  of  nutrients  and  pesticides  should  be  re- 
duced. These  results  should  be  representative  of 
many  humid  areas  where  irrigation  supplements 
rainfall;  rainfall  and  crop  water  demand  are  uncer- 
tain; irrigated  soils  have  low  water-holding  capac- 
ities; and  water  is  applied  with  sprinkler  irrigation 
systems  that  are  more  labor-intensive  and  energy- 
intensive.  (Doria-PTT) 
W91-06118 


LAND-LEVELING  EFFECTS  ON  SOIL  TEX- 
TURE, ORGANIC  MATTER  CONTENT,  AND 
AGGREGATE  STABnJTY. 

Agricultural    Research    Service,    Bushland,    TX. 
Conservation  and  Production  Research  Lab. 
P.  W.  Unger,  L.  J.  Fulton,  and  O.  R.  Jones. 
Journal  of  Soil  and  Water  Conservation  JSWCA3, 
Vol.  45,  No.  3,  p  412-415,  May/June  1990.  1  tab, 
18  ref. 

Descriptors:  'Agricultural  practices,  'Land  level- 
ing, 'Land  management,  *Soil  properties,  'Water 


conservation,  Clays,  Sand,  Silt,  Soil  aggregates, 
Soil  analysis,   Soil  organic   matter,   Soil   texture. 

Land  leveling  improves  water  conservation  on 
dryland.  However,  leveling  shifts  the  depth  to  soil 
horizons  relative  to  the  original  soil  surface  and 
thus  may  cause  unfavorable  surface  conditions 
after  leveling,  depending  on  the  nature  of  the  sub- 
surface horizons.  Soil  conditions  on  leveled  and 
adjacent  non-leveled  plots  were  evaluated.  Level- 
ing slightly  but  significantly  affected  soil  sand,  silt, 
clay,  and  organic  matter  contents  and  aggregate 
stability.  Land  leveling  is  recommended  for  im- 
proving crop  productivity  on  dryland  soils,  such  as 
Pullman  clay  loam.  The  leveling  should  be  limited 
to  narrow  strips  so  that  the  maximum  depth  of  cut 
is  10  cm  (4  inches)  or  less.  (Author's  abstract) 
W9 1-06276 


DROUGHT-INDUCED    ACCUMULATION    OF 
NITRATE  IN  GRAIN  SORGHUM. 

Arkansas  Univ.,  Hope.  Southwest  Research  and 
Extension  Center. 

For  primary  bibliographic  entry   see   Field   2G. 
W9 1-06300 


EVALUATING  WATER  SUPPLY  OUTLOOK 
FOR  FERTILIZING  HAY  UNDER  VARIABLE 
STREAMFLOWS. 

Wyoming  Univ.,  Laramie.  Dept.  of  Agricultural 

Economics. 

L.  J.  Held,  and  J.  J.  Jacobs. 

Journal  of  Production  Agriculture,  Vol.  3,  No.  4,  p 

429-435,  1990.  7  tab,  14  ref. 

Descriptors:  'Farm  management,  'Irrigation  effi- 
ciency, 'Streamflow  forecasting,  'Water  use  effi- 
ciency, 'Wyoming,  Crop  production,  Economic 
evaluation,  Fertilization,  Hay,  Meadows,  Mountain 
streams. 

A  major  portion  of  annual  streamflow  in  mountain 
and  intermountain  regions  of  the  West  comes  from 
mountain  snowpack,  which  can  be  variable  from 
year  to  year.  For  irrigators  relying  on  direct 
streamflows,  the  consequences  of  variable  water 
supplies  can  be  quite  adverse.  Annual  streamflow 
forecasts  (issued  cooperatively  by  the  Soil  Conser- 
vation Service  and  National  Weather  Service) 
were  evaluated  for  adapting  fertilizer  use  to  ex- 
pected streamflow  when  producing  mountain 
meadow  hay  in  the  upper  Wind  River  area  of 
Wyoming.  Streamflow  forecasts  are  found  to  be 
90%  effective  for  predicting  above  or  below  aver- 
age streamflow  over  the  6-month  (April-Septem- 
ber) period  from  February  forecasts.  Applying  N 
fertilizer  in  response  to  forecasted  water  supplies  in 
an  example  mountain  hay  meadow  yields  addition- 
al net  revenue  of  at  least  $7.94/acre  compared  to 
fixed,  nonadaptive  strategies  of  regularly  fertilizing 
either  all,  50%,  or  none  of  the  affected  meadow 
acreage.  In  addition,  streamflow  forecasts  appear 
to  provide  risk-averse  producers  a  viable  basis  for 
increasing  hay  production  with  N  fertilizer,  given 
conditions  of  variable  water  supplies.  (Author's 
abstract) 
W9 1-06301 


SOIL  TYPE,  PRECIPITATION,  AND  FERTIL- 
IZER N  EFFECTS  ON  CORN  YIELDS. 

Wisconsin  Univ. -Stevens  Point.  Coll.  of  Natural 

Resources. 

S.  L.  Oberle,  and  D.  R.  Keeney. 

Journal  of  Production  Agriculture,  Vol.  3,  No.  4,  p 

522-527,  1990.  2  fig,  5  tab,  32  ref. 

Descriptors:  'Corn,  'Crop  yield,  'Fertilizers,  'Ni- 
trogen, 'Soil-water-plant  relationships,  'Water 
pollution  sources,  Agricultural  hydrology,  Farm 
management,  Fertilization,  Leaching,  Nitrates, 
Precipitation,  Regression  analysis,  Soil  physical 
properties,  Soil  types,  Soil  water,  Wisconsin. 

An  understanding  of  the  most  important  factors 
affecting  com  yields  and  yield  response  to  N  fertil- 
izer is  required  to  provide  effective  N  management 
recommendations  over  a  wide  range  of  soil-climate 
conditions  and  to  assess  the  potential  for  the  leach- 
ing of  N03  to  groundwater.  A  study  was  per- 
formed using  multiple  regression  techniques  to  ex- 


amine the  relationships  among  soil  type,  precipita- 
tion, fertilizer  N  rate,  and  com  grain  yields  from 
numerous  continuous  com  plot  studies  in  Wiscon- 
sin. Nitrogen  fertilizer  rates  required  to  maximize 
yields  were  lower  on  rainfed  silt  loam  and  silty 
clay  loam  soils  (155  to  2J0  lb  N/acre)  than  on 
irrigated  loamy  sand  or  sandy  loam  soils  (175  to 
230  lb  N/acre).  Similarly,  economic  optimal  N 
rates  were  considerably  lower  on  silt  loam  and 
silty  clay  loam  soils  than  on  irrigated  sandy  soils, 
especially  at  low  N:com  price  ratios.  Linear  and 
quadratic  fertilizer  rate  variables  explained  only  10 
to  38%  of  the  variation  in  grain  yields  on  silt  loam 
or  silty  clay  loam  soils,  whereas  more  than  65%  of 
the  variation  was  explained  on  irrigated  sandy 
soils.  As  would  be  expected,  pre-season  and  early- 
season  precipitation  were  important  factors  with 
the  rainfed  soils.  Other  key  variables  included 
available  N  contributions  from  soil  organic  matter 
and  residual  profile  N03.  Although  not  measured 
directly,  soil  physical  properties  (soil  depth,  water 
holding  capacity)  also  probably  contributed  to 
yield  variations  on  rainfed  silt  loam  and  silty  clay 
loam  soils.  Importantly,  it  was  demonstrated  that 
economic  optimal  N  rates  would  often  be  consider- 
ably less  than  N  fertilizer  rates  required  to  attain 
maximum  yield.  Also,  grouping  of  soil  types  with 
similar  organic  matter  contents,  rooting  depths, 
and  drainage  characteristics  for  N  management 
recommendations  is  feasible.  (Fish-PTT) 
W9 1-06302 


PREPLANT  TILLAGE  EFFECTS  ON  IRRIGAT- 
ED CORN  GROWN  ON  A  SANDY  SOIL. 

Agricultural  Research  Service,  Prosser,  WA. 
D.  E.  Miller,  and  J.  S.  Aarstad. 
Journal  of  Production  Agriculture,  Vol.  3,  No.  4,  p 
606-609,  1990.  5  tab,  13  ref. 

Descriptors:  'Com,  'Crop  yield,  'Erosion  control, 
•Farm  management,  'Soil  management,  'Tillage, 
Crop  production.  Grain  crops,  Grasses,  Herbi- 
cides, Sand,  Soil  erosion,  Soil  surfaces. 

Sandy  soils  are  extremely  vulnerable  to  wind  ero- 
sion when  bare.  Crop  residue  on  the  soil  surface  is 
an  effective  control.  Crop  responses  to  tillage  sys- 
tems that  leave  crop  residue  on  the  soil  surface 
may  differ  from  clean  tillage  of  sandy  soils.  A  4- 
year  study  on  a  sandy  soil  compared  moldboard 
plowing  (MP)  with  two  residue  conserving  tillage 
systems,  no  preplant  tillage  (NPT)  and  Paraplow 
(PP),  on  field  com  (Zea  mays  L.)  production.  Com 
silage  yields  were  similar  (about  34  ton/acre)  with 
all  three  tillage  systems.  Averaged  over  the  4 
years,  grain  yields  were  significantly  affected  by 
tillage  in  the  order  PP>MP>NPT  with  yields  of 
5.9,  5.6,  and  5.2  ton/acre,  respectively.  Where 
herbicides  had  not  been  applied,  large  crabgrass 
(Digitaria  sanguinalis  (L.)  Scop.)  populations  in 
MP  were  11.1  plants/sq  ft  compared  with  1.6  with 
PP  and  2.6  with  NPT.  Grain  yields  on  the  mold- 
board  plowed  plots  were  about  0.5  ton/acre  higher 
with  than  without  herbicides.  These  results  indi- 
cate that  tillage  systems  that  leave  plant  residue  on 
the  surface  may  be  used  on  sandy  soils  without 
serious  loss  of  production,  especially  if  the  subsoil 
is  loosened.  (Author's  abstract) 
W9 1-06303 


WILDLIFE  AND  FISH  AND  SUSTAINABLE 
AGRICULTURE. 

Izaak  Walton  League  of  America,  Decorah,  IA. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-06306 


COMBINED  EFFECTS  OF  LEACHING  FRAC- 
TION, SAUNITY,  AND  POTASSIUM  CON- 
TENT OF  WATERS  ON  GROWTH  AND 
WATER-USE  EFFICIENCY  OF  WHEAT  AND 
BARLEY. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 
Soil  Science. 

M.  S.  Heakal,  A.  S.  Modaihsh,  A.  S.  Mashhady, 
and  A.  I.  Metwally. 

Plant  and  Soil  PLSOA2,  Vol.  125,  No.  2,  p  177- 
184,  1990.  3  fig,  4  tab,  9  ref. 
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WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION— Field  3 

Conservation  In  Agriculture— Group  3F 


Descriptors:  'Irrigation  practices,  'Plant  growth, 
•Saline  water,  'Salt  stress,  "Salt  tolerance,  'Soil- 
water-plant  relationships,  'Water  use  efficiency, 
Barley,  Calcium,  Crop  yield,  Dry  matter,  Electri- 
cal conductivity,  Evapotranspiration,  Grain  crops, 
Leaching,  Phosphorus,  Potassium,  Saline  soils, 
Wheat. 

A  clear  and  comprehensive  understanding  of  the 
deleterious  effects  of  salinity  on  plant  growth  has 
been  lacking.  A  better  knowledge  of  the  interac- 
tive effects  of  potassium  and  calcium  in  substrates 
on  salt-stressed  plants  may  contribute  to  better 
agrotechniques  for  irrigated  agriculture.  Wheat 
and  barley  seedlings  growing  in  pots  in  a  green- 
house, with  a  non-saline  sandy  loam  soil  were 
irrigated  by  saline  waters,  SI,  S2,  and  S3,  having 
electrical  conductivity  (EC)  =  3,  9,  and  15  mS/ 
cm,  respectively.  Each  solution  has  three  potassi- 
um concentrations,  Kl  =  6,  K2  =  11,  and  K3  = 
16  meq/L,  and  all  incorporated  N  (90  mg/L)  and 
micronutrients.  Irrigation  was  provided  to  realize 
0.2  and  0.5  leaching  fractions  (L).  At  maturity,  dry 
matter  of  plant  tops  (Y),  grain  yield  (G),  and 
evapotranspiration  (ET)  of  both  crops  responded 
significantly  to  the  S,  L,  and  K  treatments.  There 
were  different  interactions,  however,  between  the 
crops  indicating  some  effect  of  plant  species.  In 
both,  a  decrease  in  Y  with  increasing  salinity  was 
associated  with  a  corresponding  decrease  in  ET.  In 
the  most  saline  S3  treatments,  where  the  available 
water  to  plants  was  the  lowest,  an  ample  K  supply 
produced  substantial  improvements  in  salinity  tol- 
erance of  both  crops.  Under  these  conditions, 
changes  in  Y  and  ET  were  independent  of  each 
other.  Increasing  K  supply,  reduced  the  rate  by 
which  Y  decreased  with  respect  to  S.  Barley  accu- 
mulated dry  matter  more  efficiently  (in  terms  of 
ET/Y,  g  per  g)  particularly  under  L  =  0.2.  This 
efficiency  for  both  crops  did  not  respond  to  the 
water  salinity  but  rather  to  the  potassium  concen- 
tration of  the  waters.  The  whole  experiment  was 
also  carried  out  under  two  levels  of  phosphorus 
application  (35  and  70  mg  P/kg  soil).  Neither 
growth  nor  water-use  efficiency  were  significantly 
affected  by  the  higher  rate  of  phosphorus  applica- 
tion. (Fish-PTT) 
W9 1-063 11 


Laguna  (Philippines). 

B  Mambani,  S.  K.  De  Datta,  and  C.  A.  Redulla. 
Plant  and  Soil  PLSOA2,  Vol.  126,  No.  2,  p  227- 
235,  1990.  6  fig,  3  tab,  13  ref. 

Descriptors:  'Agricultural  hydrology,  'Clays, 
•Crop  yield,  'Rice,  'Soil  moisture  retention,  'Soil 
types,  'Soil-water-plant  relationships,  'Tillage, 
Clay  loam,  Grain  crops,  Greenhouses,  No-till  culti- 
vation, Philippines,  Roots,  Soil  water,  Water  stress, 
Wetlands. 

Lowland  rice  responds  to  tillage  according  to  soil 
type  and  hydrological  balance.  Studies  integrating 
soil  factors  and  conditions  modifying  their  effects 
on  crops  are  therefore  needed.  The  influence  of 
various  tillage  methods  on  two  wetland  rice  soils 
in  the  Philippines  was  studied.  The  soils  differed 
principally  in  clay  content  38%  for  the  clay  loam 
and  56%  for  the  clay).  This  had  a  marked  effect  on 
their  response  to  tillage  and  varying  water  regime. 
The  clay  soil,  under  field  conditions,  showed  little 
change  in  pore  size  distribution  or  soil  water  be- 
havior with  different  tillage  methods.  Rice  crop 
yields  were  unaffected  by  tillage.  In  contrast,  till- 
age effects  were  very  marked  in  the  clay  loam  soil, 
which  consisted  of  a  greenhouse  and  a  field  trial. 
In  the  greenhouse,  which  experienced  severe  dry 
periods,  wet  tillage  not  only  increased  the  moisture 
retentivity  but  also  the  soil  impedance  at  soil 
matric  potential  <  -0.01  MPa.  Seasonal  average 
soil  matric  potential  was  <  -1  MPa.  Root  length 
density  decreased  by  39%  with  dry  tillage  and  by 
56%  with  wet  tillage  compared  with  zero  tillage. 
Grain  yield,  however,  did  not  vary  with  soil  treat- 
ment. In  the  field,  which  experienced  moderate 
dry  spells,  soil  matric  potential  varied  between  - 
0.13  and  -0.48  MPa.  Root  length  density  was  sig- 
nificantly reduced  at  soil  impedance  >0.75  MPa. 
Wet  tillage  increased  soil  moisture  storage  which 
minimized  the  soil  impedance  during  the  dry  cycle 
more  effectively  than  did  dry  tillage.  The  crop 
performed  best  under  moderate  than  under  severe 
water  stress  conditions.  (Fish-PTT) 
W91-06315 


DEVICE  FOR  AUTOMATIC  SOIL  MOISTURE 
CONTROL  AND  REGISTRATION  OF  WATER 
USE  IN  POT  EXPERIMENTS. 

Instituut  voor  Oecologisch  Onderzoek,   Heteren 

(Netherlands). 

F.  C.  Zoon,  F.  J.  Hage,  and  A.  De  Zwart. 

Plant  and  Soil  PLSOA2,  Vol.  125,  No.  2,  p  281- 

284,  1990.  2  fig,  8  ref. 

Descriptors:  'Automation,  'Instrumentation,  'Irri- 
gation efficiency,  'Irrigation  management,  'Meas- 
uring instruments,  'Soil  water,  'Soil-water-plant 
relationships,  Computer  programs,  Evapotranspir- 
ation, Experimental  data,  Laboratory  equipment. 

Soil  moisture  regimes  experienced  by  plants  in  pot 
experiments  are  often  quite  different  from  those  in 
the  field,  because  of  physical  differences,  evapo- 
transpiration stress,  and  large  fluctuations  of  soil 
moisture  content.  A  computer-regulated  watering 
device  is  able  to  conduct  frequent  watering  and 
recording  of  water  use,  thus  saving  much  repeti- 
tive work.  An  apparatus  has  been  constructed  for 
automatic  replenishment  of  water  lost  by  evapo- 
transpiration in  pot  experiments.  The  system  can 
handle  80  pots.  The  upper  and  lower  weight  limit 
for  each  pot,  and  the  weighing  frequency  can  be 
set.  In  this  way,  constant  soil  moisture  levels  as 
well  as  fluctuations  can  be  arranged.  The  apparatus 
can  be  programmed  for  continuous  cycling,  thus 
minimising  position  effects  within  an  experiment. 
Cumulative  daily  water  use  per  pot  or  transpira- 
tion per  plant  is  recorded  on  tape  and  printed. 
Special  applications  may  include  controlled  nutri- 
ent dosage  and  determination  of  transpiration  coef- 
ficients. (Author's  abstract) 
W91-06313 


SOIL  PHYSICAL  BEHAVIOUR  AND  CROP 
RESPONSES  TO  TILLAGE  IN  LOWLAND 
RICE  SOILS  OF  VARYING  CLAY  CONTENT. 

International    Rice    Research    Inst.,    Los    Banos, 


RICE  HULL  AND  CARYOPSIS  DISCOLORA- 
TION DISEASES:  I.  SEVERITY  AND  INCI- 
DENCE IN  THREE  ECOSYSTEMS  IN  WEST 
AFRICA. 

International  Inst,  of  Tropical  Agriculture,  Ibadan 

(Nigeria). 

For  primary  bibliographic  entry  see  Field  21. 

W91-06318 


RICE  HULL  AND  CARYOPSIS  DISCOLORA- 
TION DISEASES:  II.  EFFECTS  OF  SOIL  AND 
SOIL  WATER  ON  HULL  DISEASE  AT  TWO 
SITES  IN  NIGERIA. 

International  Inst,  of  Tropical  Agriculture,  Ibadan 

(Nigeria). 

For  primary  bibliographic  entry  see  Field  21. 

W91-06319 


emissions  can  provide  researchers  with  important 
information  on  changes  in  fertilizer  management 
and  eventually  could  help  determine  real-time  crop 
nitrogen  requirements.  Use  of  an  ammonia  sensor 
would  also  indicate  the  release  of  excess  ammonia 
due  to  improperly-adjusted  pumps  and  injectors, 
and  unsuitable  soil  conditions.  The  sensor  being 
developed  is  based  on  an  integrated  optic  (IO) 
design  that  incorporates  a  planar  waveguide  struc- 
ture rather  than  the  more  familiar  cylindrical  opti- 
cal fiber  configuration.  The  integrated  design  is 
more  durable  and  can  be  mass  produced  at  a  lower 
cost.  An  IO  multimode  device  is  capable  of  highly 
sensitive  differential  absorption  and  differential  in- 
terferometric  measurements,  by  using  the  interac- 
tion of  a  guided  light  beam  with  a  cover  medium 
surrounding  a  portion  of  the  waveguide.  As  the 
sensors  are  developed,  they  will  be  subjected  to  a 
series  of  environmental  tests  to  determine  response 
characteristics  and  range  of  operation.  (Fish-PTT) 
W9 1-06398 


RAINFALL  DISTRIBUTION  UNDER  A  CORN 
CANOPY:  IMPLICATIONS  FOR  MANAGING 
AGROCHEMICALS. 

National  Soil  Tilth  Lab.,  Ames,  IA. 

T.  B.  Parkin,  and  E.  E.  Codling. 

Agronomy  Journal  AGJOAT,  Vol.  82,  No.  6,  p 

1166-1169,  November/December  1990.  1  fig,  4  tab, 

10  ref. 

Descriptors:  'Agricultural  engineering,  'Farm 
management,  'Rainfall  distribution,  'Rainfall- 
runoff  relationships,  'Soil-water-plant  relation- 
ships, 'Stemflow,  Agricultural  chemicals,  Canopy, 
Corn,  Furrows,  Leaching,  Path  of  pollutants,  Soil 
water,  Spatial  distribution. 

A  greater  understanding  of  the  spatial  patterns  of 
water  inputs  to  soil  will  aid  the  development  of 
agricultural  practices  to  reduce  leaching  and 
runoff  of  agrochemicals.  A  study  was  initiated  to 
investigate  the  process  of  stemflow,  and  to  provide 
quantitative  data  on  the  distribution  of  rainfall 
under  a  corn  canopy.  Rainfall  distribution  under 
the  canopies  of  replicate  conventional  till  corn 
plots  was  investigated  by  placing  rainfall  collectors 
at  discrete  locations  within  small  1.6-m  by  0.76-m 
areas  of  the  plots.  Collection  cups  were  also  fixed 
around  the  stalks  of  individual  corn  plants  to  quan- 
tify stemflow.  Results  obtained  from  eight  storm 
events  in  1987  revealed  that  corn  plants  channel  19 
to  49%  of  the  total  rain  inputs  down  the  stem  to 
the  base  of  the  stalk.  This  stemflow  plus  the  rainfall 
impinging  directly  in  the  planting  furrow,  account- 
ed for  approximately  42%  of  the  total  water  inputs 
from  a  given  storm  event.  These  increased  water 
inputs  to  the  planting  furrow  may  have  implica- 
tions in  modeling  solute  leaching  and  runoff  as 
well  as  to  modifying  current  fertilizer  and  pesticide 
application  methods.  (Author's  abstract) 
W91-06401 


NUTRD2NT  NEEDS. 

Georgia  Tech  Research  Corp.,  Atlanta. 

S.  Babbitt. 

Agricultural  Engineering  AGENAZ,  Vol.  72,  No. 

1,  p  8-9,  January  1991.  2  fig. 

Descriptors:  'Agricultural  engineering,  'Ammo- 
nia, 'Fertilization,  'Nutrient  requirements,  'Nutri- 
ents, 'Sensors,  'Water  pollution  control,  Georgia, 
Groundwater  pollution,  Nitrogen  compounds,  Soil 
chemistry. 

Providing  nutrients  to  crops  on  an  as-needed  basis 
using  more  efficient  application  techniques  would 
be  more  economical  for  the  farmer  and  would 
contribute  less  to  ground  and  surface  water  pollu- 
tion. Researchers  in  Georgia  are  investigating  the 
development  and  application  of  an  ammonia  sensor 
to  detect  gaseous  ammonia,  as  it  is  generated,  in 
concentrations  as  low  as  10  parts  per  billion.  This 
project  is  targeting  two  final  field  applications: 
improving  efficiency  in  the  application  of  anhy- 
drous ammonia  and  optimizing  the  use  of  all  nitro- 
gen-based fertilizers.  Ammonia  emissions  are  indi- 
cators of  soil  chemistry  as  it  relates  to  fertilizer 
management     techniques;     monitoring     ammonia 


ENERGY,  WATER,  AND  ECONOMIC  SAV- 
INGS OF  IMPROVED  PRODUCTION  SYS- 
TEMS ON  THE  TEXAS  HIGH  PLAINS. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Agricultural  Economics. 

S.  M.  Masud,  and  R.  D.  Lacewell. 

American  Journal  of  Alternative  Agriculture,  Vol. 

5,  No.  2,  p  69-75,  1990.  6  tab,  28  ref. 

Descriptors:  'Crop  production,  'Economic  eval- 
uation, 'Energy,  'Irrigation  efficiency,  'Texas, 
•Tillage,  Benefits,  Corn,  Cost-benefit  analysis, 
Cotton,  Electric  power  demand,  Farm  manage- 
ment, Fuel,  Irrigation  programs,  Natural  gas,  Sor- 
ghum, Soybeans,  Water  use,  Wheat. 

An  attempt  has  been  made  to  quantify  economic 
and  energy  use  implications  of  new  improved  irri- 
gation and  limited  tillage  production  systems  for 
the  Texas  High  Plains.  Per  hectare  uses  of  natural 
gas  and  electricity  under  alternative  irrigation  dis- 
tribution systems  for  corn,  sorghum,  wheat,  cotton, 
and  soybeans  were  utilized  to  estimate  total 
amounts  of  natural  gas  and  electricity  used  in  the 
production  of  these  crops  on  the  High  Plains  of 
Texas.  The  amount  of  diesel  fuel  used  was  estimat- 
ed for  conventional  and  limited  tillage  systems 
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under  dryland  and  irrigation  production.  Total 
amounts  of  water  used  for  the  five  crops  under  the 
improved  and  conventional  irrigation  systems  were 
also  estimated  for  the  High  Plains.  Results  indicat- 
ed improved  irrigation  and  limited  tillage  systems 
reduced  energy  and  water  use  on  the  High  Plains. 
Total  natural  gas  and  electricity  were  estimated  to 
decline  over  20%,  diesel  fuel  declined  32%,  and 
water  use  for  irrigation  declined  about  23%.  Use  of 
the  improved  irrigation  and  limited  tillage  produc- 
tion systems  was  also  shown  to  significantly  in- 
crease annual  net  returns  to  farmers  ($40.0  million 
or  13.3%).  (Author's  abstract) 
W9 1-06402 


REDUCE  GREENHOUSE  RUNOFF. 

Ohio    Agricultural    Research    and    Development 

Center,  Wooster. 

W.  L.  Bauerle. 

American  Vegetable  Grower  AMVGA5,  Vol.  38, 

No.  12,  p  44-47,  December  1990.  1  fig. 

Descriptors:  'Agricultural  engineering,  'Green- 
houses, 'Irrigation  efficiency,  'Nutrients,  'Recir- 
culated water,  Agricultural  runoff,  Automation, 
Fertilization,  Groundwater  pollution,  Plant 
growth,  Water  use  efficiency. 

Greenhouse  growers  are  facing  increasing  pressure 
to  adopt  growing  practices  that  will  keep  ground- 
water free  from  pesticide  and  fertilizer  runoff. 
There  are  steps  most  growers  can  take  to  reduce 
runoff,  such  as  reducing  water  usage;  use  of  low- 
pressure,  low-volume  drip  emitters  and  pans  or 
saucers  under  pots;  and  automatic  systems.  With 
automatic  systems,  various  methods  are  used  to 
initiate  the  irrigation  cycle,  including  a  time  clock, 
solar  radiation,  diffusion  pressure  deficit,  start  tray, 
or  computer  activation.  As  recirculating  systems 
become  more  economical,  more  growers  will  want 
to  use  this  technology  to  save  water,  fertilizer,  and 
labor.  Much  of  the  success  in  recirculating  systems 
can  be  attributed  to  an  integrated  approach  of 
fertilizer  programs,  environment  and  water  man- 
agement, and  biological  control.  The  end  result  is 
the  prescription  growing  of  plants  controlling  pa- 
rameters such  as  height,  leaf  size,  number  and  size 
of  flowers,  and  postharvest  quality.  The  nutrient 
uptake  by  the  plant  is  an  active  process  with  an 
adequate  range  for  each  nutrient.  All  that  is  re- 
quired in  recirculating  water  systems  is  to  match  or 
tailor  precisely  the  inorganic  nutrient  input  with 
the  metabolic  process  of  the  species  being  grown. 
The  amount  of  fertilizer  used  in  a  recirculating 
system  as  compared  with  the  amount  used  in  an 
open-drain  system  is  at  least  nine  times  less,  and  the 
effluent  is  recycled  rather  than  released  to  con- 
taminate groundwater.  Attention  must  be  paid  to: 
maintaining  a  proper  nutrient  balance,  the  process- 
ing equipment  used  to  recirculate  the  water,  main- 
taining the  pH  levels  at  5.6  to  5.8,  and  good 
sanitation  practices  for  disease  prevention.  (Fish- 
PTT) 
W9 1-06403 


IRRIGATION  SUITABILITY  OF  SOLONETZIC 
SOILS  IN  THE  COUNTY  OF  NEWELL,  AL- 
BERTA. 

Alberta  Agriculture,  Lethbridge.  Land  Evaluation 

and  Reclamation  Branch. 

D.  R.  Bennett,  and  T.  Entz. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 

70,  No.  4,  p  705-715,  November  1990.  2  fig,  5  tab, 

21  ref. 

Descriptors:  'Alberta,  'Farm  management,  'Irri- 
gation effects,  'Land  classification,  'Soil  proper- 
ties, 'Soil  science,  Agricultural  hydrology,  Alka- 
line soils,  Canada,  Crop  production,  Irrigation 
practices,  Land  use,  Saline  soils,  Soil  chemistry, 
Water  table  fluctuations. 

In  Alberta,  Canada,  land  classification  for  irriga- 
tion consists  of  an  assessment  of  the  general  capa- 
bility of  land  for  irrigated  use  and  is  based  on  the 
nature  and  degree  of  limitations  imposed  by  the 
characteristics  of  a  given  land  unit.  A  five-year 
study  was  conducted  in  the  County  of  Newell  to 
monitor  soil  salinity  and  sodicity,  water  table  levels 
and  crop  production  on  Solonetzic  soil  associations 
under  normal  irrigation  practices.  All  soil  associa- 


tions consisted  of  at  least  50%  Solonetzic  Order 
soils,  with  Brown  Solod  as  the  dominant  subgroup 
at  all  but  one  site.  Changes  in  soil  quality  were 
monitored  through  regular  measurements  of  water 
table  levels,  annual  fall  sampling  and  chemical 
analysis  of  soils.  Irrigation  practices  used  by  farm- 
ers did  not  permanently  raise  water  table  levels  at 
any  of  the  sites  irrigated  by  center  pivots.  Changes 
in  soil  salinity  or  sodicity  as  a  result  of  irrigation 
were  generally  not  statistically  significant,  suggest- 
ing that  the  salt  status  of  soils  at  most  sites  did  not 
change  appreciably  over  the  five-year  period.  The 
relatively  low  productive  capability  of  land  units 
dominated  by  Solonetzic  soils  was  evident  in  the 
low  yield  and  by  a  high  degree  of  variability  in 
yield  within  individual  sites.  Careful  irrigation 
management  partially  compensated  for  some  of  the 
soil  limitations  in  these  Solonetzic  soil  landscapes; 
however,  due  to  the  low  productivity  observed, 
modification  of  existing  land  classification  stand- 
ards to  allow  irrigation  of  Solonetzic  soils  is  not 
presently  recommended.  (Author's  abstract) 
W91-06409 


NITROGEN  LEACHING  FROM  CYPRESS 
WOOD  CHIPS. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

E.  F.  Gillman,  T.  H.  Yeager,  and  D.  Weigle. 
Horticultural  Science,  Vol.  25,  No.   11,  p   1388- 
1391,  November  1990.  3  fig,  1  tab,  6  ref. 

Descriptors:  'Fertilization,  'Horticulture,  'Leach- 
ing, 'Mulches,  'Nitrogen  compounds,  Landscap- 
ing, Nitrification,  Soil  surfaces.  Soil  water. 

Cypress-mulched  landscape  plants  are  commonly 
fertilized  by  spraying  the  entire  surface  of  the 
mulch.  However,  the  influence  of  the  cypress 
mulch  on  leaching  of  nitrogen  (N)  is  unknown.  To 
study  this  effect,  columns  (4x15  cm)  of  incubated 
(25  C,  7%  volumetric  moisture)  milled  cypress 
(Taxodium  distichum  (L.)  L.  Rich)  wood  chips 
received  1 80  mg  of  each  ionic  form  of  N  applied  to 
the  surface  from  dry  NH4N03,  KN03,  or 
(NH4)2S04  and  were  leached  daily  with  16  ml 
deionized  water  (pH  5.5).  After  10  days,  >85%  of 
applied  N  leached  from  the  columns  in  all  treat- 
ments. After  25  days,  all  N  leached  from  the 
NH4N03  and  KN03  treatments,  and  93%  leached 
from  the  (NH4)2S04  treatment.  In  subsequent  ex- 
periments, columns  received  360  mg  N  from 
NH4N03  and  were  leached  daily  with  either  16, 
32,  48,  or  64  ml  of  deionized  water  for  50  days. 
The  rate  of  N  leaching  increased  with  increasing 
water  application  rate,  although  total  N  leached 
per  column  was  similar  for  all  water  rates  after  25 
days.  Columns  that  received  45,  90,  180,  or  360  mg 
N/column  were  leached  daily  with  16  ml  of  deion- 
ized water.  Nitrogen  concentrations  in  the  leachate 
ranged  from  3406  ppm  N03(-)-N  and  2965  ppm 
NH4(+)-N  at  day  5  for  the  360-mg  rate  to  3  and  5 
ppm,  respectively,  at  day  35  for  the  45-mg  rate.  In 
all  experiments  with  NH4N03,  more  N03(->N 
leached  than  NH4(+)-N  and  more  N03(-)-N 
leached  than  applied,  indicating  that  nitrification 
occurred.  NH4(+)-N  and  N03(-)-N  broadcast 
over  cypress  wood  chips  in  the  landscape  would 
leach  quickly  into  the  soil.  (Author's  abstract) 
W91-06414 


EFFICIENCY  OF  NITROGEN  USE  BY  DRY- 
LAND WHEAT  IN  A  SUBHUMID  REGION  IN 
RELATION  TO  OPTIMIZING  THE  AMOUNT 
OF  AVAILABLE  WATER. 

Punjab    Agricultural    Univ.,    Ludhiana    (India). 

Dept.  of  Soils. 

D.  K.  Benbi. 

Journal  of  Agricultural  Science  JASIAB,  Vol.  115, 

No.  1,  p  7-10,  1990.  4  fig,  3  tab,  8  ref. 

Descriptors:  'Agricultural  engineering,  'Fertiliza- 
tion, 'Nitrogen,  'Soil-water-plant  relationships, 
•Water  use  efficiency,  Application  rates,  Fertiliz- 
ers, India,  Soil  water,  Water  supply,  Wheat. 

It  is  well  known  that  water  and  fertilizer  nitrogen 
(N)  interact:  one  substitutes  for  the  other  to  a 
certain  extent.  Under  dryland  conditions,  N  appli- 
cation is  known  to  increase  water  use  efficiency 
and  vice  versa.  But  there  is  an  optimum  rate  of 


water  supply  or  N  application,  beyond  which  in- 
creases in  one  may  not  bring  about  an  increase  in 
the  use  of  the  other.  Where  water  supply  is  a 
constraint,  identification  of  the  rate  of  supply  is 
important  for  water  and  N  management.  The  effect 
of  soil  water  supply  on  efficiency  of  N  use  in 
wheat  and  N03-N  accumulation  in  the  soil  profile 
was  studied  in  a  field  experiment  on  loamy  sand 
soil  at  Boothgarh  in  Hoshiarpur,  Punjab,  India,  in 
1980/81.  It  was  found  that,  as  the  water  supply 
increased  from  509  to  548  mm,  the  response  to  N 
application  increased  by  11.5  kg  grain Ag  N  and 
apparent  N  recovery  increased  by  1 1  %  at  optimum 
N  application  rates.  The  increase  in  N  recovery 
with  additional  water  supply  was  related  to  the 
N03-N  use  from  the  profile.  The  accumulation  of 
N03-N  in  the  profile  was  related  linearly  to  rate  of 
N  application  but  inversely  to  water  supply  up  to 
an  optimum  value  of  580  mm.  Further  increase  in 
water  supply  did  not  increase  fertilizer  use.  If  both 
the  amount  of  moisture  stored  in  the  profile  at 
sowing  and  the  probable  rainfall  during  the  crop 
season  are  known,  the  efficiency  of  fertilizer  N  use 
can  be  predicted.  (Fish-Pi  1) 
W91-06417 


SIMPLE  WATER-BALANCE  MODELS  FOR 
SIMULATING  MOISTURE,  SALINITY  AND 
SODICITY  PROFILES  IN  SOILS  UNDER 
WHEAT. 

Punjab  Agricultural  Univ.,  Ludhiana  (India). 
Dept.  of  Soils. 

R.  Pal,  A.  K.  Kapoor,  S.  R.  Poonia,  and  M.  Raj. 
Journal  of  Agricultural  Science  JASIAB,  Vol.  115, 
No.  2,  p  163-172,  1990.  6  fig,  4  tab,  9  ref. 

Descriptors:  'Evapotranspiration,  'India,  'Irriga- 
tion practices,  'Model  studies,  'Saline  soils,  'Soil 
water,  'Soil-water-plant  relationships,  'Wheat, 
Electrical  conductivity,  Farm  management,  Hy- 
drologic  budget,  Salts,  Simulation  analysis, 
Sodium,  Solute  transport. 

Computer  simulation  models  involving  important 
properties  of  soil,  quality  of  irrigation  water,  crop, 
and  climate  are  useful  in  assessing  the  leaching  and 
accumulation  of  salts,  a  key  to  the  efficient  man- 
agement of  irrigated  soils.  Experiments  were  con- 
ducted in  wheat  planted  in  microplots  at  Hisar  and 
Sirsa  in  Haryana  state,  India,  to  observe  and  simu- 
late the  depth  distribution  of  moisture  content, 
electrical  conductivity  in  1:2  soil-water  extract 
(EC  1:2),  and  exchangeable  sodium  percentage 
(ESP)  of  soils  after  irrigation  with  water  of  high 
electrical  conductivity  (12-19  dS/m)  and  sodium 
adsorption  ratio  (20-80  (mmol/1)  to  the  1/2  power). 
The  three  simulation  models  used  differed  in  the 
procedure  of  estimation  of  evapotranspiration: 
Model  I  was  a  simple  water  balance  model;  Model 
II  was  similar  to  the  first  model,  but  modified  to 
account  for  the  high  evaporative  atmospheric 
demand  at  the  experimental  sites;  Model  III  cou- 
pled these  models  with  a  simple  solute  transport 
model.  In  general,  the  means  of  the  experimental 
moisture  content  profiles  decreased  and  those  of 
EC  1:2  and  ESP  increased  with  irrigation  at  both 
locations.  Statistical  analysis  showed  an  overall 
good  agreement  between  the  experimental  and 
simulated  values  of  moisture  content,  EC  1:2,  and 
ESP;  the  accuracy  of  simulation  of  the  models 
followed  the  order  Model  II  =  Model  III  > 
Model  I  for  moisture  content  and  EC  1 :2,  but  was 
identical  for  ESP.  To  increase  the  scope  of  such 
models  for  practical  application  as  management 
guides,  they  need  to  be  further  validated  on  a  long- 
term  basis  under  different  irrigation  practices  and 
crop  rotations.  (Fish-PTT) 
W91-06418 


WATER  USE  AND  AVERAGE  GROWTH 
INDEX  OF  FIVE  SPECIES  OF  CONTAINER 
GROWN  WOODY  LANDSCAPE  PLANTS. 

Agricultural    Research    and    Education    Center, 

Monticello,  FL. 

G.  W.  Knox. 

Journal  of  Environmental  Horticulture  JEHOD5, 

Vol.  7,  No.  4,  p  136-139,  1989.  5  fig,  3  tab,  12  ref. 

Descriptors:  'Horticulture,  'Irrigation  efficiency, 
•Plant    water    potential,    'Water    use    efficiency, 
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Honda,  Growth  media,  Irrigation  practices,  Land- 
scaping, Plant  growth,  Porous  media,  Water  con- 
sumption. 

Water  conservation  and  management  in  nurseries  is 
becoming  an  important  issue  as  water  supplies 
become  limited  or  restricted  due  to  drought  or 
competition  for  water  with  urban  areas.  Water  use 
efficiency  in  nurseries  could  be  improved  by 
grouping  plants  with  similar  water  requirements 
and  by  scheduling  irrigation  based  on  plant  needs. 
Until  recently,  little  interest  was  expressed  in  water 
use  of  container-grown  landscape  plants.  The  ne- 
cessity of  adequate  drainage  after  heavy  rains  has 
resulted  in  a  production  system  that  encourages 
excess  irrigation:  plants  grown  in  porous,  well- 
drained  media  are  very  tolerant  of  overwatering, 
but  unforgiving  when  irrigation  is  neglected.  A 
study  was  conducted  to  record  luxury  water  use 
throughout  one  year  of  a  simulated  production 
cycle  of  five  species  of  container-grown  landscape 
plants  commonly  produced  in  north  and  central 
Florida.  Liners  of  Juniperus  horizontal  Moench 
'Wiltonii',  Ilex  crenata  Thunb.  'Rotundifolia,'  Rho- 
dodendron x  L.  'Hershey's  Red,'  Pyracantha  x 
M.J.  Roem  'Teton,'  and  Photinia  x  fraseri  Dress 
were  grown  to  saleable  size  in  3.1  L  (1  gal)  con- 
tainers. Plant  water  consumption  was  measured 
during  336  days  from  June  24,  1986,  to  June  19, 
1987.  Pyracantha  consumed  the  most  water  (50.4  L 
(13.3  gal)/plant)  while  the  photinia  consumed  the 
least  water  (37.8  L  (10.0  gal)/plant).  Based  on  the 
increase  in  growth  index  per  liter  of  water  con- 
sumed, photinia  used  water  most  efficiently. 
Growth  index,  pan  evaporation,  or  growth  index 
and  pan  evaporation  were  the  best  predictors  of 
plant  water  use.  (Fish-PTT) 
W91-O6420 


NITROGEN  MANAGEMENT  AND  GROUND 
WATER  PROTECTION. 

Developments  in  Agricultural  and  Managed- 
Forest  Ecology  21.  Elsevier,  New  York,  NY.  1989. 
395p.  Edited  by  R.  F.  Follett. 

Descriptors:  'Agricultural  practices,  'Groundwat- 
er pollution,  *Groundwater  quality,  'Nitrogen 
cycle,  'Nonpoint  pollution  sources,  'Path  of  pol- 
lutants, 'Water  pollution  sources,  Aquifers,  Crop- 
ping, Fertilizers,  Groundwater  chemistry,  Leach- 
ing, Nitrates,  Nitrogen,  Soil  management. 

The  N  cycle  in  soil  is  an  integral  part  of  the  overall 
cycle  of  N  in  nature.  Under  natural  conditions, 
gains  in  soil  N  occur  through  N  fixation  and  from 
the  return  of  ammonia  and  nitrate  in  precipitation. 
Nitrogen    losses    occur    through    crop    removal, 
leaching,  gaseous  losses,  and  by  transport  during 
soil  erosion  and  surface  water  runoff.  Adequate 
amounts  of  plant  available  N  in  soil  are  vital  to 
ensuring  the  production  of  sufficient  food  for  the 
world's  population.  To  enhance  its  availability  for 
crop  growth,  N  is  added  to  the  soil  in  which  crops 
are  grown.  Sources  of  N  for  addition  to  soil  in- 
clude fertilizer,  crop  residue,  manure  and  various 
other  waste  materials,  and  biological  N  fixation. 
Once  N  from  any  of  these  sources,  including  from 
natural  sources,  enters  the  soil  it  is  subject  to  the 
chemical  transformations  that  occur  in  the  N  cycle 
in  the  soil  (i.e.  immobilization,  mineralization,  nitri- 
fication, and  denitrification).  If  cultural  practices, 
including  excessive  additions  of  N  to  soils,  result  in 
the    leaching    of   nitrate    by    water    percolating 
through  the  soil  profile,  then  a  situation  may  be  set 
up  that  results  in  the  leaching  of  nitrate  by  water 
percolating  through  the  soil  profile.  Thus,  in  assur- 
ing availability  of  N  to  plants  for  crop  production, 
it  is  becoming  increasingly  apparent  that  a  higher 
level  of  management  will  be  necessary  to  prevent 
or  minimize  the  contamination  of  groundwater  and 
surface  water  supplies.  The  authors  of  chapters  in 
this  volume  have  undertaken  the  task  of  placing  in 
perspective  the  overall  problem  of  the  manage- 
ment of  nitrogen  in  producing  food  while  also 
minimizing  impacts  to  groundwater  quality.  Chap- 
ter titles  are:  'ground  water  quality  concerns  about 
nitrogen';   'sources  of  nitrate  to  ground   water'; 
'nitrate  in  ground   water  in  the   United   States'; 
'ground  water  nitrate  in  other  developed  countries 
(Europe)-relationships  to  land  use  patterns';  'ni- 
trate transport  and  leaching  mechanisms';  'proper 
accounting  for  N  in  cropping  systems';  'fertilizer 


nitrogen  management';  'estimation  of  N  budgets 
for  crops';  'impact  of  soil  management  practices  on 
N  leaching';  'cropping  systems-ecology  and  man- 
agement'; 'management  of  water  balance  compo- 
nents'; 'linkages  with  ground  water';  and  'transfor- 
mations and  movement  of  nitrate  in  aquifer  sys- 
tems'. (See  W91-06732  thru  W91-06744)  (Lantz-- 
PTT) 
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PROPER  ACCOUNTING  FOR  N  IN  CROP- 
PING SYSTEMS. 

Agricultural  Research  Service,  Lincoln,  NE. 
J.  F.  Power,  and  F.  E.  Broadbent. 
IN:   Nitrogen   Management   and   Ground   Water 
Protection.    Developments    in    Agricultural    and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  159-181,  6  tab,  69  ref. 

Descriptors:  'Cropping,  'Groundwater  pollution, 
•Nitrogen  cycle,  'Nonpoint  pollution  sources, 
•Path  of  pollutants,  'Water  pollution  control,  Ag- 
ricultural practices,  Fate  of  pollutants,  Fertilizers, 
Groundwater  quality,  Model  studies,  Nitrogen 
compounds,  Nutrient  requirements. 

Almost  all  variables  involved  in  a  system  of  soil 
and  crop  management  can  influence  N  cycling  and 
the  accounting  of  N  in  the  ecosystem.  Consequent- 
ly, research  related  to  the  effects  of  agriculture 
upon  nitrate  accumulation  in  groundwater  must 
address  all  aspects  of  both  the  N  cycle  and  the 
hydrological  cycle.  Dominant  in  any  accounting  of 
N  is  the  yield  goal  for  the  production  enterprise. 
This  establishes  a  minimum  value  for  the  total  N 
required  by  the  crop,  but  crop  N  requirements 
must  be  adjusted  for  efficiency  of  N  uptake,  cli- 
mate, and  management  practices.  Credit  must  also 
be  given  for  the  amount  of  N  derived  from  miner- 
alization of  soil  organic  N,  manures,  green  ma- 
nures, crop  residues,  or  various  types  of  wastes, 
plus  that  added  through  precipitation,  foliar  ab- 
sorption of  ammonia,  biological  N  fixation,  or  ni- 
trates in  irrigation  water.  The  deficit  between  crop 
N  requirement  and  N  from  these  sources  is  normal- 
ly corrected  by   fertilization.   A   major   problem 
exists  in  determining  what  is  sufficient  fertilizer  N. 
One  must  consider  the  crop,  weather,  soil  proper- 
ties, and  a  multitude  of  fertilizer  practices  (earners, 
time  of  application,  rate,  and  placement).  Also, 
many  management  practices  can  influence  fertilizer 
N  efficiency-tillage  and  crop  residue  placement, 
cropping  system,  irrigation  practices,  weed  con- 
trol, and  others.   Consequently,  fertilizer  N  use 
efficiency  can  and  does  vary  greatly.  All  these 
variables  affect  soil  microbial  activity  and  N  immo- 
bilization-mineralization rates.  Quantitative  effects 
of  a  practice  are  often  site-specific,  and  can  only  be 
predicted  through  process-based  computer  simula- 
tion models.  Until  such  models  are  developed,  the 
best  approach  is  to  fertilize  according  to  field- 
calibrated  soil  tests.   Although  an  empirical  ap- 
proach, when  restricted  to  the  area  from  which  the 
field  calibration  was  derived,  this  approach  can 
provide  reasonable  estimates  of  minimum  fertilizer 
N  requirements.  Previous  research  has  shown  that 
fertilizer  use  based  on  such  recommendations  re- 
duces production  costs  and  nitrates  leaching,  while 
maintaining  yields.  With  continued  research,  well 
calibrated  soil  test  recommendations  for  fertilizer 
usage  can  provide  the  accounting  of  N  needed  to 
minimize  nitrate  leaching  into  groundwater.  (See 
also  W9 1-067 17)  (Author's  abstract) 
W9 1-06737 


FERTILIZER  NITROGEN  MANAGEMENT. 

Colorado    State    Univ.,    Fort    Collins.    Dept.    of 

Agronomy. 

G.  A.  Peterson,  and  W.  W.  Frye. 

IN:   Nitrogen   Management   and   Ground   Water 

Protection.    Developments    in    Agricultural    and 

Managed-Forest  Ecology  21.  Elsevier,  New  York, 

NY.  1989.  p  183-219,  3  fig,  7  tab,  53  ref. 

Descriptors:  'Fertilizers,  'Groundwater  pollution, 
•Nitrogen  compounds,  'Nonpoint  pollution 
sources,  'Water  pollution  control,  'Water  pollu- 
tion sources,  Agricultural  practices,  Cropping, 
Groundwater  quality,  Nutrient  requirements,  Pol- 
lutant load.  Root  zone. 


Nitrogen  fertilizer  supply  is  the  primary  nutnent 
limitation  for  both  total  world  food  supply  and 
protein  content.   Unfortunately,   N   fertilizer  can 
also  be  a  major  contributor  of  N  to  groundwater 
supplies  if  managed  improperly.  'Proper  use'  of  N 
fertilizer   involves   accurate   assessment   of  need 
before  application.  This  in  turn  requires  an  accu- 
rate judgement  of  yield  goal  and  precise  soil  sam- 
pling and  analysis.  This  review  paper  describes 
how  to  choose  a  yield  goal  and  how  to  sample 
fields  precisely.  Choice  of  fertilizer  source  depends 
on  economics  and  the  crop  situation.  Timing  of  N 
application  to  match  the  point  of  maximum  uptake 
by  the  plant  is  vital  to  maximizing  uptake  by  plants 
and  minimizing  groundwater  contamination.  Nitro- 
gen   management   obviously    has   been    well    re- 
searched and  adequate  technology  exists  to  mini- 
mize the  negative  effects  of  fertilizer  N  on  the 
environment.  The  critical  concern  is  applying  this 
knowledge.  Most  'mismanagement'  of  N  fertilizer 
has  occurred  in  the  developed  nations  and  so  one 
can  expect  that  as  affluence  increases  in  developing 
nations  the  problem  of  groundwater  contamination 
with  N  will  increase.  Since  1950,  farmers  have  had 
little  economic  incentive  to  be  concerned  with 
efficient  N  management,  especially  in  the  highly 
developed   countries  of  the   world,  because  the 
cost:returns  ratio  for  N  fertilizer  has  been  low. 
Furthermore,  the  largest  quantities  of  N  fertilizer 
have  been  used  in  the  developed  countries.  So,  the 
impact  on  groundwater  has  been  greatest  there, 
and  it  is  expected  to  continue.  Mismanagement  of 
N  fertilizer  in  many  soils  has  created  an  'N03  load' 
now  perched  between  the  root  zone  and  water 
table  that  will  continue  to  threaten  groundwater 
supplies.  Any  mismanagement  of  irrigation  water 
or   an   ill-timed   natural   precipitation   event   can 
move  the  N03(-)  into  or  nearer  the  water  table. 
Although  the  *N03(-)  load'  cannot  be  removed 
below  the  root  zone,  it  is  imperative  that  overload- 
ing the  soils  with  nitrogen,  especially  N03(-),  be 
stopped.  Improved  management  of  N  applications 
is  essential.  (See  also  W9 1-067 17)  (Lantz-PTT) 
W9 1-06738 


ESTIMATION  OF  N  BUDGETS  FOR  CROPS. 

Agricultural  Research  Service,  Lincoln,  NE. 
J.  S.  Schepers,  and  R.  H.  Fox. 
IN:   Nitrogen   Management   and   Ground   Water 
Protection.    Developments    in    Agricultural    and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  221-246,  4  fig,  4  tab,  1 17  ref. 

Descriptors:  'Agricultural  practices,  'Groundwat- 
er pollution,  'Nitrogen  compounds,  'Nonpoint 
pollution  sources,  'Nutrient  requirements,  'Water 
pollution  control,  'Water  pollution  sources,  Crop- 
ping, Fertilizers,  Leaching,  Nitrates. 

Estimating  N  input  and  removal  from  crop  pro- 
duction systems  is  one  of  the  first  considerations 
when  evaluating  management  practices  to  mini- 
mize nitrate  leaching  and  contamination  of  ground- 
water. Nitrogen  inputs  may  be  from  natural 
sources  such  as  precipitation,  soil  organic  matter 
decomposition,  or  microbial  fixation  of  atmospher- 
ic N.  Producers  can  directly  impact  N  inputs  from 
fertilizer,  manure,  and  nitrate  in  irrigation  water, 
and  indirectly  affect  the  timing  of  crop  N  availabil- 
ity through  the  selection  of  tillage  and  cultural 
practices.  Aside  from  crop  N  removal,  most  N 
losses  are  frequently  difficult  to  precisely  quantify 
because  of  complex  chemical,  physical,  and  micro- 
bial interactions.  It  may  not  be  necessary  to  pre- 
cisely quantify  all  N  inputs  and  outputs  from  crop 
production  systems  before  sound  N  management 
practices  can  be  developed,  provided  producers 
are  aware  of  how  various  management  variables 
can  be  integrated  to  minimize  nitrate  leaching.  (See 
also  W9 1-067 17)  (Author's  abstract) 
W9 1-06739 


IMPACT    OF    SOIL    MANAGEMENT    PRAC- 
TICES ON  NITROGEN  LEACHING. 

Kentucky  Agricultural  Experiment  Station,  Lex- 
ington. Dept.  of  Agronomy. 
G.  W.  Thomas,  M.  S.  Smith,  and  R.  E.  Phillips. 
IN:    Nitrogen    Management   and   Ground   Water 
Protection.    Developments    in    Agricultural    and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
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NY.  1989.  p  247-276,  4  fig,  10  tab,  64  ref. 

Descriptors:  'Land  use,  'Nitrogen  compounds, 
•Nonpoint  pollution  sources,  *Path  of  pollutants, 
•Soil  management,  'Water  pollution  control,  Con- 
servation tillage,  Leaching,  Nitrates,  Soil  chemis- 
try, Soil  water,  Tillage. 

Tillage  practices  for  row  crops  are  presently  un- 
dergoing a  revolutionary  change,  although  it  is  a 
slow  revolution.  Various  types  of  'conservation' 
tillage  that  leave  a  large  part  of  the  residue  from 
the  previous  crop  on  the  soil  surface  are  increasing 
in  importance  throughout  the  United  States  and  in 
other  countries.  Less  disturbance  of  soil,  and 
higher  residue  levels  have  immediate  effects  on 
nitrogen  mineralization  in  soil.  There  are  also 
longer-term  effects  on  erosion,  surface  runoff  of 
water  and  pathways  for  water  flow  through  the 
soil.  The  integration  of  these  effects  would  be 
expected  to  affect  the  amount  of  nitrogen  leached 
from  the  soil  and  entering  the  groundwater.  Till- 
age influences  the  soil  water  regime  with  respect 
to  the  effects  upon  evaporation  from  soil  surfaces, 
paths  of  water  flow,  and  pore  size  distribution. 
Nitrate  leaching  is  considered  as  a  function,  first  of 
soil  water  behavior  and  second  of  the  abundance 
and  distribution  of  nitrate  in  the  soil.  Amounts  and 
forms  of  N  in  the  soil  are  influenced  by  N  transfor- 
mations (nitrification,  denitrification,  and  mineral- 
ization-immobilization). Soil  management  of  water 
(including  irrigation,  drainage,  and  winter  crop- 
ping) is  therefore  most  important  in  controlling 
nitrate  leaching.  (See  also  W9 1-067 17)  (Lantz- 
PTT) 
W9 1-06740 


CROPPING  SYSTEMS:  ECOLOGY  AND  MAN- 
AGEMENT. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Soil  Science. 
M.  P.  Russelle,  and  W.  L.  Hargrove. 
IN:  Nitrogen  Management  and  Ground  Water 
Protection.  Developments  in  Agricultural  and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  277-317,  6  fig,  5  tab,  204  ref. 

Descriptors:  •Agricultural  practices,  *Cropping, 
•Groundwater  pollution,  *Land  use,  *Nonpoint 
pollution  sources,  *Water  pollution  control,  Alfal- 
fa, Fertilizers,  Groundwater  quality,  Irrigation,  Ni- 
trates, Nitrogen  compounds,  Nutrient  require- 
ments, Soil  water. 

The  judicious  choice  and  management  of  cropping 
systems  can  minimize  N03(-)-N  contamination  of 
groundwater.  Spatial  and  temporal  patterns  of 
crop  N  absorption  should  match  those  of  N  avail- 
ability. Niche  breadth  and  overlap  of  interplanted 
and  sequential  crops  should  be  characterized  to 
maximize  the  use  of  available  N.  Nitrogen  use 
efficiency  in  monocrops  can  be  improved  by  ap- 
propriate planting  geometry  and  date,  tillage,  irri- 
gation management,  and  cultivar  selection.  Cover 
cropping,  mixed  cropping,  and  interannual  crop 
rotation  have  proven  useful  in  many  environments, 
but  inclusion  of  legumes  in  these  systems  does  not 
always  reduce  N03(-)-N  losses.  Multiple  cropping 
systems  require  careful  management,  especially  on 
irrigated  sands.  The  use  of  deeply  rooted  crops  like 
alfalfa  in  semiarid  regions  to  reduce  accumulations 
of  subsoil  N03(-)-N  needs  further  evaluation  under 
more  humid  conditions.  Substitution  of  symbioti- 
cally-fixed  N2  or  animal  manures  for  commercial 
fertilizer-N  will  not  necessarily  reduce  N03(-)-N 
losses,  but  the  extent  of  groundwater  contamina- 
tion by  symbiotically-fixed  N  is  not  known.  Future 
development  of  cropping  systems  should  attempt 
to  control  space-dependent  (e.g.,  soil  type  or  land- 
scape position)  and  time-dependent  N03(-)-N 
losses  from  the  root  zone.  (See  also  W9 1-067 17) 
(Author's  abstract) 
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MANAGEMENT  OF  WATER  BALANCE  COM- 
PONENTS. 

Agricultural  Research  Service,  Fort  Collins,  CO. 

Northern  Plains  Area. 
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IN:   Nitrogen    Management   and   Ground   Water 

Protection     Developments    in    Agricultural    and 


Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  319-361,  9  fig,  1  tab,  18  ref. 

Descriptors:  'Agricultural  practices,  *Hydrologic 
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tion practices,  Leaching,  Path  of  pollutants,  Perco- 
lation, Soil  water.  Water  management. 

Water  and  fertility  management  are  important  for 
the  efficient  production  of  crops.  Since  nitrate  is 
highly  soluble  in  water,  each  of  the  water  balance 
components  must  be  carefully  managed  to  prevent 
the  transport  of  nitrate  out  of  the  root  zone.  The 
water  balance  components  include  precipitation 
and  irrigation,  stored  water  in  the  soil  profile, 
evaporation,  transpiration,  runoff  and  percolation. 
Precipitation  management  is  important  to  maxi- 
mize water  storage  and  use.  Irrigation  is  applied 
when  the  timing  or  amount  of  precipitation  is 
insufficient  to  meet  the  crop  demand.  Surface, 
sprinkler  and  drip  irrigation  systems  are  discussed 
as  related  to  management  for  satisfying  crop  water 
needs.  When  irrigations  are  scheduled  to  supple- 
ment natural  precipitation,  the  management  chal- 
lenge is  to  measure  and  evaluate  the  irrigation  to 
assure  that  water  is  applied  in  the  proper  amount 
and  timing.  The  irrigation  system  must  be  managed 
to  avoid  excessive  runoff  or  deep  percolation.  Any 
excess  water  leaving  the  field  may  be  degraded  in 
quality  for  further  use  or  storage  in  the  under- 
ground reservoir.  Management  of  excess  water 
through  appropriate  drainage  is  a  necessary  com- 
ponent of  controlling  the  water  balance.  Unexpect- 
ed rainfall  can  lead  to  excess  water  that  must  be 
managed.  Use  of  irrigation  systems  to  apply  chemi- 
cals requires  special  management.  Leaching  is  re- 
quired but  excess  application  can  degrade  ground- 
water and  surface  water  supplies.  Management  of 
the  water  balance  components  also  requires  proper 
soil  management  to  control  infiltration  and  evapo- 
ration. (See  also  W9 1-067 17)  (Author's  abstract) 
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MODELLING  AGRICULTURE  TO  SUPPORT 
REGIONAL  WATER  MANAGEMENT. 

Winand  Staring  Centre  for  Integrated  Land,  Soil 
and  Water  Research,  Wageningen  (Netherlands). 
For  primary  bibliographic  entry  see  Field  6D. 
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SPATIAL  VARIABILITY  OF  AN  AGRICUL- 
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TURGOR  MAINTENANCE  IN  ROSA  RUGOSA 
GROWN  AT  THREE  LEVELS  OF  NITROGEN 
AND  SUBJECTED  TO  DROUGHT. 
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motic pressure,  Regression  analysis,  Stress,  Water 
potentials,  Water  stress. 

Turgor  is  an  essential  prerequisite  for  plant 
growth.  The  influence  of  nitrogen  fertilization  on 
turgor  maintenance  was  determined  in  leaves  from 
well-watered  and  droughted  Rosa  rugosa.  Plants 
were  fertilized  for  60  days  with  a  complete  fertiliz- 
er with  N  at  levels  of  0,  200,  or  500  ppm  and  then 
subjected  to  several  drought  cycles  for  22  days. 
Plants  receiving  no  N  were  stunted  and  chlorotic, 
but  had  the  greatest  full  saturation  turgor  pressure 
and  symplastic  osmolality,  and  the  lowest  full  satu- 
ration   osmotic    potential,    after    drought.    These 


plants  also  maintained  higher  turgor  across  a  range 
of  leaf  water  potentials  and  relative  water  contents. 
Leaf  water  content  at  full  turgor  and  relative 
water  content  at  the  turgor  loss  point  were  also 
lower  in  plants  without  N.  Nitrogen  treatments  of 
200  and  500  ppm  had  similar  water  relationship 
under  both  well-watered  and  drought  conditions. 
Results  suggest  that  growers  need  not  be  overly 
concerned  with  nitrogen  fertilization  regarding 
drought  resistance  in  rugosa  rose.  (Author's  ab- 
stract) 
W91-06918 


EFFECT  OF  PATTERN  OF  WATER  SUPPLY 
ON  VTCIA  FABA  L.:  1.  DRY  MATTER  PARTI- 
TIONING AND  YIELD  VARIABILITY. 

Centre  for  Agrobiological  Research,  Wageningen 

(Netherlands). 

C.  Grashoff. 

Netherlands     Journal     of    Agricultural     Science 

NETMAW,  Vol.  38,  No.  1,  p  21-44,  1990.  8  fig,  3 

tab,  27  ref. 

Descriptors:  'Beans,  'Crop  yield,  'Irrigation, 
Crop  production.  Dry  matter,  Flowering,  Plant 
growth,  Rainfall,  Seeds,  Water  shortage. 

The  effects  of  various  amounts  and  tunings  of 
water  supply  during  and  after  the  flowering  period 
were  studied  in  faba  beans.  In  field  experiments, 
plenty  of  water  during  and  after  flowering  (i-i) 
resulted  in  stimulation  of  vegetative  growth,  but 
reduced  initial  reproductive  growth  as  well  as  final 
seed  yield,  compared  with  a  control  with  mild 
water  shortage  during  flowering  but  plenty  of 
water  after  flowering  (d-i).  D-i  resulted  in  high 
average  seed  yield  of  7.0  t/ha,  optimum  harvest 
index  (HIX0.61  g/g),  and  relatively  small  seed 
yield  range  over  the  experiments  (2.2  t/ha).  In  i-i, 
average  seed  yield  (7. 1  t/ha)  did  not  differ  signifi- 
cantly from  d-i  and  HI  was  lower  (0.57)  but  seed 
yield  range  was  small  with  1.4  t/ha.  D-d,  i-d,  and 
natural  rainfall  control  provided  much  lower  aver- 
age seed  yields  and  a  larger  seed  yield  range;  i-d 
also  provided  the  lowest  HI  (0.54  g/g).  It  is  con- 
cluded that  differences  in  distribution  pattern  and 
amount  of  rainfall  are  a  major  reason  for  the  varia- 
bility in  seed  yield  of  faba  beans.  During  flowering 
a  mild  water  shortage  might  be  preferable  to 
plenty  of  water,  to  limit  vegetative  growth  and 
stimulate  early  reproductive  growth.  After  flower- 
ing, plenty  of  water  is  crucial  for  high  and  stable 
seed  yield  responses.  (See  also  W9 1-06934)  (Au- 
thor's abstract) 
W9 1-06932 


MOISTURE      DISTRIBUTION      WITHIN      A 
MAIZE  CROP  DUE  TO  DEW. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Meteorology. 

For  primary  bibliographic  entry  see  Field  21. 

W91-06933 


EFFECT  OF  PATTERN  OF  WATER  SUPPLY 
ON  VTCIA  FABA  L.:  2.  POD  RETENTION  AND 
FIXLING,  AND  DRY  MATTER  PARTITION- 
ING, PRODUCTION  AND  WATER  USE. 

Centre  for  Agrobiological  Research,  Wageningen 

(Netherlands). 

C.  Grashoff. 

Netherlands    Journal     of    Agricultural     Science 

NETMAW,  Vol.  38,  No.  2,  p  131-143,  1990.  5  fig, 

14  ref. 

Descriptors:  'Beans,  'Crop  yield,  'Dry  matter, 
•Irrigation,  Crop  production,  Flowering,  Plant 
growth,  Rainfall,  Regression  analysis.  Seeds, 
Water  shortage. 

Pod  retention  and  pod  filling  of  faba  beans  were 
studied  under  different  patterns  of  water  supply. 
Mild  water  shortage  during  flowering,  followed  by 
plenty  of  water  after  flowering  (d-i)  resulted  in 
high  seed  yields  at  lower  stem  nodes.  The  inverse 
treatment  (i-d),  but  also  i-i  (plenty  of  water  during 
and  after  flowering),  showed  20%-60%  lower  seed 
yields  at  those  nodes.  The  quantitative  conse- 
quences of  these  effects  on  the  relation  between 
total  water  use  and  seed  yield  were  determined. 
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Without  taking  into  account  different  water  supply 
patterns,  a  linear  relation  between  total  water  use 
(represented  by  total  dry  matter  production)  and 
seed  yield  already  explains  75%-85%  of  the  varia- 
tion in  seed  yield.  If  different  water  supply  patterns 
are  included  in  the  regression  analysis,  more  than 
90%  of  the  variation  in  seed  yield  can  be  ex- 
plained. The  i-i  patterns,  compared  to  d-i,  result  in 
sub-optimum  dry  matter  partitioning  to  reproduc- 
tive organs,  but  show  a  smaller  seed  yield  variabili- 
ty. This  indicates  that  defining  and  maintaining  the 
optimum  level  of  (mild)  water  shortage  under 
varying  climatological  conditions  needs  further  at- 
tention. (See  also  W91-06932)  (Author's  abstract) 
W9 1-06934 

CONTRIBUTION  OF  OSMOTIC  ADJUST- 
MENT TO  GRAIN  YIELD  IN  SORGHUM  BI- 
COLOR  (L.)  MOENCH  UNDER  WATER-LIM- 
ITED CONDITIONS:  I.  WATER  STRESS 
BEFORE  ANTHESIS. 

Queensland  Univ.,  Brisbane  (Australia).  Dept.  of 
Agriculture. 

For  primary  bibliographic  entry  see  Field  21. 
W91-06941 


CONTRIBUTION  OF  OSMOTIC  ADJUST- 
MENT TO  GRAIN  YIELD  IN  SORGHUM  BI- 
COLOR  (L.)  MOENCH  UNDER  WATER  LIM- 
ITED CONDITIONS:  n.  WATER  STRESS 
AFTER  ANTHESIS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  St.  Lucia  (Australia).  Div.  of  Tropi- 
cal Crops  and  Pastures. 
For  primary  bibliographic  entry  see  Field  21. 
W9 1-06942 


RESOURCE  QUALITY  AND  TROPHIC  RE- 
SPONSES TO  SIMULATED  THROUGHFALL: 
EFFECTS  ON  DECOMPOSITION  AND  NUTRI- 
ENT FLUX  IN  A  NO-TILLAGE  AGROECOSYS- 
TEM. 

Georgia  Univ.,  Athens.  Inst,  of  Ecology. 
M.  H.  Beare,  J.  M.  Blair,  and  R.  W.  Parmelee. 
Soil  Biology  &  Biochemistry  SBIOAH,  Vol.  21, 
No.  8,  p   1027-1036,   1989.  4  fig,  4  tab,  48  ref. 

Descriptors:  •Agriculture,  'Decomposition,  •Eco- 
systems, *Nutrients,  •Throughfall,  'Tillage,  Calci- 
um, Carbon,  Microorganisms,  Mineralization,  Ni- 
trogen, Phosphorus,  Physical  properties. 

Many  characteristic  of  no-tillage  agroecosystems 
appear  to  mimic  those  of  natural  ecosystems.  The 
effects  of  simulated  throughfall  additions  on  micro- 
bial and  microfaunal  abundances,  decomposition 
and  N,  P,  Ca,  Mg  and  K  flux  from  winter  rye 
(Secale  cereale  L.)  and  crimson  clover  (Trifolium 
incarnatum  L.)  residues  in  a  no-tillage  agroecosys- 
tem  were  quantified  during  the  summer  of  1986. 
Clover  residues,  with  higher  initial  nutrient  con- 
centrations and  lower  C-to-element  ratios,  had  a 
greater  rate  of  decomposition,  greater  net  mineral- 
ization and  higher  mean  concentrations  of  all  five 
elements  than  rye.  Overall  mean  densities  of  both 
fungi  and  bacteria  were  also  greater  on  clover  and 
these  in  turn  supported  greater  overall  mean  densi- 
ties of  fungivore  microarthropods  and  bacterivore 
nematodes.  Throughfall  additions  to  low  resource 
quality  rye  residues  enhanced  microbial  immobili- 
zation of  N,  P  and  Ca  in  the  absence  of  high  grazer 
abundances.  Microflora!  densities  and  nutrient  re- 
tention were  diminished  under  high  grazer-fauna 
densities.  No  consistent  throughfall  effects  were 
observed  for  the  higher  resource  quality  crimson 
clover  residues.  Significantly  lower  net  N  mineral- 
ization from  rye  (0.95  mg/g  of  initial  litter)  versus 
clover  (12.69  mg/g  of  initial  litter)  and  enhanced  N 
retention  in  throughfall-treated  rye  suggest  the  lim- 
iting nature  of  this  element.  The  additional 
amounts  of  N  and  P  retained  in  throughfall-treated 
rye  residues  over  controls  were  greater  than  could 
be  accounted  for  by  throughfall  inputs  and  suggest 
that  low  level  nutrient  additions  may  stimulate 
immobilization  of  elements  from  other  sources. 
(Author's  abstract) 
W9 1-06967 


EFFECT  OF  PHOSPHORUS  ON  DROUGHT 
TOLERANCE  IN  CHLORIS  GAY  ANA  KUNTH 
AND  COIX  LACRYMA-JOBI  L. 

Hiroshima  Univ.  (Japan).  Faculty  of  Applied  Bio- 
logical Science. 

H.  Saneoka,  K.  Fujita,  and  S.  Ogata. 
Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  2,  p 
267-274,  1990.  3  fig,  3  tab,  20  ref. 

Descriptors:  'Drought  resistance,  'Forages,  'Lim- 
iting nutrients,  'Nutrition,  'Phosphorus,  'Plant 
physiology.  Grasses,  Leaves,  Nutrients,  Photosyn- 
thesis, Plant  growth,  Plant  tissues,  Water  stress. 

To  evaluate  the  role  of  phosphorus  (P)  nutrition  on 
the  drought  tolerance  of  warm  season  forage 
crops,  two  crops  were  subjected  to  water  stress  at 
two  P  nutrition  levels.  The  crops,  Rhodesgrass 
(Chloris  gayana  Kunth)  and  Job's  tears  (Coix  la- 
cryma-jobi  L.)  are  considered  to  be  the  most  and 
the  least  tolerant  species  to  water  stress,  respec- 
tively. Leaf  water  potential,  stomatal  resistance, 
leaf  area,  shoot  and  root  dry  weight,  root  develop- 
ment, and  photosynthetic  rate  were  recorded. 
Shoot  and  root  dry  weights  decreased  at  the  lower 
P  level  and  under  water  stress  in  both  species. 
Total  leaf  area  per  plant  decreased  by  stress  and  it 
was  smaller  at  the  lower  P  level  than  at  the  higher 
P  level  in  both  species  under  stress  conditions.  The 
root  development  of  both  species  was  markedly 
inhibited  by  water  stress.  In  rhodesgrass,  total  root 
length  and  root  surface  area  at  the  higher  P  level 
were  2.3  and  1.7  times  larger  than  those  at  the 
lower  P  level,  respectively.  They  were  2.3  and  2.7 
times  larger  in  Job's  tears.  Roots  were  distributed 
in  deeper  layers  at  the  higher  P  level  than  the 
lower  P  level.  Leaf  water  potential  decreased  and 
stomatal  resistance  increased  in  the  water  stress 
treatment.  Stomatal  sensitivity  was  increased  and 
photosynthetic  rate  was  decreased  at  the  lower  P 
level  under  water  stress  conditions  in  both  species. 
However,  at  the  higher  P  level,  plants  maintained 
a  higher  value  of  photosynthetic  rate  at  low  water 
potentials  compared  to  the  lower  P  level.  The 
results  indicated  that  a  higher  level  of  P  nutrition 
increased  the  ability  of  plants  to  tolerate  drought  in 
both  species  through  the  increase  of  total  leaf  area, 
and  development  and  penetration  of  roots  in 
deeper  soil  layers.  (Author's  abstract) 
W9 1-06974 


SOIX-WATER  RELATIONS  AND  INTERFER- 
ENCE BETWEEN  DEVIL'S-CLAW  (PROBOSCI- 
DEA  LOUISIANICA)  AND  COTTON  (GOSSY- 
PIUM  HIRSUTUM). 

Oklahoma  State  Univ.,  Stillwater.  Dept.  of  Agron- 
omy. 
M.  S.  Riffle,  D.  S.  Murray,  J.  F.  Stone,  and  D.  L. 

Weed  Science  WEESA6,  Vol.  38,  No.  1,  p  39-44, 
1990.  4  fig,  2  tab,  11  ref. 

Descriptors:  'Agriculture,  'Cotton,  'Oklahoma, 
♦Soil  water,  'Soil-water-plant  relationships, 
•Weeds,  Loam,  Plant  growth,  Precipitation,  Sandy 
soils,  Soil  amendments,  Soil  profiles. 

Soil  water  from  plots  containing  cotton,  devil's- 
claw,  cotton  with  devil's-claw,  and  bare  soil  was 
measured  throughout  the  growing  season  using  a 
neutron  probe  and  related  to  weed  interference 
with  the  crop.  Experiments  were  conducted  in 
1986  and  1987  on  a  Teller  fine  sandy  loam  soil 
(Udic  Argiustoll),  pH  6.9,  near  Perkins  in  north- 
central  Oklahoma.  Soil  fertility  levels  were  amend- 
ed each  year  according  to  state  extension  soil  test 
recommendations  for  cotton.  'Paymaster  145' 
cotton,  a  stormproof  stripper-type  cultivar  was 
planted  into  an  area  heavily  infested  with  devil's- 
claw  on  June  24,  1986  and  June  6,  1987.  The  final 
cotton  stand  each  year  averaged  15  plants/m  of 
row.  Volumetric  water  content  throughout  the  soil 
profile  to  a  depth  of  180  cm  did  not  differ  among 
treatments  before  the  5th  or  6th  week  after  cotton 
emergence.  Greater  water  depletion  occurred 
early  in  the  season  in  plots  containing  devil's-claw 
which  corresponded  to  a  period  of  rapid  weed 
growth.  In  plots  containing  only  cotton,  the  largest 
reduction  in  water  content  occurred  later  in  the 
season  during  peak  bloom  and  early  boll  formation. 
Soil  water  content  at  depths  greater  than  105  cm 
remained  unchanged  in  all  plots  throughout  the 


season.  Interference  from  devil's-claw  reduced 
cotton  lint  yield  96%  in  1986  and  46%  in  1987. 
Higher  rainfall  and  reduced  weed  populations  in 
1987  reduced  the  impact  of  weed  interference  on 
cotton  lint  yield.  (Agostine-PTT) 
W9 1-06980 


EFFECT    OF    WATER    STRESS,    NITROGEN, 

AND   GIBBERELLIC   ACID   ON   FLUAZIFOP 

AND    GLYPHOSATE    ACTIVITY    ON    OATS 

(A  VENA  SATTVA). 

Lincoln  Coll.,  Canterbury  (New  Zealand).  Dept. 

of  Plant  Science. 

R.  L.  Dicksin,  M.  Andrews,  R.  J.  Field,  and  E.  L. 

Dickson. 

Weed  Science  WEESA6,  Vol.  38,  No.  1,  p  54-61, 

1990.  7  tab,  48  ref. 

Descriptors:  'Fluazifop,  'Gibberellic  acid,  *Gly- 
phosate,  'Herbicides,  'Nitrogen,  'Oats,  'Plant 
growth  substances,  'Water  stress,  'Weed  control, 
Agricultural  chemicals,  Grasses,  Plant  growth, 
Plant  physiology. 

A  series  of  experiments  was  carried  out  on  oats  to 
test  the  efficacies  of  fluazifop  and  glyphosate 
against  water-stressed  plants,  plants  grown  in  low 
and  high  nitrogen  (N),  and  plants  treated  with 
gibberellic  acid  (G  A).  Fluazifop  is  a  member  of  the 
polycyclic  alkanoic  acid  group  of  selective,  poste- 
mergence  herbicides  used  to  control  grass  weeds  in 
barley,  wheat,  rye  and  many  broadleaf  crops.  Gly- 
phosate is  a  nonselective,  broad-spectrum,  poste- 
mergence,  phosphonic  acid  herbicide.  In  the  labo- 
ratory, plants  maintained  at  wilting  point  for  5 
days  before  and  9  days  after  spraying  with  fluazi- 
fop (0.5  kg  ae/ha)  appeared  healthy  32  days  after 
herbicide  application,  while  plants  supplied  with 
water  throughout  the  experiment  were  completely 
chlorotic/necrotic  and  had  main  stem  detachment 
from  within  the  leaf  sheaths.  In  the  field,  plants 
maintained  unirrigated  until  14  days  after  spraying 
with  fluazifop  (0.25  kg/ha)  or  glyphosate  (0.18  kg 
ae/ha)  showed  greater  tolerance  of  the  herbicides 
than  plants  irrigated  regularly.  Under  well-watered 
conditions  in  the  laboratory  and  field,  fluazifop 
(0.25  kg/ha)  and  glyphosate  (0.18  kg/ha)  were  less 
toxic  at  low  N  than  high  N.  Increased  fluazifop 
activity  at  high  N  was  associated  with  increased 
transport  of  herbicide  to  apical  meristems.  Addi- 
tion of  200  microgram  GA  into  the  leaf  sheaths  2 
days  prior  to  spraying  with  fluazifop  of  glyphosate 
increased  the  efficacy  of  both  herbicides  at  low  N. 
The  data  obtained  indicate  that  GA  has  potential 
for  increasing  the  performance  of  fluazifop  and 
glyphosate,  but  only  if  applied  sometime  before 
spraying.  It  is  likely  that  by  applying  the  growth 
regulator  sometime  before  the  herbicide,  rapid  her- 
bicide effects  which  negate  growth  regulator  ef- 
fects are  avoided.  (Agostine-PTT) 
W9 1-06981 


EFFECT  OF  IRRIGATED  HORTICULTURAL 
CROPPING  ON  GROUNDWATER  QUALITY: 
SWAN  COASTAL  PLAIN,  WESTERN  AUSTRA- 
LIA. 

Agricultural  Research   Service,  University   Park, 
PA.  Northeast  Watershed  Research  Center. 
For  primary  bibliographic  entry  see  Field   5G. 
W9 1-07055 

4.  WATER  QUANTITY 
MANAGEMENT  AND 
CONTROL 

4A.  Control  Of  Water  On  The 
Surface 


RIVER  CATCHMENT  PLANNING  FOR  LAND 
DRAINAGE,  FLOOD  DEFENCE  AND  THE  EN- 
VIRONMENT. 

National  Rivers  Authority,  Thames  Region,  Eng- 
land. 

J.  L.  Gardiner. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
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Field  4— WATER  QUANTITY  MANAGEMENT  AND  CONTROL 
Group  4A — Control  Of  Water  On  The  Surface 


I 

c. 


442-450,  October  1990.  4  fig,  25  ref. 

Descriptors:  'Flood  plain  management,  'Urban 
runoff,  'Watershed  management,  Environmental 
policy,  Geographic  information  systems.  Land  use, 
Local  governments,  Model  studies,  Surface  water. 

A  study  was  conducted  to  outline  the  opportuni- 
ties for  full  integration  of  river  catchment  planning 
in  the  near  future.  Since  1963,  there  has  been  a 
great  deal  of  research  on  the  major  issues  of  water 
resources  and  environmental  quality.  Surface- 
water  management,  with  the  benefit  of  new  analyt- 
ical tools,  can  now  complement  these  functions  in 
the  formation  of  river-catchment  plans.  This  ap- 
proach has  been  made  possible  by  advances  in 
analytical  and  computational  techniques  matched 
by  hardware  design.  Investigations  of  problem 
areas  can  now  be  specified  as  part  of  a  developing 
integrated  river  catchment  plan,  supported  by 
adaptable  models  and  capable  of  playing  an  in- 
creasingly confident  role  in  strategic  land-use  plan- 
ning. The  most  recent  developments  in  this  field 
concern  the  linking  of  river  model  ONDA  to  a 
geographic  information  system  (GIS)  and  a  digital 
ground  model.  Once  the  interrelational  model  has 
been  established,  a  higher-level  management  tool 
will  be  available  with  the  spatial  facility  of  the  GIS 
to  extend  the  predictive  power  of  the  river  model 
by  indicating  the  type  and  location  of  attributes 
suffering  impacts.  The  potential  benefits  lie  in  the 
interaction  of  local  authorities  and  others  involved 
in  land-use  planning  to  ensure  appropriate  commu- 
nity benefits  from  land-use  change.  (Feder-PTT) 
W9 1-05971 


DETERMINISTIC  MODEL  OF  THE  RE- 
SPONSE OF  THREADFIN  SHAD  TO  AQUATIC 
MACROPHYTE  CONTROL. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Wildlife  and  Fisheries  Sciences. 

P.  W.  Bettoli,  T.  Springer,  and  R.  L.  Noble. 

Journal  of  Freshwater  Ecology  JFREDW,  Vol.  5, 

No.  4,  p  445-454,  December  1990.  4  fig,  1  tab,  26 

ref.  Texas  Agricultural  Experiment  Station  Project 

S-6634. 

Descriptors:  'Aquatic  weed  control,  'Fish  popula- 
tions, 'Macrophytes,  'Model  studies,  'Shad,  Bio- 
mass,  Carp,  Chlorophyll  a,  Computer  models,  De- 
terministic models,  Lake  Conroe,  Sensitivity  analy- 
sis, Texas. 

A  computer  simulation  model  was  developed  to 
investigate  the  relationships  between  aquatic  ma- 
crophytes, chlorophyll  a,  and  threadfin  shad  (Dor- 
osoma  petenense)  abundance  in  Lake  Conroe, 
Texas.  Aerial  coverage  of  vegetation  was  used  as  a 
driving  variable  in  the  model  to  regulate  algal 
biomass  in  the  limnetic  zone,  larval  shad  survival, 
and  adult  reproductive  fitness.  Empirical  data  used 
in  model  development  were  collected  before  and 
after  grass  carp  Ctenopharyngodon  idella  were 
stocked  in  1981-1982  to  control  over  3,500  hectares 
of  submersed  vegetation.  Complete  vegetation 
control  by  1983  resulted  in  increased  chlorophyll  a 
concentrations  in  the  limnetic  zone  and  increased 
threadfin  shad  abundance.  The  model  plausibly 
accounted  for  the  positive  response  by  the  shad 
population  but  responded  slower  than  the  real 
system  to  macrophyte  removal.  Sensitivity  analysis 
revealed  the  model  was  most  sensitive  to  larval 
mortality  rates  and  the  functional  form  of  the 
relationship  between  macrophyte  abundance  and 
chlorophyll  a  concentrations.  (Author's  abstract) 
W91-06015 


EFFECT  OF  DIFFERENT  TYPES  OF  FOREST 
MANAGEMENT  ON  THE  TRANSFORMATION 
OF  RAINFALL  ENERGY  BY  THE  CANOPY  IN 
RELATION  TO  SOIL  EROSION. 

Silsoe  Coll.  (England).  Dept.  of  Field  Engineering. 
J.  Brandt. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  213-222,  2  fig,  1  tab,  22  ref.  Natural 
Environment  Research  Council  Studentship 
number  GT4/82/AAPS/59. 

Descriptors:  'Canopy,  'Forest  hydrology,  'Forest 
management,    'Model    studies,    'Rainfall    impact, 


'Rainfall  infiltration,  'Soil  erosion,  'Watershed 
management,  Brazil,  Hydrologic  models,  Kinetic 
energy,  Rainfall  intensity,  Rainfall  penetration, 
Throughfall. 

Rainfall  energy  and  intensity  are  commonly  used 
in  a  model  describing  the  initiation  of  soil  erosion 
by  splash  on  a  bare  soil  surface.  The  effects  of  a 
vegetation  canopy  on  splash  may  be  incorporated 
into  such  models  by  considering  the  change  in 
rainfall  drop-size  distribution  by  the  canopy. 
Throughfall  kinetic  energy  per  unit  volume  has 
been  shown  to  be  independent  of  both  rainfall 
energy  and  intensity  and  to  be  determined  by 
processes  operating  within  the  canopy.  Total 
throughfall  kinetic  energy  for  any  storm  may  be 
simulated  if  the  frequency  distribution  of  the 
values  of  kinetic  energy  per  unit  volume  is  known. 
At  a  basic  level  the  frequency  distribution  of  total 
kinetic  energy  values  may  be  simulated  from 
random  values  of  mean  kinetic  energy  and  total 
throughfall  depth.  Experimental  work  to  deter- 
mine values  of  kinetic  energy  per  unit  volume  of 
rainfall  and  throughfall  was  carried  out  at  three 
sites  (open,  single  canopy,  and  multiple  canopy)  in 
a  mature  rain  forest  in  Brazil  during  August  and 
September  1984.  Kinetic  energy  per  unit  volume  of 
rainfall  samples  were  normally  distributed  with  a 
mean  of  14.7  J/mm/sq  m.  The  mean  values  of 
kinetic  energy  for  the  single  and  multiple  canopies 
are  higher  than  those  of  the  rainfall.  While  rainfall 
kinetic  energy  per  unit  volume  correlated  well 
with  intensity,  the  throughfall  energy  did  not, 
showing  that  at  any  time  the  kinetic  energy  per 
unit  volume  of  throughfall  is  not  dependent  on  the 
rainfall  energy,  has  a  different  range  and  distribu- 
tion from  that  of  the  rainfall,  and  is  determined  by 
processes  operating  within  the  canopy.  Refinement 
of  the  model  will  come  in  reducing  the  range  of 
possible  values  of  kinetic  energy  per  unit  volume  at 
any  period  during  the  storm.  (See  also  W9 1-065 10) 
(Fish-PTT) 
W91-06530 


STUDIES  ON  THE  HYDROLOGICAL  PROC- 
ESSES IN  THE  FOREST  DRAINAGE  BASINS 
OF  THE  WESTERN  GHATS  OF  INDIA. 

Centre   for   Water   Resources   Development   and 
Management,  Calicut  (India). 
E.  J.  James,  P.  K.  Pradeepkumar,  G.  Rangana,  I. 
V.  Nayak,  and  T.  B.  Ravi. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  223-229,  6  fig,  2  tab,  2  ref. 

Descriptors:  'Deforestation,  'Forest  hydrology, 
•Forest  watersheds,  'India,  'Unit  hydrographs, 
•Watershed  management,  Drainage  basins,  Evapo- 
transpiration,  Exploitation,  Hydrographs,  Intercep- 
tion loss,  Rainfall-runoff  relationships,  Sediment 
yield. 

Three  sets  of  drainage  basins  of  about  2  sq  km  have 
been  monitored  for  two  years  to  study  the  impact 
of  deforestation  on  hydrological  parameters  in  the 
Western  Ghats  region  of  India.  Each  set  consisted 
of  separate  dense  forest,  partially-exploited  and 
fully-exploited  basins.  Unit  hydrographs  have  been 
evolved  for  each  of  the  drainage  basins  and  com- 
pared. The  results  reveal  that  the  unit  hydrograph 
changes  its  shape  considerably  with  even  partial 
exploitation  of  the  forests  of  the  Western  Ghats. 
The  interception  losses  are  of  the  order  of  10% 
that  of  the  rainfall  in  a  typical  mixed  forest  of  the 
region.  Sediment  yield  from  exploited  basins  was 
computed  as  four  times  more  than  that  of  forest 
basins.  Potential  evapotranspiration  was  found  to 
be  higher  from  the  exploited  basins.  (See  also  W91- 
06510)  (Author's  abstract) 
W9 1-06531 


AMOUNT  OF  RUNOFF  AND  SOIL  LOSSES 
FROM  VARIOUS  LAND-USE  SAMPLING 
PLOTS  IN  SAKOLNAKORN  PROVINCE, 
THAILAND. 

Royal   Forest   Dept.,   Bangkok   (Thailand).   Chee 
Watershed  Research  Station. 
W.  Putjaroon,  and  K.  Pongboon. 
IN:   Forest   Hydrology  and  Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 


sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  231-238,  2  tab,  11  ref. 

Descriptors:  'Forest  hydrology,  'Land  use, 
•Runoff,  'Soil  erosion,  'Thailand,  'Watershed 
management,  Contour  irrigation,  Deforestation, 
Erosion  control,  Forest  watersheds,  Land  manage- 
ment, Mountains,  Sediment  transport,  Sediment 
yield. 

Soil  erosion  is  the  most  important  problem  of  land 
management  in  Thailand,  aggravated  by  the  young 
and  mountainous  geologic  formation,  and  the 
rugged  and  steep  physiographic  terrain  with  rather 
erosive  soils.  To  utilize  the  mountainous  drainage 
basins  in  northeastern  Thailand  to  meet  both  socio- 
economic and  environmental  demands,  information 
on  the  environmental  impact  of  converting  forest 
land  into  various  types  of  land  use  must  be  ob- 
tained and  considered  in  land  use  planning.  A 
study  was  performed  to  investigate  the  amount  of 
surface  runoff  and  sediment  yield  from  various 
forest  land-uses  in  northeastern  Thailand,  and  to 
suggest  a  proper  method  for  soil  erosion  control. 
Six  2  x  10  m  runoff  plots  were  set  up  in  dry 
dipterocarp  forest,  abandoned  fields  (open  land 
forest),  and  contour  furrowing  agriculture.  Each 
area  had  similar  slope  and  aspect.  The  average  soil 
losses  from  dry  dipterocarp  forest,  open  land 
forest,  and  contour  furrowing  agriculture  were 
664,  1,425,  and  430  kg/ha,  respectively.  Average 
runoff  from  dry  dipterocarp  forest,  abandoned 
fields,  and  contour  furrowing  agriculture  was 
1,529,  2,702,  and  1,317  cu  m/ha,  respectively. 
Abandoned  fields  averaged  2.15  times  the  soil 
losses  and  1.77  times  the  surface  runoff  of  forest 
land.  To  reduce  the  soil  losses  and  runoff  from 
open  land,  proper  land  management  or  soil  erosion 
control  methods  such  as  control  furrowing  agricul- 
ture were  shown  to  be  effective.  (See  also  W91- 
06510)  (Fish-PTT) 
W91-06532 


GEOMORPHIC  AND  VEGETATD7E  RECOV- 
ERY PROCESSES  ALONG  MODIFIED  TEN- 
NESSEE STREAMS:  AN  INTERDISCIPLINARY 
APPROACH  TO  DISTURBED  FLUVIAL  SYS- 
TEMS. 

Geological  Survey,  Nashville,  TN. 
A.  Simon,  and  C.  R.  Hupp. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  251-262,  6  fig,  1  tab,  15  ref. 

Descriptors:  'Channel  morphology,  'Flood  con 
trol,  'Fluvial  sediments,  'Forest  hydrology,  'Ri 
panan  vegetation,  'Tennessee,  'Watershed  man 
agement,  Channel  accretion,  Channel  erosion 
Channel  stability,  Dendrochronology,  Flood  chan 
nels,  Flood  plain  management,  Geomorphology, 
Stream  banks,  Vegetation  regrowth. 

The  sand-bed  stream  channels  of  the  Obion-Forked 
Deer  River  basin,  in  West  Tennessee,  periodically 
have  been  dredged  and  straightened  since  the  turn 
of  the  century  to  reduce  flood  magnitude  and 
frequency.  Changes  in  channel  morphology  and 
the  sequence  of  channel  forms  were  determined 
from  channel  surveys  and  field  reconnaissance 
(1981-1986),  construction  plans,  and  specific  gage 
data.  Dendrochronologic  and  dendrogeomorphlc 
analyses  of  riparian  vegetation  yielded  information 
about  channel  widening,  bank  accretion,  and 
timing  of  initial  bank  stability.  It  was  found  that 
channel  bed,  banks,  and  flood  plains  are  systemati- 
cally adjusting  their  form  and  vegetative  patterns 
over  time  and  space  in  response  to  the  latest  epi- 
sode of  major  channel  modifications  (1959-1973). 
Headward-progressing  degradation  heightens  and 
steepens  the  loess-derived  banks  and  causes  chan- 
nel widening  (up  to  1-4  m/year)  by  mass- wasting 
processes.  With  time,  aggradation  reduces  bank 
heights  and  continued  mass  failures  reduce  bank 
angles  causing  low-bank  surfaces  to  stabilize  and 
become  revegetated.  Riparian  species  characterize 
various  stages  of  channel  adjustment  and  are  asso- 
ciated with  specific  geomorphic  processes. 
Through  ordination  techniques,  a  previously-de- 
scribed six-stage  model  of  channel  evolution  is 
supported  by  species  presence  data,  and  strongly 
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WATER  QUANTITY  MANAGEMENT  AND  CONTROL— Field  4 
Control  Of  Water  On  The  Surface— Group  4A 


suggests  that  patterns  of  species  distribution  may 
be  used  to  infer  ambient  bank  stability.  (See  also 
W91-06510)  (Author's  abstract) 
W91-06534 


FOREST  HARVEST,  SNOWMELT  AND 
STREAMFLOW  IN  THE  CENTRAL  SIERRA 
NEVADA. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Berkeley,  CA. 
L.  H.  MacDonald. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  273-283,  3  fig,  18  ref. 

Descriptors:  •Forest  hydrology,  'Sierra  Nevada, 
•Snow  accumulation,  'Snow  management,  •Snow- 
melt,  •Streamflow,  'Watershed  management,  Cali- 
fornia, Deforestation,  Flow  discharge,  Forest  wa- 
tersheds, Isotopic  tracers,  Rainfall-runoff  relation- 
ships, Simulation  analysis,  Soil  water. 

Forest  harvest  techniques  have  often  been  suggest- 
ed as  a  means  of  increasing  snow  accumulation  and 
beneficially  delaying  snowmelt  in  the  Northern 
and  Central  Sierra  Nevada  mountains  in  California. 
To  test  the  effect  of  such  management  practices  on 
streamflow,  extended  snowmelt  was  simulated  in 
June  1985  on  four  960-sq-m  plots  in  a  50-ha  drain- 
age basin.  Less  than  1%  of  a  bromide  tracer  in  the 
simulated  snowmelt  was  detected  at  a  downstream 
weir  through  the  summer  and  early  fall  of  1985. 
Although  significant  increases  in  the  water  table 
and  soil  moisture  content  were  found  in  the  treated 
plots  and,  in  some  cases,  downslope,  the  simulated 
snowmelt  apparently  did  not  substantially  increase 
streamflow  in  1985.  The  consistently  high  concen- 
trations of  bromide  observed  at  the  weir  in  1986 
are  believed  to  be  a  function  of  basin  lithology. 
The  results  to  date  cast  doubt  on  the  linkage  that 
can  be  made  between  an  increase  in  snow  water 
equivalent  on  the  hillslope  and  downstream  dis- 
charge. (See  also  W91-06510)  (Author's  abstract) 
W9 1-06536 


SNOW  REDISTRIBUTION:  STRIP  CUTS  AT 
YUBA  PASS,  CALIFORNIA. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Berkeley,  CA. 
B.  J.  McGurk,  and  N.  H.  Berg. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  285-295,  3  fig,  5  tab,  6  ref. 

Descriptors:  'California,  •Forest  hydrology, 
•Forest  watersheds,  *Snow  management,  *Water 
management,  *Watershed  management,  Canopy, 
Rainfall-runoff  relationships,  Runoff  volume, 
Snow  cover.  Snow  depth,  Snowmelt,  Snowpack, 
Water  resources  management. 

In  much  of  the  semiarid  western  United  States, 
water  is  a  critical  resource  that  is  often  in  short 
supply.  In  spite  of  extensive  water  resource  devel- 
opment, continued  growth  has  created  a  demand 
for  either  more  water  or  more  efficient  manage- 
ment and  use  of  existing  supplies.  It  has  been  found 
that  forest  cutting  patterns  affect  snow  redistribu- 
tion, and,  because  small  plot  studies  were  inconclu- 
sive, basin-sized  cuts  were  planned  in  various 
cover  types  and  mountain  ranges  to  evaluate  har- 
vest patterns  as  a  snow  management  and  water 
augmentation  tool.  Five  east-west  strips  were  har- 
vested in  1962  to  test  the  potential  for  snow  redis- 
tribution in  California's  snow  zone.  Snow  depth 
and  water  equivalents  were  generally  significantly 
greater  in  the  strip  cuts  than  in  the  forest.  Strips 
one  tree  height  in  width  had  deeper  snow  and 
more  water  than  strips  two  tree  heights  wide. 
Although  snow  redistribution  did  occur,  an  early 
summer  survey  indicated  that  snow  in  the  cut 
strips  melted  much  faster  than  that  in  the  forest.  It 
appears  that  either  the  strips  were  too  wide  to 
adequately  shade  the  snowpack,  or  the  east-west 
orientation  of  the  strips  was  incorrect.  Because  no 
stream  gage  was  installed,  whether  the  observed 
snow  redistribution  had  any  effect  on  runoff  vol- 
umes or  timing  cannot  be  determined.  (See  also 
W91-06510)(Fish-PTT) 


W9 1-06537 

MANAGEMENT  OF  FORESTS  WITH  WATER 
CONSERVATION  FUNCTION. 

Vyskumny  Ustav  Lesneho  Hospodarstva,  Zvolen 
(Czechoslovakia). 
V.  Krecmer,  and  V.  Perina. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  475-480,  1  tab,  9  ref. 

Descriptors:  *Czechoslovakia,  •Forest  hydrology, 
•Forest  management,  'Forest  watersheds,  *Land 
management,  *Water  conservation,  'Watershed 
management,  Cost-benefit  analysis,  Economic  as- 
pects, Engineering,  Industrial  production,  Runoff, 
Soil  conservation. 

Approximately  33%  of  Czechoslovakia  is  forested, 
and  about  44%  of  its  forest  area  is  important  to 
water  and  soil  conservation  efforts.  Management 
of  these  forests  should  be  an  integral  part  of  the 
water  management  system;  hydrological  and  eco- 
logical knowledge  must  be  applied  to  incorporate 
nonproductive  forest  functions  into  regimes  of 
forest  management.  Three  case  studies  were  exam- 
ined to  compare  the  additional  costs  of  land  man- 
agement for  soil  and  water  protection  to  the  cost 
of  remedial  engineering  measures  that  would  have 
to  be  taken  to  counteract  the  effects  of  timber-only 
management  on  water  quality,  erosion,  or  flood 
flows.  The  water  conservation  function  of  forestry 
was  evaluated  in  the  drainage  basin  of  a  water 
supply  barrage  with  an  80%  forest  cover;  the 
calculations  showed  that  the  multipurpose  system 
of  forest  management  was  11 -fold  more  effective 
than  the  construction  of  a  new  sediment  trap.  The 
economic  effectiveness  of  the  runoff  detention  and 
soil  protection  function  of  mountain  forests  was 
analyzed  in  an  area  of  emission-devastated  forest; 
the  economic  efficiency  of  the  forestry-tended  ef- 
fects was  2.2-fold  higher  than  the  substitutional 
measures  within  the  limits  of  adequate  protection 
of  an  industrial  basin  at  the  foot  of  the  mountain 
range  against  floods.  A  third  calculation  for  areas 
not  as  economically  significant  for  industrial  pro- 
duction was  made  for  the  upstream  basin  of  a 
forest  river,  assuming  that  changes  in  the  runoff 
regimen  produced  corresponding  changes  in  the 
degree  of  flood  damage  in  the  national  economy; 
nonproductive  activity  in  forests  in  territories  not 
intensively  exploited  is  economically-effective  only 
if  the  costs  of  functional  measures  in  the  forests  are 
low.  In  all  cases,  multipurpose  land  management 
proved  to  be  cost  effective.  (See  also  W91-06510) 
(Fish-PTT) 
W9 1-06554 


DISSOLVED  ORGANIC  CARBON  IN  FOREST- 
ED    AND    CUTOVER     DRAINAGE    BASINS, 
WESTLAND,  NEW  ZEALAND. 
McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Geog- 
raphy. 

T.  R.  Moore. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  481-487,  2  fig,  2  tab,  15  ref. 

Descriptors:  'Dissolved  organic  carbon,  'Drain- 
age effects,  'Forest  hydrology,  'Forest  manage- 
ment, 'Forest  watersheds,  'Watershed  manage- 
ment, Catchment  areas,  Hydrological  regime,  New 
Zealand,  Nutrient  concentrations,  Soil  properties, 
Stream  discharge. 

Dissolved  organic  carbon  (DOC)  is  an  important 
component  of  water  quality  yet  there  are  few 
studies  of  the  effect  of  forest  management  on  DOC 
and  these  have  contradictory  conclusions.  Studies 
of  DOC  were  conducted  over  five  months  at  two 
sets  of  basins  near  Reefton,  South  Island,  New 
Zealand.  The  Maimai  set  of  eight  steep,  well- 
drained  basins  had  stream  DOC  concentrations 
ranging  from  2  to  18  mg/L  which  were  positively 
related  to  discharge  and  with  the  cutover  basins 
having  higher  DOC  values  than  the  two  controls. 
In-channel  debris  and  the  burning  of  slash  appear 
to  be  major  controls  on  the  stream  DOC  levels. 
The  Larry  River  set  of  three  flat,  poorly-drained 


basins  had  DOC  concentrations  of  25  to  55  mg/L 
with  a  negative  relationship  with  discharge  and 
with  the  drained  and  planted  basins  lower  in 
stream  DOC  than  the  control.  Differences  in  DOC 
fluxes  between  the  two  sets  and  between  the  undis- 
turbed and  disturbed  basins  can  be  related  to  differ- 
ences in  hydrologic  regime  and  soil  characteristics. 
(See  also  W9 1-065 10)  (Author's  abstract) 
W91-06555 


REFORESTATION:  ON-SITE  EFFECTS  ON 
HYDROLOGY  AND  EROSION,  EASTERN 
RAUKUMARA  RANGE,  NEW  ZEALAND. 

Forest  Research   Inst.,  Christchurch  (New  Zea- 
land). Forest  and  Wildland  Ecosystems  Div. 
A.  J.  Pearce,  C.  L.  O'Loughlin,  R.  J.  Jackson,  and 
X.  B.  Zhang. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  489-497,  1  fig,  15  ref. 

Descriptors:  'Forest  hydrology,  'Forest  water- 
sheds, 'Land  management,  'New  Zealand,  'Refor- 
estation, 'Soil  erosion,  'Watershed  management, 
Annual  runoff,  Canopy,  Erosion  control,  Gully 
erosion,  Interception  loss,  Landslides,  Roots,  Sedi- 
ment erosion,  Sediment  transport,  Soil  water. 

Between  1960  and  1986  some  400  sq  km  of  rapidly 
eroding  hill  country  underlain  by  clay-rich  shales 
and  fine  sandstones  in  the  eastern  Raukumara 
Range,  New  Zealand,  were  reforested  with  planta- 
tions of  Monterey  pine,  Pinus  radiata.  The  reforest- 
ation project  was  studied  to  determine  the  on-site 
effects  on  erosion  and  hydrology,  based  on  a 
number  of  process  studies  in  Mangatu  State  Forest, 
the  oldest  and  largest  of  the  forest  areas  involved 
in  the  project.  It  was  found  that  the  annual  runoff 
was  reduced  by  170-400  mm/year.  Soil  water  con- 
tents are  lower  than  under  pasture  for  most  of  the 
year,  with  a  3-4  month  winter  period  of  high  soil 
water  content  compared  to  6-8  months  before  re- 
forestation. Interception  loss  in  the  forest  canopy  is 
the  principal  contributing  factor.  Roots  of  mature 
stands  have  penetrated  the  upper  1-1.5  m  of  earth 
flows,  which  are  typically  5-7  m  thick.  Earth  flow 
movement  rates  and  erosion  by  earth  flows  have 
decreased  by  a  factor  of  about  10  because  of  the 
lower  soil  water  contents  and  the  effects  of  tree 
roots  in  creating  a  reinforced,  semi-rigid  upper 
layer  of  the  flows.  Reforestation  has  had  little 
effect  on  erosion  by  isolated,  large  gully-mass 
movement  complexes,  which  continue  to  supply 
large  sediment  volumes  to  rivers.  (See  also  W91- 
06510)  (Fish-PTT) 
W91-06556 


CARNATION  CREEK,  CANADA-REVIEW  OF 
A  WEST  COAST  FISH/FORESTRY  WATER- 
SHED IMPACT  PROJECT. 

Pacific  Forestry  Centre,  Victoria  (British  Colum- 
bia). 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06560 


SOURCE    OF    INCREASED    STORMWATERS 
AFTER  FOREST  OPERATIONS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  School  of  Forestry. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06561 

MULTICRITERION     FOREST     WATERSHED 
RESOURCES  MANAGEMENT. 

Arizona  Univ.,  Tucson.  School  of  Renewable  Nat- 
ural Resources. 

For  primary  bibliographic  entry  see  Field  6A. 
W9 1-06569 


EFFECTS  OF  WOODY  DEBRIS  REMOVAL  ON 
SEDIMENT  STORAGE  IN  A  NORTHWEST 
CALIFORNIA  STREAM. 

Redwood  National  Park,  Orick,  CA. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06634 


89 


Field  4— WATER  QUANTITY  MANAGEMENT  AND  CONTROL 
Group  4A— Control  Of  Water  On  The  Surface 


t 


STREAM  CHANNEL  RESPONSE  TO  THE  RE- 
MOVAL OF  LARGE  WOODY  DEBRIS,  LARRY 
DAMM  CREEK,  NORTHWESTERN  CALIFOR- 
NIA. 

California  Univ.,  Santa  Barbara.  Dept.  of  Geologi- 
cal Sciences. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06635 


CONSERVATION  OF  FISH  HABITAT  IN 
STREAMS  BY  THE  METHOD  OF  LOW  DAMS 
SERIES. 

Toyama  Prefectural  Coll.  of  Technology,  Kosugi 

(Japan). 

For  primary  bibliographic  entry  see  Field  81. 

W91-06637 


DISTRIBUTION  AND  ABUNDANCE  OF 
LARVAL  COQUILLETTIDIA  PERTURBANS 
IN  A  FLORIDA  FRESHWATER  MARSH. 

Polk  County  Board  of  Commissioners  for  Environ- 
mental Services,  Bartow,  FL. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06824 


EFFECTS  OF  CONTROLLED  BURNING  ON 
AEDES  TAENIORHYNCHUS  EGGS  IN  AN 
ABANDONED  RICE  IMPOUNDMENT  IN 
SOUTH  CAROLINA. 

Citadel,  Charleston,  SC. 

F.  L.  Wallace,  M.  A.  Tidwell,  D.  C.  Williams,  and 
K.  A.  Jackson. 

Journal  of  the  American  Mosquito  Control  Asso- 
ciation JAMAET,  Vol.  6,  No.  3,  p  528-529,  Sep- 
tember 1990.  2  tab,  6  ref. 

Descriptors:  *Insect  control,  'Mosquitoes,  'South 
Carolina,  Eggs,  Larvae,  Population  density,  Rice 
fields,  Wetlands  impoundments,  Wildlife  manage- 
ment. 

Various  management  practices  have  been  em- 
ployed in  abandoned  rice  field  impoundments  in 
order  to  provide  a  measure  of  mosquito  control. 
Two  practices  commonly  employed  are  controlled 
flooding  and  burning.  Controlled  burning  reduced 
the  number  of  viable  eggs  in  an  Aedes  population. 
The  study  site  was  an  impounded  11.3  ha  rice  field 
selected  for  its  high  concentration  of  Ae.  taenior- 
hynchus,  which  observations  and  laboratory  stud- 
ies showed  to  be  the  only  species  of  mosquito  using 
the  impoundment  for  oviposition.  Each  site  was 
staked  off  into  3x3  m  plots.  Twenty  random  soil 
samples  were  taken  from  each  plot,  brought  to  the 
laboratory  and  irrigated.  After  24  h,  the  larvae 
were  sieved  out  and  counted.  Such  samples  were 
taken  immediately  before  and  after  burning.  Of  the 
six  plots  treated  in  1986,  120  samples  yielded  a 
total  of  8,295  larvae,  while  the  same  number  of 
samples  only  yielded  31  larvae  after  burning.  In 
1987,  300  samples  yielded  28,868  larvae  before  the 
burn  and  7,264  after  it.  The  effectiveness  of  the 
burn  was  related  to  the  amount  of  rainfall,  surface 
moisture  and  dry  vegetation.  A  greater  reduction 
in  viable  eggs  occurred  when  the  burn  was  close  to 
the  ground.  Variable  results  were  achieved  if  the 
surface  was  moist  but  there  was  a  significant  re- 
duction in  the  number  of  viable  eggs,  due  to  a 
heavy  amount  of  dry  vegetation  accompanied  by 
low  rainfall.  In  conclusion,  winter  months  may  be 
the  best  time  to  burn,  since  the  amount  of  dry 
vegetation  is  greatest  and  the  chances  are  better 
for  an  extended  dry  period.  (Doyle-PTT) 
W9 1-06826 


SEDIMENT  TRANSPORT  IN  THE  LOWER 
PUYALLUP,  WHITE,  AND  CARBON  RIVERS 
OF  WESTERN  WASHINGTON. 

Geological  Survey,  Tacoma,  WA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07045 


SOME  FACTORS  AFFECTING  EROSION  OF 
BED  CHANNELS  PROTECTED  WITH 
RIPRAP. 

Sao  Paulo  Univ.,  Sao  Carlos  (Brazil).  Dept.  de 
Hidraulica  e  Saneamento. 


For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07071 


4B.  Groundwater  Management 


MANAGEMENT    OF    GROUND-WATER    RE- 
SOURCES USING  SIMULATION  MODELS. 

National  Geophysical  Research  Inst.,  Hyderabad 

(India). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-06900 


4C.  Effects  On  Water  Of 
Man's  Non-Water 
Activities 


RAIN  AND  URBAN  STORMWATER  QUALITY. 

Instituto  de  Pesquisas  Hidraulicas,  Porto  Alegre 

(Brazil). 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-0605  3 


URBAN       STORMWATER       INFILTRATION: 
PURPOSES,  IMPLEMENTATION,  RESULTS. 

Georgia  Univ.,  Athens.  School  of  Environmental 

Design. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-06228 


GROWTH  OF  SLASH  PINE  PLANTED  IN 
SOIL  DISTURBED  BY  WET-WEATHER  LOG- 
GING. 

Southern    Forest    Experiment    Station,    Pineville, 

LA. 

A.  E.  Tiarks. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  3,  p  405-408,  May /June  1990.  3  fig,  2 

tab,  1 1  ref. 

Descriptors:  'Forest  management,  'Logging, 
•Pine  trees,  'Productivity,  'Soil-water-plant  rela- 
tionships, Agricultural  practices,  Bioindicators, 
Fertilization,  Growth  rates,  Lumber  industry, 
Saturated  soils. 

Timber  harvest  of  a  mature  pine  stand  when  the 
soil  was  saturated  caused  rutting,  displacement, 
and  puddling  of  the  soil.  Potential  change  in  soil 
productivity  was  evaluated  using  the  growth  of 
slash  pine  (Pinus  elliottii  var.  elliottii  Engelm.) 
seedlings  as  a  biological  index.  Pine  growth  on 
plots  logged  when  the  soil  was  dry  was  used  as  the 
standard  for  normal  productivity.  At  age  5,  the 
average  height  of  slash  pine  planted  on  the  wet- 
logged  plots  was  not  significantly  different  than  on 
dry-logged  plots.  Detailed  mapping  showed  that 
about  9%  of  the  logged  site  was  severely  rutted. 
Pines  planted  on  these  severely  rutted  areas  were 
1.9  m  in  height,  compared  to  2.8  m  for  pines 
planted  on  areas  undisturbed  by  logging.  This  re- 
duction in  growth  is  significant  according  to  non- 
parametric  testing.  Filling  in  the  ruts  with  a  clear- 
ing blade  while  shearing  stumps  before  planting 
the  seedlings  restored  site  productivity.  Applica- 
tion of  56  kg/ha  of  phosphorous  increased  pine 
height  growth  0.85  m  on  both  the  wet-logged  and 
dry-logged  plots.  (Author's  abstract) 
W9 1-06275 


LAND-LEVELING  EFFECTS  ON  SOIL  TEX- 
TURE, ORGANIC  MATTER  CONTENT,  AND 
AGGREGATE  STABILITY. 

Agricultural    Research    Service,    Bushland,    TX. 
Conservation  and  Production  Research  Lab. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06276 


HISTORICAL  CHANGES  IN  THE  COLUMBIA 
RIVER  ESTUARY. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 
phy. 

For  primary  bibliographic  entry  see  Field  2L. 
W91-06288 


GRAZING  IMPACTS  ON  INFILTRATION  IN 
MIXED  PRAIRIE  AND  FESCUE  GRASSLAND 
ECOSYSTEMS  OF  ALBERTA. 

Alberta  Univ.,  Edmonton.  Dept.  of  Soil  Science. 
M.  A.  Naeth,  R.  L.  Rothwell,  D.  S.  Chanasyk,  and 
A.  W.  Bailey. 

Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 
70,  No.  4,  p  593-605,  November  1990.  5  fig,  1  tab, 
29  ref. 

Descriptors:  'Alberta,  'Grazing,  'Infiltration  ca- 
pacity, 'Range  management,  'Soil-water-plant  re- 
lationships, Canada,  Ecosystems,  Fescues,  Grass- 
lands, Infiltration  rate,  Infiltrometers,  Prairies, 
Vegetation  effects. 

Infiltration  capacity  is  generally  reduced  with  in- 
creasing grazing  intensity  and  reduced  range  con- 
dition, mainly  through  vegetation  and  litter  remov- 
al, soil  structure  deterioration,  and  compaction. 
Only  one  study  has  documented  the  effect  of  graz- 
ing on  Canadian  rangelands,  necessitating  further 
investigation.  Impacts  of  long-term  grazing  on  in- 
filtration were  assessed  in  mixed  prairie  and  fescue 
grassland  ecosystems  of  southern  and  central  Al- 
berta, Canada.  Grazing  regimes  were  of  light  to 
very  heavy  intensities,  grazed  early,  late,  and  con- 
tinuously during  the  growing  season.  Ungrazed 
controls  were  evaluated  at  each  site.  Infiltration 
was  measured  with  double  ring  infiltrometers. 
Heavy  intensity  and/or  early  season  grazing  had 
greater  impact  on  infiltration  than  light  intensity 
and/or  late  season  grazing.  In  mixed  prairie,  initial 
and  steady  state  infiltration  rates  in  the  control 
were  1.5  and  1.7  times  higher,  respectively,  than 
those  in  the  early  season  grazed  treatment.  In 
parkland  fescue,  initial  rates  were  lowest  in  June 
grazed  treatments  and  steady  state  rates  were  high- 
est in  light  autumn  grazed  and  control  treatments. 
Initial  infiltration  rates  in  foothills  fescue  control 
and  light  grazed  treatments  were  1.5-2.3  times 
those  in  heavily  and  very  heavily  grazed  treat- 
ments. Steady  state  rates  were  1.5-2  times  higher  in 
lightly  grazed  and  control  treatments  than  in  mod- 
erately, heavily  and  very  heavily  grazed  treat- 
ments. (Author's  abstract) 
W91-06406 


SMALL  CATCHMENT  STUDIES  OF  MAN'S 
IMPACT  ON  FLOOD  FLOWS:  AGRICULTUR- 
AL DRAINAGE  AND  PLANTATION  FOREST- 
RY. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06491 


POSSIBILITY  OF  MATHEMATICAL  MODEL 
APPLICATION  TO  EVALUATE  MAN'S  ACTIV- 
ITY EFFECTS  ON  RAINFALL  RUNOFF  HY- 
DROGRAPH. 

Gosudarstvennyi  Gidrologicheskii  Inst.,  Leningrad 

(USSR). 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06493 


NEAR  SURFACE  HYDROLOGICAL  PROCESS- 
ES UNDER  CHANGING  LAND  USE  IN 
HUMID-EQUATORIAL  CONDITIONS. 

National  Univ.  of  Singapore. 

A.  Rahman. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  331-340,  2  fig, 

4  tab,  16  ref. 

Descriptors:  'Data  analysis,  'Hydrologic  data, 
•Hydrologic  models,  'Model  studies,  'Rainfall- 
runoff  relationships,  'Singapore,  'Streamflow 
forecasting,  'Urban  hydrology,  Base  flow,  Forest 
watersheds,  Hydraulic  conductivity,  Infiltration, 
Land  use,  Surface-groundwater  relationships, 
Time  series  analysis,  Vegetation  effects. 

Rapid  economic  development  has  resulted  in  rap- 
idly changing  land  use  in  Singapore.  Forests,  low- 
level  vegetation  including  grass,  and  built-up  areas 
cover  most  of  the  country.  The  near-surface  hy- 
drological processes  were  monitored  to  determine 
mainly  their  contribution  to  runoff  on  various  dif- 
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ferent  land  covers  in  Singapore.  Three  types  of 
analyses  having  decreasing  physical  study  area  size 
were  conducted:  (1)  analyses  of  short-term  (few 
years)  rainfall-runoff  data  from  drainage  basins 
under  three  dominant  ground  covers  (trees,  grass, 
and  built-up  areas);  (2)  analyses  of  longer-term  data 
(several  years)  from  a  semi-urban  drainage  basin 
undergoing  rapid  urban  development;  and  (3) 
measurement  of  near-surface  hydrological  param- 
eters such  as  infiltration  rates  and  saturated  hy- 
draulic conductivity  under  various  types  of  ground 
covers  and  soils.  All  the  studies  clearly  indicated  a 
significant  decrease  in  subsurface  flow  and  propor- 
tional increase  in  runoff  as  vegetation  cover  de- 
creased. (See  also  W9 1-06461)  (Author's  abstract) 
W9 1-06494 


STUDIES  ON  THE  DETERMINATION  OF  AN- 
THROPIC  INFLUENCES  ON  THE  HYDROLO- 
GICAL REGIME  IN  SMALL  BASINS. 

Institutul  de  Meteorologie  si  Hidrologie,  Bucharest 

(Romania). 

S.  Blidaru,  M.  J.  Adler,  E.  Dragoi,  T.  Nicolae,  and 

V.  Oancea. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  341-360,  11  fig. 

Descriptors:  "Erosion,  ^Hydraulic  structures,  *Hy- 
drologic  models,  *Land  use,  •Rainfall-runoff  rela- 
tionships, 'Romania,  Agriculture,  Erosion  control, 
Forestry,  Mathematical  models,  Terrain,  Time 
series  analysis. 

Intensive  use  of  land  and  water  involving  complex 
structures  built  in  watersheds  necessitates  the  de- 
velopment of  special  approaches  for  studying  and 
forecasting  the  effects  of  man's  activities  on  the 
natural  runoff  regime.  Modeling  approaches  were 
assessed  in  relation  to  the  following  types  of  prob- 
lems: (1)  analysis  of  the  influence  of  hydraulic 
structures  on  runoff;  (2)  the  regulating  role  of 
forests  in  the  hydrological  pattern;  (3)  influence  of 
the  antierosional  works  on  the  maximum  runoff; 
(4)  the  effect  of  antierosional  structures  on  solid 
transport  in  small  basins  tributary  to  reservoirs;  (5) 
effect  of  the  type  of  crop  on  the  runoff  coefficient; 
and  (6)  influence  of  irrigation  on  the  hydrological 
pattern.  Trend  analysis  is  adequate  for  analyzing 
the  influence  of  agricultural  and  silvicultural  ac- 
tivities on  natural  flow  in  Romania  when  suffi- 
ciently long  series  are  available;  rainfall-runoff 
models  also  can  be  used.  Under  conditions  of  rapid 
development,  rainfall-runoff  models  are  the  best 
approach.  Rainfall-runoff  models  are  applicable  for 
hill  zones  where  the  modifications  caused  by  man's 
activity  cover  easily  erodible  terrain,  where  defor- 
estation and  abrupt  changes  in  crop  can  amplify 
the  maximum  runoff,  enhance  erosion,  and  cause 
landslides.  In  the  lowlands,  hydrological  balance 
models  should  be  provided  with  sufficiently  de- 
tailed structure  to  enable  consideration  of  the  hy- 
drological components  in  agricultural  crop  model- 
ing. (See  also  W9 1-06461)  (Rochester-PTT) 
W9 1-06495 


ESTIMATION  OF  CHANGES  OF  RUNOFF 
FROM  URBANIZED  AND  INDUSTRIALIZED 
CATCHMENT. 

Institute  of  Meteorology  and  Water  Management, 

Katowice  (Poland). 

I.  Holda,  L.  Osrodka,  and  M.  Wojtvlak. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  403-407,  4  fig. 

Descriptors:  'Data  analysis,  'Hydrologic  data, 
•Model  studies,  •Poland,  'Runoff,  *Streamflow 
forecasting,  *Urban  hydrology,  'Urbanization,  Ef- 
fluents, Klodnica  catchment,  Silesia,  Statistics, 
Time  series  analysis. 

Intensive  economic  activity,  exploitation  of  raw 
materials,  and  progressive  urbanization  have  sub- 
stantially changed  the  water  relations  in  the  Silesia 
region  (Poland).  An  attempt  was  made  to  employ 
statistical  methods  to  estimate  the  changes  in 
runoff  brought  about  in  the  Klodnica  catchment 
(upper  Silesian  industrial  district)  by  urbanization 
and  industrialization.  Regression  analysis  was  ap- 
plied to  mean  annual  river  flows  of  the  Klodnica 


River  for  the  period  1906-1985.  Whereas  runoff 
clearly  increased  over  this  period,  analysis  of  pre- 
cipitation data  for  the  same  period  showed  that 
precipitation  fluctuated  considerably,  but  did  not 
increase.  In  fact  a  very  slight  decline  is  apparent  in 
the  regression  line.  Further  analysis  demonstrated 
that  the  share  of  anthropogenic  waters  in  the  real 
runoff  of  Klodnica's  catchment  was  not  significant 
before  1950.  Since  then,  a  constant  increase  in 
runoff  and  an  increase  in  the  percentage  share  of 
the  runoff  consisting  of  anthropogenic  waters  have 
been  observed.  The  main  cause  is  the  significant 
intensification  of  industry  and  urbanization  in  the 
district  after  World  War  II.  (See  also  W9 1-06461) 
(Rochester-PTT) 
W9 1-06500 


NTNF--PROGRAMME  ON  ENVIRONMENTAL 
IMPACTS  CMVU'):  RESEARCH  AND  REFER- 
ENCE CATCHMENTS  PROJECT  ('FORSK- 
REF). 

Oslo  Univ.  (Norway).  Lab.  for  Freshwater  Ecolo- 

§y  and  Inland  Fisheries. 
.  J.  Saltveit,  I.  Blakar,  J.  Heggenes,  and  J. 
Skurdal. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 
No.  187.  International  Association  of  Hydrological 
Sciences,  Washington,  DC.  1989.  p  467-478,  5  fig, 
1  tab,  3  ref. 

Descriptors:  'Dam  effects,  'Environmental 
impact,  'Experimental  basins,  'Monitoring, 
'Norway,  Aquatic  habitats,  Atna  River,  Cherno- 
byl accident,  Fish,  Gaula  River,  Long-term  stud- 
ies, Numedalslagen  River,  Path  of  pollutants,  Ra- 
dioactive fallout,  Radioactivity. 

The  project  'Research  and  Reference  Catchments' 
('Forskref )  aims  at  studying  the  effects  of  environ- 
mental impacts  (MVU)  by  establishinga  system  of 
reference  catchments/watercourses.  These  permit 
the  study  of  long-term  changes  and  enable  the 
separation  of  the  consequences  of  human  impacts 
from  those  due  to  natural  environmental  variation. 
'Forskref  also  aims  at  stimulating  cooperation 
among  the  various  Norwegian  research  institutions 
covering  in  the  aquatic  sciences.  'Forskref  studies 
are  envisaged  as  divided  into  basic  studies,  long- 
term  studies,  and  fundamental  research.  At  present 
activity  is  associated  mainly  with  the  Atna,  Gaula, 
and  Numedalslagen  watercourses,  where  major  re- 
search and  administrative  institutions  are  partici- 
pating. Atna  is  the  only  catchment  in  southeastern 
Norway  in  which  water  quality  has  been  moni- 
tored in  detail  over  several  years.  This  extensive 
program  has  permitted  quantification,  both  in  pre- 
cipitation and  lake  waters,  of  radionuclides  origi- 
nating from  the  nuclear  reactor  accident  at  Cher- 
nobyl Fallout  over  Atna  was  dated  at  28  April 
1986,  and  its  effect  could  be  seen  shortly  after- 
wards in  fish.  The  increase  in  radioactive  cesium 
levels  in  fish  continued  throughout  the  summer 
and  was  still  high  three  years  after  the  accident. 
Fish  habitat  has  been  studied  in  several  rivers  and 
related  to  substrate,  water  depth,  and  water  veloci- 
ty. These  studies  form  part  of  the  evaluation  of  the 
Physical  Descriptive  Watercourse  model  (FBV). 
(See  also  W91-06461)  (Author's  abstract) 
W9 1-06507 


FOREST  HYDROLOGY  AND  WATERSHED 
MANAGEMENT. 

Proceedings  of  an  International  Symposium  held 
during  the  XlXth  General  Assembly  of  the  Inter- 
national Union  of  Geodesy  and  Geophysics,  Van- 
couver, British  Columbia,  Canada,  August  9-22, 
1987.  IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  625  p.  Edited  by  R.  H.  Swanson,  P.  Y. 
Bernier,  and  P.  D.  Woodard. 

Descriptors:  'Acid  rain,  'Forest  hydrology, 
•Forest  watersheds,  'Land  management,  •Sympo- 
sium, 'Watershed  management,  Acid  rain  effects, 
Deforestation,  Erosion,  Hydrologic  models,  Hy- 
drological regime,  Model  studies,  Reforestation, 
Research  priorities,  Sedimentation,  Snow,  Soil 
water,  Water  quality,  Water  resources  manage- 
ment. Water  yield. 

An  international  symposium  which  took  place  in 
August  1987  addressed  both  forest  hydrology  and 


watershed  management,  in  order  to  focus  the  at- 
tention of  researchers  on  the  unsolved  problems  of 
land  management,  to  determine  if  the  available 
management  methods  derived  from  hydrological 
research  are  suitable  to  the  needs  of  land  managers, 
and  to  provide  a  source  document  that  both  re- 
searchers and  managers  could  refer  to  for  guidance 
in  the  selection  of  research  topics  or  in  the  selec- 
tion of  management  tools.  Watershed  management 
can  be  thought  of  as  the  applied  field  of  forest 
hydrology.  However,  as  the  papers  presented  at 
this  symposium  make  clear,  the  application  of  hy- 
drologic principles  to  watershed  management  is 
not  simple  even  if  the  land  use  seems  to  be  simple. 
Seven  of  the  papers  deal  in  a  broad  sense  with 
attempts  to  manage  watersheds;  ten  papers  de- 
scribe effects  of  operational  management  (as  op- 
posed to  research  tests)  on  water  yield  or  quality; 
ten  papers  deal  with  means  or  methods  for  ex- 
trapolating research  results  to  management  situa- 
tions. Several  papers  report  on  highly  interactive 
links  between  practitioner  and  researcher.  The 
papers  were  published  under  the  following  head- 
ings: hydrologic  effects  of  acid  precipitation;  hy- 
drologic processes-erosion  and  sedimentation;  hy- 
drologic processes-snow  hydrology;  hydrologic 
processes-soil  moisture  and  soil  water  chemistry; 
watershed  hydrology;  and  water  simulation.  (See 
W9 1-0651 1  thru  W9 1-06569)  (Fish-PTT) 
W91-06510 


STREAM  ACIDIFICATION  RESULTING 
FROM  AFFORESTATION  IN  THE  UK:  EVAL- 
UATION OF  CAUSES  AND  POSSIBLE  AME- 
LIORATIVE MEASURES. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06516 


RUNOFF  AND  EROSION  IN  CLEARINGS 
FOLLOWING  CUTTING  OF  THE  HUMID 
TROPICAL  FOREST  (ECOULEMENTS  ET 
EROSION  SOUS  PRAIRIES  ARTIFICIELLES 
APRES  DEFRICHEMENT  DE  LA  FORET  TRO- 
PICALE  HUMIDE). 

Office  de  la  Recherche  Scientifique  et  Technique 
Outre-Mer,  Cayenne  (French  Guiana). 
J.  M.  Fritsch. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  123-129,  4  fig,  2  tab,  8  ref.  English 
summary. 

Descriptors:  'Clear-cutting,  'Erosion,  'Forest  hy- 
drology, 'Grasslands,  'Land  clearing,  'Runoff, 
•Watershed  management,  Amazon,  Catchment 
areas,  French  Guiana,  Grasses,  Tropical  regions. 

Increases  in  runoff  and  erosion  on  two  small  drain- 
age basins  in  French  Guyana  were  detected,  using 
the  paired  watershed  method,  after  replacing  the 
Amazonian  forest  cover  with  grass.  One  basin, 
with  impervious  soils,  received  a  Digitaria  swazi- 
landensis  cover.  Annual  runoff  increased  by  a 
factor  of  1.7,  peak  discharge  by  1.9,  while  erosion 
increased  by  3.2.  The  other  basin,  with  pervious 
soils,  was  planted  with  Brachiaria  USDA,  and 
relative  increases  of  annual  runoff,  peak  dis- 
charges, and  erosion  were  2.9,  2.4,  and  2.4,  respec- 
tively. The  results  show  that  the  substitution  of 
primary  forest  by  grass  cover  causes  rapid  drain- 
age and  mechanical  erosion.  (See  also  W9 1-065 10) 
(Author's  abstract) 
W9 1-06521 


METHOD  FOR  PREDICTING  TERRAIN  SUS- 
CEPTIBLE TO  LANDSLIDES  FOLLOWING 
FOREST  HARVESTING:  A  CASE  STUDY 
FROM  THE  SOUTHERN  COAST  MOUNTAINS 
OF  BRITISH  COLUMBIA. 

British  Columbia  Ministry  of  Environment,  Victo- 
ria. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-06523 


91 


Field  4— WATER  QUANTITY  MANAGEMENT  AND  CONTROL 
Group  4C— Effects  On  Water  Of  Man'*  Non-Water  Activities 


t 

■ 
f 


TEST  OF  AN  ERODIBILITY  RATING  SYSTEM 
FOR  THE  FOOTHILLS  OF  CENTRAL  ALBER- 
TA, CANADA. 

National  Agrarian  Univ.,  Lima  (Peru).  Dept. 
Manejo  Forestal. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06524 


POSSIBLE  HYDROLOGICAL  AND  GEOMOR- 
PHOLOGICAL  CHANGES  DUE  TO  ALTER- 
ATION OF  FOREST. 

Kyoto  Univ.  (Japan).  Disaster  Prevention  Re- 
search Inst. 

K.  Okunishi.  T.  Saito,  and  R.  Yoshioka. 
IN:   Forest   Hydrology  and   Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  173-179,  3  fig,  8  ref. 

Descriptors:  'Deforestation,  'Forest  hydrology, 
•Forest  management,  'Japan,  'Landslides,  'Refor- 
estation, 'Watershed  management,  Conifers,  Cryp- 
tomeria  trees,  Deciduous  trees,  Land  clearing, 
Land  management,  Soil  erosion. 

Effects  of  the  alteration  of  a  forest  were  examined 
in  a  small  basin  in  Japan.  Existing  broad-leaved 
trees  were  replaced  with  sugi  trees  (Japanese 
cedars-Cryptomeria  japonica).  In  clearing  eco- 
nomically-useless trees,  protective  measures 
learned  from  past  deforestation  experiences,  were 
taken  against  erosion  and  landslides.  In  a  period  of 
fourteen  years  after  the  forest  alteration,  small- 
scale  landslides  took  place  with  no  greater  frequen- 
cy than  in  the  control  forests.  Acceleration  of 
surface  erosion  was  negligible.  Nonetheless,  a  uni- 
form forest  of  coniferous  trees  has  increased  sus- 
ceptibility to  landslides,  and  the  harvesting  of  the 
sugi  trees  may  result  in  even  more  landslides  be- 
cause of  the  absence  of  shrubs.  (See  also  W91- 
06510)  (Fish-PTT) 
W9 1-06526 


EVALUATION  OF  THE  EFFECT  OF  DEFOR- 
ESTATION ON  SLOPE  STABILITY  AND  ITS 
APPLICATION  TO  WATERSHED  MANAGE- 
MENT. 

Tokyo    Univ.    of   Agriculture    and    Technology 
(Japan).  Dept.  of  Forestry. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06527 


STUDIES  ON  THE  HYDROLOGICAL  PROC- 
ESSES IN  THE  FOREST  DRAINAGE  BASINS 
OF  THE  WESTERN  GHATS  OF  INDIA. 

Centre   for   Water   Resources   Development   and 
Management,  Calicut  (India). 
For  primary  bibliographic  entry  see  Field  4A. 
W9 1-06531 


DEFORESTATION  AND  EROSION  IN  THE 
NEPALESE  HIMALAYA-IS  THE  LINK  MYTH 
OR  REALITY. 

Land    Capability    Consultants    Ltd.,    Cambridge 
(England). 
W.  J.  H.  Ramsay. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  239-250,  1  tab,  49  ref. 

Descriptors:  'Deforestation,  'Forest  hydrology, 
•Geomorphology,  'Himalayan  Mountains,  'Nepal, 
•Soil  erosion,  Erosion  rates,  Geologic  erosion, 
Gully  erosion,  Land  management,  Landslides, 
Mass  wasting,  Sediment  transport,  Slope  stability. 

Despite  numerous  popular  accounts,  data  on  ero- 
sion processes  in  the  Himalaya  are  scarce  and 
unreliable.  Quantitative  studies  of  mass  wasting 
and  surface  erosion  in  Nepal  were  reviewed.  The 
literature  reveals  a  consensus  that  in  Nepal  erosion 
rates  are  naturally  very  high  (1-5  mm/year),  mass 
wasting  is  the  dominant  hillslope  process,  and  geo- 
logical factors  (orogenic  uplift)  are  the  most  im- 
portant determinants  of  slope  stability.  Forest  deg- 
radation and  the  conversion  of  forest  to  poorly- 
managed  grazing  land  or  rainfed  terraces  has  re- 
sulted in  increased  sediment  mobility  through  sur- 


face erosion,  gullying,  and  shallow  (<  or  =  3  m 
deep)  landslides.  Locally  this  soil  loss  is  important 
agriculturally.  Currently  there  is  no  evidence  to 
link  deforestation  to  the  large,  complex  slope  fail- 
ures which  mobilize  most  sediment.  Despite  high 
sediment  delivery  ratios  in  the  Himalaya  due  to 
efficient  slope/channel  coupling,  such  increased 
production  represents  only  a  small  portion  of  the 
total  sediment  contribution  to  river  channels. 
However,  it  is  of  crucial  importance  to  communi- 
ties affected  by  the  loss,  and  for  the  development 
of  effective  conservation  strategies.  (See  also  W91- 
06510)  (Fish-PTT) 
W91-06533 


EFFECT  OF  CLEARCUTTING  ON  CHEMICAL 
EXPORTS  IN  LATERAL  FLOW  FROM  DIF- 
FERING SOIL  DEPTHS  ON  A  SUBALPINE 
FORESTED  SLOPE. 

Forest  Service,  Fort  Collins,  CO. 
C.  A.  Troendle,  and  M.  A.  Nilles. 
IN:   Forest   Hydrology  and   Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  423-431,  6  fig,  2  tab,  8  ref. 

Descriptors:  'Clear-cutting,  'Forest  hydrology, 
'Forest  watersheds,  'Input-output  analysis,  'Ion 
transport,  'Mountain  watersheds,  'Soil  chemistry, 
•Water  chemistry,  Cation  exchange,  Chemical 
analysis,  Colorado,  Flow  discharge,  Infiltration, 
Path  of  pollutants,  Perched  groundwater,  Percola- 
tion, Slopes,  Snowmelt,  Stratified  flow,  Surface 
flow,  Water  quality. 

A  significant  amount  of  information  is  available  on 
chemical  export  from  disturbed  and  nondisturbed 
watersheds.  However,  only  a  small  portion  of  that 
information  applies  to  watersheds  in  the  western 
US.  Some  observations  were  made  on  chemical 
export  from  two  surface/subsurface  flow  collec- 
tion systems  on  the  Fraser  Experimental  Forest  in 
Colorado.  Chemistry  of  lateral  flow  from  the  sur- 
face and  subsurface  depths  on  two  study  plots 
were  measured  for  five  years.  Following  the  third 
year.one  plot  was  clearcut.  The  seasonal  average 
flow  weighted  concentrations  were  calculated  for 
selected  parameters  from  samples  taken  at  the  sur- 
face (snowpack),  0-1  m,  and  1-4  m  at  both  sites. 
The  flow  weighted  average  concentration  of  se- 
lected parameters  were  calculated  for  one  of  the 
plots  for  that  period  of  time  when  all  three  layers 
were  actually  flowing.  The  ion  concentrations  in 
water  from  all  three  layers  when  flowing  were 
more  similar  than  for  the  seasonal  means.  The 
interpretation  of  the  hydrologic  response  on  the 
hillside  is  that  meltwater  infiltrates  and  percolates 
vertically  until  impedance  to  vertical  movement 
causes  input  rate  to  exceed  percolation  rate. 
Gradually  a  perched  water  table  then  is  built  up, 
causing  lateral  flow  at  succeedingly  shallower 
levels.  The  chemistry  data  support  this  interpreta- 
tion. The  majority  of  the  cation  exchange  capacity 
is  in  the  surface  soil,  all  infiltrating  water  is  ex- 
posed to  the  same  initial  exchange  opportunity, 
and  all  outflow  chemistry  is  different  from  the 
input  chemistry.  Clearcutting  the  smaller  plot  in- 
creased chemical  export,  both  because  two  ele- 
ments, N03(-)  and  Cl(-),  increased  in  concentration 
and  because  the  greater  flow  following  harvest 
'flushed'  more  material  from  the  system.  (See  also 
W91-06510)  (Fish-PTT) 
W9 1-06550 


LMPACT  OF  CONIFER  AFFORESTATION  ON 
WATER  QUALITY  IN  AN  UPLAND  CATCH- 
MENT IN  SOUTHWEST  ENGLAND. 

Plymouth  Polytechnic  (England).  Dept.  of  Geo- 
graphical Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-06552 


HYDROLOGY  OF  AN  ACID  WETLAND 
BEFORE  AND  AFTER  DRAINING  FOR  AF- 
FORESTATION, WESTERN  NEW  ZEALAND. 

Forest   Research   Inst.,   Christchurch  (New  Zea- 
land). Forest  and  Wildland  Ecosystems  Div. 
R.  J.  Jackson. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 


sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  465-474,  2  tab,  8  ref. 

Descriptors:  *Acidic  soils,  'Deforestation,  'Drain- 
age practices,  'Forest  hydrology,  'New  Zealand, 
•Reforestation,  'Surface  drainage,  'Watershed 
management,  'Wetlands,  Acidic  water,  Channel 
stability,  Drainage  water,  Flood  peak,  Forest  soils, 
Land  management,  Overland  flow,  Pine  trees, 
Water  table  fluctuations. 

On  the  west  coast  of  South  Island,  New  Zealand, 
there  are  about  300,000  ha  of  wetland  which  is 
generally  level  or  of  very  low  relief  and  has  acid, 
infertile  soils.  These  wetlands  are  present  on  river 
valley  terrace  systems  which  have  been  cleared  of 
forest.  Recently,  large  areas  have  been  planted  on 
land  prepared  by  V -blading  the  surface  to  improve 
drainage.  An  intensive  surface  drainage  system  was 
used  to  improve  establishment  of  plantations  of 
Monterey  pine  (Pinus  radiata)  on  wetlands  in  west- 
ern South  Island.  The  hydrology  of  undisturbed 
and  drained  experimental  basins  on  a  typical  high 
terrace  area  with  2440  mm/year  rainfall  was  stud- 
ied to  assess  whether  the  land  preparation  method 
has  contributed  to  these  problems.  Stream  water  is 
brown,  naturally  acid  (pH  approximately  4.0),  and 
has  high  concentrations  of  dissolved  organic 
carbon  (25-55  mg/L).  The  water  table  on  undis- 
turbed wetland  was  nearly  always  at  <0.5  m  depth 
and  rose  rapidly  during  rainfall  to  give  widespread 
overland  flow.  Quickflow  contributed  70%  of  the 
1580  mm/year  runoff.  The  ridges  formed  by  sur- 
face drainage  works  provided  elevated,  drier  sites 
for  trees,  but  the  water  table  remained  high  be- 
neath and  between  ridges.  Draining  induced  higher 
flood  peaks,  and  the  frequency  of  peaks  >  10  L/s/ 
ha  increased  greatly.  Annual  sediment  yield  in- 
creased from  <  1  to  approximately  10  t/ha.  In- 
creased peak  flows  caused  instability  of  the  chan- 
nel downstream  from  the  drained  area.  (See  also 
W9 1-065 10)  (Author's  abstract) 
W91-06553 


STREAMFLOW  CHARACTERISTICS  OF  TWO 
SMALL,  STEEP  AND  FORESTED  WATER- 
SHEDS IN  HIGH  ELEVATION  AREAS  OF 
CENTRAL  TAIWAN. 

British  Columbia  Ministry  of  Forests,  Kamloops. 
Hydrology  Research  Section. 
J.  D.  Cheng,  Y.  J.  Hsia,  H.  S.  Lu,  V.  C.  Liu,  and 
C.  C.  Koh. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  499-508,  4  fig,  4  tab,  9  ref. 

Descriptors:  'Forest  hydrology,  'Forest  water- 
sheds, 'Mountain  watersheds,  'Rainfall-runoff  re- 
lationships, 'Taiwan,  'Watershed  management, 
Evapotranspiration,  Flood  peak,  Forestry,  Land 
management,  Landslides,  Streamflow  data,  Ty- 
phoons, Vegetation,  Water  yield. 

The  high-elevation  forested  areas  in  the  Central 
Mountain  Range  of  Taiwan  suffer  soil  erosion, 
landslides,  and  floods  carrying  high  sediment  loads 
during  the  typhoon  season,  even  in  watersheds 
undisturbed  by  man.  A  research  program  was  initi- 
ated in  1969  on  two  small  watersheds  (PL- 11  and 
PL- 12)  to  obtain  a  basic  knowledge  of  the  hydro- 
logic  characteristics  of  undisturbed  forest  water- 
sheds, to  evaluate  the  hydrologic  effects  of  forestry 
practices,  and  to  determine  if  some  of  the  designat- 
ed protection  forests  can  be  harvested  without 
causing  undesirable  hydrologic  effects.  Examina- 
tion of  the  streamflow  characteristics  of  these  two 
study  watersheds  during  a  12-year  pre-logging 
calibration  period  shows  that  streamflow  quantities 
and  regimes  reflect  the  strong  influences  of  abun- 
dant and  intense  torrential  rainfalls  during  the  May 
to  October  typhoon  season.  Streamflow  is  highly 
correlated  to  rainfall.  The  PL- 12  watershed  gener- 
ally produces  higher  streamflows  from  similar  rain- 
fall inputs  than  the  PL- 11  watershed,  probably  due 
to  lower  evapotranspiration  losses  and  higher  con- 
tributions from  subsurface  water  storage.  The  two 
watersheds  are  closely  correlated  for  all  stream- 
flow  parameters  analyzed  (annual  and  monthly 
water  yields,  annual  peak  flows,  stormflow 
amounts,  peak  flow  magnitudes,  and  rising  times), 
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suggesting  the  feasibility  of  detecting  streamflow 
changes  as  a  result  of  proposed  logging  in  the  PL- 
12  watershed.  Despite  having  shallow  soils  and 
steep  slopes,  the  study  watersheds'  streamflow  reg- 
ulation capacities  are  large,  possibly  due  in  part  to 
each  having  good  vegetation  cover,  showing  the 
importance  of  maintaining  good  watershed  cover 
for  optimum  streamflow  regulation.  (See  also  W91- 
06510)  (Fish-PTT) 
W91-06557 


CHANGES  IN  STREAMFLOW  PEAKS  FOL- 
LOWING TIMBER  HARVEST  OF  A  COASTAL 
BRITISH  COLUMBIA  WATERSHED. 

British  Columbia  Univ.,  Vancouver.   Faculty  of 
Forestry. 
D.  L.  Golding. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  509-517,  2  fig,  15  ref. 

Descriptors:  'British  Columbia,  'Deforestation, 
•Flood  peak,  *Forest  hydrology,  *Land  use, 
•Rainfall-runoff  relationships,  'Watershed  manage- 
ment, Canada,  Clear-cutting,  Drainage  effects, 
Land  management,  Sediment  erosion,  Snowmelt, 
Storms,  Streamflow  data. 

One  of  the  concerns  of  land  managers  in  coastal 
British  Columbia,  Canada,  is  the  probability  of 
increased  streamflow  peaks  after  forest  harvesting, 
causing  impairment  of  fish  habitat  and  domestic 
water  supplies  caused  by  erosion  and  debris  tor- 
rents. An  examination  was  made  of  the  effects  of 
forest  harvest  on  streamflow  peaks  for  two  distinct 
seasons,  the  late  fall-winter  season  (November- 
March),  when  peak  streamflow  is  generated  by 
.-ain  on  a  melting  snowpack,  and  the  summer 
season  (mid  June-November)  when  snowmelt  has 
little,  if  any,  influence  on  the  hydrograph.  Jamie- 
son  Creek  and  Elbow  Creek  basins  were  estab- 
lished in  1969  as  treatment  and  control  basins, 
respectively,  of  a  paired-basin  experiment  in  a 
drainage  basin  of  the  Vancouver,  British  Colum- 
bia, municipal  water  supply  area.  Changes  in 
streamflow  peaks  following  clear-cutting  of  19.2% 
of  Jamieson  Creek  experimental  basin  were  deter- 
mined. Winter  storm  peaks,  which  usually  result 
from  rain  on  melting  snowpacks,  showed  a  treat- 
ment-induced increase  of  a  maximum  13.5%. 
There  was  no  indication  that  the  increases  were 
limited  to  a  particular  storm-size  class.  Summer 
storm  peaks  showed  no  treatment-induced  increase 
although  both  summer  and  winter  storms  showed 
significant  post-treatment  increase,  presumably 
from  changes  in  precipitation  patterns  resulting  in 
storms  of  greater  total  precipitation.  Peak  winter 
flows  were  highly  correlated  with  snowmelt  rates. 
There  was  no  difference  in  size  of  peak  flow  or  in 
lag  time  between  peak  snowmelt  and  peak  stream- 
flow  whether  or  not  melt  rates  were  greater  in  the 
forest  than  in  the  clearcut.  (See  also  W91-06510) 
(Fish-PTT) 
W91-06558 


CARNATION  CREEK,  CANADA-REVIEW  OF 
A  WEST  COAST  FISH/FORESTRY  WATER- 
SHED IMPACT  PROJECT. 

Pacific  Forestry  Centre,  Victoria  (British  Colum- 
bia). 

E.  D.  Hetherington. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  531-538,  1  fig,  11  ref. 

Descriptors:  'British  Columbia,  'Deforestation, 
•Environmental  impact,  'Forest  hydrology, 
•Forest  watersheds,  'Land  use,  *Stream  fisheries, 
•Watershed  management,  Canada,  Fish  manage- 
ment, Flood  peak,  Forestry,  Hydrologic  models, 
Project  planning,  Streamflow,  Water  quality. 

Coastal  British  Columbia,  Canada,  is  endowed 
with  major  fish  and  forest  resources,  both  of  which 
are  of  vital  importance  to  the  economy.  Carnation 
Creek  is  a  small  rainforest  salmon  stream  located 
on  the  west  coast  of  Vancouver  Island.  In  1970,  a 
16-year  multi-agency  and  multi-disciplinary  project 
was  initiated  to  evaluate  the  effects  of  logging  and 


silvicultural  activities  on  the  Carnation  Creek  wa- 
tershed and  communicate  the  results  to  managers 
of  forests  and  fish.  It  was  found  that  peak  flows 
and  water  yield  increased  in  a  small  tributary, 
groundwater  levels  were  higher,  and  there  were 
minor  changes  in  water  quality.  There  were  also 
major  changes  in  stream  channel  and  organic 
debris  structure,  deterioration  of  fish  habitat  and 
spawning  gravel  quality,  and  a  complex  variety  of 
effects  on  fish  growth  and  survival.  Ongoing  com- 
munication of  research  findings  to  fishery  and  for- 
estry managers  and  other  potential  users  has  been  a 
major  goal  of  the  project,  and  includes  almost  100 
articles,  a  short  information  film,  presentations  and 
talks,  seminars  and  field  tours,  and  workshops. 
Carnation  Creek  research  findings  have  been 
widely  used  in  coastal  British  Columbia  as  a  quali- 
tative basis  for  on-site  fish-forestry  interaction 
evaluations  and  for  assessment  and  planning  of 
forestry  development  proposals.  (See  also  W91- 
06510)  (Author's  abstract) 
W9 1-06560 


SOURCE  OF  INCREASED  STORMWATERS 
AFTER  FOREST  OPERATIONS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  School  of  Forestry. 
C.  M.  Liu. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  539-544,  10  ref. 

Descriptors:  'Deforestation,  •  Environmental  ef- 
fects, *Forest  hydrology,  *Forest  watersheds, 
•Land  use,  *Rainfall-runoff  relationships,  'Storm 
runoff,  *Watershed  management,  Clear-cutting, 
Flood  peak,  Georgia,  Infiltration,  Soil  water,  Sta- 
tistical analysis,  Streamflow  data,  Transpiration, 
Vegetation  effects. 

Road  construction,  harvesting,  site  preparation, 
and  tree  planting  are  regarded  as  important  causes 
of  increased  stormflow,  peakflow,  and  sediment 
export  from  headwater  areas.  Twelve  segments 
were  selected  from  two  experimental  basins  (one 
treatment  and  one  control)  in  the  Georgia  Pied- 
mont region  to  identify  the  cause  and  source  of 
increases  in  stormflow  and  peakflow  from  a  treat- 
ment basin  after  forest  operations.  Gaging  of 
streamflow  began  in  July  1974.  The  treatment 
basin  was  logged  in  the  winter  of  1974-75,  roller- 
chopped  in  the  spring  and  fall  of  1975,  and  planted 
in  March  1976.  It  was  found  that  the  increase  in 
stormflow  depends  on  the  magnitude  of  stormflow 
and  storm  rainfall;  the  larger  the  magnitude  of 
stormflow,  the  smaller  the  mcrease  in  stormflow, 
and  the  larger  the  storm  rainfall,  the  bigger  the 
increase  in  stormflow.  The  greater  the  peakflow  or 
the  higher  the  hourly  rainfall  intensity,  the  bigger 
the  increase  in  peakflow.  In  undisturbed  forests, 
nearly  all  precipitation  infiltrates  the  soil  mantle 
and  becomes  part  of  the  soil  water  storage,  highest 
during  the  dormant  season  and  lowest  during  the 
mid  to  late  growing  season.  The  removal  of  vege- 
tation did  not  greatly  alter  the  infiltration  charac- 
teristics of  the  experimental  watersheds.  The  most 
significant  response  to  the  clear-cutting  was  the 
reduction  in  transpiration,  resulting  in  higher  soil 
water  storage,  which  in  turn  resulted  in  greater 
stormflow  from  convergent  segments  (a  segment 
whose  width  decreases  toward  the  stream).  Results 
of  statistical  analysis  show  that  convergent  seg- 
ments are  more  responsive  to  forest  practices  than 
the  rest  of  the  basin,  implying  that  more  emphasis 
should  be  placed  on  terrain  classification  for  man- 
agement prescriptions.  (See  also  W91-06510)  (Fish- 
PTT) 
W91-06561 


•Land  use,  'Mountain  watersheds,  •Streamflow, 
•Surface  runoff,  Colorado,  Deforestation,  Flood 
peak,  Flow  measurement,  Groundwater  move- 
ment, Rainfall-runoff  relationships,  Slopes,  Soil 
water. 

Numerous  investigators  have  attempted  to  define 
the  mechanisms  of  water  movement  down  forested 
slopes.  In  order  to  better  define  the  pathway  of 
water  movement  and  the  processes  by  which  melt 
or  rain  water  migrates  toward  the  stream  channel, 
plot  studies  were  performed  on  the  Fraser  Experi- 
mental Forest  in  Colorado.  The  flow-producing 
mechanisms  on  two  forested  plots  (17  x  210  m  and 
36  x  210  m)  were  monitored  for  seven  years. 
Surface,  shallow  subsurface  (0-1  m),  and  deep  sub- 
surface (1-4  m)  lateral  flows  were  intercepted  and 
measured,  as  were  the  fluctuation  of  perched  water 
tables  and  soil  moisture  content  on  the  two  hills- 
lopes.  After  the  fifth  season,  one  plot  was  clear- 
cut.  Peak  water  equivalent  in  the  snowpack,  total 
flow,  and  peak  discharge  rate  increased  during  the 
first  full  year  following  harvest.  The  timing  of  the 
peak  was  not  affected.  Observations  of  water 
movement  on  both  study  plots  appears  to  define 
the  streamflow-generating  processes  representative 
of  the  subalpine  environment.  (See  also  W91- 
06510)  (Author's  abstract) 
W9 1-06562 


EFFECT  OF  ASPEN  HARVEST  AND  GROWTH 
ON  WATER  YIELD  IN  MINNESOTA. 

North  Central  Forest  Experiment  Station,  Grand 
Rapids,  MN.  Forestry  Sciences  Lab. 
E.  S.  Verry. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  553-562,  4  fig,  3  tab,  11  ref. 

Descriptors:  *Deforestation,  •Environmental  ef- 
fects, 'Forest  hydrology,  'Forest  watersheds, 
•Minnesota,  •  Reforestation,  •Streamflow,  'Water- 
shed management,  Biomass,  Birch  trees,  Clear-cut- 
ting, Poplar  trees,  Rainfall-runoff  relationships, 
Streamflow  data,  Water  yield. 

Cutting  forests  from  well-drained  mineral  soils  usu- 
ally results  in  annual  water  yield  increases,  and  has 
been  reported  for  the  first  year  following  an  aspen 
clear-cut  in  northern  Minnesota.  A  study  was 
made  at  the  Marcell  Experimental  Forest  in  north- 
central  Minnesota  in  a  basin  which  was  clearcut  of 
a  mature  aspen-birch  forest  after  nine  years  of 
hydrological  calibration  against  a  control  basin.  It 
was  found  that  annual  water  yield  increased  fol- 
lowing the  clear-cutting  of  the  aspen  forest  in  years 
1-9  and  year  14  of  subsequent  aspen  regrowth. 
Maximum  increases  of  85,  117,  and  88  mm/year 
occurred  during  the  first  three  years  of  regrowth. 
Increases  in  streamflow  volumes  from  snowmelt 
and  early  spring  rains  were  minimal  and  more 
variable  after  harvest  and  regeneration.  Most  of 
the  increases  occurred  during  the  leaf-on  periods, 
but  sporadic  increases  occurred  during  the  fall- 
early-winter  recharge  period  as  long  as  15  years 
after  harvest.  Increases  in  water  yield  were  best 
explained  by  changes  in  aboveground  biomass,  but 
precipitation,  especially  during  the  leaf-on  periods, 
improved  the  relation.  Increases  in  annual  water 
yields  became  insignificant  when  aboveground  bio- 
mass approached  57  tons/ha  (17  percent  of  mature 
forest  biomass  at  14-15  years  of  age).  (See  also 
W9 1-065 10)  (Author's  abstract) 
W9 1-06563 


EFFECT  OF  CLEARCUTTING  ON  STREAM- 
FLOW  GENERATING  PROCESSES  FROM  A 
SUBALPINE  FOREST  SLOPE. 

Forest  Service,  Fort  Collins,  CO. 
C.  A.  Troendle. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  545-552,  3  fig,  3  tab,  9  ref. 

Descriptors:  •Clear-cutting,  *Environmental  ef- 
fects,   'Forest    hydrology,    'Forest    watersheds, 


EFFECTS  OF  WHOLE-TREE  CLEARCUTTING 
ON  STREAMFLOW  CAN  BE  ADEQUATELY 
ESTIMATED  BY  SIMULATION. 

Northeastern  Forest  Experiment  Station,  Durham, 
NH.  Forestry  Sciences  Lab. 
J.  W.  Hornbeck,  C.  A.  Federer,  and  R.  S.  Pierce. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  565-573,  1  fig,  4  tab,  9  ref. 

Descriptors:  'Clear-cutting,  'Deforestation,  'En- 
vironmental effects,  'Forest  hydrology,  'Forest 
watersheds,     'Simulation    analysis,     'Streamflow 
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forecasting,  Connecticut,  Hydrologic  models, 
Maine,  Model  studies,  New  Hampshire,  Nutrients, 
Streamflow  data,  Vegetation  regrowth. 

Changes  in  streamflow  due  to  forest  harvests  have 
traditionally  been  determined  using  paired,  gaged 
basins.  Such  studies  involve  high  costs  and  long 
calibration  periods,  and  can  seldom  be  replicated 
among  or  within  forest  types.  There  is  a  need  to 
demonstrate  that  simulated  effects  of  harvest  are 
within  acceptable  error  limits  of  actual  effects.  A 
comparison  was  made  of  measured  and  simulated 
effects  on  streamflow  of  a  whole-tree  clear-cut  at 
the  Hubbard  Brook  Experimental  Forest  in  New 
Hampshire.  A  range  of  values  was  assigned  to 
parameters  of  the  BROOK  hydrologic  model  to 
simulate  streamflow  for  fast,  medium,  and  slow 
regrowth  on  whole-tree  clear-cut  basins  in  Maine, 
New  Hampshire,  and  Connecticut.  Simulated  in- 
creases in  streamflow  for  the  first  year  after  har- 
vest at  the  New  Hampshire  site  ranged  from  167 
mm  for  fast  regrowth  to  255  mm  for  slow  re- 
growth. The  measured  increase  estimated  using 
paired  control  and  treatment  basins  was  175  mm. 
Simulated  increases  in  the  second  year  ranged 
from  74  to  234  mm,  while  the  paired  basin  estimate 
was  71  mm.  Annual  outputs  of  dissolved  nutrients 
showed  only  small  differences  when  calculated 
with  simulated  versus  measured  streamflow.  At  the 
Maine  and  Connecticut  sites  where  streamflow 
was  not  measured,  simulated  annual  streamflow 
increases  differed  little  from  New  Hampshire,  but 
seasonal  increases  and  relative  increases  varied 
considerably.  The  BROOK  model  is  a  viable  alter- 
native for  estimating  streamflow  when  stream 
gaging  is  impractical.  (See  also  W91-O6510)  (Au- 
thor's abstract) 
W9 1-06564 


SIMULATION  OF  EFFECTS  OF  FOREST 
GROWTH  ON  WATER  YIELD  WITH  A  DY- 
NAMIC PROCESS-BASED  USER  MODEL. 

Natal  Univ.,  Pietermaritzburg  (South  Africa). 
Dept.  of  Agricultural  Engineering. 
R.  E.  Schulze,  and  W.  J.  George. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  575-584,  6  fig,  1  tab,  8  ref. 

Descriptors:  *Forest  hydrology,  *Hydrologic 
models,  *Model  studies,  'Reforestation,  *South 
Africa,  •Streamflow  forecasting,  'Water  yield, 
•Watershed  management,  Land  use,  Simulation 
analysis,  Streamflow,  Vegetation  regrowth,  Water 
demand,  Water  resources  management. 

Since  major  water  resources  areas  in  South  Africa 
are  simultaneously  those  suitable  for  afforestation 
with  exotic  timber  species,  conflicts  between  in  situ 
users  of  water  and  downstream  demands  for  irriga- 
tion, industrial,  and  domestic  use  have  thus  arisen. 
The  effects  of  afforestation  on  water  yield  were 
reviewed.  In  light  of  research  findings  and  the 
method  currently  used  in  South  Africa  to  deter- 
mine reductions  of  water  production  with  affores- 
tation, the  'ACRU'  model  has  been  adapted  to 
account  for  changes  in  important  land-use-related 
processes  as  a  forest  grows  in  time,  by  incorpora- 
tion of  a  dynamic  land  use  information  file.  Tests 
with  this  model  on  a  basin  in  Cathedral  Peak  in 
Natal,  afforested  in  1951,  indicate  that  forest  hy- 
drological effects  can  be  modeled  successfully  with 
a  dynamic  land  use  file.  The  diverging  trend  be- 
tween observed  and  simulated  annual  streamflow 
illustrates  the  influences  of  increased  interception, 
transpiration,  and  rooting  depth  on  water  produc- 
tion. Statistical  analysis  showed  that  the  model 
overestimated  streamflow  by  8.5%  while  variances 
of  observed  and  simulated  flow  differed  by  7.9%. 
Further  model  development  is  being  undertaken  to 
include  processes  such  as  litter  interception,  im- 
proved root  extraction  patterns,  effects  of  different 
tree  species,  growth  rates,  management  practices, 
climatic  regimes,  land  use,  and  soil  heterogeneity 
within  basins.  (See  also  W91-O6510)  (Fish-PTT) 
W9 1-06565 


EROSION    AND   SEDIMENTATION    IN   THE 
PACIFIC  RIM. 

Oregon  State  Univ.,  Corvallis.  Coll.  of  Forestry. 


For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06570 


EROSION  AND  SEDIMENTATION  ISSUES  IN 
PERU. 

National    Agrarian    Univ.,    Lima    (Peru).    Dept. 

Manejo  Forestal. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-06571 


EFFECTS  OF  TIMBER  HARVESTING  ON 
PROGRESSIVE  HILLSLOPE  DEFORMATION 
IN  SOUTHWEST  OREGON. 

Pacific  Northwest  Forest  and  Range  Experiment 
Station,  Juneau,  AK.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-06587 


HYDROMECHANICAL  EROSION  MODEL 
FOR  SURFACE-MINED  AREAS. 

National  Pingtung  Inst,  of  Agriculture  (Taiwan). 
K.  J.  Tsai. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  249-250.  1  tab. 

Descriptors:  *Erosion,  'Model  studies,  *Soil  ero- 
sion, 'Strip  mines,  Erosion  control,  Land  use, 
Mathematical  models,  Planning,  Prediction,  Rain- 
fall, Rainfall  intensity,  Resource  management, 
Runoff,  Sediment  load,  Sediment  yield,  Slope  gra- 
dient, Soil  texture,  Soil  transport,  Soil  types. 

Newly  developed  soil  erosion  and  sediment  load 
prediction  models  have  become  very  beneficial  as 
design  tools  in  developing  land-use  plans  to  control 
sediment  loads  and  soil  losses.  An  effective  mathe- 
matical model  was  developed,  based  on  physical 
processes  of  rainfall  and  runoff,  to  predict  soil  loss 
or  sediment  yield  generated  from  mined  areas.  The 
mathematical  relationships  of  the  model  were  used 
to  describe  the  dynamics  of  the  erosion  subpro- 
cesses,  such  as  soil  detachment  and  transport  by 
rainfall  and  runoff.  Soil  samples  were  collected 
from  undisturbed  sites,  representing  the  common 
soil  characteristics  of  the  research  area,  and  select- 
ed from  a  benchmark  soil  for  which  laboratory 
data  are  available.  Soil  erosion  data  collected  from 
simulated  rainfall  plots  consisted  of  four  erosion- 
influencing  variables:  slope  steepness,  runoff  rate, 
rainfall  intensity,  and  soil  texture.  Differences  be- 
tween observed  and  model  prediction  of  soil  loss 
are  not  highly  significant.  Further  research  should 
allow  the  development  of  a  yearly  average  predic- 
tion of  erosion  using  this  model.  (See  also  W91- 
06570)  (Brunone-PTT) 
W9 1-06599 


INCREASED  SEDIMENTATION  FOLLOWING 
HELICOPTER  LOGGING  AND  PRESCRIBED 
BURNING  ON  GRANITIC  SOIL. 

Intermountain  Forest  and  Range  Experiment  Sta- 
tion, Boise,  ID. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-06604 


SEDIMENT  YIELDS  AND  SURFACE  RUNOFF 
FROM  SIX  TYPES  OF  AGROFORESTRY  AT 
MAE-KLONG  WATERSHED  RESEARCH  STA- 
TION, KANCHANABURI,  THAILAND. 

Royal  Forest  Dept.,  Bangkok  (Thailand).  Water- 
shed Management  Div. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06605 


TEST  OF  A  SURFACE  RUNOFF  AND  SOIL 
EROSION  MODEL  FOR  FOREST  ROAD  SUR- 
FACES. 

Washington  Univ.,  Seattle.  Coll.  of  Forest  Re- 
sources. 

For  primary  bibliographic  entry  see  Field  2J. 
W91-06606 


ESTIMATING  DISCHARGE  AND  SEDIMENT 
YIELD  FROM  A  FOREST  ROAD. 


Kyoto  Univ.  (Japan).  Dept.  of  Forestry. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06607 


EROSIONAL  EFFECTS  OF  ROAD  CONSTRUC- 
TION IN  PI-LU  EXPERIMENTAL  WATER- 
SHED. 

Thu-Thai  Associates,  Inc.,  Taipei  (Taiwan). 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06608 


INFLUENCE  OF  LARGE  ORGANIC  DEBRIS 
ON  CHANNEL  RECOVERY  IN  THE  QUEEN 
CHARLOTTE    ISLANDS,    BRITISH    COLUM- 
BIA, CANADA. 
D.  L.  Hogan. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  343-353.  6  fig,  2  tab,  21  ref. 

Descriptors:  'British  Columbia,  'Channel  mor- 
phology, 'Detritus,  'Logging,  'Queen  Charlotte 
Islands,  Channel  scour,  Channel  storage,  Coastal 
zones,  Dam  effects,  Debris  flow,  Forest  manage- 
ment, Forestry,  Sedimentation,  Stream  banks, 
Vegetation,  Watersheds. 

In-stream  large  organic  debris  (LOD)  characteris- 
tics were  evaluated  in  unlogged  and  logged  coastal 
watersheds.  The  input,  storage  and  output  compo- 
nents of  LOD  budgets,  how  these  are  altered  in 
logged  and  torrented  channels  and  how  these 
changes  influence  the  recovery  of  disturbed  chan- 
nels were  all  examined.  In  small  and  medium  sized 
watersheds,  all  components  of  the  LOD  budget  are 
altered  after  logging  and  debris  torrenting.  Initial- 
ly, the  size  and  abundance  of  debris  staged  to  enter 
the  stream  systems  are  reduced.  Reduction  in  ma- 
terial size  leads  to  a  shift  in  the  orientation  of 
debris  stored  within  the  channel  zone.  Consequent- 
ly, the  scouring  and  trapping  functions  of  debris 
pieces  are  altered.  A  less  complex  morphology 
results,  including  reduced  depth,  width  and  sedi- 
ment texture  variability  and  diminished  pool  area. 
The  smaller  debris  is  less  stable  causing  an  in- 
creased tendency  for  the  material  to  cluster  into 
major  debris  jams;  this  jam  stores  large  volumes  of 
clastic  sediment  upstream  and  leads  to  reduced 
channel  stability.  Because  logging  and  debris  tor- 
renting  can  affect  streambank  vegetation  for  long 
periods  of  time,  it  is  possible  that  the  resultant 
channel  disturbances  will  not  be  reversed  over 
forest  management  time  scales.  (See  also  W91- 
06570)  (Author's  abstract) 
W9 1-06621 


GEOMORPHIC  INFLUENCES  ON  SEDIMENT 
TRANSPORT  IN  THE  WILLAMETTE  RIVER. 

Oregon  State  Univ.,  Corvallis. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06623 


TRIBUTARY  ENTRENCHMENT  IN  RE- 
SPONSE TO  LOWERED  BASE  LEVEL  BELOW 
ADAM. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Earth 
Resources. 

D.  Germanoski,  and  D.  F.  Ritter. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  391-392.  1  tab. 

Descriptors:  'Channel  erosion,  'Dam  effects, 
•Erosion,  •Geomorphology,  *Scour,  •Sediment 
transport,  *Tributaries,  Channel  armoring,  Chan- 
nel morphology,  Slope  degradation,  Terracing. 

Tributaries  located  immediately  downstream  from 
a  dam  respond  to  lowered  base  level  by  incising 
vertically,  widening,  and  expanding  headwardly. 
The  amount  of  tributary  downcutting  was  meas- 
ured on  subaerially  exposed  cross  channel  tree 
roots,  broken  off  roots,  root  armored  knickpoints, 
and  'within  channel'  terraces.  Average  incision 
measured  at  the  mouths  of  all  eight  tributaries  was 
2.2  m.  The  two  tributaries  closest  to  the  dam  have 


94 


WATER  QUANTITY  MANAGEMENT  AND  CONTROL— Field  4 


Effects  On  Water  Of  Man's  Non-Water  Activities— Group  4C 


incised  deeper  than  the  other  six.  Channel  widen-  W9 1-06704 
ing  results  directly  from  vertical  entrenchment, 
which  oversteepens  the  channel  banks  and  pro- 
motes bank  slumping.  Headward  extension  of  the 
drainage  network  results  from  rejuvenation  of 
lower-order  tributaries.  Root  armoring  of  the 
channel  bottom  produces  stepped  longitudinal  pro- 
files and  protracts  the  total  adjustment  period  of 
the  tributaries.  Thus,  tributary  incision  is  episodic 
and  the  influx  of  high  sediment  discharge  is  out  of 
phase  from  tributary  to  tributary.  The  cause  of 
tributary  entrenchment  is  local  base  level  lowering 
below  Bagnell  Dam  in  central  Missouri.  Tributary 
entrenchment  causes  accelerated  erosion  in  the 
drainage  network  and,  therefore,  extends  the  influ- 
ence of  the  dam  into  areas  removed  from  the  trunk 
river.  (See  also  W9 1-06570)  (Brunone-PTT) 
W91-06628 


RESPONSE  OF  DRY  CREEK,  CALIFORNIA, 
TO  LAND  USE  CHANGE,  GRAVEL  MINING 
AND  DAM  CLOSURE. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Earth 
Resources. 

M.  D.  Harvey,  and  S.  A.  Schumm. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  451-460.  4  fig,  2  tab,  13  ref.  US  Army 
Corps  of  Engineers  Contract  No.  DACW05-85-P- 
00464. 

Descriptors:  •California,  'Channel  erosion,  •Chan- 
nel morphology,  'Dam  effects,  'Dry  Creek, 
•Gravel  mining,  *Land  use,  *Sediment  transport, 
Aggradation,  Bedrock,  Channel  armoring,  Chan- 
nel stability,  Degradation,  Sediments,  Sill  erosion, 
Tributaries. 

A  21.5  km  reach  of  Dry  Creek,  Sonoma  County, 
California,  downstream  of  Warm  Springs  dam,  was 
studied  to  determine  responses  to  land  use  change, 
gravel  mining,  and  dam  closure.  Land  use  changes 
(1850-1870)  cause  aggradation  and  then  degrada- 
tion, but  the  channel  was  in  equilibrium  by  1900. 
Gravel  mining  in  Dry  Creek  and  Russian  River 
(1900-1950's)  reduced  base  level  of  Dry  Creek  by  3 
m.  The  channel  degraded  by  an  average  of  3.2  m, 
and  by  1984  mean  channel  width  and  depth,  at 
bankfull  stage,  had  increased  from  9.8  to  101.8  m 
and  from  1.4  to  5.8  m,  respectively.  Channel  longi- 
tudinal profiles  were  not  significantly  different; 
therefore,  the  major  response  of  Dry  Creek  to  the 
imposed  changes  was  an  increase  of  width.  Dam 
closure  (1983)  did  not  cause  the  expected  further 
degradation  of  Dry  Creek  because  of  channel  ar- 
moring, tributary  contribution  of  sediment,  em- 
placement of  three  grade-control  sills,  and  the 
presence  of  bedrock  outcrops  in  the  channel.  (See 
also  W9 1-06570)  (Author's  abstract) 
W9 1-06644 


FORESTRY    AND    SEDIMENT    YIELDS    IN 
UPLAND  SCOTLAND. 

Stirling  Univ.  (Scotland).  Dept.  of  Environmental 

Science. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06649 


LAND  USE,  EROSION  RATES,  AND  RESER- 
VOnt  SEDIMENTATION  IN  A  COASTAL  EC- 
UADORIAN WATERSHED. 

New  Mexico  State  Engineer  Office,  Santa  Fe. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06650 


RESPONSE  OF  A  NORTHERN  CALIFORNIA 
COASTAL  DRAINAGE  BASIN  TO  LAND  USE 
DISTURBANCE. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Wa- 
tershed Management. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06651 


SHORT-TERM  AMPHIBIAN  TOXICITY  TESTS 
AND  PARAQUAT  TOXICITY  ASSESSMENT. 

NSI  Technology  Services  Corp.,  Corvallis,  OR. 
For  primary  bibliographic  entry  see  Field  5C. 


COASTAL  OIL  DRILLING  PRODUCED 
WATERS:  CHEMICAL  CHARACTERIZATION 
AND  ASSESSMENT  OF  GENOTOXICITY 
USING  CHROMOSOMAL  ABERRATIONS  IN 
CYPRINODON  VARIEGATUS. 
Louisiana  State  Univ.,  Baton  Rouge.  Inst,  for  En- 
vironmental Studies. 

C.  B.  Daniels,  C.  B.  Henry,  and  J.  C.  Means. 
IN:   Aquatic   Toxicology   and    Risk   Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  356- 
371,  6  fig,  4  tab,  22  ref. 

Descriptors:  'Genotoxicity,  *Oil  industry,  *Oil 
wastes,  'Toxicology,  'Water  pollution  effects, 
Chemical  analysis,  Coastal  waters,  Ecological  ef- 
fects, Genetics,  Louisiana,  Organic  compounds, 
Toxicity. 

Oil  drilling  operations  generate  very  large  volumes 
of  produced  waters  which  contain  a  complex  mix- 
ture of  subsurface  water  and  solid  and  liquid  geo- 
logical materials,  including  crude  oil,  drilling 
fluids,  and  treatment  chemicals.  In  coastal  regions, 
these  produced  waters  are  discharged  into  fresh  or 
brackish  marshes  or  wetlands  which  also  serve  as 
the  spawning  sites  for  a  wide  variety  of  economi- 
cally important  species  of  fish  and  shellfish.  Re- 
cently, concern  has  focused  on  potential  impacts  of 
produced  waters  upon  these  productive  and  sensi- 
tive ecosystems.  Results  are  reported  from  investi- 
gations which  characterize  the  chemical  contami- 
nants present  in  produced  waters  and  surficial  sedi- 
ments collected  at  two  sites  in  coastal  Louisiana. 
Trace  organic  analyses  of  the  produced  waters 
revealed  a  complex  and  variable  mixture  of 
normal-,  alkyl-,  and  heterocyclic  polynuclear  aro- 
matic hydrocarbons.  Examination  of  surficial  and 
subsurface  sediments  demonstrate  that  extensive 
areal  distribution  of  the  produced  water  hydrocar- 
bons has  occurred  through  time.  Embryonic  stage 
genotoxicity  bioassays  of  the  produced  waters  indi- 
cate that  the  polycyclic  aromatic  hydrocarbons 
being  discharged  in  these  coastal  waters  cause  in- 
creased mutational  frequencies  in  Cyprinodon  var- 
iegatus.  Since  the  observation  of  chromosomal  ab- 
errations is  usually  rare  in  the  cells  of  the  organism 
and  since  cell  replication  and  differentiation  are 
maximal  in  the  early  developmental  stages  of  these 
and  other  species  of  aquatic  organisms,  the  results 
suggest  that  the  potential  exists  for  adverse  effects 
of  these  discharges  on  estuarine  productivity.  Fur- 
ther study  of  the  impacts  of  produced  waters  in 
this  and  other  species  is  indicated.  (See  also  W91- 
06691)  (Author's  abstract) 
W91-06716 


GROUND  WATER  NITRATES  IN  OTHER  DE- 
VELOPED COUNTRIES  (EUROPE)--RELA- 
TIONSHIPS  TO  LAND  USE  PATTERNS. 

BASF  Aktiengesellschaft,  Limburgerhof  (Germa- 
ny, F.R.).  Agricultural  Research  Station. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-06735 


EFFECT  OF  HARVEST  INTENSITY  AND 
GROUND  FLORA  ESTABLISHMENT  ON  IN- 
ORGANIC-N LEACHING  FROM  A  SITKA 
SPRUCE  PLANTATION  IN  NORTH  WALES, 
UK. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 
Bangor  Research  Station. 
P.  A.  Stevens,  and  M.  Homung. 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  1,  p  53- 
65,  1990.  3  fig,  2  tab,  20  ref. 

Descriptors:  'Environmental  impact,  'Forestry, 
•Leaching,  'Litter,  'Nitrogen,  'Soil  chemistry, 
•Spruce  trees,  'Trees,  'Wales,  Agriculture,  Bio- 
mass,  Detritus,  Nitrates,  Soils,  Vegetation. 

Inorganic-N  concentrations  in  soil  solution  of 
whole  tree  harvest  (WTH)  and  conventional  fell 
(CF)  plots  were  monitored  for  two  years  before 
felling  and  four  years  after  felling.  Concentrations 
in  the  mineral  soil  after  felling  were  higher  than  in 
standing  forest  for  up  to  14  months  in  both  felling 
treatments.  In  the  WTH  plots  inorganic-N  concen- 
trations then  dropped  steadily  until  four  years  after 


felling  they  approached  zero.  In  contrast,  inorgan- 
ic-N concentrations  of  the  CF  plots  remained  com- 
paratively large.  Inorganic-N  was  dominated  by 
nitrate  throughout  the  period  of  the  study,  and 
especially  in  the  mineral  horizons.  Felling  debris 
was  not  a  source  of  inorganic-N,  unless  indirectly 
through  release  and  mineralization  of  soluble  or- 
ganic-N.  Vegetation  cover,  biomass  and  N  content 
were  substantially  greater  in  the  WTH  plots  two  to 
three  years  after  felling,  compared  with  the  CF. 
Vegetation  cover  and  brash  (slash  cover  in  N. 
America)  were  negatively  correlated.  There  was 
also  a  negative  correlation  between  inorganic-N 
concentration  in  soil  water  samplers  and  the  vege- 
tation cover  within  the  collection  area  of,  or  a  1  m 
square  surrounding,  these  samplers.  Two  factors 
are  probably  responsible  for  the  reduction  in  inor- 
ganic-N concentrations  after  felling  in  the  WTH: 
the  rapid  re-establishment  of  vegetation  and  the 
lack  of  a  N  source  in  felling  debris.  In  the  CF 
plots,  brash  prevents  re-establishment  of  vegetation 
over  wide  areas  for  at  least  four  years.  However, 
brash  is  not  directly  a  source  of  inorganic-N  at  this 
stage.  (Author's  abstract) 
W9 1-06945 


SEDIMENT  BUDGETS. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07057 


CROPPING  PATTERN  AND  ITS  ROLE  IN  DE- 
TERMINING EROSION  RISK:  EXPERIMEN- 
TAL PLOT  RESULTS  FROM  THE  MUGELLO 
VALLEY  (CENTRAL  ITALY). 

Florence    Univ.    (Italy).    Dipt,    di    Scienze    della 

Terra. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07073 


EROSION  STUDIES  IN  SUME,  A  SEMIARID 
REGION  IN  THE  NORTHEAST  OF  BRAZIL. 

Universidade  Federal  da  Paraiba,  Campina  Grande 
(Brazil).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07091 


MEASURING       SEDIMENT       YIELDS       OF 
STORMS  USING  PSALT. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Areata,  CA. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07092 


EVALUATION  OF  THE  RISKS  OF  EROSION 
AND  SEDIMENTATION  IN  BRAZIL  FROM 
ROUGH  SEDIMENT  BUDGETS  (EVALUA- 
TION DES  RISQUES  D'EROSION  ET  DE  SEDI- 
MENTATION AU  BRESIL  A  PARTIR  DE 
BILANS  SEDIMENTOLOGIQUES  RUDEMEN- 
TAIRES). 

Universidade  Federal  do  Rio  Grande  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07096 


SEDIMENT  YIELD  IN  THE  VELHAS  RIVER 
BASIN  (MINAS  GERAIS,  BRAZIL). 
ELETROBRAS,  Rio  de  Janeiro  (Brazil).  Dept.  de 
Recursos  Energeticos. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07097 


CHANGES  IN  THE  SEDIMENT  OUTPUT  OF 
TWO  UPLAND  DRAINAGE  BASINS  DURING 
FORESTRY  LAND  USE  CHANGES. 

Institute  of  Hydrology,   Balquhidder,   Lochearn- 

head,  Scotland. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07106 


SEDIMENT  YIELD  AND  AVAILABILITY  FOR 
TWO  RESERVOIR  DRAINAGE  BASINS  IN 
CENTRAL  LUZON,  PHILIPPINES. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
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Overseas  Development  Unit. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07116 


4D.  Watershed  Protection 


STRATEGIES  FOR  SUSTAINABLE  AGRICUL- 
TURE IN  THE  TROPICS. 

Florida  Univ.,  Gainesville.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  3F. 
W91-06108 


USLE  P  FACTORS  FOR  SUBSURFACE  DRAIN- 
AGE ON  LOW  SLOPES  IN  A  HOT,  HUMID 
CLIMATE. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Ag- 
ricultural Engineering. 
R.  L.  Bengtson,  and  G  Sabbagh. 
Journal  of  Soil  and  Water  Conservation  JSWCA3, 
Vol.  45,  No.  4,  p  480-482,  July/August  1990.  5  tab, 
10  ref. 

Descriptors:  'Erosion  control,  'Humid  climates, 
'Louisiana,  'Soil  erosion,  'Subsurface  drainage, 
•Universal  soil  loss  equation,  Baton  Rouge,  Corn, 
Drainage,  Monthly  distribution,  Precipitation, 
Rainfall,  Runoff,  Seasonal  variation,  Silage,  Slopes, 
Soil  types,  Surface  runoff.  Temperature,  Water 
table,  Weather,  Weeds. 

Sediment  losses  were  measured  from  a  subsurface 
drainage-runoff-erosion  experimental  area  near 
Baton  Rouge,  Louisiana,  for  the  years  1981-1987. 
Subsurface  drainage  reduced  soil  loss  42%.  An 
annual  universal  soil  loss  equation  soil  loss  ratio  of 
0. 1 1  for  conventionally  tilled  silage  corn  was  cal- 
culated for  these  plots.  The  first  fall  freeze  killed 
the  winter  weeds  and  caused  the  potential  for  soil 
erosion  to  triple.  The  monthly  P  (support  practice 
factor;  1.0  for  up-and-down  slope  tillage)  values 
varied  from  0.37  to  0.94,  with  the  highest  value 
occurring  during  the  summer  and  the  lowest 
during  the  winter.  An  annual  subsurface  drainage 
P  value  of  0.60  was  calculated  from  the  soil  ero- 
sion data.  This  annual  P  value  applies  to  subsurface 
drainage  for  silage  corn  on  low  slopes  under  high 
rainfall  that  occurs  throughout  the  year.  The  ex- 
periment also  showed  that  subsurface  drainage  is 
more  effective  in  reducing  soil  erosion  during  the 
winter  by  controlling  water  tables  caused  by  the 
cool  weather  and  large  amounts  of  precipitation 
during  this  season  in  Louisiana.  (Doria-PTT) 
W91-06117 


CROPPING  AND  TILLAGE  OPTIONS  TO 
ACHIEVE  EROSION  CONTROL  GOALS  AND 
MAXIMUM  PROFIT  ON  IRREGULAR 
SLOPES. 

Nebraska  Univ.,   Lincoln.   Dept.   of  Agricultural 

Economics. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-06233 


COSTS  AND  BENEFITS  OF  THE  CONSERVA- 
TION RESERVE  PROGRAM. 

Economic    Research    Service,    Washington,    DC. 

Commodity  Economics  Div. 

C.  E.  Young,  and  C.  T.  Osborn. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  3,  p  370-373,  May/June  1990.  3  fig,  1 

tab,  3  ref. 

Descriptors:  'Cost-benefit  analysis,  'Cropland, 
•Economic  aspects,  'Erosion  control,  'Land  use, 
•Soil  conservation,  Administration,  Administrative 
agencies,  Conservation  Reserve  Program,  Culti- 
vated lands,  Federal  jurisdiction,  Soil  erosion. 

The  economic  efficiency  of  the  Conservation  Re- 
serve Program  (CRP)  was  evaluated.  The  CRP  is  a 
voluntary,  long-term  cropland  retirement  program 
with  a  targeted  enrollment  of  40-45  million  acres. 
In  exchange  for  retiring  cropland  with  highly 
erodible  soils  or  other  environmentally  sensitive 
land  for  10  years,  the  U.S.  Department  of  Agricul- 
ture pays  CRP  participants  (farm  owners  or  opera- 
tors) an  annual  per-acre  rent  and  one-half  the  cost 
of  establishing  a  permanent  land  cover.  The  CRP's 


primary  goal  is  to  reduce  soil  erosion  on  highly 
erodible  cropland.  Primary  effects  of  the  CRP  are 
the  following:  changes  in  farm  income;  timber 
production;  consumer  costs;  soil  productivity;  sur- 
face water  quality,  including  filter  strips;  wildlife 
habitat;  wind  erosion;  administrative  costs;  cost- 
sharing  of  vegetative  cover;  and  technical  assist- 
ance costs.  CRP  impacts  were  uniformly  compared 
to  a  baseline  situation  characterized  by  the  absence 
of  CRP.  Based  upon  estimates  of  the  primary 
effects,  the  present  value  of  net  benefits  for  a  45 
million  acre  CRP  could  range  from  $3.4  to  $11.0 
billion.  (MacKeen-PTT) 
W9 1-06273 


SOIL  EROSION  STUDIES  IN  PERU. 

North  Carolina  State  Univ.,  Raleigh.  Dept.  of  Soil 

Science. 

For   primary   bibliographic   entry   see   Field  4D. 

W9 1-06277 


SOIL  EROSION  STUDIES  IN  PERU. 

North  Carolina  State  Univ.,  Raleigh.  Dept.  of  Soil 

Science. 

J.  C.  Alegre,  C.  Felipe-Morales,  and  B.  La  Torre. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  3,  p  417-420,  May/June  1990.  1  fig,  9 

tab,  7  ref. 

Descriptors:  *Agricultural  practices,  "Erosion 
control,  'Soil  conservation,  'Soil  erosion,  Cover 
crops,  Mulching,  Peru,  San  Ramon,  Santa  Ana, 
Tillage,  Wind  erosion. 

Because  of  its  pronounced  topography,  much  of 
Peru  is  sensitive  to  the  erosive  action  of  wind  and 
water.  The  Coast  is  subject  to  wind  erosion,  and 
water  erosion  is  dominant  in  the  Sierra.  Erosion 
also  occurs  in  the  High  Selva  when  vegetation  is 
cleared  and  in  the  Low  Selva  where  high  intensity 
rains  fall  on  land  farmed  under  slash-and-burn 
practices.  Erosion  research  conducted  at  three  sites 
in  the  Sierra  and  Selva  regions  (Santa  Ana  and  two 
sites  near  San  Ramon)  indicates  that  use  of  cover 
crops  and  mulching  conserve  soil  and  water  effi- 
ciently. Contoured  rows  present  both  advantages 
and  disadvantages  for  erosion  control,  depending 
upon  climatic  conditions  of  the  zone  and  degree  of 
slope.  (Author's  abstract) 
W9 1-06277 


PERFORMANCE  OF  GULLY  EROSION  CON- 
TROL MEASURES  IN  SOUTHEASTERN  NIGE- 
RIA. 

Nigeria  Univ.,  Nsukka.  Dept.  of  Geology. 
C.  O.  Okagbue,  and  K.  O.  Uma. 
IN:   Forest   Hydrology  and  Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  163-172,  5  fig,  1  tab,  8  ref. 

Descriptors:  "Erosion  control,  *Forest  hydrology, 
•Gully  erosion,  •Nigeria,  •Watershed  manage- 
ment, Controlled  drainage.  Geologic  control,  Gul- 
lies, Permeability,  Sediment  control,  Surface 
runoff. 

The  incidents  of  gullying  in  Nigeria,  especially  in 
southeastern  regions,  have  caused  much  concern  to 
successive  governments  and  have  generated  much 
attention  among  institutional  and  private  research- 
ers. Studies,  seminars,  and  workshops  have  been 
conducted  to  determine  the  immediate  and  remote 
causes  of  the  gullies.  Based  on  some  of  the  results 
of  these  studies,  a  number  of  control  measures  have 
been  designed  and  implemented  in  some  of  the 
affected  areas.  The  performance  of  these  control 
measures  has  been  examined.  The  measures  include 
tree  planting,  hydraulic  regulation  works  that  inte- 
grate a  drainage  network  with  storage  ponds  to  cut 
off  flood  crests  and  lower  hydraulic  loads  of  inter- 
ceptor canals,  and  stabilization  works  such  as 
check  dams  on  the  main  channels  of  gullies  and 
wicker-work  fences  and  hedges  at  the  inner  gully 
slopes.  There  is  evidence  that  tree  planting  and 
surface  regulation  of  surface  waters  is  effective  in 
controlling  only  shallow  (<  15  m  deep)  gullies  that 
have  not  cut  through  a  saturated  zone.  These 
measures  tend  to  fail  when  used  for  deep  gullies 
that  are  greatly  affected  by  groundwater  especially 


when  such  gully  floors  are  located  in  noncohesive 
and  very  permeable  sands.  Design  and  construc- 
tion of  gully  erosion  control  structures  should  be 
based,  on  the  site-specific  factors  such  as  geology 
and  hydrogeology,  not  on  the  general  factors 
thought  to  be  responsible  for  gully  problems.  (See 
also  W91-065IO)(Fish-PTT) 
W9 1-06525 


PRELIMINARY  ASSESSMENT  OF  SOIL  HY- 
DRAULIC PROPERTIES,  AND  THEIR  IMPLI- 
CATIONS FOR  AGRO  FORESTRY  MANAGE- 
MENT IN  GRENADA,  WEST  INDIES. 

Plymouth  Polytechnic  (England).  Dept.  of  Geo- 
graphical Sciences. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-06549 


DETERMINATION  OF  HYDROLOGICAL 
FLOW  PATHS  AND  ASSOCIATED  HYDRO- 
CHEMISTRY  IN  FORESTED  CATCHMENTS 
IN  CENTRAL  SCOTLAND. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England). 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-06551 


EROSION  RESEARCH  AND  CONTROL  IN 
JAPAN. 

Kyoto  Univ.  (Japan).  Faculty  of  Agriculture. 
A.  Takei. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  15-24. 

Descriptors:  'Disasters,  'Erosion,  'Erosion  con- 
trol, 'Japan,  'Soil  erosion,  Check  dams,  Dams, 
Economic  aspects.  Rainfall,  Revegetation,  Sedi- 
ment yield,  Sedimentation,  Typhoons. 

In  Japan,  intensive  research  on  the  phenomena  of 
erosion  and  erosion  control  works  for  preventing 
or  minimizing  sediment  disasters  has  been  carried 
out  in  recent  years.  Sediment  disasters  occurred  at 
a  rate  of  about  600  per  year  from  1976  to  1985  and 
varied  from  200  to  1200  events  per  year,  resulting 
in  842  deaths.  The  Japanese  government  has  in- 
vested about  450  billion  yen  every  year  during  the 
1980's  to  carry  out  public  works  for  erosion  con- 
trol. Research  in  recent  years  has  included  funda- 
mental studies  in  related  fields  such  as  geology, 
geophysics,  geotechnics,  hydraulics,  biology,  and 
others,  to  produce  a  generalized  erosion  control 
theory.  Japan  is  situated  in  a  region  of  heavy 
rainfall,  is  frequently  hit  by  typhoons,  and  is  also 
affected  by  locally  concentrated  torrential  rainfall. 
Sediment  disasters  can  only  be  controlled  by  con- 
trolling erosion  at  the  source  area.  An  artificial 
control  work  at  the  source  area  is  the  only  effec- 
tive means  of  decreasing  the  erosion  rate  and  sedi- 
ment yield  from  a  watershed.  A  check  dam  in  an 
unstable  torrent  is  constructed  to  reduce  the  ero- 
sion potential  by  suppressing  the  torrent  with  sedi- 
ment accumulated  behind  the  dam.  A  vegetative 
cover  may  reduce  erosion  by  protecting  the  soil 
surface  and  reinforcing  the  soil  with  a  porous  root 
network.  Present  and  future  research  areas  include 
debris  flow,  landslides,  sediment  transport  and 
sediment  yield,  hazard  maps,  evacuation  standards, 
and  others.  (See  also  W9 1-06570)  (Brunone-PTT) 
W91-06572 


EFFECTS  OF  SLOPE  LENGTH,  SLOPE  GRA- 
DIENT, TILLAGE  METHODS  AND  CROPPING 
SYSTEMS  ON  RUNOFF  AND  SOIL  EROSION 
ON  A  TROPICAL  ALFISOL:  PRELIMINARY 
RESULTS. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
R.  Lai. 

IN:  Sediment  Budgets.  IAHS  Publication  No.  174. 
International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1988.  p  79-88,  6  tab,  21 
ref. 

Descriptors:  'Agricultural  practices,  'Agricultural 
runoff,  'Geomorphology,  'Runoff,  'Sediment  ero- 
sion, 'Sediment  transport,  'Slope  effects,  'Slopes, 
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•Soil  erosion,  •Tillage,  Agricultural  engineering, 
Catchment  areas,  Corn,  Cropland,  Land  manage- 
ment, Nigeria,  No-till  cultivation,  Runoff  rates, 
Sediments,  Tropical  regions. 

Effects  of  slope  length  on  water  runoff  and  erosion 
are  not  adequately  understood.  There  have  been 
few  field  experiments  conducted  specifically  to 
quantify  these  effects.  Field  runoff  plots  of  variable 
slope  lengths  and  4-m  widths  were  established  on  a 
tropical  Alfisol  of  about  7  to  9%  slope  at  the 
International  Institute  of  Tropical  Agriculture, 
Ibadan,  Nigeria.  There  were  six  slope  lengths  vary- 
ing from  10  to  60  m  with  10-m  increments.  An 
additional  plot  25  m  long  was  established  to  study 
the  soil  erodibility  factor.  There  were  two  tillage 
methods:  plowing  and  the  no-till  system  of  seedbed 
preparation.  Corn  (Zea  mays)  was  sown  in  the  first 
season  and  cowpea  (Vigna  unguiculata)  in  the 
second  season.  It  was  found  that  runoff  and  erosion 
were  significantly  influenced  by  tillage  methods 
and  slope  length.  For  plowed  plots,  slope  length 
had  a  negligible  effect  on  runoff  per  unit  area.  In 
contrast,  however,  erosion  from  plowed  plots  in- 
creased as  a  power  function  of  slope  length  and 
slope  length  parameters.  In  no-till  treatments,  both 
runoff  and  soil  erosion  decreased  linearly  or  in- 
versely with  increase  in  slope  length.  This  differen- 
tial response  due  to  tillage  methods  may  be  attrib- 
uted to  the  variable  effects  of  slope  length,  crop 
residue  mulch,  and  tillage  methods  on  time  of 
concentration  and  runoff  velocity.  (See  also  W91- 
07057)  (Author's  abstract) 
W9 1-07066 

5.  WATER  QUALITY 
MANAGEMENT  AND 
PROTECTION 

5A.  Identification  Of  Pollutants 


SELF-PROTECTION  OF  ESCHERICHIA  COLI 
IN  SEAWATER. 

Clyde  River  Purification  Board,  East  Kilbride 
(Scotland). 

J.  S.  Findley,  J.  C.  Curran,  D.  P.  Milne,  J.  M. 
Crowther,  and  S.  G.  Wallis. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
451-456,  October  1990.  4  fig,  24  ref. 

Descriptors:  •Bioindicators,  *Enteric  bacteria, 
•Escherichia  coli,  *Seawater,  Bacterial  analysis,  In 
vitro  tests,  Laboratory  methods,  Temperature  ef- 
fects, Water  pollution. 

Controlled  laboratory  experiments,  epifluorescence 
microscopy  and  Coulter  counter  analyses  were 
used  to  examine  and  elucidate  the  inactivation 
mechanisms  for  the  enteric  bacterium  Escherichia 
coli.  The  survival  of  E.  coli  was  found  to  be 
enhanced  with  increasing  initial  cell  concentration 
in  the  absence  of  any  suspended  solids.  At  20 
degrees  C,  the  formation  of  a  bacterial  aggregate 
may  have  created  an  inner  core  of  cells  protected 
from  excessive  osmotic  stress  by  an  outer  coating 
of  cells  loosely  attached  by  polymers  or  cations. 
At  10  degrees  C,  however,  the  self-protection 
mechanism  is  not  as  pronounced,  due  to  lower 
temperatures  favoring  greater  bacterial  survival 
and  affording  a  less  hostile  environment  to  which 
bacteria  can  adapt  without  the  need  of  a  self- 
protection  mechanism.  (Author's  abstract) 
W9 1-05972 


chromatography,    Hydrogen    ion    concentration, 
Soil  organic  matter,  Triazine  pesticides. 

Atrazine  residue  levels  in  Michigan  soils  following 
the  1988  drought  and  the  suitability  of  the  immun- 
oassay technique  over  a  wide  variety  of  soils  were 
studied  using  samples  obtained  from  30  counties  in 
November  and  December.  The  drought  created  a 
critical  need  for  an  assessment  of  atrazine  concen- 
tration in  soil  to  advise  producers  on  crop  manage- 
ment options  related  to  atrazine  sensitive  crops. 
Laboratory  analysis  of  this  compound  included  gas 
liquid  chromatography  (GLC)  and  recently  devel- 
oped immunoassay  techniques.  Soil  characteriza- 
tion tests  for  pH,  organic  matter,  and  cation  ex- 
change capacity  were  conducted  by  the  Michigan 
State  University  Soil  Testing  Laboratory.  In  gen- 
eral, both  the  immunoassay  and  Soxhlet-GLC 
techniques  provided  adequate  estimates  of  atrazine 
residue  levels  in  soil  for  making  decisions  on  rota- 
tional crop  selection.  The  immunoassay  technique 
detected  approximately  20%  less  atrazine  in  soil, 
probably  due  to  differences  in  initial  extraction 
efficiency.  The  immunoassay  technique  examined 
in  this  study  is  inexpensive,  provides  quick  results 
and  is  relatively  easy  to  use.  It  accurately  detected 
atrazine  at  concentrations  as  low  as  0.01  ppm  indi- 
cating that  this  technique  is  a  reasonable  alterna- 
tive to  the  traditional  Soxhlet-GLC  procedure  for 
atrazine  analysis  in  soil  in  situations  where  maxi- 
mum precision  in  analysis  is  not  critical  and  could 
be  used  to  assay  s-triazine  residues  under  field 
conditions.  (Medina-PTT) 
W91-05985 


ASSESSING  ATRAZINE  PERSISTENCE  IN 
SOIL  FOLLOWING  A  SEVERE  DROUGHT. 

Michigan  State  Univ.,  East  Lansing.  Pesticide  Re- 
search Center. 

R.  A.  Leavitt,  J.  J.  Kells,  J.  R.  Bunkelmann,  and  R. 
M.  Hollingworth. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  46,  No.  1,  p  22-29, 
January  1991.  2  fig,  2  tab,  18  ref. 

Descriptors:  'Analytical  methods,  *Atrazine, 
•Drought  effects,  'Herbicides,  'Immunoassay, 
•Michigan,  *Pollutant  identification,  *Soil  analysis, 
Cation   exchange,   Crop   production,    Gas   liquid 


ENZYME  IMMUNOASSAY  FOR  THE  DETER- 
MINATION OF  ATRAZINE  RESIDUE  IN  SOIL. 

California  Dept.  of  Food  and  Agriculture,  Sacra- 
mento. Environmental  Hazards  Assessment  Pro- 
gram. 

K.  S.  Goh,  J.  Hernandez,  S.  J.  Powell,  C. 
Garretson,  and  J.  Troiano. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  46,  No.  1,  p  30-36, 
January  1991.  2  fig,  3  tab,  9  ref. 

Descriptors:  'Analytical  methods,  *Atrazine, 
•California,  *Enzyme  immunoassay,  *Gas  chroma- 
tography, *Groundwater  pollution,  'Herbicides, 
•Immunoassay,  'Pollutant  identification,  'Soil 
analysis,  Correlation  analysis,  Detection  limits, 
Drinking  water,  Extraction  efficiency,  Mathemati- 
cal models,  Methanol,  Path  of  pollutants,  Solvent 
extraction,  Triazine  pesticides. 

The  presence  and  transport  of  atrazine  in  water 
and  soil  are  being  monitored  and  researched  by  the 
California  Department  of  Food  and  Agriculture 
due  to  concerns  of  groundwater  contamination  and 
its  potential  adverse  health  impacts  from  drinking 
contaminated  water.  A  commercially  available 
enzyme  immunoassay  (EIA)  kit  was  optimized  and 
evaluated  to  quantify  atrazine  residues  in  soil  by  (1) 
determining  the  variability  of  the  calibration  line 
through  time,  (2)  comparing  the  extraction  effi- 
ciency of  water,  methanol,  methanol  +  water,  and 
acetonitrile,  and  (3)  quantifying  atrazine  concentra- 
tion in  field  soil  samples  using  the  EIA  and  com- 
paring the  results  to  gas  chromatographic  (GC) 
analysis.  Results  of  these  experiments  indicated 
that  calibration  lines  produced  on  different  days 
had  different  intercepts,  but  similar  slopes  and 
goodness  of  fits.  However,  slopes  were  different 
between  standard  sets,  but  intercepts  were  similar. 
The  extraction  efficiency  for  the  four  solvents  de- 
pended on  the  concentration  of  atrazine.  Results 
for  the  methanol  or  methanol  +  water  extraction 
were  more  consistent  than  for  water  or  acetonitrile 
extraction.  Therefore,  methanol  +  water  was  se- 
lected as  the  solvent  for  subsequent  field  sample 
extractions.  The  theoretical  detectable  range  of 
atrazine  in  soil  using  the  EIA  kit  was  0.5-2000  ppb. 
Although  the  extraction  efficiency  were  dissimilar 
for  the  EIA  kit  and  GC,  the  atrazine  concentra- 
tions in  split  samples  (48  pairs)  as  determined  by 
immunoassay  and  GC  were  highly  correlated. 
(Medina-PTT) 
W91-05986 


National  Swedish  Environment  Protection  Board, 

Solna. 

E.  Hoernstroem. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  20,  No.  3,  p  343-353,  December 

1990.  2  fig,  2  tab,  22  ref. 

Descriptors:  *Algae,  'Analytical  methods,  'Bioas- 
say,  'Bioindicators,  'Culturing  techniques,  'Re- 
views, 'Toxicity,  'Toxicology,  Environmental 
quality,  Oligotrophic  lakes,  Phytoplankton, 
Sweden,  Testing  procedures. 

Different  aspects  of  the  so-called  batch  method  of 
toxicity  testing  with  phytoplankton-ranging  from 
the  test  organism  to  the  reporting  of  results-are 
reviewed,  together  with  recommendations  for  im- 
proved technology.  Limitations  of  this  system  and 
the  importance  of  the  test  organism  have  led  to 
consideration  of  a  simpler  algal  test  based  on  a 
limited  number  of  species  best  suited  to  the  local 
conditions  prevailing  in  oligotrophic  Swedish 
lakes.  Data  obtained  locally  imply  that  the  sensitiv- 
ity of  currently-available  standard  toxicity  tests 
may  be  restricted.  Therefore,  they  must  be  comple- 
mented by  a  test  adapted  to  Scandinavian  water 
quality.  There  are  strong  indications  that  the  rela- 
tively simple  technology  of  traditional  batch  toxic- 
ity tests  should  be  retained.  The  main  problem 
seems  to  be  the  selection  of  a  test  species.  Contin- 
ued testing  of  different  chemicals  should  be  done 
on  a  larger  number  of  selected  phytoplankton  and 
the  results  should  be  compared  with  other  tests, 
mainly  fish  tests,  since  the  results  from  such  tests 
are  probably  more  relevant  to  environmental  con- 
ditions than  are  algal  tests.  It  should  be  possible  to 
create  a  permanent  algal  test  battery  for  continu- 
ous routine  tests  with  at  least  one  of  the  species 
regularly  included  in  the  sensitive  category. 
(Medina-PTT) 
W9 1-06002 


TOXICITY  TEST  WITH   ALGAE:  A  DISCUS- 
SION ON  THE  BATCH  METHOD. 


UPTAKE  AND  BODY  DISTRIBUTION  OF 
CHLORINATED  PHENOLICS  IN  THE  FRESH- 
WATER MUSSEL,  ANODONTA  ANATINA  L. 

Joensuu  Univ.  (Finland).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06003 


HETEROTROPHIC  PLATE  COUNTS  AND 
THE  ISOLATION  OF  BACTERIA  FROM  MIN- 
ERAL WATERS  ON  SELECTIVE  AND  EN- 
RICHMENT MEDIA. 

Coimbra  Univ.  (Portugal).  Dept.  de  Zoologia. 
C.  M.  Manaia,  O.  C.  Nunes,  P.  V.  Morais,  and  M. 
S.  Da  Costa. 

Journal  of  Applied  Bacteriology  JABAA4,  Vol. 
69,  No.  6,  p  871-876,  December  1990.  3  tab,  21  ref. 
JNICT  (43/INF/87). 

Descriptors:  'Bacterial  analysis,  'Bottled  water, 
•Culturing  techniques,  'Drinking  water,  'Hetero- 
trophic bacteria,  'Mineral  water,  'Pollutant  identi- 
fication, 'Water  analysis,  Bacterial  growth,  Coli- 
forms,  Contamination,  Culture  media,  Gram-nega- 
tive bacteria. 

Heterotrophic  plate  counts  of  15  brands  of  bottled 
non-carbonated  mineral  waters  were  examined  and 
showed  generally  high  and  variable  bacterial  con- 
tents. Four  selective  or  enrichment  media  for  the 
enumeration  of  coliforms  (m-Endo  LES  and  m- 
lauryl  sulfate  agar)  and  Pseudomonas  aeruginosa 
(cetrimide-nalidixic  acid  agar  and  malachite  green 
broth)  were  used  to  isolate  several  species  of 
Gram-negative  bacteria.  Strains  identified  as  CDC 
gr  IVc-2  and  Comamonas  (Pseudomonas)  acido- 
vorans  were  the  two  most  commonly  isolated  bac- 
teria. Considerable  variation  was  observed  be- 
tween the  brands,  and  between  two  batches  of  the 
same  mineral  water.  Bottled  non-carbonated  min- 
eral waters  generally  have  high  heterotrophic  plate 
counts,  since  the  elimination  of  microorganisms  by 
disinfection  or  sterilization  is  not  permitted.  These 
high  numbers  of  heterotrophic  bacteria  are  consid- 
ered to  be  the  result  of  a  natural  biological  process 
resulting  primarily  from  the  multiplication  of  those 
bacteria  that  were  present  in  low  numbers  in  the 
source  water,  although  sometimes  contamination 
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within    the    bottling    plant    may    be    responsible. 

(Medina-PTT) 

W91-O60O5 


FIELD  CALIBRATION  OF  SURFACE:  A 
MODEL  OF  AGRICULTURAL  CHEMICALS  IN 
SURFACE  WATERS. 

Monsanto  Agricultural  Co.,  St.  Louis,  MO. 

D.  A.  Gustafson. 

Journal  of  Environmental  Science  and  Health  (B) 

JPFCD2,  Vol.  25,  No.  5,  p  665-687,  1990.  5  fig,  5 

tab,  5  ref. 

Descriptors:  'Agricultural  chemicals,  'Herbicides, 
•Hydrologic  models,  •Model  studies,  'Path  of  pol- 
lutants, Agricultural  watersheds,  Alachlor,  Algo- 
rithms, Atrazine,  Cyanazine,  Metolachlor,  Model 
testing.  Runoff  forecasting,  Surface  water. 

Agricultural  chemicals  sporadically  occur  at  de- 
tectable levels  in  the  surface  waters  of  intensively 
farmed  watersheds.  HSPF  (Hydrologic  Simulation 
Program-Fortran),  a  previously  released  model  of 
agricultural  chemicals  in  surface  water,  had  been 
used  to  predict  concentrations  which  were  much 
higher  (10  x)  than  those  actually  observed  during 
monitoring  studies.  A  new  model,  SURFACE,  is 
described  here  which  is  much  simpler  than  HSPF 
and  gives  better  predictions  of  surface  water  con- 
centrations. SURFACE  uses  PRZM  (Pesticide 
Root  Zone  Model),  an  EPA  model,  to  calculate 
edge-of-field  runoff  losses  and  simple  hydraulic 
routing  algorithms  to  determine  concentrations  at 
the  bottom  of  large  river  basins.  Calibration  was 
performed  by  forcing  agreement  between  SUR- 
FACE model  predictions  and  concentrations  of 
alachlor,  atrazine,  cyanazine,  and  metolachlor 
found  during  a  1985  surface-water  survey.  Prelimi- 
nary validation  was  performed  by  comparing  pre- 
dictions of  the  model  with  1986  monitoring  results 
for  the  same  four  chemicals.  In  the  water  systems 
sampled  during  1985  and  1986,  SURFACE  predic- 
tions of  annualized  mean  concentrations  for  alach- 
lor, atrazine,  cyanazine  and  metolachlor  were 
within  0.09  ppb  half  of  the  time.  (Medina-PTT) 
W9 1-06007 


EXPLANATION  FOR  THE  DECLINE  OF  BAC- 
TERIA  INTRODUCED  INTO   LAKE  WATER. 

Cornell  Univ.,  Ithaca,  NY.  Lab.  of  Soil  Microbi- 
ology. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06023 


EPIDEMIOLOGICAL  STUDY  OF  BEACH 
WATER  POLLUTION  AND  HEALTH-RELAT- 
ED BATHING  WATER  STANDARDS  IN  HONG 
KONG. 

Hong  Kong  Environmental  Protection  Dept.,  Wan 

Chai. 

W.  H.  S.  Cheung,  R.  P.  S.  Hung,  K.  C.  K.  Chang, 

and  J.  W.  L.  Kleevens. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  243-252,  1991.  1  fig,  7  tab,  15  ref. 

Descriptors:  •Epidemiology,  *Escherichia  coli, 
•Hong  Kong,  'Public  health,  'Staphylococcus, 
•Swimming,  'Water  quality  standards,  Bacteria, 
Marine  pollution,  Pathogens,  Statistical  studies, 
Water  pollution  effects. 

A  prospective  epidemiological  study  was  under- 
taken in  Hong  Kong  in  1987,  in  which  18,741 
usable  responses  were  obtained.  It  showed  bathing 
in  the  coastal  beaches  of  Hong  Kong  poses  an 
increased  risk  of  developing  gastrointestinal,  ear, 
eye,  skin,  respiratory  and  total  illness.  Swimmers 
immersed  in  the  more  polluted  beach  waters  are 
exposed  to  a  significantly  higher  risk  of  contract- 
ing swimming-associated  gastrointestinal,  skin,  res- 
piratory and  total  illness.  E.  coli  was  found  to  be 
the  best  indicator  for  swimming-associated  gas- 
troenteritis and  skin  symptoms  among  the  bathers, 
and  a  linear  relationship  could  be  established.  Sta- 
phylococci was  a  good  indicator  for  ear,  respirato- 
ry and  total  illness,  and  should  be  used  in  conjunc- 
tion with  E.  coli.  Beach  water  quality  objectives 
for  both  E.  coli  and  Staphylococci  have  been 
proposed.  A  four-tier  classification  system  (rather 
than  a  single  acceptability  criterion),  based  upon 


swimming-associated  health  risks,  has  been  devel- 
oped for  the  beaches  of  Hong  Kong.  Information 
on  the  bacterial  water  quality  and  health  risk  levels 
of  individual  beaches  is  reported  to  the  public  both 
annually  and  fortnightly,  so  that  beach-goers  can 
choose  where  to  go  for  swimming  based  upon 
health  effects  data.  (Author's  abstract) 
W9 1-06066 


DETECTION  OF  HUMAN  ROTAVIRUSES  IN 
FRESH  AND  ESTUARINE  WATERS  BY  DOT- 
BLOT  HYBRIDIZATION. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Div.  of  Envi- 
ronmental Sciences. 

A.  M.  Nasser,  M.  K.  Estes,  and  T.  G.  Metcalf. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  253-260,  1991.  4  fig,  2  tab,  15  ref. 

Descriptors:  'Deoxyribonucleic  acid,  'Epidemiol- 
ogy, 'Rotaviruses,  'Statistical  studies,  Dot-blot 
hybridization,  Estuaries,  Laboratory  procedures, 
Marine  pollution,  Pathogens. 

A  study  was  conducted  to  evaluate  the  suitability 
of  dot-blot  hybridization  for  detecting  rotavirus  in 
fresh  and  estuarine  water  samples,  using  cloned 
DNA  of  genome  segment  6  of  human  strain  Wa 
and  simian  S A- 1 1  rotaviruses.  Probes  of  Wa  and 
SA-11  cross-hybridized  with  heterologous  RNAs 
of  SA-1 1  and  Wa  rotaviruses  under  low  stringency 
conditions.  Cross-hybridization  reactions  were 
minimized  or  eliminated  under  high  stringency 
conditions,  while  homologous  reactions  were  not 
affected.  The  Wa  probe  did  not  react  with  repre- 
sentatives of  the  major  enterovirus  groups  or  hepa- 
titis A  virus.  Hybridization  detection  sensitivity 
was  not  affected  by  organic  material  present  in 
waters  or  proteinaceous  material  of  eluents.  Hy- 
bridization using  cDNA  of  Wa  rotavirus  was 
found  to  be  more  sensitive  than  either  Rotazyme 
enzyme  immunosorbent  assay  (ELISA)  or  electron 
microscopy  for  detecting  rotavirus  in  stool  speci- 
mens. Dot-blot  hybridization  using  cDNA  of 
genome  segment  6  of  Wa  rotavirus  was  found  to 
more  sensitive  than  solid-phase  radioimmunoassay 
(SPIRA)  for  detecting  rotavirus  in  estuarine  and 
fresh  water  samples.  Only  9  out  of  54  (18.5%) 
estuarine  and  fresh  water  samples  were  positive  by 
SPRIA,  whereas  dot-blot  hybridization  with  Wa 
probe  resulted  in  21  out  of  54  (38.8%)  positive 
samples.  One  out  of  20  stool  samples  and  23  out  of 
54  (44.6%)  estuarine  and  fresh  water  samples  were 
found  to  be  positive  by  a  pBR-322  plasmid  probe. 
These  results  indicate  that  pBR-322  and  related 
plasmids  are  present  in  high  frequency  in  fecally 
polluted  waters.  Although  different  numbers  of 
positive  results  were  found  with  Wa  and  pBR-322 
probes,  more  research  is  required  to  ascertain  that 
hybridization  reactions  with  such  plasmids  do  not 
occur  when  using  cDNA  rotavirus  probes.  (Au- 
thor's abstract) 
W9 1-06067 


LINEAR  ALKYLBENZENES  (LABS)  IN  URBAN 
RIVERINE  AND  COASTAL  SEDIMENTS  AND 
THEIR  USEFULNESS  AS  A  MOLECULAR  IN- 
DICATOR OF  DOMESTIC  WASTES. 

Tokyo  Univ.  of  Agriculture  and  Technology 
(Japan).  Dept.  of  Environmental  Science  and  Con- 
servation. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06087 


ENVIRONMENTAL  TRANSFORMATION, 

PHOTOLYSIS  OF  FLUORESCING  PETROLE- 
UM COMPOUNDS  IN  MARINE  WATERS. 

Kuwait  Inst,  for  Scientific  Research,  Safat    Envi- 
ronmental and  Earth  Sciences  Div. 
P.  Literathy,  G.  Morel,  and  A.  Al-Bloushi. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  507-516,  1991.  7  fig,  2  tab,  12  ref. 

Descriptors:  'Degradation,  'Fate  of  pollutants, 
•Fluorescence,  'Marine  pollution,  'Oil  pollution, 
•Photolysis,  'Pollutant  identification,  'Polycyclic 
aromatic  hydrocarbons,  'Ultraviolet  radiation, 
Benzopyrene,  Carcinogens,  Oil  characterization, 
Photochemistry,  Spectroscopy. 

A  great  variety  of  fluorescing  compounds-mainly 
polycyclic  aromatic  hydrocarbons  (PAHs)  which 


are  of  concern  in  environmental  and  public  health 
risk  assessment  due  to  their  carcinogenic  proper- 
ties-exists in  petroleum  as  complex  mixtures  in 
petroleum,  which  makes  separation  and  identifica- 
tion of  individual  species  difficult,  if  not  impossi- 
ble. Ultraviolet  (UV)  fluorescence  spectroscopy 
offers  a  relatively  simple  way  to  characterize  and 
quantify  these  compounds  in  environmental  sam- 
ples. PAHs  are  known  to  be  sensitive  to  photo- 
chemical reactions  rather  than  to  biological  oxida- 
tion. Several  studies  carried  out  with  pure  PAH 
compounds  demonstrated  their  fast  photolysis  and 
half-lives  of  a  few  minutes  to  a  few  hours,  depend- 
ing upon  the  irradiation  light  flux.  Crude  oil  and 
benzo(a)pyrene  (BaP)  were  used  as  model  mixture 
of  fluorescing  compounds  in  seawater.  Solar  irra- 
diation conditions  were  selected  to  characterize 
maximum  photolysis  rates  at  29  degrees  north  lati- 
tude. In  addition  to  the  characteristics  of  the  irra- 
diation light,  reactor  geometry,  level  of  dispersion 
of  the  petroleum  compounds  and  the  presence  of 
particulate  matter  influenced  significantly  the  reac- 
tion rate  coefficients.  Photolysis  of  BaP  was  de- 
scribed with  a  first-order  rate  coefficient,  whereas 
photolysis  of  the  other  compounds,  quantified  by 
fluorescence  intensity  at  different  wavelengths, 
was  characterized  with  a  multicomponent  equa- 
tion. BaP  can  be  considered  as  an  internal  actinom- 
eter  in  photolysis  experiments  with  PAH  mixtures. 
The  level  of  dispersion  affected  the  photolysis 
rates,  which  were  highest  in  the  dissolved  and 
chemically  dispersed  samples.  Ratios  between  fluo- 
rescence intensities  at  different  wavelengths  al- 
lowed comparison  with  the  characteristics  of 
actual  environmental  samples,  providing  additional 
information  on  their  weathering  history.  (Author's 
abstract) 
W9 1-06094 


BIOMARKERS  OF  ENVIRONMENTAL  CON- 
TAMINATION. 

Lewis  Publishers,  Chelsea,  Michigan.  1990.  457p. 
Edited  by  John  F.  McCarthy  and  Lee  R.  Shugart. 

Descriptors:  'Bioindicators,  'Environmental  pro- 
tection, 'Monitoring,  'Pollutant  identification, 
•Water  pollution  effects,  Anatomy,  Cytology, 
Ecotoxicology,  Field  tests.  Genetics,  Immunology, 
Metabolism,  Metals,  Physiology,  Toxicity,  Water 
quality. 

Biological  markers  are  measurements  at  the  molec- 
ular, biochemical,  or  cellular  level  in  either  wild 
populations  from  contaminated  habitats  or  in  orga- 
nisms experimentally  exposed  to  pollutants  that 
indicate  that  the  organism  has  been  exposed  to 
toxic  chemicals,  and  the  magnitude  of  the  orga- 
nism's response  to  the  contaminant.  Biological 
markers  measured  in  wild  animals  can  directly 
contribute  to  detecting,  quantifying,  and  under- 
standing the  significance  of  exposure  to  chemicals 
in  the  environment.  These  measurements  in  envi- 
ronmental species  may  also  help  assess  the  poten- 
tial for  human  exposure  to  environmental  pollut- 
ants, and  for  predicting  the  human  health  risks.  It 
is  the  objective  of  this  volume  to  review  the  cur- 
rent state  of  science  as  it  pertains  to  the  scientific 
basis,  current  state  of  development,  validation,  and 
use  of  biological  markers  (biomarkers)  in  environ- 
mental research.  The  emphasis  is  on  identifying 
and  evaluating  exposure  of  environmental  species 
and  effects  on  the  health  of  environmental  species 
and  the  integrity  of  their  ecosystem.  The  various 
chapters  describe  different  types  of  biomarkers  that 
offer  promise  for  environmental  monitoring.  The 
biomarkers  are  arranged  in  categories  defined  by 
the  nature  of  the  toxic  endpoint  being  probed: 
anatomical  and  cytological  endpoints;  detoxica- 
tion,  adaptive  and  immunological  responses;  geno- 
toxic  responses;  metal  metabolism;  and  application 
of  biomarkers  in  field  evaluation.  (See  W91-06177 
thru  W91-06193)  (Lantz-PTT) 
W91-06176 


LIVER  STRUCTURAL  ALTERATIONS  AC- 
COMPANYING CHRONIC  TOXICITY  IN 
FISHES:  POTENTIAL  BIOMARKERS  OF  EX- 
POSURE. 

California  Univ.,  Davis.  School  of  Veterinary 
Medicine. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Identification  Of  Pollutants— Group  5A 


D.  E.  Hinton,  and  D.  J.  Lauren. 

IN:  Biomarkers  of  Environmental  Contamination. 

Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  17- 

57,    20   fig,   2   tab,    109   ref.    U.S.P.H.S.    Grants 

CA45131andES04699. 

Descriptors:  'Bioindicators,  *Fish  physiology, 
•Liver,  'Toxicity,  'Water  pollution  effects, 
Cancer,  Chronic  toxicity,  Ecotoxicology,  Lesions, 
Metabolism. 

Fish  liver  microscopic  structure  is  an  integrator  of 
physiological  and  biochemical  function  which, 
when  altered,  may  produce  biomarkers  of  prior 
exposure  to  toxicants.  The  liver  has  a  key  role  in 
xenobiotic  metabolism  and  excretion,  digestion  and 
storage,  and  production  of  yolk  protein.  Thus, 
alterations  in  structure  are  expected  under  certain 
toxic  conditions.  A  series  of  lesions  associated  with 
chronic  liver  toxicity  are  described,  illustrated,  and 
evaluated  for  their  potential  usefulness  as  bio- 
markers of  toxicant  exposure.  Where  possible,  the 
potentially  confounding  morphological  changes  as- 
sociated with  infectious  disease,  season,  sex,  and 
nutritional  state  are  differentiated  from  toxicant- 
induced  lesions.  Hepatocyte  coagulative  necrosis, 
hepatocyte  regenerative  foci,  spongiosis  hepatitis, 
and  neoplasia  appear  to  be  the  most  promising 
liver  structural  biomarkers  of  prior  exposure  to 
toxicants.  (See  also  W9 1-06 176)  (Author's  abstract) 
W91-06177 


HISTOPATHOLOGY  OF  ATLANTIC 

TOMCOD:  A  POSSIBLE  MONITOR  OF  XENO- 
BIOTICS  IN  NORTHEAST  TIDAL  RIVERS 
AND  ESTUARIES. 

Louisville  Univ.,  KY.  Dept.  of  Biology. 

S.  M.  Cormier,  and  R.  N.  Racine. 

IN:  Biomarkers  of  Environmental  Contamination. 

Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  59- 

71,  4  fig,  4  tab,  15  ref. 

Descriptors:  'Atlantic  tomcod,  'Bioindicators, 
•Hudson  River,  'Pawcatuck  River,  *Saco  River, 
•Water  pollution  effects,  Cancer,  Ecotoxicology, 
Fish  physiology,  Lipids,  Liver,  Toxicity. 

Atlantic  tomcod,  Microgadus  tomcod,  from  the 
Hudson  River,  New  York,  exhibited  a  very  high 
incidence  of  hepatocellular  carcinoma  while  less 
industrially  impacted  rivers  such  as  the  Pawcatuck 
River,  Rhode  Island  and  the  Saco  River,  Maine 
were  much  lower.  A  comparative  pathological 
study  revealed  that  hepatic  function  was  compro- 
mised by  fatty  infiltration,  basophilic  foci,  areas  of 
cellular  alteration,  and  hepatocellular  carcinoma  in 
samples  from  Hudson  River  fish.  Age  and  size  may 
also  be  affected  in  Hudson  River  tomcod.  An 
etiology  involving  xenobiotics  is  highly  suspect  for 
these  effects  since  it  is  known  that  elevated  detoxi- 
fication of  some  organics  results  in  increased  he- 
patic lipid  levels.  Juvenile  tomcod  removed  from 
the  Hudson  after  six  months  and  reared  in  clean 
water  showed  no  incidence  of  liver  disease  six 
months  later.  (See  also  W9 1-06 176)  (Author's  ab- 
stract) 
W91-06178 


CROAKER  (NIBEA  MJTSUKURID  AND  THE 
SEA  CATFISH  (PLOTOSUS  ANGUILLARIS): 
USEFUL  BIOMARKERS  OF  COASTAL  POL- 
LUTION. 

Shizuoka  Univ.  (Japan).  Lab.  of  Food  Hygiene. 
M.  Yamashita,  N.  Kinae,  I.  Kimura,  H.  Ishida,  and 
H.  Kumai. 

IN:  Biomarkers  of  Environmental  Contamination. 
Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  73- 
84,  4  fig,  5  tab,  14  ref. 

Descriptors:  'Bioindicators,  'Catfish,  'Coastal 
waters,  'Croakers,  'Monitoring,  'Wastewater  pol- 
lution, 'Water  pollution  effects,  Cancer,  Ecotoxi- 
cology, Estuaries,  Fish  physiology.  Industrial 
wastewater,  Mutagens,  Organic  compounds,  Pulp 
and  paper  industry,  Toxicity. 

During  the  course  of  epizootiological  surveys  on 
neoplasms  in  coastal  fish  on  the  Japanese  islands  of 
Honshu,  Shikoku,  and  Kyushu,  an  estuarine  area 
(station  A)  was  unique  in  the  high  incidence  of 
chromatophoroma  in   the  croaker,   Nibea  mitsu- 


kurii,  and  of  skin  pigment  cell  hyperplasia  in  the 
sea  catfish,  Plotosus  anguillaris.  The  following  re- 
sults suggest  that  the  pigment  cell  disorders  in 
these  species  may  be  useful  biomarkers  to  monitor 
coastal  water  pollution  by  carcinogens:  (1)  the  skin 
lesions  in  both  species  were  induced  by  administra- 
tion of  certain  kinds  of  known  carcinogens;  (2)  the 
effluents  from  a  kraft  pulp  mill  located  near  station 
A  contained  mutagenic  substances;  (3)  the  effluents 
induced  skin  pigment  cell  hyperplasia  on  70  to 
100%  of  tank  reared  sea  catfish;  and  (4)  four 
chloroacetones  and  three  alpha-dicarbonyl  com- 
pounds were  detected  from  effluents  as  mutagens 
by  gas  chromatography/mass  spectrometry  analy- 
sis. (See  also  W9 1-06 176)  (Author's  abstract) 
W91-06179 


SUBLETHAL  RESPONSES  OF  PLATICHTHYS 
STELLATUS  TO  ORGANIC  CONTAMINATION 
IN  SAN  FRANCISCO  BAY  WITH  EMPHASIS 
ON  REPRODUCTION. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-O6180 


HEPATIC  ENZYMES  AS  BIOMARKERS:  IN- 
TERPRETING THE  EFFECTS  OF  ENVIRON- 
MENTAL, PHYSIOLOGICAL  AND  TOXICO- 
LOGICAL  VARIABLES. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

B.  D.  Jimenez,  A.  Oikari,  S.  M.  Adams,  D.  E. 
Hinton,  and  J.  F.  McCarthy. 
IN:  Biomarkers  of  Environmental  Contamination. 
Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  123- 
142,  6  fig,  2  tab,  41  ref.  DOE  Contract  DE-AC05- 
84OR21400. 

Descriptors:  'Bioindicators,  'Enzymes,  'Fish 
physiology,  'Liver,  'Toxicity,  'Water  pollution 
effects,  Benz(a)pyrene,  Cytochromes,  Industrial 
wastewater,  Monitoring,  Organic  compounds,  Sea- 
sonal variation,  Spawning,  Tennessee,  Water  qual- 
ity. 

Components  of  the  hepatic  mixed  function  oxidase 
(MFO)  system  were  evaluated  as  biomarkers  of 
contaminant  exposure  in  fish  from  streams  in  Ten- 
nessee. The  responses  of  several  MFO  components 
(ethoxyresorufin-O-deethylase  (EROD)  activity, 
cytochrome  P-450  levels,  and  NADPH  cytoch- 
rome c  reductase  activity)  were  comparable  in  fish 
from  four  pristine  reference  streams;  EROD  activi- 
ty and  cytochrome  P-450  levels  did  vary  over  the 
year,  with  highest  levels  apparent  in  the  autumn. 
Levels  were  lower  in  reproductively  active  fe- 
males than  in  males  during  the  same  season.  Fish 
from  a  stream  impacted  by  an  industrial  effluent 
had  EROD  activities  that  were  significantly  higher 
than  those  from  the  reference  stream,  although  the 
differences  were  greater  in  males  during  the 
warmer  months.  Reproductively  active  females 
from  the  contaminated  stream  also  had  higher 
EROD  activity,  but  their  enzyme  activity  was 
considerably  lower  than  in  males  tested  during  the 
same  season.  Fish  from  the  most  severely  impacted 
site  did  not  have  the  highest  EROD  levels,  possi- 
bly due  to  hepatotoxic  damage  to  the  liver.  Labo- 
ratory exposure  of  fish  to  a  hepatotoxin  reduced 
the  capacity  of  the  liver  to  respond  in  the  fish.  This 
was  an  informative  biomarker  of  exposure,  but  the 
role  of  environmental,  physiological,  and  toxico- 
logical  factors  on  MFO  response  must  be  under- 
stood in  order  to  properly  interpret  the  biomarker 
response.  (See  also  W9 1-06 176)  (Author's  abstract) 
W91-06181 


MACROPHAGE  RESPONSES  OF  ESTUARINE 
FISH  AS  BIOINDICATORS  OF  TOXIC  CON- 
TAMINATION. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
B.  A.  Weeks,  R.  J.  Huggett,  J.  E.  Warinner,  and  E. 
S.  Mathews. 

IN:  Biomarkers  of  Environmental  Contamination. 
Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  193- 
201,  1  fig,  3  tab,  21  ref. 

Descriptors:  'Bioindicators,  'Estuaries,  'Fish 
physiology,  'Macrophages,  'Toxicity,  'Water  pol- 


lution effects,  Biochemistry,  Chesapeake  Bay,  Eco- 
toxicology, Elizabeth  River,  Immunology,  Kid- 
neys, Polycyclic  aromatic  hydrocarbons,  Sedi- 
ments, Tributyltin,  Virginia,  Water  quality. 

Fish  exposed  to  toxic  pollutants  both  in  the  wild 
and  in  the  laboratory  show  significant  changes  in 
the  immune  activity  of  kidney  macrophages.  De- 
creases in  the  chemotactic  and  phagocytic  re- 
sponses, and  increases  in  neutral  red  uptake  and 
melanin  accumulation  were  observed  in  several 
species  of  fish  captured  in  the  Elizabeth  River, 
Virginia,  a  tributary  of  the  Chesapeake  Bay,  which 
is  highly  contaminated  with  polynuclear  aromatic 
hydrocarbons  (PAHs).  The  chemiluminescent  re- 
sponse of  macrophages  was  inhibited  by  laboratory 
exposure  of  the  fish  to  toxic  sediments,  and  by  in 
vitro  exposure  of  macrophages  to  tributyltin 
(TBT).  The  phagocytic  activity  of  macrophages 
from  the  Elizabeth  River  spot  and  hogchoker  re- 
turned to  normal  after  the  fish  were  held  in  clean 
water  for  3  weeks,  indicating  that  the  decreased 
activity  was  related  to  exposure  to  Elizabeth  River 
pollutants  but  may  be  reversible.  Since  sediments 
from  the  Elizabeth  River  contain  high  levels  of 
PAHs,  it  is  possible  that  these  chemicals  are  re- 
sponsible for  the  observed  immunomodulation. 
Further  research  will  be  required  to  determine  the 
causative  agent(s)  of  impaired  immune  function 
and  the  mechanism  of  the  toxic  effect.  In  addition, 
the  effects  of  age,  nutritional  status,  and  other 
waterborne  contaminants  remain  to  be  determined. 
It  is  proposed  that  these  assays  can  serve  as  useful 
biomarkers  of  the  immune  status  of  fish,  and  that 
careful  choice  of  method  and  interpretation  of 
results  can  give  important  information  for  evaluat- 
ing the  health  of  fish  exposed  to  environmental 
contamination.  (See  also  W9 1-06 176)  (Lantz-PTT) 
W91-06182 

BIOLOGICAL  MONITORING:  TESTING  FOR 
GENOTOXICITY. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 
L.  R.  Shugart. 

IN:  Biomarkers  of  Environmental  Contamination. 
Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  205- 
216,  2  fig,  2  tab,  46  ref.  DOE  Contract  DE-AC05- 
84OR21400. 

Descriptors:  'Bioindicators,  'Genotoxicity,  'Tox- 
icity, 'Water  pollution  effects,  Cancer,  Carcino- 
genicity, DNA,  Ecotoxicology,  Physiological  ef- 
fects, Water  quality. 

Biological  monitoring  is  an  approach  of  consider- 
able interest  to  scientists  investigating  the  effects  of 
hazardous  substances  in  the  environment.  Re- 
sponses in  living  organisms,  usually  detected  at  the 
molecular  level,  were  evaluated  for  their  potential 
to  identify  exposure  to  dangerous  substances  and 
to  define  or  to  predict  subsequent  deleterious  ef- 
fects. DNA  damage  has  been  proposed  as  a  useful 
biomarker  for  assessing  the  genotoxic  properties  of 
environmental  contaminants.  Many  of  these  sub- 
stances are  chemical  carcinogens  and  mutagens 
with  the  capacity  to  cause  various  types  of  DNA 
damage.  Genotoxic  chemicals  may  form  stable  ad- 
ducts  with  DNA  or  cause  strand  breaks.  Addition- 
al damage  may  occur  through  the  inhibition  of 
normal  DNA  repair.  Each  type  of  damage  may 
contribute  toward  the  eventual  transformation  of 
the  cell.  Environmental  genotoxicity  may  be  feasi- 
ble by  monitoring  DNA  damage  in  an  organism  as 
a  biomarker-by  detecting  and  quantifying  changes 
in  DNA.  If  biological  monitoring  is  to  become  a 
viable  scientific  tool  for  such  areas  as  environmen- 
tal research,  then  continued  effort  and  emphasis 
must  be  placed  on:  (1)  research  concerned  with 
those  basic  mechanisms  by  which  substances  elicit 
their  responses  in  a  living  organism;  (2)  develop- 
ment of  new  analytical  techniques;  and  (3)  inter- 
pretation of  data  from  field  studies.  (See  also  W91- 
06176)  (Lantz-PTT) 
W91-06183 


METAL-BINDING  PROTEINS  AND  PEPTIDES 
FOR  THE  DETECTION  OF  HEAVY  METALS 
IN  AQUATIC  ORGANISMS. 

Wisconsin  Univ.-Milwaukee.  Dept.  of  Chemistry. 
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D.  H.  Petering,  M.  Goodrich,  W.  Hodgman,  S. 

Krezoski,  and  D.  Weber. 

IN:  Biomarkcrs  of  Environmental  Contamination. 

Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  239- 

354,  3  fig,  3  tab,  78  ref.  NIH  Grants  ES-04026  and 

ES-04184. 

Descriptors:  'Bioindicators,  'Heavy  metals,  •Lit- 
erature review,  'Peptides,  'Proteins,  'Water  pollu- 
tion effects,  Ecotoxicology,  Metallothioneins, 
Monitoring,  Toxicity. 

Mammalian  organisms  exposed  to  elevated  levels 
of  a  number  of  metals  including  Cd,  Hg,  Zn,  and 
Cu,  respond  with  the  de  novo  synthesis  of  hepatic 
and  renal  metallothionein  (MT),  which  then  che- 
lates most  of  the  extra  metal  entering  the  tissue. 
Because  of  the  prominence  of  metallothionein  in 
studies  of  heavy  metal  toxicity,  attention  has  been 
drawn  to  its  possible  use  as  a  biomarker  for  heavy 
metal  exposure  in  the  environment.  Evaluation  of 
this  proposal  will  require  field  work,  which  is 
guided  by  an  understanding  of  the  complexities  of 
metallothionein  biochemistry  and  chemistry  and  by 
the  recognition  that  other  metal  binding  structures 
may  be  of  interest  as  well.  The  objective  of  this 
review  article  is  to  provide  a  selective  summary 
and  analysis  of  the  information  in  the  literature  on 
mammalian  metallothionein  and  laboratory  results 
on  aquatic  systems.  It  is  shown  that  before  such 
determinations  gain  meaning,  one  must  know 
whether  measured  levels  of  binding  protein  repre- 
sent: basal  concentrations,  induction  of  protein 
after  exposure  to  metals,  host  response  to  stress,  or 
a  complex  combination  of  these.  Finally,  it  is  con- 
cluded that  if  metallothionein-like  structures  are  to 
serve  as  biomarkers  in  aquatic  systems,  much  more 
direct  study  of  specific  aquatic  organisms  will  be 
needed.  (See  also  W91-06176)  (Lantz-PTT) 
W91-06186 


METALLOTHIONEIN  AS  A  BIOMARKER  OF 
ENVIRONMENTAL  METAL  CONTAMINA- 
TION: SPECIES-DEPENDENT  EFFECTS. 
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The  metal-binding  protein,  metallothionein  (MT), 
is  induced  by  selected  heavy  metals  and  has  ap- 
peared promising  as  a  biological  marker  of  metal 
exposure.  In  mammals,  a  variety  of  stresses  have 
been  demonstrated  to  induce  MT-like  protein  syn- 
thesis in  the  liver.  Exposure  to  a  variety  of  stresses 
in  teleosts,  however,  has  failed  to  induce  hepatic 
MT-like  protein  synthesis.  Significant  alterations  in 
Zn  and  Cu  content  were  observed  in  the  gill  MT- 
like  protein  fraction  as  a  result  of  environmental 
stress  exposure.  This  response  appears  to  be  unique 
to  the  gill,  since  the  hepatic  MT-like  protein  metal 
content  was  not  significantly  altered  by  environ- 
mental stresses.  The  significance  of  the  decreased 
Zn  MT-like  protein  content  in  gill  during  stress 
exposure  is  not  apparent.  Zn  may  be  released  from 
this  fraction  as  a  result  of  increased  metabolic 
demand  during  stress.  Zn  deficiency,  Zn,  as  well  as 
Cu  have  been  demonstrated  to  decrease  in  the  Mt- 
like  protein  fraction  of  mammals.  The  hepatic  Zn 
content  of  MT-like  proteins  in  teleosts  has  been 
demonstrated  to  be  released  during  periods  of  high 
metabolic  demand  such  as  sexual  maturation.  Metal 
content  of  gill  MT-like  protein  may  be  involved  in 
an  adaptive  response  to  stress.  Gill  MT-like  pro- 
teins appear  to  be  influenced  by  environmental 
stresses  to  a  greater  extent  than  hepatic  MT-like 
proteins.  Environmental  stresses  may  confound  the 
use  of  gill  MT-like  proteins  for  monitoring  metal 
exposure.  The  liver  MT-like  protein  appears  to  be 
more  metal  specific  and  may  be  promising  as  a 
biomarker  of  environmental  metal  contamination. 
Physiological  conditions  such  as  sexual  maturation 
and  nutritional  status  may,  however,  alter  the 
metal  content  of  hepatic  MT-like  proteins.  There- 
fore, caution  should  be  taken  when  evaluating  he- 


patic MT-like  proteins  in  relation  to  metal  expo- 
sure. (See  also  W9 1-06 176)  (Lantz-PTT) 
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The  metal-binding  protein,  metallothionein  (MT), 
is  a  potential  biomomtor  for  the  assessment  of 
exposure  of  animals,  including  feral  species,  to 
environmental  toxins  and  to  stress.  MT  is  ubiqui- 
tous and  is  induced  not  only  by  Zn  and  Cu  but  by 
numerous  metals  which  may  be  associated  with 
environmental  pollution.  As  indicated  in  this 
review  article,  the  radioimmunoassay  and  enzyme 
immunosorbent  assay  developed  for  detection  and 
quantitation  of  MT  have  a  well-documented  utility 
in  performing  this  assessment  in  the  case  of  all 
mammalian  isoforms  studied  to  date.  To  extend  the 
field  of  investigation  to  non-mammalian  species, 
including  microorganisms,  it  is  necessary  to  devel- 
op antibodies  specific  for  MTs  from  species  of 
interest.  MTs  or  candidate  metal-binding  proteins 
have  been  assayed  in  trout,  oysters,  mussels,  crabs, 
plaice,  and  scallops.  A  first  step  in  this  regard  is  to 
identify  sentinel  species,  particularly  feral  species 
of  both  aquatic  and  terrestrial  habitat.  A  second 
step  is  to  select  from  sentinel  species  a  prototypic 
species  that  will  allow  limiting  the  number  of 
antibody  reagents  produced  by  virtue  of  isoform 
homology  in  principal  antigenic  determinants.  MT 
can  serve  as  the  biomonitor  for  all  mammals,  and 
perhaps  for  all  other  vertebrates  and  invertebrates, 
and  for  some  microorganisms.  For  plants  it  is 
conceivable  that  phytochelatins  (phytometalloth- 
ioneins)  may  serve  as  the  biomonitor.  (See  also 
W9 1-06 176)  (Lantz-PTT) 
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Assessment  of  the  toxic  effects  of  environmental 
contamination  and  the  development  of  biological 
early  warning  systems  for  appraisal  of  these  toxic 
effects  can  be  advanced  by  the  use  of  sentinel 
species  and  sentinel  bioassays.  A  sentinel  species 
can  be  defined  as  any  domestic  or  wild  microorga- 
nism, plant  or  animal,  that  can  be  used  as  an 
indicator  of  exposure  to  and  toxicity  of  a  xenobio- 
tic  that  can  be  used  in  assessing  the  impact  on 
human  and/or  environmental  health  because  of  the 
organism's  sensitivity,  position  in  a  community, 
likelihood  of  exposure,  and  geographic  and  ecolog- 
ical distribution  or  abundance.  A  sentinel  species 
can  be  any  organism  or  tissue  of  an  organism  that 
fulfills  the  need  as  a  suitable  subject  upon  which  to 
perform  bioassay  and  chemical  analysis.  The  selec- 
tion of  organisms  and  changes  in  biological  func- 
tions as  sentinels  can  be  made  from  currently  used 
species  and  bioassays.  In  addition,  an  effort  can  be 
made  to  'plan'  a  species  and  'plan'  a  bioassay  by 
developing  a  list  of  desired  characteristics  for  both, 
discuss  these  with  knowledgeable  colleagues  and, 
in  a  purposeful  manner,  come  up  with  a  best-effort 
combination  which  will  accomplish  the  desired 
biological  monitoring.  Fish  have  been  used  as  indi- 
cators of  environmental  contamination,  including 


fish  from  the  Great  Lakes,  from  Torch  Lake, 
Michigan,  from  wastewater  treatment  ponds  in 
Alabama,  and  from  the  Fox  River  in  Illinois. 
Marine  fish  from  Puget  Sound,  the  Hudson  River, 
and  Boston  Harbor  have  also  been  used  as  bioindi- 
cators. (See  also  W9 1-06 176)  (Lantz-PTT) 
W91-06190 


APPLICATION  OF  BIOINDICATORS  IN  AS- 
SESSING THE  HEALTH  OF  FISH  POPULA- 
TIONS EXPERIENCING  CONTAMINANT 
STRESS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

S.  M.  Adams,  L.  R.  Shugart,  G.  R.  Southworth, 
and  D.  E.  Hinton. 

IN:  Biomarkers  of  Environmental  Contamination. 
Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  333- 
353,  6  fig,  2  tab,  52  ref.  DOE  Contract  DE-AC05- 
84OR21400. 

Descriptors:  'Bioindicators,  'Fish,  'Toxicity, 
•Water  pollution  effects,  DNA,  Ecotoxicology, 
Enzymes,  Fish  physiology,  Histology,  Lipids,  Or- 
ganic compounds,  Polychlorinated  biphenyls,  Po- 
lycyclic  aromatic  hydrocarbons,  RNA,  Water 
quality. 

Assessment  of  the  response  of  fish  populations  to 
contaminants  usually  involves  measurement  of  in- 
dicators of  exposure  or  effects,  but  rarely  do  bio- 
monitoring  studies  incorporate  a  mixture  of  end- 
points  that  include  both  types  of  indicators.  The 
integrated  bioindicator  approach  involves  monitor- 
ing a  suite  of  selected  exposure  and  effects  indica- 
tors at  several  levels  of  biological  organization 
from  the  biomolecular  level  to  the  community 
level  through:  lipid  analysis,  serum  chemistry,  de- 
toxification enzymes,  DNA  integrity,  histopatho- 
logy,  and  RNA/DNA  analysis.  Measurement  of 
these  biological  variables  permits  the  early  detec- 
tion of  environmental  problems  and  provides  in- 
sights into  causal  relationships  between  contami- 
nant exposure  and  the  effects  that  may  ultimately 
be  manifested  at  the  population  and  community 
levels.  This  approach  was  applied  to  fish  popula- 
tions that  inhabit  streams  receiving  chronic  inputs 
of  contaminants  including  polycyclic  aromatic  hy- 
drocarbons, polychlorinated  biphenyls,  heavy 
metals,  and  chlorine.  Indicators  such  as  detoxifica- 
tion enzymes  and  DNA  damage  have  provided 
direct  evidence  of  contaminant  exposure,  whereas 
indicators  related  to  lipid  metabolism,  histopatho- 
logy,  and  general  bioenergetic  condition  have  re- 
flected effects  at  both  the  suborganism  and  orga- 
nism level.  This  bioindicator  approach  is  an  effec- 
tive technique  to  assess  the  integrated  effects  of 
contaminant  stress  on  fish.  (See  also  W9 1-06 176) 
(Author's  abstract) 
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Ecological  risk  assessors  analyze  the  effects  of 
human  actions  on  the  natural  environment.  Like 
other  risk  assessors,  they  have  been  concerned 
primarily  with  predictive  assessments;  those  that 
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estimate  the  nature,  probability,  and  magnitude  of 
effects  of  proposed  actions  such  as  the  marketing 
of  a  new  chemical  product  or  the  release  of  a  new 
effluent.  However,  risk  assessors  must  increasingly 
perform  retrospective  assessments,  assessments  of 
human  actions  that  were  initiated  in  the  past  and 
may  have  ongoing  consequences.  If  biomarkers  are 
to  become  useful  in  ecological  risk  assessment, 
they  must  be  linked  to  the  other  measures  and 
indicators  that  contribute  to  retrospective  assess- 
ments. It  is  not  sufficient  to  show  that  biomarker 
levels  differ  among  sites  or  even  that  a  biomarker 
level  is  abnormally  high  at  a  site.  Assessments  are 
concerned  with  sources  that  may  be  regulated  or 
remediated  and  with  the  organism,  population,  and 
community  level  effects  that  are  to  be  prevented  or 
mitigated.  The  biomarkers  are  intermediates  be- 
tween sources  and  higher  level  effects;  they  have 
no  importance  in  themselves  and  must  be  linked  to 
sources  or  overt  effects.  Specifically,  it  must  be 
shown  that  biomarkers  increase  in  a  regular  and 
predictable  manner  with  increasing  exposure  and 
that  higher  level  effects  are  predictable  from  bio- 
marker levels.  Otherwise,  biomarker  data  will  be 
suggestive  of  risks,  but  risk  assessments  will  be 
based  on  more  conventional  data.  (See  also  W91- 
06176)  (Lantz-PTT) 
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Research  over  the  past  decade  has  shown  that  the 
aerobic  bacterium  Legionella  is  a  common  inhabit- 
ant, usually  in  low  numbers,  of  natural  aquatic 
habitats  and  is  also  able  to  survive  and  multiply  in 
water  treated  to  meet  drinking  water  standards. 
Legionellae  are  capable  of  multiplying  within  cer- 
tain niches  in  public  drinking  water  treatment  and 


distribution  systems,  and  can  be  cultured  from 
these  sites  in  low  densities,  following  heat  treat- 
ment. Following  amplification  in  cooling  towers, 
the  organism  is  presumably  able  to  directly  infect 
individuals,  particularly  those  at  higher  risk.  After 
amplification  in  hot  water  tanks,  Legionella  are 
available  to  colonize  other  parts  of  the  internal 
plumbing  systems  of  hospitals,  hotels,  and  even 
some  homes.  A  number  of  abiotic  factors  signifi- 
cantly influence  Legionella  survival  and  growth, 
including  temperature,  pH,  and  the  availability  of 
key  metals.  Legionella  sp.  are  also  affected  by 
other  microorganisms.  Much  of  the  ecological 
interaction  of  Legionella  with  biotic  and  abiotic 
components  in  natural  and  artificial  environments 
may  be  explained  by  relationships  with  amebae. 
Disinfection  of  Legionella  is  complicated  by  a 
demonstrated  resistance  to  chlorine  and  has  led  to 
the  investigation  of  alternate  means  to  control  the 
contamination  of  artificial  systems.  The  EPA  de- 
cided that  due  to  the  ubiquity  of  the  organism,  its 
resistance  to  chlorine,  its  ability  to  colonize  plumb- 
ing systems,  and  uncertainty  concerning  the  health 
hazard  posed  by  its  mere  presence  in  drinking 
water,  control  of  Legionella  is  probably  more  ap- 
propriate at  locations  where  susceptible  human 
populations  reside,  than  at  the  waterworks.  Better 
methods  are  still  needed  to  detect  legionellae 
among  large  numbers  of  other  environmental  orga- 
nisms. Additional  passive  techniques  are  also 
needed  to  more  effectively  control  proliferation  of 
legionella  and  colonization  by  supporting  microor- 
ganisms, especially  in  plumbing  and  cooling  sys- 
tems. (See  also  W9 1-06 194)  (VerNooy-PTT) 
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Little  attention  has  been  paid  to  the  frequency 
distribution  of  microorganisms  in  the  environment. 
Many  studies  which  have  been  purported  to  study 
such  distributions  have  failed  to  distinguish  be- 
tween real  (i.e.,  environmental)  distribution  charac- 
teristics and  those  which  might  be  contributed  by 
analytical  methods.  There  are  a  number  of  statisti- 
cal techniques  for  isolating  these  analytical  contri- 
butions. As  a  reference  point  for  consideration  of 
variability  of  an  assay  technique,  the  Poisson  distri- 
bution is  convenient;  however,  it  is  often  found 
that  the  distribution  of  microorganisms  in  water 
samples  does  not  follow  the  Poisson  distribution. 
One  possible  mechanism  which  may  account  for 
non-Poisson  distributions  of  counts  among  repli- 
cates is  the  existence  of  clumps  of  organisms.  It  is 
also  possible  that  methods  intrinsic  to  the  analyti- 
cal or  sampling  methodology  may  impose  a  non- 
Poisson  distribution  on  replicated  counts.  Two  of 
many  examples  of  distributions  for  discrete  varia- 
bles which  have  greater  than  Poisson  variability 
are  the  negative  binomial  and  the  Poisson  with 


added  zero's  model.  The  effects  of  distribution  of 
quantal  assays  and  all-or  none  assays  are  discussed. 
Workers  who  investigate  microbial  density  distri- 
bution should  carefully  consider  the  effect  of  ana- 
lytical sampling  errors  both  in  their  experimental 
design  and  in  their  data  analysis  techniques.  (See 
also  W9 1-06 194)  (VerNooy-PTT) 
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Monitoring  of  water  distribution  systems  for  the 
presence  of  bacteria  which  may  indicate  contami- 
nation with  fecal  material  has  been  practiced  in  the 
US  and  other  countries  for  many  years.  This  moni- 
toring was  originally  intended  to  determine  if  the 
water  is  free  of  the  pathogens  which  cause  water- 
borne  infectious  diseases.  However,  the  coliform 
group,  which  is  the  indicator  used,  is  not  well 
correlated  with  fecal  contamination  or  with  the 
presence  of  pathogens.  Also,  the  selection  of  the 
number  of  samples  and  the  locations  for  sampling 
is  such  that  fecal  contamination  of  parts  of  most 
distribution  systems  could  persist  indefinitely  with- 
out being  detected  by  routine  monitoring.  The 
standards  and  regulations  which  govern  the  micro- 
biological monitoring  of  drinking  water  in  the  US 
have  evolved  slowly  from  the  first  standards  in 
1914  to  the  new  regulations  adopted  in  1989.  There 
has  been  research  on  drinking  water  microbiology, 
the  water  quality  issues  related  to  monitoring,  and 
the  methodology  of  sampling,  but  very  few  of  the 
research  findings  have  had  much  effect  on  the 
regulations.  Some  of  the  most  significant  research 
needs  include:  a  bacterial  indicator  directly  related 
to   fecal   contamination   and/or   the   presence   of 
pathogens;  an  indicator  to  replace  the  coliform 
group  to  indicate  the  probability  of  waterborne 
disease  outbreaks;  testing  for  the  relationship  be- 
tween occurrence  of  coliform  and  waterborne  dis- 
ease; testing  for  adequacy  of  disinfection  through  a 
water   distribution   system;   determination   of  the 
causes  of  abrupt  changes  in  microbiological  water 
quality;  and  testing  which  is  directly  applicable  to 
development  of  better  regulations  and  standards. 
(See  also  W9 1-06 194)  (VerNooy-PTT) 
W9 1-062 15 


MONITORING  HETEROTROPHIC  BACTERIA 
IN  POTABLE  WATER. 

Environmental    Protection    Agency,    Cincinnati, 

OH.  Drinking  Water  Research  Div. 

D.  J.  Reasoner. 

IN:  Drinking  Water  Microbiology:  Progress  and 

Recent     Developments.     Springer-Verlag     New 

York,  Inc.,  New  York.  1990.  p  452-477,  1  fig,  3  tab, 

73  ref. 

Descriptors:  'Culturing  techniques,  'Drinking 
water,  'Heterotrophic  bacteria,  'Microbiological 
studies,  'Monitoring,  'Pollutant  identification, 
•Potable  water,  'Water  quality,  'Water  treatment, 
Bacteria,  Bacterial  analysis,  Laboratory  methods, 
Pathogenic  bacteria,  Reviews. 

During  the  past  decade,  interest  in  assessing  the 
bacterial  quality  of  drinking  water,  particularly 
during  distribution,  has  renewed  interest  in  bacte- 
rial plate  count  methods.  The  heterotrophic  plate 
count  (HPC)  enumerates  aerobic  and  facultative 
aerobic  bacteria  found  in  water  that  are  capable  of 
growth  on  simple  organic  compounds  found  in  the 
culture  medium.  The  HPC  is  a  useful  tool  for 
monitoring  the  efficiency  of  water  treatment  proc- 


101 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  5A — Identification  Of  Pollutants 


t 
« 
t 


esses,  assessing  changes  in  finished  water  quality 
during  distribution  and  storage,  assessing  microbial 
growth  on  materials  used  in  construction  of  water 
systems,  and  measuring  bacterial  regrowth  of  after- 
growth potential  in  treated  drinking  water. 
Common  HPC  techniques  are  the  pour  plate, 
spread  plate,  and  membrane  filter  (MF)  techniques. 
The  advent  of  the  MF  method  for  HPC  analysis 
has  brought  greater  flexibility  to  the  plate  count 
procedure  for  drinking  water  by  allowing  the  anal- 
ysis of  sample  volumes  larger  than  1.0  mL.  There 
is  no  single  colony  formation  method  and  set  of 
conditions  that  will  allow  enumeration  of  all  bacte- 
ria that  may  be  found  in  water;  therefore,  given  the 
choice  of  methods  and  media  available,  the  user 
should  evaluate  their  effectiveness  for  the  types  of 
water  that  are  most  often  analyzed.  Utilities  may 
find  HPC  data  increasingly  useful  as  they  are 
pushed  to  control  the  levels  of  potentially  harmful 
disinfection  by-products  in  their  waters.  Greater 
reliance  may  be  placed  on  HPC  analyses  to  deter- 
mine or  predict  significant  water  quality  changes 
that  will  require  some  sort  of  treatment  response. 
Although  it  is  known  that  high  concentrations  of 
HPC  bacteria  can  develop  in  favorable  locations  in 
a  distribution  system,  there  is  a  paucity  of  data  on 
human  health  effects  resulting  from  exposure  to 
these  organisms  following  ingestion  or  through  the 
respiratory  tract.  (See  also  W9 1-06 194)  (VerNooy- 

W91-06216 


ENUMERATION,  OCCURRENCE,  AND  SIG- 
NIFICANCE OF  INJURED  INDICATOR  BAC- 
TERIA IN  DRINKING  WATER. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Microbi- 
ology. 

G.  A.  McFeters. 

IN:  Drinking  Water  Microbiology:  Progress  and 
Recent  Developments.  Springer-Verlag  New 
York,  Inc.,  New  York.  1990.  p  478-492,  2  fig,  2  tab, 
55  ref.  EPA  Grant  R807092,  R805230,  and 
CR810015. 

Descriptors:  'Bacterial  analysis,  *Bacterial  physi- 
ology, 'Bioindicators,  'Drinking  water,  •Micro- 
biological studies,  'Pathogenic  bacteria,  'Water 
treatment,  Bacteria,  Coliforms,  Culture  media,  Dis- 
infectants, Laboratory  methods,  Microorganisms, 
Monitoring,  Pollutant  identification,  Water  quality. 

The  most  prominent  characteristic  of  injured  wa- 
terbome  indicator  bacteria  is  an  elevated  sensitivi- 
ty to  selective  media  containing  surface-active  in- 
gredients. For  that  reason,  injury  is  defined  as  the 
sub-lethal  physiological  and  structural 
consequences)  resulting  from  exposure  to  injuri- 
ous factors  within  aquatic  environments.  A  variety 
of  chemical,  physical,  and  biological  factors  associ- 
ated with  water  have  the  potential  to  cause  injury 
in  enteric  bacteria  including  disinfectants  (e.g., 
chlorine,  ozone,  and  chloramines),  metals,  ultravio- 
let radiation,  and  acidic  water.  Hence,  injury  of 
indicator  and  pathogenic  bacteria  can  occur  within 
drinking  water  systems.  Methods  are  available  that 
effectively  detect  at  least  a  proportion  of  injured 
coliforms,  since  sublethally  injured  indicator  bacte- 
ria are  capable  of  recovering  the  ability  to  grow  on 
selective  media  following  incubation  under  suitable 
conditions.  However,  the  vast  majority  of  coli- 
forms within  the  system  may  be  undetected  be- 
cause sublethal  stress  leads  to  decreased  detection 
on  conventional  media.  Pathogenic  bacteria  also 
become  injured  but  at  higher  levels  of  stressing 
agents.  As  a  result,  injured  coliforms  are  of  public 
health  significance  and  their  detection  affords  an 
added  measure  of  sensitivity  to  assist  in  the  early 
detection  of  treatment  deficiencies  or  contamina- 
tion within  domestic  potable  water  systems.  (See 
also  W9 1-06 194)  (VerNooy-PTT) 
W91-06217 


ANALYSIS  OF  THE  RELATIONSHIP  BE- 
TWEEN A  SAND-DOLLAR  EMBRYO  ELUTRI- 
ATE ASSAY  AND  SEDIMENT  CONTAMI- 
NANTS FROM  STATIONS  IN  AN  URBAN  EM- 
BAYMENT  OF  PUGET  SOUND,  WASHING- 
TON. 

Washington    Univ.,    Seattle.    Fisheries    Research 
Inst. 
J.  P.  Meador,  B.  D.  Ross,  P.  A.  Dinnel,  and  S.  J. 


Picquelle. 

Marine  Environmental  Research  MERSDW,  Vol. 

30,  No.  4,  p  251-272,   1990.  6  fig,  3  tab,  45  ref. 

Descriptors:  •Bioindicators,  'Echinoderms, 
•Marine  sediments,  *Sediment  contamination, 
•Toxicity,  *Water  pollution  effects,  Analysis  of 
variance,  Chemical  analysis,  Copper,  Dose-re- 
sponse relationships,  Elutriate  tests,  Laboratory 
methods,  Lead,  Organic  compounds,  Pollutants, 
Sand  dollars,  Washington. 

A  sand-dollar  embryo  test  was  used  to  assess  the 
toxicity  of  contaminants  in  sediment  elutriate  sam- 
ples from  Puget  Sound,  Washington.  A  synoptic 
chemical  data  set  of  priority  pollutants  was  re- 
duced and  subjected  to  combinatorial  clustering 
that  grouped  stations  by  the  amount  of  chemicals 
present.  Clustering  was  done  for  metals  and  organ- 
ic compounds  together  and  separately.  Analysis  of 
variance  revealed  that  the  embryo  test  was  able  to 
predict  the  group  of  stations  considered  least  con- 
taminated by  organic  chemicals  but  not  for  metals, 
although  copper  and  lead  could  not  be  excluded 
due  to  confounding  effects.  The  results  generally 
support  the  additivity  hypothesis  of  toxicity  in  that 
as  total  contamination  increased  toxicity  increased. 
Due  to  a  possible  change  in  redox  conditions  or 
the  release  of  bioorganically  bound  metals,  it  was 
concluded  that  the  elutriate  test  may  not  be  appro- 
priate for  assessment  of  metal  contaminants  associ- 
ated with  sediment.  A  dose-response  relationship 
between  embryo  abnormality  and  the  degree  of 
elutriate  dilution  was  observed  that  demonstrates 
that  serial  dilutions  of  an  elutriate  should  be  tested 
to  properly  characterize  a  sediment's  toxicity.  (Au- 
thor's abstract) 
W9 1-06240 


METHOD  FOR  DETECTING  AND  IDENTIFY- 
ING THE  LETHAL  ENVIRONMENTAL 
FACTOR  ON  A  DOMINANT  MACRO- 
BENTHOS  AND  ITS  APPLICATION  TO  LAKE 
SHINJI,  JAPAN. 

Tokyo  Univ.  (Japan).  Ocean  Research  Inst. 
M.  Yamamuro,  M.  Nakamura,  and  M.  Nishimura. 
Marine  Biology  MBIOAJ,  Vol.  107,  No.  3,  p  479- 
483,  1990.  10  fig,  3  tab,  Href. 

Descriptors:  'Environmental  effects,  'Environ- 
mental impact,  'Japan,  'Lethal  limit,  'Pollutant 
identification,  'Water  pollution  effects.  Benthos, 
Data  collections,  Data  interpretation,  Macroinver- 
tebrates. 

In  conducting  impact  assessments  it  is  sometimes 
necessary  to  determine  whether  the  environmental 
change  caused  by  the  proposed  project  would 
result  in  a  lethal  effect  to  a  specific  species  present 
in  the  field.  For  such  a  purpose,  even  limited  data 
suggesting  the  possibility  of  an  effect  would  be 
valuable  because  it  would  allow  a  focused  labora- 
tory experiment  in  order  to  examine  the  possibility 
of  an  effect.  A  new  method  to  determine  the 
environmental  factor  limiting  the  life  of  any  ma- 
crobenthic  animal  under  conditions  of  stress  was 
developed.  The  method  was  based  on  the  assump- 
tion that  the  influence  of  each  environmental 
factor  on  the  life  of  a  species  could  be  expressed  by 
an  S-shaped  function  having  lethal,  limiting,  and 
non-limiting  ranges;  and  the  combined  effect  of 
several  environmental  factors  was  expressed  by  a 
multiple  of  these  functions.  To  single  out  a  lethal 
factor,  the  cumulative  curve  of  abundance  ar- 
ranged in  the  order  of  each  environmental  factor 
was  used.  Comparison  of  these  curves  resulted  in 
the  identification  of  the  most  effective  environmen- 
tal factor  capable  of  limiting  the  life  of  a  particular 
species  and  determined  its  effective  range.  The 
determination  can  be  made  from  a  single  field 
observation  without  recourse  to  specially  prepared 
experimental  data  if  a  sufficiently  extensive  field 
survey  was  conducted.  The  method  was  applied  to 
the  field  data  obtained  from  248  stations  at  Lake 
Shinji,  Japan,  in  the  summer  of  1982.  The  conclu- 
sions derived  from  the  newly  developed  method 
have  not  shown  any  contradiction  with  previous 
studies.  Thus,  the  method  seems  to  be  useful  for 
singling  out  the  limiting  factor  from  the  observed 
data  when  sufficient  samples  are  available  to  pre- 
pare smooth  cumulative  curves,  especially  when 
the  observation  is  done  in  enclosed  water  where 


environmental  factors  such  as  oxygen,  sulfide  and 
mud  content  tend  to  exhibit  strong  correlations 
with  each  other.  (Mertz-PTT) 
W9 1-06260 


RELATIONSHIPS  BETWEEN  THE  PHYSICO- 
CHEMISTRY  AND  MACROINVERTEBRATES 
OF  BRITISH  UPLAND  STREAMS:  THE  DE- 
VELOPMENT OF  MODELLING  AND  INDICA- 
TOR SYSTEMS  FOR  PREDICTING  FAUNA 
AND  DETECTING  ACIDITY. 
University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

G.  P.  Rutt,  N.  S.  Weatherley,  and  S.  J.  Ormerod. 
Freshwater  Biology  FWBLAB,  Vol.  24,  No.  3,  p 
463-480,   December    1990.    7   fig,   7   tab,   44   ref; 
append. 

Descriptors:  'Acid  rain  effects,  'Acidity,  'Bioindi- 
cators, 'Macroinvertebrates,  'Pollutant  identifica- 
tion, 'Streams,  Acid  streams,  Acidification,  Alumi- 
num, England,  Hydrogen  ion  concentration, 
Model  studies,  Physicochemical  properties,  Scot- 
land, Wales,  Water  chemistry. 

Data  on  macroinvertebrate  riffle  fauna  and  physi- 
cochemistry  of  368  upland  streams  were  collated 
for  areas  in  Wales,  Scotland,  and  northwest  Eng- 
land. Classification  of  the  national  macroinverte- 
brate data  by  the  TWINSPAN  program  at  the 
'family'  level  produced  either  two  or  four  groups 
of  streams  which  differed  markedly  in  invertebrate 
fauna  and  acidity.  The  analysis  also  produced  an 
indicator  key  based  on  the  presence/absence  of 
macroinvertebrate  taxa  which  could  be  used  to 
allocate  new  sites  to  the  stream  groups.  Multiple 
Discriminant  Analysis  (MDA)  indicated  that  sets 
of  environmental  variables,  which  primarily  in- 
cluded pH  or  aluminum  and  calcium  concentra- 
tions, discriminated  effectively  between  the  stream 
groups  defined  by  TWINSPAN.  These  variables 
were  incorporated  into  models  which  predicted 
fauna!  TWINSPAN  groups  from  physicochemical 
data  alone.  Application  of  TWINSPAN  classifica- 
tion and  the  MDA  models  to  new  sites  resulted  in 
75-80%  agreement  between  the  two  systems  when 
two  groups  were  defined,  and  53-55%  with  four 
groups.  Agreement  was  lower  for  a  second  set  of 
data,  probably  because  chemical  description  was 
limited.  Distributions  of  pH  and  aluminum  concen- 
tration for  the  groups  of  test  sites  classified  by 
macroinvertebrate  indicator  key  corresponded  rea- 
sonably well  to  distributions  of  these  determinants 
at  sites  in  the  four  original  TWINSPAN  groups.  It 
is  concluded  that  MDA  models  could  be  valuable 
for  predicting  the  effects  of  factors  that  influence 
water  acidification.  A  macroinvertebrate  indicator 
system,  derived  from  TWINSPAN,  could  be  em- 
ployed in  surveys  of  stream  acidity.  (Author's  ab- 
stract) 
W9 1-06269 


ASSESSMENT  OF  THE  POTENTIAL  FOR 
MIXED-FUNCTION  OXYGENASE  ENZYME 
INDUCTION  IN  THE  EXTRAHEPATIC  TIS- 
SUES OF  CUNNERS  CTAUTOGOLABRUS  AD- 
SPERSUS)  DURING  REPRODUCTION. 
Environmental  Protection  Service,  St.  John's 
(Newfoundland). 

E.  L.  Porter,  J.  F.  Payne,  J.  Kiceniuk,  L.  Fancey, 
and  W.  Melvin. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  1 17-121,  1989.  2  fig,  9  ref. 

Descriptors:  'Bioassay,  'Fish  physiology,  'Mixed- 
function  oxygenase,  'Newfoundland,  'Oxygenase, 
•Pollutant  identification,  'Toxicology,  Animal  me- 
tabolism, Enzymes,  Liver,  Monitoring,  Reproduc- 
tion, Toxicity. 

Mixed-function  oxygenase  (MFO)  enzyme  induc- 
tion has  been  used  as  a  sensitive  biochemical  indi- 
cator for  use  in  biological  monitoring  and  assess- 
ment studies.  Over  thirty  field  trials  had  been 
reported  to  1987  with  fish,  indicating  that  induc- 
tion may  be  common  at  various  sites  in  the  envi- 
ronment worldwide.  Evidence  suggests  that  liver 
tissues  may  be  refractory  to  induction  during  re- 
production. The  potential  for  induction  in  extrahe- 
patic  and  hepatic  tissues  was  investigated  in  cun- 
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ners  (caught  in  a  relatively  pristine  area  of  Portu- 
gal Cove,  Newfoundland)  pulsed  with  No.  2  fuel 
oil  at  various  stages  of  reproduction.  Both  male 
and  female  fish  were  exposed  during  pre-spawning, 
early  spawning  and  late  spawning.  Induction  was 
readily  resolved  in  all  tissues  of  both  sexes  during 
the  three  stages.  The  results  on  extrahepatic  induc- 
tion potential  are  of  general  toxicological  interest 
and  will  be  applicable  in  the  design  of  future 
aquatic  field  studies.  (Author's  abstract) 
W91-06341 


RELATIONSHIP  BETWEEN  METALLOTH- 
IONEIN,  COPPER  AND  ZINC  IN  PERCH 
(PERCA  FLUVIATILIS)  ENVIRONMENTALLY 
EXPOSED  TO  HEAVY  METALS. 

Goeteborg  Univ.  (Sweden).  Dept.  of  Zoophysio- 

logy. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-06348 


INDUCTION  OF  METALLOTHIONEIN  BY 
CADMIUM  IN  BLUESTRIPED  GRUNT  (HAE- 
MULON  SCIURUS). 

Goeteborg  Univ.  (Sweden).  Dept.  of  Zoophysio- 

logy. 

C.  Hogstrand,  and  C.  Haux. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  191-194,  1989.  2  fig,  3  ref. 

Descriptors:  •Bioindicators,  •Cadmium,  'Fish 
physiology,  *Grunts,  *Metallothioneins,  •Toxicol- 
ogy, 'Water  pollution  effects,  Animal  metabolism, 
Dose-response  relationships,  Immunoassay,  Induc- 
tion, Liver,  Radiochemical  analysis. 

Induction  of  metallothionein  (MT)  in  the  liver  of 
the  subtropical  fish,  bluestriped  grunt  (Haemulon 
sciurus),  after  cadmium  injection,  was  studied  in 
order  to  estimate  the  potential  of  MT  as  an  indica- 
tor of  heavy  metal  pollution.  Hepatic  MT  was 
assayed  by  a  heterologous  radioimmunoassay 
(RIA)  for  bluestriped  grunt,  using  antiserum  raised 
against  MT  from  perch  (Perca  fluviatilis).  Two 
laboratory  experiments  were  performed:  a  dose- 
response  experiment  and  a  time-course  experiment. 
Hepatic  MT  was  significantly  induced  in  a  dose- 
dependent  manner  in  response  to  intraperitoneal 
injection  of  cadmium  chloride.  Maximum  MT 
levels  were  observed  in  the  2200  microg  cadmium/ 
kg  group,  where  MT  values  were  three  times 
higher  than  in  the  control  group.  In  the  time- 
course  experiment,  elevated  MT  levels  were  found 
2  days  after  injection  and  the  maximum  was 
reached  after  6  days.  MT  values  in  fish  6  days  after 
treatment  were  increased  five  times  compared  to 
the  control  group.  (Brunone-PTT) 
W9 1-06349 


LASER  DESORPTION-IONIZATION  FT-ICR 
MASS  SPECTROMETRY:  DNA-ADDUCT 
BASES,  NUCLEOSIDES  AND  NUCLEOTIDES. 

Pittsburgh  Univ.,  PA. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06366 


DNA  ADDUCTS  AS  BIOMARKERS  IN  GENO- 
TOXIC  RISK  ASSESSMENT  IN  THE  AQUATIC 
ENVIRONMENT. 

Institut   Rudjer   Boskovic,    ZagTeb   (Yugoslavia). 
Center  for  Marine  Research. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06367 


PRE-EXPOSURE  TO  3-METHYLCHOLANTH- 
RENE  INCREASES  BENZO(A)PYRENE  AD- 
DUCTS ON  DNA  OF  BLUEGILL  SUNFISH. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-06368 


USING  THE  DNA  ALKALINE  UNWINDING 
ASSAY  TO  DETECT  DNA  DAMAGE  IN  LABO- 
RATORY AND  ENVIRONMENTALLY  EX- 
POSED CELLS  AND  TISSUES. 

Science  Applications  International  Corp.,  Narra- 


gansett,  RI. 

D.  Nacci,  and  E.  Jackim. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  333-337,  1989.  2  tab,  8  ref. 

Descriptors:  •Animal  tissues,  *Bioassay,  •Bioindi- 
cators, 'Cytology,  *DNA,  *Genotoxicity,  *Marine 
animals,  *Marine  pollution,  •Massachusetts,  •Toxi- 
cology, 'Water  pollution  effects,  Animal  physiolo- 
gy, Environmental  effects,  Estuaries,  Fish,  Gills, 
Invertebrates,  Marine  environment,  Performance 
evaluation,  Pollutants,  Population  exposure,  Toxic- 
ity. 

The  DNA  alkaline  unwinding  assay  is  being  evalu- 
ated for  use  in  the  detection  of  DNA  damage  in 
marine  animals  exposed  to  environmental  pollut- 
ants. DNA  unwinding  methods  were  used  with  in 
vitro  cell  systems  to  demonstrate  DNA  strand 
breaks.  Cultured  mammalian  fibroblasts  and  sperm 
from  marine  fish  and  invertebrates  (Pseudopleur- 
onectes,  Arbacia,  and  Mytilus)  showed  concentra- 
tion-dependent increases  in  DNA  strand  breaks 
after  brief  exposures  to  alkylating  agents.  DNA 
unwinding  methods  were  also  used  on  DNA  ex- 
tracted from  marine  animals  injected  with  genotox- 
icants  and  from  animals  exposed  in  situ  at  an 
estuarine  site.  Gills  from  blue  mussels  caged  at  the 
New  Bedford  Harbor  Superfund  Site  (Massachu- 
setts), highly  contaminated  with  many  organic  and 
inorganic  contaminants,  were  also  examined.  A 
significant  increase  in  DNA  strand  breaks  was  seen 
in  gill  tissues  of  animals  held  in  the  contaminated 
site  for  as  little  as  3  days.  Although  not  as  severe, 
an  increase  in  strand  breaks  was  also  seen  in  ani- 
mals held  at  the  control  site  for  28  days.  This 
apparent  damage  may  have  resulted  from  low- 
level  contamination  and/or  from  generally  poor 
tissue  condition.  These  results  suggest  that  DNA 
alkaline  unwinding  results  from  controlled  experi- 
ments using  cells  briefly  exposed  to  toxicants  can 
be  used  to  identify  DNA  strand  breaking  agents. 
While  whole-animal  exposures  to  toxicants  may 
affect  DNA  integrity,  unwinding  results  may  not 
specifically  reflect  genotoxicity.  (Brunone-PTT) 
W9 1-06369 


MORPHOLOGICAL  CHANGES  IN  TROUT 
HEPATOCYTES  EXPOSED  TO  ACETAMINO- 
PHEN. 

West  Virginia  Univ.,  Morgantown.  Dept.  of  Bio- 
chemistry. 

J.  B.  Blair,  D.  E.  Hinton,  and  M.  R.  Miller. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  357-361,  1989.  2  fig,  11  ref.  National 
Cancer  Institute  CA45131. 

Descriptors:  'Acetaminophen,  'Bioassay,  'Car- 
cinogenicity, 'Liver,  'Toxicology,  'Trout,  'Water 
pollution  effects,  Aggregation,  Cell  culture.  Cytol- 
ogy, Enzymes,  Toxicity,  Ultrastructure. 

The  use  of  non-mammalian  model  systems  in  envi- 
ronmental toxicology  and  chemical  carcinogenesis 
studies  is  rapidly  expanding.  Trout  liver  is  attrac- 
tive as  a  model  for  these  studies  since  exposure  of 
trout  and  other  fish  to  several  chemical  insults 
results  in  the  development  of  hepatocellular 
tumors.  Isolated  trout  hepatocytes  prepared  by 
collagenase  digestion  were  maintained  in  primary 
culture  in  chemically  defined,  serum-free  medium 
for  3  to  5  days  to  evaluate  the  influence  of  various 
agents  on  cell-cell  interactions.  Isolated  cells  were 
plated  onto  plastic  culture  plates  coated  with  trout 
skin  extracts.  After  24  hours,  the  cells  aggregate 
into  clumps  which  increase  in  size  over  several 
days  to  include  several  hundred  cells,  four  to  ten 
cells  deep  on  the  surface  of  the  plate.  Microscopic 
evaluation  suggests  these  aggregates  reflect  normal 
cell-cell  interactions.  Acetaminophen  (2  to  10  mM) 
interferes  with  cell-cell  aggregation.  Treated  hepa- 
tocytes remain  rounded  and  mitochondria  distribu- 
tion is  altered,  occupying  only  the  central  region 
of  the  cells.  Acetaminophen  has  little  influence  on 
LDH  or  DNA  content,  suggesting  a  sensitive  and 
specific  action  of  the  drug  on  cell-cell  interactions. 
These  primary  cultures  of  trout  hepatocytes  may 
provide  a  new  experimental  model  for  assessing 
sublethal  effects  of  various  toxicants  on  this  spe- 
cies. (Author's  abstract) 
W9 1-06370 


IN  VTVO  MICROSCOPY  OF  LrVER  MICRO- 
VASCULATURE  IN  RAINBOW  TROUT  (ON- 
CORHYNCHUS  MYKISS). 

California    Univ.,    Davis.    School    of   Veterinary 

Medicine. 

D.  E.  Hinton,  D.  J.  Lauren,  R.  S.  McCuskey,  P.  A. 

McCuskey,  and  R.  C.  Lantz. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.   1/4,  p  407-410,   1989.  2  fig,  5  ref.  NSF 

Grant  DCB  831  6002;  USPHS  (NCI)  Grant  CA 

45131. 

Descriptors:  'Analytical  methods,  'Bioassay, 
•Bioindicators,  *Fish  pathology,  'Histology, 
•Liver,  'Microscopy,  'Toxicology,  'Trout, 
'Water  pollution  effects,  Animal  morphology, 
Blood  flow,  Injury,  Necrosis,  Toxicity,  Ultrastruc- 
ture. 

Morphological  change  is  an  excellent  biomarker  of 
exposure  to  toxicants  because  it  is  the  integration 
of  biochemical  and  physiological  injury.  Zonal  pat- 
terns of  necrosis  in  the  liver  have  also  suggested 
the  mechanism  of  toxicity  for  certain  compounds. 
In  vivo  microscopy  allows  the  identification  of 
portal  (afferent)  from  hepatic  (efferent)  venules  in 
histologic  sections.  Mature  trout  were  surgically 
implanted  with  dorsal  aortic  and  portal  vein  cath- 
eters, and  in  vivo  microscopy  of  the  liver  surface 
performed  through  a  window  in  the  side  of  anes- 
thetized, artificially  ventilated  animals.  Blood  flow 
patterns  were  recorded  on  video  tape  by  injecting 
fluorescein  solutions.  Video  images  were  digitized 
and  superimposed  to  reveal  the  interaction  be- 
tween arterial  and  venous  vessels.  A  repeating 
pattern  of  alternation  between  afferent  and  efferent 
regions  of  the  microvascular  bed  was  seen.  The 
hepatic  parenchyma  near  the  convex  laterorostral 
surface  is  drained  by  superficially  placed  hepatic 
venules.  Afferent  venules  reach  this  area  by  pass- 
ing from  deeper  within  the  liver.  Arteriole  distri- 
bution appeared  to  closely  parallel  portal  venule 
distribution.  Melanomacrophages  were  associated 
with  arterioles.  Many  of  these  characteristics  are 
common  with  the  mammalian  liver.  However,  cor- 
relation of  the  dimensions  of  cells  and  vascular 
elements  between  histologic  sections  and  in  vivo 
images  are  needed  before  terms,  such  as  periportal 
or  pericentral,  can  be  assigned  to  routine  histologic 
analyses.  (Author's  abstract) 
W9 1-06377 


HISTOPATHOLOGIC^  ASSESSMENT  OF 
NEUROTOXIC  INJURY  IN  MAMMALS:  POS- 
SIBLE APPLICATIONS  FOR  SIMILAR  STUD- 
IES IN  FISH. 

Imperial  Chemical  Industries  Ltd.,  Alderley  Park 
(England).  Central  Toxicology  Lab. 
M.  G.  Simpson,  S.  L.  Allen,  and  R.  Sheldon. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  437-440,  1989.  1  fig,  6  ref. 

Descriptors:  'Analytical  methods,  'Bioindicators, 
•Fish  pathology,  'Histology,  'Injury,  'Neurotoxi- 
city, 'Toxicology,  'Water  pollution  effects,  Bioas- 
say, Comparison  studies,  Necrosis,  Nitrogen  com- 
pounds, Organometals,  Test  batteries,  Toxicity. 

The  neuropathological  examination  of  the  nervous 
system  of  fish  is  rarely  undertaken,  even  when  fish 
histopathology  is  used  as  a  tool  of  aquatic  toxicol- 
ogy. Conversely,  in  mammalian  toxicology,  in- 
creasing regulatory  concern  over  the  suitability  of 
routine  toxicity  assays  to  provide  sufficient  data  on 
the  neurotoxic  potential  of  some  classes  of  industri- 
al chemicals  has  stimulated  the  development  of 
neurotoxicological  test  batteries;  these  use  a  combi- 
nation of  clinical,  behavioral,  electrophysiological 
and  neuropathological  methods.  Neuropathologi- 
cal techniques  have  been  used  in  the  albino  rat  to 
identify  and  study  chemically  induced  lesions  of 
the  mammalian  nervous  system.  Examples  include 
an  organometal,  trimethyltin,  which  induces  selec- 
tive necrosis  of  parts  of  the  prosencephalon;  a 
nitro-aromatic,  1,3-dinitrobenzene,  which  induces 
spongy  degeneration  in  the  rhombencephalon;  an 
acrylo  nitrile,  3,3-iminodipropionitrile,  which  pro- 
duces a  proximal  axenopathy;  and  a  hexacarbon, 
2,2-hexanedione,  which  produces  central  peripher- 
al distal  axenopathy.  Since  little  structural  data  is 
available  on  the  responsiveness  of  fish  to  neurotox- 
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icants,  research  is  necessary  to  determine  how 
sensitive  or  refractory  laboratory  fish  models  are 
to  mammalian  neurotoxicants.  (Author's  abstract) 
W9 1-06382 


USE  OF  BIOINDICATORS  FOR  ASSESSING 
THE  EFFECTS  OF  POLLUTANT  STRESS  ON 
FISH. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

S.  M.  Adams,  K.  L.  Shepard,  M.  S.  Greeley,  B.  D. 
Jimenez,  and  M.  G.  Ryon. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  459-464,  1989.  3  fig,  10  ref.  US  DOE 
Contract  DE-AC05-840R21400. 

Descriptors:  'Analytical  methods,  'Bioindicators, 
•Fish  pathology,  'Fish  physiology,  "Stress,  •Toxi- 
cology, •Water  pollution  effects,  Chlorine,  Envi- 
ronmental effects.  Heavy  metals.  Hydrocarbons, 
Polychlorinated  biphenyls,  Species  composition, 
Species  diversity. 

The  use  of  bioindicators  in  environmental  pollution 
studies  involve  monitoring  a  suite  of  selected  stress 
responses  at  several  levels  of  biological  organiza- 
tion in  order  to  (1)  assess  the  effects  of  sublethal 
stress  on  fish,  (2)  predict  future  trends  (early  warn- 
ing indicators)  and  (3)  obtain  insights  into  causal 
relationships  between  stress  and  effects  at  the  com- 
munity and  ecosystem  level.  This  approach  has 
been  successfully  applied  with  redbreast  sunfish 
(Lepomis  auritus)  in  freshwater  systems  receiving 
inputs  of  complex  contaminant  mixtures  containing 
polychlorinated  biphenyls  (PCBs),  hydrocarbons, 
heavy  metals  and  chlorine.  Indicators  such  as 
mixed-function  oxidase  enzymes  and  DNA  damage 
have  provided  direct  evidence  of  toxicant  expo- 
sure, while  condition  indices  and  indicators  related 
to  lipid  biochemistry  and  histopathology  have  re- 
flected impaired  lipid  metabolism,  immune  and  re- 
productive system  dysfunction,  and  reduced 
growth  potential.  At  higher  levels  of  organization, 
stress-mediated  effects  have  included  changes  in 
the  richness  and  biotic  integrity  of  fish  communi- 
ties. (Author's  abstract) 
W91-06385 


DETECTION  OF  MAJOR  STRESS  PROTEIN 
USING  A  PEPTIDE  ANTIBODY. 

Maryland  Univ.  at  Baltimore.  Dept.  of  Biological 

Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-06387 


DOSE/RESPONSE  STUDY  OF  2,3,7,8-TCDD  IN 
THE  RAINBOW  TROUT  (SALMO  GAIRD- 
NERD. 

Utrecht  Rijksuniversiteit  (Netherlands).  Environ- 
mental Toxicology  Section. 
M.  E.  J.  van  der  Weiden,  J.  van  der  Kolk,  W. 
Seinen,  and  M.  van  den  Berg. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  509-513,  1989.  1  fig,  2  tab,  3  ref. 
Rijkswaterstaat,  Ministry  of  Transport  and  Public 
Works,  Grant  No.  BER-2372. 

Descriptors:  'Bioassay,  •  Bioindicators,  'Dioxins, 
•Pollutant  identification,  *Rainbow  trout,  'Te- 
trachlorodibenzo-p-dioxin,  'Toxicology,  *Water 
pollution  effects,  Aromatic  compounds,  Dose-re- 
sponse relationships,  Ethoxy-resorufin  O-deethy- 
lase,  Hydrocarbons,  Toxicity. 

In  view  of  the  widespread  contamination  by  poly- 
chlorinated aromatic  hydrocarbons  (PAH),  simple 
bioassays  are  needed  to  indicate  PAH  presence  in 
the  aquatic  environment  and  effects  on  biota.  A 
dose/response  study  was  carried  out  with  2,3,7,8- 
tetrachlorodibenzo-p-dioxin  (TCDD)  in  the  rain- 
bow trout  during  a  twelve  week  period.  After  a 
single  intraperitoneal  administration  of  approxi- 
mately 0.01,  0.05,  0.1,.  0.5,  1.0  and  5.0  microg/kg 
of  this  compound,  no  effect  on  growth  was  found. 
Liver  enlargement  only  occurred  with  the  highest 
dose  and  was  found  after  six  weeks.  An  increase  of 
the  spleen  was  observed  after  three  and  six  weeks, 
but  this  effect  appeared  not  to  be  dose-related. 
Three  weeks  after  a  dosage  of  0.5,  1.0  and  5.0 
microg/kg      the     ethoxyresorufin     O-deethylase 


(EROD)  activity  was  increased  and  dose  related. 
However,  in  the  first  six  weeks,  no  relationship 
between  EROD  induction  and  toxicological  effects 
could  be  determined.  (Author's  abstract) 
W9 1-06394 


TEN-MINUTE  DIGESTION. 

Hach  Co.,  Loveland,  CO. 

For  primary   bibliographic   entry  see   Field   5D. 

W9 1-06429 


TESTING  SEDIMENT  TOXICITY  WITH  HYA- 
LELLA  AZTECA  (AMPHIPODA)  AND  CHIR- 
ONOMUS  RIPARIUS  (DIPTERA). 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

C.  G.  Ingersoll,  and  M.  K.  Nelson. 

IN:   Aquatic   Toxicology   and    Risk   Assessment. 

STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  93- 

109,  1  fig,  8  tab,  58  ref. 

Descriptors:  'Amphipods,  *Bioindicators,  *Flies, 
•Monitoring,  'Sediments,  'Toxicity,  'Toxicology, 
•Water  pollution  effects,  Bioassay,  Biological  stud- 
ies, Illinois,  Lake  Michigan,  Lethal  limit,  Metals, 
Polychlorinated  biphenyls,  Polycyclic  aromatic 
hydrocarbons,  Sublethal  effects,  Waukegan 
Harbor. 

Methods  for  testing  the  toxicity  of  whole  sedi- 
ments are  described  for  the  amphipod  Hyalella 
azteca  and  the  midge  Chironomus  riparius.  Amphi- 
pod tests  (static  and  flow-through)  start  with  juve- 
nile animals  (approximately  third  instar)  and  con- 
tinue up  to  29  d  until  reproductive  maturation. 
Flow  through  tests  with  the  midge  start  with  first 
instar  larvae  (<24  h  old)  and  continue  up  to  29  d 
through  adult  emergence.  Data  obtained  through 
these  laboratory  exposures  can  be  used  to  assess 
the  effects  of  contaminants  in  sediments  on  surviv- 
al, growth  or  emergency  of  amphipods  and 
midges.  The  methods  were  used  to  assess  the  po- 
tential toxicity  of  field-collected  contaminated 
sediment  from  two  sites  in  Waukegan  Harbor,  Illi- 
nois, an  inlet  of  Lake  Michigan  contaminated  with 
polychlorinated  biphenyls  (PCBs),  polycyclic  aro- 
matic compounds  (PACs)  and  metals;  and  a  single 
site  at  Homer  Lake,  a  small  recreational  lake  in  the 
agricultural  region  of  central  Illinois.  Survival  of 
both  species  was  reduced  after  short-term  (10- 13-d) 
and  long-term  (29-d)  exposure  to  contaminated 
sediment.  In  addition,  sublethal  effects  were  indi- 
cated by  reduced  growth  of  amphipods  and  a 
delay  in  emergence  of  adult  midges.  (See  also 
W91-06691)  (Author's  abstract) 
W9 1-06698 


USE  OF  SEDIMENT  HEAVY  METAL  BIOA- 
VAILABILITY AS  A  METHOD  OF  ENVIRON- 
MENTAL HAZARD  ASSESSMENT. 

Fluor  Daniel,  Greenville,  SC. 

J.  M.  Marcus,  and  G.  I.  Scott. 

IN:    Aquatic   Toxicology   and    Risk   Assessment. 

STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  110- 

122,  4  fig,  4  tab,  14  ref. 

Descriptors:  *Bioaccumulation,  •  Bioavailability, 
•Hazard  assessment,  *Heavy  metals,  'Sediments, 
•Toxicology,  *Water  pollution  effects,  Bioassay, 
Chromium,  Coastal  waters,  Copper,  Land  use, 
Lead,  Monitoring,  Nickel,  Oysters,  Path  of  pollut- 
ants, Recreation,  Water  pollution  sources. 

Different  areas  along  the  rapidly  developing  South 
Carolina  coastline  were  examined  for  heavy  metal 
(Cr,  Cu,  Pb,  Ni)  inputs  to  nearby  aquatic  ecosys- 
tems using  sediment  levels  as  the  relative  indicator 
of  contamination.  The  american  oyster,  Crassos- 
trea  virginica  (Gmelin),  was  monitored  concur- 
rently for  metal  concentrations  to  assess  what  por- 
tion of  the  total  sediment  metal  burden  was  bio- 
logically available  for  uptake  and  accumulation. 
This  was  accomplished  by  computing  a  sediment 
bioavailability  factor  (SBAF)  that  allowed  the  inte- 
gration of  sediment  and  tissue  data  into  a  quantita- 
tive index  useful  for  relative  comparisons  between 
areas.  Typically,  the  order  of  decreasing  bioavaila- 
bility was  Cu  >  Ni  >  Cr  >  Pb.  While  the 
differences  in  bioavailability  factors  between 
metals  at  a  given  site  were  usually  significantly 


different,  the  differences  between  sites  were  also 
significant,  usually  at  approximately  the  same  rela- 
tive factor.  The  SBAF's  calculated  for  the  land  use 
practices  of  recreational  marinas,  an  industrial 
waste  treatment  facility,  and  an  abandoned  indus- 
trial site  were  compared  and  contrasted  with  each 
other  and  with  other  sites  that  ranged  from  pristine 
to  contaminated.  A  graded  effect  on  availability  of 
metals  from  sediments  to  oysters  was  observed. 
Those  practices  with  continuous  inputs  exhibited 
higher  bioavailability  factors  than  did  those  that 
were  intermittent.  (See  also  W91-06691)  (Lantz- 
PTT) 
W9 1-06699 


COMPARATIVE  SENSITIVITY  OF  SEDIMENT 
TOXICITY  BIOASSAYS  AT  THREE  SUPER- 
FUND  SITES  IN  PUGET  SOUND. 

PTI  Environmental  Services,  Bellevue,  WA. 

R.  A.  Pastorok,  and  D.  S.  Becker. 

IN:   Aquatic   Toxicology   and    Risk   Assessment. 

STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  123- 

139,  3  fig,  4  tab,  33  ref.  EPA/Battele  Contract  No. 

68-03-3319,  and  EPA/PTI  Contract  No.  68-D8- 

0085. 

Descriptors:  »Bioassay,  *Puget  Sound,  'Sensitivity 
analysis,  'Toxicity,  'Toxicology,  'Water  pollution 
effects,  Amphipods,  Biological  studies.  Clams, 
Echinoderms,  Hydrocarbons,  Lethal  limit,  Micro- 
tox,  Polychaetes,  Polycyclic  aromatic  hydrocar- 
bons, Statistical  analysis. 

An  evaluation  was  conducted  on  the  relative  sensi- 
tivity of  seven  sediment  toxicity  bioassays  compris- 
ing at  a  total  of  13  endpoints.  The  bioassays  were 
conducted  simultaneously  on  dilution  series  of  con- 
taminated sediments  collected  from  three  Super- 
fund  sites  in  Puget  Sound.  Sediment  chemistry 
measurements  confirmed  that  effective  gradients  of 
contamination  were  established  within  each  of  the 
sediment  series  tested.  The  Photobacterium  phos- 
phoreum  (Microtox  with  saline  and  organic  extract 
of  sediment)  and  the  Dendraster  excentricus 
embryo  abnormality  tests  were  generally  the  most 
sensitive  bioassays  in  terms  of  ability  to  detect 
statistically  significant  (P  approx.  0.05)  effects  rela- 
tive to  responses  to  reference  sediments.  The  rank 
order  of  statistical  sensitivity  of  the  other  tests  was 
as  follows:  Rhepoxynius  abronius  mortality  =  Eo- 
haustorius  estuarius  mortality  >  Neanthes  arena- 
ceodentata  biomass  >  Neanthes  arenaceodentata 
mortality  =  Dendraster  excentricus  chromosomal 
abnormality  >  Rhepoxynius  abronius  nonreburial 
>  Eohaustorious  estuarius  nonreburial  =  Panope 
generosa  mortality.  The  bioassays  differed  in  their 
statistical  sensitivity  (i.e.,  as  measured  by  the 
number  of  significant  toxic  effects)  and  biological 
sensitivity  (i.e.,  as  measured  by  EC50)  to  particular 
sediments  contaminated  with  different  kinds  of 
chemicals  (e.g.,  polycyclic  aromatic  hydrocarbons 
versus  metals).  For  example,  the  Photobacterium 
phosphoreum  saline  extract  test  was  not  always  as 
biologically  sensitive  (i.e.,  low  EC50)  as  other 
bioassays  (e.g.,  the  Rhepoxynius  abronius  and  Eo- 
haustorius  estuarius  bioassays  appeared  to  be  more 
sensitive  to  aromatic  hydrocarbons).  (See  also 
W9 1-06691)  (Author's  abstract) 
W9 1-06700 


USE  OF  THE  BLUE  MUSSEL,  MYTILUS 
EDULIS,  IN  WATER  QUALITY  TOXICITY 
TESTING  AND  IN  SITU  MARINE  BIOLOGI- 
CAL MONITORING. 

Environmental  Research  Lab.,  Narragansett,  RI. 
W.  G  Nelson. 

IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  167- 
175,  1  fig,  4  tab,  20  ref. 

Descriptors:  'Bioindicators,  'Marine  environment, 
•Sea  mussels,  'Toxicity,  'Toxicology,  'Water  pol- 
lution effects,  'Water  quality,  Biological  studies, 
Greenwich  Cove,  Growth,  In  situ  tests.  Monitor- 
ing, Rhode  Island. 

The  scope  for  growth  (SFG)  index,  an  instantane- 
ous measurement  of  energy  balance  in  an  orga- 
nism, was  used  to  assess  the  physiological  condi- 
tion of  the  blue  mussel,  Mytilus  edulis.  The  initial 
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step  in  this  program,  assessing  the  sensitivity  of  M. 
edulis  to  several  known  toxicants  in  the  laboratory, 
indicated  that  the  SFG  of  the  mussel  is  comparable 
in  sensitivity  to  those  of  other  endpoints  and  test 
species  currently  used  for  assessing  receiving 
waters.  A  second  step  involved  using  the  mussel  in 
situ  to  assess  the  impact  of  a  municipal  sewage 
outfall  on  receiving  water  quality  in  Greenwich 
Cove,  East  Greenwich,  Rhode  Island.  This  was 
completed  twice--once  before  the  initiation  of  an 
upgrade  of  the  facility,  and  once  when  the  upgrade 
was  about  half  complete.  Mussels  were  deployed 
along  a  dilution  gradient  from  the  sewage  outfall 
to  a  control  station  for  a  period  of  one  month. 
Subsets  of  mussels  were  collected  after  a  7-d  and 
30-d  exposure  period.  The  results  of  the  first  de- 
ployment indicated  a  significant  decline  in  SFG 
after  seven  days  at  stations  located  proximal  to  the 
sewage  outfall.  A  similar  spatial  and  temporal  pat- 
tern was  observed  in  mussels,  deployed  for  30 
days.  The  results  of  the  second  deployment,  after  a 
portion  of  the  upgrade,  indicated  that  there  were 
no  effects  after  the  7-d  exposure  and  only  a  slight 
gradient  in  mussel  SFG  after  30  days,  suggesting 
that  the  upgrade  had  a  positive  effect  on  water 
quality  in  Greenwich  Cove.  These  data  also  indi- 
cate that  in  situ  biological  monitoring  with  mussels 
can  be  an  effective  method  for  assessing  receiving 
water  toxicity,  including  the  evaluation  of  sewage 
treatment  plant  improvements.  Short-term  tests  (7- 
d)  can  be  reflective  of  longer-term  (30-d)  chronic 
impacts.  (See  also  W9 1-06691)  (Lantz-PTT) 
W9 1-06702 

REDUCIBLE  DYE  2-<P-IODOPHENYL)-3.(P- 
NITROPHENYL)-5-(PHENYL)-2H- 
TETRAZOLIUM  CHLORIDE  (INT)  FOR  USE 
IN  AQUATIC  TOXICOLOGY:  NOTES  ON 
CHEMICAL  STRUCTURE,  ELECTROCHEMIS- 
TRY, AND  TOXICITY. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Pomt. 
Div.  of  Chemistry  and  Toxicology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06706 

SENsrnvrrY  of  two  cladocerans  to 

WATER  QUALITY  VARIABLES:  SALINITY 
AND  HARDNESS. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 
Toxicology  and  Chemistry  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06762 

ACUTE  TOXICITY  OF  PURE  PENTACHLORO- 
PHENOL  AND  A  TECHNICAL  FORMULA- 
TION TO  THREE  SPECIES  OF  DAPHNIA. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06776 


CADMIUM  CONCENTRATIONS  IN  THE 
FRESHWATER  MUSSEL  (ELLIPTIO  COM- 
PLANATA)  AND  THEIR  RELATIONSHIP  TO 
WATER  CHEMISTRY. 

Trent  Univ.,  Peterborough  (Ontario).  Environmen- 
tal Centre. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-06783 


PROTECTION  OF  HUMAN  HEALTH  FROM 
MIXTURES  OF  RADIONUCLIDES  AND 
CHEMICALS  IN  DRINKING  WATER. 

Oak  Ridge  National  Lab.,  TN.  Health  and  Safety 
Research  Div. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06785 


RATIONALISATION    OF   THE   MASS    SPEC- 
TROMETRY   AND    GAS    CHROMATOGRA- 
PHIC     BEHAVIOUR      OF      ORGANOPHOS- 
PHORUS  PESTICIDES  PART  1:  SUBSTITUTED 
PHENYL  PHOSPHOROTHIOATES. 
Agricultural  Development  and  Advisory  Service, 
Harpenden  (England).  Central  Science  Lab. 
J.  P.  G.  Wilkins. 
Pesticide  Science  PSSCBG,  Vol.  29,  No.  2,  p  163- 


181,  1990.  3  fig,  2  tab,  17  ref. 

Descriptors:  *Mass  spectrometry,  'Organophos- 
phorus  pesticides,  *Parathion,  'Pesticides,  'Phos- 
phothioate  pesticides,  'Pollutant  identification, 
Data  collections,  Gas  chromatography,  Laborato- 
ry methods,  Spectral  analysis. 

The  mass  spectrometric  and  gas  chromatographic 
(GC)  behavior  of  a  series  of  O.O-dialkyl  ©-(substi- 
tuted phenyl)  phosphorothioates,  and  some  related 
compounds  is  reported.  In  general,  O.O-dialkyl 
phosphorothioate  pesticides  are  readily  amenable 
to  gas  chromatographic  separation,  a  factor  which 
greatly  facilitates  their  identification.  Commercial 
pesticides  were  studied,  including  Fenitrothion, 
Fenthion,  Fenchlorphos,  Fensulfothion,  Cyano- 
phos,  Dicapthon,  Bromophos,  Temephos,  Parath- 
ion,  Chlorthiophos,  and  Cythioate.  In  addition,  a 
series  of  O.O-dimethyl  0-(monosubstituted  phenyl) 
phosphorothioates  with  ortho/meta/para  fluoro, 
chloro,  bromo,  iodo,  nitro,  methyl,  methoxy,  meth- 
ylthio,  trifluoromethyl,  cyano,  phenyl,  amino,  and 
hydroxy  substituents  was  prepared.  The  capillary 
GC  retention  data  for  the  synthesized  compounds 
and  the  influence  of  isomer-substitution  on  elution 
order  was  analyzed.  Appraisal  of  these  data  per- 
mitted an  increased  understanding  of  the  influence 
of  phenyl  substitutents  on  the  appearance  of  the 
mass  spectra  of  these  compounds.  In  particular,  the 
nature  and  extent  of  mass  spectrometric  ortho  ef- 
fects, which  are  associated  with  weak  molecular 
ion  intensity,  and/or  the  generation  of  rearrange- 
ment ions  were  determined.  An  understanding  of 
these  effects  can  be  helpful  in  the  identification  of 
related  compounds,  such  as  technical  impurities 
and  degradation  products.  For  example,  impurities 
were  identified  in  technical  fenitrothion,  fenthion, 
and  fenchlorphos.  The  observations  and  findings 
compared  favorably  with  data  from  previous  stud- 
ies. (VerNooy-PTT) 
W9 1-06793 


ATMOSPHERIC  DEPOSITION  OF  ACID, 
HEAVY  METALS,  DISSOLVED  ORGANIC 
CARBON  ,  AND  NUTRIENTS  IN  THE  DUTCH 
DELTA  AREA  IN  1980-1986. 

Kernforschungsanlage  Juelich  G.m.b.H.  (Germa- 
ny, F.R.).  Inst,  fuer  Angewandte  Physikalische 
Chemie. 

For  primary  bibliographic  entry  see  Field  5B. 
W91-06818 

DETERMINATION  OF  TOTAL  MERCURY 
CONCENTRATION  IN  WASTEWATER  BY 
CONTINUOUS  MICROFLOW  ANALYSIS 
WITH  COLD  VAPOR  ATOMIC  ABSORPTION 
SPECTROMETRY. 

Nagoya  Univ.  (Japan).  Dept.  of  Applied  Chemis- 
try. 

E.  Munaf,  H.  Haraguchi,  D.  Ishii,  T.  Takeuchi, 
and  M.  Goto. 

Science  of  the  Total  Environment  STENDL,  Vol. 
99,  No.  1/2,  p  205-209,  December  1990.  3  fig,  1 
tab,  9  ref. 

Descriptors:  'Analytical  techniques,  'Atomic  ab- 
sorption spectrophotometry,  'Chemical  analysis, 
•Data  acquisition,  'Mercury,  'Pollutant  identifica- 
tion, 'Wastewater  analysis,  'Water  analysis,  Ana- 
lytical methods,  Detection  limits,  Japan,  Measuring 
instruments,  Monitoring,  Precision,  Water  quality 
standards. 

When  studying  the  toxic  action  of  mercury  (Hg) 
ions,  accurate  analysis  and  continuous  monitoring 
of  trace  mercury  in  various  environmental  water 
samples  are  extremely  important.  One  of  the  most 
widely  used  techniques  for  the  determination  of 
mercury  is  the  cold  vapor  generation  method, 
using  stannous  or  borohydride  compounds  as  re- 
ducing agents.  However,  a  recently  proposed 
method,  based  on  continuous  microflow  analysis, 
uses  tin  (II)  chloride  in  alkaline  medium  as  the 
reducing  agent.  The  matrix  effects  of  diverse  sub- 
stances were  much  reduced  than  when  using  the 
conventional  method.  The  continuous  microflow 
analysis  method  was  applied  to  the  determination 
of  total  Hg  in  river  water,  and  wastewater  from 
laboratories  and  a  factory  treating  city  refuse.  The 
stability  of  the  method  was  checked  by  injecting  a 


standard  solution  of  1.0  microgram  Hg/1  at  the 
start  and  end  of  the  measurement.  The  results  of 
the  study  revealed  that  sub-parts-per-billion  levels 
of  mercury  compounds  in  wastewaters  from  uni- 
versity laboratories  and  from  a  factory  treating 
city  refuse  were  successfully  determined  using  the 
continuous  microflow  analysis  with  a  cold  vapor 
atomic  absorption  technique.  It  was  also  deter- 
mined that  continuous  monitoring  of  total  mercury 
at  the  Japanese  environmental  standard  level  (i.e., 
0.5  micrograms  Hg/1)  could  be  performed  using 
the  proposed  method.  (Korn-PTT) 
W9 1-06822 

MICRONUCLEUS  ASSAY  IN  ANODONTA 
CYGNEA  FOR  THE  DETECTION  OF  DRINK- 
ING WATER  MUTAGENICITY. 

Pisa  Univ.  (Italy).  Dipt,  di  Scienze  dell'Ambiente  e 

del  Territorio. 

R.  Scarpato,  L.  Migliore,  and  R.  Barale. 

Mutation  Research  MUREAV,  Vol.  245,  No.  4,  p 

231-237,   December,    1990,   2   fig,   3   tab,   29   ref. 

Descriptors:  'Analytical  methods,  'Bioassay, 
•Drinking  water,  'Mutagenicity,  'Pollutant  identi- 
fication, 'Water  treatment,  Bioaccumulation,  Bi- 
valves, Chlorination,  Culturing  techniques,  Geno- 
toxicity,  Gills,  Mussels. 

A  micronucleus  test  in  gill  cells  of  the  freshwater 
mussel  Anodonta  cygnea  is  proposed  for  the  detec- 
tion of  drinking  water  genotoxicity.  Animals  were 
exposed  for  28  days  to  a  drinking  water  sample  and 
collected  every  week.  Highly  significant  increases 
in  spontaneous  micronuclei  (MN)  frequency  were 
observed  at  each  sampling,  especially  after  13  days 
of  exposure.  As  positive  control  2  doses  of  myto- 
micin  C  were  used  (0.00000001  and  0.0000001  M). 
A  second  experiment  was  performed  at  a  munici- 
pal waterworks  in  order  to  assess  the  role  of  water 
treatment  processes  in  the  production  of  mutagenic 
compounds.  The  most  prevalent  genotoxic  effects 
were  detected  after  chlorination  (mean:  10.47% 
plus  or  minus  3.05,  p< 0.001).  (Author's  abstract) 
W9 1-06827 

USE  OF  A  STANDPIPE  TO  EVALUATE 
GROUND  WATER  SAMPLERS. 

Geological  Survey,  Stennis  Space  Center,  MS. 
For  primary  bibliographic  entry  see  Field  7B. 
W91-06853 

POLLUTED  WATER  CONCENTRATES:  IN- 
DUCTION OF  GENETIC  ALTERATIONS  IN 
SACCHAROMYCES  CEREVISLAE  D7  STRAIN. 

Buenos  Aires  Univ.  (Argentina).  Dept.  of  Toxicol- 
ogy. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06887 


SURVEY  OF  SAUDI  ARABIAN  DRINKING 
WATER  FOR  TRIHALOMETHANES. 

University  of  Petroleum  and  Minerals,  Dhahran 

(Saudi  Arabia).  Research  Inst. 

N.  M.  Fayad,  and  B.  S.  Tawabini. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  2,  p  305-312, 

February  1990.  2  fig,  2  tab,  19  ref. 

Descriptors:  'Drinking  water,  'Pollutant  identifi- 
cation, 'Saudi  Arabia,  'Trihalomethanes,  'Water 
quality  standards,  'Water  treatment.  Bromides, 
Chlorine,  Gas  chromatography,  Groundwater, 
Hydrogen  ion  concentration.  Organic  carbon,  Re- 
sidual chlorine,  Seawater,  Urban  areas,  Water  pol- 
lution sources,  Water  temperature. 

The  concentrations  of  trihalomethanes  (THMs)  in 
the  drinking  water  of  8  major  cities  in  Saudi 
Arabia  were  determined  by  gas  chromatography 
and  compared  with  Saudi  Arabian  Water  stand- 
ards. Samples  were  collected  July-October  1989. 
Levels  of  total  residual  chlorine  ranged  between 
0.2  and  1.2  ppm.  On  several  occasions,  levels  in 
Hail,  Dammam,  and  Buraydah  exceeded  the  0.5 
ppm  maximum  recommended  level  set  by  the 
Saudi  Arabia  Standards  Organization  (SASO). 
Nonvolatile  total  organic  carbon  levels  were  gen- 
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erally  less  than  0. 1  ppm,  the  detection  limit  of  the 
analyzer.  THM  analysis  showed  that  brominated 
THMs  dominate  with  bromoform  the  most  abun- 
dant species  in  all  samples.  Chloroform  was  the 
least  abundant  THM  throughout  the  survey  area 
because  of  the  high  levels  of  bromide  ion  in  the 
water.  Median  concentration  levels  of  THMs  in  all 
cities  falls  below  10  ppb,  far  below  the  maximum 
allowable  limit  set  by  SASO.  Maximum  levels 
were  found  in  Jeddah  and  Dammam.  especially  at 
stations  where  the  water  pH  was  higher  than  8.5. 
(Doria-PTT) 
W9 1-06896 


BEHAVIORAL    REACTIONS    FOR    THE    AS- 
SESSMENT OF  STRESS  IN  FISHES. 
North  Texas  State  Univ.,  Denton.  Dept.  of  Biolog- 
ical Sciences. 
T.  L.  Beitinger. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
16,  No.  4,  p  495-528,  1990.  1  fig,  8  tab,  208  ref. 

Descriptors:  'Bioindicators,  'Fish,  'Fish  behavior, 
•Great  Lakes,  'Stress,  'Water  pollution  effects, 
Bioassay,  Conferences,  Feeding,  Growth,  Oxygen, 
Physiological  ecology,  Predation,  Reproduction, 
Reviews,  Survival,  Temperature,  Toxicity. 

Behavioral  reactions  of  fishes  are  measurable, 
adaptive  features  which  contribute  to  evolutionary 
fitness  and  can  serve  as  biomarkers  of  stress.  This 
review  summarizes  the  influence  of  numerous  envi- 
ronmental stimuli  on  7  different  behaviors  in  fishes. 
Avoidance-attractance  behavior  does  not  assess  for 
stress,  but  instead  allows  a  fish  to  avoid  stressful 
chemicals.  Temperature  selection  behavior  meets 
several  criteria  of  a  good  indicator  of  stress.  Sever- 
al stimuli  produced  significant  changes  in  selected/ 
avoidance  temperatures  of  various  fishes.  While 
only  a  few  stimuli  caused  an  increase,  several 
resulted  in  a  decrease  in  selected  temperatures. 
Although  conditioned  learning  appears  to  be  a 
sensitive  measure  of  environmentally  induced 
stress,  few  studies  have  been  published,  and  direct 
field  validations  are  not  possible.  A  variety  of 
stimuli  can  disrupt  the  components  of  feedings, 
often  in  the  ppb  range  of  concentrations.  Predator- 
prey  interactions  are  sensitive  to  a  variety  of  stres- 
sors. In  trials  where  only  prey  were  exposed  to  a 
potential  stressor,  94%  of  the  stressors  caused  an 
increase  in  prey  vulnerability,  usually  at  levels  less 
than  96-h  LC50s.  Neither  of  the  other  social  be- 
haviors reviewed,  intraspecific  and  reproductive, 
although  promising,  has  received  large  research 
attention.  There  is  no  single  best  behavioral  bioas- 
say method,  although  depending  upon  effects  and 
mode  of  action,  there  is  probably  a  'best'  behavior- 
al bioassay  for  each  potential  stressor.  (See  W91- 
06920  thru  W9 1-06931)  (Author's  abstract) 
W91-06919 


REVIEW  OF  BIOCHEMICAL  METHODS  AND 
OTHER  INDICATORS  TO  ASSESS  FISH 
HEALTH  IN  AQUATIC  ECOSYSTEMS  CON- 
TAINING TOXIC  CHEMICALS. 

Department  of  Fisheries  and  Oceans,  Burlington 

(Ontario). 

A.  J.  Niimi. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

16,  No.  4,  p  529-541,  1990.  1  tab,  136  ref. 

Descriptors:  'Fish,  'Indicators,  'Water  pollution 
effects,  Bioindicators,  Environmental  effects,  Ge- 
netics, Great  Lakes,  Heavy  metals,  Histology, 
Monitoring,  Physiological  ecology.  Research  pri- 
orities, Reviews,  Surveys,  Tissue  analysis,  Toxicol- 
ogy- 
Whole  animal,  cellular,  biochemical,  and  genetic 
studies  were  reviewed  to  identify  methods  that 
could  be  used  to  assess  the  health  of  fish  from  a 
field  perspective.  The  survey,  which  focused  on 
the  effects  of  chemical  exposure,  indicated  most 
techniques  would  not  be  suitable  for  field  use  be- 
cause threshold  response  levels  were  substantially 
higher  than  most  environmental  chemical  concen- 
trations. These  responses  could  also  be  influenced 
by  biological  and  environmental  factors  which  in- 
crease the  difficulties  of  determining  if  a  change  in 
a  biological  measurement  is  actually  detrimental  to 
fish.  Several  indicators  would  be  required  to  deter- 


mine the  well-being  of  a  natural  fish  population 
because  the  causes  are  likely  to  be  of  multiple 
origin.  Advances  in  assessment  techniques  can 
likely  be  made  at  the  cellular  and  genetic  levels 
because  laboratory  and  field  studies  indicate  these 
indices  are  the  most  sensitive  to  chemical  exposure. 
Chemical  impacts  on  fish  population  health  would 
probably  occur  during  reproduction  as  this  process 
appears  vulnerable  to  chemical  exposure.  (See 
W91-06919  and  W91-06921  thru  W91-06931)  (Au- 
thor's abstract) 
W9 1-06920 


WHOLE-ANIMAL  PHYSIOLOGICAL  PROC- 
ESSES FOR  THE  ASSESSMENT  OF  STRESS  IN 
FISHES. 

North  Texas  State  Univ.,  Denton.  Dept.  of  Biolog- 
ical Sciences. 

T.  L.  Beitinger,  and  R.  W.  McCauley. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
16,  No.  4,  p  542-575,  1990.  3  fig,  9  tab,  173  ref. 

Descriptors:  'Bioindicators,  'Fish,  'Fish  behavior, 
•Physiological  ecology,  'Stress,  'Water  pollution 
effects,  Great  Lakes,  Growth,  Monitoring, 
Oxygen,  Reviews,  Salinity,  Swimming,  Tempera- 
ture, Toxicity. 

General  stress  in  fish  can  often  be  indirectly  re- 
vealed by  standardized  laboratory  tests  in  which 
stresses  and  healthy  individuals  are  compared. 
Various  techniques  by  which  selected  physiologi- 
cal processes  of  whole  animals  are  used  to  detect 
stress  are  reviewed  and  evaluated.  Reviewed  tests 
fall  into  three  categories.  In  the  first,  the  resistance 
is  measured  in  fish  challenged  by  clearly  definable 
stressors  such  as  temperature,  oxygen,  and  salinity. 
These  methods  have  the  advantage  of  economy  of 
time,  effort,  and  equipment.  In  the  second  catego- 
ry, highly  integrative  physiological  activities  such 
as  growth  and  swimming  are  quantified.  The  third 
category  comprises  methods  of  monitoring  experi- 
mental subjects  exposed  to  water-borne  pollutants. 
The  cough-reflex  test,  for  instance,  estimates  stress 
from  relationships  between  chemical  concentration 
and  cough  frequency.  A  more  sophisticated  ap- 
proach is  multiparameter  monitoring,  which  may 
lead  to  an  understanding  of  the  nature  of  the 
morbidity  of  stressed  fish.  Here,  continuous 
records  are  made  of  many  body  functions  simulta- 
neously. Although  no  single  method  appears  to  be 
the  most  sensitive  for  all  stressors,  there  is  a  best 
method  for  each  stressor,  depending  on  its  effects. 
Investigators  must  choose  a  technique  suitable  to 
the  fish  species,  the  laboratory  facility,  and  the 
potential  stressor.  (See  W9 1-069 19  and  W9 1-06920 
and  W9 1-06922  thru  W9 1-06931)  (Author's  ab- 
stract) 
W9 1-06921 


CRITICAL  APPRAISAL  OF  POPULATION  AP- 
PROACHES IN  ASSESSING  FISH  COMMUNI- 
TY HEALTH. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

D.  L.  DeAngelis,  L.  W.  Barnthouse,  W.  Van 
Winkle,  and  R.  G.  Otto. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
16,  No.  4,  p  576-590,  1990.  9  fig,  4  tab,  29  ref. 
EPRI  Contract  RP2932-2  (DOE  ERD-87-672)  and 
DOE  Contract  DE-AC05-84OR214O0. 

Descriptors:  'Bioindicators,  'Environmental  moni- 
toring, 'Fish  populations,  'Physiological  ecology, 
•Water  pollution  effects,  Computers,  Fish  physiol- 
ogy. Great  Lakes,  Mathematical  models,  Popula- 
tion dynamics,  Stress. 

The  characteristics  of  a  fish  population  that  is 
healthy  from  the  standpoint  of  human  exploitation 
include  its  ability  to  produce  numerous  healthy, 
fecund,  and  normal-sized  adults  and  to  resist  or 
rebound  from  short-term  stresses.  These  character- 
istics can  generally  be  expressed  in  terms  of  the 
population  staying  within  a  certain  range  of  values 
in  abundance,  age  structure,  length  and  weight 
structure,  condition  factor,  and  sex  ratio.  Some  of 
the  traditional  approaches  used  in  studying  fish 
populations  are  reviewed  and  it  is  shown  that,  at 
best,  only  some  of  the  above  population  character- 
istics can  be  evaluated  using  these  traditional  ap- 


proaches. The  individual-based  modeling  approach 
is  an  alternative  to  traditional  models  that  permits 
explicit  representation  of  the  feedback  between  the 
differing  physiological  states  of  individual  mem- 
bers of  the  population  and  their  ability  to  feed, 
grow,  reproduce,  and  avoid  disease  and  predation. 
It  may  be  superior  for  describing  and  predicting 
population  health.  An  example  of  this  approach  is 
presented  that  illustrates  the  aspects  of  fish  popula- 
tion dynamics  that  even  the  simpliest  individual 
based  models  can  describbed  as  growth,  survival, 
and  predation.  (See  W9 1-069 19  thru  W9 1-06921 
and  W91-06923  thru  W91-06931)  (Author's  ab- 
stract) 
W9 1-06922 


USING  LAKE  TROUT  AS  A  SURROGATE  OF 
ECOSYSTEM  HEALTH  FOR  OLIGOTROPHIC 
WATERS  OF  THE  GREAT  LAKES. 
North  Central  Forest  Experiment  Station,  Rhine- 
lander,  WI.  Forestry  Sciences  Lab. 
C.  J.  Edwards,  R.  A.  Ryder,  and  T.  R.  Marshall. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
16,  No.  4,  p  591-608,   1990.  2  fig,   1  tab,  88  ref. 

Descriptors:  'Bioindicators,  'Fish  populations, 
•Great  Lakes,  *01igotrophic  lakes,  *Trout,  Com- 
puters, Environmental  monitoring,  Environmental 
protection,  Expert  systems,  Fish  management. 
Food  chains,  Habitats,  Lakes,  Water  pollution  ef- 
fects. 

The  lake  trout  was  selected  as  an  exemplary  orga- 
nism for  the  detection  of  the  well-being  of  oligo- 
trophy portions  of  the  Great  Lakes.  The  suitability 
of  the  lake  trout  derives  from  the  fact  that  it 
occupies  a  sensitive,  integrative  node  at  the  top 
trophic  level  of  the  system.  There,  in  its  role  as  a 
terminal  predator,  the  lake  trout  acts  as  a  major 
controlling  factor  over  the  remainder  of  the  cold- 
water  community.  To  provide  a  practical  means 
for  management  application  of  the  lake  trout  as  an 
oligotrophic  ecosystem  surrogate,  a  dichotomous 
key  was  devised  and  subsequently  upgraded  to  a 
menu-driven,  computer-based  expert  system.  This 
system  was  designed  explicitly  for  ecosystem  man- 
agers to  rapidly  detect  the  relative  state  of  health 
of  an  oligotrophic  ecosystem.  It  focuses  specifical- 
ly on  questions  dealing  with  the  niche  characteris- 
tics and  habitat  requirements  of  the  lake  trout.  An 
optional  printed  output  not  only  describes  the  rela- 
tive state  of  the  system,  but  also  underlines  the 
areas  of  greatest  degradation  and  points  out  cur- 
rent information  needs.  Preliminary  testing  of  the 
dichotomous  key  on  each  of  the  Great  Lakes  has 
shown  its  value  as  a  first  logical  and  necessary  step 
in  the  process  of  system  rehabilitation.  (See  W91- 
06919  thru  W91-06922  and  W91-06924  thru  W91- 
06931)  (Author's  abstract) 
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CHALLENGES  IN  THE  DETECTION  AND  DI- 
AGNOSIS OF  PATHOLOGICAL  CHANGE  IN 
AQUATIC  ECOSYSTEMS. 

Ottawa  Univ.  (Ontario).  Dept.  of  Biology. 

D.  J.  Rapport. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

16,  No.  4,  p  609-618,  1990.  1  tab,  37  ref. 

Descriptors:  'Environmental  monitoring,  'Envi- 
ronmental protection,  'Indicators,  'Pollutant  iden- 
tification, 'Water  pollution  effects,  Baltic  Sea,  Es- 
tuaries, Great  Lakes,  Reviews,  Stress. 

There  are  a  number  of  challenges  in  developing 
better  tools  for  the  detection  and  diagnosis  of 
pathological  change  in  ecosystems.  The  use  of 
indicators  can  be  improved  by  adopting  a  pluralis- 
tic approach  rather  than  relying  on  any  one  type  of 
measure  of  ecosystem  health.  Such  an  approach 
would  best  meet  the  need  for  three  functions  that 
indicators  should  serve  in  the  context  of  ecosystem 
health:  (1)  utility  in  diagnosis  of  pathological 
changes  in  ecosystems;  (2)  utility  as  an  early  warn- 
ing indicator  of  ecosystem  breakdown;  and  (3) 
utility  in  reflecting  ecosystem  integrity.  Under- 
standing ecosystem  breakdown  and  rehabilitation 
processes  is  enhanced  by  correlating,  over  space 
and  time,  the  appearances  of  symptoms  of  patho- 
logical  change   with  changes  in   stress  loadings. 
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Such  analyses,  illustrated  by  a  case  study  of  Kyr- 
onjoki  estuary  (Baltic  Sea),  are  complex  owing 
both  to  discontinuities  in  the  response  of  ecosys- 
tems to  stress,  and  to  lags  between  the  onset  of 
stress  and  ecosystem  response.  As  the  practice  of 
'ecosystem  medicine'  evolves,  much  is  to  be  gained 
by  shifting  the  emphasis  from  'curative'  to  'preven- 
tive' aspects.  Such  an  approach  would  suggest 
bolstering  ecosystem  coping  responses  to  stress, 
thereby  promoting  greater  immunity  to  the  nega- 
tive impacts  of  cultural  disturbance.  (See  W91- 
06919  thru  W91-06923  and  W91-06925  thru  W91- 
06931)  (Author's  abstract) 
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NEW  STRATEGIES  FOR  GREAT  LAKES  TOXI- 
COLOGY. 

International  Joint  Commission-United  States  and 

Canada,  Windsor  (Ontario). 

M.  Gilbertson,  G.  A.  Fox,  M.  Henry,  and  J.  P. 

Ludwig. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

16,  No.  4,  p  625-627,  1990. 

Descriptors:  *Environmental  policy,  *Fish  man- 
agement, 'Great  Lakes,  'Pollutant  identification, 
•Toxicology,  Chemical  analysis,  Economic  as- 
pects, Food  chains,  Political  aspects,  Standards, 
Water  pollution  control,  Water  pollution  effects, 
Wildlife  management. 

The  strategy  used  by  fisheries  scientists  to  try  to 
protect  the  Great  Lakes  fisheries  resources  has 
been  to  use  analytical  chemistry  to  determine  con- 
centrations of  chemicals  in  the  Great  Lakes  envi- 
ronment and  compare  results  with  standards  de- 
rived from  laboratory  toxicology.  In  contrast, 
wildlife  biologists  initiated  their  work  by  observing 
actual  anomalies  in  wild  populations;  these  initial 
observations  were  followed  by  epidemiological 
studies.  Eventually,  standards  could  be  developed 
for  sensitive  organisms  at  the  top  of  the  food  chain. 
Fisheries  biologists  have  traditionally  been  more 
closely  linked  to  the  authorities  regulating  water 
pollution  than  have  the  wildlife  biologists.  Thus, 
while  advances  were  made  in  controlling  conven- 
tional pollutants,  until  recently  only  marginal  im- 
provements were  made  in  controlling  persistent 
toxic  substances  that  were  bioaccumulated.  New 
strategies  must  include  new  ways  for  managers  and 
researchers  to  exchange  information  on  chemically 
induced  epizootics.  Legitimate  outlets  must  be 
found  for  valid  scientific  information  to  enter  the 
regulatory  process  without  political  and  economic 
forces  being  brought  to  bear  to  censor  the  message 
or  censure  the  messenger.  A  return  to  the  scientific 
method  would  bring  relevance  to  biological  and 
toxicological  studies  and  relief  to  researchers  both 
in  the  laboratory  and  in  the  field.  (See  W91-06919 
thru  W91-06925  and  W91-06927  thru  W91-06931) 
(Doria-PTT) 
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FISH  COMMUNITY  HEALTH  ASSESSMENT: 
A  USEFUL  CONCEPT. 

Institut  Maurice-Lamontagne,  Mont-Joli  (Quebec). 
P.  V.  Hodson. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
16,  No.  4,  p  628-630,  1990.  2  ref. 

Descriptors:  'Bioindicators,  •Environmental  man- 
agement, •Environmental  monitoring,  *Fish  man- 
agement, 'Great  Lakes,  *Water  pollution  effects, 
Aquatic  environment,  Commercial  fishing,  Fish 
populations,  Lake  restoration,  Lakes,  Sport  fishing, 
Toxicity. 

The  idea  of  fish  community  health  assessment 
arose  from  a  concern  by  the  Great  Lakes  Fisheries 
Commission  that  toxic  chemicals  could  affect  fish 
production  and  reduce  commercial  and  sports  fish- 
eries. The  purpose  of  a  assessment  program  should 
be:  (1)  prevention,  to  predict  and  forestall  chemical 
effects  on  fish,  fisheries,  and  the  ecosystems  that 
support  fish;  (2)  recognition,  to  identify  the  role  of 
chemical  toxicity  in  impaired  fisheries  and  to  diag- 
nose the  chemical  or  suite  of  chemicals  causing 
these  problems;  and  (3)  remedial  actions,  to  meas- 
ure the  success  of  programs  of  pollution  control 
and  of  fisheries  rehabilitation.  To  recognize  prob- 
lems, to  protect  fish,  and  to  rehabilitate  fisheries, 


monitoring  schemes  based  on  relatively  simple  and 
rapid  methods  are  needed  where  the  understanding 
of  toxic  mechanisms  and  their  ecological  relevance 
are  linked  by  well  thought  out  case  studies.  Given 
the  lag  time  in  recognizing  and  correcting  pollu- 
tion problems,  one  cannot  afford  to  rely  on  fish 
communities  as  the  primary  indicator  of  chemical 
effects.  Fish  community  health  is  too  narrow  a 
concept  to  encompass  management  and  research 
needs  to  detect  chemical  effects  on  fish.  (See  W91- 
06919  thru  W91-06926  and  W91-06928  thru  W91- 
06931)  (Doria-PTT) 
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COMMENTARY  ON  FISH  COMMUNITY 
HEALTH:  MONITORING  AND  ASSESSMENT 
IN  LARGE  LAKES. 

Case    Western    Reserve    Univ.,    Cleveland,    OH. 

Dept.  of  Biology. 

J.  F.  Koonce. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

16,  No.  4,  p  631-634,  1990.  2  fig,  1  ref. 

Descriptors:  *Bioindicators,  *Environmental 
policy,  »Fish  management,  *Great  Lakes,  *Water 
pollution  effects,  *Water  quality  management,  Ad- 
ministrative agencies,  Aquatic  environment,  Con- 
ferences, Decision  making,  Lake  Ontario,  Lakes, 
Oligotrophic  lakes. 

A  fundamental  criticism  of  the  notion  of  communi- 
ty health  and  its  utility  in  ecosystem  management 
is  the  absence  of  criteria  to  judge  the  value  of 
indicators  of  health.  Evaluation  of  any  indicator  of 
fish  community  health  raises  the  questions:  who 
needs  it,  what  information  should  it  impart  to  the 
user,  and  what  are  the  desirable  properties  of  indi- 
cators. From  a  fish  community  perspective,  these 
questions  are  not  easily  answered.  Use  of  lake  trout 
as  a  surrogate  for  ecosystem  health  of  oligotrophic 
waters  of  the  Great  Lakes  illustrates  this  dilemma. 
Trends  of  ecosystem  health  of  Lake  Ontario  since 
1973  indicate  that  the  lake  was  in  a  degraded  state 
in  1973  and  has  not  improved  despite  massive 
efforts  to  restore  its  water  quality  and  fish  commu- 
nities. However,  from  a  fishery  perspective,  Lake 
Ontario  is  a  success  story.  In  the  current  manage- 
ment of  large  systems  like  Lake  Ontario,  it  is  not 
possible  to  link  actions  and  indicators  of  ecosystem 
health  because  there  is  no  common  relation  be- 
tween indicators  and  end  points  of  restoration 
among  the  management  agencies  and  jurisdictions 
responsible  for  the  health  of  the  lake.  Solving  this 
problem  will  require  a  new  framework  for  inte- 
grated management  of  ecosystems.  (See  W91- 
06919  thru  W9 1-06927  and  W9 1-06929  thru  W91- 
06931)  (Doria-PTT) 
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DETERMINING  THE  HEALTH  OF  FISH  COM- 
MUNITIES: PARALLELS  WITH  HUMAN 
MEDICINE. 

Wilfrid  Laurier  Univ.,  Waterloo  (Ontario).  Dept. 

of  Biology. 

R  W  McCauley. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

16,  No.  4,  p  635-636,  1990. 

Descriptors:  'Environmental  monitoring,  •Envi- 
ronmental policy,  'Fish  management,  •Pollutant 
identification,  *Water  pollution  effects,  Bioindica- 
tors,  Environmental  protection,  Great  Lakes,  Indi- 
cators, Lake  restoration. 

It  is  evident  that  there  is  an  analogy  between  the 
monitoring  of  health  of  ecosystems  with  that  of 
human  patients  using  simple  clinical  measurements 
and  procedures.  Fever  thermometers'  for  fisheries 
take  the  form  of  a  variety  of  physiological,  bio- 
chemical, and  behavioral  tests  that  can  be  used  on 
individual  fish  to  assess  the  level  and,  in  some 
instances,  the  nature  of  the  stress.  A  growing  pro- 
portion of  unhealthy  fish  may  result  in  unhealthy 
populations.  Routine  examinations  of  fish  can  alert 
biologists  that  something  is  seriously  amiss  and 
suggest  steps  that  can  be  taken  to  prevent  further 
deterioration  of  the  environment.  The  fisheries 
manager,  like  the  physician,  must  attempt  to  take  a 
holistic  view  of  the  health  of  the  ecosystem  and 
implement  changes  which,  on  the  basis  of  experi- 
ence, will  cure  or  prevent  ill  health  of  the  patient. 


The  methods  and  suggestions  in  this  symposium 
should  aid  biologists  in  their  attempts  to  diagnose 
ecosystem  ill  health  with  economy  of  effort  while 
there  is  still  time  to  save  the  'patient.'  (See  W91- 
06919  thru  W9 1-06928  and  W9 1-06930  thru  W91- 
06931)  (Doria-PTT) 
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OBSERVATIONS  ON  FISH  COMMUNITY 
HEALTH. 

Environmental  Protection  Agency,  Chicago,  IL. 

Great  Lakes  National  Program  Office. 

W.  A.  Willford. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

16,  No.  4,  p  637-638,  1990. 

Descriptors:  'Environmental  monitoring,  •Envi- 
ronmental policy,  *Fish  management,  *Great 
Lakes,  'Water  pollution  effects,  Conferences,  En- 
vironmental protection,  International  agreements, 
Water  quality  management. 

Within  the  context  of  the  Great  Lakes  Water  Qual- 
ity Agreement,  the  reason  for  measuring  ecosystem 
'health'  is  the  need  to  determine  whether  and  how 
the  activities  and  programs  of  man  are  affecting 
the  Great  Lakes.  However,  the  Great  Lakes  com- 
munity has  been  unable  to  identify  and  implement 
monitoring  programs  sufficient  to  allow  meaning- 
ful evaluation  of  biotic  resources.  As  specific  bio- 
logical objectives  against  which  monitoring  pro- 
grams can  be  compared  evolve  and  become  ac- 
cepted, there  will  be  increased  support  for  pro- 
grams to  measure  the  biological  status  of  the  Great 
Lakes  relative  to  the  objectives.  Although  there 
remain  technical  issues  regarding  the  selection  of 
appropriate  indicators  of  fish  community  health, 
the  resolution  of  these  issues  and  implementation  of 
monitoring  and  assessment  programs  is  not  cur- 
rently one  of  science  but  rather  the  establishment 
of  goals  against  which  progress  can  be  measured. 
If  the  premise  is  correct  that,  without  resource 
goals,  there  will  be  little  progress  toward  imple- 
menting measures  of  fish  community  health,  then  it 
is  evident  that  those  interested  in  seeing  such  meas- 
ures established  must  apply  their  efforts  in  the 
immediate  future  toward  the  development  of  those 
goals.  (See  W9 1-069 19  thru  W9 1-06929  and  W91- 
06931)  (Doria-PTT) 
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ASSESSMENT  AND  MANAGEMENT  OF  FISH 
COMMUNITY  HEALTH  IN  THE  GREAT 
LAKES:  SYNTHESIS  AND  RECOMMENDA- 
TIONS. 

Ontario  Ministry  of  Natural  Resources,  Maple. 
Fisheries  Branch. 

D.  O.  Evans,  G.  J.  Warren,  and  V.  W.  Cairns. 
Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 
16,  No.  4,  p  639-669,  1990.  2  fig,  2  tab,  170  ref. 

Descriptors:  'Environmental  protection,  'Fish 
management,  'Great  Lakes,  'Pollutant  identifica- 
tion, 'Water  pollution  effects,  Monitoring,  Reha- 
bilitation, Stress. 

A  perspective  on  fish  community  health  is  sought 
to  serve  as  a  conceptual  framework  for  assessing 
the  effects  of  toxic  chemicals  and  other  anthropo- 
genic influences  on  fish  communities  in  the  Great 
Lakes.  Methods  employed  for  fish  health  investiga- 
tions in  the  Great  Lakes  span  molecular  to  ecosys- 
tem approaches,  reflecting  the  diversity  of  stres- 
sors operating  on  the  fish  communities,  but  have 
tended  to  be  applied  within  relatively  narrow  disci- 
plinary perspectives.  There  is  a  need  for  broader 
perspectives  and  interdisciplinary  investigation  of 
the  effects  of  toxic  chemicals  and  other  stressors. 
The  adoption  of  a  field-oriented  epidemiological 
approach  is  recommended  for  monitoring  and  as- 
sessment of  fish  community  health,  supported  by 
transdisciplinary  investigative  teams  for  ecosystem 
problems  requiring  diagnostic  and  remedial  activi- 
ties. It  is  suggested  that  Areas  of  Concern  under 
Annex  2  of  the  1978  Great  Lakes  Water  Quality 
Agreement  be  used  as  sites  for  comparative  man- 
agement experiments  involving  deliberate  manipu- 
lation of  ecosystem  processes,  not  only  to  rehabili- 
tate these  areas,  but  also  to  improve  understanding 
of  the  structural  and  functional  properties  of  these 
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systems,  and  to  provide  feedback  for  adjustment  of 
the  selected  management  options.  (See  W9 1-069 19 
thru  W9 1-06930)  (Doria-PTT) 
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ANALYSIS  OF  SULFUR  IN  SOIL,  PLANT  AND 
SEDIMENT  MATERIALS:  SAMPLE  HAN- 
DLING AND  USE  OF  AN  AUTOMATED  ANA- 
LYZER. 

Illinois  Univ.,  Urbana.  Dept.  of  Forestry. 

M.  B.  David,  M.  J.  Mitchell,  D.  Aldcorn,  and  R. 

B.  Harrison. 

Soil  Biology  &  Biochemistry  SBIOAH,  Vol.  21, 

No.  1,  p  1 19-123,  1989.  5  fig,  2  tab,  12  ref. 

Descriptors:  'Acid  rain,  'Analytical  methods,  •In- 
strumentation, 'Path  of  pollutants,  'Sediment  anal- 
ysis, 'Soil  analysis,  'Sulfates,  *Sulfur,  Automation, 
Sample  preparation,  Sample  preservation,  Sam- 
pling, Statistical  analysis,  Vegetation. 

Methods  for  analyzing  soil,  vegetation  and  sedi- 
ment samples  for  total  sulfur  and  handling  soil 
samples  for  analysis  of  sulfur  constituents  were 
examined.  A  LECO  automated  total  sulfur  analyz- 
er (SC-132)  was  used  for  analysis  of  vegetation, 
sediments  and  soil  samples.  Older  LECO  models 
using  an  induction  furnace  and  a  titration  proce- 
dure have  been  found  to  be  unsuitable  for  soil 
sulfur  analysis.  Newer  models  using  a  high  temper- 
ature furnace  combined  with  an  infrared  detector 
had  not  been  evaluated.  Results  form  the  LECO 
analyzer  compared  favorably  with  other  currently 
used  total  sulfur  techniques  such  as  alkaline  oxida- 
tion. Calibrating  the  instrument  on  soil  or  vegeta- 
tion standards  using  two  combustion  accelerators 
improved  accuracy  and  recovery.  The  upper  99% 
confidence  interval  relative  standard  deviation 
values  for  duplicate  samples  using  the  LECO  ana- 
lyzer were  <  15%  for  mineral  soil,  <8%  for  forest 
floor  and  <3%  for  sediment  samples.  Sample  anal- 
ysis takes  <  3  min  and  provides  a  direct  readout  of 
the  total  sulfur  value.  Freeze-drying  soil  samples 
caused  minor  changes  (<15%)  in  sulfur  constitu- 
ent analyses  (Zn-HCl  reduction,  HI-S  and  extracta- 
ble  sulfate)  when  compared  to  fresh  (field  moist, 
refrigerated)  samples.  Oven  drying  at  65  C  caused 
greater  changes  in  soils  than  freeze-drying,  primar- 
ily in  extractable  sulfate.  (Author's  abstract) 
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DETERMINATION  OF  SOLUBLE  SELENIUM 
IN  SOILS. 

Kyoto  Univ.  (Japan).  Dept.  of  Agricultural  Chem- 
istry. 

H.  Yamada,  and  T.  Hattori. 

Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  1,  p 
163-166,  1990.  2  fig,  1  tab,  7  ref. 

Descriptors:  'Analytical  methods,  •Selenium, 
•Soil  chemistry,  *Soil  solution,  *Soils,  'Statistical 
analysis,  High  performance  liquid  chromatogra- 
phy, Japan,  Plant  physiology,  Soil  analysis,  Soil- 
water  relationships. 

Although  the  selenium  (Se)  content  in  a  plant  is 
considered  to  reflect  the  content  in  the  soil  where 
the  plant  grows,  the  chemical  form  of  the  Se 
absorbed  by  the  plants  from  soils  has  not  as  yet 
been  well  documented.  Soluble  Se  dissolved  from 
soils  with  water  or  aqueous  salt  solution  is  consid- 
ered to  be  the  main  form  available  to  plants  and  the 
relation  between  the  Se  content  of  plants  and  the 
concentration  os  soluble  Se  in  soils  has  been  stud- 
ied. A  method  for  the  determination  of  trace 
amounts  of  Se  using  high  performance  liquid  chro- 
matography (HPLC)  with  fluorescence  detection 
has  been  reported.  By  this  method  the  total  amount 
of  Se  in  soils  could  be  determined  with  a  high 
reproducibility  and  sensitivity.  The  application  of 
the  HPLC  method  as  a  simple  and  rapid  method  of 
determination  of  soil  soluble  Se  was  evaluated.  The 
determined  values  of  soil  extracts  were  reproduci- 
ble with  a  relative  standard  deviation  of  1.6  and 
1.35,  and  satisfactory  recoveries  of  added  Se  were 
obtained.  (Author's  abstract) 
W9 1-06970 


IMMUNOASSAYS  TO  DETECT  AND  QUANTI- 
TATE  HERBICIDES  IN  THE  ENVIRONMENT. 


Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 
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McDermott. 

Weed  Technology  WETEE9,  Vol.  4,  No.  2,  p  226- 

234,  April/June  1990.  5  fig,  3  tab,  23  ref. 

Descriptors:  •Analytical  methods,  'Immunoassay, 
•Immunochemistry,  'Pesticides,  'Pollutant  identi- 
fication, 'Quantitative  analysis,  Biochemical  tests, 
Chromatography,  Detection  limits,  Phenoxy  acid 
herbicides,  Trace  levels. 

Immunochemical  techniques  offer  many  advan- 
tages over  chromatographic  methods  used  for  pes- 
ticide trace  analysis  of  substrates  such  as  soil, 
water,  plants,  urine  and  blood.  These  advantages 
include  speed  of  processing  samples,  high  specifici- 
ty for  detecting  a  pesticide,  reduced  amount  of 
preparation  and  cleanup  of  the  sample  before  anal- 
ysis, and  a  dramatic  increase  in  the  number  of 
samples  that  can  be  analyzed.  Immunoassays  are 
based  on  the  principle  that  antibodies  to  pesticides 
can  be  prepared,  in  animals,  that  can  recognize  and 
attach  with  specificity  to  certain  chemical  configu- 
rations on  the  surface  of  a  molecule.  Small  mole- 
cules such  as  herbicides  usually  are  not  immuno- 
genic but  can  be  made  so  by  chemically  bonding 
them  to  a  large  immunogenic  protein  such  as 
bovine  serum  albumin  (BSA)  before  injection  into 
an  animal.  To  produce  the  antibodies  needed  for  an 
herbicide-specific  immunoassay,  animals  such  as 
New  Zealand  white  rabbits  are  injected  subcutan- 
eously  with  a  solution  containing  the  herbicide/ 
BSA  (herbicide  bound  to  BSA).  Serum  is  prepared 
from  the  blood  and  antibodies  in  the  serum  can 
then  be  used  directly  for  an  immunoassay  of  puri- 
fied from  the  serum  by  simple  biochemical  tech- 
niques. Three  basic  types  of  immunoassays  can  be 
used  to  detect  herbicides:  indirect  enzyme-linked 
immunosorbent  assay  (ELISA),  direct  ELISA,  and 
radioimmunoassay  (RIA).  The  principles  behind 
monoclonal  antibody  production  are  outlined  and 
immunoassays  using  polyclonal  and  monoclonal 
antibodies  are  compared.  Specific  reference  is 
made  to  the  development  and  use  of  indirect 
ELISA  and  RIA  procedures  for  trace  analysis  of 
2,4-D  and  picloram.  (Agostine-PTT) 
W9 1-06990 


VALIDATION  OF  A  FOUR-DAY  CERIODAPH- 
NIA  TOXICITY  TEST  AND  STATISTICAL 
CONSIDERATIONS  IN  DATA  ANALYSIS. 

Procter  and  Gamble  Co.,  Cincinnati,  OH.  Environ- 
mental Safety  Dept. 

J.  A.  Masters,  M.  A.  Lewis,  D.  H.  Davidson,  and 
R.  D.  Bruce. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  47-55,  1991.  3  fig,  2 
tab,  38  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Cerio- 
daphnia,  'Laboratory  methods,  'Pentachloro- 
phenol,  'Phenols,  'Surfactants,  'Test  procedures, 
•Toxicity,  •Toxicology,  Cadmium,  Data  interpre- 
tation, Glycols,  Heavy  metals,  Lead,  Municipal 
wastewater,  Statistical  analysis. 

The  technical  feasibility  of  a  shorter  alternative  to 
the  U.S.  Environmental  Protection  Agency 
(EPA)-recommended  7-day  chronic  toxicity  test 
with  Ceriodaphnia  dubia  was  evaluated.  The  re- 
sults of  4-day  and  7-day  Ceriodaphnia  dubia  toxici- 
ty tests,  conducted  concurrently,  were  compared 
using  treated  municipal  effluent,  metals  (cadmium 
and  lead),  PCP,  ethylene  glycol,  phenol  and  sur- 
factants. The  experimental  technique  was  similar 
for  both  studies  with  the  exception  of  the  duration 
and  age  of  the  test  species  at  test  initiation.  The  4- 
day  static-renewal  test  was  initiated  with  3-day-old 
Ceriodaphnia  dubia,  and  1 -day-old  organisms  were 
used  in  the  7-day  tests.  The  chronic  values  of  the 
replicated  studies,  based  on  survival  and  young 
production,  were  within  a  factor  of  two  in  approxi- 
mately 70%  of  the  total  tests  conducted  and  in  all 
tests  conducted  with  municipal  effluent.  Based  on 
the  available  results,  the  4-day  toxicity  study  ap- 
pears to  be  a  technically  valid  alternative  to  the 
EPA-recommended  7-day  test,  particularly  for 
treated  municipal  effluent.  An  important  factor  in 
toxicity  testing  is  the  use  of  valid  statistical  proce- 
dures.  The  validity  of  the  various  methods  for 


Ceriodaphnia  dubia  depends  upon  their  appropri- 
ate use;  however,  it  is  difficult  to  justify  the  wide- 
spread use  of  multiple  comparison  methods,  par- 
ticularly Dunnett's  procedure  which  is  ideally  ap- 
plied to  methods  that  depend  on  concentration  of 
the  test  compound.  (Author's  abstract) 
W9 1-06994 


MITOCHONDRIAL  RESPONSE  TO  CHLORO- 
PHENOLS  AS  A  SHORT-TERM  TOXICITY 
ASSAY. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06995 


EFFORT-ALLOCATION  ANALYSIS  OF  THE 
SEVEN-DAY  FATHEAD  MINNOW  (PIME- 
PHALES  PROMELAS)  AND  CERIODAPHNIA 
DUBIA  TOXICITY  TESTS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

L.  A.  Kszos,  and  A.  J.  Stewart. 
Environmental       Toxicology      and       Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  67-72,  1991.  1  fig,  1 
tab,  7  ref.  Department  of  Energy  Contract  DE- 
AC05-84OR21400. 

Descriptors:  •Bioassay,  'Bioindicators,  'Cerio- 
daphnia, 'Fathead  minnows,  'Test  procedures, 
•Toxicity,  'Toxicology,  Cost  analysis,  Permits, 
Quality  control,  Water  quality  control. 

Water  quality-based  limits  are  receiving  greater 
emphasis  in  National  Pollutant  Discharge  Elimina- 
tion System  permits.  These  permits  often  contain 
requirements  for  conducting  acute  or  chronic  tox- 
icity tests  of  wastewater  and/or  ambient  receiving 
waters.  The  effort  (in  person-hours  per  test,  ph/t) 
required  to  conduct  the  7-day  fathead  minnow 
(Pimephales  promelas)  larval  survival  and  growth 
test  is  analyzed  along  with  the  7-day  Ceriodaphnia 
dubia  survival  and  reproduction  test,  and  various 
tasks  that  are  associated  with  these  two  static- 
renewal  tests  (e.g.,  maintaining  cultures  of  the  test 
animals,  water  chemistry  analyses,  quality  assur- 
ance/quality control  needs,  sampling,  and  report- 
ing). This  analysis  shows  that  all  of  these  tasks 
require  53.6  ph/t.  For  six  samples  (e.g.,  five  ambi- 
ent samples  plus  a  control,  or  five  concentrations 
of  an  effluent  plus  a  control),  the  fathead  minnow 
test  requires  6.9  ph/t  and  the  Ceriodaphnia  test 
requires  5.8  ph/t.  The  effort  needed  to  maintain 
fathead  minnow  cultures  is  approximately  equal  to 
that  needed  to  maintain  C.  dubia  for  water  chemis- 
try analyses  (six  samples),  5.5  ph/t  for  test  prepara- 
tion and  takedown,  4.0  ph/t  for  quality  assurance/ 
quality  control  (QA/QC),  6.0  ph/t  for  report  writ- 
ing, and  7.0  ph/t  for  sampling.  These  consider- 
ations, in  conjunction  with  the  requirements  that  a 
laboratory's  QA/QC  representative  not  be  a  part 
of  the  testing  procedures  themselves  and  that  the 
test  last  for  7  days,  indicate  that  at  least  four  people 
may  be  needed  to  perform  all  of  the  tasks.  The 
maintenance  of  fathead  minnow  and  C.  dubia  cul- 
tures may  be  cost-effective  only  if  a  laboratory 
conducts  several  tests  per  month.  (Author's  ab- 
stract) 
W9 1-06996 


USE  OF  RESPIRATORY-CARDIOVASCULAR 
RESPONSES  OF  RAINBOW  TROUT  (ONCOR- 
HYNCHUS  MYKISS)  IN  IDENTIFYING 
ACUTE  TOXICITY  SYNDROMES  IN  FISH: 
PART  4.  CENTRAL  NERVOUS  SYSTEM  SEI- 
ZURE AGENTS. 

Environmental  Research  Lab  -Duluth,  MN. 
S.  P.  Bradbury,  R  W.  Carlson,  G.  J.  Niemi,  and  T. 
R.  Henry. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  115-131,  1991.  4  fig,  5 
tab,  44  ref. 

Descriptors:  'Acute  toxicity,  'Bioindicators,  'Fish 
physiology,  'Insecticides,  'Nervous  system,  'Res- 
piration, 'Toxicity,  'Toxicology,  'Trout,  'Water 
pollution  effects,  Chlorinated  hydrocarbon  insecti- 
cides, Chlorpyrifos,  Endosulfan,  Endrin,  Organo- 
phosphorus  pesticides,  Pyrethrins,  Rodenticides. 
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The  respiratory-cardiovascular  responses  of  spinal- 
ly  transected  rainbow  trout  to  acutely  lethal  con- 
centrations of  chlorpyrifos,  cypermethrin,  fenva- 
lerate,  endosulfan,  endrin,  and  strychnine  were  ex- 
amined. Common  to  all  six  toxicants,  the  most 
striking  change  in  respiratory-cardiovascular  pa- 
rameters was  an  increased  cough  frequency.  Venti- 
lation frequency  and  volume  dropped  in  strych- 
nine-exposed trout,  but  both  remained  near  pre- 
dose  levels  (frequency)  or  elevated  (volume)  in  the 
pyrethroid-and  cyclodiene-exposed  trout.  In  chlor- 
pyrifos-intoxicated  trout,  ventilation  frequency  de- 
creased while  volume  increased.  Oxygen  consump- 
tion remained  near  predose  levels  in  the  chlorpyri- 
fos-, pyrethroid-,  and  strychnine-exposed  trout,  but 
increased  dramatically  in  the  cyclodiene-exposed 
trout.  Arterial  oxygen,  carbon  dioxide,  and  pH 
declined  in  all  the  toxicant  groups.  In  the  pyreth- 
roid-and strychnine-exposed  trout,  hematocrit  and 
hemoglobin  levels  tended  to  increase  or  remain 
constant  during  intoxication.  Conversely,  in  the 
chlorpyrifos-exposed  and  cyclodiene-exposed 
trout,  values  for  these  parameters  decreased.  The 
responses  for  these  pesticides  (N  =  23  fish)  were 
combined  with  five  fish  acute  toxicity  syndromes 
(FATS)  (N  =  52  fish)  previously  described  (non- 
polar  narcosis  syndrome,  polar  narcosis  syndrome, 
acetylcholinesterase  inhibitor  syndrome,  respirato- 
ry uncoupler  syndrome,  and  respiratory  irritant 
syndrome)  and  assessed  using  discriminant  function 
analyses.  The  final  analysis  resulted  in  93%  correct 
classification  of  the  trout.  (Author's  abstract) 
W9 1-07001 

CONCENTRATION  OF  ORGANICS  FROM 
AQUEOUS  SOLUTIONS  USING  UNCOATED 
CAPILLARY  COLUMNS. 

Houston  Univ.,  TX.  Dept.  of  Chemistry. 

A.  Ziatkis,  R.  P.  J.  Ranatunga,  and  B.  S. 

Middleditch. 

Analytical  Chemistry  ANCHAM,  Vol.  62,  No.  22, 

p  2471-2478,  November  15,  1990.  3  fig,  7  tab,  18 

ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, "Organic  pollutants,  *  Pollutant  identification, 
•Sample  preparation,  •Separation  techniques, 
•Water  analysis,  Capillarity,  Gas  chromatography, 
Laboratory  methods,  Solute  transport,  Tempera- 
ture effects. 

It  is  necessary  to  carry  out  preconcentration  of 
organics  prior  in  water  to  their  analysis  by  capil- 
lary gas  chromatography.  A  novel  technique  was 
developed  for  the  concentration  of  trace  organics 
in  aqueous  solutions.  Concentration  of  organics  is 
carried  out  by  passage  of  aqueous  samples  through 
uncoated  plastic  and  metal  capillary  tubing.  The 
organic  compounds  are  removed  on  the  walls  of 
the  column  while  the  water  is  allowed  to  elute 
from  the  capillary.  Detailed  investigations  were 
also  carried  out  on  parameters  that  affect  the  effi- 
ciency of  trapping  such  as  the  column  length, 
column  internal  diameter,  column  internal  surface 
area,  trapping  temperature,  solute  concentration, 
ionic  strength  of  aqueous  solutions,  and  the  flow 
rates  of  solutions  through  trapping  capillaries.  Plas- 
tic type  materials,  and  silicone  in  particular,  are 
capable  of  removing  trace  organics  from  solution 
extremely  efficiently.  The  trapping  temperature 
and  the  flow  rate  of  solutions  through  the  columns 
are  important  parameters  that  contribute  to  the 
removal  of  organics.  (Author's  abstract) 
W91-07012 


IDENTIFICATION  AND  DETERMINATION 
OF  HALOGENATED  HYDROCARBONS  IN 
WATERS  OF  GALICIA  (N.  W.  SPAIN)  BY 
HEADSPACE  GAS-CHROMATOGRAPHY. 

Santiago  Univ.  (Spain).  Dept.  de  Analisis  Quimico 
y  Bromatologia-Toxicologia. 
M.  J.  Freiria-Gandara,  A.  Alvarez-Devesa,  R.  A. 
Lorenzo-Ferreira,  and  F.  Bermejo-Martinez. 
Analytical  Letters  ANALBP,  Vol.  23,  No.  10,  p 
1939-1958,  October  1990.  6  fig,  6  tab,  24  ref. 

Descriptors:  *Chlorinated  hydrocarbons,  •Drink- 
ing water,  *Gas  chromatography,  *Halogenated 
hydrocarbons,  'Pollutant  identification,  *Spain, 
Analytical  methods,  Chemical  analysis,  Chloro- 
form, Flame  photometry,  Laboratory  methods, 
Water  quality  standards. 


Gas  chromatography  with  semiautomatic  head- 
space  injection  and  flame  ionization  detection  has 
been  applied  to  the  determination  of  halogenated 
hydrocarbons  in  drinking  water  in  Galicia  (N.W. 
Spain).  Chromatographic  and  injection  parameters 
have  been  optimized  for  quantitative  determination 
with  n-butanol  as  internal  referenece.  Of  the  10 
hydrocarbons  studied,  only  chlorobenzene  and  di- 
bromochoromethane  were  not  found  at  any  site. 
The  most-frequently  found  compounds  were 
carbon  tetrachloride  and  tetrachloroethylene, 
while  the  highest-concentration  compounds  were 
chloroform,  tetrachloroethylene  and  carbon  tetra- 
chloride. In  all  four  provinces,  the  high  limit  of  the 
concentration  range  of  the  chloroform  is  much 
higher  than  the  limit  of  30  ppb  established  by 
WHO;  in  all  four  provinces  the  high  limit  of  the 
concentration  range  of  1,2-dichloroethane  was 
under  the  10  ppb  limit  set  by  WHO.  The  WHO 
limit  of  10  ppb  for  tetrachloroethylene  is  exceeded 
in  La  Coruna  with  198  ppb,  Lugo  with  17  ppb, 
Orense  with  57  ppb  and  Pontevedra  with  41  ppb. 
The  limits  of  3  ppb  set  by  WHO  for  carbon  tetra- 
chloride are  exceeded  in  all  four  provinces.  The 
high  limit  of  the  concentration  range  of  trichlor- 
oethylene  in  La  Coruna,  61  ppb,  is  the  highest  of 
the  provincial  values  and  it  is  above  the  limits 
established  by  WHO.  (Hoskin-PTT) 
W91-07013 

MEMBRANE  FOR  IN  SITU  OPTICAL  DETEC- 
TION OF  ORGANIC  NITRO  COMPOUNDS 
BASED  ON  FLUORESCENCE  QUENCHING. 

New  Hampshire  Univ.,  Durham.  Dept.  of  Chemis- 
try. 

J.  Chen,  and  W.  R.  Seitz. 

Analytica  Chimica  Acta  ACACAM,  Vol.  237,  No. 
2,  p  265-271,  October  15,  1990.  4  fig,  4  tab,  10  ref. 
U.  S.  Army  Cold  Regions  Research  and  Engineer- 
ing Laboratory  Contract  DACA89-89-K-0004. 

Descriptors:  •Chemical  analysis,  *Fluorescence, 
•Fluorometry,  'Membranes,  *Nitrogen  com- 
pounds, *Pollutant  identification,  *Water  analysis, 
Detection  limits,  Explosives,  Groundwater  pollu- 
tion, Laboratory  methods,  Separation  techniques. 

Fluorescent  membrane  formulations  for  detecting 
organic  nitro  compounds  by  fluorescence  quench- 
ing were  evaluated.  The  most  sensitive  membrane 
is  prepared  by  solvent  casting  from  cyclohexanone 
to  incorporate  pyrenebutyric  acid  into  cellulose 
triacetate  plasticized  with  isodecyl  diphenylphos- 
phate.  the  response  follows  the  Stern-Volmer  law 
for  2,4,6-trinitrotoluene  (DNT).  The  membrane 
also  responds  to  hexahydro-l,3,5-trinitro-l,3,5-tria- 
zine  (RDX).  For  a  given  set  of  conditions,  the 
primary  factor  determining  sensitivity  is  the  extent 
to  which  each  nitro  compound  partitions  into  the 
membrane.  Detection  limits  are  ca.  2  mg/L  for 
DNT  and  TNT  and  10  mg/L  for  RDX.  Nitrogen 
purging  prior  to  the  measurement  enhances  the 
sensitivity  and  eliminates  interference  from 
oxygen.  The  membrane  is  designed  to  be  used  for 
remote  optical  in  situ  screening  of  groundwater  for 
contamination  by  explosives.  (Author's  abstract) 
W91-07014 


cobalt  from  a  Co-EDTA  post-column  reagent.  The 
liberated  coablt  is  then  detected  by  the  luminol- 
peroxide  chemiluminescence  reaction  using  a 
modified  spectrofluorimeter  as  the  detector.  The 
metals  determined  are  Mg,  Ca,  Sr,  Ba,  Fe(II), 
Fe(III),  Co,  Ni,  Cu,  Zn,  the  lanthanides,  Th,  Al, 
Ga,  In,  Pb  and  Bi.  The  detection  limits  (three  times 
the  baseline  noise)  range  between  2  and  100  micro- 
grams/L,  depending  on  the  analyte,  for  a  200- 
microliter  injection.  To  demonstrate  the  quantita- 
tive performance  of  the  detector,  the  zinc  and 
aluminum  contents  of  a  fresh  water  certified  refer- 
ence material  was  determined  and  gave  good 
agreement  with  the  certificate  values.  (Author's 
abstract) 
W91-07015 


IN  SITU  VOLTAMMETRIC  MEASUREMENT 
OF  TRACE  ELEMENTS  IN  LAKES  AND 
OCEANS. 

Geneva   Univ.   (Switzerland).   Dept.   de   Chimie 

Minerale,  Analytique  et  Appliquee. 

M.-L.  Tercier,  J.  Buffle,  A.  Zirino,  and  R.  R.  De 

Vitre. 

Analytica  Chemica  Acta   ACACAM,   Vol.   237, 

No.  2,  p  429-437,  October  15,  1990.  8  fig,  1  tab,  23 

ref.  Swiss  National  Foundation  Project  No.  2000- 

5.512. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Lakes,  'Pollutant  identification,  'Seawater, 
•Trace  metals,  *Voltammetry,  *Water  analysis, 
Cadmium,  Copper,  Dissolved  oxygen,  Eutrophic 
lakes,  Laboratory  methods,  Lead,  Switzerland, 
Zinc. 

A  submersible  probe  with  a  flow-through  cell  al- 
lowing in  situ  voltammetric  measurements  by 
means  of  either  a  mercury  film  or  a  mercury  drop 
electrode  was  developed  and  used  for  in-situ  deter- 
mination of  Mn(II)  in  anoxic  lake  water  (Lake 
Bret,  Vaud,  Switzerland)  and  of  trace  metals 
(Cu2  +  ,  Pb2  +  ,  Cd2  +  ,  Zn2+)  in  oxygen-saturated 
seawater.  Investigations  of  the  speciation  of  Fe(II), 
Mn(II)  and  S(-II)  in  eutrophic  lakes  is  readily 
undertaken  by  in-situ  voltammetry  as  the  sample  is 
minimally  perturbed  and  hydrogen  sulfide  degass- 
ing and  oxygen  contamination  are  avoided.  This 
prevents  any  modification  of  the  chemical  equilib- 
rium before  measurement.  For  trace  metal  determi- 
nations in  seawater,  is  has  also  been  clearly  shown 
that  contamination  problems  may  be  circumvented 
by  performing  the  measurements  in  situ.  Trace 
metal  concentrations  as  low  as  30-40  picomoles 
were  detected  by  this  method.  Further,  during  1 
month  of  measurements  significant  changes  in 
metal  concentrations  were  observed  during  the 
day,  which  might  be  correlated  with  physical  and 
biological  parameters  (temperature,  tide,  turbidity, 
chlorophyll).  Finally,  when  speciation  of  trace 
metals  is  of  interest,  in-situ  measurements  may  be 
made  without  perturbation  of  equilibria,  as  degass- 
ing of  dissolved  oxygen  is  avoided  and  consequent- 
ly no  changes  in  pH  due  to  carbon  dioxide  degass- 
ing occur.  (Hoskin-PTT) 
W91-07016 


DEVELOPMENT  OF  A  NOVEL  MULTI-ELE- 
MENT   DETECTION    SYSTEM    FOR    TRACE 
METAL  DETERMINATION  BASED  ON  CHE- 
MILUMINESCENCE AFTER  SEPARATION  BY 
ION  CHROMATOGRAPHY. 
Plymouth  Polytechnic  (England).  Dept.  of  Envi- 
ronmental Sciences. 
P.  Jones,  T.  Williams,  and  L.  Ebdon. 
Analytica  Chimica  Acta  ACACAM  Vol.  237,  No. 
2,  p  291-298,  October  15,  1990.  7  fig,  2  tab,  7  ref. 

Descriptors:  'Analytical  methods,  *Chemical  anal- 
ysis, *Ion  exchange  chromatography,  •Lumines- 
cence, 'Pollutant  identification,  'Trace  metals, 
•Water  analysis,  Barium,  Bismuth,  Calcium, 
Cobalt,  Copper,  Gallium,  Iron,  Laboratory  meth- 
ods, Lead,  Magnesium,  Nickel,  Rare  earth  ele- 
ments, Strontium,  Zinc. 

A  highly  sensitive,  non-selective  trace  metal  detec- 
tor based  on  chemiluminescence  was  developed. 
The  metals  separated  by  simple  ion-exchange  chro- 
matography,   bring    about    the    displacement    of 


CONCENTRATION  AND  DETERMINATION 
OF  TRACE  AMOUNTS  OF  CHLORINATED 
PESTICIDES  IN  AQUEOUS  SAMPLES. 

Nottingham  Polytechnic  (England).  Dept.  of  Phys- 
ical Sciences. 

A.  Braithwaite,  and  F.  J.  Smith. 
Chromatography  CHRGB7,  Vol.  30,  No.  3/4,  p 
129-134,  1990.  10  fig,  5  tab,  9  ref. 

Descriptors:  'Analytical  methods,  *Halogenated 
pesticides,  *High  performance  liquid  chromatogra- 
phy, 'Pollutant  identification,  'Sample  prepara- 
tion, 'Trace  levels,  'Water  analysis,  Aldrin,  Chem- 
ical analysis,  DDT,  Dieldrin,  Heptachlor,  Labora- 
tory methods. 

A  method  for  the  quantitative  analysis  of  the  or- 
ganochloro-pesticides  heptachlor,  dieldrin,  DDT 
and  aldrin  in  water,  using  the  high  performance 
liquid  chromatography  (HPLC)  technique  of  on- 
line trace  enrichment,  has  been  developed.  A 
standard  HPLC  isocratic  analytical  system  was 
employed  the  principle  modification  being  the  in- 
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corporation  of  a  short  pre-column  across  the 
sample  loop  connections  of  a  Rheodyne  7125  valve 
to  serve  as  the  trace  enrichment  column.  Pesticide 
recoveries  of  >95%  were  achieved  at  sample  flow 
rate  of  5-15  ml/min  by  employing  stainless  steel 
fittings  throughout  the  system  and  with  5%  metha- 
nol included  in  the  pesticide  sample  reservoir.  The 
pesticides  were  concentrated  onto  a  50  mm,  10 
micrometer  Spherisorb  ODS  column;  analysis  was 
performed  on  a  25  cm,  5  micrometer  Spherisorb 
ODS  column  with  methanol-water  (75:25)  elution; 
detection  was  by  UV  absorption  measurement  at 
220  nm  and  0.64  AUFS.  Resolution  achieved  was 
>=  1.16  and  selectivity  >=  1.14.  100  ml  aqueous 
samples  allow  ppb  detection  of  the  named  pesti- 
cides in  real  samples.  Total  analysis  time  including 
concentration  and  chromatography  was  less  than 
30  minutes.  (Author's  abstract) 
W91-07017 


IMPACT  OF  CD  AND  DIFFERENT  PH  ON 
THE  AMPHIPOD  GAMMARUS  FOSSARUM 
KOCH  (CRUSTACEA:  AMPHIPODA). 

Balatoni    Limnologiai    Kutato    Intezete,    Tihany 

(Hungary). 

For  primary  bibliographic  entry  see  Field  5C. 

W91-07018 


POLLUTANTS  IN  SOIL,  PARTICULARLY 
HEAVY  METALS  AND  HARMFUL  ORGANIC 
SUBSTANCES,  AFTER  YEARLY  USAGE  OF 
MUNICIPAL  WASTES  (SCHADSTOFFE  IM 
BODEN  INSBESONDERE  SCHWERMETALLE 
UND  ORGANISCHE  SCHADSTOFFE  AUS 
LANGJAHRIGER  ANWENDUNG  VON  SIED- 
LUNGSABFALLEN). 

Landwirtschaftliche    Untersuchungs-    und    Fors- 
chungsanstalt,  Speyer  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07040 


APPLICATIONS  OF  REMOTE  SENSING 
TECHNIQUES  FOR  THE  INVENTORY  AND 
MONITORING  OF  ENVIRONMENTAL  POL- 
LUTION. 

Geofax  B.V.,  Oldenzaal  (Netherlands). 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-07052 
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LINDANE  POLLUTION  NEAR  AN  INDUSTRI- 
AL SOURCE  IN  NORTHEAST  SPAIN. 

Consejo  Superior  de  Investigaciones  Cientificas, 
Madrid  (Spain).  Inst,  de  Quimica  Organica  Gener- 
al. 

L.  M.  Hernandez,  M.  A.  Fernandez,  and  M.  J. 
Gonzalez. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  46,  No.  1,  p  9-13, 
January  1991.  1  fig,  1  tab,  13  ref. 

Descriptors:  'Industrial  wastes,  'Lindane,  'Path  of 
pollutants,  'Pesticides,  *Spain,  •Toxic  wastes, 
•Water  pollution  sources,  Drinking  water,  Food 
webs,  Invertebrates,  Pollution  index,  Soil  contami- 
nation, Stream  pollution. 

Hexachlorocyclohexane  (HCH)  wastes  are  being 
dumped  near  Sabinango,  Spain  by  a  chemical  com- 
pany which  manufactures  lindane,  the  gamma 
isomer  of  HCH.  The  Gallego  River  runs  only  a 
few  meters  away  from  the  main  dumping  site; 
apparently  the  pesticide  waste  is  leaking  into  the 
drinking-water  supply.  Pollution  levels  of  lindane 
were  studied  in  water,  soil,  vegetation  and  inverte- 
brates sampled  in  five  locations  on  the  Gallego 
river  to  evaluate  its  accumulation  within  the  food 
webs  and  to  determine  if  the  residue  levels  exceed- 
ed the  allowable  limits  of  this  pesticide  in  water. 
Extraction,  purification,  and  analysis  of  HCH  iso- 
mers by  methods  used  in  earlier  studies  indicated 
that  lindane  levels  decreased  with  increasing  dis- 
tance from  the  lindane  factory.  Drinking  water 
levels  of  this  contaminant  were  below  permissible 
limits.  However,  toxic  levels  in  both  abiotic  and 
biotic  substratums  have  not  been  determined. 
(Medina-PTT) 


W9 1-05983 


SHORT  AND  MEDIUM  EFFECTS  ON  THE  EN- 
VIRONMENT OF  VALENCIA,  SPAIN,  OF  THE 
CHERNOBYL  NUCLEAR  PLANT  ACCIDENT. 

Valencia  Univ.  (Spain).  Faculty  of  Physics. 

A.  Moreno,  E.  Navarro,  F.  Senent,  A.  Baeza,  and 

C.  Miro. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.   1,  p   14-21, 

January  1991.  2  fig,  3  tab,  14  ref. 

Descriptors:  'Air  pollution,  'Chernobyl  accident, 
•Fallout,  'Path  of  pollutants,  •Radioisotopes,  *Soil 
contamination,  'Spain,  *Water  pollution,  Birds, 
Cesium  radioisotopes,  European  Economic  Com- 
munity, Gamma  spectrometry,  Grasses,  Iodine  ra- 
dioisotopes, Meat  consumption,  Milk. 

In  Spain,  the  zone  most  affected  by  the  radioactive 
fallout  by  the  April  26,  1986  accident  at  Chernobyl 
was  the  Mediterranean  coast  and  the  Balearic  Is- 
lands. In  Valencia,  specific  activities  for  11  man- 
made  isotopes  were  recorded.  This  level  of  radio- 
active contamination  in  air,  water,  soil,  grass  and 
milk  samples  were  analyzed  by  gamma  spectrome- 
try. In  soil  samples,  there  was  no  significant  varia- 
tion in  activity  levels  in  relation  to  previous  sam- 
ples. In  grass  samples,  there  was  a  notable  increase 
in  isotope  levels  of  ruthenium- 103,  iodine-131, 
cesium- 134  and  cesium- 137.  These  contamination 
levels  decreased  steadily  in  samples  taken  from 
successive  days.  The  transmission  of  cesium  from 
grass  to  milk  corresponded  with  the  standard  value 
for  the  transmission  of  iodine-131  set  by  Interna- 
tional Atomic  Energy  Agency  in  1974.  The  radio- 
active plume  which  affected  the  atmosphere  of 
Valencia  showed  average  levels  of  activity  which 
did  not  produce  important  increases  in  the  concen- 
trations of  man-made  radionuclides  in  other  recep- 
tive media.  The  thrush,  Turdus  philomelos,  was 
the  only  migratory  bird  found  in  Valencia  in  Octo- 
ber that  presented  significant  radioactive  contami- 
nation levels.  However,  these  levels  were  lower 
than  the  maximum  permitted  levels  by  the  Europe- 
an Economic  Communities  for  meat  consumption. 
Inhalation  was  considered  as  the  only  main  process 
responsible  for  any  significant  increase  in  individ- 
ual dose  equivalent.  (Medina-PTT) 
W9 1-05984 


CONTAMINATION  OF  SOILS  AND  SEDI- 
MENTS IN  THE  VICINITY  OF  A  MERCURY 
RECOVERY  PLANT. 

Queen  Mary  Coll.,  London  (England).  School  of 

Biological  Sciences. 

P.  Johnston,  R.  Stringer,  M.  C.  French,  and  J. 

Vallette. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.    1,  p  74-78, 

January  1991.  1  fig,  1  tab,  7  ref. 

Descriptors:  'Groundwater  pollution,  'Mercury, 
•Path  of  pollutants,  *Sediment  contamination, 
•Soil  analysis,  'Soil  contamination,  *South  Africa, 
•Water  pollution  sources,  Population  exposure, 
Public  health,  Sediment  transport,  Site  remedi- 
ation, Springs,  Stream  pollution.  Water  analysis. 

There  are  unconfirmed  reports  that  a  groundwater 
spring  at  the  foot  of  the  hill  under  a  mercury  metal 
recovery  plant  in  Cato  Ridge,  Natal,  South  Africa 
is  the  source  of  mercury  contamination  of  a  river 
which  is  used  extensively  by  the  local  community 
for  water  supplies,  livestock  watering,  washing, 
bathing,  and  some  fishing.  Consequently,  this  study 
was  conducted  to  assess  this  problem.  Soil,  sedi- 
ment, and  water  samples  were  obtained  in  different 
locations  and  distances  within  the  vicinity  of  this 
plant,  situated  at  the  head  of  the  Mngeweni  River. 
Analysis  and  particle  size  fraction  analysis  of  the 
samples  taken  close  to  the  site  indicated  extensive 
and  serious  contamination  with  mercury.  A  gener- 
al remediation  program  is  urgently  required  for  the 
area  and  the  exposure  of  both  the  local  and  wider 
communities  should  be  exhaustively  evaluated  for 
all  environmental  media.  Unfortunately,  mercury 
contamination  does  not  respond  well  to  retrospec- 
tive action.  (Medina-PTT) 
W9 1-05987 


SANITATION  IN  RURAL  COMMUNITIES  IN 
BANGLADESH. 

Upazilla  Health  Complex,  Chouddogram,  Comilla, 

Bangladesh. 

For   primary   bibliographic   entry   see   Field   5D. 

W9 1-05992 


UPTAKE  METABOLISM  AND  BIOLOGICAL 
HALF-LIFE  OF  BENZO(A)PYRENE  IN  DIF- 
FERENT TISSUES  OF  SEA  BASS,  DICEN- 
TRARCHUS  LABRAX. 

Nice  Univ.  (France).  Dept.  Absorption  Biotrans- 
formation et  Cancerogenese. 
P.  Lemaire,  A.  Mathieu,  S.  Carriere,  P.  Drai,  and 
J.  Guidicelli. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  20,  No.  3,  p  223-233,  December 
1990.  4  fig,  46  ref.  Counseil  Regional  of  Provence 
Alpes  Cotes  d'Azur  Grant  86/454  and  WHO 
Grants  EU/86/04285  and  EU87/026224. 

Descriptors:  •Animal  tissues,  'Benzopyrene, 
•Bioaccumulation,  'Metabolites,  'Path  of  pollut- 
ants, 'Polycyclic  aromatic  hydrocarbons,  'Radio- 
active half-life,  'Seabasses,  'Toxic  wastes,  Fish 
physiology,  Metabolite  redistribution  system.  Tox- 
icity. 

The  disposition  of  polycyclic  aromatic  hydrocar- 
bons in  aquatic  organisms  is  of  interest  from  the 
viewpoint  of  both  animal  and  human  health.  The 
kinetics  of  uptake  and  metabolism  of  14C-labeled 
benzo(a)pyrene  were  studied  in  various  tissues  of 
sea  bass  upon  intraperitoneal  injection  of  the  com- 
pound. A  decrease  in  radioactivity  occurred  in  all 
tissues  and  the  calculated  half-lives  were  12.4  days 
for  fat,  6.5  days  for  kidney,  5.1  for  intestine,  4.8  for 
gallbladder,  4.5  for  spleen,  2.9  for  muscle,  2.4  for 
whole  body,  2.3  for  gonads,  2.3  for  gills,  and  2.2 
for  liver.  The  kinetics  of  distribution  of  radioactiv- 
ity between  alkali  and  hexane  tissue  extracts  were 
determined  in  order  to  assess  the  overall  metabolic 
potential  of  various  organs.  The  liver,  intestine, 
gills,  and  kidney  displayed  a  relatively  high  meta- 
bolic potential  in  comparison  with  the  spleen, 
muscle,  gonads,  and  fat.  There  is  a  fairly  active 
metabolism  or  metabolite  redistribution  system  in 
the  muscle  and  also  the  potential  for  exposure  of 
blood  cells  to  metabolites  via  hydrocarbon  trans- 
formation processes  in  the  spleen.  This  in  vivo 
study,  in  which  hydrocarbon  disposition  was  stud- 
ied in  various  tissues,  also  supports  the  hypothesis 
that  polycyclic  aromatic  hydrocarbons  should  not 
bioaccumulate  to  any  significant  degree  in  fish  and 
that  exposure  of  humans  to  such  compounds 
through  the  consumption  of  fish  products  can  be 
expected  to  be  minimal.  (Author's  abstract) 
W9 1-05994 


FATE  OF  (C-14)MONOLLNURON  IN  POTA- 
TOES AND  SOIL  UNDER  OUTDOOR  CONDI- 
TIONS. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 

m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R.). 

Inst,  fuer  Oekologische  Chemie. 

D.  Frietag,  and  I.  Scheunert. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  20,  No.  3,  p  256-268,  December 

1990.  2  fig,  4  tab,  33  ref. 

Descriptors:  'Degradation  products,  'Fate  of  pol- 
lutants, 'Herbicides,  'Monolinuron,  'Path  of  pol- 
lutants, 'Pesticide  residues,  'Potatoes,  'Radioac- 
tive tracers,  'Radioactivity  techniques,  Biodegra- 
dation,  Chemical  degradation,  Leachates,  Lysi- 
meters,  Soil  contamination. 

Phenyl  carbon- 14  labeled  monolinuron  was  applied 
(2.5  and  1.9  kg/ha)  to  the  soil  surface  of  an  out- 
door lysimeter  in  two  successive  years;  then  pota- 
toes were  grown.  Total  recovery  of  C-14  in  soil, 
plants,  and  leached  water  was  about  55%  (of  C-14 
applied)  after  the  first  growing  period  and  about 
43%  after  the  second  growing  period.  Radioactiv- 
ity in  soil  contained  77.1%  (based  on  total  C-14 
recovered  in  soil)  bound  residues,  15%  monolin- 
uron, and  the  following  conversion  products:  N-(4 
hydroxyphenyl)-N'-methoxy-N'-methylurea,  N-( 
chlorophenyl)-N'-methylurea,  N-<4- 

chlorophenyl)methylcarbamate,  N-(4-chloro- 
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phenyl)-N-methyl-methylcarbamate,  and  4-chloro- 
formanilide.  The  leachate  contained  0.8%  (based 
on  total  C-14  recovered  in  leachate)  N-(4-hydroxy- 
phenyl)-N'-methoxy-N-methylurea.  Potato  plants 
contained  0.106  mgAg  radioactive  residues  in 
peeled  tubers  after  one  growing  period  and  15.94 
mg/kg  in  the  tops;  after  two  growing  periods, 
peeled  tubers  contained  0.091  mg/kg  and  tops  con- 
tained 18.87  mgAg  radioactive  residues.  These 
residues  consisted  of  bound  C-14  (57.9%  of  total 
recovered  in  plants),  N-(4-hydroxyphenyl)-N'- 
methoxy-N'-methylurea,  N-(4- 

chlorophenyl)methylcarbamate,  N-(4-chloro- 

phenyl)-N-methyl-methylcarbamate,     and    4,    4'- 
dichloroazobenzene.  (Author's  abstract) 
W9 1-05997 


HISTOCHEMICAL     DEMONSTRATION      OF 
MERCURY  IN  THE  OLFACTORY  SYSTEM  OF 
SALMON  (SALMO  SALAR  L.)   FOLLOWING 
TREATMENTS    WITH    DIETARY    METHYL- 
MERCURIC    CHLORIDE    AND    DISSOLVED 
MERCURIC  CHLORIDE. 
Aarhus  Univ.  (Denmark).  Zoophysiology  Lab. 
E.  Baatrup,  and  K.  B.  Doving. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  20,  No.  3,  p  277-289,  December 
1990.  8  fig,  1  tab,  30  ref.  ESF  Program  of  Research 
Fellowships  in  Toxicology  (PGT). 

Descriptors:  •Bioaccumulation,  "Mercuric  chlo- 
ride, •Mercury,  •Methylmercuric  chloride,  'Olfac- 
tory system,  'Path  of  pollutants,  'Salmon,  'Tissue 
analysis,  Autometallography,  Electron  microsco- 
py, Histochemistry,  Microscopic  analysis,  Radioi- 
sotopes, Schwann  cells,  Sense  organs,  Spectrome- 
try. 

The  deposition  of  organic  and  inorganic  mercury 
compounds  was  studied  histochemically  in  the 
salmon  olfactory  system.  One  group  of  salmon  was 
given  fodder  pellets  containing  methylmercuric 
chloride  for  4  weeks.  Other  groups  of  fish  were 
exposed  to  dissolved  mercuric  chloride  for  2,  6, 
and  12  hr,  respectively.  In  both  series  of  experi- 
ments, the  radioisotope  Hg-203  was  included  in 
order  in  order  to  determine  the  accumulation  of 
mercury  in  the  olfactory  system.  Gamma-spec- 
trometry  showed  that  both  mercury  compounds 
accumulated  in  the  olfactory  rosettes  and  their 
nerves.  Tissue  sections  from  the  rosettes  and  olfac- 
tory nerves  were  subjected  to  autometallographic 
silver  enhancement,  thereby  rendering  mercury  de- 
posits visible  for  light  and  electron  microscopy. 
Microscopic  analysis  demonstrated  an  intense  and 
comprehensive  Hg  deposition  in  the  axons  of  the 
Schwann  cells  of  both  methylmercury  and  inor- 
ganic mercury-exposed  fish.  The  two  mercury 
compounds  showed  different  staining  patterns  in 
the  sensory  epithelium.  The  silver  grains  evoked 
methylmercury  were  localized  predominantly  in 
lysosome-like  inclusions  within  the  receptor  cells 
while  those  produced  by  mercuric  chloride  expo- 
sure were  situated  mainly  along  the  borders  of 
neighboring  cells.  This  deposition  of  organic  and 
inorganic  mercury  compounds  throughout  the 
whole  length  of  the  olfactory  system  supports  elec- 
trophysiological studies  presented  elsewhere.  It 
also  demonstrated  the  usefulness  of  autometallo- 
graphy for  this  kind  of  study.  In  general,  precise 
localization  of  mercury  deposits  in  situ  is  an  easy 
and  informative  approach  to  evaluating  the  poten- 
tial toxicity  of  this  metal  in  a  particular  tissue.  (See 
also  W9 1-05998)  (Medina-PTT) 
W91-05999 


UPTAKE  AND  BODY  DISTRIBUTION  OF 
CHLORINATED  PHENOLICS  IN  THE  FRESH- 
WATER MUSSEL,  ANODONTA  ANATINA  L. 

Joensuu  Univ.  (Finland).  Dept.  of  Biology. 

P  .  Makela,  and  A.  O.  J.  Oikari. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  20,  No.  3,  p  354-362,  December 

1990.  2  fig,  2  tab,  12  ref. 

Descriptors:  'Animal  tissues,  'Bioindicators, 
'Chlorinated  aromatic  compounds,  'Freshwater 
mussels,  'Path  of  pollutants,  'Phenolics,  Biological 
magnification,  Chlorophenolics,  Fate  of  pollutants, 
Metabolism,  Radioactive  tracers,  Tissue  analysis. 


Freshwater  mussels  were  exposed  to  C-14  labeled 
pentachlorophenol  (PCP)  and  C-14  labeled  3,4,5- 
trichloroguaiacol  (CG-3)  under  laboratory  condi- 
tions. Uptake  and  body  distribution  in  mussels  as 
well  as  total  water-soluble  metabolites  of  choro- 
phenolics  in  hemolymph  and  digestive  glands  were 
measured.  The  time  course  of  chlorophenolic  accu- 
mulation in  the  mussel  soft  tissue  was  followed  by 
analyzing  the  decrease  in  the  radioactivity  in  expo- 
sure water.  The  bioconcentration  factors  (BCFs, 
animal  activity  per  activity  in  water)  were  meas- 
ured at  steady  state  for  the  soft  tissue  homogenate 
and  separate  organs.  Both  chlorinated  phenolics 
reached  a  steady-state  concentration  during  the 
first  24  hr.  BCFs  in  soft  tissue  ranged  from  145  to 
342  for  PCP  and  34  to  125  for  CG-3.  Accumula- 
tions by  the  digestive  gland  (hepatopancreas)  and 
kidneys  were  2  and  1.3  times  greater,  respectively, 
than  the  average  accumulation  by  the  whole  soft 
tissue.  The  water-soluble  fraction  of  PCP  (1-8%) 
and  CG-3  (0.4-2.9%)  in  separate  organs  implied 
only  a  minor  metabolism  of  chlorophenolics  in  this 
mussel.  It  is  also  demonstrated  that  the  mussel  is  a 
bioindicator  organism  preferable  to  fish,  because 
mussels  are  easier  to  collect,  handle,  transport  and 
incubate  than  fish.  (Author's  abstract) 
W9 1-06003 


DIFFERENTIAL  SORPTION  OF  HERBICIDES 
AS  RELATED  TO  SOIL  TOPOGRAPHY  AND 
ORGANIC  MATTER. 

Florida  Univ.,   Lake   Alfred.   Citrus  Experiment 

Station. 

A.  K.  Alva,  M.  Singh,  and  C.  A.  Anderson. 

Journal  of  Environmental  Science  and  Health  (B) 

JPFCD2,  Vol.  25,  No.  5,  p  627-642,  1990.  4  fig,  1 

tab,  16  ref. 

Descriptors:  'Bromacil,  'Herbicides,  'Path  of  pol- 
lutants, 'Pesticide  kinetics,  'Simazine,  'Soil  chem- 
istry, 'Sorption,  'Topography,  Citrus  crops,  Her- 
bicide sorption,  Leaching,  Mineral  nutrients,  Slope 
effects,  Soil  organic  matter. 

The  sorption  of  bromacil  and  simazine  by  the 
surface  soil  (0-1 5cm)  sampled  at  various  positions 
along  an  8%  slope  citrus  grove  (Candler  fine  sand; 
Typic  Quartzipsamment)  and  at  various  depths  (0- 
200  cm)  at  upper,  middle,  and  lower  positions 
along  the  slope  were  investigated.  The  sorption  of 
both  herbicides  by  the  top  15  cm  soil  decreased 
considerably  from  the  upper  to  mid  position  along 
the  slope  and  increased  at  the  lower  position.  The 
organic  matter  content  and  concentrations  of  Ca, 
Mg,  K,  P,  and  Cu  in  the  soil  showed  evidence  of 
transport  of  organic  matter  and  mineral  nutrients 
from  the  mid  position  on  the  slope  and  accumula- 
tion in  the  lower  position.  The  differential  sorption 
of  herbicides  by  the  soil  samples  taken  at  various 
positions  along  the  slope  was  closely  related  to 
changes  in  organic  matter  content.  Although  sorp- 
tion of  bromacil  and  simazine  varied  considerably 
at  various  positions  along  the  slope,  the  sorption  of 
bromacil  was  very  similar  at  depths  below  30  cm 
regardless  of  positions  along  the  slope.  For  sima- 
zine, the  sorption  was  much  greater  at  all  depths  in 
the  lower  than  in  the  upper  and  mid  position  of  the 
slope.  The  sorption  of  both  herbicides  decreased 
considerably  at  depths  below  30  cm  at  all  positions 
along  the  slope,  thus,  indicating  the  potential  for 
rapid  leaching  of  the  herbicides  down  the  soil 
profile.  (Author's  abstract) 
W9 1-06006 


those  who  use  it  take  for  granted  that  it  is  'safe.' 
Seven  stations,  all  recreational  areas,  on  J.  Percy 
Priest  Reservoir,  Tennessee,  were  examined  from  6 
May  to  5  August,  1986,  for  the  presence  of  fecal 
coliform  bacteria  and  fecal  streptococcus  bacteria 
by  the  membrane  filter  technique.  Fecal  coliforms 
were  detected  in  90.8%  of  the  samples,  and  fecal 
streptococci  were  detected  in  99.4%  of  the  sam- 
ples. At  each  of  the  seven  areas,  28  samples  for 
fecal  coliforms  and  26  samples  for  fecal  strepto- 
cocci were  collected  during  the  study  period  and 
overall  a  total  of  378  samples  were  collected  at  the 
reservoir.  The  average  fecal  coliform  to  fecal 
streptococcus  ratio  obtained  in  this  study  (0.08), 
for  all  areas  combined,  indicates  that  the  fecal 
contamination  was  of  nonhuman  origin  because  the 
ratio  was  below  0.7.  The  temperature,  pH,  and 
specific  conductance  of  the  water  was  also  deter- 
mined. The  study  also  indicates  that  the  reservoir, 
during  the  study  period,  was  'safe'  for  body  con- 
tact according  to  the  pollution  indicator  organism 
standard  used  by  the  State  of  Tennessee  Depart- 
ment of  Health  and  Environment  and  EPA;  but  it 
also  indicates  that  fecal  streptococci  should  be 
included  as  a  pollution  indicator  organism  in  the 
guidelines  for  recreational  waters.  (Author's  ab- 
stract) 
W9 1-06020 


BACTERIOLOGICAL  WATER  QUALITY  OF 
RECREATIONAL  AREAS:  J.  PERCY  PRIEST 
PARK,  TENNESSEE. 

Middle  Tennessee  State  Coll.,  Murfreesboro. 
J.  R.  Pugh,  and  M.  L.  Reyes. 
Journal  of  the  Tennessee   Academy  of  Science 
JTASAG,  Vol.  66,  No.  1,  p  13-18,  January  1991.  1 
fig,  5  tab,  21  ref. 

Descriptors:  'Coliforms,  'Priest  Reservoir, 
'Public  health,  'Public  waters,  'Recreation, 
•Streptococci,  'Water  quality,  Fecal  coliforms, 
Hydrogen  ion  concentration.  Monitoring,  Pollut- 
ant identification,  Reservoirs,  Temperature,  Ten- 
nessee. 

The  use  of  water  for  recreational  purposes,  such  as 
swimming,  boating,  and  fishing  is  increasing,  and 


ELUTION  OF  ENDRIN  THROUGH  COM- 
PACTED SOIL  WITH  ETHANOL-WATER  MIX- 
TURES. 

Trevecca  Nazarene  Coll.,  Nashville,  TN. 

G.  A.  Nyssen,  and  D.  J.  Wilson. 

Journal   of  the  Tennessee   Academy   of  Science 

JTASAG,  Vol.  66,  No.  1,  p  19-22,  January  1991.  4 

fig,  10  ref. 

Descriptors:  'Endrin,  'Ethanol,  'Hazardous 
wastes,  'Path  of  pollutants,  'Pesticides,  'Soil  con- 
tamination, 'Soil  water,  'Waste  disposal,  Benzene, 
Chlorinated  hydrocarbon  insecticides,  Humus, 
Leaching,  Organic  compounds,  Organic  solvents, 
Polychlorinated  biphenyls,  Soil  properties. 

Most  hazardous  waste  burial  sites  contain  a 
number  of  different  chemicals;  the  interactions  be- 
tween these  chemicals  can  have  a  substantial 
impact  on  the  degree  of  risk  presented  by  a  site  and 
on  the  period  of  time  required  for  the  damage  to 
develop.  A  number  of  studies  bearing  directly  or 
indirectly  on  the  movement  of  hydrophobic  com- 
pounds in  soils  in  aqueous-organic  solvent  systems 
were  reviewed,  and  a  study  was  conducted  on  the 
effect  of  ethanol  concentration  in  aqueous  per- 
meant  on  the  migration  of  endrin  in  a  low-humus 
and  a  high-humus  clay.  Two  soils  were  used:  (1)  a 
low-humus  alluvial  clay  containing  kaolinite  and 
quartz  as  major  constituents  and  considerable  iron; 
and  (2)  a  compost-rich  garden  soil  which  had  not 
been  treated  with  chlorinated  pesticides  for  at  least 
15  years  (a  high-humus  clay).  Endrin  spiked  soil 
samples  were  then  added  to  water  filled  permea- 
meters  and  eluate  collected  over  a  period  of  three 
months.  The  results  suggest  that  humic  materials 
such  as  peat  moss  or  rotted  sawdust,  might  be  used 
to  markedly  decrease  the  rather  substantial  impact 
of  oxygen-containing  organic  solvents  in  enhanc- 
ing the  mobilities  of  hydrophobic  organics  such  as 
organochlorine  pesticides  and  PCBs,  chlorinated 
benzenes,  and  polynuclear  aromatic  hydrocarbons. 
This  increase  in  the  mobilities  of  the  toxic  hydro- 
phobic organic  compounds  in  the  presence  of 
water  containing  organic  solvents  represents  a  syn- 
ergistic effect  which  markedly  increases  the  risk 
associated  with  these  compounds.  This  factor 
should  be  taken  into  account  in  the  prioritization  of 
hazardous  waste  sites  for  remedial  action.  (White- 
Reimer-PTT) 
W9 1-06021 

EXPLANATION  FOR  THE  DECLINE  OF  BAC- 
TERIA INTRODUCED  INTO  LAKE  WATER. 

Cornell  Univ.,  Ithaca,  NY.  Lab.  of  Soil  Microbi- 
ology. 

K.  R.  Gurijala,  and  M.  Alexander. 
Microbial  Ecology  MCBEBU,  Vol.  20,  No.  3,  p 
231-244,  1990.  10  fig,  1  tab,  26  ref.  EPA  Coopera- 
tive Agreement  CR8 12233. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 
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Descriptors:  'Aquatic  bacteria,  •Bioindicators, 
•Fate  of  pollutants,  'Lake  ecology,  'Pathogenic 
bacteria,  'Population  dynamics,  'Protozoa,  Bio- 
logical pollution,  Escherichia  coli,  Eutrophic  lakes, 
Limnology,  New  York,  Oligotrophic  lakes,  Popu- 
lations, Predation,  Survival. 

Since  explanations  for  the  decline  of  bacteria  in 
natural  waters  are  chiefly  derived  from  studies  of 
pathogens  or  organisms  that  are  used  as  indicators 
for  pathogens,  a  study  was  initiated  to  investigate 
the  mechanisms  of  decline  of  a  number  of  other 
bacterial  species,  as  well  as  Escherichia  coli,  in 
lake  water.  Water  samples  were  collected  from  the 
surface  of  six  lakes  in  New  York  State  that  ranged 
from  oligotrophic  to  eutrophic.  The  samples  were 
analyzed  for  total  bacteria  and  protozoa,  and  lab- 
cultured  bacteria  were  added  to  the  water  samples. 
The  sizes  of  the  populations  of  individual  bacterial 
species  diminished  following  their  addition  to 
water  from  lakes  with  different  trophic  levels  at 
temperatures  of  5,  10,  15,  and  30  C.  Some  species 
persisted  after  their  initial  reduction  in  cell  num- 
bers, but  others  were  undetectable  after  3  to  15 
days.  The  decline  of  these  introduced  bacteria  was 
not  a  result  of  their  inoculation  at  higher  densities 
than  found  in  nature.  The  death  of  most  of  the  test 
species  was  not  the  result  of  starvation,  abiotic 
factors,  bdellovibrios,  or  bacteriophages.  Despite 
the  presence  of  lytic  bacteria,  the  lake  water  did 
not  have  lytic  activity  against  the  test  species. 
Protozoan  predation  was  a  significant  factor  in  the 
fall  in  bacterial  population  sizes  because  the  ab- 
sence of  protozoa  led  to  the  elimination  or  delay  of 
the  decline  of  the  bacteria,  and  the  addition  of 
protozoa  to  lake  water  in  which  indigenous  proto- 
zoa were  suppressed  produced  the  same  pattern  of 
bacterial  elimination  as  in  untreated  lake  water. 
The  longer  survival  of  the  bacteria  at  cooler  tem- 
peratures may  indeed  result  from  the  longer  time 
for  the  protozoa  to  reach  densities  sufficient  to 
cause  a  detectable  reduction  in  prey  abundance. 
(Author's  abstract) 
W9 1-06023 


BIOLOGICAL  EFFECTS  OF  PETROLEUM  HY- 
DROCARBONS: PREDICTIONS  OF  LONG- 
TERM  EFFECTS  AND  RECOVERY. 

Woods  Hole  Oceanographic  Institution,  MA. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-06031 


MANAGEMENT  AND  STATUS  OF  JAPANESE 
PUBLIC  WATERS. 

Setsunan  Univ.,  Neyagawa  (Japan).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic   entry   see   Field   5G. 

W9 1-06039 


WATER   QUALITY   MANAGEMENT  IN  THE 
YODO  RIVER  BASIN-CASE  STUDY. 

Setsunan  Univ.,  Neyagawa  (Japan).  Dept.  of  Civil 

Engineering. 

For  primary   bibliographic  entry  see  Field   5G. 
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WATER  QUALITY  IN  THE  PRIORITY  WA- 
TERCOURSES OF  HONG  KONG  IN  RESPECT 
OF  VARIOUS  ENVIRONMENTAL  CONTROL 
MEASURES. 

Hong  Kong  Environmental  Protection  Dept.,  Wan 
Chai.  Water  Policy  Group. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-06048 


RAIN  AND  URBAN  STORMWATER  QUALITY. 

Instituto  de  Pesquisas  Hidraulicas,  Porto  Aleere 
(Brazil).  B 

S.  J.  de  Luca,  L.  B.  Milano,  and  C.  N.  Ide. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  133-140,  1991.  5  tab,  12  ref. 

Descriptors:  'Acid  rain,  'Air  pollution,  'Brazil, 
•Chemistry  of  precipitation,  'Precipitation, 
•Storm  runoff,  'Urban  hydrology,  'Urban  runoff, 
Ammonia,  Chlorides,  Hydrogen  ion  concentration, 
Sulfates. 


The  occurrence  of  acid  or  chemical  precipitation 
in  many  regions  of  the  planet  is  one  of  the  conse- 
quences of  atmospheric  pollution  caused  by  man. 
Rainwater  quality  can  vary  according  to  the  type 
of  pollutant  load  and  meteorological  conditions. 
The  quality  of  rain  and  urban  stormwater  in  the 
metropolitan  area  of  Porto  Alegre,  Brazil,  was 
studied  over  a  period  of  one  year.  There  are  sever- 
al probable  sources  of  atmospheric  pollution  in  the 
Porto  Allegre  area,  including  oil  refineries,  petro- 
chemical plants,  steel  mills,  paper  and  textile  facto- 
ries, and  tanneries.  Rainwater  was  sampled  at  23 
sampling  points  within  30  km  of  Porto  Allegre; 
samples  were  collected  fifty  times  during  the  study 
period.  Samples  were  analyzed  for  pH,  acidity, 
specific  conductivity,  and  metals.  A  representative 
basin  was  chosen  for  the  urban  stormwater  study; 
sampling  was  performed  during  each  rain  event, 
and  flow  rate  was  measured  every  five  minutes 
during  the  event  using  a  Parshall  flume.  Water 
samples  were  collected  every  five  minutes  during 
the  first  30  minutes  of  runoff.  The  results  obtained 
in  the  survey  show  a  significant  occurrence  of 
chemical  and  acid  rain  in  the  area.  In  some  cases 
the  pH  of  rainwater  was  4.0.  Sulfates,  chlorides, 
and  ammonia  are  the  main  atmospheric  pollutants. 
The  data  on  urban  drainage  quality  show  that, 
besides  contaminated  rain,  other  sources  of  pollu- 
tion such  as  poor  garbage  collection,  car  exhaust, 
crankcase  leakage,  and  poor  street  cleaning  con- 
tribute to  the  pollution  in  the  Guaiba  River.  (Tap- 
pert-PTT) 
W91-O6053 


SYSTEMATIC  POLLUTEGRAPH  SIMULA- 
TION FOR  REAL  SCALE  RIVER  BASIN. 

Yamaguchi  Univ.  (Japan).  Dept.  of  Civil  Engineer- 
ing. 

M.  Sekine,  M.  Ukita,  and  H.  Nakanishi. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  141-150,  1991.  11  fig,  10  tab,  11  ref. 

Descriptors:  'Japan,  'Model  studies,  'Path  of  pol- 
lutants, 'Pollution  load,  'Rainfall-runoff  relation- 
ships, 'Storm  runoff,  'Water  pollution  sources, 
Computer  models,  Eutrophication,  Parameteriza- 
tion, River  basins. 

A  model  for  predicting  the  run-off  load  of  pollut- 
ants through  rivers  into  eutrophic  lakes  and  inner 
sea  areas  was  developed.  The  model  is  composed 
of  three  stages:  discharged  load  prediction,  flow 
rate  prediction,  and  runoff  load  prediction.  The 
discharged  load  in  the  river  basin  is  estimated  by 
using  a  pollutant  loading  factor  method.  The  flow- 
rate  which  is  necessary  for  the  formula  to  predict 
the  runoff  load  was  obtained  by  a  tank  model 
method.  The  runoff  load  prediction  process  con- 
sists of  two  stages:  flow-out  stage  and  flow-down 
stage.  The  flow-out  stage  represents  the  process  in 
which  the  discharged  load,  including  that  from 
non-point  sources,  flows  out  through  gutters  or 
small  streams  into  the  main  river.  The  flow-down 
stage  represents  the  process  in  which  the  flow-out 
load  flows  down  through  the  main  river  to  an 
observing  station.  There  have  been  many  studies 
dealing  with  water  quality  and  load  of  pollutants  in 
rivers.  Only  a  few  of  these  studies  have  analyzed 
the  relationship  of  human  activities  in  the  river 
basins  quantitatively.  Using  this  model,  a  computer 
program  for  pollutegraph  simulation  was  con- 
structed and  applied  to  the  River  Ibo  in  Hyogo 
Prefecture,  Japan.  Although  this  model  has  many 
parameters,  when  it  was  applied  to  the  river  Ibo, 
changing  only  2  parameter  values  adjusted  the 
model  for  the  river.  It  suggests  the  propriety  of  the 
combination  of  long-term  continuous  data  and 
curve-fitting  methods  for  deciding  the  parameter 
values  of  complicated  systems.  This  model  pro- 
vides the  most  accurate  test  available  for  measur- 
ing the  level  of  pollutants  in  a  specific  river 
system.  (Tappert-PTT) 
W9 1-06054 


ENVIRONMENTAL  STUDIES  OF  A  MARINE 
WASTEWATER  DISCHARGE  FROM  A  SUL- 
PHITE PULP  MILL-EXAMPLE  OF  A  GENER- 
AL STUDY  APPROACH  FOR  MARINE  INDUS- 
TRIAL DISCHARGES. 

Region  of  Storstrom,  Parkvej  37,  DK-4800  Nykob- 
ing  F.,  Denmark. 


N.  Nyholm,  H.  Bach,  J.  Birkland,  T.  L.  Jensen, 
and  K.  Kusk. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  151-161,  1991.  3  fig,  7  tab,  13  ref. 

Descriptors:  'Biological  studies,  'Fate  of  pollut- 
ants, 'Industrial  wastewater,  'Marine  pollution, 
•Path  of  pollutants,  'Pulp  and  paper  industry, 
•Water  pollution  sources,  Ecosystems,  Environ- 
mental effects,  Model  studies,  Monitoring, 
Wastewater  analysis,  Wastewater  composition. 

The  results  of  comprehensive  environmental  stud- 
ies of  a  marine  discharge  from  a  pulp  mill  illus- 
trates a  general  strategy  for  environmental  impact 
assessment  and  management  of  marine  industrial 
wastewater  discharges.  The  strategy  includes  the 
following  elements:  (1)  a  thorough  chemical  and 
ecotoxicological  characterization  of  the 
wastewater,  including  degradability  studies,  (2) 
field  monitoring,  (3)  cage  studies  with  transplanted 
organisms,  (4)  hydrographical  studies  and  subse- 
quent dilution  and  fate  modeling  of  wastewater 
and  wastewater  constituents,  and  (5)  quantitative 
evaluation  of  the  environmental  impact  and  predic- 
tive evaluations  of  possible  abatement  measures. 
This  is  done  by  using  the  combined  results  of 
laboratory  tests,  chemical  analyses,  and  dilution/ 
fate  modeling  to  confine  areas  around  the  outfall 
where  adverse  effects  of  various  categories  can  be 
expected  under  various  environmental  settings.  Re- 
sults from  field  studies  are  used  for  comparison  and 
verification.  The  present  study  deals  with  a  dis- 
charge of  unbleached  semichemical  sulfite  pulp 
effluent  which  caused  oxygen  depletion  and  toxic 
effects,  in  particular  towards  phytoplankton  algae. 
The  general  study  approach  was  found  to  be 
useful,  and  it  was  concluded  in  this  case  that 
biological  field  data  alone  gave  limited  clues  to 
assessing  and  mitigating  the  pollution.  This  was 
due  to  the  time  and  spatial  variability  of  the  data, 
and  the  limited  possibilities  of  distinguishing  effects 
of  occasional  oxygen  depletion  from  toxic  effects. 
Biological  field  studies  were  useful  to  assess  the 
problem  initially,  however,  and  necessary  to  com- 
plement the  calculated  estimates  both  qualitatively 
and  to  give  the  study  credibility.  (Author's  ab- 
stract) 
W91-06055 


OCCURRENCE  AND  SIGNIFICANCE  OF 
TOXIC  CYANOBACTERIA  IN  SOUTHERN 
AFRICA. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
W.  E.  Scott. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  175-180,  1991.  1  fig,  2  tab.  25  ref. 

Descriptors:  *Algae,  'Algal  blooms,  'Algal  toxins, 
•Cyanophyta,  'Microcystis,  'South  Africa, 
•Toxins,  Eutrophication,  Reservoirs,  Species  lists. 

A  comprehensive  list  is  provided  of  more  than 
forty  cyanobacterial  species  and  genera  reported  to 
have  toxic  properties.  In  South  Africa  the  majority 
of  animal  poisonings  since  1927  have  been  caused 
by  a  single  species,  Microcystis  aeruginosa.  Al- 
though other  toxic  species  also  occur  in  southern 
Africa,  to  date  they  have  been  of  little  practical 
significance.  The  widespread  distribution  of  M. 
aeruginosa  throughout  southern  Africa  indicates  a 
tremendous  potential  for  toxic  blooms  to  develop 
with  increasing  eutrophication.  In  1988  and  1989 
nine  samples  of  surface  scums  of  Microcystis 
blooms  were  collected  and  analyzed  from  South 
African  reservoirs.  Using  high  performance  liquid 
chromatographs  (HPLC)  techniques  up  to  six  dif- 
ferent toxin  variants  have  been  quantified.  The 
amounts,  proportions,  and  toxicity  of  the  different 
toxins  in  the  samples  varied  over  a  wide  range,  and 
several  additional  unidentified  toxins  were  detect- 
ed. Future  research  should  concentrate  upon  the 
long  term  effects  of  toxins  on  health  and  on  cheap- 
er methods  for  the  removal  of  toxins  or  toxic  algae 
from  water.  (Author's  abstract) 
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UNSTEADY  TRANSPORT  OF  POLLUTANTS 
IN  RIVERS  DUE  TO  PULSE  DISPOSAL. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 

Irrigation. 

B.  T.  Al-Kadi,  and  Q.  N.  Fattah. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  191-200,  1991.  4  fig,  1  ref. 

Descriptors:  •Chemical  interactions,  'Convection, 
•Diffusers,  'Dispersion,  'Model  studies,  'Path  of 
pollutants,  "Wastewater  disposal,  Dispersion  coef- 
ficient. Fate  of  pollutants,  Fourier  analysis,  La- 
place equation,  Mathematical  equations.  Mixing, 
Rivers. 

Mixing  of  pollutants  in  rivers  is  accomplished  by 
the  process  of  mechanical  dispersion.  Physically, 
dispersion  may  be  considered  a  hydraulic  mixing 
process,  by  which  the  waste  concentrations  are 
attenuated  while  the  waste  pollutants  are  transport- 
ed downstream.  Turbulent  diffusion  and  velocity 
gradients  are  the  two  main  mechanisms  in  disper- 
sion. An  exact  analytical  solution  of  the  two-di- 
mensional unsteady  convective-dispersion  equation 
describes  the  concentration  distribution  for  a  con- 
servative pollutant  or  substance,  injected  as  a  pulse 
(not  continuous)  into  a  river  by  a  diffuser  pipe 
installed  normal  to  the  direction  of  the  river  bank. 
The  river  has  a  constant  mean  velocity  and  a 
relatively  large  discharge  in  comparison  to  the 
pollution  discharge.  The  solution  is  developed 
using  Laplace  and  finite  Fourier  transforms.  The 
distribution  of  the  transporting  concentration  of 
the  pollutant  in  the  river  due  to  such  disposal  is 
developed  in  terms  of  error  functions,  exponential, 
and  trigonometric  series.  Variations  in  the  location 
of  the  diffuser  pipe  in  the  river,  the  concentration 
distribution  as  a  function  of  time,  and  the  effects  of 
variations  in  river  velocity  and  lateral  and  longitu- 
dinal dispersion  coefficients  on  the  mixing  patterns 
can  be  simulated.  The  solution  presents  variations 
in  concentration  distribution  in  the  river  with  time 
during  and  after  the  pulsing  injection  period  of  the 
pollutant.  It  was  observed  that  increasing  the  pulse 
duration  causes  a  significant  rise  in  the  lateral 
concentration  distribution,  decreasing  the  longitu- 
dinal dispersion  coefficient  causes  a  slight  drop  in 
the  longitudinal  concentration  distribution,  and  de- 
creasing the  lateral  dispersion  coefficient  causes  a 
significant  rise  in  the  longitudinal  concentration 
distribution.  (Author's  abstract) 
W91-06059 

CASE  HISTORY:  MINIMATA  MERCURY  POL- 
LUTION  IN  JAPAN  -  FROM  LOSS  OF  HUMAN 
LIVES  TO  DECONTAMINATION. 

National   Research   Council   of  Canada,   Ottawa 

(Ontario).  Div.  of  Biological  Sciences. 

A.  Kudo,  and  S.  Miyahara. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  283-290,  1991.  4  fig,  2  tab,  8  ref. 

Descriptors:  *Bioaccumulation,  'Cleanup,  'Clean- 
up operations,  'Decontamination,  'Japan,  'Mercu- 
ry, 'Minimata  Bay,  'Mortality,  'Population  expo- 
sure, 'Water  pollution  effects,  Case  studies,  Con- 
tamination, Industrial  wastewater,  Sediments,  Tox- 
icity, Water  pollution  sources. 

At  Minamata  Bay  in  Japan  more  than  100  people 
lost  their  lives  and  many  thousands  more  were 
permanently  paralyzed  from  eating  fish  contami- 
nated with  mercury.  In  the  long  history  of  water 
pollution,  this  was  the  first  known  case  where  the 
natural  bioaccumulation  of  a  toxicant  from  an  in- 
dustrial wastewater  killed  a  large  number  of 
human  beings.  The  mercury,  discharged  from  a 
factory,  was  deposited  on  the  bottom  of  the  Bay 
and  has  remained  there  since  the  1950s.  The  fate  of 
the  mercury  has  been  traced  by  measuring  268 
mercury  concentrations  in  the  surface  sediments  at 
Yatsushiro  Sea  (outside  of  the  Bay)  during  the  last 
14  years.  Twenty-four  sampling  stations  were  es- 
tablished, and  samples  were  collected  at  the  same 
location  every  year.  Samples  were  analyzed  for 
total  mercury  contamination.  The  concentrations 
of  mercury  in  the  surface  sediments  at  the  Sea 
were  not  alarming;  only  33  samples  exceeded  a 
mercury  concentration  of  1  ppm.  The  dispersion  of 
mercury  from  the  Bay,  however,  was  clearly  docu- 
mented with  the  data.  On  average,  3.7  tons  of  the 
mercury  was  transported  outside  from  the  Bay 
every  year.  A  decontamination  project  started  in 
1984  dramatically  decreased  the  flow  of  mercury 


from  the  Bay  to  the  Sea.  A  historic  rainfall  in  1982 
also  'purified'  the  surface  sediments.  Organic  mer- 
cury concentration  in  the  sea  water  was  5.1  ng/L 
while  total  mercury  was  120  ng/L  at  the  center  of 
the  Bay  in  1985.  (Author's  abstract) 
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FATE  OF  PLUTONIUM  RELEASED  FROM 
THE  NAGASAKI  A-BOMB,  JAPAN. 

National   Research   Council   of  Canada,   Ottawa 
(Ontario).  Div.  of  Biological  Sciences. 
A.  Kudo,  Y.  Mahara,  T.  Kauri,  and  D.  C.  Santry. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  291-300,  1991.  5  fig,  2  tab,  13  ref. 

Descriptors:  'Bioaccumulation,  'Fallout,  'Japan, 
•Nagasaki,  'Nuclear  explosions,  'Path  of  pollut- 
ants, 'Plutonium,  'Radioactive  wastes,  'Radioac- 
tivity, 'Radioactivity  effects,  Fate  of  pollutants, 
Reservoirs,  Sediments,  Soil  analysis,  Tissue  analy- 


About  15  kg  of  plutonium  was  used  in  the  Nagasa- 
ki A-bomb,  but  only  1  kg  was  fissioned  and  the  rest 
(14  kg)  was  released  into  the  environment.  The 
fate  of  this  plutonium  was  investigated  on  the  east 
side  of  Nagasaki  city,  where  the  local  fallout  was 
deposited.  The  four  objectives  of  the  investigation 
were:  (1)  the  geographical  distribution  of  plutoni- 
um up  to  100  km  from  the  hypocenter,  (2)  the 
vertical  movement  of  the  deposited  plutonium 
within  a  soil  core  and  a  reservoir  sediment  core, 
(3)  the  ecological  distribution,  and  (4)  an  estimate 
of  the  total  mass  deposited  as  local  fallout.  Forty- 
seven  surface  soils  samples,  two  soil  core  samples, 
one  sediment  core  from  Nishiyama  Reservoir,  and 
biological  samples  were  collected.  The  highest 
concentration  of  239  +  240Pu,  64.5  mBq/g,  was 
found  at  a  point  2.8  km  from  the  hypocenter.  The 
local  fallout  was  observed  over  a  limited  area  up  to 
18  km  east  from  the  hypocenter.  Plutonium  was 
mobile  within  the  soils  and  reservoir  sediments. 
For  soils  10%  moved  downward  during  the  last 
four  decades  and  the  rest  (90%)  remained  within 
10  cm  of  the  surface.  A  considerable  amount  of 
plutonium  was  found  in  fish  (0.0195  mBq/g  dry), 
freshwater  shellfish  (0.0278  mBq/g  dry),  ginger 
root  (0.0366  mBq/g  dry),  and  sweet  potato  (0.0110 
mBq/g  dry).  The  estimate  of  plutonium  deposited 
as  local  fallout  from  the  A-bomb  was  37.54  grams. 
(Author's  abstract) 
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EVALUATION  OF  GENOTOXICITY  USING 
DNA  REPAIRING  TEST  FOR  CHEMICALS 
PRODUCED  IN  CHLORINATION  AND  OZON- 
ATION PROCESSES. 

Kyoto  Univ.  (Japan).  Dept.  of  Environmental  and 

Sanitary  Engineering. 

Y.  Ono,  I.  Somiya,  and  M.  Kawamura. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  329-338,  1991.  8  fig,  3  tab,  10  ref. 

Descriptors:  'Chlorination,  'Disinfection,  'Muta- 
genicity, 'Ozonation,  'Toxicity,  'Toxicology, 
•Water  treatment,  DNA,  Genetic  engineering, 
Halogenated  organic  compounds,  Salmonella, 
Water  analysis,  Water  chemistry. 

The  umu-test,  which  can  detect  the  induction  of 
DNA  repair,  can  be  used  to  analyze  the  genotoxi- 
city  of  the  by-products  of  chlorination  and  ozona- 
tion. This  procedure  uses  the  bacterial  strain  Sal- 
monella typhimurium  TA1535  and  involves  a  plas- 
mid  (pSK1002)  which  carries  the  fused  gene 
umuC'-'locZ.  The  genotoxicities  of  37  commercial 
chemicals  expected  to  be  present  in  the  by-prod- 
ucts of  chlorination  and  ozonation  processes  were 
checked  and  evaluated  by  the  umu-test.  The  geno- 
toxicities of  the  following  organic  halogenated 
compounds  are  clearly  detected:  without  microso- 
mal activation,  m-dichlorobenzene,  1,2,4-trichloro- 
benzene  and  bromoform  are  detected;  with  micro- 
somal activation,  m-dichlorobenzene,  dichloroace- 
tic  acid,  trichloroacetic  acid  and  chloral  are  detect- 
ed. From  the  results  on  some  compounds  which 
are  expected  to  be  produced  by  ozonation,  formal- 
dehyde and  ionone  show  positive  genotoxicities 
without  microsomal  activation,  and  five  com- 
pounds have  positive  genotoxicities  with  microso- 
mal  activation    (formaldehyde,    furfrol,   carvone, 


glyoxal  and  acrolein).  Some  of  the  selected  organic 
compounds  identified  as  positively  genotoxic,  such 
as  chloroform,  have  been  reported  not  to  be  muta- 
genic in  other  bacterial  assays.  (Tappert-PTT) 
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AGEING  EFFECTS  OF  HIGHMOLECULAR 
WEIGHT  ORGANIC  ACIDS  WHICH  CAN  BE 
ISOLATED  FROM  LANDFILL  LEACHATES. 

Karlsruhe  Univ.  (Germany,  F.R.).  Engler-Bunte 

Inst. 

F.  H.  Frimmel,  and  M.  Weis. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  419-426,  1991.  5  fig,  5  tab,  23  ref. 

Deutsche  Forschungsgemeinschaft  grant  FR536-9. 

Descriptors:  'Aerobic  conditions,  'Anaerobic  con- 
ditions, 'Fate  of  pollutants,  'Landfills,  'Leachates, 
•Organic  acids,  *Path  of  pollutants,  Biochemical 
oxygen  demand,  Chemical  oxygen  demand,  Dis- 
solved oxygen,  Model  studies,  Sand  models,  Tem- 
poral variation. 

The  huge  number  of  landfills  and  the  resulting 
seepage  water  (leachate)  has  had  a  negative  influ- 
ence on  groundwater  quality.  Organic  acids  were 
isolated  over  a  period  of  three  years  from  anaero- 
bic and  aerobic  leachate  water,  and  from  two 
model  sand  aquifers  fed  with  the  leachates.  The 
model  aquifers  were  100  m  long,  1  m  wide,  and  2.2 
m  deep.  The  amount  of  isolated  DOC  increased 
from  the  anaerobic  samples  to  the  aerobic  ones. 
There  is  a  clear  decrease  in  DOC  and  COD  and  an 
increase  in  the  redox  potential  as  the  leachate 
passes  through  the  sand  aquifers.  The  characteriza- 
tion of  the  isolated  acids  clearly  reflects  an  increase 
of  the  molecular  weight  and  the  functional  group 
content  with  increasing  age  of  the  landfill  and  the 
process  of  aerobic  digestion.  The  results  are  not 
only  of  interest  for  a  detailed  understanding  of  the 
fate  of  organic  material  from  landfill  leachates  and 
of  the  transport  of  pollutants  in  the  groundwater, 
but  represent  a  man-made  influence  on  the  genesis 
of  humic  substances.  (Author's  abstract) 
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SORPTION  OF  POLYCYCLIC  AROMATIC  HY- 
DROCARBONS ONTO  NATURAL  SOLIDS:  DE- 
TERMINATION BY  FLUORESCENCE 
QUENCHING  METHOD. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
Y.  Shimizu,  and  H.  M.  Liljestrand. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  427-436,  1991.  7  fig,  3  tab,  39  ref. 

Descriptors:  *Analytical  techniques,  'Fluores- 
cence, 'Path  of  pollutants,  'Polycyclic  aromatic 
hydrocarbons,  'Soil  contamination,  'Sorption, 
•Waste  treatment,  Adsorption  kinetics,  Anthra- 
cene, Hydrogen  ion  concentration,  Organic 
carbon,  Sediments,  Soils. 

A  fluorescence  quenching  method  was  used  to 
determine  the  sorption  of  polycyclic  aromatic  hy- 
drocarbons (PAHs)  onto  natural  solids  in  batch 
experiments.  This  method  is  based  upon  the  obser- 
vation that  PAHs  fluoresce  in  aqueous  solution  but 
not  when  associated  with  natural  solids.  It  avoids 
problems  of  incomplete  solid-liquid  separation.  As 
natural  solids,  eleven  different  USEPA  soils  and 
sediments  were  used.  Anthracene  and  2-amin- 
oanthracene,  which  are  respectively  non-ionic  and 
ionic  PAHs,  were  chosen  as  sorbates.  The  fraction- 
al decrease  in  fluorescence  intensity  as  a  function 
of  added  natural  solid  concentration  is  referred  to 
as  Stern- Volmer  plots.  The  plots  were  linear  for  all 
natural  solids  investigated.  The  conditional  sorp- 
tion coefficients  at  pH  6  through  8  and  I  =  0.1M 
were  obtained  as  the  slopes  of  the  plots.  While  the 
conditional  sorption  coefficients  of  anthracene 
were  independent  of  pH,  the  values  of  2-amin- 
oanthracene  decreased  with  increasing  pH.  The 
conditional  sorption  coefficients  of  anthracene  cor- 
related well  with  the  organic  carbon  content  of 
natural  solids.  However,  the  values  of  2-amin- 
oanthracene  did  not  depend  on  the  content  of 
organic  carbon  in  natural  solids.  For  2-aminoanth- 
racene,  inorganic  matrices  of  the  natural  solids 
may  contribute  to  the  sorption.  (Author's  abstract) 
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Group  5B — Sources  Of  Pollution 

LINEAR  ALKYLBENZENES  (LABS)  IN  URBAN 
RIVERINE  AND  COASTAL  SEDIMENTS  AND 
THEIR  USEFULNESS  AS  A  MOLECULAR  IN- 
DICATOR OF  DOMESTIC  WASTES. 

Tokyo  Univ.  of  Agriculture  and  Technology 
(Japan).  Dept.  of  Environmental  Science  and  Con- 
servation. 

H.  Takada,  and  R.  Ishiwatari. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  437-446,  1991.  4  fig,  3  tab,  25  ref. 

Descriptors:  'Detergents,  'Domestic  wastes, 
•Path  of  pollutants,  *Sediment  contamination, 
•Surfactants,  *Tokyo,  ^Tracers,  Coastal  sediments, 
Fluvial  sediments,  Indicators,  Microbial  degrada- 
tion, River  sediments,  Urban  areas. 

Urban  riverine  and  coastal  environments  are  re- 
ceiving large  amounts  of  organic  pollutants  de- 
rived from  various  sources.  Linear  alkylbenzenes 
(LABs)  and  linear  alkylbenzenesulfonates  (LAS), 
found  in  detergents,  are  useful  tracer  compounds 
for  domestic  waste.  LABs  and  LAS  were  meas- 
ured in  river  and  coastal  (bay)  sediments  in  the 
Tokyo  metropolitan  area.  LABs  are  widely  distrib- 
uted in  the  sediments  with  concentrations  of  a  few 
ug/g-dry  sediments.  LAS  concentrations  in  sedi- 
ments are  extremely  low  in  Tokyo  Bay  (approxi- 
mately 0.01  ug/g)  compared  to  those  in  the  rivers 
(hundreds  of  ug/g).  This  fact  indicates  the  higher 
persistency  of  LABs  in  the  riverine  and  coastal 
sediments.  The  progressive  relative  depletion  of 
external  isomers  (in  which  the  phenyl  group  is 
attached  near  the  end  of  the  alkyl  chain)  was 
observed  on  going  from  the  source  (LABs  in  com- 
mercial LAS-detergents)  to  Tokyo  Bay  sediments. 
An  incubation  experiment  substantiated  that  the 
isomeric  change  of  LABs  is  caused  by  selective 
microbial  degradation.  The  I/E  ratio  (ratio  of  in- 
ternal isomers  relative  to  external  isomers)  is  pro- 
posed as  an  index  of  LAB  degradation.  I/E  ratio  of 
LABs  in  Tokyo  Bay  sediments  indicates  the  degree 
of  degradation  of  LABs  to  be  50%  at  most.  (Au- 
thor's abstract) 
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SORPTION  KINETICS  OF  NON-IONIC  OR- 
GANIC POLLUTANTS  ONTO  SUSPENDED 
SEDIMENTS. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
H.  M.  Liljestrand,  and  Y.  D.  Lee. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  447-454,  1991.  4  tab,  37  ref. 

Descriptors:  'Adsorption  kinetics,  'Adsorption- 
desorption,  'Model  studies,  'Organic  pollutants, 
•Path  of  pollutants,  'Sorption,  'Suspended  sedi- 
ments, Chemical  processes,  Dichlorobenzene,  Dif- 
fusion, Equilibrium,  Particle  size,  Sediments. 

A  number  of  models  have  been  proposed  to  de- 
scribe the  fate  and  distribution  of  sorbing  pollut- 
ants in  surface  waters.  For  the  adsorption  and 
desorption  processes,  they  frequently  assume  in- 
stantaneous equilibrium.  The  assumption  of  instan- 
taneous equilibrium  may  result  in  serious  errors  if 
the  adsorption  kinetics  are  not  rapid  relative  to  the 
physical  transport  times.  The  results  of  controlled 
batch  experimental  studies  of  the  adsorption  and 
desorption  kinetics  of  dichlorobenzene  to  (1)  size 
fractionated,  washed  sediments,  (2)  aggregate, 
washed  sediment,  (3)  dissolved/colloidal  sediment 
materials,  and  (4)  bulk  sediments,  are  used  to  deter- 
mine the  effect  of  inhomogeneous  mixtures  on  the 
overall  sorption  rates.  The  size-segregated  sedi- 
ments are  modeled  as  spherical  particles  with  a 
porous  outer  shell  of  organic  matter  for  sorption 
and  an  inert,  inorganic  core.  The  characteristic 
times  of  intraparticle  diffusive  transport  are  found 
to  vary  with  particle  size  by  about  two  orders  of 
magnitude.  The  distribution  of  natural  organic 
matter  content  with  particle  size  results  in  sorption 
rates  which  differ  greatly  from  those  predicted  by 
the  monodisperse,  homogeneous  particle  model. 
Coupled,  reversible  reactions  between  the  solute 
and  each  solid  size  fraction  are  regarded  as  a 
conceptual  model  for  the  interpretation  of  the  em- 
pirical results  of  batch  experiments.  (Author's  ab- 
stract) 
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FACTORS  EXPLAINING  SEDIMENT  CON- 
CENTRATIONS OF  16  ELEMENTS  IN  28  JAP- 
ANESE EUTROPHIC  LAKES. 

National  Inst,  for  Environmental  Studies,  Tsukuba 
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Water  Science  and  Technology  WSTED4,  Vol. 
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Descriptors:  'Eutrophication,  'Japan,  'Path  of 
pollutants,  'Sediment  contamination,  'Suspended 
solids,  'Trace  elements,  Eutrophic  lakes.  Lake 
sediments.  Lakes,  Organic  carbon,  Organic  nitro- 
gen, Particulate  matter,  Water  chemistry 

Most  anthropomorphic  activities  in  a  lake  or  its 
watershed  will  leave  traces  in  the  sediments.  To 
understand  lake  sediment  environments,  the  con- 
centrations of  16  elements  in  sediments  and  sus- 
pended particulate  matter  (PM)  from  28  eutrophic 
Japanese  lakes  were  analyzed.  Surface  sediments 
were  used  because  they  are  more  closely  related  to 
the  chemistry  of  the  water  column  and  less  affect- 
ed by  chemical  processes  such  as  decomposition. 
Several  sediment  cores  10-20  cm  long  were  col- 
lected from  each  of  the  study  lakes  and  subjected 
to  both  physical  and  chemical  analysis.  Use  of 
statistical  analysis  permitted  the  elements  to  be 
grouped  into  (1)  alkali  metals  and  alkaline  earth 
metals  (Na,  Mg,  Ca,  Sr,  K),  (2)  elements  originat- 
ing from  soil  particles  or  rock  (Ti,  Fe),  (3)  ele- 
ments having  significant  anthropogenic  inputs  (P, 
Cr,  Cu,  Zn),  (4)  organic  carbon  and  nitrogen.  The 
ratio  of  PM  to  sediments  decreased  in  the  order  of 
(3),  (4),  (1),  and  (2).  With  the  aid  of  a  simple 
conceptual  model,  some  significant  factors  were 
successfully  shown  to  explain  the  sediment  concen- 
trations of  respective  groups:  (1)  salinity  of  the  lake 
water,  (2)  Ti  concentration  in  PM,  which  reflects 
the  arrival  rate  of  soil  particles  at  the  midpoint,  (3) 
total  phosphorus  (TP)  concentration  in  lake  water 
representing  the  anthropogenic  load,  (4)  chloro- 
phyll-a  concentration  in  lake  water  divided  by  the 
area  ratio  of  drainage  to  lake  surface.  (Author's 
abstract) 
W91-06090 


SURFACTANT  SOLUBILIZATION  OF  POLY- 
CYCLIC  AROMATIC  HYDROCARBON  COM- 
POUNDS IN  SOIL-WATER  SUSPENSION. 

Carnegie-Mellon  Univ.,  Pittsburgh,  PA.  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic   entry   see  Field   5G. 
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FATE  OF  LINEAR  ALKYLBENZENESULFON- 
ATES IN  A  LAKE  ESTUARY. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

K.  Amano,  T.  Fukushima,  and  O.  Nakasugi. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  497-506,  1991.  8  fig,  2  tab,  15  ref. 

Descriptors:  'Biodegradation,  'Japan,  'Lake  sedi- 
ments, 'Lakes,  'Linear  alkyl  sulfonates,  'Path  of 
pollutants,  Diffusion,  Distribution  patterns,  Estu- 
aries, Mathematical  models,  Rivers,  Sediment  anal- 
ysis. 

The  concentration  of  linear  alkylbenzenesulfonates 
(LAS)  in  the  Lake  Teganuma  estuary  in  Japan 
indicated  a  seasonal  variation  and  a  downstream 
decrease.  The  downstream  decrease  in  the  studied 
section  varied  between  28%  and  100%  seasonally, 
and  the  average  was  66(  +  -25)%  during  1987-1988. 
To  explain  the  decrease,  the  biodegradation  of 
LAS  in  water,  diffusive  exchange  of  dissolved 
phase  LAS  through  the  sediment/water  interface, 
and  settling  of  adsorbed  phase  LAS  was  investigat- 
ed through  analysis  of  sediment  samples.  Six  sam- 
pling locations  in  the  Lake  Teganuma  estuary  were 
established.  Adsorption  experiments  were  per- 
formed between  0.3-9  ppm  of  the  initial  concentra- 
tions of  LAS.  The  experimental  equation  used  to 
estimate  the  adsorption  coefficient  of  LAS  was 
verified  by  using  adsorption  data  from  field  obser- 
vations. The  averaged  value  0.000024  square  centi- 
meters per  second  for  the  diffusion  coefficient  in 
the  sediment  interstitial  water  was  obtained  from 
the  experiments  using  the  sediment  core  samples. 
The  biodegradation  rate  constant  (between  0.06 


and  3.33  per  day)  in  water  and  the  diffusive  flux 
rate  (between  -0.157  and  0.022  mg  per  square 
meter  per  hour)  from  water  to  sediment  were 
obtained  from  field  observations  and  experiments. 
Based  on  this  information,  a  mathematical  model 
was  applied  to  simulate  the  downstream  decrease 
of  LAS  in  water.  With  this  model,  nearly  10%  of 
the  total  LAS  from  the  river  was  found  to  be 
transported  to  sediment  both  in  summer  and 
winter.  The  settling  flux  of  LAS  in  the  lake  estuary 
was  ten  times  greater  than  the  diffusive  flux.  The 
settling  flux  was  ten  times  smaller  than  the  disap- 
pearing flux  by  biodegradation  in  summer  but  was 
the  same  level  in  winter.  (Author's  abstract) 
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WEIGHTED  FINITE  DIFFERENCE  AND 
BOUNDARY  ELEMENT  METHODS  APPLIED 
TO  GROUNDWATER  POLLUTION  PROB- 
LEMS. 

Kyushu  Univ.,  Fukuoka  (Japan).  Dept.  of  Civil 

Engineering. 
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23,  No.  1/3,  p  517-524,  1991.  8  fig,  7  ref. 
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movement,  Numerical  models,  Organic  com- 
pounds. 

Two  methods  for  evaluating  groundwater  pollu- 
tion in  porous  media  are  applied  to  three  theoreti- 
cal examples.  The  methods  are  the  weighted  finite 
difference  method  (WFDM)  and  the  boundary  ele- 
ment method  (BEM),  which  were  proposed  or 
developed  for  advective  diffusion  problems.  By 
subdividing  the  domain  into  subdomains,  the  non- 
linearity  is  localized  to  a  small  region.  Computa- 
tional time  for  groundwater  pollution  problems 
can  be  saved  by  the  boundary  element  method; 
accurate  numerical  results  can  be  obtained  by  the 
weighted  finite  difference  method.  The  first  exam- 
ple is  the  diffusion  of  an  organic  solvent  through  a 
porous  medium.  The  groundwater  flow  equation  is 
solved  by  BEM,  and  the  convective  dispersion 
equation  is  solved  by  WFDM,  saving  computer 
memory  and  computational  time  while  maintaining 
accuracy.  The  second  example  is  aquifer  pollution 
by  an  industrial  wastewater,  assuming  no  differ- 
ence in  density  between  the  wastewater  and  aqui- 
fer water.  The  solution  is  obtained  by  WFDM. 
The  third  example  is  also  industrial  wastewater, 
but  in  a  concentration  high  enough  to  effect  a 
density  gradient.  Both  BEM  and  WFDM  are  used 
to  obtain  the  solution.  WFDM  solutions  to  the 
problem  of  seawater  intrusion  into  coastal  aquifers 
are  in  good  agreement  with  experimental  results. 
(Tappert-PTT) 
W9 1-06095 


PATHWAY  AND  FATE  OF  THE  HEAVY 
METAL  MLXTURE  IN  XIAMEN  MARINE  EX- 
PERIMENT ENCLOSURES. 

National     Bureau     of     Oceanography,     Xiamen 

(China).  Third  Inst,  of  Oceanography. 

J.  Li,  R.  Du,  G  Zhang,  C.  S.  Wong,  and  R.  W. 

Macdonald. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  3,  p  389- 

403,  1990.  10  fig,  6  tab,  17  ref. 

Descriptors:  'Fate  of  pollutants,  'Heavy  metals, 
•Marine  environment,  *Marine  sediments,  'Path  of 
pollutants,  Cadmium,  China,  Copper,  Lead,  Mer- 
cury, Organic  matter,  Particulate  matter,  Phyto- 
plankton,  Sedimentation,  Sediments,  Xiamen  Bay, 
Zinc,  Zooplankton. 
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The  pathway  and  fate  of  heavy  metals  were  stud- 
ied in  10-cu  m  enclosures  in  Xiamen  Bay,  China  in 
1985.  The  dissolved  metals  added  were  removed 
rather  quickly  during  the  first  days,  and  their  half- 
removal  times  were  as  follows:  Pb  5.4-5.8,  Hg  6.7- 
14,  Zn  11-22,  Cu  16-29,  and  Cd  30-89  days.  Zinc  is 
transferred  biologically  to  particles  during  phyto- 
plankton  bloom.  The  main  fate  of  added  metals 
after  27  days  is  as  follows:  more  than  80%  Cd  and 
60%  Cu  remain  in  the  dissolved  phase,  more  than 
60%  Pb  and  50%  Hg  transfer  to  settling  sediment, 
while  Zn  is  equally  distributed  in  dissolved  phase 
and  settling  sediment.  The  enclosure  wall  uptake 
was  less  than  2%  of  the  total  metals  added.  Organ- 
ic materials  play  an  essential  role  in  the  partition 
and  transfer  of  heavy  metals  in  the  water  column. 
Terrigenous  and  autochthonous  particles  show  dif- 
ferent affinities  for  different  metals.  Most  heavy 
metals  associate  weakly  with  zooplankton.  The 
binding  of  Cd,  Pb,  Zn,  and  Cu  to  the  particles 
shows  distinctive  features  related  to  the  diagenetic 
alteration.  (Author's  abstract) 
W91-06104 


MAPS:  A  GIS  FOR  LAND  RESOURCE  MAN- 
AGEMENT IN  MONTANA. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Plant  and 

Soil  Science. 

For  primary  bibliographic  entry  see  Field  7C. 

W91-06115 


LEACHING  CHARACTERISTICS  OF  CON- 
STRUCTION MATERIALS  AND  STABILIZA- 
TION PRODUCTS  CONTAINING  WASTE  MA- 
TERIALS. 

Netherlands  Energy  Research  Foundation  ECN, 

Petten. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06136 


LEACHING  CHARACTERISTICS  OF  SELECT- 
ED ELEMENTS  FROM  COAL  FLY  ASH  AS  A 
FUNCTION  OF  THE  ACIDITY  OF  THE  CON- 
TACT SOLUTION  AND  LIQUID/SOLID 
RATIO. 

Netherlands  Energy  Research  Foundation  ECN, 
Petten. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-06138 


STUDY  OF  TRITIUM  RELEASE  FROM  EN- 
CAPSULATED TITANIUM  TRITIDE  ACCEL- 
ERATOR TARGETS. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Health 
Sciences. 

R.  R.  Landolt,  and  L.  R.  Bauer. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  251-256,  2  fig,  6  ref.  US  Department  of  Energy 
Thesis  Research  Program  on  Nuclear  Waste  Man- 
agement Agreement  No.  ARGONDO  055958  and 
Institute  of  Nuclear  Power  Operations  Agreement 
No.  052483. 

Descriptors:  'Path  of  pollutants,  'Radioactive 
wastes,  *Tritium,  'Waste  disposal,  *Waste  solidifi- 
cation, *Waste  stabilization,  Cements,  Encapsula- 
tion, Gypsum,  Leaching,  Performance  evaluation. 
Radioactive  tracers,  Titanium. 

Titanium  tritide  accelerator  targets  were  encapsu- 
lated in  several  types  of  waste  disposal  solidifica- 
tion media.  The  resulting  monoliths  were  subjected 
to  a  standard  leach  testing  procedure.  A  bare  triti- 
um target  was  also  immersed  in  water  and  evaluat- 
ed for  tritium  release.  As  anticipated,  more  tritium 
was  released  from  the  bare  target  than  from  the 
encapsulated  targets,  but  not  by  a  large  factor.  Of 
the  encapsulated  media  tested,  gypsum  cement, 
coated  and  uncoated,  performed  slightly  better 
than  epoxy  or  microsilica  cement.  A  gypsum  en- 
capsulated target  was  also  tested  in  air,  and  its 
tritium  release  was  compared  with  that  of  the 
gypsum  cement  encapsulated  target  which  had 
been  subjected  to  the  leach  test.  Significantly  more 
tritium  was  released  from  the  specimen  suspended 
in  the  air.  The  results  indicate  that  tritium  can 
move  through  these  barrier  materials  and  may  be 


released  from  an  encapsulated  target  exposed  to 
water  or  air.  (See  also  W9 1-06 124)  (Author's  ab- 
stract) 
W91-06145 

LEACHING  LOW-LEVEL  RADIOACTIVE 
WASTE  IN  SIMULATED  DISPOSAL  CONDI- 
TIONS. 

Atomic  Energy  of  Canada  Ltd.,  Chalk  River  (On- 
tario). Chalk  River  Nuclear  Labs. 
L.  P.  Buckley,  N.  B.  Tosello,  and  B.  L.  Woods. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  330-342,  6  fig,  3  tab,  10  ref. 

Descriptors:  'Leaching,  *Path  of  pollutants,  •Ra- 
dioactive waste  disposal,  'Radioactive  wastes, 
•Simulation  analysis,  'Waste  disposal,  Canada, 
Chalk  River,  Geochemistry,  Groundwater  move- 
ment, Radionuclides,  Saturated  flow,  Waste  con- 
tainment. 

Leaching  tests  formally  recognized  by  the  Interna- 
tional Atomic  Energy  Agency  (IAEA)  or  by  the 
American  Nuclear  Society  (ANS)  are  used  to 
evaluate  the  release  of  radioactivity  from  a  waste 
form  under  idealized  conditions.  These  conditions 
do  not  represent  the  reality  of  disposal  require- 
ments, where  engineered  barriers  are  in  place  to 
limit  access  of  water  and  to  retard  migration  of 
radionucleotides  into  the  biosphere.  A  test  pro- 
gram underway  at  Chalk  River,  Ontario  is  attempt- 
ing to  provide  an  understanding  of  the  release  and 
transport  of  radionucleotides  under  more  realistic 
conditions.  Preliminary  results  indicate  that  re- 
leases are  suppressed  at  least  by  an  order  of  magni- 
tude when  the  effects  of  barriers  in  a  repository 
failure  are  considered.  However,  migration  mecha- 
nisms cannot  be  fully  explained  by  classical  con- 
cepts involving  saturated  flow.  Research  efforts 
now  focus  on  measurements  in  an  unsaturated  re- 
ducing environment,  the  conditions  which  are  ex- 
pected to  be  found  in  a  well  designed  repository. 
(See  also  W9 1-06 124)  (Author's  abstract) 
W91-06151 


INFLUENCE  OF  HYDROLOGIC  FACTORS  ON 
LEACHING  OF  SOLIDIFIED  LOW-LEVEL 
WASTE  FORMS  AT  AN  ARID-SITE  FIELD- 
SCALE  LYSIMETER  FACILITY. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06153 


EXPERIENCE  ACQUIRED  IN  THE  FIELD  OF 
LONG-TERM  LEACHING  TESTS  ON  BLOCKS 
OF  RADIOACTIVE  WASTE. 

CEA  Centre  d'Etudes  Nucleases  de  Saclay,  Gif- 

sur-Yvette  (France). 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06154 


LARGE-SCALE  DEMONSTRATION  OF  LOW- 
LEVEL  WASTE  SOLIDIFICATION  IN  SALT- 
STONE. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Philadelphia, 

PA.  Marshall  Labs. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06155 


FIELD  TESTING  OF  WASTE  FORMS  USING 
LYSIMETERS. 

Idaho  National  Engineering  Lab.,  Idaho  Falls.  Bio- 
technology and  Waste  Management  Programs. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-06 156 


DNA  ADDUCTS  IN  MARINE  MUSSEL  MYTI- 
LUS  GALLOPROVINCIALIS  LOVING  IN  POL- 
LUTED AND  UNPOLLUTED  ENVIRON- 
MENTS. 

Institut    Rudjer   Boskovic,    Zagreb   (Yugoslavia). 

Center  for  Marine  Research. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-06184 


MICROBIOLOGICAL  QUALITY  OF  SOURCE 
WATERS  FOR  WATER  SUPPLY. 

Environmental    Protection    Agency,    Cincinnati, 

OH. 

For  primary  bibliographic  entry  see  Field  5F. 

W91-06195 


TROPICAL  SOURCE  WATER. 

Savannah  River  Lab.,  Aiken,  SC.  Environmental 

Sciences  Div. 

For  primary  bibliographic  entry  see  Field  5F. 

W91-06196 


INVERTEBRATES  AND  ASSOCIATED  BACTE- 
RIA IN  DRINKING  WATER  DISTRIBUTION 
LINES. 

Millipore  Corp.,  Bedford,  MA. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-06205 


VIRUSES     IN     SOURCE     AND     DRINKING 
WATER. 

Arizona  Univ.,  Tucson.  Dept.  of  Nutrition  and 

Food  Science. 

For  primary  bibliographic  entry  see  Field  5F. 

W91-06212 


INTERFACIAL  GEOCHEMISTRY  OF  BARIUM 
IN  SUSPENSION  AND  SEDIMENT  FROM 
ZHUJIANG  ESTUARY. 

Academia    Sinica,    Guangzhou    (China).    South 

China  Sea  Inst,  of  Oceanology. 

Z.  Xiangfei,  Z.  Jianlu,  L.  Zhiqing,  L.  Ziquiang, 

and  C.  Kwanming. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  2,  p  247- 

254,  1990.  6  fig,  2  tab,  12  ref. 

Descriptors:  'Barium,  'China,  'Estuarine  sedi- 
ments, 'Oil  industry,  'Path  of  pollutants,  'Sedi- 
ment analysis,  'Water  pollution  sources,  Chemical 
properties,  Estuaries,  Iron,  Manganese,  Oil  pollu- 
tion, Salinity,  Sediments. 

In  oceans  and  inland  waters  of  the  world,  the  rate 
of  oil  exploration  is  increasing  constantly,  and 
barite  is  commonly  used  as  a  weighting  agent  in 
oil-well  drilling  mud.  Studies  on  the  geochemical 
behavior  of  Ba  may  provide  an  understanding  of 
environmental  impacts  of  marine  oil  exploration 
activities.  Chemical  forms  of  Ba  were  determined 
in  samples  of  suspension  and  sediment  from  the 
Zhujiang  Estuary,  China.  Total  suspended  Ba  con- 
tent was  between  2.4  and  40.4  microgram/L,  and 
existed  primarily  in  the  crystalline  form  (43.5%), 
and  secondly  in  the  Fe-Mn  oxidative  form  (23. 1%). 
The  percentage  of  organic  form  was  14.8%,  car- 
bonated form  was  11.1%,  and  exchangeable  form 
was  7.4%.  The  total  content  of  Ba  in  the  sediment 
was  between  158.6  and  48.0  microgram/g.  The 
percentage  of  crystalline  form  was  78.4%,  Fe-Mn 
oxidative  form  was  13.5%,  and  carbonate  form 
was  8.2%.  Organic  and  exchangeable  forms  were 
not  detected.  The  study  on  the  mechanism  of  inter- 
facial  movement  suggested  that  the  salinity  range 
of  10  was  the  turning  point  for  the  varied  distribu- 
tion of  Ba.  The  subsidence  of  crystalline  form 
affected  the  decrease  of  Ba  content  in  suspension. 
The  decrease  primarily  took  place  in  the  salinity 
range  lower  than  10,  which  corresponded  to  the 
high  value  of  Ba  content  in  the  sediment.  The 
solid-solution  exchange  process  was  mainly  influ- 
enced by  the  exchangeable,  Fe-Mn  oxidative  and 
organic  forms,  and  their  variations  were  closely 
related  to  the  non-conservative  behavior  of  dis- 
solved Ba.  (Mertz-PTT) 
W9 1-06220 

FERTTLITY    OF    DOMESTIC    SEWAGE    AND 
EUTROPHICATTON  IN  ESTUARINE 

HARBOR. 

Xiamen  Univ.  (China).  Inst,  of  Environmental  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06221 
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Central    Electricity    Generating    Board,    London 

(England).  Environmental  Policy  Dept. 

A.  J.  Crane. 

Journal  of  the  Royal  Society  of  Health  JRSHDS, 

Vol.  110,  No.  3,  p  77-80,  1990.  3  fig. 

Descriptors:  •Acid  rain,  *Acid  rain  effects,  *Air 
pollution,  Acidic  water,  Acidity,  Chemistry  of  pre- 
cipitation, Environmental  effects,  Hydrogen  ion 
concentration,  Limestone,  Scandinavia,  Soil-water- 
plant  relationships,  Sulfur  dioxide,  Water  pollution. 

When  coal  is  burned,  sulfur  is  oxidized  to  sulfur 
dioxide.  Chemical  reactions  in  the  atmosphere  con- 
vert some  of  the  sulfur  dioxide  into  sulfuric  acid 
that  may  subsequently  come  to  earth  in  rain.  The 
details  of  these  conversion  processes  have  only 
come  to  be  understood  in  the  last  decade,  but  the 
knowledge  that  air  pollution  from  coal  burning 
could  acidify  rain  probably  dates  from  the  1870s. 
Acid  rain,  however,  was  not  perceived  as  a  major 
environmental  threat  until  a  century  later.  Unlike 
the  problem  of  urban  pollution,  the  effects  of  acid 
rain  did  not  manifest  themselves  close  to  major 
sources  of  acid  gas  emissions.  Rather,  remoter, 
clean-air  regions  of  Europe,  principally  Scandina- 
via, where  the  acidification  of  lakes  and  streams 
emerged  as  a  major  environmental  issue  in  the 
early  1970s  were  affected.  As  research  progressed, 
it  became  apparent  that  the  interaction  of  rain  with 
the  soil  was  of  crucial  importance.  Where  the 
water  flows  over  chalk  and  limestone,  acidity  will 
normally  be  completely  neutralized  and  not  give 
rise  to  any  problems.  In  more  acidic  soils  a  process 
known  as  cation  exchange  begins  to  dominate  the 
chemical  reactions.  Some  of  the  hydrogen  ions  that 
give  the  rain  its  acid  character  are  retained  by  the 
soil  in  exchange  for  soil-derived  elements,  such  as 
calcium.  This  process  reduces  the  acidity  of  the 
water  draining  through  the  soil  and  at  the  same 
time  feeds  the  calcium  to  the  streamwater.  For  this 
process  to  proceed,  there  has  to  be  a  mobile  acid 
anion,  like  sulfate,  to  accompany  the  released  calci- 
um cations  through  the  soil.  This  process  has  re- 
sulted in  water  unsuitable  for  fish  and  declining 
forests  in  some  regions.  As  in  the  case  of  surface 
water  acidification,  scientific  investigation  of  forest 
decline  has  revealed  causal  mechanisms  and  re- 
quirements for  solutions  more  complex  than  origi- 
nally suspected.  (Mertz-PTT) 
W9 1-06236 


SOAK-AWAY  SYSTEMS  AND  POSSIBLE 
GROUNDWATER  POLLUTION  PROBLEMS 
IN  DEVELOPING  COUNTRIES. 

Obafemi  Awolowo  Univ.,  Ile-Ife  (Nigeria).  Dept. 

of  Civil  Engineering. 

D.  Olanrewaju. 

Journal  of  the  Royal  Society  of  Health  JRSHDS, 

Vol.  110,  No.  3,  p  108-112,  1990.  42  ref. 

Descriptors:  •Developing  countries,  •Groundwat- 
er pollution,  'Sanitation,  'Septic  tanks,  •Viruses, 
Coxsackie  virus,  Enteroviruses,  Hydrogen  ion  con- 
centration, Light  effects,  Organic  matter,  Sanitary 
wastewater,  Temperature  effects,  Wastewater. 

People  in  developing  countries  do  not  have  ade- 
quate sanitation.  The  majority  of  people  in  urban 
areas  use  septic  tanks  and  very  often  most  of  these 
septic  tanks  are  not  properly  designed  or  are  locat- 
ed too  close  to  water  supply  and  a  cause  contami- 
nation. Experiments  have  shown  that  fecal  orga- 
nisms do  not  travel  any  significant  distance  radially 
as  a  result  of  the  concentration  gradient.  They  are, 
however,  carried  with  groundwater  flow.  The 
amount  of  sludge  available  for  removal  in  a  septic 
tank  is  not  indicative  of  its  efficiency  in  terms  of 
viral  population  because  of  the  peculiar  dynamic 
property  of  viruses.  Other  liquid  wastes,  such  as 
from  the  kitchen  and  laundry,  can  reduce  retention 
time  in  the  tank  and  serve  as  transport  media  for 
the  pathogens.  Viruses  adsorb  to  soils  and  are 
negatively  charged  at  most  pH  values.  Moisture 
content  is  very  important  in  the  survival  of  viruses. 
The  poliovirus  type  I  and  coxsackie-virus  B-l 
remain  viable  longer  than  the  24  hours  retention 
period  and  may  percolate  into  the  groundwater. 
Temperature  and  organic  matter  in  the  wastewater 
will  also  influence  viral  survival.  Other  factors 
influencing  survival  include  type  of  organism,  type 
of  soil,  pH,  sunlight,  rain,  degree  of  contamination, 


predation  and  antagonistic  effects  from  the  resident 
microbial  flora  of  the  soil.  Adsorption  is  probably 
the  predominant  factor  in  virus  removal  by  soil. 
Special  consideration  should  be  given  to  the  siting 
and  design  of  any  septic  tank  system  in  order  to 
avoid  groundwater  pollution.  Septic  tanks  should 
be  located  at  least  20  m  away  from  water  supply 
sources  such  as  wells  and  springs.  (Mertz-PTT) 
W91-06238 


EXPERIMENTAL  MARINE  ECOSYSTEM 
STUDY  OF  THE  PELAGIC  BIOGEOCHE- 
MISTRY  OF  PENTACHLOROPHENOL. 

Dobrocky  Seatech  Ltd.,  Sidney  (British  Colum- 
bia). 

M.  B.  Yunker,  F.  A.  Whitney,  W.  J.  Cretney,  and 
C.  S.  Wong. 

Marine  Environmental  Research  MERSDW,  Vol. 
30,  No.  4,  p  273-295,  1990.  5  fig,  3  tab,  35  ref. 
Environmental  Contaminants  Contract  Funds  con- 
tract 07SB.FP833-9-0943. 

Descriptors:  •Chlorinated  hydrocarbons,  *Fate  of 
pollutants,  •Marine  pollution,  'Water  pollution  ef- 
fects, Aquatic  life,  Diatoms,  Model  studies,  Photol- 
ysis, Phytoplankton,  Primary  production,  Reten- 
tion time.  Water  pollution,  Zooplankton. 

The  marine  biogeochemistry  of  pure  pentachloro- 
phenol  was  studied  relative  to  a  control  treatment 
at  a  scale  which  provided  a  good  model  for  the 
pelagic  planktonic  environment  (70  cubic  m  poly- 
ethylene bags).  Pentachlorophenol  that  was  dis- 
persed at  concentrations  of  10  and  100  microgram/ 
L  showed  identical  relative  rates  of  decrease  over 
25  days  to  concentrations  32.8%  for  10  micro- 
gram/L and  31.1%  for  100  microgram/L  of  the 
initial  concentrations.  No  bioaccumulation  by  phy- 
toplankton or  zooplankton  was  observed  and  pen- 
tachlorophenol  removal  by  adsorption  (by  particu- 
lates, zooplankton  or  the  enclosure  walls)  was  in- 
significant. The  log  of  the  pentachlorophenol  con- 
centration was  significantly  correlated  with  the 
hours  of  bright  sunshine  up  to  day  18,  after  which 
the  photolysis  efficiency  decreased  as  the  propor- 
tion of  pentachlorophenol  exposed  to  sunlight  de- 
creased. The  results  imply  a  long  residence  time 
for  pentachlorophenol  in  deeper  waters  outside  the 
photolysis  zone.  A  persistent  reduction  in  the  pri- 
mary production  and  production  per  unit  carbon 
was  observed  at  100  microgram/L  and,  when  cou- 
pled to  the  demise  of  the  centric  diatom  Skeleton- 
ema  costatum  in  culture  and  the  spiked  enclosures, 
suggests  that  pentachlorophenol  inhibits  phyto- 
plankton growth.  (Author's  abstract) 
W9 1-06241 


POLLUTANT  DYNAMICS  AS  INFLUENCED 
BY  SEAGRASS  BEDS:  EXPERIMENTS  WITH 
TRIBUTYLTIN  IN  THALASSIA  MICRO- 
COSMS. 

Cornell  Univ.,  Ithaca,  NY.  Ecosystems  Research 

Center. 

S.  N.  Levine,  D.  T.  Rudnick,  J.  R.  Kelly,  R.  D. 

Morton,  and  L.  A.  Buttel. 

Marine  Environmental  Research  MERSDW,  Vol. 

30,  No.  4,  p  297-322,  1990.  3  fig,  10  tab,  20  ref.  US 

EPA        cooperative        agreement        CR8 12685, 

CR812685-02  and  CR812685-03. 

Descriptors:  'Bioaccumulation,  *Fate  of  pollut- 
ants, "Marine  pollution,  *Organotin  compounds, 
•Path  of  pollutants,  *Sea  grasses.  Degradation,  Ec- 
ological effects,  Food  chains,  Toxicants,  Water 
pollution. 

Seagrass  beds  are  highly  productive  ecosystems 
whose  leaves  and  sediments  provide  considerable 
surface  area  for  interactions  with  seawater;  thus, 
they  may  be  foci  for  the  sorption,  accumulation 
and  degradation  of  pollutants.  The  fate  of  the 
potent  biocide  tributyltin  in  water  that  passes 
through  seagrasses  and  over  sediments  was  studied 
in  marine  microcosms  containing  sediment  cores 
from  a  subtropical  seagrass  bed  (including  Thalas- 
sia  testudinum  and  associated  fauna)  and  seawater. 
Over  3  or  6  weeks,  48  of  these  microcosms  were 
dosed  weekly  for  24  hours  with  14C-labelled  tribu- 
tyltin at  three  different  doses  (initial  concentrations 
of  0.2,  2  and  20  microgram  tributyltin/L)  and 
flushed  with  flowing  seawater  between  dose  peri- 


ods. The  tributyltin  was  rapidly  removed  from  the 
water  column  (half  times  of  10-20  hours),  primarily 
through  adsorption  onto  sediments  and  seagrass 
leaves.  By  contrast,  12  microcosms  that  received 
similar  tributyltin  doses  but  that  contained  only 
seawater  had  tributyltin  removal  half  times  of  2-7 
days.  Accumulation  of  tributyltin  in  sediments  and 
grasses  was  temporary,  however;  at  harvest,  the 
seagrass  microcosms  contained  just  20-30%  of  the 
14C  that  had  been  adsorbed  or  assimilated  during 
dose  periods,  and  half  of  this  label  was  in  degrada- 
tion products.  The  principal  mechanism  of  tributyl- 
tin loss  from  solids  was  degradation  followed  by 
desorption  of  degradation  products  (largely  mono- 
butyltin  and  C02,  which  are  more  soluble  than 
tributlytin).  Despite  relatively  rapid  tributlytin 
degradation,  tributyltin  accumulated  in  fauna;  at 
harvest,  2-6%  of  the  14C  in  microcosms  was  in 
invertebrates.  Thus  seagrass  beds  can  be  viewed  as 
foci  for  the  concentration  of  tributyltin,  as  proces- 
sors of  tributyltin  to  less  toxic  degradation  prod- 
ucts, and  as  vectors  for  distribution  of  tributyltin 
through  coastal  food  chains.  (Author's  abstract) 
W9 1-06242 


CESIUM-137  IN  THE  GOIANIA  WATERWAYS 
DURING  AND  AFTER  THE  RADIOLOGICAL 
ACCIDENT. 

Instituto  de  Radioprotecao  e  Dosimetria,  Rio  de 

Janeiro  (Brazil). 

J.  M.  Godoy,  J.  R.  D.  Guimaraes,  J.  C.  A.  Pereira, 

and  M.  A.  Pires  do  Rio. 

Health  Physics  HLTPAO,  Vol.  60,  No.  1,  p  99- 

103,  January  1991.  3  fig,  1  tab,  6  ref. 

Descriptors:  •Brazil,  *Cesium  radioisotopes,  •Path 
of  pollutants,  *Radioactive  wastes,  'Radioactivity, 
•Water  pollution  sources,  Bioaccumulation,  Radio- 
chemical analysis,  Runoff,  Sediment  analysis,  Sus- 
pended sediments,  Water  analysis,  Water  pollution. 

One  of  the  main  environmental  consequences  of 
the  Goiania,  Brazil  radiological  accident  was  that  a 
significant  fraction  of  the  137Cs  source  was  depos- 
ited on  unprotected  soil  surfaces,  which  were  ex- 
posed to  wind  and  rain  during  the  3  weeks  before 
remedial  action  was  taken.  Some  137Cs  was  intro- 
duced into  the  sewage  system,  but  rainwater 
runoff,  together  with  soil  resuspension,  was  the 
main  pathway  for  1 37Cs  migration  out  of  the  con- 
tamination areas.  Since  the  Goiania  sewage  treat- 
ment system  was  still  being  constructed  at  the  time 
of  the  accident,  local  rainwater  and  sewage  were 
both  drained  to  small  creeks  that  are  tributaries  of 
the  Meia-Ponte  River.  A  survey  of  the  sewage 
galleries  near  the  main  contamination  areas,  per- 
formed with  portable  scintillometers,  indicated  that 
137Cs  reached  the  Meia-Ponte  River  mainly 
through  two  small  tributaries:  The  Capium  Puba 
and  Anicums  Creeks.  Regular  measurements  of 
bottom  sediment,  surface  water,  and  fish  were 
begun  3  weeks  after  the  accident.  In  the  first 
survey,  137Cs  was  detectable  in  sediments  up  to  12 
km  downstream  from  the  accident  area.  Maximum 
137Cs  concentrations  found  in  sediments  of  the 
Meia-Ponte  River  were  1.3  kilobequerel/kg  dry 
weight  and  200  bequerelAg  freshweight  for  fish. 
Cesium- 137  was  always  <  10  bequerel/L  in  sur- 
face waters  plus  suspended  particulates,  even  in  the 
most  contaminated  creeks.  Because  it  was  the  be- 
ginning of  the  rainy  season,  downstream  sediment 
transport  was  enhanced.  This  resulted  in  a  decrease 
of  137Cs  concentrations  in  sediments  of  the  urban 
area  by  a  factor  of  approximately  20,  5  weeks  after 
the  accident.  The  main  sedimentation  area  for  sus- 
pended sediments  in  this  portion  of  the  river  is  the 
Rochedo  Reservoir,  which  is  80  km  downstream 
from  the  accident  area.  In  a  survey  performed  10 
months  after  the  accident,  137Cs  concentrations  in 
the  reservoir  were  up  to  14  bequerelAg  for  fish,  1 
bequerelAg  for  aquatic  plants,  and  100  bequerel/ 
kg  dry  weight  for  bottom  sediments.  (Mertz-PTT) 
W9 1-06243 


CARBON-14  TRACER  STUDY  OF  POLYACRY- 
LATE  POLYMER  IN  A  WASTEWATER 
PLANT. 

Michigan    Univ.,    Ann    Arbor.    School   of  Public 

Health. 

For  primary  bibliographic  entry  see  Field   5D. 
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W9 1-06245 

HYDROCARBON  BIOACCUMULATION 

FROM  CONTAMINATED  SEDIMENT  BY  THE 
DEPOSIT-FEEDING  POLYCHAETE  ABAREN- 
ICOLA  PACIFICA. 

Washington  Univ.,  Seattle.  School  of  Oceanogra- 
phy. 

D.  P.  Weston. 

Marine  Biology  MBIOAJ,  Vol.  107,  No.  1,  p  159- 
169  1990.  7  fig,  3  tab,  56  ref.  US.  EPA  cooperative 
agreement  CX-813705-01. 

Descriptors:  •Bioaccumulation,  •Hydrocarbons, 
•Path  of  pollutants,  Organic  carbon,  Organic 
matter,  Polychaetes,  Sediment  contamination,  Soil 
water  pollution. 

The  role  of  the  organic  carbon  content  of  sediment 
in  aromatic  hydrocarbon  bioaccumulation  and  the 
importance  of  two  routes  of  hydrocarbon  uptake 
are  assessed.  The  two  routes  include:  (1)  the  uptake 
of  the  particulate  contaminant  fraction  from  ingest- 
ed sediment;  (2)  the  uptake  of  the  dissolved  con- 
taminant fraction  from  interstitial  or  overlying 
water.  The  lugworm  Abarenicola  pacifica  was  col- 
lected from  San  Juan  Island,  Washington,  in  Janu- 
ary 1989,  and  exposed  to  three  sediments  contami- 
nated with  (3H)benzo(a)pyrene.  By  manipulating 
the  organic  content  of  these  sediments,  it  was 
possible  to  establish  three  treatments  with  similar 
(3H)benzo(a)pyrene  concentrations  in  the  intersti- 
tial water,  but  differing  in  the  amount  of 
(3H)benzo(a)pyrene  in  the  bulk  sediment. 
(3H)benzo(a)pyrene  bioaccumulation  over  the  first 
few  days  of  exposure  was  correlated  with  feeding 
rate,  suggesting  that  ingested  sediments  were  a 
source  of  (3H)benzo(a)pyrene.  The  greatest  body 
burden,  however,  was  attained  in  those  individuals 
held  in  sediments  with  the  lowest  organic  carbon 
content  and  the  lowest  (3H)benzo(a)pyrene  con- 
centration. Body  burden  at  steady  state  was  not 
correlated  with  either  (3H)benzo(a)pyrene  concen- 
trations in  bulk  sediment  (dry  weight  or  organic 
carbon-normalized  bases)  or  the  interstitial  water. 
Increased  organic  matter  decreased 

(3H)benzo(a)pyrene  bioavailability  in  a  non-linear 
fashion.  Bioaccumulation  factors  relative  to  water 
and  organic  content  were  relatively  constant  be- 
tween 1  and  2%  organic  carbon  in  the  sediment, 
but  these  same  accumulation  factors  substantially 
underestimated  body  burden  if  applied  to  sandy 
sediments  with  little  organic  carbon.  (Author's  ab- 
stract) 
W9 1-06259 

VARIATION  IN  COMPOSITION  AND  CONDI- 
TION OF  THE  PACIFIC  OYSTER,  CRASSOS- 
TREA  GIGAS,  ALONG  A  POLLUTION  GRADI- 
ENT IN  MANUKAU  HAEBOUR,  NEW  ZEA- 
LAND. 

Department  of  Scientific  and  Industrial  Research, 
Hamilton  (New  Zealand).  Water  Quality  Centre. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-06261 


SE  UPTAKE  AND  ACCUMULATION  IN 
MARINE  PHYTOPLANKTON  AND  TRANS- 
FER OF  SE  TO  THE  CLAM  PUDITAPES  PHI- 
LIPPNARUM. 

Xiamen  Univ.  (China).  Dept.  of  Oceanography. 
G.  H.  Zhang,  M.  H.  Hu,  and  Y.  P.  Huang. 
Marine  Environmental  Research  MERSDW,  Vol. 
30,  No.  3,  p  179-190,  1990.  55  fig,  1  tab,  14  ref. 

Descriptors:  'Biological  magnification,  *Clams, 
•Diatoms,  »Food  chains,  *Mollusks,  *Path  of  pol- 
lutants, *Selenium,  Environmental  effects,  Phyto- 
plankton,  Water  pollution,  Water  pollution  effects. 

THe  biomagnification  of  Se  has  been  studied  in 
freshwater  food  chains,  but  less  in  known  about  the 
transfer  of  Se  within  the  marine  food  chain.  Se 
uptake  and  accumulation  in  marine  phytoplankton 
and  the  transfer  of  Se  to  the  clam  Puditapes  phi- 
lippnamm  was  studied.  The  accumulation  of  Se  in 
three  marine  diatoms,  Skeletonema  costatum, 
Phaeodactylum  tricornutum  and  Chaetoceros 
muelleri  was  rapid  and  concentration  factors  were 
generally  >  10,000.  The  accumulation  of  75Se  by 


the  clam  P.  philippnarum  was  mainly  from  Se- 
labelled  food  (phytoplankton),  with  lesser  amounts 
being  accumulated  directly  from  seawater.  The 
clams  assimilated  Se  from  ingested  phytoplankton 
with  an  assimilation  coefficient  of  over  50%.  When 
Se  was  accumulated  via  food,  the  largest  amount 
of  Se  was  in  the  soft  tissues  in  the  following  order: 
viscera  >  gills  >  gonads  >  mantle  >  muscle. 
When  Se  accumulation  was  via  seawater,  Se  was 
found  mainly  in  or  on  the  shell.  The  excretion 
kinetics  of  Se  revealed  two  compartments.  The 
short-lived  compartment  had  a  biological  half-time 
of  8  days  for  small  clams  and  13  days  for  large 
clams,  while  for  the  long-lived  compartment  it  was 
about  52  days  for  clams  of  both  sizes.  (Author's 
abstract) 
W9 1-06262 

COMPARISON  OF  THE  ROLES  OF  DIRECT 
ABSORPTION  AND  PHYTOPLANKTON  IN- 
GESTION IN  ACCUMULATION  OF  CHROMI- 
UM BY  SEA  URCHIN  LARVAE. 

Otago  Univ.,  Dunedin  (New  Zealand).  Dept.  of 

Microbiology. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06265 

NATURAL  RECOLONIZATION  OF  A  CHRON- 
ICALLY OIL-POLLUTED  MANGROVE  SOIL 
AFTER  A  DE-POLLUTION  PROCESS. 

Montpellier-2  Univ.  (France).  Lab.  d'Hydrobiolo- 
gie  Marine. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-06266 

TRANSPORTED  MATERIAL  IN  A  SMALL 
RIVER  WITH  MULTIPLE  IMPOUNDMENTS. 

Rhodes  Univ.,  Grahamstown  (South  Africa).  Inst, 
of  Freshwater  Studies. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06272 

CUBIC-SPLINE  INTERPOLATION  IN  LA- 
GRANGIAN  ADVECTION  COMPUTATION. 

Tennessee  Valley  Authority,  Norris.  Engineering 

Lab. 

G.  A.  Schohl,  and  F.  M.  Holly. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  2,  p  248-253,  February 

1991.  3  fig,  7  ref. 

Descriptors:  *Advection,  'Mathematical  models, 
•Model  studies,  'Numerical  analysis,  *Path  of  pol- 
lutants, Solute  transport,  Stream  pollution. 

Lagrangian  schemes  for  numerical  approximation 
of  contaminant  advection  are  capable  of  providing 
satisfactory  accuracy  with  minimal  computational 
effort.  This  performance  is  achieved  by  exploiting 
the  natural  hyperbolicity  of  the  advection  opera- 
tor, by  which  contaminant  is  advected  from  an 
earlier  upstream  position  to  the  present  down- 
stream position  along  the  characteristic  trajectory 
followed  by  a  contaminant  particle.  Excessive  nu- 
merical damping  (artificial  diffusion)  of  the  upwind 
difference  method  results  because,  after  being 
recast  as  a  Lagrangian  method,  it  uses  a  simpler 
linear  interpolation  at  the  foot  of  the  trajectory 
between  two  computational  points.  Use  of  a  con- 
tinuous cubic-spline  interpolation  function  obviates 
the  need  to  solve  the  auxiliary  problem  for  the  first 
derivative.  The  cubic-spline  alternative  to  the 
Holly-Preissmann  two-point  fourth-order  method 
offers  nearly  the  same  accuracy  while  achieving  a 
measurable  reduction  in  execution  time  and  code 
size.  The  Lagrangian  method  for  numerical  ap- 
proximation of  the  advection  operator  is  clearly  a 
powerful  and  accurate  technique  when  combined 
with  appropriate  cubic  interpolation  at  the  foot  of 
the  characteristic  trajectory.  (Fish-PTT) 
W9 1-06298 


SWEET  CORN  YIELD  AND  TISSUE  METAL 
CONCENTRATIONS  AFTER  SEVEN  YEARS 
OF  SEWAGE  SLUDGE  APPLICATIONS. 

Oregon  State  Univ.,  Corvallis.  Agricultural  Exper- 
iment Station. 
For  primary  bibliographic  entry  see  Field  5E. 


W9 1-06299 

SOIL  TYPE,  PRECIPITATION,  AND  FERTIL- 
IZER N  EFFECTS  ON  CORN  YIELDS. 

Wisconsin  Univ.-Stevens  Point.  Coll.  of  Natural 

Resources. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-06302 


NITRIFICATION  AND  NITRATE  UPTAKE: 
LEACHING  BALANCE  IN  A  DECLINED 
FOREST  ECOSYSTEM  IN  EASTERN  FRANCE. 

Centre  de  Pedologie  Biologique,  Vandoeuvre-les- 

Nancy  (France). 

T.  Becquer,  D.  Merlet,  J.  P.  Boudot,  J.  Rouiller, 

and  F.  Gras. 

Plant  and  Soil  PLSOA2,  Vol.  125,  No.  1,  p  95-107, 

1990.   1  fig,  6  tab,  42  ref.  DEFORPA  Program 

contract  INRA/CEE  No  EV.4V.0014.F. 

Descriptors:  »Acid  rain  effects,  *Air  pollution  ef- 
fects, 'Forest  ecosystems,  'Forest  hydrology, 
♦France,  *Nitrification,  Acidification,  Calcium,  Fir 
trees,  Ion  transport.  Leaching,  Magnesium,  Ni- 
trates, Potassium,  Vegetation  effects. 

During  the  1970s  foresters  and  scientists  observed 
serious  defoliation  in  conifer  stands  of  northern 
and  central  Europe  and  currently  forest  decline  is  a 
major  problem  in  a  krge  part  of  Europe  and  North 
America.  Several  hypotheses  have  been  advanced 
to  explain  the  decline,  including  atmospheric  pollu- 
tion, leaching  of  Ca,  Mg,  and  K  ions  from  foliage, 
and  significant  acidification  due  to  the  dry  and  wet 
deposition.  Nitrate  uptake  and  leaching  were  meas- 
ured during  one  year  in  a  declined  fir  forest  on  the 
Vosges  highlands  in  eastern  France,  in  order  to 
investigate  whether  excess  nitrification  could  be 
responsible  for  a  deleterious  acidification  of  the 
ecosystem.  Nitrate  uptake  by  the  vegetation  was 
active  mainly  from  spring  to  early  fall,  and  then 
reached  about  66  kg  N/ha.  No  significant  leaching 
loss  occurred  during  the  growth  period  of  the 
vegetation.  Significant  nitrate  leaching  occurred  in 
winter  (about  17  kg  N/ha).  During  fall  and  winter 
the  nitrification  rate  was  of  the  same  magnitude  as 
values  reported  for  other  ecosystems,  and,  thus, 
was  not  considered  to  be  abnormally  strong.  No 
abnormal  temporal  discoupling  of  nitrate  produc- 
tion and  nitrate  uptake  occurred  in  the  ecosystem, 
and  forest  decline  must  therefore  have  some  other 
cause.  (Author's  abstract) 
W9 1-06308 

NITRATE  ACCUMULATION  IN  LEAVES  OF 
VEGETATION  OF  A  FORESTED  ECOSYSTEM 
RECEIVING  HIGH  AMOUNTS  OF  ATMOS- 
PHERIC AMMONIUM  SULFATE. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Microbiology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06309 


CHEMICAL  COMPOSITION  OF  SOIL  SOLU- 
TIONS EXTRACTED  FROM  NEW  ZEALAND 
BEECH  FORESTS  AND  WEST  GERMAN 
BEECH  AND  SPRUCE  FORESTS. 

Forest  Research  Inst.,  Christchurch  (New  Zea- 
land). Forest  and  Wildland  Ecosystems  Div. 
M.  R.  Davis. 

Plant  and  Soil  PLSOA2,  Vol.  126,  No.  2,  p  237- 
246,  1990.  1  fig,  5  tab,  16  ref. 

Descriptors:  'Acid  rain  effects,  'Air  pollution  ef- 
fects, *Forests,  'Germany,  *New  Zealand,  'Soil 
contamination,  'Soil  water,  'Water  pollution 
sources.  Acid  rain,  Aluminum,  Beech  trees,  Forest 
hydrology,  Magnesium,  Nitrates,  Soil  chemistry, 
Spruce  trees,  Sulfates. 

A  recent  study  comparing  the  concentrations  of 
ionic  compounds  in  rain  and  fog  at  two  remote 
sites  in  the  South  Island,  New  Zealand,  and  at  two 
sites  in  Bavaria,  West  Germany,  indicated  that  the 
Bavarian  area  was  impacted  by  air  pollution, 
whereas  in  New  Zealand,  concentrations  were 
generally  very  low.  Concentrations  of  ions  were 
measured  in  soil  solutions  from  beech  forests  in 


117 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5B — Sources  Of  Pollution 


esc 
t 


remote  areas  of  New  Zealand  and  in  solutions  from 
beech  and  Norway  spruce  forests  in  Bavaria  to 
compare  the  soil  solutions  which  are  unaffected  by 
acid  deposition  (New  Zealand)  with  those  that  are 
affected  (West  Germany).  In  New  Zealand,  soil 
solution  S04(-2)  concentrations  ranged  between 
<2  and  58  micromol/L,  and  N03(-)  concentra- 
tions ranged  between  <1  and  3  micromol/L.  In 
West  Germany,  S04(-2)  concentrations  ranged  be- 
tween 80  and  700  micromol/L,  and  N03Q  con- 
centrations at  three  of  six  sites  ranged  between  39 
and  3750  micromol/L,  but  was  not  detected  at  the 
remaining  three  sites.  At  all  sites  in  New  Zealand, 
and  at  sites  where  the  soil  base  status  was  moder- 
ately high  in  West  Germany,  pH  levels  increased, 
and  total  Al  and  inorganic  monomelic  Al  levels 
decreased  rapidly  with  increasing  soil  depth.  In 
contrast,  at  sites  on  soils  of  low  base  status  in  West 
Germany,  pH  levels  increased  only  slightly,  and 
Al  levels  did  not  decline  with  increasing  soil  depth. 
Under  a  high-elevation  Norway  spruce  stand 
showing  severe  Mg  deficiency  and  dieback  symp- 
toms in  West  Germany,  soil  solution  Mg(  +  2) 
levels  ranged  between  20  and  60  micromol/L,  and 
were  only  half  those  under  a  healthy  stand.  Total 
Al  and  inorganic  monomelic  levels  were  substan- 
tially higher  under  the  healthy  stand  than  under 
the  unhealthy  stand,  indicating  that  Al  toxicity  was 
not  the  main  cause  of  spruce  decline.  (Fish-PTT) 
W91-06316 


PROTON  CYCLE  OF  A  DECIDUOUS  FOREST 
ECOSYSTEM  IN  THE  NETHERLANDS  AND 
ITS  IMPLICATIONS  FOR  SOIL  ACIDIFICA- 
TION. 

Amsterdam  Univ.  (Netherlands).  Lab.  for  Physical 

Geography  and  Soil  Science. 

J.  M.  Verstraten,  J.  C.  R.  Dopheide,  J.  J.  H.  M. 

Duysings,  A.  Tietema,  and  W.  Bouten. 

Plant  and  Soil  PLSOA2,  Vol.  127,  No.  1,  p  61-69, 

1990.  2  fig,  3  tab,  22  ref. 

Descriptors:  'Acid  rain  effects,  *Acidic  soils, 
•Forest  hydrology,  'Ion  transport,  "Netherlands, 
•Soil  chemistry,  Acid  rain,  Acidic  water,  Acidifi- 
cation, Aluminum,  Calcium,  Forest  ecosystems. 

There  has  been  considerable  debate  on  the  extent 
to  which  soil  and  water  acidification  is  caused  or 
accelerated  by  acidifying  atmospheric  deposition. 
From  this  debate  the  concept  of  the  internal  or 
external  proton  cycle  has  developed.  The  proton 
cycle  gives  information  on  the  actual  rate  of  acidi- 
fication of  the  considered  soil,  ecosystem,  or  wa- 
tershed. Investigations  into  the  proton  cycle  of  a 
forest  ecosystem  in  the  Netherlands  revealed  an 
intermediate  rate  of  soil  acidification:  4,500  keq/sq 
km/yr  of  which  2/3  is  caused  by  external  proton 
sources.  Trie  high  retention  of  ammonia-nitrogen 
in  the  biomass  is  the  dominant  source  of  protons, 
and  accounts  for  90%  of  the  external  and  for  59% 
of  the  total  proton  source,  while  atmospheric  input 
of  free  acidity  only  accounts  for  4%  of  total  proton 
production.  Next  to  this,  calcium  release  by  weath- 
ering is  the  main  proton  sink,  accounting  for  72% 
of  total  proton  consumption.  The  proton  transfer 
processes  have  caused  very  acid  conditions  of  the 
upper  soil  horizons  (pH  2.9-3.5)  which  resulted  in 
the  mobilization  of  aluminum  as  inorganic  mono- 
melic (toxic)  aluminum  up  to  maximum  concentra- 
tions of  1500  micromol/L  (40  mg  Al(  +  3)/L). 
(Fish-PTT) 
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ACCELERATED  NITROGEN  INPUTS-A  NEW 
PROBLEM  OR  A  NEW  PERSPECTIVE. 

National  Power,  Leatherhead  (England).  Technol- 
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Descriptors:  'Acid  rain  effects,  'Europe,  *Forest 
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Air  pollution  effects,  Ammonium,  Dry  deposition. 
Leaching,  Nutrients. 

There  have  been  an  increasing  number  of  sugges- 
tions over  the  past  few  years  that  deposition  of 
inorganic   nitrogen  compounds  from   the  atmos- 


phere is  damaging  forest  ecosystems,  in  contrast  to 
earlier  views  that  atmospheric  N  deposition  was  a 
useful  source  of  an  essential,  and  often  limiting, 
nutrient.  There  is  some  question  whether  new 
problems  are  arising  in  forest  ecosystems  due  to 
increased  levels  of  inorganic  deposition  from  the 
atmosphere,  or  whether  there  are  no  new  prob- 
lems-just a  change  of  perception.  In  order  to  make 
a  rational  assessment  of  the  forest  ecosystem  ef- 
fects, estimates  of  wet  deposition  of  ammonium 
and  nitrate  ions  in  Europe  were  examined.  It  was 
corroborated  that  deposition  of  N  has  indeed  in- 
creased. Wet  deposition  rates  are  reasonably  quan- 
tified, but  the  rates  of  dry  deposition  to  forests  are 
largely  unknown.  Current  transport  and  deposition 
models  are  probably  under-estimating  N  deposition 
to  forests.  Consideration  of  possible  effects  of  en- 
hanced N  deposition  reveals  with  varying  degrees 
of  certainty  that  there  may  be  effects  due  to  high  N 
in  biomass,  high  uptake  rates,  leaching  of  nitrate 
and  consequent  acidification,  and  an  overall  in- 
crease in  N  availability.  Forest  ecosystems  are  not 
well-enough  understood  to  set  a  'critical  load'  for 
N  deposition,  but  enough  is  known  to  define  some 
upper  limits.  (Fish-PTT) 
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DISSOLVED  INORGANIC  NITROGEN  CON- 
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A  number  of  studies  have  shown  that  ammonium  is 
the  dominant  form  of  dissolved  inorganic-N  in  the 
soils  of  British  conifer  plantations.  Forest  ecosys- 
tems are  considered  to  conserve  nitrogen,  with 
leaching  losses  restricted  by  a  tight  nitrogen  cycle, 
although  there  is  increasing  evidence  that  not  all 
forests  behave  in  this  manner.  A  catchment  ap- 
proach was  used  to  estimate  mean  dissolved  inor- 
ganic-N concentrations  and  fluxes  through  three 
mature  Sitka  spruce  plantations  at  Beddgelert  in 
north  Wales,  Plynlimon  in  mid-Wales,  and  Ker- 
shope  in  Cumbria.  Dissolved  inorganic-N  in  bulk 
precipitation,  throughfall,  stemflow,  soil  water  at  4 
or  5  depths,  and  streamwater  was  measured  every 
two  weeks  for  periods  of  1  or  2  years  at  all  three 
sites.  Bulk  precipitation  inputs  at  the  three  sites 
varied  from  6  to  10.4  kg  N/ha/a  and  stream  out- 
puts varied  from  6.4  to  13.6  kg  N/ha/a.  Beddgelert 
Forest  had  the  highest  inputs  and  outputs  and  is 
'nitrogen  saturated'  according  to  certain  Scandina- 
vian criteria.  All  three  sites  had  much  higher  out- 
puts than  might  be  expected  from  the  magnitude  of 
the  inputs,  since  conifer  forests  are  normally  re- 
garded as  being  'conservative'  with  respect  to  N. 
Only  at  Plynlimon  were  reductions  in  dissolved 
inorganic  N  flux  or  concentration  observed  from 
bulk  precipitation  to  throughfall  and  soil  waters. 
At  the  other  two  sites,  the  tree  canopies  did  not 
assimilate  N  in  incoming  rainfall,  and  active  nitrifi- 
cation resulted  in  high  concentrations  of  nitrate  in 
soil  and  streamwater.  It  is  proposed  that  many 
mature  western  upland  Sitka  spruce  plantations 
may  behave  in  a  similar  manner  with  respect  to 
dissolved  N,  in  contrast  to  sites  in  eastern  Scotland 
where  rates  of  nitrification  are  slower  and  nitrogen 
appears  to  be  less  available  to  plantation  trees. 
(Author's  abstract) 
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Descriptors:  'Benzopyrene,  'Gills,  'Metabolism, 
'Path  of  pollutants,  'Polycyclic  aromatic  hydro- 
carbons, 'Toxicology,  'Trout,  Biotransformation, 
Enzyme  activity,  Enzymes,  Fish  physiology,  Meta- 
bolites, Toxicity. 

The  aquatic  environment  is  increasingly  polluted 
by  polycyclic  aromatic  hydrocarbons.  Fish  gills 
are  one  route  for  absorption  of  these  xenobiotics 
from  the  surrounding  environment.  The  uptake, 
metabolism,  and  release  of  benzo(a)pyrene  (BAP) 
in  rainbow  trout  (Salmo  gairdneri)  gills  was  inves- 
tigated. The  concentration  of  BAP  and  BAP  meta- 
bolites in  the  effluent  perfusate  reached  a  maxi- 
mum value  (1  pmol  BAP/min)  25-40  min  after  the 
addition  of  BAP  to  the  external  water.  The  major 
fraction  (50%)  in  the  perfusate  was  glucoronidates 
BAP.  The  non-conjugated  fraction  consisted  of 
unmetabolized  BAP  (81%)  and  9,10-dihydrodiols, 
7,8-dihydrodiols,  4,5-dihydrodiols,  and  quinones. 
Results  show  that  rainbow  trout  gills  contain 
active  xenobiotic  biotransformation  enzyme  sys- 
tems which  probably  modify  the  absorption,  toxici- 
ty, and  fate  of  organic  pollutants  in  the  organism. 
(Author's  abstract) 
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HYDROXYLATION  OF  PRISTANE  BY  ISO- 
LATED HEPATOCYTES  OF  RAINBOW 
TROUT:  A  COMPARISON  WITH  IN  VTVO  ME- 
TABOLISM AND  BIOTRANSFORMATION  BY 
LIVER  MICROSOMES. 
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In  vitro  models  may  represent  a  useful  approach 
for  studying  the  biotransformation  of  xenobiotics 
in  animals.  However,  the  value  of  such  models  can 
only  be  established  by  relating  in  vitro  results  with 
in  vivo  data.  In  fish,  several  investigators  have 
compared  xenobiotic  metabolism  in  vivo  with  xen- 
obiotic metabolism  in  subcellular  liver  fraction, 
while,  in  contrast,  the  biotransformation  of  chemi- 
cals in  isolated  fish  hepatocytes  has  been  scarcely 
studied.  In  rainbow  trout,  the  metabolism  of  a 
widespread  branched  alkane  (pristane)  in  isolated 
hepatocytes  was  compared  with  metabolism  in 
vivo  and  in  liver  microsomal  fractions.  The  incuba- 
tion of  hepatocytes  with  tritiated  pristane  lead  to 
pristanol,  pristane-diol  and  pristanic  acid,  while 
pnstanol  appeared  to  be  the  only  product  in  micro- 
somal preparations.  In  the  in  vivo  experiment,  the 
liver  contained  significant  amounts  of  pristanol  and 
pristanic  acid,  and  the  bile  contained  conjugates  of 
pristanol  and  pristane-diol.  Thus,  the  metabolism  of 
pristane  in  hepatocytes  suspension  correlates  with 
in  vivo  biotransformation  better  than  does  metabo- 
lism in  microsomes.  Freshly  isolated  hepatocytes 
have  proved  to  be  a  suitable  system  to  investigate 
biotransformations  of  xenobiotics  in  fish.  (Author's 
abstract) 
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The  mixed-function  oxygenase  (MFO)  system  is  an 
apparently  universally  distributed  enzyme  system, 
found  also  in  marine  invertebrates.  A  comparative 
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study  on  the  presence  of  a  mixed-function  oxygen- 
ase (MFO)  system  was  carried  out  on  four  echino- 
derm  species  (collected  in  the  English  Channel 
near  Plymouth,  England):  the  asteroids  Astenas 
rubens  and  Marthasterias  glacialis,  an  echinoid 
Echinus  esculentus  and  a  holothurian  Holothuna 
forskali.  After  dissection,  tissue  samples  were  ho- 
mogenized, centrifuged,  and  resuspended.  Cytoch- 
rome P-450  and  cytochrome  b5  contents  and  re- 
ductase activity  were  analyzed  spectrophotometri- 
cally  and  benzo(a)pyrene  hydroxylase  (BPH)  was 
determined  fluorometrically;  protein  was  also  as- 
sayed. In  A.  rubens  the  tissue  and  subcellular  dis- 
tribution of  MFO  compounds  was  also  investigat- 
ed. Cytochromes  P-450  and  b5  and  the  MFO 
system-associated  NADH-ferricyanide  reductase, 
NADH-cytochrome  c  reductase,  NADPH-cytoch- 
rome  c  reductase  and  BPH  activities  could  be 
demonstrated  in  A.  rubens  (stomachs,  pyloric 
caeca  and  gonads),  M.  glacialis  (pyloric  caeca), 
and  H.  forskali  (hemal  plexus)  but  in  E.  esculentus 
(gonads)  no  P-450  or  BPH  activity  could  be  found. 
(Brunone-PTT) 
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Reproductively  mature  winter  flounder  (Pseudo- 
pleuronectes  americanus)  were  collected  from 
three  northeastern  US  sites  with  different  degrees 
of  polychlorinated  biphenyl  (PCB)  and  polynu- 
clear  aromatic  hydrocarbon  (PAH)  contamination. 
Liver  PCB  concentrations  (measured  by  capillary 
electron-capture  gas  chromatography)  in  fish  col- 
lected in  1987  and  1988  at  New  Bedford  Harbor 
(NBH)  ranged  from  7.4  to  191  microg/g  dry 
weight;  at  Gaspee  Point  3.9  to  17.7  microg/g;  and 
at  Fox  Island  1.6  to  15.1  microg/g.  Levels  of 
ethoxy-resorufin  O-deethylas,  (EROD)  activity 
were  similar  in  fish  of  the  same  reproductive  status 
from  the  three  sites;  however,  immunoquantitated 
P-450E  homolog  (the  EROD  catalyst)  content  was 
significantly  higher  in  NBH  fish,  suggesting  that  P- 
450E  catalytic  activity  is  being  suppressed  in  the 
livers  of  the  NBH  animals.  Recent  laboratory  stud- 
ies indicate  that  competitive  inhibition  of  P-450E 
catalytic  activity  by  specific  PCB  congeners  is  one 
likely  mechanism  of  this  suppression.  Hepatic 
EROD  activity  and  P450-E  content  were  signifi- 
cantly lower  in  gravid  females  than  in  spent  fe- 
males and  ripe  males  at  all  sites.  The  results  indi- 
cate a  complex  relationship  between  levels  of 
EROD  activity,  or  P-450E,  and  tissue  PCB  con- 
centrations in  highly  contaminated  fish.  (Author's 
abstract) 
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The  mixed-function  oxidase  system  and  conjugat- 
ing enzymes  are  the  two  most  important  multi- 


enzymatic  systems  involved  in  the  metabolism  and 
detoxification  of  xenobiotic  compounds.  Enzyme 
activities  of  phase  I  and  phase  II  of  the  hepatic 
detoxication  system  were  investigated  in  two  spe- 
cies of  fish  (Pagothenia  bernacchii  and  chiano- 
draco  hamature)  from  the  Ross  Sea  in  Antarctica, 
distant  from  sources  of  industrial  and/or  agricul- 
tural contamination.  The  fish  had  extremely  low 
phase  I  enzyme  (benzo(a)pyrene  monooxygenase 
and  aldrin  epoxidase).  The  reductase  regenerating 
enzyme  activities  were  comparable  to  those  found 
in  fish  of  temperate  seas.  Transferases  of  cytosol 
showed  highest  activity  in  the  conjugation  of  1- 
chloro-2,4-dinitrobenzene  and  little  or  no  conjuga- 
tion of  other  substrates.  The  glutathione  disulfide 
reductase  and  the  glutathione  transferase  with  per- 
oxidase activity  were  low;  the  selenium-dependent 
glutathione  peroxidase  activity  was  not  detectable. 
Interspecific  differences  were  found  for  most  en- 
zymes. These  results  provide  information  about 
basal  levels  of  enzymatic  detoxication  systems  in 
marine  organisms  distant  from  sources  of  anthro- 
pogenic contamination.  (Brunone-PTT) 
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0-2,4-dichlorophenyl-0,0- 

diethylphosphorothioate  (DCDEP),  an  organo- 
phosphorus  pesticide,  has  been  detected  in  indige- 
nous estuarine  shellfish  near  a  manufacturing  facili- 
ty. A  laboratory  study  to  determine  its  disposition 
in  Atlantic  oysters  (Crassostrea  gigas)  and  sheeps- 
head  minnows  (Cyprinodon  variegatus)  was  subse- 
quently undertaken.  Oysters  and  fish  were  exposed 
to  radiolabeled  DCDEP  and  an  unlabeled  monoch- 
lorinated  analog  (MCDEP)  via  laboratory  con- 
taminated bottom  sediment.  Sediments  were  al- 
lowed to  equilibrate  for  28  days,  prior  to  introduc- 
tion of  the  test  species.  Organisms  were  transferred 
to  clean  water  after  28  days  of  exposure  and  al- 
lowed to  depurate  for  14  days.  Sediment,  water 
and  biological  tissues  were  periodically  collected 
and  analyzed.  MCDEP  was  detected  in  the  water 
at  higher  concentrations  than  DCDEP.  Oysters 
accumulated  greater  concentrations  of  DCDEP; 
fish  accumulated  similar  amounts  of  MCDEP  and 
DCDEP.  Both  compounds  partitioned  preferen- 
tially into  lipid  rich  tissues.  Oxidized  transforma- 
tion products  were  detected  in  the  water  and  fish 


in  higher  proportions,  relative  to  the  parent  com- 
pounds, than  in  the  sediments  or  oysters.  (Author's 
abstract) 
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METABOLISM  AND  ACCUMULATION  OF 
XENOBIOTICS  WITHIN  HEPATO-PANCREAS 
CELLS  OF  THE  BLUE  CRAB,  CALLINECTES 
SAPIDUS.  ^A 

Skidaway  Inst,  of  Oceanography,  Savannah,  GA. 
R.  F.  Lee. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  93-97,  1989.  2  tab,  11  ref. 

Descriptors:  'Animal  metabolism,  'Bioaccumula- 
tion, 'Crabs,  'Hepatopancreas,  'Path  of  pollutants, 
•Radioactivity  techniques,  *Toxicology,  Benzo- 
pyrene,  Chlorinated  hydrocarbons,  Glutathione  S- 
transferases,  Juvenile  growth  stage,  Metabolites, 
Organotin  compounds. 

A  number  of  carbon- 14  labeled  xenobiotics  were 
added  to  the  food  of  juvenile  male  blue  crabs. 
After  various  times,  the  hepato-pancreas  was  re- 
moved and  either  different  cell  types  (R-cells,  F- 
cells,  or  B-cells)  were  isolated  or  the  whole  tissue 
was  homogenized  followed  by  isolation  of  nuclear, 
mitochondrial,  microsomal,  and  cytosolic  frac- 
tions. For  poorly  metabolized  compounds,  e.g. 
hexachlorobiphenyl,  most  radioactivity  was  in  the 
lipid  of  R-cells.  For  compounds  which  were  me- 
tabolized, e.g.  benzo(a)pyrene,  pentachlorophenol, 
chlorobenzoic  acid,  most  radioactivity  was  in  the 
F-cells  in  the  form  of  conjugates  of  various  meta- 
bolites. A  significant  amount  of  benzo(a)pyrene 
and  tributyltin  metabolites  bound  to  macromole- 
cules  of  the  various  fractions.  When  cytosol  con- 
taining bound  benzo(a)pyrene  metabolites  was 
passed  down  a  Sephadex  G-200  column,  much  of 
the  bound  radioactivity  was  associated  with  the 
glutathione  S-transferase  peak.  (Author's  abstract) 
W91-06336 

BLEACHED  KRAFT  PULPMILL  EFFLUENTS 
AND  TCDD:  EFFECTS  ON  BIOTRANSFORMA- 
TION AND  TESTOSTERONE  STATUS  OF 
MATURE  MALE  RAINBOW  TROUT  (SALMO 
GAIRDNERD. 

Kuopio  Univ.  (Finland).  Dept.  of  Physiology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06337 

HYDROCARBON  CONTENT  AND  MICROSO- 
MAL BPH  AND  REDUCTASE  ACnVTTY  IN 
MUSSEL,  MYTILUS  SP.,  FROM  THE  VENICE 
AREA,  NORTH-EAST  ITALY. 

Istituto  di  Biologia  del  Mare,  Venice  (Italy). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06339 

EXPRESSION  OF  ORTHOLOGUES  TO  RAT  P- 
450IA1  AND  IIB1  IN  SEA-BIRDS  FROM  THE 
IRISH  SEA  1987-88:  EVIDENCE  FOR  ENVI- 
RONMENTAL INDUCTION. 

Karolinska  Inst.,  Stockholm  (Sweden).  Dept.  of 

Physiological  Chemistry. 

For  primary  bibliographic  entry  see  Field  5C. 


119 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


I 


: 

■*■ 
t 

PC 

5 


Group  5B — Sources  Of  Pollution 

W9 1-06342 


COMPARATIVE  METABOLISM  OF 

BENZO(A)PYRENE  AND  (-) 

BENZO(A)PYRENE-7,8-DIHYDRODIOL        BY 
HEPATOCYTES  ISOLATED  FROM  TWO  SPE- 
CIES OF  BOTTOM-DWELLING  FISH. 
State  Univ.  of  New  York  Coll.  at  Buffalo.  Great 
Lakes  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06344 


CADMIUM  ACCUMULATION  AND  METAL- 
LOTHIONEIN-LIKE  PROTEINS  IN  THE  SEA 
STAR  ASTERIAS  RUBENS. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Group  for  Aquatic  Toxicology. 

P.  J.  den  Besten,  H.  J.  Herwig,  D.  I.  Zandee,  and 

P.  A.  Voogt. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  163-166,  1989.  2  fig,  1  ref. 

Descriptors:  •Bioaccumulation,  'Cadmium, 
•Echinoderms,  'Metallothioneins,  'Path  of  pollut- 
ants, 'Proteins,  'Toxicology,  Animal  tissues, 
Marine  animals,  Molecular  weight,  Saturation  ki- 
netics, Trace  metals,  Wadden  Sea. 

Sea  stars  Asterias  rubens,  collected  from  the  Dutch 
Wadden  Sea,  were  exposed  to  cadmium  (50  microg 
cadmium(2-(-)/L)  for  4  months.  Accumulation 
rates  were  highest  in  body  wall  and  pyloric  caeca, 
while  in  the  gonads  a  relatively  low  accumulation 
rate  was  measured.  In  all  tissues,  cadmium  accu- 
mulation showed  saturation  kinetics.  In  the  cytoso- 
lic  fraction  of  pyloric  caeca  from  cadmium-ex- 
posed sea  stars,  cadmium-binding  proteins  with  a 
molecular  weight  of  approximately  10,800  Da  was 
shown.  In  cytosolic  fractions  of  testes  or  ovaries, 
low  molecular  weight  metal-binding  proteins  were 
absent  and  the  accumulated  cadmium  was  bound 
to  high  molecular  weight  proteins.  As  compared 
with  other  marine  invertebrates,  sea  stars  accumu- 
late relatively  low  amounts  of  cadmium.  (Author's 
abstract) 
W9 1-06345 


METAL-BINDING  IN  POLYCHAETES:  QUAN- 
TITATIVE AND  QUALITATIVE  STUDIES  OF 
FTVE  SPECIES. 

Oslo  Univ.  (Norway).  Dept.  of  Biology. 

K.  D.  H.  Eriksen,  T.  Andersen,  J.  S.  Gray,  J. 

Stenersen,  and  R.  A.  Andersen. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  167-171,  1989.  2  tab,  10  ref. 

Descriptors:  •Animal  metabolism,  'Copper, 
•Heavy  metals,  'Nickel,  'Path  of  pollutants,  'Po- 
lychaetes,  'Toxicology,  'Zinc,  Atomic  absorption 
spectrometry,  Comparison  studies,  Electrophore- 
sis, Metallothioneins,  Norway,  Sediment  chemis- 
try. 

Polychaetes  normally  comprise  70  to  90%  of  the 
total  macrofauna  in  soft-bottom  communities,  both 
with  regard  to  numbers  and  biomass.  Many  poly- 
chaete  species  are  also  of  economic  importance  as 
food  for  benthic  fish.  The  binding  of  metals  in 
polychaetes  and  how  it  related  to  ambient  metal 
levels  was  investigated.  Polychaete  and  sediment 
samples  were  taken  in  a  metal-contaminated  coast- 
al area  close  to  Kristiansand,  southern  Norway. 
Crude  extracts  were  prepared  from  each  of  the 
five  selected  polychaete  species,  and  aliquots  sub- 
sequently applied  to  a  Sephadex  G-75  column.  The 
collected  fractions  were  pooled  according  to  mo- 
lecular size  and  analyzed  for  copper,  zinc,  and 
nickel  by  atomic  absorption  spectrometry  (AAS). 
Extracts  from  each  of  the  species  were  also  sub- 
jected to  polyacrylamide  electrophoresis.  Copper 
in  the  extracts  was  primarily  associated  with  com- 
ponents of  high  and  very  low  molecular  weight 
but  also  with  proteins  of  size  similar  to  mammalian 
metallothionein.  Zinc  was  mainly  recovered  in  the 
high  molecular  weight  pool  (>35kDa),  whereas 
most  of  the  nickel  present  eluted  with  very  low 
molecular  weight  components.  The  metal  content 
of  pooled  fractions  was  found  to  reflect  sediment 
levels  to  some  extent,  but  this  situation  was  most 
evident  at  the  moderately  contaminated  sites.  Re- 


sults from  SDS-PAGE  suggested  the  presence  of 
metallothionein-like  proteins  in  at  least  two  of  the 
species  investigated.  (Author's  abstract) 
W9 1-06346 


FISH  METALLOTHIONEINS:  MOLECULAR 
CLONING  STUDIES  AND  INDUCTION  IN 
CULTURED  CELLS. 

Stirling  Univ.  (Scotland).  Inst,  of  Aquaculture. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06347 


RELATIONSHIP  BETWEEN  METALLOTH- 
IONEIN, COPPER  AND  ZINC  IN  PERCH 
(PERCA  FLUVIATILIS)  ENVIRONMENTALLY 
EXPOSED  TO  HEAVY  METALS. 

Goeteborg  Univ.  (Sweden).  Dept.  of  Zoophysio- 

logy. 

C.  Hogstrand,  G.  Lithner,  and  C.  Haux. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  179-182,  1989.  1  fig,  1  tab,  5  ref. 

Descriptors:  'Copper,  'Heavy  metals,  'Metalloth- 
ioneins, 'Path  of  pollutants,  'Perch,  'Toxicology, 
•Zinc,  Bioassay,  Bioindicators,  Correlation  analy- 
sis,  Environmental  effects,  Gel  filtration,   Liver. 

Few  biochemical  methods  exist  for  detecting  ef- 
fects of  contaminants  in  fish  that  fulfil  basic  criteria 
demanded  for  such  methods.  Hepatic  levels  of 
copper,  zinc  and  metallothionein  (MT)  in  perch, 
caught  in  a  copper/zinc  gradient  from  a  brass- 
works,  reflected  the  water  concentrations  of 
copper  (1.0  to  9.4  ppb)  and  zinc  (0.56  to  59  ppb). 
Significant  correlations  were  found  between  hepat- 
ic copper  and  MT  levels  (r  =  0.72),  and  between 
zinc  and  MT  levels  (r  =  0.69).  The  amounts  of 
copper  and  zinc  in  the  cytosolic  fraction  of  the 
liver  was  increased  with  increased  hepatic  levels  of 
the  metals.  When  liver  samples  from  perch  caught 
at  the  most  contaminated  location  were  run  on  a 
gel  filtration  column  (Sephadex  G-75),  78%  of  the 
cytosolic  copper  and  24%  of  the  zinc  in  the  cyto- 
sol  eluted  together  with  MT.  These  results  contrib- 
ute to  the  understanding  of  copper  and  zinc  metab- 
olism in  fish  and  increase  the  potential  of  MT  as  an 
indicator  of  heavy  metals  in  water.  (Author's  ab- 
stract) 
W9 1-06348 


COMPARISON    OF    METAL-BINDING    PRO- 
TEINS   AND    CADMIUM    METABOLISM    IN 
THE  MARINE  MOLLUSCS  LnTORTNA  LTT- 
TOREA   (GASTROPODA),   MYTILUS   EDULIS 
AND  MACOMA  BALTHICA  (BrVALVIA). 
Plymouth  Marine  Lab.  (England). 
W.  J.  Langston,  M.  J.  Bebianno,  and  M.  Zhou. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  195-200,  1989.  2  fig,  5  ref.  Depart- 
ment of  the  Environment  Grant  PECD  7/7/335. 

Descriptors:  'Animal  metabolism,  'Bivalves, 
•Cadmium,  •Gastropods,  'Path  of  pollutants, 
•Proteins,  *Toxicology,  Comparison  studies,  Di- 
gestive gland,  Marine  pollution,  Molecular  weight, 
Polarography,  Trace  metals. 

In  Littorina  littorea  collected  from  uncontaminat- 
ed  sites,  cadmium  is  predominantly  bound  to  me- 
tallothionein (MT)-like  proteins.  Exposure  to  cad- 
mium results  in  an  increase  in  cadmium  bound  to 
these  proteins,  with  limited  increases  in  cadmium 
in  the  high  molecular  weight  (HMW)  pool  (the 
latter  partly  as  a  result  of  hemocyanin-mediated 
transport  of  cadmium  in  the  hemolymph).  Polaro- 
graphic  determination  of  heat-stable  MT-like  com- 
pounds in  L.  littorea  shows  little  increase  in  the 
amount  of  protein  produced  in  response  to  cadmi- 
um exposure,  suggesting  that  much  of  the  newly 
incorporated  metal  may  be  bound  to  previously 
synthesized  material.  Relatively  high  levels  of  MT- 
like  proteins  in  the  digestive  gland  (the  major 
cadmium-storage  organ)  appear  to  be  inherent  in 
this  species.  MT-like  proteins  also  sequester  much 
of  the  cadmium  in  exposed  mussels  (Mytilus 
edulis);  though,  unlike  Littorina,  protein  induction 
can  be  quantitatively  related  to  exposure.  In  con- 
trast, tellinid  clams,  Macoma  balthica,  fail  to 
produce  MT-like  compounds,  even  in  highly  con- 
taminated   conditions,    and    cadmium    is    mainly 


bound  to  HMW  proteins.  Variations  in  metal-bind- 
ing behavior  help  explain  interspecific  differences 
in  experimentally-determined  cadmium  uptake 
rates  and  bioaccumulation  potential  seen  in  the 
field.  (Author's  abstract) 
W9 1-06350 


METALS  IN  GASTROPODS-METABOLISM 
AND  BIOREDUCTION. 

Plymouth  Marine  Lab.  (England). 

J.  A.  Nott,  and  A.  Nicolaidou. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  201-205,  1989.  1  fig,  1  tab,  6  ref. 

EEC  Stimulation  Programme  Twinning  Contract 

No.  STJ-0046-01-UK  (-02-GR)T.T. 

Descriptors:  'Animal  metabolism,  'Bioaccumula- 
tion, 'Bioreduction,  'Cytology,  'Gastropods, 
'Heavy  metals,  'Path  of  pollutants,  'Toxicology, 
Atomic  absorption  spectrometry,  Magnesium, 
Mediterranean  Sea,  Radiography,  Ultrastructure, 
X-rays. 

The  cytology  of  metal  uptake  by  three  kinds  of 
marine  gastropod  (Cerithium  vulgatum,  Mono- 
donta  spp,  and  Murex  trunculus)  has  been  exam- 
ined in  animals  taken  from  two  sites  in  the  Mediter- 
ranean, one  clean  and  the  other  polluted  with 
metals  originating  from  a  nickel  smelting  plant.  In 
marine  gastropods,  high  concentrations  of  heavy 
metals  can  occur  in  the  digestive  gland.  The  metals 
are  accumulated  within  intracellular  mineralized 
granules  as  phosphates  and  within  lysosomal  resid- 
ual bodies  in  association  with  sulfur.  X-ray  mi- 
croanalysis shows  that  in  the  phosphate  granules, 
an  increase  in  the  quantity  of  metals  is  associated 
with  a  reduction  in  the  magnesium/calcium  ratio. 
However,  analyses  of  the  whole  digestive  gland  by 
atomic  absorption  spectrometry  shows  that  an  in- 
crease in  the  quantity  of  metal  can  be  associated 
with  an  increase  in  the  concentration  of  magnesi- 
um. To  account  for  these  changes,  metals  may 
induce  the  formation  of  magnesium  phosphate  in 
the  granules  as  a  source  of  metal-binding  ions.  The 
excess  magnesium  is  displaced  from  the  phosphate 
granules  by  the  metals  and  accumulated  by  the 
carbonate  granules  in  the  interstitial  region  of  the 
gland.  The  intracellular  metals  are  stored  in  a  form 
which  renders  them  unavailable  to  the  general 
metabolic  processes  of  the  animal  and  also  to  a 
carnivore  which  eats  the  tissue.  Thus,  uptake  by 
the  first  animal  results  in  bioamplification  but 
transfer  to  the  second  animal  results  in  bioreduc- 
tion. (Author's  abstract) 
W91-06351 


STRATEGIES  OF  TRACE  METAL  SEQUES- 
TRATION IN  AQUATIC  ORGANISMS. 

Mott  MacDonald  Group,  Croydon  (England). 
D.  J.  H.  Phillips,  and  P.  S.  Rainbow. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  207-210,  1989.  1  fig,  7  ref. 

Descriptors:  'Animal  metabolism,  'Aquatic  ani- 
mals, 'Bioaccumulation,  'Detoxification,  'Path  of 
pollutants,  'Sequestration,  'Toxicology,  'Trace 
metals,  Bioindicators,  Calcium,  Copper,  Hepato- 
pancreas,  Iron,  Kidneys,  Toxicity,  Zinc. 

Existing  strategies  for  the  sequestration  of  trace 
metals  probably  evolved  through  a  need  to  detoxi- 
fy and  (at  times)  store  major  ions  such  as  calcium, 
and  metals  of  vital  physiological  function  such  as 
copper,  iron,  and  zinc.  Several  types  of  strategies 
exist  in  different  phyla  and  species,  and  organisms 
lie  on  a  continuum  from  regulators  of  metals  to 
non-regulators.  Regulators  balance  metal  excretion 
and  influx  over  a  large  range  in  ambient  availabil- 
ities. Metals  are  stored  by  partial  regulators  in 
soluble  forms  such  as  metallothioneins,  found  prin- 
cipally in  the  hepato-pancreas  and  kidney.  By  con- 
trast, non-regulators  rely  more  on  insoluble  gran- 
ules for  metal  storage.  Such  sequestration  strate- 
gies are  important  in  defining  both  the  toxicities  of 
metals  to  aquatic  biota  and  the  use  of  organisms  as 
biomonitors  of  aquatic  pollution  by  trace  elements. 
(Author's  abstract) 
W91-06352 
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CONVERGENCE  OF  CELLULAR  SYSTEMS  OF 
METAL  DETOXIFICATION. 

Reading  Univ.  (England).  Dept.  of  Pure  and  Ap- 
plied Zoology. 

K.  Simkiss,  and  M.  G.  Taylor. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  211-214,  1989.  2  fig,  12  ref.  Science 
and  Engineering  Research  Council  Grant  GR  D 
39221. 

Descriptors:  •Bioaccumulation,  'Cytology,  •De- 
toxification, •  Heavy  metals,  'Metabolism,  'Path  of 
pollutants,  'Toxicology,  Animal  metabolism,  Ex- 
cretion, Orthophosphates,  Phosphates,  Pyrophos- 
phates. 

A  large  number  of  organisms  possess  an  intracellu- 
lar system  that  is  involved  in  the  formation  of 
inorganic  granules.  These  granules  are  typically 
phosphatic,  formed  in  membrane-enclosed  regions 
and  act  as  sites  for  the  accumulation  of  a  wide 
range  of  metals.  There  are  two  types  of  phosphatic 
granule:  (1)  those  in  which  the  anion  is  mainly 
pyrophosphate  and  (2)  these  which  have  a  high 
concentration  of  orthophosphate  with  little  pyro- 
phosphate. The  cells  that  form  these  deposits  are 
able  to  extrude  them  and  thus  excrete  the  metals 
from  the  animal.  The  mechanisms  involved  in  this 
detoxification  route  are  shown  to  involve  a  number 
of  convergent  pathways.  These  granules  may  have 
more  general  functions  as  exocytosis  routes  for 
removing  a  variety  of  pollutant  metals.  (Author's 
abstract) 
W91-06353 


BIOCONCENTRATION  AND  ELIMINATION 
OF  TRJPHENYLTIN  HYDROXIDE  IN  FISH. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Inst,  of  Toxicology. 

J.  W.  Tas,  J.  L.  M.  Hermens,  M.  Van  den  Berg, 

and  W.  Seinen. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  215-218,  1989.  2  tab,  5  ref. 

Descriptors:  *Animal  metabolism,  •Bioaccumula- 
tion, 'Elimination,  *Fish  physiology,  'Fungicides, 
•Organotin  compounds,  *Path  of  pollutants, 
•Toxicology,  *Triphenyltins,  Carbon  radioiso- 
topes, Concentration  ratios,  Equilibrium,  Guppies, 
Herbicides,  Kinetics,  Trout. 

The  bioconcentration  and  elimination  of  carbon- 14 
radiolabeled  triphenyltin  hydroxide  (TPTH),  an 
active  agent  for  the  control  of  potato  and  sugar 
beet  blight,  was  studied  in  two  fish  species:  guppy 
(Poecilia  reticulata)  and  rainbow  trout  (Salmo 
gairdneri)  larvae.  Uptake  and  elimination  rate  con- 
stants (kl  and  k2)  were  estimated,  assuming  first- 
order  kinetics.  For  the  guppy,  kl  and  k2  were 
estimated  to  have  a  value  of  2.94  +/-0.33  ml/g/hr 
and  0.0002  +/-0.0012/hr,  respectively.  For  the 
rainbow  trout  larvae  these  numbers  were  0.87  +/- 
0.13  ml/g/hr  and  .0013  +/-0.0003/hr,  respective- 
ly. The  ratios  between  concentrations  of  TPTH  in 
fish  and  water  at  the  end  of  the  period  of  exposure 
were  632  ml/g  for  guppy  after  8  days  of  exposure, 
and  82  ml/g  for  rainbow  trout  after  4  days  of 
exposure.  Since  equilibrium  was  not  reached  in 
either  experiment,  these  concentration  ratios  un- 
derestimate the  real  bioconcentration  factor.  (Au- 
thor's abstract) 
W91-06354 


ALTERATION  OF  CALCIUM  TRANSPORT  AS 
A  MECHANISM  OF  CELL  INJURY  INDUCED 
BY  HGCL2  IN  SEA  URCHIN  EGGS. 

Centre  Scientifique  de  Monaco,  Monte  Carlo. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-06355 


MATERNAL  TRANSFER  OF  BIOACTIVE  POL- 
YCHLORTNATED  AROMATIC  HYDROCAR- 
BONS IN  SPAWNING  CHINOOK  SALMON 
(ONCORHYNCHUS  TSHAWYTSCHA). 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 

G.  T.  Ankley,  D.  E.  Tillitt,  and  J.  P.  Giesy. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  231-234,  1989.  1  fig,  10  ref. 


Descriptors:  *Fish  physiology,  'Hydrocarbons, 
•Path  of  pollutants,  •Polychlorinated  aromatic  hy- 
drocarbons, *Salmon,  'Spawning,  •Toxicology, 
Bioassay,  Dioxins,  Enzymes,  Ethoxy-resorufin  O- 
deethylase,  Great  Lakes,  Maternal  transfer,  Poly- 
chlorinated biphenyls,  Polychlorinated  dibenzofur- 
ans,  Reproduction. 

Numerous  studies  have  established  the  presence  of 
significant  concentrations  of  polychlorinated  bi- 
phenyls, polychlorinated  dibenzofurans,  and  poly- 
chlorinated dibenzodioxins  in  fishes  from  the  Lau- 
rentian  Great  Lakes.  In  recent  years,  Lake  Michi- 
gan chinook  salmon  (Oncorhynchus  tschawytscha) 
have  experienced  significan  reproductive  difficul- 
ty, and  evidence  suggests  that  this  lack  of  repro- 
ductive success  may  be  due  to  planar  polychlori- 
nated aromatic  hydrocarbons  (PCHs).  The  biologi- 
cal potency  (relative  to  2,3,7,8-tetrachlorodibenzo- 
p-dioxin,  TCDD)  of  planar  PCHs  in  extracts  of 
eggs  and  flesh  from  spawning  female  chinook 
salmon  from  Lake  Michigan  was  determined  by 
measuring  the  induction  of  7-ethoxyresorufin  O- 
deethylase  activity  in  H-4-11-E  rat  hepatoma  cells. 
TCDD-equivalents  in  flesh  and  egg  samples 
ranged  from  0  to  115.8  pg/g,  and  were  approxi- 
mately five  times  greater  in  eggs  than  in  flesh. 
These  results  suggest  that  the  maternal  transfer  of 
PCHs  may  help  determine  the  reproductive  suc- 
cess of  Lake  Michigan  chinook  salmon.  Overall, 
this  study  clearly  demonstrates  the  utility  of  the  H- 
4-1 1-E  bioassay  for  monitoring  studies  aimed  at 
determining  the  presence  and  biological  potency  of 
complex  mixtures  of  PCHs  in  environmental  sam- 
ples. (Brunone-PTT) 
W91-06356 


UPTAKE  AND  TRANSFORMATION  OF  14C- 
LABELLED  TRIBUTYLTTN  CHLORIDE  BY 
THE  DOG- WHELK,  NUCELLA  LAPILLUS:  IM- 
PORTANCE OF  ABSORPTION  FROM  THE 
DIET. 

Plymouth  Marine  Lab.  (England). 
G.  W.  Bryan,  P.  E.  Gibbs,  L.  G.  Hummerstone, 
and  G.  R.  Burt. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  241-245,  1989.  2  fig,  11  ref.  Depart- 
ment of  the  Environment  Contract  PECD  7/8/ 
103. 

Descriptors:  *Absorption,  *Antifoulants,  •Bio- 
transformation, *Fate  of  pollutants,  'Gastropods, 
•Organotin  compounds,  'Path  of  pollutants, 
•Toxicology,  Biodegradation,  Carbon  radioiso- 
topes, Concentration  time,  Disturbance,  Food 
chains,  Prediction. 

The  importance  of  the  diet  as  a  source  of  tributyl- 
tin  (TBT)  in  Nucella  lapillus  was  studied  using 
carbon- 14  labeled  TBT  chloride.  In  N.  lapillus 
provided  with  pre-labeled  mussels,  Mytilus  edulis, 
in  labeled  water  (mean  20.5  ng/L  TBT)  the  rate  of 
accumulation  of  total  carbon- 14  was  2  to  3  times 
that  in  unfed  animals.  Owing  to  its  degradation  in 
the  tissues  of  both  fed  and  unfed  animals,  concen- 
trations of  carbon- 14  labeled  TBT  tended  to  reach 
a  plateau  after  only  28  days.  However,  total  con- 
centrations of  carbon- 14  were  still  increasing  after 
49  days.  Under  experimental  conditions  (15  C, 
ample  food,  no  disturbance)  the  diet  accounted  for 
about  50%  of  the  body  burden  of  TBT  in  N. 
lapillus  after  49  days  exposure:  concentration  fac- 
tors (dry  tissue/water)  for  carbon-14  labeled  TBT 
in  both  male  and  female  N.  lapillus  were  similar  at 
about  60,000  in  fed  and  30,000  in  unfed  animals. 
The  diet  may  contribute  less  than  half  of  the  body 
burden  of  TBT  found  in  natural  populations  sub- 
jected to  life-long  exposure.  (Author's  abstract) 
W9 1-06358 


MERCURY  INHIBrTS  THE  TRANSPORT  OF 
D-GLUCOSE  BY  THE  INTESTINAL  BRUSH 
BORDER  MEMBRANE  VESICLES  OF  FISH. 

Rutgers  -  The  State  Univ.,  Piscataway,  NJ.  Nelson 
Biological  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-063  59 


RELATIONSHIP  BETWEEN  LIPID  COMPOSI- 
TION   AND    SEASONAL    DIFFERENCES    IN 


Sources  Of  Pollution — Group  5B 

THE  DISTRIBUTION  OF  PCBS  IN  MYTILUS 
EDULIS  L. 

Woods  Hole  Oceanographic  Institution,  MA. 

J.  M.  Capuzzo,  J.  W.  Farrington,  P.  Rantamaki,  C. 

H.  Clifford,  and  B.  A.  Lancaster. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  259-264,  1989.  2  fig,  10  ref.  NOAA 

Sea  Grant  NA  86-AA-D-S6090  (RP/22  and  RP/ 

17);  US  EPA  CR-814895-01-1. 

Descriptors:  •Animal  metabolism,  *Buzzards  Bay, 
•Lipids,  *Path  of  pollutants,  *Polychlorinated  bi- 
phenyls, 'Sea  mussels,  •Toxicology,  Bioaccumula- 
tion, Contamination,  Massachusetts,  Nantucket 
Sound,  Reproduction,  Seasonal  variation. 

The  concentrations  of  individual  chlorobiphenyl 
congeners  were  measured  in  the  mussel  Mytilus 
edulis  transplanted  to  several  stations  in  Buzzards 
Bay  and  Nantucket  Sound,  Massachusetts.  Individ- 
ual stations  represented  a  gradient  of  chemical 
contamination  and  the  sampling  period  extended 
over  a  complete  annual  cycle.  Fluctuations  in  con- 
centrations of  some  chlorobiphenyl  congeners 
were  apparent  at  all  stations  during  the  late  spring 
and  early  summer  with  a  marked  decline  occurring 
during  autumn;  this  pattern  was  correlated  with 
the  seasonal  cycle  of  gametogenesis  and  spawning 
activity.  Relative  redistribution  and  release  of  indi- 
vidual chlorobiphenyl  congeners  associated  with 
spawning  is  not  consistent,  suggesting  differential 
partitioning  of  specific  congeners  in  different  tis- 
sues or  lipid  pools.  These  patterns  are  consistent 
with  bioconcentration  of  organic  contaminants  in 
marine  organisms.  The  major  factors  controlling 
the  distribution  of  polychlorinated  biphenyls  in 
mussels  appear  to  be  the  relative  concentrations  of 
individual  contaminants  in  ambient  waters,  modi- 
fied to  some  extent  by  differences  in  partitioning 
between  organisms  and  water  and  seasonal  vari- 
ations in  lipid  content.  (Author's  abstract) 
W9 1-06360 


TROPHIC  TRANSFER  OF  BENZO(A)PYRENE 
METABOLITES  BETWEEN  BENTHIC 

MARINE  ORGANISMS. 

Massachusetts  Univ.  at  Boston.  Environmental  Sci- 
ence Program. 

A.  E.  McElroy,  and  J.  D.  Sisson. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  265-269,  1989.  2  fig,  10  ref.  National 
Cancer  Institute  Contract  CA44289. 

Descriptors:  'Aquatic  animals,  'Benthic  fauna, 
•Benzopyrene,  *Food  chains,  *Marine  animals, 
•Marine  environment,  *Path  of  pollutants,  •Toxi- 
cology, Animal  metabolism,  Biotransformation, 
Contamination,  Diets,  Fate  of  pollutants,  Floun- 
ders, Hydrocarbons,  Metabolites,  Polychaetes,  Ra- 
dioactivity, Trophic  level,  Urban  watersheds, 
Water  pollution  effects. 

Coastal  sediments  in  urban  environments  are 
known  to  contain  high  concentrations  of  organic 
contaminants  such  as  polycyclic  aromatic  hydro- 
carbons (PAH)  which  can  be  accumulated  and 
metabolized  to  some  extent  by  many  benthic  inver- 
tebrates. The  potential  for  trophic  transfer  of  PAH 
metabolites  from  infaunal  organisms  to  bottom- 
feeding  fish  was  determined  by  giving  single  oral 
doses  of  ground  polychaetes  (Nereis  virens),  either 
treated  with  pure  carbon-14  labeled 
benzo(a)pyrene  (BaP)  or  containing  a  mixture  of 
naturally  produced  radiolabeled  BaP  and  BaP  me- 
tabolites, to  winter  flounder  (Pseudopleuronectes 
americanus).  Fish  were  sacrificed  24  hours  after 
feeding  and  total  accumulated  radioactivity  and 
metabolite  class  profiles  determined  in  major  areas. 
Metabolites  produced  by  worms  were  absorbed  by 
flounder,  although  as  a  percentage  of  dose  given 
they  were  less  available  than  parent  BaP.  Compari- 
son of  metabolite  profiles  accumulated  through  the 
diet  can  be  further  modified  by  the  prey  organism 
and  can  lead  to  the  formation  of  bound  residues. 
These  results  demonstrate  the  availability  of  PAH 
metabolites  in  the  diet.  Furthermore,  metabolites 
absorbed  appear  to  be  susceptible  to  metabolic 
alteration  by  consumer  organisms.  (Author's  ab- 
stract) 
W9 1-06361 
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COMPARISON  OF  ABSORPTION  RATES  OF 
HALOGENATED  PHENOLS  ACROSS  FISH 
GILLS  IN  FRESH  AND  MARINE  WATER. 

Uppsala  Univ.  (Sweden).  Dept.  of  Zoophysiology. 
P.  Part. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  275-278,  1989.  2  fig,  7  ref. 

Descriptors:  'Fish  physiology,  'Gills,  'Halogenat- 
ed  compounds,  'Path  of  pollutants,  'Phenols, 
•Toxicology,  'Trout,  Absorption,  Adaptation, 
Freshwater,  Hydrogen  ion  concentration,  Salinity, 
Seawater,  Water  quality. 

The  absorption  rates  of  five  halogenated  phenols 
across  the  gill  epithelium  of  freshwater-adapted 
and  seawater-adapted  rainbow  trout  was  measured. 
At  pH  6,  when  the  compounds  are  present  mainly 
in  the  non-ionized  form,  the  absorption  rates  in 
fresh  water  were  higher  than  in  seawater.  At  pH  9 
no  differences  in  absorption  rates  between  the  two 
water  qualities  were  observed  for  those  phenols 
present  in  ionized  form.  Adaptation  to  seawater 
reduces,  to  some  extent,  the  permeability  of  the 
gills  for  the  non-ionized  forms  of  the  compounds. 
These  results  show  that  the  gill  epithelium  of  fresh- 
water-adapted rainbow  trout  is  more  permeable  for 
the  non-ionized  form  of  halogenated  phenols  than 
the  epithelium  of  seawater-adapted  trout.  The  pH 
of  the  water  appears  to  be  the  most  important 
water  quality  parameter  in  modifying  the  absorp- 
tion rates  of  these  compounds.  (Brunone-PTT) 
W9 1-06363 


DNA  ADDUCTS  AS  BIOMARKERS  DM  GENO- 
TOXIC  RISK  ASSESSMENT  IN  THE  AQUATIC 
ENVIRONMENT. 

Institut  Rudjer  Boslcovic,  Zagreb  (Yugoslavia). 
Center  for  Marine  Research. 
B.  Kurelec,  A.  Garg,  S.  Krca,  and  R.  C.  Gupta. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  317-321,  1989.  1  fig,  14  ref.  US  EPA 
Cooperative  Agreement  CR  813840;  US  PHS 
Grant  CA  30606. 

Descriptors:  'Animal  metabolism,  'Aquatic  envi- 
ronment, 'Bioassay,  'DNA,  'Genotoxicity,  'Path 
of  pollutants,  'Risk  assessment,  'Toxicology, 
•Water  pollution  effects,  Bioindicators,  Carcino- 
genicity, Dosimetry,  Fish  physiology,  Phosphorus 
radioisotopes,  Sea  mussels. 

Tho  phosphoms-32  postlabeling  assay  has  recently 
been  employed  to  demonstrate  the  presence  of 
pollution-related  DNA  adducts  in  fish  and  mussels 
from  polluted  rivers  and  seas.  The  presence  of 
natural  (pre-existing)  DNA  adducts  in  indicator 
organisms  may  complicate  the  use  of  pollution- 
related  DNA-adduct  measurements  as  a  biomarker 
in  the  assessment  of  both  the  biologically  relevant 
exposure  to  carcinogens  and  the  pathobiological 
consequences  of  that  exposure.  Detection  and  iden- 
tification of  exposure-related  DNA  adducts  in 
marine  and  freshwater  organisms  (sponges,  mus- 
sels, and  fish)  is  possible,  despite  the  presence, 
sometimes,  of  great  numbers  and  significant  levels 
of  natural  DNA  adducts.  This  analysis  method  can 
serve  both  as  an  internal  dosimetry  badge  and 
fingerprint  of  the  exposure  to  genotoxic  sub- 
stances. (Author's  abstract) 
W9 1-06367 


ROLE  OF  THE  RED  GLAND  IN  MERCEN- 
ARIA   MERCENARIA  IN   DETOXIFICATION. 

Environmental  Protection  Agency,  Narragansett, 

RI. 

G.  Zaroogian,  P.  Yevich,  and  S.  Pavignano. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  447-450,  1989.  1  tab,  10  ref. 

Descriptors:  'Animal  metabolism,  'Bivalves, 
•Clams,  "Cytology,  'Detoxification,  'Fate  of  pol- 
lutants, 'Toxicology,  Biodegradation,  Brown  cells, 
Enzymes,  Glutathione  reductases,  Lysozymes, 
Percoll  gradient,  Phosphatases,  Red  gland. 

Brown  cells  of  the  red  gland  in  Mercenaria  mer- 
cenaria  are  involved  in  the  excretory  process. 
Their  involvement  in  the  removal  of  foreign  sub- 
stances was  investigated  in  tissues  of  Mercenaria. 
Toluidine  blue  (soluble  dye)  accumulated  in  brown 


cells  after  dye  injection  into  the  foot  muscle  and 
after  addition  to  brown  cell  isolates.  In  compari- 
son, carmine  red  (particulate  dye)  did  not  accumu- 
late under  the  same  conditions.  FITC-labeled 
bovine  albumin  accumulated  in  brown  cells  when 
introduced  in  vivo  and  to  cell  isolates.  Kinetic 
studies  indicated  uptake  of  FITC-albumin  occurred 
within  2  hours  when  added  to  cell  isolates  and 
within  24  hours  after  injection  into  the  foot  muscle. 
Brown  cell  isolates  were  separated  into  three  frac- 
tions on  a  discontinuous  Percoll  gradient.  Fraction 
1  contained  primarily  what  appeared  to  be  precur- 
sor brown  cells.  The  majority  of  cells  in  Fraction  2 
were  brown  cells.  Fraction  3  was  entirely  brown 
globular  material.  Assays  indicated  the  presence  of 
acid  phosphatase,  glutathione  reductase  and  lyso- 
zyme  in  lysates  from  each  fraction.  Thus,  brown 
cells  of  the  red  gland  appear  to  contain  enzymes 
involved  in  detoxification  and  degradative  process- 
es. (Author's  abstract) 
W9 1-06384 


EFFECT  OF  SELENIUM  ON  THE  UPTAKE  OF 
CADMIUM  BY  THE  MARINE  MACROALGA 
HYMENOMONAS  (CRICOSPHAERA)  ELON- 
GATA. 

Institut  National  de  la  Sante  et  de  la  Recherche 
Medicate,  Paris  (France). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06386 


ORGANOTIN  SPECIATION  IN  MUNICIPAL 
WASTEWATER  AND  SEWAGE  SLUDGE:  ECO- 
TOXICOLOGICAL  CONSEQUENCES. 

Eidgenoessische  Anstalt  fuer  Wasserversorgung, 

Abwasserreinigung   und   Gewaesserschultz,   Due- 

bendorf  (Switzerland). 

K.  Fent. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  477-483,  1989.  2  fig,  1  tab,  16  ref. 

Descriptors:  'Chemical  speciation,  'Organotin 
compounds,  'Path  of  pollutants,  'Sludge,  'Toxi- 
cology, Aquatic  environment,  Chemical  analysis, 
Ecotoxicology,  Extraction,  Flame  photometry, 
Gas  chromatography,  Pollutant  identification, 
Quantitative  analysis,  Sediment  chemistry, 
Wastewater  pollution. 

Accurate  and  precise  quantitative  methods  are 
needed  for  speciation  of  organotins  in  complex 
matrices  like  wastewater,  sludge,  sediments  and 
biological  materials.  Organotins  were  determined 
by  extraction,  ethylation  by  a  Grignard  reaction, 
and  analysis  by  gas  chromatography  with  flame 
photometric  detection.  Limit  of  detection  was  1  to 
10  ng/L  for  each  organotin  species.  For  higher 
accuracy,  four  separate  internal  standards  with  dif- 
ferent degrees  of  alkylation  were  used.  In  raw 
wastewater  mean  concentrations  on  3  days  were 
(as  ions):  199  ng/L  of  monobutyltin  (MBT),  164 
ng/L  of  dibutyltin  (DBT),  and  173  ng/L  of  TBT 
(total  536  ng/L).  Monophenyltin,  diphenyltin,  tri- 
phenyltin,  tricyclohexyltin  and  dioctyltin  were  not 
detected.  About  90%  of  each  butyltin  species  were 
associated  with  particles,  and  thus  removed  to  a 
large  extent  by  sedimentation  in  the  first  step  of  a 
treatment  plant.  In  sewage  sludge,  organotins  were 
accumulated  to  relatively  high  concentrations.  In 
one  sample  of  digested  sludge  the  following  con- 
centrations were  determined:  MBT  0.6  mg/kg, 
DBT  1.2  mg/kg,  and  TBT  1.1  mg/kg  (dry  wt). 
Untreated  wastewater  could  give  rise  to  pollution 
of  aquatic  systems.  As  sludge  is  used  as  fertilizer  in 
agriculture,  organotins  are  transferred  to  soils.  In 
addition,  since  sludge  is  dumped  at  sea  in  large 
amounts,  a  mainly  unrecognized  source  of  TBT  in 
the  marine  environment  is  identified.  (Author's 
abstract) 
W91-06388 


EFFECTS   OF  STARVATION   ON   CADMIUM 
UPTAKE  BY  A  MARINE  PSEUDOMONAD. 

Institut  National  de  la  Sante  et  de  la  Recherche 

Medicale,  Paris  (France). 

G.  N.  Flatau,  R.  L.  Clement,  F.  Mahdyoun,  and 

M.  J.  Gauthier. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  485-488,  1989.  2  fig,  19  ref. 


Descriptors:  'Bacterial  physiology,  'Bioaccumula- 
tion,  'Cadmium,  'Marine  environment,  'Path  of 
pollutants,  'Seawater,  'Starvation,  'Toxicology, 
Cytology,  Heavy  metals,  Marine  pollution,  Nutri- 
ent concentrations,  Nutrition,  Phosphorous,  Toxic- 
ity. 

Natural  environments,  particularly  unpolluted  sea- 
water, represent  a  very  poor  nutritive  medium 
containing  only  a  few  microgram-atoms  phospho- 
rus/L.  Cells  of  a  marine  pseudomonad  were 
starved  for  216  hours  in  a  saline  non-nutritive 
medium.  During  this  period,  respiratory  activity 
and  cellular  ATP  decreased.  When  such  cells  were 
exposed  to  cadmium,  their  cadmium  content  was 
lower  than  that  of  freshly  harvested  cells.  The 
addition  of  glucose  to  starved  cells  just  before  their 
exposure  to  cadmium  enhanced  their  cadmium 
uptake  and  their  respiratory  activity.  These  results 
suggest  that  starvation  induces  large  modifications 
in  the  structure  and  physiology  of  these  cells,  and 
can  also  inhibit  the  accumulation  of  toxic  metals 
which  are  taken  up  by  energy  dependent  mecha- 
nisms. Microbial  responses  to  pollutants,  therefore, 
may  depend  highly  upon  the  nutritional  state  of 
microorganisms.  (Brunone-PTT) 
W9 1-06389 


UPTAKE  OF  CU,  CD,  ZN  AND  PB  IN  POSI- 
DONIA  OCEANICA  (LINNEAUS)  FROM  ANTI- 
KYRA  GULF,  GREECE:  PRELIMINARY  NOTE. 

Thessaloniki    Univ.,    Salonika   (Greece).    Inst,   of 

Botany. 

P.  Malea,  and  S.  Haritonidis. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  495-498,  1989.  3  fig,  16  ref. 

Descriptors:  'Antikyra  Gulf,  'Bioaccumulation, 
'Cadmium,  'Copper,  'Lead,  'Path  of  pollutants, 
'Toxicology,  'Zinc,  Aquatic  plants,  Greece, 
Heavy  metals,  Plant  growth,  Sea  grasses,  Seasonal 
variation,  Statistical  analysis. 

The  uptake  of  copper,  zinc,  cadmium  and  lead  was 
studied  in  the  marine  phanerogam  Posidonia 
oceanica,  sampled  from  seven  stations  in  the  Gulf 
of  Antikyra,  Biotia,  Greece.  The  mean  values  of 
the  concentrations  of  the  four  heavy  metals  were 
compared  between  the  stations.  No  significant  dif- 
ferences were  noted  between  stations  in  the  accu- 
mulation of  metals.  However,  concentrations  of 
copper,  zinc  and  lead  in  Posidonia  reached  a  maxi- 
mum in  the  winter  and  in  early  spring  and  then 
decreased  in  the  spring  months  to  reach  a  mini- 
mum during  the  summer.  This  seasonal  variation 
was  only  statistically  significant  for  copper,  and 
was  associated  with  the  annual  life  cycle  of  the 
plant.  Cadmium  also  showed  significant  seasonal 
variation  but  concentrations  reached  a  maximum 
during  the  summer  and  declined  to  a  minimum 
during  the  spring.  The  decrease  in  the  accumula- 
tions of  copper,  lead,  and  zinc  during  the  stage  of 
higher  growth  is  probably  explained  by  an  irre- 
versible binding  of  heavy  metals  to  the  plant  tissue 
and  a  dilution  of  metals  due  to  growth.  (Author's 
abstract) 
W91-06391 


PLANAR  CHLORINATED  HYDROCARBONS 
(PCHS)  IN  COLONIAL  FISH-EATING  WATER- 
BIRD  EGGS  FROM  THE  GREAT  LAKES. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Pedi- 
atrics/Human Development. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-06393 


TREATED  MUNICIPAL  WASTEWATERS:  EF- 
FECTS ON  DEVELOPMENT  AND  GROWTH 
OF  FISHES. 

New  Jersey  Medical  School,  Newark.   Dept.  of 

Anatomy. 

For  primary  bibliographic  entry  see  Field  5C. 
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MOBILITY  IN  SANDY  SOILS  OF  FOUR  PES- 
TICIDES WITH  DIFFERENT  WATER  SOLU- 
BILITY. 

Sveriges  Lantbruksuniversitet,  Uppsala.  Dept.  of 
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Sources  Of  Pollution — Group  5B 


Soil  Sciences. 

R.  Jemlas. 

Acta  Agriculturae  Scandinavica  AASCAU,  Vol. 

40,  No.  4,  p  325-340,   1990.  7  fig,  6  tab,  22  ref. 

Descriptors:  *Path  of  pollutants,  •Pesticides,  •Pol- 
lutants, •Soil  contamination,  *Solute  transport, 
Adsorption,  Atrazine,  Chemical  degradation, 
Groundwater  pollution,  Isotherms,  Model  studies, 
Sand,  Solubility. 

Despite  the  advantages  of  pesticides,  increasing 
interest  has  been  paid  to  their  transport  to  ground- 
water by  leaching.  The  mobility  of  four  pesti- 
cides-2,3,6-TBA  (2,3,6-trichlorobenzoic  acid), 
dichlorprop  (( -I-  /-)-2-(2,4-dich]oro-phenoxy)-pro- 
pionic  acid),  atrazin  (2-chloro-4-ethylamino-6-iso- 
propylamino-l,3,5-triazine)  and  dichlobenil  (2,6- 
dichlorobenzonitril)-was  measured  in  soil  column 
and  batch  experiments.  The  soils  used  were  classi- 
fied as  sands  and  loamy  sands  with  organic  matter 
contents  ranging  from  0  to  3.65%.  Systematic  de- 
viations were  generally  found  in  column  experi- 
ments between  experimental  and  fitted  effluent 
curves.  Thus  the  analytical  model  equation  used 
did  not  describe  all  aspects  of  the  transport  process 
well,  possibly  because  of  violation  of  the  assump- 
tion of  a  linear  adsorption  isotherm.  The  estimated 
retardation  factors  from  the  column  experiments 
were  in  the  range  0.92-1.27,  1.01-1.41,  1.34-4.77, 
and  4.22-55.6  for  2,3,6-TBA,  dichlorprop,  atrazin, 
and  dichlobenil,  respectively.  The  column  experi- 
ments were  found  to  give  reproducible  estimates  of 
the  transport  parameters,  but  the  estimated  degra- 
dation rates  showed  substantial  variation.  The 
linear  form  of  the  Freundlich  isotherm  obtained 
from  the  column  experiments  was  compared  to  the 
more  or  less  nonlinear  form  obtained  in  batch 
experiments  by  calculating  theoretical  effluent 
curves  for  the  two  types  of  adsorption  isotherms. 
The  agreement  was  poor  for  dichlorprop  in  top- 
soils,  but  reasonable  to  good  for  all  other  soils  and 
pesticides.  In  the  case  of  dichlobenil  in  topsoil, 
with  a  Freundlich  isotherm  far  from  linear,  the 
chosen  concentration  strongly  influenced  the  shape 
and  position  of  the  calculated  effluent  curve.  (Au- 
thor's abstract) 
W9 1-06397 


RATES  OF  SOIL  CHEMICAL  CHANGES  WITH 
ELEVEN  ANNUAL  APPLICATIONS  OF 
CATTLE  FEEDLOT  MANURE. 

Agriculture  Canada,  Lethbridge  (Alberta).  Re- 
search Station. 

C.  Chang,  T.  G.  Sommerfeldt,  and  T.  Entz. 
Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 
70,  No.  4,  p  673-681,  November  1990.  1  fig,  4  tab, 
18  ref. 

Descriptors:  "Agricultural  practices,  •Alberta, 
•Farm  management,  'Irrigation  effects,  •Manure, 
•Soil  chemistry,  Application  rates,  Calcium, 
Canada,  Chlorides,  Land  application,  Leaching, 
Magnesium,  Nutrients,  Regression  analysis,  Salts, 
Sodium,  Solute  transport,  Sulfates,  Tillage. 

The  rates  of  change  of  several  soil  chemical  prop- 
erties in  response  to  repeated  annual  applications 
of  cattle  feedlot  manure  were  determined  from 
1974  to  1984  in  a  long-term  experiment  in  Alberta, 
Canada.  Manure  was  applied  at  0,  30,  60,  and  90 
mg/ha  and  0,  60,  120,  and  180  mg/ha  (wet  weight) 
to  nonirrigated  and  irrigated  Dark  Brown  Cherno- 
zemic  soils,  respectively,  using  three  tillage  meth- 
ods of  incorporation.  Soil  acidity  (pH),  estimate  of 
soluble  salts  (EC),  sodium  adsorption  ratio  (SAR), 
and  accumulation  of  Na,  Ca  -I-  Mg,  S04,  and  CI  in 
the  soil  were  determined  annually.  Regression 
analyses  were  used  to  determine  the  rates  of  accu- 
mulation of  these  parameters  with  time.  The  rates 
of  change  with  time  were  mostly  linear  and  varied 
with  the  level  of  manure  applied  and  irrigation 
regime.  The  soil  became  more  acidic  with  time. 
Soluble  Na  and  CI  increased  at  rates  similar  to  or 
less  than  those  applied.  Changes  in  the  soluble  S04 
were  poorly  correlated  with  time.  Regression  anal- 
yses from  1974  to  1977  and  1978  to  1984,  under 
irrigated  conditions,  indicated  that  the  rates  of 
change  were  generally  less  in  the  latter  period. 
Thus,  the  losses  of  applied  constituents  were 
higher  in  the  second  period  than  in  the  first  period 
under  irrigation.  However,  various  soluble  con- 


stituents from  the  annually-applied  manure  accu- 
mulated in  the  soil  even  at  the  recommended  rate. 
These  findings  indicate  that  sustained  agricultural 
production  of  this  land  with  annual  application  of 
manure  is  in  question,  and  the  potential  for  prob- 
lems due  to  leaching  of  various  soluble  salts  and 
nutrients  to  groundwater  is  increased.  (Author's 
abstract) 
W9 1-06408 

SLUDGE  METAL  BIOAVAILABILITY. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
T.  J.  Logan. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  399-405.  1  fig,  22  ref. 

Descriptors:  •Bioaccumulation,  •  Bioavailability, 
•Heavy  metals,  *Land  application,  *Land  disposal, 
•Sludge,  *Sludge  utilization,  *Soil  contamination, 
Cadmium,  Path  of  pollutants. 

Recent  findings  suggest  that  trace  metals  in  sewage 
sludge  are  retained  tightly  by  the  sludge  solids  and 
that  this  retention  greatly  reduces  the  bioavailabi- 
lity, particularly  with  respect  to  plant  uptake,  of 
sludge  metals  compared  with  other  metal  sources. 
Long-term  field  studies  indicate  little  change  in 
sludge  metal  bioavailability  with  time  after  initial 
sludge  application,  which  suggests  that  sludge 
metal  forms  may  be  as  thermodynamically  stable  as 
those  in  soil.  Field  and  greenhouse  studies  suggest 
that  the  increase  in  metal  uptake  by  crops  is  not 
linear  with  sludge  application  rate  but  rather 
reaches  a  plateau,  the  magnitude  of  which  is  a 
function  of  sludge  properties.  The  most  important 
sludge  property  related  to  sludge  metal  bioavaila- 
bility appears  to  be  total  metal  concentration. 
However,  labile  metal,  as  estimated  by  resin  ex- 
traction, may  prove  to  be  a  more  precise  indicator 
of  sludge  metal  bioavailability.  Field  data  on  metal 
uptake  by  crops  from  sewage  sludge  suggest  that 
uptake  does  not  increase  linearly  with  sludge  metal 
application  rate,  but  rather  tends  to  plateau  at 
higher  rates.  It  would  be  valuable  to  use  the  pla- 
teau concept  in  a  risk  assessment  of  food-chain 
contamination  by  sludge  metals  by  comparing  the 
plateau  value  for  crop  uptake  with  maximum  food- 
chain  exposure.  In  this  way,  a  sludge  with  a  pla- 
teau value  for  crop  uptake  less  than  that  required 
to  protect  the  food  chain  could  be  applied  to 
cropland  regardless  of  application  rate  and  perhaps 
with  minimal  effect  on  soil  properties.  Extending 
this  approach  further,  it  would  be  valuable  to 
identify  the  sludge  characteristics  that  control  the 
plateau  uptake  value  or  to  develop  a  sludge  test  to 
predict  this  value.  In  a  recent  study  of  Cd  uptake 
by  Sudax  (a  sorghum-sudangrass  hybrid)  Cd 
uptake  was  correlated  with  total  Cd  content  of  the 
sludges  and  with  resin-extractable  sludge  Cd. 
Resin-extractable  Cd  was  shown  to  be  a  good 
indicator  of  labile  sludge  metals  and  may  be  used 
to  screen  sludges  for  impact  on  crop  uptake.  (See 
also  W91-06421)  (Geiger-PTT) 
W9 1-06448 


SLUDGE  ORGANICS  BIOAVAILABILITY. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Agronomy  and  Horticulture. 
G.  A.  O'Connor,  G.  A.  Eiceman,  C.  A.  Bellin,  and 
J.  A.  Ryan. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  407-416.  2  fig,  4  tab,  31  ref. 

Descriptors:  •  Bioaccumulation,  •Bioavailability, 
•Chlorinated  hydrocarbons,  *Land  disposal,  'Or- 
ganic compounds,  *Path  of  pollutants,  'Sludge, 
•Sludge  disposal,  Biodegradation,  Land  applica- 
tion, Pentachlorophenol,  Polychlorinated  biphen- 
yls. 

Greenhouse  studies  using  soil-sludge  mixtures 
spiked  with  chlorinated  hydrocarbons  (polychlori- 
nated biphenyls,  pentachlorophenols,  diethylhex- 
ylphthalate,  or  2,4-dinitrophenol)  or  with  sludge 
containing  the  hydrocarbons  applied  to  soils  were 
carried  out  to  assess  the  plant  uptake  of  chlorinated 
hydrocarbons  when  grown  on  the  contaminated 
soils.  Biological  concentration  factors  (BCF)  were 
calculated  for  crops  (fescue,  lettuce,  carrots,  and 


chile)  grown  on  the  soil  or  soil-sludge  mixtures. 
Sludges  applied  at  agronomic  rates  resulted  in 
chemical  concentrations  in  the  soil-sludge  mixture 
50  to  100-fold  lower.  Plant  uptake  at  these  pollut- 
ant concentrations  (and  at  much  higher  concentra- 
tions) is  minimal.  Chemicals  were  either  (1)  accu- 
mulated at  extremely  low  levels  (polychlorinated 
biphenyls),  (2)  possibly  accumulated,  but  then  rap- 
idly metabolized  within  the  plants  to  extremely 
low  levels  (DEHP),  or  (3)  likely  degraded  so  rap- 
idly in  the  soil  that  only  minor  contamination 
(BCF  <  or  =  0.01)  of  the  plant  occurred  (pen- 
tachlorophenol and  2,4-dinitrophenol).  (See  also 
W9 1-06421)  (Geiger-PTT) 
W9 1-06449 


SEWAGE  SLUDGE  APPLICATION  TO  AGRI- 
CULTURAL LAND. 

Battelle  Memorial  Inst.,  Columbus,  OH. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-06451 


MICROBIAL  INCORPORATION  OF  SULFATE 
INTO  ORGANIC  MATTER  IN  FOREST  SOILS. 

Southeastern  Forest  Experiment  Station,  Otto, 
NC. 

W.  T.  Swank,  J.  W.  Fitzgerald,  and  T.  C. 
Strickland. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  3-10,  3  fig,  3  tab,  17  ref.  National 
Science  Foundation  Grant  BSR-8215259. 

Descriptors:  *Acid  rain,  •Acid  rain  effects, 
•Forest  hydrology,  *Forest  soils,  *Sulfates, 
•Sulfur  cycle,  Fate  of  pollutants,  Forest  ecosys- 
tems, Litter,  Microbiological  studies.  North  Caroli- 
na, Soil  organic  matter. 

The  metabolism  of  inorganic  sulfate  into  organic 
matter  by  microbial  populations  can  be  an  impor- 
tant process  in  the  sulfur  cycle  of  forest  ecosys- 
tems. Potential  annual  incorporation  in  forest  floor 
and  soil  horizons  of  a  mixed  deciduous  forest  in  the 
Southern  Appalachian  Mountains  was  studied.  Soil 
samples  were  collected  from  a  280-m  transect  in 
the  Coweeta  Watershed  in  western  North  Caroli- 
na. Varying  amounts  of  sulfate  were  added  and 
extractions  of  soil  water,  salt  extracts,  and  acid 
plus  base  (non-salt  extractable)  fractions  were  ana- 
lyzed. The  total  annual  incorporation  for  litter  and 
soil  was  estimated  to  be  30  kg/ha.  The  magnitude 
of  sulfate  incorporation  into  organic  sulfur  forms 
exceeds  the  bulk  precipitation  sulfate-sulfur  input 
of  9  to  13  kg/ha/yr.  Moreover,  incorporation 
greatly  exceeds  the  2  kg/ha/yr  of  net  sulfur  uptake 
by  vegetation  previously  estimated  for  a  similar 
watershed.  It  may  be  concluded  that  the  process  is 
partially  responsible  for  the  apparent  sulfur  accu- 
mulation indicated  by  ecosystem  budgets  and  af- 
fects sulfate  mobility,  cation  leaching,  and  hence 
the  interpretation  of  atmospheric  sulfuric  acid  ef- 
fects in  forest  ecosystems.  (See  also  W9 1-065 10) 
(Fish-PTT) 
W9 1-065 11 


ACIDITY  AND  ALKALINITY  OF  RESERVOIR 
WATER  IN  THE  SIERRA  NEVADA,  CALIFOR- 
NIA. 

California  Univ.,  Berkeley.  Dept.  of  Plant  and  Soil 
Biology. 
J.  G.  McColl. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  11-18,  2  fig,  4  tab,  4  ref.  University  of 
California  project  CA-B-PSB-3664-H. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  *Lake 
acidification,  'Rainfall-runoff  relationships,  'Res- 
ervoirs, 'Water  pollution  sources,  Air  pollution 
effects,  Alkaline  water.  Nitrogen  oxides,  Snow- 
melt,  Sulfur  dioxide,  Water  acidity. 

From  1954  to  1979  outlet  waters  from  the  two 
main  Sierran  reservoirs  supplying  the  San  Francis- 
co Bay  Area  of  California  have  significantly  in- 
creased in  acidity,  and  since  1944  alkalinity  of  one 
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of  the  reservoirs  has  significantly  decreased.  This 
data  has  been  updated  to  1985  for  one  of  the  two 
reservoirs  previously  studied,  and  the  relationship 
between  acidity  and  alkalinity  of  water,  air  pollut- 
ants, and  water  flow  have  been  examined  in  more 
detail.  It  was  determined  that  acidity  changed 
during  all  months  of  the  year,  but  alkalinity  only 
changed  during  July  through  November.  It  is 
likely  that  the  greatest  acidity  increase  in  runoff  is 
due  to  increased  acidity  of  peak  snowmelt  in  May. 
The  cause  appears  to  be  atmospheric  emissions  of 
sulfur  dioxide  (S02)  and  nitrogen  dioxide  (NOx) 
from  the  metropolitan  area  deposited  in  the  Sierra 
Nevada  drainage  basin.  Since  the  early  1970s  emis- 
sions varied  greatly  with  fluctuating  fuel  oil  prices 
and  new  control  regulations,  thus  complicating 
relationships  between  gaseous  emissions  and  reser- 
voir chemistry.  However,  with  a  3  to  4-year  lag 
time,  significant  correlations  exist  between  gaseous 
emissions  (especially  S02)  and  water  acidity  and 
alkalinity  for  two  separate  periods,  1955-72  and 
1972-85.  (See  also  W9 1-065 10)  (Author's  abstract) 
W91-06512 


DYNAMICS  AND  MASS  BALANCES  OF  N03(-) 
AND  S04<-2)  IN  MELTWATER  AND  SURFACE- 
RUNOFF  DURING  SPRING  MELT  IN  A 
BOREAL  FOREST. 

Quebec  Univ.,  Sainte-Foy. 
H.  G.  Jones,  and  Y.  Bedard. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  19-31,  4  fig,  2  tab,  21  ref. 

Descriptors:  »Acid  rain,  *Acid  rain  effects, 
•Forest  hydrology,  *Forest  soils,  'Soil  contamina- 
tion, Canada,  Nitrates,  Pollution  load,  Quebec, 
Runoff,  Snowmelt,  Soil  horizons,  Soil  water,  Sul- 
fates, Water  pollution  effects,  Water  pollution 
sources. 

In  eastern  Canada  the  boreal  forest  receives  much 
of  its  precipitation  as  snow,  relatively  enriched  in 
N03(-).  The  chemical  evolution  of  meltwater  from 
the  snowpack,  intermittent  streamwaters,  and  sub- 
surface waters  of  the  Lake  Laflamme  basin, 
Quebec,  Canada,  was  studied  during  the  spring 
melt  periods  of  1984  and  1985.  It  was  found  that 
the  upper  organic  soil  horizons  are  the  dominant 
factor  in  the  control  of  N03(-)  concentrations  in 
surface  waters.  In  1984,  these  horizons  acted  as  a 
source  for  N03(-)  (2  meq/sq  m)  exceeding  the 
N03(-)  load  (10.0  meq/sq  m)  discharged  by  the 
snow  pack  (including  precipitation).  In  1985,  the 
horizons  acted  as  a  sink  for  this  ion  by  retaining  1.3 
meq/sq  m  of  the  total  load  discharged  (12.9  meq/ 
sq  m).  In  comparison,  S04(-2)  concentrations  in 
the  runoff  are  more  dependent  on  the  chemical 
characteristics  of  water  in  the  lower  soil  horizons. 
The  upper  horizons,  however,  exert  a  buffering 
effect  on  the  concentration  of  this  ion  in  the 
streamwaters.  The  soil  horizons  act  generally  as  a 
source  for  S04(-2)  exceeding  the  S04(-2)  load 
discharged  by  the  pack,  supplying  approximately 
40%  (1984:  42%;  1985:  37%)  of  the  total  load  of 
S04(-2)  (1984:  43.5  meq/sq  m;  1985:  34.1  meq/sq 
m)  exported  by  the  surface  runoff  in  both  spring 
melt  periods.  (See  also  W9 1-065 10)  (Author's  ab- 
stract) 
W91-06513 


INFLUENCE  OF  ACID  PRECIPITATION  ON 
STREAM  CHEMISTRY  IN  A  SMALL  FOREST- 
ED BASIN  IN  SOUTHWESTERN  BRITISH  CO- 
LUMBIA. 

British  Columbia  Univ.,   Vancouver.   Faculty  of 
Forestry. 
M.  C.  Feller. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  33-47,  2  fig,  7  tab,  19  ref.  Department 
of  Supply  and  Services  Canada  contract  nos. 
06SB.KH603-4-1054  and  06SB.01K51-5-1084. 

Descriptors:  »Acid  rain,  »Acid  rain  effects, 
•Forest  hydrology,  *Forest  management,  'Water 
chemistry,  Aluminum,  British  Columbia,  Buffer  ca- 
pacity, Canada,  Hydrogen  ion  concentration,  Soil 
contamination,  Water  pollution  effects. 


As  part  of  a  study  on  the  effects  of  forest  manage- 
ment practices  on  streamwater  quality,  precipita- 
tion, and  streamwater  chemistry  have  been  as- 
sessed since  1970  in  a  small  forested  drainage  basin 
located  in  southwestern  British  Columbia,  Canada. 
Precipitation  in  the  area  is  acidic  with  mean  annual 
pH  values  of  4.5-4.9  and  anion  chemistry  dominat- 
ed by  S04,  followed  by  N03.  Streamwater  in  the 
area  generally  contains  low  quantities  of  dissolved 
chemicals  and  has  a  relatively  low  buffer  capacity 
of  20-70  micromol/L.  However,  the  acid  precipita- 
tion has  not  significantly  impacted  streamwater 
chemistry.  Streamwater  pH  values  less  than  6.1 
have  not  been  recorded  and  pH  decreases  of  only 
0. 1  to  0.4  occur  during  storm  events.  High  stream- 
water  dissolved  Al(  +  3)  concentrations  do  not 
occur  and  most  of  the  dissolved  Al  is  organically 
complexed.  The  soils  present  are  being  acidified 
causing  basic  cations  to  be  released  from  the  soil. 
Generation  of  hydrogen  ions  within  the  water- 
sheds exceeds  the  external  supply.  (See  also  W91- 
06510)  (Author's  abstract) 
W91-06514 


ACID  BUFFERING  IN  LOWLAND  FORESTED 
ECOSYSTEMS:  A  CASE  STUDY  IN  THE 
TRENT  BASIN,  UK. 

Coventry    (Lanchester)    Polytechnic    (England). 
Dept.  of  Geography. 
I.  D.  L.  Foster. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  49-63,  5  fig,  3  tab,  31  ref. 

Descriptors:  'Acid  rain,  *Acid  rain  effects, 
•Forest  hydrology,  *Trent  River  Basin,  'Water 
pollution  effects,  Acidic  water,  Canopy,  England, 
Soil  contamination,  Throughfall,  Water  pollution 
sources,  Water  quality. 

Studies  of  the  impact  of  acid  precipitation  on  natu- 
ral waters  frequently  concentrate  on  upland  hard 
rock  environments  which  usually  illustrate  a  dra- 
matic response  in  terms  of  water  quality  and  eco- 
logical deterioration.  Less  well  documented,  espe- 
cially in  the  UK,  are  river  basins  which  receive 
acid  inputs  but  where  river  waters  remain  at  or 
above  a  neutral  pH.  A  monitoring  program  was 
undertaken  in  the  English  Midlands  which  is  an 
area  with  recorded  mean  monthly  rainfall  pH 
below  5.0  for  7  months  of  the  year,  dropping  to  pH 
4.5  in  February.  Canopy  drip  in  a  broad-leaved  oak 
woodland  has  an  average  annual  pH  of  4.1.  Soil 
water  samples  extracted  from  the  unsaturated  zone 
closely  mirror  throughfall  pH  and  show  little  buf- 
fering of  acid  inputs.  Low  pH  values  are  not 
recorded  in  river  and  lake  water  samples  collected 
in  the  same  area,  where  pH  lies  between  7  and  7.5. 
(See  also  W91-06510)  (Author's  abstract) 
W91-06515 


STREAM  ACIDIFICATION  RESULTING 
FROM  AFFORESTATION  IN  THE  UK:  EVAL- 
UATION OF  CAUSES  AND  POSSIBLE  AME- 
LIORATIVE MEASURES. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 
Bangor  Research  Station. 

M.  Homung,  B.  Reynolds,  P.  A.  Stevens,  and  C. 
Neal. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  65-74,  4  tab,  21  ref. 

Descriptors:  *Acid  rain,  'Acid  rain  effects, 
•Forest  hydrology,  'Forest  management,  *Forest 
soils,  *Reforestation,  Acidic  soils,  Acidic  water, 
Air  pollution  effects,  Aluminum,  Canopy,  Drain- 
age ditches.  Drainage  water.  Soil  water,  United 
Kingdom,  Water  pollution  sources. 

Recent  studies  have  shown  an  increase  in  acidity 
and  aluminum  concentrations  in  streams  draining 
plantation  forests,  compared  with  streams  draining 
adjacent  moorland  or  grassland,  in  some  areas  of 
the  British  uplands.  Afforestation  leads  to  a 
number  of  changes  in  the  upland  environment 
which,  in  turn,  impact  the  hydrology  and  hydro- 
chemistry  of  drainage  waters.  Some  of  these 
changes  are  due  to  forest  management  practices 


while  others  result  from  crop-atmosphere  and 
crop-soil  interactions.  These  changes  are  most  pro- 
nounced where  soils  overlie  base-poor  bedrock, 
and  have  a  surface  pH  of  3.5-4.5.  Forest  drains, 
linked  to  upland  plow  furrows,  are  designed  to 
remove  any  excess  soil  water  and  limit  soil  water 
interactions  and  any  related  buffering.  The  devel- 
opment of  the  forest  canopy  in  the  uplands  in- 
creases evaporation,  reduces  the  amount  of  incom- 
ing precipitation,  and  acts  as  an  efficient  filter  of 
the  atmosphere.  Development  of  the  forest  floor 
allows  accumulation  of  more  acid  matter  than  the 
underlying  soil  horizons  and  is  an  important  zone 
of  (acidic)  water  movement.  The  drying  cracks 
and  root  channels  within  forest  soils  act  as  path- 
ways for  the  rapid  movement  of  water  through 
soils.  Deepening  of  drainage  ditches  could  allow 
contact  between  drainage  waters  and  more  base- 
rich  mineral  materials,  leading  to  increased  buffer- 
ing. The  system  of  plow  furrows  and  drainage 
ditches  act  together  to  feed  acid,  surface  waters 
directly  into  natural  water  courses.  These  waters 
could  be  diverted  by  dams,  sumps,  bog  develop- 
ment, or  a  combination.  The  reduction  of  emissions 
of  S02  and  NOx  would  have  a  significant  impact 
on  atmospheric  inputs,  and  should  be  taken  into 
account  when  developing  on-site  ameliorative 
measures.  (See  also  W91-O6510)  (Fish-PTT) 
W91-06516 


APPLICATION  OF  TIME-SERIES  MODEL- 
LING TO  SHORT-TERM  STREAMWATER 
ACIDIFICATION  IN  UPLAND  SCOTLAND. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Dept.  of  Civil  Engineering. 
S.  J.  Langan,  and  P.  G.  Whitehead. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  75-87,  7  fig,  3  tab,  10  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
•Forest  hydrology,  'Model  studies,  *Time  series 
analysis,  Catchment  areas,  Land  use,  Mathematical 
analysis,  Mathematical  models,  Scotland,  Stream 
discharge,  Water  quality  management.  Water  re- 
sources management. 

In  the  study  of  water  resources  the  ability  to 
simulate  water  quality  is  desirable  to  improve  un- 
derstanding and  forecasting  of  the  processes  and 
dynamics  within  drainage  basin  systems.  In  a 
system  analysis  approach  the  processes  are  re- 
placed by  mathematical  functions,  useful  where  the 
system  is  exceedingly  complex  or  where  there  is 
inadequate  knowledge  of  the  processed  governing 
the  input-output  relationship.  The  hourly  discharge 
and  stream  pH  were  modeled  on  three  basins  in 
southwest  Scotland,  differentiated  by  land-use.  In 
this  investigation,  both  the  series  input  and  output 
of  the  system  were  known;  what  remained  was  to 
identify  and  estimate  the  transfer  function,  where 
the  system  (drainage  basin)  received  a  stimulus 
(discharge)  and  responded  to  it  according  to  the 
internal  structure  (hydrochemical  processes)  of  the 
system,  determining  the  system  output  (acidity, 
expressed  as  hydrogen  ion  concentration).  The 
best-fit  time-series  model  for  each  of  the  basins  had 
the  same  simple  structure  (first-order  autoregrev 
sive  moving  average  type)  identified  from  a  cali- 
bration run  on  one  month  of  hourly  observations. 
Results  showed  that  a  moorland  basin  and  a  forest- 
ed (eight-year-old  Sitka  Spruce)  basin  have  broad- 
ly similar  water  quality.  The  third,  part-forested, 
basin  illustrated  how  autoregressive  management 
techniques  (e.g.  liming)  may  ameliorate  surface 
water  acidification,  both  in  terms  of  magnitude  and 
duration.  While  the  model  is  not  particularly  pow- 
erful in  terms  of  predictability,  it  has  been  useful  in 
identifying  the  differences  between  the  three  basins 
in  terms  of  water  quality.  The  modifying  influence 
of  land  management  techniques  on  one  of  the 
basins  is  particularly  pertinent  to  the  short-term 
solution  of  streamwater  acidification.  (See  also 
W91-06510)  (Author's  abstract) 
W91-06517 


CONTRIBUTIONS  OF  ACID  DEPOSITION  TO 
STREAMWATER  CHEMISTRY  IN  THREE 
PRECAMBRIAN  SHIELD  BASINS. 
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Great    Lakes    Forestry    Research    Centre,    Sault 
Sainte  Marie  (Ontario). 
J.  A.  Nicolson. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  89-98,  1  fig,  4  tab,  13  ref. 

Descriptors:  »Acid  rain,  'Acid  rain  effects, 
•Forest  hydrology,  *Hydrologic  budget,  'Path  of 
pollutants,  'Water  chemistry,  Canada,  Cations, 
Forest  watersheds,  Geochemistry,  Nitrates,  Ontar- 
io, Sulfates,  Water  quality. 

Chemical  budgets  of  small  terrestrial  basins  may  be 
examined  by  measuring  the  quantity  and  quality  of 
precipitation  and  streamflow  for  each  system. 
Water  and  chemical  budgets  were  examined  for 
small,  undisturbed  mature  forest  basins  in  three 
areas  in  northern  Ontario,  Canada.  Precipitation 
averages,  based  on  four  years,  varied  less  than  4% 
of  normal,  but  variation  of  streamflow  averages, 
though  consistent  at  all  sites,  was  25-30%  above 
normal.  Sulfate  input  dominated  precipitation  at 
the  eastern  site  and  was  two  times  the  S04  input  at 
the  central  site  and  three  times  at  the  western  site. 
Nitrate  was  highest  in  the  east,  being  about  four 
times  greater  than  at  the  other  two  sites.  The  H 
input  was  five  to  six  times  greater  at  the  eastern 
site.  Output  was  dominated  by  S04,  Ca,  and 
HC03  in  the  west;  HC03,  Ca,  and  S04  at  the 
central  site;  and  S04,  HC03,  and  Ca  at  the  eastern 
site.  Only  two  cations,  H  and  NH4,  were  retained 
within  the  basin  at  all  sites;  both  were  highest  in 
the  east.  All  sites  lost  major  cations;  the  largest  loss 
was  at  the  central  site,  which  had  the  richest  soil. 
Carbonate  in  glacial  till  was  important  in  neutraliz- 
ing acidity  at  the  central  and  eastern  sites.  Compar- 
ison of  these  results  with  those  of  other  basin 
budget  studies  on  the  Precambrian  Shield  showed 
that  elemental  input  and  output  were  in  general 
agreement;  however,  ion  losses  are  variable  and 
can  be  related  to  minor  differences  in  geologic 
makeup  in  local  areas.  It  appears  that  stream  chem- 
istry on  the  Canadian  Shield  reflets  the  interac- 
tions of  forest  type,  bedrock,  till,  and  soil  composi- 
tion within  a  basin  rather  than  the  chemical  com- 
position of  precipitation.  (See  also  W9 1-065 10) 
(Fish-PTT) 
W91-06518 


tions  increased  during  late  winter,  and  the  in- 
creases are  attributed  to  the  flushing  of  these  so- 
lutes from  the  forest  floor  through  the  soil  to  the 
stream.  (See  also  W9 1-065 10)  (Author's  abstract) 
W91-06519 


FOREST  INFLUENCE  ON  THE  SURFACE 
WATER  CHEMISTRY  OF  GRANITIC  BASINS 
RECEIVING  ACID  PRECIPITATION  IN  THE 
VOSGES  MASSIF,  FRANCE. 

Strasbourg- 1  Univ.  (France).  Inst,  de  Geologic 
A.  Probst,  B.  Fritz,  B.  Ambroise,  and  D.  Viville. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  109-120,  3  fig,  3  tab,  16  ref.  Pro- 
gramme DEFORPA  (CEE-DG  XII,  Ministere  de 
l'Environnement). 

Descriptors:  'Acid  rain,  *Acid  rain  effects, 
•Forest  hydrology,  *France,  *Water  chemistry, 
Air  pollution,  Anions,  Fate  of  pollutants,  Forest 
watersheds,  Neutralization,  Path  of  pollutants,  Sur- 
face water,  Throughfall. 

The  acidity  of  rain  water  has  been  clearly  estab- 
lished as  part  of  a  general  atmospheric  problem  in 
northwestern  Europe.  The  influence  of  acid  rain 
on  the  chemistry  of  surface  waters  was  studied  in 
the  Strengbach  and  Ringelbach  basins  on  the  east- 
ern and  Alsacian  side  of  the  Vosges  mountains  in 
eastern  France.  The  two  small  basins  present  simi- 
lar altitudes  and  climates,  although  one  is  forested, 
and  the  forest  decline  has  been  clearly  established. 
In  both  basins,  rain  water  is  polluted  by  acids: 
H(+),  S04(-2),  N03(-).  This  acid  input  is  neutral- 
ized in  soils  but  the  efficiency  of  that  neutralization 
varies  from  one  basin  to  another:  (a)  in  the  nonfor- 
ested  basin,  the  alkalinity  of  surface  water  domi- 
nates the  anionic  charge,  (b)  in  the  forested  basin, 
the  strong  acid  anions  still  dominate  the  anionic 
charge  of  a  just-neutralized  solution.  The  chemis- 
try of  surface  water  in  the  forested  basin  cannot  be 
explained  only  by  the  incident  rainfall  and  its  par- 
tial evaporation.  There  appears  to  be  a  major  input 
of  pollutant  through  dry  deposits  in  throughfall. 
(See  also  W9 1-065 10)  (Author's  abstract) 
W9 1-06520 


SOURCES  OF  ACIDITY  DURING  SNOWMELT 
AT  A  FORESTED  SITE  IN  THE  WEST-CEN- 
TRAL ADIRONDACK  MOUNTAINS,  NEW 
YORK. 

Geological  Survey,  Doraville,  GA. 
N.  E.  Peters,  and  C.  T.  Driscoll. 
IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  99-108,  5  fig,  18  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
•Forest  hydrology,  *New  York,  'Water  chemis- 
try, *Water  pollution  sources,  Acidic  water,  Forest 
soils,  Groundwater  chemistry,  Leaching,  Nitrifica- 
tion, Path  of  pollutants,  Snowmelt,  Snowpack,  Soil 
water,  Solute  transport. 

Processes  controlling  the  acidification  (pH  <  5.0) 
of  streams  and  lakes  during  snowmelt  are  not  well 
understood.  The  chemical  quality  of  precipitation, 
snowpack,  meltwater,  and  forest  floor  leachate  was 
evaluated  to  determine  the  impact  of  these  sources 
on  stream  acidification  in  the  west-central  Adiron- 
dack Mountains,  New  York.  It  was  found  that 
solutes  in  the  snowpack  were  preferentially  re- 
leased at  the  beginning  of  snowmelt  causing  elevat- 
ed concentrations  of  acidity  and  strong  acid 
anions,  N03(-)  and  S04(-2),  in  the  meltwater; 
these  decreased  rapidly  within  a  few  days  as  the 
melt  continued.  Stream  S04(-2)  concentration  was 
relatively  constant  (140  microeq/L)  through 
winter.  Groundwater  discharge  appears  to  be  a 
primary  control  of  stream  composition,  because 
the  stream  S04(-2)  concentration  was  comparable 
to,  or  slightly  lower  than  that  of  groundwater  or 
soil  water,  but  was  more  than  double  that  of 
meltwater  or  forest  floor  leachate.  Nitrification  in 
the  forest  floor  produced  2-3  times  higher  acidity 
(H  +  )  and  N03(-)  concentrations  in  leachates  than 
in  meltwater.  Stream  H(  +  )  and  N03(-)  concentra- 


DETERMINATION  OF  HYDROLOGICAL 
FLOW  PATHS  AND  ASSOCIATED  HYDRO- 
CHEMISTRY  IN  FORESTED  CATCHMENTS 
IN  CENTRAL  SCOTLAND. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England). 

H.  S.  Wheater,  S.  J.  Langan,  J.  D.  Miller,  and  R. 
C.  Ferrier. 

IN:  Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  433-449,  7  fig,  6  tab,  23  ref. 

Descriptors:  *Acid  rain,  *Flow  pattern,  "Forest 
hydrology,  'Forest  watersheds,  *Land  use,  •Scot- 
land, *Soil-water-plant  relationships,  'Water 
chemistry,  ^Watershed  management,  Canopy, 
Forest  soils,  Groundwater  movement,  Slopes,  Soil 
horizons,  Soil  water,  Stemflow,  Stream  chemistry, 
Throughfall. 

In  studies  of  the  impact  of  acid  precipitation  on 
surface  water  quality,  increasing  attention  has  been 
focused  on  the  role  of  vegetation  and  land  use 
management  practice  in  enhancing  surface  water 
acidification.  For  effective  management,  quantifi- 
cation is  required  of  the  role  of  canopy  processes, 
soil  chemistry,  nutrient  cycling,  and  subsurface 
flow  characteristics,  and  the  impact  of  cultivation 
practice  such  as  fertilizer  application  and  drainage 
treatment.  Replicated  experimental  plots  were  es- 
tablished, as  part  of  an  acid  deposition  research 
project  in  central  Scotland,  to  determine  hydrolo- 
gical flow  paths  and  the  associated  hydrochemistry 
on  two  adjacent  forested  catchments  in  areas  of 
similar  geology  but  with  differing  tree  species,  soil 
types,  and  capacity  to  sustain  a  fish  population.  Cut 
soil  faces  were  used  to  sample  soil  water  through- 
flow  from  the  major  soil  horizons.  Baseline  moni- 
toring of  accumulated  precipitation,  tree  through- 
fall  and  stemflow,  and  soil  water  throughflow  was 
carried  out  at  fortnightly  intervals  on  these  plots, 


some  of  which  were  instrumented  to  include  con- 
tinuous recording  of  precipitation  and  soil  water 
throughflow,  event  sampling,  and  continuous  mon- 
itoring of  soil  moisture  dynamics  using  a  distribut- 
ed tensiometer  network.  Selected  results  from  one 
catchment  obtained  during  1986  indicates  clearly 
the  importance  of  canopy  effects  and  the  similarity 
in  response  of  the  dominant  B/C  horizon  through- 
flow  and  stream  chemistry.  A  complex  spatial  pat- 
tern of  surface  wetting  was  observed,  leading  to 
the  generation  of  a  downslope  wetting  front  which 
may  have  different  transmission  rates  in  the  differ- 
ent soil  horizons.  (See  also  W91-06510)  (Fish-PTT) 
W9 1-06551 


FACTORS  INFLUENCING  MOBILITY  OF 
TOXIC  METALS  IN  LANDFILLS  OPERATED 
WITH  LEACHATE  RECYCLE. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-06671 

SORPTTVE  BEHAVIOR  OF  SELECTED  OR- 
GANIC POLLUTANTS  CODISPOSED  IN  A 
MUNICIPAL  LANDFILL. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-06672 


AQUATIC  TEST  SYSTEMS  FOR  STUDYING 
THE  FATE  OF  XENOBIOTIC  COMPOUNDS. 

Environmental  Research  Lab.,  Gulf  Breeze,  FL. 
C.  R.  Cripe,  and  P.  H.  Pritchard. 
IN-    Aquatic   Toxicology   and   Risk   Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  29-47, 
8  fig,  3  tab,  48  ref. 

Descriptors:  *Aquatic  environment,  *Fate  of  pol- 
lutants, 'Laboratory  methods,  'Path  of  pollutants, 
•Toxicology,  *Water  pollution  effects,  Biodegra- 
dation,  Ecological  effects,  Ecosystems,  Model 
studies,  Risk  assessment. 

A  variety  of  test  systems,  including  microcosms, 
have  been  developed  to  provide  information  on  the 
environmental  fate  of  test  compounds  in  aquatic 
ecosystems.  As  the  overall  strategy  for  develop- 
ment of  tests  has  been  less  than  logical  and  only 
vaguely  chronological,  it  is  believed  that  some 
degree  of  characterization  and  guidance  in  the 
application  of  these  test  systems  is  appropriate. 
This  approach  is  based  on  four  criteria:  environ- 
mental inocula,  sediment,  generation  of  degrada- 
tion rates,  and  intact  water/sediment  cores.  Test 
systems  either:  (1)  provide  basic  biodegradability/ 
rate  information  (Screening  Tests);  or  (2)  answer 
research  questions  about  biodegradation  rates  and 
their  controlling  factors  in  the  environment.  Shake 
flask  tests  are  recommended  for  degradation  rate 
information  and  to  assess  the  significance  of  envi- 
ronmental factors  on  degradation.  Intact  core  mi- 
crocosm systems  are  useful  to  study  a  limited 
number  of  processes  that  cannot  be  examined  in 
shake-flasks  and,  with  a  mathematical  model,  to 
verify  biodegradation  rates  obtained  from  simpler 
test  systems  using  conditions  more  reflective  of 
natural  conditions.  Toxicity  and  initial  concentra- 
tion may  dominate  the  hazard  assessment  process 
for  some  compounds  under  certain  circumstances, 
making  persistent  testing  essentially  irrelevant. 
(See  also  W9 1-06691)  (Lantz-PTT) 
W9 1-06694 


USE  OF  MICROCOSMS  VERSUS  CONVEN- 
TIONAL BIODEGRADATION  TESTING  FOR 
ESTIMATING  CHEMICAL  PERSISTENCE. 

Monsanto  Co.,  St.  Louis,  MO. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-06695 


BIODEGRADATION  AND  REDUCTION  IN 
AQUATIC  TOXICITY  OF  THE  PERSISTENT 
RIOT  CONTROL  MATERIAL  1,4-DIBENZ-OX- 
AZEPINE. 

Chemical  Research,  Development  and  Engineer- 
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ing  Center,  Aberdeen  Proving  Ground,  MD.  Envi- 
ronmental Toxicology  Branch. 
M.  V.  Haley,  E.  L.  Vickers.  T.  C  Cheng,  J. 
DeFrank,  and  T.  A.  Justus. 

IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  60-76, 
7  fig,  4  tab,  33  ref. 

Descriptors:  'Aquatic  environment,  'Biodegrada- 
tion,  'Cleanup,  *Dibenzoxazepine,  'Fate  of  pollut- 
ants, 'Path  of  pollutants,  'Toxicity,  'Toxicology, 
Bioassay,  Biological  studies,  Daphnia,  Microenvir- 
onment,  Organic  compounds. 

1,4-Dibenz  oxazepine  (CR),  a  strong  sensory  irri- 
tant, has  previously  been  reported  as  recalcitrant  to 
degradation.  Alcaligenes  denitrificans  denitrificans, 
CR-1,  ATCC  No.  53957,  isolated  from  microcosms 
spiked  with  CR,  shows  potential  as  a  tool  for  the 
degradation  of  CR  waste.  A.  denitrificans  were 
found  to  have  an  extremely  high  tolerance  to  CR 
(200  mg/L).  The  isolates  grew  well  on  the  synthet- 
ic media  spiked  with  200  mg/L  CR,  but  showed 
minimal  growth  on  the  microcosm  media  without 
CR.  No  detrimental  effects  of  CR-1  on  Daphnia 
magna  were  observed.  After  10  days  the  organisms 
were  able  to  reduce  the  CR  concentration  from 
200  to  25  mg/L.  After  22  days,  the  concentration 
of  CR  was  below  detectable  limits.  Ten  days  after 
A.  denitrificans  was  inoculated  into  a  stock  solu- 
tion of  CR  the  toxicity  to  D.  magna  was  reduced 
more  than  50%  but  not  eliminated.  Treatment  of 
the  CR  solution  with  A.  denitrificans  resulted  in 
the  elimination  of  toxicity  to  Selenastrum  capricor- 
nutum.  In  trying  to  elucidate  the  degradation  path- 
way, it  was  discovered  that  CR-1  also  degrades  o- 
nitrophenol,3-methylcatechol,  and  catechol.  (See 
also  W9 1-06691)  (Author's  abstract) 
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REVIEW  OF  CHEMICAL  FATE  TESTING 
CONDUCTED  UNDER  SECTION  4  OF  THE 
TOXIC  SUBSTANCES  CONTROL  ACT: 
CHEMICALS,  TESTS,  AND  METHODS. 

Environmental   Protection   Agency,   Washington, 

DC.  Office  of  Toxic  Substances. 

J.  D.  Walker. 

IN:   Aquatic   Toxicology   and   Risk   Assessment. 

STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  77-90, 

3  fig,  8  tab,  13  ref. 

Descriptors:  'Chemical  analysis,  'Fate  of  pollut- 
ants, 'Laboratory  methods,  'Monitoring,  'Path  of 
pollutants,  'Toxicology,  Adsorption,  Biodegrada- 
tion,  Hazardous  wastes,  Organic  compounds,  Pho- 
tolysis, Toxic  Substances  Control  Act. 

Since  the  implementation  of  Section  4  (testing 
chemical  substances  and  mixtures)  of  the  Toxic 
Substances  Control  Act  (TSCA),  the  US  EPA  has 
received  numerous  environmental  effects,  chemical 
fate  or  health  effects  testing  recommendations  for 
several  hundred  chemicals.  Information  is  provid- 
ed on  the  types  and  numbers  of  Federal  Register 
(FR)  notices  that  EPA  has  published  in  response  to 
these  testing  recommendations.  In  addition,  de- 
tailed discussions  of  the  chemicals  and  tests  for 
which  chemical  fate  testing  has  been  conducted 
under  TSCA  Section  4  and  the  methods  used  to 
conduct  those  tests.  As  of  31  December  1988,  182 
TSCA  Section  4  FR  notices  (including  65  TSCA 
Section  4  FR  notices  mentioning  chemical  fate 
testing,  and  15  TSCA  Section  4  FR  notices  re- 
questing chemical  fate  testing)  had  been  published 
by  EPA  in  response  to  numerous  testing  recom- 
mendations. For  the  51  chemicals  in  the  15  TSCA 
Section  4  FR  notices  requesting  chemical  fate  test- 
ing, test  data  for  105  if  the  requested  120  chemical 
fate  tests  had  been  received  by  31  December  1988. 
Test  methods  were  used  for  18  aerobic  aquatic,  13 
aerobic  activated  sludge,  and  2  anaerobic  biodegra- 
dation  tests,  10  octanol- water  partition  coefficient 
tests,  1  aquatic  photolysis  test,  2  sediment  adsorp- 
tion tests,  9  vapor  pressure  tests,  1  volatilization 
rate  test,  and  23  water  solubility  tests  provided 
reliable  test  data.  One  method  used  to  provide 
aquatic  photolysis  test  data  for  phenylenediamines 
was  not  conducted  in  the  presence  and  absence  of 
humic  acids,  making  it  difficult  to  evaluate  direct 
versus  indirect  photolysis.  Other  methods  should 
be  modified  to  improve  their  universal  applicabil- 
ity. (See  also  W9 1-06691)  (Author's  abstract) 
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USE  OF  SEDIMENT  HEAVY  METAL  BIOA- 
VAILABILITY AS  A  METHOD  OF  ENVIRON- 
MENTAL HAZARD  ASSESSMENT. 

Fluor  Daniel,  Greenville,  SC. 

For  primary  bibliographic  entry  see  Field  5A. 
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EFFECTS  OF  SEDIMENT  AND  THE  ROUTE 
OF  EXPOSURE  ON  THE  TOXICITY  AND  AC- 
CUMULATION OF  NEUTRAL  LIPOPHILIC 
AND  MODERATELY  WATER-SOLUBLE  ME- 
TABOLIZABLE  COMPOUNDS  IN  THE 
MIDGE,  CHIRONOMUS  RIPARIUS. 
Ohio  State  Univ.,  Columbus.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5C. 
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NITROGEN   MANAGEMENT   AND   GROUND 
WATER  PROTECTION. 

For  primary  bibliographic  entry  see  Field  3F. 
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GROUND  WATER  QUALITY  CONCERNS 
ABOUT  NITROGEN. 

Agricultural  Research  Service,  Fort  Collins,  CO. 

Soil-Plant-Nutrient  Research  Unit. 

R.  F.  Follet,  and  D.  J.  Walker. 

IN:    Nitrogen   Management   and   Ground   Water 

Protection.    Developments    in    Agricultural    and 

Managed-Forest  Ecology  21.  Elsevier,  New  York, 

NY.  1989.  p  1-22,  5  fig,  4  tab,  45  ref. 

Descriptors:  'Groundwater  quality,  'Nitrates,  'Ni- 
trogen, 'Nonpoint  pollution  sources,  'Path  of  pol- 
lutants, 'Public  health,  'Water  pollution  sources, 
Agricultural  practices,  Drinking  water,  Economic 
aspects,  Fertilizers,  Groundwater  pollution,  Leach- 
ing, Nitrogen  cycle,  Regulations,  Toxicity. 

Concern  by  the  public  and  others  exist  about  the 
health,  economic,  and  resource  conservation  as- 
pects of  nitrate  leaching  into  groundwater  supplies. 
An  examination  of  these  topics  as  they  relate  to 
nitrogen  (N)  management  and  groundwater  pro- 
tection is  made.  During  the  past  10  years,  annual  N 
fertilizer  consumption  has  increased  about  25%  in 
developed  countries  and  about  160%  in  the  devel- 
oping countries  of  the  world.  The  public  is  con- 
cerned about  toxicity  and  health  effects  of  nitrate 
that  may  be  entering  groundwater  supplies  used 
for  drinking  water.  Of  special  concern  are  methe- 
moglobinemia and  cancer.  Both  are  discussed  as 
they  relate  to  the  possible  effects  of  nitrate  inges- 
tion and  public  health.  The  economic  importance 
of  N  for  crop  production  is  well  known.  However, 
practices  to  minimize  N  losses  are  important  to  the 
protection  of  groundwater.  Benefits  of  decreasing 
nitrate  pollution  in  groundwater  are  diffuse,  en- 
joyed by  all  users  of  the  aquifer,  while  costs  of 
improving  groundwater  quality  appear  to  be  con- 
centrated among  the  farmers  who  must  alter  their 
fanning  practices  to  reduce  nitrate  leaching. 
Therefore,  some  form  of  government  intervention 
is  needed  to  align  the  interests  of  the  individual 
fanner  with  the  broader  social  interest.  Several 
public  policy  options  are  discussed.  Finally,  the 
relationship  of  N  fertilizer  use,  and  modern  tech- 
nology in  general,  to  resource  conservation  is  ad- 
dressed. Generally,  increased  crop  yields  allow 
more  erosive  or  poorer  land  to  be  removed  from 
production,  thus  decreasing  soil  erosion  and  pro- 
duction costs.  The  relationship  of  various  manage- 
ment, land  use,  and  soil  factors  to  groundwater 
nitrate  concentrations  are  also  discussed.  (See  also 
W9 1-06731)  (Author's  abstract) 
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SOURCES  OF  NITRATE  TO  GROUND  WATER. 

Iowa  State  Univ.,  Ames.  Dept.  of  Agronomy. 
D.  R.  Keeney. 

IN:  Nitrogen  Management  and  Ground  Water 
Protection.  Developments  in  Agricultural  and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  23-34,  1  fig,  39  ref. 

Descriptors:  'Groundwater  pollution,  'Nitrates, 
•Nonpoint    pollution    sources,    'Water    pollution 


sources,  Agriculture,  Cropping,  Farm  wastes,  Fer- 
tilizers, Nitrogen,  Nitrogen  compounds,  Nutrients. 

Efforts  to  ameliorate  nitrate  loadings  to  ground- 
water must  deal  with  numerous  land  uses,  and  a 
host  of  potential  inputs  and  sinks  in  the  landscape. 
However,  the  literature  leaves  no  doubt  that  in 
farmed  areas,  agricultural  activities  comprise  the 
bulk  of  the  nonpoint  sources  of  nitrate.  Sources 
can  be  generalized  as  high  density  animal  oper- 
ations where  feed  is  transported  into  a  watershed 
and  manure  must  be  spread  at  rates  in  excess  of 
crop  nutrient  requirements,  and  row-crop  agricul- 
ture, particularly  cropping  based  on  the  use  of 
fertilizer  N  to  supplement  crop  N  needs.  In  all 
cases,  management  practices  are  available  to  lessen 
nitrate  inputs,  but  effective  use  of  these  will  require 
changes  in  the  fanner's  objectives,  consideration  of 
all  N  sources,  and  an  increased  environmental 
awareness.  (See  also  W9 1-067 17)  (Lantz-PTT) 
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NITRATE  IN  GROUND  WATER  IN  THE 
UNITED  STATES. 

Iowa  Dept.  of  Natural  Resources,  Iowa  City. 
G.  R.  Hallberg. 

IN:  Nitrogen  Management  and  Ground  Water 
Protection.  Developments  in  Agricultural  and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  35-74,  1 1  fig,  4  tab,  124  ref. 

Descriptors:  'Groundwater  pollution,  'Nitrates, 
'Nonpoint  pollution  sources,  'Path  of  pollutants, 
•United  States,  'Water  pollution  sources,  Agricul- 
tural practices,  Cropping,  Fertilizers,  Groundwater 
quality,  Irrigation,  Leaching,  Vegetable  crops. 

Many  activities  of  modern  society,  including  agri- 
cultural land  use,  contribute  nitrate  contamination 
to  groundwater.  Natural  background  areas  com- 
monly show  <  2  mg/L  N03-N  in  shallow  ground- 
water; agricultural  areas  often  exhibit  >  10  mg/L, 
at  least  seasonally.  An  expanded  use  of  nitrogen 
fertilizers  has  profitably  increased  agricultural  pro- 
duction, but  it  has  also  had  an  adverse  impact  on 
water  quality  in  many  areas.  In  responsive  ground- 
water settings,  nitrate  concentrations  have  in- 
creased concunent  with  the  increased  use  of  N- 
fertilizers.  Wells  and  groundwater  exhibiting  ni- 
trate contamination  have  been  noted  in  every  state 
in  the  United  States.  The  major  areas  exhibiting 
problems  with  nitrate  contamination  of  ground- 
water are:  (1)  areas  of  widespread  grain  production 
(particularly  corn),  marked  by  intensive  row-crop- 
ping and  heavy  fertilization;  (2)  areas  with  locally 
intensive  animal  feeding  and  handling  operations; 
and  (3)  areas  of  irrigation  and  fertilization  of  vege- 
table and  specialty  crops,  particularly  shallow- 
rooted  vegetable  crops  on  sandy  soils.  Groundwat- 
er contributes  to  the  nitrate  contamination  of  sur- 
face waters  through  base-flow  to  streams  and 
lakes.  Nitrate  loads  have  increased  in  many 
streams,  particularly  from  the  midwestem  grain- 
belt  eastward,  since  1974,  in  spite  of  reductions  in 
point  source  loads.  These  increases  were  highly 
correlated  with  many  measures  of  agricultural  ac- 
tivity. Nitrate  concentrations  in  groundwater  typi- 
cally show  significant  variability  in  many  dimen- 
sions (with  depth,  spatial  orientation,  and  time)  and 
these  variations  are  often  interrelated.  Recognition 
of  this  variability  is  important  to  understand  the 
extent  of  the  problem  and  to  design  programs  to 
mitigate  it.  At  present,  nitrate  contamination  is 
only  evident  in  shallow  portions  of  the  groundwat- 
er flow  system.  This  is,  in  part,  a  function  of  time; 
relative  to  the  dimensions  of  the  groundwater 
system.  In  many  areas,  particularly  in  deeper  por- 
tions of  the  groundwater  system,  the  impact  of 
recent  nitrate  leaching  may  not  be  noted  for  sever- 
al decades.  (See  also  W9 1-067 17)  (Author's  ab- 
stract) 
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GROUND  WATER  NITRATES  IN  OTHER  DE- 
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BASF  Aktiengesellschaft,  Limburgerhof  (Germa- 
ny, F.R.).  Agricultural  Research  Station. 
S.  Juergens-Gschwind. 
IN:    Nitrogen    Management   and    Ground    Water 
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Sources  Of  Pollution — Group  5B 


Protection.  Developments  in  Agricultural  and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  75-138,  24  fig,  20  tab,  252  ref. 

Descriptors:  •Europe,  'Groundwater  pollution, 
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ing, Nitrogen,  Nitrogen  cycle. 

In  temperate  zones  such  as  those  found  in  Central 
Europe,  the  leaching  of  nitrate  is  a  basic  phenome- 
non. Nitrate  is  the  end  product  of  the  natural 
mineralization  of  the  soil's  vast  organic  N-pool. 
Natural  or  anthropogenic  factors  affect  this  proc- 
ess, especially  land  use  patterns.  Presence  and  type 
of  crop  determine  the  duration  and  density  of  soil 
cover  and  thus  have  a  dominant  influence  on  the 
N-cycle.  the  leaching  of  highly  water  soluble  ni- 
trate increases  from  woodland  to  grassland  to 
arable  land  to  horticultural  land.  Bare  land,  with- 
out competitive  N-uptake  by  plant  roots,  creates 
the  highest  losses  by  percolation,  and  releases  one 
to  two  times  more  N03  than  cropland,  and  up  to 
nine  times  more  than  grassland  (meadows).  Con- 
struction areas  and  railway  tracks  react  in  the  same 
way.  Sudden  interference  in  the  soil/plant  system, 
e.g.  by  clear-felling  forests  or  plowing  grassland, 
leads  to  a  pulse  of  microbial  activities  and  thus  to 
the  production  of  nitrates  at  high  risk  of  being 
leached  because  of  lacking  plant  cover.  Nitrate 
percolates  into  deeper  soil  layers  at  a  rate  of  about 
0.3-3  m/yr.  Beside  crop  stand,  migration  depends 
on  soil  type,  rainfall  and  irrigation,  temperature, 
groundwater  level  and  drainage,  soil  cultivation, 
rate,  timing,  form  of  N  containing  fertilizers  (or- 
ganic and  mineral),  and  plant  protection  measures. 
The  literature  concerning  these  effects  is  thorough- 
ly reviewed.  Economic  and  ecological  reasons  re- 
quire nitrate  losses  to  the  groundwater  to  be  kept 
at  a  low  level.  A  vigorously  growing,  long-lasting 
plant  cover  combined  with  good  fertilizing  prac- 
tice is  the  best  insurance  to  achieve  this  and  helps 
keep  nitrate  losses  to  a  minimum.  In  horticultural 
crop  patterns,  fallow  periods  and  soil  cultivation 
should  be  reduced  and  the  N-supply  from  plant 
residues  considered  in  fertilizer  planning.  (See  also 
W9 1-067 17)  (Author's  abstract) 
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NITRATE  TRANSPORT  AND  LEACHING 
MECHANISMS. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 
W.  A.  Jury,  and  D.  R.  Nielsen. 
IN:  Nitrogen  Management  and  Ground  Water 
Protection.  Developments  in  Agricultural  and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  139-157,  4  fig,  1  tab,  44  ref. 

Descriptors:  'Groundwater  pollution,  •Leaching, 
•Nitrates,  •Nonpoint  pollution  sources,  'Path  of 
pollutants,  'Soil  water,  Convection,  Denitrifica- 
tion,  Diffusion,  Fertilizers,  Model  studies,  Plant 
uptake,  Solute  transport,  Statistical  models. 

Nitrates,  because  they  are  so  mobile  in  soil,  will 
often  present  a  potential  threat  to  groundwater 
whenever  they  are  used  as  a  fertilizer  or  when 
nitrogen  is  discharged  onto  land  surfaces  by  septic 
tanks  or  under  feedlots.  Descriptions  of  extreme 
variability  of  soil  properties  which  govern  chemi- 
cal movement,  and  modeling  approaches  are  only 
now  being  developed  to  incorporate  variability 
into  transport  predictions.  A  branch  of  statistical 
analysis  known  as  geostatistics  has  emerged  as  a 
major  tool  in  designing  sampling  strategies  to 
maximize  the  information  about  average  values  and 
variances  of  soil  parameters,  and  could  in  the 
future  be  extended  to  produce  large  scale  soil  maps 
which  identify  areas  with  high  leaching  potential. 
Movement  of  any  dissolved  ion,  such  as  nitrate, 
through  soil  is  governed  by  two  mechanisms:  con- 
vection or  mass  flow  of  the  chemical  with  moving 
soil  solution,  and  diffusion  of  the  chemical  within 
the  solution.  In  addition,  because  the  convective 
flow  paths  for  the  solution  are  never  known  exact- 
ly, a  volume-averaged  expression  is  used  to  de- 
scribe mass  flow.  The  extra  three-dimensional  con- 
vection which  has  been  averaged  out  of  the  mass 
flow  expression  is  included  as  a  separate  solute 
transport  mechanism,  called  hydrodynamic  disper- 


sion. The  size  and  importance  of  this  term  depends 
greatly  on  the  space  scale  over  which  convection 
has  been  averaged.  There  are  a  number  of  sources 
of  nitrogen  in  soil  which  can  be  transformed  into 
nitrate:  plant  uptake  and  denitrification.  There  are 
a  number  of  different  approaches  used  to  model 
the  transport  of  a  mobile  solute,  such  as  nitrate 
through  soil.  It  is  useful  to  divide  these  approaches 
into  two  groups,  process  models  and  stochastic 
models.  Process  models  develop  a  description  of 
transport  based  on  mass  conservation  and  flux 
laws,  leading  to  differential  equations  to  predict 
values  of  the  water  and  solute  variables  as  func- 
tions of  position  and  time.  In  contrast,  stochastic 
models  describe  the  variables  as  random  functions, 
which  depend  on  the  distribution  of  values  of  the 
soil  properties  which  determine  their  movement. 
Rather  than  predict  values  of  concentration  as  a 
function  of  position  and  time,  stochastic  models 
predict  concentration  averages  and  variances,  and 
are  used  to  calculate  the  probability  of  having  a 
given  value  appear  at  a  given  depth  or  time.  (See 
also  W9 1-067 17)  (Lantz-PTT) 
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PROPER   ACCOUNTING   FOR   N    IN   CROP- 
PING SYSTEMS. 

Agricultural  Research  Service,  Lincoln,  NE. 
For  primary  bibliographic  entry  see  Field  3F. 
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FERTILIZER  NITROGEN  MANAGEMENT. 

Colorado    State   Univ.,    Fort   Collins.    Dept.    of 

Agronomy. 

For  primary  bibliographic  entry  see  Field  3F. 
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ESTIMATION  OF  N  BUDGETS  FOR  CROPS. 

Agricultural  Research  Service,  Lincoln,  NE. 
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IMPACT    OF    SOIL    MANAGEMENT    PRAC- 
TICES ON  NITROGEN  LEACHING. 

Kentucky  Agricultural  Experiment  Station,  Lex- 
ington. Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  3F. 
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CROPPING  SYSTEMS:  ECOLOGY  AND  MAN- 
AGEMENT. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  3F. 
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LINKAGES  WITH  GROUND  WATER. 

Agricultural    Research    Service,    Phoenix,    AZ. 
Water  Conservation  Lab. 
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TRANSFORMATIONS  AND  MOVEMENT  OF 
NITRATE  IN  AQUIFER  SYSTEMS. 

Agricultural  Research  Service,  Tifton,  GA.  South- 
east Watershed  Research  Lab. 
R.  R.  Lowrance,  and  H.  B.  Pionke. 
IN:  Nitrogen  Management  and  Ground  Water 
Protection.  Developments  in  Agricultural  and 
Managed-Forest  Ecology  21.  Elsevier,  New  York, 
NY.  1989.  p  373-392,  4  fig,  60  ref. 

Descriptors:  'Aquifers,  'Chemical  interactions, 
•Fate  of  pollutants,  'Groundwater  chemistry,  'Ni- 
trates, 'Path  of  pollutants,  Biological  treatment, 
Chemical  treatment,  Denitrification,  Groundwater 
pollution,  Groundwater  recharge,  Nitrogen  com- 
pounds, Physical  treatment. 

Nitrate  in  groundwater  is  subjected  to  a  variety  of 
physical,  chemical,  and  biological  processes  which 
lead  to  changes  in  concentration  or  mass  of  nitrate 
solution.  The  processes  leading  to  changes  in  ni- 
trate concentration  in  groundwater  and  the  effects 
of  these  processes  on  different  aquifers  are  re- 
viewed. Physical  processes  such  as  dilution  change 
nitrate  concentrations,  but  generally  do  not  change 


the  mass  of  nitrate  in  the  aquifers.  Biological  deni- 
trification rates  are  controlled  by  redox  conditions, 
available  carbon  and  denitrifier  populations.  Chem- 
ical denitrification  rates  are  controlled  by  redox 
conditions  and  available  reduced  ion  species  such 
as  ferrous  iron.  Denitrification  will  lead  to  in- 
creases in  dissolved  dinitrogen  gas  or  nitrous  oxide 
in  groundwater.  Dissimilatory  nitrate  reduction 
and  immobilization  are  also  of  potential  importance 
in  reducing  the  mass  of  nitrate.  Once  nitrate  has 
entered  groundwater,  heterogeneities  within  the 
aquifer  can  decrease  either  concentration  or  mass. 
Recharge  by  water  with  lower  nitrate  concentra- 
tion causes  dilution.  Movement  into  confined 
aquifers  can  lead  to  chemical  evolution  of  the 
groundwater  toward  oxygen  depletion  and  more 
reduced  conditions.  Movement  into  less  permeable 
areas  or  carbon-rich  portions  of  the  aquifer  can 
promote  nitrate  reduction  through  denitrification. 
Case  studies  of  regional  aquifer  systems  have  dem- 
onstrated that  nitrate  disappearance  occurs  in  con- 
taminated aquifers  although  numerous  interpreta- 
tions of  removal  mechanisms  are  possible.  Most 
studies  used  indirect  measurements  to  indicate  that 
biological  denitrification  does  or  can  reduce  nitrate 
levels  in  groundwater.  Studies  of  a  contaminated 
aquifer  on  Cape  Cod,  Massachusetts,  demonstrated 
high  rates  of  biological  denitrification.  The  restora- 
tion of  nitrate  contaminated  aquifers  has  not  been 
attempted  by  may  be  accomplished  under  certain 
conditions  by  enhancing  biological  or  chemical 
denitrification  rates.  Increasing  dissolved  orguiic 
carbon  and  other  nutrients  in  a  contaminated  aqui- 
fer would  probably  increase  denitrification  due 
both  to  the  increased  carbon  supply  and  more 
anaerobic  conditions.  (See  also  W9 1-067 17)  (Au- 
thor's abstract) 
W9 1-06744 


ORGANOCHLORTNE  RESIDUES  IN  FISH 
FROM  LAKE  VICTORIA,  KENYA. 

Nairobi  Univ.  (Kenya).  Dept.  of  Public  Health, 

Pharmacology  and  Toxicology. 

E.  S.  Mitema,  and  F.  K.  Gitau. 

African  Journal  of  Ecology  AJOEDE,  Vol.  28, 

No.  3,  p  234-239,  September  1990.  3  tab,  27  ref. 

Descriptors:  'Africa,  'Chlorinated  hydrocarbon 
insecticides,  'Fish,  'Path  of  pollutants,  'Pesticide 
residues,  'Pesticides,  Agricultural  chemicals, 
Aldrin,  Benzene  hexachloride,  DDD,  DDE,  DDT, 
Dieldrin,  Kenya,  Lake  Victoria,  Lindane,  Organ- 
ochlorine  pesticides,  Perch. 

Eighty-two  samples  of  either  nile  perch  fish  fat  or 
muscle  were  collected  from  the  Kenyan  region  of 
Lake  Victoria  for  detection  of  organochlorine  resi- 
dues. Nine  organochlorine  residues  were  detected 
in  the  following  percentages  of  samples:  alpha- 
benzene  hexachloro  isomers,  40%;  beta-benzene 
hexachloro  isomers,  40%;  gamma-benzene  hexach- 
loro isomers/lindane,  4%;  aldrin,  9%;  dieldrin, 
1%;  p,p'-DDE,  73%;  p.p'-DDD,  9%;  o,p'-DDT, 
1%;  and  p,p'-DDT,  11%.  All  levels  of  organoch- 
lorine residues  were  below  the  Extraneous  Residue 
Limit  (ERL),  except  for  one  sample  of  fish  fat 
which  contained  4.51  ppm  of  sum  DDT  above 
ERL.  There  was  a  higher  level  of  organochlorines 
in  fish  from  Mbita  than  in  those  from  Luanda 
fishing  point,  possibly  due  to  previous  use  of  or- 
ganochlorine insecticides  to  control  tsetse  flies  and 
other  insects  in  Mbita.  It  is  suggested  that  periodic 
assay  of  organochlorine  residues  should  be  per- 
formed on  fish  in  order  to  monitor  insecticide 
pollution  of  the  lake.  (MacKeen-PTT) 
W9 1-06746 


MODEL  FOR  EXCHANGE  OF  ORGANIC 
CHEMICALS  AT  FISH  GILLS:  FLOW  AND 
DIFFUSION  LIMITATIONS. 

Environmental  Research  Lab.-Duluth,  MN. 

R.  J.  Erickson,  and  J.  M.  McKim. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  4,  p 

175-198,  December  24,  1990.  5  fig,  1  tab,  40  ref. 

Descriptors:  'Fish,  'Fish  physiology,  'Model 
studies,  'Organic  compounds,  'Path  of  pollutants, 
Diffusion,  Flow,  Gills,  Guppies,  Hydrophobicity, 
Mathematical  models,  Trout. 
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A  mathematical  model  for  the  exchange  of  neutral 
organic  chemicals  at  fish  gills  was  formulated 
based  on  limitations  imposed  by  flows  of  water  and 
blood  to  the  gills,  diffusion  barriers  defined  by  gill 
morphology,  and  chemical  binding  relationships 
within  water  and  blood.  This  model  was  parame- 
terized independently  of  exchange  measurements 
and  validated  against  datasets  on  the  relationship 
of  chemical  uptake  rates  for  large  rainbow  trout 
and  small  guppies  to  chemical  hydrophobicity. 
This  model  was  found  to  closely  predict  the  mag- 
nitude and  trends  of  observed  gill  uptake  rates  in 
these  datasets,  predictions  deviating  from  observed 
values  by  no  more  than  a  factor  of  two  over  a 
range  of  octanol:water  partition  coefficients  from  2 
to  >  1,000,000.  Elimination  rates  for  small  guppies 
were  also  predicted.  This  analysis  suggests  that  gill 
exchange  can  be  understood  and  predicted  on  the 
basis  of  fundamental  physiological  and  morpholog- 
ical variables.  (Author's  abstract) 
W9 1-06747 


PH  DEPENDENT  ACCUMULATION  OF  PCP 
IN  AQUATIC  MICROCOSMS  WITH  SEDI- 
MENT. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Entomolo- 
gy- 

S.  W.  Fisher. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  4,  p 
199-218,  December  24,  1990.  2  fig,  10  tab,  31  ref. 

Descriptors:  'Bioaccumulation,  'Chlorinated  aro- 
matic compounds,  'Path  of  pollutants,  'Pesticides, 
'Sediment  contamination,  Aquatic  microcosms, 
Fate  of  pollutants,  Hydrogen  ion  concentration, 
Organic  carbon,  Pentachlorophenol,  Sediments. 

The  fate  of  pentachlorophenol  (PCP)  in  aquatic 
microcosms,  consisting  of  three  trophic  levels  and 
held  under  varying  conditions  of  pH  and  sediment 
type,  was  assessed.  The  pH  was  set  at  4,  6,  or  8, 
with  an  organic  sediment  (3%  organic  carbon)  as  a 
substrate.  The  distribution  of  PCP  in  the  micro- 
cosm media  and  organisms  varied  significantly  as 
environmental  conditions  changed.  There  was  sig- 
nificantly more  PCP  (or  phenate  ion)  in  the  water 
at  pH  8  than  at  pH  6  or  4  in  both  the  organic  and 
inorganic  systems.  However,  accumulation  of  PCP 
in  most  of  the  microcosm  organisms  was  signifi- 
cantly greater  at  pH  4,  followed  by  6  and  then  8. 
Partitioning  of  PCP  into  organic  sediment  fol- 
lowed the  same  trend,  with  the  highest  amounts  of 
PCP  appearing  in  sediment  at  pH  4.  The  organic 
carbon  content  of  sediment  was  important  in  deter- 
mining partitioning  into  sediment;  the  3%  organic 
carbon  sediment  sorbed  significantly  more  PCP 
than  the  0%  organic  carbon  sediment.  In  addition, 
the  organisms  in  the  3%  organic  carbon  sediment 
microcosms  accumulated  significantly  less  PCP 
than  did  those  in  the  0%  organic  carbon  systems. 
The  3%  organic  carbon  sediment  also  appeared  to 
facilitate  the  breakdown  of  PCP  in  sediment  and 
water.  These  data  indicate  that  hazard  assessments 
should  not  be  based  on  aqueous  levels  of  PCP 
unless  pH  is  considered.  (Author's  abstract) 
W9 1-06748 


INTERFERENCE  OF  POLYCHLORINATED 
BIPHENYLS  (CLOPHEN  A50)  WITH  GAME- 
TOGENESIS  IN  THE  SEA  STAR,  ASTERIAS 
RUBENS  L. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 
Group  for  Aquatic  Toxicology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06750 


PRENATAL  EXPOSURE  TO  METHYL  MER- 
CURY AMONG  GREENLANDIC  POLAR 
INUTTS. 

Aarhus  Univ.   (Denmark).   Dept.  of  Toxicology. 
J.  C.  Hansen,  U.  Tarp,  and  J.  Bohm. 
Archives   of   Environmental    Health    AEHLAU, 
Vol.  45,  No.  6,  p  355-358,  November/December 
1990.  1  fig,  1  tab,  19  ref. 

Descriptors:  'Greenland,  'Human  physiology, 
•Mercury,  'Methylmercury,  'Path  of  pollutants, 
•Population  exposure,  'Water  pollution  effects, 
Blood  samples,  Fish  food,  Polar  Inuits,  Prenatal 
exposure. 


During  the  period  of  1982  to  1988,  37  paired 
samples  of  blood  from  Inuit  women  and  their 
newborn  children  were  collected  in  North  Green- 
land. The  samples  were  analyzed  for  whole  blood 
content  of  total  mercury  and  for  content  of  methyl 
mercury.  In  maternal  blood,  80%  of  the  total  mer- 
cury was  found  to  be  methylated  in  contrast  to 
98%  in  cord  blood.  Concentrations  of  methyl  mer- 
cury in  maternal  and  cord  blood  were  significantly 
correlated,  and  the  mean  ratio  between  fetal  and 
maternal  blood  methyl  mercury  was  1.9.  Concen- 
trations of  methyl  mercury  in  cord  blood  were 
closely  related  to  the  marine  food  intake  of  the 
mothers.  Eighty-four  percent  of  the  mothers  had 
blood  concentrations  of  methyl  mercury  above 
0. 1 1  micromol/L  (23  microg/L),  which  corre- 
sponds to  the  provisional  limit  of  tolerable  intake 
set  by  the  World  Health  Organization.  This  indi- 
cates that  the  majority  of  the  pregnant  Inuit 
women  have  an  unacceptably  high  intake  of 
methyl  mercury.  (Author's  abstract) 
W9 1-06764 


RADIUM  AND  RADON  IN  CHARLOTTE 
HARBOR  ESTUARY,  FLORIDA. 

Geological  Survey,  Tampa,  FL. 
R.  L.  Miller,  T.  F.  Kraemer,  and  B.  F.  McPherson. 
Estuarine,   Coastal  and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  4,  p  439-457,  October  1990.  8  fig,  2 
tab,  31  ref. 

Descriptors:  'Estuaries,  'Florida,  'Path  of  pollut- 
ants, 'Radioisotopes,  'Radium,  'Radon,  Charlotte 
Harbor,  Desorption,  Estuarine  environment, 
Groundwater  movement,  Sediments. 

Radium-226  and  radon-222  activities  are  greater  in 
the  estuarine  waters  of  northern  Charlotte  Harbor 
and  the  lower  tidal  Peace  and  Myakka  Rivers, 
Florida,  than  in  either  the  freshwater  reaches  of 
the  rivers  or  waters  of  the  lower  estuary  and  the 
Gulf  of  Mexico.  The  activity  of  Ra-226  in  the  tidal 
rivers  increases  with  decreasing  river  inflow,  with 
a  maximum  value  of  548  dpm/100  L  measured  in 
the  tidal  Myakka  River.  The  source  of  the  high 
activity  of  Ra-226  and  Rn-222  is  predominantly 
groundwater  inflow.  Because  of  the  large  ground- 
water input,  the  contribution  of  Ra-226  from  sus- 
pended and  bottom  sediments  is  a  smaller  fraction 
of  the  total  Ra-226  input  than  in  many  other  estu- 
aries. Although  groundwater  Ra-226  activity  in  the 
area  varies  widely,  it  is  estimated  that  artesian 
groundwater  inflow  to  the  tidal  rivers  is  similar  in 
magnitude  to  the  flow  of  rivers  above  the  tidal 
reach  during  the  dry  season.  (Author's  abstract) 
W9 1-06770 


EFFECTS  OF  MERCURY,  SELENIUM,  AND 
ORGANOCHLORINE  CONTAMINANTS  ON 
REPRODUCTION  OF  FORSTER'S  TERNS 
AND  BLACK  SKIMMERS  NESTING  IN  A  CON- 
TAMINATED TEXAS  BAY. 
Patuxent  Wildlife  Research  Center,  Laurel,  MD. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06773 


PRODUCTIVITY,  DIET,  AND  ENVIRONMEN- 
TAL CONTAMINANTS  IN  BALD  EAGLES 
NESTING  NEAR  THE  WISCONSIN  SHORE- 
LINE OF  LAKE  SUPERIOR. 

Wisconsin  Univ. -Stevens  Point.  Coll.  of  Natural 

Resources. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06774 


POLYCHLORINATED  BIPHENYL  CON- 
GENERS IN  BLOOD  OF  WISCONSIN  SPORT 
FISH  CONSUMERS. 

Wisconsin  Univ. -Madison.  Lab.  of  Hygiene. 

W.  Sonzogni,  L.  Maack,  T.  Gibson,  D 

Degenhardt,  and  H.  Anderson. 

Archives   of  Environmental   Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.   1,  p  56-60, 

1991.  3  tab,  22  ref. 

Descriptors:  'Blood,  'Path  of  pollutants,  'Pesti- 
cide residues,  'Polychlorinated  biphenyls,  'Sport 
fishing,  'Wisconsin,  Bioassay,  Fish,  Food  chains, 
Pollutant  identification,  Population  exposure. 


As  part  of  a  study  to  evaluate  the  effect  of  chemi- 
cal contaminants  of  Wisconsin  sport  fish  consum- 
ers, measurements  were  made  of  polychlorinated 
biphenyl  (PCB)  congeners  in  human  blood  sera.  A 
high  resolution  gas  chromatography  procedure 
was  employed,  with  13  individual  congeners  used 
as  standards.  Analytical  recoveries  and  precision 
were  greater  than  90%  and  replicates  were  always 
within  +/-30%.  Total  concentrations,  obtained  by 
summing  quantified  congeners,  ranged  from  0.6  to 
27.1  micrograms/L.  Conventional  packed  column 
PCB  analysis,  conducted  on  a  subset  of  samples, 
gave  higher  total  PCB  results.  On  a  congener 
specific  basis  (IUPAC  number,  structure)  con- 
geners 153  (245-245),  138  (234-245),  180  (2345-245) 
and  118  (245-34)  were  found  most  often.  These 
congeners  have  been  reported  to  be  prominent  in 
other  matrices.  Of  the  congeners  found,  118,  138, 
and  possibly  180  are  potentially  the  most  toxic 
(based  on  current  toxicological  information).  (Au- 
thor's abstract) 
W9 1-06775 


BIOMAGNIFICATION  OF  POLYCHLORINAT- 
ED BIPHENYLS,  TOXAPHENE,  AND  DDT 
COMPOUNDS  IN  A  LAKE  MICHIGAN  OFF- 
SHORE FOOD  WEB. 

Michigan  Univ.,  Ann  Arbor.  Center  for  Great 
Lakes  and  Aquatic  Sciences. 
M.  S.  Evans,  G.  E.  Noguchi,  and  C.  P.  Rice. 
Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  20,  No.  1,  p  87-93, 
1991.  1  fig,  3  tab,  26  ref.  Office  of  Sea  Grant, 
NOAA  Grant  NA80AA-D-O0O72  and  Grant 
NA85AA-D-SG045C,  and  EPA  Grant  R-812311- 
0109. 

Descriptors:  'Biomagnification,  'DDT,  'Fish  food 
organisms,  'Food  chains,  'Lake  Michigan,  'Path 
of  pollutants,  'Polychlorinated  biphenyls,  'Scul- 
pin,  'Toxaphenes,  Amphipods,  Benthic  fauna.  Bio- 
logical magnification,  Chlorinated  hydrocarbon  in- 
secticides, Fish,  Halogenated  pesticides,  Lake  sedi- 
ments, Metabolites,  Opossum-shrimp,  Plankton, 
Pollutant  identification,   Sediment  contamination. 

The  biomagnification  of  polychlorinated  biphenyls 
(PCB),  toxaphene,  and  the  DDT  family  of  metabo- 
lites was  investigated  in  the  epibenthic  Mysis  re- 
licta  (mysid),  the  benthic  Pontoporeia  hoyi  (amphi- 
pod),  plankton,  particulate  flux,  surficial  sediments, 
and  Myoxocephalus  thompsoni  (deepwater  scul- 
pin)  in  southeastern  Lake  Michigan.  DDE  was  the 
most  strongly  biomagnified  compound,  increasing 
28.7  times  in  average  concentration  from  plankton 
to  fish.  PCB  increased  12.9  times  in  average  con- 
centration from  plankton  to  fish  while  toxaphene 
increased  by  an  average  factor  of  4.7.  Particle  flux 
was  comprised  of  lower  chlorinated  PCB  homo- 
logues  (average  chlorine  number  =  3.8)  than  the 
biota  (4.5  to  5.0)  and  sediments  (4.6)  possibly  re- 
flecting strong  influences  from  atmospheric  deposi- 
tion and/or  zooplankton  egestion.  The  percent  of 
higher  chlorinated  PCB  homologues  (5  and  6  chlo- 
rine atoms  per  PCB  molecule)  increased  from  54  to 
56%  of  the  total  PCB  in  plankton  and  M.  relicta, 
to  61%  in  P.  hoyi,  to  74%  in  scul  pins.  Amphipods 
contained  greater  concentrations  than  mysids  of 
PCB,  DDT  residues,  and  toxaphene,  possibly  re- 
flecting differences  in  habitat  (benthic  vs  epi- 
benthic) and  diet  (detritus  vs  plankton).  Based  on 
estimates  of  average  area!  biomass  and  contaminant 
concentration,  offshore  Lake  Michigan  P.  hoyi 
populations  contain  approximately  15.0  times  as 
much  toxaphene,  9.5  times  as  much  total  DDT, 
and  12.0  times  as  much  PCB  as  the  offshore  M. 
relicta  populations.  Thus,  amphipods  may  repre- 
sent a  greater  reservoir  than  mysids  for  contami- 
nant storage  and  subsequent  recycling  in  offshore 
Lake  Michigan.  (Author's  abstract) 
W9 1-06778 


CADMIUM  CONCENTRATIONS  IN  THE 
FRESHWATER  MUSSEL  (ELLIPTIO  COM- 
PLANATA)  AND  THEIR  RELATIONSHIP  TO 
WATER  CHEMISTRY. 

Trent  Univ.,  Peterborough  (Ontario).  Environmen- 
tal Centre. 

J.  Campbell,  and  R.  D.  Evans. 
Archives    of   Environmental    Contamination    and 
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Toxicology  AECTCV,  Vol.  20,  No.  1,  p  125-131, 
1991.  5  fig,  3  tab,  27  ref. 

Descriptors:  •Bioaccumulation,  'Bioavailability, 
•Cadmium,  'Canada,  'Heavy  metals,  'Mollusks, 
•Mussels,  •Ontario,  *Path  of  pollutants,  Chemical 
analysis,  Hydrogen  ion  concentration,  Lakes,  Or- 
ganic carbon,  Regression  analysis,  Sediment  con- 
tamination, Tissue  analysis. 

Concentrations  of  cadmium  were  determined  in 
freshwater  mussels  (Elliptio  complanata)  from  21 
small  lakes  in  south-central  Ontario  The  average 
Cd  concentrations  ranged  from  0.5  to  7.5  micro- 
grams/g  dry  weight.  A  poor  correlation  between 
the  concentration  of  Cd  in  lakewater  and  the  con- 
centration of  Cd  in  the  organisms  was  observed. 
Concentration  of  Cd  in  the  sediments  was  not  a 
useful  predictor.  Thus,  it  is  hypothesized  that  the 
availability  of  Cd  varies  among  the  21  lakes.  In  an 
effort  to  test  this  hypothesis,  the  relationships  be- 
tween organism  concentrations  and  water  chemis- 
try parameters  that  have  the  potential  to  alter  Cd 
availability  including  pH,  calcium  (Ca),  total  or- 
ganic carbon  (TOC)  and  total  inorganic  carbon 
(TIC)  were  examined.  The  strongest  relationship 
was  found  between  Cd  concentration  in  the  mus- 
sels and  water  column  pH,  suggesting  that  hydro- 
gen ions  are  replacing  Cd  ions  in  complexes  and 
increasing  the  amount  of  free  Cd  available  to  the 
organisms.  Correlations  between  pH  and  other 
water  chemistry  parameters  make  it  difficult  to  test 
this  hypothesis.  A  multiple  regression  model  was 
developed  incorporating  pH,  Ca,  TOC,  and  TIC 
which  explained  69%  of  the  variance  in  Cd  con- 
centrations. (Author's  abstract) 
W91-06783 


DEGRADATION  OF  DIFLUBENZURON  AND 
ITS  CHIEF  METABOLITES  IN  SOILS  PART 
HI:  FATE  OF  2,6-DIFLUOROBENZOIC  ACID. 

Duphar   B.V.,   The   Hague   (Netherlands).   Crop 

Protection  Div. 

W.  B.  Nimmo,  K.  D.  Joustra,  and  A.  G.  M. 

Willems. 

Pesticide  Science  PSSCBG,  Vol.  29,  No.  1,  p  39- 

45,  1990.  2  fig,  4  tab,  8  ref. 

Descriptors:  *Biodegradation,  'Degradation  prod- 
ucts, 'Diflubenzuron,  'Fate  of  pollutants,  'Pesti- 
cide kinetics,  Carbon  radioisotopes,  Clays,  Liquid 
chromatography,  Metabolites,  Pesticide  residues, 
Sand,  Separation  techniques,  Soil  analysis. 

A  solution  of  C14-DFBA  (2,6-difluorobenzoic 
acid)  was  added  to  soil  samples  (sandy  clay  and 
humous  sand).  Samples  were  stored  in  darkness  at 
24  C  and  then  extracted  at  room  temperature. 
DFBA,  one  of  the  two  primary  diflubenzuron  me- 
tabolites, was  rapidly  and  completely  degraded  in 
soil.  A  decrease  to  50%  of  the  initial  DFBA  con- 
centration was  reached  after  about  9  days  in  the 
humus  sand  and  after  about  12  days  in  the  sandy 
clay.  DFBA  had  almost  completely  disappeared  in 
the  humus  sand  after  32  days,  the  last  sampling 
time.  (CH)Carbon  dioxide  was  an  ultimate  product 
of  the  ring-(C14)-labeled  compound.  The  amounts 
of  C14  and  (C14)DFBA  in  the  extracts  differed 
from  each  other,  pointing  to  the  existence  of  ex- 
tractable  degradation  products.  It  was  observed 
during  the  clean-up  procedures  for  high  perform- 
ance liquid  chromatography  (HPLC)  analysis  that 
a  small  percentage  of  the  radioactivity  could  not 
be  extracted  from  the  soil.  This  percentage  in- 
creased with  the  incubation  time  of  the  soil,  but 
remained  less  than  10%  of  the  initially  applied 
radioactivity.  (VerNooy-PTT) 
W9 1-06792 


degradation,  'Path  of  pollutants,  'Soil  contamina- 
tion, Chemical  properties,  Clays,  Field  tests,  India, 
Lysimeters,  Metabolism,  Pesticide  residues,  Pollut- 
ant identification,  Sand,  Soil  properties,  Spatial 
distribution,  Sweden. 

The  mobility  and  decomposition  of  the  herbicide 
fluroxypyr  (4-amino-3,5-dichloro-6-fiuoro-2-pyri- 
dyloxacetic  acid)  was  studied  under  field  condi- 
tions in  a  sandy  soil  and  a  clay  soil.  Leachate  was 
collected  in  lysimeters  with  undisturbed  soil  (sand) 
and  in  tile-drained  plots  (clay).  Soil  samples  to  a 
depth  of  one  meter  were  also  collected  in  both 
soils  to  characterize  the  temporal  depth  distribu- 
tion of  fluroxypyr  in  the  profiles.  The  herbicide 
was  applied  as  the  1-methylheptyl  ester  of  fluroxy- 
pyr at  two  rates,  187.5  and  375.0  g  a.e./ha,  repre- 
senting the  normal  and  double  dose  of  the  com- 
pound used  for  spring  cereals.  Some  lysimeters 
received  supplementary  watering.  Only  two  leach- 
ate samples  (one  from  each  soil)  had  concentra- 
tions of  fluroxypyr  above  the  detection  limit  (1 
microgram/L),  i.e.,  2  and  5  micrograms/L.  Both 
samples  were  collected  within  two  months  after 
application,  when  less  than  2  mm  of  drainage  had 
been  collected.  The  methyl  heptyl  ester  of  fluroxy- 
pyr was  not  found  in  any  of  the  samples.  Fluroxy- 
pyr levels  above  the  detection  limit  in  soil  (5 
micrograms/kg  dry  soil)  were  never  found  below 
the  topsoil  (0.2  m)  in  the  clay  profile,  while,  in  the 
sandy  profile,  levels  just  above  the  detection  limit 
were  found  occasionally  in  deeper  soil  layers.  Con- 
centrations were  reduced  to  undetectable  or  very 
low  levels  within  three  months  after  spraying.  (Au- 
thor's abstract) 
W9 1-06794 

DEGRADATION  OF  PENDIMETHALIN  BY 
SOIL  FUNGI. 

Bidhan  Chandra  Krishi  Viswa  Vidyalaya,  Mohan- 
pur  (India).  Dept.  of  Agricultural  Chemistry  and 
Soil  Science. 

A.  S.  Barua,  J.  Saha,  S.  Chaudhuri,  A. 
Chowdhury,  and  N.  Adityachaudhury. 
Pesticide  Science  PSSCBG,  Vol.  29,  No.  4,  p  419- 
425,  1990.  5  fig,  2  tab,  10  ref. 

Descriptors:  'Biodegradation,  'Degradation  prod- 
ucts, 'Fate  of  pollutants,  'Herbicides,  'Pendimeth- 
alin,  'Soil  fungi. 

Pendimethalin  (N-(  1  -ethylpropyl)-2,6-dinitro-3,4- 
xylidine;  StompfTM))  is  one  of  the  several  mem- 
bers of  the  class  of  dinitroaniline  herbicides  which 
has  been  officially  recommended  in  India  as  a  soil- 
applied  pre-emergence  herbicide,  and  it  is  reported 
to  have  selective  weed  control  properties.  In  order 
to  study  the  environmental  degradation  of  this 
herbicide  after  its  application  to  the  field  and 
ensure  safer  use,  experiments  were  conducted  on 
the  degradation  of  pendimethalin  by  several  soil 
fungi.  The  soil  fungi  Aspergillus  flavus,  A.  terreus, 
Fusarium  solani,  F.  oxysporum,  Penicillium  ci- 
trinum  and  P.  simplicissimum  effectively  degraded 
pendimethalin  supplied  as  the  sole  carbon  source  in 
mineral  solution.  All  six  fungal  isolates  were  able 
to  degrade  60%  or  more  of  the  pendimethalin 
within  15  days.  Degradation  of  pendimethalin  by 
F.  solani  resulted  in  the  isolation  and  identification 
of  N-propyl-3-methyl-4-hydroxy-2,6-dinitroaniline, 
N-(  1  -ethylpropyl)-2-amino-6-nitro-3,4-xy lidine  and 
2,6-dinitro-3,4-xylidine.  The  partial  pathways  in- 
volved in  the  degradation  of  pendimethalin  have 
also  been  proposed;  the  main  metabolic  pathways 
involved  partial  N-dealkylation  followed  by  ring 
hydroxylation,  nitro-group  reduction  and  complete 
N-dealkylation.  (VerNooy-PTT) 
W9 1-06795 


Hawaii    Univ.    at    Manoa,    Honolulu.    Dept.    of 

Agronomy  and  Soil  Science. 

R.  C.  Schneider,  R.  E.  Green,  W.  J.  Apt,  D.  P. 

Bartholomew,  and  E.  P.  Caswell. 

Pesticide  Science  PSSCBG,  Vol.  30,  No.  3,  p  243- 

257,  1990.  8  fig,  4  tab,  26  ref. 

Descriptors:  'Fenamiphos,  'Hawaii,  'Irrigation, 
•Organophosphorus  pesticides,  'Path  of  pollutants, 
'Pesticide  residues,  'Soil  contamination,  Applica- 
tion rates,  Degradation  products,  Drip  irrigation, 
Field  tests,  Leaching,  Pineapples,  Root  zone,  Soil 
analysis. 

The  persistence  and  mobility  of  fenamiphos,  an 
organophosphate  nematicide,  and  its  toxic  oxida- 
tion products  in  soil  with  pineapple  cropping  were 
studied  in  three  field  experiments  on  the  islands  of 
Oahu  and  Lanai  (Hawaii),  and  by  sampling  three 
commercial  fields  on  Oahu.  Fenamiphos  was  ap- 
plied by  drip  irrigation  after  planting,  following 
pre-plant  application  of  1,3-dichloropropene  (1,3- 
D)  in  most  treatments.  The  Oahu  experiments, 
conducted  in  highly  weathered  Oxisol  and  Ultisol 
soils,  evaluated  the  impact  of  restricted  irrigation 
to  reduce  leaching  and  also  the  effect  of  1,3-D  on 
fenamiphos  behavior.  Total  toxic  residue  (TTR) 
concentrations  of  1000  microgramsAg  or  greater 
were  maintained  in  the  root-zone  with  fenamiphos 
applications  of  3.4  kg/ha  tri-monthly  on  the  Oxisol 
(Kunia  site)  and  bi-monthly  on  the  Ultisol  (Whit- 
more  site).  The  relatively  high  applications,  along 
with  weekly  irrigations  and  unseasonably  high 
rainfall,  resulted  in  leaching  of  fenamiphos  TTR 
out  of  the  root-zone  with  concentrations  between 
10  and  100  microgramsAg  at  3  m  depth.  Reduced 
leaching  with  restricted  irrigation  was  evident  in 
the  early  months  of  both  Oahu  experiments.  The 
potential  to  minimize  leaching  of  fenamiphos  by 
reduced  application  rates  and  limited  irrigation 
during  rainy  periods  was  evident  from  nematicide 
concentration  profiles  measured  on  three  commer- 
cial pineapple  fields  in  Oahu;  little  fenamiphos 
TTR  was  detectable  below  1  m.  (Author's  ab- 
stract) 
W9 1-06797 


LEACHING  POTENTIAL  AND  DECOMPOSI- 
TION OF  FLUROXYPYR  IN  SWEDISH  SOILS 
UNDER  FIELD  CONDITIONS. 

Sveriges   Lantbruksuniversitet,   Uppsala.    Div.   of 

Water  Management. 

L.  R.  Bergstrom,  A.  S.  McGibbon,  S.  R.  Day,  and 

M.  Snel. 

Pesticide  Science  PSSCBG,  Vol.  29,  No.  4,  p  405- 

407,  1990.  4  fig,  3  tab,  12  ref. 

Descriptors:  'Decomposition,  'Fate  of  pollutants, 
•Fluroxypyr,  •Herbicides,  •Leaching,  *Microbial 


OFF-TARGET  DEPOSITS  AND  BUFFER 
ZONES  REQUIRED  AROUND  WATER  FOR 
AERIAL  GLYPHOSATE  APPLICATIONS. 

Forest  Pest  Management  Inst.,  Sault  Sainte  Marie 

(Ontario). 

For  primary  bibliographic   entry   see  Field   5G. 

W9 1-06796 

FIELD  MOVEMENT  AND  PERSISTENCE  OF 
FENAMIPHOS  IN  DRIP-IRRIGATED  PINEAP- 
PLE SOILS. 


LOCATING  LAGOON  SEEPAGE  WITH 
RADAR  AND  ELECTROMAGNETIC  SURVEY. 

Clemson  Univ.,  SC.  Dept.  of  Agricultural  Engi- 
neering. 

D.  E.  Brune,  and  J.  Doolittle. 
Environmental    Geology    and    Water    Sciences 
EGWSEI,  Vol.  16,  No.  3,  p  195-207,  November/ 
December  1990.  14  fig,  32  ref. 

Descriptors:  *Conductivity,  *Data  acquisition, 
•Ground  penetrating  radar,  'Path  of  pollutants, 
•Radar,  *Remote  sensing,  *Seepage  loss,  »Waste 
treatment,  *Wastewater  lagoons,  Animal  wastes, 
Electrical  studies,  Farm  lagoons,  Geophysical 
methods,  Geophysical  surveys,  Groundwater  pol- 
lution, Leachates,  Plumes,  Sampling,  Seepage,  Soil 
analysis,  Surveys,  Terrain  analysis,  Waste  disposal. 

The  use  of  lagoons  as  a  treatment  technique  for 
managing  animal  waste  has  become  a  widespread 
and  common  practice.  Lagoons  provide  an  eco- 
nomical means  of  treating  highly  concentrated 
wastes  from  confined  livestock  operations.  How- 
ever, some  areas  in  the  lagoon  bottom  do  not  seal 
and  result  in  pollutant  plumes  that  can  contaminate 
groundwater  downgradient  from  the  lagoon.  The 
current  study  investigates  the  use  of  ground-pene- 
trating radar  (GPR)  and  electromagnetic  terrain 
conductivity  (EM)  surveys  as  possible  techniques 
for  determining  the  presence  and  extent  of  ground- 
water contamination  from  leachate  plumes  emanat- 
ing from  animal  waste  lagoons.  Systematic  soil 
sampling  was  conducted  at  representative  sites  in 
South  Carolina  using  the  GPR  and  EM  on  rectan- 
gular grids  whose  size  depended  on  lagoon  size, 
accessibility,  and  available  time  and  manpower. 
The  results  of  the  investigation  revealed  that  EM 
could  be  a  very  useful  tool  in  locating  and  defining 
the  magnitude  of  seepage  from  animal  waste  la- 
goons. EM  and  GPR  were  complimentary  geo- 
physical techniques  and  a  synergistic  approach  was 
recommended.  GPR  results  were  more  site  specific 
and  interpreter  dependent,  making  the  use  of  the 
GPR  instrument,  as  a  stand-alone  instrument  for 


129 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


• 


t   : 

«    . 
t 


Group  5B — Sources  Of  Pollution 

this  application  more  restricted.  Research  current- 
ly underway  may  quantify  the  impact  of  animal 
agriculture    upon    groundwater    supplies.    (Korn- 
PTT) 
W91-O6801 


DISTRIBUTION  AND  BIOACCUMULATION 
OF  SELENIUM  IN  AQUATIC  MICROCOSMS. 

National  Fisheries  Contaminant  Research  Center, 

Columbia,  MO. 

J.  M.  Besser,  J.  N.  Huckins,  E.  E.  Little,  and  T.  W. 

La  Point. 

Environmental  Pollution  ENPOEK,  Vol.  62,  No. 

I,  p  1-12,  1990.  2  fig,  4  tab,  19  ref. 

Descriptors:  *Bioaccumulation,  'Daphnia,  'Ma- 
crophytes,  •Path  of  pollutants,  'Periphyton,  •Sele- 
nium, 'Sorption,  Accumulation,  Aquatic  environ- 
ment, Experimental  data,  Experimental  design,  Iso- 
tope studies,  Organic  matter,  Organometals,  Ra- 
dioisotopes, River  sediments,  Sediment  analysis, 
Sediment  contamination,  Sediment-water  inter- 
faces, Sediments,  Sulfates,  Toxicity. 

Closed-system  microcosms  were  used  to  study  fac- 
tors affecting  the  fate  of  selenium  (Se)  in  aquatic 
systems.  Distribution  and  bioaccumulation  of  Se 
varied  among  sediment  types  and  Se  species.  A 
mixture  of  dissolved  73Se  species  (selenate,  sele- 
nite,  and  selenomethionine)  was  sorbed  more  rap- 
idly to  fine-textured,  highly  organic  pond  sedi- 
ments than  to  sandy  riverine  sediments.  Sulfate  did 
not  affect  the  distribution  and  bioaccumulation  of 
75Se  over  the  range  80-180  mg  SC4/liter.  When 
each  Se  species  was  labeled  separately,  seleno- 
methionine was  lost  from  the  water  column  more 
rapidly  than  selenate  or  selenite.  Selenium  lost 
from  the  water  column  accumulated  primarily  in 
sediments,  but  volatilization  was  also  an  important 
pathway  for  loss  of  Se  added  as  selenomethionine. 
Loss  rates  of  dissolved  Se  residues  were  more 
rapid  than  rates  reported  from  mesocosm  and  field 
studies,  suggesting  that  sediment. water  interactions 
are  more  important  in  microcosms  than  in  larger 
test  systems.  Daphnids  accumulated  highest  con- 
centrations of  Se,  followed  by  periphyton  and  ma- 
crophytes.  Selenium  added  as  selenomethionine 
was  bioaccumulated  preferentially  compared  to 
that  added  as  selenite  or  selenate.  Organoselenium 
compounds  such  as  selenomethionine  may  thus 
contribute  disproportionately  to  Se  bioaccumula- 
tion and  toxicity  in  aquatic  organisms.  (Author's 
abstract) 
W9 1-06803 


GEOCHEMICAL  PARTITIONING  OF  CO,  CR, 
FE,  SC,  AND  ZN  IN  POLLUTED  AND  NON- 
POLLUTED  MARINE  SEDIMENTS. 

Democritos    Nuclear    Research    Center,    Athens 

(Greece). 

M.  Angelidis,  and  A.  P.  Grimanis. 

EnvironmentaJ  Pollution  ENPOEK,  Vol.  62,  No. 

1,  p  31-46,  1990.  5  fig,  2  tab,  27  ref. 

Descriptors:  •Geochemistry,  *Marine  pollution, 
•Marine  sediments,  *Path  of  pollutants,  •Sediment 
contamination,  'Trace  elements,  Analytical  tech- 
niques, Chemical  interactions,  Chemical  reactions, 
Chromium,  Cobalt,  Fate  of  pollutants,  Fertilizers, 
Greece,  Industrial  wastewater,  Iron,  Organic 
carbon.  Sample  preparation,  Scandium,  Separation 
techniques,  Trace  metals,  Wastewater,  Zinc. 

The  Northern  Saronikos  Gulf  is  receiving  untreat- 
ed domestic  and  industrial  wastewater  from  the 
greater  Athens  area,  mainly  through  the  Athens 
Sewage  Outfall  (ASO).  In  order  to  investigate  the 
partitioning  of  the  trace  elements  in  surface  sedi- 
ments from  the  Saronikos  Gulf  into  different  geo- 
chemical  fractions,  a  sequential  extraction  tech- 
nique was  employed  for  the  present  study.  The 
sequential  extraction  method  classifies  the  trace 
elements  in  the  sediments  (i.e.,  Co,  Cr,  Fe,  Sc,  and 
Zn)  in  terms  of  a  reducible  fraction,  an  oxidizable 
fraction,  and  a  residual  fraction.  The  results  of  the 
study  revealed  that,  with  the  exception  of  Sc,  the 
metal  content  in  the  reducible  and  oxidizable  frac- 
tions increased  in  the  polluted  sediments  near  the 
ASO  and  a  fertilizer  plant  (FP).  In  the  non-pollut- 
ed sediments,  the  residual  fraction  was  the  most 
important  carrier  for  all  metals  examined.  Oxidiza- 


ble Cr  and  Zn  correlated  well  with  the  organic 
carbon  content  of  the  sediments.  However,  the 
reducible  fraction  (mainly  Fe/Mn  hydroxides)  was 
the  most  important  sink  for  Co,  Cr,  Fe,  and  Zn  in 
the  polluted  sediments  near  the  ASO.  Finally,  the 
pyrite-rich  wastes  from  the  FP  were  found  to 
influence  the  geochemical  partitioning  of  the 
metals  examined  in  the  sediments  in  front  of  the  FP 
and,  partially,  in  the  sediments  .near  the  ASO. 
(Author's  abstract) 
W9 1-06805 


FATE  OF  TRACE  METALS  DURING  THE 
METAMORPHOSIS  OF  CHIRONOMIDS  (DIP- 
TERA,  CHIRONOMIDAE). 

Amsterdam  Univ.  (Netherlands).  Dept.  of  Funda- 
mental and  Applied  Ecology. 
K  R.  Timmermans,  and  P.  A.  Walker. 
Environmental  Pollution  ENPOEK,  Vol.  62,  No 
1,  p  73-85,  1990.  4  fig,  17  ref. 

Descriptors:  'Bioaccumulation,  •Cadmium, 
•Copper,  •Growth  stages,  'Midges,  *Path  of  pol- 
lutants, "Trace  metals,  *Zinc,  Animal  physiology, 
Aquatic  environment,  Excretion,  Larvae,  Sedi- 
ments, The  Netherlands. 

Chironomid  larvae,  which  are  dominant  organisms 
in  aquatic  sediments,  can  accumulate  substantial 
amounts  of  trace  metals.  Chironomids  are  holome- 
tabolic  insects  with  terrestrial  imagines  and  there- 
fore, transport  of  trace  metals  from  the  aquatic  to 
the  terrestrial  environment  may  occur  after  emer- 
gence. The  fate  of  the  trace  metals  zinc,  cadmium, 
and  copper  during  the  metamorphosis  of  chirono- 
mids was  studied  under  field  and  experimental 
conditions.  Field  observations  demonstrated  a  sig- 
nificant decrease  in  the  trace  metal  body  burden  of 
larvae  and  imagines  of  Stictochironomus  histrio 
Fabricius.  No  such  differences  were  noted  between 
successive  developmental  stages  of  Chironomus 
anthracinus  Zett.  The  exuviae  of  both  species  con- 
tained small  amounts  of  trace  metals.  Experiments, 
in  which  larvae  of  S.  histrio  and  C.  riparius  Meigen 
were  individually  exposed,  showed  that  larvae  of 
both  species  accumulated  substantial  amounts  of 
Zn  and  Cd.  For  these  metals,  a  transfer  to  pupae 
and  imagines  occurred.  However,  pupae  had  a 
lower  body  burden  than  larvae,  and  imagines  a 
lower  body  burden  than  the  pupae.  Copper  was 
also  accumulated  in  the  larvae,  but  it  was  excreted 
almost  completely  before  the  pupal  stage.  The 
process  of  trace  metal  residue  elimination  could  be 
explained  both  by  physiological  changes  taking 
place  during  the  metamorphosis,  as  well  as  the 
shedding  of  the  exoskeleton  when  molting  from 
larva  to  pupa  (larval  skin),  and  from  pupa  to  adult 
midge  (exuvium).  (Author's  abstract) 
W9 1-06807 


ATMOSPHERIC  DEPOSITION  OF  ACID, 
HEAVY  METALS,  DISSOLVED  ORGANIC 
CARBON  ,  AND  NUTRIENTS  IN  THE  DUTCH 
DELTA  AREA  IN  1980-1986. 

Kernforschungsanlage  Juelich  G.m.b.H.  (Germa- 
ny, F.R.).  Inst,  fuer  Angewandte  Physikalische 
Chemie. 

V.  D.  Nguyen,  A.  G.  A.  Merks,  and  P.  Valenta. 
Science  of  the  Total  Environment  STENDL,  Vol. 
99,  No.  1/2,  p  77-91,  December  1990.  5  fig,  4  Ub, 
25  ref. 

Descriptors:  *Acid  rain,  *Air  pollution,  •Dis- 
solved organic  carbon,  *Heavy  metals,  'Nutrients, 
•Path  of  pollutants,  *Pollutant  identification,  'Pre- 
cipitation, *Water  pollution  sources,  Ammonium, 
Annual  distribution,  Cadmium,  Cobalt,  Copper, 
Hydrogen  ion  concentration,  Lead,  Nitrates,  Sea- 
sonal variation.  Statistical  analysis,  Sulfates,  Tem- 
poral distribution,  The  Netherlands,  Zinc. 

In  a  7-year  program  established  to  investigate  the 
deposition  of  pollutants  from  the  atmosphere,  wet 
precipitation  samples  were  collected  in  specially 
designed  samplers  at  two  sampling  locations  in  the 
Delta  area  of  The  Netherlands.  Average  monthly 
and  yearly  concentrations  and  depositions  of  acid, 
(H30(  +  )),  heavy  metals  (Cd,  Pb,  Zn,  Cu,  and  Co), 
nutrients  (NH4(  +  ),  N03(-),  and  S04(2-)),  and  dis- 
solved organic  carbon  (DOC)  in  the  rainwater  and 
snow  samples  were  calculated  by  taking  cumula- 


tive samples  on  a  weekly  basis.  The  data  for  the 
annual  mean  concentrations  showed  no  significant 
temporal  trend  for  ammonium  and  nitrate.  Howev- 
er, a  slight  decrease  in  H30(  +  )  and  DOC  was 
observed.  The  decrease  in  H30(  +  )  was  believed 
to  be  the  result  of  the  lower  concentration  of 
H30(  +  )  and  the  lower  amount  of  precipitation. 
The  wet  deposition  of  sulfate  showed  a  slightly 
decreasing  trend  over  the  seven  year  sampling 
program  with  90%  of  the  S02  emission  originating 
from  fossil-fuel-burning  power  plants  and  heavy 
industry.  Levels  of  nitrate  in  wet  precipitation 
were  below  detection  limits.  Statistical  evaluation 
of  the  concentrations  of  the  ecotoxic  heavy  metals 
in  wet  precipitation  revealed  the  sequence  of  aver- 
age concentrations  to  be  as  follows:  Zn  >  Pb  > 
Cu  >  Ni  >  Cd  >  Co.  There  were  no  statistically 
significantly  temporal  trends  for  Cd  and  Zn  while 
a  slight  decrease  for  Pb  and  Cu  deposition  was 
observed  in  1986.  The  ecotoxic  heavy  metals  were 
believed  to  be  emitted  into  the  atmosphere  from 
various  industrial  sources  and  from  large,  diffuse 
sources  such  as  road  traffic  and  coal  burning  by 
households  and  small  industries.  (Korn-PTT) 
W91-06818 


DISSEPATION  OF  FLURTAMONE  IN  THREE 
GEORGIA  SOILS. 

Georgia  Univ.,  Athens.  Dept.  of  Agronomy. 
T.  C.  Mueller,  P.  A.  Banks,  and  D.  C.  Bridges. 
Weed  Science  WEESA6,  Vol.  38,  No.  4/5,  p  411- 
415,  1990.  3  fig,  2  Ub,  25  ref. 

Descriptors:  *Fate  of  pollutants,  'Groundwater 
pollution,  'Herbicides,  'Weed  control,  Degrada- 
tion, Georgia,  Liquid  chromatography,  Peanuts, 
Soil  analysis,  Soil  types. 

The  dissipation  of  flurtamone  was  determined  in 
three  Georgia  soils  in  1987  to  1989.  Flurtamone 
dissipation  in  soil  was  initially  rapid  but  gradually 
slowed  throughout  the  sampling  interval.  Dissipa- 
tion was  not  affected  by  rate  (0.8  or  1.7  kg/ha)  or 
application  method,  preplant  incorporated  (PPI)  or 
preemergent  (PRE).  Dissipation  rates  were  slightly 
more  rapid  in  the  Greenville  and  Dothan  soils  than 
in  the  Cecil  soil,  with  calculated  initial  half-lives 
for  each  respective  soil  being  6  to  7,  8  to  10,  and  9 
to  23  days.  There  was  no  effect  of  previous  flurta- 
mone exposure  on  the  dissipation  rate  in  soil  at  any 
location.  The  rapid  dissipation  of  flurtamone  from 
the  0-10-cm  soil  zone,  coupled  with  no  detection  in 
the  10- 18 -cm  soil  zone  42  days  after  treatment 
suggested  that  the  potential  for  flurtamone  move- 
ment to  groundwater  is  minimal.  (Doyle-PTT) 
W91-06828 


DEGRADATION  AND  FIELD  PERSISTENCE 
OF  IMAZETHAPYR. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Agronomy. 
A.  J.  Goetz,  T.  L.  Lavy,  and  E.  E.  Gbur. 
Weed  Science  WEESA6,  Vol.  38,  No.  4/5,  p  421- 
428,  1990.  4  fig,  7  tab,  10  ref. 

Descriptors:  'Fate  of  pollutants,  'Herbicides,  'Mi- 
crobial degradation,  'Photolysis,  Carbon  radioiso- 
topes, Isotopic  tracers.  Liquid  chromatography. 
Soil  moisture,  Soil  temperature,  Soil  types,  Volatil- 
ity. 

The  volatilization,  photolysis,  microbial  degrada- 
tion, and  field  persistence  of  imazethapyr  were 
studied  using  formulated  and  C  14  labeled  imazeth- 
apyr. Volatilization  losses  from  soil  were  less  than 
2%.  Photodecomposition  losses  of  up  to  8%  oc- 
curred from  soil  and  up  to  52%  from  a  glass  slide 
with  no  soil.  Significantly  greater  photodecompo- 
sition occurred  with  chain-labeled  than  ring  la- 
beled C  14  imazethapyr.  The  amount  of  C-14  C02 
evolution  from  soil  treated  with  either  ring  or 
chain  labeled  C-14  imazethapyr  was  not  signifi- 
cantly different.  The  total  C-14  C02  evolved  from 
the  soils  ranged  from  2.4  to  3.6%  of  the  total  C-14 
imazethapyr  applied  to  the  soil.  However,  degra- 
dation of  imazethapyr  from  the  same  soils,  as  de- 
termined by  high-pressure  liquid  chromatography, 
indicated  that  62  to  82%  of  applied  C-14  imazetha- 
pyr had  been  degraded.  The  degradation  rate  in- 
creased as  soil  moisture  was  increased  from  -100  to 
-33  kPa.  Imazethapyr  was  more  persistent  in  soil 
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with  higher  clay  and  organic  matter  content.  (Au- 
thor's abstract) 
W91-O6830 


CONTROL  OF  NUTRIENT  CONCENTRA- 
TIONS IN  THE  SEEKONK-PROVIDENCE 
RIVER  REGION  OF  NARRAGANSETT  BAY, 
RHODE  ISLAND. 

Rhode  Island  Univ.,  Narragansett.  Marine  Ecosys- 
tems Research  Lab. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06838 


APPLICATION  OF  MARINE  SEISMIC  PRO- 
FILING TO  A  GROUND  WATER  CONTAMI- 
NATION STUDY,  ABERDEEN  PROVING 
GROUND,  MARYLAND. 

Geological  Survey,  Towson,  MD. 

B.  Hughes. 

Groundwater    Monitoring    Review    GWMRDU, 

Vol.  11,  No.  1,  p  97-102,  Winter  1991.  5  fig,  10  ref. 

Descriptors:  'Aberdeen  Proving  Ground,  'Analyt- 
ical methods,  'Chesapeake  Bay,  'Groundwater 
pollution,  'Hazardous  wastes,  'Seismic  explora- 
tion, Geologic  surveys,  Groundwater  modeling, 
Munitions  wastes,  Organic  solvents,  Path  of  pollut- 
ants, Sediment  contamination,  Sediment  sampling. 

Continuous  high-frequency  marine  seismic  profil- 
ing was  used  to  define  the  extent  of  geological 
units  in  the  offshore  areas  of  J-Ficld,  Aberdeen 
Proving  Ground,  Maryland,  during  March  and 
April  of  1988.  J-Field  is  an  area  that  was  used  by 
the  U.S.  Army  for  disposal  of  chemical  warfare 
agents,  munitions,  and  organic  solvents  from  the 
1950's  through  the  1970's.  A  major  concern  at  this 
site  is  the  subsurface  migration  of  hazardous  wastes 
into  offshore  areas  and  eventually  into  the  Chesa- 
peake Bay.  A  150-foot  (45.7  meter)  deep  paleo- 
channel  containing  Pleistocene  age  fluvial  and  es- 
tuarine  sediments  was  identified  from  boreholes 
constructed  onshore.  The  paleochannel  sediments 
consist  of  three  lithic  units.  From  bottom  to  top 
these  units  consist  of  gravel  and  sand,  massive  silty 
and  sandy  clay,  and  interbedded  sand  and  clay. 
The  seismic  profiles  were  used  to  identify  the 
extent  of  these  units  and  map  them  in  offshore 
areas.  An  accurate  knowledge  of  the  distribution  of 
the  geologic  units  in  onshore  and  offshore  areas  is 
important  to  the  investigation  because  the  coarse- 
grained paleochannel  sediments  may  provide  a 
preferential  flow  path  for  contaminated  ground- 
water and  the  fine-grained  sediments  may  impede 
the  movement  of  contaminants  into  deeper 
aquifers.  (Author's  abstract) 
W9 1-06849 


REDUCTION    OF   NITRATE    LOADINGS   TO 
GROUND  WATER. 

Maryland  Univ.,  College  Park.  Dept.  of  Agricul- 
tural Engineering. 

For  primary  bibliographic   entry   see   Field   5G. 
W91-06851 


taken  from  five  wood  treatment  facilities  showed 
that  if  a  compound  was  found  at  one  site,  it  most 
likely  was  found  at  the  other  sites,  as  well.  The 
detected  contaminants  were  arranged  according  to 
their  Target  Compound  List  (TCL)  number.  The 
most  commonly  detected  volatiles  include  benzene 
(No.  23),  toluene  (No.  29),  ethyl  benzene  (No.  32) 
and  xylene  (No.  34).  These  simple  aromatic  hydro- 
carbons are  commonly  detected  in  fuels,  but  in  this 
case,  they  probably  result  from  creosote  usage, 
either  as  low  distillation  ends,  carrier  solvents,  or 
possibly  degradation  products  of  the  more  com- 
plex aromatics  found  in  creosote.  Of  the  65  semi- 
volatile  compounds  on  the  TCL,  19  polycyclic  and 
phenolic  compounds  were  found  in  concentrations 
as  high  as  11,000  ppb.  These  compounds  are  con- 
stituents of  creosote,  which  is  a  complex  mixture 
whose  exact  composition  depends  on  the  type  of 
coal  tar  from  which  it  is  produced.  The  search  for 
inorganic  fingerprint  compounds  which  contained 
arsenic,  chromium,  copper  and  zinc  did  not  appear 
to  identify  any  clear  inorganic  indicators  since 
their  distributions  were  not  uniform  at  all  sites;  nor 
did  pentachloralphenol  (PCP)  prove  to  be  reliable 
as  an  indicator.  Therefore,  in  terms  of  monitoring 
parameters,  it  is  suggested  that  the  semivolatile 
organic  compounds  on  the  TCL  should  be  empha- 
sized in  evaluating  wood  treatment  facilities. 
(Doyle-PTT) 
W91-06854 


ANALYSIS  OF  NITRATE-NITROGEN  IN 
GROUND  WATER  BENEATH  UNSEWERED 
SUBDrvTSIONS. 

Wisconsin  Univ.-Eau  Claire. 

J.  R.  Tinker  Jr. 

Groundwater    Monitoring    Review    GWMRDU, 

Vol.  11,  No.  1,  p  141-150,  Winter  1991.  6  fig,  11 

tab,  21  ref. 

Descriptors:  'Groundwater  pollution,  'Nitrates, 
•Path  of  pollutants,  'Public  health,  'Septic  tanks, 
•Water  pollution  sources,  'Wisconsin,  Fertilizers, 
Groundwater  movement,  Model  studies,  Septic 
wastewater,  Wells. 

Water  samples  from  private  water  supply  wells  in 
five  unsewered  subdivisions  were  tested  for  nitrate- 
nitrogen  to  determine  the  possible  impact  of  septic 
systems  on  groundwater  quality.  Three  subdivi- 
sions are  located  in  Eau  Claire  County  and  two  in 
LaCrosse  County,  Wisconsin.  The  nitrate-nitrogen 
concentrations  in  the  wells  were  analyzed  in  rela- 
tion to  groundwater  flow  direction,  the  location  of 
septic  systems  within  the  subdivision,  and  the  hy- 
drogeologic  and  physical  characteristics  of  the  sub- 
divisions. A  comparison  of  three  nitrogen  mass 
balance  models  helped  to  identify  the  possible 
sources  of  nitrate-nitrogen  in  the  wells.  The  results 
indicate  that  nitrogen  from  septic  systems  and  lawn 
fertilizer  cause  nitrate-nitrogen  to  increase  in  the 
groundwater  beneath  the  down  gradient  side  of  the 
subdivisions.  In  three  of  the  five  subdivisions  the 
highest  nitrate-nitrogen  value  exceeds  the  drinking 
water  standard  of  10  mg/L.  (Author's  abstract) 
W91-06855 


70  m  below  ground  surface.  In  addition,  a  300m 
(1000  foot)  deep  borehole  was  drilled  and  instru- 
mented with  a  Westbay  multilevel  casing,  which 
permitted  sampling  of  the  disposal  zone.  Because 
of  the  breakout  of  formation  liquids  in  Sarnia  and 
Port  Huron,  Michigan,  in  the  early  1970s,  it  was 
thought  that  liquid  wastes  from  the  disposal  zone 
in  bedrock  had  leaked  through  numerous  aban- 
doned oil,  gas,  and  salt  wells  in  the  area  into  the 
fresh  water  aquifer  and  from  there  to  the  surface. 
Groundwater  samples  from  the  shallow  monitor- 
ing wells  and  the  Westbay  multilevel  casing  were 
analyzed  for  volatiles  by  gas  chromatography/ 
mass  spectometry  (GC/MS).  Those  volatile  aro- 
matics that  were  conspicuously  present  in  the  deep 
disposal  zone  e.g.,  ethyl  toluenes  and  trimethyl 
benzene,  were  not  detected  in  shallow  monitoring 
wells.  Thus,  if  contaminants  from  the  disposal  zone 
did  indeed  migrate  to  the  shallow  aquifer,  contami- 
nation was  not  widespread  and  probably  consisted 
mostly  of  displaced  chloride-rich  formation  waters. 
(Doyle-PTT) 
W9 1-06856 


EFFECT  OF  LONG-TERM  WATER  VELOCITY 
CHANGES  ON  STREAMBED  BIOFILM  ACTIV- 
ITY. 

Minnesota  Univ.,  Navarre.  Gray  Freshwater  Bio- 
logical Inst. 

C.  J.  Gantzer,  B.  E.  Rittmann,  and  E.  E.  Herricks. 
Water  Research  WATRAG,  Vol.  25,  No.  1,  p  15- 
20,  January,  1991.  3  fig,  1  tab,  34  ref.  University  of 
Illinois  Water  Resources  Center  Project  Number 
S-098-ILL. 

Descriptors:  'Biodegradation,  'Biofilms,  'Bio- 
mass,  'Fate  of  pollutants,  Chemical  oxygen 
demand,  Mass  transport,  Modeling  studies,  Stream- 
flow  data,  Water  quality,  Water  velocity. 

Streambed  bioflims  often  determine  the  rate  at 
which  biodegradable  materials  are  removed  from 
the  water  column  of  shallow  rock-lined  streams.  It 
was  found  that  long  term  changes  in  water  veloci- 
ty affected  the  amount  of  biofilm  biomass  associat- 
ed with  a  sand-free  cobble  streambed.  Streambed 
biofilms  were  grown  and  acclimated  to  several 
different  water  velocities  in  an  artificial  stream. 
The  rate  at  which  each  acclimated  biofilm  re- 
moved substrate  from  the  water  column  was  as- 
sessed by  performing  well-controlled,  batch  biode- 
gradation tests.  Substrate  removal  rates  for  each 
tested  acclimation  velocity  were  corrected  for 
mass  transport  effects.  Any  differences  in  the  mass- 
transport-corrected  removal  rates  for  the  acclimat- 
ed biofilms  were  due  to  variations  in  streambed 
biofilm  biomass.  Experimental  results  indicated 
that  higher  streambed  biofilm  biomass  levels  were 
found  at  the  faster  acclimation  velocities.  Such 
results  imply  that  the  rate  of  biodegradable  con- 
taminant removal  in  shallow  biofilm-dominated 
streams  is  a  function  of  the  present  water  velocity 
(determines  mass  transport  regime)  and  historical 
water  velocities  (  determines  streambed  biofilm 
biomass  levels).  (Author's  abstract) 
W91-06859 


GROUND  WATER  CONTAMINATION  AT 
WOOD  TREATMENT  FACILITIES. 

Lockheed  Engineering  and  Sciences  Co.,  Inc.,  Las 
Vegas,  NV. 

J.  K.  Rosenfeld,  and  R.  H.  Plumb  Jr. 
Groundwater    Monitoring    Review    GWMRDU, 
Vol.  11,  No.  1,  p  133-140,  Winter  1991.  5  fig,  4  tab, 
6  ref. 

Descriptors:  'Creosote,  'Groundwater  pollution, 
•Path  of  pollutants,  *Wood  preservatives,  Aromat- 
ic hydrocarbons,  Arsenic,  Chromium,  Heavy 
metals,  Organic  compounds,  Pentachlorophenol, 
Sampling,  Superfund,  Trace  elements,  Wells. 

There  are  more  than  40  wood  treatment  sites  on 
the  Environmental  Protection  Agency's  National 
Priorities  List  of  Superfund  sites.  It  is  hoped  that 
finding  a  consistent  chemical  fingerprint  in  con- 
taminated groundwater  might  lead  to  a  customized 
set  of  monitoring  parameters  for  the  industry  and  a 
way  to  pinpoint  sources  of  contamination  during  a 
regional  investigation.  The  distribution  pattern  of 
organic  priority  pollutants  in  groundwater  samples 


INVESTIGATION  OF  POSSIBLE  CONTAMI- 
NATION OF  SHALLOW  GROUND  WATER  BY 
DEEPLY  INJECTED  LIQUID  INDUSTRIAL 
WASTES. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Groundwater  Contamination  Section. 
S.  Lesage,  R.  E.  Jackson,  M.  Priddle,  P.  Beck,  and 
K.  G.  Raven. 

Groundwater  Monitoring  Review  GWMRDU, 
Vol.  11,  No.  1,  p  151-159,  Winter  1991.  9  fig,  5  tab, 
20  ref. 

Descriptors:  *Disposal  wells,  'Groundwater  pollu- 
tion, *Hazardous  waste  disposal,  'Injection  wells, 
•Ontario,  'Path  of  pollutants,  Aromatic  hydrocar- 
bons, Boreholes,  Canada,  Chromatography,  Moni- 
toring wells. 

The  possible  impact  of  deep  well  disposal  oper- 
ations on  the  groundwater  quality  in  a  shallow 
freshwater  aquifer  beneath  Sarnia,  Ontario,  Canada 
was  assessed.  A  monitoring  well  network  of  29  five 
cm  (2  in)  diameter  piezometers  was  established  in  a 
thin  sand  and  shale  aquifer  system  between  30  and 


EFFECTS  OF  SOIL  PROPERTIES  AND  MOIS- 
TURE ON  SORPTION  OF  TRICHLOROETHY- 
LENE  VAPOR. 

Cornell  Univ.,  Ithaca,  NY.  School  of  Civil  and 

Environmental  Engineering. 

S.  K.  Ong,  and  L.  W.  Lion. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  29- 

36,  January,  1991.  5  fig,  5  tab,  40  ref. 

Descriptors:  *Path  of  pollutants,  'Soil  contamina- 
tion, •Soil  properties,  'Sorption,  'Trichloroethy- 
lene,  Adsorption,  Analytical  methods,  Clay  loam, 
Clay  soils,  Organic  carbon,  Sand,  Soil  water, 
Vapor  transport. 

The  sorption  of  pollutants  onto  soils  in  the  subsur- 
face is  an  important  abiotic  process  that  determines 
pollutant  fate  and  transport.  The  extent  of  pollut- 
ant sorption  is  influenced  by  physical  and  chemical 
composition  of  the  sorbent,  such  as  mineral  type 
and  the  organic  content.  Correlation  of  trichior- 
oethylene  (TCE)  vapor  partition  coefficients  onto 
seven  sorbents  with  selected  properties  showed 
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thai:  (1)  under  oven-dried  conditions,  specific  sur- 
face area  best  described  sorption  of  TCE  and  (2) 
under  air-dried  conditions  (68%  relative  humidity), 
at  field  capacity  and  for  saturated  conditions,  or- 
ganic carbon  content  controlled  sorption.  The 
change  in  the  dependency  of  TCE  vapor  partition 
coefficients,  from  specific  surface  area  at  oven- 
dried  conditions  to  organic  carbon  content  at  air  - 
dried  conditions,  is  hypothesized  to  result  from:  (1) 
reduced  sorption  of  TCE  onto  mineral  surfaces 
because  of  competition  with  water  and  (2)  in- 
creased importance  of  partitioning  into  organic 
matter.  At  field  capacity,  the  sorption  of  TCE 
vapor  can  be  accounted  for  by  two  contributions: 
(1)  dissolution  of  TCE  in  the  water  bound  to  the 
sorbent  as  governed  by  Henry's  law  and  (2)  sorp- 
tion of  TCE  at  the  solid-liquid  interface  as  gov- 
erned by  a  saturated  partition  coefficient.  Dissolu- 
tion of  TCE  into  surface-bound  water  can  consti- 
tute a  large  fraction  of  the  total  TCE  uptake  from 
the  vapor  phase  for  sorbents  with  low  organic 
carbon  content.  (Author's  abstract) 
W9 1-06861 


MICROBIAL  QUALITY  AND  PERSISTENCE 
OF  ENTERIC  PATHOGENS  IN  GRAYWATER 
FROM  VARIOUS  HOUSEHOLD  SOURCES. 

University  of  South  Florida,  Tampa.  Coll.  of 
Public  Health. 

For  primary  bibliographic  entry  see  Field  3C. 
W9 1-06862 


TRACING  THE  INFLUX  OF  SEWAGE  FROM  A 
LEAKY  SEWER  INTO  A  VERY  THIN  AND 
FAST-FLOWING  AQUIFER. 

Technische    Univ.    Muenchen    (Germany,    F.R.). 

Lehrstuhl   und   Pruefamt   fuer   Wasserguetewirts- 

chaft  und  Gesundheitsingenieurwesen. 

S.  Rettinger,  D.  Ronen,  A.  J.  Amiel,  M.  Magaritz, 

and  W.  Bischofsberger. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  75- 

82,  January,  1991.  8  fig,  4  tab,  18  ref. 

Descriptors:  'Aquifers,  'Groundwater  pollution, 
•Path  of  pollutants,  'Samplers,  'Sampling, 
•Sewage,  Bicarbonates,  Dialysis,  Dissolved  organ- 
ic carbon,  Leaching,  Nitrates,  Sulfates,  Well  seep- 
age. 

Groundwater  samples  obtained  by  a  pump  or  a 
sampler  lowered  into  a  well  are  known  to  provide 
mixed  water  samples  that  do  not  reflect  the  verti- 
cal distribution  of  the  chemical  components. 
Therefore,  the  results  obtained  from  monitoring 
groundwater  quality  with  a  multilayer  sampler  and 
a  conventional  groundwater  pump  were  com- 
pared. Water  parcels  of  different  chemical  compo- 
sition were  detected  in  a  1  m  thick  and  up  to  17  m/ 
d  fast-flowing  groundwater  system  using  a  multi- 
layer sampler  (MLS)  based  on  the  dialysis  cell 
technique.  The  parcels  result  from  the  infiltration 
of  sewage  effluents  and  also  probably  due  to  the 
leaching  of  sewage  sludge  from  the  agricultural 
land  surface.  Samples  obtained  at  depth  intervals  as 
small  as  3  cm  in  a  natural  gradient  flow  field 
revealed  relatively  high  concentrations  and  vari- 
able profiles  of  Na  (+),  N03  (-),  HC03  (-),  SC4  (-- 
),  and  DOC  9  m  downstream  of  the  infiltration 
pipe.  A  pump  used  to  obtain  water  samples  during 
a  2  year  period,  in  the  same  research  field,  proved 
to  be  an  inadequate  sampling  technique  to  trace  the 
movement  of  sewage  effluent.  This  is  probably  due 
the  production  of  mixed  water  samples  from  differ- 
ent horizons  of  the  aquifer.  In  clear  contrast  with 
the  pump  sample  data,  chemical  profiles  obtained 
with  the  MLS  suggested  the  presence  of  a  pollu- 
tion source  upstream  from  one  the  six  sampling 
wells.  (Doyle-PTT) 
W9 1-06867 


CHANGE  IN  C:N:P  RATIOS  DURING  PAS- 
SAGE OF  WATER  AREAS  FROM  RIVERS  TO 
A  LAKE. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan).  Water  and  Soil  Environment  Div. 

S.  Ebise,  and  T.  Inoue. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  95- 

100,  January,  1991.  3  fig,  8  tab,  9  ref 

Descriptors:  'Eutrophic  lakes,  'Eutrophication, 
•Influent    streams,    *Japan,    'Path   of  pollutants, 


•Pollution  load.  Biological  oxygen  demand, 
Carbon,  Chemical  oxygen  demand,  Lake  Kasuni- 
gaura,  Lakes,  Nitrogen,  Nutrient  concentrations, 
Phosphorus,  River  discharge,  Total  organic 
carbon. 

Many  closed  water  areas  in  Japan  are  subject  to 
serious  eutrophication.  Weekly  observations  of  the 
carbon  load  of  four  rivers  flowing  into  Lake  Kasu- 
migaura  were  conducted  during  a  1  year  period.  A 
remarkable  statistical  characteristic  for  input  loads 
of  carbon  (TOC),  nitrogen  (T-N),and  phosphorus 
(T-P),  from  the  four  river  basins,  was  their  depend- 
ence on  discharge.  Since  stormy  days  had  high 
discharges  and  high  concentrations  of  particulate 
matter,  their  nutrient  loads  became  larger  that 
those  on  dry  days.  Loads  of  the  three  elements  in 
the  inflow  rivers  to  Lake  Kasumigaura  were  meas- 
ured seasonally  for  one  year.  The  TOOT-NT-P 
ratios  for  the  whole  of  the  lake  and  for  a  bay 
receiving  inflow  from  three  rivers  were  estimated 
to  be  27-45:8-32:1  on  the  basis  of  monthly  observa- 
tions. The  various  statistical  characteristics  of 
inflow  loads  from  the  river  basin  of  different  types 
of  land  use,  indicated  that  the  TOC:T-N:T-P  ratios 
in  an  urban  river  are  higher  than  those  in  a  rural 
river.  Most  of  the  inflow  loads  of  particulate  nutri- 
ents were  deposited  in  the  river  mouth,  whereas 
the  inflow  loads  of  dissolved  nutrients  and  produc- 
tion-degradation processes  of  organic  matter  large- 
ly controlled  the  nutrient  budget  in  the  lake  water 
as  shown  by  a  comparison  of  the  ratios  for  surface 
mud,  phytoplankton  and  detritus.  (Doyle-PTT) 
W9 1-06870 


AMBIENT  CONCENTRATIONS,  SCAVENG- 
ING RATIOS,  AND  SOURCE  REGIONS  OF 
ACID  RELATED  COMPOUNDS  AND  TRACE 
METALS  DURING  WINTER  IN  NORTHERN 
MICHIGAN. 

General  Motors  Research  Labs.,  Warren,  MI.  En- 
vironmental Science  Dept. 

S.  H.  Cadle,  R.  VandeKopple,  P.  A.  Mulawa,  and 
J.  M.  Dasch. 

Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  12,  p  2981-2989,  1990.  3 
fig,  5  tab,  27  ref. 

Descriptors:  *Acid  rain,  •Chemistry  of  precipita- 
tion, 'Michigan,  'Precipitation  scavenging, 
•Snow,  *Trace  metals,  *Water  pollution  sources, 
Air  masses,  Anions,  Chemical  analysis,  Nitrates, 
Nitric  acid,  Snowpack,  Sulfates,  Sulfur  dioxide, 
Water  analysis. 

Daily  measurements  of  the  atmospheric  concentra- 
tions of  HN03,  N03(-),  N02,  S02,  S04(2-), 
NH4(-(-)>  and  several  trace  metals  were  made  in 
Michigan  over  a  124-day  period  during  the  1984- 
1985  winter.  The  composition  of  the  dally  precipi- 
tation was  also  determined.  The  relative  contribu- 
tions of  scavenged  N03(-)  and  HN03  to  the  pre- 
cipitation was  estimated  by  assuming  that  the 
N03(-)  scavenging  ratio  was  the  same  as  that  of 
trace  metals  with  a  similar  particle  size.  Similarly, 
the  S04(2-)  and  S02  contributions  were  based  on 
the  scavenging  ratios  of  NH4(  +  )  and  trace  metals. 
On  this  basis,  it  was  determined  that  the  event 
median  N03(-)  and  HN03  scavenging  ratios  were 
500  and  3,500,  respectively.  NH03  scavenging  ac- 
counted for  83%  of  the  total  scavenged  N03(-). 
Scavenging  of  S04(2-)  accounted  for  all  the  snow 
S04(2-)  in  67%  of  the  events.  In  the  remaining 
events,  some  S02  was  scavenged,  with  a  median 
scavenging  ratio  of  219.  Overall,  67%  of  the  snow- 
fall acidity  appeared  to  be  due  to  NH03  scaveng- 
ing. Backward  air-mass  trajectories  that  were  cal- 
culated for  each  event  were  used  to  determine  the 
general  source  regions  of  the  acidic  species.  Snow 
associated  with  air  masses  from  the  south  and  west 
accounted  for  81%  and  75%  of  the  deposited 
N03(-)  and  S04(2-),  respectively.  (Author's  ab- 
stract) 
W9 1-06875 


TESTS  OF  MODELS  OF  CLOUDWATER  DEP- 
OSITION TO  FOREST  CANOPIES  USING  AR- 
TIFICIAL AND  LIVING  COLLECTORS. 

Tennessee  Valley  Authority,  Muscle  Shoals,  AL. 

Atmospheric  Science  Dept. 

For  primary  bibliographic  entry  see  Field  2B. 


W9 1-06876 


COMPOSITION  OF  BULK  PRECIPITATION 
ON  A  COASTAL  ISLAND  WITH  AGRICUL- 
TURE COMPARED  TO  AN  URBAN  REGION. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 

Meteorology. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-06877 


VERTICAL  DISTRIBUTION  OF  AEROSOLS 
AND  ACID  RELATED  COMPOUNDS  IN  AIR 
AND  CLOUDWATER. 

Atmospheric  Environment  Service,  Toronto  (On- 
tario). 

G.  A.  Isaac,  W.  R.  Leaitch,  and  J.  W.  Strapp. 
Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.  12,  p  3033-3046,  1990.  9 
fig,  4  tab,  26  ref. 

Descriptors:  *Acid  rain,  'Aerosols,  'Chemistry  of 
precipitation,  'Cloud  chemistry,  'Cloud  liquid 
water,  'Path  of  pollutants,  Air  masses,  Clouds, 
Mixing,  New  York,  Nitrates,  Nitrogen  oxides, 
North  Bay,  Ontario,  Sulfates,  Syracuse,  Vertical 
distribution. 

Vertical  profiles  (surface  to  5  km)  of  aerosol  parti- 
cle number  concentrations,  nitrogen  oxide  mixing 
ratio,  and  cloudwater  sulfate  and  nitrate  equivalent 
concentration  were  obtained  in  three  studies: 
North  Bay,  Ontario  during  the  summer  of  1982  and 
the  winter  of  1983-1984,  and  Syracuse,  New  York 
during  the  fall  of  1984.  Generally,  airborne  con- 
centrations are  highest  with  air-mass  back  trajec- 
tories from  the  south  and  lowest  with  back  trajec- 
tories from  the  north.  For  the  southerly  trajector- 
ies, median  particle  number  concentrations  (0.2-2 
microns)  near  ground  level  (950  mb)  vary  from 
1,700/cu  cm  during  the  summer  project  to  800/cu 
cm  during  the  winter  project.  At  700  mb,  the  south 
trajectory  particle  number  concentration  ranged 
between  60  and  170/cu  cm.  Median  nitrogen  oxide 
mixing  ratios  for  southerly  back  trajectories  were 
approximately  6  and  9  ppb  at  950  mb  and  0.4  and 
0.8  ppb  at  700  mb  for  the  fall  and  winter  projects, 
respectively.  Comparison  of  particle  number  con- 
centration profiles  outside  of  cloud  with  cloud 
droplet  plus  interstitial  aerosol  particle  number 
concentrations  inside  cloud  indicate  that  cumulus 
clouds  can  transport  aerosols  vertically  from 
below  cloud  base.  In  contrast,  stratiform  clouds 
have  similar  concentrations  inside  the  clouds  as 
outside  at  the  same  altitude.  (Author's  abstract) 
W9 1-06878 


RELATIONSHIP  BETWEEN  PRECIPriATION 
AMOUNT  AND  WET  DEPOSITION  OF  NI- 
TRATE AND  AMMONIUM. 

Kiel  Univ.  (Germany,  F.R.).   Inst,   fuer  Meeres- 

kunde. 

R.  Prado-Fiedler. 

Atmospheric  Environment  Part  A:  General  Topics 

AEATEN,  Vol.  24,  No.  12,  p  3061-3065,  1990.  4 

fig,  25  ref. 

Descriptors:  'Acid  rain,  'Ammonium,  'Chemistry 
of  precipitation,  'Nitrates,  'Rainfall,  'Wet  deposi- 
tion, Baltic  Sea,  Clouds,  Conductivity,  Ion  ex- 
change chromatography,  Precipitation,  Precipita- 
tion scavenging. 

Precipitation  collected  as  wetfall-only  on  a  weekly 
basis  at  two  sites  in  the  Western  Baltic  was  ana- 
lyzed for  nitrate  and  ammonium.  Both  concentra- 
tion and  wet  deposition  of  nitrate  and  ammonium 
showed  a  highly  significant  correlation  with  pre- 
cipitation amount.  The  relationship  between  con- 
centration and  precipitation  amount  is  described  by 
an  inverse  half-power  law,  while  wet  deposition  of 
nitrate  and  ammonium  is  characterized  by  a  de- 
pendence on  the  square  root  of  precipitation 
amount.  This  relationship  governing  wet  deposi- 
tion is  shown  to  be  a  consequence  of  the  depend- 
ence of  concentration  on  precipitation  amount. 
(Author's  abstract) 
W9 1-06879 
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STABILITY  OF  THE  PH  AND  THE  CONTENTS 
OF  AMMONIUM  AND  NITRATE  IN  PRECIPI- 
TATION SAMPLES. 

Ustredni  Ustav  Geologicky,  Prague  (Czechoslova- 
kia). 

J.  Vesely. 

Atmospheric  Environment  Part  A:  General  Topics 
AEATEN,  Vol.  24,  No.   12,  p  3085-3089,   1990. 

Descriptors:  'Acid  rain,  •Ammonium,  'Chemistry 
of  precipitation,  'Hydrogen  ion  concentration, 
•Nitrates,  'Sample  preservation,  Acidification, 
Acidity,  Aluminum,  Iron,  Precipitation  scaveng- 
ing, Seasonal  variation,  Silicon,  Trace  elements, 
Water  analysis. 

The  changes  in  the  pH  and  the  contents  of  ammo- 
nium, nitrate,  and  10  other  components  including 
trace  elements  were  studied  in  precipitation  sam- 
ples for  a  period  of  up  to  300  days.  The  concentra- 
tion of  free  H(+)  ions  is  affected  after  deposition 
by  several  processes,  the  most  important  being 
bioconsumption  of  NH4{  +  )  leading  to  an  increase 
in  the  H(+)  ion  level  depending  on  the  length  of 
the  sampling  interval,  the  time  of  year,  and  the 
way  of  storing  the  samples  prior  to  their  analysis. 
It  is  proposed  that,  for  the  purpose  of  comparing 
the  acidities  of  precipitation  waters  and  their  ef- 
fects on  acidification  of  the  environment,  the  cor- 
rected H(-t-)  ion  concentration  be  calculated  from 
the  pH  value  and  the  concentrations  of  ammonium 
and  nitrate.  The  corrected  H(+)  value  depends 
little  on  the  bioconsumption  of  ammonium  and 
nitrate  after  deposition  and  thus  is  not  very  sensi- 
tive to  the  way  of  storing  the  samples,  the  sam- 
pling interval,  and  the  time  elapsed  between  depo- 
sition and  the  sample  analysis.  Dissolution  of  Fe, 
Al,  Si,  and  some  trace  elements  from  the  particles 
scavenged  during  precipitation  was  slow  in  the 
studied  samples;  it  is  advantageous  to  digest  the 
sample  in  a  microwave  oven  prior  to  determination 
of  these  elements.  (Author's  abstract) 
W91-O6880 


SITE-SPECmC      UNDERESTIMATION       OF 
WETFALL  NH4(-|-)  USING  NADP  DATA. 

Kansas  State  Univ.,  Manhattan.  Div.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06881 


HIGH  CADMIUM  RESIDUES  OBSERVED 
DURING  A  PILOT  STUDY  IN  SHOREBIRDS 
AND  THEIR  PREY  DOWNSTREAM  FROM 
THE  EL  SALVADOR  COPPER  MINE,  CHILE. 

Institute  of  Ocean  Sciences,  Sidney  (British  Co- 
lumbia). 

K.  Vermeer,  and  J.  C.  Castilla. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  46,  No.  2,  p  242-248, 
February  1990.  2  fig,  2  tab,  9  ref. 

Descriptors:  'Bioaccumulation,  'Cadmium, 
•Chile,  'Food  chains,  'Marine  life,  'Mine  wastes, 
•Mining  effects,  *Path  of  pollutants,  *Water  birds, 
Algae,  Beaches,  Copper,  Crabs,  Heavy  metals,  In- 
vertebrates, Liver,  Shores,  Tissue  analysis,  Water 
pollution  effects. 

A  pilot  study  of  cadmium  and  copper  residues 
from  tailings  from  the  El  Salvador  copper  mine 
discharged  near  Chanaral,  Chile  was  initiated  in 
November  1981  and  March  1982.  Samples  were 
taken  from  beach  deposits,  algae,  marine  inverte- 
brates, shorebirds,  and  the  prey  from  their  stom- 
achs. Copper  and  cadmium  show  a  decreasing 
residue  gradient  in  beach  deposits  from  the  dis- 
charge site  north,  although  concentrations  become 
elevated  again  at  Puerto  Pan  de  Azucar,  where  an 
ore  processing  plant  operated  up  to  50  years  ago. 
Cadmium  residues  were  particularly  elevated  in 
gray  gulls  (Larus  modestus-22.8  mg/kg),  curlews 
(Numenius  hudsonicus)  from  Puerto  pan  de 
Azucar  (49.3  mg/kg),  and  whimbrels  (N.  phaeo- 
pus)  collected  from  various  locations  (38  mg/kg). 
The  high  cadmium  residues  in  livers  of  those  birds 
may  relate  to  their  diet,  consisting  of  Emerita 
analoga,  which  had  elevated  cadmium  residues 
compared  to  other  marine  organisms.  Since  the 
highest  cadmium  residues  in  birds  and  marine  orga- 
nisms occurred  at  Puerto  Pan  de  Azucar  and  a 
reference  site  60  km  south  of  Chanaral,  most  cad- 
mium contamination  does  not  appear  to  be  related 
to  the  present  tailing  discharge  from  the  El  Salva- 
dor copper  mine,  but  may  relate  to  former  han- 
dling of  ore  at  those  locations  or  to  naturally 
occurring  high  background  levels  of  cadmium. 
High  cadmium  residues  occur  mostly  in  birds  feed- 
ing on  intertidal  marine  organisms,  rather  than  in 
fish.  (Doria-PTT) 
W9 1-06893 


DDT  IN  MYITLUS  EDULIS:  SPATIO-TEMPO- 
RAL VARIATIONS,  IN  THE  PUNTA  BANDA 
ESTUARY,  BAJA  CALD70RNIA,  MEXICO. 

Universidad  Autonoma  de  Baja  California,  Mexi- 
can' (Mexico).  Inst,  de  Investigaciones  Oceanologi- 
cas. 

M.  S.  Galindo-Bect,  and  B.  P.  Flores-Baez. 
Bulletin    of   Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  46,  No.  2,  p  179-184, 
February  1990.  2  fig,  2  tab,  15  ref. 

Descriptors:  •Bioaccumulation,  *DDT,  'Estuarine 
environment,  'Mexico,  'Path  of  pollutants,  'Sea 
mussels,  Bioavailability,  Chlorinated  hydrocarbon 
insecticides,  DDE,  Degradation  products,  Estu- 
aries, Filtration,  Insecticides,  Lipids,  Sediments, 
Spatial  distribution,  Temporal  distribution,  Tides. 

Levels  of  DDT  were  studied  in  the  mussel  Mytilus 
edulis  collected  from  three  sites  in  the  Punta  bay 
Estuary,  Baja  California,  in  order  to  define  the 
dynamics  of  this  pollutant  in  the  estuary.  The 
presence  of  DDT  and  its  metabolites  was  detected 
every  month  sampled,  though  more  than  85%  cor- 
responded to  DDE.  The  highest  values  of  total 
DDT  were  always  found  at  the  head  of  the  estuary 
except  in  August  when  it  was  found  at  the  mouth 
of  the  estuary.  The  maximum  value  of  total  DDT 
found  throughout  the  period  was  58.11  ppb  at  the 
head  of  the  estuary;  the  minimum  was  10.82  at  the 
middle  of  the  estuary.  Total  DDT  is  related  to  the 
percentage  of  lipids;  in  all  cases,  a  decrease  in  lipid 
content  corresponds  to  a  decrease  in  total  DDT 
and  vice  versa.  It  should  be  noted  that  the  orga- 
nisms sampled  are  subject  to  completely  different 
environmental  conditions  with  regard  to  biological 
availability  of  the  pollutant  in  the  studied  sites. 
Concentrations  of  DDT  were  two  orders  of  mag- 
nitude below  the  tolerance  limit  for  human  con- 
sumption (5ppm).  (Doria-PTT) 
W91-06883 


treatments.  Accumulation  factors  appear  to  be  re- 
lated to  the  hydrophobicity  (or  lipophilicity)  of  the 
congeners  since  there  were  highly  significant  nega- 
tive rank  correlations  between  individual  clam 
AFs  and  log  of  the  octanol/water  partition  coeffi- 
cient in  each  of  the  treatments.  (Doria-PTT) 
W9 1-06894 


MOVEMENT  OF  BROMACIL  AND  HEXAZIN- 
ONE  IN  A  MUNICIPAL  SITE. 

New  South  Wales  Dept.  of  Agriculture,  Rydal- 
mere   (Australia).    Biological   and   Chemical    Re- 
search Inst. 
W.  J.  Allender. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  46,  No.  2,  p  284-291, 
February  1990.  1  fig,  2  tab,  14  ref. 

Descriptors:  'Bromacil,  'Herbicides,  'Hexazinone, 
'Path  of  pollutants,  'Urban  areas,  Acidity,  Austra- 
lia, Calcium,  Eucalyptus  trees,  Gas  chromatogra- 
phy. Liquid  chromatography,  Magnesium,  Organic 
matter,  Phosphates,  Ponding,  Semiarid  lands, 
Shrubs,  Soil  properties,  Soil  texture,  Soil  types, 
Trees,  Vegetation,  Xerophytes. 

A  town  in  New  South  Wales,  Australia,  was  sam- 
pled in  1988  to  determine  the  movement  of  herbi- 
cides away  from  target  areas  after  it  was  noticed 
that  native  trees  around  the  site  were  dying  follow- 
ing an  application.  Soil  samples  from  7  sites  were 
analyzed  by  liquid  chromatography  primarily  for 
bromacil  and  hexazinone.  Bromacil  was  detected 
at  5  sites  while  hexazinone  was  found  at  4  sites. 
The  detection  of  hexazinone  was  unexpected,  as 
bromacil  was  said  to  have  been  the  only  herbicide 
used  for  weed  control  around  buildings  and  pipe- 
line valve  sites  for  some  years.  The  patterns  of 
dead  native  flora  at  the  site  suggest  some  lateral 
movement  of  hexazinone.  The  die-back  of  trees 
and  shrubs,  especially  Eucalyptus  sp.,  was  noticea- 
ble following  heavy  rainfall  which  resulted  in  sur- 
face water  flow  and  water  ponding.  The  study 
illustrates  the  consequences  of  applying  a  mobile 
herbicide  that  can  move  away  from  target  areas  to 
affect  or  destroy  xerophytic  native  species.  (Doria- 
PTT) 
W9 1-06895 


ACCUMULATION  FACTORS  FOR  ELEVEN 
POLYCHLORINATED  BIPHENYL  CON- 
GENERS. 

Environmental  Research  Lab.-Narragansett,  New- 
port, OR.  Mark  O.  Hatfield  Marine  Science 
Center. 

S.  P.  Ferraro,  H.  Lee,  L.  M.  Smith,  R.  J.  Ozretich, 
and  D.  T.  Specht. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  46,  No.  2,  p  276-283, 
February  1990.  4  tab,  15  ref. 

Descriptors:  'Bioaccumulation,  'Path  of  pollut- 
ants, 'Polychlorinated  biphenyls,  'Sediment  con- 
tamination, Biological  magnification,  Chromatog- 
raphy, Clams,  Gas  chromatography,  Lipids,  Or- 
ganic carbon,  Sediment  analysis,  Sediments,  Solu- 
bility, Statistical  analysis,  Tissue  analysis,  Water 
pollution. 

Bioaccumulation  tests  were  conducted  with  clams 
(Macoma  nasuta)  exposed  to  sediment  collected 
from  the  Southern  California  Bight.  Sediment  and 
tissue  samples  were  analyzed  for  1 1  polychlorinat- 
ed biphenyl  (PCB)  congeners.  Mean  accumulation 
factors  (AF)  were  then  calculated.  Statistically  sig- 
nificant differences  between  some  treatment  AF 
means  were  found  for  6  congeners.  The  magnitude 
of  the  differences  was  small,  however,  the  mean 
AFs  differing  by  a  factor  of  about  2-3  for  a  given 
congener.  Mean  AFs  exceeded  2  for  PCB-52 
(2,2',5,5'  tetrachlorobiphenyl  in  2  treatments;  all 
other  mean  AFs  were  <2.  More  than  half  (10  of 
18)  of  the  individual  clam  AFs  that  exceeded  2 
were  for  PCB-52,  and  most  (13  of  18)  individual 
clam  AFs  >2  occurred  in  clams  exposed  to  a 
sediment  from  one  station  having  a  low  concentra- 
tion of  pollutant  and  low  total  organic  carbon.  Of 
the  total  number  of  AFs  determined,  only  18,  or 
about  4%,  exceeded  2.  Mean  AFs  were  not  con- 
stant across  the  1 1  PCB  congeners  in  3  of  the  5 


BIOLOGICAL  SURVEY  OF  GROUND  WATER 
FROM  THE  TEHRAN  PLAIN,  IRAN. 

Tehran  Univ.  (Iran).  School  of  Pharmacy. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-06901 


HEAVY  METALS  AND  ORGANIC  MICRO- 
POLLUTANTS  IN  FLOODPLATNS  OF  THE 
RIVER  WAAL,  A  DISTRIBUTARY  OF  THE 
RIVER  RHINE,  1958-1981. 

Institute  for  Soil  Fertility,  Haren  (Netherlands). 
J.  Japenga,  K.  H.  Zschuppe,  A.  J.  De  Groot,  and 
W.  Salomons. 

Netherlands  Journal  of  Agricultural  Science 
NETMAW,  Vol.  38,  No.  3A,  p  381-397,  1990.  10 
fig,  6  tab,  15  ref. 

Descriptors:  'Flood  plains,  'Heavy  metals,  'Path 
of  pollutants,  'River  Waal,  'Rivers,  'Sediment 
contamination,  'The  Netherlands,  Arsenic,  Cadmi- 
um, Chromium,  Copper,  DDT,  Hexachloroben- 
zene,  Hydrodynamics,  Lead,  Mercury,  Nickel, 
Polychlorinated  biphenyls,  Polycyclic  aromatic 
hydrocarbons,  River  Rhine,  Suspended  solids, 
Zinc. 

During  periods  of  high  water  discharge,  dyke- 
protected  floodplains  of  the  River  Rhine  in  the 
Netherlands  become  inundated  and  suspended 
matter  from  the  river  settles  out.  In  the  last  30 
years,  floodplain  top  layers  have  been  sampled 
several  times  just  after  deposition;  samples  were 
dried  and  stored  in  a  specimen  bank.  These  samples 
were  used  to  assess  the  development  of  sediment 
contamination  with  heavy  metals  and  organic  mi- 
cropollutants  during  the  past  decades.  Heavy 
metals  investigated  include  zinc,  copper,  chromi- 
um, lead,  cadmium,  nickel,  mercury,  and  arsenic. 
Different  groups  of  chemically  persistent  organic 
micropollutants  were  studied:  polycyclic  aromatic 
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Group  5B — Sources  Of  Pollution 

hydrocarbons,  polychlorinated  biphenyls,  hexach- 
lorobenzene,  DDT,  and  DDT  metabolites.  In  gen- 
eral, the  levels  of  most  contaminants  decreased 
substantially  between  1958  and  1981.  The  variation 
among  the  different  floodplain  locations  is  due  to 
differences  in  hydrodynamic  characteristics  of  the 
location.  A  comparison  was  made  between  the 
concentrations  found  and  the  levels  considered 
acceptable  if  the  floodplain  area  is  used  for  cattle 
grazing;  a  comparison  was  made  also  with  estimat- 
ed natural  background  levels  and  with  reference 
values  defined  by  the  Dutch  government.  (Au- 
thor's abstract) 
W9 1-06936 


DEVELOPMENT     OF     A     TOXIC     ALEXAN- 
DRIUM  MINUTUM  HALIM  (DINOPHYCEAE) 
BLOOM     IN     THE     HARBOUR     OF     SANT 
CARLES    DE    LA    RAPITA    (EBRO    DELTA, 
NORTHWESTERN  MEDITERRANEAN). 
Instituto  de  Ciencias  del  Mar,  Barcelona  (Spain). 
M.  Delgado,  M.  Estrada,  J.  Camp,  J.  V. 
Fernandez,  and  M.  Santmarti. 
Scientia  Marina,  Vol.  54,  No.  1,  p  1-7,  March  1990 
7  fig,  26  ref. 

Descriptors:  •Dinoflagellates,  •Eutrophication, 
•Mediterranean  Sea,  *Path  of  pollutants,  •Phyto- 
plankton, *Red  tide,  •Toxicity,  Bays,  Mixing,  Mus- 
sels, Nutrients,  Shellfish,  Stratification,  Tempera- 
ture effects,  Water  pollution  sources,  Weather. 

A  bloom  of  Alexandrium  minutum,  reaching  con- 
centrations up  to  28  million  cells/L,  was  observed 
in  the  harbor  of  San  Carles  de  la  Rapita  (north- 
western Mediterranean)  on  May  4,  1989.  During 
the  following  days,  paralyzing  shellfish  poisoning 
(PSP)  toxicity  was  detected  in  mussels  exposed  to 
harbor  waters  and  in  mussels  from  a  neighboring 
bay.  Shellfish  extraction  was  stopped  in  the  delta 
region  and  no  human  illness  occurred.  Meteorolog- 
ical and  hydrographic  conditions  during  the  red 
tide  were  typical  of  those  reported  for  similar 
events  elsewhere.  Mixing  by  strong  winds  at  the 
end  of  April  may  have  caused  nutrient  enrichment. 
The  following  warm  weather  and  stratification  of 
the  water  column  may  have  favored  the  accumula- 
tion of  motile  organisms  such  as  dinoflagellates, 
that  were  finally  dispersed  by  strong  winds  of  May 
23-25.  The  origin  of  A.  minutum  in  the  region  is 
unknown.  Further  red  tides  are  likely  to  occur  in 
the  region.  The  hydrologic  conditions  in  the  delta, 
with  frequent  fertilization  events  followed  by  peri- 
ods of  water  column  stratification,  may  be  special- 
ly favorable  for  red  tide  development.  Another 
point  to  consider  is  the  possible  effect  of  water 
eutrophication  in  increasing  the  frequency  and  in- 
tensity of  phytoplankton  blooms.  Continuing  re- 
search is  necessary  to  improve  our  understanding 
of  the  red  tide  phenomenon  and  to  devise  adequate 
means  to  mitigate  damage.  (Author's  abstract) 
W91-06938 


EL  NINO  EFFECTS  ON  HYDROGEN  ION 
CONCENTRATION  OF  A  CALIFORNIA  RES- 
ERVOIR. 

California  Univ.,  Berkeley.  Kearney  Foundation  of 
Soil  Science. 
J.  G.  McColl. 

Biogeochemistry  BIOGEP,  Vol.  10,  No.  1,  p  29- 
36,  1990.  3  fig,  1  tab,  15  ref.  University  of  Califor- 
nia, Berkeley,  California  Hatch  Project  CA-B- 
PSB-3664-H. 

Descriptors:  *Acid  rain,  •California,  •Climatolo- 
gy, *E1  Nino,  'Hydrogen  ion  concentration,  •Res- 
ervoirs, 'Weather  patterns,  Chemistry  of  precipita- 
tion, Climates,  Precipitation,  Seasonal  variation, 
Storm  runoff,  Storms. 

The  yearly  and  monthly  variation  in  the  hydrogen 
ion  concentration  of  discharge  water  from  Pardee, 
a  large  reservoir  in  the  central  Sierra  Nevada  of 
California,  with  the  occurrence  of  El  Nino  events 
was  examined.  El  Nino  is  part  of  a  complex  system 
of  fluctuations  referred  to  as  El  Nino/Southern 
Oscillation  (ENSO)  which  is  the  dominant  index  of 
global  climatic  changes  over  time  periods  of 
months  to  a  few  years.  ENSO  anomalies  generally 
result  in  unusual  winter  conditions  mid-latitude 
regions,  well  as  causing  major  changes  in  tropical 


rainfall  patterns  associated  with  severe  drought 
conditions  or  torrential  rainfall  patterns  in  other 
parts  of  the  globe.  Data  of  untreated  reservoir 
discharge  water  were  obtained  from  weekly 
records  of  the  Municipal  Utilities  District.  Samples 
were  collected  at  the  outlet  tower  of  the  Pardee 
Reservoir.  Hydrogen  ion  activity  was  calculated 
from  potentiometnc  measurements  made  at  the  site 
immediately  following  collection.  Monthly  and 
yearly  means  were  calculated,  and  regression  anal- 
yses were  performed  using  standard  statistical 
methods.  Hydrogen  ion  concentration  of  discharge 
water  from  Pardee  reservoir  was  greater  than  ex- 
pected in  years  of  El  Nino  occurrence  over  the 
period  1954-86.  This  pattern  is  in  addition  to  the 
general  increase  in  H(  +  )  concentration  over  the 
same  period  attributed  to  acidic  atmospheric  depo- 
sition. Monthly  means  of  H(  +  )  concentration  also 
show  differences  between  El  Nino  and  non-El 
Nino  years.  Total  annual  runoff  does  not  seem  to 
be  a  controlling  factor;  the  source  and  timing  of 
storms  are  probably  more  important.  Storms  are 
usually  from  the  west  or  northwest,  but  during  El 
Nino  years,  tropical-like  storms  from  a  more  south- 
erly direction  appear  to  carry  acidic  pollutants  to 
the  central  Sierra  Nevada.  (Agostine-PTT) 
W9 1-06943 


METHANE  PRODUCTION  AND  SULFATE  RE- 
DUCTION IN  TWO  APPALACHIAN  PEAT- 
LANDS. 

Villanova  Univ.,  PA.  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-06946 


CUMULATIVE  EFFECT  OF  WETLANDS  ON 
STREAM  WATER  QUALITY  AND  QUANTITY: 
A  LANDSCAPE  APPROACH. 

Minnesota  Univ.-Duluth.  Natural  Resources  Re- 
search Inst. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06947 


TRANSPORT  OF  GROUNDWATER-BORNE 
NUTRIENTS  FROM  WATERSHEDS  AND 
THEIR  EFFECTS  ON  COASTAL  WATERS. 

Boston  Univ.,  MA.  Marine  Biological  Lab. 

I.  Valiela,  J.  Costa,  K.  Foreman,  J.  M.  Teal,  and  B. 

Howes. 

Biogeochemistry  BIOGEP,  Vol.  10,  No.  3,  p  177- 

197,  1990.  8  fig,  6  tab,  86  ref.  NSF  Grants  BSR  84- 

18268  and  BSR  85-20473. 

Descriptors:  *Anoxic  conditions,  'Coastal  waters, 
•Eutrophication,  'Groundwater  movement,  'Mas- 
sachusetts, 'Nutrient  transport,  'Nutrients,  'Path 
of  pollutants,  Aquatic  plants,  Biogeochemistry, 
Chemical  properties,  Denitrification,  Nitrogen 
compounds,  Phosphates,  Sediments,  Watersheds. 

It  has  become  apparent  during  the  last  decade  that 
groundwater  flow  and  transport  of  nutrients  into 
shallow  coastal  water  are  far  more  significant  and 
widespread  than  had  been  realized.  The  flow  of 
groundwater  into  Great  Sippewissett  Marsh,  on 
the  West  coast  of  Cape  Cod  facing  Buzzards  Bay, 
was  studied.  The  concentrations  of  nitrate,  nitrite, 
ammonium  and  phosphate  were  measured.  Con- 
centrations varied  widely,  but  the  upper  ranges  of 
dissolved  organic  nitrogen  and  phosphate  are  two 
to  three  orders  of  magnitude  higher  than  those  of 
the  receiving  seawater.  Anthropogenic  activities 
on  coastal  watersheds  increase  nutrient  concentra- 
tions of  groundwater.  As  groundwater  travels 
downslope  it  transports  these  nutrients  toward  the 
adjoining  coastal  water.  The  resulting  nutrient 
loading  rates  can  be  significant  because  nutrient 
concentrations  in  coastal  waters  may  be  several 
orders  of  magnitude  greater  than  those  of  receiv- 
ing coastal  waters.  Groundwater-borne  nutrients 
are  subject  to  active  biogeochemical  transforma- 
tions as  they  course  through  the  upper  1  m  or  so  of 
bottom  sediment  where  conditions  favor  anaerobic 
processes  such  as  denitrification,  and  other  mecha- 
nisms that  either  sequester  or  release  nutrients.  The 
relative  importance  of  advective  vs.  regenerative 
pathways  of  nutrient  supply  may  result  in  widely 
different  rates  of  release  of  nutrients  from  sedi- 
ments. The  relative  activity  of  denitrifiers  also  may 
alter  the  ratio  of  N  to  P  released  to  overlying 


waters,  and  hence  affect  which  nutrient  limits 
growth  of  producers.  The  consequences  of  nutrient 
loading  include  somewhat  elevated  nutrient  con- 
centrations in  the  watercolumn,  increased  growth 
of  macroalgae  and  phytoplankton,  reduction  of 
seagrass  beds,  and  reductions  of  the  associated 
fauna.  The  decline  in  animals  occurs  because  of 
habitat  changes  and  because  of  the  increased  fre- 
quency of  anoxic  events  by  the  characteristically 
high  respiration  rates  found  in  enriched  waters. 
(Author's  abstract) 
W9 1 -06950 


RADIUM  IN  THE  SUWANNEE  RIVER  AND 
ESTUARY:  SPRING  AND  RIVER  INPUT  TO 
THE  GULF  OF  MEXICO. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Ocean- 
ography. 

W.  C.  Burnett,  J.  B.  Cowart,  and  S.  Deetae 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  3,  p  237- 
255,  1990.  7  fig,  3  tab,  30  ref.  Florida  Department 
of  Environmental  Regulation  Contract  LR  48  and 
Florida  Institute  of  Phosphate  Research  Contract 
FIPR  83-05-016. 

Descriptors:  •Biogeochemistry,  *Estuaries, 
•Groundwater  movement,  *Gulf  of  Mexico, 
•Radium,  *Rivers,  *Saline-freshwater  interfaces, 
•Water  pollution  sources,  Chemical  properties, 
Suspended  solids,  Water. 

A  study  of  radium  was  conducted  in  the  Suwannee 
River  and  estuary,  one  of  the  most  important  rivers 
in  Florida  in  terms  of  discharge  and  radium  input 
into  the  Gulf  of  Mexico.  Two  years  of  monthly 
sampling  were  conducted  at  seven  stations  in  the 
river  and  several  sampling  profiles  in  the  estuary. 
The  study  included  measurements  of  particulate  as 
well  as  soluble  radium,  thus  allowing  an  evaluation 
of  the  contribution  of  'river-borne'  and  'desorbed- 
radium'.  Results  have  shown  that  groundwater  dis- 
charge, via  springs,  is  a  very  important  source  of 
radium  both  to  the  river  and  to  offshore  Gulf  of 
Mexico  waters.  Dissolved  radium  is  maintained 
within  relatively  narrow  limits  in  the  river  by 
uptake  into  suspended  particles.  In  the  estuary, 
dissolved  radium  versus  salinity  profiles  show  dis- 
tinctive non-conservative  behavior  with  radium  in 
significant  excess  of  its  linear  mixing  value  at  mid- 
salinities.  Unlike  the  situation  in  many  other  estu- 
aries, however,  desorption  of  radium  from  parti- 
cles cannot  account  for  most  of  the  observed 
excess.  Thus,  the  anomalously  high  radium  charac- 
teristic of  much  of  the  west  Florida  shelf  apparent- 
ly does  not  have  a  riverine  source.  Direct  effusion 
of  high-radium  groundwater  into  these  coastal 
waters  is  thought  to  be  the  major  supplier  of 
radium,  and  perhaps  other  elements  as  well.  There- 
fore, uranium-series  isotopes  may  be  useful  tracers 
of  the  influence  of  groundwater  on  the  coastal 
ocean.  (Agostine-PTT) 
W9 1-06953 


NUTRIENT  COUPLINGS  BETWEEN  ON-SITE 
SEWAGE  DISPOSAL  SYSTEMS,  GROUND- 
WATERS, AND  NEARSHORE  SURFACE 
WATERS  OF  THE  FLORIDA  KEYS. 
Harbor  Branch  Oceanographic  Institution,  Inc., 
Fort  Pierce,  FL. 

B.  E.  Lapointe,  J.  D.  O'Connell,  and  G.  S.  Garrett. 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  3,  p  289- 
307,  1990.  7  fig,  1  tab,  40  ref.  NSF  Grant  OCE- 
8515492. 

Descriptors:  'Florida  Keys,  'Groundwater  move- 
ment, 'Groundwater  pollution,  'Nearshore  proc- 
esses, 'Nutrients,  'Septic  wastewater, 
•Wastewater  pollution.  Canals,  Chemical  proper- 
ties, Groundwater  recharge,  Nitrogen  compounds, 
Observation  wells.  Salinity,  Septic  tanks. 

A  one-year  study  was  conducted  to  determine  the 
effects  of  on-site  sewage  disposal  systems  (OSDS, 
septic  tanks)  on  the  nutrient  relations  of  limestone 
groundwaters  and  nearshore  waters  of  the  Florida 
Keys.  Monitor  wells  were  installed  on  canal  resi- 
dences with  OSDS  and  a  control  site  in  the  Key 
Deer  National  Wildlife  Refuge  on  Big  Pine  Key. 
Groundwater  and  surface  water  samples  were  col- 
lected monthly  during  1987  and  analyzed  for  con- 
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centrations  of  dissolved  inorganic  nitrogen  (DIN), 
soluble  reactive  phosphate  (SRP),  temperature  and 
salinity.  Significant  nutrient  enrichment  (up  to 
5000-fold)  occurred  in  groundwaters  contiguous  to 
OSDS;  DIN  was  enriched  an  average  of  400-fold 
and  SRP  some  70-fold  compared  to  control 
groundwaters.  Ammonium  was  the  dominant  ni- 
trogenous species,  while  concentrations  of  nitrate 
+  nitrite  were  also  highly  enriched.  Relative  to 
DIN,  concentrations  of  SRP  were  low  in  enriched 
groundwaters.  N:P  ratios  of  enriched  groundwat- 
ers were  >  100  and  increased  with  increasing 
distance  from  the  OSDS,  suggesting  significant, 
but  incomplete,  adsorption  of  SRP  by  subsurface 
flow  through  carbonate  substrata.  Nutrient  con- 
centrations of  groundwaters  varied  seasonally  and 
were  approximately  2-fold  higher  during  the 
winter  compared  to  summer.  In  contrast,  surface 
water  nutrient  values  were  2-fold  higher  during 
the  summer  compared  to  winter.  Direct  measure- 
ments of  subsurface  groundwater  flow  rate  indicat- 
ed that  tides  and  increased  groundwater  recharge 
enhanced  flow  some  2-fold  and  6-fold  respectively. 
The  observed  seasonal  coupling  of  OSDS-derived 
nutrients  from  groundwaters  to  surface  waters  is 
maximum  during  summer  because  of  seasonally 
maximum  tides  and  increased  hyuraulic  head 
during  the  summer  wet  season.  The  yearly  average 
benthic  flux  of  anthropogenic  DIN  into  contiguous 
canal  surface  waters  is  5-fold  greater  than  the 
highest  rate  of  benthic  N-fixation  measured  in  car- 
bonate-rich tropical  marine  waters.  (Author's  ab- 
stract) 
W9 1-06956 


NITROGEN  INPUTS  TO  A  MARINE  EMBAY- 
MENT:  THE  IMPORTANCE  OF  GROUND- 
WATER. 

Marine  Biological  Lab.,  Woods  Hole,  MA.  Eco- 
systems Center. 

A.  E.  Giblin,  and  A.  G.  Gaines. 
Biogeochemistry  BIOGEP,  Vol.  10,  No.  3,  p  309- 
328,  1990.  6  fig,  5  tab,  30  ref.  NOAA  WHOI  Sea 
Grant    Program    Grant    NA80AA-D-00077    and 
NSF  Grant  OCE  86-15055. 

Descriptors:  *Coasts,  *Groundwater  pollution, 
•Massachusetts,  *Nitrogen,  'Path  of  pollutants, 
•Runoff,  Denitrification,  Estuaries,  Freshwater, 
Groundwater  movement,  Hydrologic  budget,  Ni- 
trogen compounds,  Sediments,  Septic  tanks. 

The  importance  of  nitrogen  inputs  from  ground- 
water and  runoff  in  a  small  coastal  marine  cove  on 
Cape  Cod,  MA  were  examined.  Groundwater 
inputs  were  evaluated  by  three  different  methods:  a 
water  budget,  assuming  discharge  equals  recharge; 
direct  measurements  of  discharge  using  bell  jars; 
and  a  budget  of  water  and  salt  at  the  mouth  of  the 
cove  over  several  tidal  cycles.  The  lowest  esti- 
mates were  obtained  by  using  a  water  budget  and 
the  highest  estimates  were  obtained  using  a  budget 
of  water  and  salt  at  the  cove  mouth.  Overall  there 
was  more  than  a  five  fold  difference  in  the  fresh- 
water inputs  calculated  by  using  these  methods. 
Nitrogen  in  groundwater  appears  to  be  largely 
derived  from  on  site  septic  systems.  Average  ni- 
trate concentrations  were  highest  in  the  region 
where  building  density  was  greatest.  Nitrate  in 
groundwater  appeared  to  behave  conservatively  in 
sandy  sediments  where  groundwater  flow  rates 
were  high,  indicating  that  denitrification  was  not 
substantially  reducing  external  nitrogen  loading 
into  the  cove.  Nitrogen  inputs  from  groundwater 
were  approximately  300  millimole-N/cubic  meter/ 
year  of  cove  water.  Road  runoff  contributed  an 
additional  60  millimole/cubic  meter/year.  Total 
nitrogen  inputs  from  groundwater  and  road  runoff 
to  this  cove  were  similar  in  magnitude  to  river 
dominated  estuaries  in  urbanized  areas  in  other 
parts  of  the  United  States.  (Author's  abstract) 
W9 1-06957 


FATE  OF  ETHYLENETHIOUREA  IN  HAWAI- 
IAN SOIL  AND  WATER. 

Hawaii  Univ.,   Honolulu.   Dept.   of  Agricultural 

Biochemistry. 

C.  J.  Miles,  and  D.  R.  Doerge. 

Journal    of    Agricultural    and    Food    Chemistry 

JAFCAU,  Vol.  39,  No.  1,  p  214-217,  January  1991. 

1  fig,  3  tab,  20  ref.  USD  A  Grants  88WRPIAP-17 


and  85-CSRS-2-2570. 

Descriptors:  'Carbamates,  'Ethylenethiourea, 
•Fate  of  pollutants,  'Hawaii,  'Path  of  pollutants, 
•Pesticides,  'Soil  contamination,  Basalts,  Chroma- 
tography, Clays,  Computer  models,  Degradation 
products,  Groundwater  pollution,  Radioactive 
tracers,  Saturation  zone,  Soils,  Toxicity. 

Ethylenethiourea  (ETU)  degradation  rates  and 
products  in  soil  and  groundwater  were  determined 
by  using  standard  and  isotopically  labelled  ETU 
(C-13,  C-14  and  N-15).  Although  the 
ethylenebis(dithiocarbamate)  (EBDC)  fungicides 
show  low  toxicity,  ethylenethiourea,  which  is  a 
formulation  byproduct  and  environmental  metabo- 
lite, is  goitrogenic  and  carcinogenic  in  laboratory 
animals.  The  occurrence  of  ETU  in  groundwater 
underscores  the  importance  of  its  residue  determi- 
nation and  environmental  fate.  Concentrations  of 
ETU  and  ethyleneurea  (EU)  in  groundwater  and 
soil/water  mixtures  were  determined  by  liquid 
chromatography  (LC)  using  a  silica  column  with 
100%  water  as  mobile  phase.  ETU  sorption  and 
degradation  were  tested  in  three  Hawaiian  soils 
with  various  physical  and  chemical  compositions. 
Soils  were  flooded  to  simulate  conditions  in  the 
soil  saturated  zone.  Degradation  and  sorption  were 
evaluated  by  a  computer  program,  CXTFIT,  that 
solves  a  convection/dispersion  equation  assuming 
linear  adsorption  and  first  order  decay.  The  inves- 
tigation shows  that  ETU  is  rapidly  degraded  and 
detoxified  to  EU  and  sulfate  in  soils  studied  by  a 
chemical  oxidation  mechanism,  possibly  by  ferric 
ion  mediated  soil  surface  generated  hydroxyl  radi- 
cals. EU  is  further  degraded  by  microbes  to  ethyl- 
enediamine  and  C02.  ETU  degraded  very  slowly 
in  groundwater,  but  the  rate  increased  significantly 
with  addition  of  basalt.  Although  ETU  is  only 
weakly  sorbed  by  soils  and  clays,  it  should  not 
reach  deep  groundwater  because  of  rapid  break- 
down in  overlying  soils.  These  results  suggest  a 
low  potential  for  groundwater  contamination  by 
ETU.  (Agostine-PTT) 
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ANALYSIS  OF  SULFUR  IN  SOIL,  PLANT  AND 
SEDIMENT  MATERIALS:  SAMPLE  HAN- 
DLING AND  USE  OF  AN  AUTOMATED  ANA- 
LYZER. 

Illinois  Univ.,  Urbana.  Dept.  of  Forestry. 
For  primary  bibliographic  entry  see  Field  5A. 
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ENRICHMENT  PROCESS  OF  2,4-D  DE- 
GRADERS  IN  DIFFERENT  SOILS  UNDER 
UPLAND  CONDITIONS. 

Nagoya  Univ.  (Japan).  Lab.  of  Soil  Science. 

N.  Miwa,  and  S.  Kuwatsuka. 

Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  2,  p 

261-266,  1990.  5  fig,  13  ref. 

Descriptors:  *Biodegradation,  'Chlorinated  hydro- 
carbon insecticides,  'Degradation  products,  •En- 
richment, *Fate  of  pollutants,  *Phenoxy  acid  her- 
bicides, 'Soil  types,  Agricultural  chemicals,  Pesti- 
cide residues,  Sample  preservation,  Soil  analysis, 
Soil  contamination,  Soil  samples. 

The  enrichment  process  of  2,4-dichlorophenoxya- 
cetic  acid  (2,4-D)  degraders  in  soil  under  upland 
conditions  was  investigated  using  samples  of  a 
mineral  soil  and  an  Ando  soil  which  were  stored  or 
not  stored.  A  remarkably  higher  population  of  2,4- 
D  degraders  in  soils  was  found  when  the  enumera- 
tion was  performed  using  a  mineral  medium  com- 
pared with  the  nutrient  broth  medium  in  the  most 
probable  number  (MPN)  method.  The  population 
and  proliferation  rate  were  proportional  to  the 
degradation  rate  of  2,4-D  in  the  soils  examined. 
2,4-D  was  degraded  after  a  longer  lag  period  in  the 
mineral  soil  after  long-term  storage  than  in  the 
fresh  soil,  but  the  duration  of  storage  did  not  affect 
the  degradation  rate  of  2,4-D  after  the  lag  period. 
Since  the  population  of  the  2,4-D  decreased 
through  long  term  soil  storage,  a  longer  lag  period 
was  required  for  the  proliferation  of  the  degraders 
to  cause  an  appreciable  degradation  of  2,4-D  in  the 
soil.  Storage  of  the  Ando  soils  did  not  affect  the 
population  size  of  the  degraders  and  the  degrada- 
tion rate  of  2,4-D  in  the  soil.  In  the  mineral  soil,  a 


higher  concentration  of  2,4-D  resulted  in  a  longer 
lag  period  for  2,4-D  degradation,  and  100  ppm  of 
2,4-D  suppressed  the  proliferation  of  the  de- 
graders. These  results  indicate  that  the  duration  of 
the  lag  period  for  2,4-D  degradation  in  soil  de- 
pended on  the  population  size  of  2,4-D  degraders 
before  the  application  and  on  the  concentration  of 
2,4-D.  (Author's  abstract) 
W91-06973 

CHARACTERIZATION  OF  ALACHLOR  AND 
ATRAZINE  DESORPTION  FROM  SOILS. 

Agricultural  Research  Service,  St.  Paul,  MN. 
S.  A.  Clay,  and  W.  C.  Koskinen. 
Weed  Science  WEESA6,  Vol.  38,  No.  1,  p  74-80, 
1990.  2  fig,  6  tab,  16  ref. 

Descriptors:  •Agricultural  chemicals,  'Alachlor, 
•Analytical  methods,  *Atrazine,  *Desorption, 
•Herbicides,  *Path  of  pollutants,  •Phenylamide 
herbicides,  *Triazine  pesticides,  Adsorption,  Clay 
loam,  Corn,  Hysteresis,  Isotherms,  Loam,  Separa- 
tion techniques,  Soil  contamination,  Soil  types, 
Soils,  Soybeans. 

Herbicide  desorption  isotherms  may  be  affected  by 
the  amount  of  nondesorbable  herbicide  present  in 
the  soil.  Alachlor  and  atrazine  desorption  in  soils 
was  studied  to  determine:  (a)  if  a  portion  of  ad- 
sorbed atrazine  and  alachlor  was  nondesorbable 
from  two  Minnesota  soils  used  extensively  for  corn 
(Zea  mays  L.)  and  soybeans  (Glycine  max  (L.) 
Merr.)  production,  and  (b)  the  effects  of  correcting 
for  the  amount  of  nondesorbable  herbicide  on  the 
desorption  isotherms.  Nondesorbable  alachlor  (as 
determined  after  methanol  extraction)  generally 
increased  on  a  Waukegan  silt  loam  (Typic  Haplu- 
dolls)  and  a  Ves  clay  loam  (Udic  Haplustolls) 
during  five  0.01  M  CaC12  desorptions.  Atrazine 
was  totally  extracted  with  methanol  from  the  Wau- 
kegan soil  after  one  desorption  using  0.01  M 
CaC12.  However,  after  five  desorptions  with  0.01 
M  CaC12  an  average  of  5.5  and  15.5%  of  the  total 
recovered  atrazine  from  two  atrazine  application 
rates  was  methanol  nondesorbable  from  the  Wau- 
kegan and  Ves  soils,  respectively.  Freundlich  de- 
sorption isotherms  adjusted  for  nondesorbable  her- 
bicide accounted  for  as  much  as  71%  of  the  differ- 
ence between  adsorption  and  desorption  isotherms. 
Only  a  portion  of  the  hysteresis  observed  can  be 
attributable  to  nondesorbable  herbicide  or  degrada- 
tion products.  The  amount  of  nondesorbable  herbi- 
cide and  the  amount  of  hysteresis  accounted  for 
were  dependent  on  the  soil  type,  herbicide  applied, 
solvent  used  for  extraction,  and  the  number  of 
equilibration  periods.  The  amount  of  nondesorba- 
ble herbicides  may  increase  as  the  aging  process  of 
the  herbicide  in  the  soil  progresses  over  days, 
weeks,  and  months.  However,  the  amount  of  non- 
desorbable herbicide  may  explain  a  portion  of  ob- 
served hysteresis  during  laboratory  batch  desorp- 
tion experiments.  (Agostine-PTT) 
W91-06982 


DISSIPATION  OF  NORFLURAZON  AND 
OTHER  PERSISTENT  HERBICIDES  IN  SOIL. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Agronomy. 
C.  W.  Hubbs,  and  T.  L.  Lavy. 
Weed  Science  WEESA6,  Vol.  38,  No.  1,  p  81-88, 
1990.  3  fig,  6  tab,  25  ref. 

Descriptors:  *Fate  of  pollutants,  'Herbicides, 
•Norflurazon,  'Pesticide  residues,  'Pesticides, 
•Phytotoxicity,  'Soil  contamination,  Adsorption, 
Capillarity,  Chromatography,  Organic  matter, 
Photolysis,  Plant  growth,  Radioisotopes,  Separa- 
tion techniques,  Soil  columns,  Toxicity,  Tracers. 

Norflurazon  applied  for  weed  control  in  cotton,  as 
well  as  some  other  herbicides,  sometimes  persist  in 
soil  from  one  growing  season  to  the  next  at  levels 
phytotoxic  to  the  following  crop.  Dissipation 
modes  of  norflurazon  were  characterized  by  using 
C-14  labelled  herbicides  for  adsorption,  mobility, 
photolysis,  and  volatility  studies  to  aid  in  the  pre- 
diction of  conditions  influencing  herbicide  carry- 
over problems.  A  direct  soil-counting  technique 
modified  for  use  in  these  studies  yielded  a  norflura- 
zon recovery  as  high  as  83%  of  the  applied  radio- 
activity. Relative  mobility  of  the  herbicides  on  soil 
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thin-layer  chromatography  plates  was  fluometuron 
>  or  =  atrazine  >  norflurazon.  Norflurazon  ad- 
sorption increased  and  mobility  decreased  as  soil 
organic  matter  and  clay  content  increased.  Consid- 
erable upward  movement  of  norflurazon  and  atra- 
zine occurred  in  subirrigated  columns  containing 
herbicide-treated  Hebert  silt  loam.  Upward  move- 
ment in  excess  of  5  cm  occurred  in  10  days  and  8 
weeks  for  atrazine  and  norflurazon,  respectively. 
Photolysis  and  volatilization  studies  with  atrazine 
and  norflurazon  revealed  low  volatilization  but 
significant  photolytic  losses  for  norflurazon  w  hen 
herbicide-treated  soil-coated  slides  were  exposed 
to  ultraviolet  or  sunlight.  After  98  h  atrazine  vola- 
tilization was  greater  and  photolysis  in  sunlight  less 
than  that  observed  for  norflurazon.  Laboratory 
studies  showing  upward  movement  of  norflurazon 
and  atrazine,  in  conjunction  with  dissipation  losses 
occurring  at  the  soil  surface,  suggested  that  losses 
of  norflurazon  and  atrazine  are  facilitated  by 
movement  in  capillary  water  referred  to  as  the 
'wick'  effect.  (Author's  abstract) 
W91-06983 


ROTATION  AND  CONTINUOUS  USE  OF 
DIETHOLATE,  FONOFOS,  AND  SC-0058  ON 
EPTC  PERSISTENCE  IN  SOIL. 

Nebraska  Univ.,  Lincoln.  Dept.  of  Agronomy. 

B  W.  Bean,  F.  W.  Roeth,  A.  R.  Martin,  and  R.  G. 

Wilson. 

Weed  Science  WEESA6,  Vol.  38,  No.  2,  p  179- 

185,  1990.  7  tab,  16ref. 

Descriptors:  'Agricultural  chemicals,  'Agricultur- 
al practices,  'Fate  of  pollutants,  *Organophos- 
phorus  pesticides,  'Pesticide  residues,  'Pesticides, 
•Soil  contamination,  'Thiocarbamate  pesticides, 
Biodegradation,  Dietholate,  Field  tests,  Fonofos, 
Nebraska,  Pesticide  extenders,  S-ethyl  dipropylth- 
iocarbamate,  Weeds. 

The  effectiveness  of  S-ethyl  dipropylthiocarbamate 
(EPTC)  extender  usage  in  soils  from  two  Nebraska 
locations  was  examined.  The  studies  were  designed 
to  determine  the  effects  of  initial  application,  re- 
peated use,  and  rotation  of  dietholate,  fonofos,  and 
SC-0058  applied  with  EPTC  on  weed  control  and 
rate  of  EPTC  biodegradation.  The  biodegradation 
of  dietholate  and  SC-0058  following  repeat  appli- 
cations were  also  examined  to  determine  if  extend- 
er biodegradation  could  be  a  factor  in  enhanced 
EPTC  degradation  in  EPTC  4-  extender  history 
soils.  Field  and  laboratory  studies  were  conducted 
to  examine  the  influence  of  continuous  use  and 
rotation  of  extenders  on  EPTC  persistence  in  soils 
from  Clay  Center  and  Scottsbluff,  NE.  Rotation  of 
EPTC  +  dietholate  and  EPTC  -I-  fonofos  in  soils 
with  three  prior  annual  treatments  of  each  combi- 
nation did  not  improve  weed  control  compared  to 
continuous  use.  SC-0058  was  generally  effective  in 
slowing  EPTC  biodegradation  in  soils  previously 
treated  with  EPTC,  EPTC  +  dietholate,  EPTC  + 
fonofos,  or  EPTC  +  SC-0058.  Dietholate  was 
effective  in  slowing  EPTC  biodegradation  in  soil 
previously  treated  with  EPTC  or  EPTC  +  SC- 
0058.  SC-0058  appeared  to  have  an  inhibitory  in- 
fluence on  the  initial  development  of  soil-enhanced 
EPTC  biodegradation.  Any  enhanced  biodegrada- 
tion of  dietholate  of  SC-0058  that  may  occur  after 
repeated  use  was  not  a  factor  in  enhanced  EPTC 
degradation  in  EPTC  +  extender  history  soils. 
SC-0058  appears  to  be  an  effective  EPTC  extender 
and  in  some  cases  may  be  superior  to  dietholate  or 
fonofos.  (Agostine-PTT) 
W9 1-06984 


INVOLVEMENT  OF  SOH.  MICROORGA- 
NISMS IN  THE  ACCELERATED  DEGRADA- 
TION OF  DIPHENAMID. 

Agricultural    Research    Organization,    Bet-Dagan 

(Israel).  Volcani  Center. 

E.  Avidov,  N.  Aharonson,  and  J.  Katan. 

Weed  Science  WEESA6,  Vol.  38,  No.  2,  p  186- 

193,  1990.  5  fig,  2  tab,  28  ref. 

Descriptors:  'Degradation,  'Diphenamid,  'Fate  of 
pollutants,  'Microbial  degradation,  'Microorga- 
nisms, 'Pesticides,  'Phenylamide  herbicides,  'Soil 
organisms,  Bacteria,  Bacterial  physiology,  Cul- 
tures, Degradation  products,  Metabolites,  Radioi- 
sotopes, Soil  fungi,  Tracers. 


The  degradation  of  diphenamid  in  soil  conditioned 
for  accelerated  degradation  and  nontreated  control 
soil,  and  the  involvement  of  soil  microorganisms  in 
these  processes  were  investigated.  Soil  with  accel- 
erated degradation  and  mixed  bacterial  cultures 
originating  from  the  same  soil  degraded  diphena- 
mid and  its  monodemethylated  metabolite  (diphen 
M-l)  much  faster  than  the  control.  The  bidemethy- 
lated  derivative  (diphen  M-2)  was  degraded  much 
more  slowly  then  diphenamid  or  diphen  M-l.  The 
abundance  of  fungi  capable  of  degrading  diphena- 
mid was  similar  in  the  soils  with  and  without 
accelerated  degradation.  Degradation  of  diphena- 
mid by  mixed  bacterial  cultures  from  a  soil  with 
accelerated  degradation  was  much  faster  than  by  a 
culture  from  nontreated  soil  and  was  suppressed  by 
the  fungicides  thiram  and  fentin  acetate.  These  two 
fungicides,  as  well  as  the  bactericide  chloramphen- 
icol, suppressed  diphenamid  degradation  in  mixed 
bacterial  cultures.  The  antifungal  cycloheximide 
and  the  actinomycete  suppressor  PCNB  did  not 
affect  the  degradation  of  diphenamid.  Metabolism 
of  C-14  labelled  diphenamid  in  a  soil  with  acceler- 
ated degradation  and  in  mixed  bacterial  cultures 
originating  from  the  same  soil  showed  similarities 
with  regard  to  evolution  of  C-14  labelled  C02  and 
production  of  certain  metabolites,  while  the  metab- 
olism of  diphenamid  by  Fusarium,  which  rapidly 
degrades  diphenamid  in  cultures,  was  different 
with  regard  to  the  above  parameters.  This  suggests 
that  development  of  accelerated  degradation  in  a 
soil  involves  a  shift  in  population  and/or  in  activity 
of  microbial  degraders  in  favor  of  bacteria.  It 
appears  that  the  accelerated  degradation  occurred 
by  inducing  oxidative  reaction  which  involves  di- 
methylation  of  diphenamid.  (Author's  abstract) 
W9 1-06985 


PERSISTENCE  OF  CARBAMOTHIOATE  HER- 
BICIDES IN  SOILS  PRETREATED  WITH  BU- 
TYLATE. 

Clemson  Univ.,  SC.  Dept.  of  Agronomy  and  Soils. 
E.  G.  Lawrence,  H.  D.  Skipper,  D.  T.  Gooden,  J. 
P.  Zublena,  and  J.  E.  Struble. 
Weed  Science  WEESA6,  Vol.  38,  No.  2,  p  194- 
197,  1990.  1  fig,  3  tab,  20  ref. 

Descriptors:  'Agricultural  chemicals,  'Agricultur- 
al practices,  'Butylate,  'Carbamothioate  herbi- 
cides, 'Fate  of  pollutants,  'Path  of  pollutants, 
•Pesticides,  'Soils,  Assay,  Biodegradation,  Carba- 
mate pesticides,  Degradation  products,  Pesticide 
residues,  Radioisotopes,  Soil  contamination,  Soil 
organisms,  Tracers. 

Field  and  laboratory  studies  in  the  southeastern 
United  States  were  conducted  to:  (a)  examine  the 
performance  of  butylate  in  butylate  history  soils 
and  nonhistory  soils;  (b)  determine  if  soil  orga- 
nisms adapted  to  utilizing  butylate  were  cross- 
adapted  to  S-ethyl  dipropylthiocarbamate  (EPTC), 
vernolate,  pebulate,  or  cycloate;  and  (c)  determine 
persistence  of  these  herbicides  in  carbamothioate 
history  fields.  Bioassays  were  used  to  demonstrate 
reductions  of  butylate  and  EPTC  activity  in  four 
soils  preconditioned  by  annual  butylate  applica- 
tions. Combining  these  herbicides  with  dietholate, 
an  enzyme  inhibitor,  prolonged  persistence  and 
restored  normal  herbicidal  activity.  Expected  her- 
bicidal  efficacy  occurred  in  adjacent  plots  with  no 
history  of  carbamothioate  use.  Prior  applications  of 
butylate  resulted  in  cross-adapted  degradation  of 
EPTC  but  not  vernolate,  pebulate,  of  cycloate. 
When  samples  of  Cecil  soil  were  treated  in  the 
laboratory  with  C-14  labelled  butylate,  evolution 
of  C-14  labelled  C02  was  significantly  higher  from 
soils  that  had  received  repeated  field  applications 
of  butylate.  Results  indicated  that  growers  in 
southeastern  United  States  may  experience  prob- 
lems with  enhanced  biodegradation  of  butylate 
where  it  is  used  continuously.  In  addition,  prob- 
lems with  reduced  EPTC  persistence  can  readily 
occur  in  soils  where  there  are  problems  with  buty- 
late. Duplicating  tests  on  nonhistory  soil  enabled 
the  determination  that  normal  herbicidal  activity 
was  due  to  enhanced  biodegradation  from  prior 
use  of  butylate  and  not  to  environmental  of  factors 
associated  with  application.  It  was  shown  that  C- 
14  labelled  herbicides  could  be  used  to  predict 
problem  soils  and  potential  herbicide  failure. 
(Agostine-PTT) 
W9 1-06986 


BIODEGRADATION  OF  BUTYLATE,  EPTC, 
AND  EXTENDERS  IN  PREVIOUSLY  TREAT- 
ED SOILS. 

Wisconsin  Univ. -Madison.  Dept.  of  Agronomy. 
R.  G.  Harvey. 

Weed  Science  WEESA6,  Vol.  38,  No.  3,  p  237- 
242,  1990.  6  tab,  10  ref. 

Descriptors:  'Agricultural  chemicals,  'Agricultur- 
al practices,  'Biodegradation,  'Butylate,  'Carba- 
mate pesticides,  'Fate  of  pollutants,  'Pesticide  ex- 
tenders, 'Pesticides,  'S-ethyl  dipropylthiocarba- 
mate. Corn,  Crop  yield,  Field  tests,  Soil  analysis, 
Weeds,  Wisconsin. 

To  provide  Wisconsin  sweet  corn  producers  with 
improved  systems  for  controlling  wild  proso 
millet,  two  long-term  field  studies  have  been  estab- 
lished. A  6-yr  herbicide  rotation  study  was  de- 
signed to  compare  continuous  versus  alternate-year 
use  of  S-ethyl  dipropylthiocarbamate  (EPTC)  and 
EPTC  plus  dietholate.  A  5-yr  study  was  designed 
to  compare  continuous  applications  of  EPTC  and 
butylate  applied  singly  or  with  the  extenders  dieth- 
olate and  SC-0058.  Herbicide  dissipation  studies 
have  been  conducted  annually  with  soil  samples 
obtained  from  the  field  trials  in  order  to  quantify 
effects  on  herbicide  biodegradation  rates.  En- 
hanced EPTC  and  butylate  biodegradation  oc- 
curred in  soils  previously  treated  with  those  herbi- 
cides. Enhanced  biodegradation  of  dietholate  oc- 
curred on  soils  previously  treated  with  that  extend- 
er plus  either  EPTC  or  butylate.  Enhanced  dietho- 
late biodegradation  was  observed  when  applied 
alone  or  in  combination  with  butylate  or  EPTC. 
Application  with  dietholate  prevented  enhanced 
biodegradation  of  butylate  but  not  EPTC  even 
though  enhanced  biodegradation  of  dietholate  was 
occurring.  Enhanced  biodegradation  of  SC-0058 
did  not  occur.  SC-0058  prevented  enhanced  EPTC 
and  butylate  biodegradation  even  in  soils  previous- 
ly treated  for  three  consecutive  years  with  the 
respective  herbicide  plus  SC-0058.  Application  of 
either  1.1  or  2.2  kg/ha  SC-0058  plus  6.7  kg/ha 
EPTC  provided  equal  or  better  wild  proso  millet 
control  and  sweet  corn  yields  than  applications  of 
EPTC  alone  or  EPTC  plus  dietholate.  The  lack  of 
apparent  enhanced  biodegradation  of  the  extender 
SC-0058  combined  with  the  consistently  superior 
performance  of  EPTC  plus  SC-0058  combinations 
suggests  a  possible  relationship  between  length  of 
extender  persistence  and  herbicide  efficacy.  (Agos- 
tine-PTT) 
W91-06987 


EFFECT  OF  MOISTURE  ON  CHLORIMURON 
DEGRADATION  IN  SODL. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Wilmington, 

DE.  Agricultural  Products  Dept. 

T.  P.  Fuesler,  and  M.  K.  Hanafey. 

Weed  Science  WEESA6,  Vol.  38,  No.  3,  p  256- 

261,  1990.  5  fig,  2  tab,  18  ref. 

Descriptors:  'Chemical  degradation,  'Chlori- 
muron,  'Degradation,  'Drought  effects,  'Fate  of 
pollutants,  'Microbial  degradation,  'Pesticides, 
•Soil  water,  Degradation  products,  Hydrolysis, 
Loam,  Radioisotopes,  Silt,  Soybeans,  Sulfonylurea 
herbicides,  Tracers,  Weeds. 

The  drought  conditions  experienced  in  many  crop 
production  areas  in  the  midwestern  United  States 
in  1988  raised  questions  concerning  the  effect  of 
hot,  dry  conditions  on  herbicide  degradation  in 
soil.  The  effect  of  temperature  and  moisture  on 
chlorimuron,  a  sulfonylurea  herbicide  used  for 
broadleaf  weed  control  in  soybeans,  degradation  in 
soil  was  investigated.  Surface  soil  (0  to  15  cm) 
collected  from  agricultural  fields  in  Missouri  (Colo 
loam)  and  Wisconsin  (Rotamer  silt  loam)  was  used 
for  the  study.  The  overall  degradation  of  chlori- 
muron was  very  similar  at  -0.1  and  -1.5  MPa  and 
slightly  less  in  air-dry  soil.  Degradation  rates  in- 
creased with  increasing  temperature.  The  primary 
C-14  labelled  compounds  observed  in  moist-soil 
extracts  were  desmethyl  chlorimuron  and  saccha- 
rin, while  the  primary  C-14  labelled  compound 
observed  in  air-dry  soil  extracts  was  saccharin. 
Saccharin  is  formed  quantitatively  from  ethyl  2- 
(aminosulfonyl)-benzoate  (phenylsulfonamide) 

during  extraction  and  therefore  represents  phenyl- 
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sulfonamide  formed  in  the  soil  as  a  result  of  chemi- 
cal hydrolysis  of  the  sulfonylurea  bridge.  These 
degradation  products  suggest  that  chemical  hy- 
drolysis of  the  sulfonylurea  bridge  is  the  primary 
mode  of  degradation  in  air-dry  soil,  while  microbi- 
al degradation  and  chemical  hydrolysis  both  occur 
in  moist  soil.  The  results  indicate  that  drought 
conditions  will  have  little  net  effect  on  chlori- 
muron  soil  degradation  because  even  in  air-dry  soil 
there  is  enough  moisture  to  effect  chemical  hydrol- 
ysis. Chemical  hydrolysis  will  continue  and  the 
increased  temperatures  typical  of  a  drought  and 
decreased  pH  of  dried  soil  will  accelerate  this 
process,  offsetting  the  decrease  in  microbial  degra- 
dation. (Agostine-PTT) 
W9 1-06988 


ADSORPTION  AND  DESORPTION  OF  ATRA- 
ZINE,  HYDROXY ATRAZINE,  AND  S-GLUTA- 
THIONE  ATRAZINE  ON  TWO  SOILS. 

South  Dakota  State  Univ.,  Brookings.  Dept.  of 

Plant  Science. 

S.  A.  Clay,  and  W.  C.  Koskinen. 

Weed  Science  WEESA6,  Vol.  38,  No.  3,  p  262- 

266,  1990.  2  fig,  3  tab,  26  ref. 

Descriptors:  'Adsorption,  'Adsorption  kinetics, 
•Atrazine,  'Desorption,  'Hydroxyatrazine,  'Path 
of  pollutants,  'Pesticides,  'S-glutathione  atrazine, 
•Triazine  herbicides,  Hydrogen  ion  concentration, 
Leaching,  Loam,  Silt,  Soil  chemistry,  Soil  solution, 
Soils. 

Adsorption  and  desorption  isotherms  for  atrazine 
and  two  metabolites,  hydroxyatrazine  (HA)  and  S- 
glutathione  atrazine  (GSHA),  were  determined  by 
batch  equilibration  on  Piano  and  Waukegan  silt 
loam  soils  at  two  soil  pH  levels  (Piano,  6. 1  and  4.5; 
Waukegan  6.1  and  4.0).  Freundlich  adsorption 
isotherms  were  not  affected  by  soil  type  except  for 
GSHA  at  pH  4.0  to  4.5.  When  averaged  over  both 
soils,  the  order  of  adsorption  at  pH  6.1  was  atra- 
zine (Kf=3.7)  <  GSHA  (Kf=7.3)  <  <  HA 
(Kf=25)  and  at  pH  4.0-4.5  was  atrazine  (Kf=6.1) 
<<  HA  (Kf=58)  <  or  =  GSHA  (Kf:  Piano  = 
35;  Waukegan  =  78).  The  average  slope  of  the 
adsorption  isotherms  was  0.81.  The  slopes  of  all 
desorption  isotherms  were  less  than  their  respec- 
tive adsorption  isotherm  slopes,  indicating  hystere- 
sis. Atrazine  desorbed  into  soil  solution.  With  the 
exception  of  GSHA  which  desorbed  from  the  pH 
6.1  Piano  silt  loam,  desorption  of  HA  and  from 
other  treatments  was  negligible.  In  summary,  two 
atrazine  metabolites,  HA  and  GSHA,  were  ad- 
sorbed to  two  silt  loam  soils  to  a  greater  extent 
than  the  parent  atrazine.  Adsorption  of  all  three 
chemicals  was  pH  dependent  with  higher  adsorp- 
tion on  the  low  than  the  high  pH  soil.  Atrazine 
was  desorbed  into  soil  solution  over  a  3-day 
period;  however,  HA  and  GSHA  were  not  de- 
sorbed from  the  soil  in  most  cases.  These  data 
indicate  that  once  these  metabolites  are  adsorbed, 
desorption  will  be  very  slow.  The  strong  adsorp- 
tion and  low  desorption  characteristics  indicate 
that  HA  and  GSHA  are  not  likely  to  leach  in  the 
soil  profile.  (Agostine-PTT) 
W9 1-06989 


increasing  chloride  concentrations  in  the  range  0.0 
to  0.075  M  and  to  decrease  with  increasing  pH 
above  7.  Results  were  similar  whether  low  levels 
of  methylmercuric  chloride  or  methylmercuric  hy- 
droxide were  used  as  the  starting  materials.  Parti- 
tioning was  not  affected  by  changes  in  ionic 
strength.  The  salinities  chosen  in  this  study  approx- 
imate the  range  of  chloride  concentrations  encoun- 
tered in  natural  ecosystems.  The  difference  be- 
tween the  Kow  values  for  methylmercuric  ion  in 
pure  water  and  in  strong  chloride  solutions  was 
+  1.6  +  or  -0.2.  A  difference  of  this  magnitude 
should  have  some  effect  on  bioconcentration.  The 
absorption  of  methylmercury  compounds  by 
aquatic  organisms  should  be  enhanced  by  increased 
salinity  and  by  decreased  pH.  (Geiger-PTT) 
W9 1-06991 


DIRECT  IN  SITU  SENSING  OF  THE  FUGACI- 
TY  OF  HYDROPHOBIC  CHEMICALS  IN  NAT- 
URAL WATERS. 

Toronto  Univ.  (Ontario).  Dept.  of  Chemical  Engi- 
neering and  Applied  Chemistry. 
J.  W.  Sproule,  W.  Y.  Shiu,  D.  Mackay,  W.  H. 
Schroeder,  and  R.  W.  Russell. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  9-20,  1991.  4  fig,  1 
tab,  22  ref. 

Descriptors:  'Air-water  interfaces,  'Dissolved 
solids,  'Mercury,  'Path  of  pollutants,  'Volatility, 
Aromatic  compounds,  Chlorinated  aromatic  com- 
pounds, Fate  of  pollutants,  Ontario,  Organic  com- 
pounds, Theoretical  analysis,  Toluene,  Vapor  pres- 
sure. 

Two  sparging  devices  have  been  designed,  built, 
and  tested  to  estimate  the  concentration  of  truly 
dissolved  chemicals  in  water  and  thus  the  potential 
for  diffusive  transfer  by  volatilization.  The  first 
system  is  a  floating  sparger  in  which  air  is  intro- 
duced into  a  chamber  floating  in  the  water  body. 
In  the  second  system,  water  is  pumped  continuous- 
ly to  the  device  located  in  a  vessel  or  on  shore, 
then  the  water  is  returned  to  the  water  body. 
Samples  of  air,  and  air  contacted  to  achieve  equi- 
librium with  the  water,  are  analyzed  to  give  an 
unequivocal  determination  of  the  displacement  of 
equilibrium  between  air  and  water.  Essentially,  the 
chemical's  fugacity  or  partial  pressure  is  measured. 
A  steady  state  mass  balance  of  the  sparging  princi- 
pal was  theorized.  Exploratory  test  results  in  a 
wind-wave  tank  measured  the  concentrations  of 
chlorobenzene  and  toluene  in  air  and  water.  In  the 
field,  the  level  of  mercury  in  the  Wabigoon  River 
system  in  northwest  Ontario  was  calculated  using 
the  sparging  technique  to  measure  the  volatiliza- 
tion of  mercury.  Laboratory  tests  with  the  continu- 
ous flow  sparger  showed  that  for  all  chemicals 
tested  (1,4-dichlorobenzene,  pentachlorobenzene, 
hexachlorobenzene,  and  octachlorostyrene),  the 
concentration  in  the  exit  water  was  not  significant- 
ly lower  than  that  of  the  entering  water.  (Geiger- 
PTT) 
W9 1-06992 


OCTANOL/WATER  PARTITION  COEFFI- 
CIENT OF  METHYLMERCURIC  CHLORIDE 
AND  METHYLMERCURIC  HYDROXIDE  IN 
PURE  WATER  AND  SALT  SOLUTIONS. 

Army  Biomedical  Research  and  Development 
Lab.,  Fort  Detrick,  MD. 

M.  A.  Major,  D.  H.  Rosenblatt,  and  K.  A.  Bostian. 
Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  5-8,  1991.  3  fig,  11  ref. 

Descriptors:  'Bioaccumulation,  'Chlorides,  'Mer- 
cury, 'Methylmercury,  'Path  of  pollutants,  Ab- 
sorption, Hydrogen  ion  concentration,  Ionic 
strength.  Partitioning,  Saline  water,  Sodium  chlo- 
ride. 

The  1-octanol/ water  partition  coefficient  (Kow)  of 
methylmercury  was  determined  at  pH  7  in  water 
and  in  aqueous  solutions  ranging  from  0.0003  to 
0.6000  M  in  sodium  chloride.  It  was  also  deter- 
mined over  a  pH  range  of  2  to  10  with  a  fixed 
sodium  chloride  concentration  of  0.0045  M.  In 
these  experiments,  Kow  was  seen  to  increase  with 


TOXICOKINETICS  AND  TOXICITY  OF  A 
MIXTURE  OF  SEDIMENT-ASSOCIATED  PO- 
LYCYCLIC  AROMATIC  HYDROCARBONS  TO 
THE  AMPHIPOD  DIPOREIA  SP. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06993 


EFFECTS  OF  DISSOLVED  ORGANIC  CARBON 
ON  ACCUMULATION  AND  ACUTE  TOXICITY 
OF  FENVALERATE,  DELTAMETHRIN  AND 
CYHALOTHRIN      TO      DAPHNIA      MAGNA 

(STRAUS). 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06999 


TOXICITY  TO  AQUATIC  ORGANISMS  OF 
OFF-TARGET  DEPOSITION  OF  ENDOSUL- 
FAN  APPLIED  BY  AIRCRAFT. 


Sources  Of  Pollution — Group  5B 

Environmental    Protection    Service,    Dartmouth 
(Nova  Scotia). 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07000 


OXIDATIVE  DEHYDROCHLORINATION  OF 
HEPTACHLOR  BY  DAPHNIA  MAGNA. 

Illinois  Univ.  at  Chicago  Circle.  Dept.  of  Biologi- 
cal Sciences. 

M.  Feroz,  A.  A.  Podowski,  and  M.  A.  Q.  Khan. 
Pesticide  Biochemistry  and  Physiology  PCBPBS, 
Vol.  36,  No.  2,  p  101-105,  February  1990.  3  fig,  2 
tab,  20  ref. 

Descriptors:  'Biotransformation,  'Chlorinated  hy- 
drocarbon insecticides,  'Daphnia,  'Fate  of  pollut- 
ants, 'Heptachlor,  'Metabolism,  Chronic  toxicity, 
Ketones,  Lake  Michigan,  Population  exposure,  Ra- 
dioactivity techniques,  Separation  techniques. 

The  metabolism  of  heptachlor  by  Daphnia  magna 
was  studied  by  exposing  500  daphnids  to  CI  4- 
labeled  heptachlor  in  1  liter  of  Lake  Michigan 
water  for  72  hr.  Organic  extracts  from  the  water 
were  pooled  and  subjected  to  solvent  extraction 
and  analysis  by  thin  layer  chromatography.  The 
thin-layer  chromatograms  were  exposed  to  X-ray 
films  and  the  areas  corresponding  to  radioactivity 
were  scraped,  extracted,  and  further  analyzed.  Re- 
sults showed  that  heptachlor  is  metabolized  by  the 
freshwater  microcrustacean  to  1-hydroxychlor- 
dene,  1-ketochlordene,  l-hydroxy-2,3-epoxychlor- 
dene,  and  their  glucosides,  sulfates,  and  other  con- 
jugates. 1-Hydroxychlordene  is  converted  to  1- 
ketochlordene,  indicating  that  in  vivo  formation  of 
1-ketochlordene  may  proceed  via  oxidative  dehy- 
drochlorination  of  HC-C1  in  heptachlor  to  CH-OH 
(1-hydroxychlordene)  followed  by  oxidation  of  the 
latter  to  1-ketochlordene.  The  ketone  formation 
from  heptachlor  may  not  result  via  a  chlorhydrin 
intermediate.  (Geiger-PTT) 
W9 1-07002 


INFLUENCE  OF  SELENIUM,  SALINITY,  AND 
BORON  ON  SELENIUM  UPTAKE  IN  WILD 
MUSTARD. 

Agricultural  Research  Service,  Fresno,  CA.  Water 
Management  Research  Lab. 
G.  S.  Banuelos,  D.  W.  Meek,  and  G.  J.  Hoffman. 
Plant  and  Soil  PLSOA2,  Vol.  127,  No.  2,  p  201- 
206,  1990.  4  fig,  2  tab,  28  ref. 

Descriptors:  'Bioaccumulation,  'Boron,  'Path  of 
pollutants,  'Salinity,  'Selenium,  Agricultural 
runoff,  Birds,  Evaporation  ponds,  Food  chains, 
Plants,  Salt  tolerance,  Sulfates,  Toxicity,  Water 
pollution  effects. 

Elevated  levels  of  selenium  (Se),  boron  (B),  and 
other  toxicants  in  evaporation  ponds  used  for  dis- 
posal of  agricultural  drainage  water  may  accumu- 
late in  the  food  chain  and  cause  toxicity  and/or 
reproductive  problems  in  wildfowl  using  the 
water.  Wild  brown  mustard  (Brassica  juncea)  was 
shown  in  greenhouse  water  cultures  to  determine 
the  effects  of  Se,  salinity,  and  B  in  the  root  media 
on  total  Se  concentrations  in  plant  tissues.  The 
experimental  design  was  a  three-way  incomplete 
factorial  with  treatments  consisting  of  four  Se  con- 
centrations (0,  2,  6,  and  15  mg  Se/L  as  Na2Se04), 
four  B  concentrations  (0.1,  2,  6,  and  15  mg  B/L  as 
boric  acid)  and  four  salt  treatments  (0.5,  3,  10,  and 
15  dS  m  as  NaCl  and  CaCl  in  approximately  5:1 
ratio  by  weight).  After  40  days  of  growing  in  the 
respective  water  culture  treatment,  plants  were 
harvested,  separated  into  shoots  and  roots  and 
analyzed  for  total  tissue  Se  and  B,  and  shoot  sulfate 
(S04)  concentrations.  The  treatments  significantly 
influenced  yield  and  uptake  of  Se,  B,  and  S04  by 
wild  mustard.  Shoot  and  root  dry  weight  yields 
were  reduced  by  30%  and  21%,  respectively.  Sele- 
nium and  S04  tissue  concentrations  were  positive- 
ly related  to  solution  Se,  while  the  Se  model  was 
independent  of  solution  B  and  salinity.  Similarly,  B 
concentrations  were  positively  related  to  solution 
B,  while  the  B  model  was  independent  of  solution 
Se  and  salinity.  Therefore  mustard  is  reasonably 
salt  tolerant  and  accumulates  Se  and  B  when 
grown  in  waters  laden  with  Se  and  B.  (Author's 
abstract) 
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ACCUMULATION    AND    METABOLISM    OF 
2,4,6-TRICHLOROPHENYL-4'- 
AMINOPHENYL  ETHER  BY  CARP. 

Shiga  Prefectural  Inst,  of  Public  Health  and  Envi- 
ronmental Science,  Otsu  (Japan). 
T.  Tsuda,  S.  Aoki,  M.  Kohma,  and  H.  Harada. 
Comparative   Biochemistry   and    Physiology   (C) 
CBPCEE,  Vol.  96,  No.  1,  p  17-21,  1990.  6  fig,  12 
ref. 

Descriptors:  'Animal  metabolism,  'Bioaccumula- 
tion,  'Carp,  'Fish  physiology,  •Herbicides,  'Path 
of  pollutants,  •Toxicology,  'Water  pollution  ef- 
fects, Acute  toxicity,  Kidneys,  Liver,  Metabolites, 
Muscle. 

The  accumulation  of  the  herbicide  2,4,6-trichloro- 
phenyl-4'-aminophenyl  ether  (CNP-amino)  in  carp 
over  a  14  day  exposure  was  investigated.  CNP- 
amino  in  carp  could  be  divided  into  free  CNP- 
amino  (CNP-amino(I))  and  bound  CNP-amino 
(CNP-amino(II)).  The  bioconcentration  factors 
(BCF)  of  CNP-amino(I-t-II)  in  carp  were  90  +/- 
38  (mean  +/-SD,  n  =  3)  for  muscle,  402  for  liver, 
501  for  kidney  and  5368  for  gallbladder  after  14 
days  exposure.  The  BCF  values  in  all  four  tissues 
of  carp  reached  plateau  after  10  days.  2,4,6-Trich- 
lorophenyl-4'-acetamide  phenyl  ether  (CNP-aceta- 
mide)  was  detected  as  a  metabolite  of  CNP-amino 
in  muscle  and  viscera  of  the  carp.  The  rate  of 
CNP-amino  metabolism  was  fairly  rapid,  as  deter- 
mined from  the  ratio  of  CNP-acetamide  to  CNP- 
amino(I-t-II),  with  signficant  metabolism  occurring 
within  the  first  day  of  exposure.  (Hoskin-PTT) 
W91-07019 


BIOCONCENTRATION  AND  EXCRETION  OF 
DIAZINON,  IBP,  MALATHION  AND  FENI- 
TROTHION  BV  CARP. 

Shiga  Prefectural  Inst,  of  Public  Health  and  Envi- 
ronmental Science,  Otsu  (Japan). 
T.  Tsuda,  S.  Aoki,  M.  Kojima,  and  H.  Harada. 
Comparative    Biochemistry   and    Physiology   (C) 
CBPCEE,  Vol.  96,  No.  1,  p  23-26,  1990.  4  fig,  2 
tab,  8  ref. 

Descriptors:  'Animal  metabolism,  'Bioaccumula- 
tion,  *Biological  magnification,  •Carp,  *Excretion, 
•Fungicides,  •  Insecticides,  'Path  of  pollutants, 
•Toxicology,  *Water  pollution  effects,  Acute  tox- 
icity, Diazinon,  Kidneys,  Liver,  Malathion, 
Muscle,  Pesticide  kinetics. 

The  bioconcentration  and  excretion  of  the  insecti- 
cides diazinon,  malathion  and  fenitrothion,  and  the 
fungicide  IBP  (S-benzyl  diisopropyl  phosphoroth- 
iolate)  were  studied  in  the  carp  (Cyprinus  carpio 
L.).  The  concentrations  of  these  compounds  in 
muscle  and  viscera  of  the  carp  reached  plateaus  in 
12-48  hr  exposure.  The  average  values  of  biocon- 
centration factors  (BCF)  for  diazinon  were  20.9  in 
muscle,  60.0  in  liver,  111.1  in  kidney  and  32.2  in 
gallbladder  over  the  168  hr  exposure  period.  Simi- 
larly, those  values  were  4.3-26.7  for  IBP,  2.7-17.3 
for  malathion,  and  36.0-157.1  for  fenitrothion.  Ex- 
cretion processes  follow  first-order  kinetics  for 
malathion  and  second-order  kinetics  for  the  other 
pesticides.  The  excretion  rate  constants  of  malathi- 
on (/hr)  were  0.13  for  muscle,  0.12  for  liver,  0.08 
for  kidney  and  0.06  for  gallbladder.  Those  of  dia- 
zinon, IBP  and  fenitrothion  (g/ng/hr)  were  0.002- 
0.024  for  muscle,  0.001-0.020  for  liver,  0.0004-0.004 
for  kidney  and  0.002-0.023  for  gallbladder,  respec- 
tively. (Author's  abstract) 
W9 1-07020 


COMPARISON  OF  THE  ACCUMULATION, 
TISSUE  DISTRIBUTION  AND  SECRETION  OF 
CADMIUM  IN  DIFFERENT  SPECIES  OF 
FRESHWATER  FISH. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Bio- 
chemistry. 

C.  G.  Norey,  M.  W.  Brown,  A.  Cryer,  and  J.  Kay. 
Comparative  Biochemistry  and  Physiology  (C) 
CBPCEE,  Vol.  96,  No.  1,  p  181-184,  1990.  3  fig,  3 
tab,  13  ref.  National  Environment  Research  Coun- 
cil grants  GR/4970A  and  GR/6179A. 


Descriptors:  •Animal  metabolism,  'Bioaccumula- 
tion,  'Cadmium,  *Fish  physiology,  'Path  of  pol- 
lutants, "Tissue  analysis,  'Toxicology,  'Water  pol- 
lution effects,  Acute  toxicity,  Gills,  Heavy  metals, 
Kidneys,  Liver,  Loach,  Trace  metals,  Trout. 

Rainbow  trout  and  stone  loach  were  exposed  to 
cadmium  in  their  aquarium  water  and  the  fraction- 
al retention  coefficient  for  metal  ((  micrograms 
Cd/100  g  body  wt)/((micrograms  Cd/L)  x  weeks)) 
was  measured  in  both  species  under  different  con- 
ditions of  water  hardness.  The  significant  differ- 
ences that  distinguish  the  Cd-sensitive  (rainbow 
trout)  from  the  Cd-tolerant  species  (stone  loach) 
were  maintained.  Rainbow  trout  and  stone  loach 
were  exposed  to  Cd  in  their  aquarium  water  for  a 
minimum  of  63  days.  Following  their  transfer  into 
Cd-free  water,  elimination  of  the  metal  from  both 
species  of  fish  was  monitored  for  up  to  132  and  170 
days,  respectively,  and  found  to  be  minimal.  The 
distribution  of  Cd  within  the  three  major  Cd- 
sequestering  organs  (liver,  kidney  and  gills)  of  the 
rainbow  trout  and  stone  loach  did  not  change 
significantly  during  the  period  of  their  mainte- 
nance in  Cd-free  water.  A  comparison  of  the  tissue 
distribution  of  Cd  in  rainbow  trout  and  stone  loach 
during  early  stages  of  exposure  to  the  metal  to  3 
micrograms/L  in  their  aquarium  water  under  iden- 
tical conditions  indicated  that  the  gill  was  the 
primary  organ  of  accumulation  in  rainbow  trout, 
whereas  liver  and  kidney  together  were  more  im- 
portant in  the  stone  loach.  (Author's  abstract) 
W9 1-07021 


AcnvrnES  of  pollutant  metabolis- 
ing AND  DETOXICATION  SYSTEMS  IN  THE 
LIVER  OF  THE  PLAICE,  PLEURONECTES 
PLATESSA:  SEX  AND  SEASONAL  VARI- 
ATIONS IN  NON-INDUCED  FISH. 
Unit  of  Aquatic  Biochemistry,  Stirling  (Scotland). 
S.  George,  P.  Young,  M.  Leaver,  and  D.  Clarke. 
Comparative  Biochemistry  and  Physiology  (C) 
CBPCEE,  Vol.  96,  No.  1,  p  185-192,  1990.  3  fig,  3 
tab,  54  ref. 

Descriptors:  'Animal  metabolism,  'Biotransforma- 
tion, 'Detoxification,  'Fate  of  pollutants,  'Floun- 
ders, 'Liver,  'Water  pollution  effects,  Bioassay, 
Bioindicators,  Cytochromes,  Enzymes,  Immature 
growth  stage,  Seasonal  variation.  Steroids,  Tem- 
perature effects. 

The  ability  of  immature  plaice  to  perform  a 
number  of  representative  hepatic  phase  I  and  II 
biotransformations  were  examined.  Activities  at- 
tributable to  cytochrome  P-450  1A1  and  phenol 
UDP-glucuronosyltransferase  activity  were  mark- 
edly higher  in  plaice  than  other  fish  or  rats.  Glu- 
curonidation  of  sex  hormones  and  bilirubin,  conju- 
gation of  ethacrynic  acid  with  glutathione  and  the 
sulfation  of  phenols  were  very  much  lower  in 
plaice  than  in  rats,  indicating  that  these  are  minor 
pathways  in  this  fish.  MFO  activities  in  sexually 
mature  female  plaice  were  20-25%  of  those  in 
immature  fish,  whilst  there  were  no  significant 
differences  in  glutathione  S-transferase  (GST)  or 
glutathione  peroxidase  activity.  Seasonal  variations 
in  activities  were  determined  for  use  in  biomonitor- 
ing  studies.  With  the  exception  of  microsomal 
GST,  all  enzymes  and  the  liver  somatic  index 
showed  a  marked  seasonal  variation,  activities 
were  lower  in  summer  and  showed  a  gradual  rise 
in  autumn  and  winter  with  a  peak  in  spring.  This 
pattern  appeared  to  be  the  inverse  of  the  environ- 
mental temperature,  indicative  of  a  possible  tem- 
perature-dependent effect;  however,  there  was  not 
direct  proportionality  and  photoperiod,  feeding  be- 
havior, plasma  corticosteroid  and  plasma  glucose 
also  show  a  similar  cyclical  variation.  Cytochrome 
P-450  dependent  ethoxyresorufin  O-deethylase  and 
cytosolic  glutathione  S-transferase  activities  in  im- 
mature male  fish  showed  a  two-fold  elevation  over 
those  in  immature  females  during  late  winter  and 
spring  in  the  period  when  gonadal  regression 
might  be  occurring  and  may  be  due  to  elevated  1 1- 
ketotestosterone  levels.  (Author's  abstract) 
W9 1-07022 


SPREADING  OF  OIL  SPILLED  UNDER  ICE. 

Clarkson  Univ.,  Potsdam,  NY.  Dept.  of  Civil  and 
Environmental  Engineering. 


P.  D.  Yapa,  and  T.  Chowdhury. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  116,  No.  12,  p  1468-1483,  Decem- 
ber 1990.  8  fig,  1  tab,  25  ref. 

Descriptors:  'Ice,  'Ice-water  interfaces,  'Mathe- 
matical models,  'Model  studies,  'Oil  spills,  'Oil- 
water  interfaces,  'Path  of  pollutants,  Buoyancy, 
Cleanup,  Environmental  impact,  Laboratory  meth- 
ods, Mathematical  equations,  Viscosity. 

A  new  set  of  equations  is  presented  to  describe  the 
process  of  oil  spreading  under  ice  in  calm  waters. 
These  equations  consider  the  gravity  (buoyancy)- 
inertia  phase,  the  gravity  (buoyancy)-viscous 
phase,  and  the  termination  of  spreading  during  the 
buoyancy-surface-tension  phase.  The  derivation 
considers  both  the  constant  discharge  mode  and 
the  constant  volume  mode.  Therefore,  a  complete 
description  of  the  spreading  phenomena  from  the 
time  of  initial  spill  to  the  termination  of  spreading 
is  presented.  Laboratory  experiments  were  con- 
ducted using  both  real  ice  covers  in  a  cold  room 
and  artificial  ice  covers.  The  experiments  included 
different  ice-cover  roughnesses  from  smooth  to 
rough,  oils  of  different  viscosities,  and  a  variety  of 
discharge  conditions.  The  experimental  data  show 
close  agreement  with  the  theory.  These  equations 
can  be  used  during  cleanup  or  environmental 
impact  assessment  to  estimate  the  area  of  an  oil 
slick  with  respect  to  time.  (Author's  abstract) 
W9 1-07029 


EFFECT  OF  BUOYANCY  ON  TRANSVERSE 
MIXING  IN  STREAMS. 

Stevens  Inst,  of  Tech.,  Hoboken,  NJ.  Dept.  of 
Civil,  Environmental  and  Coastal  Engineering. 
M.  S.  Bruno,  M.  Muntisov,  and  H.  B.  Fischer. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  116,  No.  12,  p  1484-1494,  Decem- 
ber 1990.  5  fig,  2  tab,  7  ref. 

Descriptors:  'Buoyancy,  'Flumes,  'Hydrodyna- 
mics, 'Mixing,  'Path  of  pollutants,  'Plumes, 
•Saline-freshwater  interfaces,  'Streamflow,  Dye 
releases,  Fluorometry,  Laboratory  methods,  Math- 
ematical equations,  Mathematical  models.  Stream 
discharge. 

A  dye  tracer  study  was  conducted  in  a  large 
recirculating  flume  for  the  purpose  of  examining 
the  influence  of  buoyancy  on  transverse  mixing  in 
streams.  Using  Rhodamine  WT  dye,  the  transverse 
spread  of  a  freshwater  discharge  into  a  saline  re- 
ceiving stream  was  measured  downstream  from  the 
release  point.  The  discharge  emanated  from  a  cir- 
cular pipe  2.54  cm  in  diameter,  aligned  parallel  to 
the  stream  flow  and  located  at  mid-depth  at  the 
flume  sidewall.  Fluorometer  samples  were  ob- 
tained throughout  the  cross  section  at  downstream 
stations  spaced  18-24  m  apart.  The  transverse  vari- 
ance of  the  depth-averaged  concentration  distribu- 
tion was  determined  at  each  station.  Using  a  di- 
mensionless  parameter  reflecting  the  ratio  of  the 
buoyancy  input  to  the  stream  turbulent  intensity, 
findings  are  presented  as  to  when  the  effects  of 
buoyancy  must  be  included  in  the  analysis  of  trans- 
verse mixing.  These  findings  illustrate  the  potential 
for  greatly  enhanced  transverse  mixing  in  cases  of 
buoyant  discharges,  with  a  good  deal  of  variability 
depending  on  discharge  and  stream  characteristics. 
(Author's  abstract) 
W9 1-07030 


ESTIMATION  OF  SHALLOW  GROUND- 
WATER QUALITY  IN  THE  WESTERN  AND 
SOUTHERN  SAN  JOAQUIN  VALLEY,  CALI- 
FORNIA. 

San  Joaquin  Valley  Drainage  Program,  Sacramen- 
to, CA. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07037 


POLLUTANTS  IN  SOIL,  PARTICULARLY 
HEAVY  METALS  AND  HARMFUL  ORGANIC 
SUBSTANCES,  AFTER  YEARLY  USAGE  OF 
MUNICIPAL  WASTES  (SCHADSTOFFE  IM 
BODEN  INSBESONDERE  SCHWERMETALLE 
UND     ORGANISCHE     SCHADSTOFFE     AUS 
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LANGJAHRIGER  ANWENDUNG  VON  SIED- 
LUNGSABFALLEN). 

Landwirtschaftliche  Untersuchungs-  und  Fors- 
chungsanstalt,  Speyer  (Germany,  F.R.). 
W.  Kampe,  C.  Zurcher,  and  H.  Jobst. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  TIBA-8980478. 
Price  codes:  E07  in  paper  copy,  A01  in  microfiche. 
Report  No.  87-033,  A,  1986.  149p,  16  tab,  140  ref. 

Descriptors:  'Heavy  metals,  *Land  disposal,  •Mu- 
nicipal wastes,  •Organic  compounds,  'Soil  con- 
tamination, 'Wastewater  disposal,  Agriculture, 
Chlorinated  hydrocarbons,  Hydrocarbons,  Phtha- 
lates,  Polychlorinated  biphenyls,  Sludge  utiliza- 
tion, Terphenyls. 

Soil  and  plant  samples,  from  a  combined  project 
with  six  institutes  using  high  sewage  sludge  dos- 
ages between  1959  and  1980,  were  analyzed  for 
chlorinated  hydrocarbons,  polychlorinated  biphen- 
yls (peak  pattern)  and  four  polycyclic  aromatic 
hydrocarbons.  The  soil  samples  were  randomly 
analyzed  for  isomers  of  4-nonylphenols,  phthalates, 
polychlorinated  napthalines  and  polychlorinated 
terphenyls.  There  was  no  enrichment  of  the  chlor- 
inated hydrocarbons  and  no  transfer  to  the  culti- 
vated plants.  The  polychlorinated  biphenyl  con- 
tents in  soil  were  on  the  average  5  to  17  times 
increased  (maximum  factor  of  61).  The  averages 
ranged  between  0.005  and  0.0049,  with  maximas 
between  0.001  and  0.34  mg/kg  soil.  A  transfer  to 
plants  (wheat,  clover,  sugar  beet  leaves,  potatoes) 
was  not  established.  The  range  of  the  other  sub- 
stances extended  generally  to  0.003  mg/kg,  with  an 
extreme  value  of  3.0  mg/kg  soil  for  diethylhex- 
ylphthalate.  The  results  indicate,  with  a  high 
degree  of  certainty,  that  in  agriculture  no  critical 
situation  arises  as  a  consequence  of  sewage  sludge 
usage.  (Author's  abstract) 
W9 1-07040 


TRAVELTIME  AND  REAERATION  COEFFI- 
CIENTS FOR  THE  NORTH  PLATTE  RIVER, 
CASPER  TO  ORIN,  WYOMING. 

Geological  Survey,  Cheyenne,  WY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07042 


TOWARD  MORE  REALISTIC  MATERIAL 
MODELS  FOR  RELEASE  AND  DISPERSION 
OF  HEAVY  GASES. 

Lawrence  Livermore  National  Lab.,  CA. 

H.  C.  Rodean. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Price  codes:  A03 

in  paper  copy,  A01  in  microfiche.  39p,  13  fig,  3  tab, 

44  ref,  append.  DOE  Contract  W-7405-Eng-48. 

Descriptors:  'Air  pollution  sources,  'Chemical  re- 
actions, 'Gases,  'Hazardous  wastes,  'Mathemati- 
cal models,  'Model  studies,  'Path  of  pollutants, 
Air  pollution,  Chemical  interactions,  Chemical 
speciation,  Nitrogen  tetroxide,  Uranium  hexafluor- 
ide. 

Two  toxic  materials  with  complex  behavior,  urani- 
um hexafluoride  (UF6)  and  nitrogen  tetroxide 
(N204),  are  used  to  illustrate  the  modeling  of 
phase  change  in  combination  with  chemical  reac- 
tions. The  properties  of  these  materials,  their  phase 
diagrams,  the  dissociation  of  N204  into  N02,  and 
the  reactions  of  UF6  and  N204  with  water  are 
reviewed.  The  models  presented  for  mixtures  of 
UF6  and  N204  with  dry  and  moist  air  are  based 
on  thermodynamic  equilibrium,  the  ideal  gas  law, 
temperature  dependent  saturation-vapor  pressure 
equations,  a  temperature-dependent  equilibrium 
constant  for  the  N204  =  2N02  reaction,  and  the 
reactions  of  UF6  and  N204/N02  with  H20. 
There  is  some  uncertainty  about  the  later  reaction, 
but  the  available  evidence  gives  support  to  the 
assumed  product,  the  nitric  acid-water  azeotrope. 
The  material  model  equations  are  written  in  terms 
of  pressure  ratios  and  dimensionless  parameters. 
All  the  parameters  are  positive  and  all  but  two  are 
restricted  to  values  between  zero  and  unity.  These 
equations  are  used  to  construct  equilibrium  dia- 
grams with  temperature  and  the  mass  fraction  of 
the  material  in  the  mixture  as  the  coordinates.  The 


properties  of  the  mixtures  are  illustrated  by  curves 
for  constant  values  of  vapor  mass  fraction,  extent 
of  N204  dissociation,  and  extent  of  chemical  reac- 
tion. There  is  much  common  structure  among  the 
models  for  UF6  and  N204  mixed  with  dry  and 
moist  air.  The  more  complex  cases  reduce  to  sim- 
pler cases  when  certain  parameters  or  variables  are 
equal  to  zero.  The  solution  of  heat  balance  equa- 
tions for  the  release  of  superheated  UF6  that  is 
subsequently  mixed  with  air  are  plotted  for  three 
cases:  mixing  with  dry  air,  mixing  with  moist  air 
but  assuming  no  chemical  reaction,  and  mixing 
with  moist  air  with  the  UF6-H20  reaction.  The 
densities  of  these  mixtures  relative  to  ambient  air 
are  plotted,  and  the  only  case  with  positive  buoy- 
ancy is  that  with  the  UF6-H20  reaction.  (Lantz- 
PTT) 
W9 1-07048 


SALINTTY--AN       OLD       ENVIRONMENTAL 
PROBLEM. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  3C. 

W9 1-07049 


SUPERFUND  RECORD  OF  DECISION: 
UNITED  SCRAP  LEAD,  OH. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07051 


APPLICATIONS  OF  REMOTE  SENSING 
TECHNIQUES  FOR  THE  INVENTORY  AND 
MONITORING  OF  ENVIRONMENTAL  POL- 
LUTION. 

Geofax  B.V.,  Oldenzaal  (Netherlands). 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-07052 

EFFECTS  OF  HETEROGENEOUS  POROUS 
GEOLOGY  ON  GROUNDWATER  FLOW  AND 
TRANSPORT  MODELING  IN  MULTIA- 
QUIFER  SYSTEMS. 

Savannah  River  Lab.,  Aiken,  SC. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-07053 


SUPERFUND  RECORD  OF  DECISION:  RING- 
WOOD  MINES/LANDFILL,  VA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07054 


SUPERFUND  RECORD  OF  DECISION: 
UPJOHN  MANUFACTURING  COMPANY,  PR. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07056 


IDENTIFICATION  OF  SOURCES  OF  SEDI- 
MENT TRANSPORT  IN  SMALL  BASINS  WITH 
SPECIAL  REFERENCE  TO  PARTICULATE 
PHOSPHORUS. 

Copenhagen  Univ.  (Denmark).  Inst,  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07084 


UNCERTAINTIES   IN   DEFINING   THE   SUS- 
PENDED SEDIMENT  BUDGET  FOR  LARGE 
DRAINAGE  BASINS. 
Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07111 

5C.  Effects  Of  Pollution 


CHEMICAL  ASPECTS  OF  WATER  QUALITY 
AND  HEALTH. 


For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05976 

CHLORINATED  DRINKING  WATER  AND 
BLADDER  CANCER:  EFFECT  OF  MISCLASSI- 
FICATION  ON  RISK  ESTIMATES. 

Iowa  Univ.,  Oakdale.  Dept.  of  Preventative  Medi- 
cine and  Environmental  Health. 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-05982 

CADMIUM  TOXICITY  TO  PHOTOSYNTHESIS 
AND  ASSOCIATED  ELECTRON  TRANSPORT 
SYSTEM  OF  NOSTOC  LINCKIA. 

Banaras  Hindu  Univ.,  Varanasi  (India).  Centre  for 

Advanced  Study  in  Botany. 

Y.  Husaini,  A.  K.  Singh,  and  L.  C.  Rai. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  1,  p  146-150, 

January  1991.  2  tab,  12  ref. 

Descriptors:  'Algae,  'Cadmium,  'Cyanophyta, 
•Nostoc,  'Photosynthesis,  'Toxicity,  'Water  pol- 
lution effects,  Adenosine  triphosphate,  Algal  phys- 
iology, Carbon  fixation,  Electron  transport,  Hill 
reaction  assay,  Oxygen  requirements,  Photosys- 
tems,  Polarographic  method. 

The  sensitivities  of  photosystem  I,  photosystem  II, 
and  the  redox  coupling  between  the  two  photosys- 
tems  of  Nostoc  linckia  exposed  to  different  concen- 
trations of  cadmium,  an  aquatic  contaminant,  were 
compared  to  determine  the  toxic  site  of  action  in 
cyanobacteria  and  algae.  Hill  reaction  assays  were 
carried  out  within  three  hours  of  membrane  prepa- 
ration by  a  polarographic  method  and  expressed  in 
terms  of  either  evolution  or  consumption  of 
oxygen.  Carbon  fixation  and  total  adenosine  tri- 
phosphate (ATP)  content  were  also  measured.  The 
results  indicated  that  cadmium  inhibited  the  elec- 
tron transport  chain,  carbon- 14  uptake  and  ATP 
content  in  a  concentration  dependent  manner.  Re- 
duction in  ATP  synthesis  was  responsible  for  inhi- 
bition of  C-14  incorporation.  Specifically,  it  was 
determined  that  photosystem  II  was  the  primary 
site  of  action  of  cadmium  for  photosynthetic  elec- 
tron transport  and  may  be  the  primary  site  of 
action  of  cadmium  in  cyanobacteria  and  algae. 
(Medina-PTT) 
W9 1-05988 


BIOCONCENTRATION  OF  ENDOSULFAN  IN 
DD7FERENT  BODY  TISSUES  OF  ESTUARTNE 
ORGANISMS  UNDER  SUBLETHAL  EXPO- 
SURE. 

Hiroshima  Univ.  (Japan).  Faculty  of  Applied  Bio- 
logical Science. 

N.  Rajendran,  and  V.  K.  Venugopalan. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  46,  No.  1,  p  151-158, 
January  1991.  2  tab,  12  ref. 

Descriptors:  'Animal  tissues,  'Biological  magnifi- 
cation, 'Clams,  'Endosulfan,  'Estuaries,  'Fish, 
•Oysters,  'Sublethal  effects,  'Toxicology,  'Water 
pollution  effects,  Chlorinated  hydrocarbon  insecti- 
cides, Gas  chromatography,  Liquid  chromatogra- 
phy, Pesticide  toxicity,  Tissue  analysis. 

The  bioconcentration  of  endosulfan  in  different 
tissues  of  the  fishes  (Mugil  cephalus  and  Mystus 
gulio),  oyster  (Crassostrea  madrasensis)  and  clam 
(Katelysa  opima)  was  determined  based  on  the 
measured  concentration  of  endosulfan  in  an  experi- 
mental medium  of  continuous  flow  for  10  days. 
Tissue  analysis  was  conducted  using  silica  gel 
column  chromatographic  and  gas  chromatographic 
methods.  The  results  showed  that  tissue  concentra- 
tion of  endosulfan  was  directly  proportional  to  the 
degree  of  exposure  to  this  pesticide.  However, 
there  were  differences  in  the  accumulated  levels  of 
this  compound  in  the  test  organisms  which  might 
be  due  to  the  differences  in  the  exposed  concentra- 
tions of  endosulfan  as  they  were  calculated  on  the 
basis  of  their  LC50  values.  It  could  be  inferred  that 
the  uptake  of  pesticide  mainly  depended  upon  the 
storage  capacity  of  the  different  organs.  The  high 
concentration  of  this  pesticide  in  different  tissues 
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may  be  detrimental  to  the  biological  activities  of 
the  organisms.  (Medina-PTT) 
W9 1-05989 


EFFECTS  OF  PHTHALATE  ESTERS  ON  THE 
LOCOMOTOR  ACTIVITY  OF  THE  FRESHWA- 
TER AMPHIPOD  GAMMARUS  PULEX. 

Swedish  Environmental  Research  Inst.,  Stock- 
holm. 

A.  Thuren,  and  P.  Woin. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  46,  No.  1,  p  159-166, 
January  1991.  4  fig,  1  tab,  25  ref. 

Descriptors:  •Amphipods,  'Animal  behavior, 
•Phthalates,  'Sublethal  effects,  'Toxicity,  'Toxi- 
cology, 'Water  pollution  effects,  Fish,  Inverte- 
brates, Locomotor  activity,  Macrobenthos,  Plas- 
tics, Sediment-water  interfaces,  Waterfleas. 

Phthalates  are  of  environmental  concern  owing  to 
their  large-scale  annual  production  and  to  their 
ubiquitous  use  as  additives  in  the  manufacture  of 
plastics.  Phthalates  show  low  acute  toxicity  to  fish 
and  are  selectively  toxic  to  cladocerans.  Among 
the  phthalates,  di-2-ethylhexyl  phthalate  (DEHP) 
and  dibutylphthalte  (DBP)  are  the  most  commonly 
used  compounds.  This  study  was  made  to  deter- 
mine their  effect  on  the  overall  locomotor  activity 
of  Gammarus  pulex  and  the  impact  of  long  term 
exposure  on  diel  activity  under  aquarium  condi- 
tions. Animal  activity  was  recorded  by  an  IR  light 
tray-photocell-passage  where  the  number  of  light- 
beam  interruptions  per  hour  was  registered.  There 
was  no  significant  difference  in  overall  locomotor 
activity  between  non-exposed  animals  and  animals 
exposed  to  100  mg  DEHP/L  or  DBP/L.  Howev- 
er, at  500  mg/L,  these  compounds  decreased  the 
overall  locomotor  activity  of  this  organism.  In 
many  polluted  areas,  most  of  the  phthalate  material 
becomes  incorporated  into  the  sediment  and  since 
phthalates  are  partitioned  into  sediment  from 
water,  benthic  invertebrates  living  at  the  sediment- 
water  interface  will  be  more  heavily  exposed  than 
pelagic  animals.  Thus,  the  level  of  exposure  to 
phthalates  from  contaminated  sediments  might  be 
high  enough  to  induce  sublethal  effects  on  macro- 
benthos,  such  as  overall  disturbances  in  locomotor 
activity.  (Medina-PTT) 
W9 1-05990 


CHANGES  IN  POULTRY  LITTER  TOXICITY 
WITH  SIMULATED  ACID  RAIN. 

Maryland   Univ.   Eastern   Shore,   Princess  Anne. 
G.  Gupta,  and  S.  Krishnamurthy. 
Bulletin    of    Environmental    Contamination    and 
Toxicology  BECTA6,  Vol.  46,  No.  1,  p  167-172, 
January  1991.  1  fig,  3  tab,  12  ref. 

Descriptors:  'Acid  rain  effects,  'Agricultural 
runoff,  'Farm  wastes,  'Maryland,  'Nutrient  trans- 
port, 'Poultry,  'Toxicity,  'Water  pollution  effects, 
Antibiotics,  Bioassay,  Biochemical  oxygen 
demand,  Chemical  analysis,  Chesapeake  Bay,  Fish- 
kill,  Heavy  metals,  Hormones,  Hydrogen  ion  con- 
centration, Microorganisms,  Microtox  assay,  Rain- 
fall-runoff relationships,  Statistical  analysis,  Sur- 
face runoff. 

The  Eastern  Shore  of  Maryland  on  the  Delmarva 
Peninsula  generates  9500  metric  tons  of  poultry 
manure  litter  per  day.  Poultry  litter  contains  nutri- 
ents, antibiotics,  heavy  metals,  hormones  and  many 
microorganisms.  With  rainfall,  surface  water 
runoff  reaches  the  Chesapeake  Bay  from  this 
region.  This  leachate  with  its  high  organic  and 
inorganic  salt  contents  and  high  biochemical 
oxygen  demand  can  severely  disrupt  the  aquatic 
life  and  cause  fish  kills.  An  experiment  was  there- 
fore conducted  to  study  the  effect  of  simulated 
acid  rain  (pH  3,  4  and  5)  on  the  toxicity  of  poultry 
litter  extracts.  The  bioluminescent  organism  Pho- 
tobacterium  phosphoreum  was  used  as  the  bioassay 
organism  (Microtox  assay).  Changes  in  pH,  con- 
ductivity and  redox  values  for  the  poultry  litter 
extracts  and  their  relationship  with  time  were  also 
analyzed.  The  toxicity  of  acid  rain  (pH  4  or  5)  with 
poultry  litter  was  always  higher  than  the  toxicity 
of  acid  rain  alone,  but  the  toxicity  decreased  as  the 
time  of  extraction  increased.  Acid  rain  (pH  3)  was 
more  toxic  than  its  mixture  with  litter  (24-hr  ex- 


tract); this  antagonistic  behavior  may  result  from 
the  observed  increase  in  phosphate  with  extraction 
time  and  acidity.  (Medina-PTT) 
W9 1-05991 


TOXICITY  OF  LINDANE,  ATRAZINE,  AND 
DELTAMETHRIN  TO  EARLY  LIFE  STAGES 
OF  ZEBRAFISH  (BRACHYDANIO  RERIO). 

Mainz  Univ.  (Germany,  F.R.).  Dept.  of  Zoology. 
G.  Gorge,  and  R.  Nagel. 

Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  20,  No.  3,  p  246-255,  December 
1990.  2  fig,  6  tab,  26  ref. 

Descriptors:  'Atrazine,  'Deltamethrin,  'Fish  eggs, 
•Lindane,  'Pesticide  toxicity,  'Teratogenic  effects, 
•Toxicity,  'Toxicology,  'Water  pollution  effects, 
•Zebra  fish,  Acute  toxicity,  Animal  tissues.  Chron- 
ic toxicity,  Edema,  Fish  pathology.  Lethal  limit. 

Fertilized  eggs  of  zebrafish  were  exposed  under 
flow-through  conditions  to  several  concentrations 
of  the  following  pesticides:  lindane  40,  80  110,  130, 
and  150  mg/L;  atrazine  300,  1300,  and  9100  mg/L; 
deltamethrin  0.5,  0.8,  and  1.2  mg/L.  Hatching  ab- 
normalities in  development  (external  deformations, 
edema,  etc.),  and  mortality  were  recorded  over  a 
period  of  35  days.  At  the  end  of  the  experiment, 
the  body  lengths  of  the  fish  were  measured.  Sur- 
vival of  juvenile  fish  after  35  days  was  reduced  by 
increasing  concentrations  of  all  xenobiotics  tested; 
lindane  enhanced  the  mortality  from  1 10  mg/L 
and  atrazine  from  1300  mg/L.  Deltamethrin 
showed  an  effect  even  at  the  lowest  test  concentra- 
tion (0.5  mg/L).  Other  parameters  were  affected 
differently:  hatching  rate  was  reduced  only  by 
deltamethrin  (from  0.8  mg/L);  lindane  caused  a 
decrease  in  growth  (40  mg/L)  but  had  no  effect  on 
other  parameters.  Atrazine  increased  the  number 
of  deformations  and  edema  (1300  mg/L)  but  did 
not  influence  hatching  rate  and  growth.  The  sensi- 
tivity of  the  early  life  stages  to  the  pesticides  was 
compared  with  the  acute  toxicity  data  (LC-50)  of 
adult  zebrafish.  The  early  life  stages  were  less 
sensitive  to  lindane  (118  versus  75  mg/L),  whereas 
in  the  case  of  atrazine  (1300  versus  37,000  mg/L) 
and  deltamethrin  (0.5  versus  2  mg/L,  the  lowest 
concentration  tested))  larvae  were  more  sensitive. 
(Author's  abstract) 
W9 1-05996 


DIFFERENTIAL  EFFECTS  OF  MERCURIAL 
COMPOUNDS  ON  THE  ELECTROOLFACTO- 
GRAM  (EOG)  OF  SALMON  (SALMO  SALAR 
L). 

Oslo  Univ.  (Norway).  Dept.  of  Biology. 
E.  Baatrup,  K.  B.  Doving,  and  S.  Winberg. 
Ecotoxicology       and       Environmental       Safety 
EESADV,  Vol.  20,  No.  3,  p  269-276,  December 
1990.  4  fig,  31  ref. 

Descriptors:  *Electroolfactograms,  *Fish  physiolo- 
gy, 'Mercury,  'Olfactometry,  'Salmon,  'Water 
pollution  effects,  Chemoreception,  Mercuric  chlo- 
ride, Methylmercuric  chloride.  Olfactory  epitheli- 
um, Sense  organs. 

The  effects  on  the  salmon  electroolfactogram 
(EOG)  of  the  two  mercurials,  mercuric  chloride 
and  methylmercuric  chloride  were  studied.  The 
EOG  responses  were  evoked  by  stimulating  the 
olfactory  epithelium  with  340  milli  M  L-alanine  for 
10  sec  every  minute  during  a  1-hr  period.  Each 
EOG  response  consisted  of  an  initial  peak  compo- 
nent followed  by  a  sustained  component  with  an 
amplitude  about  40%  below  the  peak  value.  Three 
experimental  series,  each  comprising  six  fish,  were 
carried  out.  In  the  first  series,  the  rosette  was 
irrigated  solely  with  artificial  fresh  water.  In  the 
two  other  series,  a  5-min  exposure  to  mercuric 
chloride  or  methylmercuric  chloride  was  included 
after  10  min  and  a  1 5-min  exposure  after  45  min. 
The  mercuric  ion  eliminated  the  peak  response 
within  2  min  and  suppressed  the  sustained  response 
to  about  35%.  During  the  subsequent  irrigation 
with  mercury-free  fresh  water,  both  EOG  compo- 
nents regained  about  50%  of  their  initial  ampli- 
tudes. In  contrast,  methylmercury  induced  a  steady 
and  parallel  deadline  of  both  the  peak  and  the 
sustained  responses,  which  were  not  reversed  by 
rinsing  the  epithelium  with  fresh  water.  The  results 


of  this  study  demonstrate  the  vulnerability  of  the 
olfactory  receptor  function  in  fish  to  mercury  ex- 
posure even  to  brief  exposures.  Also,  they  show 
the  very  different  effects  of  inorganic  and  organic 
mercurials  upon  the  EOG.  The  impairment  caused 
by  the  inorganic  mercuric  ion  may  to  some  extent 
be  reversed,  but  methylmercury  presumably  causes 
an  irreversible  blocking  of  receptor  function.  (See 
also  W9 1-05999)  (Author's  abstract) 
W9 1-05998 


SAFETY  ASSESSMENT  OF  SELECTED  INOR- 
GANIC ELEMENTS  TO  FRY  OF  CHINOOK 
SALMON  (ONCORHYNCHUS  TSHAWYTS- 
CHA). 

National  Fisheries  Contaminant  Research  Center, 
Yankton,  SD.  Field  Research  Station. 
S.  J.  Hamilton,  and  K.  J.  Buhl. 
Ecotoxicology  and  Environmental  Safety 
EESADV,  Vol.  20,  No.  3,  p  307-324,  December 
1990.  2  fig,  4  tab,  43  ref.  San  Joaquin  Valley 
Drainage  Program,  California  and  U.  S.  Depart- 
ment of  the  Interior. 

Descriptors:  'Arsenic  compounds,  'California, 
•Heavy  metals,  'Salmon,  'San  Joaquin  Valley, 
•Toxicity,  ^Toxicology,  *Water  pollution  effects, 
Arsenate,  Arsenite,  Brackish  water.  Cadmium, 
Copper,  Freshwater,  Mercury,  Relative  element 
toxicity,  San  Luis  Drain,  Selenium,  Silver,  Vanadi- 
um, Zinc. 

The  acute  toxicities  of  arsenate,  arsenite,  cadmium, 
chromate,  copper,  mercury,  silver,  vanadium,  and 
zinc  were  determined,  individually  and  in  two 
environmentally  relevant  mixtures,  to  two  life 
stages  of  Chinook  salmon  in  reconstituted  fresh  and 
brackish  waters  that  simulated  potential  conditions 
in  the  San  Joaquin  Valley,  California.  The  relative 
individual  toxicities  of  the  elements  varied  over 
four  orders  of  magnitude;  from  most  toxic  to  least 
toxic,  the  rank  order  was  cadmium  >  copper  > 
mercury  >  zinc  >  vanadium  >  arsenite  >  arse- 
nate >  chromate  (no  definitive  tests  for  silver).  In 
general,  young  fish  tested  in  fresh  water  were 
more  sensitive  to  the  individual  elements  and  the 
two  mixtures  than  were  advanced  fry  tested  in 
brackish  water.  A  13 -element  mixture  simulating 
concentrations  in  the  San  Luis  Drain  had  the  same 
toxicity  to  fish  as  the  same  mixture  plus  selenate 
and  selenite,  thus  demonstrating  that  the  presence 
of  selenium  at  its  environmental  ration  in  the  mix- 
ture contributed  no  toxicity  in  short-term  tests.  As 
judged  by  a  comparison  of  the  individual  acute 
values  for  salmon  to  the  expected  environmental 
concentrations  in  the  San  Luis  Drain,  the  margins 
of  uncertainty  for  cadmium  and  copper  in  both 
waters,  zinc  in  fresh  water,  and  mercury  in  brack- 
ish water  were  less  than  100,  whereas  for  the  two 
environmental  mixtures  the  margins  were  less  than 
15  in  both  test  waters.  These  low  margins  of  uncer- 
tainty, especially  for  the  mixtures,  indicate  a  high 
potential  for  environmental  hazard  to  chinook 
salmon  in  the  reconstituted  waters  tested.  (Au- 
thor's abstract) 
W91-06000 


COMPARATTVE  TOXICITY  OF  INORGANIC 
CONTAMINANTS  RELEASED  BY  PLACER 
MINING  TO  EARLY  LIFE  STAGES  OF  SAL- 
MONTDS. 

National  Fisheries  Contaminant  Research  Center, 

Yankton,  SD.  Field  Research  Station. 

K.  J.  Buhl,  and  S.  J.  Hamilton. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  20,  No.  3,  p  325-342,  December 

1990.  7  tab.  48  ref. 

Descriptors:  'Alaska,  'Arsenic,  'Grayling, 
•Heavy  metals,  'Mine  wastes,  'Montana,  'Salmon, 
•Toxicity,  'Toxicology,  'Trout,  'Washington, 
•Water  pollution  effects,  Copper,  Lead,  Metal  spe- 
ciation,  Placer  mining,  Synergistic  effects.  Zinc. 

The  acute  toxicities  of  four  trace  inorganics  associ- 
ated with  placer  mining  were  determined,  individ- 
ually and  in  environmentally  relevant  mixtures,  to 
early  life  stages  of  Arctic  grayling  (Thymallus 
arcticus)  from  Alaska  and  Montana,  coho  salmon 
(Oncorhynchus  kisutch)  from  Alaska  and  Wash- 
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ington,  and  rainbow  trout  (Oncorhynchus  mykiss) 
from  Montana.  The  descending  rank  order  of  tox- 
icity to  all  species  and  life  stages  was  copper  > 
zinc  >  lead  >  arsenic.  For  each  of  the  three 
species,  sensitivity  to  the  inorganics  was  greater  in 
juveniles  than  in  alevins  or  in  swim-up  fry.  Arctic 
grayling  from  Alaska  were  more  sensitive  than  the 
other  species  tested,  including  Arctic  grayling 
from  Montana.  For  Arctic  grayling,  sensitivity  to 
all  four  inorganics  was  significantly  greater  in 
swim-up  fry  from  Alaska  than  in  alevins  from 
Montana,  and  sensitivity  to  arsenic  and  copper  was 
significantly  greater  in  juveniles  from  Alaska  than 
in  juveniles  from  Montana.  In  tests  with  environ- 
mentally relevant  mixtures  (based  on  ratios  of  con- 
centrations measured  in  streams  with  placer 
mining)  of  these  four  inorganics,  copper  was  iden- 
tified as  the  major  toxic  component  because  it 
accounted  for  greater  or  equal  to  97%  of  the 
summed  toxic  units  of  the  mixture,  and  an  equi- 
toxic  mixture  of  these  inorganics  showed  less-than- 
additive  toxicity.  Total  and  total  recoverable 
copper  concentrations  reported  in  five  Alaskan 
streams  with  active  placer  mines  were  higher  than 
the  acutely  toxic  concentrations,  either  individual- 
ly or  in  mixtures,  that  the  authors  found  to  be 
acutely  toxic  to  Arctic  grayling  and  coho  salmon 
from  Alaska.  However,  caution  should  be  used 
when  comparing  these  results  obtained  in  clear 
water  to  field  situations,  because  speciation  and 
toxicity  of  these  inorganics  may  be  altered  in  the 
presence  of  sediments  suspended  by  placer  mining 
activities.  (Author's  abstract) 
W91-O60O1 

CATCH-AND-RELEASE  MANAGEMENT  OF  A 
TROUT  STREAM  CONTAMINATED  WITH 
PCBS. 

Connecticut  Dept.  of  Environmental  Protection, 
Harwinton.  Inland  Fisheries  Div. 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-06030 

BIOLOGICAL  EFFECTS  OF  PETROLEUM  HY- 
DROCARBONS: PREDICTIONS  OF  LONG- 
TERM  EFFECTS  AND  RECOVERY. 

Woods  Hole  Oceanographic  Institution,  MA. 
J.  M.  Capuzzo. 

Northwest  Science  NOSCAX,  Vol.  64,  No.  5,  p 
247-249,  November  1990.  1  tab,  12  ref. 

Descriptors:  'Fate  of  pollutants,  *Oil  pollution, 
•Oil  spills,  *Path  of  pollutants,  'Water  pollution 
effects,  Bioaccumulation,  Biological  effects,  Eco- 
logical effects,  Hydrocarbons,  Marine  organisms. 

Biological  effects  of  petroleum  hydrocarbons  on 
marine  organisms  and  ecosystems  are  dependent 
on  the  persistence  and  bioavailability  of  specific 
hydrocarbons,  the  ability  of  organisms  to  accumu- 
late and  metabolize  various  hydrocarbons,  the  fate 
of  metabolized  products,  and  the  interference  of 
specific  hydrocarbons  with  normal  metabolic  proc- 
esses that  may  alter  an  organism's  chances  for 
survival  and  reproduction  in  the  environment.  In 
considering  the  long-term  effects  of  petroleum  hy- 
drocarbons on  marine  ecosystems  it  is  important  to 
ascertain  what  biological  effects  may  result  in 
subtle  ecological  changes,  changes  in  community 
structure  and  function,  and  possible  impairment  of 
fisheries  resources.  It  is  also  important  to  under- 
stand which  hydrocarbons  persist  in  benthic  envi- 
ronments and  the  sublethal  effects  that  lead  to 
reduced  growth,  delayed  development  and  re- 
duced reproductive  effort,  population  decline  and 
the  loss  of  that  population's  function  in  marine 
communities.  Only  through  a  multi-disciplinary  ap- 
proach to  the  study  of  the  fate,  transport  and 
effects  of  petroleum  hydrocarbons  on  marine  eco- 
systems will  there  be  a  significant  improvement  in 
the  ability  to  predict  the  long-term  effects  of  oil 
spills  and  to  elucidate  the  mechanisms  of  recovery. 
(White-Reimer-PTT) 
W91-06031 


ENVIRONMENTAL  STUDIES  OF  A  MARINE 
WASTEWATER  DISCHARGE  FROM  A  SUL- 
PHITE PULP  MILL-EXAMPLE  OF  A  GENER- 
AL STUDY  APPROACH  FOR  MARINE  INDUS- 
TRIAL DISCHARGES. 


Region  of  Storstrom,  Parkvej  37,  DK-4800  Nykob- 
ing  F.,  Denmark. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06055 

STUDY  OF  THE  EUTROPHICATION  OF 
NORTH  LAKE,  WESTERN  AUSTRALIA. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
B.  K.  McDougall,  and  G.  E.  Ho.        „___,    „  , 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  163-173,  1991.  4  fig,  1  tab,  34  ref. 

Descriptors:  *Algae,  'Australia,  'Chlorophyll  a, 
•Eutrophication,  'Nutrients,  'Urban  hydrology, 
•Water  pollution  effects,  'Wetlands,  Conductivity, 
Lakes,  Microcystis,  Nutrient  removal,  Phosphorus, 
Sediment  chemistry. 

North  Lake  is  an  urban  freshwater  wetland,  and 
like  other  wetlands  in  the  Perth  metropolitan  area. 
Western  Australia,  it  has  become  nutrient  enriched 
with  the  accompanying  problems  of  algal  blooms, 
decay,  odor,  infestation  of  midges,  and  aesthetic 
deterioration.  A  study  of  the  water  quality  of  the 
lake  was  undertaken  to  quantify  the  variation  of 
phosphorus,  nitrogen  and  chlorophyll-a,  and  the 
sediment  store  of  nutrients  and  their  release  with 
pH.  Ten  sites  around  the  lake  were  sampled 
weekly  from  September  1987  to  May  1988.  Sam- 
ples were  analyzed  for  pH,  conductivity,  chloro- 
phyll-a, and  various  nutrients.  A  Secchi  disc  was 
used  to  monitor  light  penetration.  Sediment  sam- 
ples were  collected  at  three  different  times  during 
the  study  and  evaluated  for  pH,  water  content, 
organic  content,  carbonate  content,  and  several 
states  of  phosphorus.  The  dominant  algae  in  the 
lake,  Microcystis,  was  found  to  be  limited  in 
growth  by  nitrogen  because  of  the  high  availability 
of  phosphorus  (greater  than  0.1  mg/L),  and  likely 
by  light  because  of  self-shading  (chlorophyll-a 
greater  than  0.3  mg/L).  Sediments  released  a  sub- 
stantial amount  of  nutrients  as  pH  rose  above  8.5. 
Together  with  a  parallel  study  of  the  nutrient 
budget  of  the  lake,  a  management  strategy  has 
been  derived  to  overcome  the  problem  of  nutrient 
enrichment  that  could  be  applied  to  other  wetlands 
in  the  metropolitan  region.  Possible  nutrient  reduc- 
tion strategies  include  treatment  of  runoff,  nutrient 
inactivation,  dredging,  and  chemical  control  of 
algae.  (Author's  abstract) 
W9 1-06056 

OCCURRENCE  AND  SIGNIFICANCE  OF 
TOXIC  CYANOBACTERIA  IN  SOUTHERN 
AFRICA. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06057 

SEWAGE-RELATED  IMPACT  ON  KUWAIT'S 
MARINE  ENVIRONMENT-A  CASE  STUDY. 

Kuwait  Inst,  for  Scientific  Research,  Safat.  Envi- 
ronmental and  Earth  Sciences  Div. 
S.  Al-Muzaini,  O.  Samhan,  and  M.  Hamoda. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  181-189,  1991.  2  fig,  29  ref. 

Descriptors:  'Kuwait,  'Marine  pollution, 
♦Wastewater  management,  'Water  pollution  ef- 
fects, 'Water  pollution  sources,  Wastewater, 
Wastewater  treatment. 

Sewage  discharge  has  been  found  to  exert  different 
impacts  on  Kuwait's  marine  environment,  ranging 
from  fish  kills  and  localized  smothering  of  benthic 
organisms  and  microbial  pollution  to  potential 
wider  impacts  on  overall  marine  productivity. 
These  impacts  are  due  to  a  combination  of  unique 
local  environmental  conditions  such  as  high  ambi- 
ent air  temperatures,  high  rates  of  dust  fallout  and 
creeping  sands,  and  the  prevalence  of  wide  interti- 
dal  flats;  and  specific  problems  in  the  sewage  treat- 
ment plants  including  the  high  strength  and  anaer- 
obicity  of  sewage,  lack  of  alternative  routes  from 
peripheral  pumping  stations  to  a  central  treatment 
plant  that  is  biochemically  overloaded,  emergency 
discharge  through  short  outfalls  onto  wide  interti- 
dal  flats,  and  discharges  from  premises  that  are  not 


connected  to  a  sewer  system.  Recommendations  to 
alleviate  these  impacts  include  speeding  up  sewer 
flows,  creating  alternative  routes  to  the  treatment 
plants,  upgrading  and  expanding  the  treatment 
plants,  preventing  discharge  of  sewage  effluent  to 
the  tidal  flats,  and  connecting  all  sewage-generat- 
ing premises  to  the  sewage  system.  (Author's  ab- 
stract) 
W91-06058 


WATER  QUALITY  AND  HEALTH. 

World    Health    Organization,    Geneva    (Switzer- 
land). Div.  of  Environmental  Health. 
W.  Kreisel. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  201-209,  1991.  1  fig,  9  ref. 

Descriptors:  'Developing  countries,  'Public 
health,  'Water  quality  control,  'Water  quality 
standards,  'Water  reuse,  'Water  treatment,  Drink- 
ing water,  Pathogens,  Water  management,  Water 
supply. 

Water  quality  can  affect  human  health  in  various 
ways:  through  breeding  of  vectors,  presence  of 
pathogenic  protozoa,  helminths,  bacteria  and  vi- 
ruses, or  through  inorganic  and  organic  chemicals. 
While  traditional  concern  has  been  with  pathogens 
and  gastro-intestinal  diseases,  chemical  pollutants 
in  drinking  water  supplies  have  in  many  instances 
reached  proportions  which  affect  human  health, 
especially  in  cases  of  chronic  exposure.  Treatment 
of  drinking  water,  often  grossly  inadequate  in  de- 
veloping countries,  is  the  last  barrier  of  health 
protection,  but  control  at  source  is  more  effective 
for  pollution  control.  Several  World  Health  Orga- 
nization (WHO)  programs  of  the  International 
Drinking  Water  Supply  and  Sanitation  Decade 
have  stimulated  awareness  of  the  importance  of 
water  quality  in  public  water  supplies.  Three  main 
streams  have  been  followed  during  the  eighties; 
guidelines  for  drinking  water  quality,  guidelines 
for  wastewater  reuse  and  the  monitoring  of  fresh- 
water quality.  Following  massive  investments  in 
the  community  water  supply  sector  to  provide 
people  with  adequate  quantities  of  drinking  water, 
it  becomes  more  and  more  important  to  also  guar- 
antee minimum  quality  standards.  This  has  been 
recognized  by  many  water  and  health  authorities 
in  developing  countries  and,  as  a  result,  WHO 
cooperates  with  many  of  them  in  establishing 
water  quality  laboratories  and  pollution  control 
programs.  (Author's  abstract) 
W91-06060 

EPIDEMIOLOGICAL  STUDY  OF  BEACH 
WATER  POLLUTION  AND  HEALTH-RELAT- 
ED BATHING  WATER  STANDARDS  IN  HONG 
KONG.  .      „ 

Hong  Kong  Environmental  Protection  Dept.,  Wan 
Chai. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06066 

CASE  HISTORY:  MINIMATA  MERCURY  POL- 
LUTION IN  JAPAN  -  FROM  LOSS  OF  HUMAN 
LIVES  TO  DECONTAMINATION. 

National   Research   Council   of  Canada,   Ottawa 
(Ontario).  Div.  of  Biological  Sciences. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06070 

MECHANISM  OF  ABRUPT  INCREASE  IN 
TOXICITY  OF  ORGANOPHOSPHOROTHION- 
ATES  TO  TIGER  SHRIMP  LARVAE  WITH 
PROGRESS  OF  STAGES. 

Kyushu  Univ.,  Fukuoka  (Japan).  Dept.  of  Fisher- 
ies. 

K.  Kobayashi,  R.  M.  Rompas,  N.  Imada,  and  Y. 
Oshima. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  487-496,  1991.  2  fig,  3  tab,  11  ref. 

Descriptors:  'Japan,  'Organophosphorus  pesti- 
cides, 'Pesticides,  'Tiger  shrimp,  'Toxicity, 
•Water  pollution  effects,  Invertebrates,  Larval 
growth  stage,  Marine  animals,  Marine  fisheries, 
Metabolism,  Shrimp. 
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Group  5C— Effects  Of  Pollution 

The  tiger  shrimp  (Penaeus  japonicus)  is  an  impor- 
tant species  for  coastal  fisheries  in  Japan;  however, 
the  shrimp  displays  high  susceptibility  to  organo- 
phosphorus  pesticides.  There  is  an  abrupt  increase 
in  the  toxicity  of  organophosphorus  pesticides  to 
the  tiger  shrimp  with  the  advancing  of  larval 
stages.  The  toxicity  of  the  pesticides  to  shrimp 
larvae  and  the  inhibition  of  larval  acetylcholines- 
terase (AChE)  by  the  pesticides,  and  the  metabo- 
lism of  fenitrothion  (FS)  in  the  larvae  was  studied 
at  different  stages.  The  toxicity  of  the  thiono-forms 
to  the  larvae  increased  abruptly  with  the  progress 
of  stages,  whereas  that  of  oxo-fonns  was  un- 
changed from  nauplius  to  postlarva.  The  suscepti- 
bility of  larval  AChE  to  each  pesticide  was  almost 
unchanged  in  these  stages.  FS  metabolic  activity  of 
zoea  was  very  low,  but  the  activity  increased 
abruptly  with  their  growth  and  resulted  in  the 
increase  of  fenitro-oxen  which  displays  extremely 
high  toxicity  as  compared  with  FS.  The  increase  in 
the  toxicity  of  thiono-forms  to  shrimp  larvae  with 
the  progress  of  the  stages  must  be  due  to  the 
increase  in  the  oxidative  desulfuration  activity. 
(Author's  abstract) 
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PRELIMINARY  INVESTIGATION  ON  ACIDI- 
FICATION OF  GROUND  WATER  IN  FINNISH 
WELLS. 

Water  and  Environment  Research  Inst.,  Helsinki 

(Finland). 

K.  Korkka-Niemi,  and  H.  Laikari. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  535-543,  1991.  2  fig,  7  tab,  8  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects, 
•Acidic  water,  •Acidification,  •Finland,  *Sulfur, 
Alkalinity,  Groundwater  pollution,  Hydrologic 
data  collections,  Well  data,  Wells. 

Information  from  approximately  one  hundred  dug 
wells  in  five  different  areas  in  Finland  was  ana- 
lyzed to  investigate  the  acidification  of  groundwat- 
er. The  wells  were  selected  from  a  database  gener- 
ated in  1958-1959,  and  the  wells  were  resampled  in 
1989.  The  fallout  of  sulfur  compounds  was  used  to 
determine  the  location  of  wells  to  be  sampled.  The 
pH  value  and  degree  of  alkalinity  of  well  water 
were  used  to  compare  the  changes  in  groundwater 
quality  over  the  last  thirty  years.  The  pH  and 
alkalinity  have  systematically  declined  in  all  the 
areas  sampled-most  noticeably  in  areas  of  south- 
western and  southeastern  Finland  subject  to  major 
sulfur  compound  fallout.  The  physical  condition  of 
the  wells  has  deteriorated  during  the  last  thirty 
years;  about  half  of  the  wells  are  receiving  surface 
waters,  making  interpretation  of  results  difficult. 
Wells  without  surface  water  intrusion  show  clear 
signs  of  acidification.  Because  the  number  of  wells 
and  areas  of  investigation  are  relatively  small,  no 
decisive  conclusions  should  be  drawn  concerning 
the  whole  country.  (Tappert-PTT) 
W91-O6097 


EFFECTS  OF  A  MIXTURE  OF  CU,  CD,  HG 
AND  ZN  ON  MARINE  PLANKTON:  MARINE 
ECOSYSTEM  ENCLOSURE  EXPERIMENT. 

National     Bureau     of     Oceanography,     Xiamen 

(China).  Third  Inst,  of  Oceanography. 

J.  Wu. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  1,  p  145- 

150,  1990.  7  fig,  8  ref. 

Descriptors:  'Heavy  metals,  •Marine  environment, 
•Plankton,  'Toxicity,  *Water  pollution  effects, 
Bacteria,  Cadmium,  China,  Chlorophyll,  Cope- 
pods,  Copper,  Diatoms,  Lead,  Marine  bacteria. 
Mercury,  Nitrates,  Nutrients,  Phosphates,  Phyto- 
plankton,  Primary  productivity,  Xiamen  Bay,  Zoo- 
plankton. 

Five  experimental  ecosystems  were  employed  in 
April,  1985  to  test  the  effects  of  a  mixture  of  Cu, 
Cd,  Hg,  Pb,  and  Zn  on  a  subtropical  planktonic 
ecosystem  in  Xiamen  Bay,  Xiamen,  China.  The 
chlorophyll  a  maxima  and  the  primary  productivi- 
ty peak  in  the  high-metal  enclosure  were  delayed 
for  6  days  compared  to  the  control  and  low-metal 
enclosures.  The  phytoplankton  cell  density  in  the 
metal-treated  enclosures  followed  the  chlorophyll 
a    concentration    very    closely.    Microflagellates 


were  generally  more  important  than  diatoms.  Zoo- 
plankton  was  significantly  affected,  especially  by 
the  high  metal  concentrations.  The  herbivorous 
copepods  were  most  dominant  in  the  control  en- 
closures, but  they  drastically  decreased  in  the  high- 
metal  enclosure.  The  carnivorous  copepods  were 
also  suppressed  by  the  high  metal  concentration. 
However,  the  larvaceans  were  the  most  seriously 
inhibited,  with  few  or  none  in  all  metal-treated 
enclosures  to  the  end  of  the  experiment  (3  weeks). 
Bacterial  biomass  was  similar  in  control  and  metal- 
treated  enclosures,  and  bacterial  productivity  was 
markedly  higher  in  the  metal-treated  enclosures. 
Because  a  mixture  of  metals  was  used  in  this  exper- 
iment, it  is  impossible  to  conclude  which  metal  is 
the  most  toxic.  (Doria-PTT) 
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EFFECTS  OF  SEDIMENT  FROM  AN  INDUS- 
TRIAL OUTFALL  AREA  ON  A  MARINE 
PLANKTONIC  ECOSYSTEM. 

National     Bureau     of     Oceanography,     Xiamen 

(China).  Third  Inst,  of  Oceanography. 

J.  Wu. 

Acta  Oceanologica  Sinica,  Vol.  9,  No.  1,  p  151- 

158,  1990.  6  fig,  12  ref. 

Descriptors:  'Industrial  wastes,  *Marine  environ- 
ment, 'Plankton,  "Sediments,  *Water  pollution  ef- 
fects, "Xiamen  Bay,  Bacteria,  China,  Chlorophyll 
a,  Diatoms,  Heavy  metals,  Light  penetration, 
Marine  bacteria,  Outfall,  Photosynthesis,  Phyto- 
plankton, Primary  productivity,  Zooplankton. 

Sediment  from  the  Xiamen  industrial  area  was 
added  to  marine  ecosystem  enclosures  to  test  the 
effects  on  the  planktonic  communities  in  Xiamen 
Bay,  China,  in  April,  1985.  Sediments  were  added 
at  two  concentrations,  11.2  and  112  ppm  dry 
weight.  A  peak  in  primary  production  and  chloro- 
phyll occurred  in  the  control  enclosure  on  day  10- 
13,  composed  mostly  of  centric  diatoms.  There 
was  little  increase  in  chlorophyll  and  primary  pro- 
ductivity in  the  low-sediment  and  high-sediment 
enclosures  despite  a  short  bloom  on  day  8  in  the 
high-sediment  enclosure.  There  was  little  differ- 
ence in  the  abundance  of  herbivorous  zooplankton, 
carnivorous  copepods,  or  larvaceans  between  sedi- 
ment-treated enclosures  and  controls.  Bacterial 
numbers  showed  little  change  due  to  sediment 
loading  except  during  the  last  few  days  when  the 
numbers  in  the  control  enclosures  decreased  mark- 
edly. It  is  concluded  that  sediment  loads  up  to  112 
ppm  dry  wt  reduced  the  phytoplankton  cell  num- 
bers, chlorophyll  a,  and  primary  productivity  by 
decreasing  light  penetration  in  the  water  column, 
but  induce  few  changes  in  zooplankton  and  bacte- 
rial abundances.  (Doria-PTT) 
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PHOSPHATE  LIMITATION  OF  PHYTO- 
PLANKTON GROWTH  IN  THE  CHANGJIANG 
ESTUARY. 

Xiamen  Univ.  (China).   Dept.  of  Oceanography. 
M.  Hu,  Y.  Yang,  C.  Xu,  and  P.  J.  Harrison. 
Acta  Oceanologica  Sinica,  Vol.  9,  No.  3,  p  405- 
411,  1990.  5  fig,  6  ref. 

Descriptors:  'Estuarine  environment,  'Eutrophica- 
tion,  *Nutrient  requirements,  'Phytoplankton, 
•Water  pollution  effects,  Algal  growth,  Aquatic 
productivity,  Bioassay,  Biomass,  Chang  Jiang  Es- 
tuary, China,  Estuaries,  Growth,  Limiting  nutri- 
ents, Nitrogen,  Nutrients,  Phosphorus. 

Bioassays  were  performed  in  the  laboratory  with 
Phaeodactylum  tricornutum,  Chaetoceros  didy- 
mus,  C.  calcitrans,  and  Heterogloea  sampled  from 
the  Changjiang  Estuary  (China)  in  spring  and 
summer,  1986.  Results  indicated  that  both  nitrogen 
and  phosphorus  limit  phytoplankton  growth  in  the 
medium  at  N:P  ratios  between  8  and  30.  Nitrogen 
limits  phytoplankton  production  in  the  medium  at 
N:P<8,  while  phosphorus  is  the  limiting  nutrient 
at  N:P>30.  Generally,  N:P  in  the  Changjiang  Es- 
tuary waters  is  2  times  higher  than  the  Redfield 
ratio.  The  bioassay  experiments  with  high  N:P 
water  samples  showed  that  phytoplankton  produc- 
tion is  limited  by  phosphorus.  Phytoplankton  ap- 
pears to  give  priority  to  the  uptake  of  phosphorus 
at  all  times,  and  the  optimum  N:P  for  phytoplank- 


ton growth  was  determined  to  be  18.  (Author's 

abstract) 
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LIVER  STRUCTURAL  ALTERATIONS  AC- 
COMPANYING CHRONIC  TOXICITY  IN 
FISHES:  POTENTIAL  BIOMARKERS  OF  EX- 
POSURE. 

California    Univ.,    Davis.    School    of   Veterinary 

Medicine. 

For  primary  bibliographic  entry  see  Field  5A. 
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HISTOPATHOLOGY  OF  ATLANTIC 

TOMCOD:  A  POSSIBLE  MONITOR  OF  XENO- 
BIOTICS  IN  NORTHEAST  TIDAL  RIVERS 
AND  ESTUARIES. 

Louisville  Univ.,  KY.  Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  5A. 
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CROAKER  (NIBEA  MITSUKURID  AND  THE 
SEA  CATFISH  (PLOTOSUS  ANGUILLARIS): 
USEFUL  BIOMARKERS  OF  COASTAL  POL- 
LUTION. 

Shizuoka  Univ.  (Japan).  Lab.  of  Food  Hygiene. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-06179 


SUBLETHAL  RESPONSES  OF  PLATICHTHYS 
STELLATUS  TO  ORGANIC  CONTAMINATION 
IN  SAN  FRANCISCO  BAY  WITH  EMPHASIS 
ON  REPRODUCTION. 

Lawrence  Livermore  National  Lab.,  CA.  Environ- 
mental Sciences  Div. 

R.  B.  Spies,  J.  J.  Stegeman,  D.  W.  Rice,  B. 
Woodin,  and  P.  Thomas. 

IN:  Biomarkers  of  Environmental  Contamination. 
Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  87- 
121,  9  fig,  9  tab,  47  ref  DOE  Contract  W-77465- 
Eng-48. 

Descriptors:  *Bioindicators,  'Flounders,  'Organic 
compounds,  'San  Francisco  Bay,  'Spawning, 
'Sublethal  effects,  'Water  pollution  effects,  Cali- 
fornia, Chlorinated  hydrocarbon  insecticides,  Eco- 
toxicology,  Fish  eggs,  Fish  physiology,  Liver, 
Oakland,  Polychlorinated  biphenyls.  Toxicity. 

Two  large  collecting  efforts  were  made-one 
during  the  middle  part  of  the  reproductive  cycle 
(November  to  early  December  1986)  and  one  at 
the  time  of  spawning  (February  to  March  1987),  in 
San  Francisco  Bay,  on  the  starry  flounder  Pla- 
tichthys  stellatus.  For  the  '1986'  period  P.  stellatus 
were  collected  from  five  localities  (four  in  San 
Francisco  Bay  and  one  near  the  mouth  of  the 
Russian  River).  A  variety  of  tests  were  made  on 
these  fish  that  might  indicate  the  nature  and  extent 
of  contaminant  exposure,  the  alteration  of  normal 
reproductive  processes,  and  genetic  effects:  (1) 
trace  organic  contaminants  in  the  liver,  mainly 
chlorinated  hydrocarbons;  (2)  constituents  and  in 
vitro  enzymatic  activities  of  the  hepatic  P-450  mi- 
crosomal system;  (3)  oocyte  development  in  matur- 
ing females;  (4)  plasma  concentrations  of  vitello- 
genin and  titers  of  sex  steroids;  and  (5)  the  inci- 
dence of  micronuclei  in  circulating  erythrocytes. 
In  general,  hepatic  concentrations  of  chlorinated 
pesticides  did  not  differ  significantly  between  sites 
but  p,p'-DDT,  o,p'-DDT,  transnanochlor  and 
mirex  were  highest  at  Oakland.  Ten  of  the  thirteen 
PCB  congeners  with  five  or  more  chlorine  atoms 
had  their  highest  concentrations  in  Oakland  fish. 
Two  of  the  eight  large  females  from  the  most 
contaminated  site,  Oakland,  did  not  have  vitello- 
genic  oocytes,  indicating  complete  inhibition  of 
vitellogenesis  in  these  fish  during  the  1986-1987 
reproductive  season.  Since  their  plasma  had  con- 
centrations of  vitellogenin  and  titers  of  estradiol 
typical  of  immature  females  it  appears  probable 
that  the  gonadotropin  signal  was  either  inhibited  or 
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ineffective  in  triggering  estrogenesis.  In  immature 
females  plasma  estradiol  was  correlated  with  P- 
450E  and  P-450  content  of  hepatic  microsomes, 
suggesting  that  induced  fish  may  either  have 
higher  rates  of  estradiol  production  or  lower  rates 
of  estradiol  hydroxy lation,  or  both.  (See  also  W91- 
06176)  (Lantz-PTT) 
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HEPATIC  ENZYMES  AS  BIOMARKERS:  IN- 
TERPRETING THE  EFFECTS  OF  ENVIRON- 
MENTAL, PHYSIOLOGICAL  AND  TOXICO- 
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Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 
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MACROPHAGE  RESPONSES  OF  ESTUARINE 
FISH  AS  BIOINDICATORS  OF  TOXIC  CON- 
TAMINATION. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
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BIOLOGICAL  MONITORING:  TESTING  FOR 
GENOTOXICITY. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5A. 
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DNA  ADDUCTS  IN  MARINE  MUSSEL  MYTI- 
LUS  GALLOPROVTNCIALIS  LD7TNG  EM  POL- 
LUTED AND  UNPOLLUTED  ENVIRON- 
MENTS. 

Institut  Rudjer  Boskovic,  Zagreb  (Yugoslavia). 
Center  for  Marine  Research. 
B.  Kurelec,  A.  Garg,  S.  Krca,  and  R.  C.  Gupta. 
IN:  Biomarkers  of  Environmental  Contamination. 
Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  217- 
227,  3  fig,  28  ref.  U.S.-Yugoslavia  Joint  Board  on 
Scientific  and  Technological  Cooperation,  J.F. 
Project  868  and  EPA  Cooperative  Agreement  CR- 
813840. 

Descriptors:  *DNA,  'Fate  of  pollutants,  'Marine 
environment,  "Mussels,  'Wastewater  pollution, 
•Water  pollution  effects,  'Water  pollution  sources, 
Aminofluorene,  Bioindicators,  Ecotoxicology,  In- 
dustrial wastewater,  Oil  pollution,  Toxicity. 

A  generally  applicable  32-P  post-labelling  assay 
was  used  to  examine  for  the  presence  of  DNA 
adducts  in  mussels  experimentally  exposed  to 
known  carcinogens  and  m  mussels  collected  from 
sites  impacted  by  wastewaters.  Mussels  exposed  to 
seawater  artificially  polluted  with  2-aminofluorene 
showed  exclusively  an  adduct  which  was  identified 
as  dG-C8-2-aminofluorene.  Under  the  same  experi- 
mental conditions,  Diesel-2  oil  did  not  induce  any 
detectable  adducts.  When  mussel  digestive  gland 
DNA  was  collected  and  analyzed  from  one  unpol- 
luted site,  two  moderately  impacted  sites,  and  one 
site  heavily  impacted  by  cannery  wastewaters, 
mussel  DNA  from  the  unpolluted  and  only  one 
moderately  polluted  site  showed  the  presence  of  6 
to  10  adducts.  This  indicates  they  were  not  related 
to  the  pollution.  This  was  further  supported  by  the 
absence  of  dose-related  adducts.  Clear  evidence  for 
the  presence  of  pollution-related  DNA  adducts 
was,  however,  found  in  juvenile  mussels  collected 
from  an  oil  refinery  site.  One  major  and  three 
minor  adducts  were  detected  in  these  mussels  with 
no  adducts  detected  in  juvenile  mussels  from  an 
unpolluted  site.  Results  indicate  that  while  mussels 
are  capable  of  metabolizing  2-aminofluorene  to  a 
DNA  binding  species,  the  environmental  pollut- 
ants may  be  metabolized  only  selectively.  Further, 
the  mussel  digestive  gland  DNA  also  contained 
DNA  modifications  ('natural  adducts')  which  are 
unrelated  to  pollutants  and  their  presence  appeared 
to  be  sex  and  season  dependent.  (See  also  W91- 
06176)  (Author's  abstract) 
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C-K-RAS  ONCOGENES:  PREVALENCE  IN 
LIVERS  OF  WINTER  FLOUNDER  FROM 
BOSTON  HARBOR. 


Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 

Chemistry. 

G.  McMahon,  L.  J.  Huber,  M.  J.  Moore,  J.  J. 

Stegeman,  and  G.  N.  Wogan. 

IN:  Biomarkers  of  Environmental  Contamination. 
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Descriptors:  'Boston  Harbor,  'Flounders,  'Liver, 
'Oncogenes,  'Water  pollution  effects,  Bioassay, 
Cancer,  DNA,  Ecotoxicology,  Fish  physiology. 
Laboratory  methods,  Organic  compounds,  Polycy- 
clic  aromatic  hydrocarbons,  Sediment  contamina- 
tion, Toxicity. 

A  high  incidence  of  tumors  in  fish  occurs  in  sever- 
al water  systems  of  coastal  North  America.  An 
association  of  such  tumors  with  the  presence  of 
environmental  chemicals,  such  as  polycyclic  aro- 
matic hydrocarbons  (PAH)  or  polychlorinated  hy- 
drocarbons, suggests  a  possible  chemical  etiology 
for  their  induction.  Winter  flounder  (Pseudopleur- 
onectes  americanus)  were  collected  from  areas  of 
Boston  Harbor  where  sediments  were  heavily  con- 
taminated with  PAH  and  other  organic  com- 
pounds. Livers  from  these  winter  flounder  were 
examined  for  the  presence  of  oncogenes  by  trans- 
fection  of  DNA  into  NIH3T3  mouse  fibroblasts. 
Tissues  analyzed  contained  histopathologic  lesions 
including  abnormal  vacuolation,  biliary  prolifera- 
tion, and,  in  many  cases,  hepatocellular  and  cho- 
langiocellular  carcinomas.  Fibroblasts  transfected 
with  liver  DNA  samples  from  7  of  13  animals  were 
effective  in  the  induction  of  subcutaneous  sarcomas 
in  nude  mice.  Further  analysis  revealed  the  pres- 
ence of  flounder  c-K-ras  oncogenes  in  all  subcuta- 
neous tumors  examined.  Direct  DNA  sequencing 
and  allele-specific  oligonucleotide  hybridization 
following  polymerase  chain  reaction  DNA  amplifi- 
cation of  the  tumor  DNA  showed  mutations  in  the 
12th  codon  in  this  gene.  Analysis  of  DNA  of  all 
nude  mouse  tumors  as  well  as  all  13  diseased 
flounder  livers  showed  mutations  at  this  codon. 
Liver  DNA  samples  from  5  histologically  normal 
livers  of  animals  from  a  less  polluted  site  were 
ineffective  in  the  transfection  assay  and  contained 
only  wild-type  DNA  sequences.  The  prevalence  of 
mutations  in  this  gene  region  correlated  with  the 
presence  of  liver  lesions  and  could  signify  DNA 
damage  resulting  from  environmental  chemical  ex- 
posure. (See  also  W9 1-06 176)  (Lantz-PTT) 
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METAL-BINDING  PROTEINS  AND  PEPTIDES 
FOR  THE  DETECTION  OF  HEAVY  METALS 
IN  AQUATIC  ORGANISMS. 

Wisconsin  Univ.-Milwaukee.  Dept.  of  Chemistry. 
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METALLOTHIONEIN  AS  A  BIOMARKER  OF 
ENVIRONMENTAL  METAL  CONTAMINA- 
TION: SPECTES-DEPENDENT  EFFECTS. 

Mississippi  Univ.,  University.  Dept.  of  Pharmacol- 
ogy- 
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EFFECT  OF  CADMIUM  ON  PROTEIN  SYN- 
THESIS IN  GILL  TISSUE  OF  THE  SEA 
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Experimental  Zoology. 
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Descriptors:  'Cadmium,  'Gills,  'Laboratory  meth- 
ods, 'Mussels,  'Proteins,  'Water  pollution  effects, 


Electrophoresis,  Heavy  metals,  Marine  environ- 
ment, Sulfur  radioisotopes,  Tissue  analysis,  Toxici- 
ty- 

Cellular  toxicity  of  cadmium  was  studied  in  the  gill 
tissue  of  the  sea  mussel,  Mytilus  edulis.  Mussels 
were  exposed  to  cadmium  chloride  at  50  or  250 
microgram  Cd/L  for  short  periods.  Then  the  gills 
were  excised  and  incubated  with  35-S-methionine 
or  cysteine  for  4  hr.  Uptake  of  radiolabeled  amino 
acids  by  the  isolated  gills  was  not  affected  by  Cd, 
whereas  the  incorporation  of  label  was  significant- 
ly decreased  after  Cd  exposure.  Two  dimensional 
gel  electrophoresis  was  used  to  analyze  the  de 
novo  synthesized  gill  proteins.  It  revealed  that  the 
expression  of  particular  proteins  was  differently 
altered  by  Cd.  One  dimensional  gel  analysis  by  35- 
S-cysteine  labeled  gill  proteins  demonstrated  that 
Cd  induced,  in  a  concentration  dependent  manner, 
a  cysteine-rich  protein  with  a  molecular  weight  of 
approximately  13  kDa,  consisting  of  two  isomers 
with  low  isoelectric  points.  (See  also  W9 1-06 176) 
(Author's  abstract) 
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SAY. 
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SESSING THE  HEALTH  OF  FISH  POPULA- 
TIONS EXPERIENCING  CONTAMINANT 
STRESS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-06191 


COMPARATIVE  EVALUATION  OF  SELECT- 
ED MEASURES  OF  BIOLOGICAL  EFFECTS 
OF  EXPOSURE  OF  MARINE  ORGANISMS  TO 
TOXIC  CHEMICALS. 

National  Ocean  Service,  Seattle,  WA.  Ocean  As- 
sessments Div. 

E.  R.  Long,  and  M.  F.  Buchman. 
IN:  Biomarkers  of  Environmental  Contamination. 
Lewis  Publishers,  Chelsea,  Michigan.  1990.  p  355- 
394,  1  fig,  8  tab,  55  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Compari- 
son studies,  'Laboratory  methods,  'San  Francisco 
Bay,  'Toxicity,  'Water  pollution  effects,  Amphi- 
pods,  Biochemistry,  Chemical  analysis,  Cytoch- 
romes, Marine  life,  Mussels,  Physiological  ecology, 
Sediment  analysis,  Sediments,  Water  analysis. 

The  relative  responsiveness  and  sensitivity  of  se- 
lected measures  of  biological  effects  to  a  range  of 
contaminant  concentrations  was  evaluated  in  the 
San  Francisco  Bay  area  in  1987.  The  overall  ap- 
proach chosen  for  the  evaluation  involved  analyses 
of  samples  collected  in  the  field  at  sites  that  were 
presumed  to  represent  a  range  in  chemical  con- 
tamination. The  biological  measures  that  were 
evaluated  included:  five  types  of  sediment  toxicity 
tests;  analyses  of  macrobenthos  community  compo- 
sition; sediment  profiling  photography;  induction 
of  hepatic  aryl  hydrocarbon  hydroxylase;  induc- 
tion of  hepatic  cytochrome  P-450  enzymes;  plasma 
steroid  hormone  concentration;  reproductive  suc- 
cess; and  incidence  of  micronuclei  in  erythrocytes 
of  fish.  The  biological  tests  were  performed  with 
subsamples  of  samples  that  were  also  analyzed  for 
chemical  concentration.  The  concentration  of 
many  analytes  in  sediments  differed  by  roughly  an 
order  magnitude  between  the  least  and  the  most 
contaminated  sampling  sites.  A  toxicity  test  of 
abnormal  development  of  Mytilus  edulis  larvae 
had  the  highest  sensitivity,  analytical  precision, 
and  discriminatory  power  of  the  tests  that  were 
evaluated.  The  relatively  highly  tested  and  devel- 
oped Rhepoxynius  abronius  test  of  survival  had 
very  high  sensitivity,  analytical  precision,  and  dis- 
criminatory power.  Fish  from  two  sites  in  San 
Francisco  Bay  were  generally  more  contaminated 
with  a  mixture  of  compounds  than  those  from  a 
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coastal  reference  site  and  a  reference  site  in  the 
Bay.  However,  the  distinction  in  the  chemical  con- 
centrations between  sites  was  not  as  clear  as  the 
sediments.  In  general,  the  suite  of  total  cytochrome 
P-450/EROD/P-450E  measures  in  the  livers  of  the 
fish  appeared  to  be  relatively  sensitive,  weakly 
correlated  with  some  tissue  contaminant  data,  rela- 
tively low  in  variability  among  fish  from  the  same 
site,  and  inducible  over  a  similar  response  range 
among  species.  (See  also  W9 1-06 176)  (Lantz-PTT) 
W91-06192 


USE    OF    BIOMARKERS    IN    ECOLOGICAL 
RISK  ASSESSMENT. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-06193 


WATERBORNE  GIARDIASIS. 

CH  Diagnostic  &  Consulting  Service,  Fort  Collins, 

CO. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-06207 


FERTILITY  OF  DOMESTIC  SEWAGE  AND 
EUTROPHICATION  IN  ESTUARINE 

HARBOR. 

Xiamen  Univ.  (China).  Inst,  of  Environmental  Sci- 
ence. 

W.  Yuduan,  Z.  Jiye,  Z.  Zhihong,  and  L.  Xiaohong. 
Acta  Oceanologica  Sinica,  Vol.  9,  No.  2,  p  277- 
282,  1990.  4  fig,  5  ref. 

Descriptors:  'China,  'Estuaries,  'Eutrophication, 
•Harbors,  'Red  tide,  'Water  pollution  effects, 
Algal  growth.  Inorganic  compounds,  Nitrogen, 
Phosphorus,  Phytoplankton,  Turbidity, 

Wastewater  pollution. 

Eutrophication  and  red  tide  in  the  seawater  of 
estuaries  and  harbors  have  become  more  frequent 
in  recent  years.  The  direct  source  of  pollution  is 
generally  domestic  sewage.  In  spite  of  primary  and 
secondary  treatment  of  sewage  discharged  into 
seawater,  concentrations  of  P  and  N,  and  their 
ratio  basically  have  remained  unchanged.  The  con- 
centration and  partition  ratio  of  various  com- 
pounds of  nutrients  in  domestic  sewage  were  deter- 
mined. The  transformation  and  migration  among 
the  compounds,  as  well  as  their  biological  effects 
during  sewage-seawater  mixing  were  simulated  in 
the  laboratory.  Sewage  water  was  collected  from 
the  sewage  pool  in  Xiamen  University,  China  and 
seawater  was  collected  from  West  Xiamen  Harbor. 
When  laboratory  results  were  compared  with  field 
observations  it  was  found  that:  (1)  The  suitable 
ratio  range  of  dissolved  inorganic  nitrogen/dis- 
solved inorganic  phosphorus  in  seawater  for 
growth  of  phytoplankton  in  subtropical  estuary 
and  harbor  was  quite  wide.  It  could  grow  well 
even  in  the  atom  ratio  range  of  15-55  and  was 
independent  of  the  variation  in  levels  of  N  and  P. 
(2)  The  transformation  rate  among  the  phosphorus 
compounds  was  within  the  range  of  0.5  to  1.11 
micromoles/day.  (3)  Phytoplankton  took  up  P 
prior  to  N  during  its  growth.  The  growth  rate  of 
Skeletonema  costatum  (the  major  species)  was 
0.34-0.58/day  and  for  field  algae,  0.30-0.31 /day.  (4) 
The  red  tide  species  Prorocentrum  micans  could 
become  the  dominant  species  to  a  density  of 
10,000,000  cells/L  after  Skeletonema  costatum 
blooms  and  phosphorus  was  almost  exhausted.  Al- 
though eutrophication  may  bring  out  red  tide  in 
estuarine  harbor,  the  acceleration  of  degradation, 
transportation  and  precipitation  of  nutrients  by 
turbid  water  was  beneficial  to  the  alleviation  of 
eutrophication  and  red  tide.  (Mertz-PTT) 
W9 1-06221 


ACID  RAIN. 

Central    Electricity    Generating    Board,    London 
(England).  Environmental  Policy  Dept. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06236 


EFFECTS  OF  MERCURY  ON  THE  FEEDING 
BEHAVIOR  OF  THE  MUMMICHOG,  FUNDU- 


LUS  HETEROCLrrUS  FROM  A  POLLUTED 
HABITAT. 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 

Dept.  of  Biological  Sciences. 

J.  S.  Weis,  and  A.  A.  Khan. 

Marine  Environmental  Research  MERSDW,  Vol. 

30,  No.  4,  p  243-249,  1990.  1  Ub,  19  ref. 

Descriptors:  'Fish  behavior,  'Mercury,  'Sublethal 
effects,  'Toxicity,  'Water  pollution  effects.  Fish 
diets,  Fish  food  organisms.  Growth,  Mercuric 
chloride,  Methylmercury,  New  Jersey,  Water  pol- 
lution. 

Exposure  to  sublethal  concentrations  of  toxicants 
may  produce  modifications  in  an  animal's  behavior 
that  can  in  turn  affect  the  animal's  ability  to  deal 
successfully  with  its  environment.  Toxicological 
modification  of  feeding  behavior  has  received 
some  attention.  By  altering  feeding  behavior,  pol- 
lutants may  alter  predator/prey  interactions,  that 
can  in  tum,  lead  to  changes  in  the  population  of 
the  predator  and  prey  species.  Fish  living  in  con- 
taminated environments  may  exhibit  reduced 
growth  that  may  be  due,  in  part,  to  the  impact  of 
toxicants  on  prey  capture  ability.  The  effects  of 
methylmercury  and  mercuric  chloride  on  the  feed- 
ing of  Fundulus  heteroclitus  from  Piles  Creek,  a 
polluted  habitat  in  Linden,  New  Jersey  were  stud- 
ied. It  was  found  that  exposure  to  0.01  mg/L  of 
methylmercury  for  one  week  had  less  impact  on 
the  prey  capture  rate  than  exposure  to  a  similar 
concentration  of  mercuric  chloride.  Exposure  to 
0.01  mg/L  for  two  weeks  or  to  0.02  mg/L  for  one 
week,  of  either  methylmercury  or  mercuric  chlo- 
ride, produced  significant  reductions  in  feeding 
rate,  compared  to  controls.  In  general,  the  fish 
were  affected  to  a  greater  degree  by  exposure  to 
mercuric  chloride  than  to  methylmercury.  This  is 
the  reverse  of  the  usual  order  of  toxicity,  but  is  in 
keeping  with  previous  observations  on  this  popula- 
tion, in  which  gametes  and  embryos  had  developed 
tolerance  to  methylmercury,  but  were  more  sus- 
ceptible to  mercuric  chloride.  (Mertz-PTT) 
W9 1-06239 


ANALYSIS  OF  THE  RELATIONSHIP  BE- 
TWEEN A  SAND-DOLLAR  EMBRYO  ELUTRI- 
ATE ASSAY  AND  SEDIMENT  CONTAMI- 
NANTS FROM  STATIONS  IN  AN  URBAN  EM- 
BAYMENT  OF  PUGET  SOUND,  WASHING- 
TON. 

Washington  Univ.,  Seattle.  Fisheries  Research 
Inst. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06240 


EXPERIMENTAL  MARINE  ECOSYSTEM 
STUDY  OF  THE  PELAGIC  BIOGEOCHE- 
MISTRY  OF  PENTACHLOROPHENOL. 

Dobrocky  Seatech  Ltd.,  Sidney  (British  Colum- 
bia). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06241 


ROLE  OF  ALUMINUM  AND  GROWTH  RATE 
ON  CHANGES  IN  CELL  SIZE  AND  SILICA 
CONTENT  OF  SILICA-LIMITED  POPULA- 
TIONS OF  ASTERIONELLA  RALFSH  VAR. 
AMERICANA  (BACILLARIOPHYCEAE). 
Michigan  Univ.,  Ann  Arbor.  Dept.  of  Biology. 
R.  W.  Gensemer. 

Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  2,  p 
250-258,  1990.  5  fig,  2  tab,  56  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Aluminum,  'Asterionella,  'Diatoms, 
•Silica,  'Water  pollution  effects,  Acid  lakes, 
Growth,  Population  dynamics. 

Changes  in  cell  size  and  silica  content  were  exam- 
ined in  response  to  aluminum  additions  in  cultures 
of  the  acidophilic  diatom  Asterionella  ralfsn  var. 
americana  Kom  at  pH  6.0.  The  effects  of  Al  were 
examined  over  a  range  of  steady-state  growth  rates 
using  silica-limited  semicontinuous  cultures.  Addi- 
tions of  >/=  2.8  micromoles/L  total  Al  decreased 
mean  cell  length,  total  surface  area,  and  biovolume 
up  to  40-50%.  The  effects  of  Al  were  dependent 
on  growth  rate  with  the  magnitude  of  size  reduc- 


tion increasing  at  higher  growth  rates.  The  propor- 
tion of  small  (approximately  15-20  micrometers) 
cell  length  classes  increased  relative  to  large  (ap- 
proximately 50  micrometers  length)  cell  length 
classes  when  total  Al  exceeded  2.8  micromoles/L, 
particularly  at  higher  growth  rates.  The  relation- 
ship between  cell  quota  and  steady-state  growth 
rate  fit  a  Droop  relationship  at  0  and  2.8  micro- 
moles/L total  Al,  but  this  fit  was  highly  variable  in 
the  presence  of  Al.  Cell  quotas  in  the  6.22  micro- 
moles/L total  Al  treatment  were  highest  at  low 
growth  rates;  therefore,  a  Droop  relationship  was 
an  inappropriate  descriptor  of  growth  rate.  Cells 
also  became  30-40%  more  heavily  silicified  per 
unit  surface  area  in  the  presence  of  Al  and  at 
growth  rates  >/=  0.22/day.  Although  the  mecha- 
nisms responsible  for  size  reductions  in  response  to 
Al  additions  are  unclear,  the  relationship  between 
metal  concentration  and  frustule  morphology  may 
be  useful  as  an  indicator  of  Al  loading  to  acidified 
lakes.  (Author's  abstract) 
W9 1-06249 


EFFECTS  OF  ARSENATE  ON  GROWTH  OF 
NITROGEN-  AND  PHOSPHORUS-LIMITED 
CHLORELLA  VULGARIS  (CHLOROPHY- 
CEAE)  ISOLATES. 

Toronto  Univ.  (Ontario).  Dept.  of  Botany. 
I.  R.  Creed,  M.  Havas,  and  C.  G.  Trick. 
Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  4,  p 
641-650,  1990.  4  fig,  1  tab,  54  ref. 

Descriptors:  'Algae,  'Algal  growth,  'Arsenic 
compounds,  'Chlorella,  'Limiting  nutrients, 
'Water  pollution  effects,  Arsenic,  Canada,  Japan, 
Nitrogen,  Phosphorus,  Photosynthesis,  Tolerance, 
Water  pollution. 

The  effects  of  arsenate  on  the  growth  characteris- 
tics of  five  isolates  of  the  freshwater  alga,  Chlorel- 
la vulgaris  Beij.,  were  examined.  Two  field  isolates 
originated  from  arsenic-contaminated  sites  in 
Yukon,  Canada  and  Kyushi,  Japan;  two  reference 
isolates  were  obtained  from  the  University  of 
Texas  Culture  Collection.  One  isolate  was  selected 
for  arsenic-tolerance  in  the  laboratory.  All  five 
strains  survived  in  culture  solutions  containing 
high  arsenate  concentrations.  Arsenate  (1-25  milli- 
molar  As)  reduced  photosynthesis  and  cell  growth, 
as  reflected  by  induced  lag  periods,  slower  growth 
rates,  and  lower  stationary  cell  yields.  Field  iso- 
lates had  shorter  lag  periods,  higher  growth  rates, 
and  enhanced  cell  yields  compared  to  lab  isolates 
when  exposed  to  the  same  arsenic  concentrations. 
Growth  of  the  phosphorus-limited  field  strains  was 
stimulated  by  the  addition  of  arsenic.  The  cell  yield 
of  phosphorus-limited  C.  vulgarus  Yukon,  when 
treated  with  arsenic,  was  two  times  that  of  the 
phosphorus-limited  control.  This  pattern  was  not 
evident  when  photosynthesis  was  used  as  a  meas- 
ure of  cell  response.  (Author's  abstract) 
W91-06256 


COPPER  TOLERANCE  OF  CHLAMYDO- 
MONAS  ACIDOPHILA  (CHLOROPHYCEAE) 
ISOLATED  FROM  ACIDIC,  COPPER-CON- 
TAMINATED SOILS. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 
Studies. 
M.  R.  Twiss. 

Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  4,  p 
655-659,  1990.  1  fig,  3  tab,  27  ref. 

Descriptors:  'Air  pollution  effects,  'Algae,  'Chla- 
mydomonas,  'Chlorophyta,  'Copper,  'Mine 
wastes,  'Soil  algae,  'Soil  contamination,  'Water 
pollution  effects,  Cyanophyta,  Ecological  effects, 
Hydrogen  ion  concentration,  Iron,  Nickel,  Soil 
organisms. 

The  smelting  of  sulfur-rich  copper,  nickel,  and  iron 
ores  in  the  Sudbury  Basin  of  north-eastern  Ontario 
dates  back  to  1888  when  the  first  ore  roasting  yard 
was  established  in  the  area.  The  algae  that  inhabit 
the  contaminated  soils  of  this  area  are  predomi- 
nantly chlorophytes  with  some  cyanobacteria 
present  in  less  acidic,  rehabilitated  soils.  Similar 
distributions  of  soil  algae  have  been  reported  from 
comparably  devastated  land  in  the  Soviet  Union. 
The   algae  that   live   in   contaminated   soils   near 
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Sudbury  are  believed  to  be  metal  tolerant  strains 
that  have  evolved  by  the  process  of  selection 
during  the  past  century  in  which  pollution  has 
been  intense  in  this  region.  Cells  of  Chlamydo- 
monas  acidophila  Negoro,  isolated  from  three  soils 
with  different  available  copper  contents  (74,  80, 
and  87  microgram/g),  were  assayed  for  then-  re- 
sponses to  copper.  Soil  pH  ranged  from  3.3-3.9. 
Responses  were  evaluated  using  algistatic  assays 
involving  five  day  exposure  to  copper  concentra- 
tions from  0.1-100  mg/L  at  pH  3.8  and  6.6  in 
defined  liquid  media.  Interspecies  and  intraspecies 
comparisons  were  made  between  the  soil  isolates 
and  laboratory  strains  of  C.  reinhardtu  and  C. 
acidophila.  Algistatic  copper  concentrations  of  soil 
isolates  were  20-125  times  greater  than  those  of  the 
laboratory  strain  of  C.  reinhardtii.  Concentrations 
of  0.1  mg  Cu/L,  or  greater,  killed  the  laboratory 
strain  of  C.  acidophila.  Soil  isolates  of  C.  acido- 
phila appeared  to  be  copper  tolerant;  however, 
there  was  no  conclusive  evidence  to  indicate  that 
the  level  of  copper  tolerance  in  the  soil  isolates 
was  positively  correlated  with  the  level  of  avail- 
able copper  in  the  soil.  (Mertz-PTT) 
W91-06258 


METHOD  FOR  DETECTING  AND  IDENTIFY- 
ING THE  LETHAL  ENVIRONMENTAL 
FACTOR  ON  A  DOMINANT  MACRO- 
BENTHOS  AND  ITS  APPLICATION  TO  LAKE 
SHINJI,  JAPAN. 

Tokyo  Univ.  (Japan).  Ocean  Research  Inst. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06260 

VARIATION  IN  COMPOSITION  AND  CONDI- 
TION OF  THE  PACIFIC  OYSTER,  CRASSOS- 
TREA  GIGAS,  ALONG  A  POLLUTION  GRADI- 
ENT IN  MANUKAU  HARBOUR,  NEW  ZEA- 
LAND. 

Department  of  Scientific  and  Industrial  Research, 
Hamilton  (New  Zealand).  Water  Quality  Centre. 
R.  D.  Pridmore,  D.  S.  Roper,  and  J.  E.  Hewitt. 
Marine  Environmental  Research  MERSDW,  Vol. 
30,  No.  3,  p  13-177,  1990.  3  fig,  4  tab,  49  ref. 

Descriptors:  *Mollusks,  *New  Zealand,  »Oysters, 
•Path  of  pollutants,  'Water  pollution  effects, 
Chlorinated  hydrocarbons,  Glycogen,  Industrial 
wastewater,  Municipal  wastewater,  Organotin 
compounds,  Proteins,  Urban  runoff,  Water  pollu- 
tion, Water  pollution  sources. 

The  Pacific  oyster,  Crassostrea  gigas  Thunberg,  is 
a  native  of  Japan  and  was  accidently  introduced 
into  New  Zealand  probably  during  the   1960s. 
Since  its  introduction,  the  species  has  rapidly  colo- 
nized the  northern  coastline  of  the  North  Island 
and  become  the  dominant  farmed  oyster.  C.  gigas 
is   found   in   relatively   high   numbers   along   the 
northern  shore  of  Manukau  Harbour,  which  re- 
ceives    inputs     of     industrial     and     municipal 
wastewater,     including     various     organochlorine 
compounds,  and  treated  sewage  effluent  and  urban 
runoff   from    the    Auckland    metropolitan    area. 
Three  physical  and  four  biochemical  condition  in- 
dices were  used  to  assess  the  condition  of  the 
Pacific  oyster,  C.  gigas,  down  a  pollution  gradient 
in  Wairopa  Channel,  Manukau  Harbour,  New  Zea- 
land.   Changes   in   condition   along   the   channel 
agreed  well  with  the  known  water  quality/pollu- 
tion gradient.  All  indices  except  one  (based  on 
protein  content)  clearly  distinguished  between  pol- 
luted and  unpolluted  sites.  Differences  in  condition 
were  attributable  principally  to  an  increase  in  gly- 
cogen   content    down    the    pollution    gradient. 
Whereas    protein    content    varied    insignificantly 
among  sites,  glycogen  content  was  1.5-1.8  times 
greater  at  the  less  polluted  sites  and  accounted  for 
much  of  the  observed  increase  in  dry  flesh  weight. 
Pronounced  shell  thickening,  commonly  associated 
with  tributyltin  contamination,  was  also  observed 
at  the  more  polluted  sites.  (Mertz-PTT) 
W9 1-06261 


HAEMATOLOGICAL  EFFECTS  IN  FISHES 
FROM  COMPLEX  POLLUTED  WATERS  OF 
VISAKHAPATNAM  HARBOUR. 

Andhra  Univ.,  Waltair  (India).  Dept.  of  Zoology. 
D.  Panduranga  Rao,  B.  Ram  Bhaskar,  K.  Srinivasa 


Rao,  and  Y.  V.  K.  Durga  Prasad. 

Marine  Environmental  Research  MERSDW,  Vol. 

30,  No.  3,  p  217-231,  1990.  1  fig,  7  tab,  42  ref. 

Descriptors:  'Fish  physiology,  •India,  'Sublethal 
effects,  *Toxicity,  *Water  pollution  effects,  Blood, 
Fish,  Fishkill,  Heavy  metals,  Lethal  effects,  Tissue 
studies,  Toxicants,  Water  pollution. 

An  understanding  of  physiological  or  biochemical 
changes  due  to  sublethal  toxicity  is  necessary  to 
predict  possible  lethal  effects.  Attempts  to  monitor 
the  influence  of  toxicants  have  utilized  a  variety  of 
techniques  to  assess  histopathologic^,  biochemical 
and  physiological  changes.  One  primary  goal  of 
aquatic  toxicology  is  the  development  of  animal 
screening  techniques  to  measure  the  degree  of  en- 
vironmental contamination.  Hematology  of  fishes 
provides  a  useful  indication  of  pollution.  Five  spe- 
cies of  fish  from  two  polluted  stations  in  Visakha- 
patnam  harbor  waters  (India)  were  compared  he- 
matologically  with  the  same  species  from  two  con- 
trol stations-one  at  Gostani  estuary  of  Bhimilipat- 
nam  and  another  in  the  inshore  waters  of  Visakha- 
patnam  coast.  All  species  from  polluted  waters 
showed  significantly  lower  erythrocyte  numbers, 
hematocrit,  hemoglobin  and  thrombocyte  percent- 
age; and  significantly  higher  mean  cell  volume, 
leucocyte  numbers  and  lymphocyte  percentage, 
compared  with  the  controls.  The  observed  adverse 
hematological  characteristics  of  fish  from  polluted 
waters  were  probably  due  more  to  synergistic  ef- 
fects of  the  toxicants  (Pb,  Cd,  Cu,  Fe,  Zn,  Mn  and 
oil  and  grease)  rather  than  to  the  effects  of  each 
toxicant  separately.  (Mertz-PTT) 
W9 1-06264 

COMPARISON  OF  THE  ROLES  OF  DIRECT 
ABSORPTION  AND  PHYTOPLANKTON  IN- 
GESTION IN  ACCUMULATION  OF  CHROMI- 
UM BY  SEA  URCHIN  LARVAE. 

Otago  Univ.,  Dunedin  (New  Zealand).  Dept.  of 

Microbiology. 

P.  J.  Bremer,  M.  F.  Barker,  and  M.  W.  Loutit. 

Marine  Environmental  Research  MERSDW,  Vol. 

30,  No.  3,  p  233-241,  1990.  3  tab,  17  ref. 

Descriptors:  *Bioaccumulation,  •Chromium, 
•Echinoderms,  'Food  chains,  *Path  of  pollutants, 
♦Sea  urchins,  'Sublethal  effects,  Algae,  Ecological 
effects,  Lethal  effects,  Plankton,  Water  pollution, 
Water  pollution  effects. 

For  the  purposes  of  ecological  management  it  is 
important  to  understand  the  routes  of  metal  accu- 
mulation by  marine  organisms,  as  well  as  their 
possible   long-term   lethal    or   sub-lethal    effects. 
Chromium  can  have  adverse  effects  on  marine 
organisms  so  it  is  important  to  determine  the  long- 
term  effects  of  its  discharge  to  the  environment. 
Larvae  of  the  sea  urchin  Pseudechinus  novaezea- 
landiae  were  exposed  to  cells  of  the  marine  plank- 
tonic  alga  Dunaliella  primolecta  that  had  been 
cultured  in  the  presence  or  absence  of  6  microgram 
Cr/ml.  Larvae  exposed  to  the  algal  cells  that  had 
elevated  Cr  concentrations  (2800  microgram  Cr/g 
dry  weight)  accumulated  up  to  657  microgram  Cr/ 
g  dry  weight.  The  presence  of  the  Cr  had  no 
adverse  effect  on  either  larval  survival  or  growth 
rates.  Additional  cultures  of  larvae  were  exposed 
to  Cr-free  algal  cells  and  Cr  added  from  a  stock 
Cr(III)  solution.  Again,  the  Cr  had  no  detectable 
adverse  effects;  however,  larvae  accumulated  Cr  in 
significantly  lower  concentrations  (71  microgram 
Cr/g  dry  weight)  when  the  metal  was  added  in 
solution,  compared  to  when  it  was  added  in  asso- 
ciation with  the  algal  cells.  The  results  indicate 
that  when  larvae  are  exposed  to  Cr  that  is  associat- 
ed with  algal  cells  they  accumulate  Cr  to  a  greater 
degree  than  when  they  are  exposed  to  Cr  added 
independently  of  the  algal  cells.  It  is  important  to 
note  that  the  ability  of  the  larvae  to  accumulate 
high  concentrations  of  Cr  would  not  have  been 
detected  if  the  traditional  LD50  type  experiments 
had  been  performed.  The  work  suggests  that  not 
only  can  algae  act  as  a  vehicle  for  entry  of  Cr  to  a 
marine  food  chain,  but  also  that  the  transfer  of  Cr 
to  the  larvae  is  more  efficient  when  the  Cr  is 
associated  with  a  food  source  rather  than  in  solu- 
tion. (Mertz-PTT) 
W9 1-06265 


SECONDARY  PRODUCTION  OF  CHIRONO- 
MID  COMMUNITIES  IN  INSECTICIDE- 
TREATED  AND  UNTREATED  HEADWATER 
STREAMS. 

Georgia  Univ.,  Athens.  Dept.  of  Entomology. 
G  J.  Lugthart,  J.  B.  Wallace,  and  A.  D.  Huryn. 
Freshwater  Biology  FWBLAB,  Vol.  24,  No.  3,  p 
417-427,  December  1990.  2  fig,  3  tab,  41  ref.  NSF 
Grants  BSR83-16082,  BSR87-18005,  and  BSR85- 
16497. 

Descriptors:  'Aquatic  production,  'Flies,  •Insecti- 
cides, 'Streams,  'Water  pollution  effects,  Appa- 
lachian Mountains,  Biomass,  Headwaters,  Methox- 
ychlor,  Midges,  Mountain  streams. 

Production  of  chironomid  communities  of  three 
first  order,  Appalachian  Mountain  streams  was  es- 
timated and  the  effects  of  an  insecticide-induced 
disturbance  on  chironomid  production  was  exam- 
ined. Annual  production  of  non-Tanypodinae  chir- 
onomids  in  the  streams  during  the  first  study  year 
(no  treatment)  ranged  from  1366  to  3636  mg/sq  m, 
while  production  of  Tanypodinae  chironomids 
ranged  from  48  to  116  mg/sq  m.  Production/ 
biomass  ratios  ranged  between  19  and  23  for  non- 
Tanypodinae  and  from  6  to  7  for  Tanypodinae 
chironomids.  Application  of  the  insecticide  meth- 
oxychlor  resulted  in  significantly  lower  chirono- 
mid densities  and  biomass  in  the  treated  stream 
relative  to  the  pretreatment  year  and  reference 
stream.  Annual  production  of  non-Tanypodinae 
(703  mg/sq  m)  and  Tanypodinae  (32  mg/sq  m) 
chironomids  in  the  treated  stream  decreased  by 
64%  and  67%,  respectively,  compared  with  the 
pretreatment  year.  In  contrast,  production  of  non- 
Tanypodinae  (2084  mg/sq  m)  increased  by  34% 
and  production  of  Tanypodinae  (96  mg/sq  m)  by 
57%  in  the  reference  stream.  (Author's  abstract) 
W9 1-06268 

RELATIONSHIPS  BETWEEN  THE  PHYSICO- 
CHEMISTRY  AND  MACROINVERTEBRATES 
OF  BRITISH  UPLAND  STREAMS:  THE  DE- 
VELOPMENT OF  MODELLING  AND  INDICA- 
TOR SYSTEMS  FOR  PREDICTING  FAUNA 
AND  DETECTING  ACIDITY. 
University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06269 

NITRIFICATION  AND  NITRATE  UPTAKE: 
LEACHING  BALANCE  IN  A  DECLINED 
FOREST  ECOSYSTEM  IN  EASTERN  FRANCE. 

Centre  de  Pedologie  Biologique,  Vandoeuvre-les- 
Nancy  (France). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06308 

NITRATE  ACCUMULATION  IN  LEAVES  OF 
VEGETATION  OF  A  FORESTED  ECOSYSTEM 
RECEIVING  HIGH  AMOUNTS  OF  ATMOS- 
PHERIC AMMONIUM  SULFATE. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Microbiology. 

A.  J.  M.  Stams,  and  I.  J.  L.  Schipholt. 

Plant  and  Soil  PLSOA2,  Vol.  125,  No.  1,  p  143- 

145,  1990.  1  tab,  12  ref. 

Descriptors:  'Acidic  soils,  'Air  pollution  effects, 
•Ammonification,  'Farm  wastes,  'Forest  ecosys- 
tems, 'Forest  soils,  'Nitrates,  'Water  pollution 
sources,  Absorption,  Ammonia,  Ammonium  com- 
pounds, Leaves,  Netherlands,  Nitrification,  Rhi- 
zosphere,  Soil  water,  Trees,  Vegetation  effects. 

Due  to  intensive  livestock  breeding,  several  forest 
ecosystems  in  the  Netherlands  receive  high  inputs 
of  atmospheric  ammonia  and  ammonium.  Flux 
measurements  in  acid  forest  soil  locations  have 
shown  that  a  major  part  of  the  atmospheric  ammo- 
nium is  oxidized  to  nitrate.  At  these  locations  the 
vegetation  is  not  able  to  accumulate  all  the  nitrate 
produced,  and  as  a  consequence  the  nitrate  con- 
centration in  the  soil  water  can  reach  values  of  up 
to  8  mM  and  a  significant  part  of  the  nitrate  is 
leached  with  the  drainage  water.  Vegetation  of  an 
acid  woodland,  receiving  an  atmospheric  ammoni- 
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urn  input  of  about  3  kmol  (40  kg  N)  per  hectare  per 
year,  was  analyzed  to  determine  the  content  of 
organic  nitrogen,  ammonium,  and  nitrate.  A  high 
nitrate  content  (50-320  micromol/g  dry  weight) 
was  found  in  bird-cherry,  blackberry,  and  bracken, 
whereas  only  low  amounts  (up  to  2  micromol/g 
dry  weight)  of  nitrate  were  present  in  mountain 
ash,  hazel,  and  the  two  dominant  tree  species  oak 
and  birch.  The  impact  of  this  nitrate  uptake  and 
nitrate  accumulation  on  soil  pH  and  autotrophic 
nitrification  may  include  an  extrusion  of  OH(-)  or 
its  equivalent,  like  HC03(-),  causing  an  increase  of 
the  pH  of  the  rhizosphere.  Autotrophic  nitrifying 
bacteria  may  develop  a  microniche  in  this  rhizos- 
phere. (Fish-PTT) 
W9 1-06309 


ALUMINUM  TOLERANCE  IN  TREES  OF  A 
TROPICAL  CLOUD  FOREST. 

Instituto  Venezolano  de  Investigaciones  Cientifi- 

cas,  Caracas.  Centro  de  Ecologia  y  Ciencias  Am- 

bientales. 

G.  Cuenca,  R.  Herrera,  and  E.  Medina. 

Plant  and  Soil  PLSOA2,  Vol.  125,  No.  2,  p  169- 

175,  1990.  1  fig,  2  tab,  36  ref. 

Descriptors:  *Acid  rain  effects,  •Acidity,  •Alumi- 
num, *Bioaccumulation,  *Rain  forests,  'Trees, 
•Tropical  regions.  Acidic  soils.  Acidic  water,  Re- 
sistance, Rhizosphere,  Soil-water-plant  relation- 
ships, Tolerance,  Venezuela. 

Acidity  tolerance  mechanisms  in  plants  are  receiv- 
ing increased  attention,  especially  in  the  industrial- 
ized countries  where  human  activities  are  increas- 
ing the  acidity  of  atmosphere,  waters,  and  soils. 
The  aluminum  (Al)  tolerance  of  several  tree  spe- 
cies was  studied  in  a  cloud  forest  in  Northern 
Venezuela,  growing  on  a  very  acid  soil  and  rich  in 
soluble  Al.  The  Al-accumulator  species  (>1000 
ppm  in  leaves)  were  compared  to  non-accumulator 
ones  in  relation  to  total  Al  concentration  in  xylem 
sap,  pH,  and  Al  concentration  in  vacuoles,  and 
rhizosphere  alkalinization  capacity.  The  Al(+3) 
concentration  in  the  soil  solution  and  the  xylem  sap 
were  also  measured.  The  results  show  that  in  the 
Al-accumulator  plant  Richeria  grandis,  xylem  sap 
was  relatively  rich  in  Al  and  about  35%  of  it  was 
present  in  ionic  form.  In  the  non-accumulator  plant 
studied  (Guapira  olfersiana)  there  was  no  Al  de- 
tectable in  xylem  sap.  The  pH  of  vacuolar  sap  of 
several  Al-accumulator  species  studied  was  very 
acidic  and  ranged  between  2.6-4.8,  but  the  pres- 
ence of  Al  in  vacuoles  was  not  correlated  with  the 
acidity  of  the  vacuolar  sap.  Both  Al-accumulator 
and  non-accumulator  plants  had  the  capacity  to 
reduce  acidity  of  the  rhizosphere  and  increased  the 
pH  of  the  nutrient  solution  by  one  unit  within  the 
first  24  hours.  Trees  growing  in  natural,  high  acidi- 
ty, high  Al(-|-3)  environment  showed  a  series  of 
tolerance  mechanisms,  such  as  deposition  of  Al  in 
vacuoles,  Al  chelation  and  rhizosphere  alkaliniza- 
tion. These  partially  ameliorate  the  toxic  effects  of 
this  element,  but  they  probably  impose  a  high 
ecological  cost  in  terms  of  photosynthate  alloca- 
tion and  growth  rate.  (Author's  abstract) 
W91-06310 


CHEMICAL  COMPOSITION  OF  SOIL  SOLU- 
TIONS EXTRACTED  FROM  NEW  ZEALAND 
BEECH  FORESTS  AND  WEST  GERMAN 
BEECH  AND  SPRUCE  FORESTS. 

Forest   Research   Inst.,  Christchurch  (New  Zea- 
land). Forest  and  Wildland  Ecosystems  Div. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-06316 


ACCELERATED  NITROGEN  INPUTS-A  NEW 
PROBLEM  OR  A  NEW  PERSPECTIVE. 

National  Power,  Leatherhead  (England).  Technol- 
ogy and  Environmental  Centre. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06320 


POLYCHLORINATED  BIPHENYLS  CONCEN- 
TRATION AND  CYTOCHROME  P-450E  EX- 
PRESSION IN  WINTER  FLOUNDER  FROM 
CONTAMINATED  ENVIRONMENTS. 

Woods    Hole    Oceanographic    Institution,    MA. 


Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  5B. 
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SEASONAL  VARIATION  OF  MIXED-FUNC- 
TION OXIDASE  ACTIVITY  IN  A  POPULA- 
TION OF  YELLOW-LEGGED  HERRING 
GULL:  RELATIONSHIP  TO  SEXUAL  CYCLE 
AND  POLLUTANTS. 

Siena  Univ.  (Italy).  Dipt,  di  Biologia  Ambientale. 
C.  Fossi,  C.  Leonzio,  and  S.  Focardi. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  35-39,  1989.  2  fig,  10  ref. 

Descriptors:  'Animal  metabolism,  "Enzymes, 
•Gulls,  *Mixed-function  oxidase,  ^Oxidase,  *Path 
of  pollutants,  'Population  exposure,  'Sexual  cycle, 
•Toxicology,  »Water  pollution  effects,  Bioindica- 
tors,  Chlorinated  hydrocarbons,  Cytochromes, 
Heavy  metals,  Seasonal  variation,  Venice  Lagoon, 
Water  birds. 

Induction  of  the  mixed-function  oxidase  (MFO) 
system  has  commonly  been  used  as  a  biochemical 
marker  of  xenobiotic  contamination  in  birds.  The 
influence  of  intrinsic  (e.g.  sexual  cycle)  and  extrin- 
sic (xenobiotic)  factors  in  determining  the  levels  of 
MFO  activity  was  investigated  in  a  population  of 
yellow-legged  herring  gull  (Larus  cachinnans). 
Aldrin  epoxidase  activity,  7-ethoxyresorufin  deal- 
kylation,  NADPH-cytochrome  c  reductase, 
NADH-cytochrome  c  reductase,  chlorinated  hy- 
drocarbon residues  (hexachlorobenzene,  Lindane, 
pp'DDE,  polychlorinated  biphenyls)  and  heavy- 
metal  residues  (Hg,  Pb,  Cd)  were  measured  in 
three  gulls  collected  in  the  Venice  Lagoon,  Italy, 
in  different  seasons  in  1986  and  1987.  Aldrin  epoxi- 
dase undergoes  marked  seasonal  variation,  reach- 
ing a  peak  in  the  breeding  season;  on  the  other 
hand,  7-ethoxyresorufin  dealkylation  activity  is 
more  closely  related  to  certain  organochlorine  resi- 
dues (polychlorinated  biphenyls).  NADPH-cy- 
tochrome c  reductase  and  NADH-cytochrome  c 
reductase  and  NADH-ferricyanide  reductase  ac- 
tivities showed  seasonal  variation.  These  results 
suggest  that  seasonal  variations  in  MFO  activity, 
which  may  be  related  to  the  sexual  cycle,  need  to 
be  taken  into  account  when  considering  biochemi- 
cal effects  of  pollutants.  (Author's  abstract) 
W9 1-06329 


FISH  AND  MAMMALIAN  LIVER  CYTOSOLIC 
GLUTATHIONE  S-TRANSFERASES:  SUB- 
STRATE SPECIFICITIES  AND  IMMUNOLOGI- 
CAL COMPARISON. 

Unit  of  Aquatic  Biochemistry,  Stirring  (Scotland). 
S.  George,  G.  Buchanan,  I.  Nimmo,  and  J.  Hayes. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.   1/4,  p  41-46,   1989.   1  fig,  2  tab,   15  ref. 

Descriptors:  'Animal  physiology,  'Detoxification, 
•Enzymes,  'Fish  physiology,  'Glutathione  S- 
transferases,  'Mammals,  'Toxicology,  'Water  pol- 
lution effects,  Anadromous  fish,  Carcinogens,  Cod, 
Comparison  studies,  Immunoassay,  Proteins, 
Salmon. 

The  glutathione  S-transferases  (GST)  are  a  multi- 
gene  family  of  proteins  which  in  mammals  serve 
three  complementary  roles  in  detoxication:  conju- 
gation of  many  electrophilic  compounds  with  glu- 
tathione to  produce  more  soluble,  excretable  ad- 
ducts;  covalent  binding  of  highly  reactive  electro- 
philes  in  a  'suicide'  reaction,  and;  binding  and 
intracellular  transport  of  potentially  toxic  endobio- 
tics  for  their  metabolism.  The  substrate  specificities 
of  cytosolic  GST  activity  were  compared  in  three 
common  marine  fish  and  in  anadromous  and  fresh- 
water salmonids.  Polyclonal  antisera  raised  against 
purified  rat  and  plaice  GST  subunits  were  used  to 
investigate  phylogenetic  relationships  between  the 
mammalian  and  fish  enzymes.  Salmonids  are  ex- 
tremely sensitive  to  hepatic  neoplasia  elicited  by 
Aflatoxin  Bl  epoxide  and  produce  the  glucuronide, 
rather  than  the  GSH,  conjugate  formed  in  rats, 
thus  must  have  GSTs  of  different  specificities.  The 
presence  of  a  Yf-type  protein  in  the  salmonids 
could  also  be  related  to  the  sensitivity  to  this 
mycotoxin-induced  neoplasia,  since  expression  of 
the  Yf  protein  in  rat  liver  is  normally  a  characteris- 
tic   of    preneoplastic    nodules.     Several    flatfish 


showed  an  extremely  high  incidence  of  PAH-in- 
duced  hepatocarcinomas  which  may  be  due  to 
increased  sensitivity  to  cytochrome  P-448  inducers 
or  impaired  detoxication  abilities  of  the  phase  2 
enzyme  systems.  (Brunone-PTT) 
W9 1-06330 


EVALUATION  OF  BIOCHEMICAL  RE- 
SPONSES TO  ENVIRONMENTAL  CONTAMI- 
NANTS IN  FLATFISH  FROM  THE  HVALER 
ARCHIPELAGO  IN  NORWAY. 

Bergen  Univ.  (Norway).  Dept.  of  Biochemistry. 
A.  Goksoyr,  A.-M.  Husoy,  H.  E.  Laraen,  J. 
Klungsoyr,  and  S.  Wilhelmsen. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  51-55,  1989.  2  fig,  10  ref. 

Descriptors:  'Contamination,  'Flatfish,  *Hvaler 
Archipelago,  'Norway,  'Path  of  pollutants,  'Toxi- 
cology, 'Water  pollution  effects,  Chlorinated  hy- 
drocarbons, Cytochromes,  DDE,  Ethoxy-resonifin 
O-deethylase,  Fish  physiology,  Immunoassay,  Pol- 
ychlorinated biphenyls. 

A  degradation  of  the  water  quality  and  fish  catches 
in  the  Hvaler  Archipelago,  along  with  increased 
incidences  of  fish  diseases  over  the  last  decade 
have  been  reported  by  local  fishermen.  Flatfish 
caught  at  four  different  sites  in  the  Hvaler  Archi- 
pelago were  analyzed  for  content  of  organochlor- 
ine contaminants  (polychlorinated  biphenyls 
(PCB),  hexachlorobenzene  (HCB),  1 , 1 -dlch]o^o- 
2,2-bis(p-chlorophenyl)ethylene,  DDE,  polychlori- 
nated dibenzofurans  (PCDF),  and  polychlorinated 
dibenzodioxins  (PCDD)  and  polyaromatic  hydro- 
carbons (PAH)  in  fillet  and  liver,  and  for  cytoch- 
rome P-450-dependent  ((ethoxyresonifin  O-deethy- 
lase (EROD)  and  ethoxycoumarin  O-deethylase 
(ECOD))  and  conjugating  (UDP-glucuronyltrans- 
ferase)  enzyme  activities  in  lever  S9-fractions.  The 
liver  samples  were  also  analyzed  immunochemical- 
ly  using  Western  blotting  and  an  enzyme  linked 
immunosorbent  assay  (ELISA)  with  antibodies 
against  the  beta-naphthoflavone-inducible  cytoch- 
rome P-450  forms  from  cod,  rainbow  trout  and 
perch.  Sites  close  to  contaminant  effluents  show 
elevated  levels  of  the  organochlorines  HCB,  DDE 
and  PCB,  but  only  background  levels  of  the  organ- 
ochlorines PCDF/PCDD  and  PAH  in  sampled 
fish.  Some  of  these  sites  showed  highly  induced 
EROD  activities  in  the  fish.  Of  the  flatfish  caught, 
only  dab  (Limanda  limanda)  showed  a  good  corre- 
lation between  EROD  activity  and  immunochemi- 
cal cross-reactivity.  (Author's  abstract) 
W9 1-06331 


INDUCTION  OF  CYTOCHROME  P-450E  0?- 
450IA1)  BY  2,3,7,8-TETRACHLORODD3ENZO- 
FURAN  (2,3,7,8-TCDF)  IN  THE  MARINE  FISH 
SCUP  (STENOTOMUS  CHRYSOPS). 

Woods  Hole  Oceanographic  Institution,  MA. 
Dept.  of  Biology. 

M.  E.  Hahn,  B.  R.  Woodin,  and  J.  J.  Stegeman. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  61-65,  1989.  1  fig,  1  tab,  12  ref.  US 
PHS  Grant  ES04220. 

Descriptors:  'Cytochromes,  'Fish,  'Fish  physiolo- 
gy, 'Tetrachlorodibenzofurans,  'Toxicology, 
•Water  pollution  effects,  Dioxins,  Enzymes, 
Ethoxy-resorufin  O-deethylase,  Mammals,  Marine 
pollution,  Polychlorinated  biphenyls. 

The  halogenated  aromatic  hydrocarbons  (chlorin- 
ated biphenyls,  dibenzofurans,  and  dibenzo-p-diox- 
ins)  are  known  to  be  potent  inducers  of  P-450IA 1 
in  mammals.  These  compounds  have  been  found  in 
marine  sediments  and  biota,  but  the  ability  of  spe- 
cific members  of  these  groups  of  compounds  to 
induce  teleost  P-450IA1  is,  with  limited  exceptions, 
unknown.  Fish  were  injected  intraperitoneally 
with  corn  oil  (lmlAg),  3,4,3',4'-tetrachlorobi- 
phenyl  (3,4,3',4'-TCB)  or  2,3,7,8-tetrachlorodiben- 
zofuran  (2,3,7,8-TCDF).  P-450E-specific  messen- 
ger RNA  (P-450E  mRNA)  was  measured  using  a 
trout  P-450IA1  cDNA  probe  (pfPl  450-3").  The 
single  dose  (3.1  microg/kg;  10  nmolAg)  of  2,3,7,8- 
TCDF  produced  a  strong,  sustained  induction  of 
P-450E  mRNA,  protein,  and  ethoxyresonifin  O- 
deethylase  (EROD)  activity  in  scup.  Thus,  this 
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compound  and  other  chlorinated  dibenzofurans 
and  chlorinated  dibenzo-p-dioxins  may  contribute 
to  the  induction  of  P-450IA1  observed  in  feralfish 
from  contaminated  environments.  (Brunone-PTT) 
W91-06332 

INDUCTION  OF  THE  HEPATIC  MICROSO- 
MAL MIXED-FUNCTION  OXYGENASE  (MFO) 
SYSTEM  OF  ALLIGATOR  MISSISSIPPIENSIS 
BY  3-METHYLCHOLANTHRENE  (3-MO. 
Louisiana  State  Univ.,  Baton  Rouge.  Inst,  for  En- 
vironmental Studies. 

C.  S.  E.  Jewell,  L.  E.  Cummings,  M.  J.  J.  Roms, 
and  G.  W.  Winston. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  73-79,  1989.  3  tab,  15  ref. 

Descriptors:  •Alligators,  •Enzymes,  'Liver,  •Lou- 
isiana, •Methylcholanthrenes,  'Microsomes, 
•Mixed-function  oxygenase,  ^Oxygenase,  •Toxi- 
cology, *Water  pollution  effects,  Animal  physiolo- 
gy, Antibodies,  Cytochromes,  Ethoxy-resorufm  O- 
deethylase,  Hydrocarbons,  Hydroxylases. 

The   American   alligator   of  south    Louisiana   is 
threatened  by  increasing  impact  from  the  more 
than  200  chemical  industries  that  discharge  into  its 
habitats.  Intraperitoneal  pretreatment  of  alligators 
with  3-methylcholanthrene  (3-MC)  resulted  m  an 
increase  (P<0.001)  in  cytochrome  P-450  specific 
content,  a  bathochromic  shift  in  the  absorption 
maxima  of  reduced,  CO-liganded  microsomes  (448 
nm),  and  a  12-fold  increase  in  benzo(a)pyrene  hy- 
droxylase activity.  The  turnover  number  (units, 
nmol  P-450)  of  aminopyrine  N-demethylase  and  7- 
ethoxyxoumarin  O-deethylase  were  unaffected  by 
3-MC  treatment.   3-MC  treatment  resulted  m  a 
significant  (P<0.001)  increase  in  turnover  numbers 
of  the  O-dealkylations  of  methoxy-substituted  re- 
sorufins,  ethoxy-substituted  resorufins,  and  benzyl- 
oxy-substituted  resorufins.  The  turnover  number  of 
pentoxyresorufin  O-dealkylase  was  unaltered  by  3- 
MC  treatment.  Western  blots  showed  that  control 
alligator  microsomes  contain  a  protein  band  of 
lower  molecular  weight  than  either  rat  cytoch- 
rome P-450c  (P-450IA1)  or  P-450d  (P-450IA2), 
recognized  by  antibodies  to  both  P-450c  and  P- 
450d.  3-MC  treatment  induced  a  second  protein 
band  in  alligator  microsomes  of  the  same  molecu- 
lar weight  as  rat  P-450d,  recognized  by  antibodies 
to  rat  cytochrome  P-450d.  Alligator  mixed-func- 
tion oxidase  (MFO)  system  responds  to  3-MC  like 
mammals,  i.e.  induction  in  P-450  content,  increases 
in  specific  MFO  activities  and  the  apparent  expres- 
sion of  different  P-450  isoenzymes.  (Author's  ab- 
stract) 
W91-06334 


PURIFICATION  AND  PROPERTIES  OF 
HEPATO-PANCREAS  AND  GREEN  GLAND 
CYTOSOLIC  GLUTATHIONE  S-TRANSFER- 
ASES  OF  THE  RED  SWAMP  CRAYFISH,  PRO- 
CAMBARUS  CLARKII. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Bio- 
chemistry. 

C.  S.  Jewell,  R.  F.  Lee,  and  G.  W.  Winston. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  81-85,  1989.  2  tab,  9  ref. 

Descriptors:  *Animal  metabolism,  •Crayfish, 
•Glutathione  S-transferases,  *Green  gland,  *Hepa- 
topancreas,  *Path  of  pollutants,  ^Toxicology, 
•Water  pollution  effects,  Electrophoresis,  En- 
zymes, Invertebrates,  Proteins,  Purification,  Sepa- 
ration techniques. 

Both  vertebrates  and  invertebrates  contain  multiple 
forms  of  glutathione  S-transferase  (GST)  which 
are  capable  of  detoxifying  structurally  diverse  xen- 
obiotic  substrates.  Cytosolic  fractions  from  hepato- 
pancreas  and  green  gland  of  the  red  swamp  cray- 
fish, Procambarus  clarkii,  contained  high  GST  ac- 
tivity, 5.4  +/-0.6  and  4.2  +  /-0.2  micromol/min/ 
mg  protein,  respectively  as  measured  with  1- 
chloro-2,4-dinitrobenzene  (CDNB).  The  GSTs 
have  been  purified  to  electrophoretic  homogeneity 
from  105,000  x  g  supernatant  of  hepato-pancreas 
and  green  gland  homogenates  by  employing  Se- 
phadex-G-200,  DEAE-Sephacel  and  chromatofo- 
cusing.  Two  isoenzymes  were  purified  from 
hepato-pancreas;  one  which  eluted  at  pH  5.2  with 


a  specific  activity  of  86.8  micromol/min/mg,  and 
one  at  pH  5.1  with  a  specific  activity  of  58.3 
micromol/min/mg.  Purification  of  GST  from 
green  gland  resulted  in  two  isoenzymes  which 
eluted  at  pH  5.1  and  4.6  and  had  specific  activities 
of  38  0  and  164  micromol/min/mg.  Preliminary 
data  suggest  that  all  of  the  isoenzymes  are  dimers 
with  subunit  molecular  weights  of  22,000  to  23,000 
Da  The  purified  GST  were  most  active  m  the 
conjugation  of  CDNB  and  showed  little  or  no 
activity  towards  other  common  substrates.  Cytoso- 
lic activities  with  p-nitrophenyl  acetate  and  p-ni- 
trophenyl  trimethylacetate  were  higher  than  could 
be  accounted  for  by  the  activity  of  the  purified 
isoenzymes.  These  data  suggest  the  presence  of 
isoenzymes  in  cytosol  that  might  have  gone  unde- 
tected using  a  purification  scheme  which  employs 
CDNB  as  the  electrophilic  substrate.  (Authors 
abstract) 
W91-06335 

BLEACHED  KRAFT  PULPMILL  EFFLUENTS 
AND  TCDD:  EFFECTS  ON  BIOTRANSFORMA- 
TION AND  TESTOSTERONE  STATUS  OF 
MATURE  MALE  RAINBOW  TROUT  (SALMO 
GAIRDNERI).  . 

Kuopio  Univ.  (Finland).  Dept.  of  Physiology. 
P.  Lindstrom-Seppa,  and  A.  Oikari. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  99-103,  1989.  2  tab,  1 1  ref. 

Descriptors:  •Biotransformation,  *Dioxins,  *Path 
of  pollutants,  *Pulp  wastes,  'Toxicology,  •Trout, 
•Water  pollution  effects,  Effluents,  Fish  physiolo- 
gy, Kidneys,  Liver,  Oxygenase,  Population  studies, 
Species  composition,  Steroids,  Toxicity. 

Fish  populations  are  affected  by  pulpmill  effluents 
in  species  composition  changes.  The  effect  of 
2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD), 

given  intraperitoneally)  was  investigated  alone  and 
together  with  bleached  kraft  pulpmill  effluents 
(BKME)  on  fish  biotransformation  reactions  and 
testosterone  levels  in  mature  male  rainbow  trout 
(Salmo  gairdneri  Richardson).  The  results  show 
extremely  high  induction  in  liver  and  kidney  mon- 
ooxygenase  (PMSO)  activities  in  three  weeks 
caused  by  TCDD  alone  or  TCDD  together  with 
BKME.  BKME  alone  did  not  cause  significant 
effects.  7-Pentoxyresorufin  O-dealkylase  activity, 
previously  shown  to  be  an  indicator  of  phenobarbi- 
tal-type  induction,  was  highly  inducible  by  TCDD 
in  fish.  Plasma  testosterone  levels,  although  de- 
creased in  another  subacute  exposure  to  BKME 
showed  only  slight  changes  due  to  TCDD  and 
TCDD  +  BKME.  The  possible  interference  be- 
tween cellular  PMSO  systems  and  regulation  of 
steroid  status  of  fish  species  as  a  functional  basis  of 
reproductive  toxicity  due  to  BKME  and  its  com- 
ponents should  be  examined  in  more  detail.  (Au- 
thor's abstract) 
W91-06337 

CHARACTERIZATION  OF  BNF-INDUCTOLE 
CYTOCHROME  P-450IA1  IN  CULTURES  OF 
RAINBOW  TROUT  LD7ER  CELLS. 

West  Virginia  Univ.,  Morgantown.  Dept.  of  Bio- 
chemistry. . 
M.  R.  Miller,  D.  E.  Hinton,  and  J.  B.  Blair. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  105-108,  1989.  2  fig,  1  ref.  National 
Cancer  Institute  Grant  CA45131. 

Descriptors:  *Animal  metabolism,  •Beta-naphtha- 
flavone,  •Carcinogenicity,  *Cytochromes,  'Liver, 
•Mutagenicity,  *Toxicology,  'Trout,  'Water  pol- 
lution effects,  Cell  culture,  Enzymes,  Ethoxy-reso- 
rufin  O-deethylase,  Immunoassay,  Model  studies. 


ly  declined  when  cells  were  placed  in  culture,  with 
a  half  life  of  about  15  hours.  Addition  of  BNF, 
dexamethasone,  glucagon,  insulin  or  gamma-amin- 
olevulinic  acid  alone  or  in  combinations  neither 
prevented  this  decline  nor  induced  EROD  activity 
ui  isolated  cells  prepared  from  control  animals. 
Acetaminophen  in  the  culture  media  helped  main- 
tain EROD  activity,  immunoreactive  P-450  and 
total  cytochrome  P-450  in  hepatocytes  prepared 
from  BNF-treated  trout.  Light  and  electron  mi- 
croscopy revealed  that  concentrations  of  acetamin- 
ophen which  were  most  effective  in  maintaining 
EROD  produced  distinctive  toxic  effects  to  the 
cells.  The  mechanism(s)  by  which  acetaminophen 
influences  EROD  activity  is  not  yet  known;  how- 
ever, these  findings  establish  one  way  to  manipu- 
late P-450IA1  in  cultured  trout  hepatocytes.  (Au- 
thor's abstract) 
W9 1-06338 

HYDROCARBON  CONTENT  AND  MICROSO- 
MAL BPH  AND  REDUCTASE  ACTTVTTY  IN 
MUSSEL,  MYTTLUS  SP.,  FROM  THE  VENICE 
AREA,  NORTH-EAST  ITALY. 

Istituto  di  Biologia  del  Mare,  Venice  (Italy). 

C.  Nasci,  G.  Campesan,  V.  U.  Fossato,  F.  Dolci, 

and  A.  Menetto. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  109-112,  1989.  1  fig,  1  tab,  9  ref. 

Descriptors:  'Enzymes,  'Hydrocarbons,  'Italy, 
•Microsomes,  'Reductases,  'Sea  mussels,  'Toxi- 
cology, 'Water  pollution  effects,  Animal  metabo- 
lism, Cytochromes,  Digestive  gland,  Population 
studies,  Seasonal  variation,  Tissue  analysis,  Venice. 

During  1988,  wild  mussels  were  collected  bi- 
monthly from  two  stations  having  different  pollu- 
tion loads.  The  first  station  was  located  close  to  the 
city  of  Venice  and  the  second  was  located  offshore 
in  the  Gulf  of  Venice,  north-east  Italy.  Composite 
samples  of  digestive  glands  were  analyzed  for  their 
aliphatic  and  aromatic  hydrocarbon  content  and 
for  microsomal  benzo(a)pyrene  hydroxylase 
(BPH),  NADH-ferricyanide  reductase  and 
NADH-cytochrome  c  reductase  and  NADPH-cy- 
tochrome  c  reductase  activities.  Results  indicated 
significant  differences  between  the  two  stations  m 
digestive  gland  hydrocarbon  content,  while  enzy- 
matic activity  remained  at  equal  levels.  No  signifi- 
cant correlations  were  found  between  biochemical 
parameters  and  hydrocarbon  concentrations  in  di- 
gestive glands.  Seasonal  variations  both  in  micro- 
somal enzymatic  activity  and  in  hydrocarbon  con- 
tent of  digestive  glands  likely  mask  the  possible 
relationships  between  biochemical  and  chemical 
parameters.  (Author's  abstract) 
W91-06339 

INDUCTION  OF  XENOBIOTIC  METABOLIZ- 
ING ENZYME  ACnvriTES  IN  PRIMARY 
CULTURE  OF  RAINBOW  TROUT  HEPATO- 
CYTES. ,  „  . 
Goeteborg  Univ.  (Sweden).  Dept.  of  Zoophysio- 
logy. 

M.  Pesonen,  A.  Goksoyr,  and  T.  Andersson. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  113-116,  1989.  1  fig,  1  tab,  8  ref. 

Descriptors:  'Biotransformation,  'Cell  culture, 
•Enzymes,  •Metabolism,  •Toxicology,  •Trout, 
•Water  pollution  effects,  Animal  metabolism,  Bio- 
assay,  Cytochromes,  Ethoxy-resorufm  O-deethy- 
lase, Hydrocarbons,  Immunoassay,  Model  studies, 
Toxicity. 


Isolated  rainbow  trout  hepatocytes  can  provide  a 
model  system  for  characterizing  the  carcinogenic 
and  toxic  effects  of  xenobiotics.  For  these  studies, 
cytochrome  PA450-IA1,  the  beta-naphthoflavone 
(BNF)-inducible  isozyme,  which  is  fundamental 
for  the  phase  I  metabolism  of  many  xenobiotics, 
must  be  characterized.  Ethoxyresorufin  O-deethy- 
lase (EROD)  activity  and  immunoreactivity  of  P- 
4501 A 1  were  measured  in  isolated  trout  liver  cells 
maintained  in  culture  for  at  least  3  days.  Liver  cells 
prepared  from  trout  pretreated  with  BNF  exhibit- 
ed readily  detectable  EROD  activity,  which  rapid- 


Xenobiotic  metabolizing  enzymes  biotransform 
various  lipophilic,  foreign  compounds  (xenobio- 
tics) to  water-soluble  products.  Fish  liver  cytoch- 
rome P-450  enzymes  are  induced  by  polycychc 
aromatic  hydrocarbons  (PAH)  and  polychlonnat- 
ed  biphenyls  (PCBs).  Environmental  pollutants 
such  as  petroleum  products  and  pulp  bleach  plant 
effluents  are  also  potent  inducers  of  fish  cytoch- 
rome P-450.  Rainbow  trout  hepatocytes  in  primary 
monolayer  culture  maintained  several  important 
cell  functions  and  enzyme  activities  involved  in 
xenobiotic  metabolism.  Furthermore,  cytochrome 
P-450-dependent  7-ethoxyresorufin  O-deethylase 
activity  and  the  amount  of  the  major  polycychc 
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aromatic  hydrocarbons  (PAH)-inducible  form  of 
cytochrome  P-450  (measured  by  enzyme-linked 
immunosorbent  assay  (ELISA)  using  an  antibody 
towards  cod  P-450c)  increased  after  treatment  of 
cells  with  beta-naphthoflavone  or  2,3,7,8-tetrach- 
lorodibenzo-p-dioxin.  Cultured  trout  hepatocytes 
seems  to  be  a  promising  in  vitro  model  which  may 
serve  as  a  screening  test  for  toxic  constituents  in 
industrial  effluents  or  for  studies  on  regulation  of 
xenobiotic  metabolism  by  exogenous  and  endoge- 
nous factors.  (Author's  abstract) 
W9 1-06340 


EXPRESSION  OF  ORTHOLOGUES  TO  RAT  P- 
450IA1  AND  IIB1  IN  SEA-BIRDS  FROM  THE 
IRISH  SEA  1987-88:  EVIDENCE  FOR  ENVI- 
RONMENTAL INDUCTION. 

Karolinska  Inst.,  Stockholm  (Sweden).  Dept.  of 

Physiological  Chemistry. 

M.  J.  J.  Ronis,  J.  Borlakoglu,  C  H.  Walker,  T. 

Hansson,  and  J.  J.  Stegeman. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  123-130,  1989.  3  tab,  14  ref. 

Descriptors:  'Cytochromes,  'Environmental  ef- 
fects, •Irish  Sea,  'Toxicology,  'Water  birds, 
•Water  pollution  effects,  Cross-reactivity,  Ethoxy- 
resorufin  O-deethylase,  Gas  chromatography, 
Mass  spectroscopy,  Microsomes,  Monoclonal  anti- 
bodies, Orthologs,  Oxygenase,  Polychlorinated  bi- 
phenyls,  Western  blotting. 

Five  species  of  fish-eating  seabirds  (cormorant, 
razorbill,  puffin,  guillemot  and  shag)  were  collect- 
ed from  the  Saltee  Isles  and  the  Isle  of  May 
between  the  years  1978  and  1988.  Liver  micro- 
somes were  assayed  for  monoooxygenase  activity 
using  the  cyclodienes  aldrin  and  HCE  as  sub- 
strates. For  birds  killed  in  1988,  microsomes  were 
also  assayed  for  7-ethoxyresorufin  O-deethylase  ac- 
tivity. Tissue  subsamples  were  stored  in  a  tissue 
bank  at  minus  70  C  and  analyzed  for  polychlorinat- 
ed biphenyls  (PCBs)  by  capillary  gas  chromatogra- 
phy (GC)  and  GC-mass  spectroscopy.  Microsomes 
were  probed  in  Western  blots  with  polyclonal  anti- 
bodies against  rat  P-450IA1  (P-450c)  and  rat  P- 
450IIB1  (P-450b)  and  also  with  a  monoclonal  anti- 
body towards  P-450E  from  the  scup,  the  P-450IA1 
orthologue  in  this  fish  species.  Samples  from  1978 
to  1980  showed  a  higher  degree  of  expression  of 
this  P-450IA1  orthologue  than  those  collected 
more  recently.  This  result  correlated  with  the  dis- 
tribution of  PCB  residues  in  the  samples,  suggest- 
ing a  degree  of  environmental  induction.  Only 
weak  cross-reactivity  was  seen  with  antibodies 
against  rat  P-450IIB1,  suggesting  that  no  pheno- 
barbitol-type  induction  was  occurring  in  PCB-ex- 
posed  bird  species.  (Author's  abstract) 
W9 1-06342 


DD7FERENTIAL  EXPRESSION  OF  MULTD7LE 
FORMS  OF  CYTOCHROME  P-450  IN  VERTE- 
BRATES: ANTD30DIES  TO  PURIFIED  RAT 
CYTOCHROME  P-450S  AS  MOLECULAR 
PROBES  FOR  THE  EVOLUTION  OF  P-450 
GENE  FAMILIES  I  AND  II. 
Karolinska  Inst.,  Stockholm  (Sweden).  Dept.  of 
Physiological  Chemistry. 

M.  J.  J.  Ronis,  T.  Andersson,  T.  Hansson,  and  C. 
H.  Walker. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  131-135,  1989.  2  tab,  14  ref.  Swedish 
Medical  Research  Council  Grant  5949. 

Descriptors.  •Bioassay,  •Cytochromes,  »Rats, 
•Toxicology,  *Vertebrates,  »Water  pollution  ef- 
fects, Animal  metabolism,  Cross-reactivity,  En- 
zymes, Gene  family,  Genetics,  Monoclonal  anti- 
bodies, Oxygenase,  Pollutants. 

Cytochrome  P-450-dependent  monooxygenases  are 
responsible  for  the  phase  I  metabolism  of  a  variety 
of  liposoluble  xenobiotics  including  pesticides,  pol- 
lutants and  carcinogens  in  aquatic  organisms.  Poly- 
clonal antibodies  against  rat  cytochrome  P-450c 
(P-450IA1),  P-450d  (P-450IA2),  P-450b  (P- 
450IIB1),  P-450h  (P-450IIC11)  and  P-450J  (P- 
450IIE1),  were  used  to  probe  liver  microsomes 
prepared  from  species  in  an  number  of  vertebrate 
groups.  Liver  microsomes  were  prepaed  from  hag- 
fish   (Myxine   glutinosa),   dogfish   shark   (Squalus 


acanthus),  perch  (Perca  fluvitalis),  spectacled 
cayman  (Caimen  crocodylus),  alligator  (Alligator 
mississippiensis),  cormorant  (Phalacrocorax  carbo), 
shag  (P.  aristotelis),  razorbill  (Alca  torda),  guille- 
mot (Uria  aalge),  puffin  (Fratercula  arctica), 
fulmar  (Fulmarus  glacialis),  Manx  shearwater  (Puf- 
finus  puffinus)  and  compared  to  male  Sprague/ 
Dawley  rats  (Rattus  rattus),  the  most  common 
laboratory  animal  used  in  cytochrome  P-450  stud- 
ies. Cross-reactivity  in  Western  blots  was  used  to 
examine  the  appearance  of  cytochrome  P-450  iso- 
zymes structurally  related  to  the  rat  forms  in  lower 
vertebrate  groups  and  to  provide  information  of 
the  evolution  of  cytochrome  P-450  gene  families  I 
and  II  and  their  regulation  in  lower  vertebrates. 
The  P-450  gene  family  I  is  well  represented  in  all 
vertebrate  groups  while  gene  family  II,  which  is 
extremely  complex  in  mammals,  consists  of  a  few 
isozymes,  probably  more  structurally  related  to  rat 
IIC  isozymes  forms  than  to  members  of  other  rat 
P-450II  subfamilies.  These  results  explain  the  ready 
inducibility  of  microsomal  monooxygenases  by  po- 
lycyclic  aromatic  hydrocarbons  and  other  inducers 
of  P-450  gene  family  I  in  lower  vertebrate  groups 
and  the  relative  lack  of  inducibility  seen  with  phen- 
obarbitol,  non-coplanar  PCBs  and  other  inducers 
of  P-450  gene  family  IIB  in  those  species.  (Brun- 
one-PTT) 
W9 1-06343 


COMPARATIVE  METABOLISM  OF 

BENZO(A)PYRENE  AND  (-) 

BENZO(A)PYRENE-7,8-DIHYDRODIOL        BY 
HEPATOCYTES  ISOLATED  FROM  TWO  SPE- 
CIES OF  BOTTOM-DWELLING  FISH. 
State  Univ.  of  New  York  Coll.  at  Buffalo.  Great 
Lakes  Lab. 

A.  R.  Steward,  J.  Zaleski,  R.  C.  Gupta,  and  H.  C. 
Sikka. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  137-140,  1989.  1  fig,  7  ref.  US  EPA 
Grant  R81379910. 

Descriptors:  'Animal  metabolism,  •Benzopyrene, 
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Polycyclic  aromatic  hydrocarbons  (PAHs)  are 
ubiquitous  environmental  contaminants  frequently 
found  at  high  levels  in  sediments  (both  marine  and 
freshwater)  exposed  to  industrial/urban  discharges 
and/or  oil  seepage,  and  have  been  identified  in  fish 
captured  from  contaminated  locations.  A  freshwa- 
ter benthic  fish,  the  brown  bullhead  (Ictalurus  ne- 
bulosus),  when  found  in  PAH-contaminated  water- 
ways, is  reported  to  display  a  high  incidence  of 
hepatic  tumors  which  are  not  found  in  bullheads 
captured  from  clean  locations.  To  elucidate  the 
biochemical  bases  of  species  differences  in  suscepti- 
bility to  hepatotumorigenesis  induced  by  PAHs, 
such  as  benzo(a)pyrene  (BP),  the  metabolism  of 
tritiated  BP  and  its  proximate  carcinogenic  meta- 
bolite (-)BP-7,8-dihydrodiol  (BP-7,8-diol)  was  in- 
vestigated in  two  species  of  fish:  brown  bullhead 
and  mirror  carp  (Cyprinus  carpio)  which  is  not 
known  to  be  susceptible.  Freshly  isolated  hepato- 
cytes prepared  from  both  species  efficiently  con- 
verted both  BP  and  BP-7,8-diol  (the  proximate 
carcinogenic  metabolite  of  BP)  to  glutathione  con- 
jugates, glucuronides  and  sulfates  and  polyhydrox- 
ylated  compounds.  Nevertheless,  carp  hepatocytes 
(which  metabolized  both  BP  and  BP-7,8-diol  about 
two  times  faster  than  did  bullhead  hepatocytes) 
produced  larger  amounts  of  DNA  adducts  from 
both  substrates,  suggesting  the  formation  by  carp 
liver  of  significantly  larger  amounts  of  reactive 
intermediates  that  bind  to  DNA.  The  apparently 
greater  susceptibility  of  brown  bullheads  to  PAH- 
induced  carcinogenesis  thus  awaits  further  clarifi- 
cation. (Brunone-PTT) 
W9 1-06344 


FISH  METALLOTHIONEINS:  MOLECULAR 
CLONING  STUDIES  AND  INDUCTION  EN 
CULTURED  CELLS. 

Stirling  Univ.  (Scotland).  Inst,  of  Aquaculture. 

S.  George,  M.  Leaver,  N.  Frerichs,  and  D. 

Burgess. 

Marine  Environmental  Research  MERSDW,  Vol. 
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Metallothioneins  specifically  bind  heavy  metal  ions 
such  as  Ag,  Cd,  Cu,  Hg,  and  Zn  by  clusters  of 
thiolate  bonds  and  are  thought  to  function  both  in 
the  normal  metabolism  and  homeostasis  of  Cu  and 
Zn  and  detoxication  of  Cd  and  Hg.  A  complemen- 
tary DNA  for  plaice  metallothionein  (MT)  was 
cloned  and  the  sequence  for  the  first  45  amino  acid 
residues  was  deduced.  The  sequence  of  plaice  MT 
was  exactly  homologous  to  that  of  winter  flounder 
MT.  Studies  of  MT  induction  by  cadmium  and 
zinc  in  a  rainbow  trout  cell  line  showed  that  both 
metals  were  strong  inducers  of  the  proteins  in 
contrast  to  previous  reports  which  have  shown 
little  induction  of  MT  messenger  RNA  by  cadmi- 
um. The  contrasting  results  obtained  imply  differ- 
ential stabilities  of  MT  messenger  RNA  after  expo- 
sure to  the  different  metals  and  probably  also  dif- 
ferences in  stability  of  cadmium-thioneins  and  zinc- 
thioneins.  Translation  control  or  differential  mes- 
senger RNA  and  MT  stabilities  are  inferred.  (Brun- 
one-PTT) 
W9 1-06347 


INDUCTION  OF  METALLOTHIONEIN  BY 
CADMIUM  IN  BLUESTRIPED  GRUNT  (HAE- 
MULON  SCIURUS). 

Goeteborg  Univ.  (Sweden).  Dept.  of  Zoophysio- 

logy. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-06349 


ALTERATION  OF  CALCIUM  TRANSPORT  AS 
A  MECHANISM  OF  CELL  INJURY  INDUCED 
BY  HGCL2  EN  SEA  URCHEN  EGGS. 

Centre  Scientifique  de  Monaco,  Monte  Carlo. 

D.  Allemand,  P.  Walter,  P.  Delmas,  and  D.  De 

Renzis. 

Marine  Environmental  Research  MERSDW,  Vol. 
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In  spite  of  a  large  number  of  pathological  studies 
on  the  toxic  action  of  heavy  metals,  their  mecha- 
nism of  cytotoxic  action  remains  poorly  under- 
stood. By  using  sea  urchin  eggs  as  a  biological 
model,  the  effects  of  heavy  metals  on  ionic  param- 
eters were  investigated.  Specific  alteration  of  calci- 
um homeostasis  can  be  the  trigger  for  cell  death 
produced  by  a  wide  variety  of  phenomena.  The 
effect  of  HgC12  on  intracellular  calcium  regulation 
was  tested.  The  results  show  that  HgC12  increases 
calcium(2  +  )  uptake  by  voltage-dependent  calcium 
channels  and  as  a  consequence  produces  an  accu- 
mulation of  calcium  within  the  cells.  This  accumu- 
lation is  cyanide-sensitive,  suggesting  the  involve- 
ment of  mitochondria.  These  results  have  been 
used  to  develop  an  ecotoxicity  test  for  field  biolog- 
ical monitoring.  The  measurement  of  calcium  con- 
tent provides  a  useful  index  of  the  state  of  health  of 
marine  organisms.  (Author's  abstract) 
W91-06355 


METABOLIC/PHYSIOLOGICAL  BASIS  OF 
GENOTYPE-DEPENDENT  MORTALITY 

DURENG  COPPER  EXPOSURE  EN  MYTDLUS 
EDULIS. 

Plymouth  Marine  Lab.  (England). 

A.  J.  S.  Hawkins,  J.  Rusin,  B.  L.  Bayne,  and  A.  J. 

Day. 
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•Water  pollution  effects,  Adaptation,  Electrophor- 
esis, Filtration  rate,  Genotype,  Heterozygosity, 
Proteins,  Regression  analysis,  Survival. 

Fitness  consequences  of  interrelations  between 
genotype,  protein  metabolism  and  physiology  were 
examined  in  88  individual  Mytilus  edulis  exposed 
to  150  ppb  dissolved  copper  until  death.  Electro- 
morphs  heterozygous  for  the  enzyme  phosphoglu- 
cose  isomerase  (Pgi)  survived  longest,  suggesting 
an  adaptive  nature  of  specific  Pgi  genotypes.  Time 
to  death  varied  between  4  and  28  days,  and  did  not 
correlate  with  tissue  concentrations  of  copper  at 
death.  Instead,  multiple  regressions  confirm  sepa- 
rate positive  effects  both  of  filtration  rate  and 
protein  turnover  upon  rate  of  copper  accumula- 
tion, as  well  as  separate  negative  effects  of  these 
same  two  processes  upon  time  to  death.  Rate  of 
filtration  was  the  primary  physiological  determi- 
nant of  survival.  Faster  breakdown  and  renewal  of 
proteins  also  accompanied  reduced  survival  during 
stress  induced  by  exposure  to  high  levels  of  dis- 
solved copper.  (Author's  abstract) 
W91-06357 

MERCURY  INHIBITS  THE  TRANSPORT  OF 
D-GLUCOSE  BY  THE  INTESTINAL  BRUSH 
BORDER  MEMBRANE  VESICLES  OF  FISH. 

Rutgers  -  The  State  Univ.,  Piscataway,  NJ.  Nelson 
Biological  Lab. 

A.  Farmanfarmaian,  K.  A.  Pugliese,  and  L.-Z.  Sun. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  247-251,  1989.  1  fig,  2  tab,  16  ref. 

Descriptors:  *Bioaccumulation,  'Glucose,  *Ion 
transport,  *Mercury,  'Path  of  pollutants,  'Toxi- 
cology, 'Water  pollution  effects,  Absorption, 
Animal  metabolism,  Electrochemical  gradient,  En- 
zymes, Fish  food,  Food  chains,  Intestinal  brush 
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Mercury  compounds  (HgC12  and  CH3HgCl)  in 
polluted  coastal  waters  accumulate  in  the  food 
chain.  When  the  food  is  digested  in  the  gut  of 
invertebrates  and   fish   Hg(2+)  and   CH3Hg(+) 
bind  to  the  brush  border  membrane  of  the  entero- 
cytes  facing  the  lumen  of  the  intestine.  Under  in 
vivo  or  in  vitro  tissue  incubation  the  bound  mercu- 
ry  inhibits   the   absorption   of  nutrients  such   as 
amino  acids  and  sugars.  In  order  to  differentiate 
the  membrane  effect  from  intracellular  metabolic 
effects  brush  border  membrane  vesicles  were  pre- 
pared and  purified.  These  vesicles  showed  6-fold 
to  7-fold  enrichment  for  alkaline  phosphatase,  leu- 
cine aminopeptidase,  and  maltase  (all  membrane 
enzymes  that  face  the  lumen).  Little  or  no  enrich- 
ment  was   found   for   sodium   ion-potassium   ion 
ATPase  considered  to  be  on  the  basolateral  mem- 
branes of  the  enterocyte.  The  vesicles  transported 
glucose  when  provided  with  a  sodium  ion  electro- 
chemical gradient.  This  transport  was  abolished  in 
the  absence  of  a  sodium  ion  electrochemical  gradi- 
ent or  in  the  presence  of  Phlorizin.  At  0.1  mM 
glucose,  HgC12  (20  ppm)  abolished  90%  of  this 
transport  and  CH3HgCl  (20  ppm)  abolished  30% 
of  the  transport.  At  1  mM  glucose  the  inhibition 
values  were  70%  and  32%,  respectively.  In  the 
case  of  HgC12,  inhibition  of  transport  is  significant 
even  at  5  ppm.  These  findings  confirm  that  mercu- 
ry compounds  can  interact  with  intestinal  brush 
border  membranes  to  inhibit  nutrient  absorption  in 
fish  feeding  in  polluted  waters.  (Author's  abstract) 
W91-06359 

OXYRADICAL  GENERATION  AND  REDOX 
CYCLING  MECHANISMS  IN  DIGESTIVE 
GLAND  MICROSOMES  OF  THE  COMMON 
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Santiago  Univ.  (Spain).  Dept.  of  Biochemistry. 
P.  G.  Martinez,  S.  O'Hara,  G.  W.  Winston,  and  D. 
R.  Livingstone. 

Marine  Environmental  Research  MERSDW,  Vol. 
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The  normal  fate  of  molecular  oxygen  in  animals  is 
tetravalent  reduction  to  water.  Mechanisms  of  xen- 
obiotic-stimulated  oxyradical  generation  were  in- 
vestigated in  digestive  gland  microsomes  using 
menadione  (MD)  and  nitrofurantoin  (NF)  as  model 
redox  cycling  compounds,  and  iron/EDTA  as  a 
promotor  of  the  Haber-Weiss  reaction.  Hydroxyl 
radicals  were  detected  by  oxidation  of  the  scaveng- 
ing agents  alpha-keto-gamma-methiobutync  acid 
and  sodium  benzoate.  MD  and  NF  both  stimulated 
hydroxyl  radical  production  from  NADH  or 
NADPH.  NADPH-dependent  hydroxyl  ion  pro- 
duction became  limited  at  lower  concentrations  of 
xenobiotic  (MD),  or  stimulation  was  less  marked 
(NF),  than  for  NADH.  In  the  case  of  MD,  the 
existence  of  MD,  the  existence  of  an  NADPH- 
dependent  microsomal  antioxidant  enzyme,  DT- 
diaphorase,  limiting  the  formation  of  the  MD  semj- 
quinone  is  indicated.  Inhibitor  studies  indicated  the 
involvement  of  superoxide  anion  radical,  02(-) 
(and  redox  cycling)  and  hydrogen  peroxide  m  the 
formation  of  hydroxyl  ions.  The  results  support  the 
possibility  of  enhanced  oxyradical  generation  as  a 
mechanism  of  pollution-induced  toxicity  in  mol- 
lusks.  (Author's  abstract) 
W9 1-06362 

INTERACTIONS  OF  XENOBIOTICS  WITH  RE- 
PRODUCTIVE ENDOCRINE  FUNCTIONS  IN 
A  PROTOGYNOUS  TELEOST,  MONOPTERUS 
ALBUS.  ,    .  . 

Manipur  Univ.,  Imphal  (India).  Dept.  of  Life  Sci- 
ences. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  285-289,  1989.  1  fig,  4  ref.  Govern- 
ment of  India  Grant  21(50)84-STP-I. 

Descriptors:  'Fish  pathology,  'Fish  physiology, 
•Pollutants,  'Reproduction,  'Sublethal  effects, 
•Toxicology,  *Water  pollution  effects,  3-Methyl- 
cholanthrene,  Animal  metabolism,  Cadmium,  His- 
tology, Malathion. 

The  effects  of  sublethal  concentrations  of  three 
xenobiotics,  cadmium,  malathion  and  3-methylcho- 
lanthrene  (3-MC)  on  pituitary-thyroid-liver-ovary 
axis  were  studied  in  a  protogynous  teleost,  Monop- 
terus  albus.  After  one  week  of  exposure,  the  gona- 
dosomatic  index  (GSI)  of  pollutant-exposed  fish 
was  significantly  reduced  but  the  hepatosomatic 
index  (HSI)  of  some  fish   was  higher  than  the 
control.  Disintegration  of  the  histological  structure 
of  thyroid,  liver  and  ovary  was  a  common  feature 
of  exposed  fish;  however,  the  degree  of  structural 
alteration  was  different  in  different  tissues  for  dif- 
ferent pollutants.  Plasma  levels  of  both  testoster- 
one and  estradiol  and  also  phosphoprotein  (vitello- 
genin) were  significantly  reduced  following  expo- 
sure to  cadmium,  malathion,  and  3-MC.  Thyroid 
tissue  was  differently  affected  by  these  treatments. 
Cadmium  and  3-MC  have  significantly  elevated 
triiodothyronine  (T3)  and  thyroxine  (T4)  levelsm 
both   plasma  and   thyroid;   however,   the  T3/T4 
ratio  was  high  only  in  thyroid  tissue.  In  compari- 
son, malathion  has  significantly  increased  T3  and 
T4  levels  and  the  T3/T4  ratio  in  both  plasma  and 
thyroid  tissue.  In  in  vivo  as  well  as  in  vitro  studies, 
exposure  to  cadmium  and  3-MC  resulted  in  signifi- 
cant   elevation    of    thyroid    peroxidase    activity. 
These  results  provide  evidence  that  these  pollut- 
ants interfere  with  the  endocrine  system,  resulting 
in  hormonal  imbalance  which  may  be  due  to  an 
impairment  of  either  the  synthesis  or  the  secretion 
of  these  hormones,  and  thereby  significantly  affect 
the  reproductive  physiology  of  this  species.  (Au- 
thor's abstract) 
W9 1-06364 

ASSESSMENT  OF  THE  GENOTOXICITY  OF 
PRODUCED  WATER  DISCHARGES  ASSOCI- 
ATED WITH  OIL  AND  GAS  PRODUCTION 
USING  A  FISH  EMBRYO  AND  LARVAL  TEST. 

Louisiana  State  Univ.,  Baton  Rouge.  Inst,  for  En- 
vironmental Studies. 
C.  B.  Daniels,  and  J.  C.  Means. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  303-307,  1989.  1  fig,  1  tab,  2  ref. 
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Widespread  discharge  of  produced  waters  (PW), 
water  released  to  the  surface  from  permeable  pe- 
troleum-bearing sedimentary  rocks  during  offshore 
production  of  oil  and  gas,  into  brackish  and  marine 
waters  of  the  northwest  Gulf  of  Mexico,  which 
serve  as  spawning  grounds  for  many  commercially 
important  species  of  fish,  has  raised  concern  over 
the  potential  impact  that  these  complex  mixtures 
may  have  on  aquatic  life.  In  order  to  assess  the 
impact  of  the  PW  discharges  on  spawning  popula- 
tions of  aquatic  organisms,  chromosome  aberration 
analysis  was  performed  on  Cyprinodon  variegatus 
embryos  4  to  7  days  old,  which  were  exposed 
directly  to  varying  dilutions  of  PW  collected  at 
Pass  Fourchon  and  Timbalier  Island  for  a  period  of 
5  days.  Metaphase  chromosomes  were  scored  (per- 
centage aberration  per  100  metaphase)  for  aberra- 
tions at  a  magnification  of  1000  times.  When  com- 
pared to  the  control  treatment,  higher  levels  of 
chromosomal  aberrations  were  observed  for  treat- 
ments (2  and  4%  PW)  in  which  embryos  were 
exposed  to  PW  from  Pass  Fourchon  or  Timbalier 
Island.  A  maximum  frequency  of  13%  was  found 
to  occur  at  the  highest  test  concentration  (4% 
PW),  with  most  of  these  expressed  as  breaks  (chro- 
matid and  chromosome).  In  contrast,  exposure  to 
water  from  the  enclosed  canal  at  Fourchon  result- 
ed in  the  formation  of  chromosome  breaks  and 
changes  in  ploidy.  The  data  presented  suggest  the 
need   for   continued   research   on   the  effects  of 
chronic  operational  discharge  of  formation  waters 
into  estuarine  environments  upon  aquatic  species. 
(Author's  abstract) 
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LASER  DESORPTION-IONIZATION  FT-ICR 
MASS  SPECTROMETRY:  DNA-ADDUCT 
BASES,  NUCLEOSIDES  AND  NUCLEOTIDES. 

Pittsburgh  Univ.,  PA. 
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Marine  Environmental  Research  MERSDW,  Vol. 
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DNA-adduct  formation  is  of  particular  importance 
in  the  evaluation  of  aquatic  exposure  to  carcino- 
gens, since  it  may  be  the  critical  initial  event  that 
ultimately  results  in  adverse  effects;  such  manifes- 
tations may  not  be  observed  until  months  or  years 
following  exposure.  DNA-adduct  formation  was 
investigated  following  exposure  of  experimental 
animals  to  certain  carcinogens,  e.g.  diethylnitrosa- 
mine  and  ethylcarbamate.  Bases  such  as  7-ethyl- 
guanine,  06-ethylguanine  and  l,N6-ethenoademne, 
from  DNA  adducts  can  be  monitored  with  HPLC 
and  characterized  by  mass  spectrometry.  Nucleo- 
sides, nucleotides  and  other  high  molecular  weight 
compounds  from  DNA  adducts  often  have  very 
low  vapor  pressures  and  are  thermally  unstable. 
Such  compounds  cannot  be  directly  analyzed  by 
conventional  mass  spectrometry.  Using  Fourier 
transform  ion  cyclotron  resonance  (FT-ICR)  mass 
spectrometry  with  IR  laser  desorption/iomzation, 
molecular  or  pseudomolecular  ions  of  these  com- 
pounds can  be  obtained  fairly  easily.  (Authors 
abstract) 
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PRE-EXPOSURE  TO  3-METHYLCHOLANTH- 
RENE  INCREASES  BENZO(A)PYRENE  AD- 
DUCTS ON  DNA  OF  BLUEGILL  SUNFISH. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
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Department  of  Energy  Contract  DE-AC05- 
84OR21400. 
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exposure,  Toxicity. 

Increasing  attention  has  been  given  to  measure- 
ments of  molecular  and  biochemical  events  in  ex- 
posed organisms  (biomarkers)  that  indicate  expo- 
sure to,  and  effects  of,  toxicants.  Pre-induction  of 
the  hepatic  mixed-function  oxidase  (MFO)  system 
was  investigated  in  bluegill  sunfish,  Lepomis  ma- 
crochiris,  injected  intraperitoneally  with  3-methyl- 
cholanthrene  (3-MC)  5  days  prior  to  injection  with 
benzo(a)pyrene  (BaP).  Another  group  of  fish  were 
injected  only  with  BaP.  On  days  0,1,3  and  6  after 
BaP  injection,  liver  microsomes  were  assayed  for 
several  MFO  parameters,  and  BaP  adducts  in  liver 
were  quantified.  Pre-exposure  to  3-MC  induced 
MFO  activity  to  much  higher  levels,  but  did  not 
protect  the  DNA  from  formation  of  adducts  of 
BaP.  DNA  from  the  liver  of  pre-exposed  fish  had 
twice  as  many  BaP  adducts.  Multiple  contaminants 
appear  to  act  synergistically  on  the  formation  of 
DNA  adducts,  in  spite  of  the  higher  MFO  activity. 
These  results  illustrate  three  points  critical  to  un- 
derstanding the  effect  of  exposure  to  genotoxic 
agents,  and  to  interpreting  molecular  and  bio- 
chemical parameters  of  biomarkers  of  exposure 
and  effects  in  animals:  induction  of  the  MFO 
system  is  not  necessarily  a  benign  enhancement  of 
detoxication  capacity;  assumptions  of  linear  dose- 
response  relationships  for  formation  of  DNA  ad- 
ducts may  not  be  valid  for  many  environmental 
exposures,  and;  the  dose  and  method  of  exposure 
to  genotoxic  agents  have  significant  impacts  on  the 
rate,  extent  and  reversibility  of  damage  to  the 
DNA  of  fish.  (Author's  abstract) 
W91-06368 


USING  THE  DNA  ALKALINE  UNWINDING 
ASSAY  TO  DETECT  DNA  DAMAGE  IN  LABO- 
RATORY AND  ENVIRONMENTALLY  EX- 
POSED CELLS  AND  TISSUES. 

Science  Applications  International  Corp.,  Narra- 
gansett,  RI. 

For  primary  bibliographic  entry  see  Field  5A. 
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MORPHOLOGICAL  CHANGES  IN  TROUT 
HEPATOCYTES  EXPOSED  TO  ACETAMINO- 
PHEN. 

West  Virginia  Univ.,  Morgantown.  Dept.  of  Bio- 
chemistry. 

For  primary  bibliographic  entry  see  Field  5A. 
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MEASUREMENT  OF  DISEASE  SUSCEPTIBIL- 
ITY IN  DAB,  LIMANDA  LIMANDA  L.,  FOL- 
LOWING LONG-TERM  EXPOSURE  TO  CON- 
TAMINATED SEDIMENTS:  PRELIMINARY 
STUDIES. 

Ministry  of  Agriculture,  Fisheries  and  Food,  Wey- 
mouth (England).  Fish  Diseases  Lab. 
D.  Bucke,  P.  F.  Dixon,  S.  W.  Feist,  and  R.  J.  Law. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  363-367,  1989.  2  fig,  8  ref. 

Descriptors:  'Fish  diseases,  'Flatfish,  'Sediment 
contamination,  'Synergistic  effects,  'Toxicology, 
•Water  pollution  effects,  Contaminants,  Immun- 
oassay, Mortality,  Path  of  pollutants,  Population 
exposure,  Sediment  chemistry,  Sludge. 

Dab,  Limanda  limanda,  were  given  long  term  ex- 
posure (>3  months)  on  highly  contaminated 
harbor  sludge  and  less-contaminated  sediment,  and 
to  compare  the  immune  response  and  uptakes  of 
contaminants  between  the  two  groups.  Following 
exposure  to  the  sediments,  mortalities  and  clinical 
signs  of  disease  were  recorded.  The  dab  were  then 
challenged  individually  by  intraperitoneal  injection 
with  0.1  ml  of  a  1%  suspension  of  inactivated 
Vibrio  anguillarum.  The  fish  were  examined  for 
clinical  signs  of  disease.  Blood  and  samples  of 
organs,  including  brain,  were  taken  for  histological 


examination.  The  remainder  of  these  fish  (and  all 
fish  dying  during  the  experiments)  were  frozen  for 
contaminant  uptake  analysis.  Clinical  and  histo- 
pathological  changes  were  observed  in  both 
groups  of  fish  with  skin  ulcerations  and  gill  hyper- 
plasia, showing  a  slightly  higher  prevalence  in  the 
fish  exposed  to  contaminated  harbor  sludge.  Quan- 
tification of  the  immune  response  was  by  aggluti- 
nation assay  and  an  enzyme-linked  immunoassay. 
Fish  maintained  on  the  contaminated  harbor  sludge 
have  a  significantly  lower  mean  antibody  titers 
than  those  on  the  reference  sediment.  However, 
because  the  fish  on  the  contaminated  sediments 
were  still  able  to  produce  a  marked  response  to  the 
antigen,  in  biological  terms,  no  difference  may 
exist  in  the  susceptibility  to  disease  between  the 
two  groups.  (Author's  abstract) 
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DIETHYLNITROSAMINE  (DEN)-INDUCED 
DEGENERATIVE,  PROLIFERATIVE  AND 
NEOPLASTIC  LESIONS  IN  THE  LIVER  OF 
THE  MEDAKA  (ORYZIAS  LATIPES)  FOL- 
LOWING SHORT-TERM  EXPOSURE. 
Johns  Hopkins  Univ.,  Baltimore,  MD.  Dept.  of 
Pathology. 
T.  E.  Bunton. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  369-374,  1989.  6  fig,  5  ref.  US  Army 
Biomedical  Research  and  Development  Laborato- 
ry DAMD17-88-C-8029;  NIH  RR00130. 

Descriptors:  *Carcinogenicity,  'Diethylnitrosa- 
mine,  *Fish  pathology,  'Liver,  *Medaka,  •Toxici- 
ty, 'Toxicology,  *Water  pollution  effects,  Bioas- 
say,  Fish  physiology,  Human  diseases,  Necrosis, 
Population  exposure,  Public  health. 

The  tissue  responses  of  fish  to  hepatocarcinogens  is 
an  area  of  intense  interest  from  both  an  environ- 
mental standpoint  and  in  the  interest  of  carcinogen- 
icity and  toxicity  testing  as  a  tool  to  assess  human 
cancer  risk.  To  test  the  effects  of  short-term  expo- 
sure of  diethylnitrosamine  (DEN)  on  the  liver  of 
the  medaka,  groups  of  medaka  were  exposed  for  48 
hours  to  relatively  low  (100  mg/L),  medium  (200 
mg/L),  and  high  levels  (400  mg/L)  of  DEN  and 
sequential  sacrifices  made  over  a  6  month  post- 
exposure period.  Many  of  the  lesions  seen  have 
been  reported  in  studies  using  lower  level,  long- 
term  exposures  and  included  hepatocellular  necro- 
sis, spongiosis  hepatitis,  foci  of  cellular  alteration 
and  benign  and  malignant  biliary  and  hepatocellu- 
lar neoplasms.  Higher  exposure  levels  led  to  in- 
creased severity  and  incidence  of  many  of  the 
lesions  seen  within  the  time  frame  of  the  study. 
(Author's  abstract) 
W91-06372 


PREVALENCE  OF  LEUKEMIA  IN  HEMO- 
LYMPH  OF  SOFT-SHELL  CLAMS,  MYA 
ARENARIA,  IN  DORCHESTER  BAY,  BOSTON 
HARBOR. 

Tufts  Univ.,  Boston,  MA.  School  of  Veterinary 

Medicine. 

A.  C.  Craig,  R.  P.  E.  Yanong,  and  C.  L.  Reinisch. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  383-387,  1989.  2  fig,  18  ref.  NIH  CA 

44307. 

Descriptors:  •Animal  diseases,  •  Baseline  studies, 
•Boston  Harbor,  •Carcinogenicity,  *Clams,  'He- 
molymph,  "Leukemia,  •Outfall  sewers,  •Toxicol- 
ogy, 'Wastewater  disposal,  *Water  pollution  ef- 
fects, Bivalves,  Gills,  Histology,  Population  expo- 
sure, Seasonal  distribution,  Statistical  analysis. 

As  part  of  a  multidisciplinary  study  gathering  base- 
line data  on  conditions  in  Boston  Harbor  prior  to 
modification  of  a  combined  sewer  outfall  at  Savin 
Hill,  four  sites  in  Dorchester  Bay,  Boston  Harbor 
were  selected  to  gather  baseline  data  on  the  preva- 
lence of  leukemia  in  soft-shell  clams,  Mya  arenaria. 
Prevalence  studies  were  conducted  from  Septem- 
ber 1986  to  December  1987  using  two  techniques 
to  evaluate  hemolymph:  indirect  immunoperoxi- 
dase  staining  using  monoclonal  antibodies  specific 
for  leukemic  cells  of  Mya,  and;  Feulgen-picro- 
methyl  blue  staining.  Tissue  samples  were  also 
obtained  from  some  clams  for  histopathological 
examination.  The  results  show  that  no  statistically 


significant  prevalence  of  leukemia  exists  in  any  of 
the  four  sites  studied.  Also,  no  seasonal  pattern 
exists  for  the  prevalence  of  disease.  The  prevalence 
of  the  leukemia  in  Boston  Harbor  is  similar  to 
natural  background  levels;  however,  gill  inflamma- 
tion and  hyperplasia  are  elevated.  (Brunone-PTT) 
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COMPARATIVE  STUDY  OF  THE  DIFFEREN- 
TIAL BLOOD  CELL  COUNTS  OF  WINTER 
FLOUNDER  (PSEUDOPLEURONECTES 

AMERICANUS)  COLLECTED  IN  NEW  ENG- 
LAND. 

Science  Applications  International  Corp.,  Narra- 
gansett,  RI. 

T.  G.  Daniels,  and  G.  R.  Gardner. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  389-392,  1989.  1  tab,  6  ref.  US  EPA 
Contract  No.  68-03-3529;  NCI  Grant  No.  MW-75- 
930029. 

Descriptors:  'Blood,  'Cell  counting,  'Cytology, 
•Fish  pathology,  *Flounders,  'New  England, 
•Sediment  contamination,  'Toxicology,  Boston 
Harbor,  Comparison  studies,  Connecticut,  Distri- 
bution patterns,  Narragansett  Bay,  Path  of  pollut- 
ants, Sediment  chemistry,  Urban  watersheds, 
Water  pollution  effects. 

Major  alterations  in  the  distribution  of  peripheral 
blood  cells  were  observed  among  winter  flounder 
(Pseudopleuronectes  americanus)  from  Martha's 
Vineyard  (MV),  East  Cape  Cod  Bay  (ECCB),  Fox 
Island  (FI)  (Narragansett  Bay),  Central  Long 
Island  Sound  (CLIS),  Gaspee  Point  (GP)  (Narra- 
gansett Bay),  Black  Rock  Harbor  (BRH)  (Bridge- 
port, Connecticut),  New  Bedford  Harbor  (NBH) 
and  Quincy  Bay  (QB)  (Boston  Harbor).  Collection 
locations  ranged  from  relatively  uncontaminated 
offshore  (MV)  and  nearshore  (ECCB)  sites  to  the 
more  contaminated  estuarine  (FI,  CLIS)  and  urban 
embayments  (GP,  BRH,  NBH,  QB).  Differential 
diagnosis  demonstrated  a  shift  in  lymphocyte 
counts  from  28%  (MV)  to  54%  (QB)  that  in- 
creased with  the  incidence  of  liver  lesions  in  rela- 
tion to  known  and  suspected  levels  of  sediment 
chemical  contamination.  A  significant  change  in 
the  ratio  of  circulating  immature  to  mature  eryth- 
rocytes was  observed  in  flounder  collected  from 
Boston  Harbor.  Immature  erythrocytes  comprised 
18%  of  the  total  erythrocyte  population  of  fish 
from  QB  in  comparison  to  6%  observed  in  floun- 
der from  ECCB.  (Author's  abstract) 
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COMPARISON  OF  BOTH  NEOPLASTIC  AND 

NON-NEOPLASTIC  DISORDERS  IN  WINTER 

FLOUNDER  (PSEUDOPLEURONECTES 

AMERICANUS)  FROM  EIGHT  AREAS  IN  NEW 

ENGLAND. 

Environmental  Protection  Agency,  Narragansett, 

RI.  Environmental  Research  Lab. 

G.  R.  Gardner,  R.  J.  Pruell,  and  L.  C.  Folmar. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  393-397,  1989.  1  fig,  1  tab,  9  ref. 

Descriptors:  'Animal  diseases,  'Cape  Cod,  'Car- 
cinogenicity, 'Fish  pathology,  'Flounders,  'Mas- 
sachusetts, 'New  England,  'Path  of  pollutants, 
•Sediment  contamination,  'Toxicology,  'Water 
pollution  effects,  Distribution  patterns.  Hydrocar- 
bons, Lesions,  Liver,  Marine  environment,  Pro- 
teins, Sediment  chemistry. 

Distribution  patterns  of  liver  disease  observed  in 
winter  flounder  indigenous  to  the  northeastern 
USA  indicated  that  hepatocystic  neoplasms  were 
absent  in  populations  from  uncontaminated  off- 
shore areas  and  endemic  in  populations  from  mod- 
erately to  highly  contaminated  inshore  areas.  Liver 
neoplasms  in  winter  flounder  collected  from  eight 
different  locations  ranged  from  0%  in  animals  col- 
lected offshore  from  Cape  Cod  to  32%  in  the 
nearshore  area  of  New  Bedford,  Massachusetts. 
Similarly,  an  array  of  other  hepatic  lesions  ranged 
from  9%  in  Martha's  Vineyard  to  79%  in  Boston 
Harbor.  Proliferate  lesions  in  endocrine,  exocrine, 
respiratory,  sensory,  excretory  and  digestive 
organs  and  alteration  of  plasma  protein  were  also 
characteristic  of  winter  flounder  populations  resid- 
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ing  in  the  nearshore  environment.  The  concentra- 
tions of  polycyclic  aromatic  hydrocarbons,  poly- 
chlorinated  biphenyls,  other  organic  compounds, 
and  trace  metals  associated  with  marine  sediment 
were  elevated  in  urban  embayments  as  compared 
with  offshore  locations.  Degree  of  sediment  chemi- 
cal contamination  and  disease  suggest  a  causal 
interrelationship.  (Author's  abstract) 
W91-06375 

SOME  EFFECTS  OF  SEDIMENT-BORNE  CON- 
TAMINANTS ON  DEVELOPMENT  AND  CY- 
TOMORPHOLOGY  OF  TELEOST  EYE-LENS 
EPITHELIAL  CELLS  AND  THEIR  DERIVA- 
TIVES. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
W.  J.  Hargis,  and  D.  E.  Zwerner. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  399^05,  1989.  2  fig,  17  ref. 

Descriptors:  'Croakers,  'Cytology,  *Fish  patholo- 
gy, 'Fish  physiology,  'Hydrocarbons,  'Path  of 
pollutants,  'Sediment  contamination,  'Toxicology, 
•Virginia,  'Water  pollution  effects,  'Weakfish, 
Aberrations,  Bioassay,  Bright-field  microscopy, 
Cataracts,  Sediment  chemistry,  Toxicity. 

Lens  cataracts  were  found  in  three  sciaenids,  At- 
lanta croaker  (Micropogonias  undulatus),  weakfish 
(Cynoscion  regalis)  and  spot  (Leiostomus  xanth- 
urus)  in  the  severely  polluted  Elizabeth  River, 
Virginia,  and  induced  by  in  vitro  exposure  of  spot 
to  polycyclic  aromatic  hydrocarbon-contaminated 
Elizabeth  River  sediments.  An  unusual  organ,  the 
living  (epithelial  and  new  fiber  cells)  and  non- 
living (older  fiber  cells  and  the  capsule)  compo- 
nents of  eye  lenses  are  products  of  a  single  cell 
type.  Many  lens  abnormalities  result  from  develop- 
mental, metabolic  or  morphological  aberrances  in- 
duced in  epithelial  cells  or  new  fiber  cells.  Cata- 
racts of  most  types  observed  in  our  samples  are 
such  lesions.  Developmental  and  micromorpholo- 
gical  modifications  in  lens  epithelial  cells,  their  cell 
progeny  (the  fiber  cells)  and  acellular  products 
(the  capsule)  related  to  cataract  production  from 
intoxication  were  examined  by  bright-field  micros- 
copy. Cataractous  feral  and  laboratory-exposed 
finfishes  were  employed,  with  reference  or  control 
specimens  for  comparison.  Studies  of  cataractogen- 
esis  in  teleost  eyes  should  yield  valuable  informa- 
tion on  cellular  effects  of  pollution-related  intoxi- 
cation. Further,  the  whole  lens,  the  lens  epithelial 
layer  and  individual  lens  cells  are  promising  sub- 
jects for  in  vivo  and  in  vitro  studies  of  toxicity  and 
environmental  bioassay.  (Author's  abstract) 
W9 1-06376 


TN  VTVO  MICROSCOPY  OF  LTVER  MICRO- 
VASCULATURE  TN  RAINBOW  TROUT  (ON- 
CORHYNCHUS  MYKTSS). 

California   Univ.,    Davis.    School   of  Veterinary 

Medicine. 

For  primary  bibliographic  entry  see  Field  5A. 
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year  feral  fishes  could  have  been  the  result  of 
exposure  to  initiating  carcinogen(s)  as  an  embryo, 
larva,  or  adult.  Promotion  of  carcinogenesis  likely 
results  by  exposure  of  previously  initiated  fish  to 
substances  within  sediments  or  food.  While  link- 
ages between  fish  liver  neoplasia  and  carcinogens 
in  the  water  table,  sediment  or  food  has  been 
sought,  the  presence  or  absence  of  tumors  may  be 
related  more  to  the  concentration  of  promoter 
substances  at  specific  environmental  sites.  Given 
the  rapid  capacity  of  small  aquarium  fishes  for 
tumor  development,  correlated  field  and  laborato- 
ry studies  to  assess  the  roles  of  environmental 
contaminants  as  promoters  of  carcinogenesis  are 
possible  within  a  reasonable  time  frame.  Enzyme 
altered  foci  should  be  included  in  field  studies 
where  presence  would  indicate  initiation  and 
volume  would  reflect  promotion  of  carcinogenesis. 
(Author's  abstract) 
W91-06378 


CELLULAR  EFFECTS  OF  ENVIRONMENTAL 
CONTAMINATION  TN  FISH  FROM  THE 
RTVER  ELBE  AND  THE  NORTH  SEA. 

Biologische  Anstalt  Helgoland  (Germany,  F.R.) 
A.  Koehler. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  417-424,  1989.  2  fig,  2  tab,  9  ref. 

Descriptors:  'Cytology,  'Environmental  effects, 
•Fish  pathology,  'North  Sea,  'Path  of  pollutants, 
•Toxicology,  'Water  pollution  effects,  Bioaccumu- 
lation,  Detoxification,  Elbe  Estuary,  Liver,  Lyso- 
somes,  Wadden  Sea. 

Fish  were  sampled  along  a  pollution  gradient  from 
the  Elbe  estuary  towards  the  northern  part  of  the 
Wadden  Sea  coast  and  the  Eider  estuary  (reference 
areas).  Livers  of  different  age  groups  of  flounder 
(0,  I,  II,  III)  were  investigated  in  order  to  relate 
the  degree  of  tissue  lesions  to  the  exposure  time  or 
lifespan  the  fish  inhabits  the  differently  contaminat- 
ed areas.  The  severity  of  pathological  liver 
changes  corresponds  to  the  accumulation  of  con- 
taminants and  differs  significantly  with  prolonged 
residence  at  the  investigated  sites.  Liver  ultrastruc- 
ture  revealed  evidence  of  severe  perturbations  of 
the  intracellular  organization  to  cellular  responses 
indicating  the  initiation  of  detoxification  processes 
and  normal  compartmentation  of  hepatocytes 
along  the  pollution  gradient  investigated.  Based  on 
the  studies  of  normal  liver  structure  and  its  patho- 
logical phenomena  indicating  a  key  role  of  the 
lysosomal  system,  the  lysosomal  stability  test  (N- 
acetyl-hexosaminidase)  was  applied  in  order  to 
relate  tissue  and  cellular  pathology  to  cytochemi- 
cal  indices  reflecting  the  biochemistry  of  the  in- 
jured tissue.  Preliminary  results  revealed  a  highly 
significant  negative  correlation  between  the  stabili- 
ty of  the  lysosomal  membrane  to  the  degree  of 
liver  lesions.  Furthermore,  the  initial  results  ob- 
tained from  the  mouth  of  the  Elbe  estuary  and  a 
northern  reference  area  in  the  Wadden  Sea  in- 
ferred significant  differences  with  respect  to  lyso- 
somal stability.  (Author's  abstract) 
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ENVIRONMENTAL  CONTAMINATION  AND 
CANCER  TN  FISH. 

California   Univ.,    Davis.    School    of   Veterinary 

Medicine. 

D.  E.  Hinton. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  411-416,  1989.  1  fig,  1  tab,  27  ref.  US 

PHS  Grant   ES  04699;   NIH  Grant  CA  45131. 

Descriptors:  *Benthic  fauna,  *Bioassay,  •Carcino- 
genicity, *Contamination,  'Fish  pathology,  *Liver, 
•Toxicology,  *Water  pollution  effects,  Aging,  En- 
vironmental effects,  Enzymes,  Mammals,  Tumor 
formation,  Urban  watersheds. 

Field  investigations  of  liver  neoplasia  in  feral  fishes 
indicate  that  tumor-bearing  animals  are  of  ad- 
vanced age,  have  bottom-dwelling  life  styles,  and 
reside  in  polluted  areas  near  urban  centers.  Labora- 
tory investigations  have  shown  that  neoplasia  in 
fish  liver,  unlike  that  of  its  mammalian  counter- 
parts, is  a  multistage  process  involving  initiation, 
promotion,  and  progression.  Based  on  intervals  of 
time  between  initiation  and  tumor  formation  in 
laboratory  exposures,  tumor  laden  livers  in  multi- 


CELLULAR  ALTERATIONS  PRECEDING  NE- 
OPLASIA IN  PSEUDOPLEURONECTES 
AMERICANUS  FROM  BOSTON  HARBOR. 

Woods  Hole  Oceanographic  Institution,  MA. 
Dept.  of  Biology. 

M.  J.  Moore,  R.  Smolowitz,  and  J.  J.  Stegeman. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  425-429,  1989.  2  fig,  1 1  ref.  US  PHS 
Grant  RO1-CA44306;  MIT/WHOI  Joint  Program, 
Sea  Grant  New  Initiative  Grant  RB-94-PD. 

Descriptors:  'Boston  Harbor,  'Carcinogenicity, 
•Cytology,  *Fish  pathology,  *Flounders,  •Toxi- 
cology, 'Water  pollution  effects,  Aggregation,  Bil- 
iary systems,  Contamination,  Liver,  Macrophages, 
Path  of  pollutants,  Population  exposure. 

Hepatic  changes  that  include  hepatocellular  and 
cholangiocellular  neoplasia  are  prevalent  in  adult 
winter  flounder  from  Boston  Harbor.  Early  patho- 
genic changes  in  fish  of  100  to  300  mm  included 
biliary  proliferation,  abnormal  vacuolation  of  bili- 
ary pre-ductular  epithelial  cells  and  macrophage 
aggregation.  The  identification  of  biliary  pre-duc- 


tular epithelial  cells  was  based  on  nuclear  morphol- 
ogy, numerous  cellular  junctions  with  adjacent 
hepatocyte  apices,  lack  of  contiguity  with  sinusoi- 
dal structures  and  central  location  in  the  hepatic 
tubule.  Fish  longer  than  300  mm  had  progressively 
worsening  pan-tubular  changes  in  cholangiocytes 
and  hepatocytes  which  culminated  in  grossly  visi- 
ble foci  of  vacuolation  and  associated  neoplasia. 
Flounder  from  less  contaminated  sites  showed  oc- 
casional macrophage  aggregations,  but  no  other 
changes.  These  results  indicate  that  initial  vacuolar 
change  in  Boston  flounder  occurs  predominantly 
in  pre-ductular  cells,  which  may  be  stem  cells, 
extending  later  to  fill  entire  hepatic  tubules  and 
intrahepatic  portions  of  the  biliary  system.  (Au- 
thor's abstract) 
W91-O6380 


EFFECT  OF  POLYCYCLIC  AROMATIC  HY- 
DROCARBONS ON  IMMUNE  RESPONSES  IN 
FISH:  CHANGE  IN  MELANOMACROPHAGE 
CENTERS  IN  FLOUNDER  (PSEUDOPLEUR- 
ONECTES AMERICANUS)  EXPOSED  TO  HY- 
DROCARBON-CONTAMINATED SEDI- 
MENTS. 

Department  of  Fisheries  and  Oceans,  St.  John's 
(Newfoundland).  Science  Branch. 
J.  F.  Payne,  and  L.  F.  Fancey. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  431-435,  1989.  1  fig,  1  tab,  10  ref. 

Descriptors:  'Fish  pathology,  'Fish  physiology, 
•Flounders,  •Hydrocarbons,  "Immune  responses, 
•Polycyclic  aromatic  hydrocarbons,  'Sediment 
contamination,  'Toxicology,  'Water  pollution  ef- 
fects, Animal  diseases,  Human  diseases,  Path  of 
pollutants,  Pollutants,  Population  exposure,  Sedi- 
ment chemistry,  Toxicity. 

Considerable  debate  on  whether  the  concentra- 
tions of  xenobiotics  commonly  found  in  the  envi- 
ronment are  high  enough  to  affect  immune  func- 
tions in  humans  or  other  animal  populations  con- 
tinues. Only  a  limited  number  of  immunotoxicity 
studies  have  been  carried  out  with  fish.  Melanoma- 
crophage  centers  (MMC)  represent  the  primitive 
analogs  of  lymph  nodes  in  mammals  and  are  be- 
lieved to  be  an  integral  component  of  the  cellular 
immune  system  in  fish.  The  potential  for  change  in 
MMC  was  investigated  in  a  long-term  study  with 
winter  flounder  exposed  to  sediments  contaminat- 
ed with  a  petroleum  source  of  polycyclic  aromatic 
hydrocarbons  (PAH)  for  approximately  four 
months.  Numbers  of  MMC  were  reduced  in  liver 
tissues  of  fish  exposed  to  total  PAH  concentrations 
in  the  25  to  50  microg/g  (ppm)  range  and  higher. 
Results  support  the  hypothesis  that  PAH  concen- 
trations in  heavily  polluted  harbors  (and  similar) 
may  be  sufficiently  high  to  affect  immune  re- 
sponses in  fish.  (Author's  abstract) 
W9 1-06381 


HISTOPATHOLOGICAL  ASSESSMENT  OF 
NEUROTOXIC  INJURY  IN  MAMMALS:  POS- 
SIBLE APPLICATIONS  FOR  SIMILAR  STUD- 
IES  IN  FISH. 

Imperial  Chemical  Industries  Ltd.,  Alderley  Park 

(England).  Central  Toxicology  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 
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CELLULAR  DISTRIBUTION  OF  CYTOCH- 
ROME P-450E  IN  WINTER  FLOUNDER  LIVER 
WTTH  DEGENERATIVE  AND  NEOPLASTIC 
DISEASE. 

Woods    Hole    Oceanographic    Institution,    MA. 

Dept.  of  Biology. 

R.  M.  Smolowitz,  M.  J.  Moore,  and  J.  J. 

Stegeman. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  441-446,  1989.  1  fig,  1  tab,  7  ref. 

NIH  Grant  ES-04220. 

Descriptors:  'Animal  diseases,  'Boston  Harbor, 
•Cytochromes,  *Cytology,  'Fish  pathology, 
•Flounders,  'Toxicology,  'Water  pollution  effects, 
Antibodies,  Carcinogenicity,  Histology,  Hydrocar- 
bons, Immunoassay,  Liver,  Path  of  pollutants. 
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A  characteristic  hepatic  pathology  is  highly  preva- 
lent in  winter  flounder  (Pseudopleuronectes  ameri- 
canus)  from  severely  polluted  regions  of  Boston 
Harbor.  The  cellular  expression  of  a  cytochrome 
P-450E  analog  in  normal  and  diseased  winter 
flounder  was  evaluated  using  immunohistochemi- 
cal  analysis  with  Mab  1-12-3,  a  monoclonal  anti- 
body specific  for  P-450E.  Cytochrome  P-450E  (P- 
450IA1)  is  the  polynuclear  aromatic  hydrocarbon 
(PAH)-inducible  and  polychlorinated  biphenyl-in- 
ducible  form  of  P-450  from  scup  (Stenotomus 
chrysops).  Mab  1-12-3  was  first  applied  to  forma- 
lin-fixed, paraffin-embedded  sections  of  control 
and  3,3,4,4-tetrachlorobiphenyl-treat  scup  liver 
using  an  indirect  peroxidase  staining  technique  to 
visualize  antibody  binding.  The  results  demonstrat- 
ed specific  positive  staining  of  hepatocytes,  bile 
and  pancreatic  duct  epithelium  and  endothelium 
for  P-450E,  confirming  utility  of  Mab  1-12-3  in 
analysis  of  fixed  tissue.  Subsequent  analysis  of  ar- 
chival winter  flounder  liver  also  demonstrated 
positive  staining  of  hepatocytes.  No  staining  of 
abnormally  vacuolated  cells  was  present  in  any  of 
the  fish;  however,  nodules  of  such  cells  occasional- 
ly contained  islands  of  intensely  staining  cells  of 
unknown  origin.  The  cellular  distribution  of  P- 
450E  indicates  a  metabolic  heterogeneity  which 
could  influence  the  responses  of  different  cell  types 
to  subsequent  or  continued  exposure  to  PAH  or 
other  hepatotoxins.  (Author's  abstract) 
W91-06383 


ROLE  OF  THE   RED  GLAND  IN  MERCEN- 
ARIA  MERCENARIA   IN   DETOXIFICATION. 

Environmental  Protection  Agency,  Narragansett, 

RI. 

For  primary  bibliographic  entry  see  Field  5B. 
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USE  OF  BIOINDICATORS  FOR  ASSESSING 
THE  EFFECTS  OF  POLLUTANT  STRESS  ON 
FISH. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5A. 
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EFFECT  OF  SELENIUM  ON  THE  UPTAKE  OF 
CADMIUM  BV  THE  MARINE  MACROALGA 
HYMENOMONAS  (CRICOSPHAERA)  ELON- 
GATA. 

Institut  National  de  la  Sante  et  de  la  Recherche 

Medicale,  Paris  (France). 

F.  Boisson,  M.  Gnassia-Barelli,  J.  Chiaverin,  and 

M.  Romeo. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  465-469,  1989.  2  fig,  2  tab,  9  ref. 

Descriptors:  'Algal  physiology,  'Antagonistic  ef- 
fects, 'Cadmium,  'Marine  algae,  'Path  of  pollut- 
ants, 'Selenium,  'Toxicity,  'Toxicology,  'Water 
pollution  effects,  Algal  growth,  Experimental 
design,  Limiting  nutrients,  Nutrient  concentra- 
tions, Selenate,  Selenite,  Trace  metals. 

In  the  marine  environment,  selenium  exists  in  sev- 
eral states  of  oxidation:  (IV)  selenite  and  (VI  sele- 
nate. Selenite  is  more  biologically  reactive  than 
selenate.  Selenium  may  interfere  with  cadmium 
toxicity  in  marine  organisms.  The  uptake  of  cadmi- 
um by  the  marine  macroalga  Hymenomonas  elon- 
gata  was  previously  shown  to  be  dependent  on 
duration,  cadmium  concentration  in  the  medium, 
growth  phase  and  light.  The  effect  of  selenium  (as 
selenite)  on  cadmium  uptake  was  evaluated.  The 
variables  considered  in  the  two-level  factorial  ex- 
perimental design  were  cadmium  concentration 
(0.5  and  2  microM),  Se(4  +  )  (0.5  and  2  microM) 
and  duration  (1  and  25  hours).  The  studied  re- 
sponse was  the  cadmium  concentration  in  the 
algae.  When  selenium  is  present,  the  uptake  of 
cadmium  significantly  increased  with  duration.  A 
significant  positive  correlation  exists  between  sele- 
nium in  the  medium  and  contact  time.  (Brunone- 
PTT) 
W9 1-06386 


DETECTION  OF  MAJOR  STRESS  PROTEIN 
USING  A  PEPTIDE  ANTIBODY. 


Maryland  Univ.  at  Baltimore.  Dept.  of  Biological 

Sciences. 

B.  P.  Bradley,  and  J.  B.  Ward. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  471-475,  1989.  1  fig,  1 1  ref. 

Descriptors:  'Analytical  methods,  'Bioassay, 
'Bioindicators,  'Immunoassay,  'Peptides,  'Pro- 
teins, 'Stress,  'Toxicology,  'Water  pollution  ef- 
fects, Amphipods,  Antibodies,  Bacteria,  Environ- 
mental effects,  Evolution,  Molecular  weight,  Radi- 
ography, Reflectance  scanning,  Temperature  ef- 
fects. 

Living  cells  respond  to  environmental  contamina- 
tion and  to  stress  in  general  by  synthesizing  what 
are  known  as  stress  proteins.  The  synthesis  of  a 
major  stress  protein  (hsp70)  is  induced  by  extremes 
of  a  wide  variety  of  environmental  variables,  both 
physical  and  chemical.  This  protein  of  approxi- 
mately 70,000  Da  is  a  widespread  heat  shock  pro- 
tein and  is  present  in  various  isomorphs  in  many 
species.  Nevertheless,  this  protein  is  highly  con- 
served among  organisms  from  bacteria  to  man. 
The  production  of  hsp70  in  a  natural  population  of 
amphipods  (Gammarus  sp.)  varied  with  ambient 
temperature.  Protein  extracts  were  probed  on  im- 
munoblots  using  a  polyclonal  antibody  made 
against  a  highly  conserved  peptide  of  hsp70.  Rela- 
tive protein  production  was  estimated  using  reflec- 
tance scanning.  These  results,  and  others,  using 
immunoblots,  autoradiography,  and  immunosor- 
bence  assays  suggest  that  the  stress  protein  re- 
sponse may  be  a  useful  quantitative  and  qualitative 
environmental  indicator.  (Author's  abstract) 
W91-06387 


RELATIONSHD?  BETWEEN  PCB  CONCEN- 
TRATIONS AND  REPRODUCTION  IN  MUS- 
SELS MYTILUS  EDULIS. 

Delta  Inst,  for  Hydrobiological  Research,  Yerseke 

(Netherlands). 

H.  Hummel,  J.  P.  UitOudeGroeneveld,  J. 

Nieuwenhuize,  J.  M.  van  Liere,  and  R.  H. 

Bogaards. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  489-493,  1989.  2  fig,  13  ref. 

Descriptors:  'Mussels,  'Polychlorinated  biphenyls, 
'Spawning,  'The  Netherlands,  'Toxicology, 
•Water  pollution  effects,  Bioaccumulation,  Bi- 
valves, Ecotoxicology,  Estuaries,  Fats,  Gonads, 
Oosterschelde,  Path  of  pollutants,  Tissue  analysis, 
Westerschelde. 

Changes  in  the  concentrations  of  PCBs  and  fats 
were  followed  in  mussels  (Mytilus  edulis),  trans- 
ferred vice  versa  between  a  polluted  estuary  (Wes- 
terschelde) and  a  relatively  low-pollution  sea-arm 
(Oosterschelde).  Concentrations  in  the  mantle, 
which  contains  the  gonads,  were  determined  sepa- 
rately from  the  rest  of  the  body.  The  fat  content  of 
the  mantle  increased  1.5  to  2  times  during  the 
observation  period  (autumn,  winter)  and  remained 
constant  in  the  rest  of  the  body.  Polychlorinated 
biphenyls  (PCBs)  in  mussels  transferred  from  the 
polluted  to  the  less  polluted  area  were  not  eliminat- 
ed. In  the  mussels  transferred  to  the  polluted  area 
the  increase  of  the  PCB  content  was  2-fold  to  3- 
fold  over  a  period  of  three  months.  PCBs  in  the 
mantle,  and  therefore  in  the  gonads,  can  amount  to 
more  than  40%  of  the  total  PCB  load  in  a  mussel. 
During  the  spawning  of  gametes,  a  substantial  pro- 
portion of  the  PCBs  may  be  shed.  (Author's  ab- 
stract) 
W91-06390 


EFFECTS  OF  AROCLOR  1254  AND  CADMIUM 
ON  REPRODUCTIVE  ENDOCRINE  FUNC- 
TION AND  OVARIAN  GROWTH  IN  ATLAN- 
TIC CROAKER. 

Texas  Univ.,  Port  Aransas.  Marine  Science  Inst. 
P.  Thomas. 

Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  499-503,  1989.  1  tab,  6  ref.  EPA 
Grant  R-812797  and  US  PHS  Grant  R0-ES04214. 

Descriptors:  'Cadmium,  'Croakers,  'Fish  physiol- 
ogy, 'Polychlorinated  biphenyls,  'Toxicology, 
'Water  pollution  effects,  Ecotoxicology,  Endo- 
crine function.  Gonadotropin,  Heavy  metals,  Or- 


ganic compounds,  Spawning,  Toxicity,  Vitellogen- 
esis. 

The  reproductive  endocrine  effects  of  sublethal 
exposure  to  a  PCB  mixture  (Aroclor  1254),  and 
cadmium  in  female  Atlantic  croaker  (Micropogon- 
ias  undulatus)  were  investigated  by  feeding  the  fish 
Aloclor  1254  (0.5  mg/100  g  body  weight/day)  for 
17  days,  or  exposing  them  to  1  mg  cadmium/L 
seawater  (30  ppt  S)  for  40  days  during  the  period 
of  ovarian  recrudescence.  Both  cadmium  and  the 
PCB  disrupted  reproduction,  but  they  exerted  op- 
posite effects  on  reproductive  endocrine  function 
and  ovarian  growth.  PCB  treatment  impaired 
ovarian  growth  which  was  accompanied  by  a  sig- 
nificant decline  in  vitellogenesis  as  assessed  by  a 
decrease  in  plasma  estradiol  levels.  In  addition,  a 
decrease  in  spontaneous  secretion  of  gonadotropin 
(GTH)  occurred  in  vitro  by  pituitaries  from  PCB- 
treated  fish.  In  contrast,  exposure  to  cadmium  ac- 
celerated ovarian  growth  and  elevated  plasma  es- 
tradiol concentrations,  suggesting  a  stimulation  of 
vitellogenesis.  In  addition,  spontaneous  secretion 
of  GTH  increased  markedly  from  the  pituitaries  of 
cadmium-exposed  fish  in  vitro.  The  results  show 
that  chemicals  can  disrupt  reproductive  processes 
in  teleosts  both  by  inhibiting  and  stimulating  the 
activity  of  the  hypothalamus-pituitary-gonadal- 
liver  axis.  (Author's  abstract) 
W9 1-06392 


PLANAR  CHLORINATED  HYDROCARBONS 
(PCHS)  IN  COLONIAL  FISH-EATING  WATER- 
BIRD  EGGS  FROM  THE  GREAT  LAKES. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Pedi- 
atrics/Human Development. 
D.  E.  Tillitt,  G.  T.  Ankley,  and  J.  P.  Giesy. 
Marine  Environmental  Research  MERSDW,  Vol. 
28,  No.  1/4,  p  505-508,  1989.  2  fig,  8  ref. 

Descriptors:  'Cormorants,  'Eggs,  'Great  Lakes, 
•Hydrocarbons,  'Path  of  pollutants,  'Terns, 
•Toxicology,  *Water  birds,  'Water  pollution  ef- 
fects, Animal  physiology,  Bioassay,  Cytochromes, 
Dioxins,  Ecological  effects,  Ecotoxicology,  En- 
zymes, Organic  compounds,  Polychlorinated  bi- 
phenyls, Polychlorinated  dibenzofurans,  Repro- 
duction, Toxicity. 

Reproductive  impairment  of  double-crested  cor- 
morants (Phalacrocorax  auritis)  and  Caspian  terns 
(Hydroprogne  caspia)  has  recently  been  observed 
in  the  Great  Lakes  of  North  America.  Planar  poly- 
chlorinated chlorinated  hydrocarbons  (PCHs), 
which  include  polychlorinated  biophenyls  (PCBs), 
polychlorinated  dibenzo-p-dioxins  (PCDDs),  and 
polychlorinated  dibenzofurans  (PCDFs),  are  be- 
lieved to  be  at  least  partially  responsible  for  the 
increased  incidence  of  teratogenesis  and  embryonic 
mortality.  The  potency  of  the  PCH  mixtures  were 
assessed  in  egg  extracts  from  these  colonial  water- 
birds.  The  relative  potency  of  the  egg  extracts  was 
assessed  by  their  ability  to  induce  cytochrome  P- 
450-dependent  ethoxyresorufin  O-deethylase 
(EROD)  in  H4IIE  rat  hepatoma  cells.  The  magni- 
tude of  the  response  was  compared  with  EROD 
induction  in  cell  cultures  by  a  standard  2,3,7,8- 
tetrachlorodibenzo-p-dioxin  (TCDD).  The 
TCDD-equivalents  derived  from  this  bioassay 
concur  with  residue  analysis  and  biological  data,  in 
that  the  highest  TCDD-equivalents  were  found  in 
waterbird  egg  composites  from  areas  with  greater 
PCH  concentrations  and  more  severe  reproductive 
effects.  Significant  concentrations  of  PCHs  were 
detected  in  all  sites  tested;  the  range  of  TCDD- 
equivalents  in  the  waterbird  eggs  was  49  to  415 
pg/g,  uncorrected  for  extraction  efficiencies.  The 
evidence  is  strong  for  at  least  a  partial  role  of 
PCHs  as  causal  agents  in  the  reproductive  impair- 
ment of  fish -eating  waterbirds  from  the  Great 
Lakes  of  North  America.  (Author's  abstract) 
W9 1-06393 


DOSE/RESPONSE  STUDY  OF  2^,7,8-TCDD  IN 
THE  RAINBOW  TROUT  (SALMO  GAIRD- 
NERI). 

Utrecht  Rijksuniversiteit  (Netherlands).  Environ- 
mental Toxicology  Section. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06394 
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INTERACTIVE  EFFECTS  OF  POLLUTANTS 
AT  THE  TOXICOKINETIC  LEVEL-IMPLICA- 
TIONS FOR  THE  MARINE  ENVIRONMENT. 

Reading  Univ.  (England).  Dept.  of  Physiology  and 

Biochemistry. 

C.  H.  Walker,  and  G.  O.  Johnston. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  521-525,  1989.  2  tab,  12  ref. 

Descriptors:  *Kinetics,  'Marine  environment, 
•Physiological  ecology,  'Toxicity,  'Toxicology, 
•Water  pollution  effects,  Biochemistry,  Carcino- 
genicity, Cytochromes,  Enzymes,  Fish,  Fish  physi- 
ology, Insecticides,  Malathion,  Organic  com- 
pounds, Polycyclic  aromatic  hydrocarbons,  Water 
birds. 

In  some  polluted  areas,  marine  organisms  are  ex- 
posed to  a  wide  selection  of  organic  pollutants, 
with  an  enormous  number  of  possible  interactive 
effects.  The  study  of  interactive  effects  of  pollut- 
ants from  the  toxicokinetic  point  of  view  should 
aid  the  identification  of  combinations  of  com- 
pounds likely  to  cause  environmental  problems. 
The  toxicity  of  a  pollutant  may  be  increased  if 
other  pollutants  (a)  inhibit  its  detoxification  or  (b) 
increase  its  activation.  For  example,  large  increases 
in  the  toxicity  of  insecticides  may  occur  because  of 
the  inhibition  of  esterases  and  monooxygenases. 
Induction  of  cytochrome  P-450  forms  can  greatly 
increase  the  toxicity  of  the  insecticide  malathion, 
due  to  a  decisive  switch  in  metabolism  from  de- 
toxification to  activation.  Induction  of  cytochrome 
P-450S  of  family  IA  (P448s)  in  fish  and  birds  is 
caused  by  various  pollutants,  and  may  lead  to  the 
enhanced  activation  of  carcinogens  in  marine  orga- 
nisms. Elevated  levels  of  this  bype  of  enzyme  in 
fish  from  polluted  areas  may  be  the  sonsequence  of 
induction.  The  possibility  that  locally-high  inci- 
dences of  neoplasms  in  fish  could  be  due  to  PAHs 
and  other  organic  pollutants  hase  frequently  been 
suggested.  Snvironmental  induction  of  cytoch- 
romes of  the  P448  type  is  likely  to  increase  the 
carcinogenic  effects  of  PAHs  by  certain  other  pol- 
lutants. Recent  studies  on  sea  birds  from  British 
and  Irish  coastal  waters  have  shown  the  existence 
of  relatively-high  levels  of  an  ortholog  of  cytoch- 
rome P450IA1  in  individual  birds;  this  is  associated 
with  relatively  high  levels  of  PCB.  This  also  sug- 
gests environmental  induction  of  the  P-448  type 
that  is  known  to  b  induced  in  other  birds  by 
various  agents,  and  which  can  readily  activate 
PAHs  and  other  carcinogens.  The  possibility  that 
PAHs  may  be  rapidly  activated  by  induced  P-450s 
in  sea  birds  from  areas  affected  by  oil  pollution 
deserves  serious  consideration.  Sea  birds  readily 
acquire  high  tissue  levels  of  hydrocarbons  in  such 
polluted  areas.  (Brunone-PTT) 
W9 1-06395 


TREATED  MUNICIPAL  WASTEWATERS:  EF- 
FECTS ON  DEVELOPMENT  AND  GROWTH 
OF  FISHES. 

New  Jersey  Medical  School,  Newark.  Dept.  of 

Anatomy. 

P.  Weis,  J.  S.  Weis,  and  A.  Greenberg. 

Marine  Environmental  Research  MERSDW,  Vol. 

28,  No.  1/4,  p  527-532,  1989.  2  fig,  5  ref.  NOAA 

Grant  No.  NA85AA-D-SG084,  Project  R/E-10. 

Descriptors:  *Fish  growth,  *Flounders,  •Mummi- 
chog,  'Municipal  wastewater,  'Striped  bass,  'Tox- 
icity, 'Toxicology,  'Water  pollution  effects,  Bioas- 
say,  Ecotoxicology,  Embryonic  growth  stage,  Es- 
tuaries, Fish  larvae,  Fish  physiology,  Gas  chroma- 
tography, Hudson-Raritan  Estuary,  Organic  com- 
pounds, Water  pollution  sources. 

Effluents  from  municipal  wastewater  treatment  fa- 
cilities supply  >98%  of  point-source  pollutants 
and  13%  of  total  freshwater  input  to  the  Hudson- 
Raritan  Estuary.  The  effects  of  chlorinated  ef- 
fluents on  the  sensitive  early  life  stages  of  three 
species  of  fish  common  to  this  estuary  were  stud- 
ied. One  source  of  effluents  is  a  publicly  owned 
treatment  facility,  which  receives  about  half  of  its 
input  from  industrial  sources.  Batch-to-batch  varia- 
bility in  the  chemistry  of  this  effluent  was  reflected 
in  biological  impact.  Embryos  of  the  mummichog 
(Fundulus  heteroclitus)  might  survive  >50%  or 
<10%  effluent.  Effects  of  moderately  toxic 
batches  included  cardiovascular  and  skeletal  de- 


fects, depression  of  heart  rate,  and  poor  hatch. 
Embryos  of  the  winter  flounder  (Pseudopleuron- 
ectes  americanus)  had  skeletal  defects  and  de- 
creased hatch  and  larval  growth.  Growth  of  juve- 
niles, as  represented  by  a  fin  regeneration  assay, 
was  depressed  at  concentrations  4=  10%  by  all 
five  batches  assayed  with  striped  bass  (Morone 
saxatilis),  three  of  five  batches  tested  with  mummi- 
chog, and  by  the  one  batch  tested  with  flounder. 
Analysis  of  the  effluent  indicated  relatively  low 
levels  of  heavy  metals.  A  toxic  batch  had  8  times 
the  total  chlorocarbon  level  of  an  innocuous  batch. 
The  gas  chromatography/ion  chromatogram  of 
the  toxic  batch  had  higher  levels  and  greater  diver- 
sity of  pollutants.  (Author's  abstract) 
W9 1-06396 


EFFECT  OF  CLIMATE  CHANGE  ON  SEA 
LEVEL  RISE  AND  THE  IMPLICATIONS  FOR 
WORLD  AGRICULTURE. 

J.  G.  Titus. 

Horticultural  Science,  Vol.  25,  No.   12,  p  1567- 

1572,  December  1990.  4  fig,  37  ref. 

Descriptors:  'Agriculture,  'Climatic  changes, 
•Global  warming,  'Greenhouse  effect,  'Sea  level, 
Air  pollution  effects,  Beach  erosion,  Coastal  engi- 
neering, Coastal  environment,  Coastal  waters, 
Deltas,  Estuaries,  Flooding,  Saline  water  intrusion, 
Shore  protection,  Wetlands. 

An  overview  of  the  causes,  effects,  and  responses 
to  sea  level  rise  has  been  compiled,  drawing  on 
previous  studies  of  the  impacts  on  coastal  cities, 
ocean  beach  resorts,  wetlands,  and  water  supplies. 
The  global  warming  from  the  greenhouse  effect 
could  raise  sea  level  approximately  1  m  in  the  next 
century  by  expanding  ocean  water,  melting  moun- 
tain glaciers,  and  causing  ice  sheets  in  Greenland 
to  melt  or  slide  into  the  oceans.  Such  a  rise  would 
inundate  coastal  wetlands  and  lowlands,  erode 
beaches,  increase  the  risk  of  flooding,  and  increase 
the  salinity  of  estuaries,  aquifers,  and  wetlands. 
The  possible  responses  to  a  sea  level  rise  are  coast- 
al defense  (building  seawalls,  adapting  to  the  ad- 
vancing sea,  or  raising  the  land),  increasing  the 
amount  of  fresh  water  flowing  into  the  estuary 
during  droughts,  and  decreasing  competitive  with- 
drawals. All  of  the  major  impacts  of  sea  level  rise 
would  have  effects  on  agriculture,  particularly  in 
deltaic  nations.  A  substantial  fraction  of  agricultur- 
al lands  could  be  inundated  or  eroded;  increased 
flooding  could  threaten  crops;  and  saltwater  intru- 
sion could  threaten  the  availability  of  irrigation 
water.  Although  these  impacts  could  be  important 
in  particular  areas,  on  a  worldwide  basis  they  will 
probably  be  relatively  unimportant  compared  with 
the  other  impacts  of  global  warming;  however, 
particular  crops  grown  in  low-lying  areas  may  be 
disproportionately  affected.  (Fish-PTT) 
W91-06416 


LONG-TERM  ENVIRONMENTAL  EFFECTS 
ASSOCIATED  WITH  LAND  APPLICATION  OF 
MUNICIPAL  SLUDGES:  A  REVIEW. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-06452 

MODELLING  THE  EFFECTS  OF  ACID  DEPO- 
SITION IN  A  PEATY  CATCHMENT  IN  FIN- 
LAND. 

Water  and  Environment  Research  Inst.,  Helsinki 

(Finland). 

A.  Lepisto. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  Internationa]  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  455-465,  4  fig, 

3  tab,  23  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects, 
•Acidic  water,  'Data  analysis,  •Finland,  •Hydro- 
logic  data,  *Hydrologic  models,  *Model  studies, 
•Peat,  *Streamflow  forecasting,  *Wetlands,  Alu- 
minum, Calcium,  Diatoms,  Hydrogen  ion  concen- 
tration, Lake  Matojarvi,  Liuhapuro  catchment, 
MAGIC  model,  Magnesium,  Organic  acids,  Paleo- 
limnology,  Radiometric  dating. 


Peatlands  are  ubiquitous  in  northern  landscapes 
and  decomposition  of  their  plant  remains  produces 
complex,  colored  organic  acids  that  acidify  their 
waters  and  those  of  the  streams  and  lakes  into 
which  they  drain.  Long-term  changes  in  surface 
water  quality  has  been  studied  in  an  organically 
rich,  acid  Liuhapuro  catchment  in  eastern  Finland. 
The  MAGIC  (Model  Acidification  of  Groundwat- 
er In  Catchments)  model  is  based  on  the  assump- 
tion that  certain  chemical  processes  (anion  reten- 
tion, cation  exchange,  primary  mineral  weathering, 
aluminum  dissolution,  and  C02  solubility)  in 
catchment  soils  are  likely  keys  to  the  responses  of 
surface  water  quality  to  acidic  deposition.  Calcium 
and  magnesium  concentrations  have  increased  60- 
70%  from  the  preacidification  values  estimated  by 
the  model.  Because  of  the  high  load  of  organic 
acids  in  the  Liuhapuro  stream,  it  was  acid  before 
atmospheric  pollution;  a  decline  of  pH  from  4.6  to 
4.4  was  estimated  despite  the  buffering  of  the 
system  by  organic  compounds.  The  risk  for  an 
increasing  leaching  of  aluminum  is  obvious,  and 
this  has  occurred  already  to  some  extent.  Paleolim- 
nological  date  for  the  nearby  humic  Lake  Mato- 
jarvi sediments  (diatom  analysis  and  210Pb  dating) 
provide  independent  evidence  of  decreasing  pH  in 
waters  of  the  area  during  the  past  200  years  or  so. 
(See  also  W91-06461)  (Author's  abstract) 
W9 1-06506 


FOREST    HYDROLOGY    AND    WATERSHED 
MANAGEMENT. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-065 10 


ACIDITY  AND  ALKALINITY  OF  RESERVOIR 
WATER  IN  THE  SIERRA  NEVADA,  CALIFOR- 
NIA. 

California  Univ.,  Berkeley.  Dept.  of  Plant  and  Soil 

Biology. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-065 12 


IMP  ACT  OF  CONIFER  AFFORESTATION  ON 
WATER  QUALITY  IN  AN  UPLAND  CATCH- 
MENT IN  SOUTHWEST  ENGLAND. 

Plymouth  Polytechnic  (England).  Dept.  of  Geo- 
graphical Sciences. 

A.  G.  Williams,  J.  L.  Ternan,  and  M.  Kent. 
IN:   Forest  Hydrology  and  Watershed  Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  451-461,  3  fig,  1  tab,  20  ref. 

Descriptors:  *Acid  rain,  *Acid  streams,  •Conifers, 
•England,  *Forest  hydrology,  *Forest  watersheds, 
•Reforestation,  'Watershed  management,  Acidifi- 
cation, Flow  pattern,  Forest  soils,  Groundwater 
movement,  Litter,  Nutrients,  Organic  acids,  Soil 
water,  Soil-water-plant  relationships,  Solute  trans- 
port, Spruce  trees,  Stemflow,  Throughfall,  Water 
quality. 

Several  studies  in  the  past  have  noted  an  increase 
in  the  acidity  of  streams  draining  forested  areas 
compared  with  adjacent  non-forest  vegetation 
types,  attributed  to  the  effects  of  acid  deposition 
enhanced  by  the  presence  of  trees  or  soil  acidifica- 
tion resulting  from  the  coniferous  forest  cover.  An 
understanding  of  flow  paths  is  crucial  to  an  investi- 
gation of  the  effects  of  conifer  trees  on  stream- 
water  quality.  Solute  concentrations  in  throughfall, 
stemflow,  litterflow,  soil  water,  and  springs  were 
monitored  in  a  sitka  spruce  (Picea  sitchensis)  forest 
and  in  a  nonforested  area  in  southwest  England. 
Analyses  of  stream  water  upstream  and  down- 
stream of  the  afforested  area  revealed  increased 
solute  concentrations  resulting  from  enhanced  en- 
trapment of  atmospheric  salts  by  the  trees  and 
increased  weathering  arising  from  the  production 
of  organic  acids  and  chelates  from  decaying  spruce 
needles.  No  significant  difference  in  acidification 
upstream  and  downstream  of  the  forest  was  ob- 
served. It  was  concluded  that  release  of  nutrients 
from  litter  decomposition  balances  nutrient  uptake 
and  the  release  of  base  cations  by  weathering  buff- 
ers the  system.  (See  also  W91-06510)  (Author's 
abstract) 
W9 1-065  52 
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AQUATIC  TOXICOLOGY  AND  RISK  ASSESS- 
MENT. 

Thirteenth  Volume.  STP  1096.  ASTM.  Philadel- 
phia, PA.  1990.  378p.  Edited  by  W.  G.  Landis  and 
W.  H  van  der  Schalie. 

Descriptors:  'Aquatic  environment,  'Ecotoxico- 
logy,  'Monitoring,  'Risk  assessment,  'Toxicity, 
•Toxicology,  'Water  pollution  effects,  Biodegra- 
dation,  Fate  of  pollutants,  Lethal  limit,  Path  of 
pollutants,  Sediments,  Sublethal  effects. 

Aquatic  toxicology  is  very  much  an  applied  sci- 
ence, its  driving  force  being  toxicity  testing  for 
compliance  with  the  Federal  Clean  Water  Act;  the 
Federal  Insecticide,  Fungicide,  and  Rodenticide 
Act;  the  Toxic  Substances  Control  Act;  and  the 
Comprehensive  Environmental  Response  Compen- 
sation and  Liability  Act.  The  conduct  of  basic 
research  in  order  to  understand  underlying  mecha- 
nisms and  to  improve  the  ability  to  perform  risk 
assessments  is  still,  judged  by  total  economic 
outlay,  a  relatively  small  effort.  The  tenth  volume 
contained  a  multi-author  paper  reviewing  the  first 
ten  years  of  symposia  and  predicting  the  future. 
One  of  the  most  interesting  trends  was  the  decline 
in  methods  papers  and  the  increase  in  interpretive, 
perspective,  and  laboratory-to-field  papers.  This 
trend  may  have  been  due  to  the  optimization  of  the 
first  round  of  toxicity  testing  techniques  and  to 
trying  to  understand  the  implications  of  data  gen- 
erated by  these  tests.  One  of  the  more  disturbing 
trends  noted  was  the  lack  of  integrative  papers  in 
the  first  ten  symposia.  Comparing  the  contents  of 
the  papers  in  this  volume  with  the  trends  observed 
three  years  ago  may  be  useful.  This  volume  reflects 
the  increasing  emphasis  on  the  development  of 
new  techniques  to  examine  the  molecular  and  cel- 
lular effects  of  toxicants.  These  new  techniques 
evaluate  organism  response  to  toxic  exposures  in 
ways  that  traditional  acute  and  chronic  assays 
cannot.  As  the  more  traditional  techniques,  these 
methods  must  be  integrated  into  a  hazard  and  risk 
assessment  framework.  As  in  previous  volumes, 
this  volume  contains  papers  that  report  toxicities  of 
a  variety  of  materials.  The  papers  are  divided  in 
the  following  headings:  risk  assessment  and  aquatic 
toxicology;  biodegradation  and  environmental  fate 
of  xenobiotics;  sediment  toxicity  and  bioavailabi- 
lity; aquatic  toxicology;  comparative  aquatic  toxic- 
ity and  mechanisms;  and  sublethal  indicators  of 
toxic  stress.  (See  W9 1-06692  thru  W9 1-067 16) 
(Lantz-PTT) 
W9 1-06691 


ENVIRONMENTAL  RISK  ASSESSMENT/EN- 
VIRONMENTAL HAZARD  ASSESSMENT:  SI- 
MILARITIES AND  DIFFERENCES. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 
G.  W.  Suter. 

IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  5-15, 
3  fig,  1  tab,  24  ref. 

Descriptors:  'Hazards,  'Risk  assessment,  'Toxi- 
cology, 'Water  pollution  effects,  Data  interpreta- 
tion, Ecotoxicology,  Environmental  effects,  Model 
studies,  Regulations,  Safety,  Toxicity. 

Risk  and  hazard  assessment  are  alternate  paradigms 
for  assessing  the  effects  of  chemicals  and  other 
hazards  of  the  environment.  Risk  assessment  is  an 
old  assessment  tradition  that  grew  out  of  actuarial 
statistics  and  is  concerned  with  estimating  the 
probability  of  undesired  events.  Hazard  assessment 
was  developed  in  the  late  1970s  as  a  means  of 
performing  assessments  by  iteratively:  (1)  testing 
and  measuring  the  properties  of  chemicals,  (2) 
comparing  toxicity  test  end  points  to  estimated 
environmental  concentrations,  and  then  deciding 
whether  the  chemical  is  clearly  safe,  clearly  haz- 
ardous or  requires  more  testing.  These  two  para- 
digms have  much  in  common  in  that  they  attempt 
to  imply  environmental  toxicology,  environmental 
chemistry,  and  scientifically  based  logic  to  the 
regulation  of  chemicals.  However,  they  differ  in 
the  following  ways:  (1)  risk  assessment  is  explicitly 
probabilistic,  (2)  hazard  assessment  assumes  that 
clear  distinctions  can  be  made  between  safe  and 
unsafe,  but  risk  assessments  determine  degrees  of 
safety,  (3)  risk  assessment  allows  for  value  judge- 


ments and  hazard  assessment  implies  that  decisions 
about  acceptability  are  scientific,  (4)  risks,  unlike 
hazards,  are  balanced  against  costs  and  benefits,  (5) 
risk  assessments  have  explicit  endpoints,  (6)  hazard 
assessments  monitor  environmental  concentrations, 
but  risk  assessments  model  exposure,  (7)  hazard 
assessment  requires  tiered  testing,  but  risk  assess- 
ments can  be  performed  with  available  data,  (8) 
procedural  decisions  in  hazard  assessments  are 
based  on  the  assessor's  judgement,  but  risk  assess- 
ments use  formal  decision  criteria,  and  (9)  risk 
assessment  makes  greater  use  of  mathematical  and 
statistical  models.  (See  also  W9 1-06691)  (Author's 
abstract) 
W9 1-06692 


AQUATIC  COMMUNITY  RESPONSE  TO 
STRESS:  PREDICTION  AND  DETECTION  OF 
ADVERSE  EFFECTS. 

Pennsylvania  State  Univ.,  University  Park.  School 
of  Forest  Resources. 
J.  R.  Pratt. 

IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  16-26, 
4  fig,  5  tab,  40  ref.  US  Army  Medical  Research  and 
Development  Command  Contract  DAMD 17-88- 
C-8068. 

Descriptors:  'Aquatic  environment,  'Ecotoxico- 
logy, 'Stress,  'Toxicity,  'Toxicology,  'Water  pol- 
lution effects,  Ecological  effects,  Ecosystems. 

General  ecological  principles  have  been  used  to 
hypothesize  community  stress  responses.  A  review 
of  responses  of  microcosms,  mesocosms,  and  eco- 
systems to  chemical  stressors  indicated  that 
changes  in  taxonomic  and  standing  crop  measures 
of  community  structure  were  usually  reliable  and 
sensitive  indicators  of  stress  response.  Changes  in 
process  rates  showed  less  frequent  response  to 
chemical  stressors.  Ecosystem  experiments  have 
not  demonstrated  some  predicted  changes  even  at 
extreme  levels  of  stress.  Problems  in  demonstrating 
community  and  ecosystem  responses  may  be  a 
result  of  present  methodologies,  or  may  identify 
failures  of  ecologists  to  accurately  predict  stress 
effects.  Many  ecosystem  processes  are  substrate 
limited  and  robust  even  under  stress.  Although 
additional  information  is  needed  on  the  natural 
variability  of  measures  of  both  structure  and  proc- 
ess, stress  measures  based  on  the  composition  of 
biological  communities  seem  to  have  the  greatest 
promise  for  evaluating  ecosystem  conditions.  (See 
also  W91-06691)  (Author's  abstract) 
W91-06693 


AQUATIC  TEST  SYSTEMS   FOR   STUDYING 
THE  FATE  OF  XENOBIOTIC  COMPOUNDS. 

Environmental  Research  Lab.,  Gulf  Breeze,  FL. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06694 


USE  OF  MICROCOSMS  VERSUS  CONVEN- 
TIONAL BIODEGRADATION  TESTING  FOR 
ESTIMATING  CHEMICAL  PERSISTENCE. 

Monsanto  Co.,  St.  Louis,  MO. 
D.  B.  Carson,  V.  W.  Saeger,  and  W.  E.  Gledhill. 
IN:   Aquatic   Toxicology   and   Risk   Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  48-59, 
5  fig,  1  tab,  36  ref. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
•Microenvironment,  'Path  of  pollutants,  'Toxicol- 
ogy, 'Water  pollution  effects,  Bioassay,  Biological 
studies,  Biphenyls,  Chemical  analysis,  Esters,  Lab- 
oratory methods,  Organic  compounds,  Phosphate 
esters,  Phthalates,  Sulfonates. 

Extrapolation  of  laboratory  biodegradation  data  to 
the  field  is  critical  in  assessing  the  environmental 
fate  of  a  chemical.  Laboratory  systems  used  to 
evaluate  biodegradation  may  vary  from  simple 
river  or  lake  die-away  tests  to  complex  micro- 
cosms. The  relative  merits  of  rate  data  derived 
from  systems  of  widely  varying  complexity  have 
long  been  a  subject  of  discussion.  Data  obtained 
from  studies  utilizing  simple  screening  tests  and 
microcosms  containing  sediment  and  natural  water 
are  presented  and  compared.  Among  the  chemicals 
tested  are:  biphenyl,  linear  alkylbenzene  sulfonates, 


and  phthalate  and  phosphate  esters.  Results  suggest 
that  pertinent  biodegradation  rate  data  can  be  ob- 
tained from  relatively  uncomplex  test  systems.  Po- 
tential concerns  about  the  environmental  fate  of 
test  chemicals  raised  in  simpler  biodegradation 
tests  could  be  addressed  by  specific  environmental 
monitoring  for  existing  chemicals  rather  than  test- 
ing in  more  complex  systems.  Key  parameters  con- 
cerning a  chemical's  biodegradability  can  be  estab- 
lished from  relatively  uncomplex  studies  in  natural 
waters  or  water/sediment  systems.  The  need  or 
indeed  the  utility  of  expensive  complex  micro- 
cosms for  establishing  such  data  should  be  ques- 
tioned. Microcosms  are  useful  laboratory  tools  for 
deriving  information  on  site-specific  environmental 
processes.  Microcosms  cannot,  however,  encom- 
pass the  myriad  complexities  that  exist  in  nature. 
The  effects  of  nutrient  deficiencies,  temperature 
fluctuations,  trophic  level  interactions,  biogeoche- 
mical  cycling,  and  other  environmental  parameters 
on  microbial  degradation  cannot  be  totally  assessed 
in  microcosm  studies.  Information  required  for  the 
safety  assessment  of  a  chemical  beyond  that  gener- 
ated from  simpler  biodegradation  test  systems 
could  be  obtained  from  site-specific  environmental 
monitoring,  rather  than  from  complex  microcosms. 
(See  also  W9 1-06691)  (Lantz-PTT) 
W91-06695 


TESTING  SEDIMENT  TOXICITY  WITH  HYA- 
LELLA  AZTECA  (AMPHIPODA)  AND  CHIR- 
ONOMUS  RIPARIUS  (DIPTERA). 

National  Fisheries  Contaminant  Research  Center, 
Columbia,  MO. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06698 


COMPARATIVE  SENSITIVITY  OF  SEDIMENT 
TOXICITY  BIOASSAYS  AT  THREE  SUPER- 
FUND  SITES  IN  PUGET  SOUND. 

PTI  Environmental  Services,  Bellevue,  WA. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06700 


EFFECTS  OF  SEDIMENT  AND  THE  ROUTE 
OF  EXPOSURE  ON  THE  TOXICITY  AND  AC- 
CUMULATION OF  NEUTRAL  LffOPHILIC 
AND  MODERATELY  WATER-SOLUBLE  ME- 
TABOLIZABLE  COMPOUNDS  IN  THE 
MIDGE,  CHERONOMUS  RIPARIUS. 
Ohio  State  Univ.,  Columbus.  Dept.  of  Zoology. 
M.  J.  Lydy,  K.  A.  Bruner,  D.  M.  Fry,  and  S.  W. 
Fisher. 

IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  140- 
164,  5  fig,  3  tab,  45  ref. 

Descriptors:  'Bioaccumulation,  'Biochemistry, 
'Path  of  pollutants,  'Sediments,  'Toxicity,  'Toxi- 
cology, 'Water  pollution  effects,  Dissolved  organ- 
ic compounds,  Lethal  limit,  Midges,  Naphthol,  Or- 
ganic compounds. 

The  toxicity  and  accumulation  of  eleven  moderate- 
ly water  soluble  metabolizable  (MSM)  or  neutral 
lipophilic  (NL)  compounds  were  examined  in  the 
midge  Chiironomus  riparius  in  tests  without  sedi- 
ment (water  only),  and  in  treatments  with  sediment 
to  which  the  test  chemical  was  added  directly  to 
the  water  (spiked  water)  or  directly  to  the  sedi- 
ment (spiked  sediment).  In  general,  the  toxicity  of 
NL  compounds  was  significantly  reduced  when 
sediment  was  present  regardless  of  whether  the 
compound  was  added  to  the  water  or  the  sediment. 
The  observed  reduction  in  toxicity  when  sediment 
was  present  was  attributed  to  sorption  of  the  chem- 
ical to  sediment,  dissolved  organic  carbon  (DOC), 
and  particulates,  and  was  anticipated  from  the  lit- 
erature. The  toxicity  and  accumulation  of  MSM 
compounds  in  sediment  and  nonsediment  systems 
were  much  more  variable  than  for  the  NL  com- 
pounds. For  1 -naphthol,  no  significant  difference  in 
the  distribution  of  parent  chemical  was  seen  in  the 
water  or  sediment  when  used,  although  the  toxici- 
ty of  1 -naphthol  was  lowest  when  the  compound 
was  added  directly  to  water  in  the  presence  of 
sediment.  For  the  remaining  MSM  compounds, 
toxicity  was  significantly  reduced  only  when  the 
chemical  was  added  directly  to  the  sediment.  In 
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general,  partition  coefficients  were  less  useful  in 
predicting  the  environmental  behavior  of  MSM 
compounds.  The  most  notable  effect  of  sediment 
upon  the  MSM  group  was  that  the  persistence  of 
the  parent  compound  was  greatly  increased  in  the 
sediments  when  the  chemical  was  added  to  the 
sediment.  (See  also  W9 1-06691)  (Author's  abstract) 
W9 1-06701 

USE  OF  THE  BLUE  MUSSEL,  MYTILUS 
EDULIS,  IN  WATER  QUALITY  TOXICITY 
TESTING  AND  IN  SITU  MARINE  BIOLOGI- 
CAL MONITORING. 

Environmental  Research  Lab.,  Narragansett,  RI. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06702 


AQUATIC  TOXICITY  OF  THE  SENSORY  IRRI- 
TANT AND  RIOT  CONTROL  AGENT  DIBENZ- 
(B,F)-l,4-OXAZEPINE  (CR). 
Chemical  Research,  Development  and  Engineer- 
ing Center,  Aberdeen  Proving  Ground,  MD.  Envi- 
ronmental Toxicology  Branch. 
D.  W.  Johnson,  M.  V.  Haley,  and  W.  G.  Landis. 
IN:   Aquatic   Toxicology   and   Risk   Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  176- 
188,  4  fig,  3  tab,  17  ref. 

Descriptors:  'Aquatic  environment,  'Bioassay, 
•Dibenzoxazepine,  •Toxicity,  'Toxicology, 
•Water  pollution  effects,  Algae,  Aromatic  com- 
pounds, Daphnia,  Lethal  limit,  Minnow,  Sublethal 
effects. 

The  aquatic  toxicity  of  dibenz(b,f)-1.4-oxazepine 
(CR)  was  examined  using  organisms  from  three 
trophic  levels.  The  compound  is  a  peripheral  sen- 
sory irritant  which  produces  an  immediate  irrita- 
tion of  the  eyes,  nose,  mouth  and  skin,  and  respira- 
tory tract  in  man.  The  compound  is  comprised  of  a 
double  benzene  ring  with  a  shared  oxygen  mole- 
cule and  a  double-bonded  carbon,  nitrogen  group. 
The  intended  use  of  the  compound  is  for  the 
control  of  civil  disturbances.  Acute  bioassays  were 
performed  using  Ankistrodesmus  falcatus,  Daphnia 
magna  and  Pimephales  promelas.  A  21  day  static 
renewal  test  was  performed  using  D.  magna.  At 
24-h  EC50  of  0.48  mg/L  and  48-h  EC50  of  0.94 
mg/L  were  calculated  for  daphnids.  Significant 
differences  in  reproductive  output  and  body  length 
were  observed  at  0.50  mg/L  using  ANOVA  in  the 
21  day  chronic  assay  with  D.  magna.  The  96  hour 
algal  growth  inhibition  test  yielded  an  IC50  in  the 
range  of  1.95  to  3.55  mg/L.  An  LC50  of  2.6  to  2.8 
mg/L  was  determined  for  the  fish.  An  enhance- 
ment compared  to  controls  in  reproductive  output 
was  observed  for  both  the  algae  and  daphnia  at 
low  concentrations  of  CR.  Dose  response  curves 
and  comparisons  of  linear  and  exponential  regres- 
sions are  presented  for  several  toxicity  tests.  (See 
also  W9 1-06691)  (Author's  abstract) 
W9 1-06703 


ing  increased  use  in  conservation  tillage.  Using 
amphibians  representative  of  two  anuran  families, 
early  life  stage  toxicity  tests  (96-h  modified 
FETAX)  were  performed.  Acute  and  subacute 
exposures  were  completed,  and  toxicity  endpoints 
(mortality  and  teratogenicity)  were  evaluated  for 
exposures  to  technical  grade  and  formulation  grade 
paraquat.  These  preliminary  toxicity  assessments 
suggest  that  acute  and  subacute  endpoints  for  each 
form  of  paraquat  may  be  significantly  different, 
since  the  commercial  formulation  was  three  times 
as  acutely  toxic  as  the  technical-grade  chemical. 
Furthermore,  it  appears  that  species  and  familial 
differences  must  be  regarded  with  increased  cau- 
tion until  a  comparative  toxicity  database  is  devel- 
oped for  amphibians.  (See  also  W91-06691)  (Au- 
thor's abstract) 
W9 1-06704 


SHORT-TERM  AMPHIBIAN  TOXICITY  TESTS 
AND  PARAQUAT  TOXICITY  ASSESSMENT. 

NSI  Technology  Services  Corp.,  Corvallis,  OR. 
G.  Linder,  J.  Barbitta,  and  T.  Kwaiser. 
IN:   Aquatic  Toxicology   and   Risk   Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  189- 
198,  2  fig,  2  tab,  49  ref. 

Descriptors:  'Agricultural  chemicals,  •Amphib- 
ians, 'Paraquat,  'Pesticides,  'Toxicity,  'Toxicol- 
ogy, 'Water  pollution  effects,  Bioassay,  Ecological 
effects,  Frogs,  Hazard  assessment,  Herbicides, 
Weed  control. 

Changes  in  agricultural  practice  may  alter  agriche- 
mical  effects  on  nontarget  wildlife.  Because  of 
routine  practice  in  various  forms  of  conservation 
tillage,  paraquat  (l,r-dimethyl-4,4'-bipyridinium 
dichloride)  has  been  increasingly  used  for  weed 
control  in  agricultural  fields  and  in  supporting 
management  practices.  Though  highly  adsorbed  in 
soil  and  foliage,  paraquat  may  gain  increased 
notice  as  an  agrichemical  potentially  impacting 
wetlands  which  surround  much  of  the  farmland 
across  the  country;  consequently  amphibian  toxici- 
ty evaluations  may  be  incorporated  into  wildlife 
hazard  assessments  conducted  for  chemicals  find- 


TOXICITY  OF  NITROGEN-CONTAINING  AR- 
OMATIC   COMPOUNDS    (NCACS):    QUTNO- 
LINE  AND  4-AZAFLUORENE  BEHAVIOR  IN 
AN  ESCHERICHIA  COLI  TEST  SYSTEM-EVI- 
DENCE OF  MEMBRANE  EFFECTS. 
Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
Div.  of  Chemistry  and  Toxicology. 
W.  J.  Catallo,  D.  R.  Cleland,  and  M.  E.  Bender. 
IN:   Aquatic   Toxicology   and   Risk   Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  199- 
221,  11  fig,  1  tab,  50  ref. 

Descriptors:  'Aromatic  compounds,  'Escherichia 
coli,  'Nitrogen  compounds,  'Quinoline,  'Toxicity, 
•Toxicology,  'Water  pollution  effects,  Azafluor- 
ene,  Bioassay,  Biochemistry,  Ecotoxicology,  Elec- 
tron transport,  Iodonitrotetrazolium  chloride,  Lab- 
oratory methods,  Microbiological  studies. 

Research  was  conducted  which  addressed  the  ef- 
fects of  two  prominent  nitrogen-containing  aro- 
matic compounds  (NCACs),  quinoline  and  4-aza- 
flourene,  on  respiratory  electron  transport  (ET)  in 
Escherichia  coli.  ET  was  estimated  spectrophoto- 
metrically  using  reduction  rates  of  iodonitrotetra- 
zolium chloride  (INT),  which  is  reduced  in  vivo  to 
a  red  colored  formazan  (INTF).  It  was  noted  that 
both  NCACs  gave  anomalous  dose-response  be- 
havior in  INT  assays:  in  a  defined  'threshold'  dose 
range,  INT  reduction  rates  near  or  above  the  con- 
trols were  observed.  Compared  with  controls  and 
low  doses,  the  threshold  doses  for  the  NCACs 
showed  different  INT  reduction  kinetics,  de- 
creased cellular  oxygen  consumption,  and  de- 
creased viable  cell  densities.  These  observations 
and  experiments  with  E.  coli  spheroplast  prepara- 
tions, gram  positive  cells,  and  deep  rough  mutants 
supported  the  hypothesis  that  the  NCACs  caused 
removal  of  outer  membrane  constituents  and  prob- 
ably interference  with  cell  membrane  function. 
Data  from  INT  bioassays,  comparative  oxygen 
demand  studies,  assays  of  INT  response  in  bacteria 
with  different  outer  membrane  characteristics,  and 
transmission  electron  microscopy  support  the  hy- 
pothesis. (See  also  W9 1-06691)  (Author's  abstract) 
W9 1-06705 


culties  in  the  published  literature,  and  questions 
arising  from  INT  behavior  in  current  bioassay 
systems.  There  has  been  both  inaccuracy  and  in- 
consistency in  the  presentation  of  structural,  elec- 
trochemical, and  mechanistic  data  on  tetraphenyl- 
tetrazolium  chloride  (TPT),  INT  and  their  forma- 
zons  in  published  literature.  This  is  due  to  the 
difficulties  of  working  with  these  materials  in  com- 
plex environments  such  as  electroanalytical  and 
biological  systems.  As  a  result  of  the  heterogeneity 
and  physiochemical  disparity  between  these  sys- 
tems, sites  of  biological  reduction  of  TPT,  INT, 
and  related  compounds  cannot  be  directly  inferred 
from  data  generated  at  electrodes.  Typically,  the 
half  wave  reduction  potential  values  for  biological 
electron  transport  chains  (e.g.,  NADH  to  CoQ  to 
cytochromes  to  oxygen)  are  derived  from  experi- 
ments in  model  systems  and  from  theoretical  rela- 
tionships between  reactant-product  free  energy 
changes  and  the  half  wave  reduction  potential. 
These  estimates  do  not  account  for  reactivity  ef- 
fects arising  from  microenvironments,  catalysis, 
and  quantum  mechanical  tunneling  of  electrons 
and  protons  in  living  systems.  Electrochemical 
data  show:  (1)  normal  pulse  polarography  (NPP) 
and  differential  pulse  polarography  (DPP)  of  INT 
gave  half  wave  reduction  potential  of  the  first 
wave  between  +0.126  and  +0.073  V  vs.  standard 
hydrogen  electrode  (SHE);  (2)  the  maximum  re- 
duction potential  for  formation  of  INTF  on  Pt  was 
between  +0.116  and  +0.125  V  vs.  SHE  and  the 
values  on  C  electrodes  were  comparable;  (3)  INT 
to  INTF  reductions  at  Pt  and  C  electrodes  appear 
to  be  mediated  by  two  direct  one  electron  reduc- 
tions and  disproportionation  by  one  proton;  and  (4) 
the  presence  of  interfering  reactions  involving  ad- 
sorbed H  species  or  radicals  were  possible  on  Pt 
and  C.  (See  also  W91-06691)  (Lantz-PTT) 
W9 1-06706 


REDUCIBLE  DYE  2-(P-IODOPHENYL)-3-(P- 
NITROPHENYL)-5-(PHENYL)-2H- 
TETRAZOLIUM  CHLORIDE  (INT)  FOR  USE 
IN  AQUATIC  TOXICOLOGY:  NOTES  ON 
CHEMICAL  STRUCTURE,  ELECTROCHEMIS- 
TRY, AND  TOXICITY. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
Div.  of  Chemistry  and  Toxicology. 
W.  J.  Catallo,  R.  J.  Gale,  R.  L.  Wong,  and  M.  E. 
Bender. 

IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  222- 
236,  9  fig,  1  tab,  48  ref. 

Descriptors:  'Aquatic  environment,  'Bioindica- 
tors,  'Chemical  analysis,  'Ecotoxicology,  'Toxici- 
ty, 'Toxicology,  'Water  pollution  effects,  Bio- 
chemistry, Electron  transport,  Iodonitrotetrazo- 
lium chloride,  Laboratory  methods,  Triphenylte- 
trazolium  chloride. 

Studies  of  2-(p-iodophenyl)-3-(p-nitrophenyl)-2H- 
tetrazolium  chloride  (INT)  chemical  structure  and 
aqueous  electrochemistry  at  Hg,  C,  and  Pt  elec- 
trodes were  conducted  to  address  conceptual  diffi- 


FLOW  CYTOMETRIC  TECHNIQUES  TO 
ASSESS  TOXICITY  TO  ALGAE. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 
W.  R.  Gala,  and  J.  P.  Giesy. 
IN-   Aquatic   Toxicology   and   Risk   Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  237- 
246,  3  fig,  2  tab,  29  ref. 

Descriptors:  'Algae,  'Flow  cytometry,  'Laborato- 
ry methods,  'Toxicity,  'Toxicology,  *Water  pollu- 
tion effects,  Atrazine,  Bioassay,  Detergents,  Fluo- 
rescence, Herbicides,  Lethal  limit,  Organic  com- 
pounds, Sodium  dodecyl  sulfate. 

Flow  cytometry  provides  a  fast  and  quantitative 
method  to  determine  the  effects  of  a  toxicant  on 
individual  algal  cells.  The  effects  of  the  surfactant, 
sodium  dodecyl  sulfate  (SDS),  and  the  herbicide, 
atrazine,  on  the  viability  of  Selenastrum  capricor- 
nutum  cells  as  measured  by  monitoring  green  fluo- 
rescence of  algal  cells  stained  with  fluorescein 
diacetate  (FDA)  by  flow  cytometric  techniques, 
were  compared  to  the  results  of  standard  96-h  algal 
toxicity  tests.  Cell  viability  (green  fluorescence) 
was  a  sensitive  measure  of  the  effects  of  SDS  on  S. 
capricornutum.  The  EC50  values  for  the  reduction 
of  the  viability  of  cells  after  48-h  of  exposure  was 
104.8  mg/L  SDS  (95%  C.I.,  63.7  to  172.3  mg/L), 
which  was  similar  to  the  96-h  EC50  for  specific 
growth  rate  (81.4  mg/L  SDS;  95%  C.I.,  62.0  to 
106.8  mg/L).  Cell  viability  was  not  as  sensitive  to 
the  effects  of  atrazine  as  was  growth  rate  because 
of  the  algistatic  properties  of  this  herbicide.  The 
96-h  EC50  of  atrazine  for  algal  growth  rate  was 
128.2  microgm/L  (95%  C.I.,  118.9  to  132.2  micro 
g/L,  relative  to  the  48-h  EC50  of  1500  micro  g/L 
atrazine  for  cell  viability  was  able  to  distinguish 
between  algicida!  and  algistatic  toxicants.  (See  also 
W9 1-06691)  (Author's  abstract) 
W9 1-06707 


USE  OF  HAZARD  MODELS  IN  EVALUATING 
THE  EFFECT  OF  EXPOSURE  DURATION  ON 
THE  ACUTE  TOXICITY  OF  THREE  PESTI- 
CIDES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
D.  W.  Moore,  M.  D.  Schluchter,  and  G.  I.  Scott. 
IN:    Aquatic   Toxicology   and    Risk   Assessment. 
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STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  247- 
263,  3  fig,  4  tab,  13  ref.  EPA  Grant  No.  CR- 
813138-02-0  and  South  Carolina  Sea  Grant  Consor- 
tium Grant  No.  SD85-10. 

Descriptors:  'Data  interpretation,  'Hazard  assess- 
ment, 'Model  studies,  'Pesticides,  'Toxicity, 
•Toxicology,  'Water  pollution  effects,  Azinphos- 
methyl,  Ecotoxicology,  Endosulfan,  Fenvalerate. 

Renewal  toxicity  tests  (96-h)  were  conducted  with 
the  emulsifiable  concentrates  of  three  pesticides: 
azinphosmethyl,  endosulfan,  and  fenvalerate.  A 
second  test  design  which  incorporated  a  6-h  period 
of  exposure  followed  by  90-h  of  observation,  was 
also  conducted  on  these  three  pesticides.  Toxicity 
results  from  the  two  test  types  were  then  com- 
pared using  different  hazard  models  to  test  a  series 
of  null  hypotheses.  These  comparisons  indicated: 
(1)  while  the  effect  of  concentration  was  contrast- 
ed across  time,  hazard  changed  for  each  of  the  test 
types;  and  (2)  when  the  effect  of  concentration  was 
the  same  for  the  initial  periods  of  exposure  (6  and 
24-h)  in  the  two  test  designs,  the  average  hazard 
was  significantly  lower  for  the  6  h  exposure  than 
for  24  h.  This  study  may  have  significant  implica- 
tions for  relating  results  from  laboratory  toxicity 
tests  to  mortality  among  organisms  exposed  in  situ. 
The  6-h  exposure  test  design  provides  information 
on  delayed  effects  due  to  short-term  exposures, 
while  hazard  analysis  can  be  used  to  estimate  the 
underlying  time/concentration  relationship  from 
standard  laboratory  toxicity  test  data.  (See  also 
W9 1-06691)  (Author's  abstract) 
W9 1-06708 


COMPARATIVE  DEVELOPMENTAL  TOXICI- 
TY OF  ACETYLENIC  ALCOHOLS  ON  EM- 
BRYOS AND  LARVAE  OF  XENOPUS  LAEVIS. 

Tennessee  Univ.,  Knoxville.  Coll.  of  Veterinary 

Medicine. 

D.  A.  Dawson,  T.  W.  Schultz,  L.  L.  Baker,  and  T. 

S.  Wilke. 

IN:   Aquatic   Toxicology   and    Risk   Assessment. 

STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  267- 

277,  4  tab,   16  ref.  EPA  Cooperative  Agreement 

CR-813 158-02-0. 

Descriptors:  'Acetylenic  alcohols,  'Embryonic 
growth  stage,  'Frogs,  'Larvae,  'Toxicity,  'Toxi- 
cology, 'Water  pollution  effects,  Amphibians,  Bio- 
chemistry, Ecotoxicology,  Lethal  limit,  Organic 
compounds,  Physiological  ecology. 

Xenopus  laevis  embryos  and  larvae  were  tested  to 
assess  the  relative  toxicity  and  teratogenicity  of  a 
series  of  14  acetylene  alcohols.  Tertiary  propargy- 
lic  alcohols  and  alkene-ols  were  expected  to  act  as 
simple  narcotics  and  not  be  teratogenic.  However, 
primary  and  secondary  propargylic  and  homopro- 
pargylic  alcohols  might  be  metabolically  activated 
by  alcohol  dehydrogenase,  to  become  teratogenic. 
Mid-blastula  to  late-blastula  stage  embryos  were 
exposed  to  graded  concentrations  of  each  alcohol 
for  96-h.  Embryo  malformation  (EmEC50)  and 
lethality  (EmLC50)  endpoints  were  determined  for 
each  alcohol,  and  the  Mortality/Malformation 
Index  (MMI)  was  calculated  as  a  measure  of  rela- 
tive teratogenic  potential.  Additionally,  untreated, 
healthy-appearing,  5  d  old  tadpoles  were  exposed 
to  each  alcohol  For  96-h,  and  the  tadpole  lethality 
endpoint  (Td5LC50)  was  determined.  The  ratio  of 
the  embryo  LC50  to  tadpole  LC50(E/T)  was  cal- 
culated as  a  measure  of  alcohol  reactivity.  The 
primary  propargylic  alcohols  had  teratogenic  po- 
tential, producing  head,  eye,  gut,  and  skeletal  mal- 
formations and  MMI  values  >3.0.  All  other  alco- 
hols caused  only  edema  and  improper  gut  coiling. 
The  E/T  ratios  indicated  that  primary  and  second- 
ary propargylic  and  homopropargylic  alcohols 
were  reactive,  whereas  tertiary  propargylic  alco- 
hols and  alkene-ols  were  not.  In  addition,  quantita- 
tive structure-activity  relationships  (QSARs)  were 
explored,  and  a  comparison  of  the  tadpole  and 
flathead  minnow  lethality  data  indicated  that  toxic- 
ity in  one  system  can  be  used  to  predict  toxicity  in 
another.  (See  also  W91-06691)  (Author's  abstract) 
W9 1-06709 


TOXICITY  AND  TOXICOKINETICS  OF  PEN- 
TACHLOROPHENOL  AND  CARBARYL  TO 
PONTOPOREIA  HOYI  AND  MYSIS  RELICTA. 


National  Oceanic  and  Atmospheric  Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 

P.  F.  Landrum,  and  W.  S.  Dupuis. 
IN:   Aquatic   Toxicology   and    Risk   Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  278- 
289,  1  fig,  3  tab,  27  ref. 

Descriptors:  'Amphipods,  'Carbaryl,  'Ecotoxico- 
logy, 'Pentachlorophenol,  'Shrimp,  'Toxicity, 
•Toxicology,  'Water  pollution  effects,  Bioassay, 
Biological  studies,  Lethal  limit,  Model  studies.  Or- 
ganic compounds. 

Two  Great  Lakes  invertebrates,  the  amphipod 
Pontoporeia  hoyi  and  the  mysid  shrimp  Mysis  re- 
licta,  were  exposed  to  pentachlorophenol  (PCP) 
and  carbaryl  to  determine  acute  mortality.  At  pH 
8,  the  LC50  for  P.  hoyi  after  96-h  was  0.6  +/-0.3 
micro  g/mL  for  PCP,  while  that  for  carbaryl  was 
0.23  +/-0.04  micro  g/mL.  The  LC50  for  M.  re- 
licta  at  pH  8  and  96  was  54.1  +/-10.3  micro  g/mL 
for  PCP  and  for  carbaryl  0.23  microgm/mL 
(0).  103-0.356,  n  =  2).  The  differences  between  the 
LC50  values  between  P.  hoyi  and  M.  relicta  for 
PCP  result  in  part  from  differences  in  the  uptake 
clearances  of  the  two  animals,  3.1  +/-0.9  mL/g/h 
for  P.  hoyi  compared  to  0.4  +/-0.1  mL/g/h  for 
M.  relicta.  A  similar  difference  occurred  in  the 
respective  carbaryl  uptake  clearances  for  the  two 
organisms,  3.74  +  /-0.63  mL/g/h  for  P.  hoyi  and 
0.134  mL/g/h  (0.135  to  0.133,  n  =  2)  for  M.  relicta. 
The  cumulative  toxicant  concentrations  in  the  or- 
ganisms that  result  in  50%  mortality,  LD50,  were 
estimated  from  a  toxicokinetics  model  that  was 
parameterized  with  the  measured  uptake  and  elimi- 
nation constants  and  the  LC50  values.  The  M. 
relicta  LD50  for  PCP  was  approximately  ten  times 
larger  than  that  for  P.  hoyi  and  confirmed  the 
relative  sensitivities  of  the  organisms  as  described 
by  their  respective  LC50  values.  For  carbaryl,  the 
LD50  for  P.  hoyi  was  greater  than  that  for  M. 
relicta.  Thus,  M.  relicta  is  apparently  more  sensi- 
tive to  accumulated  carbaryl  than  P.  hoyi  despite 
the  similar  LC50  values  for  the  two  organisms. 
(See  also  W9 1-06691)  (Author's  abstract) 
W91-06710 


RESPONSE  OF  DIPLOID  AND  POLYPLOID 
RAINBOW  TROUT  CELLS  FOLLOWING  EX- 
POSURE TO  GENOTOXIC  COMPOUNDS. 

Rangen  Aquaculture  Research  Center,  Hagerman, 

ID. 

D.  B.  Powell,  and  R.  M.  Kocan. 

IN:    Aquatic   Toxicology   and    Risk   Assessment. 

STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  290- 

308,   10  fig,   1   tab,   37  ref.   National  Institute  of 

Environmental  Health  Sciences  (2  T32  ESO7032). 

Descriptors:  'Fish  physiology,  'Genotoxicity, 
•Toxicity,  •Toxicology,  *Trout,  *Water  pollution 
effects,  Benzopyrene,  Bioassay,  Biochemistry,  Car- 
cinogens, DNA,  Methylnitronitrosoguanidine, 
Phosphorus  radioisotopes. 

Polyploid  cells  have  been  associated  with  malig- 
nant neoplasms  in  many  animal  species.  Recent 
advances  in  genetic  engineering  of  aquatic  verte- 
brates have  made  it  possible  to  produce  healthy 
rainbow  trout  (Oncorhynchus  mykiss,  formerly 
Salmo  gairdneri)  that  are  completely  triploid  (3n) 
or  tetraploid  (4n).  The  objectives  of  this  study 
were  to  compare  the  effects  of  direct  and  indirect 
acting  carcinogens  on  DNA  repair  and  measure 
the  relative  binding  of  benzol(a)pyrene  (B(a)P)  to 
DNA  in  diploid  and  polyploid  cells.  The  level  of 
DNA  repair  was  measured  in  diploid  and  poly- 
ploid cells  following  an  in  vitro  exposure  to  the 
direct  acting  carcinogen  N-methyl-N'-nitro-N-ni- 
trosoguanidine  (MNNG)  or  the  indirect  acting  car- 
cinogen B(a)P.  A  DNA  repair  assay  was  used  to 
compare  the  effects  of  MNNG  and  (B(A)P)  on 
nucleated  erythrocytes  and  hepatocytes.  Diploid 
and  polyploid  hepatocytes  responded  more  strong- 
ly to  MNNG  than  to  B(a)P.  DNA  repair  activity 
per  haploid  genome  in  polyploid  fish  hepatocytes 
was  found  to  be  greater  than  in  diploid  hepato- 
cytes. Tetraploid  cells  consistently  exhibited  slight- 
ly more  than  twice  the  unscheduled  DNA  synthe- 
sis of  diploid  cells.  Rainbow  trout  erythrocytes 
were  completely  refractory  to  MNNG  and  B(A)P 
in  the  DNA  repair  assay.  The  P-postlabeling  assay, 


which  measures  DNA  bound  compounds,  indicat- 
ed that  at  least  5  distinct  DNA  adducts  are  formed 
in  rainbow  trout  liver  cells  following  exposure  to 
B(a)P.  Diploid  and  tetraploid  cells  were  found  to 
contain  significant  differences  in  the  relative 
number  of  specific  adducts.  No  adducts  were  de- 
tected in  the  DMSO  solvent  controls.  (See  also 
W91-06691)  (Author's  abstract) 
W9 1-067 11 


PEROXISOME  PROLIFERATION  AS  AN  EPI- 
GENETIC  MECHANISM  OF  CARCINOGENE- 
SIS: RELEVANCE  TO  AQUATIC  TOXICOL- 
OGY. 

Massachusetts  Univ.,  Amherst.  School  of  Public 
Health. 

J.  H.  Yang,  P.  T.  Kostecki,  and  E.  J.  Calabrese. 
IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  309- 
327,  1  fig,  3  tab,  99  ref.  Army  Medical  Research 
and  Development  Command  Contract  DAMD17- 
88-C-8051. 

Descriptors:  'Aquatic  environment,  'Cancer, 
•Ecotoxicology,  *Peroxisomes,  "Toxicity,  •Toxi- 
cology, *Water  pollution  effects,  Biochemistry, 
Enzymes,  Fish  physiology,  Trout. 

Preliminary  studies  at  the  University  of  Massachu- 
setts showed  a  significant  induction  of  peroxisomal 
enzymes  including  acyl-CoA  oxidase,  catalase,  and 
polypeptide  PPA-80  in  rainbow  trout  injected  via 
I. P.  with  known  rodent  peroxisome  proliferators 
(clofibrate,  criprobrate,  lacofen,  and  DEHP).  The 
trout  treated  with  75  mg/kg  of  clofibrate  for  three 
weeks  on  alternating  days  showed  a  significant  (p 
=  0.01)  increase  (34%)  of  peroxisomal  oxidase 
activity  with  no  increase  in  liver  weight.  The 
treatment  of  trout  with  ciprofibrate  showed  signifi- 
cant dose-related  increases  in  peroxisomal  acyl- 
CoA  activity  was  highest  (78%)  at  high  dose  (35 
mg/kg).  Polypeptide  PPA-80  and  catalase  revealed 
48%  and  236%  increases  at  the  highest  dose,  re- 
spectively. Exposure  of  trout  to  lactofen  for  two 
weeks  with  daily  injections  resulted  in  a  20% 
increase  in  peroxisomal  oxidase  activity  at  low 
dose  (50  mg/kg)  and  22%  increase  in  polypeptide 
PPA-80  at  mid-dose  (100  mg/kg),  respectively. 
These  results  indicate  that  each  agent  displayed 
evidence  of  hepatic  peroxisome  proliferation  in  the 
rainbow  trout  as  indicated  by  the  increased  acyl- 
CoA  oxidase  activities  and/or  increases  in  the 
amount  of  polypeptide  PPA-80.  The  magnitude  of 
increase  in  enzyme  activities  varied  according  to 
agent  tested  and  dosage,  as  well  as  period  of  expo- 
sure. Although  direct  comparisons  between  the 
agents  are  difficult  due  to  the  differences  in  dosage 
and  exposure  period,  the  level  of  induction  in 
peroxisomal  acyl-CoA  oxidase  appears  to  be  in  the 
descending  order  of  ciprofibrate  >  clofibrate  > 
lactofen  >  DEHP.  Such  relative  ranking  of  the 
capacity  to  induce  this  peroxisomal  enzyme  by  the 
respective  agent  in  rainbow  trout  is  similar  to  that 
seen  in  rats.  (See  also  W9 1-06691)  (Lantz-PTT) 
W91-06712 


REDUCTION  IN  THE  NUMBERS  OF  ANTI- 
BODY-PRODUCING CELLS  IN  RAINBOW 
TROUT,  ONCORHYNCHUS  MYKISS,  EX- 
POSED TO  SUBLETHAL  DOSES  OF  PHENOL 
BEFORE  BATH  IMMUNIZATION. 
National  Fish  Health  Research  Lab.,  Keameys- 
ville,  WV. 

D.  P.  Anderson,  O.  W.  Dixon,  and  W.  B.  van 
Muiswinkel. 

IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  332- 
337,  4  fig,  23  ref. 

Descriptors:  'Fish  physiology,  'Phenols,  'Suble- 
thal effects,  'Toxicology,  'Trout,  'Water  pollu- 
tion effects.  Biochemistry,  Ecotoxicology,  Lethal 
limit,  Organic  compounds,  Toxicity. 

The  numbers  of  splenic  antibody-producing  cells 
were  reduced  in  groups  of  fish  given  a  2,  5,  or  30 
min  bath  exposure  to  10  ppm  phenol  before  immu- 
nization by  bath  with  the  bacterin.  Yersinia  ruckeri 
O-antigen.  The  lethal  time  of  50%  (LT50)  for  the 
10  ppm  phenol  bath  was  45  minutes.  The  passive 


156 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Effects  Of  Pollution — Group  5C 


hemolytic  plaque  assay  was  used  to  monitor  the 
numbers  of  antibody  producing  cells  in  the  phenol- 
pretreated  and  sham-treated  fish  14  or  21  days  after 
contaminant  exposure,  and  5  minute  bath  immuni- 
zations at  10  or  100  micro  g/mL.  The  results, 
documenting  a  suppression  of  the  immune  response 
to  bath  immunization  following  a  brief  exposure  to 
a  toxicant,  may  help  to  explain  delayed  mortalities 
where  pollution  is  indicated.  (See  also  W9 1-06691) 
(Author's  abstract) 
W91-06713 

STRESS  PROTEINS:  THEIR  DETECTION  AND 
USES  IN  BIOMONITORING. 

Maryland   Univ.   Baltimore  County,   Catonsville. 

Dept.  of  Biological  Sciences. 

B.  P.  Bradley. 

IN-   Aquatic   Toxicology   and   Risk   Assessment. 

STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  338- 

347,  4  fig,  19  ref. 

Descriptors:  •Bioassay,  'Bioindicators,  'Ecotoxi- 
cology,  'Monitoring,  *Proteins,  'Stress,  'Toxicol- 
ogy, 'Water  pollution  effects,  Autoradiography, 
Densitometry,  Electrophoresis,  Field  tests,  Immun- 
oassay, Laboratory  methods,  Sublethal  effects, 
Toxicity,  Water  quality. 

Stress  proteins  can  be  detected  quite  easily  autora- 
diographically  or  immunologically.  A  field  immun- 
oassay is  feasible,  allowing  early  warning  of  envi- 
ronmental problems  as  well  as  in  situ  monitoring. 
More  sophisticated  laboratory  assays  are  also  avail- 
able, combining  gel  electrophoresis,  autoradio- 
graphy, immunoassays  and  densitometry  to  con- 
firm the  field  assessment  and  perhaps  to  suggest 
the  physical  or  chemical  stressor  or  stressors  caus- 
ing the  problem.  The  tests  can  be  done  on  live, 
fresh,  or  preserved  specimens.  Assaying  preserved 
specimens  allows  samples  from  different  areas  and 
times  to  be  tested  simultaneously.  However,  some 
questions  need  to  be  resolved  before  stress  proteins 
are  routinely  used  in  biomonitoring-how  persistent 
specific  stress  proteins  are  and  what  the  thresholds 
are  for  different  species;  how  to  measure  variation 
in  levels  of  heat  shock  proteins  under  natural  con- 
ditions, daily  and  seasonal  cycles;  and  how  to 
demonstrate  a  cause-effect  relationship  (not  just  a 
correlation)  between  stress  protein  levels  and  re- 
production or  survival  so  that  the  response  can  not 
only  be  a  biomarker  but  a  bona  fida  measure  of  the 
condition  of  the  organism  and  therefore  of  its 
environment.  (See  also  W91-06691)  (Lantz-PTT) 
W91-06714 


DNA  DAMAGE  AS  AN  INDICATOR  OF  POL- 
LUTANT-INDUCED GENOTOXICTTY. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 
L.  R.  Shugart. 

IN:  Aquatic  Toxicology  and  Risk  Assessment. 
STP  1096.  ASTM,  Philadelphia,  PA.  1990.  p  348- 
355,  1  fig,  4  tab,  16  ref.  DOE  Contract  No.  DE- 
AC05-840R21400. 

Descriptors:  *DNA,  *Genotoxicity,  'Poplar 
Creek,  'Toxicity,  'Toxicology,  'Water  pollution 
effects,  Biochemistry,  Biological  studies,  Ecotoxi- 
cology,  Hinds  Creek,  Monitoring,  Sublethal  ef- 
fects, Sunfish,  Tennessee. 

The  incidence  of  DNA  strand  breakage  was  meas- 
ured in  sunfish  at  several  East  Fork  Poplar  Creek 
(EFPC)  sampling  stations.  Hinds  Creek  was  shown 
to  be  a  more  appropriate  reference  site  than 
Brushy  Fork  for  the  comparison  of  data.  An  alka- 
line unwinding  assay  that  detects  excess  strand 
breakage  within  the  DNA  polymer  was  applied  to 
a  sunfish  in  a  local  stream  as  a  biological  monitor 
for  environmental  genotoxicity  due  to  industrial 
pollution.  These  analyses  began  in  May  of  1987 
and  included  sampling  through  August  1988.  Fish 
at  all  EFPC  sampling  stations  initially  showed 
levels  of  DNA  strand  breakage  significantly  higher 
than  fish  from  the  reference  site.  These  levels  are 
decreasing  with  time.  The  data  suggests  that  at 
most  sampling  sites  the  fish  in  EFPC  experienced  a 
decrease  in  genotoxic  stress  over  the  time  course  of 
this  investigation.  Fish  at  all  three  of  the  EFPC 
stations  show  a  steady  decline  in  DNA  strand 
breaks  over  the  14  month  period.  The  biological 


ramifications  of  the  level  of  strand  breakage  found 
in  the  DNA  of  fish  in  EFPC  are  currently  un- 
known, but  such  data  should  be  interpreted  in 
context  with  data  obtained  from  other  indicators  of 
stress  and  toxicity.  (See  also  W9 1-06691)  (Lantz- 
PTT) 
W9 1-067 15 

COASTAL  OIL  DRILLING  PRODUCED 
WATERS:  CHEMICAL  CHARACTERIZATION 
AND  ASSESSMENT  OF  GENOTOXICTTY 
USING  CHROMOSOMAL  ABERRATIONS  IN 
CYPRINODON  VARIEGATUS. 
Louisiana  State  Univ.,  Baton  Rouge.  Inst,  for  En- 
vironmental Studies. 

For  primary  bibliographic  entry  see  Field  4C. 
W91-06716 

EFFECTS  OF  NATURALLY  OCCURRING 
HIGH  AND  LOW  MOLECULAR  WEIGHT  IN- 
ORGANIC AND  ORGANIC  SPECIES  ON  THE 
YOLK-SACK  LARVAE  OF  ATLANTIC 
SALMON  (SALMO  SALAR  L.)  EXPOSED  TO 
ACIDIC  ALUMINUM-RICH  LAKE  WATER. 
Isotope  Laboratory,  As,  Norway. 
E.  Lydersen,  A.  B.  S.  Poleo,  I.  P.  Muniz,  B.  Salbu, 
and  H.  E.  Bjornstad. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  4,  p 
219-230,  December  24,  1990.  1  fig,  2  tab,  26  ref. 

Descriptors:  'Acid  lakes,  'Acid  rain  effects,  'Alu- 
minum, 'Fish,  'Norway,  'Salmon,  'Toxicity, 
'Water  pollution  effects,  Acute  toxicity,  Fish 
larvae,  Lake  Lomstjern,  Lake  Nepptjern,  Organic 
carbon,  Organic  compounds. 

Yolk-sac  larvae  of  Atlantic  Salmon  (Salmo  salar 
L.)  were  exposed  to  water  from  two  acidic,  alumi- 
num-rich lakes,  Nepptjern  and  Lomstjern.  The  av- 
erage pH  of  the  lakes  during  the  experiments  were 
4.85  and  5.24.  The  concentrations  of  total  mono- 
melic aluminum  were  high  in  both  lakes  (640  and 
451  microg/L),  but  the  total  amount  of  organic 
carbon  (TOC)  differed  significantly  (1.89  and  11.6 
mg  C/L).  The  larvae  were  also  exposed  to  cation 
exchanged  and  hollow  fiber  ultrafiltered  water 
from  both  lakes.  Based  on  the  hollow  fiber  ultrafil- 
tration, the  toxic  aluminum  species  were  present  in 
the  inorganic,  low  molecular  weight  fraction  (mol. 
wt.  <3000  DA).  Within  this  fraction,  the  highest 
mortality  rates  (LT50  of  24.6  h)  were  observed  in 
the  lake  water  having  the  highest  amounts  of  alu- 
minum hydrolysis  products.  The  aluminum  fluor- 
ides were  also  found  to  be  toxic  (LT50  of  49.6  h), 
but  less  toxic  than  the  aluminum  hydrolysis  prod- 
ucts. Removal  of  high  molecular  weight  species 
including  organic  and  inorganic  Al  species  did  not 
affect  the  toxicity  or  the  mortality  rates.  No  acute 
toxicity  was  observed  when  larvae  were  exposed 
to  the  cation  exchanged  eluates.  Thus,  the  organic 
aluminum  complexes  seemed  to  have  no  acute 
toxic  effect,  at  the  concentration  levels  tested.  (Au- 
thor's abstract) 
W9 1-06749 

INTERFERENCE  OF  POLYCHLORTNATED 
BIPHENYLS  (CLOPHEN  A50)  WITH  GAME- 
TOGENESIS  IN  THE  SEA  STAR,  ASTERIAS 
RUBENS  L. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Group  for  Aquatic  Toxicology. 

P.  J.  den  Besten,  H.  J.  Herwig,  A.  C.  Smaal,  D.  I. 

Zandee,  and  P.  A.  Voogt. 

Aquatic  Toxicology  AQTODG,  Vol.  18,  No.  4,  p 

231-246,  December  24,  1990.  3  fig,  4  tab,  26  ref. 

Descriptors:  'Bioaccumulation,  'Echinoderms, 
•Path  of  pollutants,  'Polychlorinated  biphenyls, 
•Water  pollution  effects,  Food  chains,  Marine  ani- 
mals, Reproduction. 

The  accumulation,  distribution,  and  effects  of  poly- 
chlorinated biphenyls  (PCBs)  were  studied  in  the 
sea  star,  Asterias  rubens.  Sea  stars  were  exposed 
for  5  or  7  months  to  PCBs  by  a  diet  of  muscles 
which  had  been  fed  with  Clophen  A50-contaminat- 
ed  algae.  Seasonal  changes  of  the  PCB  concentra- 
tions in  pyloric  caeca  from  unexposed  sea  stars  and 
differences  between  the  PCB  contents  of  different 
organs  were  found  to  be  related  mainly  to  differ- 


ences in  the  lipid  contents.  During  PCB  exposure 
via  the  food  chain,  an  almost  linear  increase  of 
PCB  concentration  in  pyloric  caeca  and  gonad  was 
observed.  After  7  months  of  exposure,  the  gonads 
of  male  and  female  sea  stars  contained  26  and  43%, 
respectively,  of  the  total  amount  of  accumulated 
PCBs.  The  PCBs  were  present  in  the  oocytes  and 
spermatozoa  from  exposed  animals  at  levels  com- 
parable to  those  found  for  whole  gonads.  The  PCB 
levels  in  experimentally  exposed  sea  stars  were 
found  to  be  similar  to  those  in  animals  collected 
directly  from  the  polluted  Dutch  Western  Scheldt. 
In  PCB-exposed  female  sea  stars,  the  gonad  indices 
at  the  end  of  the  reproductive  cycle  were  signifi- 
cantly lower  than  in  unexposed  animals.  No  effects 
were  found  on  the  size  of  the  oocytes  or  on  the 
biochemical  composition  with  respect  to  the  over- 
all glycogen,  lipid,  or  protein  levels  and  electro- 
phoretic  protein  patterns.  The  gonad  indices  of 
PCB-exposed  male  sea  stars  were  not  different 
from  those  of  unexposed  animals.  It  is  concluded 
that  PCB  exposure  may  have  a  negative  effect  on 
gonadal  growth  in  female  sea  stars.  (Author's  ab- 
stract) 
W91-06750 


PRODUCTION  AND  POPULATION  DYNAM- 
ICS OF  PACHYMELANIA  AURITA  MULLER. 

Ibadan  Univ.  (Nigeria).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  2L. 
W91-06757 

SENSnTVTTY  OF  TWO  CLADOCERANS  TO 
WATER  QUALITY  VARIABLES:  SALINITY 
AND  HARDNESS. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 

Toxicology  and  Chemistry  Research  Lab. 

U.  M.  Cowgill,  and  D.  P.  Milazzo. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   120, 

No   2,  p  185-196,  December  1990.  2  fig,  7  tab,  22 

ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Hardness, 
•Salinity,  'Toxicity,  'Water  pollution  effects, 
•Water  quality,  *Water  quality  monitoring,  *Wa- 
terfleas,  Calcium  carbonate,  Daphnia,  Effluent  lim- 
itations, Lethal  limit,  Reproduction,  Sodium  chlo- 
ride. 

The  sensitivity  of  two  cladocerans,  Daphnia 
magna  and  Ceriodaphnia  dubia,  to  variations  in 
salinity  and  hardness  was  studied  using  the  three- 
brood  test.  The  time  it  took  the  control  animals  to 
produce  three  broods  generated  the  length  of  the 
three-brood  test  (7-9  days  for  C.  dubia  and  10  days 
for  D.  magna).  Both  organisms  responded  to 
sodium  chloride  within  2  to  4  days  of  exposure.  D. 
magna  was  more  tolerant  than  C.  dubia  (LC50  of 
6034  and  2019  mg/L,  respectively).  The  response 
to  hardness  was  gradual,  indicating  a  chronic 
effect.  D.  magna  was  less  sensitive  to  hardness  than 
C.  dubia  (LC50  of  1516  and  1031  mg  calcium 
carbonate/L,  respectively).  Total  progeny  was  a 
more  sensitive  endpoint  than  survival  for  both 
caldocerans  exposed  to  sodium  chloride  and  for  C. 
dubia  exposed  to  hardness.  In  the  case  of  D. 
magna,  the  survival  and  total  progeny  endpoints 
were  equally  sensitive  when  variations  in  hardness 
were  tested.  To  avoid  stressing  organisms  needless- 
ly in  effluent  testing,  adherence  to  'no  observable 
effect'  levels  for  sodium  chloride  (about  1200  mg/ 
L)  and  hardness  (approximately  650  mg  calcium 
carbonate/L)  should  be  observed.  (Author's  ab- 
stract) 
W9 1-06762 


prenatal  exposure  to  methyl  mer- 
cury among  greenlandic  polar 
inuits. 

Aarhus  Univ.  (Denmark).   Dept.  of  Toxicology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06764 

EFFECTS  OF  MERCURY,  SELENIUM,  AND 
ORGANOCHLORINE  CONTAMINANTS  ON 
REPRODUCTION  OF  FORSTER'S  TERNS 
AND  BLACK  SKIMMERS  NESTING  IN  A  CON- 
TAMINATED TEXAS  BAY. 


157 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C — Effect*  Of  Pollution 


i 


■: 

'! 


■ 

t  : 


Patuxent  Wildlife  Research  Center,  Laurel,  MD. 
K.  A.  King,  T.  W.  Custer,  and  J.  S.  Quinn. 
Archives   of  Environmental    Contamination    and 
Toxicology  AECTCV,  Vol.  20,  No.   1,  p  32-40, 
1991.  2  fig,  5  tab,  48  ref. 

Descriptors:  'DDE,  'Mercury,  •Organochlorine 
pesticides,  'Pesticide  toxicity,  'Polychlorinated  bi- 
phenyls,  •Selenium,  'Water  birds,  'Water  pollu- 
tion effects,  Bioassay,  Chlorinated  hydrocarbon  in- 
secticides, Eggs,  Estuarine  environment,  Fertility, 
Heavy  metals,  Path  of  pollutants,  Pesticide  resi- 
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The  objectives  of  this  study  were  to  determine  the 
effects  of  mercury  and  other  contaminants  on  re- 
production of  terns  and  black  skimmers  nesting  on 
islands  on  Lavaca  Bay,  Texas  and  to  measure 
concentrations  of  contaminants  in  eggs  of  terns 
nesting  there.  Mean  mercury  (Hg)  (0.40  micro- 
grams/g), and  geometric  mean  DDE  (1.6  micro- 
grams/g)  and  polychlorinated  biphenyl  (PCB)  (2.3 
micrograms/g)  concentrations  in  Forster's  tern 
(Sterna  forsteri)  eggs  from  Lavaca  Bay,  Texas 
were  higher  than  those  in  tern  eggs  from  a  refer- 
ence area  in  San  Antonio  Bay,  but  residues  were 
not  correlated  with  hatching  success.  Nest  success 
was  similar  between  bays.  Selenium  (Se)  levels  in 
Lavaca  Bay  tern  eggs  (0.71  micrograms/g)  were 
also  comparable  to  those  in  eggs  from  the  refer- 
ence area  (0.68  micrograms/g).  Clutch  size  (3.1  to 
3.4)  of  Lavaca  Bay  Black  skimmers  (Rynchops 
niger)  was  no  different  than  that  (3.4)  as  a  refer- 
ence colony  near  Laguna  Vista.  Nest  success  was 
lower  at  one  Lavaca  Bay  colony  (40%)  than  at 
Laguna  Vista  (65%).  Mean  mercury  (Hg)  (0.46 
micrograms/g)  and  Se  (0.75  micrograms/g)  con- 
centrations in  skimmer  eggs  from  Lavaca  Bay 
were  higher  than  those  (0.19,  0.33  micrograms/g) 
from  Laguna  Vista;  however,  concentrations  of 
neither  contaminant  were  related  to  hatching  suc- 
cess. DDE  concentrations  in  Lavaca  Bay  skimmer 
eggs  (3.4  micrograms/g)  were  similar  to  those 
from  Laguna  Vista  (3.2  micrograms/g)  and  DDE 
was  negatively  correlated  with  hatching  success. 
PCBs  were  higher  in  eggs  from  Lavaca  Bay  (1.3 
micrograms/g)  than  Laguna  Vista  (0.8  micro- 
grams/g). Organochlorine  and  metal  contaminants 
in  most  eggs  were  below  embryotoxic  levels.  Egg- 
shell thinning  in  Forster's  terns  (7%)  and  black 
skimmers  (5%)  was  below  that  associated  with 
lowered  reproduction.  DDE  and  PCBs  were  de- 
tected in  9  Caspian  tern  (S.  caspia)  eggs;  maximum 
concentrations  were  4.7  and  5.4  micrograms/g. 
Caspian  tern  and  least  tern  (S.  albifrons)  eggs  con- 
tained low  (<  or  =  0.9  micrograms/g)  concentra- 
tions of  mercury  and  selenium.  (Author's  abstract) 
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Bald  eagles  (Haliaeetus  leucocephalus)  nesting  in 
the  Apostle  Islands  National  Lakeshore  and  along 
the  Wisconsin  shoreline  of  Lake  Superior  pro- 
duced an  average  of  0.8  young/occupied  nest  and 
had  an  average  nest  success  of  57%  during  1983  to 
1988,  compared  to  1.3  young/occupied  nest  and 
77%  nest  success  in  inland  Wisconsin.  Organoch- 
lorine contaminant  levels  in  nestling  bald  eagle 
carcasses  collected  from  nests  near  Lake  Superior 
were  higher  than  those  collected  inland  suggesting 
local  contamination.  Prey  remains  collected  at 
nests  consisted  of  fish  (50%);  birds,  primarily  her- 
ring gulls  (Larus  agentatus)  (48.4%);  and  mammals 
(1.2%).   Organochlorine   and   polychlorinated   bi- 


phenyl (PCB)  residues  were  present  at  low  levels 
(DDE:  average  =  0.07  micrograms/g  wet  weight, 
PCB:  average  =  0.21  micrograms/g  wet  weight) 
in  fish.  Herring  gulls  contained  higher  concentra- 
tions (DDE:  average  =  5.5  micrograms  /  wet 
weight,  PCB:  average  =  16.95  micrograms/g  wet 
weight)  and  appear  to  be  the  major  source  of 
elevated  contaminant  levels  in  bald  eagles  nesting 
near  Lake  Superior.  (Author's  abstract) 
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The  acute  toxicity  of  a  technical  formulation  of 
pentachlorophenol  (PCP)  and  pure  pentachloro- 
phenol  to  three  age  classes  of  Daphnia  magna,  and 
adult  D.  pulex  and  D.  galeata  mendotae  was  deter- 
mined by  static  toxicity  tests.  The  influence  of  a 
number  of  factors  on  toxicity  of  PCP  was  also 
examined.  The  48  hour  LC50  estimated  from  adult 
daphnids  of  the  three  species  exposed  to  pure  PCP 
were  1.78,  4.59  and  0.51  mg/L,  respectively,  while 
those  for  the  technical  formulation  were  2.57,  3.66, 
and  0.33  mg/L,  respectively.  There  was  little  dif- 
ference in  toxicity  between  the  technical  and  pure 
PCP;  however,  toxicity  of  both  forms  of  PCP  was 
influenced  by  duration  of  exposure,  age  (and/or 
size)  and  species  of  test  organism,  and  pH  of  the 
test  solution.  Pentachlorophenol  caused  a  toxic 
response  over  a  very  narrow  range  of  concentra- 
tions, with  the  greatest  response  occurring  immedi- 
ately between  0  and  24  hours.  Pure  PCP  was 
equally  toxic  to  all  age  classes  of  D.  magna  but 
susceptibility  to  technical  PCP  decreased  with 
maturation.  D.  g.  mendotae  was  ten  times  more 
sensitive  than  D.  pulex  to  PCP.  Pure  PCP  was 
significantly  more  toxic  to  D.  magna  at  pH  5.5 
than  7.0  with  mean  48  hour  LC50  values  of  0.082 
and  1.78  mg  PCP/L,  respectively.  At  12  C,  the 
toxicity  of  both  forms  of  PCP  to  D.  g.  mendotae 
and  D.  pulex  did  not  differ  significantly  from  that 
at  20  C;  however,  technical  PCP  was  significantly 
more  toxic  to  D.  magna  at  12  C  for  an  exposure 
duration  of  48  hours.  There  was  no  effect  of  test 
container  size  (100,  250,  600  and  1,000  mL)  on  the 
toxicity  of  PCP  to  D.  magna  at  20  C  with  the 
lower  pH  of  5.5;  suggesting  that  adsorption  to 
glassware  was  not  a  factor  in  availability  of  PCP  to 
test  organisms.  Beaker  size  had  no  effect  on  the 
toxicity  of  PCP  to  D.  pulex  at  20  C  with  test 
solutions  having  a  pH  of  7.0  to  8.0.  (Author's 
abstract) 
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Herbicides  contaminate  aquatic  environments 
through  agricultural  runoff,  direct  applications, 
and  leaching  into  groundwater.  Eventually,  aquat- 
ic sediments  become  a  sink  for  herbicides  associat- 
ed with  organic  and  inorganic  particulates.  An 
assay  system  is  described  for  examination  of  poten- 
tial effects  of  herbicides  in  non-target  sediment 
microorganisms.  A  key  feature  was  to  standardize 
a  procedure  for  collecting  and  incubating  intact 
miniature  soil  samples  for  assaying  a  variety  of 
microbial  activities.  Potted  pond  sediment  com- 
pared to  undisturbed  sediment  cores  showed  no 
difference  in  initial  carbon  mineralization,  acety- 
lene reduction,  phosphatase,  and  dehydrogenase 
activities,  but  did  show  a  significant  difference  in 
methanogenesis.  Copper  sulfate  (CuS04),  after  one 
week  in  pond  sediment,  inhibited  phosphatase  ac- 
tivity (1,000  ppm  CuS04)  and  methanogenesis  (20 
to  1000  ppm  CuS04);  no  effect  was  noted  for 
acetylene  reduction,  dehydrogenase  activity  and 
glucose  mineralization.  Simazine  stimulated  pond 
sediment  acetylene  reduction  (1000  ppm  simazine); 
inhibited  phosphatase  activity  (1000  ppm  simazine) 
and  methanogenesis  (50  to  1000  ppm  simazine); 
and  had  no  effect  on  dehydrogenase  activity  and 
glucose  mineralization.  Chronic  effects  and  effects 
at  lower  concentrations  by  these  herbicides  were 
less  apparent.  The  results  support  the  concept  that 
a  battery  of  tests  are  required  to  profile  and  evalu- 
ate the  effects  of  herbicides  on  sediment  microbial 
communities.  (Author's  abstract) 
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The  acute  toxicity  (96  hour  median  lethal  concen- 
trations (LCSOs)  of  ten  chlorinated  isomers  of  ben- 
zene, phenol,  ethane,  and  ethylene  to  the  American 
flagfish  (Jordanella  fioridae)  were  determined  in 
both  static  and  flow  through  systems.  The  10  com- 
pounds and  their  96  hour  static  LC50s  (in  micro- 
grams/L)  were:  1,2,4,5-tetrachlorobenzene 
(TTCB)  (2080);  1,2,4-trichlorobenzene  fTCB) 
(4000);  1,4-dichlorobenzene  (DCB)  (4480);  pen- 
tachlorophenol (PCP)  (186);  2,3,5,6-tetrachloro- 
phenol  (TTCP)  (420  and  546);  2,4,6-trichloro- 
phenol  (TCP)  (2260);  1,1,2,2-tetrachloroethane 
(TTCA)  (26,800);  1,1,2-trichloroethane  (TCA) 
(89,100);  tetrachloroethylene  (PCE)  (4000);  and 
trichloroethylene  (TCE)  (3100).  Chronic  toxicity 
to  embryo-larval  fish  was  also  estimated  from 
hatching  success  and  post-hatch  survival  as  well  as 
fry  growth  rates  and  survival.  Maximum  accepta- 
ble toxicant  concentrations  (MATC)  were  estimat- 
ed where  possible.  In  general,  for  both  acute  and 
chronic  toxicity  tests,  the  order  of  increasing  rela- 
tive toxicity  based  on  the  water-borne  exposure 
concentrations  was:  chloroethanes,  chloroethy- 
lenes,  chlorobenzenes,  and  chlorophenols.  Within 
groups,  more  highly  chlorinated  isomers  were  usu- 
ally more  toxic.  The  presence  of  suspended  or 
colloidal  1,2,4,5-tetrachlorobenzene  was  observed 
in  acute  toxicity  testing  and  affected  toxicity  esti- 
mates. (Author's  abstract) 
W9 1-06779 


MULTISPECIES  TOXICITY  TESTS  USING  IN- 
DIGENOUS ORGANISMS:  PREDICTING  THE 
EFFECTS  OF  COMPLEX  EFFLUENTS  FN 
STREAMS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blac  r 


158 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Effects  Of  Pollution — Group  5C 


burg.  Center  for  Environmental  and  Hazardous 

Material  Studies. 

K.  W.  Pontasch,  and  J.  Cairns. 

Archives   of  Environmental   Contamination   and 

Toxicology  AECTCV,  Vol.  20,  No.  1,  p  103-112, 

1991.  5  fig,  3  tab,  20  ref. 

Descriptors:  'Aquatic  insects,  •Dose-response  re- 
lationships, *Macroinvertebrates,  •Mayflies, 
•Stream  pollution,  'Toxicity,  'Toxicology, 
•Water  pollution  effects,  Bioassay,  Effluents,  Lab- 
oratory methods,  Lethal  limit,  Microcosms, 
Midges,  Mortality,  Population  density,  Testing 
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A  study  was  conducted  to  determine  if  contami- 
nant-induced changes  in  macroinvertebrate  com- 
munities in  laboratory  stream  microcosms  could  be 
used  to  predict  responses  of  these  organisms  in  a 
natural  stream  receiving  the  same  contaminant. 
Test  organisms  were  transferred  to  the  artificial 
streams  in  rock-filled  containers  previously  colo- 
nized for  30  days  upstream  of  the  effluent  outfall. 
The  microcosms  were  exposed  for  20  days  to 
concentrations  of  the  effluent  that  reflected  those 
at  field  sites  where  macroinvertebrates  were  col- 
lected. The  stream  microcosms  maintained  most 
taxa  at  or  above  initial  densities.  However,  adult 
insect  emergence  from  the  microcosms  must  be 
monitored  during  such  studies.  The  relative  sensi- 
tivity of  species  and  the  effluent  concentrations 
causing  changes  in  insect  density  were  similar  in 
the  microcosms  and  the  field.  Mayflies  were  the 
most  sensitive  group,  and  densities  in  the  micro- 
cosm were  significantly  (P  <  or  =  0.05)  reduced 
at  1.0%  or  10.0%  effluent  concentration  depending 
on  species.  Conversely,  chironomid  densities  were 
increased  by  exposure  to  the  effluent.  The  mayflies 
responded  at  lower  concentrations  than  acute  tests 
with  Daphnia  magna  would  have  predicted.  (Au- 
thor's abstract) 
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Established  cell  lines  from  brown  bullhead  catfish 
(BB)  and  rainbow  trout  (RTG-2)  and  primary  cul- 
tures of  cells  derived  from  gill,  fin,  and  gonad 
tissues  from  brown  bullhead  catfish  were  evaluated 
for  use  as  bioindicators  in  the  neutral  red  cytotoxi- 
city assay.  The  BB  and  RTG-2  cells  were  com- 
pared after  a  1  day  exposure  to  chlorinated  pesti- 
cides and  after  a  6  day  exposure  to  various  polycy- 
clic aromatic  hydrocarbons.  The  BB  cells  were 
more  sensitive  to  both  classes  of  chemicals.  The 
sequence  of  toxicity  for  the  BB  cells  was  4,4'- 
DDD,  4,4'-DDT  >  aldrin,  4,4'-DDE  and  7,12- 
dimethylbenz(a)anthracene  (DMBA)  >  3- 
hydroxybenzo(a)pyrene         (3-OH-B(a)P)  > 

benzo(a)pyrene  (B(a)P).  For  the  RTG-2  cells,  the 
sequence  was  aldrin  >  4,4'-DDD  >  4,4'-DDT  > 
4,4'DDE  and  3-OH-B(a)P  >  DMBA  >  B(a)P. 
The  BB  cells  were  also  sensitive  to 
benzo(b)fluoranthene,  benzo(k)fluoranthene, 

benzo(a)anthracene,  and  trans-7,8-dihydro-7,8- 
dihydroxybenzo(a)pyrene.  The  responses  of  BB 
and  RTG-2  cells  were  compared  with  those  of 
primary  cultures  after  a  1  day  exposure  to  B(a)P. 
After  1  day  of  exposure,  the  RTG-2  cells  and 
primary  cultures  were  more  sensitive  than  the  BB 
cells  to  B(a)P.  Apparently  after  1  day  of  incubation 
the  RTG-2  and  primary  cells  metabolized  greater 
amounts  of  B(a)P  to  cytotoxic  metabolites  than  did 
the  BB  cells.  However,  by  6  days  of  incubation, 
the  BB  cells  were  more  sensitive  to  B(a)P  than 
were  the  RTG-2  cells.  (Author's  abstract) 
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The  effects  of  chromated  copper  arsenate  (CCA), 
used  for  treating  wood  in  docks,  pilings,  and  bulk- 
heads, were  studied  in  several  estuarine  organisms. 
Leaching  of  metals  from  treated  wood  into  sea 
water  was  assayed  by  atomic  absorption  spectro- 
photometry. Fiddler  crabs  (Uca  pugilator)  were 
subjected  to  limb  removal  and  were  placed  in 
containers  with  treated  wood  of  various  sizes  or 
control  wood.  Limb  regeneration  rate  was  retard- 
ed in  a  dose-dependent  fashion  and  mortality  oc- 
curred with  the  treated  wood,  reaching  100%  in 
the  tank  with  the  largest  piece  of  wood.  Embryos 
of  the  mummichog  (Fundulus  heteroclitus)  were 
allowed  to  develop  in  culture  dishes  in  which 
CCA-treated  or  untreated  wood  was  soaking.  Mor- 
tality was  noted  in  the  dishes  with  treated  wood 
and  to  a  smaller  extent  in  those  with  untreated 
wood.  Containers  having  CCA-treated  wood,  con- 
trol wood,  or  no  wood  were  stocked  first  with  the 
alga  Ulva  lactuca,  then  snails  (Nassarius  obsoletus). 
Chlorophyll  content  of  the  algae  was  reduced  with 
the  treated  wood  within  a  few  days,  and  snails 
with  the  treated  wood  became  moribund  and  died 
within  a  few  days.  In  the  controls  containing  un- 
treated wood  or  no  wood,  no  such  effects  were 
seen.  Studies  with  individual  or  combinations  of 
two  or  three  of  the  metals  with  snails  and  algae 
indicated  that  the  copper  was  primarily  responsible 
for  the  snail  mortality  and  algal  bleaching  was  seen 
in  the  treated  wood  experiments.  In  all  experi- 
ments, the  toxicity  of  the  wood  decreased  over 
time;  when  the  experiments  were  repeated  with  the 
same  pieces  of  wood,  effects  were  diminished. 
(Author's  abstract) 
W9 1-06782 


GENETIC  DAMAGE  IN  A  POPULATION  OF 
SLIDER  TURTLES  (TRACHEMYS  SCRIPTA) 
INHABITING  A  RADIOACITVE  RESERVOIR. 

Savannah  River  Ecology  Lab.,  Aiken,  SC. 

T.  Lamb,  J.  W.  Bickham,  J.  W.  Gibbons,  M.  J. 

Smolen,  and  S.  McDowell. 

Archives   of  Environmental   Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  1,  p  138-142, 

1991.   1   fig,  2  tab,  26  ref.  US  Dept.  of  Energy 

Contract  DE-AC09-76SROO-819. 

Descriptors:  'Cesium  radioisotopes,  'Genotoxi- 
city,  'Mutagenicity,  'Nuclear  powerplants,  'Ra- 
dioactive wastes,  'Strontium  radioisotopes,  'Tur- 
tles, 'Water  pollution  effects,  Animal  pathology, 
Chronic  effects,  DNA,  Mutagens,  Population  ex- 
posure, Reservoirs,  Sublethal  effects,  Testing  pro- 
cedures, Tissue  analysis,  Toxicity. 

One  area  of  concern  for  which  there  remains  virtu- 
ally no  data,  is  the  effect  of  low-level  radiation  on 
natural  biota  following  releases  of  radionuclides 
into  the  environment.  Recent  advances  in  flow 
cytometry  (FCM)  now  permit  the  rapid,  accurate 
measurement  of  DNA  content  from  large  numbers 
of  cells,  for  a  variety  of  tissues.  In  this  study, 
turtles  inhabiting  a  radioactive  reservoir  appeared 
to  experience  genetic  damage  due  to  environmen- 
tal exposure  to  low  concentrations  of  long-lived 
radionuclides.  Total  body  burdens  for  50  reservoir 
turtles  examined  in  the  survey  ranged  from  164.7 
to  4679.3  Bq  for  cesium- 137  and  from  462.6  to 
5098.3  Bq  for  strontium-90.  FCM  assays  of  red 
blood  cell  nuclei  demonstrated  significantly  greater 
variation  in  DNA  content  for  the  reservoir  turtles 
than  for  turtles  from  a  nearby,  non-radioactive  site. 


Furthermore,  two  of  the  reservoir  turtles  possess 
FCM  profiles  that  are  indicative  of  aneuploid  mo- 
saicism. These  data  strongly  suggest  that  exposure 
to  low-level  radiation  may  involve  a  sensitive  ge- 
netic response  in  a  natural  population.  (Author's 
abstract) 
W91-06784 


PROTECTION  OF  HUMAN  HEALTH  FROM 
MIXTURES  OF  RADIONUCLIDES  AND 
CHEMICALS  IN  DRINKING  WATER. 

Oak  Ridge  National  Lab.,  TN.  Health  and  Safety 
Research  Div. 

T.  D.  Jones,  B.  A.  Owen,  and  J.  R.  Trabalka. 
Archives  of  Environmental   Contamination   and 
Toxicology  AECTCV,  Vol.  20,  No.  1,  p  143-150, 
1991.  2  fig,  7  tab,  20  ref.  US  Dept.  of  Energy 
Contract  DE-AC05-84OR21400. 

Descriptors:  'Drinking  water,  'Hazard  assessment, 
•Model  studies,  "Public  health,  ^Radioactive 
wastes,  •Radionuclides,  *Risk  assessment,  Date  in- 
terpretation, Groundwater  pollution,  Human  popu- 
lation, Model  testing,  Population  exposure,  Regu- 
lations, Test  wells. 

This  study  was  undertaken  to  develop  a  common 
scale  for  evaluating  health  risks  from  contaminated 
drinking  water.  For  different  agents  many  unrealis- 
tic models  of  risk  have  been  used.  By  intent,  regu- 
latory toxicology  depends  on  'data-sparse,  model- 
intensive'  analogies  from  exotic  animal  genetics 
and  novel  exposures.  At  least  four  methods  having 
at  least  a  similar  number  of  hazard  control  levels 
(4x4)  are  currently  used  by  rulemakers.  Historical, 
regulatory  methods  were  used,  supplemented  by 
additional  data  and  methods  to  produce  common 
scales.  In  this  study,  RADRISK  was  used  as  a 
model.  This  was  developed  for  the  EPA  to  esti- 
mate   health    risks   from    radionuclides.    Relative 
comparisons  were  made  in  the  manner  of  horse- 
power or  RBE  (radiation  biological  equivalent) 
from  radiation  biology.  Next,  relative  potencies 
were  linked  to  the  most  credible  standards.  Thus, 
experience    was    transferred    from    well-studied 
chemicals  to  the  new  chemical  by  'data-intensive, 
model-sparse'  methods.  This  logos  provided  much 
relative  precision.  Pollutants  were  then  compared 
with:  (1)  common  foodstuffs,  (2)  ambient  radiation 
background,  or  (3)  utility-pure  drinking  water.  Fi- 
nally, an  assessment  was  made  for  a  waste  disposal 
area.  Two  groundwater  samples  from  inside  a  ra- 
dioactive low-level,  solid  waste  disposal  area  (from 
Well  T-92  and  Well  T-257),  operated  since  1968, 
were  analyzed  for  pollutants.  Measured  concentra- 
tions at  the  site  have  been  compared  with  EPA 
standards;  1 1  substances  were  above  recommended 
levels.  In  contrast,  GRAS-type  (generally  recog- 
nized as  safe)  comparisons  suggested  that  only 
strontium-90  in  Well  T-92  would  be  a  hazard 
above  commonly  accepted  foods  and  utility  pure 
water,  even  though  levels  were  400  times  permissi- 
ble concentrations  calculated  as  the  Hazard  Index 
(used  for  exposure  to  multiple  agents).  (Author's 
abstract) 
W9 1-06785 


ECONOMICS  OF  NITRATE  POLLUTION. 

Stirling  Univ.  (Scotland).  Dept.  of  Economics. 
N.  Hanley. 

European  Review  of  Agricultural  Economics,  Vol. 
17,  No.  2,  p  129-151,   1990.  2  fig,  3  tab,  40  ref. 

Descriptors:  *Cost-benefit  analysis,  'Economic 
evaluation,  'Environmental  policy,  'Nitrates, 
'Nonpoint  pollution  sources,  'Soil  contamination, 
•Water  pollution  sources,  Environmental  effects, 
Estimated  costs,  Eutrophication,  Farm  manage- 
ment, Fertilizers,  Leaching,  Nitrogen  cycle,  Path 
of  pollutants,  Public  health,  Water  pollution  con- 
trol. 

Nitrogen  is  essential  to  plant  growth;  however, 
excessive  levels  of  nitrates  in  soil  can  cause  envi- 
ronmental pollution.  A  review  of  the  nitrogen 
cycle  to  and  from  the  soil  is  presented  along  with 
an  overview  of  the  problems  associated  with  nitro- 
gen pollution  in  the  environment.  The  seasonal 
pattern  of  nitrate  leaching  is  particularly  crucial. 
Leaching  risks  are  highest  when  (1)  rainfall  is  high, 
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(2)  evaporation  is  low,  and  (3)  crop  demands  are 
low.  Health  risks  associated  with  hign  nitrogen 
levels  include  methaemoglobinaemia  (oxygen  star- 
vation in  infants)  and  the  formation  of  carcinogen- 
ic N-nitroso  compounds.  The  primary  environmen- 
tal effect  is  eutrophication  although  some  nitrogen 
fertilizers  are  volatilized  and  enter  the  atmosphere 
as  ammonia.  Methods  for  controlling  excessive  ni- 
trate concentrations  in  the  environment  include 
reducing  inorganic  nitrogen  fertilizer  applications, 
reducing  animal  manure  applications,  and  better 
management  of  direct  nitrate  applications.  It  is 
suggested  that  blanket  restrictions  on  nitrate  use, 
with  standardized  methods  for  achieving  such  re- 
strictions, will  not  be  economically  practical  in 
many  cases.  Methods  such  as  tradeable  permits, 
nitrogen  taxes,  the  use  of  protection  zones,  and 
treatment  are  all  options  that  must  be  evaluated 
based  on  case  specific  least  cost  option.  (VerNooy- 
PTT) 
W9 1-06790 


3-D  MAPPING  OF  DISSOLVED  OXYGEN  IN 
MAR  PICCOLO:  A  CASE  STUDY. 

Support  Group,  Fremont,  CA. 

M.  Rosse,  and  D.  Posa. 

Environmental    Geology    and    Water    Sciences 

EGWSEI,  Vol.  16,  No.  3,  p  209-219,  November/ 

December  1990.  19  fig,  16  ref. 

Descriptors:  "Bays,  'Data  acquisition,  'Dissolved 
oxygen,  •Geostatistics,  'Kriging,  'Mapping, 
•Model  studies,  'Network  design,  'Statistical 
methods,  'Water  chemistry,  'Water  pollution  ef- 
fects, Algorithms,  Contours,  Data  collections, 
Data  interpretation,  Italy,  Rivers,  Seawater,  Spa- 
tial distribution,  Statistical  analysis,  Statistical 
models.  Variability. 

The  construction  of  a  spatial  model  for  several 
variables  in  the  Mar  Piccolo  of  Taranto,  Italy,  is 
important  for  understanding  the  effect  that  pollut- 
ed streams  entering  the  bay  have  on  the  saltwater 
environment.  The  current  study  discusses  the  geos- 
tatistical  techniques  used  to  interpolate  dissolved 
oxygen  (DO)  values  over  a  three-dimensional  grid 
within  the  First  Bay  of  the  Mar  Piccolo.  The  data 
sets  were  obtained  during  two  sampling  periods  in 
March  and  November  1986.  Particular  attention 
was  given  to  the  definition  of  a  variogram  that 
would  represent  the  spatial  variability  of  DO 
values  in  the  First  Bay.  First,  a  stationarity-in-time 
hypothesis  was  used  to  determine  and  model  satis- 
factory experimental  variograms.  Second,  the  krig- 
ing  algorithm  implemented  required  a  residual  var- 
iogram model  (i.e.,  a  model  not  affected  by  the 
trend).  The  nonergodic  variogram  provided  an 
estimator  that  filtered  the  trend  observed  in  the 
data.  Kriging  with  a  trend  model  (KT)  was  imple- 
mented on  a  three-dimensional  grid.  The  resulting 
contour  maps  generated  by  the  model  revealed 
low  DO  concentration  values  in  a  N-S  trough 
along  the  west  side  of  the  basin  corresponding  to 
the  presence  of  tidal  currents.  In  addition,  a  low 
DO  area  was  observed  in  the  northern  area  of  the 
bay,  which  spread  over  a  significant  volume  of  the 
First  Bay.  These  low  DO  values  were  produced  by 
known  submarine  springs  in  the  area.  (Korn-PTT) 
W9 1-06802 


GROWTH  RESPONSES  OF  THREE  LEGUME 
SPECIES  EXPOSED  TO  SIMULATED  ACTO 
RAIN. 

Institute  of  Terrestrial  Ecology,  Bangor  (Wales). 

Bangor  Research  Station. 

T.  W.  Ashenden,  and  S.  A.  Bell. 

Environmental  Pollution  ENPOEK,  Vol.  62,  No. 

1,  p  21-29,  1990.  2  tab,  22  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Air 
pollution  effects,  'Legumes,  'Plant  growth,  'Pre- 
cipitation, 'Simulated  rainfall,  Air  pollution,  As- 
similative capacity,  England,  Growth  kinetics, 
Growth  rates,  Hydrogen  ion  concentration,  Seed- 
lings. 

In  Britain,  the  acidity  of  rainfall  is  substantially 
increased  by  the  presence  of  pollutants  and  there 
have  been  reports  of  sites  in  rural  areas  with 
monthly  mean  acidities  as  low  as  pH  3.4  and 
annual  means  down  to  pH  4.1.  The  effects  of  wet 


acid  deposition  on  vegetation  was  studied  by  ex- 
posing seedlings  of  Vicia  faba  L  ,  Phaseolus  multi- 
florus L.,  and  Pisum  sativum  L.  to  simulated  rain- 
fall treatments  under  pH  values  of  5.6,  4.S,  3.S,  and 
2.5.  Simulated  rainfall  amounts  totaled  30  mm  per 
week.  All  three  species  were  found  to  be  adversely 
affected  by  the  more  acid  pH  treatments  (i.e.,  pH 
3.5  and  2.5)  after  7-8  weeks  of  exposure.  There 
were  total  plant  dry  weight  reductions  of  40%  for 
V.  faba,  31%  for  P.  sativum,  and  28%  for  P. 
multiflorus  exposed  to  the  pH  2.5  treatment,  as 
compared  to  those  grown  in  the  control  (pH  5.6 
treatment).  In  addition,  V.  faba  was  found  to  be 
sensitive  to  the  pH  4.5  treatment  with  an  18% 
reduction  in  total  plant  weight  (compared  to  plants 
grown  in  the  pH  5.6  treatment).  In  P.  multiflorus, 
reduction  in  the  dry  weights  of  shoots  in  response 
to  increasing  acidity  of  rain  was  not  accompanied 
by  reduction  in  root  weights,  indicating  an  inter- 
ference in  the  partitioning  of  assimilates.  It  is  con- 
cluded that  these  three  species,  and  V.  faba  in 
particular,  may  be  growing  below  their  potential  in 
much  of  the  United  Kingdom.  (Author's  abstract) 
W9 1-06804 


EFFECT  OF  CHROMIUM  (VI)  ON  ACTIVATED 
SLUDGE. 

Middle  East  Technical  Univ.,  Ankara  (Turkey). 
Dept.  of  Environmental  Engineering. 
For  primary   bibliographic  entry  see  Field   5D. 
W9 1-06866 


CHRONIC  AND  SUBLETHAL  TOXICITIES  OF 
SURFACTANTS  TO  AQUATIC  ANIMALS:  A 
REVIEW  AND  RISK  ASSESSMENT. 

Battelle,  Columbus,  OH.  Environmental  Biology 

and  Assessment. 

f^  A  Lewis 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  101- 

113,  January,  1991.  2  fig,  5  tab,  105  ref. 

Descriptors:  'Aquatic  animals,  'Ecological  effects, 
•Risk  assessment,  'Surfactants,  'Toxicity,  'Water 
pollution  effects,  Behavior,  Benthic  fauna,  Bioas- 
say,  Detergents,  Fathead  minnows,  Larval  growth 
stage,  Linear  alkyl  sulfonates,  Reproduction,  Re- 
views, Water  quality  control. 

Surfactants  are  one  of  the  major  components  (10- 
18%)  of  detergent  and  household  cleaning  prod- 
ucts, and  they  are  used  in  high  volumes.  The 
chronic  and  sublethal  toxicities  of  commercially 
important  surfactants  commonly  found  in  natural 
waters  on  aquatic  animal  life  are  reviewed  to 
present  a  comprehensive  summary  of  these  effects 
for  commercially  important  surfactants  on  fresh- 
water and  seawater  animal  life.  Historically,  the 
effects  of  anionic  ABS  (alkylbenzene  sulfonate) 
and  LAS  (linear  alkylbenzene  sulfonate)  have  been 
the  primary  focus  of  scientific  investigations  con- 
cerning environmental  safety.  Cationic  surfactants, 
such  as  ditallow  dimethyl  ammonium  chloride 
(DTDMAC),  have  not  received  the  attention  they 
deserve.  Chronic  toxicity  of  anionic  and  nonionic 
surfactants  occurs  at  concentrations  usually  greater 
than  0.1  mg/L.  Behavioral  and  physiological  ef- 
fects on  avoidance,  reproduction,  larval  growth 
and  development  for  these  same  compounds  occur 
over  a  range  of  concentrations  from  0.002-40.0 
mg/L.  The  available  toxicity  data  base  is  largely 
comprised  of  laboratory-derived  toxicity  studies 
for  a  few  surfactants  (LAS)  and  single  freshwater 
species,  viz.  Daphma,  fathead  minnows,  and 
benthic  midge.  Effects  on  saltwater  species  and 
natural  biotic  communities  are  largely  unknown 
for  many  commercially  important  surfactants.  The 
toxicity  data  base  for  cationic  surfactants  needs  to 
be  expanded  since  these  compounds  appear  to  be 
the  most  toxic,  while  LAS  appears  to  be  the  least. 
Safety  assessments  for  other  major  surfactants  in 
saltwater  and  freshwater  should  be  considered  pre- 
liminary and  limited  until  validated  with  corre- 
sponding exposure  measurements  and  additional 
laboratory  and  field-derived  chronic  toxicity  data 
for  animal  test  species.  (Doyle-PTT) 
W9 1-06871 


CHEMISTRY  OF  ATMOSPHERIC  PRECIPITA- 
TION AT  THE  WESTERN  ARABIAN  GULF 
COAST. 


University  of  Petroleum  and  Minerals,  Dhahran 

(Saudi  Arabia).  Research  Inst. 

A.  F.  M.  Ahmed,  R.  P.  Singh,  and  A.  H. 

Elmubarak. 

Atmospheric  Environment  Part  A:  General  Topics 

AEATEN,  Vol.  24,  No.  12,  p  2927-2934,  1990.  3 

fig,  4  tab,  34  ref. 

Descriptors:  'Acid  rain,  'Atmospheric  chemistry, 
•Chemistry  of  precipitation,  'Persian  Gulf,  'Saudi 
Arabia,  'Water  chemistry,  Acidic  water,  Acidity, 
Ammonium,  Anions,  Bicarbonate*,  Buffering,  Cal- 
cium, Cations,  Chlorides,  Hydrogen  ion  concentra- 
tion, Ion  chromatography.  Magnesium,  Mass  bal- 
ance, Nitrates,  Nitrites,  Potassium,  Spectrometry, 
Strontium,  Sulfates,  Suspended  solids. 

Rainwater  and  atmospheric  bulk  deposition  sam- 
ples were  collected  at  a  station  in  Dhahran  con- 
tinuously throughout  the  rainy  season  between  De- 
cember 1987  and  February  1988,  and  for  one  rain- 
fall event  in  March  1987.  A  total  of  13  samples 
were  collected  and  investigated  for  pH  and  dis- 
solved ionic  composition  using  inducti vity  coupled 
plasma  emission  spectrometry  (ICP)  and  ion  chro- 
matography (IC).  The  range  and  volume-weighted 
average  pH  were  5.1  to  7.2  and  5.48,  respectively. 
Significant  negative  linear  correlations  were  ob- 
served between  the  precipitation  pH  and  rain 
depth,  and  between  pH  and  the  summation  of 
dissolved  (calcium  +  magnesium  ions)  minus  (sul- 
fate +  nitrate  +  nitrite  ions).  The  ionic  summation 
also  correlated  negatively  with  rain  depth.  The 
ionic  abundance  in  rainwater  expressed  in  concen- 
tration order  showed  the  general  trend  sulfate  > 
bicarbonate  >  chloride  >  nitrate  >  nitrite  for 
anions  and  Ca  >  Na  >  Mg  >  ammonium  >  K  > 
H  >  Sr  for  cations.  Good  mass  balance  between 
cations  and  anions  was  observed.  Total  nitrates  and 
sulfates  contribute  equally  to  precipitation  acidity. 
Ca  plus  Mg  in  alkaline  suspended  particulates  from 
natural  sources  are  the  major  ions  that  buffer  the 
acidity  of  precipitation.  Ammonium  ion  plays  an 
insignificant  role  in  the  acid/base  equilibrium  of 
rainwater.  (Author's  abstract) 
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CONFIRMATION  AND  QUANTITATION  OF 
HYDROXYMETHANESULFONATE  IN  PRE- 
CIPITATION BY  ELECTROSPRAY  IONTZA- 
TION-TANDEM  MASS  SPECTROMETRY. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 

E.  G.  Chapman,  C.  J.  Barinaga,  H.  R.  Udseth,  and 

R.  D.  Smith. 

Atmospheric  Environment  Part  A:  General  Topics 

AEATEN,  Vol.  24,  No.  12,  p  2951-2957,  1990.  4 

fig,  1  tab,  19  ref.  DOE  Contract  DE-AC06-76RLO 

1830. 

Descriptors:  'Acid  rain,  'Air  pollution,  'Analyti- 
cal methods,  'Chemistry  of  precipitation,  *Hy- 
droxymethanesulfonate,  'Mass  spectrometry, 
Anions,  Cloud  liquid  water,  Fog,  Nitrates,  Precipi- 
tation, Sulfates,  Sulfites,  Sulfur,  Sulfur  compounds, 
Water  analysis. 

Hydroxymethanesulfonate  (HMS),  an  adduct 
formed  by  the  reaction  of  dissolved  S02  and  form- 
aldehyde, was  initially  postulated  to  exist  in  pre- 
cipitation based  only  on  circumstantial  evidence 
because  of  the  limitations  of  previous  analytical 
methods.  The  technique  of  electrospray  ionization- 
mass  spectrometry  (ESI-MS)  was  used  to  defini- 
tively identify  and  quantify  this  species  in  five  of 
six  selected  precipitation  samples  from  New  York, 
Pennsylvania,  Illinois,  and  Ohio.  In  the  ESI-MS 
analyses,  HMS  showed  a  distinct  fragmentation 
pattern  upon  collisionally  induced  dissociation, 
with  major  peaks  at  m/z  17,  80,  and  81  corre- 
sponding to  the  OH(-),  S03(),  and  HS03(-)  ions. 
Analyses  of  laboratory-prepared  solutions  indicat- 
ed an  analytical  precision  of  approximately  plus  or 
minus  10%  for  HMS,  with  quantitative  detection 
limits  likely  to  be  in  the  range  of  0.01  microM  or 
below.  Concentrations  of  HMS  in  the  five  precipi- 
tation samples  ranged  from  0.6  to  8.6  microM  with 
contributions  to  total  sulfur  ranging  from  3.4%  to 
22%.  Other  precipitation  anions,  such  as  S04(2-) 
and  N03(-),  were  easily  identified  in  the  ESI-MS 
analyses.  The  results  of  this  study  suggest  that  the 
ESI-MS  technique  has  great  potential  in  the  analy- 
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sis  of  a  broad  spectrum  of  atmospheric  compounds, 
particularly  in  cloud  and  fog  water  samples  where 
limited  collection  volumes  are  available.  (Author's 
abstract) 
W9 1-06874 


ACUTE  TOXICITIES  TO  LARVAL  RAINBOW 
TROUT  OF  REPRESENTATIVE  COMPOUNDS 
DETECTED  IN  GREAT  LAKES  FISH. 

National  Fisheries  Research  Center-Great  Lakes, 

Ann  Arbor,  MI. 

C.  C.  Edsall. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  2,  p  173-178, 

February  1990.  2  tab,  1 1  ref. 

Descriptors:  'Acute  toxicity,  'Fish  larvae,  'Great 
Lakes,  'Hydrocarbons,  'Pesticide  toxicity,  'Toxi- 
cology, 'Trout,  'Water  pollution  effects,  Dis- 
solved oxygen,  Herbicides,  Insecticides,  Mortality, 
Polycyclic  aromatic  compounds,  Solubility,  Statis- 
tical analysis,  Temperature,  Toxicity. 

Static  acute  toxicity  tests  were  conducted  using 
larval  rainbow  trout  (Oncorhynchus  mykiss)  as  the 
test  fish.  Four  classes  of  compounds  were  tested: 
polycyclic  aromatic  hydrocarbons  (PAH),  alkyl 
halides,  cyclic  alkanes,  and  heterocyclic  nitrogen 
compounds.  The  calculated  median  lethal  concen- 
trations were  predominantly  in  the  moderately 
toxic  range;  the  calculated  LC50  of  the  alkyl  halide 
1-bromodecane  (18.7  mg/L)  would  put  that  com- 
pound in  the  slightly  toxic  range;  statistical  analysis 
indicated  that  1-bromodecane  was  significantly  less 
toxic  than  the  other  compounds.  The  analysis  also 
indicated  that  the  cyclic  alkane  cis-l,2-dimethylcy- 
clohexane  (LC50  7.1)  was  less  toxic  than  the  PAH 
compound  1,3-dimethylnaphthalene  (LC50  1.7), 
but  there  were  no  differences  between  any  of  the 
other  compounds.  The  statistical  differences  are 
probably  not  ecologically  significant.  Solubility  of 
the  compounds  in  water  should  be  considered 
when  comparing  LC50s.  The  solubility  of  1-bro- 
modecane in  water  was  significantly  lower  than 
that  of  the  other  compounds  tested.  Therefore,  a 
wider  range  of  concentrations  was  tested  before 
the  LC50  was  calculated,  and  all  the  fry  that  did 
not  die  were  physically  stressed.  Hence,  1-bromo- 
decane was  more  toxic  to  fry  than  the  LC50  results 
indicated.  (Doria-PTT) 
W91-06882 


increasing  acetone  concentrations.  Lindane  strong- 
ly inhibited  the  molting  process;  no  larvae  succeed- 
ed in  molting  to  second  zoeae  under  any  of  the 
tested  lindane  concentrations.  (Doria-PTT) 
W9 1-06884 


NEW  TOXICITY  TESTING  METHOD  USING 
MARINE  BACTERJVOROUS  NANOFLAGEL- 
LATES. 
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Descriptors:  'Analytical  methods,  'Bioassay, 
•Bioindicators,  'Flagellates,  'Protozoa,  'Toxicity, 
•Toxicology,  Bioluminescence,  Growth,  Growth 
media,  Heavy  metals,  Marine  bacteria,  Microscop- 
ic analysis,  Population  density,  Water  pollution 
effects. 

A  modified  growth  inhibition  test  for  marine  toxi- 
cological  studies  was  devised  using  bacterivorous 
nanoflagellates.  The  test  is  based  on  the  fact  that 
bacteria  required  for  the  growth  of  the  test  orga- 
nism are  less  sensitive  to  low  concentrations  of 
chemicals.  A  small  population  of  about  100  flagel- 
lates per  ml  grows  into  a  dense  population  of  a 
million  or  more  per  ml  if  a  sufficient  threshold 
concentration  of  bacteria  (about  10  million  per  ml) 
is  present.  A  dense  flagellate  population  is  easily 
detected  by  microscopic  examination  in  a  counting 
chamber.  The  propagation  of  flagellates  can  be 
inhibited  by  toxicant  concentrations  too  low  to 
hinder  bacterial  growth.  The  method  was  tested 
using  a  mixed  flagellate  culture  and  several  toxi- 
cants, including  heavy  metals,  surfactants,  and 
phenol.  Results  were  similar  to  those  obtained  with 
other  methods  (bioluminescence  inhibition  of  Pho- 
tobacterium  phosphoreum  and  brine  shrimp  mor- 
tality). It  is  concluded  that  the  present  test  is  a 
useful  complement  to  existing  methods,  measuring 
a  clearly  toxic  effect  on  an  important  organism  of 
the  ecosystem.  A  significant  advantage  is  that  it  is 
easy  and  inexpensive  to  perform.  There  is  no  need 
to  maintain  sterile  conditions,  since  bacteria  in  the 
test  medium  are  necessary  for  propagation  of  the 
test  organism.  (Doria-PTT) 
W91-06885 


EFFECTS  OF  LINDANE  AND  ACETONE  ON 
THE  DEVELOPMENT  OF  LARVAE  OF  THE 
SOUTHERN  KING  CRAB  (LITHODES  AN- 
TARCTICUS  JAQUTNOT). 
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Descriptors:  'Acetone,  'Crabs,  'Growth,  'Lin- 
dane, 'Organochlorine  pesticides,  'Pesticides, 
•Solvents,  'Water  pollution  effects,  Animal  physi- 
ology, Crustaceans,  Larval  growth  stage,  Lipids, 
Mortality,  Organophosphorus  pesticides,  Salinity, 
Seawater,  Survival,  Toxicity. 

The  effects  of  lindane  and  its  most  commonly  used 
solvent  (acetone)  were  determined  on  survival, 
development,  and  molting  of  the  early  larval  stages 
of  Lithodes  antarcticus.  Lindane  was  tested  in  con- 
centrations ranging  from  0.10  to  5.60  mg/L. 
Higher  concentrations  of  lindane  produced  an 
abrupt  rise  in  mortality  between  48  and  96  h  of 
culture,  while  lower  concentrations  produced  a 
more  gently  sloping  mortality  curve  between  96 
and  168  h.  An  exponential  decrease  of  LC50  values 
was  observed  during  the  development  time  of  the 
first  zoeal  stage.  This  asymptotic  trend  with  expo- 
sure time  indicates  an  incipient  lethal  level  under 
94  micrograms/L;  at  this  concentration  acute  tox- 
icity ceases.  Mortality  during  the  first  larval  stage 
could  considerably  affect  the  percentage  of  indi- 
viduals completing  larval  development.  The  mor- 
tality curve  of  larvae  exposed  to  0.75  g/L  acetone 
(acetone  controls)  did  not  differ  from  that  of  sea- 
water  controls.  However,  acetone  has  an  inhibiting 
effect  on  molting   which   is  more   marked   with 


CHANGES  IN  THE  TOXICITY  OF  THREE 
PESTICIDES  AS  A  FUNCTION  OF  ENVIRON- 
MENTAL PH  AND  TEMPERATURE. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Entomolo- 
gy- 
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Descriptors:  'Acid  rain  effects,  'Acidity,  'Bioas- 
say, 'Midges,  'Pesticide  toxicity,  'Temperature 
effects,  'Toxicology,  'Water  pollution  effects,  Al- 
dicarb,  Animal  physiology,  Benzene  hexachloride, 
Bioaccumulation,  Degradation,  Fate  of  pollutants, 
Hydrogen  ion  concentration,  Larval  growth  stage, 
Pentachlorophenol,  Respiration,  Solvents,  Water 
quality. 

Accurate  predictions  of  pesticide  fate  and  toxicity 
in  aqueous  environments  are  hindered  by  lack  of 
information  on  how  site-specific  water  quality  pa- 
rameters affect  the  biological  activity  of  these 
compounds.  Therefore,  the  influence  of  simultane- 
ous variation  in  pH  and  temperature  on  the  toxici- 
ty of  three  pesticides,  pentachlorophenol  (PCP), 
aldicarb,  and  benzene  hexachloride  (BHC),  was 
studied.  The  test  organism  was  fourth-instar  midge 
larvae  (Chironomus  riparius).  Variations  in  pH  and 
temperature  significantly  affected  the  toxicity  of 
the  three  pesticides.  When  the  two  parameters 
were  varied  simultaneously,  the  results  were  fre- 
quently different  from  when  a  single  factor  was 
varied.  The  most  striking  example  was  PCP.  An 
increase  of  pH  from  4  to  8  was  associated  with  a 
dramatic  decrease  in  toxicity,  attributable  to  ioni- 
zation of  PCP  as  pH  goes  up.  As  temperature  rose 
from  15  C  to  35  C,  toxicity  of  PCP  increased 
significantly  at  all  three  pH  levels  tested;  the 
reason  for  this  increase  is  not  clear.  Changes  in 


toxicity  as  a  function  of  environmental  parameters 
for  aldicarb  and  BHC  were  less  clear  than  for 
PCP,  although  interactions  between  pH  and  tem- 
perature were  evident.  These  data  emphasize  the 
importance  of  environmental  variables  in  determin- 
ing the  toxicity  of  pesticides  and  suggest  that  for 
some  chemicals  a  hazard  assessment  would  be  in- 
complete unless  key  site-specific  variables  are  ana- 
lyzed for  their  influence  on  toxicity,  both  individ- 
ually and  in  concert  with  other  water  quality  pa- 
rameters. (Doria-PTT) 
W9 1-06886 


POLLUTED  WATER  CONCENTRATES:  IN- 
DUCTION OF  GENETIC  ALTERATIONS  IN 
SACCHAROMYCES  CEREVISIAE  D7  STRAIN. 
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trial wastes,  Mutagens,  Pesticides,  Resins,  Rivers, 
Sampling,  Stream  pollution,  Water  pollution. 

The  concentration  of  mutagenic  pollutants  using 
XAD  resins  allows  the  identification  of  biohazar- 
dous  fractions  to  be  submitted  for  further  analysis. 
In  this  experiment,  the  genotoxic  potential  of 
XAD2  concentrates  of  samples  from  a  heavily 
polluted  stream  were  evaluated  by  the  induction  of 
gene  conversion  and  point  mutation  in  Saccharo- 
myces cerevisiae  D7.  Surface  river  samples  were 
collected  from  three  sampling  locations  within  the 
industrial  area  near  Buenos  Aires  and  passed 
through  an  XAD2  resin  column.  Genotoxic  effects 
were  considered  positive  when  the  experimental 
frequencies  exceeded  those  of  the  controls  at  least 
twofold.  All  the  concentrates  tested  showed  a  posi- 
tive response  in  gene  conversion  induction.  These 
results  give  a  clear  idea  of  the  contamination 
degree  in  the  samples  examined.  Concentrates  from 
one  sample  showed  a  clear  positive  response  after 
24  h  incubation.  This  response  was  associated  with 
a  fall  in  the  survival  of  the  yeast  for  the  XAD2  pH 
7-7.4  concentrate  but  not  for  the  acidic  one.  The 
other  two  samples  showed  a  genotoxic  response 
after  4  h  incubation.  A  slight  toxic  response,  not 
associated  with  genotoxicity,  was  detected  when  a 
pure  concentrate  of  one  sample  was  assayed.  None 
of  the  samples  showed  induction  of  mitotic  rever- 
sion. (Doria-PTT) 
W91-06887 


ACUTE  TOXICITY  OF  PCB  CONGENERS  TO 
DAPHNIA  MAGNA  AND  PEMEPHALES  PRO- 
MELAS. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

T.  M.  Dillon,  and  W.  D.  S.  Burton. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  2,  p  208-215, 

February  1990.  1  fig,  3  tab,  21  ref. 

Descriptors:  'Acute  toxicity,  'Fathead  minnows, 
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Because  PCBs  are  very  hydrophobic,  most  biologi- 
cal studies  have  utilized  a  carrier  solvent  to  facili- 
tate introduction  of  PCBs  into  aqueous  solution. 
Therefore,  a  study  was  undertaken  to  evaluate  the 
comparative  toxicity  of  selected  PCB  congeners 
without  carrier  solvents.  These  tests  were  conduct- 
ed on  early  life  stages  of  two  sensitive  freshwater 
organisms,  Daphnia  magna  and  Pimephales  prome- 
las.  Mean  percent  survival  of  Daphnia  magna  ex- 
posed for  48  h  under  static  conditions  to  9  PCB 
congeners  was  high  and  ranged  from  97%  to 
100%.  However,  Daphnia  survival  was  significant- 
ly lower  (53%)  in  the  100%  saturated  solution  of 
the  lowest  chlorinated  PCB  tested,  congener  18. 
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Fish  survival  was  high  (93%- 100%)  in  all  PCB 
treatments  except  congener  18,  where  only  17%  of 
the  animals  were  alive  after  96  h  in  the  100% 
saturated  solution.  Results  of  the  static-renewal 
tests  were  not  appreciably  different  from  the  static 
tests.  Survival  was  very  high  for  both  Daphnia  and 
Pimephales  exposed  to  all  PCBs  except  congener 
18.  Fathead  minnow  fry  appear  to  be  slightly  more 
sensitive  to  congener  18  than  Daphnia  neonates. 
Additional  toxicity  tests  conducted  without  carrier 
solvents  are  needed  to  determine  whether  the  high 
toxicity  of  congener  18  is  related  to  molecular 
weight  or  is  a  phenomenon  unique  to  that  conge- 
ner. (Doria-PTT) 
W91-06888 


LONG  TERM  EFFECTS  OF  CRUDE  OIL  ON 
COMMON  MURRES  CURIA  AALGE)  FOLLOW- 
ING REHABILITATION. 
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tology, Kidneys,  Liver,  Marine  animals,  Metabo- 
lism, Newfoundland,  Oil. 

Fifteen  seabirds  (13  common  murres,  Uria  aalge, 
and  two  thick-billed  murres,  U.  lomvia)  lightly  to 
moderately  contaminated  with  crude  oil  primarily 
on  the  breast,  wings,  feet,  and  head,  were  retrieved 
January  18  to  22,  1990  near  Gooseberry  Cove, 
Newfoundland,  and  transported  to  a  rehabilitation 
center.  One  common  and  one  thick-billed  murre 
were  successfully  rehabilitated  and  released.  Most 
of  the  remaining  birds  were  necropsied  to  deter- 
mine the  long-term  effects  of  the  oil.  All  birds  lost 
weight  continually  following  retrieval.  Examina- 
tion of  tissue  sections  revealed  histopathological 
changes  in  the  liver,  kidneys,  and  intestines  of  all 
birds.  The  most  common  lesion  observed  in  the 
liver  was  necrosis.  Congestion  of  the  liver,  fatty 
degeneration,  and  dissociation  of  hepatocytes  were 
apparent  each  in  one  bird.  There  was  evidence  of 
pigment  accumulation  in  hepatocytes  and  Kupffer 
cells  of  all  birds.  Renal  tubular  degeneration  and 
necrosis  were  present  in  all  birds.  There  was  also 
extensive  necrosis  in  the  duodenum.  Some  of  the 
observations  in  this  study  are  consistent  with  re- 
ports that  contamination  of  seabirds  with  crude  oil 
or  its  byproducts  causes  weight  loss  and  histopath- 
ological changes.  It  is  likely  that  ingestion  of  crude 
oil  caused  multiple  sublethal  effects  that  disrupted 
metabolism  and  ultimately  culminated  in  debility, 
death,  or  both  of  the  common  murres.  (Doria- 
PTT) 
W91-06889 


GROWTH  RESPONSE  OF  FRESHWATER 
ALGAE,  ANABAENA  FLOS-AQUAE  AND  SE- 
LENASTRUM  CAPRICORNUTUM  TO  ATRA- 
ZINE  AND  HEXAZTNONE  HERBICIDES. 
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The  toxicity  of  atrazine  and  hexazinone  to  Ana- 
baena flos-aquae  and  Selenastrum  capricornutum 
was  measured  by  chlorophyll  a  content  and  dry 
weight.  S.  capricornutum  was  more  susceptible  to 
hexazinone  than  atrazine.  The  EC50  values  gener- 
ally increased  with  time,  while  the  slopes  for  the 
relation  between  growth  and  herbicide  concentra- 
tion declined  over  time.  Reduction  in  growth  was 


observed  with  an  increase  of  atrazine  concentra- 
tion. Hexazinone-treated  cultures  of  S.  capricornu- 
tum had  substantially  recovered  by  7  d  after  treat- 
ment. The  first  day  showed  a  sharp  decrease  in  the 
growth  rate  of  chlorophyll  a  content  with  an  in- 
crease in  herbicide  concentration  as  compared  to 
the  growth  rate  of  the  control  culture.  On  the  third 
day,  algal  cells  displayed  a  higher  growth  rate. 
This  indicates  that  the  herbicide  may  have  had  an 
algistatic  effect,  and  the  algal  cells  recovered  their 
normal  vitality  after  3  d  of  exposure.  The  pattern 
of  growth  rate  differences  of  both  tested  organisms 
over  time  was  fairly  consistent.  Using  repeated 
measurement  analysis  of  variance  for  the  growth 
rates  over  time  and  concentrations  revealed  statis- 
tically significant  importance  for  both  factors.  Be- 
cause of  the  negative  values  of  the  growth  rate, 
especially  at  higher  concentrations  after  one  day  of 
exposure,  and  the  ability  of  the  algae  to  recover 
with  time,  the  effect  of  herbicides  on  algae  may  be 
more  accurate  if  determined  at  least  3  d  after 
exposure.  (Doria-PTT) 
W9 1-06890 


INHIBITION  OF  CORNEAL  EPITHELIAL 
CELL  MIGRATION  BY  CADMIUM  AND  MER- 
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Mount   Desert   Island   Biological   Lab.,   Salsbury 

Cove,  ME. 

J.  L.  Ubels,  and  T.  B.  Osgood. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  2,  p  230-236, 

February   1990.   3   fig,    19  ref.   NIH  Grants  P30 

ES0283  and  T35  GM07892. 

Descriptors:  'Animal  physiology,  'Cadmium, 
•Heavy  metals,  *Mercury,  *Sculpin,  "Water  pollu- 
tion effects,  Dose-response  relationships,  Fish, 
Gulf  of  Maine,  Maine,  Metal  complexes,  Regres- 
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Longhorn  sculpin  (Myoxocephalus  octodecimspin- 
osus)  from  the  Gulf  of  Maine  were  used  to  study 
the  effect  of  cadmium  and  mercury  on  epithelial 
migration  in  the  cornea,  an  important  component 
of  corneal  wound  healing.  Exposure  of  corneas 
with  wounds  7  mm  in  diameter  to  CdC12  for  12  h 
resulted  in  a  dose-dependent  inhibition  of  cell  mi- 
gration. At  0.1  micro M  no  inhibition  of  healing 
was  observed  while  at  0.00001  M  the  healing  rate 
was  reduced  to  2.43  sq  mm/h  compared  to  a 
control  rate  of  5.57  sq  mm/h.  Cell  migration 
stopped  after  9  h  exposure  to  0.00001  M  CdC12. 
Studies  using  video  microscopy  suggest  that  cad- 
mium interferes  with  processes  that  initiate  wound 
healing  and  that  it  is  not  able  to  stop  a  cell  that  has 
begun  to  migrate.  Inorganic  mercury  (HgC12)  or 
methyl  mercury  also  inhibited  corneal  epithelial 
cell  migration  in  a  dose-dependent  manner.  At  0. 1 
microM  HgC12  was  not  toxic,  while  at  0.00001  M 
the  healing  rate  was  reduced  to  2.1  sq  mm/h 
compared  to  a  control  rate  of  5.3  sq  mm/h.  Methyl 
mercury  did  not  inhibit  healing  at  1  microM,  but 
the  healing  rate  was  reduced  to  3.2  sq  mm/h  by 
0.00001  M  methyl  mercury  compared  to  a  control 
rate  of  4.7  sq  mm/h.  Methyl  mercury  also  caused 
cell  sloughing  with  wounds  enlarging  by  12  h.  It  is 
apparent  that  HgC12  is  toxic  to  corneal  epithelium 
at  a  lower  concentration  than  methyl  mercury.  It  is 
concluded  that  cadmium  and  mercury  may  cause 
developmental  anomalies  related  to  epithelial  cell 
migration.  (Doria-PTT) 
W9 1-06891 
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Tilapia  (Oreochromis  hornorum)  collected  from  a 
fish  farm  in  Zacatepec,  Mexico,  and  exposed  to 
lead  and  paraquat.  LC50s  for  lead  and  paraquat 
were  202  mg/L  and  31/5  mg/L  respectively.  Fish 
treated  with  paraquat  had  a  tendency  to  swim 
erratically  near  the  water  surface,  and  lead-treated 
fish  showed  a  loss  of  equilibrium.  Paraquat  induced 
the  formation  of  lipid  peroxides  in  gills  and  liver  at 
all  concentrations.  Fish  exposed  only  to  lead  (47 
mg/L)  also  exhibited  lipid  peroxidation  in  both 
gills  and  liver.  However,  at  the  lowest  paraquat 
concentration  (0. 1  mg/L)  plus  lead,  lipid  peroxida- 
tion diminished  approximately  to  control  levels.  At 
higher  paraquat  concentrations  (10.5  and  21.0  mg/ 
L)  plus  lead,  lipid  peroxidation  increased  signifi- 
cantly. The  fact  that  fish  exposed  simultaneously  to 
lead  (47  mg/L)  and  paraquat  (0.1  mg/L)  resulted 
in  a  diminution  of  lipid  peroxidation  suggests  an 
antagonism  between  these  two  compounds  under 
these  conditions.  Effects  on  lipid  peroxidation 
were  more  severe  in  liver  than  in  gills.  Exposure  to 
21  mg/L  of  paraquat  resulted  in  an  increase  of  gill 
carbonic  anhydrase  activity,  but  this  effect  was  not 
observed  when  lead  was  present.  (Doria-PTT) 
W9 1-06892 


CHLORINATION  OF  DRINKING  WATER  AND 
CANCER. 

Calcutta  Municipal  Corp.  (India). 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-06898 


EFFECT  ON  MUTAGENICITY  OF  THE  STEP- 
WISE   REMOVAL    OF    HYDROXYL    GROUP 
AND  CHLORINE  ATOMS  FROM  3-CHLORO- 
4-(DICHLOROMETHYL)-5-HYDROXY-2<5H)- 
FURANONE:   13C  NMR  CHEMICAL  SHIFTS 
AS  DETERMINANTS  OF  MUTAGENICITY. 
State  Univ.  of  New  York,  Syracuse.  Coll.  of  Envi- 
ronmental Science  and  Forestry. 
R.  T.  LaLonde,  G.  P.  Cook,  H.  Perakylan,  and  C. 
W.  Dence. 

Chemical  Research  in  Toxicology  CRTOEC,  Vol. 
4,  No.  1,  p  35-40,  January/February  1991.  3  fig,  2 
tab,  25  ref.  U.S.  Geological  Survey  Award  14-08- 
0001-G1498. 

Descriptors:  'Chlorination,  'Chlorine,  'Mutage- 
nicity, 'Mutagens,  'Structure-activity  relation- 
ships, 'Toxicology,  'Water  pollution  effects, 
Assay,  Disinfection,  Drinking  water,  Furanones, 
Nuclear  magnetic  resonance,  Salmonella. 

The  response  of  mutagenicity  to  the  stepwise  re- 
placement of  chlorine  atoms  and  the  hydroxyl 
group  by  hydrogen  in  3-chloro  4-(dichloromethyl) 
5-hydroxy  2(5H)-furanone  (MX,1)  was  determined 
in  several  assays  using  Salmonella  typhimurium 
strain  TA100.  MX  is  a  direct  acting  mutagen  that 
has  been  identified  in  softwood  kraft  chlorination 
effluent,  chlorinated  humic  waters,  and  some  chlo- 
rine-disinfected drinking  waters.  In  all,  eight  MX 
derivatives  were  assayed.  Several  were  studied 
together  in  at  least  one  assay.  In  addition  to  MX, 
the  seven  included  3-chloro  4-(dichloromethyl) 
2(5H)-furanone  (RMX,  2),  3-chloro  4-(chloro- 
methyl)  5-hydroxy  2(5H)-furanone  (3),  3-chloro  4- 
(chloromethyl)  2(5H)-furanone  (4),  4-(chloro- 
methyl)  5-hydroxy-2(5H)-furanone  (5),  4-chloro- 
methyl  2(5H)-furanone  (6),  and  4-(dichloromethyl) 
2(5H)-furanone  (8).  Compounds  1-6  were  mutagen- 
ic. Compound  8  gave  erratic  results.  4-(Acetoxy- 
methyl)  2(5H)-furanone  was  nonmutagenic.  The 
largest  drop  in  mutagenicity  amounted  to  a  factor 
of  about  100  for  the  replacement  of  the  hydroxyl 
group  or  a  C-3  chlorine  atom  from  3.  Other  re- 
placements of  the  hydroxyl  group  or  a  C-3  or  C-6 
chlorine  atom  amounted  to  mutagenicity  dimin- 
ished by  a  factor  of  only  10.  On  the  basis  of  the 
rates  of  UV  spectral  changes  under  assay  condi- 
tions, chemical  half-life  values  for  1-6  and  8  were 
estimated  as  indicators  of  compound  stability. 
However,  mutagenicity  differences  were  shown  to 
result  principally  from  the  intrinsic  mutagenicities 
of  the  six  compounds  1-6  rather  than  from  differ- 
ences in  stability.  Plots  of  mutagenicity  against  the 
CI 3  chemical  shifts  for  C-2,  C-3,  and  C-4  in  com- 
pounds 1-6  resulted  in  each  case  in  a  linear  depend- 
ency. Plots  of  mutagenicity  against  the  C13  chemi- 
cal shifts  C-2  and  C-4  had  negative  slopes.  The  plot 
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of  mutagenicity  against  the  C13  chemical  shift  C-3 
gave  a  positive  slope.  The  correlations  were  attrib- 
uted to  the  dependence  of  mutagenicity  on  elec- 
tron density  at  C-2,  C-3,  and  C-4.  (Author's  ab- 
stract) 
W9 1-069 10 


REACTIONS  OF  AQUEOUS  CHLORINE  IN 
VITRO  IN  STOMACH  FLUID  FROM  THE 
RAT:  CHLORTNATION  OF  TYROSINE. 

Old    Dominion    Univ.,    Norfolk,    VA.    Dept.    of 

Chemistry  and  Biochemistry. 

M.  G.  Nickelsen,  A.  Nweke,  F.  E.  Scully,  and  H. 

P.  Ringhand. 

Chemical  Research  in  Toxicology  CRTOEC,  Vol. 

4,  No.  1,  p  94-101,  January/February  1991.  5  fig,  3 

tab,    36   ref.    Environmental    Protection   Agency 

Agreement  CR-8 10459. 

Descriptors:  •Amino  acids,  •Chlorination,  •Chlo- 
rine, •Drinking  water,  'Toxicity,  ^Toxicology, 
•Water  pollution  effects,  Animal  physiology,  Aro- 
matic compounds,  Disinfection,  Hydrogen  ion 
concentration,  Rats. 

Aqueous  chlorine  reacts  with  tyrosine  found  in 
stomach  fluid  to  form  ring-chlorinated  products. 
Ring  substitution  occurs  at  Chtyrosine  mole  ratios 
less  than  1.  Because  the  nitrogen  function  of 
amides  is  much  less  reactive  than  that  of  amines, 
the  aromatic  ring  of  N-acetyltyrosine  is  chlorinat- 
ed at  chlorine:substrate  mole  ratios  less  than  1. 
When  an  aqueous  solution  of  the  gastric  protein 
pepsin  was  chlorinated  (37  C,  45  min),  tyrosine 
residues  were  chlorinated  at  pH  2  but  not  at  pH  8. 
The  carbohydrate,  protein,  and  chloride  concen- 
trations in  stomach  fluid  from  fasted  rats  were 
determined.  When  varying  concentrations  of  aque- 
ous chlorine  (20-180  mg/L)  were  added  to  the 
stomach  fluid  at  pH  2,  tyrosine  residues  were 
mono-,  and  dichlorinated  on  the  aromatic  ring. 
The  amount  of  mono-to  dichlorination  products 
varied  with  the  concentration  of  aqueous  chlorine. 
A  mechanism  is  proposed  whereby  the  chlorina- 
tion reaction  of  the  amino  nitrogen  was  much 
faster  than  the  chlorination  reaction  of  the  side- 
chain  aromatic  groups.  At  pH  2  the  fraction  of  free 
amino  groups  is  approximately  100,000  lower  than 
at  pH  7  and  consequently  the  rate  of  reaction  is 
proportionally  slower.  Also  in  stomach  fluid  the 
concentration  of  chloride  ion  is  high  favoring  the 
rapid  chlorination  of  the  aromatic  compound. 
Since  the  products  of  the  chlorination  of  tyrosine 
are  dependent  on  the  concentration  of  aqueous 
chlorine  used,  the  toxicological  responses  observed 
at  higher  chlorine  concentrations  may  not  reflect 
the  true  toxicological  effects  of  concentrations 
found  in  drinking  water.  (Author's  abstract) 
W91-06911 


HEALTH  OF  LATIN  AMERICANS  EXPOSED 
TO  POLLUTED  RIVERS:  A  TRIPLE-BLIND 
OBSERVATIONAL  STUDY. 

International  Journal  of  Epidemiology  IJEPBF, 
Vol.  19,  No.  4,  p  1091-1099,  December  1990.  7  tab, 
9  ref. 

Descriptors:  'Developing  countries,  'Path  of  pol- 
lutants, *Public  health,  *Rivers,  'South  America, 
•Trace  metals,  •Water  pollution  effects,  Arsenic, 
Blood,  Bolivia,  Drinking  water,  Epidemiology,  In- 
dustrial wastes,  Lead,  Mercury,  Nutrition,  Re- 
search priorities,  Statistical  analysis.  Surveys, 
Urine. 

A  cross-sectional  survey  was  conducted  simulta- 
neously in  6  Latin  American  nations  among  people 
living  near  a  river  in  each  country  known  to  be 
polluted.  Trace  metals  (arsenic,  mercury,  and  lead) 
served  as  indicators  of  exposure  to  industrial  ef- 
fluents. Outcome  variables  were  health  status 
measurements  elicited  by  questionnaire  and  bio- 
chemical measures  of  blood  and  urine.  Several 
possible  explanatory  and  confounding  variables 
were  examined,  including  housing  conditions,  nu- 
trition, and  source  of  drinking  water.  The  field 
work  was  done  with  triple  blinding  in  that  data 
gatherers  and  study  subjects  were  unaware  of  their 
group  membership  and  of  the  study  hypotheses, 
those  analyzing  specimens  and  questionnaires  were 
blind  to  country  and  community  origin,  and  the 


investigators  reviewed  the  results  in  code.  Meth- 
ods were  carefully  standardized  across  6  countries. 
There  were  900  eligible  subjects  from  18  communi- 
ties; the  overall  response  rate  was  92%.  Results 
showed  an  acceptable  level  of  health  in  all  commu- 
nities and  no  relationship  to  exposure.  Levels  of 
trace  metals  were  largely  normal  although  one 
cluster  of  children  with  high  mercury  was  found  in 
Bolivia.  Lead  levels  in  children  in  4  countries  were 
high  enough  to  recommend  surveillance.  Six  na- 
tional teams  able  to  work  separately  or  as  a  multi- 
center  group  are  now  ready  to  respond  to  research 
challenges  that  concern  the  environment  and  com- 
munity health  in  Latin  America.  (Author's  ab- 
stract) 
W91-06916 

EFFECTS   OF   MEASUREMENT   ERROR   ON 
PREVIOUSLY  REPORTED  MATHEMATICAL 
RELATIONSHIPS      BETWEEN      INDICATOR 
ORGANISM  DENSITY  AND  SWIMMING-AS- 
SOCIATED ILLNESS:  A  QUANTITATrVE  ES- 
TIMATE OF  THE  RESULTING  BIAS. 
State  Univ.  of  New  York  at  Brooklyn. 
For  primary  bibliographic  entry  see  Field  7C. 
W91-06917 


BEHAVIORAL    REACTIONS    FOR    THE    AS- 
SESSMENT OF  STRESS  IN  FISHES. 

North  Texas  State  Univ.,  Denton.  Dept.  of  Biolog- 
ical Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-06919 


REVD2W  OF  BIOCHEMICAL  METHODS  AND 
OTHER  INDICATORS  TO  ASSESS  FISH 
HEALTH  IN  AQUATIC  ECOSYSTEMS  CON- 
TAINING TOXIC  CHEMICALS. 

Department  of  Fisheries  and  Oceans,  Burlington 

(Ontario). 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-06920 


WHOLE-ANIMAL  PHYSIOLOGICAL  PROC- 
ESSES FOR  THE  ASSESSMENT  OF  STRESS  IN 
FISHES 

North  Texas  State  Univ.,  Denton.  Dept.  of  Biolog- 
ical Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06921 


CRITICAL  APPRAISAL  OF  POPULATION  AP- 
PROACHES IN  ASSESSING  FISH  COMMUNI- 
TY HEALTH. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06922 


USING  LAKE  TROUT  AS  A  SURROGATE  OF 
ECOSYSTEM  HEALTH  FOR  OLIGOTROPHIC 
WATERS  OF  THE  GREAT  LAKES. 

North  Central  Forest  Experiment  Station,  Rhine- 
lander,  WI.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-06923 


CHALLENGES  IN  THE  DETECTION  AND  DI- 
AGNOSIS OF  PATHOLOGICAL  CHANGE  IN 
AQUATIC  ECOSYSTEMS. 

Ottawa  Univ.  (Ontario).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06924 


ECOSYSTEM  HEALTH,  A  HUMAN  PERCEP- 
TION: DEFINITION,  DETECTION,  AND  THE 
DICHOTOMOUS  KEY. 

Ontario  Ministry  of  Natural  Resources,  Thunder 

Bay.  Fisheries  Research  Section. 

For  primary  bibliographic   entry   see  Field   5G. 

W91-06925 


NEW  STRATEGIES  FOR  GREAT  LAKES  TOXI- 
COLOGY. 


Effects  Of  Pollution — Group  5C 

International  Joint  Commission-United  States  and 
Canada,  Windsor  (Ontario). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06926 


FISH  COMMUNITY  HEALTH  ASSESSMENT: 
A  USEFUL  CONCEPT. 

Institut  Maurice-Lamontagne,  Mont-Joli  (Quebec). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06927 


COMMENTARY  ON  FISH  COMMUNITY 
HEALTH:  MONITORING  AND  ASSESSMENT 
IN  LARGE  LAKES. 

Case  Western  Reserve  Univ.,  Cleveland,  OH. 
Dept.  of  Biology. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06928 


DETERMINING  THE  HEALTH  OF  FISH  COM- 
MUNITIES: PARALLELS  WITH  HUMAN 
MEDICINE. 

Wilfrid  Laurier  Univ.,  Waterloo  (Ontario).  Dept. 
of  Biology. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06929 


OBSERVATIONS     ON     FISH     COMMUNITY 
HEALTH. 

Environmental  Protection  Agency,  Chicago,  IL. 
Great  Lakes  National  Program  Office. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06930 


DEVELOPMENT  OF  A  TOXIC  ALEXAN- 
DRIUM  MINUTUM  HALIM  (DINOPHYCEAE) 
BLOOM  IN  THE  HARBOUR  OF  SANT 
CARLES  DE  LA  RAPITA  (EBRO  DELTA, 
NORTHWESTERN  MEDITERRANEAN). 
Instituto  de  Ciencias  del  Mar,  Barcelona  (Spain). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06938 


EFFECT  OF  CRUDE  OIL  ON  DENTTRIFICA- 
TION  AND  SULFATE  REDUCTION  IN 
MARINE  SEDIMENTS. 

Centre  d'Oceanologie  de  Marseille  (France). 

P.  Bonin,  M.  Gilewicz,  E.  Rambeloarisoa,  G. 

Mille,  and  J.  C.  Bertrand. 

Biogeochemistry  BIOGEP,  Vol.  10,  No.  2,  p  161- 

174,  1990.  5  fig,  4  tab,  20  ref. 

Descriptors:  •Denitrification,  •Hydrocarbons, 
•Marine  sediments,  *Oil  pollution,  *Sulfur  com- 
pounds, *Water  pollution  effects,  Analytical  meth- 
ods, Anoxic  conditions,  Bacterial  physiology, 
Chemical  properties,  Lactates. 

The  effects  of  a  high  level  of  hydrocarbon  pollu- 
tion on  denitrification  were  studied.  The  denitrify- 
ing activity  was  measured  in  different  types  of 
sediment  from  the  Mediterranean  coast  of  France 
before,  and  after  a  massive  contamination  (30-100 
g/kg  sediment)  of  hydrocarbons.  Analytical  assays 
were  used  to  determine  the  physical,  chemical  and 
bacterial  characteristics  of  the  sediment.  A  closed 
system  was  used  in  order  to  maintain  anoxic  condi- 
tions and  to  control  substrates  and  gaseous  product 
concentrations.  Results  demonstrated  that  the  res- 
piratory metabolism  was  inhibited  in  all  cases  fol- 
lowing an  incubation  time  of  20  to  50  days.  The 
restoration  of  denitrification  after  the  addition  of 
lactate  suggests  a  deficiency  of  some  organic  sub- 
strates preferentially  used  by  sulfate-reduction 
and/or  fermentation  bacteria.  Lactate,  a  non-fer- 
mentable substrate  was  used  at  3  g/L,  a  sufficient 
concentration  to  serve  as  electron  donor  for  both 
respiratory  metabolisms.  The  results  of  studies  on 
microbial  processes  shows  a  correlation  between 
the  inhibition  of  denitrification  and  the  appearance, 
and  increase,  of  sulfate  reduction.  It  is  concluded 
that  petroleum  has  an  inhibitory  effect  on  denitrifi- 
cation in  marine  sediments.  The  presence  of  hydro- 
carbons in  the  sediments  causes  a  decrease  in  the 
redox  potential  and  a  concomitant  stimulation  of 
the  sulfate  reduction.  (Agostine-PTT) 
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Group  5C— Effects  Of  Pollution 

W9 1-06949 


REPORT  OF  FLUOROSIS  IN  THE  UNITED 
STATES  SECONDARY  TO  DRINKING  WELL 
WATER. 

Veterans     Administration     Wadsworth     Medical 
Center,  Los  Angeles,  CA. 
A.  J.  Felsenfeld,  and  M.  A.  Roberts. 
JAMA:  Journal  of  the  American  Medical  Associa- 
tion JAMAAP,  Vol.  265,  No.  4,  p  486-488,  Janu- 
ary 23,  1991.  1  fig,  2  tab,  17ref. 

Descriptors:  'Drinking  water,  'Fluorides,  'Fluo- 
rosis, 'Halides,  'Public  health,  'United  States, 
•Wells,  Groundwater  chemistry,  Water  quality 
monitoring,  Water  quality  standards. 

In  the  United  States,  the  municipal  water  supplies 
are  required  by  federal  and  state  regulations  to  be 
monitored  at  regular  intervals.  Standards  have 
been  established  for  maximum  allowable  levels  of 
natural  constituents.  Water  obtained  from  private 
wells  is  not  subject  to  these  regulations  and,  as  a 
result,  the  fluoride  concentration  in  the  water  is 
not  routinely  measured.  In  some  areas  of  Arizona, 
Colorado,  Illinois,  Iowa,  New  Mexico,  Ohio,  Okla- 
homa and  Texas,  high  fluoride  concentrations  in 
the  groundwater  occurs  naturally.  These  values 
often  exceed  the  recommended  levels  of  11  to  58 
micromole/L  for  the  prevention  of  dental  caries.  A 
54-year-old  female  resident  of  Wellston,  Okla  ,  was 
found  to  have  osteosclerosis  on  a  routine  chest 
roentgenogram.  Subsequent  investigation  disclosed 
the  cause  of  her  osteosclerosis  to  be  fluorosis  sec- 
ondary to  the  ingestion  of  well  water  containing 
high  levels  of  fluoride.  The  fluoride  concentration 
of  the  patient's  well  water,  as  measured  by  the 
Oklahoma  State  Dept.  of  Health,  was  429  micro- 
mole/L. Water  samples  were  also  obtained  from 
the  12  wells  on  properties  adjacent  to  the  index 
case.  All  the  wells  were  cased  with  steel  or  plastic 
pipe,  and  each  appeared  to  be  adequately  protected 
from  surface  water  intrusion.  In  three  other  wells, 
all  at  similar  depths  as  the  well  of  ihe  index  case, 
the  fluoride  concentration  of  the  water  was  greater 
than  212  micromole/L.  Urine  samples  from  mem- 
bers of  the  four  households  contained  elevated 
urinary  fluoride  levels.  Thus,  fluorosis  may  devel- 
op in  certain  areas  of  the  U.S.  as  a  result  of  the 
natural  occurrence  of  fluoride  in  the  groundwater. 
Consequently,  in  known  endemic  areas,  it  would 
appear  reasonable  to  measure  fluoride  concentra- 
tion of  the  well  water  at  the  time  of  drilling. 
(Agostine-PTT) 
W9 1-06958 


EARTHWORM  AND  SOIL  MICROARTHRO- 
POD  RESPONSES  TO  OD1Y  WASTE  APPLICA- 
TION. 

Niagara   Mohawk   Power  Corp.,   Syracuse,   NY. 
E.  F.  Neuhauser,  R.  A.  Norton,  R.  C.  Loehr,  and 
D.  Y.  Sillman. 

Soil  Biology  &  Biochemistry  SBIOAH,  Vol.  21, 
No.  2,  p  275-281,  1989.  4  fig,  3  tab,  13  ref. 

Descriptors:  'Oil,  'Oil  pollution,  'Oligochaetes, 
•Pollution  effects,  'Soil  contamination,  'Soil  orga- 
nisms, 'Waste  disposal,  Arthropods,  Biomass, 
Degradation,  Fate  of  pollutants,  Industrial  wastes, 
Waste  utilization. 

The  land  treatment  method  of  disposal,  i.e.  the 
incorporation  of  waste  into  surface  soils,  is  de- 
signed to  allow  waste  degradation  by  chemical  or 
biological  means.  The  land  treatment  of  an  indus- 
trial oily  waste  was  investigated  to  determine  the 
effect  of  its  application  on  earthworm  and  soil 
microarthropod  populations.  Oily  waste  was  ap- 
plied and  rototilled  into  field  plots  at  seven  appli- 
cation rates  that  ranged  from  0.17  to  9.5  kg/sq 
meter  total  oil  and  grease,  or  from  0.09  to  5.25% 
oil  and  grease  in  the  zone  of  incorporation.  Control 
plots  consisted  of  those  with  no  waste  application 
or  rototilling,  and  those  with  rototilling  only.  Mi- 
croarthropod population  density  followed  over  2 
years,  showed  an  immediate  negative  effect  with 
rototilling;  clear  negative  effects  of  oily  waste  ap- 
plication occurred  regardless  of  application  rate.  In 
all  cases,  recovery  from  rototilling  was  faster  than 
recovery  from  waste  application.  It  was  recovery 
time,  rather  than  initial  effects,  which  varied  with 


application  rate;  heavier  applications  required 
longer  periods  of  recovery.  Earthworms  were  able 
to  recover  much  faster  from  rototilling  than  from 
the  oily  waste  applications.  Earthworm  biomass 
had  not  completely  recovered  from  the  highest 
waste  application  rate  3  yr  after  application.  (Au- 
thor's abstract) 
W9 1-06962 


RHIZOSPHERE  PH  AND  ALUMINUM  CHEM- 
ISTRY OF  RED  OAK  AND  HONEYLOCUST 
SEEDLINGS. 

Maine  Univ.  at  Orono.  Dept.  of  Plant  and  Soil 

Sciences. 

T.  Ohno. 

Soil  Biology  &  Biochemistry  SBIOAH,  Vol.  21, 

No.  5,  p  657-660,  1989.  2  fig,  4  tab,  21  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Alu- 
minum, 'Hydrogen  ion  concentration,  'Rhizos- 
phere,  'Seedlings,  'Soil  chemistry,  'Soil-water- 
plant  relationships,  'Trees,  Chemical  properties, 
Deciduous  trees,  Root  zone,  Toxicity. 

Toxicity  from  aluminum  solubilized  by  an  increase 
in  soil  acidity  is  a  possible  factor  linking  acid 
deposition  to  forest  decline.  Plants  are  known  to 
alter  the  pH  of  soil  surrounding  their  roots  inde- 
pendent of  acid  deposition  sources.  The  rhizos- 
phere  soil  from  red  oak  (Quercus  rubra  L.)  and 
honeylocust  (Gleditsia  triacanthos  L.)  was  charac- 
terized with  respect  to  soil  pH  and  aluminum 
chemistry.  The  rhizosphere  soil  was  obtained  using 
two  methods:  (1)  using  the  thin  soil  layer  plate 
method;  and  (2)  removing  the  soil  adhering  to 
roots  from  plants  grown  in  traditional  pots.  In  the 
thin  soil  layer  study,  the  pH  of  the  control  soil  was 
5.12  while  rhizosphere  pH  decreased  to  4.85  for 
red  oak  and  5.01  for  honeylocust.  The  decrease  in 
pH  led  to  increases  in  1  M  KC1  extractable  alumi- 
num and  water  soluble  aluminum  in  the  rhizos- 
phere soils.  Due  to  the  limited  volume  of  rhizos- 
phere soil  recovered  from  the  pot  method,  only 
soil  pH  was  measured.  The  pH  values  were  5.02, 
5.20  and  5.03  for  red  oak,  honeylocust  and  control 
soils,  respectively.  These  results  imply  that  rhizos- 
phere soils  obtained  by  different  methods  will 
differ  greatly  in  chemical  properties.  Moreover, 
red  oak  and  honeylocust  seedlings  may  alter  the 
pH  of  the  rhizosphere  soil.  Plant-soil  interactions 
which  alter  pH  and  Al  status  of  the  rhizosphere 
need  to  be  considered  when  assessing  the  role  of 
acid  deposition  induced  aluminum  toxicity  as  a 
cause  of  forest  decline.  (Author's  abstract) 
W9 1-06964 


TOXICOKINETICS  AND  TOXICITY  OF  A 
MIXTURE  OF  SEDIMENT-ASSOCIATED  PO- 
LYCYCLIC  AROMATIC  HYDROCARBONS  TO 
THE  AMPHIPOD  DIPOREIA  SP. 
National  Oceanic  and  Atmospheric  Administra- 
tion, Ann  Arbor,  MI.  Great  Lakes  Environmental 
Research  Lab. 

P.  F.  Landrum,  B.  J.  Eadie,  and  W.  R.  Faust. 
Environmental      Toxicology      and      Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  35-46,  1991.  2  fig,  6 
tab,  32  ref. 

Descriptors:  'Amphipods,  'Bioaccumulation, 
'Bioavailability,  'Marine  sediments,  'Polycyclic 
aromatic  hydrocarbons,  'Toxicity,  'Toxicology, 
•Water  pollution  effects,  Adsorption  kinetics,  Path 
of  pollutants,  Radioactive  tracers. 

Amphipods,  Diporeia  sp.,  were  exposed  to  a  refer- 
ence sediment  dosed  with  two  radio-labeled  poly- 
cyclic aromatic  hydrocarbons  (PAHs)  and  sedi- 
ments dosed  with  a  mixture  of  PAHs  at  four 
concentrations:  21.4,  41.0,  119.6,  and  327.0  nmol/ 
gm  dry  sediment,  as  the  molar  sum  of  the  PAH 
congeners.  Diporeia  sp  were  sampled  for  mortali- 
ty and  toxicokinetics  for  up  to  26  days.  Significant 
sediment  avoidance  was  observed  at  the  highest 
dose,  327  nmol/gm  dry  sediment  as  the  molar  sum 
of  the  PAHs.  The  measured  organism  concentra- 
tion required  to  produce  the  mortality  at  day  19 
was  2.9  micromol/gm  as  the  sum  of  the  bioaccu- 
mulated  PAHs.  The  uptake  clearance  (gm  dry 
sediment/gm  organism/hr)  from  sediments  for  the 
radiotracers  increased  with  dose  to  an  apparent 
plateau.  Uptake  clearance  is  the  conditional  con- 


stant relating  the  contaminant  flux  into  the  orga- 
nism to  the  contaminant  concentration  in  the  refer- 
enced environmental  compartment,  in  this  case  the 
sediment.  This  enhanced  bioavailability  with  dose 
occurred  even  in  the  absence  of  overt  effects  and 
in  the  absence  of  changes  in  the  measured  partition 
coefficients  for  phenanthrene  effects  and  in  the 
absence  of  changes  in  the  measured  partition  coef- 
ficients for  phenanthrene  (273  +  or  -98)  and 
pyrene  (540  +  or  -212),  between  the  freely  dis- 
solved radiotracers  in  interstitial  water  and  the 
sediment  particles.  These  changes  in  bioavailability 
with  changes  in  PAH  concentration  suggest  that 
predictions  of  bioaccumulation  of  PAH  congeners 
from  sediments  under  different  field  concentration 
conditions  will  not  be  possible  with  standard  parti- 
tioning relationships.  (Author's  abstract) 
W9 1-06993 


VALIDATION  OF  A  FOUR-DAY  CERIODAPH- 
NIA  TOXICITY  TEST  AND  STATISTICAL 
CONSIDERATIONS  IN  DATA  ANALYSIS. 

Procter  and  Gamble  Co.,  Cincinnati,  OH.  Environ- 
mental Safety  Dept. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06994 


MITOCHONDRIAL  RESPONSE  TO  CHLORO- 
PHENOLS  AS  A  SHORT-TERM  TOXICITY 
ASSAY. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Civil  Engineering. 
R.  D.  Shannon,  G.  D.  Boardman,  A.  M.  Dietrich, 
and  D.  R.  Bevan. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  57-66,  1991.  2  fig,  6 
tab,  34  ref. 

Descriptors:  'Bioassay,  •Bioindicators,  •Chlorinat- 
ed aromatic  compounds,  'Mitochondria,  'Phenols, 
•Toxicity,  'Toxicology,  In  vitro  tests,  Pentachlor- 
ophenol,  Respiration,  Water  pollution  effects. 

The  effects  of  chlorophenols,  common  water  pol- 
lutants from  industrial  wastes  and  pesticides,  on  rat 
liver  mitochondrial  respiratory  parameters  were 
determined  and  compared  to  the  toxicities  of 
chlorophenols  in  a  variety  of  biological  systems 
currently  being  used  for  toxicity  testing.  Rat  mito- 
chondrial fractions  were  exposed  to  six  concentra- 
tions of  five  different  chlorophenols  in  a  semi- 
closed,  2-ml  reaction  vessel.  Respiratory  param- 
eters were  measured  polarographically  with  an 
oxygen  electrode  and  compared  to  control  experi- 
ments. The  toxicity  of  the  chlorophenols,  as  meas- 
ured by  the  concentration  reducing  the  respiratory 
control  ratio  of  the  control  to  50%  (RCR50),  in- 
creased with  increasing  chloro-substitution. 
RCR50  concentrations  ranged  from  599  microM 
with  2-chlorophenol  to  0.110  micro M  with  pen- 
tachlorophenol.  The  RCR50  concentrations  for  the 
five  chlorophenols  were  compared  to  six  physico- 
chemical  parameters  for  the  same  chlorophenols; 
high  degrees  of  correlation  between  the  RCR50 
concentrations  and  the  physicochemical  param- 
eters were  found  (r  >  or  =  0.890).  The  highest 
correlation  coefficient  obtained  was  with  the  n- 
octanol/water  partition  coefficient  (r  =  0.991), 
indicating  that  the  ability  of  chlorophenols  to  parti- 
tion into  the  lipid  mitochondrial  membrane  plays  a 
significant  role  in  eliciting  its  toxic  effect.  RCR50 
concentrations  were  also  compared  to  nine  cur- 
rently existing  short-term  toxicity  tests.  High  de- 
grees of  correlation  were  obtained  with  several  of 
the  tests,  including  algal,  bacterial,  and  fish  bioas- 
says.  (Author's  abstract) 
W9 1-06995 


EFFORT-ALLOCATION  ANALYSIS  OF  THE 
SEVEN-DAY  FATHEAD  MINNOW  (PIME- 
PHALES  PROMELAS)  AND  CERIODAPHNIA 
DUBIA  TOXICITY  TESTS. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06996 
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ACUTE  AVOIDANCE  REACTIONS  AND  BE- 
HAVIORAL RESPONSES  OF  JUVENILE 
RAINBOW  TROUT  (ONCORHYNCHUS 
MYKISS)  TO  GARLON  4,  GARLON  3A  AND 
VISION  HERBICIDES. 

E.V.S.  Consultants  Ltd.,  North  Vancouver  (British 
Columbia). 

J.  D.  Morgan,  G.  A.  Vigers,  A.  P.  Farrell,  D.  M. 
Janz,  and  J.  F.  Manville. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  73-79,  1991.  2  tab,  22 
ref.  Canada/British  Columbia  Forest  Resource  De- 
velopment Agreement  FRDA  2.46. 

Descriptors:  'Avoidance,  'Bioassay,  'Fish  behav- 
ior, *Garlon,  *Herbicides,  •Toxicology,  'Trout, 
•Vision  herbicide,  'Water  pollution  effects,  Juve- 
nile growth  stage,  Surfactants,  Toxicity. 

Laboratory  bioassay  experiments  were  conducted 
with  juvenile  rainbow  trout  (Oncorhynchus 
mykiss)  to  determine  the  acute  lethal  (96-hr  LC50) 
values  of  the  forest-use  herbicides  Garlon  3A 
(triethylamine  salt  of  triclopyr),  Garlon  4  (butox- 
yethyl  ester  of  triclopyr),  and  Vision  (isopropyla- 
mine  salt  of  glyphosate)  with  15%  and  10%  surfac- 
tant formulations,  and  the  threshold  concentrations 
of  these  herbicides  that  would  cause  behavioral 
effects.  A  Y-maze  apparatus  was  used  to  determine 
the  threshold  concentration  of  each  herbicide  that 
elicited  either  an  avoidance  or  a  preference  reac- 
tion from  rainbow  trout  fry  after  a  1-hr  exposure 
period.  Rainbow  trout  fry  were  observed  for  quali- 
tative behavioral  changes  (e.g.,  increased  coughing 
and  ventilatory  rates,  loss  of  equilibrium,  etc.  ) 
over  a  four-day  period  of  exposure  to  a  wide  range 
of  chemical  strengths.  Nominal  concentrations  of 
the  herbicides  eliciting  threshold  avoidance  reac- 
tions in  test  fish  were  150  ppm  Vision- 10%  surfac- 
tant, 54  ppm  Vision-15%  surfactant,  19.2  ppm 
Garlon  4,  and  800  ppm  Garlon  3A,  which  were, 
respectively,  2,  2,  8,  and  2  times  the  96-hr  LC50 
values  determined  for  each  herbicide.  Preferential 
reactions  to  the  herbicide  solutions  were  not  ob- 
served. Qualitative  behavioral  changes  were  ob- 
served in  rainbow  trout  fry  at  levels  from  25% 
(Garlon  4)  to  50%  (Garlon  3 A,  Vision- 10%  and- 
15%  surfactants)  of  the  96-hr  LC50  values.  Nomi- 
nal concentrations  of  the  herbicides  causing  thresh- 
old changes  in  fish  behavior  were  37.5  ppm  Vision- 
10%  surfactant,  13.5  ppm  Vision-15%  surfactant, 
0.60  ppm  Garlon  4,  and  200  ppm  Garlon  3A.  (See 
also  W9 1-06998)  (Author's  abstract) 
W9 1-06997 


ACUTE  PHYSIOLOGICAL  STRESS  RE- 
SPONSES OF  JUVENTLE  COHO  SALMON 
(ONCORHYNCHUS  KISUTCH)  TO  SUBLE- 
THAL CONCENTRATIONS  OF  GARLON  4, 
GARLON  3A,  AND  VISION  HERBICIDES. 
Simon  Fraser  Univ.,  Burnaby  (British  Columbia). 
Dept.  of  Biological  Sciences. 
D.  M.  Janz,  A.  P.  Farrell,  J.  D.  Morgan,  and  G.  A. 
Vigers. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  81-90,  1991.  5  fig,  2 
tab,  47  ref.  British  Columbia  Ministry  of  Forests 
and  Lands,  FRDA  2.46. 

Descriptors:  'Fish  physiology,  'Garlon,  'Herbi- 
cides, 'Salmon,  'Sublethal  effects,  'Toxicology, 
•Vision  herbicide,  'Water  pollution  effects,  Juve- 
nile growth  stage,  Respiration,   Stress,  Toxicity. 

Juvenile  coho  salmon  (Oncorhynchus  kisutch) 
were  exposed  for  4  hr  to  sublethal  concentrations 
of  the  herbicides  Garlon  4  (butoxyethyl  ester  of 
triclopyr),  Garlon  3A  (triethylamine  salt  of  triclo- 
pyr), and  Vision  (isopropylamine  salt  of  glypho- 
sate). Trials  were  performed  in  a  closed-system 
respirometer  that  measured  oxygen  consumption 
of  fish  prior  to  and  during  a  4-hr  exposure.  At  the 
end  of  the  exposure  period,  plasma  glucose  and 
lactate  concentrations,  hematocrit,  and  leucocrit 
were  measured  as  indicators  of  acute  physiological 
stress.  There  were  no  biologically  significant  indi- 
cations of  acute  physiological  stress  in  fish  exposed 
to  Garlon  4,  Garlon  3A,  or  Vision  at  5  to  80%  of 
the  96-hr  LC50  concentrations.  The  results  suggest 
that  threshold  herbicide  concentrations  causing 
physiological  stress  in  short-term  exposure  (4  hr)  in 
juvenile  coho  salmon  may  be  higher  than  the  96-hr 


LC50  value  for  those  herbicides.  It  was  concluded 
that  sublethal  concentrations  of  Garlon  and  Vision 
herbicides  do  not  induce  significant  physiological 
stress  responses  in  juvenile  coho  salmon  during  a  4- 
hr  exposure  period.  (See  also  W9 1-06997)  (Au- 
thor's abstract) 
W9 1-06998 


EFFECTS  OF  DISSOLVED  ORGANIC  CARBON 
ON  ACCUMULATION  AND  ACUTE  TOXICITY 
OF  FENVALERATE,  DELTAMETHRTN  AND 
CYHALOTHRIN      TO      DAPHNIA      MAGNA 

(STRAUS). 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
K.  E.  Day. 

Environmental  Toxicology  and  Chemistry 
ETOCDK,  Vol.  10,  No.  1,  p  91-101,  1991.  4  fig,  4 
tab,  30  ref. 

Descriptors:  'Acute  toxicity,  'Bioaccumulation, 
•Daphnia,  'Dissolved  organic  carbon,  'Path  of 
pollutants,  'Pyrethrins,  'Toxicity,  'Toxicology, 
'Water  pollution  effects,  Cyhalothrin,  Deltameth- 
rin,  Fenvalerate,  Insecticides. 

The  effects  of  dissolved  organic  carbon  (DOC)  in 
the  form  of  Aldrich  humic  acid  on  the  accumula- 
tion and  acute  toxicities  of  three  synthetic  pyreth- 
roids  (fenvalerate,  deltamethrin,  and  cyhalothrin) 
to  Daphnia  magna  in  laboratory  experiments  were 
investigated.  Concentrations  of  DOC  as  low  as  2.6 
mg/L,  3.2  mg/L,  and  3.1  mg/L  for  deltamethrin, 
fenvalerate,  and  cyhalothrin,  respectively,  resulted 
in  a  significant  decrease  in  bioaccumulation.  Acute 
toxicities  of  all  three  pyrethroids  were  found  to 
decrease  as  DOC  concentrations  increased;  e.g.,  at 
a  DOC  concentration  of  15.5  mg/L,  the  acute 
toxicity  of  fenvalerate  was  reduced  by  a  factor  of 
17.  The  percentages  of  deltamethrin  and  fenvaler- 
ate bound  to  DOC  increased  as  DOC  concentra- 
tions increased  after  2-hr  and  24-hr  contact  times. 
At  low  concentrations  of  DOC  (e.g,  1.7  mg/L),  as 
much  as  40%  of  fenvalerate  and  20%  of  deltameth- 
rin were  found  sorbed  to  the  dissolved  material. 
After  24-hr  contact  times,  76.4  and  80.8%  of  fenva- 
lerate and  deltamethrin,  respectively,  were  bound 
to  DOC.  Reverse-phase  partition  coefficients  (Krp) 
for  both  fenvalerate  and  deltamethrin  were  found 
to  vary  with  DOC  concentrations  and  were  in  the 
range  100,000  to  480,000  L/kg  for  fenvalerate  and 
90,000  to  560,000  L/kg  for  deltamethrin.  (Author's 
abstract) 
W9 1-06999 


TOXICITY  TO  AQUATIC  ORGANISMS  OF 
OFF-TARGET  DEPOSITION  OF  ENDOSUL- 
FAN  APPLIED  BY  AIRCRAFT. 

Environmental    Protection    Service,    Dartmouth 

(Nova  Scotia). 

W.  R.  Ernst,  P.  Jonah,  K.  Doe,  G.  Julien,  and  P. 

Hennigar. 

Environmental       Toxicology       and       Chemistry 

ETOCDK,  Vol.  10,  No.  1,  p  103-114,  1991.  4  fig,  6 

tab,  21  ref. 

Descriptors:  'Aquatic  life,  'Endosulfan,  'Insecti- 
cides, 'Path  of  pollutants,  'Toxicity,  'Water  pollu- 
tion effects,  Air  pollution,  Aircraft,  Aquatic  in- 
sects, Bioassay,  Daphnia,  Midges,  Mollusks. 

Aerial  drift  from  pesticide  spray  applications  can 
result  in  contamination  of  nontarget  environments 
such  as  aquatic  systems.  The  off-target  deposit  of 
aerially  applied  endosulfan  was  collected  on  fiat 
plate  samplers  and  in  containers  of  water  placed  at 
various  distances  downwind  of  the  treated  area. 
The  water  contaminated  by  that  deposit  was  subse- 
quently used  to  conduct  24-hr  lethal  bioassays  in  a 
nearby  temporary  laboratory,  using  threespine 
stickleback  (Gasterosteus  aculeatus),  water  boat- 
men (Sigara  alternata),  caddisfly  larvae  (Limnephi- 
lus  spp.),  bivalve  mollusks  (Pisidium  spp.),  blood- 
worms (Chironomiidae  spp.),  and  water  fleas 
(Daphnia  magna).  Three  different  spray  events 
were  sampled,  all  of  which  occurred  at  times  when 
meteorological  conditions  were  within  regulatory 
constraints.  Chemical  analysis  of  deposit  collectors 
and  exposed  water  indicated  that  deposit  decreased 
in  an  exponential  manner  with  distance  downwind 
and  ranged  from  82  mg/cu  m  and  1.7  mg/L  for 


plates  and  waters  within  the  target  site  to  0.051 
mg/cu  m  and  0.004  mg/L  for  plates  and  waters  at 
200  m  downwind.  After  24-hr  exposure  to  spray- 
drift  contaminated  water,  no  mortalities  that  could 
be  attributed  to  the  pesticide  were  observed  for 
bivalve  mollusks,  bloodworms,  or  water  fleas,  even 
within  the  treated  area.  Water  boatmen,  caddisfly 
larvae,  and  threespine  stickleback,  on  the  other 
hand,  suffered  levels  of  mortality  that  varied  di- 
rectly with  distance  downwind  from  the  treated 
area.  The  distances  at  which  50%  mortality  was 
measured  in  water  boatmen  and  caddisfly  larvae 
tests  were  50  m  and  10  m,  respectively.  Threespine 
stickleback  were  the  most  sensitive  species  tested, 
having  a  mortality  of  up  to  90%  at  a  distance  of 
200  m  downwind.  These  results  demonstrate  the 
extreme  risk  to  aquatic  organisms  from  drift  depos- 
it of  aerially  applied  endosulfan  and  indicate  the 
need  for  similar  assessments  of  other  popular  pesti- 
cides. (Author's  abstract) 
W9 1-07000 


USE  OF  RESPIRATORY-CARDIOVASCULAR 
RESPONSES  OF  RAINBOW  TROUT  (ONCOR- 
HYNCHUS MYKISS)  IN  IDENTIFYING 
ACUTE  TOXICITY  SYNDROMES  IN  FISH: 
PART  4.  CENTRAL  NERVOUS  SYSTEM  SEI- 
ZURE AGENTS. 

Environmental  Research  Lab.-Duluth,  MN. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07001 


EFFECTS  OF  DELTAMETHRIN  ON  PROTEIN 
PHOSPHORYLATION  AND  DEPHOSPHORY- 
LATION  PROCESS  IN  THE  NERVE  FIBERS 
OF  THE  AMERICAN  LOBSTER,  HOMERUS 
AMERICANUS  L. 

Michigan  State  Univ.,  East  Lansing.  Pesticide  Re- 
search Center. 

M.  Miyazawa,  and  F.  Matsumura. 
Pesticide  Biochemistry  and  Physiology  PCBPBS, 
Vol.  36,  No.  2,  p  147-155,  February  1990.  6  fig,  2 
tab,  21   ref.  National  Institute  of  Environmental 
Health  Sciences  Grant  R01-ES01963. 

Descriptors:  'Animal  metabolism,  'Deltamethrin, 
•Insecticides,  'Lobsters,  'Pyrethrins,  'Toxicol- 
ogy, 'Water  pollution  effects,  Animal  physiology, 
Nervous  system,  Proteins. 

Deltamethrin,  a  powerful  synthetic  pyrethroid, 
was  found  to  affect  protein  phosphorylation  and 
dephosphorylation  processes  both  in  intact  and  in 
axolemma  preparations  from  the  lobster  leg  nerves. 
In  intact  nerve  preparation  the  most  significant 
result  was  inhibition  of  endogenous  protein  phos- 
phorylation, particularly  that  on  the  70-kDa  pro- 
tein. The  overall  effect  of  deltamethrin,  tested  at 
.0000001  M,  was  very  similar  to  that  caused  by 
lowering  the  external  Ca(2  +  )  concentration  with 
regard  to  inhibition  of  phosphorylation.  Such  an 
effect  of  deltamethrin  was  abolished  when  the  con- 
centration of  the  external  Ca(2  +  )  was  raised  from 
50  to  100  mM.  The  effect  of  deltamethrin  was  also 
similar  to  that  observed  in  preparations  treated 
with  .0001  M  veratridine.  In  a  cell-free  in  vitro 
system  using  axolemma  preparation,  deltamethrin 
at  .00001  to  .1  microM  was  found  to  inhibit  calci- 
um calmodulin-dependent  protein  kinase(s).  All 
these  results  indicate  that  deltamethrin  has  the 
property  to  affect  protein  phosphorylation  and  de- 
phosphorylation activities  in  the  lobster  nervous 
system.  One  of  the  proteins  of  which  the  rate  of 
phosphorylation  was  affected  by  deltamethrin  was 
the  260-kDa  protein,  likely  representing  the  alpha- 
subunit  of  the  sodium  channel.  (Author's  abstract) 
W9 1-07003 


SUBLETHAL  EFFECTS  OF  AN  ORGANO- 
PHOSPHORUS  INSECTICIDE  ON  CERTAIN 
METABOLITE  LEVELS  IN  A  FRESHWATER 
FISH,  PUNTIUS  CONCHONIUS  HAMILTON. 

Kumaun  Univ.,  Naini  Tal  (India).  Dept.  of  Zoolo- 
gy- 

T.  S.  Gill,  J.  Pande,  and  H.  Tewari. 
Pesticide  Biochemistry  and  Physiology  PCBPBS, 
Vol.  36,  No.  3,  p  290-299,  March  1990.  7  fig,  1  tab, 
32  ref. 


165 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C — Effects  Of  Pollution 
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Descriptors:  'Animal  metabolism,  "Fish,  •Insecti- 
cides, *Organophosphoms  pesticides,  'Sublethal 
effects,  'Toxicology,  'Water  pollution  effects, 
Chronic  toxicity,  Fish  physiology.  Lipids,  Metabo- 
lism, Proteins. 

Alterations  in  the  metabolite  levels  were  moni- 
tored in  a  common  freshwater  bony  fish,  the  rosy 
barb  (Puntius  conchonius),  chronically  exposed  to 
a  sublethal  concentration  (109. 5  ppm)  of  an  organ- 
ophosphorus  insecticide,  phosphamidon.  Signifi- 
cant hyperglycemia,  hyperlactemia,  hypercholes- 
terolemia, hyperlipemia,  hyperproteinemia,  and  in- 
creased blood-free  fatty  acids  were  manifested  in 
the  exposed  fish  for  up  to  4  weeks.  The  phospho- 
rus levels  in  the  blood,  however,  fell.  In  other 
tissues,  there  was  an  increase  in  the  hepatosomatic 
index,  moderate  hepatic  and  skeletal  muscle  glyco- 
genesis,  a  severe  depletion  of  glycogen  reserves  in 
the  brain,  and  a  significant  increase  in  heart  glyco- 
gen. Cholesterol  (liver,  ovary,  and  testes),  total 
lipids  (liver  and  ovary),  free  fatty  acids  (liver  and 
skeletal  muscles),  and  total  proteins  (liver)  were 
elevated  in  the  exposed  fish,  and  there  were  signs 
of  lipolysis  and  protein  breakdown  in  the  skeletal 
muscles.  Except  for  the  liver-free  fatty  acids  and 
heart  glycogen,  organophosphorus  effects  on  other 
variables  were  not  abolished  during  recovery  in 
clean  water.  (Author's  abstract) 
W9 1-07004 


QUANTITATIVE  STRUCTURE-ACTIVITY 

STUDIES  OF  PYRETHROIDS:  21.  SUBSTITUT- 
ED BENZYL  ESTERS  OF  'KADETHRIC  ACID 
AND  DEPOLARIZATION  OF  THE  AXONAL 
MEMBRANE  OF  CRAYFISH. 
Kinki  Univ.,  Higashiosaka  (Japan).  Dept.  of  Agri- 
cultural Chemistry. 

K.  Matsuda,  M.  Hamada,  K.  Nishimura,  and  T. 
Fujita. 

Pesticide  Biochemistry  and  Physiology  PCBPBS, 
Vol.  37,  No.  2,  p  200-209,  June  1990.  7  fig,  1  tab,  17 
ref. 

Descriptors:  'Crayfish,  'Insecticides,  'Pyreth- 
roids,  'Structure-activity  relationships,  'Toxicol- 
ogy, 'Water  pollution  effects,  Animal  physiology, 
Cell  membranes,  Kadethrin,  Nervous  system,  Tox- 
icity. 

The  effects  of  a  set  of  kadethrin  analogs  in  which 
the  alcohol  moiety  was  replaced  by  various  meta- 
substituted  benzyl  groups  on  the  resting  membrane 
potential  in  crayfish  giant  axons  were  measured 
with  an  intracellular  recording  technique.  These 
compounds  depolarized  the  membrane  to  various 
extents.  Variations  in  the  rate  of  depolarization, 
estimated  from  the  time  required  to  reach  half  the 
maximum  depolarization,  were  related  parabolical- 
ly  to  the  hydrophobicity  of  the  compounds.  Depo- 
larization within  30  min  after  the  start  of  treatment 
with  each  compound  was  mostly  related  to  an 
increase  in  the  axonal  membrane  permeability  for 
sodium  ions.  With  prolonged  treatment,  other  fac- 
tors, such  as  the  loss  the  ion  selectivity  of  channels 
(perhaps  caused  by  damage  of  the  membrane  struc- 
ture), became  progressively  more  important  with 
time.  Two  kinds  of  depolarizing  potency  param- 
eters, one  mainly  due  to  the  change  in  permeability 
to  sodium  ions  and  the  other  including  other  fac- 
tors, were  defined  and  estimated  from  membrane 
potentials  observed  under  different  conditions. 
When  the  effect  of  the  hydrophobicity  of  the  com- 
pounds on  the  transport  process  was  considered 
separately,  such  whole-body  symptomatic  activi- 
ties as  lethal  and  convulsive  activities  against 
American  cockroaches  and  knockdown  activity 
against  house  flies  were  correlated  well  to  the 
depolarizing  potency  parameters.  The  higher  de- 
polarizing activity  correlated  well  with  higher 
whole-body  activities.  (Author's  abstract) 
W9 1-07005 


ENZYME  MODULATION  BY  SUBLETHAL 
CONCENTRATIONS  OF  ALDICARB,  PHOS- 
PHAMIDON,   AND   ENDOSULFAN   IN    FISH 

TISSUES. 

Thomas  Jefferson  Univ.,  Philadelphia,  PA.  Dept. 

of  Anatomy. 

T.  S.  Gill,  J.  Pande,  and  H.  Tewari. 

Pesticide  Biochemistry  and  Physiology  PCBPBS, 


Vol.  38,  No.  3,  p  231-244,  November  1990.  6  fig,  1 
tab,  34  ref. 

Descriptors:  'Aldicarb,  'Endosulfan,  'Enzymes, 
•Fish,  'Insecticides,  'Phosphomidan,  'Sublethal 
effects,  'Toxicity,  'Toxicology,  'Water  pollution 
effects,  Animal  tissues,  Carbamate  pesticides. 
Chlorinated  hydrocarbon  insecticides,  Fish  physi- 
ology, In  vitro  tests,  In  vivo  tests. 

Enzyme  modulation  by  acutely  sublethal  concen- 
trations of  aldicarb,  phosphamidon,  and  endosulfan 
was  examined  in  vivo  and  in  vitro  in  different 
tissues  of  a  fish,  Puntius  conchonius  Hamilton.  The 
acetylcholinesterase  (AchE)  activity  in  brain  and 
gills  was  decreased  by  the  three  pesticides  tested. 
In  the  skeletal  muscles,  while  aldicarb  and  phos- 
phamidon inhibited  the  enzyme,  the  endosulfan 
caused  stimulation  of  AchE  activity.  The  hepatic 
acid  phosphatase  activity  (AcP)  was  inhibited  by 
aldicarb  and  phosphamidon  but  stimulated  by  en- 
dosulfan in  vivo.  In  the  gills,  kidneys,  and  gut, 
however,  the  AcP  activity  was  generally  enhanced 
in  vivo  and  decreased  in  vitro.  Liver,  gut,  and 
ovaries  showed  inhibition  of  alkaline  phosphatase 
(A1P)  with  aldicarb  and  phosphamidon  whereas 
the  endosulfan  induced  both  a  reduction  and  a 
stimulation  of  the  enzyme  activity.  Gills  and  kid- 
neys revealed  A1P  stimulation  with  all  three  pesti- 
cides. The  glutamate-oxaloacetate  transaminase 
was  inhibited  in  the  liver,  gills,  and  kidneys  but  the 
activity  was  raised  in  the  heart  during  pesticide 
exposure.  In  the  liver,  kidneys,  and  heart,  the 
glutamate-pyruvate  transaminase  (GPT)  activity 
was  both  increased  and  decreased  during  varying 
test  conditions  but  the  pesticides  generally  caused 
stimulation  of  this  enzyme  in  the  gills  and  skeletal 
muscles.  The  lactic  dehydrogenase  (LDH)  activity 
was  increased  by  aldicarb  in  the  gills,  skeletal 
muscles,  and  heart  but  inhibited  in  the  liver.  Phos- 
phamidon and  endosulfan  induced  inhibition  of 
LDH  activity  in  all  the  tissues  except  for  an  in- 
crease seen  in  heart  muscles  in  vitro.  With  few 
exceptions,  the  in  vivo  and  in  vitro  effects  of 
pesticides  on  enzymes  were  qualitatively  similar. 
(Author's  abstract) 
W9 1-07006 


IMPACT  OF  CD  AND  DIFFERENT  PH  ON 
THE  AMPHIPOD  GAMMARUS  FOSSARUM 
KOCH  (CRUSTACEA:  AMPHD70DA). 

Balatoni    Limnologiai    Kutato    Intezete,    Tihany 

(Hungary). 

I.  B.  Musko,  W.  Meinel,  R.  Krause,  and  M.  Barlas. 

Comparative    Biochemistry   and    Physiology   (C) 

CBPCEE,  Vol.  96,  No.  1,  p  11-16,  1990.  6  fig,  2 

tab,  31  ref. 

Descriptors:  'Acid  rain  effects,  'Acute  toxicity, 
•Amphipods,  'Bioindicators,  'Cadmium,  'Hydro- 
gen ion  concentration,  'Toxicology,  'Water  pollu- 
tion effects.  Crustaceans,  Toxicity. 

Acute  toxicity  tests  were  carried  out  at  different 
pH  conditions  (pH  4.5,  6.0  and  8.5)  on  the  amphi- 
pod  Gammarus  fossarum  Koch  in  the  presence  of 
different  concentrations  of  cadmium.  G.  fossarum 
shows  a  lower  survival  rate  at  lower  pH  than  at  a 
higher  one  in  the  absence  of  Cd.  The  median 
period  of  survival  decreased  with  increasing  pH  in 
the  presence  of  Cd.  Median  lethal  concentrations 
(24,  48  and  96  hr  LC50's)  indicate  that  G.  fossarum 
is  highly  sensitive  to  Cd  at  pH  8.5  (96  hr  LC50 
proved  to  be  6.2  micrograms/L).  (Author's  ab- 
stract) 
W91-O7018 


ACCUMULATION    AND    METABOLISM    OF 
2,4,6-TRICHLOROPHENYL-4*- 
AMINOPHENYL  ETHER  BY  CARP. 

Shiga  Prefectural  Inst,  of  Public  Health  and  Envi- 
ronmental Science,  Otsu  (Japan). 
For  primary  bibliographic  entry  see  Field  5B. 
W91-07019 


BIOCONCENTRATION  AND  EXCRETION  OF 
DIAZINON,  IBP,  MALATHION  AND  FENI- 
TROTHION  BY  CARP. 

Shiga  Prefectural  Inst,  of  Public  Health  and  Envi- 
ronmental Science,  Otsu  (Japan). 


For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07020 


COMPARISON  OF  THE  ACCUMULATION, 
TISSUE  DISTRIBUTION  AND  SECRETION  OF 
CADMIUM  IN  DIFFERENT  SPECIES  OF 
FRESHWATER  FISH. 

University  Coll.,  Cardiff  (Wales).  Dept.  of  Bio- 
chemistry. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07021 


ALUMINIUM  INHIBITION  OF  CALCIUM 
CARBONATE  CRYSTAL  GROWTH:  IN  VITRO 
STUDIES  RELATED  TO  SHELL-REPAIR  IN 
THE  SNAIL  HELIX  POMATIA  L. 

Uppsala  Univ.  (Sweden).  Dept.  of  Zoophysiology. 

M.  Reineskog. 

Comparative    Biochemistry    and    Physiology   (C) 

CBPCEE,  Vol.  96,  No.  2,  p  353-356,  1990.  2  fig,  14 

ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
'Aluminum,  'Animal  metabolism,  'Calcium  car- 
bonate, 'Inhibition,  'Snails,  'Water  pollution  ef- 
fects, Calcium,  Chemical  precipitation,  Crystalliza- 
tion, Hydrogen  ion  concentration. 

Aluminum  (Al)  was  found  to  have  an  inhibitory 
effect  on  the  in  vitro  recalcification  of  deminera- 
lized  shell-repair  membranes  from  the  snail  Helix 
pomatia  L.  The  Ca  contents  of  the  membranes 
were  inversely  proportional  to  the  Al  dose.  In  a 
pH-stat  system  the  precipitation  of  CaC03  was 
reduced  by  A1C13  in  a  dose-dependent  manner. 
The  reduction  was  aggravated  by  the  addition  of 
citrate.  Addition  of  demineralized  repair  mem- 
branes to  this  system  was  without  effect.  Al,  prob- 
ably by  adhering  to  the  crystals  (no  effects  on  the 
initial  nucleation  being  observed),  has  the  ability  to 
interfere  with  the  precipitation  of  CaC03.  The 
increased  inhibition  caused  by  Al  together  with 
citrate  seems  attributable  to  the  formation  of  Ca- 
citrate  complexes  as  almost  no  Al-citrate  complex 
is  formed  at  the  pH  (7.95)  used  in  the  pH-stat 
experiments.  (See  also  W9 1-07024)  (Author's  ab- 
stract) 
W9 1-07023 


ALUMINIUM  PHOSPHATASE  ACTTVTnES 
AND  SHELL-REPAIR.  STUDIES  IN  THE 
SNAIL  HELIX  POMATIA  L. 

Uppsala  Univ.  (Sweden).  Dept.  of  Zoophysiology. 
M.  Reineskog. 

Comparative  Biochemistry  and  Physiology  (C) 
CBPCEE,  Vol.  96,  No.  2,  p  357-360,  1990.  1  fig,  1 
ref,  26  ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
•Aluminum,  'Animal  metabolism,  'Phosphatases, 
•Snails,  *Water  pollution  effects,  Calcium,  En- 
zymes. 

Aluminum,  injected  as  A1C13  in  the  snail  Helix 
pomatia  L.,  affected  the  activities  of  both  acid  and 
alkaline  phosphatase  in  homogenates  prepared 
from  the  mantle.  In  snails  with  intact  as  well  as 
damaged  shells  the  activity  of  acid  phosphatase 
was  increased  by  Al,  while  that  of  alkaline  phso- 
phatase  was  decreased.  In  the  shell-damaged  snails 
the  activity  of  the  acid  phosphatase  was  approxi- 
mately 15%  lower  and  the  activity  of  the  alkaline 
phosphatase  roughly  20%  higher  than  that  of  the 
intact  snails  receiving  the  same  Al-dose.  As  the 
changes  in  enzyme  activity  associated  with  shell- 
repair  are  unaffected  by  Al,  apparently  the  re- 
duced weights  of  the  shell-repair  membranes  and 
effects  on  the  phophatases,  although  both  a  result 
of  the  Al-injections,  are  independent  of  each  other. 
(See  also  W9 1-07023)  (Author's  abstract) 
W9 1-07024 


TOLERANCE  OF  ACID  WATERS  BY  NATIVE 
BROWN  TROUT  (SALMO  TRUTTA  L). 

Saint   Andrews  Univ.   (Scotland).   Gatty   Marine 

Lab. 

J.  C.  Battram. 

Comparative    Biochemistry   and    Physiology   (C) 
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CBPCEE,  Vol.  96,  No.  2,  p  377-380,  1990.  4  fig,  27 
ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acid 
tolerance,  'Hydrogen  ion  concentration,  'Trout, 
•Water  pollution  effects,  Acclimatization,  Animal 
metabolism,  Chlorides,  Fish  hatcheries,  Ion  trans- 
port, Scotland. 

Chloride  transport  by  brown  trout  was  compared 
between  hatchery  reared  fish  from  a  relatively 
neutral  pH  area,  and  others  from  Galloway  in 
southwest  Scotland  where  the  water  is  low  in 
calcium  and  relatively  acidic.  The  fish  were  given 
an  acid  challenge  in  their  own  and  each  others 
'native'  medium  to  examine  the  effect  on  chloride 
transport.  The  hatchery  fish  are  clearly  very  much 
less  able  to  maintain  chloride  influx  and  efflux  rates 
when  challenged  with  low  pH  than  the  Galloway 
fish.  Both  strains  of  Salmo  trutta  show  the  ability 
to  recover  chloride  influx  after  a  2  hr  episode  of 
low  pH.  Acclimation  to  low  pH  conditions  prob- 
ably occurs,  but  only  over  several  generations  of 
fish.  (Hoskin-PTT) 
W9 1-07025 

5D.  Waste  Treatment  Processes 


DISINFECTION  OF  SEWAGE,  STORMWATER 
AND  FINAL  EFFLUENT. 

Acer  Environmental,  Stevenage  (England). 
V.  K.  Thomas,  G.  J.  Realey,  and  D.  W. 
Harrington. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
422-429,  October  1990.  3  fig,  6  tab,  16  ref. 

Descriptors:  'Disinfection,  'Effluents,  'Storm 
water,  'Wastewater  treatment,  Chemical  proper- 
ties, Chlorination,  England,  Ozone,  Ultraviolet  ra- 
diation. 

The  Water  Research  Center  has  conducted  a 
review  of  potential  processes  for  sewage,  storm- 
water  and  effluent  disinfection  for  the  purpose  of 
identifying  disinfectants  which  could  be  used  to 
achieve  compliance  with  the  European  Communi- 
ty Directive  for  bathing  waters.  The  disinfection  of 
crude  sewages  and  stormwater  discharges  presents 
problems  related  to  the  greater  chemical  disinfect- 
ant demand  exerted  by  stronger  wastewaters,  to- 
gether with  their  higher  solids  content,  compared 
to  sewage  effluents.  Established  or  promising  tech- 
niques include:  (1)  for  crude  sewage;  peracetic  acid 
dosing  and  pH  adjustment;  (2)  for  stormwater; 
peracetic  acid  dosing;  and  (3)  for  effluent;  ozona- 
tion, UV  radiation  and  peracetic  acid  dosing.  All 
techniques  may  result  in  side-reactions  and  the 
possible  formation  of  by-products.  The  current 
capital  expenditure  required  to  build  conventional 
sea  outfalls  to  obtain  full  compliance  is  likely  to  be 
considerable.  Disinfection  may  be  a  short-term  pal- 
liative or  a  long-term  solution  at  some  sites,  par- 
ticularly for  estuarine  or  inland  discharges.  (Au- 
thor's abstract) 
W9 1-05968 


OPTIONS  AVAILABLE  FOR  AMMONIA  RE- 
MOVAL AT  DAVYHULME  SEWAGE-TREAT- 
MENT WORKS. 

Davyhulme  STW,  North  West  Water,  England. 
J.  F.  Dolan,  M.  J.  O'Neill,  and  N.  J.  Horan. 
Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
457-468,  October  1990.  4  fig,  5  tab,  14  ref. 

Descriptors:  'Activated  sludge,  'Ammonia,  'Am- 
monia removal,  'Biological  filters,  'Ion  exchange, 
•Nitrification,  'Wastewater  treatment,  Dissolved 
oxygen,  England,  Estuaries. 

Davyhulme  sewage-treatment  works,  which  serves 
the  Manchester,  drainage  area,  is  one  of  the  largest 
in  England.  The  dry-weather  flow  is  300,000  cu 
m/d  and  the  plant  receives  a  wide  range  of  indus- 
trial effluents.  The  plant  has  been  identified  as  a 
major  source  of  pollution  in  the  Mersey  estuary, 
with  an  average  discharge  of  6500  kg  ammonia/ 
day.  As  part  of  its  initiative  to  improve  the  Mersey 
estuary,    North    West   Water   Works   intends    to 


reduce  the  daily  ammonia  load  from  Davyhulme 
to  about  1000  kg/d  by  1995.  On-site  pilot  plants 
were  established  in  order  to  assess  the  capabilities 
of  both  conventional  and  novel  processes  to 
achieve  this  degree  of  ammonia  removal.  To  date, 
the  studies  have  shown  that  nitrification  can  be 
achieved  by  both  single-stage  activated-sludge  and 
nitrifying  filters.  However,  the  activated-sludge 
option  full-scale  trials  have  not  produced  the  re- 
quired effluent  quality.  The  small-scale  filter  units 
cannot  accurately  replicate  the  operating  capabili- 
ties of  a  full-scale  plant  or  simulate  environmental 
impact.  For  both  processes,  questions  remain  unan- 
swered as  to  the  long-term  guarantee  of  perform- 
ance in  meeting  the  target  standards.  (Author's 
abstract) 
W91-05973 


CHADWICK  CENTENARY  LECTURE--A 
REVIEW  OF  TWO  CENTURIES  OF  PUBLIC 
HEALTH. 

World   Health   Organization,   Geneva   (Swiztzer- 

land).  Community  Water  Supply  and  Sanitation 

Unit. 

For  primary  bibliographic  entry  see  Field   5G. 

W9 1-05975 


SANITATION  IN  RURAL  COMMUNITIES  IN 
BANGLADESH. 

Upazilla  Health  Complex,  Chouddogram,  Comilla, 

Bangladesh. 

M.  Yusuf,  and  A.  M.  Z.  Hussain. 

Bulletin     of    the     World     Health     Organization 

BWHOA6,  Vol.  68,  No.  5,  p  619-624,  1990.  3  tab,  3 

ref,  append. 

Descriptors:  'Bangladesh,  'Developing  countries, 
•Drinking  water,  •Human  diseases,  *Public  health, 
•Rural  areas,  *Sanitation,  'Waste  disposal,  'Water 
pollution  sources,  Domestic  wastes,  Economic  as- 
pects, Parasites,  Social  aspects,  Water  supply, 
Water  use. 

Domestic  sanitation,  an  important  determinant  of 
health  or  disease  in  human  populations  has  been 
neglected  in  developing  countries.  In  Bangladesh, 
one  of  the  least  developed  countries  in  the  world, 
communicable  diseases  and  parasitic  infestations 
are  widespread  and  improvements  in  sanitation  are 
possible  only  if  adequate  information  is  available, 
on  the  basis  of  which  planning  and  evaluations 
may  be  undertaken.  Data  presented  were  collected 
on  sanitary  conditions  in  the  rural  areas  of  Bangla- 
desh where  85%  of  the  population  live,  in  1980- 
1990.  It  was  observed  that  even  where  a  safe  water 
supply  and  sanitary  latrines  were  provided,  people 
did  not  always  use  them.  While  23%  of  the  studied 
households  had  sanitary  latrines,  children  in  about 
11.5%  of  these  households  did  not  use  them  and 
women  in  about  6%  of  households  did  not  use 
them  for  micturition  at  night.  Not  a  single  house  in 
the  study  area  could  fulfil  all  the  criteria  of  sani- 
tary housing  in  a  strict  sense;  for  example,  al- 
though 34.5%  of  the  households  had  tube  wells, 
only  11.5%  of  them  had  a  satisfactory  level  of 
water  usage.  Since  socioeconomic  conditions  and 
education  influence  the  level  of  sanitation,  im- 
provements in  both  are  required.  (Medina-PTT) 
W9 1-05992 


ISOLATION  OF  SOME  NEW  SULPHUR  BAC- 
TERIA FROM  ACTIVATED  SLUDGE. 

Isfahan  Univ.  (Iran).  Dept.  of  Biology. 
G.  Emtiazi,  M.  H.  Habibi,  and  M.  Setareh. 
Journal  of  Applied  Bacteriology  JABAA4,  Vol. 
69,  No.  6,  p  864-870,  December  1990.  6  fig,  2  tab, 
19  ref 

Descriptors:  'Activated  sludge,  'Bacterial  physiol- 
ogy, 'Bulking  sludge,  'Culture  media,  'Sulfur  bac- 
teria, 'Wastewater  treatment,  Aerobic  bacteria, 
Anaerobic  bacteria,  Corrosion,  Fertility,  Nitrogen 
cycle,  Soil  bacteria. 

While  studies  were  being  conducted  on  the  bulking 
of  activated  sludge,  new  sulfur  microorganisms 
which  were  able  to  grow  aerobically  and  anaerobi- 
cally  on  reduced  sulfur  compounds  were  isolated 
from  the  aeration  tank  of  a  wastewater-treatment 
plant  and  cultured  on  thiosulfate  agar.  They  were 


naiiied  (1)  Thiosphaera  persica  (motile,  Gram-neg- 
ative, and  cocci  shaped);  (2)  Thiobacillus  persica 
(motile,  Gram-negative,  and  rod  shaped);  and  (3) 
Sulphobacter  polymorpha  (motile,  Gram-negative, 
oxidase-negative,  catalase-positive,  and  both  rod 
and  cocci  shaped).  An  interesting  feature  of  these 
strains  is  their  good  growth  in  a  medium  described 
for  Nitrosococcus  and  Nitrobacter  which  contains 
no  organic  matter,  hydrogen,  or  thiosulfate.  It  is 
not  known  whether  these  new  strains  use  ammoni- 
um chloride  as  a  source  of  energy.  Thiobacillus 
persica  can  produce  nitrite  from  ammonium  chlo- 
ride heterotrophically;  hence,  it  may  use  this  com- 
pound as  an  energy  source.  Since  they  are  both 
anaerobic  and  aerobic,  and  sulfur-oxidizing,  these 
bacteria  could  have  significant  roles  in  the  nitrogen 
cycle,  the  induction  of  corrosion,  soil  fertility,  as 
well  as  having  potential  use  in  wastewater  treat- 
ment. (Medina-PTT) 
W9 1-06004 


RECENT  DEVELOPMENTS  IN  WASTEWATER 
MANAGEMENT  IN  JAPAN. 

Japan  Sewage  Works  Association,  Tokyo. 

For  primary  bibliographic  entry   see   Field   5G. 

W9 1-06041 


CURRENT  SITUATION  AND  PROBLEMS  OF 
JAPANESE  INTERNATIONAL  COOPERA- 
TION IN  THE  FIELD  OF  WATER  SUPPLY 
AND  WASTE  MANAGEMENT. 

Ministry  of  Health  and  Welfare,  Tokyo  (Japan). 
Water  Supply  and  Environmental  Sanitation  Dept. 
For  primary  bibliographic  entry  see  Field  6E. 
W9 1-06062 


BACTERIA  AND  VIRUS  REMOVAL  FROM 
SECONDARY  EFFLUENT  IN  SAND  AND  RED 
MUD  COLUMNS. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
G.  E.  Ho,  R.  A.  Gibbs,  and  K.  Mathew. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  261-270,  1991.  5  fig,  3  tab,  14  ref. 

Descriptors:  'Bacteria,  'Escherichia  coli,  'Land 
disposal,  'Salmonella,  'Sand  filters,  'Viruses, 
♦Wastewater  disposal,  'Wastewater  treatment, 
Bauxite,  Groundwater  recharge,  Pathogens,  Soil 
columns. 

Not  all  soils  are  adequate  for  land  disposal  of 
wastewater.  Sands  with  a  high  infiltration  rate, 
such  as  those  in  areas  of  Perth,  Western  Australia, 
may  fail  to  remove  pollutants  at  reasonable  appli- 
cation rates.  Column  experiments  were  conducted 
to  determine  the  improvement  in  the  removal  of 
Escherichia  coli,  Salmonella  adelaide,  and  polioyi- 
rus-1  through  sands  by  amendment  with  bauxite 
refining  residue.  The  residue  (red  mud)  was  neu- 
tralized using  5%  gypsum  and  incorporated  to 
form  30%  of  the  amended  sands.  In  65  cm  long  soil 
columns  the  removal  of  the  three  organisms  in  the 
amended  sand  columns  was  excellent  with  over 
seven  orders  of  magnitude  reduction  in  concentra- 
tion. Removal  in  unamended  sands  was  poor. 
From  breakthrough  curves  in  unamended  sand  col- 
umns filtration,  die-off  and  adsorption  all  appear  to 
play  a  role  in  organism  removal.  The  results  also 
show  that  E.  coli  can  be  used  as  an  indicator  for 
contamination,  though  S.  adelaide  was  less  effi- 
ciently removed  than  E.  coli.  Poliovirus  was  more 
efficiently  removed  than  E.  coli.  (Author's  ab- 
stract) 
W9 1-06068 


ADVANCEMENTS  IN  TOXICITY  TESTING  AP- 
PLIED TO  DESIGN  AND  CONTROL  OF  BIO- 
LOGICAL PROCESSES. 

Illinois  Univ.,  Urbana.  Dept.  of  Civil  Engineering. 
E.  E.  Herricks,  B.  E.  Rittmann,  C.  P.  L.  Grady,  D. 
Pascoe,  and  L.  Somlyody. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  271-282,  1991.  3  fig,  2  tab,  31  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Biological 
treatment,  'Biotechnology,  'Process  control, 
•Sanitary  engineering,  'Testing  procedures,  'Tox- 
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icity,  'Wastewater  facilities,  'Wastewater  treat- 
ment, Environmental  protection,  Monitoring,  Risk 
assessment,  Warning  systems,  Water  treatment. 

The  design  of  water  and  wastewater  treatment 
processes  often  depends  on  the  selection  and  analy- 
sis of  parameters  which,  when  measured,  provide 
an  indication  of  the  effectiveness  and  efficiency  of 
the  process.  Toxicity  testing  is  an  essential  tool  for 
assessing  the  effects  and  fate  of  many  low-concen- 
tration toxicants  in  wastewater  treatment  systems. 
Toxicity  testing  can  be  divided  into  two  parts: 
diagnostic  toxicology  evaluates  the  toxicity  of  a 
contaminant,  effluent,  or  process,  and  toxicological 
engineering  bases  engineering  design  on  the  re- 
moval or  production  of  toxicity.  Six  recent  ad- 
vancements in  diagnostic  toxicology  and  toxico- 
logical engineering  have  been  identified  by  mem- 
bers of  the  Specialty  Group  on  Hazard  Assessment 
and  Control  of  Environmental  Contaminants. 
They  are  (1)  an  ecological  framework  for  applying 
toxicity  testing,  (2)  biological  early  warning  sys- 
tems for  on-line  detection  of  toxic  inputs,  (3)  in- 
plant  testing  to  detect  and  mitigate  a  toxic  upset, 
(4)  methods  for  rapid  and  cost-effective  detection 
of  genotoxins,  (5)  an  approach  for  determining 
what  discharged  component  must  be  controlled  to 
eliminate  an  ecosystem  disturbance,  and  (6)  an 
application  of  process  kinetics  to  design  biological 
processes  that  are  resistant  to  toxic  upsets.  Online 
monitoring  systems  using  living  systems,  particu- 
larly biological  early  warning  systems,  are  becom- 
ing more  common.  (Tappert-PTT) 
W9 1-06069 


SELECTION  OF  BACTERIAL  AND  FUNGAL 
STRAINS  FOR  BIOACCUMULATION  OF 
HEAVY  METALS  FROM  AQUEOUS  SOLU- 
TIONS. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
A.  U.  Wnorowski. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  309-318,  1991.  3  fig,  7  tab,  32  ref. 

Descriptors:  'Aquatic  bacteria,  'Aquatic  fungi, 
'Bioaccumulation,  'Heavy  metals,  'Industrial 
wastewater,  'Wastewater  treatment,  Cadmium, 
Gold,  Nickel,  Silver,  South  Africa,  Water  treat- 
ment. 

The  ability  of  microorganisms  to  accumulate 
heavy  metals  is  a  well-known  phenomenon,  and  is 
regarded  as  a  powerful  tool  against  heavy  metal 
toxicity.  Eighty  strains  of  fungi  and  heterotrophic 
bacteria,  isolated  from  natural  water  sources  in 
South  Africa  polluted  with  heavy  metals,  were 
tested  for  their  bioaccumulation  abilities.  Metal- 
resistant  strains  were  first  selected  in  a  preliminary 
step,  using  nutrient  agar  supplemented  with  rele- 
vant metal  salts.  Preselected  cultures  were  then 
screened  for  gold,  silver,  nickel  and  cadmium 
uptake  capabilities.  A  collection  of  bioaccumulat- 
ing  strains,  consisting  of  39  strains  for  the  recovery 
of  gold,  9  strains  for  silver,  28  for  cadmium,  and  22 
for  nickel  has  been  established.  All  the  strains 
selected  were  able  to  remove  metals  tested  from 
diluted  solutions  (ca.  5  mg/L)  to  levels  below  0.5 
mg/L.  The  maximum  uptake  capacity  of  strains 
was  determined  in  concentrated  metal  solutions 
(20-50  mg/L).  Nine  of  the  strains  had  saturation 
values  of  100  mg/g  dry  weight  or  higher.  Optimal 
pH  for  metal  uptake  varied  with  the  element,  rang- 
ing from  2.5  for  silver  to  11.0  for  cadmium.  For 
more  concentrated  solutions  of  cadmium  the  high- 
est pH  obtainable  without  precipitation  was  8.5, 
which  was  too  low  to  achieve  maximum  uptake. 
(Author's  abstract) 
W9 1-06073 


PRESENT  SITUATION  AND  PROBLEMS  RE- 
LATED TO  MARINE  OILY-WATER  SEPARAT- 
ING TECHNIQUES. 

Ship  Research  Inst.,  Tokyo.  Ship  Equipment  Div. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-06074 


EVALUATION  OF  GENOTOXICTTY  USING 
DNA  REPAIRING  TEST  FOR  CHEMICALS 
PRODUCED  IN  CHLORINATION  AND  OZON- 
ATION PROCESSES. 


Kyoto  Univ.  (Japan).  Dept.  of  Environmental  and 
Sanitary  Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06075 


IDENTIFICATION  OF  NON-BIODEGRADA- 
BLE, HYDROPHILIC,  ORGANIC  SUB- 
STANCES IN  INDUSTRIAL  AND  MUNICIPAL 
WASTE  WATER  TREATMENT  PLANT-EF- 
FLUENTS BY  LIQUID  CHROMATOGRAPHY- 
TANDEM  MASS  SPECTROMETRY  (LC/MS/ 
MS). 

Technische  Hochschule  Aachen  (Germany,  F.R.). 
Inst,  fuer  Siedlungswasserwirtschaft. 
H.  F.  Schroder. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  339-347,  1991.  17  fig,  12  ref. 

Descriptors:  'Analytical  methods,  'Gas  chroma- 
tography, 'Gas  liquid  chromatography,  'Liquid 
chromatography,  'Mass  spectrometry, 

•Wastewater  analysis,  'Wastewater  treatment, 
Chemical  oxygen  demand,  Degradation  products, 
Effluents,  Influent  streams,  Metabolites,  Perform- 
ance evaluation. 

Liquid  chromatography  provides  advantages  over 
gas  chromatography  for  detecting  polar  non-vola- 
tile thermolabile  substances  in  wastewater  influent 
and  effluent.  Effluents  of  biological  wastewater 
plants  containing  high  concentrations  of  non-bio- 
degradable substances  measured  as  COD  (chemical 
oxygen  demand)  were  analyzed  by  gas  chromatog- 
raphy/mass  spectrometry  (GC/MS)  and  liquid 
chromatography/tandem  mass  spectrometry  (LC/ 
MS/MS).  GC/MS  could  detect  any  relevant  com- 
pound because  of  the  nonvolatility  of  these  sub- 
stances. LC/MS/MS  was  able  to  give  molecular 
weight  information  without  any  separation  bypass- 
ing analytical  column.  Daughter  and  parent  ions 
formed  by  MS/MS  gave  structural  information  by 
fragmentation  under  CID-conditions  (collisionally 
induced  dissociation)  even  for  UV-non-detectable 
chromaphor  missing  substances.  Metabolites  and 
anthropogenic,  non-biodegradable  substances  such 
as  polyether,  nonionic  alkyl  and  arylsurfactants, 
and  benzene-sulfonic  acid  could  be  detected  and 
identified  after  CI 8  column  separation  and  without 
any  prior  separation  column.  Analysis  without  any 
separation  could  be  done  within  a  few  minutes  up 
to  an  hour,  and  column  separation  lasted  10  to  100 
times  longer.  (Tappert-PTT) 
W9 1-06076 


MICROBIAL  DEGRADATION  OF  PENTACH- 
LOROPHENOL  AND  LINDANE  IN  LABORA- 
TORY-SCALE ACTIVATED  SLUDGE  REAC- 
TORS. 

Vandkvalitetsinstitutet,  Hoersholm  (Denmark). 

B.  Jacobsen,  N.  Nyholm,  B.  Pedersen,  O.  Poulsen, 

and  P.  Ostfeldt. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  349-356,  1991.  4  fig,  2  tab,  12  ref. 

Danish      Technical      Research      Council      grant 

5177G12. 

Descriptors:  'Activated  sludge  process,  'Lindane, 
•Microbial  degradation,  'Pentachlorophenol, 
'Wastewater  treatment,  Biodegradation,  Biomass, 
Mixed  liquor  solids,  Nutrient  removal,  Retention 
time,  Wastewater  reactors. 

The  microbial  degradation  of  pentachlorophenol 
(PCP)  and  lindane  in  the  activated  sludge  process 
was  studied  by  performing  fourteen  steady-state 
experimental  runs  in  single-stage  activated  sludge 
reactors,  under  varying  operating  conditions.  PCP 
and  lindane  mixed  with  three  other  model  com- 
pounds were  added  to  the  feed  as  secondary  sub- 
strate, with  synthetic  sewage  as  primary  substrate. 
Reactor  concentrations  (dissolved)  of  the  model 
compounds  were  in  the  range  of  1-200  micro/L. 
For  PCP,  the  biodegradation  increased  with  in- 
creasing solids  retention  time  (SRT).  This  indicates 
that  degradation  takes  place  by  catabolic  growth 
of  a  specific  fraction  of  the  biomass.  At  an  SRT 
greater  than  eight  days  the  first  order  biodegrada- 
tion rate  constant  was  about  0.0025  L/(mg  Mixed 
Liquor  Suspended  Solids  (MLSS)  per  day)  at  a 
temperature  of  15  C.  For  lindane,  the  reverse 
relation  was  observed.  Increased  degradation  was 


observed  with  increasing  degradation  of  primary 
substrate.  This  indicates  the  presence  of  other 
mechanisms  such  as  co-metabolism  or  probably 
reductive  dechlorination.  In  relation  to  upgrading 
of  wastewater  treatment  plants  to  biological  nutri- 
ent removal,  xenobiotic  compounds  behaving  like 
PCP  are  expected  to  be  increasingly  degraded.  For 
compounds  behaving  like  lindane,  co-metabolic  ac- 
tivity can  be  stimulated  in  plug-flow  reactors,  and 
anaerobic  zones  in  the  activated  sludge  process 
may  play  an  important  role  for  their  degradation. 
(Author's  abstract) 
W9 1-06077 


ACTTVATED  SLUDGE  PROCESS  RESPONSE 
TO  VARIABLE  INPUTS  OF  VOLATILE  OR- 
GANIC CONTAMINANTS. 

Environmental     Protection     Service,     Burlington 

(Ontario).  Waste  Water  Technology  Centre. 

H.  Melcer,  S.  G.  Nutt,  and  H.  Monteith. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  357-365,  1991.  3  fig,  5  tab,  6  ref. 

Descriptors:  'Activated  sludge  process,  'Biode- 
gradation, 'Organic  compounds,  'Trace  metals, 
•Volatile  organic  compounds,  'Wastewater  treat- 
ment, Chlorinated  compounds,  Hydraulic  retention 
time,  Organic  loading,  Solids  retention  time, 
Wastewater  analysis,  Wastewater  reactors. 

Municipal  sewage  treatment  plants  are  generally 
effective  in  removing  trace  metals  and  organic 
compounds  under  normal  operating  conditions. 
Sampling  programs  at  full-scale  treatment  facilities 
have  shown  that  they  are  exposed  to  a  varying 
range  of  contaminant  loadings  in  terms  of  both 
specific  compounds  and  their  concentrations.  Lab- 
oratory-scale activated  sludge  treatment  systems 
were  operated  under  dynamic  loading  conditions 
to  investigate  the  non-steady  state  behavior  of 
volatile  organic  compounds  (VOCs)  under  con- 
trolled conditions.  Four  step  tests  were  conducted 
in  which  an  incremental  increase  in  the  concentra- 
tions of  selected  contaminants  was  applied  to  the 
reactor  feed  from  background  levels  of  about  15 
microg/L  to  levels  of  about  100  microg/L,  for  a 
duration  of  approximately  three  hydraulic  reten- 
tion times.  Although  it  was  not  possible  to  define 
the  relative  contributions  of  stripping  and  biode- 
gradation to  the  removal  of  the  test  VOCs,  differ- 
ent mechanisms  are  responsible  for  the  removal  of 
short-term,  non-steady  state  inputs  of  chlorinated 
and  non-chlorinated  VOCs.  No  apparent  effect  of 
solids  retention  time  (SRT)  or  hydraulic  retention 
time  (HRT)  on  VOC  removal  was  observed  at  the 
conditions  tested.  (Author's  abstract) 
W9 1-06078 


PEROXIDE  PRE-OXIDATION  OF  RECALCI- 
TRANT TOXIC  WASTE  TO  ENHANCE  BIODE- 
GRADATION. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

J.  B.  Carberry,  and  T.  M.  Benzing. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  367-376,  1991.  4  fig,  10  tab,  33  ref. 

Descriptors:  'Biodegradation,  'Hydrogen  perox- 
ide, 'Industrial  wastes,  'Land  disposal,  'Pretreat- 
ment  of  wastes,  'Waste  disposal,  'Waste  treatment, 
Aquifers,  Hazardous  wastes,  Soil  contamination, 
Soil  organisms,  Waste  dumps. 

Land  disposal  is  required  for  industrial  chemicals 
which  are  not  readily  biodegraded.  Such  com- 
pounds may  create  adverse  effects  to  the  environ- 
ment if  they  escape  containment.  Recalcitrant  and 
persistent  hydrocarbons  and  chlorinated  chemicals 
are  inherently  resistant  to  any  degree  of  biodegra- 
dation and  cause  a  growing  threat  to  underground 
aquifer  quality.  Hydrogen  peroxide  is  a  potentially 
economical  method  of  pre-oxidation  utilized  to 
enhance  the  biodegradation  of  persistent  and  recal- 
citrant organics  in  contaminated  soil  systems.  This 
pre-oxidation  technology  was  examined  in  a  labo- 
ratory respirometer  using  three  model  organic 
chemicals:  toluene,  trichloroethylene,  and  pentach- 
lorophenol. Microbial  cultures  were  selected  from 
contaminated  sites  for  the  degradation  of  each 
model  organic  chemical.  The  rate  at  which  the 
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microbes  degraded  the  organic  chemicals  in  unoxi- 
dized  aqueous  systems  was  compared  to  the  rate  of 
degradation  in  peroxide  pre-oxidized  aqueous  sys- 
tems. Results  indicated  that  pre-oxidation  en- 
hanced the  biodegradation  of  trichloroethylene 
and  pentachlorophenol.  Toluene,  in  contrast,  was 
not  significantly  oxidized  by  pretreatment  with 
hydrogen  peroxide,  and  its  biodegradation  rate  was 
not  enhanced  by  the  oxidation  pre-treatment  proc- 
ess. (Author's  abstract) 
W9 1-06079 


REMOVAL    OF    CHLOROPHENOLS    FROM 
WATER  BY  PHOTOCATALYTIC  OXIDATION. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-06080 


SUPERCRITICAL  WATER  OXIDATION- 
WASTEWATERS  AND  SLUDGES. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
A.  Shanableh,  and  E.  Gloyna. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  389-398,  1991.  8  fig,  1  tab,  12  ref. 

Descriptors:  •Environmental  protection,  •Hazard- 
ous waste  disposal,  *Sludge  disposal,  •Supercriti- 
cal water  oxidation,  "Wastewater  disposal, 
•Wastewater  treatment,  Economic  aspects,  Incin- 
eration, Organic  compounds,  Organic  wastes, 
Toxic  wastes,  Water  pollution  control. 

Two  options  exist  for  the  complete  destruction  of 
toxic  wastewaters  and  organic  sludges:  inciner- 
ation and  supercritical  water  oxidation  (SCWO). 
SCWO  is  a  low-cost  alternative  that  avoids  the 
capital  costs  and  political  problems  of  incineration. 
Environmental  contaminants  can  be  eliminated 
through  the  use  of  supercritical  oxidation  tech- 
niques. A  comprehensive  supercritical  oxidation 
research  laboratory,  including  bench  and  pilot- 
scale  facilities  has  been  developed.  High  tempera- 
ture and  pressure  systems  slightly  less  than  and 
greater  than  supercritical  water  conditions  can  be 
used  for  the  efficient  destruction  of  waste  biologi- 
cal treatment  plant  sludges,  acetic  acid,  2-nitro 
phenol,  2,4-dimethyl  phenol,  phenol,  and  2,4-dini- 
tro  toluene.  Above  400  C,  near  complete  destruc- 
tion of  sludge  and  transformation  compounds  such 
as  acetic  acid  can  be  achieved  with  relatively  short 
residence  times.  Ammonia  and  acetic  acid  are 
transformation  products  in  the  SCWO  of  biologi- 
cal treatment  plant  sludges.  Acetic  acid  produced 
from  the  oxidation  of  sludge  is  oxidized  rapidly  at 
supercritical  temperatures,  400  C  to  450  C.  Con- 
taminant destruction  levels  were  greater  than  99% 
using  the  SCWO  technology.  (Author's  abstract) 
W91-O6081 


BIOLOGICAL  TREATMENT  OF  A  LANDFILL 
LEACHATE  CONTAINING  PHENOXY  HERBI- 
CIDES AND  CHLOROPHENOLS. 

Massey  Univ.,  Palmerston  North  (New  Zealand). 

Dept.  of  Biotechnology. 

P.  J.  McAllister,  S.  M.  Rao  Bhamidimarri,  R. 

Chong,  and  G.  J.  Manderson. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  413-418,  1991.  4  fig,  4  tab,  15  ref. 

Descriptors:  •  Biodegradation,  *Biological  treat- 
ment, •Bioremediation,  *Chlorophenols,  •Land- 
fills, *Leachates,  •Phenoxy  acid  herbicides, 
•Wastewater  treatment,  *Water  pollution  treat- 
ment, Activated  sludge  process,  Bioassay,  Herbi- 
cides, Microbial  degradation,  New  Zealand,  Waste 
treatment. 

The  biological  degradation  of  chlorinated  phenols 
and  phenoxyacetic  acids  has  been  widely  reported, 
and  the  biodegradation  pathways  for  these  chemi- 
cals has  been  established,  indicating  the  feasibility 
of  biological  treatment  for  such  wastes.  Chloro- 
phenols  derived  from  the  herbicide  2,4-D  was 
found  leaching  from  a  landfill  in  New  Zealand.  A 
biological  treatment  process  has  been  developed 
for  a  landfill  leachate  containing  phenoxyacetic 
acid  herbicides  and  their  associated  chlorophenols. 
The  mixed  microbial  population  (Pseudomonas  sp.) 
enriched  from  soil  was  capable  of  mineralizing  the 


key  phenoxy  components  and  has  been  found  to  be 
stable  over  700  days  in  continuous  culture,  remov- 
ing 99.5%  of  phenoxies  and  96.7%  of  chlorophen- 
ols. Toxicity  tests  using  D.  magna  and  Microtox 
systems  have  shown  a  90%  reduction  in  toxicity  by 
biological  treatment.  A  laboratory  activated  sludge 
system  was  developed  resulting  in  complete  degra- 
dation of  the  chlorophenols  and  phenoxies.  (Au- 
thor's abstract) 
W9 1-06084 


EFFICACY  OF  A  JUVENILE  HORMONE 
MIMIC,  PYRIPROXYFEN  (S-31183),  FOR  MOS- 
QUITO CONTROL  IN  DAIRY  WASTEWATER 
LAGOONS. 

California  Univ.,   Parlier.  Mosquito  Control  Re- 

Cpor>f>Vl    Tap 

F.  S.  Mulligan,  and  C.  H.  Schaefer. 
Journal  of  the  American  Mosquito  Control  Asso- 
ciation JAMAET,  Vol.  6,  No.  1,  p  89-92,  March 
1990.  2  tab,  10  ref. 

Descriptors:  *Animal  wastes,  *  Insecticides,  •Mos- 
quitoes, *Wastewater  lagoons,  *Wastewater  treat- 
ment, Adsorption,  Dairy  industry,  Larval  growth 
stage,  Organic  matter,  Water  pollution  effects, 
Water  quality. 

Pyriproxyfen  (S-31183)  was  applied  to  dairy 
wastewater  lagoons  in  Fresno  County,  California, 
during  1988,  at  0.1  kg  active  ingredient  per  ha  in 
single  and  multiple  applications  which  resulted  in 
control  of  mosquito  larvae  for  periods  of  7  to  68 
days.  Length  of  the  control  period  appeared  to  be 
related  to  water  quality,  with  greater  residual  effi- 
cacy in  more  polluted  sources.  The  active  ingredi- 
ent apparently  adsorbed  onto  organic  debris  where 
efficacy  remained  high  in  the  lagoon  even  after 
water  was  pumped  from  the  lagoon  and  replen- 
ished with  untreated  wastewater.  Because  of  the 
high  potential  for  development  of  resistance  to 
pyriproxyfen  during  prolonged  exposure  of  a  large 
population  of  mosquitoes,  applications  of  an  entire- 
ly unrelated  control  agent  (larvicidal  oil)  were 
alternated  between  multiple  pyriproxyfen  applica- 
tions. Alternating  treatments  with  control  agents 
having  a  different  mode  of  action  is  suggested  to 
avoid  selection  of  insecticide  resistance.  (Author's 
abstract) 
W91-06123 


SOLIROC  PROCESS  IN  NORTH  AMERICA:  A 
STABILIZATION/SOLIDIFICATION  TECH- 
NOLOGY FOR  THE  TREATMENT  OF  METAL- 
BEARING  WASTES  WITH  REFERENCE  TO 
EXTRACTION  PROCEDURE  TOXICITY  TEST- 
ING. 

Tricil  Environmental  Services,  Antioch,  TN. 
D.  Ezell,  and  P.  Suppa. 

IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  7-14,  1  fig,  6  tab,  1  ref,  append. 

Descriptors:  'Hazardous  waste  treatment,  'Heavy 
metals,  'Toxicity,  *Waste  solidification,  *Waste 
stabilization,  'Waste  treatment,  'Wastewater  treat- 
ment, Chelation,  Chemical  precipitation,  Compari- 
son studies,  Lime,  Solidification. 

The  Soliroc  Process  is  a  European  stabilization/ 
solidification  technology  which  is  used  in  the  treat- 
ment of  liquid  wastes  containing  heavy  metals. 
Laboratory-scale  studies  of  the  Soliroc  Process 
have  been  carried  out  at  3  North  American  waste 
treatment  facilities,  and  has  also  been  contracted 
out  io  an  independent  consultant  to  carry  out 
similar  studies.  Waste  samples  at  each  facility  were 
treated  using  Soliroc  technology,  and  then  subject- 
ed to  the  Extraction  Procedure  Toxicity  Test  (EP 
Tox).  In  all  the  lab  tests  conducted,  identical  waste 
samples  were  also  treated  using  a  conventional 
lime  precipitation  process  and  compared  with  the 
Soliroc  results.  The  results  indicated  superior  per- 
formance of  the  Soliroc  process  to  lime  precipita- 
tion with  respect  to  the  EP  Tox  test.  In  addition, 
chelating  agents  were  found  not  to  adversely  affect 
the  EP  Tox  results  of  the  Soliroc  process.  (See  also 
W9 1-06 124)  (Author's  abstract) 
W91-06125 


SOLUBILITY  AND  STABILrTY  OF  INORGAN- 
IC IODIDES:  CANDIDATE  WASTE  FORMS 
FOR  IODINE-129. 

Atomic  Energy  of  Canada  Ltd.,  Pinawa  (Manito- 
ba). Whiteshell  Nuclear  Research  Establishment. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06148 


HAZARDOUS     AND     INDUSTRIAL     SOLID 
WASTE  MINIMIZATION  PRACTICES. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-06158 


HAZARDOUS  WASTE  REDUCTION  EFFORTS 
IN  THE  DEPARTMENT  OF  THE  ARMY. 

Office  of  the  Assistant  Chief  of  Engineers  (Army), 
Washington,  DC. 

N.  M.  Pomerleau,  J.  J.  McCarthy,  and  J.  T.  Bandy. 
IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  7-16,  1  tab. 

Descriptors:  'Hazardous  wastes,  'Military  reserva- 
tions, 'Waste  disposal,  'Waste  management, 
•Waste  reduction,  Databases,  Land  disposal,  Recy- 
cling, Waste  treatment. 

The  Department  of  the  Army  generates  approxi- 
mately 102,000  metric  tons  of  hazardous  waste 
each  year.  Nearly  90%  of  these  wastes  are  pro- 
duced by  the  Army's  industrial  activities.  The  typi- 
cal method  of  treatment  has  been  land  disposal. 
Because  of  the  costs  associated  with  managing 
these  wastes,  both  in  terms  of  final  disposal  and 
corrective  actions,  and  recent  legislation  emphasiz- 
ing waste  reduction,  the  Army  elevated  the  man- 
agement of  all  wastes  to  the  highest  levels;  previ- 
ously, the  Army  had  maintained  a  decentralized 
program  by  individual  Army  installations.  The 
Army  established  policy  goals  for  reducing  the 
disposal  of  solvents,  a  significant  hazardous  waste 
contributor.  In  1985,  Army  industrial  activities  de- 
veloped waste  reduction  strategies  for  all  other 
types  of  hazardous  wastes  that  also  emphasize 
front-end  reduction,  using  methods  such  as  materi- 
als substitution,  recycling,  and  process  changes  to 
achieve  specific  process  reduction  goals.  To  fur- 
ther facilitate  the  Army's  hazardous  waste  reduc- 
tion objectives,  a  study  is  being  conducted  to  assess 
all  hazardous  waste  reporting  requirements,  as  pro- 
vided by  local,  state,  Federal,  and  international 
regulation  and  Army  policy.  The  findings  and  rec- 
ommendations from  this  study  will  support  a  con- 
current study  to  identify  and  develop  the  most 
appropriate  type  of  computer  database  to  record 
the  necessary  hazardous  waste  data.  Two  addition- 
al studies  are  being  conducted,  in  concert,  to  refine 
a  hazardous  materials  tracking  system  and  to 
evaluate  and  rank  waste  reduction  options  eco- 
nomically. These  studies,  in  support  of  ongoing 
waste  reduction  initiatives,  and  continuing  waste 
reduction  committee  forums,  will  enhance  the 
Army's  efforts  to  meet  its  hazardous  waste  reduc- 
tion objectives  and  goals.  (See  also  W91-06158) 
(Lantz-PTT) 
W91-06159 


WASTE  MINIMIZATION  PROGRAM  AT  THE 
FEED  MATERIALS  PRODUCTION  CENTER. 

Westinghouse  Materials  Co.  of  Ohio,  Cincinnati. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-O6160 


RESULTS  OF  FIELD  SAMPLING  PROGRAMS 
CONDUCTED  AT  WASTE  SOLVENT  TREAT- 
MENT AND  RECYCLING  FACILITIES. 

Alliance  Technologies  Corp.,  Bedford,  MA. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06165 


APPLICATION  OF  A  MOBILE  SOLVENT  RE- 
COVERY PROCESS  TO  MINIMIZE  HAZARD- 
OUS WASTE. 

Cincinnati  Univ.,  OH.  Dept.  of  Civil  and  Environ- 
mental Engineering. 
T.  C.  Keener. 
IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
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ration  Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  104-1 12,  2  fig,  2  tab. 

Descriptors:  'Hazardous  wastes,  'Industrial 
wastes,  'Recycling,  'Solvents,  'Waste  recovery, 
•Waste  reduction,  'Waste  treatment.  Acetates,  Ac- 
etone, Distillation,  Methylene  chloride.  Organic 
compounds,  Toluene,  Trichloroethane,  Waste  dis- 
posal, Waste  management,  Xylenes. 

The  recovery  and  reuse  of  commercial  solvents 
has  become  a  major  operating  concern  for  the 
small-to-medium  user  of  these  materials  in  light  of 
current  Federal  regulations.  Pending  regulations 
will  severely  limit  these  businesses  in  the  manner  in 
which  they  may  treat,  store,  or  dispose  of  these 
materials  in  the  near  future.  A  mobile  solvent 
recovery  system  for  reclaiming  usable  solvents  and 
thereby  minimizing  the  amount  of  waste  generated 
has  been  developed  and  tested  at  a  number  of 
industrial  sites.  The  system  has  been  designed  to  be 
flexible  enough  to  reclaim  a  wide  variety  of  indus- 
trial solvents  while  still  adhering  to  the  EPA's 
regulations  governing  the  quantities  of  wastes  that 
remain  within  the  system  as  residue,  and  minimiz- 
ing the  amount  of  cross-solvent  contamination. 
The  system  employs  a  specially  engineered 
vacuum  distillation  unit  equipped  with  two  clean- 
ing systems  for  continuous  cleaning  of  the  side 
walls  and  dome  head.  The  current  progress  of  this 
project  is  discussed  including  the  design  and  con- 
struction of  the  system  and  its  operation.  The 
wastes  tested  have  consisted  of  sludges  with  sol- 
vents such  as  toluene,  trichloroethane,  n-propyl 
acetate,  xylene,  acetone,  methylene  chloride,  and 
others.  The  results  to  date  have  been  very  promis- 
ing and  indicate  that  from  50-90%  of  the  initial 
volume  of  these  wastes  may  be  reduced.  They  also 
indicate  that  reusable  solvent  may  be  obtained, 
thereby  providing  an  economic,  as  well  as  a  waste 
management  incentive  for  on-site  reclamation.  (See 
also  W9 1-06 158)  (Author's  abstract) 
W91-06167 


MINIMIZING  WASTE  OIL  DISPOSAL. 

Earth  Technology  Corp.,  Alexandria,  VA. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06168 


DEMETALLATION  OF  USED  OIL  TO  FACILI- 
TATE  ITS  UTILIZATION  AS  A  FUEL. 

Auburn  Univ.,  AL.  Dept.  of  Chemical  Engineer- 
ing. 

A.  R.  Tarrer,  J.  Kaminski,  J.  H.  Kang,  J.  Parrish, 
and  E.  R.  Bates. 

IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  123-142,  4  fig,  19  tab,  8  ref.  EPA 
Cooperative  Agreement  CR  812090  to  Auburn 
University. 

Descriptors:  'Chemical  treatment,  'Demetallation, 
•Fuel,  'Oil  wastes,  'Recycling,  'Waste  recovery, 
Diammonium  phosphate.  Filtration,  Metallic  boro- 
hydrides,  Metals,  Sedimentation. 

Used  oil  invariably  contains  soluble  and  insoluble 
metal-bearing  compounds.  The  presence  of  these 
compounds  complicates  the  recycling  of  used  oil  as 
a  fuel,  by  causing  boiler  maintenance  problems  and 
by  making  it  difficult  to  comply  with  particulate 
emission  standards  and  Resource  Conservation  and 
Recovery  Act  (RCRA)  regulations.  Demetallating 
a  used  oil  before  its  burning  minimizes  maintenance 
problems  and  facilitates  meeting  the  regulatory 
requirements  controlling  its  burning.  Different 
physical  and  chemical  methods  can  be  used  to 
demetallate  used  oils.  A  chemical  demetallation 
agent  was  used  to  convert  entrained  nonfilterable 
metals  into  a  form  that  could  be  effectively  re- 
moved by  filtration.  Two  different  types  of  chemi- 
cal demetallation  agents  were  used:  metallic  boro- 
hydrides  (NaBH4  and  KBH4)  and  diammonium 
phosphate  (DAP).  The  activity  and  selectivity  of 
these  demetallation  agents  under  different  reaction 
conditions  in  various  types  and  sizes  of  reactors 
(thereby  varying  mass  transfer  rates)  were  com- 
pared. Several  types  of  used  oils  having  different 
metal  contents  were  examined.  It  was  observed 
that  metallic  borohydrides  were  highly  selective 
with  regard  to  the  types  of  metals  they  removed. 


The  accompanying  sludge  formed  also  made  the 
separation  operation  inefficient.  On  the  other  hand, 
results  obtained  with  DAP  were  extremely  favor- 
able. The  presence  of  water  during  the  reaction 
played  an  important  role  as  a  carrier  for  the  DAP, 
aiding  in  its  dispersion  and  reducing  the  impor- 
tance of  mass  transfer.  This  study,  which  also 
evaluated  different  separation  techniques,  found 
the  use  of  both  sedimentation  and  filtration  to  be 
practical,  with  filtration  rates  being  significantly 
accelerated  by  the  addition  of  low  percentages  of 
No.  2  fuel  oil.  (See  also  W9 1-06 158)  (Author's 
abstract) 
W91-06169 


WASTE  OIL  MANAGEMENT  FOR  A  SMALL 
QUANTITY  GENERATOR. 

Fruehauf  Corp.,  Detroit,  MI. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06170 


EFFICIENCIES  IN  WASTE  PROCESSING. 

University  of  South  Florida,  Tampa.  Dept.  of  Civil 
Engineering  and  Mechanics. 
R.  I.  Stessel. 

IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  153-162,  9  fig,  7  ref. 

Descriptors:  'Performance  evaluation,  'Separation 
techniques,  'Waste  management,  'Waste  recovery, 
•Waste  treatment,  Air  pollution,  Energy,  Recy- 
cling, Solid  wastes,  Waste  disposal. 

Processing  of  solid  waste  involves  quantification  of 
the  performance  of  separation  devices.  The  con- 
cept of  efficiency  is  difficult  to  define-  The  litera- 
ture frequently  makes  use  of  recovery,  but  that  can 
be  very  misleading  since  purity  is  left  unaccounted 
for.  Ideally,  one  would  like  to  account  for  both 
purity  and  recovery  in  a  single  term.  This  becomes 
more  cumbersome  when  one  is  dealing  with  n-way 
separators  rather  than  restricting  the  discussion  to 
binary  separators.  Results  from  this  discussion  are 
somewhat  specific  to  air  classification,  although  it 
is  possible  to  generalize.  With  air  classification, 
recovery  was  expressed  in  terms  of  the  particle  size 
distribution,  the  form  of  which  was  known  from 
independent  sources.  The  success  achieved  indi- 
cates the  validity  of  the  multiplication  of  recover- 
ies, and  taking  a  root  equal  to  the  number  of 
recoveries  in  the  mathematical  expression  used  to 
calculate  fractional  separation  efficiency.  Calcula- 
tion of  efficiency  based  on  the  recoveries  obtained 
at  the  outputs  is  then  valid  for  any  separation 
process.  Different  separation  processes  may  not  be 
able  to  make  use  of  a  well-known  distribution  of 
the  feed.  It  is  important  for  most  unit  operations 
that  a  robustness  parameter  be  calculated,  and  it  is 
possible  that  constituents  of  such  a  parameter  will 
differ  between  unit  operations.  If  the  expression 
can  be  constituted  so  as  to  vary  between  zero  and 
one,  then  it  would  be  possible  to  multiply  the 
efficiency  and  the  robustness  together  so  as  to  form 
a  composite  efficiency.  (See  also  W9 1-06 158) 
(Lantz-PTT) 
W91-06171 


HAZARDOUS  WASTE  VOLUME  REDUCTION 
RESEARCH  IN  THE  U.S.  ENVIRONMENTAL 
PROTECTION  AGENCY. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Hazardous  Waste  Engineering  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06172 


MAGNETIC  SEPARATION  OF  URANIUM 
FROM  WASTE  MATERIALS. 

Oak  Ridge  National  Lab.,  TN. 
J.  M.  Hoegler 

IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  172-189,  13  fig,  6  tab,  6  ref. 

Descriptors:  'Magnetic  studies,  'Radioactive 
wastes,  'Separation  techniques,  'Uranium,  'Waste 
treatment,  Hazardous  wastes,  Magnesium  fluoride, 
Magnetic  compounds. 


Criteria  were  developed  for  the  selection  of  candi- 
date wastes  for  testing  the  magnetic  separation  of 
uranium  or  other  paramagnetic  materials,  or  both. 
A  survey  of  Department  of  Energy  (DOE)  hazard- 
ous wastes  was  conducted  to  determine  good  can- 
didates for  bench-scale  magnetic  separation  tests. 
Representatives  of  21  DOE  sites  were  contacted, 
and  materials  were  identified  as  potential  candi- 
dates for  magnetic  separation.  To  date,  seven  sam- 
ples have  been  obtained  and  tested  for  separability 
of  uranium  with  a  bench-scale  magnetic  assaying 
device.  The  samples  tested  have  been  obtained 
from  the  K-1401B  and  K-1401C  ponds  in  Oak 
Ridge,  TN;  from  waste  piles  in  Maywood,  NJ; 
from  North  and  South  Ponds  in  Richland,  WA; 
and  from  magnesium  fluoride  drums  in  Fernald, 
OH.  The  magnetic  device  utilized  in  these  tests  can 
be  used  in  a  deflective  mode  with  dry  particulate 
samples  or  a  matrix-gradient  mode  with  either  dry 
particulate  or  liquid-suspended  materials.  Uranium 
separation  from  magnesium  fluoride  has  shown 
exceptionally  good  performance  in  both  wet  and 
dry  systems  and  could  be  an  important  application 
of  the  technology.  (See  also  W91-06158)  (Author's 
abstract) 
W91-06173 


ELIMINATION  OF  PRECOAT  FILTER 
SLUDGE  HAZARDOUS  WASTE. 

Flexel  Kansas,  Inc.,  Tecumseh. 
R.  J.  Kieffer. 

IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  190-195,  2  fig. 

Descriptors:  'Filtration,  'Hazardous  wastes,  •In- 
dustrial wastewater,  'Separation  techniques, 
'Sludge  cake,  'Waste  treatment.  Liquid  cyclone 
process,  Physical  treatment,  Sludge  filters.  Sus- 
pended solids. 

Hazardous  waste  disposal  regulations  forced  a  re- 
consideration of  process  to  recycle  waste  cello- 
phane film  and  product  quality  requirements  to 
eliminate  the  need  to  treat  and  dispose  of  a  hazard- 
ous sludge  containing  flammable  solvents.  This 
resulted  in  a  new  liquid  cyclone  process  to  replace 
the  precoat  filter  system,  which  generated  hazard- 
ous waste  sludge.  Beside  eliminating  a  complex, 
labor-intensive,  material-wasting  process,  replace- 
ment of  the  precoat  filter  prevented  further  gen- 
eration of  ignitable  hazardous  waste.  The  new 
firocess,  using  liquid  cyclones  to  make  the  required 
iquid-solids  separation,  must  have  a  gas-free  feed 
for  efficient  operation.  Beneficial  particle  classifi- 
cation, a  result  of  the  cyclone  process,  improved 
material  efficiencies  and  had  no  discernible  nega- 
tive effects  on  product  quality.  The  liquid  cyclone 
system  designed  to  separate  suspended  solids  from 
a  polymer  solution,  and  its  interrelation  with  the 
contiguous  processes  are  described  in  this  paper. 
Polymer  solution  flows  by  gravity  from  the  extrac- 
tor weir  box  at  a  rate  of  220  cu  mm/sec  (3.5  gpm) 
into  the  suction  side  of  the  cyclone  circulation 
pump.  This  pump  circulates  polymer  solution  at  a 
rate  of  1260  cu  mm/sec  (20  gpm)  through  the 
cyclones  and  back  to  the  feed  sump  where  220  cu 
mm/sec  (3.5  gpm)  is  drawn  off  and  the  balance 
recycles  back  to  the  cyclones.  The  cyclones  are 
run  in  series  primarily  to  provide  backup  capacity 
for  the  first  unit,  which  accomplishes  just  about  all 
of  the  separation.  The  bottom  flow,  63  cu  mm/sec 
(1  gpm)  per  unit,  containing  the  suspended  solids 
from  each  cyclone,  is  discharged  to  the  extractor. 
(See  also  W91-06158)  (Lantz-PTT) 
W91-06174 


UTILIZATION  OF  ASH  PRODUCTS  FROM 
COMBUSTION  OF  SHREDDED  SOLID 
WASTE. 

Energy  Answers  Corp.,  Albany,  NY. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06175 


MICROBIOLOGY     OF     DRINKING     WATER 
TREATMENT:  RECLAIMED  WASTEWATER. 

Pretoria  Univ.  (South  Africa).  Dept.  of  Medical 

Virology. 

For  primary  bibliographic  entry  see  Field  5F. 
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W9 1-06203 


WATER  HYACINTH  GROWTH  IN  ANAERO- 
BIC DIGESTER  EFFLUENTS. 

Florida  Univ.,  Gainesville.  Dept.  of  Soil  Science. 
K.  K.  Moorhead,  D.  A.  Graetz,  and  K.  R.  Reddy. 
Biological  Wastes  BIWAED,  Vol.  34,  No.  2,  p  91- 
99,  1990.  1  fig,  4  tab,  15  ref. 

Descriptors:  'Advanced  wastewater  treatment, 
•Water  hyacinth.  Ammonium,  Anaerobic  diges- 
tion, Effluents,  Nitrogen,  Plant  growth,  Secondary 
wastewater  treatment,  Wastewater,  Wastewater 
treatment. 

Anaerobic  digestion  of  plant  biomass,  animal  waste 
or  sewage  sludge  generates  a  waste  by-product 
that  must  be  disposed  of,  or  preferably  utilized  to 
reduce  the  cost  of  energy  production.  The  waste 
by-product  consists  of  digested  sludge  and  effluent. 
The  effluent  composition  of  anaerobic  digesters 
varies  with  the  type  of  feedstock  used.  Growth 
characteristics  and  N  assimilation  of  water  hya- 
cinth (Eichhornia  crassipes  (Mart)  solms)  were 
evaluated  for  diluted  and  undiluted  effluents  from 
anaerobic  digesters  containing  15N-labeled  water 
hyacinth  as  feedstock.  The  diluted  effluents  were 
an  excellent  growth  media  for  plants  and  resulted 
in  high  dry  weight  gains.  The  highest  gain  in  plant 
dry  weight  (18  g/square  m/day)  was  noted  for  the 
diluted  effluent  having  an  initial  NH4-N  concentra- 
tion of  65  mg/L  and  an  electrical  conductivity  of 
1.6  decasiemen/m.  Plant  death  was  observed  in 
four  of  the  six  undiluted  effluents.  Ammonium  loss 
from  the  effluents  was  described  with  first-order 
kinetic  rate  constants  that  ranged  from  0.175  to 
0.593/day.  Plant  assimilation  of  15NH4-N  ranged 
from  36  to  66%  in  diluted  effluents  and  from  2  to 
77%  in  undiluted  effluents.  Plant  survival  was  not 
dependent  entirely  on  NH4-N  concentrations  or 
electrical  conductivity  of  the  effluents.  (Mertz- 
PTT) 
W9 1-06222 


CORRECTED  METHOD  FOR  DRY  MATTER 
DETERMINATION  FOR  USE  IN  ANAEROBIC 
DIGESTER  CONTROL. 

Guelph  Univ.  (Ontario).  School  of  Engineering. 
G.  Hayward,  and  V.  Pavlicik. 
Biological  Wastes  BIWAED,  Vol.  34,  No.  2,  p 
101-111,  1990.  1  fig,  3  tab,  Href. 

Descriptors:  'Anaerobic  digestion,  'Volatile 
solids,  'Wastewater  analysis,  'Wastewater  treat- 
ment, 'Water  analysis,  Acetic  acid,  Ammonia, 
Carbon  dioxide,  Comparison  studies,  Drying,  Ef- 
fluents, Methane,  Sulfuric  acid,  Titration. 

The  amounts  of  volatile  solids  in  the  feed  and 
effluent  of  a  methane  producing  anaerobic  digester 
are  commonly  used  to  describe  the  capacity  and 
conversion  efficiency  of  the  digester.  The  volume 
yield  of  methane  is  often  reported  as  cubic  m/kg  of 
volatile  solids  added  to  the  digester.  The  reduction 
in  volatile  solids  is  also  reported  to  complete  the 
digester  mass  balances.  Unfortunately,  mass  bal- 
ances based  on  the  volatile  solids  reduction  are 
rarely  close.  The  loss  of  biologically  active  materi- 
al such  as  acetic  acid  during  the  standard  dry 
matter  determination  can  introduce  substantial 
error  into  anaerobic  digester  mass  balances.  This 
error  may  be  compensated  by  performing  the  de- 
termination on  a  sample  after  titration  with  sulfuric 
acid  or  sodium  hydroxide.  Data  from  a  variety  of 
materials  obtained  using  the  combined  titration  and 
drying  methods  were  compared  with  results  from 
the  standard  method.  The  loss  of  volatile  material 
during  drying  was  confirmed  and  the  two  titration 
corrections  validated.  Acetic  acid,  carbon  dioxide 
and  ammonia  are  lost  from  anaerobic  digester  in- 
fluent and  effluent  samples  during  drying  at  105  C. 
The  sulfuric  acid  titration  is  recommended  due  to 
its  simplicity  and  the  additional  alkalinity  informa- 
tion obtained.  The  acid  titration  method  is  also  less 
subject  to  titration  error  and  interference  than  is 
the  base  titration  method.  (Mertz-PTT) 
W91-06223 


UPGRADING  AN  AERATED  LAGOON  TO  A 
SEQUENCING  BATCH  REACTOR  FOR  PIG- 
GERY WASTE  TREATMENT. 


Hong  Kong  Polytechnic,  Kowloon.  Dept.  of  Civil 
and  Structural  Engineering. 
S.  H.  Wong,  M.  W.  Wu,  and  C.  C.  Choi. 
Biological  Wastes  BIWAED,  Vol.  34,  No.  2,  p 
1 13-122,  1990.  2  fig,  6  tab,  5  ref. 

Descriptors:  'Aerated  lagoons,  'Animal  wastes, 
•Wastewater  treatment.  Biological  oxygen 
demand,  Farm  wastes,  Hogs,  Hong  Kong,  Sus- 
pended solids,  Wastewater  reactors,  Water  pollu- 
tion prevention. 

In  Hong  Kong,  there  are  over  half  a  million  pigs 
kept  in  small  domestic  farms  with  herd  sizes  of  a 
few  hundred.  Many  of  the  wastes  generated  by 
these  pigs  are  hosed  out  directly  into  the  nearby 
streams  and  thus  cause  a  major  water  pollution 
problem.  Farm  washings  containing  piggery 
wastes  are  so  dilute  that  they  are  not  very  suitable 
for  biogas  production  in  a  conventional  anaerobic 
digester.  Therefore,  aerobic  treatment  might  be 
employed  if  the  pollution  potential  of  these  bulky 
piggery  slurries  is  to  be  reduced  before  they  are 
discharged  into  surface  waters.  An  aerated  lagoon 
system  treating  dilute  piggery  waste  to  an  effluent 
standard  of  biological  oxygen  demand  of  about  200 
mg/L  and  suspended  solids  of  400  mg/L  was 
upgraded.  A  laboratory  study  indicated  that  a  con- 
tinuous-flow, aerated  lagoon  system  could  be  oper- 
ated as  a  sequencing  batch  reactor  with  improved 
performance.  The  aeration  basin  of  the  lagoon 
system,  with  a  working  volume  of  about  60  cubic 
m,  was  then  converted  to  a  sequencing  batch  reac- 
tor treating  waste  arising  from  an  equivalent  of  200 
porkers.  The  modifications  were  simple  and  inex- 
pensive, but  the  performance  of  the  system  was 
greatly  improved.  The  new  system  consistently 
produced  very  good  quality  effluent  with  both 
biological  oxygen  demand  and  suspended  solids 
concentrations  well  below  50  mg/L.  The  surplus 
activated  sludge  produced  was  stable  and  required 
no  further  treatment  before  dewatering  and  dispos- 
al. (Mertz-PTT) 
W9 1-06224 


PSYCHROPHILIC  ANAEROBIC  DIGESTION 
OF  ANIMAL  MANURE:  PROPOSED  DESIGN 
METHODOLOGY. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Biological  and  Agricultural  Engineering. 

L.  M.  Safley,  and  P.  W.  Westerman. 

Biological  Wastes  BIWAED,  Vol.  34,  No.  2,  p 

133-148,  1990.  1  fig,  3  tab,  53  ref. 

Descriptors:  'Anaerobic  digestion,  'Animal 
wastes,  'Temperature  effects,  Biogas,  Load  distri- 
bution, Manure,  Methane,  Psychrophilic  tempera- 
tures, Waste  treatment. 

Typically,  anaerobic  digesters  are  designed  to  op- 
erate in  either  the  mesophilic  (20-45  C)  or  thermo- 
philic (45-60  C)  temperature  ranges  to  maintain 
high-rate,  steady-state  digestion.  Higher  tempera- 
tures allow  higher  loading  rates  and  thus  smaller 
digesters.  However,  methanogenesis  has  been  ob- 
served at  temperatures  approaching  0  C.  The  an- 
aerobic decomposition  of  organic  matter  at  low 
temperatures  (<20  C)  is  referred  to  as  psychrophi- 
lic anaerobic  digestion.  Anaerobic  digestion  at 
psychrophilic  temperatures  has  not  been  as  exten- 
sively explored  as  that  occurring  at  either  mesophi- 
lic or  thermophilic  temperature  ranges.  A  compre- 
hensive literature  review  was  conducted  on  psych- 
rophilic anaerobic  digestion  and  design  of  anaero- 
bic digesters  for  treating  animal  manures.  Anaero- 
bic digestion  of  caged  layer  manure  was  studied  in 
the  laboratory  at  low  temperatures  (14-23  C).  The 
digesters  were  operated  to  determine  combinations 
of  temperature  and  loading  rate  that  gave  accepta- 
ble methane  yield.  Acceptable  methane  yield  was 
obtained  for  loading  rates  ranging  between  0.14  kg 
volatile  solids/cubic  m  day  at  14  C  and  0.57  kg 
volatile  solids/cubic  m  day  for  23  C.  The  resulting 
data  along  with  that  taken  from  similar  tests  docu- 
mented in  the  literature  was  found  to  approximate 
the  van't  Hoff-Arrhenius  equation.  Using  this  rela- 
tionship, an  acceptable  loading  rate  for  a  digester 
operated  at  20  C  would  be  approximately  40%  of 
that  used  for  a  digester  operating  at  30  C.  This 
equation  is  suggested  as  a  technique  for  determin- 
ing suitable  loading  rates  for  psychrophilic  digest- 
ers based  on  data  for  digesters  operated  at  higher 
temperatures.  (Mertz-PTT) 


W9 1-06225 


COMMUNITY  SELF-FINANCING  OF  WATER 
SUPPLY  AND  SANITATION:  WHAT  ARE  THE 
PROMISES  AND  PITFALLS. 

Water  and  Sanitation  for  Health  Project,  Arling- 
ton, VA. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-06244 


CARBON-14  TRACER  STUDY  OF  POLYACRY- 
LATE  POLYMER  IN  A  WASTEWATER 
PLANT. 

Michigan   Univ.,   Ann  Arbor.   School   of  Public 

Health. 

J.  E.  Martin,  T.  Stevens,  G.  E.  Bellen,  L.  W.  King, 

and  J.  M.  Hylko. 

International  Journal  of  Radiation  Applications  & 

Instrumentation.  A,  Appl.   Radiation  &  Isotopes 

ARISEF,  Vol.  41,  No.  10/1,  p  1165-1172,  1990.  7 

fig,  2  tab,  6  ref. 

Descriptors:  'Carbon  radioisotopes,  'Polymers, 
•Radioactive  tracers,  'Wastewater  treatment,  Pol- 
lutants, Primary  wastewater  treatment,  Tracers, 
Water  pollution  sources. 

A  number  of  highly  absorbent  consumer  products 
are  currently  being  developed  which  use  fiber 
components  to  which  highly  absorbent  polymers 
are  added.  The  high  absorbency  of  these  products 
without  large  bulk  may  make  these  products  very 
popular,  leading  to  a  number  of  questions  on  the 
environmental  effects  of  their  disposal.  The  dis- 
charge of  such  products  into  on-site  wastewater 
treatment  systems  such  as  septic  tanks  or  aerobic 
treatment  systems  has,  on  occasion,  been  alleged  to 
cause  upset  or  failure  of  these  systems.  Upset  or 
failure  of  these  systems  could  result  in  unaccept- 
able discharges  of  pollutants;  thus,  it  is  important 
to  assess  the  fate  and  effect  of  these  products  when 
they  are  disposed  into  on-site  wastewater  systems. 
A  highly  absorbent  consumer-product,  polyacry- 
late-polymer  material  tagged  with  carbon- 14,  was 
dosed  to  a  standard  on-site  aerobic  wastewater 
treatment  plant  which  contained  a  settling  cham- 
ber, an  aeration  chamber,  and  an  effluent  chamber. 
Operation  of  the  test  plant  was  essentially  the  same 
as  that  of  a  control  plant  even  under  exaggerated 
conditions.  About  97%  of  the  polymer  material 
was  retained  in  solids  deposited  in  the  primary  and 
aeration  chambers,  and  effluent  releases  were  mini- 
mal. The  use  of  a  14C  tagging  procedure  proved  to 
be  a  successful  method  for  studying  the  behavior 
of  these  complex  materials.  It  may  be  useful  to 
conduct  a  further  study  on  retained  solids  to  deter- 
mine whether  microbial  decomposition  of  the 
polymer  material  occurs  while  they  remain  in  typi- 
cal plants.  (Mertz-PTT) 
W9 1-06245 


SEASONAL  SUCCESSION  OF  ALGAL  PERI- 
PHYTON  FROM  A  WASTEWATER  TREAT- 
MENT FACILITY. 

Vermont  Univ.,  Burlington.  Dept.  of  Botany. 
L.  S.  Davis,  J.  P.  Hoffmann,  and  P.  W.  Cook. 
Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  4,  p 
611-617,  1990.  4  fig,  2  tab,  41  ref. 

Descriptors:  'Algal  growth,  'Biological 
wastewater  treatment,  'Periphyton,  'Wastewater 
treatment,  Clarifiers,  Flow  velocity,  Light  effects, 
Nutrients,  Seasonal  variation,  Species  diversity, 
Temperature  effects. 

Many  sewage  treatment  processes  utilize  a  step  in 
which  particulate  matter  is  removed  by  settling  in 
secondary  clarifying  tanks.  The  nutrient-rich  su- 
pernatant flows  over  the  weirs  of  these  tanks  and  is 
disinfected  before  returning  to  the  environment. 
Approximately  60%  of  the  total  influent  nitrogen 
and  70%  of  the  total  influent  phosphorus  remain  in 
the  final  effluent.  The  clarifying  tanks  are  open  and 
the  combination  of  high  nutrient  loads,  flowing 
water,  and  daylight  permit  the  development  of 
extensive  periphyton  communities.  The  potential 
for  rapid  algal  growth  in  these  hypereutrophic 
systems  has  promoted  recent  interest  in  using  peri- 
phyton communities  for  biological   treatment  of 
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wastewater.  Attached  algal  populations  were  sam- 
pled at  weekly  or  biweekly  intervals  to  character- 
ize successional  changes  in  the  secondary  clarifiers 
of  a  wastewater  treatment  plant.  Three  communi- 
ties were  compared  from  areas  of  slow,  medium 
and  rapid  current  velocities.  In  general,  the  algae 
resembled  those  reported  for  other  hypereutrophic 
flowing  waters.  Of  the  23  algae  recorded,  Stigeo- 
clonium,  Oedogonium,  Oscillatoria,  Lyngbya,  and 
Pleurocapsa  were  dominant  at  some  point  in  the  IS 
month  sampling  period.  Nutrient  concentrations 
were  consistently  high;  therefore,  changes  in  tem- 
poral distribution  of  algae  were  probably  depend- 
ent on  seasonal  changes  in  light  and  temperature. 
Colonization  of  artificial  substrates  was  also  ob- 
served. Small  unicellular  algae  were  the  first  auto- 
trophs to  attach  and  these  were  followed  by  larger 
filamentous  forms.  (See  also  W9 1-06253)  (Mertz- 
PTT) 
W9 1-06252 


PRODUCTION  AND  NUTRIENT  ACCUMULA- 
TION BY  PERIPHYTON  IN  A  WASTEWATER 
TREATMENT  FACILITY. 

Vermont  Univ.,  Burlington.  Dept.  of  Botany. 
L.  S.  Davis,  J.  P.  Hoffmann,  and  P.  W.  Cook. 
Journal  of  Phycology  JPYLAJ,  Vol.  26,  No.  4,  p 
617-623,  1990.  5  fig,  3  tab,  40  ref. 

Descriptors:  'Algal  growth,  'Biological 
wastewater  treatment,  'Periphyton,  'Tertiary 
wastewater  treatment,  'Wastewater  treatment, 
Biomass,  Chlorophyll  a,  Clarifiers,  Nutrient  re- 
moval, Phosphorus,  Productivity,  Seasonal  varia- 
tion. 

Wastewater  treatment  facilities  utilizing  outdoor 
secondary  clarifiers  support  extensive  growth  of 
attached  algae.  Although  periphyton  is  conspicu- 
ous in  this  hypereutrophic  environment,  literature 
on  algal  productivity  within  wastewater  treatment 
systems  is  scarce.  Five  growth  experiments  were 
conducted  over  a  15-month  period  to  quantify 
biomass,  seasonal  growth  rates,  and  production  of 
a  periphyton  community  in  the  secondary  clarifier 
of  a  wastewater  treatment  plant.  A  maximum  peri- 
phyton biomass  of  130  g/square  m  (ash-free  dry 
weight)  was  achieved  during  fall.  Growth  rates  of 
approximately  0.23/day  (from  chlorophyll  a)  were 
observed  during  spring,  summer  and  fall.  Winter 
values  were  also  high  (0.20/day).  Maximum  pro- 
duction was  approximately  22  g/square  m/day 
during  spring.  Periphyton  phosphorus  content  was 
variable  ranging  from  0.4-2.4%  and  nitrogen  con- 
tent varied  from  4.4-15.1%.  Estimated  maximum 
removal  rates  of  both  nutrients  were  high  (up  to 
160  mg  P/square  m/day  and  1900  mg  N/square 
m/day).  High  productivity  and  nutrient  removal 
rates  in  this  lotic  hypereutrophic  ecosystem  may 
warrant  further  investigation  of  periphyton  as  a 
tertiary  biological  wastewater  treatment  in  cold 
climates.  (See  also  W9 1-06252)  (Mertz-PTT) 
W91-06253 


SOLID/LIQUID  SEPARATION:  WASTE  MAN- 
AGEMENT AND  PRODUCTIVITY  ENHANCE- 
MENT. 

Battelle  Press,  Columbus,  Ohio.  1990.  572p.  Edited 
by  H.  S.  Muralidhara. 

Descriptors:  'Dewatering,  'Filtration,  'Separation 
techniques,  'Sludge  digestion,  'Waste  manage- 
ment, 'Wastewater  treatment,  Acoustics,  Coagula- 
tion, Electrochemistry,  Flocculation,  In  situ  treat- 
ment, Land  application,  Membrane  techniques,  Re- 
cycling, Sludge  thickening,  Soil  contamination,  Ul- 
trafiltration. 

The  second  conference  on  Recent  Advances  in 
Solid/Liquid  Separation  held  in  December  1989 
highlights  the  interdisciplinary  nature  of  solid/ 
liquid  separation  processes,  namely  geochemistry, 
colloidal  science,  flow-through  process  media,  and 
petroleum,  mechanical,  and  chemical  engineering. 
Papers  from  the  conference  are  presented  under 
eight  broad  categories:  process  fundamentals  of 
sludge  dewatering;  novel  dewatering  processes;  in- 
dustrial coal  and  mineral  wastes;  flocculation;  in 
situ  remediation  of  contaminated  soils;  beneficial 
reuse  of  sludges;  electrotechnologies;  and  mem- 
branes and  membrane  presses.  The  conference  also 


focussed  on  environmental  issues,  specifically  the 
Superfund  sites,  the  Garbage  Barge,  and  the  in- 
creasing denial  of  land  disposal  requests.  The  sec- 
tion on  sludge  dewatering  highlights  batch  thick- 
ening, sludge  and  wastewater  filtration,  optimizing 
polymer  consumption  in  sludge  dewatering  appli- 
cations, thin  cake  filtration,  and  electro-optic  stud- 
ies of  concentration  banding  in  particulate  media. 
Novel  dewatering  processes  discussed  are  the  ten- 
minute  digestion,  natural  freeze-thaw,  Tyvek  mi- 
crofiltration,  and  decanting  and  filtration  in  a  high- 
gravity  centrifugal  dryer.  The  dissolved  air,  in- 
duced air,  and  nozzle  air  flotation  systems  are 
compared  for  precipitation-flotation  of  metal-laden 
wastewaters.  Other  technologies  demonstrate  how 
industrial  wastewaters  and  sludges  may  be  recy- 
cled and  reused.  Among  the  electrotechnologies 
discussed  are  alternating  current  electrocoagula- 
tion, electrochemical  reactor  systems  for  metal  re- 
covery and  detoxification,  ultrasonic  interactions 
during  sludge  dewatering,  electroacoustic  dewater- 
ing of  sewage  sludges,  and  particle  separations  by 
the  electrocoal  process.  Membrane  technologies 
offer  a  novel  approach  to  antifouling,  waste  mini- 
mization and  recycling  with  membrane  filter  press- 
es, and  new  approaches  to  pollution  control.  (See 
W9 1-06422  thru  W9 1-06460)  (Geiger-PTT) 
W91-06421 


CHANNELLING  AND  THE  DOUBLY  CON- 
CAVE FLUX  CURVE  IN  BATCH  THICKENING. 

Duke  Univ.,   Durham,   NC.   Dept.  of  Civil  and 
Environmental  Engineering. 
P.  A.  Vesilind,  and  G.  N.  Jones. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  3-16.  10  fig,  19  ref. 

Descriptors:  'Channeling,  'Dewatering,  'Separa- 
tion techniques,  'Sludge  thickening,  'Wastewater 
treatment,  Fluctuations,  Mathematical  studies, 
Sedimentation,  Settleable  solids,  Slurries. 

The  thickening  of  two  calcium  carbonate  sludges 
was  studied  in  large  transparent  cylinders  to  exam- 
ine the  cause  of  the  doubly  concave  flux  curve. 
The  sludge  was  pumped  into  the  cylinders  from 
the  bottom  and  allowed  to  thicken  without  stir- 
ring. The  interface  drop  and  channels  were  ob- 
served through  the  cylinder  walls.  All  of  the  chan- 
nels that  formed  during  thickening  were  small  (4 
cm  or  less  in  length  and  about  0.1  cm  wide),  and 
they  moved  slowly  upward  as  a  fairly  even  layer 
over  the  course  of  the  experiment.  The  graphically 
determined  interfacial  settling  velocities  measured 
using  batch  tests  were  multiplied  by  the  initial 
concentration  to  yield  the  solids  flux  graph.  Exam- 
ination of  these  data  showed  that  the  second  con- 
cavity in  the  flux  curve  appeared  to  exist  between 
500  and  800  g/L  with  a  peak  at  about  650  g/L.  To 
contrast  with  this  normal  method  of  measuring 
interface  velocity,  the  initial  velocity  was  deter- 
mined, and  the  resulting  flux  was  plotted.  Since 
this  latter  interface  velocity  is  from  early  in  each 
test,  the  calculated  flux  may  be  more  representa- 
tive of  a  given  concentration  than  are  later  inter- 
face velocity  measurements  that  might  include  dif- 
ferential settlement  of  the  solids  and  the  progres- 
sive dilution  of  the  upper  sludge  column.  Thus 
channelling  is  not  directly  responsible  for  the 
doubly  concave  flux  curve,  and  the  curve  in  fact 
results  from  the  incorrect  interpretation  of  batch 
thickening  data.  (See  also  W9 1-06421)  (Geiger- 
PTT) 
W9 1-06422 


SLUDGE  AND  WASTEWATER  FILTRATION: 
A  CONTINUUM  ANALYSIS. 

Akron  Univ.,  OH.  Dept.  of  Chemical  Engineering. 
G.  G.  Chase,  M.  S.  Willis,  and  I.  Tosun. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  17-30.  2  fig,  5  tab,  19  ref. 

Descriptors:  'Dewatering,  'Filtration,  'Mathemat- 
ical models,  'Sludge  treatment,  'Wastewater  treat- 
ment, Filter  media,  Separation  techniques,  Sludge 
filters. 

A  multiphase  continuum  analysis  was  used  as  an 
alternative  to  the  ad  hoc  approach  for  the  design 


of  filters  for  wastewater  and  sludge  treatment.  The 
systematic  approach  normally  reserved  for  single- 
phase  systems  was  extended  to  dispersed  multi- 
phase material  systems  and  provided  alternate 
modes  of  operation  to  those  used  with  the  ad  hoc 
approach.  The  continuum  approach  focused  on  the 
clogging  of  the  filter  medium  by  the  cake  particles 
and  suggested  that  altering  of  the  aggregate  struc- 
ture of  the  solid  particles  by  prefiltration  oper- 
ations is  not  independent  of  the  selection  of  the 
filter  medium.  Both  must  be  taken  into  consider- 
ation to  obtain  favorable  filtration  rates.  The  con- 
tinuum approach  was  applied  to  cake  filtration, 
and  the  resulting  working  equation  was  compared 
with  the  two-resistance  model  currently  used  to 
evaluate  filter  cakes.  The  comparison  indicated 
that  the  continuum  approach  provides  novel  meth- 
ods of  operation,  namely  constant  cake  pressure 
drop,  and  constant  applied  pressure  at  a  constant 
rate.  The  continuum  approach  can  also  be  applied 
to  the  deep  bed  clarifier  with  different  boundary 
conditions  between  the  multiphase  regions.  (See 
also  W91-06421)  (Geiger-PTT) 
W9 1-06423 


OPTIMIZING  POLYMER  CONSUMPTION  IN 
SLUDGE  DEWATERING  APPLICATIONS. 
ZENON  Water  Systems,  Inc.,  Burlington  (Ontar- 
io). 

P.  M.  Crawford. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  31-40.  8  fig,  5  ref. 

Descriptors:  'Dewatering,  'Sludge  conditioning, 
'Sludge  thickening,  'Sludge  treatment, 
•Wastewater  treatment,  Optimization,  Perform- 
ance evaluation,  Polymers,  Process  control,  Sludge 
drying. 

The  Sludge  Conditioning  Controller  (SCC)  was 
designed  to  upgrade  sludge  dewatering  operations 
during  wastewater  treatment  by  monitoring  poly- 
mer dosage  during  sludge  conditioning.  The  SCC 
determines  the  state  of  sludge  conditioning  directly 
by  measuring  the  intrinsic  rheological  characteris- 
tics of  both  conditioned  and  unconditioned  sludge. 
The  hardware  for  an  SCC  consists  of  a  central 
control  panel,  local  control  station,  sample  vessel 
and  sensor  head,  and  a  printer.  The  control  algo- 
rithm compares  the  present  state  of  conditioning 
with  the  reference  point  of  known  satisfactory 
conditioning  obtained  during  the  tuning  cycle.  If 
the  present  state  of  conditioning  is  either  satisfac- 
tory or  better  than  satisfactory,  then  the  algorithm 
directs  the  polymer  flow  signal  to  be  reduced.  If, 
on  the  other  hand,  the  present  state  of  conditioning 
is  not  satisfactory,  then  the  algorithm  directs  the 
polymer  flow  signal  to  be  increased.  The  SCC 
determines  the  present  state  of  conditioning  by 
analyzing  the  sample  of  conditioned  sludge  and 
finding  the  peak  value  of  the  torque  versus  time 
data.  In  municipal  plant  operation,  the  range  of 
solids  concentrations  on  which  the  SCC  has 
worked  successfully  is  from  about  0.3%  for  waste- 
activated  sludges  up  to  about  7%  for  anaerobically 
digested  sludges.  Based  solely  on  polymer  savings, 
the  payback  period  for  the  SCC  ranges  from  about 
4  months  to  4  years,  with  an  average  of  about  1.5 
years,  depending  on  the  pre-SCC  polymer  con- 
sumption. (See  also  W9 1-06421)  (Geiger-PTT) 
W9 1-06424 


THIN  CAKE  FILTRATION:  THEORY  AND 
PRACTICE. 

Millipore  Corp.,  Bedford,  MA. 
K.  S.  Cheng. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  41-50.  5  fig,  7  ref. 

Descriptors:  'Filter  media,  'Filtration,  'Separation 
techniques,  'Wastewater  treatment,  Slurries,  Theo- 
retical analysis. 

Thin  cake  filtration  (TCF)  is  a  useful  technique  for 
improving  the  filtration  rate  for  a  certain  class  of 
slurries.  Contrary  to  conventional  filtration  in 
which  cake  deposits  accumulate  continuously 
during  the  filtration  process,  TCF  controls  cake 
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growth  by  maintaining  mechanical  agitation  close 
to  the  filter  medium  surfaces.  The  shear-compacted 
thin  cake,  only  2  mm  thick,  serves  as  a  permanent 
precoat,  delivering  high  rate  and  clear  filtrates. 
Mechanical  forces  break  down  flocculated  particu- 
late structures,  producing  filter  cakes  with  high 
solids  content.  Shear  consolidation  and  particle 
binding  of  the  thin  cakes  provides  a  plausible  ex- 
planation of  the  mechanisms  of  TCF.  Filter  cakes 
with  thixotropic  properties  such  as  clay,  calcium 
carbonate,  metal  hydroxides,  metal  oxides  and  pig- 
ment generally  run  very  well  in  thin  cake  filters. 
The  particle  size  of  these  slurries  ranges  from  0.8 
to  10  microns.  In  addition  to  pressure  and  tempera- 
ture, TCF  is  affected  by  a  change  in  solids  concen- 
tration, the  rotating  speed  of  the  turbine,  and  the 
filter  media.  (See  also  W9 1-06421)  (Geiger-PTT) 
W9 1-06425 


ELECTRO-OPTIC  STUDIES  OF  CONCENTRA- 
TION BANDING  IN  PARTICULATE  MEDIA. 

Reading  Univ.  (England).  J.J.  Thomson  Physical 
Lab. 

B.  R.  Jennings,  R.  Isherwood,  and  M.  Stankiewicz. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  51-61.  4  fig,  19  ref. 

Descriptors:  *Clays,  *Electrophoresis,  'Particulate 
matter,  'Separation  techniques,  'Waste  treatment, 
•Wastewater  treatment,  Emulsions,  Kaolinite, 
Mathematical  studies. 

A  phenomenon  has  been  observed  in  which  parti- 
cles in  suspension  associate  into  highly  concentrat- 
ed bands  that  arrange  themselves  perpendicular  to 
the  field  lines  of  uniform  electric  fields.  These 
bands  concentrate  with  time  and  field  strength  and 
are  optimized  for  given  field  frequencies.  They 
only  form  in  alternating  electric  fields  and  are  in 
opposition  to  the  well-known  fields.  Electric  bire- 
fringence and  electrophoretic  light  scattering 
measurements  have  been  made  to  demonstrate  the 
tendency  of  pearl  chains  to  be  associated  with  the 
electrical  polarizability,  whereas  banding  is  pre- 
dominantly associated  with  electrophoretic  mobili- 
ty of  the  particles.  The  generality  of  the  effect  is 
shown  by  its  existence  in  various  emulsion  systems 
and  rod  and  disk-like  particles.  (See  also  W91- 
06421)  (Author's  abstract) 
W9 1-06426 


STATE  OF  WASTEWATER  TREATMENT  IN- 
DUSTRY IN  THE  NETHERLANDS. 

Hollandse  Eilandenen  Waarden  Wastewater  Au- 
thority, Dordrecht  (Netherlands). 
H.  A.  Meijer. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.   1990.  p  65-82.  9  fig,  8  tab,  3  ref. 

Descriptors:  'Incineration,  'Sludge  disposal,  'Ter- 
tiary wastewater  treatment,  'The  Netherlands, 
•Wastewater  treatment,  Cost  analysis,  Nitrogen  re- 
moval, Nutrient  removal,  Phosphates,  Phosphorus 
removal. 

In  the  last  20  years,  an  ambitious  sewage  treatment 
plant  investment  program  was  executed  in  The 
Netherlands.  The  load  to  surface  waters  of 
oxygen-consuming  substances  was  reduced  from 
40  million  to  5  million  population  equivalents.  Dif- 
ferent wastewater  treatment  systems  used  in  the 
Netherlands  include  oxidation  ditches,  one-stage 
activated  sludge  plants,  trickling  filter  plants,  two- 
stage  biological  plants,  and  primary  treatment 
plants.  In  Rotterdam-Dokhaven  a  peculiar  under- 
ground two-stage  sewage  treatment  plant  is  in  op- 
eration. As  conditions  for  agricultural  application 
of  sewage  sludge  and  other  forms  of  reuse  become 
more  stringent,  incineration  of  sludge  seems  to  be 
the  only  alternative  method  of  disposal.  Since 
1985,  phosphate  removal  of  effluents  was  imple- 
mented at  sewage  treatment  plants  according  to 
the  Rhine  Action  Program.  In  the  first  stage  of  the 
program  the  P  standard  will  be  2  mg/L,  and  the 
nitrogen  standard,  expressed  in  N-total,  will  be  20 
mg/L.  Recent  studies  in  the  Netherlands  show  that 
these  stringent  effluent  standards  can  best  be 
reached  by  designing  an  oxidation  type  treatment 
plant  using  post-precipitation  of  phosphate.  Extra 


costs  for  extreme  P  and  N  removal  are  high: 
investment  costs  increase  60%  and  yearly  costs 
50%.  Future  research  coordinated  by  the  STORA 
Foundation  and  the  Ministry  of  Transport  and 
Public  Works  in  the  Future  Generation 
Wastewater  Treatment  Works  (RWZI  2000)  pro- 
gram focuses  on  wastewater  treatment,  sludge  pro- 
duction and  sludge  treatment,  and  fundamentals  of 
sludge  dewatering.  (See  also  W91-06421)  (Geiger- 
PTT) 
W9 1-06427 


CENTRIFUGE  THICKENING:  FULL-SCALE 
TESTING  AND  DESIGN  CONSIDERATIONS. 

Montgomery  (James  M.)  Consulting  Engineers, 
Inc    PflSflricm  CA 

G.  S.  MacConnell,  D.  S.  Harrison,  K.  W.  Kirby, 
H.  Lee,  and  F.  Mousavipour. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  83-108.  17  fig,  4  tab,  4  ref. 

Descriptors:  'California,  'Centrifugation,  'Com- 
parison studies,  'Dewatering,  'Los  Angeles, 
•Sludge  thickening,  'Wastewater  treatment,  Acti- 
vated sludge  treatment,  Design  criteria,  Perform- 
ance evaluation. 

The  City  of  Los  Angeles  installed  four  high-capac- 
ity thickening  centrifuges  at  the  City's  Hyperion 
Treatment  Plant  in  1988  to  provide  interim  waste- 
activated-sludge  thickening  capacity  and  provide  a 
full-scale  test  for  the  comparison  of  the  Humboldt- 
Wedag  centrifuge  and  the  Sharpies  centrifuge.  The 
performance  test  of  both  the  Humboldt-Wedag  and 
Sharpies  centrifuges,  with  and  without  polymer, 
yielded  considerably  different  results  with  respect 
to  each  centrifuge.  The  two  main  operational  vari- 
ables for  the  Humboldt-Wedag  machine  were 
sludge  feed  rate  and  nozzle  size.  An  increase  in 
feed  rate  resulted  in  a  decrease  in  both  the  capture 
efficiency  and  concentrate  quality.  With  the  Shar- 
pies machine,  sludge  feed,  differential  speed,  and 
polymer  addition  were  all  effective  operational 
parameters.  The  addition  of  polymer  drastically 
increased  the  effective  capacity  of  the  centrifuge 
and  improved  all  measurable  performance  param- 
eters. The  Sharpies  machine  is  relatively  sensitive 
to  operational  conditions.  A  minor  change  in  the 
feed  sludge  volume  index  or  solids  concentration 
can  significantly  affect  the  machine's  performance. 
The  Sharpies  machine  must  be  monitored  and 
operational  adjustments  made  to  optimize  the  ma- 
chine with  changes  in  sludge  feed  conditions.  The 
sensitivity  of  the  machine  is  beneficial  in  that  the 
machine  may  be  adjusted  to  a  desired  level  of 
performance.  The  Sharpies  machine  was  30  to 
50%  more  energy  efficient  than  the  Humboldt- 
Wedag  machine,  dependent  on  the  sludge  feed 
rate.  The  Sharpies  machines  were  more  reliable 
than  the  Humboldt-Wedag  machines  when  meas- 
ured as  a  group.  However,  the  most  reliable  Hum- 
boldt-Wedag machine  was  more  reliable  than  the 
least  reliable  Sharpies  machine.  Corrosion  was  no- 
ticed on  Humboldt-Wedag  components.  No  corro- 
sion was  noticed  on  the  Sharpies  machines.  (See 
also  W9 1-06421)  (Geiger-PTT) 
W9 1-06428 


TEN-MINUTE  DIGESTION. 

Hach  Co.,  Loveland,  CO. 
D.  E.  Gustafson. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  110-114.  2  tab. 

Descriptors:  'Domestic  wastes,  'Heavy  metals, 
•Nitrogen,  'Pollutant  identification,  'Sludge  diges- 
tion, 'Wastewater  treatment,  Colorimetry,  Hydro- 
gen peroxide,  Manganese,  Nickel,  Phosphorus, 
Separation  techniques,  Silver,  Sulfuric  acid.  Zinc. 

The  Hach  Digesdahl  system  of  ten-minute  sludge 
digestion  was  evaluated  on  reference  sewage 
sludge  of  domestic  origin.  The  Hach  Digesdahl 
apparatus,  consisting  of  a  heater  assembly,  heat 
shield,  fractionating  column  and  filter  pump  (aspi- 
rator), was  used  for  sample  digestion.  The  fraction- 
ating column  fits  into  the  mouth  of  the  digestion 
flask;  hydrogen  peroxide  addition  is  controlled 
with  a  pump  and  timer.  The  Digesdahl  apparatus 


was  used  to  digest  15  replicate  samples  of  the 
Community  Bureau  of  Reference  (BCR  No.  144) 
Sewage  Sludge  Domestic  sample.  Results  for  alu- 
minum, copper,  manganese,  nickel,  nitrogen,  phos- 
phorus, silver,  and  zinc  were  compared  by  a  color- 
imetric  procedure  with  certified  and  indicative 
values  obtained  by  the  Commission  of  the  Europe- 
an Communities  analysts.  Results  obtained  in  most 
of  the  domestic  origin  sludge  reference  material 
tests  were  quite  comparable.  Based  on  this  study, 
the  Hach  Digesdahl  system  would  be  the  method 
of  choice  because  of  analysis  speed,  reduced 
system  costs,  and  option  of  analyzing  for  minerals 
and  metals  with  the  same  sample  digest.  (See  also 
W9 1-06421)  (Geiger-PTT) 
W9 1-06429 


SLUDGE  DEWATERING  BY  NATURAL 
FREEZE-THAW. 

Cold   Regions   Research   and   Engineering   Lab., 
Hanover,  NH. 
C.  J.  Martel. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  115-122,  2  fig,  6  tab,  9  ref. 

Descriptors:  'Dewatering,  'Freeze-thaw  tests, 
'Sludge  thickening,  'Sludge  treatment, 
'Wastewater  treatment,  'Water  treatment,  Aero- 
bic digestion,  Anaerobic  digestion,  Separation 
techniques. 

The  dewaterability  of  freeze-thaw  conditioned 
sludges  and  how  well  they  drain  at  various  depths 
were  measured  on  anaerobically  digested  and  aero- 
bically  digested  sludges  obtained  from  typical 
water  treatment  operations.  Specific  resistance 
tests  and  capillary  suction  time  values  were  per- 
formed before  and  after  freeze-thaw  tests.  Drain- 
age tests  were  conducted  at  four  depths  ranging 
from  30  to  220  cm  in  clear  cast  acrylic  columns. 
Drying  tests  were  also  performed  on  the  aerobical- 
ly  digested  sludge  to  see  how  long  it  would  take  to 
dry  to  a  20%  solids  content.  Results  showed  that 
capillary  suction  time  is  a  better  indicator  than 
specific  resistance  for  evaluating  the  dewaterability 
of  freeze-thaw  conditioned  sludges.  The  depth  of 
sludge  that  can  be  applied  to  a  freezing  bed  is  not 
limited  by  drainability,  at  least  to  a  depth  of  2.0  m. 
Since  all  sludges  drained  easily  at  2.0  m,  even 
greater  depths  may  be  possible.  The  solids  content 
in  freeze-thaw  conditioned  water  treatment  and 
anaerobically  digested  sludges  is  high  enough  to 
allow  mechanical  removal  immediately  after  drain- 
age is  complete.  Further  drying  is  not  needed. 
However,  aerobically  digested  sludge  may  require 
a  2-to  3-week  drying  period  before  it  can  be  re- 
moved. (See  also  W9 1-06421)  (Geiger-PTT) 
W9 1-06430 


TYVEK  MICROFILTRATION  OF  HAZARD- 
OUS WASTEWATERS. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Newark,  DE. 
Engineering  Dept. 
E.  Mayer. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.   1990.  p   123-133.   10  tab,   11  ref. 

Descriptors:  'Filter  media,  'Filtration,  'Hazardous 
materials,  'Hazardous  wastes,  'Heavy  metals,  *Mi- 
crofiltration,  'Wastewater  treatment,  Barium, 
Groundwater  pollution,  Industrial  wastes,  Metal- 
finishing  wastes,  Separation  techniques. 

A  new  filter  media  based  on  Tyvek  flash  spinning 
technology  was  developed  that  has  an  asymmetric 
pore  structure,  a  greater  number  of  submicron 
pores,  and  a  smaller  average  pore  size.  As  a  conse- 
quence, it  has  superior  filtration  properties,  longer 
life,  and  in  many  instances  can  compete  with  mi- 
croporous  membranes,  PTFE  laminates,  and  vari- 
ous melt-blown  media.  When  coupled  with  an 
Oberlin  automatic  pressure  filter  (APF),  it  pro- 
vides an  automatic  wastewater  filtration  process 
that  is  a  dry-cake  alternative  to  conventional  cross- 
flow  microfilters  and  ultrafilters.  The  Tyvek/ 
Oberlin  APF  process  has  proved  extremely  useful 
in  filtering  heavy  metal  and  other  hazardous 
wastewaters  to  meet  strict  EPA  National  Pollution 
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Discharge  Elimination  System  (NPDES)  discharge 
limits.  The  Tyvek/Oberlin  APF  matched  all  com- 
petitive media  in  rate  and  filtrate  turbidity  on 
Savannah  River  simulated  plating  waste,  but  pro- 
duced a  drier  cake  because  of  better  air  flow  due  to 
less  media  blinding.  On  actual  Savannah  River 
operation,  the  Tyvek  APF  units  fouled  less  than 
conventional  ultrafiltration/reverse  osmosis  combi- 
nations while  giving  good  aluminum  and  uranium 
removal.  The  new  filter  media  also  performed  well 
on  electronics  manufacturing  plant  wastewater, 
electronics  plant  cartridge  replacement  filter 
media,  a  munition  plant  wastewater  to  remove 
heavy  metals  before  iandfilling,  clarifier  underflow 
heavy  metals  removal,  and  battery  manufacturing 
heavy  metals  removal.  The  Tyvek/Oberlin  APF 
system  removed  barium  from  a  contaminated 
groundwater  leachate  to  prevent  fouling  in  down- 
stream organics  removal  equipment.  The  high 
strength  coupled  with  the  tight  (1  micron)  nominal 
pore  structure  led  to  Tyvek's  use  in  the  EPA 
Superfund  Site-3  program.  (See  also  W91-06421) 
(Geiger-PTT) 
W91-06431 


DECANTING  AND  FILTRATION  IN  A  HIGH- 
GRAVITY  CENTRIFUGAL  DRYER. 

Coal  Technology  Corp.,  Bristol,  VA. 
L.  B.  Smith,  and  R.  A.  Wolfe. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  135-145.  6  fig,  1  ref. 

Descriptors:  •Centrifugation,  'Coal  mine  wastes, 
•Dewatering,  'Filtration,  'Separation  techniques, 
'Sludge  drying,  'Wastewater  treatment,  Filter 
media,  Flotation. 

To  address  the  need  for  an  energy  efficient  and 
environmentally  acceptable  clean  coal  fines  dryer, 
a  new  dewatering  method  was  developed  that  em- 
ploys decanting  in  combination  with  very  high 
gravity  centrifugal  filtration  in  a  batch  process. 
The  new  process  prevents  filter  blinding  by  em- 
ploying the  combination  of  a  carbon  fiber  compos- 
ite bowl  and  a  highly  efficient,  variable  frequency, 
alternating  current  drive  to  conserve  the  energy 
used  in  accelerating  and  decelerating  the  bowl. 
The  new  drying  method  may  perform  well  in 
applications  other  than  coal  fines  drying  in  which 
the  particulate  to  be  dewatered  retains  its  integrity 
of  shape  under  fairly  high  pressures  and  where  an 
excessive  amount  of  very  fine  leaf-like  structures  is 
not  present  in  the  product.  Initial  prototype  results 
indicate  the  economics  of  the  dewatering  method 
are  good  and  the  dynamic  considerations  were  met 
with  a  0.914-m  diameter  fully  automatic  centrifuge 
operating  with  a  145-second  cycle  time  and  pro- 
ducing 7.26  metric  tons/hr  of  dry  coal  from  a  froth 
flotation  product.  Commercialization  is  planned  in 
the  near  future.  (See  also  W9 1-06421)  (Geiger- 
PTT) 
W9 1-06432 


DISSOLVED  AIR,  INDUCED  AIR,  AND 
NOZZLE  AIR  FLOTATION  SYSTEM  PER- 
FORMANCE COMPARISON  FOR  PRECIPITA- 
TION FLOTATION  OF  METAL-LADEN 
WASTEWATERS. 

Argonne  National  Lab.,  IL.  Energy  Systems  Div. 
R.  W.  Peters,  and  G.  F.  Bennett. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  161-189.  8  fig,  4  tab,  18  ref. 

Descriptors:  'Chemical  precipitation,  'Flotation, 
'Industrial  wastewater,  'Separation  techniques, 
•Wastewater  treatment,  Copper,  Heavy  metals, 
Lead,  Nickel,  Performance  evaluation.  Zinc. 

The  performance  of  combined  chemical  precipita- 
tion/air flotation  treatment  has  been  addressed  for 
two  wastewaters  employing  three  different  air  flo- 
tation systems:  dissolved  air  flotation  (DAF),  in- 
duced air  flotation  (IAF),  and  nozzle  air  flotation 
(NAF).  Two  wastewaters,  one  synthetic  and  one 
industrial,  were  used  in  these  performance  assess- 
ments. The  synthetic  wastewater  used  Jayfloc-806 
as  the  chemical  collector,  and  the  industrial 
wastewater  used  Jayfloc-824  as  the  collector.  The 
synthetic  wastewater  was  capable  of  removal  effi- 


ciencies exceeding  96%.  The  DAF  system  provid- 
ed the  best  metal  removal  (Zn,  Cu,  Pb,  and  Ni), 
and  the  NAF  system,  the  poorest  metal  removal. 
For  the  industrial  wastewater,  removal  efficiencies 
were  lower,  on  the  order  of  75%.  For  lower 
collector  dosages,  use  of  the  DAF  system  resulted 
in  the  lowest  residual  concentrations,  whereas  at 
higher  dosages  (about  5  mg/L),  use  of  the  IAF 
system  resulted  in  the  lowest  concentrations.  En- 
hancement ratios  were  much  greater  for  the  indus- 
trial wastewater  (compared  with  the  synthetic 
wastewater).  (See  also  W9 1-06421)  (Author's  ab- 
stract) 
W9 1-0643  3 


SOLID/LIQUID  SEPARATION  IN  WASTE 
ACID  NEUTRALIZATION:  A  CASE  STUDY. 

Ebasco  Services,  Inc.,  Chicago,  IL. 
R.  Venkateswar. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  191-200.  1  fig,  7  tab,  9  ref. 

Descriptors:  'Filtration,  'Metal-finishing  wastes, 
•Neutralization,  'Sedimentation,  'Separation  tech- 
niques, 'Wastewater  treatment,  Bases,  Comparison 
studies,  Dewatering,  Flocculation,  Hydrogen  ion 
concentration,  Lime,  Sulfuric  acid. 

The  performance  of  commonly  used  alkalis  for 
neutralizing  a  typical  waste  sulfuric  acid  was  eval- 
uated in  bench-scale  experiments  performed  with 
different  concentrations  of  a  waste  sulfuric  acid 
from  pickling  operations.  The  initial  concentration 
of  the  waste  acid  was  12%  (measured  as  sulfuric 
acid).  A  portion  of  this  was  diluted  to  2.5%  and 
5%  acid.  A  known  volume  (500  ml)  of  the  waste 
acid  was  treated  with  one  of  the  following  alkalis 
to  a  pH  of  9.5  to  10.5:  50%  NaOH  solution;  50% 
Mg(OH)2  slurry;  solid  Ca(OH)2  slurry;  15% 
Ca(OH)2;  or  solid  CaO.  In  most  cases,  neutraliza- 
tion to  pH  9.5  to  10.5  was  achieved  within  30  to  60 
minutes.  In  the  case  of  Mg(OH)2  neutralization,  a 
pH  greater  than  6.8  could  not  be  achieved  within  a 
reasonable  time  period  without  adding  a  50% 
NaOH  solution.  The  resulting  slurries  were  tested 
for  filterability,  the  amount  of  solids  generated,  and 
settling.  Neutralized  waste  filtered  best  when  solid 
CaO  or  Ca(OH)2  was  used.  Waste  acid  neutralized 
with  NaOH  filtered  poorly.  Filtration  was  fairly 
rapid  with  Mg(OH)2  but  in  the  case  of  the  5.1% 
acid,  filtration  was  slow  because  a  large  amount  of 
NaOH  had  been  used  along  with  Mg(OH)2  to 
achieve  a  pH  of  0.5  to  10.5.  The  choice  of  alkali 
did  not  affect  the  quality  of  the  filtrate  after  dewa- 
tering. No  solids  precipitated  upon  neutralizing 
12%  reagent  acid  with  50%  NaOH  solution.  Solids 
generated  through  lime  neutralization  settled  faster 
than  those  generated  from  using  50%  NaOH  or 
50%  Mg(OH)2.  The  alkali  cost  for  15%  Ca(OH)2 
was  highest  of  the  methods  studied  because  of  the 
additional  cost  for  transporting  water.  (See  also 
W9 1  -0642 1 )  (Geiger-PTT) 
W9 1-06434 


MECHANICAL  AND  THERMAL  TREATMENT 
OF  DREDGED  MATERIAL  TO  PRODUCE  CE- 
RAMIC PELLETS. 

Battelle-Inst.  e.V.,  Frankfurt  am  Main  (Germany, 

F.R.). 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06435 


TOTAL  RECYCLING  OF  WASTEWATER  IN 
WET  PROCESS  PHOSPHORIC  ACID  PRO- 
DUCTION. 

IMC  Fertilizer,  Inc.,  Mulberry,  FL. 
R.  R.  Stana. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  227-238.  6  fig,  5  tab,  7  ref. 

Descriptors:  'Fertilizers,  'Gypsum,  'Phosphorus 
compounds,  'Recycling,  'Wastewater  reuse, 
•Water  reuse.  Ammonia,  Cooling  ponds,  Fluor- 
ides, Nitrogen  compounds,  Phosphates,  Salts,  Sul- 
fates. 

A  large  facility  for  the  production  of  wet  process 
phosphoric  acid  and  associated  fertilizer  products 


has  been  operated  in  centra)  Florida  since  the  early 
1970's.  To  operate  without  a  wastewater  dis- 
charge, water  balance  and  salt  or  impurity  balance 
is  carefully  monitored.  A  properly  designed  plant 
and  cooling  pond  can  be  operated  with  no  dis- 
charge from  the  cooling  pond  if  the  pond  has 
enough  surge  capacity  to  accommodate  the  season- 
al rainfall  pattern.  The  overall  pond-gypsum-stack 
plant  complex  is  capable  of  consumign  or  evapor- 
ating more  water  than  it  is  expected  to  receive.  A 
computer  program  was  designed  to  manage  pond 
water  balance.  The  computer  program  can  warn  of 
excessive  water  input  by  the  plant  and  steps  can  be 
taken  to  reduce  water  input  from  plant  operations. 
Excessive  precipitation  caused  by  hurricanes  is  ac- 
commodated by  an  overflow  pond.  Pond  water 
analysis  shows  major  inputs  of  P205,  fluoride 
compounds,  sulfates,  sodium,  nitrogen  compounds, 
and  iron  ammonia  phosphate  formation.  Most  of 
these  impurities  are  precipitated  or  recovered  for 
reuse.  (See  also  W9 1-06421)  (Geiger-PTT) 
W9 1-06436 


OVERVIEW  OF  SEPARATION  TECHNOL- 
OGIES DEMONSTRATED  BY  THE  EPA'S  SU- 
PERFUND INNOVATD7E  TECHNOLOGY 
EVALUATION  (SITE)  PROGRAM. 
Environmental  Protection  Agency,  Cincinnati, 
OH. 

S.  C.  James. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  239-242.  2  fig. 

Descriptors:  'Activated  carbon,  'Cleanup  oper- 
ations, 'Hazardous  wastes,  'Separation  techniques, 
•Waste  treatment,  'Wastewater  treatment,  In  situ 
treatment,  Marine  sediments,  Organic  carbon,  Pol- 
ychlorinated  biphenyls,  Soil  contamination,  Sol- 
vents. 

Two  hazardous  waste  cleanup  technologies  were 
demonstrated  under  the  EPA's  Superfund  Innova- 
tive Technology  Evaluation  Program.  The  Terra 
Vac's  in-situ  vacuum  extraction  removes  and  vents 
volatile  organic  compounds  (VOCs)  from  the  un- 
saturated zone  of  soils.  An  extraction  well  is  in- 
stalled in  the  contaminated  soil  area  and  connected 
by  piping  to  a  vapor/liquid  separator  device.  A 
vacuum  pump  draws  the  subsurface  contaminants 
through  the  well,  separator  device,  and  activated 
carbon  system  before  the  airstream  is  discharged  to 
the  atmosphere.  Subsurface  vacuum  and  soil  vapor 
levels  are  monitored  by  vadose  zone  monitoring 
wells.  After  an  8-week  demonstration  of  the  Terra 
Vac  system,  1,300  lb  of  VOCs  were  extracted,  a 
steady  decline  in  the  VOC  recovery  rate  with  time 
was  noted,  and  reduced  soil  VOC  concentration 
was  demonstrated.  The  process  can  also  remove 
VOCs  from  clay  strata.  The  CF  Systems  (organic 
extraction  utilizing  solivents)  utilize  liquified  gases 
as  the  extracting  solvents  to  remove  organics,  such 
as  hydrocarbons,  oil,  and  grease  from  wastewaters 
or  contaminated  sludges  or  soils.  The  system  was 
demonstrated  on  polychlorinate  biphenyls  (PCB)- 
contaminated  sediments  from  the  New  Bedford, 
Massachusetts,  harbor.  A  trailer-mounted  organic 
extraction  system  for  nonaqueous  materials  used  a 
propane/butane  mixture  as  the  extraction  solvent. 
Contaminated  harbor  sediments  were  fed  into  the 
top  of  the  extractor.  Condensed  solvent  flows 
upward  through  the  extractor,  making  nonreactive 
contact  with  the  waste.  PCB  removal  efficiencies 
of  90%  were  achieved  for  sediments  containing 
PCBs  ranging  from  350  to  2,575  ppm.  A  high 
removal  efficiency  was  achieved  after  several 
passes  of  treated  sediments  through  the  unit.  Ex- 
traction efficiencies  >60%  were  achieved  on  the 
first  pass  of  each  test.  Later  passes  of  treated 
sediments  through  the  unit  resulted  in  efficiencies 
that  ranged  from  zero  to  84%.  Metals  were  not 
removed  from  the  sediments.  (See  also  W9 1-06421) 
(Geiger-PTT) 
W9 1-06437 


CHARACTERIZATION      OF      FLOCS      FOR 
SOLID/LIQUID  SEPARATION  PROCESSES. 

Florida  Univ.,  Gainesville.  Dept.  of  Materials  Sci- 
ence and  Engineering. 
B.  M.  Moudgil,  M.  E.  Springgate,  and  T.  V. 
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Waste  Treatment  Processes — Group  5D 


Vasudevan. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  245-253.  3  fig,  2  tab,  11  ref. 
NSF-PYI  Award  MSM  8352125  and  U.S.  Geologi- 
cal Survey,  Department  of  Interior  Grant  14-08- 
0O01-G1555. 

Descriptors:  •Flocculation,  'Separation  tech- 
niques, 'Waste  characteristics,  'Waste  treatment, 
•Wastewater  treatment,  Aggregates,  Dolomite, 
Kaolinite,  Mathematical  models,  Model  studies, 
Particle  size,  Polymers,  Shear  stress. 

Techniques  were  developed  to  characterize  floes 
with  respect  to  size,  density,  and  shear  strength. 
Floe  size  was  measured  by  transferring  floes  from 
the  large  holding  tray  to  glass  slides  and  observing 
floes  under  a  microscope  with  a  measuring  grid. 
Floe  density  was  determined  by  removing  a  single 
floe  from  the  holding  tray  and  placing  it  on  a  glass 
slide.  The  exterior  water  was  removed  and  the  floe 
was  weighed  using  a  precision  analytical  balance. 
The  floe  was  dried  for  4  hr  at  50  C  to  remove  the 
entrapped  water.  The  volume  fraction  of  solids  and 
water  in  the  floes  and  thus  the  floe  density  was 
then  determined  using  special  mathematical  equa- 
tions. Two  variations  of  the  cluster-cluster  aggre- 
gation model  were  used  to  study  the  fractal  char- 
acteristics of  floes:  the  diffusion-limited  and  reac- 
tion-controlled aggregation  variations.  The 
strength  of  kaolinite,  dolomite,  and  aluminum 
oxide  floes  was  evaluated  with  various  polymers 
under  turbulent  flow  conditions.  Binding  strength 
of  floes  attained  an  optimum  at  a  given  polymer 
dosage.  The  optimum  binding  strength  was  inde- 
pendent of  the  molecular  weight  of  the  polymer. 
The  dosage  was  determined  to  be  2.5  times  lower 
for  the  higher  molecular  weight  polyacrylamide. 
Binding  strength  of  alumina  with  polyacrylamide 
at  different  pH  values  indicated  that  interparticle 
distance  plays  a  major  role  in  determining  the 
strength  of  the  aggregates  formed.  (See  also  W91- 
06421)  (Geiger-PTT) 
W9 1-06438 


SURFACE  CHARGE  ON  WASTEWATER 
SLUDGES. 

Metcalf  and  Eddy,  Inc.,  Wakefield,  MA. 
T.  Bowen,  and  U.  N.  Tyagi 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  255-264.  6  fig,  1  tab,  9  ref. 

Descriptors:  'Anaerobic  digestion,  'Sludge, 
'Sludge  conditioning,  'Waste  characteristics, 
•Wastewater  treatment,  Activated  sludge  process, 
Anions,  Polymers,  Sedimentation,  Wastewater 
analysis. 

Charged  sites  on  the  surface  of  three  types  of 
wastewater  sludge  were  identified.  Sludge  samples 
were  treated  with  cationized  ferritin  (CF)  to  label 
anionic  charged  sites  on  the  surface  of  sludge 
particles.  Sludge  surfaces  were  examined  using 
transmission  electron  microscopy.  The  presence  of 
cationized  ferritin  granules  indicated  charged  sites. 
Waste-activated,  primary  sedimentation,  and  an- 
aerobic-digested sludge  responded  differently  to 
CF  staining.  Each  sludge  had  different  attachment 
patterns  and  varied  in  the  amount  of  CF  attracted. 
Location  of  charge  was  associated  with  the  pres- 
ence of  extracellular  polysaccharide  material. 
Waste-activated  sludge  attracted  the  most  CF 
granules.  Anaerobic-digested  sludge  was  stained 
the  least  by  CF.  (See  also  W91-06421)  (Author's 
abstract) 
W91-06439 


INVESTIGATION  OF  SOL  PROTECTION  IN 
CHEMICAL  CLARIFICATION. 

Ohio  State  Univ.,  Columbus.  Water  Resources 
Center. 

A.  J.  Rubin,  and  P.  R.  Schroeder. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  266-287.  10  fig,  4  tab,  28  ref. 

Descriptors:  'Clarification,  'Colloids,  'Sedimenta- 
tion, 'Wastewater  treatment,  'Water  treatment, 
Coagulation,  Coal,  Hydrogen  ion  concentration, 


Physicochemical     properties,     Settling     velocity, 
Starch,  Turbidity. 

Organic  species  capable  of  being  adsorbed  by  the 
particulates  and  enhancing  their  colloidal  stability 
are  often  present  in  surface  waters.  This  pheno- 
menon) is  known  as  sol  protection.  Sol  systems  of 
oxidized  and  unoxidized  colloidal  coal,  potato 
starch  (amylose),  and  a  mixture  of  the  two  that 
served  as  an  example  of  a  protected  sol  were 
examined  during  clarification.  Sample  turbidities 
during  periods  of  quiescent  settling  were  obtained 
as  a  function  of  either  pH  or  coagulant  concentra- 
tion to  obtain  settling  curves.  The  critical  values 
obtained  by  extrapolation  of  the  steep  portions  of 
the  settling  curves  when  plotted  form  a  stability 
limit  diagram  that  is  characteristic  of  the  sol-co- 
agulant system.  Turbidity  and  removal  of  starch 
sols  were  analyzed  by  spectrophotometry  or  light 
scattering  measurements  on  a  nephelometer.  Turbi- 
dities of  coal  and  coal-starch  mixtures  were  esti- 
mated by  spectrophotometry.  The  colloidal  stabili- 
ty and  electrophoretic  mobility  of  the  oxidized  and 
unoxidized  coal  suspensions  were  examined  as  a 
function  of  pH.  Oxidation  lowered  the  isoelectric 
point  four  pH  units  by  producing  more  easily 
ionized,  acidic  groups  on  the  surface  of  the  coal 
particles.  Oxidation  widened  the  pH  range  in 
which  the  coal  sol  was  stable.  The  colloidal  stabili- 
ty of  a  1.0  g/L  starch  solution  (in  the  absence  of 
coal)  was  examined  as  a  function  of  pH.  The 
solution  pH  had  little  or  no  effect  on  the  starch 
except  for  a  slight  reduction  in  the  turbidity  be- 
tween pH  4.3  and  pH  6.3.  The  critical  pHs  for  the 
coal  in  the  presence  of  25  mg/L  soluble  potato 
starch  was  unchanged  by  starch,  although  the  rate 
of  clarification  decreased  markedly  providing  par- 
tial protection  from  aggregation.  (See  also  W91- 
06421)  (Geiger-PTT) 
W91-06440 


IMPORTANCE  OF  FLOCCULANT  PREPARA- 
TION FOR  USE  IN  SOLID/LIQUID  SEPARA- 
TION. 

Stranco,  Inc.,  Bradley,  IL. 
Y.  H.  Kim. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  289-304.  9  fig,  1  tab,  21  ref. 

Descriptors:  'Flocculation,  'Polymers,  'Separa- 
tion techniques,  'Wastewater  treatment,  'Water 
treatment,  Hardness,  Hydrogen  ion  concentration, 
Mixing,  Theoretical  analysis,  Viscosity,  Water 
chemistry. 

To  achieve  the  optimum  performance  of  water  and 
wastewater  treatment  processes  using  polymeric 
flocculants,  it  is  essential  to  manipulate  the  poly- 
mers adequately.  Theoretical  analyses  have  shown 
that  polymer  swelling  in  a  solvent  (activation) 
improves  the  possibility  of  particle  interaction 
during  flocculation.  Polymer  activation  was  deter- 
mined by  viscosity  measurements  on  three  acryl- 
amide-based  polymers  with  different  ionicity 
(Praestol  A3035L,  anionic;  Praestol  K226FL,  cati- 
onic;  and  Praestol  N3100L,  nonionic).  Viscosity,  as 
measured  on  a  viscometer,  decreased  with  increas- 
ing water  hardness.  The  threshold  of  high  viscosity 
of  the  polymer  solutions  occurred  at  about  pH  3 
for  all  polymers,  regardless  of  their  ionicities  and 
of  the  hardness  of  the  dilution  water.  Rheological 
behavior  of  the  nonionic  polymer  was  less  sensitive 
to  change  in  temperature  than  that  of  ionic  poly- 
mers. A  two-stage  activation  mechanism  was  pro- 
posed for  the  dissolution  of  emulsion  polymer,  and 
the  two-stage  mixing  utilizing  this  mechanism  was 
found  to  be  very  effective  in  polymer  activation  by 
reducing  the  aging  time  remarkably  without  dam- 
aging polymer  structure.  (See  also  W91-06421) 
(Geiger-PTT) 
W91-06441 


ADEQUACY  OF  ANALYTICAL  TECHNIQUES 
TO  DETERMINE  THE  FATE  OF  POLYELEC- 
TROLYTES  IN  WASTE  TREATMENT. 

Battelle  Columbus  Div.,  OH. 
G.  B.  Wickramanayake,  and  B.  W.  Vigon. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  305-312.  2  fig,  35  ref. 


Descriptors:  'Chemical  analysis,  'Polyelectrolytes, 
•Waste  analysis,  'Wastewater  analysis, 
•Wastewater  treatment,  Analytical  methods, 
Assay,  Chromatography,  Pollutant  identification, 
Quantitative  analysis,  Spectrophotometry. 

Some  of  the  polyelectrolytes  used  in  wastewater 
treatment  and  industrial  applications  are  toxic  to 
aquatic  life  if  released  above  certain  concentra- 
tions. The  advantages  and  disadvantages  of  avail- 
able methods  to  determine  the  fate  of  polyelectro- 
lytes during  treatment  processes  were  evaluated 
for  11  categories  of  analytical  methods:  nephelo- 
metry-turbidimetry,  spectrofluorometry,  spectro- 
photometry, interferometry,  viscometry,  colloid  ti- 
tration, luminescence  titration,  gel  permeation 
chromatography,  pyrolysis  gas  chromatography, 
bromine  oxidation,  and  radioimmunoassay.  Major 
limitations  associated  with  most  of  these  analytical 
methods  include  lack  of  specificity  and  sensitivity. 
To  determine  the  distribution  of  polyelectrolytes  in 
complex  waste  matrices  at  low  concentrations,  it 
may  be  necessary  to  develop  a  hybrid  technique 
combining  the  advantages  of  several  of  the  above 
techniques.  Radiochemical  methods  (e.g.,  using 
C14-labeled  polyelectrolytes  and  scintillation 
counting  procedures)  may  be  employed  to  validate 
and  confirm  such  techniques  before  recommending 
them  for  routine  analytical  applications.  (See  also 
W91-06421)  (Author's  abstract) 
W9 1-06442 


ADSORPTION  BEHAVIOR  OF  A  HYDRO- 
PHOBIC POLYMERIC  FLOCCULANT  AND 
ITS  RELATION  TO  FLOCCULATION  AND 
FILTRATION  DEWATERING  OF  COAL  SLUR- 
RIES. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Materials 
Science  and  Engineering. 
Y.  A.  Attia,  and  S.  Yu. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  313-324.  11  fig,  1  tab,  12  ref. 

Descriptors:  *Coal  mine  wastes,  •Dewatering, 
•Filtration,  *Flocculation,  •Polymers, 

•Wastewater  treatment,  Adsorption,  Hydrogen  ion 
concentration,  Minerals,  Pyrite,  Shales. 

The  adsorption  behavior  of  a  totally  hydrophobic 
polymer,  FR-7A,  and  its  role  in  the  flocculation 
and  filtration  of  fine  coal  slurries  was  investigated. 
Adsorption  of  FR-7A  on  coal,  pyrite,  and  shale 
minerals  revealed  that  FR-7A  had  a  higher  adsorp- 
tion affinity  to  coal  and  pyrite  than  to  shale.  FR- 
7A  aided  the  flocculation  of  coal  slurries  and  im- 
proved the  moisture  content,  after  removal  by 
filtration,  was  reduced  from  42.4  to  37%.  An 
acidic  slurry  condition  favored  unselective  adsorp- 
tion of  FR-7A  on  coal  minerals,  leading  to  im- 
proved total  flocculation  and  filtration  of  fine  coal 
slurries.  Alkaline  pH  and  the  presence  of  sodium 
metaphosphate  favored  selective  adsorption  and 
flocculation  of  coal  from  associated  minerals  in  the 
slurry.  (See  also  W9 1-06421)  (Author's  abstract) 
W9 1-06443 


IN-SITU  EXTRACTION  OF  CONTAMINANTS 
FROM  HAZARDOUS  WASTE  SITES  BY  ELEC- 
TROOSMOSIS. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 
Mechanical  Engineering. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-06444 


RECENT  DEVELOPMENTS  IN  SOLID/ 
LIQUID  SEPARATION  INCLUDING  ELEC- 
TROTECHNOLOGIES. 

Battelle  Columbus  Div.,  OH. 
H.  S.  Muralidhara. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  457-468.  6  fig,  6  tab,  17  ref. 

Descriptors:  'Acoustics,  'Dewatering,  'Electro- 
osmosis,  'Filtration,  'Separation  techniques, 
•Waste  treatment,  'Wastewater  treatment,  Indus- 
trial wastes,  Ultrasonics. 
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Solid/liquid  separation  is  an  important  operation 
practiced  widely  throughout  the  chemical,  miner- 
al, pulp  and  paper,  biotechnology,  food,  and  other 
industries.  Electroosmosis  and  electrofiltration  are 
two  processes  that  use  a  dc  electric  field  to  en- 
hance dewatering.  In  electroosmosis,  the  move- 
ment of  water  occurs  through  a  porous  membrane 
with  the  application  of  a  dc  electric  potential. 
Electrofiltration  involves  predominantly  the  elec- 
trophoretic  phenomena,  i.e.,  movement  of  charged 
particles  toward  electrodes  in  the  presence  of  a  dc 
electric  field.  Magnetic  fields  (generally  employing 
permanent  magnets)  have  also  been  used  in  solid/ 
liquid  separation.  Ultrasonic  technology,  when 
used  in  combination  with  other  technologies, 
shows  considerable  promise  as  a  dewatering  tech- 
nique. The  electroacoustic  dewatering  (EAD)  ap- 
proach combines  dc  electrical  and  acoustic  fields  in 
the  presence  of  vacuum  or  pressure  to  promote 
synergistic  effects.  The  EAD  process  is  currently 
near  the  commercialization  stage  of  development. 
EAD  scale-up  has  demonstrated  a  higher  degree  of 
dewatering  and  enhanced  recovery  of  product 
when  compared  to  other  technologies.  (See  also 
W91-06421)  (Geiger-PTT) 
W9 1-06453 


SOLID/LIQUID  SEPARATION  USING  ALTER- 
NATING CURRENT  ELECTROCOAGULA- 
TION. 

Electro-Pure  Systems,  Inc.,  Amherst,  NY. 
P.  E.  Ryan,  T.  F.  Stanczyk,  and  B.  K.  Parekh. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  469-478.  2  fig,  3  tab,  19  ref. 

Descriptors:  'Coagulation,  •Dewatering,  •Electro- 
chemistry, 'Electrocoagulation,  •Flocculation, 
•Separation  techniques,  *Waste  treatment, 
•Wastewater  treatment,  Adsorption,  Aluminum, 
Filtration,  Metals,  Oil,  Organic  wastes,  Suspended 
solids. 

The  efficient  removal  of  suspended  solids,  organ- 
ics,  metals,  and  soluble  oils  from  aqueous  solutions 
has  recently  been  demonstrated  using  alternating 
current.  The  principles  of  electrostriction  (charge 
neutralization)  and  electroflocculation  (catalytic 
precipitation  with  aluminum)  facilitate  coagulation, 
rapid  settling,  oil  separation,  and  improved  dewa- 
tering without  the  use  of  expensive  polyelectro- 
lytes,  chemical  aids,  or  sophisticated  mechanical 
filtration  systems.  The  electrocoagulator  has  no 
moving  parts,  is  small,  and  can  usually  be  integrat- 
ed with  existing  processes  to  facilitate  source  re- 
duction and/or  purification,  while  reducing  the 
volume,  as  well  as  hazard  potential,  of  the  waste 
generated.  It  can  also  be  used  as  a  stand-alone  unit 
process  for  end-of-pipe  treatment  or  as  a  mobile 
on-site  treatment  step  for  remediation  projects. 
Treatment  of  process  wash  waters  is  an  excellent 
application.  The  coagulator  has  been  operated  in 
both  continuous  and  batch  flow  modes  in  sizes 
ranging  from  1  to  7S0  gal/min.  Because  of  residual 
effectiveness  and  short  contact  times,  often  less 
than  50%  of  the  solution  requires  treatment,  thus 
minimizing  pumping  and  space  requirements.  (See 
also  W9 1-06421)  (Author's  abstract) 
W9 1-06454 


ELECTROCHEMICAL  REACTOR  SYSTEMS 
FOR  METAL  RECOVERY  AND  DETOXIFICA- 
TION OF  INDUSTRIAL  EFFLUENTS. 

Toronto  Univ.  (Ontario).  Dept.  of  Chemistry. 
B.  Fleet. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  479-496.  5  fig,  55  ref. 

Descriptors:  *Detoxification,  'Electrochemistry, 
•Industrial  wastewater,  'Separation  techniques, 
•Sludge  treatment,  'Wastewater  treatment,  Elec- 
trodes, Electrolysis,  Metals. 

Electrochemical  reactors  are  electrolytic  cells  that 
perform  a  useful  chemical  process  such  as  the 
recovery  or  detoxification  of  metals  from  industrial 
effluents.  Three  major  applications  of  electro- 
chemical reactors  in  metal  recovery  are 
electrowinning  of  metals  from  ores  and  primary 
sources,   electrorefining  of  metals  from  aqueous 


solutions  of  molten  salts,  and  electrolytic  recovery 
of  metals  from  waste  sources  and  industrial  ef- 
fluents (electrochemical  detoxification).  Of  the 
two-dimensional  reactor  systems,  tank  cells  are  the 
simplest  for  inorganic  and  inorganic  processes. 
Other  popular  two-dimensional  configurations  are 
plate  and  frame  cells,  planar  electrode  cells  and 
rotating  cells.  Three-dimensional  reactors  have  in- 
creased space-time  yields  over  the  two-dimensional 
models.  Recent  designs  in  three-dimensional  elec- 
trochemical reactors  include  the  fluidized  bed  elec- 
trode, contiguous  bed  electrode,  and  packed  bed 
cell.  When  conventional  wastewater  treatment 
technology  coupled  with  land  disposal  of  toxic 
wastes  was  compared  to  electrolytic  techniques 
coupled  with  metal  recovery  at  a  printed  board 
circuit  industry  in  California,  the  electrolytic  tech- 
nology proved  more  economical  in  the  long  term 
in  view  of  the  rising  cost  of  sludge  disposal  at 
waste  dump  sites.  (See  also  W91-06421)  (Geiger- 
PTT) 
W9 1-06455 


ULTRASONIC  INTERACTIONS  DURING 
SLUDGE  DEWATERING. 

Battelle  Columbus  Div.,  OH. 
N.  Senapati. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  497-502.  3  fig,  6  ref. 

Descriptors:  'Acoustics,  'Dewatering,  'Electro- 
chemistry, 'Separation  techniques,  'Ultrasonics, 
Shear,  Sludge  thickening.  Theoretical  analysis, 
Viscosity. 

Electroacoustic  dewatering  (EAD)  has  been  dem- 
onstrated to  enhance  the  rate  and  degree  of  dewa- 
tering of  a  wide  range  of  sludges.  The  additional 
solids  weight  percent  due  to  the  ultrasonic  field  in 
the  presence  of  the  electric  and  the  pressure  fields 
appears  to  be  a  strong  function  of  the  sludge 
material.  Since  most  sludges  are  composed  of  very 
complex  materials,  it  is  difficult  to  characterize  the 
sludge  to  identify  a  cause  and  effect  relationship 
between  the  sludge  and  the  potential  effectiven<!ss 
of  the  ultrasonic  field  to  enhance  dewatering 
during  EAD  processing.  From  the  potential  mech- 
anisms of  ultrasonic  interaction  with  solid/liquid 
suspensions,  a  hypothesis  was  developed  to  corre- 
late performance  with  the  physical  properties  that 
can  be  measured.  Preliminary  study  indicates  that 
the  imaginary  part  of  the  complex  shear  modulus 
and  a  dimensionless  parameter  termed  a,  that  em- 
bodies both  shear  thinning  property,  the  viscosity 
and  the  ultrasonic  frequency,  are  two  measurable 
physical  parameters  that  can  be  correlated  with 
EAD  performance  of  a  sludge.  (See  also  W91- 
06421)  (Geiger-PTT) 
W91-06456 


SCALE-UP  OF  ELECTROACOUSTIC  DEWA- 
TERING OF  SEWAGE  SLUDGES. 

Battelle  Columbus  Div.,  OH. 
S.  P.  Chauhan,  and  H.  W.  Johnson. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  503-519.  12  fig,  5  tab,  9  ref. 

Descriptors:  'Acoustics,  'Dewatering,  'Electro- 
chemistry, 'Sludge  thickening,  'Sludge  treatment, 
'Ultrasonics,  'Wastewater  treatment,  Cost  analy- 
sis, Electro-osmosis,  Incineration,  Separation  tech- 
niques. 

The  electroacoustic  dewatering  (EAD)  process  is  a 
patented  process  now  under  commercialization. 
The  process  utilizes  electric  and  ultrasonic  fields  to 
obtain  improved  solid/liquid  separation.  The  scale- 
up  of  the  EAD  process  for  belt  pressing  of  sewage 
sludge  was  investigated.  A  number  of  sewage 
sludge  samples  were  tested  in  a  7.6-cm  diameter 
batch  EAD  system  to  determine  the  relevant  pa- 
rameters and  the  extent  of  additional  dewatering 
possible  with  EAD.  Extensive  parametric  studies 
were  carried  out  on  two  sludges  to  design  a  1.2-m 
belt  width  EAD  postdewatering  prototype  unit. 
The  prototype  was  tested  with  four  mixed  undi- 
gested sludges.  The  results  showed  general  agree- 
ment with  batch  dewatering  data  and  cost  analysis 
confirmed  the  commercial  viability  of  EAD  for 


belt  presses.  The  solids  content  of  sludges  dewa- 
tered  with  EAD  could  be  raised  economically  to  a 
level  to  allow  self-sustained  combustion  in  an  in- 
cinerator. EAD  processed  sludge  was  also  found 
economically  attractive  for  composting.  (See  also 
W91-06421)  (Author's  abstract) 
W91-06457 


ELECTROMEMBRANE  TECHNOLOGY:  A 
NOVEL  APPROACH  FOR  ANTIFOULING. 

Battelle  Columbus  Div.,  OH. 
H.  S.  Muralidhara,  and  S.  V.  Jagannadh. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  529-538.  4  fig,  3  tab,  25  ref. 

Descriptors:  'Electrochemistry,  'Fouling,  'Mem- 
brane processes,  'Wastewater  treatment,  Compari- 
son studies,  Electrodes,  Sludge  thickening,  Ultrafil- 
tration. 

An  external  electric  field  that  utilizes  electrokinetic 
and  flow  properties  to  enhance  the  efficiency  of 
commercial  membranes  to  prevent  fouling  was 
studied  with  a  focus  on  minimizing  the  power 
consumption  and  electrode  costs  and  utilizing  ex- 
isting membrane  materials  and  module  designs. 
The  electromembrane  (EMB)  developed  differed 
from  other  electric  field  approaches  in  the  place- 
ment of  the  electrodes.  The  novel  placement  of 
electrodes  is  expected  to  maintain  higher  fluxes 
through  the  membrane  for  a  lower  energy  input. 
The  EMB  technology  was  applied  to  acid  whey, 
sewage  sludge,  and  oil/water  emulsions  on  a  plate 
and  frame  unit  using  both  micro-and  ultrafiltration 
membranes  of  60  sq  cm  membrane  area.  Prelimi- 
nary comparisons  with  parallel  runs  without  EMB 
showed  that  electromembranes  performed  15  to 
50%  better  than  non-EMBs.  The  energy  require- 
ment using  the  EMB  approach  is  small  and  ranges 
from  1  to  10  W/sq  ft  of  membrane  surface.  The 
commercial  use  of  EMB  technology  has  also  been 
demonstrated.  (See  also  W9 1-06421)  (Geiger-PTT) 
W9 1-06458 


WASTE  MINIMIZATION  AND  RECYCLING 
WITH  MEMBRANE  FILTER  PRESSES. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Newark,  DE. 
Engineering  Dept. 
E.  Mayer. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  539-547.  6  tab,  17  ref. 

Descriptors:  'Dewatering,  'Filtration,  'Membrane 
filters,  'Membrane  processes,  'Sludge  treatment, 
•Waste  treatment,  'Wastewater  treatment,  Case 
studies,  Centrifugation,  Recycling,  Sludge  disposal, 
Sludge  thickening. 

Recent  Resource  Conservation  and  Recovery  Act 
regulations  have  placed  severe  restrictions  on  land 
disposal  of  waste  sludges.  A  relatively  new  tech- 
nique, membrane  filter  press  dewatering,  offers 
promise  for  reducing  sludge  volumes  by  enhancing 
dewatering  operations.  New  filter  presses  have 
polypropylene  recessed  chamber  and  membrane 
plates  and  offer  drier  sludge  cakes  and  lower  dis- 
posal costs  than  conventional  dewatering  technol- 
ogies. Many  tests  on  an  8%  solids  sludge  from  a 
main  plant  waste  treatment  clarifier  showed  the 
superiority  of  membrane  filter  presses  over  other 
devices.  The  membrane  was  the  least  costly  tech- 
nology while  producing  cakes  of  46%  dewatering 
without  polymer  and  51%  dewatering  with  poly- 
mer. The  membrane  press  produced  much  clearer 
effluent  and  firmer,  drier  cakes  with  an  acidic 
inorganic  waste.  The  process  rendered  the  washed 
cakes  suitable  for  landfilling  or  recycle  at  less  cost 
than  centrifugation  or  vacuum  filter  technologies. 
The  membrane  plate  press  was  the  only  technolo- 
gy of  16  schemes  studied  that  decontaminated  a 
heavy  metal  lagoon  sludge  and  recovered  the 
solids  for  metal  recycling.  The  membrane  filter 
press  demonstrated  better  filtrate  quality  (without 
filter  aid  addition)  than  a  centrifuge  and  a  screw 
press  to  dewater  a  ceramic  plant  clarifier  under- 
flow sludge.  The  membrane  filter  press  was  also 
superior  to  other  technologies  at  dewatering  an 
organic  waste  sludge.  The  automated  membrane 
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press  has  been  successfully  operated  on  the  organic 
waste  sludge  for  6  months  with  only  minor  prob- 
lems of  vapor  emission  and  plate  failure  which 
were  correctable.  (See  also  W9 1-06421)  (Geiger- 
PTT) 
W9 1-06459 


MEMBRANE  SEPARATION  TECHNOLOGIES 
IN  POLLUTION  CONTROL:  CASE  HISTO- 
RIES. 

Cartwright  Consulting  Co.,  St.  Paul,  MN. 
P.  S.  Cartwright. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  549-559.  8  fig,  6  tab. 

Descriptors:  •Electrodialysis,  "Membrane  process- 
es, *Reverse  osmosis,  'Ultrafiltration, 
•Wastewater  treatment,  Dewatering,  Recycling, 
Separation  techniques,  Water  pollution  treatment. 

The  membrane  separation  technologies  of  microfil- 
tration,  ultrafiltration,  reverse  osmosis,  and  electro- 
dialysis  all  possess  characteristics  that  make  them 
attractive  for  industrial  pollution  control  applica- 
tions. Microfiltration  generally  involves  the  re- 
moval of  particulate  or  suspended  materials  rang- 
ing in  size  from  0.1  to  10.0  microns.  Ultrafiltration 
is  used  to  separate  materials  in  the  0.001-0.1  -micron 
range.  Reverse  osmosis  typically  separates  materi- 
als less  than  0.001  micron.  Electrodialysis  com- 
bines permeable  membranes  with  an  anode  and 
cathode  to  effect  separation.  Several  case  histories 
detail  applications  of  membrane  separation  tech- 
nologies in  pollution  control  applications.  Electro- 
dialysis reversal  was  used  to  concentrate  the 
stream  from  a  reverse  osmosis  system  used  to 
dewater  an  agricultural  wastewater  effluent.  Feed 
flows  of  up  to  33,000  gal/day  were  achieved  with 
overall  product  water  recovery  as  high  as  90%. 
Reverse  osmosis  with  a  high-rejection  cellulose 
acetate  membrane  was  used  to  concentrate  the 
highly  organic  waste  stream  of  a  hydraulic  fluids 
manufacturing  operation.  The  more  concentrated 
wastes  could  be  recycled  or  more  easily  removed. 
Tests  are  underway  to  combine  this  technology 
with  activated  carbon  to  absorb  the  chemical 
oxygen  demand  (COD)  contaminants.  Reverse  os- 
mosis was  used  to  attain  a  zero  discharge  from  an 
automotive  catalytic  converter  production  process 
that  produces  a  slurry  of  aluminum,  cerium  and 
nickel.  A  spiral-wound  membrane  used  on  the 
worst  case  scenario  produced  a  95%  recovery 
where  only  the  acetate  ion  exceeded  the  discharge 
limit.  By  keeping  the  pH  above  9  the  acetate  will 
exist  primarily  in  ionic  form  and  be  more  highly 
rejected.  Pilot  scale  operation  of  this  process  re- 
sulted in  higher  suspended  solids  loadings  in  the 
effluent  stream  which  caused  membrane  fouling,  a 
problem  that  is  being  remedied  by  a  cross-flow 
microfiltration  pretreatment.  Reverse  osmosis  was 
used  to  concentrate  nitrate  and  nitrite  contami- 
nants in  the  wash  stream  of  nitrogen  tetroxide 
holding  tanks  of  an  aerospace  manufacturer.  After 
neutralization  with  sodium  hydroxide,  the  waste 
stream  undergoes  a  two-pass  reverse  osmosis  treat- 
ment that  renders  about  95%  of  the  waste  stream 
reusable.  (See  also  W9 1-06421)  (Geiger-PTT) 
W91-06460 


EMERGING   TECHNOLOGIES   IN   HAZARD- 
OUS WASTE  MANAGEMENT. 

Georgia  Inst,  of  Tech.,  Atlanta. 

For  primary  bibliographic   entry  see  Field   5G. 

W91-06655 


EMERGING  TECHNOLOGIES  FOR  HAZARD- 
OUS WASTE  MANAGEMENT:  AN  OVERVIEW. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Chemi- 
cal Engineering. 

D.  W.  Tedder,  and  F.  G.  Pohland. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p  1- 
9,  21  ref. 

Descriptors:  'Hazardous  wastes,  'Recycling,  'Re- 
views, "Waste  management,  'Waste  treatment, 
'Wastewater  management,  Bioaccumulation, 
Chemical  properties,  Detoxification,  Microbial 
degradation,  Residues,  Soils,  Technology. 


Waste  quantities  have  steadily  increased  due  to 
population  growth  and  because  the  specific  waste 
generation  rates  continue  to  increase.  Therefore, 
better  technologies  are  needed  to  detoxify  and 
isolate  existing  hazardous  wastes  from  the  environ- 
ment. Selected  technologies  that  are  currently 
under  development  were  examined.  Two  major 
topics  were  reviewed:  (1)  wastewater  management 
technologies;  and  (2)  soils,  residues,  and  recycle 
techniques.  It  was  found  that  anaerobic  bacteria 
apparently  have  an  important  role  to  play  in  de- 
creasing toxicity  in  soil  systems  through  species 
degradation.  These  bacteria  may  also  retard  the 
migration  of  many  organic  and  inorganic  species 
through  their  maintenance  of  a  chemically  reduc- 
ing environment.  Microorganisms  may  also  play 
important  roles  in  water  purification  through  their 
immobilization  and  the  exploitation  of  their  natu- 
rally occurring  bioaccumulative  properties.  The 
ability  to  predict  species  degradation  rates  in 
wastewater  appear  to  be  limited  for  the  near 
future.  The  chemistry  of  dilute  wastewaters  is  usu- 
ally complex  and,  while  general  trends  can  be 
predicted,  meaningful  quantitative  analysis  without 
experimentation  is  more  elusive.  Group  contribu- 
tion theory  is  probably  one  useful  key,  but  consid- 
erably more  work  is  needed  and  unexpected  inter- 
actions between  solutes,  affecting  their  degradation 
rates  in  mixtures,  are  likely.  Waste  stabilization  and 
degradation  are  both  important,  especially  for  ex- 
isting wastes.  Recycle,  however,  will  doubtless 
become  increasingly  important,  especially  in  the 
chemical  industries  and  for  the  management  of 
future  wastes.  In  many  instances,  acceptable  meth- 
ods must  be  found  for  either  reducing  or  eliminat- 
ing hazardous  waste  production  altogether.  (See 
also  W91-06655)  (White-Reimer-PTT) 
W9 1-06656 


MECHANISTIC  ASPECTS  OF  THE  PHOTOCA- 
TALYTIC  OXIDATION  OF  PHENOL  IN 
AQUEOUS  SOLUTIONS. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

J.  Tseng,  and  C.  P.  Huang. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
12-39,  16  fig,  2  tab,  46  ref. 

Descriptors:  'Hazardous  wastes,  'Phenols,  *Pho- 
tocatalytic  oxidation,  'Physicochemical  treatment, 
•Toxic  wastes,  'Wastewater  treatment,  Chlorides, 
Hydrogen  ion  concentration,  Oxygen,  Tempera- 
ture, Titanium  dioxide,  Ultraviolet  radiation. 

A  photo-catalytic  oxidation  process  using  photo- 
catalyst  Ti02  and  ultraviolet  light  to  decompose 
phenol  in  aqueous  solution  was  studied.  The  photo- 
catalyst  was  thoroughly  characterized  for  specific 
surface  area  (BET),  surface  charge  (zeta  potential), 
surface  morphology  (scanning  electron  microsco- 
py, SEM)  and  surface  composition  (x-ray  energy 
dispersion  analysis,  EDAX).  Parameters  such  as 
oxygen,  temperature,  pH,  concentration  of  photo- 
catalyst,  and  phenol  concentration  that  may  affect 
the  oxidation  reaction  were  thoroughly  examined. 
Results  show  that  oxygen  plays  one  of  the  most 
important  roles  in  phenol  photo-oxidation.  Trace 
amounts  of  chloride  can  inhibit  the  phenol  decom- 
position reaction  while  aluminum  impurity  en- 
hances it.  At  high  phenol  concentrations,  e.g.  ca  > 
0.05  M,  hydroquinone  and  a  biphenyl  dimer  are  the 
major  intermediates  of  the  oxidation  reaction.  Free 
radicals  such  as  hydroxyl  and  super  oxide  are  keys 
to  photo-oxidation  of  phenol.  Photocatalytic  oxida- 
tion can  be  an  effective  process  in  degrading  haz- 
ardous organic  substances  such  as  phenol.  Toxic 
organics  can  be  broken  into  an  environmentally 
acceptable  chemical  such  as  C02.  Ti02  is  an  inex- 
pensive semiconductor  and  should  be  affordable  to 
many  water  and  wastewater  treatment  utilities,  and 
is  stable  upon  photo-irradiation.  (See  also  W91- 
06655)  (Author's  abstract) 
W91-06657 


FALLING-FILM  AND  GLASS-TUBE  SOLAR 
PHOTOCATALYTIC  REACTORS  FOR  TREAT- 
ING CONTAMINATED  WATER. 

Sandia  National  Labs.,  Albuquerque,  NM.  Solar 
Thermal  Collector  Technology  Div. 


J.  E.  Pacheco,  and  J.  T.  Holmes. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
40-51,  8  fig,  16  ref.  DOE  contract  DE-AC04- 
76DP00789. 

Descriptors:  'Photocatalytic  reactors,  'Photo- 
chemistry, 'Solar  radiation,  'Ultraviolet  radiation, 
'Wastewater  reactors,  'Wastewater  treatment, 
Catalysts,  Falling-film  system,  Glass  tube  trough 
system,  Hydrogen  peroxide,  Performance  evalua- 
tion, Reaction  rates. 

Photochemical  destruction  of  a  model  compound 
was  demonstrated  with  bench  scale  and  with  two 
engineering  scale  experiments.  For  the  engineering 
scale  experiments  two  solar  concentrating  hard- 
ware systems  were  used:  a  glass-tube/trough 
system  and  a  falling-film/heliostat  system.  The  ul- 
traviolet (UV)  power  on  the  reactors  of  the  bench 
scale,  glass-tube/trough  and  falling  film/heliostat 
systems  were  0.15,  1600,  and  5200  watts  of  UV.  In 
the  bench  scale  experiments,  the  use  of  hydrogen 
peroxide  as  an  oxidant  with  a  titanium  dioxide 
catalyst  under  ultraviolet  illumination  yielded  reac- 
tion rates  significantly  greater  than  without  the 
oxidant.  The  thermal  performances  of  both  solar 
systems  are  favorable  for  photocatalytic  processes, 
since  destruction  of  the  contaminant  can  take  place 
before  boiling  occurs.  The  trough/glass  tube 
system  was  evaluated  in  clear  and  partly  cloudy 
weather,  and  the  amount  of  time  to  attain  the  same 
level  of  destruction  was  proportional  to  the  total 
incident  solar  energy.  With  the  heliostat/falling- 
film  system,  experiments  were  performed  at  two 
power  levels.  The  concentration  of  the  model 
compound  was  reduced  below  detectable  limits  in 
less  than  15  seconds  of  exposure.  Preliminary  data 
indicate  initial  reaction  rates  are  linear  with  ultra- 
violet intensity,  though  further  experimental  stud- 
ies need  to  be  performed  to  verify  this  relationship. 
(See  also  W91-06655)  (Author's  abstract) 
W9 1-06658 


SUPPORTED  CATALYSTS  IN  HAZARDOUS 
WASTE  TREATMENT:  DESTRUCTION  OF  IN- 
ORGANIC POLLUTANTS  IN  WASTEWATER 
WITH  HYDROGEN  PEROXIDE. 

FMC  Corp.,  Princeton,  NJ.  Peroxygen  Chemical 
Div. 

R.  A.  Bull,  and  J.  T.  McManamon. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
52-66,  5  fig,  6  tab,  6  ref. 

Descriptors:  'Catalysts,  'Hazardous  wastes,  'Hy- 
drogen peroxide,  'Inorganic  compounds,  'Oxida- 
tion, 'Wastewater  treatment.  Costs,  Cyanide,  Hy- 
drogen ion  concentration,  Metal  catalysts,  Sulfur, 
Sulfur  compounds. 

Inorganic  pollutants  in  wastewater  can  be  oxidati- 
vely  destroyed  with  hydrogen  peroxide  using  a 
supported  metal  catalyst  system.  Laboratory  work 
has  demonstrated  the  effectiveness  of  these  hetero- 
geneous catalysts  in  oxidizing  reduced  sulfur  com- 
pounds (e.g.,  sulfide,  thiosulfate)  more  rapidly  and 
with  better  efficiency  than  conventional  homoge- 
neously catalyzed  processes.  These  catalysts  are 
also  effective  for  oxidizing  and  detoxifying  mer- 
captans  and  cyanide  in  wastewater.  Metals  and 
supports  studied  include  transition  metals  on  silica, 
alumina,  and  various  natural  and  synthetic  zeolites. 
The  choice  of  metal  and  support  varies  with  the 
pollutant.  A  significant  advantage  of  heterogene- 
ous catalysts  is  that  they  are  not  subject  to  pH 
limitations  often  found  with  soluble  catalysts, 
working  equally  well  in  acid  and  alkaline  condi- 
tions. Further,  they  can  be  used  in  treating  con- 
tinuously flowing  wastewater  streams  without  the 
need  for  continuous  addition  of  metal  salts.  This 
eliminates  the  possibility  of  secondary  pollution 
problems  due  to  the  added  metal  and  reduces  cost. 
(See  also  W9 1-06655)  (Author's  abstract) 
W9 1-06659 
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DESTRUCTION  OF  MIXTURES  OF  POLLUT- 
ANTS BY  UV-CATALYZED  OXIDATION  WITH 
HYDROGEN  PEROXIDE. 

Connecticut  Univ.,  Storrs.  Dept.  of  Chemical  En- 
gineering. 

D.  W.  Sundstrom,  B.  A.  Weir,  and  K.  A.  Redig. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.   1990.  p 
67-76,  10  fig,  10  ref. 

Descriptors:  'Catalysis,  'Hazardous  wastes,  'Hy- 
drogen peroxide,  'Organic  wastes,  'Ultraviolet  ra- 
diation, 'Wastewater  treatment,  Benzene,  Industri- 
al wastes,  Oxidation,  Photochemical  reactors, 
Trichloroethylene,  Water  supply. 

Hazardous  organic  compounds  present  in  many 
water  supplies  and  industrial  wastes  must  often  be 
reduced  to  very  low  concentration  levels.  A  study 
was  conducted  to  investigate  the  destruction  of 
mixtures  of  organic  compounds  by  ultraviolet  cata- 
lyzed oxidation  with  hydrogen  peroxide  as  the 
oxidizing  agent.  All  experiments  were  conducted 
in  a  batch  photochemical  reactor.  The  UV  source 
was  a  low  pressure  mercury  vapor  lamp  with  an 
output  of  about  2  watts  at  the  254  nm  resonance 
line.  Hydrogen  peroxide  concentrations  in  the  sam- 
ples were  determined  by  a  glucose  oxidase-peroxi- 
dase method.  Benzene  and  trichloroethylene  were 
used  as  the  components  because  they  are  common 
priority  pollutants  and  differ  greatly  in  structure. 
The  combination  of  ultraviolet  light  and  hydrogen 
peroxide  was  effective  in  decomposing  both  com- 
ponents individually  and  in  mixtures.  The  rate  of 
reaction  of  trichloroethylene  was  much  lower  in  a 
mixture  with  benzene  than  as  a  single  component. 
The  strong  interaction  between  components  dem- 
onstrates the  need  to  study  actual  mixtures  instead 
of  attempting  to  predict  mixture  behavior  from 
pure  component  data.  (See  also  W9 1-06655)  (Au- 
thor's abstract) 
W9 1-06660 


UV  DESTRUCTION  OF  PHENOLIC  COM- 
POUNDS UNDER  ALKALINE  CONDITIONS. 

FMC  Corp.,  Princeton,  NJ.  Peroxygen  Chemical 
Div. 

H.  M.  Castrantas,  and  R.  D.  Gibilisco. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
77-99,  12  fig,  2  tab,  12  ref,  append. 

Descriptors:  'Alkalinity,  'Hazardous  wastes,  'Hy- 
drogen peroxide,  'Phenols,  'Ultraviolet  radiation, 
•Wastewater  treatment,  Acidity,  Fentons  reagent, 
Groundwater  pollution,  Hydrogen  ion  concentra- 
tion. Oxidation. 

Phenols  and  substituted  phenols  can  be  oxidatively 
destroyed  using  ultraviolet  radiation  and  peroxide 
(UV-H202)  over  a  range  of  conditions.  Phenols 
were  selected  because:  (1)  phenols  are  commonly 
found  as  pollutants  in  wastewater  and  groundwat- 
er; and  (2)  many  waters  containing  phenolics  are 
alkaline.  The  effect  of  variables  such  as  UV  light 
intensity,  phenol  concentration,  ratio  of  H202/ 
phenol,  pH  and  the  effect  of  substituting  phenols 
on  reaction  rates  were  determined.  UV-H202  was 
found  to  be  considerably  more  effective  than  UV 
alone.  Significant  reaction  rates  were  seen  at  lamp 
outputs  of  60,000  and  240,000  microW-sec/sq  cm 
over  a  phenol  concentration  range  of  10-1000  mg/ 
L,  a  pH  range  of  4-10  and  mole  ratios  of  H202/ 
phenol  of  2.8/1  to  8.3/1.  By  being  effective  under 
alkaline  as  well  as  acid  conditions,  UV-H202 
avoids  the  acid  limitations  of  Fenton's  reagent  (Fe 
+  H202)  which  is  a  well  known  method  for 
destroying  phenolic  compounds.  (See  also  W91- 
06655)  (Author's  abstract) 
W91-06661 


MODELING  ADVANCED  OXIDATION  PROC- 
ESSES FOR  WATER  TREATMENT. 

Illinois    State    Water    Survey    Div.,    Champaign. 
Aquatic  Chemistry  Section. 
G.  R.  Peyton. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  100- 


118,  8  fig,  22  ref. 

Descriptors:  'Model  studies,  'Organic  pollutants, 
•Oxidation,  'Peroxyl  radicals,  'Site  remediation, 
•Wastewater  treatment,  Formaldehyde,  Formic 
acid,  Hydrogen  peroxide.  Methanol,  Ozone,  Su- 
peroxide. 

Advanced  Oxidation  Processes  (AOPs)  are  water 
treatment  techniques  which  generate  free-radicals 
in  sufficient  quantity  that  they  are  the  primary 
active  species  responsible  for  the  degradation  of 
organic  contaminants.  Although  water  treatment 
units  based  on  AOPs  have  been  commercially 
available  since  the  early  seventies,  the  complex 
chemistry  of  such  processes  has  only  recently  been 
well  enough  understood  to  allow  modeling  with 
any  generality.  A  stoichiometric  model  for  the 
AOPs  such  as  ozone/UV,  ozone/peroxide,  etc., 
was  developed,  and  is  in  the  process  of  being 
verified  for  its  utility  for  understanding  the  appli- 
cation of  these  processes.  An  eventual  goal  is  the 
use  of  the  model  for  prediction  of  optimum  process 
configurations  and  parameters,  ozone  and  UV  dose 
requirements,  by-products,  etc.  The  model  is  based 
on  the  fact  that  organic  radicals,  created  by  hy- 
droxyl  radical  attack  on  organic  contaminants, 
react  quickly  with  oxygen  to  form  peroxyl  radi- 
cals. These  peroxyl  radicals  can  either  (1)  eliminate 
superoxide  to  become  stable  by-products,  or  (2) 
undergo  more  complicated  bimolecular  decay  to 
yield  hydrogen  peroxide  and  other  by-products. 
The  usefulness  of  the  model  has  already  been  veri- 
fied for  the  methanol/formaldehyde/fbrmic  acid 
system,  where  superoxide  production  predomi- 
nates, and  is  currently  being  extended  to  molecules 
which  do  not  produce  superoxide  directly  from 
their  peroxy  radicals.  (See  also  W91-06655)  (Au- 
thor's abstract) 
W9 1-06662 


DETERMINATION  OF  MONOD  KINETICS  OF 
TOXIC  COMPOUNDS  BY  RESPIROMETRY 
FOR  STRUCTURE--BIODEGRADABILITY  RE- 
LATIONSHIPS. 

Cincinnati  Univ.,  OH.  Dept.  of  Chemical  Engi- 
neering. 

S.  Desai,  R.  Govind,  and  H.  Tabak. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
142-156,  3  fig,  3  tab,  26  ref. 

Descriptors:  *Biodegradation,  'Hazardous  wastes, 
•Respirometry,  'Toxic  wastes.  Activated  sludge, 
Dyes,  Kinetics,  Oxygen  requirements,  Phenols, 
Phthalates. 

Biodegradation  is  on  of  the  most  important  mecha- 
nisms in  controlling  the  concentration  of  chemical 
in  an  aquatic  system  because  toxic  pollutants  can 
be  mineralized  and  rendered  harmless.  Experi- 
ments using  an  electrolytic  respirometer  were  con- 
ducted to  collect  oxygen  consumption  data  for 
toxic  compounds  from  the  list  of  Resource  Conser- 
vation and  Recovery  Act  (RCRA)  and  RCRA 
land  banned  chemicals  (phenols  and  phthalates). 
The  estimation  of  Monod  kinetic  parameters  were 
obtained  for  all  the  compounds  by  a  graphical 
method.  The  first  order  kinetic  constants  for  the 
substituted  phenols  were  related  to  the  structure  of 
the  compounds  by  the  group  contribution  method. 
Based  on  the  oxygen  uptake  data  all  the  tested 
phenols  and  phthalates  are  biodegradable  in  acti- 
vated sludge  with  the  experimental  conditions. 
Similar  results  have  been  noted  in  the  literature. 
All  compounds  were  degraded  in  excess  of  80%.  A 
methyl  group  in  the  o-,  or  p-,  position  of  phenolic 
compounds  decreases  the  degradation  rate  in  com- 
parison to  phenol,  while  a  m-methyl  group  does 
not  affect  the  degradation  rate.  No  such  trend  was 
observed  with  phthalates.  With  the  exception  of 
butyl  benzyl  phthalate,  none  of  the  test  compounds 
inhibit  aniline  degradation.  (See  also  W9 1-06655) 
(Author's  abstract) 
W9 1-06664 


REMOVAL  OF  FLUORIDE  ION  FROM 
WASTEWATER  BY  A  HYDROUS  CERIUM 
OXIDE  ADSORBENT. 

Shin-Nihon  Chemical  Industry  Co.   Ltd.,  Tokyo 


(Japan). 

J.  Nomura,  H.  Imai,  and  T.  Miyake. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
157-172,  10  fig,  3  tab,  9  ref. 

Descriptors:  'Adsorbents,  'Adsorption,  'Cerium, 
•Fluorides,  'Industrial  wastes,  'Wastewater  treat- 
ment, Calcium  chloride,  Freundlich  isotherms,  Hy- 
drogen ion  concentration,  Polyolefinic  resin,  Re- 
generation, Sodium  hydroxide. 

Effluent  fluorine  has  long  been  found  in  the 
wastewater  of  industrial  facilities  which  use  or 
process  mineral  resources,  such  as  coal-fired  power 
plants,  aluminum  smelteries,  and  phosphorus  and 
fluorine  manufacturing  plants.  A  new  adsorption 
process  was  developed  and  demonstrated  to  be 
practical  for  removal  of  fluoride  ion  from 
wastewater  to  a  concentration  of  1  mg/L  or  less. 
The  adsorbent  developed  consists  of  polyolefinic 
resin  beads  carrying  hydrous  cerium  oxide  powder 
that  has  a  large  specific  area.  It  has  a  high  selectivi- 
ty for  the  fluoride  ion  and  exhibits  an  adsorption 
capacity  of  8  to  25  mg-F/mL-adsorbent  at  fluorine 
concentrations  of  0.2  to  20  mg/L,  with  adsorption 
conforming  to  the  Freundlich  isotherm,  and  is 
readily  regenerated  by  alkalis  for  repeated,  long- 
term  use.  The  process  consists  of  adjustment  to  a 
pH  between  2  and  5,  fluorine  adsorption,  adsorbent 
regeneration  by  NaOH  and  precipitation  of  CaF2 
from  used  regenerant  by  addition  of  CaC12.  (See 
also  W91-06655)  (Author's  abstract)  (White- 
Reimer-PTT) 
W9 1-06665 


EVALUATION  OF  A  CELL-BIOPOLYMER 
SORBENT  FOR  UPTAKE  OF  STRONTIUM 
FROM  DILUTE  SOLUTIONS. 

Oak  Ridge  National  Lab.,  TN.  Chemical  Technol- 
ogy Div. 

J.  S.  Watson,  C.  D.  Scott,  and  B.  D.  Faison. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  5 
fig,  3  tab,  9  ref.  DOE  De-AC05-84OR21400. 

Descriptors:  'Adsorbents,  'Biological  wastewater 
treatment,  'Hazardous  wastes,  'Polymers,  'Stron- 
tium, 'Wastewater  treatment,  Biopolymers,  Ca- 
tions, Gel  beads,  Ion  exchange,  Microorganisms, 
Performance  evaluation. 

Metal  ions  are  sorbed  by  a  number  of  biological 
materials.  In  some  cases,  this  phenomenon  can  be 
used  to  remove  and  concentrate  ions  from  dilute 
waste  solutions.  Immobilization  of  Micrococcus 
luteus  within  beads  of  gelatin  results  in  a  material 
which  is  able  to  adsorb  significant  quantities  of 
strontium  from  dilute  aqueous  solutions  analogous 
to  some  nuclear  industry  wastewaters.  The  mecha- 
nism appears  to  be  principally  an  ion-exchange 
phenomenon.  Both  the  bone  gelatin  and  the  micro- 
bial cells  contribute  to  strontium  removal;  the  prin- 
cipal contribution  from  the  cells  appears  to  be 
sorption  onto  cell  wall  material.  This  particular 
biosorbent  may  not  be  an  immediate  replacement 
for  conventional  ion-exchange  materials  currently 
used  to  remove  strontium  from  wastewaters.  How- 
ever, the  findings  do  indicate  that  relatively  inex- 
pensive biological  materials  can  be  incorporated 
into  particulate  forms  such  as  gel  beads  and  used 
for  the  removal  of  dissolved  metal  ions  from  aque- 
ous solutions.  (See  also  W9 1-06655)  (Author's  ab- 
stract) 
W9 1-06666 


SELECTIVE  REMOVAL  OF  METALS  FROM 
WASTEWATER  USING  AFFINITY  DIALYSIS. 

Zhejiang  Univ.,  Hangzhou  (China).  Dept.  of 
Chemical  Engineering. 
S.  Hu,  R.  Govind,  and  J.  C.  Davis. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
187-213.  9  fig,  2  tab,  15  ref. 

Descriptors:     'Dialysis,     'Mathematical     models, 
•Membranes,         'Metals,         'Toxic         wastes, 
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•Wastewater  treatment,  Hydrogen  ion  concentra- 
tion, Leachates,  Macromolecules,  Model  studies, 
Numerical  analysis,  Simulation  analysis. 

One  of  the  problems  associated  with  wastewater 
treatment  is  the  recovery  of  metals  from  ore  lea- 
chates and  removal  of  toxic  metals  from 
wastewater.  The  use  of  an  Affinity  Dialysis  Proc- 
ess was  studied  in  order  to  determine  its  applicabil- 
ity for  removing  metals  from  wastewater.  The 
basic  technique  requires  a  solution  of  macromole- 
cular  agents  in  water  which  are  capable  of  rapidly 
complexing  metal  ions.  The  macromolecular  solu- 
tion flows  through  the  tube  side  of  a  hollow  fiber 
membrane  unit,  with  wastewater  flowing  through 
the  shell  side.  The  macromolecular  solution  can  be 
regenerated  by  changing  the  pH  of  the  solution.  A 
mathematical  model  for  the  process  was  devel- 
oped. The  numerical  method  employed  for  solving 
the  mathematical  model  was  then  checked  using  an 
analytical  solution  which  showed  good  precision. 
Good  agreement  was  found  between  the  numerical 
model  and  experimental  data.  Extensive  simulation 
studies  showed  the  Affinity  Dialysis  Process  exhib- 
its much  higher  productivity  and  even  better  selec- 
tivity than  the  conventional  dialysis  process.  (See 
also  W9 1-06655)  (Author's  abstract) 
W9 1-06667 


NEW  APPROACH  FOR  TREATMENT  OF 
ACID-CONTAINING  WASTE  STREAMS. 

Hebrew  Univ.  of  Jerusalem  (Israel).  Casali  Inst,  of 
Applied  Chemistry. 

A.  M.  Eyal,  A.  M.  Baniel,  and  J.  Mizrahi. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
214-233,  10  fig,  1  tab,  21  ref. 

Descriptors:  'Acids,  'Hazardous  wastes,  •Industri- 
al wastes,  •Metal-finishing  wastes,  *Separation 
techniques,  *Wastewater  treatment,  Amines,  Or- 
ganic acids,  Pickling  liquors,  Salts,  Titanium  diox- 
ide, Zinc. 

A  new  technology  ('SEPROS')  for  treating  acid- 
containing  industrial  waste  streams  was  developed. 
The  system  is  based  on  a  novel  family  of  extrac- 
tants,  composed  of  commercially  available  amines 
and  organic  acids.  It  provides  for  efficient,  selec- 
tive and  reversible  extraction  of  mineral  acids  and 
their  salts.  The  extracted  compounds  are  back- 
extracted  by  water,  avoiding  the  consumption  of 
auxiliary  reagents  such  as  neutralizing  bases.  The 
new  technology  provides  for  recovery  of  acids  and 
of  salts  in  pure  and  concentrated  solutions  and 
greatly  facilitates  further  treatments  required  to 
dispose  of  effluents  and/or  recover  other  valuable 
components.  The  simplest  cases  of  acid  separation 
from  effluents  are  those  in  which  the  acid-free 
solution  can  be  discarded.  The  effluent  is  counter- 
cun-ently  extracted  by  an  extractant,  preferably 
one  that  is  selective  and  is  efficient  also  at  low  acid 
concentrations,  in  order  to  achieve  nearly  com- 
plete acid  removal.  The  raffinate  is  discarded  and 
the  extract  is  treated  for  extractant  regeneration  in 
a  second  battery.  Of  immediate  industrial  and  eco- 
logical interest  are  the  treatment  of  waste  streams 
from  the  titanium  dioxide  industry,  the  treatment 
of  pickling  liquors  and  the  treatment  of  bleed 
streams  from  electrolytic  zinc  plants.  The  recovery 
of  acids  and  salts  reduces  the  treatment  costs  and 
decreases  reagent  losses.  (See  also  W9 1-06655) 
(Author's  abstract) 
W9 1-06668 


DECHLORINATION  OF  ORGANIC  COM- 
POUNDS CONTAINED  IN  HAZARDOUS 
WASTES. 

Wright  State  Univ.,  Dayton,  OH.  Dept.  of  Chem- 
istry. 

T.  O.  Tiernan,  D.  J.  Wagel,  G.  F.  VanNess,  J.  H. 
Garrett,  and  J.  G.  Solch. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
236-251,  6  tab,  6  ref. 

Descriptors:  *Dechlorination,  'Hazardous  wastes, 
•Organic  compounds,  "Separation  techniques, 
•Waste  treatment,  Activated  carbon,  Benzofurans, 


Dioxins,  Polyethylene  glycol,  Potassium  hydrox- 
ide. Reagents,  Waste  disposal. 

Chlorinated  organic  chemicals  constitute  a  signifi- 
cant portion  of  the  hazardous  materials  which  are 
accumulating  in  the  environment  as  the  result  of 
manufacturing  processes  and  improper  waste  dis- 
posal practices.  Laboratory  and  field  tests  have 
demonstrated  that  a  chemical  reagent  prepared  by 
reacting  potassium  hydroxide  with  polyethylene 
glycol  (KPEG)  effectively  dechlorinates  polychlo- 
rinated  dibenzo-p-dioxins  (PCDD)  and  polychlori- 
nated  dibenzofurans  (PCDF)  which  are  contained 
in  liquid  hazardous  wastes  or  which  are  sorbed  on 
spent  activated  carbon.  The  effects  of  treatment 
duration,  reaction  temperature,  the  presence  of 
water  and  volatile  materials,  and  the  quantity  of 
the  KPEG  reagent  on  the  efficiency  of  the  KPEG 
dechlorination  reaction  with  PCDD/PCDF  in 
such  waste  materials  was  studied.  The  samples 
derived  from  the  laboratory  and  field  treatment 
tests  were  generally  analyzed  for  tetra-,  penta-, 
hexa-,  hepta-,  and  octa-CDD/CDF,  and  the  suc- 
cess of  the  dechlorination  process  was  gaged  by 
the  extent  to  which  the  concentrations  of  these 
compounds  were  reduced  in  the  treated  samples  as 
compared  to  the  untreated  samples.  The  results  of 
the  studies  indicate  that  the  concentrations  of 
PCDD/PCDF  in  waste  liquids  can  be  reduced  to 
levels  of  less  than  one  part-per-billion  by  direct 
treatment  with  KPEG.  In  the  case  of  the  contami- 
nated carbon  matrix,  however,  direct  KPEG  treat- 
ment is  somewhat  less  effective,  and  reduction  of 
PCDD/PCDF  to  such  concentrations  appears  to 
be  best  achieved  by  first  extracting  the  carbon 
matrix  with  an  appropriate  solvent,  and  then  treat- 
ing the  extract  with  KPEG.  (See  also  W91-06655) 
(Author's  abstract) 
W9 1-06669 

RECOVERY  OF  ORGANIC  COMPOUNDS 
FROM  SEWAGE  SLUDGE  BY  PROTON 
TRANSFER.  ,  „     . 

Howard  Univ.,  Washington,  DC.  School  of  Engi- 
neering. 

M.  S.  Diallo,  J.  H.  Johnson,  R.  Chawla,  J.  N. 
Cannon,  and  F.  E.  Senftle. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
311-327,  7  fig,  2  tab,  22  ref.  DOE  Contract  DE- 
AC06-76RL1830. 

Descriptors:  *Energy  sources,  "Organic  com- 
pounds, 'Separation  techniques,  *Sludge  treat- 
ment, •Sulfuric  acid,  'Waste  recovery,  Acid  ex- 
traction, Aromatic  organic  compounds,  Chemical 
recovery,  Feasibility  studies.  Precipitation,  Proton- 
ation. 

The  feasibility  of  a  new  process  that  recovers 
valuable  organic  materials  from  sewage  sludge  was 
examined.  Sludge  organic  compounds,  which  have 
unshared  electron  pairs  or  which  are  unsaturated, 
protonate  and  dissolve  in  strong  acid  media  such  as 
concentrated  sulfuric  acid.  These  dissolved  com- 
pounds can  be  precipitated  and  recovered  un- 
changed from  the  concentrated  acid  solution  by 
diluting  the  solution  containing  the  dissolved  or- 
ganic compounds  with  water.  Experimental  results 
show  that  up  to  75%  of  the  solids  in  sludge  can  be 
dissolved  during  protonation  and  up  to  25%  of  the 
initial  solids  can  be  precipitated  upon  dilution  with 
water.  The  recovered  product  has  a  high  organic 
content  (90-98%)  and  represents  approximately 
30%  of  the  organic  compounds  in  the  initial 
sludge.  NMR  spectroscopic  analysis  of  an  extract 
of  the  recovered  product  shows  it  to  be  primarily 
composed  of  aromatic  organic  compounds.  These 
findings  suggest  that  this  new  process  has  the 
potential  to  produce  a  high  organic  content  prod- 
uct that  could  be  used  as  a  fuel  or  a  source  of 
organic  chemicals.  (See  also  W9 1-06655)  (Author's 
abstract) 
W9 1-06673 


and  B.  Evans-Brown. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
345-367,  5  fig,  8  tab,  40  ref.  DOE  DE-AC05- 
OR21400. 

Descriptors:  'Hazardous  wastes,  'Heavy  metals, 
•Radioactive  wastes,  *Waste  disposal,  *Waste  uti- 
lization, 'Wastewater  treatment,  Cements,  Grout, 
Mercury,  Nitrates,  Pertechnetate,  Sorption,  Tech- 
netium, Toxic  wastes,  Uranium. 

Various  equipment  decontamination  and  uranium 
recovery  operations  at  the  Portsmouth  Gaseous 
Diffusion  Plant  generate  a  'raffinate'  waste  stream 
characterized  by  toxic  heavy  metals,  high  concen- 
trations of  nitric  acid,  and  low  levels  of  radioactive 
nuclides  (235U  and  99Tc).  Dilution  and  adjustment 
of  solution  pH  to  a  value  of  8.2  to  8.5  precipitates 
heavy  metals  that  can  be  hydrolyzed.  The  precipi- 
tant is  concentrated  by  paper  filtration  to  yield  a 
filter  cake  heavy  metals  sludge  (HMS)  and  HMS 
filtrate.  The  HMS  fraction  may  be  incorporated 
into  cement-based  grout  containing  ground  blast 
furnace  slag  to  reduce  the  mobility  of  its  toxic  and 
radioactive  components.  Sorption  of  soluble  mer- 
cury, pertechnetate,  and  nitrate  anions  from  the 
HMS  filtrate  was  tested  using  organic  resins  and 
inorganic  sorbents.  Removal  of  Hg  and  99Tc  by 
iron  filings  is  efficient  and  economical,  generating 
a  small  volume  of  spent  sorbent  amenable  to  co- 
disposal  with  HMS  in  a  grout  waste  form,  but  the 
process  is  slow.  For  more  rapid  sorption,  poly-4- 
vinylpyridine  resin  is  very  effective  for  the  remov- 
al of  soluble  99Tc  with  little  uptake  of  interfering 
anions  at  near-neutral  influent  pH  values.  (See  also 
W91-06655)  (Author's  abstract) 
W9 1-06675 


TREATMENT  AND  DISPOSAL  OPTIONS  FOR 
A  HEAVY  METALS  WASTE  CONTAINING 
SOLUBLE  TECHNETIUM-99. 

Oak  Ridge  Gaseous  Diffusion  Plant,  TN. 

W.  D.  Bostick,  J.  L.  Shoemaker,  P.  E.  Osborne, 


EXTRACTION  OF  PLUTONIUM  FROM  LEAN 
RESIDUES  BY  ROOM-TEMPERATURE  FLUO- 
RIDE VOLATILITY. 

Los  Alamos  National  Lab.,  NM.  Nuclear  Materaisl 
Div. 

G.  M.  Campbell,  J.  Foropoulos,  R.  C.  Kennedy,  B. 
A.  Dye,  and  R.  G.  Beherns. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
368-377,  8  fig,  9  ref. 

Descriptors:  *Fluorides,  'Hazardous  wastes,  'Plu- 
tonium, 'Radioactive  waste  disposal,  'Radioactive 
wastes,  'Waste  treatment,  Aluminum,  Fluidized 
bed  reactor,  Matrix  reactor,  Nickel,  Stainless  steel, 
Temperature  effects,  Volatility. 

The  use  of  dioxygen  difluoride  and  krypton  di- 
fluoride  for  the  recovery  of  plutonium  from  lean 
residues  by  conversion  to  gaseous  plutonium  hexa- 
fluoride  was  investigated.  The  apparatus  used  in 
carrying  out  the  gas-solid  reactions  involving  the 
fluorination  of  plutonium  residues  was  enclosed  in 
a  glove  box  designed  for  the  safe  handling  of 
plutonium.  Although  nickel  or  aluminum  were  the 
preferred  materials  of  construction  for  handling 
fluorinating  agents,  stainless  steel  was  found  to  be 
perfectly  adequate  for  many  uses  at  room  tempera- 
ture. The  processes  used  were  a  metal  matrix  reac- 
tor and  a  fluidized  bed  reactor.  All  the  experiments 
were  done  in  a  batch  mode.  The  dioxygen  difluor- 
ide was  maintained  at  liquid  nitrogen  temperature 
until  introduction  to  the  gas-solid  reaction  loop. 
The  progress  of  the  reaction  was  followed  by 
monitoring  pressures  and  by  Fourier  transform  in- 
frared spectroscopy.  For  the  metal  matrix  reactor 
the  chemical  reaction  efficiency  of  the  oxygen 
fluorides  (dioxygen  difluoride  and  dioxygen  nono- 
fluoride)  with  plutonium  tetrafluoride  varied  from 
about  12  percent  at  a  loading  of  82  g  plutonium 
tetrafluoride,  to  24%  with  a  loading  of  400  g.  The 
fluidized  bed  reactor  was  the  gas-solid  reactor  of 
choice  for  many  chemical  reactions  in  industry. 
The  overall  reaction  efficiency  was  slightly  higher 
(15%  vs  12%)  in  the  aluminum  matrix  reactor.  A 
severe  test  of  plutonium  extraction  was  made  by 
removing  it  as  plutonium  hexafluoride  from  incin- 
erator ash.  Fluorination  of  the  ash  at  elevated 
temperature  was  shown  to  result  in  the  formation 
of  nonvolatile  plutonium  fluorides.  When  the  un- 
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treated  ash  was  fluorinaied  at  room  temperature, 
volatile  plutonium  hexafluoride  was  formed. 
Fluorination  of  plutonium  compounds  under  ideal 
conditions  supports  the  contention  that  a  viable 
process  can  be  developed.  (See  also  W9 1-06655) 
(White-Reimer-PTT) 
W9 1-06676 


PEPTIDE  SYNTHESIS  WASTE  REDUCTION 
AND  RECLAMATION  OF  DICHLOROMETH- 

ANE. 

Rockefeller  Univ.,  New  York. 
R.  V.  Joao,  I.  Linins,  and  E.  L.  Gershey. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.   1990.  p 
379-387,  5  fig,  1  tab,  4  ref. 

Descriptors:  'Dichloromethane,  'Hazardous 
wastes,  'Peptides,  'Waste  disposal,  'Waste  recov- 
ery, 'Waste  treatment,  Dimethylformamide,  Distil- 
lation, Ethanol,  Methanol,  Purification,  Trifluoroa- 
cetic  acid,  Waste  reduction. 

Reclamation  and  recycling  of  solid  phase  peptide 
synthesis  effluents  are  important  means  of  waste 
reduction.  Peptide  synthesis  produces  large 
amounts  of  chemical  waste,  the  primary  compo- 
nent of  which  is  methylene  chloride  (dichloro- 
methane,  DCM).  Other  significant  components  are 
ethanol,  methanol,  dimethylformamide,  trifluoroa- 
cetic  acid.  Due  to  the  high  halogen  content  of  the 
mixture,  disposing  of  this  is  costly.  Reclaiming 
DCM  has  reduced  the  volume  of  chemicals 
shipped  as  waste  by  25%  at  some  institutions. 
Separating  and  purifying  DCM  is  a  four  part  proc- 
ess involving  distillation,  aqueous  extraction,  siev- 
ing, and  analysis.  Recovery  of  the  distillate  be- 
tween 37  and  40.5  C  results  in  an  azeotropic  mix- 
ture which  is  approximately  95%  DCM,  5%  meth- 
anol, and  trace  amounts  of  other  components. 
Most  of  the  methanol  is  removed  by  two  1 : 1  water 
washes.  The  remaining  trace  amounts  of  methanol 
and  water  are  removed  by  4  angstrom  molecular 
sieves.  High  sensitivity  capillary  gas  chromatogra- 
phy and  flame  ionization  detection  indicate  that  the 
product  is  greater  than  99.9%  pure.  (See  also  W91- 
06655)  (Author's  abstract) 
W9 1-06677 


SOLVENT  WASTE  REDUCTION. 

Environmental    Protection    Agency,    Cincinnati, 

OH.     Environmental     Criteria    and     Assessment 

Office. 

Pollution   Technology   Review   No.    193.   Noyes 

Publications,  Park  Ridge,  New  Jersey.  1990.  158p. 

appends. 

Descriptors:  'Hazardous  waste  disposal,  'Hazard- 
ous wastes,  'Industrial  wastes,  'Solvents,  'Waste 
disposal,  'Waste  treatment,  Biological  treatment, 
Chemical  treatment,  Incineration,  Off-site  waste 
disposal,  On-site  waste  disposal.  Recycling,  Waste 
reduction. 

Papers  presented  at  U.S.  EPA  seminars  covering 
various  aspects  of  solvent  waste  reduction,  from 
regulations  and  disposal  bans  to  on-site  and  off-site 
treatment  methods  are  contained  in  this  book.  The 
Appendices  give  additional  details  on  separation 
techniques,  treatment  and  pretreatment  methods, 
and  good  operating  practices.  Waste  reduction  can 
be  defined  as:  (1)  any  in-plant  practice  or  process 
that  avoids,  eliminates,  or  reduces  waste  so  as  to 
reduce  environmental  risk  to  any  media,  and/or  (2) 
the  treatment,  reuse,  or  recycling  of  any  material 
that  reduces  the  volume  and/or  toxicity  of  waste 
prior  to  final  disposition.  Almost  all  industrial 
plants  use  solvents,  usually  for  cleaning,  degreas- 
ing,  painting,  paint  stripping,  or  extraction  pur- 
poses. Therefore,  proper  management  of  solvent 
wastes  is  of  widespread  concern.  There  are  several 
disposal  methods  available  to  solvent  users,  but  in 
many  cases  the  most  environmentally  sound  and 
economical  choice  is  not  to  dispose  of  the  solvent 
at  all,  but  to  recycle  it.  A  brief  review  of  the 
generally  accepted  priority  list  of  hazardous  waste 
management  techniques  indicates  it  is  incumbent 
upon  generators  of  waste,  first  to  institute  a  pro- 
gram to  reduce  the  amount  of  waste  generated. 
Second,  after  the  amount  of  waste  generated  has 


been  minimized,  recycling  is  considered  the  next 
most  appropriate  alternative.  Third  on  most  lists  is 
incineration,  and  fourth  is  chemical  or  biological 
treatment  to  render  the  waste  nonhazardous.  Land- 
fills, deep-well  injection,  and  other  methods  fall 
further  down  the  list.  (See  W9 1-06679  thru  W91- 
06690)  (White-Reimer-PTT) 
W9 1-06678 


MINIMIZATION  OF  PROCESS  EQUIPMENT 
CLEANING  WASTE. 

Jacobs  Engineering  Group,   Inc.,  Pasadena,  CA. 
HTM  Div. 

For  primary   bibliographic   entry   see   Field   5G. 
W9 1-06681 


SOLVENT  WASTE  MINIMIZATION  BY  THE 
COATINGS  INDUSTRY. 

PPG  Industries,  Inc.,  Pittsburgh,  PA. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-06683 


WASTE  REDUCTION  FOR  CHLORINATED 
SOLVENTS  USERS. 

Dow  Chemical  U.S.A.,  Midland,  MI. 
E.  R.  Randolph. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  66-77,  4  fig,  1  tab, 
appends. 

Descriptors:  'Chemical  wastes,  'Chlorinated  hy- 
drocarbons, 'Hazardous  wastes,  'Solvents,  'Waste 
reduction,  'Waste  treatment,  Costs,  Industrial 
cleaning,  Waste  disposal,  Waste  management. 

Internal  and  external  efforts  to  reduce  waste  from 
the  use  of  specialty  chlorinated  solvents,  factors 
influencing  solvent  consumption,  and  issues  in  sol- 
vent waste  disposal  are  described  to  illustrate  some 
principles  of  waste  management.  Specialty  chlorin- 
ated solvents  include  1,1,1-trichloroethane,  trich- 
loroethylene,  methylene  chloride,  and  perchlor- 
oethylene.  The  diverse  applications  for  these  prod- 
ucts include  metal  cleaning,  dry  cleaning,  chemical 
processing,  and  production  of  fluorocarbons,  aero- 
sols, paint  removers,  adhesives,  coatings/inks,  and 
blowing  agents.  Conservation  and  efforts  to  en- 
courage more  efficient  use  of  solvents  have  con- 
tributed to  both  the  decline  in  demand  for  all 
virgin  chlorinated  solvents  and  the  decline  in  use 
of  virgin  chlorinated  solvents  for  metal  cleaning 
applications.  The  use  of  in-house  stills  to  recover 
solvent  and  concentrate  waste  typically  results  in 
up  to  a  20  percent  reduction  in  solvent  use.  Most 
of  the  techniques  for  reducing  waste  during  cold 
cleaning  and  vapor  degreasing  are  easy  to  follow 
and  improve  the  efficiency  with  which  the  oper- 
ations use  solvents.  Reducing  waste  from  the  use  of 
chlorinated  solvents  for  metal  cleaning  means 
lower  solvent  costs  and  lower  waste-disposal  costs. 
The  improved  efficiency  that  helps  reduce  waste 
also  means  improved  cleaning  with  no  increase  in 
solvent  usage.  (See  also  W9 1-06678)  (White- 
Reimer-PTT) 
W9 1-06685 


ON-SITE  REUSE  AND  RECYCLE  OF  SOL- 
VENTS. 

Salvesen  (Robert  H.)  Associates,  Red  Bank,  NJ. 
R.  H.  Salvesen. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.   1990.  p  78-89,  1  fig,  7  tab. 

Descriptors:  'Hazardous  materials,  'Hazardous 
wastes,  'Recycling,  'Solvents,  'Waste  disposal, 
•Waste  recovery,  Cleaning  materials,  Hazardous 
waste  treatment,  On-site  wastewater  treatment, 
Regulations,  Waste  management,  Waste  treatment. 

Practices  and  equipment  which  are  appropriate  for 
cleaners  of  parts  and  equipment  are  reviewed.  The 
major  types  of  solvents  utilized  are  hydrocarbon 
(such  as  mineral  spirits  and  naphthas)  and  oxygen- 
ated materials.  By  proper  segregation,  labeling  and 
management,  essentially  all  solvents  can  be  recy- 
cled. In  most  cases,  the  solvents  are  not  consumed, 
but  are  contaminated   by  other  substances.   The 


solvents  are  disposed  of  when  the  contaminant 
level  exceeds  certain  limits.  Consideration  of  op- 
tions for  reuse  and  recycling  of  solvents  should 
include  segregation  practices,  substitutes  and 
downgrading,  equipment  requirements,  costs,  and 
environmental  regulations.  In  almost  all  cases 
where  solvents  are  recycled,  some  residues  remain 
which  have  to  be  disposed  as  hazardous  wastes. 
Options  include  land  filling,  incineration,  encapsu- 
lation, blending  with  asphalt,  and  others.  The 
major  concerns  for  the  in-plant  recycle  and  reuse 
of  solvents  are:  (1)  quality  and  quantity  of  used 
solvents;  (2)  segregation  and  handling  practices;  (3) 
selection  of  recycling  equipment;  (4)  management 
practices;  and  (5)  costs  for  operation  and  mainte- 
nance. (See  also  W9 1-06678)  (White-Reimer-PTT) 
W9 1-06686 


COMMERCIAL  (OFF-SITE)  SOLVENT  RECLA- 
MATION. 

Solvent  Resource  Recovery,  Inc.,  West  Carrolton, 
OH. 

B.  R.  Dawson. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  90-96. 

Descriptors:  'Hazardous  materials,  'Hazardous 
wastes,  'Recycling,  'Solvents,  'Waste  recovery, 
'Waste  treatment,  Economic  aspects,  Environmen- 
tal protection,  Industrial  wastes,  Quality  control, 
Waste  disposal,  Waste  reduction. 

Solvents  are  an  important  part  of  most  industrial 
operations.  Almost  all  plants  use  solvents,  usually 
for  cleaning,  degreasing,  painting,  paint  stripping, 
or  extraction  purposes.  There  are  several  disposal 
methods  available  to  solvent  users,  but  in  many 
cases  the  most  environmentally  sound  and  econom- 
ical choice  is  not  to  dispose  of  the  solvent  at  all, 
but  to  recycle  it.  Two  basic  types  of  off-site  or 
commercial  solvent  recycling  are  available;  custom 
toll  recycling  and  open  market  recycling.  In 
custom  toll  recycling,  the  generator's  spent  sol- 
vents are  kept  segregated,  batch  processed  sepa- 
rately to  the  generator's  specification,  and  then 
returned  for  reuse.  In  open  market  recycling  the 
spent  solvents  are  co-mingled  with  like  or  similar 
wastes  from  many  generators,  and  processed  to 
specification  for  resale  and  reuse  in  the  market- 
place as  refined  solvent.  The  prevailing  method  of 
processing  solvents  is  distillation  or  vaporization. 
If  the  recycler  carefully  follows  all  the  quality 
control  steps,  industries  are  assured  of  receiving  a 
quality  product,  appropriate  for  almost  any  use. 
Recycling  can  be  shown  to  be  an  economical  alter- 
native to  disposal.  (See  also  W9 1-06678)  (White- 
Reimer-PTT) 
W9 1-06687 


MAKING  THE  MOST  OF  BOTTOMS  AND  RE- 
SIDUALS. 

Dames  and  Moore,  San  Francisco,  CA. 
S.  F.  Miller. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  97-100,  3  fig. 

Descriptors:  'Hazardous  materials,  'Hazardous 
waste  disposal,  'Recycling,  'Waste  disposal, 
•Waste  treatment,  Bottoms,  Landfills,  Polymers, 
Quality  control,  Residues,  Solvents,  Waste  reduc- 
tion. 

Historically,  most  oil  rerefining  and  solvent  recov- 
ery processes  have  focused  on  recovery  of  super- 
natants  and  distillates  and  consigned  the  bottoms 
and  residuals  to  disposal.  That  approach  often  left 
the  most  valuable  molecules  in  the  discarded  frac- 
tion which  typically  went  to  the  landfill.  The 
evolution  of  a  company  which  began  as  a  lube  oil 
marketer,  decided  to  use  waste  oil  as  raw  material, 
and  thus  became  a  waste  generator,  is  presented. 
The  company  undertook  an  ambitious  waste  mini- 
mization program  through  use  of  bottoms  and  re- 
siduals, expanded  to  Resource  Conservation  and 
Recovery  Act  (RCRA)  licensing,  and  thus  was 
able  to  expand  its  oil  and  solvent  utilization. 
Through  a  series  of  process  changes  including 
polymer  addition,  and  oil  distillation  it  was  possi- 
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ble  to  reduce  the  waste  products  to  nonhazardous 
materials  that  could  be  landfilled.  The  company 
was  always  careful  in  selecting  suitable  wastes  as 
feedstocks.  Bench  and  pilot  tests  were  employed  to 
check  compatibility  of  residuals  with  the  bottoms 
product,  to  maintain  bottoms  product  quality,  and 
to  avoid  coking/decomposition  in  process  units. 
Unsuitable  waste  streams  were  always  rejected. 
(See  also  W9 1-06678)  (White-Reimer-PTT) 
W91-06688 


TREATMENT:  SOLVENT  WASTESTREAMS. 

Salvesen  (Robert  H.)  Associates,  Red  Bank,  NJ. 
R.  H.  Salvesen. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  101-104. 

Descriptors:  *Chemical  wastes,  'Hazardous  mate- 
rials, 'Hazardous  waste  treatment,  "Solvents, 
•Waste  disposal,  *Waste  treatment,  Biodegrada- 
tion,  Incineration,  Oxidation,  Recycling,  Waste 
containment,  Waste  reduction. 

Treatment  of  used  solvents  is  an  option  often  se- 
lected as  a  means  of  waste  minimization  or  source 
reduction.  While  the  preferred  treatment  is  recy- 
cling for  the  original  use,  other  technologies  are 
available  which  enable  solvents  to  be  used  for 
other  purposes.  Commercially  available  treatment 
technologies  include  downgrading/waste  ex- 
change, cement  kilns,  asphalt  kilns,  stripping,  incin- 
eration, biodegradation,  oxidation,  and  encapsula- 
tion. Used  solvents  from  most  industrial  operations 
can  be  treated  for  recycle,  reuse,  or  disposal.  Recy- 
cle normally  involves  practices  such  as  segregation 
and  redistillation  to  produce  solvents  meeting  new 
product  specifications.  Other  treatment  methods 
such  as  blending  for  fuels,  stripping,  incineration, 
biodegradation,  oxidation,  and  encapsulation  are 
viable  options  for  handling  various  types  of  used 
solvent.  Commercial  experience  has  proven  the 
benefits  of  these  treatment  technologies.  (See  also 
W91-06678)  (White-Reimer-PTT) 
W9 1-06689 


Dept.  of  Geology. 

I.  de  Bustamante. 

Environmental     Geology    and     Water    Sciences 

EGWSEI,  Vol.  16,  No.  3,  p  179-185,  November/ 

December  1990.  5  fig,  13  ref 

Descriptors:  'Industrial  wastewater,  'Land  dispos- 
al, 'Land  treatment,  'Spain,  'Wastewater  disposal, 
•Wastewater  irrigation,  'Wastewater  pollution, 
•Wastewater  treatment,  Ammonia,  Chemical 
oxygen  demand,  Conductivity,  Effluents,  Industri- 
al wastes,  Lysimeters,  Municipal  wastewater.  Ni- 
trogen, Phosphorus,  Potassium,  Sodium,  Soil  fil- 
ters, Subsoil,  Total  organic  carbon,  Trees, 
Wastewater  analysis,  Wastewater  composition. 

In  the  region  of  La  Mancha  it  has  been  the  custom 
to  dispose  of  both  urban  and  industrial  effluents  by 
introducing  them  into  the  subsoil.  However,  the 
growth  of  population  areas  and  industrial  develop- 
ment has  resulted  in  a  considerable  increase  in  the 
amount  of  effluents  and  has  limited  disposal  to 
restricted  areas.  The  current  study  evaluates  the 
effectiveness  of  the  treatment  of  wastewater  by 
land  application  and  compares  the  results  of  dis- 
charging urban  and  industrial  effluents  to  the  River 
Guadiana  basin.  Land  applications  are  plots  whose 
dimensions  are  in  direct  relation  to  the  effluent 
flow,  where  groups  of  black  poplars  are  planted  in 
ridges  and  irrigated  by  flooding.  The  philosophy 
followed  to  determine  the  purifying  capacity  of 
land  application  on  wastewater,  was  to  trace  the 
contaminants  at  depth.  For  this,  samples  were 
taken  of  the  waste  and  from  the  lysimeters  that 
were  in  use.  The  results  of  the  analysis  indicated 
that  all  the  contaminants  analyzed  in  the  dis- 
charged wastewater  in  both  land  application  un- 
dergo considerable  reduction  as  they  passed 
through  the  soil.  The  soil  acted  as  a  filter,  eliminat- 
ing organic  compounds,  nutrients,  and  microorga- 
nisms. With  regards  to  sodium  and  potassium  ca- 
tions, the  soil  acted  in  a  different  way  than  might 
be  expected  by  releasing  potassium  and  fixing 
sodium  in  the  first  few  centimeters  of  soil.  This 
occurred,  apparently,  because  irrigation  with 
wastewater  modified  the  chemical  conditions. 
(Korn-PTT) 
W9 1-06799 


TREATMENT  OF  SPENT  SOLVENT 
WASTEWATERS:  FOCUS  ON  CHANGING  EC- 
ONOMICS. 

Versar,  Inc.,  Springfield,  VA. 
D.  Pepson. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  105-108,  1  tab. 

Descriptors:  'Chemical  wastes,  'Economic  as- 
pects, 'Hazardous  waste  treatment,  'Solvents, 
•Waste  treatment,  'Wastewater  treatment,  Biologi- 
cal treatment,  Carbon  adsorption,  Land  disposal, 
Monitoring,  Regulations,  Stripping. 

Treatment  technologies  that  are  commonly  used  to 
treat  spent  solvent  wastewaters  are  stream  strip- 
ping, carbon  adsorption,  and  biological  treatment. 
One  area  of  treatment  design  that  has  not  been 
examined  to  any  great  extent  is  whether  past  cost 
optimization  studies  are  still  valid  in  view  of 
changes  in  treatment  requirements  associated  with 
the  land  disposal  regulations  and  other  regulations 
under  the  Hazardous  and  Solid  Waste  Amend- 
ments of  1984.  An  examination  of  the  economics  of 
the  wastewater  treatment  technologies  now  being 
used  was  performed.  One  important  aspect  of  these 
recent  regulations  may  well  be  that  past  practices 
of  including  polishing  or  back-up  systems  as  part  of 
treatment  trains  is  no  longer  cost  effective.  Under 
today's  requirements,  facilities  may  find  improved 
control  systems  to  be  a  better  alternative.  One 
possibility  is  continuous  monitoring  of  the 
wastewater  stream  and  automatic  diversion  to 
holding  tanks  when  the  waste  does  not  comply 
with  regulatory  requirements.  (See  also  W91- 
06678)  (White-Reimer-PTT) 
W9 1-06690 


LAND  APPLICATIONS:  ITS  EFFECTIVENESS 
IN  PURIFICATION  OF  URBAN  AND  INDUS- 
TRIAL WASTEWATERS  IN  LA  MANCHA, 
SPAIN. 

Universidad  de  Alcala  de  Henares,  Madrid  (Spain). 


LOCATING       LAGOON       SEEPAGE      WITH 
RADAR  AND  ELECTROMAGNETIC  SURVEY. 

Clemson  Univ.,  SC.  Dept.  of  Agricultural  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06801 


FATE  AND  PERSISTENCE  OF  BACILLUS 
SPHAERICUS  USED  AS  A  MOSQUITO  LARVI- 
CIDE  IN  DAIRY  WASTEWATER  LAGOONS. 

California  Univ.,  Riverside.  Dept.  of  Entomology. 
B.  A.  Matanmi,  B.  A.  Federici,  and  M.  S.  Mulla. 
Journal  of  the  American  Mosquito  Control  Asso- 
ciation JAMAET,  Vol.  6,  No.  3,  p  384-389,  Sep- 
tember 1990.  4  fig,  1  tab,  18  ref. 

Descriptors:  'Bacillus,  'Barn  wastewater,  'Insect 
control,  'Larvicides,  'Mosquitoes,  'Pesticides, 
•Wastewater  lagoons,  Animal  wastes.  Bottom 
water,  Dairy  industry,  Farm  lagoons,  Lagoons, 
Microbial   studies,   Mud,   Spores,   Surface  water. 

The  fate  and  persistence  of  the  mosquitocidal  bac- 
terium, Bacillus  Sphaericus,  in  dairy  wastewater 
lagoons  was  evaluated  in  conjunction  with  trials  of 
its  larvicidal  efficacy  against  Culex  stigmatosoma. 
Two  commercial  formulations,  BSP-2  (at  4.48  kg/ 
ha)  and  ABG-6184  at  2.24  kg/ha)  gave  about  90% 
reduction  for  up  to  4  weeks,  although  surface 
water  lost  its  insecticidal  activity  by  3  days  post- 
treatment.  Spores  settled  to  the  bottom  within  3 
days  of  treatment,  but  could  be  recovered  in  sur- 
face water  after  reflooding.  Spore  concentrations 
in  bottom  water  varied  widely,  yet  insecticidal 
activity  remained  high  for  from  3  days  (BSP-2  at 
4.48  kg/ha)  to  2  weeks  (ABG-6184  at  2.24  kg/ha). 
Spores  persisted  in  the  mud  throughout  the  study 
period.  These  results  indicate  the  the  extended 
control  obtained  was  due  primarily  to  the  ingestion 
of  spores  from  bottom  water  and  mud  by  larvae, 
which  routinely  inhabit  the  shallow  areas  toward 
the  edge  of  the  pond  and  browse  at  the  pond 
bottom.  (Author's  abstract) 


W9 1-06823 

EVALUATION  OF  BACILLUS  SPHAERICUS 
2362  AGAINST  CULEX  QUINQUEFASCIATUS 
IN  SEPTIC  DITCHES. 

Arkansas  Univ.,  Fayetteville.  Dept.  of  Entomolo- 
gy. 

J.  W.  Jones,  A.  A.  Weatherbee,  P.  Efird,  and  M. 
V.  Meisch. 

Journal  of  the  American  Mosquito  Control  Asso- 
ciation JAMAET,  Vol.  6,  No.  3,  p  496-499,  Sep- 
tember 1990.  2  tab,  9  ref. 

Descriptors:  *Bacillus,  *Domestic  wastes,  'Insect 
control,  'Larvicides,  'Mosquitoes,  'Wastewater 
treatment,  Animal  wastes,  Barn  wastewater,  Dairy 
industry,  Population  density. 

Four  application  rates  of  Bacillus  Sphaericus  2362 
were  tested  for  efficiency  in  septic  ditches  against 
Culex  quinquefasciatus  2nd-4th  instar  larvae.  Trials 
were  conducted  over  a  2  year  period.  In  1987,  all 
dosages  applied  to  dairy  effluent  ditches  resulted  in 
substantial  reductions  after  48  h.  Differences 
among  dosages  did  not  differ  significantly  (P  >  or 
equal  to  0.05).  After  5  days,  mosquito  larval  num- 
bers increased  with  dosage  rates  of  0.6,  0.9,  and  1.2 
liters/ha.  Residual  control  was  maintained,  howev- 
er, at  2.4  liters/ha  for  17  days.  In  1988,  B.  sphaeri- 
cus applied  to  domestic  sewage  effluent  ditches  at 
a  rate  of  and  2.4  liter/ha  induced  >  79%  suppres- 
sion for  a  period  of  15  days,  and  the  1.2  liter/ha 
rate  induced  >  79%  suppression  for  a  period  of  20 
days.  A  rate  of  0.9  liter/ha  provided  good  to 
excellent  control  (>  85%)  for  a  period  of  10  days. 
A  rate  of  0.6  liters/ha  produced  <50%  suppres- 
sion after  48  h.  A  reduction  in  larval  densities  was 
observed  at  all  treatment  rates.  The  conditions  that 
seem  to  reduce  activity  of  the  microbial  agent 
include  water  movement,  sunlight,  and  high  con- 
centrations of  suspended  solids.  (Doyle-PTT) 
W91-06825 


EVALUATION  OF  ULTRAVIOLET  (UV0-OXI- 
DATION  TREATMENT  METHODS. 

Geraghty  and  Miller,  Inc.,  Tampa,  FL. 

E.  K.  Nyer,  and  P.  Bitter. 

Groundwater    Monitoring    Review    GWMRDU, 

Vol.  11,  No.  1,  p  88-92,  Winter  1991.  4  fig,  3  tab,  3 

ref. 

Descriptors:  'Decontamination,  'Evaluation,  'Hy- 
drogen peroxide,  'Oxidation,  'Ozonation,  'Ultra- 
violet radiation,  'Wastewater  treatment,  'Water 
pollution  treatment,  Estimated  costs,  Groundwater 
pollution,  Iron,  Pretreatment  of  water,  Superfund. 

Ultraviolet-oxidation  or  UV-oxidation  is  emerging 
as  a  viable  treatment  technology  that  promises  to 
destroy  many  organic  compounds  in  a  short  time 
and  at  a  reasonable  cost.  EPA's  Superfund  Innova- 
tive Technologies  Evaluation  (SITE)  program  has 
evaluated  this  technique  and  published  positive 
results.  This  has  led  to  major  marketing  campaigns 
to  promote  UV-oxidation  to  regulators,  industries, 
and  consultants  in  the  field  of  groundwater  treat- 
ment. The  two  basic  ways  in  which  UV-oxidation 
is  applied.  They  are  UV -ozone  and  UV-peroxide. 
While  ozone  and  hydrogen  peroxide  are  both 
strong  oxidants,  their  effectiveness  increases  dra- 
matically when  stimulated  by  UV  light.  The  prin- 
ciple objection  to  the  SITE  demonstration  trials  of 
this  technology  is  that  the  bench  scale  trial  runs 
were  of  a  mere  4  hr  duration.  The  data  extrapolat- 
ed from  these  tests  cannot  guarantee  sustained 
reactor  performance  over  extended  periods  of 
time.  When  data  from  a  full  scale  UV-peroxide 
reactor  designed  for  15-20  gpm,  200  ppm  of  H202, 
and  180  kW  UV  power,  are  examined,  the  true 
performance  and  costs  of  this  technology  can  be 
evaluated.  The  average  concentration  of  benzene, 
for  example,  after  UV  treatment  was  8500  times 
greater  than  the  concentration  resulting  from  the 
bench  scale  study.  The  problem  was  apparently 
caused  by  dissolved  iron  precipitating  out  and  cov- 
ering the  quartz  tubes  containing  the  UV  lamps. 
This  necessitated  adding  a  pretreatment  system  to 
remove  dissolved  iron,  but  problems  continued 
when  biological  floe  coated  the  tubes.  Cleaning  the 
quartz  tubes  was  performed  twice  a  month  and 
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required  the  UV  unit  to  be  shut  down  for  eight 
hours  each  time.  A  cost  comparison  between  the 
initial  estimate  and  actual  costs  reflected  a  24% 
increase  in  cost  for  additional  and  unanticipated 
modifications.  (Doyle-PTT) 
W9 1-06847 


EVALUATING  THE  EFFECTIVENESS  OF 
GROUND  WATER  EXTRACTION  SYSTEMS. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W91-06852 


SAND  AND  ACTIVATED  CARBON  AS  BIO- 
FILM  CARRIERS  FOR  MICROBIAL  DEGRA- 
DATION OF  PHENOLS  AND  NITROGEN- 
CONTAINING  AROMATIC  COMPOUNDS. 

Gesamthochschule    Paderborn    (Germany,    F.R.). 
Fachbereich  13  -  Chemie  und  Chemietechiuk. 
B.  Koch,  M.  Ostermann,  H.  Hoke,  and  D.  C. 
Hempel. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  1-8, 
January,  1991.  7  fig,  3  tab,  28  ref.  Ministerium  fur 
Umwelt,  Raumordung  und  Landwirtscraft  des 
Landes  Nordrhein-Westfalen,  Germany. 

Descriptors:  'Activated  carbon,  *Biofilms,  *Bio- 
logical  wastewater  treatment,  'Microbial  degrada- 
tion, 'Wastewater  treatment,  Aerobic  treatment, 
Aromatic  compounds,  Biodegradation,  Dissolved 
organic  carbon,  Organic  pollutants,  Performance 
evaluation,  Phenols,  Sand. 

The  aerobic  biodegradation  of  a  mixture  of  22 
phenols,  N-hetrocycles  and  aromatic  amines  in  a 
model  wastewater  containing  these  components  as 
sole  source  carbon  was  measured  by  isolating  a 
mixed  culture  from  soil,  which  was  adapted  to 
continuous  flow  conditions  and  immobilized  in  flu- 
idized  particles  of  sand  or  activated  carbon. 
During  long-term  experiments  in  an  airlift-loop 
reactor,  dissolved  organic  carbon  concentrations 
(DOC)  of  the  medium  were  varied  between  125 
and  1000  mg/L  and  the  dilution  rate  between  0.25 
and  0.78/h  .  DOC  removal  in  the  sand  system  was 
constant  with  values  fluctuating  between  59  and  69 
%.  Biomass  concentration  first  increased  in  pro- 
portion to  the  volumetric  DOC  loading  rate,  but 
reached  a  plateau  at  loading  rates  above  200  mg/ 
L/hr  with  values  fluctuating  around  4.4  g/L.  With 
activated  carbon  the  biomass  concentration  was 
higher  under  the  same  conditions,  but  DOC  re- 
moval decreased  during  operation  down  to  a  final 
value  of  39%.  It  was  assumed  that  biodegradation 
is  superimposed  by  adsorption  of  organic  matter  up 
to  the  saturation  of  the  carbon.  Only  a  minor  part 
of  the  biomass  was  immobilized  on  the  coal  parti- 
cles, while  the  major  part  was  aggregated  as  floes 
and  pellets.  The  low  metabolic  activity  of  the 
activated  carbon  system  is  ascribed  to  inhibitory 
effects  of  by-products.  Gas  chromatographic  anal- 
ysis of  individual  components  revealed  that  the 
feed  components  were  nearly  completely  degraded 
in  both  systems,  but  evidence  was  found  for  the 
formation  of  dead-end  products.  (Author's  ab- 
stract) 
W91-06857 


PERIPLASMIC  AND  INTRACYTOPLASMIC 
POLYPHOSPHATE  AND  EASILY  WASHABLE 
PHOSPHATE  IN  PURE  CULTURES  OF 
SEWAGE  BACTERIA. 

Freiburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Biolo- 

gie2. 

M.  Streichan,  and  G.  Schoen. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  9- 

13,  January,  1991.  6  fig,  22  ref.  Bundesministerium 

fur  Forschung  und  Technologie,  Germany,  No.  02 

W A  8512  and  02  WA  8807. 

Descriptors:  'Activated  sludge,  'Biological 
wastewater  treatment,  'Microbial  degradation, 
•Phosphorus  removal,  'Wastewater  treatment, 
Acinetobacter,  Biodegradation,  Phosphates,  Pure 
cultures. 

In  order  to  obtain  further  information  about  the 
fixation  of  phosphorus  in  the  biomass  of  an  activat- 
ed sludge  system,  several  strains  of  Acinetobacter 


and  one  strain  of  Moraxella,  all  isolated  from  acti- 
vated sludge  obtained  from  sewage  plants  with 
biological  phosphorus  removal,  were  examined  to 
determine  whether  polyphosphate  can  be  incorpo- 
rated in  different  cell  compartments  and  to  what 
degree  additional  absorption  at  the  surface  of  the 
cell  takes  place.  It  was  determined  that  polyphos- 
phate-accumulating  bacteria  of  activated  sludge 
from  sewage  plants  can  remove  and  store  phospho- 
rus from  wastewater  in  different,  specific  ways: 
Acinetobacter  strains  with  enhanced  phosphorus 
accumulation  stored  polyphosphate  inside  the  cell 
as  cytoplasmic  inclusions.  Moraxella  (strain  St-8) 
stored  polyphosphate  intracytoplasmically,  as  well 
as  in  the  periplasm.  In  addition,  this  strain  could  fix 
phosphate  on  the  cell  surface  in  high  concentra- 
tions already  at  pH  values  below  pH  8.0.  This 
phosphate  could  be  washed  off  by  Tns-HCl  buffer. 
From  these  results,  it  can  be  concluded  that  in 
sewage  plants  phosphorus  is  also  fixed  in  different 
ways  in  or  on  the  biomass  during  the  biological 
removal  of  excess  phosphorus  in  the  activated 
sludge  process.  (Author's  abstract) 
W91-06858 


ROLE  OF  SUBSTRATE  CONCENTRATION  IN 
PARTICLE  SIZE  DISTRIBUTION  OF  METH- 
ANOGEN1C  SLUDGE  IN  UASB  REACTORS. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Microbiology. 

J.  T.  Grotenhuis,  J.  C.  Kissel,  C.  M.  Plugge,  A.  J. 

Stams,  and  A.  J.  Zehnder. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  21- 

27,  January,    1991.   3  fig,   5  tab,  23  ref.   NATO 

Research  Grant  No.  064/86. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Methanogenesis, 

•Wastewater  treatment,  Flow  velocity,  Growth 
kinetics,  Particle  size,  Sludge  analysis,  Sludge  bed, 
Substrates. 

The  effect  of  influent  substrate  concentration  on 
particle  size  distribution  of  methanogenic  granular 
sludge  was  studied  in  laboratory-scale  UASB  ( 
upflow  anaerobic  sludge  blanket  )  reactors  fed 
with  propionate  as  the  sole  carbon  and  energy 
source.  A  mean  biomass  increase  of  60.9  mg  vola- 
tile suspended  solids  (VSS/d)  and  0.95  ml  sludge/d 
was  measured  in  five  UASB  reactors  operated  in 
parallel  mode,  resulting  in  a  mean  sludge  volume 
index  (SVI)  of  7.8  ml  sludge/g  dry  wt.  Particle 
size  distributions  were  measured  by  a  gravimetric 
method  and  by  direct  image  analysis.  Median  gran- 
ule diameter  increased  with  increasing  influent  sub- 
strate concentration  and  decreased  with  decreasing 
concentration.  Increasing  the  influent  concentra- 
tion led  to  an  increase  of  the  methanogenic  activity 
of  the  granules  with  propionate  or  acetate  as  test 
substrate.  (Author's  abstract) 
W9 1-06860 


OXYGEN  TRANSFER  IN  TRICKLING  FIL- 
TERS. 

Fondation  Univ.  Luxemborgeoise,  Arlon  (Bel- 
gium). 

J.  L.  Vasel,  and  P.  Schrobiltgen. 
Water  Research  WATRAG,  Vol.  25,  No.  1,  p  53- 
60,  January,  1991.  2  fig,  6  tab,  27  ref. 

Descriptors:  'Oxygen  transfer,  'Trickling  filters, 
•Wastewater  treatment,  Biofiltration,  Biological 
filters,  Biomass,  Hydrodynamics,  Mass  transfer, 
Model  studies,  Oxygen  balance,  Respiration. 

Oxygen  transfer  in  trickling  filters,  using  a  clean, 
random  plastic  media  covered  with  biomass,  is 
correlated  with  hydrodynamics.  Different  equa- 
tions for  oxygen  transfer  are  proposed  for  plug 
flow  or  axial  dispersion  hydraulic  models.  These 
equations  are  solved  by  successive  iterations  to 
find  the  oxygen  transfer  coefficient  and  finally  the 
oxygen  transfer  performance  expressed  in  kg  02/ 
kWh.  Another  way  to  quantify  gas  transfer  in  the 
presence  of  biochemical  reaction  is  to  utilize  a 
tracer  gas.  Experimentally,  propane  gas,  on  clean 
media  results  in  an  oxygen  transfer  performance  of 
2  kg  02AWh.  The  results  are  similar  for  the  plug 
flow  model  and  for  the  axial  dispersion  model. 
When  biomass  respiration  is  endogenous,  the 
oxygen  balance  on  the  tower  results  in  a  much 


greater  oxygen  transfer  performance,  the  minimum 
calculated  is  22  kg  02AWh.  In  this  case,  oxygen 
transfer  is  amplified  by  a  factor  of  approximately 
10,  due  to  biomass  respiration.  The  fact  that  the 
liquid  at  the  outlet  of  the  tower  is  generally  satu- 
rated with  oxygen  seems  to  contradict  experimen- 
tal measurements.  This  state  of  saturation  should 
be  incompatible  with  an  enhancement  factor  for 
oxygen  transfer  greater  than  1 .  This  may  be  due  to 
a  two  layer  liquid  film  phenomenon  in  which  the 
upper  moving  layer  is  free,  saturated  with  oxygen, 
and  well  explained  by  hydrodynamics,  and  the 
other  is  almost  stagnant,  oxygen  poor,  and  may  be 
responsible  for  mass  transfer  limitation  in  trickling 
filter  processes.  (Doyle-PTT) 
W9 1-06864 


HYDROLYSIS  OF  PARTICULATE  SUB- 
STRATE BY  ACTIVATED  SLUDGE  UNDER 
AEROBIC,  ANOXIC  AND  ANAEROBIC  CON- 
DITIONS. 

Technical  Univ.  of  Denmark,  Lyngby.  Dept.  of 

Environmental  Engineering. 

M.  Henze,  and  C.  Mladenovski. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  61- 

64,  January,  1991.  5  fig,  3  tab,  9  ref. 

Descriptors:  'Activated  sludge,  'Hydrolysis,  'Ni- 
trogen compounds,  'Wastewater  treatment,  Aero- 
bic conditions.  Ammonia,  Anaerobic  conditions, 
Anoxic  conditions,  Biomass,  Culturing  techniques, 
Organic  matter,  Substrates. 

Raw  municipal  wastewater,  used  as  a  substrate, 
was  mixed  with  activated  sludge  from  a  high 
loaded  activated  sludge  plant  with  pure  oxygen 
aeration.  Hydrolysis  of  particulate  organic  sub- 
strate was  followed  through  the  production  of 
ammonia.  The  mixture  of  raw  wastewater  and 
activated  sludge  was  transferred  into  three  1  liter 
flasks,  each  of  which  represented  three  electron 
acceptor  conditions:  aerobic  (aerated  by  diffuse 
air),  anoxic  (280  mg  N03-N  added  as  KN03),  and 
anaerobic  conditions.  The  experimental  period  was 
restricted  to  four  days  to  ensure  an  approximately 
constant  biomass.  The  hydrolysis  rate  of  nitroge- 
nous compounds  is  significantly  affected  by  the 
electron  donor  available.  The  rate  is  high  under 
aerobic  conditions,  medium  under  anaerobic  condi- 
tions and  low  under  anoxic  conditions.  The  ratio 
between  the  hydrolysis  rates  under  aerobic  and 
under  anoxic  conditions  are  very  similar  to  the 
respiration  rates  measured  as  electron  equivalents. 
(Doyle-PTT) 
W91-06865 


EFFECT  OF  CHROMIUM  (VI)  ON  ACTIVATED 
SLUDGE. 

Middle  East  Technical  Univ.,  Ankara  (Turkey). 

Dept.  of  Environmental  Engineering. 

C.  F.  Gokcay,  and  U.  Yetis. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  65- 

73,  January,  1991.  10  fig,  2  tab,  15  ref. 

Descriptors:  'Activated  sludge,  'Chromium,  'In- 
dustrial wastes,  'Toxicity,  'Wastewater  treatment, 
Biomass,  Growth  kinetics,  Heavy  metals.  Tannery 
wastes.  Tolerance. 

Hexavalent  chromium,  which  is  frequently  en- 
countered in  tannery  effluents  and  in  the  electro- 
plating wastes,  is  normally  considered  toxic  to  the 
activated  sludge  culture.  Often  a  physico-chemical 
pretreatment  prior  to  biological  treatment  is  con- 
sidered necessary.  However,  it  is  shown  that  an 
acclimatized  activated  sludge  culture  is  fully  capa- 
ble of  coping  with  the  Cr(VI)-containing  wastes 
and  moreover  the  culture  was  significantly  stimu- 
lated by  up  to  25  mg/L.  None  of  the  tested  con- 
centrations of  this  metal  were  inhibitory  to  the 
mixed  culture  under  investigation.  In  fact,  all  of 
the  concentrations  tested  (1,  5,  10,  and  25  mg/1 
CrfVI))  significantly  stimulated  maximum  growth 
rate,  of  the  culture.  Furthermore,  the  biomass  yield 
of  the  activated  sludge  culture  markedly  increased 
in  the  presence  of  Cr  (VI)  while  the  effect  on  the 
biomass  decay  or  maintenance  constant  was  vari- 
able. (Author's  abstract) 
W9 1-06866 
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Waste  Treatment  Processes— Group  5D 


DECHLORINATION  OF  CHLORENDIC  ACID 
WITH  OZONE. 

State  Univ.  of  New  York  at  Buffalo.  Dept.  of  Civil 

Engineering. 

J.  P.  Stowell,  and  J.  N.  Jensen. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  83- 

90,  January,  1991.  6  fig,  3  tab,  25  ref. 

Descriptors:  'Chemical  degradation,  'Chlorinated 
hydrocarbons,  •Dechlorination,  'Oxidation, 
•Ozonation,  •Ultraviolet  radiation,  Bicarbonates, 
Chlorendic  acid,  Decontamination,  Hydrogen  ion 
concentration,  Model  studies,  Ozone,  Textile  mill 
wastes,  Wastewater  treatment. 

Chlorendic  acid  is  introduced  into  the  environment 
from  flame  proofing  operations  in  the  textile  indus- 
try and  the  hydrolysis  of  cyclopentadiene  pesti- 
cides. Due  to  its  potential  for  large  environmental 
loadings,  potential  health  effects,  and  resistance  to 
biological  and  chemical  degradation,  it  is  of  envi- 
ronmental concern.  The  dechlorination  and  subse- 
quent degradation  of  chlorendic  acid  by  ozonation 
is  influenced  by  the  pH,  applied  ozone  dose,  and 
bicarbonate  concentration.  A  change  in  the  initial 
chlorendic  acid  concentration  to  50,  100  and  200 
mg/L  did  not  influence  the  rate  of  degradation  of 
chlorendic  acid.  Ultraviolet  radiation  alone  also 
dechlorinated  chlorendic  acid.  Ultraviolet  radi- 
ation (u.v.)  was  shown  to  greatly  enhance  the 
oxidation  of  chlorendic  acid  in  the  presence  of 
ozone.  In  a  typical  case,  80%  dechlorination  of 
chlorendic  acid  was  obtained  in  60  min  when  using 
an  ozone  dose  of  125  mg/min  ozone  at  pH  7.4.  In 
addition  to  the  experimental  results,  pseudo-first 
order  rates  were  calculated  for  a  two-step  model 
and  ranged  from  0.002  to  0.295  /min  for  the  first 
step  and  0.008  to  0.000000000006  /min  for  the 
second  step.  The  magnitude  of  the  rate  constants 
and  corresponding  rates  of  dechlorination  of  chlor- 
endic acid  were  shown  to  be  dependent  upon  the 
production  and/or  scavenging  of  hydroxyl  radicals 
in  solution.  Conditions  favoring  radicals  in  solu- 
tion, such  as  high  pH  and  the  addition  of  u.v., 
resulted  in  much  faster  dechlorination.  The  condi- 
tions which  did  not  favor  radicals,  such  as  low  pH 
and  the  addition  of  bicarbonate,  resulted  in  slower 
dechlorination.  (Doyle-PTT) 
W91-06868 


METHOD  FOR  THE  SAMPLING  AND  RE- 
MOVAL OF  IONIC  ALKVLLEAD  COM- 
POUNDS FROM  AQUEOUS  SOLUTION 
USING  ION  EXCHANGE  MEDIA. 

Lancaster  Univ.  (England).  Inst,  of  Environmental 
and  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-06869 


BIODEGRADABLE  PLASTICS  FROM  POTATO 
WASTE  DOUBLE  SAVINGS  TO  ENVIRON- 
MENT. 

Argonne  National  Lab.,  IL.  Environmental  Re- 
search Div. 
R.  Coleman. 

Agricultural  Engineering  AGENAZ,  Vol.  71,  No. 
6,  p  20-22,  November  1990.  1  fig. 

Descriptors:  •Environmental  protection,  •Food- 
processing  wastes,  'Plastics,  *Potatoes,  •Recy- 
cling, 'Waste  utilization,  Argonne  National  Labo- 
ratory, Bacteria,  Cost  analysis,  Economic  aspects, 
Enzymes,  Fermentation,  Fertilization,  Films,  Glu- 
cose, Groundwater  pollution,  Starch,  Waste  recov- 
ery, Water  pollution  control. 

Researchers  at  Argonne  National  Laboratory,  Ar- 
gonne, Illinois,  have  developed  a  way  to  turn 
starchy  food  waste  into  photodegradable  and  bio- 
degradable plastics.  This  technology  would  deliver 
a  double  benefit  to  the  environment  by  keeping  the 
waste  from  polluting  groundwater  while  returning 
the  plastic  safely  to  the  environment.  The  process 
involves  enzymatically  converting  the  starch  in 
potato  or  other  high-carbohydrate  waste  into  glu- 
cose, fermenting  the  glucose  to  lactic  acid  using 
bacteria,  and  then  using  the  lactic  acid  to  construct 
degradable  plastics.  Potential  markets  for  the  plas- 
tics are  as  mulch  films  and  compost  bags,  as  well  as 
programmable  fertilizer  and  pesticide  delivery  sys- 
tems for  sustained  release  using  plastics  that  de- 


grade during  the  course  of  the  growing  season. 
The  unit  price  of  production  is  estimated  at  $0.54 
per  pound  for  a  plant  processing  20  million  pounds 
of  waste  starch  a  year;  target  cost  of  production  is 
less  than  $0.40  per  pound  by  optimizing  bench 
level  and  pilot  plant  scale  systems.  (Doria-PTT) 
W9 1-06872 


PURIFICATION  OF  HIGHLY  CONTAMINAT- 
ED  WASTE  WATERS  BY  USING  CEMENT 
DUST:  A  POSSIBLE  APPROACH. 

National  Research  Centre,  Cairo  (Egypt). 

N.  Salem. 

Agrochimica  AGRCAX,  Vol.  34,  No.  4,  p  352- 

362,  August  1990.  2  fig,  2  tab,  13  ref. 

Descriptors:  *Cement  dust,  *Filtration,  »Heavy 
metals,  •Separation  techniques,  *Waste  utilization, 
•Wastewater  treatment,  Cements,  Cobalt,  Copper, 
Manganese,  Path  of  pollutants,  Zinc. 

The  removal  of  heavy  metals  (Zn,  Mn,  Cu,  and 
Co)  from  a  municipal  wastewater  using  cement 
dust  was  examined  in  laboratory  tests.  The  pres- 
ence of  these  metals  in  wastewaters  has  been  linked 
to  bioaccumulation  of  metals  in  plants  and  animals 
when  water  is  extracted  from  polluted  rivers  and 
streams  for  agricultural  use.  Wastewater  from  a 
municipal  treatment  plant  was  spiked  with  500 
mg/L  of  Zn,  Mn,  Cu  and  Co  and  then  treated  with 
cement  dust  (from  2  to  10  g/L)  taken  from  the  air 
filter  of  a  cement  plant.  Results  showed  that  the 
concentration  of  all  heavy  metals  in  the  treated 
water  was  practically  negligible.  In  another  experi- 
ment, solutions  containing  Cu,  Zn,  Mn,  and  Co  at 
concentration  of  up  to  1000  mg/L  of  each  element 
were  treated  with  cement  dust  (from  2  to  30  g/L). 
Results  showed  a  very  high  efficiency  of  this  mate- 
rial to  reduce  the  concentration  of  heavy  metals. 
The  final  concentrations  of  metals  were  practically 
negligible  for  all  doses  higher  than  15  g/L.  These 
experiments  suggest  a  possible  approach  to  purify 
highly  contaminated  wastewater  by  utilizing 
cement  dust,  an  industrial  byproduct  for  which 
several  problems  of  disposal  and  environmental 
hazards  exist.  (Geiger-PTT) 
W9 1-06897 


MINIMIZING  MUNICIPAL  LIABHJTY 
UNDER  NEW  FEDERAL  PRETREATMENT 
REGULATIONS. 

Zorc,  Risseto  and  and  Weaver,  Washington,  DC. 
G.  B.  Cohen. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  24,  No.  1,  p  12-13,  January/ 
February  1991. 

Descriptors:  'Liability,  'Municipal  wastewater, 
•Pretreatment  of  wastewater,  'Regulations, 
•Wastewater  treatment,  *Water  law,  Enforcement, 
Hazardous  wastes,  Industrial  wastes,  Permits,  Test- 
ing procedures,  Toxicity. 

The  Environmental  Protection  Agency  amended 
the  federal  pretreatment  and  National  Pollutant 
Discharge  Elimination  System  permit  application 
regulations  on  July  24,  1990.  These  new  regula- 
tions generally  impose  additional  pretreatment  re- 
sponsibilities upon  municipal  pretreatment  pro- 
grams and  their  industrial  users.  Significant 
changes  include  establishment  of:  strict  enforce- 
ment commitments  through  the  Enforcement  Re- 
sponse Plan  process;  toxicity  testing  permit  appli- 
cation requirements  for  certain  municipalities;  ad- 
ditional specific  prohibitions  under  C.F.R.  403.5; 
minimum  sampling  and  inspection  frequency  of 
significant  industrial  users;  compliance  reporting 
for  non-categorical  significant  industrial  users;  sig- 
nificant industrial  user  permitting  requirement;  reg- 
ulatory definitions  of  significant  industrial  users 
and  significant  noncompliance;  local  limit  technical 
evaluation  requirements;  slug  load  planning  proc- 
ess; and  industrial  user  reporting  of  hazardous 
wastes  discharged  to  a  publicly  owned  treatment 
works  (POTW).  The  POTW  can  establish  its  own 
standards  for  judging  the  adequacy  of  the  local 
pretreatment  program.  The  new  pretreatment  reg- 
ulations now  require  an  Enforcement  Response 
Plan  as  an  accountability  (and  liability)  standard 
for  POTW  enforcement  actions.  The  Enforcement 
Response  Plan  must  describe  the  types  of  escalat- 


ing enforcement  responses  the  POTW  will  take  to 
all  anticipated  types  of  industrial  user  violations 
and  time  periods  within  which  responses  will  take 
place.  (Geiger-PTT) 
W91-06912 


CASE  HISTORY  OF  PERFORMANCE  TEST  OF 
THE  CARROUSEL  PROCESS  AT  EASTON, 
PENNSYLVANIA. 

PSC  Engineers  and  Consultants,  Inc.,  Lancaster, 
PA. 

L.  E.  Putter. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  24,  No.  1,  p  17-21,  January/ 
February  1991.  1  fig,  1  tab,  3  ref. 

Descriptors:  'Ammonia  removal,  'Biological 
wastewater  treatment,  'Clarification,  'Oxidation 
ditches,  'Pennsylvania,  'Wastewater  treatment, 
Aeration,  Biochemical  oxygen  demand,  Delaware 
River,  Nitrification,  Performance  evaluation,  Sus- 
pended solids. 

The  performance  of  a  7.0  MGD  Carrousel  type 
oxidation  ditch  at  the  recently  upgraded  Easton 
Area  Joint  Sewer  Authority  wastewater  treatment 
plant  was  tested  for  removal  of  ammonia  nitrogen, 
BOD,  and  suspended  solids.  The  influent 
wastewater  preliminary  treatment  consists  of  grit 
removal  in  an  aerated  grit  chamber  followed  by 
comminution.  Next,  the  wastewater  is  settled  in 
two  primary  clarifiers.  Primary  sludge  and  skim- 
mings are  removed.  The  primary  effluent  is 
pumped  to  a  three-train  type  Carrousel  oxidation 
ditch  which  along  with  the  three  circular  clarifiers 
removes  most  of  the  remaining  BOD.  Ammonia- 
nitrogen  is  nitrified  and  total  suspended  solids  are 
removed  to  a  level  acceptable  for  discharge.  The 
clarified  effluent  is  then  disinfected  prior  to  its 
discharge  to  the  Delaware  River.  During  the  per- 
formance test,  the  average  mixed  liquor  suspended 
solids  was  3710  mg/L.  The  food  to  microorga- 
nisms ratio  averaged  0.04.  A  clarifier  sludge  blan- 
ket of  3.0  feet  and  a  return  sludge  rate  of  124% 
was  maintained.  The  sludge  volume  index  aver- 
aged 172.  A  yield  of  excess  sludge  averaged  91,700 
gallons  per  day  and  the  pounds  of  yield  per  pound 
of  BOD  removed  was  calculated  to  be  about  1.0. 
The  aerator  dissolved  oxygen  averaged  0.60  mg/L 
when  measured  at  the  designated  measurement 
point.  The  plant  was  capable  of  producing  a  high 
quality  effluent  and  a  large  quantity  of  excess 
sludge.  The  unused  nitrification  capacity  should  be 
beneficial  in  getting  the  plant  rated  to  a  higher 
capacity.  To  minimize  secondary  clarifier  denitrifi- 
cation,  it  was  necessary  to  expand  anoxic  zones  of 
oxidation  ditches  to  greater  than  50%  of  oxidation 
ditch  volume.  (Geiger-PTT) 
W91-06914 


NEW  CHEMICAL  TREATMENT  FOR  EN- 
HANCED PHOSPHORUS  REMOVAL  FROM 
WASTEWATER  USING  BLENDS  OF  ALUMI- 
NUM CHLORIDE  AND  POLY-ALUMINUM 
CHLORIDE. 

Villanova  Univ.,  PA.  Dept.  of  Chemical  Engineer- 
ing. 

D.  D.  Joye. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  24,  No.  1,  p  23-26,  January/ 
February  1991.  12  ref. 

Descriptors:  'Aluminum  chloride,  'Chemical 
treatment,  'Clarification,  'Phosphorus  removal, 
•Turbidity,  'Wastewater  treatment,  Coagulants, 
Industrial  wastewater,  Lime,  Municipal 
wastewater,  Phosphates,  Separation  techniques. 

Blends  of  aluminum  chloride  and  poly-aluminum 
chloride  have  given  very  high  removal  efficiencies 
(over  99%)  in  both  phosphorus  and  turbidity  re- 
duction in  industrial  and  municipal  wastewaters. 
The  factors  that  affect  the  performance  of  these 
blends  are  still  under  investigation.  Optimum  blend 
ratios  are  in  the  range  of  40-60%  aluminum  chlo- 
ride by  weight  based  on  75%  of  the  optimum  dose 
of  aluminum  chloride  in  the  particular  application; 
the  optimum  pH  range  is  5-7,  the  use  of  organic 
polymer  coagulants  improves  the  removal  by  20- 
30%  and  reduces  sludge  volume,  which  is  two  to 
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three  times  higher  with  the  blends  than  with  alumi- 
num chloride  alone.  The  co-addition  of  lime  aids  in 
the  removal  of  phosphorus,  particularly  when  dis- 
solved phosphates  are  present  in  significant 
amounts.  The  improvement  is  about  30%  at  pH  6. 
(Author's  abstract) 
W91-06915 


SURGING  IN  URBAN  STORM  DRAINAGE 
SYSTEMS. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 
Hydraulic  Lab. 
Q.  Guo,  and  C.  C.  S.  Song. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  116,  No.  12,  p  1523-1537,  Decem- 
ber 1990.  12  figs,  15  ref,  1  append. 

Descriptors:  'Hydrodynamics,  'Model  studies, 
•Sewer  hydraulics,  'Storm  drains,  'Storm  runoff, 
'Unsteady  flow,  'Urban  hydrology,  Flow  dis- 
charge, Flow  models,  Illinois,  Mathematical  equa- 
tions, Mathematical  models,  Reservoir  design. 

The  existence  of  surge  and  related  problems, 
namely,  sharp-peaked  overflows,  manhole,  or 
drop-shaft  cover  blow-off;  waterjets  into  the  at- 
mosphere (geysers);  and  structural  damages  in 
urban  storm  drainage  systems,  are  described  con- 
ceptually and  illustrated  with  both  a  mathematical 
model  and  field  records.  A  storm  sewer  tunnel  in 
the  system  may  be  pressurized  if  its  conveyance 
capacity  is  exceeded  or  if  it  is  also  used  for  storage. 
The  pressurization  process  is  assocaited  with  the 
movement  of  a  surge  that  separates  the  free-surface 
flow  regime  from  the  pressurized  flow  regime. 
Analysis  of  the  surge  movement  characteristics 
revealed  that  the  surge  strength  at  the  end  of  the 
pressurization  process  determines  the  extent  of  the 
surge  problems.  Operational  and  structural  meth- 
ods to  reduce  the  surge  strength  are  proposed  and 
evaluated  for  the  Mainstream  System  and  the 
O'Hare  System  of  the  Tunnel  and  Reservoir  Plan 
in  Chicago,  Illinois.  They  include  inflow  regula- 
tion, initial  storage  regulation,  use  of  downstream 
reservoir,  and  use  of  an  upstream  surge  tank.  (Au- 
thor's abstract) 
W9 1-07033 


5E.  Ultimate  Disposal  Of  Wastes 


ABOVE-GROUND  LANDFILL:  THE  ENGI- 
NEERED APPROACH. 

A.  Street,  and  J.  P.  Dumble. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
430-435,  October  1990.  4  ref. 

Descriptors:  'Landfills,  'Solid  wastes,  'Waste  dis- 
posal, 'Waste  management,  Civil  engineering, 
Design  standards,  Monitoring,  United  Kingdom, 
Water  pollution  control. 

Landfilling  is  the  principal  means  of  disposal  for 
90%  of  controlled  waste  arising  in  the  United 
Kingdom.  Historically,  the  approach  to  landfill 
development  in  the  UK  has  been  to  utilize  voids 
formed  as  a  result  of  mineral  extraction.  Due  to  the 
green  movement,  more  stringent  environmental 
controls  are  being  introduced  both  at  the  national 
and  international  level.  Landfill  design  today  must 
be  well  engineered,  operated  and  restored.  Key 
issues  must  be  addressed:  site  identification  and 
assessment;  peripheral  bunding;  filing  and  compac- 
tion; drainage;  water  management;  landfill  gas 
management;  and  monitoring  programs.  (Feder- 
PTT) 
W9 1-05969 


ELUTION  OF  ENDRIN  THROUGH  COM- 
PACTED SOIL  WITH  ETHANOL-WATER  MIX- 
TURES. 

Trevecca  Nazarene  Coll.,  Nashville,  TN. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-06021 


UNSTEADY  TRANSPORT   OF   POLLUTANTS 
IN  RIVERS  DUE  TO  PULSE  DISPOSAL. 

Institute  of  Technology,  Baghdad  (Iraq).  Dept.  of 


Irrigation. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-06059 


BACTERIA  AND  VIRUS  REMOVAL  FROM 
SECONDARY  EFFLUENT  IN  SAND  AND  RED 
MUD  COLUMNS. 

Murdoch  Univ.  (Western  Australia).  School  of  Bi- 
ological and  Environmental  Sciences. 
For   primary   bibliographic   entry   see   Field   5D. 
W9 1-06068 


SUPERCRITICAL  WATER  OXIDATION- 
WASTEWATERS  AND  SLUDGES. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W91-06081 


STABILIZATION  OF  HAZARDOUS  MATERI- 
ALS INTO  FERRJTES. 

Tokyo  Inst,  of  Tech.  (Japan).  Dept.  of  Chemistry. 

Y.  Tamaura,  P.  Q.  Tu,  S.  Rojarayanont,  and  H. 

Abe. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  399-404,  1991.  2  fig,  3  tab,  5  ref. 

Descriptors:  'Ferrite  process,  'Hazardous  waste 
disposal,  'Sludge  disposal,  'Waste  disposal, 
•Waste  stabilization,  'Waste  treatment,  Adsorp- 
tion, Oxidation,  Environmental  protection,  Heavy 
metals,  Leaching,  Wastewater  treatment. 

Stabilization  of  hazardous  materials  by  the  Fe304- 
coating  method  provides  a  chemically  and  me- 
chanically stable  layer  between  the  waste  and  the 
environment.  In  the  ferrite-formation  reaction  in 
an  aqueous  solution,  the  adsorption  of  the  metal 
ions  and  the  oxidation  of  the  adsorbed  Fe(II)  ions 
are  repeated  on  the  surface  of  the  ferrite  particles. 
This  reaction  was  adapted  to  the  coating  of  haz- 
ardous materials.  By  repeating  the  two  steps  of  (1) 
the  addition  of  the  Fe(II)  aqueous  solution  into  the 
suspension  of  the  hazardous  materials,  and  (2)  the 
oxidation  by  passing  air  through  the  reaction  sus- 
pension, a  Fe304  layer  coats  the  surfaces  of  the 
hazardous  materials.  Potential  uses  include  the 
heavy  metal  sludge  from  neutralization/precipita- 
tion processes,  CaF2  precipitates  from  the  treat- 
ment of  wastewaters  containing  fluoride,  and  soils 
containing  the  Cd(II)  ion.  These  ferrite  coated 
materials  are  very  stable  and  no  heavy  metal  ions 
are  leached  under  normal  environmental  condi- 
tions. The  ferrite  sludges  formed  in  the  ferrite 
process  were  highly  stabilized  by  this  method  and 
heat  treatment.  (Author's  abstract) 
W9 1-06082 


METHODS  TO  SET  SOIL  CLEANUP  GOALS 
TO  PROTECT  SURFACE  AND  GROUND 
WATER  QUALITY  AT  HAZARDOUS  WASTE 
SITES. 

Environmental  Resources  Management,  Inc., 
Exton,  PA. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-06083 


BIOLOGICAL  TREATMENT  OF  A  LANDFILL 
LEACHATE  CONTAINING  PHENOXY  HERBI- 
CIDES AND  CHLOROPHENOLS. 

Massey  Univ.,  Palmerston  North  (New  Zealand). 
Dept.  of  Biotechnology. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-06084 


ENVIRONMENTAL  ASPECTS  OF  STABILIZA- 
TION AND  SOLIDIFICATION  OF  HAZARD- 
OUS AND  RADIOACTIVE  WASTES. 

Papers  presented  at  the  Fourth  International  Haz- 
ardous Waste  Symposium  on  Environmental  As- 
pects of  Stabilization/Solidification  of  Hazardous 
and  Radioactive  Wastes,  May  3-6,  1987,  Atlanta, 
GA.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
440p.  Edited  by  Pierre  Cote  and  Michael  Gilliam. 

Descriptors:  'Hazardous  wastes,  'Radioactive 
wastes,  'Waste  disposal,  'Waste  solidification, 
•Waste  stabilization,  *Waste  treatment.  Case  stud- 


ies, Chemical  treatment,   Land  disposal,  Regula- 
tions, Symposium,  Waste  containment. 

Stabilization  and  solidification  have  been  used  for 
two  to  three  decades  as  final  treatment  steps  prior 
to  land  disposal  of  radioactive  and  chemically  haz- 
ardous wastes.  These  technologies  are  also  playing 
an  increasingly  important  role  for  on-site  or  in-situ 
treatment  and  remediation  of  waste  lagoons  or 
contaminated  soils.  Stabilization  refers  to  those  as- 
pects of  the  technology  which  result  in  rendering  a 
waste  less  toxic  through  fixation  of  the  contami- 
nants and/or  by  providing  a  stable  chemical  envi- 
ronment. Solidification  is  related  to  those  oper- 
ations which  improve  the  physical  and  handling 
characteristics  of  the  waste.  The  publication  con- 
tains 33  peer-reviewed  papers  out  of  62  that  were 
presented  at  the  4th  International  Hazardous 
Waste  Symposium  on  Environmental  Aspects  of 
Stabilization/Solidification  of  Hazardous  and  Ra- 
dioactive Wastes.  Fourteen  papers  deal  with  radio- 
active wastes,  16  with  chemically  hazardous 
wastes,  and  3  with  mixed  wastes.  The  papers  are 
grouped  into  four  chapters  that  deal  with:  (1) 
Processes,  (2)  Regulatory  Aspects  and  Testing 
Methods,  (3)  Laboratory  Evaluation,  and  (4) 
Large-scale  Evaluation  or  Demonstration.  (See 
W91-06125  thru  W91-06157)  (Lantz-PTT) 
W91-06124 


SOLIROC  PROCESS  IN  NORTH  AMERICA:  A 
STABILIZATION/SOLIDIFICATION  TECH- 
NOLOGY FOR  THE  TREATMENT  OF  METAL- 
BEARING  WASTES  WITH  REFERENCE  TO 
EXTRACTION  PROCEDURE  TOXICITY  TEST- 
ING. 

Tricil  Environmental  Services,  Antioch,  TN. 
For  primary  bibliographic  entry  see   Field   5D. 
W91-06125 


SYSTEMATIC  APPROACH  FOR  THE  DESIGN 
OF  PUMPABLE,  CEMENT-BASED  GROUTS 
FOR  IMMOBILIZATION  OF  HAZARDOUS 
WASTES. 

Oak  Ridge  National  Lab.,  TN.  Chemical  Technol- 
ogy Div. 

T.  L.  Sams,  and  T.  M.  Gilliam. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  15-20,  1  fig,  13  ref.  DOE  Contract  No.  DE- 
AC05-84OR21400. 

Descriptors:  'Cements,  'Grouting,  'Hazardous 
wastes,  'Waste  disposal,  'Waste  solidification. 
Design  standards,  Permeability,  Radioactive 
wastes.  Waste  containment. 

Versatile  and  inexpensive  processes  to  solidify 
large  quantities  of  radioactive  liquids,  sludges  and 
fine  solids  in  cement  based  grouts  have  been  devel- 
oped and  are  used  routinely  for  the  ultimate  dis- 
posal of  radioactive  wastes.  Grout  monoliths  have 
been  shown  to  be  less  permeable  than  the  sur- 
rounding host  and  resistant  to:  (1)  leaching  by 
groundwater,  (2)  deterioration  on  exposure  to  radi- 
ation or  thermal  cycling,  and  (3)  overburden  sub- 
sidence. Recent  studies  have  shown  that  similar 
product  performance  can  be  obtained  upon  appli- 
cation of  these  processes  to  the  disposal  of  chemi- 
cally hazardous  or  mixed  wastes.  Disposal  costs 
can  be  further  reduced  if  the  cement  based  grout  is 
formulated  to  be  sufficiently  fluid  so  that  it  can  be 
pumped  to  the  disposal  area  where  it  hardens  in 
situ  to  form  large  grout  monoliths.  A  systematic 
approach  has  been  developed  that  can  be  used  to 
rapidly  extend  the  application  of  grout  technology 
to  disposal  of  chemically  hazardous  wastes.  (See 
also  W91-06124)  (Lantz-PTT) 
W91-06126 


USE  OF  BITUMEN  IN  THE  STABILIZATION 
OF  MIXED  WASTES. 

Associated  Technologies,  Inc.,  Charlotte,  NC. 
D.  P.  Swindlehurst,  R.  D.  Doyle,  and  A.  J.  Mattus. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  21-27,  1  fig,  5  tab,  4  ref. 
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Descriptors:  •Bitumen,  'Hazardous  waste  disposal, 
♦Hazardous  wastes,  *Waste  disposal,  'Waste  so- 
lidification, *Waste  stabilization,  •Waste  treatment, 
Asphalt,  Cesium,  Leaching,  Strontium,  Toxicity. 

Mixed  wastes  pose  a  problem  to  their  generators 
since  there  are  no  burial  sites  or  treatment  facilities 
currently  accepting  this  type  of  waste.  One  poten- 
tial disposal  method  is  to  treat  the  waste  in  a  way 
that  renders  it  nonhazardous,  and  the  disposing  of 
it  in  accordance  with  radioactive  waste  require- 
ments. One  possible  method  for  accomplishing  this 
transformation  is  to  solidify  the  waste  in  asphalt 
(bitumen).  A  surrogate  sodium  nitrate-based  waste 
was  spiked  with  extraction  procedure  (EP)  toxic 
metals  and  nonradioactive  cesium  and  strontiu. 
The  final  solution  created  was  solidified  in  asphalt. 
The  physical  properties  of  the  solidified  end  prod- 
uct allow  for  its  disposal.  The  waste  samples  gener- 
ated underwent  EP  toxicity  testing  as  well  as 
American  Nuclear  Society  (ANS)  16.1  leach  test- 
ing for  90  days.  It  is  evident,  from  the  testing 
performed,  that  the  solidification  of  certain  mixed 
wastes  in  asphalt  can  result  in  a  waste  no  longer 
considered  hazardous.  This  would  permit  the  dis- 
posal of  the  waste  in  accordance  with  regulations 
for  radioactive  wastes  alone.  Primarily  it  allows 
for  the  final  disposal  of  the  waste  rather,  than 
requiring  its  indefinite  storage.  (See  also  W91- 
06124)  (Lantz-PTT) 
W91-06127 


LEACHING  AND  COMPREHENSIVE  REGU- 
LATORY PERFORMANCE  TESTING  OF  AN 
EXTRUDED  BITUMEN  CONTAINING  A  SUR- 
ROGATE, SODIUM  NITRATE-BASED,  LOW- 
LEVEL  WASTE. 

Martin  Marietta  Energy  Systems,  Inc.,  Oak  Ridge, 
TN. 

A.  J.  Mattus,  M.  M.  Kaczmarsky,  and  C.  K.  Cofer. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  28-39,  3  fig,  7  tab,  9  ref.  DOE  Grant  No.  DE- 
AC05-84OR21400. 

Descriptors:  •Bitumen,  'Hazardous  waste  disposal, 
•Hazardous  wastes,  'Leaching,  'Performance 
evaluation,  'Regulations,  'Waste  solidification, 
Asphalt,  Cesium,  Heavy  metals,  Materials  testing, 
Sodium  nitrate,  Standards,  Strontium,  Toxicity. 

A  relatively  viscous  form  of  oxidized  bitumen 
(ASTM  D  312,  Type  III)  has  been  tested  for  its 
ability  to  contain  a  surrogate,  sodium  nitrate-based 
waste,  and  was  shown  to  meet  all  of  the  current 
regulatory  criteria.  Molded  specimens  were  ob- 
tained using  a  53-mm  Werner  and  Pfleiderer  ex- 
truder. A  surrogate,  low-level,  mixed  liquid  waste, 
formulated  to  represent  an  actual  on-site  waste  at 
the  Oak  Ridge  National  Laboratory,  was  used. 
The  surrogate  waste  contained  approximately  30 
weight  percent  sodium  nitrate,  in  addition  to  eight 
heavy  metals,  cold  cesium,  and  strontium.  Waste 
from  specimens  contained  three  levels  of  waste 
loading:  40,  50,  and  60  weight  percent  salt.  Ther- 
mal analysis  of  the  waste  forms  has  revealed  that 
material  is  capable  of  combustion  at  temperatures 
which  are  almost  twice  as  high  as  the  highest 
process  temperature  and  greater  than  the  melting 
point  of  sodium  nitrate.  The  magnitude  of  the 
flash-point  and  ignition-point  data  were  also  found 
to  generally  agree  with  data  reported  elsewhere. 
The  high  volume-reduction  efficiency  observed 
with  this  type  of  thermal  waste  fixation  process 
offers  potential  transportation  and  storage  cost  sav- 
ings. Long-term  leach  testing  is  continuing  in  order 
to  observe  the  effects  of  the  physical  changes 
occurring  to  the  waste  forms,  as  described,  over  a 
period  of  one  year.  (See  also  W9 1-06 124)  (Lantz- 
PTT) 
W91-06128 


SURFACE  ENCAPSULATION  PROCESS  FOR 
STABILIZING  INTRACTABLE  CONTAMI- 
NANTS. 

Environmental  Protection  Polymers,  Inc.,  Haw- 
thorne, CA. 

S.  L.  Unger,  R.  W.  Telles,  and  H.  R.  Lubowitz. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification     of    Hazardous     and     Radioactive 


Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  40-52,  14  fig,  2  tab,  4  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Hazard- 
ous wastes,  'Surface  encapsulation,  'Waste  dispos- 
al, 'Waste  stabilization,  Design  standards,  Organic 
compounds,  Polybutadiene,  Radioactive  wastes, 
Resins,  Waste  solidification. 

Organic  resins  are  the  material  of  choice  for  fabri- 
cation of  modules  for  pollutant  stabilization  be- 
cause of  their  excellent  chemical  stability.  Cost 
effective,  high  performance  pollutant  stabilization/ 
solidification  by  resin  modules  requires  both  judi- 
cious resin  selection  and  module  design.  Polybuta- 
diene resin  was  identified  as  an  excellent  material 
for  binding  pollutant  particles  and  forming  ag- 
glomerates. Agglomerates  holding  more  than  90% 
by  weight  pollutants  were  readily  prepared.  They 
were  reinforced  by  fusing  polyethylene  resin  pel- 
lets onto  their  surfaces,  thereby  encapsulating  ag- 
glomerates by  seamless  resin  jackets.  Testing  of 
lab-scale  models  holding  toxic  wastes  demonstrat- 
ed their  outstanding  stability  under  harsh  physical, 
chemical  and  mechanical  stresses.  Based  on  suc- 
cessful the  stabilization/solidification  of  many 
types  of  pollutants  on  a  lab-scale,  the  process  was 
scaled  up.  The  work  included  design  and  construc- 
tion of  a  prototype  apparatus  for  fabricating  com- 
mercial-size modules.  A  model  is  cylindrical  in 
shape,  has  a  capacity  of  182  L,  and  is  61  cm  high 
and  61  cm  in  diameter.  In  securing  sodium  sulfate, 
a  pollutant  formed  in  nuclear  plants,  the  module 
weighs  325  kg,  holds  87%  by  weight  salt  in  a 
thermoset  polybutadiene  matrix,  and  is  reinforced 
by  seamless,  0.95  cm  thick  high  density  polyethyl- 
ene jackets.  (See  also  W9 1-06 124)  (Lantz-PTT) 
W91-06129 


PROCESS  FOR  SOLIDIFYING  SODIUM  NI- 
TRATE WASTE  IN  POLYETHYLENE. 

Nuclear  Waste  Research  Group,  Fuel  Cycle  Anal- 
ysis Division,  Brookhaven  National  Laboratory, 
Associated  University,  Inc.,  Upton  NY  1 1973. 
J.  H.  Heiser,  E.-M.  Franz,  and  P.  Colombo. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  53-62,  6  fig,  4  tab,  14  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Polyeth- 
ylene, 'Sodium  nitrate,  'Waste  disposal,  'Waste 
solidification,  'Waste  stabilization,  Calorimetry, 
Extrusion,  Hazardous  wastes,  Leaching,  Organic 
compounds,  Waste  containment. 

A  laboratory-scale  process  has  been  developed  for 
the  solidification  of  nitrate  salt  wastes  in  polyethyl- 
ene. The  process  uses  a  commercially  available 
single-screw  extruder  which  continuously  dis- 
charges prescribed  polyethylene-waste  mixtures 
from  the  hoppers  to  the  output  die,  where  it  is 
extruded  into  a  container  while  still  in  the  molten 
form.  The  molten  mixture  (about  110  to  120  C) 
conforms  to  the  shape  of  the  container  and  solidi- 
fies upon  cooling.  Proportional  feeders  maintain 
waste-to-binder  ratio  and  homogeneity  of  the 
waste  form.  Present  studies  use  dry  wastes,  al- 
though wet  solid  wastes  can  be  processed  using 
vented  extruders  of  the  type  used  for  the  bitumen 
solidification  process.  Tests  were  performed  to  de- 
termine leachability  and  mechanical  stability.  Em- 
phasis is  placed  upon  leaching  of  nitrates  from  the 
waste  forms.  Leach  tests  were  performed  accord- 
ing to  American  Nuclear  Society  (ANS)  16.1  as 
well  as  the  EPA  extraction  procedure  (EP).  For 
polyethylene  waste  forms  containing  30  to  40 
weight  percent  sodium  nitrate,  ANS  16.1  leach 
indices  range  from  11  to  7.8,  respectively.  Com- 
pressive yield  strengths  range  from  18  to  5  MPa 
(after  90  days'  water  immersion).  The  results  of  the 
EP  indicate  that  the  nitrate  release  levels  for  waste 
forms  containing  as  much  as  70  weight  %  sodium 
nitrate  are  not  defined  as  characteristically  hazard- 
ous waste.  Differential  scanning  calorimetry 
(DSC)  was  used  to  confirm  the  compatibility  of 
polyethylene  and  simulated  salt  wastes  at  elevated 
temperatures.  Components  of  the  polyethylene/ 
sodium  nitrate  system,  alone  and  in  combination, 
were  tested  by  DSC  at  temperatures  to  400  C.  At 
these  temperatures,  no  chemical  interactions  were 
observed  between  polyethylene  and  nitrate  waste 


compositions.  (See  also  W9 1-06 124)  (Author's  ab- 
stract) 
W9 1-06 130 


DEVELOPMENT  OF  A  COMPOSrrE  POLY- 

ETHYLENE--FIBERGLASS-REINFORCED- 

PLASTIC      HIGH-INTEGRITY      CONTAINER 

FOR  DISPOSAL  OF  LOW-LEVEL  RADIOAC- 

TTVE  WASTE. 

Lowenberg  Associates,  Inc.,  Rockville,  MD. 

H.  Lowenberg,  and  M.  D.  Shaw. 

IN:  Environmental  Aspects  of  Stabilization  and 

Solidification     of    Hazardous     and     Radioactive 

Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 

p  63-73,  13  fig. 

Descriptors:  'Fiberglass,  'Materials  testing,  'Poly- 
ethylene, 'Radioactive  waste  disposal,  'Radioac- 
tive wastes,  'Waste  disposal,  Design  standards, 
Performance  evaluation,  Pressure,  Strength,  Waste 
stabilization. 

A  program  has  been  initiated  to  develop  a  high 
integrity  container  (HIC)  for  handling,  transport- 
ing and  disposing  of  low  level  radioactive  wastes. 
The  HIC,  made  of  a  composite  material,  consists  of 
an  inner  layer  of  polyethylene  bonded  to  an  outer 
casing  of  fiberglass  reinforced  plastic.  Preliminary 
handmade  prototype  units  containing  about  0.22  cu 
m,  called  HIC-7,  have  been  fabricated  and  exposed 
to  some  of  the  most  demanding  tests.  The  HICs 
withstood  over  twice  the  external  pressure  from 
maximum  burial  conditions,  and  twice  the  Type  A 
package  internal  pressure  requirements.  In  addi- 
tion, free  drops  on  compacted  soil  and  an  unyield- 
ing surface  showed  no  deleterious  effects.  The 
composite  material  has  been  tested  for  mechanical 
properties,  such  as  tensile,  comprehensive,  and 
bond  shear  strengths,  creep,  thermal  expansion, 
and  hardness.  In  addition,  specimens  have  been 
exposed  to  environments  including  thermal  cy- 
cling, gamma  and  ultraviolet  radiation,  biodegrada- 
tion  from  fungi  and  bacteria,  and  internal  and 
external  chemical  corrosion  followed  by  mechani- 
cal testing.  Prototype  production  units  have  been 
tested  to  the  full  range  of  NRC  and  state  require- 
ments. This  work  demonstrates  the  HICs  ability  to 
meet  all  NRC  and  state  requirements  for  the  dis- 
posal of  LLW  including:  (1)  integrity  of  the 
welded  PE  closure  seal;  (2)  outstanding  HIC  cor- 
rosion and  radiation  resistance;  (3)  high  HIC 
strength-to-weight  ratio;  (4)  excellent  volumetric 
efficiency  of  85  to  90%;  and  (5)  more  than  ade- 
quate physical  and  chemical  properties.  (See  also 
W9 1-06 124)  (Lantz-PTT) 
W91-06131 


NUCLEAR  REGULATORY  COMMISSION 
REGULATIONS  AND  EXPERIENCE  WITH  SO- 
LIDIFICATION/STABILIZATION TECHNOL- 
OGY. 

Nuclear    Regulatory    Commission,    Washington, 

DC.  Low-Level  Waste  Licensing  Branch. 

T.  Jungling,  and  J.  Greeves. 

IN:  Environmental  Aspects  of  Stabilization  and 

Solidification     of    Hazardous     and     Radioactive 

Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 

p  77-82,  2  tab. 

Descriptors:  'Nuclear  Regulatory  Commission, 
•Radioactive  waste  disposal,  'Regulations,  'Waste 
disposal,  'Waste  solidification,  Classification,  Ra- 
dioactive wastes,  Waste  management. 

Two  important  areas  in  the  US  Nuclear  Regula- 
tory Commission  regulations  for  low-level  waste 
management,  10  CFR  Part  61,  involve  the  require- 
ments for  waste  classification  and  waste  form.  The 
waste  classification  system  establishes  three  catego- 
ries of  wastes  acceptable  for  near  surface  disposal. 
These  categories  are  determined  by  the  concentra- 
tions of  nuclides  important  for  disposal.  Class  A 
wastes  have  low  concentrations  and  need  only 
meet  minimum  waste  form  requirements.  Class  B 
and  C  wastes  have  higher  concentrations  and  are 
required  to  have  stability  to  minimize  disposal 
trench  subsidence  effects.  This  rule  established  per- 
formance objectives  for  the  land  disposal  of  radio- 
active waste,  minimum  technical  requirements  for 
a  near-surface  disposal  facility,  and  the  licensing 
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procedures  NRC  will  follow  in  licensing  new  dis- 
posal capacity  for  low-level  radioactive  waste.  The 
performance  objectives  established  in  10  CFR  Part 
61  are:  (1)  protection  of  the  general  population 
from  releases  of  radioactivity;  (2)  protection  of 
individuals  from  inadvertent  intrusion;  and  (3)  pro- 
tection of  individuals  during  operations.  (See  also 
W9 1-06 124)  (Author's  abstract) 
W91-06132 


CHARACTERIZATION  AND  CONTROL  OF 
SOLIDIFIED  RADIOACTIVE  WASTES  AC- 
CORDING TO  THE  ITALIAN  RULES:  ORGA- 
NIZATION OF  A  CHARACTERIZATION  FA- 
CILITY AND  FIRST  RESULTS. 
ENEA,  Rome  (Italy).  Nuclear  Fuel  Cycle  Div. 
G.  A.  Ricci,  and  A.  Donate 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  83-92,  6  fig,  3  tab,  2  ref. 

Descriptors:  'Italy,  'Radioactive  waste  disposal, 
'Radioactive  wastes,  'Waste  disposal,  'Waste 
management,  'Waste  solidification,  'Waste  stabili- 
zation, Asphalt,  Bitumen,  Cements,  Classification, 
Nuclear  powerplants,  Radioactivity,  Waste  con- 
tainment. 

Three  'radwaste'  categories  have  been  established 
in  Italy.  The  first  refers  to  wastes  that  decay  below 
exemption  limits  for  free  discharge,  as  defined  by 
current  Italian  laws,  within  a  few  months  or  a  few 
years,  maximum.  The  second  category  of  rad- 
waste, which  is  the  most  important  in  terms  of 
overall  production,  refers  to  those  wastes  whose 
radioactivity  decays  to  levels  comparable  to  the 
exemption  limits  set  up  for  natural  radioactive 
solids  within  a  few  centuries,  maximum.  The  rad- 
wastes  in  the  second  category,  which  are  generat- 
ed mainly  by  nuclear  powerplants,  must  be  solidi- 
fied by  agents  such  as  cement,  bitumen  or  poly- 
mers. Test  programs  must  be  performed  to  assure 
compliance  with  a  set  of  specified  waste  form 
characteristics.  The  third  category  of  radwaste 
refers  to  the  high-activity  liquids  created  during 
the  first  cycle  of  fuel  reprocessing  facilities  and  to 
alpha-bearing  wastes.  The  tests  to  be  applied  for 
the  characteristic  control  of  real  radioactive  solidi- 
fied wastes  of  the  second  category  sometimes  re- 
quire that  a  noncommercial  apparatus  be  operated 
in  radiation  controlled  areas.  A  glove  box  chain, 
suitable  for  the  characterization  of  solidified  alpha 
wastes  has  been  designed  and  built.  Tests  confirm 
the  difficulty  experienced  during  the  direct  condi- 
tioning of  bead  ion  exchange  resins  and  Powdex 
ion-exchange  resins  in  cement;  the  amount  of  ex- 
hausted ion-exchangers  should  be  kept  low,  in  the 
range  of  0.15  to  0.25  wet-waste/cement  ratio.  (See 
also  W9 1-06 124)  (Lantz-PTT) 
W91-06133 


QUALITY-ASSURANCE  PROCEDURE  FOR 
USE  AT  TREATMENT  PLANTS  TO  PREDICT 
THE  LONG-TERM  SUITABILITY  OF 
CEMENT-BASED  SOLIDIFIED  HAZARDOUS 
WASTES  DEPOSITED  IN  LANDFILL  SITES. 
UKAEA  Atomic  Energy  Research  Establishment, 
Harwell  (England). 

P.  E.  Rushbrook,  G.  Baldwin,  and  C.  B.  Dent. 
IN:  Environmental   Aspects  of  Stabilization  and 
Solidification     of    Hazardous     and     Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  93-1 13,  9  fig,  4  tab,  18  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Hazard- 
ous wastes,  'Landfills,  'Quality  control,  'Waste 
disposal,  'Waste  management,  'Waste  solidifica- 
tion, 'Waste  stabilization,  'Waste  treatment, 
•Wastewater  facilities,  Hazardous  waste  treatment, 
Hydraulic  conductivity,  Leaching,  Physical  prop- 
erties, Strength. 

An  investigation  was  conducted  to  study  the  phys- 
ical and  leaching  characteristics  of  the  solidified 
products  derived  from  mixing  hazardous  wastes 
cement  and  pulverized  fuel  ash  (PFA).  The  pro- 
portion of  cement,  PFA  and  hazardous  waste 
varied  over  a  wide  range.  Where  possible,  relation- 
ships between  the  physical  characteristics  of  the 
solidified  waste  and  its  chemical  composition  were 


elucidated.  The  work  has  culminated  in  the  devel- 
opment of  a  new  concept  to  predict,  at  the  time  of 
mixing,  whether  the  future  physical  and  leaching 
behavior  of  a  batch  of  solidified  hazardous  waste 
will  satisfactorily  meet  regulatory  requirements. 
Findings  are  based  on  the  results  of  many  trial 
mixes  which  were  prepared  using  actual  hazardous 
wastes  commonly  treated  by  solidification  in  the 
United  Kingdom.  For  each  mix,  five  parameters 
were  measured:  rate  of  settling,  hydraulic  conduc- 
tivity, compressive  strength,  leachate  composition, 
and  supernatant  retention.  The  results  were  used  to 
prepare  a  quality  control  chart  based  upon  reason- 
able standards  which  would  be  expected  in  the 
United  Kingdom  for  a  solidified  product.  On  each 
control  chart  there  is  a  region  defining  acceptable 
proportions  of  waste,  cement,  and  PFA.  This 
region  of  acceptability  is  likely  to  be  dependant 
upon  the  chemical  nature  of  the  bulk  waste  streams 
at  a  treatment  plant  site.  (See  also  W9 1-06 124) 
(Lantz-PTT) 
W91-06134 


CRITICAL  REVIEW  OF  EVALUATION  PRO- 
CEDURES FOR  STABILIZATION/SOLIDIFI- 
CATION PROCESSES. 

Oxford  Univ.  (England).  Dept.  of  Metallurgy. 
C.  S.  Poon. 

IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  114-124,  1  fig,  47  ref. 

Descriptors:  'Performance  evaluation,  'Testing 
procedures,  'Waste  disposal,  'Waste  solidification, 
•Waste  stabilization,  Cements,  Chemical  proper- 
ties, Diffusion,  Hazardous  wastes,  Heavy  metals, 
Leaching,  Model  studies,  Path  of  pollutants,  Physi- 
cal properties,  Strength. 

Leaching  procedures  for  the  evaluation  of  cement- 
based  stabilization/solidification  processes  are  con- 
sidered through  the  relative  merits  and  shortcom- 
ings of  the  equilibrium  and  dynamic  leaching  test 
approaches  and  various  leaching  models.  Although 
mass  transport  and  diffusion  models  have  been 
generally  used  to  describe  the  leaching  behavior  of 
soluble  species,  the  use  of  these  models  to  describe 
the  cement-solidified  heavy  metal  waste  is  ques- 
tioned. This  is  based  on  theoretical  considerations 
of  the  interaction  between  cementitious  materials, 
and  waste  and  experimental  evidence  of  the  leach- 
ing characteristics.  An  alternative  approach 
toward  modeling  the  leaching  behavior  of  the  so- 
lidified waste  is  presented.  Because  the  perform- 
ance of  the  solidified  material  is  also  dependent  on 
the  physical  properties  of  the  waste  form,  a  physi- 
cal test  procedure  in  conjunction  with  an  appropri- 
ate leach  test  is  proposed  as  necessary  to  evaluate 
the  quality  of  the  solidified  waste.  It  is  suggested 
that  for  cement-based  solidified  wastes  (especially 
for  heavy  metal  wastes),  the  acid-neutralizing  ca- 
pacity of  the  waste  form  should  be  determined  first 
by  titration.  Also,  the  time  of  the  potential  break- 
through point  should  be  determined.  The  leach 
profile  of  the  waste  components  before  this  break- 
through point  is  more  difficult  to  assess  because 
most  of  the  short-term  extraction  test  data  are  not 
extrapolatable  to  predict  the  long-term  leaching  in 
field  condition.  However,  taking  into  account  the 
strength  and  extractability,  that  would  most  likely 
affect  leaching,  the  leach  profile  can  be  formulated 
through  an  empirical  relationship.  (See  also  W91- 
06124)  (Author's  abstract) 
W91-06135 


LEACHING  CHARACTERISTICS  OF  CON- 
STRUCTION MATERIALS  AND  STABILIZA- 
TION PRODUCTS  CONTAINING  WASTE  MA- 
TERIALS. 

Netherlands  Energy  Research  Foundation  ECN, 
Petten. 

H.  A.  van  der  Sloot,  G.  J.  de  Groot,  and  J. 
Wijkstra. 

IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  125-149,  14  fig,  9  tab,  21  ref.  European  Commu- 
nity Contract  EN3F-0032-NL  and  Management 
Office  for  Energy  Research  Contract  No.  20.51- 
013.10. 


Descriptors:  'Construction  materials,  'Hazardous 
waste  disposal,  'Hazardous  wastes,  'Leaching, 
•Materials  testing,  'Path  of  pollutants,  'Waste  sta- 
bilization, 'Waste  utilization,  Alkalinity,  Boron, 
Chemical  analysis,  Fluorine,  Hydrogen  ion  con- 
centration, Molybdenum,  Sulfates,  Testing  proce- 
dures, Trace  elements,  Vanadium,  Water  pollution 
sources. 

Several  construction  materials  prepared  with  an 
admixture  of  waste  material  and  various  stabilized 
waste  products  have  been  subjected  to  leaching 
studies  in  order  to  determine  the  leaching  behavior 
of  trace  elements  from  the  materials  to  be  charac- 
terized. Static  and  dynamic  leach  tests  have  been 
applied  in  which  the  specimen  to  be  studied  is  fully 
immersed  in  demineralized  water.  Often  the  leach- 
ing process  is  governed  by  the  outward  diffusion 
of  constituents  dissolved  in  the  pore  water.  In 
some  cases,  dissolution  from  the  surface  of  the 
product  is  most  prominent,  and  in  some  materials 
short-term  surface  releases  have  been  observed. 
Groups  of  materials  can  be  distinguished  by  their 
similarities  in  the  leaching  behavior  of  trace  ele- 
ments. The  alkalinity  of  the  material,  the  open 
porosity  of  the  product,  and  the  surface  to  volume 
ratio  prove  to  be  important  factors  in  controlling 
the  release  of  potential  hazardous  elements  from 
materials  containing  waste  products.  In  these  stud- 
ies, leach  parameters  of  trace  elements  are  related 
to  those  of  sodium.  Since  the  interaction  of  sodium 
with  the  solid  phase  is  usually  small,  sodium  can  be 
used  as  an  indicator  for  the  tortuosity  of  the  prod- 
uct. Elements  leached  from  cement-based  waste 
products  are  mainly  anionic  species,  like  Mo04, 
B03,  V04,  F,  and  S04,  whereas  leaching  of 
metals  such  as  copper,  cadmium,  zinc,  and  lead  is 
limited  due  to  the  high  pH  in  the  pore  solution. 
The  leaching  experiments  have  been  verified  by 
scanning  electron  microscopy  for  major  compo- 
nents in  field  samples  and  by  measuring  depth 
profiles  in  waste  products  for  trace  constituents 
using  an  apparatus  developed  for  this  purpose.  (See 
also  W9 1-06 124)  (Author's  abstract) 
W91-06136 


EXTRACTION  PROCEDURE  TOXICITY  AND 
TOXICITY  CHARACTERISTIC  LEACHING 
PROCEDURE  EXTRACTIONS  OF  INDUSTRI- 
AL AND  SOLIDIFIED  HAZARDOUS  WASTE. 
CH2M  Hill,  Boston,  MA. 
W.  E.  Shively,  and  M.  A.  Crawford. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  150-169,  5  fig,  7  tab,  4  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Hazard- 
ous wastes,  'Industrial  wastes,  'Leaching,  'Per- 
formance evaluation,  'Toxicity,  'Waste  disposal, 
•Waste  management,  'Waste  solidification,  Chemi- 
cal analysis,  Chemical  treatment,  Metal-finishing 
wastes,  Organic  compounds,  Sludge,  Volatile  or- 
ganic compounds. 

An  evaluation  is  made  of  the  performance  of  com- 
mercial hazardous  waste  treatment,  storage  and 
disposal  facilities  (TSDFs).  Five  facilities  were 
sampled  representing  a  wide  range  of  treatment 
processes.  Sampling  was  performed  to  monitor  all 
influent,  effluent  and  treatment  residues  associated 
with  each  process.  Leaching  evaluations  of  indus- 
trial waste  treatment  residues  and  solidified/stabi- 
lized wastes  were  conducted  via  extraction  proce- 
dure (EP)  toxicity  tests  for  metals  and  toxicity 
characteristic  leaching  procedure  (TCLP)  analyses 
for  metals,  volatile  organic  compounds  (VOCs), 
and  semi-volatile  organics.  The  results  demonstrate 
that  effective  treatment  has  resulted  in  non-hazard- 
ous residues  in  the  majority  of  the  cases.  In  several 
instances,  the  TCLP  results  for  treatment  residues 
are  not  within  the  recently  promulgated  regula- 
tions. Waste  composition  and  leachate  results 
before  and  after  treatment  were  compared,  and 
metal  hydroxide  sludges  from  hydroxide  precipita- 
tion processes  were  tested.  A  waste  oil,  a  paint 
sludge,  a  biological  treatment  pond  sludge,  and  a 
metal  hydroxide  plating  sludge  were  tested  before 
and  after  fly  ash  solidification.  Plating  wastes 
mixed  with  acids  and  neutralized  with  lime  were 
tested  with  excess  lime.  Two  ash  residues  pro- 
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duced  by  different  solvent  incinerators  were  tested. 
Compositional  analyses  showed  varying  quantities 
of   organic    compounds.    (See    also    W9 1-06 124) 
(Lantz-PTT) 
W91-06137 


LEACHING  CHARACTERISTICS  OF  SELECT- 
ED ELEMENTS  FROM  COAL  FLY  ASH  AS  A 
FUNCTION  OF  THE  ACIDITY  OF  THE  CON- 
TACT SOLUTION  AND  LIQUID/SOLID 
RATIO. 

Netherlands  Energy  Research  Foundation  ECN, 
Petten. 

G.  J.  de  Groot,  J.  Wijkstra,  D.  Hoede,  and  H.  A. 
van  der  Sloot. 

IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  170-183,  9  fig,  9  ref.  National  Coal  Research 
Programme,  Management  Office  for  Energy  Re- 
search (PEO)  Contract  4351.11.9.1  and  Contract 
20.53-021-10. 

Descriptors:  'Acidity,  *Fly  ash,  'Leaching,  *Path 
of  pollutants,  'Waste  utilization,  Aluminum,  Cad- 
mium, Chemical  analysis,  Chemical  treatment, 
Copper,  Environmental  effects,  Heavy  metals,  Hy- 
drogen ion  concentration,  Lead,  Silicon,  Solubili- 
ty, Testing  procedures,  Trace  elements,  Zinc. 

To  estimate  the  environmental  consequences  of  the 
storage  and  utilization  of  coal  fly  ash  in  the  Neth- 
erlands, a  standard  leaching  test  has  been  devel- 
oped. In  this  test,  leach  conditions  are  used  which 
aim  at  close  approximation  with  field  conditions. 
The  standard  test  consists  of  three  main  parts:  a 
column  leaching  test,  a  serial  batch  leaching  test, 
and  a  test  for  the  determination  of  maximum  tea- 
chability. Tests  which  were  conducted  conclude 
that  fly  ashes  from  coal  combustion  show  system- 
atic leaching  behaviors,  allowing  for  a  better  un- 
derstanding of  this  thennodynamically  complex 
system.  The  three  dimensional  relations  allow  for 
an  estimation  of  the  element  concentration  in  the 
fly  ash/water  system  for  any  given  liquid/solid 
(LS)  ratio  and  pH  condition.  The  uncertainty  of 
this  estimate  is  high  in  the  steep  gradients  within 
these  three  dimensional  plots.  The  leaching  factor 
can  be  a  significant  factor  only  for  a  few  elements 
for  which  the  reaction  kinetics  are  slow.  A  data- 
base with  leaching  data  of  waste  materials  and 
waste  products,  is  an  important  tool  for  filling  the 
voids  in  knowledge.  The  matrices  obtained  are 
particularly  useful  as  input  for  modeling  studies 
and  for  revealing  the  systematics  in  leaching  be- 
havior of  ash/water  systems.  Five  different  ashes 
were  submitted  to  the  complete  standard  leaching 
test.  All  ashes  show  common  leaching  characteris- 
tics for  several  groups  of  elements.  The  elements 
present  in  the  form  of  anionic  species  behave  simi- 
larly. In  contrast  with  literature  information,  limit- 
ed solubility  of  anions  at  high  pH  (>  1 1)  has  been 
observed.  The  metals  lead,  copper,  cadmium,  and 
zinc  show  minimum  solubility  at  high  pH,  whereas 
major  elements  like  aluminum  and  silicon  show 
two  minima  in  the  pH  range  7  to  9  and  at  pH 
values  higher  than  1 1 .  The  latter  was  related  to  the 
formation  of  new  mineral  phases.  These  studies 
indicate  that  pH  is  the  main  factor  in  controlling 
the  teachability.  (See  also  W9 1-06 124)  (Lantz- 
PTT) 
W91-06138 


EVALUATING  THE  FREEZE-THAW  DURA- 
BILITY OF  PORTLAND  CEMENT-STABI- 
LIZED-SOLIDIFIED  HEAVY  METAL  WASTE 
USING  ACOUSTIC  MEASUREMENTS. 

New  Hampshire  Univ.,  Durham.  Dept.  of  Civil 

Engineering. 

T.  El-Korchi,  D.  Gress,  K.  Baldwin,  and  P. 

Bishop. 

IN:  Environmental   Aspects  of  Stabilization  and 

Solidification     of    Hazardous     and     Radioactive 

Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 

p  184-191,  4  fig,  9  ref. 

Descriptors:  'Acoustics,  'Freeze-thaw  tests, 
•Heavy  metals,  'Portland  cements,  'Testing  pro- 
cedures, 'Waste  disposal,  'Waste  solidification, 
•Waste  stabilization,  Cadmium,  Cements,  Hazard- 
ous wastes,  Physical  properties,  Seawater. 


Stress  wave  propagation  was  used  to  assess  the 
freeze-thaw  resistance  of  portland  cement  solidi- 
fied/stabilized wastes.  The  stress  wave  technique  is 
sensitive  to  the  internal  structural  deterioration 
independent  of  weight  loss  or  visual  observations. 
The  freeze  thaw  resistance  of  a  cement-solidified 
cadmium  waste  and  control  was  evaluated.  The 
control  and  cadmium  wastes  both  showed  poor 
freeze-thaw  resistance.  However,  the  addition  of 
cadmium  and  seawater  curing  increased  the  resist- 
ance to  more  cycles  of  freezing  and  thawing.  This 
was  attributed  to  microstructural  changes.  (See 
also  W9 1-06 124)  (Author's  abstract) 
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DEVELOPMENT    OF    A    LIQUID    RELEASE 
TESTER. 

Chemical  Waste  Management,  Inc.,  Geneva,  IL. 
For  primary  bibliographic  entry  see  Field  7B. 
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COMPARATIVE  STUDIES  OF  METAL  CON- 
TAINMENT IN  SOLIDIFIED  MATRICES  BY 
SCANNING  AND  TRANSMISSION  ELECTRON 
MICROSCOPY. 

Alberta  Environmental  Centre,  Vegreville. 

M.  Neuwirth,  R.  Mikula,  and  P.  Hannak. 

IN:  Environmental  Aspects  of  Stabilization  and 

Solidification    of    Hazardous    and    Radioactive 

Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 

p  201-213,  6  fig,  3  tab,  15  ref. 

Descriptors:  'Comparison  studies,  'Data  acquisi- 
tion, 'Hazardous  wastes,  'Heavy  metals,  'Scan- 
ning electron  microscopy,  'Waste  disposal,  'Waste 
solidification,  'Waste  stabilization,  Cadmium, 
Electron  microscopy,  Laboratory  methods,  Leach- 
ing, Lead,  Mercury,  Zinc. 

Solidification/stabilization  processes  are  widely 
used  for  the  disposal  of  metal  containing  industri- 
al/hazardous wastes.  There  is  little  understanding 
of  the  mechanisms  of  metal  containment  in  cemen- 
titious  matrices.  Leaching  studies  characterize  the 
mechanism  by  which  contaminants  are  released 
from  the  matrix,  but  give  little  information  on 
contaminant-matrix  interactions  and  the  partition- 
ing of  contaminants  within  different  phases  of  the 
solid  structure.  Recent  studies  have  shown  that 
different  mechanisms  are  involved  in  stabilizing 
metals  such  as  zinc  and  mercury,  or  cadmium  and 
lead.  Selected  concentrations  of  metal  salt  solu- 
tions (cadmium,  chromium,  and  lead)  were  stabi- 
lized using  portland  cement  as  an  additive.  Scan- 
ning electron  microscopy  (SEM),  energy  disper- 
sive x-ray  analysis  (EDX),  and  backscattered  elec- 
tron detection  were  performed  on  fractured  and 
polished  surfaces  of  specimens.  Transmission  elec- 
tron microscopy  (TEM)  and  x-ray  microanalysis 
were  carried  out  on  ground  particles  of  approxi- 
mately 1  micrometer  in  size  from  the  same  speci- 
mens. The  results  indicate  that  different  contain- 
ment mechanisms  are  responsible  for  stabilization 
of  the  metals  used,  and  that  they  provide  additional 
information  on  potential  release  of  contaminants. 
The  study  shows  the  importance  of  correlating 
SEM  and  TEM  analyses  as  well  as  other  pertinent 
techniques  in  order  to  understand  more  fully  the 
mechanism  of  waste  containment.  (See  also  W91- 
06124)  (Author's  abstract) 
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PHYSICAL  TESTESG  PROGRAM  FOR  STABI- 
LIZED METAL  HYDROXIDE  SLUDGES. 

NTH  Consultants,  Exton,  PA. 

B.  L.  Forslund,  L.  J.  Shekter  Smith,  and  W.  R. 

Bergstrom. 

IN:  Environmental  Aspects  of  Stabilization  and 

Solidification     of    Hazardous     and     Radioactive 

Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 

p  214-226,  8  fig,  1  tab. 

Descriptors:  'Heavy  metals,  'Physical  properties, 
•Sludge  disposal,  'Testing  procedures,  'Waste  dis- 
posal, 'Waste  stabilization,  On-site  tests,  Perform- 
ance evaluation,  Permeability,  Sludge  stabilization. 

A  proposed  method  of  closing  two  Resource  Con- 
servation and  Recovery  Act  surface  impound- 
ments containing  metal  hydroxide  (F006)  sludges 


involves  stabilization  and  on-site  disposal.  A 
sample  testing  program  was  developed  as  part  of 
an  evaluation  of  processes  offered  by  various  firms 
interested  in  performing  the  stabilization.  For  this 
application,  the  stabilized  material  was  to  have 
sufficient  strength  to  support  construction  and 
cover  loads,  low  permeability,  long-term  durabili- 
ty, and  low  settlement  under  anticipated  loads. 
Testing  procedures  developed  are  based  on  stand- 
ard soU  and  soil-cement  test  methods  to  the  extent 
possible.  A  falling-head  test  was  used  to  determine 
the  coefficient  of  permeability.  Appropriate  molds 
and  specimen  preparation  procedures  were  sent  to 
each  firm  with  a  sample  of  the  raw  sludge  in  order 
that  the  stabilized  sludge  specimens  would  be  pre- 
pared in  the  same  manner.  In  general,  the  specimen 
preparation  procedures  and  test  methods  devel- 
oped worked  well  for  the  stabilized  sludge  sam- 
ples. The  unconfined  compressive  strength  test  re- 
sults were  highly  variable  and  ranged  from  0.5  kg/ 
sq  km  (100  lb/sq  ft)  to  over  35  kg/sq  cm  (70,000 
lb/sq  ft.  The  compressibility  under  a  load  of  1.5 
kg/sq  com  (3000  lb/sq  ft)  ranged  from  0.5%  to 
5%.  The  permeability  of  the  stabilized  material 
was  generally  low.  The  specimens  generally  with- 
stood more  freeze/thaw  cycles  than  wet/dry 
cycles;  several  of  the  specimens  lost  much  of  their 
strength  and  integrity  upon  saturation.  No  strong 
correlation  between  any  of  the  physical  properties 
was  observed.  However,  specimens  which  include 
cement  as  an  additive  tended  to  fail  at  low  strain, 
have  higher  unconfined  comprehensive  strength, 
and  were  less  compressible.  (See  also  W9 1-06 124) 
(Lantz-PTT) 
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EXPERIMENTAL  EVALUATION  OF  LEvHT- 
ING  FACTORS  FOR  LEACHING  MECHANISM 
IN  SOLIDIFIED  HAZARDOUS  WASTES. 

Aquila  Univ.  (Italy).  Dept.  of  Chemistry. 
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Descriptors:  'Hazardous  wastes,  'Laboratory 
methods,  'Leaching,  'Waste  disposal,  'Waste  so- 
lidification, Cements,  Data  acquisition,  Permeabil- 
ity. 

Results  of  experimental  tests  show  how  the  cumu- 
lative amount  leached  from  different  matrices  de- 
pends essentially  on  the  concentration  of  the  im- 
mobilized toxic  element,  and  on  the  matrix  porosi- 
ty. In  particular,  the  experimentally  observed  rela- 
tion of  the  matrix  performance  with  porosity 
allows  the  formation  of  a  hypothesis  on  the  leach- 
ing mechanism  of  immobilized  toxics.  It  is  possible 
to  assume  that  porosity  and  superficial  macroca- 
vity  of  the  matrix  constitute  the  controlling  factors 
of  the  initial  washing  period,  whereas  capillary 
porosity  controls  the  subsequent  diffusive  phase.  It 
is  also  necessary  to  investigate  the  concomitant 
effect  of  the  immobilized  toxic  concentration 
which  should  have  a  significant  influence  both  on 
modalities  of  release  and  cumulative  containment 
loss  during  two  phases  of  release.  During  the  ex- 
periments, immobilized  toxic  concentration  and 
matrix  capillary  porosity  were  varied  by  lowering 
the  water/cement  ratio  using  superplasticizers  and 
by  adding  micronized  silica  to  the  mixtures.  It  is 
also  necessary  to  take  into  account  the  chemical- 
physical  parameters  which  influence  the  leaching 
mechanism,  that  is,  cement-ion  reactions,  ion  size 
and  ion  solvation  capacity.  (See  also  W91-06124) 
(Lantz-PTT) 
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COLUMN  LEACH  TESTING  OF  PHENOL  AND 
TRICHLOROETHYLENE  STABILIZED/SO- 
LIDIFIED WITH  PORTLAND  CEMENT. 
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Descriptors:  'Laboratory  methods,  'Leaching, 
•Phenols,  'Portland  cements,  'Testing  procedures, 
•Trichloroethylene,  'Waste  disposal,  'Waste  so- 
lidification, 'Waste  stabilization,  Cements,  Gas 
chromatography,  Mathematical  models,  Organic 
wastes,  Path  of  pollutants,  Performance  evaluation. 

The  ability  of  portland  cement  to  stabilize/solidify 
organic  wastes  was  evaluated  by  conducting 
column  leaching  tests  on  portland  cement  pastes 
containing  phenol  and  trichlorethylene  (TCE). 
Synthetic  solidified  waste  was  manufactured  by 
mixing  dilute  aqueous  solutions  of  phenol  and  TCE 
with  portland  type  II  cement  at  a  O.S  liquid  to 
cement  ratio.  The  liquid  consisted  of  either  4000 
mg/L  phenol  or  1 100  mg/L  TCE  in  purified 
water.  The  cement  was  cured  for  3  days  and  28 
days  at  100%  humidity  at  room  temperature,  re- 
spectively. Thirty  grams  of  particle  approximately 
5  to  10  mm  in  diameter  were  placed  in  an  enclosed 
leaching  apparatus.  Purified  water  was  pumped 
upward  through  the  column  at  a  rate  of  0.08  to 
0.18  ml/minute.  Every  48  hours  for  eight  days, 
samples  of  the  leachate  in  the  collection  flask  and 
samples  of  the  vapor  in  the  head  spaces  above  the 
collection  flask  and  leaching  column  were  ana- 
lyzed by  gas  chromatography.  The  concentration 
of  phenol  and  TCE  found  in  these  samples  were 
used  to  calculate  the  total  mass  of  the  organic 
compound  which  was  released  from  the  solidified 
waste  during  eight  days  of  leaching.  An  empirical 
mathematical  model  was  used  to  predict  the  long 
term  leaching  characteristics  of  the  stabilized 
phenol  waste.  The  teachability  indexes  calculated 
for  phenol  in  cement  paste  cured  3  days  and  28 
days  were  7.7  and  8.2  respectively.  This  index  rates 
the  relative  mobility  of  the  contaminant  on  a  uni- 
form scale  that  varies  from  5  (very  mobile)  to  15 
(immobile).  Similar  leachability  indexes  could  not 
be  calculated  for  cement  paste  containing  TCE  due 
to  unqualified  losses  of  TCE  by  volatilization 
prior  to  the  start  of  the  leach  tests  and  suspected 
decomposition  of  TCE  in  the  highly  alkaline  envi- 
ronment. Gas  chromatograms  of  the  TCE  waste 
leachates  contained  unidentified  peaks  which  were 
thought  to  represent  the  products  of  TCE  decom- 
position. (See  also  W9 1-06 124)  (Author's  abstract) 
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STUDY  OF  TRITIUM  RELEASE  FROM  EN- 
CAPSULATED TITANIUM  TR1TIDE  ACCEL- 
ERATOR TARGETS. 

Purdue  Univ.,   Lafayette,  IN.   School  of  Health 

Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
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METAL  IMMOBILIZATION  BY  SOLIDIFICA- 
TION OF  HYDROXIDE  AND  XANTHATE 
SLUDGES. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS. 
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p  257-272,  7  fig,  4  tab,  17  ref. 

Descriptors:  'Heavy  metals,  'Hydroxide  sludge, 
•Sludge  disposal,  'Waste  disposal,  'Waste  solidifi- 
cation, 'Waste  stabilization,  'Xanthate  sludge,  Ce- 
ments, Hazardous  wastes,  Organic  compounds, 
Phenols,  Portland  cements. 

An  evaluation  was  conducted  on  the  ability  of 
cellulose  and  starch  xanthate  to  immobilize  heavy 
metals;  results  were  compared  with  the  metal  im- 
mobilization capability  of  hydroxide  precipitation. 
Solidified  and  unsolidified  sludges  resulting  from 
starch  xanthate,  cellulose  xanthate,  and  hydroxide 
precipitation  processes  were  tested  for  their  physi- 
cal and  chemical  characteristics.  Sludges  were  pre- 
pared using  either  cellulose  xanthate,  starch  xan- 
thate, or  calcium,  hydroxide  to  treat  a  synthetic 
waste  solution  containing  four  heavy  metals  (cad- 
mium, chromium,  nickel,  and  mercury)  in  a  labora- 
tory-scale study.  Sludges  were  solidified  with  port- 
land  type  I  cement.  Physical  tests  performed  on 
the  solidified  and  unsolidified  xanthate  and  hydrox- 
ide sludges  included  unconfined  compressive 
strength  and  the  cone  penetration  tests.  Chemical 


leaching  characteristics  of  the  unsolidified  sludges 
were  determined  using  the  EPA's  extraction  pro- 
cedure test  and  a  serial  graded  batch  extraction 
procedure.  Results  from  the  study  indicated  that 
the  solidified  materials  reduced  the  concentration 
of  metals  in  the  leachate  when  compared  to  the 
unsolidified  sludges.  The  solidified  sludges  also 
developed  unconfined  compressive  strengths  as 
high  as  2000  kPa.  (See  also  W9 1-06 124)  (Author's 
abstract) 
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USE  OF  ACTIVATED  CHARCOAL  AND 
TETRA-ALKYLAMMONIUM-SUBSTTTUTED 
CLAYS  IN  CEMENT-BASED  STABILIZATION/ 
SOLIDIFICATION  OF  PHENOLS  AND 
CHLORINATED  PHENOLS. 
Imperial  Coll.  of  Science,  Technology  and  Medi- 
cine, London  (England).  Dept.  of  Civil  Engineer- 
ing., 

T.  S.  Sheriff,  C.  J.  Sollars,  D.  Montgomery,  and  R. 
Perry. 

IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  273-286,  6  fig,  10  tab,  12  ref. 

Descriptors:  'Activated  carbon,  'Cements,  'Clays, 
•Phenols,  'Waste  containment,  'Waste  disposal, 
•Waste  solidification,  'Waste  stabilization,  Ad- 
sorption, Asphalt,  Bentonite,  Gypsum,  Organic 
wastes,   Radioactive  tracers,  Radioactive  wastes. 

A  number  of  cement-based  fixation  processes  are 
available  for  the  cost-effective  stabilization  of  inor- 
ganic wastes,  but  these  processes  are  not  generally 
so  effective  for  treating  organic  wastes  or  organic/ 
inorganic  mixtures.  With  a  view  to  possible  exten- 
sion of  such  methods  to  organic  wastes,  the  use  of 
charcoal  and  tetra-alkylammonium-substituted 
clays  as  prestabilization  adsorbents  has  been  inves- 
tigated. Charcoal  is  a  well  known  adsorbent,  while 
the  use  of  the  substituted  clays  exploits  the  hydro- 
phobic properties  of  the  alkyl  groups  to  fix  organic 
materials  within  the  clay  matrix.  Wyoming  benton- 
ite substituted  with  hexadecyltrimethyl  ammonium 
bromide  and  benzyldimethyltetradecylammonioum 
chloride  were  found  to  be  very  effective  in  adsorb- 
ing chlorinated  phenols  with  adsorption  capacities 
of  1 50  mg  chlorinated  phenol/gram  of  clay.  There 
appears  to  be  a  clear  trend  between  the  chain 
length  of  alkylammonium  ion  in  the  exchanged 
clay  and  the  ability  of  the  clay  to  adsorb  a  particu- 
lar phenolic  compound.  Activated  charcoal  was 
found  to  adsorb  effectively  1980  mg  of  phenol  or 
chlorinated  phenols/gr  of  charcoal.  The  ex- 
changed clays  and  charcoal,  together  with  the 
respective  adsorbed  phenols,  were  incorporated 
into  a  number  of  cementitious  matrices.  Following 
hydration,  leachability  and  physical  strength  meas- 
urements were  carried  out  and  the  results  were 
used  to  make  a  preliminary  assessment  of  the 
longer-term  potential  of  clay  and  charcoal  in  stabi- 
lization/solidification applications.  (See  also  W91- 
06124)  (Author's  abstract) 
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SOLUBILITY  AND  STABILITY  OF  INORGAN- 
IC IODIDES:  CANDIDATE  WASTE  FORMS 
FOR  IODINE-129. 

Atomic  Energy  of  Canada  Ltd.,  Pinawa  (Manito- 
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P.  Taylor,  V.  J.  Lopata,  D.  D.  Wood,  and  H. 
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p  287-301,  6  fig,  43  ref. 

Descriptors:  'Iodides,  'Iodine  radioisotopes,  'Ra- 
dioactive waste  disposal,  'Solubility,  'Waste  dis- 
posal, 'Waste  stabilization,  'Waste  treatment,  Bis- 
muth oxyiodide,  Halides,  Inorganic  compounds, 
Radioactive  wastes,  Silver  iodide,  Waste  manage- 
ment. 

129-Iodine  and  14-carbon  are  of  lesser  importance 
than  many  other  radionuclides  in  nuclear  waste 
management  because  of  their  relatively  low  radio- 
toxicity.  Their  safe  immobilization  and  disposal  is  a 
significant  challenge  because  their  chemical  prop- 


erties are  quite  different  from  most  other  compo- 
nents of  nuclear  fuel  waste.  Thermodynamically 
defensible  inorganic  waste  forms  have  been  sought 
for  both  of  these  radioisotopes.  The  stability  and 
solubility  of  inorganic  iodides  have  been  investigat- 
ed as  they  relate  to  the  selection  of  a  waste  form 
for  129-iodine.  The  best  candidates  appear  to  be 
silver  iodide  (Agl)  either  alone  or  in  combination 
with  silver  chloride  (AgCl),  and  a  combination  of 
Bi507I  and  Bi202.  Neither  is  completely  satisfac- 
tory. The  principal  drawback  of  Agl  is  its  relative 
ease  of  reduction.  High  chloride  concentrations 
also  increase  the  solubility  of  Agl,  but  it  is  insensi- 
tive to  carbonate.  The  main  disadvantage  of  bis- 
muth oxyiodide  is  its  susceptibility  to  displacement 
reactions  with  dissolved  chloride  and  carbonate.  In 
addition,  it  is  unstable  under  strongly  reducing 
conditions.  (See  also  W91-06124)  (Author's  ab- 
stract) 
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LEACHING-INDUCED  CONCENTRATION 

PROFILES  IN  THE  SOLID  PHASE  OF 
CEMENT. 

Brookhaven  National  Lab.,  Upton,  NY.  Nuclear 
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IN:  Environmental  Aspects  of  Stabilization  and 
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Descriptors:  'Cements,  'Leaching,  'Materials  test- 
ing, 'Waste  disposal,  'Waste  solidification,  'Waste 
stabilization,  Cesium  radioisotopes,  Hazardous 
waste  disposal,  Path  of  pollutants,  Performance 
evaluation,  Portland  cements,  Potassium,  Radioac- 
tive wastes. 

Analysis  of  the  solid  phase  of  portland  cement 
specimens  by  energy  dispersive  x-ray  spectrome- 
try, before  and  after  leaching,  provided  elemental 
profiles  within  the  cement.  Releases  of  potassium 
were  calculated  from  the  solid  phase  profiles  and 
were  compared  with  releases  determined  from 
leachate  analyses  of  potassium  and  137-cesium. 
The  fraction  of  potassium  released  in  the  leachate 
was  closely  correlated  to  that  of  137-cesium  under 
varying  time  and  temperature  conditions,  despite 
the  different  manner  in  which  each  was  originally 
contained  in  the  cement.  Agreement  was  obtained 
among  potassium  releases  as  determined  from  the 
solid  potassium  in  the  leachate,  and  137-cesium  in 
the  leachate.  These  correlations  allowed  the  use  of 
potassium  as  an  analog  for  137-cesium  in  cement. 
Profiles  of  potassium  in  the  solid  showed  varying 
degrees  of  depletion.  A  specimen,  sectioned  imme- 
diately after  leaching  for  471  days,  contained  no 
observable  potassium  to  9  mm  depth  from  the 
specimen  surface.  From  9  mm  to  the  center  of  the 
specimen,  an  apparently  linear  increase  in  concen- 
tration was  observed.  Specimens  which  had  been 
air  dried  prior  to  sectioning  had  profiles  that  were 
produced  by  evaporative  transport  of  dissolved 
species  toward  the  surface.  Carbonation  of  the 
surface  appears  to  have  retarded  the  migration  of 
the  dissolved  material.  This  prevented  it  from 
reaching  the  outer  edge  and  resulted  in  increased 
potassium  concentrations  several  millimeters  inside 
the  surface.  (See  also  W9 1-06 124)  (Author's  ab- 
stract) 
W91-06149 


STRATEGY  FOR  MANAGEMENT  OF  MIXED 
WASTES  AT  THE  WEST  VALLEY  DEMON- 
STRATION PROJECT. 

Department  of  Energy,  West  Valley,  NY.  West 
Valley  Demonstration  Project. 
J.  P.  Englert,  C.  J.  Roberts,  and  E.  E.  Smeltzer. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  317-329,  4  fig,  4  tab,  29  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Hazard- 
ous wastes,  'Radioactive  waste  disposal,  'Waste 
disposal,  'Waste  management,  'Waste  stabiliza- 
tion, 'West  Valley  Demonstration  Project,  New 
York,  Radioactive  wastes,  Regulations. 
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Mixed-waste  management  involves  compliance 
with  dual  regulations  promulgated  by  the  EPA 
and  either  the  Nuclear  Regulatory  Commission 
(NRC)  or  the  Department  of  Energy  (DOE).  Iden- 
tification for  the  regulatory  requirements  and  reso- 
lution of  potential  inconsistencies  between  the  reg- 
ulations are  challenges  facing  mixed  waste  genera- 
tors and  treatment,  storage  and  disposal  facilities 
(TSDF's)  as  they  develop  compliance  strategies. 
At  the  West  Valley  Demonstration  project 
(WVDP)  in  New  York,  several  exclusion  options 
are  being  exercised  for  characteristic  mixed  waste 
streams.  A  totally  enclosed  treatment  exemption  is 
being  pursued  for  cemented  extracted  salt  solu- 
tions. A  combination  of  neutralization  and  treat- 
ment in  accumulation  tanks  and  containers  is  used 
for  smaller  less  radioactive  mixed  waste  streams. 
The  objective  of  this  strategy  is  to  eliminate  the 
hazardous  characteristics,  thereby  allowing  the 
waste  to  be  stored  and  disposed  of  solely  as  radio- 
active waste.  If  listed  mixed  wastes  are  encoun- 
tered, the  project  will  have  to  revise  this  strategy 
to  provide  for  mixed  waste  treatment,  storage  and 
disposal  in  accordance  with  both  the  radioactive 
and  hazardous  waste  regulations.  (See  also  W91- 
06124)  (Lantz-PTT) 
W91-O6150 


LEACHING  LOW-LEVEL  RADIOACTIVE 
WASTE  IN  SIMULATED  DISPOSAL  CONDI- 
TIONS. 

Atomic  Energy  of  Canada  Ltd.,  Chalk  River  (On- 
tario). Chalk  River  Nuclear  Labs. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-06151 


STABnJZATION  OF  MIXED  WASTE  AT  THE 
IDAHO  NATIONAL  ENGINEERING  LABORA- 
TORY. 

Idaho  National  Engineering  Lab.,  Idaho  Falls. 
Waste  Engineering  Development  Unit. 
A.  M.  Boehmer,  R.  L.  Gillins,  and  M.  M.  Larsen. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  343-357,  6  tab,  5  ref.  DOE  Contract  No.  DE- 
AC07-76-ID01570. 

Descriptors:  "Hazardous  wastes,  'Idaho  National 
Engineering  Laboratory,  'Laboratory  methods, 
•Radioactive  waste  disposal,  'Waste  disposal, 
•Waste  solidification,  'Waste  stabilization,  *Waste 
treatment,  Fly  ash,  Landfills,  Radioactive  wastes. 

A  drum-scale  test  program  was  conducted  to 
verify  that  laboratory-scale  results  for  treating  haz- 
ardous and  mixed  wastes  could  be  successfully 
adapted  into  a  production  operation.  The  primary 
goal  of  drum-scale  stabilization  development  was 
to  verify  that  the  successful  results  obtained  in  the 
laboratory-scale  program  could  be  adapted  into  a 
production  scale  operation.  The  result  of  the  pro- 
duction scale  will  be  a  stabilized  waste  monolith 
that  contains  no  free  liquids,  no  leachable  metal 
levels  in  excess  of  EPA  limits,  and  can  be  disposed 
of  as  a  general  or  low  level  radioactive  waste.  The 
objectives  set  for  meeting  this  goal  were:  (1)  verifi- 
cation of  the  laboratory-scale  binder-to-waste 
ratios  (recipes)  at  a  drum-scale  level,  (2)  develop- 
ment of  mixing  and  sampling  methods  to  ensure 
and  verify  homogeneity  of  the  mixture  in  the 
drum,  (3)  verification  that  the  monolith  leachable 
metal  levels  are  below  EPA  toxicity  leaching  crite- 
ria, and  (4)  development  of  procedures  for  produc- 
tion scale  solidification.  Results  obtained  from  four 
drums  that  were  processed  show,  through  both 
analytical  and  statistical  evaluations,  that  the 
monolith  resulting  from  the  solidification  process 
does  not  contain  leachable  toxic  metal  levels  in 
excess  of  EPA  limits  and  can  be  disposed  of  as  a 
low  level  radioactive  waste.  (See  also  W9 1-06 124) 
(Lantz-PTT) 
W91-06152 


INFLUENCE  OF  HYDROLOGIC  FACTORS  ON 
LEACHING  OF  SOLIDIFIED  LOW-LEVEL 
WASTE  FORMS  AT  AN  ARID-SITE  FIELD- 
SCALE  LYSIMETER  FACILITY. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
T.  L.  Jones,  and  R.  L.  Skaggs. 


IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  358-380,  14  fig,  2  tab,  9  ref.  DOE  Contract  No. 
DE-AC06-76RL0  1830. 

Descriptors:  'Arid  lands,  *Geohydrology,  'Han- 
ford,  'Leaching,  'Path  of  pollutants,  'Radioactive 
waste  disposal,  'Radioactive  wastes,  'Waste  dis- 
posal, 'Waste  solidification,  'Waste  stabilization, 
•Water  pollution  sources,  Cobalt  radioisotopes, 
Drainage,  Field  tests,  Lysimeters,  Portland  ce- 
ments, Seasonal  variation,  Soil  water,  Tritium, 
Washington. 

The  release  of  contaminants  from  solidified  low- 
level  waste  forms  is  being  studied  in  a  field  lysime- 
ter  facility  at  the  Hanford  Site  in  southeastern 
Washington  State.  The  lysimeter  facility,  con- 
structed in  1984,  consists  of  ten  3  m  deep  by  1.8  m 
diameter  steel  caissons  surrounding  a  4  m  deep 
central  instrument  caisson.  Each  lysimeter  contains 
one  field-scale  waste  form  (210-L  barrel),  obtained 
from  a  commercial  power  reactor.  Solidification 
agents  being  tested  include  masonry  cement,  Port- 
land III  cement,  Dow  polymer,  and  bitumen.  Most 
of  the  precipitation  at  the  Hanford  Site  arrives  as 
winter  snow;  this  contributes  to  a  strong  seasonal 
pattern  in  water  storage  and  drainage  observed  in 
the  lysimeters.  This  seasonal  pattern  in  winter  stor- 
age corresponds  to  an  annual  range  in  the  volumet- 
ric soil  water  content  of  11%  in  late  winter  to  7% 
in  the  late  summer  and  early  fall.  Annual  changes 
in  drainage  rates  cause  pore  water  velocities  to 
vary  by  nearly  two  orders  of  magnitude,  from 
approximately  4  cm/wk  in  early  spring  to  less  than 
0.01  cm/week  in  early  fall.  Measurable  quantities 
of  tritium  and  Co60  are  being  collected  in  lysime- 
ter drainage  water.  Approximately  30%  of  the 
original  tritium  inventory  has  been  leached  from 
the  only  two  waste  forms  containing  tritium.  Co60 
is  contained  in  all  waste  form  samples  and  is  con- 
sistently being  leached  from  five  lysimeters.  Total 
Co60  collected  from  each  of  the  five  lysimeters 
varies,  but  in  each  case  is  less  than  0.1%  of  the 
original  cobalt  inventory  of  the  waste  sample.  (See 
also  W91-06124)  (Author's  abstract) 
W91-06153 


EXPERIENCE  ACQUIRED  IN  THE  FIELD  OF 
LONG-TERM  LEACHING  TESTS  ON  BLOCKS 
OF  RADIOACTIVE  WASTE. 

CEA  Centre  d'Etudes  Nucleaires  de  Saclay,  Gif- 

sur-Yvette  (France). 

J.  C.  Nomine,  and  A.  Billon. 

IN:  Environmental  Aspects  of  Stabilization  and 

Solidification    of    Hazardous    and    Radioactive 

Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 

p  381-391,  5  fig,  6  tab,  8  ref. 

Descriptors:  'Field  tests,  'Leaching,  'Path  of  pol- 
lutants, 'Radioactive  wastes,  'Waste  disposal, 
France,  Geochemistry,  Ion  transport,  Radionu- 
clides, Waste  containment. 

Long-term  leaching  tests  on  full  size  radioactive 
blocks  have  been  undertaken  since  1979  in  the 
leaching  facility  of  the  Nuclear  Research  Center  of 
Saclay.  The  aims  of  the  tests  are:  the  assessment  of 
the  release  of  radionucleotides  into  the  biosphere; 
measurements  of  ion  transfer  between  the  blocks 
and  the  environment;  and  an  understanding  of  the 
transfer  mechanisms.  These  full-scale  tests  lead  to 
the  following  conclusions:  (1)  In  spite  of  some 
difficulties  encountered  during  the  experiments,  it 
has  been  possible  to  make  a  judgement  on  the 
quality  of  the  package  by  establishing  the  more 
exhaustive  balance  of  the  total  activity  released, 
especially  with  alpha-emitters;  (2)  Appraisals  of  the 
post-leached  packages  are  very  important  because 
they  enhance  knowledge  of  their  behavior  under 
leaching  tests  with  realistic  conditions;  and  (3) 
Extrapolation  of  leaching  results  from  small  labo- 
ratory samples  to  full  size  blocks  is  not  always 
easy.  Long-term,  full-scale  leaching  tests  will  be 
continued.  (See  also  W9 1-06 124)  (Lantz-PTT) 
W91-06154 


LARGE-SCALE  DEMONSTRATION  OF  LOW- 
LEVEL  WASTE  SOLIDIFICATION  IN  SALT- 
STONE. 


Du  Pont  de  Nemours  (E.I.)  and  Co.,  Philadelphia, 
PA.  Marshall  Labs. 

P.  F.  Mclntyre,  S.  B.  Oblath,  and  E.  L.  Wilhite. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  392-403,  5  fig,  3  tab,  9  ref.  DOE  Contract  No. 
DE-AC09-76SR00001. 

Descriptors:  'Leaching,  'Lysimeters,  'Path  of  pol- 
lutants, 'Radioactive  waste  disposal,  'Saltstone, 
•Waste  disposal,  *Waste  solidification,  *Waste  sta- 
bilization, Demonstration  projects,  Mathematical 
models,  Monitoring,  Nitrates,  Nuclear  power- 
plants,  Radioactive  wastes,  Soil  water,  Technetium 
radioisotopes. 

Saltstone  lysimeters  are  a  large-scale  demonstra- 
tion of  a  disposal  concept  for  decontaminated  salt 
solutions  resulting  from  the  in-tank  processing  of 
defense  wastes.  The  lysimeter  experiment  has  pro- 
vided data  on  the  leaching  behavior  of  large  salt- 
stone monoliths  under  realistic  field  conditions. 
The  results  also  will  be  used  to  compare  the  effect 
of  capping  the  waste  form  on  containment  release. 
Three  saltstone  lysimeters  were  installed  in  De- 
cember 1983  and  January  1984,  each  containing  a 
buried  monolith  formed  from  9500  L  of  decontami- 
nated salt  solution  solidified  with  a  blended 
cement.  The  decontaminated  salt  solution  was  pro- 
duced using  actual  Savannah  River  Plant  waste. 
One  lysimeter  has  a  gravel  cap  and  another  has  a 
clay  cap  placed  over  the  buried  monolith.  The 
monolith  in  the  third  lysimeter  is  uncapped.  Each 
lysimeter  has  provisions  to  collect  leachate  from  a 
sump  below  the  buried  monolith,  and  soil  moisture 
samplers  for  gathering  samples  adjacent  to  the 
waste  form.  Biweekly  monitoring  of  sump  leachate 
from  all  three  lysimeters  has  continued  on  a  rou- 
tine basis  for  approximately  three  years.  The  un- 
capped lysimeter  has  shown  the  highest  levels  of 
nitrate  and  Tc90  release.  The  gravel  and  clay 
capped  lysimeters  have  shown  levels  equivalent  to 
or  slightly  higher  than  background  rainwater 
levels.  (See  also  W9 1-06 124)  (Author's  abstract) 
W91-06155 


FIELD  TESTING  OF  WASTE  FORMS  USING 
LYSIMETERS. 

Idaho  National  Engineering  Lab.,  Idaho  Falls.  Bio- 
technology and  Waste  Management  Programs. 
R.  D.  Rogers,  J.  W.  McDonnel,  E.  C.  Davis,  and 
M.  W.  Findley. 

IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  404-417,  9  fig,  7  tab,  6  ref. 

Descriptors:  *Field  tests,  *Leachates,  *Lysimeters, 
•Path  of  pollutants,  'Radioactive  wastes,  'Waste 
disposal,  'Waste  solidification,  'Waste  stabiliza- 
tion, Beta  radiation.  Cements,  Databases,  Filters, 
Gamma  radiation,  Ion  exchange  resins,  Radionu- 
clides, Rainfall,  Strontium,  Temperature. 

Solidified  ion  exchange  resin  materials  from  EPI- 
CORE-II  prefilters  used  in  the  cleanup  of  the 
Three  Mile  Island  Nuclear  Power  Station,  are 
being  field  tested  to  develop  a  low-level  waste 
database  and  to  obtain  information  on  survivability 
of  waste  forms  composed  of  ion  exchange  media 
loaded  with  radionucleotides  and  solidified  in  mat- 
rices of  cement  and  Dow  polymer.  Field  testing 
occurred  over  17  months.  Wind  speed,  air  temper- 
ature, relative  humidity,  and  rainfall  are  recorded 
over  a  12  month  period  by  the  data  acquisition  and 
storage  (DAS)  system  for  the  Argonne  National 
Laboratory  (ANL)  and  the  Oak  Ridge  National 
Laboratory  (ORNL)  sites.  Rainfall  appeared 
higher  than  normal  while  there  were  few  days 
with  temperatures  of  0  degrees  C.  Water  samples 
were  collected  from  the  leachate  on  five  occasions. 
The  first  two  times  water  samples  were  analyzed 
only  for  gamma  producing  nuclides.  The  last  three 
water  samples  were  analyzed  for  gamma  and  beta 
producing  nucleotide  Sr.  Gamma  producing  nu- 
cleotides were  not  found  in  the  first  two  samples. 
The  concentration  of  Sr  in  the  ORNL  lysimeter 
leachate  was  almost  two  orders  of  magnitude 
higher  than  the  ANL  samples.  (See  also  W91- 
06124)  (Lantz-PTT) 
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IN  SITU  GROUTING  OF  SHALLOW  LAND- 
FILL RADIOACTIVE  WASTE  TRENCHES. 

Oak  Ridge  National  Lab.,  TN.  Chemical  Technol- 
ogy Div. 

R.  D.  Spence,  and  T.  Tamura. 
IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  418-429,  5  fig,  3  tab,  1  ref.  DOE  Contract  No. 
DE-AC05-84OR21400. 

Descriptors:  •Grouting,  'Landfills,  'Radioactive 
waste  disposal,  'Waste  disposal,  'Waste  solidifica- 
tion, 'Water  pollution  prevention,  Costs,  Leach- 
ing, Monitoring,  Observation  wells,  Permeability. 

A  backfill  trench  containing  low-level  radioactive 
waste  was  grouted  with  a  newly  developed 
cement-fly  ash-bentonite  particulate  grout.  The  ac- 
cessible void  volume  of  the  waste  zone  was  esti- 
mated to  be  20%  or  28  cu  m,  but  30.6  cu  m  of 
grout  was  injected  under  pressure  into  the  trench. 
Part  of  the  grout  forced  a  path  outside  the  trench. 
Much  of  the  trench  was  grouted  from  only  a  few 
holes,  about  80%  from  five  holes.  The  grout  cost 
$55/cu  m,  and  it  took  1220  man-hours  and  eleven 
days  to  completely  grout  the  trench.  The  total  cost 
of  renting  the  grouting  equipment  for  this  job  was 
$3449.  Preliminary  assessment  indicates  successful 
grouting  of  accessible  voids  and  improved  resist- 
ance to  water  intrusion;  the  water  permeation  into 
the  trench  from  monitoring  wells  was  reduced  by 
two  orders  of  magnitude.  Only  the  ongoing  eval- 
uation over  several  years  will  determine  if  the 
grouting  prevents  trench  subsidence  and  reduce 
radionuclide  migration.  The  site  characterization 
and  follow-up  evaluation  costs  should  be  similar 
for  different  alternatives.  (See  also  W9 1-06 124) 
(Lantz-PTT) 
W91-06157 


HAZARDOUS  AND  INDUSTRIAL  SOLID 
WASTE  MINIMIZATION  PRACTICES. 

STP  1043.  ASTM,  Philadelphia,  PA.  1989.  214p. 
Edited  by  R.  A.  Conway,  John  H.  Frick,  David  J. 
Warner,  Carlton  C.  Wiles,  and  E.  Joseph  Duckett. 

Descriptors:  'Symposium,  'Waste  disposal, 
•Waste  reduction,  'Waste  treatment,  Conferences, 
Oil  wastes,  Solvents,  Waste  management,  Waste 
recovery,  Waste  utilization. 

Waste  minimization  has  been  growing  in  populari- 
ty and  is  being  approached  as  the  last  frontier  of 
hope  in  dealing  properly  with  the  generation  of 
waste.  In  order  to  explore  the  benefits  of  standardi- 
zation on  this  front,  members  of  ASTM  organized 
a  new  subcommittee  on  waste  minimization.  In 
addition,  a  symposium  was  organized  by  Commit- 
tees D34  on  Waste  Disposal  and  E38  on  Resource 
Recovery  to  stimulate  investigation  into  the  stand- 
ards development  process  and  to  encourage  further 
dialogue  and  expanded  implementation  of  waste 
minimization  practices.  This  symposium,  the 
Eighth  Symposium  on  Hazardous  and  Industrial 
Solid  Waste,  presented  information  on  managerial 
practices,  auditing  techniques,  and  specific  prac- 
tices used  by  industry  and  government  activities. 
The  collection  of  1 7  papers  has  been  grouped  into 
five  major  categories  as  follows:  general  manageri- 
al practices,  waste  minimization  audits,  solvent  re- 
covery, used  oil  recovery,  and  miscellaneous  sepa- 
ration and  utilization  practices.  (See  W9 1-06 159 
thru  W9 1-06 175)  (Lantz-PTT) 
W91-06158 


HAZARDOUS  WASTE  REDUCTION  EFFORTS 
IN  THE  DEPARTMENT  OF  THE  ARMY. 

Office  of  the  Assistant  Chief  of  Engineers  (Army), 

Washington,  DC. 

For  primary   bibliographic   entry   see   Field   5D. 

W91-06159 


WASTE  MINIMIZATION  PROGRAM  AT  THE 
FEED  MATERIALS   PRODUCTION  CENTER. 

Westinghouse  Materials  Co.  of  Ohio,  Cincinnati. 
J.  E.  Blasdel,  M.  E.  Crotzer,  R.  L.  Gardner,  T.  R. 


KaiD,  and  C.  N.  Spradlin. 

IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  pi  7-28,  11  fig,  5  ref. 

Descriptors:  'Feed  Materials  Production  Center, 
•Radioactive  wastes,  'Waste  management,  'Waste 
reduction,  Recycling,  Uranium,  Waste  disposal, 
Waste  recovery. 

A  waste  minimization  program  is  being  implement- 
ed at  the  Feed  Materials  Production  Center,  (a 
Department  of  Energy  (DOE)  facility  that  pro- 
duces high  purity  metallic  uranium  for  the  U.S. 
defense  program)  to  reduce  the  generation  of  ura- 
nium-contaminated wastes  and  to  comply  with  ex- 
isting and  forthcoming  regulations.  Procedures  and 
plans  are  described  that  deal  with  the  minimization 
of  process  and  nonprocess  trash,  contaminated 
wood  and  metals,  used  metal  drums,  and  major 
process  wastes  such  as  contaminated  magnesium 
fluoride  and  neutralized  raffinate.  The  waste  mini- 
mization techniques  used  include  segregation, 
source  reduction,  volume  reduction,  material  sub- 
stitution and  waste/product  recycling.  The  impor- 
tance of  training,  communication,  and  incentives 
are  emphasized.  (See  also  W91-06158)  (Author's 
abstract) 
W91-O6160 


MINIMIZING  WASTE  BY  CHARGING  THE 
GENERATOR. 

Oak  Ridge  National  Lab.,  TN.  Chemical  Technol- 
ogy Div. 

J.  B.  Berry,  and  F.  J.  Homan. 
IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  29-37,  2  fig,  2  tab,  6  ref.  DOE  Con- 
tract DE-AC05-84OR21400. 

Descriptors:  *Cost  allocation,  'Radioactive  waste 
disposal,  'Waste  disposal,  'Waste  management, 
•Waste  reduction,  Costs,  Economic  aspects. 

The  Oak  Ridge  National  Laboratory,  a  multipur- 
pose research  and  development  facility,  has  imple- 
mented a  program  to  include  the  cost  of  waste 
management  in  product  costs.  The  following  steps 
are  being  used:  (1)  planning  and  implementation 
tailored  to  institutional  constraints;  (2)  methods  for 
conflict  resolution;  and  (3)  administrative  struc- 
tures that  place  responsibility  for  minimizing  waste 
on  the  generators.  Changes  in  waste  disposal  prac- 
tices required  to  meet  regulatory  requirements  in- 
crease the  cost  of  waste  management  and  are  re- 
flected in  the  rate  structure.  Rate  structure  and 
changes  in  waste  disposal  practices  including  ra- 
dioactive disposal  are  compared.  Rates  were  found 
to  be  dependent  on  the  type  of  waste  handled, 
compliance  with  waste  acceptance  criteria,  proc- 
essing steps  required  for  treatment,  and  disposal 
requirements.  (See  also  W91-06158)  (Author's  ab- 
stract) 
W91-06161 


WASTE  REDUCTION  AUDITS:  MATCHING 
TYPES  TO  STAGES. 

Office  of  Technology  Assessment,  Washington, 
DC. 

J.  S.  Hirschhorn,  and  K.  U.  Oldenburg. 
IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  41-47,  5  ref. 

Descriptors:  *Surveys,  'Waste  management, 
•Waste  reduction,  Data  acquisition,  Hazardous 
wastes,  Manuals. 

Although  technology  itself  is  not  a  major  obstacle 
to  achieving  maximum  hazardous  waste  reduction, 
many  other  factors  can  limit  industrial  waste  re- 
duction. The  chief  way  that  obstacles  to  waste 
reduction  are  identified  and  overcome  is  through 
the  use  of  waste  reduction  audits.  It  is  necessary, 
however,  to  have  a  close  match  between  the  spe- 
cific stage  of  waste  reduction  and  the  type  of  waste 
reduction  audit  used.  For  the  first  two  stages  of 
waste  reduction,  the  common  sense  and  informa- 
tion driven  stages-a  very  simple  self-audit  check 
list  is  efficient.  For  the  third  and  fourth  stages  of 
waste  reduction,  more  elaborate,  time  consuming, 


and  costly  audits  are  appropriate  and  the  use  of 
outside  consultants  may  be  effective.  Waste  gen- 
erators should  make  use  of  increasing  numbers  of 
government  waste  reduction  programs,  which  pro- 
vide information,  audit  manuals,  and  sometimes 
free  on-site  technical  assistance.  (See  also  W91- 
06158)  (Author's  abstract) 
W9I-06162 


WASTE  MINIMIZATION  AUDITS  AT  INDUS- 
TRIAL AND  DOD  INSTALLATIONS. 

Versar,  Inc.,  Springfield,  VA. 
M.  Drabkin,  E.  Rissmann,  P.  Sylvestri,  and  H. 
Freeman. 

IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  48-61,  7  fig,  4  tab,  6  ref. 

Descriptors:  'Hazardous  wastes,  'Industrial 
wastes,  'Military  reservations,  'Surveys,  'Waste 
management,  'Waste  reduction,  'Waste  reduction 
audits,  Case  studies,  Data  acquisition,  Economic 
aspects,  Waste  disposal. 

The  EPA  is  encouraging  hazardous  waste  genera- 
tors to  develop  programs  to  reduce  the  generation 
of  hazardous  waste.  To  encourage  such  programs 
the  Agency's  Hazardous  Waste  Engineering  Re- 
search Laboratory  is  supporting  the  development 
and  evaluation  of  a  model  hazardous  waste  minimi- 
zation audit  (WMA)  procedure.  The  eight  sequen- 
tial steps  are:  (1)  preparation  for  the  audit;  (2)  host 
site  pre-audit  visit;  (3)  waste  stream  selection;  (4) 
host  site  waste  minimization  audit  visit;  (5)  genera- 
tion of  waste  minimization  (WM)  options;  (6)  pre- 
liminary WM  options  evaluation  (including  prepa- 
ration of  preliminary  cost  estimates)  and  ranking  of 
options  in  three  categories  (effectiveness,  extent  of 
current  use,  and  potential  for  future  application); 
(7)  presentation,  discussion,  and  joint  review  of 
options  with  plant  personnel;  and  (8)  final  report 
preparation  and  presentation  to  host  site  manage- 
ment. This  procedure  was  tested  in  a  number  of 
industrial  and  Department  of  Defense  (DoD)  fa- 
cilities during  1986  and  1987.  Two  of  these  teste, 
one  private  industry  (a  mercury  cell  chloralkali 
plant)  and  one  DoD  (a  paint  stripping  facility)  are 
described  at  length.  (See  also  W9 1-06 158)  (Lantz- 
PTT) 
W91-06163 


HAZARDOUS  WASTE  MINIMIZATION 
AUDITS:  STRATEGY  AND  METHODOLOGY. 

Environmental    Science    and    Engineering,    Inc., 
Gainesville,  FL. 
M.  E.  Resch. 

IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  62-70,  6  ref. 

Descriptors:  'Data  acquisition,  'Hazardous  wastes, 
•Surveys,  *Waste  management,  'Waste  reduction 
audits,  Industrial  wastes,  Waste  treatment. 

Hazardous  waste  minimization  audits  have  been 
performed  at  numerous  industrialized  facilities. 
The  strategies  and  methodologies  used  in  these 
minimization  audits  are  detailed  and  thorough,  and 
they  efficiently  utilize  the  manpower  of  the  audit 
team.  These  auditing  procedures  can  be  used  either 
by  personnel  contracted  to  perform  minimization 
audits  at  client  facilities,  or  by  in-plant  personnel 
performing  minimization  'self  audits.'  The  waste 
minimization  audit  consists  of  six  principal  phases: 
(1)  preparations  made  before  the  site  visit;  (2) 
onsite  information  gathering;  (3)  identification  of 
minimization  opportunities  for  specific  wastes;  (4) 
setting  of  priorities  for  minimization  opportunities 
for  specific  wastes;  (5)  development  of  plant-wide 
minimization  recommendations;  and  (6)  recommen- 
dations for  the  management  of  wastes  that  cannot 
be  further  minimized.  (See  also  W9 1-06 158)  (Au- 
thor's abstract) 
W91-06164 


RESULTS  OF  HELD  SAMPLING  PROGRAMS 
CONDUCTED  AT  WASTE  SOLVENT  TREAT- 
MENT AND  RECYCLING  FACILrTIES. 

Alliance  Technologies  Corp.,  Bedford,  MA. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Ultimate  Disposal  Of  Wastes— Group  5E 


D.  R.  Roeck,  and  N.  Pangaro. 
IN-  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  73-79,  2  fig,  9  tab,  5  ref. 

Descriptors:  'Field  tests,  'Hazardous  waste  dispos- 
al, 'Recycling,  'Solvents,  'Waste  disposal,  'Waste 
treatment,  Chemical  analysis,  Distillation,  Evapo- 
ration, Land  disposal,  Metals. 

As  required  by  the  1984  Hazardous  and  Solid 
Waste  Act,  EPA  began  a  program  to  conduct  in- 
depth  evaluations  of  all  hazardous  wastes  to  deter- 
mine applicable  restrictions  on  some  or  all  forms  of 
land  disposal.  Three  field  sampling  programs  were 
conducted  to  assess  the  performance  capabilities  of 
offsite  solvent  recycling  facilities.  These  field  pro- 
grams resulted  in  the  compilation  of  extensive  data 
on  the  operation  and  performance  capability  of 
such  waste  treatment  processes  as  steam  distilla- 
tion, thin-film  evaporation,  and  still-bottom  proc- 
essing. Samples  were  taken  of  all  waste  feed,  still 
bottoms,  and  distillate  product  streams,  and  ana- 
lyzed for  inorganic  and  organic  constituents  to 
satisfy  EPA  criteria.  Analytical  results  were  evalu- 
ated to  determine  the  fate  of  various  metals  and 
other  solvent  constituents  among  input  and  effluent 
streams.  In  general,  these  field  programs  have 
shown  that  the  solvent  recycling  processes  evalu- 
ated are  very  effective  for  the  production  of  high 
quality  distillate  product  streams  suitable  for  a 
variety  of  uses.  In  addition,  metal  contaminants 
detected  in  waste  feed  streams  were  virtually  all 
transferred  to  the  still-bottoms  streams,  which 
were  mostly  disposed  of  by  offsite  fuel  supplement 
users  (i.e.,  asphalt  kilns  and  blast  furnaces).  (See 
also  W9 1-06 158)  (Lantz-PTT) 
W91-06165 


W9 1-06 166 


METHODS  FOR  MONITORING  SOLVENT 
CONDITION  AND  MAXIMIZING  ITS  UTTLI- 
ZATION. 

Air  Force  Engineering  and  Services  Center,  Tyn- 
dall  AFB,  FL. 

S.  B.  Joshi,  B.  A.  Donahue,  A.  R.  Tarrer,  J.  A. 
Guin,  and  M.  A.  Rahman. 

IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  80-103,  17  fig,  6  tab,  22  ref. 

Descriptors:  'Chemical  analysis,  'Hazardous 
wastes,  'Quality  control,  'Solvents,  'Testing  pro- 
cedures, 'Waste  reduction,  'Waste  treatment, 
Conductivity,  Distillation,  Field  tests,  Gas  chroma- 
tography, Laboratory  methods,  Monitoring,  Physi- 
cal properties,  Specific  gravity,  Spectrometry,  Te- 
trachloroethylene,  Trichloroethane,  Trichloroeth- 
ylene,  Viscosity. 

Simple  tests  were  evaluated  which  are  to  be  used 
as  criteria  for  determining  the  condition  of  cold 
dipping  (Stoddard  solvent),  vapor  decreasing 
(chlorinated  solvents),  and  precision  cleaning  sol- 
vents (Freon-113  and  isopropanol),  and  for  identi- 
fying when  a  solvent  should  be  changed,  thereby 
extending  its  usage  life  cycle.  The  use  of  these  tests 
to  monitor  the  quality  of  reclaimed  solvent  was 
also  explored.  Several  physico-chemical  solvent 
properties  were  selected  on  the  basis  of  sensitivity 
to  solvent  contamination,  and  the  reliability  and 
simplicity  of  the  methodology  for  measuring  these 
properties.  Visible  absorbance  spectrometry  was 
the  most  reliably  measured  property,  followed  by 
specific  gravity,  viscosity,  and  electrical  conduc- 
tivity. The  major  inhibitors  present  in  trichloroeth- 
ylene  (TCE),  tetrachlororethylene  (PCE),  and 
1,1,1-trichloroethane  (TCA)  were  identified  using 
gas  chromatography/mass  spectrometry.  These  in- 
hibitors can  be  classified  as  antioxidants,  acid  ac- 
ceptors, and  metal  stabilizers.  The  inhibitor  con- 
centrations were  monitored  with  usage  time.  Batch 
kinetic  studies  show  that  the  reactions  between  the 
acid  acceptors  (butylene  oxide,  cyclohexene  oxide, 
and  epichlorohydrin)  and  hydrochloric  acid,  and 
between  the  metal  stabilizers  (1,4-dioxane  and  1,3- 
dioxolane)  and  aluminum  chloride  were  each 
second-order  overall  when  PCE  was  used  as  a 
solvent.  A  simple  test  was  also  devised  to  deter- 
mine the  metal  stabilizer  concentration  in  a  sol- 
vent. Solvent  reclamation  by  batch  distillation  is  a 
viable  option  for  significantly  reducing  solvent  re- 
placement and  disposal  costs.  (See  also  W91-06158) 
(Lantz-PTT) 


APPLICATION  OF  A  MOBILE  SOLVENT  RE- 
COVERY PROCESS  TO  MINIMIZE  HAZARD- 
OUS WASTE. 

Cincinnati  Univ.,  OH.  Dept.  of  Civil  and  Environ- 
mental Engineering. 

For  primary  bibliographic  entry  see  Field  5D. 
W91-06167 


MINIMIZING  WASTE  OIL  DISPOSAL. 

Earth  Technology  Corp.,  Alexandria,  VA. 
F.  E.  Godoy,  and  M.  H.  Savage. 
IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  115-122,  3  tab,  13  ref. 

Descriptors:  'Hazardous  wastes,  'Oil  wastes,  'Re- 
cycling, 'Waste  disposal,  'Waste  recovery,  'Waste 
reduction,  Case  studies,  Military  reservations,  On- 
site  treatment,  Waste  management. 

Waste  oils  fall  into  several  categories  including 
lubricating  oils,  hydraulic  fluids,  metal  working 
fluids,  and  transformer  oils.  Used  oil  is  generated 
through  a  variety  of  activities  including  vehicle 
maintenance  and  equipment  maintenance  (for  ex- 
ample, refrigeration  equipment,  compressors,  and 
turbines).  With  several  states  currently  regulating 
used  oil  as  a  hazardous  waste  and  with  federal 
regulations  being  considered  to  regulate  disposal 
more  stringently,  rninimizing  the  quantity  of  waste 
oil  disposed  can  have  both  environmental  and  eco- 
nomic benefits.  Proper  management  practices, 
which  eliminate  contamination  of  used  oils  with 
other  wastes,  make  used  oil  more  amenable  to 
reuse  for  its  original  purpose  or  for  reuse  as  a  fuel. 
In  general,  waste  oil  minimization  alternatives  are: 
(1)  on-site  recovery  of  waste  oils;  (2)  on-site  use  as 
fuel;  (3)  off-site  disposal  through  fuel  blending;  (4) 
off-site  recycling;  and  (5)  on-site  techniques  to 
minimize  the  volume  of  waste  oils.  Case  studies  are 
presented  of  ten  military  installations,  illustrating 
the  utilization  of  waste  oils  as  fuel,  and  recycling 
waste  machine  coolants.  (See  also  W91-06158) 
(Lantz-PTT) 
W9 1-06 168 


DEMETALLATION  OF  USED  OIL  TO  FACILI- 
TATE ITS  UTILIZATION  AS  A  FUEL. 

Auburn  Univ.,  AL.  Dept.  of  Chemical  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5D. 
W91-06169 


WASTE  OIL  MANAGEMENT  FOR  A  SMALL 
QUANTITY  GENERATOR. 

Fruehauf  Corp.,  Detroit,  MI. 
T.  H.  DeFouw,  B.  Verdegan,  and  R.  Zoch. 
IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  143-150,  2  fig,  3  tab,  12  ref. 

Descriptors:  'Case  studies,  'Oil  recovery,  'Oil 
wastes,  'Recycling,  'Waste  management,  'Waste 
recovery,  'Waste  treatment,  Costs,  Industrial 
wastes,  Oil-water  interfaces,  Separation  tech- 
niques. 

Government  regulations  concerning  'used  oil',  un- 
derground storage  tanks,  and  hazardous  waste 
have  had  a  significant  impact  on  industry.  Waste 
oil  that  is  determined  to  be  a  hazardous  waste  is 
costly  to  dispose  of.  A  proper  'used  oil'  manage- 
ment plan  that  prevents  inadvertent  contamination 
with  hazardous  wastes  (that  is,  mixing  with  sol- 
vents, paint  thinners)  will  lower  a  facility's  disposal 
costs.  The  paper  focuses  on  one  small  quantity 
generator's  used  oil  management  system  that  mini- 
mizes indiscriminate  oil  mixing  and  promotes  oil 
reuse  and  recycling;  this  system  could  be  installed 
and  operated  at  any  facility.  Ship  bilgewater  oil 
has  been  a  problem  in  the  maritime  industry  for  a 
number  of  years.  A  maritime  oil/water  separation 
unit  was  installed  at  a  transportation  service  and 
repair  facility  as  part  of  the  tanker  cleaning  oper- 
ation. The  cleaning  operation  is  as  follows:  steam 
and  hot  water  are  passed  through  a  tanker  to 
remove  residual  oils  and  vapors.  The  oil/water 


mixture  is  collected  and  processed  through  a  treat- 
ment system  to  separate  the  oil  and  water.  Six  field 
tests  were  made  using  different  type  oils  and  oil 
mixtures.  The  tests  indicate  that  water  discharged 
after  processing  contained  <  15-ppm  oil  and  met 
discharge  requirements  for  the  local  sanitary  sewer 
system.  The  separated  oil  was  collected  by  type 
into  208  L  (55  gal)  drums.  Several  drums  of  sepa- 
rated oil  were  reused  for  fuel  in  the  facilities  trans- 
portation and  space  heating  equipment.  The  re- 
maining oil  was  returned  to  the  customer  for  reuse. 
By  recycling  the  oil,  the  EPA  does  not  consider 
the  facility  a  waste  generator.  The  recycled  oil 
provides  an  additional  fuel  source  thereby  lower- 
ing the  facility's  operating  costs.  Oil  collection  in 
drums  eliminates  the  need  for  an  underground 
storage  tank  and  compliance  with  tank  regulations. 
The  system  required  less  capital  investment  and 
installation  than  standard  gravity  separation  sys- 
tems. The  equipment  was  located  completely 
above  ground  and  could  be  set  up  for  fully  auto- 
matic or  manual  operation.  (See  also  W91-06158) 
(Lantz-PTT) 
W9 1-06 170 


EFFICIENCIES  IN  WASTE  PROCESSING. 

University  of  South  Florida,  Tampa.  Dept.  of  Civil 

Engineering  and  Mechanics. 

For  primary  bibliographic   entry  see  Field   5D. 

W91-06171 


HAZARDOUS  WASTE  VOLUME  REDUCTION 
RESEARCH  IN  THE  U.S.  ENVIRONMENTAL 
PROTECTION  AGENCY. 

Environmental  Protection  Agency,  Cincinnati, 
OH.  Hazardous  Waste  Engineering  Research  Lab. 
J.  F.  Martin,  M.  J.  Stutsman,  and  E.  Grossman. 
IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  163-171,  2  fig,  2  tab,  9  ref. 

Descriptors:  'Hazardous  wastes,  'Research  prior- 
ities, 'Waste  management,  'Waste  reduction, 
'Waste  treatment,  Adsorption,  Benzene,  Clays, 
Costs,  Detoxification,  Hydrogen  ion  concentra- 
tion, Metals,  Organic  compounds,  Pentachloro- 
phenol,  Physical  treatment,  Separation  techniques, 
Sludge  treatment,  Trichlorophenol,  Waste  recov- 
ery. 

Reducing  the  volume  of  hazardous  waste  may  not 
provide  relief  from  the  toxic  nature  of  the  com- 
pound, but  it  does  provide  a  significant  benefit  in 
reducing  transportation,  treatment,  and  disposal 
costs.  The  EPA's  Hazardous  Waste  Engineering 
Research  Laboratory  supports  extramural  studies 
in  waste  detoxification,  concentration  and  recov- 
ery, and  minimization.  A  phosphate  precipitation 
process  currently  under  evaluation  is  felt  to  be 
effective  in  selectively  removing  metals  from  metal 
finishing  sludge  materials.  Research  also  indicates 
that  sodium  smectite  clay,  an  abundant  natural 
material,  can  be  modified  in  structure  so  that  it  has 
excellent  adsorptive  properties  for  removing  com- 
pounds like  benzene,  trichlorophenol,  and  pentach- 
lorophenol  from  aqueous  solutions.  The  separation 
of  dilute  hazardous  organics  using  thin-film,  com- 
posite, aromatic  polyamide  membranes  also  ap- 
pears to  be  advantageous  in  terms  of  high  solute 
separation  at  low  pressures  (1  to  2  MPa)  and  broad 
pH  operating  ranges  (pH  2  to  12).  (See  also  W91- 
06158)  (Author's  abstract) 
W9 1-06 172 


UTILIZATION  OF  ASH  PRODUCTS  FROM 
COMBUSTION  OF  SHREDDED  SOLID 
WASTE. 

Energy  Answers  Corp.,  Albany,  NY. 
R.  F.  Mahoney,  and  J.  F.  Mullen. 
IN:  Hazardous  and  Industrial  Solid  Waste  Minimi- 
zation Practices.  STP  1043.  ASTM,  Philadelphia, 
PA.  1989.  p  196-204,  1  fig,  4  tab,  9  ref. 

Descriptors:  'Fly  ash,  'Hazardous  wastes,  'Solid 
wastes,  'Waste  recovery,  'Waste  treatment,  Diox- 
ins,  Heavy  metals,  Hydrochloric  acid,  Municipal 
wastes,  Recycling,  Sulfur  dioxide. 
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Two  streams  of  ash  result  from  the  combustion  of 
municipal  solid  waste:  fly  ash  and  bottom  ash. 
Studies  have  consistently  found  fly  ash  to  contain 
levels  of  heavy  metals,  dioxins,  acid  gas  constitu- 
ents and  other  pollutants  in  excess  of  regulatory 
standards,  while  the  bottom  ash  stream  is  generally 
within  acceptable  limits  for  those  same  pollutants. 
Research  and  development  activities  which  fo- 
cused on  the  reuse  of  bottom  ash  as  a  lightweight 
aggregate,  have  shown  very  promising  opportuni- 
ties for  recycling  a  portion  of  this  waste  stream. 
The  industry  approach  thus  far  has  been  to  com- 
bine the  two  streams  to  assure  that  the  fly  ash  is 
not  classified  as  a  hazardous  or  toxic  material 
under  present  and  proposed  Federal  EPA  stand- 
ards. However,  with  the  increasing  regulatory 
demand  for  the  removal  of  hydrochloric  acid  and 
sulfur  dioxide,  the  technology  for  the  removal  of 
potentially  harmful  substances  from  waste  combus- 
tion fuel  gases  will  improve,  and  more  heavy 
metals,  dioxins,  and  other  hazardous  materials  will 
be  concentrated  in  fly  ash,  rendering  it  less  useful 
in  recycling  applications.  It  is  suggested  that  the 
two  separate  ash  streams  can  no  longer  reasonably 
by  considered  one  and  should  be  analyzed  and 
treated  separately.  This  will  increase  and  enhance 
the  opportunity  to  recycle  the  bottom  ash  (75%) 
and  to  focus  on  a  reduced  quantity  of  fly  ash 
material  (25%)  for  fixation  and  disposal.  Such 
action  would  conform  to  the  principles  of,  and  the 
present  regulatory  trend  toward,  waste  minimiza- 
tion. (See  also  W91-06158)  (Author's  abstract) 
W91-06175 


ODOUR  AND  AMMONIA  EMISSIONS  FOL- 
LOWING THE  SPREADING  OF  AEROBICAL- 
LY-TREATED  PIG  SLURRY  ON  GRASSLAND. 

AFRC  Inst,  of  Grassland  and  Animal  Production, 

Hurley  (England). 

B.  F.  Pain,  B.  R.  Phillips,  C.  R.  Clarkson,  T.  H. 

Misselbrook,  and  Y.  J.  Rees. 

Biological  Wastes  BIWAED,  Vol.  34,  No.  2,  p 

149-160,  1990.  1  fig,  3  tab,  23  ref. 

Descriptors:  'Aerobic  treatment,  'Animal  wastes, 
•Farm  wastes,  'Hogs,  'Land  disposal,  'Odor  con- 
trol, 'Waste  disposal,  Ammonia,  Hydrogen  ion 
concentration.  Slurries. 

Following  mechanical  separation  of  pig  slurry,  two 
pilot-scale  reactors  were  used  to  treat  aerobically 
the  liquid  fraction  with  a  4-day  residence  time  and 
an  operating  temperature  of  35  C.  In  one  reactor, 
redox  potential  was  controlled  to  between  -145  and 
-45  millivolts  Ecal  and,  in  the  other,  dissolved 
oxygen  to  between  1-2  mg  02/L.  Unseparated  and 
separated  slurries  and  two  aerobically-treated  slur- 
ries were  applied  to  grassland  plots  at  8  L/square 
m  and  a  system  of  small  wind  tunnels  were  used  in 
the  collection  of  odorous  air  samples  and  in  the 
measurement  of  ammonia  volatilization.  Odor 
measurements  were  conducted  by  dynamic  dilu- 
tion olfactometry.  Both  aerobic  treatments  reduced 
the  total  odor  emission  over  52  hours  by  55% 
compared  with  unseparated,  untreated  slurry, 
while  separation  alone  gave  a  26%  reduction. 
However,  during  the  first  2  hours  after  spreading, 
when  the  rate  of  emission  was  highest,  odor  emis- 
sion was  41.2  odor  units/second  for  unseparated 
slurry,  29.8  odor  units/second  for  separated  slurry 
and  21.6  odor  units/second  for  redox  potential- 
treated  slurry,  but  only  4.0  odor  units/second  for 
dissolved  oxygen-treated  slurry.  Aerobic  treatment 
also  reduced  odor  intensity  and  odor  offensiveness. 
Both  aerobic  treatment  followed  by  storage  in- 
creased slurry  pH,  which  led  to  an  increase  in  the 
total  loss  of  N  through  ammonia  volatilization 
after  spreading  on  land.  (Author's  abstract) 
W9 1-06226 


URBAN       STORMWATER       INFILTRATION: 
PURPOSES,  IMPLEMENTATION,  RESULTS. 

Georgia  Univ.,  Athens.  School  of  Environmental 

Design. 

B.  K.  Ferguson. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  6.  p  605-609,  November/December 

1990.  5  fig,  13  ref. 

Descriptors:     'Artificial     recharge,     'Infiltration, 
•Storm  runoff,  'Storm  water  management,  'Urban 


runoff,  'Wastewater  disposal,  Rainfall  infiltration, 
Storm  drains,  Storm  seepage,  Storm  water,  Surface 
detention,  Water  level. 

The  1986  amendments  to  the  Water  Quality  Act 
put  the  federal  government  into  the  stormwater 
regulation  business;  the  U.S.  EPA  is  now  in  the 
process  of  implementing  regulations  for  its  control. 
Development  both  aggravates  the  hazards  associat- 
ed with  storm  flows  and  injures  the  resources 
supported  by  low  flows.  Stormwater  management 
must  address  base  flows  as  well  as  peak  flows.  One 

fjromising  approach  to  solving  stormwater  prob- 
ems  is  to  use  on-site  soil  as  a  mediator  of  storm- 
water flows  and  quality.  Infiltration  means  soaking 
water  in  to  the  soil.  It  involves  collecting  storm- 
water in  closed  basins  where  it  is  stored  while 
filtering  into  the  surrounding  soil.  Unlike  a  deten- 
tion basin,  an  infiltration  basin  has  no  regular  sur- 
face outlet.  An  open,  dry  basin,  emptying  entirely 
after  a  storm  and  remaining  dry  during  smaller 
background  flows,  can  be  used  in  a  development 
that  has  sufficient  open  space  and  a  level  area  of 
grass  or  earth.  A  permanent  pool  with  a  relatively 
stable  water  level  can  be  formed  where  a  basin's 
floor  is  excavated  to  the  groundwater  table.  An 
ephemeral  basin  has  a  fluctuating  water  level  or 
only  occasional  standing  water.  Such  a  regime  is 
desirable  in  open  infiltration  basins  where  native 
wetland  plants  are  adapted  to  fluctuating  water 
levels.  Underground  basins  can  isolate  perceived 
nuisances  from  the  surface  environment;  the  sur- 
face then  can  be  reclaimed  for  aesthetic  or  eco- 
nomic uses.  Other  means  of  creating  subsurface 
cavities  for  storing  stormwater  are  large  perforated 
pipes  and  specially  manufactured  cylindrical  cham- 
bers. Basins  can  be  designed  and  constructed  so 
that  water  will  infiltrate  even  in  slowly  permeable 
soils.  These  basins  will  control  peak  flows  and 
need  not  generate  nuisances  of  mud,  mosquitoes,  or 
snakes.  They  can  be  elegantly  adapted  into  site 
plans  for  urban  developments.  (Mertz-PTT) 
W9 1-06228 


SWEET  CORN  YIELD  AND  TISSUE  METAL 
CONCENTRATIONS  AFTER  SEVEN  YEARS 
OF  SEWAGE  SLUDGE  APPLICATIONS. 

Oregon  State  Univ.,  Corvallis.  Agricultural  Exper- 
iment Station. 

G.  L.  Kiemnec,  D.  D.  Hemphill,  M.  Hickey,  T.  L. 
Jackson,  and  V.  V.  Volk. 

Journal  of  Production  Agriculture,  Vol.  3,  No.  2,  p 
232-237,  1990.  5  tab,  28  ref. 

Descriptors:  'Agricultural  engineering,  'Bioaccu- 
mulation,  'Corn,  'Heavy  metals,  'Land  applica- 
tion, 'Sludge  utilization,  'Trace  metals,  Cadmium, 
Fertilizers,  Leaves,  Lime,  Manganese,  Oregon, 
Plant  tissues.  Sulfates,  Zinc. 

The  amount  of  sewage  sludge  applied  to  land  is 
limited  by  Environmental  Protection  Agency 
(EPA)  recommendations  regarding  soil  pH  and 
cation  exchange  capacity  and  the  amount  of  Cd 
applied.  Sewage  sludges  from  Salem,  Portland,  and 
Rock  Creek,  Oregon,  were  added  to  a  moderately 
acid  Willamette  silt  loam  (fine-silty,  mixed,  mesic 
Pachic  Ultic  Argixeroll)  soil  in  a  field  experiment 
to  investigate  the  effects  of  multiple  applications  of 
sludges  with  differing,  low  metal  concentrations  on 
sweet  corn  (Zea  mays  L.)  yield  and  elemental 
concentration  in  leaf  and  kernel  tissue  and  how 
these  responses  compare  with  those  from  commer- 
cial N  fertilizer.  Ammonium  sulfate  (0,  100,  200, 
and  300  lb  N/acre)  and  sewage  sludge  (a  low  rate: 
approximately  200;  and  a  high  rate:  approximately 
400  lb  N/acre;  and  400  lb  N/acre  plus  lime)  were 
added  to  the  soil  annually  for  7  years.  Fresh  ear 
weight  was  taken  and  elemental  analyses  were 
conducted  in  Year  1,  2,  3,  and  7.  Higher  yields 
were  obtained  on  limed  plots  than  on  unlimed  plots 
at  the  high  sludge  rate  in  Year  7.  Six  out  of  nine 
sludge  treatments  had  higher  total  yields  than  200 
lb  N/acre  as  (NH4)2S04  in  Year  7.  Concentrations 
of  leaf  Cd,  Zn,  and  Mn  were  significantly  greater 
in  Year  7  than  in  Year  3  due  to  application  of 
sludge.  In  Year  7,  leaf  Cd  and  Zn  concentrations 
were  higher  in  corn  fertilized  with  sludge  than 
with  (NH4)2S04.  The  Zn,  Cd,  and  Mn  concentra- 
tions in  leaf  tissue  were  lower  than  without  lime 
addition.  Sludge  and  (NH4)2S04  treatments  had 
no  effect  on  kernel  Cd  concentration.  Only  Port- 


land sludge  applications  exceeded  EPA  recommen- 
dations (3  out  of  7  years).  All  sludges  were  satisfac- 
tory N  sources  for  sweet  corn  growth.  (Author's 
abstract) 
W9 1-06299 


ASSESSMENT  OF  THE  GENOTOXICTTY  OF 
PRODUCED  WATER  DISCHARGES  ASSOCI- 
ATED WITH  OIL  AND  GAS  PRODUCTION 
USING  A  FISH  EMBRYO  AND  LARVAL  TEST. 

Louisiana  State  Univ.,  Baton  Rouge.  Inst,  for  En- 
vironmental Studies. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06365 


PREVALENCE  OF  LEUKEMIA  IN  HEMO- 
LYMPH  OF  SOFT-SHELL  CLAMS,  MYA 
ARENARIA,  IN  DORCHESTER  BAY,  BOSTON 
HARBOR. 

Tufts  Univ.,  Boston,  MA.  School  of  Veterinary 

Medicine. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06373 


SOLID/LIQUID  SEPARATION:  WASTE  MAN- 
AGEMENT AND  PRODUCTIVITY  ENHANCE- 
MENT. 

For  primary  bibliographic  entry  see  Field  5D. 
W91-06421 


MECHANICAL  AND  THERMAL  TREATMENT 
OF  DREDGED  MATERIAL  TO  PRODUCE  CE- 
RAMIC PELLETS. 

Battelle-Inst.  e.V.,  Frankfurt  am  Main  (Germany, 
F.R.). 

H.  J.  Hampel,  P.  Mehrling,  and  H.  Kroening. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  213-226.  9  fig,  1 1  ref. 

Descriptors:  'Dewatering,  'Dredge  spoil,  'Dredg- 
ing wastes,  'Land  disposal,  'Spoil  banks,  'Waste 
disposal,  'Waste  treatment,  Centrifugation,  Separa- 
tion techniques,  Wastewater  treatment. 

Hill-shaped  deposition  and  the  optimization  of  me- 
chanical and  thermal  separation  of  dredged  materi- 
al (dewatering)  from  the  harbor  of  Hamburg  were 
examined  in  laboratory-scale,  pilot-plant-scale,  and 
field  experiments.  Partially  dewatered,  fine-grained 
material  is  deposited  in  stable  hill-shaped  land  de- 
posits. The  sand-free  and  partially  dewatered  fine- 
grained material  is  piled  up  in  slightly  inclined 
layers,  with  sand  layers  in  between.  The  hills  are 
provided  with  surface  covers  on  which  layers  of 
normal  soil  will  be  spread  and  where  trees  and 
plants  can  be  grown.  Mechanical  treatment  in- 
volves sand  recovery  by  screening  and  sorting  on  a 
fluidized-bed.  Various  units,  such  as  centrifuges, 
belt  presses,  and  high-intensity  pressure  filters 
were  tested  to  determine  the  optimum  dewatering 
process.  Pelletizing  and  thermal  treatment  experi- 
ments conducted  so  far  have  shown  that  the  physi- 
cal as  well  as  the  ecological  properties  of  the 
pellets  can  be  controlled  in  the  firing  process  and 
are  less  dependent  on  the  composition  or  contami- 
nation of  the  dredged  material.  The  dredged  mate- 
rial must  have  a  solids  content  of  at  least  50  weight 
percent.  The  Lurgi  traveling  grate  was  selected  for 
pellet  production  from  dredged  materials.  The  pel- 
lets were  found  suitable  as  concrete  agglomerate 
and  road-building  material.  (See  also  W91-06421) 
(Geiger-PTT) 
W91-06435 


SLUDGE  METAL  BIOAVAILABJXITY. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06448 


SLUDGE  ORGANICS  BIOAVAJXABJXITY. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Agronomy  and  Horticulture. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06449 
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Ultimate  Disposal  Of  Wastes— Group  5E 


USING  WASTE  MANAGEMENT  PRODUCTS 
AS  AN  ALTERNATIVE  TO  DEPLETING  NON- 
RENEWABLE FERTILIZER  SOURCES. 

Battelle  Columbus  Div.,  OH. 
R.  Velagaleti,  and  T.  McClure. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  417-427.  1  fig,  6  tab,  23  ref. 

Descriptors:  'Fertilizers,  »Land  application,  'Ni- 
trogen, 'Phosphorus,  'Potassium,  'Sludge  dispos- 
al, 'Sludge  utilization,  Crop  production,  Dewater- 
ing,  Food-processing  wastes,  Manure. 

The  raw  materials  for  the  manufacture  of  nitrogen, 
phosphorus,  and  potassium  fertilizers  are  non- 
renewable and  are  concentrated  in  few  geographi- 
cal regions  of  the  world.  The  manufacture  of  these 
fertilizers  is  a  highly  energy  intensive  process  that 
is  not  affordable  in  developing  nations.  Several 
waste  management  products  are  available  that 
could  be  used  as  sources  for  N,  P,  and  K.  Collect- 
ible manures  have  estimated  available  nitrogen, 
phosphorus  and  potassium  equivalent  to  19,  38,  and 
61%,  respectively  of  the  amounts  of  these  materi- 
als in  manufactured  commercial  fertilizers.  Almost 
all  wastes  from  food  processing  could  be  used  for 
fertilizing  agricultural  land.  Dewatering  methods 
are  needed  to  make  the  use  of  manures  and  food- 
processing  wastes  as  agricultural  fertilizers  less 
costly.  The  removal  of  water  and  concentration  of 
the  nutrients  in  sewage  and  sludge  effluents  by 
appropriate  technologies  will  facilitate  rapid  ex- 
pansion of  the  utilization  of  this  renewable  waste 
resource  for  agricultural  use.  (See  also  W9 1-06421) 
(Geiger-PTT) 
W9 1-06450 


lumbus,  Ohio.  1990.  p  439-454.  1  fig,  7  tab,  79  ref. 

Descriptors:  'Biodegradation,  'Cycling  nutrients, 
•Environmental  effects,  'Land  application,  'Path 
of  pollutants,  'Sludge  disposal,  Carbon,  DDT,  Ni- 
trogen, Pathogens,  Phosphorus,  Polychlorinated 
biphenyls.  Sulfur,  Trace  elements. 

The  long-term  environmental  effects  associated 
with  the  land  application  of  municipal  sludges 
were  studied  by  evaluating  how  the  sludge  con- 
stituents may  be  assimilated  in  the  soil  through 
biochemical  cycling  of  carbon,  nitrogen,  phospho- 
rus, and  trace  elements  and  by  reviewing  related 
experimental  data.  During  the  course  of  a  land 
application,  the  majority  of  sludge  constituents  are 
readily  assimilated  in  the  soils  through  the  bio- 
chemical cycles.  As  the  ability  of  the  biochemical 
cycles  to  accommodate  trace  metals  is  limited,  the 
trace  metals  invariably  accumulate  in  the  soil  layer 
where  the  sludges  are  mixed  and  will  be  present  in 
the  soil  essentially  indefinitely.  Because  of  their 
long  degradation  half-life  and  their  strong  adsorp- 
tion by  the  soils,  many  organic  chemicals  such  as 
DDT  and  polychlorinated  biphenyls  are  assimilat- 
ed into  the  C  cycle  at  a  very  slow  rate.  It  may  take 
as  long  as  40  to  75  years  for  >  99%  of  the  added 
chemicals  to  be  degraded.  With  time,  parasite  ova 
present  in  sludge  are  expected  to  be  inactivated. 
However,  because  these  ova  are  able  to  survive  the 
adverse  environmental  conditions,  the  sludge-treat- 
ed soils  may  remain  infectious  for  several  years 
after  the  termination  of  sludge  application.  (See 
also  W91-06421)  (Author's  abstract) 
W9 1-06452 


SEWAGE  SLUDGE  APPLICATION  TO  AGRI- 
CULTURAL LAND. 

Battelle  Memorial  Inst.,  Columbus,  OH. 

A.  R.  Gavaskar,  M.  F.  Arthur,  B.  W.  Cornaby,  G. 

B.  Wickramanayake,  and  T.  C.  Zwick. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  429-437.  3  tab,  9  ref. 

Descriptors:  'Land  application,  'Nitrogen,  'Nutri- 
ents, 'Path  of  pollutants,  'Phosphorus,  'Sludge 
disposal,  Agricultural  runoff,  Ammonia,  Crop  pro- 
duction, Heavy  metals,  Models,  Nitrates,  Patho- 
gens, Potassium. 

Application  of  sewage  sludge  to  agricultural  land 
has  the  advantage  of  providing  an  economical  dis- 
posal alternative  for  sludge,  in  addition  to  supply- 
ing plant  needs  of  nitrogen,  phosphorus,  and  potas- 
sium. Sludge  must  be  digested  to  reduce  the 
number  of  pathogens  before  land  application.  Nu- 
trient such  as  nitrogen  and  phosphorus  in  sludge 
intended  for  land  application  can  cause  pollution  of 
surface  waters  and  groundwater  during  agricultur- 
al runoff.  With  careful  management  of  sludge  ap- 
plication rates,  many  potential  problems  can  be 
avoided.  The  annual  sludge  application  rate  can  be 
based  on  the  nitrogen  requirements  for  a  specific 
crop  because  nitrogen  is  the  major  plant  nutrient 
available  in  sludge.  A  sludge  application  model 
was  developed  for  some  of  the  major  crop-produc- 
ing states  based  on  total-N,  Ammonia-N,  and  ni- 
trate-N  inputs  which  were  assumed  to  remain  con- 
stant. Two  conditions  for  slope  of  the  land  (0-3% 
and  3-6%)  and  two  types  of  application  (surface 
and  incorporated)  were  included  in  the  model.  Soil 
types  used  in  the  model  are  coarse,  medium,  and 
fine-textured.  The  percentage  of  land  in  a  second- 
order  stream  watershed  that  can  receive  surface- 
applied  sludge  was  also  determined  for  various 
states  and  state  regions  based  on  runoff  calculated 
by  the  universal  soil  loss  equation.  (See  also  W91- 
06421)  (Geiger-PTT) 
W91-06451 


LONG-TERM  ENVIRONMENTAL  EFFECTS 
ASSOCIATED  WITH  LAND  APPLICATION  OF 
MUNICIPAL  SLUDGES:  A  REVIEW. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 
A.  C.  Chang,  and  A.  L.  Page. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 


WASTE   MINIMIZATION    AND    RECYCLING 
WITH  MEMBRANE  FILTER  PRESSES. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Newark,  DE. 
Engineering  Dept. 

For  primary  bibliographic  entry  see  Field   5D. 
W9 1-06459 


EMERGING   TECHNOLOGIES   IN   HAZARD- 
OUS WASTE  MANAGEMENT. 

Georgia  Inst,  of  Tech.,  Atlanta. 

For  primary  bibliographic  entry  see  Field   5G. 

W9 1-06655 


EMERGING  TECHNOLOGIES  FOR  HAZARD- 
OUS WASTE  MANAGEMENT:  AN  OVERVIEW. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Chemi- 
cal Engineering. 

For  primary  bibliographic  entry  see  Field   5D. 
W9 1-06656 


FACTORS  INFLUENCING  MOBILITY  OF 
TOXIC  METALS  IN  LANDFILLS  OPERATED 
WITH  LEACHATE  RECYCLE. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 
Engineering. 

J.  P.  Gould,  W.  H.  Cross,  and  F.  G.  Pohland. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
267-291,  15  fig,  4  tab,  5  ref.  EPA  Cooperative 
Agreement  CR-812158. 

Descriptors:  'Hazardous  wastes,  'Heavy  metals, 
•Landfills,  'Leachates,  'Path  of  pollutants,  'Waste 
disposal,  Cadmium,  Chromium,  Domestic  wastes, 
Lead,  Mercury,  Migration,  Mobility,  Nickel, 
Sludge,  Sorption,  Sulfates,  Sulfides,  Toxic  wastes, 
Zinc. 

Ten  simulated  landfill  columns  containing  shred- 
ded municipal  refuse  were  operated  for  over  three 
years.  Five  were  operated  in  the  conventional 
single-pass  mode  while  the  other  five  were  operat- 
ed with  leachate  containment  and  recycle.  Sludges 
containing  an  array  of  toxic  metals  (Cd,  Cr,  Ni, 
Hg,  Pb,  Zn)  were  added  to  three  columns  at  low, 
moderate,  and  high  levels.  The  concentrations  in 
the  leachate  of  these  metals  was  monitored  along 
with  other  parameters  such  as  pH,  sulfide,  sulfate, 
and  chloride.  It  was  found  that  a  broad  range  of 
mechanisms  limited  the  mobility  of  the  metals  in 
the  leachates.  The  chemical  mechanisms  included 
direct  reduction  to  the  element  (Hg),  precipitation 


by  reductively  generated  sulfide  (Cd,  Zn,  Pb,  Ni), 
and  precipitation  by  sulfate,  in  the  case  of  lead, 
during  the  acid  phase.  Acid  phase  attenuation  of 
zinc,  cadmium  and  nickel  suggested  either  the  op- 
eration of  physical  sorptive  mechanisms  or  the 
impact  of  localized  regions  of  alkaline  conditions 
within  the  columns  associated  with  the  codisposed 
metal  sludges  themselves.  The  fact  that  all  ob- 
served processes  had  the  effect  of  reducing  metal 
mobilities  suggests  that  municipal  solid  waste  has  a 
capacity  for  minimizing  the  mobility  of  toxic 
metals.  This  might  be  used  to  great  advantage  in 
conjunction  with  a  judicious  program  of  codispo- 
sal  of  metal  processing  waste  residues  with  domes- 
tic refuse.  (See  also  W91-06655)  (Author's  abstract) 
W9 1-06671 


SORPTTVE  BEHAVIOR  OF  SELECTED  OR- 
GANIC POLLUTANTS  CODISPOSED  IN  A 
MUNICIPAL  LANDFILL. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Civil 
Engineering. 

D.  R.  Reinhart,  J.  P.  Gould,  W.  H.  Cross,  and  F. 
G.  Pohland. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  4 
fig,  6  tab,  24  ref.  EPA  Cooperative  Agreement 
CR-812158-01. 

Descriptors:  'Hazardous  wastes,  'Landfills,  'Or- 
ganic compounds,  'Path  of  pollutants,  'Waste  dis- 
posal, Benzenes,  Lipids,  Naphthalenes,  Phenols, 
Plastics,  Sediments,  Soil  contamination,  Sorption. 

The  impact  of  organic  compound  characteristics, 
leachate  components,  and  the  solid  waste  matrix 
on  the  fate  of  selected  organic  compounds  codis- 
posed with  municipal  refuse  was  evaluated.  Test 
compounds  included  dibromomethane,  trichlor- 
oethene,  1,4-dichlorobenzene,  2-nitrophenol,  nitro- 
benzene, 2,4-dichlorophenol,  1,2,4-trichloroben- 
zene,  naphthalene,  and  gamma-hexachlorocyclo- 
hexane.  Bench  top  tests  were  employed  to  charac- 
terize the  sorption  process.  Equilibrium  sorbed  and 
solution  concentrations  for  nine  test  compounds 
were  linearly  related,  with  the  coefficient  of  linear- 
ity well  correlated  with  the  octanol/water  parti- 
tion coefficient.  The  sorption  partition  coefficients 
normalized  to  carbon  content  were  comparable  to 
coefficients  measured  for  similar  hydrophobic 
compounds  on  soils  and  sediments.  The  majority  of 
refuse  sorption  of  hydrophobic  test  compounds 
was  found  to  occur  on  low  energy  surfaces  such  as 
lipids  and  plastics.  The  affinity  of  the  refuse  for 
organic  compounds  enhances  the  assimilative  ca- 
pacity of  the  landfill  and  affords  opportunity  for 
more  complete  degradation  of  these  constituents. 
(See  also  W91-06655)  (Author's  abstract) 
W9 1-06672 


ENERGY  WASTE  STABILIZATION  TECH- 
NOLOGY FOR  USE  IN  ARTIFICIAL  REEF 
CONSTRUCTION. 

Florida  Inst,  of  Tech.,  Melbourne.  Dept.  of  Chemi- 
cal and  Environmental  Engineering. 
C.  S.  Shieh,  I.  W.  Duedall,  E.  H.  Kalajian,  and  F. 
J.  Roethal. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
328-344,  3  fig,  6  tab,  38  ref. 

Descriptors:  'Aquatic  habitats,  'Artificial  reefs, 
•Electric  power  industry,  *Waste  disposal,  •Waste 
stabilization,  *Waste  utilization,  Coal  ash,  Coloni- 
zation, Rue-gas  sludge,  Incineration  ash,  Marine 
organisms,  Oil  ash. 

Stabilization  methodology  has  been  applied  in 
recent  years  to  a  variety  of  energy  wastes,  such  as 
coal  ash,  flue-gas  desulfurization  sludge,  oil  ash, 
and  incineration  ash.  The  primary  purpose  of  the 
research  has  been  to  develop  and  evaluate  stabi- 
lized waste  materials  that  can  be  used  for  the 
construction  of  artificial  reefs.  The  methodology 
involves  mixing  granular  solid  wastes  with  chemi- 
cal additives,  fabrication  of  the  reef  block,  fol- 
lowed by  curing  at  a  constant  temperature  for  a 
period  of  time,  so  that  a  solid  block  is  produced. 


193 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5E — Ultimate  Disposal  Of  Wattes 


.; 

■; 

■i 


li 


:  - 

t  : 

t.; 
QQ 

=3 


The  stabilized  energy  waste  blocks  should  have  the 
following  characteristics:  a  minimum  strength  of 
2000  kPa,  remain  stability  on  the  sea  floor,  minimal 
surface  erosion,  minimal  leaching  of  metals,  suit- 
ability as  a  settling  base  for  biological  colonization, 
and  economical  feasibility.  On-going  monitoring 
programs  over  a  number  of  years  have  been  de- 
signed to  demonstrate  the  environmental  feasibility 
of  the  stabilization  technology.  To  date,  the  reef 
blocks  fabricated  using  particulate  energy  wastes 
have  maintained  their  physical  and  chemical  integ- 
rity in  the  marine  environment  without  causing 
adverse  effects  on  marine  organisms.  Colonization 
of  marine  organisms  occurs  rapidly  on  the  surface 
of  the  stabilized  waste  blocks.  No  significant  differ- 
ences in  settlement  density  have  been  found  be- 
tween the  reefs  composed  of  stabilized  energy 
blocks  and  those  composed  of  concrete  blocks. 
(See  also  W9 1-06655)  (White-Reimer-PTT) 
W9 1-06674 


TREATMENT  AND  DISPOSAL  OPTIONS  FOR 
A  HEAVY  METALS  WASTE  CONTAINING 
SOLUBLE  TECHNETIUM-99. 

Oak  Ridge  Gaseous  Diffusion  Plant,  TN. 

For  primary  bibliographic  entry  see  Field   5D. 

W9 1-06675 


PEPTIDE   SYNTHESIS   WASTE   REDUCTION 
AND  RECLAMATION  OF  DICHLOROMETH- 

ANE. 

Rockefeller  Univ.,  New  York. 

For  primary  bibliographic   entry   see   Field   5D. 

W9 1-06677 


LAND  AND  LIQUH)  DISPOSAL  BANS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Solid  Waste. 
S.  Weil,  and  M.  Kidwell. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  1-11,  3  tab. 

Descriptors:  'Environmental  policy,  'Hazardous 
waste  disposal,  'Hazardous  wastes,  'Land  dispos- 
al, 'Legislation,  'Waste  disposal,  Environmental 
protection.  Permits,  Regulations,  Standards,  Waste 
storage,  Waste  treatment. 

The  Hazardous  and  Solid  Waste  Amendments 
(HSWA)  to  the  Resource  Conservation  and  Re- 
covery Act  (RCRA)  were  enacted  on  November 
8,  1984.  Among  other  things,  these  far-reaching 
amendments  require  EPA  to  evaluate  all  hazardous 
wastes  according  to  a  strict  schedule  to  determine 
whether  land  disposal  of  these  wastes  is  protective 
of  human  health  and  the  environment.  For  wastes 
that  are  restricted  from  land  disposal,  the  amend- 
ments require  EPA  to  set  levels  or  methods  of 
treatment  which  substantially  diminish  a  waste's 
toxicity  or  reduce  the  likelihood  that  a  waste's 
hazardous  constituents  will  migrate.  Beyond  speci- 
fied dates,  restricted  wastes  which  do  not  meet  the 
treatment  standards  are  prohibited  from  land  dis- 
posal. A  review  of  the  restrictions  and  treatment 
requirements  is  presented.  Topics  covered  include: 
(1)  treatment  standards;  (2)  variances  and  exten- 
sions; (3)  treatment  requirements  for  surface  im- 
poundment exemption;  (4)  prohibitions  on  dilution; 
(5)  storage  prohibitions;  (6)  the  permit  program;  (7) 
testing  and  record  keeping;  (8)  treatment  standards 
for  dioxins;  and  (9)  information  requirements.  (See 
also  W9 1-06678)  (White-Reimer-PTT) 
W9 1-06679 


WASTE  MINIMIZATION  LIABILITY  ISSUES. 

Latham  and  Watkins,  Los  Angeles,  CA. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-06680 


SOURCE  REDUCTION-PARTS  CLEANING. 

Parker  and  Amchem,  Ambler,  PA. 
E.  A.  Rodzewich. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  37-43. 

Descriptors:  'Cleaning,  'Hazardous  waste  dispos- 
al,  'Hazardous  wastes,   'Solvents,   Air  pollution 


control,  Chlorinated  hydrocarbons,  Cleaning  mate- 
rials, Halogenated  organic  compounds,  Hydrocar- 
bons, Operating  policies,  Regulations,  Waste  re- 
duction. 

The  use  of  solvents  for  parts  cleaning  and  some  of 
the  measures  being  taken  by  industry  to  reduce  or 
eliminate  solvents  are  discussed.  Source  reduction 
of  solvents  can  occur  in  several  ways:  (1)  through 
complete  elimination  of  solvents;  (2)  through  re- 
duction of  the  absolute  quantity  of  solvents  to  the 
minimum;  or  (3)  through  the  use  of  operational 
procedures  such  as  counterflow  mechanics  to  con- 
trol solvent  use.  The  possibility  and  probability  of 
using  any  of  these  techniques  for  source  reduction 
depends  to  a  great  extent  on  the  degree  of  cleanli- 
ness required  and  on  the  type  of  surface  or  combi- 
nations of  surfaces  to  be  cleaned.  The  most  com- 
monly used  solvents  for  parts  cleaning  are  the 
aromatic  and  aliphatic  hydrocarbons,  ketones, 
esters,  butyl  cellosolve,  and  various  halogenated 
types  such  as  methylene  chloride  or  perchlorethy- 
lene.  These  are  very  effective  for  removing 
greases,  fats,  and  waxes  from  metal,  glass,  and 
plastic  surfaces.  The  halogenated  solvents  such  as 
methylene  chloride  are  exceptional  as  paint  strip- 
pers. With  the  increased  knowledge  of  the  harmful 
effects  of  exposure  to  a  large  number  of  solvents 
and  the  increased  number  of  regulations  governing 
solvent  emissions  and  air  quality,  there  is  a  shifting 
away  from  solvent  usage  in  cleaners.  Recently, 
high  solid  formulations  have  been  developed  and 
sold  commercially.  These  products  perform  as  well 
as  the  solvent-based  products,  and  they  possess 
several  advantages  over  the  solvent-based  materi- 
als such  as  non-flammability,  10  to  20%  greater 
coverage,  and  no  restriction  as  to  the  construction 
of  spray  guns.  (See  also  W9 1-06678)  (White- 
Reimer-PTT) 
W9 1-06682 


SOLVENT  WASTE  MINIMIZATION  BY  THE 
COATINGS  INDUSTRY. 

PPG  Industries,  Inc.,  Pittsburgh,  PA. 
N.  H.  Frick,  and  G.  W.  Gruber. 
IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy  Review   No.    193.   Noyes   Publications,   Park 
Ridge,  New  Jersey.  1990.  p  44-47,  2  tab. 

Descriptors:  'Chemical  industry,  'Coatings,  'En- 
vironmental protection,  'Hazardous  materials, 
'Solvents,  'Waste  reduction,  Aesthetics,  Corro- 
sion, Polymers,  Safety,  Waste  disposal. 

The  reasons  for  solvent  use  in  coatings  is  examined 
by  looking  at  product  requirements  along  with 
recent  actions  being  taken  by  coatings  manufactur- 
ers, application  equipment  manufacturers,  and  end 
users  to  reduce  solvent  usage.  Coatings  can  be 
broadly  defined  as  decorative  and/or  functional 
materials  which  are  applied  to  the  surface  of  an 
object.  Corrosion  protection  is  one  reason  for 
using  coatings.  Other  reasons  are  aesthetics,  dura- 
bility, chemical  resistance,  flexibility,  and  adhesion. 
Early  coatings  were  essentially  all  solvent-reduced 
products  from  natural  products  such  as  lacquer, 
coal  tar,  and  oils.  New  synthetic  polymers  used  in 
coatings  include  epoxies,  acrylics,  fluorocarbons, 
polyesters,  urethanes,  and  polyamides.  Reduction 
and  elimination  of  solvents  in  coatings  has  recently 
become  a  priority.  In  addition  to  environmental 
safety,  solvent  reduction  or  elimination  can  im- 
prove product  safety  through  reduced  chemical 
exposure  and  flammability.  Recent  advances  in 
coatings  technology  include  high  solids  coatings, 
water  reducible  coatings,  powder  coatings,  100 
percent  reactive  coatings,  electrodeposition,  and 
application  efficiency  improvements.  (See  also 
W9 1-06678)  (White-Reimer-PTT) 
W9 1-06683 


WHAT  TO  DO  WITH  HAZARDOUS  WASTE: 
REGULATIONS,  MANAGEMENT,  AND  DIS- 
POSAL. 

RECRA  Environmental,  Inc.,  Amherst,  NY. 
For  primary  bibliographic   entry   see   Field   5G. 
W9 1-06684 


WASTE    REDUCTION    FOR    CHLORINATED 
SOLVENTS  USERS. 


Dow  Chemical  U.S.A.,  Midland,  MI. 

For  primary   bibliographic   entry  see   Field   5D. 

W9 1-06685 


ON-SITE  REUSE  AND  RECYCLE  OF  SOL- 
VENTS. 

Salvesen  (Robert  H.)  Associates,  Red  Bank,  NJ. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-06686 


COMMERCIAL  (OFF-SLTE)  SOLVENT  RECLA- 
MATION. 

Solvent  Resource  Recovery,  Inc.,  West  Carrolton, 

OH. 

For  primary  bibliographic  entry  see  Field   5D. 

W91-06687 


MAKING  THE  MOST  OF  BOTTOMS  AND  RE- 
SIDUALS. 

Dames  and  Moore,  San  Francisco,  CA. 

For  primary  bibliographic   entry  see   Field   5D. 

W9 1-06688 


TREATMENT:  SOLVENT  WASTESTREAMS. 

Salvesen  (Robert  H.)  Associates,  Red  Bank,  NJ. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-06689 


TREATMENT  OF  SPENT  SOLVENT 
WASTEWATERS:  FOCUS  ON  CHANGING  EC- 
ONOMICS. 

Versar,  Inc.,  Springfield,  VA. 

For  primary  bibliographic  entry  see  Field   5D. 

W9 1-06690 


INFLUENCE  OF  IRRIGATION  WITH  PULP 
AND  PAPER  MILL  EFFLUENT  ON  SOIL 
CHEMICAL  AND  MICROBIOLOGICAL  PROP- 
ERTIES. 

Tamil     Nadu     Agricultural     Univ.,     Coimbatore 

(India).  Dept.  of  Agricultural  Economics. 

K.  Kannan,  and  G.  Oblisami. 

Biology  and  Fertility  of  Soils  BFSOEE,  Vol.  10, 

No.  3,  p  197-201,  1990.  7  tab,  27  ref. 

Descriptors:  'Industrial  wastewater,  'Irrigation  ef- 
fects, 'Pulp  wastes,  'Soil  chemistry,  'Soil  orga- 
nisms, 'Wastewater  irrigation,  Microorganisms, 
Monitoring,  Nutrients,  Organic  carbon.  Population 
density,  Sodium,  Soil  properties,  Sugarcane. 

A  study  was  conducted  on  the  impact  of  irrigation 
with  pulp  and  paper  mill  effluent  on  soil  chemical 
and  microbiological  properties.  Irrigation  of  sugar- 
cane crops  with  combined  pulp  and  paper  mill 
effluent  increased  soil  pH,  organic  carbon  (C), 
nitrogen,  phosphorus,  and  potassium  levels.  Over  a 
period  of  15  years  effluent  applications  increased 
exchangeable  sodium  by  4.5  fold  compared  with 
control  soil  (well  water  irrigated),  which  ultimate- 
ly elevated  the  sodium  adsorption  ratio  of  the  soils. 
The  combined  effluent  irrigation  increased  the  soil 
populations  of  bacteria,  actinomycetes,  fungi,  rhi- 
zobia,  and  yeasts.  The  populations  of  soil  microor- 
ganisms were  higher  after  IS  years  of  effluent 
treatment;  these  populations  were  directly  propor- 
tional to  soil  organic  carbon  and  to  the  available 
nutrient  status  of  the  soils.  Regular  monitoring  of 
microflora  showed  a  considerable  change  in  the 
populations  from  one  sampling  month  to  another. 
Soil  samples,  including  the  control,  collected  in 
May  (summer)  showed  maximum  counts  of  bacte- 
ria, fungi,  rhizobia,  and  yeasts.  (Author's  abstract) 
W9 1-06788 


LAND  APPLICATIONS:  ITS  EFTECJTVENESS 
IN  PURIFICATION  OF  URBAN  AND  INDUS- 
TRIAL WASTEWATERS  IN  LA  MANCHA, 
SPAIN. 

Universidad  de  Alcala  de  Henares,  Madrid  (Spain). 
Dept.  of  Geology. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-06799 
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Water  Treatment  and  Quality  Alteration — Group  5F 


EARTHWORM  AND  SOIL  MICROARTHRO- 
POD  RESPONSES  TO  OILY  WASTE  APPLICA- 
TION- 

Niagara  Mohawk  Power  Corp.,  Syracuse,  NY. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06962 


COLOR  CHANGES  OF  ORGANIC  WASTES 
DURING  COMPOSTING  AND  MATURATION 
PROCESSES. 

Centro  de  Edafologia  y  Biologia  Aplicada  del 

Segura,  Murcia  (Spain). 

C.  Garcia,  T.  Hernandez,  and  F.  Costa. 

Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  2,  p 

243-250,  1990.  4  fig,  4  tab,  10  ref. 

Descriptors:  *Analytical  methods,  •Composting, 
•Land  disposal,  'Optical  properties,  'Organic 
wastes,  'Soil  amendments,  'Waste  disposal,  Anaer- 
obic conditions,  Carbon,  Chemical  properties,  Col- 
orimetry,  Microorganisms,  Plant  growth,  Sludge, 
Soil  organisms,  Statistical  analysis,  Wastewater 
analysis. 

When  composts  are  applied  to  the  soil  before  com- 
plete maturity  they  have  a  negative  effect  on  the 
crops  because  soil  microorganisms  and  plants  com- 
pete for  the  nitrogen.  Also,  extremely  anaerobic 
conditions  are  often  created  and  plant  growth  is 
retarded.  The  changes  in  the  degree  of  lightness  of 
different  organic  residues  were  examined  because 
these  residues  become  darker  during  the  compost- 
ing and  maturation  processes.  Color  changes  of 
different  mixtures  of  sewage  sludge  or  city  refuse 
during  the  composting  and  maturation  processes 
were  investigated  by  applying  the  method  of  meas- 
urement for  the  color  of  the  materials  based  on  the 
CIE  1931  Standard  Colorimetric  System.  Optical 
density  changes  of  the  alkaline  extracts  from  the 
samples  during  these  processes  were  also  deter- 
mined. The  stimulus  value  Y  and  Munsell  notation 
value  decreased  rapidly  during  the  first  65  days  of 
piling  and  then  reached  a  constant  value.  While 
organic  wastes  were  rotting  and  maturing,  the 
stimulus  value  Y  and  the  water-soluble  C/N 
(WSC/N)  ratio  equally  decreased.  A  positive  cor- 
relation between  the  stimulus  value  Y  and  the 
WSC/N  ratio  with  a  correlation  coefficient  of 
0.631  (p=0.001)  was  observed.  Correlation  coeffi- 
cients between  the  stimulus  value  Y  and  C/N  ratio 
were  not  significant.  Optical  density  of  the  alkaline 
extracts  from  the  different  samples  increased 
during  the  piling  period  and  remained  nearly  con- 
stant during  the  maturation  process.  It  was  con- 
cluded that  constant  values  of  absorbance/extract- 
able  C  indicate  a  good  maturity  degree  of  the 
composts.  (Author's  abstract) 
W9 1-06971 


METHOD  FOR  MONITORING  THE  DECOM- 
POSITION PROCESS  IN  SOIL  OF  ORGANIC 
WASTEWATERS  WITH  HIGH  STRENGTH 
AND  LOW  C/N  RATIO. 

Tokyo  Inst,  of  Tech.  (Japan).  Research  Lab.  of 

Resources  Utilization. 

M.  Hirai,  T.  Endo,  K.  Fujie,  M.  Shoda,  and  H. 

Kubota. 

Soil  Science  and  Plant  Nutrition,  Vol.  36,  No.  3,  p 

397-408,  1990.  4  fig,  6  tab,  16  ref. 

Descriptors:  'Analytical  methods,  'Carbon,  'De- 
composition, 'Nitrogen,  'Organic  wastes, 
•Wastewater  disposal,  Animal  wastes,  Chromatog- 
raphy, Composting,  Effluents,  Japan,  Municipal 
wastes,  Quantitative  analysis,  Sludge  disposal,  Soil 
types,  Wastewater  analysis,  Wastewater  irrigation. 

The  use  of  gel  chromatography  of  the  water  ex- 
tract from  solid  compost  samples,  such  as  sewage 
sludge,  municipal  waste,  livestock  manure,  and 
plant  residues  to  monitor  compost  maturity  was 
evaluated.  The  decomposition  processes  in  soils  of 
four  kinds  of  high  strength  organic  wastewaters, 
such  as  squeezed  fluid  of  pig  manure  (SPM), 
bonito  processing  wastewater  (BPW),  effluents 
from  methane  fermentation  of  squeezed  fluid  of  pig 
manure  (EMP),  and  from  bonito  processing 
wastewater  (BPW)  were  analyzed  by  the  gel  chro- 
matography method  and  the  Komatsuna  72  h  seed- 
ling test.  SPM  and  BPW,  and  their  effluents  from 
methane  fermentation  were  studied  in  pot  experi- 


ments in  a  model  case  of  land  application  of  organ- 
ic wastewaters  with  high  strength  and  low  C/N 
ratio.  Kanagawa  alluvial  soil  (upland  soil)  and  Ka- 
goshima  volcanic  ash  soil  (upland  soil)  were  used. 
The  stabilization  period  of  these  four  wastewaters 
in  Kanagawa  soil  determined  by  gel  chromatogra- 
phy was  14  days  for  an  effluent  from  methane 
fermentation  of  bonito  processing  wastewater 
(EMB),  21  days  for  EMP  and  BPW,  and  28  days 
for  SPM.  Stabilization  of  all  wastewaters  occurred 
1  week  later  in  the  Kanagawa  soil  than  in  the 
Kagoshima  soil.  In  spite  of  apparent  stabilization, 
inhibition  of  the  growth  of  a  72  h  seedling  of 
Komatsuna  (Brassica  campestris  L.  var.  rapifera- 
froug)  was  observed  in  EMB  due  to  the  accumula- 
tion of  NOs-N  especially  in  the  oligotrophy  Kan- 
agawa soil.  In  this  case,  monitoring  of  stabilization 
was  achieved  by  both  gel  chromatography  of  a 
1:2.5  water  extract  of  the  wastes  and  soil  mixtures 
and  the  use  of  a  Merckoquant  Nitrite  Test  strip  for 
the  detection  and  semiquantitative  analysis  of  N02 
ion.  (Agostine-PTT) 
W9 1-06978 


POLLUTANTS  IN  SODL,  PARTICULARLY 
HEAVY  METALS  AND  HARMFUL  ORGANIC 
SUBSTANCES,  AFTER  YEARLY  USAGE  OF 
MUNICIPAL  WASTES  (SCHADSTOFFE  IM 
BODEN  INSBESONDERE  SCHWERMETALLE 
UND  ORGANISCHE  SCHADSTOFFE  AUS 
LANGJAHRIGER  ANWENDUNG  VON  SIED- 
LUNGSABFALLEN). 

Landwirtschaftliche    Untersuchungs-    und    Fors- 
chungsanstalt,  Speyer  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07040 


5F.  Water  Treatment  and 
Quality  Alteration 


CHARACTERIZING  SURFACE  WATERS  THAT 
MAY  NOT  REQUIRE  FILTRATION. 

Environmental    Protection    Agency,    Cincinnati, 

OH.  Drinking  Water  Research  Div. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-05959 


EVALUATING  THE  PERFORMANCE  OF 
SLOW  SAND  FILTERS  IN  NORTHERN 
IDAHO. 

Idaho    Div.    of   Environmental    Quality,    Coeur 

d'Alene. 

S.  A.  Tanner,  and  J.  E.  Ongerth. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.   12,  p  51-61,  December 

1990.  8  fig,  4  tab,  14  ref. 

Descriptors:  'Drinking  water,  'Giardia,  'Idaho, 
•Sand  filters,  'Water  treatment,  'Water  treatment 
facilities,  Fecal  coliforms,  Heterotrophic  bacteria, 
Turbidity,  Water  quality,  Water  quality  control, 
Water  quality  standards. 

Three  slow  sand  filter  plants  in  northern  Idaho 
were  examined  to  determine  the  quality  of  per- 
formance and  their  ability  to  provide  effective 
water  treatment  for  their  respective  communities. 
During  the  one-year  study,  the  plants  were  sam- 
pled weekly  for  measurement  of  turbidity,  total 
(TC)  and  fecal  (FC)  coliforms  and  heterotrophic 
plate  count  (HPC).  Samples  were  also  analyzed  for 
Giardia  cysts  and  particulates.  Turbidities  aver- 
aged from  0.2  to  0.5  ntu,  with  values  exceeding  1.0 
ntu  only  10  to  15  %  of  the  time.  Bacteria  concen- 
trations in  the  raw  water  were  also  low,  with 
average  TC  levels  from  10  to  30/mL,  average  FC 
levels  <  1/100  mL  and  average  HPC  levels  from 
50  to  100/mL  Overall,  relative  to  treated-water 
requirements  (maximum  containment  levels),  each 
plant  had  predominantly  acceptable  performance. 
Data  from  Giardia  cyst  analysis  and  particle  counts 
indicate  each  of  these  filters  provided  some,  but 
not  complete,  protection  against  Giardia  transmis- 
sion. The  need  for  operator  education  and  greater 
surveillance  by  regulatory  personnel  was  evident 
for  the  maintenance  and  operational  deficiencies 
noted  at  the  filter  plants.  (Feder-PTT) 
W9 1-05960 


ANALYZING  BIOFILM  PROCESSES  USED  IN 
BIOLOGICAL  FILTRATION. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

B.  E.  Rittmann. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  12,  p  62-66,  December 

1990.  2  tab,  4  fig,  16  ref. 

Descriptors:  'Aerobic  treatment,  'Ammonium, 
•Biofilms,  'Biological  filters,  'Biological  treat- 
ment, 'Drinking  water,  'Iron,  'Manganese,  'Nitri- 
fication, 'Organic  compounds,  'Sand  filters,  'Sul- 
fides, 'Water  pollution  treatment,  'Water  treat- 
ment. 

This  study  analyzes  the  kinetics  of  aerobic  filters 
used  for  nitrification  and  oxidation  of  biodegrada- 
ble organic  material.  A  mechanistic  biofilm  model 
is  applied  through  the  use  of  four  fundamental 
parameters  and  normalized  learning  curves.  For 
nitrification,  large-granule  beds  are  used  success- 
fully with  fluxes  of  up  to  0.38  kg  NH(4+)N(-)/ 
1000  sq  m  day,  which  is  similar  to  the  loading  used 
in  waste-water  nitrification.  Fluidized  beds  and 
slow  sand  beds  are  operated  at  much  lower  fluxes 
(up  to  0.032  and  0.003  kg  NH(4+)N(-)/1000  sq  m 
day,  respectively),  which  clearly  correspond  to  the 
low-load  region  of  the  normalized  curve.  For  oxi- 
dation of  biodegradable  organic  material,  all  fluxes 
used  successfully  in  drinking  water  treatment  ar  20 
or  more  times  lower  than  for  biofilm  processes 
used  in  wastewater  treatment.  The  highest  flux  was 
0.14  kg  COD/1000  sq  m  day  for  an  aerated  pozzo- 
lana  bed;  loads  to  fluidized  beds  and  slow  sand 
filters  were  approximately  10  and  100  times  small- 
er. These  low  loads  reflect  the  need  to  remove 
biodegradable  organic  material  to  as  close  to  the 
minimum  substrate  concentration  that  is  capable  of 
sustaining  a  steady-state  biofilm,  as  possible  in 
drinking  water.  (Author's  abstract) 
W9 1-05961 


DIATOMACEOUS  EARTH  FILTRATION  OF 
CYSTS  AND  OTHER  PARTICULATES  USING 
CHEMICAL  ADDITIVES. 

Camp,  Dresser  and  McKee,  Inc.,  Cambridge,  MA. 

P.  F.  Schuler,  and  M.  M.  Ghosh. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.  12,  p  67-75,  December 

1990.    8   fig,   6   tab,    14   ref.    PADER   Contract 

ME86561. 

Descriptors:  'Diatomaceous  earth,  'Disinfection, 
•Drinking  water,  *Filtration,  *Water  treatment, 
Alum,  Coagulation,  Coliforms,  Giardia,  Pennsyl- 
vania, Surface  water,  Turbidity. 

Diatomaceous  earth  (DE)  filtration  was  evaluated 
for  removal  of  Giardia  muris,  Cryptosporidium, 
turbidity  and  conform  bacteria  from  a  surface 
water.  The  effect  of  cationic  polymers  and  alum  on 
this  removal  was  also  investigated.  All  filtration 
experiments  were  conducted  using  the  surface 
water  at  Shingletown,  Pa.  At  naturally  occurring 
concentrations,  DE  filters  can  remove  100%  of 
Giardia  muris  cysts  and  99.9%  of  Cryptosporidium 
oocysts.  The  removal  of  Cryptosporidium  was  fur- 
ther improved  by  using  alum.  The  addition  of 
chemical  coagulants  increased  the  removal  of  total 
coliform  bacteria  from  20%  to  more  than  97%. 
Chemical  coagulants  enhanced  the  removal  of  tur- 
bidity by  removing  more  of  the  particles  that  were 
smaller  than  3  micrograms  in  size.  The  amount  of 
turbidity  removed  was  directly  related  to  the 
dosage  of  the  chemical.  The  use  of  chemical  floc- 
culants  reduced  the  length  of  filter  runs,  even  for 
low-turbidity  waters,  because  of  higher  head 
losses.  (Feder-PTT) 
W9 1-05962 

COAGULATION  PRETREATMENT  FOR  UL- 
TRAFILTRATION OF  A  SURFACE  WATER. 

V.  L.  Turcaud,  M.  R.  Wiesner,  J.  Y.  Boltero,  and 
J.  Mallevialle. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.  12,  p  76-81,  December 
1990.  7  fig,  1  tab,  23  ref.  National  Science  Founda- 
tion Grant  BCS-8909722. 
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Descriptors:  •Chemical  coagulation,  'Drinking 
water,  •Pretreatment  of  water,  •Ultrafiltration, 
•Water  treatment,  Dissolved  organic  carbon, 
Membrane  processes,  Ozonation,   Surface  water. 
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Polysulfone  ultrafiltration  membranes  were  used  to 
treat  water  from  the  Seine  River,  France  with  and 
without  coagulation  pretreatment.  Pretreatment 
with  polyaluminum  or  ferric  chloride  coagulant 
reduced  the  rate  of  reversible  fouling  and  increased 
the  removal  of  dissolved  organic  carbon  (DOC) 
but  did  not  reduce  the  rate  or  extent  of  irreversible 
fouling  of  the  membrane.  Seine  River  water  that 
had  been  treated  by  coagulation,  filtration  and 
ozonation,  i.e.,  tap  water,  also  produced  significant 
irreversible  fouling.  Most  of  the  DOC  in  flocculat- 
ed Seine  River  water  and  tap  water  consisted  of 
polysaccharide  materials  of  low  molecular  weight. 
Irreversible  fouling  may  be  due  to  the  adsorption 
of  these  materials  on  membrane  surfaces.  (Author's 
abstract) 
W9 1-05963 


ULTRAFILTRATION  OF  LAKE  WATER: 
EFFECT  OF  PRETREATMENT  ON  THE  PAR- 
TITIONING OF  ORGAN1CS,  THMFP,  AND 
FLUX. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

J.  M.  Laine,  M.  M.  Clark,  and  J.  Mallevialle. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  82,  No.   12,  p  82-87,  December 

1990.  4  fig,  2  tab,   14  ref.  USEPA  Cooperative 

Agreement  EPACR8 12582. 

Descriptors:  'Activated  carbon,  'Dissolved  solids, 
•Flocculation,  •Trihalomethanes,  •Ultrafiltration, 
•Water  treatment,  Coagulation,  Fluctuations, 
Lakes,  Membrane  processes,  Pretreatment  of 
water,  Turbidity. 

Pretreatment  processes  consisting  of  various  com- 
binations of  coagulation-flocculation  and  pow- 
dered activated  carbon  (PAC)  adsorption  were 
evaluated  for  use  in  ultrafiltration  (UF)  of  Lake 
Decatur,  IL  water.  Permeate  quality  was  judged 
on  the  basis  of  the  removal  of  nonpurgeable  organ- 
ic carbon  (NPOC),  ultraviolet-light-absorbing 
compounds,  turbidity  and  trihalomethane  (THM) 
precursors.  The  development  of  permeate  flux  and 
the  flux  recovery  after  backwash  were  also  moni- 
tored and  modeled  with  the  series  resistance 
model.  It  was  shown  that  for  ultrafiltration  to  be 
effective  in  removing  nonpurgable  organic  carbon 
(NPOC)  and  THM  precursors,  pretreatment  with 
PAC  is  required.  Coagulation  treatment  before  UF 
also  results  in  the  removal  of  more  organic  matter 
than  by  UF  alone  but  appears  to  be  more  impor- 
tant in  conditioning  the  filter  cake  and  enhancing 
flux.  (Author's  abstract) 
W9 1-05964 


PERFORMANCE  AND  ANALYSIS  OF  TRACER 
TESTS  TO  DETERMINE  COMPLIANCE  OF  A 
DISINFECTION  SCHEME  WITH  THE  SWTR. 

East  Bay  Municipal  Utility  District,  Oakland,  CA. 
S.  M.  Teefy,  and  P.  C.  Singer. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  82,  No.   12,  p  88-98,  December 
1990.  12  fig,  8  tab,  7  ref. 

Descriptors:  'Disinfection,  •Drinking  water, 
•Water  treatment,  Chlorine,  Giardia,  Performance 
evaluation,  Time  series  analysis,  Tracers,  Water 
analysis,  Water  quality  standards,  Water  treatment 
facilities. 

The  Surface  Water  Treatment  Rule  (SWTR)  con- 
tains tables  of  disinfectant  CT  (concentration  x 
time)  values  that  have  been  demonstrated  to 
achieve  the  required  degree  of  inactivation  of  vi- 
ruses and  Giardia  cysts.  If  the  CT  product  for  a 
water  treatment  plant  meets  or  exceeds  those  in  the 
SWTR  tables,  it  is  assumed  this  inactivation  has 
been  achieved.  The  objective  of  this  study  was  to 
compare  two  methods  for  calculating  C  and  T. 
Tracer  tests  were  conducted  to  characterize  the 
behavior  of  flow  through  the  process  units  of 
water  treatment  plants.  Tracer  tests  have  been 
demonstrated  to  be  a  very  effective  method  of 
characterizing  the  behavior  of  flow  through  proc- 


ess units  in  water  treatment  plants.  Residence  time 
distributions  can  be  used  to  describe  flow  behavior 
and  develop  and  calibrate  reactor  models  that 
closely  approximate  the  behavior  of  the  real  tanks. 
Effective  CT  values  calculated  based  on  the  resi- 
dence time  distribution  and  the  kinetics  of  chlorine 
decay,  indicated  that  a  substantial  margin  of  safety 
in  the  degree  of  pathogen  inactivation  is  built  into 
the  SWTR  under  the  most  conservative  interpreta- 
tion. (Feder-PTT) 
W9 1-05965 


NETWORK  MANAGEMENT--THE  BRADFORD 
EXPERIENCE. 

Yorkshire  Water  Authority  (England).  Western 
Div. 

R.  P.  Whitaker,  C.  D.  Newsome,  and  M.  R. 
Parvin. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
410-421,  October  1990.  5  fig,  1  ref. 

Descriptors:  'Computer  models,  'England, 
•Water  conservation,  'Water  demand,  'Water  dis- 
tribution, 'Water  resources  management,  'Water 
supply,  Digital  map  data,  Leakage,  Network 
design,  Telemetry,  Yorkshire. 

The  concept  of  network  management  in  the  West- 
ern Division  of  Yorkshire  Water  and  its  implemen- 
tation in  the  Bradford  area  is  examined,  together 
with  the  role  played  by  an  integrated  staff.  Net- 
work management  represents  the  program  for  the 
integration  of  individual  initiatives,  with  one 
common  base-the  management  of  water  supply 
and  distribution.  Network  management  is  an  inte- 
gration of:  network  analysis;  leakage  control;  pres- 
sure control;  total  water  audit;  source  balancing/ 
optimization;  telemetry;  asset  management  plan- 
ning; and  digital  mapping/facilities  management. 
Network  management  was  implemented  in  the 
Bradford  area  using  the  GINAS  suite  of  network- 
analysis  which  allowed  the  accurate  modeling  of 
the  distribution  and  trunk  mains  by  the  creation  of 
a  number  of  large,  dynamic,  calibrated  models. 
These  models  have  enabled  several  optimization 
strategies  to  be  developed  with  confidence  and 
have  facilitated  the  planning  and  implementation  of 
district  metering  comprising  81  zones  and  serving 
192,000  properties.  The  use  of  a  battery-powered, 
full-bore,  buriable  electromagnetic  flow  meter  was 
pioneered  and  allowed  a  cost  saving  over  the  tradi- 
tional district  meter  installation.  Indications  of  the 
meter's  long-term  reliability,  acuracy,  and  low 
maintenance  requirements  are  very  encouraging. 
(Feder-PTT) 
W9 1-05967 


DRINKING  WATER  DIRECITVE  AND  PRO- 
POSED WATER  SUPPLY  (WATER  QUALITY) 
REGULATIONS  FOR  SCOTLAND. 

Strathclyde  Regional  Council,  Glasgow  (Scot- 
land). Water  Dept. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-05974 


CHEMICAL  ASPECTS  OF  WATER  QUALITY 
AND  HEALTH. 

R.  F.  Packham. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
484-488,  October  1990.  21  ref. 

Descriptors:  'Drinking  water,  'Public  health, 
•Trace  elements,  'Water  quality,  'Water  quality 
standards,  Aluminum,  Asbestos,  Fluorides,  Lead, 
Nitrates,  Organic  compounds,  Pesticides,  Pollut- 
ants, Sodium. 

During  the  last  two  decades  there  has  been  an 
information  explosion  on  the  nature  of  trace  chemi- 
cal contaminants  in  drinking  water.  Some  of  the 
substances  found  at  microgram/liter  levels  and 
below  are  potentially  harmful  to  health,  although 
firm  evidence  of  adverse  effects  at  these  levels  is 
lacking.  As  a  precautionary  measure,  limits  have 
been  and  are  being  set  for  an  increasing  number  of 
chemicals  in  drinking  water.  Those  set  for  trace 
organic  compounds  are  normally  based  on  toxico- 
logical  data,  with  substantial  safety  factors  to  make 


allowance  for  uncertainties.  This  contrasts  with  the 
more  marginal  safety  factors  involved  in  some 
older  limits  such  as  that  for  lead.  There  is  a  need 
for  a  proper  perspective  on  the  minute  risks  associ- 
ated with  chemical  contaminants,  such  as  alumi- 
num, asbestos,  disinfection  by-products,  water 
hardness,  lead,  nitrate  and  pesticides,  in  compari- 
son with  the  major  bacteriological  hazards  associ- 
ated with  inadequate  disinfection.  (Author's  ab- 
stract) 
W9 1-05976 


WATER  TREATMENT  FOR  HEALTH  HAZ- 
ARDS. 

R.  G.  Ainsworth. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
489-493,  October  1990.  1  fig,  25  ref. 

Descriptors:  'Giardia,  'Nitrates,  'Organic  sol- 
vents, 'Pesticides,  'Public  health,  'Volatile  organ- 
ic compounds,  'Water  treatment,  Adsorption,  Aer- 
ation, Biological  treatment,  Filtration,  Ion  ex- 
change, Reverse  osmosis,  Sand  filters. 

The  performance  of  treatment  processes  is  re- 
viewed for  the  removal  of  five  potential  contami- 
nants of  water  supplies:  pesticides;  volatile  organic 
solvents,  nitrates,  Cryptosporidium  oocysts,  and 
Giardia  cysts.  Adsorption  on  activated  carbon  can 
be  used  for  pesticide  removal,  but  more  informa- 
tion is  required  to  assist  in  selection  and  operation. 
Treatment  methods  for  removing  volatile  organic 
solvents  are  restricted  to  aeration  or  adsorption 
processes.  Nitrate  removal  can  be  accomplished 
through  use  of  the  following  technologies:  biologi- 
cal denitrification;  ion  exchange;  reverse  osmosis 
through  a  membrane;  and  electrodialysis  through  a 
membrane.  Physicochemical  treatment  can  remove 
Giardia,  but  optimization  and  control  are  critical 
factors.  Information  available  on  the  effects  of 
physicochemical  treatment  on  oocyst  removal  is 
limited.  One  study  of  slow  sand  filters  reported 
removal  efficiencies  of  99.98%.  More  information 
is  required  on  the  performance  of  the  coagulation/ 
sedimentation  and  filtration  processes  on  oocyst 
removal.  Ozone  is  more  effective  than  chlorine  for 
inactivating  both  Cryptosporidium  and  Giardia 
that  have  penetrated  the  treatment  works.  (Feder- 
PTT) 
W9 1-05977 


CHLORINATED  DRINKING  WATER  AND 
BLADDER  CANCER:  EFFECT  OF  MISCLASSI- 
FICATION  ON  RISK  ESTIMATES. 

Iowa  Univ.,  Oak  dale.  Dept.  of  Preventative  Medi- 
cine and  Environmental  Health. 
C.  F.  Lynch,  R.  F.  Woolson,  T.  O'Gorman,  and  K. 
P.  Cantor. 

Archives  of  Environmental  Health  AEHLAU, 
Vol.  44,  No.  4,  p  252-259,  July/August  1989.  5  tab, 
21  ref.  EPA  Grant  CR806301,  National  Cancer 
Institute  Contract  N01CP43200,  Public  Health 
Service  Preventive  Oncology  Academic  Award  1 
K07  CA  1181-01  At  and  National  Cancer  Institute 
Research  Grant  CA39065. 

Descriptors:  'Bladder  cancer,  'Chlorination, 
•Drinking  water,  'Error  analysis,  'Risk  assess- 
ment, 'Water  treatment,  Chlorination  exposure, 
Human  diseases,  Iowa,  Mathematical  models,  Mis- 
classification,  Regression  analysis. 

Data  are  presented  from  the  Iowa  portion  of  the 
National  Bladder  Cancer  Case-Control  Study  dem- 
onstrating the  effect  of  misclassification  on  de- 
pressing odds  ratio  estimates  for  years  of  exposure 
to  chlorinated  drinking  water  and  bladder  cancer. 
Four  methods  of  quantifying  chlorination  exposure 
with  sequentially  decreasing  degrees  of  misclassifi- 
cation are  presented  for  the  268  bladder  cancer 
cases  and  658  population-based  controls  fulfilling 
criteria  for  inclusion  in  this  study.  Twenty-eight 
other  risk  factors  for  bladder  cancer  were  consid- 
ered along  with  chlorinated  drinking  water  expo- 
sure estimated  by  Method  4.  Stepwise  regression 
models  included  as  significant  factors  cigarette 
smoking  (p  <  .001),  chlorination  exposure  (p  = 
.038),  and  irradiation  to  pelvic  area  (p  =  .040). 
Replacement  of  chlorinated  drinking  water  expo- 
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sure  estimated  by  Method  4  with  any  of  the  re- 
maining three  methods  resulted  in  models  that 
included  cigarette  smoking  and  irradiation  to  the 
pelvic  area,  but  not  chlorination  exposure.  Thus, 
misclassification  of  chlorination  exposure  signified 
the  difference  between  observing  and  not  observ- 
ing an  association  with  bladder  cancer.  This  type 
of  error  is  common  in  environmental  epidemiology 
studies  and  its  presence  indicates  that  a  result  of  no 
association  for  an  environmental  exposure  must  be 
interpreted  with  caution,  particularly  if  the  poten- 
tial exists  for  random  misclassification  of  the  expo- 
sure variable.  Analytical  studies  dealing  with  envi- 
ronmental exposures  suspected  of  being  associated 
with  an  adverse  health  outcome  should  involve  as 
extensive  a  quantification  of  the  exposure  as  feasi- 
ble. (Medina-PTT) 
W9 1-05982 


DRINKING  WATER  FLOURIDATION  AND 
OSTEOSARCOMA. 

Alberta  Univ.,  Edmonton.  Environmental  and  Oc- 
cupational Health  Program. 
S.  E.  Hrudey,  C.  L.  Soskolne,  J.  Berkel,  and  S. 
Fincham. 

Canadian  Journal  of  Public  Health  CJPEA4,  Vol. 
81,  No.  6,  p  415-416,  November/December  1990.  3 
tab,  5  ref. 

Descriptors:  'Canada,  *Cancer,  *Drinking  water, 
♦Epidemiology,  'Fluoridation,  •Human  diseases, 
Alberta,  Bioassay,  Laboratory  methods,  Public 
health,  Toxicology. 

Media  reports  beginning  in  late  1989,  concerning 
results  from  a  U.S.  National  Toxicology  Program 
bioassay  on  rats  exposed  to  sodium  fluoride  in 
drinking  water,  have  rekindled  the  debate  over  the 
safety  of  fluoridated  water.  The  bioassay  which  led 
to  this  furor  showed  the  occurrence  of  osteosar- 
coma among  male  rats  at  the  two  highest  fluoride 
doses  (4  out  of  80  exposed  to  79  mg/L  and  1  out  of 
50  exposed  to  45  mg/L).  No  osteosarcoma  was 
found  in  any  of  the  controls  or  among  female  rats. 
The  two  major  cities  in  the  province  of  Alberta, 
Canada,  have  had  different  policies  on  fluoridation 
of  drinking  water  and  provided  an  opportunity  to 
compare  the  incidence  of  osteosarcoma.  Edmonton 
adopted  fluoridation  in  1967,  while  Calgary  had 
not  accepted  fluoridation  until  it  was  passed  in  a 
municipal  referendum  in  the  fall  of  1989.  Data 
compared  on  these  two  cities  failed  to  reveal  any 
difference,  or  any  apparent  trend  over  time  in  the 
incidence  of  osteosarcoma.  Because  of  the  relative- 
ly crude  nature  of  the  evaluation,  the  lack  of 
apparent  differences  does  not  preclude  the  exist- 
ence of  subtle  differences.  However,  the  most  rele- 
vant aspect  of  these  data  for  the  concerned  public 
is  perhaps  the  low  overall  incidence  of  osteosar- 
coma in  either  city.  To  further  demonstrate  con- 
sistency in  the  lack  of  any  association,  an  analysis 
of  the  provincial  impact  of  osteosarcoma  revealed 
no  difference  between  urban  and  rural  rates. 
Cancer  risk,  at  worst,  is  extremely  low.  It  is  con- 
cluded that  there  is  no  link  between  fluoridation 
and  osteosarcoma  among  Albertans.  (Medina- 
PTT) 
W9 1-05993 


genie  and  comutagenic  effects  of  pesticides  and 
their  interaction  with  other  chemical  species  found 
in  water  are  presently  a  major  concern.  There  is  a 
need  for  new  analytical  methods  suitable  for  detec- 
tion of  metabolites,  in  addition  to  pesticide  residues 
at  sensitivities  required  by  government  standards. 
Potential  toxicological  interactions  due  to  environ- 
mental pollution,  or  to  occupational  exposure  to 
pesticides  and/or  other  chemicals,  likewise,  cannot 
be  ignored.  Other  problems  considered  are  those 
related  to  the  water  purification  processes  and  to 
water  contamination  by  pesticide  synthesis  byprod- 
ucts or  intermediates.  These  problems  are  signifi- 
cant because  of  their  impact  on  human  health. 
(Medina-PTT) 
W91-05995 


HETEROTROPHIC  PLATE  COUNTS  AND 
THE  ISOLATION  OF  BACTERIA  FROM  MIN- 
ERAL WATERS  ON  SELECTIVE  AND  EN- 
RICHMENT MEDIA. 

Coimbra  Univ.  (Portugal).  Dept.  de  Zoologia. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06005 


WATER  QUALITY  AND  HEALTH. 

World    Health    Organization,    Geneva    (Switzer- 
land). Div.  of  Environmental  Health. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-06060 


FOCUS  ON  TOXICOLOGICAL  ASPECTS  OF 
PESTICIDE  CHEMICAL  INTERACTION  IN 
DRINKING  WATER  CONTAMINATION. 

Milan  Univ.  (Italy).  1st.  di  Farmacologia  e  Farma- 

cognosia. 

D.  Cova,  G.  P.  Molinari,  and  L.  Rossini. 

Ecotoxicology       and       Environmental       Safety 

EESADV,  Vol.  20,  No.  3,  p  234-240,  December 

1990.  3  tab,  29  ref. 

Descriptors:  'Carcinogens,  'Drinking  water, 
•Drinking  water  pollution,  •Literature  review, 
•Mutagens,  'Pesticide  toxicity,  *Synergistic  ef- 
fects, "Toxicology,  'Water  pollution  effects,  Ana- 
lytical methods,  Byproducts,  Metabolites,  Pesticide 
residues,  Public  health,  Water  quality  standards, 
Water  treatment. 

Toxicological  aspects  related  to  chemical  and  mi- 
crobial degradation  of  pesticides  in  water  and  to 
products  derived  from  the  interaction  with  xeno- 
biotics  found  in  water  are  reviewed.  Cocarcino- 


CURRENT  SITUATION  AND  PROBLEMS  OF 
JAPANESE  INTERNATIONAL  COOPERA- 
TION IN  THE  FIELD  OF  WATER  SUPPLY 
AND  WASTE  MANAGEMENT. 

Ministry  of  Health  and  Welfare,  Tokyo  (Japan). 
Water  Supply  and  Environmental  Sanitation  Dept. 
For  primary  bibliographic  entry  see  Field  6E. 
W9 1-06062 

PROVINCIAL  WATER  SUPPLY  IN  THAILAND 
AND  THE  WATER  DECADE. 

Waterworks  Authority,  Bangkok  (Thailand).  Plan- 
ning Div. 

W.  Lowatanatrakul. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  223-228,  1991.  4  tab,  2  ref. 

Descriptors:  'Developing  countries,  'Thailand, 
•Water  quality  control,  *Water  supply,  *Water 
treatment,  Financing,  Public  health,  Waste  man- 
agement, Water  management. 

In  order  to  comply  with  the  International  Drink- 
ing Water  Supply  and  Sanitation  Decade  Plan 
(1981-1990),  the  Thai  government  set  up  a  target 
that  by  the  year  1990  not  less  than  95%  of  the  Thai 
population,  or  more  than  50  million  persons,  will 
be  served  with  clean  water,  compared  with  40%  at 
the  outset  of  the  Decade.  However,  in  1985,  due  to 
several  constraints,  the  Provincial  Waterworks 
Authority  (PWA)  revised  its  own  target  to  cover 
only  about  70%  by  the  end  of  1990.  In  1988  it  was 
estimated  that  about  2.883  million  people  in  PWA's 
service  areas  or  about  58.0%  can  be  served  by 
PWA's  systems.  If  the  population  in  service  areas 
increases  by  2.5%  per  year,  PWA  has  to  increase 
the  number  of  connections  at  the  rate  of  12.62% 
per  year  for  the  remaining  two  years  of  the 
Decade  in  order  to  meet  the  70%  coverage  target 
in  1990.  A  budget  of  about  7.485  million  baht  (US 
$229  million)  was  allocated  in  FY  1980-89  for  the 
expansion  of  water  supply  systems  and  services.  It 
was  estimated  that  the  budget  in  1990  should  not 
be  less  than  1,950  million  baht  if  the  same  target  is 
to  be  accomplished.  At  any  rate,  there  are  still 
many  constraints  that  could  hamper  the  achieve- 
ment, such  as  inadequate  water  resources  both  in 
terms  of  quantity  and  quality  (due  largely  to  defor- 
estation and  pollution  from  human  activities),  inad- 
equate manpower  and  equipment,  inadequate 
budget,  and  inadequate  tariff,  since  the  present 
tariff  only  covers  operating  expenditures  but  not 
capital  investments.  (Author's  abstract) 
W9 1-06063 


WATER  SUPPLY  AND  SANITATION 
DECADE). 

Vizgazdalkodasi  Tudomanyos  Kutato  Intezet,  Bu- 
dapest (Hungary). 
P.  Benedek. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  229-235,  1991.  2  fig,  1  tab,  6  ref. 

Descriptors:  *Developing  countries,  *International 
commissions,  'Water  quality  control,  'Water  treat- 
ment, Deforestation,  Financing,  Waste  manage- 
ment, Water  management,  Water  supply. 

Widespread  concern  to  ensure  safe  water  and  sani- 
tary disposal  of  excreta  and  waste  water  for  com- 
munities, households  and  individuals  all  over  the 
world  and  particularly  in  developing  countries  led 
to  the  designation  of  the  past  decade  (1981-1990) 
by  the  United  Nations  General  Assembly  as  Inter- 
national Drinking  Water  Supply  and  Sanitation 
Decade.  International  organizations  and  other  ex- 
ternal support  agencies  were  requested  to  intensify 
their  cooperation  with  developing  countries  in 
planning,  implementing  and  monitoring  water 
supply  and  sanitation  programs.  Problems  include 
surface  water  pollution  from  pathogens,  chemicals, 
and  excess  nutrients,  shallow  aquifer  pollution 
from  waste  disposal  and  agricultural  practices,  and 
natural  pollution.  Implementation  of  water  treat- 
ment programs  and  waste  treatment  programs  in 
developing  countries  is  hindered  by  cost,  availabil- 
ity of  resources,  and  the  level  of  expertise  required 
to  operate  the  programs.  Future  deterioration  of 
water  quality  in  developing  countries  is  a  conse- 
quence of  increased  industrial  production,  rapid 
increase  in  water  use  (particularly  groundwater), 
deforestation,  and  the  destruction  of  natural  filter 
systems  such  as  wetlands.  (Tappert-PTT) 
W9 1-06064 


WATER   QUALITY   AND  HEALTH  (REVIEW 
OF      THE      INTERNATIONAL      DRINKING 


DEVELOPMENT  OF  DRINKING  WATER 
QUALITY  SURVEILLANCE  IN  MALAYSIA. 

Ministry  of  Health,  Kuala  Lumpur  (Malaysia).  En- 
gineering Services  Div. 
W.  K.  Lum. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  237-241,  1991.  1  fig. 

Descriptors:  'Malaysia,  'Water  quality  control, 
'Water  supply,  'Water  treatment,  Public  health, 
Sanitation,  Waste  management,  Water  manage- 
ment. 

Under  Malaysia's  constitution  water,  water  sup- 
plies, and  sanitation  are  State  matters  and  responsi- 
bilities while  public  health  and  the  prevention  of 
disease  are  concurrent  State  and  Federal  matters. 
Almost  95%  of  the  urban  population  and  71%  of 
the  rural  population  are  served  by  sanitary  water 
supplies.  The  need  for  the  development  of  a  na- 
tional program  for  surveillance  of  drinking  water 
quality  in  Malaysia  was  identified  in  a  country- 
wide survey  on  drinking  water  quality  surveillance 
problems  in  1983.  The  program  was  needed  to 
define  organizational  responsibilities,  functions, 
procedures,  activities  and  follow-up  remedial  ac- 
tions. The  program  was  planned  based  upon 
WHO'S  'Guidelines  for  Drinking  Water  Quality' 
(draft  1983),  taking  into  consideration  the  survey 
findings,  and  implemented  with  reasonable  success 
within  the  constraints  of  existing  levels  of  man- 
power, facility  and  budgetary  resources.  It  is  be- 
lieved that  the  quality  of  raw  water  sources  will 
deteriorate  further  with  increasing  urbanization 
and  development.  The  success  of  the  national  pro- 
gram for  drinking  water  quality  surveillance  has 
been  its  ability  to  bring  together  various  depart- 
ments and  agencies  related  to  the  provision  of 
drinking  water  in  a  cooperative  effort  without  the 
need  to  enforce  any  laws  or  regulations.  The  future 
will  see  the  improvement  of  the  program  through 
the  use  of  computers,  improved  laboratory  facili- 
ties, better  management,  improved  data  manage- 
ment, and  wider  geographical  coverage.  (Tappert- 
PTT) 
W9 1-06065 


HEAVY  METAL  REMOVAL  USING  BOUND 
MACROCYCLES. 

Brigham    Young    Univ.,    Provo,    UT.    Dept.    of 
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Chemistry. 

R.  M.  Izatt,  R.  L.  Bruening,  and  M.  B.  Borup. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  301-308,  1991.  8  fig,  1  tab,  8  ref. 

Descriptors:  'Alkali  metals,  'Alkaline  earth 
metals,  'Heavy  metals,  'Macrocycles,  'Silica, 
•Water  treatment.  Cadmium,  Cations,  Lead,  Mer- 
cury, Silver,  Solvents. 

Cyclic  polyether  macrocycles  have  been  shown  to 
selectively  remove  certain  metal  ions  from  solvents 
such  as  water  and  methanol.  Aza  macrocycles 
bound  to  silica  gel  beads  were  found  to  selectively 
remove  heavy  metal  cations  such  as  Pb(2  +  ), 
Cd(2  +  ),  Ag(  +  ),  and  Hg(2  +  )  from  aqueous  solu- 
tions. These  bound  macrocycles  have  a  virtually 
infinite  selectivity  of  binding  with  heavy  metals 
over  alkali  and  alkaline  earth  cations.  The  material 
is  very  stable  and  can  be  reused  hundreds  of  times. 
Columns  may  be  regenerated  using  an  acidic  eluent 
solution.  Equilibrium  constants  were  determined 
by  column  tests.  Removal  of  heavy  metals  was 
demonstrated  in  bench  scale  tests  using  a  synthetic 
contaminated  water  and  in  pilot  scale  tests  using  a 
naturally  contaminated  river  water.  Heavy  metal 
concentrations  could  be  effectively  reduced  to  the 
microgram  per  liter  level  using  the  process.  (Tap- 
pert-PTT) 
W9 1-06072 


REMOVAL  OF  CHLOROPHENOLS  FROM 
WATER  BY  PHOTOCATALYTIC  OXIDATION. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

J.  M.  Tseng,  and  C.  P.  Huang. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  377-387,  1991.  7  fig,  2  tab,  34  ref. 

Descriptors:  'Catalysis,  'Chlorophenols,  'Oxida- 
tion, 'Photochemistry,  'Wastewater  treatment, 
•Water  treatment,  Catalysts,  Chemical  reactions, 
Hydrogen  ion  concentration,  Kinetics,  Titanium 
dioxide,  Ultraviolet  radiation. 

The  photocatalyst  titanium  dioxide,  upon  irradia- 
tion with  ultraviolet  light,  produces  electrons  and 
positive  holes.  The  positive  holes  are  strong  oxida- 
tion agents  that  can  oxidize  organic  compounds 
such  as  chlorophenol  to  mineral  acids  e.g.  HC1  and 
C02.  Factors  such  as  pH,  chlorophenol  concentra- 
tion, concentration  of  Ti02,  and  inorganic  electro- 
lytes that  may  affect  the  oxidation  of  chlorophenol 
were  investigated.  The  rate  of  chlorophenol  oxida- 
tion follows  a  first-order  reaction  with  respect  to 
the  chlorophenol  concentration  and  independent  of 
pH.  The  rate  increases  with  concentration  of  Ti02, 
reaches  a  maximum  level  at  3  g/1,  then  decreases 
to  a  constant  value  upon  further  increases  in  Ti02. 
Increasing  the  degree  of  chlorination  appears  to 
increase  the  extent  and  the  rate  of  oxidation.  For 
mono-chlorophenols  the  extent  of  oxidation  is  as 
follows:  4-chloro  is  greater  than  3-chloro,  which  is 
greater  than  2-chlorophenol.  For  dichloro phenols, 
the  order  is:  2,6-dichloro  is  approximately  equal  to 
2,5-dichloro,  which  is  greater  than  2,4-dichloro, 
which  is  approximately  equal  to  2,3-dichloro- 
phenol.  For  symmetrical  chlorophenols,  the  oxida- 
tion increases  in  this  order:  4-chloro  is  greater  than 
2,5-dichloro,  which  is  greater  than  2,4,6-trichloro- 
phenol.  Pentachlorophenol  is  rapidly  decomposed 
but  the  extent  of  oxidation  is  not  complete.  (Au- 
thor's abstract) 
W9 1-06080 


TOXORHYNCHITES  AMBOINENSIS  LARVAE 
RELEASED  IN  DOMESTIC  CONTAINERS 
FAH.  TO  CONTROL  DENGUE  VECTORS  IN  A 
RURAL  VILLAGE  IN  CENTRAL  JAVA. 

Naval  Medical  Research  Unit  No.  2,  Manila  (Phil- 
ippines). 

B.  Annis,  S.  Nalim,  Hadisuwasono,  Widiarti,  and 
D.  T.  Boewono. 

Journal  of  the  American  Mosquito  Control  Asso- 
ciation JAMAET,  Vol.  6,  No.  1,  p  75-78,  March 
1990.  2  fig,  1  tab,  8  ref. 

Descriptors:  'Biocontrol,  'Domestic  water, 
•Human  diseases,  *Java,  'Mosquitoes,  'Public 
health,  'Rural  areas,  'Toxorhynchites,  'Water 
tanks,    Adult    growth    stage,    Cisterns,    Growth 


stages,  Habitats,  Larval  growth  stage,  Monitoring, 
Water  storage. 

The  efficacy  of  Toxorhynchites  amboinensis  larvae 
for  control  of  dengue  vectors  in  household  water 
storage  containers  was  tested  in  a  rural  village  in 
Central  Java,  Indonesia.  Concrete  cisterns  and  clay 
jars  were  the  most  common  types  of  containers 
used  for  long-term  water  storage,  although  smaller 
numbers  of  metal  drums  were  also  used.  All  con- 
tainers in  use  in  the  village  received  5  to  10 
second-instar  to  third-instar  T.  amboinensis  larvae 
biweekly  for  7  months.  Vector  surveillance  (adult 
and  larval)  was  conducted  biweekly  between  treat- 
ments. No  differences  in  biting  rates  or  larval 
population  indices  were  noted  between  the  treat- 
ment and  control  areas.  It  is  hypothesized  that  the 
multiplicity  of  larval  habitats  in  this  rural  area 
accounted  for  the  lack  of  impact  of  predator  re- 
leases, which  were  directed  solely  toward  artificial 
containers.  (Author's  abstract) 
W91-06121 


DRINKING  WATER  MICROBIOLOGY: 
PROGRESS  AND  RECENT  DEVELOPMENTS. 

Springer-Verlag,  New  York,  Inc.,  New  York. 
1990.  502p.  Edited  by  Gordon  A.  McFeters. 

Descriptors:  'Bacteria,  'Drinking  water,  'Human 
pathogens,  'Microbiological  studies,  'Pollutant 
identification,  'Viruses,  'Water  treatment,  Labora- 
tory methods,  Microbial  transport,  Microorga- 
nisms, Monitoring,  Pathogenic  bacteria,  Pathogen- 
ic viruses,  Statistical  methods,  Water  quality. 

The  microbiology  of  drinking  water  remains  an 
important  worldwide  concern  despite  modern 
progress  in  science  and  engineering.  This  book  was 
written  to  provide  individuals  that  deal  with  water 
quality  with  a  single  source  of  information  con- 
cerning recent  advances.  Most  of  the  findings  pre- 
sented have  been  generated  in  laboratory  and  field 
studies  during  the  past  10  to  15  years.  The  book  is 
organized  into  five  parts.  Part  1  deals  with  the 
microbiology  of  source  water,  and  Part  2  discusses 
the  microbiology  of  drinking  water  treatment. 
Both  of  these  sections  address  issues  relevant  to 
conditions  in  and  technologies  appropriate  for  both 
industrialized  and  developing  countries,  such  as 
activated  carbon  treatment  and  filtration.  Part  3 
includes  chapters  concerning  the  distribution  of 
drinking  water,  and  Part  4  deals  with  the  occur- 
rence and  control  of  important  pathogenic  orga- 
nisms such  as  giardia,  Cryptosporidium,  Yersinia 
entercolitica,  Legionella,  enteropathogenic  bacte- 
ria and  viruses.  Finally,  part  5  deals  with  microbio- 
logical and  statistical  methods  used  to  monitor 
water  quality.  (See  W91-06195  thru  W91-06217) 
(VerNooy-PTT) 
W91-06194 


MICROBIOLOGICAL  QUALITY  OF  SOURCE 
WATERS  FOR  WATER  SUPPLY. 

Environmental    Protection    Agency,    Cincinnati, 

OH. 

E.  E.  Geldreich. 

IN:  Drinking  Water  Microbiology:  Progress  and 

Recent     Developments.     Springer-Verlag     New 

York,  Inc.,  New  York.  1990.  p  3-31,  1  fig,  21  tab, 

82  ref. 

Descriptors:  'Drinking  water,  'Human  pathogens, 
•Microbiological  studies,  'Water  pollution 
sources,  'Water  quality,  'Water  quality  control, 
•Water  treatment,  Bacteria,  Literature  review, 
Microorganisms,  Pathogenic  bacteria,  Potable 
water,  Raw  water. 

The  greatest  impact  of  water  pollution  on  human 
health  comes  through  drinking  water,  the  source 
of  which  may  be  degraded  by  municipal  sewage, 
stormwater  runoff,  cattle  feedlot  drainage,  and  dis- 
charges from  meat  and  poultry  processing  plants. 
Groundwater  used  (by  an  estimated  60  million 
people),  as  untreated  private  to  marginally  treated 
public  supplies,  is  not  always  free  of  these  surface 
water  contaminants.  In  fact  contaminated  ground- 
water supplies  were  responsible  for  over  50%  of 
the  waterborne  outbreaks  during  the  period  1940 
to  1970.  While  water  treatment  technology  can 
successfully   process  poor  quality  source   waters 


containing  in  excess  of  2000  fecal  coliforms  per  100 
mg,  producing  potable  water  that  meets  the  ac- 
cepted drinking  water  standards,  there  is  serous 
concern  that  the  barrier  to  microbial  breakthrough 
in  the  finished  water  may  be  dangerously  small. 
Any  momentary  break  in  the  treatment  chain 
could  allow  substantial  levels  of  microorganisms  to 
enter  the  final  product,  i.e.,  potable  water.  For  this 
reason,  multiple  barriers  to  pollution  are  necessary 
as  an  additional  safeguard  to  prevent  a  break- 
through of  pathogens  into  potable  water  supplies. 
These  barriers  include  collection  and  treatment  of 
all  wastes,  limiting  treated  effluent  loading  to  re- 
ceiving waters  to  that  accumulative  discharges  do 
not  exceed  the  self-purification  capacity  of  the 
individual  body  of  water,  and  appropriate  water 
treatment  to  insure  adequate  consumer  protection 
from  any  public  health  risk.  (See  also  W9 1-06 194) 
(VerNooy-PTT) 
W91-06195 


TROPICAL  SOURCE  WATER. 

Savannah  River  Lab.,  Aiken,  SC  Environmental 

Sciences  Div. 

T.  C.  Hazen,  and  G.  A.  Toranzos. 

IN:  Drinking  Water  Microbiology:  Progress  and 

Recent     Developments.     Springer-Verlag     New 

York,  Inc.,  New  York.  1990.  p  32-53,  5  tab,  90  ref. 

Descriptors:  'Bioindicators,  *Human  pathogens, 
•Microbiological  studies,  'Tropical  regions, 
•Water  pollution  sources,  'Water  quality,  'Water 
supply,  'Water  treatment,  Clostridium,  Coliforms, 
Developing  countries,  Drinking  water,  Escherichia 
coli,  Fecal  streptococcus.  Literature  review, 
Microorganisms,  Monitoring,  Pathogenic  bacteria, 
Reviews,  Water  quality  control,  Water  quality 
standards. 

Source  water  quality  in  most  tropical  areas  differs 
from  that  of  temperate  areas  in  three  major  ways: 
physical  and  chemical;  biological;  and  social  and 
economic.  Physical  differences  include  water  tem- 
peratures, thermal  stratification  of  reservoirs  and 
lakes  due  to  small  seasonal  temperature  changes, 
small  variations  in  annual  light  intensity,  and  much 
greater  water  fluxes  than  in  temperate  areas.  The 
higher  productivity  and  temperature  of  the  tropics 
create  an  environment  that  is  high  in  organics  and 
dominated  by  mesophilic  and  thermotolerant 
microorganisms.  In  general  the  microbial  diversity 
of  tropical  source  water  is  greater  than  temperate 
source  water.  The  poorness  of  most  tropical  na- 
tions has  meant  that  large  portions  of  their  popula- 
tions do  not  have  access  to  sewage  disposal  and 
potable  water,  and  many  traditional  water  sources 
are  frequently  heavily  contaminated  with  human 
pathogens.  There  are  problems  when  using  tradi- 
tional temperate  indicators  of  biological  pollution 
in  tropical  source  waters.  E.  coli,  the  most  com- 
monly used  indicator,  may  exist  in  high  densities  in 
the  absence  of  pathogens  or  fecal  sources  and  may 
be  naturally  occurring  in  some  tropical  areas.  In 
addition,  many  pathogens  have  been  shown  to 
have  shorter  survival  rates  than  E.  coli,  their  pre- 
sumed indicator.  Alterative  indicators  have  been 
investigated,  including  fecal  streptococcus,  Bifido- 
bacterium spp.,  Clostridium  perfringens,  and  coli- 
phages.  At  present,  obligate  anaerobes  of  their 
phages  seem  the  best  candidates  for  a  better  indica- 
tor for  tropical  source  water,  primarily  due  to  their 
inability  to  survive  outside  the  intestinal  tract.  The 
currently  used  fecal  coliform  assays  are  unaccept- 
able for  indicating  fecal  contamination  of  tropical 
source  waters.  (See  also  W9 1-06 194)  (VerNooy- 
PTT) 
W91-06196 
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identification,  ^Testing  procedures,  'Water  analy- 
sis, 'Water  quality,  *Water  treatment,  Biomass, 
Laboratory  methods,  Literature  review,  Monitor- 
ing, Pathogenic  bacteria.  Water  quality  control, 
Water  quality  standards. 

For  the  determination  of  an  optimal  sequence  of 
water  treatment  processes,  and  the  design  of  indi- 
vidual processes,  assimilable  organic  carbon 
(AOC)  measurements  can  play  a  role  along  with 
the  steadily  growing  number  of  water  quality  pa- 
rameters. The  AOC  concentration  is  the  concen- 
tration of  easily  assimilable  organic  compounds 
available  to  an  organism  under  applied  test  condi- 
tions. When  properly  treated,  drinking  water  with 
a  low  concentration  of  compounds  serving  as 
energy  sources  for  bacteria  (e.g.,  organic  com- 
pounds) can  be  obtained.  In  the  past  few  years,  a 
variety  of  techniques  for  determining  the  after- 
growth potential  of  drinking  water  has  been  de- 
scribed, based  upon  one  of  the  following  approach- 
es: measurement  of  the  amount  of  bacterial  biomass 
after  incubation  of  the  water  sample;  measurement 
of  the  growth  rate  of  bacteria;  and  measurement  of 
the  decrease  of  the  concentration  of  organic  com- 
pounds. Bacteria  used  in  AOC  determinations  must 
produce  cells  of  uniform  size,  grow  rapidly  at  low 
concentrations  of  substrate  on  nonselective  media, 
use  a  simple  nitrogen  source  without  requiring 
vitamin  or  other  growth  factors,  and  not  be  affect- 
ed by  low  solute  concentrations  or  changes  in 
growth  properties.  Data  from  AOC  measurements 
in  water  treatment  and  distribution  in  the  Nether- 
lands are  examined.  Based  on  data  in  studies  exam- 
ined, it  is  concluded  that  for  limiting  aftergrowth 
of  heterotrophic  bacteria,  AOC  concentrations  in 
drinking  water  entering  the  distribution  system 
should  be  less  than  10  micrograms  of  acetate-C 
equivalents  per  liter.  (See  also  W91-06194)  (Ver- 
Nooy-PTT) 
W91-06197 


EFFECT  OF  STARVATION  ON  BACTERIAL 
RESISTANCE  TO  DISINFECTANTS. 

Stanford  Univ.,  CA.  Dept.  of  Microbiology  and 
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quirements, Sensitivity. 

Bacteria  grown  under  laboratory  conditions  are 
used  to  evaluate  the  performance  of  a  water  disin- 
fecting agent  in  the  environment.  The  assumption 
that  the  sensitivity  of  laboratory-grown  bacteria  is 
a  reliable  measure  of  the  sensitivity  of  natural 
populations  was  critically  examined.  An  important 
difference  between  growth  in  the  laboratory  and  in 
nature  is  the  concentration  of  nutrients,  since  labo- 
ratory microorganisms  are  usually  grown  under 
rich  conditions  that  are  conducive  to  rapid  and 
lavish  growth.  Many  groups  of  workers  have 
found  that  individual  bacterial  populations  isolated 
from  natural  environments  are  markedly  more  re- 
sistant to  disinfection  than  the  same  strains  after 
growth  in  laboratory  batch  cultures.  There  is  in- 
creasing evidence  that  nutritionally-deprived  bac- 
teria acquire  increased  resistance  in  general  which 
is  dependent  on  the  synthesis  of  a  unique  set  of 
proteins.  Bacteria  exposed  to  nutrient  deprivation 
synthesize  unique  proteins,  suggesting  a  global  re- 
sponse of  gene  regulation  at  the  onset  of  starvation. 
However,  it  is  not  known  what  the  functions  of  the 
nutrient-deprivation  proteins  are,  and  how  they 
protect  the  cell  against  deleterious  influences.  Hy- 
potheses are  that  these  proteins  are  involved  in 
preventing  degradation  of  essential  proteins  during 
stresses.in  stabilizing  DNA,  or  in  making  the  cell 
envelope  more  resistant.  (See  also  W9 1-06 194) 
(VerNooy-PTT) 
W91-06198 


MICROBIOLOGY  OF  ACTIVATED  CARBON. 


American  Water  Works  Service  Co.,  Inc.,  Belle- 
ville, IL. 
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Despite  its  long  history  of  use,  the  microbiology  of 
activated  carbon  and  its  impact  on  drinking  water 
supplies  has  not  been  well  characterized.  A 
number  of  studies  have  shown  that  carbon  parti- 
cles coated  with  bacteria  frequently  penetrate 
treatment  barriers  and  enter  potable  water  supplies. 
The  significance  of  bacteria  released  from  GAC 
filters  is  unclear.  Sand  and  anthracite  carbon  parti- 
cles, as  well  as  granular  activated  carbon  (GAC) 
and  powdered  activated  carbon  (PAC)  are  filter 
materials  released  from  treatment  plants.  Docu- 
mentation of  bacterial  numbers  in  carbon  adsorbers 
and  in  treated  effluents  is  difficult  to  compare 
because  of  the  variety  of  microbiological  methods 
that  have  been  used.  Methods  used  to  recover 
coliform  bacteria  in  water  from  carbon  filters  may 
impact  recovery  efficiencies.  Encouragement  of 
bacterial  growth  on  GAC  media  has  been  reported 
to  increase  the  capacity  of  GAC  filters  for  organic 
carbon  removal,  prolong  bed-life  of  filters,  remove 
nutrients  for  bacterial  regrowth,  and  lower  the 
chlorine  demand  of  distribution  water  supplies. 
The  role  of  bacterial  antagonism  on  GAC  has 
indicated  that  this  phenomenon  may  be  an  impor- 
tant barrier  to  transport  of  pathogens  into  drinking 
water  supplies.  Studies  have  shown  that  bacteria 
attached  to  GAC  were  highly  resistant  to  chlorine 
disinfection,  but  monochloramine  may  be  valuable 
for  the  control  of  bacterial  problems  in  GAC- 
treated  water.  Research  needs  to  focus  on  maxi- 
mizing the  benefits  of  activated  carbon,  while  mini- 
mizing its  hazards.  (See  also  W91-06194)  (Ver- 
Nooy-PTT) 
W91-06199 


MICROBIOLOGY  AND  DRINKING  WATER 
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Environmental    Protection    Agency,    Cincinnati, 
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G.  S.  Logsdon. 

IN:  Drinking  Water  Microbiology:  Progress  and 

Recent     Developments.     Springer-Verlag     New 
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Descriptors:  'Drinking  water,  'Filtration,  'Micro- 
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Reducing  the  risk  of  waterborne  disease  has  been  a 
goal  of  microbiologically  related  filtration  research 
for  nearly  100  years.  This  literature  review  summa- 
rizes that  research  and  discusses  the  results  of 
recent  investigations.  Numerous  studies  involving 
diatomaceous  earth  filtration,  slow  sand  filtration, 
and  coagulation  and  filtration  are  reviewed.  All  of 
the  treatment  processes  considered  can  remove 
viruses,  bacteria,  and  Giardia  cysts  from  raw  water 
with  proper  facility  design,  necessary  maintenance 
and  appropriate  operational  procedures.  Filtration 
plant  performance  can  be  evaluated  by  a  number 
of  methods,  including  turbidity,  particle  count  by 
electronic  instrument,  total  microscopic  count  of 
bacteria,  microscopic  analysis  of  particulate  count 
from  cartridge  filters,  and  analysis  for  viruses,  bac- 
teria, or  protozoan  cysts.  The  need  for  additional 
work  at  full-scale  plants  that  display  lower-than- 
expected  microorganism  removals  is  apparent. 
Plant  performance  can  be  improved  by  conducting 
a  thorough  evaluation  of  facilities  and  operating 
procedures,  and  then  implementing  changes  that 
are  needed.  The  results  of  numerous  studies  con- 
ducted over  the  decades  indicate  that  water  filtra- 
tion plants  can  be  effective  barriers  to  the  passage 


of  microorganisms  into  finished  drinking  water. 
(See  also  W9 1-06 194)  (VerNooy-PTT) 
W9 1-06200 


HOME  TREATMENT  DEVICES  AND  WATER 
QUALITY. 
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OH. 
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IN:  Drinking  Water  Microbiology:  Progress  and 
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Various  studies  have  shown  that  home  treatment 
devices  that  use  a  carbon  filter  are  effective  for  the 
removal  of  contaminants  in  drinking  water,  includ- 
ing chlorine  disinfectant  residuals,  as  well  as  organ- 
ic and  particulate  substances;  but  their  effective- 
ness maybe  short-lived.  Filter  cartridges  need  to  be 
replaced  at  intervals,  and  the  microbial  quality  of 
the  filtered  water  is  extremely  variable,  being  a 
function  of  input  water  flora,  service  life  of  the 
filter,  water  temperature,  and  frequency  of  static 
water  conditions.  Individuals  who  consume  water 
from  a  biologically  active  filter  may  suffer  adverse 
health  effects.  Barrier  filters  or  bound-resin  disin- 
fectant materials  have  been  used  to  minimize  these 
microbial  growths.  However,  their  effectiveness  as 
a  protection  from  waterborne  pathogens  in  a  con- 
taminated water  supply  has  not  yet  been  evaluated. 
Amplification  of  the  heterotrophic  bacterial  popu- 
lation in  carbon  filter  treatment  devices  is  of  con- 
cern. If  opportunistic  pathogens  are  present  in  this 
microbial  flora,  their  growth  may  reach  an  infec- 
tive dose  level  for  some  individuals.  Epidemiologi- 
cal studies  are  needed  on  water  supplies  that  may 
have  a  high  heterotrophic  bacterial  population 
(over  1,000  organisms  per  mL).  However,  the  po- 
tential for  adverse  human  health  effects  by  the  user 
population  from  ingestion  of  large  numbers  of  he- 
terotrophic bacteria  in  the  product  water  appears 
to  be  low.  In  an  effort  to  minimize  the  deteriora- 
tion of  water  quality  by  point-of-use  treatment 
devices,  the  user  should  apply  the  following  rec- 
ommendations: use  the  device  only  on  a  microbio- 
logically safe  water  supply;  after  a  prolonged  qui- 
escent period,  the  device  should  be  allowed  to  run 
to  waste  for  at  least  30  seconds  at  full  flow;  change 
filter  cartridges  as  recommended;  and  adhere  to 
the  manufacturer's  maintenance  recommendations 
and  filter  changing  instructions.  (See  also  W91- 
06194)  (VerNooy-PTT) 
W91-06201 
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Provision  of  adequate  quantities  of  safe  water  for 
the  growing  population  of  the  developing  world 
has  become  a  challenging  task.  Unfortunately,  the 
wide-spread  pollution  of  water  has  rendered  read- 
ily accessible  sources  of  water  unsuitable  for 
human  consumption  without  some  degree  of  treat- 
ment. The  available  technology  for  drinking  water 
treatment  that  is  suitable  for  developed  countries 
and  urban  areas  in  the  Third  World  is  often  inap- 
propriate for  villages  and  small  communities  in 
developing  regions.  Commercially  available  coagu- 
lant/flocculants  and  coagulation/flocculation  aids 
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routinely  used  in  urban  drinking  water  treatment 
are  not  readily  available  in  many  parts  of  the 
developing  world,  with  the  possible  exception  of 
alum.  Several  indigenous  substances,  such  as  seeds 
from  several  types  of  plants  and  clays,  may  serve 
as  low-cost  alternatives,  and  slow  sand  filters  are  a 
desirable  methods  for  pretreating  water  in  rural 
settings  in  the  developing  world.  Other  alterna- 
tives include  rice  hull  ash  filters,  the  UNICEF 
filter  using  charcoal,  and  coal-based  filtration/ad- 
sorption media.  The  popularity  of  point-of-use 
commercial  devices  for  drinking  water  treatment  is 
rapidly  increasing  in  urban  areas  of  many  develop- 
ing countries.  Two  commercial  domestic  water 
treatment  devices  in  India  are  tap-attachable  water 
filters  and  candle  filters.  Other  devices  include  a 
tap-attachable  ultraviolet  water  purifier  and  a 
series  of  three  Zero-B  (zero  bacteria)  water  purifi- 
ers incorporating  ion  exchange  technology.  For 
the  foreseeable  future,  the  use  of  chlorine  is  likely 
to  continue  as  the  most  appropriate  form  of  drink- 
ing water  disinfection  in  rural  communities  of  the 
developing  world  because  of  its  relatively  low 
cost,  residual  effect  and  broad-spectrum  of  activi- 
ty. (See  also  W9 1-06 194)  (VerNooy-PTT) 
W9 1-06202 
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South  Africa,  Viruses. 

A  comprehensive  analysis  of  the  microbiological 
quality  of  water  treated  by  two  multiple-barrier 
reclamation  systems  in  Namibia  and  South  Africa 
has  demonstrated  that  the  direct  reclamation  of 
safe  drinking  water  from  wastewater  is  technologi- 
cally feasible  and  economically  competitive  under 
certain  circumstances.  The  safety  of  the  directly 
reclaimed  drinking  water  was  confirmed  by  the 
failure  to  detect  adverse  health  effects  on  consum- 
ers in  detailed  epidemiological  studies  over  more 
than  ten  years.  Research  on  the  incidence  and 
behavior  of  a  wide  variety  of  health-related  micro- 
organisms in  the  raw  water,  and  in  individual 
treatment  processes  revealed  that  routine  quality 
surveillance  of  the  final  water  and  the  efficiency  of 
individual  units  is  possible.  Microbiological  indica- 
tor tests  are  available  for  this  purpose  which  are 
relatively  simple,  inexpensive,  and  fast.  In  the  case 
of  established  multiple-barrier  treatment  systems 
where  efficiency  is  known,  a  combination  of  indi- 
cators (consisting  of  the  heterotrophic  plate  count, 
total  coliform,  and  coliphages)  is  sufficient  for 
routine  quality  surveillance.  The  final  water  and 
the  water  at  one  intermediary  stage  should  have  a 
heterotrophic  plate  count  of  less  than  100  mL,  and 
total  coliform  and  coliphage  counts  of  0/100  mL. 
The  treatment  train  should  have  at  least  one  auto- 
matically controlled  disinfection  stage  with  a  free 
chlorine  residual  of  1  to  2  mg/L  for  1  to  2  hours  at 
a  pH  of  less  than  8  and  turbidity  of  less  than  1 
NTU.  Routine  microbiological  quality  surveillance 
procedures,  which  could  be  even  faster  and  more 
convenient,  should  be  investigated.  Further  re- 
search should  also  be  conducted  on  the  operation 
and  control  of  activated  carbon  filters  because  they 
tend  to  serve  as  breeding  grounds  for  a  variety  of 
organisms  which  may  have  health  and  other  qual- 
ity implications.  (See  also  W9 1-06 194)  (VerNooy- 
PTT) 
W9 1-06203 
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Some  basic  bacteriological  and  statistical  issues 
involved  in  the  design  of  sampling  strategies  for 
monitoring  the  health  of  a  drinking  water  network 
both  spatially  and  temporally  are  discussed.  The 
origin  and  characteristics  of  the  dispersion  patterns 
of  bacteria  in  a  water  distribution  system  are  exam- 
ined. Appropriate  mathematical  models,  in  terms 
of  a  probability  distribution,  are  considered  for 
representing  the  dispersion  of  bacteria  in  water. 
The  parameters  of  these  models  and  the  general 
configuration  of  bacterial  heterogeneity  in  the  net- 
work is  then  used  to  assist  in  designing  sampling 
programs  for  monitoring  the  microbiological  water 
quality.  Two  different  sampling  designs  are  devel- 
oped: sequential  sampling  and  the  one-run  sam- 
pling design.  The  one-run  design  allows  an  'instan- 
taneous' assessment  of  the  water  quality  in  the 
system.  In  both  cases,  emphasis  is  laid  on  the  risk 
of  sampling  (i.e.,  making  the  wrong  decision).  (See 
also  W9 1-06 194)  (VerNooy-PTT) 
W9 1-06204 
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The  occurrence  and  persistence  of  invertebrates  in 
public  drinking  water  supplies  is  a  common  com- 
plaint concerning  both  unfiltered  and  filtered 
water  supplies  and  distribution  systems.  These  in- 
vertebrates include  crustaceans  (amphipods,  cope- 
pods,  isopods,  ostracods),  nematodes,  flatworms, 
water  mites,  and  insect  larvae  such  as  chironomids. 
The  invertebrates  may  harbor  and  protect  bacteria 
from  disinfection  with  chlorine  and  monochlora- 
mines  at  concentrations  normally  present  in  distri- 
bution systems,  even  when  the  invertebrates  are 
completely  inactivated.  Control  of  invertebrates 
within  the  reservoir  and  distribution  system  should 
be  accomplished  by  selective  use  of  the  following 
methods:  site  evaluation;  chemical  control,  e.g., 
copper  sulfate,  pyrethrins,  and  disinfectants;  and 
physical  control  such  as  filtration  of  source  waters, 
hydrant  flushing,  cleaning  and  relining  of  pipes  and 
elimination  of  dead  ends  and  areas  of  low  flow. 
Since  larger  invertebrates  such  as  isopods  and  am- 
phipods and  fly  larvae  can  colonize  distribution 
systems,  they  should  be  located  using  hydrant  sam- 
pling or  by  using  fiber  optic  examination  of  pipe- 
lines, removed  physically,  or  killed  within  the 
system  by  hydraulic  isolation  of  infestation  areas 
followed  by  superchlorination  or  other  chemical 
treatment  of  suspected  areas.  The  best  approach  to 
invertebrate  control  is  the  systematic  elimination  of 
these  invertebrates  before  they  pass  into  the  distri- 
bution system  and  to  eliminate  them  within  the 
system  by  conscientious  monitoring  of  drinking 
water  and  routine  maintenance  and  upgrading  of 
the  distribution  system.  (See  also  W9 1-06 194)  (Ver- 
Nooy-PTT) 
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A  biofilm  is  a  layer  of  microorganisms  in  an  aquat- 
ic environment  held  together  in  a  polymeric  matrix 
attached  to  a  substratum.  Biofilms  accumulate  in 
drinking  water  distribution  systems  primarily  by 
growth  at  the  expense  of  nutrients  in  the  water. 
The  biofilms  are  continuously  seeded  with  plank- 
tonic  organisms  entering  the  system  via  break- 
through. Biofilm  cells  are  generally  less  susceptible 
to  disinfectants  than  planktonic  cells.  As  a  conse- 
quence, excessive  viable  cell  numbers  may  accu- 
mulate in  the  bulk  water  from  detachment  of  cells 
from  the  biofilm  in  areas  where  insufficient  disin- 
fectant residua]  is  maintained.  Certtin  disinfectants 
may  have  properties  more  conducive  to  control- 
ling biofilm  populations.  Less  reactive,  more  per- 
sistent compounds,  such  as  chloramines,  maintain  a 
higher  disinfectant  residual  throughout  the  distri- 
bution system  and  may  penetrate  the  biofilm  more 
effectively  and,  thus,  control  biofilm  organisms 
better  than  free  chlorine.  However  little  quantita- 
tive information  is  available  regarding  disinfection 
kinetics  in  biofilms.  (See  also  W9 1-06 194)  (Ver- 
Nooy-PTT) 
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Giardiasis  has  become  increasingly  important  as  a 
waterborne  disease  of  humans  over  the  past  20  to 
25  years  and  currently  is  the  most  common  cause 
of  waterborne  disease.  Most  of  the  US  outbreaks  of 
giardiasis  between  1980  and  1983  were  in  commu- 
nities using  unfiltered,  disinfected  water,  but  some 
were  in  communities  with  filtration  systems  that 
were  bypassed  or  malfunctioning  and  five  oc- 
curred in  communities  with  filtration  systems  that 
had  inadequate  treatment.  Over  the  past  12  years, 
over  7500  water  samples  have  been  analyzed,  taken 
from  361  municipalities  in  30  states,  three  prov- 
inces in  Western  Canada,  and  throughout  Puerto 
Rico.  A  total  of  798/4423  samples  studied  (18%) 
had  Giardia  cysts  present.  There  are  no  reliable 
procedures  available  to  effectively  isolate  and  cul- 
ture the  few  Giardia  cysts  present  in  a  sample. 
Techniques  available  probably  fail  to  recover  more 
than  50%  of  the  cysts  present.  The  source  of 
contamination  with  Giardia  cysts  often  is  difficult 
to  determine,  although  sometimes  it  is  clearly 
human  sewage,  or  wild  or  domestic  animals.  Re- 
search was  conducted  to  determine  the  amount  of 
chlorine  and  time  necessary  to  inactivate  the  cysts 
of  Giardia  between  0.5  C  and  5.0  C,  over  a  pH 
range  of  6  to  8.  A  table  of  Giardia  CT  (disinfectant 
concentration,  C,  in  milligrams/L  or  ppm  multi- 
plied by  contact  time,  T,  in  minutes)  values  at 
different  temperatures  and  pH  levels  is  presented. 
If  filtration  is  not  adequate  in  water  treatment 
plants  to  remove  99.9%  of  the  Giardia  cysts  or 
treatment  is  considered  inadequate  to  prevent  a 
risk  of  waterborne  giardiasis,  municipalities  using 
chlorine  as  the  biocidal  barrier  will  need  to  intro- 
duce sufficient  chlorine  and/or  increase  the  time  of 
contact  with  chlorine  to  inactivate  Giardia  cysts. 
(See  also  W9 1-06 194)  (VerNooy-PTT) 
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The  importance  of  Cryptosporidium,  a  human 
pathogen,  in  water  may  be  better  defined  by  under- 
standing the  nature  of  the  organism,  the  presence 
of  Cryptosporidium  disease  in  the  population, and 
the  occurrence  of  the  organism  in  the  environ- 
ment. Cryptosporidium  was  not  recognized  as  a 
pathogen  until  1955,  and  studies  on  its  environmen- 
tal occurrence  began  in  1985.  It  is  a  protozoan 
parasite  and  has  a  life  cycle  similar  to  that  of  most 
coccidia.  As  more  cases  of  cryptosporidiosis  have 
been  identified  and  documented,  more  insight  has 
been  gained  into  the  illness,  infectivity  potential 
and  prevalence  of  the  disease.  Many  enteric  patho- 
gens may  be  present  in  sewage,  and  wastewater 
may  contain  varying  numbers  of  Cryptosporidium 
oocysts.  In  order  to  detect  low  levels  of  oocysts  in 
large  volumes  of  water,  filtration  techniques  have 
been  developed;  the  overall  recovery  efficiency  of 
the  methods  range  from  9  to  59%  and  is  highly 
influenced  by  water  quality.  Cryptosporidium  is 
commonly  detected  in  surface  waters,  however  it 
is  unknown  what  factors  are  associated  with  peaks 
of  contamination  which  may  be  responsible  for 
waterborne  outbreaks.  No  detailed  information  is 
available  on  the  efficiency  of  filtration  for  the 
removal  of  Cryptosporidium  oocysts,  as  these 
types  of  investigations  have  just  begun.  In  order  to 
assess  inactivation  of  Cryptosporidium,  a  measure 
of  viability  needs  to  be  used.  Parasite  viability  may 
be  determined  by  using  a  bioassay  in  an  animal 
model  or  by  excystation.  Cryptosporidium  has  the 
potential  to  cause  major  waterborne  disease,  and 
water  treatment  may  not  be  reliably  assessed  based 
on  the  common  indicators.  Routine  filtration  and 
disinfection  practices  may  not  adequately  control 
Cryptosporidium  in  water.  (See  also  W9 1-06 194) 
(VerNooy-PTT) 
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Until  the  late  1960s,  the  number  of  reported  human 
isolates  of  Y.  enterocolitica  was  very  small,  but 
within  a  few  years  it  increased  to  thousands  world- 
wide. The  organism  has  been  associated  most  often 
with  gastrointestinal  disease  including  enteritis,  ter- 
minal ileitis,  and  mesenteric  lymphadenitis.  A 
review  of  the  description  and  classification  of  the 
organism  includes  serotyping  and  bacteriophage 
typing.  Various  models  and  markers  that  have 
been  described  for  identifying  pathogenic  strains  of 
Y.  enterocolitica  include  serotype,  plasmids, 
animal  models,  in  vitro  virulence  markers,  outer 
membrane  proteins  and  epithelial  cell  interactions 
in  vitro.  At  least  two  of  the  species  that  have  been 
separated  from  Y.  enterocolitica  as  defined  origi- 
nally, Y.  kristensenii  and  Y.  frederiksenii,  are  not 


infrequently  isolated  from  humans  with  some  dis- 
ease condition.  The  complex  epidemiology  of  yer- 
siniosis  includes  transmission  from  a  swine  reser- 
voir to  humans.  There  have  been  only  a  few  epi- 
sodes, each  involving  only  a  small  number  of  indi- 
viduals in  which  drinking  water  was  identified  as 
the  source  of  infection  with  Y.  enterocolitica.  No 
selective  enrichment  procedures  have  been  de- 
scribed specifically  for  isolation  of  Y.  enterocoli- 
tica from  water.  A  suggested  method  for  isolation 
from  water  includes  concentration  of  bacteria  from 
water  samples,  pre-enrichment,  selective  enrich- 
ment and  plating  agar.  (See  also  W9 1-06 194)  (Ver- 
Nooy-PTT) 
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It  is  well  documented  that  a  sizable  portion  of  the 
bacterial  population  in  drinking  water  and  sewage 
may  be  injured  as  a  result  of  various  stress  factors. 
The  injured  cells  are  unable  to  grow  in  the  pres- 
ence of  selective  agents  incorporated  in  the  media 
commonly  employed  for  their  detection  and  enu- 
meration. This  can  lead  to  a  significant  underesti- 
mation of  the  organisms  and  result  in  an  inaccurate 
evaluation  of  the  potential  health  risks.  Exposure 
of  enteropathogenic  bacteria  to  stress  factors  in 
water  induces  sublethal  lesions  in  a  large  propor- 
tion of  the  population.  As  a  consequence,  the  cells 
become  more  sensitive  to  the  selective  agents  and 
show  either  reduction  or  loss  of  virulence.  Pro- 
longed exposure  can  lead  to  altered  surface  pro- 
teins, loss  of  virulence  plasmids,  and  the  synthesis 
of  enterotoxins  or  induction  of  a  dormant  stage. 
All  these  processes  have  been  shown  to  be  reversi- 
ble when  the  organisms  are  placed  under  more 
favorable  conditions.  The  fate  of  injured  organisms 
is  determined  by  the  nature  of  the  environment  in 
which  they  are  placed  after  injury.  The  injured 
organisms  that  are  already  debilitated  die  rapidly 
in  water  at  room  temperature  and  in  the  presence 
of  selective  agents.  However,  these  organisms  can 
recover  in  a  nonselective  medium  even  at  low 
nutrient  concentrations  and  express  undiminished 
virulence.  Recovery  from  injury  can  also  occur  in 
the  mammalian  small  intestine,  and  the  time  re- 
quired for  complete  repair  in  vitro  or  in  vivo  may 
depend  on  the  severity  of  the  injury  as  well  as  the 
nature  of  the  environment.  Thus,  the  virulence 
potential  of  orally  inoculated  cultures  is  only 
slightly  reduced  or  undiminished.  The  reduced  vir- 
ulence of  parenterally  inoculated  or  orally  adminis- 
tered cultures  may  be  due  to  the  rapid  nonimmune 
clearance  of  the  injured  organisms  or  to  their  in- 
ability to  colonize  the  small  intestinal  epithelium. 
(See  also  W9 1-06 194)  (VerNooy-PTT) 
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All  warm  blooded  animals  harbor  enteric  viruses 
which  are  excreted  in  fecal  material  and  can  find 
their  way  into  the  aquatic  environment.  Human 
enteric  viruses  are  able  to  exist  for  extended  peri- 
ods in  the  environment  and  many  may  survive 
conventional  water  and  wastewater  treatment. 
While  a  direct  association  with  the  presence  of 
virus  in  a  water  supply  and  illness  has  not  been 
demonstrated  for  all  enteric  viruses,  the  presence 
of  any  of  these  viruses  in  drinking  water  should  be 
considered  a  major  health  concern.  More  than  1 10 
types  of  human  enteric  viruses  have  been  identi- 
fied, including  the  enteroviruses,  hepatitis  A  virus, 
Norwalk  virus,  reovirus,  rotavirus  and  adenovirus. 
Enteric  viruses  can  be  expected  to  occur  in  any 
surface  water  exposed  to  contamination  by  human 
fecal  wastes,  while  the  most  frequently  reported 
source  of  contamination  in  outbreaks  involving 
groundwater  is  overflow  or  seepage  of  sewage 
from  septic  tanks.  The  development  of  field  con- 
centration methods  was  a  major  factor  in  the  in- 
creased isolation  of  enteric  viruses  from  drinking 
water,  but  laboratory  innovations  in  the  propaga- 
tion and  enumeration  of  viruses  such  as  rotavirus 
and  hepatitis  A  virus  have  also  contributed  signifi- 
cantly more  sensitivity  to  virus  detection.  Most  of 
the  enteroviruses  are  readily  isolated  and  quantitat- 
ed  by  either  observation  for  characteristic  viral 
cytopathogenic  effects  in  the  tissue  culture  or  by 
the  observation  of  plaques,  or  areas  of  cell  destruc- 
tion in  a  monolayer  of  cells.  If  it  is  assumed  that  all 
of  the  nonbacterial  gastrointestinal  illness  being 
reported  has  a  viral  etiology,  than  as  much  as  64% 
could  have  been  related  to  the  presence  of  viruses 
in  water.  By  conservative  estimations  only  a  small 
percentage  of  the  waterborne  outbreaks  are  ever 
detected  or  reported.  Thus  there  is  probably  sig- 
nificantly more  illness  in  the  population  due  to 
viral  contamination  than  is  recognized.  (See  also 
W9 1-06 194)  (VerNooy-PTT) 
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The  value  of  the  presence-absence  test  has  been 
assessed  by  many  years  of  comparative  analyses 
with  the  membrane  filer  technique.  For  the  most 
part,  the  P-A  test  produced  a  higher  number  of 
positive  tests,  demonstrating  greater  sensitivity  for 
detection  of  coliforms  than  the  membrane  filter 
(MF)  test.  Identification  of  other  indicator  bacteria 
detected  and  tabulation  of  their  frequencies  in  dif- 
ferent combinations  showed  an  association  with 
pollution  levels  as  determined  by  MF  coliform 
counts  and  the  rate  at  which  a  P-A  test  became 
positive.  P-A  bottles  producing  a  strong  acid  reac- 
tion and  vigorous  production  of  gas  or  foam  in  the 
medium  invariably  proved  to  have  coliforms 
present  as  shown  by  later  confirmation  tests.  Iden- 
tification of  individual  cultures  of  indicator  bacte- 
ria from  raw  and  drinking  water  samples  showed 
E.  coli  predominated  in  raw  water  and  E.  cloacae 
in  drinking  water.  Monitoring  drinking  water  qual- 
ity by  P-A  test  was  initially  done  in  conjunction 
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with  MF  tests  to  provide  a  quantification  and 
comparison  of  coliforms  in  any  sample  found  to 
show  pollution.  Recent  work  has  suggested  that  if 
frequency-of  occurrence  monitoring  were  given 
official  status  for  determining  drinking  water  qual- 
ity, the  P-A  test  or  any  variations  thereof  might  be 
appropriate  for  accurately  estimating  coliform  fre- 

?|uencies  in  a  water  supply.  Implementation  of 
requency-of  occurrence  monitoring  would  permit 
the  continuance  of  MF  or  MPN  (most  probable 
number)  procedures  for  water  quality  testing  with- 
out the  emphasis  on  coliform  densities  in  individual 
samples.  This  new  monitoring  method  would  also 
foster  the  development  of  new  analytical  tech- 
niques which  could  take  advantage  of  the  pres- 
ence-absence concept  to  automate  or  simplify  mi- 
crobiological methods  for  determining  water  qual- 
ity within  distribution  systems.  (See  also  W91- 
06194)  (VerNooy-PTT) 
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TERIA IN  DRINKING  WATER. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Microbi- 
ology. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-06217 


CHEMICAL  QUALITY  OF  DRINKING  WATER 
IN  BAHRAIN. 

Ministry   of  Health,    Manama   (Bahrain).    Public 

Health  Directorate. 

A.  O.  Musiager,  and  Z.  A.  Khunji. 

Journal  of  the  Royal  Society  of  Health  JRSHDS, 

Vol.   110,  No.  3,  p   104-105,   1990.   1   tab,  7  ref. 

Descriptors:  •Bahrain,  •Chemical  properties, 
•Drinking  water,  *Water  quality,  Bottled  water, 
Desalinated  water,  Fluorides,  Groundwater,  Min- 
eral water,  Saline  water,  Sodium. 

There  are  various  sources  of  drinking  water  in 
Bahrain.  Tap  water  is  obtained  from  both  ground 
water  and  desalinated  water,  which  are  blended 
and  then  chlorinated  for  disinfection.  Other 
sources  of  drinking  water  are  the  private  desalina- 
tion plants  (treated  water)  and  bottled  mineral 
water.  The  chemical  quality  of  five  types  of  water 
used  for  drinking  purposes  (tap,  treated,  aqua,  min- 
eral, and  carbonated)  were  studied.  The  three  main 
sources  of  drinking  water  are  tap,  private  treated, 
and  bottled.  The  findings  revealed  that  tap  water 
had  the  highest  level  of  all  chemicals  studied 
(except  silica)  compared  to  other  waters.  The 
sodium  level  in  tap  water  ranged  from  100  to  545.9 
mg/L,  with  an  average  of  309.4  mg/L.  This  aver- 
age exceeds  the  drinking  water  standard  as  recom- 
mended by  the  World  Health  Organization  (WHO) 
(200  mg/L),  making  this  water  unsuitable  for  hy- 
pertensive people.  Average  level  of  fluoride 
ranged  from  0.28  mg/L  in  carbonated  mineral 
water  to  0.85  mg/L  in  tap  water.  The  high  usage 
of  bottled  mineral  water  for  drinking  purposes  may 
deprive  the  public,  especially  the  children,  from 
one  of  the  protective  elements  (fluoride)  for  dental 
caries.  This  disease  is  highly  prevalent  in  Bahrain. 
A  program  to  control  chemical  quality  of  drinking 


COMMUNITY  SELF-FINANCING  OF  WATER 
SUPPLY  AND  SANITATION:  WHAT  ARE  THE 
PROMISES  AND  PITFALLS. 

Water  and  Sanitation  for  Health  Project,  Arling- 
ton, VA. 
M.  Yacoob. 

Health  Policy  and  Planning  HPOPEV,  Vol.  5,  No. 
4,  p  358-366,  December  1990.  18  ref. 

Descriptors:  'Cost  allocation,  *Cost  repayment, 
•Wastewater  treatment,  *Water  distribution, 
•Water  supply,  *Water  treatment,  Cost  sharing, 
Costs,  Developing  countries,  Economic  aspects, 
Estimated  costs,  Water  costs. 

As  a  result  of  the  debt  crisis  in  developing  nations 
and  shrinking  donor  resources,  the  water  supply 
and  sanitation  sector  is  increasingly  orientated  to- 
wards recovering  some  portion  of  the  cost  of 
system  development  from  beneficiary  communi- 
ties. In  some  cases,  full  cost  recovery,  including 
capital  costs,  is  the  goal.  Sustainable  projects  con- 
tinue to  be  perceived  as  the  major  indicator  of 
successful  sector  development.  Community  accept- 
ance of  responsibility  for  system  operation,  mainte- 
nance and  management  appears  to  be  essential  to 
sustainability.  Creating  this  kind  of  capability  in 
communities  requires  both  significant  time  and  re- 
sources. Willingness  to  pay,  initially  used  as  an 
indicator  of  community  preferences  for  level  of 
service,  has  become  a  measure  of  a  community's 
hypothetical  willingness  and  ability  to  bear  the 
cost  of  operations  and  maintenance  and/or  system 
development.  The  methodologies  used  to  establish 
willingness  to  pay  are  imprecise  as  predictors  of 
actual  behavior.  In  designing  ways  to  implement 
cost  recovery,  donors  and  implementing  agencies 
have  adopted  some  strategies  that  endanger  the 
time  spent  in  developing  community  management 
capability  and,  thus,  undermine  system  sustainabil- 
ity. In  working  towards  an  effective  approach  to 
cost  recovery,  there  are  several  steps  that  should 
be  considered:  (1)  separate  the  concept  of  willing- 
ness to  pay  from  that  of  cost  recovery;  (2)  develop 
and  use  a  concept  of  affordability  in  cost  recovery 
strategies;  (3)  develop  criteria  that  will  ensure  cost 
recovery  and  community  self-financing  strategies 
are  used  only  in  appropriate  situations;  (4)  elimi- 
nate new  business  development  from  the  list  of 
appropriate  cost  recovery  techniques;  and  (5)  de- 
velop creative  ways  to  generate  resources  that  are 
community-based  and  take  advantage  of  existing 
institutions,  skills  and  abilities.  There  is  a  need  to 
understand  all  of  the  implications  of  cost-recovery 
strategies,  and  particularly  to  examine  their  impact 
on  sustainability  and  building  community  capabil- 
ity (Mertz-PTT) 
W9 1-06244 


FLOW  IN  DAMAGED  PD?E  NETWORKS. 

Universidad     Nacional     Autonoma    de    Mexico, 
Mexico  City.  Inst,  de  Ingenieria. 
For  primary  bibliographic  entry  see  Field  8A. 
W9 1-06296 


SLUDGE      DEWATERING      BY      NATURAL 
FREEZE-THAW. 

Cold   Regions   Research   and   Engineering   Lab., 
Hanover,  NH. 

For  primary  bibliographic  entry  see  Field   5D. 
W9 1-06430 


INVESTIGATION  OF  SOL  PROTECTION  IN 
CHEMICAL  CLARIFICATION. 

Ohio   State   Univ.,   Columbus.    Water   Resources 

Center. 

For  primary   bibliographic   entry   see   Field   5D. 

W91-06440 


IMPORTANCE  OF  FLOCCULANT  PREPARA- 
TION FOR  USE  IN  SOLID/LIQUID  SEPARA- 
TION. 

Stranco,  Inc.,  Bradley,  IL. 

For   primary  bibliographic   entry   see   Field   5D. 


W91-06441 


MEMBRANE  SOFTENING:  A  TREATMENT 
PROCESS  COMES  OF  AGE. 

Stone  and  Webster  Water  Technology  Services, 

Fort  Lauderdale,  FL. 

W.  J.  Conlon,  and  S.  A.  McClellan. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  81,  No.   11,  p  47-51,  November 

1989.  1  fig,  5  tab,  20  ref. 

Descriptors:  "Dissolved  solids,  'Filtration,  •Mem- 
brane processes,  *Membranes,  'Reverse  osmosis, 
•Water  softening,  »Water  treatment,  Cost  analysis, 
Economic  aspects,  Operating  costs,  Pilot  plants, 
Technology,  Waste  disposal,  Water  quality,  Water 
treatment  facilities,  Water  treatment  wastes. 

In  1976,  a  Florida-based  equipment  manufacturer 
conceived  the  idea  of  using  modified  reverse  osmo- 
sis membranes  as  a  substitute  for  lime  softening  to 
treat  waters  with  low  total  dissolved  solids  (TDS). 
Not  only  would  the  membrane  reject  hardness,  but 
it  would  also  serve  as  a  barrier  to  repel  bacteria 
and  viruses.  Further,  this  membrane  process  would 
remove  organics-related  color  without  generating 
undesirable  chemical  compounds  such  as  chlorinat- 
ed hydrocarbons.  Over  the  last  ten  years  progress 
in  the  field  of  membrane  softening  technology  has 
led  to  the  development  of  membranes  operating  in 
pressure  ranges  of  75-250  psi.  In  addition,  success- 
fully completed  pilot  studies  have  demonstrated  a 
superior-quality  product  water  as  a  result  of  the 
use  of  a  membrane  softening  process.  The  process 
has  also  been  accepted  by  regulatory  agencies  as  a 
viable  water  treatment  alternative.  While  the  proc- 
ess is  competitive  with  conventional  water  treat- 
ment processes,  it  should  be  evaluated  on  a  case- 
by-case  basis.  (Korn-PTT) 
W91-O6810 


COST  AND  PERFORMANCE  OF  A  MEM- 
BRANE PILOT  PLANT. 

University  of  Central  Florida,  Orlando.  Environ- 
mental Systems  Engineering  Inst. 
J.  S.  Taylor,  L.  A.  Mulford,  S.  J.  Duranceau,  and 
W.  M.  Barrett. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  81,  No.  11,  p  52-60,  November 
1989.  12  fig,  6  tab,  20  ref. 

Descriptors:  *Cost  analysis,  'Membrane  processes, 
•Membranes,  *Pilot  plants,  •Trihalomethanes, 
•Water  supply,  *Water  treatment,  Construction 
costs,  Economic  aspects,  Feedwater  treatment, 
Florida,  Groundwater,  Operating  costs,  Organic 
compounds.  Performance  evaluation,  Water  qual- 
ity, Water  quality  standards. 

The  cost  and  effectiveness  of  trihalomethane 
(THM)  control  and  potable  water  production  by  a 
membrane  process  were  investigated  during  a  one- 
year  project  at  Flagler  Beach,  Fla.,  where  the 
feedwater  was  a  highly  organic  groundwater.  Re- 
sults of  the  study  showed  that  the  membrane 
system  could  control  the  formation  of  THMs  for 
an  extended  period  of  time,  producing  a  finished 
water  that  exceeded  quality  and  quantity  require- 
ments. In  addition,  the  thin-film  composite  mem- 
branes were  highly  resistent  to  acid  degradation. 
Construction  and  operating  costs  for  a  membrane 
plant  at  Flagler  Beach  would  be  about  the  same  as 
for  a  conventional  softening  plant.  However,  the 
finished  water  would  be  of  a  superior  quality.  In 
addition,  the  membrane  plant  was  observed  to  be 
less  labor  intensive  and  easier  to  operate  than  a 
softening  plant.  (Author's  abstract) 
W91-06811 


EFFECTS  OF  ULTRAFILTRATION  MEM- 
BRANE COMPOSITION. 

Illinois  Univ.,  Urbana.  Dept.  of  Civil  Engineering. 
J.-M.  Laine,  J.  P.  Hagstrom,  M.  M.  Clark,  and  J. 
Mallevialle. 

Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  81,  No.  11,  p  61-67,  November 
1989.  7  fig,  4  tab,  19  ref.  U.  S.  Environmental 
Protection  Agency  Cooperative  Agreement 
812582. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Descriptors:  *Filter  media,  *Membrane  processes, 
•Membranes,  •Ultrafiltration,  'Water  treatment. 
Adsorption,  Fouling,  Organic  matter,  Particle  size, 
Particulate  matter,  Permeability,  Surface  water, 
Total  organic  carbon,  Turbidity,  Water  analysis, 
Water  quality. 

In  a  study  of  the  dead-end  ultrafiltration  (UF)  of 
an  untreated  surface  water,  the  effects  of  different 
membrane  materials  and  molecular-weight  cutoffs 
(MWCOs)  were  evaluated  in  terms  of  several  pa- 
rameters. These  parameters  included  the  removal 
of  total  organic  carbon  (TOC)  and  turbidity,  the 
development  of  permeate  flux,  the  flux  recovery 
after  backflushing,  and  membrane  fouling.  Results 
of  the  investigation  revealed  that  TOC  levels  de- 
creased by  about  40%  following  treatment.  This 
decline  in  TOC  values  appeared  to  be  independent 
of  the  membrane  MWCO  values  investigated.  Tur- 
bidity removal  greater  than  98%  was  found  for  all 
membranes  tested.  The  rate  of  flux  decline  and  the 
magnitude  of  flux  recovery  were  found  to  vary 
significantly  and  were  primarily  dependent  on  the 
type  of  membrane  material.  The  study  also  pointed 
out  that  a  large  fraction  of  organic  matter  found  in 
surface  water  should  pass  through  typical  UF 
membranes  and  that  one  of  the  primary  technical 
considerations  in  using  these  membranes  should  be 
the  selection  of  membrane  material.  Although 
membrane  surface  charge  and  roughness  can  also 
be  important  in  fouling,  it  is  believed  that  the  most 
important  quality  of  the  membrane  material  is  its 
hydrophilicity.  Relatively  hydrophilic  membranes 
were  found  to  perform  much  better  than  relatively 
hydrophobic  membranes.  (Author's  abstract) 
W9 1-068 12 


ASSESSING  HOLLOW-FIBER  ULTRAFILTRA- 
TION FOR  PARTICULATE  REMOVAL. 

Montgomery   (James  M.)   Consulting   Engineers, 

Inc.,  Pasadena,  CA. 

J.  G.  Jacangelo,  E.  M.  Aieta,  K.  E.  Cams,  E.  W. 

Cummings,  and  J.  Mallevialle. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  81,  No.  11,  p  68-75,  November 

1989.  11  fig,  2  tab,  28  ref. 

Descriptors:  *Drinking  water,  *Membrane  proc- 
esses, "Membranes,  'Particulate  matter,  •Ultrafil- 
tration, *Water  treatment,  Bacterial  analysis, 
Bioindicators,  California,  Coliforms,  Particle  size, 
Pilot  plants,  Suspended  solids,  Turbidity,  Water 
analysis,  Water  quality. 

Membrane  technology,  including  ultrafiltration 
(UF),  is  becoming  increasingly  popular  as  an  alter- 
native process  in  the  drinking  water  treatment 
train.  However,  little  information  is  available  on 
the  use  of  ultrafiltration  for  particulate  removal 
from  untreated  drinking  water.  A  pilot  study  was 
undertaken  to  evaluate  the  efficacy  of  membrane 
filtration  for  the  removal  of  particulate  material 
from  two  untreated  water  supplies  in  Northern 
California.  The  permeate  produced  by  the  hollow- 
fiber  ultrafiltration  module  was  assessed  by  moni- 
toring various  water  quality  parameters.  The  re- 
sults of  the  pilot  plant  study  revealed  that  low- 
pressure  UF,  using  a  hollow-fiber  membrane 
module  was  effective  in  reducing  turbidity,  particle 
counts,  suspended  solids,  and  selected  indicator 
bacteria  in  the  two  test  waters.  Large  differences 
in  raw  water  quality,  as  defined  by  variations  in 
these  parameters,  did  not  appear  to  affect  the  final 
product  water  quality.  In  addition,  increases  in 
transmembrane  flux  did  not  adversely  affect  tur- 
bidity removal  in  one  of  the  untreated  waters. 
(Korn-PTT) 
W91-06813 


REMOVING  VOCS  BY  MEMBRANE  STRIP- 
PING. 

Minnesota  Univ.,  Minneapolis.  Dept.  of  Civil  and 
Mineral  Engineering. 

A.  K.  Zander,  M.  J.  Semmens,  and  R.  M.  Narbaitz. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  81,  No.  11,  p  76-81,  November 
1989.  6  fig,  4  tab,  16  ref.  U.  S.  Environmental 
Protection  Agency  Grant  R-8 15 140-01-0. 

Descriptors:  *Air  stripping,  *Drinking  water, 
•Membrane  processes,  *Membranes,  'Volatile  or- 


ganic compounds,  *Water  treatment,  Head  loss, 
Henrys  Law,  Mass  transfer,  Model  studies,  Pilot 
plants.  Water  pressure. 

The  current  study  reports  the  results  of  a  pilot 
study  conducted  to  compare  the  performance  of  a 
membrane  air-stripping  system  with  that  of 
packed-tower  aeration  for  removing  volatile  or- 
ganic chemicals  (VOCs)  from  drinking  water. 
Membrane  air  stripping  involves  the  transfer  of 
VOCs  from  water  to  air  in  response  to  a  concen- 
tration gradient  and  is  described,  at  equilibrium,  by 
Henry's  law.  The  process  is  dependent  on  a  large 
contact  area  between  the  water  and  air  phases 
resulting  in  the  high  rate  of  transfer  of  the  volatile 
chemicals.  The  results  of  the  investigation  revealed 
that  the  mass  transfer  coefficients  measured  for  the 
membrane  system  were  generally  more  than  an 
order  of  magnitude  greater  than  those  for  the 
packed-tower  system.  In  particular,  lower  volatili- 
ty compounds  such  as  bromoform  were  very  effi- 
ciently removed  by  the  membrane.  In  addition, 
water  pressure  drops  across  a  membrane  module 
were  significantly  less  than  the  head  loss  typically 
observed  in  packed  tower  operations.  The  data 
obtained  for  the  membrane  system  were  also  com- 
pared with  a  predictive  model  developed  from 
chemical  engineering  literature  and  verified  in  the 
laboratory.  The  model  was  shown  to  reliably  pre- 
dict removal  ratios  in  the  pilot  scale  system  for 
stripping  factors  (R)  greater  than  2.  (Korn-PTT) 
W91-06814 


MICRONUCLEUS  ASSAY  IN  ANODONTA 
CYGNEA  FOR  THE  DETECTION  OF  DRINK- 
ING WATER  MUTAGENICITY. 

Pisa  Univ.  (Italy).  Dipt,  di  Scienze  dell'Ambiente  e 
del  Territorio. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06827 


OPTIMIZING  PHYSICAL  PARAMETERS  OF 
RAPID  MIX  DESIGN  FOR  COAGULATION- 
FLOCCULATION  OF  TURBID  WATERS. 

National    Environmental    Engineering    Research 

Inst.,  Nagpur  (India).  Water  Engineering  Div. 

V.  A.  Mhaisalkar,  R.  Paramasivam,  and  A.  G. 

Bhole. 

Water  Research  WATRAG,  Vol.  25,  No.  1,  p  43- 

52,  January,   1991.  7  fig,  6  tab,  24  ref,  append. 

Descriptors:  'Coagulation,  'Flocculation,  'Water 
treatment,  Aluminum  sulfate,  Chemical  coagula- 
tion, Design  criteria,  Mixing,  Regression  analysis, 
Turbidity. 

Conventional  water  treatment  usually  begins  with 
rapid  dispersal  of  chemical  coagulants  into  raw 
water  followed  by  vigorous  agitation.  This  proc- 
ess, commonly  referred  to  as  initial  or  rapid 
mixing,  is  influenced  by  several  parameters,  both 
physical  and  chemical.  In  order  to  determine  opti- 
mal parameters  for  tank  design,  coagulant  dosage, 
and  mixing  times;  four  container  geometries, 
square  with  and  without  baffles  and  cylindrical 
with  and  without  baffles,  where  used  to  treat  sus- 
pensions of  bentonite  clay  in  distilled  water  to 
which  2%  aluminum  sulfate  solution  was  used  as  a 
coagulant.  Results  showed  that  for  each  turbidity 
level  and  alum  dose  an  optimum  value  for  velocity 
gradient  and  time  of  rapid  mix  resulted  in  mini- 
mum residual  turbidity.  Using  regression  analysis 
an  apparent  aggregation  rate  constant  relating  ve- 
locity gradient  and  mix  times  for  various  water 
turbidities  is  derived  which  predicts  conditions  for 
the  most  rapid  production  of  an  ideal  floe.  The 
effect  of  container  geometry  was  also  evaluated  on 
the  basis  of  apparent  aggregation  rate  constants 
and  its  value  is  maximum  for  the  square  baffled 
container.  This  suggests  that  the  rapid  mix  contain- 
er geometry  exerts  a  strong  influence  on  the  rate  of 
flocculation.  (Doyle-PTT) 
W9 1-06863 


SURVEY    OF    SAUDI    ARABIAN    DRINKING 
WATER  FOR  TRIHALOMETHANES. 

University  of  Petroleum  and  Minerals,  Dhahran 
(Saudi  Arabia).  Research  Inst. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06896 


Water  Quality  Control — Group  5G 

CHLORINATION  OF  DRINKING  WATER  AND 
CANCER. 

Calcutta  Municipal  Corp.  (India). 

S.  K.  Bhattacharya. 

Water  Resources  Journal,  No.  164,  p  22-25,  March 

1990. 

Descriptors:  'Carcinogenicity,  'Chlorination, 
•Disinfection,  *Drinking  water,  *Risk  assessment, 
•Trihalomethanes,  *Water  treatment,  Chlorine, 
Chloroform,  Developing  countries,  Human  dis- 
eases, Toxicity. 

Chlorination  of  drinking  water  has  been  suggested 
as  a  cause  of  cancer  in  humans  in  view  of  the  pro- 
carcinogenic  effect  of  some  of  the  chlorination  by- 
products such  as  trihalomethanes.  During  chlorina- 
tion of  water  supplies  for  disinfection,  chlorine  will 
react  with  ammonia,  either  present  in  the  water  or 
deliberately  added,  to  form  inorganic  chloramines. 
Chlorine  reacts  with  organic  matter  to  form  triha- 
lomethanes (THMs)  such  as  chloroform,  which 
produced  carcinogenic  effects  in  laboratory  ani- 
mals. Bioassays  on  other  THMs  (dichlorobromo- 
methane,  dibromochloroforms,  and  tribromometh- 
ane)  are  inconclusive,  and  the  only  evidence  of 
carcinogenicity  is  mutagenic  activity  in  bacteria.  In 
developing  countries,  if  chlorination  is  abolished  as 
a  means  of  water  treatment,  then  the  risk  of  death 
from  water-borne  diseases  will  increase.  The  ad- 
vantages and  disadvantages  of  other  methods  of 
disinfection  (ozonation,  chlorine  dioxide,  and  ultra- 
violet radiation)  must  be  carefully  considered 
before  choosing  these  methods  over  chlorination. 
Ozonation  and  ultraviolet  radiation  produce  no 
residuals  and  must  be  used  in  conjunction  with 
other  disinfectants.  With  on-site  generation  of 
chlorine  dioxide  increasing  in  popularity,  chlorine 
dioxide  is  gradually  replacing  prechlorination  in 
some  countries.  All  other  disinfectant  alternatives 
are  costlier  than  chlorination  and  this  is  a  great 
disadvantage  where  finance  of  disinfection  proc- 
esses is  a  big  constraint.  (Geiger-PTT) 
W9 1-06898 


IDENTIFICATION  AND  DETERMINATION 
OF  HALOGENATED  HYDROCARBONS  IN 
WATERS  OF  GALICIA  (N.  W.  SPAIN)  BY 
HEADSPACE  GAS-CHROMATOGRAPHY. 

Santiago  Univ.  (Spain).  Dept.  de  Analisis  Quimico 
y  Bromatologia-Toxicologia. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-070 13 

5G.  Water  Quality  Control 

EVALUATING  THE  PERFORMANCE  OF 
SLOW  SAND  FILTERS  IN  NORTHERN 
IDAHO. 

Idaho    Div.    of   Environmental    Quality,    Coeur 

d'Alene. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05960 


ANALYZING  BIOFILM  PROCESSES  USED  IN 
BIOLOGICAL  FILTRATION. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05961 


DISINFECTION  OF  SEWAGE,  STORMWATER 
AND  FINAL  EFFLUENT. 

Acer  Environmental,  Stevenage  (England). 

For  primary   bibliographic   entry   see   Field   5D. 

W9 1-05968 


APPLICATION  OF  WATER-QUALITY  STAND- 
ARDS TO  UK  BATHING  WATERS. 

Saint  David's  Univ.  Coll.,  Lampeter  (Wales). 
Centre  for  Research  into  Environment  and  Health. 
D.  Kay,  M.  Wyer,  A.  McDonald,  and  N.  Woods. 
Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
436-441,  October  1990.  1  fig,  31  ref. 
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Descriptors:  'Bacterial  analysis,  •Coliforms, 
•Public  health,  'Recreation,  'Swimming,  'Water 
quality,  'Water  quality  standards,  England,  Fecal 
coliforms,  Wales. 

Data  obtained  from  425  sampling  locations  in  Eng- 
land and  Wales  during  the  1987  bathing  season 
were  analyzed  against  a  range  of  six  water-quality 
standards  used  by  European  and  North  American 
agencies.  The  following  order  of  relative  stringen- 
cy was  established:  EEC  (European  Economic 
Community)  guide  level  >  US  Environmental 
Protection  Agency  >  Toronto  >  Canadian  Feder- 
al >  Modified  EEC  standard  >  EEC  imperative 
level.  All  European  Community  countries,  at 
present  abiding  by  the  EEC  imperative  bacterio- 
logical standards  of  the  bathing  water  directive, 
would  experience  a  significant  increase  in  non- 
compliance for  the  fecal  coliform  parameter  if 
standards  were  altered  from  the  current  EEC  im- 
perative criteria  to  any  of  the  existing  alternative 
beach  management  standards.  In  the  absence  of 
agreed,  consistent  enumeration  methodologies  and 
stringent  quality  control  procedures,  significant 
scientific  problems  will  be  encountered  in  compar- 
ing environmental  indicator  enumeration  across 
wide  geographical  regions,  because  the  standards 
were  designed  differently.  European  standards  de- 
termine compliance  on  the  basis  of  single  percent- 
age compliance  level  and  North  American  stand- 
ards use  a  two  component  structure.  (Feder-PTT) 
W9 1-05970 


DRINKING  WATER  DIRECTIVE  AND  PRO- 
POSED WATER  SUPPLY  (WATER  QUALITY) 
REGULATIONS  FOR  SCOTLAND. 

Strathclyde    Regional    Council,    Glasgow    (Scot- 
land). Water  Dept. 
E.  G.  Chambers,  and  L.  A.  Greene. 
Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
469-473,  October  1990.  6  ref. 

Descriptors:  'Drinking  water,  'Public  health, 
•Scotland,  'Water  law,  'Water  quality  standards, 
Water  policy,  Water  quality,  Water  treatment. 

The  proposed  Water  Supply  (Water  Quality)  Reg- 
ulations 1989  for  Scotland  will  establish  a  statutory 
basis  for  applying  the  European  Community  Di- 
rectives relating  to  drinking  water  quality  and  the 
quality  of  surface  waters  abstracted  for  drinking 
water  to  Scottish  waters.  The  most  significant  pro- 
visions are  designed  to  ensure  public  accountability 
through  the  establishment  of  water-quality  regis- 
ters in  the  public  offices  of  Scottish  water  authori- 
ties and  the  publication  of  annual  water  quality 
reports.  Wholesomeness  has  been  defined  in  terms 
of  compliance  with  quality  standards.  The  sam- 
pling, analysis  and  reporting  requirements  will  be 
both  onerous  and  costly  to  implement  for  most 
Scotish  water  authorities.  Water-treatment  training 
for  managers  and  operators  will  be  given  high 
priority.  Substantially  higher  levels  of  capital  in- 
vestment in  the  country's  water  supply,  treatment 
and  distribution  systems  will  be  necessary  to 
achieve  compliance.  (Author's  abstract) 
W9 1-05974 


CHADWICK  CENTENARY  LECTURE--A 
REVIEW  OF  TWO  CENTURIES  OF  PUBLIC 
HEALTH. 

World  Health  Organization,  Geneva  (Swiztzer- 
land).  Community  Water  Supply  and  Sanitation 
Unit. 

M.  A.  Acheson. 

Journal  of  the  Institution  of  Water  and  Environ- 
mental Management  JIWMEZ,  Vol.  4,  No.  5,  p 
474-483,  October  1990.  22  ref. 

Descriptors:  'England,  'Environmental  sanitation, 
'Legislation,  'Public  health,  'Sanitary  engineer- 
ing, Chadwick,  Local  governments,  Public  policy. 

Sir  Edwin  Chadwick  pioneered  Britain's  sanitary 
science.  Chadwick's  proposals  for  substituting 
small-bore,  inexpensive,  self-cleaning  sewer  sys- 
tems, together  with  a  constant  supply  of  water  as 
an  alternative  to  intermittent  supply  and  the  large 
brick-lined  tunnels  for  collecting  of  storm  water 
and  household  wastewater,  were  rejected  until  20 


years  after  Chadwick  had  left  public  office.  He 
also  recognized  the  need  for  a  radical  reform  in  the 
local  government  before  such  engineering  solu- 
tions could  be  introduced.  He  urged  the  unification 
of  local  government  services,  especially  in 
London,  and  his  view  was  that  one  competent 
public  authority  should  be  responsible  for  carrying 
water  into  houses  and  also  for  carrying  fouled 
water  out  of  houses  and  out  of  towns.  There  was 
virtually  no  local  administrative  system  capable  of 
being  expanded  or  adapted  and  until  the  Public 
Health  Act  of  1848,  catalyzed  in  part  by  the  chol- 
era outbreaks,  there  was  no  legislation  which  could 
induce  change.  The  systems  based  on  Chadwick's 
ideas  played  a  major  role  in  changing  England 
from  an  unsanitary  to  a  healthy  country  by  the  end 
of  the  century.  (Author's  abstract) 
W9 1-05975 


BACTERIOLOGICAL  WATER  QUALITY  OF 
RECREATIONAL  AREAS:  J.  PERCY  PRIEST 
PARK,  TENNESSEE. 

Middle  Tennessee  State  Coll.,  Murfreesboro. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06020 


EFFECTS  OF  RESERVOIR  ENLARGEMENT 
AND  OTHER  FACTORS  ON  THE  YIELD  OF 
WILD  RAINBOW  AND  CUTTHROAT  TROUT 
IN  SPADA  LAKE,  WASHINGTON. 

Washington  Cooperative  Fishery  Research  Unit, 

Seattle. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-06029 


MANAGEMENT  AND  STATUS  OF  JAPANESE 
PUBLIC  WATERS. 

Setsunan  Univ.,  Neyagawa  (Japan).  Dept.  of  Civil 

Engineering. 

T.  Goda. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  1-10,  1991.   13  fig,  2  tab,  11  ref. 

Descriptors:  'Japan,  'Water  pollution  control, 
•Water  quality,  'Water  quality  control,  'Water 
quality  standards,  Agricultural  runoff,  Eutrophica- 
tion,  Fish  farming,  Red  tide,  Wastewater  manage- 
ment. 

From  1974  to  the  present,  the  water  quality  of 
public  water  bodies  in  Japan  has  improved  with 
respect  to  certain  hazardous  substances.  Environ- 
mental quality  standards  have  been  set,  and  the 
levels  of  compliance  with  these  standards  has  im- 
proved dramatically  during  the  1970s.  Environ- 
mental quality  standards  (EQSs)  have  been  devel- 
oped for  designated  water  areas,  while  restrictions 
on  hazardous  wastes  apply  to  all  public  water 
bodies.  Enclosed  bodies  such  as  lakes,  reservoirs, 
inner  bays,  and  inland  seas  still  suffer  a  heavy 
pollution  load,  and  small  and  medium  sized  streams 
in  cities  still  had  low  compliance  ratios.  Action  has 
been  taken  on  eutrophication  since  1952,  spurred 
by  a  problem  on  Honshu  Island.  By  the  late  1960s 
researchers  has  established  relationships  between 
the  rate  of  primary  production,  chlorophyll-a,  and 
the  level  of  nutrients  such  as  nitrogen  and  phos- 
phorus. Recent  studies  have  investigated  the  life- 
cycle  of  the  red-tide  organism,  and  are  examining 
the  effect  of  fish  farming  on  algal  blooms.  Almost 
75%  of  industrial  wastewater  is  now  recycled.  Per 
capita  availability  of  freshwater  in  Japan  is  com- 
paratively low,  and  the  construction  of  530  dams, 
in  addition  to  the  2393  dams  already  in  operation, 
is  planned.  Irrigation  effluents  from  paddy  fields 
are  a  major  factor  which  influence  river  water 
quality  in  Japan.  The  improvement  of  water  qual- 
ity is  being  addressed  with  several  methods,  in- 
cluding nutrient  removal  through  plants,  intermit- 
tent aeration,  protection  of  wetlands,  and  control 
of  pollutant  loading.  (Tappert-PTT) 
W9 1-06039 


RECENT  DEVELOPMENTS  IN  WASTEWATER 
MANAGEMENT  IN  JAPAN. 

Japan  Sewage  Works  Association,  Tokyo. 

T.  Kubo. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  19-28,  1991.  13  tab. 


Descriptors:  'Japan,  'Legislation,  'Wastewater, 
•Wastewater  management,  •Wastewater  treat- 
ment, 'Water  quality  control,  Industrialization,  Ur- 
banization, Water  pollution  control. 

Water  quality  in  Japan  has  been  declining  since  the 
late  1950s  as  a  result  of  a  remarkable  rate  of 
urbanization  and  rapid  industrialization.  Japan  has 
experienced  serious  and  tragic  water  pollution 
problems  such  as  Minanata  disease  (mercury  poi- 
soning) in  the  1960s.  Laws  were  enacted  in  1970 
that  addressed  environmental  pollution  control, 
and  since  then  effective  countermeasures  have 
been  enacted.  Establishment  of  a  legislative  frame- 
work, including  the  Basic  Environmental  Pollution 
Control  (EPC)  Law  and  the  promulgation  of  Envi- 
ronmental Water  Quality  (EWQ)  Standards,  identi- 
fied target  environments  and  established  water 
quality  goals  for  specific  environments.  The  Water 
Pollution  Control  (WPC)  Act  provided  for  en- 
forcement of  E  (effluent)  Standards  on  dischargers 
and  establishes  a  surveillance  and  monitoring 
system,  including  spot  inspections.  The  Sewerage 
Act  encouraged  the  development  of  sewer  systems 
and  industrial  pretreatment  plants.  Other  legisla- 
tion provided  five-year  plans  for  sewer  construc- 
tion, resulting  in  a  rapid  increase  in  the  percentage 
of  the  population  serviced  by  public  sewer  sys- 
tems. Research  and  technology  development  for 
wastewater  treatment  techniques  has  increased, 
and  wastewater  reclamation  and  reuse  policies 
have  been  implemented.  Public  awareness  and  edu- 
cation concerning  wastewater  treatment  is  an  im- 
portant part  of  water  pollution  control  effort. 
(Tappert-PTT) 
W91-06041 


RIVER  BASIN  WATER  QUALITY  MANAGE- 
MENT IN  JAPAN  -  AN  OVERVIEW. 

Ministry  of  Construction,  Tokyo  (Japan).  Dept.  of 

Sewerage  and  Sewage  Purification. 

K.  Murakami. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  29-39,  1991.  1  tab,  append. 

Descriptors:  'Industrial  wastewater,  'Japan,  'Leg- 
islation, 'River  basins,  'Wastewater  management, 
•Water  pollution  control,  Regulations,  River  basin 
development,  Water  quality  control. 

Due  to  rapid  industrialization  and  the  concentra- 
tion of  the  population  shifting  towards  large  cities 
starting  from  the  1950s,  Japan  experienced  severe 
water  pollution  problems  throughout  the  country. 
Lack  of  adequate  sewerage  systems  was  one  of  the 
major  causes  of  severe  water  pollution.  In  an  effort 
to  curb  these  problems,  a  legal  regulation  system 
was  developed  in  the  late  1950s;  two  laws  were 
passed  in  1958  to  regulate  discharges  to  public 
waters.  The  current  legal  system  was  established 
around  1970.  The  Basic  Law  for  Environmental 
Pollution  Control  was  passed  in  1967  and  estab- 
lished basic  policy  for  all  types  of  pollution.  The 
Water  Pollution  Prevention  Law  was  enacted  in 
1970,  and  the  Sewerage  Law  was  amended  in  1970 
to  serve  as  a  master  plan  for  the  development  of 
sewerage  systems.  Other  laws  were  passed  to  ad- 
dress specific  problems  in  inland  seas,  lakes,  and 
rivers.  Various  measures  to  control  water  pollution 
have  resulted  from  this  legislation,  including  Envi- 
ronmental Water  Quality  (EWQ)  Standards  and 
effluent  standards.  As  a  result,  water  pollution 
control  and  river  basin  management  programs 
have  shown  great  progress  in  the  last  two  decades. 
However,  the  stream  BOD  standard  is  not  being 
met  in  about  30%  of  river  reaches  and  the  lake 
COD  standard  is  not  being  met  in  about  60%  of 
water  areas,  a  clear  indication  that  much  more 
remains  to  be  done.  (Tappert-PTT) 
W9 1-06042 


STUDY  OF  THE  PLANNING  OF  WATER  POL- 
LUTION CONTROL  FOR  SECOND  SONGHUA 
RIVER  IN  CHINA. 

Jilin  Architectural  and  Civil  Engineering  Inst., 
Changchun  (China).  Dept.  of  Urban  Engineering. 
Y.  Jun. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  41-48,  1991.  2  tab,  3  ref. 
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Descriptors:  *Biochemical  oxygen  demand, 
•China,  "Cost  allocation,  'Dissolved  oxygen, 
•Water  pollution  control,  Economic  aspects,  In- 
dustrial wastes,  Model  studies,  Wastewater  treat- 
ment. 

From  an  economic  point  of  view  the  Second 
Songhua  River  is  the  most  valuable  river  for  Jilin 
province,  China.  The  middle  and  lower  reaches  of 
the  river  have  been  polluted  to  varying  degrees  by 
industrial  wastewater  and  domestic  sewage.  The 
river  has  been  studied  using  Thomas's  BOD-DO 
stable  model  as  the  initial  structure  on  the  basis  of 
previous  investigations  and  analyses  performed  on 
every  reach.  Because  the  Second  Songhua  River  is 
a  northern  river,  values  for  oxygenation  and  sedi- 
mentation coefficients  in  the  dry  season  of  winter 
were  determined  and  calculated,  and  a  series  analy- 
sis made.  The  self-purification  ability  of  the  river 
and  the  total  elimination  amount  of  the  main  pol- 
lutant BOD5  were  also  calculated.  In  order  to 
minimize  the  required  cost  of  controlling  the  pollu- 
tion, the  cost  was  distributed  to  the  main  pollution 
sources,  which  are  subject  to  control.  A  cost  func- 
tion of  a  sewage  treatment  plant  was  determined 
by  series  design,  and  the  related  cost  parameters 
were  calculated.  Two  kinds  of  optimal  distributing 
models  of  BOD  elimination  were  evaluated,  in- 
cluding a  mathematical  model  of  extreme  value  of 
conditions  and  a  matrix  mathematical  model.  The 
models  are  being  used  to  develop  a  practical  pollu- 
tion control  plan  for  the  river.  (Tappert-PTT) 
W9 1-06043 


RIVER  BASIN  MANAGEMENT  IN  THE  UK. 

Middlesex  Polytechnic,  Enfield  (England). 
For  primary  bibliographic  entry  see  Field  6E. 
W9 1-06045 

WATER  QUALITY  MANAGEMENT  IN  THE 
YODO  RIVER  BASES-CASE  STUDY. 

Setsunan  Univ.,  Neyagawa  (Japan).  Dept.  of  Civil 

Engineering. 

T.  Goda,  and  H.  Nakanishi. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  65-74,  1991.  6  fig,  16  tab,  18  ref. 

Descriptors:  'Japan,  'Water  pollution  control, 
•Water  pollution  sources,  *Water  quality  stand- 
ards, *Water  reuse,  Biological  oxygen  demand, 
Case  studies,  Chemical  oxygen  demand,  Model 
studies,  Nitrogen  compounds,  Pollution  load, 
Runoff,  Wastewater  facilities. 

The  Yodo  River  in  Japan  was  selected  as  a  case 
study  to  investigate  an  appropriate  sewage  treat- 
ment system  to  be  applied  in  a  river  basin  where 
river  water  is  re-used  repeatedly.  The  river  has  a 
catchment  area  of  8,240  square  kilometers  and  a 
population  of  ten  million.  Many  sewage  effluent 
outfalls  discharge  into  the  river  upstream  from 
intake  points  for  drinking  water.   Water  quality 
parameters  were  modeled  with  data  collected  from 
eight  sampling  points  on  the  river  and  its  tributar- 
ies. Water  quality  during  low  flow  conditions  was 
considered  appropriate  for  the  achievement  of  en- 
vironmental   water   criteria.    Conclusions   of  the 
study    include:    (1)    investigations    of    chemical 
oxygen  demand   (COD),   ammonia-nitrogen,   and 
trihalomethane  development  potential  are  neces- 
sary in  polluted   rivers   used  as  drinking   water 
sources,  (2)  the  effect  of  constructing  a  sewage 
treatment    system    on    river    water    conservation 
should  be  evaluated  with  the  predicted  water  qual- 
ity in  the  low  flow  and  average  flow  condition,  (3) 
time  and  place  variations  of  the  ammonia-nitrogen 
concentration  in  the  Yodo  River  can  be  predicted 
by  adaptation  of  a  two-dimensional  unsteady  state 
diffusion  model,  (4)  the  greater  part  of  total  nitro- 
gen or  ammonia-nitrogen  load  deposited  at  the 
Yodo  River  branches  in  the  dry  weather  condition 
are  washed  away  by  the  wet  flow  condition,  (5)  it 
will  be  possible   to  maintain   the  present   water 
quality  level  for  TN  and  ammonia-nitrogen  in  the 
treatment  system,  and  (6)  an  adaptation  of  an  ad- 
vanced sewage  treatment  system  is  recommended 
to  enable  re-use  of  river  water  as  drinking  water. 
(Tappert-PTT) 
W9 1-06046 


WASTE  ALLOCATION  MODELS  FOR  RISK 
ASSESSMENT  OF  WATER  QUALITY  MAN- 
AGEMENT IN  A  RIVER  BASIN. 

National   Cheng   Kung  Univ.,   Tainan   (Taiwan). 

Dept.  of  Environmental  Engineering. 

C.  G.  Wen,  and  S.  Y.  Fu. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  75-83,  1991.  4  fig,  13  ref. 

Descriptors:  'Stochastic  models,  *Taiwan,  'Waste 
load  allocation,  'Water  pollution  control,  'Water 
quality  standards,  'Watershed  management,  Pollu- 
tion load,  Tungkang  River. 

The  degradation  of  water  quality  in  rivers  from 
various  human  activities  is  of  increasing  concern. 
In  Taiwan,  the  lack  of  water  quality  data  prevents 
the  establishment  of  a  cost-effective  plan  for  the 
protection  and  maintenance  of  river  quality.  Both 
river  flow  and  pollutant  loading  rates  must  be 
considered  when  developing  water  quality  stand- 
ards and  allocating  discharge  load  limits.  A  sto- 
chastic water  quality  management  model  is  devel- 
oped which  considers  river  flow  as  a  random  vari- 
able and  optimizes  waste  allocation  at  point 
sources.  The  model  is  subjected  to  a  chance  con- 
straint which  can  be  converted  to  an  equivalent 
deterministic  constraint,  and  then  solved  by  the  use 
of  the  available  deterministic  programming  algo- 
rithm. The  allowable  discharge  loads  land  degree 
of  required  removal  of  each  point  source  of  a  river 
basin  are  optimized  under  various  degrees  of  reli- 
ability, and  can  be  employed  as  information  for 
decision  making  to  decide  the  most  suitable  treat- 
ment degree  of  wastewater  in  a  river  basin.  When 
applied  to  the  Tungkang  River  in  Taiwan,  the 
model  proposes  decreasing  discharge  load  levels 
with  higher  reliability;  as  allowable  biological 
oxygen  demand  is  decreased,  the  reliability  of  the 
water  quality  predictions  increases.  (Tappert-PTT) 
W9 1-06047 


Water  Quality  Control— Group  5G 

Inland  Waters  Directorate,  Burlington  (Ontario). 

Water  Planning  and  Management  Branch. 

R.  Rivers,  and  R.  Kalinauskas. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  105-109,  1991.  23  ref. 

Descriptors:  'Water  conservation,  'Water 
demand,  'Water  pollution  control,  'Water  quality 
control,  Hamilton  Harbor,  Lake  management, 
User  charges,  Wastewater  treatment,  Water  costs. 

Hamilton  Harbor  is  one  of  42  Areas  of  Concern 
that  were  identified  by  the  International  Joint 
Commission  of  Canada  and  the  United  States  as 
having  a  high  degree  of  environmental  degrada- 
tion. Problems  include  contaminated  sediments, 
severe  eutrophication  with  algal  growth,  high 
metal  concentrations  and  other  contaminants  in  the 
water  column,  accumulated  contaminants  in  fishes, 
widespread  bacterial  contamination,  and  a  stressed 
biota.  Proposed  remedial  activities  for  Hamilton 
Harbor  has  focussed  largely  on  the  traditional  'end 
of  the  pipe'  solutions  to  the  problems  of  municipal 
wastewater  treatment.  One  'at  the  source'  solution, 
water  demand  management,  would  appear  to  be 
the  single  most  cost-effective  action  for  the  reme- 
diation of  the  harbor.  Fully  developed  relation- 
ships between  volumes  of  water  usage  and  the 
quality  of  sewage  treatment  facility  effluent  have 
not  yet  received  an  adequate  degree  of  investiga- 
tion. By  making  water  more  realistically  priced, 
greater  efficiency  in  the  allocation  and  use  of 
harbor  water  would  be  achieved.  Pollutant  loads 
would  be  reduced,  consumers  would  be  more  edu- 
cated about  proper  use  of  water,  revenues  would 
be  raised  to  pay  for  water  services  and  harbor 
cleanup,  and  the  cost  of  water  services  would  be 
more  equitably  distributed  among  water  users. 
(Tappert-PTT) 
W9 1-06050 


WATER  QUALITY  IN  THE  PRIORITY  WA- 
TERCOURSES OF  HONG  KONG  IN  RESPECT 
OF  VARIOUS  ENVIRONMENTAL  CONTROL 
MEASURES. 

Hong  Kong  Environmental  Protection  Dept.,  Wan 

Chai.  Water  Policy  Group. 

K.  C.  Ho. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.   1/3,  p  85-91,   1991.  3  fig,   1  tab,  3  ref. 

Descriptors:  'Hong  Kong,  'Pollution  load,  'Regu- 
lations, 'Water  pollution  control,  'Water  quality 
standards,  Biochemical  oxygen  demand, 
Wastewater  treatment,  Water  pollution  sources. 

Finding  adequate  supplies  of  freshwater  has  been  a 
problem  for  Hong  Kong  since  it  was  founded  in 
1841.  Two-thirds  of  the  500  km  of  watercourses  in 
the  territories  were  found  to  be  grossly  contami- 
nated in  1973,  largely  from  livestock  droppings, 
domestic  sewage,  and  effluents  from  cottage  indus- 
tries. For  this  study  the  water  quality  in  12  priority 
watercourses  was  appraised  with  respect  to  the 
various  environmental  control  measures  being  un- 
dertaken. Water  quality  in  Lam  Tseun  River  had 
been  significantly  improved  since  1983.  This  im- 
provement is  attributed  to  recent  sewer  construc- 
tion, management  of  the  river  basin  to  increase 
flow  (including  rechanneling  and  desilting),  and 
declaration  of  the  catchment  as  a  'Water  Control 
Zone'  under  the  Water  Pollution  Control  Ordi- 
nance. In  contrast  with  the  other  heavily  polluted 
watercourses,  for  which  few  abatement  measures 
were  implemented,  the  water  qualities  of  Shing 
Mun  River  and  Tuen  Mun  River  were  slightly 
upgraded,  due  to  efforts  to  stop  unauthorized  in- 
dustrial discharges  and  the  construction  of  inter- 
ceptors and  sewers.  The  10  year  Livestock  Waste 
Control  Scheme  enforced  on  June  24,  1989  was 
found  to  correspond  to  a  decrease  in  BOD  and 
suspended  solids  concentrations  in  watercourses. 
To  assess  its  effectiveness,  a  longer  term  monitor- 
ing program  is  required  to  confirm  the  apparent 
progress.  (Tappert-PTT) 
W9 1-06048 


WATER  DEMAND  MANAGEMENT:  AN  EVAL- 
UATION OF  A  'SOFT  SOLUTION  FOR  THE 
HAMILTON  HARBOUR  REMEDIAL  ACTION 
PLAN. 


HISTORICAL  AND  PRESENT  DAY  MANAGE- 
MENT OF  THE  RIVER  RHINE. 

Rijksinstituut  voor  Zuivering  van  Afvalwater,  Le- 

lystad  (Netherlands). 

G.  H.  Broseliske,  J.  de  Jong,  and  H.  Smit. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  111-120,  1991.  4  fig,  5  tab,  16  ref. 

Descriptors:  'Rhine  River,  'Water  pollution  con- 
trol, 'Water  quality  management,  'Watershed 
management,  Agricultural  runoff,  Nutrients,  Pol- 
lutants, Wastewater  pollution. 

The  river  Rhine  has  a  long  history  of  national  and 
international  river  management  as  a  result  of  its 
location  in  a  densely  populated  and  highly  industri- 
alized area.  The  river  has  undergone  many  changes 
in  morphology,  chemistry,  and  ecology  due  to  the 
effects  of  human  interference.  The  construction  of 
dikes,  locks  and  dams,  and  canals  to  control  flood- 
ing and  improve  navigation  have  resulted  in  the 
dramatic  decline  of  the  floodplain  and  the  drying 
out  of  what  remains,  the  disappearance  of  diversity 
in  sediments  and  flow  velocity  of  the  river  itself, 
and  the  reduction  of  open  connections  to  the  sea. 
Major  organic  pollution  began  with  the  construc- 
tion of  municipal  sewer  systems  and  industry  dis- 
charges to  the  river.  Industrialization  also  led  to 
heavy  metal  contamination.  Urbanization  and  the 
expansion  of  agriculture  led  to  an  increase  in  nutri- 
ents flowing  to  the  river.  As  a  result,  the  river 
ecosystem  has  been  impoverished  in  terms  of  di- 
versity. The  Rhine  Action  Program  has  been  de- 
veloped by  an  international  commission  to  protect 
the  Rhine  against  further  pollution  and  improve 
current  water  quality  in  both  the  Rhine  and  the 
North  Sea.  Changes  necessary  to  meet  the  final 
objectives  of  the  Rhine  and  North  Sea  Action 
Programs  include  reduction  of  municipal  and  in- 
dustrial discharges,  reduction  in  the  volume  of 
nutrients  flowing  to  the  river,  and  reduction  in  the 
volume  of  air  pollution  in  the  Rhine  Valley.  The 
complexity  and  level  of  the  present  problems  make 
it  necessary  to  use  an  integrated  problem  approach 
and  multinational  decision  making  to  ensure  ade- 
quate future  management  of  the  river  basin.  (Tap- 
pert-PTT) 
W9 1-06051 
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EFFECT  OF  WATER  PURIFICATION  ECO- 
LOGICAL ENGINEERING  ON  THE  CAO 
YANG  ROUND  CREEK. 

Jiaotong  Univ.,  Shanghai  (China).  Dept.  of  Ap- 
plied Chemistry. 

C.  Wang,  J.  Cai,  J.  Jiaxin,  S.  Xu,  and  Y.  Yu. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  121-131,  1991.  9  fig,  3  tab,  4  ref. 

Descriptors:  'Aquatic  plants,  "China,  'Eutroph- 
ication,  'Water  pollution  treatment,  'Water  qual- 
ity control,  'Water  quality  management.  Aquatic 
environment,  Ecosystems,  Water  hyacinth. 

The  eutrophication  of  water  has  become  an  in- 
creasingly prominent  problem  in  scenic  spots  and 
urban  waterways.  The  creation  of  artificial  ecosys- 
tems, by  planting  various  aquatic  vascular  plants 
with  proper  arrangements  of  time  and  space,  is  one 
approach  to  the  problem  of  eutrophication.  In  1986 
approximately  500  m  of  the  Cao  Yang  Round 
Creek  was  planted  with  a  variety  of  aquatic  plants, 
including  floating  plants,  submerged  plants,  and 
standing  plants.  Cold  weather  plants  and  warm 
weather  plants  were  planted  in  rotation.  Water 
samples  were  collected  twice  monthly  at  fourteen 
sampling  spots  along  the  river.  Sampling  depths 
ranged  from  IS  cm  to  35  cm  below  the  water 
surface.  The  artificial  plantings  have  formed  an 
effective  and  stable  ecological  system  for  purifying 
water.  Within  two  years,  the  water  quality  of 
Round  Creek  has  been  improved  significantly.  The 
density  of  algae  (content  of  chlorophyll  a)  dropped 
by  95%,  the  total  suspended  solids  decreased  by 
more  than  90%,  and  COD  was  reduced  by  50%. 
The  transparency  of  the  water  has  increased  from 
15  cm  before  treatment  to  53  cm  after  treatment. 
Some  parts  of  the  Creek  are  clear  enough  to  see 
the  bottom  and  count  the  fish.  The  artificial  eco- 
system has  resulted  in  the  improved  water  quality, 
clarity,  and  sightseeing  value  of  the  water  body. 
(Tappert-PTT) 
W9 1-06052 


BEYOND  THE  DECADE:  A  GLOBAL  FRAME- 
WORK FOR  GLOBAL  COOPERATION. 

World    Health    Organization,    Geneva    (Switzer- 
land). Div.  of  Environmental  Health. 
A.  H.  Rotival. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  211-213,  1991. 

Descriptors:  'Developing  countries,  'International 
agreements,  'Water  quality  control,  'Water  qual- 
ity standards,  'Water  treatment,  Water  manage- 
ment, Water  supply. 

The  International  Drinking  Water  Supply  and 
Sanitation  Decade  (IDWSSD)  was  launched  by 
the  General  Assembly  of  the  United  Nations  in 
November  1980  with  the  goal  'to  provide  all 
people  with  water  of  safe  quality  and  adequate 
quantity  and  basic  sanitary  facilities  by  1990'.  The 
World  Bank  estimates  that  despite  the  efforts 
during  the  Decade  less  than  50%  of  developing 
country  populations  have  access  to  adequate  water 
supplies  and  only  20%  to  adequate  sanitation  facili- 
ties. Major  factors  for  the  situation  are  the  continu- 
ing population  explosion  and  the  economic  stagna- 
tion of  developing  countries.  Qualitative  break- 
throughs have  been  made,  however,  through  (1) 
improved  coordination  for  sector  inputs  at  the 
global  and  country  levels,  (2)  systematic  formula- 
tion of  country  strategies,  (3)  rationalization  of  the 
management  of  the  sector,  and  most  significantly 
through  (4)  community  involvement  and  (5)  the 
adoption  of  low-cost  sustainable  and  replicable 
technologies.  The  UNDP/World  Bank  Program 
and  the  UNDP/WHO  Decade  programs  have 
played  a  catalytic  role  in  developing  activities  in 
these  five  areas.  To  maintain  Decade  momentum 
beyond  1990  and  to  accelerate  the  provision  of 
water  supply  and  sanitation  services  to  all,  with 
emphasis  on  the  unserved  rural  and  peri-urban 
poor,  by  using  a  coordinated  program  'Decade' 
approach,  a  Framework  for  Global  Cooperation 
has  been  established.  A  series  of  meetings  of  a 
Collaborative  Council  of  External  Support  Agen- 
cies (ESAs)  is  involved,  leading  to  a  global  consul- 
tation in  India  in  1990  for  all  developing  countries 
to  define  and  achieve  consensus  on  a  water  and 
sanitation  strategy  for  'Beyond  the  Decade.'  (Au- 
thor's abstract) 
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WATER  QUALITY  AND  HEALTH  (REVIEW 
OF  THE  INTERNATIONAL  DRINKING 
WATER  SUPPLY  AND  SANITATION 
DECADE). 

Vizgazdalkodasi  Tudomanyos  Kutato  Intezet,  Bu- 
dapest (Hungary). 

For  primary  bibliographic  entry  see  Field  5F. 
W91-06064 


CASE  HISTORY:  MINIMATA  MERCURY  POL- 
LUTION IN  JAPAN  -  FROM  LOSS  OF  HUMAN 
LIVES  TO  DECONTAMINATION. 

National    Research   Council   of  Canada,   Ottawa 
(Ontario).  Div.  of  Biological  Sciences. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06070 


PRESENT  SITUATION  AND  PROBLEMS  RE- 
LATED TO  MARINE  OILY-WATER  SEPARAT- 
ING TECHNIQUES. 

Ship  Research  Inst.,  Tokyo.  Ship  Equipment  Div. 

K.  Watanabe,  H.  Yamanouchi,  Y.  Ueta,  and  O. 

Nagata. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  319-328,  1991.  13  fig,  3  tab,  6  ref. 

Descriptors:  'Bilge,  'Cleanup,  'Marine  pollution, 
•Oily  water,  'Separation  techniques,  'Ships, 
•Wastewater  treatment,  'Water  pollution  preven- 
tion, 'Water  pollution  treatment,  Administrative 
regulations,  Amino  acids,  Coagulation,  Floccula- 
tion,  Japan,  Oil. 

Merchant  ships  are  required  to  be  provided  with 
oily-water  separating  equipment  that  meets  the  re- 
quirements of  the  International  Performance  Test- 
ing Standard  A.393(x)  prescribed  by  the  Interna- 
tional Maritime  Organization  (IMO),  where  the 
discharged  oil  contents  of  the  effluent  measured  at 
the  outlet  of  the  equipment  are  controlled  to  15 
ppm  or  100  ppm  depending  upon  gross  tonnage. 
Investigations  have  been  undertaken  to  find  inter- 
national solutions  centering  on  the  Marine  Envi- 
ronment Protection  Committee  of  IMO  to  improve 
the  service  performance  of  oily-water  separating 
equipment.  In  this  study,  performance  of  the  exist- 
ing oily-water  separating  equipment  in  Japan  was 
investigated  and  a  study  on  new  oily-water  sepa- 
rating techniques  was  conducted  under  laboratory 
conditions.  Two  conclusions  were  drawn:  (1)  be- 
cause the  engine  room  bilge  in  an  actual  ship 
contains  suspended  solids,  detergents,  and  other 
materials  in  addition  to  fuel  oil  and  lubricating  oil, 
it  is  difficult  to  clear  the  discharged  oil  control 
requirement  of  1 5  ppm  at  all  times  when  relying  on 
a  gravitational  separation  system  of  multiple  paral- 
lel plates  and  a  filter-type  coalescer,  (2)  The  newly 
developed  oily-water  separating  mechanism  rely- 
ing on  oil  flocculation  and  froth  flotation  has  dis- 
played its  usefulness  for  oil  water  containing  oil 
particles  and  suspended  solids  with  a  particle  size 
smaller  than  10  micrometers,  and  thus  is  promising 
for  application  to  oily-water  separating  equipment 
designed  to  meet  the  15  ppm  discharge  require- 
ments. A  single-liquid  oil  coagulant  consisting  of 
an  amino  acid  derivative  has  been  developed  in 
Japan,  and  a  2%  water  solution  of  this  substance 
has  been  tested.  Oily-water  separation  can  be  car- 
ried out  by  adding  the  coagulant  to  engine-room 
bilge  containing  seawater,  and  then  mixing  them. 
(Author's  abstract) 
W9 1-06074 


PEROXIDE  PRE-OXIDATION  OF  RECALCI- 
TRANT TOXIC  WASTE  TO  ENHANCE  BIODE- 
GRADATION. 

Delaware  Univ.,  Newark.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  5D. 
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METHODS  TO  SET  SOIL  CLEANUP  GOALS 
TO  PROTECT  SURFACE  AND  GROUND 
WATER  QUALITY  AT  HAZARDOUS  WASTE 
SITES. 

Environmental     Resources     Management,     Inc., 


Exton,  PA. 

A.  Huggins,  and  M.  D.  LaGrega. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  405-412,  1991.  1  fig,  1  tab,  10  ref. 

Descriptors:  'Cleanup,  'Hazardous  waste  disposal, 
'Site  remediation,  'Soil  contamination,  'Soil  treat- 
ment, 'Waste  management,  Case  studies,  Legal 
aspects,  Risk  assessment,  Standards,  Waste  treat- 
ment. Water  pollution  control. 

Hazardous  waste  management  programs  in  the  U. 
S.  have  focussed  on  the  cleanup  of  sites  to  meet 
environmental  standards  and  mitigate  environmen- 
tal and  human  health  risks.  The  programs  involve 
cleanup  of  abandoned  sites  as  well  as  existing  in- 
dustrial facilities.  In  many  cases  the  criteria  for 
cleanup  at  these  sites  are  based  upon  the  protection 
of  ground  or  surface  water  resources.  Criteria  can 
be  based  upon  (1)  background  levels  in  the  sur- 
rounding environment,  (2)  national  or  state  stand- 
ards set  to  protect  surface  and  groundwater  uses, 
and/or  (3)  site-specific  standards  based  on  risk 
assessment  techniques.  Methodologies  for  the  deri- 
vation of  cleanup  goals  in  the  U.S.  vary  between 
regulatory  programs.  Media-protection  standards 
or  trigger  levels  are  the  simplest  to  manage,  but 
their  appeal  can  be  diminished  if  they  lead  to 
unnecessary  cleanup  activities.  Such  simple  sys- 
tems also  fail  to  deal  with  any  unique  site  charac- 
teristics or  exposure  patterns.  Partly  in  response  to 
such  concerns,  some  U.S.  programs  depend  upon 
risk  assessment  to  set  site-specific  cleanup  goals. 
Several  cases  using  various  approaches  to  develop- 
ing cleanup  goals  have  been  studied.  The  addition- 
al technical  resources  required  to  develop  risk 
assessment-based  cleanup  standards  do  not  appear 
to  be  substantial  when  compared  to  the  savings 
realized  in  preventing  unnecessary  cleanup  and 
disposal.  (Author's  abstract) 
W9 1-06083 


EFFECT  OF  SURFACTANTS  ON  THE  SORP- 
TION PARTITION  COEFFICIENTS  OF  NAPH- 
THALENE ON  AQUIFER  SOILS. 
Air  Force  Academy,  CO.  Dept.  of  Civil  Engineer- 
ing. 

J.  Brickell,  and  T.  Keinath. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  455-463,  1991.  4  fig,  1  tab,  10  ref. 

Descriptors:  'Adsorption  kinetics,  'Aquifer  resto- 
ration, 'Cleanup  operations,  'Groundwater  pollu- 
tion, 'Naphthalenes,  'Surfactants,  Adsorption-de- 
sorption,  Chemical  reactions,  Clay  soils,  Ground- 
water movement,  Organic  pollutants,  Pump  and 
treat  method. 

The  efficiency  of  removing  organic  contaminants 
from  groundwater  aquifers  by  the  pump  and  treat 
process  is  adversely  affected  by  the  retardation  of 
the  contaminant's  mobility  due  to  adsorption  onto 
aquifer  material.  The  use  of  surfactants  in  conjunc- 
tion with  the  pump  and  treat  process  has  the 
potential  for  improving  contaminant  mobility  by 
solubilizing  the  adsorbed  contaminant.  An  experi- 
mental program  was  conducted  to  screen  various 
types  of  commercially  available  nonionic  and  ani- 
onic surfactants  for  solubilizing  adsorbed  naphtha- 
lene from  one  type  of  aquifer  soil.  Two  additional 
types  of  aquifer  soils  were  obtained,  and  the  surfac- 
tant mixture,  Tween  20  and  Aerosol  AY-65,  select- 
ed during  the  screening  process  was  used  at  vari- 
ous concentrations  for  equilibrium  desorption  stud- 
ies to  quantify  surfactant  effects  on  naphthalene 
desorption.  Equilibrium  desorption  studies  showed 
that  a  0.125  percent  surfactant  solution  decreased 
the  partition  coefficient  65  percent  compared  with 
water  alone  for  one  soil  type,  while  greater  surfac- 
tant concentrations  resulted  in  less  effective  mobili- 
zation. However,  the  same  surfactant  mixture 
markedly  increased  the  partition  coefficient  when 
used  with  another  soil  type,  and  had  negligible 
effects  for  the  third  soil  type.  It  was  shown  that  the 
clay  mineralogy  significantly  influenced  the  effect 
of  the  surfactant.  (Author's  abstract) 
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SURFACTANT  SOLUBILIZATION  OF  POLY- 
CYCLIC  AROMATIC  HYDROCARBON  COM- 
POUNDS IN  SOIL-WATER  SUSPENSION. 
Carnegie-Mellon  Univ.,  Pittsburgh,  PA.  Dept.  of 
Civil  Engineering. 
Z.  Liu,  S.  Laha,  and  R.  G.  Luthy. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  475-485,  1991.  4  fig,  3  tab,  20  ref. 

Descriptors:  'Cleanup,  *Path  of  pollutants,  'Poly- 
cyclic  aromatic  hydrocarbons,  *Soil  contamina- 
tion, 'Soil  water,  'Sorption,  'Surfactants,  Adsorp- 
tion kinetics.  Anthracene,  Dispersants,  Phenan- 
threne,  Pyrene,  Solubility. 

Polycyclic  aromatic  hydrocarbons  (PAHs)  are  hy- 
drophobic compounds  readily  sorbed  onto  soil;  the 
addition  of  surfactants  to  soil-water  systems  may 
solubilize  PAH  compounds  by  incorporation  of  the 
PAH  in  surfactant  micelles.  The  solubilization  of 
anthracene,  phenanthrene,  and  pyrene  was  evaluat- 
ed in  soil-water  suspensions  with  several  nonionic 
and  anionic  surfactants.  The  most  effective  surfac- 
tants were  nonionic  octyl  and  nonyl-phenylethoxy- 
lates  with  9  to  12  ethoxylate  units.  At  soil- water 
mass  ratios  of  about  1:7  to  1:2,  greater  than  0.1% 
by  volume  surfactant  dose  was  required  in  order  to 
initiate  solubilization,  with  doses  of  1%  by  volume 
resulting  in  70-90%  solubilization.  The  soil-water 
partition  coefficient  for  anthracene  was  reduced  by 
two  orders  of  magnitude  with  1%  by  volume 
phenylethoxylate  surfactant.  The  solubilization  of 
anthracene,  phenanthrene  and  pyrene  in  soil-water 
systems  occurs  at  surfactant  doses  much  greater 
than  the  clean  water  surfactant  critical  micelle 
concentration.  A  surfactant-soil  solubilization  coef- 
ficient is  derived  from  the  ratio  of  the  observed 
aqueous  solubility  of  PAH  in  the  presence  of  sur- 
factant to  the  specific  sorption  of  PAH  onto  soil. 
The  ratio  is  shown  to  be  proportional  to  the  differ- 
ence between  the  surfactant  dose  and  the  effective 
critical  micelle  concentration  in  the  presence  of 
soil.  Additional  information  is  needed  on  the  sorp- 
tion characteristics  of  surfactants  on  soil  in  order 
to  describe  more  fully  the  PAH-surfactant  solubili- 
zation process.  (Author's  abstract) 
W91-O6091 

ANAEROBIC  BIOTRANSFORMATION  OF 
PCE  AND  TCE  IN  GROUNDWATER:  A  COM- 
PARISON OF  EXPERIMENTAL  DATA  WITH 
NUMERICAL  RESULTS. 

Washington  State  Univ.,  Pullman.  Dept.  of  Civil 

and  Environmental  Engineering. 

M.  Y.  Corapcioglu,  M.  A.  Hossain,  and  M.  A. 

Hossain. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  525-534,  1991.  4  fig,  1  tab,  22  ref. 

Descriptors:  'Biodegradation,  'Bioremediation, 
•Chlorinated  hydrocarbons,  'Dispersion,  'Fate  of 
pollutants,  'Mathematical  models,  'Model  studies, 
Anaerobic  conditions,  Chemical  reactions, 
Groundwater  pollution,  Sensitivity  analysis,  Te- 
trachloroethylene,  Trichloroethylene. 

Chlorinated  hydrocarbons  enter  soil  and  ground- 
water through  accidents  and  leaks  at  chemical 
disposal  sites.  Bacteria  transform  the  dissolved 
compounds  into  intermediate  compounds,  and  fi- 
nally to  a  final  compound  that  may  or  may  not  be 
easily  biodegradable.  Biotransformation  and  trans- 
port of  chlorinated  hydrocarbons  in  a  saturated 
column  can  be  simulated  by  a  sequential  mathemat- 
ical model.  The  model  predicts  the  reductive  deha- 
logenation  of  dissolved  chlorinated  aliphatics 
under  anaerobic  conditions.  The  conservation  prin- 
ciples expressed  in  terms  of  quantification  of  physi- 
cal, chemical  and  microbial  processes  lead  to  a 
system  of  nonlinear  partial  differential  equations. 
When  applied  to  the  methanogenic  biotransforma- 
tion of  tetrachloroethylene  and  trichloroethylene, 
the  numerical  results  compare  well  with  experi- 
mental data.  Sensitivity  analysis  suggests  the  model 
is  more  sensitive  to  rate  constants  of  parent  com- 
pounds than  intermediates.  Mineralization  of  vinyl 
chloride  to  C02  is  significantly  affected  by  rela- 
tively small  changes  in  the  depletion  rate  coeffi- 
cient. Significant  sensitivity  of  mass  distribution  to 
flow  velocity  and  the  dispersion  coefficient  was 
observed  for  all  compounds.  The  degree  of  con- 
vective  transport  is  dominated  by  the  magnitude  of 


flow  velocity.  The  results  of  the  model  efforts 
indicate  that  the  mathematical  analysis  of  in  situ 
biotransformation  techniques  would  greatly  im- 
prove the  efficiency  of  aquifer  recovery  oper- 
ations. (Tappert-PTT) 
W9 1-06096 

COSTS  FOR  REDUCING  FARMERS'  USE  OF 
NITROGEN  IN  GOTLAND,  SWEDEN. 

Sveriges   Lantbruksuniversitet,   Uppsala.    Inst,   of 

Economics. 

I.  M.  Andreasson. 

Ecological  Economics,  Vol.  2,  No.  4,  p  287-299, 

1990.  2  fig,  3  tab,  7  ref. 

Descriptors:  'Agricultural  practices.  Costs,  'Agri- 
cultural runoff,  'Cost  analysis,  'Economic  aspects, 
•Nitrogen,  'Permits,  'Sweden,  'Water  policy, 
•Water  pollution  control,  Agricultural  chemicals, 
Cover  crops,  Crop  production,  Crop  yield,  Fertil- 
izers, Hydrologic  models,  Income,  Legal  aspects, 
Livestock,  Manure,  Regulations,  Social  aspects, 
Water  pollution  sources. 

On  Gotland,  a  Swedish  island  in  the  Baltic,  drink- 
ing water  is  polluted  by  nitrogen  resulting  from 
agricultural  use.  Costs  were  compared  for  the 
quota,  charge,  and  permit  market  systems  aimed  at 
reducing  farmers'  use  of  nitrogen.  The  value  of 
yield  losses  and  income  distribution  effects  were 
estimated  for  all  three  policy  instruments.  Accord- 
ing to  the  empirical  results,  a  permit  market  is  the 
least  costly,  both  to  society  and  to  the  farmers.  The 
social  value  of  yield  losses  under  the  charge  and 
permit  market  system  corresponds  to  about  60%  of 
the  value  of  yield  losses  under  a  quote  system.  The 
income  distribution  effects  are  highest  for  a  charge 
system  when  both  fertilizer  and  manure  are  regu- 
lated. When  only  fertilizer  is  regulated  the  income 
distribution  effects  are  highest  for  a  quota  system. 
The  income  distribution  effects  of  a  permit  market 
are  lowest  for  both  regulations,  and  never  exceed 
60%  of  the  system  with  the  highest  income  distri- 
bution effects.  This  method  should  also  be  applica- 
ble to  inputs  other  than  nitrogen.  If  the  quota, 
charge,  and  permit  market  systems  are  designed 
the  same  way  as  in  this  analysis,  then  the  analytical 
results  obtained  for  Gotland  can  be  generalized  to 
the  agricultural  sector  in  other  regions.  However, 
the  empirical  results  are  specific  for  each  region 
and  depend  to  a  great  extent  on  the  variation  in 
production  technologies  between  fanners.  (Doria- 
PTT) 
W91-06107 
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largely  lacking.  A  more  thorough  understanding  of 
the  way  our  industrial  system  works  with  respect 
to  chemical  pollution  is  required.  Studies  in  'indus- 
trial metabolism'  are  recommended  as  a  first  step  in 
seeking  this  understanding.  Large  river  basins  may 
be  the  ideal  spatial  unit  for  conducting  most  such 
studies.  These  studies  should  be  complemented  by 
strategies  for  reducing  consumption-related  emis- 
sions, a  major  component  of  which  is  emphasis  on 
environmentally  safe  design  of  consumer  products. 
(Author's  abstract) 
W91-06109 


EFFECTIVE  COST-SHARE  RATES  AND  THE 
DISTRIBUTION  OF  SOCIAL  COSTS  IN  THE 
ROCK  CREEK,  IDAHO,  RURAL  CLEAN 
WATER  PROJECT. 

Idaho  Univ.,  Moscow.  Dept.  of  Agricultural  Eco- 
nomics. 

For  primary  bibliographic  entry  see  Field  6C. 
W91-06116 

FIELD  EFFICACY  OF  VECTOBAC-12AS  AND 
VECTOBAC-24AS  AGAINST  BLACK  FLY 
LARVAE  IN  NEW  BRUNSWICK  STREAMS 
(DIPTERA:  SIMULIIDAE). 

New  Brunswick  Research  and  Productivity  Coun- 
cil, Fredericton.  Chemical  and  Biotechnical  Serv- 
ices. 

C.  M.  Riley,  and  R.  Fusco. 

Journal  of  the  American  Mosquito  Control  Asso- 
ciation JAMAET,  Vol.  6,  No.  1,  p  43-46,  March 
1990.  3  tab,  13  ref. 

Descriptors:  *Biocontrol,  *Black  flies,  'Insecti- 
cides, 'New  Brunswick,  'Vectobac,  Canada, 
Larval  growth  stage,  Mortality,  Stream  discharge, 
Streams,  Water  temperature. 

The  control  of  blackfly  larvae  using  2  aqueous 
suspension  formulations  of  Bacillus  thuringensis, 
serotype  H-14  was  evaluated  in  6  trials  on  small 
and  large  sized  streams  in  New  Brunswick, 
Canada.  Applications  equivalent  to  25  ppm  (Vec- 
tobac-12AS)  or  12.5  ppm  (Vectobac-24AS)  over  a 
1-min  period  resulted  in  100%  control  of  blackfly 
larvae  up  to  3  km  downstream  of  the  application 
point.  Over  the  6  trials,  effective  carry  was  seen  to 
increase  with  increased  stream  discharge,  which 
varied  from  as  low  as  0.8  cu  m/min  in  the  small 
stream  to  108.6  cu  m/min  in  the  large  stream. 
(Author's  abstract) 
W91-06120 


CHEMICAL  EMISSIONS  FROM  THE  PROC- 
ESSING AND  USE  OF  MATERIALS:  THE 
NEED  FOR  AN  INTEGRATED  EMISSIONS  AC- 
COUNTING SYSTEM. 

International  Inst,  for  Applied  Systems  Analysis, 

Laxenburg  (Austria). 

W.  M.  Stigliani. 

Ecological  Economics,  Vol.  2,  No.  4,  p  325-341, 

1990.  2  fig,  2  tab,  22  ref. 

Descriptors:  'Domestic  wastes,  'Environmental 
monitoring,  'Environmental  policy,  'Farm  wastes, 
•Industrial  wastes,  *Nonpoint  pollution  sources, 
•Water  pollution  control,  Economic  aspects,  Polit- 
ical aspects,  River  basins,  Social  aspects,  Toxic 
wastes.  Waste  disposal. 

The  need  for  a  comprehensive  emissions  account- 
ing system  for  environmentally  harmful  chemicals 
was  investigated.  Such  a  system  requires  the  avail- 
ability of  economic  statistics  to  complement  envi- 
ronmental data.  A  classification  scheme  is  suggest- 
ed that  identifies  environmental  emissions  at  par- 
ticular stages  in  the  life  cycle  of  chemicals  as  they 
flow  through  the  industrial  economy.  Emissions 
are  categorized  as  point  source  emissions  related  to 
energy  and  industrial  production,  diffuse  source 
emissions  from  agricultural  production,  and  con- 
sumption-related emissions.  The  results  of  recent 
analyses  suggest  that  in  advanced  industrial  soci- 
eties consumption-related  and  diffuse  source  emis- 
sions are  becoming  increasingly  important  sources 
of  chemical  pollution  relative  to  point  source  emis- 
sions. Such  sources  are  more  difficult  to  regulate 
than  are  point  sources,  and  our  information  base 
for  identifying  and  quantifying  the  emissions  is 


LABORATORY  EVALUATION  OF  LAGENI- 
DIUM  GIGANTEUM  (OOMYCETES:  LAGENI- 
DIALES)  IN  WATER  FROM  CONTRA  COSTA 
COUNTY,  CALIFORNIA,  MOSQUITO 

SOURCES. 

Contra  Costa  Mosquito  Abatement  District,  Con- 
cord, CA. 
V.  I.  Kramer. 

Journal  of  the  American  Mosquito  Control  Asso- 
ciation JAMAET,  Vol.  6,  No.  I,  p  79-83,  March 
1990.  1  tab,  20  ref. 

Descriptors:  *Aquatic  fungi,  •Biocontrol,  *Lageni- 
dium,  'Mosquitoes,  Ammonium,  Bioassay,  Califor- 
nia, Chemical  oxygen  demand,  Chemical  proper- 
ties, Conductivity,  Contra  Costa  County,  Dis- 
solved solids,  Hardness,  Hydrogen  ion  concentra- 
tion, Larval  growth  stage,  Marshes,  Molds,  Mor- 
tality, Nitrogen,  Pastures,  Phosphates,  Regression 
analysis,  Rice  fields,  Salinity,  Streams,  Turbidity, 
Water  quality. 

Six  bioassays  were  performed  to  evaluate  the  effi- 
cacy of  the  fungus  Lagenidium  giganteum  against 
mosquitoes  in  water  collected  from  75  sources. 
The  fungus  infected  larvae  of  4  genera  and  pro- 
duced >90%  mortality  in  water  from  some  of  the 
creeks,  artificial  containers,  and  the  wild  rice  field 
tested  during  4  of  the  assays.  There  was  no  larval 
mortality  due  to  the  fungus  in  water  from  irrigated 
pastures  or  marshes.  Water  quality  parameters  as- 
sociated with  L.  giganteum  infection  varied  among 
the  bioassays;  low  measurements  of  total  dissolved 
solids,  hardness,  conductivity,  chemical  oxygen 
demand,  ammonium  nitrogen,  phosphate,  and  sa- 
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linity  were  significantly  correlated  with  fungal  effi- 
cacy in  one  or  more  of  the  assays.  Regression 
analyses  selected  total  dissolved  solids,  hardness, 
chemical  oxygen  demand,  ammonium  nitrogen, 
and/or  phosphate  as  the  best  predictors  of  larval 
mortality  due  to  L.  giganteum.  Turbidity  and  pH 
were  not  correlated  with  fungal  efficacy.  (Author's 
abstract) 
W91-06122 


ENVIRONMENTAL  ASPECTS  OF  STABILIZA- 
TION AND  SOLIDIFICATION  OF  HAZARD- 
OUS AND  RADIOACTIVE  WASTES. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-06124 


IN  SITU  GROUTING  OF  SHALLOW  LAND- 
FILL RADIOACTIVE  WASTE  TRENCHES. 

Oak  Ridge  National  Lab.,  TN.  Chemical  Technol- 
ogy Div. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-06157 


HAZARDOUS     AND     INDUSTRIAL     SOLID 
WASTE  MINIMIZATION  PRACTICES. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-06158 


BIOMARKERS  OF  ENVIRONMENTAL  CON- 
TAMINATION. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-06176 


REDUCING  AGRICULTURAL  PESTICIDE  USE 
IN  SWEDEN. 

Environmental   Protection   Agency,   Washington, 

DC.  Nonpoint  Sources  Branch. 

A.  C.  Weinberg. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  6,  p  610-613,  November/December 

1990.  2  tab,  25  ref. 

Descriptors:  'Agricultural  chemicals,  •Agricultur- 
al practices,  'Pesticides,  "Sweden,  *Water  pollu- 
tion control,  International  law,  Legal  aspects, 
Legal  review,  Pesticide  residues,  Pesticide  toxicity. 

Concern  in  Sweden  about  the  adverse  conse- 
quences of  pesticide  use  is  evidenced  by  the  estab- 
lishment in  1985  of  an  ambitious  goal  to  lower  the 
risks  to  health  and  the  environment  from  the  use  of 
pesticides  in  agriculture.  The  goal  was  to  reduce 
by  half  the  amount  of  pesticides  used  in  agriculture 
in  five  years  from  4528  tons  of  active  ingredient  in 
1985  to  2,250  tons  in  1990.  Farmers  in  the  southern 
part  of  the  country  cultivate  a  wide  range  of  crops, 
such  as  wheat,  sugar  beets,  potatoes,  oleiferous 
plants,  and  peas.  Bread  grain,  coarse  grain,  and 
oleiferous  plants  are  cultivated  on  the  central 
plains.  Farther  north  a  larger  proportion  of  acre- 
age is  in  forage  plants,  with  seed  potatoes  being 
grown  on  arable  land.  Because  of  Sweden's  north- 
ern position,  the  country  is  spared  many  plants 
diseases  and  pests  found  farther  south;  this  results 
in  the  use  of  less  pesticides  than  elsewhere.  All 
pesticides  used  in  Sweden  must  be  registered.  The 
National  Chemicals  Inspectorate  is  also  developing 
a  new  process  to  evaluate  new  and  old  pesticides 
with  regard  to  risks,  benefits,  and  needs.  Residue 
samples  taken  from  food  and  drinking  water  are 
being  increased  and  new  methods  of  analysis  are 
being  introduced.  A  number  of  approaches  are 
being  used  to  reduce  the  actual  use  of  pesticides. 
Tests  are  being  developed  for  pesticide  spraying 
equipment.  Pest  forecasts  and  warning  services  are 
provided.  Lower  pesticide  doses  are  recommend- 
ed. A  20%  price  increase  was  introduced  in  1986 
on  all  pesticides  used  in  agriculture.  Financial  sub- 
sidy programs  promote  organic  farming.  Other 
measures  include  planning  the  use  of  pesticides  to 
minimize  pollution,  such  as  lessons  on  how  to  fill 
spreading  equipment  and  how  to  spread  pesticides 
for  minimal  environmental  risk.  As  a  consequence 
of  the  pesticide  reduction  goal  set  in  1985,  con- 
sumption of  pesticides  for  agricultural  use  in 
Sweden  has  declined  significantly  over  the  past 
five  years.  By  the  end  of  1990,  the  50%  reduction 
goal  should  be  met.  (Mertz-PTT) 


W9 1-06229 


WATER  RESOURCE  PLANNING  IN  CANADA. 

For  primary  bibliographic  entry  see  Field  6E. 
W9 1-062  30 


CHEMICAL  QUALITY  OF  DRINKING  WATER 
IN  BAHRAIN. 

Ministry   of  Health,    Manama   (Bahrain).    Public 
Health  Directorate. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-06237 


SOAK-AWAY  SYSTEMS  AND  POSSIBLE 
GROUNDWATER  POLLUTION  PROBLEMS 
IN  DEVELOPING  COUNTRIES. 

Obafemi  Awolowo  Univ.,  Ile-Ife  (Nigeria).  Dept. 

of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06238 


NATURAL  RECOLONIZATION  OF  A  CHRON- 
ICALLY OIL-POLLUTED  MANGROVE  SOIL 
AFTER  A  DE-POLLUTION  PROCESS. 

Montpellier-2  Univ.  (France).  Lab.  d'Hydrobiolo- 

gie  Marine. 

F.  Martin,  E.  Dutrieux,  and  A.  Debry. 

Ocean  &  Shoreline  Management  OSMAE6,  Vol. 

14,  No.  3,  p  173-190,  1990.   10  fig,  1  tab,  36  ref. 

Descriptors:  'Cleanup  operations,  'Mangrove 
trees,  'Oil  pollution,  •Recolonization,  •Restora- 
tion, 'Sediment  contamination,  Chronic  pollution, 
Cleanup,  Decontamination,  Ecological  effects, 
Fate  of  pollutants,  Oil,  Water  pollution  effects. 

Accidental  pollution  is  often  massive  and  rapid.  In 
contrast,  chronic  pollution  consists  of  spills  of 
small  quantities  of  pollutants,  but  over  a  longer 
period  of  time.  The  experimental  site  was  located 
on  the  east  coast  of  Borneo  Island,  80  km  north  of 
Balikpapan  city.  The  site  has  experienced  numer- 
ous changes  since  an  oil  refinery  was  constructed 
in  1975.  The  Senipah  oil  terminal  collects  the  oil 
extracted  from  nearby  production  fields.  The  re- 
sults of  a  restoration  operation  at  a  mangrove 
polluted  by  hydrocarbons  we  examined.  This  site 
was  a  swamp  usually  planted  with  Avicennia  sp. 
mangroves  but  which  was  totally  destroyed  after 
chronic  oil  spills.  A  special  program  made  it  possi- 
ble to  prevent  pollution  of  the  site,  and  to  bring  in 
clean  marine  water,  thereby  assisting  the  natural 
cleansing.  A  first  stage  involved  reducing  pollution 
in  the  access  channel  by  setting  up  an  oil-collecting 
device  at  the  end  of  the  discharge  pipe.  Simulta- 
neously, works  designed  to  stop  the  oily  water 
from  flowing  into  the  site  were  undertaken.  A  dike 
was  built  in  order  to  stop  the  water  from  flowing 
between  the  study  zone  and  the  access  channel. 
However,  because  the  main  discharge  of  water  no 
longer  existed,  a  1 10  m  long  channel  (de-pollution 
channel)  had  to  be  dug,  which  enabled  the  site  to 
be  regularly  washed  by  clean  saline  tidal  water. 
The  natural  recolonization  of  the  site  by  small 
Avicennia  plants  began  rapidly  (3  months)  once 
the  restoration  equipment  was  operational.  The 
density  and  the  growth  of  these  small  plants 
seemed  to  be  more  influenced  by  the  substrate  type 
than  by  the  hydrocarbon  concentrations  in  the  soil. 
The  results  showed  that  fresh  oil  was  the  real 
cause  of  the  mortality  of  small  plants  rather  than 
the  concentrations  of  a  soil-aged  product.  In  the 
case  of  chronic  pollution,  stopping  the  regular 
arrival  of  a  pollutant  can  be  sufficient  to  restore  a 
site,  and  it  is  not  necessary  to  consider  costly 
cleansing  and  restoration  operations.  (Mertz-PTT) 
W9 1-06266 


SWAMPBUSTER  IMPLEMENTATION: 

MISSED    OPPORTUNITIES    FOR    WETLAND 
PROTECTION. 

Environmental  Law  Inst.,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  6E. 
W9 1-06274 


LOW-INPUT  AGRICULTURE  REDUCES  NON- 
POINT-SOURCE  POLLUTION. 


Environmental   Protection   Agency,   Washington, 

DC.  Nonpoint  Sources  Branch. 

A.  C.  Weinberg. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  1,  p  48-50,  January/February  1990.  10 

ref. 

Descriptors:  'Agricultural  chemicals,  'Legislation, 
•Nonpoint  pollution  sources,  'Water  pollution 
control,  'Water  quality  management,  Agriculture, 
Environmental  protection,  Farm  management, 
Fertilizers,  Groundwater  pollution,  Leaching, 
Management  planning,  Participating  funds,  State 
jurisdiction,  Water  Quality  Act. 

Despite  progress,  agriculture  continues  to  impose 
stress  on  the  environment.  There  is  a  direct  rela- 
tionship found  between  nitrate  leaching  to  ground- 
water and  nitrogen  fertilizer  use  rates.  According 
to  a  1986  national  assessment  of  surface  waters, 
nonpoint-source  pollution  is  the  most  pervasive 
and  among  the  most  serious  water  quality  prob- 
lems remaining  in  the  U.S.  The  most  recent  nation- 
al legislative  response  to  these  nonpoint-source 
pollution  problems  is  Section  319  of  the  Water 
Quality  Act  of  1987,  which  requires  states  to 
submit  for  Environmental  Protection  Agency  ap- 
proval a  nonpoint-source  assessment  report  and 
management  program  by  August,  1988.  Much  of 
agriculture's  emphasis  in  the  past  has  focused  on 
increasing  output  such  as  yield.  Nonpoint-source 
management  programs  provide  an  opportunity  for 
states  to  promote  use  of  low-input  agricultural 
approaches.  The  Water  Quality  Act  also  provides 
a  variety  of  funding  sources  for  implementing  state 
management  programs  to  supplement  states'  own 
resources  and  authorities  of  other  federal  agencies. 
Reduced-tillage  cropping  systems  and  improved 
pesticide  and  nutrient  management  are  examples  of 
low-input  best-management  practices  that  reduce 
unwanted  outputs.  State  nonpoint-source  manage- 
ment programs  are  a  primary  vehicle  for  promot- 
ing the  use  of  low-input  agricultural  approaches. 
(Fish-PTT) 
W9 1-06304 


AGRICULTURE'S  ROLE  IN  PROTECTING 
WATER  QUALITY. 

Office  of  Management  and  Budget,  Washington, 

DC.  Natural  Resources  Div. 

S.  Offutt. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  1,  p  94-96,  January/February  1990. 

Descriptors:  'Agriculture,  'Environmental  qual- 
ity, 'Farm  management,  'Government  supports, 
•Groundwater  quality,  'Water  pollution  control, 
Agricultural  chemicals,  Biotechnology,  Cost-bene- 
fit analysis,  Economic  aspects,  Fertilizers,  Legisla- 
tion, Nonpoint  pollution  sources,  Water  pollution 
prevention,  Water  pollution  sources,  Water  quality 
control,  Water  quality  management. 

With  the  budget  for  fiscal  year  1990,  a  federal 
government  initiative  was  launched  to  protect 
water  resources  from  contamination  by  fertilizers 
and  pesticides  without  jeopardizing  the  economic 
vitality  of  U.S.  agriculture.  Federal  agencies  will 
design  water  quality  programs  to  accommodate 
both  the  immediate  need  to  halt  contamination, 
particularly  of  groundwater,  and  the  future  need  to 
alter  farming  practices  that  may  threaten  the  envi- 
ronment. Full,  unearmarked  funding  of  the  initia- 
tive is  critical,  especially  in  its  first  year  of  the 
proposed  five-year  program.  The  farm  community 
itself  must  devise  and  implement  a  pollution  con- 
trol plan,  involving  research  and  education  to  de- 
velop a  set  of  best  management  practices  that 
farmers  will  continue  to  use  even  if  commodity 
prices  rise  significantly  or  input  prices  fall.  In  the 
future,  an  agriculture  must  be  developed  that  does 
not  depend  upon  environmentally-damaging  fertil- 
izers and  chemicals,  such  as  biotechnology  alterna- 
tives. Some  barriers  to  groundwater  quality  pro- 
tection include  formidable  costs,  the  feasibility  of 
crop  diversification,  and  soil  conservation  tradeoffs 
between  surface  water  and  groundwater  quality. 
Making  a  case  on  behalf  of  farmers  will  be  increas- 
ingly difficult  as  every  other  segment  of  the  popu- 
lation has  shouldered  more  and  more  of  the  cost  of 
all  kinds  of  pollution  prevention  and  abatement. 
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The  bottom  line  is  that  fanners  must  recognize  that 
there  will  indeed  be  costs  to  preventing  water 
resource  contamination  and  that  it  may  well  be 
their  responsibility  to  accept  those  costs  in  moving 
quickly  to  meet  society's  demands  for  protection  of 
environmental  quality.  (Fish-PTT) 
W9 1-06305 

WILDLIFE  AND  FISH  AND  SUSTAINABLE 
AGRICULTURE. 

Izaak  Walton  League  of  America,  Decorah,  IA. 
A.  Y.  Robinson. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 
Vol.  45,  No.  1,  p  98-99,  January/February  1990. 

Descriptors:  •Agriculture,  'Alternative  planning, 
•Farm  management,  "Groundwater  pollution, 
•Water  pollution  prevention,  'Wildlife  conserva- 
tion, 'Wildlife  habitats,  Agricultural  chemicals, 
Balance  of  nature,  Conservation,  Cropland,  Eco- 
systems, Herbicides,  Insecticides,  Natural  re- 
sources, Natural  use,  Pesticides. 

A  national  movement  has  begun  toward  low-input, 
sustainable,  regenerative,  or  alternative  agriculture, 
as  conservationists,  organic  food  proponents,  and 
average  farmers  find  that  they  have  some  concerns 
in  common  about  groundwater,  about  health,  and 
about  net  profits.  This  type  of  agriculture  offers 
the  best  hope  of  reducing  chemicals  in  water  and 
food  supplies  and  in  the  farmer's  work  environ- 
ment, and  the  potential  to  improve  the  quality  and 
quantity  of  habitat  for  fish  and  wildlife.  The  aim  of 
sustainable  farmers  is  to  work  with  nature  by  main- 
taining healthy  soil  and  plants,  harnessing  biologi- 
cal mechanisms  like  natural  predators  and  seasonal 
rhythms  that  exploit  pests'  life  cycles;  and  to  use 
hands-on  management  and  on-the-farm  resources. 
Effective  reduction  of  the  need  for  chemicals  is 
achieved  by  use  of  selected  rotations  and  cover 
crops  to  maintain  soil  'balance'  and  organic  matter; 
by  use  of  substitute  legumes,  careful  manure  man- 
agement, and  biological  controls  for  chemicals;  by 
cutting  use  of  synthetic  nitrogen  to  prevent  possi- 
ble disruption  of  soil  biota  and  to  save  energy;  by 
use  of  conservation  tillage  techniques;  and  by  di- 
versification of  farm  enterprise.  Adherents  of  sus- 
tainable agriculture  recognize  that  wildlife  helps 
gage  the  health  of  local  ecosystems  and  enriches 
the  countryside  with  beauty  and  economic  oppor- 
tunity. A  greater  diversity  of  crops  and  increased 
cover  on  fields  could  benefit  a  wide  range  of 
animals,  particularly  grassland  birds.  Pesticides,  in- 
secticides, and  herbicides  damage  the  health  of 
wildlife  and  their  habitats.  Prevention,  not  regula- 
tion, is  the  focus  of  regenerative  agriculture,  and 
should  be  supported  and  rewarded.  (Fish-PTT) 
W9 1-06306 


NUTRIENT  NEEDS. 

Georgia  Tech  Research  Corp.,  Atlanta. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06398 


OVERVIEW  OF  SEPARATION  TECHNOL- 
OGIES DEMONSTRATED  BY  THE  EPA'S  SU- 
PERFUND  INNOVATIVE  TECHNOLOGY 
EVALUATION  (SITE)  PROGRAM. 
Environmental  Protection  Agency,  Cincinnati, 
OH. 

For  primary  bibliographic   entry   see  Field   5D. 
W91-06437 


IN-SITU  EXTRACTION  OF  CONTAMINANTS 
FROM  HAZARDOUS  WASTE  SITES  BY  ELEC- 
TROOSMOSIS. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 
Mechanical  Engineering. 

A.  P.  Shapiro,  P.  C.  Renaud,  and  R.  F.  Probstein. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  345-353.  5  fig,  11  ref. 

Descriptors:  'Cleanup  procedures,  ♦Electro-osmo- 
sis, 'Hazardous  wastes,  'In  situ  treatment,  'Soil 
contamination,  'Wastewater  treatment,  Acetic 
acid,  Clay  minerals,  Electrodes,  Phenols,  Porous 
media,  Separation  techniques. 


A  procedure  was  developed  for  the  in-situ  extrac- 
tion of  contaminants  in  solution  from  hazardous 
waste  sites  which  involves  displacing  the  contami- 
nant by  a  harmless  aqueous  purge  solution  which  is 
moved  through  the  soil,  together  with  the  con- 
taminant by  electroosmosis.  The  dc  electric  field  is 
set  up  through  embedded  porous  electrodes.  Labo- 
ratory experiments  with  compacted  kaolin  clay 
samples  saturated  with  acetic  acid  with  sodium 
chloride  purge  solution  and  phenol  solutions  with 
tap  water  purge  solution  demonstrated  a  high 
degree  of  removal  of  the  contaminants.  A  theoreti- 
cal model  of  the  process,  including  ionic  migration 
and  diffusion,  is  in  good  agreement  with  the  low 
energy  costs  shown  by  these  experiments.  (See  also 
W9 1-06421)  (Author's  abstract) 
W9 1-06444 

IN-SITU  TREATMENT  OF  SOILS  CONTAMI- 
NATED WITH  HAZARDOUS  ORGANIC 
WASTES  USING  SURFACTANTS:  A  CRITICAL 
ANALYSIS. 

Howard  Univ.,  Washington,  DC.  Dept.  of  Chemi- 
cal Engineering. 

R.  C.  Chawla,  M.  S.  Diallo,  J.  N.  Cannon,  J.  H. 
Johnson,  and  C.  Porzucek. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  355-367.  3  fig,  30  ref.  Los 
Alamos  National  Laboratory  Contract  9-X58- 
808U-1. 

Descriptors:  'Cleanup  operations,  'Decontamina- 
tion, 'Hazardous  wastes,  'In  situ  treatment,  'Or- 
ganic wastes,  'Soil  contamination,  'Surfactants, 
Capillarity,  Oil  pollution,  Sorption. 

A  review  of  the  current  state-of-the-art  of  surfac- 
tant-assisted in-situ  washing  of  soils  contaminated 
with  hazardous  organic  compounds  was  conduct- 
ed. Past  work  on  surfactant-assisted  in-situ  washing 
of  organic  laden  subsurface  soils  was  primarily  an 
extension  of  tertiary  oil  (surfactant  flooding)  re- 
covery to  in-situ  soil  washing.  As  a  result  of  this, 
only  the  removal  of  nonaqueous-phase  liquid  con- 
taminants held  to  the  pores  of  subsurface  soils  by 
capillary  forces  was  addressed.  Because  forces 
other  than  capillarity  (e.g.,  sorption)  can  play  a 
significant  role  in  pollutant  emplacement  in  subsur- 
face soils,  it  is  critical  to  address  the  removal  of 
pollutants  bound  by  such  forces.  A  more  funda- 
mental understanding  of  contaminant  removal 
mechanisms  is  critical  to  assess  adequately  the  ap- 
plicability and  limitations  of  surfactant-assisted  in- 
situ  soil  washing.  Research  is  currently  under  way 
to  assess  the  applicability  and  limitations  of  tertiary 
oil  recovery  based  in-situ  soil  washing,  to  deter- 
mine the  extent  of  surfactant-assisted  desorption  of 
sorbed  organic  pollutants,  and  to  test  a  new  ap- 
proach to  surfactant  formulations  based  on  the 
detergency  and  solubilizing  power  of  surfactant 
aqueous  solutions.  (See  also  W9 1-06421)  (Author's 
abstract) 
W9 1-06445 

ELECTROACOUSTIC  SOIL  DECONTAMINA- 
TION PROCESS  FOR  IN-SITU  TREATMENT 
OF  CONTAMINATED  SOILS. 

Battelle  Columbus  Div.,  OH. 
R.  E.  Hinchee,  H.  S.  Muralidhara,  F.  B.  Stulen,  G. 
B.  Wickramanayake,  and  B.  F.  Jirjis. 
IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  369-382.  4  fig,  5  tab,  23  ref. 

Descriptors:  'Acoustics,  'Cleanup  operations, 
•Decontamination,  'Electroacoustic  techniques, 
•In  situ  treatment,  'Soil  contamination,  Dewater- 
ing,  Electro-osmosis,  Heavy  metals,  Leaching,  Oil 
pollution,  Organic  wastes,  Separation  techniques, 
Zinc. 

An  in-situ  electroacoustic  leaching  process  (ESD) 
was  developed  to  remove  hazardous  wastes  from 
contaminated  soils.  The  electroacoustic  soil  decon- 
tamination process  is  based  on  application  of  a  dc 
electric  field  and  an  acoustic  field  to  contaminated 
soils  to  increase  the  transport  of  liquids  through 
the  soils.  The  dominant  mechanism  of  the  en- 
hanced flow  is  electroosmosis.  Electrodes,  one  or 
more  anodes  and  a  cathode,  and  an  acoustic  source 
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are  placed  in  a  contaminated  soil  to  apply  the 
electric  and  acoustic  fields.  A  parametric  investiga- 
tion in  a  clay  soil  contaminated  with  n-decane 
(organic)  and  zinc  chloride  (inorganic)  showed 
that  ESD  increased  mobilization  of  the  decane  and 
zinc.  The  limited  decane  testing  made  definitive 
conclusions  about  the  feasibility  of  ESD  for  non- 
aqueous phase  liquids  treatment  impossible;  how- 
ever, the  zinc  testing  indicated  that  in-situ  treat- 
ment may  be  feasible.  Despite  very  limited  optimi- 
zation opportunities,  zinc  removals  of  up  to  95% 
were  achieved.  The  most  likely  ESD  application 
for  treatment  of  organics  is  to  enhance  the  recov- 
ery of  solvents  and  fuel  oils,  or  more  soluble  polar 
organics.  When  used  for  removal  of  metal  ions, 
ESD  may  be  coupled  with  a  more  conventional 
pump-and-treat  technology.  (See  also  W9 1-06421) 
(Geiger-PTT) 
W9 1-06446 

IN-SITU  HOT  AIR/STEAM  EXTRACTION  OF 
VOLATILE  ORGANIC  COMPOUNDS. 

Toxic  Treatments  (USA),  Inc.,  San  Francisco,  CA. 
P.  N.  La  Mori. 

IN:  Solid/Liquid  Separation:  Waste  Management 
and  Productivity  Enhancement.  Battelle  Press,  Co- 
lumbus, Ohio.  1990.  p  385-395.  3  fig,  1  tab. 

Descriptors:  'Cleanup  operations,  'Decontamina- 
tion, 'Hot  air  extraction,  'In  situ  treatment,  'Sepa- 
ration techniques,  'Soil  contamination,  'Steam  ex- 
traction, 'Volatile  organic  compounds,  Chlorinat- 
ed hydrocarbons,  Steam. 

A  new  technology  for  removing  volatile  organic 
compounds  (VOCs)  from  soil  injects  hot  air/steam 
into  soil  through  two  5-ft-diameter  counter  rotat- 
ing blades  that  are  attached  to  drill  stems.  The  soil 
is  cleaned  as  the  drill  stems  are  advanced  into  and 
retreated  from  the  ground.  The  evolved  gases  are 
trapped  in  a  surface  covering,  and  contaminants 
are  captured  aboveground  via  condensation  and 
carbon  absorption.   The  recovered  contaminants 
can  be  reprocessed  or  destroyed.  The  results  of  the 
initial  use  of  the  commercial  prototype  show  95  to 
99%   removals  of  chlorinated  VOCs  from  clay 
soils.  The  technology  was  able  to  achieve  its  goal 
of  less  than  100  ppm  over  80%  of  the  time  in  a 
blind  test.  The  mass  of  material  recovered  in  the 
condensate  was  conservative  (89%)  of  the  mass 
determined  removed  from  the  soil  by  chemical 
analysis  and  physical  measurements.  The  technolo- 
gy also  removed  significant  quantities  (80%)  of 
semivolatile    hydrocarbons.    Subsequent    analysis 
identified  potential  mechanisms  for  removal  of  se- 
mivolatile components.  Further  testing  is  planned 
to  evaluate  these  mechanisms.  The  process  has  not 
been   found   to   cause  undesirable   environmental 
emissions  as  a  result  of  its  operation.  Noise  and  air 
emissions  during  operation  are  below  the  limits  set 
by  regional  environmental  regulations  in  southern 
California.    Soil    hydrocarbon    emissions    during 
treatment    are    not    increased    from    background 
before  treatment.  Soil  adjacent  to  the  treatment  has 
not  been  found  to  have  increased  VOCs  after  the 
process    is    operated.    Environmental    emissions 
caused  by  operational  problems  can  generally  be 
cured  without  shutdown.   (See  also  W9 1-06421) 
(Author's  abstract) 
W9 1-06447 

MEMBRANE  SEPARATION  TECHNOLOGIES 
IN  POLLUTION  CONTROL:  CASE  HISTO- 
RIES. 

Cartwright  Consulting  Co.,  St.  Paul,  MN. 

For  primary   bibliographic  entry   see   Field   5D. 

W9 1-06460 


SMALL  CATCHMENT  STUDIES  OF  MAN'S 
IMPACT  ON  FLOOD  FLOWS:  AGRICULTUR- 
AL DRAINAGE  AND  PLANTATION  FOREST- 
RY. 

Institute  of  Hydrology,  Wallmgford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06491 


EMERGING   TECHNOLOGIES   IN   HAZARD- 
OUS WASTE  MANAGEMENT. 
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Georgia  Inst,  of  Tech.,  Atlanta. 
Developed  from  a  symposium  sponsored  by  the 
Division  of  Industrial  and  Engineering  Chemistry, 
Inc.,  of  the  American  Chemical  Society  at  the 
Industrial  and  Engineering  Chemistry  Winter 
Symposium,  Atlanta,  Georgia,  May  1-4,  1989. 
ACS  Symposium  Series  422.  American  Chemical 
Society,  Washington,  DC.  1990.  402p.  Edited  by 
D.   William  Tedder  and   Frederick  G.   Pohland. 

Descriptors:  'Hazardous  waste  disposal,  'Hazard- 
ous wastes,  'Symposium,  'Toxic  wastes,  'Waste 
disposal,  'Waste  management,  'Waste  treatment, 
Industrial  wastes,  Municipal  wastes,  Water  pollu- 
tion effects. 

A  symposium  was  held  in  May  1989  on  'Emerging 
Technologies  for  Hazardous  Waste  Treatment.' 
Participants  included  a  mix  of  politicians,  govern- 
ment regulators,  and  interveners.  Sessions  were 
conducted  on  water  technologies  and  management 
of  solids  and  residues.  The  problems  addressed 
ranged  from  municipal  wastes,  radionuclide  con- 
trol, and  cytotoxic  and  biologically  active  hazards, 
to  chemical  contamination  and  degradation,  and 
species  migration  in  water,  soils,  and  residues.  Re- 
search topics  covered  the  gamut  from  fundamental 
studies,  the  evaluation  of  significant  analytical 
problems  and  species  degradation  mechanisms,  to 
semipilot-scale  testing  of  innovative  management 
and  treatment  technologies.  The  dominant  themes 
included  reactive  techniques  for  the  destruction  of 
chlorinated  species  and  innovative  methods  for 
economically  detoxifying  large  quantities  of  con- 
taminated soils.  One  of  the  goals  was  to  promote 
interaction  between  investigators  who  seldom  en- 
counter each  other  in  order  to  promote  better 
solutions  to  a  number  of  longstanding  problems. 
(See  W9 1-06656  thru  W9 1-06677)  (White-Reimer- 
PTT) 
W9 1-06655 


MODELING  ADVANCED  OXIDATION  PROC- 
ESSES FOR  WATER  TREATMENT. 

Illinois    State    Water    Survey    Div.,    Champaign. 
Aquatic  Chemistry  Section. 

For  primary  bibliographic   entry   see  Field   5D. 
W9 1-06662 


DEGRADATION  OF  2,4-DICHLOROPHENOL 
IN  ANAEROBIC  FRESHWATER  LAKE  SEDI- 
MENTS. 

Georgia  Univ.,  Athens.   Dept.   of  Microbiology. 
J.  Weigel,  X.  Zhang,  D.  Dalton,  and  G.-W. 
Kohring. 

IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
119-141,  7  fig,  1  tab,  75  ref.  DOE  grant  DE-FG09- 
86ER13614. 

Descriptors:  'Anaerobic  bacteria,  'Bioremedia- 
tion,  'Dichlorophenol,  'Lake  sediments,  'Methan- 
ogenesis,  'Phenols,  Dechlorination,  Hydrogen  ion 
concentration,  Nitrates,  Sodium  chloride,  Sulfates, 
Temperature  effects. 

In  methanogenic  sediments  the  xenobiotic  com- 
pound 2,4-dichlorophenol  is  transformed  via  re- 
ductive dechlorination  into  4-chlorophenol,  which 
then  is  sequentially  converted  via  phenol  to  benzo- 
ate  (under  C02  fixation),  which  via  acetate/C02/ 
H2  is  degraded  finally  to  CH4  and  C02.  This 
proposed  sequence  is  based  on  determinations  of 
accumulated  intermediates  and  on  end  products  in 
various  enrichment  cultures.  It  was  concluded  that 
each  of  the  given  sequential  steps  are  catalyzed  by 
different  anaerobic  microorganisms.  Transforma- 
tion of  dichlorophenol  occurs  between  5  and  50  C 
exhibiting  a  linear  response  in  the  Arrhenius  graph 
between  16  and  30  C  The  subsequent  transforma- 
tion steps  have  similar  temperature  ranges,  with 
the  smallest  range  for  the  dechlorination  of  4- 
chlorophenol  (17  to  38  C).  This  dechlorination  step 
apparently  is  the  rate  limiting  step  in  the  degrada- 
tion chain  of  2,4-dichlorophenol.  It  also  is  the  most 
critical  one,  since  accumulated  4-chlorophenol  in- 
hibits the  other  reactions.  The  pH-optimum  for  2,4- 
dichlorophenol  is  around  8.5,  whereas  it  is  around 
pH  7.0  for  4-chlorophenol,  phenol,  and  benzoate. 
Sulfate,  nitrate  and  NaCl  (above  2.5%)  are  inhibi- 


tory for  the  dechlorination.  A  fast  growing  2,4- 
dichlorophenol  dihalogenating,  stable  enrichment 
culture  was  obtained.  The  addition  (0.1%  inocu- 
lum tested)  of  this  culture  to  sediments  which 
previously  did  not  exhibit  anaerobic  dechlorination 
induced  dechlorination  of  2,4-dichlorophenol  with- 
out a  noticeable  lag  period.  (See  also  W9 1-06655) 
(Author's  abstract) 
W9 1-06663 


EVALUATION  OF  WOOD-TREATING  PLANT 
SITES  FOR  LAND  TREATMENT  OF  CREO- 
SOTE AND  PENTACHLOROPHENOL-CON- 
TAMINATED  SOILS. 

Mississippi  State  Univ.,  Mississippi  State.  Forest 
Products  Utilization  Lab. 

H.  Borazjani,  B.  J.  Ferguson,  L.  K.  McFarland,  G. 
D.  McGinnis,  and  D.  J.  Pope. 
IN:  Emerging  Technologies  in  Hazardous  Waste 
Management.  ACS  Symposium  Series  422.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
252-266,  8  tab,  6  ref. 

Descriptors:  'Cleanup,  'Creosote,  'Hazardous 
wastes,  'Pentachlorophenol,  'Site  remediation, 
•Soil  contamination,  'Waste  treatment,  Cores,  In- 
dustrial wastes,  Land  treatment,  Performance  eval- 
uation, Sludge,  Wood  wastes. 

A  study  was  conducted  to  evaluate  the  efficacy  of 
land  treatment  as  an  on-site  management  alterna- 
tive for  waste  sludges  and  contaminated  soil  con- 
taining pentachlorophenol  and  creosote  from 
wood-treating  facilities.  During  the  first  phase,  the 
chemical  and  physical  characteristics  of  the  soil 
and  waste  sludges  at  eight  wood-treating  plant  sites 
were  evaluated.  During  the  second  phase,  labora- 
tory experiments  were  conducted  to  determine  the 
potential  for  transformation  of  creosote  com- 
pounds and  pentachlorophenol  in  the  site  soils  and 
to  determine  the  potential  for  migration  of  these 
compounds  in  the  site  soils.  Eight  wood-treating 
plant  sites  in  the  southeastern  U.S.  were  selected 
for  study.  A  general  history  of  treating  operations 
at  each  site  was  taken,  and  the  chemical,  physical, 
and  morphological  characteristics  of  each  site  soil 
were  determined.  The  soil  and  sludges  were  ana- 
lyzed for  seventeen  creosote  components  (polynu- 
clear  aromatic  hydrocarbons,  PAHs),  pentachloro- 
phenol (PCP),  and  other  chemical  characteriza- 
tions. Soil  cores  were  taken  for  migration  and 
degradation  studies.  The  results  indicate  that 
PAHs  and  PCP  can  be  transformed  in  soil  at  rates 
practical  for  land  treatment.  Based  on  the  treatabil- 
ity data  from  soils  tested  to  date,  land  treatment  of 
creosote  and  PCP  wood  treating  wastes  appears  to 
provide  a  viable  management  alternative  for  site 
remediation.  The  data  variability  does  indicate  the 
need  for  conducting  site-specific  treatability  studies 
to  discern  the  appropriate  operation  and  manage- 
ment scenario  for  a  given  site.  (See  also  W91- 
06655)  (White-Reimer-PTT) 
W9 1-06670 


SOLVENT  WASTE  REDUCTION. 

Environmental    Protection    Agency,    Cincinnati, 

OH.     Environmental     Criteria    and    Assessment 

Office. 

For  primary   bibliographic   entry   see   Field   5D. 

W9 1-06678 


LAND  AND  LIQUID  DISPOSAL  BANS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Solid  Waste. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-06679 


WASTE  MINIMIZATION  LIABILITY  ISSUES. 

Latham  and  Watkins,  Los  Angeles,  CA. 
R.  A.  Wyman,  and  A.  E.  Register. 
IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy  Review   No.    193.    Noyes   Publications,   Park 
Ridge,  New  Jersey.  1990.  p  18-29. 

Descriptors:  'Hazardous  waste  disposal,  'Hazard- 
ous wastes,  'Legal  aspects,  'Liability,  'Waste  dis- 
posal, 'Waste  reduction,  Administrative  regula- 
tions, Design  standards,  Economic  aspects,  Envi- 
ronmental law,  Legislation,  Waste  treatment. 


The  legal  incentives  that  the  Hazardous  and  Solid 
Waste  Amendment  (HSWA)  and  related  EPA  reg- 
ulations create  to  reduce  hazardous  waste  produc- 
tion are  addressed.  Three  compliance  options 
available  to  hazardous  waste  generators  and  the 
liability  associated  with  each  are  discussed:  (1) 
source  reduction;  (2)  recycling  and  resource  recov- 
ery; and  (3)  treatment  and  land  disposal.  Although 
the  HSWA  waste  minimization  provisions  require 
several  certifications  from  the  generator,  legisla- 
tive reports  make  it  clear  that  these  provisions  are 
solely  intended  to  encourage  generators  to  volun- 
tarily institute  waste  reduction  programs  on  the 
basis  of  economic  practicability.  As  such,  the 
amendments  require  only  that  generators  make  a 
good  faith  effort  to  reduce  wastes  in  light  of  indi- 
vidual circumstances.  Several  management  options 
exist  for  a  generator  required  to  dispose  of  wastes 
in  accordance  with  the  HSWA  land  disposal  and 
waste  minimization  requirements.  However,  great- 
er liability  risks  are  incurred.  Because  a  generator 
faces  continuing  liability  risks  for  hazardous  waste 
releases,  it  should  attempt  to  minimize  these  risks 
when  dealing  with  transporters,  recyclers,  and 
treatment,  storage  and  disposal  facilities.  A  genera- 
tor treating  and  disposing  of  wastes  off-site  will 
have  to  consider  short-term  and  perhaps  even  per- 
manent treatment  capacity  shortages  that  have  re- 
sulted from  implementation  of  the  land  disposal 
restriction  and  siting  and  permitting  difficulties 
encountered  by  new  facilities.  Such  shortages, 
along  with  more  stringent  design  and  construction 
standards  for  RCRA-approved  landfills,  are  likely 
to  drive  up  the  costs  of  treatment  and  disposal 
significantly.  (See  also  W9 1-06678)  (White-Reimer- 
PTT) 
W9 1-06680 


MINIMIZATION  OF  PROCESS  EQUIPMENT 
CLEANING  WASTE. 

Jacobs  Engineering  Group,  Inc.,  Pasadena,  CA. 
HTM  Div. 

C.  H.  Fromm,  S.  Budaraju,  and  S.  A.  Cordery. 
IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy  Review   No.    193.   Noyes   Publications,   Park 
Ridge,  New  Jersey.   1990.  p  30-36,  3  tab,   1  fig. 

Descriptors:  'Cleaning  wastes,  'Hazardous  waste 
disposal,  'Hazardous  wastes,  'Solvents,  'Waste 
disposal,  'Waste  reduction,  Chemical  cleaning, 
Costs,  Deposits,  Fouling,  Process  water,  Toxicity. 

A  brief  review  of  techniques,  approaches,  and 
strategies  for  minimizing  equipment  cleaning 
waste,  and  to  provide  a  classification  scheme  that 
may  serve  as  an  initial  guide  to  those  interested  in 
waste  minimization  is  presented.  The  need  for 
cleaning  is  a  direct  consequence  of  deposits  formed 
on  the  surfaces  exposed  to  the  process  environ- 
ment. Generally,  the  need  for  cleaning  can  be 
reduced  or  avoided  altogether  by  the  application 
of  the  following  measures:  (1)  inhibition  of  fouling 
or  deposit  formation  rate;  (2)  maximizing  dedica- 
tion of  process  equipment  to  a  single  formulation 
or  function;  (3)  proper  production  campaign 
scheduling;  and  (4)  avoidance  of  unnecessary 
cleaning.  When  cleaning  has  to  be  performed,  it 
should  be  performed  effectively  with  minimal  gen- 
eration of  waste.  Typical  considerations  include 
the  choice  of  cleaning  medium,  cleaning  technique, 
and  waste  disposal  option.  The  use  of  chemical 
cleaning  (e.g.,  with  mineral  or  organic  acids)  re- 
sults in  appreciable  quantities  of  hazardous  clean- 
ing wastes  which  need  to  be  treated  before  dispos- 
al. When  chemical  cleaning  is  unavoidable,  the 
least  toxic  medium  should  be  chosen.  Costs  of 
cleaning  may  vary  widely  depending  on  the 
medium,  method,  and  application.  (See  also  W91- 
06678)  (White-Reimer-PTT) 
W9 1-06681 


SOURCE  REDUCTION-PARTS  CLEANING. 

Parker  and  Amchem,  Ambler,  PA. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-06682 


WHAT  TO  DO  WITH  HAZARDOUS  WASTE: 
REGULATIONS,  MANAGEMENT,  AND  DIS- 
POSAL. 
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RECRA  Environmental,  Inc.,  Amherst,  NY. 
T.  F.  Stanczyk. 

IN:  Solvent  Waste  Reduction.  Pollution  Technolo- 
gy Review  No.  193.  Noyes  Publications,  Park 
Ridge,  New  Jersey.  1990.  p  48-65,  12  fig,  7  tab,  5 
ref. 

Descriptors:  •Hazardous  wastes,  •Regulations, 
•Waste  disposal,  *Was\e  management,  *Waste  re- 
duction, 'Waste  treatment,  Chemical  wastes,  Cost- 
benefit  analysis,  Costs,  Priority  pollutants,  Sol- 
vents. 

Source  control  strategies  which  are  effective  in 
reducing  waste  volumes  are  presented.  Using  cate- 
gorical waste  types,  emphasis  is  on  reduction  strat- 
egies that  are  effective  in  eliminating  and/or  reduc- 
ing chemical  concentrations  causing  hazards  and 
mobility  concerns.  Waste  reduction  audits  quanti- 
fying feedstock  usage  and  material  flow  must  take 
into  account  individual  constituents  and  their  po- 
tential for  being  found  in  wastes  as  priority  pollut- 
ants. Typical  classifications  warranting  priority 
pollutant  status  are  cyanides,  photographic  proc- 
essing waste,  phthalate  esters,  volatile  organics, 
aliphatic  hydrocarbons,  and  petroleum  products. 
One  of  the  source  control  strategies  deals  with  the 
generator's  policies  and  procedures  for  chemical 
feedstock  procurement,  storage,  distribution,  and 
usage.  Some  of  industry's  problems  with  excess 
waste  generation  occur  from  excess  volumes  of 
inventory,  off-spec  reagents,  poor  controls  over 
purchasing  and  distribution,  no  accountability  of 
ancillary  process  chemical  usage,  and  basic  lack  of 
hazard  awareness.  Strategies  are  presented  for 
waste  minimization  for  metal-bearing  wastes, 
heavy  metal  sludges,  solvent-laden  residues,  pack- 
aged laboratory  chemicals,  and  waste  oils  and  oily 
residues.  Both  liquid-solid  phase  separation  and 
stabilization-solidification  can  be  used  for  waste 
reduction  of  hazardous  materials.  The  cost/bene- 
fits associated  with  source  control  strategies  are 
easily  recognized.  Disposal  costs  for  services  in- 
volving land  disposal  could  conceivably  triple  over 
current  prices  by  the  mid-1990s.  To  sustain  current 
price  schedules  for  residues  dictating  land  disposal 
through  the  1990s,  generators  will  need  to  achieve 
a  60  to  70%  reduction  in  waste  volumes.  (See  also 
W9 1-06678)  (White-Reimer-PTT) 
W9 1-06684 


AQUATIC  TOXICOLOGY  AND  RISK  ASSESS- 
MENT. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06691 

BIODEGRADATION  AND  REDUCTION  IN 
AQUATIC  TOXICITY  OF  THE  PERSISTENT 
RIOT  CONTROL  MATERIAL  1,4-DIBENZ-OX- 
AZEPINE. 

Chemical  Research,  Development  and  Engineer- 
ing Center,  Aberdeen  Proving  Ground,  MD.  Envi- 
ronmental Toxicology  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06696 


REVIEW  OF  CHEMICAL  FATE  TESTING 
CONDUCTED  UNDER  SECTION  4  OF  THE 
TOXIC  SUBSTANCES  CONTROL  ACT: 
CHEMICALS,  TESTS,  AND  METHODS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Toxic  Substances. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06697 


NITROGEN   MANAGEMENT   AND  GROUND 
WATER  PROTECTION. 

For  primary  bibliographic  entry  see  Field  3F. 
W91-06731 


PROPER   ACCOUNTING   FOR   N    IN   CROP- 
PING SYSTEMS. 

Agricultural  Research  Service,  Lincoln,  NE. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06737 


FERTILIZER  NITROGEN  MANAGEMENT. 


Colorado    State    Univ.,    Fort    Collins.    Dept.    of 

Agronomy. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06738 

ESTIMATION  OF  N  BUDGETS  FOR  CROPS. 

Agricultural  Research  Service,  Lincoln,  NE. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06739 


IMPACT    OF    SOIL    MANAGEMENT    PRAC- 
TICES ON  NITROGEN  LEACHING. 

Kentucky  Agricultural  Experiment  Station,  Lex- 
ington. Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06740 


CROPPING  SYSTEMS:  ECOLOGY  AND  MAN- 
AGEMENT. 

Minnesota  Univ.,  St.  Paul.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06741 


MANAGEMENT  OF  WATER  BALANCE  COM- 
PONENTS. 

Agricultural  Research  Service,  Fort  Collins,  CO. 
Northern  Plains  Area. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06742 


ECONOMICS  OF  NITRATE  POLLUTION. 

Stirling  Univ.  (Scotland).  Dept.  of  Economics. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06790 


OFF-TARGET  DEPOSITS  AND  BUFFER 
ZONES  REQUIRED  AROUND  WATER  FOR 
AERIAL  GLYPHOSATE  APPLICATIONS. 

Forest  Pest  Management  Inst.,  Sault  Sainte  Marie 

(Ontario). 

For  primary  bibliographic   entry   see  Field   5G. 

W9 1-06796 


OFF-TARGET  DEPOSITS  AND  BUFFER 
ZONES  REQUIRED  AROUND  WATER  FOR 
AERIAL  GLYPHOSATE  APPLICATIONS. 

Forest  Pest  Management  Inst.,  Sault  Sainte  Marie 

(Ontario). 

N.  J.  Payne,  J.  C.  Feng,  and  P.  E.  Reynolds. 

Pesticide  Science  PSSCBG,  Vol.  30,  No.  2,  p  183- 

198,  1990.  4  fig,  4  tab,  26  ref. 

Descriptors:  *Forest  management,  'Glyphosate, 
•Herbicides,  •Path  of  pollutants,  'Pesticide  drift, 
•Water  pollution  prevention,  Application  rates, 
Buffer  zones,  Environmental  protection,  Fish  pop- 
ulations, Mathematical  models,  Salmon,  Spraying, 
Trout. 

Glyphosate  is  a  broad-spectrum  herbicide  useful  in 
managing  forest  weeds.  Off-target  deposit  has  been 
quantified  from  various  silvicultural  glyphosate  ap- 
plication methods  and  an  estimate  made  of  the 
buffer-zone  widths  required  around  water  to  pro- 
tect fish  and  their  invertebrate  food  species  from 
possible  toxicological  effects.  To  overcome  the 
difficulty  of  estimating  different  buffer  widths  to 
meet  the  various  use  conditions  encountered,  a 
realistic  worst-case  scenario  was  chosen  for  small- 
drop  drift  and  data  were  collected  accordingly. 
Three  glyphosate  application  methods  were  tested, 
employing  a  helicopter  equipped  with  a  'Microfoil' 
boom,  a  "Thru  Valve  Boom'  and  D8-46  hydraulic 
nozzles  respectively.  Airborne  glyphosate  and  off- 
target  glyphosate  deposits  on  ground  sheets  and 
foliar  surfaces  were  measured  at  downwind  dis- 
tances between  50  and  200  m  from  multiple  over- 
laid crosswind  swaths.  Over  this  distance  airborne 
glyphosate  decreased  by  factors  of  3  to  130, 
ground  deposits  by  factors  of  4  to  2200,  and  foliar 
deposits  by  factors  of  5  to  100.  In  general,  airborne 
glyphosate  and  off-target  deposit  was  highest  from 
the  D8-46  application,  and  lowest  from  the  'Micro- 
foil'  boom  application.  Using  these  measurements, 
mathematical  equations  were  formulated  to  predict 
glyphosate  deposits  on  water  surfaces  downwind 


of  multiple  swath  applications,  and  calculations 
made  for  100-ha  applications.  Large-drop  drift  was 
also  calculated  using  a  ballistic  model.  An  estimate 
was  then  made  of  buffer  widths  required  around 
water  bodies  to  prevent  toxicological  effects  from 
small  and  large  drop  drift,  using  reported  glypho- 
sate toxicities  to  salmon,  rainbow  trout  and  various 
aquatic  invertebrates.  A  buffer  width  of  25  m 
around  water  bodies  limits  mortality  in  populations 
of  salmon,  rainbow  trout  and  aquatic  invertebrates 
to  less  than  10%  for  the  application  methods  em- 
ploying the  'Microfoil'  and  'Thru  Valve  Boom'. 
For  the  D8-46  hydraulic  nozzle  application 
method  a  30  meter  buffer  width  is  suggested.  (Au- 
thor's abstract) 
W9 1-06796 


EVALUATION  OF  ULTRAVIOLET  (UV)-OXI- 
DATION  TREATMENT  METHODS. 

Geraghty  and  Miller,  Inc.,  Tampa,  FL. 

For   primary  bibliographic   entry  see   Field   5D. 

W9 1-06847 

REDUCTION  OF  NITRATE  LOADINGS  TO 
GROUND  WATER. 

Maryland  Univ.,  College  Park.  Dept.  of  Agricul- 
tural Engineering. 

A.  Shirmohammadi,  W.  L.  Magette,  and  L.  L. 
Shoemaker. 

Groundwater  Monitoring  Review  GWMRDU, 
Vol.  11,  No.  1,  p  112-118,  Winter  1991.  4  fig,  2  tab, 
24  ref. 

Descriptors:  *Groundwater  pollution,  •Leaching, 
•Maryland,  "Nitrates,  *Nonpoint  pollution 
sources,  'Path  of  pollutants,  *Water  pollution  con- 
trol, Barley,  Farm  management,  Fertilizers,  Model 
studies,  Percolation,  Runoff,  Turf  grasses,  Water 
quality  management,  Watersheds. 

Non-point  source  pollution  of  groundwater  sys- 
tems has  become  a  national  concern  in  recent 
years.  Researchers  and  regulatory  agencies  are  in- 
vestigating the  source  and  processes  of  the  con- 
tamination. Agricultural  best  management  prac- 
tices (BMPs)  traditionally  developed  to  reduce 
non-point  source  pollution  of  surface  water  re- 
sources are  being  investigated  for  their  impact  on 
groundwater  quality.  The  CREAMS  (Chemical, 
Runoff,  Erosion  from  Agricultural  Management 
Practices)  model  was  used  to  simulate  the  long- 
term  effects  of  seven  different  BMPs  on  nitrate 
nitrogen  (N03-N)  loadings  to  a  shallow,  uncon- 
fined  groundwater  system.  Two  representative  wa- 
tersheds, 5.8  and  8.9  hectares  (14.3  and  22  acres)  in 
area,  in  the  Coastal  Plain  physiographic  region  of 
Maryland  were  selected  for  study.  Soils  in  these 
watersheds  belong  to  Matapeake  silt  loam  series 
and  have  moderate  infiltration  capacity.  Results 
from  this  study  indicated  the  BMPs  used  in  con- 
junction with  winter  cover  (barley)  reduced  N03- 
N  leaching  to  the  groundwater  system.  In  addition 
turfgrass  reduced  surface  losses  of  water  and  nitro- 
gen, but  increased  leaching  losses  of  water  and 
N03-N  significantly.  Thus  turfgrass  cultivation 
may  be  an  economically  viable  farming  business, 
but  not  a  sound  environmental  practice  considering 
groundwater  quality  impacts.  All  of  the  BMPs 
simulated  in  this  study,  however,  resulted  in  leach- 
ate  N03-N  concentrations  exceeding  10  ppm,  the 
U.S.  EPA  health  standard  for  public  drinking 
water,  indicating  a  need  for  alternate  practices  for 
reducing  nitrate  leaching.  (Author's  abstract) 
W91-06851 


EVALUATING  THE  EFFECTIVENESS  OF 
GROUND  WATER  EXTRACTION  SYSTEMS. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
J.  L.  Haley,  B.  Hanson,  C.  Enfield,  and  J.  Glass. 
Groundwater  Monitoring  Review  GWMRDU, 
Vol.  11,  No.  1,  p  119-124,  Winter  1991.  1  fig,  1  tab, 
8  ref. 

Descriptors:  *Cleanup,  ^Cleanup  operations, 
•Groundwater  extraction,  ^Groundwater  pollu- 
tion, »Water  pollution  treatment,  *Wells,  Evalua- 
tion, Fracture  permeability,  Groundwater  quality, 
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Groundwater   transport,    Leaching,    Plumes,   Soil 
contamination,  Superfund. 

The  most  common  method  for  remediating  con- 
taminated groundwater  is  extraction  and  treatment. 
Data  from  19  on-going  and  completed  groundwat- 
er and  extraction  systems  were  collected  and  ana- 
lyzed by  the  U.S.  EPA  to  evaluate  the  effective- 
ness of  this  process  in  achieving  cleanup  concen- 
tration goals  for  groundwater.  This  analysis  indi- 
cated several  trends  including  (1)  containment  of 
groundwater  plumes  was  usually  achieved;  (2) 
contaminant  concentrations  dropped  significantly 
initially  followed  by  leveling  out;  (3)  after  a  period 
of  initial  rapid  decline,  the  continued  decreases  in 
concentration  were  usually  slower  than  anticipat- 
ed; and  (4)  certain  data  important  to  optimizing 
system  design  and  operation  had  often  not  been 
collected  during  the  site  characterization  phase. 
Factors  limiting  the  achievement  of  cleanup  con- 
centration goals  fell  into  four  basic  categories;  (1) 
hydrogeological  factors  such  as  subsurface  hetero- 
geneity, low-permeability  units,  and  presence  of 
fractures;  (2)  contaminant-related  factors,  such  as 
high  sorption  to  soil  and  presence  of  non-aqueous 
phases;  (3)  continued  migration  from  source  areas 
and  the  size  of  the  plume  itself;  and  (4)  system 
design  factors,  such  as  pumping  rates,  screened 
intervals,  and  extraction  well  locations.  While 
groundwater  extraction  has  been  shown  to  be  an 
effective  method  for  preventing  additional  migra- 
tion of  contaminant  plumes  and  achieving  risk 
reduction,  it  may  not  be  practicable  to  rely  solely 
on  this  method  in  order  to  achieve  health-based 
cleanup  concentrations.  Several  recommendations 
for  improving  groundwater  response  actions  in- 
clude: (1)  contaminant  plume  containment  should 
be  initiated  early;  (2)  the  site  characterization  proc- 
ess should  include  collection  of  data  on  vertical 
variation  of  hydraulic  conductivity,  distribution  of 
contaminant  mass,  and  partitioning  of  contami- 
nants to  soil  or  a  stationary  phase  in  the  saturated 
zone;  (3)  implementation  in  stages  to  better  utilize 
information  on  aquifer  response  to  remedial  ac- 
tions; (4)  optimize  system  efficiency  by  monitoring 
and  making  modifications  during  remedial  oper- 
ations; and  (S)  consideration  of  methods  to  enhance 
effectiveness  and  efficiency.  (Author's  abstract) 
W9 1-06852 


METHOD  FOR  THE  SAMPLING  AND  RE- 
MOVAL OF  IONIC  ALKYLLEAD  COM- 
POUNDS FROM  AQUEOUS  SOLUTION 
USING  ION  EXCHANGE  MEDIA. 

Lancaster  Univ.  (England).  Inst,  of  Environmental 
and  Biological  Sciences. 
C.  N.  Hewitt,  P.  J.  Metcalfe,  and  R.  A.  Street. 
Water  Research  WATRAG,  Vol.  25,  No.  1,  p  91- 
94,  January,  1991.  1  fig,  2  tab,  21  ref. 

Descriptors:  'Ion  exchange  resins,  'Lead,  'Organ- 
ometals,  'Wastewater  treatment,  'Water  pollution 
treatment,  Adsorption,  Analytical  techniques, 
Atomic  adsorption  spectroscopy,  Desorption,  Gas 
chromatography,  Heavy  metals,  Path  of  pollutants, 
Sampling,  Sodium,  Trace  elements,  Zeolites. 

The  synthetic  resin  Amberlite  IR-120  in  the  Na(  +  ) 
form  (10  cu  m),  and  the  naturally  occurring  zeolite, 
clinoptilolite,  (20  cu  m)  have  been  found  to  quanti- 
tatively remove  trimethyllead  (triML)  from  aque- 
ous solutions  of  ionic  strength  up  to  0.01  M  NaCl. 
Elution  by  150  cu  m  2.7  M  NaCl  removes  the 
TriML  back  into  solution,  from  where  it  can  be 
extracted,  derivatized  with  propyl  Grignard  rea- 
gent and  analyzed  by  GC-AAS.  TriML  is  stable 
for  at  least  24  h  on  the  ion-exchange  media.  The 
method  allows  the  sampling  and  determination  of 
TriML  in  natural  and  wastewaters  within  a  detec- 
tion limit  of  0.1  ng  (Pb)  per  cubic  decimeter.  It 
may  also  be  used  for  the  decontamination  of 
wastewaters,  provided  that  the  NaCl  concentration 
is  less  than  0.01  M.  It  is  concluded  that  both 
Amberlite  IR-120  in  the  Na(  +  )  form  and  clinopti- 
lolite can  be  used  for  the  sampling  and  concentra- 
tion of  trace  quantities  of  ionic  alkyllead  com- 
pounds. Clinoptilolite  has  equal  performance,  re- 
duced costs,  and  requires  less  pretreatment  than 
synthetic  resin  and  is  therefore,  the  preferred  mate- 
rial for  these  applications.  This  technique  may  be 
applicable  to  other  organometallic  compounds,  in- 
cluding tributyltin.  (Doyle-PTT) 


W9 1-06869 


BIODEGRADABLE  PLASTICS  FROM  POTATO 
WASTE  DOUBLE  SAVINGS  TO  ENVIRON- 
MENT. 

Argonne  National  Lab.,  IL.  Environmental  Re- 
search Div. 

For  primary  bibliographic  entry  see  Field  5D. 
W91-06872 


PROBLEMS  AND  REGULATIONS  IN  POLLU- 
TION CONTROL  IN  THAILAND. 

Office  of  the  National  Environment  Board,  Bang- 
kok (Thailand).  Natural  Resources  and  Environ- 
mental Management  Co-ordination  Div. 
S.  Tridech. 

Water  Resources  Journal,  No.  164,  p  27-33,  March 
1990.  3  tab,  9  ref. 

Descriptors:  'Regulations,  'Thailand, 

•Wastewater  treatment,  'Water  pollution  control, 
•Water  pollution  effects,  'Water  pollution  sources, 
Coliform  bacteria,  Domestic  wastes,  Effluent  limi- 
tations, Industrial  wastes,  Molds,  Monitoring,  Vi- 
ruses, Water  law. 

Water  pollution  is  now  considered  to  be  a  major 
problem  in  Thailand.  The  Chao  Phaya  River  has 
been  acting  as  a  receiving  water  body  for  wastes 
from  the  domestic,  industrial  and  farming  sectors. 
Studies  carried  out  on  the  bacteria  in  the  canals 
introduced  by  domestic  wastes  showed  populations 
of  Salmonella  typhi,  S.  paratyphi  A,  B  and  C, 
Shigella  dysenteriae,  Vibrio,  Leptospira,  and  fecal 
coliforms,  and  various  molds  and  viruses  (infec- 
tious hepatitis  virus  A  and  polio  virus).  Tne  Office 
of  the  National  Environment  Board  (ONEB)  has 
participated  in  the  management  and  control  of 
water  pollution  in  natural  water  bodies,  particular- 
ly in  major  rivers  such  as  the  Chao  Phaya  and  the 
Thachin.  Measures  of  combating  water  pollution 
include:  establishing  commercial  and  domestic  ef- 
fluent standards,  monitoring  water  quality,  control- 
ling pollution  at  point  sources,  and  establishing 
central  wastewater  treatment  facilities  for  the 
Bangkok  metropolitan  area.  ONEB  acts  as  the 
main  government  agency  for  water  pollution  con- 
trol. Implementing  agencies  that  carry  out  water 
pollution  control  measures  of  the  central  govern- 
ment are  the  Departments  of  Industrial  Works  and 
Health,  and  public  and  local  agencies  such  as  the 
Bangkok  Metropolitan  Authority.  The  water  qual- 
ity standards  and  criteria  related  to  the  operation 
and  control  of  wastewater  treatment  that  are  en- 
forced in  Thailand  are:  effluent  standards,  surface 
water  quality  standards,  and  requirements  for  envi- 
ronmental impact  assessments.  ONEB  may  author- 
ize an  expert  to  undertake  a  study  of  the  adverse 
effects  on  environmental  quality  of  a  project  or 
activity  and  submit  a  report  of  the  study,  with 
suggested  preventive  measures  and  remedies  for 
such  adverse  effects.  Environmental  impact  assess- 
ments are  required  before  permits  are  granted  to 
begin  certain  water-related  projects.  (Geiger-PTT) 
W9 1-06899 


MANAGING  RESOURCES  OF  THE  MURRAY- 
DARLING  BASIN  OF  AUSTRALIA. 

For  primary  bibliographic  entry  see  Field  6B. 
W9 1-06902 


MINIMIZING  MUNICIPAL  LIABILITY 
UNDER  NEW  FEDERAL  PRETREATMENT 
REGULATIONS. 

Zorc,  Risseto  and  and  Weaver,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  5D. 
W91-06912 


PENNSYLVANIA'S  SUPERFUND  LAW  AND 
GROUNDWATER  MANAGEMENT. 

Reed,  Smith,  Shaw  and  McClay,  Harrisburg,  PA. 
F.  L.  Kury. 

Water  Pollution  Control  Association  of  Pennsylva- 
nia Magazine,  Vol.  24,  No.  1,  p  14-16,  January/ 
February  1991. 

Descriptors:  'Groundwater  management, 

•Groundwater  quality,  'Hazardous  waste  disposal, 


•Pennsylvania,  *Superfund,  'Water  pollution  pre- 
vention, Cleanup,  Drinking  water,  Groundwater 
pollution,  Liability,  State  jurisdiction,  Water  law. 

In  1988,  the  Pennsylvania  legislature  enacted  the 
Hazardous  Sites  Cleanup  Act  (Act  108)  which 
focuses  on  the  prevention  of  contamination  of 
groundwater  The  Act  grants  the  Pennsylvania 
Department  of  Environmental  Resources  (DER) 
broad  investigatory  powers  to  access  sites  and 
potential  threats  to  surface  or  groundwater.  Act 
108  emphasizes  early  detection  of  water  contami- 
nation through  monitoring  and  analysis  of  drinking 
water  if  it  is  within  2,500  feet  of  a  commercial 
hazardous  waste  storage,  treatment,  or  disposal 
facility.  Interim  and  permanent  remedial  responses 
to  releases  and  threatened  releases  are  authorized 
by  Act  108.  Responsible  persons  may  be  liable  for 
water  supply  cleanups  regardless  of  fault.  Trans- 
porter liability  may  be  imposed  on  hazardous  sub- 
stance transporters  if  they  select  and  use  a  disposal 
or  treatment  site  where  contamination  occurs.  If  a 
responsible  person  willfully  fails  to  carry  out  re- 
sponse measures  ordered  by  the  DER,  punitive 
damages  may  be  assessed  in  amounts  up  to  three 
times  the  actual  costs  of  a  cleanup.  Act  108  grants 
to  the  DER  specific  enforcement  powers,  although 
primary  authority  for  responding  to  water  re- 
source contamination  rests  with  the  Common- 
wealth. (Geiger-PTT) 
W91-06913 


ECOSYSTEM  HEALTH,  A  HUMAN  PERCEP- 
TION: DEFINITION,  DETECTION,  AND  THE 
DICHOTOMOUS  KEY. 

Ontario  Ministry  of  Natural  Resources,  Thunder 

Bay.  Fisheries  Research  Section. 

R.  A.  Ryder. 

Journal  of  Great  Lakes  Research  JGLRDE,  Vol. 

16,  No.  4,  p  619-624,  1990.  19  ref. 

Descriptors:  'Bioindicators,  'Environmental  moni- 
toring, 'Great  Lakes,  'Lake  restoration,  'Water 
pollution  effects,  Aquatic  environment,  Data  inter- 
pretation, Environmental  policy,  Environmental 
protection,  Lakes,  Political  aspects,  Reviews,  Sam- 
pling,  Social  aspects,  Water  quality  monitoring. 

The  early  detection  of  an  encroaching  state  of 
malaise  in  an  ecosystem  is  more  difficult  than  com- 
monly imagined.  In  attempting  to  regulate  ecosys- 
tems to  comply  with  human  values,  man  usually 
regards  timeliness  of  management  applications 
more  highly  than  precision  of  future  evaluations. 
One  approach  for  using  surrogate  organisms  as 
early  indicators  of  ecosystem  malaise  is  the  dichot- 
omous  key.  While  the  key  is  not  an  environmental 
panacea  to  ecosystem  dysfunction,  its  proper  appli- 
cation will  lead  to  an  ecosystem  awareness  by 
managers  and  compel  them  to  consider  specific 
aspects  of  the  environment  of  biota  they  might 
otherwise  have  overlooked.  The  fundamental 
roadblocks  to  a  successful  rehabilitation  program 
in  the  Great  Lakes  would  seem  to  be  (1)  lack  of 
coordination  in  achieving  a  consensus  on  ecosys- 
tem objectives;  (2)  inappropriate  institutional  ar- 
rangements for  the  implementation  of  various  de- 
tection or  sampling  processes  such  as  the  dichoto- 
mous  key;  and  (3)  a  lack  of  political  will  directed 
toward  proactive  rehabilitation  programs.  Al- 
though none  of  these  bottlenecks  is  intractable,  the 
accumulated  inertia  generated  by  them  makes  a 
timely  and  effective  solution  to  the  ills  of  the  Great 
Lakes  basin  ecosystem  unlikely.  (See  W91-06919 
thru  W9! -06924  and  W9 1-06926  thru  W9 1-06931) 
(Doria-PTT) 
W91-069."i 


STUDIES  ON  SALINE  SOILS  IN  KHON  KAEN 
REGION,  NORTHEAST  THAILAND:  III.  EF- 
FECTS OF  AMELIORATION  TREATMENTS 
ON  PHYSICAL  AND  CHEMICAL  PROPER- 
TIES OF  THE  SALINE  SOIL. 
Khon  Kaen  Univ  (Thailand).  Faculty  of  Agricul- 
ture. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-06977 
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NATIONAL  RESPONSE  TEAM:  A  REPORT  ON 
THE  NATIONAL  OIL  AND  HAZARDOUS  SUB- 
STANCES RESPONSE  SYSTEM. 

National  Response  Team,  Washington,  DC. 
Annual  Report,  March  1989.  66p,  7  fig,  4  append. 

Descriptors:  *Cleanup,  'Hazardous  wastes,  •Man- 
agement planning,  'National  Response  Team,  *Oil 
spills,  Contingency  planning,  Environmental  pro- 
tection, Federal  jurisdiction,  Institutions,  Inter- 
agency cooperation,  State  jurisdiction. 

Every  day  in  the  United  States,  oil  and  hazardous 
substances  are  spilled  or  released  into  harbors  and 
waterways,  onto  the  ground  and  into  the  air.  Some 
of  these  incidents  cause  extreme  damage  and  are  so 
serious  that  local  authorities  must  call  for  addition- 
al help.  State  police  and  environmental  agencies 
can  provide  expertise  and  management  over  a 
wider  area.  If  additional  help  is  still  needed,  or  if 
several  States  are  involved-such  as  when  a  spill 
affects  a  river  flowing  through  several  States-a 
single  call  to  the  National  Response  Center  will 
activate  the  National  Response  System.  The  Na- 
tional Contingency  Plan  was  developed  to  insure 
that  the  resources  and  expertise  of  the  Federal 
government  would  be  immediately  available  for 
those  relatively  rare  but  very  serious  oil  and  haz- 
ardous substances  incidents  that  require  a  national 
or  regional  response.  The  NCP  established  a  hier- 
archy of  mechanisms  that  together  form  the  Na- 
tional Response  System:  (1)  The  National  Re- 
sponse Team  (NRT),  a  body  of  14  Federal  agency 
representatives  with  expertise  related  to  handling 
incidents,  coordinates  the  system;  (2)  The  Regional 
Response  Team  (RRT)  work  with  State  govern- 
ments to  provide  guidance  and  assistance  within 
their  regions;  (3)  The  On  Scene  Coordinator 
(OSC)  manages  these  Federal  responses;  and  (4) 
The  National  Response  Center  (NRC)  acts  as  the 
national  communications  center,  receiving  reports 
of  incidents  and  notifying  the  OSCs.  This  report 
provides  a  review  of  each  of  these  mechanisms, 
their  roles  and  responsibilities,  and  their  recent 
activities.  The  report  is  structured  to  follow  the 
involvement  of  the  Federal  Government  in  an  oil 
or  hazardous  substance  incident,  from  the  first 
notification  to  the  Federal  response  and  the  plan- 
ning that  makes  that  response  possible.  Appendix 
A  reports  on  activities  and  plans  for  each  of  the  13 
Regional  Response  Teams.  Appendix  B  includes  a 
brief  description  of  the  key  responsibilities  and 
expertise  of  each  of  14  current  NRT  member  agen- 
cies. Appendix  C  is  the  NRT  Workplans  for  fiscal 
year  1988  and  1989.  Appendix  D  is  a  brief  history 
of  the  National  Response  System.  (Lantz-PTT) 
W91-07036 


SURFACE-WATER  QUALITY  IN  THE  WEST 
BRANCH  SUSQUEHANNA  RIVER  BASIN, 
PENNSYLVANIA:  AN  APPRAISAL  OF  AREAL 
AND  TEMPORAL  VARIABILITY  FROM  1962 
TO  1982  IN  HYDROLOGIC  ACCOUNTING 
UNIT  020502. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

R.  A.  Hainly,  J.  F.  Truhlar,  and  K.  L.  Wetzel. 
Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  85- 
4283,  1989.  50  p,  19  fig,  7  tab,  23  ref. 

Descriptors:  'Data  interpretation,  'Monitoring, 
•Surface  water,  'Susquehanna  River,  *Water  qual- 
ity, Alkalinity,  Aluminum,  Ammonia,  Hydrogen 
ion  concentration,  Manganese,  National  Stream 
Quality  Accounting  Network,  Nitrites,  Pennsylva- 
nia, Sulfates,  Water  analysis,  Zinc. 

The  West  Branch  Susquehanna  River  basin  has  a 
drainage  area  of  6,955  sq  mi  in  north-central  Penn- 
sylvania and  comprises  Hydrologic  Accounting 
Unit  020502.  A  National  Stream  Quality  Account- 
ing Network  (NASQAN)  water  quality  data  col- 
lection site,  maintained  by  the  US  Geological 
Survey  (USGS),  is  located  on  the  river  near  its 
mouth  at  Lewisburg,  Pennsylvania.  Data  collected 
from  the  NASQAN  site  and  the  sites  operated  by 
the  PA  Department  of  Environmental  Resources 
from  1962-1982  were  used  to  evaluate  water  qual- 
ity variability  in  the  basin.  The  following  objec- 
tives  were   addressed:    (1)   describe   the   surface 


water  quality  upstream  of  the  NASQAN  site  on  an 
areal  and  temporal  basis;  (2)  relate  the  water  qual- 
ity variability  on  both  an  areal  and  temporal  basis, 
to  general  basin  characteristics;  and  (3)  assess  the 
ability  of  the  water  quality  data  collected  at  the 
NASQAN  site  to  represent,  on  both  an  areal  and 
temporal  basis  the  water  quality  for  Hydrologic 
Accounting  Unit  020502  upstream  from  the  site. 
Generally  the  river  was  found  to  have  moderately 
good  water  quality  in  the  upper  reaches,  poor 
water  quality  in  its  middle  reach,  and  good  water 
quality  near  the  mouth.  Two  tributaries,  Moshan- 
non  Creek  (median  pH  3.9)  and  Bald  Eagle  Creek 
(median  pH  7.8),  had  the  most  pronounced  effect 
on  the  water  quality  of  the  river.  Of  the  constitu- 
ents analyzed,  those  which  exhibited  increasing  or 
decreasing  trends  most  frequently  were  pH,  alka- 
linity, dissolved  sulfate,  total  ammonia,  and  total 
nitrite  plus  nitrate.  The  largest  trends  were  in  the 
concentrations  of  total-recoverable  aluminum, 
manganese,  and  zinc.  Causes  of  areal  variation 
were  attributed  to  land  use  and  geologic  variations 
throughout  the  basin.  Trends  which  indicate  an 
improvement  in  water  quality  are  believed  to  be 
caused  by  improvements  in  the  treatment  of  acid 
mine  drainage  and  wastewater.  Trends  which  indi- 
cated degradation  of  water  quality  were  generally 
found  in  areas  where  these  types  of  treatment  are 
not  yet  effective.  The  NASQAN  site  at  Lewisburg 
was  shown  not  to  represent  the  water  quality  of 
the  entire  basin,  either  areally  or  temporally.  It 
does,  however,  represent  the  water  quality  of  the 
West  Branch  Susquehanna  River  at  its  mouth.  (Au- 
thor's abstract) 
W9 1-07043 


SUPERFUND  RECORD  OF  DECISION: 
UNITED  SCRAP  LEAD,  OH. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-206163. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R05-88/085,  September 
1988.  71p,  6  fig,  9  tab,  append. 

Descriptors:  •Batteries,  'Cleanup  operations, 
•Lead,  *United  Scrap  Lead  Site,  'Water  pollution 
sources,  Arsenic,  Cadmium,  Excavation,  Hazard- 
ous wastes,  Heavy  metals,  Industrial  wastes,  Ohio, 
Path  of  pollutants,  Revegetation,  Soil  contamina- 
tion, Waste  disposal. 

The  United  Scrap  Lead  (USL)  site  is  located  in  a 
sparsely  populated  area  approximately  one  mile 
south  of  the  City  of  Troy,  Concord  Township, 
Miami  County,  Ohio.  The  entire  site  lies  within  the 
100  year  old  floodplain  of  the  great  Miami  River. 
From  1946-1980,  the  site  was  used  by  a  lead  recla- 
mation business,  reclaiming  lead  from  used  auto- 
mobile batteries  and  selling  it  to  lead  smelters.  The 
lead  reclamation  operation  involved  the  separation 
of  the  batteries  from  their  casings  and  tops,  collec- 
tion of  the  lead  plates  for  reprocessing,  and  the 
disposal  of  the  tops  and  casings  on-site.  The  acid 
was  originally  discharged  directly  to  an  acid  seep- 
age field,  but  beginning  in  late  1972,  the  acid  was 
neutralized  with  ammonia  prior  to  discharge.  In 
1972  the  Ohio  Department  of  Health  required  USL 
to  implement  a  wastewater  treatment  program  to 
fully  neutralize  the  acid.  Subsequent  testing  of  the 
wastewater  indicated  high  levels  of  lead,  cadmium, 
and  other  toxic  materials.  Selected  remedial  action 
for  this  site  includes:  excavation  and  on-site  treat- 
ment of  soil  and  battery  casings  by  washing,  with 
lead  recovery  and  off-site  disposal  or  recycling  of 
casing  residues  and  replacement  of  cleaned  residual 
soil  on-site;  excavation  and  dewatering  of  tributary 
sediments  followed  by  on-site  disposal  with  treated 
soil;  construction  of  a  soil  cover  over  disposed 
material  and  revegetation;  decontamination  of 
buildings  and  debris  followed  by  off-site  disposal; 
installation  of  a  new  residential  well;  imposition  of 
minimal  deed  restrictions;  and  groundwater  and 
surface  water  monitoring.  (Lantz-PTT) 
W9 1-07051 


SUPERFUND  RECORD  OF  DECISION:  RING- 
WOOD  MINES/LANDFILL,  VA. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 


Water  Quality  Control — Group  5G 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-206312. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R02-88/075,  September 
1988.  45p,  4  fig,  6  tab. 

Descriptors:  "Cleanup  operations,  'Groundwater 
pollution,  'Mine  wastes,  'New  Jersey,  'Ringwood 
Mines/Landfill  Site,  'Water  pollution  sources,  Ar- 
senic, Backfill,  Excavation,  Hydrocarbons,  Land- 
fills, Lead,  Monitoring,  Revegetation,  Soil  con- 
tamination, Waste  disposal. 

The  Ringwood  Mines/Landfill  site  consists  of  ap- 
proximately 500  acres  in  a  historic  mining  district 
in  Ringwood  Borough,  Passaic  County,  New 
Jersey.  The  site  is  characterized  by  abandoned 
mine  shafts  and  surface  pits,  an  inactive  landfill,  an 
industrial  refuse  disposal  area,  small  surficial 
dumps,  a  municipal  recycling  center  and  approxi- 
mately 50  residences.  In  1976,  the  New  Jersey 
Department  of  Environmental  Protection 
(NJDEP)  closed  the  landfill  after  determining  that 
leachate  emanating  from  the  landfill  was  contami- 
nating surface  water  in  the  area.  In  July  1982, 
NJDEP  detected  moderate  levels  of  VOCs,  as  well 
as  naturally  occurring  heavy  metals,  in  groundwat- 
er in  the  northern  section  of  the  site.  The  site  was 
subsequently  divided  into  four  discrete  areas  for 
investigation.  From  October  1987  to  February 
1988  removal  action  was  conducted  which  entailed 
excavation  and  off-site  disposal  of  7000  cu  yd  of 
surficial  paint  sludge  containing  lead  and  total  pe- 
troleum hydrocarbons  in  excess  of  health  based 
levels.  Furthermore,  there  is  sporadic  and  moder- 
ate groundwater  contamination  generally  confined 
to  paint  sludge  locations,  exceeding  maximum  con- 
taminant levels  (MCLs)  for  lead  and  arsenic.  Pri- 
mary contaminants  affecting  soil  and  groundwater 
are  arsenic,  lead,  and  petroleum  hydrocarbons.  Se- 
lected remedial  action  for  this  site  includes:  con- 
firmatory sampling  of  all  soil  with  excavation  and 
off-site  disposal  of  any  soil  exceeding  health-based 
levels,  followed  by  backfilling  and  revegetation; 
and  groundwater,  surface  water  and  wetlands 
monitoring.  Since  groundwater  in  the  vicinity  of 
paint  sludge  areas  is  not  used  as  a  drinking  water 
source  and  natural  attenuation  is  expected  to 
reduce  contamination  of  below  health  based  levels 
after  removal  of  the  source,  groundwater  will  not 
be  treated.  (Lantz-PTT) 
W9 1-07054 


EFFECT  OF  IRRIGATED  HORTICULTURAL 
CROPPING  ON  GROUNDWATER  QUALITY: 
SWAN  COASTAL  PLAIN,  WESTERN  AUSTRA- 
LIA. 

Agricultural  Research  Service,  University  Park, 
PA.  Northeast  Watershed  Research  Center. 
H.  B.  Pionke,  M.  L.  Sharma,  and  J.  K.  Hosking. 
CSIRO  Water  Resources  Series  No.  2,  1990.  19p,  7 
fig,  5  tab,  19  ref. 

Descriptors:  'Australia,  'Cropping,  'Groundwater 
quality,  'Irrigation  effects,  'Swan  Coastal  Plain, 
Agriculture,  Groundwater  irrigation,  Groundwat- 
er pollution,  Irrigation  practices,  Irrigation  wells, 
Leaching,  Lysimeters,  Nitrates,  Nitrogen,  Nutri- 
ents, Phosphates,  Phosphorus,  Sulfates. 

The  influence  of  irrigated  horticulture  on  the  nutri- 
ent status  of  groundwater  and  root  zone  drainage 
was  examined  on  the  Swan  Coastal  Plain,  Western 
Australia.  This  is  based  on  data  collected  from 
lysimeter  equipped  sites,  and  shallow  and  deeper 
irrigation  wells  positioned  to  sample  these  areas. 
For  typically  managed  market  gardens,  the  poten- 
tial of  nitrogen  and  phosphorous  losses  to  ground- 
water is  very  high.  Nutrient  applications,  mostly  as 
poultry  manure,  exceeded  crop  uptake  by  about 
five  times  for  nitrogen  and  by  at  least  10  times  for 
phosphorous.  Leaching  of  nitrogen  and  phospho- 
rous to  drainage  lysimeters  or  groundwater  were 
practically  all  nitrate  and  orthophosphate.  The 
N03-N  concentrations  observed  in  the  root  zone 
drainage  (71-209  mg/L)  and  shallow  groundwater 
(9-80  mg/L)  underlying  market  gardens  were  very 
high,  but  considerably  less  than  potentially  expect- 
ed. The  deeper  wells  had  a  much  wider  range  (0.1- 
56  mg/L)  of  N03-N  concentration;  of  these,  one- 
third  of  the  observations  being  in  the  9-56  mg/L 
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range.  There  was  evidence  of  localized  denitrifica- 
tion  in  some  of  these  deeper  wells.  The  orthophos- 
phate-P  concentration  in  the  root  zone  drainage 
was  highly  variable  and  averaged  about  0. 1  mg/L 
at  one  site  and  about  13. 5  mt/L  at  another  site. 
However,  in  the  deeper  wells  orthophosphate-P 
concentrations  were  low,  averaging  0.03  mg/L. 
These  P  concentrations  were  neither  related  to 
nitrate  or  sulfate  concentration  of  groundwaters, 
nor  with  the  type  of  land  use.  Overall,  the  shallow 
well  network  provided  a  more  constituent  measure 
of  the  effect  of  market  gardens  on  water  quality, 
whereas  the  deeper  wells  were  much  more  influ- 
enced through  dilution  and  denitrification.  The 
S04-S/CI  ratio  was  generally  found  to  have  a 
much  stronger  relationship  with  S04-S  concentra- 
tions than  with  S04-S/C1.  (Author's  abstract) 
W9 1-07055 


SUPERFUND  RECORD  OF  DECISION: 
UPJOHN  MANUFACTURING  COMPANY,  PR. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-207262. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R02-88/071,  September 
1988.  79p,  17  fig,  4  tab,  append. 

Descriptors:  *Acetonitrile,  'Carbon  tetrachloride, 
•Cleanup  operations,  ^Groundwater  pollution, 
•Path  of  pollutants,  •Puerto  Rico,  •Superfund,  Air 
stripping,  Drinking  water,  Groundwater  quality, 
Hazardous  wastes,  Organic  compounds,  Pumping, 
Soil  contamination,  Vacuum  extraction,  Water  pol- 
lution sources,  Wells. 

The  Upjohn  Manufacturing  Company  (UMC)  site 
is  located  in  Barceloneta  industrial  park  on  the 
north  coast  of  Puerto  Rico.  The  site  lies  in  a 
limestone  region  characterized  by  karst  terrain  de- 
veloped by  dissolution  of  the  existing  limestone 
formations,  and  typified  by  closed  depressions, 
sinkholes,  and  subsurface  conduits.  Between 
August  and  September  1982,  UMC  dispatched  ap- 
proximately 15,300  gallons  of  a  manufacturing  by- 
product waste  mixture,  estimated  to  be  composed 
of  65%  carbon  tetrachloride  and  35%  acetonitrile, 
to  a  leaking  underground  storage  tank  (UST),  re- 
sulting in  the  release  of  all  of  the  waste  into  the 
ground.  Investigation  by  UMC  determined  that 
carbon  tetrachloride  contamination  had  migrated 
off-site  approximately  2  miles  to  the  north,  and 
occupied  an  area  of  about  2. 1  cu  mi.  Consequently, 
five  local  water  supply  wells  were  closed  in  1982 
due  to  carbon  tetrachloride  contamination,  and 
UMC  provided  a  permanent  alternative  water 
supply  to  users.  In  1983,  UMC  began  implementing 
remedial  actions  to  remove  carbon  tetrachloride 
from  the  soil  and  groundwater.  This  included:  the 
installation  and  operation  of  a  vacuum  extraction 
system  until  March  1988;  groundwater  pumpage 
from  AH  Robbins  well  adjacent  to  and  north  of 
the  site  until  1985;  installation  and  operation  of  a 
second  groundwater  contaminant  recovery  extrac- 
tion well,  UE-1,  on  the  UMC  facility  in  1984  with 
air  stripping  and  residual  discharge  to  a  sinkhole; 
and  placement  of  a  concrete  cap  over  the  tank 
farm.  In  1987,  because  of  residual  groundwater 
contamination  that  has  remained  both  on-site  and 
off-site,  EPA  ordered  UMC  to  continue  remedial 
activities.  (Lantz-PTT) 
W9 1-07056 

6.  WATER  RESOURCES 
PLANNING 


6A.  Techniques  Of  Planning 


RTVER  CATCHMENT  PLANNING  FOR  LAND 
DRAINAGE,  FLOOD  DEFENCE  AND  THE  EN- 
VIRONMENT. 

National  Rivers  Authority,  Thames  Region,  Eng- 
land. 

For  primary  bibliographic  entry  see  Field  4A. 
W9 1-05971 


MULTICRTTERION     FOREST     WATERSHED 
RESOURCES  MANAGEMENT. 


Arizona  Univ.,  Tucson.  School  of  Renewable  Nat- 
ural Resources. 

A.  Tecle,  M.  Fogel,  and  L.  Duckstein. 
IN:   Forest  Hydrology  and   Watershed   Manage- 
ment. IAHS  Publication  No.  167.  International  As- 
sociation of  Hydrological  Sciences,  Washington, 
DC.  1987.  p  617-625,  3  fig,  20  ref. 

Descriptors:  'Decision  making,  'Forest  hydrolo- 
gy, 'Forest  watersheds,  'Management  planning, 
•Water  resources  management,  'Watershed  man- 
agement, Alternative  planning,  Arizona,  Forest 
management,  Hydrologic  models,  Model  studies, 
Sensitivity  analysis. 

Multicriterion  decision  making  (MCDM)  tech- 
niques are  applicable  to  forest  watershed  resources 
management.  An  Arizona  case  study  consisting  of 
six  alternative  schemes  was  evaluated  with  respect 
to  15  noncommensurable,  discrete  criteria,  using 
two  types  of  MCDM  techniques,  namely  the  out- 
ranking types  of  ELECTRE  I  and  II,  and  the 
distance-based  type  of  compromise  programming 
(CP).  It  was  concluded  that  all  three  techniques 
can  be  used  to  determine  the  preference  ranking  of 
a  finite  and  discrete  set  of  management  schemes. 
The  ELECTRE  II  and  CP  techniques  can  provide 
a  complete  preference  ordering  of  the  nondominat- 
ed  alternatives  while  ELECTRE  I  can  only  indi- 
cate a  most  preferred  set  of  alternatives.  All  three 
MCDM  techniques  determined  that  the  forest  wa- 
tershed resources  management  scheme  with  65% 
basal  area  cut  was  the  most  preferred  alternative. 
Previous  studies  indicate  that  this  management 
plan  would  produce  a  resources  mix  that  includes 
22  mm  of  runoff,  85  kg/ha  of  forage  yield,  good 
wildlife  habitat,  and  above-average  scenic  beauty 
at  a  treatment  cost  of  $54/ha  and  0.0126  kg/ha 
sediment  loss.  To  determine  the  ranking  process, 
each  technique  requires  a  number  of  parameters, 
the  value  of  which  are  mostly  determined  by  the 
decision  maker,  and  which  are  generally  model- 
specific.  Sensitivity  analyses  on  ELECTRE  II  and 
compromise  programming  showed  that  both  are 
fairly  robust  with  respect  to  weights.  The  same  is 
true  with  respect  to  concordance  indices  in  the 
ELECTRE  II  methodology.  ELECTRE  I  was 
found  to  be  highly  sensitive  to  changes  in  the 
threshold  values.  With  regard  to  consistency  and 
complete  ordering  capacity,  compromise  program- 
ming seems  to  be  a  preferred  technique  followed 
by  ELECTRE  II.  ELECTRE  I  was  simpler  to  use 
than  ELECTRE  II.  (See  also  W9 1-065 10)  (Fish- 
PTT) 
W9 1-06569 


PROJECT  MANAGEMENT. 

Miller  Drilling  Co.,  Lawrenceburg,  TN. 

M.  Miller. 

Groundwater    Monitoring    Review    GWMRDU, 

Vol.  11,  No.  1,  p  94-96,  Winter  1991.  1  fig. 

Descriptors:  'Environmental  engineering,  'Man- 
agement planning,  'Project  planning,  Computers, 
Critical  pathways. 

The  major  objectives  of  the  environmental  con- 
tractor must  be  safety,  uncompromising  construc- 
tion methodology,  and  timely  completions.  The 
project  management  approach  consists  of  four 
phases:  project  definition,  project  planning,  project 
implementation  and  project  completion.  The  defi- 
nition phase  consists  of  a  simple  statement  of  spe- 
cific objectives  that  factors  in  the  parameters  of 
time  duration,  performance,  and  calculated  project 
costs.  During  the  planning  phase,  all  factors  are 
broken  down  into  sections  known  as  tasks.  A  task 
is  a  definable  segment  of  a  project  that  has  a 
beginning  and  end,  uses  resources,  and  has  some 
cost.  The  completion  of  each  task  is  a  milestone 
and  tasks  that  run  back  to  back  to  complete  the 
project  form  the  critical  path.  Implementation  is 
the  test  of  the  previous  phases.  A  flexible  and 
creative  project  manager  is  required  to  guide  the 
project  team  by  adapting  tasks  as  the  project 
evolves,  making  modifications  necessary  to  stream- 
line the  project  and  maintain  task  completions  and 
project  objectives.  Problems  that  arise  during  the 
completion  phase  include  the  90  percent  syndrome 
when  the  team  is  ready  to  move  to  the  next 
project,  no  one  knows  what  to  do,  and  morale  is 
low.  This  occurs  when  objectives  are  not  made 


clear  and  adjustments  are  not  made  or  controlled. 
These  problems  can  be  corrected  by  clear  defini- 
tion and  documentation  of  the  problems  and  solu- 
tions and  by  the  correct  use  of  project  manage- 
ment. This  approach  can  be  effectively  used  to 
perform  environmental  management  projects. 
(Doyle-PTT) 
W9 1-06848 


NATIONAL  RESPONSE  TEAM:  A  REPORT  ON 
THE  NATIONAL  OIL  AND  HAZARDOUS  SUB- 
STANCES RESPONSE  SYSTEM. 

National  Response  Team,  Washington,  DC. 

For  primary   bibliographic   entry   see   Field   5G. 

W9 1-07036 


6B.  Evaluation  Process 


EXCEPTIONAL  WATERS  APPROACH-A 
FOCUS  FOR  COORDINATED  NATURAL  RE- 
SOURCES MANAGEMENT. 

Wisconsin  Univ.-Madison.  Inst,  for  Environmental 

Studies. 

S.  M.  Born,  W.  C.  Sonzogni,  J.  Mayers,  and  J.  A. 

Morton. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.    10,  No.   3,  p  279-289,  Summer 

1990.  2  fig,  4  tab,  25  ref. 

Descriptors:  'Fisheries,  'Resources  management, 
•Water  resources  management,  Exceptional 
waters,  Fish  management,  Salmon,  Stream  fisher- 
ies, Surveys,  Trout. 

The  first  assessment  of  state  management  programs 
for  exceptional  trout  streams  was  conducted.  The 
focus  was  on  'exceptional  waters,'  (EW)  those 
especially  valuable  riverine  systems  that  support 
excellent  trout  or  salmon  fishing  and  are  sometimes 
designated  as  'blue  ribbon'  or  'gold  medal'  waters. 
The  conclusions  were  based  an  a  detailed  survey  of 
fishery  management  agencies,  as  well  as  reviews  of 
documents  and  personal  interviews.  Of  states  with 
cold  water  fisheries,  13  currently  have  formal  EW 
programs;  several  others  have  well-established  ele- 
ments of  an  EW  program.  States  with  EW  pro- 
grams have:  (1)  a  formal  system  for  classifying 
their  exceptional  waters;  (2)  an  official  process  for 
designation;  and  (3)  coordinated  natural  resources 
management  arrangements  stemming  from  the  des- 
ignation. The  most  important  factors  in  identifying 
exceptional  waters  are  presence  of  wild  trout,  high 
carrying  capacity,  trophy-size  fish,  and  public 
access.  Exceptional  waters  programs  demand  that 
traditional  fishery  management  activities  be  co- 
ordinated with  related  natural  resources  manage- 
ment programs.  This  is  most  often  accomplished 
through  informal  communication,  joint  planning, 
and  review  activities.  Given  increasing  recreation- 
al-use pressures,  EW  programs,  which  stress  inte- 
grated resources  management,  will  be  an  important 
future  trend  in  the  management  of  sport  fisheries. 
(Author's  abstract) 
W9 1-06027 


RHINELAND  ON  THE  WAY  TO  ITS  THOU- 
SANDTH ANNIVERSARY  OR  WATER-AD- 
MINISTRATION IN  THE  NEXT  100-200 
YEARS. 

Hoogheemraadschap  van  Rijnland,  Leiden  (Neth- 
erlands). 

For  primary  bibliographic  entry  see  Field  6E. 
W91-06044 


QUALITY-ASSURANCE  PROCEDURE  FOR 
USE  AT  TREATMENT  PLANTS  TO  PREDICT 
THE  LONG-TERM  SUITABILITY  OF 
CEMENT-BASED  SOLIDIFIED  HAZARDOUS 
WASTES  DEPOSITED  IN  LANDFILL  SITES. 
UKAEA  Atomic  Energy  Research  Establishment, 
Harwell  (England). 

For  primary  bibliographic  entry  see  Field  5E. 
W91-06134 


EXTRACTION  PROCEDURE  TOXICITY  AND 
TOXICITY     CHARACTERISTIC     LEACHING 
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PROCEDURE  EXTRACTIONS  OF  INDUSTRI- 
AL AND  SOLIDIFIED  HAZARDOUS  WASTE. 

CH2M  Hill,  Boston,  MA. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06137 


STRATEGY  FOR  MANAGEMENT  OF  MIXED 
WASTES  AT  THE  WEST  VALLEY  DEMON- 
STRATION PROJECT. 

Department  of  Energy,  West  Valley,  NY.  West 

Valley  Demonstration  Project. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06150 


WASTE    REDUCTION    AUDITS:    MATCHING 
TYPES  TO  STAGES. 

Office  of  Technology   Assessment,   Washington, 

DC. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06162 


EFFICIENCD2S  IN  WASTE  PROCESSING. 

University  of  South  Florida,  Tampa.  Dept.  of  Civil 

Engineering  and  Mechanics. 

For  primary  bibliographic  entry  see  Field   5D. 

W91-06171 


GROWTH  MANAGEMENT:  A  RENEWED 
AGENDA  FOR  STATES. 

National     Conference     of     State     Legislatures, 

Denver,  CO. 

G.  Meeks. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  6,  p  600-604,  November/December 

1990.  1  fig,  1  tab,  8  ref. 

Descriptors:  *Land  development,  'Open  space, 
•Regional  development,  •Resources  management, 
Conservation,  Economic  development,  Forest 
management,  Groundwater  management,  State  ju- 
risdiction, Wetland  mitigation,  Wetlands. 

Natural  resource  managers  have  long  been  active 
in  formulating  and  administering  government  poli- 
cies  for   environmental   conservation.   Typically, 
states  regulate  activities  through  such  authorities  as 
forest  practice,  wetlands  preservation,  and  ground- 
water management  acts.  Local  governments  tradi- 
tionally have  used  their  police  powers,  such  as 
zoning,   to  regulate  land   use.   A  new  approach 
being  formulated  by  some  states  and  regional  au- 
thorities may  involve  a  much  more  extensive  and 
comprehensive    means    of    managing    resources. 
Growth  management  and  comprehensive  planning 
acts  are  being  enacted  that  may  change  not  only 
the  nature  of  land  use  but  also  the  decision-making 
processes  that  affect  our  social  and  economic  geog- 
raphy.   Nine    states    (Florida,    Georgia,    Hawaii, 
Maine,  New  Jersey,  Rhode  Island,  Oregon,  Ver- 
mont, and  Washington)  have  been  identified  as 
having  statewide  growth  management  or  compre- 
hensive planning  programs.  Another  seven  states 
(California,  Maryland,  New  York,  Pennsylvania, 
Virginia,  Washington,   and  West  Virginia)  have 
gubernatorial   growth   strategies   commissions   or 
have  held  conferences  focusing  on  land  use  issues 
with  the  objective  of  developing  growth  manage- 
ment legislation.  Goals  include  economic  develop- 
ment, farm  and  forest  (open  space)  land  preserva- 
tion,   natural    resource    conservation,    affordable 
housing,  coordinated  infrastructure  and  transporta- 
tion development,  air  and  water  quality,  historic 
and   special   areas   preservation,    natural   hazards 
mitigation,  recreation  resource  enhancement,  and 
energy  conservation.  Autonomy  of  local  land  use 
authority  has  been  the  crucial  issue  in  most  debates 
over  state  growth  management  programs.  The  ne- 
gotiation process  becomes  critical  to  success  or 
failure  of  the  programs.  The  tone  of  many  officials 
involved  in  developing  these  new  planning  pro- 
grams may  sound  like  political  frustration  in  trying 
to  cope  with  conflicting  demands.  But  to  hear  state 
officials  refer  to  carrying  capacity  is  a  dramatic 
change  from  previous  years,  when  the  land  use 
debate  was  on  an  ideological  level  that  failed  to 
recognize  economic  problems  imposed  by  lack  of 
planning.  (Mertz-PTT) 
W9 1-06227 


ENERGY,  WATER,  AND  ECONOMIC  SAV- 
INGS OF  IMPROVED  PRODUCTION  SYS- 
TEMS ON  THE  TEXAS  HIGH  PLAINS. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 
Agricultural  Economics. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-06402 


ECONOMIC  VALUE  OF  WETLANDS-BASED 
RECREATION. 

Georgia  Univ.,  Athens.  Dept.  of  Agricultural  Eco- 
nomics. 

J.  C.  Bergstrom,  J.  R.  Stroll,  J.  P.  Titre,  and  V.  L. 
Wright. 

Ecological  Economics,  Vol.  2,  p  129-147,  1990.  3 
fig,  4  tab,  32  ref,  append. 

Descriptors:  'Economic  evaluation,  *Estuaries, 
•Recreation,  *Water  resources  management, 
•Wetlands,  Benefits,  Brackish  water,  Coastal  zone 
management,  Freshwater,  Recreation  demand, 
Surveys. 

Wetland  studies  have  focused  primarily  on  quanti- 
fying the  commercial,  storm  protection,  and 
energy  output  values  of  these  areas.  Relatively 
little  research  has  been  devoted  to  quantifying  the 
outdoor  recreational  value  of  wetlands.  Within  a 
total  economic  value  framework,  the  recreational 
value  of  wetlands  consists  of  many  value  compo- 
nents which  are  broadly  divided  into  non-use,  cur- 
rent use,  and  future  use  values.  Each  of  these 
catagories  can  be  further  subdivided  into  expendi- 
tures and  consumer's  surplus.  To  measure  expendi- 
tures and  consumer's  surplus  associated  with  on- 
site  current  recreational  uses  of  coastal  wetlands 
areas,  a  study  area  containing  approximately  1.32 
million  ha  of  diverse  ecosystems  composed  of  fresh 
water  marsh,  brackish  marsh,  open  water  and  dry 
land,  was  surveyed  by  conducting  personal  on-site 
interviews  with  recreational  users  at  88  boat 
launch  sites.  They  were  also  asked  to  participate  in 
a  mail  questionnaire  survey  to  report  typical  ex- 
penditures per  person  on  a  trip  to  the  study  area. 
Expenditure  catagories  included  transportation, 
boat  rental,  fees,  lodging,  food  and  beverages,  bait 
and  ammunition.  Fixed  expenses  such  as  cost  of  a 
boat  were  not  considered.  Aggregate  expenses 
were  estimated  to  be  $118  million  and  aggregate 
consumer's  surplus  was  estimated  to  be  $27  million. 
These  results  suggest  that  the  economic  impacts 
and  net  benefits  associated  with  wetlands-based 
recreation  may  be  substantial.  (Doyle-PTT) 
W9 1-06831 


MANAGING  RESOURCES  OF  THE  MURRAY- 
DARLING  BASIN  OF  AUSTRALIA. 

D.  J.  Alexander. 

Water  Resources  Journal,  No.  164,  p  87-99,  March 

1990. 

Descriptors:  'Australia,  'Murray-Darling  River 
Basin,  *River  management,  'Saline  water  intru- 
sion, *Water  resources  management,  •Watershed 
management,  Administrative  agencies,  Environ- 
mental effects,  Land  use,  Management  planning, 
River  basins,  Water  pollution  effects. 

The  resources  of  the  Murray  Darling  basin  are 
vital  to  the  economics  and  cultural  development  of 
Australia.  The  competition  for  the  use  of  these 
resources  has  reached  a  point  where  their  sustain- 
ability  is  under  question.  The  major  physical  prob- 
lems relate  to  the  critical  dependency  of  over  one 
million  people  on  the  quality  and  quantity  of  do- 
mestic water  supply;  vegetation  decline  and  land 
degradation;  rising  groundwater  levels  in  saline 
(post-marine)  sediments;  and  the  loss  of  flora  and 
fauna  assets.  In  addition  much  needs  to  be  done  to 
conserve  the  cultural  heritage,  both  Aboriginal  and 
European,  of  the  basin.  The  Murray  Darling  Basin 
Ministerial  Council  (MDBMC)  represents  an  alli- 
ance of  four  governments,  and  consists  of  up  to  12 
minister  whose  job  it  is  to  promote  and  coordinate 
effective  planning  and  management  for  the  equita- 
ble, efficient  and  sustainable  use  of  the  land,  water 
and  environmental  resources  of  the  Murray  Dar- 
ling basin.  Salinity  in  the  basin  has  increased  par- 
ticularly downstream  of  the  South  Australia 
border  due  to  natural  drainage  of  highly  saline 
groundwater  and  anthropogenic  clearing  of  vege- 


tation which  has  caused  greater  recharge  and 
rising  groundwater  levels.  Overgrazing  and  the 
effects  of  farming  have  degraded  water  quality 
downstream  in  the  form  of  increased  salinity,  bac- 
teria, turbidity,  and  nutrient  input.  To  obtain  com- 
munity-based advice  on  the  management  of  the 
Murray  Darling  basin  the  MDBMC  formed  the 
Community  Advisory  Committee.  The  Salinity 
and  Drainage  Strategy  of  the  MDBMC  is  based  on 
a  balance  between  improved  land  management, 
which  addresses  the  fundamental  causes  of  salinity; 
salt  interception  schemes,  which  reduce  salinity  at 
the  point  of  entry  to  major  rivers;  and  optimal 
river  management,  which  reduces  instream  salinity 
by  dilution  and  flushing.  The  MDBMC  and  the 
Commission  has  prepared  the  natural  Resources 
Management  Strategy  to  address  the  more  diverse 
problems  of  the  basin's  environment.  The  strategy 
establishes  the  concept  of  Communities  of 
Common  Concern  to  fund  local  groups  that  are 
dealing  with  problems  of  resource  degradation. 
(Geiger-PTT) 
W9 1-06902 

6C.  Cost  Allocation,  Cost  Sharing, 
Pricing/Repayment 

STUDY  OF  THE  PLANNING  OF  WATER  POL- 
LUTION CONTROL  FOR  SECOND  SONGHUA 
RIVER  IN  CHINA. 

Jilin  Architectural  and  Civil  Engineering  Inst., 
Changchun  (China).  Dept.  of  Urban  Engineering. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-06043 


COSTS  FOR  REDUCING  FARMERS'  USE  OF 
NITROGEN  IN  GOTLAND,  SWEDEN. 

Sveriges   Lantbruksuniversitet,   Uppsala.   Inst,   of 

Economics. 

For  primary  bibliographic  entry  see  Field   5G. 

W91-06107 


EFFECTIVE  COST-SHARE  RATES  AND  THE 
DISTRIBUTION  OF  SOCIAL  COSTS  IN  THE 
ROCK  CREEK,  IDAHO,  RURAL  CLEAN 
WATER  PROJECT. 

Idaho  Univ.,  Moscow.  Dept.  of  Agricultural  Eco- 
nomics. 

D.  J.  Walker,  D.  T.  Noble,  and  R.  S.  Magleby. 
Journal  of  Soil  and  Water  Conservation  JSWCA3, 
Vol.  45,  No.  4,  p  477-479,  July/ August  1990.  2  fig, 
7  ref. 

Descriptors:  *Cost  sharing,  *Economic  aspects, 
•Idaho,  *Nonpoint  pollution  sources,  'Rock 
Creek,  *Rural  areas,  *Water  policy,  *Water  pollu- 
tion control,  'Water  quality  management,  Agricul- 
tural practices,  Agricultural  runoff,  Costs,  Crop 
yield,  Government  supports,  Irrigation  practices, 
Linear  programming,  Loans,  Public  policy,  Social 
aspects,  Taxes,  Water  Quality  Act,  Water  conser- 
vation, Watershed  management. 

The  effective  federal  cost-share  rate  for  conserva- 
tion practices  often  differs  markedly  from  the 
nominal  rate.  The  effective  cost-share  rate  affects 
practice  adoption,  economic  efficiency  of  the  sub- 
sidy, and  the  distribution  of  water  quality  costs 
between  public  and  private  sectors.  Using  a  linear 
programming  model,  the  effective  federal  cost- 
share  rate  and  thus  the  distribution  of  water  quality 
improvement  costs  for  the  Rock  Creek  Rural 
Clean  Water  Program  watershed  in  Idaho  was 
estimated.  The  federal  government  paid  62%  of 
farmer  cost  through  subsidies.  The  public  share  of 
total  project  costs  is  84%,  and  the  private  share  is 
only  16%.  This  effective  federal  cost -share  rate  of 
84%  compares  to  a  nominal  rate  of  56%.  The 
effective  federal  cost-share  rate  is  likely  higher 
than  that  required  for  economic  efficiency.  Gov- 
ernment subsidies  are  instrumental  under  voluntary 
programs  for  encouraging  farmer  adoption  of 
water  quality  practices.  (Author's  abstract) 
W91-06116 


MINIMIZING   WASTE   BY   CHARGING   THE 
GENERATOR. 
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Oak  Ridge  National  Lab.,  TN.  Chemical  Technol- 
ogy Div. 

For  primary  bibliographic  entry  see  Field  5E. 
W9I-06I6I 


6D.  Water  Demand 


PERSPECTIVE  OF  WATER  RESOURCES  IN 
JAPAN  AND  IN  THE  WORLD. 

Tokyo  Univ.  (Japan).  Dept.  of  Urban  and  Sanitary 

Engineering. 

T.  Ishibashi. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.   1/3,  p   11-18,   1991.   1   fig,  5  tab,  3  ref. 

Descriptors:  'Japan,  'Water  conservation,  'Water 
resources,  'Water  shortage,  Recycling,  Water 
costs,   Water  reuse,   Water  supply  development. 

Problems  of  water  shortages  are  becoming  global 
in  both  developed  and  developing  countries,  due  to 
increases  in  population,  urbanization,  and  industri- 
alization. Although  blessed  with  heavy  rainfall, 
Japan  is  expected  to  experience  water  shortages  in 
the  early  part  of  next  century,  particularly  in  the 
belt  linking  Tokyo  with  the  large  industrial  cities 
to  the  west.  This  is  due  to  the  large  population  of 
this  region,  high  level  of  urbanization  and  industri- 
alization, poor  topographic  setting  for  developing 
new  resources  or  importing  water,  and  rapid  sedi- 
mentation rates  in  existing  reservoirs.  Possible  in- 
creases to  the  water  supply  may  be  obtained  by 
additional  dams  on  rivers  and  at  river  mouths, 
basin-to-basin  water  transfers,  improving  irrigation 
techniques,  and  development  of  additional  ground- 
water resources.  Many  conservation  techniques  are 
currently  in  use  in  Japan,  including  recycling  of 
industrial  water,  recycling  by  large  users  such  as 
office  buildings  and  housing  complexes,  treatment 
and  reuse  of  wastewater,  and  the  use  of  rainwater 
as  general  service  water.  Additional  water  savings 
can  be  realized  during  severe  shortages  by  reduc- 
ing water  pressure  to  end-users,  restricting  water 
availability  to  a  specific  time  of  day,  using  water- 
saving  appliances,  reusing  laundry  water  and  recy- 
cling bath  water  for  laundry  uses,  and  restricting 
the  use  of  water  for  lawns  and  washing  cars.  The 
maximum  rate  of  water  saving  through  voluntary 
measures  by  consumers  appears  to  be  about  20- 
25%.  Higher  saving  rates  have  been  achieved  in 
the  past  through  a  variety  of  economic  incentives 
and  penalties  for  excess  use.  Savings  of  50%  are 
possible  using  stronger  enforcement  techniques. 
(Tappert-PTT) 
W91-06040 


EVOLVING  ISSUES  ON  DEVELOPMENT  AND 
CONSERVATION  OF  LAKE  BIWA--YODO 
RIVER  BASIN. 

Kyoto  Univ.,  Otsu  (Japan).  Otsu  Hydrobiological 

Station. 

M.  Nakamura,  and  M.  Akiyama. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.   1/3,  p  93-103,   1991.   1  fig,   1  tab,  7  ref. 

Descriptors:  'Japan,  'Water  demand,  'Water  qual- 
ity management,  'Water  resources  development, 
•Water  supply  development,  Lake  management, 
Lake  stages,  Water  level,  Water  management. 

Lake  Biwa  is  situated  in  the  uppermost  reach  of 
the  Yodo  River  Basin  and  occupies  one-sixth  of  the 
prefectural  territory  of  Shiga.  In  the  downstream 
reach  of  the  basin  are  such  metropolitan  areas  such 
as  Kyoto  and  Osaka,  and  the  issues  involving  de- 
velopment and  conservation  of  Lake  Biwa  have 
been  extremely  important  for  Shiga,  Kyoto,  Osaka, 
and  other  suburban  communities  within  the  basin 
as  well  as  neighboring  areas  such  as  Hyogo  Prefec- 
ture. Throughout  history,  there  were  a  number  of 
upstream-downstream  conflicts  of  interest.  The 
Lake  Biwa  Comprehensive  Development  Plan,  a 
plan  involving  development  of  a  new  water  re- 
source amounting  to  40  cubic  meters  per  second 
for  Osaka  and  Hyogo,  together  with  compensatory 
public  work  projects  for  Shiga,  has  been  worked  in 
for  almost  20  years  and  is  about  to  be  completed. 
The  social  and  economic  situations  have  changed 
over  this  period,  and  the  actual  demand  for  water 
has  proved  to  be  less  than  the  original  prediction 


that  was  used  as  the  basis  for  the  plan.  There  had 
been  claims  against  the  Plan  that  the  large  scale 
development  plan  involving  lowering  of  the  lake 
level  by  as  much  as  1.5  to  2.0  meters  might  cause 
irreversible  damage  to  the  lake.  (Author's  abstract) 
W9 1-06049 


WATER  DEMAND  MANAGEMENT:  AN  EVAL- 
UATION OF  A  'SOFT  SOLUTION  FOR  THE 
HAMILTON  HARBOUR  REMEDIAL  ACTION 
PLAN. 

Inland  Waters  Directorate,  Burlington  (Ontario). 
Water  Planning  and  Management  Branch. 
For   primary  bibliographic  entry  see   Field   5G. 
W9 1-06050 


DETERMINANTS  OF  DOMESTIC  WATER  USE 
IN  RURAL  NICARAGUA. 

Liverpool  School  of  Tropical  Medicine  (England). 

Dept.  of  International  Community  Health. 

P.  Sandiford,  A.  C.  Gorter,  J.  G.  Orozco,  and  J.  P. 

Pauw. 

Journal     of    Tropical     Medicine     and     Hygiene 

JTMHA9,  Vol.  93,  No.  6,  p  383-389,  December 

1990.  1  fig,  3  tab,  16  ref. 

Descriptors:  'Developing  countries,  'Domestic 
water,  'Nicaragua,  'Public  health,  'Rural  areas, 
•Water  use,  Cattle,  Education,  Regression  analysis, 
Social  aspects,  Water  supply. 

In  order  to  investigate  the  factors  affecting  domes- 
tic water  use  in  rural  areas  of  developing  countries, 
an  analysis  was  performed  of  water  consumption 
estimates  from  1,029  different  households  in  Nica- 
ragua collected  between  May  1986  and  December 
1988.  Eight  of  the  22  variables  hypothesized  to  be 
related  to  per  capita  domestic  water  consumption 
were  included  in  the  final  multiple  regression 
model.  These  were:  household  size,  site  of  clothes 
washing,  type  of  water  source,  mother's  and  fa- 
ther's level  of  schooling,  distance  to  the  water 
source,  wealth,  and  ownership  of  cattle.  According 
to  the  model,  a  decrease  in  the  distance  to  the 
water  source  from  1,000  to  10  m  is  associated  with 
an  increase  in  per  capita  water  consumption  of 
20%.  Similarly,  families  where  the  mother  has  6 
years  of  schooling  use  17%  more  water  than  fami- 
lies where  the  mother  has  had  no  formal  education. 
The  same  difference  in  the  father's  schooling  is 
associated  with  12%  greater  per  capita  consump- 
tion. A  better  understanding  of  the  factors  influ- 
encing domestic  water  use  is  needed  to  improve 
the  design  of  interventions  aimed  at  reducing  the 
transmission  of  water-borne  disease  in  developing 
countries.  (Author's  abstract) 
W91-06119 


MODELLING  AGRICULTURE  TO  SUPPORT 
REGIONAL  WATER  MANAGEMENT. 

Winand  Staring  Centre  for  Integrated  Land,  Soil 
and  Water  Research,  Wageningen  (Netherlands). 
J.  Vreke. 

European  Review  of  Agricultural  Economics,  Vol. 
17,  No.  3,  p  317-334,   1990.  3  fig,  3  tab,  4  ref. 

Descriptors:  'Agricultural  practices,  'Hydrologi- 
cal  models,  'Model  studies,  'Regional  planning, 
•The  Netherlands,  'Water  resources  management, 
Decision  making,  Farm  management,  Future  plan- 
ning, Groundwater  quality.  Regional  development, 
Water  requirements. 

Users  of  groundwater  and  surface  water  in  a 
region  often  have  conflicting  requirements  con- 
cerning availability  and  quality  of  the  water.  In 
order  to  support  regional  water  management  a 
decision  support  system  was  formulated.  Modeling 
agriculture  within  this  system  involves  a  qualita- 
tive description  of  processes  at  farm  level,  while 
also  taking  into  account  hydrological  conditions. 
The  model  consists  of  two  blocks;  the  production 
block  concerned  with  the  production  process  and 
the  interaction  with  the  water  system,  and  a  devel- 
opment block  concerned  with  changes  in  size  and 
nature  of  activities  and  equipment.  An  aggregated 
and  simplified  version  of  this  model  (OPTAG)  is 
used  to  identify,  by  optimization,  possible  future 
states  of  the  region.  The  usability  of  the  optimiza- 
tion is  demonstrated  by  results  from  the  Southern 


Peel,  a  sandy  region  with  a  total  area  of  about 
30,000  ha  in  the  south  Netherlands.  Relevant  users 
in  this  region  are  agriculture,  environment,  and 
public  water  supply.  The  model  was  used  for  three 
scenarios:  the  current  state  (1982);  target  state  1  (in 
which  peat  areas  are  conserved  and  groundwater 
quality  is  guaranteed);  and  target  state  2  (in  which 
the  set  of  constraints  were  revised  to  allow  for 
increase  in  technologies).  Based  on  the  model  re- 
sults, it  appears  that,  if  the  environment  is  to  be 
protected  and  if  groundwater  extraction  is  to  be 
guaranteed  then  either  factory  farming  must  be 
reduced  or  manure  processing  (including  export  of 
manure)  further  developed.  (VerNooy-PTT) 
W9 1-06791 


6E.  Water  Law  and  Institutions 


RIVER  BASIN   WATER  QUALITY  MANAGE- 
MENT IN  JAPAN  -  AN  OVERVIEW. 

Ministry  of  Construction,  Tokyo  (Japan).  Dept.  of 
Sewerage  and  Sewage  Purification. 
For   primary   bibliographic   entry   see   Field   5G. 
W9 1-06042 


RHINELAND  ON  THE  WAY  TO  ITS  THOU- 
SANDTH ANNIVERSARY  OR  WATER-AD- 
MINISTRATION IN  THE  NEXT  100-200 
YEARS. 

Hoogheemraadschap  van  Rijnland,  Leiden  (Neth- 
erlands). 

E.  H.  baron  van  Tuyll  van  Serooskerken. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  49-55,  1991.  7  ref 

Descriptors:  'Climatic  changes,  'Sea  level,  'The 
Netherlands,  'Water  districts,  'Water  manage- 
ment, 'Water  resources  management,  Brackish 
water,   Land  reclamation,  Rhineland,  Sea  walls. 

The  effects  of  sea  level  rise  and  expected  climatic 
change  over  the  next  100-200  years  on  the  level  of 
the  district  water  authorities  in  the  Netherlands  has 
been  evaluated.  Particular  emphasis  is  attached  to 
the  impact  on  the  'hoogheemraadschap'  of  Rhine- 
land,  the  oldest  water  authority  in  Holland,  and 
responsible  for  water  administration  in  the  central 
part  of  Holland  since  the  Middle  Ages.  Although 
only  representing  5%  of  the  total  land  area  of  the 
Netherlands,  the  Rhineland  and  its  two  neighbor- 
ing water  districts  serve  17.5%  of  the  population, 
including  all  of  the  major  cities.  Special  attention  is 
paid  to  the  effects  on  land  utilization,  coastal  de- 
fense and  water  control.  Although  Holland  is  a 
country  generally  below  sea  level  and  with  large 
areas  of  'made'  land,  surprisingly  little  research  has 
been  conducted  concerning  land  utilization,  and 
additional  research  is  needed.  Preliminary  conclu- 
sions are  that  larger  efforts  on  coastal  defense, 
even  with  present  techniques,  will  be  realistic  in 
terms  of  cost  assuming  a  rise  on  the  order  of  0.6 
m/century.  A  predicted  5-10%  increase  in  brack- 
ishness,  both  in  areal  extent  and  salinity,  will  create 
a  significant  extra  need  for  fresh  water.  High  cost 
and  even  higher  risks  have  to  be  expected  with 
regard  to  measures  to  neutralize  the  effects  of  a 
water  surplus  and  attendant  flooding  in  winter  and 
a  growing  water  shortage  in  late  summer.  Because 
of  a  rise  in  sea  level  a  larger  land  area  will  have  to 
be  drained.  Research  into  special  effects  of  cultural 
changes  in  Europe  as  a  result  of  climatic  changes  is 
urgently  needed,  as  well  as  further  investigation  of 
the  water  supply  potential  of  the  main  rivers.  (Tap- 
pert-PTT) 
W91-06044 


RIVER  BASIN  MANAGEMENT  IN  THE  UK. 

Middlesex  Polytechnic,  Enfield  (England). 

M.  A.  House. 

Water  Science  and  Technology  WSTED4,  Vol. 

23,  No.  1/3,  p  57-64,  1991.  1  fig,  11  ref. 

Descriptors:  'England,  'Legislation,  'River  basin 
development,  'River  regulations,  'Water  law, 
•Water  policy,  'Water  pollution  control,  Catch- 
ments, Regulations,  Water  rates. 

The  Water  Act  of  1989  has  resulted  in  the  reorga- 
nization of  the  system  of  River  Basin  Management 
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Ecologic  Impact  Of  Water  Development — Group  6G 


which  has  operated  in  England  and  Wales  since 
the  establishment  of  the  10  Water  Authorities 
(WAs)  in  1974.  The  WAs  were  responsible  for  all 
water  functions  within  their  geographic  region 
with  the  purpose  of  minimizing  conflicts  between 
competing  water  users  and  maximizing  economy 
of  scale.  The  WAs  relied  upon  catchment  based 
water  management  and  promoted  the  separation  of 
water  management  from  local  governments  that 
did  not  have  the  resources  or  perspective  for 
proper  administration.  Although  the  river  basin 
approach  was  by  most  accounts  a  success,  the 
WAs  were  criticized  as  lumbering  and  unaccount- 
able monopolies  showing  a  poor  return  on  assets 
and  ineffective  in  both  complying  with  and  enforc- 
ing the  increasing  number  of  environmental  laws 
being  developed  during  the  1970s.  On  1  September 
1989  the  Water  Authorities  were  restructured  to 
produce  10  Water  Service  Companies  and  a  new 
regulatory  body,  the  National  Rivers  Authority 
(NRA).  The  philosophy  behind  the  1989  Water 
Act  was  to  develop  tightly  regulated,  licensed 
companies  with  responsibilities  limited  to  the  pro- 
vision of  water  supply  and  sewerage  services,  with 
environmental  regulatory  concerns  the  responsibil- 
ity of  the  NRA.  The  operation  of  the  Water  Serv- 
ice Companies  is  regulated  by  a  new  agency,  the 
Office  of  Water  Service  (OWS),  which  reports  to 
Parliament.  The  OWS  regulates  prices,  levels  of 
service,  and  the  financial  structure  of  the  OWSs. 
The  NRA  regulates  discharges  and  enforces  envi- 
ronmental laws  pertaining  to  the  WSCs.  River 
basin  management  is  going  through  an  era  of  great 
change,  the  consequences  of  which  will  not  be 
seen  for  years  to  come.  (Tappert-PTT) 
W9 1-06045 


BEYOND  THE  DECADE:  A  GLOBAL  FRAME- 
WORK FOR  GLOBAL  COOPERATION. 

World    Health    Organization,    Geneva    (Switzer- 
land). Div.  of  Environmental  Health. 
For  primary  bibliographic  entry  see  Field   5G. 
W91-06061 


CURRENT  SITUATION  AND  PROBLEMS  OF 
JAPANESE  INTERNATIONAL  COOPERA- 
TION IN  THE  FTELD  OF  WATER  SUPPLY 
AND  WASTE  MANAGEMENT. 

Ministry  of  Health  and  Welfare,  Tokyo  (Japan). 
Water  Supply  and  Environmental  Sanitation  Dept. 
K.  Yokoo. 

Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  215-221,  1991.  4  tab,  5  ref. 

Descriptors:  *Developing  countries,  'Financing, 
•International  agreements,  'Japan,  *Wastewater 
treatment,  'Water  quality  control,  *Water  supply, 
•Water  treatment,  Waste  management,  Water  man- 
agement. 

In  order  to  improve  public  health  in  developing 
countries,  the  United  Nations  General  Assembly 
decided  to  launch  the  International  Drinking 
Water  Supply  and  Sanitation  Decade  in  1980.  In 
the  first  half  of  the  Decade,  only  one-third  of  the 
minimum  funds  required  to  achieve  the  Decade 
target  was  invested.  Therefore,  advanced  coun- 
tries, including  Japan,  are  required  to  expand  inter- 
national cooperation  more  widely.  Requests  to 
Japan  for  technical  cooperation  and  financial  as- 
sistance have  been  rapidly  increasing  in  the  field  of 
water  supply  and  waste  management.  In  Japan, 
international  cooperation,  such  as  Official  Devel- 
oping Assistance  (ODA)  is  expanding  rapidly,  and 
a  further  interim  target  was  set  in  the  meeting  of 
the  ministers  related  to  executing  ODA  in  June 
1988.  In  this  target  Japan  will  provide  more  than 
fifty  billion  dollars  in  total  during  five  years  from 
1988  to  1992.  In  addition  to  investment,  in  order  to 
promote  the  Decade,  it  is  necessary  to  solve  prob- 
lems such  as  the  raising  of  funds  for  operation/ 
management  costs,  development  of  human  re- 
sources in  developing  countries,  the  study  of  ap- 
propriate technology,  and  the  training  of  experts. 
(Author's  abstract) 
W9 1-06062 


CHEMICAL  EMISSIONS  FROM  THE  PROC- 
ESSING AND  USE  OF  MATERIALS:  THE 
NEED  FOR  AN  INTEGRATED  EMISSIONS  AC- 
COUNTING SYSTEM. 


International  Inst,  for  Applied  Systems  Analysis, 

Laxenburg  (Austria). 

For  primary   bibliographic  entry   see  Field   5G 

W91-06109 


NUCLEAR  REGULATORY  COMMISSION 
REGULATIONS  AND  EXPERIENCE  WITH  SO- 
LIDIFICATION/STABILIZATION TECHNOL- 
OGY. 

Nuclear    Regulatory    Commission,    Washington, 
DC.  Low-Level  Waste  Licensing  Branch. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06132 


CHARACTERIZATION  AND  CONTROL  OF 
SOLIDIFIED  RADIOACTTVE  WASTES  AC- 
CORDING TO  THE  ITALIAN  RULES:  ORGA- 
NIZATION OF  A  CHARACTERIZATION  FA- 
CILITY AND  FIRST  RESULTS. 
ENEA,  Rome  (Italy).  Nuclear  Fuel  Cycle  Div. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06133 


GROWTH     MANAGEMENT:     A     RENEWED 
AGENDA  FOR  STATES. 

National     Conference     of     State     Legislatures, 
Denver,  CO. 

For  primary  bibliographic  entry  see  Field  6B. 
W9 1-06227 


REDUCING  AGRICULTURAL  PESTICIDE  USE 
IN  SWEDEN. 

Environmental   Protection  Agency,  Washington, 
DC.  Nonpoint  Sources  Branch. 
For  primary  bibliographic  entry  see  Field   5G. 
W9 1-06229 


WATER  RESOURCE  PLANNING  IN  CANADA. 

T.  McMillan. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  6,  p  614-616,  November/December 

1990. 

Descriptors:  "Canada,  'Water  law,  'Water  policy, 
•Water  pollution  control,  'Water  resources  man- 
agement, Conservation,  Environmental  protection, 
Legal  aspects,  Sludge  treatment,  Water  costs, 
Water  resources. 

Creation  of  a  federal  water  policy  between  1985 
and  1988  constituted  a  new  direction  for  Canada. 
The  objective  of  the  new  Canadian  federal  water 
policy  was  to  provide  a  framework  from  which  all 
water-related  decisions  of  the  federal  government 
would  be  made,  not  just  by  the  Department  of  the 
Environment,  but  by  every  other  department  and 
agency  as  well.  The  policy's  two  main  goals  were 
to  protect  and  enhance  the  quality  of  the  water 
resources  and  to  promote  the  wise  and  efficient 
management  and  use  of  water.  To  advance  these 
two  goals,  the  government  developed  five  specific 
strategies:  to  introduce  more  realistic  water  pricing 
as  a  means  of  reducing  demand  and  generating 
revenues  to  cover  costs;  to  improve  scientific  and 
technological  leadership  for  managing  Canada's 
water  resources;  to  achieve  better  policy  integra- 
tion, between  the  federal  government  and  the 
provinces  and  cities  as  well  as  between  federal 
agencies;  to  overhaul  federal  water  laws  to  make 
them  more  anticipatory  and  comprehensive;  and  to 
seek  to  change  fundamentally  public  attitudes 
toward  the  value  and  importance  of  water  and 
related  resources.  The  federal  government  has 
been  launching  highly  innovative  programs  to 
make  water  management  more  efficient  and  less 
costly.  One  of  its  greatest  successes  has  been  in 
technology  development.  A  case  in  point  is  a 
multi-million-dollar  federal  government-private 
sector  oil-from-municipal  sludge  project  that  will 
revolutionize  the  way  cities  dispose  of  waste.  The 
Canadian  government  is  moving  ahead  on  safe 
drinking  water  legislation  that  will  set  minimum 
standards  in  areas  of  federal  jurisdiction  and  regu- 
late chemicals  used  in  treating  water.  The  minister 
of  fisheries  has  developed  a  fisheries  habitat  policy 
that  helps  integrate  activities  governed  by  the  Ca- 
nadian Fisheries  Act  with  activities  in  the  same 
area  regulated  by  the  provinces.  (Mertz-PTT) 


W9 1-06230 


SWAMPBUSTER  IMPLEMENTATION: 

MISSED  OPPORTUNITIES  FOR  WETLAND 
PROTECTION. 

Environmental  Law  Inst.,  Washington,  DC. 

J.  M.  McElfish,  and  K.  J.  Adler. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  3,  p  383-385,  May/June  1990.  2  fig,  1 

tab,  6  ref. 

Descriptors:  'Conservation,  'Land  use,  'Swamps, 
•Wetlands,  Administration,  Administrative  agen- 
cies, Agricultural  practices,  Drainage,  Drainage 
effects,  Federal  jurisdiction,  Swampbuster  pro- 
gram. 

The  effectiveness  of  the  swampbuster  program  of 
the  U.S.  Department  of  Agriculture  in  the  protec- 
tion of  wetlands  is  assessed.  Between  the  inception 
of  the  program  in  late  1985  and  January  20,  1990, 
the  Soil  Conservation  Service  documented  that 
82,586  acres  of  former  wetlands  had  been  drained 
in  violation  of  swampbuster.  In  1989,  the  EPA 
determined  that  wetland  conversion  had  declined 
in  six  out  of  seven  counties  analyzed  by  remote 
sensing  techniques.  It  is  concluded  that  swampbus- 
ter appears  to  have  had  a  positive  effect  on  slowing 
the  rate  of  wetland  conversion  to  agriculture.  Nev- 
ertheless, the  effectiveness  of  the  program  is  limit- 
ed because  of  weaknesses  in  implementation,  the 
most  significant  of  which  are  the  commenced  ex- 
emption, weak  enforcement  procedures,  one-sided 
appeal  procedures,  r-nd  the  definition  of  a  swamp- 
buster violation.  It  is  recommended  that  the  1990 
farm  bill  should  continue  the  swampbuster  pro- 
gram with  amendments.  (MacKeen-PTT) 
W9 1-06274 


LOW-INPUT  AGRICULTURE  REDUCES  NON- 
POINT-SOURCE  POLLUTION. 

Environmental   Protection   Agency,   Washington, 
DC.  Nonpoint  Sources  Branch. 
For  primary  bibliographic   entry  see  Field   5G. 
W9 1-06304 


AGRICULTURE'S     ROLE    IN     PROTECTING 
WATER  QUALITY. 

Office  of  Management  and  Budget,  Washington, 
DC.  Natural  Resources  Div. 
For  primary  bibliographic   entry  see   Field   5G. 
W9 1-06305 


PENNSYLVANIA'S  SUPERFUND  LAW  AND 
GROUNDWATER  MANAGEMENT. 

Reed,  Smith,  Shaw  and  McClay,  Harrisburg,  PA. 
For  primary  bibliographic  entry  see  Field  5G. 
W91-06913 

6F.  Nonstructural  Alternatives 


LOW-RESOURCE  AGRICULTURE  ALTERNA- 
TD7ES  IN  SUB-SAHARAN  AFRICA. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  3F. 
W91-06114 

6G.  Ecologic  Impact  Of 
Water  Development 


WILLIAM  A.  CANNON:  THE  SONORAN  DE- 
SERI'S  FIRST  RESIDENT  ECOLOGIST. 

Geological  Survey,  Tucson,  AZ. 

J.  E.  Bowers. 

Madrono;  A  West  American  Journal  of  Botany 

MADRAU,  Vol.  37,  No.  1,  p  6-27,  1990.  1  fig,  45 

ref. 

Descriptors:  *Arizona,  •Biographies,  *Desert 
plants,  'Ecology,  'Research  facilities,  'Sonoran 
Desert,  Arid  lands,  Desert  ecosystems,  Oxygen, 
Physiological  ecology.  Roots,  Temperature. 
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William  Austin  Cannon  (1870-1958)  was  the  first 
resident  investigator  at  the  Carnegie  Institution  of 
Washington's  new  Desert  Laboratory  in  Tucson, 
Arizona.  This  laboratory  was  devoted  to  ecology 
before  the  very  word  was  widely  used.  Cannon 
pioneered  in  the  physiological  ecology  of  desert 
plants  and  in  the  study  of  root  systems,  particularly 
the  effects  of  oxygen  and  temperature  on  root 
growth.  He  also  held  a  worldwide  interest  in 
desert  ecosystems.  His  comparative  studies  of  arid 
regions  led  him  to  point  out  convergent  evolution 
(although  he  did  not  use  this  term)  in  desert  plants. 
Well-known  during  his  lifetime,  he  has  since  been 
largely  forgotten.  (Medina-PTT) 
W9 1-06008 


HISTORICAL  AND  PRESENT  DAY  MANAGE- 
MENT OF  THE  RIVER  RHINE. 

Rijksinstituut  voor  Zuivering  van  Afval water,  Le- 

lystad  (Netherlands). 

For  primary  bibliographic  entry  see  Field   SG. 

W91-06051 


ENVIRONMENTAL  ASPECTS  OF  STABILIZA- 
TION AND  SOLIDIFICATION  OF  HAZARD- 
OUS AND  RADIOACTIVE  WASTES. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-06124 


NTNF-PROGRAMME  ON  ENVIRONMENTAL 
IMPACTS  CMVU'):  RESEARCH  AND  REFER- 
ENCE CATCHMENTS  PROJECT  CFORSK- 
REF). 

Oslo  Univ.  (Norway).  Lab.  for  Freshwater  Ecolo- 
gy and  Inland  Fisheries. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06507 


FOREST    HYDROLOGY    AND    WATERSHED 
MANAGEMENT. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-065 10 


SEASONAL  RESPONSE  OF  THE  LOWER  ST 
LAWRENCE  ESTUARY  TO  BUOYANCY 
FORCING  BY  REGULATED  RIVER  RUNOFF. 

Institut  National  de  la  Recherche  Scientifique,  Ri- 
mouski  (Quebec).  Centre  d'Oceanologia. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06765 


IMPACT  OF  FRESHWATER  RUNOFF  ON 
PHYSICAL  OCEANOGRAPHY  AND  PLANK- 
TON DISTRIBUTION  IN  A  WESTERN  NOR- 
WEGIAN  FJORD:  AN  EXPERIMENT  WITH  A 
CONTROLLED  DISCHARGE  FROM  A  HY- 
DROELECTRIC POWER  PLANT. 
Bergen  Univ.  (Norway).  Dept.  of  Marine  Biology. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06766 


PRESENT  GROUNDWATER  STATUS  IN 
EGYPT  AND  THE  ENVIRONMENTAL  IM- 
PACTS. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-06798 


RAPID  FORMATION  OF  LARGE  COASTAL 
SAND  BODIES  AFTER  EMPLACEMENT  OF 
MAGDALENA  RIVER  JETTIES,  NORTHERN 
COLOMBIA. 

Instituto  Nacional  de  Investigaciones  Geologico- 
Mineras,  Bogota  (Colombia). 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06800 


REDIVERSION  SALINITY  CHANGE  IN  THE 
COOPER  RIVER,  SOUTH  CAROLINA:  ECO- 
LOGICAL IMPLICATIONS. 

South  Carolina  Univ.,  Columbia.  Marine  Science 

Program. 

For  primary  bibliographic  entry  see  Field  2L. 

W9 1-06834 


ENVIRONMENTAL  EFFECTS  OF  THE  MAHI- 
KADANA  AND  DHAROI  PROJECTS  AT  GUJA- 
RAT, INDIA. 

Gujarat    Water    Resources    Dept.,    Gandhinagar 

(India). 

J.  F.  Mistry,  and  M.  U.  Purohit. 

Water  Resources  Journal,  No.  164,  p  93-97,  March 

1990.  2  fig,  3  tab,  5  ref. 

Descriptors:  'Dam  effects,  'Environmental  effects, 
'India,  •Irrigation  programs,  'Reservoirs,  'Weirs, 
Ecological  effects,  Flooding,  Groundwater  re- 
charge, Water  supply,   Water  table  fluctuations. 

The  Mahi-Kadana  and  the  Dharoi  multipurpose 
irrigation  projects  in  Gujarat,  India,  have  had 
many  beneficial  and  adverse  effects  since  their 
completion.  The  Kadana  reservoir  meets  the  water 
supply  needs  of  several  urban  and  rural  areas.  The 
agriculture  of  the  area  has  been  greatly  improved 
due  to  the  Mahi-Kadana  project,  and  the  Kadana 
hydro-power  station  has  a  capacity  of  240  MW. 
The  presence  of  the  reservoir  has  increased  fisher- 
ies and  become  a  recreational  attraction.  The 
major  ecological  impacts  resulting  from  the 
project  include  the  submergence  of  fertile  lands, 
dislocation  of  inhabitants,  changes  in  the  scenic 
values,  micro-climatic  changes  and  effect  on  flora 
and  fauna  of  the  neighborhood.  The  increased 
flows  from  the  reservoir  have  affected  the  river 
bed  cultivation,  quarrying  of  sands  and  gravel,  and 
transportation  of  people  and  products  across  the 
river.  Water  logging  and  salt  efflorescence  prob- 
lems were  observed  in  the  lower  service  areas. 
Although  the  remedial  measures  of  improved 
water  management,  canal  lining  and  surface  drain- 
age have  reduced  the  problem  considerably  in  the 
upper  areas,  this  has  still  remained  unsolved  to  a 
certain  extent  in  the  lower  reaches.  A  drainage 
network  was  completed  to  alleviate  some  of  the 
problems.  Malaria  control  and  prevention  meas- 
ures were  stepped  up  after  prevalence  of  this  dis- 
ease increased  due  to  flooding  conditions.  The 
Dharoi  project  offers  a  reservoir  which  provides 
irrigation,  water  supply,  and  partial  flood  control. 
A  study  of  the  groundwater  resources  in  the  area 
showed  that  95  cu  hm  of  water  are  available  in  the 
command  area  for  conjunctive  use  with  the  surface 
water.  However,  in  Mehsana  district  the  water 
tables  have  been  lowered  by  over  100  m  in  the  last 
25  yr  due  to  over-withdrawal  of  groundwater. 
Major  ecological  impact  includes  submergence  of 
lands,  micro-climatic  changes,  waterlogging  and 
reduction  in  soil  fertility.  Submergence  of  forests  is 
also  a  problem  that  is  being  addressed  by  encour- 
aging farmers  to  grow  orchards  for  wood  preser- 
vation. (Geiger-PTT) 
W9 1-06903 


CHEMICAL  AND  PHYSICAL  CHARACTERIS- 
TICS OF  THE  MISSOURI  RIVER,  NEBRASKA. 

Nebraska  Game  and  Parks  Commission,  Norfolk. 
L.  W.  Hesse,  G.  E.  Mestl,  and  M.  J.  Rohrke. 
Transactions  of  the  Nebraska  Academy  of  Sci- 
ences and  Affiliated  Societies  TNASDJ,  Vol.  17,  p 
103-109,  1989.  1  fig,  7  tab,  16  ref. 

Descriptors:  'Channeling,  'Dam  effects,  'Missouri 
River,  'Nebraska,  'Physicochemical  properties, 
'Turbidity,  'Water  quality,  Chemical  properties, 
Chlorophyll,  Flow  rates,  Nutrients,  Organic 
matter,  Physical  properties. 

Selected  physical  and  chemical  parameters  were 
observed  at  unchannelized  and  channelized  main- 
channel  locations  on  the  Missouri  River,  an  un- 
channelized backwater,  and  13  tributaries  of  the 
Missouri  River  during  the  period  1985  through 
1988.  Mean  main-channel  discharge  is  artificially 
maintained  at  a  higher  rate  during  winter  since 
construction  of  the  main-stem  dams.  The  mean 
flow  through  a  remnant  backwater  in  an  unchanne- 
lized reach  represents  about  3.1%  of  the  main- 
channel  discharge.  Turbidity  is  much  reduced  from 
the  pre-dam  period  and  is  highest  during  the 
March  and  June  periods  of  high  discharge.  Specif- 
ic conductance  in  the  main  channel  was  measured 
as  high  as  955  umhos/cm.  Water  quality  param- 
eters are  similar  for  unchannelized  and  channelized 
sites,  although  organic  matter,  as  measured  by  total 
organic  carbon  and  fine  and  coarse  particulate 
organic  matter,  is  higher  proceeding  downriver. 


The  water  quality  of  the  unchannelized  reach 
backwater  basically  reflects  the  water  quality  of 
the  main  channel,  except  that  dissolved  oxygen  is 
reduced  in  some  locations  within  the  backwater 
and  total  chlorophyll  values  are  double  those 
found  in  the  main  channel.  Tributary  water  quality 
is  highly  variable  and  most  observed  values  were 
higher  than  main-channel  values  near  these  tribu- 
taries. Continued  observations  will  help  explain  the 
role  that  tributary  run-off  plays  in  main-channel 
water  quality  as  samples  are  acquired  during  run- 
off events  such  as  flooding.  It  was  hypothesized 
that  the  Missouri  River  may  have  been  one  of  the 
most  productive  ecosystems  in  temperate  North 
America.  Additional  research  into  carbon/nutrient 
dynamics  and  the  mechanism  through  which  this 
energy  reached  the  aquatic  system  is  necessary  to 
substantiate  this  hypothesis.  (Author's  abstract) 
W9 1-07009 


PERSISTENCE  OF  A  CHEMICAL  GRADIENT 
IN  THE  LOWER  PLATTE  RIVER,  NEBRASKA. 

Nebraska  Univ.-Lincoln.  Dept.  of  Forestry,  Fish- 
eries and  Wildlife. 
R.  S.  Holland,  and  E.  J.  Peters. 
Transactions  of  the  Nebraska  Academy  of  Sci- 
ences and  Affiliated  Societies  TNASDJ,  Vol.  17,  p 
111-115,  1989.  5  fig,  1  tab,  9  ref.  Federal  Aid  for 
Fish  Restoration  Funds  Project  F-78-R-1. 

Descriptors:  'Aquatic  habitats,  'Canals,  'Chemi- 
cal properties,  'Conductance,  'Electric  power- 
plants,  'Environmental  effects,  'Environmental 
gradient,  'Nebraska,  'Platte  River,  'Water  chem- 
istry, Flow  rates,  Hydraulic  roughness,  Mixing, 
Water  quality. 

During  a  1986-1987  study  of  microhabitat  utiliza- 
tion by  Platte  River  fauna  a  persistent  difference  in 
conductance  was  noted  between  north  and  south 
banks.  A  series  of  transects  across  the  river,  meas- 
ured on  August  11,  1987,  between  River  Miles  78- 
59,  demonstrated  that  the  conductivity  gradient 
persisted  throughout  the  32  km  study  segment. 
Typical  readings  were  315  umhos/cm  for  the  north 
side  and  550  umhos/cm  for  the  south  side.  Addi- 
tional upstream  measurements  showed  that  the  gra- 
dient originated  at  the  confluence  of  the  Platte 
River  and  the  Loup  River  Power  Canal  (River 
Mile  101).  Upstream,  the  Platte  River  mean  month- 
ly conductivity  is  922  umhos/cm  while  the  Canal 
is  283  umhos/cm.  Correlation  analysis  of  the  rela- 
tive contribution  of  the  Canal  to  total  downstream 
discharge  shows  a  significant  negative  correlation 
(r=0.60;  P=0001)  to  the  conductivity  levels  of 
the  Platte  River  below  the  confluence.  Occurrence 
of  this  conductivity  gradient  may  indicate  a  lack  of 
mixing  of  other  chemical  constituents  in  the  water 
including  pollutants.  Factors  that  determine  the 
persistence  of  the  difference  in  conductance  in- 
clude sinuosity  of  the  channel,  roughness  of  the 
bed,  relative  flow  rates  of  the  intersecting  rivers, 
entry  angle  of  the  tributary,  and  the  degree  of 
water  quality  differences  between  the  rivers.  (Au- 
thor's abstract) 
W91-O7010 


REPORT  ON  ARCHAEOLOGICAL  TESTING 
AT  SALISHAN  MESA  (45GR445),  GRANT 
COUNTY,  WASHINGTON. 

Eastern  Washington  Univ.,  Cheney.  Archaeologi- 
cal and  Historical  Services. 
R.  A.  Masten,  R.  L.  Lyman,  C.  R.  Knowles,  and 
R.  C.  Boggs. 
1988.  1 16p,  14  fig,  14  tab,  52  ref,  5  append. 

Descriptors:  'Archaeology,  'Social  aspects,  Banks 
Lake,  Grand  Coulee  Dam,  History,  Washington, 
Water  resources  development. 

In  October  of  1987,  archaeological  test  excavations 
were  conducted  at  archaeological  site  45GR445, 
also  known  as  the  Salishan  Mesa.  The  purpose  of 
this  investigation  was  to  obtain  information  for 
cultural  resource  management  planning  and  to 
assess  the  site's  potential  for  eligibility  for  inclusion 
on  the  National  Register  of  Historic  Places.  Site 
45GR445  is  located  east  of  and  adjacent  to  the 
Upper  Grand  Coulee,  now  Banks  Lake,  northeast 
of  Coulee  City  within  Grant  County  Washington. 
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RESOURCES  DATA— Field  7 
Data  Acquisition — Group  7B 


The  site  area  is  large  and  includes  several  land- 
forms  associated  with  topography  of  the  Chan- 
neled Scablands  of  Central  Washington.  Thirty- 
eight  cultural  features,  including  the  rockshelter,  a 
surface  depression,  and  numerous  rock  features, 
were  investigated.  Nine  test  units  were  excavated 
in  areas  with  the  potential  for  subsurface  deposits. 
Over  10,000  lithic  artifacts  and  debris,  faunal  re- 
mains, and  other  organics  were  recovered  from  the 
site.  One  radiocarbon  date  was  obtained  from  the 
base  of  the  surface  depression  and  has  tentatively 
placed  one  occupation  of  45GR445  at  2330  +/-80 
years  before  present  (B.P.).  The  sample  of  artifact 
and  feature  data  indicates  that  45GR445  is  a  base 
camp  primarily  associated  with  the  procurement 
and  processing  of  large  game.  Based  on  the  quanti- 
ty, quality,  and  diversity  of  artifact  and  future 
large-scale  investigations.  It  is,  therefore,  recom- 
mended as  eligible  for  inclusion  in  the  National 
Register  of  Historic  Places.  (Lantz-PTT) 
W9 1-07038 


ARCHAEOLOGICAL  INVESTIGATIONS  AT 
RIVER  MILE  590:  THE  EXCAVATIONS  AT 
45D0189. 

Eastern  Washington  Univ.,  Cheney.  Archaeologi- 
cal and  Historical  Services. 
J.  R.  Galm,  R.  L.  Lyman,  D.  F.  Stradling,  E. 
Gilmour,  and  R.  A.  Stevens. 
1988.   224p,  41   fig,   55  tab,    152  ref,  6  append. 

Descriptors:  'Archaeology,  'Columbia  River, 
•Social  aspects,  Grand  Coulee  Dam,  History, 
Water  resources  development. 

Data  recovery  excavations  were  conducted  at  ar- 
chaeological site  45D0189  in  1986.  This  investiga- 
tion was  completed  in  conjunction  with  the  U.S. 
Bureau  of  Reclamation's  (USBR)  Downstream 
Stabilization  Program  to  mitigate  on-going  impacts 
to  the  site  caused  by  the  operation  of  the  Third 
Powerplant  at  Grand  Coulee  Dam.  The  site  is 
located  on  the  left  bank  of  the  Columbia  River, 
approximately  10.5  km  (6.5  mi)  downstream  of 
Grand  Coulee  Dam.  Implementation  of  a  Data 
Recovery  Plan  developed  for  this  project  resulted 
in  the  complete  excavation  of  the  housepit  (desig- 
nated House  1)  and  the  sampling  of  two  yard 
blocks  located  on  the  river  side  of  the  house  de- 
pression. The  research  design  for  this  investigation 
focused  on  the  construction  of  House  1,  the 
number  of  occupants  residing  in  the  house,  the 
subsistence  strategies  represented,  the  nature  of 
house  activity  areas  and  the  spatial  organization  of 
floor  space,  and  the  structure  of  the  household 
group  in  residence.  Reconstructions  of  the  house 
suggest  a  hip  or  squared  roof  configuration  and 
confirm  multiple  occupations.  Winter  or  a  fall- 
winter  season  of  occupation  is  inferred  from  analy- 
ses of  faunal  data,  even  though  multiple  occupa- 
tions are  most  likely  nested  in  all  resulting  data 
sets.  Relatively  high  proportions  of  salmon  remains 
were  recovered  on  the  house  floor.  Comparisons 
to  Hudnut  Phase  sites/components  excavated 
during  the  Chief  Joseph  Dam  Cultural  Resources 
Project  (CJDCRP)  identify  a  general  correspond- 
ence in  data  sets  between  Hudnut  Phase  habita- 
tions, as  well  as  the  variability  apparent  in  these 
data.  Analysis  of  floor  space  indicates  the  presence 
of  up  to  four  residential  groups,  possibly  represent- 
ing as  many  as  28  people  in  residence  at  any  one 
time.  The  four  residential  zones  on  the  floor  in- 
clude a  range  of  domestic  activity  sets.  (Lantz- 
PTT) 
W9 1-07039 


INVESTIGATIONS  AT  THE  CAKE  RANCH 
SITE:  A  CLASSIC  PERIOD  HOHOKAM  VIL- 
LAGE IN  THE  LOWER  SANTA  CRUZ  RIVER 
BASIN,  PINAL  COUNTY,  ARIZONA. 

Northland  Research,  Inc.,  Flagstaff,  AZ. 

C.  D.  Halbirt,  T.  K.  Henderson,  J.  E.  Kisselburg, 

J.  W.  Gish,  and  J.  Hutira. 

February   1990.   186p,  36  fig,  36  tab,   100  ref,  4 

append.  Bureau  of  Reclamation  Contract  No.  3- 

PA-30-00740. 

Descriptors:  *Archaeology,  *Arizona,  'Santa  Cruz 
River  Basin,  'Water  resources  development,  His- 
tory, Social  aspects. 


A  description  is  presented  of  the  results  of  archae- 
ological investigations  undertaken  at  the  Cake 
Ranch  site  (AZ  AA:7:3  (ASM)).  This  work  oc- 
curred prior  to  the  construction  of  Lateral  Seg- 
ment 5  of  the  Central  Arizona  Irrigation  and 
Drainage  District  South  Distribution  System.  The 
Cake  Ranch  site  is  located  approximately  4  km 
west  of  the  town  of  Red  Rock,  Arizona  in  Pinal 
County.  The  site  is  a  large  classic  period  Hohokam 
village  situated  adjacent  to  the  Santa  Cruz  River 
floodplain.  The  investigations  revealed  that  the  site 
consists  of  five  probable  habitation  loci  distributed 
within  a  65  acre  area.  Within  the  right  of  way,  30 
cultural  features  were  excavated.  Documented 
were  adobe-walled  pithouses,  cremations,  and  a 
variety  of  extramural  pits  representing  activities 
that  included  storage,  food  processing,  and  cook- 
ing. In  addition  to  the  30  cultural  features  excavat- 
ed, four  other  features  were  found  eroding  from  an 
entrenched  tributary  of  the  Santa  Cruz  River  ap- 
proximately 400  m  south  of  the  right  of  way  within 
the  southern  habitation  locus.  (Author's  abstract) 
W9 1-07046 


MATHEMATICAL  MODEL  FOR  RESERVOIR 
SILTING. 

Sao  Paulo  Univ.,  Sao  Carlos  (Brazil).  Escola  de 

Engenharia. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07062 


SILTING  OF  MOROCCAN  DAMS. 

Hydraulic   Administration,   Avenue    Hassan   Ben 
Chekroun,  Casier  Rabat  Chellah,  Morocco. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07065 
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CHEMICAL  EMISSIONS  FROM  THE  PROC- 
ESSING AND  USE  OF  MATERIALS:  THE 
NEED  FOR  AN  INTEGRATED  EMISSIONS  AC- 
COUNTING SYSTEM. 

International  Inst,  for  Applied  Systems  Analysis, 

Laxenburg  (Austria). 

For  primary  bibliographic  entry  see  Field   5G. 

W91-06109 


EUROPEAN  NETWORK  OF  REPRESENTA- 
TIVE AND  EXPERIMENTAL  BASINS  FOR 
LONG-TERM  MONITORING  OF  WATER  RE- 
SOURCES. 

Office  de  la  Recherche  Scientifique  et  Technique 

Outre-Mer,  Paris  (France). 

P.  Dubreuil. 

IN:  FRIENDS  in  Hydrology.  IAHS  Publication 

No.  187.  International  Association  of  Hydrological 

Sciences,  Washington,  DC.  1989.  p  391-399,  11  ref. 

Descriptors:  'Conferences,  'Data  analysis, 
'Europe,  'Experimental  basins,  'Hydrologic  data, 
•Model  studies,  'Monitoring,  'Streamflow  fore- 
casting, 'Water  resources  management,  Coopera- 
tion, Data  acquisition. 

During  the  first  half  of  the  twentieth  century, 
numerous  research  projects  on  small  catchments 
were  carried  out,  mainly  in  North  America  and 
northern  and  western  Europe.  Many  advances  in 
the  knowledge  of  hydrological  processes  have 
been  obtained  through  small  catchment  research. 
At  a  meeting  in  1986  in  Aix-en-Provence  (France), 
38  scientists  from  six  countries  began  the  imple- 
mentation of  the  European  research  network  of 
experimental  research  basins  (ERBs).  The  scope  of 
the  network  was  defined  based  on  answers  to  a 
questionnaire  sent  to  11  countries.  The  second 
general  assembly  of  the  network  was  held  in  Peru- 
gia (Italy)  in  1988.  At  the  end  of  1989,  nine  Euro- 
pean countries  had  designated  a  national  corre- 
spondent to  the  network;  these  are  Belgium, 
France,  Germany,  Italy,  the  Netherlands,  Portu- 
gal, Spain,  Switzerland,  and  the  United  Kingdom. 
Due  to  the  importance  of  land  use  changes,  the 
Food  and  Agriculture  Organization  of  the  United 
Nations  is  cooperating  with  the  network.  Future 


activities  of  the  network  hopefully  will  include 
implementing  agreed-upon  common  minimum  data 
requirements,  joint  projects  in  the  areas  of  erosion 
and  sediment  transport  processes,  and  participation 
in  phase  two  of  the  FREND  (Flow  Regimes  from 
Experimental  and  Network  Data)  project.  (See 
also  W9 1-06461)  (Rochester-PTT) 
W9 1-06499 


SELECTION  OF  REPRESENTATIVE  AND  EX- 
PERIMENTAL BASINS  FOR  THE  STUDY  OF 
EROSION  ON  THE  SOUTH  AMERICAN  PLA- 
TEAU (CHOIX  DE  BASSINS  REPRESENTA- 
TIFS  ET  EXPERIMENTAUX  POUR  L'ETUDE 
DE  L'EROSION  SUR  LE  PLATEAU  BASALTI- 
QUE  SUDAMERICAIN). 

Universidade  Federal  do  Rio  Grande  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07075 


STRATEGY  FOR  ORGANIZING  A  SEDIMENT 
DATA  COLLECTION  NETWORK  BASED  ON 
THE  AVAILABLE  HYDROLOGICAL 

RECORDS  FOR  A  CATCHMENT  IN  KENYA. 

Ministry     of     Water     Development,     Mombasa 

(Kenya). 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07077 


EXAMINATION  OF  THE  ROLE  OF  SAM- 
PLING STRATEGIES  IN  THE  STUDY  OF  SUS- 
PENDED SEDIMENT  TRANSPORT. 

University  Coll.,  Campbell  (Australia).  Dept.  of 
Geography  and  Oceanography. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07086 


7B.  Data  Acquisition 


ASSESSING    ATRAZINE    PERSISTENCE    IN 
SOIL  FOLLOWING  A  SEVERE  DROUGHT. 

Michigan  State  Univ.,  East  Lansing.  Pesticide  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-05985 


ENZYME  IMMUNOASSAY  FOR  THE  DETER- 
MINATION OF  ATRAZINE  RESIDUE  IN  SOIL. 

California  Dept.  of  Food  and  Agriculture,  Sacra- 
mento. Environmental  Hazards  Assessment  Pro- 
gram. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-05986 


TOXICITY  TEST  WITH   ALGAE:  A  DISCUS- 
SION ON  THE  BATCH  METHOD. 

National  Swedish  Environment  Protection  Board, 

Solna. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-06002 


ADVANCEMENTS  IN  TOXICITY  TESTING  AP- 
PLIED TO  DESIGN  AND  CONTROL  OF  BIO- 
LOGICAL PROCESSES. 

Illinois  Univ.,  Urbana.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-06069 


IDENTIFICATION  OF  NON-BIODEGRADA- 
BLE, HYDROPHILIC,  ORGANIC  SUB- 
STANCES IN  INDUSTRIAL  AND  MUNICIPAL 
WASTE  WATER  TREATMENT  PLANT-EF- 
FLUENTS BY  LIQUID  CHROMATOGRAPHY- 
TANDEM  MASS  SPECTROMETRY  (LC/MS/ 
MS). 

Technische  Hochschule  Aachen  (Germany,  F.R.). 
Inst,  fuer  Siedlungswasserwirtschaft. 
For   primary  bibliographic   entry  see   Field   5D. 
W9 1-06076 


SORPTION  OF  POLYCYCLIC  AROMATIC  HY- 
DROCARBONS ONTO  NATURAL  SOLIDS:  DE- 
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TERMINATION  BY 

QUENCHING  METHOD. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06086 


STATIONARY  PACKER  SYSTEM  FOR  LAYER- 
WISE  GROUNDWATER  SAMPLING  IN  MONI- 
TORING WELLS-TECHNIQUE  AND  RE- 
SULTS. 

Karlsruhe  Univ.  (Germany,  F.R.).  Engler-Bunte 
Inst. 

M.  Rodelsperger,  U.  Rohmann,  and  F.  Frimmel. 
Water  Science  and  Technology  WSTED4,  Vol. 
23,  No.  1/3,  p  545-553,  1991.  8  fig,  7  ref.  Minister- 
ium  fuer  Ernaehrung,  Landwirtschaft,  Umwelt 
und  Forsten  grant  75-82  02;  Kernforschungszen- 
trum  Karlsruhe  grant  PW  86-038;  and  Bundesmin- 
ister  fuer  Forscnung  und  Technologie  grant  02- 
WT-436. 

Descriptors:  'Groundwater  quality,  •Monitoring, 
•Monitoring  wells,  *Samplers,  'Water  sampling, 
•Well  packers,  Aquifer  testing,  Pumping  tests, 
Pumps,  Water  table,  Well  construction. 

A  sampling  device  was  designed  for  use  as  station- 
ary equipment  for  deep  monitoring  wells,  to  obtain 
representative  groundwater  samples  from  different 
layers  of  the  aquifer.  The  device  consists  of  packer 
units  which  can  be  combined  at  variable  distances, 
allowing  adaptation  to  the  local  conditions  of  the 
aquifer  and  well  construction.  The  pumps  are  situ- 
ated below  the  groundwater  table.  Each  of  the 
sampling  tubes  ends  between  two  packers  in  a 
selected  sampling  interval.  Experimental  results 
demonstrate  the  importance  of  the  application  of  a 
stationary  packer  system  instead  of  a  mobile 
double  packer  in  deep  aquifers  of  inhomogeneous 
structure.  Examples  of  concentration  profiles  ob- 
tained from  layerwise  groundwater  sampling  indi- 
cate that  even  after  a  long  pumping  period  the 
double  packer  system  does  not  isolate  the  packed 
off  interval  as  well  as  the  stationary  system  because 
of  upflow  from  less  contaminated  water.  (Author's 
abstract) 
W91-06098 


ERROR  STRUCTURE  OF  MULTIPARAMETER 
RADAR  AND  SURFACE  MEASUREMENTS  OF 
RAINFALL.  PART  III:  SPECIFIC  DIFFEREN- 
TIAL PHASE. 

Alabama  Univ.  in  Huntsville. 

For  primary  bibliographic  entry  see  Field  2B. 

W91-06110 


NEW  FAST  RESPONSE  INSTRUMENT  FOR 
MEASURING  TOTAL  WATER  CONTENT 
FROM  AIRCRAFT. 

Royal    Aerospace    Establishment,     Farnborough 

(England). 

S.  Nicholls,  J.  Leighton,  and  R.  Barker. 

Journal  of  Atmospheric  and  Oceanic  Technology 

JAOTES,  Vol.  7,  No.  5,  p  706-718,  October  1990. 

16  fig,  1  tab,  13  ref. 

Descriptors:  •Atmospheric  water,  'Cloud  liquid 
water,  'Data  acquisition,  •Hygrometry,  •Instru- 
mentation, 'Measuring  instruments,  'Meteorology, 
•Moisture  content,  'Remote  sensing,  Aircraft, 
Clouds,  Dewpoint,  Evaporation,  Moisture  probe, 
Precipitation. 

A  device  for  measuring  the  total  water  content  of  a 
parcel  of  air  from  an  aircraft  is  described.  The  total 
water  of  a  parcel  of  air  is  a  conserved  quantity, 
independent  of  phase  changes,  provided  there  is  no 
transport  of  water  through  the  parcel  boundaries. 
Current  airborne  hygrometers  normally  attempt  to 
measure  the  water  content  in  individual  phases  and 
the  presence  of  other  phases,  invariably  influences 
the  quality  of  the  data.  However,  any  liquid  water 
or  ice  entering  this  new  probe  is  efficiently  evapo- 
rated and  the  resultant  water  vapor  measured  using 
a  Lyman-alpha  hygrometer.  The  device  was  cali- 
brated against  a  cooled-mirror  dewpoint  device  in 
airborne  trials.  Runs  were  conducted  in  warm  stra- 
tocumulus  tops,  through  small  cumulus,  in  mixed- 
phase  precipitation  and  cirrus  cloud.  In  all  cases, 
the  device  was  found  to  produce  high-quality,  fast 
response  data.  (Author's  abstract) 


METHOD  FOR  IMPROVING  RAIN  ESTI- 
MATES FROM  VERTICAL-INCIDENCE  DOPP- 
LER  RADAR  OBSERVATIONS. 

Chicago  Univ.,  IL.  Lab.  for  Atmospheric  Probing. 
R.  C.  Srivastava. 

Journal  of  Atmospheric  and  Oceanic  Technology 
JAOTES,  Vol.  7,  No.  5,  p  769-773,  October  1990. 
4  fig,   1  tab,   17  ref.  NSF  Grant  ATM  89-03683. 

Descriptors:  'Mathematical  studies,  'Meteorology, 
'Radar,  'Rain,  'Rainfall  rate,  'Remote  sensing, 
Estimating  equations,  Reflectivity. 

A  method  was  developed  for  improving  estimates 
of  rainfall  rate  in  stratiform  rain  from  vertical 
incidence  observations  of  the  radar  reflectivity 
factor  and  the  mean  Doppler  velocity  and  esti- 
mates of  vertical  air  velocity  obtained  by  Velocity 
Azimuth  Display  or  Extended  Velocity  Azimuth 
Display.  The  method  assumes  an  exponential  drop 
size  distribution  but,  unlike  conventional  methods, 
does  not  assume  a  specific  value  of  the  intercept 
parameter  for  the  distribution.  To  use  the  method 
it  is  necessary  to  correct  the  measured  mean  Dopp- 
ler velocity  for  the  effects  of  vertical  air  velocity 
unless  the  velocity  is  known  to  be  less  than  about 
0.4m/sec.  Two  examples  of  the  use  of  the  method 
are  presented.  Theoretical  studies  suggest  that  rain- 
drop size  distribution  tends  toward  an  exponential 
function  of  constant  slope  or  a  function  of  constant 
shape,  while  the  radar  reflectivity  factor,  rainfall 
rate,  and  rainwater  content  all  tend  to  be  propor- 
tional to  the  intercept  parameter.  For  typical  fall 
distances,  these  conclusions  can  apply  only  at 
rather  high  rainfall  rates.  In  stratiform  rain,  with 
melting  band  and  a  relatively  low  intensity  of 
rainfall,  the  method  may  be  used  to  study  the 
evolution  of  these  parameters  and  the  size  distribu- 
tion with  distance  fallen.  (Doria-PTT) 
W91-06112 


DEPENDENCE  OF  REFLECTIVITY  FACTOR- 
RAINFALL  RATE  RELATIONSHIP  ON  PO- 
LARIZATION. 

National  Severe  Storms  Lab.,  Norman,  OK. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-06113 


LEACHING  CHARACTERISTICS  OF  CON- 
STRUCTION MATERIALS  AND  STABILIZA- 
TION PRODUCTS  CONTAINING  WASTE  MA- 
TERIALS. 

Netherlands  Energy  Research  Foundation  ECN, 

Petten. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06136 


EVALUATING  THE  FREEZE-THAW  DURA- 
BILITY OF  PORTLAND  CEMENT-STABI- 
LIZED-SOLIDIFIED HEAVY  METAL  WASTE 
USING  ACOUSTIC  MEASUREMENTS. 

New  Hampshire  Univ.,  Durham.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06139 


DEVELOPMENT  OF  A  LIQUID  RELEASE 
TESTER. 

Chemical  Waste  Management,  Inc.,  Geneva,  IL. 
C.  P.  Swanstrom. 

IN:  Environmental  Aspects  of  Stabilization  and 
Solidification  of  Hazardous  and  Radioactive 
Wastes.  STP  1033.  ASTM,  Philadelphia,  PA,  1989. 
p  192-200,  2  fig,  5  tab. 

Descriptors:  'Landfills,  'Liquid  release  tester, 
•Measuring  instruments,  'Testing  procedures, 
•Waste  disposal,  'Waste  solidification,  Data  acqui- 
sition, Field  tests,  Leaching,  Pressure,  Solid  waste 
disposal. 

The  1984  Amendments  to  the  Resource  Conserva- 
tion and  Recovery  Act  (RCRA)  specify  that  bulk 
liquid  wastes  which  have  been  stabilized/solidified 
for  land  disposal  must  not  release  the  liquid  under 
the  mechanical  pressures  experienced  in  a  landfill. 


How  to  determine  this  property  has  not  yet  been 
specified.  In  response  to  the  need  for  a  simple,  yet 
highly  effective  test  device  to  evaluate  the  tenden- 
cy of  a  stabilized  waste  to  release  liquid,  a  test 
apparatus  and  a  test  procedure  have  been  devel- 
oped. This  simple  tester  distinguishes  between  sta- 
bilized wastes  which  will  release  liquids  under 
pressure  on  a  pass/fail  basis.  The  tester  utilizes  a 
100  g  sample  that  requires  only  minimal  sample 
preparation.  The  test  duration  is  5  minutes.  The 
only  expendables  are  readily  available  paper  filters, 
and  the  system  requires  only  a  balance  and  com- 
pressed air  for  operation.  The  effects  of  test  pres- 
sure, test  duration,  and  sample  cure  time  were 
evaluated.  Results  may  be  compared  with  other 
test  procedures  for  evaluating  stabilized  waste.  The 
equipment  quickly  produces  consistent  results  that 
agree  with  other  test  methods  used  to  evaluate 
stabilized  wastes.  (See  also  W9 1-06 124)  (Lantz- 
PTT) 
W91-06140 


COMPARATIVE  STUDIES  OF  METAL  CON- 
TAINMENT IN  SOLIDIFIED  MATRICES  BY 
SCANNING  AND  TRANSMISSION  ELECTRON 
MICROSCOPY. 

Alberta  Environmental  Centre,  Vegreville. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06141 


EXPERIMENTAL  EVALUATION  OF  LIMIT- 
ING FACTORS  FOR  LEACHING  MECHANISM 
IN  SOLIDIFIED  HAZARDOUS  WASTES. 

Aquila  Univ.  (Italy).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06143 


COLUMN  LEACH  TESTING  OF  PHENOL  AND 
TRICHLOROETHYLENE  STABILIZED/SO- 
LIDIFIED WITH  PORTLAND  CEMENT. 

New  Hampshire  Univ.,  Durham.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06144 


FIELD  TESTING  OF  WASTE  FORMS  USING 
LYSIMETERS. 

Idaho  National  Engineering  Lab.,  Idaho  Falls.  Bio- 
technology and  Waste  Management  Programs. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06156 


WASTE    REDUCTION    AUDITS:    MATCHING 
TYPES  TO  STAGES. 

Office   of  Technology   Assessment,   Washington, 

DC. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06162 


WASTE  MINIMIZATION  AUDITS  AT  INDUS- 
TRIAL AND  DOD  INSTALLATIONS. 

Versar,  Inc.,  Springfield,  VA. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06163 


HAZARDOUS        WASTE        MINIMIZATION 
AUDITS:  STRATEGY  AND  METHODOLOGY. 

Environmental    Science    and    Engineering,    Inc., 

Gainesville,  FL. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06164 


METHODS  FOR  MONITORING  SOLVENT 
CONDITION  AND  MAXIMIZING  ITS  UTILI- 
ZATION. 

Air  Force  Engineering  and  Services  Center,  Tyn- 

dall  AFB,  FL. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06166 


EFFECT  OF  CADMIUM  ON  PROTEIN  SYN- 
THESIS IN  GILL  TISSUE  OF  THE  SEA 
MUSSEL  MYTILUS  EDULIS. 
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Utrecht  Rijksuniversiteit  (Netherlands).  Dept.  of 

Experimental  Zoology. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-06189 


DRINKING         WATER         MICROBIOLOGY: 
PROGRESS  AND  RECENT  DEVELOPMENTS. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-06 194 


CORRECTED  METHOD  FOR  DRY  MATTER 
DETERMINATION  FOR  USE  IN  ANAEROBIC 
DIGESTER  CONTROL. 

Ouelph  Univ.  (Ontario).  School  of  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-06223 


INDOOR  SOIL  EROSION  RESEARCH  FACILI- 
TY. 

Oklahoma  State  Univ.,  Stillwater.  Dept.  of  Agri- 
cultural Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06232 


DEVICE  FOR  AUTOMATIC  SOIL  MOISTURE 
CONTROL  AND  REGISTRATION  OF  WATER 
USE  IN  POT  EXPERIMENTS. 

Instituut  voor  Oecologisch  Onderzoek,   Heteren 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  3F. 

W91-06313 


VERTICALLY  INSTALLED,  FLUSH-MOUNT- 
ED TENSIOMETER  FOR  TURFGRASS  RE- 
SEARCH. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Horticul- 
ture. 

R.  E.  Gaussoin,  J.  A.  Murphy,  and  B.  E.  Branham. 
Horticultural  Science,  Vol.  25,  No.  8,  p  928-929, 
1990.  2  fig,  6  ref. 

Descriptors:  *Instrumentation,  *Soil  science,  *Soil 
water  potential,  'Tensiometers,  'Turf  grasses, 
Electrical  equipment,  Manometers,  Roots. 

The  use  of  tensiometers  for  development  of  turf 
soil-water  characteristic  curves,  diurnal  soil-water 
flux,  and  other  important  soil-water  phenomena 
has  been  limited,  because  of  shallow  root  systems, 
high  installation  costs,  equipment  delicacy,  and  use 
of  unsafe  mercury  manometers.  A  method  for 
measuring  soil  water  potential  in  field  soils  was 
adapted  for  use  in  turfgrass  soils.  The  system  uses 
tensiometers  installed  flush  with  the  soil  surface 
and  permits  a  measuring  depth  as  shallow  as  2.5  to 
5.0  cm.  Water  potential  within  a  tensiometer  was 
measured  with  a  portable  pressure  transducer. 
Linear  relationships  between  water  potential  meas- 
ured with  mercury  manometers  or  vacuum  gage- 
equipped  tensiometers  and  the  pressure  transducer 
were  obtained  (r-squared  =  0.99  and  0.97,  respec- 
tively). The  system  accurately  measures  soil  water 
potential  of  turfgrass  soils,  while  permitting  routine 
cultural  practices  to  be  performed.  (Author's  ab- 
stract) 
W91-06413 


MEASUREMENT  OF  SOIL  WATER  POTEN- 
TIAL. 

Gulf  Coast  Research  and  Education  Center,  Bra- 

denton,  FL. 

For  primary  bibliographic  entry   see   Field   2G. 

W91-06415 


CHARACTERIZATION      OF      FLOCS      FOR 
SOLID/LIQUID  SEPARATION  PROCESSES. 

Florida  Univ.,  Gainesville.  Dept.  of  Materials  Sci- 
ence and  Engineering. 

For  primary  bibliographic   entry  see   Field   5D. 
W91-06438 


ADEQUACY  OF  ANALYTICAL  TECHNIQUES 
TO  DETERMINE  THE  FATE  OF  POLYELEC- 
TROLYTES  IN  WASTE  TREATMENT. 

Battelle  Columbus  Div.,  OH. 


For  primary  bibliographic   entry   see   Field   5D. 
W9 1-06442 


ROLE  OF  INSTRUMENT  TYPE  AND  ERRORS 
IN  THE  CONSTRUCTION  OF  CATCHMENT 
WATER  BALANCES. 

Ulster    Univ.    at    Jordanstown,    Newtownabbey 
(Northern  Ireland).  Dept.  of  Computing  Science. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06466 


TRANSPIRATION  OF  MATURE  STANDS  OF 
SPRUCE  (PICEA  ABIES  (L.)  KARST.)  AS  ESTI- 
MATED BY  THE  TREE-TRUNK  HEAT  BAL- 
ANCE METHOD. 

Vysoka  Skola  Zemedelska,  Brno  (Czechoslovakia). 
Inst,  of  Forest  Ecology. 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-065  39 


ROLE  OF  MAGNETIC  MEASUREMENTS  IN 
THE  DEVELOPMENT  OF  A  RD/ER  BASIN 
EROSIONAL  HISTORY. 

California  Univ.,  Davis.  Dept.  of  Geology. 
R.  D.  La  Ven,  F.  R.  Bickner,  and  P.  Fine. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  507-508.  5  ref. 

Descriptors:  'California,  "Channel  erosion,  'Ero- 
sion, 'Magnetic  studies,  "Rivers,  Dating,  Eel 
River,  History,  Soil  genesis,  Soil  profiles,  Weather- 
ing. 

Three  types  of  magnetic  measurements  have  been 
used  in  the  development  of  an  erosional  history  of 
the  South  Fork  of  the  Eel  River  in  northern  Cali- 
fornia: (1)  magnetostratigraphic  measurements  pro- 
vide the  age  dating  control  necessary  to  confirm  a 
uniform  uplift  rate  model;  (2)  susceptibility  meas- 
urements confirm  and  refine  soil  profile  descrip- 
tions taken  in  the  field  and  aid  in  developing  a  soil 
development  history  for  the  Garberville  chronose- 
quence;  and  (3)  citrate-bicarbonate-dithionite 
(CBD)  treatment  selectively  removes  pedogenic 
ferrimagnetics  from  the  soil.  Measurements  of 
magnetic  susceptibility  on  paired  untreated  and 
CBD-treated  samples  demonstrate  a  time-depend- 
ent increase  in  both  relative  and  absolute  concen- 
trations of  pedogenic  ferrimagnetics,  inferring  a 
time-dependent  shift  in  the  mineral  composition  of 
the  magnetic  carriers.  The  virtual  geomagnetic 
poles,  combined  with  the  relative  degree  of  soil 
development  and  the  degree  of  weathering  of 
clasts  in  the  strata  allow  the  strata's  age  to  be 
estimated  as  105,000  to  110,000  ybp.  (See  also 
W91-06570)  (Brunone-PTT) 
W9 1-06653 


FIELD  METHODS  USED  FOR  MONITORING 
EROSION  AND  SEDIMENTATION  PROCESS- 
ES IN  STEEPLANDS  OF  NORTHWESTERN 
CALIFORNIA,  USA. 

Redwood  National  Park,  Areata,  CA. 
W.  Weaver,  R.  Sonnevil,  and  R.  Klein. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  509-510. 

Descriptors:  •California,  'Erosion,  'Field  tests, 
'Instrumentation,  'Sedimentation,  Block  slides, 
Electrical  equipment,  Gaging  stations,  Geomor- 
phology,  Gully  erosion,  Landslides,  Mapping, 
Pore  pressure,  Rain  gages,  Redwood  Creek  Basin, 
Roads,  Sediment  sampler,  Sediment  transport, 
Stream  discharge. 

The  relatively  long,  well  funded  research  effort  on 
erosion  and  sedimentation  processes  on  logged 
land  in  the  Redwood  Creek  basin  has  permitted 
experimentation  and  evaluation  of  a  variety  of  field 
research  methods.  The  Redwood  Creek  drainage 
basin  in  northwestern  California  has  been  widely 
reported  as  one  of  the  most  rapidly  eroding  non- 
glaciated  watersheds  of  its  size  in  North  America. 
On  persistently  active  mass  movement  features, 
such  as  earthflows  and  forested  blockslides,  me- 


chanical strip  chart  recorders  and  inexpensive  solid 
state  data  loggers  are  used  to  continuously  record 
downslope  movement  rates.  Sensing  mechanisms 
in  strip  chart  water  level  recorders  and  custom 
built  'slope  movement  indicators'  employ  electron- 
ic multiple-turn  potentiometers  to  monitor  downs- 
lope movement  of  landslides.  Each  mechanism 
allows  various  levels  of  measurement  precision. 
These  records  are  correlated  with  data  from  tip- 
ping bucket  rain  gages  and  a  network  of  inexpen- 
sive storage  rain  gages  fitted  with  overflow  con- 
tainers. Annual  movement  of  selected  slides  and  of 
slide  subunits  are  monitored  by  resurveying  stake 
lines  and  grids  of  monumented  survey  points.  Pie- 
zometric  data  are  used  to  model  the  effects  of 
logging  roads  on  pore  water  pressures  beneath 
road  fills  in  headwater  swales.  Fluvial  erosion  has 
been  closely  monitored  on  cutover  lands  using 
erosion  plots  with  sediment  collection  troughs.  A 
variety  of  continuous  stage  recorders  have  been 
employed  to  monitor  gage  height  and  stream  dis- 
charge. Gully  erosion  has  been  extensively  docu- 
mented by  detailed  geomorphic  mapping  on  thou- 
sands of  hectares  of  logged  land.  (See  also  W91- 
06570)  (Brunone-PTT) 
W9 1-06654 


TOXICITY  OF  NITROGEN-CONTAINING  AR- 
OMATIC   COMPOUNDS    (NCACS):    QUINO- 
LINE  AND  4-AZAFLUORENE  BEHAVIOR  IN 
AN  ESCHERICHIA  COLI  TEST  SYSTEM-EVI- 
DENCE OF  MEMBRANE  EFFECTS. 
Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
Div.  of  Chemistry  and  Toxicology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06705 

FLOW      CYTOMETRIC     TECHNIQUES     TO 
ASSESS  TOXICITY  TO  ALGAE. 

Michigan  State  Univ.,  East  Lansing.  Dept.  of  Fish- 
eries and  Wildlife. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06707 


STRESS  PROTEINS:  THEIR  DETECTION  AND 
USES  IN  BIOMONITORING. 

Maryland   Univ.   Baltimore   County,   Catonsville. 
Dept.  of  Biological  Sciences. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-067 14 


NEW  DEVELOPMENTS  IN  MEASURING  BED 
LOAD  BY  THE  MAGNETIC  TRACER  TECH- 
NIQUE. 

Freie   Univ.   Berlin   (Germany,   F.R.).   Inst,   fuer 

Physische  Geographie. 

R.  Spieker,  and  P.  Ergenzinger. 

IN:  Erosion,  Transport  and  Deposition  Processes. 

IAHS  Publication  No.  189.  IAHS  Press,  Institute 

of  Hydrology,  Wallingford,  England.  1990.  p  169- 

178,  7  fig,  1  tab,  8  ref. 

Descriptors:  'Bed  load,  'Magnetic  studies,  'Meas- 
uring instruments,  'Sediment  transport,  'Tracers, 
Data  acquisition,  Estimating  techniques,  Flow  ve- 
locity, Geohydrology,  In  situ  tests,  Rocks,  Sedi- 
ment load. 

Measuring  coarse  grained  bed  load  transport  under 
natural  conditions  remains  an  unsolved  problem. 
The  accuracy  of  bed  load  measurements  when 
using  classical  trapping  systems,  such  as  the  Helly- 
Smith  sampler,  is  greatly  affected  by  the  extreme 
temporal  and  lateral  transport  rate  variations  that 
occur  naturally,  even  during  steady  flow  condi- 
tions. Other  alternatives,  for  example  conveyor 
belt  and  vortex  bed  load  traps,  involve  high  ex- 
penses and  interrupt  the  transport  process  at  the 
measuring  site.  A  new  technique,  the  parallel  coil 
magnetic  tracer  technique  is  a  method  for  the  in 
situ  monitoring  of  bed  load  transport.  The  method 
requires  part  of  the  bed  load  to  be  magnetized. 
Many  drainage  basins  which  contain  igneous  or 
metamorphic  rocks  will  provide  enough  bed  load 
material  of  adequate  natural  magnetic  field  intensi- 
ties to  allow  the  method  to  be  used  in  many 
regions  of  the  world.  The  method  permits  the 
detection  of  individual  magnetized  pebbles  passing 
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the  measuring  site.  Because  of  the  arrangement  of 
the  detectors,  coherent  noise  signals  may  be  recog- 
nized and  the  actual  velocity  of  individual  particles 
determined.  Furthermore,  the  size  of  the  pebbles  in 
motion  can  be  estimated.  Problems  created  when 
the  signals  of  the  pebbles  interfere  with  noise  sig- 
nals can  be  overcome  with  better  signal  analyzing 
algorithms  and  error  detection/correction  schemes 
for  further  data  processing.  (See  also  W9 1-067 17) 
(Lantz-PTT) 
W9 1-06729 


SOME  APPLICATIONS  OF  CAESIUM-137  IN 
THE  STUDY  OF  EROSION,  TRANSPORT  AND 
DEPOSITION. 

Exeter  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-O6730 


EFFECT  OF  ESCAPE  REACTIONS  ON  THE 
QUANTITATIVE  SAMPLING  OF  GRAVEL 
STREAM  FAUNA. 

Biological  Station,  Lunz  am  See  (Austria). 

G.  Bretschko. 

Archiv  fuer  Hydrobiologie  AHYBA4,  Vol.   120, 

No.  1,  p  41-49,  November  1990.  1  fig,  7  tab,  12  ref. 

Descriptors:  'Aquatic  animals,  'Aquatic  insects, 
'Sampling,  'Sediment  sampling,  'Stream  biota,  Bi- 
ological samples,  Crustaceans,  Larvae,  Samplers. 

The  small-scale  disturbances  caused  by  sampling 
procedure  and  the  consequences  for  quantitative 
sampling  of  stream  bed  fauna  were  studied.  It  was 
found  that  by  nitrogen  freeze  coring,  sampling 
artifacts  could  be  avoided  by  in  situ  electro-posi- 
tioning, but  only  for  sediment-dwelling  popula- 
tions. Individuals  staying  at  or  near  the  sediment 
surface  were  able  to  escape  sampling  in  spite  of  the 
precautions.  Regardless  of  the  severity  of  the  per- 
turbation, escape  reactions  among  insect  larvae 
were  most  intense  among  species  known  to  drift 
very  easily.  Crustacea  did  not  show  this  escape 
behavior,  with  the  possible  exception  of  cyclo- 
poids.  In  terms  of  abundance,  sampling-induced 
losses  were  3.9  +  /-0.7%  for  insect-dominated  and 
1.0+/-0.6%  for  crustacea/'worm'  (triclads,  nema- 
todes and  oligochetes)  dominated  zoobenthic  com- 
munities from  the  top  10  cm  of  the  sediment.  It  is 
concluded  that  escape  reactions  must  be  taken  into 
account  in  quantitative  sampling  using  samplers 
that  do  not  fully  close,  such  as  freeze-core  devices. 
(Author's  abstract) 
W9 1-06753 


SOIL  ELECTRICAL  CONDUCTTVTTY:  EF- 
FECTS OF  SOIL  PROPERTIES  AND  APPLICA- 
TION TO  SOIL  SALINITY  APPRAISAL. 

Agricultural  Research  Service,  Riverside,  CA.  Sa- 
linity Lab. 

For  primary  bibliographic  entry  see  Field  2G 
W9 1-06789 


LOCATING       LAGOON       SEEPAGE      WITH 
RADAR  AND  ELECTROMAGNETIC  SURVEY. 

Clemson  Univ.,  SC.  Dept.  of  Agricultural  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06801 


DETERMINATION  OF  TOTAL  MERCURY 
CONCENTRATION  IN  WASTEWATER  BY 
CONTINUOUS  MICROFLOW  ANALYSIS 
WITH  COLD  VAPOR  ATOMIC  ABSORPTION 
SPECTROMETRY. 

Nagoya  Univ.  (Japan).  Dept.  of  Applied  Chemis- 
try. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06822 


TRANSFORMATION  OF  ALACHLOR  BY  MI- 
CROBIAL COMMUNITIES. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Crop  Science. 

H.  L.  Sun,  T.  J.  Sheets,  and  F.  T.  Corbin. 

Weed  Science  WEESA6,  Vol.  38,  No.  4/5,  p  416- 

420,  1990.  3  fig,  2  tab,  28  ref. 


Descriptors:  'Alachlor,  'Biodegradation,  'Fate  of 
pollutants,  'Herbicides,  Carbon  radioisotopes,  Cul- 
turing  techniques,  Isotopic  tracers,  Microbial  deg- 
radation, Mineralization,  Water  pollution  preven- 
tion. 

A  mixed  microbial  culture  able  to  transform  alach- 
lor at  a  concentration  of  50  microg/ml  was  ob- 
tained from  alachlor  treated  soil  after  an  enrich- 
ment period  of  84  days.  The  microbial  community 
was  composed  of  seven  strains  of  bacteria.  No 
single  isolate  was  able  to  utilize  alachlor  as  a  sole 
source  of  carbon.  There  was  no  alachlor  left  in  the 
enriched  culture  after  a  14  day  incubation,  but  only 
12  %  of  the  C  14-ring  labeled  alachlor  was  con- 
verted to  C-14  dioxide  through  ring  cleavage 
during  14  days  in  the  basal  medium  amended  with 
alachlor  as  a  sole  carbon  source.  The  presence  of 
sucrose  as  an  alternative  carbon  source  decreased 
the  mineralization  potential  of  the  enriched  cul- 
ture, but  sucrose  increased  the  mineralizing  ability 
of  a  three-member  mixed  culture.  Thin-layer  chro- 
matographic analysis  showed  that  there  were  four 
unidentified  metabolites.  The  absence  of  a  noticea- 
ble decline  in  radioactivity  beyond  the  initial  12  % 
suggested  that  the  side  chain  of  alachlor  was  uti- 
lized as  carbon  source  by  the  enriched  culture. 
Little  difference  in  radioactivity  between  growth 
medium  and  cell-free  supernatant  of  the  growth 
medium  suggested  that  the  carbon  in  the  ring  was 
not  incorporated  into  the  cells  of  the  degrading 
microorganisms.  (Author's  abstract) 
W9 1-06829 


APPLICATION  OF  MARINE  SEISMIC  PRO- 
FILING TO  A  GROUND  WATER  CONTAMI- 
NATION STUDY,  ABERDEEN  PROVING 
GROUND,  MARYLAND. 

Geological  Survey,  Towson,  MD. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-06849 


USE  OF  A  STANDPIPE  TO  EVALUATE 
GROUND  WATER  SAMPLERS. 

Geological  Survey,  Stennis  Space  Center,  MS. 
D.  Y.  Tai,  K.  S.  Turner,  and  L.  A.  Garcia. 
Groundwater    Monitoring    Review    GWMRDU, 
Vol.  11,  No.  1,  p  125-132,  Winter  1991.  1  fig,  7  tab, 
Href. 

Descriptors:  'Data  acquisition,  'Groundwater  pol- 
lution, 'Samplers,  'Standpipes,  Chlorinated  hydro- 
carbons, Comparison  studies,  Gas  chromatogra- 
phy, Organic  compounds.  Performance  evaluation, 
Vertical  distribution. 

A  standpipe  system  was  developed  for  testing  the 
reliability  of  groundwater  samplers.  The  unit  con- 
sists of  a  stainless  steel  pipe  5  inches  (13  cm)  in 
diameter  and  100  feet  (30.5  m)  in  height.  It  has  14 
sampling  points  from  which  control  samples  can  be 
withdrawn  at  the  same  time  and  position  as  the 
samples  are  collected  by  a  sampler  lowered  to  that 
position.  Test  solutions  were  made  in  two  mixing 
tanks,  totaling  260  gallons  (980  L),  by  diluting  the 
concentrate  of  five  volatile  chlorohydrocarbons  in 
water  at  two  levels  of  concentration:  10-to-30  and 
100-to-200  parts  per  billion  (micrograms  per  liter). 
A  gas  chromatograph  interfaced  with  a  purge-and- 
trap  system  was  used  to  perform  the  analyses. 
Comparisons  of  the  control  samples  with  the  sam- 
pler-collected samples  have  indicated  that  the 
three  non-pumping  samplers  had  recoveries  in  the 
range  of  92.4  to  103.5  percent  and  the  three  pump- 
ing samplers  had  recoveries  ranging  from  97.7  to 
101.5  percent.  (Author's  abstract) 
W91-06853 


TRACING  THE  INFLUX  OF  SEWAGE  FROM  A 
LEAKY  SEWER  INTO  A  VERY  THIN  AND 
FAST-FLOWING  AQUIFER. 

Technische    Univ.    Muenchen    (Germany,    F.R.). 
Lehrstuhl   und   Pruefamt   fuer   Wasserguetewirts- 
chaft  und  Gesundheitsingenieurwesen. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06867 


NEW  TOXICITY  TESTING  METHOD  USING 
MARINE  BACTERIVOROUS  NANOFLAGEL- 
LATES. 


Biologische   Anstalt   Helgoland  (Germany,   F.R.) 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06885 


MORPHOLOGICAL  ASSESSMENT  OF  SOIL 
MICROTOPOGRAPHY  USING  A  DIGITAL 
ELEVATION  MODEL  ON  ONE  SQUARE 
METRE  PLOTS. 

Centre  de  Recherches  de  Rennes  (France).  Lab.  de 
Science  du  Sol. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06904 


IMPORTANCE  OF  SOIL  WATER  CONTENT 
WHEN  ESTIMATING  SOIL  MICROBIAL  C,  N 
AND  P  BY  THE  FUMIGATION-EXTRACTION 
METHODS. 

New  Zealand  Soil  Bureau,  Lower  Hutt. 

For  primary   bibliographic   entry   see   Field   2G 

W9 1-06961 


COLOR  CHANGES  OF  ORGANIC  WASTES 
DURING  COMPOSTING  AND  MATURATION 
PROCESSES. 

Centro   de   Edafologia   y   Biologia   Aplicada   del 
Segura,  Murcia  (Spain). 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-06971 


METHOD  FOR  MONITORING  THE  DECOM- 
POSITION PROCESS  IN  SOIL  OF  ORGANIC 
WASTEWATERS  WITH  HIGH  STRENGTH 
AND  LOW  C/N  RATIO. 

Tokyo  Inst,  of  Tech.  (Japan).  Research  Lab.  of 
Resources  Utilization. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-06978 


IMMUNOASSAYS  TO  DETECT  AND  QUANTI- 
TATE  HERBICIDES  IN  THE  ENVIRONMENT. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-06990 


INDIRECT  INDUCITVELY  COUPLED 

PLASMA  ATOMIC  EMISSION  DETERMINA- 
TION OF  FLUORIDE  IN  WATER  SAMPLES 
BY  FLOW  INJECTION  SOLVENT  EXTRAC- 
TION. 

National    Research    Inst,    for   Pollution   and    Re- 
sources, Yatabe  (Japan). 
J.  I.  Manzoori,  and  A.  Miyazaki. 
Analytical  Chemistry  ANCHAM,  Vol.  62,  No.  22, 
p  2457-2460,  November  15,  1990.  4  fig,  3  tab,  17 
ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Emission  spectrometry,  'Fluorides,  'Solvent 
extraction,  'Water  analysis,  Laboratory  methods, 
Pollutant  identification,  Spectral  analysis,  Spectro- 
photometry. 

An  indirect  determination  of  fluoride  in  water  by 
inductively  coupled  plasma  atomic  emission  spec- 
trometry combined  with  flow  injection  coupled 
with  solvent  extraction  is  reported.  A  manifold  for 
rapid  determination  of  fluoride  has  been  designed 
that  uses  a  single  coil  for  complex  formation  and 
extraction.  The  method  involves  the  formation  of 
lanthanum/alizarin  complexone/fluoride  complex 
and  its  extraction  into  hexanol  containing  N,N- 
diethylaniline.  The  concentration  of  fluoride  is  de- 
termined indirectly  by  introduction  of  the  organic 
layer  into  the  plasma  and  measurement  of  emission 
intensity  of  the  La  II  333.75-nm  line.  The  optimum 
experimental  conditions  for  the  determination  are 
described.  A  coiled  groove  phase  separator  fitted 
iwth  a  grid  and  PTFE  porous  membrane  was  used 
in  this  work.  The  sampling  rate  was  36  samples  per 
hour  and  the  calibration  graphs  were  linear  from 
0.03  to  1.3  micrograms/mL.  The  relative  standard 
deviation  found  was  2.16%  for  200  microliters  of  1 
microgram/mL  of  fluoride.  The  method  is  selec- 
tive and  has  been  applied  satisfactorily  to  the  de- 
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termination  of  fluoride  in  water  samples.  (Author's       For  primary  bibliographic  entry  see  Field  2J. 

abstract)  W91-07074 

W91-07011 


CONCENTRATION  OF  ORGANICS  FROM 
AQUEOUS  SOLUTIONS  USING  UNCOATED 
CAPILLARY  COLUMNS. 

Houston  Univ.,  TX.  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
W91-07012 


DEVELOPMENT  OF  A  NOVEL  MULTI-ELE- 
MENT DETECTION  SYSTEM  FOR  TRACE 
METAL  DETERMINATION  BASED  ON  CHE- 
MIXUMINESCENCE  AFTER  SEPARATION  BY 
ION  CHROMATOGRAPHY. 
Plymouth  Polytechnic  (England).  Dept.  of  Envi- 
ronmental Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-0701 5 


CONCENTRATION  AND  DETERMINATION 
OF  TRACE  AMOUNTS  OF  CHLORINATED 
PESTICIDES  IN  AQUEOUS  SAMPLES. 

Nottingham  Polytechnic  (England).  Dept.  of  Phys- 
ical Sciences. 

For  primary  bibliographic  entry  see  Field  5A. 
W91-07017 


APPLICATION  OF  AUGER  ELECTRON  SPEC- 
TROSCOPY TO  STUDIES  OF  CHEMICAL 
WEATHERING. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Earth 

Sciences. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-07035 


GEOHYDROLOGY  AND  SIMULATION  OF 
GROUND-WATER  FLOW  IN  THE'400-FOOT,' 
'600-FOOT,'  AND  ADJACENT  AQUIFERS, 
BATON  ROUGE  AREA,  LOUISIANA. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07047 


APPLICATIONS  OF  REMOTE  SENSING 
TECHNIQUES  FOR  THE  INVENTORY  AND 
MONITORING  OF  ENVIRONMENTAL  POL- 
LUTION. 

Geofax  B.V.,  Oldenzaal  (Netherlands). 

J.  Azam. 

Available  from  the  National  Technical  Information 

Service,   Springfield,   VA   22161,   as   N89-25497. 

Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 

29p,  10  fig,  6  ref. 

Descriptors:  *Aerial  photography,  •Monitoring, 
•Path  of  pollutants,  'Remote  sensing,  Data  acquisi- 
tion, Environmental  quality,  Groundwater  pollu- 
tion, Groundwater  quality,  Hazardous  wastes,  In- 
frared imagery. 

The  presence  of  hazardous  wastes  leads  to  a  cer- 
tain degree  of  risk  for  human  and  animal  popula- 
tions. The  actual  occurrence  of  ground  pollution, 
and  many  of  the  pollution  promoting  factors  are 
readily  identifiable  on  remotely  sensed  images. 
Three  sites  at  where  ground  investigations  had 
been  previously  conducted  were  selected  as  test 
sites  to  evaluate  the  viability  of  remote  sensing 
techniques.  Color-infrared  and  panchromatic  black 
and  white  aerial  photographs  of  various  scales  and 
age  were  used.  Both  large-scale  panchromatic 
black  and  white  and  color  infrared  photographs 
were  extremely  useful  for  the  inventory  of  envi- 
ronmental pollution.  The  results  of  field  investiga- 
tions confirmed  the  reliability  of  interpretation  to 
be  sufficiently  high  for  operational  applications  of 
remote  sensing  for  ground  investigations  related  to 
environmental  pollution.  (Author's  abstract) 
W9 1-07052 


MONITORING  PROGRAMME  OF  SEDIMENT 
TRANSPORT  IN  NORWEGIAN  RIVERS. 

Norges  Vassdrags-  og  Elektrisitetsvesen,  Oslo. 


METHOD   FOR   DETERMINING   SEDIMENT 
BUDGETS  USING  CAESIUM-137. 

Australian  Nuclear  Science  and  Technology  Or- 
ganisation, Sutherland. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07076 


DEVELOPMENT  AND  FLUME  CALIBRATION 
OF  A  NEW  TYPE  OF  NEAR-STREAMBED 
SUSPENDED  LOAD  SAMPLER. 

Chengdu    Univ.    of    Science    and    Technology 
(China).  Dept.  of  Hydraulic  Engineering. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07081 


ESTIMATING  EROSION  USING  CAESIUM- 
137:  I.  MEASURING  CAESIUM-137  ACTIVITY 
IN  A  SOIL. 

University  of  New  England,  Armidale  (Australia). 
Dept.  of  Resource  Engineering. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07082 


ESTIMATING    EROSION    USING    CAESIUM- 
137:  II.  ESTIMATING  RATES  OF  SOIL  LOSS. 

University  of  New  England,  Armidale  (Australia). 

Dept.  of  Resource  Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07083 


MANAGEMENT  OF  SEDIMENT   MONITOR- 
ING    AT     THE     DRAIX      EXPERIMENTAL 
BASINS  (LA  GESTATION  DU  BASSIN  VER- 
SANT  EXPERIMENTAL  DE  DRAIX  POUR  LA 
MESURE  DE  L'EROSION). 
Centre    National    du    Machinisme    Agricole,    du 
Genie  Rural,  des  Eaux  et  des  Forets,  Saint-Martin 
d'Heres  (France).  Grenoble  Group. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07085 


EXAMINATION  OF  THE  ROLE  OF  SAM- 
PLING STRATEGIES  IN  THE  STUDY  OF  SUS- 
PENDED SEDIMENT  TRANSPORT. 

University  Coll.,  Campbell  (Australia).  Dept.  of 
Geography  and  Oceanography. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07086 


TECHNIQUES  FOR  ESTABLISHING  SUS- 
PENDED SEDIMENT  SOURCES  IN  TWO 
DRAINAGE  BASINS  IN  DEVON,  UK:  A  COM- 
PARATIVE ASSESSMENT. 

Hong  Kong  Univ.  Dept.  of  Geography  and  Geolo- 
gy- 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07087 


PRELIMINARY  ESTIMATE  OF  BED  LOAD 
USING  MEAN  GRAIN  SIZE  DISTRIBUTION 
DATA. 

Universidade  Federal  do  Rio  Grande  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07089 


USE  OF  CAESIUM-137  MEASUREMENTS  TO 
INVESTIGATE  SEDIMENT  DELIVERY  FROM 
CULTIVATED  AREAS  IN  DEVON,  UK. 

Exeter  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07093 
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APPLICATION  OF  WATER-QUALITY  STAND- 
ARDS TO  UK  BATHING  WATERS. 

Saint    David's    Univ.    Coll.,    Lampeter    (Wales). 


Centre  for  Research  into  Environment  and  Health. 
For  primary  bibliographic  entry  see  Field  5G 
W9 1-05970 


FIELD  CALIBRATION  OF  SURFACE:  A 
MODEL  OF  AGRICULTURAL  CHEMICALS  IN 
SURFACE  WATERS. 

Monsanto  Agricultural  Co.,  St.  Louis,  MO. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-06007 


MANAGEMENT  IMPLICATIONS  OF  A 
MODEL  OF  PREDATION  BY  A  RESIDENT 
FISH  ON  JUVENILE  SALMONIDS  MIGRAT- 
ING THROUGH  A  COLUMBIA  RIVER  RESER- 
VOIR. 

Oregon  Dept.  of  Fish  and  Wildlife,  Clackamas. 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-06028 


WASTE  ALLOCATION  MODELS  FOR  RISK 
ASSESSMENT  OF  WATER  QUALITY  MAN- 
AGEMENT IN  A  RIVER  BASIN. 

National   Cheng   Kung   Univ.,   Tainan   (Taiwan). 
Dept.  of  Environmental  Engineering. 
For  primary   bibliographic  entry  see   Field   5G. 
W9 1-06047 


WEIGHTED  FINITE  DIFFERENCE  AND 
BOUNDARY  ELEMENT  METHODS  APPLIED 
TO  GROUNDWATER  POLLUTION  PROB- 
LEMS. 

Kyushu  Univ.,  Fukuoka  (Japan).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06095 


NONLINEAR  TIDAL  WAVES  IN  A  KIND  OF 
ESTUARY  WITH  GRADUALLY  VARYING 
CROSS-SECTION. 

Department  of  Physical  Oceanography  and  Marine 
Meteorology,  Ocean  University  of  Qingdao,  Qing- 
dao,  China. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06099 


MAPS:  A  GIS  FOR  LAND  RESOURCE  MAN- 
AGEMENT IN  MONTANA. 

Montana  State  Univ.,  Bozeman.  Dept.  of  Plant  and 

Soil  Science. 

G.  A.  Nielsen,  J.  M.  Caprio,  P.  A.  McDaniel,  R. 

D.  Snyder,  and  C.  Montagne. 

Journal  of  Soil  and  Water  Conservation  JSWCA3, 

Vol.  45,  No.  4,  p  450-453,  July/ August  1990.  3  fig, 

22  ref. 

Descriptors:  'Computer  programs,  'Geographic 
information  systems,  'Geological  data,  'Land  use, 
•Mapping,  'Nonpoint  pollution  sources,  'Re- 
sources management,  'Water  pollution  sources, 
•Weather  data  collections,  Automation,  Catch- 
ment areas.  Climatology,  Data  processing,  Deci- 
sion making,  Evapotranspiration  potential,  Geolog- 
ic mapping,  Groundwater  pollution,  Precipitation, 
Soil  temperature,  Soil  types,  Soil  water. 

The  Montana  Agricultural  Experiment  Station  at 
Montana  State  University  has  developed  a  comput- 
er-based geographic  information  system  (GIS)  as  a 
tool  for  summarizing,  manipulating,  and  presenting 
an  ever-expanding  land-attribute  data  base.  The 
Montana  Agricultural  Potentials  System  (MAPS) 
is  an  operational,  statewide  GIS  that  displays  any 
combination  of  almost  200  climatic,  physiographic, 
land  use,  and  soil  attributes  on  Albers  equal  area 
maps  at  several  scales.  MAPS  has  been  used  to 
identify  agricultural  areas  in  Montana  where  po- 
tential exists  for  nonpoint-source  pollution  of 
groundwater  through  percolation.  Selected  envi- 
ronmental attributes  were  used  to  predict  percola- 
tion potential  on  annual  cropland;  this  was  related 
to  soil  available  water-holding  capacity  and  the 
difference  between  precipitation  and  potential  eva- 
potranspiration for  November  through  June.  This 
map  has  helped  to  target  areas  where  problems 
may  exist,  increased  public  awareness  of  potential 
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problems,  and  indicated  areas  where  research  ef- 
forts should  be  focused.  Data  contained  in  MAPS 
have  been  available  to  the  public  through  interac- 
tive software  packages.  (Doria-PTT) 
W91-06115 


FINITE  ELEMENT  MODEL  OF  CIRCULA- 
TION IN  SHALLOW  WATER  WITH  MOVING 
BOUNDARY  ON  TIDAL-FLAT. 

Institute    of    Marine    Environmental    Protection, 

Dalian  (China). 

For  primary  bibliographic  entry  see  Field  2L. 

W91-06218 


CUBIC-SPLINE     INTERPOLATION     IN     LA- 
GRANGIAN  ADVECTION  COMPUTATION. 

Tennessee  Valley  Authority,  Norris.  Engineering 

Lab. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-06298 


SOIL    WATER    ASSESSMENT    MODEL    FOR 
SEVERAL  CROPS  IN  THE  HIGH  PLAINS. 

Louisiana   State   Univ.,    Baton   Rouge.    Dept.    of 

Agronomy. 

For  primary  bibliographic  entry  see   Field   2G. 

W9 1-06399 


FRIENDS  IN  HYDROLOGY. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-06461 


FREND  (FLOW  REGIMES  FROM  EXPERI- 
MENTAL AND  NETWORK  DATA):  THE  FIRST 
ONE  HUNDRED  DAYS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06462 


W9 1-06469 


COMPUTER-AIDED  ANALYSIS  OF  FLOW  RE- 
CESSIONS AND  COUPLED  BASIN  WATER 
BALANCE  INVESTIGATIONS. 

Technische  Univ.,  Dresden  (German  D.R.).  Dept. 
of  Water  Sciences. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06470 


ANALYSIS  OF  TIME  VARIABILITY  IN   RE- 
CESSIONS. 

Oslo  Univ.  (Norway).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-06471 


FITTING  DISTRIBUTIONS  TO  ANNUAL  MIN- 
IMUM FLOWS  OF  DIFFERENT  DURATIONS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06472 


CONSISTENT  SCALE  PARAMETER  FOR  HY- 
DROLOGICAL  STUDIES. 

Universite  Nationale  du  Benin,  Cotonou.  Dept.  de 

Mathematiques. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06473 


ANALYSIS  AND  APPLICATION  OF  EXPERI- 
MENTAL AND  NETWORK  DATA  FOR  DEFIN- 
ING HYDROLOGIC  CHARACTERISTICS  OF 
UPSTREAM  FORESTED  WATERSHEDS. 

Taiwan  Forestry  Research  Inst.,  Taipei.   Water- 
shed Management  Div. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06474 


For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06480 


APPLICATIONS  OF  REGIONAL  FLOOD  FRE- 
QUENCY PROCEDURES  IN  IRELAND. 

Irish  National  Committee  for  I  HP,  c/o  Office  of 

Public  Works,  Dublin. 

For  primary  bibliographic  entry  see  Field  2E. 

W91-06481 


APPLICATION  OF  GIUH  AND  DIMENSION- 
LESS  HYDROGRAPH  MODELS  TO  UN- 
GAGED  BASINS. 

Warsaw  Univ.  (Poland).  Faculty  of  Geography 
and  Regional  Studies. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06482 


LOW  FLOW  REGIMES  OF  NORTHERN  AND 
WESTERN  EUROPE. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06483 


REGIONAL  ANALYSIS  OF  FLOW  DURATION 
CURVES. 

Fachhochschule  Nordostniedersachsen,  Suderburg 
(Germany,  F.R.).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06484 


CHANGING  FREQUENCY  OF  EXTREME  HY- 
DROLOGICAL  EVENTS  IN  NORTHERN  AND 
WESTERN  EUROPE. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06486 
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REVIEW  ON  THE  SMALL  HYDROLOGICAL 
BASINS  IN  FINLAND. 

Environmental     Protection     Service,     Jerusalem 

(Israel). 

For  primary  bibliographic  entry  see  Field  2E. 

W91-06463 


OPTIMAL     FILTERING     TECHNIQUES     IN 
FLOOD  FORECASTING. 

Sri  Lanka  Univ.,  Peradeniya.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-06464 


ROLE  OF  INSTRUMENT  TYPE  AND  ERRORS 
IN  THE  CONSTRUCTION  OF  CATCHMENT 
WATER  BALANCES. 

Ulster    Univ.    at    Jordanstown,    Newtownabbey 
(Northern  Ireland).  Dept.  of  Computing  Science. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06466 


APPLICATION  OF  THE  WEST  GERMAN  IHP 
RECOMMENDATIONS  FOR  THE  ANALYSIS 
OF  DATA  FROM  SMALL  RESEARCH  BASINS. 

Freiburg  Univ.  (Germany,  F.R.).  Inst,  fuer  Phy- 
sische  Geographic 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06467 


RIVERFLOW  PREDICTION  DURING  BASE- 
FLOW  RECESSION  ON  SOME  BRITISH 
HARD  ROCK  CATCHMENTS. 

Loughborough  Univ.  of  Technology  (England). 
Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06468 


USE  OF  THE  FLOW  RECESSION  CURVE  FOR 
THE  ESTIMATION  OF  CONDITIONS  OF 
RIVER  SUPPLY  BY  UNDERGROUND  WATER. 

Akademia  Rolnicza,  Wroclaw  (Poland).   Inst,  of 

Hydro-  and  Geotechnics. 

For  primary  bibliographic  entry  see  Field  2E. 


PREDICTION  OF  HYDROLOGICAL  SIMILAR- 
ITY IN  THE  HUNTER  VALLEY,  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Water 
and  Land  Resources. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06475 


ASPECTS  OF  HYDROLOGICAL  INTERPOLA- 
TION WITH  THE  HELP  OF  GIS. 

Hydroconsult  A.B.,  Uppsala  (Sweden). 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06476 


CHARACTERIZATION  OF  WATERSHEDS  BY 
THE  INTEGRATION  OF  REMOTE  SENSING 
AND  CARTOGRAPHIC  DIGITAL  DATA. 

Faculte    des    Sciences    Agronomiques   de   l'Etat, 
Gembloux   (Belgium).   Lab.   de  Teledetection   et 
d'Hydraulique  Agricole. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06477 


HYDROLOGY  OF  MOUNTAINOUS  AREAS: 
SCIENTIFIC  PROBLEM  AND  A  FIELD  OF 
INTERNATIONALLY  COORDINATED  RE- 
SEARCH. 

Slovenska  Akademia  Vied,  Bratislava  (Czechoslo- 
vakia). Ustav  Hydrologie  a  Hydrauliky. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06478 


APPLICATION  OF  REGIONAL  FLOOD  FRE- 
QUENCY ANALYSIS  TO  BASINS  IN  NORTH- 
WEST EUROPE. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06479 


REGIONS  ARE  DEAD:  LONG  LIVE  THE  RE- 
GIONS: METHODS  OF  IDENTIFYING  AND 
DISPENSING  WITH  REGIONS  FOR  FLOOD 
FREQUENCY  ANALYSIS. 

Institute  of  Hydrology,  Wallingford  (England). 


STUDY  ON  THE  EFFECT  OF  CHANGES  OF 
GROUNDWATER  LEVELS  ON  SOIL  MOIS- 
TURE CONDITION  AND  EVAPOTRANSPIRA- 
TION. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Hydraulics  and  Catchment  Hydrology. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-06488 


TESTS  AND  APPLICATION  OF  SOIL  MOIS- 
TURE DEFICIT  MODELS  USED  FOR  ANALY- 
SIS OF  BASIN  BEHAVIOUR. 

Sveriges  Meteorologiska  och  Hydrologiska  Inst., 

Norrkoeping. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06489 


FOREST  CUT  AND  FOREST  REGENERATION 
EFFECTS  ON  WATER  BALANCE  AND  RIVER 
RUNOFF. 

Gosudarstvennyi    Gidrologicheskii    Inst.,    Valdai 

(USSR). 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06490 


APPLICATION  OF  A  LUMPED  CONCEPTUAL 
MODEL  TO  FREND  CATCHMENTS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06492 


POSSIBILITY  OF  MATHEMATICAL  MODEL 
APPLICATION  TO  EVALUATE  MAN'S  ACTIV- 
ITY EFFECTS  ON  RAINFALL  RUNOFF  HY- 
DROGRAPH. 

Gosudarstvennyi  Gidrologicheskii  Inst.,  Leningrad 

(USSR). 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06493 


NEAR  SURFACE  HYDROLOGICAL  PROCESS- 
ES UNDER  CHANGING  LAND  USE  IN 
HUMID-EQUATORIAL  CONDITIONS. 
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National  Univ.  of  Singapore. 

For  primary  bibliographic  entry  see  Field  4C. 

W9 1-06494 


ESTIMATION  OF  RIVER  FLOWS  WITH  PAR- 
TICULAR REFERENCE  TO  NATURAL  AND 
ARTIFICIAL  COMPONENTS. 

Severn-Trent  Water  Authority,  Solihull  (England). 
Rivers  and  Regulation  Div. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06496 


FREND  RESEARCH  PROGRAMME:  CONCLU- 
SIONS AND  RECOMMENDATIONS. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06497 


INTERNATIONAL  CO-OPERATION  ON  HY- 
DROLOGY OF  THE  CENTRAL  AND  EASTERN 
EUROPEAN  COUNTRIES. 

Warsaw  Univ.  (Poland).  Faculty  of  Geography 
and  Regional  Studies. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06498 


FLOOD-CALCULATIONS  IN  NORWAY. 

Norges  Vassdrags-  og  Elektrisitetsvesen,  Oslo.  Hy- 
drological  Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06502 


RESEARCH  DRAINAGE  BASIN  OF  THE  REAL 
COLLOBRIER  (MEDITERRANEAN  FRANCE): 
FLOW  MODELIZATION  AND  REGIONAL 
ANALYSIS. 

Centre    National    du    Machinisme    Agricole,    du 
Genie  Rural,  des  Eaux  et  des  Forets,  Aix-en-Prov- 
ence  (France).  Aix-en  Provence  Group. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06503 


FREQUENCY    ANALYSIS    OF    FLOOD    AND 
LOW  FLOW. 

Water  and  Environment  Research  Inst.,  Helsinki 

(Finland). 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-06504 


LOW  FLOW  ANALYSIS. 

Norges  Vassdrags-  og  Elektrisitetsvesen,  Oslo.  Hy- 
drological  Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06505 


MODELLING  THE  EFFECTS  OF  ACID  DEPO- 
SITION IN  A  PEATY  CATCHMENT  IN  FIN- 
LAND. 

Water  and  Environment  Research  Inst.,  Helsinki 

(Finland). 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06506 


NTNF-PROGRAMME  ON  ENVIRONMENTAL 
IMPACTS  CMVU'):  RESEARCH  AND  REFER- 
ENCE CATCHMENTS  PROJECT  CFORSK- 
REP). 

Oslo  Univ.  (Norway).  Lab.  for  Freshwater  Ecolo- 
gy and  Inland  Fisheries. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06507 


REGIONAL    HYDROLOGY:    APPLICATIONS 
OF  INFORMATION  TECHNOLOGY. 

Oslo  Univ.  (Norway).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-06508 


TIME-LAPSE  STREAMFLOW  OVER  NORTH 
AMERICA. 

Time-Lapse  Systems,  Inc.,  Seattle,  WA. 
For  primary  bibliographic  entry  see  Field  2E. 


W9 1-06509 


APPLICATION  OF  TIME-SERIES  MODEL- 
LING TO  SHORT-TERM  STREAMWATER 
ACIDIFICATION  IN  UPLAND  SCOTLAND. 

Imperial  Coll.  of  Science  and  Technology,  London 

(England).  Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-06517 


EFFECTS  OF  WHOLE-TREE  CLEARCUTTING 
ON  STREAMFLOW  CAN  BE  ADEQUATELY 
ESTIMATED  BY  SIMULATION. 

Northeastern  Forest  Experiment  Station,  Durham, 
NH.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-06564 


DYNAMIC  MODEL  OF  SLOPE  STABILITY  IN 
ZERO-ORDER  BASINS. 

Forest   Service,   Logan,   UT.   Intermountain   Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06580 


TERRAIN    ANALYSIS    FOR    QUANTITATIVE 
DESCRIPTION  OF  ZERO-ORDER  BASINS. 

Queen  Mary  Coll.,  London  (England).  Dept.  of 

Geography  and  Earth  Science. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-06582 


COMPUTER     SIMULATIONS     OF     DEBRIS 
FLOW  DEPOSLTIONAL  PROCESSES. 

Public  Works  Research  Inst.,  Tsukuba  (Japan). 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06591 


ASSESSMENT    OF    TRANSFERABILITY    OF 
USLE  TO  TAIWAN. 

National  Chunghsing  Univ.,  Taichung  (Taiwan). 
For  primary  bibliographic  entry  see  Field  2J. 
W91-06601 


CRITICAL  CONDITIONS  FOR  BED  MATERI- 
AL MOVEMENT  IN  STEEP,  BOULDER-BED 
STREAMS. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-06618 


LICHENOMETRIC  DATING  APPLIED  TO 
FLOOD  DEPOSITS. 

Freshwater    Biological    Association,     Ambleside 
(England). 
P.  A.  Carling. 

IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  395-396.  1  fig,  1  ref. 

Descriptors:  'Dating,  'Deposition,  'Flood  dis- 
charge, 'Gravel,  'Lichens,  'Paleohydrology, 
Model  studies,  Plant  growth. 

The  use  of  lichens  to  determine  the  absolute  or 
relative  age  of  gravel  deposits  is  now  common- 
place. Such  a  method  was  used  to  produce  a 
growth  curve  to  date  flood  gravels  in  the  Pennines 
in  northern  England.  Data  for  constructing  a  maxi- 
mum growth  curve  were  obtained  from  Huilia 
albocaerulescens  specimens  on  dated  sandstone 
gravestones.  The  principle  assumed  in  fitting  the 
maximum  growth  curve  is  that,  for  any  datable 
micro-environment,  a  data  suite  can  be  assembled 
which  consists  of  a  number  of  individual  thalli 
which,  because  of  favorable  circumstances,  have 
grown  to  a  maximum  diameter  for  their  age.  The 
curve-fitting  approach  adopted  is  a  non-parametric 
maximum  likelihood  method  whereby  an  unknown 
mixing  distribution  is  introduced  to  account  for  the 
spread  of  the  data  points  below  a  hypothetical 
linear  maximum.  The  solution  is  similar  to  an  eye- 
fitted  line,  but  has  been  obtained  as  objectively  as 


is  currently  practiced.  The  curve  is  acceptable 
over  the  data  range  representing  the  'growth 
period'  but  should  not  be  extrapolated.  The  curve 
was  satisfactory  for  dating  flood  gravel  deposits 
whose  age  fell  within  the  linear  phase  of  lichen 
growth.  The  diameters  of  the  five  largest  lichens 
on  the  flood  deposit  were  averaged.  The  curve 
provided  a  date  of  1882  whilst  the  largest  lichen 
indicated  the  deposits  could  be  as  old  as  1846. 
Contemporary  newspaper  reports  record  a  flood 
on  March  9,  1881  in  the  catchment  which  contains 
the  dated  gravels  and,  therefore,  it  seems  reasona- 
ble to  ascribe  this  date  to  the  deposits.  (See  also 
W9 1-06570)  (Brunone-PTT) 
W9 1-06630 


ENVIRONMENTAL  RISK  ASSESSMENT/EN- 
VIRONMENTAL HAZARD  ASSESSMENT:  SI- 
MILARITIES AND  DIFFERENCES. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06692 


USE  OF  HAZARD  MODELS  IN  EVALUATING 
THE  EFFECT  OF  EXPOSURE  DURATION  ON 
THE  ACUTE  TOXICITY  OF  THREE  PESTI- 
CIDES. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-06708 


MODEL  FOR  EXCHANGE  OF  ORGANIC 
CHEMICALS  AT  FISH  GILLS:  FLOW  AND 
DIFFUSION  LIMITATIONS. 

Environmental  Research  Lab.-Duluth,  MN. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-06747 


3-D  MAPPING  OF  DISSOLVED  OXYGEN  IN 
MAR  PICCOLO:  A  CASE  STUDY. 

Support  Group,  Fremont,  CA. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-06802 


SEA  LEVEL  VARIABILITY  IN  LONG  ISLAND 
SOUND. 

Delaware  Univ.,  Newark.  Coll.  of  Marine  Studies. 
For  primary  bibliographic  entry  see  Field  2L. 
W91-06833 


EFFECTS  OF  MEASUREMENT  ERROR  ON 
PREVIOUSLY  REPORTED  MATHEMATICAL 
RELATIONSHIPS  BETWEEN  INDICATOR 
ORGANISM  DENSITY  AND  SWIMMING-AS- 
SOCIATED ILLNESS:  A  QUANnTATDTE  ESTI- 
MATE OF  THE  RESULTING  BIAS. 
State  Univ.  of  New  York  at  Brooklyn. 
J.  M.  Fleisher. 

Internationa]  Journal  of  Epidemiology  IJEPBF, 
Vol.  19,  No.  4,  p  1100-1106,  December  1990.  5  tab, 
22  ref. 

Descriptors:  'Bioindicators,  'Error  analysis, 
•Human  diseases,  'Recreation,  'Swimming, 
•Water  pollution  effects,  Bacteria,  Computers,  Ep- 
idemiology, Experimental  design,  Mathematical 
analysis,  Municipal  wastewater,  Population  densi- 
ty, Sampling,  Simulation  analysis,  Spatial  distribu- 
tion, Temporal  distribution,  Water  quality. 

Epidemiological  studies  seeking  associations  be- 
tween swimming  in  waters  contaminated  with 
sewage  and  increased  illness  among  swimmers 
often  report  mathematical  relationships  relating  in- 
dicator organism  densities  to  illness.  Design  of 
these  studies  fails  to  control  adequately  for  large 
amounts  of  measurement  error  contained  in  expo- 
sure estimates  (estimated  indicator  organism  densi- 
ties), resulting  in  a  significant  amount  of  bias  in  the 
reported  mathematical  relationships.  To  explore 
this  bias,  computer  simulations  were  conducted 
using  data  in  which  estimation  of  indicator  orga- 
nism density  was  obtained  by  the  two  most  widely 
used  techniques  of  enumeration:  the  Multiple  Tube 
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Fermentation  Technique  and  the  Membrane  Filtra- 
tion Technique.  Results  show  that  the  bias  caused 
by  this  measurement  error  is  nondifferential,  caus- 
ing the  mathematical  relationships  between  indica- 
tor organism  density  and  swimming-associated  ill- 
ness to  underestimate  true  risk  by  a  minimum  of 
approximately  14%,  and  by  as  much  as  approxi- 
mately 57%.  This  study  also  demonstrates  that 
substantial  reduction  of  this  bias  can  easily  be 
accomplished  by  incorporating  a  formal  water 
quality  sampling  strategy,  based  on  statistical  prin- 
ciples of  experimental  design  and  analysis,  into  the 
design  of  future  epidemiological  studies  of  this 
type.  (Author's  abstract) 
W91-06917 


COMPUTATION   (INVESTIGATION,    EDUCA- 
TION, AND  APPLICATION). 

Cornell  Univ.,  Ithaca,  NY.  School  of  Civil  and 
Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07027 


SURFACE-WATER  QUALITY  IN  THE  WEST 
BRANCH  SUSQUEHANNA  RIVER  BASIN, 
PENNSYLVANIA:  AN  APPRAISAL  OF  AREAL 
AND  TEMPORAL  VARIABILITY  FROM  1962 
TO  1982  IN  HYDROLOGIC  ACCOUNTING 
UNIT  020502. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07043 


TECHNIQUES  OF  WATER-RESOURCES  IN- 
VESTIGATIONS OF  THE  UNITED  STATES 
GEOLOGICAL  SURVEY.  CHAPTER  B4:  RE- 
GRESSION MODELING  OF  GROUND-WATER 
FLOW. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07044 


EFFECTS  OF  HETEROGENEOUS  POROUS 
GEOLOGY  ON  GROUNDWATER  FLOW  AND 
TRANSPORT  MODELING  IN  MULTIA- 
QUIFER  SYSTEMS. 

Savannah  River  Lab.,  Aiken,  SC. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07053 


SEDIMENT  BUDGETS. 

For  primary  bibliographic  entry  see  Field  23. 
W91-07057 


METHODS  OF  ESTIMATING  BED  LOAD 
TRANSPORT  RATES  APPLIED  TO  EPHEM- 
ERAL STREAMS. 

King  Saud  Univ.,  Riyadh  (Saudi  Arabia).  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07069 


SUSPENDED  SEDIMENT  ROUTING  ALONG  A 
RESERVOIR. 

Universidad     Nacional    Autonoma    de    Mexico, 
Mexico  City.  Facultad  de  Ingenieria. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07070 


ANALYTICAL  EVALUATION  OF  BED  LOAD 
TRANSPORT  IN  A  RIVER  SUBJECT  TO 
BACKWATER  EFFECT:  THE  CASE  OF  THE 
RIVER  TROMBETAS. 

ENGE-RIO,  Engenharia  e  Consultoria  S/A,  De- 

partamento    Engenharia    Civil,    Setor    Comercial 

Norte,  Quadra  6,  Conj.  A,  Super  Center  Venancio 

3000,  Sala  601,  Bl.A,  Brasilia/DF,  CEP:  70710, 

Brazil. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07072 


EVALUATION  OF  LONG  TERM  SUSPENDED 
SEDIMENT  RECORDS  FOR  SELECTED  CA- 
NADIAN RIVERS. 


Environment   Canada,   Ottawa   (Ontario).    Water 
Resources  Branch. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07078 


ANALYSIS  OF  THE  QUALITY  OF  SUSPEND- 
ED SEDIMENT  DATA. 

Universidade  Federal  do  Rio  Grand;  do  Sul,  Porto 
Alegre  (Brazil).  Inst,  de  Recherches  Hydrauliques. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07090 


MEASURING       SEDIMENT       YIELDS       OF 
STORMS  USING  PSALT. 

Pacific  Southwest  Forest  and  Range  Experiment 
Station,  Areata,  CA. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07092 


RELIABILITY  OF  RATING  CURVE  ESTI- 
MATES OF  SUSPENDED  SEDIMENT  YIELD: 
SOME  FURTHER  COMMENTS. 

Exeter  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07094 


ETA  (EROSION  TRANSPORT  ACCUMULA- 
TION) SYSTEMS,  THEIR  CLASSIFICATION, 
MAPPING  AND  MANAGEMENT. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Dept.  of 
Hydrogeology  and  Geographical  Hydrology. 
For  primary  bibliographic  entry  see  Field  23. 
W9 1-07 100 


SIMULATION  MODEL  FOR  THE  COMPUTA- 
TION OF  SEDEvIENT  YIELD  DUE  TO 
UPLAND  AND  CHANNEL  EROSION  FROM  A 
LARGE  BASIN. 

Universitaet  der  Bundeswehr  Muenchen,  Neubi- 
berg  (Germany,  F.R.).  Inst,  for  Hydromechanics. 
For  primary  bibliographic  entry  see  Field  23. 
W91-07105 


US  NATIONAL  PROJECT  TO  DEVELOP  IM- 
PROVED EROSION  PREDICTION  TECHNOL- 
OGY TO  REPLACE  THE  USLE. 

Agricultural  Research  Service,  Tucson,  AZ. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07107 


CHANNEL  SEDIMENT  BEHAVIOUR  AS  A 
BASIS  FOR  MODELLING  DELIVERY  PROC- 
ESSES. 

New  South  Wales  Univ.,  Kensington  (Australia). 

School  of  Geography. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07113 


APPLICATION  OF  TWO  PHYSICALLY-BASED 
SEDIMENT  YIELD  MODELS  AT  PLOT  AND 
FIELD  SCALES. 

Newcastle  upon  Tyne  Univ.  (England).  Dept.  of 

Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07117 
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DROWNPROOFTNG    OF    LOW    OVERFLOW 
STRUCTURES. 

Toronto  Univ.  (Ontario).  Dept.  of  Mechanical  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  8B. 
W9 1-06294 


DAM  SAFETY  INSPECTION  SCHEDULING. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

For   primary   bibliographic   entry   see   Field   8G. 

W9 1-06295 


FLOW  IN  DAMAGED  PIPE  NETWORKS. 

Universidad     Nacional     Autonoma    de     Mexico, 

Mexico  City.  Inst,  de  Ingenieria. 

G.  Ayala,  and  J.  A.  Liggett. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.   117,  No.  2,  p  230-239,  February 

1991.  4  fig,  1  tab,  4ref. 

Descriptors:  'Damage,  'Damaged  pipe  networks, 
'Hydraulic  engineering,  'Pipes,  'Water  convey- 
ance, 'Water  delivery,  'Water  distribution,  Algo- 
rithms, Head  loss,  Mechanical  failure,  Open-chan- 
nel flow,  Pressure  conduits. 

Water  distribution  networks  are  designed  so  that 
water  is  delivered  to  each  node  in  the  system  in 
sufficient  quantities  and  with  sufficient  pressure  for 
all  the  design  demands.  If  the  system  becomes 
damaged,  however,  its  behavior  may  be  drastically 
altered.  A  method  of  calculating  the  behavior  of 
the  damaged  system  was  developed.  An  approxi- 
mate algorithm  is  proposed  to  eliminate  false  nega- 
tive (gage)  pressures  that  appear  during  the  analy- 
sis of  a  water  distribution  system.  Emphasis  is 
placed  on  the  solution  of  the  problem  rather  than 
on  its  cause.  The  formulation  is  based  on  a  system 
of  equations  for  a  network  that  has  been  construct- 
ed using  the  continuity  equations  for  each  node 
and  the  head-loss  equations  for  each  pipe.  It  con- 
templates two  situations:  one  in  which  the  elimina- 
tion of  a  false  negative  pressure  leads  to  the  empty- 
ing of  all  the  pipes  that  join  a  node,  and  the  other 
in  which  the  conditions  are  such  that  the  elimina- 
tion of  the  negative  pressure  leads  to  one  or  more 
pipes  flowing  partially  full  as  an  open  channel. 
Two  examples  illustrate  the  applicability  of  the 
approximation,  one  for  an  imaginary  simple  net- 
work and  the  other  for  a  water  delivery  system  in 
a  large  city.  (Author's  abstract) 
W9 1-06296 


MONITORING  WELL  COMPLETION  EVAL- 
UATION WITH  BOREHOLE  GEOPHYSICAL 
DENSITY  LOGGING. 

Colog,  Inc.,  Golden,  CO.  Borehole  Geophysical 

Services. 

For  primary  bibliographic  entry   see   Field   8G. 

W9 1-06850 


8B.  Hydraulics 


VORTEX-SETTLING  BASIN  DESIGN  CONSID- 
ERATIONS. 

Irrigation   and    Power   Research    Inst.,    Amritsar 

(India). 

T.  C.  Paul,  S.  K.  Sayal,  V.  S.  Sakhuja,  and  G.  S. 

Dhillon. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.   117,  No.  2,  p  172-189,  February 

1991.  10  fig,  2  tab,  19  ref. 

Descriptors:  'Canal  design,  'Hydraulic  design, 
•Hydraulic  engineering,  'Sediment  control,  'Sedi- 
ments, 'Settling  basins,  Canals,  Design  criteria. 
Hydraulic  structures,  Inlets,  Irrigation  canals,  Sus- 
pended sediments. 

One  of  the  major  problems  confronting  hydraulic 
engineers  is  the  control  of  sediment  entering  irriga- 
tion and  power  canals.  The  vortex-settling  basin 
(VSB)  is  a  fluidic  device  that  uses  only  the  vortices 
of  the  flow  to  remove  sediment.  This  is  an  eco- 
nomical, efficient,  and  water-conserving  alterna- 
tive to  the  other  available  sediment-extraction  de- 
vices. Guidelines  for  designing  and  modeling  VSBs 
have  been  developed.  The  circular  basin  should 
have  a  diameter  equal  to  five  times  (as  compared 
with  six  times  stipulated  in  American  practice)  the 
bed  width  of  the  inlet  canal.  The  distinctive  fea- 
tures of  the  proposed  design  are  formation  of  free 
vortex  in  the  outer  region  and  flow  in  the  basin 
traversing  a  relatively  longer  path  before  reaching 
the  overflow  weir.  Extraction  of  sediment  smaller 
than  0.5  mm  is  optimized  when  a  diaphragm  and  a 
deflector  are  incorporated  in  the  inlet  canal  and 
basin,  respectively.  The  diameter  of  the  flushing 
pipe  and  the  flushing  discharge  to  be  adopted  for 
the  extraction  of  different  sediment  fractions  are 
specified.  Formulas  suggested  for  prediction  of 
trapping  efficiency  are  simpler  and  more  reliable 
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than  several  existing  formulas.  Experiments  indi- 
cate 76%  utilization  of  the  VSB  volume  and,  there- 
fore,  show   a  better   performance   compared   to 
standard  sediment  tanks.  (Author's  abstract) 
W9 1-06292 


DROWNPROOFING  OF  LOW  OVERFLOW 
STRUCTURES. 

Toronto  Univ.  (Ontario).  Dept.  of  Mechanical  En- 
gineering. 

H.  J.  Leutheusser,  and  W.  M.  Birk. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  117,  No.  2,  p  205-213,  February 
1991.  4  fig,  9  ref. 

Descriptors:  'Fluid  mechanics,  'Hydraulic  engi- 
neering, 'Hydraulic  jump,  'Hydraulic  structures, 
•Overflow  channels,  'Overflow  structures,  Dams, 
Design  criteria,  Hydraulic  design,  Spillway  trough, 
Weirs. 

Overflow  structures  operating  in  the  subcritical 
channel  regime  serve  a  multitude  of  purposes.  In 
all  types  of  construction,  a  properly  functioning 
overflow  structure  produces  a  change  from  subcri- 
tical to  supercritical  flow,  and  the  kinetic  energy  of 
the  resulting  high-velocity  stream  must  then  be 
dissipated,  usually  by  a  hydraulic  jump.  Submer- 
gence of  hydraulic  jumps  occurs  frequently  at  low 
overflow  structures,  such  as  weirs  and  low-head 
dams.  In  these  cases  the  jump  degenerates  into  a 
rotating  current  that  produces  a  strong  upstream- 
directed  surface  velocity  in  an  otherwise  seemingly 
quiescent  downstream  pool.  This  vortex  is  com- 
monly called  the  hydraulic  by  canoeists  and  water 
safety  experts  who  fear  and  respect  its  potential  to 
maim  and  kill,  yet  the  phenomenon  is  virtually 
unknown  in  the  hydraulic  engineering  literature. 
Using  analysis  and  experimental  evidence,  it  can  be 
shown  how  the  hydraulic  is  eliminated  by  either 
increasing  the  height  of  the  structure  sufficiently  to 
promote  formation  of  a  proper  hydraulic  jump,  or 
by  adopting  the  cascade  concept  of  continuous 
energy  dissipation  on  a  baffled  chute.  In  the  case  of 
raising  the  height  of  the  structure,  the  required 
height  can  easily  become  so  great,  however,  that  it 
may  be  deemed  unacceptable.  On  the  other  hand, 
baffled-chute  spillways  are  environmentally  attrac- 
tive, known  to  function  well  over  a  wide  range  of 
operating  conditions,  and  completely  independent 
of  tailwater  depth.  (Author's  abstract) 
W91-06294 


FIRST-ORDER  ANALYSIS  OF  OPEN-CHAN- 
NEL FLOW. 

Polytechnic  Univ.,  Brooklyn,  NY. 

M.  A.  Cesare. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  2,  p  242-247,  February 

1991.  2  fig,  2  tab,  3  ref. 

Descriptors:  'Design  flow,  'Discharge  forecasting, 
•Flow  equations,  'Open-channel  flow,  'Peak  dis- 
charge, 'Stage-discharge  relations,  'Streamflow 
forecasting,  Channel  flow,  Flow  characteristics, 
Flow  discharge,  Mannings  equation,  Uncertainty. 

Water  resources  engineering  is  one  of  the  first 
fields  to  use  a  probability  approach  to  design.  It 
has  long  been  realized  that  the  peak  discharge  of  a 
river  is  a  random  variable.  However,  the  tradition- 
al frequency  analysis  (return  period)  approach  of 
the  water  resources  design  only  considers  uncer- 
tainty in  the  discharge.  First-order  reliability  meth- 
ods (FORM)  may  be  used  to  incorporate  the  other 
uncertainties  involved  in  open-channel  hydraulics. 
A  comparison  of  these  results  to  the  traditional 
method  in  a  simple  example  employing  Manning's 
equation  for  a  compound  channel  and  a  Gumbel 
distribution  for  design  discharges  illustrates  the 
advantages  of  the  FORM  approach.  It  can  be  seen 
that  the  return  period  for  a  depth  of  flow  is  less 
than  the  return  period  for  the  flow  normally  asso- 
ciated with  that  depth.  This  is  because  in  the  direct 
method  no  uncertainty  is  accounted  for  in  Man- 
ning's equation,  i.e.,  converting  flow  to  depth.  The 
coefficients  of  variation  used  are  arbitrary,  howev- 
er, 15%  uncertainty  is  not  unreasonable.  It  can  be 
seen  that  small  coefficients  of  variation  (5%)  have 
almost  no  effect,  but  moderate  coefficients  of  vari- 
ation (15%)  cut  the  return  period  in  half  for  large 


storms.  Viewing  the  results  for  one  return  period 
tends  to  subdue  the  effect  of  the  additional  uncer- 
tainty. However,  the  changes  in  the  return  period 
for  a  given  depth  are  significant.  (Fish-PTT) 
W9 1-06297 


COMPUTATION  (INVESTIGATION,  EDUCA- 
TION, AND  APPLICATION). 

Cornell  Univ.,  Ithaca,  NY.  School  of  Civil  and 
Environmental  Engineering. 
J.  A.  Liggett. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  116,  No.  12,  p  1436-1453,  Decem- 
ber 1990. 

Descriptors:  'Computer  models,  'Data  processing, 
•Hydraulic  engineering,  'Hydrologic  models, 
'Hydrology,  'Model  studies,  Computer  programs. 
Computers,  Education. 

Computational  hydraulics  has  become  an  everyday 
tool  in  hydraulic  engineering.  Although  a  large 
number  of  problems  can  be  solved  on  the  comput- 
er, there  will  always  be  important  applications  that 
lie  out  of  reach.  The  related  difficulties  of  scale 
and  detail  limit  what  can  be  done  regardless  of  the 
computational  power.  Such  problems  are  illustrat- 
ed by  many  applications,  especially  those  that  in- 
volve turbulence,  stratification,  groundwater,  hy- 
drologic detail  and  sediment  transport.  It  is  impor- 
tant that  hydraulic  engineers  know  something 
about  computation,  especially  what  may  go  wrong 
and  what  not  to  compute.  Unfortunately,  a  large 
gap  exists  between  research  and  practice  of  com- 
putational hydraulics.  Closure  of  that  gap  should 
be  a  primary  goal  of  all  hydraulic  engineers  and 
the  American  Society  of  Civil  Engineers.  In  the 
engineering  office,  computational  hydraulics  is  rap- 
idly changing  the  mode  of  operation.  The  avail- 
ability of  better  communications  will  have  an  equal 
effect.  The  ultimate  importance  of  knowledge 
based  programs  on  the  profession  could  drastically 
alter  educational  goals  and  hiring  practices.  (Au- 
thor's abstract) 
W9 1-07027 


PREDICTING  INCIPIENT  FLUIDIZATION  OF 
FINE  SANDS  IN  UNBOUNDED  DOMAINS. 

Lehigh  Univ.,  Bethlehem,  PA.  Dept.  of  Civil  En- 
gineering. 

G.  P.  Lennon,  T.  Chang,  and  R.  N.  Weisman. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  116,  No.  12,  p  1454-1467,  Decem- 
ber 1990.  7  fig,  1  tab,  19  ref,  2  append. 

Descriptors:  'Channel  improvement,  'Flow 
models,  'Fluidization,  'Hydraulic  properties, 
•Model  studies,  'Porous  media,  'Pressure  head, 
•Sand,  Darcys  law,  Flow  equations.  Flow  rates, 
Mathematical  models,  Reynolds  number,  Tidal 
basins. 

From  the  theory  of  flow  through  porous  media, 
the  governing  equation  for  hydraulic  head  is  devel- 
oped for  flow  emanating  from  small  holes  in  a  pipe 
buried  in  fine  sand  in  the  coastal  environment. 
Calculated  Reynolds  numbers  for  sand  grain  sizes 
typically  found  in  tidal  inlets  (less  than  0.5  mmm) 
indicate  that  the  generalized  Darcy  law  remains 
valid  up  to  fluidization.  The  head  distribution  in 
the  domain  is  obtained  from  the  two-dimensional 
finite  element  method  and  validated  with  experi- 
mental results.  The  theoretical  critical  hydraulic 
gradient  is  used  to  predict  the  incipient  fluidization 
flow  rate  conditions  for  the  available  experimental 
data  as  well  as  for  a  wide  range  of  field  situations. 
A  practical  fluidization  system  chart  is  developed 
for  determination  of  the  flow  rate  required  for 
incipient  fluidization.  For  a  pipe  diameter  of  0.3  m, 
the  chart  provides  flow  rates  for  burial  depths 
ranging  between  1.5  and  12.2  m.  The  head  loss 
through  the  bed  at  incipient  conditions  is  1.9-2.9 
times  the  bed  depth  for  the  range  of  simulated 
conditions.  (Author's  abstract) 
W91-07028 


EFFECT  OF  BUOYANCY   ON  TRANSVERSE 
MIXING  IN  STREAMS. 

Stevens  Inst,  of  Tech.,  Hoboken,  NJ.  Dept.  of 
Civil,  Environmental  and  Coastal  Engineering. 


For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07030 


EFFECTS  OF  MOMENTUM  TRANSFER  IN 
COMPOUND  CHANNELS. 

University  of  the  Witwatersrand,  Johannesburg 
(South  Africa). 

D.  Stephenson,  and  P.  Kolovopoulos. 
Journal     of     Hydraulic     Engineering     (ASCE) 
JHEND8,  Vol.  116,  No.  12,  p  1512-1522,  Decem- 
ber 1990.  11  fig,  15  ref. 

Descriptors:  'Channel  flow,  'Flood  plains,  'Hy- 
drodynamics, 'Momentum  transfer,  'Shear  stress, 
Flooding,  Mathematical  equations,  Mathematical 
models,  Model  studies,  Open-channel  flow. 

Different  methods  of  considering  the  shear  stresses 
between  a  main  channel  and  its  flood  plains  are 
discussed.  The  methods  considered  include  the 
simplistic  method  of  considering  the  entire  hydrau- 
lic cross  section  as  one,  dividing  the  cross  section 
into  independent  sections,  assuming  limited  shear 
stresses  between  main  channel  and  the  flood  plain, 
trying  to  find  an  interface  with  zero  shear  stress,  or 
allowing  for  the  shear  stresses  from  a  momentum 
balance.  Based  on  evaluation  of  alternative  steady- 
state  models,  it  is  concluded  that  the  area  method 
is  the  most  promising  for  computation  of  discharge 
and  that  the  Prinos-Townsend  equation  gives  accu- 
rate results  for  apparent  shear  stresses  at  the  main 
channel-flood  plain  interface.  The  results  of  the 
theoretical  study  are  used  in  an  unsteady-flow 
model,  prepared  based  on  hydrodynamic  princi- 
ples. The  model  facilitates  investigation  of  the  sig- 
nificance of  the  momentum-transfer  phenomenon 
between  the  main  channel  and  its  floodplains.  The 
analysis  demonstrates  that  momentum  interchange 
results  in  a  shift  in  the  loop  rating  curve  to  the 
right,  a  delay  in  the  falling  of  water  levels,  an 
increase  in  flood  plain  flow,  and  a  decrease  in  the 
main  channel  carrying  capacity.  (Author's  ab- 
stract) 
W9 1-07032 


SURGING    IN    URBAN    STORM    DRAINAGE 
SYSTEMS. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

For  primary  bibliographic   entry  see  Field   5D. 

W91-07033 


SOME  FACTORS  AFFECTING  EROSION  OF 
BED  CHANNELS  PROTECTED  WITH 
RIPRAP. 

Sao  Paulo  Univ.,  Sao  Carlos  (Brazil).  Dept.  de 
Hidraulica  e  Saneamento. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07071 

8D.  Soil  Mechanics 

ESTTMATTNG  THE  ATTERBERG  LIMITS  OF 
SOUTHERN  SASKATCHEWAN  SOILS  FROM 
TEXTURE  AND  CARBON  CONTENTS. 

Saskatchewan  Univ.,  Saskatoon.  Dept.  of  Soil  Sci- 
ence. 

E.  De  Jong,  D.  F.  Acton,  and  H.  B.  Stonehouse. 
Canadian  Journal  of  Soil  Science  CJSSAR,  Vol. 
70,  No.  4,  p  543-554,  November  1990.  3  fig,  6  tab, 
28  ref. 

Descriptors:  'Atterberg  limits,  'Canada,  'Soil  en- 
gineering, 'Soil  properties,  'Soil  science,  'Soil 
water,  Carbon,  Clays,  Organic  carbon,  Organic 
matter,  Plasticity,  Regression  analysis,  Saskatche- 
wan, Soil  classification,  Soil  horizons,  Soil  surveys, 
Soil  texture,  Subsoil,  Topsoil. 

The  soil  water  contents  at  the  liquid  and  plastic 
limits  (the  Atterberg  limits)  are  widely  used  in  the 
classification  of  soils  for  engineering  purposes.  Ap- 
proximately 500  soil  samples  (129  Ap  horizons  and 
417  B  and  C  horizons)  collected  over  several  years 
as  part  of  the  ongoing  soil  survey  program  in 
Saskatchewan,  Canada,  were  analyzed  for  texture 
and  Atterberg  limits.  On  about  half  of  the  samples 
water  retention  (-33  kPa  and  -1500  kPa  matric 
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potential  and  air  dryness),  and  organic  and  inor- 
ganic carbon  (C)  were  also  determined.  The  rela- 
tionship between  the  Atterberg  limits  and  soil 
properties  was  explored  through  correlation  and 
regression  analysis.  It  was  found  that  the  liquid 
limit,  plastic  limit,  and  plasticity  index  of  A,  B,  and 
C  horizon  samples  were  most  highly  correlated 
with  clay  content.  Organic  C  was  significantly 
correlated  with  the  liquid  limit  and  the  plasticity 
index,  but  not  the  plastic  limit  of  A  horizons. 
Organic  C  increased  the  liquid  and  plastic  limits  of 
subsoils,  but  did  not  affect  their  plasticity  index. 
The  liquid  limit  and  plastic  limit  and  plasticity 
index  of  B  and  C  horizons  were  reduced  by  inor- 
ganic C.  Regression  equations  of  liquid  limit,  plas- 
tic limit  and  plasticity  index  on  clay,  organic,  and 
inorganic  C  had  standard  errors  of  estimate  of  4% 
or  larger.  The  largest  errors  were  associated  with 
the  predicted  plasticity  index,  in  particular  for 
topsoils.  Whether  the  prediction  equations  are  suf- 
ficiently accurate  to  replace  the  Atterberg  limit 
determinations  is  uncertain.  Generally,  regression 
equations  using  the  water  content  studied  had 
somewhat  lower  standard  errors  of  estimate.  Thus, 
the  moisture  content  at  a  standard  matric  or  total 
potential  might  provide  a  simple  index  for  the 
Atterberg  limits.  (Fish-PTT) 
W9 1-06405 


8E.  Rock  Mechanics  and 
Geology 


BEDROCK     GEOMETRY     OF     UNCHANNE- 
LIZED  VALLEYS. 

Humboldt  State  Univ.,  Areata,  CA.  Dept.  of  Geol- 
ogy. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-06578 


8G.  Materials 


LEACHING  AND  COMPREHENSIVE  REGU- 
LATORY PERFORMANCE  TESTING  OF  AN 
EXTRUDED  BITUMEN  CONTAINING  A  SUR- 
ROGATE, SODIUM  NITRATE-BASED,  LOW- 
LEVEL  WASTE. 

Martin  Marietta  Energy  Systems,  Inc.,  Oak  Ridge, 
TN. 

For  primary  bibliographic  entry  see  Field  5E. 
W91-06128 


DEVELOPMENT  OF  A  COMPOSITE  POLY- 
ETHYLENE-FIBERGLASS-REINFORCED- 
PLASTIC      HIGH-INTEGRITY      CONTAINER 
FOR  DISPOSAL  OF  LOW-LEVEL  RADIOAC- 
TIVE WASTE. 

Lowenberg  Associates,  Inc.,  Rockville,  MD. 
For  primary  bibliographic  entry  see  Field  5E. 
W91-06131 


LEACHING-INDUCED  CONCENTRATION 

PROFILES     IN     THE     SOLID     PHASE     OF 
CEMENT. 

Brookhaven  National  Lab.,  Upton,  NY.  Nuclear 

Waste  Research  Group. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-06149 


DAM  SAFETY  INSPECTION  SCHEDULING. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Civil 

Engineering. 

W.  H.  Tang,  and  B.  C.  Yen. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.   117,  No.  2,  p  214-229,  February 

1991.  11  fig,  lOref. 

Descriptors:  *Dam  inspection,  *Dam  safety, 
•Dams,  'Hydraulic  engineering,  'Inspection,  Dam 
failure,  Dam  stability,  Deterioration,  Scheduling. 

Safety  inspection  of  dams  can  be  scheduled  on  a 
probabilistic  basis  considering  detectability  and 
repair  probability.  A  method  of  inspection  schedul- 
ing for  a  dam  is  suggested  by  using  an  availability 
model.  Unavailability  is  defined  as  the  state  in 
which   a  dam   is  operating   under   unsatisfactory 


conditions  with  deficiencies.  The  deficiencies  may 
or  may  not  be  detected  in  an  inspection,  and  a 
detected  deficiency  may  or  may  not  be  repaired  in 
due  time.  The  expected  availability  of  a  dam  may 
be  related  to  the  frequency  of  dam  inspection,  the 
detectability  of  the  inspection  routine,  the  likeli- 
hood of  owners'  compliance  to  repair  orders,  and 
the  construction  quality  of  the  given  dam.  The 
deteriorating  characteristics  of  a  dam  with  time 
could  also  affect  its  availability.  The  case  of  inspec- 
tion scheduling  for  a  nonaging  dam  is  first  devel- 
oped, followed  by  the  case  of  an  aging  dam.  Hypo- 
thetical examples  demonstrate  the  procedure.  (Au- 
thor's abstract) 
W9 1-06295 


MONITORING  WELL  COMPLETION  EVAL- 
UATION WITH  BOREHOLE  GEOPHYSICAL 
DENSITY  LOGGING. 

Colog,  Inc.,  Golden,  CO.  Borehole  Geophysical 

Services. 

E.  N.  Yearsley,  R.  E.  Crowder,  and  L.  A.  Irons. 

Groundwater    Monitoring    Review    GWMRDU, 

Vol.  11,  No.  1,  p  103-111,  Winter  1991.  10  fig,  12 

ref. 

Descriptors:  'Borehole  geophysics,  'Boreholes, 
•Well  casings,  'Well  construction,  Measuring  in- 
struments,  Radioactive  well   logging,  Well  logs. 

Grout  continuity  and  the  location  of  the  bentonite 
seal  and  sand  pack  in  PVC-cased  monitoring  wells 
can  be  evaluated  with  cased-hole  geophysical  den- 
sity logs.  This  method  relies  upon  density  contrasts 
among  various  completion  conditions  and  annular 
materials,  as  measured  by  Compton-scattered 
gamma  rays  originating  from  a  small  source  in  the 
detector  probe.  Notably,  the  lack  of  annular  mate- 
rial behind  pipe  (i.e.,  void  space)  creates  a  low- 
density  zone  that  is  readily  detected  by  borehole 
density  measurements.  Acoustic  cement  bond  log- 
ging has  typically  been  applied  to  the  evaluation  of 
cement  in  annular  space  of  completed  oil  and  gas 
production  wells,  and  in  some  cases  to  groundwat- 
er monitoring  wells.  These  logs,  however,  can 
only  be  obtained  in  the  fluid-filled  portion  of  the 
borehole,  and  their  interpretation  is  severely  hin- 
dered by  the  presence  of  the  micro-annulus  be- 
tween casing  and  cement.  The  influence  of  the 
micro-annulus  on  cement  bond  logs  can  be  mitigat- 
ed in  steel-cased  wells  by  pressurizing  the  wellbore 
during  acquisition  of  the  log,  but  this  procedure  is 
not  feasible  in  PVC-cased  wells.  The  micro-annu- 
lus does  not  affect  case-hole  density  logs  or  their 
interpretation.  Empirical  measurements  made  in 
the  laboratory  with  density  probes  provide  infor- 
mation on  their  depths  of  investigation  and  re- 
sponse to  specific  completion  conditions.  These 
empirical  data,  and  general  knowledge  of  the  den- 
sity of  annular  completion  materials  (sand,  benton- 
ite, cement),  are  used  to  support  interpretations  of 
case-hole  density  logs  acquired  in  the  field.  In 
three  field  examples  of  geophysical  density  logs 
significant  voids  in  grout  continuity  were  found 
and  demonstrate  the  applicability  of  this  method  to 
the  evaluation  of  PVC-cased  monitoring  wells. 
(Author's  abstract) 
W9 1-06850 


81.  Fisheries  Engineering 


FISH  ASSOCIATIONS  AND  ENVIRONMEN- 
TAL VARIABLES  IN  AGE-0  COLORADO 
SQUAWFISH  HABITATS,  GREEN  RIVER, 
UTAH. 

Fish  and  Wildlife  Service,  Vernal,  UT. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-06013 


HYDRODYNAMIC  AND  FLUVIAL  MORPHO- 
LOGIC PROCESSES:  IMPLICATIONS  FOR 
FISHERIES  MANAGEMENT  AND  RESEARCH. 

Rocky  Mountain  Forest  and   Range  Experiment 
Station,  Tempe,  AZ.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  2E. 
W91-06026 


EXCEPTIONAL  WATERS  APPROACH -A 
FOCUS  FOR  COORDINATED  NATURAL  RE- 
SOURCES MANAGEMENT. 

Wisconsin  Univ. -Madison.  Inst,  for  Environmental 

Studies. 

For  primary  bibliographic  entry  see  Field  6B. 

W9 1-06027 


MANAGEMENT  IMPLICATIONS  OF  A 
MODEL  OF  PREDATION  BY  A  RESIDENT 
FISH  ON  JUVENILE  SALMONIDS  MIGRAT- 
ING THROUGH  A  COLUMBIA  RIVER  RESER- 
VOIR. 

Oregon  Dept.  of  Fish  and  Wildlife,  Clackamas. 
R.  C.  Beamesderfer,  B.  E.  Rieman,  L.  J.  Bledsoe, 
and  S.  Vigg. 

North  American  Journal  of  Fisheries  Management 
NAJMDP,  Vol.  10,  No.  3,  p  290-304,  Summer 
1990.  8  fig,  3  tab,  30  ref.  Bonneville  Power  Admin- 
istration Contracts  DE-AI79-82BP34796  and  DE- 
AI79-82BP35097. 

Descriptors:  'Fisheries  management,  'Model  stud- 
ies, 'Predation,  'Salmon,  Age  class,  Distribution, 
Fish  diets,  Food  habits,  John  Day  Reservoir, 
Minnow,  Reservoirs,  Seasonal  variation,  Sensitivi- 
ty analysis,  Statistical  analysis,  Temperature. 

A  model  of  predation  by  northern  squawfish  Pty- 
choheilus  oregonensis  on  juvenile  salmonids  mi- 
grating through  John  Day  Reservoir  was  modeled. 
The  model  predicts  salmonid  survival  as  a  function 
of  number  and  distribution  of  northern  squawfish, 
number  and  timing  of  juvenile  salmonids  entering 
the  reservoir,  salmonid  residence  time,  water  tem- 
perature, and  flow.  The  model  predicted  survival 
similar  to  independent  estimates  for  1983-1986  and 
also  approximated  differences  among  areas  and 
months.  Uncertainty  analyses  showed  that  the 
number  of  salmonids  surviving  predation  may  vary 
+  /-5%  with  normal  annual  variation  in  predator 
number,  temperature,  and  flow.  Survival  in  1983- 
1986  was  near  the  average  predicted  from  30  years 
of  historic  environmental  data.  Sensitivity  analyses 
implied  that  the  best  avenues  of  reducing  predation 
are  to  reduce  the  number  of  northern  squawfish, 
pass  salmonids  earlier  in  the  year,  and  maintain 
sizes  of  runs  of  juvenile  salmonids  at  or  above 
present  levels.  Survival  of  salmonids,  as  simulated 
by  the  model,  is  weakly  affected  by  changes  in 
predator  distribution,  changes  in  predator  con- 
sumption rate  near  the  upstream  dam,  residence 
time,  or  flow.  (Author's  abstract) 
W9 1-06028 


CATCH-AND-RELEASE  MANAGEMENT  OF  A 
TROUT  STREAM  CONTAMINATED  WITH 
PCBS. 

Connecticut  Dept.  of  Environmental  Protection, 

Harwinton.  Inland  Fisheries  Div. 

R.  D.  Orciari,  and  G.  H.  Leonard. 

North  American  Journal  of  Fisheries  Management 

NAJMDP,  Vol.   10,  No.   3,  p  315-329,   Summer 

1990.   5  fig,  5  tab,  47  ref.  Federal  Aid  in  Fish 

Restoration  Project  F-57-R. 

Descriptors:  'Connecticut,  'Fish  management, 
•Polychlorinated  biphenyls,  'Sport  fishing, 
•Trout,  Fish  populations,  Fish  stocking,  Public 
health,  Stream  fisheries. 

Due  to  health  risks  associated  with  PCB  contami- 
nation, the  Connecticut  Department  of  Environ- 
mental Protection  chose  to  apply  catch-and-release 
regulations  to  the  Housatonic  River,  which  had 
previously  supported  one  of  the  most  popular  put- 
and-take  trout  fisheries  in  Connecticut.  The  man- 
agement change  was  successful  in  maintaining  a 
highly  rated  recreational  fishery.  Stocked  brown 
trout  Salmo  trutta  survived  up  to  five  summers  and 
grew  to  maximum  total  lengths  of  about  400  mm. 
Through  5  years,  fish  stocked  as  adults  (254-305 
mm)  and  yearlings  (152-229  mm)  had  average 
annual  survivals  of  39  and  42%.  Survival  of  fin- 
gerlings  (<  152  mm)  averaged  22%.  With  holdover 
trout  present  after  the  first  year  of  catch-and- 
release  management,  50-66%  of  the  fish  caught  by 
anglers  exceeded  the  maximum  length  of  305  mm 
of  trout  stocked  for  put-and-take  purposes  in  other 
Connecticut  streams.   Also,   an   average  of  38% 
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more  trout  by  number  and  210%  more  trout  by 
weight  were  caught  and  released  than  were 
stocked.  The  catch-and-release  fishery  supported 
continuous  utilization  and  high  catch  rates 
throughout  the  fishing  season.  Anglers  who  kept 
diaries  while  fishing  under  catch-and-release  man- 
agement had  significantly  greater  catch  rates  after 
May  than  did  those  fishing  the  same  area  under 
previous  put-and-take  conditions.  These  results 
suggest  that  catch-and-release  management  may  be 
used  to  maintain  popular,  high-catch-rate  trout 
fisheries  in  streams  where  contamination  levels  are 
a  risk  to  human  health  but  have  no  serious  direct 
or  indirect  effects  on  fish.  (Author's  abstract) 
W9 1-06030 


TEMPERATURE  PREFERENCE  VERSUS  AC- 
CLIMATION IN  FISHES:  SELECTION  FOR 
CHANGING  METABOLIC  OPTIMA. 

Eastern  New  Mexico  Univ.,  Portales.  Dept.  of  Life 

Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-06036 


YIELD  OF  YELLOW  PERCH  IN  LAKES  ERIE 
AND  ST.  CLAIR:  COMMUNITY  ASSOCIA- 
TIONS. 

Ontario  Ministry  of  Natural  Resources,  Maple. 
Fisheries  Branch. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06037 


SUMMER  HABITAT  SUITABILITY  FOR 
STRIPED  BASS  IN  CHESAPEAKE  BAY:  RE- 
FLECTIONS ON  A  POPULATION  DECLINE. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  2L. 
W91-O6038 


SPECIES  COMPOSITION,  DISTRIBUTION, 
AND  INVERTEBRATE  PREY  OF  FISH  ASSEM- 
BLAGES IN  THE  COLUMBIA  RIVER  ESTU- 
ARY. 


Oregon  Dept.  of  Fish  and  Wildlife,  Corvallis. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-06286 


SLACKWATER    HABITAT   IN   TORRENT-IM- 
PACTED STREAMS. 

Oregon  State  Univ.,  Corvallis.   Dept.   of  Forest 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 
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CONSERVATION  OF  FISH  HABITAT  IN 
STREAMS  BY  THE  METHOD  OF  LOW  DAMS 
SERIES 

Toyama  Prefectural  Coll.  of  Technology,  Kosugi 
(Japan). 

G.  Takahashi,  and  S.  Higashi. 
IN:  Erosion  and  Sedimentation  in  the  Pacific  Rim. 
IAHS  Publication  No.  165.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1987.  p  409-410.  3  ref. 

Descriptors:  'Aquatic  habitats,  *Channel  improve- 
ment, *Dam  effects,  'Fisheries,  *Japan,  'Mountain 
streams,  'Streams,  Bank  erosion,  Channel  erosion, 
Conservation,  Dam  construction,  Debris  flow, 
Erosion,  Flooding,  Fluctuations,  Meanders,  Sedi- 
mentation. 

Rugged  mountainous  terrain  and  deformed  geolog- 
ical structure  create  a  high  potential  for  flooding, 
erosion,  and  deposition  in  Japan.  Channel  works 
combined  with  groundsills  and  revetments  are  usu- 
ally constructed  to  straighten  the  channel  course  in 
fan  and  floodplain  valley  areas.  As  a  result,  the 
original  complexity  of  water  currents  and  microto- 
pography  of  a  stream  bed  is  lost,  disturbing  the  fish 
habitat.  Two  types  of  channel  course  fluctuations 
exist  in  flood-plain  valleys:  continuous  shifting  due 
to  bank  erosion  or  bar  movement  and  abrupt  fluc- 
tuations accompanied  by  deposition.  Even  a  small 
amount  of  deposition  can  cause  an  abrupt  and 
large-scale  fluctuation  of  channel  location.  In 
flood-plain  valleys,  channel  fluctuations  occur  in 
two  basic  ways:  moderate  meander  development 
with  frequent  course  fluctuations  caused  by  deposi- 


tion, or  meandering  with  infrequent  deposition- 
caused  fluctuations.  The  control  of  debris  flows 
and  the  location  of  the  channel  course  are  most 
important  in  torrent  control  works.  By  setting  a 
series  of  dams  in  flood-plain  or  fan  areas,  the 
energy  of  debris  flows  decreases  because  the  flow 
is  divided  into  load  and  water,  and  the  channel 
course  is  fixed  on  the  whole.  In  addition,  channel 
stabilization  is  accomplished  by  setting  the  dams  at 
places  with  high  potential  for  abrupt  channel  fluc- 
tuations. By  using  these  techniques,  the  complexity 
of  fish  habitats  is  preserved.  (See  also  W9 1-06570) 
(Brunone-PTT) 
W9 1-06637 


INSHORE  FISH  YIELD  POTENTIAL  OF  LAKE 
KARIBA,  ZIMBABWE. 

Zimbabwe  Univ.,  Harare.  Dept.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-06745 

10.  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 

10F.  Preparation  Of  Reviews 

FOCUS  ON  TOXICOLOGICAL  ASPECTS  OF 
PESTICIDE  CHEMICAL  INTERACTION  IN 
DRINKING  WATER  CONTAMINATION. 

Milan  Univ.  (Italy).  1st.  di  Farmacologia  e  Farma- 

cognosia. 

For  primary  bibliographic  entry  see  Field  5F. 

W9 1-05995 


TOXICITY  TEST  WITH   ALGAE:  A   DISCUS- 
SION ON  THE  BATCH  METHOD. 

National  Swedish  Environment  Protection  Board, 

Solna. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-06002 
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phorus Removal  from  Wastewater  Using  Blends 
of   Aluminum    Chloride    and    Poly-Aluminum 
Chloride. 
W91-06915  5D 

AMAZON 

Analytical  Evaluation  of  Bed  Load  Transport  in 
a  River  Subject  to  Backwater  Effect:  The  Case 
of  the  River  Trombetas. 
W9 1-07072  2J 

AMAZON  RIVER  BASIN 

Sediment   Discharge   from   the   Andes   to   the 
Amazonia  along  the  Beni  River  (Exportation  de 
Matieres  en  Suspension  des  Andes  vers  l'Ama- 
zonie  par  le  Rio  Beni,  Bolivie). 
W91-07104  2J 

AMINO  ACIDS 

Reactions  of  Aqueous  Chlorine  In  vitro  in  Stom- 
ach Fluid  from  the  Rat:  Chlorination  of  Tyro- 


sine. 
W91-06911 


5C 


AMMONIA 

Options  Available  for  Ammonia  Removal  at  Da- 
vyhulme  Sewage-Treatment  Works. 
W91-05973  5D 


Nutrient  Needs. 
W9 1-06398 
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AMMONIA  REMOVAL 

Options  Available  for  Ammonia  Removal  at  Da- 

vyhulme  Sewage-Treatment  Works. 

W9 1-05973  5D 

Case  History  of  Performance  Test  of  the  Car- 
rousel Process  at  Easton,  Pennsylvania. 
W91-06914  5D 
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AMMONIRCATION 

Nitrate  Accumulation  in  Leaves  of  Vegetation 
of  a  Forested  Ecosystem  Receiving  High 
Amounts  of  Atmospheric  Ammonium  Sulfate. 
W9 1 -06309  5C 

AMMONIUM 

Analyzing  Biofilm  Processes  Used  in  Biological 

Filtration. 

W9 1-05961  5F 

Relationship  Between  Precipitation  Amount  and 
Wet  Deposition  of  Nitrate  and  Ammonium. 
W9 1 -06879  5B 

Stability  of  the  pH  and  the  Contents  of  Ammoni- 
um and  Nitrate  in  Precipitation  Samples. 
W9 1-06880  5B 


Site-Specific      Underestimation 
NH4{-(-)  Using  NADP  Data. 
W91-06881 


of      Wetfall 


2K 


AMPHIBIANS 

Short-Term  Amphibian  Toxicity  Tests  and  Para- 
quat Toxicity  Assessment. 
W9 1-06704  5C 

AMPHIPODS 

Effects  of  Phthalate  Esters  on  the  Locomotor 
Activity  of  the   Freshwater  Amphipod   Gam- 
mams  pulex. 
W9 1-05990  5C 

Testing  Sediment  Toxicity  with  Hyalella  azteca 

(Amphipoda)   and   Chironomus   riparius   (Dip- 

tera). 

W9 1-06698  5A 

Toxicity   and   Toxicokinetics   of  Pentachloro- 
phenol  and  Carbaryl  to  Pontoporeia  hoyi  and 
Mysis  relicta. 
W91-06710  5C 

Toxicokinetics  and  Toxicity  of  a  Mixture  of 
Sediment-Associated  Polycyclic  Aromatic  Hy- 
drocarbons to  the  Amphipod  Diporeia  sp. 
W9 1-06993  5C 

Impact  of  Cd  and  Different  pH  on  the  Amphi- 
pod   Gammarus    Fossanim    Koch    (Crustacea: 
Amphipoda). 
W91-07018  5C 

ANABAENA 

Growth  Response  of  Freshwater  Algae,  Ana- 
baena  flos-aquae  and  Selenastrum  capricornutum 
to  Atrazine  and  Hexazinone  Herbicides. 
W9 1-06890  5C 

ANADROMOUS  FISH 

Geomorphic    and    Hydrologic    Conditions    for 
Cold  Pool  Formation  on  Redwood  Creek,  Cali- 
fornia. 
W9 1-06640  2E 

ANAEROBIC  BACTERIA 

Degradation  of  2,4-Dichlorophenol  in  Anaero- 
bic Freshwater  Lake  Sediments. 
W9 1-06663  5G 

ANAEROBIC  CONDITIONS 

Ageing  Effects  of  Highmolecular  Weight  Or- 
ganic Acids  Which  Can  Be  Isolated  from  Land- 
fill Leachates. 
W9 1-06085  5B 

ANAEROBIC  DIGESTION 

Corrected  Method  for  Dry  Matter  Determina- 
tion for  Use  in  Anaerobic  Digester  Control. 
W91-06223  5D 

Psychrophilic  Anaerobic  Digestion  of  Animal 

Manure:  Proposed  Design  Methodology. 

W9 1-06225  5D 

Surface  Charge  on  Wastewater  Sludges. 
W91-06439  5D 


Role  of  Substrate  Concentration  in  Particle  Size 

Distribution  of  Methanogenic  Sludge  in  UASB 

Reactors. 

W9 1-06860  5D 

ANALYTICAL  METHODS 

Assessing  Atrazine  Persistence  in  Soil  Following 

a  Severe  Drought. 

W9 1-05985  5A 

Enzyme  Immunoassay  for  the  Determination  of 

Atrazine  Residue  in  Soil. 

W9 1-05986  5  A 

Toxicity  Test  with  Algae:  A  Discussion  on  the 

Batch  Method. 

W9 1-06002  5  A 

Identification  of  Non-Biodegradable,  Hydrophil- 
ic,  Organic  Substances  in  Industrial  and  Munici- 
pal Waste  Water  Treatment  Plant-Effluents  by 
Liquid  Chromatography-Tandem  Mass  Spec- 
trometry (LC/MS/MS). 
W9 1-06076  5D 

Laser     Desorption-Ionization     FT-ICR     Mass 
Spectrometry:  DNA-Adduct  Bases,  Nucleosides 
and  Nucleotides. 
W9 1-06366  5C 

In  vivo  Microscopy  of  Liver  Microvasculature 
in  Rainbow  Trout  (Oncorhynchus  mykiss). 
W91-06377  5A 

Histopathological    Assessment    of    Neurotoxic 
Injury  in  Mammals:  Possible  Applications  for 
Similar  Studies  in  Fish. 
W9 1-06382  5  A 

Use  of  Bioindicators  for  Assessing  the  Effects  of 

Pollutant  Stress  on  Fish. 

W91-06385  5A 

Detection  of  Major  Stress  Protein  Using  a  Pep- 
tide Antibody. 
W9 1-06387  5C 

Transpiration  of  Mature  Stands  of  Spruce  (Picea 
abies  (L.)  Karst.)  as  Estimated  by  the  Tree-trunk 
Heat  Balance  Method. 
W9 1-06539  2D 

Dissolved  Organic  Matter  and  UV  Absorption 

in  a  Tropical  Hyperhaline  Estuary. 

W9 1-06821  2L 

Micronucleus  Assay  in  Anodonta  cygnea  for  the 
Detection  of  Drinking  Water  Mutagenicity. 
W91-06827  5A 

Application  of  Marine  Seismic  Profiling  to  a 
Ground  Water  Contamination  Study,  Aberdeen 
Proving  Ground,  Maryland. 
W9 1-06849  5B 

Confirmation  and  Quantitation  of  Hydroxymeth- 
anesulfonate   in    Precipitation   by   Electrospray 
Ionization-Tandem  Mass  Spectrometry. 
W91-06874  5C 

New  Toxicity  Testing  Method   Using  Marine 

Bacterivorous  Nanoflagellates. 

W9 1-06885  5C 

Analysis  of  Sulfur  in  Soil,  Plant  and  Sediment 
Materials:  Sample  Handling  and  Use  of  an  Auto- 
mated Analyzer. 
W9 1-06960  5  A 

Importance  of  Soil  Water  Content  when  Esti- 
mating Soil  Microbial  C,  N  and  P  by  the  Fumi- 
gation-Extraction Methods. 
W9 1-06961  2G 


Determination  of  Soluble  Selenium  in  Soils. 
W9 1-06970 
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Color  Changes  of  Organic  Wastes  during  Com- 
posting and  Maturation  Processes. 
W9 1-06971  5E 

Method    for    Monitoring    the    Decomposition 
Process  in  Soil  of  Organic  Wastewaters  with 
High  Strength  and  Low  C/N  Ratio. 
W9 1-06978  5E 

Characterization  of  Alachlor  and  Atrazine  De- 

sorption  from  Soils. 

W9 1-06982  5B 

Immunoassays  to  Detect  and  Quantitate  Herbi- 
cides in  the  Environment. 
W9 1-06990  5  A 

Indirect  Inductively  Coupled  Plasma  Atomic 
Emission  Determination  of  Fluoride  in  Water 
Samples  by  Flow  Injection  Solvent  Extraction. 
W91-O7011  7B 

Concentration  of  Organics  from  Aqueous  Solu- 
tions Using  Uncoated  Capillary  Columns. 
W91-07012  5A 

Development  of  a  Novel  Multi-Element  Detec- 
tion   System    for   Trace    Metal    Determination 
Based  on  Chemiluminescence  After  Separation 
by  Ion  Chromatography. 
W91-O7015  5A 

In   Situ   Voltammetric   Measurement  of  Trace 

Elements  in  Lakes  and  Oceans. 

W91-07016  5A 

Concentration    and    Determination    of    Trace 

Amounts  of  Chlorinated  Pesticides  in  Aqueous 

Samples. 

W91-07017  5A 

Application  of  Auger  Electron  Spectroscopy  to 

Studies  of  Chemical  Weathering. 

W9 1-07035  2K 

Method    for    Determining    Sediment    Budgets 

Using  Caesium- 137. 

W9 1-07076  2J 

ANALYTICAL  TECHNIQUES 

Sorption  of  Polycyclic  Aromatic  Hydrocarbons 
onto  Natural  Solids:  Determination  by  Fluores- 
cence Quenching  Method. 
W91-O6086  5B 

Dissolved  Organic  Matter  and  UV  Absorption 

in  a  Tropical  Hyperhaline  Estuary. 

W91-06821  2L 

Determination  of  Total  Mercury  Concentration 
in  Wastewater  by  Continuous  Microflow  Analy- 
sis with  Cold  Vapor  Atomic  Absorption  Spec- 
trometry. 
W9 1-06822  5  A 

ANDES  MOUNTAINS 

Sediment    Discharge   from    the   Andes   to   the 
Amazonia  along  the  Beni  River  (Exportation  de 
Matieres  en  Suspension  des  Andes  vers  l'Ama- 
zonie  par  le  Rio  Beni,  Bolivie). 
W91-O7104  2J 

ANIMAL  BEHAVIOR 

Effects  of  Phthalate  Esters  on  the  Locomotor 
Activity   of  the   Freshwater   Amphipod   Gam- 
marus pulex. 
W9 1-05990  5C 

ANIMAL  DISEASES 

Prevalence  of  Leukemia  in  Hemolymph  of  Soft- 
Shell  Clams,  Mya  arenaria,  in  Dorchester  Bay, 
Boston  Harbor. 
W91-06373  5C 

Comparison  of  Both  Neoplastic  and  Nonneo- 
plastic Disorders  in  Winter  Flounder  (Pseudo- 
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pleuronectes  americanus)  from  Eight  Areas  in 

New  England. 

W91-06375  5C 

Cellular  Distribution  of  Cytochrome  P-450E  in 
Winter  Flounder  Liver  with  Degenerative  and 
Neoplastic  Disease. 
W91-06383  5C 

ANIMAL  METABOLISM 

Mixed-Function      Oxygenase      System      and 
Benzo(a)pyrene  Metabolism  in  Echinoderms. 
W9 1-06326  5B 

Seasonal  Variation  of  Mixed-Function  Oxidase 
Activity  in  a  Population  of  Yellow-Legged  Her- 
ring Gull:  Relationship  to  Sexual  Cycle  and  Pol- 
lutants. 
W9 1-06329  5C 

Purification  and  Properties  of  Hepato-pancreas 
and   Green   Gland    Cytosolic    Glutathione   S- 
Transferases  of  the  Red  Swamp  Crayfish,  Pro- 
cambarus  clarkii. 
W91-06335  5C 

Metabolism  and  Accumulation  of  Xenobiotics 
Within  Hepato-pancreas  Cells  of  the  Blue  Crab, 
Callinectes  sapidus. 
W91-06336  5B 

Characterization  of  BNF-Inducible  Cytochrome 

P-450IA1  in  Cultures  of  Rainbow  Trout  Liver 

Cells. 

W91-06338  5C 

Comparative  Metabolism  of  Benzo(a)pyrene  and 
(-)  Benzo(a)pyrene-7,8-dihydrodiol  by  Hepato- 
cytes  Isolated  from  Two  Species  of  Bottom- 
Dwelling  Fish. 
W9 1-06344  5C 

Metal-Binding  in  Polychaetes:  Quantitative  and 

Qualitative  Studies  of  Five  Species. 

W9 1-06346  5B 

Fish  Metallothioneins:  Molecular  Cloning  Stud- 
ies and  Induction  in  Cultured  Cells. 
W9 1-06347  5C 

Comparison  of  Metal-Binding  Proteins  and  Cad- 
mium Metabolism  in  the  Marine  Molluscs  Littor- 
ina  littorea  (Gastropoda),  Mytilus  edulis  and 
Macoma  balthica  (Bivalvia). 
W91-06350  5B 

Metals  in  Gastropods-Metabolism  and  Biore- 

duction. 

W91-06351  5B 

Strategies    of   Trace    Metal    Sequestration    in 

Aquatic  Organisms. 

W9 1-06352  5B 

Bioconcentration  and  Elimination  of  Triphenyl- 

tin  Hydroxide  in  Fish. 

W91-06354  5B 

Metabolic/Physiological  Basis  of  Genotype-De- 
pendent Mortality  During  Copper  Exposure  in 
Mytilus  edulis. 
W91-06357  5C 

Relationship   Between   Lipid  Composition  and 
Seasonal  Differences  in  the  Distribution  of  PCBs 
in  Mytilus  edulis  L. 
W9 1-06360  5B 

Oxyradical    Generation    and    Redox    Cycling 
Mechanisms  in  Digestive  Gland  Microsomes  of 
the  Common  Mussel,  Mytilus  edulis  L. 
W9 1-06362  5C 

DNA  Adducts  as  Biomarkers  in  Genotoxic  Risk 

Assessment  in  the  Aquatic  Environment. 

W9 1-06367  5B 


Role  of  the  Red  Gland  in  Mercenaria  mercen- 

aria  in  Detoxification. 

W9 1-06384  5B 

Effects  of  Deltamethrin  on  Protein  Phosphoryla- 
tion   and    Dephosphorylation    Process    in    the 
Nerve  Fibers  of  the  American  Lobster,  Homerus 
americanus  L. 
W9 1-07003  5C 

Sublethal  Effects  of  an  Organophosphorus  In- 
secticide on  Certain  Metabolite  Levels  in  a 
Freshwater  Fish,  Puntius  conchonius  Hamilton. 
W9 1-07004  5C 

Accumulation  and  Metabolism  of  2,4,6-Trichlor- 
ophenyl-4'-Aminophenyl  Ether  by  Carp. 
W91-O7019  5B 

Bioconcentration  and   Excretion  of  Diazinon, 

IBP,  Malathion  and  Fenitrothion  by  Carp. 

W9 1-07020  5B 

Comparison  of  the  Accumulation,  Tissue  Distri- 
bution and  Secretion  of  Cadmium  in  Different 
Species  of  Freshwater  Fish. 
W9 1-07021  5B 

Activities  of  Pollutant  Metabolising  and  Detoxi- 
cation  Systems  in  the  Liver  of  the  Plaice,  pleur- 
onectes Platessa:  Sex  and  Seasonal  Variations  in 
Non-Induced  Fish. 
W9 1-07022  SB 

Aluminium   Inhibition   of  Calcium   Carbonate 
Crystal  Growth:  In  Vitro  Studies  Related  to 
Shell-Repair  in  the  Snail  Helix  pomatia  L. 
W9 1-07023  5C 

Aluminium  Phosphatase  Activities  and  Shell- 
Repair.  Studies  in  the  Snail  Helix  pomatia  L. 
W9 1-07024  5C 

ANIMAL  PATHOLOGY 

Long  Term  Effects  of  Crude  Oil  on  Common 
Murres  (Uria  aalge)  Following  Rehabilitation. 
W91-06889  5C 

ANIMAL  PHYSIOLOGY 

Fish  and  Mammalian  Liver  Cytosolic  Glutathi- 
one S-Transferases:  Substrate  Specificities  and 
Immunological  Comparison. 
W9 1-06330  5C 

Metabolic/Physiological  Basis  of  Genotype-De- 
pendent Mortality  During  Copper  Exposure  in 
Mytilus  edulis. 
W9 1-063  57  5C 

Inhibition  of  Corneal  Epithelial  Cell  Migration 

by  Cadmium  and  Mercury. 

W9 1-06891  5C 

ANIMAL  TISSUES 

Bioconcentration   of  Endosulfan   in    Different 
Body  Tissues  of  Estuarine  Organisms  under  Sub- 
lethal Exposure. 
W9 1-05989  5C 

Uptake  Metabolism  and  Biological  Half-Life  of 
Benzo(a)pyrene  in  Different  Tissues  of  Sea  Bass, 
Dicentrarchus  labrax. 
W9 1-05994  5B 

Uptake  and  Body  Distribution  of  Chlorinated 
Phenolics  in  the  Freshwater  Mussel,  Anodonta 
anatina  L. 
W9 1-06003  5B 

Using  the  DNA  Alkaline  Unwinding  Assay  to 
Detect  DNA  Damage  in  Laboratory  and  Envi- 
ronmentally Exposed  Cells  and  Tissues. 
W9 1-06369  5  A 


ANIMAL  WASTES 

Efficacy  of  a  Juvenile  Hormone  Mimic,  Pyri- 
proxyfen  (S-31183),   for  Mosquito  Control  in 
Dairy  Wastewater  Lagoons. 
W91-06123  5D 

Upgrading  an  Aerated  Lagoon  to  a  Sequencing 
Batch  Reactor  for  Piggery  Waste  Treatment. 
W9 1-06224  5D 

Psychrophilic  Anaerobic  Digestion  of  Animal 

Manure:  Proposed  Design  Methodology. 

W9 1-06225  5D 

Odour  and  Ammonia  Emissions  Following  the 

Spreading  of  Aerobically-Treated  Pig  Slurry  on 

Grassland. 

W9 1-06226  5E 

ANOXIC  CONDITIONS 

Transport    of    Groundwater-Borne    Nutrients 

from  Watersheds  and  Their  Effects  on  Coastal 

Waters. 

W9 1-06950  5B 

ANTAGONISTIC  EFFECTS 

Effect  of  Selenium  on  the  Uptake  of  Cadmium 
by  the  Marine  Macroalga  Hymenomonas  (Cri- 
cosphaera)  elongata. 
W91-06386  5C 

ANTARCTICA 

Mixed-Function  Oxidase  Activity  and  Conjugat- 
ing Enzymes  in  Two  Species  of  Antarctic  Fish. 
W9 1-06328  5B 

ANTECEDENT  MOISTURE 

Influence  of  Aggregate  Diameter,  Surface  Area 
and  Antecedent  Water  Content  on  the  Dispersi- 
bility  of  Clay. 
W9 1-06407  2G 

ANTHESIS 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water-Limited    Conditions:    I.    Water  Stress 
before  Anthesis. 
W9 1-06941  21 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water  Limited  Conditions:  II.  Water  Stress  after 

Anthesis. 

W9 1-06942  21 

ANTIFOULANTS 

Uptake    and   Transformation    of    14C-Labelled 

Tributyltin  Chloride  by  the  Dog- Whelk,  Nucella 

lapillus:   Importance   of  Absorption   from   the 

Diet. 

W9 1-06358  5B 

ANTIKYRA  GULF 

Uptake  of  Cu,   Cd,   Zn  and   Pb  in   Posidonia 
oceanica     (Linneaus)     from     Antikyra     Gulf, 
Greece:  Preliminary  Note. 
W9 1-06391  5B 

APHANLZOMENON 

Response  of  Anabaena  flos-aquae  (Cyanophyta) 
Nitrogenase  Activity  to  Sudden  Phosphate  Dep- 
rivation. 
W9 1-06257  2H 

AQUATIC  ANIMALS 

Community  Structure,  Distribution,  and  Stand- 
ing Stock  of  Benthos,  Epibenthos,  and  Plankton 
in  the  Columbia  River  Estuary. 
W91-06285  2L 

Strategies    of    Trace    Metal    Sequestration    in 

Aquatic  Organisms. 

W9 1-06352  5B 

Trophic  Transfer  of  Benzo(a)pyrene  Metabolites 

Between  Benthic  Marine  Organisms. 

W9 1-06361  5B 
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Effect  of  Escape  Reactions  on  the  Quantitative 

Sampling  of  Gravel  Stream  Fauna. 

W91-06753  7B 

Daphnia  Growth  at  Different  Concentrations  of 

Blue-Green  Filaments. 

W9 1-06754  2H 

Production  and  Population  Dynamics  of  Pachy- 

melania  aurita  Muller. 

W91-06757  2L 

Coexistence  of  Daphnia  Species  and  Their  Hy- 
brids: An  Experimental  Population  Genetics  Ap- 
proach. 
W9 1-06761  2H 

Chronic  and  Sublethal  Toxicities  of  Surfactants 
to  Aquatic  Animals:  a  Review  and  Risk  Assess- 
ment. 
W9 1-06871  5C 

AQUATIC  BACTERIA 

Differential  Colonization  and  Growth  of  Algae 
and  Ferromanganese-Depositing   Bacteria  in  a 
Mountain  Stream. 
W91-06018  2H 

Seasonal  Variations  in  Bacterial  Communities  in 
Adirondack  Streams  Exhibiting  pH  Gradients. 
W9 1-06022  2H 

Explanation  for  the  Decline  of  Bacteria  Intro- 
duced into  Lake  Water. 
W9 1-06023  5B 

Selection  of  Bacterial  and  Fungal  Strains  for 
Bioaccumulation  of  Heavy  Metals  from  Aque- 
ous Solutions. 
W9 1-06073  5D 

Carbon  Isotope  Discrimination  by  Phytoplank- 
ton  and  Photosynthetic  Bacteria  in  Monomictic 
Lake  Fukami-ike. 
W9 1-06763  2H 

AQUATIC  ENVIRONMENT 

DNA  Adducts  as  Biomarkers  in  Genotoxic  Risk 
Assessment  in  the  Aquatic  Environment. 
W91-06367  5B 

Aquatic  Toxicology  and  Risk  Assessment. 

W9 1-06691  5C 

Aquatic  Community  Response  to  Stress:  Predic- 
tion and  Detection  of  Adverse  Effects. 
W9 1-06693  5C 

Aquatic  Test  Systems  for  Studying  the  Fate  of 

Xenobiotic  Compounds. 

W9 1-06694  5B 

Biodegradation  and  Reduction  in  Aquatic  Toxic- 
ity of  the  Persistent  Riot  Control  Material  1,4- 
Dibenz-Oxazepine. 
W9 1-06696  5B 

Aquatic  Toxicity  of  the  Sensory  Irritant  and 

Riot  Control  Agent  Dibenz-(b,f)-l,4-Oxazepine 

(CR). 

W9 1-06703  sc 

Reducible  Dye  2-(p-Iodophenyl)-3-(p-Nitro- 
phenyl)-5-(Phenyl)-2H-Tetrazolium  Chloride 
(INT)  for  Use  in  Aquatic  Toxicology:  Notes  on 
Chemical  Structure,  Electrochemistry,  and  Tox- 
icity. 
W9 1-06706  5C 

Peroxisome     Proliferation     as     an     Epigenetic 
Mechanism    of   Carcinogenesis:    Relevance    to 
Aquatic  Toxicology. 
W91-06712  5C 

AQUATIC  FUNGI 

Selection  of  Bacterial  and  Fungal  Strains  for 
Bioaccumulation  of  Heavy  Metals  from  Aque- 
ous Solutions. 
W9 1-06073  5D 


Laboratory   Evaluation   of  Lagenidium   gigan- 

teum  (Oomycetes:  Lagenidiales)  in  Water  from 

Contra    Costa    County,    California,    Mosquito 

Sources. 

W91-06122  JG 

AQUATIC  HABITATS 

Hydrodynamic  and  Fluvial  Morphologic  Proc- 
esses:   Implications   for   Fisheries   Management 
and  Research. 
W9 1-06026  2E 

Community  Structure,  Distribution,  and  Stand- 
ing Stock  of  Benthos,  Epibenthos,  and  Plankton 
in  the  Columbia  River  Estuary. 
W91-06285  2L 

Slackwater       Habitat       in      Torrent-Impacted 

Streams. 

W9 1-06636  2E 

Conservation  of  Fish  Habitat  in  Streams  by  the 

Method  of  Low  Dams  Series. 

W91-06637  81 

Geomorphic    and    Hydrologic    Conditions   for 
Cold  Pool  Formation  on  Redwood  Creek,  Cali- 
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Size  and  Location  of  Colluvial  Landslides  in  a 

Steep  Forested  Landscape. 

W91-06574  2J 

Bedrock  Geometry  of  Unchannelized  Valleys. 
W9 1-06578  2J 

Rates  of  Soil  Creep  on  Colluvium-Mantled  Hills- 
lopes  in  North-Central  California. 
W9 1-06579  2J 

COLOMBIA 

Rapid  Formation  of  Large  Coastal  Sand  Bodies 
After  Emplacement  of  Magdalena  River  Jetties, 
Northern  Colombia. 
W9 1-06800  2J 
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COLONIZATION 

Role    of    Refugia    in    the    Recolonization    of 
Streams  Devastated  by  the   1980  Eruption  of 
Mount  St.  Helens. 
W9 1-06034  2H 

COLORADO 

Response  of  Bed  Topography  to  Increased  Bed 

Load,  Fall  River,  Colorado. 

W9 1-06626  2J 

COLORADO  RIVER 

Aggradation  and  Degradation  of  Alluvial  Sand 
Deposits,  1965  to  1986,  Colorado  River,  Grand 
Canyon  National  Park,  Arizona. 
W91-07041  2J 

COLUMBIA  RIVER 

Columbia  River  Estuary  Studies:  An  Introduc- 
tion to  the  Estuary,  a  Brief  History,  and  Prior 
Studies. 
W9 1-06279  2L 

Circulation,    Density    Distribution    and    Neap- 
Spring  Transitions  in  the  Columbia  River  Estu- 
ary. 
W9 1-06281  2L 

Modelling  Salinity  and  Circulation  for  the  Co- 
lumbia River  Estuary. 
W9 1-06282  2L 

Energetics  and   Sedimentary  Processes  in  the 

Columbia  River  Estuary. 

W9 1-06283  2L 

Historical  Changes  in  the  Columbia  River  Estu- 
ary. 
W9 1-06288  2L 

Archaeological  Investigations  at  River  Mile  590: 

The  Excavations  at  45D0189. 

W9 1-07039  6G 

COLUMBIA  RIVER  ESTUARY 

Primary  Production,  Plant  and  Detrital  Biomass, 

and  Particle  Transport  in  the  Columbia  River 

Estuary. 

W9 1-06284  2L 

Community  Structure,  Distribution,  and  Stand- 
ing Stock  of  Benthos,  Epibenthos,  and  Plankton 
in  the  Columbia  River  Estuary. 
W9 1-06285  2L 

Species  Composition,  Distribution,  and  Inverte- 
brate Prey  of  Fish  Assemblages  in  the  Columbia 
River  Estuary. 
W9 1-06286  2L 

Consumption  Processes  and  Food  Web  Struc- 
ture in  the  Columbia  River  Estuary. 
W91-06287  2L 

COMMERCIAL  FISHING 
Yield  of  Yellow  Perch  in  Lakes  Erie  and  St. 
Clair:  Community  Associations. 
W9 1-06037  2H 

COMPARISON  STUDIES 

Comparative  Studies  of  Metal  Containment  in 
Solidified  Matrices  by  Scanning  and  Transmis- 
sion Electron  Microscopy. 
W91-06141  5E 

Comparative  Evaluation  of  Selected  Measures  of 
Biological  Effects  of  Exposure  of  Marine  Orga- 
nisms to  Toxic  Chemicals. 
W91-06192  5C 

Centrifuge  Thickening:  Full-Scale  Testing  and 

Design  Considerations. 

W9 1-06428  5D 

COMPOSTING 

Color  Changes  of  Organic  Wastes  during  Com- 
posting and  Maturation  Processes. 
W9 1-06971  5E 


COMPUTER  MODELING 

Relationships  Between  Channel  Morphology, 
Unit  Stream  Power,  and  Sediment  Routing  and 
Storage  in  a  Steep,  Bedrock  Controlled  Channel. 
W91-06613  2E 

COMPUTER  MODELS 

Network    Management-the    Bradford    Experi- 
ence. 
W9 1-05967  5F 

Finite  Element  Model  of  Circulation  In  Shallow 
Water  with  Moving  Boundary  on  Tidal-Flat. 
W91-06218  2L 

Terrain  Analysis  for  Quantitative  Description  of 

Zero-Order  Basins. 

W9 1-06582  2J 

Computer  Simulations  of  Debris  Flow  Deposi- 

tional  Processes. 

W91-06591  2J 

Computation  (Investigation,  Education,  and  Ap- 
plication). 
W9 1-07027  gB 

Selection  of  Representative  and  Experimental 
Basins  for  the  Study  of  Erosion  on  the  South 
American  Plateau  (Choix  de  Bassins  Representa- 
tifs  et  Experimentaux  pour  l'Etude  de  l'Erosion 
sur  le  Plateau  Basaltique  Sudamericain). 
W9 1-07075  2J 

COMPUTER  PROGRAMS 

MAPS:  A  GIS  for  Land  Resource  Management 

in  Montana. 

W91-06115  7C 

Computer-Aided  Analysis  of  Flow  Recessions 
and  Coupled   Basin  Water  Balance  Investiga- 
tions. 
W9 1-06470  2E 

CONDUCTANCE 

Persistence  of  a  Chemical  Gradient  in  the  Lower 

Platte  River,  Nebraska. 

W91-07010  6G 

CONDUCnvrTY 

Soil    Electrical    Conductivity:    Effects   of  Soil 
Properties  and  Application  to  Soil  Salinity  Ap- 
praisal. 
W9 1-06789  2G 

Locating  Lagoon  Seepage  with  Radar  and  Elec- 
tromagnetic Survey. 
W9 1-06801  5B 


CONFERENCES 

FRIENDS  in  Hydrology. 
W91-06461 
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European  Network  of  Representative  and  Ex- 
perimental Basins  for  Long-Term  Monitoring  of 
Water  Resources. 
W9 1-06499  7  a 

CONGO  RIVER 

Transport  of  Suspended  and  Dissolved  Matter  in 
Large  Rivers  in  Intertropical  Regions:  Prelimi- 
nary Results  in  the  Basin  of  the  River  Congo 
(Transport  de  Matiere  sur  les  Grands  Fleuves 
des  Regions  Intertropicales:  Les  Premiers  Resul- 
tats  des  Mesures  de  Flux  Particulaires  sur  le 
Bassin  du  Fleuve  Congo). 
W91-07110  2J 

CONGO  RIVER  BASIN 

Transport  of  Suspended  and  Dissolved  Matter  in 
Large  Rivers  in  Intertropical  Regions:  Prelimi- 
nary Results  in  the  Basin  of  the  River  Congo 
(Transport  de  Matiere  sur  les  Grands  Fleuves 
des  Regions  Intertropicales:  Les  Premiers  Resul- 
tats  des  Mesures  de  Flux  Particulaires  sur  le 
Bassin  du  Fleuve  Congo). 
W91-07110  2J 


CONIFEROUS  FORESTS 

Seasonal  Variation  of  Radiation  and  Energy  Bal- 
ances in  a  Hinoki  Stand. 
W9 1 -06543  2D 

CONIFERS 

Impact  of  Conifer  Afforestation  on  Water  Qual- 
ity in  an  Upland  Catchment  in  Southwest  Eng- 
land. 
W91-06552  5C 

CONNECTICUT 

Catch-and-Release    Management    of    a    Trout 

Stream  Contaminated  with  PCBs. 

W9 1-06030  si 

CONSERVATION 

Strategies   for   Sustainable   Agriculture   in   the 

Tropics. 

W91-06108  3F 

Swampbuster  Implementation:  Missed  Opportu- 
nities for  Wetland  Protection. 
W9 1-06274  6E 

CONSTRUCTION  MATERIALS 

Leaching  Characteristics  of  Construction  Mate- 
rials   and    Stabilization     Products    Containing 
Waste  Materials. 
W91-06136  5E 

CONTAMINATION 

Evaluation  of  Biochemical  Responses  to  Envi- 
ronmental  Contaminants   in   Flatfish   from   the 
Hvaler  Archipelago  in  Norway. 
W91-06331  jc 

Environmental   Contamination   and   Cancer   in 

Fish. 

W9 1-06378  jc 

CONVECTION 

Unsteady  Transport  of  Pollutants  in  Rivers  Due 

to  Pulse  Disposal. 

W9 1-06059  5B 

COPPER 

Copper   Tolerance   of  Chlamydomonas   acido- 
phil   (Chlorophyceae)    Isolated    from    Acidic, 
Copper-Contaminated  Soils. 
W9 1-06258  jc 

Metal-Binding  in  Polychaetes:  Quantitative  and 

Qualitative  Studies  of  Five  Species. 

W9 1-06346  5B 

Relationship  Between  Metallothionein,  Copper 
and  Zinc  in  Perch  (Perca  fluviatilis)  Environ- 
mentally Exposed  to  Heavy  Metals. 
W9 1-06348  5B 

Metabolic/Physiological  Basis  of  Genotype-De- 
pendent Mortality  During  Copper  Exposure  in 
Mytilus  edulis. 
W91-06357  jc 

Uptake  of  Cu,   Cd,   Zn  and  Pb  in   Posidonia 

oceanica     (Linneaus)     from  Antikyra     Gulf, 
Greece:  Preliminary  Note. 
W91-06391  5B 

Fate  of  Trace  Metals  During  the  Metamorphosis 

of  Chironomids  (Diptera,  Chironomidae). 

W9 1-06807  5B 

COPPER  COMPOUNDS 

Toxicity  to  Estuarine  Organisms  of  Leachates 

from    Chromated    Copper    Arsenate    Treated 

Wood. 

W9 1-06782  5C 

COPPER  RIVER  DELTA 

Plant  Succession  on  Earthquake  Uplifted  Coast- 
al Wetlands,  Copper  River  Delta,  Alaska. 
W9 1-06032  2L 
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COPPER  SULFATE 

Effect  of  Herbicide  Residues  on  Microbial  Proc- 
esses in  Pond  Sediment. 
W91-06777  5C 

CORMORANTS 

Planar   Chlorinated   Hydrocarbons   (PCHs)   in 
Colonial  Fish-Eating  Waterbird  Eggs  from  the 
Great  Lakes. 
W91-06393  5C 

CORN 

Sweet  Corn  Yield  and  Tissue  Metal  Concentra- 
tions after  Seven  Years  of  Sewage  Sludge  Appli- 
cations. 
W91-06299  5E 

Soil  Type,  Precipitation,  and  Fertilizer  N  Effects 

on  Corn  Yields. 

W9 1-06302  3F 

Preplant    Tillage    Effects    on    Irrigated    Corn 

Grown  on  a  Sandy  Soil. 

W9 1-06303  3F 

Moisture  Distribution  Within  a  Maize  Crop  Due 

to  Dew. 

W9 1-06933  2I 

CORRELATION  ANALYSIS 

Suspended    Sediment-Transport    Capacity    for 

Open  Channel  Flow. 

W9 1-06293  u 

COST  ALLOCATION 

Study  of  the  Planning  of  Water  Pollution  Con- 
trol for  Second  Songhua  River  in  China. 
W9 1-06043  5G 

Minimizing  Waste  by  Charging  the  Generator. 
W91-06161  5E 

Community  Self-Financing  of  Water  Supply  and 
Sanitation:  What  Are  the  Promises  and  Pitfalls. 
W91-06244  5F 

COST  ANALYSIS 

Costs  for  Reducing  Farmers'  Use  of  Nitrogen  in 

Gotland,  Sweden. 

W91-O6107  5G 

Cost  and  Performance  of  a  Membrane  Pilot 

Plant. 

W91-068U  5F 

COST-BENEFIT  ANALYSIS 

Costs  and  Benefits  of  the  Conservation  Reserve 

Program. 

W91-06273  4D 


Economics  of  Nitrate  Pollution. 
W9 1-06790 
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COST  REPAYMENT 

Community  Self-Financing  of  Water  Supply  and 
Sanitation:  What  Are  the  Promises  and  Pitfalls. 
W9 1-06244  SF 

COST  SHARING 

Effective  Cost-Share  Rates  and  the  Distribution 
of  Social  Costs  in  the  Rock  Creek,  Idaho,  Rural 
Clean  Water  Project. 
W91-06U6  6C 

COTTON 

Soil-Water  Relations  and  Interference  between 
Devil's-Claw     (Proboscidea     louisianica)     and 
Cotton  (Gossypium  hirsutum). 
W9 1-06980  3F 

CRABS 

Metabolism  and  Accumulation  of  Xenobiotics 
Within  Hepato-pancreas  Cells  of  the  Blue  Crab, 
Callinectes  sapidus. 
W91-06336  5B 

Intertidal  Distribution  and  Feeding  Habits  of  the 

Mud  Crab,  Eurytium  limosum. 

W9 1-06842  2L 


Effects  of  Lindane  and  Acetone  on  the  Develop- 
ment of  Larvae  of  the  Southern  King  Crab 
(Lithodes  antarcticus  Jaquinot). 
W9 1-06884  5C 

CRAYFISH 

Purification  and  Properties  of  Hepato-pancreas 
and    Green    Gland    Cytosolic    Glutathione    S- 
Transferases  of  the  Red  Swamp  Crayfish,  Pro- 
cambarus  clarkii. 
W9 1-06335  5C 

Quantitative  Structure-Activity  Studies  of  Pyr- 
ethroids:  21.  Substituted  Benzyl  Esters  of  'Ka- 
dethric'  Acid  and  Depolarization  of  the  Axonal 
Membrane  of  Crayfish. 
W9 1-07005  5C 

CREEP 

Rates  of  Soil  Creep  on  Colluvium-Mantled  Hills- 

lopes  in  North-Central  California. 

W9 1-06579  y 

CREOSOTE 

Evaluation  of  Wood-Treating  Plant  Sites  for 
Land  Treatment  of  Creosote  and  Pentachloro- 
phenol-Contaminated  Soils. 
W9 1-06670  5G 

Ground  Water  Contamination  at  Wood  Treat- 
ment Facilities. 
W91-06854  5B 

CROAKERS 

Croaker  (Nibea  mitsukurii)  and  the  Sea  Catfish 
(Plotosus    anguillaris):    Useful    Biomarkers    of 
Coastal  Pollution. 
W91-06179  5A 

Some  Effects  of  Sediment-Borne  Contaminants 
on  Development  and  Cytomorphology  of  Te- 
leost  Eye-Lens  Epithelial  Cells  and  Their  De- 
rivatives. 
W9 1-06376  5C 

Effects  of  Aroclor  1254  and  Cadmium  on  Re- 
productive  Endocrine   Function   and   Ovarian 
Growth  in  Atlantic  Croaker. 
W9 1-06392  5C 

CROP  PRODUCTION 

Energy,  Water,  and  Economic  Savings  of  Im- 
proved Production  Systems  on  the  Texas  High 
Plains. 
W9 1-06402  3F 

CROP  YIELD 

Improving  Irrigation  Schedules  to  Increase  Re- 
turns and  Reduce  Water  Use  in  Humid  Regions. 
W91-06118  3F 

Soil  Type,  Precipitation,  and  Fertilizer  N  Effects 

on  Corn  Yields. 

W9 1-06302  3F 

Preplant    Tillage    Effects    on    Irrigated    Corn 

Grown  on  a  Sandy  Soil. 

W9 1-06303  3F 

Soil  Physical  Behaviour  and  Crop  Responses  to 

Tillage  in  Lowland  Rice  Soils  of  Varying  Clay 

Content. 

W9 1-063 15  3F 

Spatial   Variability   of  an   Agricultural   Field: 
Geostatistical   Analysis   of  Soil   Texture,    Soil 
Moisture    and    Yield    Components    of    Two 
Rainfed  Crops. 
W9 1-06906  2G 

Effect  of  Pattern  of  Water  Supply  on  Vicia  faba 
L.:  1.  Dry  Matter  Partitioning  and  Yield  Varia- 
bility. 
W91-06932  3F 


Effect  of  Pattern  of  Water  Supply  on  Vicia  Faba 
L.:  2.  Pod  Retention  and  Filling,  and  Dry 
Matter  Partitioning,  Production  and  Water  Use. 
W91-06934  3F 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water-Limited  Conditions:  I.  Water  Stress 
before  Anthesis. 

W91-06941  2I 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water  Limited  Conditions:  II.  Water  Stress  after 

Anthesis. 

W91-06942  2I 

CROPLAND 

Costs  and  Benefits  of  the  Conservation  Reserve 

Program. 

W9 1-06273  4D 

Sediment  Losses  from  Cropland  Furrows. 

W9 1-07058  2J 

CROPPING 

Proper  Accounting  for  N  in  Cropping  Systems. 
W9 1-06737  3F 

Cropping  Systems:  Ecology  and  Management. 
W91-06741  3F 

Effect  of  Irrigated  Horticultural  Cropping  on 
Groundwater    Quality:    Swan    Coastal    Plain, 
Western  Australia. 
W91-07055  5G 

CROPS 

Soil  Water  Assessment  Model  for  Several  Crops 

in  the  High  Plains. 

W9 1-06399  2G 

Evaporation     Measurements     beneath     Corn, 

Cotton,  and  Sunflower  Canopies. 

W91-06400  2D 

CRUSTACEANS 

Daphnia  Growth  at  Different  Concentrations  of 

Blue-Green  Filaments. 

W91-06754  2H 

Intertidal  Distribution  and  Feeding  Habits  of  the 

Mud  Crab,  Eurytium  limosum. 

W9 1-06842  2L 

Spatio-Temporal  Fluctuations  in  the  Distribu- 
tion and  Abundance  of  Demersal  Fish  and  Epi- 
benthic  Crustaceans  in  Yaquina  Bay,  Oregon. 
W9 1-06843  2L 

CRYPTOSPORIDIUM 

Occurrence  and  Control  of  Cryptosporidium  in 

Drinking  Water. 

W9 1-06208  5F 

CULTIVATED  LANDS 

Conditions  for  the  Evacuation  of  Rock  Frag- 
ments from  Cultivated  Upland  Areas  During 
Rainstorms. 
W9 1-06727  y 

Spatial   Variability   of  an   Agricultural    Field: 
Geostatistical   Analysis   of  Soil   Texture,    Soil 
Moisture    and    Yield    Components    of    Two 
Rainfed  Crops. 
W9 1-06906  2G 

Use  of  Caesium- 137  Measurements  to  Investi- 
gate Sediment  Delivery  from  Cultivated  Areas 
in  Devon,  UK. 
W9 1-07093  y 

CULTURE  MEDIA 

Isolation  of  Some  New  Sulphur  Bacteria  from 

Activated  Sludge. 

W9 1-06004  5D 
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CULTURING  TECHNIQUES 

Toxicity  Test  with  Algae:  A  Discussion  on  the 

Batch  Method. 

W9 1-06002  j  a 

Heterotrophic  Plate  Counts  and  the  Isolation  of 
Bacteria  from  Mineral  Waters  on  Selective  and 
Enrichment  Media. 
W9 1-06005  j  a 


Waterborne  Giardiasis. 
W9 1-06207 
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Monitoring  Heterotrophic  Bacteria  in   Potable 

Water. 

W91-06216  5A 

CUMBERLAND  RIVER 

Current  Distribution  and  Status  of  the  Upper 
Cumberland  River  Johnny  Darter,  Etheostoma 
nigrum  susanae. 
W91-06019  2H 

CYANOPHYTA 

Cadmium  Toxicity  to  Photosynthesis  and  Asso- 
ciated  Electron  Transport  System  of  Nostoc 
linckia. 
W91-05988  5C 

Qualitative  Importance  of  the  Microbial  Loop 
and  Plankton  Community  Structure  in  a  Eutro- 
phic  Lake  during  a  Bloom  of  Cyanobacteria. 
W9 1-06024  2H 

Occurrence  and  Significance  of  Toxic  Cyano- 
bacteria in  Southern  Africa. 
W9 1-06057  5B 

Distribution  and  Algal-Lysing  Activity  of  Fruit- 
ing Myxobacteria  In  Lake  Suwa. 
W9 1-06251  2H 

Response  of  Anabaena  flos-aquae  (Cyanophyta) 
Nitrogenase  Activity  to  Sudden  Phosphate  Dep- 
rivation. 
W9 1-06257  2H 

Daphnia  Growth  at  Different  Concentrations  of 

Blue-Green  Filaments. 

W9 1-06754  2H 

CYCLING  NUTRIENTS 

Long-Term  Environmental  Effects  Associated 

with  Land  Application  of  Municipal  Sludges:  A 

Review. 

W9 1-06452  5E 

Effects  of  Hydrochemistry  Variability  on  Water 
Quality  Sampling  Frequencies  in  an  Alpine-Sub- 
alpine  Forest  Basin. 
W9 1-06548  2K 

CYTOCHROMES 

Polychlorinated   Biphenyls   Concentration   and 
Cytochrome    P-450E    Expression    in    Winter 
Flounder  from  Contaminated  Environments. 
W91-06327  5B 

Induction  of  Cytochrome  P-450E  (P-450IA1)  by 
2,3,7,8-Tetrachlorodibenzofuran  (2,3,7,8-TCDF) 
in  the  Marine  Fish  Scup  (Stenotomus  chrysops). 
W91-06332  5C 

Characterization  of  BNF-Inducible  Cytochrome 

P-450IA1  in  Cultures  of  Rainbow  Trout  Liver 

Cells. 

W91-06338  5C 

Expression  of  Orthologues  to  Rat  P-450IA1  and 
IIB1  in  Sea- Birds  from  the  Irish  Sea  1987-88: 
Evidence  for  Environmental  Induction. 
W9 1-06342  5C 

Differential  Expression  of  Multiple  Forms  of 
Cytochrome  P-450  in  Vertebrates:  Antibodies  to 
Purified  Rat  Cytochrome  P-450s  as  Molecular 
Probes  for  the  Evolution  of  P-450  Gene  Families 
I  and  II. 
W9 1-06343  sc 


Cellular  Distribution  of  Cytochrome  P-450E  in 
Winter  Flounder  Liver  with  Degenerative  and 
Neoplastic  Disease. 
W9 1-06383  5C 

CYTOLOGY 

Metals  in  Gastropods-Metabolism  and   Biore- 

duction. 

W91-06351  5B 

Convergence  of  Cellular  Systems  of  Metal  De- 
toxification. 
W91-06353  5B 

Using  the  DNA  Alkaline  Unwinding  Assay  to 
Detect  DNA  Damage  in  Laboratory  and  Envi- 
ronmentally Exposed  Cells  and  Tissues. 
W9 1-06369  5  a 

Comparative  Study  of  the  Differential  Blood 
Cell  Counts  of  Winter  Flounder  (Pseudopleur- 
onectes  americanus)  Collected  in  New  England. 
W9 1-06374  5C 

Some  Effects  of  Sediment-Borne  Contaminants 
on  Development  and  Cytomorphology  of  Te- 
leost  Eye-Lens  Epithelial  Cells  and  Their  De- 
rivatives. 
W9 1-06376  sc 

Cellular  Effects  of  Environmental  Contamina- 
tion in  Fish  from  the  River  Elbe  and  the  North 
Sea. 
W9 1-06379  5C 

Cellular    Alterations    Preceding  Neoplasia    in 

Pseudopleuronectes    americanus  from    Boston 

Harbor. 

W9 1-06380  sc 

Cellular  Distribution  of  Cytochrome  P-450E  in 
Winter  Flounder  Liver  with  Degenerative  and 
Neoplastic  Disease. 
W91-06383  5C 

Role  of  the  Red  Gland  in  Mercenaria  mercen- 

aria  in  Detoxification. 

W9 1-06384  5B 

CZECHOSLOVAKIA 

Management  of  Forests  with  Water  Conserva- 
tion Function. 
W91-06554  4A 

DAM  EFFECTS 

Influence  of  Various  Exposure  Periods  on  the 
Biomass  and  Chlorophyll  a  of  Cladophora  glo- 
merata  (Chlorophyta). 
W9 1-06248  2H 

NTNF-Programme  on  Environmental  Impacts 
('MVU'):  Research  and  Reference  Catchments 
Project  CFORSKREF). 
W9 1-06507  4C 

Tributary  Entrenchment  in  Response  to  Low- 
ered Base  Level  Below  a  Dam. 
W9 1-06628  4C 

Conservation  of  Fish  Habitat  in  Streams  by  the 

Method  of  Low  Dams  Series. 

W91-06637  81 

Changes  in  Sediment  Storage  Over  Time  on  a 

Coastal  California  River. 

W9 1-06639  2J 

Response  of  Dry  Creek,  California,  to  Land  Use 
Change,  Gravel  Mining  and  Dam  Closure. 
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Sea  Levels,  Mount  Desert  Island,  Maine. 
W91-06412  2C 

IDAHO 

Evaluating  the  Performance  of  Slow  Sand  Fil- 
ters in  Northern  Idaho. 
W9 1-05960  5F 

Effective  Cost-Share  Rates  and  the  Distribution 
of  Social  Costs  in  the  Rock  Creek,  Idaho,  Rural 
Clean  Water  Project. 
W91-06116  6C 

IDAHO  NATIONAL  ENGINEERING 
LABORATORY 

Stabilization  of  Mixed  Waste  at  the  Idaho  Na- 
tional Engineering  Laboratory. 
W91-06152  5E 

DLLINOIS  RIVER 

Sedimentation  of  Four  Reaches  of  the  Mississip- 
pi and  Illinois  Rivers. 
W9 1-07059  2J 

IMMUNE  RESPONSES 

Effect  of  Polycyclic  Aromatic  Hydrocarbons  on 
Immune  Responses  in  Fish:  Change  in  Melano- 
macrophage  Centers  in  Flounder  (Pseudopleur- 
onectes  americanus)  Exposed  to  Hydrocarbon- 
Contaminated  Sediments. 
W91-06381  5C 

IMMUNOASSAY 

Assessing  Atrazine  Persistence  in  Soil  Following 

a  Severe  Drought. 

W91-05985  5A 

Enzyme  Immunoassay  for  the  Determination  of 

Atrazine  Residue  in  Soil. 

W91-05986  5A 

Detection  of  Major  Stress  Protein  Using  a  Pep- 
tide Antibody. 
W9 1-06387  5C 

Immunoassays  to  Detect  and  Quantitate  Herbi- 
cides in  the  Environment. 
W9 1-06990  5  A 

IMMUNOCHEMISTRY 

Immunoassays  to  Detect  and  Quantitate  Herbi- 
cides in  the  Environment. 
W9 1-06990  5  A 


IN  SITU  TREATMENT 

In-Situ  Extraction  of  Contaminants  from  Haz- 
ardous Waste  Sites  by  Electroosmosis. 
W91-06444  5G 

In-Situ  Treatment  of  Soils  Contaminated  with 
Hazardous  Organic  Wastes  Using  Surfactants:  A 
Critical  Analysis. 
W9 1-06445  5G 

Electroacoustic  Soil  Decontamination  Process 
for  In-Situ  Treatment  of  Contaminated  Soils. 
W9 1-06446  5G 

In-Situ  Hot  Air/Steam  Extraction  of  Volatile 

Organic  Compounds. 

W9 1-06447  5G 

INCINERATION 

State  of  Wastewater  Treatment  Industry  in  The 

Netherlands. 

W9 1-06427  5D 

INDIA 

Haematological  Effects  in  Fishes  from  Complex 
Polluted  Waters  of  Visakhapatnam  Harbour. 
W9 1-06264  5C 

Simple  Water-Balance  Models  for  Simulating 
Moisture,  Salinity  and  Sodicity  Profiles  in  Soils 
under  Wheat. 
W91-06418  3F 

Studies  on  the  Hydrological  Processes  in  the 

Forest  Drainage  Basins  of  the  Western  Ghats  of 

India. 

W91-06531  4A 

Environmental  Effects  of  the  Mahi-Kadana  and 

Dharoi  Projects  at  Gujarat,  India. 

W91-06903  6G 

Erosion,  Transport  and  Deposition  of  Sediments 

by  the  Tropical  Rivers  of  India. 

W91-07115  2J 

INDICATORS 

Review  of  Biochemical  Methods  and  Other  In- 
dicators to  Assess  Fish  Health  in  Aquatic  Eco- 
systems Containing  Toxic  Chemicals. 
W9 1-06920  5  A 

Challenges  in  the  Detection  and  Diagnosis  of 
Pathological  Change  in  Aquatic  Ecosystems. 
W9 1-06924  5  A 

INDUSTRIAL  WASTES 

Lindane  Pollution  Near  an  Industrial  Source  in 

Northeast  Spain. 

W91-05983  5B 

Peroxide   Pre-Oxidation  of  Recalcitrant  Toxic 

Waste  to  Enhance  Biodegradation. 

W9 1-06079  5D 

Effects  of  Sediment  from  an  Industrial  Outfall 
Area  on  a  Marine  Planktonic  Ecosystem. 
W91-06103  5C 

Chemical  Emissions  from  the  Processing  and 
Use  of  Materials:  The  Need  for  an  Integrated 
Emissions  Accounting  System. 
W91-06109  5G 

Extraction  Procedure  Toxicity  and  Toxicity 
Characteristic  Leaching  Procedure  Extractions 
of  Industrial  and  Solidified  Hazardous  Waste. 
W91-06137  5E 

Waste   Minimization   Audits  at   Industrial   and 

DOD  Installations. 

W9 1-06 163  5E 

Application  of  a  Mobile  Solvent  Recovery  Proc- 
ess to  Minimize  Hazardous  Waste. 
W91-06167  5D 


Removal  of  Fluoride  Ion  from  Wastewater  by  a 

Hydrous  Cerium  Oxide  Adsorbent. 

W9 1-06665  5D 

New  Approach  for  Treatment  of  Acid-Contain- 
ing Waste  Streams. 
W9 1-06668  5D 


Solvent  Waste  Reduction. 
W91-06678 
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Effect  of  Chromium  (VI)  on  Activated  Sludge. 
W91-06866  5D 

INDUSTRIAL  WASTEWATER 

River    Basin    Water    Quality    Management    in 

Japan  -  An  Overview. 

W9 1-06042  5G 

Environmental  Studies  of  a  Marine  Wastewater 
Discharge  from  a  Sulphite  Pulp  Mill-Example 
of  a  General  Study  Approach  for  Marine  Indus- 
trial Discharges. 
W9 1-06055  5B 

Selection  of  Bacterial  and  Fungal  Strains  for 

Bioaccumulation  of  Heavy  Metals  from  Aque- 
ous Solutions. 

W9 1-06073  5D 

Elimination  of  Precoat  Filter  Sludge  Hazardous 

Waste. 

W91-06174  5D 

Dissolved  Air,  Induced  Air,  and  Nozzle  An- 
notation System  Performance  Comparison  for 
Precipitation       Flotation       of       Metal-Laden 
Wastewaters. 
W91-06433  5D 

Electrochemical  Reactor  Systems  for  Metal  Re- 
covery   and    Detoxification    of   Industrial    Ef- 
fluents. 
W91-06455  5D 

Influence  of  Irrigation  with  Pulp  and  Paper  Mill 

Effluent  on  Soil  Chemical  and  Microbiological 

Properties. 

W91-06788  5E 

Land  Applications:  Its  Effectiveness  in  Purifica- 
tion of  Urban  and  Industrial  Wastewaters  in  La 
Mancha,  Spain. 
W9 1-06799  5D 

INFILTRATION 

Urban  Stormwater  Infiltration:  Purposes,  Imple- 
mentation, Results. 
W9 1-06228  5E 

Permeability  of  Frozen  and  Thawed  Soils  and 

Sub-Soils  During  Spring  Snowmelt  Flood. 

W9 1-06465  2C 

Experimental  Study  on  the  Phenomena  of  Rain 

Infiltration. 

W9 1-06598  2B 


Linkages  with  Ground  Water. 
W9 1-06743 
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INFILTRATION  CAPACITY 

Grazing  Impacts  on  Infiltration  in  Mixed  Prairie 
and  Fescue  Grassland  Ecosystems  of  Alberta. 
W9 1-06406  4C 

INFLUENT  STREAMS 

Change   in   C:N:P   Ratios   During   Passage   of 

Water  Areas  from  Rivers  to  a  Lake. 

W9 1-06870  SB 

INHIBITION 

Aluminium    Inhibition    of   Calcium    Carbonate 
Crystal  Growth:  In  Vitro  Studies  Related   to 
Shell-Repair  in  the  Snail  Helix  pomatia  L. 
W9 1-07023  5C 
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INJECTION  WELLS 

Investigation  of  Possible  Contamination  of  Shal- 
low Ground  Water  by  Deeply  Injected  Liquid 
Industrial  Wastes. 
W91-06856  SB 

INJURY 

Histopathological    Assessment    of    Neurotoxic 
Injury  in  Mammals:  Possible  Applications  for 
Similar  Studies  in  Fish. 
W91-06382  5A 

INORGANIC  COMPOUNDS 

Supported  Catalysts  in  Hazardous  Waste  Treat- 
ment:  Destruction  of  Inorganic   Pollutants  in 
Wastewater  with  Hydrogen  Peroxide. 
W9 1-06659  5D 

INPUT-OUTPUT  ANALYSIS 

Effect  of  Clearcutting  on  Chemical  Exports  in 
Lateral  Flow  from  Differing  Soil  Depths  on  a 
Subalpine  Forested  Slope. 
W9 1-06550  4C 

INSECT  CONTROL 

Fate  and  Persistence  of  Bacillus  Sphaericus  Used 

as  a  Mosquito  Larvicide  in  Dairy  Wastewater 

Lagoons. 

W9 1-06823  5D 

Distribution  and  Abundance  of  Larval  Coquil- 

lettidia    Perturbans    in    a    Florida    Freshwater 

Marsh. 

W9 1-06824  2H 

Evaluation  of  Bacillus  Sphaericus  2362  Against 
Culex  Quinquefasciatus  in  Septic  Ditches. 
W91-06825  5D 

Effects  of  Controlled  Burning  on  Aedes  Taen- 
iorhynchus  Eggs  in  an  Abandoned  Rice  Im- 
poundment in  South  Carolina. 
W9 1-06826  4A 

INSECTICIDES 

Field  Efficacy  of  Vectobac-12AS  and  Vectobac- 
24AS  Against  Black  Fly  Larvae  in  New  Bruns- 
wick Streams  (Diptera:  Simuliidae). 
W91-06120  5G 

Efficacy  of  a  Juvenile  Hormone  Mimic,  Pyri- 
proxyfen   (S-31183),   for  Mosquito  Control   in 
Dairy  Wastewater  Lagoons. 
W91-06123  5D 

Secondary  Production  of  Chironomid  Commu- 
nities   in    Insecticide-Treated    and    Untreated 
Headwater  Streams. 
W9 1-06268  5C 

Toxicity  to  Aquatic  Organisms  of  Off-Target 
Deposition  of  Endosulfan  Applied  by  Aircraft. 
W9 1-07000  5C 

Use  of  Respiratory-Cardiovascular  Responses  of 
Rainbow  Trout  (Oncorhynchus  mykiss)  in  Iden- 
tifying Acute  Toxicity  Syndromes  in  Fish:  Part 
4.  Central  Nervous  System  Seizure  Agents. 
W9 1-07001  5  A 

Effects  of  Del tamethnn  on  Protein  Phosphoryla- 
tion   and    Dephosphorylation    Process    in    the 
Nerve  Fibers  of  the  American  Lobster,  Homerus 
americanus  L. 
W9 1-07003  5C 

Sublethal  Effects  of  an  Organophosphorus  In- 
secticide on  Certain  Metabolite  Levels  in  a 
Freshwater  Fish,  Puntius  conchonius  Hamilton. 
W9 1-07004  5C 

Quantitative  Structure-Activity  Studies  of  Pyr- 
ethroids:  21.  Substituted  Benzyl  Esters  of  'Ka- 
dethric'  Acid  and  Depolarization  of  the  Axonal 
Membrane  of  Crayfish. 
W9 1-07005  5C 


Enzyme   Modulation   by   Sublethal   Concentra- 
tions of  Aldicarb,  Phosphamidon,  and  Endosul- 
fan in  Fish  Tissues. 
W9 1-07006  5C 

Bioconcentration   and   Excretion   of  Diazinon, 

IBP,  Malathion  and  Fenitrothion  by  Carp. 

W9 1-07020  5B 


INSPECTION 

Dam  Safety  Inspection  Scheduling. 
W9 1-06295 
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INSTRUMENTATION 

New  Fast  Response  Instrument  for  Measuring 

Total  Water  Content  from  Aircraft. 

W91-061U  7B 

Device  for  Automatic  Soil  Moisture  Control  and 
Registration  of  Water  Use  in  Pot  Experiments. 
W91-06313  3F 

Vertically  Installed,  Flush-mounted  Tensiometer 

for  Turfgrass  Research. 

W91-06413  7B 


Measurement  of  Soil  Water  Potential. 
W91-06415 
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Role  of  Instrument  Type  and  Errors  in  the  Con- 
struction of  Catchment  Water  Balances. 
W91-06466  2E 

Field  Methods  Used  for  Monitoring  Erosion  and 
Sedimentation  Processes  in  Steeplands  of  North- 
western California,  USA. 
W9 1-06654  7B 

Analysis  of  Sulfur  in  Soil,  Plant  and  Sediment 
Materials:  Sample  Handling  and  Use  of  an  Auto- 
mated Analyzer. 
W9 1-06960  5  A 

INTERNATIONAL  AGREEMENTS 

Beyond  the  Decade:  A  Global  Framework  for 

Global  Cooperation. 

W91-06061  5G 

Current   Situation   and    Problems   of  Japanese 
International  Cooperation  in  the  Field  of  Water 
Supply  and  Waste  Management. 
W9 1-06062  6E 

INTERNATIONAL  COMMISSIONS 

Water  Quality  and  Health  (Review  of  the  Inter- 
national Drinking  Water  Supply  and  Sanitation 
Decade). 
W91-06064  5F 

International  Co-operation  on  Hydrology  of  the 

Central  and  Eastern  European  Countries. 

W9 1-06498  2E 

INTERNATIONAL  HYDROLOGICAL  DECADE 

Application  of  the  West  German  IHP  Recom- 
mendations for  the  Analysis  of  Data  from  Small 
Research  Basins. 
W9 1-06467  2E 

INTERSTITIAL  WATER 

Porewater  Oxidation,  Dissolved  Phosphate  and 
the  Iron  Curtain:  Iron-Phosphorus  Relations  in 
Tidal  Freshwater  Marshes. 
W9 1-06944  2K 

INTERHDAL  AREAS 

Morphology,  Sedimentology,  and  Tidal  Channel 
Processes  on  a  High-Tide-Range  Mudflat,  West 
Coast  of  South  Korea. 
W91-06816  2L 

INVERTEBRATES 

Ecological  Studies  on  the  Hydromedusae,  Si- 
phonophores  and  Ctenophores  in  the  Xiamen 
Harbor  and  Adjacent  Waters. 
W91-06106  2L 


Invertebrates  and  Associated  Bacteria  in  Drink- 
ing Water  Distribution  Lines. 
W9 1-06205  5F 

IODIDES 

Solubility   and   Stability  of  Inorganic   Iodides: 
Candidate  Waste  Forms  for  Iodine- 129. 
W91-06148  5E 

IODINE  RADIOISOTOPES 

Solubility   and   Stability   of  Inorganic   Iodides: 
Candidate  Waste  Forms  for  Iodine- 129. 
W91-06148  5E 

ION  EXCHANGE 

Options  Available  for  Ammonia  Removal  at  Da- 

vyhulme  Sewage-Treatment  Works. 

W9 1-05973  5D 

ION  EXCHANGE  CHROMATOGRAPHY 

Development  of  a  Novel  Multi-Element  Detec- 
tion   System    for   Trace    Metal    Determination 
Based  on  Chemiluminescence  After  Separation 
by  Ion  Chromatography. 
W91-07015  5A 

ION  EXCHANGE  RESINS 

Method  for  the  Sampling  and  Removal  of  Ionic 
Alkyllead  Compounds  from  Aqueous  Solution 
Using  Ion  Exchange  Media. 
W9 1-06869  5G 

ION  TRANSPORT 

Proton  Cycle  of  a  Deciduous  Forest  Ecosystem 

in  the  Netherlands  and  Its  Implications  for  Soil 

Acidification. 

W91-06317  5B 

Alteration  of  Calcium  Transport  as  a  Mechanism 

of  Cell  Injury  Induced  by  HgC12  in  Sea  Urchin 

Eggs. 

W91-06355  5C 

Mercury  Inhibits  the  Transport  of  D-Glucose  by 
the  Intestinal  Brush  Border  Membrane  Vesicles 
of  Fish. 
W91-06359  5C 

Effect  of  Clearcutting  on  Chemical  Exports  in 
Lateral  Flow  from  Differing  Soil  Depths  on  a 
Subalpine  Forested  Slope. 
W91-O6550  4C 

Toposequence  of  Fine-Textured  Soils  in  the 
Hilly  Area  of  the  Northernmost  Part  of  Hok- 
kaido: III.  Importance  of  Chelating  Low  Molec- 
ular Organic  Acids  in  the  Migration  Process  of 
Aluminum  and  Iron. 
W9 1-06972  2K 

IRAN 

Biological  Survey  of  Ground  Water  from  the 

Tehran  Plain,  Iran. 

W91-O6901  2F 

IRAQ 

Composition,    Seasonality    and    Abundance    of 
Fishes  in  the  Shatt  Al-Basrah  Canal,  an  Estuary 
in  Southern  Iraq. 
W9 1-06768  2L 

Periodicity  of  Suspended  Sediment  Concentra- 
tions in  the  River  Tigris  at  Baghdad  Identified 
Using  Short  Interval  Sampling. 
W9 1-07095  2J 

IRELAND 

Aspects  of  the  Nitrogen  Cycle  in  Peatland  and 
Plantation  Forest  Ecosystems  in  Western  Ire- 
land. 
W91-06321  2H 

Applications  of  Regional  Flood  Frequency  Pro- 
cedures in  Ireland. 
W91-06481  2E 
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Small  Catchment  Studies  of  Man's  Impact  on 
Flood  Flows:  Agricultural  Drainage  and  Planta- 
tion Forestry. 
W91-06491  2E 

IRISH  SEA 

Expression  of  Orthologues  to  Rat  P-450IA1  and 
IIB1  in  Sea-Birds  from  the  Irish  Sea  1987-88: 
Evidence  for  Environmental  Induction. 
W9 1-06342  5C 

IRON 

Analyzing  Biofilm  Processes  Used  in  Biological 

Filtration. 

W9 1-05961  5F 

Adsorption  of  Fe(III),  Co(II),  and  Zn(II)  onto 
Particulates  in  Fresh  Waters  on  the  Basis  of  the 
Surface  Complexation  Model:  I.   Stabilities  of 
Metal  Species  Adsorbed  on  Particulates. 
W91-06819  2K 

Adsorption  of  Fe(IH),  Co(II),  and  Zn(II)  onto 
Particulates  in  Fresh  Waters  on  the  Basis  of  the 
Surface  Complexation  Model:  II.  Stabilities  of 
Metal  Species  Dissolved  in  Fresh  Waters. 
W9 1-06820  2K 

Porewater  Oxidation,  Dissolved  Phosphate  and 
the  Iron  Curtain:  Iron-Phosphorus  Relations  in 
Tidal  Freshwater  Marshes. 
W9 1-06944  2K 

Toposequence  of  Fine-Textured  Soils  in  the 
Hilly  Area  of  the  Northernmost  Part  of  Hok- 
kaido: III.  Importance  of  Chelating  Low  Molec- 
ular Organic  Acids  in  the  Migration  Process  of 
Aluminum  and  Iron. 
W9 1-06972  2K 

IRON  COMPOUNDS 

Biodegradation    of   Synthetic    Organo-Metallic 
Complexes  of  Iron  and  Aluminum  with  Selected 
Metal  to  Carbon  Ratios. 
W9 1-06965  2K 

IRRIGATION 

Field  Movement  and  Persistence  of  Fenamiphos 

in  Drip-Irrigated  Pineapple  Soils. 

W9 1-06797  5B 

Effect  of  Pattern  of  Water  Supply  on  Vicia  faba 
L.:  1.  Dry  Matter  Partitioning  and  Yield  Varia- 
bility. 
W9 1-06932  3F 

Effect  of  Pattern  of  Water  Supply  on  Vicia  Faba 
L.:  2.  Pod  Retention  and  Filling,  and  Dry 
Matter  Partitioning,  Production  and  Water  Use. 
W9 1-06934  3F 

IRRIGATION  EFFECTS 

Effect  of  Wetting  and  Drying  on  the  Soil  Struc- 
ture. 
W9 1-05979  2G 


IRRIGATION  EFFICIENCY 

Improving  Irrigation  Schedules  to  Increase  Re- 
turns and  Reduce  Water  Use  in  Humid  Regions. 
W91-06118  3F 

Evaluating  Water  Supply  Outlook  for  Fertiliz- 
ing Hay  under  Variable  Streamflows. 
W91-06301  3F 

Device  for  Automatic  Soil  Moisture  Control  and 
Registration  of  Water  Use  in  Pot  Experiments. 
W91-06313  3F 

Energy,  Water,  and  Economic  Savings  of  Im- 
proved Production  Systems  on  the  Texas  High 
Plains. 
W9 1-06402  3F 


Historical  Changes  in  the  Columbia  River  Estu- 

2L 


ary. 
W91-06288 


Reduce  Greenhouse  Runoff. 
W9 1-06403 
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Water  Use  and  Average  Growth  Index  of  Five 

Species  of  Container  Grown  Woody  Landscape 

Plants. 

W9 1-06420  3F 

IRRIGATION  MANAGEMENT 

Device  for  Automatic  Soil  Moisture  Control  and 
Registration  of  Water  Use  in  Pot  Experiments. 
W91-06313  3F 

IRRIGATION  PRACTICES 

Low-Resource  Agriculture  Alternatives  in  Sub- 

Saharan  Africa. 

W91-06114  3F 

Improving  Irrigation  Schedules  to  Increase  Re- 
turns and  Reduce  Water  Use  in  Humid  Regions. 
W91-06118  3F 

Combined  Effects  of  Leaching  Fraction,  Salini- 
ty, and  Potassium  Content  of  Waters  on  Growth 
and  Water-Use  Efficiency  of  Wheat  and  Barley. 
W91-06311  3F 

Simple   Water-Balance   Models   for   Simulating 
Moisture,  Salinity  and  Sodicity  Profiles  in  Soils 
under  Wheat. 
W91-06418  3F 


Salinity--An  Old  Environmental  Problem. 
W9 1-07049 


3C 


Rates  of  Soil  Chemical  Changes  with  Eleven 
Annual  Applications  of  Cattle  Feedlot  Manure. 
W91-O6408  5B 

Irrigation  Suitability  of  Solonetzic  Soils  in  the 

County  of  Newell,  Alberta. 

W91-06409  3F 

Influence  of  Irrigation  with  Pulp  and  Paper  Mill 

Effluent  on  Soil  Chemical  and  Microbiological 

Properties. 

W9 1-06788  5E 

Effect  of  Irrigated  Horticultural  Cropping  on 
Groundwater    Quality:    Swan    Coastal    Plain, 
Western  Australia. 
W91-07055  5G 


IRRIGATION  PROGRAMS 

Environmental  Effects  of  the  Mahi-Kadana  and 

Dharoi  Projects  at  Gujarat,  India. 

W9 1-06903  6G 

IRRIGATION  WATER 

Improving  Irrigation  Schedules  to  Increase  Re- 
turns and  Reduce  Water  Use  in  Humid  Regions. 
W91-06118  3F 

ISLANDS 

Composition  of  Bulk  Precipitation  on  a  Coastal 

Island  with  Agriculture  Compared  to  an  Urban 

Region. 

W9 1-06877  2B 

ISOTOPE  STUDIES 

Use  of  Caesium- 137  Measurements  to  Investi- 
gate Sediment  Delivery  from  Cultivated  Areas 
in  Devon,  UK. 
W9 1-07093  2J 

ISOTOPIC  TRACERS 

Method    for    Determining    Sediment    Budgets 

Using  Caesium- 137. 

W9 1-07076  2J 

Estimating  Erosion  Using  Caesium- 137:  I.  Meas- 
uring Caesium- 137  Activity  in  a  Soil. 
W9 1-07082  2J 

Estimating  Erosion  Using  Caesium- 137:  II.  Esti- 
mating Rates  of  Soil  Loss. 
W91-07083  2J 


ISRAEL 

Hydrological  Regime  and  Fluvial  Processes  in 

Basaltic  Mountainous  Areas. 

W9 1-06632  2E 

Spatial  Variability  of  Overland  Flow  in  a  Small 

Arid  Basin. 

W9 1-06724  2E 

ITALY 

Characterization  and  Control  of  Solidified  Ra- 
dioactive Wastes  According  to  the  Italian  Rules: 
Organization  of  a  Characterization  Facility  and 
First  Results. 
W91-06133  5E 

Hydrocarbon  Content  and  Microsomal  BPH  and 
Reductase  Activity  in  Mussel,  Mytilus  sp.,  from 
the  Venice  Area,  North-East  Italy. 
W91-06339  5C 

Cropping  Pattern  and  Its  Role  in  Determining 
Erosion  Risk:  Experimental  Plot  Results  from 
the  Mugello  Valley  (Central  Italy). 
W9 1-07073  2J 

IVORY  COAST 

Sediment  Production  and  Transport  on  the 
Square  Kilometre  Scale  in  Humid  Savannah, 
Ivory  Coast  (La  Production  de  Sediments  sur  les 
Versants  et  Leur  Transport  a  l'Echelle  du  Km- 
sq  en  Savane  Humide,  Cote  d'lvoire). 
W9 1-07088  2J 
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Spatial  and  Temporal  Variation  of  Rainfall  and 

Runoff  in  Hong  Kong. 

W9 1-06501  2B 

Runoff  and  Erosion  in  Clearings  Following  Cut- 
ting of  the  Humid  Tropical  Forest  (Ecoulements 
et  Erosion  sous  Prairies  Artificielles  apres  Defri- 
chement  de  la  Foret  Tropicale  Humide). 
W91-06521  4C 

Recovery  of  a   New   Mexico   Drainage   Basin 

from  a  Forest  Fire. 

W9 1-06528  2F 

Infiltration  and  Redistribution  of  Overland  Flow 
and  Sediment  on  a  Low  Relief  Landscape  of 
Semi-arid,  Tropical  Queensland. 
W91-06529  2E 

Amount  of  Runoff  and  Soil  Losses  from  Various 
Land-use  Sampling  Plots  in  Sakolnakorn  Prov- 
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W9 1-06532  4A 

Effects  of  Forests  on  Wetland  Runoff  during 

Spring. 

W91-06538  2E 

Soil  Losses  and  Runoff  Rates  from  the  Forested 

Watersheds  in  Korea. 

W9 1-06603  2J 

Seasonal  Response  of  the  Lower  St  Lawrence 
Estuary   to   Buoyancy    Forcing   by    Regulated 
River  Runoff. 
W9 1-06765  2L 

Impact  of  Freshwater  Runoff  on  Physical 
Oceanography  and  Plankton  Distribution  in  a 
Western  Norwegian  Fjord:  An  Experiment  with 
a  Controlled  Discharge  from  a  Hydroelectric 
Power  Plant. 
W9 1-06766  2L 
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Stream  Head  Migration:  An  Indicator  of  Runoff 

Processes  on  Chalklands. 
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Effect  of  Selected   Physiographic   Factors  on 
Dissolved    Gypsum    Transport    by    Simulated 
Runoff  on  Gypsiferous  Soils. 
W9 1-06909  2K 

Nitrogen  Inputs  to  a  Marine  Embayment:  The 

Importance  of  Groundwater. 

W91-06957  5B 

Effects  of  Slope  Length,  Slope  Gradient,  Tillage 

Methods  and  Cropping  Systems  on  Runoff  and 

Soil  Erosion  on  a  Tropical  Alfisol:  Preliminary 

Results. 
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RUNOFF  FORECASTING 

Simulation   of  Water   Flow   and   Soil   Erosion 
Processes  with  a  Distributed  Physically-based 
Modelling  System. 
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RUNOFF  RATES 

Seasonal  Variations  of  Runoff  Rates  From  Field 
Plots  in  the  Federal  Republic  of  Germany  and  in 
Hungary  During  Dry  Years. 
W9 1-06728  2E 
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Sanitation  in  Rural  Communities  in  Bangladesh. 
W9 1-05992  5D 

Effective  Cost-Share  Rates  and  the  Distribution 
of  Social  Costs  in  the  Rock  Creek,  Idaho,  Rural 
Clean  Water  Project. 
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Determinants  of  Domestic  Water  Use  in  Rural 

Nicaragua. 
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Toxorhynchites  amboinensis  Larvae  Released  in 
Domestic  Containers  Fail  to  Control  Dengue 
Vectors  in  a  Rural  Village  in  Central  Java. 
W91-06121  5F 

Domestic    Water    Treatment    for    Developing 

Countries. 

W9 1-06202  5F 

S-ETHYL  DIPROPYLTHIOCARBAMATE 

Biodegradation  of  Butylate,  EPTC,  and  Extend- 
ers in  Previously  Treated  Soils. 
W9 1-06987  5B 

S-GLUTATHIONE  ATRAZINE 

Adsorption  and  Desorption  of  Atrazine,   Hy- 
droxyatrazine,  and  S-Glutathione  Atrazine  on 
Two  Soils. 
W9 1-06989  5B 

SACCHAROMYCES 

Polluted  Water  Concentrates:  Induction  of  Ge- 
netic Alterations  in  Saccharomyces  cerevisiae 
D7  Strain. 
W9 1-06887  5C 

SACO  RIVER 

Histopathology  of  Atlantic  Tomcod:  A  Possible 
Monitor    of   Xenobiotics    in    Northeast    Tidal 
Rivers  and  Estuaries. 
W91-06178  5A 

SALINE-FRESHWATER  INTERFACES 

Impact  of  Freshwater  Runoff  on  Physical 
Oceanography  and  Plankton  Distribution  in  a 
Western  Norwegian  Fjord:  An  Experiment  with 
a  Controlled  Discharge  from  a  Hydroelectric 
Power  Plant. 
W9 1-06766  2L 

Structure  of  Vertical  Current  Profiles  in  a  Ma- 

crotidal,  Partly-Mixed  Estuary. 

W91-06832  2L 


Water  Interchange  Between  the  Ria  of  Vigo  and 

the  Coastal  Shelf. 

W9 1-06940  2L 

Radium  in  the  Suwannee  River  and  Estuary: 
Spring  and  River  Input  to  the  Gulf  of  Mexico. 
W9 1-06953  5B 

Groundwater  Seepage  along  a  Barrier  Island. 
W9 1-06954  2F 

Effect  of  Buoyancy  on  Transverse  Mixing  in 

Streams. 

W9 1-07030  5B 
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Response  of  Mesquite  to  Nitrate  and  Salinity  in  a 
Simulated  Phreatic  Environment:  Water  Use, 
Dry  Matter  and  Mineral  Nutrient  Accumulation. 
W91-06312  2B 

Groundwater  Seepage  along  a  Barrier  Island. 
W9 1-06954  2F 

SALINE  SOILS 

Simple  Water-Balance  Models  for  Simulating 
Moisture,  Salinity  and  Sodicity  Profiles  in  Soils 
under  Wheat. 
W91-06418  3F 

Soil   Electrical   Conductivity:   Effects   of  Soil 
Properties  and  Application  to  Soil  Salinity  Ap- 
praisal. 
W9 1-06789  2G 

Studies  on  Saline  Soils  in  Khon  Kaen  Region, 
Northeast   Thailand:   II.   Seasonal   Changes   of 
Physical  and  Chemical  Properties. 
W9 1-06975  2K 
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Northeast  Thailand:  III.  Effects  of  Amelioration 
Treatments  on  Physical  and  Chemical  Properties 
of  the  Saline  Soil. 
W9 1-06977  2K 

SALINE  WATER 

Combined  Effects  of  Leaching  Fraction,  Salini- 
ty, and  Potassium  Content  of  Waters  on  Growth 
and  Water-Use  Efficiency  of  Wheat  and  Barley. 
W91-06311  3F 
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Modelling  Salinity  and  Circulation  for  the  Co- 
lumbia River  Estuary. 
W91-06282  2L 

Rediversion  Salinity  Change  in  the  Cooper 
River,  South  Carolina:  Ecological  Implications. 
W9 1-06834  2L 

Managing    Resources    of   the    Murray-Darling 

Basin  of  Australia. 

W9 1-06902  6B 

SALINITY 

Formation  of  the  Intermediate  Water  Masses  Off 

the  Egyptian  Mediterranean  Coast. 

W91-06758  2L 

Sensitivity  of  Two  Cladocerans  to  Water  Qual- 
ity Variables:  Salinity  and  Hardness. 
W9 1-06762  5C 

Influence  of  Selenium,  Salinity,  and  Boron  on 

Selenium  Uptake  in  Wild  Mustard. 
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Salinity--An  Old  Environmental  Problem. 
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SALMON 

Differential  Effects  of  Mercurial  Compounds  on 
the     Electroolfactogram     (EOG)     of    Salmon 
(Salmo  salar  L). 
W9 1-05998  5C 


Histochemical  Demonstration  of  Mercury  in  the 
Olfactory  System  of  Salmon  (Salmo  salar  L.) 
Following  Treatments  with  Dietary  Methylmer- 
curic  Chloride  and  Dissolved  Mercuric  Chlo- 
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Safety  Assessment  of  Selected  Inorganic  Ele- 
ments to  Fry  of  Chinook  Salmon  (Oncorhyn- 
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W91-06000  5C 

Comparative   Toxicity   of  Inorganic   Contami- 
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W9 1-06001  5C 

Management  Implications  of  a  Model  of  Preda- 
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W91-06028  81 

Maternal  Transfer  of  Bioactive  Polychlorinated 
Aromatic  Hydrocarbons  in  Spawning  Chinook 
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Effects  of  Naturally  Occurring  High  and  Low 
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Salmon  (Salmo  salar  L.)  Exposed  to  Acidic  Alu- 
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SALMONELLA 

Bacteria  and  Virus  Removal  from  Secondary 

Effluent  in  Sand  and  Red  Mud  Columns. 
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SALT  MARSHES 

Salt-Marsh  Growth  and  Stratification:  A  Nu- 
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W91-06815  2L 

Marsh- Water  Column  Interactions  in  Two  Lou- 
isiana Estuaries.  I.  Sediment  Dynamics. 
W9 1-06836  2J 

Production  and  Life  Cycle  of  the  Gastropod 
Hydrobia  truncata,  with  Notes  on  Spurwinkia 
salsa  in  Massachusetts  Salt  Marsh  Pools. 
W9 1-06844  2L 

SALT  STRESS 

Combined  Effects  of  Leaching  Fraction,  Salini- 
ty, and  Potassium  Content  of  Waters  on  Growth 
and  Water-Use  Efficiency  of  Wheat  and  Barley. 
W91-06311  3F 

SALT  TOLERANCE 

Combined  Effects  of  Leaching  Fraction,  Salini- 
ty, and  Potassium  Content  of  Waters  on  Growth 
and  Water-Use  Efficiency  of  Wheat  and  Barley. 
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Response  of  Mesquite  to  Nitrate  and  Salinity  in  a 
Simulated  Phreatic  Environment:  Water  Use, 
Dry  Matter  and  Mineral  Nutrient  Accumulation. 
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SALTSTONE 
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SAMPLE  PREPARATION 
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tions Using  Uncoated  Capillary  Columns. 
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Concentration    and    Determination    of    Trace 

Amounts  of  Chlorinated  Pesticides  in  Aqueous 

Samples. 

W91-O7017  5A 

SAMPLE  PRESERVATION 

Stability  of  the  pH  and  the  Contents  of  Ammoni- 
um and  Nitrate  in  Precipitation  Samples. 
W9 1-06880  5B 

Site-Specific      Underestimation      of      Wetfall 

NH4(  +  )  Using  NADP  Data. 

W91-06881  2K 

SAMPLERS 

Stationary     Packer     System     for     Layerwise 
Groundwater  Sampling  in  Monitoring  Wells- 
Technique  and  Results. 
W91-06098  7B 

Use  of  a  Standpipe  to  Evaluate  Ground  Water 

Samplers. 

W9 1-06853  7B 

Tracing  the  Influx  of  Sewage  from  a  Leaky 
Sewer  into  a  Very  Thin  and  Fast-Flowing  Aqui- 
fer. 
W91-06867  5B 

Development  and  Flume  Calibration  of  a  New 
Type  of  Near-Streambed  Suspended  Load  Sam- 
pler. 
W9 1-07081  2J 

SAMPLING 

Bacterial  Distribution  and  Sampling  Strategies 

for  Drinking  Water  Networks. 

W9 1-06204  5F 


Statistical  Approaches  to  Monitoring. 
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Effect  of  Escape  Reactions  on  the  Quantitative 

Sampling  of  Gravel  Stream  Fauna. 

W91-06753  7B 

Tracing  the  Influx  of  Sewage  from  a  Leaky 
Sewer  into  a  Very  Thin  and  Fast-Flowing  Aqui- 
fer. 
W9 1-06867  5B 

Techniques   for   Establishing   Suspended   Sedi- 
ment Sources  in  Two  Drainage  Basins  in  Devon, 
UK:  A  Comparative  Assessment. 
W9 1-07087  2J 

Preliminary  Estimate  of  Bed  Load  Using  Mean 

Grain  Size  Distribution  Data. 

W9 1-07089  2J 

Analysis  of  the  Quality  of  Suspended  Sediment 

Data. 

W9 1-07090  2J 

Measuring   Sediment   Yields   of  Storms   Using 

PSALT. 

W9 1-07092  2J 

SAN  FRANCISCO  BAY 

Sublethal  Responses  of  Platichthys  stellatus  to 
Organic  Contamination  in  San  Francisco  Bay 
with  Emphasis  on  Reproduction. 
W91-06180  5C 

Comparative  Evaluation  of  Selected  Measures  of 
Biological  Effects  of  Exposure  of  Marine  Orga- 
nisms to  Toxic  Chemicals. 
W91-06192  5C 

SAN  JOAQUIN  VALLEY 

Safety  Assessment  of  Selected  Inorganic  Ele- 
ments to  Fry  of  Chinook  Salmon  (Oncorhyn- 
chus  tshawytscha). 
W91-06000  5C 

Estimation  of  Shallow  Ground-Water  Quality  in 

the  Western  and  Southern  San  Joaquin  Valley, 

California. 

W91-07037  2F 
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Predicting  Incipient  Fluidization  of  Fine  Sands 

in  Unbounded  Domains. 

W9 1-07028  8B 

SAND  FILTERS 

Evaluating  the  Performance  of  Slow  Sand  Fil- 
ters in  Northern  Idaho. 
W9 1-05960  5F 

Analyzing  Biofilm  Processes  Used  in  Biological 

Filtration. 

W9 1-05961  5F 

Bacteria  and  Virus  Removal  from  Secondary 

Effluent  in  Sand  and  Red  Mud  Columns. 

W9 1-06068  5D 

SANDSPITS 

Rapid  Formation  of  Large  Coastal  Sand  Bodies 
After  Emplacement  of  Magdalena  River  Jetties, 
Northern  Colombia. 
W9 1-06800  2J 

SANITARY  ENGINEERING 

Chadwick    Centenary    Lecture--A    Review    of 

Two  Centuries  of  Public  Health. 

W91-05975  5G 

Advancements  in  Toxicity  Testing  Applied  to 
Design  and  Control  of  Biological  Processes. 
W9 1-06069  5D 

SANITATION 

Sanitation  in  Rural  Communities  in  Bangladesh. 
W9 1-05992  5D 

Soak-Away  Systems  and  Possible  Groundwater 
Pollution  Problems  in  Developing  Countries. 
W9 1-06238  5B 

SANTA  CRUZ  MOUNTAINS 

Landslide  Erosion  in  Central  Santa  Cruz  Moun- 
tains, California,  USA. 
W9 1-06648  2J 

SANTA  CRUZ  RIVER  BASIN 

Investigations  at  the  Cake  Ranch  Site:  A  Classic 
Period  Hohokam  Village  in  the  Lower  Santa 
Cruz  River  Basin,  Pinal  County,  Arizona. 
W9 1-07046  6G 

SANTA  YNEZ  RIVER 

Post-Fire  Response  of  a  Boulder-Bed  Channel. 
W91-06612  2J 

SATELLITE  TECHNOLOGY 

Precipitation  Prediction  over  the  Tropics  from  a 

Global  Spectral  Model. 

W91-06404  2B 

SAUDI  ARABIA 

Chemistry  of  Atmospheric  Precipitation  at  the 

Western  Arabian  Gulf  Coast. 

W9 1-06873  5C 

Survey  of  Saudi  Arabian  Drinking  Water  for 

Trihalomethanes. 

W91-06896  5A 

Transport  of  Suspended  Sediment  in  Ephemeral 

Channels. 

W9 1-07068  2J 

Methods   of  Estimating   Bed    Load   Transport 

Rates  Applied  to  Ephemeral  Streams. 

W9 1-07069  2J 

SAVANNAS 

Dynamics  of  Gully  Head  Recession  in  a  Savan- 
na Environment. 
W9 1-06726  2J 

Sediment  Production  and  Transport  on  the 
Square  Kilometre  Scale  in  Humid  Savannah, 
Ivory  Coast  (La  Production  de  Sediments  sur  les 
Versants  et  Leur  Transport  a  PEchelle  du  Km- 
sq  en  Savane  Humide,  Cote  d'lvoire). 
W9 1-07088  2J 


SCALE  FACTORS 

From  the  Plot  to  the  Watershed:  Scale  Effect  in 
the  Amazonian  Forest  Ecosystem  (De  la  Par- 
celle  au   Petit   Bassin-Versant:   Effet  d'Echelle 
dans  I'Ecosysteme  Forestier  Amazonien). 
W9 1-06522  2B 

Application  of  Two  Physically-based  Sediment 
Yield  Models  at  Plot  and  Field  Scales. 
W91-07117  2J 

SCANNING  ELECTRON  MICROSCOPY 

Comparative  Studies  of  Metal  Containment  in 
Solidified  Matrices  by  Scanning  and  Transmis- 
sion Electron  Microscopy. 
W91-06141  5E 

SCOTLAND 

Drinking  Water  Directive  and  Proposed  Water 
Supply  (Water  Quality)  Regulations  for  Scot- 
land. 
W9 1-05974  5G 

Fitting  Distributions  to  Annual  Minimum  Flows 

of  Different  Durations. 

W9 1-06472  2E 

Small  Catchment  Studies  of  Man's  Impact  on 
Flood  Flows:  Agricultural  Drainage  and  Planta- 
tion Forestry. 
W91-06491  2E 

Determination  of  Hydrological  Flow  Paths  and 
Associated  Hydrochemistry  in  Forested  Catch- 
ments in  Central  Scotland. 
W9 1-06551  5B 

Forestry  and  Sediment  Yields  in  Upland  Scot- 
land. 
W91-06649  2J 

Changes  in  the  Sediment  Output  of  Two  Upland 

Drainage    Basins    during    Forestry    Land    Use 

Changes. 

W91-07106  2J 
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Tributary  Entrenchment  in  Response  to  Low- 
ered Base  Level  Below  a  Dam. 
W9 1-06628  4C 

Slackwater      Habitat      in      Torrent-Impacted 

Streams. 

W91-06636  2E 

Channel  Sediment  Behaviour  as  a  Basis  for  Mod- 
elling Delivery  Processes. 
W91-07U3  2J 
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Biomagnification  of  Polychlorinated  Biphenyls, 
Toxaphene,  and  DDT  Compounds  in  a  Lake 
Michigan  Offshore  Food  Web. 
W9 1-06778  5B 

Inhibition  of  Corneal  Epithelial  Cell  Migration 

by  Cadmium  and  Mercury. 

W9 1-06891  5C 

SEA  GRASSES 

Pollutant  Dynamics  as  Influenced  by  Seagrass 

Beds:  Experiments  with  Tributyltin  in  Thalassia 

Microcosms. 

W9 1-06242  5B 

Secondary  Production  Within  a  Seagrass  Bed 
(Zostera  marina  and  Ruppia  maritima)  in  Lower 
Chesapeake  Bay. 
W9 1-06839  2L 

SEA  LEVEL 

Rhineland  on  the  Way  to  Its  Thousandth  Anni- 
versary or  Water-Administration   in   the   Next 
100-200  Years. 
W91-06044  6E 
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Late  Wisconsin  Iceberg-Calving  Rates  and  Ice- 
Sheet  Mass  Balance  Reconstructed  from  Paleo- 
Sea  Levels,  Mount  Desert  Island,  Maine. 
W91-06412  2C 

Effect  of  Climate  Change  on  Sea  Level  Rise  and 
the  Implications  for  World  Agriculture. 
W91-06416  5C 

Sea  Level  Variability  in  Long  Island  Sound. 
W91-06833  2L 

SEA  MUSSELS 

Hydrocarbon  Content  and  Microsomal  BPH  and 
Reductase  Activity  in  Mussel,  Mytilus  sp.,  from 
the  Venice  Area,  North-East  Italy. 
W91-06339  5C 

Metabolic/Physiological  Basis  of  Genotype-De- 
pendent Mortality  During  Copper  Exposure  in 
Mytilus  edulis. 
W91-06357  5C 

Relationship  Between   Lipid  Composition  and 
Seasonal  Differences  in  the  Distribution  of  PCBs 
in  Mytilus  edulis  L. 
W9 1-06360  5B 

Oxyradical    Generation    and    Redox    Cycling 
Mechanisms  in  Digestive  Gland  Microsomes  of 
the  Common  Mussel,  Mytilus  edulis  L. 
W9 1-06362  5C 

Use  of  the  Blue  Mussel,  Mytilus  edulis,  in  Water 
Quality  Toxicity  Testing  and  In  Situ  Marine 
Biological  Monitoring. 
W9 1-06702  5  A 

DDT  in  Mytilus  edulis:  Spatio-Temporal  Vari- 
ations, in  the  Punta  Banda  Estuary,  Baja  Califor- 
nia, Mexico. 
W9 1-06883  5B 

SEA  NETTLES 

Forecasting  the  Abundance  of  the  Sea  Nettle, 

Chrysaora    quinquecirrha,    in    the    Chesapeake 

Bay. 

W9 1-06845  2L 

SEA  URCHINS 

Comparison  of  the  Roles  of  Direct  Absorption 
and  Phytoplankton  Ingestion  in  Accumulation  of 
Chromium  by  Sea  Urchin  Larvae. 
W9 1-06265  5C 

SEAB  ASSES 

Uptake  Metabolism  and  Biological  Half-Life  of 
Benzo(a)pyrene  in  Different  Tissues  of  Sea  Bass, 
Dicentrarchus  labrax. 
W9 1-05994  5B 

SEASONAL  VARIATION 

Seasonal  Variations  of  Runoff  Rates  From  Field 
Plots  in  the  Federal  Republic  of  Germany  and  in 
Hungary  During  Dry  Years. 
W9 1-06728  2E 

Influence  of  Season  on  the  Breakdown  of  Sub- 
merged Leaves. 
W91-06751  2H 

Seasonal  Response  of  the  Lower  St  Lawrence 
Estuary   to   Buoyancy   Forcing   by   Regulated 
River  Runoff. 
W9 1-06765  2L 

SEAWATER 

Self-Protection  of  Escherichia  Coli  in  Seawater. 
W91-05972  5A 

Effects  of  Starvation  on  Cadmium  Uptake  by  a 

Marine  Pseudomonad. 

W9 1-06389  5B 

In  Situ  Voltammetric   Measurement  of  Trace 

Elements  in  Lakes  and  Oceans. 

W91-07016  5A 


SECONDARY  PRODUCTIVITY 

Community  Structure,  Distribution,  and  Stand- 
ing Stock  of  Benthos,  Epibenthos,  and  Plankton 
in  the  Columbia  River  Estuary. 
W91-06285  2L 

Secondary  Production  Within  a  Seagrass  Bed 
(Zostera  marina  and  Ruppia  maritima)  in  Lower 
Chesapeake  Bay. 
W91-06839  2L 

SEDIMENT  ANALYSIS 

Neutron  Activation  Analysis  (NAA)  and  Geo- 
chemical  Studies  of  38  Elements  in  Surface  Sedi- 
ments   from    Lower    Reach    and    Estuary    of 
Huanghe  (Yellow)  River. 
W91-06219  2J 

Interfacial  Geochemistry  of  Barium  in  Suspen- 
sion and  Sediment  from  Zhujiang  Estuary. 
W91-O6220  SB 

Analysis  of  Sulfur  in  Soil,  Plant  and  Sediment 
Materials:  Sample  Handling  and  Use  of  an  Auto- 
mated Analyzer. 
W9 1-06960  5  A 
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Soil  Type,  Precipitation,  and  Fertilizer  N  Effects 

on  Corn  Yields. 
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Measurement  of  Water  Use  and  Pasture  Growth 
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Combined  Effects  of  Leaching  Fraction,  Salini- 
ty, and  Potassium  Content  of  Waters  on  Growth 
and  Water-Use  Efficiency  of  Wheat  and  Barley. 
W91-06311  3F 
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Device  for  Automatic  Soil  Moisture  Control  and 
Registration  of  Water  Use  in  Pot  Experiments. 
W91-06313  3F 

Soil  Water  Dynamics,  Transpiration,  and  Water 
Losses   in   a   Crested    Wheatgrass   and    Native 
Shortgrass  Ecosystem. 
W91-06314  21 

Soil  Physical  Behaviour  and  Crop  Responses  to 

Tillage  in  Lowland  Rice  Soils  of  Varying  Clay 

Content. 
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Rice  Hull  and  Caryopsis  Discoloration  Diseases: 

I.  Severity  and  Incidence  in  Three  Ecosystems 
in  West  Africa. 
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Rice  Hull  and  Caryopsis  Discoloration  Diseases: 

II.  Effects  of  Soil  and  Soil  Water  on  Hull  Dis- 
ease at  Two  Sites  in  Nigeria. 

W91-06319  21 

Aspects  of  the  Nitrogen  Cycle  in  Peatland  and 
Plantation  Forest  Ecosystems  in  Western  Ire- 
land. 
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Dissolved   Inorganic   Nitrogen   Concentrations 
and  Fluxes  in  Three  British  Sitka  Spruce  Planta- 
tions. 
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Soil  Water  Assessment  Model  for  Several  Crops 

in  the  High  Plains. 
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Evaporation     Measurements     beneath     Com, 

Cotton,  and  Sunflower  Canopies. 
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Rainfall  Distribution  under  a  Corn  Canopy:  Im- 
plications for  Managing  Agrochemicals. 
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Grazing  Impacts  on  Infiltration  in  Mixed  Prairie 
and  Fescue  Grassland  Ecosystems  of  Alberta. 
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Efficiency  of  Nitrogen  Use  by  Dryland  Wheat 
in  a  Subhumid  Region  in  Relation  to  Optimizing 
the  Amount  of  Available  Water. 
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Simple  Water-Balance  Models  for  Simulating 
Moisture,  Salinity  and  Sodicity  Profiles  in  Soils 
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Soil    Water    Balance    Model    for    Partitioning 
Water  Use  among  Crop  Trees,  Evaporation,  and 
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Determination  of  Hydrological  Flow  Paths  and 
Associated  Hydrochemistry  in  Forested  Catch- 
ments in  Central  Scotland. 
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Spatial    Variability    of  an    Agricultural    Field: 
Geostatistical   Analysis   of  Soil   Texture,   Soil 
Moisture    and    Yield    Components    of    Two 
Rainfed  Crops. 
W9 1-06906  2G 

Moisture  Distribution  Within  a  Maize  Crop  Due 

to  Dew. 

W91-06933  21 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water-Limited  Conditions:  I.  Water  Stress 
before  Anthesis. 

W9 1-06941  21 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water  Limited  Conditions:  II.  Water  Stress  after 

Anthesis. 

W9 1-06942  21 

Rhizosphere  pH  and  Aluminum  Chemistry  of 

Red  Oak  and  Honeylocust  Seedlings. 

W9 1-06964  5C 

Soil-Water  Relations  and  Interference  between 
Devil's-Claw     (Proboscidea     louisianica)     and 
Cotton  (Gossypium  hirsutum). 
W9 1-06980  3F 


SOIL  WATER  POTENTIAL 

Vertically  Installed,  Flush-mounted  Tensiometer 

for  Turfgrass  Research. 

W91-06413  7B 


Measurement  of  Soil  Water  Potential. 
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SOILS 

Effect  of  Wetting  and  Drying  on  the  Soil  Struc- 
ture. 
W9 1-05979  2G 

Sulfur  Dynamics  in  Mineral  Horizons  of  Two 
Northern   Hardwood   Soils:   A   Column   Study 
with  S35. 
W9 1-06948  2G 

Determination  of  Soluble  Selenium  in  Soils. 
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Persistence    of   Carbamothioate    Herbicides    in 

Soils  Pretreated  with  Butylate. 
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SOLAR  RADIATION 

Effect  of  Surrounding  Topography  on  Receipt 

of  Solar  Radiation. 
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Seasonal  Variation  of  Radiation  and  Energy  Bal- 
ances in  a  Hinoki  Stand. 
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Falling-Film  and  Glass-Tube  Solar  Photocataly- 
tic  Reactors  for  Treating  Contaminated  Water. 
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SOLID  WASTES 

Above-Ground  Landfill:  The  Engineered  Ap- 
proach. 
W9 1-05969  5E 

Utilization  of  Ash  Products  from  Combustion  of 

Shredded  Solid  Waste. 
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SOLUBILITY 

Solubility   and   Stability  of  Inorganic   Iodides: 
Candidate  Waste  Forms  for  Iodine- 129. 
W91-06148  5E 

SOLUTE  TRANSPORT 

Mobility  in  Sandy  Soils  of  Four  Pesticides  with 

Different  Water  Solubility. 

W9 1-06397  5B 

Adsorption  of  Fe(III),  Co(II),  and  Zn(II)  onto 
Particulates  in  Fresh  Waters  on  the  Basis  of  the 
Surface  Complexation  Model:   I.   Stabilities  of 
Metal  Species  Adsorbed  on  Particulates. 
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Adsorption  of  Fe(III),  Co(II),  and  Zn(II)  onto 
Particulates  in  Fresh  Waters  on  the  Basis  of  the 
Surface  Complexation  Model:  II.  Stabilities  of 
Metal  Species  Dissolved  in  Fresh  Waters. 
W9 1-06820  2K. 

Effect   of  Selected   Physiographic   Factors   on 
Dissolved    Gypsum    Transport    by    Simulated 
Runoff  on  Gypsiferous  Soils. 
W91-06909  2K 

Solute  Dispersion  during  Unsteady  Leaching  as 

Affected   by   Aggregate   Size  and   Soil   Water 

Content. 
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Effects  of  Heterogeneous  Porous  Geology  on 
Groundwater  Flow  and  Transport  Modeling  in 
Multiaquifer  Systems. 
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Transport  of  Suspended  and  Dissolved  Matter  in 
Large  Rivers  in  Intertropical  Regions:  Prelimi- 
nary Results  in  the  Basin  of  the  River  Congo 
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SOLUTES 

Solute  Dispersion  during  Unsteady  Leaching  as 

Affected  by   Aggregate   Size  and   Soil   Water 

Content. 
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SOLVENT  EXTRACTION 

Indirect  Inductively  Coupled  Plasma  Atomic 
Emission  Determination  of  Fluoride  in  Water 
Samples  by  Flow  Injection  Solvent  Extraction. 
W91-070U  ?B 

SOLVENTS 

Results  of  Field  Sampling  Programs  Conducted 
at  Waste  Solvent  Treatment  and  Recycling  Fa- 
cilities. 
W91-06165  5E 

Methods  for  Monitoring  Solvent  Condition  and 

Maximizing  Its  Utilization. 

W91-06166  5E 

Application  of  a  Mobile  Solvent  Recovery  Proc- 
ess to  Minimize  Hazardous  Waste. 
W91-06167  5D 


Solvent  Waste  Reduction. 
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Minimization   of  Process  Equipment   Cleaning 

Waste. 
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Source  Reduction-Parts  Cleaning. 
W9 1-06682 
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Solvent  Waste  Minimization  by  the  Coatings 

Industry. 

W91-06683  5E 

Waste    Reduction    for    Chlorinated  Solvents 

Users. 

W9 1-06685  5D 


On-Site  Reuse  and  Recycle  of  Solvents. 
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Commercial  (Off-Site)  Solvent  Reclamation. 
W9 1-06687  5D 


Treatment:  Solvent  Wastestreams. 
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Treatment  of  Spent  Solvent  Wastewaters:  Focus 

on  Changing  Economics. 

W9 1-06690  5D 

Effects  of  Lindane  and  Acetone  on  the  Develop- 
ment of  Larvae  of  the  Southern  King  Crab 
(Lithodes  antarcticus  Jaquinot). 
W91-06884  5C 

SONORAN  DESERT 

William  A.  Cannon:  The  Sonoran  Desert's  First 

Resident  Ecologist. 

W9 1-06008  6G 

SORGHUM 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water-Limited    Conditions:    I.    Water  Stress 
before  Anthesis. 

W9 1-06941  21 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water  Limited  Conditions:  II.  Water  Stress  after 

Anthesis. 

W9 1-06942  21 


SORPTION 

Differential  Sorption  of  Herbicides  as  Related  to 

Soil  Topography  and  Organic  Matter. 

W9 1-06006  5B 

Sorption  of  Polycyclic  Aromatic  Hydrocarbons 
onto  Natural  Solids:  Determination  by  Fluores- 
cence Quenching  Method. 
W9 1-06086  5B 

Sorption  Kinetics  of  Non-Ionic  Organic  Pollut- 
ants onto  Suspended  Sediments. 
W9 1-06088  5B 

Surfactant  Solubilization  of  Polycyclic  Aromatic 
Hydrocarbon  Compounds  in  Soil-Water  Suspen- 
sion. 
W91-06091  5G 

Distribution  and  Bioaccumulation  of  Selenium  in 

Aquatic  Microcosms. 

W9 1-06803  SB 

Effects  of  Soil  Properties  and  Moisture  on  Sorp- 
tion of  Trichloroethylene  Vapor. 
W9 1-06861  5B 

SOUTH  AFRICA 

Contamination  of  Soils  and  Sediments  in  the 

Vicinity  of  a  Mercury  Recovery  Plant. 

W9 1-05987  5B 

Occurrence  and  Significance  of  Toxic  Cyano- 

bacteria  in  Southern  Africa. 

W9 1-06057  5B 

Estimating  Water  Use  by  Eucalyptus  grandis 

with  the  Penman-Monteith  Equation. 

W9 1-06541  2D 

Simulation    of  Effects   of  Forest   Growth   on 

Water  Yield  with  a  Dynamic  Process-based  user 

Model. 

W9 1-06565  *C 

SOUTH  AMERICA 

Health  of  Latin  Americans  Exposed  to  Polluted 
Rivers:  A  Triple-Blind  Observational  Study. 
W91-06916  5C 

Selection  of  Representative  and  Experimental 
Basins  for  the  Study  of  Erosion  on  the  South 
American  Plateau  (Choix  de  Bassins  Representa- 
tifs  et  Experimentaux  pour  l'Etude  de  l'Erosion 
sur  le  Plateau  Basaltique  Sudamericain). 
W9 1-07075  2J 

Suspended  Sediment  at  a  Cross  Section  of  the 
Middle  Parana  River:  Concentration,  Granulo- 
metry  and  Influence  of  the  Main  Tributaries. 
W9 1-07099  2J 

SOUTH  CAROLINA 

Effects  of  Controlled  Burning  on  Aedes  Taen- 
iorhynchus  Eggs  in  an   Abandoned  Rice  Im- 
poundment in  South  Carolina. 
W9 1-06826  4  A 

Rediversion  Salinity  Change  in  the  Cooper 
River,  South  Carolina:  Ecological  Implications. 
W9 1-06834  2L 

SOVIET  UNION 

Permeability  of  Frozen  and  Thawed  Soils  and 

Sub-Soils  During  Spring  Snowmelt  Flood. 

W9 1-06465  2C 

Forest  Cut  and  Forest  Regeneration  Effects  on 

Water  Balance  and  River  Runoff. 

W9 1-06490  2E 

Possibility  of  Mathematical  Model  Application 
to  Evaluate  Man's  Activity  Effects  on  Rainfall 
Runoff  Hydrograph. 
W91-06493  2E 


SPADA  LAKE 

Effects  of  Reservoir   Enlargement   and   Other 
Factors  on  the  Yield  of  Wild  Rainbow  and  Cut- 
throat Trout  in  Spada  Lake,  Washington. 
W9 1-06029  2H 

SPAIN 

Lindane  Pollution  Near  an  Industrial  Source  in 

Northeast  Spain. 

W9 1-05983  5B 

Short  and  Medium  Effects  on  the  Environment 
of  Valencia,  Spain,  of  the  Chernobyl  Nuclear 
Plant  Accident. 
W9 1-05984  5B 

Towards  a  Dynamic  Model  of  Gully  Growth. 
W9 1-06725  2J 

Land  Applications:  Its  Effectiveness  in  Purifica- 
tion of  Urban  and  Industrial  Wastewaters  in  La 
Mancha,  Spain. 
W9 1-06799  5D 

Characterization    and    Classification  of   Tidal 

Marsh  Soils  and  Plant  Communities  in  North- 
west Spain. 
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Influence  of  Tidal  Conditions  and  River  Volume 
on  Phytoplankton  Distribution  and  Composition 
in  the  Pas  Estuary  (Northern  Spain). 
W9 1-06939  2L 

Water  Interchange  Between  the  Ria  of  Vigo  and 

the  Coastal  Shelf. 

W9 1-06940  2L 

Identification  and  Determination  of  Halogenated 
Hydrocarbons   in   Waters   of  Galicia   (N.    W. 
Spain)  by  Headspace  Gas-Chromatography. 
W91-07013  5A 

Assessing  Sediment  Sources  in  a  Small  Drainage 
Basin  above  the  Timberline  in  the  Pyrenees. 
W9 1-07079  2J 

SPATIAL  DISTRIBUTION 

Temporal  and  Spatial  Variability  of  Sediment 
Storage  and  Erosion  in  Ash  Creek,  Arizona. 
W91-06614  2J 

SPATIAL  VARIATION 

Hydrology    of  Mountainous    Areas:    Scientific 
Problem  and  a  Field  of  Internationally  Coordi- 
nated Research. 
W91-06478  2E 

Spatial  Variability  of  Overland  Flow  in  a  Small 

Arid  Basin. 

W9 1-06724  2E 

SPAWNING 

Sublethal  Responses  of  Platichthys  stellatus  to 
Organic  Contamination  in  San  Francisco  Bay 
with  Emphasis  on  Reproduction. 
W91-06180  5C 

Maternal  Transfer  of  Bioactive  Polychlorinated 
Aromatic  Hydrocarbons  in  Spawning  Chinook 
Salmon  (Oncorhynchus  tshawytscha). 
W91-06356  5B 

Relationship  Between  PCB  Concentrations  and 

Reproduction  in  Mussels  Mytilus  edulis. 

W9 1-06390  5C 

SPECIES  COMPOSITION 

Macroinvertebrate  Communities  Associated 
with  Three  Aquatic  Macrophytes  (Certophyl- 
lum  demersum,  Myriophyllum  spicatum,  and 
Vallisneria  americana)  in  Lake  Onalaska,  Wis- 
consin. 
W91-06016  2H 
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Some  Factors  Affecting  Distribution  of  Diatom 

Assemblages  in  Pyrenean  Springs. 

W9 1-06270  2H 

Composition,    Seasonality    and    Abundance    of 
Fishes  in  the  Shatt  Al-Basrah  Canal,  an  Estuary 
in  Southern  Iraq. 
W9 1-06768  2L 

SPECIES  DIVERSITY 

Physicochemical  Factors  Affecting  the  Abun- 
dance and   Species  Richness  of  Fishes  in  the 
Cimarron  River. 
W91-06278  2H 

SPOIL  BANKS 

Mechanical  and  Thermal  Treatment  of  Dredged 
Material  to  Produce  Ceramic  Pellets. 
W91-06435  5E 

SPORT  FISHING 

Catch-and-Release    Management    of    a    Trout 

Stream  Contaminated  with  PCBs. 

W9 1-06030  81 

Polychlorinated  Biphenyl  Congeners  in  Blood  of 

Wisconsin  Sport  Fish  Consumers. 

W91-06775  5B 

SPRINGS 

Some  Factors  Affecting  Distribution  of  Diatom 

Assemblages  in  Pyrenean  Springs. 

W9 1-06270  2H 

SPRUCE  TREES 

Transpiration  of  Mature  Stands  of  Spruce  (Picea 
abies  (L.)  Karst.)  as  Estimated  by  the  Tree-trunk 
Heat  Balance  Method. 
W9 1-06539  2D 

Effect  of  Harvest  Intensity  and  Ground  Flora 
Establishment  on  Inorganic-N  Leaching  from  a 
Sitka  Spruce  Plantation  in  North  Wales,  UK. 
W9 1-06945  4C 

STAGE-DISCHARGE  RELATIONS 

First-Order  Analysis  of  Open-Channel  Flow. 
W9 1-06297  8B 

STANDPIPES 

Use  of  a  Standpipe  to  Evaluate  Ground  Water 

Samplers. 

W91-06853  7B 

STAPHYLOCOCCUS 

Epidemiological  Study  of  Beach  Water  Pollu- 
tion and  Health-Related  Bathing  Water  Stand- 
ards in  Hong  Kong. 
W9 1-06066  5  A 

STARVATION 

Effects  of  Starvation  on  Cadmium  Uptake  by  a 

Marine  Pseudomonad. 

W9 1-063  89  5B 

STATISTICAL  ANALYSIS 

Statistical  Approaches  to  Monitoring. 
W91-06214  5A 

Determination  of  Soluble  Selenium  in  Soils. 
W9 1-06970  5  A 

STATISTICAL  METHODS 

3-D  Mapping  of  Dissolved  Oxygen  in  Mar  Pic- 
colo: A  Case  Study. 
W9 1-06802  5C 

Analysis  of  the  Quality  of  Suspended  Sediment 

Data. 

W9 1-07090  2J 

STATISTICAL  STUDIES 

Detection  of  Human  Rotaviruses  in  Fresh  and 
Estuanne  Waters  by  Dot-Blot  Hybridization. 
W91-06067  5A 


STATISTICS 

Fitting  Distributions  to  Annual  Minimum  Flows 

of  Different  Durations. 

W91-06472  2E 

STEAM  EXTRACTION 

In-Situ  Hot  Air/Steam  Extraction  of  Volatile 

Organic  Compounds. 

W9 1-06447  50 

STEMFLOW 

Rainfall  Distribution  under  a  Corn  Canopy:  Im- 
plications for  Managing  Agrochemicals. 
W91-06401  3F 

STOCHASTIC  MODELS 

Waste  Allocation  Models  for  Risk  Assessment  of 
Water  Quality  Management  in  a  River  Basin. 
W91-06047  5G 

STORM  DRAINS 

Surging  in  Urban  Storm  Drainage  Systems. 
W91-07033  5D 

STORM  RUNOFF 

Rain  and  Urban  Storm  water  Quality. 
W91-06053  5B 

Systematic    Pollutegraph    Simulation    for   Real 

Scale  River  Basin. 

W91-O6054  5B 

Urban  Stormwater  Infiltration:  Purposes,  Imple- 
mentation, Results. 
W9 1-06228  5E 

Source  of  Increased  Stormwaters  after  Forest 

Operations. 

W91-06561  4C 

Analysis  of  Stormflow  and  its  Source  Area  Ex- 
pansion   through    a    Simple    Kinematic    Wave 
Equation. 
W9 1-06568  2E 

Contribution  of  Bedrock  Groundwater  Flow  to 
Storm  Runoff  and  High  Pore  Pressure  Develop- 
ment in  Hollows. 
W91-06575  2J 

Surging  in  Urban  Storm  Drainage  Systems. 
W91-07033  5D 

Measuring   Sediment   Yields   of  Storms   Using 

PSALT. 

W9 1-07092  2J 

STORM  WATER 

Disinfection  of  Sewage,  Stormwater  and  Final 

Effluent. 

W9 1-05968  5D 

STORM  WATER  MANAGEMENT 

Urban  Stormwater  Infiltration:  Purposes,  Imple- 
mentation, Results. 
W9 1-06228  5E 

STORMS 

Erosion  and  Sedimentation  Caused  by  Typhoons 
in  1982  in  the  Amahata  River  Basin,  Japan. 
W9 1-06646  2J 

Response    of   a    Northern    California    Coastal 
Drainage  Basin  to  Land  Use  Disturbance. 
W91-06651  2J 

Controls  on  the  Relation  of  Streamside  Lands- 
liding  to  Channel  Sediment  Storage  in  a  Region 
of  Active  Uplift. 
W91-06652  2J 

STRATIFICATION 

Salt-Marsh  Growth  and  Stratification:   A  Nu- 
merical Model  with  Special  Reference  to  the 
Severn  Estuary,  Southwest  Britain. 
W91-06815  2L 


STRATIFIED  FLOW 

Internal    Hydraulics    of   a    Sediment-Stratified 

Channel  Flow. 

W91-06817  2L 

STREAM  BIOTA 

Summer    Feeding    Patterns    of    White    Perch, 
Channel  Catfish,  and  Yellow  Perch  in  the  Sus- 
quehanna River,  Maryland. 
W91-06010  2H 

Macroinvertebrate  Communities  Associated 
with  Three  Aquatic  Macrophytes  (Certophyl- 
lum  demersum,  Myriophyllum  spicatum,  and 
Vallisneria  americana)  in  Lake  Onalaska,  Wis- 
consin. 
W91-06016  2H 

Role    of    Refugia    in    the    Recolonization    of 
Streams  Devastated  by  the   1980  Eruption  of 
Mount  St.  Helens. 
W9 1-06034  2H 

Effects  of  Substrate  Relief  on  the  Distribution  of 
Periphyton  In  Laboratory  Streams.  I.  Hydrolo- 

W9 1-06254  2E 

Effects  of  Substrate  Relief  on  the  Distribution  of 
Periphyton  In  Laboratory  Streams.  II.  Interac- 
tions with  Irradiance. 
W91-06255  2E 

Comparison  of  the  Dietary  Composition  of  Epi- 

lithic    Trichopteran    Species    in    a    First-Order 

Stream. 

W9 1-06752  2H 

Effect  of  Escape  Reactions  on  the  Quantitative 

Sampling  of  Gravel  Stream  Fauna. 

W9 1-06753  7B 

STREAM  CHEMISTRY 

Dissolved  Organic  Carbon  Dynamics  in  a  Small 

Stream. 

W91-06009  2H 

Effects  of  Hydrochemistry  Variability  on  Water 
Quality  Sampling  Frequencies  in  an  Alpine-Sub- 
alpine  Forest  Basin. 
W9 1-06548  2K 

STREAM  CLASSIFICATION 

Relationship  Between  Sediment  Delivery  Ratio 
and  Stream  Order:  a  Romanian  Case  Study. 
W9 1-06722  2J 

STREAM  DISCHARGE 

Discharge    and    Suspended    Sediment    of    the 
Upper  Nan  River,  Nan  Province,  Thailand. 
W9 1-06633  2J 

Stream  Head  Migration:  An  Indicator  of  Runoff 

Processes  on  Chalklands. 

W9 1-06908  2E 


Optimal  Spectral  Base-Flow  Estimation. 
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STREAM  DIVERSION 

Rediversion  Salinity  Change  in  the  Cooper 
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W91-06143  5E 

ARGONNE  NATIONAL  LAB.,  IL.  ENERGY 
SYSTEMS  DIV. 

Dissolved   Air,   Induced   Air,   and  Nozzle  Air 

Flotation  System  Performance  Comparison  for 

Precipitation       Flotation       of       Metal-Laden 

Wastewaters. 

W91-06433  5D 

ARGONNE  NATIONAL  LAB.,  IL. 
ENVIRONMENTAL  RESEARCH  DIV. 

Biodegradable     Plastics     from     Potato     Waste 

Double  Savings  to  Environment. 

W9 1-06872  5D 

ARIZONA  UNIV.,  TUCSON.  DEPT.  OF 
NUTRITION  AND  FOOD  SCIENCE. 

Viruses  in  Source  and  Drinking  Water. 
W91-06212  5F 

ARIZONA  UNIV.,  TUCSON.  SCHOOL  OF 
RENEWABLE  NATURAL  RESOURCES. 

Multicriterion     Forest     Watershed     Resources 

Management. 

W9 1-06569  6A 

ARKANSAS  UNIV.,  FAYETTEVILLE.  DEPT. 
OF  AGRONOMY. 

Degradation  and  Field  Persistence  of  Imazetha- 

pyr. 

W9 1-06830  5B 


Dissipation  of  Norflurazon  and  Other  Persistent 

Herbicides  in  Soil. 

W9 1-06983  5B 

ARKANSAS  UNIV.,  FAYETTEVILLE.  DEPT. 
OF  ENTOMOLOGY. 

Evaluation  of  Bacillus  Sphaericus  2362  Against 

Culex  Quinquefasciatus  in  Septic  Ditches. 

W9 1-06825  5D 

ARKANSAS  UNIV.,  HOPE.  SOUTHWEST 
RESEARCH  AND  EXTENSION  CENTER. 

Drought-Induced   Accumulation   of  Nitrate   in 

Grain  Sorghum. 

W9 1-06300  2G 

ARMY  BIOMEDICAL  RESEARCH  AND 
DEVELOPMENT  LAB.,  FORT  DETRICK,  MD. 

Octanol/Water  Partition  Coefficient  of  Methyl- 
mercuric  Chloride  and  Methylmercuric  Hydrox- 
ide in  Pure  Water  and  Salt  Solutions. 
W91-06991  5B 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS. 

Metal  Immobilization  by  Solidification  of  Hy- 
droxide and  Xanthate  Sludges. 
W91-06146  5E 

ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION,  VICKSBURG,  MS. 
ENVIRONMENTAL  LAB. 

Use  of  Hazard  Models  in  Evaluating  the  Effect 
of  Exposure  Duration  on  the  Acute  Toxicity  of 
Three  Pesticides. 
W9 1-06708  5C 

Macrophyte  Influences  on  the  Zonation  of  Sedi- 
ment Accretion  and  Composition  in  a  North- 
Temperate  Reservoir. 
W9 1-06759  2J 

Acute  Toxicity  of  PCB  Congeners  to  Daphnia 

magna  and  Pimephales  promelas. 

W91-06888  5C 

ASSOCIATED  TECHNOLOGIES,  INC., 
CHARLOTTE,  NC. 

Use  of  Bitumen  in  the  Stabilization  of  Mixed 

Wastes. 

W91-06127  5E 

ATMOSPHERIC  ENVIRONMENT  SERVICE, 
TORONTO  (ONTARIO). 

Vertical  Distribution  of  Aerosols  and  Acid  Re- 
lated Compounds  in  Air  and  Cloud  water. 
W91-06878  5B 

ATOMIC  ENERGY  OF  CANADA  LTD., 
CHALK  RIVER  (ONTARIO).  CHALK  RIVER 
NUCLEAR  LABS. 

Leaching  Low-Level  Radioactive  Waste  in  Sim- 
ulated Disposal  Conditions. 
W91-06151  5B 

ATOMIC  ENERGY  OF  CANADA  LTD., 
PINAWA  (MANITOBA).  WHTTESHELL 
NUCLEAR  RESEARCH  ESTABLISHMENT. 

Solubility   and   Stability   of  Inorganic   Iodides: 
Candidate  Waste  Forms  for  Iodine- 129. 
W91-06148  5E 

AUBURN  UNIV.,  AL.  DEPT.  OF  CHEMICAL 
ENGINEERING. 

Demetallation  of  Used  Oil  to  Facilitate  Its  Utili- 
zation as  a  Fuel. 
W91-06169  5D 

AUSTRALIAN  NUCLEAR  SCIENCE  AND 
TECHNOLOGY  ORGANISATION, 
SUTHERLAND. 

Method    for    Determining    Sediment    Budgets 

Using  Caesium- 137. 

W9 1-07076  2J 


BAGHDAD  UNIV.  (IRAQ).  DEPT.  OF 
GEOLOGY. 

Periodicity  of  Suspended  Sediment  Concentra- 
tions in  the  River  Tigris  at  Baghdad  Identified 
Using  Short  Interval  Sampling. 
W9 1-07095  2J 

BALATONI  LIMNOLOGLAI  KUTATO 
INTEZETE,  TIHANY  (HUNGARY). 

Impact  of  Cd  and  Different  pH  on  the  Amphi- 

pod    Gammarus    Fossarum    Koch    (Crustacea: 

Amphipoda). 

W91-07018  5C 

BANARAS  HINDU  UNIV.,  VARANASI 
(INDIA).  CENTRE  FOR  ADVANCED  STUDY 
IN  BOTANY, 

Cadmium  Toxicity  to  Photosynthesis  and  Asso- 
ciated  Electron   Transport   System   of  Nostoc 
linckia. 
W9 1-05988  5C 

BAR-ILAN  UNIV.,  RAMAT  GAN  (ISRAEL). 
DEPT.  OF  GEOGRAPHY. 

Spatial  Variability  of  Overland  Flow  in  a  Small 

Arid  Basin. 

W9 1-06724  2E 

BARCELONA  UNTV.  (SPAIN).  DEPT.  DE 
ECOLOGIA. 

Some  Factors  Affecting  Distribution  of  Diatom 

Assemblages  in  Pyrenean  Springs. 

W9 1-06270  2H 

BASF  AKTIENGESELLSCHAFT, 
LIMBURGERHOF  (GERMANY,  F.R.). 
AGRICULTURAL  RESEARCH  STATION. 

Ground   Water   Nitrates   in   Other   Developed 

Countries  (Europe)--Relationships  to  Land  Use 

Patterns. 

W9 1-06735  5B 

BASRAH  UNIV.  (IRAQ).  DEPT.  OF 
FISHERIES  AND  MARINE  RESOURCES. 

Composition,    Seasonality    and    Abundance    of 
Fishes  in  the  Shatt  Al-Basrah  Canal,  an  Estuary 
in  Southern  Iraq. 
W9 1-06768  2L 

BATTELLE  COLUMBUS  DIV.,  OH. 

Adequacy  of  Analytical  Techniques  to  Deter- 
mine  the   Fate   of  Polyelectrolytes   in   Waste 
Treatment. 
W9 1-06442  5D 

Electroacoustic  Soil  Decontamination  Process 
for  In-Situ  Treatment  of  Contaminated  Soils. 
W9 1-06446  5G 

Using  Waste  Management  Products  as  an  Alter- 
native   to    Depleting    Nonrenewable    Fertilizer 
Sources. 
W9 1-06450  5E 

Recent  Developments  in  Solid/Liquid  Separa- 
tion Including  Electrotechnologies. 
W9 1-06453  5D 

Ultrasonic  Interactions  During  Sludge  Dewater- 

ing. 

W91-06456  5D 

Scale-up    of    Electroacoustic    Dewatering    of 

Sewage  Sludges. 

W9 1-06457  5D 

Electromembrane   Technology:   A   Novel   Ap- 
proach for  Antifouling. 
W9 1-06458  5D 
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CALIFORNIA  UNIV.,  DAVIS.  SCHOOL  OF  VETERINARY  MEDICINE. 


BATTELLE,  COLUMBUS,  OH. 
ENVIRONMENTAL  BIOLOGY  AND 
ASSESSMENT 

Chronic  and  Sublethal  Toxicities  of  Surfactants 
to  Aquatic  Animals:  a  Review  and  Risk  Assess- 
ment. 
W9 1-06871  5C 

BATTELLE-INST.  E.V.,  FRANKFURT  AM 
MAIN  (GERMANY,  F.R.). 

Mechanical  and  Thermal  Treatment  of  Dredged 
Material  to  Produce  Ceramic  Pellets. 
W91-06435  5E 

BATTELLE/MARINE  SCIENCES  LAB., 
SEQUIM,  WA. 

Sedimentary  Geology  of  the  Columbia  River 

Estuary. 

W9 1-06280  2L 

BATTELLE  MEMORIAL  INST.,  COLUMBUS, 

Sewage    Sludge    Application    to    Agricultural 

Land. 

W91-06451  5E 

BATTELLE  PACIFIC  NORTHWEST  LABS., 
RICHLAND,  WA. 

Influence  of  Hydrologic  Factors  on  Leaching  of 
Solidified  Low-Level  Waste  Forms  at  an  Arid- 
Site  Field-Scale  Lysimeter  Facility. 
W91-06153  5E 

Confirmation  and  Quantitation  of  Hydroxymeth- 
anesulfonate  in   Precipitation  by   Electrospray 
Ionization-Tandem  Mass  Spectrometry. 
W91-06874  5C 

BAYERO  UNIV.,  KANO  (NIGERIA).  DEPT. 
OF  GEOGRAPHY. 

Dynamics  of  Gully  Head  Recession  in  a  Savan- 
na Environment. 
W9 1-06726  2J 

BERGEN  UNIV.  (NORWAY).  DEPT.  OF 
BIOCHEMISTRY. 

Evaluation  of  Biochemical  Responses  to  Envi- 
ronmental Contaminants  in  Flatfish  from  the 
Hvaler  Archipelago  in  Norway. 
W9 1-06331  5C 

BERGEN  UNIV.  (NORWAY).  DEPT.  OF 
MARINE  BIOLOGY. 

Impact  of  Freshwater  Runoff  on  Physical 
Oceanography  and  Plankton  Distribution  in  a 
Western  Norwegian  Fjord:  An  Experiment  with 
a  Controlled  Discharge  from  a  Hydroelectric 
Power  Plant. 
W9 1-06766  2L 

Coupled  Physical-Biological  Pelagic  Model  of  a 

Shallow  Sill  Fjord. 

W9 1-06771  2L 

BIDHAN  CHANDRA  KRISHI  VISWA 
VIDYALAYA,  MOHANPUR  (INDIA).  DEPT. 
OF  AGRICULTURAL  CHEMISTRY  AND  SOIL 
SCIENCE. 

Degradation  of  Pendimethalin  by  Soil  Fungi. 
W91-06795  5B 

BIOLOGICAL  STATION,  LUNZ  AM  SEE 
(AUSTRIA). 

Effect  of  Escape  Reactions  on  the  Quantitative 

Sampling  of  Gravel  Stream  Fauna. 

W91-06753  7B 

BIOLOGISCHE  ANSTALT  HELGOLAND 
(GERMANY,  FJU 

Cellular  Effects  of  Environmental  Contamina- 
tion in  Fish  from  the  River  Elbe  and  the  North 
Sea. 
W91-06379  5C 

New  Toxicity  Testing  Method  Using  Marine 

Bacterivorous  Nanoflagellates. 

W91-06885  5C 


BOSTON  UNIV.,  MA.  MARINE  BIOLOGICAL 
LAB. 

Transport    of    Groundwater-Borne    Nutrients 

from  Watersheds  and  Their  Effects  on  Coastal 

Waters. 

W9 1-06950  5B 

BRIGHAM  YOUNG  UNIV.,  PROVO,  UT. 
DEPT.  OF  CHEMISTRY. 

Heavy  Metal  Removal  Using  Bound  Macrocy- 

cles. 

W9 1-06072  5F 

BRISTOL  UNIV.  (ENGLAND).  DEPT.  OF 
GEOGRAPHY. 

Towards  a  Dynamic  Model  of  Gully  Growth. 
W9 1-06725  2J 

BRITISH  COLUMBIA  MINISTRY  OF 
ENVIRONMENT,  VICTORIA. 

Method  for  Predicting  Terrain  Susceptible  to 
Landslides    Following    Forest    Harvesting:    A 
Case  Study  from  the  Southern  Coast  Mountains 
of  British  Columbia. 
W9 1-06523  2J 

BRITISH  COLUMBIA  MINISTRY  OF 
FORESTS,  KAMLOOPS.  HYDROLOGY 
RESEARCH  SECTION. 

Root  Zone  Drainage  from  a  Humid  Forest  Soil 

in  the  West  Coast  of  Canada. 

W9 1-06546  2G 

Streamflow  Characteristics  of  Two  Small,  Steep 
and   Forested   Watersheds   in   High   Elevation 
Areas  of  Central  Taiwan. 
W91-06557  *C 

BRITISH  COLUMBIA  UNIV.,  VANCOUVER. 
DEPT.  OF  GEOGRAPHY. 

Mechanisms  of  Debris  Supply  to  Steep  Channels 
Along  Howe  Sound,  Southwest  British  Colum- 
bia. 
W9 1-06592  2J 

BRITISH  COLUMBIA  UNIV.,  VANCOUVER. 
FACULTY  OF  FORESTRY. 

Influence    of    Acid    Precipitation    on    Stream 
Chemistry  in  a  Small  Forested  Basin  in  South- 
western British  Columbia. 
W91-06514  SB 

Changes  in  Streamflow  Peaks  following  Timber 
Harvest  of  a  Coastal  British  Columbia  Water- 
shed. 
W9 1-06558  *C 

BRITISH  MUSEUM  OF  NATURAL  HISTORY, 
LONDON  (ENGLAND).  DEPT.  OF  BOTANY. 

Observations  on  the  Phytobenthos  of  the  Fresh- 
water Thames:  III.  The  Floristic  Composition 
and  Seasonality  of  Algae  in  the  Tidal  and  Non- 
Tidal  River. 
W9 1-06760  2H 

BROOKHAVEN  NATIONAL  LAB.,  UPTON, 
NY.  NUCLEAR  WASTE  RESEARCH  GROUP. 

Leaching-Induced  Concentration  Profiles  in  the 

Solid  Phase  of  Cement. 

W91-06149  5E 

BUCKNELL  UNIV.,  LEWISBURG,  PA.  DEPT. 
OF  BIOLOGY. 

Dissolved  Organic  Carbon  Dynamics  in  a  Small 

Stream. 

W91-06009  2H 

BUENOS  AIRES  UNIV.  (ARGENTINA).  DEPT. 
CIENCIAS  BIOLOGICAS. 

Effects  of  Lindane  and  Acetone  on  the  Develop- 
ment of  Larvae  of  the  Southern  King  Crab 
(Lithodes  antarcticus  Jaquinot). 
W9 1-06884  5C 


BUENOS  AIRES  UNIV.  (ARGENTINA).  DEPT. 
OF  TOXICOLOGY. 

Polluted  Water  Concentrates:  Induction  of  Ge- 
netic Alterations  in  Saccharomyces  cerevisiae 
D7  Strain. 
W9 1-06887  5C 

BUREAU  OF  LAND  MANAGEMENT, 
LAKEWOOD,  CO.  DENVER  SERVICE 
CENTER. 

Predicting    Channel    Responses    to    Changing 

Flow  Regimes:  Beaver  Creek,  Alaska. 

W9 1-06629  2J 

CALCUTTA  MUNICIPAL  CORP.  (INDIA). 

Chlorination  of  Drinking  Water  and  Cancer. 
W9 1-06898  5F 

CALIFORNIA  DEPT.  OF  FOOD  AND 
AGRICULTURE,  SACRAMENTO. 
ENVIRONMENTAL  HAZARDS  ASSESSMENT 
PROGRAM. 

Enzyme  Immunoassay  for  the  Determination  of 

Atrazine  Residue  in  Soil. 

W91-05986  5A 

CALIFORNIA  INST.  OF  TECH.,  PASADENA. 
DTV.  OF  BIOLOGY. 

Metallothionein:  A  Potential  Biomonitor  of  Ex- 
posure to  Environmental  Toxins. 
W91-06188  5A 

CALIFORNIA  UNIV.,  BERKELEY.  DEPT.  OF 
GEOLOGY  AND  GEOPHYSICS. 

Overview:  'Zero-Order  Basins'  and  Problems  of 
Drainage    Density,    Sediment    Transport    and 
Hillslope  Morphology. 
W91-06573  2J 

Size  and  Location  of  Colluvial  Landslides  in  a 

Steep  Forested  Landscape. 

W9 1-06574  2J 

Contribution  of  Bedrock  Groundwater  Flow  to 
Storm  Runoff  and  High  Pore  Pressure  Develop- 
ment in  Hollows. 
W9 1-06575  2J 

CALIFORNIA  UNIV.,  BERKELEY.  DEPT.  OF 
PLANT  AND  SOIL  BIOLOGY. 

Acidity  and  Alkalinity  of  Reservoir  Water  in  the 

Sierra  Nevada,  California. 

W91-06512  5B 

CALIFORNIA  UNIV.,  BERKELEY.  KEARNEY 
FOUNDATION  OF  SOIL  SCIENCE. 

El  Nino  Effects  on  Hydrogen  Ion  Concentration 

of  a  California  Reservoir. 

W9 1-06943  5B 

CALIFORNIA  UNIV.,  DAVIS.  DEPT.  OF 
GEOLOGY. 

Role  of  Magnetic  Measurements  in  the  Develop- 
ment of  a  River  Basin  Erosional  History. 
W91-06653  7B 

CALIFORNIA  UNIV.,  DAVIS.  SCHOOL  OF 
VETERINARY  MEDICINE. 

Liver    Structural    Alterations    Accompanying 
Chronic    Toxicity    in    Fishes:    Potential    Bio- 
markers  of  Exposure. 
W91-06177  5A 

In  vivo  Microscopy  of  Liver  Microvasculature 

in  Rainbow  Trout  (Oncorhynchus  mykiss). 

W9 1-06377  5  A 

Environmental   Contamination   and   Cancer   in 

Fish. 

W9 1-06378  5C 
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CALIFORNIA  UNIV.,  LOS  ANGELES.  DEPT. 
OF  GEOGRAPHY. 

Initiation  and  Mechanics  of  Debris  Avalanches 

on  Steep  Forest  Slopes. 

W9 1-06586  2J 

Sediment  Transport  and  Deposition  by  Fire-Re- 
lated Debris  Flows  in  Southern  California. 
W91-06615  2J 

CALIFORNIA  UNIV.,  PARLIER.  MOSQUITO 
CONTROL  RESEARCH  LAB. 

Efficacy  of  a  Juvenile  Hormone  Mimic,  Pyri- 
proxyfen  (S-31183),   for  Mosquito  Control   in 
Dairy  Wastewater  Lagoons. 
W91-06123  5D 

CALIFORNIA  UNIV.,  RIVERSIDE.  DEPT.  OF 
ENTOMOLOGY. 

Fate  and  Persistence  of  Bacillus  Sphaericus  Used 

as  a  Mosquito  Larvicide  in  Dairy  Wastewater 

Lagoons. 

W9 1-06823  5D 

CALIFORNIA  UNIV.,  RIVERSIDE.  DEPT.  OF 
SOIL  AND  ENVIRONMENTAL  SCIENCES. 

Long-Term  Environmental  Effects  Associated 

with  Land  Application  of  Municipal  Sludges:  A 

Review. 

W9 1-06452  5E 

Nitrate  Transport  and  Leaching  Mechanisms. 
W9 1-06736  5B 

CALIFORNIA  UNIV.,  SANTA  BARBARA. 
DEPT.  OF  GEOLOGICAL  SCIENCES. 

Relationships  Between  Channel  Morphology, 
Unit  Stream  Power,  and  Sediment  Routing  and 
Storage  in  a  Steep,  Bedrock  Controlled  Channel. 
W91-06613  2E 

Stream  Channel  Response  to  the  Removal  of 
Large   Woody    Debris,    Larry   Damm   Creek, 
Northwestern  California. 
W9 1-06635  2J 

CAMP,  DRESSER  AND  MCKEE,  INC., 
CAMBRIDGE,  MA. 

Diatomaceous  Earth  Filtration  of  Cysts  and 
Other  Particulates  Using  Chemical  Additives. 
W9 1-05962  5F 

CANTABRIA  UNTV.,  SANTANDER  (SPAIN). 
LAB.  DE  ECOLOGLA. 

Influence  of  Tidal  Conditions  and  River  Volume 
on  Phytoplankton  Distribution  and  Composition 
in  the  Pas  Estuary  (Northern  Spain). 
W9 1-06939  2L 

CANTERBURY  AGRICULTURE  AND 
SCIENCE  CENTRE,  LINCOLN  (NEW 
ZEALAND). 

Measurement  of  Water  Use  and  Pasture  Growth 

on  Templeton  Silt  Loam. 

W9 1-06307  2G 

CARNEGIE-MELLON  UNTV.,  PITTSBURGH, 
PA.  DEPT.  OF  CTVIL  ENGINEERING. 

Surfactant  Solubilization  of  Polycyclic  Aromatic 
Hydrocarbon  Compounds  in  Soil-Water  Suspen- 
sion. 
W91-06091  5G 

CARTWRIGHT  CONSULTING  CO,  ST.  PAUL, 

MN. 
Membrane  Separation  Technologies  in  Pollution 
Control:  Case  Histories. 
W91-06460  5D 

CASE  WESTERN  RESERVE  UNTV, 
CLEVELAND,  OH.  DEPT.  OF  BIOLOGY. 

Commentary  on  Fish  Community  Health:  Moni- 
toring and  Assessment  in  Large  Lakes. 
W9 1-06928  5  A 


CEA  CENTRE  D'ETUDES  NUCLEAIRES  DE 
SACLAY,  GIF-SUR-YVETTE  (FRANCE). 
Experience  Acquired  in  the  Field  of  Long-Term 
Leaching  Tests  on  Blocks  of  Radioactive  Waste. 
W91-06154  5E 

CENTRAL  ELECTRICITY  GENERATING 
BOARD,  LONDON  (ENGLAND). 
ENVIRONMENTAL  POLICY  DEPT. 

Acid  Rain. 

W91-06236  5B 

CENTRE  D'ETUDES  D'OCEANOGRAPHIE  ET 
DE  BIOLOGIE  MARINE,  ROSCOFF 
(FRANCE). 

Population  Dynamics  and  Secondary  Produc- 
tion of  Owenia  fusiformis  Delle  Chiaje  (Poly- 
chaeta)  from  the  Bay  of  Seine  (Eastern  English 
Channel). 
W9 1-06246  2H 

CENTRE  D'OCEANOLOGIE  DE  MARSEILLE 
(FRANCE). 

Effect  of  Crude  Oil  on  Denitrification  and  Sul- 
fate Reduction  in  Marine  Sediments. 
W9 1-06949  5C 

CENTRE  DE  PEDOLOGIE  BIOLOGIQUE, 
VANDOEUVRE-LES-NANCY  (FRANCE). 
Nitrification  and  Nitrate  Uptake:  Leaching  Bal- 
ance in  a  Declined  Forest  Ecosystem  in  Eastern 
France. 
W91-06308  5B 

Biodegradation    of   Synthetic    Organo-Metallic 
Complexes  of  Iron  and  Aluminum  with  Selected 
Metal  to  Carbon  Ratios. 
W9 1-06965  2K 

CENTRE  DE  RECHERCHES  DE  RENNES 
(FRANCE).  LAB.  DE  SCIENCE  DU  SOL. 

Morphological  Assessment  of  Soil  Microtopo- 
graphy  Using  a  Digital  Elevation  Model  on  One 
Square  Metre  Plots. 
W9 1-06904  2E 

CENTRE  DE  RECHERCHES 
OCEANOGRAPHIQUES  DE  DAKAR- 
THIAROYE  (SENEGAL). 

Dissolved  Organic  Matter  and  UV  Absorption 

in  a  Tropical  Hyperhaline  Estuary. 

W9 1-06821  2L 

CENTRE  DES  SCIENCES  DE 
L'ENVDJONMENT,  METZ  (FRANCE). 

Bacterial  Distribution  and  Sampling  Strategies 

for  Drinking  Water  Networks. 

W9 1-06204  5F 

CENTRE  FOR  AGROBIOLOGICAL 
RESEARCH,  WAGENINGEN 
(NETHERLANDS). 

Effect  of  Pattern  of  Water  Supply  on  Vicia  faba 
L.:  1.  Dry  Matter  Partitioning  and  Yield  Varia- 
bility. 
W9 1-06932  3F 

Effect  of  Pattern  of  Water  Supply  on  Vicia  Faba 
L.:  2.  Pod  Retention  and  Filling,  and  Dry 
Matter  Partitioning,  Production  and  Water  Use. 
W9 1-06934  3F 

CENTRE  FOR  WATER  RESOURCES 
DEVELOPMENT  AND  MANAGEMENT, 
CALICUT  (INDIA). 

Studies  on  the  Hydrological   Processes  in  the 

Forest  Drainage  Basins  of  the  Western  Ghats  of 

India. 

W9 1-06531  4A 

CENTRE  NATIONAL  DE  LA  RECHERCHE 
SCIENTIFIQUE,  GRENOBLE  (FRANCE). 
INST.  DE  MECANIQUE  DE  GRENOBLE. 

Spatial    Variability   of  an    Agricultural    Field: 
Geostatistical    Analysis   of  Soil    Texture,    Soil 
Moisture    and    Yield    Components    of    Two 
Rainfed  Crops. 
W9 1-06906  2G 


CENTRE  NATIONAL  DU  MACHINISME 
AGRICOLE,  DU  GENIE  RURAL,  DES  EAUX 
ET  DES  FORETS,  AIX-EN-PROVENCE 
(FRANCE).  AIX-EN  PROVENCE  GROUP. 

Research  Drainage  Basin  of  the  Real  Collobrier 
(Mediterranean  France):  Flow  Modelization  and 
Regional  Analysis. 
W9 1-06503  2E 

CENTRE  NATIONAL  DU  MACHINISME 
AGRICOLE,  DU  GENIE  RURAL,  DES  EAUX 
ET  DES  FORETS,  SAINT-MARTIN  D'HERES 
(FRANCE).  GRENOBLE  GROUP. 

Management  of  Sediment   Monitoring   at   the 
Draix   Experimental   Basins  (La  Gestation  du 
Bassin  Versant  Experimental  de  Draix  pour  la 
Mesure  de  I'Erosion). 
W9 1-07085  2J 

CENTRE  SCIENTIFIQUE  DE  MONACO, 
MONTE  CARLO. 

Alteration  of  Calcium  Transport  as  a  Mechanism 

of  Cell  Injury  Induced  by  HgC12  in  Sea  Urchin 

Eggs. 

W91-06355  5C 

CENTRO  DE  EDAFOLOGIA  Y  BIOLOGI A 
APLICADA  DEL  SEGURA,  MURCIA  (SPAIN). 
Color  Changes  of  Organic  Wastes  during  Com- 
posting and  Maturation  Processes. 
W9 1-06971  5E 

CH  DIAGNOSTIC  A  CONSULTING  SERVICE, 
FORT  COLLINS,  CO. 

Waterborne  Giardiasis. 

W9 1-06207  5F 

CH2M  HILL,  BOSTON,  MA. 

Extraction  Procedure  Toxicity  and  Toxicity 
Characteristic  Leaching  Procedure  Extractions 
of  Industrial  and  Solidified  Hazardous  Waste. 
W91-06137  5E 

CH2M  HILL,  INC.,  GAINESVIXLE,  FL. 

Desalting  Practices  in  the  United  States. 

W9 1-06808  3  A 

CHADWICK  AND  ASSOCIATES,  LITTLETON, 
CO. 

Effects  of  Varying  Current  on  Weight  Loss 

from  Willow  Leaf  Packs. 

W91-O6011  2H 

CHEMICAL  RESEARCH,  DEVELOPMENT 
AND  ENGINEERING  CENTER,  ABERDEEN 
PROVING  GROUND,  MD. 
ENVn*ONMENTAL  TOXICOLOGY  BRANCH. 

Biodegradation  and  Reduction  in  Aquatic  Toxic- 
ity of  the  Persistent  Riot  Control  Material  1,4- 
Dibenz-Oxazepine. 
W9 1-06696  5B 

Aquatic  Toxicity  of  the  Sensory  Irritant  and 

Riot  Control  Agent  Dibenz-(b,f)-l,4-Oxazepine 

(CR). 

W9 1-06703  5C 

CHEMICAL  WASTE  MANAGEMENT,  INC., 
GENEVA,  IX. 

Development  of  a  Liquid  Release  Tester. 
W91-06140  7B 

CHENGDU  INST.  OF  GEOGRAPHY  (CHINA). 

Erosion  Processes  and  Effects  of  Debris  Flow. 
W9 1-06596  2J 

Erosion    Process    in    the    Middle    and    Upper 

Reaches  of  the  Yangzi  River. 

W91-06647  2J 
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CHENGDU  UNIV.  OF  SCIENCE  AND 
TECHNOLOGY  (CHINA).  DEFT.  OF 
HYDRAULIC  ENGINEERING. 

Model  Experiments  on  Bed  Load  Transport  in 
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W9 1-07063  2J 

Development  and  Flume  Calibration  of  a  New 
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W9 1-07081  2J 

CHICAGO  UNTV.,  DL.  LAB.  FOR 
ATMOSPHERIC  PROBING. 

Method  for  Improving  Rain  Estimates  from 
Vertical-Incidence  Doppler  Radar  Observations. 
W91-06112  7B 

CHUO  UNTV.,  TOKYO  (JAPAN).  INST.  OF 
GEOSCTENCES. 

Tombi  Landslide  and  Its  Impact  on  the  Joganji 

River,  Japan. 

W91-06584  2J 


CINCINNATI  UNTV.,  OH.  DEFT.  OF 
CHEMICAL  ENGINEERING. 

Determination   of   Monod    Kinetics   of  Toxic 
Compounds  by  Respirometry  for  Structure-Bio- 
degradability  Relationships. 
W91-06664  5D 

CINCINNATI  UNTV.,  OH.  DEFT.  OF  CIVIL 
AND  ENVIRONMENTAL  ENGINEERING. 

Application  of  a  Mobile  Solvent  Recovery  Proc- 
ess to  Minimize  Hazardous  Waste. 
W91-06167  5D 

CINCINNATI  UNTV.,  OH.  DEFT.  OF 
GEOLOGY. 

Late  Wisconsin  Iceberg-Calving  Rates  and  Ice- 
Sheet  Mass  Balance  Reconstructed  from  Paleo- 
Sea  Levels,  Mount  Desert  Island,  Maine. 
W91-06412  2C 

CITADEL,  CHARLESTON,  SC. 

Effects  of  Controlled  Burning  on  Aedes  Taen- 
iorhynchus  Eggs  in  an  Abandoned  Rice  Im- 
poundment in  South  Carolina. 
W91-06826  4A 

CLARKSON  UNTV.,  POTSDAM,  NY.  DEFT. 
OF  CTVDL  AND  ENVDtONMENTAL 
ENGINEERING. 

Spreading  of  Oil  Spilled  Under  Ice. 

W9 1-07029  5B 

CLEMSON  UNTV.,  SC.  DEPT.  OF 
AGRICULTURAL  ENGINEERING. 

Locating  Lagoon  Seepage  with  Radar  and  Elec- 
tromagnetic Survey. 
W91-O6801  5B 

CLEMSON  UNTV.,  SC.  DEPT.  OF 
AGRONOMY  AND  SOILS. 

Persistence   of  Carbamothioate    Herbicides   in 

Soils  Pretreated  with  Butylate. 

W9 1-06986  5B 

CLEMSON  UNTV.,  SC.  DEPT.  OF 
MICROBIOLOGY. 

Effect  of  Herbicide  Residues  on  Microbial  Proc- 
esses in  Pond  Sediment. 
W9 1-06777  5C 

CLYDE  RIVER  PURIFICATION  BOARD, 
EAST  KILBRIDE  (SCOTLAND). 

Self-Protection  of  Escherichia  Coli  in  Seawater. 
W9 1-05972  5  A 

COAL  TECHNOLOGY  CORP.,  BRISTOL,  VA. 

Decanting  and  Filtration  in  a  High-Gravity  Cen- 
trifugal Dryer. 
W9 1-06432  5D 


COIMBRA  UNTV.  (PORTUGAL).  DEPT.  DE 
ZOOLOGIA. 

Heterotrophic  Plate  Counts  and  the  Isolation  of 
Bacteria  from  Mineral  Waters  on  Selective  and 
Enrichment  Media. 
W9 1-06005  5  A 

COLD  REGIONS  RESEARCH  AND 
ENGINEERING  LAB.,  HANOVER,  NH. 

Sludge  Dewatering  by  Natural  Freeze-Thaw. 
W9 1-06430  5D 

COLOG,  INC.,  GOLDEN,  CO.  BOREHOLE 
GEOPHYSICAL  SERVICES. 

Monitoring  Well  Completion  Evaluation  with 

Borehole  Geophysical  Density  Logging. 

W9 1-06850  8G 

COLORADO  STATE  UNTV.,  FORT  COLLINS. 
DEPT.  OF  AGRONOMY. 

Fertilizer  Nitrogen  Management. 

W91-06738  3F 

COLORADO  STATE  UNTV.,  FORT  COLLINS. 
DEPT.  OF  CIVIL  ENGINEERING. 

Hydraulics  and  Transport  at  High  Fine  Sedi- 
ment Loads. 
W9 1-06625  2J 

COLORADO  STATE  UNTV.,  FORT  COLLINS. 
DEPT.  OF  EARTH  RESOURCES. 

Effects  of  Hydrochemistry  Variability  on  Water 
Quality  Sampling  Frequencies  in  an  Alpine-Sub- 
alpine  Forest  Basin. 
W9 1-06548  2K 

Temporal  and  Spatial  Variability  of  Sediment 
Storage  and  Erosion  in  Ash  Creek,  Arizona. 
W91-06614  2J 

Response  of  Bed  Topography  to  Increased  Bed 

Load,  Fall  River,  Colorado. 

W9 1-06626  2J 

Tributary  Entrenchment  in  Response  to  Low- 
ered Base  Level  Below  a  Dam. 
W9 1-06628  4C 

Response  of  Dry  Creek,  California,  to  Land  Use 

Change,  Gravel  Mining  and  Dam  Closure. 

W9 1-06644  4C 

COLORADO  STATE  UNTV.,  FORT  COLLINS. 
DEPT.  OF  RANGE  SCDXNCE. 

Soil  Water  Dynamics,  Transpiration,  and  Water 
Losses  in   a  Crested   Wheatgrass  and   Native 
Shortgrass  Ecosystem. 
W91-06314  21 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
CANBERRA  (AUSTRALIA).  DIV.  OF  WATER 
AND  LAND  RESOURCES. 

Prediction   of  Hydrological   Similarity   in   the 

Hunter  Valley,  Australia. 

W9 1-06475  2E 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
ST.  LUCIA  (AUSTRALIA).  DIV.  OF 
TROPICAL  CROPS  AND  PASTURES. 

Contribution  of  Osmotic  Adjustment  to  Grain 

Yield  in  Sorghum  bicolor  (L.)  Moench  under 

Water  Limited  Conditions:  II.  Water  Stress  after 

Anthesis. 

W9 1-06942  21 

COMMONWEALTH  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH  ORGANIZATION, 
WEMBLEY  (AUSTRALIA).  DIV.  OF  WATER 
RESOURCES. 

Salinity--An  Old  Environmental  Problem. 

W9 1-07049  *c 


CONNECTICUT  DEPT.  OF 
ENVIRONMENTAL  PROTECTION, 
HARWINTON.  INLAND  FISHERIES  DIV. 

Catch-and-Release    Management    of    a    Trout 

Stream  Contaminated  with  PCBs. 

W9 1-06030  81 

CONNECTICUT  UNTV.,  STORRS.  DEPT.  OF 
AGRICULTURAL  AND  RESOURCE 
ECONOMICS. 

Dynamics  of  Declining  Soil  Erosion  Rates. 
W91-06231  2J 

CONNECTICUT  UNTV.,  STORRS.  DEPT.  OF 
CHEMICAL  ENGINEERING. 

Destruction  of  Mixtures  of  Pollutants  by  UV- 
Catalyzed  Oxidation  with  Hydrogen  Peroxide. 
W9 1-06660  5D 

CONSEJO  SUPERIOR  DE 
INVESTIGACIONES  CIENTIFICAS,  MADRID 
(SPAIN).  INST.  DE  QUIMICA  ORGANICA 
GENERAL. 

Lindane  Pollution  Near  an  Industrial  Source  in 

Northeast  Spain. 

W91-05983  SB 

CONTRA  COSTA  MOSQUITO  ABATEMENT 
DISTRICT,  CONCORD,  CA. 

Laboratory   Evaluation   of  Lagenidium  gigan- 

teum  (Oomycetes:  Lagenidiales)  in  Water  from 

Contra    Costa    County,    California,    Mosquito 

Sources. 

W91-06122  5G 

COPENHAGEN  UNTV.  (DENMARK).  DEPT. 
OF  GENERAL  MICROBIOLOGY. 

Seasonality  of  Denitrification  in  Water-logged 

Alder  Stands. 

W9 1-06322  2H 

COPENHAGEN  UNTV.  (DENMARK).  INST.  OF 
GEOGRAPHY. 

Identification  of  Sources  of  Sediment  Transport 
in  Small  Basins  with  Special  Reference  to  Partic- 
ulate Phosphorus. 
W9 1-07084  2J 

CORNELL  UNTV.,  ITHACA,  NY. 
ECOSYSTEMS  RESEARCH  CENTER. 

Pollutant  Dynamics  as  Influenced  by  Seagrass 

Beds:  Experiments  with  Tributyltin  in  Thalassia 

Microcosms. 

W9 1-06242  5B 

CORNELL  UNIV.,  ITHACA,  NY.  LAB.  OF 
SOIL  MICROBIOLOGY. 

Explanation  for  the  Decline  of  Bacteria  Intro- 
duced into  Lake  Water. 
W91-06023  5B 

CORNELL  UNTV.,  ITHACA,  NY.  SCHOOL  OF 
CIVIL  AND  ENVIRONMENTAL 
ENGINEERING. 

Effects  of  Soil  Properties  and  Moisture  on  Sorp- 
tion of  Trichloroethylene  Vapor. 
W91-06861  5B 

Computation  (Investigation,  Education,  and  Ap- 
plication). 
W9 1-07027  8B 

COUNCIL  FOR  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH,  PRETORIA 
(SOUTH  AFRICA).  DIV.  OF  WATER 
TECHNOLOGY. 

Occurrence  and  Significance  of  Toxic  Cyano- 

bacteria  in  Southern  Africa. 

W9 1-06057  5B 
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Selection  of  Bacterial  and   Fungal  Strains  for 
Bioaccumulation  of  Heavy  Metals  from  Aque- 
ous Solutions. 
W9 1-06073  5D 

COVENTRY  (MANCHESTER)  POLYTECHNIC 
(ENGLAND).  DEPT.  OF  GEOGRAPHY. 

Acid  Buffering  in  Lowland  Forested  Ecosys- 
tems: A  Case  Study  in  the  Trent  Basin,  UK. 
W91-06515  5B 

Sedimentary  Data  Base:  An  Appraisal  of  Lake 

and  Reservoir  Sediment  Based  Studies  of  Sedi- 
ment Yield. 

W91-06719  2J 

Lake-Catchments:  An  Evaluation  of  Their  Con- 
tribution to  Studies  of  Sediment  Yield  and  De- 
livery Process. 
W91-07101  2J 

DAMES  AND  MOORE,  SAN  FRANCISCO,  CA. 

Making  the  Most  of  Bottoms  and  Residuals. 
W91-06688  5D 

DANISH  INST.  OF  APPLIED  HYDRAULICS, 
HOERSHOLM. 

Simulation  of  Water  Flow  and   Soil   Erosion 
Processes  with  a  Distributed  Physically-based 
Modelling  System. 
W91-06567  2J 

DAVYHULME  STW,  NORTH  WEST  WATER, 
ENGLAND. 

Options  Available  for  Ammonia  Removal  at  Da- 

vyhulme  Sewage-Treatment  Works. 

W9 1-05973  5D 

DELAWARE  UNIV.,  NEWARK.  COLL.  OF 
MARINE  STUDD2S. 

Sea  Level  Variability  in  Long  Island  Sound. 
W91-06833  2L 

DELAWARE  UNIV.,  NEWARK.  DEPT.  OF 
CIVIL  ENGINEERING. 

Peroxide  Pre-Oxidation  of  Recalcitrant  Toxic 

Waste  to  Enhance  Biodegradation. 

W9 1-06079  5D 

Removal  of  Chlorophenols  from  Water  by  Pho- 

tocatalytic  Oxidation. 

W9 1-06080  5F 

Mechanistic  Aspects  of  the  Photocatalytic  Oxi- 
dation of  Phenol  in  Aqueous  Solutions. 
W9 1-06657  5D 

DELTA  INST.  FOR  HYDROBIOLOGICAL 
RESEARCH,  YERSEKE  (NETHERLANDS). 

Relationship  Between  PCB  Concentrations  and 

Reproduction  in  Mussels  Mytilus  edulis. 

W9 1-06390  5C 

DEMOCRITOS  NUCLEAR  RESEARCH 
CENTER,  ATHENS  (GREECE). 

Geochemical  Partitioning  of  Co,  Cr,  Fe,  Sc,  and 
Zn  in  Polluted  and  Non- Polluted  Marine  Sedi- 
ments. 
W9 1-06805  5B 

DEPARTMENT  OF  ENERGY,  WEST  VALLEY, 
NY.  WEST  VALLEY  DEMONSTRATION 
PROJECT. 

Strategy  for  Management  of  Mixed  Wastes  at 
the  West  Valley  Demonstration  Project. 
W91-06150  5E 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  BURLINGTON  (ONTARIO). 

Review  of  Biochemical  Methods  and  Other  In- 
dicators to  Assess  Fish  Health  in  Aquatic  Eco- 
systems Containing  Toxic  Chemicals. 
W9 1-06920  5  A 


DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  ST.  JOHN'S  (NEWFOUNDLAND). 
SCIENCE  BRANCH. 
Effect  of  Polycyclic  Aromatic  Hydrocarbons  on 
Immune  Responses  in  Fish:  Change  in  Melano- 
macrophage  Centers  in  Flounder  (Pseudopleur- 
onectes  americanus)  Exposed  to  Hydrocarbon- 
Contaminated  Sediments. 
W91-06381  5C 

DEPARTMENT  OF  PHYSICAL 

OCEANOGRAPHY  AND  MARINE 

METEOROLOGY,  OCEAN  UNIVERSITY  OF 

QINGDAO,  QINGDAO,  CHINA. 
Nonlinear  Tidal  Waves  in  a  Kind  of  Estuary 
with  Gradually  Varying  Cross-Section. 
W9 1-06099  2L 

DEPARTMENT  OF  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH,  HAMILTON  (NEW 
ZEALAND).  WATER  QUALITY  CENTRE. 

Variation  in  Composition  and  Condition  of  the 
Pacific  Oyster,  Crassostrea  gigas,  Along  a  Pollu- 
tion Gradient  in  Manukau  Harbour,  New  Zea- 
land. 
W91-06261  5C 

DEPARTMENT  OF  SCTENnFIC  AND 
INDUSTRIAL  RESEARCH,  LOWER  HUTT 
(NEW  ZEALAND).  DTV.  OF  LAND  AND  SOIL 
SCIENCES. 

Effect  of  Different  Drainage  Systems  on  Bearing 

Resistance  of  Some  West  Coast,  South  Island 

Soils. 

W9 1-06937  2G 

DOBROCKY  SEATECH  LTD.,  SIDNEY 
(BRITISH  COLUMBIA). 

Experimental  Marine  Ecosystem  Study  of  the 
Pelagic  Biogeochemistry  of  Pentachlorophenol. 
W9 1-06241  5B 

DOW  CHEMICAL  CO.,  MIDLAND,  MI. 
ENVIRONMENTAL  TOXICOLOGY  AND 
CHEMISTRY  RESEARCH  LAB. 

Sensitivity  of  Two  Cladocerans  to  Water  Qual- 
ity Variables:  Salinity  and  Hardness. 
W9 1-06762  5C 

DOW  CHEMICAL  U.S.A.,  MIDLAND,  MI. 

Waste    Reduction    for    Chlorinated    Solvents 

Users. 

W9 1-06685  5D 

DREXEL  UNIV.,  PHILADELPHIA,  PA.  DEPT. 
OF  CIVIL  ENGINEERING. 

Microbiological    Methods   and    Monitoring   of 

Drinking  Water. 

W91-06215  5A 

DU  PONT  DE  NEMOURS  (EJ.)  AND  CO., 
NEWARK,  DE.  ENGINEERING  DEFT. 

Tyvek         Microfiltration         of        Hazardous 

Wastewaters. 

W91-06431  5D 

Waste  Minimization  and  Recycling  with  Mem- 
brane Filter  Presses. 
W9 1-06459  5D 

DU  PONT  DE  NEMOURS  (EJ.)  AND  CO., 
PHILADELPHIA,  PA  MARSHALL  LABS. 

Large-Scale     Demonstration     of     Low-Level 

Waste  Solidification  in  Saltstone. 

W91-06155  5E 

DU  PONT  DE  NEMOURS  (EJ.)  AND  CO., 
WULMTNGTON,  DE.  AGRICULTURAL 
PRODUCTS  DEPT. 

Effect  of  Moisture  on  Chlonmuron  Degradation 

in  Soil. 

W91-06988  5B 


DUKE  UNIV.,  DURHAM,  NC.  DEPT.  OF 
CIVIL  AND  ENVIRONMENTAL 
ENGINEERING. 

Channelling    and    the    Doubly    Concave    Flux 

Curve  in  Batch  Thickening. 

W9 1-06422  5D 

DUPHAR  B.V.,  THE  HAGUE 
(NETHERLANDS).  CROP  PROTECTION  DIV. 

Degradation  of  Diflubenzuron  and  Its  Chief  Me- 
tabolites in  Soils  Part  III:  Fate  of  2,6-Difluoro- 
benzoic  Acid. 
W91-06792  5B 

DURBAN-WESTVILLE  UNTV.  (SOUTH 
AFRICA).  DEPT.  OF  BOTANY. 

Litter  Production  by  Mangroves:  III.  Wavecrest 

(Transkei)  with  Predictions  for  Other  Transkei 

Estuaries. 

W9 1-06289  2L 

E.V.S.  CONSULTANTS  LTD.,  NORTH 
VANCOUVER  (BRITISH  COLUMBIA). 

Acute  Avoidance  Reactions  and  Behavioral  Re- 
sponses of  Juvenile  Rainbow  Trout  (Oncorhyn- 
chus  mykiss)  to  Garlon  4,  Garlon  3A  and  Vision 
Herbicides. 
W9 1-06997  5C 

EA  NORTHWEST  OPERATIONS,  REDMONT, 
WA. 

Boundary   Shear   Stress   and   Roughness   over 
Mobile  Alluvial  Beds. 
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EARTH  TECHNOLOGY  CORP., 
ALEXANDRIA,  VA. 

Minimizing  Waste  Oil  Disposal. 

W91-06168  5E 

EAST  BAY  MUNICH* AL  UTTLITY  DISTRICT, 
OAKLAND,  CA 

Performance  and  Analysis  of  Tracer  Tests  to 
Determine  Compliance  of  a  Disinfection  Scheme 
with  the  SWTR. 
W9 1-05965  5F 

EASTERN  NEW  MEXICO  UNTV.,  PORTALES. 
DEPT.  OF  LIFE  SCIENCES. 

Temperature  Preference  versus  Acclimation  in 

Fishes:     Selection     for    Changing     Metabolic 

Optima. 

W9 1-06036  2H 

EASTERN  WASHINGTON  UNTV.,  CHENEY. 
ARCHAEOLOGICAL  AND  HISTORICAL 
SERVICES. 

Report  on  Archaeological  Testing  at  Salishan 
Mesa  (45GR445),  Grant  County,  Washington. 
W9 1-07038  6G 

Archaeological  Investigations  at  River  Mile  590: 

The  Excavations  at  45D0189. 

W9 1-07039  6G 

EBASCO  SERVICES,  INC.,  CHICAGO,  IL. 

Solid/Liquid  Separation  in  Waste  Acid  Neutral- 
ization: A  Case  Study. 
W9 1-06434  5D 

ECONOMIC  RESEARCH  SERVICE, 
WASHINGTON,  DC.  COMMODITY 
ECONOMICS  DIV. 

Costs  and  Benefits  of  the  Conservation  Reserve 

Program. 

W91-06273  4D 
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ELECTRO-PURE  SYSTEMS,  INC.,  AMHERST, 

NY. 

Solid/Liquid  Separation  Using  Alternating  Cur- 
rent Electrocoagulation. 
W9 1-06454  5D 

ELETROBRAS,  RIO  DE  JANEIRO  (BRAZIL). 
DEFT.  DE  RECURSOS  ENERGETICOS. 

Sediment  Yield  in  the  Velhas  River  Basin  (Minas 

Gerais,  Brazil). 

W9 1-07097  2J 

ENEA,  ROME  (ITALY).  NUCLEAR  FUEL 
CYCLE  DIV. 

Characterization  and  Control  of  Solidified  Ra- 
dioactive Wastes  According  to  the  Italian  Rules: 
Organization  of  a  Characterization  Facility  and 
First  Results. 
W91-06133  5E 

ENERGY  ANSWERS  CORP.,  ALBANY,  NY. 

Utilization  of  Ash  Products  from  Combustion  of 

Shredded  Solid  Waste. 

W91-06175  5E 

ENGE-RIO,  ENGENHARIA  E  CONSULTORIA 
S/A,  DEPARTAMENTO  ENGENHARIA 
CIVIL,  SETOR  COMERCLAL  NORTE, 
QUADRA  6,  CONJ.  A,  SUPER  CENTER 
VENANCIO  3000,  SALA  601,  B1.A,  BRASILIA/ 
DF,  CEP:  70710,  BRAZIL. 

Analytical  Evaluation  of  Bed  Load  Transport  in 

a  River  Subject  to  Backwater  Effect:  The  Case 

of  the  River  Trombetas. 

W9 1-07072  2J 

ENVIRONMENT  CANADA,  OTTAWA 
(ONTARIO).  WATER  RESOURCES  BRANCH. 

Evaluation  of  Long  Term  Suspended  Sediment 

Records  for  Selected  Canadian  Rivers. 

W9 1-07078  2J 

ENVIRONMENTAL  LAW  INST., 
WASHINGTON,  DC. 

Swampbuster  Implementation:  Missed  Opportu- 
nities for  Wetland  Protection. 
W9 1-06274  6E 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CHICAGO,  IL.  GREAT  LAKES  NATIONAL 
PROGRAM  OFFICE. 

Observations  on  Fish  Community  Health. 
W91-O6930  5A 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH. 

Microbiological  Quality  of  Source  Waters  for 

Water  Supply. 

W91-06195  5F 

Microbiology  and  Drinking  Water  Filtration. 
W91-O6200  5F 
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AMBLESIDE  (ENGLAND). 

Lichenometric  Dating  Applied  to  Flood  Depos- 
its. 
W9 1-06630  7C 

FRUEHAUF  CORP.,  DETROIT,  MI. 

Waste  Oil  Management  for  a  Small  Quantity 

Generator. 

W91-06170  5E 

FUNDACAO  CENTRO  TECNOLOGICO  DE 
MINAS  GERAIS  (BRAZIL). 

Average  Long-Term  Sediment  Discharge  Inves- 
tigations Based  on  Reservoir  Resurvey  Data  and 
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tions Using  Uncoated  Capillary  Columns. 
W91-07012  JA 

HOWARD  UNIV.,  WASHINGTON,  DC.  DEPT. 
OF  CHEMICAL  ENGINEERING. 
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BANGOR  (WALES).  BANGOR  RESEARCH 
STATION. 

Dissolved    Inorganic    Nitrogen   Concentrations 
and  Fluxes  in  Three  British  Sitka  Spruce  Planta- 
tions. 
W91-06323  5B 

Stream  Acidification  Resulting  from  Afforesta- 
tion in  the  UK:  Evaluation  of  Causes  and  Possi- 
ble Ameliorative  Measures. 
W91-06516  5B 

Growth  Responses  of  Three  Legume  Species 

Exposed  to  Simulated  Acid  Rain. 

W9 1-06804  5C 

Effect  of  Harvest  Intensity  and  Ground  Flora 
Establishment  on  Inorganic-N  Leaching  from  a 
Sitka  Spruce  Plantation  in  North  Wales,  UK. 
W9 1-06945  4C 


INSTTTUTO  DE  CIENCIAS  DEL  MAR, 

BARCELONA  (SPAIN). 
Development  of  a  Toxic  Alexandrium  minutum 
Halim  (Dinophyceae)  Bloom  in  the  Harbour  of 
Sant  Carles  de  la  Rapita  (Ebro  Delta,  North- 
western Mediterranean). 
W9 1-06938  5B 

INSTTTUTO  DE  INVESTIGACIONES 
MARINAS,  VIGO  (SPAIN). 

Water  Interchange  Between  the  Ria  of  Vigo  and 

the  Coastal  Shelf. 

W9 1-06940  2L 

INSTTTUTO  DE  PESQUISAS  ESPACLAIS,  SAO 
JOSE  DOS  CAMPOS  (BRAZIL). 

Ratios  of  Eddy  Transfer  Coefficients  over  the 

Amazon  Forest. 

W9 1-06545  2D 

INSTTTUTO  DE  PESQUISAS  HTDRAULICAS, 
PORTO  ALEGRE  (BRAZIL). 

Rain  and  Urban  Stormwater  Quality. 
W91-06053  5B 

INSTTTUTO  DE  RADIOPROTECAO  E 
DOSIMETRIA,  RIO  DE  JANEIRO  (BRAZIL). 

Cesium- 137  In  the  Goiania  Waterways  During 

and  After  the  Radiological  Accident. 

W9 1-06243  5B 

INSTTTUTO  NACIONAL  DE 
rNVESTIGACIONES  GEOLOGICO-MTNERAS, 
BOGOTA  (COLOMBIA). 

Rapid  Formation  of  Large  Coastal  Sand  Bodies 
After  Emplacement  of  Magdalena  River  Jetties, 
Northern  Colombia. 
W9 1-06800  2J 

INSTTTUTO  NACIONAL  DE  LIMNOLOGIA, 
SANTO  TOME  (ARGENTINA). 

Suspended  Sediment  at  a  Cross  Section  of  the 
Middle  Parana  River:  Concentration,  Granulo- 
metry  and  Influence  of  the  Main  Tributaries. 
W9 1-07099  2J 

INSTTTUTO  PIRENAICO  DE  ECOLOGIA, 

JACA  (SPAIN). 
Assessing  Sediment  Sources  in  a  Small  Drainage 
Basin  above  the  Timberline  in  the  Pyrenees. 
W9 1-07079  2J 

INSTTrUTO  POLTTECNICO  NACIONAL, 
MEXICO  CITY.  DEPT.  DE  FARMACOLOGIA 
Y  TOXICOLGIA. 

Effects  of  Paraquat  and  Lead  on  Fish  Oreochro- 

mis  hornorum. 

W9 1-06892  5C 

INSTTTUTO  VENEZOLANO  DE 
INVESTIGACIONES  CTENTIFICAS, 
CARACAS.  CENTRO  DE  ECOLOGIA  Y 
CIENCIAS  AMBIENTALES. 

Aluminum  Tolerance  in  Trees  of  a  Tropical 

Cloud  Forest. 

W91-06310  5C 

INSTTTUTUL  DE  METEOROLOGTE  SI 
HIDROLOGIE,  BUCHAREST  (ROMANIA). 

Studies  on  the  Determination  of  Anthropic  In- 
fluences on  the  Hydrological  Regime  in  Small 
Basins. 
W9 1-06495  4C 

INSTTTUUT  VOOR  OECOLOGISCH 
ONDERZOEK,  HETEREN  (NETHERLANDS). 

Device  for  Automatic  Soil  Moisture  Control  and 
Registration  of  Water  Use  in  Pot  Experiments. 
W91-06313  3F 

TNTERMOUNTAIN  FOREST  AND  RANGE 
EXPERIMENT  STATION,  BOISE,  ID. 

Increased  Sedimentation  Following  Helicopter 

Logging  and   Prescribed   Burning  on  Granitic 

SoU. 

W91-06604  2J 


INTERNATIONAL  INST.  FOR  APPLIED 
SYSTEMS  ANALYSIS,  LAXENBURG 
(AUSTRIA). 

Chemical  Emissions  from  the  Processing  and 
Use  of  Materials:  The  Need  for  an  Integrated 
Emissions  Accounting  System. 
W91-06109  5G 

INTERNATIONAL  INST.  OF  TROPICAL 
AGRICULTURE,  IBADAN  (NIGERIA). 

Rice  Hull  and  Caryopsis  Discoloration  Diseases: 

I.  Severity  and  Incidence  in  Three  Ecosystems 
in  West  Africa. 

W91-06318  21 

Rice  Hull  and  Caryopsis  Discoloration  Diseases: 

II.  Effects  of  Soil  and  SoU  Water  on  Hull  Dis- 
ease at  Two  Sites  in  Nigeria. 

W91-06319  21 

INTERNATIONAL  JOINT  COMMISSION- 
UNITED  STATES  AND  CANADA,  WINDSOR 
(ONTARIO). 

New   Strategies   for  Great   Lakes  Toxicology. 
W9 1-06926  5  A 

INTERNATIONAL  RICE  RESEARCH  INST., 
LOS  BANOS,  LACUNA  (PHILIPPINES). 

SoU  Physical  Behaviour  and  Crop  Responses  to 

Tillage  in  Lowland  Rice  SoUs  of  Varying  Clay 

Content. 

W91-06315  3F 

IOWA  DEPT.  OF  NATURAL  RESOURCES, 
IOWA  CITY. 

Nitrate  in  Ground  Water  in  the  United  States. 
W9 1-06734  5B 

IOWA  STATE  UNTV.,  AMES.  DEPT.  OF 
AGRONOMY. 

Sources  of  Nitrate  to  Ground  Water. 
W91-06733  5B 

IOWA  UNIV.,  OAKDALE.  DEPT.  OF 
PREVENTATIVE  MEDICINE  AND 
ENVIRONMENTAL  HEALTH. 

Chlorinated     Drinking     Water     and     Bladder 
Cancer:  Effect  of  Misclassification  on  Risk  Esti- 
mates. 
W9 1-05982  5F 

IRISH  NATIONAL  COMMITTEE  FOR  IHP, 
C/O  OFFICE  OF  PUBLIC  WORKS,  DUBLIN. 

Applications  of  Regional  Flood  Frequency  Pro- 
cedures in  Ireland. 
W91-06481  2E 

IRKUTSKII  GOSUDARSTVENNYI  UNTV. 
(USSR).  INST.  OF  PETROCHEMICAL  AND 
COAL-CHEMICAL  SYNTHESIS. 

Alteration  of  SoU  Organic  Matter  by  Inundation. 
W9 1-05978  2G 

IRRIGATION  AND  POWER  RESEARCH 
INST.,  AMRTTSAR  (INDIA). 

Vortex-Settling  Basin  Design  Considerations. 
W9 1-06292  8B 

ISFAHAN  UNTV.  (IRAN).  DEPT.  OF 
BIOLOGY. 

Isolation  of  Some  New  Sulphur  Bacteria  from 

Activated  Sludge. 

W91-06004  5D 

ISOTOPE  LABORATORY,  AS,  NORWAY. 

Effects  of  Naturally  Occurring  High  and  Low 
Molecular  Weight  Inorganic  and  Organic  Spe- 
cies on  the  Yolk-Sack  Larvae  of  Atlantic 
Salmon  (Salmo  salar  L.)  Exposed  to  Acidic  Alu- 
minum-Rich Lake  Water. 
W9 1-06749  5C 


OR-12 


ORGANIZATIONAL  INDEX 


KYOTO  UNIV.  (JAPAN). 


ISTTTUTO  DI  BIOLOGIA  DEL  MARE, 
VENICE  (ITALY). 

Hydrocarbon  Content  and  Microsomal  BPH  and 
Reductase  Activity  in  Mussel,  Mytilus  sp.,  from 
the  Venice  Area,  North-East  Italy. 
W91-06339  5C 

IWATE  UNIV.,  MORIOKA  (JAPAN). 
FACULTY  OF  AGRICULTURE. 

Composition  and  Behavior  of  Aluminum  Ions 
and  Colloidal  Aluminosilicates  in  Acidified  Ter- 
restrial Waters. 
W9 1-06979  2K 

IZAAK  WALTON  LEAGUE  OF  AMERICA, 
DECORAH,  IA. 

Wildlife  and  Fish  and  Sustainable  Agriculture. 
W91-O6306  5G 

JACOBS  ENGINEERING  GROUP,  INC., 
PASADENA,  CA.  HTM  DIV. 

Minimization   of  Process  Equipment  Cleaning 

Waste. 

W91-06681  5G 

JAMES  COOK  UNTV.  OF  NORTH 
QUEENSLAND,  TOWNSVUXE  (AUSTRALIA). 
DEPT.  OF  GEOGRAPHY. 

Infiltration  and  Redistribution  of  Overland  Flow 
and  Sediment  on  a  Low  Relief  Landscape  of 
Semi-arid,  Tropical  Queensland. 
W9 1-06529  2E 

JAPAN  SEWAGE  WORKS  ASSOCIATION, 
TOKYO. 

Recent  Developments  in  Wastewater  Manage- 
ment in  Japan. 
W91-06041  5G 

JAWAHARLAL  NEHRU  UNTV.,  NEW  DELHI 
(INDIA).  SCHOOL  OF  ENVIRONMENTAL 
SCIENCES. 

Erosion,  Transport  and  Deposition  of  Sediments 

by  the  Tropical  Rivers  of  India. 

W91-07115  2J 

JIAOTONG  UNTV.,  SHANGHAI  (CHINA). 
DEPT.  OF  APPLIED  CHEMISTRY. 

Effect  of  Water  Purification  Ecological  Engi- 
neering on  the  Cao  Yang  Round  Creek. 
W9 1-06052  5G 

JILIN  ARCHITECTURAL  AND  CTVTL 
ENGINEERING  INST.,  CHANGCHUN 
(CHINA).  DEPT.  OF  URBAN  ENGINEERING. 

Study  of  the  Planning  of  Water  Pollution  Con- 
trol for  Second  Songhua  River  in  China. 
W9 1-06043  5G 

JOENSUU  UNTV.  (FINLAND).  DEPT.  OF 
BIOLOGY. 

Uptake  and  Body  Distribution  of  Chlorinated 
Phenolics  in  the  Freshwater  Mussel,  Anodonta 
anatina  L. 
W9 1-06003  5B 

JOHNS  HOPKINS  UNTV.,  BALTIMORE,  MD. 
DEPT.  OF  PATHOLOGY. 

Diethylnitrosamine  (DEN>Induced   Degenera- 
tive, Proliferative  and  Neoplastic  Lesions  in  the 
Liver  of  the  Medaka  (Oryzias  latipes)  Following 
Short-Term  Exposure. 
W9 1-06372  5C 

JYVAESKYLAE  UNTV.  (FINLAND).  DEPT.  OF 
BIOLOGY. 

Effects  of  Soil  Fauna  on  Leaching  of  Nitrogen 
and    Phosphorus   from   Experimental    Systems 
Simulating  Coniferous  Forest  Floor. 
W91-06786  2K 

KANGWEON  NATIONAL  UNIV., 
CHUNCHEON  (REPUBLIC  OF  KOREA). 
DEPT.  OF  BIOLOGY. 

Succession  of  Phytoplankton  in  Lake  Soyang. 
W91-06035  2H 


KANSAS  STATE  UNIV.,  MANHATTAN.  DEPT. 
OF  HORTICULTURE. 

Vertically  Installed,  Hush-mounted  Tensiometer 

for  Turfgrass  Research. 

W91-06413  7B 

KANSAS  STATE  UNIV.,  MANHATTAN.  DTV. 
OF  BIOLOGY. 

Site-Specific      Underestimation      of      Wetfall 

NH4(-(-)  Using  NADP  Date. 

W91-06881  2K 

Nitrogen  Dynamics  of  Soil  Water  in  Burned  and 

Unburncd  Tallgrass  Prairie. 

W9 1-06966  2G 

KARLSRUHE  UNTV.  (GERMANY,  FJU. 
ENGLER-BUNTE  INST. 

Ageing  Effects  of  Highmolecular  Weight  Or- 
ganic Acids  Which  Can  Be  Isolated  from  Land- 
fill Leachates. 
W9 1-06085  5B 

Stationary     Packer     System     for     Layerwlse 
Groundwater  Sampling  in  Monitoring  Wells- 
Technique  and  Results. 
W9 1-06098  7B 

KAROLINSKA  INST.,  STOCKHOLM 
(SWEDEN).  DEPT.  OF  PHYSIOLOGICAL 
CHEMISTRY. 

Expression  of  Orthologues  to  Rat  P-450IA1  and 
IIB1  in  Sea-Birds  from  the  Irish  Sea  1987-88: 
Evidence  for  Environmental  Induction. 
W9 1-06342  5C 

Differential  Expression  of  Multiple  Forms  of 
Cytochrome  P-450  in  Vertebrates:  Antibodies  to 
Purified  Rat  Cytochrome  P-450s  as  Molecular 
Probes  for  the  Evolution  of  P-450  Gene  Families 
I  and  II. 
W9 1-06343  5C 

KATHOLIEKE  UNTV.  LEUVEN  (BELGIUM). 
LAB.  VOOR  EXPERIMENTELE 

GEOMORFOLOGIE. 
Empirical  Relationships  for  the  Transport  Ca- 
pacity of  Overland  Flow. 
W9 1-06720  2J 

Conditions  for  the  Evacuation  of  Rock  Frag- 
ments from  Cultivated  Upland  Areas  During 
Rainstorms. 
W91-06727  2J 

KENT  STATE  UNTV.,  OH.  DEPT.  OF 
BIOLOGICAL  SCIENCES. 

Response  of  Anabaena  flos-aquae  (Cyanophyta) 
Nitrogenase  Activity  to  Sudden  Phosphate  Dep- 
rivation. 
W91-06257  2H 

KENTUCKY  AGRICULTURAL  EXPERIMENT 
STATION,  LEXINGTON.  DEPT.  OF 
AGRONOMY. 

Impact  of  Soil  Management  Practices  on  Nitro- 
gen Leaching. 
W9 1-06740  3F 

KERNFORSCHUNGSANLAGE  JUELICH 
G.M.B.H.  (GERMANY,  F.R.).  INST.  FUER 
ANGEWANDTE  PHYSIKALISCHE  CHEMTE. 

Atmospheric  Deposition  of  Acid.  Heavy  Metals, 
Dissolved  Organic  Carbon  ,  and  Nutrients  in  the 
Dutch  Delta  Area  in  1980-1986. 
W91-06818  5B 

KEURINGSINSTTTUUT  VOOR 
WATERLEIDINGARTIKELEN,  RIJSWIJK 
(NETHERLANDS). 

Assimilable  Organic  Carbon  (AOC)  in  Drinking 

Water. 

W91-06197  5F 


KHON  KAEN  UNTV.  (THAILAND).  FACULTY 
OF  AGRICULTURE. 

Studies  on  Saline  Soils  in  Khon  Kaen  Region, 
Northeast  Thailand:   II.   Seasonal   Changes  of 
Physical  and  Chemical  Properties. 
W9 1-06975  2K 

Studies  on  Saline  Soils  in  Khon  Kaen  Region, 
Northeast  Thailand:  III.  Effects  of  Amelioration 
Treatments  on  Physical  and  Chemical  Properties 
of  the  Saline  Soil. 
W91-06977  2K 

KIEL  UNTV.  (GERMANY,  F.R.).  INST.  FUER 
MEERESKUNDE. 

Relationship  Between  Precipitation  Amount  and 
Wet  Deposition  of  Nitrate  and  Ammonium. 
W91-06879  5B 

KTNG  SAUD  UNIV.,  RIYADH  (SAUDI 
ARABIA).  DEPT.  OF  CIVIL  ENGINEERING. 

Transport  of  Suspended  Sediment  in  Ephemeral 

Channels. 

W91-07068  2J 

Methods  of  Estimating   Bed   Load   Transport 

Rates  Applied  to  Ephemeral  Streams. 

W9 1-07069  2J 

KING  SAUD  UNTV.,  RIYADH  (SAUDI 
ARABIA).  DEPT.  OF  SOIL  SCIENCE. 

Combined  Effects  of  Leaching  Fraction,  Salini- 
ty, and  Potassium  Content  of  Waters  on  Growth 
and  Water-Use  Efficiency  of  Wheat  and  Barley. 
W91-06311  3F 

KINKI  UNTV.,  HIGASHIOSAKA  (JAPAN). 
DEPT.  OF  AGRICULTURAL  CHEMISTRY. 

Quantitative  Structure-Activity  Studies  of  Pyr- 
ethroids:  21.  Substituted  Benzyl  Esters  of  "Ka- 
dethric'  Acid  and  Depolarization  of  the  Axonal 
Membrane  of  Crayfish. 
W9 1-07005  5C 

KTNNERET  LTMNOLOGICAL  LAB„ 

TIBERIAS  (ISRAEL). 
Bloom  of  a  Brown  Phototrophic  Sulfur  Bacteri- 
um in  Lake  Kinneret:  Hydrochemical  Aspects. 
W9 1-06025  2H 

KUMAUN  UNTV.,  NATNI  TAL  (INDIA).  DEPT. 
OF  ZOOLOGY. 

Sublethal  Effects  of  an  Organophosphorus  In- 
secticide on  Certain  Metabolite  Levels  in  a 
Freshwater  Fish,  Puntius  conchonius  Hamilton. 
W9 1-07004  5C 

KUOPIO  UNTV.  (FINLAND).  DEPT.  OF 
PHYSIOLOGY. 

Bleached  Kraft  Pulpmill  Effluents  and  TCDD 

Effects  on  Biotransformation  and  Testosterone 

Status  of  Mature  Male  Rainbow  Trout  (Salmo 

gairdneri). 

W91-06337  5C 

KUWAIT  INST.  FOR  SCTENTTFIC 
RESEARCH,  SAFAT.  ENVIRONMENTAL  AND 
EARTH  SCIENCES  DTV. 

Sewage-Related  Impact  on  Kuwait's  Marine  En- 

vironment-A  Case  Study. 

W91-O6058  5C 

Environmental   Transformation,    Photolysis   of 

Fluorescing  Petroleum  Compounds  in  Marine 

Waters. 

W9 1-06094  5  A 

KYOTO  UNTV.  (JAPAN). 
Critical  Rainfall  (Danger  Index)  for  Disasters 
Caused  by  Debris  Flows  and  Slope  Failures. 
W9 1-06593  2J 
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KYOTO  UNIV.  (JAPAN).  DEPT.  OF 
AGRICULTURAL  CHEMISTRY. 

Determination  of  Soluble  Selenium  in  Soils. 
W9 1-06970  5  A 

KYOTO  UNIV.  (JAPAN).  DEPT.  OF 
ENVIRONMENTAL  AND  SANITARY 
ENGINEERING. 

Evaluation  of  Genotoxicity  Using  DNA  Repair- 
ing Test  for  Chemicals  Produced  in  Chlorination 
and  Ozonation  Processes. 
W91-06075  5B 

KYOTO  UNIV.  (JAPAN).  DEPT.  OF 
FORESTRY. 

Estimating  Discharge  and  Sediment  Yield  from 

a  Forest  Road. 

W9 1-06607  2J 

KYOTO  UNTV.  (JAPAN).  DISASTER 
PREVENTION  RESEARCH  INST. 

Possible   Hydrological   and    Geomorphological 

Changes  Due  to  Alteration  of  Forest. 

W9 1-06526  4C 

Estimation    of  Debris    Flow    Hydrograph   on 

Varied  Slope  Bed. 

W9 1-06590  2J 

Large-Scale  Debris  Avalanche  as  an  Episode  in 

Slope-Channel  Processes. 

W9 1-06595  2J 

KYOTO  UNTV.  (JAPAN).  FACULTY  OF 
AGRICULTURE. 

Erosion  Research  and  Control  in  Japan. 

W9 1-06572  4D 

Sediment  Yield  from  Bare  Slopes  Due  to  Land- 
slides in  Central  Japan. 
W91-06600  2J 

KYOTO  UNTV.,  OTSU  (JAPAN).  OTSU 
HYDROBIOLOGICAL  STATION. 

Evolving  Issues  on  Development  and  Conserva- 
tion of  Lake  Biwa-Yodo  River  Basin. 
W9 1-06049  6D 

KYUSHU  UNTV.,  FUKUOKA  (JAPAN).  DEPT. 
OF  CTVTL  ENGINEERING. 

Weighted  Finite  Difference  and  Boundary  Ele- 
ment Methods  Applied  to  Groundwater  Pollu- 
tion Problems. 
W9 1-06095  SB 

KYUSHU  UNTV.,  FUKUOKA  (JAPAN).  DEPT. 
OF  FISHERIES. 

Mechanism  of  Abrupt  Increase  in  Toxicity  of 

Organophosphorothionates    to    Tiger    Shrimp 

Larvae  with  Progress  of  Stages. 

W9 1-06092  5C 

KYUSHU  UNTV.,  FUKUOKA  (JAPAN). 
RADIOISOTOPE  CENTER. 

Adsorption  of  Fe(III),  Co(II),  and  Zn(II)  onto 
Particulates  in  Fresh  Waters  on  the  Basis  of  the 
Surface  Complexation  Model:  I.  Stabilities  of 
Metal  Species  Adsorbed  on  Particulates. 
W91-06819  2K 

Adsorption  of  Fe(III),  Co(II),  and  Zn(H)  onto 
Particulates  in  Fresh  Waters  on  the  Basis  of  the 
Surface  Complexation  Model:  II.  Stabilities  of 
Metal  Species  Dissolved  in  Fresh  Waters. 
W9 1-06820  2K 

LABORATOIRE  DES  XENOBIOTIQUES, 
TOULOUSE  (FRANCE). 

Hydroxylation  of  Pristane  by  Isolated  Hepato- 
cytes  of  Rainbow  Trout:  A  Comparison  with  In 
Vivo    Metabolism    and    Biotransformation    by 
Liver  Microsomes. 
W9 1-06325  5B 

LAGOS  UNTV.  (NIGERIA).  DEPT.  OF 
GEOGRAPHY. 

Consequences  of  the  Recent  Climatic  Variations 

on  River  Flow  Regimes  in  West  Africa. 

W9 1-06487  2A 


LAKEHEAD  UNTV.,  THUNDER  BAY 
(ONTARIO).  AQUATIC  TOXICITY 
RESEARCH  GROUP. 

Acute  and  Chronic  Toxicity  of  Ten  Chlorinated 
Organic  Compounds  to  the  American  Flagfish 
(Jordanella  floridae). 
W9 1-06779  5C 

LANCASTER  UNTV.  (ENGLAND).  INST.  OF 
ENVIRONMENTAL  AND  BIOLOGICAL 
SCIENCES. 

Method  for  the  Sampling  and  Removal  of  Ionic 
Alkyllead  Compounds  from  Aqueous  Solution 
Using  Ion  Exchange  Media. 
W9 1-06869  5G 

LAND  CAPABILITY  CONSULTANTS  LTD., 
CAMBRIDGE  (ENGLAND). 

Deforestation  and  Erosion  in  the  Nepalese  Hi- 
malaya-Is the  Link  Myth  or  Reality. 
W91-06533  4C 

Sediment    Production    and    Transport    in    the 

Phewa  Valley,  Nepal. 

W9 1-06645  2J 

LANDWUITSCHAFTLICHE 
UNTERSUCHUNGS-  UND 
FORSCHUNGSANSTALT,  SPEYER 
(GERMANY,  F.R.). 

Pollutants  in  Soil,  Particularly  Heavy  Metals 
and  Harmful  Organic  Substances,  after  Yearly 
Usage  of  Municipal  Wastes  (Schadstoffe  im 
Boden  insbesondere  Schwermetalle  und  organ - 
ische  Schadstoffe  aus  langjahriger  Anwendung 
von  Siedlungsabfallen). 
W9 1-07040  5B 

LATHAM  AND  WATKINS,  LOS  ANGELES, 
CA. 

Waste  Minimization  Liability  Issues. 

W9 1-06680  5G 

LAWRENCE  LIVERMORE  NATIONAL  LAB., 
CA. 

Toward  More  Realistic  Material  Models  for  Re- 
lease and  Dispersion  of  Heavy  Gases. 
W91-07048  5B 

LAWRENCE  LIVERMORE  NATIONAL  LAB., 
CA.  ENVIRONMENTAL  SCIENCES  DIV. 

Sublethal  Responses  of  Platichthys  stellatus  to 
Organic  Contamination  in  San  Francisco  Bay 
with  Emphasis  on  Reproduction. 
W91-06180  5C 

LEEDS  UNTV.  (ENGLAND).  SCHOOL  OF 
GEOGRAPHY. 

Simulation  Model  for  Desert  Runoff  and  Ero- 


sion. 

W9 1-06723 


2E 


LEHIGH  UNTV.,  BETHLEHEM,  PA.  DEPT. 
OF  CTVTL  ENGINEERING. 

Predicting  Incipient  Fluidization  of  Fine  Sands 

in  Unbounded  Domains. 

W9 1-07028  8B 

LINCOLN  COLL.,  CANTERBURY  (NEW 
ZEALAND).  DEPT.  OF  PLANT  SCIENCE. 

Effect  of  Water  Stress,  Nitrogen,  and  Gibberel- 
lic  Acid  on  Fluazifop  and  Glyphosate  Activity 
on  Oats  (A vena  sativa). 
W9 1-06981  3F 

LIVERPOOL  SCHOOL  OF  TROPICAL 
MEDICINE  (ENGLAND).  DEPT.  OF 
INTERNATIONAL  COMMUNITY  HEALTH. 

Determinants  of  Domestic  Water  Use  in  Rural 

Nicaragua. 
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Marine  Plankton:  Marine  Ecosystem  Enclosure 

Experiment. 

W91-06102  5C 

Effects  of  Sediment  from  an  Industrial  Outfall 
Area  on  a  Marine  Planktonic  Ecosystem. 
W91-06103  5C 

Pathway  and  Fate  of  the  Heavy  Metal  Mixture 
in  Xiamen  Marine  Experiment  Enclosures. 
W91-06104  5B 

Ecological  Studies  on  the  Hydromedusae,  Si- 
phonophores  and  Ctenophores  in  the  Xiamen 
Harbor  and  Adjacent  Waters. 
W91-06106  2L 

NATIONAL  CHENG  KUNG  UNTV.,  TAINAN 
(TAIWAN).  DEFT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Waste  Allocation  Models  for  Risk  Assessment  of 
Water  Quality  Management  in  a  River  Basin. 
W91-06047     '  5G 

NATIONAL  CHUNGHSING  UNTV., 
TAICHUNG  (TAIWAN). 

Assessment    of   Transferability    of   USLE    to 

Taiwan. 

W91-06601  2J 

NATIONAL  CONFERENCE  OF  STATE 
LEGISLATURES,  DENVER,  CO. 

Growth  Management:  A  Renewed  Agenda  for 

States. 

W9 1-06227  6B 

NATIONAL  ENVIRONMENTAL 
ENGINEERING  RESEARCH  INST.,  NAGPUR 
(INDIA).  WATER  ENGINEERING  DIV. 

Optimizing  Physical  Parameters  of  Rapid  Mix 

Design  for  Coagulation-Flocculation  of  Turbid 

Waters. 

W9 1-06863  5F 

NATIONAL  FISH  HEALTH  RESEARCH  LAB., 

KEARNEYSVILLE,  WV. 
Reduction  in  the  Numbers  of  Antibody-Produc- 
ing  Cells   in   Rainbow   Trout,   Oncorhynchus 
mykiss,  Exposed  to  Sublethal  Doses  of  Phenol 
Before  Bath  Immunization. 
W91-06713  5C 

NATIONAL  FISHERIES  CONTAMINANT 
RESEARCH  CENTER,  COLUMBIA,  MO. 

Testing  Sediment  Toxicity  with  Hyalella  azteca 

(Amphipoda)   and   Chironomus   riparius   (Dip- 

tera). 

W91-06698  5A 


Distribution  and  Bioaccumulation  of  Selenium  in 

Aquatic  Microcosms. 

W9 1-06803  5B 

NATIONAL  FISHERIES  CONTAMINANT 
RESEARCH  CENTER,  YANKTON,  SD.  FIELD 
RESEARCH  STATION. 

Safety  Assessment  of  Selected  Inorganic  Ele- 
ments to  Fry  of  Chinook  Salmon  (Oncorhyn- 
chus tshawytscha). 
W91-O600O  5C 

Comparative  Toxicity  of  Inorganic   Contami- 
nants Released  by  Placer  Mining  to  Early  Life 
Stages  of  Salmonids. 
W91-O6001  5C 

NATIONAL  FISHERIES  RESEARCH 
CENTER-GREAT  LAKES,  ANN  ARBOR,  MI. 

Acute  Toxicities  to  Larval  Rainbow  Trout  of 
Representative  Compounds  Detected  in  Great 
Lakes  Fish. 
W9 1-06882  5C 

NATIONAL  FISHERIES  RESEARCH 
CENTER,  LA  CROSSE,  WI. 

Macroinvertebrate  Communities  Associated 
with  Three  Aquatic  Macrophytes  (Certophyl- 
lum  demersum,  Myriophyllum  spicatum,  and 
Vallisneria  americana)  in  Lake  Onalaska,  Wis- 
consin. 
W91-06016  2H 

NATIONAL  GEOPHYSICAL  RESEARCH 
INST.,  HYDERABAD  (INDIA). 

Management  of  Ground-Water  Resources  Using 

Simulation  Models. 

W9 1-06900  2F 

NATIONAL  HIGHWAY  TRAFFIC  SAFETY 
ADMINISTRATION,  EAST  LIBERTY,  OH. 
VEHICLE  RESEARCH  AND  TEST  CENTER. 

Deposition^  Record  of  a  Glacial-lake  Outburst: 
Glacial  Lake  Souris,  North  Dakota. 
W91-06411  2J 

NATIONAL  INST.  FOR  ENVIRONMENTAL 

STUDIES,  TSUKUBA  (JAPAN). 
Factors  Explaining  Sediment  Concentrations  of 
16  Elements  in  28  Japanese  Eu trophic  Lakes. 
W91-06090  5B 

Fate  of  Linear  Alkylbenzenesulfonates  in  a  Lake 

Estuary. 

W9 1-06093  5B 

NATIONAL  INST.  FOR  ENVIRONMENTAL 
STUDIES,  TSUKUBA  (JAPAN).  WATER  AND 
SODL  ENVIRONMENT  DIV. 

Change   in   C:N:P  Ratios   During   Passage  of 

Water  Areas  from  Rivers  to  a  Lake. 

W9 1-06870  5B 

NATIONAL  INST.  OF  AGRO- 
ENVIRONMENTAL  SCIENCES,  KANNONDAI 
(JAPAN).  DIV.  OF  SOIL  SCIENCE. 

Solute  Dispersion  during  Unsteady  Leaching  as 

Affected  by  Aggregate  Size  and   Soil  Water 

Content. 

W9 1-06968  2K 

NATIONAL  MARINE  FISHERIES  SERVICE, 
BEAUFORT,  NC.  BEAUFORT  LAB. 

Immigration  of  Larvae  of  Fall/Winter  Spawning 
Marine  Fishes  into  a  North  Carolina  Estuary. 
W9 1-06841  2L 

NATIONAL  OCEAN  SERVICE,  SEATTLE,  WA. 
OCEAN  ASSESSMENTS  DIV. 

Comparative  Evaluation  of  Selected  Measures  of 
Biological  Effects  of  Exposure  of  Marine  Orga- 
nisms to  Toxic  Chemicals. 
W91-06192  5C 


NATIONAL  OCEANIC  AND  ATMOSPHERIC 
ADMINISTRATION,  ANN  ARBOR,  MI. 
GREAT  LAKES  ENVIRONMENTAL 
RESEARCH  LAB. 

Toxicity    and   Toxicokinetics   of  Pentachloro- 
phenol  and  Carbaryl  to  Pontoporeia  hoyi  and 
Mysis  relicta. 
W9 1-067 10  5C 

Toxicokinetics  and  Toxicity  of  a  Mixture  of 
Sediment-Associated  Polycyclic  Aromatic  Hy- 
drocarbons to  the  Amphipod  Diporeia  sp. 
W9 1-06993  5C 

NATIONAL  PINGTUNG  INST.  OF 

AGRICULTURE  (TAIWAN). 
Hydromechanical  Erosion  Model  for  Surface- 
Mined  Areas. 
W9 1-06599  4C 

NATIONAL  POWER,  LEATHERHEAD 
(ENGLAND).  TECHNOLOGY  AND 
ENVIRONMENTAL  CENTRE. 

Accelerated  Nitrogen  Inputs-A  New  Problem 

or  a  New  Perspective. 

W9 1-06320  5B 

NATIONAL  RESEARCH  CENTER  FOR 
DISASTER  PREVENTION,  SAKURA  (JAPAN). 

Experimental  Study  of  Slope  Failure  Caused  by 

Heavy  Rainfall. 

W9 1-06583  2J 

Experimental  Study  on  the  Phenomena  of  Rain 

Infiltration. 

W9 1-06598  2B 

Drainage  Basin  Characteristics  Affecting  Sedi- 
ment Discharge  from  Steep  Mountain  Basins. 
W91-06631  2J 

NATIONAL  RESEARCH  CENTRE,  CAIRO 
(EGYPT). 

Purification    of   Highly    Contaminated    Waste 
Waters  by  Using  Cement  Dust:  A  Possible  Ap- 
proach. 
W9 1-06897  5D 

NATIONAL  RESEARCH  CENTRE,  CAIRO 
(EGYPT).  WATER  POLLUTION  CONTROL 
LAB. 

Growth  Response  of  Freshwater  Algae,  Ana- 
baena  flos-aquae  and  Selenastrum  capricornutum 
to  Atrazine  and  Hexazinone  Herbicides. 
W9 1-06890  5C 

NATIONAL  RESEARCH  COUNCIL  OF 
CANADA,  OTTAWA  (ONTARIO).  DIV.  OF 
BIOLOGICAL  SCIENCES. 

Case  History:  Minimata  Mercury  Pollution  in 
Japan  -  From  Loss  of  Human  Lives  to  Decon- 
tamination. 
W9 1-06070  5B 

Fate  of  Plutonium  Released  from  the  Nagasaki 

A-Bomb,  Japan. 

W91-06071  5B 

NATIONAL  RESEARCH  INST.  FOR 
POLLUTION  AND  RESOURCES,  YATABE 

(JAPAN). 
Indirect   Inductively  Coupled   Plasma  Atomic 
Emission  Determination  of  Fluoride  in  Water 
Samples  by  Flow  Injection  Solvent  Extraction. 
W91-07011  7B 

NATIONAL  RESPONSE  TEAM, 
WASHINGTON,  DC. 

National  Response  Team:  A  Report  on  the  Na- 
tional Oil  and  Hazardous  Substances  Response 
System. 
W9 1-07036  5G 


OR-17 


ORGANIZATIONAL  INDEX 
NATIONAL  RIVERS  AUTHORITY,  THAMES  REGION,  ENGLAND. 


> 
CE 

5 


NATIONAL  RIVERS  AUTHORITY,  THAMES 
REGION,  ENGLAND. 

River  Catchment  Planning  for  Land  Drainage, 

Flood  Defence  and  the  Environment. 

W9 1-05971  4A 

NATIONAL  SEVERE  STORMS  LAB., 
NORMAN,  OK. 

Dependence  of  Reflectivity  Factor-Rainfall  Rate 

Relationship  on  Polarization. 

W91-06113  2B 

NATIONAL  SOIL  TILTH  LAB.,  AMES,  LA. 

Rainfall  Distribution  under  a  Corn  Canopy:  Im- 
plications for  Managing  Agrochemicals. 
W91-06401  3F 

NATIONAL  SWEDISH  ENVIRONMENT 
PROTECTION  BOARD,  SOLNA. 

Toxicity  Test  with  Algae:  A  Discussion  on  the 

Batch  Method. 

W9 1-06002  5  A 

NATIONAL  TAIWAN  UNTV.,  TAIPEI.  DEPT. 
OF  CIVIL  ENGINEERING. 

Study  of  Erosion  of  Lateritic  Soil  of  Linkou 

Terrace. 

W9 1-06602  2J 

NATIONAL  UNTV.  OF  SINGAPORE. 

Near   Surface   Hydrological    Processes   Under 
Changing  Land  Use  in  Humid-Equatorial  Condi- 
tions. 
W9 1-06494  4C 

NATIONAL  WATER  RESEARCH  INST., 
BURLINGTON  (ONTARIO).  GROUNDWATER 
CONTAMINATION  SECTION. 

Investigation  of  Possible  Contamination  of  Shal- 
low Ground  Water  by  Deeply  Injected  Liquid 
Industrial  Wastes. 
W91-06856  5B 

NATIONAL  WATER  RESEARCH  INST., 
BURLINGTON  (ONTARIO).  RIVERS 
RESEARCH  BRANCH. 

Effects  of  Dissolved  Organic  Carbon  on  Accu- 
mulation and  Acute  Toxicity  of  Fenvalerate, 
Deltamethrin    and    Cyhalothrin    to    Daphnia 
magna  (Straus). 
W9 1-06999  5C 

NAVAL  MEDICAL  RESEARCH  UNIT  NO.  2, 
MANILA  (PHILIPPINES). 

Toxorhynchites  amboinensis  Larvae  Released  in 
Domestic  Containers  Fail  to  Control  Dengue 
Vectors  in  a  Rural  Village  in  Central  Java. 
W91-06121  5F 

NEBRASKA  GAME  AND  PARKS 
COMMISSION,  NORFOLK. 

Chemical  and   Physical  Characteristics  of  the 

Missouri  River,  Nebraska. 

W9 1-07009  6G 

NEBRASKA  UNTV.,  LINCOLN.  DEPT.  OF 
AGRICULTURAL  ECONOMICS. 

Cropping  and  Tillage  Options  to  Achieve  Ero- 
sion Control  Goals  and  Maximum  Profit  on  Ir- 
regular Slopes. 
W9 1-06233  2J 

NEBRASKA  UNTV.,  LINCOLN.  DEPT.  OF 
AGRONOMY. 

Rotation   and   Continuous   Use   of  Dietholate, 

Fonofos,  and  SC-0058  on  EPTC  Persistence  in 

SoU. 

W9 1-06984  5B 

NEBRASKA  UNTV.-LINCOLN.  DEPT.  OF 
ENTOMOLOGY. 

Effects  of  Substrate  on  Density  of  Aquatic  In- 
sects in  a  Southeast  Nebraska  Stream. 
W9 1-07008  2E 


NEBRASKA  UNTV.-LINCOLN.  DEPT.  OF 
FORESTRY,  FISHERIES  AND  WILDLIFE. 

Persistence  of  a  Chemical  Gradient  in  the  Lower 

Platte  River,  Nebraska. 

W91-07010  6G 

NETHERLANDS  ENERGY  RESEARCH 
FOUNDATION  ECN,  PETTEN. 

Leaching  Characteristics  of  Construction  Mate- 
rials   and    Stabilization    Products    Containing 
Waste  Materials. 
W91-06136  5E 

Leaching  Characteristics  of  Selected  Elements 
from  Coal  Fly  Ash  as  a  Function  of  the  Acidity 
of  the  Contact  Solution  and  Liquid/Solid  Ratio. 
W91-06138  5E 

NEW  BRUNSWICK  RESEARCH  AND 
PRODUCTIVITY  COUNCIL,  FREDERICTON. 
CHEMICAL  AND  BIOTECHNICAL 
SERVICES. 

Field  Efficacy  of  Vectobac-1 2AS  and  Vectobac- 
24AS  Against  Black  Fly  Larvae  in  New  Bruns- 
wick Streams  (Diptera:  Simuliidae). 
W91-06120  5G 

NEW  HAMPSHIRE  UNTV.,  DURHAM.  DEPT. 
OF  CHEMISTRY. 

Membrane  for  In  Situ  Optical  Detection  of  Or- 
ganic Nitro  Compounds  Based  on  Fluorescence 
Quenching. 
W91-07014  5A 

NEW  HAMPSHIRE  UNTV.,  DURHAM.  DEPT. 
OF  CIVIL  ENGINEERING. 

Evaluating  the  Freeze-Thaw  Durability  of  Port- 
land Cement-Stabilized-Solidified  Heavy  Metal 
Waste  Using  Acoustic  Measurements. 
W91-06139  5E 

Column  Leach  Testing  of  Phenol  and  Trichlor- 

oethylene    Stabilized/Solidified    with    Portland 

Cement. 

W91-06144  5E 

NEW  JERSEY  MEDICAL  SCHOOL, 
NEWARK.  DEPT.  OF  ANATOMY. 

Treated  Municipal  Wastewaters:  Effects  on  De- 
velopment and  Growth  of  Fishes. 
W9 1-06396  5C 

Toxicity  to  Estuarine  Organisms  of  Leachates 

from    Chromated    Copper    Arsenate    Treated 

Wood. 

W9 1-06782  5C 

NEW  MEXICO  STATE  ENGINEER  OFFICE, 
SANTA  FE. 

Land  Use,  Erosion  Rates,  and  Reservoir  Sedi- 
mentation in  a  Coastal  Ecuadorian  Watershed. 
W91-O6650  2J 

NEW  MEXICO  STATE  UNTV.,  LAS  CRUCES. 
DEPT.  OF  AGRONOMY  AND 
HORTICULTURE. 

Sludge  Organics  Bioavailability. 

W9 1-06449  5B 

NEW  MEXICO  STATE  UNTV.,  LAS  CRUCES. 
DEPT.  OF  CIVIL  ENGINEERING. 

Recovery  of  a  New  Mexico  Drainage  Basin 

from  a  Forest  Fire. 

W9 1-06528  2F 

NEW  SOUTH  WALES  DEPT.  OF 
AGRICULTURE,  RYDALMERE  (AUSTRALIA). 
BIOLOGICAL  AND  CHEMICAL  RESEARCH 
INST. 

Movement  of  Bromacil  and  Hexazinone  in  a 

Municipal  Site. 

W9 1-06895  5B 

NEW  SOUTH  WALES  UNTV.,  KENSINGTON 
(AUSTRALIA).  SCHOOL  OF  GEOGRAPHY. 

Channel  Sediment  Behaviour  as  a  Basis  for  Mod- 
elling Delivery  Processes. 
W91-07113  2J 


NEW  ZEALAND  SOIL  BUREAU,  LOWER 
HUTT. 

Importance  of  Soil  Water  Content  when  Esti- 
mating Soil  Microbial  C,  N  and  P  by  the  Fumi- 
gation-Extraction Methods. 
W9 1-06961  20 

NEWCASTLE  UNTV.  (AUSTRALIA).  DEPT.  OF 
CTVTL  ENGINEERING. 

Model  of  River  Basin  Evolution. 

W9 1-07026  2J 

NEWCASTLE  UPON  TYNE  UNTV. 
(ENGLAND).  DEPT.  OF  CTVTL 
ENGINEERING. 

Critical  Conditions  for  Bed  Material  Movement 

in  Steep,  Boulder-Bed  Streams. 

W91-06618  2J 

Application  of  Two  Physically-based  Sediment 
Yield  Models  at  Plot  and  Field  Scales. 
W91-07117  2J 

NIAGARA  MOHAWK  POWER  CORP., 
SYRACUSE,  NY. 

Earthworm  and  Soil  Microarthropod  Responses 

to  Oily  Waste  Application. 

W91-06962  5C 

NICE  UNTV.  (FRANCE).  DEPT.  ABSORPTION 
BIOTRANSFORMATION  ET 
CANCEROGENESE. 

Uptake  Metabolism  and  Biological  Half-Life  of 
Benzo(a)pyrene  in  Different  Tissues  of  Sea  Bass, 
Dicentrarchus  labrax. 
W9 1-05994  5B 

NIGERIA  UNTV.,  NSUKKA.  DEPT.  OF 
GEOLOGY. 

Performance  of  Gully  Erosion  Control  Measures 

in  Southeastern  Nigeria. 

W9 1-06525  4D 

NORGES  VASSDRAGS-  OG 
ELEKTRISITETSVESEN,  OSLO. 

Monitoring  Programme  of  Sediment  Transport 

in  Norwegian  Rivers. 

W9 1-07074  2J 

NORGES  VASSDRAGS-  OG 
ELEKTRISITETSVESEN,  OSLO. 
HYDROLOGICAL  DIV. 

Flood-Calculations  in  Norway. 
W9 1-06502 


Low  Flow  Analysis. 
W91-O6505 


2E 
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NORTH  CAROLINA  STATE  UNTV.  AT 
RALEIGH.  DEPT.  OF  BIOLOGICAL  AND 
AGRICULTURAL  ENGINEERING. 

Psychrophilic  Anaerobic  Digestion  of  Animal 
Manure:  Proposed  Design  Methodology. 
W91-06225  5D 

NORTH  CAROLINA  STATE  UNTV.  AT 
RALEIGH.  DEPT.  OF  CROP  SCIENCE. 

Transformation  of  Alachlor  by  Microbial  Com- 
munities. 
W9 1-06829  7B 

NORTH  CAROLINA  STATE  UNTV., 
RALEIGH.  DEPT.  OF  SOIL  SCIENCE. 

Soil  Erosion  Studies  in  Peru. 

W9 1-06277  4D 

NORTH  CAROLINA  UNTV.  AT  CHAPEL 
HTLL.  INST.  OF  MARINE  SCIENCES. 

Morphology,  Sedimentology,  and  Tidal  Channel 
Processes  on  a  High-Tide-Range  Mudflat,  West 
Coast  of  South  Korea. 
W91-06816  2L 
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OHIO  STATE  UNIV.,  COLUMBUS.  DEPT.  OF  AGRONOMY. 


NORTH  CENTRAL  FOREST  EXPERIMENT 
STATION,  GRAND  RAPIDS,  MN.  FORESTRY 
SCIENCES  LAB. 

Effect  of  Aspen  Harvest  and  Growth  on  Water 

Yield  in  Minnesota. 

W9 1-06563  4C 

NORTH  CENTRAL  FOREST  EXPERIMENT 
STATION,  RHINELANDER,  WI.  FORESTRY 
SCIENCES  LAB. 

Using  Lake  Trout  as  a  Surrogate  of  Ecosystem 

Health  for  Oligotrophic  Waters  of  the  Great 

Lakes. 

W9 1-06923  5  A 

NORTH  DAKOTA  STATE  UNTV.,  FARGO. 
DEPT.  OF  ZOOLOGY. 

Indirect  Effects  of  Fish  Predation  on  Calcite 
Supersaturation,  Precipitation  and  Turbidity  in  a 
Shallow  Prairie  Lake. 
W9 1-06271  2H 

NORTH  TEXAS  STATE  UNTV.,  DENTON. 
DEPT.  OF  BIOLOGICAL  SCIENCES. 

Behavioral    Reactions    for    the    Assessment   of 

Stress  in  Fishes. 

W91-06919  5A 

Whole-Animal  Physiological  Processes  for  the 

Assessment  of  Stress  in  Fishes. 

W9 1-06921  5  A 

NORTHEASTERN  FOREST  EXPERIMENT 
STATION,  DURHAM,  NH.  FORESTRY 
SCEENCES  LAB. 

Effects  of  Whole-Tree  Clearcutting  on  Stream- 
flow  Can  Be  Adequately  Estimated  by  Simula- 
tion. 
W9 1-06564  4C 

NORTHEASTERN  UNTV.,  BOSTON,  MA. 
DEPT.  OF  BIOLOGY. 

Production  and  Life  Cycle  of  the  Gastropod 
Hydrobia  truncata,  with  Notes  on  Spurwinkia 
salsa  in  Massachusetts  Salt  Marsh  Pools. 
W9 1-06844  2L 

NORTHERN  ARIZONA  UNTV.,  FLAGSTAFF. 
DEPT.  OF  BIOLOGY. 

Influence  of  Various  Exposure  Periods  on  the 
Biomass  and  Chlorophyll  a  of  Cladophora  glo- 
merata  (Chlorophyta). 
W9 1-06248  2H 

NORTHLAND  RESEARCH,  INC., 
FLAGSTAFF,  AZ. 

Investigations  at  the  Cake  Ranch  Site:  A  Classic 
Period  Hohokam  Village  in  the  Lower  Santa 
Cruz  River  Basin,  Pinal  County,  Arizona. 
W9 1-07046  6G 

NOTTINGHAM  POLYTECHNIC  (ENGLAND). 
DEPT.  OF  PHYSICAL  SCIENCES. 

Concentration    and    Determination    of    Trace 

Amounts  of  Chlorinated  Pesticides  in  Aqueous 

Samples. 

W91-07017  5A 

NSI  TECHNOLOGY  SERVICES  CORP., 
CORVALLIS,  OR. 

Short-Term  Amphibian  Toxicity  Tests  and  Para- 
quat Toxicity  Assessment. 
W9 1-06704  5C 

NTH  CONSULTANTS,  EXTON,  PA. 

Physical  Testing  Program  for  Stabilized  Metal 

Hydroxide  Sludges. 

W91-06142  5E 

NUCLEAR  REGULATORY  COMMISSION, 
WASHINGTON,  DC.  LOW-LEVEL  WASTE 
LICENSING  BRANCH. 

Nuclear    Regulatory    Commission    Regulations 

and  Experience  with  Solidification/Stabilization 

Technology. 

W91-06132  5E 


NUCLEAR  WASTE  RESEARCH  GROUP, 
FUEL  CYCLE  ANALYSIS  DIVISION, 
BROOKHAVEN  NATIONAL  LABORATORY, 
ASSOCIATED  UNIVERSITY,  INC.,  UPTON 
NY  11973. 

Process  for  Solidifying  Sodium  Nitrate  Waste  in 

Polyethylene. 

W91-O6130  5E 

OAK  RIDGE  GASEOUS  DIFFUSION  PLANT, 

TN. 
Treatment  and  Disposal  Options  for  a  Heavy 
Metals  Waste  Containing  Soluble  Technetium- 
99. 
W9 1-06675  5D 

OAK  RIDGE  NATIONAL  LAB.,  TN. 

Magnetic  Separation  of  Uranium  from  Waste 

Materials. 

W91-06173  5D 

OAK  RIDGE  NATIONAL  LAB.,  TN. 
CHEMICAL  TECHNOLOGY  DIV. 

Systematic  Approach  for  the  Design  of  Pump- 
able,  Cement-Based  Grouts  for  Immobilization 
of  Hazardous  Wastes. 
W91-06126  5E 

In  Situ  Grouting  of  Shallow  Landfill  Radioac- 
tive Waste  Trenches. 
W91-06157  5E 

Minimizing  Waste  by  Charging  the  Generator. 
W91-06161  5E 

Evaluation  of  a  Cell-Biopolymer  Sorbent  for 
Uptake  of  Strontium  from  Dilute  Solutions. 
W9 1-06666  5D 

OAK  RIDGE  NATIONAL  LAB.,  TN. 
ENVIRONMENTAL  SCIENCES  DIV. 

Summer  Habitat  Suitability  for  Striped  Bass  in 

Chesapeake  Bay:  Reflections  on  a  Population 

Decline. 

W91-06038  2L 

Hepatic  Enzymes  as  Biomarkers:  Interpreting 
the  Effects  of  Environmental,  Physiological  and 
Toxicological  Variables. 
W91-06181  5A 

Biological  Monitoring:  Testing  for  Genotoxicity. 
W91-06183  5A 

Application  of  Bioindicators  in  Assessing  the 
Health  of  Fish  Populations  Experiencing  Con- 
taminant Stress. 
W91-06191  5A 

Use  of  Biomarkers  in  Ecological  Risk  Assess- 
ment. 
W91-06193  5A 

Pre-Exposure     to     3-Methylcholanthrene     In- 
creases Benzo(a)pyrene   Adducts  on   DNA  of 
Bluegill  Sunfish. 
W9 1-06368  5C 

Use  of  Bioindicators  for  Assessing  the  Effects  of 

Pollutant  Stress  on  Fish. 

W9 1-06385  5A 

Environmental  Risk  Assessment/Environmental 
Hazard  Assessment:  Similarities  and  Differences. 
W9 1-06692  5C 

DNA  Damage  as  an  Indicator  of  Pollutant-In- 
duced Genotoxicity. 
W91-06715  5C 

Critical  Appraisal  of  Population  Approaches  in 

Assessing  Fish  Community  Health. 

W9 1-06922  5  A 

Effort-Allocation   Analysis   of  the   Seven-Day 
Fathead    Minnow    (Pimephales    promelas)   and 
Ceriodaphnia  dubia  Toxicity  Tests. 
W9 1-06996  5  A 


OAK  RIDGE  NATIONAL  LAB.,  TN.  HEALTH 
AND  SAFETY  RESEARCH  DIV. 

Protection  of  Human  Health  from  Mixtures  of 

Radionuclides     and     Chemicals     in     Drinking 

Water. 

W91-06785  5C 

OBAFEMI  AWOLOWO  UNTV.,  ILE-IFE 
(NIGERIA).  DEPT.  OF  CIVIL  ENGINEERING. 

Soak-Away  Systems  and  Possible  Groundwater 
Pollution  Problems  in  Developing  Countries. 
W9 1-06238  5B 

OFFICE  DE  LA  RECHERCHE  SCIENTIFIQUE 
ET  TECHNIQUE  OUTRE-MER,  CAYENNE 
(FRENCH  GUIANA). 

Runoff  and  Erosion  in  Clearings  Following  Cut- 
ting of  the  Humid  Tropical  Forest  (Ecoulements 
et  Erosion  sous  Prairies  Artificielles  apres  Defri- 
chement  de  la  Foret  Tropicale  Humide). 
W9 1-06521  4C 

From  the  Plot  to  the  Watershed:  Scale  Effect  in 
the  Amazonian  Forest  Ecosystem  (De  la  Par- 
celle  au  Petit  Bassin-Versant:  Effet  d'Echelle 
dans  l'Ecosysteme  Forestier  Amazonien). 
W9 1-06522  2B 

OFFICE  DE  LA  RECHERCHE  SCIENTD7IQUE 
ET  TECHNIQUE  OUTRE-MER, 
MONTPELLIER  (FRANCE). 

Sediment  Production  and  Transport  on  the 
Square  Kilometre  Scale  in  Humid  Savannah, 
Ivory  Coast  (La  Production  de  Sediments  sur  les 
Versants  et  Leur  Transport  a  PEchelle  du  Km- 
sq  en  Savane  Humide,  Cote  d'lvoire). 
W9 1-07088  21 

OFFICE  DE  LA  RECHERCHE  SCIENTIFIQUE 
ET  TECHNIQUE  OUTRE-MER,  PARIS 
(FRANCE). 

European  Network  of  Representative  and  Ex- 
perimental Basins  for  Long-Term  Monitoring  of 
Water  Resources. 
W9 1-06499  7  A 

OFFICE  OF  MANAGEMENT  AND  BUDGET, 
WASHINGTON,  DC.  NATURAL  RESOURCES 
DIV. 

Agriculture's  Role  in  Protecting  Water  Quality. 
W9 1-06305  5G 

OFFICE  OF  TECHNOLOGY  ASSESSMENT, 
WASHINGTON,  DC. 

Waste  Reduction  Audits:   Matching  Types  to 

Stages. 

W91-06162  5E 

OFFICE  OF  THE  ASSISTANT  CHIEF  OF 
ENGINEERS  (ARMY),  WASHINGTON,  DC. 

Hazardous  Waste  Reduction  Efforts  in  the  De- 
partment of  the  Army. 
W91-06159  5D 

OFFICE  OF  THE  NATIONAL 
ENVIRONMENT  BOARD,  BANGKOK 
(THAILAND).  NATURAL  RESOURCES  AND 
ENVIRONMENTAL  MANAGEMENT  CO- 
ORDINATION DTV. 

Problems  and  Regulations  in  Pollution  Control 

in  Thailand. 

W9 1-06899  5G 

OHIO  AGRICULTURAL  RESEARCH  AND 
DEVELOPMENT  CENTER,  WOOSTER. 

Reduce  Greenhouse  Runoff. 

W9 1-06403  3F 

OHIO  STATE  UNIV.,  COLUMBUS.  DEPT.  OF 
AGRONOMY. 

Low-Resource  Agriculture  Alternatives  in  Sub- 

Saharan  Africa. 

W91-06114  3F 
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Effects  of  Slope  Length,  Slope  Gradient,  Tillage 

Methods  and  Cropping  Systems  on  Runoff  and 

Soil  Erosion  on  a  Tropical  Alfisol:  Preliminary 

Results. 

W9 1-07066  4D 

OHIO  STATE  UNIV.,  COLUMBUS.  DEPT.  OF 
ENTOMOLOGY. 

PH  Dependent  Accumulation  of  PCP  in  Aquatic 

Microcosms  with  Sediment. 

W9 1-06748  5B 

Changes  in  the  Toxicity  of  Three  Pesticides  as  a 
Function  of  Environmental  pH  and  Tempera- 
ture. 
W9 1-06886  5C 

OHIO  STATE  UNIV.,  COLUMBUS.  DEPT.  OF 
MATERIALS  SCIENCE  AND  ENGINEERING. 

Adsorption  Behavior  of  a  Hydrophobic  Poly- 
meric Flocculant  and  Its  Relation  to  Floccula- 
tion  and  Filtration  Dewatering  of  Coal  Slurries. 
W9 1-06443  5D 

OHIO  STATE  UNIV.,  COLUMBUS.  DEPT.  OF 
ZOOLOGY. 

Effects  of  Sediment  and  the  Route  of  Exposure 
on  the  Toxicity  and  Accumulation  of  Neutral 
Lipophilic  and  Moderately  Water-Soluble  Me- 
tabolizable  Compounds  in  the  Midge,  Chirono- 
mus  riparius. 
W9 1-06701  5C 


Great  Lakes  Estuaries. 
W9 1-06846 
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OHIO  STATE  UNIV.,  COLUMBUS.  WATER 
RESOURCES  CENTER. 

Investigation    of   Sol    Protection    in    Chemical 

Clarification. 

W91-06440  5D 

OKLAHOMA  STATE  UNIV.,  STILLWATER. 
DEPT.  OF  AGRICULTURAL  ENGINEERING. 

Indoor  Soil  Erosion  Research  Facility. 
W91-06232  2J 

OKLAHOMA  STATE  UNIV.,  STILLWATER. 
DEPT.  OF  AGRONOMY. 

Soil-Water  Relations  and  Interference  between 
Devil's-Claw     (Proboscidea     louisianica)     and 
Cotton  (Gossypium  hirsutum). 
W9 1-06980  3F 

OKLAHOMA  UNIV.,  KINGSTON. 
BIOLOGICAL  STATION. 

Simple  System  of  Replicated  Recirculating  Ex- 
perimental Streams. 
W91-06014  2H 

OKLAHOMA  WATER  RESOURCES  BOARD, 
OKLAHOMA  CITY.  WATER  QUALITY  DIV. 

Physicochemical  Factors  Affecting  the  Abun- 
dance and  Species  Richness  of  Fishes  in  the 
Cimarron  River. 
W9 1-06278  2H 

OLD  DOMINION  UNIV.,  NORFOLK,  VA. 
DEPT.  OF  CHEMISTRY  AND 
BIOCHEMISTRY. 

Reactions  of  Aqueous  Chlorine  In  vitro  in  Stom- 
ach Fluid  from  the  Rat:  Chlorination  of  Tyro- 
sine. 
W91-06911  5C 

ONDO  STATE  UNIV.,  ADO-EKITI  (NIGERIA). 
DEPT.  OF  GEOGRAPHY. 

Morphology  and  Downstream  Hydraulic  Geom- 
etry Relations  of  Alluvial  Stream  Channels  in  a 
Humid  Tropical  Environment,  Southwestern  Ni- 
geria. 
W9 1-06485  2E 


ONTARIO  MINISTRY  OF  NATURAL 
RESOURCES,  MAPLE.  FISHERIES  BRANCH. 

Yield  of  Yellow  Perch  in  Lakes  Erie  and  St. 

Clair:  Community  Associations. 

W9 1-06037  2H 

Assessment  and  Management  of  Fish  Communi- 
ty Health  in  the  Great  Lakes:   Synthesis  and 
Recommendations. 
W9 1-06931  5  A 

ONTARIO  MINISTRY  OF  NATURAL 
RESOURCES,  THUNDER  BAY.  FISHERIES 
RESEARCH  SECTION. 

Ecosystem  Health,  a  Human  Perception:  Defini- 
tion, Detection,  and  the  Dichotomous  Key. 
W9 1-06925  5G 

ONTARIO  MINISTRY  OF  THE 
ENVIRONMENT,  REXDALE.  LAB.  SERVICES 
BRANCH. 

Presence-Absence  Test  for  Monitoring  Drinking 

Water  Quality. 

W91-06213  5F 

OREGON  DEPT.  OF  FISH  AND  WILDLIFE, 
CLACKAMAS. 

Management  Implications  of  a  Model  of  Preda- 
tion  by  a  Resident  Fish  on  Juvenile  Salmonids 
Migrating  through  a  Columbia  River  Reservoir. 
W9 1-06028  81 

OREGON  DEPT.  OF  FISH  AND  WILDLIFE, 
CORVALLIS. 

Community  Structure,  Distribution,  and  Stand- 
ing Stock  of  Benthos,  Epibenthos,  and  Plankton 
in  the  Columbia  River  Estuary. 
W9 1-06285  2L 

Species  Composition,  Distribution,  and  Inverte- 
brate Prey  of  Fish  Assemblages  in  the  Columbia 
River  Estuary. 
W9 1-06286  2L 

OREGON  GRADUATE  CENTER, 
BEAVERTON.  DEPT.  OF  ENVIRONMENTAL 
SCIENCE  AND  ENGINEERING. 

Response  of  Mesquite  to  Nitrate  and  Salinity  in  a 
Simulated  Phreatic  Environment:  Water  Use, 
Dry  Matter  and  Mineral  Nutrient  Accumulation. 
W91-06312  2B 

OREGON  STATE  UNIV.,  CORVALLIS. 

Geomorphic  Influences  on  Sediment  Transport 

in  the  Willamette  River. 

W9 1-06623  2J 

OREGON  STATE  UNIV.,  CORVALLIS. 
AGRICULTURAL  EXPERIMENT  STATION. 

Sweet  Corn  Yield  and  Tissue  Metal  Concentra- 
tions after  Seven  Years  of  Sewage  Sludge  Appli- 
cations. 
W9 1-06299  5E 

OREGON  STATE  UNIV.,  CORVALLIS.  COLL. 
OF  FORESTRY. 

Erosion  and  Sedimentation  in  the  Pacific  Rim. 
W91-O6570  2J 

OREGON  STATE  UNIV.,  CORVALLIS.  COLL. 
OF  OCEANOGRAPHY. 

Primary  Production,  Plant  and  Detrital  Biomass, 

and  Particle  Transport  in  the  Columbia  River 

Estuary. 

W9 1-06284  2L 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  BOTANY  AND  PLANT  PATHOLOGY. 

Effects  of  Substrate  Relief  on  the  Distribution  of 
Periphyton  In  Laboratory  Streams.  I.  Hydrolo- 
gy- 
W9 1-06254  2E 

Effects  of  Substrate  Relief  on  the  Distribution  of 
Periphyton  In  Laboratory  Streams.  II.  Interac- 
tions with  Irradiance. 
W91-06255  2E 


OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  FOREST  ENGINEERING. 

Slackwater       Habitat       in      Torrent-Impacted 

Streams. 

W9 1-06636  2E 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  SOIL  SCIENCE. 

Soil    Water    Balance    Model    for    Partitioning 
Water  Use  among  Crop  Trees,  Evaporation,  and 
Competing  Vegetation. 
W9 1-06547  2G 

OSLO  UNIV.  (NORWAY).  DEPT.  OF 
BIOLOGY. 

Differential  Effects  of  Mercurial  Compounds  on 
the     Electroolfactogram     (EOG)     of    Salmon 
(Salmo  salar  L). 
W9 1-05998  5C 

Metal-Binding  in  Polychaetes:  Quantitative  and 

Qualitative  Studies  of  Five  Species. 

W9 1-06346  5B 

OSLO  UNTV.  (NORWAY).  DEPT.  OF 
GEOGRAPHY. 

Analysis  of  Time  Variability  in  Recessions. 
W91-06471  2E 

Regional  Hydrology:  Applications  of  Informa- 
tion Technology. 
W9 1-06508  2E 

OSLO  UNIV.  (NORWAY).  LAB.  FOR 
FRESHWATER  ECOLOGY  AND  INLAND 
FISHERIES. 

NTNF~Programme  on  Environmental  Impacts 
('MVU'):  Research  and  Reference  Catchments 
Project  CFORSKREF). 
W9 1-06507  4C 

OTAGO  UNIV.,  DUNEDIN  (NEW  ZEALAND). 
DEPT.  OF  MICROBIOLOGY. 

Comparison  of  the  Roles  of  Direct  Absorption 
and  Phytoplankton  Ingestion  in  Accumulation  of 
Chromium  by  Sea  Urchin  Larvae. 
W9 1-06265  5C 

OTTAWA  UNTV.  (ONTARIO).  DEPT.  OF 
BIOLOGY. 

Challenges  in  the  Detection  and  Diagnosis  of 
Pathological  Change  in  Aquatic  Ecosystems. 
W9 1-06924  5  A 

OXFORD  POLYTECHNIC  (ENGLAND).  DEPT. 
OF  GEOGRAPHY. 

Evolution  of  an  Anthropogenic  Desert  Gully 

System. 

W91-06721  2J 

OXFORD  UNTV.  (ENGLAND).  DEPT.  OF 
METALLURGY. 

Critical  Review  of  Evaluation  Procedures  for 
Stabilization/Solidification  Processes. 
W91-06135  5E 

PACIFIC  FORESTRY  CENTRE,  VICTORIA 

(BRITISH  COLUMBIA). 
Carnation   Creek,   Canada-Review   of  a  West 
Coast  Fish/Forestry  Watershed  Impact  Project. 
W9 1-06560  4C 

PACIFIC  NORTHWEST  FOREST  AND 
RANGE  EXPERIMENT  STATION,  JUNEAU, 
AK.  FORESTRY  SCIENCES  LAB. 

Plant  Succession  on  Earthquake  Uplifted  Coast- 
al Wetlands,  Copper  River  Delta,  Alaska. 
W9 1-06032  2L 

Effects  of  Timber  Harvesting  on   Progressive 
Hillslope  Deformation  in  Southwest  Oregon. 
W9 1-06587  2J 
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PACIFIC  SOUTHWEST  FOREST  AND  RANGE 
EXPERIMENT  STATION,  ARCATA,  CA. 

Overview:  Channel  Morphology  and  Sediment 

Transport  in  Steepland  Streams. 

W91-06616  2E 

Measuring  Sediment   Yields  of  Storms  Using 

PSALT. 

W9 1-07092  2J 

PACIFIC  SOUTHWEST  FOREST  AND  RANGE 
EXPERIMENT  STATION,  BERKELEY,  CA. 

Forest  Harvest,  Snowmelt  and  Streamflow  in 

the  Central  Sierra  Nevada. 

W9 1-06536  4A 

Snow  Redistribution:  Strip  Cuts  at  Yuba  Pass, 

California. 

W91-06537  4A 

PACD7IC  SOUTHWEST  FOREST  AND  RANGE 
EXPERIMENT  STATION,  BERKELEY,  CA. 
SNOW  HYDROLOGY  PROJECT. 

Water    Release    from    a    Forested    Snowpack 

during  Rainfall. 

W91-06535  2C 

PACIFIC  SOUTHWEST  FOREST  AND  RANGE 
EXPERIMENT  STATION,  RTVERSH>E,  CA. 

Postfire  Sediment  Movement  by  Debris  Flows 
in  the  Santa  Ynez  Mountains,  California. 
W91-06611  2J 

Post-Fire  Response  of  a  Boulder-Bed  Channel. 
W91-06612  2J 

PAPUA  NEW  GUINEA  UNIV.,  PORT 
MORESBY.  DEPT.  OF  GEOGRAPHY. 

Sedimentological  Approach  to  Examining  Sedi- 
ments/Soils on  Hillslopes:  Examples  from  Papua 
New  Guinea  and  Australia. 
W91-O6610  2J 

PARKER  AND  AMCHEM,  AMBLER,  PA. 

Source  Reduction-Parts  Cleaning. 

W9 1-06682  5E 

PATUXENT  WILDLIFE  RESEARCH  CENTER, 
LAUREL,  MD. 

Effects  of  Mercury,  Selenium,  and  Organochlor- 
ine  Contaminants  on  Reproduction  of  Forster's 
Terns  and  Black  Skimmers  Nesting  in  a  Con- 
taminated Texas  Bay. 
W9 1-06773  5C 

PENNSYLVANIA  STATE  UNTV.,  UNIVERSITY 
PARK.  SCHOOL  OF  FOREST  RESOURCES. 

Aquatic  Community  Response  to  Stress:  Predic- 
tion and  Detection  of  Adverse  Effects. 
W9 1-06693  5C 

PISA  UNTV.  (ITALY).  DD?T.  DI  SCIENZE 
DELL'AMBD2NTE  E  DEL  TERRTTORIO. 

Micronucleus  Assay  in  Anodonta  cygnea  for  the 
Detection  of  Drinking  Water  Mutagenicity. 
W9 1-06827  5  A 

PITTSBURGH  CITY  WATER  DEPT.  PA. 

Legionella  in  Drinking  Water. 

W9 1-062 10  5A 

PITTSBURGH  UNTV.,  PA. 

Laser     Desorption-Ionization     FT-ICR     Mass 
Spectrometry:  DNA-Adduct  Bases,  Nucleosides 
and  Nucleotides. 
W9 1-06366  5C 

PLYMOUTH  MARINE  LAB.  (ENGLAND). 

Comparison  of  Metal-Binding  Proteins  and  Cad- 
mium Metabolism  in  the  Marine  Molluscs  Littor- 
ina   littorea   (Gastropoda),   Mytilus   edulis   and 
Macoma  balthica  (Bivalvia). 
W9 1-06350  SB 

Metals  in  Gastropods-Metabolism   and   Biore- 

duction. 

W91-06351  5B 


Metabolic/Physiological  Basis  of  Genotype-De- 
pendent Mortality  During  Copper  Exposure  in 
Mytilus  edulis. 
W91-06357  5C 

Uptake    and    Transformation    of    14C-Labelled 

Tributyltin  Chloride  by  the  Dog- Whelk,  Nucella 

lapillus:    Importance   of  Absorption   from   the 

Diet. 

W91-06358  5B 

Structure  of  Vertical  Current  Profiles  in  a  Ma- 

crotidal,  Partly-Mixed  Estuary. 

W91-06832  2L 

PLYMOUTH  POLYTECHNIC  (ENGLAND). 
DEPT.  OF  ENVIRONMENTAL  SCIENCES. 

Development  of  a  Novel  Multi-Element  Detec- 
tion  System   for   Trace   Metal    Determination 
Based  on  Chemiluminescence  After  Separation 
by  Ion  Chromatography. 
W91-07015  5A 

PLYMOUTH  POLYTECHNIC  (ENGLAND). 
DEPT.  OF  GEOGRAPHICAL  SCIENCES. 

Preliminary  Assessment  of  Soil  Hydraulic  Prop- 
erties, and  Their  Implications  for  Agro  Forestry 
Management  in  Grenada,  West  Indies. 
W9 1-06549  2G 

Impact  of  Conifer  Afforestation  on  Water  Qual- 
ity in  an  Upland  Catchment  in  Southwest  Eng- 
land. 
W91-06552  5C 

POLK  COUNTY  BOARD  OF 
COMMISSIONERS  FOR  ENVIRONMENTAL 
SERVICES,  BARTOW,  FL. 

Distribution  and  Abundance  of  Larval  Coquil- 

lettidia    Perturbans    in    a    Florida    Freshwater 

Marsh. 

W9 1-06824  2H 

POLYTECHNIC  SOUTH  WEST,  PLYMOUTH 
(ENGLAND).  DEPT.  OF  ENVIRONMENTAL 
SCIENCES. 

Widespread   Occurrence   of  Highly   Branched 
Acyclic  C20,  C25  and  C30  Hydrocarbons  in 
Recent  Sediments  and  Biota  -  A  Review. 
W9 1-06263  2K 

POLYTECHNIC  UNTV.,  BROOKLYN,  NY. 

First-Order  Analysis  of  Open-Channel  Flow. 
W9 1-06297  8B 

PORT  HARCOURT  UNTV.  (NIGERIA).  DEPT. 
OF  GEOGRAPHY. 

Management  of  Coastal  Zone  Erosion  in  Nige- 
ria. 
W9 1-06267  2J 

PPG  INDUSTRIES,  INC.,  PITTSBURGH,  PA. 

Solvent  Waste   Minimization  by  the  Coatings 

Industry. 

W91-06683  5E 

PRETORIA  UNTV.  (SOUTH  AFRICA).  DEPT. 
OF  MEDICAL  VIROLOGY. 

Microbiology  of  Drinking  Water  Treatment:  Re- 
claimed Wastewater. 
W9 1-06203  5F 

PROCTER  AND  GAMBLE  CO.,  CINCINNATI, 
OH.  ENVIRONMENTAL  SAFETY  DEPT. 

Validation  of  a  Four-Day  Ceriodaphnia  Toxicity 
Test  and  Statistical  Considerations  in  Data  Anal- 


ysis. 

W9 1-06994 
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PSC  ENGINEERS  AND  CONSULTANTS,  INC., 
LANCASTER,  PA. 

Case  History  of  Performance  Test  of  the  Car- 
rousel Process  at  Easton,  Pennsylvania. 
W91-06914  5D 


PTI  ENVIRONMENTAL  SERVICES, 
BELLEVUE,  WA. 

Comparative  Sensitivity  of  Sediment  Toxicity 

Bioassays  at  Three  Superfund   Sites  in  Puget 

Sound. 

W9 1-06700  5  A 

PUBLIC  WORKS  RESEARCH  INST., 
TSUKUBA  (JAPAN). 

Computer  Simulations  of  Debris  Flow  Deposi- 

tional  Processes. 

W9 1-06591  2J 

PUBLIC  WORKS  RESEARCH  INST., 
TSUKUBA  (JAPAN).  SABO  DTV. 

On  take   Landslide   of  September    14,    1984,   in 

Japan. 

W91-06585  2J 

PUNJAB  AGRICULTURAL  UNTV., 
LUDHIANA  (INDIA).  DEPT.  OF  SOILS. 

Efficiency  of  Nitrogen  Use  by  Dryland  Wheat 
in  a  Subhumid  Region  in  Relation  to  Optimizing 
the  Amount  of  Available  Water. 
W91-06417  3F 

Simple  Water-Balance  Models  for   Simulating 
Moisture,  Salinity  and  Sodicity  Profiles  in  Soils 
under  Wheat. 
W91-06418  3F 

PURDUE  UNTV.,  LAFAYETTE,  IN.  SCHOOL 
OF  HEALTH  SCIENCES. 

Study  of  Tritium  Release  from  Encapsulated 
Titanium  Tritide  Accelerator  Targets. 
W91-06145  5B 

QUEBEC  UNTV.,  SAINTE-FOY. 

Dynamics  and  Mass  Balances  of  N03(-)  and 
S04(-2)  in  Meltwater  and  Surface-Runoff  during 
Spring  Melt  in  a  Boreal  Forest. 
W91-06513  5B 

QUEEN  MARY  COLL.,  LONDON 
(ENGLAND).  DEPT.  OF  GEOGRAPHY  AND 
EARTH  SCIENCE. 

Terrain  Analysis  for  Quantitative  Description  of 

Zero-Order  Basins. 

W91-06582  2J 

QUEEN  MARY  COLL.,  LONDON 
(ENGLAND).  SCHOOL  OF  BIOLOGICAL 
SCIENCES. 

Contamination  of  Soils  and  Sediments  in  the 

Vicinity  of  a  Mercury  Recovery  Plant. 

W9 1-05987  5B 

QUEENSLAND  UND7.,  BRISBANE 
(AUSTRALIA).  DEPT.  OF  AGRICULTURE. 

Contribution  of  Osmotic  Adjustment  to  Grain 
Yield  in  Sorghum  bicolor  (L.)  Moench  under 
Water-Limited    Conditions:    I.    Water    Stress 
before  Anthesis. 
W9 1-06941  21 

RANGEN  AQUACULTURE  RESEARCH 
CENTER,  HAGERMAN,  ID. 

Response  of  Diploid  and   Polyploid   Rainbow 

Trout  Cells  Following  Exposure  to  Genotoxic 

Compounds. 

W91-06711  5C 

READING  UNTV.  (ENGLAND).  DEPT.  OF 
PHYSIOLOGY  AND  BIOCHEMISTRY. 

Interactive  Effects  of  Pollutants  at  the  Toxico- 
kinetic  Level-Implications  for  the  Marine  Envi- 
ronment. 
W91-06395  5C 
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READING  UNIV.  (ENGLAND).  DEPT.  OF 
PURE  AND  APPLIED  ZOOLOGY. 

Convergence  of  Cellular  Systems  of  Metal  De- 
toxification. 
W9 1-06353  5B 

READING  UNIV.  (ENGLAND).  J.J. 
THOMSON  PHYSICAL  LAB. 

Electro-Optic  Studies  of  Concentration  Banding 

in  Particulate  Media. 

W9 1-06426  5D 

READING  UNIV.  (ENGLAND). 
POSTGRADUATE  RESEARCH  INST.  FOR 
SEDIMENTOLOGY. 

Salt-Marsh  Growth  and  Stratification:  A  Nu- 
merical Model  with  Special  Reference  to  the 
Severn  Estuary,  Southwest  Britain. 
W91-06815  2L 

RECRA  ENVIRONMENTAL,  INC.,  AMHERST, 

NY. 
What  to  Do  with  Hazardous  Waste:  Regula- 
tions, Management,  and  Disposal. 
W9 1-06684  5G 

REDWOOD  NATIONAL  PARK,  ARCATA,  CA. 

Geomorphic    and    Hydrologic    Conditions    for 
Cold  Pool  Formation  on  Redwood  Creek,  Cali- 
fornia. 
W9 1-06640  2E 

Magnitude,  Cause  and  Basin  Response  to  Fluvial 
Erosion,  Redwood  Creek  Basin,  Northern  Cali- 
fornia. 
W91-06641  2J 

Residence  Times  of  Channel-Stored  Sediment  in 

Redwood  Creek,  Northwestern  California. 

W9 1-06642  2J 

Field  Methods  Used  for  Monitoring  Erosion  and 
Sedimentation  Processes  in  Steeplands  of  North- 
western California,  USA. 
W9 1-06654  7B 

REDWOOD  NATIONAL  PARK,  ORICK,  CA. 

Forested  Block  Slides  in  the  Lower  Redwood 

Creek  Basin,  Northwest  California. 

W91-06589  2J 

Effects  of  Woody  Debris  Removal  on  Sediment 

Storage  in  a  Northwest  California  Stream. 

W9 1-06634  2J 

REED,  SMITH,  SHAW  AND  MCCLAY, 
HARRISBURG,  PA. 

Pennsylvania's  Superfund  Law  and  Groundwat- 
er Management. 
W91-06913  5G 

REGION  OF  STORSTROM,  PARKVEJ  37,  DK- 
4800  NYKOBING  F.,  DENMARK. 

Environmental  Studies  of  a  Marine  Wastewater 
Discharge  from  a  Sulphite  Pulp  Mill-Example 
of  a  General  Study  Approach  for  Marine  Indus- 
trial Discharges. 
W9 1-06055  5B 

RENSSELAER  POLYTECHNIC  INST.,  TROY, 
NY.  DEPT.  OF  BIOLOGY. 

Seasonal  Variations  in  Bacterial  Communities  in 
Adirondack  Streams  Exhibiting  pH  Gradients. 
W9 1-06022  2H 

RHODE  ISLAND  UNIV.,  NARRAGANSETT. 
MARINE  ECOSYSTEMS  RESEARCH  LAB. 

Control  of  Nutrient  Concentrations  in  the  See- 
konk-Providence  River  Region  of  Narragansett 
Bay,  Rhode  Island. 
W91-06838  2L 

RHODES  UNIV.,  GRAHAMSTOWN  (SOUTH 
AFRICA).  INST.  OF  FRESHWATER  STUDIES. 

Transported  Material  in  a  Small  River  with  Mul- 
tiple Impoundments. 
W9 1-06272  2J 


RIJKSINSTITUUT  VOOR  ZUIVERING  VAN 
AFVALWATER,  LELYSTAD 
(NETHERLANDS). 

Historical  and  Present  Day  Management  of  the 

River  Rhine. 

W9 1-06051  5G 

ROCKEFELLER  UNIV.,  NEW  YORK. 

Peptide  Synthesis  Waste  Reduction  and  Recla- 
mation of  Dichloromethane. 
W9 1-06677  5D 

ROCKEFELLER  UNIV.,  NEW  YORK.  LAB. 
ANIMAL  RESEARCH  CENTER. 

In  Vitro  Response  of  the  Brown  Bullhead  Cat- 
fish Cell  Line,  BB,  to  Aquatic  Pollutants. 
W9 1-06781  5C 

ROCKY  MOUNTAIN  FOREST  AND  RANGE 
EXPERIMENT  STATION,  TEMPE,  AZ. 
FORESTRY  SCIENCES  LAB. 

Hydrodynamic  and  Fluvial  Morphologic  Proc- 
esses:   Implications   for   Fisheries   Management 
and  Research. 
W9 1-06026  2E 

ROYAL  AEROSPACE  ESTABLISHMENT, 
FARNBOROUGH  (ENGLAND). 

New  Fast  Response  Instrument  for  Measuring 

Total  Water  Content  from  Aircraft. 

W91-06111  7B 

ROYAL  FOREST  DEPT.,  BANGKOK 
(THAILAND).  CHEE  WATERSHED 
RESEARCH  STATION. 

Amount  of  Runoff  and  Soil  Losses  from  Various 
Land-use  Sampling  Plots  in  Sakolnakorn  Prov- 
ince, Thailand. 
W91-06532  4A 

ROYAL  FOREST  DEPT.,  BANGKOK 
(THAILAND).  WATERSHED  MANAGEMENT 
DIV. 

Sediment  Yields  and  Surface  Runoff  from  Six 
Types  of  Agroforestry  at  Mae-klong  Watershed 
Research  Station,  Kanchanaburi,  Thailand. 
W9 1-06605  2J 

Discharge    and    Suspended    Sediment    of   the 
Upper  Nan  River,  Nan  Province,  Thailand. 
W9 1-06633  2J 

RUTGERS  -  THE  STATE  UNTV.,  NEW 
BRUNSWICK,  NJ.  DEPT.  OF  BIOLOGICAL 
SCIENCES. 

Effects  of  Mercury  on  the  Feeding  Behavior  of 
the  Mummichog,  Fundulus  heteroclitus  from  a 
Polluted  Habitat. 
W9 1-06239  5C 

RUTGERS  -  THE  STATE  UNTV., 
PISCATAWAY,  NJ.  NELSON  BIOLOGICAL 
LAB. 

Mercury  Inhibits  the  Transport  of  D-Glucose  by 
the  Intestinal  Brush  Border  Membrane  Vesicles 
of  Fish. 
W91-06359  5C 

SAINT  ANDREWS  UNTV.  (SCOTLAND). 
GATTY  MARINE  LAB. 

Tolerance  of  Acid  Waters  by   Native  Brown 

Trout  (Salmo  Trutta  L). 

W9 1-07025  5C 

SAINT  DAVID'S  UNTV.  COLL.,  LAMPETER 
(WALES).  CENTRE  FOR  RESEARCH  INTO 
ENVIRONMENT  AND  HEALTH. 

Application  of  Water-Quality  Standards  to  UK 

Bathing  Waters. 

W9 1-05970  5G 

SALVESEN  (ROBERT  H.)  ASSOCIATES,  RED 
BANK,  NJ. 

On-Site  Reuse  and  Recycle  of  Solvents. 

W9 1-06686  5D 


Treatment:  Solvent  Wastestreams. 
W9 1-06689 


5D 


SAN  JOAQUIN  VALLEY  DRAINAGE 
PROGRAM,  SACRAMENTO,  CA. 

Estimation  of  Shallow  Ground-Water  Quality  in 

the  Western  and  Southern  San  Joaquin  Valley, 

California. 

W9 1-07037  2F 

SAN  JOSE  STATE  UNTV.,  CA.  DEPT.  OF 
GEOLOGY. 

Groundwater    Contribution    to    the    Nutrient 

Budget  of  Tomales  Bay,  California. 

W9 1-06951  2F 

SANDIA  NATIONAL  LABS.,  ALBUQUERQUE, 
NM.  SOLAR  THERMAL  COLLECTOR 
TECHNOLOGY  DIV. 

Falling-Film  and  Glass-Tube  Solar  Photocataly- 
tic  Reactors  for  Treating  Contaminated  Water. 
W9 1-06658  5D 

SANTIAGO  UNTV.  (SPAIN).  DEPT.  DE 
ANALISIS  QUIMICO  Y  BROMATOLOGLA- 
TOXICOLOGIC 

Identification  and  Determination  of  Halogenated 
Hydrocarbons   in    Waters   of  Galicia    (N.    W. 
Spain)  by  Headspace  Gas-Chromatography. 
W91-O7013  5A 

SANTIAGO  UNIV.  (SPAIN).  DEPT.  OF 
BIOCHEMISTRY. 

Oxyradical    Generation    and    Redox    Cycling 
Mechanisms  in  Digestive  Gland  Microsomes  of 
the  Common  Mussel,  Mytilus  edulis  L. 
W9 1-06362  5C 

SAO  PAULO  UNTV.,  SAO  CARLOS  (BRAZIL). 
DEPT.  DE  HIDRAULICA  E  SANEAMENTO. 

Some  Factors  Affecting  Erosion  of  Bed  Chan- 
nels Protected  with  Riprap. 
W9 1-07071  2J 

SAO  PAULO  UNIV.,  SAO  CARLOS  (BRAZIL). 
ESCOLA  DE  ENGENH ARIA. 

Mathematical  Model  for  Reservoir  Silting. 

W9 1-07062  2J 

SASKATCHEWAN  UNTV.,  SASKATOON. 
DEPT.  OF  GEOGRAPHY. 

Bed  Load  Transfer  and  Channel  Morphology  in 

Braided  Streams. 

W9 1-06620  2J 

SASKATCHEWAN  UNTV.,  SASKATOON. 
DEPT.  OF  SOIL  SCIENCE. 

Estimating  the   Atterberg   Limits  of  Southern 

Saskatchewan  Soils  from  Texture  and  Carbon 

Contents. 

W9 1-06405  8D 

SAVANNAH  RIVER  ECOLOGY  LAB.,  AIKEN, 
SC. 

Genetic  Damage  in  a  Population  of  Slider  Tur- 
tles (Trachemys  scripta)  Inhabiting  a  Radioac- 
tive Reservoir. 
W9 1-06784  5C 

SAVANNAH  RIVER  LAB.,  AIKEN,  SC. 

Effects  of  Heterogeneous  Porous  Geology  on 
Groundwater  Flow  and  Transport  Modeling  in 
Multiaquifer  Systems. 
W9 1-07053  2F 

SAVANNAH  RIVER  LAB.,  AIKEN,  SC. 
ENVIRONMENTAL  SCIENCES  DIV. 

Tropical  Source  Water. 

W91-06196  5F 
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SCIENCE  APPLICATIONS  INTERNATIONAL 
CORP.,  NARRAGANSETT,  RI. 

Using  the  DNA  Alkaline  Unwinding  Assay  to 
Detect  DNA  Damage  in  Laboratory  and  Envi- 
ronmentally Exposed  Cells  and  Tissues. 
W9 1-06369  5  A 

Comparative  Study  of  the  Differential  Blood 
Cell  Counts  of  Winter  Flounder  (Pseudopleur- 
onectes  americanus)  Collected  in  New  England. 
W9 1-06374  5C 

SCIENCE  APPLICATIONS  INTERNATIONAL 
CORP.,  RALEIGH,  NC. 

Modelling  Salinity  and  Circulation  for  the  Co- 
lumbia River  Estuary. 
W9 1-06282  2L 

SEOUL  NATIONAL  UNTV.  (REPUBLIC  OF 
KOREA).  DEPT.  OF  FORESTRY. 

Soil  Losses  and  Runoff  Rates  from  the  Forested 

Watersheds  in  Korea. 

W9 1-06603  2J 

SETSUNAN  UNTV.,  NEYAGAWA  (JAPAN). 
DEPT.  OF  CIVIL  ENGINEERING. 

Management    and    Status    of  Japanese    Public 

Waters. 

W9 1-06039  5G 

Water  Quality  Management  in  the  Yodo  River 

Basin-Case  Study. 

W91-06046  5G 

SEVERN-TRENT  WATER  AUTHORITY, 
SOLIHULL  (ENGLAND).  RIVERS  AND 
REGULATION  DIV. 

Estimation  of  River  Flows  with  Particular  Ref- 
erence to  Natural  and  Artificial  Components. 
W9 1-06496  2E 

SHIGA  PREFECTURAL  INST.  OF  PUBLIC 
HEALTH  AND  ENVIRONMENTAL  SCIENCE, 
OTSU  (JAPAN). 
Accumulation  and  Metabolism  of  2,4,6-Trichlor- 
ophenyl-4'-Aminophenyl  Ether  by  Carp. 
W91-07019  5B 

Bioconcentration   and   Excretion   of  Diazinon, 

IBP,  Malathion  and  Fenitrothion  by  Carp. 

W9 1-07020  5B 

SHTN-NIHON  CHEMICAL  INDUSTRY  CO. 
LTD.,  TOKYO  (JAPAN). 

Removal  of  Fluoride  Ion  from  Wastewater  by  a 

Hydrous  Cerium  Oxide  Adsorbent. 

W9 1-06665  5D 

SHIP  RESEARCH  INST.,  TOKYO.  SHIP 
EQUIPMENT  DIV. 

Present    Situation    and    Problems    Related    to 

Marine  Oily-Water  Separating  Techniques. 

W9 1-06074  5G 

SHIZUOKA  UNTV.  (JAPAN).  DEPT.  OF 
FORESTRY. 

Forest  Distribution  Used  as  an  Erosion  Indicator 

on  Large-Scale  Landslide  Scars. 

W91-06588  2J 

SHIZUOKA  UNIV.  (JAPAN).  LAB.  OF  FOOD 
HYGIENE. 

Croaker  (Nibea  mitsukurii)  and  the  Sea  Catfish 
(Plotosus    anguillaris):    Useful    Biomarkers    of 
Coastal  Pollution. 
W91-06179  5A 

SIENA  UNTV.  (ITALY).  DIPT.  DI  BIOLOGIA 
AMBIENT  ALE. 

Mixed-Function  Oxidase  Activity  and  Conjugat- 
ing Enzymes  in  Two  Species  of  Antarctic  Fish. 
W91-06328  5B 

Seasonal  Variation  of  Mixed-Function  Oxidase 
Activity  in  a  Population  of  Yellow-Legged  Her- 
ring Gull:  Relationship  to  Sexual  Cycle  and  Pol- 
lutants. 
W9 1-06329  5C 


SILSOE  COLL.  (ENGLAND).  DEPT.  OF 
FIELD  ENGINEERING. 

Effect  of  Different  Types  of  Forest  Management 
on  the  Transformation  of  Rainfall  Energy  by  the 
Canopy  in  Relation  to  Soil  Erosion. 
W91-O6530  4A 

SIMON  FRASER  UNTV.,  BURNABY  (BRITISH 
COLUMBIA).  DEPT.  OF  BIOLOGICAL 
SCIENCES. 

Acute  Physiological  Stress  Responses  of  Juve- 
nile Coho  Salmon  (Oncorhynchus  kisutch)  to 
Sublethal  Concentrations  of  Garlon  4,  Garlon 
3A,  and  Vision  Herbicides. 
W9 1-06998  5C 

SKIDAWAY  INST.  OF  OCEANOGRAPHY, 
SAVANNAH,  GA. 

Metabolism  and  Accumulation  of  Xenobiotics 
Within  Hepato-pancreas  Cells  of  the  Blue  Crab, 
Callinectes  sapidus. 
W91-06336  5B 

SLOVENSKA  AKADEMIA  VIED, 
BRATISLAVA  (CZECHOSLOVAKIA).  USTAV 
HYDROLOGIE  A  HYDRAULIKY. 

Determination  of  Critical  Moisture  Contents  of 

Soils  in  the  Course  of  Evapotranspiration. 

W9 1-05981  2D 

Hydrology   of  Mountainous   Areas:    Scientific 
Problem  and  a  Field  of  Internationally  Coordi- 
nated Research. 
W9 1-06478  2E 

SOFIA  UNTV.  (BULGARIA).  DEPT.  OF 
GEOPHYSICS. 

Mechanisms  of  the  Black  Sea  Circulation. 
W91-06410  2B 

SOLVENT  RESOURCE  RECOVERY,  INC., 
WEST  CARROLTON,  OH. 

Commercial  (Off-Site)  Solvent  Reclamation. 
W9 1-06687  5D 

SOUTH  AFRICAN  FORESTRY  RESEARCH 
INST.,  SABIE. 

Estimating  Water  Use  by  Eucalyptus  grandis 

with  the  Penman-Monteith  Equation. 

W9 1-06541  2D 

SOUTH  CAROLINA  UNTV.,  COLUMBIA. 
MARINE  SCIENCE  PROGRAM. 

Rediversion  Salinity  Change  in  the  Cooper 
River,  South  Carolina:  Ecological  Implications. 
W91-06834  2L 

SOUTH  DAKOTA  STATE  UNTV., 
BROOKINGS.  DEPT.  OF  PLANT  SCIENCE. 

Adsorption  and  Desorption  of  Atrazine,   Hy- 
droxyatrazine,  and  S-Glutathione  Atrazine  on 
Two  Soils. 
W9 1-06989  5B 

SOUTH  DAKOTA  STATE  UNTV., 
BROOKINGS.  DEPT.  OF  WILDLIFE  AND 
FISHERIES. 

Importance  of  Emergent  Vegetation  in  Reduc- 
ing Sediment  Resuspension  in  Wetlands. 
W91-O6017  2H 

SOUTHAMPTON  UNTV.  (ENGLAND).  DEPT. 
OF  GEOGRAPHY. 

Comparison    of   the    Sediment   Transport    and 
Yield  Characteristics  of  Two  Adjacent  Glacier 
Basins,  Val  d'  Herens,  Switzerland. 
W91-07103  2J 

SOUTHEASTERN  FOREST  EXPERIMENT 
STATION,  OTTO,  NC. 

Microbial  Incorporation  of  Sulfate  into  Organic 

Matter  in  Forest  Soils. 

W91-06511  5B 

SOUTHERN  FOREST  EXPERIMENT 
STATION,  PINEVILLE,  LA. 

Growth  of  Slash  Pine  Planted  in  Soil  Disturbed 

by  Wet- Weather  Logging. 

W9 1-06275  4C 


SOUTHERN  WATER  SERVICES  LTD.,  ISLE 
OF  WIGHT  DIVISION,  ENGLAND. 

Isle  of  Wight  Water  Metering  Trial. 

W9 1-05966  3F 

SRI  LANKA  UNTV.,  PERADENIYA. 
HYDRAULICS  LAB. 

Optimal  Filtering  Techniques  in  Flood  Forecast- 
ing. 
W9 1-06464  2E 

STANFORD  UNTV.,  CA.  DEPT.  OF 
MICROBIOLOGY  AND  IMMUNOLOGY. 

Effect  of  Starvation  on  Bacterial  Resistance  to 

Disinfectants. 

W91-06198  5F 

STATE  UNTV.  OF  NEW  YORK  AT 
BROOKLYN. 

Effects  of  Measurement  Error  on  Previously 
Reported  Mathematical  Relationships  Between 
Indicator  Organism  Density  and  Swimming-As- 
sociated Illness:  A  Quantitative  Estimate  of  the 
Resulting  Bias. 
W91-06917  7C 

STATE  UNTV.  OF  NEW  YORK  AT  BUFFALO. 
DEPT.  OF  CIVIL  ENGINEERING. 

Dechlorination  of  Chlorendic  Acid  with  Ozone. 
W9 1-06868  5D 

STATE  UNTV.  OF  NEW  YORK  AT  BUFFALO. 
DEPT.  OF  GEOGRAPHY. 

Field  Experiments  on  the  Resistance  to  Over- 
land Flow  on  Desert  Hillslopes. 
W91-06718  2E 

STATE  UNTV.  OF  NEW  YORK  AT  STONY 
BROOK.  MARINE  SCIENCES  RESEARCH 
CENTER. 

Groundwater  Seepage  along  a  Barrier  Island. 
W91-06954  2F 

STATE  UNTV.  OF  NEW  YORK  AT 
SYRACUSE.  COLL.  OF  ENVIRONMENTAL 
SCIENCE  AND  FORESTRY. 

Sulfur  Dynamics  in  Mineral  Horizons  of  Two 
Northern  Hardwood  Soils:  A  Column  Study 
with  S35. 
W9 1-06948  2G 

STATE  UNIV.  OF  NEW  YORK  COLL.  AT 
BUFFALO.  GREAT  LAKES  LAB. 

Comparative  Metabolism  of  Benzo(a)pyrene  and 
(-)  Benzo(a)pyrene-7,8-dihydrodiol  by  Hepato- 
cytes  Isolated  from  Two  Species  of  Bottom- 
Dwelling  Fish. 
W9 1-06344  5C 

STATE  UNTV.  OF  NEW  YORK,  SYRACUSE. 
COLL.  OF  ENVIRONMENTAL  SCIENCE  AND 
FORESTRY. 

Effect  on  Mutagenicity  of  the  Stepwise  Removal 
of  Hydroxyl  Group  and  Chlorine  Atoms  from  3- 
Chloro-4-(dichloromethyl)-5-hydroxy-2(5H)- 
furanone:  13C  NMR  Chemical  Shifts  as  Deter- 
minants of  Mutagenicity. 
W91-06910  5C 

STATIUNEA  DE  CERCETARI  STEJARUL, 
PIATRA-NEAMT  (ROMANIA). 
GEOMORPHOLOGY  LAB. 

Relationship  Between  Sediment  Delivery  Ratio 
and  Stream  Order:  a  Romanian  Case  Study. 
W9 1-06722  2J 

STEVENS  INST.  OF  TECH.,  HOBOKEN,  NJ. 
DEPT.  OF  CIVIL,  ENVIRONMENTAL  AND 
COASTAL  ENGINEERING. 

Effect  of  Buoyancy  on  Transverse  Mixing  in 

Streams. 

W9 1-07030  5B 


OR-23 


ORGANIZATIONAL  INDEX 
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STIRLING  UNIV.  (SCOTLAND).  DEPT.  OF 
ECONOMICS. 

Economics  of  Nitrate  Pollution. 

W9 1-06790  5C 

STIRLING  UNIV.  (SCOTLAND).  DEPT.  OF 
ENVIRONMENTAL  SCIENCE. 

Forestry  and  Sediment  Yields  in  Upland  Scot- 
land. 
W9 1 -06649  2J 

STIRLING  UNTV.  (SCOTLAND).  INST.  OF 
AQUACULTURE. 

Fish  Metallothioneins:  Molecular  Cloning  Stud- 
ies and  Induction  in  Cultured  Cells. 
W9 1-06347  JC 

STONE  AND  WEBSTER  WATER 
TECHNOLOGY  SERVICES,  FORT 
LAUDERDALE,  FL. 

Membrane    Softening:    A    Treatment    Process 

Comes  of  Age. 

W9I-O6810  <F 

STRANCO,  INC.,  BRADLEY,  IL. 

Importance  of  Flocculant  Preparation  for  Use  in 

Solid/Liquid  Separation. 

W91-06441  5D 

STRASBOURG- 1  UNTV.  (FRANCE).  INST.  DE 
GEOLOGIE. 

Forest  Influence  on  the  Surface  Water  Chemis- 
try of  Granitic  Basins  Receiving  Acid  Precipita- 
tion in  the  Vosges  Massif,  France. 
W9 1-06520  5B 

STRATHCLYDE  REGIONAL  COUNCIL, 
GLASGOW  (SCOTLAND).  WATER  DEPT. 

Drinking  Water  Directive  and  Proposed  Water 
Supply  (Water  Quality)  Regulations  for  Scot- 
land. 
W9 1-05974  5G 

SUPPORT  GROUP,  FREMONT,  CA. 

3-D  Mapping  of  Dissolved  Oxygen  in  Mar  Pic- 
colo: A  Case  Study. 
W9 1-06802  5C 

SVERIGES  LANTBRUKSUNTVERSITET, 
UPPSALA.  DEPT.  OF  SOIL  SCIENCES. 

Mobility  in  Sandy  Soils  of  Four  Pesticides  with 

Different  Water  Solubility. 

W91-06397  5B 

SVERIGES  LANTBRUKSUNTVERSITET, 
UPPSALA.  DIV.  OF  WATER  MANAGEMENT. 

Leaching  Potential  and  Decomposition  of  Flur- 
oxypyr  in  Swedish  Soils  under  Field  Conditions. 
W91-06794  5B 

SVERIGES  LANTBRUKSUNrVERSITET, 
UPPSALA.  INST.  OF  ECONOMICS. 

Costs  for  Reducing  Farmers'  Use  of  Nitrogen  in 

Gotland,  Sweden. 

W91-06107  5G 

SVERIGES  METEOROLOGISKA  OCH 
HYDROLOGISKA  INST.,  NORRKOEPING. 

Tests  and  Application  of  Soil  Moisture  Deficit 
Models  Used  for  Analysis  of  Basin  Behaviour. 
W9 1-06489  2E 

SWEDISH  ENVIRONMENTAL  RESEARCH 
INST.,  STOCKHOLM. 

Effects  of  Phthalate  Esters  on  the  Locomotor 
Activity  of  the   Freshwater  Amphipod   Gam- 
marus  pulex. 
W9 1-05990  5C 

TAIWAN  FORESTRY  RESEARCH  INST., 
TAIPEI.  WATERSHED  MANAGEMENT  DIV. 

Analysis  and  Application  of  Experimental  and 
Network  Data  for  Defining  Hydrologic  Charac- 
teristics of  Upstream  Forested  Watersheds. 
W9 1-06474  2E 


TAMIL  NADU  AGRICULTURAL  UNIV., 
COIMBATORE  (INDIA).  DEPT.  OF 
AGRICULTURAL  ECONOMICS. 

Influence  of  Irrigation  with  Pulp  and  Paper  Mill 

Effluent  on  Soil  Chemical  and  Microbiological 

Properties. 

W9 1-06788  5E 

TECHNICAL  UNIV.  OF  DENMARK,  LYNGBY. 
DEPT.  OF  ENVIRONMENTAL 
ENGINEERING. 

Hydrolysis  of  Particulate  Substrate  by  Activated 

Sludge  Under  Aerobic,  Anoxic  and  Anaerobic 

Conditions. 

W9 1-06865  5D 

TECHNISCHE  HOCHSCHULE  AACHEN 
(GERMANY,  F.R.).  INST.  FUER 
SIEDLUNGSWASSERWIRTSCHAFT. 

Identification  of  Non-Biodegradable,  Hydrophil- 
ic,  Organic  Substances  in  Industrial  and  Munici- 
pal Waste  Water  Treatment  Plant-Effluents  by 
Liquid  Chromatography-Tandem  Mass  Spec- 
trometry (LC/MS/MS). 
W9 1-06076  5D 

TECHNISCHE  UNTV.  BRAUNSCHWEIG 
(GERMANY,  F.R.).  INST.  FUER 
GEOGRAPHTE. 

Runoff  Formation   Concept   to   Model   Water 

Pathways  in  Forested  Basins. 

W91-06559  2E 

TECHNISCHE  UNTV.,  DRESDEN  (GERMAN 
D.R.).  DEPT.  OF  WATER  SCIENCES. 

Computer-Aided  Analysis  of  Flow  Recessions 
and   Coupled   Basin   Water  Balance  Investiga- 
tions. 
W9 1-06470  2E 

TECHNISCHE  UNTV.  MUENCHEN 
(GERMANY,  F.R.).  LEHRSTUHL  UND 
PRUEFAMT  FUER 
WASSERGUETEWIRTSCHAFT  UND 
GESUNDHETTSINGENIEURWESEN. 
Tracing  the  Influx  of  Sewage  from  a  Leaky 
Sewer  into  a  Very  Thin  and  Fast-Flowing  Aqui- 
fer. 
W91-06867  5B 

TEHRAN  UNTV.  (IRAN).  SCHOOL  OF 
PHARMACY. 

Biological  Survey  of  Ground  Water  from  the 

Tehran  Plain,  Iran. 

W91-06901  2F 

TENNESSEE  COOPERATIVE  FISHERY 
RESEARCH  UNIT,  COOKEVILLE. 

Current  Distribution  and  Status  of  the  Upper 
Cumberland  River  Johnny  Darter,  Etheostoma 
nigrum  susanae. 
W91-06019  2H 

TENNESSEE  UNTV.,  KNOXVILLE.  COLL.  OF 
VETERINARY  MEDICINE. 

Comparative  Developmental  Toxicity  of  Acety- 
lenic  Alcohols  on  Embryos  and  Larvae  of  Xeno- 
pus  laevis. 
W9 1-06709  5C 

TENNESSEE  UNTV.,  KNOXVILLE.  DEPT.  OF 
ORNAMENTAL  HORICULTURE  AND 
LANDSCAPE  DESIGN. 

Turgor  Maintenance  in  Rosa  rugosa  Grown  at 

Three   Levels   of  Nitrogen   and   Subjected   to 

Drought. 

W91-06918  3F 

TENNESSEE  VALLEY  AUTHORITY,  MUSCLE 
SHOALS,  AL.  ATMOSPHERIC  SCIENCE 
DEPT. 

Tests  of  Models  of  Cloudwater  Deposition  to 

Forest   Canopies   Using   Artificial   and    Living 

Collectors. 

W91-06876  2B 


TENNESSEE  VALLEY  AUTHORITY,  NORRIS. 
ENGINEERING  LAB. 

Cubic-Spline   Interpolation   in   Lagrangian  Ad- 

vection  Computation. 

W9 1-06298  5B 

TEXAS  A  AND  M  UNTV.,  COLLEGE 
STATION.  DEPT.  OF  AGRICULTURAL 
ECONOMICS. 

Energy,  Water,  and  Economic  Savings  of  Im- 
proved Production  Systems  on  the  Texas  High 
Plains. 
W9 1-06402  3F 

TEXAS  A  AND  M  UNTV.,  COLLEGE 
STATION.  DEPT.  OF  WILDLIFE  AND 
FISHERIES  SCIENCES. 

Deterministic  Model  of  the  Response  of  Thread- 
fin  Shad  to  Aquatic  Macrophyte  Control. 
W91-06015  4A 

TEXAS  CHRISTIAN  UNTV.,  FORT  WORTH. 
DEPT.  OF  BIOLOGY. 

Effects  of  Light  and  Wave  Disturbance  on  Ver- 
tical  Zonation   of  Attached   Microalgae   In   a 
Large  Reservoir. 
W9 1-06250  2H 

TEXAS  UNTV.  AT  AUSTIN.  DEPT.  OF  CIVIL 
ENGINEERING. 

Supercritical  Water  Oxidation- Wastewaters  and 

Sludges. 

W91-06081  5D 

Sorption  of  Polycyclic  Aromatic  Hydrocarbons 
onto  Natural  Solids:  Determination  by  Fluores- 
cence Quenching  Method. 
W9 1-06086  5B 

Sorption  Kinetics  of  Non-Ionic  Organic  Pollut- 
ants onto  Suspended  Sediments. 
W9 1-06088  5B 

TEXAS  UNTV.,  PORT  ARANSAS.  MARINE 
SCIENCE  INST. 

Effects  of  Aroclor  1254  and  Cadmium  on  Re- 
productive  Endocrine   Function   and   Ovarian 
Growth  in  Atlantic  Croaker. 
W9 1-06392  5C 

THESSALONIKI  UNTV.,  SALONIKA 
(GREECE).  INST.  OF  BOTANY. 

Uptake  of  Cu,  Cd,  Zn  and  Pb  in  Posidonia 
oceanica     (Linneaus)     from     Antikyra     Gulf, 
Greece:  Preliminary  Note. 
W9 1-06391  5B 

THOMAS  JEFFERSON  UNTV., 
PHILADELPHIA,  PA.  DEPT.  OF  ANATOMY. 

Enzyme   Modulation   by   Sublethal   Concentra- 
tions of  Aldicarb,  Phosphamidon,  and  Endosul- 
fan  in  Fish  Tissues. 
W9 1-07006  5C 

THU-THAI  ASSOCIATES,  INC.,  TAIPEI 

(TAIWAN). 
Erosional  Effects  of  Road  Construction  in  Pi-Lu 
Experimental  Watershed. 
W91-06608  2J 

TIME-LAPSE  SYSTEMS,  INC.,  SEATTLE,  WA. 

Time-Lapse  Streamflow  over  North  America. 
W9 1-06509  2E 

TOKYO  INST.  OF  TECH.  (JAPAN).  DEPT.  OF 
CHEMISTRY. 

Stabilization  of  Hazardous  Materials  into  Fer- 

rites. 

W9 1-06082  5E 
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TOKYO  INST.  OF  TECH.  (JAPAN). 
RESEARCH  LAB.  OF  RESOURCES 
UTILIZATION. 

Method    for    Monitoring    the    Decomposition 
Process  in  Soil  of  Organic  Wastewaters  with 
High  Strength  and  Low  C/N  Ratio. 
W91-06978  5E 

TOKYO  UNTV.  (JAPAN).  DEPT.  OF  BOTANY. 

Fungal  Control  of  Population  Changes  of  the 
Planktonic  Diatom  Asterionella  formosa  In  a 
Shallow  Eutrophic  Lake. 
W9 1-06247  2H 

TOKYO  UNTV.  (JAPAN).  DEPT.  OF  URBAN 
AND  SANITARY  ENGINEERING. 

Perspective  of  Water  Resources  in  Japan  and  in 

the  World. 

W91-06040  6D 

TOKYO  UNTV.  (JAPAN).  OCEAN  RESEARCH 
INST. 

Method  for  Detecting  and  Identifying  the  Lethal 
Environmental  Factor  on  a  Dominant  Macro- 
benthos   and   Its   Application   to   Lake   Shinji, 
Japan. 
W9 1-06260  5  A 

TOKYO  UNTV.  OF  AGRICULTURE  AND 
TECHNOLOGY  (JAPAN).  DEPT.  OF 
ENVIRONMENTAL  SCIENCE  AND 
CONSERVATION. 

Linear  Alkylbenzenes  (LABs)  in  Urban  Riverine 
and  Coastal  Sediments  and  Their  Usefulness  as  a 
Molecular  Indicator  of  Domestic  Wastes. 
W91-06087  5B 

TOKYO  UNTV.  OF  AGRICULTURE  AND 
TECHNOLOGY  (JAPAN).  DEPT.  OF 
FORESTRY. 

Evaluation  of  the  Effect  of  Deforestation  on 

Slope  Stability  and  Its  Application  to  Watershed 

Management. 

W9 1-06527  2J 

Hydrogeomorphological    Characteristics    of   a 

Zero-Order  Basin. 

W9 1-06576  2E 

TORONTO  UNTV.  (ONTARIO).  DEPT.  OF 
BOTANY. 

Effects  of  Arsenate  on  Growth  of  Nitrogen-  and 
Phosphorus-Limited  Chlorella  vulgaris  (Chloro- 
phyceae)  Isolates. 
W9 1-06256  5C 

TORONTO  UNTV.  (ONTARIO).  DEPT.  OF 
CHEMICAL  ENGINEERING  AND  APPLIJED 
CHEMISTRY. 

Direct  In  Situ  Sensing  of  the  Fugacity  of  Hydro- 
phobic Chemicals  in  Natural  Waters. 
W9 1-06992  5B 

TORONTO  UNTV.  (ONTARIO).  DEPT.  OF 
CHEMISTRY. 

Electrochemical  Reactor  Systems  for  Metal  Re- 
covery   and    Detoxification    of   Industrial    Ef- 
fluents. 
W91-06455  5D 

TORONTO  UNTV.  (ONTARIO).  DEPT.  OF 
GEOGRAPHY. 

Estimation   of  Colluvial   Reservoir   Life   from 
Sediment     Budgeting,     Katiorin     Experimental 
Basin,  Kenya. 
W91-07114  2J 

TORONTO  UNTV.  (ONTARIO).  DEPT.  OF 
MECHANICAL  ENGINEERING. 

Drownproofing  of  Low  Overflow   Structures. 
W9 1-06294  8B 

TORONTO  UNTV.  (ONTARIO).  INST.  FOR 
ENVIRONMENTAL  STUDIES. 

Copper   Tolerance   of  Chlamydomonas   acido- 
phil  (Chlorophyceae)    Isolated    from    Acidic, 
Copper-Contaminated  Soils. 
W9 1-06258  5C 


TOXIC  TREATMENTS  (USA),  INC.,  SAN 
FRANCISCO,  CA. 

In-Situ  Hot  Air/Steam  Extraction  of  Volatile 

Organic  Compounds. 

W9 1-06447  5G 

TOYAMA  PREFECTURAL  COLL.  OF 
TECHNOLOGY,  KOSUGI  (JAPAN). 

Conservation  of  Fish  Habitat  in  Streams  by  the 

Method  of  Low  Dams  Series. 

W91-06637  81 

TRENT  UNTV.,  PETERBOROUGH 
(ONTARIO).  ENVIRONMENTAL  CENTRE. 

Cadmium    Concentrations    in    the    Freshwater 
Mussel  (Elliptio  complanata)  and  Their  Rela- 
tionship to  Water  Chemistry. 
W9 1-06783  5B 

TREVECCA  NAZARENE  COLL.,  NASHVILLE, 

TN. 
Elution  of  Endrin  through  Compacted  Soil  with 
Ethanol- Water  Mixtures. 
W91-06021  5B 

TRICIL  ENVIRONMENTAL  SERVICES, 
ANTIOCH,  TN. 

Soliroc  Process  in  North  America:  A  Stabiliza- 
tion/Solidification Technology  for  the  Treat- 
ment of  Metal-Bearing  Wastes  with  Reference  to 
Extraction  Procedure  Toxicity  Testing. 
W91-06125  5D 

TRIER  UNTV.  (GERMANY,  F.R.). 
ANGEWANDTE  PHYSISCHE  GEOGRAPHIE, 
FACH  FERNERKUNDUNG. 

Seasonal  Variations  of  Runoff  Rates  From  Field 
Plots  in  the  Federal  Republic  of  Germany  and  in 
Hungary  During  Dry  Years. 
W9 1-06728  2E 

TSUKUBA  UNTV.  (JAPAN).  INST.  OF 
GEOSCIENCE. 

Erosion  and  Sedimentation  Caused  by  Typhoons 
in  1982  in  the  Amahata  River  Basin,  Japan. 
W9 1-06646  2J 

TUFTS  UNTV.,  BOSTON,  MA.  SCHOOL  OF 
VETERINARY  MEDICINE. 

Prevalence  of  Leukemia  in  Hemolymph  of  Soft- 
Shell  Clams,  Mya  arenaria,  in  Dorchester  Bay, 
Boston  Harbor. 
W91-06373  5C 

UKAEA  ATOMIC  ENERGY  RESEARCH 
ESTABLISHMENT,  HARWELL  (ENGLAND). 

Quality-Assurance  Procedure  for  Use  at  Treat- 
ment Plants  to  Predict  the  Long-Term  Suitabil- 
ity   of    Cement-Based    Solidified    Hazardous 
Wastes  Deposited  in  Landfill  Sites. 
W91-06134  5E 

ULSTER  UNTV.  AT  JORDANSTOWN, 
NEWTOWNABBEY  (NORTHERN  IRELAND). 
DEPT.  OF  COMPUTING  SCIENCE. 

Role  of  Instrument  Type  and  Errors  in  the  Con- 
struction of  Catchment  Water  Balances. 
W9 1-06466  2E 

UNIT  OF  AQUATIC  BIOCHEMISTRY, 
STIRLING  (SCOTLAND). 

Fish  and  Mammalian  Liver  Cytosolic  Glutathi- 
one S-Transferases:  Substrate  Specificities  and 
Immunological  Comparison. 
W9 1-06330  5C 

Activities  of  Pollutant  Metabolising  and  Detoxi- 
cation  Systems  in  the  Liver  of  the  Plaice,  pleur- 
onectes  Platessa:  Sex  and  Seasonal  Variations  in 
Non-Induced  Fish. 
W9 1-07022  5B 


UNTVERSIDAD  AUTONOMA  DE  BAJA 
CALIFORNIA,  MEXICALI  (MEXICO).  INST. 
DE  INVESTIGACIONES  OCEANOLOGICAS. 

DDT  in  Mytilus  edulis:  Spatio-Temporal  Vari- 
ations, in  the  Punta  Banda  Estuary,  Baja  Califor- 
nia, Mexico. 
W91-06883  5B 

UNTVERSIDAD  DE  ALCALA  DE  HENARES, 
MADRID  (SPAIN).  DEPT.  OF  GEOLOGY. 

Land  Applications:  Its  Effectiveness  in  Purifica- 
tion of  Urban  and  Industrial  Wastewaters  in  La 
Mancha,  Spain. 
W9 1-06799  5D 

UNTVERSIDAD  DE  EXTREMADURA, 
BADAJOZ  (SPAIN).  DEPT.  DE 
HORTOFRUnCULTURA. 

Evaporation     Measurements     beneath     Corn, 

Cotton,  and  Sunflower  Canopies. 

W91-06400  2D 

UNTVERSIDAD  NACIONAL  AUTONOMA  DE 
MEXICO,  MEXICO  CITY.  FACULTAD  DE 
INGENIERIA. 

Suspended  Sediment  Routing  along  a  Reservoir. 
W9 1-07070  2J 

UNTVERSIDAD  NACIONAL  AUTONOMA  DE 
MEXICO,  MEXICO  CITY.  INST.  DE 
INGENIERIA. 

Flow  in  Damaged  Pipe  Networks. 

W9 1-06296  8  A 

UNTVERSIDAD  POLITECNICA  DE  MADRID 
(SPAIN).  ESCUELA  TECNICA  SUPERIOR  DE 
TNGENIEROS  AGRONOMOS. 

Characterization    and    Classification    of   Tidal 
Marsh  Soils  and  Plant  Communities  in  North- 
west Spain. 
W9 1-06905  2L 

UNTVERSIDADE  FEDERAL  DA  PARAIBA, 
CAMPINA  GRANDE  (BRAZIL).  DEPT.  OF 
CTVTL  ENGINEERING. 

Erosion  Studies  in  Sume,  a  Semiarid  Region  in 

the  Northeast  of  Brazil. 

W91-07091  2J 

UNTVERSIDADE  FEDERAL  DO  RIO  DE 
JANEIRO  (BRAZIL).  DEPT.  DE  GEOGRAFIA. 

Gullying  in  the  Southeastern  Brazilian  Plateau, 

Bananal,  SP. 

W91-07061  2J 

UNTVERSIDADE  FEDERAL  DO  RIO 
GRANDE  DO  SUL,  PORTO  ALEGRE 
(BRAZIL).  INST.  DE  RECHERCHES 
HYDRAULIQUES. 

Stream    Power    and    Sediment    Deposition    in 
Flowing     Water     (Puissance     Hydraulique     et 
Depot  de  Sediments  en  Eaux  Courantes). 
W9 1-07060  2J 

Selection  of  Representative  and  Experimental 
Basins  for  the  Study  of  Erosion  on  the  South 
American  Plateau  (Choix  de  Bassins  Representa- 
tifs  et  Experimentaux  pour  l'Etude  de  l'Erosion 
sur  le  Plateau  Basaltique  Sudamericain). 
W91-07075  2J 

Preliminary  Estimate  of  Bed  Load  Using  Mean 

Grain  Size  Distribution  Data. 

W9 1-07089  2J 

Analysis  of  the  Quality  of  Suspended  Sediment 

Data. 

W9 1-07090  2J 
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Evaluation  of  the  Risks  of  Erosion  and  Sedimen- 
tation in  Brazil  from  Rough  Sediment  Budgets 
(Evaluation  des  Risques  d'Erosion  et  de  Sedi- 
mentation au  Bresil  a  Partir  de  Bilans  Sedimen- 
tologiques  Rudimentaires). 
W9 1-07096  2J 

UNIVERSITAET  DER  BUNDESWEHR 
MUENCHEN,  NEUBIBERG  (GERMANY,  F.R.). 
INST.  FOR  HYDROMECHANICS. 

Simulation  Model  for  the  Computation  of  Sedi- 
ment Yield  Due  to  Upland  and  Channel  Erosion 
from  a  Large  Basin. 
W91-07105  2J 

UNrVERSITAT  DE  LES  ILLES  BALEARS, 
PALMA  DE  MALLORCA  (SPAIN).  DEPT.  DE 
BIOLOGIA  Y  aENCIAS  DE  SALUD. 

Chemical  Hydrology  and  Macrophyte  Vegeta- 
tion in  the  Canals  of  a  Mediterranean  Coastal 
Marsh. 
W91-06755  2L 

UNTVERSITE  NATIONALE  DU  BENIN, 
COTONOU.  DEPT.  DE  MATHEMATIQUES. 

Consistent    Scale    Parameter   for   Hydrological 

Studies. 

W9 1-06473  2E 

UNIVERSITY  COLL.,  CAMPBELL 
(AUSTRALIA).  DEPT.  OF  GEOGRAPHY  AND 
OCEANOGRAPHY. 

Examination  of  the  Role  of  Sampling  Strategies 
in  the  Study  of  Suspended  Sediment  Transport. 
W9 1-07086  2J 

UNIVERSITY  COLL.,  CARDIFF  (WALES). 
DEPT.  OF  BIOCHEMISTRY. 

Comparison  of  the  Accumulation,  Tissue  Distri- 
bution and  Secretion  of  Cadmium  in  Different 
Species  of  Freshwater  Fish. 
W9 1-07021  5B 

UNIVERSITY  COLL.,  CARDD7F  (WALES). 
SCHOOL  OF  PURE  AND  APPLDZD 
BIOLOGY. 

Relationships  between  the  Physicochemistry  and 

Macroinvertebrates  of  British  Upland  Streams: 

The  Development  of  Modelling  and  Indicator 

Systems   for   Predicting   Fauna   and   Detecting 

Acidity. 

W9 1-06269  5  A 

Influence  of  Plantation  Forestry  on  the  pH  and 
Aluminium    Concentration    of   Upland    Welsh 
Streams:  A  Re-Examination. 
W9 1-06806  2K 

UNIVERSITY  COLL.,  DUBLIN  (IRELAND). 
DEPT.  OF  ENVIRONMENTAL  RESOURCE 
MANAGEMENT. 

Aspects  of  the  Nitrogen  Cycle  in  Peatland  and 
Plantation  Forest  Ecosystems  in  Western  Ire- 
land. 
W91-06321  2H 

UNIVERSITY  OF  CENTRAL  FLORIDA, 
ORLANDO.  ENVIRONMENTAL  SYSTEMS 
ENGINEERING  INST. 

Cost   and   Performance  of  a   Membrane   Pilot 

Plant. 

W91-06811  5F 

UNIVERSITY  OF  NEW  ENGLAND, 
ARMIDALE  (AUSTRALIA).  DEPT.  OF 
RESOURCE  ENGINEERING. 

Estimating  Erosion  Using  Caesium- 137:  I.  Meas- 
uring Caesium- 137  Activity  in  a  Soil. 
W9 1-07082  2J 

Estimating  Erosion  Using  Caesium- 137:  II.  Esti- 
mating Rates  of  Soil  Loss. 
W9 1-0708  3  2J 


UNIVERSITY  OF  PETROLEUM  AND 
MINERALS,  DHAHRAN  (SAUDI  ARABIA). 
RESEARCH  INST. 

Chemistry  of  Atmospheric  Precipitation  at  the 

Western  Arabian  Gulf  Coast. 

W9 1-06873  5C 

Survey  of  Saudi  Arabian  Drinking  Water  for 

Trihalomethanes. 

W9 1-06896  5  A 

UNIVERSITY  OF  SOUTH  FLORIDA,  TAMPA. 
COLL.  OF  PUBLIC  HEALTH. 

Microbial   Quality   and   Persistence  of  Enteric 
Pathogens  in  Graywater  from  Various  House- 
hold Sources. 
W9 1-06862  3C 

UNIVERSITY  OF  SOUTH  FLORIDA,  TAMPA. 
DEPT.  OF  CIVIL  ENGINEERING  AND 
MECHANICS. 

Efficiencies  in  Waste  Processing. 

W91-06171  5D 

UNIVERSITY  OF  SOUTH  FLORIDA,  TAMPA. 
DEPT.  OF  ENVIRONMENTAL  AND 
OCCUPATIONAL  HEALTH. 

Occurrence  and  Control  of  Cryptosporidium  in 

Drinking  Water. 

W9 1-06208  5F 

UNIVERSITY  OF  THE  WTTWATERSRAND, 
JOHANNESBURG  (SOUTH  AFRICA). 

Effects  of  Momentum  Transfer  in  Compound 

Channels. 

W9 1-07032  8B 

UPAZH.LA  HEALTH  COMPLEX, 
CHOUDDOGRAM,  COMILLA, 
BANGLADESH. 

Sanitation  in  Rural  Communities  in  Bangladesh. 
W9 1-05992  5D 

UPPSALA  UNIV.  (SWEDEN).  DEPT.  OF 
ZOOPHYSIOLOGY. 

Comparison  of  Absorption  Rates  of  Halogenated 

Phenols  Across  Fish  Gills  in  Fresh  and  Marine 

Water. 

W91-06363  5B 

Aluminium    Inhibition    of  Calcium    Carbonate 
Crystal  Growth:  In  Vitro  Studies  Related  to 
Shell-Repair  in  the  Snail  Helix  pomatia  L. 
W9 1-07023  5C 

Aluminium  Phosphatase  Activities  and  Shell- 
Repair.  Studies  in  the  Snail  Helix  pomatia  L. 
W9 1-07024  5C 

UPPSALA  UNIV.  (SWEDEN). 
NATURGEOGRAFISKA  INST. 

Resuspension  in  the  Kattegat:  Impact  of  Varia- 
tion in  Wind  Climate  and  Fishery. 
W9 1-06772  2L 

USTREDNI  USTAV  GEOLOGICKY,  PRAGUE 
(CZECHOSLOVAKIA). 

Stability  of  the  pH  and  the  Contents  of  Ammoni- 
um and  Nitrate  in  Precipitation  Samples. 
W9 1-06880  5B 

UTAH  STATE  UNTV.,  LOGAN.  DEPT.  OF 
FISHERIES  AND  WILDLIFE. 

Role    of    Refugia    in    the    Recolonization    of 
Streams  Devastated  by  the   1980  Eruption  of 
Mount  St.  Helens. 
W9 1-06034  2H 

UTRECHT  RUKSUNTVERSITEIT 
(NETHERLANDS).  DEPT.  OF 
EXPERIMENTAL  ZOOLOGY. 

Effect  of  Cadmium  on  Protein  Synthesis  in  Gill 
Tissue  of  the  Sea  Mussel  Mytilus  edulis. 
W91-06189  5C 


UTRECHT  RIJKSUNIVERSITEIT 
(NETHERLANDS).  ENVIRONMENTAL 
TOXICOLOGY  SECTION. 

Dose/Response  Study  of  2,3,7,8-TCDD  in  the 

Rainbow  Trout  (Salmo  gairdneri). 

W9 1-06394  5  A 

UTRECHT  RIJKSUNIVERSITEIT 
(NETHERLANDS).  RESEARCH  GROUP  FOR 
AQUATIC  TOXICOLOGY. 

Mixed-Function       Oxygenase       System       and 
Benzo(a)pyrene  Metabolism  in  Echinoderms. 
W9 1-06326  5B 

Cadmium  Accumulation  and  Metallothionein- 
like  Proteins  in  the  Sea  Star  Asterias  rubens. 
W9 1-06345  5B 

Interference  of  Polychlorinated  Biphenyls  (Clo- 
phen  A50)  with  Gametogenesis  in  the  Sea  Star, 
Asterias  rubens  L. 
W9 1-06750  5C 

UTRECHT  RIJKSUNIVERSITEIT 
(NETHERLANDS).  RESEARCH  INST.  OF 
TOXICOLOGY. 

Bioconcentration  and  Elimination  of  Triphenyl- 

tin  Hydroxide  in  Fish. 

W91-06354  5B 

VALENCIA  UNIV.  (SPAIN).  FACULTY  OF 
PHYSICS. 

Short  and  Medium  Effects  on  the  Environment 
of  Valencia,  Spain,  of  the  Chernobyl  Nuclear 
Plant  Accident. 
W9 1-05984  5B 

VANDKVALITETSINSiriUlEr, 

HOERSHOLM  (DENMARK). 
Qualitative  Importance  of  the  Microbial  Loop 
and  Plankton  Community  Structure  in  a  Eutro- 
phic  Lake  during  a  Bloom  of  Cyanobacteria. 
W9 1-06024  2H 

Microbial    Degradation    of   Pentachlorophenol 
and    Lindane    in    Laboratory-Scale    Activated 
Sludge  Reactors. 
W9 1-06077  5D 

VERMONT  UNTV.,  BURLINGTON.  DEPT.  OF 
BOTANY. 

Seasonal  Succession  of  Algal  Periphyton  from  a 

Wastewater  Treatment  Facility. 

W9 1-06252  5D 

Production  and  Nutrient  Accumulation  by  Peri- 
phyton In  a  Wastewater  Treatment  Facility. 
W91-06253  5D 

VERSAR,  INC.,  COLUMBIA,  MD. 
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W91-06124     5E 
W91-06125     5D 
W91-06126     5E 


W91-06127  5E 

W91-06128  5E 

W91-06129  5E 

W91-O6130  5E 

W91-06131  5E 

W91-06132  5E 

W91-06133  5E 

W91-06134  5E 

W91-06135  5E 

W91-06136  5E 

W91-06137  5E 

W91-06138  5E 

W91-06139  5E 

W91-06140  7B 

W91-06141  5E 

W91-06142  5E 

W91-06143  5E 

W91-06144  5E 

W9 1-06 145  5B 

W91-06146  5E 

W91-06147  5E 

W91-06148  5E 

W91-06149  5E 

W91-06150  5E 

W91-06151  5B 

W91-06152  5E 

W91-06153  5E 

W91-06154  5E 

W91-06155  5E 

W91-06156  5E 

W91-06157  5E 

W91-06158  5E 

W91-06159  5D 

W91-06160  5E 

W91-06161  5E 

W91-06162  5E 

W91-06163  5E 

W91-06164  5E 

W91-06165  5E 

W91-06166  5E 

W91-06167  5D 

W91-06168  5E 

W91-06169  5D 

W91-06170  5E 

W91-06171  5D 

W91-06172  5E 

W91-06173  5D 

W91-06174  5D 

W91-06175  5E 

W91-06176  5A 

W91-06177  5A 

W91-06178  5A 

W91-06179  5A 

W91-O6180  5C 

W91-06181  5A 

W91-06182  5A 

W91-06183  5A 

W91-06184  5C 

W91-06185  5C 

W91-06186  5A 

W91-06187  5A 
W91-06188  5A 
W91-06189  5C 
W91-06190  5A 
W91-06191  5A 
W91-06192  5C 
W91-06193  5A 
W91-06194  5F 
W91-06195  5F 
W91-06196  5F 
W91-06197  5F 
W91-06198  5F 
W91-06199  5F 
W9 1-06200  5F 
W91-06201  5F 
W9 1-06202  5F 
W9 1-06203  5F 
W9 1-06304  5F 
W9 1-06205  5F 
W9 1-06206  5F 
W9 1-06207  5F 
W9 1-06208  5F 
W9 1-06209  5F 
W91-O6210     5A 


W91-06211     5F 
W91-06212     5F 
W91-06213     5F 
W91-06214     5A 
W91-06215     5A 
W91-06216     5A 
W91-06217     5A 
W91-06218     2L 
W91-06219     2J 
W9 1-06220     5B 
W91-06221     5C 
W9 1-06222     5D 
W9 1-06223     5D 
W9 1-06224     5D 
W9 1-06225     5D 
W9 1-06226     5E 
W91-06227     6B 
W9 1-06228     5E 
W9 1-06229     5G 
W9 1-06230     6E 
W91-06231     2J 
W9 1 -06232     2J 
W9 1-06233     2J 
W9 1-06234     2J 
W9 1-06235     2B 
W91-06236     5B 
W9 1-06237     5F 
W9 1-06238     5B 
W91-06239     5C 
W9 1-06240     5  A 
W9 1-06241     5B 
W9 1-06242     5B 
W9 1-06243     5B 
W9 1-06244     5F 
W9 1-06245     5D 
W9 1-06246     2H 
W91-06247     2H 
W9 1-06248     2H 
W9 1-06249     5C 
W91-O6250    2H 
W9 1-06251     2H 
W91-06252     5D 
W91-06253     5D 
W9 1-06254     2E 
W91-06255     2E 
W91-06256     5C 
W9 1-06257     2H 
W91-06258     5C 
W9 1-06259     5B 
W9 1-06260     5  A 
W91-06261     5C 
W91-06262     5B 
W9 1-06263     2K 
W9 1-06264     5C 
W9 1-06265     5C 
W9 1-06266     5G 
W9 1-06267     2J 
W9 1-06268     5C 
W9 1-06269     5  A 
W9 1-06270     2H 
W9 1-06271     2H 
W9 1-06272     2J 
W91-06273     4D 
W9 1-06274     6E 
W9 1-06275     4C 
W9 1-06276     3F 
W9 1-06277     4D 
W9 1-06278     2H 
W9 1-06279     2L 
W91-O6280     2L 
W9 1-06281     2L 
W9 1-06282     2L 
W9 1-06283     2L 
W9 1-06284     2L 
W91-06285     2L 
W9 1-06286     2L 
W9 1-06287     2L 
W9 1-06288     2L 
W9 1-06289     2L 
W9 1-06290     2J 
W9 1-06291     2E 
W9 1-06292     8B 
W9 1-06293     2J 
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W9 1-06294  8B 

W9 1-06295  80 

W9 1-06296  8  A 

W9 1-06297  8B 

W9 1-06298  JB 

W9 1-06299  5E 

W9 1-06300  2G 

W9 1-06301  3F 

W9 1-06302  3F 

W9 1-06303  3F 

W9 1-06304  50 

W9 1-06305  SO 

W9 1-06306  50 

W9 1-06307  20 

W9 1-06308  5B 

W9 1-06309  5C 

W91-O6310  5C 

W91-06311  3F 

W91-06312  2B 

W91-06313  3F 

W91-06314  21 

W91-06315  3F 

W91-06316  5B 

W91-06317  5B 

W91-06318  21 

W91-06319  21 

W9 1-06320  5B 

W9 1-06321  2H 

W9 1-06322  2H 

W91-06323  5B 

W91-06324  5B 

W9 1-06325  5B 

W91-06326  5B 

W9 1-06327  5B 

W9 1-06328  5B 

W9 1-06329  5C 

W9 1-06330  5C 

W91-06331  5C 

W91-06332  5C 

W91-06333  5B 

W91-06334  5C 

W91-06335  5C 

W91-06336  5B 

W91-06337  5C 

W91-06338  5C 

W91-06339  5C 

W9 1-06340  5C 

W91-06341  5A 

W9 1-06342  5C 

W9 1-06343  5C 

W9 1-06344  5C 

W9 1-06345  5B 

W9 1-06346  5B 

W9 1-06347  5C 

W9 1-06348  5B 

W9 1-06349  5  A 

W91-O6350  5B 

W91-06351  5B 

W9 1-06352  5B 

W9 1-06353  5B 

W9 1-06354  5B 

W9 1-06355  5C 

W9 1-06356  5B 

W91-06357  5C 

W91-06358  5B 

W91-06359  5C 

W91-O6360  5B 

W9 1-06361  5B 

W9 1-06362  5C 

W9 1-06363  5B 

W9 1-06364  5C 

W9 1-06365  5C 

W9 1-06366  5C 

W9 1-06367  5B 

W9 1-06368  5C 

W9 1-06369  5  A 

W9 1-06370  5  A 

W9 1-06371  5C 

W9 1-06372  5C 

W91-06373  5C 

W9 1-06374  5C 

W91-06375  5C 

W9 1-06376  5C 

W9 1-06377  5  A 


W9 1-06378  5C 

W9 1-06379  5C 

W9 1-06380  5C 

W91-06381  5C 

W9 1-06382  5A 

W91-06383  5C 

W9 1-06384  5B 

W91-06385  5A 

W9 1-06386  5C 

W91-06387  5C 

W91-06388  SB 

W91-06389  5B 

W9 1-06390  5C 

W9 1-06391  SB 

W9 1-06392  5C 

W9 1-06393  5C 

W9 1-06394  5  A 

W9 1-06395  5C 

W9 1-06396  5C 

W9 1-06397  5B 

W91-06398  3F 

W9 1-06399  20 

W91-06400  2D 

W91-O6401  3F 

W91-06402  3F 

W9 1-06403  3F 

W91-06404  2B 

W9 1-06405  8D 

W91-06406  4C 

W9 1-06407  2G 

W9 1-06408  SB 

W91-06409  3F 

W91-06410  2B 

W91-064U  2J 

W91-06412  2C 

W91-06413  7B 

W91-06414  3F 

W91-06415  2G 

W91-06416  5C 

W91-06417  3F 

W91-06418  3F 

W91-06419  2D 

W9 1-06420  3F 

W91-06421  5D 

W9 1-06422  5D 

W9 1-06423  5D 

W91-06424  5D 

W91-06425  5D 

W91-06426  5D 

W9 1-06427  5D 

W91-06428  5D 

W9 1-06429  5D 

W91-06430  5D 

W91-06431  5D 

W91-06432  5D 

W91-06433  5D 

W91-06434  5D 

W91-06435  5E 

W9 1-06436  5D 

W91-06437  5D 

W9 1-06438  5D 

W9 1-06439  5D 

W91-06440  5D 

W91-06441  5D 

W9 1-06442  5D 

W9 1-06443  5D 

W91-06444  50 

W9 1-06445  SO 

W91-06446  50 

W9 1-06447  50 

W9 1-06448  SB 

W9 1-06449  SB 

W9 1-06450  SE 

W91-06451  5E 

W9 1-06452  5E 

W9 1-06453  5D 

W9 1-06454  5D 

W9 1-06455  5D 

W9 1-06456  5D 

W91-06457  5D 

W91-06458  5D 

W9 1-06459  5D 

W91-06460  5D 

W91-06461  2E 


W9 1-06462  2E 

W9 1-06463  2E 

W91-06464  2E 

W9 1-06465  2C 

W91-06466  2E 

W9 1-06467  2E 

W9 1-06468  2E 

W9 1-06469  2E 

W9 1-06470  2E 

W91-06471  2E 

W9 1-06472  2E 

W9 1-06473  2E 

W9 1-06474  2E 

W9 1-06475  2E 

W9 1-06476  2E 

W9 1-06477  2E 

W9 1-06478  2E 

W9 1-06479  2E 

W9 1-06480  2E 

W91-06481  2E 

W9 1-06482  2E 

W9 1-06483  2E 

W9 1-06484  2E 

W91-06485  2E 

W9 1-06486  2E 

W9 1-06487  2A 

W91-06488  2F 

W9 1-06489  2E 

W9 1-06490  2E 

W91-06491  2E 

W9 1-06492  2E 

W9 1-06493  2E 

W9 1-06494  4C 

W9 1-06495  4C 

W9 1-06496  2E 

W9 1-06497  2E 

W9 1-06498  2E 

W9 1-06499  7  A 

W9 1-06500  4C 

W9 1-06501  2B 

W9 1-06502  2E 

W9 1-06503  2E 

W9 1-06504  2E 

W9 1-06505  2E 

W9 1-06506  5C 

W9 1-06507  4C 

W9 1-06508  2E 

W9 1-06509  2E 

W91-06510  4C 

W91-06511  5B 

W91-06512  5B 

W91-06513  5B 

W91-06514  5B 

W91-06515  5B 

W91-06516  5B 

W91-06517  5B 

W91-06518  5B 

W91-06519  5B 

W91-O6520  5B 

W91-06521  4C 

W91-06522  2B 

W91-06523  2J 

W9 1-06524  2J 

W91-06525  4D 

W9 1-06526  4C 

W9 1-06527  2J 

W9 1-06528  2F 

W9 1-06529  2E 

W91-O6530  4A 

W91-06531  4A 

W91-06532  4A 

W91-06533  4C 

W9 1-06534  4A 

W91-06535  2C 

W91-06536  4A 

W91-06537  4A 

W91-06538  2E 

W9 1-06539  2D 

W9 1-06540  2D 

W9 1-06541  2D 

W9 1-06542  21 

W9 1-06543  2D 

W9 1-06544  2D 

W9 1-06545  2D 


W9 1-06546  2G 

W9 1-06547  2G 

W9 1-06548  2K 

W9 1-06549  2G 

W9 1-06550  4C 

W91-06551  5B 

W9 1-06552  5C 

W91-06553  4C 

W9 1-06554  4A 

W9 1-06555  4A 

W9 1-06556  4A 

W9 1-06557  4C 

W9 1-065  58  4C 

W9 1-06559  2E 

W9 1-06560  4C 

W91-06561  4C 

W9 1-06562  4C 

W9 1-06563  4C 

W91-06564  4C 

W9 1-06565  4C 

W9 1-06566  2  A 

W9 1-06567  2J 

W9 1-06568  2E 

W9 1-06569  6A 

W9 1-06570  2J 

W91-06571  2J 

W9 1-06572  4D 

W91-06573  2J 

W91-06574  2J 

W9 1-06575  2J 

W91-06576  2E 

W9 1-06577  2J 

W91-06578  2J 

W9 1-06579  2J 

W9 1-06580  2J 

W91-06581  2J 

W9 1-06582  2J 

W91-06583  2J 

W9 1-06584  2J 

W91-06585  2J 

W9 1-06586  2J 

W9 1-06587  2J 

W91-06588  2J 

W9 1-06589  2J 

W9 1-06590  2J 

W91-06591  2J 

W9 1-06592  2J 

W9 1-06593  2J 

W9 1-06594  2J 

W9 1-06595  2J 

W9 1-06596  2J 

W9 1-06597  2J 

W91-06598  2B 

W9 1-06599  4C 

W91-06600  2J 

W91-06601  2J 

W9 1-06602  2J 

W9 1-06603  2J 

W91-06604  2J 

W9 1-06605  2J 

W91-06606  2J 

W9 1-06607  2J 

W91-O6608  2J 

W91-06609  2J 

W91-O6610  2J 

W91-06611  2J 

W91-06612  2J 

W91-06613  2E 

W91-06614  2J 

W91-06615  2J 

W91-06616  2E 

W91-06617  2J 

W91-06618  2J 

W91-06619  2J 

W9 1-06620  2J 

W91-06621  4C 

W9 1-06622  2J 

W9 1-06623  2J 

W9 1-06624  2E 

W9 1-06625  2J 

W9 1-06626  2J 

W9 1-06627  2J 

W9 1-06628  4C 
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W9 1-06963 


W9 1-06629  2J 

W9 1-06630  7C 

W9 1-06631  2J 

W9 1-06632  2E 

W9 1-06633  2J 

W9 1-06634  2J 

W91-06635  2J 

W9 1-06636  2E 

W9 1-06637  81 

W91-06638  2J 

W9 1-06639  2J 

W9 1-06640  2E 

W91-06641  2J 

W9 1-06642  2J 

W9 1-06643  2E 

W91-06644  4C 

W91-06645  2J 

W9 1-06646  2J 

W9 1-06647  2J 

W9 1-06648  2J 

W9 1-06649  2J 

W9 1-06650  2J 

W91-06651  2J 

W91-06652  2J 

W91-06653  7B 

W9 1-06654  7B 

W91-06655  5G 

W9 1-06656  5D 

W9 1-06657  5D 

W91-06658  5D 

W9 1-06659  5D 

W9 1-06660  5D 

W9 1-06661  5D 

W9 1-06662  5D 

W9 1-06663  5G 

W9 1-06664  5D 

W9 1-06665  5D 

W9 1-06666  5D 

W91-06667  5D 

W91-06668  5D 

W9 1-06669  5D 

W9 1-06670  5G 

W9 1-06671  5E 

W9 1-06672  5E 

W9 1-06673  5D 

W9 1-06674  5E 

W9 1-06675  5D 

W9 1-06676  5D 

W9 1-06677  5D 

W9 1-06678  5D 

W9 1-06679  5E 

W9 1-06680  5G 

W9 1-06681  5G 

W9 1-06682  5E 

W91-06683  5E 

W9 1-06684  5G 

W9 1-06685  5D 

W9 1-06686  5D 

W9 1-06687  5D 

W91-06688  5D 

W9 1-06689  5D 

W9 1-06690  5D 

W9 1-06691  5C 

W9 1-06692  5C 

W91-06693  5C 

W9 1-06694  5B 

W91-06695  5C 

W9 1-06696  5B 

W9 1-06697  5B 

W9 1-06698  5  A 

W9 1-06699  5  A 

W9 1-06700  5  A 

W9 1-06701  5C 

W9 1-06702  5  A 

W9 1-06703  5C 

W9 1-06704  5C 

W9 1-06705  5C 

W9 1-06706  5C 

W9 1-06707  5C 

W9 1-06708  5C 

W9 1-06709  5C 
W91-06710  5C 
W91-06711  5C 
W9 1-067 12     5C 


W9 1-067 13 

5C 

W91-06714 

5C 

W91-06715 

SC 

W91-06716 

4C 

W91-06717 

2J 

W91-06718 

2E 

W91-06719 

2J 

W9 1-06720 

2J 

W9 1-06721 

2J 

W9 1-06722 

2J 

W9 1-06723 

2E 

W9 1-06724 

2E 

W91-06725 

2J 

W91-06726 

2J 

W9 1-06727 

2J 

W9 1-06728 

2E 

W9 1-06729 

7B 

W9 1-06730 

2J 

W9 1-06731 

3F 

W9 1-06732 

5B 

W91-06733 

5B 

W9 1-06734 

5B 

W9 1-06735 

5B 

W9 1-06736 

5B 

W91-06737 

3F 

W91-06738 

3F 

W9 1-06739 

3F 

W9 1-06740 

3F 

W9 1-06741 

3F 

W9 1-06742 

3F 

W9 1-06743 

2F 

W9 1-06744 

5B 

W9 1-06745 

2H 

W9 1-06746 

5B 

W9 1-06747 

5B 

W9 1-06748 

5B 

W9 1-06749 

5C 

W9 1-06750 

5C 

W91-06751 

2H 

W9 1-06752 

2H 

W91-06753 

7B 

W91-06754 

2H 

W9 1-06755 

2L 

W9 1-06756 

2H 

W91-06757 

2L 

W91-06758 

2L 

W9 1-06759 

2J 

W9 1-06760 

2H 

W9 1-06761 

2H 

W9 1-06762 

5C 

W9 1-06763 

2H 

W9 1-06764 

5B 

W9 1-06765 

2L 

W9 1-06766 

2L 

W9 1-06767 

2L 

W9 1-06768 

2L 

W9 1-06769 

2L 

W9 1-06770 

5B 

W9 1-06771 

2L 

W9 1-06772 

2L 

W9 1-06773 

5C 

W9 1-06774 

5C 

W9 1-06775 

5B 

W9 1-06776 

5C 

W9 1-06777 

5C 

W9 1-06778 

SB 

W9 1-06779 

5C 

W9 1-06780 

5C 

W9 1-06781 

5C 

W91-06782 

5C 

W9 1-06783 

5B 

W9 1-06784 

5C 

W91-06785 

5C 

W91-06786 

2K 

W9 1-06787 

2G 

W9 1-06788 

5E 

W91-06789 

2G 

W9 1-06790 

5C 

W9 1-06791 

6D 

W9 1-06792 

5B 

W91-06793 

5A 

W9 1-06794 

5B 

W9 1-06795 

5B 

W9 1-06796 

5G 

W9 1-06797  5B 

W9 1-06798  2F 

W9 1-06799  5D 

W9 1-06800  2J 

W91-06801  5B 

W9 1-06802  5C 

W91-O6803  5B 

W9 1-06804  5C 

W9 1-06805  5B 

W9 1-06806  2K 

W91-O6807  5B 

W9 1-06808  3  A 

W9 1-06809  3  A 

W91-O6810  5F 

W91-06811  5F 

W91-06812  5F 

W91-06813  5F 

W91-06814  5F 

W91-06815  2L 

W91-06816  2L 

W91-06817  2L 

W9 1-068 18  5B 

W91-06819  2K 

W9 1-06820  2K 

W9 1-06821  2L 

W9 1-06822  5  A 

W91-06823  5D 

W9 1-06824  2H 

W91-06825  5D 

W9 1-06826  4  A 

W9 1-06827  5  A 

W91-06828  5B 

W9 1-06829  7B 

W9 1-06830  5B 

W9 1-06831  6B 

W9 1-06832  2L 

W91-06833  2L 

W9 1-06834  2L 

W91-06835  2J 

W91-06836  2J 

W91-06837  2L 

W9 1-06838  2L 

W91-06839  2L 

W9 1-06840  2L 

W9 1-06841  2L 

W9 1-06842  2L 

W9 1-06843  2L 

W9 1-06844  2L 

W9 1-06845  2L 

W9 1-06846  2H 

W9 1-06847  5D 

W9 1-06848  6A 

W91-06849  5B 

W9 1-06850  8G 

W9 1-06851  5G 

W91-06852  5G 

W91-06853  7B 

W9 1-06854  5B 

W91-06855  5B 

W9 1-06856  5B 

W91-06857  5D 

W91-06858  5D 
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As  the  Nation's  principal  conservation  agency,  the  Department  of  the  Interior  has  respon- 
sibility for  most  of  our  nationally  owned  public  lands  and  natural  resources.  This  in- 
cludes fostering  the  wisest  use  of  our  land  and  water  resources,  protecting  our  fish  and 
wildlife,  preserving  the  environmental  and  cultural  values  of  our  national  parks  and  historical 
places,  and  providing  for  the  enjoyment  of  life  through  outdoor  recreation.  The  Department 
assesses  our  energy  and  mineral  resources  and  works  to  assure  that  their  development  is  in 
the  best  interests  of  all  our  people.  The  Department  also  has  a  major  responsibility  for 
American  Indian  reservation  communities  and  for  people  who  live  in  Island  Territories  under 
U.S.  administration. 
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PREFACE 


Selected  Water  Resources  Abstracts,  a  monthly 
journal,  includes  abstracts  of  current  and  earlier 
pertinent  monographs,  journal  articles,  reports,  and 
other  publication  formats.  These  documents  cover 
water  resources  as  treated  in  the  life,  physical,  and 
social  sciences  and  the  related  engineering  and  legal 
aspects  of  the  characteristics,  supply  condition,  con- 
servation, control,  use,  or  management  of  water 
resources.  Each  abstract  includes  a  full  bibliographic 
citation  and  a  set  of  descriptors  which  are  listed  in 
the  Water  Resources  Thesaurus.  The  abstract 
entries  are  classified  into  10  fields  and  60  groups 
similar  to  the  water  resources  research  categories 
established  by  the  Committee  on  Water  Resources 
Research  of  the  then  Federal  Council  for  Science  and 
Technology. 

Selected  Water  Resources  Abstracts  is  designed 
to  serve  the  scientific  and  technical  information  needs 
of  scientists,    engineers,  and  managers  as  one  of 


several  services  of  the  Water  Resources  Scientific 
Information  Center.  The  cumulative  SWRA  file  from 
1968  and  monthly  updates  are  available  also  in 
magnetic  tape  through  lease  from  NTIS. 

THE  WATER  RESOURCES  SCIENTIFIC  INFOR- 
MATION CENTER  DOES  NOT  PROVIDE  COPIES  OF 
DOCUMENTS  ABSTRACTED  IN  THIS  JOURNAL. 
Sufficient  bibliographic  information  is  given  to  en- 
able readers  to  order  the  desired  documents  from 
local  libraries  or  other  sources. 

Comments  and  suggestions  concerning  the  contents 
and  arrangement  of  this  bulletin  are  welcome. 

Water  Resources  Scientific 

Information  Center 

U.S.  Geological  Survey 

MS  425  National  Center 

Reston,  VA  22092 
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06  WATER  RESOURCES  PLANNING 

Includes  the  following  Groups:  Techniques  of  Planning;  Evaluation  Process;  Cost  Allocation,  Cost  Sharing 
Pricing/Repayment;  Water  Demand;  Water  Law  and  Institutions;  Nonstructural  Alternatives;  Ecologic  Impact  of 
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07  RESOURCES  DATA 

Includes  the  following  Groups:  Network  Design;  Data  Acquisition;  Evaluation,  Processing  and  Publication. 

08  ENGINEERING  WORKS 
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10  SCIENTIFIC  AND  TECHNICAL  INFORMATION 
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SELECTED  WATER  RESOURCES  ABSTRACTS 


2.  WATER  CYCLE 
2A.  General 

METEOROLOGIC  AND  HYDROLOGIC  DATA 
COLLECTED  FOR  COMPUTING  EVAPORA- 
TION FROM  DEVILS  LAKE,  NORTH 
DAKOTA,  1986-88. 

Geological  Survey,  Bismarck,  ND.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-07 188 

LIST  OF  TERMS  OF  HYDROGEOLOGY,  GEO- 
CHEMISTRY AND  GEOTHERMALS  OF  MIN- 
ERAL AND  THERMAL  WATERS. 

International  Association  of  Hydrogeologists,  Paris 

(France). 

For  primary  bibliographic  entry  see  Field    10D. 

W9 1-07 195 

WATER  BALANCE  OF  A  SANDY  AQUIFER  AT 
HYDRYLA  IN  SOUTHERN  FINLAND. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07 196 

U.S.  GEOLOGICAL  SURVEY  FEDERAL-STATE 
COOPERATIVE  WATER-RESOURCES  PRO- 
GRAM, FISCAL  YEAR  1989. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-072 10 

RUNOFF  AND  PEAK  DISCHARGES  USING 
GREEN-AMPT  INFILTRATION  MODEL. 

Soil  Conservation  Service,  Bozeman,  MT. 

J.  A.  Van  Mullem. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  3,  p  354-370,  March  1991. 

5  fig,  7  tab,  27  ref. 

Descriptors:  *Hydrologic  models,  'Infiltration, 
•Model  studies,  *Rainfall-runoff  relationships, 
Flood  peak,  Hydrographs,  Montana,  Numerical 
analysis,  Runoff  rates,  Runoff  volume,  Soil  water, 
Watersheds,  Wyoming. 

The  prediction  of  both  the  volume  and  rate  of 
runoff  from  a  watershed  from  a  rainfall  event  is 
vital  for  a  good  design  of  hydraulic  structures. 
Since  the  part  of  the  rainfall  that  infiltrates  into  the 
soil  is  usually  greater  than  the  part  that  runs  off,  a 
good  estimate  of  the  runoff  requires  a  good  esti- 
mate of  the  infiltration.  The  Green-Ampt  infiltra- 
tion model  was  used  to  predict  runoff  from  12 
rangeland  and  cropland  watersheds  in  Montana 
and  Wyoming.  Soil  parameters  derived  from  data 
in  standard  USDA  soil  surveys  were  used,  and  99 
rainfall  events  were  modeled.  The  runoff  distribu- 
tions obtained  from  the  model  were  then  used  with 
a  hydrograph  model  to  predict  the  peak  discharge 
from  the  watershed.  Procedures  were  applied  that 
adjusted  the  Green-Ampt  infiltration  parameters 
for  various  cover  and  condition  classes.  The  model 
was  applied  to  areas  of  up  to  54  sq  mi  with  a  wide 
variety  of  soil  and  cover  conditions.  The  runoff 
volumes  and  peak  discharges  were  compared  with 
the  measured  values  and  with  those  predicted  by 
the  Soil  Conservation  Service  curve-number  pro- 
cedure. The  Green-Ampt  model  predicted  both 
the  runoff  volume  and  peak  discharge  better  than 
the  curve-number  model.  The  standard  error  of 
estimate  was  less  for  the  Green-Ampt  model  in 
nine  of  12  watersheds  for  runoff  volumes  and  in  11 
of  12  watersheds  for  peak  discharges.  (Author's 
abstract) 
W9 1-07593 

DIGITAL  TERRAIN  MODELLING:  A  REVIEW 
OF  HYDROLOGICAL,  GEOMORPHOLOGI- 
CAL,  AND  BIOLOGICAL  APPLICATIONS. 

Australian  National  Univ.,  Canberra.  Centre  for 
Resource  and  Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-076 16 


WATER  IN  THE  UNIVERSE. 

South  Australian  Dept.  of  Engineering  and  Water 

Supply,  Adelaide. 

V.  Kotwicki. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  36, 

No.    1,   p  49-66,   February    1991.    5   tab,   68   ref. 

Descriptors:  *Atmospheric  water,  *Distribution 
patterns,  "Hydrology,  "Water  properties,  'Water 
resources,  Condensation,  Global  precipitation,  Hy- 
drogen,  Oxygen,   Solar   radiation,   Water  supply. 

Water  appears  to  be  one  of  the  most  abundant 
molecules  in  the  Universe.  It  dominates  the  envi- 
ronment of  the  Earth  and  is  a  main  constituent  of 
numerous  planets,  moons,  and  comets.  On  a  far 
greater  scale  it  possibly  contributes  to  the  so-called 
'missing  mass'  of  the  Universe  and  may  initiate  the 
birth  of  stars  inside  the  giant  molecular  clouds. 
The  Earth,  a  'water  planet,'  contains  some  0.07% 
water  by  mass  or  0.4%  by  volume.  The  origin  of 
water  on  Earth  is  by  no  means  certain  and  numer- 
ous mechanisms  have  been  advocated.  They  fall 
into  three  theoretical  categories:  condensation  of 
the  primary  atmosphere,  outgassing  of  the  interior, 
and  extraterrestrial   fallout.   On  the   'local'   scale, 
water  appears  to  be  in  sufficient  quantities  to  satis- 
fy any  conceivable  needs  of  the  present  and  future 
inhabitants  of  the  Solar  System.  From  the  whole 
mass  of  this  cosmic  entity,  the  amount  of  water  in 
planets,  moons,  and  comets  is  a  formidable  quanti- 
ty; the  estimated  ratio  of  the  mass  of  the  Sun  to  the 
mass  of  all  other  objects  in  the  Solar  System  to  the 
mass  of  water  is  of  the  order  of  20,000:20:1.  As 
hydrogen  is  so  plentiful  in  the  Universe,  the  syn- 
thesis of  water  depends  on  the  supply  of  oxygen, 
the  third  most  abundant  element  in  the  Universe 
(between  helium  and  neon).  Trying  to  establish  a 
temporal  pattern  of  occurrence  of  water  in  the 
Universe  requires  some  stretching  of  the  imagina- 
tion and  a  fair  dose  of  conjecture.  The  vast  majori- 
ty   of   phenomena    which    are    discussed    in    the 
Earth's  hydrology  are  driven  entirely  by  the  Sun 
while  the  remainder  have  had  a  solar  origin  in 
recent  or  remote  past.  It  is  therefore  conceivable 
that  the  understanding  of  astronomical  events  will 
add  to  our  comprehension  of  hydrological  phe- 
nomena on  both  global  and  local  scales.   (Fish- 
PTT) 
W9 1-07627 


1984  FLOODING  OF  MALHEUR-HARNEY 
LAKE,  HARNEY  COUNTY,  SOUTHEASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2H. 
W91-07811 


LOW  FLOWS  DURING  THE  1988  DROUGHT 
IN  TENNESSEE. 

Geological    Survey,    Nashville,    TN.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W91-07812 


REGIONALIZATION  IN  HYDROLOGY. 

Proceedings  of  an  International  Symposium  held  at 
Ljubljana,  Yugoslavia,  April  23-26,  1990.  IAHS 
Publication  No.  191.  International  Association  of 
Hydrological  Sciences,  Washington,  DC.  1990. 
260p. 

Descriptors:  'Conferences,  "Hydrologic  models, 
•Hydrology,  *Model  studies,  *Regional  analysis, 
•Symposium,  Basins,  Catchment  areas,  Data  acqui- 
sition, Hydrologic  budget,  Mathematical  studies, 
Watersheds. 

Regionalization  is  a  scientifically  and  practically 
important  subdivision  of  hydrological  science. 
Two  broad  approaches  are  encompassed  in  the 
term  'regionalization':  quantifying  the  components 
of  the  hydrological  cycle  at  a  regional  scale,  and 
establishing  links  between  hydrological  variables 
and  the  physiographic,  climatic  and  land  cover 
characteristics  of  the  region.  Papers  presented  at 
this  conference  was  divided  into  three  main  topics: 
(1)  data  acquisition;  (2)  hydrological  modeling;  and 
(3)  regional  transfer  modeling.  Contributions  to  the 


first  topic  consist  of  those  papers  which  are  strong- 
ly observationally-based  and  which  describe  proce- 
dures for  acquiring  regional  data  or  for  field  meas- 
urement of  parameters  used  in  regional  models. 
The  second  topic  uses  a  theme  of  a  philosophical 
framework  for  regionalization,  or  concern  with 
modeling  problems  in  particular  environments  or 
applications.  A  general  framework  is  provided  for 
the  third  topic  concerning  prediction  and  hydrolo- 
gical estimation  by  the  regional  approach,  fol- 
lowed by  methodological  papers  and  multiple 
linear  regression  applications.  (See  W9 1-07921  thru 
W9 1-07946)  (Fish- PTT) 
W9 1-07920 


WATER  AND  HEAT  EXCHANGE  ON  DIFFER- 
ENT TYPES  OF  LAND  SURFACE  ON  THE 
NORTHERN  SLOPE  OF  THE  CENTRAL  CAU- 
CASUS. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Geografii. 
A.  B.  Shmakin,  and  M.  D.  Ananicheva. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  69-79,  3 
fig,  1  tab,  18  ref. 

Descriptors:  *Air-earth  interfaces,  *Heat  budget, 
•Heat  transfer,  *Hydrologic  models,  •Mathemati- 
cal models,  *Model  studies,  *Mountains,  Alpine 
regions,  Energy,  Net  radiation,  Radiation,  Runoff 
forecasting,  Terrain  analysis. 

Estimates  of  typical  heat  flux  values  from  different 
height  zones  of  a  mountain  massif  into  the  atmos- 
phere may  be  obtained  with  the  aid  of  a  mathemat- 
ical net  radiation  model.  A  mathematical  model  of 
net  radiation  and  heat  balance  in  the  mesoscale  has 
been  developed  for  investigation  of  heat  and  water 
exchange  on  mountain  terrains,  taking  into  account 
the  most  significant  factors  determining  the  bal- 
ance of  energy  on  the  land  surface.  Some  input 
parameters  were  taken  from  field  measurements. 
Some  conclusions  were  drawn  about  the  role  of 
different  types  of  land  surface  in  forming  a  bounda- 
ry layer  climate;  rocks  devoid  of  vegetation,  alpine 
meadows  and  margin  steppes  give  most  of  the 
sensible  heat  flux  to  the  atmosphere,  while  forests 
and  subalpine  meadows  give  most  of  the  latent 
heat  flux.  These  results  are  close  to  the  water 
balance  data  of  the  hydrometric  network.  Moun- 
tain relief  ruggedness  plays  a  role  in  the  radiation 
balance;  the  net  radiation  average  for  the  whole 
territory  increases  by  19%  because  of  the  multiple 
reflection  and  emission  of  radiation  between 
slopes.  The  runoff  for  the  snowmelt  period  was 
estimated  by  the  net  radiation  model  evaluation. 
Comparison  of  the  runoffs  calculated  by  the  model 
and  those  measured  at  hydrometric  stations 
showed  a  relative  error  of  2%  and  47%  at  two 
stations.  (See  also  W9 1-07920)  (Author's  abstract) 
W9 1-07928 

EFFECT  OF  REGIONAL  CLIMATE  CONDI- 
TIONS ON  THE  RAINFALL-RUNOFF  PROC- 
ESS IN  URBAN  CATCHMENTS:  THE  CASE  OF 
SNOWY  SURFACES. 

Belgrade  Univ.  (Yugoslavia).  Faculty  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  2C. 
W9 1-07933 

VARIATIONS  IN  HYDROCLIMATIC  COMPO- 
NENTS AND  THE  CONCEPT  OF  REGIONAL- 
IZATION IN  WEST  AFRICA. 

Lagos  Univ.  (Nigeria).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-07935 
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METEOROLOGIC  AND  HYDROLOGIC  DATA 
COLLECTED  FOR  COMPUTING  EVAPORA- 
TION FROM  DEVILS  LAKE,  NORTH 
DAKOTA,  1986-88. 

Geological  Survey,  Bismarck,  ND.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2D. 
W9 1-07 188 
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Group  2B — Precipitation 

UPDATES  TO  THE  1986  DIRECTORY  OF  PRE- 
CIPITATION MONITORING  SITES  NATION- 
AL ATMOSPHERIC  DEPOSITION  PRO- 
GRAM/NATIONAL       TRENDS        NETWORK 

(NADP/NTN). 

Colorado  State  Univ.,  Fort  Collins.  Natural  Re- 
source Ecology  Lab. 

For  primary  bibliographic  entry  see  Field  7B. 
W91-07217 


MARCHAL:  A  THREE-DIMENSIONAL 
MODEL  FOR  GROUNDWATER  FLOW  AND 
QUALITY  MODELLING. 

Strasbourg- 1  Univ.  (France).  Inst,  de  Mechanique 
des  Fluides. 

P.  Ackerer,  R.  Mose,  M.  Ruch,  and  K.  Semra. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences. Washington.  DC.  1990.  p  127-134.  2  fig,  11 
ref. 

Descriptors:  'Groundwater  movement,  'Ground- 
water  quality,  'Groundwater  transport,  'Hydro- 
logic  models,  'Mass  transport,  'Model  studies, 
•Path  of  pollutants,  'Solute  transport,  Calibrations, 
Computer  models,  Data  interpretation,  Dispersion 
coefficient,  Finite  element  method,  Flow  equa- 
tions, Flow  models,  Mathematical  analysis,  Mathe- 
matical equations,  Mathematical  studies,  Model 
testing,  Stochastic  process,  Tracers. 

Almost  all  groundwater  flow  modeling  programs 
calculate  the  heads  first  and  then  the  velocities  as 
derivatives  the  heads.  This  evaluation  of  the  flow 
field  is  not  very  accurate  because  of  the  approxi- 
mations made  of  the  heads  due  to  the  numerical 
techniques.  A  three-dimensional  groundwater 
solute  transport  model  (MARCHAL)  was  devel- 
oped which  combines  the  mixed  hybrid  finite  ele- 
ment method  for  flow  simulation  and  the  stochas- 
tic particle  tracking  method  for  solute  transport 
simulation.  The  main  advantage  of  the  method 
over  the  classical  finite  difference  method  or  finite 
element  method  is  that  it  is  free  of  numerical 
dispersion.  One  of  the  disadvantages  is  that  it  re- 
quires a  well  calculated  flow  field  in  order  to 
estimate  correctly  the  derivatives  of  the  dispersion 
coefficient.  To  validate  the  MARCHAL  code,  a 
simulation  of  a  3  dimensional  tracer  experiment 
was  performed.  The  results  of  the  simulation 
showed  good  agreement  between  measured  and 
calculated  concentrations.  Due  to  the  magnitude  of 
the  longitudinal  dispersivity  (i.e.,  1  mm),  classical 
methods  will  need  about  40  million  nodes  to  per- 
form simulations  without  numerical  dispersion.  In 
three  dimensions,  for  low  dispersivity  coefficient 
values  or  for  large  scale  problems,  only  a  particle 
tracking  method  can  be  used.  (See  also  W91-07253) 
(Korn-PTT) 
W9 1-07266 


TEMPORAL  VARIABILITY  OF  ATMOSPHER- 
IC LEAD  CONCENTRATIONS  AND  FLUXES 
OVER  THE  NORTHWESTERN  MEDITERRA- 
NEAN SEA. 

Paris-7  Univ.  (France).  Lab.  de  Physico-Chimie  de 
l'Atmosphere. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07396 


REGIONAL  NUMERICAL  SULFUR  DISPER- 
SION MODEL  USING  A  METEOROLOGICAL 
MODEL  WITH  EXPLICIT  TREATMENT  OF 
CLOUDS. 

Bergen  Univ.  (Norway).  Dept.  of  Meteorology. 
E.  Berge. 

Tellus  TELLAL,  Vol.  42B,  No.  5,  p  389-407,  1990. 
14  fig,  1  tab,  39  ref,  append.  Norwegian  Research 
Council  Grant  D.4 1.1 2.029. 

Descriptors:  'Acid  rain,  'Chemistry  of  precipita- 
tion, 'Dispersion,  'Model  studies,  'Path  of  pollut- 
ants, 'Sulfur,  Advection,  Cloud  chemistry,  Clouds, 
Condensation,  Eddy  diffusion,  Europe,  Mass  bal- 
ance, Mathematical  models,  Model  testing,  Oxida- 
tion, Precipitation,  Simulation,  Sulfates,  Sulfur  di- 
oxide, Vertical  distribution. 

A  regional  numerical  short-term  (hours  to  days) 
sulfur  dispersion  model,  interacting  with  a  NWP- 


model  with  a  detailed  treatment  of  clouds  and 
condensation,  is  formulated  and  tested.  The  model 
has  10  layers  in  the  vertical,  50  km  horizontal 
resolution,  and  covers  NW  Europe.  It  is  initialized 
with  model-simulated  fields  of  sulfur  dioxide  and 
sulfate  in  air,  based  on  realistic  sulfur  S02  emission 
fields.  A  simple  parameterization  scheme  for  dry 
deposition,  oxidation,  uptake  by  clouds,  and  depo- 
sition by  precipitation  is  applied.  The  numerical 
treatment  ensures  positive-definite  and  mass-con- 
serving solutions.  A  comparison  between  a  36-h 
integration  on  a  real  synoptic  situation  and  surface 
measurements  suggests  that  the  wet  deposition  of 
sulfate  and  the  sulfate  in  air  is  underestimated  over 
Scandinavia.  S02  in  air  is  overestimated  close  to 
the  sources.  The  simulations  indicate  that  both  the 
oxidation  rate  and  the  vertical  transport  by  eddy 
diffusion  are  too  low.  The  model  has  proven  to  be 
a  basis  for  further  research.  In  addition  to  the 
inclusion  of  gas  and  cloud  phase  chemistry,  it 
would  be  meaningful  with  investigations  of  sensi- 
tivity to  vertical  transport,  shape  preserving  advec- 
tion routines,  parameters  of  the  condensation 
scheme,  vertical  distribution  and  horizontal  resolu- 
tion of  the  emission  field.  (Author's  abstract) 
W9 1-07402 


FACTORS  GOVERNING  CLOUD  WATER 
COMPOSITION  IN  THE  APPALACHIAN 
MOUNTAINS. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Atmos- 
pheric Sciences. 

R.  J.  Vong,  B.  H.  Bailey,  M.  J.  Markus,  and  V.  A. 
Mohnen. 

Tellus  TELLAL,  Vol.  42B,  No.  5,  p  435-453,  1990. 
6  fig,  4  tab,  34  ref.  U.  S.  EPA  Cooperative  Agree- 
ment CR8 157 14-010. 

Descriptors:  'Acid  rain,  'Appalachian  Mountains, 
'Chemistry  of  precipitation,  'Cloud  chemistry, 
♦Cloud  liquid  water,  'Clouds,  'Meteorology,  Aer- 
osols, Ammonium,  Analysis  of  variance,  Annual 
distribution,  Cyclones,  Hydrogen  ion  concentra- 
tion, Monitoring,  Nitrates,  Precipitation,  Sulfates, 
Weather. 

Cloud  events  collected  during  the  summers  of 
1986-1988  at  5  sites  in  the  Appalachian  Mountains 
were  classified  on  the  basis  of  meteorology.  The 
data  consisted  of  cloud  water  chemical  concentra- 
tions, liquid  water  content  (LWC),  mixed-layer  air 
trajectories,  synoptic  type  from  weather  maps,  and 
whether  or  not  the  cloud  was  precipitating.  An 
analysis  of  variance  supported  the  hypothesis  that 
the  meteorological  variables  describe  the  cloud 
water  chemical  composition;  there  were  differ- 
ences between  precipitating  and  nonprecipitating 
events  (>  few  hours  duration)  and  among  synop- 
tic-trajectory classes.  The  highest  H(  +  ),  sulfate, 
ammonium,  and  nitrate  concentrations  occur  when 
a  site  is  in  the  warm  sector  of  the  cyclone  or  in  a 
cap  cloud;  lower  concentrations  occur  during  eas- 
terly (marine)  flow  or  post-cold-frontal  cloud 
events.  The  difference  among  classes  was  similar 
when  cloud  LWC  was  accounted  for;  this  supports 
the  hypothesis  that  the  synoptic-trajectory  classes 
describe  differences  in  the  transport  and  mixing  of 
aerosol  and  gases  rather  than  LWC  differences. 
The  chemical  concentrations  for  non-monitored 
cloudy  hours  were  predicted  from  the  meteorolog- 
ical classes  and  the  resulting  mean  concentrations 
for  the  entire  growing  season  were  compared  to 
the  sampled  cloud  events.  Insufficient  data  exist  for 
examining  annual  variability,  but,  when  all  3  years 
of  data  were  used  together,  differences  between 
sampling  sites  could  be  observed.  (Author's  ab- 
stract) 
W9 1-07403 


STRONG  SIMILARITIES  IN  SEASONAL  CON- 
CENTRATION RATIOS  OF  SOM2-),  N03(-) 
AND  NH4<  +  )  CM  PRECIPITATION  BETWEEN 
SWEDEN  AND  THE  NORTHEASTERN  US. 

New  York  Botanical  Garden,  Bronx,  NY.  Inst,  of 

Ecosystem  Studies. 

For  primary  bibliographic  entry  see  Field  5B. 
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EVALUATION  OF  DRY  DEPOSITION,  POL- 
LUTANT DAMAGE,  AND  FOREST  HEALTH 
WITH  THROUGHFALL  STUDIES. 


Smithsonian     Environmental     Research     Center, 
Edgewater,  MD. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07467 


REFLECTIONS  ON  THE  USE  OF  LONG 
SERIES  OF  CLIMATOLOGICAL  OBSERVA- 
TIONS AS  PART  OF  THE  STUDY  CLIMATE 
AND  ITS  CHANGES  (REFLEXIONS  SUR  L*U- 
TILISATION  DES  LONGUES  SERIES  D'OBER- 
VATIONS  CLIMATOLOGIQUES  DANS  LE 
CADRE  DE  L'ETUDE  DU  CLIMAT  ET  DE  SON 
EVOLUTION). 

Electricite  de  France,  Grenoble.  Div.  Technique. 
D.  Duband. 

Houille  Blanche  HOBLAB,  Vol.  1990,  No.  6  p 
399-407,   1990,  26  fig,   13  ref.  English  summary 

Descriptors:  'Climatic  changes,  'Climatic  data, 
•Climatology,  'Data  interpretation,  'Global 
warming,  Data  quality  control,  France,  History, 
Switzerland,  Time  series  analysis. 

Information  on  climate  change  must  remain  objec- 
tive, if  it  is  to  remain  creditable.  It  is  important  to 
appreciate  the  quality  of  historical  climatic  data, 
and  to  appreciate  the  fluctuation  in  extremes, 
means  and  frequencies  which  are  possible  in  a 
stable  climate.  These  fluctuations  can  appear  in 
long  series  of  daily,  monthly  and  annual  data,  and 
also  affect  the  proper  evaluation  of  specially-col- 
lected data.  It  is  important  to  control  or  recon- 
struct missing  data  in  order  to  ensure  validity.  This 
is  necessary  to  control  effects  due  to  movement  of 
the  measurement  station,  effects  of  modification  of 
measurement  procedure,  and  effects  of  urbaniza- 
tion on  the  station  measurements.  Air  temperature 
data  evaluated  for  the  towns  of  Bale,  Geneve, 
Clermont-Ferrand,  and  Pau  shows  no  tendency  for 
warming  for  the  past  250  years.  There  are  histori- 
cal examples  of  droughts  and  cold  waves  and  large 
climatic  modifications  including  the  warm  spell 
which  appeared  in  the  9th  through  13th  centuries 
and  a  little  ice  age  which  appeared  in  16th  through 
18th  centuries.  The  author  urges  caution  with  his- 
torical data.  (King-PTT) 
W91-07528 


EFFECT  OF  CUMULATIVE  EROSION  AND 
RAINFALL  ON  SORGHUM,  PEARL  MILLET 
AND  CASTOR  BEAN  YIELDS  UNDER  DRY 
FARMING  CONDITIONS  IN  ANDHRA  PRA- 
DESH, INDIA. 

Central  Research  Inst,  for  Dryland  Agriculture, 
Hyderabad  (India). 

For  primary  bibliographic  entry  see  Field  21. 
W9 1-07569 


INTRASEASONAL  (30-50  DAY)  OSCILLATION 
OF  THE  AUSTRALIAN  SUMMER  MONSOON. 

Colorado  Univ.  at  Boulder.  Center  for  Atmospher- 
ic Theory  and  Analysis. 
H.  H.  Hendon,  and  B.  Liebmann. 
Journal  of  the  Atmospheric   Sciences  JAHSAK, 
Vol.  47,  No.  24,  p  2909-2923,  December  15,  1990. 
13  fig,  1  tab,  21  ref. 

Descriptors:  'Australia,  'Climatology,  'Meteorol- 
ogy, 'Monsoons,  'Tropical  regions,  'Wind,  Air 
temperature,  Atmospheric  circulation,  Convection, 
Oscillatory  waves,  Rainfall 

The  tropical  intraseasonal  (30-50  day)  oscillation 
manifests  itself  in  the  Australian  summer  monsoon 
by  a  pronounced  modulation  of  the  monsoonal 
westerlies.  These  fluctuations  of  the  monsoonal 
westerlies  are  coherent  with  rainfall  and  outgoing 
longwave  radiation  OLR  across  northern  Austra- 
lia. The  detailed  evolution  of  the  intraseasonal 
oscillation  of  the  monsoon  was  studied  via  com- 
posites of  upper  air  data  in  and  about  the  Austra- 
lian tropics.  During  the  summer  periods  1957-87, 
91  events  were  identified  at  Darwin,  Australia. 
The  composite  oscillation  at  Darwin  has  a  very 
deep  baroclinic  structure  with  westerlies  extending 
up  to  300  mb.  The  westerly  phase  lasts  about  ten 
days  and  lags  a  similar  duration  rainfall  event  by 
about  four  days.  During  the  westerly  phase,  the 
upper  troposphere  is  warm  and  the  extreme  lower 
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troposphere  is  cool.  This  structure  is  consistent 
with  midtropospheric  latent  heating  and  lower  tro- 
pospheric  cooling  due  to  evaporation  of  falling 
rain.  The  magnitude  of  the  composite  oscillation  at 
Darwin  is  about  5  m/s  in  zonal  wind,  1  m/s  in 
meridional  wind,  0.5  K  in  temperature,  5  mm  rain- 
fall per  day,  and  10%  in  relative  humidity.  The 
oscillation  at  Darwin  is  readily  traced  as  far  west 
as  Cocos  Island  and  as  far  east  as  Pago  Pago. 
Above  northern  Australia,  enhanced  synoptic  scale 
variability  develops  during  the  wet-westerly  phase 
of  the  oscillation.  Analysis  of  a  single  station 
record  precludes  documentation  of  the  structure  of 
these  synoptic  fluctuations.  In  the  Northern  Hemi- 
sphere midlatitudes,  a  wave  train  in  500  mb  heights 
appears  to  emanate  from  the  longitude  of  the  Aus- 
tralian tropics  during  the  wet-westerly  phase.  The 
magnitude  of  this  wave  train  is  only  about  50  m 
while  the  wave  train  undergoes  a  systematic  evolu- 
tion as  the  tropical  convective  anomaly  moves 
west  to  east,  no  sense  of  dispersion  from  a  localized 
low-latitude  heat  source  is  evident.  (Author's  ab- 
stract) 
W9 1-07609 


EVOLUTION  OF  THREE-PEAK  RAINDROP 
SIZE  DISTRIBUTIONS  IN  ONE-DIMENSION- 
AL SHAFT  MODELS:  PART  I.  SINGLE-PULSE 
RAIN. 

Toronto  Univ.  (Ontario).  Dept.  of  Physics. 

R.  List,  and  G.  M.  McFarquhar. 

Journal  of  the  Atmospheric  Sciences  JAHSAK, 

Vol.  47,  No.  24,  p  2996-3006,  December  15,  1990.  6 

fig,  1  tab,  30  ref. 

Descriptors:  *Drop  size,  *Fluid  drops,  *Model 
studies,  *Rain,  'Raindrop  size,  Mathematical 
models,  Numerical  analysis,  Rainfall. 

Several  warm  rain  modeling  studies  have  investi- 
gated the  time  evolution  of  drop-size  distributions. 
A  model  has  been  developed  to  describe  the  tem- 
poral evolution  of  drop  size  distributions  in  warm 
one-dimensional  rain  shafts  which  includes  the 
sedimentation  of  drops  with  the  collisional  breakup 
and  coalescence  of  raindrops.  A  numerical  simula- 
tion of  the  interactions  of  raindrops  in  one-dimen- 
sional rain  shafts  with  still  air  was  used  to  calculate 
the  changes  in  number  concentration  of  different 
size  drops  during  coalescence  and  collision-in- 
duced breakup  and  the  fall  of  drops.  It  was  found 
that  pulsed  input  of  raindrop  packages  at  the  top  of 
one-dimensional  shafts,  followed  by  coalescence 
and  breakup  during  the  fall,  produces,  when  inte- 
grated over  time  of  the  whole  rainfall,  three-peak 
drop-size  distributions  (3PDs)  at  all  levels  through- 
out the  shaft.  The  3PDs  are  different  from  the 
three-peak  equilibrium  distributions  (3PEDs)  that 
develop  with  steady  sources  of  rain.  However,  for 
long  pulse  lengths,  the  3PD  becomes  closer  to  the 
3PEDs;  for  short  pulse  lengths,  the  large-drop 
peak  is  not  very  prominent  for  the  input  of  Mar- 
shall-Palmer distributions.  The  diameters  corre- 
sponding to  the  maximum  concentrations  are  ap- 
proximately the  same  as  those  of  the  3PED.  For 
3PED  input,  the  biggest  differences  between  the 
number  concentrations  for  the  3PED  and  3PDs 
occur  for  pulse  lengths  between  240  and  600  s 
while  the  radar  reflectivity  concentrations  of  3PDs 
steadily  approach  that  of  3PEDs  with  increasing 
pulse  length.  All  trends  are  the  same  whether  a 
3PED  or  a  Marshall-Palmer  distribution  is  used  as 
input.  (Fish-PTT) 
W91-07610 


RADAR  OBSERVATIONS  OF  THE  HALIFAX 
STORM,  19  MAY  1989. 

Lancaster  Univ.  (England).  Inst,  of  Environmental 

and  Biological  Sciences. 

V.  K.  Collinge,  E.  J.  Archibald,  K.  R.  Brown,  and 

M.  E.  Lord. 

Weather  WTHRAL,  Vol.  45,  No.  10,  p  354-365, 

1990.  7  fig,  1  tab,  14  ref. 

Descriptors:  'England,  'Meteorological  data, 
•Radar,  'Rain  gages,  'Storms,  'Weather  data  col- 
lections, Climatic  data,  Meteorological  data  collec- 
tion, Precipitation,  Rainfall,  Thunderstorms. 

Severe  atmospheric  instability  over  northern  Eng- 
land on  19  May  1989  led  to  the  development  of  an 


exceptionally  severe  thunderstorm  over  an  area  of 
the  Pennines  between  Burnley  and  Halifax.  This 
storm  was  so  close  to  the  Hameldon  Hill  weather 
radar,  near  Burnley,  that  the  observations  from 
that  site  are  of  particular  interest.  The  performance 
of  the  radar  in  detecting  the  intensity  and  move- 
ment of  this  storm  was  compared  to  rain  gage  data. 
It  was  found  that  the  radar  data  gave  an  accurate 
indication  of  the  area  and  timing  of  heavy  rainfall 
with  good  correspondence  to  the  areas  of  flood 
damage.  In  some  places  where  the  radar  indicated 
a  storm  rainfall  total  of  up  to  14  mm,  little  or  none 
fell  on  the  ground.  This  was  partly  due  to  low- 
level  evaporation,  and  partly  as  a  consequence  of 
the  severe  rainfall  gradients  near  the  periphery  of 
the  storm.  Overall,  the  agreement  between  22  rain 
gage  storm  totals  and  the  corresponding  radar 
rainfall  totals  for  the  nearest  2  km  x  2  km  pixel  was 
good,  judged  on  a  logarithmic  transformation  of 
assessment  factor  (AF)  values.  This  yielded  a 
nearly  normal  distribution  with  a  mean  logarithmic 
value  equivalent  to  an  AF  of  1.17.  Of  the  22  AF 
values,  20  were  in  the  range  0.55-2.78.  The  radar 
substantially  underestimated  the  rainfall  at  the  two 
sites  with  the  highest  rain  gage  totals,  possibly  as  a 
consequence  of  insplash.  Analysis  of  all  the  avail- 
able data  indicates  the  possibility  that  beam  height 
is  involved  in  the  relationship  between  rain  gage 
and  radar  observations.  It  was  concluded  that 
weather  radars  have  considerable  potential  for 
forecasting  the  movement  of  storms  of  this  type. 
(Fish-PTT) 
W9 1-076 11 

URBAN  OROGRAPHIC  RAINFALL  ANOMA- 
LY IN  JERUSALEM -A  NUMERICAL  STUDY. 

Tel-Aviv  Univ.  (Israel).  Dept.  of  Geophysics  and 
Planetary  Sciences. 
H.  Shafir,  and  P.  Alpert. 

Atmospheric  Environment  Part  B:  Urban  Atmos- 
phere AEBAE5,  Vol.  24,  No.  3,  p  365-375,  1990.  7 
fig,  10  tab,  39  ref.  BSF  Grant  No.  8600230. 

Descriptors:  'Israel,  'Jerusalem,  'Local  precipita- 
tion, 'Meteorology,  'Model  studies,  'Orographic 
precipitation,  'Urban  areas,  'Urban  hydrology, 
Cloud  liquid  water,  Condensation,  Heat  transfer, 
Numerical  analysis,  Orography,  Rainfall  disposi- 
tion. 

The  urban  effect  on  precipitation  is  very  difficult 
to  determine  because  only  a  few  rural  regions 
remain  undisturbed  from  their  natural  states,  be- 
cause there  is  an  insufficient  number  of  raingages 
in  metropolitan  areas,  and  because  many  cities  are 
associated  with  bodies  of  water  or  hilly  terrain 
which  can  effect  precipitation  patterns  on  their 
own.  An  orographic  (physical)  model  was  applied 
to  a  hilly  domain  in  central  Israel  in  an  attempt  to 
separate  quantitatively  urban  precipitation  effects 
over  highly  complex  terrain.  A  high-resolution 
meso-gamma  scale  indexing  of  the  orographic  pre- 
cipitation over  the  Judean  Mountains  suggests  a 
positive  urban  precipitation  anomaly  in  Jerusalem. 
The  urban  rainfall  enhancement  for  three  rainfall 
events  was  found  to  be  20-30%  as  compared  to 
only  about  10%  for  the  annual  normals.  In  general 
it  appears  that  urban  orographic  increases  were 
high.  A  possible  explanation  for  this  is  the  supply 
of  great  amounts  of  cloud  condensation  nuclei 
(CCN)  to  the  orographic  feeder  clouds  which  are 
strongly  dependent  on  CCN.  For  cold  rain  events 
the  urban  contribution  may  even  be  greater  as  a 
result  of  the  higher  artificial  energy  used  which,  in 
turn,  causes  greater  CCN  emissions  and  an  en- 
hanced 'heat  island'  effect.  In  order  to  further 
investigate  this  phenomenon,  such  models  must  be 
used  in  other  orographic  urban  regions  and  must 
incorporate  techniques  for  sampling  the  raindrops. 
In  addition,  three-dimensional  microphysical  oro- 
graphic models  must  be  used  to  realistically  simu- 
late the  microphysical  effects  including  the  CCN 
contribution  to  precipitation  in  orographic  urban 
areas.  (Fish-PTT) 
W9 1-076 12 

COMPARISON  OF  URBAN  AND  SUBURBAN 
PRECIPITATION  CHEMISTRY. 

Argonne  National  Lab.,  IL.  Environmental  Re- 
search Div. 
D.  L.  Sisterson,  and  J.  D.  Shannon. 


Precipitation — Group  2B 

Atmospheric  Environment  Part  B:  Urban  Atmos- 
phere AEBAE5,  Vol.  24,  No.  3,  p  389-394,  1990.  4 
tab,  19  ref. Office  of  Health  and  Environmental 
Research  of  the  U.S.  Department  of  Energy  Con- 
tract W-31-109-ENG-38. 

Descriptors:  'Acid  rain,  'Chemistry  of  precipita- 
tion, 'Chicago,  'Suburban  areas,  'Urban  areas, 
'Water  chemistry,  'Water  pollution  sources,  Acid 
rain  effects,  Air  pollution  effects,  Ammonia,  Calci- 
um, Chlorine,  Hydrogen,  Magnesium,  Nitrates, 
Sodium,  Sulfates,  Wind. 

There  is  a  pressing  need  for  information  on  the 
chemical  composition  of  urban  precipitation,  be- 
cause buildings  and  monuments  potentially  at  risk 
to  damage  from  acid  rain  are  concentrated  in  urban 
areas.  Precipitation  samples  at  an  urban  Chicago 
site  and  a  nearby  suburban  site  were  compared  in 
order  to  examine  the  influence  of  emissions  within 
a  large  urban  area  on  local  precipitation  chemistry. 
Precipitation  samples  were  collected  from  June 
1981  to  May  1982,  initially  for  events  and  subse- 
quently weekly,  and  precipitation-weighted  con- 
centrations (PWCs)  of  the  major  chemical  con- 
stituents were  calculated  from  concurrent  urban- 
suburban  pairs  of  samples,  stratified  according  to 
the  estimated  mixed-layer  wind  quadrant.  Overall, 
PWCs  at  the  urban  site  were  higher  than  those  at 
the  suburban  site  for  Ca(  +  2),  Mg(  +  2),  NH4(  +  ), 
N03(-),  and  Cl(-);  approximately  equal  for  Na(  +  ) 
and  S04(-2);  and  lower  for  H(  +  ).  For  precipita- 
tion in  southwesterly  flow,  in  which  the  suburban 
site  was  upwind  of  the  urban  site  and  most  urban 
emissions,  PWCs  of  all  species  except  Na(  +  )  were 
higher  at  the  urban  site.  For  the  few  precipitation 
cases  in  northeasterly  flow,  however,  differences 
between  sites  did  not  have  a  pattern  consistent 
with  a  reversal  in  the  upwind-downwind  relation- 
ship. (Author's  abstract) 
W9 1-076 13 


MEASUREMENT  OF  ATMOSPHERIC  WATER 
VAPOR:  RADIOMETER  COMPARISON  AND 
SPATIAL  VARIATIONS. 

Cooperative  Inst,  for  Research  in  Environmental 

Science,  Boulder,  CO. 

C.  Rocken,  J.  M.  Johnson,  R.  E.  Neilan,  M. 

Cerezo,  and  J.  R.  Jordan. 

IEEE  Transactions  on  Geoscience   and   Remote 

Sensing  IGRSD2,  Vol.  29,  No.  1,  p  3-8,  January 

1991.  4  fig,  2  tab,  24  ref. 

Descriptors:  'Atmospheric  water,  'Instrumenta- 
tion, 'Measuring  instruments,  'Meteorologic  data 
collection,  'Meteorology,  'Radiometry,  'Remote 
sensing,  Analytical  methods,  Colorado,  Interfero- 
metry,  Precipitation,  Satellite  technology,  Spatial 
distribution,  Water  vapor. 

While  the  use  of  surface  meteorological  measure- 
ments does  not,  in  general,  provide  zenith  tropo- 
spheric  corrections  of  sufficient  accuracy,  these 
corrections  can  be  estimated  as  parameters  during 
the  Global  Positioning  System  (GPS)  and  Very 
Long  Baseline  Interferometry  (VLBI)  data  inver- 
sion. Such  computed  zenith  corrections  can  accu- 
rately account  for  the  temporal  changes  of  the 
zenith  delay,  but  do  not  account  for  spatial  vari- 
ations. These  variations  can  be  directly  measured 
with  water  vapor  radiometers  (WVRs).  Two 
WVR  experiments  were  conducted  to  evaluate 
whether  such  instruments  are  both  suitable  and 
needed  to  correct  for  propagation  effects  that  are 
induced  by  precipitable  water  vapor  (PWV)  on 
signals  from  the  GPS  and  VLBI.  WVRs  are  suita- 
ble for  these  corrections  if  they  provide  wet  path 
delays  to  better  than  0.5  cm.  In  the  first  experi- 
ment, six  WVRs  were  compared  at  Stapleton 
International  Airport  in  Denver,  Colorado,  for 
two  weeks.  While  two  WVRs  showed  an  average 
wet  path  delay  bias  of  only  0.1  cm,  other  were 
biased  by  1-3  cm  relative  to  each  other  and  relative 
to  radiosondes.  The  second  experiment  addressed 
the  question  whether  radiometers  are  needed  for 
the  detection  of  inhomogeneities  in  the  wet  delay. 
Three  JPL  D-series  radiometers  were  operated  at 
three  sites  in  Colorado  approximately  50  km  apart. 
The  WVRs  simultaneously  sampled  PWV  at  dif- 
ferent azimuths  and  elevations  in  search  of  spatial 
variations  of  PWV.  On  one  day  of  this  second 
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experiment  evidence  was  found  for  spatial  vari- 
ations of  the  wet  path  delay  as  high  as  20%  of  the 
total  wet  path  delay.  Based  on  the  observed  biases, 
it  is  recommended  that  radiometers  of  similar 
design  be  used.  (Fish-PTT) 
W9 1-076 14 


MODIFIED  METHOD  FOR  DROUGHT  IDEN- 
TIFICATION. 

Indian  Inst,  of  Tech.,  Madras.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07624 


VARIATION  IN  RAINFALL  CATCH  FROM 
STANDARD  UK  METEOROLOGICAL  OFFICE 
RAINGAUGES:  A  TWELVE  YEAR  CASE 
STUDY. 

Liverpool  Univ.  (England).  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-07625 


INFLUENCE  OF  TROPICAL  CYCLONES  AS 
SOIL  ERODING  AND  SEDIMENT  TRANS- 
PORTING EVENTS.  AN  EXAMPLE  FROM 
THE  PHILIPPINES. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07739 


AGROCLIMATOLOGY  OF  SEMIARID  LANDS. 

National  Soil  Tilth  Lab.,  Ames,  IA. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-07754 


CAUSES  AND  OCCURRENCE  OF  DROUGHT. 

California  Univ.,  Los  Angeles.  Dept.  of  Civil  Engi- 
neering. 
J.  A.  Dracup. 

IN:  Drought  Management  and  Its  Impact  on 
Public  Water  Systems.  National  Academy  Press, 
Washington,   DC.    1986.   p   24-48.   9   fig,   42   ref. 

Descriptors:  *California,  'Climatology,  'Drought, 
•Drought  effects,  'Forecasting,  'Irrigation  water, 
•Model  studies,  'Water  management,  'Weather 
forecasting,  'Western  United  States,  Meteorologi- 
cal data  collection,  Streamflow  forecasting,  Water 
allocation,  Water  demand,  Water  supply,  Water 
use. 

The  statistical,  synoptic,  and  physical  aspects  of 
drought  on  time  scales  of  a  month  to  several  years 
in  temperate  latitudes  are  considered.  The  current 
literature  reveals  that  the  causes  of  drought  are 
complex  and  are  not  yet  completely  understood  by 
meteorologists  and  climatologists.  High-pressure 
cells  exist  over  drought-affected  regions  and  com- 
panion oceanic  high-pressure  areas  exist  simulta- 
neously. During  drought  periods  there  is  a  general 
northward  shifting  of  pressure  zones.  The  wester- 
lies are  displaced  northward  over  the  continental 
United  States  during  droughts,  bringing  stronger 
than  normal  winds  to  the  high  latitudes.  Once  the 
high-pressure  cells  are  formed  and  the  drought  is 
initiated,  there  is  a  self-perpetuating  mechanism 
that  continues  the  process.  A  scientific  forecast  of 
a  geophysical  event  such  as  a  drought  must  include 
the  event's  time  of  occurrence  and  its  magnitude, 
duration  and  location.  Meteorological  methods  of" 
drought  forecasting  include  analogues,  linear  re- 
gression models,  teleconnections,  statistical  and 
kinematic  models,  air-sea  interactions,  statistical 
time  series  forecasts  and  extrapolation  in  time  using 
cyclicities.  Current  meteorological  forecasts  are 
made  by  the  Scripps  Institute  of  Oceanography  in 
California.  The  forecasts  provide  the  California 
State  Department  of  Water  Resources  with  the 
information  to  manage  reservoirs  throughout  Cali- 
fornia mainly  for  irrigation  supply  deliveries.  The 
National  Weather  Service  and  the  Soil  Conserva- 
tion Service  jointly  publish  monthly  reports  on  the 
Water  Supply  Outlook  for  the  Western  United 
States.  The  meteorologic  and  hydrologic  forecasts 
are  principally  used  to  allocate  irrigation  water 
supplies  to  senior  and  junior  irrigation  districts 
with  appropriate  rights  in  California  and 
throughout   the   West.   The   Namias   method   for 


evaluating  the  skill  of  forecasting  drought  is  used 
to  assess  drought  forecast  accuracy.  The  determi- 
nation of  streamflow  forecast  accuracy  is  more 
difficult  in  that  the  measured  streamflow  has  to  be 
converted  to  unimpaired  flows.  Erroneous  fore- 
casts by  the  U.S.  government  have  resulted  in  poor 
planning  by  farmers  and  lawsuits  against  the  gov- 
ernment for  revenues  lost  by  miscalculations  in 
water  allocations.  (See  also  W9 1-07794)  (Gcieer- 
PTT)  B 

W9 1-07796 


ORGANIC  COMPOUNDS  IN  PRECIPITA- 
TION. 

Fraunhofer-Inst.    fuer   Toxikologie   und   Aerosol- 

forschung,  Hanover  (Germany,  F.R.). 

K.  Levsen,  S.  Behnert,  B.  Prieb,  M.  Svoboda,  and 

H.-D.  Winkeler. 

Chemosphere  CMSHAF,  Vol.  21,  No.  9,  p  1037- 

1061,  1990.  7  fig,  1  tab,  51  ref. 

Descriptors:  'Chemical  analysis,  'Organic  com- 
pounds, 'Pollutant  identification,  'Polycyclic  aro- 
matic hydrocarbons,  'Precipitation,  'Water  pollu- 
tion sources,  Fatty  acids,  Germany,  Literature 
review,  Phenols,  Precipitation  scavenging,  Sample 
preparation,  Seasonal  variation,  Water  quality 
standards. 

The  contamination  of  precipitation  by  organic 
compounds  was  investigated  for  rain,  snow,  and 
hail  samples  collected  in  Hannover,  Germany  be- 
tween the  years  1988  and  1990.  Precipitation  sam- 
ples were  analyzed  for  n-alkanes,  fatty  acids,  n- 
alkanols,  aldehydes,  phenols,  and  polycyclic  aro- 
matic hydrocarbons  (PAHs).  Overall,  while  the 
values  obtained  in  the  investigation  for  most  organ- 
ic compounds  were  in  the  same  range  as  those 
reported  in  the  literature,  n-alkane  concentrations 
were  much  higher  than  those  values  previously 
published.  In  addition,  concentrations  appeared  to 
vary  substantially  from  one  rain  event  to  another 
and  a  significant  seasonal  dependence  was  ob- 
served for  n-alkanes  and  PAHs.  Surprisingly  high 
average  concentrations  (>  or  =  10  micrograms/ 
L)  were  observed  for  all  compound  classes  studied, 
with  the  exception  of  the  PAHs.  In  fact,  the  re- 
markably high  concentrations  of  organic  com- 
pounds in  precipitation  exceeded  German  drinking 
water  standards.  However,  while  the  average  con- 
centration of  all  PAHs  fell  below  the  micrograms/1 
range,  some  samples  exceeded  the  drinking  water 
regulation  concentration  by  a  factor  of  5.  (Korn- 
PTT) 
W9 1-07844 


SIMULATION  OF  THE  SIZE  DISTRIBUTION 
AND  EROSIVITY  OF  RAINDROPS  AND 
THROUGHFALL  DROPS. 

Silsoe  Coll.  (England). 

C.  J.  Brandt. 

Earth  Surface  Processes  and  Landforms  ESPLDB, 

Vol.  15,  No.  8,  p  687-698,  December  1990.  6  fig,  3 

tab,  29  ref.  AFRC  Research  Grant  No.  AG63-189. 

Descriptors:  'Erosion,  'Model  studies,  'Precipita- 
tion, 'Rain,  'Simulation  analysis,  'Soil  erosion, 
'Throughfall,  Canopy,  Data  interpretation,  Fall 
velocity,  Fluid  drops,  Rainfall  intensity,  Sensitivity 
analysis,  Soil  surfaces. 

Soil  splash,  changes  in  surface  roughness,  and  crust 
development  are  all  important  processes  in  soil 
erosion  and  are  all  caused  by  water  drops  impact- 
ing onto  the  soil  surface.  A  model  was  developed 
that  calculates  the  size  distribution  and  impact 
velocity  of  rainfall  and  intercepted  throughfall  for 
use  as  inputs  to  the  roughness  change,  splash  de- 
tachment, and  infiltration  models.  Sensitivity  anal- 
ysis reveals  that  the  model  is  sensitive  to  param- 
eters that  are  easily  measured  or  estimated:  rainfall 
intensity,  the  mean  volume  drop  diameter  of  the 
intercepted  throughfall,  canopy  cover,  and  canopy 
height.  The  model  utilizes  existing  models  of  rain- 
fall drop  size  distribution  and  fall  velocity,  and 
combines  them  with  newly  collated  evidence  of 
throughfall  drop  size  distribution  to  provide  a 
model  that  may  be  used  at  two  levels.  The  model 
provides  the  specific  information  on  both  rainfall 
and  throughfall  drop  size  and  impact  velocity  for 
use  in  physically-based  soil  surface  models.  More 


broadly,  the  model  may  be  used  to  calculate  erosi- 
vity  indices,  based  on  rainfall  intensity,  which  take 
into  account  the  transformation  of  rainfall  drop 
size  and  fall  velocities  by  a  canopy.  (Korn-PTT) 
W9 1-07849 


VARIATIONS  IN  HYDROCLIMATIC  COMPO- 
NENTS AND  THE  CONCEPT  OF  REGIONAL- 
IZATION  IN  WEST  AFRICA. 

Lagos  Univ.  (Nigeria).  Dept.  of  Geography. 
O.  Ojo. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  147-156 
1  fig,  15  ref. 

Descriptors:  'Climatology,  'Developing  countries, 
•Hydrology,  'Interdisciplinary  studies,  'Regional 
analysis,  'West  Africa,  Climatic  data,  Hydrologic 
data,  Microclimatology,  Regional  planning,  Re- 
search priorities. 

In  recent  years  in  West  Africa,  hydrological  re- 
gions are  sometimes  selected  or  delineated  by  using 
hydroclimatic  characteristics  and/or  other  physi- 
cal characteristics  of  the  area  concerned.  Some 
climatological  and  hydroclimatological  events 
were  examined  in  West  Africa  for  the  period  1969- 
1987  in  relation  to  macro,  meso,  and  micro  factors 
and  within  the  concept  of  regionalization  and  its 
application  to  hydrological  studies.  The  results 
show  a  lot  of  regional,  intraregional,  and  locational 
variations  in  the  characteristics  of  the  hydrological 
and  hydroclimatic  components.  The  results  also 
show  that  there  is  a  limit  to  the  representativeness 
of  many  of  the  data  and  information  currently 
available  for  West  Africa,  and  that  the  validity  of 
many  of  the  currently  available  empirically-deter- 
mined data  is  considerably  limited  particularly  for 
the  purpose  of  applications  of  these  data  for  re- 
search, planning,  and  development.  There  is  an 
emphasized  need  for  (1)  adequate  and  reliable  data 
and  information,  (2)  efforts  to  coordinate  the  solu- 
tion of  problems  of  data  and/or  any  other  prob- 
lems connected  with  the  application  of  regionaliza- 
tion in  the  region,  and  (3)  adequate  considerations 
of  the  objectives  of  any  research  or  planning  pro- 
grams for  which  the  application  of  the  concept  of 
regionalization  is  needed.  (See  also  W9 1-07920) 
(Fish-PTT) 
W91-07935 


RAINFALL-RUNOFF  MODEL  FOR  SMALL 
UNGAUGED  WATERSHEDS  IN  POLAND. 

Institute  of  Meteorology  and  Water  Management, 
Warsaw  (Poland). 
J.  Ostrowski. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  203-210, 
1  fig,  3  tab,  6  ref. 

Descriptors:  'Hydrologic  models,  'Model  studies, 
•Poland,  'Rainfall-runoff  relationships,  'Regional 
analysis,  'Small  watersheds,  'Ungaged  basins, 
Flood  hydrographs,  Rood  peak,  Flow  characteris- 
tics, Parametric  hydrology,  Storm  runoff. 

Research  was  carried  out  in  Warsaw,  Poland,  to 
evaluate  peak  storm  runoff  and  rainstorm  flood 
hydrograph  simulation  for  ungaged  catchments  up 
to  250  sq  km  by  the  Small  Watershed  Regional 
Model  (SWRM).  The  rainfall  hyetograph  (1-h  time 
step  or  multiple  of  hours)  and  16  characteristics  of 
the  catchments  are  needed  as  input  data  to  the 
SWRM.  Values  of  the  characteristics  concerning 
basin  area,  river  network,  and  Horton's  ratios,  as 
well  as  land  use  and  vegetation  cover,  are  deter- 
mined from  hydrographical  or  topographic  maps. 
Model  parameters  include  accumulated  rainfall 
excess,  accumulated  storm  rainfall,  maximum  po- 
tential difference  between  storm  rainfall  and  direct 
runoff,  curve  number,  total  storm  rainfall,  water- 
shed initial  conditions,  rainfall  excess,  soil  profile 
feeding,  interception  storage,  dynamic  groundwat- 
er flow  component,  time-invariant  groundwater 
baseflow  component,  soil  moisture  content, 
groundwater  feeding,  direct  runoff,  groundwater 
flow,  flood  duration,  reservoir  storage  time,  reser- 
voir shape,  main  stream  length,  mean  flood  stream- 
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flow  velocity,  basin  area,  and  rainfall  excess  dura- 
tion time.  The  SWRM  is  stationary  for  floods 
because  the  time  scale  parameter  depends  on  the 
lag  time  as  well  as  on  streamflow  velocity,  which 
both  vary  for  every  flood  event.  The  watershed  is 
treated  as  a  lumped  parameter  system.  Field  studies 
for  the  Small  Watersheds  Project  have  been  car- 
ried out  on  a  network  of  46  small  Polish  basins 
(areas  from  2.8  to  231.6  sq  km).  The  data  from  192 
floods  in  a  five-year  period  (1981-1985)  from  16 
catchments  were  used  in  the  regionalization.  Pre- 
liminary results  of  model  verification  on  quasi- 
independent  and  independent  datasets  are  highly 
promising  for  future  development  of  the  model. 
(See  also  W9 1-07920)  (Fish-PTT) 
W9 1-07941 

REGIONALIZATION  OF  PARAMETERS 
USING  BASIN  GEOLOGY,  LAND  USE,  AND 
SOIL  TYPE  FOR  USE  IN  A  STORM  RAIN- 
FALL-RUNOFF RELATIONSHIP. 

Tokyo  Metropolitan  Univ.  (Japan).  Dept.  of  Civil 
Engineering. 
Y.  Ando. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  211-218, 
5  fig,  3  tab,  2  ref. 

Descriptors:  'Effective  precipitation,  "Japan, 
•Mathematical  models,  'Mountain  watersheds, 
•Rainfall-runoff  relationships,  'Regional  analysis, 
'Storm  runoff,  Base  runoff,  Geological  data,  Land 
use,  Runoff  rates,  Soil  types. 

The  storm  rainfall-runoff  relationship  is  important 
in  estimating  effective  rainfall  for  runoff  analysis. 
A  regional  analysis  was  performed  using  basin 
geology,  land  use,  and  soil  type  for  use  in  a  storm 
rainfall-runoff  relationship.  The  study  covers  31 
mountainous  basins  in  Japan.  The  storm  rainfall- 
runoff  relationship  is  expressed  as  functions  of 
storm  rainfall  (mm),  base  runoff  rate,  the  first  criti- 
cal rainfall  depth  (mm),  and  the  first  additional 
runoff  rate.  It  was  shown  that  the  base  runoff  rate 
is  equivalent  to  the  ratio  of  saturated  area  to  the 
catchment  area,  and  that  the  first  critical  rainfall 
depth  is  about  55  mm,  varying  with  basin  geology. 
The  total  runoff  rate  (sum  of  the  base  runoff  rate 
and  first  additional  runoff  rate)  was  analyzed  statis- 
tically with  basin  geology  and  soil  type.  Multiple 
regression  analysis  was  performed  on  the  total 
runoff  rate,  in  which  the  total  runoff  rate  was  the 
dependent  variable  and  ratios  of  different  soil 
covers  to  the  catchment  area  were  independent 
variables  for  each  basin  geology.  (See  also  W91- 
07920)  (Author's  abstract) 
W9 1-07942 

IMPACT  OF  EL  NINO  1982  /EVENT  ON  THE 
PARANA  RIVER,  ITS  DISCHARGE  AND 
TRANSPORT.  . 

Universidad    Nacional    de   Cordoba   (Argentina). 

Dept.  de  Quimica. 

For  primary  bibliographic  entry  see  Field  2E. 

W91-08108 

CONTRIBUTION  OF  SULFATE  TO  RAINFALL 
PH  AROUND  KILAUEA  VOLCANO,  HAWAII. 

Hawaii  Univ.  at  Manoa,  Honolulu.  Dept.  of  Envi- 
ronmental Health  Sciences. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-08115 

WET  DEPOSITION  TRENDS  OF  MAJOR  IN- 
ORGANIC IONS  IN  FINLAND  BASED  ON 
DAILY  BULK  DEPOSITION  SAMPLES. 

Finnish  Meteorological  Inst.,  Helsinki.  Air  Quality 

Dept. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-08 120 


COMPARISON  OF  BULK  AND  WET-ONLY 
PRECIPITATION  COLLECTORS  AT  RURAL 
SITES  IN  THE  UNITED  KINGDOM. 

Warren  Spring  Lab.,  Stevenage  (England). 
J.  R.  Stedman,  C.  J.  Heyes,  and  J.  G.  Irwin. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 


No.  3/4,  p  377-395,  1990,  7  fig,  4  tab,  23  ref.  United 
Kingdom  Department  of  the  Environment,  con- 
tract no.  PECD/7/10/29. 

Descriptors:  'Analytical  methods,  'England, 
'Rain  gages,  Acid  rain,  Atmospheric  chemistry, 
Chemistry  of  precipitation,  Comparison  studies, 
Ireland,  Rainfall,  Scotland. 

Co-located  wet-only  and  bulk  precipitation  collec- 
tors have  been  used  to  measure  precipitation 
amount  and  ionic  composition  at  nine  rural  sites  in 
the  United  Kingdom.  The  wet-only  collector  col- 
lects less  rain,  particularly  at  more  exposed,  win- 
dier sites.  This  is  believed  to  arise  primarily  from 
aerodynamic  blockage  rather  than  from  late  open- 
ing of  the  collector  at  the  onset  of  rain.  In  general, 
agreement  between  the  two  types  of  collector  for 
ionic  composition  is  good.  However,  at  two  sites 
which  experience  low  rainfall  concentrations  of 
primary  and  secondary  pollutants  in  easterly  air- 
flow, the  bulk  collector  yields  larger  concentra- 
tions of  non-marine  sulfate.  Measurements  of  par- 
ticulate sulfate  suggest  that  dry  deposition  of  parti- 
cles is  sufficient  to  explain  the  observed  differ- 
ences. In  contrast,  larger  ammonium  concentra- 
tions are  measured  with  the  wet-only  collector. 
The  observations  are  consistent  with  loss  of  ammo- 
nium from  the  bulk  collector,  particularly  at  sites 
of  low  annual  mean  acidity.  These  differences  are 
greater  in  summer  than  in  winter  suggesting  a 
biological  loss  mechanism.  (Author's  abstract) 
W9 1-08 124 


2C.  Snow,  Ice,  and  Frost 

SNOWPACK  STORAGE  OF  POLLUTANTS,  RE- 
LEASE DURING  MELTING,  AND  IMPACT  ON 
RECEIVING  WATERS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07231 


ICE  JAM  MITIGATION. 

Cumming  Cockbum  Ltd.,  Willowdale  (Ontario). 
Water  Resources  Div. 
H.  S.  Belore,  B.  C  .  Burrell,  and  S.  Beltaos. 
Canadian  Journal  of  Civil  Engineering  CJCEB8, 
Vol.  17,  No.  5,  p  675-685,  October  1990,  6  fig,  1 
tab,  37  ref. 

Descriptors:  'Canada,  'Flood  control,  'Ice  break- 
up, 'Ice  jams,  'River  ice,  'River  management, 
Flood  damage,  Flood  forecasting,  Flood  plain 
management,  Floodproofing,  Flow  control,  Water 
resources  management. 

Flooding  due  to  ice  jams  has  resulted  in  the  loss  of 
life  and  extensive  economic  losses  in  Canada.  The 
flooding  is  due  to  the  rise  in  water  levels  upstream 
of  an  ice  jam,  or  the  temporary  excedance  of  the 
flow  and  ice-carrying  capacity  of  a  channel  upon 
release  of  an  ice  jam.  Ice  jam  mitigation  is  a 
component  of  river  ice  management  which  in- 
cludes all  activities  carried  out  to  prevent  removal 
of  ice  jams,  or  to  reduce  the  damages  that  may 
result  from  an  ice  jam  event  and  includes  not  only 
physical  means  of  weakening,  controlling,  or 
breaking  river  ice,  but  aspects  of  water  resource 
management  as  well.  Ice  jam  mitigation  techniques 
can  be  divided  into:  (1)  ice  jam  prevention;  (2) 
reduction  of  ice  jam  effects;  and  (3)  ice  jam  remov- 
al and  breaching.  Prevention  includes  fixed  struc- 
tures, ice  booms,  channel  modification,  ice  suppres- 
sion, thermal  regime  modification  flow  regime 
modification,  and  icebreakers.  Means  of  reducing 
the  effects  of  ice  jam  floods  include  flow  control 
works,  flood  control  works,  flood  proofing,  flood 
plain  management,  and  flood  forecasting  and  warn- 
ings. Means  of  ice  jam  removal  and  breaching 
include  use  of  explosives,  ice  breakers,  and  me- 
chanical ice  jam  removal.  (King-PTT) 
W91-07522 


TEMPORAL  AND  SPATIAL  SCALES  OF  ICE 
EDGE  THERMODYNAMICS. 

Geological    Survey,    Tacoma,    WA.    Water    Re- 
sources Div. 


E.  G.  Josberger. 

IN:  Regional  and  Mesoscale  Modeling  of  Ice  Cov- 
ered Oceans.  The  Nansen  Remote  Sensing  Center 
Conference  Report  No.  3,  (1989).  p  143-147,  1  fig, 
4  ref. 

Descriptors:  'Bering  Sea,  'Ice  cover,  'Ice-water 
interfaces,  'Spatial  variation,  'Temporal  variation, 
'Thermodynamics,  Ablation,  Advection,  Green- 
land Sea,  Ice  breakup,  Mathematical  analysis, 
Mathematical  equations,  Ocean  circulation,  Up- 
welling,  Water  circulation. 

In  the  marginal  ice  zone,  rapid  ice  melting  strongly 
constrains  the  ice  edge  position  and  its  rate  of 
advance.  This  basically  small-scale  process  occurs 
as  a  result  of  a  variety  of  processes  with  different 
length  and  time  scales.  These  processes  include, 
but  are  not  limited  to,  the  wind  drive  advection  of 
ice  into  warm  off-ice  water,  the  horizontal  advec- 
tion of  heat  beneath  the  ice  by  the  regional  and 
mesoscale  oceanic  circulation,  and  the  vertical  ad- 
vection of  heat  by  ice  edge  upwelling  and  eddy 
circulation.  The  Greenland  Sea  marginal  ice  zone, 
a  complex  system,  contains  all  of  these  processes, 
but  the  primary  controlling  factor  is  the  polar  front 
that  approximately  parallels  the  ice  edge  and  sepa- 
rates the  cold  polar  Greenland  Sea  water  from  the 
more   temperate   water  in   the  West   Spitzbergen 
Current.  The  ice  drift  is  nearly  parallel  to  this  front 
and  ice  edge  and  melting  occurs  when  ice  crosses 
this  front  as  a  result  of  large-scale  wind  events. 
The  Bering  Sea  is  a  much  simpler  case;  an  ice 
conveyor  belt  where  ice  is  formed  in  the  north,  the 
wind  drives  it  south  where  it  melts  at  the  ice  edge. 
For  both  the  Greenland  Sea  and  the  Bering  Sea, 
the  primary  agent  for  limiting  ice  edge  advances  is 
the  warm  upper  ocean  off  the  ice  edge.  Measure- 
ments for  both  seas,  show  that  bottom  ablation 
rates  can  reach  0.5  m/day/L,  and  the  heat  transfer 
coefficients  range  from  4,000  to  8,000.  This  simple 
analysis  defines  the  temporal   and   spatial   scales 
associated  with  ice  ocean  thermodynamic  interac- 
tions. The  resulting  length  scales  are  on  the  same 
order  as  many  mesoscale  processes  that  occur  in 
the  polar  oceans.  Hence,  the  interaction  of  thermo- 
dynamic and  mesoscale  processes  are  important  in 
the  heat  and  mass  budget  of  ice  covered  oceans, 
especially  in  the  Greenland  Sea.  Furthermore,  now 
that  the  gridscales  of  numerical  ice  ocean  models 
are  approaching  25  km,  the  thermodynamic  length 
scale,  it  is  imperative  that  thermodynamic  process- 
es  be   properly    included   to   achieve   a   realistic 
model.  (Lantz-PTT) 
W9 1-079 18 


PHYSICALLY-BASED  SNOWCOVER  MODEL. 

National    Board    of   Waters,    Helsinki    (Finland). 
Water  Research  Inst. 
B.  Vehvillainen. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  117-126, 
2  fig,  1  tab,  13  ref. 

Descriptors:  'Finland,  'Hydrologic  models, 
'Model  studies,  'Snow  accumulation,  'Snow 
cover,  'Snowmelt,  Evaporation,  Freezing,  Model 
testing,  Precipitation,  River  basins,  Thawing. 

A  physically-based  snow-cover  model  has  been 
developed  for  simulation  of  snow  accumulation 
and  snowmelt,  and  can  be  used  for  operational 
purposes  in  large  river  basins  with  minimum  input 
data  on  a  daily  basis.  Model  inputs  are  precipita- 
tion, evaporation  from  the  snow  cover,  and  melt- 
ing/freezing potential  as  simulated  by  an  energy- 
balance  model.  Snow  is  divided  into  three  phases: 
air,  water,  and  ice.  The  processes  which  change 
the  concentrations  of  different  snow  phases  are 
precipitation,  snow  evaporation,  melting/freezing, 
snow  compaction,  and  release  of  water.  The  phys- 
ically-based model  should  be  better  than  the 
common  degree-day  snow  models  used  normally 
in  operational  catchment  hydrology,  but  this  crite- 
rion has  not  yet  been  achieved  with  this  or  any 
other  physical  snow-cover  model.  However,  this 
model  gives  much  information  on  the  different 
processes  in  snow  accumulation  and  snowmelt 
phenomena,  which  can  be  useful  in  developing 
simpler  snow  models.  This  model  was  tested  for 
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the  Loimijoki  basin  in  southern  Finland.  (See  also 
W9 1 -07920)  (Fish-PTT) 
W9 1-07932 


EFFECT  OF  REGIONAL  CLIMATE  CONDI- 
TIONS ON  THE  RAINFALL-RUNOFF  PROC- 
ESS IN  URBAN  CATCHMENTS:  THE  CASE  OF 
SNOWY  SURFACES. 

Belgrade  Univ.  (Yugoslavia).  Faculty  of  Civil  En- 
gineering. 

C.  Maksimovic,  and  S.  T.  Thorolfsson. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  127-134, 
4  fig,  4  ref. 

Descriptors:  'Climatic  effects,  *Hydrologic 
models,  'Model  studies,  'Rainfall-runoff  relation- 
ships, 'Snow  cover,  'Urban  hydrology,  'Urban 
runoff,  Frozen  ground,  Ice  cover,  Infiltration, 
Mass  balance,  Momentum  equation,  Norway, 
Sewer  systems,  Snow,  Snowpack,  Surface  flow, 
Surface  runoff. 

The  physical  processes  which  affect  rainfall-runoff 
modeling  are  different  for  climates  which  are  dif- 
ferent from  those  for  which  most  modern  model- 
ing software  has  been  developed.  For  reliable  mod- 
eling of  surface  runoff  it  is  necessary  to  take  into 
consideration  the  physical  processes  relevant  in  the 
liquid-solid  (water-snow)  interaction.  Snowy  areas 
subjected  to  heavy  storms  were  taken  as  an  exam- 
ple, and  the  runoff  in  the  coastal  zones  of  Norway 
was  analyzed  to  compare  its  components  for  a  cold 
climate  with  those  for  a  temperate  climate.  De- 
pending on  the  combination  of  snow-air-tempera- 
ture and  moisture  content,  different  types  of  two- 
phase  flow  will  occur  during  a  storm  event  over 
snow-covered  soil:  the  highest  runoff  coefficient  is 
generated  when  the  snow  cover  is  frozen;  when 
the  top  of  the  snow  cover  is  not  frozen,  rain 
quickly  infiltrates  into  the  snow  layer  until  it  be- 
comes fully  saturated;  when  there  is  neither  ice 
interface  nor  ice  cover  on  top  of  the  snow  and 
where  the  soil  is  not  frozen,  water  may  then  also 
infiltrate  into  the  soil,  and  thus  the  peak  flows  and 
runoff  volumes  are  lower.  A  general  approach  for 
modeling  the  runoff  process  has  been  developed. 
The  catchment  area  will  be  discretized  into  sub- 
catchments  consisting  of  two  main  parts:  snow- 
covered  areas,  and  areas  without  snow.  Flow  run- 
ning from  the  subcatchments  is  collected  by  gut- 
ters and  finally  the  water  enters  the  sewer  network 
through  the  inlets  represented  by  the  computation- 
al nodes  in  the  network  discretization.  The  govern- 
ing equations  include  the  mass  conservation  equa- 
tion, the  momentum  conservation  equation  for  per- 
vious and  impervious  areas  without  snow  and 
snow-covered  areas  topped  by  ice  cover,  and  mo- 
mentum conservation  equation  for  subsnow  flow 
(See  also  W9 1-07920)  (Fish-PTT) 
W9 1-0793  3 


SCHEME  OF  CALCULATING  SINGLE-LAYER 
OVERTHRUST  OF  ICE  ONTO  A  SHORE 
SLOPE. 

I.  E.  Kozitskii. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  297-299,  1990.  1  tab,  5  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p 
20-21,  May,  1990. 

Descriptors:  'Energy,  'Ice,  'Ice  cover,  'Lake  ice, 
•Mathematical  analysis,  'Shores,  Floating  ice,  Ice 
overthrust,  Lake  shores,  Lakes,  Mathematical 
equations,  Reservoirs. 

A  scheme  for  the  calculation  of  single-layer 
overthrust  of  ice  onto  a  shore  slope  is  presented. 
The  problem  of  the  extent  of  overthrust  of  ice  onto 
a  shore  slope  is  approached  by  calculating  the 
balance  of  energy  rather  than  the  balance  of  forces. 
The  energy  of  each  of  the  1-m  bands  into  which 
the  ice  floe  is  mentally  divided  is  expressed  in 
terms  of  the  length,  thickness  and  speed  of  the 
band,  the  density  of  ice  and  the  acceleration  of 
gravity.  Thrusting  at  a  right  angle  to  a  gently 
sloping  shore,  the  ice  floe  breaks  into  pieces,  which 
sequentially  are  pressed  upslope.  The  scheme  con- 
siders that  the  energy  of  the  moving  ice  floe  is 
spent  on  overcoming  the  gravitational  and  friction- 


al  forces.  Using  tabulated  values  of  the  friction 
coefficient  and  taking  into  account  that  the  maxi- 
mum speed  of  ice  floes  on  lakes  and  reservoirs  is 
0.5  m/sec,  the  maximum  values  for  overthrust  of 
ice  floes  onto  the  shore  can  be  obtained.  For 
example,  an  ice  floe  with  a  thickness  of  1  m  and 
length  of  100  m  will  be  thrust  a  maximum  of  8.6  m 
onto  a  1:5  slope.  Application  of  the  scheme  for 
calculating  ice  overthrust  depends  upon  the  form 
of  deposition  of  ice  on  the  shore.  When  a  critical 
force  is  reached,  the  single  layer  system  does  not 
apply  and  hummocking  occurs.  (MacKeen-PTT) 
W9 1-08029 


BROWN    SNOW:    A    LONG-RANGE    TRANS- 
PORT EVENT  IN  THE  CANADIAN  ARCTIC. 

Department   of  Fisheries  and   Oceans,   Winnipeg 
(Manitoba).  Freshwater  Inst. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 102 


2D.  Evaporation  and  Transpiration 


METEOROLOGIC  AND  HYDROLOGIC  DATA 
COLLECTED  FOR  COMPUTING  EVAPORA- 
TION FROM  DEVILS  LAKE,  NORTH 
DAKOTA,  1986-88. 

Geological  Survey,  Bismarck,  ND.  Water  Re- 
sources Div. 

B.  A.  Sether,  and  G.  J.  Wiche. 
Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
North  Dakota  State  Water  Commission  Water- 
Resources  Investigations  Report  10,  1989.  172p,  33 
tab,  1  plate. 

Descriptors:  'Devils  Lake,  'Evaporation,  'Hydro- 
logic  data  collections,  'Meteorological  data  collec- 
tion, 'North  Dakota,  Air  temperature,  Conductivi- 
ty, Data  collections,  Dissolved  oxygen,  Humidity, 
Hydrogen  ion  concentration,  Radiation. 

Meteorologic  and  hydrologic  data  were  collected 
in  the  Devils  Lake  basin,  northeast  North  Dakota, 
to  evaluate  evaporation  from  Devils  Lake.  Mete- 
orologic data  collected  include  shortwave  and 
longwave  radiation,  air  temperature,  relative  hu- 
midity, wind  speed,  wind  direction,  precipitation, 
and  dry  and  wet  bulb  temperature.  Hydrologic 
data  collected  include  water  temperature,  specific 
conductance,  pH,  and  dissolved  oxygen.  The  data 
are  presented  for  calendar  years  1986  through 
1988.  (Author's  abstract) 
W9 1-07 188 


USING  A  PROGRAMMABLE  CALCULATOR 
FOR  DETERMINING  POTENTIAL  EVAPORA- 
TION RATES. 

Fort  Lauderdale  Research  and  Education  Center, 

FL. 

G.  E.  Fitzpatrick,  and  S.  D.  Verkade. 

Journal  of  Environmental  Horticulture  JEHOD5, 

Vol.  7,  No.  3,  p  118-121,  February  1991.  2  tab,  8 

ref. 

Descriptors:  'Computer  programs,  'Crop  produc- 
tion, 'Evapotranspiration  potential,  'Irrigation 
scheduling,  'Mathematical  models,  'Plant-water 
relationships,  'Thornthwaite  procedure,  Analyti- 
cal methods,  Cost  analysis,  Irrigation,  Nursery 
crops,  Performance  evaluation,  Temperature. 

Supplying  irrigation  in  correct  amounts  and  at 
proper  intervals  can  be  pivotal  in  the  successful 
production  of  a  nursery  crop.  A  program  is  pre- 
sented allowing  the  computation  of  uncorrected 
potential  evapotranspiration  (ET-p)  rates  a  using 
low-cost  (<$50)  hand-held  programmable  calcula- 
tor. This  program  requires  the  user  to  supply  aver- 
age local  or  on-site  monthly  temperatures.  The 
first  part  of  the  program  computes  the  annual  heat 
index  and  the  exponent  necessary  for  ET-p  deter- 
mination. The  second  part  of  the  program  com- 
putes monthly  ET-p  rates  by  the  Thornthwaite 
procedure  as  each  average  monthly  temperature  is 
keyed  in.  Comparisons  of  computed  ET-p  rates 
with  measured  actual  evapotranspiration  rates  of 
various  container-grown  nursery  crops  show  good 
correlation.  (Author's  abstract) 


W9 1 -07579 

CONTRIBUTION  TO  RESEARCH  OF  EVAPO- 
TRANSPIRATION USING  REMOTELY 
SENSED  CROP  TEMPERATURE. 

Ljubljana  Univ.  (Yugoslavia).  Div.  for  Agricultur- 
al Water  Management  and  Engineering. 
B.  Maticic,  and  M.  Feges. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  21-24,  2 
fig,  5  ref. 

Descriptors:  'Data  acquisition,  'Evapotranspira- 
tion, 'Infrared  imagery,  'Remote  sensing,  'Yugo- 
slavia, Eddy  diffusion,  Energy  balance,  Grasslands, 
Heat  transfer,  Lysimeters,  Penman  equation,  Wind. 

The  estimation  of  evapotranspiration  by  the  modi- 
fied Penman-Monteith  method  is  based  on  the 
energy  balance  equation  involving  net  radiation 
flux,  latent  heat  flux,  sensible  heat  flux,  and  soil 
heat  flux.  The  crop  canopy  (grass)  temperature  in  a 
large  weighing  lysimeter  was  measured  at  a  re- 
search facility  in  Yugoslavia  using  a  remote  infra- 
red thermometer.  The  energy  balance  for  the  at- 
mosphere-crop plane  was  calculated  as  well  as  the 
turbulent  diffusion  resistance  for  heat  transfer, 
these  being  the  basic  parameters  for  the  estimation 
of  evapotranspiration.  Differences  in  energy  bal- 
ance were  found  to  be  due  to  too  short  a  time 
averaging  interval,  which  will  be  extended  in  the 
future.  In  the  future,  heat  flux  will  be  measured 
with  a  soil  heat  flux  plate  in  order  to  obtain  more 
realistic  data.  The  relation  between  calculated 
values  of  turbulence  diffusion  resistance  for  differ- 
ent wind  speeds  will  be  used  for  the  determination 
of  evapotranspiration  by  the  Penman-Monteith 
method.  (See  also  W9 1-07920)  (Fish-PTT) 
W9 1-07923 

2E.  Streamflow  and  Runoff 

NUTRIENT  LOADING  STATUS  OF  THE  CON- 
ESTOGA  RIVER  BASIN,  1985-1989. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA.  Resource  Quality  Management  and  Protection 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07209 


EFFECT  OF  SUBSTRATE  COMPOSITION  ON 
DETRITUS  ACCUMULATION  AND  MA- 
CROINVERTEBRATE  DISTRIBUTION  IN  A 
SOUTHERN  NEVADA  DESERT  STREAM. 

Nevada   Univ.,    Las   Vegas.    Dept.   of  Biological 

Sciences. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07399 


FISHES  OF  THE  RIO  DE  LA  CONCEPCION 
BASIN,      SONORA,      MEXICO,      AND      THE 
STATUS  OF  THE  SONORA  CHUB,  GILA  DI- 
TAENIA,  A  SPECIES  IN  DANGER  OF  EXTINC- 
TION (LOS  PECES  DE  LA  CUENCA  DEL  RIO 
DE  LA  CONCEPCION,  SONORA,  MEXICO,  Y 
EL  ESTATUS  DEL  CHARALITO  SONORESE, 
GILA  DITAENIA,  UNA  ESPECIE  EN  AMEN- 
AZA  DE  EXTINCION). 
Arizona  Game  and  Fish  Dept.,  Phoenix. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07401 


RIVERINE  FORESTS. 

East   Carolina   Univ.,   Greenville,    NC.   Dept.   of 

Biology. 

M.  M.  Brinson. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.  p  87-141.  18  fig,  11  tab,  153  ref. 

Descriptors:  'Flood  plains,  'Forests,  'Reviews, 
•Swamps,  'Wetland  forests,  Arid  climates,  Bio- 
geography,  Biomass,  Buffering,  Climates,  Flood- 
ing, Geomorphic  characteristics,  Hydrologic  as- 
pects, Hydroperiod,  Ice  drift,  Nutrients,  Salinity, 


WATER  CYCLE— Field  2 


Sediment  transport,  Sediments,  Species  composi- 
tion, Topography,  Tundra,  Water  quality. 

Riverine  forests  are  those  that  owe  their  dynamics, 
structure,  and  composition  to  river  processes  of 
inundation,  transport  of  sediments,  or  the  abrasive 
and  erosive  forces  of  water  and  ice  movement. 
These  forests  owe  their  uniqueness  to  the  special 
hydrologic  conditions  and  geomorphic,  dynamic 
characteristic  of  floodplains.  They  vary  in  struc- 
ture from  communities  of  massive  trees  which 
tolerate  deep  flooding  in  the  humid  tropics,  to 
shrub  thickets  in  the  Arctic  tundra  which  sprout 
after  periodic  scour  by  ice  and  gravel.  Within  a 
geomorphic  context,  the  climate,  hydroperiod,  sa- 
linity, and  biogeographic  location  are  the  four 
principal  factors  that  influence  species  composi- 
tion. Historical  patterns  of  river  channel  move- 
ment, induced  by  infrequent  catastrophic  floods, 
are  responsible  for  the  gross  topographic  features 
found  in  riverine  forests.  In  general,  riverine  forest 
have  greater  basal  area,  biomass,  and  biomass  pro- 
duction rates  than  uplands  of  the  same  location,  a 
pattern  which  is  most  striking  in  arid  climates.  As  a 
result  of  their  position  in  the  landscape,  riverine 
forests  play  a  critical  role,  disproportionately  large 
for  their  size,  in  buffering  potential  impacts  on 
water  quality  of  rivers  from  disturbances  in  upland 
ecosystems.  Since  these  forests  are  so  dependent 
on  imported  water,  nutrients,  and  sediments,  they 
are  therefore  also  vulnerable  to  alteration  when 
deprived  of  these  materials.  In  this  review,  empha- 
sis was  placed  on  the  wide  variety  of  riverine 
forests  that  occur  in  the  U.S.A  and  Canada.  (See 
also  W9 1-07424)  (Medina-PTT) 
W91-07428 


WOODED  SWAMPS  IN  NEW  GUINEA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Canberra  (Australia).  Div.  of  Land 

Research. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07437 

DISSOLVED  INORGANIC  ALUMINUM  IN 
ACIDIC  STREAM  AND  SOIL  WATERS  IN 
WALES. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W91-07483 


CATCHMENT  CHARACTERISTICS  AND 
BASIN  HYDROLOGY:  THEIR  EFFECTS  ON 
STREAMWATER  ACIDITY. 

NRA  Welsh  Region,  Cardiff. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-07485 


when    a   dam    ruptures,    a    discontinuity    (wave) 
begins  to  propagate  downstream.  Calculations  indi- 
cated that  the  discontinuity  would  move  43  km 
downstream  in  53  min.  (King-PTT) 
W91-07531 


EMERGENCE  OF  STONEFLIES  (PLECOP- 
TERA)  FROM  THE  ROSEAU  RIVER,  MANITO- 
BA. 

Department  of  Fisheries  and  Oceans,   Winnipeg 

(Manitoba).  Freshwater  Inst. 

J.  F.  Flannagan,  and  D.  G.  Cobb. 

American    Midland    Naturalist    AMNAAF,    Vol. 

125,  No.  1,  p  47-54,  January  1991.  3  fig,  3  tab,  31 

ref. 

Descriptors:  'Aquatic  insects,  *Baseline  studies, 
♦Canada,  ♦Drought  effects,  *Interbasin  transfers, 
♦Introduced  species,  ♦Irrigation  projects,  ♦Life  his- 
tory studies,  ♦Manitoba,  ♦Roseau  River,  ♦Stone- 
flies,  ♦Stream  biota,  Aquatic  habitats,  Population 
dynamics,  Seasonal  variation,  Species  diversity, 
Substrates,  Water  temperature. 

Emergence  of  aquatic  insects  from  an  area  of 
rapids  and  an  associated  pool  in  the  Roseau  River, 
Manitoba,  was  studied  in  1976  and  1977  as  part  of  a 
project  to  provide  background  information  on  the 
aquatic  insect  fauna  of  the  Churchill/Nelson  drain- 
age system.  The  project  was  initiated  because  a 
proposed  irrigation  scheme  in  the  north-central 
United  States  would  divert  water  from  the  Missis- 
sippi/Missouri drainage  system  to  the  Churchill/ 
Nelson  system  and  there  was  a  possibility  of  trans- 
fer of  exotic  aquatic  insect  species  into  Manitoba 
waters.  Four  1  sq.  m  box-emergence  traps  were 
positioned  over  four  substrates  (boulder,  cobble, 
gravel  and  sand)  in  a  section  of  riffle  and  an 
associated  pool  in  the  Roseau  River.  Sampling  was 
conducted  during  the  open  water  seasons  of  1976 
and  1977  and  traps  were  emptied  every  2nd  day. 
There  were  1808  stoneflies  representing  7  species, 
and  412  stoneflies  representing  6  species  caught  in 
1976  and  1977,  respectively.  The  reduction  in  den- 
sity and  numbers  of  species  in  1977  is  postulated  to 
be  the  result  of  a  drought  late  in  1976.  Stoneflies 
emerged  6-10  days  earlier  in  1977  compared  to 
1976  as  a  result  of  higher  spring  water  tempera- 
tures in  1977.  Stonefly  emergence  date  could  be 
predicted  from  the  sum  of  degree-days  in  the 
spring  of  their  emergence  year.  Most  emergence 
occurred  at  night  or  in  the  morning  but  a  few 
individuals  emerged  during  the  brightest  part  of 
the  day.  Numerical  abundance  for  most  species 
was  highest  over  larger  substrates  (boulder  and 
cobble)  in  1976,  whereas  in  1977  an  unexpectedly 
large  number  emerged  over  smaller  substrates 
(gravel  and  sand).  (Author's  abstract) 
W9 1-07550 


FLOW  IN  A  RIVER  AFTER  RUPTURE  OF  A 
DAM:  CALCULATION  BY  THE  FINITE  DIF- 
FERENCES METHOD  WITH  ASSOCIATED 
FLOW  CHARACTERISTICS  (ECOULEMENT 
EN  RIVIERE  APRES  UNE  RUPTURE  DE  BAR- 
RAGE: CALCUL  PAR  LA  METHODS  DES  DIF- 
FERENCES FINIES  ASSOCIEES  AVEC  DES 
CARACTERISTIQUES). 
Institute  of  Mathematics,  Hanoi  (Vietnam). 
H.  Q.  On,  and  T.  G.  Lich. 

Houille  Blanche  HOBLAB,  Vol.  1990,  No.  6,  p 
433.440,  1990,  8  fig,  1  tab,  10  ref.  English  summa- 
ry- 
Descriptors:  ♦Dam  failure,  ♦Finite  difference 
methods,  ♦Flow  characteristics,  4Flow  equations, 
♦Hydrodynamics,  ♦Model  studies,  ♦Open-channel 
flow,  ♦River  flow,  Algorithms,  Hydraulic  geome- 
try, Mass  balance,  St  Venant  equation,  Wave  prop- 
agation. 

Equations  of  flow  based  on  the  mass  balance  of 
open-channel  flow  were  combined  with  the  Saint 
Venant  equations  to  form  hyperbolic  quasilinear 
equations.  This  algorithm  was  applied  to  a  hypo- 
thetical natural  river  of  400  km  length  with  a  dam 
at  200  km.  The  initial  depth  of  the  water  above  the 
dam  was  104  m  and,  below  the  dam,  9  m.  The 
initial  flow  was  11,000  cu  m/sec.  The  channel 
widths,  water  levels,  and  the  areas  of  transverse 
sections  were  all  known.  This  model  showed  that 


STRONTIUM   IN   RIVERS   OF   THE   BALTIC 
BASIN. 

Stockholm  Univ.  (Sweden).  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2K. 
W91-07553 


INFLUENCE  OF  A  FLOOD  EVENT  ON  PHY- 
TOPLANKTON  SUCCESSION. 

Zurich  Univ.,  Kilchberg  (Swizerland).  Hydrobio- 

logical-Limnological  Station. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07  5  54 


UNIONIDAE  OF  THE  CHAGRIN  RIVER:  THE 
REMNANT  OF  A  MOLLUSCAN  FAUNA. 

Ohio  Dept.  of  Natural  Resources,  Columbus.  Div. 

of  Natural  Areas  and  Preserves. 

M.  A.  Hoggarth. 

Ohio  Journal  of  Science  OJSCA9,  Vol.  90,  No.  5, 

p  ,  December  1990. 

Descriptors:  ♦Chagrin  River,  ♦Ecological  distribu- 
tion, ♦Freshwater  mussels,  ♦Mollusks,  ♦Ohio, 
♦Stream  biota,  Aquatic  animals,  Biogeography, 
Distribution  patterns,  Species  composition,  Species 
diversity,  Water  quality  control,  Waterfalls. 

The  study  of  the  distribution  of  the  Unionidae  of 
Ohio  reveals  information  on  the  biogeography  of 


Streamflow  and  Runoff— Group  2E 

this  family  that  may  be  useful  in  the  study  of  other 
groups  of  animals.  Thirty  sites  in  the  Chagrin 
River  and  its  major  tributaries,  the  East  and 
Aurora  branches,  were  sampled  for  freshwater 
mussels  during  this  study.  A  total  of  268  specimens 
representing  nine  species  of  the  family  Unionidae 
were  found.  Living  and/or  freshly  dead  specimens 
of  eight  species  were  identified.  Additionally,  a 
single  subfossil  fragment  of  Alasmidonta  marginata 
was  taken,  indicating  that  this  species  once  oc- 
curred in  the  river.  Three  reaches  of  the  Chagrin 
River  system  supported  Unionidae:  the  Aurora 
branch  contained  five  species,  the  main  stem  of  the 
Chagrin  River  below  the  town  of  Chagrin  Falls 
contained  five  species,  and  the  Chagrin  River 
above  Chagrin  Falls  contained  seven  species.  The 
river  above  the  falls  contained  the  most  significant 
proportion  of  the  fauna  in  the  system,  with  over 
80%  of  all  specimens  collected  from  this  reach, 
and  suggests  that  the  falls  has  not  always  acted  as  a 
barrier  to  distribution.  Whatever  the  source  of  the 
Unionidae  of  the  upper  Chagrin  River,  it  a  appar- 
ent that  this  unexpected  fauna  has  been  isolated 
since  the  river  established  its  current  drainage  pat- 
tern. Any  threat  that  reduces  habitat  diversity, 
water  quality,  or  substrate  stability  in  this  reach 
has  the  potential  to  significantly  reduce  species 
diversity  in  the  entire  system.  (Author's  abstract) 
W9 1-07572 


FISHES  OF  CRUTCHO  CREEK  AND  THE 
NORTH  CANADIAN  RIVER  IN  CENTRAL 
OKLAHOMA:  EFFECTS  OF  URBANIZATION. 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
For  primary  bibliographic  entry  see  Field  4C. 
W9 1-07576 


SPAWNING  AND  MOVEMENTS  OF  RAZOR- 
BACK  SUCKER,  XYRAUCHEN  TEXANUS,  IN 
THE  GREEN  RIVER  BASIN  OF  COLORADO 
AND  UTAH. 

Fish  and  Wildlife  Service,  Vernal,  UT. 

For  primary  bibliographic  entry  see  Field  81. 

W91-07577 


AUTUMN  SPAWNING  AND  OTHER  REPRO- 
DUCTIVE NOTES  ON  LOACH  MINNOW,  A 
THREATENED  CYPRINID  FISH  OF  THE 
AMERICAN  SOUTHWEST. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  81. 
W91-07578 

RUNOFF  AND  PEAK  DISCHARGES  USING 
GREEN-AMPT  INFILTRATION  MODEL. 

Soil  Conservation  Service,  Bozeman,  MT. 
For  primary  bibliographic  entry  see  Field  2A. 
W9 1-07593 


UNIFIED  THEORY  ON  POWER  LAWS  FOR 
FLOW  RESISTANCE. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07594 


STABILITY  OF  GRADUALLY  VARYING 
FLOW  IN  WIDE  OPEN  CHANNELS. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 

of  Civil  Engineering. 

C.  Kranenburg. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 

No.  5,  p  621-628,  1990.  3  fig,  8  ref. 

Descriptors:  ♦Hydraulic  engineering,  ♦Open-chan- 
nel flow,  ♦Wave  height,  4Wave  propagation, 
♦Waves,  Flow  equations,  Flow  velocity,  Froude 
number,  Surface  flow,  Wave  action. 

High-velocity  free  surface  flows  may  exhibit  insta- 
bilities which  develop  from  small  initial  disturb- 
ances and  grow  until  a  series  of  breaking  waves  or 
roll  waves  are  formed.  Stability  criteria  and 
growth  rates  of  long-wave  disturbances  in  gradual- 
ly varying  open-channel  flow  were  derived  from 
an  amplitude  evolution  equation  for  weakly  nonlin- 
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Group  2E— Streamflow  and  Runoff 

ear  shallow-water  waves.  In  the  case  of  uniform 
flow,  it  was  shown  thai  a  disturbance  propagating 
against  the  current  is  always  stable,  and  that  a 
disturbance  travelling  with  the  current  becomes 
unstable  if  the  Froude  number  is  greater  than  2. 
The  streamwise  nonuniformity  of  the  flow  was 
found  to  influence  the  stability  substantially,  in 
accord  with  previously-published  results.  For  ex- 
ample, supercritical  flows  on  a  horizontal  bed  are 
always  unstable,  and  in  certain  cases  even  subcriti- 
cal  flows  are  unstable  for  disturbances  travelling 
with  the  current  as  well  as  against  it.  The  behavior 
of  the  instabilities  was  examined  by  extending  the 
amplitude  evolution  equation  with  higher-order 
contributions.  It  can  be  shown  that  steady,  period- 
ic solutions  do  not  exist  in  the  case  of  nonbreaking 
waves.  However,  these  solutions  do  exist  for 
breaking  waves.  Wave  growth  caused  by  instabil- 
ity is  then  balanced  by  the  dissipative  effect.  Roll 
waves  tend  to  merge  to  form  longer  and  higher 
roll  waves.  (Fish-PTT) 
W9 1-07602 


KRIGING  TECHNIQUE  FOR  RIVER  FLOOD 
REPRESENTATION  (LE  KRIGEAGE  DUAL, 
UNE  TECHNIQUE  POUR  LA  CARTOGRA- 
PHY AUTOMATISEE  DES  ZONES  D'lNON- 
DATION). 

Ecole  Polytechnique,  Montreal  (Quebec).  Groupe 
de  Recherche  CASTORPLUS. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-07603 


APPLICATIONS  OF  HYDROLOGIC  INFOR- 
MATION AUTOMATICALLY  EXTRACTED 
FROM  DIGITAL  ELEVATION  MODELS. 

EROS  Data  Center,  Sioux  Falls,  SD. 

For  primary  bibliographic  entry  see  Field  7C. 

W9 1-076 17 


CONTINENTAL  HYDROLOGICAL  ASSESS- 
MENT OF  A  NEW  GRID-BASED  DIGITAL 
ELEVATION  MODEL  OF  AUSTRALIA. 

Australian  National  Univ.,  Canberra.  Centre  for 
Resource  and  Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-076 18 


PREDICTION  OF  HILLSLOPE  FLOW  PATHS 
FOR  DISTRIBUTED  HYDROLOGICAL  MOD- 
ELLING USING  DIGITAL  TERRAIN  MODELS. 

Lancaster  Univ.  (England).  Centre  for  Research 
on  Environmental  Systems. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-076 19 


EXTRACTION    OF    CHANNEL    NETWORKS 
FROM  DIGITAL  ELEVATION  DATA. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-07620 


TERRAIN  ANALYSIS  FOR   URBAN  STORM- 
WATER  MODELLING. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-07622 


PEAKFLOW  ESTIMATION  USING  AN  ANTE- 
CEDENT PRECIPITATION  INDEX  (API) 
MODEL  IN  TROPICAL  ENVIRONMENTS. 

Oregon  State  Univ.,  Corvallis.  Agricultural  Exper- 
iment Station. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-07726 


FLOOD    AND    LANDSLIDE    HAZARD    MAP- 
PING, SOLOMON  ISLANDS. 

Department  of  Scientific  and  Industrial  Research, 

Palmerston  North  (New  Zealand).  Div.  of  Land 

and  Soil  Sciences. 

N.  A.  Trustrum,  I.  E.  Whitehouse,  P.  M.  Blaschke, 

and  P.  R.  Stephens. 

IN:  Research  Needs  and  Applications  to  Reduce 


Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  138-146.  1  fig,  1  tab,  7  ref. 

Descriptors:  "Cyclones,  *Flood  forecasting, 
•Flooding,  'Hazard  assessment,  'Landslides,  'Sol- 
omon Islands,  Aerial  photography,  Cyclone  Namu, 
Flood  frequency,  Flood  hazard,  Guadalcanal,  Ma- 
laita,  Mapping,  Simulation  analysis,  Stream  chan- 
nels. 

Cyclone  Namu  in  1986  highlighted  the  enormity  of 
the  risk  to  life  and  property  on  Guadalcanal  from 
natural  hazards.  Buildings,  roads,  bridges,  crops 
and  forests  were  destroyed  and  at  least  100  people 
were  killed.  An  aerial  photographic  reconnaissance 
survey  of  the  two  most  severely  damaged  islands, 
Guadalcanal  and  Malaita,  was  undertaken  three 
months  after  the  storm.  To  assist  the  Solomon 
Islands  Government  in  reducing  the  impact  of 
future  disasters,  flood  and  landslide  hazard  map- 
ping was  later  completed  for  eight  major  water- 
sheds in  northern  Guadalcanal.  Over  75%  of  the 
400  sq  km  Guadalcanal  plain  flooded  in  Cyclone 
Namu  and  can  be  expected  to  flood  in  similar  low 
probability  events  in  the  future.  Areas  of  frequent 
flooding  are  confined  to  the  river  channels  and 
adjacent  low  terraces.  Most  of  the  plain  has  a 
moderate  flood  hazard,  with  the  likelihood  of 
flooding  occurring  in  any  one  year  assessed  as  1  to 
5%.  Impeded  drainage  makes  surface  water  flood- 
ing a  problem  over  much  of  the  plain.  Landsliding 
is  frequent  on  steep  slopes  in  the  mountains  and  is 
most  widespread  in  Mbalisuna,  Ngalimbiu  and 
Mberande  watersheds.  Siting  of  developments, 
both  existing  and  proposed,  should  consider  the 
consequences  of  flooding  and  landsliding.  Ideally, 
new  development  should  occur  in  areas  considered 
safe  or  with  a  low  probability  of  flooding  or  lands- 
liding. Where  applicable,  protection  from  flooding 
may  be  required.  Evacuation  strategies  and  relief 
planning  also  may  be  improved  to  cope  with  future 
flooding.  (See  also  W9 1-077 13)  (Author's  abstract) 
W9 1-07727 


SURFICIAL  PROCESSES  IN  THE  RAINFOR- 
EST OF  WESTERN  AMAZONIA. 

Bern  Univ.  (Switzerland).  Geographisches  Inst. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07742 


LOW  FLOWS  DURING  THE  1988  DROUGHT 
IN  TENNESSEE. 

Geological  Survey,  Nashville,  TN.  Water  Re- 
sources Div. 

J.  F.  Lowery,  and  J.  F.  Connell. 
Available   from   Books  and   Open   Files   Reports 
Section,   USGS  Box  25425,   Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  89- 
4149,  1990.  lp,  2  fig,  1  tab,  3  ref. 

Descriptors:  'Drought,  'Hydrologic  maps,  'Low 
flow,  'Maps,  'Tennessee,  Flow  profiles,  Net- 
works, Precipitation,  Rainfall,  Rainfall-runoff  rela- 
tionships, Specific  conductivity,  Streamflow,  Tem- 
perature, Water  deficit. 

A  severe  drought  occurred  across  large  areas  of 
Tennessee  during  the  summer  of  1988.  Rainfall, 
which  was  below  normal  in  the  previous  2  yrs, 
totaled  only  39.4  inches  in  1988  and  was  8.8  inches 
below  the  1951-80  normal  of  48.2  inches.  Stream- 
flows  across  the  State  declined  with  the  reduction 
in  rainfall,  and  water  supplies  became  critically 
low  in  several  communities  in  Middle  Tennessee 
that  rely  on  surface  water  sources  for  their  supply. 
To  document  the  intensity  (or  severity)  of  the 
drought,  the  US  Geological  Survey,  in  coopera- 
tion with  the  Tennessee  Department  of  health  and 
Environment,  measured  low  flows  throughout  the 
State  during  the  summer  of  1988.  An  intensive 
program,  which  initially  included  the  measurement 
of  streamflow  at  198  sites,  was  begun  in  early  1988. 
Streamflow  measurements  were  made  at  sites 
where  flow  was  present,  and  dry  conditions  were 
recorded  at  sites  where  there  was  no  flow.  Meas- 
urements at  selected  sites  from  the  network  and  at 
60  additional  sites  were  made  during  August  and 
September  1988.  The  specific  conductance  and 
temperature  of  the  water  were  recorded  at  most  of 


the  sites  where  streamflow  measurement  was 
made.  For  most  of  the  sites  visited  during  July 
1988,  the  3-day  20-yr  (3Q20)  recurrence-interval 
minimum  flow  had  been  defined  during  previous 
investigations.  The  lowest  measured  flows  in 
summer  1988  and  the  3Q20  low  flow  data  are 
presented  along  with  data  collected  during  the  low 
flow  study,  including  the  discharges  and  specific 
conductance  and  temperature  measurements.  (Au- 
thor's abstract) 
W9 1-078 12 


INFLUENCE  OF  MICROFORM  BED  ROUGH- 
NESS ELEMENTS  ON  FLOW  AND  SEDIMENT 
TRANSPORT  IN  GRAVEL  BED  RIVERS. 

London  Univ.  (England). 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07851 


MODELLING    PHOTOSYNTHETIC    OXYGEN 
PRODUCTION  IN  RIVERS. 

Florence  Univ.  (Italy).  Dept.  of  Systems  and  Com- 
puter Science. 
For  primary  bibliographic  entry  see  Field  2H. 

W91-07858 


EFFECTS  OF  LIVESTOCK  GRAZING  ON  RI- 
PARIAN AND  STREAM  ECOSYSTEMS. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-07867 


REGIONALIZATION  IN  HYDROLOGY. 

For  primary  bibliographic  entry  see  Field  2A. 
W9 1-07920 


REMOTE-SENSING  TECHNIQUES  FOR  DE- 
TERMINING THE  REGIONALLY  VARIABLE 
CHARACTERISTICS  OF  DRAINAGE  BASINS. 

Institutul  de  Meteorologie  si  Hidrologie,  Bucharest 
(Romania). 

H.  Grumazescu,  G.  Stancalie,  and  C.  Ungureanu. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  3-10,  4 
fig,  3  ref. 

Descriptors:  'Catchment  areas,  'Hydrologic  data 
collections,  'Hydrologic  models,  'Regional  analy- 
sis, 'Remote  sensing,  'Terrain  analysis,  Data  inter- 
pretation, Geographic  information  systems,  Land- 
sat  images,   Romania,   Snowmelt,  Surface  runoff. 

Image  data  obtained  by  means  of  aerial  photo- 
graphs or  from  MSS  Landsat  records  can  be  valua- 
ble information  sources  for  the  analysis  of  the 
factors  characterizing  spatial  variability  that  influ- 
ence and  condition  the  water  runoff  in  a  drainage 
basin.  These  methods  were  used  for  the  determina- 
tion of  the  characteristics  of  the  basins  on  a  local 
and  regional  scale.  The  established  land  unit  was 
the  'facet'  defined  as  a  relief  element,  homogeneous 
from  the  standpoint  of  factors  acting  upon  the 
water  runoff.  The  transition  from  the  local  to  the 
regional  scale  was  achieved  by  successive  integra- 
tion of  'facets'  in  elementary  drainage  basins,  and 
these  in  basins  of  higher  order.  The  storage  and 
handling  of  data  on  the  characteristic  features  of 
the  'facets'  in  a  drainage  basin  were  based  on  a 
Geographic  Information  System  principle.  The 
data  defining  the  physical  characteristics  of  'facets' 
were  organized  in  a  file  structured  on  items,  each 
item  explicitly  containing  the  space  localization 
code,  the  order  of  the  basin  and  the  distance  from 
the  control  section,  the  surface,  the  elevation 
range,  the  slope,  its  orientation,  the  roughness,  the 
land  cover,  and  the  soil  granulometry.  Data  on  a 
single  component  of  the  'morphological'  system 
for  a  'facet'  or  an  elementary  catchment  area,  or 
data  on  all  the  components  within  their  space 
interrelation  at  the  level  of  the  'facets'  or  of  the 
catchment  area,  can  be  made  available.  These  tech- 
niques are  currently  used  in  Romania  to  provide 
relevant  information  for  developing  and  updating 
snowmelt-runoff  models.  (See  also  W9 1-07920) 
(Fish-PTT) 
W91-07921 
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ENVIRONMENTAL  TRACER  APPROACH  AS 
A  TOOL  FOR  HYDROLOGICAL  EVALUA- 
TION AND  REGIONALIZATION  OF  CATCH- 
MENT SYSTEMS. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 
Inst,  fuer  Geographic 
A.  Herrmann,  B.  Finke,  M.  Schoniger,  P. 
Maloszewski,  and  W.  Stichler. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  45-58,  3 
fig,  4  tab,  22  ref. 

Descriptors:  'Environmental  tracers,  'Europe, 
•Hydrologic  budget,  'Hydrologic  models,  *Iso- 
topic  tracers,  'Regional  analysis,  'Small  water- 
sheds, 'Surface-groundwater  relations,  Flood  hy- 
drographs,  Forest  hydrology,  Groundwater  re- 
charge, Hydrograph  analysis,  Hydrologic  cycle, 
Mathematical  models,  Model  studies,  Recharge 
basins,  Watersheds. 

The  contribution  of  environmental  isotope  tracer 
techniques  (3-H,  2-H,  18-0)  to  new  insights  into 
turnover  mechanisms  of  water  in  small  hydrologi- 
cal  catchment  systems  were  examined  with  respect 
to  their  regionalization.  Areal  hydrological  and 
hydraulic  parameters  with  the  most  important 
direct  and  indirect  runoff  proportions  as  well  as 
mean  transit  times  and  storage  volumes  of  mobile 
water  for  distinct  subsurface  reservoirs,  respective- 
ly, were  determined  from  isotopical  hydrograph 
separation  and  mathematical  flow  model  applica- 
tion to  isotopical  system  functions  using  the  Lange 
Bramke  basin  (Harz  Mountains  in  Central  Europe) 
of  fractured  Paleozoic  rock  and  0.76  sq  m  as  an 
example.  Special  attention  is  drawn  to  differences 
between  these  modern  and  classical  basin  water 
balances.  Accordingly,  the  classical  methods  con- 
siderably underestimate  flood  hydrograph  genera- 
tion by  dominant  groundwater  supply,  and 
groundwater  recharge  rates  by  up  to  two  to  three 
times.  Finally,  the  concept  for  a  hydrodynamic 
(numerical)  catchment  model  was  propagated  for 
regionalization  of  main  hydrological  processes  and 
parameters  mentioned,  by  introducing  the  forest 
hydrological  BROOK  model  as  a  very  promising 
starting  point.  (See  also  W9 1-07920)  (Author's  ab- 
stract) 
W9 1-07926 


LARGER-SCALE  HYDROLOGICAL  MODEL- 
LING FOR  REGIONAL  TRANSFERRING  OF 
HYDROLOGICAL  INFORMATION. 

Institut  fuer  Wasserwirtschaft,  Berlin  (German 
D.R.). 

A.  Becker,  and  B.  Pfuetzner. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  61-68,  4 
fig,  1 1  ref. 

Descriptors:  'Hydrologic  models,  'Large  water- 
sheds, 'Model  studies,  'Regional  analysis,  'Sur- 
face-groundwater relations,  Closed  basins,  Germa- 
ny, Groundwater  movement,  Hydrologic  budget, 
Infiltration,  Model  testing,  Soil  water. 

Conceptual  hydrological  models  may  be  used  effi- 
ciently for  larger-scale  hydrological  modeling.  In 
modeling  groundwater  flow  it  is  important  to  iden- 
tify hierarchically-nested  local,  intermediate,  and 
regional  groundwater  flow  systems  and  to  define 
an  adequate  model  structure.  The  application  of  a 
two-level  modeling  concept  is  recommended:  a 
first-level  model  which  concerns  all  vertical  proc- 
esses, and  a  second-level  model  which  concerns 
the  more  or  less  lateral  flow  processes  in  different 
levels  and  subsystems  and  which  is  principally 
river-basin  and  groundwater  systems  oriented.  Pro- 
ceeding from  the  specific  objective  of  the  given 
modeling  task,  first  the  time  step  for  computations 
must  be  fixed  and  then,  as  the  first  major  modeling 
step,  the  structure  of  the  model  under  development 
must  be  defined.  As  wet  areas  often  occur  as 
closed  subareas  in  a  river  basin,  their  moisture 
regime  (water  balance)  can  be  handled  effectively 
'en  bloc'  The  hydrological  processes  occurring  at 
the  land  surface,  especially  direct  runoff  formation 
and  evapotranspiration,  are  characterized  by  signif- 
icant areal  variability,  due  to  the  heterogeneity  of 
land  surfaces  and  soil  conditions.  Therefore,  it  is 


necessary  to  apply  a  distributed  model,  in  particu- 
lar, in  the  first-level  modeling.  Most  of  these  work- 
ing principles  were  tested  practically  in  river 
basins  in  the  northern  lowlands  of  Germany.  It  was 
found  that  the  approach  used  for  estimation  of  the 
parameters  of  the  soil  capillary  water  model  per- 
mits use  of  generally  available  data  on  the  distribu- 
tion of  soil  types.  An  advanced  model  was  devel- 
oped and  tested  which  better  takes  into  account 
the  interrelationships  between  infiltration  and  exfil- 
tration  areas.  Drainage  flow  can  make  up  an  im- 
portant portion  of  direct  runoff.  This  scheme  offers 
some  advantages  and  simplifications  in  contrast  to 
grid-based  distributed  models.  (See  also  W91- 
07920)  (Fish-PTT) 
W9 1-07927 


DISTRIBUTED  MODEL  DESCRIBING  THE 
INTERACTION  BETWEEN  FLOOD  HYDRO- 
GRAPHS  AND  BASIN  PARAMETERS. 

Graz  Univ.  (Austria).  Inst,  for  Hydromechanics, 
Hydraulics  and  Hydrology. 
H.  Bergmann,  G.  Richtig,  and  B.  Sackl. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  91-102, 
6  fig,  4  ref. 

Descriptors:  'Flood  basins,  'Flood  hydrographs, 
'Hydrograph  analysis,  'Hydrologic  models, 
'Model  studies,  'Rainfall-runoff  relationships, 
'Regional  analysis,  Catchment  areas,  Concentra- 
tion time,  Flood  recurrence  interval,  Flood  rout- 
ing, Retarding  basins,  Runoff,  Synthetic  hydrolo- 
gy- 

The  solution  of  water  management  problems  often 
requires  synthetic  flood  hydrographs.  A  detailed 
model  has  been  developed  which  offers  the  possi- 
bility to  determine  the  connection  between  a  given 
flood  hydrograph  and  basin  parameters.  First  the 
determination  of  a  certain  return  period  (years) 
flood  hydrograph  using  a  bivariate  regionalization 
formula  is  introduced.  Next  a  drainage  basin  is 
structured  into  square  grids  and  the  relative  runoff 
coefficient  and  the  concentration  time  value  pa- 
rameters are  calculated  for  each  square.  The  model 
is  based  mainly  on  the  application  of  a  linear 
routing  model  in  order  to  calculate  the  relation 
between  a  normalized  mass-transport  diagram  and 
the  standardized  flood  hydrograph.  In  planning 
flood-retention  basins,  a  frequent  question  con- 
cerns the  effects  of  such  structures  on  the  hydro- 
graphs  of  flood  events  with  a  certain  return  period 
at  a  certain  point  downstream.  To  obtain  the 
changed  flood  hydrograph  for  the  whole  drainage 
basin,  it  is  necessary  to  superimpose  two  partial 
hydrographs-one  for  the  area  which  will  not  be 
affected  by  retention  measures,  and  one  for  the 
area  that  will  be  affected.  (See  also  W9 1-07920) 
(Author's  abstract) 
W9 1-07930 


STUDY  OF  CEVENNES  FLOODS:  FLOOD 
GENESIS  IN  A  SMALL  FORESTED  BASIN 
SOUTH  OF  MONT  LOZERE,  FRANCE  (ETUDE 
DES  CRUES  CEVENOLES:  CONDITIONS 
D'APPARITION  DANS  UN  PETIT  BASSIN 
FORESTIER  SUR  LE  VERSANT  SUD  DU 
MONT  LOZERE,  FRANCE). 
Laboratoire  de  Geographie  Physique,  Meudon- 
Bellevue  (France). 

C.  Cosandey,  and  J.  F.  Didon-Lescot. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  103-115, 
9  fig,  1  tab,  13  ref.  English  summary. 

Descriptors:  'Flood  discharge,  'Floods,  'France, 
'Mountain  streams,  'Rainfall-runoff  relationships, 
•Small  watersheds,  Groundwater  storage,  Rainfall, 
River  basins,  River  flow,  Soil  water  potential, 
Water  table  rise. 

Flood  genesis  was  studied  in  a  small  forested  drain- 
age basin  situated  on  the  south  face  of  Mont 
Lozere  (France).  The  existence  of  a  threshold  was 
determined,  beyond  which  the  water  in  the  river 
rises  suddenly  and  quickly,  passing  in  a  few  hours 
from  300  L/s/sq  km  to  1  or  perhaps  2  cu  m/s/sq 
km,  with  continuing  rainfall.  This  threshold  corre- 


sponds to  about  270  mm  for  water  storage  of  the 
basin  (the  sum  of  groundwater  and  soil  storage). 
The  amount  of  rain  needed  to  reach  this  threshold 
varies  from  44  to  216  mm,  depending  on  the 
amount  of  this  storage  at  the  beginning  of  the 
rainfall  event.  This  observation  allows  an  interpre- 
tation of  the  flood  runoff  as  the  result  of  an  over- 
flowing of  temporary  water  tables,  which  saturate 
large  parts  of  the  basin.  Under  such  conditions,  the 
role  of  vegetal  cover  appears  to  be  of  secondary 
importance.  (See  also  W9 1-07920)  (Author's  ab- 
stract) 
W9 1-07931 


ESTIMATING  FLOW  CHARACTERISTICS  AT 
UNGAUGED  SITES. 

Geological  Survey,  Reston,  VA. 
H.  C.  Riggs. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  159-169, 
3  fig,  2  tab,  14  ref. 

Descriptors:  'Flow  characteristics,  'Flow  meas- 
urement, 'Gaging,  'Hydrologic  models,  'Regional 
analysis,  'Stage-discharge  relations,  'Streamflow 
data,  Catchment  areas,  Channel  morphology, 
Flood  peak,  Flow  discharge,  Gaging  stations,  Low 
flow,  Stream  gages. 

Given  a  network  of  gaging  stations  and  data  on  the 
climatic  and  physical  characteristics  of  drainage 
basins  in  the  region,  one  can  relate  flow  character- 
istics to  basin  characteristics  and  use  the  relation  to 
estimate  flow  characteristics  at  ungaged  sites  (re- 
gional analysis).  The  desired  flow  characteristics 
are  computed  from  the  streamflow  records  and  are 
related  by  multiple  regression  to  climatic  and  basin 
characteristics  defined  from  weather  records  and 
maps.  A  log  linear  model  is  commonly  used,  and 
the  reliability  of  the  regression  equation  is  consid- 
ered to  be  represented  by  the  standard  error. 
Where  such  relations  are  not  well-defined,  meth- 
ods that  require  collection  of  some  information  at 
the  ungaged  site  may  be  applicable.  Low  flow 
characteristics  at  an  ungaged  site  may  be  estimated 
from  discharge  measurements  of  base  flow  made 
several  times  a  year  for  two  or  more  years  and 
related  to  concurrent  discharges  of  a  nearby  gaged 
stream  for  which  the  low  flow  characteristics  have 
been  computed.  Relations  of  channel  width  to  vari- 
ous flood  peak  characteristics  may  be  used  to  make 
estimates  at  ungaged  sites.  Channel  widths  at  bank- 
full  stage  are  measured  at  the  gaged  sites  and  those 
widths  are  related  to  flood  peak  characteristics  at 
some  specific  recurrence  interval.  In  regions  where 
mean  flows  are  not  closely  related  to  drainage  area 
and  where  basin  precipitation  cannot  be  reliably 
estimated,  mean  flow  of  an  ungaged  stream  may  be 
estimated  from  one  discharge  measurement  near 
the  middle  of  each  of  12  consecutive  months,  and 
the  record  of  a  nearby  gaged  stream.  On  large 
streams  interpolation  between  gaged  points  may  be 
preferable.  (See  also  W9 1-07920)  (Fish-PTT) 
W9 1-07936 


CANONICAL  CORRELATION  APPROACH  TO 
REGIONAL  FLOOD  ESTIMATION. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Civil 
Engineering. 
G.  S.  Cavadias. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  171-178, 
5  fig,  1  tab,  20  ref. 

Descriptors:  'Flood  basins,  'Flood  data,  'Flood 
forecasting,  'Maximum  probable  floods,  'Regional 
analysis,  'Regional  floods,  Annual  floods,  Canada, 
Correlation  analysis,  Flood  frequency  analysis, 
Homogeneity,  Newfoundland. 

A  method  of  estimating  the  maximum  annual 
floods  of  a  basin  has  been  developed  which  uses 
canonical  correlation  analysis  between  the  basin 
characteristics  and  the  characteristics  of  the  distri- 
bution of  the  floods.  The  method  helps  to  deter- 
mine the  degree  of  similarity  between  the  group- 
ings of  basins  in  the  spaces  of  the  respective  canon- 
ical variables  of  the  basin  and  the  flood  characteris- 
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tics  and  provides  a  basis  for  the  determination  of 
the  homogeneous  regions  in  the  space  of  basin 
characteristics  which  takes  into  account  their  rela- 
tionships with  the  flood  characteristics.  The  pro- 
posed method  was  used  to  estimate  the  quantiles  of 
the  distribution  of  the  maximum  annual  flood  in 
the  province  of  Newfoundland,  Canada.  The  re- 
sults show  that  the  a  priori  determination  of  'ho- 
mogeneous' regions  and  the  use  of  predetermined 
regression  equations  for  estimating  the  flood  distri- 
butions of  ungaged  basins  does  not  do  justice  to  the 
difficulty  of  the  flood  estimation  problem.  The 
proposed  approach  of  determining  the  'neighbor- 
hoods' of  an  ungaged  basin  in  the  spaces  of  the 
canonical  variables  which  are  determined  on  the 
basis  of  flood  characteristics  is  a  step  toward  a 
more  flexible  estimation  of  the  distribution  of  maxi- 
mum floods  and  enables  the  design  engineer  to 
make  greater  use  of  this  knowledge  of  the  basin  for 
assessing  the  similarity  of  the  basin  with  the  other 
basins  in  its  neighborhood.  (See  also  W9 1-07920) 
(Fish-PTT) 
W9 1-07937 


USE  OF  L-MOMENTS  FOR  REGIONALIZING 
FLOW  RECORDS  IN  THE  RIO  URUGUAI 
BASIN:  A  CASE  STUDY. 

Instituto  de  Pesquisas  Hidraulicas,  Porto  Alegre 
(Brazil). 

R.  T.  Clarke,  and  L.  E.  Montenegro  Terrazas. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  179-185, 
2  tab,  5  ref. 

Descriptors:  *Flow  discharge,  'Mathematical  stud- 
ies, 'Probability  distribution,  'Regional  analysis, 
Basins,  Brazil,  Regression  analysis,  Rio  Vruguai 
Basin,  Statistical  analysis. 

The  hydrological  application  of  probability- 
weighted  moments  (PWMs)  has  been  extended  to 
derive  a  set  of  quantities  termed  L-moments, 
which  are  weighted  sums  of  the  expected  values  of 
order  statistics.  Data  from  29  sub-basins  of  the  Rio 
Uruguai  in  southern  Brazil  were  used  to  explore 
the  use  of  L-moments  to  regionalize  annual  maxi- 
mum mean  daily  discharge  (yl).  As  first  assump- 
tions, a  Gumbel  distribution  was  taken  to  describe 
the  probability  distribution  of  yl,  and  basin  area 
was  taken  as  the  principal  basin  characteristic  in 
regression  analyses.  Multivariate  (as  distinct  from 
multivariate)  regressions  were  used  to  obtain  esti- 
mates of  L-moments  of  yl  for  ungaged  basins;  and 
conventional  moments  of  yl  for  ungaged  basins, 
and  the  two  sets  of  moments  were  used  to  derive 
estimates  of  Gumbel  parameters  and  hence  esti- 
mates of  yl  with  given  return  periods,  together 
with  their  approximate  confidence  limits.  Use  of  L- 
moments  gave  estimates  with  narrower  confidence 
limits  than  conventional  moments,  although  the 
difference  was  not  large.  (See  also  W9 1-07920) 
(Author's  abstract) 
W9 1-07938 


ESTIMATING  HYDROLOGICAL  PARAM- 
ETERS FROM  BASIN  CHARACTERISTICS 
FOR  LARGE  SEMIARID  CATCHMENTS. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Wasser- 
wirtschaft,   Hydrologie  und  Landwirtschaftlichen 
Wasserbau. 
W.  Reimers. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  187-194, 
1  fig,  2  tab,  14  ref. 

Descriptors:  'Annual  runoff,  'Model  studies,  'Pa- 
rameter estimation,  'Regional  analysis,  'River 
basins,  'Semiarid  climates,  Annual  floods,  Brazil, 
Climatic  data.  Flow  characteristics,  Humid  cli- 
mates, Hydrologie  data,  Hydrologie  models,  Para- 
metric hydrology.  Regression  analysis. 

Climatic,  physiographic,  and  land-use  conditions 
influence  the  runoff  from  a  basin  directly  and 
indirectly,  and  vary  within  a  given  basin  and  be- 
tween basins.  It  is  assumed  that  the  processes  af- 
fecting runoff  can  be  described  as  linear  dependen- 
cies between  basin  characteristics  and  hydrological 
variables.    Mean    annual    runoff  and    mean    daily 


annual  flood  were  predicted  from  physiographic, 
climatic,  and  land-use  basin  characteristics  for 
large  catchments  from  the  semiarid  northeast  of 
Brazil  using  multiple  regression  techniques.  The 
regression  models  were  found  to  be  similar  to 
models  developed  for  other  regions.  Differences 
concerning  the  kind  of  basin  characteristics  incor- 
porated and  the  values  of  regression  coefficients 
can  be  partly  explained  by  special  climatic  and 
physiographic  conditions  (semiarid  climate,  large 
mean  size  of  investigated  basins).  In  all  cases  basin 
size  is  a  significant  variable.  The  mean  annual 
runoff  is  approximately  proportional  to  basin  size 
for  a  humid  climate.  The  regression  coefficient 
becomes  1.0  in  this  case.  It  is  less  than  1.0  for 
semiarid  regions  where  high  evapotranspiration 
and  channel  transmission  losses  affect  runoff  from 
large  basins  more  than  runoff  from  small  ones.  (See 
also  W9 1-07920)  (Fish-PTT) 
W9 1-07939 


REGIONAL  ANALYSIS  OF  HYDROLOGICAL 
VARIABLES  IN  GREECE. 

National  Technical  Univ.,  Athens  (Greece).  Dept. 
of  Civil  Engineering. 
M.  Mimikou. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  195-201, 
1  fig,  1  tab,  8  ref. 

Descriptors:  'Greece,  'Hydrological  models, 
'Model  studies,  'Regional  analysis,  'Stream  dis- 
charge, 'Streamfiow  forecasting,  Annual  floods, 
Flood  discharge,  Flow  duration,  Hydrologie  prop- 
erties, Sediment  discharge,  Ungaged  basins,  Unit 
hydrographs. 

Data  from  drainage  basins  of  five  major  rivers  (the 
Aliakmon,  Acheloos,  Aracthos,  Aoos,  and 
Kalmas)  in  western  and  northwestern  Greece  were 
used  to  study  regional  analysis  of  various  hydrolo- 
gical variables.  The  spatial  variation  of  parameters 
of  suspended  sediment/water  discharge  rating 
curves,  of  maximum  observed  flood  discharges,  of 
lag  times  and  unitgraph  peaks  for  a  certain  storm 
duration,  of  parameters  of  flow  duration  curves, 
and  of  mean  annual  floods  for  these  basins  were 
satisfactorily  explained  in  terms  of  physiographic 
and  climatological  characteristics  by  using  step- 
wise multiple  regression  techniques.  A  logarithmic 
transformation  was  used  for  both  dependent  and 
independent  variables,  since  this  improved  the 
linear  association  between  them.  The  coefficient  of 
determination  was  used  as  a  measure  of  the  associa- 
tion of  the  variables.  A  t-test  was  used  to  check 
that  the  regression  coefficient  of  each  independent 
variable  was  not  significantly  different  from  zero. 
The  regional  models  thus  developed  were  success- 
fully used  in  predicting  hydrological  variables  for 
ungaged  basins  within  the  regions  studied.  (See 
also  W9 1-07920)  (Author's  abstract) 
W9 1-07940 


RAINFALL-RUNOFF    MODEL    FOR    SMALL 
UNGAUGED  WATERSHEDS  IN  POLAND. 

Institute  of  Meteorology  and  Water  Management, 
Warsaw  (Poland). 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-07941 


REGIONALIZATION  OF  PARAMETERS 
USING  BASIN  GEOLOGY,  LAND  USE,  AND 
SOIL  TYPE  FOR  USE  IN  A  STORM  RAIN- 
FALL-RUNOFF RELATIONSHIP. 

Tokyo  Metropolitan  Univ.  (Japan).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-07942 


MODEL  FOR  FORECASTING  RUNOFF  FROM 
MOUNTAINOUS  RIVERS. 

Sredneaziatskii    Nauchno-Issledovatel'skii    Gidro- 
meteorologicheskii  Inst.,  Tashkent  (USSR). 
I.  D.  Shentzis. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  219-226, 
3  fig,  6  ref. 


Descriptors:  'Mathematical  models,  'Model  stud- 
ies, 'Mountain  watersheds,  'Regional  analysis, 
'Runoff  forecasting,  'USSR,  Meteorological  data, 
Parametric  hydrology,  Probabilistic  process,  Snow 
cover,  Snow  storage,  Weather  forecasting. 

In  place  of  conventional  statistical  methods,  a 
mathematical  model  was  used  for  long-term  pre- 
diction of  runoff  from  mountainous  rivers  in  cen- 
tral USSR.  A  submodel  for  snow  cover  dynamics 
computation  appeared  to  be  necessary  due  to  the 
sparse  snow-measuring  network  in  the  mountains. 
The  zonality  of  all  the  natural  processes  in  a  moun- 
tainous region  was  accounted  for  by  means  of  a 
transformation  model  with  simplified  parameters 
(computation  of  the  transformation  assumes  paral- 
lel connection  of  elevation  zones).  If  a  reliable 
long-term  weather  forecast  is  not  available,  runoff 
is  computed  by  a  model  using  some  probabilistic 
estimates  of  the  meteorological  situation  during  the 
growing  season.  Snow  storages  modeled  to  the 
date  of  a  forecast  and  measured  discharges  during 
the  previous  period  are  used  as  initial  conditions 
for  runoff  computations.  Testing  the  method  on 
rivers  of  Central  Asia  revealed  that  reliability  of 
forecasts  of  seasonal  runoff  is  85-95%  (5-6  months 
in  advance),  that  for  monthly  runoff  it  is  75-95% 
(1-5  months  in  advance).  A  comparison  with  con- 
ventional statistical  methods  shows  that  the  accu- 
racy of  forecasts  is  higher  in  April-May  when 
model  estimates  of  the  remaining  snow  storage  in  a 
basin  acquire  particular  importance.  (See  also 
W9 1-07920)  (Fish-PTT) 
W9 1-07943 


WEIBULL  DISTRIBUTION  APPLIED  TO  RE- 
GIONAL LOW  FLOW  FREQUENCY  ANALY- 
SIS. 

Environment    Canada,    Ottawa   (Ontario).    Water 
Resources  Branch. 
P.  J.  Pilon. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  227-237, 
1  fig,  4  tab,  17  ref. 

Descriptors:  'Low  flow,  'Model  studies,  'Region- 
al analysis,  'Statistical  analysis,  'Streamfiow  fore- 
casting, 'Ungaged  basins,  Canada,  Catchment 
areas,  Flood  flow,  Homogeneity,  Ontario,  Para- 
metric hydrology. 

The  inability  to  estimate  accurately  low  flows  of 
specific  duration  and  probability  for  ungaged 
basins  has  long  plagued  the  practitioner.  The 
index-flood  method  is  one  tool  which  may  assist  in 
this  regard,  through  its  adaptation  to  low  flows.  A 
procedure  has  been  developed  to  extend  the  index- 
flood  method  to  low  flow  analysis  when  the  re- 
gional distribution  is  assumed  to  be  the  three- 
parameter  Weibull  (W3).  The  derivation  of  a  ho- 
mogeneity test  was  also  developed.  The  approach 
was  demonstrated  by  its  application  to  an  area  in 
the  southern  portion  of  Ontario,  Canada.  The  ap- 
plication of  the  index-low  flow  procedure  illustrat- 
ed some  of  its  drawbacks.  The  success  of  regional- 
ization depends  on  the  ability  to  define  homogene- 
ous areas  and  on  the  accuracy  and  reliability  of  the 
regional  dimensionless  index  curve.  When  apply- 
ing the  derived  index-low  flow  method,  a  primary 
assumption  is  that  the  parent  distribution  is  W3. 
This  premise  should  always  be  investigated,  as  it  is 
entirely  plausible  that  low  flows  of  a  region  are  not 
drawn  from  this  parent.  When  the  parent  is  W3, 
the  derived  technique  may  provide  useful  results  in 
many  practical  situations.  (See  also  W9 1-07920) 
(Fish-PTT) 
W9 1-07944 


REGIONALIZED  ESTIMATION  OF  RESER- 
VOIR CAPACITY-YIELD  CURVES  IN  HUNGA- 
RY. 

Vizgazdalkodasi  Tudomanyos  Kutato  Intezet.  Bu- 
dapest (Hungary). 
M.  Domokos,  and  A.  Gilyen-Hofer. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  239-251, 
8  fig,  8  ref. 
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Descriptors:  'Hungary,  *Regional  analysis,  'Res- 
ervoir capacity,  'Reservoir  design,  'Reservoir 
yield,  'Streamflow,  Computer  programs,  Effective 
capacity,  Gaging  stations,  Model  studies,  Mountain 
streams,  Stream  discharge. 

The  capacity/yield  curve  having  a  selected  reli- 
ability in  a  given  stream  section  is  a  relationship 
between  the  utilizable  capacity  of  the  reservoir  to 
be  built  in  that  section  and  the  continuous  and 
uniform  yield  that  can  be  released  with  reliability 
from  the  reservoir.  For  determining  these  curves 
from  observed  discharge  series,  a  computer  pro- 
gram was  developed  by  adopting  the  method  of 
critical  dry  periods.  Gaging  stations  whose  dis- 
charge record  up  to  1982  was  at  least  30  years  (and 
in  some  cases  more  than  80  years)  long  were 
selected  on  small  streams  in  the  hilly  and  moun- 
tainous regions  of  Hungary.  Using  the  computer 
program,  capacity/yield  curves  were  generated 
from  each  possible  continuous  partial  series  of  5, 
10,  15,  20,  30,  and  50  years  length,  as  well  as  from 
the  full  series.  In  this  way,  information  was  gained 
about  how  the  reliability  of  the  capacity/yield 
function  depends  on  the  record's  length.  By  re- 
gional generalization,  an  empirical  formula  was 
also  derived  for  estimating  the  capacity/yield 
curve  in  any  ungaged  stream  section  within  the 
mountainous  and  hilly  parts  of  Hungary.  (See  also 
W9 1-07920)  (Author's  abstract) 
W9 1-07945 


FISH  POPULATIONS  OF  SIX  ANCIENT  ARMS 
OF  THE  GARONNE  RIVER. 

Ecole  Nationale  Superieure  Agronomique  de  Tou- 
louse (France).  Lab.  d'Ichthyologie  Appliquee. 
For  primary  bibliographic  entry  see  Field  2H. 
W91-07985 


IMPACT  OF  EL  NINO  1982  /EVENT  ON  THE 
PARANA  RIVER,  ITS  DISCHARGE  AND 
TRANSPORT. 

Universidad    Nacional    de    Cordoba    (Argentina). 
Dept.  de  Quimica. 
P.  J.  Depetris,  and  S.  Kempe. 
Paleo  PPPYAB,  Vol.  3,  No.  3,  p  239-244,  Decem- 
ber 1990,  3  fig,  1  tab,  21  ref. 

Descriptors:  'Climatology,  *E1  Nino,  'Excess 
rainfall,  'Flood  plains,  'Floods,  'Sediment  trans- 
port, 'South  America,  'Weather  patterns,  Carbon 
dioxide,  Dissolved  organic  carbon,  Floodwater, 
Parana  River,  Particulate  matter,  Southern  oscilla- 
tion, Water  chemistry. 

The  1982  El  Nino/Southern  Oscillation  (ENSO) 
event  was  one  of  the  strongest  observed  over  a 
long  period.  It  caused  heavy  precipitation  over 
South  America  resulting  in  a  once-in-a-century 
flood  of  the  Parana  floodplain.  This  flood  reached 
60%  more  annual  discharge  than  the  long-term 
average.  The  hydrochemistry  of  this  flood  was 
monitored  at  Santa  Fe,  situated  on  the  flood  plain, 
600  km  above  the  mouth  of  the  Parana.  During  the 
flood,  concentrations  of  total  suspended  and  dis- 
solved solids  were  lower  than  pre-ENSO  averages, 
but  loads  were  similar.  The  flood,  therefore,  had  a 
simple  dilution  effect  on  the  concentrations  of 
major  inorganic  concentrations.  Dissolved  organic 
carbon  load,  however,  increased  by  2-3  times 
while  particulate  organic  carbon  (POC)  transport 
fell  by  40%,  suggesting  that  the  wooded  flood 
plain  is  an  effective  filter  for  sediment  and  particu- 
late debris.  By  comparison  with  the  partial  pres- 
sure of  C02  (pC02),  it  is  evident  that  DOC  is 
more  refractory  in  nature  than  POC.  Thus  the 
flood  did  not  result  in  a  flushing-out  of  particulate 
matter,  rather  the  flood  plain  acted  as  a  sink  for 
particulates.  Flushing-out  was,  however,  observed 
for  refractory  dissolved  organic  carbon.  Thus  large 
floods  may  form  an  effective  means  of  transfer  for 
huge  amounts  of  soil  carbon  to  the  ocean.  (Doyle- 
PTT) 
W91-08108 


WATER  QUALITY  OF  THE  WEST  BRANCH 
LACKAWAXEN  RIVER  AND  LIMNOLOGY  OF 
PROMPTON  LAKE,  WAYNE  COUNTY,  PENN- 
SYLVANIA, OCTOBER  1986  THROUGH  SEP- 
TEMBER 1987. 


Geological   Survey,   Harrisburg,   PA.   Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 184 


2F.  Groundwater 


SELF  IMPLEMENTED,  PRACTICAL  GROUND 
WATER  MANAGEMENT  PROGRAMS  FOR  IN- 
DUSTRIES. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-07 172 


WATER  BALANCE  OF  A  SANDY  AQUIFER  AT 
HYDRYLA  IN  SOUTHERN  FINLAND. 

R.  Lemmela. 

Sarja-Ser.A.  II.  Biologica-Geographica-Geologica 

73,  1990.  340p,  49  fig,  13  tab,  90  ref. 

Descriptors:  'Finland,  'Groundwater,  'Ground- 
water budget,  'Hydrologic  budget,  'Sand  aquifers, 
'Surface-ground  water  relations,  Evaporation, 
Geohydrology,  Groundwater  discharge,  Infiltra- 
tion, Lysimetry,  Rainfall-runoff  relationships, 
Snow,  Soil  temperature,  Soil  water. 

A  study  was  performed  in  order  to  define  which 
factors  determine  the  amount  of  infiltration  of  rain- 
water and  meltwater  in  an  area  with  conditions 
typical  of  groundwater  formation  and  use  in  south- 
ern Finland.  The  following  were  measured  during 
1967-1985:  the  amounts  of  rain  and  snow;  evapora- 
tion; the  infiltration  capacity  of  frozen  and  unfro- 
zen ground;  soil  temperature  and  moisture;  the 
groundwater  level;  and  the  physical  properties  of 
the  soils.  A  discharge  curve  for  the  groundwater 
could  be  constructed  on  the  basis  of  these  measure- 
ments. The  curve,  in  turn,  could  be  used  to  evalu- 
ate the  amount  of  groundwater  formed,  the  dis- 
charge of  the  groundwater,  even  for  periods  short- 
er than  one  year.  The  method  was  checked  against 
the  lysimeter  method.  It  can  be  used  to  evaluate 
the  rate  of  renewal  of  groundwater  resources  in 
sandy  aquifers  when  utilization  of  water  resources 
is  being  planned.  (Author's  abstract) 
W9 1-07 196 


POTENTIOMETRIC  SURFACE  OF  THE  KING- 
SHILL  AQUIFER  AND  HYDROLOGIC  CONDI- 
TIONS: ST.  CROIX,  U.S.  VIRGIN  ISLANDS, 
JULY  1987. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  89- 
4085,  1990.  lp,  1  map,  3  ref. 

Descriptors:  'Groundwater  level,  'Kingshill  Aqui- 
fer, 'Maps,  'Potentiometric  surface,  'Regional 
Aquifer  System  Analysis,  *St  Croix,  'Virgin 
Islands(US),  Groundwater  mining,  Groundwater 
quality,  Hydrologic  data  collections,  Hydrologic 
properties,  Lithology,  Precipitation,  Well  logs. 

A  groundwater  level  survey  and  reconnaissance  of 
the  hydrologic  conditions  in  central  Saint  Croix 
were  performed  during  July  1987.  This  synoptic 
survey  was  accomplished  as  part  of  the  Caribbean 
Island-Regional  Aquifer  System  Analysis  program. 
This  map  covers  the  island's  principal  groundwater 
system,  the  Kingshill  aquifer,  and  areas  nearby. 
The  potentiometric  surface  was  delineated  on  the 
basis  of  measurements  at  existing  wells  and  several 
test  holes  which  were  constructed  at  sites  where 
lithologic  and  borehole  geophysical  data  were  ob- 
tained. The  map  illustrates  existing  conditions  of 
the  potentiometric  surface  altitude,  the  location  of 
most  major  production  wells  and  their  estimated 
discharge,  and  sites  where  groundwater  quality 
samples  for  common  constituents  and  stable  iso- 
topes of  water  were  collected.  The  map  also  shows 
two  important  hydrologic  features:  conservation 
ponds  and  areas  served  by  the  public  water  supply 
system  from  the  seawater  desalination  plant  at 
Christiansted.  Hydrologic  conditions  prevailing 
within  the  island  have  changed  since  they  were 
addressed  in  the  mid-1960s.  Between  1963  and 
1967  the  average  departure  of  the  mean  annual 


precipitation  from  the  long-term  normal  was  -4.96 
in.,  indicative  of  relatively  dry  years.  For  the 
period  of  record,  1983  to  1987,  this  average  depar- 
ture was  only  -11.41  in.,  indicating  that  the  annual 
average  precipitation  for  the  period  was  closer  to 
the  average  long-term  normal  of  42  in.  Other  sig- 
nificant changes  are:  groundwater  withdrawals  in 
the  south-central  part  of  the  aquifer  area  increased 
from  <  50,000  gpd  (gallons  per  day)  to  about  0.5 
million  gpd,  and  the  dredging  of  Krause  Lagoon 
for  construction  of  port  facilities.  Both  factors  may 
explain  the  difference  in  the  potentiometric  surface 
which  is  as  much  as  5  ft  lower  within  the  south- 
central  part  of  the  aquifer.  (Lantz-PTT) 
W9 1-07 198 


SUPERFUND  RECORD  OF  DECISION, 
ALLIED  CHEMICAL,  OH. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07204 


ESTIMATING  NET  RECHARGE  TO  THE 
WATER  TABLE  IN  THE  GIRGARRE  PROJECT 
AREA  USING  HISTORIC  PIEZOMETRIC 
DATA  AND  LINEAR  PROGRAMMING. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

S.  A.  Prathapar,  and  D.  Erskine. 

Technical  Memorandum  90/5,  June  1990.  22p,  11 

tab,  5  ref. 

Descriptors:  'Computer  programs,  'Data  interpre- 
tation, 'Groundwater  recharge,  'Hydrologic  data 
collections,  'Model  studies,  'Water  table,  Estimat- 
ing, Flow  discharge,  Groundwater  movement,  Hy- 
draulic head,   Mathematical   studies,   Piezometry. 

Net  recharge  in  the  Girgarre  Project  Area,  Austra- 
lia, for  a  six  year  period  beginning  1983,  was 
determined  from  historic  piezometric  data.  Initial- 
ly, monthly  net  recharge  values  were  determined 
by  a  linear  programming  (LP)  model  for  each 
element  within  the  project  area.  Subsequently,  12 
consecutive  monthly  net  recharge  values  of  an 
element  were  added  to  obtain  the  annual  net  re- 
charge. Annual  net  recharge  values  during  1983/ 
88  determined  by  the  LP  model  implies  a  perfect 
match  between  observed  and  predicted  final  heads 
in  all  elements  during  each  monthly  net  recharge 
estimation.  In  general,  pumped  volumes  exceed 
estimated  net  recharge  values  during  1983/88.  The 
change  in  head  during  a  year,  storage  coefficients 
and  pumped  volumes  are  inconsistent  with  the 
hypothesis  that  recharge/discharge  in  an  element 
affects  only  the  element  considered.  Annual  esti- 
mated net  recharges  and  volumes  of  water  pumped 
from  the  project  area  during  1983/88  show  no 
significant  rise  in  water  level  in  the  elements  within 
the  project  area.  The  difference  between  the 
pumped  volume  and  net  recharge  in  each  year 
indicates  the  magnitude  of  recharge  in  the  project 
area.  Annual  pumping  and  discharge  values  rose 
from  907.0  Ml  in  1983  to  1644.0  Ml  in  1988. 
(Lantz-PTT) 
W9 1-07222 


IMPACT  OF  RESIDENTIAL  URBAN  AREAS 
ON  GROUNDWATER  QUALITY:  SWAN 
COASTAL  PLAIN,  WESTERN  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  4C. 

W9 1-07224 


MAJOR  GEOHYDROLOGIC  UNITS  IN  AND 
ADJACENT  TO  THE  OZARK  PLATEAUS 
PROVINCE,  MISSOURI,  ARKANSAS,  KANSAS, 
AND  OKLAHOMA-ST.  FRANCOIS  CONFIN- 
ING UNIT. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

J.  L.  Imes. 

Available  from  Books  and  Open  Files  Reports 
Section,   USGS   Box   25425,   Denver,   CO   80225. 
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USGS  Hydrologic  Investigations  Atlas  HA-71  l-D, 
1990.  3p,  3  maps,  6  ref. 

Descriptors:  'Geohydrology,  *Groundwater 
movement,  'Hydrologic  maps,  'Regional  Aquifer 
System  Analysis,  *St  Francois  Confining  Unit,  Aq- 
uifer systems,  Arkansas,  Data  collections,  Kansas, 
Maps,  Missouri,  Oklahoma,  Ozark  Plateau. 

An  investigation  of  the  geohydrologic  system  in 
the  Ozark  Plateaus  province  was  made  as  part  of 
the  Central  Midwest  Regional  Aquifer  System 
Analysis,  a  major  study  of  the  regional  aquifer 
system  in  parts  of  10  States.  The  St.  Francois 
confining  unit,  the  lower  confining  unit  in  the 
Ozark  Plateaus  aquifer  system,  is  composed  of 
Upper  Cambrian  shale,  siltstone,  dolostone,  and 
limestone.  The  thickness  of  the  St.  Francois  confin- 
ing unit,  as  determined  from  well-log  data,  ranges 
from  0  to  730  ft  in  the  Ozark  Plateaus  province. 
The  maximum  thickness  occurs  in  Madison 
County,  Arkansas,  and  is  coincident  with  a  deep 
depression  in  the  Precambrian  surface,  and  be- 
comes thinner  in  western  Missouri  (ranging  from 
about  100  to  300  ft).  The  St.  Francois  confining 
unit  retards  the  flow  of  groundwater  between  the 
more  permeable  Ozark  and  St.  Francois  aquifers. 
Geologic  formations  that  are  considered  confining 
units  on  a  regional  scale  may  have  more  aquifer- 
like properties  locally  where  lithologic  or  structur- 
al features  increase  the  formations'  hydraulic  con- 
ductivity. Where  the  hydraulic  conductivity  of  a 
confining  unit  is  considerably  less  than  that  of  the 
adjacent  aquifers,  the  direction  of  water  movement 
through  the  confining  unit  is  nearly  vertical  and 
the  rate  of  low  is  proportional  to  the  hydraulic 
gradient  across  the  unit.  Significant  factors  that 
affect  the  tendency  of  sedimentary  rocks  to  impede 
the  movement  of  water  include  the  presence  of 
shale  (usually  a  mostly  impermeable  material),  the 
rocks'  primary  permeability,  post-depositional  de- 
velopment of  solution  channels,  and  the  presence 
of  fractures  and  faults.  The  leakage  coefficient  is 
inversely  proportional  to  the  thickness  of  the  con- 
fining unit;  that  is,  a  thicker  confining  unit  is  a 
more  effective  barrier  to  groundwater  flow. 
(Lantz-PTT) 
W9 1-07236 


GLACIAL  HISTORY  AND  GEOHYDROLOGY 
OF  THE  IRONDEQUOIT  CREEK  VALLEY, 
MONROE  COUNTY,  NEW  YORK. 

Geological  Survey,  Ithaca,  NY.  Water  Resources 

Div. 

W.  M.  Kappel,  and  R.  A.  Young. 

Available   from   Books   and   Open   Files   Reports 

Section,   USGS   Box   25425,   Denver,   CO   80225. 

USGS  Water-Resources  Investigations  Report  88- 

4145,   1989.   34p,   13  fig,  5  tab,  3  plates,   17  ref. 

Descriptors:  *Geohydrology,  'Glaciohydrology, 
'Groundwater  movement,  *Irondequoit  Creek, 
•New  York,  Aquifers,  Glacial  drift,  Glacial  sedi- 
ments, Gravel,  Groundwater  quality,  Hydrologic 
budget,  Sand,  Water  level. 

A  buried  segment  of  the  Pinnacle  Hills  moraine, 
which  fills  the  valley  beneath  the  Irondequoit 
Creek  floodplain  at  Browncroft  Boulevard  in 
Rochester,  effectively  separates  the  groundwater 
systems  of  the  southern  two-thirds  of  the  Ironde- 
quoit Creek  basin  from  that  of  the  northern  third. 
The  glacial  and  post-glacial  deposits  in  the  north- 
ern (lower)  third  of  the  basin  consist  of  variable 
thicknesses  of  till  and  lacustrine  sand  and  silt  that 
interfinger  with,  and  are  overlain  by,  alluvial  or- 
ganic silt  and  sand.  Groundwater  within  these  de- 
posits moves  north  toward  Lake  Ontario.  The  gla- 
cial and  post-glacial  deposits  just  south  (upstream) 
of  the  buried  moraine  sediment  consist  of  mixed 
sequences  of  till,  fine  to  coarse  sand  and  gravel, 
and  lacustrine  silt  overlain  by  approximately  40  ft 
of  silty,  sandy  alluvium.  Groundwater  in  this  part 
of  the  basin  moves  north  toward  the  buried  mo- 
raine, and  the  post-glacial  alluvium  that  overlies 
the  buried  moraine  is  the  only  significant  hydraulic 
connection  between  the  two  groundwater  systems. 
Groundwater  levels  were  measured  at  the  Powder 
Mills  Park  fish  hatchery  in  the  upper  Irondequoit 
valley  and  in  Ellison  Park  in  the  lower  valley. 
Water  levels  in  the  upper  valley  are  controlled 
primarily  by  precipitation  and  evapotranspiration. 


Recent  development  of  the  area  upgradient  from 
the  hatchery  seems  to  have  affected  groundwater 
only  minimally.  Groundwater  levels  in  the  lower 
valley  are  controlled  by  the  constriction  of  surface 
water  and  groundwater  through  this  postglacial 
valley  section,  and  the  main  source  of  recharge  to 
this  area  is  precipitation.  The  quality  of  ground- 
water in  the  lower  valley  appears  to  be  stable 
along  the  valley  axis  but  contains  elevated  chloride 
concentrations  at  shallow  depths  at  several  loca- 
tions near  the  valley  walls.  Water  in  deeper  parts 
of  the  aquifer  has  not  been  affected,  presumably 
because  it  has  a  slight  upward  flow  component. 
(Lantz-PTT) 
W91-07237 


ESTIMATING  WATER  QUALITY  FROM  GEO- 
PHYSICAL LOGS. 

Geological  Survey,  Denver,  CO.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-07240 


REGIONAL  AND  LOCAL  TENSOR  COMPO- 
NENTS OF  A  FRACTURED  CARBONATE  AQ- 
UIFER. 

Geological    Survey,    Doraville,    GA.    Water    Re- 
sources Div. 
M.  L.  Maslia. 

IN:  Rock  Mechanics:  Proceedings  of  the  28th  U.S. 
Symposium.  June  29-July  1,  1987,  Tucson,  Arizo- 
na. A. A.  Balkema,  Rotterdam,  The  Netherlands. 
1987.  p  441-452,  3  fig,  2  tab,  25  ref. 

Descriptors:  'Aquifers,  'Carbonates,  'Data  inter- 
pretation, 'Geohydrology,  'Groundwater  quality, 
'Porous  media,  'Regional  Aquifer  System  Analy- 
sis, Aquifer  characteristics,  Aquifer  systems,  Flori- 
dan  Aquifer,  Least  squares  method,  Transmissi- 
vity. 

A  methodology  is  presented  for  testing  the  validity 
of  the  equivalent  porous  medium  (EPM)  approach 
in  a  fractured  and  solutioned  carbonate  aquifer 
system.  A  plot  of  the  square  root  of  directional 
diffusivity  in  the  direction  of  the  observation  well 
on  polar  paper,  determined  from  field  data,  should 
outline  an  ellipse.  Data  from  a  regional  and  a  local 
aquifer  test  of  the  Floridan  aquifer  system  near 
Jesup,  Ga.,  show  little  scatter  about  a  weighted 
least  squares  ellipse.  Additionally,  the  geometric 
mean  of  regional  and  local  transmissivity,  251,900 
and  254,000  sq  ft/day,  respectively,  are  in  excellent 
agreement,  indicating  that  the  local  test  data  can  be 
extrapolated  for  use  in  regional  aquifer  analyses.  In 
contrast,  aquifer  test  data  for  the  Floridan  40  miles 
to  the  southeast  near  Brunswick,  Ga.,  exhibit  much 
scatter  about  the  weighted  least  squares  ellipse. 
The  regional  and  local  geometric  mean  of  trans- 
missivity, 177,200  and  73,200  sq  ft/day,  respective- 
ly, indicate  that  local  values  should  not  be  extrapo- 
lated for  use  in  regional  aquifer  analyses  in  the 
Brunswick  area.  (Author's  abstract) 
W9 1-07241 


HYDROLOGIC  AND  GEOCHEMICAL  CHAR- 
ACTERIZATION OF  RECHARGE  AND 
GROUNDWATER  FLOW  IN  A  RECLAIMED- 
COAL-MINED  LAND,  NORTHWESTERN  COL- 
ORADO. 

Geological  Survey,  Denver,  CO. 
G.  M.  Clark,  and  R.  S.  Williams. 
IN:  Fifth  Billings  Symposium  on  Disturbed  Land 
Rehabilitation.  Volume  II:  Hazardous  Waste  Man- 
agement; Wildlife;  Hydrology,  Drainages,  Erosion 
and  Wetlands;  Soils,  Minesoils  and  Overburden; 
Linear  Disturbances;  Oil  and  Gas.  March  25-30, 
1990.  Billings,  Montana.  Reclamation  Research 
Unit  Publication  No.  9003,  (1990).  173-185,  5  fig,  5 
tab,  1 8  ref. 

Descriptors:  'Coal  mining,  'Colorado,  'Geochem- 
istry, 'Geohydrology,  'Groundwater  movement, 
'Groundwater  recharge,  'Land  reclamation. 
Aquifers,  Calcium,  Dissolved  solids,  Environmen- 
tal effects,  Isotope  studies,  Magnesium,  Model 
studies,  Snowmelt,  Sulfates,  Water  table. 

Surface  coal  mining  in  northwestern  Colorado  has 
disturbed  large  areas  of  land  and  the  underlying 


bedrock.  During  mining,  the  overburden  and  coal 
area  removed,  and  the  fragmented  overburden 
(spoil)  is  placed  back  into  the  mine  pit.  This  re- 
moval and  replacement  process  can  alter  the  hy- 
drology of  the  area.  At  the  Seneca  Mine,  a  water 
table  aquifer  has  formed  in  the  reclaimed  coal 
mined  land  (RCML),  and  a  spring,  which  is  sup- 
plied by  the  water  table  aquifer  in  the  RCML,  has 
formed  at  the  base  of  the  reclaimed  slope.  Hydrau- 
lic and  isotopic  analyses  indicate  that  during  1988, 
recharge  to  the  aquifer  in  the  RCML  was  from 
snowmelt  and  an  underlying  underburden  aquifer. 
Mixing  calculations  based  on  oxygen  and  hydro- 
gen isotope  analysis  from  water  samples  collected 
in  May  1988  indicate  that  between  53%  and  63% 
of  the  recharge  to  the  RCML  aquifer  came  from 
the  underburden  aquifer.  The  predominant  ions  in 
water  samples  collected  from  the  aquifer  in  the 
RCML  and  from  the  associated  spring  were  calci- 
um, magnesium,  and  sulfate.  The  dissolved  solids 
concentration  was  about  2,800  mg/L.  Geochemi- 
cal  reaction  simulations  indicate  that  gypsum  and 
epsomite  are  the  primary  minerals  that  affect  water 
chemistry  in  the  RCML.  These  minerals  most 
likely  occur  as  precipitated  amorphous  efflorescent 
salts  and,  prior  to  reclamation,  are  formed  after  the 
oxidation  of  pyrite  and  the  dissolution  of  calcite 
and  dolomite  in  spoil  piles.  The  reaction  model 
BALANCE  indicated  three  feasible  mixing  simula- 
tions of  soil  water  and  underburden  aquifer  water 
in  which  50%  and  59%  of  the  recharge  to  the 
aquifer  in  the  RCML  were  from  the  underburden 
aquifer.  (Author's  abstract) 
W9 1-07242 


GEOCHEMISTRY  OF  THE  FLORIDAN  AQUI- 
FER SYSTEM  IN  FLORIDA  AND  IN  PARTS  OF 
GEORGIA,  SOUTH  CAROLINA,  AND  ALA- 
BAMA. 

C.  L.  Sprinkle. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
Regional  Aquifer-System  Analysis-Floridan  Aqui- 
fer System.  USGS  Professional  Paper  1403-1,  1989. 
105p,  41  fig,  21  tab,  9  maps,  46  ref. 

Descriptors:  'Florida,  'Floridan  Aquifer,  'Geo- 
chemistry, 'Groundwater  quality,  'Regional  Aqui- 
fer System  Analysis,  'Water  chemistry,  Bicarbon- 
ates,  Calcium,  Chlorides,  Dissolved  solids, 
Groundwater  recharge,  Hydrologic  data  collec- 
tions, Magnesium,  Maps,  Sodium,  Sulfates. 

The  chemical  quality  of  the  groundwater  in  the 
Floridan  aquifer  system  is  determined  primarily  by 
mineral-water  interaction.  However,  some  changes 
in  water  quality  have  been  imposed  by  develop- 
ment, particularly  near  coastal  pumping  centers.  A 
total  of  601  chemical  analyses,  all  from  different 
wells,  most  completed  in  the  upper  part  of  the 
aquifer  system,  were  used  to  describe  the  vari- 
ations in  water  chemistry  and  to  study  the  process- 
es responsible  for  observed  changes.  The  Floridan 
aquifer  system  is  a  vertically  continuous  sequence 
of  Tertiary  carbonate  rocks  that  are  of  generally 
high  permeability  and  are  hydraulically  connected 
in  varying  degrees.  Dissolved  solids  concentrations 
in  water  from  the  Upper  Floridan  aquifer  generally 
range  from  <  25  mg/L  near  outcrops  to  >  25,000 
mg/L  along  the  coasts.  The  dominant  cations  in 
the  groundwater  are  Ca(2  +  ),  Mg(2  +  ),  and 
Na(  +  );  the  dominant  anions  are  HC03(-),  Cl(-), 
and  S04(2-).  The  concentration  of  Ca(2  +  )  is  con- 
trolled primarily  by  calcite  saturation.  Concentra- 
tions of  Mg(2  +  ),  Na(-f),  and  Cl(-)  are  highest 
where  mixing  of  freshwater  and  saltwater  occurs. 
Concentrations  of  HC03(-)  reflect  the  control  of 
calcite  solubility.  The  concentration  of  S04<2-)  is 
highest  where  gypsiferous  rock  units  are  present  in 
the  aquifer  system.  The  major  geochemical  proc- 
esses that  occur  in  the  Upper  Floridan  aquifer, 
based  on  water  quality  maps  and  computations 
using  a  geochemical  model  are:  (1)  dissolution  of 
aquifer  minerals  toward  equilibrium;  (2)  mixing  of 
groundwater  with  recharge,  leakage,  or  seawater; 
(3)  sulfate  reduction;  and  (4)  cation  exchange  be- 
tween water  and  aquifer  minerals.  (Lantz-PTT) 
W9 1-07244 


12 


WATER  CYCLE— Field  2 
Groundwater — Group  2F 


GROUND-WATER    CONDITIONS    IN    UTAH, 
SPRING  OF  1990. 

Geological  Survey,  Salt  Lake  City,  UT.  Water 
Resources  Div. 

For  primary  bibliographic   entry   see   Field   6D. 
W9 1-07246 


SUBSURFACE  SCIENCE  PROGRAM:  PRO- 
GRAM OVERVIEW  AND  RESEARCH  AB- 
STRACTS, FY  1989-FY  1990. 

Department  of  Energy,  Washington,  DC.  Office  of 
Energy  Research. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-07247 


MAJOR  GEOHYDROLOGIC  UNITS  IN  AND 
ADJACENT  TO  THE  OZARK  PLATEAUS 
PROVINCE,  MISSOURI,  ARKANSAS,  KANSAS, 
AND  OKLAHOMA -OZARK  CONFINING 
UNIT. 
J.  L.  Imes. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Hydrologic  Investigations  Atlas  HA-711-F, 
1990.  3p,  3  maps,  3  ref. 

Descriptors:  *Geohydrology,  'Hydrologic  data 
collections,  *Maps,  'Ozark  Plateau,  'Regional  Aq- 
uifer System  Analysis,  Aquifer  systems,  Ground- 
water movement,  Hydraulic  conductivity,  Litholo- 
gy,  Ozark  Confining  Unit. 

An  investigation  of  the  geohydrologic  system  in 
the  Ozark  Plateaus  province  has  been  made  as  part 
of  the  Central  Midwest  Regional  Aquifer  System 
Analysis,  a  major  study  that  encompasses  parts  of 
10  States.  The  Ozark  confining  unit,  the  uppermost 
confining  unit  in  the  Ozark  Plateaus  aquifer 
system,  is  composed  of  a  sequence  of  geologic 
units  that  range  stratigraphically  from  the  Upper 
Ordovician,  Maquoketa  Shale  to  the  Lower  Missis- 
sippian,  Chouteau  Limestone.  Geologic  well  log 
data  shows  that  the  thickness  of  the  Ozark  confin- 
ing unit  generally  ranges  from  0  to  >  1,500  ft  in 
the  Ozark  Plateaus  province.  In  most  of  the  prov- 
ince, however,  the  confining  unit  is  <  120  ft  thick 
and  is,  therefore,  relatively  thin  in  comparison  to 
other  geohydrologic  units  in  the  Ozark  Plateaus 
province.  The  semipermeable  geologic  strata  of  the 
Ozark  confining  unit  impedes  the  movement  of 
groundwater  between  the  overlying  Springfield 
Plateau  aquifer  and  the  underlying  Ozark  aquifer. 
This  sequence  of  rocks  has  been  identified  and 
named  as  a  confining  unit  on  the  basis  of  its  region- 
al hydrologic  properties.  However,  local  lithologic 
and  structural  variations  can  increase  the  confining 
unit's  hydraulic  conductivity  and  cause  the  layer  to 
have  aquifer-like  properties.  Thus,  locally,  water 
may  be  more  easily  transmitted  through  the  confin- 
ing unit,  resulting  in  a  greater  hydraulic  connec- 
tion between  the  Springfield  Plateau  and  the  Ozark 
aquifers.  (Lantz-PTT) 
W9 1-07252 


MODELCARE  90:  CALIBRATION  AND  RELI- 
ABILITY IN  GROUNDWATER  MODELLING. 

Proceedings  of  the  Conference  held  at  The  Hague, 
The  Netherlands,  September  3-6,  1990.  Interna- 
tional Association  of  Hydrological  Sciences, 
Washington,  DC.  1990.  539p.  Edited  by  Karel 
Kovar. 

Descriptors:  'Calibrations,  'Data  interpretation, 
'Groundwater  movement,  'Groundwater  trans- 
port, 'Hydrologic  models,  'Model  studies,  'Pre- 
diction, 'Sensitivity  analysis,  'Uncertainty,  Esti- 
mating, Estimating  equations,  Groundwater,  Math- 
ematical studies,  Model  testing,  Simulation,  Simu- 
lation analysis,  Statistical  studies. 

The  usefulness  of  the  predictive  simulations  ob- 
tained by  groundwater  models  is  often  hampered 
by  the  inability  to  indicate  and  preferably  quantify 
the  reliability  of  the  model  results.  Uncertainty  in 
model  predictions  primarily  stems  from  a  number 
of  errors  relating  to  the  model  formulation.  In 
recent  years  much  research  has  been  carried  out 
resulting  in  a  variety  of  approaches  that  can  be 
followed  to  incorporate  the  information  about 
these  errors  into  the  modeling  process.  Various 


techniques  have  been  developed  to  assess  the  con- 
fidence levels  of  model  predictions  so  that  users 
can  account  for  uncertainties  in  the  decision 
making  process.  This  volume  contains  52  papers 
spread  over  six  topics  into  which  the  conference 
was  organized.  These  papers  were  selected  by  the 
Scientific  Committee  from  more  than  170  abstracts 
submitted  from  many  countries  all  over  the  world. 
It  is  believed  that  this  volume  contains  some  out- 
standing scientific  papers  and  that  it  presents  a 
state-of-the-art  review  of  the  relevant  methodolo- 
gies and  techniques  and  identifies  the  needs  for 
future  developments.  (See  W91-07253  thru  W91- 
07305)  (Author's  abstract) 
W9 1-07253 


PARAMETER  ESTIMATION  FOR  THE  'VEN- 
LOER  SCHOLLE'  MULTI-AQUIFER  SYSTEM 
USING  SUPERCOMPUTERS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 
Inst,  fuer  Wasserbau. 

H.  Daniels,  B.  Romunde,  A.  Braxein,  and  G. 
Rouve. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  3-12.  10  fig,  12  ref. 

Descriptors:  'Aquifer  systems,  'Calibrations, 
'Computer  models,  'Groundwater  movement, 
'Model  studies,  'Model  testing,  'Parameter  esti- 
mation, 'Supercomputers,  Algorithms,  Aquifer 
characteristics,  Aquifers,  Computer  programs, 
Computers,  Costs,  Data  interpretation,  Data  proc- 
essing, Data  requirements,  Finite  element  method, 
Germany,  Mathematical  analysis,  Mathematical 
studies,  Precision. 

Parameter  estimation  for  a  huge  multi-aquifer 
system  is  a  challenge.  It  is  important  to  use  a  fast 
computer  program  on  a  fast  machine  to  achieve 
good  calibration  results.  The  performance  of  the 
classical  Gauss-Newton  plus  Line  Search  (GNLS) 
algorithm  was  compared  to  the  performance  of  the 
more  recently  developed  Adjoint  State  Conjugat- 
ed Gradient  (ASCG)  algorithms.  Both  algorithms 
were  implemented  into  a  finite  element  code  for 
multi-aquifer  groundwater  flow  problems.  The 
global  system  of  algebraic  equations  was  solved 
using  preconditioned  conjugated  gradients.  Calcu- 
lation of  the  element  matrices  as  well  as  assembling 
of  the  global  coefficient  matrix  was  vectorized  and 
partially  done  in  a  preprocessor  code.  The  per- 
formance of  the  vectorized  GNLS  and  ASCG 
algorithms  was  demonstrated  for  a  simple  test  case 
as  well  as  for  the  Venloer  Scholle  multi-aquifer 
system  in  Germany  in  terms  of  accuracy  per  unit 
costs.  As  a  result  of  many  tests  performed  it  was 
concluded  that  the  ASCG  method  showed  better 
performance  than  GNLS  for  the  multi-aquifer  test 
case.  It  was  concluded  that  the  best  solution  for  a 
problem  with  many  parameters  to  be  estimated 
may  be  the  use  of  the  less  expensive  ASCG  iter- 
ations in  the  first  place  to  improve  the  initial 
guesses.  If  ASCG  convergence  slows  down,  some 
(i.e.,  not  more  than  three)  more  expensive  GNLS 
iterations  should  be  used.  If  GNLS  fails  to  con- 
verge, the  problem  may  be  ill  posed  or  infeasible. 
In  this  case  prior  information  should  be  included  in 
the  objective  function.  (See  also  W9 1-07253) 
(Korn-PTT) 
W9 1-07254 


OPTIMUM  SELECTION  OF  BASIS  FUNC- 
TIONS FOR  ILL-POSED  INVERSE  PROB- 
LEMS. 

Australian  National  Univ.,  Canberra.  Centre  for 
Resource  and  Environmental  Studies. 
C.  R.  Dietrich. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  13-22.  1  fig,  1  tab, 
18  ref. 

Descriptors:  'Aquifers,  'Geostatistics,  'Ground- 
water movement,  'Model  studies,  'Optimization, 
•Parameterization,  'Transmissivity,  Aquifer  char- 
acteristics, Aquifer  systems,  Calibrations,  Geohy- 
drology,  Kriging,  Linear  programming,  Mathemat- 
ical   analysis,    Mathematical    studies,    Numerical 


analysis,  Piezometric  head,  Statistical  analysis,  Sta- 
tistical methods. 

Solutions  to  hydrogeological  inverse  problems  can 
depend  on  the  particular  set  of  basis  functions 
chosen  to  represent  unknown  parameters.  There- 
fore, it  is  important  to  seek  optimum  sets.  This  was 
illustrated  with  the  inverse  problem  of  two-dimen- 
sional aquifer  transmissivity  estimation  from  piezo- 
metric head  data  set  up  in  a  geostatistical  frame- 
work. This  study  used  numerical  experiments  to 
investigate  the  specific  question  of  choosing  basis 
functions  to  represent  an  unknown  distributed  pa- 
rameter in  an  ill-posed  problem.  A  problem  is  ill- 
posed  if  either  the  solution  does  not  exist,  is  not 
unique,  or  does  not  depend  continuously  on  the 
data.  The  results  of  the  study  revealed  that  the 
singular  functions  of  the  associated  linear  operator 
formed  an  optimum  basis  by  maximizing  the 
amount  of  information  passed  from  the  solution 
space  to  the  data  space.  In  addition,  it  was  shown 
that  such  functions  provided  a  framework  from 
which  the  instabilities  of  ill-posed  problems  could 
be  investigated  in  considerable  depth.  Although 
extension  of  the  above  to  non-linear  ill-posed  prob- 
lems is  not  straightforward,  it  is  still  possible  to  use 
the  linear  case  to  provide  useful  guides  insofar  as 
what  good  basis  functions  ought  to  be.  When 
placed  in  a  geostatistical  framework,  transmissivity 
identification  from  head  data  involved  basis  func- 
tions that  naturally  possessed  good  properties. 
That  is,  the  kriged  logtransmissivity  expansion  was 
finite,  smooth  (almost  everywhere),  and  slowly 
varying.  Furthermore,  the  numerical  experiments 
indicated  that  the  structure  of  the  expansion  could 
be  exploited  to  infer  information  on  unknown  pa- 
rameters through  indirect  approaches.  (See  also 
W91-07253)  (Author's  abstract) 
W9 1-07255 


TEMPORAL  AND  SPATIAL  VARIABILITY  OF 
HYDRAULIC  HEADS  IN  FINITE  HETEROGE- 
NEOUS AQUIFERS:  NUMERICAL  MODEL- 
LING. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 
Water  Resources. 
M.  M.  Hantush,  and  M.  A.  Marino. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  23-31.  4  fig,  10  ref. 
University  of  California,  Water  Resources  Center, 
Water  Resources  Center  Project  UCAL-WRC-W- 
697  and  Agricultural  Research  Service  Coopera- 
tive Agreement  4940-H. 

Descriptors:  'Aquifer  characteristics,  'Finite  ele- 
ment method,  'Groundwater  movement,  'Hydrau- 
lic head,  'Hydrologic  models,  'Model  studies,  Ap- 
proximation method,  Aquifer  systems,  Aquifers, 
Boundary  conditions,  Calibrations,  Differential 
equations,  Mathematical  analysis,  Mathematical 
studies,  Numerical  analysis,  Recharge,  Spatial  dis- 
tribution, Stochastic  process,  Storativity,  Tempo- 
ral distribution,  Transmissivity. 

The  quantification  of  hydraulic  head  variability  in 
space  and  time  in  a  two-dimensional  transient 
groundwater  flow  was  analyzed  within  the  frame- 
work of  a  Galerkin  finite-element  procedure  and 
an  eigenvalue  technique.  A  first-order  approxima- 
tion of  the  governing  stochastic  partial  differential 
equation  was  solved  discrete  in  space  and  continu- 
ous in  time.  The  solution  took  into  account  the 
spatial  variability  of  natural  log  transmissivity  (In 
T),  natural  log  storativity  (In  S),  and  random  initial 
conditions.  The  solution  was  applied  to  a  hypothet- 
ical aquifer  subject  to  effective  vertical  recharge 
and  with  different  boundary  conditions.  The  re- 
sults of  the  study  revealed  that  the  In  T  variability 
induced  significant  hydraulic  head  variances  in  the 
vicinity  of  the  recharge  area  and  increased  in  time 
toward  steady  state  values.  However,  unlike  the 
no-flow  boundary  conditions,  the  results  showed 
the  considerable  effect  of  fixed-head  boundary 
conditions  on  reducing  head  variances.  The  varia- 
bility of  the  In  S  field  resulted  in  short-term  but 
relatively  significant  head  variances  (for  large  var- 
iances in  In  S).  (See  also  W9 1-07253)  (Korn-PTT) 
W9 1-07256 
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CALIBRATION  OF  GROUNDWATER  FLOW 
MODELS  USING  MONTE  CARLO  SIMULA- 
TIONS AND  GEOSTATISTICS. 

Calvin  Coll.,  Grand  Rapids,  MI. 
R.  J.  Hoeksema,  and  R.  B.  Clapp. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  1AHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  33-42.  2  fig,  1 1  ref. 
U.  S.  Department  of  Energy  Contract  No.  DE- 
AC05-84OR21400. 

Descriptors:  'Calibrations,  'Computer  models, 
•Flow  models,  "Geostatistics,  "Groundwater 
movement,  "Hydrologie  models,  'Model  studies, 
•Monte  Carlo  method,  Aquifer  characteristics,  Aq- 
uifer systems,  Finite  element  method,  Hydraulic 
conductivity,  Hydraulic  head,  Mathematical  analy- 
sis, Mathematical  equations,  Mathematical  studies, 
Model  testing,  Numerical  analysis,  Recharge,  Spa- 
tial distribution,  Unconfined  aquifers. 

Groundwater  flow  models  require  specification  of 
several  input  parameter  fields  which  are  inferred 
from  limited  data.  This  study  describes  the  applica- 
tion of  the  geostatistical  approach  to  the  problem 
of  calibrating  a  groundwater  flow  model.  This 
method  used  Monte  Carlo  (MC)  simulation  to 
obtain  head  related  covariances  and  was  applied  to 
the  particular  case  of  flow  in  an  unconfined  aquifer 
with  recharge.  As  developed  in  this  study,  the 
method  predicted  both  the  conductivity  field  and 
the  recharge  rate.  Usually  point  observations  of 
conductivity  and  head  are  available  for  the  estima- 
tion of  conductivity  and  recharge  rate.  Use  of 
numerical  flow  models  require  that  these  fields  be 
prescribed  as  average  values  over  finite  elements. 
The  testing  of  this  approach  was  done  using  two 
computer  programs.  The  first  program  was  de- 
signed to  generate  artificial  data  sets  for  the  testing 
the  method  while  the  second  program  performed 
the  calibration  for  both  artificially  generated  data 
and  for  real  problems.  The  results  of  the  tests  done 
on  artificial  aquifer  models  showed  that  the 
method  works  quite  well  when  compared  to  using 
just  the  mean  natural  logarithm  of  the  saturated 
hydraulic  conductivity  (In  K)  value.  The  quality  of 
the  results  are  based  on  matching  the  predicted  In 
K  field  with  the  true  field  and  also  on  a  compari- 
son of  the  predicted  heads  to  the  true  heads.  The 
tests  done  using  only  two  In  K  measurements 
showed  that  much  of  the  basic  In  K  variation  could 
be  measured  from  the  head  data.  (See  also  W91- 
07253)  (Korn-PTT) 
W9 1-07257 


CALIBRATION  AND  RELIABILITY  OF  AN 
AQUIFER  SYSTEM  MODEL  USING  GENER- 
ALIZED SENSITIVITY  ANALYSIS. 

Australian   National  Univ.,  Canberra.   Centre  for 
Resource  and  Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-07258 


PARAMETER    ESTIMATION    FROM    ARTIFI- 
CIAL TRACER  EXPERIMENTS. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 
m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R.). 
Inst,  fuer  Hydrologie. 
P.  Maloszewski,  and  A.  Zuber. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  53-62.  6  fig,4  tab, 
8  ref.  Polish  Academy  of  Natural  Sciences  Grant 
CPBP  01.03,  GF-I-4. 

Descriptors:  'Aquifer  characteristics,  'Calibra- 
tions, 'Dispersion,  'Error  analysis,  'Groundwater 
movement,  "Groundwater  transport,  "Hydrologie 
models,  "Model  studies,  "Parameter  estimation, 
"Path  of  pollutants,  "Tracers,  Aquifer  systems, 
Aquifers,  Boundary  conditions,  Diffusion,  Disper- 
sivity,  Experimental  data,  Flow  models,  Fracture 
permeability.  Graphical  analysis.  Mass  transport, 
Mathematical  analysis,  Mathematical  equations. 
Mathematical  studies,  Numerical  analysis,  Porosi- 
ty- 
Tracer  experiments  are  often  applied  to  obtain 
some  aquifer  parameters  which  may  serve  for  the 


prediction  of  pollutant  movement.  The  dispersion 
equation  is  the  most  commonly  applied  general 
model.  Its  numerous  analytical  and  numerical  solu- 
tions represent  particular  models  applicable  to  situ- 
ations described  by  boundary  and  initial  condi- 
tions. However,  an  improperly  chosen  model  of 
the  interpretation  of  tracer  experiments  may  yield 
completely  false  parameters.  Another  common 
error  in  the  interpretation  of  tracer  experimental 
data  is  caused  by  using  approximate  methods  for 
determining  such  flow  parameters  as  the  travel 
time  and  the  dispersivity.  The  current  study  ana- 
lyzed these  two  possible  sources  of  errors  in  terms 
of  conservative  solutes  for  tracer  experiments  per- 
formed in  a  granular  formation  and  fissured  rock. 
The  analysis  of  different  models  and  interpretation 
methods  applied  to  the  two  field  tracer  experi- 
ments showed  possible  errors  in  the  interpretation 
of  tracer  data  and  in  the  prediction  of  pollutant 
travel.  For  a  prediction  in  fissured  rock,  having  a 
high  matrix  to  fissure  porosity  ratio,  the  dispersi- 
vity was  negligible,  whereas  the  diffusion  into  the 
matrix  is  the  main  phenomena  causing  a  longitudi- 
nal spread  of  solute.  (See  also  W9 1-07253)  (Korn- 
PTT) 
W9 1-07259 


EVALUATION  OF  SINGLE  BOREHOLE  HY- 
DROTESTS  IN  FREQUENCY  DOMAIN  BY  A 
UNIVARIATE  STATISTICAL  METHOD. 

Stuttgart  Univ.  (Germany,  F.R.).  Inst,  fuer  Was- 
serbau. 

P.  Marschall,  and  B.  Barczewski. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.   IAHS   Publication   No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  63-73.  6  fig,  10  ref. 

Descriptors:  "Aquifer  characteristics,  "Boreholes, 
"Data  interpretation,  "Fracture  permeability,  "Fre- 
quency distribution,  "Homogeneity,  "Model  stud- 
ies, "Porous  media,  "Pumping  tests,  "Statistical 
methods,  "Test  wells,  "Transmissivity,  Analytical 
methods,  Aquifers,  Borehole  geophysics,  Calibra- 
tions, Data  acquisition,  Frequency  analysis,  Fre- 
quency domain  method,  Groundwater  movement, 
Hydraulic  impedance  test,  Hydraulic  properties, 
Spectral  analysis,  Statistical  analysis,  Time  series 
analysis. 

Single  borehole  hydrotests  are  frequently  applied 
to  determine  local  transmissivity  values  in  porous 
and  fractured  media.  The  analysis  of  those  tests  is 
commonly  performed  by  using  analytical  time 
domain  solutions  corresponding  to  the  homogene- 
ous aquifer.  The  recently  developed  frequency 
domain  method  allows  the  analysis  of  any  type  of 
single  borehole  hydrotest  by  one  single  procedure. 
Data  were  recorded  during  a  hydraulic  impedance 
test  (HIT)  in  a  highly  permeable  aquifer  and  on  a 
constant-head  test  in  a  low  permeable  fractured 
rock.  A  transfer  function  was  defined  which  did 
not  depend  on  initial  conditions  but  only  on  the 
geometry  and  the  hydraulic  properties  of  the  aqui- 
fer. A  relation  was  then  derived  between  the  head 
disturbance  in  a  well  and  the  response  of  the  well- 
aquifer  system  during  a  hydrotest.  Based  on  this 
concept,  a  univariate  statistical  method  of  spectral 
analysis  was  derived  which  allowed  the  estimation 
of  smooth  transfer  functions  from  a  set  of  several 
hydrotests  performed  in  the  same  well.  The  reli- 
ability of  the  hydrotest  data  was  expressed  by  the 
determination  of  the  confidence  intervals  of  the 
estimated  transfer  function.  The  results  of  analysis 
of  the  field  data  using  the  frequency  domain 
method  were  comparable  to  results  which  were  in 
accordance  with  common  time  domain  approach- 
es. (See  also  W91-07253)  (Korn-PTT) 
W9 1-07260 


QUICK  AND  STABLE  ALGORITHM  FOR 
GROUNDWATER  FLOW  PARAMETER  ESTI- 
MATION UNDER  UNCERTAINTY. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 
dromechanik. 

B.  Odenwald,  and  B.  Herrling. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  75-86.  5  fig,  1  tab, 
6  ref.   Deutsche  Forschungsgemeinschaft   (DFG) 


Grant  No.  He  1115/3. 

Descriptors:  "Algorithms,  "Groundwater  move- 
ment, "Model  studies,  "Optimization,  "Parameter 
estimation,  "Uncertainty,  Calibrations,  Data  inter- 
pretation, Finite  element  method,  Flow  models, 
Hydrologie  models.  Mathematical  analysis,  Mathe- 
matical models,  Mathematical  studies,  Model  test- 
ing, Monte  Carlo  method,  Sensitivity  analysis. 

A  quick  and  stable  algorithm  for  groundwater 
parameter  estimation  has  been  developed  using 
optimization  methods.  A  combination  of  gradient, 
Gauss-Newton  and  full  Newton  algorithms  were 
used.  The  optimization  methods  were  directly  con- 
nected with  the  finite  element  groundwater  flow 
computations.  The  sensitivity  matrix  was  comput- 
ed by  a  differentiation  of  the  discretized  flow  equa- 
tion. The  gradient  and  the  complete  Hessian  were 
computed  by  an  adjoint  state  method.  By  formulat- 
ing the  inverse  problem  as  a  maximum  likelihood 
parameter  estimation  problem,  it  was  possible  to 
estimate  the  parameters  as  well  as  quantify  the 
uncertainty  associated  with  the  estimates.  A  two 
parameters  example  was  used  to  illustrate  the  pa- 
rameter identification  procedure.  The  methodolo- 
gy was  applied  to  a  realistic  groundwater  flow 
model  and  Monte  Carlo  analysis  was  used  to  check 
the  results.  It  was  obvious  that  the  mean  param- 
eters computed  by  the  Monte  Carlo  simulation 
agreed  well  with  the  parameters  calculated  using 
the  algorithm,  and  the  mean  estimated  standard 
deviations  coincided  well  with  the  standard  devi- 
ations of  the  parameters  from  the  Monte  Carlo 
simulations.  (See  also  W9 1-07253)  (Author's  ab- 
stract) 
W9 1-07261 


APPLICATION  OF  AN  AUTOMATIC  CALI- 
BRATION TECHNIQUE  TO  MODELLING  AN 
ALLUVIAL  AQUIFER. 

Universidad  Politecnica  de  Cataluna,  Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 
J.  Samper,  J.  Carrera,  G.  Galarza,  and  A.  Medina. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  87-95.  6  fig,  7  ref. 
ENRESA  Grants  TC612  and  TC518. 

Descriptors:  "Alluvial  aquifers,  "Calibrations, 
"Hydrologie  models,  "Mine  wastes,  "Model  stud- 
ies, "Model  testing,  "Path  of  pollutants,  "Plumes, 
"Radioactive  wastes,  "Solute  transport,  "Uranium, 
Aquifer  systems,  Computer  models,  Data  interpre- 
tation, Flow  models,  Groundwater  movement, 
Groundwater  transport,  Infiltration,  Prediction, 
Sensitivity  analysis,  Spain,  Uncertainty. 

Radioactive  solutes  have  leaked  from  a  Uranium 
Mill  Tailings  Pond  into  an  alluvial  aquifer  located 
in  Southern  Spain.  Stabilization  and  closing  of  the 
tailings  pond  require  studying  the  present  state  and 
future  evolution  of  the  plume.  For  this  purpose  a 
groundwater  flow  and  solute  transport  model  was 
developed.  The  modelling  approach,  based  on  an 
automatic  calibration  technique,  involved  several 
stages.  First,  a  conceptual  model  for  groundwater 
flow  and  solute  transport  was  formulated  using  the 
available  data.  A  sequence  of  flow  models  were 
calibrated  using  a  maximum  likelihood  based  auto- 
matic parameter  estimation  program.  While  the 
agreement  between  measured  and  computed  heads 
was  excellent,  the  direction  of  one  of  the  plumes 
was  not  properly  simulated.  During  the  transport 
calibration,  the  structure  of  the  flow  model  was 
slightly  modified  in  order  to  improve  the  match 
between  measured  and  computed  concentrations. 
Surprisingly,  the  final  transport  parameters  were 
close  to  their  prior  estimates,  which  was  believed 
to  be  a  consequence  of  the  robustness  and  level  of 
detail  of  the  calibrated  flow  model  Standard  sensi- 
tivity and  prediction  analyses  were  carried  out  and 
the  resulting  model  was  deemed  safe  for  use  in 
predicting  the  future  evolution  of  the  uranium 
migration  under  different  hypotheses.  (See  also 
W91-07253)  (Author's  abstract) 
W9 1-07262 


14 


WATER  CYCLE— Field  2 
Groundwater — Group  2F 


RELIABILITY  THEORY  AS  APPLIED  TO  ES- 
TIMATION IN  CONVERGING  VERSUS  NON- 
CONVERGING  FLOW  FIELDS. 

Notre  Dame  Univ.,  IN.  Dept.  of  Civil  Engineer- 
ing. 

S.  Silliman,  D.  Schmucker,  E.  Sack,  and  B. 
Spencer. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  97-108.  8  fig,  13 
ref.  Department  of  the  Interior,  U.  S.  Geological 
Survey  Grant  No.  14-08-0001-G1477. 

Descriptors:  'Data  interpretation,  *Flow  charac- 
teristics, *Groundwater  movement,  ♦Heterogene- 
ity, 'Hydraulic  conductivity,  *Model  studies,  'Re- 
liability theory,  Calibrations,  Computer  models, 
Computer  programs,  Flow  models,  Hydrologic 
models,  Mathematical  analysis,  Mathematical  equa- 
tions, Mathematical  studies,  Monte  Carlo  method, 
Sensitivity  analysis,  Statistical  analysis. 

Investigations  of  variability  in  groundwater  flow 
and  transport  have  typically  focused  on  heteroge- 
neity in  the  hydraulic  conductivity.  Reliability 
theory  and  Monte  Carlo  simulation  were  utilized 
to  investigate  the  influence  of  hydraulic  heteroge- 
neity on  the  distribution  of  hydraulic  head  in  con- 
verging and  non-converging  flow  fields.  Sensitivi- 
ties determined  for  the  non-converging  flow  field 
did  not  show  consistent  dependence  on  conductivi- 
ty in  any  specific  region  of  the  medium.  Sensitivity 
in  the  converging  flow  fields  was  consistently  con- 
centrated near  the  center  of  the  radial  coordinate 
system.  Analysis  of  the  limit  state  surface  for  a 
non-converging  flow  field  led  to  the  identification 
of  non-linearities  near  the  design  point.  These  non- 
linearities  may  limit  the  application  of  reliability 
theory  in  one-dimensional  and/or  converging  flow 
fields.  Projected  extensions  of  this  work  include 
analysis  of  transmissivity  estimates  from  pump  tests 
and  analysis  of  chemical  tracer  tests.  (See  also 
W91-07253)  (Author's  abstract) 
W9 1-07263 


IMPROVEMENT  OF  MODEL  PARAMETER 
IDENTIFICATION  IN  NUMERICAL  COMPU- 
TATION. 

Nanjing  Univ.  (China).  Dept.  of  Earth  Sciences. 
X.  Y.  Zhu,  G.  R.  Zhu,  and  C.  H.  Xie. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  109-115.  4  fig,  1 
tab,  2  ref. 

Descriptors:  'Groundwater  movement,  'Hydrau- 
lic head,  'Hydrologic  models,  'Model  studies, 
'Numerical  analysis,  'Parameter  estimation,  Bore- 
holes, Calibrations,  Computer  models,  Data  acqui- 
sition, Data  interpretation,  Flow  models,  Hetero- 
geneity, Mathematical  analysis,  Mathematical 
equations,  Mathematical  studies,  Observation 
wells,  Prediction,  Pump  wells,  Pumping,  Uncer- 
tainty. 

One  source  of  uncertainty  in  groundwater  model 
predictions  stems  from  incorrect  parameter  values. 
For  modeling  purposes,  the  objective  is  to  deter- 
mine parameters  from  a  limited  number  of  observa- 
tions of  heads  in  boreholes  scattered  in  the  field. 
The  criterion  used  in  this  approach  is  generally  the 
minimization  of  the  difference  between  observed 
and  calculated  heads  at  these  boreholes.  The  influ- 
ence of  the  locations  of  observation  boreholes 
were  examined  as  well  as  weight  factors  on  param- 
eter identification  in  groundwater  flow  modeling. 
The  results  of  the  investigation  revealed  that  the 
distance  from  the  observation  point  to  the  pumping 
well  as  well  as  the  pumping  rate  and  time  had  an 
influence  on  the  results  of  parameter  identification. 
In  order  to  get  a  correct  result,  it  was  determined 
that  observation  boreholes  should  not  be  placed  far 
from  the  well  field  and  the  groundwater  should 
not  be  pumped  at  a  low  rate  or  for  a  short  time 
period.  A  new  method  of  determining  the  weight 
factor  in  the  objective  function  involved  the  divi- 
sion of  the  problem  domain  into  triangles  sur- 
rounding each  observation  borehole.  This  new 
method  proved  to  be  accurate  and  useful  in 
groundwater  modelling.  The  problem  of  heteroge- 


neity was  also  examined  in  the  study.  It  was  deter- 
mined that,  in  a  heterogeneous  region,  a  zonation 
approach  was  the  most  useful.  The  use  of  the 
zonation  approach  made  it  possible  to  divide  the 
flow  region  into  a  number  of  zones  based  on 
hydrogeological  mapping.  A  constant  parameter 
value  could  then  be  used  to  characterize  each  zone 
and  an  estimate  of  weight  factors  could  be  ob- 
tained according  to  the  hydrological  knowledge. 
(See  also  W9 1-07253)  (Korn-PTT) 
W9 1-07264 


LINKING  GROUNDWATER  HYDRAULICS 
AND  OPTIMIZATION  IN  A  SELF-CALIBRAT- 
ING FINITE  DIFFERENCE  MODEL. 

K.N.  Toossi  Univ.  of  Technology,  Tehran  (Iran). 
Dept.  of  Civil  Engineering. 
K.  Zomorodi. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  117-123.  1  fig,  5 
ref. 

Descriptors:  'Calibrations,  'Finite  difference 
methods,  'Groundwater  movement,  'Hydraulics, 
'Hydrologic  models,  'Model  studies,  'Optimiza- 
tion, Computer  models,  Computer  programs,  Data 
acquisition,  Data  interpretation,  Differential  equa- 
tions, Flow  models,  Geohydrology,  Mathematical 
analysis,  Mathematical  equations,  Mathematical 
studies,  Prediction. 

Groundwater  model  calibration  and  verification  is 
commonly  performed  to  improve  the  reliability  of 
the  model.  Ideally,  the  groundwater  model  must 
have  the  capability  of  self-calibration,  which  means 
that  the  value  of  the  calibration  parameter  must  be 
internally  calculated  by  the  model  itself.  A  flexible, 
self-calibrating  groundwater  model  was  developed; 
this  model  links  groundwater  hydraulics  and  opti- 
mization and  solves  for  the  optimal  values  of  cali- 
bration parameters.  The  finite  difference  model 
was  written  using  the  General  Algebraic  Modeling 
System  (GAMS)  language.  GAMS  is  a  program- 
ming language  with  an  internal  compiler  which 
takes  the  program  written  by  the  user  and  gener- 
ates a  model  which  can  be  interpreted  and  solved 
by  various  linear,  non-linear,  and  mixed-integer 
optimization  solvers.  Automatic  calibration  of  one 
or  more  parameters,  or  a  matrix  of  values  for  the 
calibration  parameter  is  performed  in  a  single 
model  run.  A  sample  model  was  run  to  verify 
various  capabilities  of  the  model.  The  results  indi- 
cated that  the  model  could  accomplish  multi-pa- 
rameter automatic-calibration  very  efficiently.  The 
model  also  has  the  potential  to  perform  all  the 
three  phases  of  model  calibration,  verification,  and 
prediction.  (See  also  W91-07253)  (Korn-PTT) 
W9 1-07265 


NUMERICAL  METHOD  FOR  AQUIFER  PA- 
RAMETER ESTIMATION  UTILIZING  ENVI- 
RONMENTAL TRACERS  IN  A  TRANSIENT 
FLOW  SYSTEM. 

Ben-Gurion  Univ.  of  the  Negev,  Sde  Boker 
(Israel).  Jacob  Blaustein  Inst,  for  Desert  Research. 
E.  M.  Adar,  and  S.  Sorek. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  135-148.  5  fig,  6 
tab,  20  ref. 

Descriptors:  'Aquifer  characteristics,  'Data  inter- 
pretation, 'Environmental  tracers,  'Flow  system, 
'Groundwater  movement,  'Groundwater  trans- 
port, 'Mathematical  models,  'Model  studies,  'Nu- 
merical analysis,  'Parameter  estimation,  Algo- 
rithms, Aquifer  systems,  Calibrations,  Hydrologic 
models,  Mathematical  analysis,  Mathematical  equa- 
tions, Mathematical  studies,  Optimization,  Piezo- 
metric  head,  Storativity,  Transmissivity,  Water 
chemistry. 

Regional  hydrochemistry  and  environmental  iso- 
tope data  have  traditionally  been  used  as  an  impor- 
tant qualitative  tool  to  help  the  population  on 
groundwater  regimes.  A  mathematical  model 
which  utilizes  environmental  tracers  to  assess  the 
distribution    of   transmissivities,    storativities,    and 


fluxes  into  and  through  an  aquifer  system  has  been 
demonstrated  for  a  compartmental  aquifer  configu- 
ration. The  model  is  based  on  a  lumped  parameter 
approach  in  which  the  aquifer  is  discretized  into  a 
finite  number  of  cells.  Inflows  and  transmissivities 
are  evaluated  by  optimizing  a  set  of  mass  balance 
equations  expressing  conservation  of  water,  iso- 
topes, and  dissolved  chemicals.  Storativities  are 
assessed  by  implementing  the  Gauss-Markov  opti- 
mization approach  to  periodic  changes  in  piezome- 
tric  heads.  The  conceptual  model  and  the  comput- 
er code  were  tested  with  a  set  of  synthetic  data 
which  had  been  generated  for  a  hypothetical  aqui- 
fer divided  into  four  mixing  cells.  The  test  showed 
that,  as  long  as  the  data  were  precise  and  the 
number  of  mass-balance  expressions  exceeded  the 
number  of  unknowns,  the  proposed  algorithm  was 
able  to  correctly  estimate  flow  components  and 
transmissivities  across  active  (i.e.,  flowing)  bound- 
aries. The  model  has  been  specifically  developed 
for  basins  with  scarce  hydrologic  data  in  which 
information  about  environmental  tracers  is  more 
easily  accessible.  (See  also  W91-07253)  (Korn- 
PTT) 
W9 1-07267 


ESTIMATION  OF  TRANSVERSE  DISPERSI- 
VITY  IN  THE  MIXING  ZONE  OF  FRESH- 
SALT  GROUNDWATER. 

Kyushu  Univ.,  Fukuoka  (Japan).  Dept.  of  Civil 
Engineering. 

T.  Hosokawa,  K.  Jinno,  and  K.  Momii. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  149-158.  7  fig,  5 
ref. 

Descriptors:  'Dispersivity,  'Groundwater  move- 
ment, 'Mixing,  'Model  studies,  'Parameter  estima- 
tion, 'Saline  water  intrusion,  'Saline-freshwater 
interfaces,  Aquifer  characteristics,  Calibrations, 
Coastal  aquifers,  Convection,  Data  interpretation, 
Dispersion,  Flow  equations,  Flow  pattern, 
Groundwater  transport,  Mass  transport,  Mathe- 
matical analysis,  Mathematical  equations,  Mathe- 
matical studies,  Numerical  analysis,  Simulation 
analysis,  Solute  transport,  Unconfined  aquifers. 

Numerical  simulations  of  the  salt  water  intrusion 
into  a  coastal  aquifer  require  the  information  on 
both  longitudinal  and  transverse  dispersivities 
which  characterize  the  extent  of  the  mixing  zone. 
A  method  was  developed  for  the  estimation  of 
transverse  dispersivity  in  a  homogeneous  isotropic 
coastal  aquifer  where  salt  water  intrusion  has  taken 
place  and  the  mixing  zone  of  fresh-salt  water  can 
be  observed.  An  approximate  solution  of  the  con- 
centration profile  in  the  mixing  zone  is  derived 
from  the  simplified  convection-dispersion  equation 
in  steady-state  flow  with  respect  to  the  curvilinear 
coordinate  system.  In  this  approach,  an  axis  paral- 
lel to  the  fresh-salt  water  interface  is  taken  as  the 
stream  direction.  The  validity  of  the  proposed 
method  was  confirmed  through  both  a  laboratory 
and  a  field  experiment.  The  numerical  solution 
obtained  by  the  proposed  method  compared  well 
with  the  measured  profiles  obtained  in  a  laboratory 
experiment.  In  addition,  the  results  of  the  numeri- 
cal simulation  of  the  concentration  distribution  and 
flow  pattern  as  derived  by  the  proposed  method 
compared  well  with  results  obtained  from  an  un- 
confined aquifer.  (See  also  W91-07253)  (Korn- 
PTT) 
W9 1-07268 


SIMULTANEOUS  CALIBRATION  OF  FLOW 
AND  TRANSPORT  MODELS  AND  OPTIMIZA- 
TION OF  REMEDIATION  MEASURES. 

Ecole  Nationale  des  Ingenieurs  des  Travaux 
Ruraux  et  des  Techniques  Sanitaires,  Strasbourg 
(France). 

C.  Kauffmann,  W.  Kinzelbach,  and  J.  J.  Fried. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  159-170.  6  fig,  2 
tab,  1 3  ref. 
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Descriptors:  *Calibrations,  •Computer  models, 
'Flow  models,  'Groundwater  transport,  'Mass 
transport,  'Model  studies,  'Optimization,  'Site  re- 
mediation, 'Solute  transport,  Algorithms,  Aquifer 
management,  Aquifers,  Contamination,  Data  inter- 
pretation, Field  tests,  Finite  element  method,  Ger- 
many, Mathematical  studies,  Plumes,  Pollutants, 
Sensitivity  analysis. 

Numerical  flow  models  calibrated  on  the  basis  of 
observed  head  values  are  usually  not  accurate 
enough  to  form  a  reliable  basis  for  transport  com- 
putations. Removal  of  the  non-uniqueness  of  flow 
parameters  prevailing  in  mere  flow  model  calibra- 
tions simultaneous  calibration  of  flow  and  trans- 
port parameters  was  investigated.  The  usefulness 
of  simultaneous  automatic  calibration  of  flow  and 
transport  models  was  illustrated  by  a  field  example. 
A  flow  and  transport  finite  element  model  was 
applied  to  a  field  case  at  a  site  in  the  alluvial  sand- 
gravel  aquifer  of  the  Upper  Rhine  valley.  The 
results  of  the  investigation  revealed  that  the  proce- 
dure allowed  improvement  in  the  quality  of  the 
flow  model  by  taking  into  account  information  on 
concentrations  of  pollutants  in  the  plume.  In  addi- 
tion, the  optimization  scheme  used  in  the  calibra- 
tion procedure  could  also  be  used  as  an  aquifer 
management  tool.  By  formulating  a  suitable  objec- 
tive function,  it  was  possible  to  show  that  a  unique 
solution  for  a  remediation  well  existed  which  al- 
lowed a  minimization  of  both  the  cost  of  the  oper- 
ation and  the  recovery  time  of  the  contaminated 
production  wells.  However,  the  quality  of  this 
solution  depended  on  the  quality  of  the  calibration, 
but  in  the  example  it  turned  out  to  be  stable  under 
possible  fluctuations  of  future  hydrologic  condi- 
tions. (See  also  W91-07253)  (Korn-PTT) 
W91-07269 


JOINT  KRIGING  AND  ZONATION  AP- 
PROACH TO  INVERSE  GROUNDWATER 
MODELLING. 

Technical  Univ.  of  Denmark,  Lyngby. 
A.  Keidser,  D.  Rosbjerg,  K.  Hogh  Jensen,  and  K. 
Bitsch. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  171-183.  7  fig,  22 
ref. 

Descriptors:  'Calibrations,  'Flow  models,  'Geos- 
tatistics,  'Groundwater  movement,  'Groundwater 
transport,  'Hydrologic  models,  'Kriging,  'Mass 
transport,  'Model  studies,  'Transmissivity,  Com- 
puter models,  Data  acquisition,  Data  interpreta- 
tion, Denmark,  Flow  equations,  Least  squares 
method,  Mathematical  analysis,  Mathematical 
equations.  Mathematical  studies,  Optimization, 
Plumes,  Simulation,  Spatial  distribution,  Statistical 
analysis,  Statistical  methods. 

A  combined  kriging  and  zonation  approach  for 
inverse  identification  of  distributed  transmissivities 
was  studied.  A  priori  estimation  of  the  transmissi- 
vity field  was  carried  out  using  the  kriging 
method.  The  methodology  introduces  correcting 
terms  to  the  kriging  estimates  to  compensate  for 
noise  and  scarcity  of  the  kriging  observations.  The 
magnitude  of  the  correction  is  region-specific,  but 
proportional  to  the  kriged  standard  deviation  esti- 
mates, thereby  retaining  the  spatial  structure  of  the 
field  inside  each  zone.  The  weighting  of  the  prior 
information  is  somewhat  automatic.  The  aim  of  the 
combined  kriging  and  zonation  approach  is  to  uti- 
lize all  available  information  about  the  transmissi- 
vity and  at  the  same  time  introduce  a  method  for  a 
differentiated  evaluation  and  weighting  of  the  in- 
formation. The  estimation  of  the  correcting  factors 
is  based  on  least  squares  minimization  of  both  head 
and  concentration  residuals.  The  new  method  was 
applied  to  a  real-life  contamination  problem  in 
Denmark  where  it  successfully  predicted  plume 
migration  that  was  consistent  with  available  infor- 
mation and  observations.  By  combining  the  zona- 
tion and  kriging  methods  it  seems  that  reliable 
estimates  of  spatially  distributed  transmissivities 
and  transport  parameters  can  be  obtained.  Howev- 
er, more  field  testing  is  required  in  order  to  assess 
the  practical  applicability  of  the  model  in  general 
terms.  (See  also  W9 1-07253)  (Korn-PTT) 
W9 1-07270 


INVERSE  MODELLING  OF  COUPLED  FLOW 
AND  SOLUTE  TRANSPORT  PROBLEMS. 

Universidad  Politecnica  de  Cataluna,  Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 
A  Medina,  J.  Carrera,  and  G.  Galarza. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  185-194.  2  fig,  1 
tab,  19  ref.  Empresa  Nacional  de  Residuos  Socie- 
dad  Anonima  (ENRESA)  Grant  No.  TC0612. 

Descriptors:  'Calibrations,  'Computer  models, 
•Flow  models,  'Groundwater  movement,  'Model 
studies,  'Solute  transport,  Adsorption,  Algorithms, 
Data  acquisition,  Data  interpretation,  Diffusion, 
Flow  equations,  Geostatistics,  Mathematical  analy- 
sis, Mathematical  equations,  Mathematical  studies, 
Standard  deviation,  Uncertainty. 

The  use  of  concentration  data  during  the  calibra- 
tion of  aquifer  models  was  investigated.  The  con- 
sideration of  both  flow  and  transport  parameters 
during  calibration  tends  to  improve  the  reliability 
of  results.  An  algorithm  for  the  estimation  of  flow 
and  solute  transport,  including  matrix  diffusion  and 
adsorption  processes,  is  based  on  the  Maximum 
Likelihood  Estimation  theory  in  which  prior  infor- 
mation in  model  parameters  can  be  included.  Prior 
information  may  come  from  qualitative  sources  or 
geostatistically-based  data.  Minimization  of  the  ob- 
jective function  is  achieved  by  Gauss-Newton  type 
algorithms  which  work  very  well  after  suitable 
modifications.  The  proposed  methodology  was  ap- 
plied to  a  synthetic  case  to  illustrate  the  improve- 
ment in  the  estimation  as  a  result  of  the  combined 
use  of  head  and  concentration  data.  The  results  of 
the  investigation  revealed  that  the  addition  of  con- 
centration data  improved  the  results  on  several 
counts.  The  standard  deviations  were  much  small- 
er when  concentration  data  were  considered  and 
an  even  more  significant  reduction  was  observed  in 
the  true  errors  of  the  computed  parameters.  In 
addition,  the  actual  errors  were  more  consistent 
with  their  standard  deviations  when  concentration 
data  was  included.  It  was  concluded  that  the  use  of 
concentration  data  improved  the  estimation  of 
model  parameters  and  the  validity  of  uncertainty 
measurements.  While  drawbacks  arose  from  the 
numerical  and  conceptual  difficulties  associated 
with  solute  transport,  it  was  felt  that,  in  some 
cases,  these  problems  could  be  overcome.  (See  also 
W9 1-07253)  (Korn-PTT) 
W9 1-07271 


USE  OF  AN  AUTOCALIBRATION  TO  EVALU- 
ATE THE  CONSISTENCY  OF  A  DATA-SET  IN 
RELATION  TO  GEOCHEMICAL  MODEL 
FORMULATIONS. 

Waterloopkundig  Lab.  te  Delft  (Netherlands). 
M.  R.  L.  Ouboter,  and  N.  M.  De  Rooij. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  195-202.  4  fig,  1 
tab,  5  ref. 

Descriptors:  'Calibrations,  'Data  collections, 
'Data  interpretation,  'Data  quality  control,  'Geo- 
chemistry, 'Groundwater  chemistry,  'Groundwat- 
er movement,  'Model  studies,  Adsorption,  Cation 
exchange.  Chemical  interactions,  Data  acquisition, 
Equilibrium,  Heavy  metals,  Hydrogen  ion  concen- 
tration, Mathematical  analysis,  Mathematical  equa- 
tions, Mathematical  methods,  Mathematical  stud- 
ies. Water  quality. 

A  groundwater  system  is  often  characterized  by  a 
large  chemical  complexity.  Values  of  pH,  cation 
exchange  capacity,  and  cationic  composition  of  the 
exchange  complex  can  vary  in  time  and  space.  The 
values  of  the  model  parameters  controlling  cation 
adsorption  seem  to  be  dependent  on  the  system.  In 
many  geochemical  models,  a  system  definition  is 
derived  from  a  database  containing  fixed  numbers. 
The  modeling  of  a  groundwater  system  with  a 
database-derived  system  definition  may,  in  some 
cases,  be  impossible.  The  optimal  parameter  set 
should  be  found  before  starting  the  modelling  of 
the  groundwater  system.  To  obtain  the  optimal 
parameter  set,  a  geochemical  model  (CHARON) 


was  adapted  for  an  autocalibration  application. 
The  principal  of  autocalibration  lies  in  the  minima- 
lization  of  the  differences  of  calculated  and  labora- 
tory values.  Using  a  method  of  autocalibration  a 
parameter  set  can  be  derived  which  is  able  to 
represent  field  data.  The  method  was  used  to  de- 
termine the  model  parameters  for  two  data  sets. 
The  results  of  the  model  application  successfully 
described  the  adsorption  of  heavy  metals  (i.e.,  cad- 
mium) to  suspended  solids  in  a  surface  water 
system  by  reproducing  the  measured  values  in  the 
two  data  sets.  (See  also  W9 1-07253)  (Author's  ab- 
stract) 
W9 1-07272 


PERCOLATION  AND  RANDOM  WALK 
MODELS  FOR  SIMULATING  DISPERSION 
PHENOMENA  IN  FRACTURE  NETWORKS. 

Ministry  of  Agriculture,  Tel-Aviv  (Israel).  Water 

Commission. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07273 


APPROACH  TO  MODEL  TRANSPORT  OF 
CONTAMINANTS  INCLUDING  GEOCHEMI- 
CAL PROCESSES:  DEPENDENCE  OF  SORP- 
TION COEFFICIENTS  ON  GEOCHEMICAL 
SURROUNDING. 

Technische   Univ.    Berlin   (Germany,   F.R.).   Inst, 
fuer  Wassergefaehrdende  Stoffe. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07275 


APPROACH  TO  PROCESS  IDENTIFICATION: 
APPLICATION  TO  SOLUTE  TRANSPORT 
THROUGH  CLAYS. 

Universidad    Politecnica   de   Cataluna,    Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 
For   primary   bibliographic   entry   see   Field   2G. 

W9 1-07276 


EXPERIMENTAL  STUDY  OF  COUPLED 
FLOW  AND  MASS  TRANSPORT:  A  MODEL 
VALIDATION  EXERCISE. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07277 


EFFECTIVE  HYDRAULIC  CONDUCTIVITY 
FOR  FRACTURED  MEDIA. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 
of  Land  and  Water  Resources. 
S.  Follin. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  251-260.  1  tab,  16 
ref. 

Descriptors:  'Fracture  permeability,  'Geologic 
fractures,  'Groundwater  movement,  'Hydraulic 
conductivity,  'Mass  transport,  'Model  studies, 
•Porous  media.  Calibrations,  Data  interpretation, 
Geostatistics,  Heterogeneity,  Mathematical  analy- 
sis, Mathematical  studies,  Monte  Carlo  method, 
Standard  deviation,  Statistical  analysis,  Statistical 
methods. 

The  main  object  of  the  theory  of  flow  and  mass 
transport  through  formations  of  pronounced  het- 
erogeneity is  the  derivation  of  the  equations  satis- 
fied by  macroscopic  variables.  A  general  problem 
of  groundwater  flow  and  mass  transport  models  in 
porous  or  fractured  heterogeneous  media  is  the 
assignment  of  effective  hydraulic  conductivity 
values  to  model  blocks.  If  the  state  of  nature  is 
basically  random,  then  the  effective  hydraulic  con- 
ductivity of  each  block  cannot  be  described  with  a 
deterministic  model.  Rather,  the  description  must 
include  a  measure  of  the  inherent  variability  and 
thus  uncertainty  of  the  hydraulic  conductivity 
fields  at  various  scales.  The  current  study  discusses 
the  use  of  continuum  approximations  in  modeling 
concepts  for  the  effective  hydraulic  conductivity 
in  fractured  formations.  In  the  report,  only  statisti- 
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cal  results  were  obtained  reflecting  the  inherent 
variability  of  the  hydraulic  conductivity.  The  re- 
sults of  the  study  indicated  that  an  increase  in  the 
straddle  interval  decreased  the  variability  in  the 
hydraulic  conductivity,  though  the  standard  devi- 
ation was  still  being  pronounced  at  a  straddle 
interval  of  30  meters.  However,  since  the  data 
were  averaged  in  a  very  broad  manner  in  order  to 
accomplish  data  sets  at  different  scales,  the  deriva- 
tions of  the  results  disregarded  the  mixing  of  differ- 
ent field  conditions.  (See  also  W9 1-07253)  (Korn- 
PTT) 
W91-07278 


TRANSPORT  AND  STORAGE  PHENOMENA 
IN  A  FRACTURE  MATRIX  SYSTEM:  EXPERI- 
MENTAL INVESTIGATIONS  AND  NUMERI- 
CAL MODELLING. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Wasser- 
wirtschaft,  Hydrologie  und  Landwirtschaftlichen 
Wasserbau. 

R.  Mull,  and  W.  Pfmgsten. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  261-269.  6  fig,  1 
tab,  9  ref.  German  Research  Foundation  Grant  No. 
MU  440/14-1. 

Descriptors:  *Fracture  permeability,  *Geological 
fractures,  'Groundwater  movement,  'Groundwat- 
er storage,  'Groundwater  transport,  'Model  stud- 
ies, 'Path  of  pollutants,  'Solute  transport,  Advec- 
tion,  Calibrations,  Data  interpretation,  Diffusion, 
Experimental  data,  Flow  equations,  Germany,  Hy- 
draulic gradient,  Numerical  analysis,  Permeability, 
Pollutants,  Risk  assessment,  Site  remediation, 
Water  supply. 

Water  for  the  public  water  supply  in  Germany  is 
mainly  pumped  from  porous  aquifers.  However,  in 
some  regions  groundwater  is  obtained  from 
aquifers  located  in  fractured  rock.  The  current 
study  is  part  of  a  risk  analysis  and  examines  trans- 
port and  storage  phenomena  in  a  fracture  matrix 
system  through  the  use  of  laboratory  experiments 
and  numerical  models.  A  source  of  pollutants  was 
assumed  to  be  active  for  a  certain  period  of  time. 
The  results  of  the  experimental  and  numerical 
modeling  investigations  were  in  good  agreement 
and  revealed  that  pollutants  migrated  through  the 
fractures  predominantly  by  advection.  From  the 
fracture,  the  pollutants  entered  into  the  porous 
matrix  by  diffusion  during  the  loading  time.  When 
the  source  of  pollution  was  eliminated,  clean  water 
was  assumed  to  enter  into  the  fractures.  Once  this 
occurred  the  pollutants  stored  in  the  matrix  re- 
turned into  the  fracture.  In  spite  of  remedial  action 
(i.e.,  elimination  of  the  source  of  pollution)  pollut- 
ants were  found  in  the  system  for  a  long  time.  (See 
also  W9 1-07253)  (Korn-PTT) 
W9 1-07279 


able  data  and  modeling-based  analysis.  The  pur- 
pose of  QA  in  groundwater  modeling  is  to  assure 
the  technically  and  scientifically  adequate  execu- 
tion of  all  tasks  included  in  the  study,  and  to  assure 
that  all  modeling-based  analysis  is  verifiable  and 
defensible.  Suggested  QA  procedures  for  code  de- 
velopment and  maintenance  include  the  following: 
(1)  documentation  of  code  development  (record 
keeping);  (2)  verification  of  program  structure  and 
coding;  (3)  validation  of  complete  software  prod- 
uct (model  validation);  (4)  documentation  of  code 
characteristics,  capabilities,  and  use;  (5)  scientific 
and  technical  reviews;  and  (6)  administrative  audit- 
ing. To  evaluate  groundwater  models  in  a  system- 
atic and  consistent  manner,  the  International 
Ground  Water  Modeling  Center  (IGWMC)  has 
developed  a  model  testing  approach  which  in- 
cludes (1)  verification  by  testing  against  known 
closed-form  (analytical)  solutions  for  highly  simpli- 
fied systems,  (2)  verification  by  using  complex, 
synthetic  problems  specially  designed  for  testing 
specific  types  of  models,  and  (3)  validation  against 
experimental  (field  or  laboratory)  results.  (See  also 
W9 1-07253)  (Korn-PTT) 
W9 1-07280 


QUALITY  ASSURANCE  IN  THE  DEVELOP- 
MENT AND  APPLICATION  OF  GROUND- 
WATER MODELS. 

Butler  Univ.,  Indianapolis,  IN.  Holcomb  Research 
Inst. 

P.  K.  M.  van  der  Heijde. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  271-278.  4  fig,  11 
ref.  U.  S.  Environmental  Protection  Agency  Coop- 
erative Agreement  No.  CR-8 15363. 

Descriptors:  'Computer  models,  'Computer  pro- 
grams, 'Hydrologie  models,  'Model  studies, 
•Model  testing,  'Quality  control,  Calibrations, 
Data  interpretation,  Groundwater  movement, 
Model  validation,  Quality  assurance. 

Groundwater  modeling  has  become  an  important 
methodology  in  support  of  the  planning  and  deci- 
sion-making processes  involved  in  groundwater 
management.  A  systematic,  well-defined  and  con- 
trolled approach  to  all  steps  of  the  model  develop- 
ment and  application  process  is  essential  for  its 
successful  use  in  management.  Quality  Assurance 
(QA)  provides  the  mechanisms  and  framework  to 
ensure  that  decisions  are  based  on  the  best  avail- 


SETTING  CALIBRATION  TARGETS  AND  AS- 
SESSING MODEL  CALIBRATION-ROOM  FOR 
IMPROVEMENT:  AN  EXAMPLE  FROM 
NORTH  AMERICA. 

Montana  Univ.,  Missoula.  Dept.  of  Geology. 
W.  W.  Woessner,  and  M.  P.  Anderson. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  279-288.  2  fig,  3 
tab,  14  ref. 

Descriptors:  'Calibrations,  'Error  analysis,  'Flow 
models,  'Hydrologie  models,  'Model  studies, 
'Model  testing,  Data  interpretation,  Errors, 
Groundwater  movement,  Hydrologie  budget, 
Nevada,  Simulation,  Spatial  distribution,  Water 
level. 

Most  field-based  flow  modeling  studies  that  solve 
the  forward  problem  inadequately  assess  model 
calibration.  This  deficiency  is  attributed  to  the 
absence  of  clearly  stated  calibration  targets  and  a 
failure  to  assess  the  level  of  calibration  achieved. 
Lumped  parameters  which  typically  are  used  to 
describe  model  calibration,  give  no  indication  of 
the  spatial  variability  of  calibration  results,  and 
should  not  be  used  as  the  only  demonstration  of 
model  calibration.  Calibration  targets  were  defined 
to  be  the  error  associated  with  selected  calibration 
values  which  could  include  heads,  fluxes  and/or 
water  balances.  The  case  study  used  to  illustrate 
the  setting  and  assessment  of  calibration  targets 
involved  the  use  of  a  three-layer  groundwater  flow 
model  (MODFLOW)  to  determine  the  effect  of 
large  scale  withdrawal  from  a  hydrologically 
closed  basin  in  central  Nevada.  Calibration  assess- 
ments were  standardized  by  reporting  levels  of 
calibration  based  on  targets  set  prior  to  simulation. 
The  targets  typically  were  a  set  of  field-measured 
water  levels  (heads)  and  associated  measurements 
and  interpolation  errors.  The  number  and  spatial 
distribution  of  calibration  nodes  were  required  for 
each  calibration  target.  The  definition  of  a  series  of 
calibration  levels  allowed  the  modeler  to  quantify 
the  magnitude  of  the  deviation  of  the  simulated 
values  from  the  targets  set  prior  to  calibration.  A 
display  of  calibration  levels  in  map  form  allowed  a 
rapid  assessment  of  the  degree  to  which  the  simu- 
lated values  matched  the  targets  and  showed  the 
spatial  distribution  of  calibration  results.  (See  also 
W9 1-07253)  (Korn-PTT) 
W9 1-07281 


Groundwater — Group  2F 

Descriptors:  'Calibrations,  'Flow  models,  'Geo- 
logical fractures,  'Groundwater  movement,  'Hy- 
drologie models,  'Model  studies,  'Radioactive 
waste  disposal,  Boundary  conditions,  Case  studies, 
Data  interpretation,  Flow  around  objects,  Flow 
rates,  Granites,  Grimsel  Test  Site,  Hydraulic  gradi- 
ent, Hydrologie  budget,  Optimization,  Switzer- 
land, Three-dimensional  model,  Transmissivity, 
Water  pressure. 

Since  1983  the  Swiss  National  Cooperative  for  the 
Storage  of  Radioactive  Waste  (NAGRA)  has  been 
conducting  in  situ  experiments  at  the  Grimsel  Test 
Site  (GTS)  in  central  Switzerland  in  the  area  of 
movement  of  groundwater  in  fractured  granitic 
rock.  Three-dimensional  modeling  of  groundwater 
flow  at  the  GTS  drives  the  development  of  meth- 
odologies and  tools  used  to  calibrate  and  validate 
site-specific  hydrodynamic  models.  A  strategy  for 
calibration  was  developed  using  both  observed 
flow  rates  into  the  underground  structures  and 
measured  hydraulic  potential  values  in  different 
boreholes  drilled  from  the  laboratory  tunnels.  The 
calibration  procedure  consisted  of  the  identifica- 
tion of  a  local  minimum  of  head  and  flux  residuals. 
The  limitation  of  the  relevant  hydraulic  input  pa- 
rameters to  three  variables  (i.e.,  two  transmissivi- 
ties  and  the  water  pressure  at  the  model  boundary) 
made  it  possible  to  keep  the  number  of  parameter 
variations  low  and  allowed  visualization  of  the 
results.  The  identification  of  the  absolute  minimum 
of  the  residuals  would  need  a  much  greater  range 
of  parameter  variation  and  would  be  facilitated 
with  an  automatic  optimization  procedure.  The 
evaluation  of  the  objective  function  has  shown  that 
the  reliability  of  data  measurements  play  an  impor- 
tant role.  It  is  important,  therefore,  that  all  meas- 
urements contain  a  quantitative  evaluation  of  their 
reliability  in  the  form  of  a  deviation  range.  The 
water  balance  in  the  model  region  provided  a  very 
powerful  measure  that  enabled  adjustment  of  the 
calculated  flow  of  each  run  and  thus  verification  of 
the  plausibility  of  the  input  parameters.  (See  also 
W91-07253)  (Korn-PTT) 
W9 1-07282 


CALIBRATION  OF  GROUNDWATER 

MODELS  FOR  THE  GRIMSEL  UNDER- 
GROUND ROCK  LABORATORY,  SWITZER- 
LAND. 

Colenco  Ltd.,  Baden  (Switzerland). 
P.  Adank,  W.  Huerlimann,  and  S.  Vomvoris. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  291-299.  5  fig,  5 
ref. 


REDUCING  GROUNDWATER  FLOW  MODEL 
UNCERTAINTIES  AT  YUCCA  MOUNTAIN. 

Weston  (Roy  F.),  Inc.,  Washington,  DC. 
K.  A.  Albrecht,  D.  F.  Fenster,  and  S.  G.  van 
Camp. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  301-309.  1  fig,  9 
ref.  Department  of  Energy  Contract  No.  DE- 
AC01-87-RW00060. 

Descriptors:  'Flow  models,  'Groundwater  move- 
ment, 'Hydrologie  models,  'Model  studies, 
'Model  testing,  'Nevada,  'Radioactive  waste  dis- 
posal, 'Uncertainty,  'Yucca  Mountain  Site,  Aer- 
ation zone,  Calibrations,  Case  studies,  Data  acquisi- 
tion, Data  collections,  Data  interpretation,  Field 
tests,  Groundwater  barriers,  Hydrologie  regime, 
Performance  evaluation,  Quality  control,  Satura- 
tion zone. 

The  U.  S.  Department  of  Energy  plans  to  charac- 
terize the  Yucca  Mountain  site  in  southern  Nevada 
to  determine  its  suitability  as  a  geologic  repository 
for  spent  nuclear  fuel  and  high-level  radioactive 
waste  disposal.  This  project  is  unique  in  its  spatial 
and  temporal  scales  and  stringent  quality  assurance 
requirements.  Site  and  regional  scale  areas  are  on 
the  order  of  100  and  10000  sq  km,  respectively. 
Performance  objectives  to  meet  federal  regulations 
include  pre-waste  emplacement  groundwater 
travel  times  (GWTT)  from  the  repository  to  the 
accessible  environment  exceeding  1000  years  and 
limits  on  cumulative  radionuclide  releases  over  a 
10000  year  period.  The  current  conceptual  model 
of  the  hydrologie  system  at  Yucca  Mountain  is 
composed  of  unsaturated  zone  and  saturated  zone 
elements.  The  unsaturated  zone  is  hypothesized  to 
be  the  principal  hydrologie  barrier  due  to  low 
fluxes  and  large  thickness,  hence  providing  long 
groundwater  travel  times.  Plans  for  reducing  un- 
certainties in  groundwater  flow  models  include 
obtaining  parameter  values  needed  to  evaluate  al- 
ternative conceptual  models.  Large-scale  field  tests 
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are  planned  at  the  soil  surface,  in  deep  dry-drilled 
and  cored  boreholes  and  underground  at  the  pro- 
posed repository  depth.  These  tests  will  provide 
parameter  value  ranges  and  uncertainties,  which 
will  be  used  as  input  to  performance  assessment 
models.  Performance  assessment  modeling  results 
will,  in  turn,  guide  additional  data  collection  activi- 
ties. (See  also  W9 1-07253)  (Author's  abstract) 
W9 1-07283 


RELIABILITY  OF  A  GROUNDWATER 
MODEL:  THE  HISTORY  OF  MODELLING 
THE  JWANENG  NORTHERN  WELLFIELD  IN 
BOTSWANA. 

Anglo  American  Corp.  of  South  Africa  Ltd.,  Mar- 
shalltown. 
M.  C.  Brook. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  31 1-319.  8  fig,  12 
ref. 

Descriptors:  'Botswana,  'Groundwater  manage- 
ment, 'Groundwater  movement,  'Hydrologic 
models,  'Model  studies,  'Model  testing,  'Well 
fields,  Calibrations,  Case  studies,  Data  interpreta- 
tion, Drawdown,  Finite  difference  methods,  Iso- 
tope studies,  Recharge,  Storage,  Three-dimension- 
al model,  Water  resources  management,  Wells. 

The  Jwaneng  Northern  Wellfield  covers,  within  its 
present  perimeter,  an  area  of  some  200  sq  km  and  is 
situated  55  km  north-west  of  the  Jwaneng  Dia- 
mond Mine,  on  the  fringes  of  the  Kalahari  Desert 
in  the  Kweneng  District  of  south-eastern  Botswa- 
na. At  the  time  of  the  wellfield's  inception,  a  two- 
dimensional  finite  difference  model  was  developed 
to  aid  long  term  groundwater  resources  manage- 
ment. This  model  has  over  estimated  maximum 
regional  drawdowns  in  the  wellfield  center  by  a 
factor  of  five  and  as  a  consequence,  the  model  was 
restructured  and  recalibrated  in  1984.  The  recale- 
brated  model  has  overestimated  the  same  draw- 
downs by  80%.  Estimates  based  on  a  new  hydro- 
geologic  model  which  incorporates  isotope  data, 
indicate  significant  local  recharge  to  the  wellfield. 
A  simple  analytical  model  of  wellfield  behavior 
shows  that  this  calculated  recharge  rate  brings  the 
modelled  drawdowns  into  the  range  of  actually 
observed  values.  With  the  current  expansion  of  the 
wellfield  now  completed  to  allow  for  a  maximum 
monthly  abstraction  of  over  100000  cu  m,  a  more 
detailed,  three-dimensional  finite  difference  model 
is  now  available  and  has  replaced  all  previous 
models  as  a  long  term  groundwater  management 
tool.  (See  also  W91-07253)  (Author's  abstract) 
W9 1-07284 


PERSPECTIVE  ON  NON-UNIQUENESS  IN 
THREE-DIMENSIONAL  TRANSPORT  SIMU- 
LATIONS OF  BIODEGRADING  ORGANIC 
CONTAMINANTS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 
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DELINEATION  OF  GROUNDWATER  PRO- 
TECTION ZONES  USING  FORCED  GRADI- 
ENT TRACER  TESTS:  A  MODEL  VALIDA- 
TION CASE  STUDY. 

Stuttgart  Univ.  (Germany,  F.R.).  Inst,  fuer  Was- 
serbau. 

G.  Teutsch,  and  B.  Hofmann. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  351-360.  8  fig,  2 
tab,  3  ref. 

Descriptors:  'Groundwater  movement,  'Ground- 
water protection,  'Model  studies,  'Model  testing, 
'Tracers,  Calibrations,  Case  studies,  Data  interpre- 
tation, Finite  difference  methods,  Finite  element 
method,  Germany,  Groundwater  depletion, 
Groundwater  management.  Hydraulic  conductivi- 
ty, Permeameters,  Pumping  tests.  Sieve  analysis, 
Storativity,  Three-dimensional  model,  Water  qual- 
ity. 


In  many  European  countries,  the  general  approach 
lowards  groundwater  protection  employs  some 
type  of  zoning  system,  either  based  on  travel-time 
or  travel-distance  contours,  or  a  combination  of 
both.  In  Germany,  the  system  comprises  four  pro- 
tection zones,  characterized  by  various  restrictions 
on  activities  potentially  threatening  the  ground- 
water quality.  In  a  study  of  a  planned  wellfield  in 
the  Rhine  valley  near  Karlsruhe,  the  project  objec- 
tives are  the  prediction  of  the  local  and  regional 
groundwater  level  decline  and  the  delineation  of 
protection  ZONE  II  (i.e.,  covering  an  area  within 
the  50  days  travel-time  contour).  The  delineation 
of  the  ZONE  II  area  was  accomplished  by  com- 
paring results  calculated  from  a  large  scale  hydrau- 
lic test  with  data  obtained  from  a  forced  gradient 
tracer  test.  Predictions  of  groundwater  flow  and 
transport  within  the  anticipated  protection  zone 
were  carried  out  using  a  local  scale,  three-dimen- 
sional model  which  was  linked  to  a  two-dimension- 
al regional  model.  The  results  of  the  investigation 
demonstrated  that  transport  predictions  based  on 
hydraulic  data  could  be  far  off  from  reality,  even 
in  an  aquifer  environment  of  limited  heterogeneity. 
In  addition,  the  model  calculations  based  on  pa- 
rameters obtained  from  standard  pumping  test  in- 
terpretation and  sieve  analysis  produced  similar 
results.  For  the  presented  case  study,  the  ZONE  II 
area  estimates  differed  by  more  than  100%,  de- 
pending on  the  type  of  data  used.  Therefore,  for 
the  calculation  of  protection  zone  areas,  a  conserv- 
ative approach  with  a  large  safety  margin  was 
recommended.  (See  also  W91-07253)  (Korn-PTT) 
W91-07288 


MODEL  UNCERTAINTIES  IN  THE  SIMULA- 
TION OF  RIVER  MARECCHIA  ALLUVIAL 
FAN  (NORTHERN  ITALY). 

Bologna  Univ.  (Italy).  1st.  di  Costruzioni  Idrau- 
liche. 

A.  Bizzarri,  and  M.  Ferraresi. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  363-372.  4  fig,  1 
tab,  5  ref.  National  Public  Education  Ministry 
Grant  No.  MPI  8903002. 

Descriptors:  'Alluvial  aquifers,  'Alluvial  fans, 
'Hydrologic  models,  'Italy,  'Model  studies,  'Sim- 
ulation, 'Uncertainty,  Aquifer  characteristics, 
Aquifers,  Calibrations,  Data  interpretation,  Error 
analysis,  Groundwater  transport,  Hydraulic  con- 
ductivity, Mathematical  analysis,  Mathematical 
equations,  Mathematical  studies,  Piezometric  head, 
Probabilistic  process,  Sensitivity  analysis,  Water 
quality. 

The  alluvial  fan  of  the  Marecchia  River  in  North- 
ern Italy  represents  the  most  important  water  re- 
source in  an  area  where  the  average  annual  rainfall 
is  comparatively  low  and  the  hydrological  regime 
of  the  natural  watercourses  is  irregular.  Modelling 
of  the  aquifer  system  is  hindered  by  a  lack  of 
information  concerning  aquifer  structure,  natural 
boundary  conditions,  and  the  rate  of  contaminant 
injection.  In  order  to  overcome  the  difficulties  and 
uncertainties  arising  from  the  paucity  of  field  data 
in  the  alluvial  fan  of  the  Marecchia  River,  which 
affects  both  groundwater  quantity  and  quality, 
identification  and  calibration  procedures  followed 
a  conservative  approach.  The  concept  of  conjunc- 
tion of  states  of  information  was  applied  to  pro- 
gressively more  detailed  analyses  of  the  physical 
system.  The  results  of  the  study  showed  that  the 
set-up  of  a  conceptual  model  for  underdetermined 
problems  could  not  be  substituted  by  probabilistic 
computations.  However,  the  use  of  identification 
procedures  provided  valuable  support  in  the  analy- 
sis of  the  goodness  of  some  initial  estimates  and  in 
the  detection  of  their  consistency  with  the  a  priori 
information  on  the  aquifer  system.  The  model  un- 
certainties could  be  analyzed  and  reduced  through 
the  numerical  exploration  of  the  parameter  space, 
particularly  if  these  procedures  were  computation- 
ally simple.  (See  also  W91-07253)  (Korn-PTT) 
W9 1-07289 


VELOCITY  PREDICTION  ERRORS  RELATED 
TO  FLOW  MODEL  CALIBRATION  UNCER- 
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Descriptors:  'Calibrations,  'Error  analysis,  'Flow 
models,  'Flow  velocity,  'Groundwater  move- 
ment, 'Model  studies,  'Uncertainty,  Aquifer  sys- 
tems, Data  interpretation,  Flow  equations,  Geolog- 
ic formations,  Geologic  units,  Heterogeneity,  Hy- 
draulic conductivity,  Numerical  analysis,  Savan- 
nah River  Plant,  Sensitivity  analysis,  Spatial  distri- 
bution, Standard  deviation,  Three-dimensional 
model,  Water  level. 

At  the  Savannah  River  Site  (SRS)  in  South  Caroli- 
na, a  three-dimensional,  steady-state  numerical 
model  has  been  developed  for  a  four  aquifer,  three 
aquitard  groundwater  flow  system.  While  ground- 
water velocity  prediction  has  been  recognized  as 
an  important  calibration  parameter,  flow  models 
typically  rely  upon  measured  water  levels.  Using 
the  same  set  of  water-level  calibration  targets,  two 
separate  calibrations  of  the  SRS  groundwater  flow 
model  produced  nearly  identical  realizations  of  the 
hydraulic  conductivity  field  in  terms  of  residual 
standard  deviation  (RSD)  and  flow  balance  calcu- 
lations. However,  these  calibrations  did  not  predict 
groundwater  velocities  near  a  seepage  basin  facili- 
ty accurately  enough  to  reproduce  observed 
groundwater  travel  times  to  a  nearby  surface 
stream.  A  new  representation  of  the  geologic 
framework  was  developed  during  the  recalibration 
of  the  model  with  a  different  set  of  water  levels 
exhibiting  better  spatial  coverage  and  density.  This 
calibration  produced  an  improved  RSD  and  better 
estimates  of  groundwater  travel  times  in  the  vicini- 
ty of  the  seepage  basins.  Thus,  the  combined  use  of 
geologic  information  and  water  levels  alone  were 
insufficient  to  produce  a  calibrated  model  suitable 
for  analyzing  groundwater  flow  directions  and 
rates  in  this  aquifer  system.  It  was  the  combined 
use  of  three  types  of  information:  hydraulic  head 
distributions,  geologic  framework  models,  and  ve- 
locity field  monitoring,  that  provided  valuable  cali- 
bration data  for  the  flow  modeling  investigations. 
(See  also  W91-07253)  (Korn-PTT) 
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SIMULATION  OF  BLOCK  PERMEABILITIES 
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Descriptors:  'Flow  models,  'Hydrologic  models, 
'Model  studies,  'Permeability,  'Scale  factors, 
'Simulation  analysis,  Algorithms,  Anisotropy,  Aq- 
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studies,  Probabilistic  process,  Sensitivity  analysis, 
Spatial  distribution,  Statistical  analysis,  Statistical 
methods,  Statistical  models,  Stochastic  process, 
Uncertainty. 

To  provide  a  probabilistic  evaluation  of  aquifer 
performance  a  large  number  of  flow  simulations  is 
required  using  alternative  stochastic  aquifer  images 
that  honor  the  data  values  and  characteristics  of 
spatial  variability.  For  computational  costs,  these 
flow  simulations  cannot  be  carried  out  at  the  core 
scale.  Therefore,  the  aquifer  images  must  be  coar- 
sened into  larger  blocks,  with  average  (effective) 
parameters  assigned  to  blocks.  A  methodology  was 
developed  for  generating  maps  of  grid-block  per- 
meabilities as  input  to  a  numerical  flow  simulator. 
The  procedure  includes  an  algorithm  for  upscaling 
permeability  that  accounts  for  the  tensorial  charac- 
ter of  interface  permeabilities  and  reproduces  well 
the  fluxes  observed  at  the  microscale.  This  upscal- 
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ing  algorithm  is  shown  to  give  better  results  than 
more  traditional  techniques.  Following  this  initial 
step,  synthetic  training  images  of  interface  perme- 
ability tensors  are  used  to  infer  a  statistical  model 
for  the  spatial  variability  of  the  permeability  tensor 
and  its  joint  variability  with  core  permeability.  The 
variograms  inferred  from  the  training  images  were 
found  to  be  well-behaved,  and  the  anisotropy  ratio 
between  the  principal  components  of  the  perme- 
ability tensors  was  found  to  be  almost  constant. 
These  statistical  models  for  the  block  permeabili- 
ties allow  for  their  stochastic  imaging  through 
equally  likely  maps  of  interface  permeability  ten- 
sors conditioned  to  core  data.  (See  also  W91- 
07253)  (Korn-PTT) 
W9 1-07293 


REEVALUATION  OF  LARGE-SCALE  DISPER- 
SIVITIES  FOR  A  WASTE  CHLORIDE  PLUME: 
EFFECTS  OF  TRANSIENT  FLOW. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  5B. 
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Descriptors:  'Aquifer  characteristics,  *Flow 
models,  *Geostatistics,  *Groundwater  movement, 
'Hydrologic  models,  'Mathematical  models, 
•Model  studies,  'Model  testing,  'Simulation, 
'Texas,  Calibrations,  Data  collections,  Data  inter- 
pretation, Finite  difference  methods,  Flow  charac- 
teristics, Flow  velocity,  Hydraulic  conductivity, 
Kriging,  Landfills,  Mass  transport,  Sensitivity  anal- 
ysis, Solute  transport,  Spatial  distribution,  Statisti- 
cal methods,  Three-dimensional  model,  Uncertain- 
ty, Velocity,  Water  level,  Wells. 

A  geostatistical  analysis  was  performed  to  assess 
direction,  magnitude  and  uncertainty  of  ground- 
water flow  at  a  landfill  facility  near  Port  Arthur, 
Texas.  The  basis  of  the  study  was  monthly  water 
level  data  from  the  uppermost  transmissive  zone 
underlying  the  site.  The  monthly  water  levels  were 
obtained  over  a  period  of  more  than  five  years 
from    about    100    monitoring    wells.    Generalized 
kriging  and  jackknife  tests  were  used  to  estimate 
the  data  uncertainty.  Multiple  sampling  with  re- 
placement  from   the   water-level    data   combined 
with    the    data    uncertainty    resulted    in    average 
groundwater  velocity  vectors  for  future  time  peri- 
ods and  in  the  corresponding  confidence  intervals. 
The  results  were  used  to  designate  upgradient  and 
downgradient  monitoring  wells  for  regulatory  pur- 
poses. A  comparison  was  made  of  these  calculated 
results  with  the  results  obtained  from  a  flow  model 
simulation  of  the  site.  The  particular  model  used 
was  a  three-dimensional  finite-difference  flow  and 
transport  code  called  SWIFT  II.  The  comparison 
of  the  calculated  and  the  simulated  flow  field  re- 
vealed that  the  simulated  flow  field  did  not  fully 
reflect  the  complexity  of  the  real  flow  field.  In 
addition,  the  simulated  flow  direction  was  repre- 
sentative only  in  some  parts  of  the  model  area  and 
the  simulated  flow  velocities  were  generally  too 
small.  However,  most  of  the  simulated  flow  veloci- 
ties appeared  to  have  the  right  order  of  magnitude. 
Generally  speaking,  a  substantially  more  complex 
numerical  model  which  may  have  to  feature  com- 
plicated boundary  conditions,  localized  recharge, 
and  heterogeneous  aquifer  parameters  would  be 
necessary  to  obtain  a  substantially  better  represen- 
tation of  the  hydrogeological  system  at  the  Port 
Arthur    landfill    facility.    (See    also    W91-07253) 
(Korn-PTT) 
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REGIONALIZATION  OF  HYDRAULIC  AQUI- 
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Descriptors:  'Aquifer  characteristics,  'Data  inter- 
pretation, 'Geostatistics,  'Hydraulic  conductivity, 
'Hydraulic  properties,  'Model  studies,  'Model 
testing,  'Optimization,  'Regional  analysis,  'Simu- 
lation, Calibrations,  Correlation  analysis,  Disper- 
sion, Dispersivity,  Flow  velocity,  Germany, 
Groundwater  movement,  Heterogeneity,  Histo- 
grams, Mass  transport,  Sensitivity  analysis,  Solute 
transport,  Statistical  analysis,  Statistical  methods, 
Uncertainty,  Variability. 

Based  on  the  knowledge  of  the  spatial  correlation 
structure  (i.e.,  histogram  and  variogram)  of  the 
hydraulic  conductivity,  a  geostatistical  simulation 
technique  can  generate  numerous  equally-likely  re- 
alizations of  the  spatial  distribution  of  hydraulic 
conductivity  which  reflect  the  actual  small-scale 
variability.  These  realizations  can  then  be  inserted 
into  a  deterministic  model  in  order  to  describe  the 
dispersive  behavior  of  an  aquifer  in  a  more  realistic 
way.  Hydraulic  conductivity  values  for  a  test  site 
in  northern  Germany  were  geostatistically  ana- 
lyzed in  order  to  describe  the  spatial  structure  of 
this  flow  governing  parameter.  These  values  were 
then  inserted  in  a  deterministic  transport  model 
where  calculated  dispersivities  ranged  between 
0.022  and  0.089  m.  A  total  of  15  realizations 
proved  to  be  sufficient  to  provide  a  realistic  de- 
scription of  possible  extreme  flow  and  transport 
conditions.  The  results  of  the  investigation  re- 
vealed that  a  significant  spatial  variability  in  the 
hydraulic  conductivity  distribution  could  be  ob- 
served. In  addition,  it  was  concluded  that  the 
geostatistical  simulation  method  was  a  cost  saving 
method  that  was  superior  to  other  generally  ap- 
plied regionalization  techniques  (e.g.,  linear  inter- 
polation). (See  also  W9 1-07253)  (Korn-PTT) 
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Descriptors:  'Flow  models,  'Flow  pattern,  'Fluid 
flow,  'Groundwater  movement,  'Model  studies, 
'Model  testing,  'Permeability,  'Scale  factors,  Ani- 
sotropy, Calibrations,  Darcys  law,  Data  interpreta- 
tion, Heterogeneity,  Infiltration,  Mathematical 
equations,  Mathematical  studies,  Numerical  analy- 
sis, Porous  media,  Seepage,  Sensitivity  analysis, 
Uncertainty. 

Calculation  of  flow  patterns  in  porous  media  are 
based  on  the  fundamental  laws  of  continuous 
media,  or  on  equations  derived  from  them  like  the 
continuity  equation  and  Darcy's  Law.  The  funda- 
mental equations  contain  parameters  that  describe 
the  state  of  the  porous  medium.  Although  power- 
ful numerical  and  mathematical  techniques  exist  to 
compute  fluid  flow,  it  is  practically  impossible  to 
apply  these  techniques  to  solve  the  small-scale 
flow  pattern.  The  application  of  field-scale  intrinsic 
permeabilities  calculated  from  a  continuous  two- 
dimensional  distribution  of  small-scale  parameters 
of  a  sedimentary  succession  obtained  from  an  allu- 
vial simulation  model  was  studied.  The  two-dimen- 
sional domain  consisted  of  a  lower  impervious 
boundary,  water  divides  at  the  left  and  right 
boundaries,  and  a  cosine  form  potential  causing  a 
fluid  flow  through  the  upper  boundary.  The  results 
of  the  investigation  revealed  that  accurate  compu- 
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tations  could  be  made  by  using  the  small-scale 
distribution  of  permeabilities  in  the  direction  of 
stratification.  Small-scale  permeabilities  perpendic- 
ular to  the  direction  of  stratification  could  then  be 
calculated  from  the  former  with  the  help  of  the 
field-scale  anisotropy.  In  addition,  the  heterogene- 
ity of  the  upper  part  of  the  domain  determined  the 
amount  of  flow  through  the  surface  as  well  as  the 
areas  where  infiltration  and  seepage  occurred.  A 
small-scale  modeling  of  heterogeneity  of  the  top 
layers  was  sufficient  to  calculate  the  fluid  flow 
through  the  surface  of  the  domain.  The  rest  of  the 
domain  could  then  be  modeled  with  field-scale 
permeabilities.  (See  also  W9 1-07253)  (Korn-PTT) 
W9 1-07298 
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terpretation, 'Groundwater  movement,  'Hydro- 
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ematical equations,  Mathematical  studies,  Predic- 
tion, Statistical  analysis,  Statistical  methods,  Water 
level. 

Deterministic  models  are  widely  used  to  describe 
the  behavior  of  the  groundwater  head  in  time  and 
space.  Generally,  the  procedure  of  modeling  starts 
from  a  first  estimate  of  the  parameters  and  driving 
force  based  on  field  measurement  (e.g.,  pumping 
rates).  These  parameters  are  then  calibrated  with 
the  help  of  groundwater  head  measurements.  Fol- 
lowing calibration,  the  model  results  usually  differ 
from  reality.  However,  this  deterministic  approach 
can  be  improved  by  the  use  of  a  Kalman  filter 
algorithm.  The  Kalman  filter  algorithm  is  based  on 
an  implicit  calculation  scheme  where,  at  each  time 
step,  the  prediction  from  the  deterministic  model  is 
updated  with  the  difference  between  the  measure- 
ments and  the  predictions.  This  update  gives  better 
initial  conditions  for  the  next  time  step  and  there- 
fore the  predictions  will  be  better  than  without 
using  the  measurements  in  the  calculation  scheme. 
The  present  study  examines  the  use  of  Kalman 
filtering  for  assessing  the  reliability  of  a  determinis- 
tic groundwater  model  and  updating  model  results 
for  a  hypothetical  example  and  a  real  world  case. 
The  results  of  the  study  indicated  that,  for  slow 
reacting  systems,  the  use  of  Kalman  filtering 
proved  to  be  a  better  tool  for  calibration  than 
deterministic  modelling  because  of  its  smaller  vari- 
ance and  time  dependency.  The  Kalman  filter  algo- 
rithm technique  could  also  update  modelling  re- 
sults because  actual  measurements  were  used 
during  and  after  calibrations.  In  addition,  the  reli- 
ability could  be  quantified  by  the  covariance 
matrix  of  the  optimal  estimates  as  obtained  from 
the  differences  between  the  calculated  and  the 
observed  heads.  (See  also  W91-07253)  (Korn-PTT) 
W9 1-07299 


BAYESIAN  ESTIMATION  OF  WATER 
LEVELS. 

Orange  Free  State  Univ.,  Bloemfontein  (South 
Africa).  Inst,  for  Groundwater  Studies. 
G.  J.  van  Tonder,  J.  F.  Botha,  and  D.  J.  De  Waal. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  477-486.  4  fig,  1 
tab,  12  ref. 

Descriptors:  'Aquifer  characteristics,  *Bayesian 
analysis,  *Data  interpretation,  *Geostatistics, 
'Groundwater  level,  'Mathematical  analysis, 
'Model  studies,  'Statistical  methods,  'Water  level, 
Boreholes,  Calibrations,  Geohydrology,  Ground- 
water   data,     Kriging,     Mathematical     equations, 
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Mathematical  studies,  Sensitivity  analysis.  South 
Africa,  Statistical  analysis,  Transmissivity,  Uncer- 
tainty. 

The  inclusion  of  prior  information  in  the  estimation 
of  a  set  of  parameters  or  variables  is  a  well-known 
procedure  in  mathematical  statistics  commonly  re- 
ferred to  as  Bayesian  analysis.  A  semi-variogram 
was  used  in  the  analysis  of  groundwater  levels  in 
the  Dewetsdorp  aquifer  in  South  Africa.  To  illus- 
trate the  Bayesian  procedure,  use  was  made  of  the 
water  levels  observed  in  72  boreholes  drilled  as 
part  of  a  study  on  natural  recharge  in  the  Dewets- 
dorp aquifer.  Fifteen  of  the  boreholes  were  select- 
ed as  references  for  evaluating  the  behavior  of  the 
Bayesian  procedure  in  extrapolation.  Using  data  on 
water  levels  and  collar  heights  from  the  remaining 
57  boreholes,  a  semi-variogram  was  derived  and 
later  used  to  estimate  the  water  level  for  the  15 
reference  boreholes.  These  estimates,  in  addition  to 
estimates  of  water  levels  obtained  using  universal 
kriging  were  compared  with  the  true  water  level 
values  for  the  Dewetsdorp  aquifer.  The  results  of 
the  comparison  revealed  that  the  Bayes  estimates 
were  generally  more  favorable  and  did  not  show 
the  wild  fluctuations  observed  in  the  correspond- 
ing kriging  estimates.  However,  the  results  do  not 
imply  that  the  Bayesian  method  is  generally  superi- 
or to  kriging.  One  area  that  requires  more  attention 
is  the  establishment  of  suitable  qualified  guesses  for 
the  variables  generally  encountered  in  geostatistics. 
(See  also  W91-07253)  (Korn-PTT) 
W9 1-07300 


SEQUENTIAL  APPROACH  TO  GROUNDWAT- 
ER MONITORING  AND  MANAGEMENT. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 
Hydraulic  Lab. 

For  primary  bibliographic  entry  see  Field  4B. 
W9 1-07301 


STOCHASTIC  MODELLING  OF  SOLUTE 
TRANSPORT  IN  GROUNDWATER:  APPLICA- 
TION TO  A  FIELD  TRACER  TEST. 

Florida  Univ.,  Gainesville.  Dept.  of  Agricultural 
Engineering. 

W.  D.  Graham,  and  D.  McLaughlin. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  501-510.  6  fig,  1 
tab,  13  ref. 

Descriptors:  *Field  tests,  'Flow  models,  'Ground- 
water movement,  "Hydrologic  models,  "Model 
studies,  *Path  of  pollutants,  'Plumes,  "Solute 
transport,  "Stochastic  models,  "Stochastic  process, 
"Tracers,  Aquifers,  Bayesian  analysis,  Calibrations, 
Camp  Borden  Site,  Canada,  Chlorides,  Data  inter- 
pretation, Geohydrology,  Heterogeneity,  Mathe- 
matical analysis,  Mathematical  studies,  Ontario, 
Prediction,  Standard  deviation,  Statistical  analysis, 
Statistical  methods,  Uncertainty,  Velocity  distribu- 
tion. 

Field  data  from  a  large-scale  natural  gradient  test 
site  in  Borden,  Ontario,  have  been  used  to  evaluate 
stochastic  theories  of  subsurface  transport.  A  two- 
dimensional  stochastic  transport  model  was  used  in 
predicting  the  trajectory  of  a  chloride  tracer  plume 
at  the  Borden  site.  The  model  provides  a  conven- 
ient method  for  predicting  the  movement  of  solute 
plumes  in  heterogeneous  aquifers  where  hydrogeo- 
logical  properties  are  unknown  or  highly  uncer- 
tain. Predictions  of  the  Borden  solute  plume  were 
conditioned  on  vertically-averaged  concentration 
at  three  times.  The  conditioning  process  trans- 
formed the  regularly  shaped  plumes  obtained  from 
unconditional  predictions  into  more  realistic  irreg- 
ular plumes  using  the  Bayesian  concepts  of  meas- 
urement conditioning.  The  results  of  the  investiga- 
tion revealed  that  the  unconditioned  mean  plumes 
were  quite  successful  in  predicting  the  peak  con- 
centration and  average  spreading  of  the  actual 
tracer  plumes.  However,  there  was  still  significant 
uncertainty  associated  with  the  mean  prediction 
which  was  estimated  accurately  by  the  uncondi- 
tional concentration  standard  deviation.  Some  im- 
provement in  model  prediction  was  achieved  by 
conditioning  the  concentration  moments  using  a 
small  subset  of  the  available  concentration  observa- 


tions. However,  the  somewhat  limited  improve- 
ment demonstrated  by  the  conditioned  moments 
indicates  that  the  key  to  the  conditioning  process  is 
the  definition  of  the  site-specific  spatial  variability 
of  the  groundwater  velocity  field.  (See  also  W91- 
07253)  (Korn-PTT) 
W9 1-07302 


STOCHASTIC  ANALYSIS  OF  UNSTEADY 
GROUNDWATER  HEAD-FIELD  IN  HETERO- 
GENEOUS REGION,  BASED  ON  PHYSICAL 
PRINCIPLES. 

Nagoya  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
M.  Harada,  and  F.  Takagi. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  511-520.  9  fig,  5 
ref. 

Descriptors:  "Aquifers,  "Geostatistics,  "Ground- 
water movement,  "Hydraulic  head,  "Hydrologic 
models,  "Model  studies,  "Rainfall,  "Statistical  anal- 
ysis, "Statistical  methods,  "Stochastic  process, 
"Water  level,  Aeration  zone,  Aquifer  properties, 
Calibrations,  Data  interpretation,  Error  analysis, 
Heterogeneity,  Japan,  Kriging,  Mathematical  anal- 
ysis, Mathematical  equations,  Mathematical  stud- 
ies, Physical  properties,  Prediction,  Rainfall  infil- 
tration, Rainfall  penetration,  Regional  analysis, 
Spatial  distribution,  Temporal  distribution,  Uncer- 
tainty, Unconfined  aquifers,  Unsteady  flow,  Water 
table,  Water  table  fluctuations. 

To  analyze  regional  groundwater  behavior,  it  is 
important  to  evaluate  the  actual  spatial  and  tempo- 
ral distributions  of  the  hydraulic  head  obtained 
from  observational  data.  A  stochastic  evaluation  of 
the  uncertainty  associated  with  groundwater  be- 
havior in  the  unconfined,  heterogeneous  region  of 
an  aquifer  as  a  result  of  heavy  rainfall  was  carried 
out  for  the  diluvial  aquifer  in  the  Nobi  Plain  in 
central  Japan.  The  behavior  of  the  unconfined 
head-field  was  investigated  by  combining  statistical 
concepts  and  physical  properties.  The  head  vari- 
ance, which  statistically  expressed  the  spatial  ran- 
domness of  the  water  table  response  to  a  rainfall, 
was  formulated  with  the  aid  of  flow  properties  in 
the  unsaturated  zone  and  in  the  aquifer.  Through 
the  evaluation  of  the  head  variance,  it  was  demon- 
strated that  the  head-field  had  greater  randomness 
of  spatial  distribution  in  the  silty  aquifer  than  in  the 
sandy  aquifer.  The  unsteady  head  variogram  fol- 
lowing a  rainfall  was  formulated  by  evaluating  the 
random  component  of  head  due  to  the  heterogene- 
ity of  the  flow  region  based  on  the  physical  laws  of 
groundwater.  The  variogram  was  derived  by  a 
perturbation  expansion  and  the  spatial  head  distri- 
butions during  the  recession  process  were  estimat- 
ed from  a  limited  set  of  data  points  using  a  geosta- 
tistical  approach.  As  a  result  of  a  kriging  estima- 
tion in  the  practical  region,  it  was  clarified  that, 
although  the  estimation  error  of  head-field  was 
very  large  just  after  the  rainfall,  the  error  de- 
creased during  a  dry  period.  This  indicated  that 
the  estimation  accuracy  of  the  field  gradually  im- 
proved. (See  also  W91-07253)  (Korn-PTT) 
W9 1-07303 


NETWORK  GEOMETRY  AND  SPATIAL  UN- 
CERTAINTY IN  GROUNDWATER  SOLUTE 
TRANSPORT  MODELLING. 

Universitaet  fuer  Bodenkultur,  Vienna  (Austria). 
Inst,  fuer  Wasserwirtchaft. 
H.  P.  Nachtnebel,  and  A.  Bardossy. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  529-539.  4  fig,  1 
tab,  15  ref.  Austrian  Academy  of  Sciences  Grant 
No.  HOE  37. 

Descriptors:  "Groundwater  movement,  "Model 
studies,  "Network  design,  "Nitrates,  "Nutrient 
transport,  "Path  of  pollutants,  "Solute  transport, 
•Uncertainty,  Austria,  Boundary  conditions,  Cali- 
brations, Case  studies,  Convection,  Data  interpre- 
tation, Dispersion,  Geostatistics,  Hydraulic  con- 
ductivity, Kriging,  Mathematical  analysis,  Mathe- 
matical equations,  Mathematical  studies.  Predic- 
tion, Saturation  zone,  Sensitivity  analysis,  Simula- 
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tion,  Spatial  distribution,  Statistical  analysis,  Statis- 
tical methods,  Water  level. 

The  physical  process  described  by  a  convection- 
dispersion  equation  is  based  on  initial  and  bounda- 
ry conditions  as  well  as  on  the  spatial  distribution 
of  various  parameters  such  as  hydraulic  conductiv- 
ity, saturated  thickness,  and  bottom  layer.  The 
spatial  uncertainty  in  the  output  of  a  solute  trans- 
port model  and  the  relationship  between  uncertain- 
ty and  the  observation  network  for  hydraulic  pa- 
rameters were  analyzed.  The  methodology  was 
applied  to  the  unsteady  nitrate  transport  in  a  small 
groundwater  system  in  southern  Austria.  A  two- 
dimensional  convection-dispersion  solute  transport 
model  was  modified  to  obtain  the  nitrate  output  for 
each  node  and  every  time  step.  Based  on  the 
assumption  that  the  heads,  the  saturated  thickness 
and  the  log  of  the  hydraulic  conduc'.jvity  were 
realizations  of  intrinsic  functions,  the  parameters 
were  estimated  from  measurements  by  kriging 
techniques.  Conditional  simulation  was  applied  to 
generate  a  large  number  of  parameter  sets  which 
were  utilized  as  an  input  for  the  transport  model. 
The  estimation  variance  in  the  corresponding 
model  output  reflected  both  the  randomness  of  the 
parameters  and  the  effect  of  the  locations  in  the 
observation  network.  Based  on  the  results  of  the 
study  it  appeared  that  the  heads  which  entered  the 
model  via  the  boundary  values  were  the  most 
important  source  of  uncertainty  while  the  saturat- 
ed thickness  was  the  least  important  source.  There- 
fore, it  was  suggested  that  improvements  in  nitrate 
concentration  forecasts  would  require  additional 
observations  of  the  heads  (boundary  conditions). 
(See  also  W91-07253)  (Korn-PTT) 
W9 1-07305 


GROUNDWATER  FLOW  IN  THE  BASHITA- 
MINATO  MANGROVE  AREA,  AND  ITS  IN- 
FLUENCE ON  WATER  AND  BOTTOM  MUD 
PROPERTIES. 

Tokai  Univ.,  Shizouka  (Japan).  Faculty  of  Marine 
Science  and  Technology. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-073 15 


EFFECT  OF  SOIL  PROPERTIES  ON  UNSATU- 
RATED HYDRAULIC  CONDUCTIVITY  PORE- 
INTERACTION  FACTORS. 

North  Dakota  State  Water  Commission,  Bismarck. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-07336 


ACETONITRILE  AND  ACRYLONJTRILE 
SORPTION  ON  MONTMORILLONITE  FROM 
BINARY  AND  TERNARY  AQUEOUS  SOLU- 
TIONS. 

Delaware      Agriculture      Experiment      Station, 

Newark. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07343 


AGRICULTURE  AND  WATER  QUALITY:  OLD 
PROBLEM,  NEW  URGENCY. 

Florida  Univ.,  Gainesville.  Dept.  of  Food  and  Re- 
source Economics. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07361 


LOGIC  PROGRAMMING  IN  GROUNDWATER 
RESOURCES  MANAGEMENT. 

Bari   Univ.   (Italy).   1st.   di   Scienze   dell'Informa- 

zione. 

F.  Tangorra,  and  M.  Vurro. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  36, 

No.  1,  p  1-10,  February  1991.  4  fig,  20  ref. 

Descriptors:  "Artificial  intelligence,  "Computer 
models,  "Computer  programs,  "Groundwater 
management,  "Groundwater  resources,  "Model 
studies,  "Resources  management,  "Water  resources 
management,  Geohydrology,  Geologic  control, 
Groundwater  quality,  Hydrologic  models,  Italy, 
Water  resources  development. 
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Artificial  intelligence  techniques  can  be  used  to 
solve  problems  using  a  heuristic  approach.  A 
model  has  been  developed  which  is  able  to  verify 
whether  there  is  groundwater  in  a  given  place,  the 
quantity  available  and  its  quality.  The  system  has 
been  implemented  in  the  logic  programming  lan- 
guage Prolog  and  runs  on  a  personal  computer 
under  MS-DOS.  The  knowledge  base  has  been 
constructed  using  degrees  of  certainty  and  other 
factors,  and  requires  the  implementation  of  a  user 
interface  that  allows  queries  to  be  addressed  to  the 
knowledge  base.  The  model  was  applied  to  a 
region  in  Southern  Italy,  where  data  are  available 
and  groundwater  is  a  very  important  resource.  The 
entire  zone  was  divided  into  four  subzones  accord- 
ing to  geology,  and  the  observation  wells  were 
assigned  to  these  subzones.  The  first  factor  of 
certainty  for  finding  water  was  computed  as  a 
function  of  the  well/area  ratio  and  the  number  of 
wells  in  the  same  zone.  The  second  factor  of 
certainty  was  computed  by  analyzing  the  stratigra- 
phy of  the  sample:  by  correlating  these  characteris- 
tics with  the  discovery  of  water  this  second  factor 
was  also  computed.  A  weighting  factor  was  also 
assigned  on  the  basis  of  the  thickness  of  each  rock. 
These  parameters  were  used  to  answer  the  first 
question  in  the  Subject  Domain  section.  The  first 
results  are  encouraging  and  further  questions  about 
groundwater  quantity  and  quality  are  being  exam- 
ined. (Fish-PTT) 
W9 1-07623 


Hydrological  Sciences  Journal  HSJODN,  Vol.  36, 
No.  1,  p  67-78,  February  1991.  6  fig,  29  ref. 

Descriptors:  'Artificial  recharge,  'Groundwater 
recharge,  *Model  studies,  'Numerical  analysis, 
•Surface-ground water  relations,  *Water  table  fluc- 
tuations, Aeration  zone,  Infiltration  rate,  Iran, 
Mathematical  models,  Model  testing,  Water  table 


A  new  method  of  evaluation  of  the  response  of  a 
water  table  to  artificial  recharge  has  been  devel- 
oped. The  solution  is  formulated  in  the  form  of  a 
simple  numerical  model.  The  model  has  several 
advantages  over  the  traditional  methods  of  mound- 
ing prediction.  The  effect  of  the  unsaturated  zone, 
which  modifies  the  recharge  rate  as  compared  with 
the  infiltration  rate,  is  considered.  Mounding  is 
calculated  for  a  variable  recharge  rate  induced  by 
a  variable  infiltration  rate.  Also,  the  effect  of  in- 
transit  water  in  reducing  the  fillable  pore  space 
above  a  rising  water  table  is  considered.  The  valid- 
ity of  the  model  results  was  illustrated  using  sever- 
al sets  of  field  data  collected  in  the  Ghazvin  Plain 
in  Iran.  Sample  calculations  proved  that  the  model 
predicts  mounding  more  accurately  than  the  tradi- 
tional methods  and,  therefore,  more  realistic  rec- 
ommendations for  the  design  and  operation  of  arti- 
ficial recharge  schemes  are  possible  using  the 
model.  (Author's  abstract) 
W9 1-07628 


RHYTHMIC  KARST  SPRINGS. 

Split  Univ.  (Yugoslavia).  Faculty  of  Civil  Engi- 
neering Sciences. 
O.  Bonacci,  and  D.  Bojanic. 

Hydrological  Sciences  Journal  HSJODN,  Vol.  36, 
No.  1,  p  35-47,  February  1991.  9  fig,  8  ref. 

Descriptors:  *Cavern  flow,  'Groundwater  move- 
ment, 'Hydrographs,  'Intermittent  springs,  'Karst 
hydrology,  'Model  studies,  'Surface-ground water 
relations,  Caves,  Groundwater  reservoirs,  Siphons, 
Underground  streams,  Yugoslavia. 

Rhythmic  springs  (ebb  and  flow  springs,  intermit- 
tent springs,  potajnice)  belong  to  the  group  of 
springs  which  appear  exclusively  in  karstified  ter- 
rains. These  springs  function  by  a  siphon  system, 
whereby,  when  the  water  level  in  a  cave  rises  to 
the  maximum  elevation  of  the  outflow  channel,  all 
the  water  suddenly  outflows.  A  mathematical 
model  has  been  developed  for  the  functioning  of 
this  type  of  springs  based  on  the  principle  of  re- 
charge and  emptying  of  the  underground  reservoir 
through  siphon  action.  This  model  was  applied  to 
three  rhythmic  springs  in  Yugoslavia  to  simulate 
the  functioning  of  the  underground  reservoir  locat- 
ed in  the  karst,  through  hydrographs  defined  by 
measurement.  The  first  rhythmic  karst  spring  ex- 
amined is  typical,  with  a  continuous  inflow  and 
continual  rhythmic  recharge  filling  of  the  reservoir 
and  emptying  through  the  siphon.  The  second 
spring  studied  belongs  to  the  group  of  seasonal 
rhythmic  springs  in  the  dry  period.  During  the 
rainy  period  of  the  year  it  becomes  an  intensive 
karst  spring  without  significant  oscillations  in  its 
discharge.  The  third  spring  studied  is  a  special 
rhythmic  spring  which  consists  of  two  openings  2 
m  apart.  During  high  groundwater  levels,  the 
lower  spring  functions  continually  as  a  rhythmic 
spring  with  regular  intervals.  During  the  dry  peri- 
ods, the  lower  spring  operates  rhythmically, 
whereas  the  upper  spring  dries  up  for  several  days 
or  more,  and  then  has  the  characteristics  of  a 
periodic  spring.  The  parameters  are  determined  b 
the  position  of  the  reservoir  and  the  siphon,  and  by 
the  numerical  requirements  for  an  agreement  be- 
tween the  observed  and  simulated  hydrographs. 
The  model  showed  that  it  can  be  widely  applied: 
thus  it  can  be  concluded  with  high  reliability  that 
the  model  displays  the  general  characteristics  of  a 
real  system.  (Fish-PTT) 
W9 1-07626 


EVALUATION  OF  THE  RESPONSE  OF  A 
WATER  TABLE  TO  A  VARIABLE  RECHARGE 
RATE. 

K.N.  Toossi  Univ.  of  Technology,  Tehran  (Iran). 
Dept.  of  Civil  Engineering. 
K.  Zomorodi. 


REGULATING  THE  POLLUTION  OF 
GROUND  WATER:  RESPONDING  TO  THE 
NPDES  DISCHARGE  TO  GROUND  WATER 
PERMIT  FEE  REGULATIONS. 

Integrated  Data  Technologies,  Inc.,  Philadelphia, 
PA. 

W.  A.  Huber,  and  R.  N.  Sands. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  13-30.  6  fig,  12  ref. 

Descriptors:  'Effluent  charges,  'Groundwater  pol- 
lution, 'New  Jersey,  'Permits,  'Regulations, 
'Wastewater  disposal,  Environmental  impact,  En- 
vironmental protection,  Fees,  Groundwater  man- 
agement, Hazardous  wastes,  Industrial  wastes, 
Water  pollution. 

The  New  Jersey  Pollutant  Discharge  Elimination 
System  is  a  program  administered  by  the  State 
Department  of  Environmental  Protection  to  regu- 
late the  discharge  of  pollutants  to  the  surface  and 
ground  waters  of  the  state.  Part  of  this  program  is 
to  assess  an  annual  permit  fee.  Assessment  of 
permit  fees  for  discharges  to  surface  water  has 
been  in  force  since  1981.  Permit  fees  based  on 
discharges  to  groundwater  were  first  assessed  in 
1988-1989.  The  discharge  to  groundwater  permit 
fees  are  assessed  and  recomputed  annually.  Each 
fee  is  the  sum  of  a  minimum  fee,  which  is  fixed  by 
the  facility's  fee  category,  and  a  net  fee,  which  is 
directly  proportional  to  an  environmental  impact. 
The  minimum  fees  range  from  $500  for  facilities 
not  required  to  conduct  groundwater  monitoring 
to  $20,000  for  hazardous  waste  facilities  and  indus- 
trial waste  management  facilities.  The  Department 
of  Environmental  Protection  claims  that  the  fees 
are  structured  to  encourage  more  facilities  to  initi- 
ate groundwater  remediation.  The  strength  of  new 
1990  regulation  and  fee  calculation  formulas  in- 
clude providing  facilities  with  more  incentives  to 
understand  and  remediate  groundwater,  and  a 
more  equitable  distribution  of  the  fee  burden 
among  permittees.  The  analysis  has  shown  that,  by 
reducing  the  range  of  possible  status  factors  that 
multiply  the  environmental  impact,  the  new  formu- 
la results  in  a  narrower  range  of  environmental 
impacts.  For  the  subpopulation  of  large-environ- 
mental impact  permittees  (those  in  compliance 
monitoring  or  corrective  action)  this  range  is  about 
four  orders  of  magnitude,  resulting  in  significant 
environmental  impact-based  fees  for  many.  Other 
states  are  beginning  to  follow  New  Jersey's  lead  in 
assessing  permit  fees  for  groundwater  pollution. 
(See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07663 
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APPLICATION  OF  THE  SELF-POTENTIAL 
METHOD  TO  GROUNDWATER  MONITOR- 
ING. 

Pennsylvania  Dept.  of  Environmental  Resources, 
Harrisburg. 
Y.  M.  Reznik. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  118-126.  5  fig,  4  ref. 

Descriptors:  'Electrical  studies,  'Geophysical  sur- 
veys, 'Groundwater  monitoring,  'Resistivity, 
'Self  potential  method,  'Subsurface  mapping, 
Electrical  properties,  Feasibility  studies,  Geohy- 
drology,  Hydrologic  data,  Streaming  potential 
method. 

Geophysical  investigations  are  commonly  recog- 
nized methods  of  quick  and  relatively  low-cost 
evaluation  of  the  site  geological  and  hydrological 
conditions.  Magnetometer,  gravimetric,  seismic, 
and  electric  surveys  are  considered  as  the  basic 
methods  of  geophysical  investigations.  The  electri- 
cal resistivity  survey  is  the  most  popular  modifica- 
tion of  electrical  methods  adopted  by  engineers 
and  geologists  for  the  better  understanding  of  the 
field  information.  The  streaming  potential  method 
is  a  modification  of  the  Self-Potential  method  that 
studies  the  DC  voltage  distribution  in  the  earth  as  a 
result  of  numerous  electrochemical  reactions  be- 
tween different  minerals  and/or  fluids,  thermo- 
electric effects  originating  naturally  (magma)  or 
artificially  (underground  fires),  or  reflect  electro- 
kinetic  effects.  The  observed  streaming  (electro- 
filtration)  potentials  are  generated  in  the  earth  due 
to  the  movement  of  a  liquid  through  the  solid 
media  and  constitute  only  one  type  of  self-poten- 
tials. The  geophysical  survey  programs  developed 
for  the  selected  sites  comprised  the  evaluation  of 
actual  field  conditions  and  types  of  deposited/ 
disposed  soils/fills;  the  determination  of  electric 
potential  disturbances  at  the  sites  of  interest;  the 
search  for  the  most  effective  ways  of  separation  of 
non-time  variant  electric  potential  sources  from  the 
time  dependent  sources;  the  search  for  the  most 
rational,  productive  and  accurate  way  of  the  field 
exploration;  and  the  development  of  independent 
sets  of  data  for  verification  of  the  obtained  field 
readings.  These  minimum  requirements  were  met 
at  two  researched  coal  refuse  disposal  facilities 
where  the  method  of  streaming  potentials  was 
used.  Utilization  of  the  streaming  potential  method 
as  a  convenient  tool  for  the  detection  and  mapping 
of  groundwater  paths  is  very  promising.  The 
streaming  potential  method  reflects  an  existing 
system  of  easily  detected  natural  sources  of  energy 
and  does  not  require  any  additional  input  of  force/ 
energy  to  successfully  accomplish  its  investigative 
purpose.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07671 


GROUNDWATER  DEGRADATION  AT  A  HAZ- 
ARDOUS WASTE  LANDFILL  FROM  INAD- 
EQUATE WASTE  LIQUIDS  MANAGEMENT-A 
CASE  HISTORY. 

Du  Pont  Environmental  Remediation  Services, 
Aston,  PA. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07677 


MAJOR  REMEDIATION:  REMOVAL  AND  RE- 
COVERY OF  TCE  FROM  SOIL  AND  GROUND- 
WATER. 

Dames  and  Moore,  Willow  Grove,  PA. 

For   primary  bibliographic   entry   see   Field   5G 

W9 1-0768  3 


POTENTIOMETRIC  SURFACE  OF  THE  ALLU- 
VIAL AQUIFER  AND  HYDROLOGIC  CONDI- 
TIONS NEAR  CAGUAS,  PUERTO  RICO, 
MARCH  1988. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

J.  C.  Puig,  F.  Rodriguez-del-Rio,  and  J.  M. 
Rodgriguez. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water  Resources  Investigations  Report  89- 
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4075,  1989.  lp,  1  fig,  1  map. 

Descriptors:  •Alluvial  aquifers,  'Caguas,  'Gee-hy- 
drology, 'Groundwater  level,  *Hydrologic  maps, 
•Maps,  •Potentiometric  surface,  'Puerto  Rico, 
Aquifers,  Groundwater  discharge,  Groundwater 
movement,  Rio  Bairoa,  Rio  Caguitas,  Rio  Grande 
de  Loiza,  Rio  Turabo. 

The  Caguas  alluvial  aquifer  is  a  water  table  system 
composed  of  interconnected  clay,  sand,  and  gravel 
layers.  The  alluvial  deposits  overlay  igneous  rock 
formations.  The  thickness  of  the  alluvial  deposits 
ranges  from  <  1  m  to  about  50  m.  A  survey  of 
hydrologic  conditions  was  conducted  on  March 
25,  1988.  The  objective  of  the  survey  was  to  simul- 
taneously obtain  hydrologic  data  that  included: 
groundwater  level  measurements  at  wells  under 
static  conditions;  estimates  of  groundwater  with- 
drawal rates;  and  instantaneous  discharge  measure- 
ments at  selected  sites  along  the  principal  streams. 
The  survey  was  conducted  during  low  flow  condi- 
tions. Water  table  level  contours  represent  a  two- 
dimensional  approximation  of  the  more  complex 
aquifer  system.  Also  shown  on  the  map  is  the 
direction  of  regional  groundwater  flow.  Stream- 
flow  measurements  indicate  a  substantial  surface 
water  groundwater  relation  in  the  alluvial  aquifer. 
Generally,  the  streams  seems  to  be  receiving  water 
from  the  aquifer  in  the  upper  reaches,  but  losing 
water  to  the  aquifer  in  the  lower  reaches.  In  Rio 
Grande  de  loiza,  Rio  Turabo,  Rio  Caguitas,  and 
Rio  Bairoa  the  net  effect  is  an  increase  in  discharge 
of  about  0.44  cu  m/sec.  Total  groundwater  with- 
drawal rate  was  estimated  at  1.1  million  L/day. 
(Author's  abstract) 
W91-07810 


PHYSICAL  AND  CHEMICAL  CHARACTERIS- 
TICS OF  TOPOGRAPHICALLY  AFFECTED 
AIRFLOW  IN  AN  OPEN  BOREHOLE  AT 
YUCCA  MOUNTAIN,  NEVADA. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-078 13 


CHANGING  EMPHASIS  OF  THE  U.S.  GEO- 
LOGICAL SURVEY  ACTIVITIES  IN  GROUND- 
WATER HYDROLOGY  IN  THE  1980*S. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  6B. 

W91-07814 


DATA  MANAGEMENT  PROGRAM  PACKAGE 
FOR  AUTOMATICALLY  RECORDED  WATER 
LEVEL  DATA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  7C. 

W9 1-078 17 


ESTIMATION  OF  THE  RECHARGE  AREA 
CONTRIBUTING  WATER  TO  A  PUMPED 
WELL  IN  A  GLACIAL-DRIFT,  RIVER-VALLEY 
AQUIFER. 

D.  J.  Morrissey. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Supply  Paper  2338,  1989.  41p,  31  fig, 
5  tab,  53  ref. 

Descriptors:  'Geohydrology,  'Glacial  aquifers, 
•Groundwater  movement,  'Groundwater  re- 
charge, 'Groundwater  resources,  'Model  studies, 
Groundwater  quality.  Hydraulic  conductivity,  Hy- 
drologic models,  Permeability,  Precipitation, 
Pump  wells,  Simulation  analysis. 

The  highly  permeable  unconfined,  glacial-drift 
aquifers  that  occupy  most  New  England  river  val- 
leys constitute  the  principal  source  of  drinking 
water  for  many  of  the  communities  that  obtain  part 
or  all  of  their  public  water  supply  from  ground- 
water. To  protect  the  quality  of  water  pumped 
from  supply  wells  in  these  aquifers,  it  is  necessary 
to  ensure  that  potentially  harmful  contaminants  do 
not  enter  the  ground  in  the  area  that  contributes 
water  to  the  well.  A  high  degree  of  protection  can 


be  achieved  through  the  application  of  appropriate 
land  use  controls  within  the  contributing  area. 
However,  the  contributing  areas  for  most  supply 
wells  are  not  known.  This  report  describes  the 
factors  that  affect  the  size  and  shape  of  contribut- 
ing areas  to  public  supply  wells  and  evaluates 
several  methods  that  may  be  used  to  delineate 
contributing  areas  of  wells  in  glacial  drift,  river 
valley  aquifers.  Analytical,  two-dimensional  nu- 
merical, and  three-dimensional  numerical  models 
were  used  to  delineate  contributing  areas.  In  the 
model  analyses,  factors  that  control  the  size  and 
shape  of  a  contributing  area  were  varied  over 
ranges  of  values  common  to  glacial  drift  aquifers  in 
New  England.  The  controlling  factors  include  the 
rate  of  well  discharge,  rate  of  recharge  to  the 
aquifer  from  precipitation  and  from  adjacent  till 
and  bedrock  uplands,  distance  of  a  pumping  well 
from  a  stream  or  other  potential  source  of  induced 
recharge,  degree  of  hydraulic  connection  of  the 
aquifer  with  a  stream,  horizontal  hydraulic  con- 
ductivity of  the  aquifer,  ratio  of  horizontal  to  verti- 
cal hydraulic  conductivity,  and  degree  of  well 
penetration.  Simulations  done  with  the  three-di- 
mensional model  allow  a  full  three-dimensional 
delineation  of  the  zone  of  contribution  for  a 
pumped  well.  For  the  relatively  thin  (100  ft  or  less) 
unconfined  aquifers  considered  in  this  analysis,  the 
three-dimensional  model  showed  that  the  zone  of 
contribution  extended  throughout  the  entire  satu- 
rated thickness  of  aquifer;  therefore,  the  two-di- 
mensional simulations  were  considered  adequate 
for  delineating  contributing  areas  in  this  particular 
hydrologic  setting.  For  thicker  aquifers,  especially 
those  having  partially  penetrating  wells,  three-di- 
mensional models  are  preferable.  (Lantz-PTT) 
W9 1-07820 


EFFECTS  OF  AGRICULTURE  ON  QUALITY 
OF  WATER  IN  SURFICIAL  SAND-PLAIN 
AQUIFERS  IN  DOUGLAS,  KANDIYOHI, 
POPE,  AND  STEARNS  COUNTIES,  MINNESO- 
TA. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-07821 


HYDROLOGY  OF  A  SPRING  COMPLEX, 
STUDIED  BY  GEOCHEMICAL  TIME-SERIES 
DATA,  ACQUAROSSA,  SWITZERLAND. 

Weizmann    Inst,    of   Science,    Rehovoth    (Israel). 

Geoisotope  Group. 

E.  Mazor,  and  F.  D.  Vuataz. 

Applied  Geochemistry  APPGEY,  Vol.  5,  No.  5/6, 

p  563-569,  September/December  1990.  5  fig,  2  tab, 

4  ref. 

Descriptors:  'Environmental  chemistry,  'Geo- 
chemistry, 'Geohydrology,  'Groundwater  chem- 
istry, 'Groundwater  movement,  'Mixing, 
'Springs,  'Switzerland,  'Time  series  analysis,  Bi- 
carbonates,  Case  studies,  Chlorides,  Deuterium, 
Discharge  measurement,  Groundwater,  Ground- 
water quality,  Hydrologic  properties,  Hydrology, 
Oxygen  isotopes,  Salinity,  Sodium,  Sulfates,  Tem- 
perature effects,  Tritium. 

Single  measurements  of  groundwater  systems  do 
not  adequately  describe  their  dynamic  nature,  and 
provide  sporadic  and  limited  insight  into  ground- 
water systems.  Mixing  of  water  types  is  common  in 
nature  and  a  crucial  stage  in  the  study  of  a  ground- 
water system  is  to  establish  whether  one  deals  with 
one  type  of  water  or  with  a  mixture  of  waters  from 
different  reservoirs.  A  case  study  of  three  springs 
in  Switzerland  was  used  to  demonstrate  the  value 
of  geochemical  time-series  data  as  a  powerful  tool 
for  studying  the  dynamics  of  groundwater  systems. 
Values  of  repeatedly  measured  parameters  re- 
vealed intermixing  of  two  water  types.  One  type 
was  a  29  C  water,  circulating  to  a  depth  of  ap- 
proximately 1100  m.  Chemical  analysis  of  this 
water  revealed  the  following  constituents:  700  mg/ 
L  Ca,  2000  mg/L  S04,  700  mg/L  HC03,  20  mg/L 
of  Na  and  CI,  6  mg/L  Fe,  at  least  47  mg/L  Si02, 
and  an  isotopic  composition  of  delta-D  =  -73.0  ppm 
and  delta-18-O  =  -10.9  ppm.  The  second  water  type 
had  a  temperature  of  12  C  or  colder  and  was  more 
shallow.  Chemical  analysis  of  this  water  revealed  a 
total  dissolved  ion  (TDI)  content  of  <  or  =  420 


mg/L.  In  addition,  the  water  was  very  low  in  Na 
and  CI  (i.e.,  <  or  =  4  mg/L)  and  had  isotopic 
values  of  de!ta-D  =  -71.0  ppm  and  delta-18-0  =  - 
10.5  ppm.  The  amount  of  tritium  present  was  con- 
sistent with  recent  (i.e.,  post-bomb)  precipitation. 
These  results  demonstrate  that,  because  of  this 
mixing  of  waters,  time-series  data  are  essential  to 
the  understanding  of  water  systems.  (Korn-PTT) 
W9 1-07829 


SOURCES  AND  FRACTIONATION  PROCESS- 
ES INFLUENCING  THE  ISOTOPIC  DISTRIBU- 
TION OF  H,  O,  AND  C  IN  THE  LONG  VALLEY 
HYDROTHERMAL  SYSTEM,  CALIFORNIA, 
U.S.A. 

Geological  Survey,  Menlo  Park,  CA. 
A.  F.  White,  M.  L.  Peterson,  H.  Wollenberg,  and 
S.  Flexser. 

Applied  Geochemistry  APPGEY,  Vol.  5,  No.  5/6, 
p  571-585,  September/December  1990.  11  fig,  4 
tab,  42  ref. 

Descriptors:  'California,  'Chemical  properties, 
'Geochemistry,  'Geothermal  resources,  •Geother- 
mal  water,  'Groundwater  chemistry,  'Groundwat- 
er movement,  'Hydrothermal  studies,  'Hydrother- 
mal system,  'Isotope  studies,  Carbon  isotopes,  En- 
vironmental chemistry,  Groundwater  recharge, 
Hydrogen  isotopes,  Oxygen  isotopes. 

The  isotopic  ratios  of  H,  O,  and  C  in  water  within 
the  Long  Valley  caldera,  California,  reflect  input 
from  sources  external  to  the  hydrothermal  reser- 
voir. A  decrease  in  delta-D  in  precipitation  of  0.5 
ppm/km,  from  west  to  east  across  Long  Valley,  is 
caused  by  the  introduction  of  less  fractionated 
marine  moisture  through  a  low  elevation  embay- 
ment  in  the  Sierra  Nevada  Mountain  Range.  Rela- 
tive to  seasonal  fluctuations  in  precipitation  (-135 
to  -35  ppm),  delta-D  ranges  in  hot  and  cold  surface 
and  groundwaters  are  much  less  variable  (-135  to  - 
105  ppm).  Only  winter  and  spring  moisture,  re- 
flecting higher  precipitation  rates  with  lighter  iso- 
topic signatures,  recharge  the  hydrologic  system. 
The  hydrothermal  fluids  are  mixtures  of  isotopical- 
ly  heavy  recharge  (delta-D  =  -115  ppm,  delta- 180 
=  -15  ppm)  derived  from  the  Mammoth  embay- 
ment,  and  isotopically  lighter  cold  water  (delta-D 
=  -135  ppm,  delta- 180  =  -18  ppm).  This  cold 
water  is  not  representative  of  current  local  re- 
charge. The  delta-13-C  values  for  dissolved  carbon 
in  hot  water  are  significantly  heavier  (-7  to  -3  ppm) 
than  in  cold  water  (-18  to  -10  ppm)  denoting  a 
separate  hydrothermal  origin.  These  delta- 13-C 
values  overlie  the  range  generally  attributed  to 
magmatic  degassing  of  C02.  However,  delta  13C 
values  of  metamorphosed  Paleozoic  basement  car- 
bonates surrounding  Long  Valley  fall  in  a  similar 
range,  indicating  that  hydrothermal  decarboniza- 
tion  reactions  are  a  probable  source  of  C02.  The 
delta- 13-C  and  delta- 18-0  values  of  secondary 
travertine  and  vein  calcite  indicate  respective  frac- 
tionation with  C02  and  H20  at  temperatures  ap- 
proximating current  hydrothermal  conditions.  (Au- 
thor's abstract) 
W9 1-07830 


PRELIMINARY  GEOCHEMICAL  AND  THER- 
MODYNAMIC ASSESSMENT  OF  THE  GEO- 
THERMAL RESOURCES,  SULPHUR  SPRINGS 
AREA,  ST.  LUCIA,  W.I. 

Consiglio  Nazionale  delle  Ricerche,  Pisa  (Italy). 
1st.  Internazionale  per  le  Ricerche  Geotermiche. 
F.  D'Amore,  J.  R.  Rivera,  D.  Giusti,  and  R.  Rossi. 
Applied  Geochemistry  APPGEY,  Vol.  5,  No.  5/6, 
p  587-604,  September/December  1990.  11  fig,  9 
tab,  42  ref. 

Descriptors:  'Geothermal  resources,  'Geothermal 
studies,  'Geothermal  water,  'Groundwater  chem- 
istry, 'Groundwater  mining,  *St  Lucia,  Ground- 
water, Groundwater  resources.  Lithology,  Steam, 
Sulphur  Springs,  Water  resources  development, 
Water  temperature. 

A  high-temperature  geothermal  resource  has  been 
located  on  the  island  of  St.  Lucia  (W.I.),  which 
was  tapped  by  means  of  a  well  drilled  in  1988  to  a 
total  depth  of  1410  m.  in  the  Sulphur  Springs  area. 
The  well  encountered  mainly  dacitic  agglomerates 
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and  lava  flows  and  a  permeable  zone  below  ap- 
proximately 1340  m,  with  a  maximum  temperature 
of  approximately  290  C.  Well  productivity  de- 
creased from  an  initial  value  close  to  62  t/h  to 
about  33  t/h  under  well-head  pressures  of  1.5  MPa 
(15  bar  a)  after  255  h  of  production.  Initial  reser- 
voir static  pressure  was  7.5  MPa  (75  bar  a).  A 
decline  in  reservoir  pressure  of  about  15%  was 
observed  at  the  end  of  the  production  test.  During 
the  first  two  days  of  exploitation  the  well  initially 
produced  a  two-phase  fluid  with  a  high  steam 
fraction,  which  then  developed  into  superheated 
steam  with  a  high  content  of  non-condensable  gas 
exceeding  100  lAg  at  standard  conditions  and  a 
computed  P(C02)  of  1  MPa  (10  bar).  The  average 
steam  fraction  at  reservoir  conditions,  computed 
from  gas  composition  after  120  h  of  production,  is 
approximately  0.3.  High  HC1  concentrations  of 
about  300  ppm  are  present  in  the  condensate  steam 
indicating  the  presence  of  a  highly  concentrated 
boiling  brine  approaching  the  point  of  halite  satu- 
ration. All  data  support  the  hypothesis  that  a  hy- 
drothermal  hot-water  system  was  present  prior  to 
drilling,  and  that  a  very  rapid  drawdown  occurred 
with  production.  (Author's  abstract) 
W91-07831 


RADIUM  ISOTOPES,  ALKALINE  EARTH  DIA- 
GENESIS,  AND  AGE  DETERMINATION  OF 
TRAVERTINE  FROM  MAMMOTH  HOT 
SPRINGS,  WYOMING,  U.S.A. 

Argonne  National  Lab.,  IL. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-07832 


CARBOXYLIC  ACID  ANIONS  IN  FORMA- 
TION WATERS,  SAN  JOAQUIN  BASIN  AND 
LOUISIANA  GULF  COAST,  U.S.A. -IMPLICA- 
TIONS FOR  CLASTIC  DIAGENESIS. 

Wyoming  Univ.,  Laramie.  Enhanced  Oil  Recovery 

Inst. 

D.  B.  MacGowan,  and  R.  C.  Surdam. 

Applied  Geochemistry  APPGEY,  Vol.  5,  No.  5/6, 

p  687-701,  September/December  1990.  5  fig,  6  tab, 

95  ref,  1  append. 

Descriptors:  *Anions,  'Carbonates,  *Carboxylic 
acid,  'Chemical  interactions,  *Diagenesis,  •Forma- 
tion water,  'Geochemistry,  'Groundwater  chemis- 
try, 'San  Joaquin  Valley,  Alkalinity,  Aluminum, 
California,  Carboxylation,  Chemical  analysis, 
Groundwater,  Hydrocarbons,  Hydrogen  ion  con- 
centration, Model  studies,  Oxidation-reduction  po- 
tential, Sandstones,  Shales,  Silica,  Silicates. 

Carboxylic  acid  anions  (CAA)  in  formation  waters 
are  of  interest  to  studies  of  clastic  diagenesis  be- 
cause of  their  ability  to  buffer  formation  water  Eh 
and  pH.  In  addition,  CAA  are  also  of  interest 
because  of  their  ability  to  complex  and  transport 
Al  and  Si  from  the  site  of  aluminosilicate  mineral 
dissolution  during  diagenesis.  In  the  present  study 
a  total  of  40  formation  waters  from  the  San  Joa- 
quin Basin,  California,  and  the  Louisiana  Gulf 
Coastal  Basin  were  analyzed  for  their  CAA  con- 
tents. The  results  of  the  investigation  revealed 
concentrations  as  high  as  8100  ppm  monofunc- 
tional  and  370  ppm  difunctional  CAA  in  the  forma- 
tion waters.  These  results  suggest  that  CAA  were 
generated  during  thermal  maturation  of  kerogen 
and  expelled  from  the  shale  along  oil-wet  micro- 
fractures. Upon  entering  the  water-wet  sandstone 
pore,  the  hydrophilic  CAA  would  partition  into 
the  aqueous  phase.  In  addition,  organic-inorganic 
reactions  could  occur  which  form  CAA-metal 
complexes.  Because  the  complexes  are  hydropho- 
bic, they  would  partition  in  the  petroleum  phase, 
where  present.  CAA  are  of  great  importance  to 
clastic  diagenesis  over  the  temperature  range  in 
which  they  dominate  fluid  alkalinity;  certainly,  no 
viable  mechanism  has  been  advanced  which  ade- 
quately explains  the  observed  aluminosilicate  min- 
eral dissolution  with  subsequent  mass  transfer  of 
Al,  as  well  as  the  carbonate  mineral  diagenetic 
succession  observed  in  sand-shale  systems  world- 
wide. The  utility  of  modeling  these  observations  of 
organic-inorganic  diagenesis  is  limited  only  by  the 
ability  to  model  the  concentration  and  distribution 
of  CAA  through  space  and  time.  (Author's  ab- 
stract) 
W9 1-07833 


HYDROGEOCHEMISTRY  AND  STABLE  ISO- 
TOPES OF  GROUND  AND  SURFACE  WATERS 
FROM  TWO  ADJACENT  CLOSED  BASINS, 
ATACAMA  DESERT,  NORTHERN  CHILE. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Geo- 
logical Science. 

C.  N.  Alpers,  and  D.  O.  Whittemore. 
Applied  Geochemistry  APPGEY,  Vol.  5,  No.  5/6, 
p  719-734,  September/December   1990.    11   fig,  3 
tab,  79  ref. 

Descriptors:  'Atacama,  'Chemical  composition, 
'Chemical  interactions,  'Chile,  'Closed  basins, 
'Environmental  chemistry,  'Geochemistry, 
'Groundwater  chemistry,  'Isotope  studies,  'Sur- 
face water,  'Water  chemistry,  Chemical  analysis, 
Chlorides,  Copper,  Deuterium,  Dissolution, 
Groundwater,  Groundwater  recharge,  Metamor- 
phic  water,  Meteoric  water,  Mixing,  Oxygen  ra- 
dioisotopes, Salts,  Weathering. 

To  determine  the  origin  of  waters  and  dissolved 
components  in  two  closed  basins,  a  total  of  24 
water  samples  were  obtained  from  the  Hamburgo 
and  Punta  Negra  Basins  in  the  Atacama  Desert 
region  of  northern  Chile.  Results  of  the  study 
revealed  that  the  groundwaters  in  the  Hamburgo 
and  Punta  Negra  Basins  were  chiefly  meteoric 
waters  and  had  delta- 18-0  and  delta-D  values  that 
had  been  modified  by  evaporation.  Stable  isotope 
studies  suggested  a  common  source  of  recharge  in 
the  two  basins.  Dissolution  of  pre-existing  evapor- 
ite  salts  and  weathering  of  Neogene  volcanic  rocks 
were  the  probable  sources  for  most  of  the  dis- 
solved constituents  in  Punta  Negra  Basin  ground 
and  surface  waters.  Dissolved  constituents  in  the 
Hamburgo  Basin  waters,  particularly  the  relatively 
high  concentration  of  S04,  were  derived  from 
weathering  of  a  nearby  porphyry  copper  deposit. 
Mine  waters  from  within  the  porphyry  copper 
deposit  showed  a  positive  shift  in  delta- 18-0  rela- 
tive to  other  Hamburgo  Basin  waters,  with  only  a 
minor  increase  in  delta-D.  These  higher  delta- 18-0 
values  may  represent  a  mixing  line  between  mete- 
oric and  deep-seated  metamorphic  waters.  The 
speculation  that  some  components  of  the  mine 
waters  were  derived  from  substantial  depths  was 
supported  by  the  unusually  high  CI  content  of  the 
mine  waters  and  by  the  C02-rich  gas  which 
evolved  from  these  waters.  An  alternative  interpre- 
tation is  that  the  relatively  high  delta- 18-0  values 
may  represent  the  evaporative  concentration  of 
meteoric  waters  recharged  under  wetter  and 
cooler  climatic  conditions,  perhaps  during  the  late 
Pleistocene.  (Korn-PTT) 
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GROUNDWATER  RECHARGE  THROUGH 
THE  UNSATURATED  ZONE  OF  SOUTHEAST- 
ERN BOTSWANA:  A  STUDY  OF  CHLORIDES 
AND  ENVIRONMENTAL  ISOTOPES. 

Botswana  Univ.,  Gaborone.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2G. 
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ENVIRONMENTAL  TRACER  APPROACH  AS 
A  TOOL  FOR  HYDROLOGICAL  EVALUA- 
TION AND  REGIONALIZATION  OF  CATCH- 
MENT SYSTEMS. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 
Inst,  fuer  Geographic 

For  primary  bibliographic  entry  see  Field  2E. 
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LARGER-SCALE  HYDROLOGICAL  MODEL- 
LING FOR  REGIONAL  TRANSFERRING  OF 
HYDROLOGICAL  INFORMATION. 

Institut    fuer    Wasserwirtschaft,    Berlin    (German 

D.R.). 

For  primary  bibliographic  entry  see  Field  2E. 
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SIMPLE  CHLORIDE  BALANCE  ROUTING 
METHOD  TO  REGIONALIZE  GROUNDWAT- 
ER RECHARGE:  A  CASE  STUDY  IN  SEMI- 
ARID  BOTSWANA. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 

Aardwetenschappen. 

J.  J.  De  Vries,  and  A.  Gieske. 


Groundwater — Group  2F 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  81-89,  4 
fig,  7  ref. 

Descriptors:  'Botswana,  'Chlorides,  'Groundwat- 
er basins,  'Groundwater  recharge,  'Regional  anal- 
ysis, 'Semiarid  lands,  'Tracers,  Environmental 
tracers,  Hydrologic  models,  Mathematical  equa- 
tions, Mathematical  models,  Recharge  basins,  Soil 
water,  Solute  transport. 

Research  is  going  on  in  semiarid  Botswana  to 
assess  the  recharge  in  a  series  of  small  groundwater 
basins,  developed  along  a  fracture  system  in  Pre- 
cambrian  rocks.  Multiple  recharge  sources  occur 
with  their  individual  response  to  the  alternating 
wet  and  dry  periods  of  varying  time  scale.  The 
characterization  of  groundwater,  surface  water 
and  soil  moisture  through  their  chloride  concentra- 
tion appears  to  be  an  excellent  tool  to  quantify  the 
various  recharge  components.  The  groundwater  is 
routed  through  the  basin  by  subdividing  the  water- 
shed into  a  number  of  cells  in  which  complete 
mixing  of  chloride  is  assumed,  and  for  which  a 
mass  balance  of  water  and  chloride  is  established. 
The  mathematical  problem  posed  by  the  four  cell 
system  is  equivalent  to  a  system  of  eight  equations 
with  eight  unknown  variables,  and  therefore  in 
general,  only  one  solution  exists.  When  not  only 
chlorides  but  also  other  chemical  and  isotopic  trac- 
ers are  considered,  the  number  of  equations  be- 
comes larger  than  the  number  of  variables.  In  this 
case  the  flow  problem  can  be  solved  by  quadratic 
programming  or  by  general  linear  regression  tech- 
niques. A  detailed  hydrochemical  study  is  current- 
ly being  undertaken  to  determine  the  extent  to 
which  other  tracers  beside  the  chlorides  can  be 
useful  in  the  environment  of  southeastern  Botswa- 
na. (See  also  W9 1-07920)  (Author's  abstract) 
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REGIONALIZATION  IN  KARST  REGIONS. 

Split  Univ.  (Yugoslavia).  Faculty  of  Civil  Engi- 
neering Sciences. 
O.  Bonacci. 

IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  135-145, 
5  fig,  14  ref. 

Descriptors:  'Groundwater  movement,  'Karst, 
'Karst  hydrology,  'Regional  analysis,  'Surface- 
groundwater  relations,  Carbonate  rocks,  Flow 
characteristics,  Parameter  estimation,  Research 
priorities,  Solutes,  Water  level. 

Hydrologic  regional  analysis  in  karst  is  much  more 
complex  and  less  reliable  than  in  non-karst  terrains. 
Qualitative,  reliable  regional  analysis  is  negatively 
affected  by  direct  interaction  between  surface 
water  and  groundwater.  The  most  reliable  results 
have  been  obtained  for  low  water  levels  because  of 
the  relatively  simple  flow  characteristics,  whereas 
for  medium,  and  particularly  for  high,  water  levels 
regionalization  has  not  helped.  The  specific  fea- 
tures of  flow  through  soluble  rocks  in  karst  direct- 
ly affect  the  approach  to  parameter  selection.  It  is 
necessary  to  define  two  major  solution  mecha- 
nisms-differential and  homogeneous  solution.  The 
occurrence  of  two  completely  different  flow 
types-diffuse  and  conduit  flow-should  also  be 
kept  in  mind.  Further  research  should  probably  be 
directed  towards  the  definition  of  particular  hydro- 
logical  and  regional  parameters  for  both  these  flow 
types.  (See  also  W9 1-07920)  (Fish-PTT) 
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PROCEEDINGS  OF  10TH  SALT-WATER  IN- 
TRUSION MEETING. 

Proceedings  of  a  symposium  held  May  16-20,  1988, 
Ghent,  Belgium.  Geologisch  Instituut  RUG.  (S 
8),  Ghent.  1989.  405p.  Edited  by  W.  DeBreuck  and 
L.  Walschot. 

Descriptors:  'Belgium,  'Coastal  aquifers,  'Confer- 
ences, 'Model  studies,  'Saline  groundwater, 
'Saline  water  intrusion,  'Saline-freshwater  inter- 
faces, 'Symposium,  'The  Netherlands. 
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The  Salt-Water  Intrusion  Meetings  are  informal 
gatherings  to  facilitate  contacts  between  scientists 
of  different  background.  The  most  recent  meeting 
was  hosted  by  the  University  of  Ghent,  Belgium, 
whose  team  from  the  Laboratory  of  Applied  Geol- 
ogy and  Hydrogeology  were  significant  contribu- 
tors to  the  symposium.  Although  Belgium's  coastal 
region  and  its  towns  have  an  ample  supply  of 
drinking  water  from  inland  resources,  the  small 
fresh-groundwater  reserves  are  locally  very  impor- 
tant The  water  management  of  the  polders  cannot 
ignore  the  relationship  between  fresh  and  salt 
groundwater.  This  symposium  was  organized  into 
the  categories  of:  general  surveys,  regional  studies, 
mathematical  calculations  and  modeling,  methods 
and  instruments,  hydrochemical  and  soil-physical 
investigations,  geophysical  investigations,  and  ex- 
cursions. (See  W91-07948  thru  W91-07981)  (Fish- 
PTT) 
W9 1-07947 


HYDROCHEMICAL  EVIDENCE  OF  FRESH 
AND  SALT-WATER  INTRUSIONS  IN  THE 
COASTAL  DUNES  AQUIFER  SYSTEM  OF  THE 
WESTERN  NETHERLANDS. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 

wijk  (Netherlands). 

P.  J.  Stuyfzand. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.    Geologisch    Instituut    R.U.G.    (S    8), 

Ghent.  1989.  p  9-29,  14  fig,  5  tab,  53  ref. 

Descriptors:  'Coastal  aquifers,  'Groundwater 
chemistry,  'Saline  water  intrusion,  'Saline-fresh- 
water interfaces,  'The  Netherlands,  Aquicludes, 
Aquitards,  Chlorides,  Dunes,  Freshwater,  Ground- 
water dating,  North  Sea,  Paleohydrology,  Re- 
claimed water,  Saline  groundwater,  Upconing. 

Hydrochemistry  is  a  powerful  tool  in  the  study  of 
the  hydrology  and  hydrological  evolution  of  coast- 
al aquifer  systems.  The  spatial  distribution  of  water 
types  and  datings  of  fresh  groundwater  have  been 
used,  together  with  geological  and  hydrological 
data,  to  elucidate  the  hydrological  evolution  of  the 
coastal  area  of  the  Western  Netherlands.  Freshen- 
ing, salinizing,  and  equilibrium  water  types  are 
discerned  in  a  longitudinal  section  of  100  km  and  in 
two  cross  sections.  Freshening  water  types  are 
found  within  the  freshwater  lens  mainly  at  three 
locations:  (1)  the  central  base  reflecting  its  down- 
ward growth  in  the  period  1000-1600  A.D.,  upon 
the  formation  of  the  young  dunes;  (2)  its  inland 
side,  mainly  due  to  its  continuing  extension  in  that 
direction,  following  the  reclamation  of  brackish 
lakes  behind  the  dunes  in  the  period  1550-1900 
A.D.;  and  (3)  elsewhere  within  and  downstream  of 
thick  aquitards  with  high  flow  resistance,  in  which 
chloride  inversions  may  still  be  present.  Salinizing 
water  types  occur  mainly  on  the  coastal  face  of  the 
freshwater  lens  due  to  lateral  North  Sea  intrusion 
and  below  its  central  base  due  to  upconing.  Under 
the  reclaimed  lakes,  east  of  the  freshening  water 
types,  salinizing  water  occurs,  probably  in  connec- 
tion with  the  Holocene  transgression  and  intrusion 
and  upconing  due  to  intensive  drainage  as  well  as 
volumetric  compensation  for  the  expansion  of  the 
freshwater  lens.  The  extension  of  artificially  re- 
charged Rhine  and  polder  waters  must  be  consid- 
ered as  a  salinization  as  well.  Fresh  groundwaters 
have  been  dated  using  3-H,  14-C,  18-0,  and  the 
breakthrough  of  recharged  Rhine  water.  In  the 
upper  aquifer  and  aquitard  (above  20  m-MSL)  ages 
vary  from  0-70  years,  in  the  second  aquifer  (20-70 
m-MSL)  from  25-400  years.  Below  an  aquiclude  at 
100  m-MSL,  800  years  old  dune  water  was  found. 
(See  also  W9 1-07947)  (Author's  abstract) 
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HYDROGEOLOGICAL        SITUATION        AND 

GROUNDWATER     MONITORING      IN     THE 

AREA  OF  THE  'DOLLART  PORT  PROJECT' 

IN  LOWER  SAXONY,   FEDERAL  REPUBLIC 

OF  GERMANY. 

Niedersaechsisches    Landesamt    fuer    Bodenfors- 

chung,  Hanover  (Germany,  F.R.) 

D.  Munstermann,  and  V.  Josopait. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.     Geologisch     Instituut     RUG.     (S    8), 

Ghent.  1989.  p  65-74,  10  fig,  7  ref. 


Descriptors:  'Aquifer  characteristics,  'Draw- 
down, 'Germany,  'Groundwater  management, 
•Groundwater  movement,  'Hydrogeology,  Baro- 
metric efficiency,  Coastal  aquifers,  Construction 
methods,  Monitoring,  Pumping  tests,  Transmissi- 
vity,  Water  table  fluctuations. 

A  port  expansion  has  been  planned  in  Emden, 
Germany,  for  more  than  twenty  years.  Ground- 
water drawdown  will  be  necessary  during  the  con- 
struction of  the  projected  harbor  expansion.  This 
will  have  consequences  for  the  groundwater  table 
and  the  hydrogeological  situation  in  the  surround- 
ing area.  A  large  amount  of  groundwater  data  has 
been  made  available  for  working  out  a  plan  for 
monitoring  during  and  after  construction  of  the 
harbor  and  to  provide  documentation  about  the 
natural,  uninfluenced  groundwater  table  without 
drawdown.  The  study  area  is  north  of  the  river 
Ems  and  consists  of  coastal  marshes  and  polders. 
The  aquifer  consists  of  Quaternary  and  Pliocene 
sand  and  gravel,  covered  by  low-permeability  Hol- 
ocene sediments.  The  groundwater  table  and 
groundwater  movement  in  the  confined  aquifer  are 
influenced  by  the  tidal  range  of  the  Ems,  by  the 
inland  groundwater  situation  outside  the  tidal  in- 
fluence, the  climatic  conditions,  atmospheric  pres- 
sure, etc.  Manually  and  automatically  monitored 
groundwater  observation  wells,  weather  stations, 
and  chemical  groundwater  analysis  currently  yield 
information  on  hydraulic  and  hydrochemical  cor- 
relation and  tidal  effects.  To  document  the  changes 
in  the  hydraulic  situation  resulting  from  the  con- 
struction of  the  port,  it  is  necessary  to  monitor  the 
present  groundwater  conditions  for  several  years. 
Results  of  a  pumping  test  along  with  hydraulic 
calculations  have  shown  that  aquifer  transmissivity 
ranges  from  39  to  317  sq  m/h,  the  mean  barometric 
efficiency  is  16%,  the  storage  coefficient  is 
0.00088,  and  the  radius  of  influence  will  be  1200  m 
with  a  drawdown  cone  of  7.5  m.  The  groundwater 
monitoring  plan  will  provide  more  information 
about  how  large  the  drawdown  will  be  in  the 
hinterland  and  how  large  an  area  will  be  influ- 
enced. (See  also  W9 1-07947)  (Fish-PTT) 
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PARTRAC:  DEVELOPMENT  AND  APPLICA- 
TION OF  A  GROUNDWATER-QUALITY 
MODEL  FOR  VARIABLE  DENSITY  FLOW. 

GRONTMIJ  N.V.,  De  Bilt  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
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MODELLING  THE  SALT-WATER  INTRUSION 
IN  THE  DUNE  WATER-CATCHMENT  AREA 
OF  THE  AMSTERDAM  WATERWORKS. 

Amsterdam  Waterworks  (Netherlands). 

J.  W.  Kooiman. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.     Geologisch     Instituut     RUG.     (S     8), 

Ghent.  1989.  p  132-142,  10  fig,  2  tab,  6  ref. 

Descriptors:  'Computer  models,  'Groundwater 
movement,  'Model  studies,  'North  Sea,  'Saline 
water  intrusion,  Chlorides,  Coastal  aquifers, 
Dunes,  Freshwater,  Infiltration,  Natural  recharge, 
Polders,  Selective  withdrawal,  The  Netherlands. 

For  a  number  of  centuries  the  natural  groundwater 
recharge  has  created  a  freshwater  lens  under  the 
dunes  along  the  North  Sea.  Since  1850  two  perma- 
nent human  interferences  have  had  influence  on 
the  freshwater  lens:  (1)  the  groundwater  abstrac- 
tion for  drinking  water  supply;  and  (2)  the  recla- 
mation of  the  Haarlem  Lake  behind  the  dunes.  The 
salt  and  brackish  water  intrusion  has  been  known 
since  1904,  when  the  deep  abstraction  of  fresh 
water  began.  With  these  observations  the  intrusion 
can  be  modeled  with  a  computer  program.  A  first 
step  is  to  make  a  representative  cross  section  per- 
pendicular to  the  coast.  The  influences  of  ground- 
water abstraction  and  reclamation  on  the  salt  water 
intrusion  can  be  calculated,  as  well  as  the  length  of 
the  freshwater  tongue  underneath  the  North  Sea 
and  the  consequences  of  deep-well  infiltration  in 
the  dune-water  catchment  area.  Application  of  this 
model  shows  that  the  changes  in  chloride  distribu- 
tion in  the  layers  of  the  dune-water  catchment  area 
are  mainly  due  to  the  groundwater  abstraction,  and 
only  for  a  small  part  to  the  reclamation  of  the 


Haarlem  Lake.  The  changes  in  chloride  distribu- 
tion below  the  Polders  Rijnland  are  mainly  due  to 
the  reclamation  of  the  Haarlem  Lake,  and  only  for 
a  small  part  to  the  groundwater  abstraction.  Deep- 
well  infiltration  in  the  dune-water  catchment  area 
has  little  or  no  influence  on  the  chloride  distribu- 
tion below  Polders  Rijnland  and  the  Haarlem  Lake 
Polder.  Because  of  the  rough  schematic  outline 
used,  the  influence  of  deep-well  infiltration  on  the 
chloride  distribution  below  the  dune-water  catch- 
ment area  cannot  be  calculated.  (See  also  W91- 
07947)  (Fish-PTT) 
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SOLVING  VARYING  DENSITY  GROUNDWAT- 
ER PROBLEMS  WITH  A  SINGLE  DENSITY 
COMPUTER  PROGRAM. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 

wijk  (Netherlands). 

C.  Maas,  and  M.  J.  Emke. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.    Geologisch    Instituut    R.U.G.    (S    8), 

Ghent.  1989.  p  143-154,  7  fig,  5  ref,  append. 

Descriptors:  'Computer  models,  'Density  stratifi- 
cation, 'Groundwater  movement,  'Model  studies, 
'Saline-freshwater  interfaces,  Saline  water  intru- 
sion, Salinity  currents,  Soil  density,  The  Nether- 
lands. 

Although  the  principles  of  density-effected 
groundwater  flow  at  this  time  well  understood, 
adequately  documented  computer  codes  are  still 
not  widely  available.  Fortunately,  single  density 
computer  programs  are  adequate  for  solving  rather 
general  regional  varying  density  problems.  It  was 
shown  that  both  gradually  varying  densities  and 
sharp  interfaces  can  be  handled,  provided  that 
displacement  of  fluids  is  negligible  during  the 
period  of  observation  (not  implying  steady  flow). 
Density  can  then  be  regarded  as  a  soil  property. 
The  essential  feature  of  the  method  is  a  suitable 
transformation  of  input  variables  and  boundary 
conditions,  which  can  be  performed  by  a  simple 
preprocessing  program.  The  technique  was  illus- 
trated by  two  elementary  interface  problems  with 
known  analytical  solutions.  Subsequently,  the 
method  was  successfully  applied  to  the  catchment 
area  of  the  Amsterdam  Waterworks  (The  Nether- 
lands). All  calculations  were  performed  with  the 
original  version  of  the  USGS  groundwater  pro- 
gram MODFLOW,  without  any  adaption  of  the 
source  code.  (See  also  W9 1-07947)  (Author's  ab- 
stract) 
W9 1-07959 


PREDICTION  OF  THE  CHLORIDE  CONTENT 
IN  THE  ABSTRACTED  WATER  OF  THE  'DE 
GROEVE'  WELL  FIELD. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 

wijk  (Netherlands). 

J.  H.  Peters. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.     Geologisch     Instituut     R.U.G.     (S    8), 
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Descriptors:  'Chlorides,  'Groundwater  resources, 
'Model  studies,  'Saline  water  intrusion,  'Solute 
transport,  'The  Netherlands,  'Well  fields,  Brack- 
ish water,  Groundwater  movement,  Selective 
withdrawal. 

At  the  well  field  'De  Groeve,'  located  in  the 
northern  part  of  the  Netherlands,  over  8  million  cu 
m  of  groundwater  is  abstracted  annually.  Just 
northeast  of  the  well  field  approximately  30  million 
cu  m  of  brackish  water  with  a  chloride  content  up 
to  900  mg/L  is  present  within  the  exploited  aqui- 
fer. The  phenomenon  is  supposed  to  be  of  Eemian 
origin,  due  to  transgression  of  the  sea  in  that 
period.  Geo-electric  soundings  have  shown  the 
lens  to  be  of  finite  extent.  Shape,  size,  and  location 
are  affected  by  groundwater  flow  and  thus  by  the 
abstraction.  With  the  help  of  a  groundwater  solute 
transport  model,  chloride  content  in  the  mixed  raw 
water  in  the  next  century  may  be  predicted,  as  well 
as  answering  questions  regarding  the  operational 
scheme  of  the  well  field.  It  was  shown  that  remedi- 
al action  to  prevent  the  chloride  content  from 
exceeding  an  arbitrary  100  mg/L  standard  is  not 
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likely  to  be  necessary.  (See  also  W9 1-07947)  (Au- 
thor's abstract) 
W9 1-07960 

COMPARISON  OF  DIFFERENT  METHODS 
FOR  REPRESENTING  THE  HYDRODYNAMIC 
TENSOR  IN  NUMERICAL  MODELS. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
C.  E.  Reeve. 

IN:  Proceedings  of  10th  Salt-Water  Intrusion 
Meeting.  Geologisch  Instituut  R.U.G.  (S  8), 
Ghent.  1989.  p  165-173,  6  fig,  1  tab,  12  ref. 

Descriptors:  *Coastal  aquifers,  *Dispersion, 
♦Groundwater  movement,  *Model  studies,  'Nu- 
merical models,  *Saline  water  intrusion,  Aquifer 
characteristics,  Dispersion  coefficient,  Hydrodyna- 
mics, Numerical  analysis,  Saline-freshwater  inter- 
faces, Selective  withdrawal,  Vertical  flow,  Well 
pumping. 

In  coastal  aquifers  where  the  width  of  the  transi- 
tion zone  between  the  heavier  salt  water  and  the 
overlying  lighter  freshwater  is  large  relative  to  the 
thickness  of  the  aquifer,  the  effect  of  dispersion 
needs  to  be  considered.  Numerical  models  of  these 
aquifers  simulate  this  effect  through  a  term  repre- 
senting hydrodynamic  dispersion.  Over  the  last  30 
years,  a  number  of  methods  for  representing  this 
term  have  been  reported.  A  numerical  model  was 
used  to  compare  three  of  these  methods  both  in  the 
presence  and  absence  of  well  abstraction.  A 
steady-state  model  was  utilized  which  takes  into 
account  the  density  variations  due  to  the  salt.  The 
model  was  used  to  simulate  flow  in  a  two-dimen- 
sional vertical  section  of  aquifer  perpendicular  to 
the  coast.  Spatial  discretization  was  carried  out 
using  the  Galerkin  Finite  Element  method  with 
linear  basis  functions  and  isoparametric  quadrila- 
terals. The  abstraction  well  was  represented  as  a 
line  source  which  extends  throughout  the  depth  of 
the  confined,  homogeneous,  isotropic  aquifer 
which  was  simulated.  The  hydrodynamic  disper- 
sion tensor  was  represented  as  being  constant,  lin- 
early dependent  on  the  flow  velocity  perpendicu- 
lar to  the  coast  and  by  the  method  described  by 
Bear.  It  was  found  that  for  all  three  representations 
the  effect  of  increasing  the  dispersion  coefficient  is 
similar  in  both  the  non-abstraction  and  abstraction 
cases:  the  isochlors  become  steeper  as  the  disper- 
sion coefficient  increases.  The  result  is  in  agree- 
ment with  that  expected  from  mixing  theory.  No 
general  pattern,  that  is  applicable  to  the  complete 
range  of  dispersion  coefficient  values  investigated, 
arises  from  comparison  of  the  three  methods  of 
representation.  (See  also  W9 1-07947)  (Author's  ab- 
stract) 
W9 1-07961 

MODELLING  OF  A  COASTAL  AQUIFER  IN 
MEXICO:  THE  SIMULATION  OF  THE  SALT- 
WATER INTERFACE  MOTION. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau     (France).     Centre     d'Information 

Geologique. 

A.  Rivera,  and  E.  Ledoux. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 
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Descriptors:  'Coastal  aquifers,  'Mexico,  'Model 
studies,  'Saline  water  intrusion,  'Saline-freshwater 
interfaces,  Aquifer  characteristics,  Diffusivity, 
Fluid  flow,  Freshwater,  Groundwater  movement, 
Numerical  analysis,  Pump  wells,  Saline  water, 
Steady  flow,  Unsteady  flow,  Upconing. 

One  of  the  principal  difficulties  found  in  modeling 
coastal  aquifers  involves  the  efficient  and  accurate 
simulation  of  the  movement  of  the  saltwater-fresh- 
water front.  A  numerical  model  was  applied  to  a 
coastal  aquifer  in  Mexico  to  simulate  single-phase 
and  two-phase  fluid  flow.  The  single-phase  part  of 
the  model  solves  the  diffusivity  equation  and  helps 
to  identify  certain  parameters  of  the  aquifer  and  to 
simulate  the  flow  field  (freshwater)  under  different 
conditions.  The  two-phase  part  of  the  model  solves 
the  partial  differential  equations  describing  the 
motion  of  salt  water  and  freshwater  separated  by  a 
sharp  interface.  The  model  was  calibrated  using 
the  observed   piezometry   of  the  aquifer  for  the 


freshwater  flow  field.  Simulations  were  made  both 
in  steady  and  unsteady-state  conditions,  to  establish 
the  position  and  movement  of  the  interface  toe 
under  different  types  of  pumping.  Results  show 
that  the  model  reproduces  very  accurately  the 
flow  field  of  freshwater.  It  identifies  the  potential 
saltwater  intrusion  (upconing)  into  some  of  the 
pumping  wells,  thus  helping  in  the  identification  of 
optimal  pumping  schemes.  (See  also  W9 1-07947) 
(Author's  abstract) 
W9 1-07962 


EXPERIMENTS  ON  THE  MOVEMENT  OF 
BRACKISH  WATER  NEAR  INFILTRATION 
AND  ABSTRACTION  WELLS. 

Waterworks     of     North-Holland,      Bloemendaal 

(Netherlands). 

A  Stakelbeek. 
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Descriptors:  'Brackish  water,  'Deep  wells, 
'Groundwater  movement,  'Model  studies,  'Saline 
water  intrusion,  'The  Netherlands,  'Upconing, 
Computer  models,  Freshwater,  Infiltration,  Injec- 
tion wells,  Saline-freshwater  interfaces,  Selective 
withdrawal,  Vertical  flow. 

The  Provincial  Waterworks  of  North  Holland 
(PWN)  are  starting  the  construction  of  a  5  million 
cu  m/a  deep-well  plant  in  the  North  Holland  dune 
area  near  the  North  Sea.  In  this  plant,  injection  of 
filtrated  Ussel-lake  water  and  abstraction  will  take 
place  at  a  depth  of  respectively  10  and  25  m  above 
the  brackish  zone,  which  is  located  about  100  m 
below  mean  sea  level.  Due  to  the  fact  that  the 
injection  will  exceed  the  abstraction,  intrusion  and 
upconing  of  brackish  water  will  be  prevented.  In 
case  of  calamities,  when  the  infiltration  may  be 
interrupted,  it  is  important  to  know  how  long  the 
abstraction  can  be  continued,  before  upconing  of 
brackish  water  will  occur.  Therefore,  from  1983- 
1987  the  Provincial  Waterworks  investigated  the 
movement  of  the  brackish  zone  by  abstracting  and 
infiltrating  water  in  a  deep  well,  in  which  the  filter 
was  located  only  10  m  above  the  brackish  zone. 
During  the  experiments  the  movement  of  the 
brackish  zone  was  intensively  measured  by  vertical 
multi-electrode  cables.  During  the  abstraction  the 
brackish  zone  reached  the  well-filter  within  two 
months.  After  a  break  of  a  few  years,  during  which 
the  measurements  were  continued,  the  brackish 
zone  was  pushed  downwards  by  infiltrating  fresh- 
water. Due  to  the  growing  distance  between  the 
well  filter  and  the  brackish  zone  during  the  infiltra- 
tion, the  vertical  velocity  of  the  brackish  zone 
decreased  in  time.  In  order  to  extrapolate  from  the 
conclusions  of  the  infiltration  and  abstraction  ex- 
periment to  the  future  deep-well  plant,  the  experi- 
ments on  the  movement  of  the  brackish  zone  were 
simulated  by  computer  modeling.  For  the  simula- 
tions two  different  computer  codes  (AQ-AS  and 
SALTP3)  were  tested  and  compared,  showing  that 
the  AQ-AS  program  is  probably  overestimated  and 
the  SALTP3  program  gives  a  more  realistic  calcu- 
lation of  the  upconing.  (See  also  W9 1-07947)  (Au- 
thor's abstract) 
W9 1-07963 


DEVELOPMENT  OF  A  KNOWLEDGE 
SYSTEM  FOR  MODELLING  FRESH  AND 
SALINE-GROUNDWATER  FLOW. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 
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'Groundwater  movement,  'Hydrologic  models, 
'Model  studies,  'Saline  groundwater,  'Saline 
water  intrusion,  'The  Netherlands,  Computer 
models,  Model  testing,  Saline-freshwater  inter- 
faces. 

Increasing  demands  on  freshwater  resources 
during  recent  years  on  the  one  hand  and  the  wide- 
spread availability  of  computer  technology  on  the 
other  have  encouraged  the  development  and  appli- 


cation of  modeling  software  for  the  simulation  of 
groundwater  system  behavior.  A  system  for  mod- 
eling fresh/saline  flow  has  been  developed  that  is 
designed  to  provide:  (1)  a  structure  and  the  infor- 
mation for  the  analysis  of  problem  data  and  the 
selection  of  solution  methods  or  models  in  relation 
to  the  availability  of  data;  and  (2)  information  on 
verification  of  model  codes  and  their  performance 
during  tests  and  applications,  to  the  extent  that  this 
information  is  relevant  to  a  specific  problem.  The 
development  of  a  model  consists  of  five  stages:  (1) 
problem  formulation  and  data  analysis;  (2)  concep- 
tualization; (3)  selection  of  solution  methods;  (4) 
selection  of  model  codes;  and  (5)  simulation.  In 
order  to  illustrate  the  suggested  approach,  an  ex- 
amination was  made  of  the  validity  of  some  com- 
monly-applied assumptions  and  simplifications  for 
certain  freshwater/saltwater  problem  types,  by 
means  of  comparing  test  results.  It  was  found  that 
it  is  essential  that  all  the  general  information  re- 
quired to  make  choices  be  readily  available,  and 
the  available  problem-specific  information  must  be 
used  at  early  stages  of  the  analysis  to  control  the 
process.  Thus  criteria  can  be  derived  for  the  appli- 
cation of  models  based  on  these  assumptions.  The 
knowledge  required  to  build  such  a  system  can  be 
derived  from  theoretical  considerations,  from  com- 
parative studies  using  benchmark  problems  and 
from  evaluation  of  test  results,  field  studies  and 
model  applications.  (See  also  W9 1-07947)  (Fish- 
PTT) 
W9 1-07964 


PARTIALLY  PENETRATING  WELLS  IN  A 
DUPUIT  TYPE  FRESH/SALT  FINITE-ELE- 
MENT MODEL. 
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Selective  withdrawal,  Upconing,  Vertical  flow. 

For  calculation  of  the  regional  position  of  the 
(sharp)  interface  between  fresh  and  saline  water, 
finite-element  models  with  a  Dupuit-Forchheimer 
assumption  can  be  used.  The  resistance  to  vertical 
flow  in  an  aquifer  is  assumed  zero  in  such  models. 
When,  however,  a  partially  penetrating  well  is 
abstracting  (or  infiltrating)  water  in  the  freshwater 
zone  directly  on  top  of  the  saltwater  layer,  then 
the  assumption  can  lead  to  a  largely  overestimated 
upconing  (or  depressing)  of  the  interface.  In  order 
to  get  a  more  realistic  impression  of  the  position  of 
the  interface  around  the  well,  it  is  possible  to 
compute  the  local  vertical  resistance  analytically, 
and  to  take  the  results  into  account  in  the  finite- 
element  computations.  The  adapted  finite-element 
model  was  tested  using  semi-analytical,  two-dimen- 
sional solutions  obtained  with  the  vortex  method. 
The  adaption  reduced  the  movement  of  the  inter- 
face and  showed  results  that  agreed  well  with  the 
vortex  solution.  A  semi-three-dimensional  compu- 
tation was  made  for  the  position  of  the  interface  at 
a  deep-well  infiltration  system  with  one  line  of 
infiltration  wells  centered  between  lines  of  abstrac- 
tion wells.  However,  the  finite-element  model 
adapted  in  such  a  way  shows  a  tendency  to  under- 
estimate the  displacement  of  the  interface  between 
fresh  and  salt  water.  This  is  explained  by  the  fact 
that  the  influence  of  an  inclined  interface  on  the 
flow  field  is  dealt  with  according  to  the  Dupuit- 
Forchheimer  approach,  although  the  influence  is  3- 
dimensional.  (See  also  W9 1-07947)  (Fish-PTT) 
W9 1-07965 


APPLICATION  OF  THE  FACTOR-ANALYSIS 
METHOD  TO  STUDY  THE  ORIGIN  AND  EVO- 
LUTION OF  THE  SALINIZATION  IN  THE  AQ- 
UIFER SYSTEM  NO.  25  (HUELVA  PROVINCE, 
SPAIN). 

Escuela  Univ.   Politecnica  de  la  Rabida,  Huelva 
(Spain).  Dept.  de  Geologia. 
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Saline  groundwater,  Saline  water,  Saline  water 
intrusion. 

The  Principal  Components  Analysis  (PCA)  is  a 
very  useful  factor-analysis  method  for  any  hydro- 
chemical  study.  This  method  was  applied  to  chem- 
ical analysis  of  water  samples  of  the  Aquifer 
System  No.  25  in  the  Huelva  Province,  Spain,  and 
the  results  were  analyzed  in  order  to  study  the 
origin  of  the  saline  content  of  these  waters  and  its 
temporal  and  spatial  evolution.  An  obvious  tempo- 
ral progressive  increase  of  mineralization  (particu- 
larly CI  and  Na)  was  observed  in  the  wells  located 
in  the  central-western  area  of  the  littoral  belt.  This 
fact  is  interpreted  as  a  marine  intrusion  although 
still  not  very  well  developed.  Most  of  the  waters 
from  the  system  present  low  and  very  similar 
mineralization  among  them.  During  the  studied 
period  (1979-1986),  a  tendency  towards  a  progres- 
sive increase  in  any  of  the  components,  was  not 
detected.  Locally,  problems  of  congenital  salinity 
are  responsible  for  the  high  salinity  and  mineraliza- 
tion in  certain  waters,  in  which  the  dilution-con- 
centration phenomena  related  to  the  wet-dry  peri- 
ods, are  very  obvious.  The  use  of  the  PCA  factor- 
analysis  method  was  concluded  to  be  a  very  useful 
method  for  studying  the  origin  and  spatial/tempo- 
ral evolution  of  the  water  salinity  in  the  aquifer 
system.  (See  also  W9 1-07947)  (Fish-PTT) 
W9 1-07966 


SALT-WATER  INTRUSION  CONTROL  WITH 
ELECTRIC  BARRIERS. 
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A  physical  laboratory  model  has  been  made  to  test 
the  feasibility  of  employing  electrical  methods  to 
counteract  seawater  encroachment.  The  possibility 
of  using  a  system  of  electrodes  placed  in  the  soil  to 
create  an  electric  barrier  against  saltwater  intrusion 
has  been  verified  by  simulating  filtration  flow  in  a 
phreatic  sandy  aquifer.  A  number  of  tests  were 
carried  out  with  direct  and  alternating  currents  of 
different  frequencies.  The  efficiency  of  the  system 
was  assessed  by  comparing  the  variation  in  time  of 
salinity  due  to  progressive  saltwater  encroachment 
with  salinity  variation  recorded  during  a  standard 
test  carried  out  without  energizing  the  soil.  The 
laboratory  tests,  carried  out  on  a  porous  medium 
model,  demonstrated  that  electrical  apparatus  may 
create  a  barrier  against  saltwater  intrusion  in  sandy 
aquifers.  The  method  proved  efficient  with  both 
direct  and  alternating  currents,  though  the  elec- 
trodes are  corroded  by  direct  currents.  The  system 
is  directly  dependent  on  current  intensity  and  fre- 
quency. Alternating  current  effects  seem  to  be 
caused  by  ionic  excitement  movement,  the  ions 
concentrating  near  the  electric  barrier  and  rarefy- 
ing downstream.  Saltwater  encroachment  is  mainly 
counteracted  in  a  short  time  so  that  downstream 
from  the  electrodes  salinity  decreases  by  more  than 
65%.  Electric  barrier  efficiency  gradually  de- 
creases where  ions  may  combine  and  NaCl  precipi- 
tates in  high  concentrations.  The  model  limits  that 
might  have  affected  the  results  were  preferential 
saltwater  flow  either  at  the  contact  between  sand 
and  tank  walls  or  at  the  sides  and  below  the 
barrier.  The  efficiency  of  the  method  must  yet  be 
tested  in  the  field.  (See  also  W9 1-07947)  (Fish- 
PTT) 
W9 1-07967 
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Seawater  intrusion  is  the  main  constraint  limiting 
the  full  exploitation  of  the  Nile  Delta  aquifer  in 
Egypt.  In  some  demand  areas,  groundwater  may 
be  the  only  feasible  water  resource,  but  fear  of 
more  intrusion  or  upconing  prevents  the  pumping 
of  the  aquifer.  An  approach  has  been  developed  to 
tackle  this  problem.  The  method  is  based  on  pump- 
ing fresh  and  saltwater  simultaneously  from  the 
pumping  well.  The  pumpage  is  determined  by  the 
amount  necessary  to  keep  the  saline-freshwater 
interface  stationary.  The  relationship  between  the 
amounts  of  freshwater  discharge  and  saltwater  dis- 
charge was  formulated;  the  discharge  of  saltwater 
is  approximately  0.75  times  the  discharge  of  fresh- 
water in  the  ideal  case.  Insufficient  knowledge  of 
dynamic  viscosity  is  the  main  limiting  factor  of  the 
suggested  approach.  The  ratio  between  salt/fresh- 
water drawdowns  is  simply  equal  to  0.975,  the 
inverse  of  the  ratio  between  the  densities  of  the 
two  fluids  in  the  ideal  case.  This  approach  can  be 
applied  in  the  case  of  development  of  coastal 
aquifers,  and  is  very  useful  to  maximize  the  utiliza- 
tion of  the  Nile  Delta  aquifer  to  achieve  the  future 
water  requirements  especially  in  the  outer  fringes 
of  the  Delta  where  the  seawater  intrusion  problem 
is  very  critical.  (See  also  W91-07947)  (Fish-PTT) 
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Buffer  reactions  between  sediment  and  groundwat- 
er occur  if  amounts  of  exchangeable  cations  are 
relatively  high  compared  to  concentrations  in 
water.  Characteristic  concentrations  of  elements 
develop  in  both  time  and  space  during  dispersive 
intrusion  of  fresh  and  salt  water  as  a  result  of 
cation  exchange,  and  may  be  used  to  derive  paleo- 
hydrological  information  (e.g.  location  of  historical 
fresh  and  saltwater  interfaces).  Experimental  data 
on  fresh  and  saltwater  intrusions  are  rarely  avail- 
able, a  limiting  factor  for  multicomponent  trans- 
port modeling.  Column  experiments  were  per- 
formed at  varying  concentration  levels  in  order  to 
obtain  such  information.  Fresh  and  saltwater  intru- 
sions were  repeatedly  simulated,  with  good  repro- 
ducibility, by  percolating  a  sediment-filled  column 
with  both  seawater  (once  diluted)  and  fresh 
groundwater.  The  material  used  comprised  a  fine- 
grained unconsolidated  sand  from  Holocene  peri- 
marine  gully-deposits  in  the  western  part  of  The 
Netherlands.  Calculated  dispersivity  values  were 
found  to  be  three  times  larger  during  the  freshwa- 
ter intrusion  in  seawater-equilibrated  sediment  than 
for  the  reverse  situation.  Additional  experiments 
with  synthetic  solutions  indicated  a  chemical  ex- 
planation for  these  differences.  Using  calculated 
selectivity  coefficients  and  dispersivity  values  as 
input,  a  geochemical  transport  model  was  applied 
to  simulate  the  multicomponent  ion  exchange 
during  fresh  and  seawater  intrusions.  The  results 
show  that  seawater  intrusion  in  freshwater  equili- 
brated sediment  can  only  be  modeled  when  the 
selectivity  of  calcium  over  magnesium  decreases 
by  a  factor  of  two  during  the  breakthrough.  In  the 
case  of  freshwater  intrusion  in  seawater-equilibrat- 
ed sediment,  the  appropriateness  of  fit  is  less  sensi- 


tive  to  selectivity   changes  during   breakthrough 
and  calibration  is  thus  easier  to  perform.  (See  also 
W91-07947)  (Author's  abstract) 
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A  hydrogeological  investigation  program  is  being 
conducted  at  the  Gorleben  site  in  Germany  as  part 
of  the  studies  of  the  Gorleben  salt  dome  to  deter- 
mine its  suitability  for  a  final  repository  for  radio- 
active waste.  The  objective  of  the  program  is  to 
obtain  extensive  data  on  the  groundwater  quality 
in  the  area  of  the  planned  repository  in  order  to 
provide  a  basis  for  monitoring  after  the  repository 
begins  operation.  Within  the  scope  of  this  study, 
samples  are  routinely  collected  from  the  extensive 
grid  of  observation  wells  in  the  area  and  analyzed 
for  various  hydrochemical  and  physical  parameters 
and  isotope  concentrations  in  the  groundwater. 
Hydrogeological  cross-sections  and  maps  have 
been  made  of  the  isotope  data,  primarily  3-H,  14-C, 
and  18-0.  The  isotope  data  were  interpreted  taking 
into  consideration  the  hydrogeological  conditions 
and  other  data,  e.g.  from  pumping  tests.  Four  main 
hydrogeological  units  were  defined,  based  on  ex- 
ploration drilling  and  pumping  tests,  coinciding 
generally  with  the  vertical  distribution  of  the  14-C 
concentration  in  groundwater.  In  contrast  to  the 
low-permeable  units  the  better-permeable  units 
show  the  higher  14-C  concentrations  (>10  pmc) 
with  a  decrease  in  the  14-C  level  from  the  upper 
freshwater  aquifer  system  (15-50  pmc)  to  the  lower 
aquifer  system  (10-20  pmc).  In  the  low-permeable 
units  (clayey  complex  and  upper  saline  water  aqui- 
fer system)  a  14-C  concentration  level  <8  pmc  has 
been  observed.  Two  main  effects  are  probably 
responsible  for  the  decrease  of  the  14-C  concentra- 
tions: (1)  radioactive  decay;  and  (2)  dilution  by 
solution  of  paleocarbonate  (partially  supported  by 
bacteriological  C02  production).  The  calculated 
14-C  model  ages  are  rather  uncertain  as  the  dilu- 
tion effect  cannot  yet  be  taken  into  account  with 
adequate  accuracy.  (See  also  W9 1-07947)  (Fish- 
PTT) 
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Hydraulic  conductivity  heterogeneities  in  coastal 
carbonate  formations  affect  the  form  and  behavior 
of  the  mixing  zone  as  observed  along  fully 
screened  boreholes.  The  downward  increase  in 
salinity  shows  conspicuous  changes  in  vertical  sa- 
linity gradients  that  are  found  at  the  same  depth 
over  repeated  logs.  Salinity  logs  from  some  studies 
carried  out  in  two  areas  in  Catalonia,  Spain,  were 
examined.  One  of  them  is  in  the  southern  portion 
of  the  Garraf  Massif  and  the  other  in  the  Vandellos 
Massif,  this  last  involving  two  subareas,  one  in 
dolomites  and  the  other  in  a  small,  thick  alluvial 
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fan  deposit.  The  changes  in  vertical  salinity  gradi- 
ents reflect  changes  of  permeability  inside  the 
mixing  zone.  They  are  produced  by  the  borehole 
itself.  Low  vertical  salinity  gradients  are  associated 
with  low-permeability  stretches,  but  exceptions 
can  be  found.  Some  permeable  zones  may  not 
appear  if  they  have  a  head  slightly  higher  than 
zones  below  and  above,  but  this  situation  may 
change  when  hydrodynamic  conditions  vary,  and 
then  their  position  may  show  up.  When  taking 
water  samples,  high  vertical  salinity  stretches  are 
preferable  since  water  is  being  renovated  corre- 
sponding to  the  sampling  depth,  but  reproductivity 
is  low  due  to  the  great  influence  of  small  errors  in 
depth.  Sampling  inside  low  vertical  gradients  sec- 
tions is  easier  and  more  reproductive  but  there  are 
more  chances  for  water  being  altered  by  interac- 
tions with  the  casing,  and  the  depth  from  which  it 
comes  is  not  well  known.  (See  also  W9 1-07947) 
(Author's  abstract) 
W9 1-07971 


TOOLS  FOR  INVESTIGATING  THE  ORIGIN 
OF  ANOMALIES  IN  CHLORIDE  CONTENT 
OF  GROUNDWATER  IN  COASTAL  LOW- 
LANDS. _  ,. 
Institute  of  Applied  Geoscience  TNO,  Deltt 
(Netherlands). 
J.  C.  de  Ruiter. 

IN:  Proceedings  of  10th  Salt-Water  Intrusion 
Meeting.  Geologisch  Instituut  R.U.G.  (S  8), 
Ghent.  1989.  p  278-287,  3  fig,  4  ref. 

Descriptors:  'Chlorides,  'Coastal  aquifers, 
♦Groundwater  chemistry,  *Model  studies,  *Saline 
groundwater,  *  Saline  water  intrusion,  *The  Neth- 
erlands, Cation  exchange,  Groundwater  dating, 
Groundwater  movement,  Isotope  studies,  Peat 
bogs,  Solute  transport. 

The  best  approach  for  starting  an  investigation  of 
saline  water  intrusion  is  to  look  for  descriptions, 
maps,  and  other  information  in  order  to  get  an  idea 
of  the  succession  of  different  landscapes  in  the 
area.  In  The  Netherlands,  transgression  stages  with 
saltwater  influence  may  have  alternated  with  re- 
gression stages  with  freshening  influences  from 
rivers  and  peat  moors.  A  change  of  the  relative 
altitude  of  parts  of  the  landscape  may  have  caused 
a  reversal  of  the  direction  of  freshening  and  saliniz- 
ing  processes.  A  possible  second  tool  is  the  chemi- 
cal groundwater  classification  with  emphasis  on 
cation  exchange  in  order  to  determine  the  differ- 
ence between  salinizing  and  freshening  processes  in 
combination  with  chloride  content.  To  screen  the 
hypothetical  situations  a  third  tool,  the  study  of 
isotopes,  may  be  chosen.  With  isotope  measure- 
ments, a  differentiation  of  the  ages  and  origins  of 
freshwater  can  be  made.  Hand-in-hand  with  the 
study  of  isotopes,  other  chemical  parameters  can 
be  used,  depending  on  the  hypothetical  origin  of 
groundwater.  The  fifth  tool  to  be  used  in  the 
remaining  hypothetical  situations  might  be  two  or 
three-dimensional  groundwater  flow  and  transport 
modeling.  For  example,  to  model  a  former  peat 
moor,  some  parameters  must  be  determined  from 
other  known  parameters,  e.g.  influence  depth  and 
influence  time.  However,  no  data  about  the  heights 
of  the  former  peat  moors  in  the  western  part  of 
The  Netherlands  are  known.  By  developing  differ- 
ent models  the  plausibility  of  the  hypotheses  might 
be  tested,  using  a  number  of  hypothetical  heights 
as  input  data  for  the  model  code.  (See  also  W91- 
07947)  (Author's  abstract) 
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Gases  may  influence  processes  in  zones  of  freshwa- 
ter/seawater  interface  of  coastal  aquifers.  One  of 
the  sources  of  gas  bubbles  is  recharge  wells.  The 
bubbles  of  gas,  alone  or  in  combination  with  clay 
particles,  impair  flow.  The  flow  impairment  may 
not  allow  the  use  of  the  recharged  water  for  con- 
trolling seawater  intrusion.  Results  of  laboratory 
experiments   that  simulated   circumstances  of  an 
operating   recharge    well   indicate   the   following 
trends:    (1)    quasi-stable    bubble-mineral    particle 
units  form,  due  to  adhesion  of  hydrophobic  col- 
loids (clay  minerals)  on  the  surface  of  air  bubbles, 
which  may  become  mobile  when  the  pressure  gra- 
dient in  the  porous  medium  is  larger  than  a  thresh- 
old value;  (2)  introduction  of  a  small  volume  of  air 
in  pure  sand   induces   a  steady   state   of  slightly 
reduced  permeability,  if  either  a  concentrated  solu- 
tion ('seawater')  or  a  dilute  solution  ('freshwater') 
fills  the  pores;  a  lower  permeability  is  attained  in  a 
sediment    where   equilibrium    exists   between   the 
electrical  atmosphere  of  the  clay  platelets  attached 
on  the  bubbles  and  the  surrounding  solution,  and/ 
or  if  the  electrical  atmosphere  is  suppressed  by  a 
concentrated  solution;  and  (3)  an  irreversible  de- 
crease  of  permeability   may   be   induced   by   the 
combined  effect  of  bubbles  and  voluminous  three- 
dimensional  structures  of  smectite,  possibly  arising 
when  freshwater  replaces  seawater  in  the  pores  of 
mixtures  of  sand  and  traces  of  smectite.  A  state 
where  the  sediment  in  the  vicinity  of  a  borehole  is 
clogged  by  bubbles  and  clay  particles  reduces  the 
efficiency  of  a  well  for  serving  as  a  recharge  well. 
Injection  of  air  into  the  seawater/freshwater  inter- 
face may  be  used  as  a  method  for  reducing  sea- 
water encroachment.  (See  also  W9 1-07947)  (Au- 
thor's abstract) 
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A  method  for  estimation  of  the  lateral  dispersivity 
in  a  homogeneous  isotropic  coastal  aquifer  where 
saltwater  intrusion  takes  place  has  been  developed. 
A  similarity  approximation  was  used  for  both  the 
tangential  velocity  along  and  the  transverse  salt- 
water concentration  profile  to  the  steady  fresh/ 
saltwater  interface  obtained  by  immiscible  assump- 
tion. In  order  to  confirm  the  validity  of  the  pro- 
posed procedures,  a  two-dimensional  numerical 
simulation  procedure  was  compared  with  experi- 
mental data.  It  was  found  that  the  mass  transport  in 
the  mixing  zone  may  be  obtained  by  the  present 
numerical  simulation  method.  The  90%  concentra- 
tion isoline  of  saltwater  agrees  well  with  the  ob- 
served interface  of  the  experiments  and  also  with 
the  equation  of  fresh/saltwater.  An  approximate 
solution  obtained  by  the  similarity  assumption 
along  the  fresh/saltwater  interface  may  well  repre- 
sent the  measured  concentration  profile.  The  esti- 
mated lateral  dispersivities  agree  well  with  the 
predicted  values  by  the  Harleman  and  Rumers' 
formula  when  an  overall  Reynolds  number  is  used. 
The  numerical  simulation  using  estimated  longitu- 
dinal and  lateral  dispersivities  can  represent  the 
vertical  concentration  profile  observed  in  the  ex- 
periments. It  is  expected  that  the  proposed  method 
will  give  a  reasonable  estimation  for  the  lateral 
dispersivity  when  it  is  applied  to  a  coastal  aquifer 
where  saltwater  intrusion  takes  place.  (See  also 
W9 1-07947)  (Fish-PTT) 
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The  temperature  of  groundwater  is  mainly  a  func- 
tion of  its  mobility  in  an  aquifer.  The  more  aniso- 
tropic the  aquifer,  the  more  pronounced  the  ther- 
mal variations  developing  in  it.  In  a  coastal  aquifer 
the  presence  of  seawater  at  the  base  of  fresh 
groundwater  and  mixing  processes  between  these 
two  types  of  water  are  the  additional  factors  which 
influence  temperature  distribution.  In  fact  the  resi- 
dence times  of  saltwater  are  generally  much  longer 
than  those  of  freshwater.  Therefore,  in  the  absence 
of  significant  perturbing  processes,  the  thermal 
gradients  of  saltwater  bodies  are  positive  and 
higher  than  those  found  in  freshwater.  The  coastal 
aquifer  of  the  Salento  peninsula  in  Italy  occurs  in 
carbonate  rocks  which  owe  their  permeability  to 
fracturing  and  karst  processes.  Because  of  this  the 
aquifer  is  strongly  anisotropic.  The  trend  of  iso- 
geothermal  surface  has  been  reconstructed  for  this 
aquifer  based  on  the  correlation  of  temperature 
logs  along  horizontal  and  vertical  sections.  The 
temperature  proved  to  be  an  excellent  tracer  in  the 
recognition  of  the  main  hydrogeological  pathways 
and  their  interconnections,  as  well  as  in  the  identi- 
fication of  factors  which  strongly  influence  the 
evolutionary  processes  of  saltwater  contamination 
of  fresh  groundwater.  (See  also  W9 1-07947)  (Au- 
thor's abstract) 
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The  Murgia  and  Salento  regions  of  Italy  constitute 
two  adjacent  and  important  hydrogeological  units. 
Both  aquifers  are  of  the  coastal  type  and  have 
formed  in  carbonate  rocks  of  the  Mesozoic  age. 
The  hydrogeological  distinction  between  the  two 
units  is  due  to  the  overall  difference  in  permeabil- 
ity, which  is  lower  in  Murgia  compared  with  Sa- 
lento. A  considerable  outflow  of  the  Murgian 
groundwater  feeds  the  Salento  region  in  addition 
to  the  local  supply  due  to  precipitation.  The  deter- 
mination of  the  hydrogeological  setting  of  Salento 
is  of  special  importance  for  a  better  understanding 
of  the  saltwater  contamination  processes  caused  by 
over-exploitation  of  the  aquifer.  A  study  of  the 
isotope  contents  and  groundwater  chemistry  were 
used  to  reconstruct  flow  patterns  from  the  mor- 
phologically and  topographically  different  supply 
areas.  It  was  found  that  the  springs  geographically 
belonging  both  to  the  Murgia  system  and  to  the 
Salento  system  drain  groundwater  which  is  charac- 
terized by  a  medium  degree  of  evolution,  which 
corresponds  to  appreciable  residence  times  in  the 
aquifer;  it  is  reasonable  to  assume  that  all  big 
springs  represent  the  outlet  of  wide  karstic  chan- 
nels, which  represent  preferential  ways  of  a  rapid 
discharge.  The  anisotropy  of  the  Murgia  aquifer  is 
so  marked  that  often  springs  very  close  to  each 
other  belong  to  very  different  hydrogeological  cir- 
cuits. The  most  evolved  groundwaters  found  in  the 
Murgia  system  flow  towards  Salento;  they  gradu- 
ally lose  the  original  characteristics  while  mixing 
with  the  Salento  system  groundwater.  The  high 
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degree  of  permeability  of  the  Salento  aquifer 
allows  a  fast  flow  of  groundwater  from  the  feeding 
areas  to  the  sea;  discharge  occurs  practically  along 
the  entire  coastal  front.  The  short  residence  time 
allows  groundwater  to  maintain  characteristics 
very  close  to  those  of  feeding  rainwater;  the  only 
change  in  chemical  features  is  due  to  mixing  phe- 
nomena with  intruding  seawater.  (See  also  W91- 
07947)  (Fish-PTT) 
W9 1-07976 


DETECTION  OF  FRESH-WATER/SEA-WATER 
INTERFACE  BY  THE  TIME  DOMAIN  ELEC- 
TROMAGNETIC (TDEM)  METHOD  IN 
ISRAEL. 

Institute  for  Petroleum  Research  and  Geophysics, 
Holon  (Israel). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07977 


SALT-WATER  INTRUSION  MONITORING  BY 
RESISTIVITY  AND  IP-TOMOGRAPHIC 
METHODS. 

Politecnico  di  Torino  (Italy).  Dipt,  di  Georisorse  e 

Territorio. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07978 


RESULTS  OF  AIRBORNE  EM  GROUNDWAT- 
ER EXPLORATION  IN  A  DESERT  AREA 
USING  THE  CENTROID  DEPTH  ALGORITHM 
FOR  EVALUATION. 

Bundesanstalt   fuer  Geowissenschaften   und  Roh- 

stoffe,  Hanover  (Germany,  F.R.). 

K.-P.  Sengpiel. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.    Geologisch    Instituut    RUG.    (S    8), 

Ghent.  1989.  p  349-356,  7  fig,  6  ref. 

Descriptors:  'Algorithms,  *Arid-zone  hydrology, 
•Geophysical  methods,  'Groundwater  resources, 
•Magnetic  studies,  'Pakistan,  'Resistivity,  Air- 
craft, Electrical  equipment,  Exploration,  Geo- 
physical surveys. 

Secondary  magnetic-field  data  from  a  three-fre- 
quency electromagnetic  (EM)  helicopter  survey 
have  been  evaluated  using  a  novel  inversion  tech- 
nique called  the  centroid  depth  algorithm.  It  yields 
the  centroid  depth  of  the  electric  current  system 
(induced  by  a  dipole  source)  and  the  'ambient' 
resistivity  at  this  depth,  both  for  each  transmitted 
frequency.  It  is  illustrated  by  several  examples  how 
the  true  vertical  resistivity  distribution  is  approxi- 
mated by  the  resistivity  as  a  function  of  centroid 
depth.  For  three  transmitted  frequencies  this  func- 
tion is  only  partially  known  but  it  can  be  closely 
represented  by  a  spline  interpolation  function.  The 
complete,  although  approximate,  resistivity  infor- 
mation can  be  represented  as  vertical  sections 
along  flight  lines  or  horizontal  sections  at  certain 
preselected  depths.  Using  these  techniques  the 
three-dimensional  resistivity  distribution  below  a 
nonperennial  river  in  a  desert  area  in  Pakistan  was 
successfully  shown  and  compared  with  Schlum- 
berger  resistivity  soundings  and  results  from  drill- 
ings and  dug  wells.  Several  other  freshwater  de- 
posits in  saltwater-bearing  environments  have  been 
delineated  using  this  airborne  EM  (AEM)  method. 
Experience  has  shown  that  the  method  has  two 
limitations:  (1)  a  highly  conductive  cover  layer 
reduces  the  depth  of  investigation;  below  the  cover 
layer  the  calculated  resistivities  are  less  reliable; 
and  (2)  complex  layering  such  as  a  sequence  of  thin 
layers  with  high  resistivity  contrasts,  cannot  be 
resolved  using  the  smooth  resistivity  function.  For 
optimum  interpretation  of  the  AEM  resistivity  re- 
sults in  terms  of  groundwater  parameters,  it  is 
therefore  essential  to  accompany  the  AEM  survey 
by  ground  direct  current  resistivity  soundings,  hy- 
drogeological  investigations  and  drilling.  (See  also 
W9 1-07947)  (Fish-PTT) 
W9 1-07979 


HYDROGEOLOGICAL  SWIM-EXCURSION  TO 
THE  WESTERN  COASTAL  PLAIN  OF  BEL- 
GIUM. 

Ghent  Rijksuniversiteit  (Belgium).  Lab.  for  Ap- 
plied Geology  and  Hydrogeology. 


L.  Lebbe,  and  K.  Walraevens. 
IN:    Proceedings    of    10th    Salt-Water    Intrusion 
Meeting.    Geologisch     Instituut    R.U.G.    (S    8), 
Ghent.  1989.  p  359-375,  12  fig,  24  ref. 

Descriptors:  'Belgium,  'Coastal  aquifers,  'Coastal 
plains,  'Field  tests,  'Groundwater  resources, 
'Saline  water  intrusion,  'Saline-freshwater  inter- 
faces, Catchment  areas,  Dunes,  Geophysical  meth- 
ods, Polders,  Resistivity,  Seawater. 

In  the  larger  part  of  the  Flemish  coastal  plain  the 
possibilities  of  freshwater  exploitation  are  limited. 
Three  possibilities  exist:  exploitation  of  the  deep 
artesian  aquifers,  exploitation  of  the  shallow  phrea- 
tic  aquifer,  and  collection  of  surface  water  in  artifi- 
cially-created basins.  For  the  management  of  the 
fresh  groundwater  a  thorough  knowledge  of  the 
distribution  and  the  flow  of  fresh  and  saltwater  is 
necessary.  A  Salt-Water  Intrusion  Meeting 
(SWIM)  excursion  was  made  to  the  western  Bel- 
gian coastal  plain.  The  first  visiting  point  was  the 
shore  at  Groenendijk  Bad,  where  the  phenomenon 
of  the  saltwater  lens  above  the  freshwater  tongue 
was  extensively  studied  on  the  French-Belgian 
border  using  two  borings.  From  the  shore,  the 
group  drove  through  the  young  dunes  to  the 
polder  area.  It  was  observed  that  tourism  plays  an 
important  role  in  the  economy  of  the  West  Coast. 
It  was  seen  that  only  a  small  part  of  the  young 
dunes  are,  until  now,  not  situated  in  builtup  areas. 
This  small  part  consists  of  the  two  water-catch- 
ment areas,  planned  water-catchment  area,  and 
three  natural  reserves,  two  of  which  are  regional 
and  one  is  municipal.  The  polder  area  is  principally 
a  rural  area,  with  the  exception  of  the  small  town 
of  Veurne.  In  the  polder  area,  the  pressure  and  the 
distribution  of  salt  and  freshwater  was  shown  with 
the  help  of  resistivity  logs.  The  polder  area  can  be 
subdivided  into  three  characteristic  regions:  the 
Old  Land  (the  large  protected  area),  the  Middle 
Land  (the  higher-ground,  less-protected  area),  and 
the  low-lying  polders  (a  brackish  lake  before  recla- 
mation). In  the  low-lying  polders  there  is  an  impor- 
tant upward  flow  of  salt  and  brackish  water  near 
the  highest  boundary  area,  the  old  dunes.  Borehole 
resistivity  logs  were  performed  here  (converted  to 
an  observation  well)  and  showed  an  increase 
toward  the  east  in  the  total  salt  content  of  the 
saltwater  under  the  semi-pervious  layer.  (See  also 
W9 1-07947)  (Fish-PTT) 
W9 1-07980 


HYDROGEOLOGICAL  SWIM-EXCURSION  TO 
THE  BLACK-SLUICE  POLDER  AREA  IN  THE 
FLEMISH  VALLEY  OF  BELGIUM. 

Ghent   Rijksuniversiteit  (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
K.  Walraevens,  L.  Lebbe,  and  K.  Pede. 
IN:    Proceedings    of    10th    Salt-Water    Intrusion 
Meeting.    Geologisch    Instituut    R.U.G.    (S    8), 
Ghent.  1989.  p  376-395,  13  fig,  18  ref. 

Descriptors:  'Belgium,  'Coastal  aquifers,  'Dikes, 
•Field  tests,  'Polders,  'Saline  water  intrusion, 
Conductivity,  Drainage  canals,  Groundwater 
movement,  Saline  groundwater,  The  Netherlands, 
Upconing. 

The  Black-Sluice  Polder  area  is  a  group  of  11 
smaller  polders  each  bordered  by  dikes,  situated  in 
the  north  of  Belgium  near  the  Dutch  border, 
which  forms  the  northern  and  eastern  boundary 
limits.  The  southern  border  is  a  dike  which  sepa- 
rates the  polders  to  the  north  from  the  'woodland' 
to  the  south.  Brackish  and  salt  groundwater  occur 
at  different  depths  in  the  polder  area;  more  intense 
drainage  periods  causes  the  freshwater  layer  to 
diminish,  causing  the  salt  groundwater  to  rise, 
eventually  reaching  the  surface.  The  salinization 
process  makes  the  soil  unfit  for  agricultural  use. 
Recent  research  is  based  on  extensive  field  obser- 
vations. A  Salt-Water  Intrusion  Meeting  (SWIM) 
excursion  was  made  to  the  Black-Sluice  Polder 
area  to  observe  and  confirm  past  and  recent  hydro- 
geological  research.  The  group  visited  the  village 
of  Assenede  (on  a  high  'ridge'  on  the  edge  of  the 
'woodland',  drained  by  a  freshwater  brook  with 
conductivity  700  microS/cm);  entered  the  polder 
area  (where  the  brook  gets  brackish  to  salt  ground- 
water from  the  polder  area,  with  a  conductivity 
increased  to  2700  microS/cm);  walked  down  sev- 


eral dikes  (observing  historic  creek  erosion);  to 
Posthoorn  Dike  (a  seawall  and  flood  dike);  to  the 
village  and  port  of  Boekhoute  (plagued  by  silting- 
up);  to  a  pumping  station  (which  pumps  drainage 
water  from  a  canal  to  a  creek);  to  a  deep  boring 
site  (close  to  an  important  drainage  canal  which  is 
expected  to  cause  an  upward  flow;  site  of  hydrau- 
lic head  measurements  which  show  some  down- 
ward flow  in  the  upper  levels;  and  chemical  evi- 
dence of  saltwater  upconing);  and  to  the  Black 
Sluice  (historically  used  to  drain  the  polder  area, 
now  providing  a  conduit  for  inflowing  water).  (See 
also  W9 1-07947)  (Fish-PTT) 
W9 1-07981 


RADON    CONCENTRATIONS     IN    GROUND 
WATER  OF  THE  GEORGIA  PIEDMONT. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Earth 
and  Atmospheric  Sciences. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 176 


ORGANIC  CHEMICAL  ANALYSIS  OF 
GROUND  WATER  IN  LOUISIANA:  WATER 
YEARS  1984-88. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08 183 


GEOLOGY  AND  GROUND-WATER  RE- 
SOURCES OF  THE  COASTAL  AREA  OF 
GEORGIA. 

Geological  Survey,  Atlanta,  GA.  Water  Resources 

Div. 

J.  S.  Clarke,  C.  M.  Hacke,  and  M.  F.  Peck. 

Georgia  Geologic  Survey  Bulletin  113,  1990.  106p, 

25  fig,  4  tab,  12  plates,  81  ref,  3  append. 

Descriptors:  'Coastal  aquifers,  'Geohydrology, 
'Geology,  'Georgia,  'Groundwater  resources, 
Aquifer  systems,  Geothermal  water,  Groundwater 
mining,  Groundwater  quality,  Permeability,  Saline 
water  intrusion,  Salinity,  Transmissivity. 

Groundwater  is  the  principle  source  of  water  in 
the  13-county  coastal  area  of  Georgia.  Groundwat- 
er pumping  in  the  coastal  area  is  derived  from  5 
aquifers  that  range  in  depth  from  5  to  1,000  ft 
below  land  surface.  From  shallowest  to  deepest, 
they  are:  the  surficial,  upper  Brunswick,  lower 
Brunswick,  Upper  Floridan,  and  Lower  Floridan 
aquifers.  The  water-bearing  properties  of  the 
aquifers  are  variable  owing  to  vertical  and  lateral 
variations  in  lithology.  The  most  productive  aqui- 
fer is  the  Upper  Floridan,  from  which  well  yields 
of  5000  to  10,000  gal/min  are  common,  and  the 
transmissivity  is  as  high  as  500,000  sq  ft/day.  Wells 
tapping  the  surficial  and  the  upper  and  lower 
Brunswick  aquifers  yield  from  about  2  to  180  gal/ 
min.  Previous  studies  indicated  that  anomalously 
high  groundwater  temperatures  occurred  in  the 
Brunswick  area,  which  was  attributed  to  upward 
leakage  of  water  from  deeper  zones.  During  this 
study,  geothermal  gradients  measured  at  six  wells 
in  Chatham  County  and  one  in  Bryan  County 
indicate  that  in  wells  <  700  ft  deep,  the  geother- 
mal gradient  was  better  than  normal,  possibly  indi- 
cating some  upward  flow.  Although  there  appears 
to  be  an  upward  component  of  flow,  the  quantities 
probably  are  small  resulting  from  the  low  perme- 
ability of  the  intervening  confining  units.  (Lantz- 
PTT) 
W9 1-08 187 


GROUND-WATER  FLOW  IN  THE  CENTRAL 
VALLEY,  CALIFORNIA. 

A.  K.  Williamson,  D.  E.  Prudic,  and  L.  A.  Swain. 
Available   from   Books  and   Open   Files   Reports 
Section,   USGS  Box  25425,   Denver,  CO  80225. 
USGS  Professional  Paper  1401-D,  1989.  127p,  44 
fig,  1 1  tab,  124  ref,  append. 

Descriptors:  'California,  'Central  Valley,  'Geohy- 
drology, 'Groundwater  movement,  'Groundwater 
resources,  'Water  resources  data,  Agriculture, 
Flow  profiles,  Groundwater  irrigation,  Hydraulic 
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conductivity,  Leakage,  Maps,  Model  studies,  Per- 
meability. 

The  agricultural  productivity  of  the  Central  Valley 
is  dependent  on  the  availability  of  water  from 
irrigation.  About  7.3  million  acres  of  cropland  in 
the  Central  Valley  receives  about  22  million  acre-ft 
of  irrigation  water  annually.  One  half  of  this  irriga- 
tion water  is  supplied  by  groundwater.  This  large 
groundwater   development    during   the   past    100 
years  has  had  major  impacts  on  the  aquifer  system, 
such  as  a  decline  in  water  levels,  land  subsistence, 
depletion  of  aquifer  storage,  and  increase  in  re- 
charge.  The  flow  conditions  before  and  during 
development  were  simulated  on  a  regional  scale 
using   a   three   dimensional   finite-difference   flow 
model.  The  Central  Valley  is  a  large  structural 
trough  filled  with  poorly  permeable  marine  sedi- 
ments that  are  overlain  by  coarser  continental  sedi- 
ments.  More  than   50%   of  the  thickness  of  the 
continental  sediments  is  composed  of  fine  grained 
lenticular  deposits  that  are  discontinuous  but  are 
distributed  throughout  the  stratigraphic  section  in 
the  entire  Central  Valley.  The  concept  presented 
here  considers  the  entire  thickness  of  the  continen- 
tal deposits  as  one  aquifer  system  which  has  vary- 
ing vertical  leakage  that  depends  on  several  fac- 
tors, including  the  amount  of  fine  grained  sedi- 
ments. The  average  horizontal  hydraulic  conduc- 
tivity is  about  6  ft/day,  and  the  average  thickness 
of  the  continental  deposits  is  about  2400  feet.  Irri- 
gation use  increased  evapotranspiration   about  9 
million  acre-ft/yr  over  its  predevelopment  value. 
The  flow  model  constructed  during  this  study  was 
calibrated  principally  in  accordance  with  the  hy- 
drologic   data  observed   during    1961-75   because 
little  predevelopment  data  were  available  for  anal- 
ysis. An  explicit  algorithm  to  simulate  land  subsid- 
ence was  developed  and  calibrated.  The  simulated 
land  subsidence  was  within  6%  if  the  estimated 
observed  volume;  however,  the  time  lag  associated 
with  this  type  of  subsidence  was  not  adequately 
simulated.  Simulated  water  level  changes  averaged 
2.6  and  12  feet  higher  than  observed  water  level 
changes  for  the  water  table  and  the  lower  pumped 
zones.  The  simulations  indicated  that  vertical  leak- 
age  greatly   increased   from   the   predevelopment 
values  as  a  result  of  water  flowing  through  the 
more  than  100,000  irrigation  well  casings  that  are 
open  to  different  aquifer  layers.  The  simulation 
results  are  shown  on  maps  for  comparison  with 
observed  hydrologic  data.  (Lantz-PTT) 
W91-08191 

2G.  Water  In  Soils 


ENHANCED  BIODEGRADATION  OF  PESTI- 
CIDES IN  THE  ENVIRONMENT. 

For  primary  bibliographic  entry  see  Field  5G. 
W91-07118 

SPATIAL  VARIABILITY  OF  APPARENT 
ELECTRICAL  CONDUCTIVITY. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Water 
and  Land  Resources. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-07221 


SOIL  REACTION  AND  ACIDIC  DEPOSITION. 

Colorado    State    Univ.,    Fort    Collins.    Dept.    of 

Agronomy. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07228 


ACIDIC  SULFATE  SOILS. 

Department  of  Agriculture,  Bangkok  (Thailand). 
Div.  of  Soils. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07229 


TRIAXIAL-  AND  UNIAXIAL-COMPRESSION 
TESTING  METHODS  DEVELOPED  FOR  EX- 
TRACTION OF  PORE  WATER  FROM  UN- 
SATURATED TUFF,  YUCCA  MOUNTAIN, 
NEVADA.  r  „     , 

Colorado  School  of  Mines,  Golden.  Dept.  of  Geol- 


ogy. 

T.  E.  Mower,  J.  D.  Higgins,  and  I.  C.  Yang. 

IN-  Proceedings  of  the  Nuclear  Waste  Isolation  in 

the  Unsaturated  Zone,  FOCUS  '89.  September  17- 

21    1989    Las  Vegas,  Nevada.  American  Nuclear 

Society,  Inc.,  La  Grange  Park,  IL.  (1989).  p  426- 

433,  7  fig,  2  tab,  12  ref. 

Descriptors:  *Aeration  zone,  *Data  acquisition, 
'Geohydrology,  "Interstitial  water,  'Nevada,  ♦Ra- 
dioactive waste  disposal,  *Soil  water,  Tuff,  'Un- 
saturated flow,  'Yucca  Mountain,  Groundwater 
mining,  Waste  disposal. 

To  support  the  study  of  the  hydrologic  system  in 
the  unsaturated  zone  at  Yucca  Mountain,  Nevada, 
two  extraction  methods  were  examined  to  obtain 
representative,  uncontaminated  pore  water  samples 
from  unsaturated  tuff.  Results  indicate  that  tnaxial 
compression,  which  uses  a  standard  cell,  can 
remove  pore  water  from  nonwelded  tuff  that  has 
an  initial  moisture  content  >  11%  by  weight; 
uniaxial  compression,  which  uses  a  specifically  fab- 
ricated cell,  can  extract  pore  water  from  nonweld- 
ed tuff  that  has  an  initial  moisture  content  >  8% 
and  from  welded  tuff  that  has  an  initial  moisture 
content  >  6.5%.  For  the  ambient  moisture  condi- 
tions of  Yucca  Mountain  tuffs,  uniaxial  compres- 
sion is  the  most  efficient  method  of  pore  water 
extraction.  (Author's  abstract) 
W9 1-07243 

PREDICTION  OF  CADMIUM  ACCUMULA- 
TION IN  A  HETEROGENEOUS  SOIL  USING  A 
SCALED  SORPTION  MODEL. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07274 


APPROACH  TO  PROCESS  IDENTIFICATION: 
APPLICATION  TO  SOLUTE  TRANSPORT 
THROUGH  CLAYS. 

Universidad  Politecnica  de  Cataluna,  Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 
J.  Carrera,  J.  Samper,  G.  Galarza,  and  A.  Medina. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  231-240.  5  fig,  1 
tab,  14  ref.  Empresa  Nacional  de  Residuos  S.  A. 
(ENRESA)  Grant  No.  TC0612. 

Descriptors:  'Advection,  'Anion  exchange,  'Cali- 
brations, 'Clays,  'Diffusion,  'Diffusivity,  'Disper- 
sion, 'Groundwater  movement,  'Model  studies, 
•Porosity,  'Solute  transport,  'Sorption,  Chemical 
interactions,  Data  interpretation,  England,  Evalua- 
tion, Experimental  data,  Experimental  design,  Hy- 
draulic conductivity,  Model  testing,  Permeability, 
Physical  properties,  Pore  size,  Tracers. 

Modeling  of  natural  processes  is  composed  of  sev- 
eral interacting  steps.  One  of  the  most  important 
steps  is  conceptualization,  which  involves  the  iden- 
tification of  the  processes  that  are  considered  rele- 
vant to  the  simulated  output  and  the  model  struc- 
ture. A  number  of  laboratory  experiments  on  the 
migration  of  various  solutes  through  London  clay 
samples  was  performed  at  Harwell  Laboratories  in 
England  as  part  of  an  international  model  valida- 
tion program  (INTRAVAL).  The  experiments  in- 
cluded both  diffusion  and  advection-dispersion 
tests.  In  addition  to  diffusion  and  advection-disper- 
sion processes,  ion  exclusion  and  exchange  mecha- 
nisms were  also  taken  into  consideration.  Three 
different  conceptual  models  for  simulating  the  Har- 
well experiments  were  proposed:  a  single,  a 
double,  and  a  triple  porosity  model.  The  main 
difference  among  the  three  proposed  conceptual 
models  arises  from  the  way  in  which  the  processes 
(i.e.  diffusion,  advection-dispersion,  ion  exclusion 
and  exchange)  are  interconnected,  especially  with 
regards  to  the  porosity  structure.  The  models  were 
calibrated  using  automatic  techniques  and  a  com- 
parison was  made  of  their  performances  using  sev- 
eral criteria.  The  results  indicated  that,  while  the 
simplest  model  was  the  most  robust,  the  triple 
porosity  model  (i.e.,  more  complex  porosity  struc- 
ture) may  have  been  a  better  representation  of 
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reality.    The   exercise   shows   that   the   proposed 
methodology   was   capable   of  identifying   which 
processes  are  required  to  explain  a  given  data  set. 
(See  also  W9 1-07253)  (Korn-PTT) 
W9 1-07276 


MODEL   CALIBRATION   AND   SIMULATION 
OF  FLOW  IN  A  HETEROGENEOUS  SOIL. 

HydroGeoLogic,  Inc.,  Herndon,  VA. 

For  primary  bibliographic  entry  see  Field  7C, 

W9 1-07285 

MODELLING  SOIL  MOISTURE  MOVEMENT 
FOLLOWING  DRIP  IRRIGATION  OF  SUGAR 

CANE. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07291 


STOCHASTIC  ASPECTS  OF  NONPOINT  NI- 
TRATE LEACHING  FROM  AGRICULTURAL 
FIELDS. 

Hohenheim  Univ.,  Stuttgart  (Germany,  F.R.).  Inst, 
fuer  Bodenkunde  und  Standortslehre. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07296 


HOW  EFFECTIVE  ARE  EFFECTIVE  MEDIUM 
PROPERTIES. 

INTERA,  Inc.,  Austin,  TX. 
S.  Mishra,  J.  L.  Zhu,  and  J.  C.  Parker. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  521-528.  3  fig,  1 
tab,  11  ref.  USDA-ARS  Contract  No.  58-3615-7- 
003. 

Descriptors:  'Groundwater  transport,  'Heteroge- 
neity, 'Hydraulic  conductivity,  'Hydraulic  prop- 
erties, 'Model  studies,  'Soil  properties,  'Soil 
water,  'Unsaturated  flow,  Boundary  conditions, 
Calibrations,  Correlation  analysis,  Data  interpreta- 
tion, Differential  equations,  Effective  capacity, 
Flow  equations,  Homogeneity,  Infiltration  rate, 
Mathematical  analysis,  Mathematical  equations, 
Mathematical  studies,  Monte  Carlo  method,  Opti- 
mization, Prediction,  Simulation,  Statistical  analy- 
sis, Statistical  methods,  Stochastic  process,  Uncer- 
tainty, Water  level. 

Spatial  variability  in  natural  soil  materials  is  often 
an  impediment  to  field-scale  modeling  of  unsaturat- 
ed flow  and  transport  processes  because  of  in- 
creased data  requirements  and  computational 
burden.  An  alternative  approach  is  based  on  treat- 
ing the  actual  heterogeneous  medium  as  an  equiva- 
lent homogeneous  system  with  a  set  of  effective 
properties.  Effective  medium  properties  (i.e.,  mois- 
ture capacity,  hydraulic  conductivity,  and  hydrau- 
lic head)  of  heterogeneous  media  were  derived 
using  a  perturbation  expansion  of  Richard's  equa- 
tion. The  effective  medium  properties  were  nu- 
merically evaluated  from  fine-scale  simulations 
using  a  Monte  Carlo  methodology.  The  deviation 
in  behavior  of  the  effective  homogeneous  system 
from  that  of  the  actual  heterogeneous  system  as  a 
result  of  progressively  coarsening  grids  was  also 
investigated.  Critical  assumptions  used  for  the 
study  included  a  two-dimensional  flow  with  one- 
dimensional  boundary  conditions  and  the  absence 
of  any  long-range  correlation  relative  to  the  scale 
of  the  simulations.  The  results  of  the  investigation 
suggested  that,  for  heterogeneous  media  with  small 
spatial  variability  and  correlation  lengths,  effective 
properties  could  be  used  for  modeling  transient 
unsaturated  flow.  Application  of  these  parameters 
when  the  mesh  was  progressively  coarsened  did 
not  appear  to  cause  a  significant  difference  be- 
tween heterogeneous  and  equivalent  homogeneous 
responses.  In  addition,  reasonably  accurate  predic- 
tions of  flow  could  be  made  with  effective  proper- 
ties even  when  they  were  used  in  conjunction  with 
coarser  meshes  where  the  number  of  grid  blocks 
was  reduced  from  the  base  case  by  as  much  as  50 
percent.  (See  also  W91-07253)  (Korn-PTT) 
W9 1-07304 
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VERIFICATION  OF  QUICK  CAPILLARY  RISE 
APPROACH  FOR  DETERMINING  PORE  GEO- 
METRICAL CHARACTERISTICS  IN  SOILS  OF 
VARYING  TEXTURE. 

Haryana  Agricultural  Univ.,  Hissar  (India).  Dept 
of  Soils.  F 

S.  Kumar,  and  R.  S.  Malik. 

Soil  Science  SOSCAK,  Vol.  150,  No.  6,  p  883-888, 
December  1990.  2  fig,  1  lab,  15  ref. 

Descriptors:  •Capillarity,  'Capillary  action, 
•Quick  capillary  rise,  *Soil  physical  properties, 
•Soil  porosity,  •Soil  texture,  •Soil  water,  Bounda- 
ry conditions,  Desorption,  Hydraulic  conductivity, 
Mathematical  models,  Model  studies,  Regression 
analysis,  Soil  types,  Wetting. 

Capillary  rise  experiments  were  conducted  with 
water  in  soils  of  varying  texture  to  verify  the 
validity  of  the  recently  proposed  Quick  Capillary 
Rise  (QCR)  approach,  by  using  straight  line  plots 
obtained  between  wetting  front  rise  velocity  dZ/dt 
and  the  inverse  of  the  wetting  front  rise  1/Z  in  the 
first  time  segment.  The  values  of  the  penetration 
coefficient  delta  and  hydraulic  conductivity  de- 
rived from  the  QCR  approach  matched  those 
measured  independently.  Equivalent  pore  radius 
predicted  from  the  QCR  approach  was  found  to  be 
higher  and  linearly  related  to  mean  pore  radius 
determined  experimentally  from  the  soil  water  de- 
sorption curve.  The  values  of  pore  shape  factor 
ranged  from  121  to  138  in  different  soils.  Soil 
wettability  in  terms  of  cosine  alpha  decreased  with 
fineness  in  soil  texture  in  both  QCR  and  Hammond 
and  Yuan  methods.  The  wetting  front  potential 
was  found  to  be  much  lower  than  the  apparent 
maximum  height  of  capillary  rise.  These  results 
show  that  the  simple  and  inexpensive  QCR  ap- 
proach may  be  used  to  determine  geometrical, 
contact,  and  hydraulic  characteristics  in  soils  of 
varying  texture.  (Author's  abstract) 
W9 1-07334 


MAXIMAL  CAPILLARY  RISE  FLUX  AS  A 
FUNCTION  OF  HEIGHT  FROM  THE  WATER 
TABLE. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 

J.-Y.  Parlange,  R.  Haverkamp,  J.  L.  Starr,  C. 
Fuentes,  and  R.  S.  Malik. 

Soil  Science  SOSCAK,  Vol.  150,  No.  6,  p  896-898, 
December  1990.  1  tab,  7  ref. 

Descriptors:  'Capillarity,  'Capillary  action, 
•Groundwater  movement,  'Mathematical  models, 
'Soil  water,  'Water  table,  Boundary  conditions, 
Hydraulic  conductivity,  Model  studies,  Saturated 
soils,  Soil  columns,  Wetting. 

In  capillary  rise  experiments,  after  some  initial  time 
had  elapsed  the  logarithm  of  the  flux  entering  the 
soil  column  was  linearly  related  to  the  position  of 
the  wetting  front.  The  unsaturated  hydraulic  con- 
ductivity is  taken  from  a  Gardener  expression 
which  tends  to  break  down  near  saturation.  The 
need  for  a  straight  suction  (h)  near  saturation  was 
also  required  to  describe  infiltration  properly. 
Using  Richard's  equation  at  time  t  =  0  when  the 
soil  is  initially  dry.  By  integrating  the  equation  and 
allowing  h  to  approach  infinity,  the  wetting  front 
of  Malik's  equation  is  obtained.  Predictions  were 
compared  to  experimental  values  and  the  agree- 
ment is  good.  Although  the  basic  assumption  is 
crude,  the  linear  relationship  is  accurate.  The  ob- 
servations of  Malik  et.  al.  can  be  justified  very 
generally  and  a  theoretical  expression  obtained 
which  is  not  limited  to  low  values  of  qmAs.  (Brun- 
one-PTT) 
W9 1-07335 


EFFECT  OF  SOIL  PROPERTIES  ON  UNSATU- 
RATED HYDRAULIC  CONDUCTIVITY  PORE- 
INTERACTION  FACTORS. 

North  Dakota  State  Water  Commission,  Bismarck. 
W.  M.  Schuh,  and  R.  L.  Cline. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1509-1519,  November/December 
1990.  8  fig,  3  tab,  32  ref,  append. 

Descriptors:  'Aeration  zone,  'Hydraulic  conduc- 
tivity,   'Soil   physical   properties,   'Soil   porosity, 


•Soil  water,  'Unsaturated  flow,  Density,  Drain- 
age, Mathematical  models,  Parameter  estimation, 
Particle  size,  Regression  analysis,  Soil  series,  Soil 
texture,  Topography. 

The  variability  of  the  pore-interaction  factor,  rho, 
for  a  microscopic  model  proposed  for  predicting 
unsaturated  hydraulic  conductivity,  K(theta),  from 
soil  water-retention  psi(theta),  data  was  examined 
in  relation  to  soil  particle-size  data  and  indices, 
bulk  density,  organic  carbon,  parameters  for  the 
van  Genuchten  psi(theta)  function,  an  index(W)  of 
total  energy  of  drainage  and  soil-series,  topose- 
quential,  and  geographic  groupings.  The  rho  ex- 
hibited no  trend  relationship  to  any  of  the  soil 
properties  tested.  However,  a  change  in  the  distri- 
bution of  rho  was  observed  in  relation  to  the 
geometric-mean  particle  diameter  (Gd)  and  other 
soil  textural  variables.  For  Gd  <  0.08  mm,  varia- 
bility was  much  larger  than  for  soils  with  Gd  >  = 
0.08  mm.  The  latter  consisted  entirely  of  soils  in 
the  sand  and  loamy  sand  textural  groups.  A  similar 
distributional  relationship  also  occurred  for  rho  vs. 
W.  Examination  of  rho  on  three  sites  of  the  Hecla 
soil  series  and  on  related  toposequential  soils  indi- 
cated that  classification  of  rho  on  the  basis  of  soil 
series  or  of  soil-association  groupings  is  a  feasible 
strategy  for  rho  parameter  estimation  on  some 
soils.  The  exponential  factor  nu  for  a  macroscopic 
model  was  also  investigated  and  was  found  to  be 
related  to  W  as  an  exponential  function  over  the 
full  data  range.  However  nu  vs.  W  was  nearly 
identical  to  a  linear  function  for  W  data  extending 
from  0  to  400  cm-gamma  (where  gamma  is  the 
density  of  water).  The  nu  was  also  strongly  related 
to  Gd  as  a  power  function,  and  to  other  textural 
variables  as  exponential  functions.  The  increasing 
slope  of  the  power  function  for  Gd  <  0.08  mm 
indicated  a  large  potential  error  of  prediction  for 
K(theta)  on  fine-textured  soils.  (Author's  abstract) 
W9 1-07336 


SIMULATING  WATER  MOVEMENT  IN  LAY- 
ERED AND  GRADATIONAL  SOILS  USING 
THE  KIRCHOFF  TRANSFORM. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Townsville  (Australia).  Div.  of  Soils. 
P.  J.  Ross,  and  K.  L.  Bristow. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1519-1524,  November/December 
1990.  4  fig,  2  tab,  9  ref,  append. 

Descriptors:  'Mathematical  models,  'Model  stud- 
ies, 'Soil  horizons,  'Soil  water,  Flow  equations, 
Groundwater  movement,  Hydraulic  conductivity, 
Kirchoff  transform,  Ponding,  Soil  physical  proper- 
ties, Soil  profiles,  Water  table. 

Changes  in  soil  hydraulic  properties  with  depth  are 
common  in  field  soils  and  need  to  be  accounted  for 
in  simulations  of  field  soil-water  balances.  This 
accounting  is  possible  using  the  Kirchoff  transform 
(K  transform)  when  solving  Richards'  equation 
numerically,  even  though  the  K  transform  is  not 
continuous  across  boundaries  between  layers  with 
different  hydraulic  properties.  The  solution  is 
achieved  by  dividing  the  soil  into  depth  elements, 
using  the  K  transform  to  compute  flow  within 
each  element,  and  then  using  matric  potential 
(which  is  continuous  across  boundaries)  to  couple 
the  elements.  Combination  of  the  K  transform  with 
iterative,  implicit,  mass  conserving  methods  of 
solving  the  flow  equations  results  in  efficient  solu- 
tions that  take  no  more  than  a  few  seconds  on  a 
personal  computer  to  simulate  infiltration,  with 
errors  of  only  a  few  percent  in  the  amount  and 
distribution  of  soil  water.  Simulation  was  shown 
for  infiltration  into  a  layered  profile  consisting  of 
tilled  soil  with  a  crust  overlaying  an  undisturbed 
soil,  and  gradational  profiles  with  hydraulic  prop- 
erties of  a  sand  varying  linearly  with  depth  to 
those  of  a  clay,  and  conversely.  Development  and 
dissipation  of  surface  ponding  and  perched  water 
tables  during  simulation  runs  presented  no  difficul- 
ties, nor  did  use  of  the  Campbell  formulations  for 
the  soil  hydraulic  properties,  despite  the  disconti- 
nuity at  the  wet  end.  (Author's  abstract) 
W9 1-07337 


PREDICTING  CATION  MOBILITY  IN  MONT- 
MORILLONITIC    MEDIA     BASED    ON     EX- 


CHANGE SELECTIVITIES  OF  MONTMORIL- 
LONITE. 

Louisiana   State    Univ.,    Baton    Rouge.    Dept.   of 

Agronomy. 

L.  A.  Gaston,  and  H.  M.  Selim. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  6,  p  1525-1530,  November/December 

1990.  7  fig,  2  tab,  20  ref.  NSF  Grant  INT-8713283. 

Descriptors:  'Cation  exchange,  'Montmorillonite, 
•Soil  chemistry,  •Soil  types,  'Soil  water,  Calcium, 
Comparison  studies,  Groundwater  movement, 
Magnesium,  Mathematical  models,  Selectivity  co- 
efficients, Sodium. 

Cation-exchange  reactions  influence  the  distribu- 
tion of  species  between  soil  solution  and  sorbed 
phases  and,  in  turn,  the  rate  of  movement  of  spe- 
cies through  the  soil.  This  study  was  undertaken  to 
determine  whether  cation-exchange  selectivity  co- 
efficients of  montmorillonite  could  be  used  to  ade- 
quately describe  cation  movement  in  a  montmoril- 
lonitic  soil.  Literature  data  for  Ca-Mg,  Ca-Na,  and 
Mg-Na  exchange  on  pure  montmorillonite  in  C104 
and  CI  anionic  backgrounds  were  used  to  calculate 
average  values  for  binary  exchange  selectivity  co- 
efficients. These  selectivity  coefficients  were  subse- 
quently used  in  transport  models  in  attempts  to 
describe  experimental  binary  (Ca-Mg  or  Ca-Na) 
and  ternary  (Ca-Mg-Na)  miscible  displacement  in 
columns  of  bulk  montmorillonite  (admixed  with 
sand)  and  Sharkey  clay  soil  (a  very  fine  montmoril- 
lonitic,  non-acid,  thermic  Vertic  Haplaquept)  from 
Louisiana.  In  general,  use  of  Ca-Mg  exchange  se- 
lectivity coefficients  produced  transport  simula- 
tions in  good  agreement  with  experimental  results. 
Use  of  heterovalent  exchange  coefficients  tended 
to  predict  somewhat  later  breakthroughs  of  Na 
than  were  observed.  Although  cation-exchange  se- 
lectivities  of  montmorillonite  could  be  used  to  ade- 
quately describe  Ca,  Mg  and  Na  transport  in  Shar- 
key soil,  generalization  of  these  results  requires 
additional  confirmation  using  other  montmorilloni- 
tic  soils.  (Author's  abstract) 
W91-07338 


INITIAL  STORM  EFFECTS  ON  MACROPORE 
TRANSPORT  OF  SURFACE-APPLIED  CHEMI- 
CALS IN  NO-TILL  SOIL. 

Agricultural   Research   Service,   Coshocton,   OH. 
North  Appalachian  Experimental  Watershed. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07339 


STATISTICAL  PARAMETERS  CHARACTERIZ- 
ING THE  SPATIAL  VARIABILITY  OF  SE- 
LECTED SOIL  HYDRAULIC  PROPERTIES. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

For  primary  bibliographic  entry  see  Field  7C. 
W9 1-07340 


ANALYTICAL  EXPRESSION  FOR  SOIL 
WATER  DIFFUSIVITY  DERIVED  FROM  HOR- 
IZONTAL INFILTRATION  EXPERIMENTS. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

J  J  Meyer,  and  A.  W.  Warrick. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  6,  p  1547-1552,  November/December 

1990.  5  fig,  1  tab,  20  ref.  Western  Regional  Project 

W-155. 

Descriptors:  'Diffusivity,  'Infiltration  capacity, 
'Mathematical  models,  'Model  studies,  'Soil 
water. 

A  technique  is  developed  that  utilizes  a  rational 
function  theta  =  (Al  +  (A-3)(delta)/(l  + 
(A2)(delta))  to  fit  water  content  (or  other  liquid) 
profiles  resulting  from  horizontal  infiltration  as 
used  in  the  Bruce-Klute  method  for  determining 
soil  water  diffusivity  In  the  above  function,  theta 
is  water  content,  delta  is  the  Boltzmann  variable, 
and  A- 1,  A-2,  and  A-3  are  constants.  To  Boltz- 
mann variable,  delta,  is  equal  to  the  distance  from 
the  inlet  of  a  horizontal  soil  column  times  the  time 
from  the  commencement  of  liquid  imbibition  to  the 
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0.5  power.  The  function  is  easy  to  fit  to  experimen- 
tal data  by  either  linear  or  nonlinear  regression 
techniques  and  leads  to  analytical  expressions  for 
sorptivity  and  soil  water  diffusivity  without  further 
numerical  approximation  or  fitting.  If  boundary 
conditions  are  specified,  only  one  of  the  three 
coefficients  is  left  to  be  determined.  The  rational 
function  provided  excellent  approximations  to 
liquid  distribution  for  water  and  alcohol  horizontal 
infiltration  experiments  in  this  study  and  is  ade- 
quate for  representation  of  the  experimental  data  of 
several  other  researchers.  (Author's  abstract) 
W91-07341 

FIELD  STUDY  USING  DYES  TO  CHARACTER- 
IZE PREFERENTIAL  FLOW  OF  WATER. 

Delaware  Univ.,  Newark.  Dept.  of  Plant  Science. 
M.  Ghodrati,  and  W.  A.  Jury. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1558-1563,  November/December 
1990.  6  fig,  19  ref. 

Descriptors:  'Field  tests,  *Soil  water,  "Tracers, 
Dyes,  Flow  profiles,  Irrigation,  Soil  physical  prop- 
erties, Solutes,  Spatial  distribution. 

Characterization  of  preferential  flow  in  soils 
through  normal  water  tracer  studies  are,  in  most 
cases,  inconclusive  because  of  the  inability  of  most 
solute  sampling  devices  to  detect  the  spatial  pat- 
tern of  preferential  flow  pathways.  A  number  of 
field-plot  experiments  were  performed  to  provide 
direct  observation  of  the  preferential  flow  of  water 
and  solutes  by  adding  soluble  dye  to  stain  the  flow 
pathways.  In  addition  to  characterizing  the  spatial 
structure  of  preferential  flow  pathways,  the  dye 
trace  patterns  were  used  to  investigate  the  interac- 
tive role  of  soil  structure  and  irrigation  methods  on 
the  preferential  flow  patterns  of  water  and  solutes. 
A  narrow  pulse  of  an  anionic  water-soluble  dye, 
Acid-Red  1,  was  applied  to  the  surface  of  a 
number  of  1.5  by  1.5  m  plots,  some  of  which  had 
the  top  layer  completely  disturbed  to  the  depth  of 
30  to  40  cm.  The  distribution  patterns  of  the  dye  in 
these  plots  were  examined  after  the  plots  received 
100  mm  of  irrigation  water,  under  either  ponding 
or  daily  sprinkler  irrigation.  The  observed  vertical 
and  horizontal  distribution  patterns  of  the  water- 
soluble  dye  clearly  indicated  the  preferential  flow 
patterns  for  each  experimental  condition.  These 
include  vertical  fingering  of  dye  traces  5  to  20  cm 
wide,  which  extended  more  than  twice  as  deep  as 
the  mean  displacement  of  the  dye,  as  well  as  isolat- 
ed patches  of  dye  indicating  lateral  flow.  (Author's 
abstract) 
W9 1-07  342 

KINETICS  OF  SULFATE  DESORPTION  FROM 
SOIL. 

Agricultural     Research     Service,     Durant,     OK. 
Water  Quality  and  Watershed  Research  Lab. 
A.  N.  Sharpley. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1571-1575,  November/December 
1990.  3  fig,  4  tab,  57  ref. 

Descriptors:  'Acid  rain,  *Acid  rain  effects,  *De- 
sorption,  'Kinetics,  'Mathematical  models,  'Path 
of  pollutants,  'Soil  chemistry,  'Soil  water,  'Sul- 
fates, Agriculture,  Runoff,  Separation  techniques, 
Surface  runoff. 

Sulfate  desorption  and  mobility  in  soil  can  be  of 
both  environmental  and  agronomic  importance. 
The  desorption  of  sulfate  from  agricultural  soils 
was  described  under  experimental  conditions  appli- 
cable to  the  movement  of  sulfate  in  overland  flow 
and  runoff  waters.  The  kinetics  of  sulfate  desorp- 
tion from  soil  were  investigated  at  five  different 
water/soil  ratios  (10:1  to  400:1),  five  time  periods 
(5  to  180  minutes),  and  four  sulfate  additions  (0  to 
200  mgAg).  Sulfate  desorption  (Sd)  was  logarith- 
mically related  to  contact  time  and  water/soil  ratio 
and  was  a  linear  function  of  the  initial  extractable 
sulfate  of  soil  (Sc).  The  kinetics  of  sulfate  desorp- 
tion was  described  by  the  equation  Sd  =  (K)(Sc)(t- 
alpha)(W-beta),  where  K,  alpha,  beta  are  constants 
for  a  given  soil.  This  equation  has  previously  been 
shown  to  describe  desorption  of  soil  P  and  K.  The 
kinetic  constants,  K  (r  squared  =  0.88),  alpha  (r 
squared  =  0.83),  and  beta  (r  squared  =  0.88)  were 


related  to  extractable  soil  Al  content  for  107  US 
soils.  The  uniformity  of  equation  constants  for  a 
given  soil  and  the  ease  with  which  they  can  be 
estimated  from  extractable  soil  Al  indicate  the 
potential  use  of  the  equation  in  modeling  sulfate 
desorption  from  soil  and  subsequent  movement  in 
surface  runoff  water.  (Author's  abstract) 
W91-07344 


PHOSPHORUS  CHEMISTRY  AND  MINERAL- 
OGY IN  EXCESSIVELY  FERTILIZED  SOILS: 
SOLUBILITY  EQUILIBRIA. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Agrono- 
my. 

G.  M.  Pierzynski,  T.  J.  Logan,  and  S.  J.  Traina. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1589-1595,  November/December 
1990.  5  fig,  5  tab,  31  ref. 

Descriptors:  'Fertilizers,  'Phosphorus,  'Soil 
chemistry,  Agriculture,  Equilibrium,  Groundwater 
movement,  Hydrogen  ion  concentration,  Ion  ex- 
change, Manure,  Sludge,  Soil  types,  Solubility. 

Eleven  samples  representing  six  soil  series  were 
selected  for  this  study  of  excessively  fertilized 
soils.  Phosphorus  sources  included  fertilizers, 
sewage  sludges,  and  manures.  The  samples  had 
Bray  PI  extractable  P  levels  ranging  from  29  to  640 
mg  P/kg  and  1:1  soil/water  pH  values  ranging 
from  5.4  to  7.4.  The  equivalent  of  25  g  of  dry  soil 
and  50  ml  of  water  were  incubated  at  298  K. 
Samples  were  sacrificed  for  analysis  periodically 
during  the  130  day  test  period.  The  activities  of 
most  ions,  as  estimated  with  GEOCHEM,  were 
relatively  constant  throughout  the  course  of  the 
experiment.  The  concentrations  of  organic  and  in- 
organic carbon  for  samples  that  had  been  amended 
with  sewage  sludges  or  manures  varied  consider- 
ably during  the  course  of  the  experiment.  Samples 
that  produced  high  supernatant  pH  values  (>  6.8) 
generally  were  more  soluble  than  hydroxyapatite 
and  less  soluble  than  octacalcium  phosphate  and 
were  slow  in  attaining  constant  ion  activity  prod- 
ucts relative  to  the  Ca  phosphate  minerals  consid- 
ered. Samples  that  produced  low  supernatant  pH 
values  (<  6.8)  indicated  an  equilibrium  with  the 
amorphous  analog  of  variscite  throughout  the  ex- 
periment. (Author's  abstract) 
W9 1-07345 


SOIL  DENITRIFICATION  AND  NITRIFICA- 
TION POTENTIALS  DURING  THE  GROWING 
SEASON  RELATIVE  TO  TILLAGE. 

Agricultural  Research  Service,  Beckley,  WV.  Ap- 
palachian Soil  and  Water  Conservation  Research 
Lab.  . 

For  primary  bibliographic  entry  see  Field  3F. 
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SPATIAL  VARIATION  IN  DENITRIFICATION: 
DEPENDENCY  OF  ACTIVITY  CENTERS  ON 
THE  SOIL  ENVIRONMENT. 

Copenhagen  Univ.  (Denmark).  Inst,  of  Population 

Biology. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-07347 


TEMPORAL  PATTERNS  OF  SOIL  DENITRIFI- 
CATION: THEIR  STABILITY  AND  CAUSES. 

Copenhagen  Univ.  (Denmark).  Inst,  of  Population 

Biology. 

For  primary  bibliographic  entry  see  Field  3F. 
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STEADY-STATE  AEROBIC  MICROBIAL  AC- 
TIVITY AS  A  FUNCTION  OF  SOIL  WATER 
CONTENT. 

Nebraska  Univ.,  Lincoln.  Dept.  of  Agronomy. 
J.  Skopp,  M.  D.  Jawson,  and  J.  W.  Doran. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1619-1625,  November/December 
1990.  6  fig,  2  tab,  28  ref. 

Descriptors:  'Microorganisms,  'Soil  physical 
properties,  'Soil  water,  Diffusion  coefficient, 
Mathematical  models,  Model  studies,  Moisture 
content,  Oxygen,  Soil  aeration,  Soil  management, 
Soil  porosity,  Tillage. 


Water  In  Soils— Group  2G 

Soil  physical  properties  often  regulate  aeration- 
dependent  microbial  activities  important  to  nutri- 
ent cycling,  soil  fertility  and  environmental  quality. 
Microbial  activity  depends  on  soil  water  content 
and  is  maximum  at  a  water  content  where  the 
limiting  effects  of  substrate  diffusion  and  oxygen 
supply  are  equal.  The  shape  of  the  microbial  activi- 
ty versus  water  content  function  was  estimated 
from  soil  physical  concepts.  Soil  physical  processes 
are  assumed  to  influence  microbial  activity  by  lim- 
iting the  steady  flux  of  a  required  substrate  or 
oxygen  to  sites  of  microbial  activity.  The  depend- 
ence of  diffusion  coefficient  on  water  content  or 
air-filled  porosity  is  assumed.  With  these  assump- 
tions, a  maximum  in  the  activity  function  exists. 
The  predicted  shape  of  the  activity  curve  is  con- 
sistent with  experimental  observations.  The  rela- 
tionship between  aeration-dependent  microbial  ac- 
tivity and  soil  water  content  facilitates  evaluating 
the  indirect  effects  of  soil  management  practices, 
such  as  tillage,  on  microbial  activity.  (Author's 
abstract) 
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MODELING  WATER  BALANCE  AND  GRASS 
PRODUCTION. 

Agriculture  Canada,  Ottawa  (Ontario).  Land  Re- 
source Research  Centre. 
For  primary  bibliographic  entry  see  Field  3F. 
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INFILTRATION  IN  ADJACENT  CECIL  AND 
PACOLET  SOILS. 

Georgia  Univ.,  Athens.  Dept.  of  Agronomy. 

D.  E.  Radcliffe,  L.  T.  West,  G.  O.  Ware,  and  R.  R. 

Bruce. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
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Descriptors:  'Crop  yield,  'Infiltration,  'Soil  ero- 
sion, 'Soil  types,  'Soybeans,  Hydraulic  conductiv- 
ity, Infiltrometers,  Runoff,  Saturated  soils,  Soil  ho- 
rizons, Soil  water. 

Cecil  (clayey  kaolinitic,  thermic  Typic  Kanhaplu- 
dult)  and  associated  soils  cover  two-thirds  of  the 
land  area  of  the  Southern  Piedmont.  Soybean 
(Glycine  max)  yields  from  severely  eroded  sites  in 
these  soils  are  about  half  of  those  from  slightly 
eroded  sites.  Most  of  the  severely  eroded  sites  are 
on  the  Pacolet  soil  series  (clayey  kaolinitic,  ther- 
mic, Typic  Kanhapludult),  which  is  shallower  to 
the  bottom  of  the  Bt  horizon.  Differences  in  infil- 
tration rates  may  cause  these  differences  in  yield. 
Infiltration  rate  differences  between  Cecil  and  Pa- 
colet soils  were  quantified  and  evaluated.  Infiltra- 
tion rate  was  measured  using  a  cylinder  infiltrome- 
ter  at  five  sites  with  adjacent  Cecil  and  Pacolet 
soils,  and  using  a  sprinkler  infiltrometer  at  one  site. 
Steady-state  infiltration  in  the  Pacolet  was  signifi- 
cantly lower  than  in  the  Cecil,  4.2  and  30.1  mm/ 
hour,  respectively.  Cecil  infiltration  rates  increased 
as  depth  to  the  Bt  horizon  increased.  On  Cecil, 
final  sprinkler  infiltration  rate  was  61.1  mm/hour 
with  a  sod  surface,  but  surface  sealing  reduced 
infiltration  with  a  bare  surface  to  3.6  mm/hour 
within  1  hour.  The  final  sprinkler-infiltration  rates 
of  the  Pacolet  soil  were  4.5  mm/hour  for  sod  and 
4.2  mm/hour  for  bare  surfaces.  Pacolet  infiltration 
rates  were  controlled  by  the  Btl  layer,  which  had 
a  lower,  saturated  hydraulic  conductivity  (2.3  mm/ 
hour)  and  fewer  mesopores  than  adjacent  horizons 
but  was  similar  to  the  upper  Bt  of  the  Cecil  soil. 
The  Cecil  soil's  limiting  Btl  horizon  occurred 
much  deeper  in  the  profile  and  had  less  effect  on 
infiltration.  Areas  of  Pacolet  within  the  Cecil  land- 
scape, too  small  to  map  separately,  can  cause  in- 
creased runoff  and  variability  of  yield  potential  of 
areas  mapped  at  Cecil.  (Author's  abstract) 
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TILLAGE  AND  CROP  ROTATION  EFFECT  ON 
CHARACTERISTICS  OF  A  SANDY  SURFACE 
SOIL. 

Southern  Piedmont  Conservation  Research 
Center,  Watkinsville,  GA. 

R.  R.  Bruce,  G.  W.  Langdale,  and  A.  L.  Dillard. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
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Vol.  54,  No.  6,  p  1744-1747,  November/December 
1990.  5  tab,  16  ref. 

Descriptors:  'Crop  rotation,  ♦Soil  physical  proper- 
ties, "Soil  types,  *Tillage,  Aggregates,  Climates, 
Crop  yield,  Density,  Infiltration,  Particle  size,  Sea- 
sonal distribution,  Soil  porosity,  Sorghum,  Soy- 
beans, Wheat. 

In  a  thermic  udic  region,  a  summer  crop  species 
may  be  planted  with  or  without  tillage  subsequent 
to  a  winter  grain  crop  that  was  planted  into  a 
prepared  seedbed.  The  effect  of  tillage  intensity 
was  tested  in  association  with  soybean  (Glycine 
max)  and  grain  sorghum  (Sorghum  bicolor)  crop 
sequences  following  winter  wheat  (Triticum  aesti- 
vum),  and  the  effect  of  summer  crop  species  on 
selected  physical  characteristics  of  a  Cecil  sandy 
loam  (clayey,  kaolinitic,  thermic  Typic  Kanhaplu- 
dult).  Through  eight  seasons,  soybean  and  grain 
sorghum  were  grown  in  10  crop  sequences  that 
were  imposed  on  three  tillage  treatments:  conven- 
tional tillage  (CT),  in-row  chisel  (MT),  and  no- 
tillage  (NT).  Following  summer  crop  harvest  in 
the  eighth  season,  aggregate  stability,  organic 
carbon,  bulk  density,  air-filled  pore  space,  particle- 
size  distribution,  and  infiltration  of  water  were 
measured.  Aggregate  stability  at  0  to  10  mm  was 
significantly  higher  for  MT  and  NT  than  for  CT. 
The  CT  treatment  exhibited  significantly  lower 
bulk  density  and  higher  air-filled  pore  space,  and 
lower  bulk  density  were  measured  after  two  or 
more  years  of  grain  sorghum  than  after  soybean. 
The  maintenance  of  wheat  straw  on  the  soil  sur- 
face under  the  MT  and  NT  treatment  exhibited  an 
effect  to  a  depth  of  75  mm  and  the  in-row  chisel 
treatment  affected  infiltration.  Crop-rotational  ef- 
fects can  be  erased  or  modified  by  tillage  and  may 
only  be  observed  under  NT.  Grain  yield  response 
of  soybean  and  grain  sorghum  to  changes  in  soil 
physical  characteristics,  as  a  consequence  of  crop 
sequence  and  tillage,  may  need  to  be  interpreted  in 
relation  to  crop  species  and  cropping  sequence. 
(Author's  abstract) 
W91-07356 


CATION  REMOVAL  DURING  APPLICATION 
OF  ACID  SOLUTIONS  INTO  AIR-DRY  SOIL 
COLUMNS. 

NSI  Technology  Services  Corp.,  Ada,  OK. 
For  primary  bibliographic  entry  see  Field  5B. 
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ALUMINUM  AND  ORGANIC  MATTER  MOBI- 
LIZATION FROM  SOIL  INFILTRATED  WITH 
ACIDIFIED  CALCIUM  SULFATE  SOLUTIONS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Crop  and  Soil  Environmental  Sci- 
ences. 

D.  F.  Berry,  L.  W.  Zelazny,  and  H.  L.  Walker. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1757-1762,  November/December 
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Descriptors:  *Acid  rain,  *Acid  rain  effects,  'Alu- 
minum, 'Calcium,  'Chemistry  of  precipitation, 
'Organic  matter,  'Path  of  pollutants,  'Soil  chemis- 
try, 'Soil  water,  Cation  exchange,  Forest  soils, 
Groundwater  movement,  Hydrogen  ion  concentra- 
tion, Leaching,  Precipitation,  Soil  horizons. 

Investigations  of  acid  rain  effects  on  forest  soils 
have  generally  overlooked  calcium,  a  major  com- 
ponent of  precipitation.  The  effects  of  calcium  on 
the  mobilization  of  aluminum  and  organic  matter 
were  determined  in  a  Cecil  clay  (a  clayey,  kaolini- 
tic, thermic  Typic  Kanhapludult).  Acidic  solutions 
(pH  4.2)  containing  ambient  or  near-ambient  pre- 
cipitation concentrations  of  calcium,  potassium, 
and  sulfate  were  used  to  infiltrate  columns  contain- 
ing Oa,  EB,  or  Oa/EB  bihorizon  soil  material. 
Leachate  was  analyzed  for  dissolved  organic 
carbon,  Al,  Ca,  K,  and  H  ions.  A  net  release  of 
protons  was  observed  when  the  Oa  surface  horizon 
was  infiltrated  with  0.05  mol/cubic  m  CaS04  or 
0.25  mol/cubic  m  CaS04  or  K2S04  leaching  solu- 
tions, but  not  0.05  mol/cubic  m  K.2S04  solution. 
Infiltration  of  Oa  horizon  soil  with  calcium  solu- 
tions resulted  in  the  release  of  more  protons  than 
with  K  solutions  of  comparable  ionic  strength. 
Calcium  leaching  solutions  were  also  more  effec- 


tive than  K  solutions  (7.7%  and  28%  for  0.05  and 
0.25  mol/cubic  m  solutions,  respectively)  in  mobi- 
lizing aluminum  from  Oa/EB  bihorizon  soils. 
These  differences  were  not  found  in  EB  horizon 
soils  treated  with  the  same  leaching  solutions. 
These  results  suggest  that  CaS04  leaching  solu- 
tions, at  concentration  levels  consistent  with  those 
in  precipitation,  displaced  protons  from  the  Oa 
horizon,  which  subsequently  infiltrated  the  under- 
lying EB  horizon  causing  increased  solubilization 
of  aluminum.  While  some  aluminum  was  undoubt- 
edly associated  with  organic  matter,  overall,  move- 
ments of  aluminum  and  organic  matter  in  Oa/EB 
bihorizon  soil  columns  were  found  to  be  independ- 
ent of  one  another.  (Author's  abstract) 
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PHOSPHORUS  AND  ALUMINUM  RELEASE 
FROM  A  SPODIC  HORIZON  MEDIATED  BY 
ORGANIC  ACIDS. 

ITT  Rayonier,  Inc.,  Yulee,  FL.  Forest  Research 

Center. 
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Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  6,  p  1763-1767,  November/December 
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Descriptors:  'Aluminum,  'Organic  acids,  'Phos- 
phorus, 'Soil  chemistry,  'Soil  horizons,  Complexa- 
tion,  Hydrogen  ion  concentration,  Nutrients,  Plant 
physiology,  Soil  types. 

The  ability  of  organic  acids  to  affect  surface  and 
solution  reactions  of  phosphorus  and  aluminum  in 
soils  containing  aluminum-oxide  surfaces  is  related 
to  their  ability  to  form  stable  complexes  with  alu- 
minum. The  amount  of  phosphorus  and  aluminum 
released  following  the  addition  of  an  organic  acid 
to  a  Bh  horizon  soil  could  be  estimated  based  on 
the  aluminum  stability  constant  (logK-Al)  of  the 
organic  acid.  The  release  of  aluminum  and  inor- 
ganic phosphorus  from  spodic  horizon  material 
increased  in  the  presence  of  organic  acids  that 
form  stable  complexes  with  aluminum.  Overall,  the 
logK-Al  value  was  a  good  indicator  of  the  effect  of 
the  organic  acid  on  inorganic  phosphorus  and  alu- 
minum release.  Among  the  sixteen  organic  acids 
studied,  release  of  aluminum  and  inorganic  phos- 
phorus increased  exponentially  with  increasing  sta- 
bility constants.  A  threshold  value  of  approximate- 
ly 4.1;  however,  was  required  before  substantial 
amounts  of  inorganic  phosphorus  were  released. 
This  value  may  reflect  the  stability  of  phosphorus 
bond  to  aluminum-oxide  surfaces  in  this  soil.  Sali- 
cylic acid  was  a  notable  exception  to  the  observed 
trend  in  release  of  both  aluminum  and  phosphorus; 
despite  a  large  stability  constant,  little  inorganic 
phosphorus  or  aluminum  was  released.  Although 
significant  amounts  of  soluble  organic  phosphorus 
were  released  in  all  the  organic-acid  solutions,  the 
amount  of  soluble  organic  phosphorus  released 
was  not  related  to  the  stability  constant  of  the 
organic  acids.  These  results  indicate  that  soluble 
organic  phosphorus  may  make  a  substantial  contri- 
bution to  the  amount  of  plant-available  phosphorus 
in  this  soil.  (Author's  abstract) 
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NEW  TECHNIQUE  FOR  MEASURING  VOLU- 
METRIC SHRINKAGE  IN  SOILS. 

Rocky   Mountain   Forest  and   Range  Experiment 
Station,  Tempe,  AZ.  Forestry  Sciences  Lab. 
For  primary  bibliographic  entry  see  Field  7B. 
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EFFECTS  OF  ACIDIC  DEPOSITION  ON  THE 
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DowElanco,  Midland,  MI.  Environmental  Chemis- 
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RATES  OF  NUTRIENT  RELEASE  BY  MINER- 
AL WEATHERING. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Crop  and  Soil  Environmental  Sci- 
ences. 
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EFFECTS  OF  ACIDIC  DEPOSITION  ON  SOIL 
ORGANISMS. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Soil  Sci- 
ence. 

For  primary  bibliographic  entry  see  Field  5C. 
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ATMOSPHERE  AND  THE  RHIZOSPHERE: 
LINKAGES  WITH  POTENTIAL  SIGNIFI- 
CANCE FOR  FOREST  TREE  HEALTH. 

Yale  Univ.,  New  Haven,  CT.  School  of  Forestry 
and  Environmental  Studies. 
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IN:  Mechanisms  of  Forest  Response  to  Acidic 
Deposition.  Springer- Verlag  New  York,  Inc.,  New 
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The  direct  and  indirect  consequences  of  atmos- 
pheric deposition  on  plant  root  physiology  and  on 
the  ecology  of  microbiota  in  the  immediate  vicinity 
of  roots  are  two  of  the  most  important  aspects  of 
the  study  of  the  possible  influence  of  atmospheric 
contaminants  on  the  ecology  of  soil  biota  and  on 
the  processes  of  nutrient  cycling  in  forest  ecosys- 
tems. The  rhizosphere  is  the  very  restricted  zone 
of  soil  immediately  surrounding  plant  roots.  The 
dominant  feature  and  primary  characteristic  of  rhi- 
zosphere soil  relative  to  bulk  soil  is  the  stimulation 
of  microbial  numbers  and  activity  in  the  former 
zone.  The  rhizosphere  effect  is  based  principally 
on  microbial  stimulation  in  the  near-root  environ- 
ment, which  is  primarily  the  result  of  the  abun- 
dance of  nutritional  substrates  in  the  vicinity  of 
roots  relative  to  bulk  soil.  The  complex  interaction 
between  plant  roots  and  microorganisms  in  the 
rhizosphere  produces  a  biologically,  chemically, 
and  physically  unique  soil  environment  of  enor- 
mous consequence  to  plant  health.  Six  hypotheses 
from  current  literature  describing  potential  impacts 
of  atmospheric  deposition  on  the  nature  and  func- 
tions of  soil  near  roots  are  discussed.  These  six  are: 
(1)  alteration  of  rhizosphere  chemistry  by  above- 
ground  stress;  and  alterations  to  rhizosphere  regu- 
lation of  (2)  nutrient  uptake;  (3)  heavy  metal 
uptake;  (4)  aluminum  uptake;  (5)  habitat  of  mi- 
crobes controlling  nutrient  uptake;  and  (6)  patho- 
gen and  saprophyte  ecology.  It  is  concluded  that 
the  rhizosphere  region  of  soil  exerts  dominant  reg- 
ulation over  nutrient  uptake  by  roots,  root  disease 
from  biotic  infection,  and  microbial  saprophyte 
and  symbiont  ecology.  It  is,  therefore,  critically 
essential  to  evaluate  the  potential  interactions  be- 
tween pollutants  deposited  to  forests  from  the  at- 
mosphere and  rhizosphere  structure  and  function. 
(See  also  W9 1-07465)  (VerNooy-PTT) 
W9 1-07471 


ROLE  OF  GEOLOGY  AND  SOILS  IN  CON- 
TROLLING SURFACE  WATER  ACIDITY  IN 
WALES. 

Institute    of    Terrestrial    Ecology,    Grange-over- 
Sands  (England).  Merlewood  Research  Station. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07476 


DISSOLVED  INORGANIC  ALUMINUM  IN 
ACIDIC  STREAM  AND  SOIL  WATERS  IN 
WALES. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07483 


ECOLOGICAL  BACKGROUND,  DETERIORA- 
TION AND  RECLAMATION  OF  DESERT 
DUNE  SAND. 

Ben-Gurion     Univ.     of    the     Negev,     Beersheba 


WATER  CYCLE— Field  2 
Water  In  Soils— Group  2G 


(Israel).  Dept.  of  Geography. 

H.  Tsoar. 

Agriculture,       Ecosystems       and       Environment 

AEENDO,  Vol.  33,  No.  2,  p  147-170,  December 

1990.  13  fig,  1  tab,  61  ref. 

Descriptors:  'Agricultural  practices,  *Arid  lands, 
♦Deserts,  'Irrigation  practices,  'Literature  review, 
♦Sand,  *Soil  erosion,  *Soil  management,  *Soil- 
water-plant  relationships,  Brackish  water,  Drip  ir- 
rigation, Fertilizers,  Leaching,  Rainfall,  Soil  analy- 
sis, Thermal  retention,  Vegetation  effects. 

The  physical  properties  of  desert  dune  sand  are 
part  of  its  ecological  characteristics.  Sandy  soils 
are  known  for  their  superiority  to  finer  soils  in 
deserts.  For  this  reason,  sand  dunes  in  arid  lands 
are  covered,  as  a  natural  process,  by  vegetation. 
The  drawback  of  sand  is  its  mobility;  erosion  of 
sand,  not  lack  of  moisture,  is  the  major  limiting 
factor  for  vegetation  on  dunes.  The  destruction  of 
vegetation  by  overgrazing  and  by  being  collected 
for  firewood  and  building  material  is  a  relatively 
quick  process.  This  stimulates  sand  movement  and 
increases  deterioration  through  positive  feedback. 
While  deterioration  processes  are  swift,  natural 
reclamation  processes  are  slow.  One  way  of  in- 
creasing the  productivity  of  dune  sand  is  by  the  use 
of  sophisticated  methods  of  agriculture.  Unlike 
sand  in  humid  areas,  sand  in  deserts  offers  many 
advantages  for  agriculture;  it  is  the  only  soil  that 
endures  irrigation  with  brackish  water,  and  its 
thermal  retention  forces  crops  to  ripen  quickly. 
The  problem  of  low  and  unreliable  rainfall  in  arid 
lands  can  be  turned  to  advantage  by  the  use  of  the 
drip  irrigation  method,  which  allows  a  rational  and 
economic  use  of  fertilizers  without  the  risk  of 
leaching  by  subsequent  rain.  (Author's  abstract) 
W9 1-07548 

PARAMETER  ESTIMATION  FOR  SIMULAT- 
ING BINARY  HOMOVALENT  CATION 
TRANSPORT  IN  AGGREGATED  SOILS  AT 
VARIABLE  IONIC  STRENGTH. 

Eidgenoessische  Technische  Hochschule,   Zurich 
(Switzerland).  Lab.  of  Soil  Physics. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07  5  80 


ION  CHROMATOGRAPHY  OF  FRESH  AND 
SALT-WATER  DISPLACEMENT:  LABORATO- 
RY EXPERIMENTS  AND  MULTICOMPON- 
ENT  TRANSPORT  MODELLING. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 

Aardwetenschappen. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-07581 


LENGTH  SCALES  OF  CONVECTION-DISPER- 
SION APPROACHES  TO  FLOW  AND  TRANS- 
PORT IN  POROUS  MEDIA. 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 

Dept.  of  Soils  and  Crops. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-07582 

STATISTICAL  AND  GRAPHICAL  METHODS 
FOR  EVALUATING  SOLUTE  TRANSPORT 
MODELS:  OVERVIEW  AND  APPLICATION. 

California  Univ.,  Berkeley.  Dept.  of  Soil  Science. 
For  primary  bibliographic  entry  see  Field  5B. 

W91-07583 


DETERMINISTIC   AND   STOCHASTIC   MOD- 
ELING OF  REACTIVE  SOLUTE  TRANSPORT. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07584 


CONDITIONAL  SIMULATION  OF  FLOW  AND 
TRANSPORT. 

Science  and  Education  Administration,  University 
Park,  PA.  Northeast  Watershed  Research  Center. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-07585 


TOWARD  VALIDATING  STATE-DEPENDENT 
MACROSCOPIC  ANISOTROPY  IN  UNSATU- 
RATED MEDIA:  FIELD  EXPERIMENTS  AND 
MODELING  CONSIDERATIONS. 

Washington  State  Univ.,  Pullman.  Dept.  of  Civil 

and  Environmental  Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07587 


MULTILABORATORY  EVALUATION  OF 
METHODS  FOR  DETECTING  ENTERIC  VI- 
RUSES IN  SOILS. 

Environmental     Protection    Agency,    Cincinnati, 

OH. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-07649 


MAJOR  REMEDIATION:  REMOVAL  AND  RE- 
COVERY OF  TCE  FROM  SOIL  AND  GROUND- 
WATER. 

Dames  and  Moore,  Willow  Grove,  PA. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-07683 


EFFECT  OF  FREEZE/THAW  CYCLES  ON  THE 
PERMEABILITY  OF  A  FINE-GRAINED  SOIL. 

Rensselaer  Polytechnic  Inst.,  Troy,  NY.  Dept.  of 
Civil  Engineering. 
T.  F.  Zimmie,  and  C.  La  Plante. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  580-593.  8  fig,  8  ref. 

Descriptors:  *Freeze-thaw  tests,  "Landfill  covers, 
♦Permeability,  *Soil  properties,  *Soil  water, 
♦Waste  containment,  "Water  pollution  control, 
Clays,  Land  disposal,  Landfills,  Silty  soils,  Tem- 
perature effects,  Weather. 

When  a  landfill  reaches  its  maximum  capacity,  it 
must  be  covered  and  secured.  Current  Resource 
Conservation  and  Recovery  Act  guidance  for 
covers  at  uncontrolled  hazardous  waste  and  mu- 
nicipal solid  waste  sites  specify  that  the  cover  will 
include  a  compacted  soil  component  (typically 
clay)  having  a  field  permeability  of  .0000001  cm/ 
second  or  less.  Many  factors  impact  the  permeabil- 
ity of  clay.  One  such  potential  factor  is  the  effect 
of  freezing  and  thawing.  The  present  conservative 
approach  is  to  cover  the  clay  component  of  the 
cap  with  enough  soil  to  prevent  frost  penetration 
into  the  clay.  Depending  on  the  climate,  frost  can 
penetrate  as  deep  as  1.2  to  2.4  m  in  the  Northeast- 
ern U.S.  The  effect  of  freeze/thaw  cycles  on  the 
permeability  of  a  Niagara  Clay  (silty  clay)  was 
examined.  The  soil  samples  were  frozen  and 
thawed  one  dimensionally,  as  well  as  three-dimen- 
sionally.  Increases  in  permeability  from  their  natu- 
ral permeabilities  were  seen  when  clays  were  sub- 
jected to  freeze/thaw  cycles.  The  dry  samples 
produced  almost  constant  permeabilities  after  the 
first  cycle,  optimum  moisture  samples  produced 
constant  permeabilities  after  the  fifth  cycle,  and 
wet  samples  after  the  tenth  cycle.  The  dry  samples 
increased  approximately  one  and  one  half  orders  of 
magnitude,  and  the  optimum  and  wet  samples  in- 
creased approximately  one  order  of  magnitude. 
One  interpretation  of  these  results  is  that  the  per- 
meability results  obtained  both  by  one  dimensional 
and  three  dimensional  freezing  are  similar,  for 
practical  purposes.  However,  these  results  also  in- 
dicate that  more  research  should  be  done  in  the 
three  dimensional  area,  especially  utilizing  differ- 
ent soil  types.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07701 


DRYLAND      AGRICULTURE:      STRATEGIES 
FOR  SUSTAINABILITY. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-07752 


CONSERVATION  TILLAGE  SYSTEMS. 

Agricultural    Research    Service,    Bushland,    TX. 
Conservation  and  Production  Research  Lab. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-077  5  5 


TILLAGE  AND  RESIDUE  MANAGEMENT  EF- 
FECTS ON  SOIL  ORGANIC  MATTER  DYNAM- 
ICS IN  SEMIARID  REGIONS. 

Agricultural  Research  Service,  Pullman,  WA. 
For  primary  bibliographic  entry  see  Field  3F. 
W91-07756 


TILLAGE  SYSTEMS  AND  EQUIPMENT  FOR 
DRYLAND  FARMING. 

Agricultural    Research    Service,    Bushland,    TX. 
Conservation  and  Production  Research  Lab. 
For  primary  bibliographic  entry  see  Field  3F. 

W9 1-07757 


MANAGING  CROP  RESIDUES  TO  OPTIMIZE 
CROP/LIVESTOCK  PRODUCTION  SYSTEMS 
FOR  DRYLAND  AGRICULTURE. 

Agricultural  Research  Service,  Pullman,  WA. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07762 


CONTRIBUTION  OF  SOIL  CONSTITUENTS 
IN  ADSORPTION  COEFFICIENT  OF  ARO- 
MATIC COMPOUNDS,  HALOGENATED  ALI- 
CYCLIC  AND  AROMATIC  COMPOUNDS  TO 
SOIL. 

Keio  Univ.,  Yokohama  (Japan).  Faculty  of  Science 
and  Technology. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07839 


LEVELS  AND  SOURCES  OF  PCDDS  AND 
PCDFS  IN  URBAN  BRITISH  SOILS. 

University   of  East   Anglia,   Norwich   (England). 
School  of  Chemical  Sciences. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07840 

SIMULATION  OF  THE  SIZE  DISTRIBUTION 
AND  EROSIVITY  OF  RAINDROPS  AND 
THROUGHFALL  DROPS. 

Silsoe  Coll.  (England). 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-07849 


TEMPORAL  AND  SPATIAL  VARIABILITY  OF 
SOIL  MOISTURE  RESERVES  IN  A  FOREST- 
STEPPE  LANDSCAPE  (BASED  ON  KUREX  88 
EXPERIMENT). 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Geografii. 
A.  G.  Georgiadi,  S.  V.  Yasinski,  A.  V.  Meleshko, 
L.  M.  Kitaev,  and  V.  I.  Shadrin. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  25-32,  7 
fig,  1  tab,  4  ref. 

Descriptors:  ♦Air-water  interfaces,  ♦Forests,  ♦Soil 
water  potential,  ♦Steppes,  ♦USSR,  Analysis  of 
variance,  Groundwater,  Rainfall,  Scale  factors, 
Soil  water,  Statistical  analysis,  Vegetation  effects. 

Investigation  of  the  interaction  between  atmos- 
pheric processes  and  heterogeneous  land  surfaces 
requires  assessment  of  varying  scale  temporal  and 
spatial  variability  of  hydrological  processes  that 
exert  a  considerable  influence  on  heat  and  moisture 
exchange  in  the  atmosphere/land-surface  system. 
The  scale  of  spatial  and  temporal  variability  of  soil 
moisture  reserves  was  examined  in  the  very  hetero- 
geneous landscapes  of  the  central  forest-steppe 
zone  of  the  Russian  plain.  Two  main  scales  of 
variability  were  determined  in  connection  with 
infrageosystem  and  intergeosystem  differences  in 
soil  and  vegetation  cover,  and  the  relationship 
between  soil  and  groundwater.  A  method  for  de- 
termination of  the  dynamics  of  soil  moisture  re- 
serves for  the  main  types  of  geosystems  was  devel- 
oped, based  on  a  statistical  relationship  between 
soil  moisture  reserves  and  daily  rainfall.  The  equa- 
tion takes  account  of  spring  recharge  and  average 
seasonal  changes  in  moisture  reserves  over  many 
years.  (See  also  W9 1-07920)  (Fish-PTT) 
W9 1-07924 
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Group  2G— Water  In  Soils 

GROUNDWATER  RECHARGE  THROUGH 
THE  UNSATURATED  ZONE  OF  SOUTHEAST- 
ERN BOTSWANA:  A  STUDY  OF  CHLORIDES 
AND  ENVIRONMENTAL  ISOTOPES. 

Botswana  Univ.,  Gaborone.  Dept.  of  Geology. 
A.  Gieske,  E.  Selaolo,  and  S.  McMullan. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  33-44,  8 
fig,  1  tab,  8  ref. 

Descriptors:  'Aeration  zone,  *  Botswana,  'Chlor- 
ides, 'Environmental  tracers,  'Groundwater  re- 
charge, 'Isotope  studies,  'Soil  water,  'Solute 
transport,  'Tracers,  Groundwater  movement,  In- 
filtration capacity,  Rainfall  infiltration,  Root  zone, 
Tritium,  Unsaturated  flow. 

Research  has  been  done  in  sandy  loam  soils  of 
southeastern  Botswana  over  the  past  two  years  to 
gain  an  understanding  of  solute  and  isotope  distri- 
butions as  a  function  of  depth  below  the  surface  in 
order  to  quantify  moisture  fluxes  through  the  un- 
saturated zone.  Preliminary  analysis  of  16  profiles 
in  a  small  study  area  has  shown  that,  in  comparison 
with  results  obtained  in  similar  semiarid  environ- 
ments, the  chloride  concentrations  in  southeastern 
Botswana  are  rather  low.  Chloride  concentrations 
in  general  do  not  seem  to  increase  in  the  root  zone 
of  the  common  Acacia  tree  species  and  most  en- 
richment takes  place  near  the  surface.  The  analysis 
of  samples  taken  after  the  rainy  season  of  1987- 
1988  with  an  above  average  rainfall  of  850  mm 
indicates  that  the  mobility  of  the  chloride,  tritium, 
and  stable  isotopes  in  the  unsaturated  zone  is  very 
high  over  short  distances.  Drainage  lines  may 
affect  infiltration,  soil  moisture,  and  solute  trans- 
port considerably  and  this  effect  may  be  enhanced 
by  sudden  heavy  rains.  The  conclusion  can  be 
drawn  that  variability  of  surface,  soil,  and  plant 
characteristics  may  lead  to  complex  three-dimen- 
sional water  and  solute  movement  in  the  unsaturat- 
ed zone.  Calculation  of  recharge  on  the  basis  of 
chloride  and  isotope  data  along  a  single  vertical 
profile  seems  inadvisable  in  the  present  case;  one- 
dimensional  steady-state  infiltration  models  are  not 
applicable.  (See  also  W9 1-07920)  (Fish-PTT) 
W9 1-07925 


SALINIZATION  HAZARD  IN  A  POLDER  SOIL 
OF  BELGIUM. 

Ghent  Rijksuniversiteit  (Belgium).  Faculteit  Land- 

bouwwetenschappen. 

M.  Van  Meirvenne,  R.  Hartmann,  M.  De  Boodt, 

and  W.  De  Breuck. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.     Geologisch     Instituut     RUG.     (S     8), 

Ghent.  1989.  p  85-94,  7  fig,  3  tab,  19  ref. 

Descriptors:  'Belgium,  'Polders,  'Saline  ground- 
water, 'Saline  soils,  'Soil  analysis,  'Soil  surveys, 
'Soil  water,  Aeration  zone,  Agricultural  water, 
Chlorides,  Conductivity,  Evapotranspiration, 
Groundwater  movement,  Piezometers,  Salt  stress, 
Salt  tolerance,  Tensiometers. 

Hydrogeological  surveys  carried  out  in  the  polder 
area  of  northeastern  Flanders  (Belgium),  showed 
the  presence  of  saline  water  at  varying  depths, 
some  at  shallow  depths  that  could  restrict  agricul- 
tural use.  An  experimental  field  design  was  set  up 
in  1986  in  order  to  investigate  the  salt  distribution 
and  evolution  of  a  soil  with  a  shallow  brackish 
groundwater  and  to  evaluate  the  impact  of  saliniza- 
tion  on  agricultural  exploitation.  Mercury  tensio- 
meters and  soil-moisture  extractors  were  installed. 
A  piezometer  was  used  to  measure  the  groundwat- 
er table  and  a  pluviometer  recorded  rainfall.  The 
tensiometers  and  pluviometer  were  recorded  6 
days  a  week,  the  piezometer  weekly,  and  the  soil- 
moisture  extractors  were  sampled  every  2  weeks. 
The  electrical  conductivity  (EC)  of  the  soil-water 
samples  was  measured  as  well  as  the  chlorine  con- 
centration. Despite  very  rainy  periods,  drainage 
throughout  the  entire  unsaturated  zone  was  found 
to  occur  only  during  18  of  the  207  days  observed. 
A  primarily  upward  water  movement  was  meas- 
ured in  the  biggest  part  of  the  unsaturated  zone, 
indicating  water  losses  by  evapotranspiration.  Salt 
distribution  was  found  to  be  rather  stable.  An  EC 
of  2000  microS/cm  varied  between  a  depth  of  80 
cm    (beginning    of   April)    and    60    cm    (end    of 


August).  At  the  same  time  an  EC  of  8000  microS/ 
cm  was  encountered  between  1 10  and  95  cm.  Nev- 
ertheless, a  reduction  of  the  nonsaline  zone  by  20 
cm  between  April  and  August  means  a  serious 
limitation  of  the  agricultural  use  of  this  soil. 
Upward  water  movement  was  found  to  be  the 
major  cause  of  this  increase  in  salt  content.  At  the 
end  of  the  growing  season  (October),  the  grass 
showed  chlorosis  and  necrosis.  Analyses  of  these 
leaves  showed  a  CI  concentration  of  1.69%  (dry 
matter).  Agricultural  use  of  this  soil  is  restricted  to 
pasture.  Winter  cereals  could  be  considered  as  an 
alternative  (barley  being  less  salt-sensitive  than 
wheat),  but  beets  and  maize  are  expected  to  yield 
substantially  less  than  optimal  due  to  the  saline 
groundwater.  (See  also  W9 1-07947)  (Author's  ab- 
stract) 
W9 1-07954 


HYDROCHEMISTRY  OF  PORE  WATER 
FROM  FINE-GRAINED  SEDIMENTS  (CLAY, 
SILT,  PEAT)  IN  THE  SOUTHERN  PART  OF 
THE  WESTERN  BELGIAN  COASTAL  PLAIN: 
THE  YSER  PLAIN. 

Ghent   Rijksuniversiteit  (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
L.  Zeuwts,  L.  Lebbe,  and  W.  De  Breuck. 
IN:    Proceedings    of    10th    Salt-Water    Intrusion 
Meeting.    Geologisch    Instituut    R.U.G.    (S    8), 
Ghent.  1989.  p  95-106,  12  fig,  1  tab,  10  ref. 

Descriptors:  'Belgium,  'Geophysical  surveys, 
'Groundwater  quality,  'Interstitial  water,  'Resis- 
tivity, 'Samplers,  'Soil  water,  Borehole  geophys- 
ics, Brackish  water,  Coastal  aquifers,  Dissolved 
solids,  Freshwater,  Sampling,  Soil  texture,  Water 
chemistry. 

In  coastal  areas,  and  certainly  in  the  Belgian  coast- 
al plain,  hydrochemical  investigations  are  impeded 
by  the  presence  of  fine-grained  sediments  such  as 
clay,  silt,  and  peat.  Resistivity  measurements  in 
boreholes  have,  until  present,  only  been  calibrated 
for  sandy  formations.  The  relationship  between  the 
resistivity  and  the  pore-water  quality  in  fine- 
grained sediments  is  not  clear,  and  representative 
groundwater  samples  from  these  formations  are 
difficult  to  obtain.  A  fast  and  effective  method  for 
obtaining  groundwater  samples  from  fine-grained 
sediments  has  been  developed:  the  high  pressure 
filtration  technique.  By  means  of  a  high  pressure 
stainless  steel  squeezer,  pore  fluids  from  undis- 
turbed ground  samples  are  pressed  and  filtered  into 
a  disposable  syringe  which  can  be  capped  and 
stored  for  investigation.  The  method  was  applied 
to  the  Yser  plain  in  the  western  Belgian  coastal 
plain  to  illustrate  the  usefulness  of  the  filter  press 
technique.  Profiles  were  created  for  freshwater 
percentage,  total  dissolved  solids,  pore  water  resis- 
tivities, and  formation  resistivities.  It  was  found 
that  brackish  to  very  brackish  water  is  still  the 
dominant  quality  and  infiltration  of  freshwater 
only  appears  in  the  sandy  creek  and  at  the  edges  of 
the  valley.  The  pore  water  samples  thus  obtained 
were  used  to  calibrate  the  borehole  resistivity 
measurements  in  fine-grained  formations.  Ground- 
water quality  varies  between  fresh  (F-type)  and 
brackish-salt  (Bs-type),  with  seven  main  types: 
CaHC03,  CaMix,  CaS04,  NaHC03,  NaMix, 
NaS04,  and  NaCl.  The  results  of  the  chemical 
analysis  of  the  pore  water  samples  have  led  to  a 
better  understanding  of  the  chemical  and  physical 
processes  influencing  groundwater  quality.  (See 
also  W9 1-07947)  (Fish-PTT) 
W9 1-07955 


FLUID  FLOW  AND  SOLUTE  TRANSPORT 
PROCESSES  IN  UNSATURATED  HETEROGE- 
NEOUS SOILS:  PRELIMINARY  NUMERICAL 
EXPERIMENTS. 

Hawaii  Univ.  at  Manoa,  Honolulu.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-08042 


DIELECTRIC    METHOD    FOR    PREDICTION 
OF  POROSITY  OF  SATURATED  SOIL. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 
K   Arulanandan. 


Journal  of  Geotechnical  Engineering  (ASCE) 
JGENDZ,  Vol.  117,  No.  2,  p  319-330,  February 
1990.  4  fig,  1  tab,  12  ref. 

Descriptors:  'Electrical  properties,  'Saturated 
soils,  'Soil  porosity,  Conductance,  Laboratory 
procedures,  Particulate  matter,  Porous  media,  Soil 
properties. 

The  electromagnetic  theory  of  Maxwell-Fricke  for 
electrical  conduction  through  heterogeneous 
media  is  extended  to  develop  a  theoretical  relation- 
ship for  fluid-saturated  porous  media,  accounting 
for  the  orientation  of  particles,  the  porosity  and  the 
dielectric  constants  of  the  pore  fluid,  the  solid 
phase  and  the  mixture.  Based  on  this  relationship,  it 
is  shown  that  a  knowledge  of  the  dielectric  con- 
stants of  saturated  soils  in  the  horizontal  and  verti- 
cal directions  at  high  frequencies  around  50  MHz 
provides  the  necessary  data  for  the  evaluation  of 
the  porosity  for  most  soils  when  the  dielectric 
constants  of  the  particle  and  the  solution  are 
known.  The  method  provides  a  rapid  means  for 
laboratory  evaluation  of  the  porosity  of  any  satu- 
rated soil.  It  may  also  be  adopted  to  in-situ  evalua- 
tions of  the  porosity  of  any  saturated  soil.  (Au- 
thor's abstract) 
W9 1-08081 


IRRIGATION  FREQUENCY  EFFECTS  ON 
LEACHING  OF  CATIONS  FROM  GYPSUM 
AMENDED  COASTAL  PLAIN  SURFACE 
SOILS. 

Citrus    Research    and    Education    Center,    Lake 

Alfred,  FL. 

For  primary  bibliographic  entry  see  Field  3F. 

W91-08I21 


FATE   OF   C14-CARBARYL   IN   SOILS   AS   A 
FUNCTION  OF  PH. 

Bhabha  Atomic  Research  Centre,  Bombay  (India). 
Nuclear  Agriculture  Div. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 162 

2H.  Lakes 


RECOVERY    OF    ACIDIFIED    AND    METAL- 
CONTAMINATED  LAKES  IN  CANADA. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 

Studies. 

For   primary   bibliographic   entry   see   Field   5G 

W9 1-07234 


PALEOECOLOGICAL  ANALYSIS  OF  LAKE 
ACIDIFICATION  TRENDS  IN  NORTH  AMER- 
ICA AND  EUROPE  USING  DIATOMS  AND 
CHRYSOPHYTES. 

Indiana  Univ.  at  Bloomington.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07235 


PAST  AND  RECENT  OCCURRENCES  OF  MA- 
LACOSTRACA  GLACIAL  RELICTS  IN  POLISH 

LAKES. 

Marine  Biology  Center,  Al.  Wojska  Polskiego  1 1/ 

13,  80-277  Gdansk,  Poland. 

L.  Zmudzinski. 

Annales   Zoologici   Fennici   AZOFAO,   Vol.   27, 

No.  3,  p  227-230,  December  1990.  2  fig,  1  tab,  12 

ref. 

Descriptors:  'Aquatic  animals,  'Crustaceans, 
'Lakes,  'Limnology,  'Poland,  'Water  pollution 
effects,  Amphipods,  Ecological  distribution,  Opos- 
sum-shrimp, Population  density,  Transparency, 
Water  depth. 

Malacostracan  glacial  species  have  been  found  in  a 
total  of  48  Polish  lakes.  All  these  lakes  were  inhab- 
ited by  Pallasea  quadrispinosa,  7  of  them  by  Mysis 
relicta,  and  2  by  Pontoporeia  affinis.  At  present, 
because  of  pollution  of  the  water,  the  number  of 
lakes  inhabited  by  the  first  2  species  has  decreased 
significantly,  while  P.  affinis  has  completely  disap- 
peared from  Poland.  In  the  western  part  of  Poland, 
which  has  the  highest  degree  of  air  pollution,  2 
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cases  of  the  vanishing  of  some  of  the  above  species 
has  been  observed  in  the  1980s.  Mysis  relicta  and 
P.  quadrispinosa  prefer  lakes  with  the  highest 
transparency  values,  that  is,  lakes  with  the  greatest 
maximum  depth,  the  largest  surface  area,  and  con- 
sequently the  greatest  water  volume.  Pallasea  qua- 
drispinosa has  disappeared  from  at  least  13  lakes 
situated  near  suburbs  of  towns  and  cities  and  heavi- 
ly polluted  by  municipal  wastes.  In  all  the  Polish 
lakes  investigated,  M.  relicta  inhabits  practically 
the  entire  profundal.  In  the  cleanest  lakes  P.  qua- 
drispinosa is  distributed  from  the  deepest  parts  up 
to  the  lower  littoral.  As  the  environmental  condi- 
tions get  worse  in  deep  waters,  P.  quadrispinosa 
gradually  withdraws  from  the  deeper  parts,  finally 
inhabiting  only  the  sublittoral  and  lower  parts  of 
the  littoral.  (Doria-PTT) 
W9 1-07371 


RECENT  DISTRIBUTION  OF  GLACIAL 
RELICT  MALACOSTRACA  IN  THE  LAKES  OF 
MECKLENBURG. 

Rostock    Univ.    (German    D.R.).    Sektion    Wirts- 

chaftswissenschaften. 

J.  Kohn,  and  A.  Waterstraat. 

Annales   Zoologici   Fennici   AZOFAO,   Vol.   27, 

No.  3,  p  237-240,  December  1990.  3  fig,  4  tab,  8  ref. 

Descriptors:  *Aquatic  animals,  "Crustaceans,  *Eu- 
trophication,  'Germany,  'Lakes,  'Limnology, 
'Mecklenburg,  'Water  pollution  effects,  Amphi- 
pods,  Ecological  distribution,  Fish,  Lake  restora- 
tion, Mollusks,  Opossum-shrimp,  Population  densi- 
ty- 

The  recent  distribution  of  Mysis  relicta,  Pallasea 
quadrispinosa,  and  Pontoporeia  affinis  was  investi- 
gated and  compared  to  distribution  data  from  the 
1920s.  Pontoporeia  affinis  has  not  been  found  re- 
cently. Mysis  relicta  occurs  frequently  in  only  one 
lake,  while  at  two  other  sites  its  presence  is  now 
questionable.  Only  P.  quadrispinosa  exhibits  a  dis- 
tribution similar  to  that  which  it  had  60  years  ago, 
although  its  frequency  is  decreasing.  The  decrease 
in  the  range  of  all  these  species  is  caused  by  a 
decrease  in  the  oxygen  concentration  in  the  pro- 
fundal of  the  lakes  following  increasing  eutroph- 
ication.  The  occurrence  of  glacial  relict  Fish  where 
the  populations  are  autochthonous  points  to  the 
incidence  of  glacial  relict  Malacostraca,  and  repo- 
pulation  of  lakes  by  fish  and  Malacostraca  may  be 
possible  in  the  same  manner.  (Doria-PTT) 
W91-07373 


LONG-TERM  STUDIES  OF  PROFUNDAL 
ZOOMACROBENTHOS  IN  SWEDEN'S  GREAT 
LAKES:  IMPLICATIONS  OF  BIOTIC  INTER- 
ACTIONS. 

National  Swedish  Environment  Protection  Board, 
Uppsala.  Environmental  Impact  Assessment  Dept. 
R.  K.  Johnson,  and  T.  Wiederholm. 
Annales  Zoologici  Fennici  AZOFAO,  Vol.  27, 
No.  3,  p  291-295,  December  1990.  2  fig,  11  ref. 
Swedish  Environmental  Protection  Agency  Con- 
tract SNV  5313177-7. 

Descriptors:  'Animal  populations,  'Benthic  fauna, 
•Lake  ecology,  'Limnology,  'Macroin vertebrates, 
'Sweden,  Amphipods,  Animal  behavior,  Aquatic 
animals,  Biomass,  Correlation  analysis,  Crusta- 
ceans, Food  habits,  Lakes,  Midges,  Oligochaetes, 
Population  density,  Temporal  variation,  Time 
series  analysis,  Weather. 

Time-series  analysis  of  zoobenthos  in  Sweden's 
great  lakes  showed  that  the  predominant  macroin- 
vertebrates  seemed  to  exhibit  long-term  population 
trends.  Though  the  causal  mechanisms  are  not 
known,  it  is  suggested  that  food  availability  and 
competitive  interactions  may  be  important  factors. 
For  example,  Pontoporeia  affinis  density  and  bio- 
mass were  significantly  correlated  (positively)  with 
variables  representing  food  quality  and  quantity. 
During  years  with  high  abundances  of  amphipods, 
interactions  between  the  predominant  zoobenthic 
components  may  be  important  structuring  forces. 
Profundal  populations  of  Oligochaeta  and  Pisidium 
spp.  in  Lake  Vanern  exhibited  long-term  oscilla- 
tions 'in  phase'  with  Pontoporeia.  In  contrast,  the 
abundances  of  P.  affinis  and  Chironomidae  in  Lake 
Malaren  were  'out  of  phase'  with  each  other.  Dif- 


ferences in  foraging  behavior  may  be  an  important 
mechanism  lowering  encounter  rates  and  exploita- 
tive interactions  between  coexisting  populations.  It 
is  suggested  that  meteorological  cycles  may  influ- 
ence pelagic  production  and  allochthonous  inputs 
(food  availability),  and,  with  time-lags,  affect  zoo- 
benthic populations.  However,  interactions  be- 
tween the  predominant  zoobenthic  populations, 
such  as  competition  for  food  (exploitative)  and 
physical  disturbance  (interference),  may  be  equally 
important  in  forming  the  long-term  trends.  (Au- 
thor's abstract) 
W9 1-07374 


SHRIMP   STOCKING,   SALMON   COLLAPSE, 
AND  EAGLE  DISPLACEMENT. 

Montana  Univ.,  Poison.  Flathead  Lake  Biological 

Station. 

For  primary  bibliographic  entry   see  Field   6G. 

W9 1-073  81 


VERTICAL  DISTRIBUTION  OF  PELAGIC  JU- 
VENILE SOCKEYE  SALMON  (ONCORHYN- 
CHUS  NERKA)  IN  KURIL'SKOYE  LAKE 
DURING  THE  SUMMER-FALL  PERIOD. 

Tikhookeanskii      Nauchno-Issledovatel'skii      Inst. 

Rybnogo  Khozyaistva  i  Okeanografii,   Petropav- 

lovsk-Kamchatskii  (USSR). 

A.  S.  Nikolayev. 

Journal  of  Ichthyology  JITHAZ,  Vol.  30,  No.  3,  p 

109-124,  1990.  6  fig,  32  ref.  Translated  from  Vo- 

prosy  ikhtiologii,  Vol.  30,  No.  3,  p  392-403,  1990. 

Descriptors:  'Ecological  distribution,  'Fish  man- 
agement, 'Fish  populations,  'Limnology, 
•Salmon,  Acoustics,  Convection,  Epilimnion,  Fish, 
Juvenile  growth  stage,  Kamchatka,  Lakes,  Season- 
al variation,  Surveys,  Temperature,  Thermal  strati- 
fication, Thermocline,  Upwelling,  Vertical  distri- 
bution. 

Some  aspects  of  vertical  distribution  of  pelagic 
juvenile  sockeye  salmon  in  Kuril'skoye  Lake  in  the 
summer-fall  period  as  a  function  of  wind  direction 
and  associated  temperature  and  convection  were 
studied  based  on  data  from  integrated  hydroacous- 
tical  surveys  of  actively  feeding  juveniles.  During 
the  summer  and  fall,  juvenile  salmon  are  distribut- 
ed rather  uniformly  in  the  lake  within  the  0-55  m 
range.  Vertical  distribution  of  juveniles  during 
daylight  in  summer  and  fall  is  characterized  by  a 
gregarious  distribution  type.  Independent  of 
season,  juvenile  schools  are  distributed  in  the  15-80 
m  layer  with  peak  aggregation  in  the  20-65  m 
range.  During  the  day,  juveniles  are  distributed  in 
the  epilimnion  and  thermocline,  and  at  night  only 
in  the  epilimnion.  In  centers  of  wind-generated 
upwellings  and  other  upward  water  movement,  the 
upper  boundary  of  the  habitation  zone  sinks.  Lo- 
calization of  aggregations  of  actively  feeding 
salmon  in  the  lake  is  associated  with  convergences 
that  are  often  stirred  up  along  the  shore  by  passage 
of  internal  waves.  Fertilization  of  Kamchatka  sock- 
eye  salmon  should  be  preceded  by  analysis  of  the 
limnological  indicators  and  of  the  natural  zones  in 
which  the  lakes  are  found  that  determine  produc- 
tivity and  vertical  distribution  of  the  fish.  (Doria- 
PTT) 
W9 1-07  397 


HYDROLOGIC  REGIMES  OF  VARIOUS 
TYPES  OF  SPAWNING  GROUNDS  OF  SOCK- 
EYE  SALMON,  ONCORHYNCHUS  NERKA. 

Tikhookeanskii      Nauchno-Issledovatel'skii      Inst. 
Rybnogo  Khozyaistva  i  Okeanografii,   Petropav- 
lovsk-Kamchatskii  (USSR). 
V.  N.  Bazarkin. 

Journal  of  Ichthyology  JITHAZ,  Vol.  30,  No.  3,  p 
31-39,  1990.  2  fig,  4  tab,  11  ref.  Translated  from 
Voprosy  ikhtiologii,  Vol.  30,  No.  3,  p  463-468, 
1990. 

Descriptors:  'Fish  management,  'Fish  populations, 
•Hydrological  regime,  *Salmon,  'Spawning, 
Annual  distribution,  Creeks,  Flow  velocity,  Hy- 
drology, Incubation,  Kamchatka,  Lakes,  Popula- 
tion dynamics,  Reproduction,  Rivers,  Seasonal 
variation,  Water  currents,  Water  level,  Water  tem- 
perature. 


Lakes— Group  2H 

Sockeye  spawning  grounds  in  lakes,  rivers,  and 
creeks  in  the  Lake  Azabach'ye  drainage  (Kam- 
chatka) were  investigated  that  differ  in  their  hy- 
drology, geomorphology,  and  hydrogeology.  Vari- 
ous elements  of  the  hydrologic  regime  that  affect 
the  reproduction  of  salmon  were  studied  in  the 
spawning  grounds  of  19  subisolates.  The  results  are 
applicable  to  population  ecology  and  acclimatiza- 
tion of  salmon.  The  three  types  of  spawning 
grounds  are  differentiated  in  absolute  values  and  in 
the  annual  distribution  of  water  levels,  water  tem- 
peratures in  the  substrate  and  at  the  surface,  cur- 
rent velocities,  and  discharges.  Current  velocities 
vary  between  0.7  and  0.2  m/s  during  the  spawning 
period.  There  is  a  twofold  reduction  during  the 
time  of  incubation.  The  seasonal  variation  of  dis- 
charge is  adequate  to  maintain  current  velocities. 
Water  levels  in  the  spawning  grounds  of  the  spring 
and  summer  sockeye  differ  by  one  order,  their 
annual  variation  is  uneven,  and  the  differences 
from  year  to  year  are  quite  considerable.  There  is  a 
pattern  to  the  distribution  of  water  temperatures  in 
the  substrate  and  in  the  bottom  water  layer  in  the 
spawning  grounds,  with  seasonal  variations  that 
are  not  the  same  for  the  different  types.  Tempera- 
ture differences  from  year  to  year  in  the  same 
spawning  grounds  can  be  25%.  (Doria-PTT) 
W91-07398 


EFFECT  OF  SUBSTRATE  COMPOSITION  ON 
DETRITUS  ACCUMULATION  AND  MA- 
CROINVERTEBRATE  DISTRIBUTION  IN  A 
SOUTHERN  NEVADA  DESERT  STREAM. 

Nevada   Univ.,   Las   Vegas.    Dept.   of  Biological 

Sciences. 

M.  S.  Parker. 

Southwestern  Naturalist  SWNAAB,  Vol.  34,  No. 

2,  p  181-187,  1989.  1  fig,  3  tab,  18  ref. 

Descriptors:  'Benthic  fauna,  'Deserts,  'Detritus, 
'Ecological  distribution,  'Macroin  vertebrates, 
'Stream  biota,  Biomass,  Colonization,  Correlation 
analysis,  Food  chains,  Gravel,  Mayflies,  Midges, 
Nevada,  Particle  size,  Population  density,  Species 
composition. 

A  32-day  colonization  experiment  was  conducted 
to  assess  the  effect  of  substrate  particle  size  on  the 
accumulation  and  size  distribution  of  particulate 
detritus  and  on  the  distribution  and  abundance  of 
benthic  macroinvertebrates  in  a  southern  Nevada 
desert  stream.  The  smallest  substrate  (gravel)  col- 
lected the  greatest  quantity  of  fine  detritus  (<1 
mm)  and  was  colonized  by  the  greatest  number  of 
macroinvertebrates.  The  largest  substrate  (cobble) 
collected  the  smallest  quantity  of  fine  detritus  and 
the  largest  quantity  of  coarse  detritus  (>1  mm) 
and  was  colonized  by  the  lowest  number  of  ma- 
croinvertebrates. Although  macroinvertebrate 
abundance  was  significantly  higher  in  gravel  sub- 
strate, macroinvertebrate  biomass  was  greatest  in 
the  cobble  substrate,  indicating  a  difference  in  the 
size  of  organisms  colonizing  the  different  sub- 
strates. There  was  a  significant  positive  correlation 
between  macroinvertebrate  biomass  and  detritus 
quantities.  The  benthic  macroinvertebrate  assem- 
blage was  dominated  by  small-bodied  collector- 
gatherer  insects,  dominated  by  Baetis  sp.  (Ephe- 
meroptera)  and  Orthocladiinae  (Chironomidae),  in- 
dicating the  importance  of  this  trophic  group  and 
their  fine  detrital  food  resource  to  the  structure 
and  function  of  desert  stream  ecosystems.  (Au- 
thor's abstract) 
W9 1-07399 


FISHES  OF  THE  RIO  DE  LA  CONCEPCION 
BASIN,      SONORA,      MEXICO,      AND      THE 
STATUS  OF  THE  SONORA  CHUB,  GILA  DI- 
TAENIA,  A  SPECIES  IN  DANGER  OF  EXTINC- 
TION (LOS  PECES  DE  LA  CUENCA  DEL  RIO 
DE  LA  CONCEPCION,  SONORA,  MEXICO,  Y 
EL  ESTATUS  DEL  CHARALITO  SONORESE, 
GILA  DITAENIA,  UNA  ESPECIE  EN  AMEN- 
AZA  DE  EXTINCION). 
Arizona  Game  and  Fish  Dept.,  Phoenix. 
D.  A.  Hendrickson,  and  L.  J.  Romero. 
Southwestern  Naturalist  SWNAAB,  Vol.  34,  No. 
2,  p   177-187,   1990.   1   fig,  3  tab,   10  ref.  English 
summary. 
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Descriptors:  'Chubs,  'Endangered  species,  'Fish 
populations,  'Mexico,  Creeks,  Ecological  distribu- 
tion, Fish  management,  Introduced  species,  Lentic 
environment,  Lotic  environment,  Monitoring, 
River  basins,  Sampling,  Sonora,  Stream  biota. 

The  Sonora  chub,  Gila  ditaenia,  was  listed  as 
threatened  by  the  United  States  Fish  and  Wildlife 
Service  in  1986.  This  species,  endemic  to  the  Rio 
de  la  Concepcion  drainage,  the  major  part  of 
which  is  in  Sonora,  occurs  in  the  United  States 
only  in  Sycamore  Creek  near  Nogales,  Arizona. 
One  of  the  motives  for  listing  the  species  as  threat- 
ened was  uncertainty  regarding  its  status,  distribu- 
tion, and  abundance  in  Mexico.  Use  of  timed  elec- 
trofishing  in  17  lotic  sites  and  seining  in  8  lentic 
habitats  in  Sonora  revealed  that  the  chub  is  widely 
distributed  (16  of  17  lotic  sites)  and  is  the  most 
abundant  species  in  biomass  and,  frequently,  in 
terms  of  numbers  as  well.  Despite  finding  7  exotic 
fish  species,  native  fishes  dominated  stream  collec- 
tions throughout  the  basin  (99.7%  of  total  num- 
bers; 96.9%  of  total  biomass),  while  impoundments 
harbored  totally  exotic  ichthyofaunas.  Threatened 
status  is  appropriate  for  Sonora  chub  only  if  the 
peripheral  and  geographically  isolated  population 
in  Arizona  is  considered;  however,  it  is  evident 
that  the  species  in  general  is  presently  relatively 
secure.  Recommended  future  management  activi- 
ties are  periodic  monitoring  and  taxonomic  analysis 
directed  at  determining  the  relationship  of  the  Ari- 
zona population  to  that  of  others  and  the  extent  of 
genetic  introgression  by  the  endangered  Yaqui 
chub,  Gila  purpurea.  (Author's  abstract) 
W9 1-07401 


HYDROBIOLOGY  OF  SEBKHAS  AND  GUEL- 
TAS  IN  THE  KHNIFISS-LA'YOUNE  REGION. 

Institut  Scientifique,  Rabat  (Morocco).  Dept.  de 

Zoologie  et  Ecologie  Animale. 

M.  Ramdani. 

Trav.  Inst.  Sci.  Rabat,  Mem.  Hors  Serie,  p  87-94, 

1988.  3  fig,  4  tab,  9  ref. 

Descriptors:  'Aquatic  animals,  'Deserts,  'Ecologi- 
cal distribution,  'Intermittent  lakes,  'Morocco, 
Biogeography,  Copepods,  Crustaceans,  Life 
cycles,  Saline  water,  Sediments,  Seed-shrimp, 
Springs,   Vertical   distribution,   Wadi,   Waterfleas. 

The  coastal  platform  in  the  Khnifiss  region  (Mo- 
rocco) is  divided  by  several  deep  dry  river  beds 
(oueds  or  wadis)  and  characterized  by  a  number  of 
sebkhas  and  gueltas.  These  intermittent  inland 
water-bearing  features  are  deep,  flat-bottomed  de- 
pressions not  connected  to  the  sea  and  their  bottom 
elevation  is  often  below  sea  level.  Four  sebkhas, 
two  gueltas,  and  one  spring  were  examined  in 
order  to  identify  the  aquatic  fauna  of  the  Khnifiss 
region  and  to  monitor  its  development  over  time. 
The  reactivation  by  means  of  inundation  of  dor- 
mant forms  buried  in  the  sediments  of  sebkhas 
revealed  the  presence  of  crustaceans  (copepods, 
cladocerans,  and  ostracods).  Cladocera,  Diaptomi- 
dae,  and  Ostracoda  are  usually  distributed  in  the 
first  5  cm.  Harpacticoid  copepods  are  absent  from 
the  top  5  cm,  rare  between  5  and  10  cm,  numerous 
between  10  and  25  cm,  and  absent  between  25  and 
50  cm.  The  seasonal  development  of  the  more 
diversified  fauna  was  monitored  in  the  areas  under 
water  during  the  study  period  (guelta  and  spring). 
The  fauna  of  the  Khnifiss  zone  is  dominated  by 
species  typical  of  saline  environments  that  have  a 
wide  geographical  distribution.  Other  species, 
more  typical  of  desert  regions,  were  found  at  the 
southernmost  limits  of  their  range.  (Doria-PTT) 
W9 1-074 12 


MANAGED  AQUATIC  ECOSYSTEMS. 

For  primary  bibliographic  entry  see  Field  6A. 
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FRESH-WATER  POND  ECOSYSTEMS  MAN- 
AGED UNDER  A  MODERATE  EUROPEAN 
CLIMATE. 

Instytut     Rybactwa     Srodladowego,     Piaseczno 
(Poland).  Zabieniec  Centre. 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-07420 


MAN-MADE  RESERVOIRS  AS  MANAGED 
ECOSYSTEMS  IN  TROPICAL  AND  SUB- 
TROPICAL INDIA. 

Central  Inland  Capture  Fisheries  Research  Inst., 
Barrackpore  (India). 

For  primary  bibliographic  entry  see  Field  81. 
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MANAGEMENT  OF  AUTOTROPHIC  MASS 
CULTURES  OF  MICRO-ALGAE. 

National  Inst,  for  Water  Research,  Pretoria  (South 

Africa). 

D.  F.  Toerien,  J.  U.  Grobbelaar,  and  R.  D. 

Walmsley. 

IN:  Managed  Aquatic  Ecosystems.  Ecosystems  of 

the  World,  29.   Elsevier  Science  Publishing  Co., 

New  York.  1987.  p  111-123.  5  fig,  101  ref. 

Descriptors:  'Algae,  'Algae  harvesting,  'Aquacul- 
ture,  'Culturing  techniques,  'Mathematical 
models,  Autotrophic  culture,  Bacteria,  Biomass, 
Biotransformation,  Health  food,  Mass  culture, 
Solar  energy. 

Algal  mass  cultivation  technology  varies  from  the 
extremely  unsophisticated  to  the  highly  sophisti- 
cated. Mass  cultivation  systems  are  operated  on 
defined  or  semi-defined  media  called  clean  cul- 
tures, or  on  wastes  or  effluents  where  the  product 
contains  not  only  algae,  but  also  other  organisms, 
notably  bacteria,  and  is  referred  to  as  algal-bacte- 
rial biomass.  The  clean  culture  systems  may  fur- 
ther be  subdivided  according  to  their  mode  of 
growth  as  autotrophic  (production  by  photosyn- 
thesis alone)  mixotrophic  (production  by  photosyn- 
thesis and  heterotrophy)  and  heterotrophic  modes 
(production  by  heterotrophy  alone).  A  review  of 
autotrophic  clean  culture  systems  which  includes 
design  of  culture  units,  abiotic  and  biotic  factors 
affecting  productivity  and  mathematical  models  of 
productivity  are  presented.  Although  mathemati- 
cal models  cannot  predict  the  invasion  of  a  culture 
by  other  organisms,  they  are  extremely  helpful  in 
delineating  operational  strategies  and  optimizing 
the  design  of  systems.  Management  of  autotrophic 
micro-algal  mass  cultures  is  not  yet  fully  developed 
but  the  high  productivity  and  other  desirable  char- 
acteristics of  micro-algae  still  make  them  valuable 
for  research  and  a  potential  source  of  proteins  or 
other  chemicals  to  man.  (See  also  W9 1-0741 7) 
(Medina-PTT) 
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FORESTED  WETLANDS. 

Ecosystems  of  the  World,  15.  Elsevier  Science 
Publishing  Co.,  New  York.  1990.  527p.  Edited  by 
Ariel  E.  Lugo,  Mark  Brinson,  and  Sandra  Brown. 

Descriptors:  'Forests,  'Marshes,  'Swamps,  'Wet- 
land forests,  'Wetlands,  Databases,  Fisheries,  Flo- 
ristic  composition,  Groundwater,  Soils,  Surface 
water,  Unifying  principles,  Wildlife  habitats. 

Forested  wetlands  have  important  roles  in  global 
biogeochemical  cycles,  supporting  fresh-water  and 
salt-water  commercial  fisheries,  and  in  providing  a 
place  for  wildlife  of  all  kinds  to  flourish.  Scientific 
attention  towards  these  ecosystems  has  lagged 
with  only  a  few  comprehensive  works  on  forested 
wetlands  of  the  world.  A  major  emphasis  of  this 
book  is  to  develop  unifying  principles  and  data 
bases  on  the  structure  and  function  of  forested 
wetlands,  in  order  to  stimulate  scientific  study  of 
them.  Wetlands  are  areas  that  are  inundated  or 
saturated  by  surface-water  or  ground-water,  at 
such  a  frequency  and  duration  that  under  natural 
conditions  they  support  organisms  adapted  to 
poorly  aerated  and/or  saturated  soil.  The  strategy 
of  classifying  the  conditions  that  control  the  struc- 
ture and  behavior  of  forested  wetlands  by  assum- 
ing that  the  physiognomy  and  floristic  composition 
of  the  system  will  reflect  the  total  energy  expendi- 
ture of  the  ecosystem;  and  the  structural  and  func- 
tional characteristics  of  forested  wetlands  from 
different  parts  of  the  world  are  the  major  topics 
covered.  (See  W9 1-07425  thru  W9 1-07442) 
(Medina-PTT) 
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ENERGY    THEORY    OF    LANDSCAPE    FOR 
CLASSIFYING  WETLANDS. 


Eastern  Michigan  Univ.,  Ypsilanti.  Dept.  of  Biol- 
ogy- 

P.  C.  Kangas. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  15-23.  3  fig,  2  tab,  35  ref. 

Descriptors:  'Ecosystems,  'Swamps,  'Wetland 
classification,  'Wetland  forests,  'Wetlands,  Acidi- 
ty, Depressions,  Energy  sources,  Groundwater, 
Hydrologic  head,  Kinetic  energy,  Nutrients,  Physi- 
ognomy, Potential  energy,  Slopes,  Surface  water, 
Vegetation,  Water  currents,  Water  distribution. 

Environmental  energy  sources  determine  ecosys- 
tem characteristics.  The  spatial  distribution  of 
energy  is  considered  to  determine  the  spatial  form 
and  distribution  of  ecosystems.  The  spatial  expres- 
sion of  energy  sources  is  then  used  as  the  distin- 
guishing feature  of  a  land  classification  scheme. 
This  classification  is  applied  here  to  forested  wet- 
lands, but  is  general  and  applies  to  all  land  surfaces. 
In  classifying  wetlands,  the  role  of  water  as  an 
energy  source  is  obviously  important.  Different 
energy  values  have  been  assigned  to  water  depend- 
ing on  its  use  in  the  system  in  question.  Examples 
include  potential  energy  as  a  chemical  reactant  or 
as  elevated  hydrologic  head,  and  kinetic  energy  as 
velocity  in  currents.  For  the  purpose  of  classifying 
wetlands,  however,  the  absolute  value  of  water  in 
its  different  uses  is  not  immediately  as  important  as 
the  form  of  its  distribution.  Different  forms  of 
distribution  of  water  are  hereon  matched  with 
different  wetland  forms.  A  variety  of  schemes  has 
been  used  in  the  past  to  classify  wetlands  including 
source  of  nutrients  and  water,  species  composition, 
acidity,  physiognomy,  geomorphology,  salinity, 
and  hydroperiod.  Of  special  relevance  to  the  classi- 
fication proposed  here  is  the  scheme  of  Novitzki. 
His  classification  deals  with  two  features:  surface 
vs.  groundwater  as  the  water  source  for  wetlands, 
and  slopes  vs.  depressions  as  geomorphic  tem- 
plates. The  latter  is  related  to  the  distinction  made 
between  frontal  energies,  usually  generated  on 
slopes,  and  sheet  energies,  usually  generated  on 
flatlands  and  concentrated  in  depressions.  Within 
these  features,  characteristics  such  as  hydroperiod, 
depression  depth,  and  vegetation  are  utilized  for 
refinements.  (See  also  W9 1-07424)  (Medina-PTT) 
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LONG-TERM  DEVELOPMENT  OF  FORESTED 
WETLANDS. 

Eastern  Michigan  Univ.,  Ypsilanti.  Dept.  of  Biol- 
ogy- 

P.  C.  Kangas. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  25-51.  1 1  fig,  9  tab,  299  ref. 

Descriptors:  'Forests,  'Geomorphology,  'Re- 
views, 'Swamps,  'Wetland  forests,  'Wetlands, 
Ecosystems,  Fauna,  Geological  aspects,  Hydro- 
geology,  Hydrologic  regime,  Management,  Mi- 
crobes, Sediments,  Time  constants,  Turnover  time, 
Vegetation,  Wetland  development. 

Forested  wetlands  (swamps)  exhibit  the  intimate 
manner  in  which  living  and  non-living  systems  are 
coupled.  A  swamp  is  both  an  ecological  system  of 
forest  vegetation,  microbes,  and  animals,  and  a 
geological  system  of  landform,  sediments,  and  hy- 
drologic regimes.  The  relationship  between  both 
ecological  and  geological  aspects  of  wetland  devel- 
opment and  how  they  relate  are  considered.  Con- 
cepts and  models  of  wetland  development  are  sur- 
veyed and  reviewed.  Highlights  of  this  survey 
show  that  aspects  of  ecosystem  and  landform  de- 
velop together  in  a  wetland  landscape.  Develop- 
ment is  shown  as  a  production  process  with  eco- 
systems and  landforms  as  the  storages  of  landscape. 
Both  storages  share  the  production  process  and 
influence  its  rate  through  feedback.  Although  this 
form  of  interaction  between  storages  is  indirect, 
ecosystems  sometimes  contribute  directly  to  land- 
form.  In  wetlands,  where  water  is  needed  by  both 
ecosystem  and  landform  processes,  this  relation- 
ship takes  the  form  of  landforms  orchestrating 
hydrology  while  ecosystems  provide  the  fine- 
tuning.  The  important  distinction  between  ecosys- 
tems and   landforms  is  their  time  constants.   Al- 
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though  there  is  a  symbiosis  between  geology  and 
ecology  of  landscape,  time  periods  often  distin- 
guish the  two  subsystems.  Turnover  of  ecosystems 
is  often  much  faster  than  turnover  of  landforms. 
The  study  and  comparison  of  time  periods  for 
storages  of  landscape  can  then  form  the  basis  for 
land-use  management  and  planning.  (See  also  W91- 
07424)  (Medina-PTT) 
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CONCEPTS  IN  WETLAND  ECOLOGY. 

Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
A.  E.  Lugo,  S.  Brown,  and  M.  M.  Brinson. 
IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  53-85.  17  fig,  6  tab,  218  ref. 

Descriptors:  'Reviews,  *Swamps,  *Wetland  for- 
ests, 'Wetlands,  Biogeochemical  cycles,  Biomass, 
Carbon  cycle,  Ecosystems,  Energy,  Fauna,  Fisher- 
ies, Flooding,  Hydroperiod,  Organic  carbon,  Peat, 
Plants,  Soils,  Stressors,  Succession,  Wetland  ecolo- 
gy, Xeromorphism. 

A  short  introduction  to  important  concepts  of  wet- 
land ecology  is  presented.  These  include  a  world- 
wide estimate  of  wetland  areas  which  is  about  3% 
of  the  land  surface;  global  role  in  the  carbon  cycle, 
fisheries  production,  and  biogeochemical  cycles; 
organic  carbon  export  which  has  higher  rates  of 
export  than  any  other  major  biogeographic  region 
of  the  world;  animal  life  which  constitute  a  small 
but  important  fraction  of  the  total  biomass  in  for- 
ested wetlands;  large-scale  reduction  due  to  con- 
version to  other  uses;  hydroperiod  which  is  the 
single  most  important  regulator  in  wetlands;  the 
influence  of  water  and  its  effects  on  its  plants, 
animals,  and  soil;  xeromorphism  in  wetland  plants 
for  water  conservation;  energy  language  to  repre- 
sent ecosystem  structures  and  functions;  the  energy 
signature  which  is  the  sum  of  all  incoming  energy 
flows  to  an  ecosystem  and  the  pattern  of  their 
delivery;  zonation  and  succession  of  species;  wet- 
lands on  slopes  in  Puerto  Rico  which  intercept  the 
path  of  the  tropical  trade  winds  as  they  cool  adia- 
batically  after  a  long  fetch  over  the  Atlantic 
Ocean;  wetland  stressors  which  is  any  factor  or 
situation  that  forces  a  system  to  mobilize  its  re- 
sources and  spend  increased  amounts  of  energy  to 
maintain  homeostasis;  wetland  values;  sediment 
and  peat  accumulation;  definition  of  concepts  deal- 
ing with  organic  matter  dynamics;  tolerance  of 
trees  to  flooding;  anaerobic  processes  and  detritus 
processing;  response  of  wetlands  to  stressors;  peat 
loss  rates,  and  the  influence  of  forested  wetlands 
on  water  and  soils.  (See  also  W9 1-07424)  (Medina- 
PTT) 
W9 1-07427 


STRUCTURE  AND  DYNAMICS  OF  BASIN 
FORESTED  WETLANDS  IN  NORTH  AMER- 
ICA. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  For- 
estry. 
S.  Brown. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  171-199.  5  fig,  1 1  tab,  86  ref. 

Descriptors:  'Canada,  'Florida,  'Forests,  'Man- 
grove swamps,  'North  America,  'Reviews, 
'Swamps,  'Wetland  forests,  'Wetlands,  Basins, 
Cycling  nutrients,  Ecosystems,  Energy,  Evapo- 
transpiration,  Groundwater,  Oil  pollution,  Organic 
matter,  Precipitation,  Sedimentation,  Seeps,  Ther- 
mal pollution,  Vegetation. 

Freshwater  basin  wetlands  are  found  in  depres- 
sions of  various  depths,  generally  in  areas  where 
precipitation  exceeds  evapotranspiration  or  where 
the  depression  intersects  the  water  table  creating 
groundwater  seeps  or  springs.  Forested  basins  are 
those  that  contain  woody  vegetation  with  the  po- 
tential for  reaching  tree  stature;  they  do  not  in- 
clude woody  shrub  wetlands.  In  North  America 
(USA  and  Canada)  these  areas  are  mainly  in  the 
central  and  eastern  region.  Pertinent  information 
and  reviews  on  the  distribution,  floristic  composi- 
tion, structure  and  dynamics  of  basin  forested  wet- 
lands are  summarized.  The  major  emphasis  is  on 
freshwater  wetlands,  but  data  for  saltwater  wet- 


lands (mangroves)  mainly  from  Florida  and  tropi- 
cal America  are  included.  The  external  factors 
affecting  basin  wetlands  or  the  important  compo- 
nents of  a  wetland's  energy  signature  are  described 
as  well  as  the  distribution  and  floristic  composition 
of  representative  basin  wetlands.  Sections  on  struc- 
tural characteristics,  organic  matter  dynamics,  and 
nutrient  cycling  comprise  the  bulk  of  quantitative 
information.  The  effects  of  disturbances  (stressors), 
both  natural  and  human  induced,  with  varying 
degrees  of  impact  depending  upon  the  intensity 
and  on  the  part  of  the  ecosystem  to  which  the 
stressor  is  applied  are  evaluated.  Examples  of  stres- 
sors in  basin  wetlands  include  water  impoundment, 
water  diversion,  thermal  stress  from  hot  water, 
sedimentation,  addition  of  toxic  substances,  addi- 
tion of  wastewater,  oil  spills,  and  harvesting.  (See 
also  W9 1-07424)  (Medina-PTT) 
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GREAT  DISMAL  SWAMP:  AN  ILLUSTRATED 
CASE  STUDY. 

Geological  Survey,  Reston,  VA. 

V.  Carter. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.  p  201-211.  17  fig,  11  ref. 

Descriptors:  'Great  Dismal  Swamp,  'North  Caro- 
lina, 'Plant  populations,  'Remote  sensing, 
'Swamps,  'Virginia,  'Wetland  forests,  'Wetlands, 
Anthropogenic  disturbance,  Ecosystems,  Hydrolo- 
gy, Litter,  Nutrients,  Phytoplankton,  Vegetation, 
Water  quality,  Wildlife  habitats. 

The  Great  Dismal  Swamp  is  an  84,000  ha  forested 
wetland  on  the  Virginia-North  Carolina  border  in 
the  southern  Atlantic  Coastal  Plain  of  the  United 
States.  The  organic  soils  of  the  swamp  range  in 
depth  from  4  m  in  ancient  drainage  channels  to  less 
than  0.3  m  along  the  outer  edges.  Lake  Drum- 
mond,  approximately  4  km  in  diameter,  is  almost 
centrally  located  within  the  swamp.  The  flora  in- 
cludes individual  species  and  plant  assemblages 
otherwise  scattered  widely  to  the  north  and  south 
along  the  Coastal  Plain.  Anthropogenic  disturb- 
ance of  the  natural  vegetation  has  resulted  in  a 
wide  diversity  of  wildlife  habitats.  Present  studies 
include  the  dynamics  of  the  wetland-to-upland 
transition  zone,  wetland  hydrology,  litter  produc- 
tion and  nutrient  studies  in  individual  communities, 
water  quality  and  phytoplankton  populations  in  the 
lake  and  ditches,  vegetation  trends  and  regenera- 
tion strategies,  organic  soil  development  and  wild- 
life habitat  requirements.  Remotely-sensed  data 
provide  an  overview  and  level  of  detail  needed  to 
put  small  areas  into  perspective  with  the  total 
ecosystem  represented  by  this  swamp.  (See  also 
W9 1-07424)  (Medina-PTT) 
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ECOLOGY  AND  MANAGEMENT  OF  SWAMP 
FORESTS  IN  THE  GUIANAS  AND  CARIBBE- 
AN REGION. 
P.  R.  Bacon. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  213-250.  20  fig,  7  tab,  97  ref. 

Descriptors:  'Central  America,  'Forests, 
'Marshes,  'South  America,  'Swamps,  'Trinidad, 
'West  Indies,  'Wetland  forests,  'Wetlands,  Fauna, 
Flooding,  Literature  review,  Plant  populations, 
Succession,  Vegetation. 

Wet  forested  ecosystems  are  a  regular  feature  of 
the  low-lying  coastal  areas  commonly  referred  to 
as  swamps  in  the  West  Indies,  Central  America  and 
Northern  South  America.  Two  broad  facies  of 
freshwater  forests  have  been  reacognized  in  the 
region:  (1)  swamp  forest,  found  in  soils  which  are 
permanently  inundated  or  have  perennially  high 
water  table;  and  (2)  marsh  forest  in  areas  subjected 
to  periodic  inundation.  A  literature  review  indi- 
cates several  subdivisions  of  plant  communities, 
giving  the  impression  that  these  wetland  communi- 
ties differ  significantly  from  one  country  to  an- 
other. In  most  areas  the  swamp  forests  and  marsh 
forests  are  associated  with  herbaceous  swamp  or 
marsh  communities,  introducing  further  complex- 
ity into  successions.   This  study  and  review  at- 


tempts to  resolve  some  of  the  problems  with  the 
term  swamp  and  marsh  and  some  confusion  re- 
garding succession.  Because  of  the  inaccessibility 
of  the  Neotropical  wetlands  and  the  large  number 
of  plant  species  involved,  there  is  still  a  dearth  of 
description  of  the  vegetation  and  its  history.  The 
vegetation  has  received  more  attention  than  the 
swamp  animals  with  only  a  provisional  checklist 
for  the  frewhwater  wetland  of  one  country  (Trini- 
dad) in  the  Caribbean  and  Guianas  region.  Exploi- 
tation is  minimal  and  management  is  virtually  non- 
existent for  swamp  forests  in  Neotropical  regions. 
(See  also  W9 1-07424)  (Medina-PTT) 
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ECOLOGY  OF  PTEROCARPUS  OFFICINALIS 
FORESTED  WETLANDS  IN   PUERTO   RICO. 

Ponce  Technological  Univ.  Coll.,  PR. 

M.  Alvarez-Lopez. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.  p  251-265.  7  fig,  6  tab,  21  ref. 

Descriptors:  'Puerto  Rico,  'Swamps,  'Wetland 
forests,  'Wetlands,  Drought,  Flooding,  Forest  eco- 
systems, Hydroperiod,  Plant  populations,  Pterocar- 
pus  forests,  Runoff,  Saline  soils,  Salinity,  Soil  or- 
ganic matter,  Species  composition. 

For  Puerto  Rico  the  existence  of  Pterocarpus  for- 
ests had  been  known  since  1882,  although  it  was 
not  until  very  recently  that  their  specific  localities 
and  areas  have  been  determined.  Most  of  the  15 
forest  locations  are  concentrated  in  the  northeast- 
ern region.  In  the  past,  the  mountainous  region  was 
covered  by  Pterocarpus  trees  or  stands,  but  at 
present  only  those  in  the  Luquillo  Mountains 
remain.  Differences  in  hydroperiod,  coupled  with 
the  presence  or  absence  of  salinity  appeared  to 
influence  forest  structure.  The  montane  riverine 
Pterocarpus  forest  had  the  tallest  canopy  height, 
greatest  basal  area  and  greatest  number  of  species. 
Differences  in  complexity  and  structure  between 
the  coastal  basin  forests  and  the  coastal  riverine 
types  were  related  mainly  to  differences  in  soil 
salinities  and  flooding,  and  less  to  nutrient-rich 
upland  runoff.  In  Pterocarpus  forests,  the  riverine 
types  stored  less  organic  matter  in  the  soil,  but 
more  in  root  biomass.  The  storage  of  soil  organic 
matter  was  higher  in  Pterocarpus  forests  than  in 
surrounding  terrestrial  forests.  It  is  suggested  that 
Pterocarpus  forests  are  climax  systems  developing 
under  a  tropical  location  where  flooding  occurs 
with  periods  of  drought  to  allow  for  seedling  es- 
tablishment and  with  low  soil  salinities  of  0  to 
12%.  (See  also  W91-07424)  (Medina-PTT) 
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Mexico  City.  Inst,  de  Biologia. 
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Organization,  Canberra  (Australia).  Div.  of  Land 

Research. 

K.  Paijmans. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.  p  335-355.  12  fig,  2  tab,  18  ref. 

Descriptors:  'Flood  plains,  'Mangrove  swamps, 
'New  Guinea,  'Swamps,  'Wetland  forests,  'Wet- 
lands, Agriculture,  Climates,  Drought,  Estuaries, 
Excess  rainfall,  Flooding,  Salinity,  Silviculture, 
Soil  types,  Tides,  Vegetation. 

The  island  of  New  Guinea  lies  wholly  within  the 
tropics,   between   the  Equator  and  just  over   10 
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degrees  S  latitude.  Extensive  alluvial  plains  flank 
both  sides  of  a  central  2000  km  mountain  range. 
Generally  heavy  rainfall  and  its  markedly  uneven 
distribution  over  the  year  for  much  of  the  island 
cause  major  river  floods,  that  periodically  inundate 
thousands  of  square  kilometers  varying  periods  of 
the  year.  Swamps  are  maintained  wherever  land 
gradients  and  drainage  outlets  are  insufficient  to 
disperse  the  rain  and  run-on  waters  which  become 
impounded  at  the  foot  of  hills,  between  higher- 
lying,  more  rapidly  aggrading  riverine  tracts,  or 
behind  beach  ridges.  Swamps  are  also  present  in 
very  gently  shelving  estuaries  where  river  water  is 
banked  up  by  the  incoming  ocean  tide  through  a 
maze  of  creeks  and  channels.  Differences  in  flood- 
ing regime  and  drainage  conditions  and,  in  some 
regions,  seasonal  drought  stress  have  given  rise  to 
a  variety  of  swamp-vegetation  types.  Woody  fresh- 
water swamp  vegetation  generally  occupies  rela- 
tively shallow  swamps  where  the  water  table  is  at 
or  near  the  surface  at  least  for  part  of  the  year.  In 
deep,  permanent,  stagnant  swamps,  and  in  riverine 
tracts  subject  to  deep  and  prolonged  seasonal 
flooding  by  fast-moving  water,  wooded  swamp 
gives  way  to  herbaceous  and  grass  swamp.  Man- 
groves, the  characteristic  vegetation  of  the  tidal 
coastal  zone,  range  from  a  low  scrub  to  a  tall 
forest,  depending  on  tidal  regime,  salinity,  climate, 
soil,  and  age  of  the  stands.  Many  thousands  of 
lowland  dwellers  have  exploited  the  swamps  for 
commercial,  agricultural  and  silvicultural  purposes 
and  have  been  hampered  only  by  difficulties  in 
access.  (See  also  W9 1-07424)  (Medina-PTT) 
W9 1-07437 


FORESTED  WETLANDS  IN  AUSTRALIA. 

Queensland  Univ.,  Brisbane  (Australia).  Dept.  of 

Botany. 

R.  L.  Specht. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.  p  387-406.  30  fig,  4  tab,  37  ref. 

Descriptors:  'Australia,  *Swamps,  'Wetland  for- 
ests, 'Wetlands,  Arid  climates,  Crops,  Fauna, 
Plants,  Rainfall,  Runoff,  Semiarid  climates,  Trees, 
Water  demand. 

Australia,  a  continental  mass  7.7  million  sq  km  in 
area,  has  about  two-thirds  of  its  area  classed  as 
semi-arid  to  arid.  The  humid  coastal  coasts  are 
drained  by  short,  perennial  streams  which  flow 
towards  the  coasts  discharging  almost  all  of  the 
runoff  into  the  oceans.  Much  of  the  stream  flow 
over  the  rest  of  the  Australian  continent  is  inter- 
mittent or  non-existent  because  of  low  and  unreli- 
able rainfall,  high  evaporation  losses,  and  flat  to- 
pography. The  largest  inland  river  system  is  the 
River  Murray  and  its  tributaries  which  drain  about 
one-seventh  of  the  continent.  Along  these  drainage 
systems  form  swamps,  floodplains,  river  banks  and 
even  seasonally-dry  streambeds  which  are  the 
habitats  of  a  series  of  forested  wetlands  which 
extend  from  the  most  humid  areas  of  Australia  into 
the  arid  interior.  The  forested  wetlands  can  be 
classed  as  true  forests  only  in  the  wettest  localities. 
The  largest  area  of  forested  wetland  is  on  the 
floodplain  of  the  Murray  River  in  the  region 
bounded  by  Tucumwal,  Echuca  and  Deniliquin, 
where  over  60,000  ha  of  red  river  gum  (Eucalyptus 
camaldulensis)  forest  is  found.  On  a  continent  as 
arid  as  Australia,  water  becomes  limiting  for  man, 
his  beasts,  his  crops,  and  his  industries.  Because  of 
this  demand  for  water,  wetland  in  all  areas  of  the 
continent,  from  humid  to  arid  regions,  have  been 
destroyed  or  at  risk.  In  this  review,  pertinent  eco- 
logical notes  and  biological  data  for  the  main  tree 
species  of  Australian  forested  wetlands  (two  spe- 
cies of  Casuarina,  nine  species  of  Eucalyptus  and 
ten  species  of  Melaleuca)  are  presented,  and  major 
ecological  principles  controlling  the  distribution, 
structure,  and  regeneration  of  forested  wetlands  in 
Australia  are  developed.  Ecological  factors  that 
were  examined  are:  (1)  variation  in  structure 
within  a  climatic  region;  (2)  soil  fertility;  (3)  tem- 
peratute  response;  (4)  water  balance;  (5)  effects  of 
fire;  and  (6)  species  regeneration.  (See  also  W91- 
07424)  (Medina-PTT) 
W9 1-07439 


FORESTED       WETLANDS       IN       WESTERN 
EUROPE. 


J.  Wiegers. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  407-436.  10  fig,  6  tab,  174  ref. 

Descriptors:  'Europe,  'Swamps,  'Wetland  forests, 
'Wetlands,  Belgium,  Conservation,  Denmark, 
Ecosystems,  France,  Germany,  Ireland,  Luxem- 
bourg, Mosses,  Plant  populations,  Silviculture,  The 
Netherlands,  Trees,  United  Kingdom,  Vegetation. 

Ecological  characteristics,  species  composition  of 
plant  communities,  structure  and  ecology  of  peat- 
land  and  riverine  forests  are  presented  for  Ireland, 
United  Kingdom,  Denmark,  The  Netherlands,  Bel- 
gium, Luxembourg,  Germany,  and  the  northern 
half  of  France.  Highly  automated  draining  and 
irrigation  systems  that  can  be  used  for  developing 
forested  wetlands  to  meet  agricultural  and  silvicul- 
tural demands  in  populated  areas  like  these  coun- 
tries of  Western  Europe  have  created  an  urgent 
need  for  protection  and  conservation  programs. 
Normal  development  in  these  woods  seems  to 
suffer  from  the  presence  of  the  introduced  North 
American  tree  species  (Amelanchier  laevis,  Aronia 
prunifolia,  and  Prunus  serotina)  which  grow  vigor- 
ously and  suppress  the  shrub  and  herb  layer  in 
many  peatland  forests,  especially  in  the  Nether- 
lands. The  acrocarpous  moss  Orthodontium  lineare 
which  was  introduced  from  the  British  Isles  in  the 
first  decade  of  the  century,  produces  dense  mono- 
specific carpets  and  is  replacing  the  rich  vegetation 
on  tree  bases.  Animals  are  rare  in  these  woods. 
However,  such  ecosystems  with  poor  species  com- 
position present  exquisite  research  areas  to  study 
and  understand  the  functioning  of  the  whole  eco- 
system. (See  also  W9 1-07424)  (Medina-PTT) 
W9 1-07440 


FORESTED  WETLANDS  OF  POLAND. 

Polish  Academy  of  Sciences,  Mikolajki.   Inst,  of 

Ecology. 

A.  J.  Szczepanski. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.  p  437-446.  4  fig,  3  tab,  36  ref. 

Descriptors:  'Plant  populations,  'Poland, 
'Swamps,  'Wetland  forests,  'Wetlands,  Alder 
trees,  Bogs,  Cycling  nutrients,  Ecosystems,  Fens, 
Flooding,  Marshes,  Pine  trees,  Reviews,  Soil  types, 
Succession,  Vegetation,  Willow  trees. 

Timber  from  forested  wetlands  of  Poland  have 
little  economic  value,  thus  very  few  ecosystem 
studies  have  been  made  on  its  forested  wetlands 
except  for  phytosociological  aspects.  More  than 
27.5%  of  Poland  is  forested  and  about  5%  of  the 
country  is  covered  with  wetlands,  but  no  more 
than  1.5  to  2.2%  can  be  recognized  as  forested 
wetlands.  Three  main  types  are  recognized:  (1) 
Willow-shrub  wetland:  a  stage  in  the  development 
of  alder  or  birch  swamps  from  marshes  and  fens; 
(2)  Alder  swamps:  the  main  type  of  forested  wet- 
land; (3)  Pine  swamps:  found  on  mineral-poor 
raised  bogs.  There  are  many  transition  stages  be- 
tween these  wetlands  and  adjacent  vegetation 
where  flooding  is  of  shorter  duration.  Riverside 
willow  thickets  and  woody  fringes  bordering 
water  bodies  and  water-courses  are  also  included. 
There  are  other  forest  types  in  moist  places,  and 
these  are  classified  as  associations.  An  example  is 
the  alder-ash  or  Alno-Padion  association.  These 
forests  on  river  alluvia  are  flooded  every  year  for  a 
short  period  only.  Thereafter,  the  water  subsides  to 
more  than  50  cm  below  the  soil  surface  for  most  of 
the  year.  Succession,  soils,  litter  production,  de- 
composition and  nutrient  cycling  of  these  forests 
are  reviewed.  (See  also  W9 1-07424)  (Medina-PTT) 
W9 1-07441 


SYNTHESIS  AND  SEARCH  FOR  PARADIGMS 
IN  WETLAND  ECOLOGY. 

Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
A.  E.  Lugo,  M.  M.  Brinson,  and  S.  Brown. 
IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  447-460.  8  fig,  3  tab,  23  ref. 

Descriptors:     'Ecosystems,     'Literature     review, 
•Swamps,   'Wetland   forests,   'Wetlands,  Cypress 


swamps,    Ecology,    Forest    management,    Human 
use,  Hydroperiod,  Peat  bogs. 

Observations  on  the  forested  wetlands  of  over  50 
countries  by  16  contributors  are  presented.  Exten- 
sive literature  and  many  patterns  of  forested  wet- 
land response  to  environmental  factors  are  re- 
viewed. The  bulk  of  information  on  forested  wet- 
lands from  many  parts  of  the  world  tends  to  be 
floristic,  or  it  focuses  on  individual  species  or 
phenomena.  Descriptions  of  ecosystem  structure 
and  dynamics,  hydroperiod,  and  biogeochemistry 
are  not  abundant.  Bruenig's  work  on  the  physiog- 
nomy of  peat  swamps  and  Myer's  study  of  hydro- 
period  in  Costa  Rican  palm  swamps  are  exceptions. 
These  kinds  of  data  are  critical  for  advancing  the 
understanding  of  forested  wetlands  and  for  proper- 
ly managing  and  assessing  their  role  in  the  land- 
scape. Fewer  still  are  experimental  approaches  on 
these  ecosystems.  Paradigms  of  forested  wetland 
ecology  are  reviewed,  and  patterns  of  ecosystem 
response  which  could  be  tested  in  the  future  are 
proposed.  Reference  is  made  to  the  work  of  Odum 
for  an  overview  of  what  is  known  about  cypress 
wetlands,  including  detailed  discussions  of  diurnal, 
seasonal,  and  long-term  patterns  of  ecosystem 
function,  regional  role  of  wetlands,  wetland  values, 
and  human  use.  It  is  proposed  that  the  principles  of 
forested  wetland  ecology  are  the  same  as  those  for 
other  wetland  types.  (See  also  W9 1-07424) 
(Medina-PTT) 
W9 1-07442 


CARBON  DYNAMICS  IN  EUTROPHIC,  TEM- 
PERATE LAKES. 

Elsevier  Science  Publishing  Co.,  New  York.  1986. 
284p.  Edited  by  Bo  Riemann  and  Morten  Sonder- 
gaard. 

Descriptors:  'Aquatic  productivity,  'Carbon 
cycle,  'Eutrophic  lakes,  'Limnology,  'Microorga- 
nisms, 'Organic  carbon,  'Plankton,  Aquatic  bacte- 
ria, Biotransformation,  Dynamics,  Fish,  Food 
chains,  Lake  ecology,  Metabolism,  Organic  matter, 
Phytoplankton,  Reviews,  Temperate  zone,  Water 
chemistry,  Zooplankton. 

Papers  dealing  with  pools,  pathways,  fluxes  and 
transformation  of  organic  matter  in  the  pelagic 
zone  of  eutrophic,  temperate,  lakes  are  presented. 
The  work  was  conducted  by  a  Danish  Natural 
Science  Research  Council  temporary  research 
group.  Although  priority  was  given  to  interactions 
between  planktonic  microorganisms  and  their  sur- 
rounding environments,  some  attention  was  also 
paid  to  changes  in  biological  structure  and  carbon 
pathways  induced  from  higher  tropic  levels,  e.g., 
by  planktivorous  fish.  Dissolved  organic  carbon  in 
lakes,  phytoplankton,  bacteria,  zooplankton,  and 
planktivorous  fish  are  among  the  topics  covered. 
In  addition  production  and  feeding  rates,  evalua- 
tion of  methods  and  data,  and  interactions  between 
organisms  are  also  included  fas  well  as  a  descrip- 
tion of  carbon  metabolism  and  community  regula- 
tion in  eutrophic,  temperate  lakes,  including  the 
carbon  budget  in  both  low-productive  and  highly 
productive  lakes.  (See  W91-07448  thru  W91-07453) 
(VerNooy-PTT) 
W9 1-07447 


DISSOLVED  ORGANIC  CARBON  (DOC)  IN 
LAKES. 

Kongelige   Veterinaer-  og  Landbohoejskole,   Co- 
penhagen (Denmark).  Inst,  of  Microbiology. 
N.  O.  G.  Jorgensen. 

IN:  Carbon  Dynamics  in  Eutrophic,  Temperate 
Lakes.  Elsevier  Science  Publishing  Co.,  New 
York.  1986.  p  5-24.  3  fig,  2  tab,  9  ref. 

Descriptors:  'Carbon  cycle,  'Dissolved  organic 
carbon,  'Dissolved  solids,  'Eutrophic  lakes,  'Lake 
ecology,  'Limnology,  Aquatic  bacteria,  Biotrans- 
formation, Chemical  composition,  Humic  sub- 
stances, Organic  compounds,  Particulate  matter, 
Photosynthesis,  Phytoplankton,  Primary  produc- 
tivity, Zooplankton. 

The  principal  producers  of  organic  matter  in  pe- 
lagic ecosystems  are  microscopic  phytoplankton 
organisms.  During  their  photosynthesis  inorganic 
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carbon  is  reduced  and  organic  carbon  compounds 
are  produced.  Phytoplankton  photosynthesis  leads 
to  production  of  both  particulate  organic  matter 
(POM,  the  algae)  and  dissolved  organic  matter 
(DOM,  the  released  compounds).  The  total  amount 
of  dissolved  organic  matter,  determined  as  DOC, 
has  been  measured  in  a  number  of  lakes  of  different 
primary  productivities.  Studies  of  composition  of 
DOM  and  DOC  have  dealt  both  with  different 
molecular-weight  classes  of  the  DOC,  and  with  the 
identification  of  specific  substances.  Humic  sub- 
stances, certain  polysaccharides  and  other  refrac- 
tive compounds  may  occur  in  fairly  large  amounts, 
while  natural  concentrations  of  labile  DOC  com- 
pounds, such  as  free  saccharides,  free  amino  acids 
and  organic  acids,  are  generally  low.  All  aquatic 
organisms  contribute  dissolved  organic  matter  to 
the  ambient  water.  Products  of  release  from  phyto- 
plankton include  organic  acids,  nucleic  acids  and 
their  derivatives,  mono  and  disaccharides,  carbo- 
hydrates, sugar  alcohols,  amino  acids,  peptides, 
proteins  vitamins  and  lipids.  Most  compounds  re- 
leased by  zooplankton,  mainly  cladocerans,  appear 
to  be  organic  nitrogen  compounds,  in  particular 
amino  acids  and  other  primary  amines  although 
organic  phosphorus  compounds  may  also  occur. 
DOC  serves  both  as  a  carbon  and  energy  source  to 
heterotrophic  bacteria,  but  the  bacteria  themselves 
can  also  produce  dissolved  organic  compounds 
during  their  metabolism.  In  general,  the  exact 
sources  of  individual  organic  molecules  cannot  be 
determined  in  natural  waters.  Research  results 
demonstrate  that  concentrations  of  specific  organic 
compounds  generally  cannot  be  related  to  single 
biological  events,  but  that  several  pools  and  proc- 
esses must  be  considered  to  understand  the  dynam- 
ics of  dissolved  organic  compounds.  (See  also 
W9 1-07447)  (VerNooy-PTT) 
W9 1-07448 


PHYTOPLANKTON. 

Aarhus  Univ.  (Denmark).  Botanical  Inst. 

M.  Sondergaard,  and  L.  M.  Jensen. 

IN:  Carbon  Dynamics  in  Eutrophic,   Temperate 

Lakes.    Elsevier    Science    Publishing    Co.,    New 

York.  1986.  p  27-126.  38  fig,  7  tab,  252  ref. 

Descriptors:  'Biotransformation,  *Carbon  cycle, 
•Eutrophic  lakes,  'Limnology,  'Organic  carbon, 
'Phytoplankton,  'Primary  production,  Data  inter- 
pretation, Denmark,  Dissolved  organic  carbon, 
Eutrophication,  Laboratory  methods,  Reviews, 
Seasonal  variation,  Species  composition,  Surveys, 
Temperate  zone,  Zooplankton. 

Carbon  utilization  in  the  phytoplankton  communi- 
ty, primary  production  and  methods  to  measure 
the  flow  of  extracellular  organic  carbon  (EOC)  to 
bacteria  and  the  fate  of  algal  carbon  upon  death 
were  studied.  In  the  majority  of  eutrophic  lakes 
lacking  large  littoral  zones  and  in  hypereutrophic 
lakes,  the  planktonic  microalgae  totally  dominate 
the  input  of  organic  carbon.  A  survey  of  the  phy- 
toplankton in  eutrophic,  temperate  lakes  is  given. 
The  composition  of  the  phytoplankton  and  its  sea- 
sonal succession  are  discussed,  and  changes  in 
composition  caused  by  shifts  in  trophic  status  due 
to  eutrophication  processes  or  manipulation  experi- 
ments, are  demonstrated.  Examples  from  Danish 
lakes  are  used  extensively  for  illustration  and  a 
survey  is  given  of  the  most  important  phytoplank- 
ton classes  in  eutrophic  lakes,  and  their  occur- 
rence. Phytoplankton  assimilation  of  dissolved  in- 
organic carbon  (DIC),  its  reduction  to  organic 
compounds  and  the  build  up  of  algal  biomass  are 
the  origin  of  the  carbon  cycle.  The  two  major 
routes  from  phytoplankton  to  other  biological 
components  are  a  direct  utilization  of  particles  by 
zooplankton  grazing  and  the  detrital  pathway, 
which  represents  organic  carbon  transformed  to 
DOC  and  utilized  by  bacteria  for  growth  and 
maintenance  energy.  Current  methods  of  investi- 
gating the  algal  release  and  bacterial  utilization  of 
EOC  are  presented,  with  emphasis  on  methodolo- 
gy, theoretical  and  practical  assumptions,  limita- 
tions and  recent  improvements.  Due  to  its  ease,  the 
14C-method  has  today  become  the  most  widely 
used  way  to  measure  primary  production,  although 
data  interpretation  is  by  no  means  easy.  Topics 
presented  include  examples  and  controlling  factors 
of  extracellular  release  of  EOC  and  the  composi- 
tion, decomposition  of  extracellular  products  and 


photoplankton  lysis.  (See  also  W9 1-07447)  (Ver- 
Nooy-PTT) 
W9 1-07449 


BACTERIA. 

Copenhagen    Univ.,    Hilleroed    (Denmark).    Det 

Ferskvands-Biologiske  Lab. 

B.  Riemann,  and  M.  Sondergaard. 

IN:  Carbon  Dynamics  in  Eutrophic,   Temperate 

Lakes.    Elsevier    Science    Publishing    Co.,    New 

York.    1986.   p    127-197.   20  fig,    12  tab,   214  ref. 

Descriptors:  'Aquatic  bacteria,  'Bacterial  metabo- 
lism, 'Bacterial  productivity,  'Eutrophic  lakes, 
'Limnology,  'Secondary  productivity,  Biomass, 
Carbon  cycle,  Growth  rates,  Laboratory  methods, 
Lake  ecology,  Organic  carbon,  Phytoplankton, 
Reviews. 

Knowledge  on  the  ecological  importance  of  aquat- 
ic bacteria  has  increased  dramatically  during  the 
last  few  years.  A  number  of  recent  methodological 
improvements  and  new  techniques  have  enabled 
the  aquatic  ecologist  to  estimate  the  bacterial  sec- 
ondary production  in  natural  environments.  Sever- 
al methods  to  determine  bacterial  growth  rates  are 
discussed  including  3H-thymidine  incorporation 
into  DNA;  frequency  of  dividing  cells  (FDCX); 
sulfate  uptake  and  incorporation  into  protein;  dark 
fixation  of  carbon  dioxide;  increase  in  cell  num- 
bers, cell  biomass  or  ATP;  and  3H-adenine  incor- 
poration into  DNA  and  RNA.  A  summary  is  made 
of  bacterial  production  rates  in  eutrophic  lakes, 
incorporating  diel,  vertical  and  seasonal  changes. 
A  discussion  of  bacterial  assimilation  of  organic 
compounds  incorporates  a  multi-concentration  ap- 
proach using  Michaelis-Menten  saturation  kinetics 
as  well  as  a  single-substrate  approach.  Carbon  from 
phytoplankton  is  a  potential  substrate  capable  of 
supporting  bacterial  production.  It  has  been  seen 
that  rapid  changes  in  the  size  of  the  bacterial 
biomass  in  natural  populations  may  occur,  and  is 
caused  by  both  macrozooplankton  (Daphnia)  and 
microheterotrophic  flagellates.  (See  also  W91- 
07447)  (VerNooy-PTT) 
W9 1-07450 


ZOOPLANKTON. 

Copenhagen    Univ.,    Hilleroed    (Denmark).    Det 

Ferskvands-Biologiske  Lab. 

S.  Bosselmann,  and  B.  Riemann. 

IN:   Carbon   Dynamics  in   Eutrophic,   Temperate 

Lakes.    Elsevier    Science    Publishing    Co.,    New 

York.  1986.  p  199-236.  11  fig,  4  tab,  131  ref. 

Descriptors:  'Carbon  cycle,  'Eutrophic  lakes, 
'Grazing,  'Lake  ecology,  'Limnology,  'Zoo- 
plankton, Algae,  Bacteria,  Feeding  rates,  Particu- 
late matter,  Phytoplankton,  Reviews,  Seasonal  var- 
iation, Species  composition. 

Natural  populations  of  zooplankton  in  lakes  com- 
prise species  ranging  in  size  from  a  few  microns  up 
to  several  centimeters.  Lack  of  suitable  methods 
have  made  a  close  examination  of  the  grazing  on 
organic  particulate  matter  difficult.  The  spatial  het- 
erogeneity and  diel  changes  in  grazing  make  the 
estimation  of  grazing  of  the  zooplankton  communi- 
ty extremely  difficult.  A  list  of  the  most  abundant 
zooplankton  species  in  eutrophic  lakes  will  com- 
prise few  species  of  Crustacea  and  Rotifera.  The 
feeding  of  zooplankton  depends  on  various  endog- 
enous and  environmental  factors;  feeding  rates  in 
natural  plankton  communities  should  be  expressed 
by  the  ingestion  rate  regarding  the  zooplankton 
and  by  the  grazing  rate  regarding  the  phytoplank- 
ton. Methods  to  determine  zooplankton  grazing 
include  the  use  of  14C-labeled  algae  and  bacteria  as 
food.  A  table  of  the  maximum  ingestion  rates  of 
various  species  of  Cladocera  and  Copepoda  is 
given.  A  summary  of  the  quantitative  relationships 
between  phytoplankton  and  zooplankton  in  lakes 
over  all  of  the  seasons  is  made  in  an  attempt  to 
understand  the  growth  and  grazing  of  natural  zoo- 
plankton populations  in  eutrophic  lakes.  The  lack 
of  suitable  methods  to  determine  bacterial  produc- 
tion influences  the  interpretation  of  results  ob- 
tained from  zooplankton  grazing  on  natural  bacte- 
rial assemblages.  Considering  the  knowledge  about 
the  flux  of  organic  matter  from  both  phytoplank- 
ton  and   bacterial   to   zooplankton,   an   important 


question   is  the  extent   to   which   either  of  these 
potential  food  sources  dominate  the  food  for  zoo- 
plankton in  natural  environments.  (See  also  W91- 
07447)  (VerNooy-PTT) 
W9 1-07451 


FISH  COMMUNITY  OF  TEMPERATE  EUTRO- 
PHIC LAKES. 

Lund  Univ.  (Sweden).  Limnological  Inst. 

L.  Johansson,  and  L.  Persson. 

IN:   Carbon   Dynamics  in  Eutrophic,   Temperate 

Lakes.    Elsevier    Science    Publishing    Co.,    New 

York.  1986.  p  237-266.  1 1  fig,  6  tab,  1 19  ref. 

Descriptors:  'Eutrophic  lakes,  'Fish,  'Fish  food 
organisms,  'Lake  ecology,  'Lake  fisheries,  'Lim- 
nology, Biomass,  Carp,  Eutrophication,  Fish  phys- 
iology, Perch,  Reviews,  Salmon,  Temperate  zone, 
Trophic  level. 

The  number  of  studies  on  biomass,  production  and 
ingestion  rates  carried  out  on  fish  in  eutrophic 
lakes  are  very  low  compared  to  studies  on  bacteria, 
phytoplankton  and  zooplankton.  This  paucity  of 
studies  makes  it  difficult  to  discuss  general  patterns 
at  the  fish  level  in  lakes  in  terms  of  quantitative 
rates.  In  recent  years,  only  two  main  approaches 
have  been  used  to  estimate  the  rate  of  food  con- 
sumption in  fishes;  one  based  upon  direct  estima- 
tion of  food  consumption  in  the  field;  and  one 
based  on  a  combination  of  laboratory  estimated 
metabolic  demands  and  field  data  on  growth,  stom- 
ach contents  and  temperature.  Eutrophication  of 
lakes  affects  the  fish  community  both  with  respect 
to  changes  in  total  biomass  and  species  composi- 
tion. The  main  change  in  species  composition  with 
a  change  from  oligotrophic  to  mesotrophic  condi- 
tions is  the  replacement  of  salmonids  with  percids 
as  the  most  common  group  in  the  fish  community. 
Effects  of  fish  predation  on  the  zooplankton  com- 
munity have  been  documented  in  a  vast  number  of 
studies.  In  eutrophic  lakes,  these  effects  are  more 
pronounced  for  cyprinid  species  than  for  other 
species,  and  effects  on  primary  production  and 
water  chemistry  have  also  been  documented.  The 
existence  of  these  strong  effects  suggest  that  the 
interactions  between  different  trophic  levels  are 
tightly  interconnected  and  only  by  covering  the 
whole  trophic  web  including  fish  will  it  be  possible 
to  understand  the  dynamics  of  eutrophic  lakes. 
(See  also  W9 1-07447)  (VerNooy-PTT) 
W9 1-07452 


CARBON  METABOLISM  AND  COMMUNITY 
REGULATION  IN  EUTROPHIC,  TEMPERATE 
LAKES. 

Copenhagen    Univ.,    Hilleroed    (Denmark).    Det 

Ferskvands-Biologiske  Lab. 

B.  Riemann,  M.  Sondergaard,  L.  Persson,  and  L. 

Johansson. 

IN:  Carbon   Dynamics  in   Eutrophic,   Temperate 

Lakes.    Elsevier    Science    Publishing    Co.,    New 

York.  1986.  p  267-283.  6  fig,  3  ref. 

Descriptors:  'Aquatic  productivity,  'Carbon 
cycle,  'Eutrophic  lakes,  'Lake  ecology,  'Limnolo- 
gy, 'Metabolism,  'Model  studies,  Dynamics,  Envi- 
ronmental effects,  Plankton,  Temperate  zone. 

A  synthesize  of  of  the  roles  of  phytoplankton, 
bacteria,  zooplankton  and  fish  in  freshwater  envi- 
ronments was  conducted  using  two  general  carbon 
flow  models.  One  model  describes  a  moderately 
low-productive  lake  with  phytoplankton  produc- 
tions of  60  g  carbon/sq  m/year;  the  other  a  pro- 
ductive lake  with  yearly  phytoplankton  production 
of  600  g  carbon/sq  m/year.  The  presentation  of 
these  two  carbon  budgets  is  used  to  illustrate 
changes  in  community  carbon  metabolism  as  a 
function  of  eutrophication.  The  models,  presented 
as  diagrams,  includes  five  compartments  of  stand- 
ing stock:  phytoplankton,  bacteria,  microzooplank- 
ton,  macrozooplankton  and  fish.  Transport  of 
carbon  into  and  out  of  each  compartment  is  indi- 
cated with  arrows,  with  numbers  indicating  specif- 
ic processes  such  as  respiration,  excretion,  sedi- 
mentation and  predation  (grazing).  Comparison  be- 
tween low  and  highly  productive  lakes  assumes 
that  such  systems  are  at  or  close  to  equilibrium 
conditions.  However,  environmental  factors  such 
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as  winter  and  summer  kills  may  push  the  fish 
community  away  from  equilibrium  conditions  and 
start  a  number  of  feedback  mechanisms  cascading 
down  on  lower  trophic  levels.  Incorporating  such 
factors  into  analysis  will  further  increase  under- 
standing of  the  dynamics  of  freshwater  systems. 
(See  also  W9 1-07447)  (VerNooy-PTT) 
W9 1-07453 


ACID  WATERS  IN  WALES. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07472 


CHEMICAL  AND  ECOLOGICAL  EVIDENCE 
ON  THE  ACIDIFICATION  OF  WELSH  LAKES 
AND  RIVERS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

S.  J.  Ormerod.  and  A.  S.  Gee. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 

cae   Volume    66.    Kluwer   Academic    Publishers, 

Norwell,  Massachusetts.  1990.  p  11-25.  8  fig,  1  tab, 

33  ref. 

Descriptors:  *Acid  rain  effects,  *Acidification, 
•Ecology,  *Lake  acidification,  *Rivers,  'Wales, 
Air  pollution,  Conifers,  Diatoms,  Fisheries,  For- 
ests, Land  use,  Moorlands,  Reforestation,  Surface 
water   records,   Water  chemistry,   Water  quality. 

The  use  of  historical  data  on  chemical  and  ecologi- 
cal change  to  describe  trends  in  acidification  in 
Wales  is  reviewed  from  four  perspectives:  (1)  spa- 
tial comparisons  between  streams  draining  conifer 
and  moorland;  (2)  historical  data  on  water  quality; 
(3)  historical  data  on  ecology;  and  (4)  historical 
data  on  fisheries.  It  was  found  that  unlike  evidence 
from  diatom  studies,  there  are  major  problems  in 
examining  the  evidence  for  acidification  on  the 
basis  of  historical  data  on  chemistry,  ecology  or 
fisheries.  Often  such  data  are  scarce  or  collected 
only  on  an  'ad  hoc'  basis  which  precludes  a  general 
assessment  of  long-term  chemical  or  biological 
change  at  the  Welsh  regional  level.  Where  data  are 
available,  difficulties  of  interpretation  arise  from 
changes  in  methods,  study  site  or  frequency  of 
measurement.  The  causes  of  change  are  also  diffi- 
cult to  identify  since  none  of  the  available  data 
have  been  collected  for  this  purpose.  Nevertheless, 
there  are  instances  where  ecological  and  chemical 
data  are  corroborative  in  indicating  increased  acid- 
ity over  recent  decades.  Pronounced  changes 
appear  to  have  been  in  water  catchments  which 
contain  conifer  plantations,  with  evidence  accumu- 
lated from  pH  records,  acidification  indices  and 
declines  among  biological  indicators.  Such  change 
is  consistent  with  what  probably  has  occurred 
since  afforestation  to  create  present-day  differences 
between  some  moorland  and  forest  streams.  Such 
changes  are  also  consistent  with  the  acidification 
processes  identified  in  afforested  catchments.  A 
measured  decline  in  pH  in  moorland  streams  might 
also  be  consistent  with  acidification  in  systems 
independent  of  forest  presence,  as  indicated  by 
diatom  studies,  although  the  change  in  pH  over 
recent  decades  was  not  greater  than  that  expected 
by  measurement  error.  (See  also  W9 1-07472) 
(Agostine-PTT) 
W9 1-07473 


RECENT  ACIDIFICATION  OF  UPLAND 
LAKES  IN  NORTH  WALES:  PALAEOLIMNO- 
LOGICAL  EVIDENCE. 

Minnesota  Univ.,  Minneapolis.  Limnological  Re- 
search Center. 

S.  C.  Fritz,  A.  M.  Kreiser,  P.  G.  Appleby,  and  R. 
W.  Battarbee. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae  Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  27-37.  3  fig,  3  tab, 
14  ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
•Air  pollution,  'Lake  acidification,  'Limnology, 
•Paleolimnology,  'Pollution  effects,  'Wales,  Case 
studies.  Diatoms,  Forests,  Geochemistry,  Hydro- 
gen ion  concentration.  Moorlands,  Paleoecology, 
Pollen,  Reforestation,  Sediment  analysis,  Water- 
sheds. 


Diatoms  are  sensitive  indicators  of  various  limno- 
logical conditions,  and  the  distribution  of  many 
taxa  is  strongly  related  to  lakewater  pH  or  factors 
correlated  with  pH.  Indices  and  predictive  equa- 
tions based  on  this  relationship  allow  the  quantita- 
tive reconstruction  of  past  lakewater  pH  from 
diatom  remains  in  lake  sediments.  The  magnitude, 
timing,  and  causes  of  recent  lake  acidification  in 
both  moorland  and  afforested  catchments  in  the 
Welsh  uplands  were  evaluated.  Diatom-based  re- 
construction techniques  and  Pb-210  dating  were 
used  to  evaluate  evidence  for  recent  acidification 
of  lakes  and  carbonaceous  particles,  magnetic  and 
geochemical  analyses  were  used  to  trace  the  depo- 
sitional  history  of  atmospheric  pollutants  at  each 
site.  Documentary  records  of  catchment  history 
and  pollen  and  geochemical  analyses  of  the  lake 
sediments  were  used  to  evaluate  whether  any  ob- 
served acidification  can  be  correlated  with  changes 
in  grazing  pressure  or  burning  in  moorland  catch- 
ments or  with  ploughing  and  forest  growth  in 
afforested  lake  catchments.  Analyses  have  been 
completed  from  one  afforested  and  six  non-affor- 
ested lakes  in  mid  and  north  Wales.  Case  studies 
are  given  of  a  moorland  catchment  and  an  afforest- 
ed catchment.  Results  and  similar  palaeoecological 
analyses  from  other  sites  in  north  and  mid  Wales 
suggest  extensive  acidification  of  upland  lakes  has 
occurred  since  1850.  The  onset  of  acidification  has 
varied  between  sites  from  as  early  as  1850  to  the 
mid-1940's.  The  pattern  of  acidification  also  varies 
greatly,  with  a  rapid  decline  in  pH  at  some  sites 
and  a  more  gradual  decline  at  others.  The  magni- 
tude of  pH  decline  ranges  from  0.5  to  1.5  units. 
This  variability  in  the  timing,  rate,  and  magnitude 
of  acidification  clearly  suggests  that  catchment 
characteristics  play  an  important  role  in  lake  re- 
sponse to  increased  deposition  of  acid  pollutants. 
(See  also  W9 1-07472)  (Agostine-PTT) 
W9 1-07474 


ROLE  OF  ACIDITY  IN  THE  ECOLOGY  OF 
WELSH  LAKES  AND  STREAMS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07479 


EFFECTS  OF  ACIDIFICATION  ON  FISH  AND 
FISHERIES  IN  WALES. 

NRA  Welsh  Region,  Caernarfon. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07480 


ECOTOXICOLOGICAL  STUDIES  OF  ACIDITY 
IN  WELSH  STREAMS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07482 


VEGETATION  AND  FLORA  OF  OPENED  HY- 
DROPHYTIC  AREAS:  DAMS  AND  STREAM 
SWAMPS  IN  THE  CENTRE-EAST  OF  IVORY 
COAST  (VEGETATION  ET  FLORE  DE  MI- 
LIEUX HYDROPHYTIQUE  OUVERTS:  BAR- 
RAGES ET  BASFONDS  DE  RIVIERES,  DU 
CENTRE-EST  DE  LA  COTE-DTVOIRE). 
Universite  Nationale  de  Cote  d'lvoire,  Abidjan. 
Lab.  de  Botanique. 

For   primary   bibliographic   entry   see   Field    6G. 
W9 1-07527 


CHANGE  OF  WATER  ENVIRONMENT  IN 
YANGZHUOYONG  LAKE,  TIBET  (IN  CHI- 
NESE). 

Sichuan  Research  and  Monitoring  Inst,  of  Envi- 
ronmental Protection,  Chengdu  (China). 
For   primary   bibliographic   entry   see   Field   6G. 
W91-07536 


INVESTIGATION  ON  SILT  SOURCE  OF 
POYANG  LAKE  AND  RECENT  SEDIMENT 
REGULARITY  OF  THE  LAKE  BASIN  (IN  CHI- 
NESE). 

Hydrometerological  Experiment  Station  of 
Poyang  Lake,  Xingzi  (China). 


D.  G.  Xiong. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 
Hu  Chao)  HYHCAG,  Vol.  21,  No.  4,  p  285-292, 
1990,  1  fig,  6  tab,  3  ref.  English  summary. 

Descriptors:  'Deposition,  'Lake  sediments, 
•Poyang  Lake,  'Sediment  sources,  'Sediment 
transport,  'Sedimentation,  'Silting,  China,  Lake 
basins,  Lake  morphometry,  Sediment  erosion, 
Sediment  load,  Sedimentation  rates. 

The  sediment  deposited  in  Poyang  Lake,  China, 
comes  from  five  rivers:  the  Ganjiang,  Fuhe,  Xin- 
jiang, Raohe  and  the  Xiushui.  The  lake  basin  has 
an  area  of  464,664  sq  km.  The  mean  annual  load  of 
suspended  sediment  is  20,095,000  tons  and  the 
mean  annual  accumulation  of  sediment  is 
11,317,000  tons.  The  rate  of  deposition  is  1.6  mm/ 
year  for  the  entire  basin  and  1.7  mm/year  for  the 
sediment  contour  line.  Most  of  the  deposition 
occurs  from  April  to  October.  Periods  of  erosion 
occur  from  November  to  March.  June  has  the 
maximum  deposition  of  4,759,000  tons.  The  largest 
deposits  are  located  between  13  and  16  m  above 
sea  level  and  contain  63.7%  of  the  deposited  mate- 
rial. The  sediment  deposits  in  Poyang  Lake  will 
tend  to  increase,  since  the  water  level  of  its  outlet, 
the  middle  and  lower  Changjiang  (Yangtze)  River, 
is  gradually  rising.  (Author's  abstract) 
W91-07539 


EMERGENCE  OF  STONEFLIES  (PLECOP- 
TERA)  FROM  THE  ROSEAU  RIVER,  MANITO- 
BA. 

Department   of  Fisheries  and   Oceans,   Winnipeg 
(Manitoba).  Freshwater  Inst. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07550 


INFLUENCE  OF  A  FLOOD  EVENT  ON  PHY- 
TOPLANKTON  SUCCESSION. 

Zurich  Univ.,  Kilchberg  (Swizerland).  Hydrobio- 

logical-Limnological  Station. 

F.  Elber,  and  F.  Schanz. 

Aquatic  Sciences  AQSCEA,  Vol.  52,  No.  4,  p  330- 

344,  1990.  8  fig,  1  tab,  51  ref. 

Descriptors:  'Floods,  'Lake  ecology,  'Limnology, 
•Phytoplankton,  'Population  dynamics,  'Switzer- 
land, Flagellates,  Lake  Lucerne,  River  Reuss,  Sea- 
sonal variation,  Species  composition,  Succession, 
Urnersee. 

The  effect  of  the  August  1987  River  Reuss  flood 
event  on  the  phytoplankton  biocoenosis  in  Lake 
Uri  (Urnersee,  part  of  Lake  Lucerne,  Switzerland) 
was  investigated  first  by  comparing  biological, 
chemical  and  physical  data  sampled  before  the 
event  with  equivalent  data  sampled  after  the  event; 
and  second  by  comparing  the  phytoplankton  suc- 
cession in  1987  with  that  occurring  in  the  flood- 
free  year  of  1989.  As  a  result  of  the  flood,  there 
were  changes  in  the  physical  and  chemical  envi- 
ronment of  the  phytoplankton  which  altered  the 
composition  of  the  phytoplankton  community.  The 
phytoplankton  community  existing  before  the 
flood,  which  was  dominated  by  the  slow  growing 
species  Tabellaria  fenestrata,  was  replaced  by  a 
biocoenosis  characterized  mainly  by  various  fast- 
growing  species  of  flagellates,  which  represent  a 
typical  spring  successional  stage.  After  the  flood, 
the  return  to  stable  physical  and  chemical  condi- 
tions was  followed  by  the  reestablishment  of  the 
successional  stage  which  had  existed  before  the 
flood  (termed  reversion).  (Author's  abstract) 
W9 1-07  5  54 


EFFECT  OF  LIGHT  ON  THE  RELEASE  OF 
ORGANIC  COMPOUNDS  BY  THE  CYANO- 
BACTERIUM  OSCILLATORIA  RUBESCENS. 

Institut  National  de  la  Recherche  Agronomique, 

Thonon-les-Bains  (France).  Station  d'Hydrobiolo- 

gie  Lacustre. 

M.  Feuillade,  J.  Feuillade,  and  V.  Fiala. 

Aquatic  Sciences  AQSCEA,  Vol.  52,  No.  4,  p  345- 

359,  1990.  5  fig,  3  tab,  39  ref. 

Descriptors:  'Algal  physiology,  'Cyanophyta, 
•Dissolved  organic  carbon,  'Light  effects.  *Lim- 
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nology,  *Oscillatoria,  *  Photosynthesis,  'Water 
chemistry,  Amino  acids,  Carbon  radioisotopes, 
Electrophoresis,  Glucose,  Liquid  chromatography, 
Thin  layer  chromatography. 

The  effect  of  light  intensity  on  the  release  of 
dissolved  organic  carbon  during  photosynthesis  on 
carbon-14  sodium  bicarbonate  was  investigated 
using  the  phytoplanktonic  cyanobacterium  Oscilla- 
toria  rubescens.  The  released  products  were  frac- 
tionated by  molecular  size  and  chemical  identifica- 
tions attempted  using  combined  thin-layer  electro- 
phoresis and  chromatography,  and  high  pressure 
liquid  chromatography.  Light  had  little  effect  on 
the  quantity  and  composition  of  the  released  prod- 
ucts when  subjected  to  irradiances  within  the 
range  of  6-60  micromoles/sq  m/sec.  However,  the 
upper  range  inhibited  photosynthesis  of  O.  rubes- 
cens. The  released  carbon  was  always  lower  than 
3%  of  the  incorporated  carbon,  and  mainly  com- 
posed (62-86%)  by  small  molecular  weight  com- 
pounds. The  prevailing  identified  compounds  were 
amino  acids  which  represented  more  than  20%  of 
the  recovered  radioactivity.  Glucose  was  the  only 
identified  sugar.  (Author's  abstract) 
W91-07555 


CHANGES  IN  THERMAL  STRUCTURE  OF 
MODERATE  TO  LARGE  SIZED  LAKES  IN  RE- 
SPONSE TO  CHANGES  IN  AIR  TEMPERA- 
TURE. 

Western   Australia    Univ.,    Nedlands.    Centre   for 

Water  Research. 

D.  M.  Robertson,  and  R.  A.  Ragotzkie. 

Aquatic  Sciences  AQSCEA,  Vol.  52,  No.  4,  p  360- 

380,   1990.  7  fig,  2  tab,  36  ref.  NSF  Long-Term 

Ecological    Research    Program,    Contract    BSR 

85114330. 

Descriptors:  *Air  temperature,  'Climatic  changes, 
'Greenhouse  effect,  'Lake  Mendota,  'Lakes, 
'Limnology,  'Temperature  effects,  'Thermal 
stratification,  'Water  temperature,  'Wisconsin, 
Epilimnion,  Global  warming,  Hypolimnion,  Math- 
ematical models,  Statistical  models,  Thermocline. 

Interannual  variability  in  the  thermal  structure  of 
lakes  is  driven  by  interannual  differences  in  mete- 
orological conditions.  Dynamic  or  mechanistic 
models  and  empirical  or  statistical  methods  have 
been  used  to  integrate  the  physical  processes  in 
lakes  enabling  the  response  of  the  thermal  struc- 
ture to  changes  in  air  temperature  to  be  deter- 
mined. Water  temperature  records  of  Lake  Men- 
dota, Wisconsin,  are  possibly  the  most  extensive 
for  any  dimictic  lake  in  the  world  and  allowed 
both  approaches  to  be  used.  Results  from  both 
techniques  suggest  the  mixed  layer  temperature 
increases  with  increasing  air  temperature.  Results 
from  the  empirical  approach  suggested  epilimnion 
temperatures  increase  0.5  to  1.0  C  per  1.0  C  in- 
crease in  air  temperature  compared  to  0.4  to  0.85  C 
estimated  from  a  dynamical  model  (DYRESM). 
Increased  air  temperatures  are  related  to  significant 
warming  in  deep  water  temperatures  in  the  ab- 
sence of  stratification;  however,  mid  summer  hy- 
polimnion temperatures  are  expected  to  change 
very  little  or  increase  only  slightly  in  response  to 
climatic  warming.  Both  approaches  suggest  in- 
creases in  air  temperatures  increase  the  length  of 
summer  stratification;  results  from  the  dynamic 
model  suggest  an  increase  of  approximately  5  days 
per  1  C  increase  in  air  temperature.  Longer  stratifi- 
cation is  reflected  in  shallower  late  summer  ther- 
mocline depths.  With  these  quantitative  relation- 
ships and  forecast  increases  in  air  temperature  for 
the  2  x  C02  climatic  scenario  (Greenhouse  Effect) 
from  three  General  Circulation  Models,  projec- 
tions are  made  describing  the  changes  in  the  future 
mean  thermal  structure  of  moderate  to  large  sized 
lakes.  (Author's  abstract) 
W9 1-07556 


VERTICAL  EXCHANGE  DUE  TO  HORIZON- 
TAL DENSITY  GRADIENTS  IN  LAKES;  THE 
CASE  OF  LAKE  LUCERNE. 

Eidgenoessische  Technische   Hochschule,   Zurich 

(Switzerland).  Inst,  fuer  Mikrobiologisches. 

D.  C.  van  Senden,  R.  Portielje,  A.  Borer,  H. 

Ambuhl,  and  D.  M.  Imboden. 

Aquatic  Sciences  AQSCEA,  Vol.  52,  No.  4,  p  381- 


398,  1990.  8  fig,  5  tab,  14  ref.  Swiss  NSF  Grant  20- 
5429.87. 

Descriptors:  'Density  currents,  'Lake  Lucerne, 
'Limnology,  'Mixing,  'Switzerland,  'Water  qual- 
ity, Conductivity,  Exchange  flow,  Hypolimnion, 
Oxygen  requirements,  Temperature. 

Recent  field  investigations  showed  that  differential 
mixing  causes  a  significant  density  driven  exchange 
between  the  two  eastern  basins  of  Lake  Lucerne, 
Gersauersee  and  Urnersee,  Switzerland.  The  long 
term  vertical  mixing  characteristics  during  the 
winter  mixing  period  and  the  influence  of  the 
resulting  exchange  flow  on  water  quality  were 
examined  through  the  analysis  of  10  years  (1964- 
1974)  of  monthly  limnological  data.  Vertical  ho- 
mogenization  of  the  state  variables  (temperature, 
electric  conductivity  and  density)  averaged  once 
every  two  years  in  Urnersee,  but  not  once  in 
Gersauersee  where  the  ten  year  average  winter 
mixed-layer  depth  extended  to  120  m.  In  Urnersee, 
intense  mixing  was  evident  over  the  whole  water 
column  for  every  year.  In  contrast,  intense  mixing 
in  the  deeper  layers  of  Gersauersee  occurred  ap- 
proximately once  every  four  years.  A  three-layer 
model  showed  that  the  electric  conductivity  at 
reference  temperature  20  C  signature  of  the  Ger- 
sauersee intermediate  water  correlates  best  with 
the  Urnersee  deep  water  confirming  the  regular 
occurrence  of  a  density  driven  exchange.  For  the 
lower  layers,  the  oxygen  consumption  rate  in  Ur- 
nersee was  approximately  twice  that  for  Gersauer- 
see. It  appears  the  exchange  flow  can  act  either  as 
a  source  or  sink  for  the  oxygen  balance  of  Urner- 
see deep  water.  The  larger  rate  in  Urnersee  hypo- 
limnion might  also  be  associated  with  the  larger 
sediment  input  to  this  system.  Density  driven  ex- 
change resulting  from  differential  mixing  is  prob- 
ably an  important  contribution  to  the  vertical 
water  replenishment  in  many  lakes.  (Author's  ab- 
stract) 
W91-07557 


UNIONIDAE  OF  THE  CHAGRIN  RIVER:  THE 
REMNANT  OF  A  MOLLUSCAN  FAUNA. 

Ohio  Dept.  of  Natural  Resources,  Columbus.  Div. 
of  Natural  Areas  and  Preserves. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07572 


PHYTOPLANKTON  SUCCESSION  DURING 
ACIDIFICATION  WITH  AND  WITHOUT  IN- 
CREASING ALUMINUM  LEVELS. 

Kent  State  Univ.,  OH.  Dept.  of  Biological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07660 


WETLANDS:    MITIGATING   AND   REGULAT- 
ING DEVELOPMENT  IMPACTS. 

Urban  Land  Inst.,  Washington,  DC. 

For  primary  bibliographic  entry  see  Field  2L. 
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1984  FLOODING  OF  MALHEUR-HARNEY 
LAKE,  HARNEY  COUNTY,  SOUTHEASTERN 
OREGON. 

Geological    Survey,    Portland,    OR.    Water    Re- 
sources Div. 
L.  L.  Hubbard. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  89- 
4111,  1989.  lp,  4  fig,  2  tab,  1  map,  4  ref. 

Descriptors:  'Flooding,  'Lakes,  'Malheur-Harney 
Lake,  'Maps,  'Oregon,  Evaporation,  Groundwat- 
er movement,  Hydrologic  maps,  Lake  evaporation, 
Lake  morphology,  Precipitation,  Rainfall-runoff 
relationships. 

Malheur,  Mud,  and  Harney  Lakes  are  in  the  largest 
closed  basin  in  Oregon  (about  5,300  sq  mi).  The 
basin  is  in  the  north-central  part  of  Harney  County 
in  southeastern  Oregon.  Total  precipitation  for  the 
7-yr  period  1978-1984  was  150%  of  normal  and 
record-high  runoff  occurred  during  the  3-yr  period 
1982-84.  This  record-high  runoff  in  inflow  streams 


resulted  in  extensive  enlargement  and  joining  of 
Malheur,  Mud,  and  Harney  Lakes,  forming  a  large 
single  body  of  water  that  is  referred  to  as  Malheur- 
Harney  Lakes.  On  June  27,  1984,  Malheur-Harney 
Lake  reached  a  lake-surface  elevation  of  4, 102.4  ft 
above  sea  level,  the  highest  level  in  recorded  histo- 
ry (1903-84),  and  covered  an  area  of  170,000  acres 
(266  sq  mi).  Water  enters  the  Malheur-Harney 
Lake  from  streams,  from  groundwater  springs  and 
seeps,  and  from  precipitation  falling  directly  on  the 
lake  surface.  There  is  no  surface  outflow  from  the 
flooded  lake.  The  only  means  by  which  water  can 
leave  the  system  is  through  evaporation.  The  esti- 
mated groundwater  inflow  to  the  lake  was  120,000 
acre-ft  for  the  1984  water  year,  but  this  calculation 
provides  only  a  gross  estimate  of  net  1984  water 
year  groundwater  inflow  because  it  included  all 
the  estimation  errors  of  the  other  variables  in  the 
water  budget  equation.  The  30-yr,  19511-80,  aver- 
age annual  precipitation  for  Malheur  Refuge  Head- 
quarters is  9.07  inches.  This  average  was  greatly 
exceeded  each  year  for  the  period  1978-84.  The 
inflow  from  direct  precipitation  was  170,000  acre- 
ft  for  the  1984  water  year.  The  Malheur  Refuge 
Headquarters  evaporation  pan  at  Malheur  Lake 
was  not  operated  in  1984,  but  evaporation  pan  data 
were  available  from  the  Malheur  Branch  basin. 
The  average  ratio  of  the  values  for  evaporation 
from  the  Malheur  Refuge  Headquarters  pan  to  the 
Malheur  Branch  Experiment  Station  pan  was  0.9. 
Estimated  monthly  evaporation  was  multiplied  by 
the  average  area  of  the  flooded  lake  surface  for 
each  month  and  totaled  to  determine  the  1984 
annual  evaporation  from  the  lake  surface.  Estimat- 
ed evaporation  from  the  Harney-Malheur  lake  sur- 
face was  520,000  acre-ft  during  1984.  The  inundat- 
ed areas  shown  on  this  map  were  determined  by 
field  inspections  and  by  aerial  photographs  of  the 
shoreline  made  while  the  lake  was  at  an  elevation 
of  4, 102.4  ft.  (Lantz-PTT) 
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POREWATER  ACID/BASE  CHEMISTRY  IN 
NEAR-SHORE  REGIONS  OF  AN  ACIDIC 
LAKE:  THE  INFLUENCE  OF  GROUNDWATER 
INPUTS. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Civil 

Engineering. 

G.  C.  Schafran,  and  C.  T.  Driscoll. 

Biogeochemistry  BIOGEP,  Vol.  11,  No.  2,  p  131- 

150,  November  1990.  8  fig,  1  tab,  45  ref. 

Descriptors:  'Acid  lakes,  'Acid  rain,  'Acidifica- 
tion, 'Alkalinity,  'Interstitial  water,  'Lake  sedi- 
ments, 'Limnology,  'Water  chemistry,  Aluminum, 
Aquatic  life,  Chemical  analysis,  Chemical  interac- 
tions, Groundwater,  Groundwater  movement,  Hy- 
drogen ion  concentration,  Lakes,  Seepage. 

Sediment  pore  waters  in  the  near-shore  region  (i.e., 
within  1  m  of  the  shoreline)  of  an  acidic  lake 
(Dart's  Lake,  NY)  were  monitored  during  the 
summer  of  1983  to  investigate  whether  spatial  vari- 
ations in  porewater  acid/base  chemistry  were  sig- 
nificant in  this  region  of  the  lake.  Results  revealed 
that  the  near-shore  sediment  pore  waters  of  Dart's 
Lake  were  substantially  more  variable  than  was 
previously  observed  in  sediment  porewaters  in 
deeper  parts  of  the  lake  (>  2m  depth).  Inputs  of 
groundwater  appeared  to  be  responsible  for  much 
of  this  variability,  particularly  with  regard  to  pore 
water  redox  conditions.  Acidic  porewater  solu- 
tions with  elevated  levels  of  Al  had  not  been 
previously  observed  in  deeper  water  sediment  pore 
waters  of  the  lake,  but  were  observed  in  some  of 
the  near-shore  sites.  Movement  of  elevated  con- 
centrations of  H(  +  )  and  Al  into  the  lake  from 
these  sediments  appeared  likely  under  the  condi- 
tions observed  in  this  study  and  would  result  in 
lake  water  alkalinity  consumption.  The  occurrence 
of  this  acidic,  Al-rich  groundwater  inputs  could 
influence  fish  spawning,  the  distribution  of  near- 
shore  sediment  dwelling  and  epipelagic  organisms, 
as  well  as  the  distribution  of  aquatic  vegetation. 
(Korn-PTT) 
W91-07836 


OBSERVATIONS  ON  THE  VEGETATION  OF 
SOME  SHALLOW  LAKES  NEAR  THE  MOUTH 
OF  THE  RIO  YPANE,  PARAGUAY  (VEGETA- 
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TIONSKUNDLICHE  BEOBACHTUNGEN  AN 
FLACHWASSERSEEN  NAHE  DER  MUNDUNG 
DES  RIO  YPANE,  PARAGUAY). 

Kiel  Univ.  (Germany,  F.R.).  Botanisches  Inst. 
A.  Wolf. 

Amazoniana  AMAZAP,  Vol.  11,  No.  2,  p  167-184, 
July  1990.  6  fig,  1  tab,  31  ref.  English  summary. 

Descriptors:  'Floating  plants,  'Limnology,  'Litto- 
ral environment,  'Paraguay,  'Ypane  River,  Cattle, 
Flood  plains,  Oxbow  lakes,  Trees,  Tropical  re- 
gions, Vegetation. 

Transects  were  established  to  study  the  floating 
and  littoral  vegetation  of  some  shallow  lakes  near 
the  mouth  of  the  Rio  Ypane  (Paraguay).  The  first 
study  location  represents  the  initial  stages  of  a 
'floating  meadow'  (embalsado)  on  a  small,  nutrient- 
rich  lake.  Within  the  lake  is  a  small,  low  island 
topped  by  a  thick  stand  of  Polygonum  hydropiper- 
oides.  Two  other  sites  are  embalsados,  probably  of 
different  origin,  on  a  'fossil'  floodplain  generated 
by  the  Rio  Ypane.  One  is  partially  bordered  by 
trees  and  has  floating  vegetation  dominated  by 
Salvinia  auriculata.  Zonation  in  the  other  embal- 
sado is  obscured  by  the  intermingling  of  free- 
floating  plants.  Zonation  was  also  studied  on  the 
margin  of  one  of  the  oxbow  lakes  along  the  Rio 
Ypane.  On  the  banks  are  zones  of  Hydrocotyle 
ranunculoides,  Rhynchospora  corymbosa,  and  Cy- 
perus  giganteus.  Pistia  stratiotes  and  other  floating 
vegetation  is  very  thick  near  the  banks.  Cattle 
graze  on  the  western  banks.  These  communities, 
especially  the  grazed  margins  along  the  lakes,  seem 
to  be  widespread  in  the  subtropical  region  of  South 
America.  (Doria-PTT) 
W91-07852 


SPATIO-TEMPORAL  VARIATIONS  IN  THE 
ABUNDANCE  AND  PRODUCTIVITY  OF  BAC- 
TERIOPLANKTON  IN  A  HUMIC  LAKE  ON 
THE  CANADIAN  SHIELD  (VARIATIONS 
SPATIO-TEMPORELLES  DE  L'ABONDANCE 
ET  DE  LA  PRODUCTION  DU  BACTERIO- 
PLANCTON  DANS  UN  LAC  HUMIQUE  DU 
BOUCLIER  CANADIEN). 

Montreal  Univ.  (Quebec).  Dept.  of  Biological  Sci- 
ences. 

Y.  Letarte,  and  B.  Pinel-Alloul. 
Canadian  Journal  of  Microbiology  CJMIAZ,  Vol. 
37,  No.  1,  p  64-73,  January  1991.  6  fig,  4  tab,  88  ref. 
English  summary. 

Descriptors:  'Bacterial  productivity,  'Bacterio- 
plankton,  'Canadian  Shield,  'Lake  ecology,  'Lim- 
nology, 'Physiological  ecology,  Bacteria,  Chloro- 
phyll a,  Correlation  analysis,  Ecological  distribu- 
tion, Epilimnion,  Growth,  Lakes,  Phytoplankton, 
Population  density,  Primary  productivity,  Sam- 
pling, Seasonal  variation,  Spatial  distribution,  Tem- 
poral distribution. 

The  diel  and  summer  variation  of  bacterioplankton 
production  (estimated  from  H3-thymidine  incorpo- 
ration) and  abundance  (direct  count  with  4',6-dia- 
midino-2-phenylindole  staining)  were  followed  at 
four  depths  in  a  Canadian  Shield  humic  lake.  Pro- 
duction was  found  to  be  highest  and  most  variable 
in  the  epilimnion,  but  the  differences  between  pro- 
duction estimates  made  at  different  times  were 
statistically  significant  in  only  5  out  of  16  cases. 
Production  differed  significantly  among  depths  in 
14  out  of  18  trials.  The  renewal  time  of  the  bacte- 
rial community  varied  between  1  and  20  days. 
Bacterioplankton  production  and  primary  produc- 
tion were  uncorrelated,  but  bacterial  production 
and  chlorophyll  a  concentration  were  positively 
correlated.  Small  cocci  represented  between  52% 
and  80%  of  the  bacterial  cells  in  all  samples.  There 
was  no  correspondence  between  bacterial  produc- 
tion and  frequency  of  dividing  cells.  Bacterial  pro- 
duction and  abundance  varied  inversely  through- 
out the  season,  bacteria  being  two  to  three  times 
less  concentrated  in  the  spring,  whereas  produc- 
tion was  two  to  three  times  higher.  No  correlation 
was  found  between  bacterioplankton  production 
and  abundance.  These  results  demonstrate  the  im- 
portance of  small-scale  sampling  and  the  difficulty 
with  which  bacterioplankton  production,  its  spatio- 
temporal  variations,  and  the  relationships  between 
bacteria  and  phytoplankton  can  be  predicted.  (Au- 
thor's abstract) 
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MODELLING  PHOTOSYNTHETIC  OXYGEN 
PRODUCTION  IN  RIVERS. 

Florence  Univ.  (Italy).  Dept.  of  Systems  and  Com- 
puter Science. 
S.  Marsili-Libelli. 

Environmental  Technology  (Letters)  ETLEDB, 
Vol.  12,  No.  1,  p  59-67,  1991.  5  fig,  2  tab,  12  ref. 

Descriptors:  'Arno  River,  'Model  studies, 
•Oxygen  balance,  'Photosynthesis,  'Phytoplank- 
ton, 'Rivers,  Algae,  Biodegradation,  Dissolved 
oxygen,  Diurnal  variation,  Model  testing,  Popula- 
tion density,  Seasonal  variation,  Sensitivity  analy- 
sis, Solar  radiation,  Trophic  level,  Turbidity, 
Water  pollution. 

In  nutrient-rich  rivers,  phytoplankton  can  contrib- 
ute significantly  to  the  dissolved  oxygen  balance  in 
the  summer  when  the  algal  population  and  solar 
radiation  are  at  their  highest.  A  simple  model  is 
proposed  to  describe  the  daily  oxygen  production 
by  algae  and  to  validate  its  parameters  against 
experimental  data  taken  from  the  river  Arno,  in 
Italy.  Given  the  lack  of  experimental  radiation 
data,  a  synthetic  solar  radiation  profile  was  gener- 
ated using  astronomical  calculus.  The  study  was 
motivated  by  the  observed  diurnal  fluctuation  of 
the  dissolved  oxygen,  which  the  model  explains  to 
a  satisfactory  degree.  Unfortunately,  more  detailed 
data,  specifically  on  organic  pollution,  turbidity, 
solar  radiation,  and  algal  density,  were  not  avail- 
able; hence,  the  loss  term  could  not  be  further 
structured  separating  algal  respiration  and  pollut- 
ant degradation.  However,  the  observed  diurnal 
pattern  was  well  explained  by  the  model  at  both 
the  upstream  and  downstream  locations  along  the 
river.  A  sensitivity  study  of  the  calibrated  param- 
eters was  consistent  with  the  river  conditions  at 
both  locations.  This  model  can  easily  be  incorpo- 
rated in  more  general  water  quality  schemes  where 
other  contributions  to  the  dissolved  oxygen  budget 
are  taken  into  account.  (Doria-PTT) 
W91-07858 


SEASONAL  CHANGES  IN  SPECIES  COMPO- 
SITION AND  PRODUCTION  OF  PERIPHY- 
TON  IN  AN  URBAN  RIVER  RUNNING 
THROUGH  AN  ABANDONED  COPPER 
MINING  REGION. 

National  Inst,  for  Environmental  Studies,  Tsukuba 
(Japan). 

N.  Takamura,  S.  Hatakeyama,  and  Y.  Sugaya. 
Japanese  Journal  of  Limnology  RIZAAU,  Vol.  51, 
No.  4,  p  225-235,  October  1990.  7  fig,  4  tab,  24  ref. 

Descriptors:  'Heavy  metals,  'Miyata  River,  'Peri- 
phyton,  'Productivity,  'Rivers,  'Urban  areas, 
'Water  pollution  effects,  Algae,  Ammonium, 
Aquatic  insects,  Biomass,  Chlorophyll  a,  Chloro- 
phyta,  Cyanophyta,  Diatoms,  Dissolved  organic 
carbon,  Japan,  Light  effects,  Nitrates,  Nitrogen, 
Phosphorus,  Photosynthesis,  Physiological  ecolo- 
gy, Species  composition,  Water  temperature,  Zinc. 

Seasonal  changes  in  species  composition  and  pho- 
tosynthesis of  the  periphyton  community  were  in- 
vestigated in  an  urban  river  (River  Miyata,  Japan) 
polluted  by  copper  (0.07-0.22  mg/L)  and  zinc 
(0.13-0.55  mg/L).  The  pH,  water  temperature, 
concentrations  of  dissolved  organic  carbon,  dis- 
solved inorganic  nitrogen,  soluble  reactive  phos- 
phorus (SRP),  total  copper,  and  total  zinc  were 
measured.  SRP  was  mostly  below  0.01  mg/L, 
whereas  ammonium-nitrate  and  nitrate-nitrogen 
were  high,  ranging  from  0.1-2.0  mg/L  and  0.9-4.0 
mg/L,  respectively.  The  number  of  species  in  the 
river  was  restricted  (only  7-10).  The  dominant 
species  were  Chamaesiphon  subglobosus,  Phormi- 
dium  foveolarum,  P.  uncinatum,  Achnanthes  minu- 
tissima,  Nitzschia  palea,  Stigeoclonium  aestivale, 
and  Oocystis  lacustris.  The  diatoms  tended  to  be 
abundant  with  a  lower  temperature  and  Stigeo- 
clonium tended  to  be  dominant  under  better  illumi- 
nated conditions.  The  maximum  photosynthetic 
rates  were  related  closely  to  water  temperature, 
and  values  (0.0025-0.217  gC/gC/h)  were  lower 
than  those  for  unpolluted  rivers  in  the  literature. 
However,  chlorophyll  a  in  the  periphyton  was 
high,  ranging  from  31  to  1,162  mg/sq  m.  There- 


fore, the  primary  production  in  this  river  was  not 
low  compared  to  unpolluted  rivers.  The  unbal- 
anced high  algal  biomass  in  contrast  to  low  SRP 
concentrations  may  be  due  to  low  grazing  pres- 
sures by  the  poorly  developed  aquatic  insect  com- 
munity. (Author's  abstract) 
W9 1-07868 


EXPERIMENTAL  EXAMINATION  ON  NI- 
TROUS OXIDE  ACCUMULATION  DURING 
NITRIFICATION  IN  A  FRESHWATER  LAKE. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 

M.  Yoh. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  51, 

No.  4,  p  237-248,  October  1990.  6  fig,  3  tab,  28  ref. 

Descriptors:  'Lakes,  'Nitrification,  'Nitrogen 
oxides,  'Water  chemistry,  Ammonium,  Incubation, 
Japan,  Lake  Kizaki,  Limnology,  Nitrates,  Oxygen 
requirements. 

Production  of  N20  during  nitrification  was  studied 
in  Lake  Kizaki  (Japan)  by  vertical  observation  and 
two  incubation  experiments.  The  apparent  N20 
production  (the  difference  between  observed  and 
atmospheric-equilibrium  concentration)  was  highly 
correlated  with  apparent  oxygen  consumption,  in 
situ  nitrate  concentration,  and  the  extent  of  ammo- 
nium ion  decrease  with  time,  indicating  that  N20 
was  produced  by  nitrification.  In  a  long-term  in 
situ  incubation,  simultaneous  accumulations  of  ni- 
trate and  N20  were  observed,  the  amounts  of 
which  were  comparable  to  the  in  situ  changes, 
suggesting  their  in  situ  production.  Both  nitrate 
and  N20  production  were  greatly  enhanced  by  an 
ammonium  enrichment  after  the  emergence  of  ni- 
trification activity.  From  both  vertical  observa- 
tions and  incubation  experiments,  the  yield  of  N20 
relative  to  nitrate  production  was  estimated  to  be 
0.1%  during  the  period  of  active  nitrification. 
Thereafter,  yields  were  appreciably  higher.  An- 
other incubation  experiment  also  showed  that  N20 
production  was  delayed  several  days  compared  to 
nitrate  production,  indicating  that  N20  production 
was  accelerated  in  the  last  phase  of  nitrification. 
The  physiological  state  of  nitrifiers  is  suggested  to 
be  of  some  importance  for  such  phenomena.  Nitra- 
pyrin,  a  specific  inhibitor  of  nitrification,  was  not 
very  effective  for  N20  formation,  whereas  nitrate 
production  was  completely  inhibited,  suggesting 
the  possibility  of  some  sources  of  N20  other  than 
autotrophic  nitrification.  (Author's  abstract) 
W91-07869 


GEOCHEMICAL  STUDIES  ON  THE  COASTAL 
LAKES  OF  KAMIKOSHIKI  ISLAND  IN  KAGO- 
SHIMA  PREFECTURE,  JAPAN:  I.  A  PRELIMI- 
NARY REPORT. 

Tokyo    Metropolitan     Univ.    (Japan).     Dept.    of 

Chemistry. 

K.  Fukushima,  H.  Kondo,  M.  Ochiai,  H.  Uemura, 

and  M.  Uzaki. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  51, 

No.  4,  p  261-268,  October  1990.  8  fig,  2  tab,  16  ref. 

English  summary. 

Descriptors:  'Coasts,  'Geochemistry,  'Japan, 
•Lake  sediments,  'Lakes,  'Limnology,  'Sediment 
chemistry.  Alcohols,  Amino  acids,  Bacteria, 
Brackish  water,  Carbohydrates,  Carbon  radioiso- 
topes, Chemical  composition.  Fatty  acids,  Hydro- 
carbons, Lipids,  Organic  matter.  Particulate 
matter,  Sampling. 

In  the  coastal  region  of  Kamikoshiki  Island,  Kago- 
shima  Prefecture  of  Japan,  there  are  Lakes 
Namako-ike,  Kai-ike,  Kazaki-ike,  and  Suguchi-ike. 
All  four  lakes  are  separated  from  the  sea  by  a  long 
gravel  bar.  Although  these  lakes  are  believed  to 
have  been  formed  in  the  same  geological  period 
(5,000-10,000  yr  BP),  the  ensuing  geological  suc- 
cession has  significantly  differentiated  their  geo- 
chemical  and  biological  situations.  A  study  was 
undertaken  to  determine  how  these  differences  in 
ecological  conditions  reflect  the  chemical  composi- 
tion of  the  underlying  sediments.  Sediment  samples 
were  collected  with  a  grab  sampler  from  three  of 
the  lakes.  In  Lake  Kai-ike,  particulates  were  col- 
lected from  near  the  phototropic  'bacterial  plate' 
peculiar  to  the  lake.  The  stable  carbon  isotope  ratio 
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of  the  sedimentary  organic  matter  was  light  (-25 
ppt)  for  slightly  saline  Lake  Kazaki-ike,  while  the 
values  around  -22  ppt  for  brackish  Lake  Kai-ike 
and  Lake  Namako-ike  were  thought  to  indicate  a 
higher  contribution  from  authigenic  marine  biota. 
However,  only  slight  differences  were  observed 
with  regard  to  the  major  identifiable  organic  con- 
stituents examined,  i.e.,  amino  acids,  carbohy- 
drates, and  lipids  (hydrocarbons,  alcohols,  and 
fatty  acids).  The  lipid  compositions,  influenced 
little  by  anthropogenic  pollutants,  were  considered 
to  represent  a  contribution  primarily  from  the  an- 
aerobic bacterial  community.  (Author's  abstract) 
W9 1-07870 


DISSOLVED  ORGANIC  MANGANESE  IN  THE 
INTERSTITIAL  WATER  OF  LAKE  FUKAMI- 
IKE. 

Nagoya  Women's  Univ.  (Japan).  Faculty  of  Home 

Economics. 

A.  Yagi. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  51, 

No.  4,   p  269-279,  October   1990.   7  fig,   25  ref. 

Descriptors:  'Interstitial  water,  *Lakes,  'Limnolo- 
gy,  'Manganese,  *Metal  complexes,  "Trace  metals, 
•Water  chemistry,  Adsorption,  Dissolved  organic 
carbon,  Japan,  Organic  matter,  Regression  analy- 
sis, Resins,  Speciation,  Ultrafiltration. 

Vertical  profiles  of  dissolved  manganese  were  ex- 
amined in  the  interstitial  water  of  monomictic 
Lake  Fukami-ike  (Japan)  from  October  1987  to 
June  1988.  The  speciation  of  dissolved  manganese 
in  the  interstitial  water  was  performed  by  ultrafil- 
tration (Mn(UF))  and  by  adsorption  on  XAD-2 
resin  (Mn(XAD-2)).  On  passing  the  ultrafiltrates 
through  an  XAD-2  column,  the  percentages  of 
Mn(XAD-2)  at  neutral  pH  were  0.3%  to  8.0% 
(molecular  weight  fraction  <  1,000);  14.8%  to 
50.9%  (MW  between  1,000  and  50,000);  3.7%  to 
20.0%  (MW  between  50,000  and  200,000);  and 
7.0%  to  19.6%  (MW  >  200,000)  of  the  total 
manganese  in  interstitial  waters.  The  amounts  of 
Mn(XAD-2)  at  neutral  pH  in  interstitial  waters 
were  82%  to  95%  of  Mn(UF)  fractionated  into 
three  high  molecular  weights.  About  41%  to  77% 
of  the  total  dissolved  manganese  in  the  interstitial 
water  was  present  in  organic  forms  associated 
mainly  with  a  molecular  weight  of  1,000  to  50,000. 
Regression  plots  of  dissolved  organic  manganese 
vs.  dissolved  organic  carbon  in  the  two  high  mo- 
lecular weight  fractions  (50,000-200,000  and  1,000- 
50,000)  showed  good  linear  correlations  (r  =  0.54 
and  0.85)  with  slopes  of  0.045  and  0.070,  respec- 
tively. This  suggests  that  manganese  is  mainly  asso- 
ciated with  dissolved  organic  matter  having  a  mo- 
lecular weight  of  1,000-50,000  and  50,000-200,000, 
and  the  average  molar  ratios  of  dissolved  organic 
carbon  to  dissolved  organic  manganese  are  60:1 
and  75:1,  respectively.  (Author's  abstract) 
W91-07871 


ORGANICALLY  BOUND  IRON  IN  LAKE 
SEDIMENTS  AND  ITS  AVAILABILITY  TO 
UROGLENA  AMERICANA,  A  FRESHWATER 
RED  TIDE  CHRYSOPHYCEAE. 

Osaka  City  Inst,  of  Public  Health  and  Environ- 
mental Sciences  (Japan). 
T.  Nishio,  and  Y.  Ishida. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  51, 
No.  4,  p  281-291,  October  1990.  9  fig,  1  tab,  46  ref. 

Descriptors:  *Algal  growth,  *Chrysophyta,  "Iron, 
*Lake  sediments,  'Limnology,  'Red  tide,  Bioas- 
say,  Cation  exchange,  Growth,  Interstitial  water, 
Metal  complexes,  Organic  compounds,  Phyto- 
plankton,  Speciation,  Ultrafiltration. 

Organically  bound  iron  in  the  interstitial  water  of 
sediment  from  a  lagoon  near  Lake  Biwa  (Japan) 
was  fractionated  successively  by  ultrafiltration, 
cation  exchange,  and  gel  filtration.  Each  fraction 
was  bioassayed  for  iron  availability  to  the  freshwa- 
ter red  tide  chrysophyte  Uroglena  americana.  Iron 
bound  to  anionically  charged  ninhydrin-reactive 
organic  compounds  (molecular  weight  around  300- 
600  dalton)  promoted  the  growth  of  U.  americana. 
The  iron-complexing  capacity  of  interstitial  water 
was  estimated  at  about  14  microM  as  an  equivalent 
concentration  of  iron  available  to  U.  americana. 
(Author's  abstract) 
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SEASONAL      FLUCTUATION      OF      PHYTO- 

PLANKTON  WITH  SPECIAL  REFERENCE  TO 

THE  CHRYSOPHYTES  IN  FOUR  PONDS  AND 

LAKES  SITUATED  IN  THE  SOUTHERN  PART 

OF  HYOGO  PREFECTURE,  JAPAN. 

Kobe  City  Water  Works  Bureau  (Japan).  Water 

Quality  Lab. 

H.  Ito. 

Japanese  Journal  of  Limnology  RIZAAU,  Vol.  51, 

No.  4,  p  293-305,  October  1990.  8  fig,  3  tab,  42  ref. 

English  summary. 

Descriptors:  'Chrysophyta,  'Eutrophication, 
•Japan,  "Lake  ecology,  'Limnology,  'Phytoplank- 
ton,  'Water  pollution  effects,  Algae,  Eutrophic 
lakes,  Lakes,  Oligotrophic  lakes,  Ponds,  Popula- 
tion density,  Reservoirs,  Seasonal  variation,  Spe- 
cies composition,  Temperature,  Trophic  level. 

Seasonal  fluctuation  of  phytoplankton  was  studied 
in  four  ponds  and  lakes  in  Japan,  which  are  in 
different  stages  of  eutrophication.  Chrysophytes 
increased  in  cell  number  from  autumn  to  spring. 
The  maximum  density  of  chrysophytes  was  re- 
corded in  March  in  all  the  ponds  and  lakes:  5,900 
cells/ml  in  Doro-ike  Pond,  13,000  cells/ml  in  Ho- 
shino-ike  Pond,  190  cells/ml  in  Sengari  Reservoir, 
and  6,900  cells/ml  in  Yasuba-ike  Pond.  Chryso- 
phytes were  an  abundant  algal  group  in  the  low 
temperature  period;  Mallomonas  akrokomos, 
Synura  mammillosa,  Chrysococcus  rufescens,  and 
Dinobryon  sociale  were  dominant  in  the  freezing 
period.  Many  chrysophyte  species  occurred  not 
only  in  oligotrophic  waters  but  also  in  eutrophic 
ones,  and  the  number  of  species  increased  with 
eutrophication.  Chrysophytes  appeared  year  round 
in  oligotrophic  waters,  whereas  in  eutrophic 
waters  they  appeared  in  the  low  temperature 
period  with  higher  density  than  in  oligotrophic 
waters.  In  heavily  polluted  waters  where  water 
blooms  of  cyanophytes  occurred,  the  number  and 
density  of  species  were  very  low.  Based  on  these 
observations,  chrysophytes  are  regarded  as  repre- 
sentatives of  eutrophic  waters  as  well  as  of  oligo- 
trophic ones.  (Author's  abstract) 
W91-07873 


NET  PRIMARY  PRODUCTION  OF  NYM- 
PHOIDES  PELTATA  (GMEL.)  O.  KUNTZE 
GROWING  ON  SANDY  SEDIMENT  AT  EDO- 
SAKI-IRI  BAY  IN  LAKE  KASUMIGAURA, 
JAPAN. 

Chiba  Univ.  (Japan).  Dept.  of  Biology. 
T.  Tsuchiya,  S.  Nohara,  and  T.  Iwakuma. 
Japanese  Journal  of  Limnology  RIZAAU,  Vol.  51, 
No.  4,  p  307-312,  October  1990.  4  fig,  1  tab,  18  ref. 

Descriptors:  'Aquatic  plants,  'Eutrophic  lakes, 
'Floating  plants,  'Japan,  'Limnology,  'Primary 
productivity,  Biomass,  Lake  Kasumigaura,  Lake 
ecology,  Leaves,  Littoral  environment,  Phyto- 
plankton, Seasonal  variation,  Sediments. 

Lake  Kasumigaura,  located  60  km  northeast  of 
Tokyo,  Japan,  is  a  eutrophic  lake.  Estimates  were 
made  of  net  production  of  Nymphoides  peltata,  a 
perennial  floating-leaved  plant,  growing  on  sandy 
sediments  at  the  littoral  zone  of  a  southern  bay  of 
the  lake  (Edosaki-iri  Bay).  The  seasonal  maximum 
biomass  of  N.  peltata  was  only  47.6  g  dry  weight/ 
sq  m  in  late  September.  Leaf  life  span  was  28  days 
and  thus  biomass  turnover  rate  was  estimated  at  3.4 
for  200  days,  comparable  with  rates  reported  for 
floating-leaved  plants  and  much  higher  than  other 
herbaceous  plants.  Yearly  net  production  per  unit 
ground  area  was  estimated  at  182  g  dry  weight/sq 
m.  This  value  is  smaller  than  that  reported  for 
phytoplankton  at  the  same  site  and  for  floating- 
leaved  plants  growing  at  other  regions  of  this  lake. 
It  is  concluded  that  N.  peltata  is  not  an  important 
primary  producer  at  Edosaki-iri  Bay.  (Doria-PTT) 
W9 1-07874 


WATER  AND  SALT  REGIME  OF  THE  ARNA- 
SAI  LAKES. 

For   primary   bibliographic   entry   see   Field   6G. 
W9 1-07879 


REGIONALIZED  ESTIMATION  OF  RESER- 
VOIR CAPACITY-YIELD  CURVES  IN  HUNGA- 
RY. 

Vizgazdalkodasi  Tudomanyos  Kutato  Intezet,  Bu- 
dapest (Hungary). 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07945 


INFLUENCE  OF  LIGHT  AND  TEMPERATURE 
ON  THE  GROWTH  OF  FOUR  ALGAE  FROM  A 
EUTROPHIC  LAKE  (LAKE  AYDAT,  PUY  DE 
DOME,   FRANCE)   (INFLUENCE  DE   LA   LU- 
MIERE  ET  DE  LA  TEMPERATURE  SUR  LA 
CROISSANCE  DE  QUATRE  ESPECES   D'AL- 
GUES  D'UN  LAC  EUTROPHE  (LAC  AYDAT, 
PUY  DE  DOME,  FRANCE)). 
Clermont-Ferrand-2  Univ.,  Aubiere  (France).  Lab. 
de  Zoologie  et  Protistologie. 
L.  Boumnich,  A.  Dauta,  J.  Devaux,  and  J.  C. 
Romagoux. 

Annales  de  Limnologie  ANLIB3,  Vol.  26,  No.  1,  p 
3-10,  1990,  6  fig,  25  ref.  English  summary. 

Descriptors:  'Algae,  'Algal  growth,  'Eutrophic 
lakes,  'France,  'Light  effects,  'Limnology,  'Tem- 
perature effects,  Competition,  Computer  models, 
Culturing  techniques,  Limiting  nutrients,  Phyto- 
plankton, Succession. 

In  lake  and  ocean  ecosystems,  the  phytoplanktonic 
biomass  is  often  described  as  the  succession  of  a 
limited  number  of  dominant  species  which  consti- 
tute the  most  productive  fraction,  the  development 
of  which  may  be  due  to  physical,  chemical,  and/or 
biological  factors.  In  spite  of  the  number  of  studies 
dedicated  to  the  ecology  of  phytoplankton,  the 
interdependence  between  light  and  temperature 
still  remains  poorly  quantified.  Light  and  tempera- 
ture relationships  were  studied  in  batches  under 
non-nutrient-limited  conditions  for  single-strain, 
non-axenic  cultures  of  four  algal  species:  Fragilaria 
crotonensis,  Anabaena  macrospora,  Staurastrum 
pingue,  and  Coelastrum  cambricum.  The  maximum 
growth  rates  were  found  to  be  0.57,  0.63,  0.77  and 
1.4  per  day,  respectively,  at  temperatures  of  25,  25, 
27,  and  35  C  and  light  intensities  of  150,  170,  270, 
and  290  microE/sq  m/s.  Results  were  obtained 
over  a  temperature  range  of  10  to  35  C  and  light 
intensities  between  5  and  800  microE/sq  m/s  under 
a  15/9  photoperiod  and  were  adjusted  using  a 
computer  model  of  phytoplankton  population  dy- 
namics. These  results  obtained  with  non-limiting 
nutritional  conditions,  together  with  previous  stud- 
ies of  the  assimilation  and  storage  of  the  principal 
nutrients  (N,  P,  Si),  permit  the  determination  of  the 
conditions  under  which  these  species  compete  in 
the  natural  environment.  (King-PTT) 
W9 1-07982 


SEASONAL  ZOOPLANKTON  PATTERNS  IN  A 
SHALLOW  OLIGOTROPHIC  LAKE:  LOCH 
RUSKY  (SCOTLAND). 

Valencia  Univ.  (Spain).  Dept.  of  Ecology. 

S.  Romo. 

Annales  de  Limnologie  ANLIB3,  Vol.  26,  No.  1,  p 

11-17,  1990,  4  fig,  1  tab,  15  ref. 

Descriptors:  'Limnology,  'Loch  Rusky,  'Oligo- 
trophic lakes,  'Population  dynamics,  'Scotland, 
'Zooplankton,  Copepods,  Fish  stocking,  Rotifers, 
Shallow  water,  Species  composition,  Waterfleas. 

The  zooplankton  taxa  and  their  seasonal  distribu- 
tion are  described  for  Loch  Rusky,  a  shallow  oli- 
gotrophic lake  in  the  central  region  of  Scotland. 
Fifteen  species  were  identified:  1 1  Rotifera,  2  Cla- 
docera  and  2  Copepods.  Only  5  species  (Polyarthra 
remata,  Keratella  cochlearis,  Filinia  terminalis,  Tri- 
chocercra  sp.,  and  Eudiaptomus  gracilis)  occurred 
in  sufficient  numbers  to  facilitate  a  description  of 
their  seasonal  pattern.  The  annual  zooplankton 
variation  was  dominated  by  rotifers  for  most  of  the 
year,  but  copepods  (E.  gracilis  and  Cyclops  sp.) 
were  dominant  in  the  epilimnion  during  summer.  It 
is  presumed  that  this  pattern  was  the  result  of  the 
rotifers'  faster  rate  of  reproduction  and  higher 
grazing  efficiency  under  oligotrophic  conditions, 
as  well  as  the  decrease  of  larger  zooplankton  by 
the  continuous  program  of  fish  stocking  in  the 
lake.  Loch  Rusky  showed  in  general  a  zooplankton 
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community  similar  in  species  composition  to  that 
described  in  small  oligotrophic  lakes  of  the  Pyr- 
enees and   in  oligotrophic   temperate  lakes.   (Au- 
thor's abstract) 
W9 1-07983 


FISH  POPULATIONS  OF  SIX  ANCIENT  ARMS 
OF  THE  GARONNE  RIVER. 

Ecole  Nationale  Superieure  Agronomique  de  Tou- 
louse (France).  Lab.  d*Ichthyologie  Appliquee. 
A.  Belude.  D.  Bengen,  and  P.  Lim. 
Annales  de  Limnologie  ANLIB3,  Vol.  26,  No.  1,  p 
81-90,  1990,  4  fig,  4  tab,  20  ref.  English  summary. 

Descriptors:  *Aquatic  habitats,  *Fish  populations, 
•France,  'Garonne  River,  'Limnology,  'Oxbow 
lakes,  'Species  composition,  Biological  samples, 
Ecological  distribution,  Gimone  River,  Lentic  en- 
vironment. Species  diversity,  Stream  biota. 

Fish  populations  were  surveyed  in  'ancient  arms' 
(river  meanders  which  are  at  various  stages  of 
becoming  oxbow  lakes)  at  six  sites  in  the  Garonne 
River  between  Toulouse  and  its  confluence  with 
the  Gimone.  Sampling  was  done  by  electro-fishing 
and  the  use  of  gillnets.  These  samples  made  it 
possible  to  establish  ecological  indices  and  species 
associations.  Species  distribution  profiles  were  then 
associated  with  environmental  variables.  The  re- 
sults reflect  the  diversity  of  fish  populations  and 
differences  between  the  side-arms  of  the  Garonne 
river.  Ancient  arms  which  have  an  important  con- 
nection with  the  river  have  the  richest  and  most 
varied  faunas.  Spatial  distributions  of  the  major 
species  show  two  important  associations.  Deep 
zones  with  a  gravel  substrate  are  favorable  for 
roach,  bream,  bleak,  rudd,  and  black  bass.  The 
shallow  waters  of  the  gently  sloping  shorelines  are 
colonized  by  aquatic  vegetation  which  is  an  attrac- 
tive habitat  for  bottom-feeders  and  other  carni- 
vores (perch  and  sunfish).  (Author's  abstract) 
W9 1-07985 


STUDY  ON  THE  MODEL  OF  LAKE-SWAMP 
INTER-EVOLUTION  (IN  CHINESE). 

Changchun  Inst,  of  Geography  (China). 

G.  Y.  Sun. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 

Hu  Chao)  HYHCAG,  Vol.  21,  No.  5,  p  485-489, 

1990,  5  fig,  5  ref.  English  summary. 

Descriptors:  'China,  'Geomorphologic  evolution, 
'Lakes,  'Limnology,  'Swamps,  'Wetlands,  Geo- 
logic history,  Lake  stages,  Model  studies,  Succes- 
sion, Theoretical  analysis,  Xihu  Lake. 

According  to  the  classical  theory,  a  lake  may 
evolve  into  a  swamp  or  swampy  lake.  After  a  lake 
is  formed,  swamp  will  start  to  encroach  slowly 
towards  the  center  of  the  lake,  resulting  in  the 
gradual  disappearance  of  the  lake.  But  new  data 
obtained  from  the  Xihu  Lake  of  Eryuan  County, 
Yunnan  Province,  China,  indicates  that  a  lake  can 
also  originate  as  a  swamp.  The  center  part  of  the 
lake  was  formerly  occupied  by  swamp.  Following 
a  gradual  depression  of  the  earth's  crust,  the  water 
became  too  deep,  and  a  lake  gradually  took  shape. 
Taking  into  consideration  both  the  classical  theory 
and  the  new  data,  a  systematic  model  is  proposed 
for  the  evolution  of  land  into  swamp,  into  lake, 
into  swamp,  and  into  land  again,  a  cycle  reflecting 
the  basic  laws  of  environmental  succession.  (Au- 
thor's abstract) 
W9 1-07987 


BENTHIC  MACROFAUNA  OF  OX-BOW 
LAKES  AND  THE  INFLUENCE  ON  THE  MA- 
CROINVERTEBRATE  COMMUNITIES  OF 
THE  PARENT  STREAM. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 

Zoologisches  Inst. 

G.  E.  Rehfekdt,  and  W.  Soechtig. 

Zeitschrift  fuer  Wasser-  und  Abwasser  Forschung 

ZWABAQ,  Vol.  23,  No.  6,  p  228-232,  December 

1990,  2  fig.  4  tab,  29  ref. 

Descriptors:  'Aquatic  habitats,  'Lake  ecology, 
•Lentic  environment.  'Limnology,  'Oxbow  lakes, 
•Stream  biota.  Benthic  fauna,  Food  chains,  Germa- 
ny, Macroinvertebrates,  Primary  productivity. 
Water  chemistry 


Two  oxbow  lakes  whose  downstream  ends  con- 
nect with  the  river  Innerste,  in  Lower  Saxony, 
Germany,  were  sampled  by  several  methods.  Com- 
pared with  the  river,  most  hydrochemical  param- 
eters of  these  standing  waters  exhibited  greater 
annual  fluctuations.  The  low  content  of  nitrogen 
compounds  and  dissolved  orthophosphates  during 
the  study  period  indicated  high  primary  productiv- 
ity in  the  lakes.  In  the  macrobenthic  communities, 
carnivorous  species  (53%  of  the  total  number  of 
individuals)  and  scrapers  (Gastropoda,  Chironomi- 
dae)  dominated,  while  in  the  river  downstream  of 
the  lakes  filter-feeding  and  detritus-feeding  orga- 
nisms (92.1%-Trichoptera  and  Ephemeroptera) 
occurred  at  extremely  high  densities.  Most  species 
of  the  highly  productive  macrobenthic  community 
of  the  lakes  were  typical  of  cool,  mesotrophic  to 
eutrophic,  standing  waters.  Detritus  and  small 
drifting  benthic  organisms  from  the  oxbow  lakes 
may  pass  directly  into  the  food  chain  of  the  river, 
increasing  the  trophic  level  and  influencing  the 
structure  of  its  macroinvertebrate  community. 
(Author's  abstract) 
W9 1-07991 


PRODUCTION,  NUTRIENT  DYNAMICS  AND 

INITIAL    DECOMPOSITION    OF    FLOATING 

LEAVES    OF    NYMPHAEA    ALBA    L.    AND 

NUPHAR  LUTEA  (L.)  SM.  (NYMPHAEACEAE) 

IN  ALKALINE  AND  ACID  WATERS. 

Katholieke  Univ.  Nijmegen  (Netherlands).  Lab.  of 

Aquatic  Ecology. 

C.  J.  Kok,  G.  Van  der  Velde,  and  K.  M. 

Landsbergen. 

Biogeochemistry  BIOGEP,  Vol.  11,  No.  3,  p  235- 

250,  December  1990.  6  fig,  3  tab,  34  ref. 

Descriptors:  *Acidic  water,  'Alkaline  water, 
'Aquatic  plants,  'Cycling  nutrients,  'Decomposi- 
tion, 'Leaves,  'Water  pollution  effects,  Litter,  Nu- 
trients, Primary  production,  The  Netherlands, 
Water  chemistry,  Water  quality. 

Production,  turnover  and  nutrient  dynamics  of 
floating  leaves  of  Nymphaea  alba  L.  and  Nuphar 
lutea  (L.)  Sm.  were  studied  in  four  aquatic  systems 
in  The  Netherlands,  differing  strongly  in  water 
quality.  Production  was  108-447  g  ash-free  dry 
weight  (AFDW)/sq  m  for  N.  lutea  and  319-348  g 
AFDW/sq  m  for  N.  alba.  Turnover  ranged  from 
3.6  to  4.4  without  much  difference  between  the 
sites  and  the  species.  During  senescence  60-70%  of 
the  N  and  P  from  the  leaves  was  resorbed  by  both 
of  the  plant  species.  The  nutrient  flow  from  the 
floating  leaves  into  the  detritus  food  chain  differed 
considerably  between  the  species  and  sites  studied, 
mainly  because  of  the  differences  in  production. 
The  data  suggest  that  production  is  strongly  influ- 
enced by  the  environment,  whereas  turnover  and 
nutrient  resorption  during  senescence  seem  to  be 
plant  characteristics.  There  was  little  difference  in 
dynamics  of  the  chlorophyll-a  concentration  in  the 
leaves  of  the  two  species,  irrespective  of  the  grow- 
ing site.  Floating  leaves  of  both  species  lost  about 
70%  of  their  area  due  to  fragmentation  in  the 
alkaline  waters,  whereas  in  the  acid  water  very 
little  fragmentation  was  observed.  (Author's  ab- 
stract) 
W9 1-080 12 


MOLECULAR  CHARACTERIZATION  OF 
TOTAL  ORGANIC  MATTER  AND  CARBOHY- 
DRATES IN  PEAT  SAMPLES  FROM  A  CY- 
PRESS SWAMP  BY  PYROLYSIS-MASS  SPEC- 
TROMETRY AND  WET-CHEMICAL  METH- 
ODS. 

Technische  Hogeschool  Delft  (Netherlands).  Vak- 
groep  Microgolftechniek. 

M.  E.  C.  Moers,  M.  Baas,  J.  J.  Boon,  and  J.  W.  De 
Leeuw. 

Biogeochemistry  BIOGEP,  Vol.  11,  No.  3,  p  251- 
277,  December  1990.  6  fig,  2  tab,  90  ref. 

Descriptors:  'Degradation,  'Limnology,  'Organic 
matter,  'Peat,  'Plants,  'Wetlands,  Chemical  analy- 
sis, Gas  chromatography,  Georgia,  Mass  spectrom- 
etry. Polysaccharides,  Spectrometry,  Swamps. 

The  organic  matter  present  in  coarse-grained  and 
fine-grained  sample  preparations  of  a  peat  core 
from  Minnie's  Lake,  Okefenokee  Swamp  (Georgia) 


was  analyzed  on  a  molecular  level  by  gas  chroma- 
tography-mass  spectrometry  of  alditol  acetates  ob- 
tained from  polysaccharides  after  acid  hydrolysis 
and  derivatization  by  flash  pyrolysis-mass  spec- 
trometry (Py-MS).  It  was  found  that  the  coarse- 
grained fraction  is  dominated  by  neutral  monosac- 
charides derived  from  vascular  plants  while  the 
fine-grained  fraction  is  dominated  by  neutral  mon- 
osaccharides derived  from  microorganisms.  Rela- 
tively high  contributions  of  xylose  discriminate  the 
Taxodium  derived  peat  from  the  underlying  peats 
derived  from  Carex  and  Nymphaea  which  show 
relatively  low  contributions  of  this  sugar.  Factor- 
discriminant  analysis  of  the  Py-MS  data  indicated 
that  most  carbohydrate  degradation  is  restricted  to 
the  upper  peat  levels  and  that  guaiacyl  and  syrin- 
gyl  type  lignins  are  better  preserved  than  carbohy- 
drates. Resinous  organic  matter,  presumably  de- 
rived from  Taxodium,  is  selectively  preserved  in 
the  fine-grained  fraction.  Deviant  monosaccharide 
concentrations  and  Py-MS  results  observed  for  the 
top  sample  of  the  Carex  peat  were  explained  by 
oxygenation  of  the  peat,  a  concomitantly  high  mi- 
crobial activity  and  subsequent  preservation  of  the 
organic  material  due  to  the  action  of  phytotoxins 
derived  from  Taxodium.  (Author's  abstract) 
W9 1-080 13 


BIODEGRADATION  AND  ANTICHOLINES- 
TERASE ACTIVITY  OF  METHYL  ISOCYAN- 
ATE  IN  THE  AQUATIC  ENVIRONMENT  OF 
BHOPAL. 

National    Inst,   of  Oceanography,   Panaji   (India). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-08052 


EFFECT  OF  CARBON  DIOXIDE  EQUILIBRI- 
UM ON  PH  IN  DILUTE  LAKES. 

Cornell   Univ.,  Ithaca,  NY.  School  of  Civil  and 

Environmental  Engineering. 

J.  J.  Bisogni,  and  S.  L.  Arroyo. 

Water  Research  WATRAG,  Vol.  25,  No.  2,  p  185- 

190,  February  1991.  8  fig,  5  tab,  25  ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
•Analytical  methods,  'Carbon  dioxide,  'Hydrogen 
ion  concentration,  'Lake  acidification,  Acid  lakes, 
Acid  neutralizing  capacity,  Acidity,  Carbon,  Equi- 
librium,  Humic  substances,   Hypolimnion,   Lakes. 

Difficulties  in  measuring  in  situ  pH  in  dilute  acidi- 
fied lakes  have  often  resulted  in  an  assumption  of 
atmospheric  carbon  dioxide  equilibrium  to  com- 
pute this  pH.  Unfortunately,  the  sensitivity  of  pH 
to  carbon  dioxide  content  of  dilute  waters  is  high. 
The  results  of  an  experimental  study  conducted  at 
Wolf  Pond  (Franklin  County,  New  York)  show 
the  carbon  dioxide  equilibrium  is  seldom  attained 
in  a  dilute  lake.  This  effect  is  most  significant  in 
hypolimnetic  regions.  As  a  result,  invoking  an  at- 
mospheric equilibrium  assumption  can  lead  to  pH 
estimation  errors  of  greater  than  one  pH  unit  at  pH 
=  6.  A  more  accurate  method  to  estimate  in  situ 
pH  is  presented.  The  method  uses  measured  acid 
neutralizing  capacity  and  total  inorganic  carbon. 
Contribution  of  humic  substances  to  acid  neutraliz- 
ing capacity  is  taken  into  account.  (Author's  ab- 
stract) 
W9 1-0805  3 


ENHANCED  BIOLOGICAL  CONTROL  OF  WA- 
TERHYACINTH  FOLLOWING  LIMITED  HER- 
BICIDE APPLICATION. 

Florida  Univ.,  Gainesville.  Dept.  of  Entomology. 
For  primary  bibliographic  entry  see  Field  4A. 
W9 1-08072 


EFFICACY  OF  EARLY-SEASON  FLURIDONE 
TREATMENT  FOR  MANAGEMENT  OF  WA- 
TERMEAL,  WOLFFIA  COLUMBIANA  KARST. 

North  Carolina  State  Umv  at  Raleigh.  Dept.  of 
Crop  Science. 

For  primary  bibliographic  entry  see  Field  4A. 
W9 1-08075 
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MEASUREMENT  OF  LIGHT  ABSORPTION 
COEFFICIENT  IN  LAKE  BAIKAL  WATER 
MEDIA  (IN  RUSSIAN). 

Irkutskii  Gosudarstvennyi  Univ.  (USSR). 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-08084 


STAGNANT  WATER  ECOSYSTEMS  IN  MO- 
ROCCO: BIOTYPOLOGICAL  STUDIES  OF 
THE  ZOOPLANKTON  (LES  EAUX  STAG- 
NANTES  AU  MAROC:  ETUDES  BIOTYPOLO- 
GIQUE  ET  BIOGEOGRAPHIQUE  DU  ZOO- 
PLANCTON). 

Institut  Scientifique,  Rabat  (Morocco). 
M.  Ramdani. 

Travaux  de  l'lnstitut  des  Sciences,  Rabat,  Serie 
Zoologique,  No.  43,  p  1-40,  1988.  15  fig,  14  tab,  88 
ref.  English  summary. 

Descriptors:  *Aquatic  habitats,  *Biogeography, 
•Morocco,  'Stagnant  water,  *Zooplankton,  Bioin- 
dicators,  Chemical  properties,  Copepods,  Crusta- 
ceans, Deserts,  Food  chains,  Humid  areas,  Medi- 
terranean, Mountains,  Rainfall,  Semiarid  lands, 
Swamps,  Temperature,  Thermal  effects,  Water- 
fleas. 

A  study  of  the  stagnant  water  ecosystems  in  Mo- 
rocco was  undertaken  between  1978  and  1985,  and 
observations  of  the  zooplanktonic  species  were 
compared  with  previous  observations  made  in  Mo- 
rocco and  the  occidental  Mediterranean  area. 
There  were  125  stations,  which  are  described  on 
the  basis  of  morphological,  hydrological,  thermal, 
and  chemical  components.  Subhumid  and  semi-arid 
areas  present  various  biotopes  for  stagnant  water; 
humid  and  desert  regions  are  less  suitable  for  these 
aquatic  formations.  Copepods  and  cladocerans 
were  studied  because  these  groups  are  good  indica- 
tors of  the  ecology  of  stagnant  waters,  and  provide 
a  basis  for  the  food  chain  for  other  aquatic  inverte- 
brates and  vertebrates.  On  the  basis  of  crustacean 
sampling,  1 1 1  taxa  were  recorded,  of  which  1 5  are 
new  for  the  country.  A  first  biotypology  based  on 
copepods  and  cladocerans  delineates  four  catego- 
ries off  aquatic  areas:  dayas,  sebkhas,  merjas,  and 
aguelmanes.  This  structure  depends  in  part  on  sa- 
linity. The  second  analysis  divided  dayas  into  four 
models  as  a  function  of  temperature  and  rainfall.  In 
the  Moroccan  and  North  African  communities  a 
high  degree  of  affinity  was  found  between  Ethiopi- 
an, European,  and  West  Mediterranean  subregions. 
The  endemism  in  Morocco  is  reinforced  by  atlasic 
and  rifian  mountains.  (Author's  abstract) 
W9 1-08086 


DISTRIBUTION  OF  NITROGEN  SPECIES  IN 
POLLUTED  ONONDAGA  LAKE,  N.Y.,  U.S.A. 

Upstate  Freshwater  Inst.,  Inc.,  Syracuse,  NY. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-08117 


FATES  OF  RADIOTRACERS  ADDED  TO  A 
WHOLE  LAKE:  ACCUMULATION  IN  FAT- 
HEAD MINNOW  (PIMEPHALES  PROMELAS) 
AND  LAKE  TROUT  (SALVELINUS  NAMAY- 
CUSH). 

Department   of  Fisheries  and  Oceans,   Winnipeg 
(Manitoba).  Freshwater  Inst. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 119 


WATER  QUALITY  OF  THE  WEST  BRANCH 
LACKA WAXEN  RIVER  AND  LIMNOLOGY  OF 
PROMPTON  LAKE,  WAYNE  COUNTY,  PENN- 
SYLVANIA, OCTOBER  1986  THROUGH  SEP- 
TEMBER 1987. 

Geological  Survey,  Harrisburg,  PA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 184 

21.  Water  In  Plants 


RELATIONSHIP  BETWEEN  NITROGEN  FIXA- 
TION AND  TIDAL  EXPORTS  OF  NITROGEN 
IN  A  TROPICAL  MANGROVE  SYSTEM. 


Australian  Inst,  of  Marine  Sciences,  Townsville. 
K.  G.  Boto,  and  A.  I.  Robertson. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  5,  p  531-540,  November  1990.  2  tab, 
22  ref. 

Descriptors:  'Australia,  'Ecosystems,  'Mangrove 
swamps,  'Mangrove  trees,  'Nitrogen  cycle,  'Ni- 
trogen fixation,  'Nutrient  transport,  'Wetlands, 
Algal  mats,  Cyanophyta,  Decomposition,  Dis- 
solved solids,  Particulate  matter,  Plant  physiology, 
Primary  productivity,  Seasonal  variation,  Sedi- 
ment chemistry,  Temporal  distribution,  Tides. 

Various  components  (sediments,  algal  mats,  de- 
composing logs  and  algal-covered  prop  roots)  of  a 
tropical  mangrove  forest  in  northern  Australia, 
showed  low  to  moderate  nitrogen  fixation  (acety- 
lene reduction)  rates.  Measurements  carried  out  in 
March,  May  and  October  1989  revealed  negligible 
or  inconsistent  seasonal  variation  in  activity  for  all 
components.  Prop  roots  with  their  associated  algae 
showed  much  greater  activity  during  night-time, 
typical  of  many  substrates  with  associated  cyano- 
bacteria,  whereas  all  other  components  had  con- 
stant activity  over  24  hour  periods.  Extrapolation 
of  the  nitrogen  fixation  for  each  component  to  a 
'whole-forest'  basis,  using  field  estimates  of  the 
densities  of  each  component,  indicated  that  sedi- 
ments, prop  roots  and  decomposing  logs  contribut- 
ed approximately  3.5,  1.6  and  1.0%,  respectively, 
of  the  nitrogen  requirements  for  forest  net  primary 
production  (FPPN).  Blue-green  algal  mats  on  bare 
saltpan  areas  showed  no  significant  nitrogen-fixing 
activity  (in  excess  of  that  for  the  bare  sediments  in 
the  same  area.  The  total  nitrogen  contribution  of 
the  various  components  (6%  of  FPPN)  closely 
matches  previous  estimates  of  the  net  nitrogen  loss 
from  the  system  through  tidal  fluxes  of  particulate 
and  dissolved  materials.  (Author's  abstract) 
W91-07310 


LONGITUDINAL  DIFFUSION  IN  MAN- 
GROVE-FRINGED TIDAL  CREEKS. 

James  Cook  Univ.  of  North  Queensland,  Towns- 
ville (Australia).  Dept.  of  Physics. 
P.  V.  Ridd,  E.  Wolanski,  and  Y.  Mazda. 
Estuarine,    Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  5,  p  541-554,  November  1990.  7  fig,  13 
ref. 

Descriptors:  'Cycling  nutrients,  'Mangrove 
swamps,  'Nutrient  transport,  'Swamps,  'Tidal 
rivers,  'Wetlands,  Coastal  environment,  Compari- 
son studies,  Diffusion  coefficient,  Estuaries,  Evap- 
oration, Evapotranspiration,  Headwaters,  Mathe- 
matical models,  Model  studies,  Path  of  pollutants, 
Residence  time,  Turbulence. 

In  order  to  understand  the  role  of  mangroves  in 
the  nutrient  cycle  and  the  exchange  of  nutrients 
between  the  swamp  and  the  near-shore  zone,  the 
mixing  characteristics  of  the  swamp  must  be  ana- 
lyzed. The  longitudinal  diffusion  coefficient  and 
flushing  times  of  mangrove-fringed  tidal  creeks 
were  determined  analytically  and  numerically.  The 
tidally  averaged  diffusion  coefficient  was  found  to 
be  dependent  on  the  square  of  the  distance  from 
the  head  of  the  creek.  The  effect  of  turbulent 
diffusion  was  negligible  compared  with  the  disper- 
sion due  to  the  trapping  effect  of  the  mangroves. 
Calculations  predict  a  residence  time  for  pollutants 
introduced  into  the  creek  on  the  order  of  about  10 
days  for  a  creek  10  km  long.  This  long  residence 
time  only  exists  within  the  first  3  or  4  km  from  the 
head  of  the  creek  as  the  high  value  of  the  diffusion 
coefficient  closer  to  the  mouth  flushes  the  estuary 
to  the  near-shore  zone  very  efficiently.  The  results 
of  both  the  analytical  and  numerical  models  were 
compared  with  data  on  the  flushing  of  freshwater 
following  a  short-lived  flood,  and  salt  accumula- 
tion due  to  evaporation  and  evapotranspiration. 
The  results  agree  well  with  the  experimental  data. 
(Author's  abstract) 
W91-07311 


ATMOSPHERE  AND  THE  RHIZOSPHERE: 
LINKAGES  WITH  POTENTIAL  SIGNIFI- 
CANCE FOR  FOREST  TREE  HEALTH. 

Yale  Univ.,  New  Haven,  CT.  School  of  Forestry 
and  Environmental  Studies. 


For   primary   bibliographic   entry   see   Field   2G. 
W9 1-07471 


EFFECT  OF  NPKS  FERTILIZATION  ON  THE 

NATURAL  GRASSLANDS   OF  MAGALLANES 

AND  ITS  MODIFICATION  DUE  TO  SOIL  AND 

CLIMATIC   FACTORS   (RESPUESTA   DE   LAS 

PRADERAS  DE  MAGALLANES  A  LA  FERTILI- 

ZACION  NPKS  Y  SU  MODIFICACION   POR 

FACTORES  DE  SUELO  Y  CLIMA). 

Estacion  Experimental  Kampenaike,  Punta  Arenas 

(Chile). 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-07520 


EFFECTS  OF  SEASONAL  DROUGHT  ON  OLD- 
FIELD  PLANT  COMMUNITIES. 

Miami  Univ.,  Oxford,  OH.  Dept.  of  Zoology. 
E.  K.  Bollinger,  S.  J.  Harper,  and  G.  W.  Barrett. 
American    Midland    Naturalist    AMNAAF,    Vol. 
125,  No.  1,  p  114-125,  January  1991.  3  fig,  4  tab,  50 
ref.  EPA  Grant  R-812385-01. 

Descriptors:  'Drought  effects,  'Fertilizers,  'Plant 
populations,  'Primary  productivity,  'Sludge  utili- 
zation, 'Succession,  Annuals,  Nutrients,  Peren- 
nials, Precipitation,  Species  diversity,  Water  stress. 

The  effects  of  the  1988  drought  on  old-field  plant 
communities  treated  with  contrasting  types  of  nu- 
trient subsidies  were  studied.  The  study  site  was 
divided  into  eight  0.1  ha  plots:  3  plots  received 
monthly  applications  of  sludge  (Milorganite;  6-2-0, 
N-P-K);  3  plots  received  an  equivalent  subsidy  of 
fertilizer,  and  2  plots  were  left  as  untreated  con- 
trols. Control  plots  were  dominated  by  perennials 
(especially  Solidago  and  Poa),  whereas  the  nutri- 
ent-enriched plots  were  dominated  by  summer  an- 
nuals (especially  Setaria  and  Ambrosia)  and  resem- 
bled old  fields  in  the  initial  stages  of  secondary 
succession.  Control  plots  had  greater  species  rich- 
ness and  diversity  but  lower  productivity  than 
nutrient-enriched  plots  of  several  years  preceding 
1988.  Daily  aboveground  net  primary  productivity 
(NPP)  for  July  1988  samples,  when  drought  stress 
was  most  severe,  was  45%  of  the  1985-1987  mean 
for  control  plots  but  only  17%  and  11%  for  sludge 
and  fertilizer  plots,  respectively.  This  pattern  was 
reversed  in  August  1988  following  alleviation  of 
the  drought  due  to  above-normal  precipitation. 
Daily  NPP  in  August  1988  in  sludge  and  fertilizer 
plots  were  224%  and  140%,  respectively,  of  the 
1985-1987  average,  compared  to  100%  for  control 
plots.  Thus,  primary  productivity  in  perennial- 
dominated  plant  communities  (control  plots)  was 
not  as  depressed  during  the  peak  of  the  drought  as 
in  the  annual-dominated,  nutrient-enriched  plots. 
However,  the  nutrient-enriched  communities  ex- 
hibited more  rapid  responses  to  the  alleviation  of 
drought  stress  than  the  perennial-dominated  com- 
munities. Species  diversity  (H')  was  lower  during 
the  drought  stress  in  control  plots  when  compared 
to  the  1985-1987  average  whereas  H'  in  sludge  and 
fertilizer  plots  was  not  affected.  However,  after  the 
drought,  H'  in  sludge  plots  was  over  twice  the 
1985-1987  mean.  In  contrast,  species  richness  was 
not  significantly  affected  by  drought  stress  in  any 
of  the  treatments.  (Author's  abstract) 
W91-07551 


LARGE,  RETRACTABLE,  LOW  COST  AND  RE- 
LOCATABLE RAIN  OUT  SHELTER  DESIGN. 

Queensland  Dept.  of  Primary  Industries,  Kingaroy 
(Australia).  J.  Bjelke  Petersen  Research  Station. 
P.  M.  Hatfield,  G.  C.  Wright,  and  W.  R.  Tapsall. 
Experimental  Agriculture  EXAGAL,  Vol.  26,  No. 
1,  p  57-62,  1990.  4  fig,  8  ref.  Australian  Centre  for 
International  Agricultural  Research  (ACIAR) 
Project  8419. 

Descriptors:  'Automation,  'Crop  production, 
•Drought  effects,  *Field  tests,  *Plant-water  rela- 
tionships, *Rain  out  shelter,  *Soil-water-plant  rela- 
tionships, Analytical  methods,  Cost  analysis,  Ex- 
perimental design,  Rainfall,  Remote  sensing,  Sam- 
pling. 

The  success  of  drought  studies  in  the  field  often 
depends   on   the   exclusion   of  rainfall   at   critical 
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stages  of  crop  development.  A  number  of  devices 
to  exclude  rainfall  in  the  field,  often  referred  to  as 
rain  out  shelter,  have  been  described  and  reviewed 
extensively.  The  design  of  a  low  cost  and  relocata- 
ble rain  out  shelter  is  presented.  It  allows  large 
areas  to  be  protected  so  that  relatively  large  plots 
can  be  used  to  reduce  edge  effects  and  sampling 
errors.  The  retractability  of  the  vinyl  cover  mini- 
mizes disturbance  to  the  surrounding  crop  micro- 
environment,  which  is  a  major  problem  with  fixed 
roof  types.  An  electronic  sensing  device  is  current- 
ly being  developed  so  that  the  extension  and  re- 
traction of  the  vinyl  sheet  can  be  fully  automated. 
(Medina-PTT) 
W9 1-07566 


GRAIN  AND  FORAGE  YIELD  AND  STOVER 
QUALITY  OF  SORGHUM  AND  MILLET  IN 
LOW  RAINFALL  ENVIRONMENTS. 

INTSORMIL,  Gaborone  (Botswana). 
J.  B.  Youngquist,  D.  C.  Carter,  and  M.  D.  Clegg. 
Experimental  Agriculture  EXAGAL,  Vol.  26,  No. 
3,  p  279-286,  1990.  3  tab,  22  ref. 

Descriptors:  'Agricultural  practices,  "Botswana, 
•Crop  production,  'Drought  effects,  'Forages, 
•Grain  crops,  Arid  lands,  Cattle,  Grazing,  Millet, 
Sorghum,  Stover  quality. 

Botswana  farmers  are  economically  dependent 
upon  the  cattle  industry.  The  drought  that  started 
in  1981  resulted  in  severe  overgrazing  of  pasture 
and  large  losses  of  cattle.  Although  crop  yields 
have  suffered,  crop  residues  remain  an  important 
feed  source  between  May  an  November.  The  po- 
tential for  using  sorghum  and  millet  crop  residues 
as  fodder  was  studied  in  southeastern  region  of  the 
country  which  is  characterized  by  low,  unevenly 
distributed  rainfall  and  shallow  sandy  soils.  Yield, 
in  vitro  dry  matter  digestibility  (IVDMD),  and 
nutrient  content  were  evaluated  to  determine  defi- 
ciencies and  potential  toxicity  problems.  There 
were  significant  differences  among  cultivars  for 
grain  and  stover  yield,  digestibility,  crude  protein, 
and  mineral  content.  Stover  from  all  strains  was 
adequate  for  cattle  maintenance  in  IVDMD  in- 
cluding most  of  the  minerals  tested.  However, 
crude  protein  and  phosphorus  levels  did  not 
always  meet  the  minimum  requirement.  The  defi- 
cient phosphorus  levels  were  compounded  by  high 
calcium  levels.  This  mineral  imbalance  could  lead 
to  bone  abnormalities  and  reduce  fertility  in  live- 
stock. (Medina-PTT) 
W91-07567 


ROOT  RESPONSE  TO  WATER  STRESS  IN 
RAINFED  LOWLAND  RICE. 

International    Rice    Research    Inst.,    Los    Banos, 
Laguna  (Philippines).  Dept.  of  Agronomy. 
M.  Thangaraj,  J.  C.  O'Toole,  and  S.  K.  De  Datta. 
Experimental  Agriculture  EXAGAL,  Vol.  26,  No. 
3,  p  287-296,  1990.  8  fig,  17  ref. 

Descriptors:  •Crop  production,  •Drought  effects, 
•Plant-water  relationships,  'Rice,  *Root  growth, 
•Water  stress,  Crop  yield,  Field  tests,  Flooding, 
Greenhouses,    Plant   water   potential,   Soil   water. 

Although  rice  is  grown  in  diverse  cultural  systems, 
larger  and  more  stable  yields  are  generally  ob- 
tained under  submerged  lowland  conditions  where 
lack  of  water  is  often  a  major  constraint.  During 
water  stress,  water  use  and  nutrient  uptake  are 
determined  primarily  by  root  system  density  and 
depth.  The  relation  between  soil  mechanical  im- 
pedance as  a  result  of  soil  drying,  and  root  system 
growth  (mass  and  length  density)  of  rice  was  in- 
vestigated in  greenhouse  and  field  studies.  In  a 
greenhouse  experiment,  soil  drying  for  16  days 
increased  mechanical  impedance  in  the  0-20  cm 
soil  layer  from  near  0  to  2.5  MPa  (water  potential), 
and  decreased  root  growth  by  47%  compared  to 
the  continuously  flooded  control.  Root  length  den- 
sity decreased  with  decreasing  soil  moisture  and 
increasing  soil  mechanical  impedance.  In  a  lowland 
field  experiment  using  a  sprinkler  irrigation  gradi- 
ent treatment  for  19  days  during  the  vegetative 
growth  stage,  soil  mechanical  impedance  as  low  as 
0.01  MPa  inhibited  root  growth  while  values  great- 
er than  0.3-0.5  MPa  decreased  root  growth  and 
extension  by  75%.  The  relative  loss  of  potential 


root  growth  was  continued  after  reflooding.  Root 
length  density,  measured  at  flowering,  was  linearly 
related  to  yield.  (Author's  abstract) 
W9 1-07568 


EFFECT  OF  CUMULATIVE  EROSION  AND 
RAINFALL  ON  SORGHUM,  PEARL  MILLET 
AND  CASTOR  BEAN  YIELDS  UNDER  DRY 
FARMING  CONDITIONS  IN  ANDHRA  PRA- 
DESH, INDIA. 

Central  Research  Inst,  for  Dryland  Agriculture, 
Hyderabad  (India). 

K.  P.  R.  Vittal,  K.  Vijayalakshmi,  and  U.  M.  B. 
Rao. 

Experimental  Agriculture  EXAGAL,  Vol.  26,  No. 
4,  p  429-439,  1990.  5  fig,  2  tab,  19  ref. 

Descriptors:  'Crop  yield,  'Dry  farming,  *India, 
•Rainfall  impact,  'Soil  erosion,  •Soil-water-plant 
relationships,  Castor  bean,  Mathematical  models, 
Pearl  millet,  Slope  effects,  Sorghum,  Topsoil. 

The  intense  rainfall  characteristics  of  the  semi-arid 
tropics  of  India  cause  erosion  of  the  topsoil  from 
complex  slopes.  A  technique  for  the  preparation  of 
a  continuous  in  situ  topsoil  gradient  under  field 
conditions  which  emulates  the  natural  changes  in 
soil  depth  associated  with  hill  slopes  is  presented. 
Responses  of  the  principal  crops  of  the  region  to 
variations  in  topsoil  depth  under  varying  condi- 
tions on  this  gradient  were  studied.  Topsoil  depth 
and  yields  of  sorghum,  pearl  millet  and  castor  bean 
were  positively  correlated  when  monitored  over 
thirteen  seasons  under  widely  varying  rainfall  con- 
ditions on  an  Alfisol  in  Andhra  Pradesh.  Yield 
responded  up  to  2.5  times  more  to  topsoil  depth 
when  rainfall  in  the  critical  period  exceeded  eva- 
potranspiration  than  under  drier  conditions.  Yield 
variations  were  attributed  to  topsoil  depth  in  cere- 
als, and  by  the  interaction  between  rainfall  during 
the  critical  period  and  topsoil  depth  in  cereals  and 
castor  bean.  The  expected  yield  losses  as  a  result  of 
erosion,  based  on  56  years  of  rainfall  data,  were 
138,  84  and  51  kg/ha/cm  for  sorghum,  pearl  millet 
and  castor  bean,  respectively.  Quadratic  models 
explained  the  yield  losses  due  to  cumulative  ero- 
sion under  conditions  of  both  poor  and  good  rain- 
fall during  the  critical  period.  Sorghum  and  pearl 
millet  tended  to  produce  no  yield  when  erosion 
exceeded  34  cm  and  castor  bean  when  it  exceeded 
40  cm.  There  was  less  reduction  in  yield  when 
rainfall  was  poor,  up  to  about  10  cm  of  erosion, 
than  when  rainfall  was  good.  These  results  indicate 
that  pearl  millet  and  castor  bean  are  more  suitable 
than  sorghum  for  low  rainfall  and  eroded  condi- 
tions. (Author's  abstract) 
W9 1-07569 


EFFECT  OF  MIXED  ROW  CROPPING  OF 
EARLY  AND  LATE  MATURING  RICE  VARIE- 
TIES ON  CROP  PRODUCTIVITY  UNDER  IN- 
TERMEDIATE DEEPWATER  CONDITIONS. 

Central  Rice  Research  Inst.,  Cuttack  (India). 
Agronomy  Div. 

M.  D.  Reddy,  A.  R.  Sharma,  and  M.  M.  Panda. 
Experimental  Agriculture  EXAGAL,  Vol.  27,  No. 
1,  p  79-85,  1991.  1  fig,  4  tab,  7  ref. 

Descriptors:  'Agricultural  practices,  'Crop  yield, 
'Cropping,  'India,  'Plant-water  relationships, 
'Rice,  Developing  countries,  Excess  water.  Ger- 
mination, Mixed  cropping,  Monsoons. 

Experiments  were  conducted  in  Cuttack,  India  to 
examine  the  feasibility  of  growing  tall  early  and 
dwarf  late  maturing  rice  varieties  in  pure  and 
mixed  stands  in  an  area  where  there  is  normally  an 
excess  of  water  but  where  the  start  of  the  monsoon 
season  is  unreliable.  Two  early  maturing  semi-tall 
(120-130  cm)  rice  varieties,  Kalinga-3  (85  days 
duration)  and  Banaprabha  (95  days  duration),  were 
compared  in  pure  and  mixed  crop  stands  under 
intermediate  deepwater  conditions  (15-50  cm)  with 
a  modern  late  maturing  (170  days  duration)  semi- 
dwarf  (100  cm)  variety,  CR  1016.  Parallel  line 
seeding  of  CR  1016  and  Kalinga-3  or  Banaprabha 
in  alternate  rows  (1:1  ratio)  20  cm  apart  yielded 
19%  more  grain  than  a  pure  crop  of  1016  alone. 
Mixed  crop  planting  in  a  1:2  or  2:1  ratio  or  with 
reduced  inter-row  spacing  gave  no  additional  yield 
advantage.  Mixed  row  cropping  prevented  lodging 


in  early  varieties,  whereas  monocrops  of  the  same 
varieties  were  partially  lodged  and  showed  some 
premature  seed  germination.  The  better  and  more 
stable  yields  obtained  from  such  mixed  cropping 
could  be  beneficial  to  resource  poor  farmers  grow- 
ing rice  in  conditions  of  excess  water.  (Medina- 
PTT) 
W9 1-07570 
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DREDGING  ALTERNATIVE  STUDY,  CUBITS 
GAP,  LOWER  MISSISSIPPI  RIVER.  REPORT 
1:  TABS-I  NUMERICAL  MODEL  INVESTIGA- 
TION. 

Army   Engineer  Waterways  Experiment   Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-072 12 


CUMBERLAND  SOUND  AND  KINGS  BAY 
PRE-TRIDENT  AND  BASIC  TRIDENT  CHAN- 
NEL HYDRODYNAMIC  AND  SEDIMENT 
TRANSPORT  HYBRID  MODELING.  VOLUME 
I:  MAIN  TEXT  AND  APPENDIXES  A,  C,  AND 
D. 

Army  Engineer  Waterways  Experiment   Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-072 14 


DREDGING  ALTERNATIVES  STUDY,  CUBITS 
GAP,  LOWER  MISSISSIPPI  RIVER.  REPORT 
2:  TABS-2  NUMERICAL  MODEL  INVESTIGA- 
TION. 

Army   Engineer  Waterways  Experiment   Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-072 16 


HILLSLOPE  EROSION  AT  THE  MAXEY 
FLATS  RADIOACTIVE  WASTE  DISPOSAL 
SITE,  NORTHEASTERN  KENTUCKY. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

W.  P.  Carey,  M.  Lyverse,  and  C.  R.  Hupp. 
Available   from    Books   and   Open   Files   Reports 
Section,   USGS   Box   25425,   Denver,   CO  80225. 
USGS  Water-Resources  Investigations  Report  89- 
4199,  1990.  37p,  1 1  fig,  1 1  tab,  20  ref. 

Descriptors:  'Erosion,  'Geomorphology,  'Maxey 
Flats  Site,  'Radioactive  waste  disposal,  'Slope 
degradation,  'Water  pollution  sources,  Disposal 
sites,  Erosion  rates,  Kentucky,  Radioactive  wastes, 
Weathering. 

Maxey  Flats,  a  disposal  site  for  low  level  radioac- 
tive waste,  is  on  a  plateau  that  rises  300  to  400  ft 
above  the  surrounding  valleys  in  northeastern 
Kentucky.  Hillslope  gradients  average  30-40%  on 
three  sides  of  the  plateau.  The  shortest  distance 
from  a  hillslope  to  a  burial  trench  is  140  ft  on  the 
west  side  of  the  site.  Rates  of  hillslope  retreat  were 
determined  through  a  combination  of  direct  ero- 
sion measurements  during  the  2-yr  study  and 
through  dendrogeomorphic  techniques.  Because 
the  dendrogeomorphic  rates  are  average  rates  cal- 
culated from  the  last  90  years,  they  were  used  to 
estimate  the  amount  of  time  required  for  the  hills- 
lopes  to  retreat  into  the  trenches.  Rates  of  hillslope 
retreat  determined  from  dendrogeomorphic  evi- 
dence range  from  3.8-9.1  inches/century,  so  that 
time  to  exposure  of  the  trenches  ranges  from 
35,000  to  65,000  years.  The  minimum  estimate  of 
35,000  years  is  for  the  most  actively  eroding  south- 
ern slope.  Throughout  tens  of  thousands  of  years, 
the  rate  of  hillslope  retreat  is  determined  more  by 
the  occurrence  of  infrequent  extreme  events,  such 
as  slope  failure,  than  by  the  continuous  processes 
of  slope  wash  observed  in  this  study.  Shallow  slope 
failures  were  observed  on  the  east  and  south  slopes 
of  the  site.  Large  slope  failures  form  mappable 
units  on  the  geologic  quadrangle  containing  the 
study  area.  These  slope  failures  cause  as  much 
erosion  in  one  event  as  hundreds  or  even  thousands 
of  years  of  slope  wash.  Periods  of  tens  of  thou- 
sands of  years  are  also  sufficiently  long  for  signifi- 
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cant  changes  in  climate  and  tectonic  activity  to 
occur.  Rates  of  erosion  observed  during  this  2-yr 
study  are  highly  unlikely  to  be  indicative  of  rates 
averaged  over  periods  of  tens  of  thousands  of  years 
during  which  many  extreme  events  can  occur. 
Thus,  the  long-term  geomorphic  stability  of  the 
Maxey  Flats  disposal  site  will  be  highly  dependent 
upon  the  magnitude  and  frequency  of  extreme 
erosive  events  and  upon  trends  in  climate  change 
and  tectonic  activity.  (Author's  abstract) 
W9 1-07239 


AREAL  VARIATION  OF  SUSPENDED-SEDI- 
MENT YIELDS  WITHIN  AND  ADJACENT  TO 
THE  COAL  FIELDS  OF  THE  EASTERN  COAL 
PROVINCE  AND  THE  EASTERN  REGION  OF 
THE  INTERIOR  COAL  PROVINCE. 
R.  E.  Hickman. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Hydrologic  Investigations  Atlas  HA-717, 
1990.  3p,  18  fig,  48  ref. 

Descriptors:  *Coal  mining,  *Data  collections, 
♦Sediment  yield,  'Suspended  sediments,  Illinois, 
Iowa,  Kentucky,  Maps,  Missouri,  Pennsylvania, 
Runoff,  Sediment  load,  Sediment  transport,  West 
Virginia. 

Mean  annual  suspended  sediment  yields  are  shown 
at  stations  in  and  around  the  coal  fields  of  the 
Eastern  Coal  Province  and  the  eastern  region  of 
the  Interior  Coal  Province.  All  stations  are  on 
smaller  basins  with  areas  of  100  to  1,000  sq  km  or 
larger  basins  with  areas  of  1,000  to  10,000  sq  km. 
Background  sediment  yields  vary  from  <  25  kg/sq 
km/yr  in  the  eastern  part  of  the  study  area  to  > 
300  mg/sq  km/yr  in  the  west.  Background  yields 
<  25  mg/sq  km/yr  in  the  eastern  part  of  the  study 
area  approximate  yields  from  undisturbed,  forested 
basins.  Background  yields  of  >  200  mg/sq  km/yr 
in  western  Illinois  and  adjacent  parts  of  Missouri 
and  Iowa  appear  to  reflect  the  presence  of  thick 
deposits  of  Loess.  Sediment  yields  >  200  mg/sq 
km/yr  above  background  in  southeastern  Pennsyl- 
vania and  in  western  Illinois  and  adjacent  Iowa 
and  Missouri  reflect  a  variety  of  factors.  Large 
yields  in  southeastern  Pennsylvania  reflect  coal 
mining  and  other  human  activities.  The  data  sug- 
gest that  the  large  yields  in  western  Illinois  and 
adjacent  Iowa  and  Missouri  are  due  partly  to  the 
thick  deposits  of  loess  in  this  area.  Large  sediment 
yields  above  background  in  West  Virginia  and 
eastern  Kentucky  reflect  coal  production  and  to- 
pography. The  areas  containing  stations  that  have 
sediment  yields  >  200  mg/sq  km/yr  above  back- 
ground correspond  to  the  counties  in  which  mean 
annual  coal  production  from  surface  mines  is  at 
least  2  million  metric  tons.  Contour  mining,  used 
extensively  in  West  Virginia  and  eastern  Kentucky 
because  of  the  steep  slopes,  makes  large  amounts  of 
material  available  for  transport  in  surface  runoff 
and  streamflow.  (Lantz-PTT) 
W91-07251 


PREDICTION  TECHNOLOGY  FOR  SOIL  ERO- 
SION BY  WATER:  STATUS  AND  RESEARCH 
NEEDS. 

Georgia  Univ.,  Athens.  Dept.  of  Agricultural  En- 
gineering. 

M.  A.  Nearing,  L.  J.  Lane,  E.  E.  Alberts,  and  J.  M. 
Laflen. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1702-1711,  November/December 
1990.  58  ref. 

Descriptors:  'Prediction,  *Soil  erosion,  "Universal 
soil  loss  equation,  Climates,  Conservation,  Deposi- 
tion, Headcutting,  Mathematical  models,  Rills, 
Sediment  transport,  Sensitivity  analysis,  Sloughing, 
Soil  profiles. 

Erosion  prediction  technology  in  the  USA,  Aus- 
tralia, and  Europe  is  proceeding  towards  the  devel- 
opment of  process-based  simulation  models.  The 
emphasis  in  erosion  research  on  strictly  empirically 
based  models,  such  as  the  Universal  Soil  Loss 
Equation,  is  declining.  With  the  process-based 
technologies  comes  a  new  array  of  research  needs. 
In  the  USA,  the  USDA  Water  Erosion  Prediction 
Project  (WEPP)  has  produced  a  new  generation  of 


soil-erosion  prediction  technology  based  on  funda- 
mentals of  hydrologic  and  erosion  science.  The 
development  of  the  new  computer-based  WEPP 
erosion  model  for  estimation  of  rill  and  interrill 
erosion  required  an  extensive  review  and  analysis 
of  current  knowledge  of  the  science  of  soil  erosion 
by  water.  The  relative  importance  of  identified 
research  needs  were  evaluated  using  a  sensitivity 
analysis  of  the  WEPP  model,  which  identified  the 
more  important  of  the  input  variables  required  to 
execute  the  model.  The  review  of  research  needs 
addresses  four  general  areas:  fundamental  erosion 
relationships;  soil  and  plant  parameters  related  to 
erosion;  data  bases,  user  interfaces,  and  conserva- 
tion system  design;  and,  erosion  model  develop- 
ment and  analysis.  Some  key  topics  for  study  in- 
clude (1)  describing  headcutting  and  side  wall 
sloughing  in  rills,  (2)  replacing  or  better  describing 
the  concept  of  sediment-transport  capacity  and  its 
relationships  to  detachment  and  deposition  proc- 
esses, (3)  developing  theory  and  data  sets  to  better 
predict  deposition  and  sediment  enrichment  on 
complex  slope  profiles,  and  (4)  developing  criteria 
for  climate  selection  to  obtain  long-term  average 
estimates  of  soil  loss.  (Brunone-PTT) 
W91-07350 


SOIL  EROSION  AND  DEPOSITION  EVI- 
DENCE IN  A  SMALL  WATERSHED  USING 
FALLOUT  CESIUM-137. 

Tennessee  Valley  Authority,  Muscle  Shoals,  AL. 
Agricultural  Research  Dept. 
J.  M.  Soileau,  B.  F.  Hajek,  and  J.  T.  Touchton. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1712-1719,  November/December 
1990.  3  fig,  6  tab,  23  ref. 

Descriptors:  "Alabama,  "Cesium  radioisotopes, 
"Deposition,  "Fallout,  "Soil  erosion,  "Tracers, 
"Watersheds,  Baseline  studies,  Forests,  Mathemati- 
cal models,  Model  studies,  Soil  profiles,  Universal 
soil  loss  equation. 

Soil  measurements  of  cesium- 137,  a  fallout  compo- 
nent of  nuclear  testing,  were  made  within  a  3.8  ha 
research  watershed  in  the  Limestone  Valley  of 
northern  Alabama.  Cesium- 137  activity  was  com- 
pared in  soil  profiles  in  eroded  and  depositional 
landscape  positions.  Then,  soil  erosion  and  deposi- 
tion calculated  by  cesium- 137  methods  was  related 
to  erosion  estimated  by  the  Universal  Soil  Loss 
Equation  (USLE)  and  to  sediment  discharge  meas- 
ured at  the  watershed  outlet.  Triplicate  soil  profiles 
were  analyzed  for  cesium- 137  activity  to  a  46  cm 
depth  in  cultivated  sites  representing  slightly 
eroded  ridgetop,  eroded  side-slope,  and  deposition- 
al downslope  positions.  These  data  were  compared 
with  baseline  cesium- 137  measurements  in  undis- 
turbed adjacent  woodland.  Erosion  calculated  by 
cesium- 137  activity  losses  from  baseline  values 
were  compared  with  the  USLE  estimates  on  slope 
transects.  Mean  total  cesium- 137  activities  on  base- 
line, eroded,  slightly  eroded,  and  depositional  sites 
were  4860,  1804,  2807,  and  5367  Bq/sq  m,  respec- 
tively. Peak  cesium- 137  activity  and  depth  to  zero 
activity  were  much  greater  in  depositional  than  in 
eroded  and  slightly  eroded  sites.  Estimated  mean 
annual  (1954  to  1987)  soil-erosion  rates  were  simi- 
lar between  cesium- 137  and  USLE  for  a  slope 
transect  with  slight  erosion  (28  and  26  Mg/ha/yr). 
On  eroded  side-slopes,  cesium- 137  estimates  of  ero- 
sion were  27  to  80%  higher  than  the  USLE  esti- 
mates. The  USLE  estimated  losses  between  9  and 
52  Mg/ha/yr  for  uplands  during  1984  to  1988 
cotton  production.  Sediment  losses  measured 
below  the  downslope  depositional  area  of  the  small 
watershed  (Gilbert  Farm  Research  Watershed) 
were  only  1  to  4  Mg/ha/yr.  This  indirect  evidence 
of  extensive  sediment  deposition  in  a  representative 
small  watershed  of  karst  terrain  was  supported  by 
cesium- 137  activity  in  depositional  soil  profiles. 
(Author's  abstract) 
W91-07351 


SIMULATED  EROSION  AND  FERTILIZER  EF- 
FECTS ON  WINTER  WHEAT  CROPPING 
INTERMOUNTAIN  DRYLAND  AREA. 

Agricultural  Research  Service,  Kimberly,  ID.  Soil 

and  Water  Management  Research  Unit. 

T.  W.  Massee. 

Soil  Science  Society  of  America  Journal  SSSJD4, 


Vol.  54,  No.  6,  p  1720-1725,  November/December 
1990.  2  fig,  2  tab,  24  ref. 

Descriptors:  "Agriculture,  "Crop  yield,  "Fertiliz- 
ers, "Soil  erosion,  "Wheat,  Available  water,  Har- 
vesting, Infiltration,  Loam,  Nutrient  concentra- 
tions, Precipitation,  Seasonal  distribution,  Silt,  Soil 
treatment.  Soil  types,  Topsoil,  Water  storage. 

Topsoil  losses  from  erosion  in  the  intermountain 
dry-farming  area  reduces  crop  yields.  The  hypoth- 
esis was  tested  that  the  effects  of  erosion  on  water 
storage  and  wheat  (Triticum  aestivum  L.)  could  be 
partially  alleviated  by  applying  appropriate  fertiliz- 
ers. Two  sites  were  used,  one  on  Rexburg  silt 
loam,  a  coarse-silty,  mixed,  frigid  Calcic  Haploxer- 
oll,  and  the  other  on  Newdale  silt  loam,  a  coarse- 
silty,  mixed,  frigid  Calciorthidic  Haploxeroll.  Top- 
soil-depth  treatments  were  +15,  0,  -15,  or  -30  cm 
changes  relative  to  the  original  surface.  After 
making  the  soil  depth  changes,  54  kg  P/ha  were 
incorporated  on  one  half  of  each  topsoil  depth  plot 
and  the  other  half  received  no  P.  These  P  or  no  P 
plots  were  split  for  applications  of  0,  34  or  68  kg 
N/ha.  Phosphorus  had  no  effect  on  wheat  yield. 
Without  fertilizer  N,  yields  on  -15  and  -30  cm  plots 
were  reduced  46  and  55%,  respectively,  but  in- 
creased 69%  from  the  addition  of  15  cm  of  topsoil, 
compared  with  the  0  cm  plot.  Removing  15  and  30 
cm  of  topsoil  also  reduced  the  upper  limit  of  N- 
fertilized  production  to  80  and  65%,  respectively, 
of  production  on  undisturbed  N-fertilized  plots. 
Three  kilograms  fertilizer  N/ha  each  crop  year 
offset  each  centimeter  of  soil  removed,  but  only  to 
the  new  lower  production  limit.  All  plots  had 
similar  amounts  of  stored,  available  soil  water  in 
the  spring,  but  a  large  fraction  of  this  water  re- 
mained unused  at  harvest  on  plots  with  15  and  30 
cm  of  topsoil  removed  because  the  low-yielding 
wheat  did  not  use  as  much  water.  Profile  water 
differences  at  harvest  were  no  longer  apparent  by 
the  next  spring,  following  winter  recharge.  Unused 
water  at  harvest,  which  partially  filled  the  soil 
profile,  reduced  winter  infiltration  and  contributed 
to  subsequent  runoff  from  precipitation  on  those 
plots.  Adding  N  fertilizer  was  only  a  partial  solu- 
tion to  topsoil  deficiencies.  (Author's  abstract) 
W91-07352 


TILLAGE  AND  CANOPY  COVER  EFFECTS  ON 
INTERRILL  EROSION  FROM  FIRST-YEAR 
ALFALFA. 

Wisconsin  Univ.,  Madison.  Dept.  of  Soil  Science. 
S.  J.  Sturgul,  T.  C.  Daniel,  and  D.  H.  Mueller. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1733-1739,  November/December 
1990.  6  tab,  38  ref. 

Descriptors:  "Alfalfa,  "Canopy,  "Soil  erosion, 
"Surface  runoff,  "Tillage,  "Wisconsin,  Crop  yield, 
Moldboard,  Plant  growth,  Seasonal  distribution, 
Simulated  rainfall,  Statistical  analysis. 

Alfalfa  (Medicago  sativa)  establishment  techniques 
commonly  produce  a  soil  surface  susceptible  to 
high  runoff  and  soil  losses  prior  to  crop  canopy 
development.  Four  alfalfa  establishment  techniques 
were  investigated  for  runoff,  erosion,  and  forage 
yield  over  two  growing  seasons  on  a  Piano  silt 
loam  soil  (fine-silty,  mixed,  mesic  Typic  Argiudoll) 
with  a  5%  slope  in  south-central  Wisconsin.  Alfal- 
fa seedbeds  were  established  on  cropland  previous- 
ly in  no-till  (NT)  corn  (Zea  mays).  Five  simulated 
rainfalls  were  applied  to  moldboard  (MB),  mold- 
board-nurse  crop(MB/nc),  chisel  (CH),  and  NT 
alfalfa  seedbeds.  An  additional  seedbed  investigat- 
ed was  no-till  with  surface  residue  removed  (NT/ 
wo)  immediately  prior  to  rainfall  simulation.  Rela- 
tive to  MB,  CH  treatments  reduced  runoff  volumes 
by  23  to  72%  and  NT  treatments  reduced  volumes 
50  to  100%.  Soil-loss  reductions  of  24  to  64%  from 
CH  and  71  to  100%  from  NT  relative  to  MB  were 
observed.  Runoff  volumes  from  NT/wo  were  the 
largest  of  all  treatments  for  four  of  the  five  rainfall 
simulations.  Soil  losses  from  NT/wo  were  statisti- 
cally similar  (P  =  0.05)  to  MB  for  all  rainfall 
simulations.  Comparisons  of  MB  to  MB/nc  runoff 
volumes  did  not  indicate  an  influence  of  canopy 
cover  on  runoff.  A  MB/nc  soil  loss  of  87%  less 
than  MB  at  a  rainfall  simulation  with  MB/nc 
canopy  of  93%  relative  to  MB  canopy  cover  of 
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47%  did  indicate  a  canopy  effect  on  soil  loss.  No 
significant  influence  of  canopy  development  on 
runoff  volumes  from  similar  treatments  over  time 
was  evident.  Canopy  development  contributed  to 
reduced  soil  losses  within  all  treatments,  with  a 
maximum  reduction  of  96%  observed  for  MB/nc 
canopy  cover  of  93%  relative  to  MB/nc  soil  loss  at 
0%  canopy.  Establishment  year  alfalfa  yield  and 
quality  did  not  vary  using  MB,  CH,  and  NT  treat- 
ments at  a  significance  level  of  P  =  0.05.  (Author's 
abstract) 
W9 1-07354 


INFILTRATION   IN   ADJACENT  CECIL  AND 
PACOLET  SOILS. 

Georgia  Univ.,  Athens.  Dept.  of  Agronomy. 

For   primary   bibliographic   entry   see   Field    2G. 

W91-07355 


KHNIFISS  LAGOON  AND  ADJACENT 
DESERT  AREA:  GEOGRAPHICAL  DESCRIP- 
TION AND  RECENT  COASTLINE  CHANGES. 

Institut  Scientifique,   Rabat  (Morocco).   Dept.  de 
Zoologie  et  Ecologie  Animale. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-07405 


MODELLING  OF  SETTLING  AND  FLOCCU- 
LATION  OF  FINE  SEDIMENTS  IN  STILL 
WATER. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
B.  G.  Krishnappan. 

Canadian  Journal  of  Civil  Engineering  CJCEB8, 
Vol.  17,  No.  5,  p  763-770,  October  1990,  7  fig,  2 
tab,  27  ref. 

Descriptors:  *Advection,  'Diffusion,  'Mathemati- 
cal  models,  *Model  studies,  *Path  of  pollutants, 
'Sediment  transport,  'Sedimentation,  Floccula- 
tion,  Particle  size,  Reservoirs,  Sedimentation  rates, 
Settling  basins,  Stagnant  water. 

The  role  of  fine-grained  sediments  in  the  transport 
of  pollutants  in  rivers,  estuaries,  and  other  water 
bodies  has  been  widely  recognized  by  a  number  of 
investigators.  A  numerical  model  to  predict  the 
settling  behavior  of  fine  sediment  mixtures  in  a 
stagnant  water  column  was  developed  to  consider 
both  the  single-grain  settling  mode  and  the  floe 
settling  mode.  The  single-grain  settling  mode  was 
analyzed  by  solving  the  unsteady,  one-dimensional 
diffusion-advection  equation  numerically  and  the 
floe  settling  mode  was  examined  by  solving  a 
coagulation  equation  expressed  as  a  discrete  equa- 
tion in  logarithmic  radius  space  considering  the 
differential  settling  as  the  only  collision  mecha- 
nism. The  model  results  were  compared  with  the 
laboratory  experimental  data  of  K.  Kranck  for 
both  modes  of  sediment  settling.  The  agreement 
between  the  model  predictions  and  the  experimen- 
tal data  is  good.  The  model  can  be  used  as  a  basis 
for  such  practical  applications  as  predicting  sedi- 
mentation rates  in  reservoirs  and  settling  basins. 
(Author's  abstract) 
W91-07525 


INVESTIGATION  ON  SILT  SOURCE  OF 
POYANG  LAKE  AND  RECENT  SEDIMENT 
REGULARITY  OF  THE  LAKE  BASIN  (IN  CHI- 
NESE). 

Hydrometerological       Experiment       Station      of 
Poyang  Lake,  Xingzi  (China). 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07539 


INFLUENCE  OF  BIODEPOSITION  BY 
FILTER-FEEDING  BIVALVES  ON  THE  MIO- 
BENTHIC  POPULATIONS  OF  A  MARITIME 
MARSH  (INFLUENCE  DE  LA  BIODEPOSI- 
TION DE  BIVALVES  FILTREURS  SUR  LESE 
PEUPLEMENTS  MIOBENTHIQUES  D'UN 
MARAIS  MARITIME). 

Centre  de  Recherche  en  Ecologie  Marine  et  Aqua- 
culture,  Nieul  sur  Mer  (France). 
A   Dinet,  J.  M.  Sornin,  A.  Sabliere,  D  Delmas. 
and  M.  Feuillet-Girard. 
Cahiers  de  Biologie  Marine  CBIMA5,  Vol.  31,  No. 


3,  p  307-322,  1990.  7  fig,  15  ref.  English  summary. 

Descriptors:  'Benthic  fauna,  'Bivalves,  'France, 
•Marine  sediments,  'Particulate  matter,  'Salt 
marshes,  'Sedimentation,  'Wetlands,  Ammonium, 
Bioindicators,  Copepods,  Interstitial  water,  Nema- 
todes, Population  decline. 

The  influence  of  biodeposition  by  filter-feeding 
bivalves  (Crassostrea  gigas  and  Mytilus  edulis)  on 
the  evolution  of  salt-marsh  meiobenthic  communi- 
ties of  the  French  Atlantic  coast  was  studied  over 
a  15-month  period.  Quantitative  variations  of  meio- 
fauna  were  analyzed  monthly  and  during  some 
phases  of  the  year  cycle,  at  two  or  three-day 
intervals.  The  factors  causing  faunal  variations 
were  determined  by  principal  component  analysis 
among  the  main  physico-chemical  factors  of  the 
environment,  especially  those  related  to  the  partic- 
ulate organic  matter  of  sediments.  During  the 
study  period,  it  was  difficult  to  determine  the 
subtle  effects  of  biodeposition  on  meiofauna.  Tem- 
perature was  the  principal  seasonal  factor  responsi- 
ble for  the  largest  quantitative  variations  observed 
in  the  communities.  Nematodes  and  harpacticoid 
copepods  reacted  inversely  to  the  massive  input  of 
biodeposits.  The  most  significant  observation  was  a 
population  decline  most  likely  due  to  the  strong 
reduction  of  the  substrate  and  a  rather  high  con- 
tent of  ammonium  in  interstitial  waters.  (Author's 
abstract) 
W9 1-07560 


PROTOZOA  ABUNDANCE,  GROWTH,  AND 
BACTERIOVORY  IN  THE  WATER  COLUMN, 
ON  SEDIMENTING  PARTICLES,  AND  IN  THE 
SEDIMENT  OF  HALIFAX  HARBOR. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Biology. 

J.  A.  Novitsky. 

Canadian  Journal  of  Microbiology  CJMIAZ,  Vol. 

36,  No.  12,  p  859-863,  December  1990.  1  fig,  3  tab, 

37  ref.  Natural  Sciences  and  Engineering  Research 

Council  of  Canada  Grant  A-6548. 

Descriptors:  'Canada,  'Estuarine  environment, 
'Food  chains,  'Protozoa,  'Sedimentation,  Bacte- 
rial physiology,  Flagellates,  Food  habits,  Marine 
sediments,  Population  dynamics,  Sediment-water 
interfaces. 

The  role  of  protozoan  grazing  in  controlling  bacte- 
rial populations  was  examined  in  four  microbial 
habitats  in  Halifax  Harbor,  Canada:  the  water 
column,  settling  particles,  the  sediment-water 
interface,  and  the  sediment.  Large  numbers  of  pro- 
tozoans were  found  in  all  habitats  although  most 
(>56%)  were  small  (<5  micrometers)  flagellates. 
Protozoans  larger  than  10  micrometers  were  rarely 
observed;  protozoans  >20  micrometers  were 
never  observed.  Protozoans  were  also  observed  to 
a  depth  of  9  cm  below  the  sediment  surface  al- 
though efforts  to  culture  viable  protozoa  failed 
except  for  the  top  1  cm.  The  use  of  the  metabolic 
inhibitor  cycloheximide  with  and  without  colchi- 
cine to  selectively  inhibit  eucaryotic  metabolism 
severely  affected  procaryotic  metabolism  in  sedi- 
ment (and  presumably  particle  and  water)  samples. 
Using  fluorescently  labeled  bacteria  as  food,  and 
under  optimum  conditions,  up  to  42%  of  the  Pro- 
tozoa population  exhibited  active  grazing  within  7 
h.  Using  protozoan  and  bacterial  community  sizes 
and  doubling  times,  it  was  calculated  that  each 
protozoan  in  Halifax  Harbor  would  have  to  con- 
sume 13-118  bacteria  per  hour  for  the  enumerated 
nanoplanktonic  (<20  micrometers)  Protozoa  to  be 
the  sole  control  of  the  size  of  the  bacterial  commu- 
nity. (Author's  abstract) 
W9 1-07563 


EFFECT  OF  CUMULATIVE  EROSION  AND 
RAINFALL  ON  SORGHUM,  PEARL  MILLET 
AND  CASTOR  BEAN  YIELDS  UNDER  DRY 
FARMING  CONDITIONS  IN  ANDHRA  PRA- 
DESH, INDIA. 

Central  Research  Inst,  for  Dryland  Agriculture, 
Hyderabad  (India). 

For  primary  bibliographic  entry  see  Field  21. 
W9 1-07569 


SEDIMENT      MANAGEMENT      WITH      SUB- 
MERGED VANES:  I.  THEORY. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 

W9 1-07588 


SEDIMENT      MANAGEMENT      WITH      SUB- 
MERGED VANES:  II.  APPLICATIONS. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 

W9 1-07589 


ANALYTICAL     SOLUTION     FOR     DENSITY 
CURRENTS  IN  SETTLING  BASINS. 

Universidade  Federal  do  Parana,  Curitiba  (Brazil). 
For  primary  bibliographic  entry  see  Field  8B. 

W9 1-07591 


RHEOLOGY  OF  HYPERCONCENTRATIONS. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 

W91-07592 


FLUVIAL  ARMOR. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 
Hydraulic  Lab. 

For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07596 


NEW  NUMERICAL/PHYSICAL  FRAMEWORK 
FOR  MOBILE-BED  MODELLING:  PART  2- 
TEST  APPLICATIONS. 

Iowa  Univ.,  Iowa  City. 

F.  M.  Holly,  and  J.-L.  Rahuel. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 

No.  5,  p  545-564,  1990.  21  fig,  13  ref.  U.S.  National 

Science  Foundation  Grant  MSM-85-166. 

Descriptors:  'Alluvial  channels,  'Bed  load,  'Com- 
puter models,  'Model  studies,  'Sediment  transport, 
'Suspended  sediments,  Computers,  Fluvial  sedi- 
ments, Model  testing,  Reservoirs,  Simulation  anal- 
ysis, St  Venant  equation. 

A  new  computational  framework  for  one-dimen- 
sional simulation  has  been  developed.  The  ap- 
proach is  based  on  use  of  the  full  de  St.  Venant 
flow  equations,  treatment  of  sediment  mixtures, 
recognition  of  the  distinctly  different  physics  of 
suspended  load  and  bed  load  movement,  use  of  a 
spatial-delay  loading  law  for  bed  load,  and  fully- 
coupled  implicit  numerical  solution  of  the  resulting 
set  of  partial-differential  equations.  In  eliminating 
most  of  the  conceptual  and  numerical  weaknesses 
of  existing  methods,  the  new  approach  establishes  a 
new  standard  of  fidelity  to  the  governing  conser- 
vation laws,  whatever  be  the  particular  empirical 
sediment  relations  employed  for  a  particular  appli- 
cation. Six  different  test  applications  were  made: 
loading-law  effects  on  bed  load;  fine-material  over- 
load in  a  coarse-bed  stream;  deposition  delta  in  a 
reservoir;  advection  and  deposition  of  suspended 
material;  unsteady  reservoir  operations;  and  multi- 
class  dynamics  in  a  variable  gradient  stream.  These 
tests  demonstrated  the  basic  stability  and  robust- 
ness of  the  new  computational  method,  and  dem- 
onstrated the  ability  of  the  new  physical  formula- 
tion to  relieve  the  user  of  any  need  to  make  a  priori 
declarations  of  suspended  load  and  bed  load  classi- 
fications. The  computational  time  required  for  tests 
using  from  two  to  four  size  classes  is  about  30 
milliseconds  per  class  per  point  per  iteration,  on  an 
IBM  4330  mainframe  computer.  (Fish-PTT) 
W9 1-07597 


MECHANISM  OF  FAILURE  OF  FRACTURED 
BLOCK  MASSES  UNDER  THE  EFFECT  OF  A 
HIGH-VELOCITY  FLOW. 

For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07637 
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RESEARCH  NEEDS  AND  APPLICATIONS  TO        W9 1-077 16 
REDUCE   EROSION   AND   SEDIMENTATION 
IN  TROPICAL  STEEPLANDS. 

For  primary  bibliographic  entry  see  Field  4D. 
W9 1-077 13 

RESEARCH  NEEDS  AND  APPLICATIONS  TO 
REDUCE  EROSION  AND  SEDIMENTATION 
IN  THE  TROPICS. 

Hawaii  Univ.,  Honolulu. 

For  primary   bibliographic   entry   see   Field   4D. 

W91-07714 

EROSION  AND  SEDIMENTATION  IN  FIJI- 
AN OVERVIEW. 

University  of  the  South  Pacific,  Suva  (Fiji). 
R.  J.  Morrison,  W.  C.  Clarke,  N.  Buresova,  and  L. 
Limalevu. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  14-23.  1  fig,  1  tab,  10  ref. 

Descriptors:  'Erosion,  *Fiji,  *Land  management, 
•Sedimentation,  *Soil  erosion,  Agriculture,  Con- 
servation, Economic  aspects,  Flooding,  Forest 
management,  Land  use,  Legislation,  Logging,  Rain 
forests,  Rainfall,  Resources  management,  Topogra- 
phy. 

Soil  erosion  and  sedimentation  are  major  problems 
in  Fiji.  The  steepland  topography  and  highly  ero- 
sive rainfall  contribute  to  high  natural  rates  of 
erosion.  Over  the  past  30  to  50  years  a  substantial 
area  of  sloping  land  has  been  brought  into  agricul- 
tural production.  This  extension  of  agriculture  and 
increased  logging  of  rain  forests  has  caused  consid- 
erable erosion  but  there  is  a  lack  of  quantitative 
information.  The  effects  of  erosion  include  land 
degradation  and  decreased  productivity,  sediment 
deposition  in  rivers  with  subsequent  increase  in 
flooding,  and  damage  to  coastal  ecosystems  by 
transported  sediment.  Legislation  exists  for  the 
control  of  land  use  and  the  encouragement  of 
conservation,  but  has  not  been  widely  applied.  The 
land  tenure  system,  increasing  demands  for  cash 
income  and  the  lack  of  strong  political  commit- 
ment to  conservation  contribute  to  the  continuing 
problems  of  soil  erosion  and  sedimentation.  (See 
also  W9 1-077 13)  (Author's  abstract) 
W9 1-077 15 


SEDIMENT  DISCHARGE  FROM  A  MONTANE 
BASIN,  PUERTO  RICO:  IMPLICATIONS  OF 
EROSION  PROCESSES  AND  RATES  IN  THE 
HUMID  TROPICS. 

Geological  Survey,  Nashville,  TN. 
A.  Simon,  and  S.  Guzman-Rios. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  35-47.  4  fig,  4  tab,  24  ref. 

Descriptors:  *Puerto  Rico,  *Sediment  discharge, 
♦Sediment  transport,  'Sediment  yield,  *Soil  ero- 
sion, "Tropical  areas,  Forests,  Grain  size,  Mass 
wasting,  Rainfall,  Semiarid  climates,  Temperate 
zone. 

Calculated  mean-annual  sediment  yields  for  sta- 
tions upstream  of  Lago  Loiza  reservoir,  Puerto 
Rico,  range  from  1660  tons/sq  km/yr  to  2880  tons/ 
sq  km/yr.  These  sediment  yield  data  are  an  order 
of  magnitude  greater  than  maxima  reported  for  the 
erosive  semi-arid  regions.  Results  show  that  in  the 
high  relief  basins  of  eastern  Puerto  Rico,  sediment 
yields  are  greater  when  annual  rainfall  exceeds 
1500  mm,  and  are  as  high  as  3000  tons/sq  km/yr 
where  annual  rainfall  exceeds  2500  mm.  Bed  mate- 
rial comprised  between  34  and  92%  of  the  total 
sediment  yields.  These  data  are  in  sharp  contrast  to 
data  reported  from  temperate  regions,  and  from 
other  humid  tropical  areas.  The  unusually  high 
proportion  of  bed  material  in  the  Lago  Loiza  basin 
is  attributed  to  the  delivery  of  coarse-grained  sa- 
prolitic  material  to  the  streams  by  mass-wasting 
processes.  Although  suspended  sediment  yields 
from  the  basin  were  in  general  agreement  with  or 
exceeded  those  reported  for  other  humid-tropical 
basins  of  high  relief,  little  fine  grained  material  is 
made  available  for  fluvial  transport  by  overland 
flow  because  of  dense  grass  and  forest  cover  and 
rapid  infiltration  rates  in  the  coarse-grained  sapro- 
lite.  (See  also  W9 1-077 13)  (Author's  abstract) 
W9 1-077 17 


EFFECT  OF  BURNING  AND  REFORESTA- 
TION ON  GRASSLAND  WATERSHEDS  IN 
THE  PHILIPPINES. 

Ecosystems  Research  and   Development   Bureau, 
College  (Philippines). 
A.  M.  Dano. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  53-61.  2  tab,  13  ref. 

Descriptors:  'Burning,  'Erosion,  'Grasslands, 
'Philippines,  'Reforestation,  'Sediment  yield, 
'Watershed  management,  Calibrations,  Field  tests, 
Land  use,  Range  management,  Resources  manage- 
ment, Statistical  analysis,  Suspended  sediments, 
Vegetation,  Water  yield. 

Influence  of  land  use  manipulations  on  two  small 
grassland  watersheds  was  tested  using  paired  wa- 
tershed treatments  in  Angat,  Bulacan,  Philippines. 
Prior  to  the  implementation  of  treatments,  initial 
baseline  data  was  collected  for  four  years  (1973  to 
1976).  Catchments  were  burned  during  the  dry 
season  (in  March)  to  simulate  the  practice  of  local 
ranchers.  After  calibration,  one  of  the  grassed 
catchments  was  protected  from  fire  while  the 
other  was  burned  annually.  This  burned  plot 
served  as  the  control,  while  the  non-burned  plot 
was  reforested  with  Gmelina  arborea  and  observed 
after  1981.  Using  covariance  and  regression  analy- 
ses, no-burning  and  reforestation  showed  increased 
water  yield  (9.5%  for  no-burning,  11%  for  refor- 
estation) and  decreased  suspended  sediment  yield 
(59%  for  no-burning  and  72%  for  reforestation) 
compared  with  an  annually-burned  Imperata  grass- 
land. A  decreasing  trend  in  water  yield  was  ob- 
served in  the  second  and  successive  years  after 
reforestation,  suggesting  an  increasingly  consump- 
tive use  by  the  trees  as  they  mature.  The  increasing 
protection  afforded  by  constant  grass  cover  and 
then  the  presence  of  trees  may  have  reduced  soil 
erosion,  the  principal  source  of  suspended  sedi- 
ment. The  covariance  and  regression  analyses  tech- 
niques were  sensitive  and  detected  significant 
changes  as  a  result  of  land  use  manipulations  and 
differences  in  vegetative  cover.  (See  also  W91- 
07713)  (Brunone-PTT) 
W9 1-077 19 


EROSION  PROBLEMS  AND  RESEARCH 
NEEDS  OF  TROPICAL  SOILS. 

Chinese  Culture  Univ.,  Taipei  (Taiwan).  Dept.  of 
Natural  Resources. 
K  F  A.  Lo. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  24-34.  1  fig,  4  tab,  18  ref. 

Descriptors:  'Erosion,  'Land  management,  'Soil 
erosion,  'Tropical  areas,  Agriculture,  Cropland, 
Economic  aspects,  Flooding,  Land  use,  Population 
density,  Productivity,  Rainfall  intensity,  Research 
priorities,  Resources  management,  Siltation. 

Under  natural  conditions,  tropical  soils  have  mod- 
erate to  low  soil  credibility.  When  exposed  to 
raindrop  impact,  these  soils  slake  easily  and  devel- 
op an  impermeable  crust.  As  demand  for  food  and 
energy  increases  with  population,  pressures  on 
land  use  have  become  so  intense  that  most  tropical 
croplands  are  losing  topsoil  at  a  rate  undermining 
its  long-term  productivity.  Erosion  associated 
problems  such  as  productivity  decline,  watershed 
degradation,  reservoir  siltation  and  uncontrolled 
flooding  are  extensive  in  the  tropics.  Baseline  re- 
search is  needed  to  quantify  interrelationships 
among  essential  causative  parameters,  adverse  ef- 
fects on  productivity  and  their  modifications,  and 
the  importance  of  land  use  patterns  and  cropping 
systems.  More  effort  is  also  needed  to  develop 
acceptable  rates  of  soil  loss  in  the  tropics  that  will 
take  into  account  soil  productivity,  environmental 
impacts,  resource  availability,  and  socioeconomic 
and  cultural  issues.  (See  also  W9 1-077 13)  (Brun- 
one-PTT) 


SOIL  AND  WATER  LOSSES  ON  PLOTS  WITH 
DIFFERENT  LAND  USE  IN  THE  PHU  WIANG 
WATERSHED. 

Integrated  Development  of  the  Phu  Wiang  Water- 
shed Project  Khon  Kaen  (Thailand). 
U.  Thongmee,  and  M.  Vannaprasert. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  48-52.  1  fig,  4  tab. 

Descriptors:  'Land  use,  'Resources  management, 
•Runoff,  'Soil  erosion,  'Thailand,  'Watersheds, 
Agricultural  runoff,  Agriculture,  Field  tests,  For- 
ests, Statistical  analysis. 

The  runoff  and  soil  loss  experimental  plots  were 
established  by  the  Royal  Forest  Department  in 
1987  on  8%  to  10%  slope  in  the  forest  reserve  of 
the  Phu  Wiang  watershed.  Forty-five  4  by  20  m 
plots  were  constructed  to  test  three  replicates  of  15 
different  land  use  treatments.  The  treatments  fell 
into  four  categories:  bare  soil,  cash  crop,  cash  crop 
with  forest  plantation  (agroforestry),  and  forest 
plantation.  Cash  crops  included  two  treatments, 
cassava  and  peanuts.  Agroforestry  included  eight 
treatments  representing  two  cash  crops  combined 
with  two  different  tree  species  (Eucalyptus  camal- 
dulensis  and  Leucaena  leucocephala)  and  two  dif- 
ferent tree  spacings  (2  by  8  and  4  by  4  m).  The 
forest  plantation  included  four  treatments  of  the 
two  tree  species  and  spacings.  The  soil  loss  was 
maximum  on  the  bare  soil,  showing  a  statistically 
significant  difference  from  the  other  treatments, 
and  minimum  on  the  forest  plantation.  The  runoff 
was  maximum  on  the  agroforestry  treatment,  and 
minimum  on  the  forest  plantation,  showing  a  statis- 
tically significant  difference  from  the  other  treat- 
ments. (See  also  W9 1-077 13)  (Author's  abstract) 
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STREAM  SUSPENDED  SEDIMENT  LOAD 
AFTER  CLEAR-FELLING  AND  DIFFERENT 
FORESTRY  TREATMENTS  IN  TROPICAL 
RAINFOREST,  SABAH,  MALAYSIA. 

Sveriges    Lantbruksuniversitet,    Umea.    Dept.    of 
Forest  Site  Research. 
A.  Maimer. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  62-71.  3  fig,  2  tab,  24  ref. 

Descriptors:  'Erosion,  'Forest  management,  'Ma- 
laysia, 'Rain  forests,  'Sediment  erosion,  Flow  dis- 
charge, Logging,  Sediment  transport,  Streams, 
Suspended  sediments,  Vegetation,  Watersheds. 

The  effects  of  different  conversions  to  plantation 
forests  on  suspended  sediment  soil  loss  were  inves- 
tigated using  paired  watersheds  in  a  logged-over 
tropical  rainforest  in  southwest  Sabah,  Malaysia. 
Four  watersheds  were  clear-felled:  Wl  and  W2 
(having  secondary  vegetation  after  forest  fires) 
from  which  no  logs  were  extracted;  W4,  where 
manual  extraction  was  practiced,  and;  W5,  where 
normal  techniques  of  tractor  extraction  were  used. 
After  felling,  the  basins  were  planted  with  planta- 
tion forest  trees.  At  sites  Wl,  W2,  and  W5,  this 
planting  was  preceded  by  burning  of  the  slash. 
Two  catchments  were  monitored  for  reference. 
Suspended  sediment  loss  was  determined  to  be  3.9, 
2.1,  and  0.9  tons/ha  following  tractor  extraction, 
manual  extraction  and  no  extraction,  respectively, 
for  the  first  18.5  months  during  and  after  extrac- 
tion. The  estimated  soil  loss  by  suspended  load 
from  the  catchments  was  low  before  treatments 
and  for  control  streams.  Decomposition  of  non- 
burned  slash  may  permit  faster  runoff  during  in- 
tense rain  events  because  of  the  lack  of  ground 
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cover.  Higher  discharge  velocities  may  (hen  cause 
higher  erosion  of  stream  banks  and  topsoil.  (See 
also  W91-07713)  (Brunone-PTT) 
W9 1-07720 


SOIL  EROSION  IN  DRY-HOT  VALLEYS  OF 
TROPICS  AND  SUBTROPICS  IN  SOUTHWEST 
CHINA. 

S.  Liu,  B.  Tang,  J.  Li,  and  X.  Shang. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  72-83.  1  fig,  1  tab. 

Descriptors:  'China,  'Erosion,  *Land  manage- 
ment, 'Semiarid  lands,  'Soil  conservation,  *Soil 
erosion,  'Tropical  areas,  Economic  aspects,  Evap- 
oration, Landslides,  Resources  management,  Reve- 
getation,  Subtropic  zone,  Valleys,  Water  conserva- 
tion, Water  resources  management. 

Soil  erosion  is  a  serious  problem  in  the  dry  valleys 
of  southwest  China,  especially  in  the  dry  valleys  of 
the  Jinsha  River  Basin  and  the  Minjiang  River 
Basin.  Moderate  soil  erosion  occurs  in  low  moun- 
tainous and  hilly  areas;  gravitational  erosion  which 
is  very  strong  in  the  rocky  mountainous  areas  is 
observed  as  debris  flows  and  landslides.  Dry  val- 
leys usually  have  young  geomorphological  charac- 
teristics: steeply  graded  river  bed  with  upward 
curves,  with  many  steps  and  rapids.  Dry  valleys 
have  dry  and  variable  climates  with  distinct  wet 
and  dry  seasons  and  great  regional  differences  in 
precipitation.  The  evaporation  rate  is  three  or  four 
times  as  high  as  precipitation  in  the  dry  valleys, 
and  annual  relative  humidity  is  usually  50  to  70%. 
Debris  flow  occurrence  and  activity  intensifies  en- 
vironmental degradation  of  dry  valleys.  Human 
economic  activities  accelerate  the  formation  of  dry 
valleys.  Ordinary  soil  and  water  losses  could  be 
prevented  and  controlled  by  revegetation,  supple- 
mented by  small-scale  soil  and  water  conservation 
efforts.  Structural  measures  can  protect  mountain- 
ous areas  from  landslide  and  collapse.  (See  also 
W9 1-077 13)  (Brunone-PTT) 
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SOIL  EROSION  AND  SUSPENDED  SEDI- 
MENT PRODUCTION  IN  HONG  KONG:  DE- 
VELOPMENT OF  AN  ASSESSMENT  STRATE- 
GY. 

Hong  Kong  Univ.  Dept.  of  Geography  and  Geolo- 
gy- 

M.  R.  Peart. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  84-93.  1  fig,  2  tab,  17  ref. 

Descriptors:  'Erosion,  "Hong  Kong,  'Soil  erosion, 
•Soil  management,  'Suspended  sediments,  Catch- 
ment areas,  Monitoring,  Rainfall,  Resources  man- 
agement, Runoff,  Sediment  transport,  Sediment 
yield.  Spatial  variation. 

Erosion  is  widespread  in  Hong  Kong,  affecting 
both  undeveloped  and  developed  terrain.  Erosion 
within  water  catchment  areas  may  result  in  sedi- 
mentation and  loss  of  storage  area  within  reser- 
voirs. Surface  drainage  and  protection  could  be 
used  on  slopes  to  reduce  erosion.  Land  erosion 
products  discharging  into  Victoria  Harbour  may 
contribute  45,000  cubic  m/yr  of  material.  Process- 
es of  erosion  may  exhibit  considerable  spatial  varia- 
tion, leading  to  difficulties  with  quantification.  Ex- 
pansion of  monitoring  should  concentrate  upon  the 
assessment  of  sediment  yield  from  drainage  basins. 
Rainfall  and  runoff  records  can  be  utilized  to  deter- 
mine the  length  of  the  monitoring  period  necessary 
to  determine  long-term  average  sediment  yield. 
Relating  on-site  erosion  to  sediment  yield  at  the 
basin  outlet  is  an  important  future  objective.  Any 
monitoring  program  should  also  incorporate  sedi- 
ment quality,  as  well  as  quantity.  (See  also  W91- 
07713)  (Brunone-PTT) 
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PRELIMINARY  RESULTS  OF  THE  RRAM 
PROJECT  SOIL  LOSS  AND  EROSION  CON- 
TROL TRIALS,  RWANDA,  1987-1988. 

Tropical  Research  and  Development,  Inc.,  Gaines- 
ville, FL. 
A.  Byers. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  94-102.  1  tab,  17  ref. 

Descriptors:  'Agricultural  watersheds,  'Erosion 
control,  'Rwanda,  'Soil  erosion,  'Tillage,  Contour 
terracing,  Monitoring,  Ruhengeri  Prefecture, 
Tropical  areas,  Watersheds. 

First-year  runoff  plot  and  hydrological  data  from 
the  USAID-funded  Ruhengeri  Resource  Analysis 
and  Management  (RRAM)  Project  in  the  Ruhen- 
geri Prefecture,  northwest  Rwanda,  suggested  that 
soil  loss  was  much  higher  than  previously  estimat- 
ed. Losses  of  more  than  400  tons/ha/yr  were  re- 
corded for  certain  cropped  plots,  but  were  reduced 
to  an  average  of  54  tons/ha/yr  with  the  application 
of  biological  contours.  These  results  suggested  that 
between-contour  treatments,  such  as  mulch,  mini- 
mum tillage,  and  contour  planting  would  be  neces- 
sary to  further  reduce  soil  loss  to  acceptable  levels. 
The  experiment  supports  the  hypothesis  that 
projects  with  practical,  applied  research  compo- 
nents can  quickly  provide  the  preliminary  results 
and  insights  necessary  for  the  immediate  imple- 
mentation and  subsequent  refinement  of  better  land 
use  practices.  Future  needs  include  the  develop- 
ment of  monitoring  programs  that  are  sensitive  to 
donor  and  governmental  funding  and  constraints 
and  priorities,  that  are  technically  capable  of  fulfill- 
ing project  needs  and  supplementing  existing  tropi- 
cal watershed  data  deficiencies.  (See  also  W91- 
07713)  (Author's  abstract) 
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CONSTRUCTION  OF  SEDIMENT  BUDGETS 
TO  ASSESS  EROSION  IN  SHINYANGA 
REGION,  TANZANIA. 

Forest  Service,  Arcadia,  CA. 

For   primary   bibliographic   entry   see   Field   4D. 
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ACCOUNTING  FOR  THE  STOCHASTIC  OC- 
CURRENCE OF  LANDSLIDES  WHEN  PRE- 
DICTING SEDIMENT  YIELDS. 

Washington  Univ.,  Seattle.  Dept.  of  Geological 
Sciences. 

L.  Benda,  and  W.  Zhang. 

IN:  Research  Needs  and  Applications  to  Reduce 
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IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  115-127.  5  fig,  19  ref. 

Descriptors:  'Landslides,  'Mathematical  models, 
'Model  studies,  'Sediment  yield,  'Sedimentation, 
'Tropical  areas,  Deforestation,  Forests,  Prediction, 
Simulation  analysis,  Temporal  distribution,  Time 
scale,  Watersheds. 

Landslides  may  lead  to  sedimentation  of  streams 
and  rivers  in  tropical  environments  over  a  period 
of  decades.  Hence,  stochastic  occurrences  of  land- 
slides are  important  when  predicting  sediment 
yields,  particularly  in  areas  undergoing  deforest- 
ation. A  hillslope  stability  stimulation  model  was 
developed  based  on  the  application  of  an  infinite 
slope  stability  analysis  and  a  groundwater  model  to 
a  population  of  synthetic  landslide  sites.  The  de- 
cline of  apparent  root  cohesion  over  time  due  to 
vegetation  removal  is  included  in  this  model,  and 
the  random  occurrence  of  landslides  is  generated 
by  a  rainfall  model.  This  model  is  used  to  predict 
landslides  and  sediment  yields  in  mature  and 
second-growth  forests,  and  in  clearcuts  in  a  basin 
in  Washington  state.  The  model  is  best  suited  for 
large  basins  with  hundreds  to  thousands  of  well- 
defined  landslide  sites.  The  hillslope  stability  simu- 
lation model  could  be  used  in  the  development  of 
sediment  budgets  in  tropical  environments  where 
landslides  contribute  significantly  to  sediment 
yields.  The  model  may  be  particularly  useful  for 
predicting  river  and  reservoir  sedimentation  over 


time  scales  of  decades  to  centuries.  (See  also  W91- 
07713)  (Brunone-PTT) 

W9 1-07725 


REDUCE  EROSION  AND  SEDIMENTATION 
IN  A  TROPICAL  WATERSHED  WITH  A  SOIL 
EROSION  SIMULATION  MODEL. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Wasser- 
wirtschaft,   Hydrologie  und   Landwirtschaftlichen 
Wasserbau. 
A.  Juarez. 

IN:  Research  Needs  and  Applications  to  Reduce 
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IAHS  Publication  No.  192.  International  Associa- 
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Descriptors:  'Erosion,  'Guatemala,  'Mathematical 
models,  'Model  studies,  'Sedimentation,  'Soil  ero- 
sion, 'Tropical  areas,  'Watersheds,  Agriculture. 
Disturbance,  Forests,  Runoff,  Spatial  distribution. 

Erosional  trends  in  the  humid  tropics  are  some- 
times dependent  on  the  extent  of  disturbance  by 
man.  Since  spatial  variations  of  soil  erosion  and  the 
evaluation  of  soil  protection  strategies  must  be 
studied  on  small  watersheds,  limited  information  is 
one  of  the  greatest  problems  in  tropical  areas  when 
planning  soil  erosion  protection  measures.  A  wa- 
tershed model  FGMOD,  together  with  a  soil  ero- 
sion simulation  model,  can  provide  information 
about  runoff  and  sediment  concentrations  for  a 
small  watershed  in  areas  where  information  exists 
only  for  large  basins.  This  system  is  being  applied 
to  the  Chixoy  River  in  Guatemala  which  has  a 
drainage  area  of  about  5500  sq  km.  Soil  erosion  in 
the  area  has  increased  due  to  human  activities  and 
because  of  uncontrolled  treefalls.  Although  data  is 
not  yet  available,  it  is  believed  that  this  model  will 
be  useful  for  the  analysis  of  a  small  watershed  with 
agricultural  and  forested  areas.  (See  also  W91- 
07713)  (Brunone-PTT) 
W9 1-07728 


RUNOFF  PLOTS  AND  EROSION  PHENOM- 
ENA ON  TROPICAL  STEEPLANDS. 

Colorado  State  Univ.,  Fort  Collins. 
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Descriptors:  *EI  Salvador,  'Erosion  control, 
'Field  tests,  'Jamaica,  'Runoff,  'Soil  erosion, 
'Thailand,  'Tropical  areas,  'Watershed  manage- 
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Runoff  plots  are  used  in  many  developing  coun- 
tries for  erosion  studies.  In  the  past,  reports  of  plot 
studies  concentrated  mostly  on  presenting  figures 
and  statistics  and  less  on  explaining  the  back- 
ground and  the  applicability  of  the  results.  Howev- 
er, to  secure  useful  results,  plots  need  to  be  careful- 
ly designed  and  maintained,  and  followed  with 
meaningful  analysis  and  interpretation.  To  illus- 
trate this  theory  an  analysis  of  plot  design  and 
logic,  management  needs,  and  particularly  erosion 
phenomena  and  their  implications  for  erosion  con- 
trol work  based  mainly  on  observations  from 
runoff  plots  in  the  steeplands  of  Jamaica,  El  Salva- 
dor, and  Thailand  from  the  early  seventies  to  the 
mid-eighties  was  conducted.  This  analysis  provid- 
ed the  basis  for  planning  several  soil  conservation 
and  watershed  projects  in  terms  of  estimating  ero- 
sion rates,  effectiveness  of  conservation  measures, 
and  crop  potentials  on  treated  lands.  International 
soil  conservation  societies,  research  institutions,  or 
other  agricultural  or  environmental  bodies  should 
make  efforts  to  investigate  their  installations,  col- 
lect, collate,  and  coordinate  their  findings,  and 
help  synthesize  and  publish  the  results.  Standardi- 
zation of  plot  design  and  management  practices 
should  also  be  considered  in  order  to  avoid  mis- 
takes of  the  past  as  well  as  to  make  comparisons 
more  meaningful.  (See  also  W9 1-077 13)  (Brunone- 
PTT) 
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WATER  CYCLE— Field  2 


Erosion  and  Sedimentation — Group  2J 


W9 1-07729 

IMPACT  OF  COMMERCIAL  LOGGING  ON  A 
SMALL  RAINFOREST  CATCHMENT  IN  ULU 
SEGAMA,  SABAH,  MALAYSIA. 

Manchester  Univ.  (England). 
I.  Douglas,  T.  Greer,  W.  W.  Meng,  T.  Spencer, 
and  W.  Sinun. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  165-173.  3  fig,  2  tab,  9  ref.  Natural  Envi- 
ronment Research  Council  Grant  GR  3/6360. 

Descriptors:  *Borneo,  "Catchment  areas,  •Ero- 
sion, *Land  use,  "Logging,  'Malaysia,  *Rain  for- 
ests, *Storm  runoff,  Headwaters,  Rainfall  intensity, 
Road  construction,  Sediment  yield,  Water  re- 
sources management. 

Three  stages  of  logging  activity  in  the  0.56  sq  km 
Sungei  Steyshen  Batu  catchment  in  Borneo 
produce  incremental  effects  on  total  suspended 
sediment  yield.  Logging  road  construction  across 
the  headwaters  of  the  catchment  led  to  peak  sus- 
pended sediment  concentrations  in  storm  runoff  of 
over  2000  mg/L,  more  than  double  previously 
recorded  maxima,  but  total  sediment  yields  per 
storm  remained  below  5  tons.  Logging  along  a 
strip  36.7  m  wide  on  either  side  of  the  road  leads  to 
concentrations  up  to  13,000  mg/L  and  removal  of 
as  much  as  1 1  tons  in  a  single  storm.  More  exten- 
sive, mainly  high  lead  logging  saw  both  higher 
sediment  yields  and  longer  duration  of  high  sedi- 
ment concentrations  during  storm  runoff.  The  stor- 
age of  sediment  within  the  catchment  makes  large, 
rare  storms  particularly  important  in  the  total  sedi- 
ment budget.  The  impacts  of  commercial  forestry 
are  felt  as  a  series  of  increments  which  lead  to  the 
exposure,  mobilization,  storage  and  evacuation  of 
sediment  from  the  catchment.  Activities  which 
create  new  sediment  sources  should  be  avoided  at 
the  times  of  year  when  the  heaviest  rains  occur. 
(See  also  W9 1-077 13)  (Brunone-PTT) 
W91-07730 


HILLSLOPE  EROSION,  SEDIMENTATION, 
AND  RELIEF  INVERSION  IN  SE  BRAZIL: 
BANANAL,  SP. 

Universidade  Federal  do  Rio  de  Janeiro  (Brazil). 
Dept.  de  Geografia. 
A.  L.  C.  Netto,  and  N.  F.  Fernandes. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  174-182.  5  fig,  17  ref. 

Descriptors:  "Brazil,  "Geomorphology,  "Ground- 
water movement,  "Sedimentation,  "Soil  erosion, 
"Storm  seepage,  Channel  morphology,  Field  tests, 
Groundwater,  Hollows,  Landslides,  Slopes,  To- 
pography. 

Hillslope  concavities  (or  hollows)  showing  highly 
discontinuous  subsurface  structures  constitute  an 
important  site  for  channel  incision  by  seepage  ero- 
sion. Field  studies  were  conducted  in  the  Munici- 
pio  de  Bananal  in  Brazil  where  landforms  are 
primarily  controlled  by  lithology  and  rock  struc- 
ture of  the  underlying  Precambrian  geologic  base- 
ment. The  current  rangeland  environment  favors 
the  expansion  of  huge  anthills  and  tunnels.  These 
features  control  the  entry  of  overland  flow  into  the 
soil,  supporting  pipeflow  generation  and  water  re- 
charge for  the  subsurface  saturated  zones.  Channel 
development  occurs  mainly  in  the  convergence 
flow  zone  along  the  topographic  hollow  axis  and 
may  trigger  slope  failures,  particularly  on  steep 
hillside  slopes  or  headslopes.  Adjacent  drainage 
systems  with  contrasting  valley  floor  elevations 
would  provide  conditions  for  local  variations  of 
groundwater  level  so  that  incision  into  the  weath- 
ered bedrock  may  contribute  to  changing  the  sub- 
surface flow  routes  due  to  groundwater  piracy. 
Positive  pore  pressures  may  increase  at  the  seepage 
face  to  extend  slope  retreat  toward  the  watershed 
divides.  Such  an  instability  may  lead  to  the  de- 
struction of  watershed  divides  and  the  capture  of 
neighboring  channels.  More  field  investigations  are 


needed  to  understand  groundwater  flow  paths  and 
how  relief  inversion  can  affect  hillslope  and  fluvial 
sedimentation.  (See  also  W9 1-077 13)  (Brunone- 
PTT) 

W9 1-07731 


EFFECT  OF  VEGETATION  ON  DEBRIS  SLIDE 
OCCURRENCES  ON  STEEP  FORESTED 
SLOPES  IN  JAPAN  ISLANDS. 

Tokyo    Univ.    of    Agriculture    and    Technology 
(Japan). 
Y.  Tsukamoto. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  183-191.  6  fig,  5  tab,  7  ref. 

Descriptors:  "Forests,  "Japan,  "Landslides,  "Vege- 
tation, Elevation,  Mathematical  models,  Model 
studies,  Sea  level,  Slopes,  Soil  profiles,  Statistical 
analysis,  Tree  roots. 

The  effects  of  tree  roots  on  debris  slides  (slip-down 
of  a  surface  soil  mass)  were  tested  on  steep  forested 
slopes  of  Japan.  Statistical  analysis  of  factors  af- 
fecting landslides  showed  that  the  vegetation  and 
altitude  are  the  most  influential  factors.  In  moun- 
tains below  900  m  above  sea  level,  vegetation 
removal  is  the  greatest  cause  of  debris  slide  occur- 
rence. The  transitional  slope  type  is  predominant  in 
low  relief  mountains.  The  effect  of  tree  roots  on 
slope  stability  on  the  transitional  slope  type  was 
evaluated  by  a  infinite  slope  model  in  which  the 
vertical  and  horizontal  roots  are  expressed  with 
short  piles  and  several  layers  of  nets,  respectively. 
The  effect  of  vertical  roots  is  to  compress  a  poten- 
tial sliding  plane  to  a  lower,  harder,  soil  profile.  In 
Japan,  900  m  above  sea  level  seems  to  be  a  critical 
altitude  from  the  viewpoint  of  vegetation  and 
debris  slide  occurance.  (See  also  W91-07713)  (Au- 
thor's abstract) 
W91-07732 


SOIL  CONSERVATION  ORIENTED  LAND 
SUITABILITY  FOR  TROPICAL  ENVIRON- 
MENTS. 

DHV  Consultants  Ltd.,  Djakarta  (Indonesia). 
For  primary  bibliographic   entry   see   Field  4D. 

W9 1-07734 


SOIL  EROSION  IN  EAST  KALIMANTAN,  IN- 
DONESIA. 

Mulawarman  Univ.,  Samarinda  (Indonesia).  Facul- 
ty of  Forestry. 
T.  Stadtmueller. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  221-230.  1  fig,  3  tab,  26  ref. 

Descriptors:  "Erosion,  "Erosion  control,  "Indone- 
sia, "Soil  conservation,  "Soil  erosion,  "Soil  man- 
agement, Cultivation,  Forest  fires,  Grasslands, 
Logging,  Mining,  Political  aspects,  Productivity, 
Slopes,  Soil  fertility,  Vegetation. 

In  East  Kalimantan,  Indonesia,  soil  characteristics 
and  the  hilly  topography  favor  soil  erosion  as  soon 
as  the  vegetative  cover  is  broken.  In  most  areas,  if 
soil  conservation  is  not  applied  from  the  moment 
of  breaking  new  lands,  erosion  will  occur  and  soil 
fertility  will  decrease.  Large  areas  have  already 
deteriorated  and  are  unproductive.  The  main  ero- 
sion issues  include  logging,  shifting  cultivations, 
pepper  plantations,  transmigration,  forest  fires, 
alang-alang  grasslands,  and  coal  mining.  The  estab- 
lishment of  environmental  and  soil  conservation 
programs  is  necessary  in  East  Kalimantan,  which 
has  been  seriously  damaged.  The  watershed  man- 
agement approach  is  strongly  recommended  for 
planning  and  execution  of  soil  conservation  pro- 
grams. In  East  Kalimantan,  the  limits  of  districts 
and  subdistricts  often  coincide  with  basin  divides, 
which  is  a  political  and  administrative  advantage 
for  soil  conservation  programs.  (See  also  W91- 
07713)  (Author's  abstract) 
W9 1-07735 


TRADITIONAL  ADAPTATION  TO  NATURAL 
PROCESSES  OF  EROSION  AND  SEDIMENTA- 
TION ON  YAP  ISLAND. 

Forest  Service,  Yap,  Carolina  Islands,  TT. 
M.C.  Falanruw. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  231-237.  6  ref. 

Descriptors:  "Caroline  Islands,  "Micronesia,  "Pop- 
ulation dynamics,  "Rainfall,  "Sedimentation,  "Soil 
erosion,  Agriculture,  Coasts,  Fallowing,  Forests, 
Resources  management,  Seasonal  variation,  Silta- 
tion,  Soil  management,  Yap. 

Yap,  in  the  Western  Caroline  Islands,  is  a  high 
island  with  a  mean  annual  rainfall  of  3040  mm  and 
considerable  erosion  potential.  The  island  once 
supported  a  dense  population  with  a  nature-inten- 
sive technology.  The  traditional  food  production 
system  incorporated  tree  gardens,  which  mimic 
natural  forests  in  interception  of  rainfall  and  soil 
retention,  and  taro  patch  systems,  which  mimic 
swamp  forests  as  silt  traps.  Trails  were  stone-paved 
and  were  drained  by  stone-lined  ditches.  Current- 
ly, gardens  are  alternated  with  wild  forest  and 
bamboo  cover.  In  wild  forests,  the  canopy  is  re- 
moved during  the  dry  season  and  a  mixture  of 
planted  crops  cover  the  soil  by  the  time  the  heavy 
rains  arrive.  The  system  requires  an  ample  fallow 
period  to  be  sustainable.  Systems  of  ditches  are 
utilized  to  manage  water  runoff.  In  coastal  areas, 
management  of  stream  flow  was  used  in  land  fill 
operations.  These  systems  have  been  successful  in 
preventing  erosion  and  maintaining  the  soil;  how- 
ever, with  increasing  populations,  new  methods  for 
management  of  erosion  and  siltation  are  needed. 
(See  also  W9 1-077 13)  (Author's  abstract) 
W91-07736 


ASSESSMENT  OF  LANDSLIDE  PROBLEMS 
AND  WATERSHED  MANAGEMENT  IN 
TAIWAN. 

Council  for  Agricultural  Planning  and  Develop- 
ment, Taipei  (Taiwan).  Conservation  Div. 
For   primary   bibliographic   entry  see   Field   4D. 
W91-07737 


ECONOMICS  OF  SOIL  CONSERVATION:  THE 
CASE  STUDY  OF  THE  FIJI  GINGER  INDUS- 
TRY. 

Ministry  of  Primary  Industries,  Suva  (Fiji). 

For   primary   bibliographic   entry   see   Field   4D. 

W9 1-07738 


INFLUENCE  OF  TROPICAL  CYCLONES  AS 
SOIL  ERODING  AND  SEDIMENT  TRANS- 
PORTING EVENTS.  AN  EXAMPLE  FROM 
THE  PHILIPPINES. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
S.  M.  White. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  259-269.  4  fig,  2  tab,  9  ref. 

Descriptors:  "Cyclones,  "Erosion,  "Philippines, 
"Sediment  transport,  "Soil  erosion,  "Storms, 
"Tropical  areas,  Environmental  aspects,  Field 
tests,  Flow  rates,  Rainfall  intensity,  Runoff,  Sedi- 
ment yield,  Statistical  analysis. 

During  a  four  year  study  of  rainfall,  runoff  and 
sediment  yield  in  the  Philippines,  it  has  become 
apparent  that  tropical  cyclones,  which  on  average 
occur  twice  a  year  in  this  region,  are  extreme 
events  in  terms  of  rainfall  and  discharge.  These 
events  erode  and  transport  most  sediment;  howev- 
er, data  is  difficult  to  collect  in  the  physical  envi- 
ronment of  the  Philippines,  especially  during  such 
large  storms.  A  lack  of  data  means  that  all  esti- 
mates of  long-term  erosion  and  sediment  yield 
rates  rely  on  large  extrapolations  from  the  moni- 
tored data  set.  Even  with  limited  rainfall  and  dis- 
charge data  sets,  sensible  estimates  of  long-term 
erosion  and  sediment  yield  are  possible.  In  areas 
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affected  by  cyclones,  high  rainfall  events  may 
affect  a  large  proportion  of  the  river  basin.  Rainfall 
energy  is  related  to  rainfall  amount  for  all  events, 
with  cyclones  covering  the  range  of  rainfall 
records.  Using  statistical  distributions  to  represent 
the  amounts  of  sediment  transported  by  cyclone 
and  non-cyclone  flows,  and  the  frequency  of  cy- 
clone occurrence,  estimates  of  long  term  sediment 
yield  can  be  made.  By  analyzing  the  cyclones  apart 
from  the  other  discharges,  different  accuracies  can 
be  assigned  to  the  distributions,  representing  the 
greater  uncertainty  related  to  a  small  cyclone  data 
set.  (See  also  W9 1-077 13)  (Brunone-PTT) 
W9 1-07739 


EVALUATION  OF  SOIL  TROPICAL  EROSION 
AT  THE  CATCHMENT/BASIN  SCALE. 

Tennessee  Univ.,  Knoxville.  Dept.  of  Geography. 
C.  Harden. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  270-278.  1  fig,  11  ref. 

Descriptors:  'Catchment  areas,  'Ecuador,  'Ero- 
sion, 'Runoff,  'Soil  erosion,  'Tropical  areas,  Ex- 
trapolation, Hazard  assessment,  Heterogeneity, 
Land  use,  Topography. 

The  primary  problem  encountered  in  extrapolation 
of  soil  erosion  rates  to  the  mesoscale  is  that  of 
spatial  heterogeneity.  Physical  and  cultural  aspects 
of  tropical  landscapes  present  dimensions  of  envi- 
ronmental parameters  and  landscape  heterogeneity 
previously  underrepresented  in  soil  erosion  studies 
in  temperate  environments.  A  new  approach  to  the 
problem  of  extrapolation  of  soil  erosion  estimates 
from  point  or  field  scale  data  to  the  catchment/ 
basin  scale  is  illustrated  by  the  Rio  Ambato  drain- 
age, Ecuadorian  Andes.  The  study  area  is  treated 
as  a  mosaic  of  smaller  units,  known  as  Erosion 
Hazard  Groups.  Individual  cells  comprising  these 
groups  are  not  necessarily  contiguous  and  repre- 
sent units  of  the  landscape  having  the  same  values 
of  selected  erosion-related  parameters.  The  basis  of 
mesoscale  soil  erosion  evaluation  is  the  selection  of 
the  cell  size.  The  appropriate  size  will  be  a  func- 
tion of  the  drainage  basin.  Where  the  purpose  of 
the  work  is  to  compare  drainages,  however, 
common  denominators  of  cell  size  and  key  envi- 
ronmental parameters  must  be  chosen.  Although  it 
has  proven  convenient  for  decades  to  have  a  stand- 
ardized runoff  plot  as  the  basic  unit  of  soil  erosion 
research,  constraints  realized  in  work  in  tropical 
environments  have  underscored  the  need  for  dif- 
ferent more  flexible  options  for  the  assessment  of 
erosion  rates.  This  new  approach  has  the  advan- 
tages of  not  being  tied  to  one  erosion  assessment 
methodology  and  of  providing  the  framework  for 
a  relatively  rapid,  hence  inexpensive  assessment  of 
erosion  on  a  broad  scale.  It  may  be  used  for  a 
geomorphic  unit  of  the  landscape,  such  as  a  catch- 
ment, or  a  political  unit,  such  as  a  province.  (See 
also  W9 1-077 13)  (Brunone-PTT) 
W9 1-07740 


ACCELERATED  EROSION  DUE  TO  CLEAR- 
CUTTING  OF  PLANTATION  FOREST  AND 
SUBSEQUENT  TAUNGYA  CULTIVATION  IN 
UPLAND  WEST-JAVA,  INDONESIA. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 

Aardwetenschappen. 

For  primary  bibliographic  entry  see  Field  4C. 

W9 1-07741 


SURFICIAL  PROCESSES  IN  THE  RAINFOR- 
EST OF  WESTERN  AMAZONIA. 

Bern  Univ.  (Switzerland).  Geographisches  Inst. 
H.  Elsenbeer,  and  D.  K.  Cassel. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  289-297.  2  fig,  6  tab,  5  ref. 

Descriptors:  'Amazon,  'Catchment  areas,  *Geo- 
morphology,  'Gullies,  'Headwaters,  'Rain  forests, 
'Rainfall-runoff  relationships,  'Rills,  'Runoff, 
•Surficial   geology,   Hydraulic  conductivity,   Hy- 


draulic profiles,  Land  use,  Mathematical  models, 
Model  studies,  Overland  flow,  Rainfall  intensity, 
Water  table. 

Abundant  rills  and  gullies  in  headwater  catchments 
of  lowland  western  Amazonia  indicate  active  surfi- 
cial processes.  A  first-order  catchment  in  primary 
rainforest  was  instrumented  to  identify  the  domi- 
nant processes  and  their  environmental  controls. 
Overland  flow  occurred  frequently,  mainly  in  the 
form  of  concentrated-flow  lines,  many  of  which 
originate  from  pipe  outlets.  These  near-surface  hy- 
drological processes  were  a  consequence  of  the 
interaction  between  rainfall  characteristics  and  the 
soil  hydraulic  conductivity  (Ksat)-depth  function. 
A  hydraulic  discontinuity  was  found  at  a  shallow 
depth,  corresponding  to  a  decrease  in  Ksat  of 
about  three  orders  of  magnitude.  The  medians  of 
the  maximum  rainfall  intensities  are  generally 
smaller  than  the  surface  Ksat,  but  exceed  Ksat 
below  a  depth  of  0.1  m.  Overland  flow  is  generated 
when  a  temporary  water  table  perched  at  the  shal- 
low hydraulic  discontinuity  reaches  the  surface, 
and  as  return  flow  from  soil  pipes.  Tectonic  histo- 
ry, soil,  and  rainfall  characteristics  cooperate  in 
this  primary  rainforest  environment  to  support 
active  surficial  processes.  Assumptions  concerning 
the  activity  or  inactivity  of  surficial  processes  in 
undisturbed  tropical  steeplands  should  be  carefully 
evaluated  before  changes  in  land  use  alone  are  held 
responsible  for  triggering  active  surficial  processes, 
such  as  overland  flow  and  erosion.  (See  also  W91- 
07713)  (Brunone-PTT) 
W9 1-07742 


PREDICTING  EROSION  HAZARD  AREAS 
USING  DIGITAL  TERRAIN  ANALYSIS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Water 
and  Land  Resources. 

R.  A.  Vertessy,  C.  J.  Wilson,  D.  M.  Silburn,  R.  D. 
Connolly,  and  C.  A.  Ciesiolka. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  298-308.  6  fig,  16  ref. 

Descriptors:  'Erosion,  'Erosion  hazard,  'Geomor- 
phology,  'Mathematical  models,  'Model  studies, 
'Soil  erosion,  'Terrain  analysis,  Agriculture,  Com- 
puter programs,  Digital  map  data,  Land  manage- 
ment, Resources  management,  Siltation,  Simulation 
analysis,  Soil  management,  Vegetation. 

Soil  erosion  has  a  broad  range  of  on-site  and  off- 
site  effects  on  land  and  water  resources  including 
loss  of  agricultural  productivity,  siltation  of  water 
supplies,  and  degradation  of  water  quality.  To 
overcome  these  problems,  land  and  water  manag- 
ers around  the  world  are  applying  a  set  of  mathe- 
matical models  which  can  provide  results  cheaply 
and  promptly.  The  modeling  tools  in  common  use 
in  soil  erosion  research  may  be  classified  according 
to  the  scale  to  which  they  are  applied;  the  mathe- 
matical framework  which  they  adopt;  how  they 
represent  the  area  being  modeled;  and,  the  predic- 
tions they  make.  These  models  can  be  applied  to 
integrated  terrain  analysis  and  hydrologic  model- 
ing package  to  problems  of  erosion  in  semi-arid 
tropical  pasturelands.  The  model,  known  as 
TOPOG,  focusses  on  describing  the  complex  inter- 
relationships which  exist  between  topography, 
soils,  climate  and  vegetation.  TOPOG  is  an  inte- 
grated suite  of  FORTRAN  programs  which  in- 
clude digital  surface  modelling,  surface  discretiza- 
tion and  terrain  analyses,  and  steady-state  hydro- 
logic  simulation.  The  calculation  of  a  steady-state 
erosion  hazard  index  (H)  can  serve  as  a  powerful 
diagnostic  for  land  managers  concerned  with  pro- 
tecting landscapes  sensitive  to  disturbance.  Calcu- 
lation of  the  index  entails  consideration  of  most  of 
the  parameters  affecting  the  erosion  process,  in- 
cluding local  and  source  area  topography,  soil 
hydraulic  and  strength  properties,  vegetation 
cover  and  climatic  factors.  (See  also  W9 1-077 13) 
(Brunone-PTT) 
W9 1-07743 


PREDICTION        AND       PREVENTION       OF 
FOREST  LANDING  FAILURES  IN  HIGH-IN- 


TENSITY RAINFALL  AREAS  OF  NORTHERN 
NEW  ZEALAND. 

Forest    Research   Inst.,   Christchurch   (New   Zea- 
land). 

For   primary   bibliographic   entry   see   Field   4D. 
W9 1-07744 


PLANNING  SECONDARY  ROADS  TO 
REDUCE  EROSION  AND  SEDIMENTATION 
IN  HUMID  TROPIC  STEEPLANDS. 

Oregon   State   Univ.,   Corvallis.   Dept.   of  Forest 

Engineering. 

For   primary   bibliographic   entry   see   Field   4D. 

W9 1-07745 


SELECTION  OF  RIPARIAN  BUFFER  ZONES 
IN  HUMID  TROPICAL  STEEPLANDS. 

Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
For   primary   bibliographic   entry   see   Field   4D. 

W9 1-07746 


AGROFORESTRY  SYSTEMS  TO  CONTROL 
EROSION  ON  ARABLE  TROPICAL  STEE- 
PLANDS. 

Ohio  State  Univ.,  Columbus. 

For   primary   bibliographic   entry   see   Field   4D. 

W9 1-07747 


ECOLOGICAL  RESTORATION  OF  LAND- 
SLIDES IN  MACAYA  BIOSPHERE  RESERVE, 
HAITI. 

Florida  Univ.,  Gainesville. 

For   primary   bibliographic   entry   see   Field   4D. 

W9 1-07748 


WATERSHED  RESTORATION  REDUCES 
RUNOFF  AND  SEDIMENTATION  FROM 
COMPARATIVE  WATERSHEDS  IN  PAKI- 
STAN'S SUBTROPICAL  SCRUB  ZONE. 

Pakistan  Forest  Inst.,  Peshawar. 

For   primary   bibliographic   entry   see   Field   4D. 

W9 1-07751 


WATER  EROSION  AND  WATER  QUALITY. 

Agricultural  Research  Service,  Pullman,  WA. 
D.  K.  McCool,  and  K.  G.  Renard. 
IN:  Dryland  Agriculture:  Strategies  for  Sustain- 
ability.    Advances   in    Soil    Science,    Volume    13. 
Springer- Verlag  New  York,  Inc.,  New  York.  1990. 
p  175-185.  37  ref. 

Descriptors:  'Agriculture,  'Erosion,  'Nonpoint 
sources,  'Path  of  pollutants,  'Soil  erosion,  'Water 
pollution  sources,  'Water  quality,  Cultivation,  Eu- 
trophication,  Groundwater  pollution,  Mathemati- 
cal models,  Model  studies,  Nutrient  transport,  Pes- 
ticides, Runoff,  Sediment  chemistry.  Sediment 
transport,  Sedimentation,  Slopes. 

Accelerated  soil  erosion  has  been  a  problem  since 
early  civilization  and  remains  so  today.  Population 
and  economic  pressures  are  causing  the  cultivation 
of  steeper  and  more  easily  damaged  lands.  Water 
quality  has  joined  soil  erosion  as  a  major  concern. 
Eutrophication,  a  natural  process,  is  accelerated  by 
the  enrichment  of  water  by  excess  nutrients.  Pesti- 
cides move  into  surface  waters  with  either  runoff 
or  sediment.  Subsurface  water  quality  is  mainly 
impacted  by  mobile  nutrients  and  pesticides,  al- 
though, through  cracks  in  initially  dry  soil,  those 
forms  normally  associated  with  surface  flow  can 
also  enter  the  groundwater.  Models  exist  and  are 
being  developed  and  improved  continually  to  de- 
termine the  effect  of  land  management  decisions. 
The  most  widely  used  empirical  model  is  the  Uni- 
versal Soil  Loss  Equation  (USLE).  A  revision  of 
the  USLE,  called  the  Revised  USLE,  is  being 
developed,  which  retains  the  use  of  the  six  factors 
and  predicts  hillslope  soil  loss  on  an  average 
annual  basis.  These  models  will  assist  planners  and 
policy  makers  worldwide  in  setting  and  meeting 
erosion  and  water  quality  goals.  Movement  of  nu- 
trients and  pesticides  in  surface  runoff  is  modeled 
by  routing  the  material  with  the  water  or  sediment 
as  appropriate.  Movement  of  nutrient  and  pesti- 
cides to  groundwater  is  modeled  by  use  of  a  leach- 
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ing  model  coupled  to  the  infiltration  component  of 
the  main  hydrologic  model.  The  concept  of  a  soil 
loss  tolerance  was  built  into  erosion  work,  to  ac- 
count for  the  association  of  erosion  and  cultivation 
and  livestock  production.  Models  must  be  user- 
friendly  if  they  are  to  be  used  by  a  wide  range  of 
personnel.  (See  also  W91-07752)  (Brunone-PTT) 
W91-07760 


ROLE  OF  SOIL  BIODIVERSITY  IN  SUSTAIN- 
ABLE DRYLAND  FARMING  SYSTEMS. 

Agency  for  International  Development,  Washing- 
ton, DC. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07761 


ROLE  OF  ROCK  WEATHERING  IN  THE 
PHOSPHORUS  BUDGET  OF  TERRESTRIAL 
WATERSHEDS. 

South  Carolina  Univ.,  Columbia.  Dept.  of  Geolog- 
ical Sciences. 
L.  R.  Gardner. 

Biogeochemistry  BIOGEP,  Vol.  1 1,  No.  2,  p  97- 
110,  November  1990.  1  fig,  3  tab,  34  ref. 

Descriptors:  *Amazon  River,  *Geochemistry, 
•Phosphorus,  'Precipitation,  'Weathering,  Brazil, 
Geochemical  cycles,  Liberty  Hill,  Rio  Negro,  Sili- 
con, South  Carolina,  Volumetric  analysis,  Water- 
sheds. 

Residual  soils  (saprolites)  developed  on  crystalline 
rocks  appear  to  form  by  an  essentially  isovolume- 
tric  process  (i.e.,  without  dilation  or  compaction). 
Isovolumetric  geochemical  analysis  of  a  suite  of 
saprolite  samples  developed  on  a  common  parent 
rock  can  be  used  to  estimate  the  relative  rates  of 
long-term  losses  of  P  and  Si  during  weathering. 
Using  the  export  of  dissolved  Si  in  rivers  as  a 
weathering  index,  it  is  possible  to  estimate  the  rate 
of  P  release  due  to  chemical  weathering  by  means 
of  the  P-Si  loss  ratio  in  saprolite.  This  method  was 
used  to  evaluate  data  from  three  basins  where  data 
were  available  (Liberty  Hill,  S.  C;  Amazon  River, 
Brazil;  Rio  Negro,  Brazil).  Results  revealed  esti- 
mated P  weathering  release  rates  for  Liberty  Hill, 
Amazon  River,  and  Rio  Negro  to  be  163,  457,  and 
242  moles  P/sq  km/yr,  respectively.  These  rates 
were  than  compared  to  precipitation  inputs  of  684, 
700,  and  630  moles  P/sq  km/yr,  and  total  river 
exports  of  256,  4490,  and  820  moles  P/sq  km/yr, 
respectively.  Of  the  three  basins  studied,  the  Rio 
Negro  showed  a  near  perfect  balance  between  the 
input  of  P  via  precipitation  and  chemical  weather- 
ing and  the  riverine  output  of  dissolved  and  sus- 
pended P.  However,  this  alternative  system  for 
evaluating  the  mobility  of  P  raised  the  unsolved 
problem  of  the  source  that  supports  the  atmospher- 
ic P  input.  (Author's  abstract) 
W91-07835 


INFLUENCE  OF  MICROFORM  BED  ROUGH- 
NESS ELEMENTS  ON  FLOW  AND  SEDIMENT 
TRANSPORT  IN  GRAVEL  BED  RIVERS. 

London  Univ.  (England). 

M.  A.  Hassan,  and  I.  Reid. 

Earth  Surface  Processes  and  Landforms  ESPLDB, 

Vol.  15,  No.  8,  p  739-750,  December  1990.  7  fig,  2 

tab,  40  ref. 

Descriptors:  'Alluvial  channels,  'Channel  mor- 
phology, 'Flow  characteristics,  'Flow  resistance, 
'River  beds,  'Sediment  transport,  Bed  load,  Clus- 
ter analysis,  Entrainment,  Flumes,  Pebbles,  River 
flow,  Spatial  distribution,  Streamflow. 

Pebble  clusters  are  reported  widely  as  characteris- 
tic of  gravel  river  beds  and  are  known  to  influence 
the  initial  entrainment  of  bedload.  A  field  assess- 
ment suggests  that  their  distribution  is  not  ubiqui- 
tous, favoring  channel  bars,  but  also  reveals  a 
tendency  towards  a  preferred  streamwise  spacing. 
A  series  of  laboratory  flume  experiments  were 
conducted  to  determine  the  impact  of  an  increasing 
density  of  pebble  clusters  on  both  flow  resistance 
and  bedload  while  holding  other  factors  constant. 
Results  from  the  investigation  reveal  that  flow 
resistance  rises  to,  and  falls  from,  a  peak  value  as 
the  longitudinal  spacing  of  pebble  clusters  de- 
creases, in  a  manner  similar  to  that  shown  for  strip 


roughness,  isolated  blocks,  and  simulated  ripples 
and  dunes.  The  experiments  also  show  a  strong 
inverse  relationship  between  bedload  flux  rates  and 
the  flow  resistance  induced  by  the  concentration  of 
pebble  clusters.  It  is  concluded  that  pebble  cluster 
spacing  tends  towards  an  equilibrium  that  is  regu- 
lated by  a  feedback  process  involving  sediment 
transport  rates,  and  that  the  spatial  concentration 
of  these  microforms  will  adjust  to  the  point  where 
they  induce  maximum  flow  resistance.  (Author's 
abstract) 
W91-07851 


NUMERICAL  MODELLING  OF  SUSPENDED 
SEDIMENT  FLUXES  IN  ESTUARINE 
WATERS. 

Bradford  Univ.  (England).  Dept.  of  Civil  Engi- 
neering and  Structural  Engineering. 
For  primary  bibliographic  entry  see  Field  2L. 
W91-07861 


MOVEMENT  AND  STORAGE  OF  SEDIMENT 
IN  RIVERS  OF  THE  UNITED  STATES  AND 
CANADA. 

Geological  Survey,  Denver,  CO. 

R.  H.  Meade,  T.  R.  Yuzyk,  and  T.  J.  Day. 

The  Geology  of  North  America,  Vol.  O-l --Surface 

Water  Hydrology,  1990.  p  255-280,  21  fig,  3  tab, 

185  ref. 

Descriptors:  'Canada,  'River  sediments,  'Sedi- 
ment transport,  'Sedimentation,  'United  States, 
Literature  review,  Sediment  yield,  Sediments. 

Sediment  in  river  systems  is  of  interest  to  earth  and 
water  scientists  working  at  problems  that  span 
several  time  scales.  On  the  longest  time  scale 
(100,000,000  to  1,000,000,000  years),  sediment  is 
the  major  form  in  which  material  is  transferred 
from  continents  to  oceans,  and  the  rates  at  which 
river  sediment  has  been  produced  in  the  geologic 
past  are  major  concerns  of  those  who  study  long- 
term  geochemical  cycling.  At  somewhat  shorter 
time-scales  (1,000,000  to  100,000,000  years),  the 
properties  of  the  existing  sedimentary  rocks  and 
deposits  are  the  major  clues  to  past  hydrologic  and 
geologic  conditions.  On  a  more  secular  time  scale, 
sediment  in  rivers  is  of  immediate  concern  as  a 
reflection  of  soil  erosion,  as  a  major  design  consid- 
eration for  reservoir  sedimentation,  river  naviga- 
tion, and  other  engineering  works,  as  a  transporter 
of  various  materials  (toxic  and  otherwise)  that  are 
adsorbed  onto  sediment  particles  in  river  systems, 
and  as  an  influence  on  the  habitat  of  aquatic  wild- 
life. These  secular-scale  considerations  have 
prompted  research  and  monitoring  activities 
during  the  past  half  century  that  have  provided 
much  of  the  basic  knowledge  of  sediment  in  the 
river  systems  of  North  America.  The  construction 
of  large  dams  and  reservoirs  for  hydropower  and 
irrigation,  beginning  in  the  1920s  and  1930s  and 
peaking  during  the  1950s  and  1960s,  has  led  to  the 
accumulation  of  long  records  of  river  sediment 
discharge  from  which  design  and  maintenance  cri- 
teria could  be  derived.  In  this  literature  review,  the 
following  aspects  of  sediment  in  the  river  systems 
of  North  America  are  considered:  how  sediment  is 
moved  by  rivers,  the  natural  and  anthropogenic 
factors  that  influence  sediment  yields,  the  storage 
of  sediment  in  river  systems  at  different  time 
scales,  the  quantities  of  sediment  transported  by 
rivers  of  the  continent,  and  the  principal  sites  on 
the  continental  edges  at  which  river  sediment  is 
deposited.  (Lantz-PTT) 
W9 1-079 17 
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IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  253-260, 
3  fig,  1  tab,  10  ref. 

Descriptors:  'Fluvial  sediments,  'Italy,  'Model 
studies,  'Regional  analysis,  'Sediment  transport, 
'Sediment  yield,  Adriatic  Sea,  Gaging  stations, 
River  sediments,  Sediment  erosion,  Suspended 
sediments,  Yield  equations. 

The  paucity  of  data  which  particularly  troubles  the 
study  of  erosion  and  transport  phenomena,  makes 
regionalization  techniques  an  indispensable  tool  for 
transferring  information  from  gaged  to  ungaged 
sites.  A  methodology  has  been  developed  to  re- 
gionalize the  average  annual  and  monthly  fluvial 
sediment  yield.  The  procedure  was  particularly 
devised  for  those  design  and  management  process- 
es whose  decisions  depend  on  a  reliable  estimate  of 
long-term  sedimentary  budgets;  the  yearly  sedi- 
ment yield  is  analyzed  first  and  once  its  accuracy 
seems  reasonably  achieved,  is  disaggregation  into 
shorter  time  intervals  considered.  This  methodolo- 
gy was  applied  to  70  ungaged  sites  along  the  rivers 
of  Emilia-Romagna  (northern  Italy),  leading  to  the 
conclusion  that  in  the  last  40  years  the  suspended 
sediment  yield  has  undergone  a  70-80%  general- 
ized decrease.  The  impact  of  human  activities  can 
be  evaluated  in  a  mean  reduction  by  a  factor  of  4 
during  the  last  40  years;  this  represents  one  of  the 
main  causes  of  granular  material  depletion  in  river 
beds  and  banks  and  to  the  receding  evolution  of 
the  Adriatic  shore  line.  (See  also  W9 1-07920) 
(Fish-PTT) 
W9 1-07946 


COMPARATIVE  STUDIES  OF  ESTUARIES 
BORDERING  THE  YELLOW  SEA  (IN  CHI- 
NESE). 

East  China  Normal  Univ.,  Shanghai. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-07986 


TRANSVERSE  CIRCULATION  AND  CHAN- 
NEL DEFORMATION  NEAR  TRAINING 
WALLS  OF  BRIDGE  CROSSINGS. 

For  primary  bibliographic  entry  see  Field  8B. 
W9 1-08036 


BROWN    SNOW:    A    LONG-RANGE    TRANS- 
PORT EVENT  IN  THE  CANADIAN  ARCTIC. 

Department  of  Fisheries  and  Oceans,  Winnipeg 
(Manitoba).  Freshwater  Inst. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 102 


REGIONAL  ANALYSIS  OF  HYDROLOGICAL 
VARIABLES  IN  GREECE. 

National  Technical  Univ.,  Athens  (Greece).  Dept. 
of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07940 


REGIONALIZATION  OF  FLUVIAL  SEDI- 
MENT YIELD  IN  EMILIA-ROMAGNA 
(NORTHERN  ITALY). 

Bologna  Univ.  (Italy).  1st.  di  Costruzioni  Idrau- 

liche. 

M.  Ferraresi. 
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SPECTROPHOTOMETRY  METHODOLO- 
GIES FOR  PREDICTING  AND  STUDYING  EN- 
HANCED DEGRADATION. 

Missouri  Univ. -Columbia.  Dept.  of  Entomology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07 136 


TRANSFORMATION  KINETICS  OF  HALOGE- 
NATED  ALIPHATIC  COMPOUNDS  UNDER 
AEROBIC  CONDITIONS. 

Johns  Hopkins  Univ.,  Baltimore,  MD.  Dept.  of 
Geography  and  Environmental  Engineering. 
A.  Leeson,  and  E.  J.  Bouwer. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  670-679.  3  fig,  2  tab,  24  ref. 

Descriptors:  'Bioremediation,  'Chemical  proper- 
ties, 'Halogenated  organic  compounds,  'Model 
studies,  'Water  pollution  treatment,  Aerobic  con- 
ditions, Aerobic  treatment,  Groundwater  pollu- 
tion, Industrial  wastes,  Kinetics,  Methane  bacteria, 
Monod  term. 

Halogenated  aliphatic  compounds  are  widely  used 
for  industrial  and  commercial  purposes.  After 
years  of  production,  these  compounds  have  ap- 
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peared  in  drinking  water  supplies  and  in  ground- 
water, probably  as  a  result  of  improper  usage, 
disposal  or  spillage.  The  ability  of  an  active  meth- 
anothrophic  consortium  to  transform  halogenated 
aliphatic  compounds  at  trace  concentrations  was 
examined.  Products  resulting  from  these  transfor- 
mations were  identified  and  kinetic  parameters  of 
the  reactions  were  calculated.  Once  transformation 
of  the  halogenated  aliphatic  compounds  was  estab- 
lished, the  kinetic  parameters  of  the  reactions  were 
evaluated.  Substrate  utilization  rates  were  de- 
scribed by  the  Monod  rate  parameters  of  maximum 
specific  substrate  utilization  and  the  Monod  half- 
velocity  constant.  Independent  determination  of 
these  constants  is  difficult;  therefore  the  ratio  of 
the  two  was  used  as  a  fitting  parameter  in  the 
modeling  efforts  to  obtain  the  best  fit  with  experi- 
mental data.  In  theory,  those  compounds  that  are 
most  structurally  similar  to  methane  would  be  ex- 
pected to  be  degraded  more  rapidly.  The  modeling 
results  were  consistent  with  the  action  of  methane 
monoxygenase  as  a  catalyst  for  the  utilization  of  a 
single  carbon  compound  since  the  Monod  rate 
parameter  ratio  for  chloroform  and  bromodichlor- 
omethane  was  much  greater  than  those  for  larger 
chain  compounds  such  as  1,1,1-trichloroethane  and 
dibromochloropropane.  In  conclusion,  it  was  dem- 
onstrated that  methanotrophs  have  the  potential  to 
degrade  a  wide  range  of  halogenated  aliphatic 
compounds  in  a  relatively  short  period  of  time. 
More  importantly,  the  primary  halogenated  ali- 
phatic compound  transformation  products  were  in- 
nocuous substances  such  as  carbon  dioxide  or  par- 
ticulate material.  Enhancement  of  methanotropic 
activity  may  prove  to  be  useful  as  a  treatment 
alternative  for  control  of  point-source  hazardous 
waste  discharges,  for  treatment  of  contaminated 
landfill  leachates,  or  for  in  situ  aquifer  biorestora- 
tion.  (See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 186 


ACIDIC  PRECIPITATION.  VOLUME  4:  SOILS, 
AQUATIC  PROCESSES,  AND  LAKE  ACIDIFI- 
CATION. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07227 


SOIL  REACTION  AND  ACIDIC  DEPOSITION. 

Colorado    State    Univ.,    Fort    Collins.    Dept.    of 

Agronomy. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07228 


ACIDIC  SULFATE  SOILS. 

Department  of  Agriculture,  Bangkok  (Thailand). 
Div.  of  Soils. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07229 


ALUMINUM  SPECIATION:  METHODOLOGY 
AND  APPLICATIONS. 

Savannah  River  Ecology  Lab.,  Aiken,  SC.  Div.  of 

Biogeochemistry. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07230 


BUFFERING  OF  PH  DEPRESSIONS  BY  SEDI- 
MENTS IN  STREAMS  AND  LAKES. 

Maine  Univ.,  Orono.  Dept.  of  Geological  Sciences. 

S.  A.  Norton,  J.  S.  Kahl,  A.  Henriksen,  and  R.  F. 

Wright. 

IN:  Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 

Processes,  and   Lake  Acidification.   Advances  in 

Environmental     Science.     Springer- Verlag,     New 

York.  1990.  p  133-157,  11  fig,  5  tab,  53  ref. 

Descriptors:  *Acid  neutralizing  capacity,  *Acid 
rain,  'Buffering,  'Environmental  chemistry,  'Hy- 
drogen ion  concentration,  'Lakes,  'Streams,  Alka- 
linity, Aluminum,  Calcium,  Cation  exchange,  Neu- 
tralization, Sulfates,  Water  quality. 

Streams  buffer  against  depressions  of  streamwater 
pH  by  two  distinct  processes:  (1)  cation  exchange 
(primarily  Ca  and  Al)  provides  a  short-term  reser- 
voir that  is  fairly  easily  exhausted.  Most  of  the  Ca 
appears  to  reside  in  exchange  positions  associated 
with  stream  vegetation.  Considerable  Al  may  also 


be  adsorbed  on  vegetation;  and  (2)  association  with 
the  dissolution  of  an  Al  phase,  commonly  associat- 
ed with  both  inorganic  and  organic  substrates. 
Solubility  product  calculations  imply  that  solutions 
may  supersaturate  with  respect  to  well-crystallized 
Al  phases  such  as  gibbsite.  The  amount  of  Al  in 
stream  sediment  appears  to  be  large  for  streams 
that  have  a  long  history  of  acidic  groundwater 
input  but  that  have  a  pH  >  5.  The  authors  suggest 
that  more  alkaline  and  chronically  acidic  streams 
lack  this  neutralization  mechanism.  Increases  in  pH 
are  also  resisted  by  a  recharging  of  the  depleted 
exchange  surfaces.  Low  order  streams  are  thus 
somewhat  protected  against  episodes  of  acidifica- 
tion until  the  Al  and  Ca  reservoirs  are  exhausted. 
At  that  time  the  stream  may  become  chronically 
acidic.  Increases  in  the  rate  of  production  of  alka- 
linity by  lake  sediments  as  a  consequence  of  acidic 
precipitation  are  dominated  by  two  processes:  S04 
reduction  and  storage  within  the  sediment,  and  the 
release  of  cations,  primarily  Ca.  The  paleolimnolo- 
gical  record  shows  that  both  of  these  processes 
increase  in  lakes  that  receive  increased  excess  S04 
and  that  undergo  acidification.  However,  although 
alkalinity  production  from  sediments  may  be  signif- 
icant in  lakes,  increases  in  production  are  impor- 
tant to  water  quality  only  in  lakes  with  small 
drainage  basins.  (See  also  W9 1-07227)  (Lantz- 
PTT) 
W91-07232 


USE  OF  AN  AUTOCALIBRATION  TO  EVALU- 
ATE THE  CONSISTENCY  OF  A  DATA-SET  IN 
RELATION  TO  GEOCHEMICAL  MODEL 
FORMULATIONS. 

Waterloopkundig  Lab.  te  Delft  (Netherlands). 
For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07272 


RELATIONSHIP  BETWEEN  SUBSTRATE 
CONCENTRATION  AND  OXIDATION  OF  AM- 
MONIUM AND  METHANE  IN  A  STRATIFIED 
WATER  COLUMN. 

California  Univ.,  Santa  Cruz.  Inst,  of  Marine  Sci- 
ences. 

B.  B.  Ward,  and  K.  A.  Kilpatrick. 
Continental   Shelf  Research   CSHRDZ,   Vol.    10, 
No.  12,  p  1193-1208,  December  1990.  8  fig,  1  tab, 
39  ref.  NSF  Grant  OCE-84 17038  and  NASA  Con- 
tract NAGW-837. 

Descriptors:  'Ammonium,  'Anoxic  conditions, 
'British  Columbia,  'Fjords,  'Methane,  'Oxidation, 
'Saanich  Inlet,  'Stratification,  'Substrates,  'Water 
chemistry,  'Water  column,  Bacterial  physiology, 
Kinetics,  Microorganisms,  Mixing,  Nutrient  con- 
centrations, Oxygen,  Water  depth. 

Distributions  and  oxidation  rates  of  methane  and 
ammonium  were  investigated  during  two  cruises  in 
Saanich  Inlet,  British  Columbia  in  late  summer. 
Distribution  of  inorganic  nutrients  were  related  to 
oxygen  distribution,  exhibiting  large  gradients  as- 
sociated with  the  oxic-anoxic  interface.  The  depth 
distribution  of  oxidation  rates  were  also  defined  by 
the  oxic-anoxic  interface:  ammonium  oxidation  oc- 
curred at  variable  rates  (up  to  120  nM/day)  be- 
tween the  photic  zone  and  the  oxic-anoxic  inter- 
face. Methane  oxidation  occurred  throughout  the 
oxic  layer  and  increased  near  the  interface.  The 
possibility  of  interactions  such  as  inhibition  and 
competition  between  the  two  substrates,  methane 
and  ammonium,  were  investigated  in  kinetic  ex- 
periments. Ammonium  oxidation  rate  was  inde- 
pendent of  both  ammonium  and  methane  concen- 
trations. Methane  oxidation  rates  were  linearly  re- 
lated to  methane  concentration,  both  in  manipula- 
tion experiments,  and  in  relation  to  ambient  meth- 
ane concentrations.  No  evidence  was  found  of 
interaction  between  methane  and  ammonium  as 
alternative  substrates  for  methanotropic  and  am- 
monium oxidizing  populations,  which  were  both 
present  in  the  environment.  In  September,  a  bolus- 
type  mixing  event  was  observed,  which  introduced 
oxygenated  deep  water  into  the  inlet  between  a 
wedge  of  anoxic,  methane  rich  water.  This  kind  of 
event  is  probably  important  in  determining  the  rate 
of  methane  loss,  due  to  increased  microbial  oxida- 
tion at  the  boundaries  of  the  anoxic  wedge.  (Au- 
thor's abstract) 
W9 1-07307 


FACTORS  AFFECTING  THE  HYDROCHE- 
MISTRY  OF  A  MANGROVE  TIDAL  CREEK, 
SEPETIBA  BAY,  BRAZIL. 

Universidade  Federal  Fluminense,  Niteroi  (Brazil). 

Dept.  de  Geoquimica. 

A.  R.  C.  Ovalle,  C.  E.  Rezende,  L.  D.  Lacerta,  and 

C.  A.  R.  Silva. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  5,  p  639-650,  November  1990.  4  fig,  3 

tab,  36  ref. 

Descriptors:  'Brazil,  'Interstitial  water,  'Man- 
grove swamps,  'Sediment  chemistry,  'Sepetiba 
Bay,  'Tidal  rivers,  'Water  chemistry,  'Wetlands, 
Alkalinity,  Comparison  studies,  Groundwater 
chemistry,  Hydrogen  ion  concentration,  Nitrates, 
Nutrient  transport,  Salinity,  Spatial  distribution, 
Temporal  distribution,  Temporal  variation,  Tides, 
Trace  elements. 

The  porewater  chemistry  and  spatial  and  temporal 
variation  of  mangrove  creek  hydrochemistry  was 
investigated  in  a  tidal  creek  in  Sepetiba  Bay, 
Brazil.  Except  for  nitrate  porewater,  the  concen- 
trations of  nutrients  analyzed  were  higher  than  for 
creek  water.  Groundwater  is  a  source  of  silica  and 
phosphate,  whereas  total  alkalinity  and  ammonium 
are  related  to  mangrove  porewater  migration  to 
the  creek.  Open  bay  waters  contribute  chlorine, 
dissolved  oxygen  and  an  elevated  pH.  The  results 
also  suggest  that  nitrate  concentrations  are  related 
to  nitrification  inside  the  creek.  During  flood  tides, 
salinity,  chlorine,  dissolved  oxygen  and  pH  in- 
crease, whereas  total  alkalinity  decreases.  This  pat- 
tern is  reversed  at  ebb  tides.  Silica,  phosphate, 
nitrate  and  ammonium  show  erratic  behavior 
during  the  tidal  cycle.  Tidal  dynamics,  precipita- 
tion events  and  nitrification  inside  the  creek  were 
identified  as  major  control  factors  and  an  estimate 
of  tidal  exchanges  indicate  that  the  system  is  in  an 
equilibrium  state.  (Author's  abstract) 
W9 1-073 16 


QUANTIFYING  EXTERNAL  AND  INTERNAL 
NITROGEN  AND  PHOSPHORUS  POOLS,  AS 
WELL   AS   NITROGEN   AND   PHOSPHORUS 
SUPPLIED      THROUGH       REMINERALIZA- 
TION,  IN  COASTAL  MARINE  PLANKTON  BY 
MEANS  OF  A  DILUTION  TECHNIQUE. 
Oslo  Univ.  (Norway).  Dept.  of  Biology. 
T.  Andersen,  A.  K.  L.  Schartau,  and  E.  Paasche. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
69,  No.  1/2,  p  67-80,  January  10,  1991.  7  fig,  6  tab, 
46  ref. 

Descriptors:  'Algal  growth,  'Analytical  methods, 
'Coastal  waters,  'Nitrogen,  'Nutrient  concentra- 
tions, 'Phosphorus,  'Phytoplankton,  'Plant  physi- 
ology, Cycling  nutrients,  Field  tests,  Limiting  nu- 
trients, Norway,  Oslofjord,  Sampling. 

A  theoretical  framework  was  developed  for  ana- 
lyzing Landry  and  Hassett  type  dilution  assays 
under  more  general  conditions,  where  phytoplank- 
ton growth  might  also  be  nutrient-limited.  The 
theory,  which  accounts  for  growth  on  available 
internal  and  external  pools  as  well  as  on  nutrients 
supplied  through  remineralization  by  grazers,  was 
applied  to  a  series  of  field  experiments  performed 
in  nutrient-impoverished  waters  in  the  Oslofjord, 
Southern  Norway,  in  summer  1988.  Analysis  of  the 
experimental  results  indicates  that  the  phytoplank- 
ton had  intracellular  stores  of  phosphorus  sufficient 
for  several  hours  of  growth  in  all  experiments, 
while  internal  stores  of  nitrogen  were  undetectable 
in  4  out  of  6  cases.  Dissolved  nitrogen  pools  ap- 
peared to  be  of  greater  importance  to  the  algae  as  a 
nutrient  reservoir  than  were  dissolved  phosphorus 
pools.  Significant  nutrient  supplies  from  reminerali- 
zation were  identified  on  3  out  of  6  occasions, 
compensating  for  around  half  of  the  estimated 
grazing  losses  in  each  case.  The  supplies  of  remin- 
eralized  nitrogen  and  phosphorus  were  closely  bal- 
anced with  respect  to  the  growth  demands  of  the 
phytoplankton,  indicating  that  the  surplus  of  cellu- 
lar phosphorus  originated  from  other  sources.  (Au- 
thor's abstract) 
W9 1-07322 


WATER  CYCLE— Field  2 


PREDICTING  CATION  MOBILITY  IN  MONT- 
MORILLONITIC  MEDIA  BASED  ON  EX- 
CHANGE SELECTIVITIES  OF  MONTMORIL- 
LONITE. 

Louisiana   State   Univ.,    Baton   Rouge.   Dept.   of 

Agronomy. 

For   primary   bibliographic   entry   see   Field   2G. 

W91-07338 


PHOSPHORUS  CHEMISTRY  AND  MINERAL- 
OGY IN  EXCESSIVELY  FERTILIZED  SOILS: 
SOLUBILITY  EQUILIBRIA. 

Kansas  State  Univ.,  Manhattan.  Dept.  of  Agrono- 
my. 

For  primary  bibliographic  entry  see  Field  2G. 
W91-07345 


SOIL  DENITRIFICATION  AND  NITRIFICA- 
TION POTENTIALS  DURING  THE  GROWING 
SEASON  RELATIVE  TO  TILLAGE. 

Agricultural  Research  Service,  Beckley,  WV.  Ap- 
palachian Soil  and  Water  Conservation  Research 
Lab. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07346 


SPATIAL  VARIATION  IN  DENITRIFICATION: 
DEPENDENCY  OF  ACTIVITY  CENTERS  ON 
THE  SOIL  ENVIRONMENT. 

Copenhagen  Univ.  (Denmark).  Inst,  of  Population 

Biology. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-07347 


TEMPORAL  PATTERNS  OF  SOIL  DENITRIFI- 
CATION: THEIR  STABILITY  AND  CAUSES. 

Copenhagen  Univ.  (Denmark).  Inst,  of  Population 

Biology. 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-07348 


PHOSPHORUS  AND  ALUMINUM  RELEASE 
FROM  A  SPODIC  HORIZON  MEDIATED  BY 
ORGANIC  ACIDS. 

ITT  Rayonier,  Inc.,  Yulee,  FL.  Forest  Research 

Center. 

For  primary   bibliographic   entry   see   Field   2G. 

W9 1-07359 


phase.  It  is  concluded  that  this  method  allows  the 
determination  of  very  low  uranium  concentrations 
in  the  environment  and  permits  the  validation  of 
thermodynamic  data  and  more  precise  measure- 
ments of  uraninite  solubility.  (Doria-PTT) 
W91-07367 


SPECTROPHOTOMETRIC  DETERMINATION 
OF  URANIUM  IN  NATURAL  WATERS. 

Santiago  Univ.  (Spain).  Faculty  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07369 


KHNIFISS  LAGOON  AND  ADJACENT 
WATERS:  CHEMISTRY  OF  THE  SURFACE 
WATERS. 

Institut  Scientifique,  Rabat  (Morocco).  Dept.  de 
Zoologie  et  Ecologie  Animale. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-07407 


DISSOLVED   ORGANIC   CARBON    (DOC)   IN 
LAKES. 

Kongelige  Veterinaer-  og  Landbohoejskole,  Co- 
penhagen (Denmark).  Inst,  of  Microbiology. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07448 


PHYSICOCHEMICAL  ASPECTS  OF  CELL  AD- 
SORPTION. 

Universite      de      Technologie      de      Compiegne 

(France).  Dept.  of  Chemical  Engineering. 

For   primary   bibliographic   entry   see   Field    5D. 

W9 1-0745  5 


ACID  WATERS  IN  WALES. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07472 


ROLE  OF  ACIDITY  IN  THE  ECOLOGY  OF 
WELSH  LAKES  AND  STREAMS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07479 


DETERMINATION  OF  URANIUM  IN  SOLU- 
TION AT  THE  NG/L  LEVEL  BY  TIME-RE- 
SOLVED LASER-INDUCED  SPECTROFLUOR- 
IMETRY:  APPLICATION  TO  GEOLOGICAL 
SAMPLES. 

CEA  Centre  d'Etudes  Nucleaires  de  Fontenay- 
aux-Roses  (France). 

C.  Moulin,  C.  Beaucaire,  P.  Decambox,  and  P. 
Mauchien. 

Analytica  Chimica  Acta  ACACAM,  Vol.  238,  No. 
2,  p  291-296,  November  15,  1990.  4  fig,  2  tab,  26 
ref. 

Descriptors:  *Analytical  methods,  "Chemical  anal- 
ysis, *Fluorometry,  'Geochemistry,  'Lasers, 
•Uranium,  *Water  analysis,  Actinide  elements,  Al- 
kaline water,  Chemical  reactions,  Chemical  reduc- 
tion, Chlorides,  Detection  limits,  Groundwater 
chemistry,  Pollutant  identification,  Pyrenees 
Mountains,  Rare  earth  elements,  Reagents,  Sam- 
pling, Solubility,  Sulfides,  Thermodynamics. 

Time-resolved  laser-induced  spectrofluorimetry 
was  used  for  the  determination  of  uranium  at  the 
ng/L  level  in  alkaline  water  with  high  chloride 
and  sulfide  contents  in  order  to  obtain  a  better 
understanding  of  uranium  mobilization  under  natu- 
ral reducing  conditions.  Fluran,  a  chelating  agent 
in  buffered  solution  that  forms  a  single  fluorescent 
uranyl  species  and  acts  as  a  strong  complexing 
agent  for  other  metals  in  solution,  was  chosen  as 
the  optimum  medium.  The  limit  of  detection  was 
determined  to  be  1  ng/L,  an  order  of  magnitude 
lower  than  previous  results.  Results  are  presented 
for  several  waters  from  different  localities  in  the 
Pyrenees.  In  all  instances,  although  there  are  very 
small  amounts  of  uranium  in  solution,  it  seems  that 
uranium   is  controlled   in   solution   by   a  mineral 


ECOTOXICOLOGICAL  STUDIES  OF  ACIDITY 
IN  WELSH  STREAMS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07482 


WATER  QUALITY  CHANGES  FROM  INPUT 
TO  STREAM. 

Institute    of   Terrestrial    Ecology,    Grange-over- 
Sands  (England).  Merlewood  Research  Station. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07486 


EFFECTS   OF   ACIDIC   PRECIPITATION   ON 
SOIL  PRODUCTIVITY. 

Maine  Univ.  at  Orono.  Dept.  of  Plant  and  Soil 

Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07505 


Chemical  Processes — Group  2K 

THROUGHFALL  CHEMISTRY  AND  CANOPY 
PROCESSING  MECHANISMS. 

Syracuse  Univ.,  NY.  Dept.  of  Civil  Engineering. 
D.  A.  Schaefer,  and  W.  A.  Reiners. 
IN:  Acidic  Precipitation,  Vol.  3:  Sources,  Deposi- 
tion, and  Canopy  Interactions.  Advances  in  Envi- 
ronmental Science.  Springer-Verlag  New  York, 
Inc.,  New  York.  1990.  p  241-284.  11  fig,  4  tab,  220 
ref.  NSF  Grants  DEB-7907346  and  BSR-8306228., 
Electric  Power  Research  Institute's  Integrated 
Study  Program  RP-2621,  and  U.S.  DOE  Grant 
DE-AC05-84OR21400. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  ♦Acidi- 
fication, *Air  pollution,  'Canopy,  'Chemical  prop- 
erties, 'Chemistry  of  precipitation,  'Environmen- 
tal effects,  'Forests,  'Path  of  pollutants, 
'Throughfall,  Acidity,  Coniferous  forests,  Decidu- 
ous forests,  Dry  deposition,  Ion  exchange,  Model 
studies,  Prediction. 

Forest  canopies  receive  chemical  inputs  from  the 
atmosphere  by  rainfall,  cloud  droplet  capture,  and 
the  accumulation  of  particles  and  vapors  by  dry 
deposition.  These  chemical  inputs  interact  with 
surfaces  in  the  canopy  and  are  released  to  the 
forest  floor  primarily  as  throughfall  (TF).  The 
processes  that  control  the  chemistry  of  TF  in 
forest  canopies  are  examined.  The  major  focus  is 
the  inorganic  ions  in  coniferous  forest  TF,  but 
organic  compounds  and  deciduous  canopies  are 
considered  in  certain  topics  as  well.  The  review 
uses  two  prototype  coniferous  forests  situated  in 
strongly  contrasting  environments  to  assess  TF 
chemistry.  First  a  comparison  is  made  between  the 
atmospheric  inputs  to  which  these  two  forests  are 
exposed;  then  the  processes  controlling  TF  chemis- 
try that  occur  in  forest  canopies  in  general  are 
examined  in  detail.  These  processes  are  then  used 
to  predict  ion-specific  hypothetical  TF  chemistry 
patterns,  which  are  compared  to  short-term  se- 
quential samples  of  the  net  ionic  fluxes  in  TF  in  the 
two  forests.  A  quantitative  understanding  of  chem- 
ical fluxes  in  TF  requires  examination  of  the  mech- 
anisms of  TF  processing  by  forest  canopy  compo- 
nents. One  such  mechanism  involves  interactions 
between  anthropogenic  acidity  inputs  and  the 
forest  canopy,  which  may  increase  chemical  fluxes 
in  TF.  The  processes  that  control  the  inorganic 
chemistry  of  coniferous  forest  TF  include  atmos- 
pheric inputs  from  dry  deposition  as  well  as  physi- 
cal, chemical,  and  biological  processes  that  occur 
on  forest  canopy  surfaces.  A  review  of  these  proc- 
esses suggests  that  dry  deposition  washoff,  diffu- 
sion, uptake,  and  cation  exchange  control  TF 
chemistry.  Substantial  progress  has  been  made 
toward  the  development  of  a  general  model  of  TF 
chemistry.  (See  also  W9 1-075 13)  (Agostine-PTT) 
W9 1-075 18 


SURVEY  OF  TRACE  ELEMENTS  IN  AGRI- 
CULTURAL RESOURCES  OF  CHILE:  WATERS 
AND  SOILS  OF  THE  ELQUI  AND  LIMARI 
VALLEYS,  IV  REGION  (PROSEPECCION  DE 
ELEMENTOS  TRAZAS  EN  RECURSOS  AGRI- 
COLAS  DE  CHILE.  AGUAS  Y  SUELOS  DE  LOS 
VALLES  DE  ELQUI  Y  LIMARI,  IV  REGION). 
Estacion  Experimental  La  Platina,  Santiago 
(Chile). 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07521 


ALUMINUM  TOXICITY  AND  TOLERANCE  IN 
PLANTS. 

Alberta  Univ.,  Edmonton.  Dept.  of  Botany. 
For  primary  bibliographic  entry  see  Field  5C. 

W91-07512 


HISTORY  OF  ATMOSPHERIC  DEPOSITION 
OF  CD,  HG,  AND  PB  IN  NORTH  AMERICA: 
EVIDENCE  FROM  LAKE  AND  PEAT  BOG 
SEDIMENTS. 

Maine  Univ.  at  Orono.  Dept.  of  Geological  Sci- 
ences. 
For  primary  bibliographic  entry  see  Field  5C. 

W9 1-075 17 


DIRECT  DETERMINATION  OF  COMPLEX- 
ING CAPACITY  OF  ORGANIC  MATTER  DIS- 
SOLVED IN  HUANGHE  ESTUARY  WATER  BY 
THE  HUANGHE  ESTUARY  SEDIMENT-ION 
EXCHANGE  METHOD  (IN  CHINESE). 
Ocean  Univ.  of  Qingdao  (China). 
L.  S.  Liu,  X.  B.  Zhang,  X.  L.  Wang,  and  J.  K.  Ma. 
Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 
Hu  Chao)  HYHCAG,  Vol.  21,  No.  3,  p  255-266, 
July  1990,  6  fig,  1  tab,  15  ref.  English  summary. 

Descriptors:  'Analytical  methods,  'Estuaries,  *Es- 
tuarine  sediments,  'Huang  He  River,  'Ion  ex- 
change, 'Metal  complexes,  'Water  chemistry, 
Copper,  Dissolved  solids,  Organic  matter,  Particu- 
late matter,  Sediment  chemistry,  Zinc. 
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A  method  for  calculating  the  complexing  capacity 
of  sea  water  and  river  water  was  derived  and 
applied  to  the  Huanghe  (Yellow  river)  estuary. 
The  method  is  based  on  ion-ligand  exchange  on 
particulate  surfaces  and  uses  both  mass  balance  and 
the  Langmuir  isotherm.  Two  experiments  were 
designed  to  simplify  the  calculation.  In  one  experi- 
ment, the  estuary  sediment  served  as  an  ion  ex- 
change medium,  and  in  the  other  experiment,  the 
pH  was  kept  as  low  as  possible  (for  example  a  pH 
of  3)  to  minimize  the  exchange  of  organic  matter 
on  particle  surfaces,  so  that  it  could  be  ignored. 
The  complexing  capacity  was  0.49  micromoles  at  a 
pH  of  8,  and  the  log  of  the  stability  constants  were 
8.45  at  a  pH  of  8  and  3.62  at  a  pH  of  3.  The 
complexing  capacity  of  Cu(II)  and  Zn(II)  were 
0.49  and  0.17  micromoles.  (King-PTT) 
W9 1-07535 


STRONTIUM  IN  RIVERS  OF  THE  BALTIC 
BASIN. 

Stockholm  Univ.  (Sweden).  Dept.  of  Geology. 
R.  Lofvendahl,  G.  Aberg,  and  P.  J.  Hamilton. 
Aquatic  Sciences  AQSCEA,  Vol.  52,  No.  4,  p  315- 
329,    1990.    5   fig,   7   tab,   40  ref.   NFR   (Swedish 
Natural  Research  Council)  Grant  No.  G-GU  4962- 
104. 

Descriptors:  'Baltic  Sea,  *Geochemistry,  'Isotopic 
tracers,  'Mixing,  *Solute  transport,  'Strontium, 
•Water  analysis,  *Water  chemistry,  Bedrock, 
Drainage  area,  Geologic  history,  Rivers,  Seawater, 
Stable  isotopes. 

The  rivers  in  the  Baltic  Basin  drain  a  mixture  of 
bedrocks  ranging  from  Mesozoic-Paleozoic  sedi- 
ments in  the  south  to  Proterozoic-Archean  intru- 
sives  in  the  north.  The  rivers  in  the  sedimentary 
basin  in  the  south  have  high  concentrations  of  Sr, 
ranging  from  100-500  mg/L  while  the  Sr-87/Sr-86 
ratio  is  0.71,  which  is  close  to  that  of  seawater.  The 
northern  rivers  in  the  Precambrian  shield  area 
have  low  Sr  concentrations  of  15-50  mg/L  with 
high  Sr-87/Sr-86  ratios  of  about  0.73  (0.721-0.745). 
The  riverine  input  of  dissolved  Sr  to  the  brackish 
Baltic  Sea  approaches  60  tons/yr,  with  a  weighted 
mean  Sr-87/Sr-86  ratio  close  to  0.712.  Although 
the  sedimentary  area  in  the  south  supplies  only 
about  43%  of  the  total  river  discharge,  it  gives 
about  88%  of  the  total  Sr  input.  Because  of  this 
and  the  strong  regional  riverine  variation  in  Sr-87/ 
Sr-86  ratio,  Sr  and  its  isotopes  seem  to  be  a  con- 
venient tool  to  unveil  mixing  relations  of  water 
masses  in  the  northern  Baltic  Sea,  provided  high 
resolution  analyses  are  applied.  For  an  overall 
characterization  of  water  mixing  in  the  Baltic  Sea, 
the  neodymium  isotope  system  would  probably  be 
superior  to  that  of  Sr.  (Author's  abstract) 
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EFFECT  OF  LIGHT  ON  THE  RELEASE  OF 
ORGANIC  COMPOUNDS  BY  THE  CYANO- 
BACTERIUM  OSCILLATORIA  RUBESCENS. 

Institut  National  de  la  Recherche  Agronomique, 

Thonon-les-Bains  (France).  Station  d'Hydrobiolo- 

gie  Lacustre. 

For  primary  bibliographic  entry  see  Field  2H. 
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ANAEROBIC  BIODEGRADATION  OF  SKELE- 
TAL STRUCTURES  IN  THE  MARINE  ENVI- 
RONMENT: II.  CHEMICAL  ASPECTS  (BIODE- 
GRADATION   ANAEROBIQUE    DES    STRUC- 
TURES SQUELETTIQUES  EN  MILIEU  MARIN 
:  II.  APPROCHE  CHIMIQUE). 
Liege  Univ.  (Belgium).  Zoology  Inst. 
A.  Simon,  M.  Pouhcek,  R.  Machiroux,  and  J. 
Thorez. 

Cahiers  de  Biologie  Marine  CBIMA5,  Vol.  31,  No. 
3,  p  365-384,  1990.  12  fig,  4  tab,  22  ref.  English 
summary. 

Descriptors:  *  Anaerobic  degradation,  'Biodegra- 
dation,  'Calcified  skeletons,  'Corsica,  'Geochem- 
istry, 'Marine  environment,  Echinoderms,  Mass 
spectrometry,  Mollusks,  Nutrient  regeneration, 
Sediment-water  interfaces,  Weathering,  X-ray  dif- 
fraction. 

An  experimental  study  of  anaerobic  degradation 
processes  was  undertaken  in  the  Calvi  Bay,  Corsi- 


ca and  in  an  aquarium.  Three  types  of  calcified 
skeletons  were  used:  isolated  prismatic  layer  of  the 
shell  of  the  bivalve  Pinna  nobilis,  nacreous  layer  of 
the  shell  of  the  cephalopod  Nautilus  pompilius  and 
the  skeletal  plates  of  the  echinoid  Sphaerechinus 
granularis.  The  materials  were  embedded  in  organ- 
oclastic  sand-filled  closed  jars  retrieved  periodical- 
ly at  1,  3,  6  or  9  months.  Through  inductively 
coupled  plasma  mass  spectrometry  and  X-ray  dif- 
fraction analysis,  protein,  chitin  and  enzymatic  ac- 
tivity estimation  showed  that  calcified  skeleton 
biodegradation  occurred  rapidly  in  anaerobiosis. 
Almost  as  rapid  was  anoxic  weathering.  Biodegra- 
dation patterns  were  very  different  from  one  type 
of  calcified  skeleton  to  another,  due  to  differences 
in  organic  matter  distribution.  In  contrast  to  classi- 
cal views,  this  study  showed  that  anoxic  and  oxic 
biodegradation  processes  were  very  similar.  This 
indicated  that  anoxic  decomposition  processes  may 
be  of  utmost  importance  in  recycling  organic  com- 
pounds through  nutrient  regeneration.  In  biodegra- 
dation processes  at  the  water-sediment  interface, 
anoxic  biodegradation  is  a  key  phenomenon  for 
understanding  biogeochemical  cycles  and  also  ex- 
plains to  a  large  extent,  the  fate  of  organic  matter 
in  sediments.  (Author's  abstract) 
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QUANTITATIVE  STRUCTURE-ACTIVITY  RE- 
LATIONSHIPS: NEW  TOOLS  FOR  REMEDI- 
ATION OF  CONTAMINATED  GROUNDWAT- 
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Vanderbilt  Univ.,  Nashville,  TN.  Dept.  of  Envi- 
ronmental and  Water  Resources  Engineering. 
For   primary   bibliographic   entry   see   Field   5G. 
W9 1-07704 


HANDBOOK  OF  CHEMICAL  PROPERTY  ES- 
TIMATION METHODS:  ENVIRONMENTAL 
BEHAVIOR  OF  ORGANIC  COMPOUNDS. 

For  primary  bibliographic  entry  see  Field  5B. 
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OCTANOL/WATER  PARTITION  COEFFI- 
CIENT. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA. 
W.  J.  Lyman. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  1.1-1.54.  1  fig,  11  tab,  48  ref. 

Descriptors:  'Octanol/water  partition  coefficient, 
'Organic  compounds,  'Path  of  pollutants,  'Solu- 
bility, 'Structure-activity  relationships,  Physical 
properties,  Physicochemical  properties,  Test  pro- 
cedures. 

The  octanol/water  partition  coefficient  (Kow)  is 
defined  as  the  ratio  of  a  chemical's  concentration 
in  the  octanol  phase  to  its  concentration  in  the 
aqueous  phase  of  a  two  phase  octanol/water 
system.  Kow  may  be  estimated  from  fragment 
constants  or  from  other  solvent/water  partition 
coefficients  (Ksw).  When  estimating  Kow  from 
fragment  constants,  a  knowledge  of  the  chemical 
structure  is  required;  for  structurally  complex  mol- 
ecules, it  is  helpful  to  have  a  measured  value  of 
Kow  for  a  structurally  similar  compound.  If  a 
measured  value  of  the  chemical's  partition  coeffi- 
cient between  an  organic  solvent  and  water  (Ksw) 
is  available,  Kow  can  be  calculated  from  linear 
regression  equations  that  relate  log  Ksw  (for  a 
particular  solvent)  and  low  Kow.  The  method  is 
straightforward,  and  the  calculations  are  simple. 
Estimations  from  fragment  constants  and  from 
other  solvent/water  partition  coefficients  should 
be  given  preference  over  the  approach  that  uses 
regression  equations  with  solubility  which  has 
larger  method  errors.  Approaches  that  use  regres- 
sion equations  with  solubility  to  estimate  Row 
provide  a  rough  check  on  Kow  if  the  fragment- 
constant  method  is  used  and  the  user  is  unfamiliar 
with  the  procedure.  Although  the  more  important 
structural  effects  are  adequately  described  by  the 
available  factors  (F  values)  for  most  chemicals,  the 
user  should  keep  in  mind  that  some  chemicals 
deviate  seriously  from  the  norm.  (See  also  W91- 
07767)  (Geiger-PTT) 
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SOLUBILITY  IN  WATER. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA. 
W.  J.  Lyman. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  2.1-2.52.  2  fig,  18  tab,  71  ref. 

Descriptors:  'Organic  chemicals,  'Path  of  pollut- 
ants, 'Physicochemical  properties,  'Solubility, 
Molecular  structure,  Structure-activity  relation- 
ships, Test  procedures. 

The  solubility  of  a  chemical  in  water  may  be 
defined  as  the  maximum  amount  of  the  chemical 
that  will  dissolve  in  pure  water  at  a  specified 
temperature.  The  aqueous  solubility  of  organic 
chemicals  can  be  estimated  via  numerous  pathways 
which  include  the  bioconcentration  factor  of  the 
compound  in  aquatic  life,  heat  of  fusion,  soil/ 
sediment  adsorption  coefficient,  octanol-water  par- 
tition coefficient  parachor,  molecular  surface  area, 
boiling  point,  melting  point,  topological  indices, 
molar  volume,  activity  coefficient  in  water,  infinite 
dilution  activity  coefficient  in  water,  and  molecu- 
lar connectivity  parameter.  Factors  influencing 
solubility  include  method  of  measurement,  temper- 
ature, pH,  salinity  and  presence  of  dissolved  organ- 
ic matter.  Eighteen  different  regression  equations 
were  found  that  correlate  water  solubility  with  the 
octanol/water  partition  coefficient  for  different 
groups  of  chemicals.  One  or  more  equations  should 
be  selected  on  the  basis  of  chemical  class  represent- 
ed, chemical  class  not  well  represented,  range  of 
values,  method  errors  and  bias,  and  solid  state  of 
the  chemical  at  25  C.  The  estimation  of  solubility 
from  structure  (method  of  Irmann)  involves  draw- 
ing the  molecular  structure,  determining  the  com- 
pound type  according  to  x,  y  and  z  variables,  and 
substituting  these  values  in  an  equation  to  find 
solubility  in  gm/gm  H20  at  25  C.  (See  also  W91- 
07767)  (Geiger-PTT) 
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SOLUBILITY  IN  VARIOUS  SOLVENTS. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA. 
W.  J.  Lyman. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  3.1-3.29.  6  fig,  6  tab,  38  ref. 

Descriptors:  'Organic  compounds,  'Organic  sol- 
vents, 'Path  of  pollutants,  'Solubility,  'Structure- 
activity  relationships,  Correlation  analysis,  Graphi- 
cal methods,  Physicochemical  properties,  Temper- 
ature effects,  Test  procedures. 

Methods  for  estimating  the  solubility  limits  in 
liquid-liquid  and  solid  (solute)-liquid  binary  (two- 
chemical)  systems  are  provided  which  rely  on 
knowledge  of  the  activity  coefficient  for  the  solute 
and/or  solvent  at  one  or  more  points  on  the  phase- 
temperature  composition  diagram.  Other  estima- 
tion methods  suggested  include:  correlations  with 
solvent/water  partition  coefficients,  and  the  use  of 
this  coefficient  plus  the  solubility  in  water;  various 
formulas  based  upon  the  use  of  solubility  param- 
eters; and  a  semiempirical  correlation  for  gases  in 
liquids.  Correlations  with  solvent/water  partition 
coefficients  have  never  been  demonstrated  and 
would  require  a  significant  amount  of  work  to 
develop.  The  use  of  various  formulas  based  upon 
the  use  of  solubility  parameters  is  limited  to  nonpo- 
lar  systems.  While  the  use  of  a  semiempirical  corre- 
lation for  gases  in  liquids  is  valid  for  polar  and  non- 
polar  systems,  the  accuracy  of  the  method  is  not 
high  and  lengthy  calculations  are  often  involved. 
(See  also  W9 1-07767)  (Geiger-PTT) 
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ACID  DISSOCIATION  CONSTANT. 

J.  C.  Harris,  and  M.  J.  Hayes. 
IN:  Handbook  of  Chemical  Property  Estimation 
Methods:    Environmental    Behavior    of   Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  6.1-6.28.  10  tab,  12  ref. 

Descriptors:  'Acid  dissociation  constants,  'Organ- 
ic compounds,  'Path  of  pollutants,  'Physicochem- 
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ical  properties,  Acidity,  Aromatic  compounds,  Or- 
ganic acids,  Test  procedures. 

The  extent  to  which  an  organic  chemical  is  parti- 
tioned among  the  gaseous,  solid,  and  solution  com- 
partments of  a  given  environment  is  determined  by 
several  physical  and  chemical  properties  of  both 
the  chemical  and  the  environment.  Among  the 
chemical  properties,  acid-base  interactions  as  meas- 
ured by  acid  dissociation  constants  (Ka),  exert  a 
major  influence  on  partitioning.  Principle  proce- 
dures for  determining  Ka  are  based  on  the  determi- 
nation of  the  pH  and  the  concentrations  (or  ratio  of 
concentrations)  of  the  acid  and  conjugate  base. 
Dissociation  constants  are  determined  by  conduct- 
ance methods,  electrometric  methods,  spectropho- 
tometric  methods,  magnetic  resonance,  and  meas- 
urements of  catalytic  effects  on  well-characterized 
reactions.  If  the  true  thermodynamic  Ka  is  sought, 
activity  coefficient  corrections  must  be  applied  to 
the  measured  concentrations  of  acid  and  conjugate 
base.  The  dissociation  constant  of  an  organic  acid 
(or  conjugate  acid  of  an  organic  base)  can  be 
estimated  by  applying  a  linear  free  energy  relation- 
ship which  is  an  empirical  correlation  between  the 
standard  free  energies  of  reaction  or  activation  for 
two  series  of  reactions,  both  subjected  to  the  same 
variations  in  reactant  structures  or  reaction  condi- 
tions. The  Hammett  correlation  is  most  commonly 
used  for  estimation  of  Ka  for  aromatic  acids.  Dif- 
ferent procedures  are  applied  for  substituted  ben- 
zoic acids  and  other  aromatic  acids.  The  Taft 
correlation  is  used  to  estimate  Ka  for  aliphatic 
acids.  When  estimating  Ka  values,  sources  of  un- 
certainty arise  because  of  difficulties  in  selecting  an 
appropriate  parent  compound,  and  in  use  of  values 
for  Hammett  substituent  constants  that  are  ob- 
tained from  various  sources.  (See  also  W9 1-07767) 
(Geiger-PTT) 
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ACTIVITY  COEFFICIENT. 

C.  F.  Grain. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  11.1-11.53.  2  fig,  9  tab,  28  ref. 

Descriptors:  'Activity  coefficient,  'Organic  com- 
pounds, 'Path  of  pollutants,  'Solubility,  Mathe- 
matical studies,  Organic  solvents,  Structure-activi- 
ty relationships. 

As  applied  to  solutions,  an  activity  coefficient  is  a 
correction  factor  compensating  for  non-ideal  be- 
havior. Methods  of  estimating  the  activity  coeffi- 
cients of  components  in  solution  include  enthalpic 
equations  such  as  the  two-suffix  Margules,  the 
three-suffix  Margules,  the  van  Laar,  and  the  four- 
suffix  Margules  models,  and  entropic  equations 
such  as  the  Wilson,  NRTL,  and  the  UNIQUAC 
models.  The  infinite  dilution  activity  coefficient 
method  of  estimating  the  activity  coefficient  can  be 
used  to  estimate  solubility  limits,  octanol-water 
partition  coefficients,  and  Henry's  law  constants.  It 
may  also  be  used  to  estimate  the  parameters  in  any 
two-parameter  equation,  e.g.,  the  van  Laar  equa- 
tion, which  will  than  allow  the  estimation  of  the 
activity  coefficient  at  any  composition.  Another 
method  which  estimates  the  concentration  depend- 
ence of  the  activity  coefficient  directly  uses  the 
UNIQUAC  equation  combined  with  group  contri- 
bution techniques  and  is  called  the  UNIFAC  (UN- 
IQUAC Functional  Group  Activity  Coefficients) 
method.  For  the  UNIFAC  method  the  average 
error  in  the  activity  coefficient  for  a  number  of 
systems  with  water  was  23.5%  and  the  maximum 
error  was  90%.  (See  also  W9 1-07767)  (Geiger- 
PTT) 
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BOILING  POINT. 

C.  E.  Rechsteiner. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 


ington, DC.  1990.  p  12.1-12.55.  1  fig,  17  tab,  34  ref. 

Descriptors:  'Boiling  point,  'Organic  compounds, 
'Path  of  pollutants,  'Physicochemical  properties, 
'Volatility,  Molecular  structure,  Physical  proper- 
ties, Vapor  pressure. 

The  boiling  point  is  defined  as  the  temperature  at 
which  the  vapor  pressure  of  a  liquid  is  equal  to  the 
pressure  of  the  atmosphere  on  the  liquid.  Besides 
being  an  indicator  for  the  physical  state  (liquid  vs. 
gas)  of  a  chemical,  the  boiling  point  also  provides 
an  indication  of  its  volatility.  Estimates  of  normal 
boiling  points  are  based  on  correlations  with  physi- 
cal parameters  that  are  influenced  by  the  molecular 
structures  of  the  compounds.  The  Meissner 
method  of  estimating  normal  boiling  point  corre- 
lates boiling  points  with  the  parachor  and  the 
molar  refraction  of  the  compound.  Adjustment  is 
made  for  the  compound  type/class  of  interest.  The 
Lydersen,  Forman,  and  Thodos  method  estimates 
boiling  points  from  the  critical  temperature  and  the 
ratio  between  the  boiling  point  and  the  critical 
temperature.  The  Miller  method  estimates  boiling 
points  from  the  boiling  point/critical  temperature 
ratio  and  the  critical  pressure  and  critical  volume. 
The  Ogata  and  Tsuchida  method  estimates  boiling 
points  in  empirical  fashion.  The  Somayajulu  and 
Palit  method  correlates  boiling  points  with  atomic 
number  sum.  The  Kinney  method  correlates  boil- 
ing point  with  boiling  point  number.  The  Stiel  and 
Thodos  method  correlates  boiling  point  with  the 
number  of  carbons  in  saturated  aliphatic  hydrocar- 
bons. The  normal  boiling  point  can  be  adjusted  to 
compensate  for  impurities  by  applying  Raoult's 
law  and  to  compensate  for  pressures  other  than 
one  atmosphere  by  using  the  Clausius-Clapeyron 
equation.  (See  also  W9 1-07767)  (Geiger-PTT) 
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HEAT  OF  VAPORIZATION. 

C.  E.  Rechsteiner. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington,  DC.    1990.   p   13.1-13.28.    10  tab,   34  ref. 

Descriptors:  'Enthalpy,  'Latent  heat,  'Organic 
compounds,  'Path  of  pollutants,  'Physical  proper- 
ties, 'Thermodynamics,  'Vaporization,  Evapora- 
tion, Heat  transfer,  Molecular  structure,  Physico- 
chemical  properties,  Thermal  properties,  Vapor 
pressure. 

The  heat  of  vaporization  (also  called  the  latent 
heat  of  vaporization,  heat  of  evaporation,  or  en- 
thalpy of  vaporization)  is  the  quantity  of  heat 
required  to  convert  a  unit  mass  of  liquid  into  a 
vapor  without  a  rise  in  temperature,  which  implies 
a  constant-pressure  process.  It  is  a  function  of 
temperature  and  decreases  with  increasing  temper- 
ature. Methods  for  estimating  heats  of  vaporization 
of  organic  compounds  incorporate  some  form  of 
the  Clapeyron  equation  which  is  modified  as  neces- 
sary and  then  fit  to  a  set  of  experimental  data  to 
determine  the  best-fit  parameters.  Four  methods 
based  on  critical  temperature  and  pressure  are  rec- 
ommended for  estimating  the  heat  of  vaporization 
at  the  normal  boiling  point.  Two  of  these  methods, 
the  modified  Klein  and  the  Giacalone,  are  based  on 
the  Clapeyron  equation;  the  other  two  methods, 
those  of  Riedel  and  Chen,  were  derived  empirical- 
ly. The  heat  of  vaporization  may  also  be  estimated 
from  vapor  pressure  curves  for  any  material  as  a 
function  of  the  heat  of  vaporization  and  the  differ- 
ence in  the  compressibility  factors  for  the  liquid 
and  the  vapor  phases.  The  shape  of  the  vapor 
pressure  curve  may  also  be  described  by  Antoine's 
relationship.  The  estimation  of  the  latent  heat  of 
vaporization  by  compound  structure  uses  a  series 
of  structural  constants  similar  to  the  parachor  but 
which  is  temperature-independent.  The  Thiesen 
correlation  is  frequently  used  to  estimate  latent 
heat  of  vaporization  at  temperatures  other  than  the 
boiling  point.  (See  also  W9 1-07767)  (Geiger-PTT) 
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VAPOR  PRESSURE. 

For  primary  bibliographic  entry  see  Field  5B. 
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VOLATILIZATION  FROM  WATER. 

For  primary  bibliographic  entry  see  Field  5B. 
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FLASH  POINTS  OF  PURE  SUBSTANCES. 

J.  H.  Hagopian. 

IN:  Handbook  of  Chemical  Property  Estimation 
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The  flash  point  of  a  substance  is  the  minimum 
temperature  at  which  it  emits  sufficient  vapor  to 
form  an  ignitable  mixture  with  air  near  its  surface 
or  within  the  chamber  of  a  testing  apparatus. 
Affens'  method  utilizes  actual  curves  of  vapor 
pressure  versus  temperature  together  with  experi- 
mentally derived  lower  flammability  limits  to  esti- 
mate the  equilibrium  flash  points  for  n-alkanes  with 
1  to  14  carbon  atoms.  Using  boiling  point  data,  the 
boiling  points  versus  flash  points  was  plotted  to 
find  the  line  that  best  fit  these  points.  The  Prugh 
method  makes  a  number  of  generalizations  that 
permit  prediction  of  the  vapor  pressure  versus 
temperature  curves  and  lower  flammability  or  ex- 
plosive limits  of  organic  compounds  solely  on  the 
basis  of  their  normal  boiling  points  and  chemical 
structures.  The  definition  of  equilibrium  flash 
point,  together  with  actual  data  for  200  chemicals 
was  used  to  develop  a  nomograph  and  a  procedure 
for  its  use.  The  nomograph  will  yield  flash  points 
within  approximately  20  F  of  the  correct  value. 
The  Butler  method  plots  the  flash  points  of  pure 
hydrocarbons  (values  obtained  by  means  of  the 
Pensky-Martens  closed-cup  flash  point  tester) 
against  their  respective  normal  boiling  points  and 
then  fits  a  curve  through  the  points  to  yield  an 
equation  for  flash  point.  Flash  points  of  mixtures 
are  also  addressed  by  a  number  of  researchers.  (See 
also  W9 1-07767)  (Geiger-PTT) 
W9 1-07785 


DENSITIES  OF  VAPORS,  LIQUIDS  AND 
SOLIDS. 

L.  H.  Nelken. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  19.1-19.24.  9  tab,  22  ref. 

Descriptors:  'Density,  'Mathematical  models, 
'Organic  compounds,  'Physicochemical  proper- 
ties, Fate  of  pollutants,  Molecular  structure,  Physi- 
cal properties. 

The  density  of  a  substance  is  the  ratio  of  its  mass  to 
its  volume.  The  property  varies  not  only  with 
molecular  weight  but  also  with  molecular  interac- 
tion and  structure.  In  environmental  analysis,  the 
primary  reason  for  estimating  the  density  of  a 
substance  is  to  determine  whether  gases  are  heav- 
ier or  lighter  than  air,  or  whether  liquids  and  solids 
will  float  or  sink  in  water  for  chemical  spill  model- 
ing. Vapor  density  is  estimated  by  use  of  the  ideal 
gas  law.  Two  methods  are  recommended  to  esti- 
mate liquid  density.  The  Grain  method  requires  the 
boiling  point  of  the  compound  and  knowledge  of 
the  molecular  structure.  The  average  error  ob- 
tained by  this  method  on  a  group  of  about  30 
compounds  was  near  3.4%.  The  Bhirud  method  is 
more  rigorous  but  slightly  more  accurate;  inputs 
include  the  acentric  factor  (or  boiling  point  in  the 
absence  of  the  acentric  factor),  the  critical  temper- 
ature, and  the  critical  pressure.  Solid  density  can 
be  estimated  by  a  method  based  upon  fragment 
constants  developed  by  Immirzi  and  Perini.  Only 
the  structure  of  the  chemical  is  required  for  this 
method.  The  following  atoms  and  ions  are  includ- 
ed in  this  method:  H,  C,  O,  N,  S,  F,  CI,  Br,  I, 
Na+,  K  +  ,  Rb  +  ,  F,  C1-,  Br-,  and  I-.  The  densities 
of  hydrated  solids  and  various  hydrogen-bonded 
solids  can  also  be  estimated  by  this  approach.  (See 
also  W9 1-07767)  (Geiger-PTT) 
W9 1-07786 
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SURFACE  TENSION. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07787 


INTERFACIAL  TENSION  WITH  WATER. 
C.  F.  Grain. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  21.1-21.16.  2  fig,  4  tab,  11  ref. 

Descriptors:  "Interfaces,  *Interfacial  tension,  'Or- 
ganic compounds,  'Physical  properties,  'Physico- 
chemical  properties,  Correlation  analysis,  Disper- 
sion, Emulsions,  Flow  resistance,  Mathematical 
models,  Surface  tension. 

The  interfacial  tension  between  an  organic  liquid 
and  water  affects  such  processes  as  the  formation 
of  stable  emulsions,  the  resistance  to  flow  through 
orifices,  and  the  dispersion  of  droplets.  A  measured 
or  estimated  value  of  the  interfacial  tension  may  be 
important  when  attempting  to  determine  the  fate  of 
a  chemical  of  environmental  concern  or  removing 
a  hazardous  liquid  from  an  aqueous  environment. 
When  two  immiscible  or  partially  miscible  liquids 
are  brought  into  contact,  the  interface  thus  formed 
possesses  free  surface  energy.  This  surface  energy 
is  numerically  equal  to  the  interfacial  tension.  Two 
methods  are  recommended  for  estimating  the  inter- 
facial tension.  Method  1  requires  as  input  informa- 
tion the  mutual  solubilities  of  the  organic  liquid 
and  water.  Method  2  requires  the  mutual  solubility 
data  and  also  the  surface  tensions  of  the  pure 
components.  Method  1  has  an  average  error  of 
15.4%  and  a  maximum  error  of  48.5%;  method  2 
has  an  average  error  of  11.8%  and  a  maximum 
error  of  38.6%.  Method  1,  the  simplest  method,  is 
based  on  a  correlation  between  the  logarithm  of 
the  sum  of  the  solubilities  of  a  mutually  saturated 
liquid  with  water  and  the  interfacial  tension  which 
exists  when  these  phases  are  in  contact.  The  corre- 
lation is  strictly  valid  at  25  C  only.  The  second 
method  is  based  upon  an  empirical  correlation 
known  as  Antonov's  rule.  (See  also  W9 1-07767) 
(Geiger-PTT) 
W9 1-07788 


LIQUID  VISCOSITY. 

C.  F.  Grain. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  22.1-22.20.  1  fig,  5  tab,  22  ref. 

Descriptors:  'Flow,  'Organic  compounds,  'Physi- 
cal properties,  'Physicochemical  properties, 
'Shear  stress,  'Viscosity,  Estimating,  Fate  of  pol- 
lutants, Mathematical  models. 

The  viscosity  of  a  liquid  is  a  measure  of  the  forces 
that  work  against  movement  or  flow  when  a  shear- 
ing stress  is  applied.  It  has  an  important  bearing  on 
several  problems  relating  to  the  transfer  or  move- 
ment of  bulk  quantities  of  organic  liquids.  A 
knowledge  of  the  viscosity  is  required  in  formulas 
relating  to  the  pumpability  of  a  liquid,  the  rate  of 
flow  (e.g.,  from  a  tank),  or  spreading  (e.g.,  on 
water)  of  a  chemical  spill.  Three  methods  are 
recommended  for  determining  the  viscosity  of  a 
liquid  at  temperatures  below  its  normal  boiling 
point.  The  first  method  is  strictly  graphical  and 
requires  a  knowledge  of  the  viscosity  at  some 
temperature.  It  is  based  on  the  exponential  rela- 
tionship between  viscosity  and  temperature.  The 
second  method  is  based  on  a  relationship  between 
temperature  and  liquid  viscosity  with  correction 
factors  for  the  length  of  the  alkane  chain.  A  third 
method  for  estimating  viscosity  of  a  liquid  can  be 
considered  a  variation  of  method  2  or  even  an 
analytical  extension  of  method  1.  The  third  method 
also  relates  constants  in  the  mathematical  equation 
to  structure  of  the  molecule.  The  average  errors 
for  methods  1,  2,  and  3  for  estimating  the  viscosity 
of  20  organic  liquids  were  19%,  22%,  and  19%, 
respectively.  (See  also  W9 1-07767)  (Geiger-PTT) 
W91-07789 


HEAT  CAPACITY. 

J.  D.  Birkett. 


IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  23.1-23.22.  7  tab,  13  ref. 

Descriptors:  'Heat  storage,  'Organic  compounds, 
•Physicochemical  properties,  'Thermal  properties, 
Fate  of  pollutants,  Mathematical  models,  Molecu- 
lar structure. 

Heat  capacity  (C)  is  defined  as  the  ratio  of  the  heat 
absorbed  by  a  system  to  the  resulting  temperature 
increase.  For  gases,  two  heat  capacities  may  be 
defined:  one  is  where  heat  is  absorbed  with  the 
system  held  at  constant  pressure  (Cpg),  and  the 
other  is  where  heat  is  absorbed  with  the  system 
held  at  constant  volume  (Cvg).  Heat  capacities  are 
required  for  calculating  many  thermochemical  and 
engineering  parameters.  The  values  are  obtained 
either  by  direct  reference  to  experimental  data, 
which  are  not  always  available,  or  by  various 
empirical  estimation  methods.  Most  of  the  methods 
are  based  on  structural  considerations,  such  as  the 
contribution  of  the  component  bonds  and/or  func- 
tional groups  to  the  total  heat  capacity  of  the 
molecule.  Values  contributed  by  these  groups  are 
derived  from  experimentally  determined  heat  ca- 
pacities of  numerous  compounds.  Heat  capacity  is 
a  required  parameter  in  models  predicting  venting 
rates  and  the  heating  and/or  cooling  of  bulk  quan- 
tities of  the  chemical  under  various  conditions.  For 
estimating  Cpg  of  gases  two  methods  are  recom- 
mended. The  first  method  is  based  on  adding  the 
contribution  to  the  heat  of  each  of  the  component 
groups  within  the  molecule;  values  of  these  contri- 
butions have  been  calculated  for  41  common 
groups.  These  contributions  are  given  as  the  coeffi- 
cients of  a  polynomial  in  temperature.  This  method 
is  easy  to  use,  if  the  contributions  for  all  groups 
present  are  listed;  it  generally  predicts  Cpg  to 
within  5%  and  is  often  within  2%  of  measured 
values.  Benson's  method,  applicable  only  at  300  K 
assigns  a  value  to  each  divalent  or  polyvalent  atom 
based  on  the  groups  or  other  atoms  to  which  it  is 
bonded.  While  the  method  is  difficult  for  large  and 
complex  molecules,  it  gives  an  estimation  within 
1%  of  the  observed  values.  For  estimating  liquid 
heat  capacity  (Cpl),  the  simplified  group  method  of 
Johnson  and  Huang  or  the  more  complex  method 
of  Chueh  and  Swanson  may  be  used.  The  Johnson 
and  Huang  method  is  based  on  molecular  structure 
and  requires  the  identification  of  various  molecular 
groups  and  the  summation  of  their  contributions  to 
the  overall  value  of  Cpl.  Results  with  this  method 
generally  are  within  10%  of  experimental  values. 
The  method  of  Chueh  and  Swanson  is  also  based 
on  the  principle  of  aggregating  group  contribu- 
tions. While  somewhat  more  complicated,  it  is 
generally  more  accurate  giving  results  within  3% 
of  the  experimental  values.  (See  also  W9 1-07767) 
(Geiger-PTT) 
W9 1-07790 


THERMAL  CONDUCTIVITY. 

J.  D.  Birkett. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  24.1-24.9.  3  tab,  12  ref. 

Descriptors:  'Organic  compounds,  'Physical  prop- 
erties, 'Physicochemical  properties,  'Temperature 
gradient,  'Thermal  conductivity,  'Thermal  prop- 
erties, Estimating  equations,  Evaporation,  Mathe- 
matical models,  Path  of  pollutants. 

Thermal  conductivity  is  defined  as  the  quantity  of 
heat  which  will  traverse  a  medium  of  unit  thick- 
ness and  cross-sectional  area  per  unit  time  under 
the  influence  of  an  applied  temperature  gradient. 
The  estimation  of  thermal  conductivities  of  organic 
liquids  is  often  required  for  calculating  rates  of 
evaporation  of  large  quantities  of  spilled  liquids. 
The  thermal  conductivity  of  organic  liquids  is  gen- 
erally estimated  by  means  of  equations  that  utilize 
other  known  properties  of  the  material  and,  to  a 
lesser  extent,  structural  considerations.  Two  meth- 
ods are  frequently  employed,  depending  upon  the 
required  accuracy.  An  equation  was  developed  in 
which  only  the  reduced  temperature,  reduced  boil- 
ing point,  and  molecular  weight  are  needed.  While 
errors  may  be  as  much  as  +  or  -20%,  this  equation 


may  be  adequate  for  many  purposes  and  is  rapidly 
calculated.  A  more  elaborate  equation  involves 
structural  factors,  molar  heat  of  vaporization  at 
normal  boiling  point,  molar  liquid  heat  capacity, 
liquid  density,  and  entropy  terms.  Deviations  from 
experimental  values  using  this  equation  range  from 
a  few  percent  to  approximately  25%.  (See  also 
W9 1-07767)  (Geiger-PTT) 
W9 1-07791 


DIPOLE  MOMENT. 

L.  H.  Nelken,  and  J.  D.  Birkett. 
IN:  Handbook  of  Chemical   Property  Estimation 
Methods:    Environmental    Behavior    of   Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  25.1-25.22.  1  fig,  3  tab,  8  ref. 

Descriptors:  'Dipole  moment,  'Molecular  struc- 
ture, 'Organic  compounds,  'Physical  properties, 
'Polarity,  'Structure-activity  relationships,  Aro- 
matic compounds,  Computer  models,  Electrical 
properties,  Error  analysis,  Mathematical  models, 
Physicochemical  properties. 

Dipole  moments  result  from  electronegativity  dif- 
ferences of  the  atoms  within  a  molecule.  Property 
correlations  for  polar  compounds  often  require 
knowledge  of  the  dipole  moment.  The  dipole 
moment  is  also  used  in  some  pressure-volume-tem- 
perature relationships  and  in  some  estimation  meth- 
ods for  the  diffusion  coefficients  of  polar  gases. 
The  dipole  moment  is  a  fairly  significant  parameter 
used  to  aid  in  the  determination  of  molecular  struc- 
ture, bond  angles,  and  resonance.  The  dipole 
moment  is  useful  in  ascertaining  the  potential  for  a 
molecule  to  interact  with  its  surrounding  medium 
via  hydrogen  bonding,  Van  der  Waals  forces,  and 
dipole-dipole  attractions.  Dipole  moments  may  be 
experimentally  determined  by  a  number  of  meth- 
ods, including  microwave  spectroscopy,  indices  of 
refraction,  infrared  vibration/rotation  spectra,  and 
electron  resonance.  The  most  common  method  is 
based  upon  Debye's  equation  relating  the  dipole 
moment  to  the  dielectric  constant  and  temperature. 
The  dipole  moment  may  be  calculated  with  a 
computer  program,  CAMSEQ,  which  performs  a 
variety  of  calculations  related  to  molecular  me- 
chanics and  molecular  structure.  The  heart  of  this 
program  involves  the  calculation  of  conforma- 
tional potential  energy  for  selected  molecular  con- 
formations until  a  structure  of  minimum  energy  is 
found.  Fishtine  developed  a  fairly  easy  method  for 
calculating  the  dipole  moment  of  substituted  ben- 
zenes, naphthalene  derivatives,  and  heterocyclics 
containing  nitrogen,  oxygen,  and  sulfur.  This 
method  entails  the  addition  of  vectors  lying  in  the 
some  plane  if  each  substituent  dipole  moment  is 
assumed  to  have  a  vertical  component  and  a  hori- 
zontal component.  The  absolute  error  associated 
with  the  Fishtine  method  was  calculated  for  a 
sample  group  of  aromatic  compounds  and  was 
found  to  be  in  the  2-30%  range.  (See  also  W91- 
07767)  (Geiger-PTT) 
W9 1-07792 


INDEX  OF  REFRACTION. 

L.  H.  Nelken. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  26.1-26.21.  7  tab,  16  ref. 

Descriptors:  'Molecular  structure,  'Organic  com- 
pounds, 'Physicochemical  properties,  'Refraction 
index,  'Refractivity,  'Structure-activity  relation- 
ships, Aromatic  compounds,  Computer  programs, 
Estimating,  Fate  of  pollutants,  Light  effects,  Math- 
ematical models,  Pollutant  identification. 

The  index  of  refraction  and  molar  refraction  are 
indications  of  the  manner  in  which  a  molecule 
interacts  with  light.  The  index  of  refraction  is  the 
ratio  of  the  speed  of  light  in  a  vacuum  to  the  speed 
of  light  in  the  medium  The  refractive  index  is 
measured  using  a  beam  of  monochromatic  light, 
typically,  the  yellow  light  of  the  sodium  D  line. 
Molar  refraction  is  a  function  of  the  density  of  the 
medium.  Molar  refraction  and  refractive  indices 
are  often  required  in  confirming  the  identity  and 
purity  of  a  compound.  Determination  of  molecular 
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structure  and  weight  is  often  aided  by  these  param- 
eters. Molar  refraction  is  also  used  in  estimation 
schemes  for  critical  properties,  surface  tension,  and 
the  solubility  parameter.  The  refractive  index  is 
affected  by  changes  in  temperature,  pressure,  and 
wavelength  of  radiation.  The  refractive  index  in- 
creases as  pressure  increases  due  to  the  resulting 
increase  in  density.  The  refractive  index  decreases 
as  the  wavelength  increases.  Only  two  types  of 
methods  are  available  for  estimating  the  refractive 
index  or  molar  refraction.  The  first  of  these  is 
additive  in  nature  and  relies  upon  atomic  and  struc- 
tural contributions  to  estimate  molar  refraction. 
The  density  and  molecular  weight  are  then  re- 
quired to  calculate  a  value  of  the  refractive  index. 
The  error  in  the  molar  refraction  is  usually  less 
than  +  or  -5%,  but  can  be  as  much  as  10%  for  two 
specific  classes  of  compounds.  The  calculated 
molar  refraction  for  a  compound  containing  conju- 
gated double  bonds  is  always  less  than  the  ob- 
served value.  For  polynuclear  aromatics,  the  dis- 
crepancy can  be  large.  The  calculated  molar  re- 
fraction for  furan-type  compounds  is  always  great- 
er than  the  observed  value.  The  other  general 
method  for  computing  molar  refraction  is  also 
based  upon  molecular  structure  but  involves  the 
use  of  a  connectivity  function  which  can  be  corre- 
lated with  molar  refractivity  by  regression  equa- 
tions which  presently  exist  for  alcohols,  ethers, 
amines,  halogen-containing  saturated  compounds, 
alkanes,  substituted  alkyl  benzenes,  and  mono-ole- 
finic  alkenes.  A  computer  program  has  been  devel- 
oped for  calculating  the  connectivity  function. 
(See  also  W9 1-07767)  (Geiger-PTT) 
W9 1-07793 


PHYSICAL  AND  CHEMICAL  CHARACTERIS- 
TICS OF  TOPOGRAPHICALLY  AFFECTED 
AIRFLOW  IN  AN  OPEN  BOREHOLE  AT 
YUCCA  MOUNTAIN,  NEVADA. 

Geological  Survey,  Reston,  VA. 
D.  G.  Thorstenson,  E.  P.  Weeks,  H.  Haas,  and  J. 
C.  Woodward. 

IN:  Proceedings  of  the  Topical  Meeting  on  Nucle- 
ar Waste  Isolation  in  the  Unsaturated  Zone, 
FOCUS  '89.  Held  September  17-21,  1989,  Las 
Vegas,  Nevada.  American  Nuclear  Society,  Inc., 
La  Grange  Park,  Illinois.  1990.  p  256-270,  6  fig,  4 
tab,  25  ref. 

Descriptors:  *Air  circulation,  'Boreholes, 
♦Nevada,  *Physicochemical  properties,  *Yucca 
Mountain,  Argon,  Atmospheric  pressure,  Carbon, 
Carbon  dioxide,  Flow  velocity,  Methane,  Nitro- 
gen, Oxygen. 

Substantial  airflow  has  been  observed  in  two  deep 
boreholes  tapping  unsaturated  fractured  tuffs  near 
the  crest  of  Yucca  Mountain,  Nevada  Test  Site 
(NTS),  Nevada.  The  airflow  appears  to  be  the 
result  of  two  primary  mechanisms:  (1)  a  barometric 
component  arising  from  the  fact  that  pressure  in 
the  rocks  at  depth  requires  some  time  to  equilibrate 
with  that  in  the  atmosphere  following  an  atmos- 
pheric barometric  change;  and  (2)  a  topographical- 
ly driven  circulation  arising  from  density  contrasts 
due  to  temperature  and  humidity  differences  be- 
tween an  air  column  in  the  fractured  rock,  and  an 
equivalent  air  column  in  the  atmosphere  adjacent 
to  the  mountain.  The  interplay  between  topo- 
graphic and  barometric  effects  appears  adequate  to 
explain  circulation  observed  in  summer,  but  the 
high  velocity  nearly  continuous  air  exhaust  ob- 
served in  the  winter,  particularly  at  borehole 
UZ6S,  seems  to  exceed  that  which  can  be  ex- 
plained by  these  two  mechanisms.  Borehole  UZ6S 
has  exhaled  approximately  1  million  cu  m  of  gas 
annually  during  winter  months  for  three  successive 
years.  The  flow  arises  from  thermal-topographic 
effects.  The  average  composition  of  the  exhausted 
gas  is:  N2  =  78%,  02  =  21%,  Ar=0.94%, 
CO2=0.125%,  and  CH4=0.2  ppmv.  In  the  thirty- 
month  observation  period,  there  has  been  a  net  flux 
to  the  atmosphere  of  approximately  20  cu  m  of 
liquid  water  and  1 150  kg  of  carbon.  The  gas  flow- 
ing from  UZ6S  appears  to  originate  in  the  soil 
and/or  shallow  unsaturated  zone  at  Yucca  Moun- 
tain crest.  (Lantz-PTT) 
W9 1-078 13 


WATER        QUALITY        OF        INTERSTATE 
STREAMS   IN   THE   SUSQUEHANNA   RIVER 


BASIN  MONITORING  REPORT  NO.  3, 
WATER  YEAR  1989  (OCTOBER  1988-SEPTEM- 
BER  1989). 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA. 

For  primary  bibliographic  entry  see  Field  5B. 
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CRITICAL  EVALUATION  OF  THE  AVAIL- 
ABLE MEASUREMENTS  FOR  THE  STABLE 
ISOTOPES  OF  BORON. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 
Water  Resources. 
R.  L.  Bassett. 

Applied  Geochemistry  APPGEY,  Vol.  5,  No.  5/6, 
p  541-554,  September/December  1990.  3  fig,  3  tab, 
46  ref.  American  Chemical  Society,  Petroleum  Re- 
search Fund  PRF  20448-AC2. 

Descriptors:  *Boron,  'Environmental  chemistry, 
♦Geochemistry,  'Isotope  studies,  *Water  pollution 
sources,  Analytical  methods,  Boron  radioisotopes, 
Chemical  reactions,  Groundwater  pollution,  Indus- 
trial wastewater,  Literature  review,  Municipal 
wastewater,  Path  of  pollutants,  Pollutant  identifi- 
cation, Seawater. 

The  movement  of  Boron  through  its  global  geo- 
chemical  cycle  has  been  of  interest  for  decades. 
The  isotopic  fractionation  of  U-B/10-B  offers  the 
potential  for  further  determining  sources  and  for 
understanding  the  processes  which  partition  B  as  it 
moves  from  the  terrestrial  to  the  marine  environ- 
ment, or  redistributes  within  the  marine  cycle.  The 
current  study  summarizes  and  evaluates  all  avail- 
able published  data  for  the  11-B/10-B  ratios  in 
natural  materials.  The  published  values  were  ob- 
tained using  solid  source  mass  spectrometry  and 
ion  exchange  extraction  methods.  The  results  of 
the  investigation  revealed  that  isotopic  values  for 
delta  11-B  ranged  from  -31  ppm  for  terrestrial 
rocks  to  +40  ppm  for  sea  water,  thereby  indicat- 
ing a  clear  distinction  between  marine  and  non- 
marine  sources.  Furthermore,  the  isotope  ratios 
generally  formed  a  narrow  cluster  of  values  for 
specific  rock  types  reflecting  the  processes  of 
weathering,  alteration,  and  adsorption.  An  applica- 
tion of  this  study  may  be  the  use  of  B  isotopes  in 
environmental  studies.  Boron  is  a  contaminant  de- 
rived from  numerous  sources  such  as  municipal 
and  industrial  waste.  The  delta  -11B  in  these 
wastes  or  processed  waters  is  often  significantly 
different  from  the  delta-HB  of  the  local  ground- 
water, thereby  reflecting  the  delta-HB  values  of 
the  nearby  rocks.  This  modification  by  contaminat- 
ed water  can  be  <  20  ppm  different  from  the 
delta-HB  of  the  unaffected  water,  providing  a 
useful  tool  for  delineating  the  source  of  contamina- 
tion and  the  direction  of  migration.  (Korn-PTT) 
W9 1-07827 


BA  AND  SR  DISTRIBUTION  AT  THE  WATER- 
TABLE:  IMPLICATIONS  FOR  MONITORING 
GROUND-WATER  AT  NUCLEAR  WASTE  RE- 
POSITORY SITES. 

Weizmann   Inst,   of  Science,    Rehovoth    (Israel). 
Dept.  of  Isotope  Research. 
M.  Magaritz,  I.  B.  Brenner,  and  D.  Ronen. 
Applied  Geochemistry  APPGEY,  Vol.  5,  No.  5/6, 
p  555-562,  September/December  1990.  8  fig,  1  tab, 
19  ref. 

Descriptors:  *Aeration  zone,  *Barium,  ♦Geochem- 
istry, 'Groundwater  chemistry,  *Israel,  'Monitor- 
ing, 'Path  of  pollutants,  'Radioactive  waste, 
Waste  disposal,  'Saturation  zone,  'Strontium, 
'Water  table,  Aquifers,  Chemical  reactions,  Envi- 
ronmental chemistry,  Radioisotopes,  Water  chem- 
istry. 

The  unsaturated  zone  has  been  suggested  as  a 
suitable  repository  site  for  nuclear  waste.  One  of 
the  main  concerns  is  the  leakage  of  radionuclides 
to  the  aquifer  below  where,  in  the  event  of  a  leak, 
the  highest  concentrations  of  contaminants  will  be 
found  close  to  the  water  table  (i.e.,  the  uppermost 
saturated  part  of  the  aquifer).  The  distribution  of 
Ba  and  Sr,  as  radionuclide  analogs  is  examined  in 
water  samples  collected  from  two  research  wells  at 
the  water  table  region  of  a  phreatic  aquifer  in 
Israel.  Large  variations  were  observed  in  Ba,  Sr, 


CI,  and  S04  concentrations  in  water  samples  col- 
lected at  depth  intervals  of  <9  cm  below  the 
water  table  of  the  aquifer.  Further  investigation 
revealed  that  the  Sr  and  Ba  concentrations  ap- 
peared to  be  controlled  by  dissolution  of  Sr-rich 
low  Mg-calcite,  and  BaS04.  The  transition  from 
saturated  to  undersaturated  conditions  with  respect 
to  barite  occurred  within  a  depth  interval  of  only 
50  cm.  It  had  been  previously  assumed  that  water 
chemistry  data  obtained  from  a  pumping  well  was 
representative  of  groundwater  quality  in  the  vicini- 
ty of  the  well.  However,  the  microscale  heteroge- 
neity of  groundwater  demonstrated  that  samples 
obtained  from  pumping  wells  may  not  be  suitable 
for  either  evaluating  mineral  equilibrium  and 
water-rock  interactions  in  aquifers,  or  for  monitor- 
ing the  fate  of  radionuclides  in  porous  media. 
(Korn-PTT) 
W9 1-07828 


HYDROLOGY  OF  A  SPRING  COMPLEX, 
STUDIED  BY  GEOCHEMICAL  TIME-SERIES 
DATA,  ACQUAROSSA,  SWITZERLAND. 

Weizmann  Inst,  of  Science,  Rehovoth  (Israel). 
Geoisotope  Group. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07829 


SOURCES  AND  FRACTIONATION  PROCESS- 
ES INFLUENCING  THE  ISOTOPIC  DISTRIBU- 
TION OF  H,  O,  AND  C  IN  THE  LONG  VALLEY 
HYDROTHERMAL  SYSTEM,  CALIFORNIA, 
U.S.A. 

Geological  Survey,  Menlo  Park,  CA. 
For  primary  bibliographic  entry  see  Field  2F. 
W91-07830 


RADIUM  ISOTOPES,  ALKALINE  EARTH  DIA- 
GENESIS,  AND  AGE  DETERMINATION  OF 
TRAVERTINE  FROM  MAMMOTH  HOT 
SPRINGS,  WYOMING,  U.S.A. 

Argonne  National  Lab.,  IL. 

N.  C.  Sturchio. 

Applied  Geochemistry  APPGEY,  Vol.  5,  No.  5/6, 

p  631-640,  September/December  1990.  6  fig,  4  tab, 

37   ref.   Department  of  Energy,   Office  of  Basic 

Earth  Sciences  Contract  W-31-109-Eng-38. 

Descriptors:  'Chemical  reactions,  'Diagenesis, 
♦Environmental  chemistry,  'Geochemistry,  'Hot 
springs,  'Hydrothermal  studies,  'Isotope  studies, 
'Radium  radioisotopes,  'Travertine,  'Wyoming, 
Alkaline  earth  metals,  Barium,  Calcite,  Calcium 
carbonate,  Chemical  precipitation,  Earth-water 
interfaces,  Equilibrium,  Magnesium,  Mineralogy, 
Radium,  Strontium,  Thermal  water. 

Travertine  deposits  may  provide  a  record  of  the 
evolutionary  history  of  major  hydrothermal  sys- 
tems. In  the  current  study,  thermal  water,  and 
travertine  from  active  springs,  former  vents,  and 
drill  core  from  Mammoth  Hot  Springs,  Wyoming, 
was  analyzed  for  Ra  isotopes  (226-Ra,  228-Ra), 
other  alkaline  earth  elements  (Mg,  Sr,  Ba),  and 
mineralogical  compositions.  Travertine,  presently 
being  deposited,  contains  3.0-15.3  pCi/g  226Ra, 
and  has  a  228-Ra/226-Ra  ratio  identical  to  that  in 
thermal  water.  Travertine  precipitates  mostly  as 
aragonite  and  experiences  a  complete  diagenetic 
transformation  to  calcite  within  9  a  (estimated 
from  228-Ra/226-Ra  value  of  youngest  completely 
calcite  travertine).  Systematic  compositional 
changes  associated  with  this  diagenetic  transforma- 
tion are  enrichment  of  Mg  and  depletion  of  Sr,  Ba, 
and  Ra.  Apparent  mineral-water  distribution  coef- 
ficients for  Mg,  Sr,  and  Ba  in  aragonite  and  calcite 
are  within  the  range  of  those  determined  experi- 
mentally, implying  near-equilibrium  conditions  and 
high  water-rock  ratios  during  travertine  diagenesis. 
Impure  travertine  obtained  from  a  drill  hole  had  a 
230-Th/234-U  isochron  age  of  7700  +  /-440  a.  The 
content  of  236-Ra  also  decreased  with  depth  in  the 
drill  hole.  The  observed  236-Ra  vs.  depth  relation 
is  consistent  with  continuous  deposition  of  traver- 
tine at  the  Y-10  site  from  7700  a  BP  to  near  present 
at  a  mean  rate  of  approximately  1.0  cm/a,  and 
indicates  minimal  exchange  of  Ra  between  traver- 
tine and  pore  water  after  the  early  diagenetic  trans- 
formation of  aragonite  to  calcite.  These  data  imply 
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thai,  under  favorable  conditions,  226-Ra  measure- 
ments may  be  useful  in  determining  ages  and  depo- 
sition  rates   for  other   travertines.   (Author's  ab- 
stract) 
W91-07832 


CARBOXYLIC  ACID  ANIONS  IN  FORMA- 
TION WATERS,  SAN  JOAQUIN  BASIN  AND 
LOUISIANA  GULF  COAST,  U.S.A.-IMPLICA- 
TIONS  FOR  CLASTIC  DIAGENESIS. 

Wyoming  Univ.,  Laramie.  Enhanced  Oil  Recovery 

Inst. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07833 


HYDROGEOCHEMISTRY  AND  STABLE  ISO- 
TOPES OF  GROUND  AND  SURFACE  WATERS 
FROM  TWO  ADJACENT  CLOSED  BASINS, 
ATACAMA  DESERT,  NORTHERN  CHILE. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Geo- 
logical Science. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07834 


ROLE  OF  ROCK  WEATHERING  IN  THE 
PHOSPHORUS  BUDGET  OF  TERRESTRIAL 
WATERSHEDS. 

South  Carolina  Univ.,  Columbia.  Dept.  of  Geolog- 
ical Sciences. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07835 


POREWATER  ACID/BASE  CHEMISTRY  IN 
NEAR-SHORE  REGIONS  OF  AN  ACIDIC 
LAKE:  THE  INFLUENCE  OF  GROUNDWATER 
INPUTS. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-07836 


PCDDS  IN  THE  SEDIMENTS  ACCUMULATED 
ABOUT  8120  YEARS  AGO  FROM  JAPANESE 
COASTAL  AREAS. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07837 


ADSORPTION    AND    DESORPTION    OF    3,4- 
DICHLOROANILINE  ON  SOIL. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 

m.b.H.  Muenchen,  Freising-Attaching  (Germany, 

F.R.).  Inst,  fuer  Oekologische  Chemie. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-07846 


EFFECT  OF  HYDROCHEMICAL  FACTORS 
ON  THE  DISSOLUTION  RATE  OF  GYPSIFER- 
OUS  ROCKS  IN  FLOWING  WATER. 

Exeter  Univ.  (England).  Dept.  of  Geography. 
A.  Navas. 

Earth  Surface  Processes  and  Landforms  ESPLDB, 
Vol.  15,  No.  8,  p  709-715,  December  1990.  4  tab, 
25  ref. 

Descriptors:  *Ebro  River,  'Geochemistry, 
•Gypsum,  'River  beds,  'Water  chemistry,  Alabas- 
trine gypsum,  Chemical  reactions,  Conductivity, 
Dissolution  rate,  Environmental  chemistry,  Flow 
velocity,  Regression  analysis,  River  flow,  Satura- 
tion, Solubility,  Spain,  Streamflow. 

Gypsum  is  a  major  contributor  to  the  salinization 
of  surface  waters  in  the  Ebro  River  Basin  of  north- 
east Spain.  Direct  dissolution  appears  to  be  the 
major  mechanism  by  which  gypsum  is  incorporat- 
ed into  surface  waters.  Fifty-five  dissolution  trials 
were  carried  out  with  spheres  of  alabastrine 
gypsum  placed  in  flowing  water.  Experimental 
conditions  involved  flow  velocities  between  0.3 
and  1.2  m/sec,  electrical  conductivities  between 
0.3  and  1.9  dS/m,  and  the  saturation  indices  of 
gypsum  between  -2.1  and  -0.33.  Mean  values  of 
dissolution  rate  varied  from  104  to  226  g/sq  m/hr. 
This  loss  of  mass  corresponded  to  a  volume  of 


gypsum  of  between  393  and  853  mm/sq  m/yr.  The 
relative  effects  of  flow  velocity,  electrical  conduc- 
tivity, and  saturation  level  were  determined  using 
multiple  regressions  equations.  As  shown  by  analy- 
sis of  variance,  it  was  concluded  that  the  dissolu- 
tion rate  of  gypsum  was  substantially  affected  by: 
flow  velocity  >  electrical  conductivity  >  the 
saturation  level  of  gypsum  (which  can  restrict 
gypsum  solubility).  Other  factors  influencing  this 
process,  although  to  a  lesser  extent,  are  the  texture 
of  the  gypsiferous  rock  and  the  saturation  levels  of 
calcite  and  dolomite  in  the  water  (i.e.,  the  common 
ion  effect).  (Korn-PTT) 
W9 1-07850 


EXPERIMENTAL  EXAMINATION  ON  NI- 
TROUS OXIDE  ACCUMULATION  DURING 
NITRIFICATION  IN  A  FRESHWATER  LAKE. 

Nagoya  Univ.  (Japan).  Water  Research  Inst. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07869 


GEOCHEMICAL  STUDIES  ON  THE  COASTAL 
LAKES  OF  KAMIKOSHIKI  ISLAND  IN  KAGO- 
SHIMA  PREFECTURE,  JAPAN:  I.  A  PRELIMI- 
NARY REPORT. 

Tokyo    Metropolitan    Univ.    (Japan).    Dept.    of 

Chemistry. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07870 


DISSOLVED  ORGANIC  MANGANESE  IN  THE 
INTERSTITIAL  WATER  OF  LAKE  FUKAMI- 
IKE. 

Nagoya  Women's  Univ.  (Japan).  Faculty  of  Home 

Economics. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07871 


GROUNDWATER  QUALITY  IN  THE  TERTI- 
ARY LEDO-PANISELIAN  AQUIFER  IN  BEL- 
GIUM AS  A  RESULT  OF  FRESH-WATER  IN- 
TRUSION INTO  SEDIMENTS  IN  CHEMICAL 
EQUILIBRIUM  WITH  THE  SEA. 
Ghent   Rijksuniversiteit  (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
K.  Walraevens,  and  L.  Lebbe. 
IN:    Proceedings    of    10th    Salt-Water    Intrusion 
Meeting.     Geologisch     Instituut    R.U.G.     (S     8), 
Ghent.  1989.  p  30-44,  1 1  fig,  3  tab,  4  ref. 

Descriptors:  'Belgium,  'Coastal  aquifers, 
•Groundwater  chemistry,  'Groundwater  quality, 
'Saline  water  intrusion,  'Saline-freshwater  inter- 
faces, Cation  exchange,  Clay  minerals,  Ground- 
water movement,  Interstitial  water. 

The  present  distribution  of  the  groundwater  qual- 
ity in  the  semi-confined  Ledo-Paniselian  aquifer 
(Belgium)  is  the  result  of  the  marine  conditions 
prevailing  in  the  sediments  before  the  last  regres- 
sion. These  marine  conditions,  evident  in  a  marine 
pore  solution  and  in  a  marine-cations  adsorption  on 
the  clay-mineral  surfaces,  are  being  gradually  ex- 
pelled by  infiltrating  freshwater.  First  the  marine 
pore  solution  has  been  diluted  and  then  cation 
exchange  started  between  the  freshwater  and  the 
clay  particles.  In  the  course  of  time  groundwaters 
of  successively  different  qualities  were  thus  leaking 
out  from  the  overlying  Bartonian  clay  into  the 
Ledo-Paniselian  aquifer.  The  resulting  groundwat- 
er types  are  found  in  consecutive  zones  in  the 
aquifer.  The  hydrochemistry  of  these  different 
zones  has  been  classified,  allowing  for  examination 
of  the  different  processes  taking  place  in  the  clay 
layers  during  the  expulsion  of  marine  features.  The 
distribution  of  the  different  groundwater  types  in 
the  Ledo-Paniselian  aquifer  may  be  correlated  with 
the  calculated  natural  groundwater  flow.  Thus  far, 
this  distribution,  surveyed  on  a  regional  scale,  is 
not  influenced  by  the  heavy  pumpings  of  the  last 
years,  which  have  changed  the  groundwater  direc- 
tion and  velocity  completely.  (See  also  W9 1-07947) 
(Author's  abstract) 
W9 1-07949 


HYDROCHEMICAL  STUDY  OF  A  CROSS-SEC- 
TION THROUGH  THE  COASTAL  PLAIN  AND 


ITS  SURROUNDINGS  NEAR  THE  FRENCH- 
BELGIAN  BORDER. 

Ghent   Rijksuniversiteit  (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
L.  Lebbe,  and  K.  Walraevens. 
IN:    Proceedings    of    10th    Salt-Water    Intrusion 
Meeting.    Geologisch     Instituut    R.U.G.    (S    8), 
Ghent.  1989.  p  56-64,  3  fig,  14  ref. 

Descriptors:  'Belgium,  'Coastal  aquifers,  'Geohy- 
drology,  'Groundwater  chemistry,  'Groundwater 
movement,  'Saline  water  intrusion,  Brackish 
water,  Dunes,  Freshwater,  Groundwater  quality, 
Paleohydrology,  Polders,  Saline-freshwater  inter- 
faces, Sea  level. 

During  the  period  1974-1984  several  hydrogeologi- 
cal  studies  were  carried  out  in  the  Belgian  coastal 
plain  near  the  French  border.  In  this  area  127 
groundwater  samples  were  taken  from  the  phreatic 
aquifer,  and  subjected  to  a  total  chemical  analysis. 
It  was  concluded  that  the  groundwater  quality 
distribution  beneath  the  shore  and  the  young  dune 
ridge  has  mainly  been  induced  by  the  present  to- 
pography and  the  actual  sea  level:  the  flow  in  the 
freshwater  pocket  under  the  dunes  is  extended  into 
the  freshwater  tongue  beneath  the  shore,  where 
the  semi-diurnal  sea  level  fluctuations  give  rise  to 
the  saltwater  lens.  The  groundwater  in  the  lower 
part  of  the  aquifer  under  the  young  dune  ridge  is 
still  showing  evidence  of  former  saline  conditions. 
The  groundwater  quality  in  the  remaining  part  of 
the  surveyed  profile  is  considerably  influenced  by 
the  much  earlier  situation,  when  the  piezometric 
level  in  the  De  Moeren  lake  was  higher  than  the 
one  in  the  polders.  The  salt,  and  later  brackish-salt- 
lake  water,  that  infiltrated  in  the  lake  in  a  deep 
flow  cycle  towards  the  polders,  is  still  found  back 
in  the  lower  part  of  the  aquifer  under  the  polders, 
and  in  the  main  part  of  the  aquifer  underneath  De 
Moeren.  As  the  piezometric  level  in  De  Moeren 
after  reclamation  became  lower  than  the  one  in  the 
polders,  the  deep  flow  cycle  was  reversed:  ground- 
water is  now  flowing  towards  De  Moeren,  back  to 
where  it  came  from.  Brackish-salt-water  seepage  is 
resulting  in  the  northern  part  of  De  Moeren.  As 
formerly  salt  lake  water  infiltrated  first,  being  fol- 
lowed by  less  saline  water,  the  groundwater  seep- 
ing out  now  in  De  Moeren  upon  flow  reversal,  is 
gradually  becoming  more  saline.  The  flow  reversal 
is  clearly  observed  in  the  groundwater  chemistry. 
The  deep  flow  cycle  is  occurring  below  the  fresh- 
water pocket  of  the  old  dunes,  and  the  shallow 
freshwater  infiltration  in  the  polders.  In  the  south- 
ern part  of  De  Moeren,  the  former  brackish-salt 
lake  water  is  present  as  more  or  less  immobile 
groundwater.  (See  also  W91-07947)  (Fish-PTT) 
W91-07951 


TOOLS  FOR  INVESTIGATING  THE  ORIGIN 
OF  ANOMALIES  IN  CHLORIDE  CONTENT 
OF  GROUNDWATER  IN  COASTAL  LOW- 
LANDS. 

Institute    of    Applied    Geoscience    TNO,     Delft 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07972 


SOME  PROCESSES  IN  THE  SEA-WATER/ 
FRESH-WATER  INTERFACE,  AS  INFLU- 
ENCED BY  THE  PRESENCE  OF  GASES. 

Calgary  Univ.  (Alberta).   Dept.  of  Geology  and 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07973 


CHEMICAL  AND  ISOTOPICAL  METHOD- 
OLOGIES IN  THE  STUDIES  ON  ORIGIN  AND 
EVOLUTION  OF  GROUNDWATERS  FLOW- 
ING IN  THE  COASTAL  CARBONATE  AND 
KARST  AQUIFER  OF  APULIA  (SOUTHERN 
ITALY). 

Palermo  Univ.  (Italy).  1st.  di  Mineralogia. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07976 


SEPARATION    OF   WATER    SAMPLES    INTO 
SESTON  AND  WATER  FOR  THE  DETERMI- 
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NATION  OF  ORGANIC  POLLUTANTS  (TREN- 
NUNG  VON  WASSER  IN  SCHWEBSTOFFE 
UND  WASSER  ZUR  BESTIMMUNG  ORGAN- 
ISCHER  SPURENSTOFFE  IN  OBERFLAE- 
CHENGEWAESSERN). 

GKSS  -  Forschungszentrum  Geesthacht  G.m.b.H., 
Geesthacht-Tesperhude  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-0798  8 


GAS-CHROMATOGRAPHIC  DETERMINA- 
TION OF  SUBSTITUTED  ANILINES  IN 
WATER  AFTER  SOLID-PHASE  EXTRACTION 
(BESTIMMUNG  VON  SUBSTITUIERTEN  ANI- 
LINEN  IN  WASSER  DURCH  GASCHROMATO- 
GRAPHIE  NACH  FESTPHASENEXTRAK- 
TION). 

Muenster  Univ.  (Germany,  F.R.).  Inst,  fuer  Le- 
bensmittelchemie. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07989 


INTER-ELEMENT  INTERFERENCE  STUDIES 
IN  THE  DETERMINATION  OF  TRACE 
AMOUNTS  OF  PLUTONIUM  BY  INDUCTIVE- 
LY COUPLED  PLASMA-ATOMIC  EMISSION 
SPECTROMETRY. 

Bhabha  Atomic  Research  Centre,  Bombay  (India). 
Radiochemistry  Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07996 

CHEMOMETRIC  COMPARISON  OF  POLY- 
CHLORINATED  BIPHENYL  RESIDUES  AND 
TOXICOLOGICALLY  ACTIVE  POLYCHLORI- 
NATED  BIPHENYL  CONGENERS  IN  THE 
EGGS  OF  FORSTER'S  TERNS  (STERNA  FOS- 
TERI). 

Fish  and  Wildlife  Service,  Columbia,  MO. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08000 

MOLECULAR  CHARACTERIZATION  OF 
TOTAL  ORGANIC  MATTER  AND  CARBOHY- 
DRATES IN  PEAT  SAMPLES  FROM  A  CY- 
PRESS SWAMP  BY  PYROLYSIS-MASS  SPEC- 
TROMETRY AND  WET-CHEMICAL  METH- 
ODS. 

Technische  Hogeschool  Delft  (Netherlands).  Vak- 
groep  Microgolftechniek. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-080 13 


CHLORINATED  AND  METHYLATED  DIBEN- 
ZOTHIOPHENES:  PREPARATION  OF  THE 
MODEL  COMPOUNDS  AND  THEIR  ANALY- 
SIS FROM  SOME  ENVIRONMENTAL  SAM- 
PLES 

Jyvaeskylae  Univ.  (Finland).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-080 17 


while  large  and  relatively  nonpolar  macromole- 
cules  comprised  a  significant  fraction  of  the  com- 
mercial humic  acid.  The  NMR  assays  indicated 
that  DOM  from  the  two  natural  water  samples 
consisted  of  nonaromatic  organic  constituents, 
while  the  commercial  humic  acids  tested  contained 
both  aromatic  and  aliphatic  moieties.  Based  upon 
these  composite  results  of  the  several  different 
types  of  analysis  employed,  it  is  evident  that  the 
humic  acid  examined,  and  possibly  others  prepared 
in  the  same  way,  contain  molecular  structures 
which  exhibit  physical  and  chemical  properties 
that  do  not  reflect  the  true  nature  of  DOM  in  real 
aquatic  systems.  Commercially  available  humic 
substances  of  this  type  may  therefore  not  be  suita- 
ble surrogates  for  naturally  occurring  DOM  in 
laboratory  investigations  and  analysis  of  geochemi- 
cal  and  environmental  transformation  reactions. 
(Author's  abstract) 
W9 1-080 18 


STRUCTURAL  AND  BEHAVIORAL  CHARAC- 
TERISTICS OF  A  COMMERCIAL  HUMIC 
ACID  AND  NATURAL  DISSOLVED  AQUATIC 
ORGANIC  MATTER. 

Connecticut  Univ.,  Storrs.  Dept.  of  Civil  Engi- 
neering. 

D.  Grasso,  Y.  P.  Chin,  and  W.  J.  Weber. 
Chemosphere  CMSHAF,  Vol.  21,  No.   10/11,  p 
1181-1197,    1990.    4   fig,   2   tab,   40   ref.   National 
Oceanic  and   Atmospheric   Administration  Grant 
NA86-AA-O-SG403. 

Descriptors:  *Chemical  analysis,  'Dissolved  or- 
ganic matter,  'Humic  acids,  'Laboratory  methods, 
'Water  chemistry,  Chromatography,  Geochemis- 
try, Natural  waters,  Nuclear  magnetic  resonance. 

Dissolved  organic  matter  (DOM)  from  two  natural 
sources  and  a  commercial  humic  acid  were  ana- 
lyzed using  gel  permeation  chromatography,  high 
pressure  reverse  phase  liquid  chromatography,  and 
(H-l)NMR  spectroscopy.  Results  from  the  chro- 
matographic studies  showed  that  the  DOM  of  two 
ratural  waters  consisted  primarily  of  relatively  low 
molecular     weight,     polar    organic    constituents, 


SCAVENGING  OF  S02  BY  CLOUD  AND  RAIN 
DROPS:  IV.  A  WIND  TUNNEL  AND  THEO- 
RETICAL STUDY  OF  THE  ABSORPTION  OF 
S02  IN  THE  PPB(V)  RANGE  BY  WATER 
DROPS  IN  THE  PRESENCE  OF  H202. 
Mainz  Univ.  (Germany,  F.R.).  Inst,  of  Meteorolo- 
gie. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08038 

SEMI-AUTOMATED  COLORIMETRIC  AND 
ENZYMATIC  ASSAYS  FOR  AQUATIC  ORGA- 
NISMS USING  MICROPLATE  READERS. 

Institut  Francais  de  Recherche  pour  l'Exploitation 

de  la  Mer,  Nantes. 

F.  Galgani,  and  G  Bocquene. 

Water  Research  WATRAG,  Vol.  25,  No.  2,  p  147- 

150,  February  1991.  6  fig,  1  tab,  5  ref. 

Descriptors:  'Aquatic  life,  'Colorimetry,  'En- 
zymes, 'Marine  biology,  'Testing  procedures, 
Assay,  Automation,  Costs,  Kinetics,  Proteins. 

A  semi-automated  method  for  colorimetric  and 
enzymatic  assays  using  a  microplate  reader  was 
developed  for  determining  enzymatic  activity  in 
marine  organisms.  This  method  enables  simultane- 
ous assays  of  an  extended  number  of  colorimetric 
measurements  of  protein  concentration  and  acetyl- 
cholinesterase activity  in  organisms.  The  correla- 
tion coefficient  of  the  results  obtained  by  conven- 
tional methods  using  a  spectrophotometer  and 
those  obtained  using  a  microplate  reader  was  0.98 
for  acetylcholinesterase  and  0.99  for  protein  deter- 
mination. The  variation  coefficient  for  all  assays 
was  lower  than  7%.  The  method  is  useful  for  fast 
determination  of  protein  concentration  and  enzy- 
matic measurements  including  inhibition  studies 
and  calculation  of  kinetic  parameters.  Three  ad- 
vantages are  featured  in  comparison  with  classical 
methods.  First  is  the  possibility  of  hundreds  of 
measurements  within  time  periods  ranging  from 
minutes  to  hours.  The  second  advantage  is  the  low 
cost  of  the  system,  and  the  third  is  the  reduced 
volume  of  the  system  that  enables  the  system  to 
work  on-board  during  a  scientific  cruise  or  to  be 
decentralized.  (Author's  abstract) 
W9 1-08048 


F.  Mas,  J.  M.  Estela,  and  V.  Cerda. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.   3/4,  p  359-368,    1990.   8  fig,  4  tab,  44  ref. 

Descriptors:  'Analytical  methods,  'Phosphates, 
'Pollutant  identification,  'Spectrophotometry, 
•Water  analysis,  'Water  quality  monitoring, 
Chemical  interference,  Molybdenum,  Performance 
evaluation. 

Most  of  the  methods  for  the  determination  of 
phosphorus  have  major  short  comings  such  as 
color  instability,  interference  by  As  and  Cu,  the 
length  of  time  required  for  full  color  development, 
and  a  low  sensitivity  or  the  absorbance  of  the 
blank.  Optimum  conditions  for  application  of  the 
reaction  between  Rhodamine  B  and  polyphosmo- 
lybdate,  to  develop  a  spectrophotometric  method 
for  the  determination  of  phosphate  at  the  ppb  level 
in  natural  water  samples  included  the  use  of  poly- 
vinyl alcohol  as  a  color  stabilizer,  sulfuric  acid 
concentrations  of  0.9N,  molybdate  concentrations 
of  0.026M  and  Rhodamine  concentrations  of 
0.00006  M.  A  flow  injection  system  with  a  spectro- 
photometric detector  was  used.  Phosphate  contain- 
ing samples  are  introduced  into  a  water  carrier 
stream  which  reacts  in  a  manifold  with  molybdate 
and  Rhodamine  B  in  an  acid  medium  to  yield  a 
complex  whose  absorbance  is  monitored  at  586  nm. 
The  proposed  method  was  applied  to  the  determi- 
nation of  phosphate  in  various  types  of  water:  tap, 
ground,  and  rain.  The  results  obtained  were  con- 
sistent with  those  found  by  the  Molybdene  Blue 
method  except  for  the  tap  water  samples  which 
yielded  smaller  results  by  the  proposed  method. 
The  method  developed  is  applicable  to  the  deter- 
mination of  phosphate  ion  at  the  ppb  level  at  a  rate 
of  55  samples  per  hour,  and  is  faster  and  more 
sensitive  than  the  Malachite  Green  method. 
(Doyle-PTT) 
W91-08122 


PB(II)    REMOVAL    FROM    KAOLINITE    BY 
ELECTROKINETICS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 

Engineering. 

For  primary   bibliographic  entry   see   Field   5G 

W9 1-08080 


CHROMATOGRAPHIC  SEPARATION  AND 
DETERMINATION  OF  CARCINOGENIC 
BENZ(OACRIDINES  IN  CREOSOTE  OILS. 

Meiji  Coll.  of  Pharmacy,  Tokyo  (Japan). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08 107 


DETERMINATION      OF      PHOSPHATE      IN 
WATERS  BY  FLOW  INJECTION  ANALYSIS. 

Universitat  de  les  Hies  Balears,  Palma  de  Mallorca 
(Spain).  Dept.  de  Chemistry. 


INTERACTION  OF  PH,  DISSOLVED  ORGAN- 
IC CARBON,  AND  TOTAL  CARBON  IN  THE 
DETERMINATION  OF  IONIC  COPPER  AND 
TOXICITY. 

Washington  Univ.,   Seattle.   School  of  Fisheries. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-08159 

GAS  CHROMATOGRAPHIC-MASS  SPECTRO- 
METRIC  ANALYSIS  OF  URBAN-RELATED 
AQUATIC  AND  AIRBORNE  VOLATILE  OR- 
GANIC COMPOUNDS:  STUDY  OF  THE  EX- 
TRACTS OBTAINED  BY  WATER  CLOSED- 
LOOP  STRIPPING  AND  AIR  ADSORPTION 
WITH  CHARCOAL  AND  POLYURETHANE 
FOAM. 

Centro  de  Investigacion  y  Desarrollo,  Barcelona 
(Spain).  Dept.  of  Environmental  Chemistry. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08 179 


ORGANIC  CHEMICAL  ANALYSIS  OF 
GROUND  WATER  IN  LOUISIANA:  WATER 
YEARS  1984-88. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08 183 


EFFECTIVENESS  OF  THE  ADDITION  OF  AL- 
KALINE MATERIALS  AT  SURFACE  COAL 
MINES  IN  PREVENTING  OR  ABATING  ACID 
MINE  DRAINAGE:  PART  1.  GEOCHEMICAL 
CONSIDERATIONS. 
Geological  Survey,  Harrisburg,  PA. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-08 189 


EFFECTIVENESS  OF  THE  ADDITION  OF  AL- 
KALINE MATERIALS  AT  SURFACE  COAL 
MINES  IN  PREVENTING  OR  ABATING  ACID 
MINE  DRAINAGE:  PART  2.  MINE  SITE  CASE 
STUDIES. 

Pennsylvania  Dept.  of  Environmental  Resources, 
Harrisburg. 
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Field  2— WATER  CYCLE 

Group  2K — Chemical  Processes 

For   primary   bibliographic   entry   see   Field    5G. 
W9 1-08 190 

2L.  Estuaries 


RELATIONSHIP  BETWEEN  SUBSTRATE 
CONCENTRATION  AND  OXIDATION  OF  AM- 
MONIUM AND  METHANE  IN  A  STRATIFIED 
WATER  COLUMN. 

California  Univ.,  Santa  Cruz.  Inst,  of  Marine  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07307 


REVIEW  OF  MANGROVE  AND  COASTAL 
ECOSYSTEMS  IN  WEST  AFRICA  AND  THEIR 
POSSIBLE  RELATIONSHIPS. 

British  Museum  of  Natural  History,  London  (Eng- 
land). Dept.  of  Botany. 
D.  M.  John,  and  G.  W.  Lawson. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  5,  p  505-518,  November  1990.  1  fig,  1 
tab,  74  ref. 

Descriptors:  'Coastal  environment,  'Coastal  la- 
goons, 'Deltas,  'Ecosystems,  'Estuaries,  'Man- 
grove swamps,  'Mangrove  trees,  'Marine  environ- 
ment, 'West  Africa,  Crustaceans,  Fish,  Fisheries, 
Forests,  Juveniles,  Marine  pollution,  Migration, 
Path  of  pollutants,  Productivity,  Resources  man- 
agement, Succession,  Temporal  variation,  Tidal 
floods. 

Mangrove  forests,  which  in  West  Africa  cover  an 
area  of  over  27,000  sq  km  of  deltas,  estuaries,  and 
lagoons,  are  intimately  linked  to  the  offshore  coast- 
al ecosystem.  Regularly  influenced  and  disturbed 
by  the  seasonal  freshwater  and  diurnal  tidal  flood- 
ing, the  forests  exhibit  features  of  an  immature 
ecosystem,  namely  low  species  diversity  and  high 
productivity.  The  excess  organic  production  is  ex- 
ploited by  many  marine  species  especially  fishes 
and  crustaceans  that  enter  the  mangrove  environ- 
ment as  juveniles  and  return  to  the  sea  as  adults  for 
reproductive  purposes.  The  beneficial  effects  on 
marine  fisheries  of  this  net  energy  outflow  are  at 
risk  from  anthropogenic  influences  causing  pollu- 
tion or  destruction  of  the  mangrove  ecosystem. 
Intense  interdisciplinary  work  on  this  problem  is  in 
progress  on  the  lagoons  of  the  Ivory  Coast,  but 
further  research  on  other  parts  of  the  West  African 
mangrove  ecosystem,  especially  on  the  Niger 
delta,  needs  to  be  undertaken  to  provide  the  scien- 
tific basis  for  the  proper  management  of  this  valua- 
ble natural  resource.  (Author's  abstract) 
W9 1-07308 


PLANT  BIOMASS  AND  NUTRIENT  FLUX  IN  A 
MANAGED  MANGROVE  FOREST  IN  MALAY- 
SIA. 

University  of  Science,  Penang  (Malaysia).  School 

of  Biological  Sciences. 

W.-K.  Gong,  and  J.-E.  Ong. 

Estuarine,   Coastal  and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  5,  p  519-530,  November  1990.  6  tab, 

29  ref. 

Descriptors:  'Biomass,  'Forest  management,  'Ma- 
laysia, 'Mangrove  swamps,  'Nutrient  concentra- 
tions, 'Nutrient  transport,  'Plant  physiology,  'Re- 
sources management,  'Wetlands,  Calcium,  Ecosys- 
tems, Manganese,  Matang  Mangrove  Forest,  Ni- 
trogen, Nutrient  export,  Phosphorus,  Sodium, 
Temporal  variation. 

As  a  first  step  to  determining  the  quantitative 
relationship  between  the  export  of  material  and  the 
areal  extent  of  mangroves,  the  biomass  and  nutri- 
ents contained  in  the  mangrove  trees  and  the  re- 
lease of  these  nutrients  to  the  ecosystem  annually 
were  determined  for  the  40,800  Matang  Mangrove 
Forest  Reserve,  a  managed  mangrove  forest  in 
Malaysia.  The  total  standing  biomass  of  the 
Matang  Mangrove  Forest  is  estimated  to  be  8.26 
million  tons  of  dry  matter.  Biomass  released  annu- 
ally from  the  mangrove  trees  in  the  Matang  system 
is  1,015,980  tons.  Of  this  biomass,  559,500  tons 
(55%)  is  found  as  dead  trees,  396,840  tons  (39%)  as 
small  litter,  and  59,460  (6%)  as  slash  left  behind 


after  thinning  and  harvesting.  The  amounts  of  ma- 
cronutrients  (N,  P,  K,  Ca,  Mn,  and  Na)  released 
annually  are  12,210,  1 1,870,  and  2690  tons  (through 
litter,  dead  trees,  and  slash,  respectively).  Using 
the  figure  of  50%  export,  the  export  of  biomass 
and  nutrients  from  the  Matang  Mangroves  through 
leaf  litter  alone  is  estimated  as  158,300  and  5100 
tons  annually,  or  3.9  and  0.1  ton/ha/yr,  respective- 
ly. (Author's  abstract) 
W9 1-07309 


RELATIONSHIP  BETWEEN  NITROGEN  FIXA- 
TION AND  TIDAL  EXPORTS  OF  NITROGEN 
IN  A  TROPICAL  MANGROVE  SYSTEM. 

Australian   Inst,  of  Marine  Sciences,  Townsville. 
For  primary  bibliographic  entry  see  Field  21. 
W91-07310 


LONGITUDINAL      DIFFUSION      IN      MAN- 
GROVE-FRINGED TIDAL  CREEKS. 

James  Cook  Univ.  of  North  Queensland,  Towns- 
ville (Australia).  Dept.  of  Physics. 
For  primary  bibliographic  entry  see  Field  21. 
W9 1-073 11 


DYNAMICS,  FLUSHING  AND  TRAPPING  IN 
HINCHINBROOK  CHANNEL,  A  GIANT  MAN- 
GROVE SWAMP,  AUSTRALIA. 

Australian  Inst,  of  Marine  Sciences,  Townsville. 
E.  Wolanski,  Y.  Mazda,  B.  King,  and  S.  Gray. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  5,  p  555-579,  November  1990.  18  fig, 
34  ref. 

Descriptors:  'Australia,  'Flushing,  'Hinchinbrook 
Channel,  'Mangrove  swamps,  'Tidal  currents, 
♦Tide  lands,  'Wetlands,  Channels,  Coastal  areas, 
Continental  shelf,  Mathematical  models,  Open 
channels,  Residence  time,  Temporal  distribution, 
Water  exchange. 

Hinchinbrook  Channel  is  a  44  km  long  tidal  chan- 
nel connected  at  its  northern  and  southern  ends  to 
the  continental  shelf  of  the  Great  Barrier  Reef. 
The  channel  drains  164  sq  km  of  mangrove 
swamps,  and  also  the  Herbert  River.  The  dynamics 
within  the  channel  and  the  flushing  of  the  fringing 
mangrove  swamps  were  studied  both  in  the  field 
and  using  numerical  models.  The  dominant  cur- 
rents are  tidal  semi-diurnal  and  are  due  to  two 
nearly  identical  tidal  waves  entering  the  channel  at 
its  northern  and  southern  openings  and  meeting  in 
the  middle.  The  mangrove  swamps  contribute  sig- 
nificantly to  the  tidal  dynamics.  When  the  Herbert 
River  discharge  is  small,  net  residual  currents  are 
negligible  even  in  the  presence  of  wind  and  the 
residence  time  of  water  is  about  two  months. 
Flushing  of  the  fringing  mangrove  swamps  is 
largely  controlled  by  the  trapping  effect  in  the 
mangrove  swamps,  and  is  slow  with  an  e-fold 
residence  time  of  about  54  days.  On  the  northern 
end,  the  mangrove-fringed  channel  is  wide  and 
shallow,  and  a  barotropic,  coastal  boundary  layer 
is  formed,  due  to  shallow  water  effects  and  trap- 
ping in  mangrove  swamps.  This  boundary  layer 
results  in  a  long-term  (2  weeks)  trapping  of  water 
along  the  mangrove-fringed  coast  in  calm  weather. 
Thus,  coastal  waters  are  continuously  exchanged 
and  mixed  with  mangrove  swamp  waters,  but 
mixing  between  coastal  and  offshore  waters  is 
much  slower.  (Author's  abstract) 
W91-07312 


EFFECT  OF  MANGROVE  DETRITAL 
OUTWELLING  ON  NUTRIENT  REGENERA- 
TION AND  OXYGEN  FLUXES  IN  COASTAL 
SEDIMENTS  OF  THE  CENTRAL  GREAT  BAR- 
RIER REEF  LAGOON. 

Australian  Inst,  of  Marine  Sciences,  Townsville. 
D.  M.  Alongi. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  5,  p  581-598,  November  1990.  5  fig,  6 
tab,  38  ref.  ARC  Grant  86/0708. 

Descriptors:  'Australia,  'Coastal  lagoons,  'Detri- 
tus, 'Great  Barrier  Reef,  'Mangrove  swamps, 
•Nutrient  concentrations,  'Nutrient  transport, 
'Outwelling,  'Oxygen  transfer,  'Sediment  chemis- 
try, 'Wetlands,  Coastal  environment,  Cycling  nu- 


trients, Ecosystems,  Nitrogen,  Organic  carbon, 
Phosphorus,  Phytoplankton,  Primary  productivity, 
Tides. 

The  effect  of  tidal  outwelling  of  mangrove  detritus 
on  sediment  nutrient  chemistry,  nutrient  regenera- 
tion and  oxygen  fluxes  was  examined  in  a  coastal 
area  of  the  central  Great  Barrier  Reef.  Organic 
carbon  and  total  nitrogen  concentrations  ranged 
from  0.2  to  3.9%,  and  0.01  to  0.18%,  by  sediment 
dry  weight  (DW),  respectively,  and  were  highest 
at  stations  receiving  the  greatest  quantities  of  man- 
grove litter.  Total  phosphorus  concentrations 
ranged  from  0.013  to  0.048%  by  DW,  but  did  not 
relate  to  outwelling.  The  effect  of  outwelling  on 
dissolved  inorganic  nutrients  in  porewaters  was 
less  clear,  with  concentrations  closely  related  to 
sediment  type  and  obscured  by  contribution  from 
continental  runoff.  Ammonium  and  silicate  were  in 
greatest  concentration  at  most  sites,  followed  by 
phosphate,  nitrate  and  nitrate.  Directly  measured 
fluxes  of  dissolved  inorganic  nutrients  across  the 
sediment-water  interface  were  either  undetectable 
or  small,  and  not  related  to  outwelling.  Addition  of 
mangrove  litter  to  boxcore  samples  incubated  for 
10  days  in  the  laboratory  did  not  affect  rates  of 
dissolved  inorganic  nutrient  release.  Organic  con- 
sumption rates  ranged  from  8.7  to  60.2  mmol  02/ 
sq  m/day  and  were  highest  at  most  sites  closest  to 
mangrove  forests.  Rates  of  net  community  primary 
production  were  either  undetectable  or  low,  rang- 
ing from  12  to  77  mg  C/sq  m/day.  Much  of  the 
deposited  mangrove  litter  is  refractory,  but  the 
amount  of  sedimented  material  appears  to  be  great 
enough  to  significantly  enrich  bulk  concentrations 
of  particulate  carbon  and  nitrogen,  and  rates  of 
oxygen  consumption.  Benthic  nutrient  regenera- 
tion contributes  only  a  small  proportion  to  the 
daily  nitrogen  and  phosphorus  demand  of  coastal 
phytoplankton,  implying  supplementation  from 
continental  runoff  and/or  high  rates  of  pelagic 
recycling.  (Author's  abstract) 
W9 1-073 13 


EPIBENTHOS  OF  MANGROVE  WATERWAYS 
AND  OPEN  EMBAYMENTS:  COMMUNITY 
STRUCTURE  AND  THE  RELATIONSHIP  BE- 
TWEEN EXPORTED  MANGROVE  DETRITUS 
AND  EPIFAUNAL  STANDING  STOCKS. 
Australian  Inst,  of  Marine  Sciences,  Townsville. 
P.  A.  Daniel,  and  A.  I.  Robertson. 
Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  5,  p  599-619,  November  1990.  5  fig,  4 
tab,  67  ref. 

Descriptors:  'Bays,  'Benthos,  'Detritus,  'Ecosys- 
tems, 'Estuaries,  'Mangrove  swamps,  'Nutrient 
concentrations,  'Nutrient  transport,  'Species  com- 
position, 'Standing  stocks,  'Tidal  rivers,  'Wet- 
lands, Biomass,  Comparison  studies,  Residence 
time,  Species  diversity,  Streams,  Tides. 

The  epibenthos  inhabiting  creek  bottoms  in  a  tidal- 
ly  influenced  mangrove  forest,  a  mangrove-lined 
estuary  and  several  sites  in  two  open  embayments, 
all  in  Queensland,  Australia  was  sampled  on  four 
occasions  between  August  1986  and  June  1987. 
The  inshore  (mangrove  habitats)-offshore  (embay- 
ment)  patterns  in  total  faunal  taxonomic  richness 
(means  ranging  from  0  to  32.5  taxa  per  trawl)  and 
density  (range  of  means,  <1.55  individuals/sq  m) 
were  generally  complex,  with  patterns  across  the 
gradient  changing  seasonally.  Patterns  in  total  bio- 
mass (range  of  means  0  to  740  mg/sq  m)  were 
clearer,  with  highest  biomasses  recorded  in  May 
(post-wet  season)  and  lowest  in  February  (mid-wet 
season),  with  no  significant  cross-habitat  gradient 
in  biomass.  Densities  and  biomasses  were  some- 
what low,  probably  owing  to  the  physically  harsh 
conditions  available  to  epibenthos  and  to  the  low 
quality  of  mangrove  detritus  as  a  food  source.  The 
significant  difference  in  the  structure  of  epibenthic 
communities  in  mangrove  and  embayment  habitats 
in  the  dry  season  months  (August  and  October) 
was  likely  due  to  the  longer  residence  time  of 
water  in  mangrove  waterways  at  that  time  of  the 
year.  Greater  tidal  amplitudes  and  increased  tidal 
current  velocities  in  February  transported  man- 
grove detritus  and  many  faunal  taxa  into  embay- 
ments. Variation  in  the  quantities  of  exported  man- 
grove detritus  in  nettings  explained  significant  pro- 
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portions  of  the  variance  in  total  (and  component 
taxa)  epibenthic  standing  stocks  in  mangrove  and 
embayment  habitats.  (Author's  abstract) 
W91-07314 


GROUNDWATER  FLOW  IN  THE  BASHITA- 
MINATO  MANGROVE  AREA,  AND  ITS  IN- 
FLUENCE ON  WATER  AND  BOTTOM  MUD 
PROPERTIES. 

Tokai  Univ.,  Shizouka  (Japan).  Faculty  of  Marine 

Science  and  Technology. 

Y.  Mazda,  H.  Yokuchi,  and  Y.  Sato. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  5,  p  621-638,  November  1990.  15  fig, 

17  ref. 

Descriptors:  *Groundwater  movement,  *Japan, 
*Mangrove  swamps,  'Mangrove  trees,  *Mud, 
•Sediment  distribution,  *Surface-groundwater  re- 
lations, 'Wetlands,  Algae,  Anoxic  conditions, 
Chlorophyll  a,  Iriomote  Island,  Lagoons,  Photo- 
synthesis, Sediment  chemistry,  Soil  physical  prop- 
erties, Tides,  Water  level  fluctuations. 

In  the  Bashita-Minato  mangrove  lagoon  in  Irio- 
mote Island,  Japan,  the  following  parameters  were 
measured  from  1985  to  1988:  the  groundwater 
level  in  the  shore  bank  between  the  lagoon  and  the 
open  sea,  the  water  levels  in  the  lagoon  and  the 
open  sea,  the  water  properties  near  the  bottom,  and 
chlorophyll  a  in  the  bottom  soil  of  the  lagoon.  The 
movement  of  groundwater  depends  on  the  soil 
characteristics  and  the  difference  in  water  levels  in 
the  lagoon  and  in  the  ocean,  and  flows  towards  the 
lagoon,  modulated  by  the  tidally  reversing  flow 
with  exponentially  dampened  amplitude  and  linear- 
ly delayed  phase.  The  groundwater  movements 
cause  inflow  and  outflow  with  the  tidal  cycle 
through  the  bottom  of  the  lagoon.  The  momentum 
of  the  inflowing  water  mixes  the  bottom  water 
with  the  overlying  water,  resulting  in  dismantle- 
ment of  the  anoxic  conditions  in  the  bottom  layer 
at  the  tidal  period.  The  benthic  algae  photosynthe- 
sizing  on  the  bottom  sediment  are  entrained  in  the 
mud  by  the  outflow  of  the  lagoon  water  through 
the  bottom  layer.  The  groundwater  flow  appears 
to  play  an  important  role  in  determining  the  water 
properties  and  the  sediment  conditions  of  the  man- 
grove area.  (Author's  abstract) 
W91-07315 


FACTORS  AFFECTING  THE  HYDROCHE- 
MISTRY  OF  A  MANGROVE  TIDAL  CREEK, 
SEPETIBA  BAY,  BRAZIL. 

Universidade  Federal  Fluminense,  Niteroi  (Brazil). 
Dept.  de  Geoquimica. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-073 16 


spate  which  coincided  with  neap  tides.  An  eddy- 
viscosity-diffusivity  model  of  the  stratification, 
which  assumed  a  constant,  longitudinal  salinity 
gradient,  demonstrated  a  pronounced  stratification- 
destratification  cycle  due  to  neap-spring  variations 
in  vertical  mixing.  Larger  and  more  realistic  strati- 
fication was  modelled  when  the  estimated,  time- 
varying  longitudinal  salinity  gradient  was  incorpo- 
rated. This  gradient  maximized  in  response  to  the 
peak  in  freshwater  runoff.  The  measured  and  mod- 
elled density-driven  circulations  showed  qualita- 
tive similarities  and  were  of  the  order  of  10  cm/sec 
at  neap  tides.  The  circulation  was  weaker  during 
spring  tides.  The  tidally-filtered  salt  transport  due 
to  vertical  shear  was  directed  up-estuary  and  was 
an  order  of  magnitude  smaller  during  spring  tides. 
Stratification  during  neap  tides  means  that  man- 
groves will  be  inundated  by  the  fresher  surface 
waters  for  about  half  the  spring-neap  cycle.  (Au- 
thor's abstract) 
W91-07317 


MIXING,  TRAPPING  AND  OUTWELLING  IN 
THE  KLONG  NGAO  MANGROVE  SWAMP, 
THAILAND. 

Chulalongkorn  Univ.,  Bangkok  (Thailand).  Dept. 
of  Marine  Science. 

G.  Wattayakorn,  E.  Wolanski,  and  B.  Kjerfve. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  5,  p  667-688,  November  1990.  13  ref, 
4  fig,  36  ref. 

Descriptors:  'Estuaries,  *Klong  Ngao  Estuary, 
'Mangrove  swamps,  'Mixing,  'Outwelling,  'Thai- 
land, 'Trapping,  'Wetlands,  Evaporation  ponds, 
Flooding,  Flushing,  Homogeneity,  Nutrient  con- 
centrations, Nutrient  transport,  Seasonal  distribu- 
tion, Sediment  transport,  Streams,  Tides. 

The  Klong  Ngao  estuary  in  Thailand  is  a  7.5  km 
long  tidal  creek  facing  the  Andaman  Sea  and 
drains  11.5  sq  km  of  mangrove  swamps.  Physical 
processes  in  the  estuary  differ  greatly  from  the  wet 
season  to  the  dry  season.  In  the  dry  season,  vertical 
homogeneity  prevails  and  the  swamp  behaves  like 
an  evaporation  pond.  Salt  and  water  are  trapped 
upstream,  longitudinal  gradients  result  and, 
through  tidal  dispersion,  nutrient  outwelling  may 
result  for  silica  oxide,  possibly  for  nitrite  and  ni- 
trate, but  not  phosphate.  The  outflow  is  trapped  in 
a  coastal  boundary  layer.  In  the  wet  season,  short- 
lived local  floods  generate  a  strong  stratification  in 
salinity  and  episodical  flushing  of  the  estuary  and 
may  make  measurements  of  nutrient  budgets  incon- 
clusive. The  Klong  Ngao  mangrove  swamp  traps 
land-derived  sediments  in  the  wet  season.  (Au- 
thor's abstract) 
W9 1-073 18 


OBSERVATIONS     AND     ANALYSIS     OF     A 
STRATIFICATION-DESTRATIFICATION 
EVENT  IN  A  TROPICAL  ESTUARY. 

Plymouth  Marine  Lab.  (England). 
R.  J.  Uncles,  J.  E.  Ong,  and  W.  K.  Gong. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  5,  p  651-665,  November  1990.  6  fig,  24 
ref,  append. 

Descriptors:  'Destratification,  'Ecosystems,  'Es- 
tuaries, 'Malaysia,  'Mangrove  swamps,  'Mathe- 
matical models,  'Nutrient  transport,  'Stratifica- 
tion, 'Tropical  regions,  Diffusivity,  Eddies,  Fresh- 
water, Mangrove  trees,  Mixing,  Runoff,  Salinity, 
Seasonal  variation,  Sungai  Merbok  Estuary,  Vis- 
cosity. 

A  data  set  comprising  31  continuous  tidal  cycles 
was  collected  in  the  Sungai  Merbok  Estuary,  Ma- 
laysia, in  June  1987  as  part  of  an  ecological  study 
of  nutrient  fluxes  from  a  tropical  mangrove  estu- 
ary. Currents,  salinity  and  salinity  stratification  at  a 
deep-channel  (15  m)  station  near  the  mouth  of  the 
Merbok  Estuary  showed  a  pronounced  spring-neap 
variability.  The  slow  currents  and  weak  vertical 
mixing  at  neap  tides  favored  the  formation  of  a 
stratified  water  column  and  generated  a  neap- 
spring  cycle  of  water  column  stabilization  and 
destabilization.  A  strong  stratification  event  oc- 
curred during  the  period  of  observations.  This 
event  was  partially  driven  by  a  modest  freshwater 


USE  OF  A  MANGROVE  ESTUARY  AS  A  NURS- 
ERY AREA  BY  POSTLARVAL  AND  JUVENILE 
BANANA  PRAWNS,  PENAEUS  MERGUIENSIS 
DE  MAN,  IN  NORTHERN  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Cleveland  (Australia).  Marine  Labs. 
D.  J.  Vance,  M.  D.  E.  Haywood,  and  D.  J. 
Staples. 

Estuarine,  Coastal  and  Shelf  Science  ECSSD3, 
Vol.  31,  No.  5,  p  689-701,  November  1990.  8  fig,  1 
tab,  21  ref.  Fishing  Industry  Research  Trust  Ac- 
count, Grants  1981/14  and  1985/85. 

Descriptors:  'Australia,  'Estuaries,  'Juvenile 
growth  stage,  'Mangrove  trees,  'Nursery  areas, 
•Shrimp,  'Wetlands,  Abundance,  Animal  behav- 
ior, Distribution  patterns,  Embley  River,  Fisheries, 
Gulf  of  Carpentaria,  Migration,  Mud  banks, 
Rivers,   Salinity,   Size  classes,   Streams,   Survival. 

In  the  Embley  River,  Gulf  of  Carpentaria,  Austra- 
lia, the  largest  catches  of  the  commercially  impor- 
tant banana  prawn,  Penaeus  merguiensis,  were 
made  on  mangrove-lined,  steeply  sloping  mud 
banks.  The  upstream  limit  of  distribution  of  P. 
merguiensis  was  found  to  coincide  with  the  distri- 
bution of  broad  bands  of  fringing  mangrove  forests 
but,  except  in  the  wet  season,  was  not  related  to 
salinity  levels.  Although  some  postlarval  P.  mer- 
gueinsis  settled  on  all  habitat  types  in  the  estuary, 
large  catches  were  only  taken  on  the  mangrove- 
lined  banks.  Catches  of  both  postlarvae  and  juve- 


niles in  the  upstream  reaches  of  a  small  creek  were 
almost  five  times  higher  than  those  in  the  river 
area  near  the  creek  mouth.  Moreover,  prawns  in 
the  2  to  4  mm  carapace  length  (CL)  size  class  were 
poorly  represented  in  the  river  but  were  abundant 
in  catches  in  the  small  creek,  suggesting  that  either 
the  survival  rate  of  postlarvae  is  highest  in  the 
upper  reaches  of  the  small  creeks,  or  that  the  small 
prawns  are  migrating  from  the  main  river  into  the 
creek.  As  prawns  increase  in  size  above  5  mm  CL, 
they  appear  to  take  part  in  daily  tidal  migrations 
from  small  creeks  to  the  river  and  begin  a  gradual 
migration  from  the  creeks  to  the  river.  (Author's 
abstract) 
W91-07319 


FISH  AND  PRAWN  COMMUNITIES  OF  A  MA- 
LAYSIAN COASTAL  MANGROVE  SYSTEM, 
WITH  COMPARISONS  TO  ADJACENT  MUD 
FLATS  AND  INSHORE  WATERS. 

Malaya  Univ.,  Kuala  Lumpur  (Malaysia).  Dept.  of 

Zoology. 

V.  C.  Chong,  A.  Sasekumar,  M.  U.  C.  Leh,  and  R. 

D'Cruz. 

Estuarine,   Coastal  and   Shelf  Science  ECSSD3, 

Vol.  31,  No.  5,  p  703-722,  November  1990.  3  fig,  6 

tab,  52  ref. 

Descriptors:  'Ecosystems,  'Fish,  'Malaysia, 
'Mangrove  swamps,  'Mud  flats,  'Shrimp,  'Spe- 
cies composition,  'Wetlands,  Coastal  areas,  Distri- 
bution patterns,  Fish  migration,  Fisheries,  Interti- 
dal  areas,  Juvenile  growth  stage,  Similarity  coeffi- 
cients. 

The  fish  and  prawn  communities  of  four  coastal 
habitats  in  Selangor,  Malaysia:  (1)  coastal  man- 
grove swamps;  (2)  mud  flats,  including  subtidal 
regions;  (3)  near  inshore  waters;  and  (4)  far  inshore 
waters,  were  examined  with  respect  to  species 
composition,  abundance,  diversity,  similarity  and 
sexual  maturity.  The  number  of  fish  species  sam- 
pled for  these  habitats  were  119,  70,  58,  and  92 
species,  respectively.  For  prawns,  the  number  of 
species  were  9,  16,  8  and  14  respectively.  The 
mangrove  community  comprised  63  to  99%  juve- 
nile fish  and  100%  prawn.  Despite  a  high  species 
richness,  it  was  low  in  fish  species  diversity  due  to 
the  dominance  (70%)  of  six  species  of  fish  of  low 
economic,  value.  In  contrast,  the  prawn  community 
was  poor  in  species,  and  was  dominated  by  three 
Penaeus  spp.  of  high  economic  value.  The  interti- 
dal  mudflat  community  is  largely  transient  and 
comprised  mainly  of  species  from  both  the  man- 
grove and  subtidal  habitats.  Fifty-six  percent  of  the 
fish  population  and  62.6%  of  the  prawn  population 
were  juveniles.  Many  of  the  inshore  fish  and  prawn 
species  were  also  common  species  found  in  man- 
grove and  mudflat  habitats.  Similarity  coefficients 
indicate  that  the  inshore  fish  and  prawn  communi- 
ties are  more  similar  to  those  of  mud  flats  than 
mangroves.  However,  maturity  studies  indicate 
that  only  five  species  of  fish  are  true  migrants,  that 
the  majority  of  the  fish  species  (juveniles  and 
adults)  are  ubiquitous  with  a  distribution  that  ex- 
tends several  nautical  miles  offshore.  Results  of 
this  study  indicate  that  tropical  coastal  mangroves 
function  more  importantly  as  feeding  grounds  than 
as  nursery  grounds  for  juveniles  of  commercially 
important  fish  species.  Mangroves  and  mud  flats 
are  utilized  during  flood  tides  by  many  periodic 
foragers  from  the  inshore  waters.  However,  this 
study  confirms  that  coastal  mangroves  and  mud 
flats  are  important  nursery  areas  for  commercially 
important  prawn  species.  (Author's  abstract) 
W9 1-07320 


RECRUITMENT,  GROWTH  AND  RESIDENCE 
TIME  OF  FISHES  IN  A  TROPICAL  AUSTRA- 
LIAN MANGROVE  SYSTEM. 

Australian  Inst,  of  Marine  Sciences,  Townsville. 
A.  I.  Robertson,  and  N.  C.  Duke. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  5,  p  723-743,  November  1990.  7  fig,  2 
tab,  72  ref. 

Descriptors:  'Australia,  'Fisheries,  'Growth, 
'Mangrove  swamps,  'Population  dynamics,  'Pop- 
ulations, 'Species  composition,  'Tropical  regions, 
'Wetlands,  Animal  behavior,  Distribution  patterns, 
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Fish   behavior,   Population   density,   Recruitment, 
Residence  time,  Seasonal  distribution. 

Twenty  fish  species  accounted  for  >96%  of  the 
catch  by  numbers  in  mangrove  habitats  in  Alliga- 
tor Creek,  in  tropical  Queensland.  The  timing  of 
recruitment,  residency  status,  the  period  of  resi- 
dence and  growth  of  fish  during  the  time  spent  in 
the  mangrove  habitat  was  assessed  by  examining 
gonad  maturity  and  following  changes  in  size- 
frequency  plots  for  each  species  over  13  months. 
Five  species  were  permanent  residents,  completing 
their  life  cycles  in  mangrove  swamps;  eight  were 
'long-term'  temporary  residents,  being  present  for 
approximately  one  year  as  juveniles  before  moving 
to  other  near-shore  habitats;  and  seven  were  'short- 
term'  residents  or  sporadic  users  of  the  mangrove 
habitat.  Among  the  latter  group,  four  species  lived 
in  the  mangrove  habitat  for  between  1  and  4  con- 
secutive months,  while  three  engraulid  species  ap- 
peared to  move  rapidly,  and  often,  between  man- 
grove and  other  near-shore  habitats.  One  of  the 
resident  species  spawned  and  recruited  throughout 
the  year,  but  recruitment  for  most  species  was 
highly  seasonal,  being  concentrated  in  the  late  dry 
season  (October)  to  mid-wet  season  (February) 
period.  Temporary  resident  species  dominated  the 
fish  community  in  the  wet  season  (December  to 
April),  but  resident  species  comprised  more  than 
90%  of  total  fish  numbers  in  the  mid-dry  season 
(August)  after  temporary  residents  left  the  man- 
groves in  the  early  dry  season.  Several  species  had 
more  than  one  peak  of  recruitment  during  the  wet 
season.  Only  nine  of  the  twenty  species  examined 
are  strictly  dependent  on  mangrove-lined  estuaries, 
the  remaining  1 1  are  captured  in  significant  num- 
bers in  other  near-shore  habitats.  Only  four  of  the 
twenty  species  are  of  direct  commercial  impor- 
tance in  Australia,  but  most  are  major  prey  for 
several  valuable,  commercial  species  harvested 
both  within  mangrove  habitats  and  in  adjacent 
shallow  shelf  habitats.  (Author's  abstract) 
W9 1-07321 


QUANTIFYING  EXTERNAL  AND  INTERNAL 
NITROGEN  AND  PHOSPHORUS  POOLS,  AS 
WELL   AS   NITROGEN   AND   PHOSPHORUS 
SUPPLIED      THROUGH       REMINERALIZA- 
TION,  IN  COASTAL  MARINE  PLANKTON  BY 
MEANS  OF  A  DILUTION  TECHNIQUE. 
Oslo  Univ.  (Norway).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07322 


EVALUATION  OF  IRON  AS  A  TRIGGERING 
FACTOR  FOR  RED  TIDE  BLOOMS. 

Maine  Univ.,   Walpole.   Dept.   of  Oceanography. 
M.  L.  Wells,  L.  M.  Mayer,  and  R.  R.  L.  Guillard. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
69,  No.  1/2,  p  93-102,  January  10,  1991.  6  fig,  55 
ref.  Sea  Grant  No.  R/FMD-161. 

Descriptors:  'Algal  blooms,  *Gulf  of  Maine, 
•Iron,  'Limiting  nutrients,  'Red  tide,  Algal  toxici- 
ty, Coastal  waters,  Dinoflagellates,  Georges  Bank. 

The  relationship  between  iron  and  blooms  of  the 
toxic  dinoflagellate  Alexandrium  tamarense 
(Balech)  (formerly  Gonyaulax  tamarensis  var.  ex- 
cavata  (Lebour))  was  examined  using  a  chemical 
method  that  estimated  the  biological  availability  of 
iron  in  seawater.  The  iron  requirement  for  optimal 
growth  of  A.  tamarense  in  sequential  batch  culture 
(ca  3  nM  available  iron)  was  compared  with  iron 
concentrations  in  waters  of  the  Gulf  of  Maine, 
USA.  Results  indicated  that  iron  did  not  limit 
growth  of  the  organism  in  nearshore  coastal  waters 
or  over  Georges  Bank,  but  that  the  organism  may 
have  been  iron-limited  in  Gulf  of  Maine  basin 
waters.  The  distribution  of  A.  tamarense  in  the 
Gulf  of  Maine  is  consistent  with  these  iron  data. 
Red  tide  outbreaks  in  the  nearshore  environment 
did  not  correlate  with  changes  in  total  iron  or  the 
estimated  iron  availability.  Although  iron  did  not 
appear  to  trigger  outbreaks  of  A.  tamarense  in 
Maine  coastal  waters,  the  findings  are  consistent 
with  suggestions  that  pulsed  inputs  of  iron  may  be 
important  for  the  development  of  toxic  dinoflagel- 
late blooms  in  regions  where  outbreaks  are  initiat- 
ed offshore.  (Author's  abstract) 
W9 1-07323 


EFFECTS  OF  IRRADIANCE  ON  NITROGEN 
UPTAKE  BY  PHYTOPLANKTON:  COMPARI- 
SON OF  FRONTAL  AND  STRATIFIED  COM- 
MUNITIES. 

British    Columbia    Univ.,    Vancouver.    Dept.    of 

Oceanography. 

W.  P.  Cochlan,  N.  M.  Price,  and  P.  J.  Harrison. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

69,  No.  1/2,  p  103-116,  January  10,  1991.  4  fig,  6 

tab,  90  ref. 

Descriptors:  *Algal  growth,  'Irradiation,  'Light 
effects,  'Nitrogen,  'Nutrient  concentrations,  'Pho- 
tosynthesis, 'Solar  radiation,  'Stratification,  Brit- 
ish Columbia,  Chlorophyll,  Limiting  nutrients, 
Mathematical  models,  Michaelis-Menten  equation, 
Photon  flux  densities,  Phytoplankton,  Tracers. 

Rates  of  nitrate  ion  and  urea  uptake  by  phyto- 
plankton in  the  shallow  and  deep  chlorophyll 
layers  of  the  Strait  of  Georgia,  British  Columbia 
(Canada)  were  measured,  over  a  gradient  of  photo- 
synthetic  photon  flux  densities  (PPFD),  using  the 
nitrogen- 15  tracer  technique.  The  results  of  these 
experiments  could  be  fitted  with  a  hyperbolic  func- 
tion similar  to  the  Michaelis-Menten  equation  and 
included  a  term  for  dark  uptake.  Half-saturation 
constants  for  light-dependent  uptake  of  urea  and 
nitrate  ions  ranged  from  0  to  14%  of  the  surface 
PPFD,  and  dark  uptake  of  both  urea  and  nitrate 
ions  ranged  from  0  to  58%  of  the  uptake  at  saturat- 
ing PPFD.  Although  the  importance  of  dark 
uptake  increased  with  increased  nitrogen  limita- 
tion, the  dramatic  difference  in  phytoplankton 
community  composition  between  the  nitrogen-re- 
plete frontal  waters  and  the  nitrogen-depleted 
stratified  waters  precludes  a  simple  explanation  of 
PPFD  effect(s)  on  nitrogen  uptake  based  solely  on 
phytoplankton  nitrogen  status.  (Author's  abstract) 
W9 1-07324 


ANNUAL  CYCLE  OF  PARTICLE  SIZE  FRAC- 
TION AND  PHYTOPLANKTON  BIOMASS  IN 
THE  NORTHERN  BALTIC  PROPER. 

Institute  of  Ecology  and  Marine  Research,  Tallinn 

(USSR). 

M.  Kahru,  E.  Kaasik,  and  A.  Leeben. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

69,  No.  1/2,  p  117-124,  January  10,  1991.  8  fig,  3 

tab,  31  ref. 

Descriptors:  'Algal  growth,  'Baltic  Sea,  'Biomass, 
'Particle  size,  'Periodicity,  'Phytoplankton,  Algal 
blooms,  Blue-green  algae,  Chlorophyll,  Diatoms, 
Distribution  patterns,  Ecosystems,  Field  tests, 
Mathematical  models,  Seasonal  variation,  Spatial 
distribution,  Species  composition,  Temporal  distri- 
bution, Zooplankton. 

A  large  data  set  of  particle  concentrations  in  the 
range  1  to  100  microm,  chlorophyll  a,  and  associat- 
ed measurements  from  the  surface  waters  of  the 
northern  Baltic  proper  during  1985  to  1989  was 
analyzed  to  construct  spatially  and  temporally 
averaged  annual  time  curves  of  particle  size  frac- 
tions and  phytoplankton  biomass.  Chlorophyll  a 
concentration  was  well  correlated  with  the  28  to 
73  microm  size  fraction  and  had  2  seasonal  peaks: 
in  April-May,  corresponding  to  the  diatom  spring 
bloom,  and  in  August,  corresponding  to  the  late- 
summer  bloom  of  blue-green  algae.  The  two 
maxima  were  separated  by  the  early  summer  mini- 
mum when  the  1  to  10  microm  particle  fractions 
corresponding  to  a  mixed  assemblage  of  small  phy- 
toplankton and  microheterotrophs  reached  their 
maxima.  The  largest  particles  (163  to  1000 
microm),  corresponding  to  smaller  mesozooplank- 
ton,  reached  their  maximum  in  July-August  before 
the  blue-green  maximum.  Automated  particle 
counting  is  well  suited  for  routine  monitoring  of 
pelagic  systems  as  it  reveals  all  major  shifts  in  the 
planktonic  community.  (Author's  abstract) 
W9 1-07325 


EVALUATION  OF  MEASUREMENTS  AND 
CALCULATION  OF  PRIMARY  PRODUCTION 
IN  THE  DOGGER  BANK  AREA  (NORTH  SEA) 
IN  SUMMER  1988. 

Nederlands  Inst,  voor  Onderzoek  der  Zee,  Texel. 

R.  Riegman,  and  F.  Colijn. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 


69,  No.  1/2,  p  125-132,  January  10,  1991.  2  fig,  4 
tab,  39  ref. 

Descriptors:  'Carbon  radioisotopes,  'Dogger 
Bank,  'North  Sea,  'Phytoplankton,  'Primary  pro- 
ductivity, 'Stratification,  Algal  growth,  Biomass, 
Field  tests,  Filtration,  Irradiation,  Temporal  varia- 
tion, Water  column. 

Primary  production  was  measured  during  a  survey 
in  the  Dogger  Bank  area,  where  both  stratified  and 
non-stratified  conditions  existed  in  July-August 
1988.  Daily  primary  production  was  calculated, 
based  on  carbon-  14-labeled  fixation  rates  in  an 
incubator  with  an  artificial  light  source,  depth  pro- 
files of  in  situ  irradiance,  and  vertically  heteroge- 
neous phytoplankton  distributions.  Values  ranged 
among  stations  from  300  to  2200  mg  C/sq  m/day. 
Average  primary  production  in  the  Dogger  Bank 
area  was  estimated  at  1.2  g  C/sq  m/day.  Variation 
in  cloudiness  affected  primary  productivity  by  a 
factor  of  4.5.  Calculations  based  on  surface  samples 
alone  showed  an  average  areal  primary  production 
underestimate  of  17%.  After  correction  for  the 
uneven  vertical  biomass  distribution,  primary  pro- 
duction was  still  underestimated  by  12%  as  a  result 
of  photoadaptation.  Calculated  daily  primary  pro- 
duction rates  based  on  in  situ  incubations  and  on 
incubator  measurements  deviated  by  only  5%. 
Light  quality  did  not  have  a  significant  effect  on 
water  column  productivity.  Size-dependent  pri- 
mary production  based  on  post-incubation  filtra- 
tion onto  5  microm  filters  showed  that,  on  average, 
84%  of  total  primary  production  was  in  the  >5 
microm  fraction.  (Author's  abstract) 
W9 1-07326 


ORGANIC  CARBON  DECOMPOSITION,  PRI- 
MARY AND  BACTERIAL  PRODUCTIVITY, 
AND  SULPHATE  REDUCTION,  IN  TROPICAL 
SEAGRASS  BEDS  OF  THE  GULF  OF  CARPEN- 
TARIA, AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Cleveland  (Australia).  Marine  Labs. 
P.  C.  Pollard,  and  D.  J.  W.  Moriarty. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
69,  No.  1/2,  p  149-159,  January  10,  1991.  8  fig,  4 
tab,  41  ref.  Marine  Science  and  Technologies 
Grant  No.  81/0319. 

Descriptors:  'Australia,  'Bacterial  physiology, 
'Bacterial  productivity,  'Chemical  reduction, 
'Decomposition,  'Organic  carbon,  'Oxidation, 
•Primary  productivity,  'Sea  grasses,  'Sulfates, 
Algal  growth,  Carbon,  Carbon  cycle,  Coastal 
areas,  Ecosystems,  Fermentation,  Field  tests,  Food 
chains,  Gulf  of  Carpentaria,  Oxygen  concentra- 
tions, Plant  physiology,  Species  composition. 

The  oxidation  of  organic  carbon  by  bacteria  in 
tropical  seagrass  communities  was  studied  in  aus- 
tral summer  1986  to  1987.  The  major  seagrass 
species  were  Enhalus  acoroides,  Syringodium  isoe- 
tifolium,  Cymodocea  serulata,  Thalassia  hemprichii 
and  Cymodocea  rotundata.  Seagrass  gross  produc- 
tivity, determined  by  a  lacunal  gas  technique, 
ranged  from  0.5  to  4.3  g  C/sq  m/day.  In  compari- 
son, gross  community  productivity,  measured  from 
diurnal  changes  in  oxygen  concentration  in  the 
water  column,  ranged  from  4  to  9  g  C/sq  m/day. 
Macroalgae,  epibenthic  and  epiphytic  algae  made 
to  the  major  contribution  to  gross  primary  produc- 
tion in  the  communities  studied,  contributing  40  to 
90%  of  gross  primary  production.  Most  of  the 
primary  production  was  utilized  by  hydrolytic  and 
fermentative  bacteria  and  was  ultimately  oxidized 
by  sulphate-reducing  bacteria.  Hydrolytic  (aero- 
bic) and  fermentative  bacterial  productivity,  deter- 
mined from  rates  of  incorporation  of  tritiated  thy- 
midine into  DNA,  ranged  from  3  to  13  g  C/sq  m/ 
day  (integrated  over  a  depth  of  12  cm  in  the 
sediment).  The  highest  rates  of  sulphate  reduction, 
determined  with  sulfur-35,  coincided  with  the 
below-ground  distribution  of  seagrass  roots  and 
rhizomes.  Between  1.7  and  2.2  g  C/sq  m/day  was 
oxidized  to  carbon  dioxide  by  the  sulfate-reducing 
bacteria;  this  is  equivalent  to  30  to  80%  of  the  net 
community  productivity.  (Author's  abstract) 
W9 1-07327 
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PHOTOSYNTHESIS,  RESPIRATION  AND 
WHOLE  PLANT  CARBON  BUDGET  OF  THE 
SEAGRASS  THALASSIA  TESTUDINUM. 

Virginia  Univ.,  Charlottesville.  Dept.  of  Environ- 
mental Sciences. 

J.  W.  Fourqurean,  and  J.  C.  Zieman. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
69,  No.  1/2,  p  161-170,  January  10,  1991.  8  fig,  5 
tab,  42  ref. 

Descriptors:  "Carbon  cycle,  'Irradiation,  ♦Photo- 
synthesis, *Plant  metabolism,  'Respiration,  *Sea 
grasses,  Biomass,  Florida  Bay,  Mathematical 
models,  Model  studies,  Nutrient  concentrations, 
Oxygen  requirements,  Survival. 

The  photosynthesis  versus  irradiance  (P/I)  re- 
sponse of  the  seagrass  Thalassia  testudinum  from 
Florida  Bay,  USA,  was  measured  using  the  oxygen 
evolution  of  intact  short  shoots  enclosed  in  sealed 
chambers,  and  found  to  have  a  light-saturated  P/I 
behavior.  All  4  of  the  commonly  used  mathemati- 
cal formulations  of  the  P/I  curve,  were  of  equal 
utility  in  describing  the  data.  When  fit  to  the  data 
using  a  least-squares  fitting  procedure,  they  pro- 
duced nearly  identical  lines  explaining  90%  of  the 
variance  in  the  data.  The  estimates  of  the  P/I 
model  parameters  varied  widely.  Green  photosyn- 
thetic  leaves  account  for  only  15.0%  of  the  total 
biomass  of  Florida  Bay  T.  testudinum.  The  remain- 
ing 85%  is  apportioned  into  belowground  short 
shoots,  rhizomes  and  roots.  Leaves  had  higher 
respiration  rates  (7.4  microg  oxygen/g/min)  than 
the  belowground  structures  (0.9  to  4.6  microg 
oxygen/g/min),  and  accounted  for  42.6%  of  total 
plant  respiration.  The  P/I  curve  and  respiration 
data  were  used  to  build  a  daily  carbon  budget  for 
Florida  Bay  T.  testudinum.  Estimated  carbon  fixa- 
tion rates  agreed  closely  with  previously  collected 
field  carbon- 14  uptake  measurements.  Under  aver- 
age summer  light  conditions,  the  budget  was  posi- 
tive as  deep  as  4  m,  suggesting  that  plants  can 
survive  at  this  depth.  (Author's  abstract) 
W9 1-07328 


ECOLOGICAL  CONSEQUENCES  OF  DREDG- 
ING AND  BOTTOM  TRAWLING  IN  THE 
LIMFJORD,  DENMARK. 

Vandkvalitetsinstitutet,  Hoersholm  (Denmark). 
For   primary   bibliographic   entry   see   Field   6G. 
W9 1-07329 


IS  THE  ACTIVITY  OF  BENTHIC  SUSPENSION 
FEEDERS  A  FACTOR  CONTROLLING  WATER 
QUALITY  IN  THE  BAY  OF  BREST. 

Universite       de       Bretagne-Occidentale,       Brest 

(France).  Lab.  d'Oceanographie  Biologie. 

C.  Hily. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

69,  No.  1/2,  p  179-188,  January  10,  1991.  4  fig,  2 

tab,  43  ref. 

Descriptors:  *Aquatic  animals,  *Bay  of  Brest, 
'Benthic  fauna,  *Eutrophication,  *Filter  feeders, 
♦France,  *Water  pollution  effects,  *Water  quality, 
Algal  blooms,  Animal  behavior,  Annual  variation, 
Bays,  Biomass,  Distribution  patterns,  Dominance, 
Ecosystems,  Fertilization,  Mud,  Phytoplankton, 
Population  density,  Primary  productivity,  Seasonal 
variation,  Sediment  types,  Spatial  distribution,  Spe- 
cies composition,  Succession,  Tides. 

In  the  Bay  of  Brest,  France,  suspension  feeders  are 
broadly  dominant  in  the  trophic  structure  of  ma- 
crobenthic  assemblages  in  terms  of  species  number, 
number  of  individuals  and  biomass.  A  succession  of 
species  exists  on  an  east-west  gradient,  which  is  an 
ecological  continuum  from  a  <  10  m  depth  polyha- 
line  muddy  environment  to  a  >  20  m  depth  marine 
environment  with  coarse  and  clean  sediments.  The 
abundance  of  biogenic  substrates  (shells,  calcare- 
ous algae,  etc.)  on  the  sediment  surface  favors  a 
high  development  of  sessile  epifauna.  Some  species 
can  locally  proliferate,  reaching  100  g  organic  dry 
weight/sq  m.  Fertilization  of  the  bay  by  streams 
loaded  with  nutrients  induces  a  very  high  primary 
production  (280  g  C/sq  m/yr)  characterized  by 
high  annual  and  seasonal  variability  of  phytoplank- 
tonic  blooms.  However,  so  far,  eutrophication  has 
not  been  observed.  While  water  renewal  by  tidal 
currents  is  one  important  factor  in  the  control  of 


eutrophication,  suspension  feeder  activity  is  un- 
doubtedly another  effective  control  factor.  Benthic 
suspension  feeders  can  filter  718,000,000  cubic  m 
daily,  which  represents  circa  30%  of  the  total 
volume  of  the  bay.  The  phytoplankton  production 
is  easily  accessible  to  the  benthos  because  of  the 
relatively  long  water  residence  time  and  the  high 
tidal  current  mixing.  Spatial  distribution  of  popula- 
tions was  found  to  be  related  to  the  tidal  current 
distribution.  (Author's  abstract) 
W9 1-073  30 


CONSPICUOUS  DECLINE  OF  FUCUS  IN  KIEL 
BAY  (WESTERN  BALTIC):  WHAT  ARE  THE 
CAUSES. 

Kiel  Univ.   (Germany,   F.R.).   Inst,   fuer  Meeres- 

kunde. 

H.  Vogt,  and  W.  Schramm. 

Marine  Ecology  Progress  Series  MESEDT,  Vol. 

69,  No.  1/2,  p  189-194,  January  10,  1991.  2  fig,  1 

tab,  24  ref. 

Descriptors:  *Baltic  Sea,  *Eutrophication,  *Fucus, 
*Kiel  Bay,  'Marine  pollution,  *Path  of  pollutants, 
*Phaeophyta,  *Plant  populations,  'Population  den- 
sity, 'Population  dynamics,  'Water  pollution  ef- 
fects, Algal  growth,  Biomass,  Comparison  studies, 
Deposition,  Dredging,  Field  tests,  Irradiation,  Spe- 
cies composition,  Substrate  availability,  Water 
depth. 

In  the  framework  of  investigations  on  possible 
effects  of  eutrophication  on  the  macrophyto- 
benthos  in  Kiel  Bay  (Western  Baltic),  a  large-scale 
survey  of  the  distribution  and  occurrence  of  the 
genus  Fucus  was  carried  out  in  1987/1988.  For 
large-scale  quantitative  mapping,  underwater  tele- 
vision was  employed  or  direct  observations  from 
the  water  surface  were  made.  Species  composition 
and  quantitative  biomass  were  data  were  obtained 
by  dredging  and  SCUBA  diving.  Comparison  with 
the  results  of  earlier  investigations  revealed  a  dras- 
tic decline  in  Fucus  biomass  from  between  40,000 
and  45,000  tons  wet  weight  down  to  only  2,400 
tons  wet  weight  in  1987  to  1988,which  means  a 
decrease  by  94  to  95%.  Whereas  Fucus  vesiculosus 
as  well  as  F.  serratus  were  still  frequent  at  depths 
below  2  m  down  to  13  m  in  the  seventies,  during 
our  investigation  Fucus  spp.  was  not  found  in 
water  depths  greater  than  2  m.  Decreased  light 
levels  or  increased  epiphyte  growth  as  a  result  of 
eutrophication,  and  the  reduction  of  substrate  for 
algal  growth  due  to  stone  fishing  (commercial 
gathering  of  rock  for  construction  purposes)  and 
sand  deposition,  are  the  main  causes  for  the  decline 
of  Fucus  spp.  (Author's  abstract) 
W91-07331 


VEGETATION  DYNAMICS  ON  THE  VIRGIN- 
IA BARRIER  ISLANDS. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Bio- 
logical Sciences. 
G.  F.  Levy. 

Virginia  Journal  of  Science  VJSCAI,  Vol.  41,  No. 
4A,  p  300-306,  Winter  1990.  28  ref. 

Descriptors:  'Barrier  islands,  'Erosion,  'Salt  toler- 
ance, 'Vegetation,  'Virginia,  Accretion,  Dunes, 
Flooding,  History,  Mortality,  Nutrient  concentra- 
tions, Salt  stress,  Scour,  Species  diversity,  Storms, 
Succession. 

The  vegetation  on  the  Virginia  barrier  islands  is 
affected  by  oceanside  erosion  and  accompanying 
salt  spray  which  impact  strand  communities,  and 
by  bayside  accretion  which  provides  impetus  for 
hydrarch  succession.  Controlling  environmental 
complexes  include:  extent  of  flooding,  soil  mois- 
ture, soil  nutrient  levels  and  autogenic  factors,  as 
well  as  salt  spray.  Of  great  significance  throughout 
this  system  is  a  salt  spray  gradient.  During  storms, 
salt  spray  and  accompanying  sand  scouring  can 
cause  significant  mortality  and  necrosis  to  relative- 
ly intolerant  species.  A  variety  of  vegetation  pat- 
terns are  found  on  stable  dunes,  unstable  dunes, 
interdunal  depressions,  sand  flats,  relic  dunes  and 
bayside  sites  of  various  physiographic  aspects.  Suc- 
cession can  be  progressive,  retrogressive,  chronic- 
patchy  or  cyclic,  depending  on  physiographic  con- 
ditions. Historic,  natural  and  anthropogenic  im- 
pacts have  disrupted  communities  and  depauper- 
ized the  flora.  (Brunone-PTT) 


W9 1-07363 

PHYTOPLANKTON  WITHIN  THE  VIRGINIA 
BARRIER  ISLAND  COMPLEX. 

Old  Dominion  Univ.,  Norfolk,  VA.  Dept.  of  Bio- 
logical Sciences. 

H.  G.  Marshall,  and  C.  E.  Shomers. 
Virginia  Journal  of  Science  VJSCAI,  Vol.  41,  No. 
4A,  p  427-432,  Winter  1990.  1  tab,  12  ref. 

Descriptors:  'Barrier  islands,  'Coastal  environ- 
ment, 'Phytoplankton,  'Tidal  effects,  'Virginia, 
'Wetlands,  Channels,  Diatoms,  Evaporation, 
Flooding,  Ponds,  Population  dynamics,  Rainfall, 
Salinity,  Species  composition,  Storms,  Water 
movement. 

Behind  the  Virginia  barrier  islands  are  wetlands 
containing  numerous  channels  of  natural  origin  and 
varied  depth  that  are  tidally  flushed  daily,  with  the 
bordering  wetlands  inundated  during  spring  tides 
and  major  storm  periods.  The  region  provides  a 
high  energy  system  where  the  water  masses  are 
continually  being  transferred  and  are  well-mixed, 
oxygenated  and  exposed  to  nutrient  rich  drainage 
from  upland  and  wetland  sites.  Phytoplankton  pop- 
ulations within  these  channel  islands  are  character- 
ized as  neritic  and  similar  in  dominant  species 
(Skeletonema  costatum),  general  composition 
(chain-forming  diatoms,  dinofiagellates,  and  picon- 
anoplankton)  and  seasonal  growth  patterns  to  pop- 
ulations of  the  coastal  waters  in  the  mid-Atlantic 
bight.  Differences  in  composition  increase  along  a 
decreasing  salinity  gradient  when  compared  to 
populations  in  a  saline  pond  and  an  oligohaline 
lake.  More  stable  environmental  conditions  are  as- 
sociated with  the  coastal  and  channel  waters,  in 
contrast  to  the  temporary  and  permanent  ponds. 
The  ponds  are  subject  to  more  severe  environmen- 
tal conditions,  including  storm  flooding,  salt  spray, 
severe  temperature  and  salinity  ranges,  and  vari- 
able rainfall  and  evaporation  patterns.  Each  pond, 
therefore,  represents  a  unique  habitat.  (Brunone- 
PTT) 
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MARINE  AMOEBAE  IN  WATERS  OF  CHIN- 
COTEAGUE  BAY,  VIRGINIA:  ECOLOGICAL 
SIGNIFICANCE  OF  'OLD*  AND  'NEW'  SPE- 
CIES. 

Rescon  Associates,  Inc.,  Royal  Oak,  MD. 

T.  K.  Sawyer. 

Virginia  Journal  of  Science  VJSCAI,  Vol.  41,  No. 

4A,  p  433-440,  Winter  1990.  1  tab,  27  ref. 

Descriptors:  'Amebas,  'Bioindicators,  'Chinco- 
teague  Bay,  'Marine  environment,  'Pathogens, 
'Protozoa,  'Virginia,  Animal  diseases,  Human  dis- 
eases, Seawater,  Species  composition,  Species  di- 
versity, Water  quality. 

Surface  waters  from  Chincoteague  Bay,  Virginia, 
were  sampled  for  marine  amebas  in  1971  to  1972. 
Seawater  cultures  yielded  four  new  genera  and  20 
new  species  in  addition  to  16  genera  and  15  species 
of  previously  described  marine  amebas.  Among  the 
16  'older'  genera,  six  were  described  during  1874 
to  1912,  six  during  1921  to  1931,  and  four  during 
1950  to  1972.  The  description  of  20  new  species  in 
1975  indicated  that  marine  amebas  had  not  re- 
ceived adequate  attention  as  important  components 
of  marine  ecosystems.  Several  of  the  'new'  species 
are  now  recognized  as  indicators  of  healthy  or 
stressed  environments.  Similarly,  the  'old'  genus 
Paramoeba  Schaudinn,  1896  now  includes  a  para- 
sitic species  that  causes  fatal  diseases  in  blue  crabs, 
Callinectes  sapidus,  and  Acanthamoeba  Vol- 
konsky,  1931  includes  several  that  may  cause  men- 
ingitis or  blindness  in  humans.  Coastal  waters  of 
Virginia  are  known  to  harbor  free-living  pathogen- 
ic amoeba  that  deserve  further  ecological  and  taxo- 
nomic  study,  especially  in  marshlands,  tidal  creeks, 
and  rivers.  Historical  data  on  species  diversity 
among  marine  amebas  during  1971  to  1972  should 
provide  a  useful  historical  record  for  developing  a 
water  quality  model  for  the  shoreline  of  Chinco- 
teague Bay  as  it  undergoes  further  development. 
(Brunone-PTT) 
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SEASONAL  COMPOSITION  OF  KINFISH  IN 
WATERS  BEHIND  THE  VIRGINIA  BARRIER 
ISLANDS. 

Virginia  Inst,  of  Marine  Science,  Gloucester  Point. 
B.  L.  Norcross,  and  D.  Hata. 
Virginia  Journal  of  Science  VJSCAI,  Vol.  41,  No. 
4A,  p  441-461,  Winter  1990.  11  fig,  2  tab,  22  ref. 

Descriptors:  'Barrier  islands,  'Fish  populations, 
•Species  composition,  'Virginia,  Distribution  pat- 
terns, Fish  migration,  Fisheries,  Juvenile  growth 
stage,  Lagoons,  Marshes,  Population  dynamics,  Sa- 
linity, Sampling,  Seasonal  distribution. 

Semi-monthly  sampling  of  finfish  was  conducted  in 
the  Virginia  lagoons  and  marshes  behind  Parra- 
more  and  Cedar  Islands  at  Wachapreague  Inlet, 
Cobb  and  Wreck  Islands  at  Sand  Shoal  Inlet,  and 
on  the  northwest  side  of  Fisherman  Island  from 
September  1986  through  September  1987.  Al- 
though all  lifestages  were  collected,  the  study  fo- 
cused on  utilization  of  this  area  by  juvenile  finfish. 
Sixty-nine  species  of  finfish  were  collected.  Species 
diversity  and  abundance  fluctuated  widely  among 
seasons.  Both  parameters  were  highest  in  the  fall 
and  lowest  in  winter.  The  most  abundant  species 
over  all  seasons  and  locations  were  silversides 
(Menidia  menidia)  and  bay  anchovy  (Anchoa  mit- 
chilli).  The  most  abundant  commercially  and  re- 
creationally  important  species  collected  were 
summer  flounder  (Paralichthys  dentatus)  and  the 
sciaenids,  croaker  (Micropogonias  undulatus),  spot 
(Leiostomus  xanthurus)  and  weakfish  (Cynoscion 
regalis).  As  adults,  these  species  migrate  inward  in 
the  spring  and  leave  in  the  fall,  but  newly  recruited 
juveniles  utilized  these  areas  almost  all  year.  Com- 
parisons were  made  with  results  from  the  only 
other  directed  study  in  this  area,  and  the  differ- 
ences can  be  attributed  to  gear  size  (size  of  trawl 
net  mesh)  and  site  (salinity  and  relative  position  in 
marsh).  (Author's  abstract) 
W9 1-07366 


DETERMINATION  OF  NITRITE  AND  NI- 
TRATE IN  VENICE  LAGOON  WATER  BY  ION 
INTERACTION  REVERSED-PHASE  LIQUID 
CHROMATOGRAPHY. 

Turin   Univ.   (Italy).   Dipt,   di  Chimica  Analitica. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07368 


RECENT  DISTRIBUTION  OF  GLACIAL 
RELICT  MALACOSTRACA  IN  THE  WESTERN 
AND  SOUTHERN  BALTIC. 

Rostock    Univ.    (German    DR.).    Sektion    Wirts- 

chaftswissenschaften. 

J.  Kohn. 

Annales  Zoologici   Fennici   AZOFAO,   Vol.   27, 

No.  3,  p  231-235,  December  1990.  3  fig,  1  tab,  28 

ref. 

Descriptors:  'Aquatic  animals,  'Baltic  Sea,  'Crus- 
taceans, 'Eutrophication,  'Lakes,  'Water  pollu- 
tion effects,  Amphipods,  Distribution  patterns,  Ec- 
ological distribution,  Mollusks,  Opossum-shrimp, 
Population  density. 

A  knowledge  of  the  distribution  of  glacial  relicts 
(mollusks  and  malacostracans)  permits  one  to  draw 
conclusions  about  environmental  conditions  in  dif- 
ferent regions  below  the  thermocline,  especially  in 
relation  to  the  oxygen  content  of  the  near  bottom 
water.  Data  lists  of  benthos  monitoring  and  cod 
gut  analyses  were  used  to  check  the  recent  distri- 
bution of  Mysis  relicta,  Saduria  entomon,  Ponto- 
poreia  affinis,  and  P.  femorata  in  the  western  and 
southern  Baltic.  Eutrophication  and  the  shortness 
of  periods  with  a  sufficient  oxygen  concentration 
in  the  deep  water  may  have  affected  the  distribu- 
tion and  frequency  of  glacial  relict  malacostracans. 
Nevertheless,  immigration  into  formerly  'dead 
areas'  for  glacial  relicts  is  much  more  difficult  now 
due  to  the  eutrophication  of  large  intervening 
areas.  The  mode  of  immigration  has  to  be  changed 
as  the  passage  through  the  deep  basins  is  now 
either  impossible  or  of  minor  importance.  A  route 
must  be  taken  parallel  to  the  coasts,  avoiding  the 
deeper  areas.  Thus  the  distances  are  much  longer 
and  the  time  needed  for  returning  increases  in 
contrast  to  the  shorter  periods  of  favorable  condi- 
tions in  the  western  and  southern  Baltic.  The  con- 


sequences are  seen  in  the  present  lower  frequencies 
of  occurrence.  (Doria-PTT) 

W9 1-07372 


PERSPECTIVES  ON  THE  ECOLOGICAL  FAC- 
TORS REGULATING  PONTOPOREIA  POPU- 
LATIONS IN  THE  NORTHERN  BALTIC  SEA. 

Tvarminne  Zoological  Station  (Finland). 

A.  Uitto,  and  J.  Sarvala. 

Annales   Zoologici   Fennici   AZOFAO,   Vol.    27, 

No.  3,  p  297-301,  December  1990.  2  fig,  23  ref. 

Descriptors:  'Amphipods,  'Animal  populations, 
•Baltic  Sea,  'Benthic  fauna,  'Marine  biology, 
•Physiological  ecology,  Aquatic  populations,  Bac- 
teria, Carbon,  Detritus,  Finland,  Food  chains, 
Food  habits,  Growth,  Life  cycles,  Predation,  Sa- 
linity, Sediments,  Temperature. 

The  deposit-feeding  amphipods  Pontoporeia  affinis 
and  P.  femorata  are  the  dominant  macrobenthic 
animals  in  deep  soft  bottom  areas  of  the  northern 
Baltic  Sea.  Their  abundance,  growth,  and  life  cycle 
vary  according  to  local  temperature  and  food  con- 
ditions. Both  species  seem  to  be  food-limited.  In 
the  Tvarminne  area,  on  the  southwest  coast  of 
Finland,  the  seasonal  timing  of  growth  differs  be- 
tween species,  indicating  either  competition  or  dif- 
fering food  sources.  Abiotic  and  biotic  factors  reg- 
ulating Pontoporeia  populations  make  up  an  inter- 
twined network,  with  numerous  one-way  effects 
and  two-way  interactions.  For  example,  tempera- 
ture and  salinity  limit  the  distribution  of  Pontopor- 
eia, and  temperature  also  directly  affects  the  rates 
of  feeding,  respiration,  and  growth;  however,  be- 
cause of  complicated  food  web  effects,  the  overall 
influence  of  temperature,  as  of  any  single  factor,  is 
difficult  to  evaluate.  The  onmivory  of  Pontoporeia 
on  three  successive  levels  (sediment  detrital 
carbon,  bacteria,  and  meiofauna)  confuses  preda- 
tor-prey and  competitive  relationships  in  the  detri- 
tus-based benthic  system.  Calculations  based  on  the 
observed  growth  and  production  show  that  Ponto- 
poreia species  must  obtain  most  of  their  energy 
requirements  from  detrital  carbon.  Nonselective 
feeding  by  Pontoporeia  decreases  the  populations 
of  bacteria  and  the  meiofauna,  and  thus  probably 
releases  Pontoporeia  from  their  competition  for  the 
detrital  carbon  source,  but  at  the  same  time  de- 
creases the  availability  of  high  quality  food.  (Au- 
thor's abstract) 
W91-07375 


KHNIFISS  LAGOON  AND  ADJACENT 
DESERT  AREA:  GEOGRAPHICAL  DESCRIP- 
TION AND  RECENT  COASTLINE  CHANGES. 

Institut  Scientifique,  Rabat  (Morocco).   Dept.  de 

Zoologie  et  Ecologie  Animale. 

M.  Dakki,  and  D.  M.  Parker. 

Trav.  Inst.  Sci.  Rabat,  Mem.  Hors  Serie,  p  ,  1988. 

Descriptors:  *Biogeography,  'Coastal  lagoons, 
'Deserts,  'Morocco,  'Sahara,  Arid  zone,  Coasts, 
Geography,  Geology,  Geomorphology,  Khnifiss 
Lagoon,  Lagoons,  Mud  flats,  Salt  marshes,  Sand- 
bars, Topography,  Water  currents. 

The  topography  of  the  coast  and  hinterland  of  the 
Moroccan  Sahara  between  Tarfaya  and  Akhfennir 
is  briefly  described  and  discussed,  with  accounts  of 
the  geology  and  development  of  the  region.  This 
arid  and  semi-arid  coastal  area  is  in  the  full  desert 
zone  of  the  oceanic  Sahara.  It  connects  the  biogeo- 
graphical  zone  of  the  Mediterranean  with  the  sa- 
vanna (tropical)  zone.  Elements  of  Mediterranean 
and  tropical  fauna  and  flora  occur  in  the  area. 
However,  the  coastal  Sahara  contains  endemic  spe- 
cies whose  world  distribution  is  confined  to  this 
zone.  In  addition,  the  project  area  is  unique  in  the 
Moroccan  Sahara  in  that  the  Khnifiss  Lagoon  is 
the  only  example  of  a  substantial  inland  marine 
environment  with  intertidal  mudflats  and  salt 
marshes.  It  is  important  to  understand  that  the 
Khnifiss  Lagoon  has  undergone  considerable 
changes  in  geological  and  historical  time.  Evidence 
would  suggest  that  the  Khnifiss  environment  is 
continually  undergoing  modification,  mainly  due 
to  the  large  amounts  of  moving  sand  that  are 
present.  The  mud  and  sandbanks  in  the  lagoon  are 
also  constantly  shifting  their  position  and  this  may 
be  linked  with  seasonal  changes  at  the  mouth  of 


the    lagoon.    (See    also    W9 1-07406    thru    W91- 
07412)(Doria  PTT) 
W9 1-07405 


KHNIFISS  LAGOON  AND  ADJACENT 
WATERS:  HYDROLOGY  AND  HYDRODYNA- 
MICS. 

Institut  Scientifique,   Rabat  (Morocco).   Dept.  de 

Zoologie  et  Ecologie  Animale. 

M.-A.  El  Agbani,  M.  Fekhaoui,  A.  Bayed,  and  J. 

Schouten. 

Trav.  Inst.  Sci.  Rabat,  Mem.  Hors  Serie,  p  17-26, 

1988.  13  fig,  2  tab,  10  ref. 

Descriptors:  'Coastal  lagoons,  'Hydrodynamics, 
'Hydrology,  'Morocco,  Acidity,  Chemical  prop- 
erties, Conductivity,  Dissolved  oxygen,  Hypersa- 
linity,  Khnifiss  Lagoon,  Mixing,  Neap  tides,  Physi- 
cal properties,  Salinity,  Spring  tides,  Temperature, 
Tidal  effects,  Water  currents,  Water  level. 

The  hydrology  and  hydrodynamics  of  the  Khnifiss 
Lagoon  (Morocco)  were  studied  using  7  environ- 
mental parameters  (water  level,  speed  of  current, 
salinity,  conductivity,  dissolved  oxygen,  tempera- 
ture, and  pH).  Because  the  lagoon  opens  out  into 
the  Atlantic,  its  hydrodynamic  and  thermal  fea- 
tures are  closely  bound  up  with  tidal  movements. 
The  Khnifiss  Lagoon  undergoes  the  influence  of 
two  tidal  cycles  every  24  hours.  This  influence  is 
felt  up  to  more  than  20  k  inland.  The  tidal  lag 
becomes  greater  towards  the  interior  of  the  lagoon. 
The  lag  is  at  its  minimum  during  neap  tides  and  at 
its  maximum  during  spring  tides.  These  tides  are 
the  predominant  influence  on  the  principal  physi- 
cal parameters  of  the  lagoon.  With  each  tidal 
cycle,  the  waters  of  the  lagoon  are  renewed,  fol- 
lowing a  mixing  of  the  layers  of  lagoon  and  ocean 
water.  When  the  lagoon  is  filling,  this  mixing  re- 
sults in  a  reduction  of  temperature  and  salinity  in 
the  lagoon  water.  The  incoming  tide  covers  part  of 
the  Sebkha  Tazra  and  the  salinity  increases  upon 
contact  with  the  saline  substratum.  Only  the  sea- 
ward third  of  the  lagoon  consists  of  euhaline 
water,  the  remaining  two  thirds  being  composed  of 
hypersaline  water.  With  regard  to  the  preservation 
of  the  natural  conditions  of  the  Khnifiss  Lagoon,  it 
is  essential  that  not  only  the  surrounding  ocean  but 
also  Sebkha  Tazra  be  preserved,  since  the  sebkha 
could  become  a  possible  zone  of  irreversible  con- 
tamination for  the  lagoon.  (Doria-PTT) 
W9 1-07406 


KHNIFISS  LAGOON  AND  ADJACENT 
WATERS:  CHEMISTRY  OF  THE  SURFACE 
WATERS. 

Institut  Scientifique,  Rabat  (Morocco).   Dept.  de 
Zoologie  et  Ecologie  Animale. 
M.  Fekhaoui,  M.  A.  El  Agbani,  and  A.  Bayed. 
Trav.  Inst.  Sci.  Rabat,  Mem.  Hors  Serie,  p  27-35, 
1988.  11  fig,  3  tab,  9  ref. 

Descriptors:  'Chemical  properties,  'Coastal  la- 
goons, 'Ecological  distribution,  'Khnifiss  Lagoon, 
'Morocco,  Alkalinity,  Birds,  Buffering,  Carbon- 
ates, Chlorophyll,  Eutrophication,  Nitrogen  com- 
pounds, Nutrients,  Organic  carbon,  Orthophos- 
phates,  Particulate  matter,  Phosphates,  Physical 
properties,  Salts,  Seasonal  variation,  Spatial  distri- 
bution. 

The  surface  waters  of  the  Khnifiss  Lagoon  (Mo- 
rocco) and  the  adjacent  areas  underwent  bimonth- 
ly analysis  at  7  stations  between  August  1985  and 
April  1986  for  alkalinity,  carbonates,  orthophos- 
phates,  nitrogen  compounds,  particulate  organic 
carbon,  and  chlorophyll  pigments.  The  variations 
recorded  revealed  a  well-buffered  environment, 
enriched  with  nutrient  salts,  particularly  phos- 
phates at  the  bottom  of  the  lagoon  and  high  levels 
of  particulate  organic  carbon.  Separate  zones  dif- 
ferentiated mainly  by  their  oceanic  influences  were 
also  evident;  these  influences  govern  the  quality  of 
the  surface  waters  of  this  lagoon  system.  The  oce- 
anic waters  demonstrate  great  chemical  stability 
over  time  due  to  a  buffering  effect.  The  zone  of 
water  with  significant  oceanic  influence  displays 
physical  and  chemical  stability  and  is  favorable  to 
the  establishment  of  an  abundant  and  highly  diver- 
sified fauna  that  can  be  utilized  in  particular  by 
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birds.  The  chemical  characteristics  of  waters  with 
slight  oceanic  influence  show  significant  periodic 
fluctuations  during  the  year,  indicating  much 
greater  biological  activity  than  in  the  other  zones; 
the  heterogeneity  of  chemical  composition  and  the 
occurrence  of  unfavorable  conditions  resulting 
from  decomposition  of  organic  material  probably 
lead  to  reduction  in  the  species  diversity  of 
bottom-dwelling  fauna,  producing  unfavorable  nu- 
tritive conditions  for  birds.  Waters  without  oceanic 
influence  have  a  tendency  to  eutrophication. 
(Doria-PTT) 
W9 1-07407 


SEAWEEDS  OF  THE  KHNIFISS  LAGOON 
AND  THE  TARFAYA  COAST. 

Liverpool  Univ.  (England).  Dept.  of  Botany. 
G.  Russell,  and  D.  Hockin. 

Trav.  Inst.  Sci.  Rabat,  Mem.  Hors  Serie,  p  37-40, 
1988.  3  fig,  1  tab,  5  ref. 

Descriptors:  »Algae,  *Coastal  lagoons,  •Ecologi- 
cal distribution,  *Intertidal  areas,  *Khnifiss 
Lagoon,  *Morocco,  *  Physiological  ecology,  Algal 
physiology,  Chlorophyta,  Fucus,  Phaeophyta, 
Rhodophyta. 

A  survey  of  the  coastal  algae  of  the  Tarfaya  region 
and  the  Khnifiss  Lagoon  (Morocco)  was  conduct- 
ed because  of  the  importance  of  seaweed  commu- 
nities in  rocky  tidal  environments.  A  collection  of 
marine  algae  recorded  four  species  of  Chloro- 
phyta, ten  species  of  Phaeophyta,  and  17  species  of 
Rhodophyta.  The  majority  of  species  were  limited 
in  their  distribution  by  the  occurrence  of  rocky 
outcrops  in  the  intertidal  and  subtidal  zones.  A 
number  of  epiphytic  genera  of  algae  were  recorded 
from  the  Zostera  growing  in  the  Khnifiss  Lagoon. 
Also  present  in  the  hypersaline  lagoon  was  Fucus 
vesiculosus;  the  Lagoon  is  the  most  southerly  site 
where  this  species  is  recorded.  The  physiological 
difference  between  the  Moroccan  material  and 
more  typical  northern  Atlantic  material  was  exam- 
ined. It  is  very  likely  that  the  British  Fucus  trans- 
planted to  the  Khnifiss  Lagoon  would  experience 
conditions  that  would  cause  considerable  damage 
to  its  photosynthetic  system.  Some  physiological 
differences  between  the  populations  may  have 
evolved  in  response  to  very  different  environmen- 
tal conditions.  The  Moroccan  lagoon  population  of 
F.  vesiculosus  is  therefore  of  considerable  scientific 
importance.  (Doria-PTT) 
W9 1-07408 


MEIOFAUNAL  COPEPODS  AND  NEMA- 
TODES OF  THE  KHNIFISS  LAGOON  AND 
THE  TARFAYA  COAST. 

Liverpool  Univ.  (England).  Environmental  Advi- 
sory Unit. 
D.  C.  Hockin. 

Trav.  Inst.  Sci.  Rabat,  Mem.  Hors  Serie,  p  65-69, 
1988.  2  fig,  3  tab,  8  ref. 

Descriptors:  *Coastal  lagoons,  "Copepods,  ♦Eco- 
logical distribution,  *Intertidal  areas,  'Khnifiss 
Lagoon,  'Marine  biology,  'Morocco,  'Nema- 
todes, Biogeography,  Coastal  waters,  Ecology, 
Food  habits,  Hypersaline  water,  Mud  flats,  Sand- 
bars, Sediments. 

A  series  of  samples  of  intertidal  sandbanks  and 
mudflats  from  the  marine  coastal  waters  of  Tarfaya 
and  from  the  hypersaline  waters  of  the  Khnifiss 
Lagoon  (Morocco)  contained  18  species  of  harpac- 
ticoid  copepod.  The  fauna  comprises  eastern  At- 
lantic, Mediterranean,  and  northern  African  com- 
ponents. In  the  coarse  coastal  sediments  mesop- 
sammic  and  endopsammic  species  predominated, 
while  endopsammic  species  were  most  abundant  in 
the  sandy  sediments  of  the  lagoon,  especially  in  the 
extremely  hypersaline  waters  and  epipsammic  spe- 
cies were  most  numerous  in  the  silt  deposits.  The 
known  Moroccan  harpacticoid  copepod  fauna  is 
listed.  In  the  high  energy  coastal  sediments  the 
nematode  fauna  was  dominated  by  omnivorous 
species  with  strongly  developed  and  modified 
mouthparts,  while  in  the  more  sheltered  lagoon 
epigrowth  feeders  predominated  in  the  sandy  sedi- 
ments and  non-selective  deposit  feeders  were  most 
abundant  in  the  muddy  sediments.  (Author's  ab- 
stract) 


W9 1-07409 


BENTHOS  OF  SOFT  SUBSTRATES  IN  THE 
INTERTIDAL  ZONE  OF  THE  KHNIFISS 
LAGOON. 

Institut  Scientifique,  Rabat  (Morocco).   Dept.  de 

Zoologie  et  Ecologie  Animale. 

A.  Bayed,  M.-A.  El  Agbani,  M.  Fekhaoui,  and  J. 

Schouten. 

Trav.  Inst.  Sci.  Rabat,  Mem.  Hors  Serie,  p  71-80, 

1988.  11  fig,  7  tab,  19  ref. 

Descriptors:  'Benthic  fauna,  'Coastal  lagoons,  'In- 
tertidal areas,  'Khnifiss  Lagoon,  'Marine  biology, 
•Morocco,  Crustaceans,  Ecological  distribution, 
Ecology,  Polychaetes,  Population  density,  Sand, 
Species  composition,  Species  diversity. 

A  study  of  benthos  in  the  soft  bottom  intertidal 
zone  of  the  Khnifiss  Lagoon  (Morocco)  was  con- 
ducted between  June  1985  and  April  1986  using  5 
stations  spread  over  a  distance  of  approximately  17 
km.  The  correspondence  analysis  revealed  3  com- 
munities related  to  fine  silty  sands,  fine  sands,  and 
compact  fine  sands.  Changes  over  a  period  of  time 
in  the  species  abundance  and  richness  were  ana- 
lyzed at  the  5  stations;  variations  in  abundance 
were  revealed  by  those  of  pilot  species.  The  spatial 
approach  showed  that  the  largest  number  of  spe- 
cies was  found  in  the  middle  lagoon  environment, 
while  the  mean  density  was  gradually  progressing 
from  the  mouth  of  the  lagoon  to  the  station  situat- 
ed furthest  from  the  sea.  Here,  the  harshness  of  the 
environment  meant  that  species  of  crustaceans  and 
polychaetes  were  unable  to  become  established  in 
large  numbers.  However,  the  Khnifiss  Lagoon 
does  have  a  greater  diversity  and  abundance  of 
macrofauna  than  other  lagoons  in  Morocco.  (Au- 
thor's abstract) 
W9 1-074 10 


INFRALITTORAL  EPIFAUNAL  COMMUNI- 
TIES OF  THE  KHNIFISS  LAGOON  AND  THE 
ADJACENT  COAST. 

Institut  Scientifique,   Rabat  (Morocco).  Dept.  de 

Zoologie  et  Ecologie  Animale. 

M.  Menioui. 

Trav.  Inst.  Sci.  Rabat,  Mem.  Hors  Serie,  p  81-85, 

1988.  3  tab,  13  ref. 

Descriptors:  'Coastal  lagoons,  'Ecological  distri- 
bution, 'Khnifiss  Lagoon,  'Littoral  environment, 
'Marine  animals,  'Marine  biology,  Algae,  Aquatic 
animals,  Biogeography,  Coastal  environment, 
Crustaceans,  Mollusks,  Morocco,  Polychaetes,  Sea 
grasses,  Species  composition,  Surveys. 

A  study  was  undertaken  of  the  fauna  of  4  infralit- 
toral  epifaunal  communities  identified  on  the  rocky 
coast  between  the  Khnifiss  Lagoon  and  the  town 
of  Tarfays  (Morocco)  and  a  Zostera  bed  identified 
in  the  Khnifiss  Lagoon  which  was  separated  into  a 
surface  area  and  a  bottom  area.  The  4  infralittoral 
communities  are  dominated  by  Jania  rubens,  Myti- 
lus  edulis,  Ulva  rigida,  and  Cystoseira  sp.,  respec- 
tively. Study  of  these  communities  revealed  142 
species  including  74  crustaceans,  50  mollusks,  and 
1 8  polychaetes.  The  species  identified  in  the  lagoon 
are,  for  the  most  part,  either  those  which  prefer  the 
lagoon  environment  or  those  that  are  typical  of  the 
shifting  substrate,  whereas  those  identified  in  the 
marine  zone  are  more  widespread  generally.  From 
a  biogeographical  point  of  view,  this  study  made  it 
possible  to  identify  several  species  new  to  Tarfaya. 
Some  of  these  were  new  to  Morocco  altogether 
whereas,  for  some,  Tarfaya  marked  the  new  south- 
ernmost limit  of  their  range.  (Author's  abstract) 
W9 1-074 11 


MANAGED  AQUATIC  ECOSYSTEMS. 

For  primary  bibliographic  entry  see  Field  6A. 

W9 1-074 17 


MANAGED  COASTAL  WATERS  FOR  OYSTER 
CULTURE  IN  JAPAN. 

National    Research    Inst,    of    Aquaculture,    Mie 
(Japan).  Fish  Nutrition  Div. 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-07423 


FORESTED  WETLANDS. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07424 


FRINGE  WETLANDS. 

Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
A.  E.  Lugo. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  143-169.  12  fig,  9  tab,  72  ref. 

Descriptors:  'Caribbean,  'Florida,  'Mangrove 
swamps,  'Reviews,  'Vegetation,  'Wetland  forests, 
•Wetlands,  Aquifer  discharge,  Ecosystems,  Estu- 
aries, Eutrophication,  Fringe  wetlands,  Hydrologic 
energy,  Hydroperiod,  Lakes,  Oil  pollution,  Runoff, 
Seiches,  Swamps,  Tides,  Waves,  Zonation. 

Fringe  wetlands  are  characterized  by  the  domi- 
nance of  few  species,  a  clear  species  zonation, 
synchrony  of  ecological  processes  with  episodic 
events,  and  simplicity  in  the  structure  of  vegeta- 
tion. The  structure  and  ecosystem  dynamics  of 
fringe  forested  wetlands  are  presented  with  empha- 
sis on  saltwater  wetlands  because  they  have  been 
studied  more  than  freshwater  ones.  The  study 
areas  were  Caribbean  and  Florida  mangroves. 
Fringe  wetlands  are  found  on  the  water  edge  of 
oceans,  inland  estuaries,  and  lakes.  Water  motion  in 
the  fringe  is  bi-directional  and  perpendicular  to  the 
forest  and  due  mostly  to  tidal  energy  in  oceanic 
and  estuarine  fringes.  In  lakes,  water  moves  in  and 
out  of  the  fringe  under  the  influence  of  wind, 
waves,  or  seiches.  Some  fringe  forests  are  occa- 
sionally flushed  by  terrestrial  runoff  or  aquifer 
discharge.  In  contrast,  fringe  forests  located  on 
small  offshore  islands  or  steep  coastal  shores  are 
isolated  from  terrestrial  runoff  or  aquifer  dis- 
charge, and  their  hydroperiod  is  controlled  by 
tides  and  waves  only.  Literature  reviews  suggest 
that  ecosystem  parameters  such  as  vegetation 
structure,  tree  growth,  primary  productivity,  and 
organic  matter  in  sediments  respond  proportionally 
to  hydrologic  energy.  Human  activity  that  impacts 
on  fringe  forested  wetlands  include  harvesting  of 
trees,  oil  pollution  and  eutrophication.  (See  also 
W9 1-07424)  (Medina-PTT) 
W9 1-07429 


STRUCTURE  AND  DYNAMICS  OF  BASIN 
FORESTED  WETLANDS  IN  NORTH  AMER- 
ICA. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  For- 
estry. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07430 


PALM  SWAMPS. 

American    Museum    of    Natural    History,    Lake 

Placid,  FL.  Archbold  Biological  Station. 

R.  L.  Myers. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.  p  267-286.  9  fig,  8  tab,  65  ref,  append. 

Descriptors:  'Costa  Rica,  'Palm  trees,  'Swamps, 
•Tropical  areas,  'Wetland  forests,  'Wetlands,  Fire, 
Flooding,  Hydroperiod,  Literature  review,  Rain- 
fall, Species  composition,  Vegetation,  Water  level. 

Palms  are  the  dominant  plant  life  forms  in  many 
tropical  wetlands,  and  dominance  by  palms  fre- 
quently increases  with  increasing  hydroperiod.  In 
such  cases,  flooding  and  fire  act  in  concert  to 
produuce  palm-dominated  forests.  The  first  part  of 
this  review  describes  three  major  categories  of 
palm-dominated  swamps:  monospecific  swamps, 
species-rich  swamps,  and  seasonal  swamps.  Palm 
swamps  are  largely  unstudied,  descriptions  in  the 
literature  are  sparse,  and  what  is  presented  here  is 
more  than  likely  only  a  portion  of  what  concerns 
palm  swamp  types,  their  areal  extent,  and  species 
involved.  The  second  part  includes  detailed  de- 
scriptions and  data  on  the  structue  of  palm  swamps 
in  Costa  Rica,  dominated  by  Raphia  taedigera  and 
Namicaria  saccifera.  An  appendix  on  the  methods 
used  for  observations  of  rainfall,  water  level  and 
vegetation  is  included.  (See  also  W9 1-07424) 
(Medina-PTT) 
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FORESTED  WETLANDS  OF  MEXICO. 

Universidad     Nacional     Autonoma    de     Mexico, 
Mexico  City.  Inst,  de  Biologia. 
A.  Lot,  and  A.  Novello. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 
15.  Elsevier  Science  Publishing  Co.,  New  York. 
1990.  p  287-298.  9  fig,  1  tab,  31  ref.  National 
Ecology  Program  of  the  CONACYT  Project 
PCECNAL-790236. 

Descriptors:  'Mangrove  trees,  'Mexico,  *Swamps, 
•Wetland  forests,  'Wetlands,  Arid  zone,  Riparian 
vegetation,  Semiarid  climates,  Shrubs,  Soil  proper- 
ties, Topography,  Trees,  Tropical  regions,  Vegeta- 
tion. 

Most  forested  wetlands  in  Mexico  are  concentrated 
in  the  coastal  plain  of  southern  Veracruz,  Tabasco 
and  Campeche.  Mangroves  and  riverine  forests 
extend  over  large  areas,  but  other  wetland  types 
cover  small  areas.  Herbaceous  wetlands  are  impor- 
tant further  north  the  Tampico  region  towards  the 
state  of  Tamaulipas,  in  the  Pacific  coastal  plain  of 
Nayarit,  and  in  northern  Michoacan  to  the  canter 
of  Jalisco.  Riparian  forests  extend  from  sea  level  to 
about  2800  m  elevation,  with  species  of  Populus 
predominating  in  arid  and  semi-arid  regions  of 
northern  Mexico  and  species  of  Alnus  in  more 
temperate  zones  with  cooler  climates.  Trees  of  the 
genus  Asianthus  grow  along  lowland  river  courses 
with  long  dry  seasons,  while  in  moist  and  wet 
regions,  Bambusa,  Ficus,  Inga  and  Pachira  are 
predominant.  The  focus  of  this  review  is  on  the 
tropical  lowland  region  of  southern  Veracruz,  Ta- 
basco, and  Campeche,  the  region  of  Mexico  where 
forested  wetlands  have  been  most  studied.  Eleva- 
tions in  these  wetland  regions  do  not  exceed  40  m, 
topographic  relief  is  slight,  and  well  developed 
fluvial  systems  such  as  those  of  the  Grijalva-Usu- 
macinta  river  deltas  are  typical.  Vegetation  profiles 
and  soil  characteristics  are  given  for  high  forested 
wetlands,  low  forested  wetlands  and  shrub  wet- 
lands .  (See  also  W9 1-07424)  (Medina-PTT) 
W9 1-0743  5 


OLIGOTROPHY  FORESTED  WETLANDS  IN 
BORNEO. 

Hamburg  Univ.  (Germany,  F.R.).  Inst,  of  World 

Forestry. 

E.  F.  Bruenig. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.  p  299-334.  27  fig,  56  ref. 

Descriptors:  'Borneo,  'Forests,  'Oligotrophy, 
•Swamps,  'Wetland  forests,  'Wetlands,  Agricul- 
ture, Brunei,  Ecology,  Humid  climates,  Mineral 
soils,  Nutrients,  Peat  soils,  Sarawak,  Silviculture, 
Species  diversity,  Vegetation,  Waterlogging. 

Borneo,  the  third  largest  island  in  the  world  has  a 
long  history  of  uninterrupted  evolution  under  con- 
ditions which  combined  excellent  suitability  for 
growth  with  a  high  degree  of  geological  and  geo- 
morphic  heterogeneity.  The  warm  and  humid, 
only  weakly  seasonal  but  periodically  variable  and 
episodically  extreme  climate  favors  the  develop- 
ment and  maintenance  of  an  extremely  high  species 
richness  and  diversity  of  the  vegetation  at  three 
levels:  within  the  stand,  between  stands,  and  be- 
tween geographical  landscape  and  regional  units. 
Unique  within  this  island  are  the  forested  oligotro- 
phic  rain-flooded  wetlands  which  occupy  areas 
which  may  be  small  and  scattered,  or  very  exten- 
sive, continuous  tracts  of  land,  and  occur  on  a 
great  variety  of  sites  and  substrates.  During  the 
1950s,  extensive,  quantitative  and  comprehensive 
ecological  studies  were  made  in  the  dipterocarp 
forests  of  Brunei  and  Sarawak.  Two  major  subdivi- 
sions of  forests  were  also  distinguished:  the  keran- 
gas  forests  on  mineral  soils  and  forests  on  wet, 
peaty  soil  for  which  the  name  kerapah  was  adopt- 
ed. Presently,  there  are  two  major  formations  of 
oligotrophic  forested  wetlands  in  the  forests  and 
one  comparable  formation  in  the  montane  zone  of 
Borneo.  All  three  formations  are  characterized  by 
extreme,  but  interrupted,  waterlogging  and  low 
levels  of  mineral  nutrient  availability.  The  two 
oligotrophic  wetland  formations  in  the  lowlands 


are  the  coastal  or  deltaic  peat-swamp  forests  and 
the  kerapah  forests.  In  hollows,  a  trend  toward 
kerapah  was  noticeable.  Agricultural  use  of  shal- 
low peats  has  been  successful.  More  recently,  in- 
tensive and  mechanized  commercial  timber  exploi- 
tation has  resulted  in  a  complete  change  in  the 
forest  structure,  and  a  drastic  shift  of  species  com- 
position in  favor  of  species  which  are  tolerant  to 
sudden  change.  (See  also  W9 1-07424)  (Medina- 
PTT) 
W9 1-07436 


ENVIRONMENT  AND  ECOLOGY  OF  FOREST- 
ED WETLANDS  OF  THE  SUNDARBANS  OF 
BANGLADESH. 

University    Staff    Quarters,     16/A    Fullar    Road, 

Ramna,  Dhaka-2,  Bangladesh. 

M.  Ismail. 

IN:  Forested  Wetlands.  Ecosystems  of  the  World, 

15.  Elsevier  Science  Publishing  Co.,  New  York. 

1990.   p   357-386.  4  fig,    14  tab,  49  ref,  append. 

Descriptors:  'Bangladesh,  'Mangrove  swamps, 
•Sundarbans,  'Swamps,  'Water  resources  manage- 
ment, 'Wetland  forests,  'Wetlands,  Drought,  Eco- 
systems, Flora,  Monsoons,  Nutrients,  Plant  popula- 
tions, Rainfall,  Salinity,  Sediment  transport,  Snow- 
melt,  Spring  tides,  Tidal  bores. 

Bangladesh  is  located  in  the  south  slope  of  the 
world's  highest  mountain  and  along  the  northern 
extremity  of  the  Bay  of  Bengal.  Its  abundance  of 
large  rivers,  rainfall,  flora,  and  fauna  make  it  eco- 
logically significant.  There  is  an  extensive  man- 
grove forest  of  the  Sundarbans  with  many  endan- 
gered species,  highly  interwoven  river  systems  and 
large  tracts  of  wetlands  with  rich  avifauna.  Its  tidal 
woodlands  occupy  an  area  of  about  78,000  sq  km, 
the  world's  most  extensive  single  tract  of  man- 
grove. This  area  is  fed  by  snowmelt  as  well  as 
heavy  monsoonal  rainfall.  A  large  amount  of  sedi- 
ment is  transported  by  an  annual  runoff  of  about 
1357  sq  km  from  a  catchment  area  of  more  than  1.6 
million  sq  km.  Nutrients  contributed  from  the  Bay 
of  Bengal  enter  the  Sundarbans  with  the  tides  and 
mix  with  upland  runoff  to  form  a  rich  interface  of 
brackish  water.  The  environment  oscillates  be- 
tween salt  and  freshwater,  and  between  excess 
water  at  high  spring  tides  during  the  monsoon 
season  and  drought  conditions  during  the  long  dry 
season.  The  Sundarbans  are  an  unusual  mangrove 
ecosystem.  The  forests  are  flushed  year-round  with 
upland  river  water,  and  salinity  remains  relatively 
low.  A  dominant  plant  species,  Heritiera  fomes,  a 
low  salinity  species  practically  unknown  in  man- 
grove forests  elsewhere  in  the  world,  is  dominant 
in  the  northeastern  part  of  the  forest  where  salinity 
is  lowest.  All  plant  species  appear  to  be  distributed 
according  to  long-term  salinity  patterns  influenced 
by  tidal  inundations  with  the  exception  of  nipa 
palm  (Nipa  fruticans)  which  occurs  predominantly 
in  the  most  frequently  inundated,  low-salinity  areas 
along  the  river  banks.  The  Sundarbans  forest  is 
used  for  recreation  and  provides  ideal  habitat  for  a 
great  variety  of  fish  and  game  animals.  The  man- 
grove forests  are  also  significant  in  mitigating  tidal 
bores  and  many  other  environmental  hazards  in  the 
cyclone-prone  monsoon  region.  The  currently  de- 
teriorating Sundarbans  needs  afforestation  of 
newly-formed  land  and  management  of  this  impor- 
tant forest  region.  (See  also  W9 1-07424)  (Medina- 
PTT) 
W9 1-07438 


FORESTED  WETLANDS  IN  AUSTRALIA. 

Queensland  Univ.,  Brisbane  (Australia).  Dept.  of 

Botany. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07439 


FORESTED       WETLANDS       IN       WESTERN 
EUROPE. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07440 


SYNTHESIS  AND  SEARCH  FOR  PARADIGMS 
IN  WETLAND  ECOLOGY. 

Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
For  primary  bibliographic  entry  see  Field  2H. 


W9 1-07442 


HYDRODYNAMIC    SIMULATION    OF    THE 
UPPER   ESTUARY  OF  THE  ST.  LAWRENCE 
RIVER    (CANADA)    WITH    A    DRYING    AND 
WETTING  FINITE  ELEMENTS  MODEL  (SIM- 
ULATION HYDRODYNAMIC  DE  L'ESTUAIRE 
SUPERIEUR    DU    FLEUVE   SAINT-LAURENT 
(CANADA)   AVEC    UN    MODELE    AUX    ELE- 
MENTS FINIS  COUVRANT-DECOUVRANT). 
INRS-Eau,  Sainte-Foy  (Quebec). 
M.  Leclerc,  J.  F.  Bellmare,  and  S.  Trussard. 
Canadian  Journal  of  Civil  Engineering  CJCEB8, 
Vol.  17,  No.  5,  p  739-751,  October  1990,  11  fig,  1 
tab,  27  ref.  English  summary. 

Descriptors:  'Computer  modeling,  'Estuaries, 
'Finite  element  method,  'Hydrodynamics,  'Model 
studies,  *St  Lawrence  River,  Boundary  processes, 
Canada,  Model  testing,  Simulation  analysis,  St 
Venant  equation,  Tidal  currents. 

A  two-dimensional  finite  element  hydrodyanmic 
model  with  moving  boundaries  for  the  action  of 
the  tides  (drying/wetting)  was  prepared  for  the 
Saint  Lawrence  River  between  Lobiniere  and  the 
Sainte-Anne-de-la-Perade.  The  model  is  presented 
as  a  cheap  and  reliable  alternative  to  intensive 
hydrographic  field  survey.  Each  segment  of  the 
river  has  many  problems  which  are  peculiar  to  that 
part  of  the  river.  There  are  the  rapids  of  the 
Lachine  and  Richelieu  and  the  large  eddy  of  Lac 
Saint  Pierre.  The  river  currents  between  Lac  Saint 
Pierre  and  the  He  d'Oleans  are  influenced  by  the 
actions  of  both  tides,  run-off  and  wind.  Also  the 
acquisition  of  data  is  complicated  by  the  extreme 
variability  of  the  survey  parameters.  At  Portneuf, 
the  reversal  of  the  tides  is  described  by  a  semi- 
diurnal cycle  with  an  amplitude  which  varies  with 
the  lunar  and  solar  cycles.  Upstream  at  Batiscan, 
the  tidal  reversal  occurs  occasionally,  and  depends 
on  the  river  discharge  which  is  seasonal.  These 
factors  cause  survey  work  to  be  elaborate.  The 
model  presented  here  was  based  on  the  equations 
of  Saint-Venant.  The  model  was  calibrated  against 
observations  made  on  October  25th,  1986.  The 
river  level  was  sampled  at  five  diverse  sites.  The 
vertically  integrated  velocity  was  measured,  and 
the  residual  discharges  were  estimated.  The  model 
was  validated  by  comparing  measured  and  calcu- 
lated values  for  velocity,  river  level  and  residual 
discharge.  (King-PTT) 
W9 1-07524 


MATHEMATICAL   MODELING   OF   HYDRO- 
DYNAMICS  AND   MOVEMENT   OF   POLLU- 
TION IN  A  LAGOON  SYSTEM  (MODELISA- 
TION  MATHEMATIQUE  DE  L'HYDRODYNA- 
MIQUE  ET  DU  MOVEMENT  DE  LA  POLLU- 
TION EN  SYSTEME  LAGUNAIRE). 
BCEOM-Service    Hydraulique,    259    Avenue    de 
Melgueil,  34280  La  Grande  Motte,  France. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07529 


VARIATION  BEHAVIOUR  OF  TIDAL  STAGES 
IN  CHANGJIANG  RIVER  ESTUARY  AND  ITS 
ENGINEERING  SIGNIFICANCE  (IN  CHI- 
NESE). 

For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07537 


INFLUENCE  OF  BIODEPOSITION  BY 
FILTER-FEEDING  BIVALVES  ON  THE  MIO- 
BENTHIC  POPULATIONS  OF  A  MARITIME 
MARSH  (INFLUENCE  DE  LA  BIODEPOSI- 
TION DE  BIVALVES  FILTREURS  SUR  LESE 
PEUPLEMENTS  MIOBENTHIQUES  D'UN 
MARAIS  MARITIME). 

Centre  de  Recherche  en  Ecologie  Marine  et  Aqua- 
culture,  Nieul  sur  Mer  (France). 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07560 


ANAEROBIC  BIODEGRADATION  OF  SKELE- 
TAL STRUCTURES  IN  THE  MARINE  ENVI- 
RONMENT: II.  CHEMICAL  ASPECTS  (BIODE- 
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GRADATION  ANAEROBIQUE  DES  STRUC- 
TURES SQUELETTIQUES  EN  MILIEU  MARIN 
:  II.  APPROCHE  CHIMIQUE). 

Liege  Univ.  (Belgium).  Zoology  Inst. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-07561 


PROTOZOA  ABUNDANCE,  GROWTH,  AND 
BACTERIOVORY  IN  THE  WATER  COLUMN, 
ON  SEDIMENTING  PARTICLES,  AND  IN  THE 
SEDIMENT  OF  HALIFAX  HARBOR. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07563 


ANTIBIOTIC  RESISTANCE  INDEXING  OF  ES- 
CHERICHIA COLI  TO  IDENTIFY  SOURCES 
OF  FECAL  CONTAMINATION  IN  WATER. 

Maryland  Univ.,  College  Park.  Dept.  of  Microbi- 
ology. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07564 


INTEGRAL  EQUATION  SOLUTION  FOR  THE 
BREAKWATER  GAP  PROBLEM. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Civil  Engineering. 

B.  Hunt. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 

No.  5,  p  609-619,  1990.  6  fig,  7  ref. 

Descriptors:  'Breakwaters,  *Harbors,  'Hydraulic 
engineering,  'Model  studies,  'Waves,  Flow  pat- 
tern, Hydraulic  structures,  Wave  height,  Wave- 
lengths. 

Solutions  for  the  movement  of  waves  through  a 
breakwater  gap  are  useful  for  calculating  gap 
widths  that  will  reduce  wave  amplitudes  within 
harbors  to  acceptable  levels.  The  problem  of 
waves  passing  through  a  gap  in  an  infinitely  long 
breakwater  was  reduced  to  the  solution  of  a  Fred- 
holm  integral  equation  of  the  first  kind.  Wave 
amplitudes  across  the  gap  were  shown  to  exactly 
equal  incident  wave  amplitudes,  but  wave  ampli- 
tudes throughout  the  remainder  of  the  flow  must 
be  calculated  numerically.  Solution  accuracy  was 
easily  checked  by  comparing  solutions  for  several 
different  boundary  node  spacings,  and  it  was  sug- 
gested that  this  method  appears  to  give  results  that 
are  easier  to  calculate  and  are  more  accurate  than 
previously  calculated  solutions.  (Author's  abstract) 
W9 1-07601 


ECOPHYSIOLOGICAL  AND  TROPHIC  IMPLI- 
CATIONS OF  LIGHT-STIMULATED  AMINO 
ACID  UTILIZATION  IN  MARINE  PICO- 
PLANKTON. 

North   Carolina   Univ.    at    Chapel    Hill.    Inst,    of 

Marine  Sciences. 

H.  W.  Paerl. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.   57,  No.  2,  p  473-479,  February 

1991,  4  fig,  1  tab,  34  ref. 

Descriptors:  'Amino  acids,  'Bacterial  physiology, 
'Cyanophyta,  'Food  chains,  'Nitrogen  cycle, 
•Phototropism,  'Physiological  ecology,  'Phyto- 
plankton,  Chlorophyll  a,  Light  effects,  Marine  bac- 
teria, Nitrogen  compounds,  Primary  productivity. 

By  using  microautoradiography,  light-stimulated 
utilization  of  dissolved  amino  acids  for  natural 
marine  phytoplankton  assemblages  was  demon- 
strated. The  <2  micron-size  diameter  picoplank- 
ton,  known  to  be  a  dominant  fraction  of  marine 
primary  production,  revealed  a  widespread  capa- 
bility for  this  process.  Autofluorescent  (chloro- 
phyll a-containing)  picoplankton  and  some  larger 
phytoplankton  from  diverse  oceanic  locations,  as 
well  as  isolates  of  the  representative  cyanobacterial 
picoplankton  Synechococcus  (WH7803,  WH8101), 
showed  light-stimulated  incorporation  of  amino 
acids  at  trace  concentrations.  Dark-mediated 
amino  acid  utilization  was  dominated  by  non- 
fluorescent  bacterial  populations.  Among  auto- 
fluorescent picoplankton,  light-stimulated  exceed- 
ed dark-mediated  amino  acid  incorporation  by  5  to 


75%;  light-stimulated  amino  acid  incorporation 
was  only  partially  blocked  by  the  photosystem  II 
inhibitor  3(3,4-dichloro-phenyl)- 1 , 1  -dimethylurea 
(0.00002  M),  suggesting  a  photoheterotrophic  in- 
corporation mechanism.  Parallel  light  versus  dark 
incubations  with  glucose  and  mannitol  indicated  a 
lack  of  light-stimulated  utilization  of  these  nonni- 
trogenous  compounds.  Since  marine  primary  pro- 
duction is  frequently  nitrogen  limited,  light-mediat- 
ed auxotrophic  utilization  of  amino  acids  and  possi- 
bly other  dissolved  organic  nitrogen  (DON)  con- 
stituents may  represent  exploitation  of  the  relative- 
ly large  DON  pool  in  the  face  of  dissolved  inor- 
ganic nitrogen  depletion.  This  process  (1)  increases 
the  efficiency  of  DON  retention  at  the  base  of 
oceanic  food  webs  and  (2)  may  in  part  be  responsi- 
ble for  relatively  high  rates  of  picoplankton  pro- 
duction under  conditions  of  chronic  dissolved  inor- 
ganic nitrogen  limitation.  Picoplankton  recycling 
of  organic  matter  via  this  process  has  important 
ramifications  with  respect  to  trophic  transfer  via 
the  'microbial  loop'.  (Author's  abstract) 
W9 1-0765  3 


WETLANDS:  MITIGATING  AND  REGULAT- 
ING DEVELOPMENT  IMPACTS. 

Urban  Land  Inst.,  Washington,  DC. 

D.  Salvesen. 

The  Urban  Land  Institute,  Washington,  DC.  1990. 

1 17p,  23  fig,  55  ref,  append. 

Descriptors:  'Environmental  protection,  'Regula- 
tions, 'Water  resources  development,  'Wetland 
mitigation,  'Wetlands,  Federal  jurisdiction,  Stand- 
ards, State  jurisdiction,  Wetland  enhancement, 
Wetland  restoration. 

Throughout  history,  people  have  altered  wetlands 
to  create  harbors,  control  mosquitoes,  expand 
farmland,  and  provide  home-sites.  Despite  devel- 
opers' best  efforts  to  steer  clear  of  wetlands,  more 
filling  is  bound  to  occur  as  communities  seek  room 
to  grow.  Several  communities  rely  on  special  area 
management  plans  to  shunt  development  away 
from  high  quality  wetlands  and  to  provide  devel- 
opers with  a  more  predictable  permit  process. 
States  have  also  been  active  in  protecting  wet- 
lands. Over  the  last  10-15  years,  several  states  have 
adopted  their  own  wetlands  protection  laws.  Typi- 
cally broader  and  stricter  than  their  federal  coun- 
terparts, state  wetlands  laws  cover  more  than  just 
dredging  and  filling  and  include,  for  example, 
draining  and  excavation.  In  addition,  several  states 
have  developed  wetlands  acquisition  programs.  At 
the  national  level,  the  trend  of  expanding  federal 
jurisdiction  over  wetlands  is  likely  to  continue. 
And  with  their  newfound  authority  to  issue  admin- 
istrative penalties,  both  EPA  and  the  Corps  of 
Engineers  will  be  more  likely  to  pursue  and  fine 
wetlands  scofflaws.  While  federal,  state,  and  local 
agencies  and  governments  work  to  establish  miti- 
gation standards,  ongoing  wetlands  research 
projects  may  shed  new  light  on  different  mitigation 
techniques  and  help  eliminate  some  of  the  current 
uncertainties  associated  with  creating  new  wet- 
lands. The  results  of  these  and  other  projects, 
however,  will  not  be  forthcoming  for  several 
years.  In  the  meantime,  development  marches  on 
and  new  discoveries  about  wetlands  restoration 
and  creation  will  continue  to  arise  from  developer- 
sponsored  mitigation  projects.  In  some  parts  of  the 
country,  off-site  mitigation  sites  have  become  a 
scarce  commodity.  Mitigation  banking,  though, 
offers  one  possible  solution  to  this  dilemma.  De- 
spite some  initial  setbacks,  mitigation  banks  will 
probably  become  more  popular,  both  because  of 
their  convenience  and  also  because  they  provide  a 
reasonable  solution  to  the  problem  of  mitigating 
small,  isolated  wetland  fills.  For  the  moment,  those 
who  are  considering  developing  in  wetlands 
should  bear  three  things  in  mind:  (1)  Location 
counts.  Many  state  and  local  governments  have 
enacted  their  own  wetland  laws,  which  vary  in 
stringency;  (2)  Abide  by  the  rules;  and  (3)  Approv- 
als far  exceed  denials.  As  a  whole,  the  nation  still 
favors  development  over  preservation  of  wet- 
lands-judged, at  least,  by  the  laws  and  programs 
designed  to  regulate  development  in  wetlands. 
(Lantz-PTT) 
W9 1-07807 


NITROGEN  DYNAMICS  IN  THE  TIDAL 
FRESHWATER  POTOMAC  RIVER,  MARY- 
LAND AND  VIRGINIA,  WATER  YEARS  1979- 
81:  A  WATER-QUALITY  STUDY  OF  THE 
TIDAL  POTOMAC  RIVER  AND  ESTUARY. 
D.  J.  Shultz. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Supply  Paper  2234-J,  1989.  41p,  20 
fig,  10  tab,  70  ref. 

Descriptors:  'Estuaries,  'Maryland,  'Nitrates, 
'Nitrogen  cycle,  'Potomac  River,  'Tidal  rivers, 
'Virginia,  Ammonia,  Denitrification,  Nitrification, 
Nitrogen,  Phytoplankton,  Seasonal  variation. 

On  an  annual  basis,  river  supplied  nitrate  is  the 
predominant  form  of  N  supplied  to  the  tidal  Poto- 
mac River  from  external  sources.  Much  of  the 
nitrate  is  associated  with  high  flows  that  have 
rapid  transit  times  through  the  tidal  river.  After  the 
fall  of  1980,  initiation  of  advanced  wastewater 
treatment  at  the  Blue  Plains  Sewage  Treatment 
Plant  (STP)  reduced  ammonia  loading  to  the  river 
by  90%  and  increased  nitrate  loading  by  a  similar 
percentage.  As  a  result,  concentrations  of  ammonia 
during  the  1981  low  flow  period  were  <  0.20  mg/ 
L  as  N  at  Alexandria,  while  nitrate  concentrations 
were  >  1.50  mg/L  as  N.  Despite  the  reduced 
availability  of  ammonia,  15-N  uptake  studies 
showed  that  phytoplankton  preferred  ammonia  to 
nitrate  unless  ammonia  concentrations  were  <  0. 10 
mg/L  as  N.  Nitrification  studies  during  1981  using 
a  14-C  uptake  technique  indicate  that  rates  did  not 
vary  with  sample  location,  except  for  one  sample 
from  the  head  of  the  tidal  river,  where  the  rates 
were  much  higher.  Process  models  were  used  in 
conjunction  with  mass-balance  determinations  and 
individual  process  studies  to  estimate  rates  of  proc- 
esses that  were  not  directly  measured.  It  is  estimat- 
ed that  denitrification  removed  10  times  as  much 
nitrate  from  the  water  column  during  the  summer 
of  1981  as  during  the  summer  of  1980.  Sedimenta- 
tion of  particulate  N  is  estimated  to  be  the  largest 
sink  for  N  from  the  water  column  and  was  ap- 
proximately equal  to  the  external  annual  loading  of 
all  N  constituents  on  a  daily  basis.  In  summer, 
when  river  flows  usually  are  low,  the  tidal  Poto- 
mac River  appears  to  be  a  partially  closed  system 
rather  than  one  dominated  by  transport.  Nitrogen 
constituents,  primarily  from  point  sources,  are 
taken  up  by  phytoplankton  converted  to  organic 
matter,  and  sedimented  from  the  water  column. 
Some  of  this  N  eventually  becomes  available  again 
by  means  of  benthic  exchange.  Removal,  by  trans- 
port, out  of  the  tidal  river  is  significant  only  during 
winter.  (Lantz-PTT) 
W9 1-07822 


NUMERICAL  MODELLING  OF  SUSPENDED 
SEDIMENT  FLUXES  IN  ESTUARINE 
WATERS. 

Bradford  Univ.   (England).   Dept.  of  Civil  Engi- 
neering and  Structural  Engineering. 
R.  A.  Falconer,  and  P.  H.  Owens. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  6,  p  745-762,  December  1990.  11  fig,  4 
tab,  23  ref. 

Descriptors:  'Erosion,  'Estuarine  sediments, 
'Finite  difference  methods,  'Model  studies,  'Sedi- 
ment transport,  'Suspended  sediments,  Coastal  en- 
gineering, Deposition,  England,  Estuaries,  Humber 
Estuary,  Model  testing,  Tidal  currents.  Turbulent 
flow. 

A  two-dimensional  finite  difference  numerical 
model,  capable  of  predicting  depth-averaged  tidal 
flow  fields  in  coastal  and  estuarine  waters,  was 
extended  to  include  tide-induced  non-cohesive 
sediment  transport  processes.  The  partial  differen- 
tial equations  governing  the  conservation  of  mass, 
momentum,  and  suspended  sediment  in  an  incom- 
pressible turbulent  flow  are  included  in  a  depth- 
integrated  form  of  the  model.  For  the  representa- 
tion of  the  processes  of  erosion  and  deposition  of 
sediment  from  the  bed,  an  empirically  based 
source-sink  term  was  refined,  based  on  the  results 
of  three  mobile  bed  flume  studies.  The  model  was 
tested  by  simulating  tidal  flows  and  suspended 
sediment  fluxes  in  two  estuaries,  with  particular 
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application  to  the  Humber  estuary  in  England.  The 
model  was  calibrated  and  found  to  produce  an 
encouraging  degree  of  agreement  between  the  nu- 
merical predictions  and  corresponding  field  meas- 
urements for  the  estuary.  The  predicted  gross  dep- 
osition and  erosion  features  of  the  estuary  were  in 
close  agreement  with  interpretations  from  Eulerian 
tidal  residual  predictions.  (Author's  abstract) 
W9 1-07861 


ACETATE  IN  RECENT  ANOXIC  SEDIMENTS: 
DIRECT  AND  INDIRECT  MEASUREMENTS 
OF  CONCENTRATION  AND  TURNOVER 
RATES. 

Alaska  Univ.,  Fairbanks.  Inst,  of  Marine  Science. 
D.  G.  Shaw,  and  D.  J.  Mcintosh. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  6,  p  775-788,  December  1990.  4  fig,  3 
tab,  28  ref.  NSF  Grant  OCE-8613612. 

Descriptors:  'Acetates,  'Anoxic  conditions,  'Estu- 
arine environment,  'Marine  sediments,  'Mineral- 
ization, 'Sediment  chemistry,  Alaska,  Biochemis- 
try, Chemical  reduction,  Interstitial  water,  Organic 
matter,  Oxidation,  Skan  Bay,  Sulfates. 

While  acetate  is  generally  regarded  as  an  important 
intermediate  in  the  mineralization  of  organic 
matter  in  anoxic  sediment  systems,  some  quantita- 
tive studies  in  marine  systems  have  measured  ace- 
tate oxidation  rates  in  excess  of  sulfate  reduction 
rates  where  sulfate  is  known  to  be  the  principal 
electron  acceptor.  Skan  Bay,  Alaska,  where  such 
observations  had  been  made  previously,  was  revis- 
ited for  a  reexamination  of  acetate  turnover.  Meas- 
urements of  acetate  concentrations,  production 
rate,  oxidation  rate,  and  sulfate  reduction  rate  as 
well  as  bioenergetic  considerations  led  to  the  con- 
clusion that  acetate  oxidation  rate  in  15-18-cm  deep 
sediment  is  1.1-1.5  microM/h.  The  possibility  that 
previous  measurements  were  high  because  of  an 
acetate  oxidation  pathway  outside  of  the  citric  acid 
cycle  (suggested  by  recent  laboratory  studies)  was 
excluded.  It  appears  that  the  previous  turnover 
measurements  were  high  mainly  because  of  high 
acetate  concentrations.  Procedures  used  for  the 
isolation  of  porewater  for  acetate  determination 
may  influence  results  to  an  extent  not  previously 
recognized.  (Author's  abstract) 
W9 1-07862 


BENTHIC  MICROALGAL  BIOMASS  IN  SEDI- 
MENTS OF  ONSLOW  BAY,  NORTH  CAROLI- 
NA. 

North  Carolina  Univ.  at  Wilmington.  Dept.  of 
Biological  Sciences. 

L.  B.  Caloon,  R.  S.  Redman,  and  C.  R.  Tronzo. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  6,  p  805-816,  December  1990.  2  fig,  2 
tab,  42  ref.  UNC  Sea  Grant  R/MG  84-07. 

Descriptors:  'Algae,  'Benthic  environment,  'Con- 
tinental shelf,  'Marine  sediments,  'North  Carolina, 
Adenosine  triphosphate,  Benthic  flora,  Chloro- 
phyll a,  Light  penetration,  Nutrients,  Organic 
carbon,  Phytoplankton,  Pigments,  Primary  pro- 
ductivity, Sediments,  Storms. 

Sediment  samples  were  collected  at  stations  along 
cross-shelf  transects  in  Onslow  Bay,  North  Caroli- 
na, during  two  cruises  in  1984  and  1985.  Station 
depths  ranged  from  11  to  285  m.  Sediment  chloro- 
phyll a  concentrations  ranged  from  0.06  to  1.87 
micrograms/g  sediment  (mean,  0.55).  Areal  sedi- 
ment chlorophyll  a  exceeded  water  column  chloro- 
phyll a  at  16  of  17  stations,  especially  inshore  and 
mid-shelf  stations.  Sediment  ATP  concentrations 
ranged  from  0  to  0.67  micrograms/g  sediment 
(mean,  0.28).  Values  for  both  biomass  indicators 
were  lowest  in  the  depth  range  including  the  shelf 
break  (50-99  m).  Organic  carbon  contents  of  the 
sediments  were  uniformly  low  across  the  shelf, 
averaging  0.159%  by  weight.  Photography  of  the 
sediments  revealed  extensive  patches  of  microalgae 
on  the  sediment  surface.  These  data  suggest  that 
viable  benthic  microalgae  occur  across  the  North 
Carolina  continental  shelf.  The  distribution  of 
benthic  macroflora  on  the  North  Carolina  shelf 
indicates  that  sufficient  light  and  nutrients  are 
available  to  support  primary  production  out  to  the 
shelf  break.  Frequent  storm-induced  perturbations 


do  not  favor  settling  of  phytoplankton,  an  alterna- 
tive explanation  for  the  presence  of  microalgal 
pigments  in  the  sediments.  Therefore,  it  is  pro- 
posed that  a  distinct,  productive  benthic  microflora 
exists  across  the  North  Carolina  continental  shelf. 
(Author's  abstract) 
W9 1-07863 


LINKS  BETWEEN  PHYSICAL,  CHEMICAL 
AND  BIOLOGICAL  PROCESSES  IN  BASHITA- 
MINATO,  A  MANGROVE  SWAMP  IN  JAPAN. 

Tokai  Univ.,  Shizouka  (Japan).  Faculty  of  Marine 

Science  and  Technology. 

Y.  Mazda,  Y.  Sato,  S.  Sawamoto,  H.  Yokochi,  and 

E.  Wolanski. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  6,  p  817-833,  December  1990.  14  fig, 

12  ref,  append.  Ministry  of  Education,  Science  and 

Culture  (Japan)  Grant  62540307. 

Descriptors:  'Japan,  'Mangrove  swamps,  'Reefs, 
'Swamps,  'Tidal  effects,  'Water  chemistry, 
•Water  properties,  'Wetlands,  Algae,  Anoxic  con- 
ditions, Benthic  flora,  Chemical  properties,  Detri- 
tus, Diurnal  variation,  Erosion,  Organic  matter, 
Oxygen  balance,  Photosynthesis,  Ponding,  Rain- 
fall, Respiration,  Sand,  Spring  tides,  Storms,  Tides, 
Water  temperature. 

Field  measurements  were  carried  out  in  the  sum- 
mers of  1985-1988  in  Bashita-minato,  a  mangrove 
swamp  in  Japan.  This  swamp  is  separated  from  a 
coral  reef  slightly  offshore  by  a  sill  of  coral  sand. 
Because  of  storm-dominated  formation  and  erosion 
of  the  sill,  the  water  properties  in  the  swamp  vary 
widely  with  time.  When  water  flows  over  the  sill 
into  the  swamp  from  a  nearby  coral  reef  at  flood 
tide,  the  oxygen  cycle  and  the  water  properties  in 
the  swamp  depend  on  both  the  semidiurnal  tidal 
flows  and  the  diurnal  cycle  of  oxygen  concentra- 
tion in  reef  waters,  which  is  caused  by  biological 
activities  (photosynthesis  and  respiration  in  the 
shallow  coral  reef  area).  When  the  entrance  is 
blocked  by  the  sill,  the  swamp  becomes  ponded, 
and  the  water  temperature  increases  rapidly  (1  C/ 
day),  with  a  temperature  maximum  at  a  mid-water 
layer  as  in  a  solar  pond.  The  bottom  layer,  rich  in 
organic  matter  from  decaying  mangrove  detritus, 
becomes  anoxic  within  a  day  after  the  sill  closure. 
Various  chemicals  are  then  released  from  the 
bottom  mud,  the  irradiance  extinction  coefficient 
increasing  by  as  much  as  1  m/day.  This  in  turn 
results  in  continuous  degradation  in  photosynthetic 
activity  of  benthic  algae  and  in  water  properties 
until  the  sill  is  breached  again  under  spring  high 
tides  or  intense  rainfall.  (Author's  abstract) 
W9 1-07864 


LONGITUDINAL  TRANSPORT  IN  A  COAST- 
AL LAGOON. 

Harbor  Branch  Inst.,  Inc.,  Fort  Pierce,  FL. 

N.  P.  Smith. 

Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 

Vol.  31,  No.  6,  p  835-849,  December  1990.  6  fig,  1 

tab,  26  ref. 

Descriptors:  'Coastal  lagoons,  'Indian  River 
Lagoon,  'Model  studies,  'Tidal  effects,  'Tides, 
'Water  currents,  Atlantic  Coast,  Finite  difference 
methods,  Florida,  Seasonal  variation,  Water  level 
fluctuations,  Wind. 

A  two-dimensional,  finite  difference  numerical 
model  was  used  to  describe  longitudinal  transport 
through  a  transverse  cross  section  into  and  out  of 
the  northern  segment  of  Indian  River  Lagoon 
along  the  Atlantic  coast  of  Florida.  The  model 
uses  four  layers  to  represent  the  Atlantic  Intra- 
coastal  Waterway,  and  two  layers  in  the  shallow 
waters  east  and  west  of  the  waterway  to  quantify 
transport.  Simulations  during  a  161-day  period 
from  late  June  through  late  November  1983  in- 
clude a  seasonal  shift  in  the  longitudinal  compo- 
nent of  the  wind.  Transport  is  in  the  same  sense 
throughout  the  cross  section  32%  of  the  time. 
Relatively  subtle  lateral  shear,  however,  has  a  pro- 
found effect  on  long-term  net  transport.  For  most 
of  the  study,  cumulative  net  transport  in  the  shal- 
low areas  on  either  side  of  the  waterway  follows 
the  cumulative  along-channel  windstress,  but  it  is 
directed  upwind  in  the  lower  half  of  the  Intra- 


coastal  Waterway.  Four  numerical  experiments  ex- 
amine the  relative  importance  of  terms  in  the  mo- 
mentum equation  and  components  of  the  database. 
Results  suggest  that  time-varying  baroclinic  forc- 
ing is  an  important  component  of  the  pressure 
gradient.  Simulations  that  ignore  water  level  vari- 
ations at  the  open  end  of  the  model  differ  substan- 
tially from  those  that  incorporate  water  level  fluc- 
tuations. (Author's  abstract) 
W9 1-07865 


SIZE  COMPOSITION  AND  ESTIMATED 
PHOSPHORUS  REGENERATION  RATES  OF 
THE  COPEPOD  COMMUNITY  ALONG  AN  ES- 
TUARINE-OFFSHORE  TRANSECT  IN  THE 
INLAND  SEA  OF  JAPAN. 

Hiroshima  Univ.  (Japan).  Faculty  of  Applied  Bio- 
logical Science. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07866 


GEOCHEMICAL  STUDIES  ON  THE  COASTAL 
LAKES  OF  KAMIKOSHIKI  ISLAND  IN  KAGO- 
SHIMA  PREFECTURE,  JAPAN:  I.  A  PRELIMI- 
NARY REPORT. 

Tokyo    Metropolitan    Univ.    (Japan).    Dept.    of 

Chemistry. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07870 


COMPARATIVE  STUDIES  OF  ESTUARIES 
BORDERING  THE  YELLOW  SEA  (IN  CHI- 
NESE). 

East  China  Normal  Univ.,  Shanghai. 
H.  T.  Shen. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 
Hu  Chao)  HYHCAG,  Vol.  21,  No.  5,  p  449-457, 
1990,  7  fig,  1  tab,  10  ref.  English  summary. 

Descriptors:  'Estuaries,  'Estuarine  sediments, 
'Sediment  sources,  'Sedimentation,  'Stream  dis- 
charge, 'Yellow  Sea,  Bohai  Bay,  Changjiang 
River,  China,  Huang  He  River,  Korea,  Tidal 
range. 

There  are  distinct  differences  between  the  rivers 
entering  the  Yellow  Sea  from  the  east  shore  and 
those  entering  from  the  west.  Rivers  entering  from 
the  eastern,  or  Korean,  shore  have  smaller  dis- 
charges of  water  and  smaller  sediment  loads  than 
rivers  entering  from  the  western,  or  Chinese, 
shore.  The  Chinese  rivers  have  smaller  tidal 
ranges.  Because  of  these  factors,  the  estuaries  on 
the  west  side  have  reached  a  much  more  advanced 
stage  of  evolution  and  have  low  filtering  efficien- 
cies. Chinese  rivers  make  much  greater  contribu- 
tions of  sediment  to  the  Yellow  Sea  than  do  the 
Korean  rivers.  However,  the  northward  shifting  of 
the  Huang  He  (Yellow)  River  Estuary  into  the 
Bohai  Sea,  and  the  southward  shifting  of  the 
Changjiang  (Yangtze)  River  Estuary,  have  resulted 
in  a  net  reduction  of  sediment  input  in  the  Yellow 
Sea.  (Author's  abstract) 
W91-07986 


SEMI-AUTOMATED  COLORIMETRIC  AND 
ENZYMATIC  ASSAYS  FOR  AQUATIC  ORGA- 
NISMS USING  MICROPLATE  READERS. 

Institut  Francais  de  Recherche  pour  l'Exploitation 
de  la  Mer,  Nantes. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-08048 

NOCTURNAL  AND  TIDAL  VERTICAL  MI- 
GRATIONS OF  BENTHIC  CRUSTACEANS  IN 
AN  ESTUARINE  SYSTEM  WITH  DIURNAL 
TIDES. 

Rutgers  -  The  State  Univ.,  Camden,  NJ.  Dept.  of 

Biology. 

D.  E.  Stearns,  and  M.  R.  Dardeau. 

Northeast  Gulf  Science  NGSCDE,  Vol.  11,  No.  2, 

p  93-104,  December  31,  1990.  7  fig,  2  tab,  54  ref. 

Descriptors:  'Alabama,  'Crustaceans,  'Diurnal 
variation,  'Estuarine  environment,  'Migration. 
•Tidal  effects,  'Zooplankton,  Amphipods,  Animal 
behavior,    Benthic    fauna,    Distribution,    Isopods, 
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Opossum-shrimp,  Physiological  ecology,  Popula- 
tion density,  Predation,  Salinity,  Sampling,  Tempo- 
ral distribution,  Tides,  Vertical  distribution. 

Two  field  studies  involving  periodic  sampling  of 
the  surface  waters  of  the  upper  reaches  of  the 
Fowl  River  estuary  in  southwestern  Alabama  were 
completed  in  order  to  describe  temporal  changes  in 
the  densities  of  selected  species  of  crustaceans 
larger  than  505  microns.  Regardless  of  tidal  phase, 
triplicate  5-min  surface  tows  collected  very  few 
crustaceans  during  the  day,  while  nighttime  zoo- 
plankton  samples  showed  much  higher  densities  of 
amphipods  Gammarus  tigrinus,  Corophium  la- 
custre,  Grandidierella  bonnieroides,  the  isopod 
Munna  reynoldsi,  the  cumacean  Almyracuma 
proximoculi,  and  the  mysids  Taphromysis  spp. 
These  results  strongly  indicate  nocturnal  vertical 
migration  by  crustaceans  that  are  traditionally  con- 
sidered benthic.  In  addition,  these  species  showed 
significantly  higher  densities  near  the  water  surface 
during  nocturnal  flood  tides  than  during  nocturnal 
ebb  tides,  indicating  tidal  vertical  migration.  These 
crustaceans  are  reported  to  inhabit  low-salinity 
areas,  and  a  transect  along  the  length  of  this  estu- 
ary showed  relatively  higher  densities  of  these 
crustaceans  in  the  lower-salinity  waters  upstream 
than  in  the  higher-salinity  waters  downstream. 
While  the  adaptive  value  of  vertical  migration  of 
an  otherwise  benthic  organism  is  not  clear,  the 
nocturnal  and  tidal  timing  of  such  a  migration 
appears  to  provide  these  oligohaline-mesohaline 
crustaceans  with  a  behavioral  mechanism  that  gen- 
erally retains  them  in  the  upper  reaches  of  the 
estuary  with  minimal  exposure  to  visual  predation 
in  the  water  column.  (Author's  abstract) 
W9 1-08083 


BIOSORPTION  OF  INORGANIC  TIN  AND 
METHYLTIN  COMPOUNDS  BY  ESTUARINE 
MACROALGAE. 

New  Hampshire  Univ.,  Durham.  Dept.  of  Chemis- 
try. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 103 


ISOTOPIC  DISTRIBUTION  OF  CARBON 
FROM  SEWAGE  SLUDGE  AND  EUTROPH- 
ICATION  IN  THE  SEDIMENTS  AND  FOOD 
WEB  OF  ESTUARINE  ECOSYSTEMS. 

Rhode     Island     Univ.,     Narragansett.     Graduate 
School  of  Oceanography. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 104 


RARE  EARTH  ELEMENTS  IN  SEDIMENTS 
OFF  SOUTHERN  CALIFORNIA:  A  NEW  AN- 
THROPOGENIC INDICATOR. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Nuclear 
Reactor  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 105 


TIDAL  DISPERSAL  OF  SALT  MARSH  INSECT 
LARVAE  WITHIN  THE  WESTERSCHELDE 
ESTUARY. 

Delta  Inst,  for  Hydrobiological  Research,  Yerseke 

(Netherlands). 

M.  A.  Hemminga,  J.  van  Soelen,  and  B.  P. 

Koutstaal. 

Holarctic  Ecology  HOECD2,  Vol.   13,  No.  4,  p 

308-315,  December  1990.  4  fig,  3  tab,  25  ref. 

Descriptors:  *Coleoptera,  *Estuaries,  *Marine  ani- 
mals, *Salt  marshes,  'The  Netherlands,  "Tidal  ef- 
fects, Distribution  patterns,  Estuarine  environment, 
Larvae. 

In  the  Westerschelde  estuary,  (The  Netherlands) 
salt  marshes  are  present  as  isolated  patches  fringing 
the  estuary.  Tidal  transport  of  stem-boring  larvae 
of  Agapanthia  villosoviridescens  (Coleoptera) 
from  salt  marshes  of  the  upper  reaches  of  the 
Westerschelde  estuary  to  marshes  of  the  lower 
reaches  is  an  important  process  in  the  maintenance 
of  genetic  variability  and  persistence  of  local  popu- 
lations. The  evidence  for  the  origin  of  the  larvae  is 
based  on  comparisons  of  growth  and  development 
characteristics  of  larvae  found  in  flood  debris  belts 


containing  halophytic  Aster  stems  which  host  the 
resident  larval  populations.  These  characteristics 
are  different  on  the  various  salt  marshes  along  the 
Westerschelde,  probably  as  a  result  of  estuarine 
salt  gradients  on  the  host  plant.  Additional  evi- 
dence for  the  larval  origin  comes  from  the  plant 
composition  of  the  flood  debris.  The  occurrence  of 
upward  tidal  transport  is  dependent  on  tidal  move- 
ments, flooding,  wind  direction  and  speed.  The 
impact  of  the  influx  of  immigrant  larvae  on  the 
local  population  may  be  greater  than  their  numbers 
would  suggest,  because  the  larvae  are  highly  ag- 
gressive toward  each  other  and  the  immigrants  as  a 
whole  are  larger-sized  than  the  resident  popula- 
tion. Considering  the  comparatively  large  area  of 
salt  marshes  in  the  upper  estuary,  tidal  dispersal  of 
larvae  probably  will  be  dominated  by  transport  in 
a  seaward  direction.  So  far,  very  little  is  known 
about  the  role  of  tidal  currents  with  regard  to  the 
exchange  between  salt  marsh  populations.  The 
present  results  suggest  that  tidal  transport  may  not 
only  be  important  for  dispersal  of  aquatic  orga- 
nisms in  an  estuary,  but  also  for  organisms  inhabit- 
ing the  semi-terrestrial  estuarine  salt  marshes. 
(Doyle-PTT) 
W9 1-08 109 


METEOROLOGICAL  CONDITIONS  THAT 
KEPT  LONG  ISLAND  AND  NEW  JERSEY 
BEACHES  FREE  OF  FLOATABLES  DURING 
THE  SUMMER  OF  1989. 

State  Univ.  of  New  York  at  Stony  Brook. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-08112 


TOXIC  IMPACT  OF  ALDRIN  ON  ACID  AND 
ALKALINE  PHOSPHATASE  ACTIVITY  OF 
PENAEID  PRAWN,  METAPENAEUS  MONO- 
CEROS:  IN  VITRO  STUDY. 

Sri  Venkateswara  Univ.,  Kavali  (India).  Div.  of 

Toxicology. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-08168 


METHANE  FLUXES  IN  THE  SOUTHERN 
NORTH  SEA:  THE  ROLE  OF  EUROPEAN 
RIVERS. 

State  Univ.  of  New  York  at  Stony  Brook.  Marine 
Sciences  Research  Center. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 169 


INFLUENCE  OF  LOCAL  WIND  FORCING  ON 
THE  LOW-FREQUENCY  VARIATIONS  OF 
CHLOROPHYLL  A  IN  A  SMALL  MARINE 
BASIN. 

Bedford  Inst,  of  Oceanography,  Dartmouth  (Nova 

Scotia).  Dept.  of  Fisheries  and  Oceans. 

M.  R.  Mitchell. 

Continental   Shelf  Research  CSHRDZ,   Vol.    11, 

No.  1,  p  53-66,  January  1991.  8  fig,  28  ref,  append. 

Descriptors:  "Chlorophyll  a,  "Flushing,  "Nova 
Scotia,  "Phytoplankton,  "Tidal  basins,  "Wind- 
driven  currents,  Canada,  Marine  algae,  Nutrient 
transport,  Primary  productivity,  Regression  analy- 
sis, Variability. 

An  investigation  was  made  on  the  influence  of 
wind  forcing  on  the  low-frequency  variations  of 
chlorophyll  a  (Chi  a)  in  Bedford  Basin,  a  small  and 
highly  productive  marine  basin  on  the  coast  of 
Nova  Scotia,  Canada.  Sampling  was  conducted 
during  spring  and  summer  of  1982.  Time  series  of 
chlorophyll  a  was  collected  over  a  period  of  5 
months  using  a  moored,  in  site  fluorometer  pack- 
age. The  vertical  distribution  of  Chi  a  in  the  Basin 
was  usually  marked  by  a  sharp  gradient  between 
10  and  15  m,  and  Chi  a  was  generally  confined  to  a 
layer  less  than  10  m  thick.  The  power  spectrum  of 
Chi  a  showed  two  significant  non-tidal  peaks,  one 
centered  at  10  days  which  contributed  34%  of  the 
total  variance,  and  one  centered  at  2  days  which 
represented  5%  of  the  total  variance.  Regression 
analysis  indicated  that  meteorological  forcing 
terms  accounted  for  significant  amounts  of  the 
variance  of  Chi  a  at  periods  that  match  the  two 
peaks.  More  than  50%  of  the  variance  at  the  2  day 
period   was   accounted   for   with   the  cross-shore 


component  of  the  wind  stress,  and  cross-shore  and 
alongshore  components  of  wind  stress  accounted 
for  about  40%  of  the  10  day  period  variance. 
Although  wind  events  are  known  to  be  an  impor- 
tant source  of  Chi  a  variations,  this  study  indicated 
that  the  regular  periodic  wind  forcing  is  also  a 
major  influence.  (VerNooy-PTT) 
W9 1-08 170 


OXYGEN  CONDITIONS  IN  THE  DEEP 
WATER  OF  KIEL  BAY  AND  THE  IMPACT  OF 
INFLOWING  SALT-RICH  WATER  FROM  THE 
KATTEGAT. 

Kiel   Univ.   (Germany,   F.R.).   Inst,   fuer  Meeres- 

kunde. 

M.  Weigelt. 

Meeresforschung  MEERDW,  Vol.  33,  No.  1,  p  1- 

22,  December  1990.  12  fig,  2  tab,  31  ref. 

Descriptors:  "Deep  water,  "Dissolved  oxygen, 
"Estuaries,  "Germany,  "Kiel  Bay,  "Oxygen  deficit, 
"Salinity  currents,  "Water  quality,  Anoxic  condi- 
tions, Data  interpretation,  Hydrological  data  col- 
lections, Nutrients,  Primary  productivity,  Seasonal 
variation,  Water  temperature. 

The  longest  continuous  series  of  hydrological  data 
from  Kiel  Bay  (Germany),  compiled  from  1957 
through  1975,  was  recorded  near  Boknis  Eck  in 
the  southwestern  part  of  Kiel  Bay.  More  data, 
including  temperature,  salinity  and  oxygen  con- 
tent, were  provided  from  this  station  from  1979  to 
1981  and  from  1983  through  1985.  In  the  deep 
water  of  Boknis  Eck  the  oxygen  conditions  have 
deteriorated  significantly  since  the  1950s.  Compar- 
ing data  from  Boknis  Eck  and  Lightship  Fehmarn- 
belt  reveals  that  each  distinct  influx  of  salt-rich 
deep  water  from  the  Kattegat  into  the  Baltic  Sea 
can  be  detected  in  the  southwestern  part  of  Kiel 
Bay  a  few  weeks  before  it  is  observed  in  the 
Fehmarnbelt.  Therefore,  the  frequency  of  deep 
water  exchange  seems  to  be  about  the  same  every- 
where in  the  deeper  parts  of  Kiel  Bay.  However, 
in  summer,  the  oxygen  content  of  the  inflowing 
deep  water  is  often  very  low  when  it  reaches  the 
northeastern  part  of  Kiel  Bay.  For  example,  it  was 
less  than  40%  saturated  in  July  1984.  This  seems  to 
contribute  considerably  to  the  general  deteriora- 
tion of  oxygen  conditions  in  this  region.  For  pre- 
diction of  the  oxygen  availability  in  Kiel  Bay 
during  any  given  year,  three  preconditions  should 
be  known  in  addition  to  the  nutrient  supply  and 
primary  production.  These  include:  the  amount  of 
water  exchange  and  renewal  during  the  previous 
winter(s);  weather  conditions  during  the  summer; 
and  quantities  of  nutrients,  primary  production, 
and  consequently  organic  matter  and  biological 
oxygen  demand  in  the  regions  from  which  the 
inflowing  deep  water  originates.  Comparison  be- 
tween the  oxygen  depletion  events  in  1967  and 
1981  demonstrates  that,  at  present,  a  shorter  stag- 
nation phase  is  sufficient  to  cause  a  greater  catas- 
trophe than  during  previous  years.  It  is  conceiva- 
ble that  the  conditions  in  the  Baltic  are  changing  to 
those  normal  for  the  Black  Sea,  where  the  water 
below  the  halocline  is  permanently  anoxic.  (Ver- 
Nooy-PTT) 
W9 1-08 180 


SKELETAL  DEFORMITIES  AND  TRACE 
METAL  CONTENTS  OF  EUROPEAN  SMELT, 
OSMERUS  EPERLANUS,  IN  THE  ELBE  ESTU- 
ARY. 

Kiel   Univ.   (Germany,   F.R.).   Inst,   fuer  Meeres- 

kunde. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-08181 


LOCAL  FISH  KILL  IN  A  POND  AT  THE 
GERMAN  NORTH  SEA  COAST  ASSOCIATED 
WITH  A  MASS  DEVELOPMENT  OF  PRYMNE- 
SIUM  SP. 

Forschungs-  und  Technologiezentrum  Westkuste, 
Buesum  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-08 182 
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Group  2L — Estuaries 

DATA  COLLECTION  PROGRAM  FOR  PAM- 
LICO RIVER  ESTUARY  MODEL  CALIBRA- 
TION AND  VALIDATION. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-08 186 


3.  WATER  SUPPLY 
AUGMENTATION 
AND  CONSERVATION 

3A.  Saline  Water  Conversion 


DESALINATION  AT  THE  CROSSROADS. 

El-Saie  (M.H.A.),  Cairo  (Egypt). 

M.  H.  El-Saie. 

Desalination  DSLNAH,  Vol.  78,  No.  3,  p  305-311, 

October  1990. 

Descriptors:  *Arid  lands,  *Desalination,  *Future 
planning,  'Research  priorities,  'Water  supply  de- 
velopment, 'Water  use,  Desalination  plants, 
Drought,  Economic  aspects,  Energy,  Human  pop- 
ulation, Institutional  constraints,  International 
agreements,  Membrane  processes,  Multistage  flash 
evaporation,  Reverse  osmosis,  Reviews,  Water 
quality,  Water  shortage. 

The  past,  present,  and  future  of  desalination  are 
reviewed.  Two  factors  have  affected  the  develop- 
ment of  desalination  in  the  past  two  decades:  (1) 
the  predictions  related  to  set-up  of  new  desalina- 
tion units  and  their  capacities;  and  (2)  the  readiness 
of  companies  and  institutions  to  fund  research  and 
development  in  the  field.  Activity  in  the  field 
decreases  when  demand  for  desalination  plants  de- 
creases, leading  to  a  slowdown  in  development  of 
old  and  new  methods.  The  following  factors  will 
affect  the  future  of  the  desalination  field:  the 
number  of  productive  units  and  the  replacement  of 
old  or  uneconomical  units;  scarcity  of  water; 
change  of  water  quality;  growth  of  population  and 
per  capita  increase  in  water  consumption;  increase 
in  drought  in  many  countries;  expansion  in  water 
reuse;  availability  of  huge,  cheap  sources  of  energy 
in  some  areas;  renewable  energy;  and  the  possibili- 
ty of  producing  cheap  and  suitable  heat  energy  by 
nuclear  fusion.  Desalination  is  therefore  at  a  cross- 
roads; either  it  will  continue  to  be  satisfied  with 
prevailing  methods,  or  a  change  in  outlook  is 
needed  to  encourage  increased  activity  in  all  direc- 
tions within  the  field.  Consequently,  it  is  proposed 
that  a  Supreme  Council  for  Desalination  for  Saline 
Water  be  formed  from  countries  producing  dis- 
tilled water  and  from  research  institutions  in  the 
field.  (Doria-PTT) 
W91-07382 


COMPARISON  BETWEEN  SMALL  CAPACITY 
MECHANICAL  VAPOR  COMPRESSION 
(MVC)  AND  REVERSE  OSMOSIS  (RO)  DE- 
SALTING PLANTS. 

Kuwait  Univ.,  Safat. 

M.  A.  Darwish,  M.  Abdel  Jawad,  and  G.  S.  Aly. 
Desalination  DSLNAH,  Vol.  78,  No.  3,  p  313-326, 
October  1990.  5  fig,  6  tab,  2  ref. 

Descriptors:  'Desalination,  'Desalination  appara- 
tus, 'Desalination  plants,  'Membrane  processes, 
'Reverse  osmosis,  'Vapor  compression  distillation, 
Amortization,  Capital  costs,  Comparison  studies, 
Corrosion  control,  Cost  analysis,  Costs,  Decision 
making,  Economic  aspects,  Electric  power  costs, 
Energy,  Feedwater  treatment,  Heat,  Heat  ex- 
changers, Maintenance  costs,  Mechanical  vapor 
compression,  Operating  costs,  Performance  evalua- 
tion, Pumps,  Salts,  Seawater. 

Adoption  of  reverse  osmosis  (RO)  or  mechanical 
vapor  compression  (MVC)  for  small-capacity  sea- 
water  desalination  units  in  remote  areas  is  a  logical 
choice  considering  their  comparative  reliability 
and  energy  consumption.  Cost  comparisons  should 
be  based  on  equipment  and  consumed  chemicals 
and  energy.  The  following  conclusions  can  be 
drawn  from  the  characteristics  of  small-capacity 
RO  and  MVC  plants  of  100  cu  m/d  each:  (1) 
electrical   energy   consumption   by   the   MVC   is 


twice  that  of  the  RO  system  and  3  times  that  of 
RO  if  electrical  energy  is  used  to  provide  auxiliary 
heat;  (2)  highly  corrosion-resistant  materials  are 
required  for  components  of  the  MVC  system,  in- 
creasing its  cost  to  3  times  that  of  the  RO  system; 
(3)  The  MVC  system  requires  2  to  3  hours  to 
restart  after  shutdown;  (4)  any  brine  droplets  car- 
ried by  the  vapor  to  the  compressor  of  the  MVC 
system  will  deposit  salt  on  the  compressor  blades, 
requiring  frequent  cleaning;  (5)  in  the  MVC 
system,  the  required  heat-transfer  surface  area  of 
the  evaporator  alone  is  about  250  sq  m,  with  an 
additional  80  sq  m  required  for  the  dual  heat 
exchanger;  and  (6)  the  volume  and  weight  required 
by  the  MVC  system  is  about  75  cu  m  and  1 8  tons, 
while  those  required  by  RO  are  less  than  10  cu  m 
and  2  tons,  respectively.  (Doria-PTT) 
W91-07383 


PERFORMANCE  OF  AUSTENITIC  STAINLESS 
STEELS  IN  MSF  DESALINATION  PLANT 
FLASH  CHAMBERS  IN  THE  ARABIAN  GULF. 

University  of  Petroleum  and  Minerals,  Dhahran 

(Saudi  Arabia).  Research  Inst. 

H.  Saricimen,  M.  Shamim,  I.  M.  Allam,  and  M. 

Maslehuddin. 

Desalination  DSLNAH,  Vol.  78,  No.  3,  p  327-341, 

October  1990.   10  fig,  1  tab,  15  ref.  KFUPM/RI 

Project  No.  25016. 

Descriptors:  'Corrosion,  'Desalination  apparatus, 
•Desalination  plants,  'Materials  testing,  'Multis- 
tage flash  evaporation,  'Persian  Gulf,  'Stainless 
steel,  Arabian  Gulf,  Brines,  Chlorides,  Electron 
microscopy,  Heat  treatment,  Microscopy,  Stress. 

The  corrosion  behavior  of  AISI  type  304L  (304L 
SS)  and  316L  (316L  SS)  stainless  steels  in  a  multis- 
tage flash  (MSF)  desalination  plant  located  on  the 
Arabian  Gulf  Coast  was  investigated.  The  304L 
and  316L  stainless  steel  liner  plates  in  the  flash 
chambers  of  the  plant  developed  severe  localized 
corrosion  within  6  years  of  operation.  Liner  plate 
samples  retrieved  from  the  floors  of  flash  chambers 
were  studied  using  optical  and  scanning  electron 
microscopes.  The  study  showed  that  both  304L 
and  316L  SS  liner  plates  suffered  severe  intergran- 
ular  pitting  and  crevice  corrosion.  Corrosion  was 
more  severe  at  welds  and  heat-affected  zones 
(HAZs).  The  main  causes  of  corrosion  were  identi- 
fied as  (1)  exposure  of  the  liner  plates  to  stagnant 
high  chloride  brine,  and  (2)  grain  growth  and 
probably  sensitization  of  the  stainless  steels  at 
HAZ  during  welding  and  stress-relieving  heat 
treatment.  (Author's  abstract) 
W91-07384 


oven  exposure  time,  which  influence  the  rate  of 
solvent  evaporation  in  the  cast  membrane,  leading 
to  the  formation  of  the  pore  structure.  Higher  oven 
temperature  and  longer  exposure  time  result  in  a 
membrane  of  denser  structure  and  reduced  product 
flux  and  salt  rejection.  It  is  concluded  that  poly(m- 
phenylene  isophthalamide)  is  a  good  membrane 
material  with  high  pressure  performance;  its  use  in 
hollow  fine  fiber  or  ultrathin  composite  membrane 
is  preferable  to  use  as  a  flat  membrane.  (Doria- 
PTT) 
W9 1-07385 


ANALYSIS  OF  A  FUEL-SOLAR  ASSISTED 
CENTRAL  DUAL  PURPOSE  PLANT. 

King    Abdulaziz    Univ.,    Jeddah   (Saudi    Arabia). 

Dept.  of  Mechanical  Engineering. 

S.  E.  Aly. 

Desalination  DSLNAH,  Vol.  78,  No.  3,  p  363-379, 

October  1990.  7  fig,  2  tab,  10  ref. 

Descriptors:  'Desalination,  'Desalination  plants, 
•Energy  sources,  'Fuel,  'Solar  energy,  'Thermo- 
dynamics, Absorption,  Condensers,  Corrosion, 
Evaporation,  Multistage  flash  distillation,  Pumps, 
Steam,  Steam  turbines,  Temperature. 

A  new  arrangement  for  a  central  fuel-fired  solar- 
assisted  dual  purpose  plant  (DPP)  is  presented  and 
thermodynamically  analyzed.  The  solar  energy, 
collected  at  moderate  temperatures,  drives  an 
open-cycle  LiBr-H20  absorption  machine  with  a 
low-pressure  turbine  replacing  the  condenser  and 
the  evaporator  in  such  conventional  heat  pumps. 
In  a  DPP,  this  heat  pump  is  connected  upstream  of 
the  multistage  flash  (MSF)  distiller  where  the  low- 
pressure  turbine  receives  the  pass-out  steam  as- 
signed to  the  MSF  and  the  steam  leaving  the  heat 
pump  generator  is  fed  to  the  MSF.  Whenever  it  is 
applied  to  a  central  desert  steam  power  plant 
(DSPP),  the  heat  pump  is  introduced  upstream  of 
the  steam  condenser.  The  same  basic  steam  cycle  is 
used  in  analyzing  the  combined  arrangement  for 
both  the  DPP  and  DSPP  with  a  reheat  being  used 
to  reduce  the  low-pressure  turbine  corrosion  prob- 
lems. For  a  solar  collecting  temperature  of  190  C 
for  the  DPP  and  1 34  C  for  the  DSPP,  the  power 
output  increased  by  56%  and  53%  at  an  extra 
firing  of  10.5%  and  21%,  respectively.  In  the  DPP, 
the  combined  arrangement  can  increase  the  water 
produced  by  fourfold  at  the  design  power  output, 
or  can  increase  the  power  output  by  56%  while 
maintaining  the  design  water  output.  (Author's  ab- 
stract) 
W9 1-07386 


SYNTHESIS  AND  EVALUATION  OF  POLY  (M- 
PHENYLENE  ISOPHTHALAMIDE)  AS  A  RE- 
VERSE OSMOSIS  MEMBRANE. 

Central  Salt  and  Marine  Chemicals  Research  Inst., 

Bhavnagar  (India). 

S.  V.  Joshi,  and  A.  V.  Rao. 

Desalination  DSLNAH,  Vol.  78,  No.  3,  p  355-362, 

October  1990.  1  fig,  7  tab,  8  ref. 

Descriptors:  'Desalination,  'Materials  testing, 
'Membrane  processes,  'Membranes,  'Polymers, 
•Reverse  osmosis,  Chemical  reactions,  Evapora- 
tion, Performance  evaluation,  Permeability,  Salts, 
Solvents,  Strength,  Synthesis,  Temperature,  Vis- 
cosity. 

Aromatic  polyamides  are  finding  use  as  alternate 
membrane  materials  for  reverse  osmosis  applica- 
tions. Poly(m-phenylene  isophthalamide)  is  synthe- 
sized in  the  laboratory  by  low-temperature  solution 
polycondensation  of  m-phenylene  diamine  and 
isophthaloyl  chloride.  A  good  reverse  osmosis 
membrane  must  have  good  mechanical  strength, 
high  permeability  to  water,  and  low  permeability 
to  salt.  Membrane  formation  is  possible  only  with 
the  polymer  having  an  inherent  viscosity  of  0.7  or 
higher.  Membrane  strength  was  found  to  be  basi- 
cally dependent  on  its  viscosity.  Although  the  in- 
herent viscosity  of  the  optimized  product  is  1.22,  it 
is  slightly  lower  than  that  of  Nomex  (1.80);  howev- 
er, the  cast  membrane  can  be  handled  easily  and 
has  good  mechanical  strength.  The  transport  char- 
acteristics of  the  membrane  can  be  controlled  by 
adjusting  the  solvent  evaporation  temperature  and 


ENGINEERING  RELATIONS  FOR  ECONOM- 
IC PRODUCTION  FUNCTIONS  OF  SOLAR 
LOW-TEMPERATURE  MULTI-EFFECT  DE- 
SALINATION. 

Patras  Univ.  (Greece).  Dept.  of  Mechanical  Engi- 
neering. 

N.  G.  Zagouras,  and  E.  T.  Kantsos. 
Desalination  DSLNAH,  Vol.  78,  No.  3,  p  381-387, 
October  1990.  4  fig,  1  tab,  5  ref. 

Descriptors:  'Desalination,  'Economic  aspects, 
•Model  studies,  'Multieffect  distillation,  'Solar 
distillation,  'Solar  energy,  Cost  analysis,  Costs, 
Electric  power  costs,  Engineering,  Heat  transfer, 
Mass  balance,  Mathematical  models,  Pricing,  Tem- 
perature, Thermal  energy. 

Three  simple  and  accurate  engineering  relations 
summarize  the  engineering  results  of  a  computa- 
tional model  related  to  the  process  of  solar  low- 
temperature  multi-effect  desalination.  The  relations 
providing  the  heat  transfer  surface,  the  installed 
electrical  power,  and  the  thermal  energy  are  useful 
in  facilitating  the  adjustment  of  the  economic  pro- 
duction function  of  the  desalination  process  ac- 
cording to  different  price  systems.  Using  these 
engineering  relations  is  more  convenient  than  using 
the  process  model  (detailed  engineering  model 
with  heat  and  materials  balances  incorporated)  for 
the  derivation  of  the  economic  production  func- 
tion. (Doria-PTT) 
W91-07387 


72 


WATER  SUPPLY  AUGMENTATION  AND  CONSERVATION— Field  3 
Use  Of  Water  Of  Impaired  Quality — Group  3C 


DETERMINATION  OF  A  LIQUID  STATE 
FROM  THAT  OF  A  LIQUID  SOLUTION  COU- 
PLED TO  IT  BY  A  COMMON  VAPOR  PHASE. 

Agricultural  Research  Service,  Philadelphia,  PA. 

Eastern  Regional  Research  Center. 

L.  C.  Dickey,  and  J.  C.  Craig. 

Desalination  DSLNAH,  Vol.  78,  No.  3,  p  397-401, 

October  1990.  1  fig,  2  tab,  6  ref. 

Descriptors:  'Absorption,  'Desalination,  'Equilib- 
rium, 'Vapor  pressure,  'Vaporization,  Cost  analy- 
sis, Design  criteria,  Evaporation,  Freezing,  Sodium 
chloride,  Thermodynamics,  Water  temperature. 

Cost-effective  absorber  design  is  sufficiently  com- 
plicated that  published  models  and  theories  are  of 
limited  use  in  predicting  performance.  This  is  par- 
ticularly true  of  designs  where  fibrous  packing  is 
used  to  increase  the  liquid/vapor  contact  surface. 
It  was  found  that  NaCl  solutions  of  different  con- 
centration and  temperature,  separately  flowing 
through  a  chamber  with  a  common  vapor  phase, 
will  be  in  a  type  of  equilibrium  despite  the  liquids 
not  being  in  equilibrium  with  the  vapor.  The  tem- 
perature of  the  liquid  stream  to  which  the  vapor  is 
flowing  (the  absorbing  liquid)  is  that  required  to 
bring  its  calculated  equilibrium  vapor  pressure  to 
that  of  the  calculated  equilibrium  vapor  pressure  of 
the  evaporating  liquid  stream.  It  is  suspected  that 
this  is  a  generally  true  phenomenon  if  the  process 
is  carried  out  close  enough  to  conditions  of  actual 
equilibrium  between  the  vapor  and  liquid  phases. 
Although  the  generality  of  this  phenomenon  is  not 
established,  where  it  is  valid  it  permits  thermody- 
namic data,  such  as  values  of  water  activity,  to  be 
used  rather  than  more  complicated  calculations 
based  on  mass  transfer  coefficients  to  design  proc- 
esses with  coupled  liquids.  Moreover,  the  freezing 
process  can  be  monitored  by  pooled  absorbent 
temperature  measurement.  (Doria-PTT) 
W91-07388 


CALCIUM  CARBONATE  SCALE  FORMATION 
AND  PREVENTION  IN  A  FLOW-THROUGH 
SYSTEM  AT  VARIOUS  TEMPERATURES. 

Patras  Univ.  (Greece).  Dept.  of  Chemistry. 

E.  Dalas,  and  P.  G.  Koutsoukos. 

Desalination  DSLNAH,  Vol.  78,  No.  3,  p  403-416, 

October  1990.  8  fig,  2  tab,  16  ref. 

Descriptors:  'Calcium  carbonate,  'Cooling  water, 
•Desalination  apparatus,  'Pipelines,  'Pumps, 
'Scaling,  Calcite,  Chelating  agents,  Diffusion,  Ki- 
netics, Supersaturation,  Temperature,  Thermody- 
namics. 

The  deposition  of  calcium  carbonate  in  lines  carry- 
ing hot  water  or  in  pumping  systems  is  an  undesir- 
able process  in  most  cases.  The  deposition  of  calci- 
um carbonate  was  investigated  in  a  closed,  flow- 
through  circuit.  It  was  found,  at  plethostatic  condi- 
tions, that  in  the  temperature  range  between  50  and 
80  C,  vaterite  is  the  initially  forming  phase,  con- 
verting to  the  thermodynamically  more  stable  cal- 
cite. The  deposition  took  place  within  the  station- 
ary layers  in  which  the  supersaturation  gradient 
was  established.  The  deposition  of  vaterite  was 
done  by  a  surface  diffusion  controlled  process,  as 
suggested  by  the  apparent  activation  energy  of  36 
kJ/mol  found.  The  deposition  rates  as  a  function  of 
the  solution  supersaturation  suggested  a  polynu- 
clear  mechanism  for  the  formation  of  vaterite  on 
the  heated  specimens.  Pretreatment  of  the  speci- 
mens with  concentrations  of  EHDP  varying  from 
0.1  microM  to  1  mM  increased  the  induction  times 
significantly  and  resulted  in  drastic  reduction  of 
the  rates  of  deposition,  which  were  more  pro- 
nounced for  the  316  stainless  steel  specimens. 
From  the  kinetics  of  precipitation  data,  the  surface 
energy  of  the  forming  vaterite  was  estimated  and 
was  found  to  increase  with  temperature  from  77  to 
148  mJ/sq  m.  (Author's  abstract) 
W9 1-07389 


FORMATION     OF     UF     ROD-TYPE     MEM- 
BRANES. 

Wroclaw  Technical  Univ.  (Poland).  Inst,  of  Envi- 
ronment Protection  Engineering. 
K  Majewska-Nowak,  J.  Wisniewski,  and  T. 
Winnicki. 
Desalination  DSLNAH,  Vol.  78,  No.  3,  p  417-427, 


October  1990.  1  fig,  5  tab,  13  ref. 

Descriptors:  'Chemical  engineering,  'Desalina- 
tion, 'Membranes,  'Reverse  osmosis,  'Ultrafiltra- 
tion, 'Wastewater  treatment,  Dyes,  Polymers, 
Synthesis. 

In  engineering  practice,  it  is  conventional  to  form 
ultrafiltration  and  reverse  osmosis  tubular  mem- 
branes on  the  surface  of  porous  polymeric  bars 
using  the  immersion  method.  Unfortunately,  the 
method  fails  to  provide  membranes  of  the  thick- 
ness desired.  An  apparatus  was  designed  for  me- 
chanical casting  of  membranes  on  porous 
poly(methyl  methacrylate)  bar  surfaces.  Operating 
parameters  of  the  apparatus  were  determined.  The 
apparatus  enables  membrane  thickness  control  by 
appropriate  choice  of  the  gap  width  and  casting 
velocity.  Recommended  operating  parameters  are: 
gap  width,  0.40  or  0.55  mm;  casting  rate,  50  or  100 
mm/s.  Polysulfone,  poly(vinyl  chloride)  and  po- 
lyacrylonitrile  membranes  retain  organic  dyes  of 
molecular  weights  higher  than  600  efficiently;  re- 
tention coefficients  have  exceeded  90%  in  every 
instance.  At  a  pressure  of  0.15  mPa,  volume  flux  of 
the  permeate  ranges  from  0.4  cu  m/sq  m-d  for 
poly(vinyl  chloride)  membrane  to  2.3  cu  m/sq  m-d 
for  polyacrylonitrile  membrane.  (Doria-PTT) 
W9 1-07390 


IMPACT  OF  REJECT  WATER  FROM  THE  DE- 
SALINATION PLANT  ON  GROUND  WATER 
QUALITY. 

Andhra  Univ.,  Waltair  (India).  School  of  Chemis- 
try. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07391 


EFFECTS  OF  CHLORINE  DIOXIDE  ON  RE- 
VERSE OSMOSIS  MEMBRANES. 

Olin  Corp.,  New  Haven,  CT. 

W.  R.  Adams. 

Desalination  DSLNAH,  Vol.  78,  No.  3,  p  439-453, 

October  1990.  9  fig,  7  ref. 

Descriptors:  'Antifoulants,  'Chlorine  dioxide, 
'Desalination,  'Disinfection,  'Membranes,  'Re- 
verse osmosis,  Acidity,  Fouling,  Kinetics,  Model 
studies,  Oxidation,  Water  treatment. 

Reverse  osmosis  (RO)  membrane  systems  general- 
ly require  treatment  with  a  sanitizing  agent  to 
prevent  microbiological  growth.  As  many  mem- 
brane materials  are  intolerant  to  chlorine,  alterna- 
tive sanitizers  have  to  be  considered.  A  study  was 
conducted  of  the  compatibility  of  several  commer- 
cially available  RO  membranes  to  chlorine  dioxide, 
an  oxidizer  that  compares  favorably  to  chlorine  in 
terms  of  bactericidal  efficacy.  The  compatibility  of 
the  membranes  was  determined  as  a  function  of 
chlorine  dioxide  concentration,  solution  pH,  and 
exposure  time.  A  kinetic  model  of  the  membrane 
degradation  phenomena  was  derived,  correlated  to 
the  data,  and  then  used  to  predict  useful  membrane 
lifetime  in  feedwaters  containing  chlorine  dioxide. 
Membranes  were  found  to  be  intolerant  to  chlorine 
dioxide  at  high  concentrations,  where  they  degrad- 
ed at  rates  comparable  to  those  documented  for 
chlorine.  At  concentrations  of  1.0  ppm  and  below, 
however,  the  membranes  had  a  greater  tolerance 
to  chlorine  dioxide  than  to  chlorine;  at  this  concen- 
tration, chlorine  dioxide  is  still  effective  as  a  sani- 
tizing agent.  Membranes  were  highly  permeable  to 
chlorine  dioxide,  so  a  low  concentration  in  the 
feedwater  will  provide  control  both  upstream  and 
downstream.  (Doria-PTT) 
W9 1-07392 


ELECTROHYDRODYNAMIC  ENHANCE- 

MENT OF  EVAPORATION  FROM  NACL  SO- 
LUTIONS. 

Macdonald  Coll.,  Ste.  Anne  de  Bellevue  (Quebec). 
Dept.  of  Renewable  Resources. 
N.  N.  Barthakur. 

Desalination  DSLNAH,  Vol.  78,  No.  3,  p  455-465, 
October  1990.  2  fig,  1  tab,  20  ref.  Natural  Sciences 
and  Engineering  Research  Council  of  Canada  and 
Brace  Research  Institute,  Montreal,  Quebec  Grants 
0GP0010245. 


Descriptors:  'Cooling,  'Desalination,  'Electric 
fields,  'Evaporation,  'Nucleation,  'Saline  water, 
Anions,  Cations,  Electrodes,  Ions,  Sodium  chlo- 
ride, Temperature. 

Evaporation  from  and  nucleation  of  saline  solu- 
tions exposed  to  high  fluxes  of  bipolar  air  ions 
produced  by  single  corona  electrodes  were  studied 
with  a  beta-ray  gauge.  NaCl  solutions  of  various 
concentrations  evaporated  3.5  to  3.9  times  faster 
when  exposed  simultaneously  to  0.94  trillion  posi- 
tive and  1.83  trillion  negative  ions/sq  cm/s  than 
freely  evaporating  control  solutions.  Evaporation 
enhancement  occurred  at  a  steady  state  tempera- 
ture that  was  well  below  the  corresponding  wet 
bulb  temperature.  The  nucleation  sites  in  a  solution 
were  observed  to  be  preferentially  located  below 
the  overhead  emitting  electrodes;  whereas  the  sites 
appeared  to  be  spatially  random  for  control  solu- 
tions. The  solutions  exposed  to  the  electrohydro- 
dynamic  (EHD)  forces  nucleated  earlier  than  the 
control.  Electric  wind  is  primarily  attributed  to  the 
evaporation  rate  enhancement  and  the  accelerated 
nucleation  at  preferred  sites  in  the  solutions.  An 
important  field  of  application  of  this  technique 
could  be  envisaged  in  desalination  of  seawater 
which  is  less  concentrated  than  the  saline  solutions 
used  in  these  experiments.  If  the  evaporation  rate 
can  be  further  accelerated,  the  EHD  forces  could 
be  used  as  a  novel  desalination  technique  that 
might  prove  to  be  energy  efficient.  The  evaporated 
water  could  be  condensed  to  the  liquid  state  for 
human  use.  (Author's  abstract) 
W9 1-07393 
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RESPONSE  TO  SALT  AND  WATERLOGGING 
STRESS  OF  TEN  TAXA  OF  ACACIA  SELECT- 
ED FROM  NATURALLY  SALINE  AREAS  OF 
WESTERN  AUSTRALIA. 

Western    Australia    Univ.,    Nedlands.    Dept.    of 

Botany. 

For  primary  bibliographic  entry  see  Field  3C. 
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EVALUATION  OF  THE  RESPONSE  OF  A 
WATER  TABLE  TO  A  VARIABLE  RECHARGE 
RATE. 

K.N.  Toossi  Univ.  of  Technology,  Tehran  (Iran). 
Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
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RESPONSE  TO  SALT  AND  WATERLOGGING 
STRESS  OF  TEN  TAXA  OF  ACACIA  SELECT- 
ED FROM  NATURALLY  SALINE  AREAS  OF 
WESTERN  AUSTRALIA. 

Western    Australia    Univ.,    Nedlands.    Dept.    of 

Botany. 

G.  F.  Craig,  D.  T.  Bell,  and  C.  A.  Atkins. 

Australian  Journal  of  Botany  AJBTAP,  Vol.  38, 

No.  6,  p  619-630,  1990.  5  fig,  3  tab,  19  ref. 

Descriptors:  'Acacia  trees,  'Australia,  'Halo- 
phytes,  'Saline  soils,  'Salt  stress,  'Salt  tolerance, 
'Soil-water-plant  relationships,  'Waterlogging, 
Conductivity,  Plant  growth,  Plant  physiology, 
Saturated  soils,  Sensitivity  analysis,  Sodium,  Sur- 
vival. 

Many  Australian  Acacia  species  appear  to  offer 
potential  for  planting  on  saline  sites.  Ten  taxa  of 
Acacia  were  selected  from  areas  of  moderate  to 
high  soil  salinity  (electrical  conductivities  of  satu- 
rated soil  paste  extracts  (EC)  between  1000  mS/m 
and  4800  mS/m  at  50  to  600  mm  depth)  and 
sodicity  to  test  the  tolerance  of  plants  to  increasing 
levels  of  salinity  both  with  and  without  waterlog- 
ging. Nodulated  plants,  3  months  old,  were  grown 
in  glasshouse  experiments  under  one  of  four  treat- 
ments: non-saline  drained  control  (12  weeks);  saline 
drained  (12  weeks);  non-saline  waterlogged  (5 
weeks);  and  saline  waterlogged  (5  weeks).  Acacia 
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cyclops,  A.  brumalis,  A.  redolens,  and  A.  aff. 
lineolata  had  100%  survival  after  12  weeks  irriga- 
tion with  saline  solution  (final  EC  =  9500  mS/m). 
Generally,  the  species  tested  were  sensitive  to  wa- 
terlogging with  A.  patagiata,  A.  cyclops,  and  A. 
brumalis  being  the  most  sensitive,  having  19  to 
44%  mortality  with  no  salt  in  the  solution.  The 
combined  treatment  of  salt  and  waterlogging 
greatly  increased  the  mortality  of  plants,  with  four 
species  having  >70%  mortality  after  5  weeks 
treatment  (EC  =  3900  mS/m).  A.  aff.  lineolata  and 
A.  mutabilis  ssp  stipulifera  were  highly  tolerant  of 
salt  plus  waterlogging,  with  100%  and  90%  sur- 
vival respectively.  In  salt  plus  waterlogged  treat- 
ments, sodium  ion  concentration  in  phyllodes  of  all 
taxa  exceeded  that  taken  up  by  plants  in  freely 
drained  salt  treatments.  Taxa  with  the  slowest  rates 
of  growth  tended  to  accumulate  the  highest  con- 
centrations of  sodium  ion  in  the  uppermost  phyl- 
lodes. Provenances  of  A.  redolens  and  A.  patagiata 
collected  from  sites  of  high  soil  salinity  had  less 
than  half  the  sodium  ion  concentration  in  upper- 
most phyllodes  at  the  termination  of  the  salt  treat- 
ment, compared  with  provenances  of  the  same 
species  collected  from  moderately  saline  sites,  indi- 
cating that  Acacia  provenances  collected  from  the 
most  saline  sites  had  greater  potential  to  survive 
high  levels  of  external  salinity  in  the  longer  term 
than  those  from  less  saline  sites.  (Author's  abstract) 
W9 1-07306 


CALIBRATION  AND  VALIDATION  OF  A 
MODIFIED  STEADY-STATE  MODEL  OF 
CROP  RESPONSE  TO  SALINE  WATER  IRRI- 
GATION UNDER  CONDITIONS  OF  TRAN- 
SIENT ROOT  ZONE  SALINITY. 
Edinburgh  School  of  Agriculture  (Scotland). 
Dept.  of  Soil  Science. 

A.  J.  A.  Vinten,  H.  Frenkel,  J.  Shalhevet,  and  D. 
A.  Elston. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
7,  No.  1/2,  p  123-144,  January  1991.  7  fig,  5  tab,  18 
ref. 

Descriptors:  'Crop  yield,  'Irrigation  water, 
•Model  studies,  *Root  zone,  *Saline  soils,  *Saline 
water  irrigation,  Corn,  Cotton,  Crop  production, 
Error  analysis,  Grain  crops,  Irrigation  programs, 
Model   testing,    Parameter   estimation,   Tomatoes. 

In  many  situations  where  annual  crops  are  irrigat- 
ed with  saline  water,  root  salinity  does  not  reach  a 
steady  state.  Use  of  a  steady-state  description  of 
root  zone  salinity  may  then  seriously  overestimate 
the  calculated  leaching  requirements  of  the  crop. 
A  steady-state  semi-empirical  model  of  crop  re- 
sponse to  irrigation  with  saline  water  has  been 
calibrated  using  data  from  a  number  of  field  experi- 
ments. Predictions  of  yield  deficit  for  cotton  dry 
matter,  seed  cotton,  forage  corn,  sweet  corn,  rye- 
grass, and  tomatoes  resulting  from  irrigation  with 
saline  water  have  been  made  for  each  of  these 
experiments,  using  both  the  original  model  and  a 
modified  version  which  allows  for  the  non-steady- 
state  salinity  conditions  occurring  in  the  experi- 
ments. Comparison  with  experimental  data  shows  a 
clear  superiority  of  the  modified  version  in  most 
cases  studied.  Where  the  original  model  is  superior 
or  equally  good,  it  is  likely  that  steady-state  condi- 
tions are  being  approached.  Where  root  zone  salin- 
ity data  were  available  and  applicable,  the  modi- 
fied model  predicted  root  zone  salinity  much 
better.  Approaches  for  distinguishing  errors  in  cali- 
bration from  intrinsic  errors  in  the  model  assump- 
tions include  smoothing  out  the  test  data  using  a 
multiple  regression  equation  which  empirically  de- 
scribes observed  yield  in  terms  of  measured  param- 
eters used  in  the  model.  By  removing  random 
error  from  yield  data  in  this  way  the  comparison 
between  recalculated  experimental  yields  and 
model  predictions  provides  a  more  sensitive  test  of 
model  validity.  (Author's  abstract) 
W91-07586 


SLUDGE  MANAGEMENT  IN  SAN  DIEGO. 

Serpentix  Conveyor  Corp.,  Westminster,  CO. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-07896 


SALINIZATION  HAZARD  IN  A  POLDER  SOIL 
OF  BELGIUM. 


Ghent  Rijksuniversiteit  (Belgium).  Faculteit  Land- 
bouwwetensc  happen. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-07954 

3D.  Conservation  In  Domestic  and 
Municipal  Use 

DROUGHT  MANAGEMENT  AND  ITS  IMPACT 
ON  PUBLIC  WATER  SYSTEMS. 

Report  on  a  Colloquium  held  September  5,  1985. 
Colloquium  1  of  a  Series.  National  Academy  Press, 
Washington,  DC.  1986.  127p. 

Descriptors:  *Drought,  'Drought  effects,  'Plan- 
ning,  *Public  policy,  'Water  management,  'Water 
supply  development,  'Water  use  efficiency,  Cali- 
fornia, Competing  use,  Los  Angeles,  Nonstructural 
alternatives,  Risk  assessment,  Salt  Lake  City, 
Streamflow  forecasting,  Utah,  Water  conservation, 
Water  supply,  Water  transfer. 

A  colloquium  was  held  to  discuss  the  subject  of 
drought  as  it  affects  the  management  of  public 
water  systems.  The  first  colloquium  attempted  to 
define  drought  and  ranged  from  the  need  to  know 
more  of  cause  and  effect  and  improved  forecasting, 
to  the  legal  procedures  required  to  implement  vari- 
ous management  alternatives.  Individuals  noted  for 
their  expertise  in  areas  of  drought  management 
were  invited  to  present  their  views  and  insights  on 
this  subject  at  a  meeting  of  50  participants  in 
Boulder,  Colorado,  on  September  5,  1985. 
Drought,  unlike  other  environmental  disasters, 
does  not  have  a  sudden  onslaught.  Damage  inflict- 
ed by  drought  usually  occurs  rather  subtly  over  a 
span  of  months  to  years.  Truly  serious  drought  is 
usually  a  regionalized,  as  opposed  to  localized 
trauma,  with  the  attendant  need  to  broaden  pre- 
planning and  mitigation  efforts.  Drought  is  consid- 
ered to  represent  a  period  of  time  when  stream- 
flows,  reservoir  storage,  and  shallow  groundwater 
levels  are  abnormally  low  as  a  result  of  climatical- 
ly-induced moisture  deficiency.  There  is  need  to 
direct  both  research  and  pragmatic  mitigation  ef- 
forts toward  the  neglected  problems  of  water  man- 
agement during  drought  episodes.  In  the  absence 
of  adequate  preparation,  a  drought  may  cause  seri- 
ous disruption  for  both  consumptive  and  noncon- 
sumptive  water  users.  Topics  covered  during  the 
colloquium  include  dimensions  of  drought  manage- 
ment for  public  water  supplies,  the  causes  and 
occurrence  of  drought,  acceptable  risks  for  public 
systems  subject  to  drought,  drought  management 
options,  and  legal  and  institutional  aspects  of 
drought  management.  Appendices  to  the  text  in- 
clude the  Emergency  Water  Conservation  Plan  of 
the  City  of  Los  Angeles  and  a  summary  of  the  Los 
Angeles  Emergency  Water  Conservation  Ordi- 
nance, and  the  Salt  Lake  County  Water  Conser- 
vancy District  Rationing  Plan.  (See  W9 1-07795 
thru  W9 1-07799)  (Geiger-PTT) 
W9 1-07794 


DIMENSIONS  OF  DROUGHT  MANAGEMENT 
FOR  PUBLIC  WATER  SUPPLIES. 

Colorado  Univ.  at   Boulder.   Inst,   of  Behavioral 

Genetics. 

G.  F.  White. 

IN:    Drought    Management    and    Its    Impact    on 

Public  Water  Systems.  National  Academy  Press, 

Washington,   DC.    1986.   p    11-23.   2  tab,   31   ref. 

Descriptors:  'Drought,  'Municipal  water,  'Non- 
structural alternatives,  'Water  management, 
•Water  supply  development,  'Water  use  efficien- 
cy, Irrigation,  Management  planning,  Planning, 
Public  policy,  Water  conservation,  Water  demand, 
Water  supply. 

The  numerous  dimensions  of  public  water  supply 
and  drought  are  reviewed  with  respect  to  the 
broader  aspects  of  time,  place  and  quality.  The 
provision  of  water  as  a  public  service  competes 
with  other  public  services  for  city  funds.  Drought 
is  only  one  of  the  wide  range  of  natural  and 
technological  hazards  to  which  a  public  water 
supply  is  vulnerable.  When  compared  to  other 
hazards  such  as  floods,  hurricanes,  earthquake  and 
chemical  spills,  droughts  occur  with  a  lower  fre- 


quency and  have  a  longer  onset  time  and  duration. 
Droughts  may  be  rated  as  less  important  than  other 
concerns  and  may  receive  less  attention  and  public 
funding.  Drought  has  claimed  national  attention  in 
three  major  periods  in  U.  S.  history:  in  the  1930's 
when  the  U.S.  Geological  Survey  surveyed  suffer- 
ing communities,  the  1950's  to  1970's  when  the 
water  conservation  movement  took  hold,  and  the 
late  1980's  when  effects  of  pollution  on  the  water 
supply  were  considered  on  a  global  scale.  At  least 
four  spatial  dimensions  of  the  urban  water  supply 
situation  interact  to  affect  in  quite  different  ways 
the  vulnerability  of  cities  to  drought.  These  are 
population  size,  rates  of  growth  or  decline, 
groundwater  availability,  and  agricultural  use  of 
water.  The  smaller  municipalities  and  those  with 
poor  planning  and  meager  surface  water  supplies 
have  the  higher  probabilities  of  suffering  shortage 
of  water.  Cities  with  access  to  good  quality 
groundwater  often  find  ways  of  improvising  in 
times  of  shortage.  Transfer  of  irrigation  water  from 
agricultural  use  to  municipal  use  in  time  of  drought 
may  be  practiced  without  severe  effects  upon  agri- 
culture. Institutional  and  administrative  dimensions 
can  be  thought  of  as  falling  into  four  classes: 
organizational  competence,  legal  and  administra- 
tive capacity,  technical  skill  in  analysis,  and  basic 
data  for  analysis.  The  innovation  and  testing  of 
new  legal  and  administrative  devices  to  permit 
municipalities  to  join  in  water  management,  to 
operate  a  market  for  water  rights,  and  to  share 
experience  in  planning  and  gaining  public  accept- 
ance for  water  conservation  measures  deserve  vig- 
orous support  beyond  what  is  already  under  way. 
(See  also  W9 1-07794)  (Geiger-PTT) 
W9 1-07795 


WHAT  ARE  ACCEPTABLE  RISKS  FOR 
PUBLIC  SYSTEMS. 

Los  Angeles  City  Dept.  of  Water  and  Power,  CA. 
D.  L.  Georgeson. 

IN:  Drought  Management  and  Its  Impact  on 
Public  Water  Systems.  National  Academy  Press, 
Washington,  DC.  1986.  p  49-64.  1  fig,  3  tab,  1  ref. 

Descriptors:  'California,  'Domestic  water, 
'Drought,  'Drought  effects,  'Management  plan- 
ning, 'Municipal  water,  'Risk  assessment,  Compet- 
ing use,  Crop  production,  Decision  making,  Flood 
control,  Future  planning,  Irrigation  water,  Urban 
areas,  Water  allocation,  Water  conservation,  Water 
supply  development. 

During  drought  periods,  various  management 
strategies  have  been  employed  to  allocate  an  inad- 
equate water  supply  among  competing  users  for 
that  supply.  The  Bureau  of  Reclamations's  Central 
Valley  Project  in  California  plans  for  agricultural 
drought  management  by  making  available  Class  1 
water  in  most  years,  and  Class  2  water  that  is 
available  on  a  less  firm  basis.  In  dry  years  farmers 
have  the  option  of  reducing  their  irrigated  acreage 
of  annual  crops  or  increasing  their  production 
from  alternative  supplies  such  as  individual  wells. 
This  system  does  not  work  well  for  urban  users 
who  cannot  make  an  explicit  annual  decision  on 
domestic  water  use  needs.  As  a  result  of  the  Great 
California  Drought  of  1976-1977,  many  imagina- 
tive programs  were  implemented  by  federal,  state, 
and  local  officials,  as  well  as  private  companies, 
farmers,  and  individuals  to  cope  with  the  water 
shortages.  In  Marin  County  water  use  was  reduced 
by  approximately  65%  to  only  45  gallons  per 
person  per  day.  After  the  drought,  per  capita 
water  use  returned  to  near  predrought  levels  in 
most  cities,  even  though  conservation  programs 
continued.  Preliminary  plans  of  the  Imperial  Irri- 
gation District  to  conserve  100,000  acre  feet  per 
year  involve  lining  canals  and  reducing  water 
losses.  The  conserved  water  would  be  made  avail- 
able to  Southern  California  which  would  reim- 
burse Imperial  $10  million  annually  to  develop  the 
conservation  programs.  Local  governments  should 
be  involved  in  the  planning  stages  of  drought 
management  to  exercise  police  powers  should  they 
be  needed  for  water  rationing  plans.  Urban  support 
is  needed  to  increase  the  efficiency  of  agricultural 
water  use.  Public  commitment  to  water  conserva- 
tion would  likely  erode  quickly  if  financial  penal- 
ties and  other  restrictions  were  perceived  as  not 
being  enforced.  If  the  public  feels  that  water  agen- 
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cies  are  managing  water  supplies  responsibly  and 
efficiently,  they  will  be  more  likely  to  support 
proposed  conservation  measures  in  emergency  sit- 
uations. Groundwater  storage  basins  can  extend 
water  supplies  and  increase  flexibility  during  emer- 
gency situations.  In  California  there  are  major 
legal  and  contractual  problems  associated  with 
drought  management  planning.  Since  the  conse- 
quences of  urban  water  shortages  are  potentially 
very  serious,  the  decision  making  should  be  made 
by  the  elected  officials.  (See  also  W9 1-07794) 
(Geiger-PTT) 
W91-07797 


DROUGHT  MANAGEMENT  OPTIONS. 

Southern  Illinois  Univ.,  Carbondale.  Dept.  of  Ge- 
ography. 
B.  Dziegielewski. 

IN:  Drought  Management  and  Its  Impact  on 
Public  Water  Systems.  National  Academy  Press, 
Washington,  DC.  1986.  p  65-77.  1  tab,  9  ref. 

Descriptors:  'Drought,  'Management  planning, 
•Water  conservation,  'Water  use  efficiency, 
Drought  effects,  Future  planning,  Nonstructural 
alternatives,  Public  policy,  Water  demand,  Water 
supply  development,  Water  transfer. 

Traditional  approaches  to  water  supply  planning 
treat  the  question  of  droughts  as  a  part  of  the 
capacity  expansion  problem.  Typical  capacity  ex- 
pansion projects  involve  the  construction  of  new 
facilities  for  water  storage,  treatment,  and  trans- 
mission. Unconventional  alternatives  that  have 
been  considered  in  recent  years  include  more  effi- 
cient use  of  existing  water  supplies,  use  of  ground- 
water aquifers  for  storage  of  excess  supply  of  sur- 
face water,  interbasin  transfers,  desalination  of  sea- 
water  or  brackish  groundwater,  reclamation  of 
wastewater  and  implementation  of  cloud-seeding 
projects.  Demand  management  projects  that  can 
substantially  reduce  future  water  use  may  include: 
campaigns  to  educate  the  consumers  on  how  to 
modify  water  use  habits;  promotion  of  a  mandato- 
ry use  of  water-saving  devices;  promotion  or  man- 
datory requirements  of  low-water-use  landscaping; 
adoption  of  efficient  marginal  cost  pricing;  and 
adoption  of  zoning  and  land  use  policies  to  control 
the  number  of  water  users  served  by  the  system. 
Drought  emergency  measures  undertaken  in  re- 
sponse to  anticipated  shortages  of  water  include: 
demand  reduction  measures,  improvement  in  effi- 
ciency in  water  supply  and  distribution  systems, 
and  emergency  water  supplies.  The  information 
that  would  aid  the  most  water  managers  in  coping 
with  water  deficits  during  an  actual  drought  is:  the 
level  of  deficit  most  likely  to  result  from  an  ongo- 
ing drought  if  no  action  is  taken,  the  effectiveness 
of  specific  drought  management  measures,  and  the 
total  cost  of  individual  measures  including  the  eco- 
nomic losses  resulting  from  cutbacks  in  water  de- 
livery. The  specific  steps  in  the  evaluation  of 
demand  reduction  measures  must  include  determi- 
nation of:  technical  feasibility,  social  acceptability, 
implementation  conditions  to  identify  the  agencies 
responsible  for  implementation  and  to  define  the 
temporal  and  sectoral  coverage  of  each  measure, 
effectiveness,  utility's  expenditures  on  implement- 
ing the  measures,  and  the  economic  losses  resulting 
from  cutbacks  in  water  delivery  borne  by  the 
customers  in  various  sectors  of  local  economy.  The 
need  for  expanding  supply  capacity  of  an  existing 
system  can  be  assessed  by  using  the  expected  value 
of  the  cost  of  coping  with  drought  emergencies 
during  the  planning  period.  A  complete  evaluation 
of  short-term  drought  management  measures  will 
allow  water  utility  managers  to  make  more  in- 
formed decisions  during  crisis  situations.  (See  also 
W9 1-07794)  (Geiger-PTT) 
W9 1-07798 


LEGAL  AND  INSTITUTIONAL  ASPECTS  OF 
DROUGHT  MANAGEMENT. 

Clyde  and  Pratt,  Salt  Lake  City,  UT. 

E.  W.  Clyde. 

IN:    Drought    Management    and    Its    Impact    on 

Public  Water  Systems.  National  Academy  Press, 

Washington,  DC.  1986.  p  78-98. 

Descriptors:  'Drought,  'Legal  aspects,  'Manage- 
ment planning,  'Municipal  water,  'Water  conser- 


vation, 'Water  use  efficiency,  Conjunctive  use, 
Drought  effects,  Water  demand,  Water  law,  Water 
rights,  Western  United  States. 

Attempts  to  manage  drought  through  legal  and 
institutional  means  in  the  Western  United  States 
are  reviewed.  Streams  in  the  West  do  not  peak  to 
coincide  with  the  heaviest  demand  for  water 
which  is  during  the  hot  summer  months.  In  the 
semiarid  West,  a  city  needs  a  substantial  amount  of 
surface  storage  to  supply  water  for  a  two  or  three 
year  carryover  period.  It  also  needs  an  aqueduct 
from  the  storage  reservoir  to  the  area  of  use  with 
capacity  to  supply  large  quantities  of  water  during 
periods  of  peak  summer  use.  A  water  treatment 
facility  that  can  meet  peak  use  demands  is  also 
needed.  In  the  event  of  scarcity  of  water  the 
mayor  of  any  town  or  the  president  of  the  board  of 
trustees  may  limit  the  use  of  water  for  any  purpose 
other  than  domestic  use.  Water  districts  have  limit- 
ed governmental  powers.  Public  utilities  have  no 
governmental  power  and  would  rely  on  rights  to 
ration  through  the  public  service  commission. 
Water  users  may  enter  into  a  contractual  agree- 
ment for  water  services  which  may  include  the 
right  of  the  provider  to  ration  or  limit  water  use. 
Court  rulings  have  upheld  the  rights  of  water 
districts  to  limit  water  use  in  the  event  of  impend- 
ing droughts.  Pricing,  water  rationing,  and  water 
metering  have  been  used  to  manage  water  use  by 
customers.  Cases  are  documented  of  water  rights 
being  sold  or  transferred  to  manage  drought  condi- 
tions. Water  allocation  processes  usually  allow  ad- 
justments for  drought.  Conjunctive  uses  of  water 
will  also  help  meet  water  needs  during  drought 
periods.  Preferential  use  of  water  may  be  separated 
into  three  categories:  high  priority  use  supersedes 
all  other  rights  and  pays  no  compensation  for 
water  use,  preferred  use  defined  by  statute  and 
enforced  by  condemnation  that  must  pay  for  taking 
another's  water  rights,  and  administrative  discre- 
tion granted  to  public  officials  to  choose  among 
different  uses  in  granting  applications  for  permits 
to  use  water.  In  a  case  involving  interstate  transfer 
of  water  between  New  Mexico  and  Texas,  the 
courts  upheld  New  Mexico's  right  to  limit  transfer 
of  water  in  cases  of  drought.  (See  also  W9 1-07794) 
(Geiger-PTT) 
W9 1-07799 
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MODELLING  SOIL  MOISTURE  MOVEMENT 
FOLLOWING  DRIP  IRRIGATION  OF  SUGAR 
CANE. 

Institute  of  Hydrology,  Wallingford  (England). 
D.  M.  Cooper. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  385-396.  2  fig,  3 
tab,  19  ref. 

Descriptors:  'Drip  irrigation,  'Model  studies, 
'Sensitivity  analysis,  'Soil  water,  'Soil  water  po- 
tential, 'Soil-water-plant  relationships,  'Unsaturat- 
ed flow,  Boundary  conditions,  Calibrations,  Data 
interpretation,  Field  tests,  Finite  difference  meth- 
ods, Flow  equations,  Flow  models,  Mauritius, 
Root  zone,  Spatial  distribution,  Sugarcane,  Tensio- 
meters,  Uncertainty. 

Field  measurements  of  soil  water  potentials  were 
used  in  the  assessment  of  a  finite  difference  model 
of  water  movement.  Measurements  of  soil  moisture 
potential  were  taken  from  an  intensively  monitored 
grid  of  tensiometers  located  beneath  a  drip  irrigat- 
ed sugar  cane  crop  at  three  replicate  sites  in  Mauri- 
tius. Modelling  drip  irrigation  is  a  special  case  of 
modeling  soil  moisture  movement,  with  a  point  or 
line  source.  The  boundary  conditions  for  the  prob- 
lem were  a  no-flow  boundary  or  steady  drainage 
below  the  root  zone,  and  no  flow  across  a  notional 
boundary  at  infinite  horizontal  distance  from  the 
dripline.  A  two-dimensional  model  was  used  to 
represent  soil  water  movement  along  the  plane  of 
tensiometer  locations.  A  discretized  version  of 
Richards  equation  was  solved  within  the  model 
region  using  a  finite  difference  scheme  with  rectan- 
gular node-centered  elements.  The  results  of  the 
investigation  revealed  that  it  was  possible  to  cali- 


brate soil  moisture  models  using  sequential  gridded 
data  and  a  finite  difference  model.  However,  meas- 
ured values  of  moisture  potential  were  barely  suffi- 
cient to  provide  starting  values  for  the  analysis,  but 
it  was  not  possible  to  use  a  finer  grid  of  tensio- 
meters without  causing  excessive  disturbance  to 
the  soil.  This  limited  the  model  calibration,  al- 
though the  effect  of  incorrect  initial  conditions 
would  disappear  with  time.  The  key  source  of 
uncertainty  in  the  study  was  thought  to  be  associ- 
ated with  spatial  distribution  of  root  uptake.  (See 
also  W91-07253)  (Korn-PTT) 
W9 1-07291 


SOIL  DENITRIFICATION  AND  NITRIFICA- 
TION POTENTIALS  DURING  THE  GROWING 
SEASON  RELATIVE  TO  TILLAGE. 

Agricultural  Research  Service,  Beckley,  WV.  Ap- 
palachian Soil  and  Water  Conservation  Research 
Lab. 

T.  E.  Staley,  W.  H.  Caskey,  and  D.  G.  Boyer. 
Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1602-1608,  November/December 
1990.  3  fig,  2  tab,  26  ref. 

Descriptors:  'Denitrification,  'Nitrification,  'Plant 
growth,  'Crop  production,  'Soil  chemistry,  'Soil- 
water-plant  relationships,  'Tillage,  Microorga- 
nisms, Nitrogen,  Nutrient  concentrations,  Plant 
physiology,  Seasonal  variation,  Soil  management, 
Spatial  distribution,  Temporal  distribution. 

Soil  management  practices,  through  the  alteration 
of  various  biological  processes,  can  have  a  pro- 
found effect  on  nutrient  availability  to  crops. 
During  the  growing  season,  the  effect  of  no-tillage 
(NT)  or  conventional  tillage  (CT),  location  (be- 
tween or  within  row),  and  N  rate  (0  or  56  kg  N/ 
ha)  on  soil  potential  denitrification  activity  (PDA) 
and  potential  nitrification  activity  (PNA)  was  in- 
vestigated in  a  Gilpin  silt  loam  (fine-loamy,  mixed, 
mesic  Typic  Hapladults),  planted  with  maize  (Zea 
mays).  For  both  PDA  and  PNA,  most  of  the 
activity  was  concentrated  in  the  soil  surface  (0  to 
3.8  cm  layer),  especially  under  NT,  and  decreased 
to  barely  detectable  levels  in  the  deepest  (15  to  30 
cm)  layer  examined.  Significant  main  effects  were 
found  for  tillage,  season,  location  for  PDA  in  the 
soil  surface  layer.  Tillage  interacted  only  with 
season,  resulting  in  an  increase  in  PDA  under  NT, 
and  a  lack  of  response  under  CT,  during  the  grow- 
ing season  in  both  the  soil  surface  and  the  3.8  to  7.6 
cm  layers.  For  PNA  in  the  soil  surface  layer, 
significant  main  effects  were  found  for  all  treat- 
ments. Only  location  interacted  with  tillage,  result- 
ing in  a  50%  increase  in  PNA  from  within  rows  to 
between  rows  under  NT,  and  a  lack  of  response 
under  CT.  In  the  3.8  cm  to  7.6  layer,  the  lowest 
order  interaction  was  significant.  In  the  7.6  to  15 
cm  layer,  PNA  increased  more  rapidly  under  CT 
than  NT  during  the  growing  season.  These  results 
demonstrate  the  importance  of  considering  spatial 
distribution  and  time  when  these  microbial  activi- 
ties are  examined  in  tillage  studies,  and  suggest  the 
nitrogen  losses  under  NT  should  exceed  those 
under  CT.  (Author's  abstract) 
W9 1-07346 


SPATIAL  VARIATION  IN  DENITRIFICATION: 
DEPENDENCY  OF  ACTIVITY  CENTERS  ON 
THE  SOIL  ENVIRONMENT. 

Copenhagen  Univ.  (Denmark).  Inst,  of  Population 

Biology. 

S.  Christensen,  S.  Simkins,  and  J.  M.  Tiedje. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  6,  p  1608-1613,  November/December 

1990.  4  fig,  4  tab,  20  ref.   NSF  Grant  BSR-83- 

18387. 

Descriptors:  'Acidic  soils,  'Denitrification,  'Hy- 
drogen ion  concentration,  'Soil  chemistry,  'Soil 
water,  'Spatial  variation,  Field  tests,  Flooding, 
Frequency  distribution,  Seasonal  variation. 

The  spatial  variation  in  field  denitrification  rates 
was  studied  in  an  acid  soil  where  the  sole  denitrifi- 
cation end  product  was  N20.  The  rate  of  N20 
accumulation  was  measured  under  soil  cover  at  30 
fixed  sampling  locations  arranged  in  a  grid.  Water 
and  nitrate  were  added  prior  to  all  measurements 
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to  provide  soil  water  contents  at  or  above  field 
capacity  and  excess  nitrate  for  denitrification.  No 
significant  differences  in  N20  production  rates 
were  observed  in  samples  incubated  with  or  with- 
out C2H2,  indicating  that  nitrificiation  is  not  a 
significant  source  of  N20  in  this  soil.  Denitrifica- 
tion was  found  to  occur  in  'hot  spots'  in  moist  soil 
and  throughout  the  soil  volume  if  the  soil  was 
flooded.  Denitrification  rates  followed  a  skewed 
frequency  distribution  when  soil  water  content  was 
at  field  capacity;  most  locations  had  low  activity; 
and  a  few  locations  exhibited  high  activity.  The 
frequency  distribution  of  denitrification  rates  was 
less  skewed  in  samples  after  flooding,  following 
large  additions  of  glucose,  or  when  the  vegetation 
underwent  decay  in  the  fall.  The  intensity  of  deni- 
trification was  much  higher  after  flooding  than 
following  glucose  addition.  A  few  sample  locations 
occasionally  showed  outstandingly  high  denitrifi- 
cation rates  when  at  field  capacity,  as  well  as 
flooded.  The  activity  in  these  hot  spots  approxi- 
mated the  potential  denitrification  activity  of  that 
soil.  (Author's  abstract) 
W91-07347 


TEMPORAL  PATTERNS  OF  SOIL  DENITRIFI- 
CATION: THEIR  STABILITY  AND  CAUSES. 

Copenhagen  Univ.  (Denmark).  Inst,  of  Population 

Biology. 

S.  Christensen,  S.  Simkins,  and  J.  M.  Tiedje. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  6,  p  1614-1618,  November/December 

1990.  4  fig,   3   tab,    11   ref.   NSF  Grant  BSR-83- 

18387. 

Descriptors:  'Denitrification,  *Soil  chemistry, 
*Soil  water,  "Temporal  variation,  Aerobic  condi- 
tions, Anaerobic  conditions,  Glucose,  Infiltration 
capacity,  Nitrates,  Nitrous  oxide,  Nutrient  concen- 
trations, Particulate  matter,  Slurries,  Soil  organic 
matter. 

The  temporal  stability  of  denitrification  activity 
was  assessed  by  monitoring  nitrous  oxide  produc- 
tion in  30  rings  installed  in  an  acid  sandy  loam  soil 
in  which  nitrous  oxide  was  the  only  gaseous  prod- 
uct of  denitrification.  When  soil  water  was  kept  at 
field  capacity  or  above,  in  the  absence  of  nitrate 
limitation,  some  locations  showed  high  denitrifica- 
tion compared  with  the  average  activity.  These 
high  activity  locations  persisted  for  up  to  several 
weeks.  The  ranking  of  locations  with  respect  to 
denitrification  rates  was  more  stable  over  time  than 
would  have  been  expected  due  to  chance  alone. 
Additions  of  particulate  organic  matter  (POM) 
that  stimulated  denitrification  within  2  hours  in 
anaerobic  soil  slurries  did  not  increase  denitrifica- 
tion until  5  days  after  addition  to  soil  cores.  The 
increase  in  denitrification  was  preceded  by  an  in- 
crease in  respiration.  The  denitrification  activity 
within  the  'hot  spots'  created  by  addition  of  POM 
was  not  limited  by  diffusion  of  nitrate  in  the  soil. 
The  addition  of  glucose  9  days  before  the  injection 
of  POM  into  field  rings  reduced  the  lag  time 
preceding  increased  denitrification.  Therefore,  the 
delayed  response  of  denitrification  following  POM 
addition  in  aerobic  soil  probably  reflects  the  time 
required  to  establish  an  anaerobic  soil  volume. 
(Author's  abstract) 
W9 1-07348 


MODELING  WATER  BALANCE  AND  GRASS 
PRODUCTION. 

Agriculture  Canada,  Ottawa  (Ontario).  Land  Re- 
source Research  Centre. 
R.  de  Jong,  and  P.  Kabat. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1725-1732,  November/December 
1990.  7  fig,  1  tab,  35  ref. 

Descriptors:  'Crop  yield,  'Grasslands,  'Irrigation 
design,  'Mathematical  models,  'Model  studies, 
•Netherlands,  'Soil-water-plant  relationships, 
'Water  balance,  Calibrations,  Climates,  Irrigation, 
Leaf  area  index,  Plant  growth,  Prediction,  Season- 
al variation,  Soil  water,  Transpiration,  Water 
stress. 

The  soil  water-crop  production  model  SWA- 
CROP  was  adapted  and  tested  for  grassland  pro- 
duction under  the  weather  conditions  and  manage- 


ment practices  encountered  on  sandy  soils  in  the 
Netherlands.  The  model,  which  required  soil  phys- 
ical and  crop  properties  as  input,  was  driven  by 
meteorological  data.  The  main  output  of  the  soil 
water  balance  module  (SWATRE)  included  actual 
transpiration  and  the  distribution  of  soil  water  con- 
tents and  pressure  heads  over  depth  and  time.  The 
crop  production  module  (CROPR)  calculated  dry- 
matter  yields  of  roots,  stubble,  and  harvestable 
sward.  The  CROPR  module  was  also  used  to 
calculate  leaf-area  index  and  soil  cover,  which 
formed  feedback  loops  with  the  soil  water  balance. 
After  initial  calibration,  85%  of  the  predicted  soil 
water  contents  in  the  root  zone  fell  within  10%  of 
the  measured  data.  Seasonal  accumulated  grass 
yield,  predicted  by  the  model  under  non-stressed 
conditions,  was  within  10%  of  the  measured  yield, 
but  yields  during  dry  periods  were  overestimated. 
Discrepancies  between  measured  and  predicted 
yields  under  irrigated  and  nonirrigated  conditions 
were  attributed  to  the  model's  inability  to  stimulate 
growth  and  death  rates  of  individual  plant  organs. 
(Author's  abstract) 
W91-07353 


TILLAGE  AND  CROP  ROTATION  EFFECT  ON 
CHARACTERISTICS  OF  A  SANDY  SURFACE 
SOIL. 

Southern       Piedmont      Conservation       Research 

Center,  Watkinsville,  GA. 

For  primary   bibliographic   entry   see   Field   2G. 

W9 1-07356 


EMERGING  PRIORITIES  FOR  AGRICULTUR- 
AL RESEARCH  IN  THE  1990S. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-07443 


EFFECT  OF  NPKS  FERTILIZATION  ON  THE 

NATURAL  GRASSLANDS  OF  MAGALLANES 

AND  ITS  MODIFICATION  DUE  TO  SOIL  AND 

CLIMATIC  FACTORS   (RESPUESTA   DE  LAS 

PRADERAS  DE  MAGALLANES  A  LA  FERTILI- 

ZACION  NPKS  Y  SU  MODIFICACION  POR 

FACTORES  DE  SUELO  Y  CLIMA). 

Estacion  Experimental  Kampenaike,  Punta  Arenas 

(Chile). 

J.  Ruz,  and  C.  Covacevich. 

Agricultura  Tecnica  AGTCA9,  Vol.  50,  No.  1,  p 

33-42,  March   1990,  2  fig,  7  tab,   12  ref.  English 

summary. 

Descriptors:  'Climatic  effects,  'Fertilization, 
'Grasslands,  'Semiarid  lands,  'Soil-water-plant  re- 
lationships, 'Water  use  efficiency,  Agricultural 
practices,  Chile,  Nutrients,  Plant  growth,  Root 
development,  Soil  water. 

The  application  of  fertilizer  increased  the  produc- 
tion of  forage  in  unirrigated  grasslands,  according 
to  studies  in  the  natural  grasslands  of  the  Kampen- 
aike region  of  the  Chilean  Patagonian  Range.  A 
70%  increase  in  the  amount  of  forage  produced 
per  millimeter  of  rain  was  observed.  It  is  important 
to  consider  that  in  a  semiarid  region  fertilized 
plants  probably  attain  greater  root  growth  and  this 
improves  their  ability  to  extract  soil  moisture. 
Plant  growth  was  measured  in  both  fertilized  and 
unfertilized  pastures  from  1977  to  1979.  The  grow- 
ing period  in  the  region  starts  in  September  and 
goes  until  December,  and  the  calculated  water  use 
during  this  period  included  both  rain  water  and  the 
ground  water  available  for  plant  growth.  All  the 
rain  water  was  assumed  to  be  available  and  losses 
due  to  run-off  and  deep  percolation  were  not  con- 
sidered. The  efficiency  of  water  use  for  unfertilized 
pastures  was  10.4  in  1977,  6.6  in  1978  and  10.8  kg/ 
ha/mm  in  1979,  and  for  fertilized  pastures  17.1  in 
1977,  10.5  in  1978  and  21.9  in  1979.  The  annual 
rainfall  in  the  region  was  292.7  mm  in  1977,  315 
mm  in  1978  and  269  mm  in  1979.  Rainfall  during 
the  growing  season  was  78  mm  in  1977,  71.5  mm  in 
1978  and  70.5  mm  in  1979,  and  water  use  was  90 
mm  in  1977,  100.5  mm  in  1978  and  84.5  mm  in 
1979.  (King-PTT) 
W9 1-07520 


ECOLOGICAL  BACKGROUND,  DETERIORA- 
TION AND  RECLAMATION  OF  DESERT 
DUNE  SAND. 


Ben-Gurion     Univ.     of    the     Negev,     Beersheba 

(Israel).  Dept.  of  Geography. 

For   primary   bibliographic   entry   see   Field   2G. 

W9 1-07548 


TRADITIONAL  MONTANE  IRRIGATION  SYS- 
TEMS IN  MODERN  EUROPE:  AN  EXAMPLE 
FROM  VALAIS,  SWITZERLAND. 

Downing  Coll.,  Cambridge  (England). 

A.  T.  Grove,  and  J.  M.  Grove. 

Agriculture,       Ecosystems       and       Environment 

AEENDO,  Vol.  33,  No.  2,  p  181-186,  December 

1990.  1  fig,  7  ref. 

Descriptors:  'Europe,  'History,  'Irrigation  canals, 
•Irrigation  programs,  'Rural  areas,  'Switzerland, 
'Water  distribution,  'Water  management,  'Water 
use,  Annual  precipitation,  Cropland,  Meadows, 
Reservoirs,  Social  impact,  Societies. 

The  Valais  of  southwest  Switzerland  is  the  driest 
part  of  the  country,  with  mean  annual  precipitation 
totals  of  about  600  mm  on  the  floor  of  the  lower 
Rhone  valley,  mainly  during  winter  with  high 
insolation  and  evaporation  in  the  summer.  The 
Bisse  de  Bitaille  irrigation  channel  dates  back  to 
the  early  13th  century.  The  existing  regulations  on 
the  use  and  distribution  of  the  water  and  the 
upkeep  of  the  Bisse  date  back  to  the  16th  century. 
Several  small  reservoirs  were  built  in  the  early 
19th  century  to  store  excess  water  and  avoid  need 
for  Sunday  watering.  In  many  mountainous  re- 
gions around  the  Mediterranean,  ancient  irrigation 
systems  lead  water  from  high-elevation  sources  to 
meadows  and  cropland.  Some  of  these  systems 
have  remained  in  use  over  a  period  of  600  years  or 
more.  They  originated  in  rural  societies  which 
continued  to  operate  them.  They  were  always  vul- 
nerable to  natural  hazards.  Presently,  they  are 
under  threat  from  social  changes  and  also  from 
large-scale  engineering  works.  Many  of  the  bisse 
systems  are  still  highly  valued  and  in  operation  and 
although  modernized,  they  remain  under  the  con- 
trol of  communes.  (Medina-PTT) 
W9 1-07549 


LARGE,  RETRACTABLE,  LOW  COST  AND  RE- 
LOCATABLE RAIN  OUT  SHELTER  DESIGN. 

Queensland  Dept.  of  Primary  Industries,  Kingaroy 
(Australia).  J.   Bjelke  Petersen  Research  Station. 
For  primary  bibliographic  entry  see  Field  21. 
W91-07566 

GRAIN  AND  FORAGE  YIELD  AND  STOVER 
QUALITY  OF  SORGHUM  AND  MILLET  IN 
LOW  RAINFALL  ENVIRONMENTS. 

INTSORMIL,  Gaborone  (Botswana). 

For  primary  bibliographic  entry  see  Field  21. 

W9 1-07567 


ROOT   RESPONSE   TO    WATER   STRESS   IN 
RAINFED  LOWLAND  RICE. 

International    Rice    Research    Inst.,    Los    Banos, 
Laguna  (Philippines).  Dept.  of  Agronomy. 
For  primary  bibliographic  entry  see  Field  21. 

W91-07568 


EFFECT  OF  MIXED  ROW  CROPPING  OF 
EARLY  AND  LATE  MATURING  RICE  VARIE- 
TIES ON  CROP  PRODUCTIVITY  UNDER  IN- 
TERMEDIATE DEEPWATER  CONDITIONS. 

Central  Rice  Research  Inst.,  Cuttack  (India). 
Agronomy  Div. 

For  primary  bibliographic  entry  see  Field  21. 
W9 1-07570 


USING  A  PROGRAMMABLE  CALCULATOR 
FOR  DETERMINING  POTENTIAL  EVAPORA- 
TION RATES. 

Fort  Lauderdale  Research  and  Education  Center, 

FL. 

For   primary   bibliographic   entry   see   Field   2D. 

W9 1-07579 
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CALIBRATION  AND  VALIDATION  OF  A 
MODIFIED  STEADY-STATE  MODEL  OF 
CROP  RESPONSE  TO  SALINE  WATER  IRRI- 
GATION UNDER  CONDITIONS  OF  TRAN- 
SIENT ROOT  ZONE  SALINITY. 
Edinburgh  School  of  Agriculture  (Scotland). 
Dept.  of  Soil  Science. 

For  primary  bibliographic  entry  see  Field  3C. 
W9 1-07586 


MODIFIED  METHOD  FOR  DROUGHT  IDEN- 
TIFICATION. 

Indian  Inst,  of  Tech.,  Madras.  Dept.  of  Civil  Engi- 
neering. 

S.  Mohan,  and  N.  C.  V.  Rangacharya. 
Hydrological  Sciences  Journal  HSJODN,  Vol.  36, 
No.  1,  p  11-21,  February  1991.  3  fig,  5  tab,  7  ref. 

Descriptors:  'Agriculture,  'Drought,  'Irrigation, 
•Model  studies,  'Rainfall-runoff  relationships, 
'Water  resources  management,  Areal  precipita- 
tion, Catchment  areas,  Flow  models,  India,  Para- 
metric hydrology,  Rainfall,  Streamflow  data. 

Water  management  under  drought  conditions  is  a 
challenging  task  to  irrigation  and  agricultural  engi- 
neers. The  parameters  of  interest  in  identifying 
drought  include  onset,  termination,  and  severity.  A 
methodology  has  been  developed  to  identify  those 
parameters  from  the  available  historic  data  on 
streamflow  and  rainfall  having  seasonal  pattern. 
The  procedure  proposed  involves  determining  the 
mean  flow  carry-over  from  month  to  month  for 
the  full  period  of  record,  calculation  of  the  mean 
monthly  and  annual  deficits,  calculation  of  the 
mean  monthly  and  annual  flows,  and  a  comparison 
of  the  sum  of  negative  differences  from  the  point  in 
time  at  which  the  test  begins  with  a  sliding  scale  of 
12  values  calculated  by  linear  interpolation  be- 
tween the  maximum  of  the  mean  monthly  flows 
and  deficits.  The  differences  for  succeeding 
months  of  record  are  inspected  until  a  month  with 
a  negative  difference  is  found,  representing  the 
possibility  of  the  start  of  a  drought.  The  absolute 
value  of  the  negative  difference  is  compared  with 
the  first  value  of  the  sliding  scale,  and  if  equalled,  a 
drought  is  deemed  to  have  started.  Simultaneous 
with  this  sequential  testing,  the  algebraic  sum  of  all 
differences  is  found  from  the  first  month  of  test, 
and  if  at  any  time  during  the  eleven  tests  the  sum 
became  positive,  the  potential  drought  is  deemed 
to  have  ended.  This  modified  methodology  was 
applied  to  the  streamflow  series  of  the  Bhadra 
river  and  the  mean  areal  rainfall  series  for  the 
catchment  of  the  Bhadra  reservoir  in  Karnataka 
State,  India.  The  droughts  identified  by  the  pro- 
posed methodology  are  concurrent  with  the  his- 
torically realized  droughts,  thus  providing  the  via- 
bility and  applicability  of  the  methodology  in  the 
identification  of  drought  conditions.  (Fish-PTT) 
W9 1-07624 


STABILIZING  HILLSIDE  FARMING  SYS- 
TEMS IN  THE  SIERRA  OF  THE  DOMINICAN 
REPUBLIC. 

California  Univ.,  Albany.  Div.  of  Biological  Con- 
trol. 

For  primary  bibliographic  entry  see  Field  4D. 
W9 1-07749 


TERRACING  RE-EXAMINED  IN  THE  LIGHT 
OF  RECENT  FINDINGS  IN  NEPAL  AND  IN- 
DONESIA. 

Gibsons,  British  Columbia,  Canada. 

For   primary   bibliographic   entry   see   Field   4D. 

W9 1-07750 


DRYLAND  AGRICULTURE:  STRATEGIES 
FOR  SUSTATNABILITY. 

Advances  in  Soil  Science,  Volume  13.  Springer- 
Verlag  New  York,  Inc.,  New  York.  1990.  373p. 
Edited  by  R.  P.  Singh,  J.  F.  Parr  and  B.  A. 
Stewart. 

Descriptors:  'Agricultural  practices,  'Agricultural 
water,  'Agriculture,  'Arid  climates,  'Arid  lands, 
'Dry  farming,  'Environmental  impact,  'Irrigation, 
♦Resources  management,  'Semiarid  climates, 
•Semiarid  lands,  'Soil  conservation,  'Water  con- 


servation, Economic  aspects,  Erosion,  Erosion 
control,  Research  priorities,  Species  diversity,  Till- 
age. 

The  continuing  growth  in  world  population  de- 
mands the  development  of  long-term  sustainable 
dryland  farming  systems.  Irrigation  has  played  a 
particularly  important  role  in  the  rapid  increase  in 
food  production  between  1950  and  1985.  Strategies 
are  presented  for  productive,  profitable,  and  envi- 
ronmentally sound  farming  systems  for  both  the 
dryland/rainfed  areas  of  the  United  States  and  the 
arid  and  semiarid  regions  of  developing  countries. 
Aspects  of  dryland  farming  covered  include  soil 
and  water  conservation,  erosion,  tillage,  residue 
management,  integration  of  crops  and  livestock, 
biological  diversity,  and  economics.  Expansion  of 
agriculture  in  fragile  regions  presents  a  major  chal- 
lenge because  soil  degradation  can  occur  quickly. 
(See  W91-07753  thru  W91-07766)  (Brunone-PTT) 
W91-07752 


IMPROVING  THE  SUSTAINABILITY  OF  DRY- 
LAND FARMING  SYSTEMS:  A  GLOBAL  PER- 
SPECTIVE. 

Agricultural  Research  Service,  Beltsville,  MD. 

J.  F.  Parr,  B.  A.  Stewart,  S.  B.  Hornick,  and  R.  P. 

Singh. 

IN:  Dryland  Agriculture:  Strategies  for  Sustain- 

ability.    Advances   in   Soil   Science,   Volume    13. 

Springer- Verlag  New  York,  Inc.,  New  York.  1990. 

p  1-8.  3  fig,  16  ref. 

Descriptors:  'Africa,  'Agricultural  practices,  'Ag- 
riculture, 'Arid  climates,  'Asia,  'Dry  farming, 
'Middle  East,  'Semiarid  climates,  Conservation 
tillage,  Crop  yield,  Erosion  control,  Nutrient  con- 
centrations, Nutrient  transport,  Population  density, 
Resources  management,  Runoff,  Soil  erosion,  Soil 
properties,  Subhumid  climates. 

Arid  and  semiarid  regions  comprise  almost  40%  of 
the  world's  land  and  are  inhabited  by  some  700 
million  people.  Low  rainfall  areas  constitute  from 
75  to  100%  of  the  land  area  in  more  than  20 
countries  in  the  Near  East,  Africa,  and  Asia.  Crop 
yields  in  these  area  are  extremely  low  compared 
with  those  of  the  humid  and  subhumid  regions. 
Much  of  the  food  grain  production  decline  results 
from  the  steady  and  continuing  degradation  of 
agricultural  lands  from  soil  erosion  and  nutrient 
depletion  and  the  subsequent  loss  of  soil  productiv- 
ity. Soils  in  these  dryland  areas  are  often  coarse- 
textured,  sandy,  and  inherently  low  in  fertility, 
organic  matter,  and  water-holding  capacity  and 
easily  susceptible  to  wind  and  water  erosion.  The 
ultimate  goal  of  sustainable  agriculture  is  to  devel- 
op farming  systems  that  are  productive  and  profita- 
ble, conserve  the  natural  resource  base,  protect  the 
environment,  and  enhance  health  and  safety.  Cul- 
tural and  management  practices  such  as  crop  rota- 
tions, recycling  of  animal  manures,  and  conserva- 
tion tillage  to  control  soil  erosion  and  nutrient 
losses  and  to  maintain  or  enhance  soil  productivity 
are  needed  to  achieve  acceptale  levels  of  sustain- 
able crop  yields  and  livestock  production.  An  im- 
portant relationship  for  most  agricultural  soils  is 
that  degradative  processes  such  as  soil  erosion, 
nutrient  runoff  losses,  and  organic  matter  depletion 
are  going  on  simultaneously  with  the  beneficial 
effects  of  conservation  practices.  Climate  and  soil 
are  the  two  most  critical  factors  that  will  deter- 
mine the  ultimate  sustainability  of  agricultural  sys- 
tems. The  potential  for  erosion  by  water  and,  par- 
ticularly, wind  also  tends  to  increase  with  increas- 
ing temperatures.  The  key  to  improving  the  sus- 
tainability of  rainfed/dryland  farming  systems  is  to 
stop  any  further  deterioration  of  the  natural  re- 
source base.  (See  also  W91-07752)  (Brunone-PTT) 
W9 1-07753 


AGROCLIMATOLOGY  OF  SEMIARID  LANDS. 

National  Soil  Tilth  Lab.,  Ames,  IA. 
J.  L.  Hatfield. 

IN:  Dryland  Agriculture:  Strategies  for  Sustain- 
ability. Advances  in  Soil  Science,  Volume  13. 
Springer-Verlag  New  York,  Inc.,  New  York.  1990. 
p  9-26.  8  fig,  2  tab,  40  ref. 

Descriptors:  'Agricultural  practices,  'Agriculture, 
'Climatology,    'Rainfall,     'Semiarid    lands,    Cli- 


mates, Evaporation,  Evapotranspiration,  Mathe- 
matical models,  Model  studies,  Precipitation,  Sea- 
sonal distribution,  Seasonal  variation,  Soil  water. 
Solar  radiation. 

Rainfall,  both  in  amount  and  distribution,  often 
means  the  difference  between  adequate  or  scarce 
food  supplies  in  subsistence  agriculture.  No  one 
particular  rainfall  distribution  pattern  is  associated 
with  dryland  or  semiarid  regions.  Four  types  of 
rainfall  patterns  common  in  dryland  areas  are 
winter  rainfall,  summer  rainfall,  continental  rain- 
fall, and  multimodal  rainfall.  Solar  radiation  for  the 
dryland  region  is  not  very  well-defined,  primarily 
because  of  the  lack  of  measurement  sites.  The 
seasonal  and  diurnal  variations  of  temperature  must 
be  considered  in  understanding  of  an  area's  agrocli- 
mate.  Measurements  and  maps  of  the  atmospheric 
water  content  are  of  value  for  evapotranspiration, 
insect  and  disease  models.  General  patterns  of 
wind  flow  are  dictated  by  the  general  circulation 
patterns  and  prevailing  storm  tracks.  The  water 
balance  of  an  area  is  often  a  major  factor  in  agri- 
cultural production  in  the  semiarid  regions,  and 
agroclimatic  indices  are  based  on  this  precipitation- 
evaporation  balance.  Common  models  used  to  de- 
scribe water  loss  include  those  of  Thornthwaite, 
Blaney-Criddle,  Jensen-Haise,  Priestly-Taylor, 
Penman-Monteith,  and  the  evaporation  pan  model. 
Climatic  indices  may  range  from  the  simple  pre- 
cipitation-potential evaporation  ratios  to  more 
complicated  soil-plant-atmosphere  models.  Climat- 
ic analysis  for  the  semiarid  regions  requires  inte- 
gration of  climatic,  soils,  and  crop  information. 
Interfacing  the  climatic  probabilities  of  a  number 
of  parameters,  such  as  rainfall,  temperature,  and 
evaporation,  with  crop  growth  models  will  pro- 
vide a  more  complete  description  of  the  total  agri- 
cultural system.  (See  also  W91-07752)  (Brunone- 
PTT) 
W9 1-07754 


CONSERVATION  TILLAGE  SYSTEMS. 

Agricultural    Research    Service,    Bushland,    TX. 
Conservation  and  Production  Research  Lab. 
P.  W.  Unger. 

IN:  Dryland  Agriculture:  Strategies  for  Sustain- 
ability. Advances  in  Soil  Science,  Volume  13. 
Springer-Verlag  New  York,  Inc.,  New  York.  1990. 
p  27-68.  19  tab,  149  ref. 

Descriptors:  'Agricultural  practices,  'Agriculture, 
'Conservation  tillage,  'Erosion  control,  'Soil 
moisture,  'Tillage,  'Water  conservation,  Dry 
farming,  Evaporation,  Organic  matter,  Plant 
growth,  Rainfall  infiltration,  Soil  aggregates,  Soil 
physical  properties,  Soil  water,  Weed  control. 

Conservation  tillage  is  an  umbrella  term  covering  a 
wide  range  of  tillage  practices  that  provide  soil  and 
water  conservation  benefits.  The  equipment  re- 
quirements for  conservation  tillage  vary,  depend- 
ing on  which  type  of  system  is  used.  Weeds  can  be 
controlled  by  cultural  methods  or  with  herbicides, 
either  singly  or  in  various  combinations,  to  prevent 
weed  seed  germination  or  seedling  establishment. 
Yields  of  dryland  crops  are  dependent  on  the 
amount  of  water  available  for  use  by  the  crop. 
Surface  residues,  as  with  conservation  tillage  sys- 
tems, reduce  runoff  and  increase  infiltration  by 
dissipating  the  energy  of  falling  raindrops,  thereby 
reducing  soil  aggregate  dispersion  that  results  in 
surface  sealing,  and  retarding  the  flow  rate  of 
water  across  the  surface.  In  many  dryland  regions, 
as  in  the  US  Great  Plains,  about  60%  of  the  500 
mm  of  average  annual  precipitation  may  be  lost 
directly  from  the  soil  by  evaporation.  Potential 
methods  for  decreasing  evaporation  include  de- 
creasing the  turbulent  transfer  of  water  vapor  to 
the  atmosphere,  decreasing  capillary  continuity, 
and  decreasing  capillary  flow  and  water-holding 
capacity  of  surface  soil  layers.  Many  soils  in  dry- 
land regions  are  highly  susceptible  to  water  ero- 
sion because  of  low  crop  yields,  low  soil  organic 
matter  content,  high-intensity  rainstorms,  and  poor 
management.  To  control  water  erosion,  crop  pro- 
duction operations  such  as  tillage  and  seeding 
should  decrease  the  impact  of  raindrops  on  the 
soil,  maintain  favorable  water  infiltration,  decrease 
runoff  velocity,  and  decrease  soil  detachability. 
Benefits  from  use  of  conservation  tillage  systems 
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include  less  air  and  water  pollution,  and  decreased 
labor,   energy  and  equipment   requirements.   (See 
also  W91-07752)  (Brunone-PTT) 
W9 1-07755 


TILLAGE  AND  RESIDUE  MANAGEMENT  EF- 
FECTS ON  SOIL  ORGANIC  MATTER  DYNAM- 
ICS IN  SEMIARID  REGIONS. 

Agricultural  Research  Service,  Pullman,  WA. 
J.  L.  Smith,  and  L.  F.  Elliott. 

IN:  Dryland  Agriculture:  Strategies  for  Sustain- 
ability.  Advances  in  Soil  Science,  Volume  13. 
Springer-Verlag  New  York,  Inc.,  New  York.  1990. 
p  69-88.  1  fig,  2  tab,  49  ref. 

Descriptors:  *Agricultural  practices,  'Organic 
matter,  'Residue  management,  'Semiarid  climates, 
•Soil  moisture  retention,  'Tillage,  'Water  conser- 
vation, Agriculture,  Arid  lands,  Dry  farming, 
Humid  climates,  Infiltration  rate,  Irrigation,  Nutri- 
ent concentrations,  Soil  crusts.  Soil  erosion,  Soil 
water. 

The  organic  matter  content  of  agricultural  soils  is 
highly  correlated  with  their  potential  productivity, 
tilth,  and  fertility.  Dryland  farming  depends  on 
yearly  rainfall  and  timing,  in  contrast  to  irrigated 
arid  lands  and  humid  regions  with  adequate  mois- 
ture for  crop  production.  Soil  organic  matter 
(SOM)  levels  in  semiarid  regions  are  declining 
mainly  because  of  intensive  tillage  practices  which 
stimulate  the  microbiological  decomposition  of 
crop  residues  and  residual  SOM.  Loss  of  SOM 
results  in  poorer  soil  structure,  reduced  infiltration 
rates,  increased  crusting,  decreased  water-holding 
capacity,  increased  resistance  to  root  penetration, 
decreased  nutrient  availability,  and  accelerated  soil 
erosion  by  both  wind  and  water.  Reduced  tillage 
systems  that  will  maintain  and  improve  soil  pro- 
ductivity can  be  adapted  to  the  semiarid  regions. 
(See  also  W9 1-07752)  (Brunone-PTT) 
W9 1-07756 


TILLAGE  SYSTEMS  AND  EQUIPMENT  FOR 
DRYLAND  FARMING. 

Agricultural    Research    Service,    Bushland,    TX. 

Conservation  and  Production  Research  Lab. 

O.  R.  Jones,  R.  R.  Allen,  and  P.  W.  Unger. 

IN:  Dryland  Agriculture:  Strategies  for  Sustain- 

ability.    Advances   in    Soil    Science,    Volume    13. 

Springer-Verlag  New  York,  Inc.,  New  York.  1990. 

p  89-130.  23  fig,  5  tab,  102  ref. 

Descriptors:  'Agricultural  practices,  'Agriculture, 
'Dry  farming,  'Farm  equipment,  'Tillage,  'Water 
conservation,  Herbicides,  Plant  growth,  Produc- 
tivity, Rainfall,  Rainfall  impact,  Soil  crusts,  Soil 
physical  properties,  Weed  control. 

Tillage  is  performed  in  dryland  crop  production  to 
control  weeds,  improve  soil  physical  structure, 
prepare  a  seedbed,  and  improve  soil  and  water 
conservation.  Tillage  systems  include  clean-tillage 
systems,  stubble-mulch  tillage  systems,  reduced- 
tillage  systems,  and  no-tillage  systems.  With  re- 
duced tillage,  herbicides  are  often  used  to  control 
weeds,  and  tillage  is  performed  to  prepare  a  seed- 
bed or  improve  soil  physical  properties.  In  low 
rainfall  areas  with  marginal  water  supplies,  re- 
duced-tillage rather  than  no-tillage  systems  are 
better  adapted  because  residue  production  is  limit- 
ed and  may  not  be  sufficient  to  achieve  satisfactory 
protection  of  the  soil  surface  from  raindrop  impact. 
When  rainfall  is  greater  and  adequate  residues  can 
be  produced  to  provide  soil  surface  protection 
against  crusting  and  compaction,  no-tillage  systems 
are  effective.  Although  specialized  seeding  equip- 
ment may  be  required  for  reduced-tillage  and  no- 
tillage  systems,  equipment  inventories  and  overall 
costs  can  be  lower.  The  greatest  need  is  to  develop 
reduced-tillage  or  no-tillage  systems  that  are  adapt- 
ed to  low  rainfall  areas  where  residue  production  is 
limited  or  residues  are  grazed  or  removed  for  other 
purposes.  (See  also  W91-07752)  (Brunone-PTT) 
W91-07757 


FERTILITY  MANAGEMENT  AND  NUTRIENT 
CYCLING. 

Agricultural  Research  Service,  Lincoln,  NE. 
J.  F.  Power. 


IN:  Dryland  Agriculture:  Strategies  for  Sustain- 
ability.  Advances  in  Soil  Science,  Volume  13. 
Springer-Verlag  New  York,  Inc.,  New  York.  1990. 
p  131-149.  4  fig,  4  tab,  35  ref. 

Descriptors:  'Agricultural  practices,  'Available 
water,  'Cycling  nutrients,  'Dry  farming,  'Water 
conservation,  'Water  resources  management,  Crop 
yield,  Erosion  control,  Evapotranspiration,  Grow- 
ing season,  Seasonal  distribution,  Soil  erosion,  Soil 
physical  properties,  Soil  water. 

In  dryland  agriculture,  limited  water  availability  is 
usually  the  factor  that  ultimately  limits  crop  pro- 
duction. Dryland  soils  experience  less  vegetative 
growth,  smaller  quantities  of  nutrients  taken  up 
and  returned  to  the  soil,  greater  hazards  of  loss  by 
erosion,  and  greater  problems  with  salinity  and 
volatilization  of  ammonia.  Often  a  dryland  soil 
experiences  limited  periods  of  both  excess  water 
and  severe  water  deficits  within  the  same  growing 
season,  affecting  nutrient  cycling  processes  accord- 
ingly. Good  management  of  dryland  soils  mandates 
the  use  of  practices  that  reduce  evapotranspiration 
losses  to  the  greatest  extent  possible.  Residues  are 
retained  on  the  soil  surface  to  reduce  evaporation 
and  runoff  losses,  as  well  as  loss  of  nutrients 
through  soil  erosion.  Planting,  cultivating,  fertiliz- 
ing, and  other  production  practices  are  timed  to 
use  most  efficiently  the  limited  available  water 
supply.  Planting  rates,  row  spacings,  and  water 
conserving  cultivars  are  used.  (See  also  W91- 
07752)  (Brunone-PTT) 
W9 1-07758 


WATER-USE  EFFICIENCY. 

Agricultural    Research    Service,    Bushland,    TX. 

Conservation  and  Production  Research  Lab. 

B.  A.  Stewart,  and  J.  L.  Steiner. 

IN:  Dryland  Agriculture:  Strategies  for  Sustain- 

ability.    Advances   in    Soil    Science,    Volume    13. 

Springer-Verlag  New  York,  Inc.,  New  York.  1990. 

p  151-173.  8  fig,  6  tab,  53  ref. 

Descriptors:  'Agricultural  practices,  'Agriculture, 
'Arid  climates,  'Available  water,  'Dry  farming, 
'Infiltration,  'Water  conservation,  'Water  use  effi- 
ciency, Crop  yield,  Productivity,  Rainfall,  Re- 
sources management,  Runoff,  Soil  profiles,  Soil 
types,  Soil  water,  Transpiration,  Water  resources 
management. 

Dryland  farming  is  a  rainfed  crop  production 
system  in  which  the  major  limitation  is  a  deficien- 
cy of  water.  A  maximum  proportion  of  available 
water  should  be  used  for  transpiration  with  mini- 
mum losses  to  evaporation,  drainage,  and  runoff. 
In  dry  climates,  annual  cereals  and  summer  row 
crops  are  generally  seeded  at  relatively  low  rates, 
with  the  expectation  that  wider  spacing  of  the 
plants  will  lead  to  water  being  conserved  for  use  in 
the  later  part  of  the  season,  thereby  increasing  the 
harvest  index  and  resulting  in  higher  grain  yields. 
In  general,  stored  soil  water  is  more  fully  utilized 
at  higher  plant  densities,  resulting  either  from 
higher  plant  populations  or  decreased  row  spac- 
ings. Traditional  cropping  patterns  have  evolved, 
in  part,  to  match  the  growing  patterns  of  common 
crops  to  average  climatic  patterns.  Farmers  crop 
these  soils  only  during  the  post-monsoon  season  on 
soil  water  stored  in  the  profile.  An  improved  wa- 
tershed-based system  allows  both  rainy  season  and 
post-rainy  season  cropping  of  Vertisols  in  medium 
to  high  and  dependable  rainfall  areas  (750  to  1250 
mm  per  year  with  more  than  70%  probability  that 
10  mm  per  week  of  rain).  This  system  greatly 
increases  water-use  efficiency  and  crop  yields 
while  significantly  reducing  soil  erosion.  The  use 
of  computer  crop  models  holds  promise  for  look- 
ing at  the  effect  of  seeding  date  on  yield.  Plant 
breeding  will  continue  as  a  major  focal  point  for 
increasing  crop  yields.  Relatively  few  attributes 
directly  associated  with  efficiency  of  water  use  are 
known  to  be  under  genetic  control.  In  areas  where 
water  is  occasionally  stored  deep  in  the  soil  profile, 
a  deep-rooted  crop  may  be  planted  periodically  to 
extract  the  deep  soil  water.  One  of  the  keys  to 
sound  water  management  is  adequate  soil  fertility 
to  ensure  the  most  efficient  use  of  available  water. 
Crop  canopies  with  adequate  fertility  develop  at  a 
faster  rate,  leading  to  higher  infiltration  and  re- 
duced runoff.  In  defining  the  water-use  efficiency 


of  a  cropping  system,  all  economic  returns  (grain 
yields,  contributions  of  the  crop  to  animal  produc- 
tion, and  contributions  of  the  crop  to  fertility  needs 
of  subsequent  crops)  must  be  taken  into  account. 
(See  also  W9 1-07752)  (Brunone-PTT) 
W9 1-07759 


ROLE  OF  SOIL  BIODIVERSITY  IN  SUSTAIN- 
ABLE DRYLAND  FARMING  SYSTEMS. 

Agency  for  International  Development,  Washing- 
ton, DC. 

C.  S.  Potter,  and  R.  E.  Meyer. 
IN:   Dryland  Agriculture:   Strategies  for  Sustain- 
ability.    Advances   in    Soil    Science,    Volume    13. 
Springer-Verlag  New  York,  Inc.,  New  York.  1990. 
p  241-251.  60  ref. 

Descriptors:  'Agricultural  practices,  'Agriculture, 
'Dry  farming,  'Erosion,  'Resources  management, 
'Soil  conservation,  'Soil  erosion,  'Soil  organisms, 
'Soil-water-plant  relationships,  'Water  conserva- 
tion, Fallowing,  Microorganisms,  Nutrient  concen- 
trations, Organic  matter,  Productivity,  Soil  aggre- 
gates, Soil  chemistry,  Soil  types. 

Environmental  degradation  has  been  recognized  as 
one  consequence  of  modern  agricultural  develop- 
ment. Land  use  planning  requires  reliable  diagnos- 
tic parameters  for  predicting  potential  productivity 
and  erodibility  of  various  soil  types.  From  a  soil 
management  perspective,  conventional  tillage  re- 
duces the  size  of  soil  aggregates,  which  can  pro- 
mote pore  clogging  and  decreased  infiltration. 
Total  carbon  and  nitrogen,  water-stable  soil  aggre- 
gates, and  polysaccharides  in  abandoned  farmlands 
frequently  increase  with  time  since  disturbance, 
whereas  chelating  resin-extractable  carbon,  humic 
acid/fulvic  acid  ratios,  caloric  content  of  the  root- 
mass,  and  dehydrogenase  activity  decrease.  Studies 
in  the  drylands  offer  specific  trends  in  soil  microbi- 
al biodiversity  associated  with  land  management  in 
moisture-stressed  areas.  In  addition  to  microbial 
species  sensitivity  to  soil  management,  certain  soil 
faunal  species  appear  to  be  reliable  indicators  of 
disturbance.  Increased  soil  biodiversity  is  a  major 
factor  determining  the  efficient  cycling  of  nutrients 
in  agroecosystems.  The  purpose  of  fallowing  in 
fragile  lands  is  to  allow  soil  organic  matter  levels 
to  build  up  and  promote  microbial  activity  for 
improvement  of  soil  structure  and  productivity. 
With  intensive  study  and  detailed  measurement, 
microbial  community  composition  could  reveal 
practical  information  on  the  productive  status  of 
managed  agricultural  soils.  (See  also  W91-07752) 
(Brunone-PTT) 
W9 1-07761 


MANAGING  CROP  RESIDUES  TO  OPTIMIZE 
CROP/LIVESTOCK  PRODUCTION  SYSTEMS 
FOR  DRYLAND  AGRICULTURE. 

Agricultural  Research  Service,  Pullman,  WA. 
R.  I.  Papendick,  J.  F.  Parr,  and  R.  E.  Meyer. 
IN:  Dryland  Agriculture:   Strategies  for  Sustain- 
ability.    Advances   in    Soil    Science,    Volume    13. 
Springer-Verlag  New  York,  Inc.,  New  York.  1990. 
p  253-272.  10  fig,  1  tab,  36  ref. 

Descriptors:  'Agricultural  practices,  'Agriculture, 
'Available  water,  'Dry  farming,  'Livestock,  'Soil 
conservation,  'Water  conservation,  'West  Africa, 
Fallowing,  Infiltration,  Mali,  Nutrient  concentra- 
tions, Organic  matter,  Productivity,  Rainfall, 
Runoff,  Snow  cover,  Soil  chemistry,  Soil  water, 
Tillage. 

Improvements  in  crop  and  livestock  production  in 
the  dryland  regions  is  constrained  not  only  by  the 
limited  supply  of  available  water  but  also  by  the 
low  and  declining  soil  productivity.  Crop  residues 
represent  an  important  potential  resource  for  re- 
turning organic  matter  and  conserving  soil  and 
water.  Fallow  efficiency  is  defined  as  the  percent- 
age of  precipitation  that  is  stored  in  the  soil  at  the 
end  of  the  fallow  season.  Relatively  low  amounts 
of  residues  can  be  effective  in  enhancing  infiltra- 
tion, but  more  is  necessary  to  reduce  evaporation 
losses.  Surface  residues  are  most  effective  in  sup- 
pressing evaporation  during  the  rainy  season  and 
may  be  of  little  or  no  benefit  for  this  purpose 
during  the  dry  season.  In  West  Africa,  runoff  from 
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the  first  rains  after  the  long  dry  season  may  exceed 
70%  of  the  rainfall  amount.  A  rainfall  simulator 
study  conducted  on  a  sandy  soil  in  Mali  showed 
that  a  complete  cover  of  stiff-strawed  residue  over 
tilled  soil  essentially  eliminated  runoff  from  rainfall 
applied  at  93  mm/hour  for  40  minutes.  This  rate 
was  maintained  for  much  less  time  for  the  base, 
tilled  soil,  and  the  final  infiltration  rate  after  60 
minutes  of  rainfall  was  below  40  mm/hour  for  the 
bare  soil  and  double  this  for  the  residue-covered 
soil.  Experiments  in  the  US  Pacific  Northwest 
showed  that  water  gains  were  highest  with  a  com- 
bination of  paraplow  tillage  and  surface  residues 
and  lowest  with  bare  surface.  The  greatest  benefit 
from  surface  residues  in  reducing  evaporative  loss 
occurs  when  the  soil  surface  is  wet  and  in  the  first 
stage  of  drying.  Snow  is  an  important  source  of 
water  in  the  northern  latitudes  and  if  held  on  the 
fields  can  be  more  effectively  stored  than  rain.  (See 
also  W91-07752)  (Brunone-PTT) 
W9 1-07762 


AGROCLIMATIC  APPROACHES  FOR  IM- 
PROVING AGRICULTURAL  PRODUCTIVITY 
IN  SEMIARID  TROPICS. 

Georgia  Experiment  Station,  Griffin. 

E.  T.  Kanemasu,  J.  I.  Stewart,  S.  J.  van  Donk,  and 

S.  M.  Virmani. 

IN:  Dryland  Agriculture:  Strategies  for  Sustain- 

ability.    Advances   in    Soil    Science,    Volume    13. 

Springer- Verlag  New  York,  Inc.,  New  York.  1990. 

p  273-309.  14  fig,  9  tab,  9  ref. 

Descriptors:  'Africa,  'Agriculture,  'Available 
water,  'Climatology,  'Developing  countries, 
'Productivity,  'Rainfall,  'Rainfall  forecasting, 
'Sahel,  'Semiarid  climates,  'Sudan,  'Temporal 
variation,  'Tropic  zone,  Resources  management, 
Soil  conservation,  Water  conservation. 

The  semiarid  tropics  is  a  region  of  limited,  erratic 
rainfall  and  nutrient-poor  soils.  The  spatial  and 
temporal  variations  in  rainfall  in  the  semiarid  trop- 
ics are  due  to  seasonal  migrations  of  the  equatorial 
trough  or  the  intertropical  convergence  zone, 
which  occurs  in  response  to  the  seasonal  variation 
in  the  latitude  of  maximum  insolation.  Currently  in 
the  semiarid  areas,  rainfall  variability  is  on  the 
increase.  The  logical  and  practical  means  to  facili- 
tate the  agroclimatic  approaches  require  the  devel- 
opment of  both  hardware  and  software,  as  well  as 
an  expanded  data  base.  In  the  sub-Saharan  area, 
early  warning  of  weather  conditions  is  critical 
because  the  growing  season  is  very  short  and  most 
of  the  cropping  is  done  by  several  farmers  with 
limited  means  producing  staple  cereal  of  low 
value.  Agronomists  will  have  to  work  with  agro- 
climatologists  to  make  strategic  and  tactical  deci- 
sions for  the  farmer  for  adopting  cropping  systems 
and  crop  management  practices  as  of  the  onset  and 
progress  of  the  rainy  season.  This  new  method, 
called  'Response  Farming',  is  being  evaluated  in 
the  Sahel  and  Sudan.  By  properly  evaluating  the 
agroclimatic  resources  and  transferring  and  adapt- 
ing improved  technologies,  the  yet  underexploited 
potential  of  semiarid  tropical  regions  can  be  real- 
ized for  sustained  and  improved  agriculture.  (See 
also  W9 1-07752)  (Brunone-PTT) 
W9 1-07763 


ECONOMIC  ANALYSIS  OF  FARM  MANAGE- 
MENT PRACTICES  AND  IMPROVED  TECH- 
NOLOGIES IN  THE  SAHEL. 

Economic  Research  Service,  Washington,  DC. 
J.  C.  Day,  W.  R.  Butcher,  and  D.  W.  Hughes. 
IN:  Dryland  Agriculture:   Strategies  for  Sustain- 
ability.    Advances   in    Soil    Science,    Volume    13. 
Springer- Verlag  New  York,  Inc.,  New  York.  1990. 
p  311-332.  2  fig,  12  tab,  38  ref,  append. 

Descriptors:  'Africa,  'Agricultural  practices,  'Ag- 
riculture, 'Available  water,  'Dry  farming,  'Eco- 
nomic aspects,  'Farming,  'Mali,  'Model  studies, 
'Sahel,  'Soil  conservation,  'Water  conservation, 
'Water  resources  management,  Crop  yield,  Ero- 
sion control,  Fertilizers,  Infiltration,  Mathematical 
models,  Rainfall,  Soil  erosion,  Soil  moisture  reten- 
tion, Soil  water. 

Various  farming  practices  were  evaluated  for  man- 
aging soil,  water  and  crops  to  identify  the  most 


desirable  combination,  economically.  Land,  labor 
and  capital  resources  available  on  a  typical  farm  in 
western  Mali  helped  to  determine  which  technol- 
ogies were  feasible  and  the  extent  of  their  use.  Soil 
moisture  and  soil  erosion  control  benefits  of  the 
tied-ridge  technology  were  explicitly  taken  into 
account.  The  whole-farm  economic  model  proved 
to  be  a  simple  but  effective  tool  for  integrating 
agronomic,  agroclimatic,  and  socioeconomic  data 
associated  with  the  many  alternative  farm  produc- 
tion decisions  examined.  The  complex  relationship 
between  crop  yields  and  rainfall  distribution 
throughout  the  growing  season,  infiltration,  soil 
water-holding  capacity,  and  soil  water  manage- 
ment practices  was  simulated  with  a  soil  water 
balance  model.  The  amount  and  timing  of  rain  and 
the  capacity  of  the  soil  to  collect  and  hold  water 
jointly  determine  the  amount  of  moisture  actually 
available  for  plant  uptake.  Similarly,  crop  manage- 
ment can  alter  plant  water  demands  to  more  close- 
ly match  soil  water  availability.  Even  in  the  rela- 
tively humic  Sudano-Guinean  zone,  improved  soil 
and  water  management  could  lead  to  significant 
differences  in  farm  production,  income  and  soil 
erosion.  The  combination  of  chemical  fertilizer  and 
tied  ridges  proved  most  effective,  as  did  the  long- 
season  (130  day)  cultivars  of  food  grain  crops  and 
groundnuts.  The  short-season  (90-day)  cultivars 
made  no  significant  contribution  to  farm  output  or 
income.  The  benefits  of  public  programs  and  poli- 
cies that  stimulate  better  soil  and  water  manage- 
ment in  the  rainfed  areas  of  the  Sahel  are  potential- 
ly very  large.  (See  also  W91-07752)  (Brunone- 
PTT) 
W9 1-07764 


USE  OF  CROP  SIMULATION  MODELS  IN 
DRYLAND  AGRICULTURE. 

Texas  Agricultural   Experiment  Station,  Temple. 

Blackland  Research  Center. 

C.  A.  Jones. 

IN:  Dryland  Agriculture:  Strategies  for  Sustain- 

ability.    Advances   in   Soil    Science,    Volume    13. 

Springer- Verlag  New  York,  Inc.,  New  York.  1990. 

p  333-345.  49  ref. 

Descriptors:  'Agricultural  practices,  'Agriculture, 
'Australia,  'Crop  production,  'Dry  farming, 
'Farming,  'Mathematical  models,  'Model  studies, 
'Texas,  'Water  conservation,  'Water  resources 
management,  Agricultural  runoff,  Dikes,  Drought, 
Economic  aspects,  Evaporation,  Infiltration,  Irri- 
gation, Rainfall,  Runoff,  Soil  chemistry,  Soil 
water,  Tillage. 

During  the  past  15  years,  simulation  models  have 
been  developed  for  a  number  of  agricultural  proc- 
esses, including  weather,  hydrology,  soil  erosion, 
nutrient  transformations  and  losses,  and  crop  phe- 
nology, growth,  and  yield.  The  Australian  econo- 
my has  long  depended  on  export  of  industrial  and 
agricultural  raw  materials,  and  high  priority  has 
been  given  to  adaptation  of  export  crops  to  the 
Australian  environment.  Simulation  models  have 
been  used  to  provide  detailed  analyses  and  to 
match  crop  climatic  and  soil  requirements  with  site 
characteristics.  Potential  crops  include  guayule, 
sunflower,  and  sorghum.  Simulation  models  have 
been  used  to  study  adaptation  of  other  crops  to 
specific  sites  in  Australia.  Simulation  models  have 
been  used  in  novel  ways  to  match  the  climatic 
characteristics  of  sites  with  consumer  demand  for 
fresh  produce.  One  model  estimated  phenological 
development  of  the  crop  and  tuber  growth  (bulk- 
ing). In  central  Texas,  rainfall  is  quite  variable 
during  the  grain  sorghum  growing  season,  and 
drought  stress  often  limits  yields.  Dryland  farmers 
cannot  alter  the  amount  or  timing  of  precipitation 
received  by  the  crop,  but  they  can  often  manage  its 
utilization.  Proper  tillage  and  residue  management 
can  improve  infiltration  and  minimize  evaporation 
losses  from  the  soil  surface.  Fallow  can  be  used  to 
increase  stored  soil  water,  and  furrow  dikes  can 
trap  runoff  until  it  infiltrates.  Simulation  models 
have  increasingly  been  adapted  to  microcomputers 
and  included  in  comprehensive  decision  support 
systems  containing  extensive  natural  resource  and 
economic  data  bases  and  expert  systems.  These 
decision  support  systems  are  being  used  to  aid 
within-season  crop  management,  including  the 
scheduling  of  irrigation.  (See  also  W9 1-07752) 
(Brunone-PTT) 


W91-07765 


STRATEGIES  FOR  INCREASING  THE  PRO- 
DUCTIVITY AND  STABILITY  OF  DRYLAND 
FARMING  SYSTEMS. 

Agricultural  Research  Service,  Beltsville,  MD. 
C.  E.  Whitman,  and  R.  E.  Meyer. 
IN:  Dryland  Agriculture:   Strategies  for  Sustain- 
ability.    Advances   in    Soil    Science,    Volume    13. 
Springer- Verlag  New  York,  Inc.,  New  York.  1990. 
p  347-358.  2  fig,  8  ref. 

Descriptors:  'Agricultural  practices,  'Agriculture, 
'Available  water,  'Crop  production,  'Dry  farm- 
ing, 'Government  supports,  'Water  conservation, 
Arid  climates,  Australia,  Crop  yield,  Environmen- 
tal aspects,  Erosion,  Great  Plains,  Irrigation,  Or- 
ganic matter,  Precipitation,  Productivity,  Rainfall, 
Semiarid  climates,  Soil  chemistry,  Wind  erosion. 

Most  of  the  world's  food  production  is  achieved 
under  rainfed  conditions.  That  part  of  the  rainfed 
sector  where  precipitation  is  generally  limiting  to 
crop  production  is  an  important  and  essential  part 
of  the  agricultural  sector  in  many  countries.  These 
same  areas  have  serious  environmental  problems 
and  poverty.  Over  the  last  fifty  years,  development 
in  semiarid  and  arid  regions  has  been  largely  the 
result  of  irrigation  projects.  While  irrigation 
projects  have  substantially  increased  production  in 
semiarid  lands  such  as  the  US  Great  Plains  and 
India,  the  long-term  sustainability  of  irrigation  has 
always  been  problematic.  During  the  early  to  mid- 
19208,  rainfall  on  the  Great  Plains  was  favorable; 
farmers  intensively  cultivated  and  grazed  their 
land.  After  the  drought  of  the  1930s,  the  area  was 
experiencing  drastic  declines  in  production  and 
severe  wind  erosion.  The  US  government  respond- 
ed to  the  problem  with  the  Land  Utilization  Pro- 
gram, in  which  the  severely  eroded  land  was  pur- 
chased by  the  USDA  and  removed  from  produc- 
tion. The  southern  Great  Plains  has  now  been 
transformed  into  one  of  the  most  efficient  and 
productive  grain-producing  areas  in  the  world.  In 
southern  Australia,  dryland  productivity  has  in- 
creased dramatically  since  the  turn  of  the  century. 
Initially,  crop  yields  were  increased  by  the  use  of 
superphosphate  and  wheat-fallow  rotation.  Contin- 
ued use  of  these  practices  eventually  depleted  soil 
organic  matter  and  resulted  in  deterioration  of  soil 
structure.  The  ley  farming  system  (crop/livestock) 
has  enormous  potential  for  countries  in  the  Near 
East  and  North  Africa.  Government  policies  and 
both  the  availability  and  suitability  of  agricultural 
technologies  have  played  important  roles  in  the 
recovery  of  dryland  productivity.  Future  focus 
should  be  on  soil  and  water  conservation,  in- 
creased biomass  production,  and  cropping  systems 
that  maintain  adequate  soil  cover  and  organic 
matter  levels.  (See  also  W9 1-07752)  (Brunone- 
PTT) 
W9 1-07766 


PROCEEDINGS  OF:  SOUTH  TEXAS  IRRIGA- 
TION CONFERENCE. 

January  11,  1990,  Pearsall,  Texas.  Lower  Colorado 
River  Authority,  Austin.  1990.  78p. 

Descriptors:  'Groundwater  irrigation,  'Irrigation 
efficiency,  'Texas,  'Water  supply  development, 
'Water  use  efficiency,  Cost  analysis,  Crop  produc- 
tion, Fertilizers,  Irrigation  districts,  Irrigation  pro- 
grams, Irrigation  requirements,  Irrigation  wells, 
Pesticides,  Pumping,  Water  conservation. 

The  South  Texas  Irrigation  Conference  held  in 
Pearsall,  Texas  on  January  11,  1990  covered  topics 
related  to  improving  the  efficiency  of  irrigated 
agriculture  in  Texas  while  reducing  costs.  Seven 
selected  subjects  from  the  conference  proceedings 
deal  with  the  following  topics:  management  of 
groundwater  through  underground  water  conser- 
vation districts;  chemigation  (application  of  agri- 
cultural chemicals  in  irrigation  water)  equipment 
and  safety;  scientific  and  unscientific  irrigation 
scheduling;  quantity  and  timing  of  irrigation;  eco- 
nomics of  chemigation;  low  pressure  precision  ap- 
plication pivot  irrigation  (conversion  and  manage- 
ment); and  irrigation  pumping  costs.  The  confer- 
ence  was   sponsored   by   the   Texas   Agricultural 
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Group  3F — Conservation  In  Agriculture 


Extension  Service  and  Evergreen  Underground 
Water  Conservation  District.  The  articles  con- 
tained in  these  proceedings  are  meant  to  serve  as 
reference  material  and  do  not  cover  all  topics 
presented  by  the  fourteen  speakers  at  the  confer- 
ence. (See  W9 1-07801  thru  W9 1-07806)  (Geiger- 
PTT) 
W9 1-07800 


MANAGEMENT  OF  GROUNDWATER 

THROUGH    UNDERGROUND    WATER    CON- 
SERVATION DISTRICTS  IN  TEXAS. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Agricultural  Engineering. 

For  primary  bibliographic  entry  see  Field  4B. 

W91-07801 


CHEMIGATION  EQUIPMENT  AND  SAFETY. 

Texas  A  and  M  System  Research  and  Extension 
Center,  Amarillo. 
L.  L.  New,  and  G.  Fipps. 

IN:  Proceedings  of:  South  Texas  Irrigation  Confer- 
ence. Lower  Colorado  River  Authority,  Austin. 
1990.  p  15-33.  1  fig,  9  tab. 

Descriptors:  'Agricultural  chemicals,  *Farm 
equipment,  'Fertilizers,  'Irrigation  practices,  'Pes- 
ticides, 'Safety,  'Sprinkler  irrigation,  Irrigation 
design,  Irrigation  efficiency,  Irrigation  engineer- 
ing, Irrigation  operation,  Irrigation  scheduling. 

The  equipment  required  for  chemigation  (the  in- 
jection of  an  approved  chemical  into  irrigation 
water)  and  its  safe  operation  in  irrigation  systems 
are  described.  The  earliest  work  with  chemigation 
involved  applying  fertilizers  through  sprinklers. 
Later  pesticides  were  applied  through  chemiga- 
tion. The  advantages  of  chemigation  include  uni- 
formity of  application,  precise  application  of 
chemicals  where  needed  and  in  the  correct  concen- 
trations, and  reduced  costs  of  applying  the  chemi- 
cals in  irrigation  water.  Using  chemigation  chemi- 
cals can  still  be  applied  when  other  methods  can 
not  be  used  due  to  wetness  or  other  factors.  Che- 
migation reduces  soil  compaction  and  crop 
damage.  Chemigation  also  offers  greater  operator 
safety  because  the  operator  is  not  in  the  field 
during  applications  and  receives  less  contact  with 
chemicals.  Chemigation  requires  skill  in  calibra- 
tion, knowledge  of  the  irrigation  and  chemigation 
equipment,  and  understanding  of  irrigation  sched- 
uling concepts.  New  EPA  labeling  requirements 
mandate  that  labels  must  state  how  pesticides  may 
be  applied  through  the  irrigation  system.  The  la- 
beling program  requires  use  of  specific  safety 
equipment  and  devices  which  are  designed  to  pre- 
vent accidental  spills.  Three  types  of  injection  units 
are  used  for  chemigation:  piston  (positive  displace- 
ment) pump,  diaphragm  pump,  and  the  venturi 
meter.  The  piston  pump  is  typically  used  to  inject 
nitrogen  fertilizer  and  usually  cannot  be  adjusted 
to  inject  appropriate  quantities  of  pesticides.  Dia- 
phragm pumps  are  used  extensively  for  low  rate 
chemical  injection.  The  venturi  meter  operates  by 
velocity  changes  in  the  throat  of  the  tube  that 
create  a  vacuum  that  pulls  the  chemical  into  the 
water  stream.  Venturi  meters  require  a  constant 
water  supply  from  an  external  water  source  or  may 
be  equipped  with  a  bypass  and  a  small  booster 
pump  for  use  of  water  from  the  system.  An  addi- 
tional pump  or  booster  pump  must  be  used  for 
maintaining  steady  flow  through  the  venturi  at  a 
higher  pressure  than  the  pivot.  A  small  valve  is 
used  on  the  suction  line  to  regulate  the  injection 
rate.  The  chemical  injection  pump  should  be  cali- 
brated to  apply  the  appropriate  quantity  of  chemi- 
cal per  acre.  Some  labels  that  approve  chemicals 
for  chemigation  specify  the  amount  of  water  to  be 
applied  in  conjunction  with  the  chemical.  The 
number  of  gallons  of  water  per  minute  the  center 
pivot  applies  will  govern  the  center  pivot  travel 
speed.  (See  also  W9 1-07800)  (Geiger-PTT) 
W9 1-07802 


SCIENTIFIC    AND    UNSCIENTIFIC    IRRIGA- 
TION SCHEDULING. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Agricultural  Engineering. 

M.  J.  McFarland. 

IN:  Proceedings  of:  South  Texas  Irrigation  Confer- 


ence. Lower  Colorado  River  Authority,  Austin. 
1990.  p  34-39. 

Descriptors:  'Crop  production,  'Irrigation  effi- 
ciency, 'Irrigation  practices,  'Irrigation  schedul- 
ing, 'Remote  sensing,  Evaporation,  Evapotranspir- 
ation,  Infrared  imagery,  Irrigation  programs,  Root 
zone,  Soil  moisture  retention,  Soil  water,  Transpi- 
ration, Water  deficit. 

Irrigation  scheduling  involves  determining  when 
to  irrigate  a  crop  and  how  much  water  to  apply.  If 
adequate  supply  of  water  is  available,  the  objective 
of  irrigation  scheduling  is  to  supply  just  enough 
water  to  the  root  zone  to  meet  the  needs  of  the 
crop.  The  irrigation  interval  is  determined  by  the 
available  soil  moisture  stored  in  the  root  zone  and 
the  depletion  rate  set  by  the  weather.  If  sufficient 
irrigation  water  is  available,  a  common  irrigation 
strategy  is  to  never  let  the  crop  encounter  moisture 
stress.  Irrigation  scheduling  in  this  case  is  the  proc- 
ess of  applying  enough  water  to  restore  the  soil 
moisture  of  the  root  zone  to  field  capacity.  The 
depletion  of  the  soil  moisture  in  the  root  zone  is 
monitored  by  visual  or  hand  analysis  of  soil  sam- 
ples or  use  of  moisture  measurement  devices  such 
as  tensiometers,  resistance  blocks,  and  neutron 
probes.  Deficit  irrigation  is  used  when  the  water 
supply  is  not  sufficient  to  meet  the  crop  water 
requirements  during  normal  weather  conditions. 
Irrigation  scheduling  for  deficit  irrigation  is  nor- 
mally done  by  watering  at  critical  periods  during 
crop  growth.  The  effects  of  rain  complicates  irri- 
gation scheduling  because  the  amount  of  rain  en- 
tering the  root  zone  is  difficult  to  measure  and  all 
the  rain  falls  on  all  the  field  at  the  same  time, 
where  irrigation  is  applied  to  one  set  location  at  a 
time.  Besides  soil  moisture,  irrigation  scheduling 
can  be  based  on  other  determinations  such  as  cal- 
endar methods  which  ignore  crop  stage  or  weath- 
er, plant  appearance  when  the  crop  shows  signs  of 
moisture  stress,  pan  evaporation  and  atmospheric 
methods  which  calculate  evaporation  and  evapo- 
transpiration,  or  remote  sensing  using  thermal  in- 
frared imagery  of  crop  transpiration,  combinations 
of  these  methods  are  also  helpful  in  determining 
irrigation  schedules.  (See  also  W9 1-07800)  (Geiger- 
PTT) 
W9 1-07803 


IRRIGATION:  HOW  MUCH  AND  WHEN. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 
Agricultural  Engineering. 
G.  Fipps. 

IN:  Proceedings  of:  South  Texas  Irrigation  Confer- 
ence. Lower  Colorado  River  Authority,  Austin. 
1990.  p  40-46.  1  fig. 

Descriptors:  'Irrigation  efficiency,  'Irrigation 
practices,  'Irrigation  scheduling,  'Soil  moisture 
retention,  'Soil  water,  Available  water,  Field  ca- 
pacity, Root  zone,  Soil  texture,  Wilting  point. 

It  is  difficult  for  many  farmers  to  decide  how  much 
irrigation  water  to  apply  to  their  crops.  Not  apply- 
ing enough  water  results  in  poor  yields,  while 
applying  too  much  is  not  only  a  needless  expense, 
but  also  wastes  a  scarce  resource.  In  addition, 
overwatering  may  flush  nutrients  out  of  the  root 
zone,  thereby  making  the  nutrients  unavailable  to 
plants  and  possibly  contributing  to  groundwater 
pollution.  The  purpose  of  irrigating  is  to  fill  the 
soil  pores  with  water  in  the  root  zone.  The  amount 
of  water  that  a  given  volume  of  soil  can  hold 
depends  on  the  soil  texture.  Several  terms  simplify 
the  relationship  between  soil  texture,  soil  moisture 
content,  and  irrigation  requirements,  namely  field 
capacity,  permanent  wilting  point,  available  water, 
allowable  water  depletion,  and  efficiency.  Field 
capacity  is  the  amount  of  water  a  soil  will  hold 
against  gravity  when  allowed  to  drain  freely.  Per- 
manent wilting  point  is  the  soil  moisture  content  at 
which  plants  permanently  wilt.  Available  water  is 
the  amount  of  water  that  can  be  held  in  the  soil 
between  field  capacity  and  the  permanent  wilting 
point.  The  allowable  water  depletion  is  the  amount 
of  available  water  that  can  be  depleted  from  the 
soil  without  adverse  effects  on  plant  growth  and 
crop  yield.  The  irrigation  efficiency  is  the  ratio  of 
the  amount  of  the  applied  water  which  becomes 
available  to  the  crop  divided  by  the  total  amount 
applied.  Determining  how  much  water  to  apply  is 


a  matter  of  estimating  the  amount  of  water  needed 
to  bring  the  soil  moisture  in  the  root  zone  up  to 
field  capacity.  The  following  factors  are  measured 
or  estimated:  depth  of  the  root  zone,  the  water 
holding  capacity  of  the  soil,  the  amount  of  water 
currently  held  in  the  soil,  and  the  application  effi- 
ciency of  the  irrigation  system  being  used.  Water 
should  be  applied  before  the  soil  moisture  falls 
below  the  level  where  damage  to  the  plants  or 
yield  reduction  occurs.  The  total  time  to  irrigate  is 
determined  using  the  water  delivery  rate.  Exam- 
ples for  calculating  how  much  water  to  apply  and 
references  for  more  efficient  irrigation  practices 
are  given.  (See  also  W9 1-07800)  (Geiger-PTT) 
W9 1-07804 


LEPA  CONVERSION  AND  MANAGEMENT. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 
Agricultural  Engineering. 
G.  Fipps,  and  L.  L.  New. 

IN:  Proceedings  of:  South  Texas  Irrigation  Confer- 
ence. Lower  Colorado  River  Authority,  Austin. 
1990.  p  53-60. 

Descriptors:  'Agricultural  water,  'Irrigation  effi- 
ciency, 'Irrigation  engineering,  'Irrigation  prac- 
tices, 'Spray  irrigation,  'Water  conservation,  Crop 
production,  Soil  water. 

Low  Pressure  Precision  Application  (LEPA)  irri- 
gation is  one  of  the  most  efficient  center  pivot 
irrigation  methods  available  today.  LEPA  dis- 
charges water  through  pressure-regulated  nozzles 
located  from  8  to  18  inches  above  the  furrow.  This 
low  discharge  point  greatly  reduces  spray  and  drift 
losses  caused  by  wind,  low  relative  humidity  and 
high  temperatures.  LEPA  heads  are  designed  to 
operate  at  6  psi,  lower  than  most  low  pressure 
drops  and  much  lower  than  that  of  high  pressure 
impacts.  Experimental  work  with  LEPA  showed 
that  LEPA  heads  could  be  placed  in  every  other 
furrow  without  any  crop  reduction.  Placing  heads 
in  every  other  furrow  reduces  conversion  costs. 
The  LEPA  head  is  designed  to  operate  in  three 
modes:  the  bubble  mode,  the  horizontal  spray 
mode,  and  the  chemigation  mode.  The  bubble 
mode  is  the  normal  mode  of  operation  and  pro- 
vides the  full  advantages  of  increased  irrigation 
efficiency.  The  horizontal  spray  mode  is  useful  for 
pre-irrigations,  crop  germination,  and  chemigation 
of  low  profile  crops.  The  chemigation  mode  is 
designed  to  spray  the  water/chemical  mixture  up 
into  the  canopy  of  high  profile  crops  such  as  corn. 
Additional  plumbing  is  needed  for  conversion  to 
LEPA.  Two  methods  can  be  used  for  installing 
drops:  using  existing  outlets  with  tees  and  clamps, 
or  adding  additional  outlets.  To  use  existing  out- 
lets, specially  designed  clamps  are  attached  to  the 
center  pivot  mainline.  New  outlets  can  be  quickly 
installed  using  a  Swedge  Coupling.  Planting  in  a 
circle  is  recommended  with  the  LEPA  system  to 
reduce  runoff  and  improve  the  distribution  of 
water  into  the  soil.  Scheduling  irrigations  using  soil 
moisture  monitoring  devices  is  recommended  be- 
cause the  ground  will  be  wetter  with  the  LEPA 
system  than  with  a  conventional  irrigation  system. 
LEPA  pressure  regulators  require  at  least  9  psi  to 
operate  properly.  To  ensure  adequate  pressure,  a 
pressure  gauge  is  installed  in  the  last  drop  at  the 
end  of  the  pivot.  (See  also  W9 1-07800)  (Geiger- 
PTT) 
W9 1-07805 


IRRIGATION  PUMPING  COSTS. 

J.  C.  Henngeler. 

IN:  Proceedings  of:  South  Texas  Irrigation  Confer- 
ence. Lower  Colorado  River  Authority,  Austin. 
1990.  61-78.  2  fig,  8  tab. 

Descriptors:  'Cost  analysis,  'Energy  costs,  'Irri- 
gation efficiency,  'Pumping,  Electric  power  costs, 
Maintenance  costs,  Operating  costs. 

To  reduce  irrigation  water  pumping  costs,  the 
irrigation  efficiency  may  be  improved,  the  system 
may  be  converted  to  one  that  operates  at  lower 
pressure,  the  efficiency  of  the  pumping  plant  may 
be  improved,  a  less  expensive  fuel  source  may  be 
used  or  the  electricity  service  costs  may  be  re- 
duced by  using  load  management  incentives  from 
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the  service  company.  The  costs  of  pumping  water 
are  directly  related  to  the  energy  consumed  which 
is  measured  in  terms  of  work  or  horsepower.  The 
only  way  for  the  farmer  to  reduce  horsepower 
consumed  is  to  reduce  the  total  dynamic  head  by 
reducing  operating  pressures.  The  costs  of  pump- 
ing consists  of  both  fixed  costs  (pump,  engine, 
well,  etc.)  and  the  variable  or  operating  costs 
(labor,  repairs,  maintenance,  fuel,  etc.).  Fixed  costs 
should  not  be  viewed  as  initial  expenditures  but 
should  be  examined  over  the  life  of  the  equipment 
due  to  depreciation.  Repair  and  maintenance  of 
equipment  and  fuel  costs  are  all  part  of  variable 
costs.  The  variable  cost  for  pumping  water,  wheth- 
er by  electricity,  diesel,  propane  or  natural  gas  is 
based  on  several  factors:  the  energy  content  of  the 
fuel,  the  expected  engine  or  motor  efficiency  in- 
cluding drive  method  used,  pump  efficiency,  and 
fuel  cost.  Additional  variable  costs  are  the  associat- 
ed labor  and  maintenance  costs.  The  largest  vari- 
able cost,  the  fuel  cost,  may  be  estimated  per  acre- 
inch  of  water  as  $.01  per  foot  of  lift  and  $.03  per 
psi  of  pressure.  To  estimate  labor  and  maintenance 
costs,  good  record  keeping  or  use  of  the  manufac- 
turer's recommendations  on  maintenance  schedules 
for  estimating  the  number  of  input  tasks  per  year 
and  their  costs  are  recommended.  When  all  the 
fixed  costs  and  variable  costs  are  considered,  then 
the  cost  of  pumping  water  using  electricity,  natural 
gas,  and  diesel  fuel  is  estimated  at  $4.91,  4.28,  and 
4.91/acre-inch,  respectively.  (See  also  W91-0780O) 
(Geiger-PTT) 
W9 1-07806 


IRRIGATED  FORESTRY  IN  ARID  AND  SEMI- 
ARID  LANDS:  A  SYNTHESIS. 

International     Development      Research     Centre, 

Ottawa  (Ontario). 

F.  B.  Armitage. 

Report  No.  IDRC-234c,  1985.  160p,  6  tab,  233  ref, 

4  append. 

Descriptors:  *Arid  lands,  'Forestry,  *Forests,  "Ir- 
rigation, *Irrigation  practices,  *Semiarid  lands, 
Economic  aspects,  Social  aspects,  Water  resources 
management. 

Use  of  irrigation  in  forest  plantations  in  many  arid 
and  semiarid  areas  since  the  1860s  has  demonstrat- 
ed, in  some  cases,  a  potential  for  high  wood  yields 
and  thus  for  countering  the  depletion  of  meager 
natural  wood  resources,  with  related  environmen- 
tal degradation,  that  stems  from  population  in- 
creases. This  report  is  aimed  at  enhancing  irrigated 
forestry  through  an  examination  of  past  experi- 
ence, the  range  of  inputs  required,  and  the  benefits 
of  integrating  tree  plantations  with  irrigated  agri- 
culture. It  reviews  the  potential  for  irrigated  forest 
plantations  and  provides  a  checklist  of  economic, 
sociological,  and  technical  criteria  needed  to  guide 
decisions  as  to  the  feasibility  of  such  developments. 
Actions  to  be  covered  in  the  planning,  implementa- 
tion, and  operational  phases  of  irrigated  forest 
plantations  are  indicated  as  are  illustrative  produc- 
tion levels  and  research  needs.  The  closing  chap- 
ters review  the  approaches  in  economic  analysis, 
management,  and  planning.  (Author's  abstract) 
W9 1-07905 


IRRIGATION  TECHNOLOGY  AND  COMMER- 
CIALIZATION OF  RICE  IN  THE  GAMBIA:  EF- 
FECTS ON  INCOME  AND  NUTRITION. 

International  Food  Policy  Research  Inst.,  Wash- 
ington, DC. 

J.  Von  Braun,  D.  Puetz,  and  P.  Webb. 
Research  Report  75,  August  1989.  116p,  7  fig,  58 
tab,  72  ref,  append. 

Descriptors:  *Crop  production,  "Economic  as- 
pects, "Gambia,  "Income,  "Irrigation,  "Nutrition, 
•Rice,  Agriculture,  Developing  countries,  Diets, 
Policy  making,  Public  policy,  Rural  areas. 

A  new  rice  irrigation  project  was  conducted 
which  involved  about  7,500  farmers  in  The 
Gambia.  This  study  site  was  selected  because 
households  could  be  traced  during  and  after  the 
introduction  of  new  rice  production  technology 
(mechanical  pump  irrigation  and  improved  drain- 
age for  rainfed  and  tidal  irrigation).  The  empirical 
research  is  based  on  a  detailed  sample  survey  of 


900  farmers  in  10  villages.  Average  and  marginal 
labor  productivities  are  assessed  in  the  context  of 
the  production  system  for  the  major  crops.  Most 
farmers  at  the  project  location  grow  both  irrigated 
rice  and  upland  crops.  The  expansion  of  modern 
irrigation  has  pulled  labor  away  from  the  upland 
crops,  causing  a  loss  of  531  calories  in  other  crops 
for  every  1,000  calories  gained  in  rice  production-- 
a  net  gain  of  47%.  Less  of  this  new  rice  crop  is 
sold  for  cash  than  expected- 12%  of  total  produc- 
tion from  pump  irrigation  and  7%  from  partly 
water  controlled  land.  Average  annual  per  capita 
income  in  the  study  area  was  $116  in  1985/86; 
agricultural  income  contributed  77.5%.  At  the 
sample  average,  the  rice  in  the  project  increased 
real  incomes  by  13.0% /household.  From  a  food 
security  perspective,  a  wide  distribution  of  small 
irrigated  rice  plots  is  needed  across  households  and 
village  communities  in  the  area  to  reduce  the  ad- 
verse effects  of  seasonality  and  consecutive 
drought  years  on  consumption.  Such  scattered  dis- 
tribution of  the  highly  productive  irrigated  land 
results,  however,  in  fluctuating  yields,  since  in 
years  of  good  rainfall  labor  is  allocated  more  heav- 
ily to  upland  farming,  while  in  drought  years  labor 
shifts  more  to  the  irrigated  fields.  Efforts  to  solve 
the  nutrition  problem  can  be  furthered  through 
more  effective  rural  health  service  and  sanitation 
(that  is,  drinking  water)  at  the  community  level. 
(Lantz-PTT) 
W9 1-07908 


IRRIGATION   AND   FLOOD/EROSION   CON- 
TROL AT  HIGH  ALTITUDES  IN  THE  ANDES. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
For   primary   bibliographic   entry   see   Field   4D. 
W9 1-07909 


IRRIGATION  PERFORMANCE  ASSESSMENT 
AND  IRRIGATION  EFFICIENCY. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
W.  Wolters,  and  M.  G.  Bos. 

Annual  Report  1989.  International  Institute  for 
Land  Reclamation  and  Improvement,  Wagenin- 
gen, The  Netherlands.  1989.  p  25-37,  3  fig,  15  ref, 
append. 

Descriptors:  "Irrigation  efficiency,  "Irrigation  pro- 
grams, "Performance  evaluation,  "Water  resources 
management,  Agriculture,  Crop  production,  Irri- 
gation, Water  use. 

The  world  population  continues  to  grow  and  has 
to  be  fed.  About  35%  of  the  world's  food  is 
produced  on  irrigated  lands.  This  percentage  could 
be  increased  by  enlarging  the  area  served  by  irriga- 
tion and  by  intensifying  crop  growth  on  the  al- 
ready irrigated  lands.  If  the  factors  that  limit  crop 
production  are  known,  than  those  limitations  can 
be  lifted  and  crop  production  can  be  raised.  Rais- 
ing irrigation  efficiency  can  be  instrumental  in 
raising  crop  production  because  a  larger  area  can 
be  irrigated  with  the  same  volume  of  water,  or  a 
water  shortage  can  be  made  less  severe.  An  effi- 
ciency is  generally  defined  as  the  dimensionless 
ratio  of  output  over  input.  An  irrigation  efficiency 
was  first  defined  as:  'The  ratio  of  irrigation  water 
transpired  by  the  crops  of  an  irrigation  farm  or 
project  during  their  growth  period,  over  the  water 
diverted  from  a  river  or  other  natural  source  into 
the  farm  project  canal  or  canals  during  the  same 
period  of  time'.  Raising  irrigation  efficiency  can 
have  one  or  more  of  the  following  benefits:  (1)  a 
larger  area  can  be  irrigated  with  the  same  volume 
of  water;  (2)  a  water  shortage  can  be  made  less 
severe;  (3)  investment  costs  for  drainage  to  control 
waterlogging  and  salinity  can  be  saved  or  reduced; 
(4)  competition  with  other  water  users  can  be 
reduced;  and  (5)  energy  can  be  saved.  A  very  high 
efficiency,  however,  can  have  its  disadvantages:  (1) 
salinity  in  the  top  soil  may  increase;  (2)  the  water 
supply  to  part  of  the  command  area  may  be  too 
low;  (3)  it  may  lead  to  social  unrest  between  farm- 
ers with  sufficient  water  and  those  without.  Meas- 
ured efficiency  values  should  be  compared  with  a 
target  value  and  not  with  100%.  On-site  case  stud- 
ies, in  a  variety  of  climatological,  technical,  and 
socioeconomic  conditions,  are  needed  to  establish 
these  target  values.  (Lantz-PTT) 


W9 1-079 10 

WATER  DISTRIBUTION:  CONFLICTING  OB- 
JECTIVES OF  SCHEME  MANAGEMENT  AND 
FARMERS. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
For   primary   bibliographic   entry   see   Field   6D. 
W9 1-079 11 


TOWARDS  SITUATION-SPECIFIC  MANAGE- 
MENT IN  IRRIGATION. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
P.  N.  G.  Van  Steekelenburg. 

Annual  Report  1989.  International  Institute  for 
Land  Reclamation  and  Improvement,  Wagenin- 
gen, The  Netherlands.  1989.  p  47-62,  2  fig,  1  tab,  12 
ref. 

Descriptors:  "Developing  countries,  "Irrigation 
management,  "Water  resources  management,  Agri- 
culture, Institutions,  Irrigation  practices,  Niger, 
Rural  areas. 

To  arrive  at  situation-specific  management  for  irri- 
gation development,  one  has  to  consider  all  differ- 
ent (levels  of)  actors  and  all  steps  in  project  prepa- 
ration, implementation,  and  operation.  A  top-down 
working  method  is  recommended,  starting  with  a 
definition  of  the  framework  of  the  national  irriga- 
tion-development policy-which  should  be  consist- 
ent with  the  general  rural-development  orientation 
of  the  country-and  ending  with  the  farmer.  This  is 
not  a  once-only  process.  In  this  way,  the  target- 
group  orientation  is  secured  while  at  the  same  time 
the  issue  of  sustainability  is  addressed.  As  an  insti- 
tution, an  irrigation  agency  has  to  be  analyzed  and 
revised,  in  relation  to  its  tasks,  the  farmers'  needs, 
and  its  socioeconomic  and  political  environments, 
with  their  inherent  but  varying  degree  of  uncer- 
tainty. Irrigation  agencies  should  be  converted 
from  mechanistic  and  input-oriented  agencies 
toward  adaptive  and  output-oriented  agencies.  A 
case  study  in  Niger  shows  that  this  can  be  done, 
and  that  the  results  are  attractive  to  all  parties 
involved,  to  the  farmers  in  particular.  As  the  envi- 
ronment changes  (farmer  groups  become  more  ex- 
perienced; new  developments  take  place  in  the 
private  sector,  etc.),  agencies  will  have  to  adapt  to 
these  changes.  Different  project  stages  require 
varying  capabilities,  especially  the  change  from  the 
construction  of  the  system  to  its  full  exploitation 
and  its  support  to  farmers  for  their  agricultural 
production.  In  the  process  of  diagnosing  and  pre- 
paring changes  for  institutional  strenghtening, 
monitoring  and  evaluation  are  indispensible  man- 
agement tools;  organization  theory  offers  other 
interesting  tools  to  help  in  this  process.  And  last,  a 
firm  political  commitment  to  the  need  for  change  is 
a  necessary  condition  for  all  efforts  to  change  and 
strengthen  irrigation  agencies.  (Lantz-PTT) 
W9 1-079 12 


NUMERICAL  MODELS  IN  DESIGNING  TUBE- 
WELL  IRRIGATION  AND  DRAINAGE  OF  AN 
AQUIFER  WITH  A  FRESH/SALT  INTERFACE. 

Euroconsult,  Arnhem  (Netherlands). 

For  primary  bibliographic  entry  see  Field  4B. 

W9 1-07957 


EVALUATION  OF  THE  ECOLOGICAL  AND 
WATER  MANAGEMENT  SITUATION  IN  CEN- 
TRAL ASIA  BASED  ON  DATA  OF  AERIAL 
AND  SATELLITE  SURVEYS. 

V.  S.  Altunin,  E.  I.  Kupriyanova,  V.  A. 
Kharitonov,  and  L.  A.  Khrapkova. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  324-328,  1990.  1  fig,  1  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p  37-40, 
May,  1990. 

Descriptors:  "Agricultural  water,  "Asia,  "Environ- 
mental effects,  "Irrigation  effects,  "Remote  sens- 
ing, "Water  conservation,  "Water  management, 
Aerial  photography,  Saline  soils,  Satellite  technol- 
ogy, Surveys,  USSR,  Water  resources  manage- 
ment. 
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Data  obtained  by  aerial  and  satellite  remote  sensing 
made  it  possible  to  record  water  bodies  formed  by 
collector-drain  waters,  the  direction  of  discharges 
of  water  from  irrigated  lands,  zones  of  seepage, 
outflows  of  irrigation  waters  onto  the  surface  in 
the  form  of  lakes,  and  the  formation  of  secondary 
saline  soils.  A  considerable  part  of  the  nonproduc- 
tive losses  of  water  in  Central  Asia  was  found  to  be 
related  to  the  irrigation  of  unsuitable  lands,  primar- 
ily severely  saline  soils.  It  was  calculated  that 
removal  of  the  severely  salinized  part  of  the  irri- 
gated lands  of  Central  Asia  for  the  purpose  of 
reconstruction  of  the  irrigation  and  drainage  sys- 
tems would  save  about  30-35  cu  km  of  water.  The 
volume  of  water  nonproductively  discharged  to 
drainage  areas  outside  of  the  irrigated  zones 
amounts  to  8.6  cu  m/yr  in  the  Amu  Darya  basin 
and  1.5  cu  km/yr  in  the  Syr  Darya  basin.  A 
diagrammatic  map  revealed  a  chain  of  seepage 
lakes  along  the  route  of  the  Kara-Kum  canal. 
Aerial  and  satellite  surveys  have  further  indicated 
an  over-watering  of  crops  in  Central  Asia  by  30- 
50%  of  the  planned  withdrawal  of  water.  A  total 
of  more  than  40  cu  km/yr  is  expended  ineffectively 
in  irrigation  agriculture.  A  system  of  pipelines  or 
flumes  is  recommended  for  delivering  water  to  the 
Aral  Sea,  including  irrigation  return  waters  accu- 
mulating in  relief  depressions.  (MacKeen-PTT) 
W9 1-08034 


IRRIGATION  FREQUENCY  EFFECTS  ON 
LEACHING  OF  CATIONS  FROM  GYPSUM 
AMENDED  COASTAL  PLAIN  SURFACE 
SOILS. 

Citrus  Research  and  Education  Center,  Lake 
Alfred,  FL. 

A.  K.  Alva,  G.  J.  Gascho,  and  W.  A.  Cromer. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.   3/4,   p   325-336,    1990,  4  fig,    1   tab,   27  ref. 

Descriptors:  'Agricultural  practices,  'Calcium, 
'Gypsum,  'Irrigation  effects,  'Leaching,  'Pea- 
nuts, Distribution  patterns,  Nutrient  transport,  Soil 
amendments,  Soil  chemistry,  Soil  properties,  Soil 
types. 

In  low  calcium  soils,  gypsum  is  applied  at  flower- 
ing of  peanut  to  insure  adequate  availability  of  Ca 
in  the  fruiting  zone  (0  to  8  cm  soil  depth)  during 
pod  development.  Effects  of  15.2  cm  water  applied 
as  1,  2,  4  or  12  split  applications  over  a  28  day 
period  following  the  application  of  gypsum  on  the 
distribution  of  Ca  and  other  cations  in  the  fruiting 
zone  and  immediately  below  the  fruiting  zone  (8  to 
16  cm  depth)  were  investigated  on  the  Lakeland 
and  Tifton  soils  under  controlled  conditions  in 
rainout  shelter  plots.  In  Lakeland  soil,  the  fruiting 
zone  Ca  concentration  was  greater  for  the  high 
frequency  (15.2  cm  in  4  or  12  split  applications) 
irrigation  treatments  than  for  the  low  frequency 
(15.2  cm  in  1  or  2  split  applications)  treatments  at  7 
days.  Those  differences  became  non-significant 
after  14  days.  In  Tifton  soil,  leaching  of  Ca  below 
the  fruiting  zone  was  significantly  greater  for  the 
low  frequency  irrigation  treatments  than  for  the 
high  frequency  treatments  throughout  the  duration 
of  this  experiment.  High  frequency  irrigation  of 
moderate  quantities  should  result  in  low  calcium 
losses  from  the  fruiting  zone  for  both  soils.  The 
gypsum-induced  leaching  of  potassium  or  magnesi- 
um was  lower  in  high  frequency  irrigation  treat- 
ments than  in  low  frequency  treatments.  High  fre- 
quency irrigation  following  gypsum  application  re- 
sulted in  a  decrease  in  soil  pH  during  the  initial  7 
days.  (Author's  abstract) 
W91-08121 

4.  WATER  QUANTITY 
MANAGEMENT  AND 
CONTROL 


4A.  Control  Of  Water  On  The 
Surface 


SIMULTANEOUS,  MULTIPLE-LEVEL  WITH- 
DRAWAL FROM  A  DENSITY  STRATIFIED 
RESERVOIR. 

Army   Engineer  Waterways   Experiment   Station, 


Vicksburg,  MS.  Hydraulics  Lab. 

For  primary  bibliographic  entry  see  Field  8B. 

W9 1 -072 11 


HERBICIDES  IN  WATER:  ECONOMICS  OR 
ENVIRONMENT. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

K.  H.  Bowmer. 

Technical  Memorandum  90/4,  June   1990.   19p,   I 

fig,  1  tab,  42  ref. 

Descriptors:  'Aquatic  weeds,  'Environmental 
impact,  'Herbicides,  'Water  quality,  'Water  re- 
sources development,  'Weed  control,  Aquatic 
plants,  Ecological  effects,  Elodea,  Erosion  control, 
Toxicity,  Water  hyacinth. 

The  use  of  herbicides  and  risks  of  water  pollution 
are  reviewed,  and  water  quality  criteria  are  de- 
scribed for  different  uses  of  water.  This  approach 
can  be  criticized  because  of  the  paucity  of  data  for 
irrigated  crops,  sensitive  aquatic  plants  and  com- 
munity ecosystems;  lack  of  information  for  some 
herbicides  and  breakdown  products;  complications 
of  influence  of  other  water  quality  parameters  and 
other  toxicants;  and  inappropriate  use  of  concen- 
tration rather  than  pattern  of  exposure.  Notwith- 
standing the  difficulties  in  assessing  the  risks  of 
water  pollution,  it  is  argued  that  there  are  substan- 
tial benefits  of  herbicide  use  in  protecting  soil  and 
water  resources.  These  include  use  in  cropping 
systems  to  improve  soil  stability,  reduce  erosion 
and  ameliorate  eutrophication  problems;  use  in 
aquatic  weed  control  to  maintain  supply  and  drain- 
age in  irrigation  systems,  and  to  prevent  flooding 
in  coastal  areas;  and  use  in  the  preventative  man- 
agement of  aggressive  introduced  plants  such  as 
Elodea  canadensis,  Eichhornia  crassipes,  Alter- 
nanthera  philoxeroides  and  Mimosa  pigra.  (Au- 
thor's abstract) 
W9 1-07220 


STUDY  OF  INNOVATIVE  TECHNIQUES  TO 
REDUCE  SUBSURFACE  DRAINAGE  FLOWS. 

Lord  (J.M.)  Inc.,  Fresno,  CA. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-07223 


RIO  PUERTO  NUEVO  FLOOD-CONTROL 
PROJECT,  SAN  JUAN,  PUERTO  RICO:  HY- 
DRAULIC MODEL  INVESTIGATION. 

Army   Engineer  Waterways  Experiment   Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07245 


ICE  JAM  MITIGATION. 

Cumming  Cockburn  Ltd.,  Willowdale  (Ontario). 

Water  Resources  Div. 

For  primary  bibliographic  entry  see  Field  2C. 

W91-07522 


KRIGING  TECHNIQUE  FOR  RIVER  FLOOD 
REPRESENTATION  (LE  KRIGEAGE  DUAL, 
UNE  TECHNIQUE  POUR  LA  CARTOGRA- 
PHY AUTOMATISEE  DES  ZONES  DTNON- 
DATION). 

Ecole  Polytechnique,  Montreal  (Quebec).  Groupe 
de  Recherche  CASTORPLUS. 
For  primary  bibliographic  entry  see  Field  7B. 
W9 1-07603 


CASE  STUDIES  IN  DRAINAGE  AND  LEVEE 
DISTRICT  FORMATION  AND  DEVELOP- 
MENT ON  THE  FLOODPLAIN  OF  THE 
LOWER  ILLINOIS  RIVER,  1890S  TO  1930S. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Ge- 
ography. 

For  primary  bibliographic  entry  see  Field  6F. 
W9 1-078 16 


SUBSTANTIATION  OF  PARAMETERS  OF 
FLOOD  CONTROL  ENGINEERING  OF  THE 
NORTHEAST  COAST  OF  THE  CASPIAN  SEA. 


For  primary  bibliographic  entry  see  Field  8A. 

W9 1-07877 


ENHANCED  BIOLOGICAL  CONTROL  OF  WA- 
TERHYACINTH  FOLLOWING  LIMITED  HER- 
BICIDE APPLICATION. 

Florida  Univ.,  Gainesville.  Dept.  of  Entomology. 

K.  H.  Haag,  and  D.  H.  Habeck. 

Journal  of  Aquatic  Plant  Management  JAPMDB, 

Vol.  29,  p  24-28,  January  1991.  2  fig,  2  tab,  23  ref. 

USDA,  ARS  Cooperative  Agreement  58-7B30-3- 

570. 

Descriptors:  'Aquatic  weed  control,  'Biocontrol, 
•Herbicides,  'Water  hyacinth,  Aquatic  weeds, 
Florida,   Insects,   Lakes,   Water   lettuce,   Weevils. 

Eighty  percent  of  Calf  Pond,  a  6-ha  lake  in  north 
central  Florida,  was  sprayed  incrementally  begin- 
ning in  August  1985  with  the  herbicide  2,4-D  to 
gradually  reduce  the  surface  coverage  of  water- 
hyacinth.  Herbicide  treatments  occurred  at  3  to  4 
week  intervals,  and  approximately  15%  of  the  lake 
was  treated  on  each  date.  The  remaining  untreated 
plants  were  surrounded  by  a  floating  barrier  along 
one  shore  and  left  in  the  lake  to  serve  as  a  reservoir 
for  waterhyacinth  weevils,  which  were  present  at 
an  initial  mean  density  of  3.2  adult  weevils/sq  m. 
Weevil  production  in  October  1986  raised  the 
weevil  density  to  3  times  that  observed  in  October 
1985  and  the  number  of  feeding  scars  was  twice 
that  observed  in  December  1985.  The  resultant 
heavy  feeding  damage  reduced  plant  density  and 
biomass  severely,  and  by  April  1987  no  live  water- 
hyacinth  plants  remained  in  the  lake.  Calf  Pond 
was  subsequently  invaded  by  waterlettuce,  and  as 
of  November  1990  was  extensively  colonized  by 
this  aquatic  weed.  (Author's  abstract) 
W9 1-08072 


IN  VITRO  PROPAGATION  AND  BIOASSAY 
SYSTEMS  FOR  EVALUATING  GROWTH  REG- 
ULATOR EFFECTS  ON  MYRIOPHYLLUM 
SPECIES. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 
M.  E.  Kane,  and  E.  F.  Gilman. 
Journal  of  Aquatic  Plant  Management  JAPMDB, 
Vol.    29,   p   29-32,   January    1991.    6   fig,   25   ref. 

Descriptors:  'Aquatic  weed  control,  'Bioassay, 
'Culturing  techniques,  'Laboratory  methods, 
•Myriophyllum,  Culture  media,  Herbicides. 

In  vitro  culture  procedures  were  developed  for 
efficient  propagation  of  Myriophyllum  aquaticum, 
M.  heterophyllum,  M.  pinnatum,  M.  spicatum,  and 
M.  'Frill'  for  use  in  growth  regulator  screening 
studies.  Shoots  formed  rapidly  and  grew  into  dense 
multiple  shoot  masses  in  all  species  cultured  on  a 
shoot  multiplication  medium  consisting  of  Mura- 
shige  and  Skoog  mineral  salts  (MS)  supplemented 
with  0.56  mM  myo-inositol,  1.2  microM  thiamine- 
HCL,  87.6  mM  sucrose,  and  30  microM  N-(3- 
methyl-2-butenyl)H-purin-6-amine)  (2iP)  solidified 
with  0.8%  (w/v)  agar.  Shoots  of  M.  heterophyl- 
lum were  stored  in  vitro  for  14  months  at  5  C 
without  loss  of  regenerative  capacity.  Single 
rooted  submerged  shoots  of  each  species  were 
produced  by  subdividing  the  shoot  masses  and 
subculturing  in  liquid  half-strength  MS  supple- 
mented with  0.56  mM  myo-inositol,  1.2  microM 
thiamine-HCL,  and  87.6  mM  sucrose  for  two  6-day 
culture  cycles.  M.  heterophyllum,  M.  'Frill,'  and 
M.  spicatum  exhibited  interspecific  differences  in 
sensitivities  to  the  growth  retardant  Cycocel.  Po- 
tential applications  of  these  culture  protocols  for 
further  growth  regulator  screening  are  discussed. 
(Author's  abstract) 
W9 1-08073 


EFFICACY  OF  EARLY-SEASON  FLURIDONE 
TREATMENT  FOR  MANAGEMENT  OF  WA- 
TERMEAL,  WOLFFIA  COLUMBIANA  KARST. 

North  Carolina  State  Univ.  at  Raleigh.  Dept.  of 

Crop  Science. 

S.  H.  Kay. 

Journal  of  Aquatic  Plant  Management  JAPMDB, 

Vol.  29,  p  42-45,  January  1991.  1  tab,  7  ref.  North 
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WATER  QUANTITY  MANAGEMENT  AND  CONTROL— Field  4 


Groundwater  Management — Group  4B 


Carolina   Agricultural   Research   Service   Project 
NC05671. 

Descriptors:  *Aquatic  weed  control,  *Fluridone, 
•Herbicides,  Aquatic  weeds,  Flushing,  Ponds. 

Three  fluridone  formulations  (4AS,  5P,  and  SRP) 
were  applied  at  maximum  label  rates  in  mid-March 
to  late  March  and  early  April  of  1988  and  1989  to 
evaluate  early-season  treatments  for  control  of  wa- 
termeal  in  ponds.  The  4AS  and  5P  formulations 
effectively  suppressed  watermeal  in  1988,  and  all 
three  were  effective  in  1989.  After  treatment,  wa- 
termeal continued  to  spread  on  all  ponds  until  July 
and  declined  gradually  thereafter.  Treatment  in 
early  summer  with  4AS  either  with  or  without  a 
surfactant  substantially  suppressed  growth  by  July, 
but  some  watermeal  persisted  until  the  end  of  the 
season.  Hydraulic  flushing  during  the  first  three 
weeks  after  treatment  reduced  efficacy  in  many 
ponds  treated  in  1989  and  was  solely  responsible 
for  the  persistence  of  watermeal  into  the  1990 
season  in  these  ponds.  (Author's  abstract) 
W91-08075 


PHYSICAL  DESCRIPTION  OF  WATER  HYA- 
CINTH MATS  TO  IMPROVE  HARVESTER 
DESIGN. 

British  Columbia  Univ.,  Vancouver.  Dept.  of  Bio- 
Resource  Engineering. 

R.  J.  Petrell,  L.  O.  Bagnall,  and  G.  H.  Smerage. 
Journal  of  Aquatic  Plant  Management  JAPMDB, 
Vol.  29,  p  45-50,  January  1991.  10  fig,  3  tab,  5  ref. 

Descriptors:  'Aquatic  weed  control,  *Aquatic 
weeds,  *Water  hyacinth,  Buoyancy,  Density, 
Floating  plants,  Population  density. 

More  efficient  water  hyacinth  (Eichhornia  cras- 
sipes)  harvesting  methods  can  result  from  equip- 
ment designs  based  on  a  better  understanding  of 
the  physical  characteristics  of  mats  that  affect  ma- 
chine performance.  For  this  purpose,  descriptions 
or  ranges  of  the  following  physical  characteristics 
of  water  hyacinths  were  determined  for  plants 
obtained  from  different  habitats:  plant  size  distribu- 
tion, rhizome  length,  areal  density,  and  connecti- 
vity. Connectivity,  a  new  property,  is  a  measure  of 
plant  entanglement  by  petioles  and  stolons.  Plant 
mass  was  normally  distributed  in  established  mats 
of  water  hyacinth  and  not  in  mats  of  small  plants 
or  plants  subjected  to  regular  harvesting.  Rhizome 
length  was  correlated  with  plant  mass.  Population 
density  was  correlated  with  average  plant  height 
and  biomass  density.  Connectivity  and  buoyancy 
are  independent  properties  that  define  the  mechan- 
ics of  vertical  plant  support.  A  plant  entangled 
with  other  plants  is  erect  due  mostly  to  its  connec- 
tivity, while  a  free-floating  plant  is  erect  when  it 
develops  leaves  with  floats.  (Author's  abstract) 
W9 1-08076 


INTRODUCTION  OF  NEOHYDRONOMUS  AF- 
FINIS  FOR  BIOLOGICAL  CONTROL  OF 
PISTIA  STRATIOTES  IN  ZIMBABWE. 

Plant  Protection  Research  Inst.,  Harare  (Zim- 
babwe). 

G.  P.  Chikwenhere,  and  I.  W.  Forno. 
Journal  of  Aquatic  Plant  Management  JAPMDB, 
Vol.  29,  p  53-55,  January  1991.  1  fig,  8  ref. 

Descriptors:  *Aquatic  weed  control,  *Biocontrol, 
•Water  lettuce,  *Weevils,  *Zimbabwe,  Adult 
growth  stage,  Aquatic  plants,  Aquatic  weeds, 
Food  habits,  Insects,  Manyame  River,  Rivers, 
Roots. 

Experiments  were  carried  out  to  test  the  effect  of 
the  weevil  Neohydronomus  affinis  on  growth  of 
water  lettuce  (Pistia  stratiotes)  in  Zimbabwe.  The 
adult  feeding  tests,  effect  of  the  weevil  on  plant 
growth,  and  establishment  of  the  weevil  in  the 
field  are  described.  In  both  choice  (with  one  ex- 
ception) and  no-choice  feeding  tests,  adults  fed 
only  on  water  lettuce.  In  plant  growth  tests,  after 
six  weeks  of  feeding  damage  by  the  weevil,  most 
plants  had  rotted  and  sunk  to  the  bottom  of  the 
container,  leaving  only  daughter  plants.  By  the 
second  month,  the  length  of  the  longest  root  on  the 
weevil-infested  plants  was  less  than  half  the  length 
of  that  in  the  control,  and  leaves  were  shorter. 


Daughter  plants  failed  to  grow  to  the  size  of 
normal  parent  plants  and  were  much  smaller  than 
the  daughter  plants  in  the  insect-free  treatments. 
Field  observations  indicated  that  the  weevil  was 
well  established  in  the  Manyame  River  by  July 
1988,  4  months  after  its  first  release  there.  Many 
plants  were  severely  damaged,  plant  size  was  de- 
clining, and  other  aquatic  plants  had  begun  to 
invade  the  area.  By  February  1989,  less  than  12 
months  after  the  release  of  N.  affinis,  water  lettuce 
was  no  longer  a  problem  in  the  Manyame  River. 
(Doria-PTT) 
W9 1-08078 


EFFECTS  OF  HERBICIDES  AND  MICROBIAL 
INSECTICIDES  ON  THE  INSECTS  OF  AQUAT- 
IC PLANTS. 

Florida  Univ.,  Gainesville.  Dept.  of  Entomology 

and  Nematology. 

K.  H.  Haag,  and  G.  R.  Buckingham. 

Journal  of  Aquatic  Plant  Management  JAPMDB, 

Vol.   29,   p   55-57,   January    1991.    1    tab,    14   ref. 

USDA,  ARS  Cooperative  Agreement  58-7B30-3- 

570. 

Descriptors:  *Aquatic  insects,  'Aquatic  weed  con- 
trol, *Biocontrol,  *Herbicides,  'Insects,  'Pesticide 
toxicity,  Adult  growth  stage,  Aquatic  weeds,  Ba- 
cillus, Bacteria,  Copper,  Diquat,  Endothall,  Flies, 
Fluridone,  Fungi,  Growth  stages,  Habitats,  Hy- 
drilla,  Larval  growth  stage,  Mortality,  Statistical 
analysis,  Water  lettuce,  Weevils. 

The  impacts  of  selected  herbicides  and  microbial 
pesticides  on  native  and  introduced  biocontrol  in- 
sects of  water  lettuce  and  hydrilla  were  investigat- 
ed. The  bacterial  pesticide  Bacillus  sphaericus 
caused  significant  mortality  of  larvae  of  the  native 
moth  Parapoynx  diminutalis,  whereas  B.  thurin- 
gensis  israelensis  application  resulted  in  significant 
mortality  of  larvae  of  the  moth  Synclita  obliteralis. 
The  fungus  Lagenidium  did  not  cause  statistically 
significant  mortality  of  any  insect  species  tested. 
The  weevil  Bagous  affinis  adults  did  not  experi- 
ence significant  mortality  when  exposed  to  low  or 
high  concentrations  of  diquat  dibromide  and  che- 
lated copper,  endothall,  or  fluridone.  Hydrellia  fly 
larvae  suffered  significant  mortality  when  treated 
with  4  and  8  ppm  endothall;  and  4.6  and  9.2  ppm 
fluridone;  and  90  ppm  diquat  dibromide  +  38  ppm 
chelated  copper.  With  the  exception  of  the  endoth- 
all tests,  these  herbicides  were  evaluated  at  con- 
centrations considerably  higher  than  those  normal- 
ly used  in  the  field.  The  high  rate  of  death  for 
Hydrellia  may  be  due  to  loss  of  habitat  following 
death  of  hydrilla  leaflets  rather  than  direct  toxicity 
of  the  herbicides.  If  herbicide  is  applied  in  an 
integrated  management  program  against  hydrilla,  it 
may  be  important  to  avoid  times  of  the  year  when 
fly  larvae  and  pupae  are  present  and  vulnerable  to 
habitat  loss.  (Doria-PTT) 
W9 1-08079 
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STUDY  OF  INNOVATIVE  TECHNIQUES  TO 
REDUCE  SUBSURFACE  DRAINAGE  FLOWS. 

Lord  (J.M.)  Inc.,  Fresno,  CA. 

For  primary   bibliographic   entry   see   Field   5G. 

W9 1-07223 


GROUND-WATER    CONDITIONS    IN    UTAH, 
SPRING  OF  1990. 

Geological   Survey,   Salt  Lake  City,   UT.   Water 
Resources  Div. 

For  primary   bibliographic   entry   see   Field   6D. 
W9 1-07246 


RELIABILITY  OF  A  GROUNDWATER 
MODEL:  THE  HISTORY  OF  MODELLING 
THE  JWANENG  NORTHERN  WELLFIELD  IN 
BOTSWANA. 

Anglo  American  Corp.  of  South  Africa  Ltd.,  Mar- 

shalltown. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07284 


SEQUENTIAL  APPROACH  TO  GROUNDWAT- 
ER MONITORING  AND  MANAGEMENT. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 
Hydraulic  Lab. 
R.  Andricevic. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  489-499.  3  fig,  1 
tab,  14  ref. 

Descriptors:  'Groundwater  management,  'Hy- 
draulic head,  'Management  planning,  'Model 
studies,  'Monitoring,  'Operating  policies,  'Optimi- 
zation, 'Water  demand,  'Water  resources  manage- 
ment, Calibrations,  Data  interpretation,  Differen- 
tial equations,  Flow  models,  Geohydrology, 
Groundwater  movement,  Groundwater  resources, 
Hydraulic  conductivity,  Hydrologic  models, 
Mathematical  analysis,  Mathematical  studies,  Nu- 
merical analysis,  Prediction,  Simulation,  Statistical 
analysis,  Statistical  methods,  Uncertainty,  Water 
level. 

The  management  of  groundwater  hydraulics  is 
used  to  evaluate  operational  policies  or  ground- 
water withdrawal  strategies  for  managing  ground- 
water resources.  A  common  approach  is  to  couple 
an  optimization  model  with  a  simulation  model  of 
groundwater  flow.  A  sequential  groundwater  man- 
agement model  was  structured  as  a  discrete  time 
optimal  control  problem  which  identifies  the  opti- 
mal withdrawal  rates  by  satisfying  a  penalty  type 
cost  function  of  the  two  conflicting  objectives: 
satisfying  withdrawal  demands  and  maintaining 
target  hydraulic  head  levels.  A  control  action, 
obtained  in  feedback  form,  depends  on  the  future 
uncertainty  in  the  hydraulic  head  prediction  which 
is  due  to  the  variability  in  the  hydraulic  conductiv- 
ity. The  hydraulic  conductivity  field  is  updated  in 
'real  time',  as  new  field  observations  become  avail- 
able. A  numerical  example  used  to  demonstrate  the 
sequential  approach  revealed  that  a  real  time 
design  of  the  monitoring  program  for  the  hydraulic 
conductivity  field  should  be  guided  based  on  the 
areas  of  high  hydraulic  head  gradient,  since  the 
information  from  these  areas  will  eventually  lead 
to  the  most  reliable  management  strategy.  In  addi- 
tion, a  potential  bias  in  the  management  solution, 
due  to  the  uncertainty  in  the  objective  function 
was  revealed.  In  practice,  increased  emphasis  is 
needed  on  identifying  the  objective  function  coeffi- 
cients, regardless  of  the  sophistication  level  of  the 
management  algorithm.  (See  also  W9 1-07253) 
(Korn-PTT) 
W91-07301 


EVALUATION  OF  THE  RESPONSE  OF  A 
WATER  TABLE  TO  A  VARIABLE  RECHARGE 
RATE. 

K.N.  Toossi  Univ.  of  Technology,  Tehran  (Iran). 
Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07628 


PROCEEDINGS  OF:  SOUTH  TEXAS  IRRIGA- 
TION CONFERENCE. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07  800 


MANAGEMENT  OF  GROUNDWATER 

THROUGH  UNDERGROUND  WATER  CON- 
SERVATION DISTRICTS  IN  TEXAS. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 
Agricultural  Engineering. 
D.  L.  Reddell,  and  J.  M.  Sweeten. 
IN:  Proceedings  of:  South  Texas  Irrigation  Confer- 
ence.  Lower  Colorado  River  Authority,  Austin. 
1990.  p  1-14.  1  tab,  1  ref. 

Descriptors:  'Agricultural  water,  'Groundwater 
management,  'Groundwater  mining,  'Irrigation 
districts,  'Texas,  'Water  conservation,  'Well  regu- 
lations, Aquifers,  Irrigation  wells,  Tailwater, 
Water  pollution  prevention,  Water  quality,  Water 
use  efficiency,  Well  permits. 

In  1949,  the  Texas  law  allowed  Legislature  provid- 
ed for  the  creation  and  operation  of  underground 
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water  conservation  districts.  These  districts  have 
significantly  modified  Texas  common  law  rule  of 
capture  regarding  groundwater  use.  Today  22  dis- 
tricts cover  most  major  aquifers  in  the  state.  The 
districts  have  slowed  water  table  declines  and  im- 
proved water  quality  utilizing  well  permits,  well 
spacing  rules,  public  education,  water  conserva- 
tion, and  pollution  control  rules.  The  High  Plains 
Underground  Water  Conservation  District  No.  1 
(HPUWCD)  in  Lubbock,  Texas  is  examined  as  an 
example  of  an  underground  water  conservation 
district.  HPUWCD  became  the  first  underground 
water  conservation  district  in  1951.  In  1980  the 
district  had  96.7  million  acre  feet  of  recoverable 
water  in  storage,  which  was  about  25%  of  the 
recoverable  groundwater  in  the  Ogallala  aquifer  in 
Texas.  The  HPUWCD  is  governed  by  a  five- 
member  Board  of  Directors  elected  for  a  two  year 
term.  Each  county  in  the  district  has  an  elected 
five-member  County  Committee.  The  district's  ac- 
tivities are  financed  through  a  valuation  advalorem 
tax  plus  special  fees  for  some  services.  All  land- 
owners must  obtain  a  permit  to  drill  a  well  that 
exceeds  25,000  gpd  in  capacity.  The  permitted  well 
must  be  spaced  from  all  existing  wells  depending 
on  the  column  pipe  size  of  the  pump.  The  district 
has  a  rule  against  waste  and  has  defined  tailwater 
runoff  from  irrigation  as  a  waste.  HPUWCD  initi- 
ated an  extensive  public  education  and  personnel 
contact  program  to  educate  irrigators  about  tail- 
water.  In  addition  they  have  issued  hundreds  of 
cease-and-desist  orders  to  stop  tailwater,  and  have 
taken  steps  to  enjoin  numerous  irrigators  wasting 
water  through  tailwater  runoff.  In  1957,  the  dis- 
trict instituted  a  rule  prohibiting  the  disposal  of  salt 
water  produced  with  oil  and  gas  into  unlined  sur- 
face evaporation  pits.  In  1966,  the  district  initiated 
a  program  to  collect  and  analyze  water  samples  in 
numerous  wells  distributed  uniformly  throughout 
the  district  to  establish  a  baseline  water  quality 
program.  The  district  has  an  extensive  educational 
program  in  water  conservation  and  offers  free 
pumping  plant  efficiency  testing.  (See  also  W91- 
07800)  (Geiger-PTT) 
W9 1-07801 


PRELIMINARY  GEOCHEMICAL  AND  THER- 
MODYNAMIC ASSESSMENT  OF  THE  GEO- 
THERMAL  RESOURCES,  SULPHUR  SPRINGS 
AREA,  ST.  LUCIA,  W.I. 

Consiglio  Nazionale  delle  Ricerche,   Pisa  (Italy). 
1st.  Internazionale  per  le  Ricerche  Geotermiche. 
For  primary  bibliographic  entry  see  Field  2F. 
W91-07831 


NEW     ESU-20     EJECTOR     GROUNDWATER- 
LOWERING  UNIT. 

For  primary  bibliographic  entry  see  Field  8C. 
W9 1-07882 


GROUNDWATER  IN  BEKASI  DISTRICT, 
WEST  JAVA,  INDONESIA. 

Iwaco  B.V.,  Rotterdam  (Netherlands). 
F.  J.  H.  Dirks,  D.  Rismianto,  and  G.  J.  de  Wit. 
IN:    Proceedings    of    10th    Salt-Water    Intrusion 
Meeting.    Geologisch    Instituut    R.U.G.    (S    8), 
Ghent.  1989.  p  47-55,  6  fig,  1  tab,  6  ref. 

Descriptors:  'Groundwater  management, 

•Groundwater  resources,  'Indonesia,  *Saline 
water  intrusion,  Coastal  aquifers,  Drinking  water, 
Geohydrology,  Groundwater  mining,  Groundwat- 
er potential,  Hydrologic  maps,  Natural  recharge, 
Saline-freshwater  interfaces. 

The  project  'Groundwater  Resources  Survey  in 
West  Java'  was  designed  to  make  an  inventory  of 
groundwater  resources  available  for  drinking 
water  supply.  In  two  districts  within  the  West  Java 
Province  detailed  hydrogeological  mapping  was 
carried  out  to  assess  the  availability  of  fresh 
groundwater.  The  groundwater  system  in  the 
Bekasi  district,  situated  east  of  Jakarta  in  the  north- 
ern coastal  plain  on  the  island  of  Java  and  on  the 
east  side  of  the  Jakarta  artesian  basin,  appeared  to 
be  very  complex.  Salinization  of  wells  and  decline 
in  artesian  heads  or  well  yields  have  caused  wide 
public  concern  and  consequently  underlined  the 
need  for  proper  groundwater  management.  One  of 
the  objectives  of  this  project  was  the  production  of 


a  groundwater  potential  map  for  this  district. 
Using  a  variety  of  existing  data,  in  combination 
with  the  results  of  the  field  survey,  a  better  under- 
standing of  the  groundwater  systems  in  the  coastal 
plain  was  achieved.  It  appeared  that  in  the  north- 
ern coastal  plain,  groundwater  is  usually  recovered 
from  thin  sandy  layers  or  sheets  of  limited  extent 
which  are  imbedded  in  clayey,  fine-grained  sedi- 
ments. Salinization  of  wells  and  the  lowering  of 
groundwater  heads  both  occur  on  a  local  scale. 
The  salinization  process  is  mainly  attributed  to 
extruding  connate  seawater  from  the  clayey  layers. 
Lateral  seawater  intrusion  may  be  of  importance 
only  in  a  narrow  belt  near  the  freshwater-saltwater 
interface.  In  general,  the  regional  groundwater 
system  in  this  area  is  a  complex  of  many  small, 
local,  isolated  aquifers.  A  schematization  into  ex- 
tensive water-bearing  aquifers  separated  by  semi- 
pervious  layers  does  not  hold.  Only  within  a  very 
limited  range  bore  logs  can  be  correlated.  Natural 
recharge,  widely  assumed  to  originate  from  the 
nearby  mountains,  is  limited  to  the  southern  part  of 
the  coastal  plain.  Therefore,  groundwater  mining 
and  its  adverse  effects  may  become  important 
items  in  future  groundwater  management.  (See  also 
W9 1-07947)  (Author's  abstract) 
W9 1-07950 


HYDROGEOLOGICAL  SITUATION  AND 
GROUNDWATER  MONITORING  IN  THE 
AREA  OF  THE  'DOLLART  PORT  PROJECT- 
IN  LOWER  SAXONY,  FEDERAL  REPUBLIC 
OF  GERMANY. 

Niedersaechsisches    Landesamt    fuer    Bodenfors- 
chung,  Hanover  (Germany,  F.R.) 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07952 


ORIGIN  AND  AGE  OF  COASTAL  GROUND- 
WATERS IN  NORTHERN  OMAN. 

Paris-11  Univ.,  Orsay  (France).  Lab.  d'Hydrologie 

et  de  Geochemie  Isotopique. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07953 


NUMERICAL  MODELS  IN  DESIGNING  TUBE- 
WELL  IRRIGATION  AND  DRAINAGE  OF  AN 
AQUIFER  WITH  A  FRESH/SALT  INTERFACE. 

Euroconsult,  Arnhem  (Netherlands). 

W.  K.  Boehmer,  and  W.  Muhlenbruch. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.    Geologisch    Instituut    R.U.G.    (S    8), 

Ghent.  1989.  p  117-131,  10  fig,  1  tab,  7  ref. 

Descriptors:  'Groundwater  management, 

'Groundwater  quality,  'Horizontal  wells,  'Irriga- 
tion design,  'Model  studies,  'Numerical  models, 
'Pakistan,  'Saline-freshwater  interfaces,  Drainage 
programs,  Drainage  wells,  Irrigation  canals,  Irriga- 
tion engineering,  Saline  groundwater,  Saline  water 
intrusion,   Upconing,   Well  fields,   Well  pumping. 

Irrigation  in  the  Indus  basin  of  Pakistan  using  river 
water  and  seepage  from  irrigation  canals  currently 
causes  severe  problems  of  water  logging  and  salini- 
ty. Groundwater  is  being  abstracted  by  more  than 
600  deep  tube  wells  to  lower  the  water  table.  This 
has  resulted,  however,  in  fast  deterioration  of  the 
groundwater  quality  due  to  upconing  of  the  saline/ 
freshwater  interface  to  within  filter  depth  of  the 
tube  wells.  A  model  study  was  carried  out  to 
optimize  the  abstraction  of  groundwater  in  order 
to  meet  the  drainage  requirements  and  the  greater 
demand  for  irrigation  water,  while  maintaining  an 
acceptable  quality  of  fresh  groundwater  for  irriga- 
tion. The  study  was  carried  out  with  two  numeri- 
cal models.  First  the  drainable  surplus  and  its  divi- 
sion over  the  irrigation  area  under  historical  and 
future  irrigation  regimes  was  determined  using  a 
one-layer  finite  difference  model,  calibrated  using 
historical  series  of  water-level  and  water-balance 
data.  In  a  second  study  the  Badon  groundwater 
model  was  used  to  determine  the  effect  of  pumping 
on  the  saline/freshwater  interface  and  to  find  an 
optimum  division  of  the  drainable  surplus  between 
skimming  wells  pumping  freshwater  and  deep 
wells  pumping  saline  water  for  drainage.  The 
model  was  built  up  using  the  calibrated  aquifer 
characteristics,  water-level  and  water-balance  data 
of  the  first  model  study,  and  was  calibrated  using 


data  on  water  quality  from  different  times  and  a 
map  of  the  interface  derived  from  well  data  and  a 
geo-electrical  survey.  It  proved  possible  to  repro- 
duce quality  and  interface  data  properly  after  the 
calibration  process.  The  second  model  led  to  a  new 
well  field  design.  This  design  includes  the  installa- 
tion of  more  high-capacity  drainage  wells  in  the 
saline-groundwater  zone,  no  pumping  in  the  transi- 
tion zone  between  fresh  and  saline  groundwater, 
reduced  pumping  by  shallow,  low-capacity  skim- 
ming wells  in  the  area  with  a  shallow  fresh- 
groundwater  zone,  and  increased  pumping  and 
export  of  water  through  the  irrigation  canals  in  the 
northern  part  of  the  area  with  a  deep  freshwater 
zone  and  high  seepage  rates  from  the  canals.  (See 
also  W9 1-07947)  (Author's  abstract) 
W9 1-07957 


SALT-WATER  INTRUSION  CONTROL  WITH 
ELECTRIC  BARRIERS. 

Cagliari  Univ.  (Italy).  Cattedra  di  Geologia  Appli- 

cata. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07967 


HYDRAULIC  MANAGEMENT  APPROACH 
FOR  SALT-WATER  INTRUSION  USING  TWO- 
LEVEL  PUMPING  MECHANISM. 

Soil  and  Water  Research  Inst.,  Giza  (Egypt). 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07968 


HYDROGEOLOGICAL  SWIM-EXCURSION  TO 
THE  WESTERN  COASTAL  PLAIN  OF  BEL- 
GIUM. 

Ghent   Rijksuniversiteit  (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07980 


HYDROGEOLOGICAL  SWIM-EXCURSION  TO 
THE  BLACK-SLUICE  POLDER  AREA  IN  THE 
FLEMISH  VALLEY  OF  BELGIUM. 

Ghent   Rijksuniversiteit   (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07981 


4C.  Effects  On  Water  Of 
Man's  Non-Water 
Activities 


IMPACT  OF  RESIDENTIAL  URBAN  AREAS 
ON  GROUNDWATER  QUALITY:  SWAN 
COASTAL  PLAIN,  WESTERN  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

R.  G.  Gerritse,  C.  Barber,  and  J.  A.  Adeney. 

CSIRO  Water  Resources  Series  No.  3,  1990.  26p,  5 

fig,  15  tab,  74  ref,  2  append. 

Descriptors:  'Australia,  'Environmental  effects, 
'Groundwater  quality,  'Swan  Coastal  Plain,  'Ur- 
banization, 'Water  pollution  sources,  Boron  com- 
pounds, Coastal  aquifers,  Nitrates,  Salinity,  Vola- 
tile organic  compounds,  Water  resources  develop- 
ment. 

The  effect  of  urbanization  on  a  wide  range  of 
parameters  for  groundwater  quality  was  investigat- 
ed along  a  north-south  transect  on  Bassendean 
Sands  in  Perth,  Western  Australia.  Groundwater 
was  sampled  from  both  recently  developed  and 
well  established  sewered  and  unsewered  urban  res- 
idential areas.  Results  compared  with  those  from 
studies  on  the  quality  of  groundwater  in  urban 
residential  areas  in  Perth  on  Spearwood  Sands. 
Concentrations  of  all  major  ions  in  groundwater 
(e.g.,  total  dissolved  solids)  increase  with  the  inten- 
sity of  development  in  urban  areas.  Salts  of  chlo- 
ride and  sulfate  account  for  most  of  this  increase; 
the  proportion  of  sulfate  increases  strongly  in 
groundwater  from  unsewered  urban  areas.  Levels 
of  nutrients  (phosphates,  nitrates)  and  other  poten- 
tial contaminants  in  the  unconfined  aquifer  of  the 
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Effects  On  Water  Of  Man's  Non-Water  Activities— Group  4C 


Bassendean  Sand  system  are  low.  Data  show  that 
this  is  a  consequence  of  significant  adsorption  and, 
in  the  case  of  nitrate,  bacterial  denitrification.  Con- 
ditions in  the  unconfined  aquifer  are  well  suited  for 
denitrification  (high  natural  total  organic  carbon, 
Eh  =100-300  mV,  pH  =  5-7)  and  bacterial  activity 
was  significant  in  all  samples  of  the  groundwater. 
Most  compounds  that  are  adsorbed  and  persist  in 
the  unsaturated  zone  of  the  soil  will  eventually 
reach  groundwater,  as  has  happened  with  borate  in 
unsewered  areas.  (Lantz-PTT) 
W9 1-07224 


HYDROLOGIC  AND  GEOCHEMICAL  CHAR- 
ACTERIZATION OF  RECHARGE  AND 
GROUNDWATER  FLOW  IN  A  RECLAIMED- 
COAL-MINED  LAND,  NORTHWESTERN  COL- 
ORADO. 

Geological  Survey,  Denver,  CO. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07242 


AREAL  VARIATION  OF  SUSPENDED-SEDI- 
MENT YIELDS  WITHIN  AND  ADJACENT  TO 
THE  COAL  FIELDS  OF  THE  EASTERN  COAL 
PROVINCE  AND  THE  EASTERN  REGION  OF 
THE  INTERIOR  COAL  PROVINCE. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07251 


PLANT  BIOMASS  AND  NUTRIENT  FLUX  IN  A 
MANAGED  MANGROVE  FOREST  IN  MALAY- 
SIA. 

University  of  Science,  Penang  (Malaysia).  School 

of  Biological  Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 

W91-07309 


RECENT  LAND  USE  CHANGE. 

Saint    David's    Univ.    Coll.,    Lampeter    (Wales). 
Dept.  of  Geography. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07477 


ACIDIFIED    WELSH    LAKES:   THE   SIGNIFI- 
CANCE OF  LAND  USE  AND  MANAGEMENT. 

University   Coll.,   London   (England).   Palaeoeco- 

logy  Research  Unit. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-07478 


INFLUENCE  OF  LAND  MANAGEMENT  ON 
STREAM  WATER  CHEMISTRY. 

NRA  Welsh  Region,  Cardiff. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07487 


AMELIORATION      OF      SURFACE      WATER 
ACIDITY  BY  CATCHMENT  MANAGEMENT. 

Institute    of   Terrestrial    Ecology,    Grange-over- 
Sands  (England).  Merlewood  Research  Station. 
For  primary   bibliographic   entry  see  Field   5G. 
W9 1-07491 


ECOLOGICAL  IMPACT  OF  URBAN  STORM- 
WATER  RUNOFF  STUDIED  IN  EXPERIMEN- 
TAL FLUMES:  POPULATION  LOSS  BY  DRIFT 
AND  AVAILABILITY  OF  REFUGIAL  SPACE. 

Gesamthochschule  Kassel  (Germany,  F.R.).  Fach- 

gebiet  Siedlungswasserwirtschaft. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-07552 


FISHES  OF  CRUTCHO  CREEK  AND  THE 
NORTH  CANADIAN  RIVER  IN  CENTRAL 
OKLAHOMA:  EFFECTS  OF  URBANIZATION. 

Oklahoma  Univ.,  Kingston.  Biological  Station. 
W.  J.  Matthews,  and  F.  P.  Gelwick. 
Southwestern  Naturalist  SWNAAB,  Vol.  35,  No. 
4,  p  403-410,  December  1990.  3  fig,  1  tab,  15  ref, 
append. 

Descriptors:  *Fish,  *Fish  populations,  'Oklahoma, 
•Stream  biota,  'Surveys,  'Urban  areas,  'Urbaniza- 


tion, 'Water  quality,  Canadian  River,  Crutcho 
Creek,  Life  history  studies,  Species  composition, 
Species  diversity,  Water  pollution  effects,  Water- 
sheds. 

In  the  spring  and  summer  of  1987,  12  fish  collec- 
tions were  made  at  four  sites  in  the  watershed  of 
Crutcho  Creek,  a  heavily  urbanized  stream  within 
the  Oklahoma  City  metropolitan  area,  and  eight 
collections  at  four  sites  on  the  North  Canadian 
River  in  and  near  Oklahoma  City.  Seventeen  spe- 
cies were  collected  from  the  creek  sites,  and  30 
species  from  the  river  sites.  The  fauna  in  these 
areas  included  most  of  the  species  typical  of 
streams  throughout  central  Oklahoma.  Life  stages 
from  young-of-year  to  reproductive  adults  were 
present  for  numerous  species.  Despite  the  urban- 
ization of  the  area,  these  streams  have  a  viable  and 
relatively  diverse  native  fish  fauna  similar  in  spe- 
cies richness  and  composition  to  fish  assemblages 
in  similar-sized  rural  streams  elsewhere  in  central 
Oklahoma.  (Author's  abstract) 
W9 1-07576 


RESEARCH  NEEDS  AND  APPLICATIONS  TO 
REDUCE  EROSION  AND  SEDIMENTATION 
IN  TROPICAL  STEEPLANDS. 

For   primary   bibliographic   entry   see   Field   4D. 

W9 1-077 13 


SOIL  AND  WATER  LOSSES  ON  PLOTS  WITH 
DIFFERENT  LAND  USE  IN  THE  PHU  WIANG 
WATERSHED. 

Integrated  Development  of  the  Phu  Wiang  Water- 
shed Project  Khon  Kaen  (Thailand). 
For  primary  bibliographic  entry  see  Field  2J. 

W9 1-077 18 


EFFECT  OF  BURNING  AND  REFORESTA- 
TION ON  GRASSLAND  WATERSHEDS  IN 
THE  PHILIPPINES. 

Ecosystems  Research  and  Development   Bureau, 

College  (Philippines). 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07719 


STREAM  SUSPENDED  SEDIMENT  LOAD 
AFTER  CLEAR-FELLING  AND  DIFFERENT 
FORESTRY  TREATMENTS  IN  TROPICAL 
RAINFOREST,  SABAH,  MALAYSIA. 

Sveriges    Lantbruksuniversitet,    Umea.    Dept.    of 

Forest  Site  Research. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07720 


SOIL  EROSION  IN  DRY-HOT  VALLEYS  OF 
TROPICS  AND  SUBTROPICS  IN  SOUTHWEST 
CHINA. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07721 


IMPACT  OF  COMMERCIAL  LOGGING  ON  A 
SMALL  RAINFOREST  CATCHMENT  IN  ULU 
SEGAMA,  SABAH,  MALAYSIA. 

Manchester  Univ.  (England). 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07730 


ACCELERATED  EROSION  DUE  TO  CLEAR- 
CUTTING  OF  PLANTATION  FOREST  AND 
SUBSEQUENT  TAUNGYA  CULTIVATION  IN 
UPLAND  WEST-JAVA,  INDONESIA. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 
Aardwetenschappen. 
C.  A.  Bons. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  279-288.  4  fig,  10  ref. 

Descriptors:  'Agriculture,  'Clear-cutting,  'Ero- 
sion, 'Forests,  'Indonesia,  'Java,  'Land  use,  'Soil 
erosion,  Bed  load,  Cultivation,  Gullies,  Gully  ero- 
sion, Intercropping,  Logging,  Plant  growth,  Sus- 
pended sediments,  Vegetation. 


The  effect  of  clearcutting  and  intensified  Taungya 
(agricultural  intercropping)  cultivation  on  erosion 
rates  was  evaluated  in  a  paired  catchment  study. 
Basin  outputs  of  suspended  sediment  and  bed  load 
were  compared  to  surface  erosion  rates  from  field 
and  gully  plot  results  for  the  phases  of  mature  pine 
forest,  forest  clearance,  temporary  regeneration  of 
the  understory  and  Taungya  cultivation.  Sediment 
outputs  were  low  (1.7  tons/ha)  when  the  basins 
were  covered  with  forest  or  scrub.  No  surface 
erosion  was  observed  from  logging,  because  the 
surface  remained  covered  with  logging  debris  and 
because  the  undergrowth  quickly  recovered  from 
the  manually  executed  operation.  Two  increases  in 
both  bed  load  and  suspended  sediment  were  ob- 
served at  the  basin  outlet  during  Taungya  cultiva- 
tion. One  increase,  however,  did  not  correspond 
with  a  similar  increase  in  erosion  from  plots  and 
could  be  identified  as  a  delayed  flushing  of  material 
trapped  during  forest  clearance.  The  second  Taun- 
gya related  increase  in  sediment  load  was  caused 
by  incipient  gullying  of  trails  created  by  the  farm- 
ers. The  observed  increase  in  basin  sediment  out- 
puts during  the  Taungya  cultivation  can  largely  be 
explained  by  two  processes:  delayed  flushing  of 
material  that  was  loosened  from  the  stream  bank 
during  the  logging  operation,  and  the  use  of 
downslope  field  boundaries  as  paths  where  water 
flow  concentrated  and  initiated  gully  formation. 
No  increase  in  erosion  was  observed  in  the  Taun- 
gya fields  themselves.  (See  also  W9 1-077 13)  (Brun- 
one-PTT) 
W91-07741 


EFFECTS  OF  AGRICULTURE  ON  QUALITY 
OF  WATER  IN  SURFICIAL  SAND-PLAIN 
AQUIFERS  IN  DOUGLAS,  KANDIYOHI, 
POPE,  AND  STEARNS  COUNTIES,  MINNESO- 
TA. 

Geological    Survey,    St.    Paul,    MN.    Water   Re- 
sources Div. 
H.  W.  Anderson. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  87- 
4040,  1989.  52p,  15  fig,  9  tab,  19  ref. 

Descriptors:  'Agriculture,  'Aquifers,  'Environ- 
mental effects,  'Groundwater  quality,  'Minnesota, 
'Nonpoint  pollution  sources,  'Water  pollution 
sources,  'Water  quality,  Ammonia,  Atrazine, 
Chlorides,  Herbicides,  Iron,  Irrigation  effects, 
Land  use,  Manganese,  Nitrates,  Seasonal  variation, 
Sulfates. 

The  245  water  samples  collected  from  56  wells  at 
45  sites  in  surficial  sand  plain  aquifers  that  underlie 
600  sq  mi  of  Douglas,  Kandiyohi,  Pope,  and 
Stearns  Counties  in  west-central  Minnesota  con- 
tained wide  ranges  in  concentrations  of  some  con- 
stituents-sulfate  2  to  160  mg/L,  chloride  1.6  to  64 
mg/L,  nitrite  plus  nitrate  nitrogen  <  0. 1  to  72  mg/ 
L,  ammonia  <  0.01  to  3.3  mg/L,  iron  <  0.003  to 
8.6  mg/L,  and  manganese  <  0.001  to  1.5  mg/L. 
Substantial  fluctuations  in  these  constituents  over 
time  were  observed.  Nitrate  concentrations  ex- 
ceeded the  Minnesota  drinking  water  standards  of 
10  mg/L  (as  N)  in  50%  of  the  wells  sampled. 
Differences  in  concentrations  of  nitrate  with  depth 
below  the  water  table  were  observed  at  1 1  paired- 
well  sites  where  one  well  was  screened  near  the 
water  table  and  another  well  was  screened  10  or 
more  ft  below  the  water  table.  Similar  differences 
in  concentration  with  depth  were  observed  in  spe- 
cific conductance,  iron,  chloride,  and  sulfate,  but 
not  as  consistently.  Nitrate  concentrations  fluctuat- 
ed seasonally  in  response  to  the  combined  effects 
of  precipitation  and  agricultural  practices  (irriga- 
tion and  fertilization).  Concentrations  of  sulfate, 
chloride,  and,  especially,  nitrate  were  significantly 
higher  in  irrigated  areas  than  in  uncultivated  areas. 
Mean  nitrite  plus  nitrate  nitrogen  concentrations 
were  4.3  mg/L  in  uncultivated  (natural)  areas  rela- 
tively unaffected  by  agriculture,  5.4  mg/L  in  non- 
irrigated  cultivated  areas,  and  17  mg/L  in  irrigated 
cultivated  areas.  Four  of  eight  wells  sampled  for 
herbicides  in  west-central  Minnesota  had  detecta- 
ble concentrations  of  the  triazine  herbicide  atrazine 
that  ranged  from  0.2  to  0.6  microgm/L.  (Lantz- 
PTT) 
W91-07821 
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EFFECTS  OF  LIVESTOCK  GRAZING  ON  RI- 
PARIAN AND  STREAM  ECOSYSTEMS. 

C.  L.  Armour,  D.  A.  Duff,  and  W.  Elmore. 
Fisheries  (Bethesda)  FISHDN,  Vol.  16,  No.  1  p  7- 
1 1,  January/February  1991.  29  ref. 

Descriptors:  'Environmental  management,  'Graz- 
ing, 'Land  management,  'Land  use,  'Livestock, 
•Range  management,  'Riparian  waters,  'Stream 
banks,  'Stream  biota,  Education,  Environmental 
policy,  Federal  jurisdiction,  Fish,  Fish  manage- 
ment, Fishing,  Habitats,  Public  lands,  Recreation, 
Research  priorities,  Riparian  vegetation,  Salmon, 
Sport  fishing,  Stream  restoration,  Monitoring, 
Streams,  Trout. 

A  draft  position  paper  on  the  effects  of  grazing  on 
aquatic  ecosystems  was  approved  by  the  Executive 
Committee  of  the  American  Fisheries  Society 
(AFS)  on  August  25,  1990.  Fifty-two  million  acres 
of  big  game  habitat,  100  million  acres  of  small 
game  and  nongame  habitat,  and  19,000  miles  of 
sport  fishing  streams  have  declined  in  quality  as  a 
result  of  land  management  practices,  including 
overgrazing.  The  immediate  effects  of  overgrazing 
are  loss  of  streamside  vegetation  and  trampling  of 
streambanks,  leading  eventually  to  reduced  popula- 
tions or  elimination  of  trout.  Overgrazing  is  con- 
sidered one  of  the  principal  factors  contributing  to 
the  decline  of  native  salmonids  in  the  West.  The 
resulting  decrease  in  public  recreational  opportuni- 
ties leads  to  heavier  pressure  on  streams  that  are 
fished.  The  AFS  advocates  actions  that  will  con- 
tribute to  improved  livestock  management  to  im- 
prove and  maintain  habitat  of  streams  on  public 
lands.  Objectives  include  restoring  damaged 
streams  to  a  productive  fisheries  status  and  protect- 
ing undamaged  streams  to  prevent  them  from 
being  lost  to  fisheries.  Specific  advocated  actions 
include  increasing  grazing  fees,  inventorying  and 
monitoring  streams,  and  promoting  public  aware- 
ness and  research.  (Doria-PTT) 
W9 1-07867 


IRRIGATED  FORESTRY  IN  ARID  AND  SEMI- 
ARID  LANDS:  A  SYNTHESIS. 

International      Development      Research     Centre, 
Ottawa  (Ontario). 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07905 


SEASONAL  AND  WEATHER-RELATED  CON- 
TROLS ON  SOLUTE  CONCENTRATIONS  AND 
ACID  DRAINAGE  FROM  A  PYRITIC  COAL- 
REFUSE  DEPOSIT  IN  SOUTHWESTERN  IN- 
DIANA, U.S.A. 

Indiana  Univ.  at  Bloomington.  Dept.  of  Geological 
Sciences. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08040 


4D.  Watershed  Protection 


SEDIMENT     MANAGEMENT     WITH     SUB- 
MERGED VANES:  I.  THEORY. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07588 


SEDIMENT     MANAGEMENT     WITH     SUB- 
MERGED VANES:  II.  APPLICATIONS. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 

For  primary  bibliographic  entry  see  Field  8B. 
W91-07589 


RESEARCH  NEEDS  AND  APPLICATIONS  TO 
REDUCE  EROSION  AND  SEDIMENTATION 
IN  TROPICAL  STEEPLANDS. 

Proceedings  of  an  International  Symposium  held  at 
Suva,  Fiji,  June  11-15,  1990.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  396p.  Edited  by  R.  R.  Ziemer,  C.  L. 
O'Loughlin  and  L.  S.  Hamilton. 

Descriptors:  'Deforestation,  'Erosion,  'Erosion 
control,  'Pacific  Rim,  'Sedimentation,  'Soil  ero- 


sion, 'Tropical  regions,  Climatic  zones,  Forest 
management,  Land  use,  Productivity,  Research 
priorities,  Temperate  zone. 

The  Pacific  Rim  includes  areas  in  all  climatic 
zones,  but  most  of  the  research  and  experience 
related  to  erosion  and  sedimentation  in  steepland 
areas  is  concentrated  in  the  temperate  regions  of 
the  world.  World-wide  interest  has  recently  been 
focussed  on  tropical  deforestation.  Over  five  mil- 
lion hectares  of  tropical  forests  are  cleared  every 
year.  Although  not  all  forest  conversions  are  envi- 
ronmentally harmful,  the  rapid  large-scale  removal 
of  forests  and  their  replacement  with  other  types  of 
land  uses  can  have  serious  erosion  and  sedimenta- 
tion consequences  that  can  significantly  degrade 
the  long-term  productivity  of  the  land  and  water- 
ways. Due  to  an  urgent  need  for  expanded  erosion 
and  sedimentation  research  in  the  tropics,  and  as- 
sessment of  the  transferability  of  research  methods 
and  results  developed  in  temperate  regions,  and  an 
introduction  of  practical  methods  of  evaluating 
and  reducing  erosion  and  sedimentation  in  the 
tropics  was  conducted.  (See  W91-07714  thru  W91- 
07751)  (Brunone-PTT) 
W9 1-077 13 


RESEARCH  NEEDS  AND  APPLICATIONS  TO 
REDUCE  EROSION  AND  SEDIMENTATION 
IN  THE  TROPICS. 

Hawaii  Univ.,  Honolulu. 
S.  A.  El-Swaify. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  3-13.  1  fig,  3  tab,  19  ref. 

Descriptors:  'Erosion,  'Erosion  control,  'Re- 
search priorities,  'Sedimentation,  'Soil  erosion, 
'Tropical  regions,  Climates,  Forest  management, 
Land  use,  Mathematical  models,  Model  studies, 
Prediction,  Range  management,  Sediment  trans- 
port, Temperate  zone. 

Understanding  and  quantifying  the  factors,  proc- 
esses, forms  and  consequences  of  erosion  is  neces- 
sary for  predicting  its  potential  magnitude,  deter- 
mining on-site  and  off-site  impacts,  and  devising 
preventative  or  corrective  measures.  More  infor- 
mation on  these  aspects  has  been  derived  for  sur- 
face erosion,  croplands  and  temperate  environ- 
ments than  for  concentrated  or  mass  erosion,  forest 
or  range  lands,  or  tropical  environments.  In  these 
environments,  the  application  of  empirical  models 
has  dominated  erosion  prediction  applications. 
Process-based  models  and  quantitative  means  of 
relating  soil  loss  to  sediment  delivery  have  re- 
ceived little  attention.  Decision  aids  which  incor- 
porate technological  innovations  and  socio-eco- 
nomic political  elements  are  needed  to  facilitate  the 
implementation  of  erosion-reducing  and  sedimenta- 
tion-reducing measures  in  tropical  countries.  De- 
spite the  wealth  of  information  available  on  the 
factors  and  processes  leading  to  erosion,  sediment 
delivery  and  sedimentation,  considerable  doubt 
exists  on  the  transferability  of  such  information  to 
the  tropics.  Empirical  prediction  and  control 
models  are  restricted  by  site-specificity  and  the 
inapplicability  of  parameter  values  to  prevailing 
climate,  slope  steepness  and  land  use  systems.  (See 
also  W9 1-077 13)  (Brunone-PTT) 
W9 1-077 14 


SOIL  EROSION  IN  DRY-HOT  VALLEYS  OF 
TROPICS  AND  SUBTROPICS  IN  SOUTHWEST 
CHINA. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07721 


PRELIMINARY  RESULTS  OF  THE  RRAM 
PROJECT  SOIL  LOSS  AND  EROSION  CON- 
TROL TRIALS,  RWANDA,  1987-1988. 

Tropical  Research  and  Development,  Inc.,  Gaines- 
ville, FL. 
For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07723 


CONSTRUCTION  OF  SEDIMENT  BUDGETS 
TO  ASSESS  EROSION  IN  SHINYANGA 
REGION,  TANZANIA. 

Forest  Service,  Arcadia,  CA. 
L.  M.  Reid. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  105-114.  1  fig,  2  tab,  15  ref. 

Descriptors:  'Agricultural  watersheds,  'Erosion, 
•Sediment  yield,  'Soil  erosion,  'Tanzania,  Aerial 
photography,  Economic  aspects,  Gully  erosion, 
Range  management,  Seasonal  variation,  Sediment 
budget,  Sheetwash,  Spatial  distribution,  Topsoil, 
Universal  soil  loss  equation,  Wind  erosion. 

Sediment  budgeting  allows  for  analysis  of  erosion 
rates  quickly  and  economically.  A  sediment  budget 
was  constructed,  based  upon  the  erosion  process 
distribution,  the  relative  contributions  of  land  use 
activities,  and  the  relative  severity  of  relevant  im- 
pacts. Observations  during  aerial  surveys  allowed 
for  the  construction  of  a  flow  chart,  showing  the 
types  of  erosion  processes  present  and  their  interre- 
lationships. End-of-dry-season  aerial  photographs 
showed  extensive  bare  ground  in  the  south,  sug- 
gesting widespread  sheetwash  and  wind  erosion. 
Streambank  erosion  was  locally  common  in  the 
south  and  occasionally  observed  in  the  north.  Field 
assessments  were  conducted  to:  (a)  define  the  fre- 
quency of  sheetwash  and  wind  erosion;  (b)  deter- 
mine sheetwash  and  wind  erosion  rates  on  range- 
lands;  (c)  determine  rates  of  sheetwash  and  wind 
erosion  on  active  and  fallow  croplands;  and  (d) 
measure  parameters  used  in  the  Universal  Soil  Loss 
Equation,  the  Soil  Loss  Estimation  Method  for 
southern  Africa,  and  the  Wind  Erosion  Equation. 
Rates  of  gullying,  sheetwash,  and  wind  erosion 
varied  throughout  the  area  and  produced  differing 
impacts.  Intense  grazing  causes  the  most  wide- 
spread impact,  while  erosion  due  to  imported  culti- 
vation methods  is  rapidly  depleting  farmable  top- 
soils.  In  Shinyanga,  the  erosion  problem  is  rooted 
in  socio-economic  concerns,  such  as  the  replace- 
ment of  the  indigenous  agricultural  practices  by 
ones  developed  in  temperate  climes.  A  simple  solu- 
tion is  the  decreasing  of  grazing  intensity  and  a 
reversion  to  more  traditional  tillage  practices,  but 
this  solution  is  improbable  in  the  modern  economic 
and  political  context  of  the  Shinyanga  region.  A 
long-term  solution  requires  a  solution  to  economic 
problems  of  day-to-day  survival.  (See  also  W91- 
07713)  (Brunone-PTT) 
W9 1-07724 


RUNOFF  PLOTS  AND  EROSION  PHENOM- 
ENA ON  TROPICAL  STEEPLANDS. 

Colorado  State  Univ.,  Fort  Collins. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07729 


MONETIZING  EROSION  AND  SEDIMENTA- 
TION COSTS  WHERE  STEEPLANDS  MEET 
THE  SEA. 

East-West  Environment  and  Policy  Inst.,  Honolu- 
lu, HI. 

For  primary  bibliographic  entry  see  Field  6F. 
W91-07733 


SOIL  EROSION  AND  SUSPENDED  SEDI- 
MENT PRODUCTION  IN  HONG  KONG:  DE- 
VELOPMENT OF  AN  ASSESSMENT  STRATE- 
GY. 

Hong  Kong  Univ.  Dept.  of  Geography  and  Geolo- 
gy' 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07722 


SOIL  CONSERVATION  ORIENTED  LAND 
SUITABILITY  FOR  TROPICAL  ENVIRON- 
MENTS. 

DHV  Consultants  Ltd.,  Djakarta  (Indonesia). 
K.  P.  Kucera. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
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WATER  QUANTITY  MANAGEMENT  AND  CONTROL— Field  4 

Watershed  Protection — Group  4D 


1990.  p  208-220.  2  fig,  3  tab,  8  ref. 

Descriptors:    'Conservation,    'Erosion,    'Erosion 
control,   'Indonesia,    'Land   management,    'Land 


control 

use, 


•Soil  erosion,  'Soil  management,  'Tropic 
zone,  Environmental  impact,  Soil  classification, 
Soil  texture. 

Among  the  major  requirements  of  land  use  plan- 
ning and  soil  conservation  is  the  development  of  a 
methodology  which  would  suit  the  task  of  produc- 
ing a  soil  conservation  oriented  land  suitability 
classification  that  reflect  soil  conservation  treat- 
ments in  delineated  land  units.  Soil  conservation 
oriented  land  suitability  refers  to  the  assessment  of 
recommended  optimal  land  uses  and  recommended 
conservation  treatments  based  on  an  empirically 
designed  matrix  including  soil  texture,  soil  depth, 
dominant  slope  and  relative  erodibility  for  evalua- 
tion of  actual  erosion  hazard.  In  the  Kali  Konto 
Project  in  Indonesia,  a  soil  conservation-oriented 
land  suitability  system  has  been  developed  which 
includes  quantifiable  levels  of  relative  soil  erodibi- 
lity, soil  depth,  soil  texture  and  slope  ranges  in 
order  to  classify  various  areas  according  to  the 
most  applicable  land  utilizations  and  soil  conserva- 
tion methods.  Inherent  erodibility  indicates  relative 
susceptibility  to  erosion  of  soil  and  related  surficial 
geologic  materials.  Inherent  erodibility  of  a  soil 
material  is  assessed  by  identification  either  of  fea- 
tures that  dictate  the  rate  at  which  erosion  occurs, 
or  the  features  that  best  reflect  the  actual  erosive 
activity.  (See  also  W9 1-077 13)  (Author's  abstract) 
W91-07734 


SOIL  EROSION  IN  EAST  KALIMANTAN,  IN- 
DONESIA. 

Mulawarman  Univ.,  Samarinda  (Indonesia).  Facul- 
ty of  Forestry. 
For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07735 


TRADITIONAL  ADAPTATION  TO  NATURAL 
PROCESSES  OF  EROSION  AND  SEDIMENTA- 
TION ON  YAP  ISLAND. 

Forest  Service,  Yap,  Carolina  Islands,  TT. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07736 


ASSESSMENT  OF  LANDSLIDE  PROBLEMS 
AND  WATERSHED  MANAGEMENT  IN 
TAIWAN. 

Council  for  Agricultural  Planning  and  Develop- 
ment, Taipei  (Taiwan).  Conservation  Div. 
S.  W.  Lee,  J.  D.  Cheng,  C.  W.  Ho,  Y.  C.  Chiang, 
and  H.  H.  Chen. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  238-246.  2  tab,  5  ref 

Descriptors:  'Erosion  control,  'Landslides,  'Rain- 
fall intensity,  'Resources  management,  'Sedimen- 
tation, 'Soil  erosion,  'Taiwan,  'Watershed  man- 
agement, Flooding,  Land  use,  Regulations,  Re- 
search priorities,  Sediment  load,  Siltation,  Slopes, 
Stream  erosion,  Typhoons. 

During  heavy  rainfall  in  the  May  to  October  ty- 
phoon season,  streams  on  Taiwan  often  carry  tre- 
mendous sediment  loads,  originating  mostly  from 
landslides  and  streambank  erosion.  These  high 
sediment  loads  aggrade  the  stream  channels  and 
silt  up  reservoirs  downstream.  Thus,  since  the 
early  1950s,  landslide  and  sediment  control  has 
been  the  dominant  component  of  Taiwan's  water- 
shed management  strategy  which  normally  also 
includes  forest  management,  soil  conservation  on 
cultivated  hillslopes,  and  land  use  regulation. 
During  the  past  four  decades,  watershed  manage- 
ment has  enjoyed  increasing  public  and  govern- 
ment support  mainly  due  to  the  frequent  flooding 
during  the  typhoon  season.  Watershed  manage- 
ment projects  have  contributed  significantly  to  the 
national  goals  of  environmental  protection  and  dis- 
aster prevention  by  enhancing  slopeland  stability, 
reducing  the  severity  of  damages  associated  with 
many  sediment-laden  flood  waters.  Present  day 
watershed  management  requires  new  vision  and 


initiatives  to  meet  the  rising  needs  and  expectations 
of  the  people.  (See  also  W91-07713)  (Author's  ab- 
stract) 
W91-07737 


ECONOMICS  OF  SOIL  CONSERVATION:  THE 
CASE  STUDY  OF  THE  FIJI  GINGER  INDUS- 
TRY. 

Ministry  of  Primary  Industries,  Suva  (Fiji). 
N.  V.  Buresova,  and  A.  M.  McGregor. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  247-255.  3  fig,  12  ref. 

Descriptors:  'Agricultural  engineering,  'Conser- 
vation, 'Economic  aspects,  'Erosion  control, 
'Farm  management,  'Fiji,  'Ginger,  'Soil  manage- 
ment, Contour  terracing,  Education,  Legislation, 
Regulations,  Topography,  Waterlogging. 

Ginger  is  one  of  Fiji's  major  agricultural  industries. 
Ginger  thrives  in  a  high  temperature  and  high 
rainfall  environment,  but  demands  well-drained 
soil.  Farmers  tend  to  prefer  steep  land  to  avoid 
waterlogging.  Severe  land  degradation  now  threat- 
ens the  production  base  of  the  industry.  Despite 
the  financial  benefits  from  the  adoption  of  simple 
soil  conservation  measures,  such  as  contour  plant- 
ing, contour  drains,  or  veviter  grass  strips,  farmers 
have  shown  little  interest  in  the  investment.  To 
reverse  this  situation,  a  combination  of  measures, 
including  legislation,  fiscal  incentives,  and  informa- 
tion dissemination  is  proposed.  The  ginger  grow- 
ing area  should  be  declared  a  Conservation  Area 
under  the  Land  Conservation  and  Improvement 
Act;  subsidies  should  be  paid  to  farmers  who  prac- 
tice good  soil  husbandry;  and,  demonstration  farm 
should  be  established  on  typical  topography  to 
allow  for  training  and  education  programs.  (See 
also  W9 1-077 13)  (Brunone-PTT) 
W91-07738 


PREDICTION  AND  PREVENTION  OF 
FOREST  LANDING  FAILURES  IN  HIGH-IN- 
TENSITY RAINFALL  AREAS  OF  NORTHERN 
NEW  ZEALAND. 

Forest  Research  Inst.,  Christchurch  (New  Zea- 
land). 

R.  J.  Coker,  A.  J.  Pearce,  and  B.  D.  Fahey. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  311-317.  1  fig,  10  ref. 

Descriptors:  'Earthworks,  'Erosion,  'Erosion 
control,  'Forests,  'Landings,  'New  Zealand, 
'Rainfall  intensity,  'Storm  runoff,  Construction, 
Drainage,  Resource  management,  Sedimentation, 
Slopes,  Soil  erosion. 

The  interaction  of  high-intensity  rainstorms  with 
landings  and  other  earthworks  necessary  for  har- 
vesting exotic  forests  in  steepland  areas  in  northern 
New  Zealand  has  led  to  severe  localized  erosion. 
Care  in  planning  landing  location  and  construction 
may  contribute  to  the  reduction  of  sedimentation 
and  mass  failure  in  forest  plantations.  Earthworks 
related  to  forest  harvesting  operations  can,  under 
high  intensity  rainfall,  suffer  severe  erosion,  some- 
times several  years  after  harvesting  has  been  com- 
pleted. Downstream  impacts  of  these  failures  in- 
clude: loss  of  young  restocked  forest  in  debris  flow 
channels,  loss  of  landing  area,  and  positions  for 
future  guyline  anchors,  and  damage  to  adjacent 
land.  Essential  components  of  construction  are  full 
benching  of  fill  slopes  to  reduce  the  effective  depth 
of  fill,  end-hauling  if  necessary,  and  removal  of 
large  woody  debris  before  fill  is  deposited.  Post- 
harvesting  management  recommended  involves  at- 
tention to  drainage  (which  should  be  directed 
away  from  fill),  reduction  of  woody  overburden 
(by  burning  if  necessary),  and  restocking  at  least 
the  potentially  productive,  unconsolidated  fill 
slopes.  (See  also  W91-07713)  (Brunone-PTT) 
W9 1-07744 


PLANNING  SECONDARY  ROADS  TO 
REDUCE  EROSION  AND  SEDIMENTATION 
IN  HUMID  TROPIC  STEEPLANDS. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Forest 
Engineering. 

P.  W.  Adams,  and  C.  W.  Andrus. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  318-327.  1  tab,  41  ref. 

Descriptors:  'Erosion  control,  'Humid  climates, 
'Road  construction,  'Sedimentation,  'Soil  erosion, 
'Tropical  areas,  Economic  aspects,  Logging, 
Physical  aspects,  Planning,  Rainfall  intensity, 
Slopes. 

Secondary  roads  can  be  a  major  source  of  soil  and 
water  problems  in  the  humid  tropics  in  steep  ter- 
rain. Careful  planning  can  reduce  these  problems, 
but  vital  supportive  experience  must  often  be  ex- 
trapolated from  other  locations,  including  temper- 
ate regions.  Of  particular  concern  are  rainfall  in- 
tensities and  peak  streamflows,  which  may  be  over 
ten  times  greater  in  the  tropics  than  in  temperate 
regions,  and  the  need  for  economical  approaches. 
Heavy  traffic,  even  during  periods  of  dry  weather, 
can  increase  rates  of  erosion  and  sedimentation 
from  secondary  roads.  Controlling  erosion  and 
other  problems  from  secondary  roads  should  begin 
with  planning  to  construct  no  more  roads  than  are 
absolutely  necessary.  Road  spacings  and  locations 
must  accommodate  the  physical  and  economic 
limits  of  the  timber  harvest  systems  that  will  be 
used.  In  steep  terrain,  stream  valleys  offer  a  con- 
venient and  relatively  inexpensive  route  for  roads. 
If  roads  must  be  routed  near  stream  bottoms,  it  is 
especially  important  to  keep  tham  above  flood 
levels  and  to  retain  a  strip  of  undisturbed  vegeta- 
tion between  roads  and  larger  streams.  This  buffer 
strip  can  help  filter  any  eroded  soil  and  prevent 
disturbance  to  the  stream  bed  and  banks.  Swamps, 
springs,  and  other  wet  spots  should  be  avoided. 
The  number  of  stream  crossings  should  be  kept  to 
a  minimum  and  placed  at  right  angles  to  the  stream 
to  reduce  channel  and  bank  disturbance.  Methods 
to  control  erosion  associated  with  secondary  roads 
include  wide  road  spacings,  ridgetop  locations, 
buffer  strips,  rolling  dips,  low  water  fords,  timber 
bridges,  and  selective  surfacing  and  stabilization 
with  native  materials.  (See  also  W9 1-077 13)  (Brun- 
one-PTT) 
W9 1-07745 


SELECTION  OF  RIPARIAN  BUFFER  ZONES 
IN  HUMID  TROPICAL  STEEPLANDS. 

Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
P.  N.  Scatena. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  328-337.  1  fig,  4  tab,  18  ref. 

Descriptors:  'Buffer  zones,  'Environmental  pro- 
tection, 'Erosion  control,  'Forestry,  'Humid  cli- 
mates, 'Riparian  land,  'Sediment  control,  'Slope 
protection,  'Tropical  areas,  Economic  aspects,  Re- 
source management,  Sediment  transport,  Storm 
runoff,  Stream  channels,  Vegetation. 

The  use  of  riparian  protection  zones  in  forestry 
operations  is  based  on  the  premise  that  the  struc- 
ture of  the  riparian  zone  has  a  controlling  influence 
on  the  environmental  conditions  of  the  aquatic 
habitat.  In  the  design  of  riparian  protection  zones, 
maximized  environmental  benefits  can  be  met  by 
minimizing  changes  in  light,  temperature,  sediment 
and  channel  morphology  within  the  riparian  zone; 
and  reducing  offside  exports  of  sediment  and  nutri- 
ents by  providing  storage  sites  adjacent  to  the 
stream  channel.  The  determination  of  effective 
buffer  width  and  extent  has  typically  been  estab- 
lished by  establishing  and  protecting  the  minimum 
area  contributing  the  runoff,  and  by  determining 
the  sediment  trapping  efficiency  of  the  vegetative 
strip.  Both  the  watershed  area  and  commercial 
basal  areal  area  increases  geometrically  as  smaller 
and  smaller  channels  are  protected.  Due  to  the 
relatively  high  stream  channel  densities  in  tropical 
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steeplands,  protection  of  intermittent  channels  is 
economically  prohibitive.  Furthermore,  since 
storm  runoff  is  dominated  by  channelized  flow 
from  intermittent  swales,  and  the  steep  channel 
margins  cannot  store  large  volumes  of  sediment, 
the  sediment  trapping  efficiency  of  these  buffers  is 
greatly  reduced.  Delimiting  buffers  on  the  pres- 
ence of  herbaceous  vegetation  provides  both  a 
practical  and  ecologically  sound  solution  to  buffer 
selection.  Since  herbaceous  layers  are  a  diagnostic 
feature  of  these  riparian  zones,  buffers  based  on 
their  presence  should  reduce  changes  to  ecological 
characteristics  of  the  system.  (See  also  W91-07713) 
(Brunone-PTT) 
W9 1-07746 


AGROFORESTRY  SYSTEMS  TO  CONTROL 
EROSION  ON  ARABLE  TROPICAL  STEE- 
PLANDS. 

Ohio  State  Univ.,  Columbus. 
R.  Lai. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  338-346.  1  fig,  7  tab,  17  ref. 

Descriptors:  'Agriculture,  *Agroforestry,  'Ero- 
sion, 'Erosion  control,  'Forestry,  'Forests,  Con- 
servation, Crop  production,  Gully  erosion,  Over- 
land flow,  Rainfall  intensity,  Rill  erosion,  Slopes, 
Soil  management. 

Steeplands  are  extensively  used  for  food  crop  pro- 
duction in  many  regions  of  Asia,  South  America 
and  Central  America  and  Africa.  However,  sus- 
tainability  of  these  fragile  resources  is  being  rapid- 
ly undermined  by  accelerated  runoff  and  soil  ero- 
sion. Predominant  erosion  processes  in  tropical 
steeplands  are  rill  and  gully  erosion.  Soil  erosion  is 
related  to  rainfall  intensity,  velocity  of  overland 
flow,  and  soil  characteristics.  Risks  of  soil  erosion 
can  be  minimized  through  biological  techniques  of 
erosion  prevention  and/or  engineering  techniques 
of  erosion  control.  Agroforestry  is  a  special  case  of 
mixed  cropping,  whereby  food  crop  annuals  and 
animals  are  raised  in  association  with  trees,  shrubs 
and  woody  perennials.  Agroforestry  decreases 
runoff  and  soil  erosion  by:  (1)  reducing  runoff 
velocity  by  creating  a  barrier  formed  by  the  close- 
ly-spaced hedge  of  shrubs;  (2)  decreasing  runoff 
amount  by  allowing  more  time  for  water  to  infil- 
trate into  the  soil;  (3)  minimizing  raindrop  impact 
and  sheet  erosion  due  to  the  protective  ground 
cover  provided  by  the  shrub  canopy  and  mulch 
available  from  leaf  fall  and  prunings;  and  (4)  cur- 
tailing sediment  transport  in  overland  flow  espe- 
cially if  the  sediment  carrying  capacity  of  water 
runoff  is  not  filled.  The  usefulness  of  agroforestry 
in  erosion  control  from  tropical  steeplands  has 
been  demonstrated  in  Java,  Philippines,  Kenya, 
Sumatra,  and  Nigeria.  Agroforestry  systems  have  a 
potential  to  develop  sustainable  management  alter- 
natives for  intensive  use  of  tropical  steeplands  for 
food  crop  applications.  (See  also  W9 1-077 13)  (Au- 
thor's abstract) 
W9 1-07747 


ECOLOGICAL  RESTORATION  OF  LAND- 
SLIDES IN  MACAYA  BIOSPHERE  RESERVE, 
HAITI. 

Florida  Univ.,  Gainesville. 
J.  E.  McBride,  and  R.  L.  Voss. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  347-354.  10  ref. 

Descriptors:  'Agriculture,  'Developing  countries, 
•Erosion  control,  'Haiti,  'Land  reclamation, 
'Landslides,  'Soil  conservation,  Economic  as- 
pects. Education,  Slopes,  Species  composition, 
Succession 

A  program  of  ecological  restoration  of  landslides  is 
being  developed  for  agriculturally  degraded  areas 
of  Macaya  Biosphere  Reserve,  Haiti.  Field  imple- 
mentation is  based  on  a  concurrent  process  of 
research  and  extension  which  identifies  appropriate 
species  and  erosion-control  practices  readily  adopt- 


able  by  small  farmers  without  access  to  financial 
incentives  or  developed  infrastructure.  Appropri- 
ate native  species  for  reclamations  are  being  identi- 
fied by  a  floristic  survey  of  natural  successional 
vegetation  on  a  chronosequence  of  landslides,  and 
by  experimental  manipulations  of  soil  nutrient  limi- 
tations on  the  invasion  and  establishment  of  early 
and  later  successional  species.  Immediate  field 
trials  of  nitrogen-fixing  species  on  new  landslides 
serve  as  demonstrations  of  steep-slope  soil  conser- 
vation and  reclamation,  supported  by  a  program  of 
local  community  education  and  extension.  Species 
useful  for  fuelwood,  timber,  or  forage  are  given 
priority  in  these  areas  of  subsidence  farming.  (See 
also  W91-07713)  (Author's  abstract) 
W9 1-07748 


STABILIZING  HILLSIDE  FARMING  SYS- 
TEMS IN  THE  SIERRA  OF  THE  DOMINICAN 
REPUBLIC. 

California  Univ.,  Albany.  Div.  of  Biological  Con- 
trol. 

M.  A.  Altieri. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  355-363.  8  fig,  1  tab,  4  ref. 

Descriptors:  'Dominican  Republic,  'Erosion, 
'Erosion  control,  'Runoff,  'Soil  conservation, 
'Soil  erosion,  Agriculture,  Organic  matter,  Popu- 
lation density,  Rainfall  intensity,  Resources  man- 
agement, Sediment  yield,  Slopes,  Vegetation. 

About  65%  of  the  Dominican  Republic  land  base 
corresponds  to  mountain  areas  concentrating  ap- 
proximately 30%  of  the  total  population.  An  im- 
portant task  of  Plan  Sierra  is  to  determine  the 
potential  of  the  proposed  systems  to  reduce  soil 
degradation.  In  the  Sierra,  the  main  factors  that 
push  farmers  to  deforest  are  lack  of  access  to  land 
and  the  loss  of  soil  fertility.  Erosion  in  the  Sierra 
includes  rain  erosivity,  soil  erodibility,  land  use  and 
crop  management,  slope  length  and  inclination  as 
well  as  access  to  land  and  the  degree  of  poverty  of 
the  rural  population.  Erosion  in  the  Sierra  can  be 
represented  in  two  phases:  one  phase  related  to 
rainfall  intensity  and  volume,  and  the  other  related 
to  sediment  production  resulting  from  the  soil  de- 
tachability  according  to  the  impact  of  raindrops 
and  the  level  of  runoff.  Both  phases  are  affected  by 
the  management  of  the  conuco  in  relation  to:  vege- 
tation cover  which  minimizes  raindrop  impact  and 
runoff,  soil  conservation  practices  that  shorten 
slope  length  and  catch  sediments,  soil  organic 
matter  enrichment  which  increases  water  infiltra- 
tion, and  drainage  practices  that  eliminate  excess 
water.  In  most  cases,  measured  erosion  rates 
obeyed  the  determinant  factors  of  slope,  rainfall 
and  soil  cover;  but  non-detected  differences  in  the 
soil  profile  could  derive  differential  effects  on  soil 
erosion  levels,  even  under  similar  conditions  of 
slope,  cover  and  management.  Long  term  measure- 
ments of  soil  loss  will  continue  at  Plan  Sierra  in 
order  to  observe  the  consistency  of  the  method,  as 
well  as  to  provide  an  idea  of  the  sustainability  of 
the  proposed  systems  in  terms  of  their  continuous 
soil  protection  and  stabilized  yields.  (See  also  W91- 
07713)  (Brunone-PTT) 
W9 1-07749 


TERRACING  RE-EXAMINED  IN  THE  LIGHT 
OF  RECENT  FINDINGS  IN  NEPAL  AND  IN- 
DONESIA. 

Gibsons,  British  Columbia,  Canada. 
B.  Carson. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  364-373.  2  fig,  2  tab,  3  ref. 

Descriptors:  'Erosion  control,  'Indonesia,  'Nepal, 
'Soil  erosion,  'Terracing,  'Tropical  areas,  Agri- 
culture, Bench  terraces,  Economic  aspects,  Re- 
sources management,  Slopes,  Soil  conservation. 

Bench  terracing  is  well  documented  as  an  excellent 
method  to  reduce  soil  erosion  from  steeply  sloping 
agricultural  land  in  the  tropics.  Soil  conservation 


projects  in  both  Indonesia  and  Nepal  recommend 
construction  of  terraces  as  a  corner  stone  to  better 
upland  management.  Introduced  bench  terraces, 
however,  often  fail  to  be  adopted  or  even  main- 
tained by  local  farmers.  Factors  affecting  the  suit- 
ability of  fields  for  bench  terracing  include  soil 
infiltration  and  permeability,  slope,  consistency  of 
the  soil,  the  presence  of  stones,  soil  depth  and 
subsurface  characteristics,  and  climatic  conditions. 
In  addition,  socioeconomic  aspects  such  as  land 
tenure,  economic  status  of  the  farmer,  nature  of  the 
farming  system,  and  profitability  of  the  farming 
system  must  be  considered.  While  terracing  is 
often  an  excellent  technique  to  enhance  the  pro- 
ductivity and  sustainability  of  sloping  agricultural 
land,  a  blanket  policy  of  encouraging  terrace  con- 
struction is  in  itself  unlikely  to  speed  their  adop- 
tion. While  considerable  scope  exists  for  expansion 
of  terracing  in  many  parts  of  the  world,  conserva- 
tionists should  focus  on  the  local  physical  and 
socioeconomic  conditions  to  determine  if  and  how 
terraces  might  improve  local  farming  systems.  (See 
also  W9 1-077 13)  (Brunone-PTT) 
W9 1-07750 


WATERSHED  RESTORATION  REDUCES 
RUNOFF  AND  SEDIMENTATION  FROM 
COMPARATIVE  WATERSHEDS  IN  PAKI- 
STAN'S SUBTROPICAL  SCRUB  ZONE. 

Pakistan  Forest  Inst.,  Peshawar. 
M.  Hanif,  F.  Subhan,  and  W.  F.  Megahan. 
IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  374-382.  4  fig,  1  tab,  4  ref. 

Descriptors:  'Catchment  areas,  'Erosion  control, 
'Pakistan,  'Sedimentation,  'Storm  runoff,  'Water- 
shed restoration,  'Watersheds,  Erosion,  Monsoons, 
Rainfall  intensity,  Runoff,  Sediment  yield,  Statisti- 
cal analysis,  Storms,  Subtropic  zone. 

Two  comparative  watersheds  of  81  ha  represented 
some  of  the  most  severe  erosion  problems  in  the 
subtropical  scrub  zone  of  northern  Pakistan.  A 
traditional  treated-control  watershed  study  was 
used  to  evaluate  the  effectiveness  of  a  comprehen- 
sive watershed  restoration  effort  during  calibration 
and  treatment  measurement  periods  totalling  9  and 
5  years,  respectively.  Watershed  restoration  in- 
cluded tree  planting,  channel  erosion  control  struc- 
tures, and  grazing  management.  Evaluation  of  wa- 
tershed restoration  success  was  based  on  the 
summer  monsoon  season  when  high  intensity  rains 
cause  severe  runoff  and  erosion.  Covariance  analy- 
sis of  141  storms  showed  that  restoration  reduced 
storm  runoff  and  sediment  yields  by  55%  and  78%, 
respectively.  Supporting  information  suggests  that 
the  benefits  of  the  watershed  restoration  programs 
are  even  greater.  The  success  of  these  watershed 
restoration  practices  demonstrates  the  potential  for 
major  improvements  in  the  protection  of  Pakistan's 
vital  irrigation  system.  (See  also  W9 1-077 13)  (Au- 
thor's abstract) 
W9 1-07751 


CONSERVATION  TILLAGE  SYSTEMS. 

Agricultural    Research    Service,    Bushland,    TX. 
Conservation  and  Production  Research  Lab. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07755 


POLICY  AND  PRACTICE  IN  THE  MANAGE- 
MENT OF  TROPICAL  WATERSHEDS. 

For   primary   bibliographic   entry   see   Field   6G. 
W9 1-07907 


IRRIGATION   AND   FLOOD/EROSION   CON- 
TROL AT  HIGH  ALTITUDES  IN  THE  ANDES. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
W.  Van  Immerzeel,  and  R.  J.  Oosterbaan. 
Annual  Report  1989.  International  Institute  for 
Land  Reclamation  and  Improvement,  Wagenin- 
gen, The  Netherlands.  1989.  p  8-24,  1  fig,  1  tab,  11 
photos,  4  ref. 
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Descriptors:  *Andes  Mountains,  'Bolivia,  'Devel- 
oping countries,  'Erosion  control,  'Flood  control, 
'Irrigation,  'Peru,  Alpine  regions,  Flooding, 
Social  aspects,  Surface  water,  Water  resources 
management. 

Irrigation  and  flood  control  practices  at  high  alti- 
tudes in  the  Andes  have  quite  distinct  agroecologi- 
cal  and  socioeconomic  requirements  and  character- 
istics compared  with  similar  water  management 
activities  elsewhere.  The  potential  for  small-scale 
irrigation  in  the  Andes  of  Peru  and  Bolivia  is  great, 
but  it  is  only  being  partly  exploited.  The  reasons 
for  the  limited  use  of  the  water  resources  are 
probably  to  be  found  in  the  precarious  socioeco- 
nomic conditions  of  the  mountain  tribes  (mainly 
the  Quechua-speaking  Indians)  and  the  turbulent 
history  of  national  policies  toward  their  social, 
cultural,  and  economic  development.  Irrigation  de- 
velopment projects,  therefore,  need  much  care  and 
attention.  The  potential  for  small-scale  flood  con- 
trol is  not  as  great  as  for  irrigation,  because  it  is 
limited  to  the  smaller  pampas.  Flood  control,  how- 
ever, can  be  effective  and  inexpensive  with  the  use 
of  the  widely  available  champas,  and  can  provide  a 
quick  improvement  of  the  natural  pastures.  Yet, 
like  irrigation,  the  practice  of  flood  control  has  not 
been  developed  to  its  full  potential,  probably 
owing  to  the  same  background  conditions  of  the 
people.  There  is  a  great  need  for  erosion  control 
measures,  because  they  will  improve  the  fertility  of 
the  mountain  slopes,  will  preserve  water,  and  will 
mitigate  downstream  flooding.  Different  methods 
for  erosion  control  include  interception  ditches 
(zanjas  de  infiltracion),  short,  steep  terraces  (tera- 
zas),  and  the  traditional  long  terraces  (andenes). 
(Lantz-PTT) 
W9 1-07909 


5.  WATER  QUALITY 
MANAGEMENT  AND 
PROTECTION 

5A.  Identification  Of  Pollutants 


USEPA  MANUAL  OF  METHODS  FOR  VIROL- 
OGY. CHAPTER  7,  REVISED  SEPTEMBER 
1989. 

Environmental  Monitoring  and  Support  Lab.-Cin- 
cinnati,  OH. 

Report  No.  EPA/600/4-84/0 13(R7),  September 
1989.  6  p,  4  fig,  16  ref. 

Descriptors:  'Laboratory  methods,  'Monitoring, 
'Pollutant  identification,  'Viruses,  Analytical 
methods,  Microbiological  studies,  Sediment  analy- 
sis, Sludge,  Soil  analysis,  Suspended  solids. 

A  procedure  that  may  be  used  to  monitor  for  the 
presence  of  solids-associated  viruses  requires  that 
the  virus  be  eluted  directly  from  solids.  Samples 
which  may  have  a  portion  of  the  virus  content 
suspended  unattached  in  a  liquid  matrix,  such  as  in 
sludges  and  sediments,  must  first  be  treated  to  bind 
the  free  viruses  to  the  solids.  Initial  steps  in  this 
procedure  differ  based  on  whether  or  not  the  solids 
are  suspended  in  a  liquid.  Because  of  the  naturally 
high  association  of  viruses  with  solids,  the  virus 
content  of  the  liquid  matrix  is  likely  to  represent 
only  a  small  fraction  of  the  viruses  present  in  the 
sample.  The  procedures  outlined  in  this  chapter 
require  dispensing  the  entire  sample  volume  into  a 
centrifuge  bottle.  If  bottles  of  sufficient  capacity 
are  unavailable,  the  sample  should  be  divided  and 
then  recombined  after  centrifugation.  Use  of  asep- 
tic techniques  and  sterile  materials  and  apparatus 
are  required.  All  contaminated  materials  must  be 
sterilized  before  discarding  them.  (Lantz-PTT) 
W9 1-07208 


MARINE  AMOEBAE  IN  WATERS  OF  CHIN- 
COTEAGUE  BAY,  VIRGINIA:  ECOLOGICAL 
SIGNIFICANCE  OF  'OLD'  AND  'NEW*  SPE- 
CIES. 

Rescon  Associates,  Inc.,  Royal  Oak,  MD. 
For  primary  bibliographic  entry  see  Field  2L. 
W91-07365 


DETERMINATION  OF  NITRITE  AND  NI- 
TRATE IN  VENICE  LAGOON  WATER  BY  ION 
INTERACTION  REVERSED-PHASE  LIQUID 
CHROMATOGRAPHY. 

Turin  Univ.   (Italy).   Dipt,   di  Chimica  Analitica. 
M.  C.  Gennaro,  P.  L.  Bertolo,  and  A.  Cordero. 
Analytica  Chimica  Acta  ACACAM,  Vol.  239,  No. 
2,  p  203-209,  December  3,  1990.  6  fig,  2  tab,  20  ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Lagoons,  'Liquid  chromatography,  'Ni- 
trates, 'Pollutant  identification,  'Venice,  'Venice 
Lagoon,  'Water  analysis,  Ammonia,  Anions, 
Chemical  interference,  Chlorides,  Chromatogra- 
phy, Comparison  studies,  Filtration,  Nitrogen 
cycle,  Nitrogen  oxides,  Reagents,  Retention  time, 
Sample  preservation,  Seawater. 

Ion  interaction  reversed-phase  liquid  chromatogra- 
phy with  octylammonium  orthophosphate  as  the 
interacting  reagent  and  a  reversed-phase  CI 8 
column  was  applied  to  the  identification  and  deter- 
mination of  nitrate  and  nitrite  in  Venice  lagoon 
water.  Interference  by  the  high  chloride  content 
was  systematically  studied  and  the  results  obtained 
with  different  column  packings  were  compared. 
With  spectrophotometric  detection  at  230  nm,  ni- 
trite at  0.005  mg/L  can  be  detected  and  deter- 
mined even  in  the  presence  of  0.70  M  chloride. 
The  dependence  of  the  retention  time  of  nitrite  on 
the  chloride  concentration  was  studied  for  two 
reversed-phase  columns  with  different  packings. 
Concentrations  of  0.30  mg/L  of  nitrite  and  0.20 
mg/L  of  nitrate  were  found  in  Venice  lagoon 
water.  A  clear  advantage  offered  by  the  chromato- 
graphic technique  proposed  is  that  it  does  not 
require  any  pretreatment  or  derivatization  of  the 
sample  as  part  of  a  suitable  filtration  process.  This 
is  particularly  important  when  dealing  with  com- 
plex matrices  such  as  seawater,  where  any  pre- 
treatment process  could  modify  the  speciation 
equilibria  that  are  constantly  taking  place.  (Doria- 
PTT) 
W9 1-07368 


SPECTROPHOTOMETRIC  DETERMINATION 
OF  URANIUM  IN  NATURAL  WATERS. 

Santiago  Univ.  (Spain).  Faculty  of  Chemistry. 
A.  Bermejo-Barrera,  M.  C.  Yebra-Biurrun,  and  L. 
M.  Fraga-Trillo. 

Analytica  Chimica  Acta  ACACAM,  Vol.  239,  No. 
2,  p  321-323,  December  3,   1990.  2  tab,   15  ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Pollutant  identification,  'Spectrophoto- 
metry, 'Uranium,  'Water  analysis,  Acidity,  Bicar- 
bonates,  Calcium,  Cations,  Chemical  interference, 
Drinking  water,  Fluorides,  Ion  exchange  chroma- 
tography, Ions,  Metal  complexes,  Potassium,  Pre- 
concentration,  Reagents,  Sodium,  Sulfates. 

A  method  for  the  spectrophotometric  determina- 
tion of  uranium  in  samples  of  natural  waters  is 
described.  Ion  exchange  with  Amberlite  IR-120 
(H  +  )  was  used  to  concentrate  the  metal.  The 
absorption  properties  of  the  complex  formed  be- 
tween uranium  and  the  chromogenic  reagent  Ar- 
senazo  III,  its  stability  for  several  hours,  the  effect 
of  the  pH  on  the  ability  of  the  resin  to  retain 
uranium,  the  reproducibility  of  the  method,  and 
the  effects  of  ionic  interferences  were  considered. 
Na,  K,  Ca,  sulfate,  and  fluoride  ions  had  no  effect 
on  the  accuracy  of  the  assay  for  uranium:ion  ratios 
of  1:83.  The  effect  on  the  ability  of  the  resin  to 
retain  uranium  was  investigated  for  100  ml  of  a 
standard  solution  containing  6  micrograms  of  ura- 
nium at  different  pH  levels.  At  pH  2.5,  4.6,  6.5,  and 
8.5,  the  recoveries  were  97.78,  100.74,  94.81,  and 
93.33  percent,  respectively;  thus,  pH  4.6  gave 
almost  complete  recovery.  Water  samples  were 
taken  from  the  municipal  water  supply  of  La 
Coruna  (Spain)  and  various  brands  of  bottled  Gali- 
cian  water.  The  sensitivity  was  0.67  and  0.05  mi- 
crograms/L  of  uranium  for  the  direct  and  addition 
methods,  respectively.  Uranium  concentrations  for 
the  samples  analyzed  were  between  0.10  and  0.50 
micrograms/L.  (Doria-PTT) 
W91-07369 


DETERMINATION  OF  ALUMINUM  SPECIA- 
TION IN  ACID  WATERS. 


University   Coll.    of  Swansea   (Wales).    Dept.   of 

Chemical  Engineering. 

X.  Goenaga,  and  D.  J.  A.  Williams. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 

cae    Volume    66.    Kluwer    Academic    Publishers, 

Norwell,  Massachusetts.   1990.  p  189-201.  4  fig,3 

tab,  31  ref. 

Descriptors:  'Acid  rain  effects,  'Acidic  water, 
'Acidification,  'Aluminum,  'Mathematical 
models,  'Path  of  pollutants,  'Wales,  Analytical 
methods,  Chemical  properties,  Physical  properties, 
Suspended  solids,  Toxicity,  Water  chemistry,  Wa- 
tersheds. 

The  determination  of  the  speciation  of  aluminum  in 
acidified  freshwaters  is  an  important  factor  in  the 
interpretation,  prediction  and  possible  modification 
of  aluminum  toxicity  and  mobilization  in  acidified 
catchments.  A  strategy  for  the  determination  of 
important  aluminum  fractions  is  identified,  and  par- 
ticular attention  is  given  to  the  development  of  a  \ 
mathematical  model  for  predicting  the  concentra- 
tion of  inorganic  and  organic  monomeric  alumi- 
num species  in  equilibrium.  The  use  of  the  specia- 
tion scheme  is  illustrated  using  freshwater  samples 
from  the  Llyn  Brianne  catchment.  Model  predic- 
tions of  organically  complexed  aluminum  concen- 
tration are  compared  with  experimental  determina- 
tions. The  high  concentrations  of  suspended  solids 
found  in  the  streams  during  episodes  may  act  as 
important  sources  or  sinks  of  mobile  aluminum, 
depending  on  the  physico-chemical  conditions  and 
composition  of  the  aqueous  solution.  Therefore, 
they  may  control  to  some  extent  the  aluminum 
chemistry  of  these  samples.  The  extent  to  which 
adsorbed  aluminum  is  biologically  available  is  un- 
known, but  it  is  likely  to  be  less  active  than  inor- 
ganic monomeric  aluminum.  The  mathematical 
model  (SPECIAL)  developed  for  thermodynamic 
equilibrium  of  aluminum  in  acid  waters  includes 
Al-HS  interactions  as  well  as  inorganic  reactions. 
This  model  can  be  used  to  predict  the  concentra- 
tion of  organically  complexed  aluminum,  together 
with  the  concentration  of  inorganic  monomeric 
aluminum  species.  Model  predictions  compare  fa- 
vorably with  experimental  determinations  of  or- 
ganically complexed  aluminum  in  samples  from  the 
Llyn  Brianne  catchment.  It  is  envisaged  that  if  its 
application  is  validated  using  a  wider  range  of 
samples  from  various  locations,  model  predictions 
can  substitute  the  tedious  and  often  error  prone 
experimental  determinations.  (See  also  W9 1-07472) 
(Agostine-PTT) 
W9 1-07484 


EFFECT  OF  SOME  POLLUTANTS  ON  SCE  OF 
GRASS  CARP  (CTENOPHARYNGODON  IDEL- 
LUS)  CELLS  (IN  CHINESE). 

Hangzhou  Univ.  (China). 

For  primary  bibliographic  entry  see  Field  5C. 

W91-07533 


CHLOROPLAST  BIOASSAY  FOR  THE  DETER- 
MINATION OF  HERBICIDES  IN  WATER-AN 
IMPROVED  ELECTRON  ACCEPTOR  SYSTEM 
(CHLOROPLASTEN-BIOTEST  ZUR  HERBI- 
ZIDBESTIMMUNG  IM  WASSER -OPTIMIER- 
UNG  DES  ELEKTRONENAKZEPTORSYS- 
TEMS). 

ESWE-Inst.  fuer  Wasserforschung  und  Wasser- 
technologie  G.m.b.H.,  Wiesbaden  (Germany, 
F.R.). 

B.  Hirschwald,  G.  M.  Zimmermann,  S.  Normann, 
and  K.  Haberer. 

Zeitschrift  fuer  Wasser-  und  Abwasser-Forschung 
ZWABAQ,  Vol.  23,  No.  5,  p  184,  October  1990,  7 
ref.  English  summary. 

Descriptors:  'Analytical  methods,  'Bioassay, 
'Chloroplasts,  'Electron  transport,  'Herbicides, 
'Pollutant  identification,  'Water  analysis,  Dichlor- 
ophenolindophenol,  Inhibition,  Oxygen,  Photosyn- 
thesis, Potassium  ferricyanide. 

The  inhibition  by  herbicides  of  the  electron-trans- 
port chain  in  chloroplasts  isolated  from  spinach  is 
the  basis  for  a  proposed  bioassay.  The  inhibited 
electron  transport  results  in  a  reduction  in  oxygen 
production,  which  is  a  measure  of  the  available 
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substrate.  For  oxygen  production,  chloroplasts 
need  an  electron  acceptor  to  take  up  the  electron 
which  is  made  available  by  the  dissociation  of 
water.  The  combination  of  two  artificial  electron 
acceptors,  potassium  ferricyanide  and  2,5-dichloro- 
phenolindophenol  (DCPIP),  results  in  constant  re- 
action conditions.  When  this  combination  of  rea- 
gents is  added  simultaneously,  the  concentration  of 
DCPIP  is  markedly  lowered  at  first,  yet  the  de- 
sired result  is  produced.  Further  investigations  into 
the  successful  application  of  this  test  to  herbicide 
determination  will  be  reported  elsewhere.  (King- 
PTT) 
W9 1-07542 


ADDITIVITY  OF  BIOASSAY  RESULTS  IN 
WATER  SAMPLES  OF  UNKNOWN  COMPOSI- 
TION (DIE  ADDITIVITAET  DER  RESULTATE 
VON  BIOTESTS  MIT  WAESSERN  UNBE- 
KANNTER  ZUSAMMENSETZUNG). 
Ruhrverband,  Essen  (Germany,  F.R.).  Chemisches 
und  Biologisches  Lab. 
P.  Koppe. 

Zeitschrift  fuer  Wasser-  und  Abwasser-Forschung 
ZWABAQ,  Vol.  23,  No.  5,  p  185-189,  October 
1990,  2  fig,  12  ref.  English  summary. 

Descriptors:  *Bioassay,  'Data  interpretation, 
•Quantitative  analysis,  'Wastewater  analysis, 
•Wastewater  disposal,  *Water  quality,  Effluent 
charges,  Pollution  effects,  Reproducibility,  Toxici- 
ty, Water  pollution  effects,  Water  sampling. 

The  determination  of  the  noxiousness  of  sewage  by 
bioassay  is  done  quantitatively.  The  first  requisite 
for  a  method  of  measuring  natural  processes  is 
reproducibility.  If  the  numeric  results  of  bioassays 
are  to  be  used  further-e.g.  for  the  calculation  of 
pollution  indices-the  quantitative  results  must 
obey  the  law  of  additivity.  Thus,  a  wastewater 
with  a  higher  concentration  of  toxic  substances 
must  yield  a  numerically  higher  bioassay  value 
than  a  wastewater  with  lower  concentrations  of 
the  same  substances.  Dilution  minimizes  the  inter- 
action among  the  constituents  of  sewage  and  thus 
satisfies  this  requirement  to  a  certain  extent.  In  the 
levying  of  pollution  charges,  pollution  units  for 
fish  toxicity  (calculated  as  a  product  of  the  dilution 
factor  and  the  wastewater  volume)  are  additive 
values  accounted  for  in  turn.  (King-PTT) 
W9 1-07543 


EVALUATION  OF  THE  DYNAMIC  DAPHNIA 
TEST-EFFECT    OF    PESTICIDES    ON    THE 
SWIMMING      BEHAVIOR      OF      DAPHNIA 
MAGNA  UNDER  LABORATORY  AND  FIELD 
CONDITIONS    (ERFAHRUNGEN    MIT    DEM 
DYNAMISCHEN  DAPHNIENTEST-EINFLUSS 
VON  PESTIZIDEN  AUF  DAS  SCHWIMMVER- 
HALTEN    VON    DAPHNIA    MAGNA    UNTER 
LABOR-  UND  PRAXISBEDINGUNGEN). 
Landesanstalt    fuer    Umweltschutz    Baden-Wuert- 
temberg,  Karlsruhe  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07545 


ANTIBIOTIC  RESISTANCE  INDEXING  OF  ES- 
CHERICHIA COLI  TO  IDENTIFY  SOURCES 
OF  FECAL  CONTAMINATION  IN  WATER. 

Maryland  Univ.,  College  Park.  Dept.  of  Microbi- 
ology. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07564 


STREAM  FISHES  ESTIMATE  WATER  QUAL- 
ITY IN  DAYTON-MONTGOMERY  COUNTY 
PARK  DISTRICT  RESERVES. 

Miami  Univ.-Middletown,  OH.  Dept.  of  Zoology. 
N.  D.  Mundahl,  and  C  T.  Hockett. 
Ohio  Journal  of  Science  OJSCA9,  Vol.  90,  No.  5, 
p   146-151,  December   1990.   1  fig,  3  tab,   13  ref. 

Descriptors:  *Bioindicators,  'Fish  populations, 
•Ohio,  'Stream  biota,  'Water  pollution  effects, 
Land  use,  Lotic  environment.  Species  composition, 
Surveys,  Wastewater  facilities,  Wastewater  outfall. 

Information  on  the  fish  communities  within  seven 
streams  and  rivers  in  or  near  the  Dayton/Mongo- 


mery  County  (Ohio)  Park  District  reserves  were 
gathered  in  conjunction  with  compiling  a  fish  spe- 
cies list  for  the  Park  District  reserves  and  in  order 
to  calculate  an  Index  of  Biotic  Integrity  (IBI) 
based  on  the  fish  communities  in  each  stream  as  an 
estimate  of  water  quality.  Fifty-two  species  of 
fishes  were  found  in  lotic  habitats  in  or  near  the 
reserves,  and  more  extensive  sampling  likely  will 
reveal  the  presence  of  additional  species.  IBI  scor- 
ing of  the  fish  communities  indicated  that  water 
quality  within  the  reserves  ranged  from  fair  to 
exceptional.  It  would  appear  that  improvements  of 
water  quality  and  fish  communities  within  the  re- 
serves may  require  changes  in  wastewater  treat- 
ment outfalls  and  stream  drainage  land-use  prac- 
tices. (Author's  abstract) 
W9 1-07571 


MULTILABORATORY  EVALUATION  OF 
METHODS  FOR  DETECTING  ENTERIC  VI- 
RUSES IN  SOILS. 

Environmental     Protection     Agency,     Cincinnati, 

OH. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-07649 


RAPID  IMMUNOCAPTURE  OF  PSEUDO- 
MONAS  PUTIDA  CELLS  FROM  LAKE  WATER 
BY  USING  BACTERIAL  FLAGELLA. 

Freshwater     Biological     Association,     Ambleside 

(England). 

J.  A.  Morgan,  C.  Winstanley,  R.  W.  Pickup,  and  J. 

R.  Saunders. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.   57,  No.    1,  p  503-509,  February 

1991,  5  fig,  4  tab,  38  ref. 

Descriptors:  *Bacterial  analysis,  *Genetic  engi- 
neering, *  Pollutant  identification,  'Pseudomonas, 
•Separation  techniques,  DNA,  Electron  microsco- 
py, Enrichment,  Enzymes,  Immunoassay,  Mono- 
clonal antibodies,  Plasmids. 

A  selective  recovery  immunocapture  technique  to 
study  the  fate  of  genetically  engineered  microorga- 
nisms in  the  environment  has  been  developed  from 
work  originally  done  on  the  isolation  of  lympho- 
cyte subsets  in  blood  samples.  Monoclonal  anti- 
bodies to  Pseudomonas  putida  Paw340  cells  were 
produced.  In  an  enzyme-linked  immunosorbent 
assay  (ELISA)  against  bacterial  cells,  a  hybridoma 
cell  line  termed  ML VI  produced  a  monoclonal 
antibody  that  reacted  with  P.  putida  Paw  340  but 
showed  no  cross-reaction  with  100  medical  isolates 
and  150  aquatic  isolates.  By  ELISA,  immunogold 
electron  microscopy,  and  Western  blot  (immunob- 
lot)  analysis,  MLV1  antibody  was  found  to  react 
with  purified  bacterial  flagella.  The  surfaces  of 
magnetic  polystyrene  beads  were  coated  with 
MLV1  antibody.  By  mixing  ML VI  antibody- 
coated  beads  with  lake  water  samples  containing 
the  target  P.  putida  host,  bead-cell  complexes 
which  could  be  recovered  by  attraction  towards  a 
magnet  were  formed.  Prevention  of  nonspecific 
attachment  of  cells  to  the  beads  required  the  incor- 
poration of  detergents  in  the  isolation  protocol. 
These  detergents  affected  colony-forming  ability; 
however,  the  cells  remained  intact  for  direct  detec- 
tion. When  reisolated  by  standard  cultural  meth- 
ods, approximately  20%  of  the  initial  target  popu- 
lation was  recovered.  Since  the  beads  and  bead- 
cell  complexes  were  recovered  in  a  magnetic  field, 
target  bacteria  were  separated  from  other  lake 
water  organisms  and  from  particulate  material 
which  was  not  attracted  towards  the  magnet  and 
were  thereby  enriched.  This  method  may  now 
provide  a  useful  system  for  recovering  recombi- 
nant bacteria  selectively  from  environmental  sam- 
ples. (Author's  abstract) 
W9 1-07654 


DETECTION  OF  VIABLE  LEGIONELLA 
PNEUMOPHILA  IN  WATER  BY  POLYMER- 
ASE CHAIN  REACTION  AND  GENE  PROBE 
METHODS. 

Louisville  Univ.,  KY.  Dept.  of  Biology. 
A.  K.  Bej,  M.  H.  Mahbubam,  and  R.  M.  Atlas. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  57,  No.    1,  p  597-600,  February 
1991,  1  fig,  2  tab,  17  ref. 


Descriptors:  •Bacterial  analysis,  •Culturing  tech- 
niques, *DNA,  'Genetic  engineering,  'Legionella, 
•Pollutant  identification,  Biocides,  Cooling  towers, 
Gene  probes,  Polymerase  chain  reaction. 

Methods  using  polymerase  chain  reaction  (PCR) 
and  gene  probes  to  detect  viable  Legionella  pneu- 
mophila were  investigated  with  cells  exposed  to 
biocide  or  elevated  temperature  to  determine 
whether  PCR  amplification  of  the  mip  gene  of  L. 
pneumophila  detects  dead  and  living  bacterial 
cells.  Exposure  to  hypochlorite  caused  viable  non- 
culturable  cells  to  form.  These  have  been  shown  to 
cause  infections  in  susceptible  animals  and  may  be 
capable  of  causing  legionellosis  even  after  treat- 
ment of  cooling  waters  with  biocidal  disinfectants, 
yet  are  not  detectable  by  culturing  methods.  Cul- 
tivable and  viable  nonculturable  cells  showed  posi- 
tive PCR  amplification,  whereas  nonviable  cells 
did  not.  Because  it  is  known  that  in  some  situa- 
tions, in  which  DNA  is  preserved,  dead  cells  are 
detected  by  the  PCR-gene  probe  method,  viable 
cells  were  also  specifically  detected  with  mip 
mRNA  (half-life  <  2  min)  as  the  target,  reverse 
transcription  (to  form  cDNA),  and  PCR  amplifica- 
tion. After  exposure  to  elevated  temperature,  only 
viable  culturable  cells  were  detected,  which  corre- 
sponded with  positive  PCR  amplification.  Thus  the 
detection  of  mip  mRNA  was  specific  for  viable  L. 
pneumophila.  The  level  of  sensitivity  for  detecting 
mip  mRNA  was  1,000  cells  compared  with  single 
cell  sensitivity  by  direct  DNA  PCR  amplification. 
The  lower  sensitivity  was  probably  due  to  the  low 
efficiency  of  mRNA  extraction  and  protection. 
The  direct  PCR-gene  probe  method  detects  viable 
but  nonculturable  cells  even  following  biocide 
treatment.  In  other  situations  it  may  be  necessary 
to  use  the  mRNA-based  detection  method  to  estab- 
lish the  presence  of  viable  bacterial  cells.  (Doyle- 
PTT) 
W91-07655 


IMPROVED  METHOD  FOR  COLIFORM  VER- 
IFICATION. 

Lycoming  Coll.,  Williamsport,  PA.  Dept.  of  Biol- 
ogy. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-07657 


ASSAY  FOR  BETA-GLUCURONIDASE  IN  SPE- 
CIES OF  GENUS  ESCHERICHIA  AND  ITS  AP- 
PLICATIONS FOR  DRINKING-WATER  ANAL- 
YSIS. 

Environmental     Protection     Agency,    Cincinnati, 

OH. 

E.  W.  Rice,  M.  J.  Allen,  D.  J.  Brenner,  and  S.  C. 

Ed  berg. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.  57,  No.   1,  p  592-593,  February 

1991,  2  tab,  Href. 

Descriptors:  'Bioindicators,  'Coliforms,  'Escheri- 
chia, 'Pollutant  identification,  'Potable  water, 
'Testing  procedures,  'Water  analysis,  'Water 
quality  monitoring,  Bacterial  analysis,  Bioassay, 
Biochemical  tests,  Biological  samples,  Fecal  coli- 
forms. 

Recently,  Escherichia  species  other  than  Escheri- 
chia coli  have  been  isolated  from  potable  water. 
The  total  coliform  group  will  remain  the  primary 
bacterial  indicator,  however,  for  each  positive  total 
coliform  test,  a  fecal  coliform  or  E.  coli  analysis 
must  be  performed  for  that  sample.  Environmental 
isolates  as  well  as  clinical  isolates  of  E.  adecarbox- 
ylata,  E.  blattae,  E.  fergusonii,  E.  hermannii,  and 
E.  vulneris  were  assayed  for  the  enzyme  beta- 
glucuronidase  (GUR)  by  using  4-methyl  umbelli- 
feryl-beta-glucuronide  (MUG)  in  EC  medium  and 
the  Colilert  system,  which  also  uses  MUG.  Fluo- 
rescence was  observed  in  both  procedures  by  ex- 
posing the  tubes  to  long  wave  UV  light  (366  nm). 
Any  fluorescence  was  considered  positive  for  E. 
coli  and  therefore  evidence  of  fecal  contamination. 
None  of  the  isolates  were  positive  for  the  enzyme 
by  either  method.  The  results  indicate  that  assays 
for  GUR  in  an  EC-MUG  medium  or  the  Colilert 
system  are  able  to  distinguish  E.  coli  from  other 
Escherichia  species.  The  use  of  these  procedures 
will  allow  public  health  authorities  to  make  deci- 
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sions  based  on  methods  shown  to  be  specific  for  E. 
coli    and    not    subject    to    false    positive    results. 
(Doyle-PTT) 
W9 1-0765  8 


APPLICATION  OF  THE  SELF-POTENTIAL 
METHOD  TO  GROUNDWATER  MONITOR- 
ING. 

Pennsylvania  Dept.  of  Environmental  Resources, 

Harrisburg. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07671 


HANDBOOK  OF  CHEMICAL  PROPERTY  ES- 
TIMATION METHODS:  ENVIRONMENTAL 
BEHAVIOR  OF  ORGANIC  COMPOUNDS. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07767 


VAPOR  PRESSURE. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07781 


FLASH  POINTS  OF  PURE  SUBSTANCES. 

For  primary  bibliographic  entry  see  Field  2K. 
W91-07785 


DENSITIES     OF     VAPORS,     LIQUIDS     AND 
SOLIDS. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07786 


INTERFACIAL  TENSION  WITH  WATER. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-07788 


LIQUID  VISCOSITY. 

For  primary  bibliographic  entry  see  Field  2K. 
W91-07789 


HEAT  CAPACITY. 

For  primary  bibliographic  entry  see  Field  2K. 
W91-07790 


THERMAL  CONDUCTIVITY. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07791 


DIPOLE  MOMENT. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07792 


FNDEX  OF  REFRACTION. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07793 


PCDDS  IN  THE  SEDIMENTS  ACCUMULATED 
ABOUT  8120  YEARS  AGO  FROM  JAPANESE 
COASTAL  AREAS. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 

S.  Hashimoto,  T.  Wakimoto,  and  R.  Tatsukawa. 
Chemosphere  CMSHAF,  Vol.  21,  No.  7,  p  825- 
835,  1990.  8  fig,  3  tab,  14  ref. 

Descriptors:  *Dioxins,  *Harima-Nada,  'Osaka 
Bay,  *Path  of  pollutants,  'Pollutant  identification, 
•Poly chlorinated  dibenzo-p-dioxins,  Chemical  pre- 
cipitation, Japan,  Sediment  analysis,  Sediment 
chemistry,  Sediment  contamination,  Water  pollu- 
tion, Water  pollution  sources. 

Previous  investigations  of  sediment  cores  in  Japa- 
nese waters  revealed  the  presence  of  polychlorinat- 
ed  dibenzo-p-dioxins  (PCDDs)  in  surface  sedi- 
ments dated  after  1950.  Reports  have  indicated  the 
existence  of  PCDDs  in  deep  sediments  from  exami- 
nations of  core  samples  obtained  from  Osaka  Bay 
and  Harima-Nada  in  the  Inland  Sea,  and  from  one 
location  in  Lake  Kizaki.  The  two  locations  in  the 
Inland  Sea  are  situated  near  large  cities  and  are 


affected  by  industry  while  Lake  Kizaki  is  not  lo- 
cated near  any  large  population  centers.  In  addi- 
tion to  PCDD  analysis,  age  determinations  were 
also  calculated  for  the  sediment  cores.  PCDDs 
were  found  in  all  samples  from  Osaka  Bay  and 
Harima-Nada,  while  no  PCDD  compounds  were 
detected  for  the  Lake  Kizaki  core  samples.  How- 
ever, it  must  be  noted  that  PCDDs  were  detected 
from  whole  sediment  cores  from  Osaka  Bay  and 
Harima-Nada,  and  PCDDs  were  found  in  the 
deepest  sediments  from  Harima-Nada;  the  sedimen- 
tation age  for  this  core  sample  was  calculated  to  be 
8120  years  old.  The  possibility  of  contamination 
was  ruled  out.  Precipitation  rates  of  PCDDs, 
around  a  depth  of  200  cm,  were  estimated  to  be 
about  4.9  and  5.4  pg/sq  cm/yr  in  Osaka  Bay  and 
Harima-Nada,  respectively.  These  similar  values, 
along  with  a  uniform  congener  composition  in  the 
whole  cores,  indicated  that  the  PCDD  sources 
existed  before  industry  developed  in  the  area. 
(Korn-PTT) 
W91-07837 


BIOACCUMULATION  OF  ZINC  AND  CADMI- 
UM IN  FRESHWATER  ALGA,  CHLORELLA 
VULGARIS,  PART  II.  ASSOCIATION  MODE 
OF  THE  METALS  AND  CELL  TISSUE. 

Kagoshima  Univ.  (Japan).  Dept.  of  Applied  Chem- 
istry. 
For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07842 


ORGANIC     COMPOUNDS     IN     PRECIPITA- 
TION. 

Fraunhofer-Inst.    fuer   Toxikologie   und   Aerosol- 
forschung,  Hanover  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-07844 


DETERMINATION    AND    OCCURRENCE    OF 
AHH-ACTIVE  POLYCHLORINATED  BIPHEN- 
YLS,    2,3,7,8-TETRACHLORO-P-DIOXIN    AND 
2,3,7,8-TETRACHLORODIBENZOFURAN       IN 
LAKE  MICHIGAN  SEDIMENT  AND  BIOTA. 
THE  QUESTION  OF  THEIR  RELATFVE  TOXI- 
COLOGICAL  SIGNIFICANCE. 
Fish  and  Wildlife  Service,  Columbia,  MO. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07845 


WATER  AND  WASTEWATER  EXAMINATION 
MANUAL. 

Tennessee  Technological  Univ.,  Cookeville.  Dept. 

of  Civil  Engineering. 

V.  D.  Adams. 

Lewis  Publishers,  Chelsea,  Michigan.   1990.  247p. 

Descriptors:  'Pollutant  identification, 

'Wastewater  analysis,  'Water  analysis,  'Water 
quality,  Biological  properties,  Inorganic  com- 
pounds, Manuals,  Metals,  Organic  compounds, 
Physical  properties. 

This  manual  was  written  using  newly  revised  pro- 
cedures from  'Standard  Methods  for  the  Examina- 
tion of  Water  and  Wastewater',  'Microbial  Meth- 
ods for  Monitoring  the  Environment:  Water  and 
Wastes,  Methods  for  Chemical  Analysis  of  Water 
and  Wastes',  and  other  pertinent  references.  It  is 
intended  to  be  used  as  a  working  laboratory  guide 
and  reference  to  water  quality  analysis  for  upper 
level  undergraduates,  graduate  students,  water 
quality  technicians,  and  water  and  wastewater 
plant  operators.  Procedures  are  included  for  pa- 
rameters that  are  frequently  needed  in  water  qual- 
ity analysis,  and  include  methods  for:  (1)  determin- 
ing physical  properties;  (2)  determining  the  pres- 
ence of  metals;  (3)  determining  inorganics  and  non- 
metals;  (4)  determining  organics;  and  (5)  biological 
determination.  In  general,  the  analytical  proce- 
dures have  been  thoroughly  examined  and  tested  in 
the  Water  Quality  Laboratory  at  the  Utah  Water 
Research  Laboratory,  Utah  State  University, 
Logan,  Utah  and  the  Water  Quality  Laboratory  at 
the  Center  for  the  Management,  Utilization,  and 
Protection  of  Water  Resources,  Tennessee  Tech- 
nological University,  Cookeville,  Tennessee.  The 
procedures  in  this  manual  were  selected  from 
many  available  methods;  the  tests  included  here 


are  those  that  are  commonly  used  in  water  and 
wastewater  laboratories.  (Lantz-PTT) 
W9 1-07906 


SEPARATION  OF  WATER  SAMPLES  INTO 
SESTON  AND  WATER  FOR  THE  DETERMI- 
NATION OF  ORGANIC  POLLUTANTS  (TREN- 
NUNG  VON  WASSER  IN  SCHWEBSTOFFE 
UND  WASSER  ZUR  BESTIMMUNG  ORGAN- 
ISCHER  SPURENSTOFFE  IN  OBERFLAE- 
CHENGEWAESSERN). 

GKSS  -  Forschungszentrum  Geesthacht  G.m.b.H., 
Geesthacht-Tesperhude  (Germany,  F.R.). 
R.  Sturm,  J.  Gandrass,  P.  Milde,  and  E.  H.  Ermert. 
Zeitschrift  fuer  Wasser-  und  Abwasser  Forschung 
ZWABAQ,  Vol.  23,  No.  6,  p  217-220,  December 
1990,  2  fig,  1  tab,  8  ref  English  summary. 

Descriptors:  'Organic  pollutants,  'Pollutant  identi- 
fication, 'Sample  preparation,  'Separation  tech- 
niques, 'Suspended  solids,  'Water  analysis,  Ana- 
lytical methods,  Centrifugation,  Pumps,  Seston, 
Water  quality  monitoring,  Water  sampling. 

The  Examination  of  ecologically  important  sub- 
stances for  water  quality  assessments  necessitates 
the  separation  of  water  samples  into  seston  and 
aqueous  components,  due  to  the  differing  behavior 
of  suspended  matter  and  the  water  in  which  it  is 
suspended.  An  apparatus  which  based  on  inertial 
separation  has  been  developed  facilitates  the  sepa- 
ration of  the  particulate  matter  from  the  water 
phase.  The  apparatus  allows  the  removal  of  the 
particulate  matter  from  hundreds  of  liters  of  water, 
and  yields  the  gram  quantities  of  suspended  matter 
needed  for  the  relevant  trace  substance  analysis. 
The  apparatus  consists  primarily  of  an  underwater 
pump,  a  reservoir,  and  a  continuous  flow  centri- 
fuge. All  material  used  in  construction  is  stainless 
steel/PTFE.  To  avoid  all  contamination  problems, 
the  compact  centrifuge  is  hung  on  double  gimbals, 
allowing  flexible  use  of  the  apparatus  at  both  land- 
based  and  vehicle-based  sites,  as  well  as  on  re- 
search vessels.  (Author's  abstract) 
W91-07988 


GAS-CHROMATOGRAPHIC  DETERMINA- 
TION OF  SUBSTITUTED  ANILINES  FN 
WATER  AFTER  SOLID-PHASE  EXTRACTION 
(BESTIMMUNG  VON  SUBSTITUIERTEN  ANI- 
LINEN  IN  WASSER  DURCH  GASCHROMATO- 
GRAPHIE  NACH  FESTPHASENEXTRAK- 
TION). 

Muenster  Univ.  (Germany,  F.R.).  Inst,  fuer  Le- 
bensmittelchemie. 

G.  Boer,  C.  Schlett,  and  H.  P.  Thier. 
Zeitschrift  fuer  Wasser-  und  Abwasser  Forschung 
ZWABAQ,  Vol.  23,  No.  6,  p  220-223,  December 
1990,  1  fig,  1  tab,  14  ref.  English  summary. 

Descriptors:  'Analytical  methods,  'Anilines,  'Gas 
chromatography,  'Pollutant  identification,  'Sepa- 
ration techniques,  'Water  analysis,  Chemical  inter- 
ference, Detection  limits,  Drinking  water,  Herbi- 
cides, Laboratory  methods,  Precision. 

An  analytical  method  was  developed  for  the  deter- 
mination of  13  substituted  anilines  in  drinking  and 
surface  water  samples.  It  involves  extraction  by 
CI 8  reverse  phase  material,  elution  with  ethyl  ace- 
tate and  capillary  gas  chromatography  using  cold 
on-column  injection  and  an  nitrogen-specific  detec- 
tor. A  30  m  x  0.25  mm  x  0.25  microm  separation 
column  was  used  with  RP-C18  solid  phase  extrac- 
tion material.  The  compounds  analyzed  included 
aniline,  4-bromoanaline,  2-chloroaniline,  3-chlor- 
oaniline,  4-chloroaniline,  4-chloro-2-methlylaniline, 
3-chloro-4-methylaniline,  3-chloro-4-methoxyani- 
line,  2,4-dichloroaniline,  2,5-dichloroaniline,  2,6- 
dichloroaniline,  3,4-dichloroaniline,  4-isopropylani- 
line.  Heptanoyl  nitrile  and  Octanoyl  nitrile  were 
used  as  internal  standards.  Recoveries  for  0.1 
microg/L  of  each  aniline  compound  which  were 
added  to  the  surface  water  samples  generally 
ranged  from  70  to  80%  with  good  precision.  The 
routine  limit  of  determination  was  approximately 
0.025  microg/L.  Phenyl  urea  herbicides  interfere 
only  when  present  at  levels  of  more  than  2  to  5 
microg/L.  (King-PTT) 
W9 1-07989 
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UREASE-AGAR-DIFFUSION-TEST  FOR 

RAPID  DETERMINATION  OF  THE  TOXICITY 
OF  SURFACE  WATERS  (DER  UREASE-AGAR- 
DIFFUSIONSTEST  ZUR  SCHNELLEN  TOXIZI- 
TAETSBESTIMMUNG  VON  OBERFLAE- 
CHENGEWAESSERN). 

Universitaet  des  Saarlandes,  Homburg/Saar  (Ger- 
many, F.R.).  Medizinische  Fakultaet. 
A.  Neufang,  O.  vonFalkenhausen,  and  R. 
Schweisfurth. 

Zeitschrift  fuer  Wasser-  und  Abwasser  Forschung 
ZWABAQ,  Vol.  23,  No.  6,  p  223-228,  December 
1990,  2  fig,  3  tab,  6  ref. 

Descriptors:  'Analytical  methods,  'Heavy  metals, 
'Inhibition,  'Toxicity,  'Toxicology,  'Water  pollu- 
tion, Cadmium,  Chromium,  Copper,  Cyanide, 
Mercury,  Organic  pollutants,  Zinc. 

An  enzymatic  toxicity  test  for  the  toxicological 
examination  of  water  samples,  based  on  the  inhibi- 
tion of  urease  by  toxic  substances,  in  particular  by 
several  heavy  metals  was  developed.  Calibration 
curves  for  the  heavy  metals  Hg(II),  Cu(II),  Cd(II), 
Zn(II),  and  Cr(II)  were  determined  and  the  effect 
of  mixtures  of  two  heavy  metals  was  examined.  In 
addition,  15  organic  toxicants  and  cyanide  ions 
were  tested  for  their  influence  on  urease  inhibition. 
The  detection  limit  of  the  test  was  determined  to 
be  0.1  ppb  for  Hg(II)  and  Zn(II),  10  ppb  for  Cu(II) 
and  100  ppb  for  Cd(II)  and  Cr(III);  of  the  organic 
toxicants  tested,  mercaptobenzothiazole,  oxalic 
acid,  p-methoxybenzaldehyde  and  formaldehyde 
had  the  greatest  inhibitory  effect  on  urease.  Trich- 
loroethylene  and  phenol  showed  no  urease  inhibi- 
tion up  to  a  concentration  of  100  ppm.  In  23  of 
more  than  100  water  samples,  taken  from  the  river 
Saar,  its  tributaries,  and  several  small  brooks  (Nied, 
Prims,  and  Blies),  urease  inhibition  was  found  and 
the  inhibiting  effect  was  transformed  to  mercury 
equivalent  values.  (Author's  abstract) 
W9 1-07990 


EVALUATION  OF  WASTE  WATER  TOXICITY 
WITH  THREE  CYTOTOXICITY  TESTS. 

Munich  Univ.  (Germany,  F.R.).  Inst,  fuer  Zoolo- 

gie  and  Hydrobiologie. 

M.  Haider,  and  W.  Ahne. 

Zeitschrift  fuer  Wasser-  und  Abwasser  Forschung 

ZWABAQ,  Vol.  23,  No.  6,  p  233-236,  December 

1990,  3  tab,  15  ref. 

Descriptors:  'Analytical  methods,  'Cytotoxicity, 
•Testing  procedures,  'Toxicity,  'Toxicology, 
•Wastewater  analysis,  Cell  cultures,  Cytology, 
Germany,  Minnow,  Performance  evaluation,  Reg- 
ulations. 

Currently,  the  German  Waste  Water  Act  requires 
the  'fish  test'— in  which  mortality  of  the  test  orga- 
nism, the  golden  ide  (Leuciscus  idus  melanotus),  is 
used  as  the  measure  of  toxicity-for  determining 
the  toxicity  of  wastewaters.  This  use  of  the  test 
animals  is  in  conflict  with  the  German  Animal 
Welfare  Act.  Fish  cell  cultures  have  been  suggest- 
ed as  possible  alternatives  to  reduce  or  replace  the 
live  fish  test.  The  cytotoxicity  of  97  waste  waters 
were  determined  from  fish  cell  cultures  using  as 
the  endpoints  cell  attachment,  morphology,  cell 
number  and  cell  viability.  The  results  of  fish  tests 
using  live  golden  ide  were  compared  with  the 
results  of  cytotoxicity  tests  which  were  performed 
in  parallel  on  the  same  wastewaters.  Cell  attach- 
ment was  determined  microscopically  on  plates 
stained  with  crystal  violet.  Cell  morphology  and 
cell  number  were  determined  with  the  Rl  cytotox- 
icity test,  which  uses  a  permanent  fibroblastic  fish- 
cell  culture  (Rl  cells).  Cell  viability  was  assayed 
with  the  vital  dyes  neutral  red  and  MTT  (3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyl  tetrazolium  bro- 
mide). The  photometrically-evaluated  Rl  cytotoxi- 
city test  showed  the  highest  detection  rate  (23%) 
and  the  best  agreement  (89%)  with  the  fish  test,  as 
measured  by  the  lowest  dilution  of  a  wastewater 
which  causes  no  cytotoxicity  within  24  hours  (GZ 
value)  or  fish  toxicity  within  48  hours  (GF  value). 
The  results  confirm  the  ability  of  fish-cell-culture 
cytotoxicity  tests  to  detect  waste  toxicity  as  re- 
quired by  the  German  Waste  Water  Act.  (King- 
PTT) 
W9 1-07992 


RESPIROMETRIC  DETERMINATION  OF 
WASTEWATER  BIODEGRADATION  IN  A  BIO- 
LOGICAL TREATMENT  PLANT. 

Kemijski  Inst.  Boris  Kidric,  Ljubljana  (Yugoslav- 
ia). 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07993 


INTER-ELEMENT  INTERFERENCE  STUDIES 
IN  THE  DETERMINATION  OF  TRACE 
AMOUNTS  OF  PLUTONIUM  BY  INDUCTIVE- 
LY COUPLED  PLASMA-ATOMIC  EMISSION 
SPECTROMETRY. 

Bhabha  Atomic  Research  Centre,  Bombay  (India). 
Radiochemistry  Div. 

M.  J.  Kulkarni,  S.  K.  Thulasidas,  N.  Goyal,  A.  G. 
Page,  and  M.  D.  Sastry. 

Analytical  Letters  ANALBP,  Vol.  23,  No.  11,  p 
2095-2106,  November  1990.  3  tab,  10  ref. 

Descriptors:  'Analytical  methods,  'Chemical  anal- 
ysis, 'Plutonium,  'Pollutant  identification,  'Water 
analysis,  Detection  limits,  Emission  spectrometry, 
Lanthanide  elements,  Thorium,  Trace  levels,  Ura- 
nium. 

Trace  amounts  of  plutonium  in  aqueous  solutions 
have  been  determined  by  an  inductively  coupled 
argon  plasma-atomic  emission  spectrometric  tech- 
nique. Extensive  studies  have  been  carried  out  on 
inter-element  interference  effects  for  two  plutoni- 
um lines,  viz.,  300.06  nm  and  453.6  nm,  due  to  the 
presence  of  uranium,  thorium,  lanthanides  and 
other  metallic  elements  in  the  sample  solutions. 
The  analytical  range  obtained  was  0.1  to  100 
microg/ml,  with  a  precision  of  better  than  1% 
relative  standard  deviation.  Analysis  of  reference 
standards  indicated  close  agreement  (within  4%) 
between  expected  and  observed  plutonium 
amounts.  The  inter-element  effect  studied  for  both 
plutonium  lines  permitted  the  following  conclu- 
sions: (1)  plutonium  determination  at  10  microg/L 
is  free  from  any  interference  due  to  the  presence  of 
13  metallic  elements  at  ten  times  the  analyte 
amount;  (2)  the  concomitant  presence  of  13  lantha- 
nide elements  does  not  effect  plutonium  determina- 
tion; and  (3)  neither  of  the  analytical  lines  show 
any  interference  due  to  the  presence  of  uranium 
and  thorium  at  up  to  5  times  the  analyte  amount. 
(MacKeen-PTT) 
W9 1-07996 


TOXICITY  OF  MICROENCAPSULATED  PER- 
METHRIN  TO  SELECTED  NONTARGET 
AQUATIC  INVERTEBRATES. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07998 


CHEMOMETRIC  COMPARISON  OF  POLY- 
CHLORINATED  BIPHENYL  RESIDUES  AND 
TOXICOLOGICALLY  ACTIVE  POLYCHLORI- 
NATED  BIPHENYL  CONGENERS  IN  THE 
EGGS  OF  FORSTER'S  TERNS  (STERNA  FOS- 
TERI). 

Fish  and  Wildlife  Service,  Columbia,  MO. 
T.  R.  Schwartz,  and  D.  L.  Stalling. 
Archives    of   Environmental    Contamination    and 
Toxicology  AECTCV,  Vol.  20,  No.  2,  p  183-199, 
February  1991.  6  fig,  6  tab,  47  ref. 

Descriptors:  'Analytical  methods,  'Aroclors, 
•Pollutant  identification,  'Polychlorinated  biphen- 
yls,  'Toxicology,  *Water  birds,  Bird  eggs,  Data 
interpretation,  Gas  chromatography,  Model  stud- 
ies, Wisconsin. 

The  separation  and  characterization  of  complex 
mixtures  of  polychlorinated  biphenyls  (PCBs)  was 
approached  from  the  perspective  of  a  problem  in 
chemometrics.  A  congener-specific  procedure  was 
utilized  for  the  determination  of  PCBs  in  which  n- 
alkyl  trichloroacetates  are  used  as  retention  index 
marker  compounds.  Retention  indices  were  repro- 
ducible in  the  range  of  +/-0.05  to  +/-0.07  de- 
pending on  the  specific  congener.  A  laboratory 
data  base  system  developed  to  aid  in  the  editing 
and  quantitation  of  data  generated  from  capillary 
gas  chromatography  was  employed  to  quantitate 


chromatographic  data.  In  the  chemometric  evalua- 
tion of  these  complex  chromatographic  profiles, 
data  are  viewed  from  a  single  analysis  as  a  point  in 
multi-dimensional  space.  Principal  Components 
Analysis  was  used  to  obtain  a  representation  of 
data  in  lower  dimensional  space.  Analysis  of  eggs 
collected  from  Forster's  tern  colonies  near  Lake 
Poygan  and  Green  Bay,  Wisconsin,  indicated  aver- 
age total  PCB  concentrations  of  4.79  and  21.0  mg/ 
kg,  respectively.  Profiles  of  PCB  constituents  dif- 
fered between  bird  eggs  of  the  two  colonies.  Fur- 
thermore, residues  could  not  be  accurately  repre- 
sented as  Aroclor  equivalents.  (MacKeen-PTT) 
W9 1-08000 


SENSITIVITY  OF  CERIODAPHNIA  DUBIA 
AND  DAPHNIA  MAGNA  TO  SEVEN  CHEMI- 
CALS UTILIZING  THE  THREE-BROOD  TEST. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 

Toxicology  and  Chemistry  Research  Lab. 

U.  M.  Cowgill,  and  D.  P.  Milazzo. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  211-217, 

February  1991.  9  tab,  18  ref. 

Descriptors:  •Analytical  methods,  'Bioassay,  •Pol- 
lutant identification,  'Toxicity,  'Toxicology, 
•Water  quality  monitoring,  •Waterfleas,  Alcohols, 
Daphnia,  Lethal  limit,  Organic  compounds,  Phen- 
ols, Three-brood  test,  Trihalomethanes. 

The  sensitivity  of  Ceriodaphnia  dubia  and  Daphnia 
magna  to  ethanol,  acetone,  phenol,  4-chlorphenol, 
trichloromethane,  diethanolamine  and  chloroben- 
zene  was  investigated  using  the  three-brood  test. 
Total  progeny,  number  of  broods  and  mean  brood 
size  provided  results  of  the  same  order  of  magni- 
tude for  each  compound  for  a  specific  organism. 
Dry  weight  proved  to  be  a  poor  endpoint.  The 
response  of  C.  dubia  to  six  compounds  failed  to 
provide  a  determinable  EC50  due  to  a  lack  of 
significance  of  the  regression  equation.  In  the  case 
of  D.  magna,  only  five  of  the  seven  compounds 
provided  a  determinable  result  for  dry  weight. 
Compared  to  the  results  based  on  total  progeny, 
number  of  broods  and  mean  brood  size,  dry  weight 
results  in  the  absolute  sense  for  D.  magna  were  less 
sensitive  for  ethanol,  phenol,  4-chlorophenol,  more 
sensitive  for  trichloromethane,  and  about  the  same 
for  diethanolamine  as  were  the  results  for  total 
progeny.  For  both  cladocerans,  progeny  was  the 
most  sensitive  endpoint  for  ethanol.  For  the  other 
six  compounds,  survival  at  the  end  of  the  three- 
brood  test  provided  LC50/EC50  results  of  the 
same  order  of  magnitude  as  progeny,  number  of 
broods  and  mean  brood  size.  The  three-brood  test 
results  for  D.  magna  prove  this  organism  to  be  the 
most  sensitive  to  four  of  the  seven  compounds, 
among  other  organisms  that  have  been  tested.  (Au- 
thor's abstract) 
W9 1-08001 


EFFECTS    OF    METALS    ON    EARLY    LIFE 

STAGES  OF  THE  BRINE  SHRIMP,  ARTEMIA: 

A  DEVELOPMENTAL  TOXICITY  ASSAY. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Biology. 

T.  H.  MacRae,  and  A.  S.  Pandey. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  247-252, 

February  1991.  4  fig,  25  ref. 

Descriptors:  'Bioassay,  'Bioindicators,  'Brine 
shrimp,  'Heavy  metals,  'Metals,  'Pollutant  identi- 
fication, 'Toxicity,  Analytical  methods,  Aquatic 
animals,  Coastal  waters,  Copper,  Lead,  Life  cycles, 
Nickel,  Toxic  metals,  Water  quality  monitoring, 
Zinc. 

The  influence  of  four  metals,  cupric  sulfate,  lead 
nitrate,  zinc  sulfate  and  nickel  sulfate,  on  emer- 
gence and  hatching  of  the  brine  shrimp,  Artemia, 
was  assessed.  Occurrence  of  these  easily  measured 
milestones  provides  a  convenient  method  to  assay 
metal  effects  on  development.  Copper  and  lead 
were  about  equally  toxic,  reducing  the  rate  and 
extent  of  Artemia  development  at  or  below  con- 
centrations of  0. 1  microM.  Zinc  was  somewhat  less 
toxic  than  copper  and  lead,  while  nickel  was  the 
least  toxic.  Emerging  Artemia  were  much  more 
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sensitive  to  metals  than  were  larvae  and  adults. 
Furthermore,  in  contrast  to  results  obtained  with 
larvae  and  adults,  the  toxicity  of  lead  was  high 
when  prelarval  stages  were  considered.  It  is  con- 
cluded from  these  findings  that  use  of  early  stages 
of  Artemia  is  an  alternative  to  the  examination  of 
slower  growing  animals  for  the  study  of  metal 
pollution  in  coastal  marine  waters.  (Author's  ab- 
stract) 
W9 1-08005 

CHLORINATED  AND  METHYLATED  DIBEN- 
ZOTHIOPHENES:  PREPARATION  OF  THE 
MODEL  COMPOUNDS  AND  THEIR  ANALY- 
SIS FROM  SOME  ENVIRONMENTAL  SAM- 
PLES 

Jyvaeskylae  Univ.  (Finland).  Dept.  of  Chemistry. 
S.  Sinkkonen,  and  J.  Koistinen. 
Chemosphere  CMSHAF,  Vol.  21,  No.   10/11,  p 
1161-1171,  1990.  7  fig,  1  tab,  13  ref. 

Descriptors:  *Analytical  methods,  *Chemical  anal- 
ysis, 'Chlorinated  hydrocarbons,  'Laboratory 
methods,  'Pollutant  identification,  Dibenzothio- 
phenes,  Environmental  samples,  Gas  chromatogra- 
phy, Mass  spectrometry,  Sediment  analysis,  Syn- 
thesis, Tissue  analysis,  Water  analysis. 

Several  chlorinated  and  methylated  dibenzothio- 
phenes  have  been  synthesized  to  serve  as  model 
compounds  in  environmental  and  toxicological 
analysis.  Samples  investigated  included  Baltic 
salmon,  a  Baltic  seal,  pulp  mill  effluent,  a  sediment, 
and  incubated  mussel  samples.  The  retention  times 
and  mass  spectra  obtained  for  the  compounds 
made  it  possible  to  analyze  these  compounds  in 
some  environmental  samples.  In  low  resolution 
mass  spectrometry,  the  chlorinated  dibenzothio- 
phenes  have  the  same  M  +  ,  M  +  2,  and  M  +  4  ions 
as  the  corresponding  chlorinated  dibenzo-p-diox- 
ins.  There  is  also  interference  from  other  com- 
pounds with  the  same  retention  times  as  the  chlor- 
inated dibenzothiophenes,  necessitating  further  pu- 
rification of  environmental  samples.  Results  indi- 
cated that  the  concentrations  of  the  polychlonnat- 
ed  and  polymethylated  dibenzothiophenes  in  envi- 
ronmental samples  were  below  the  ppb  level,  but 
did  not  exclude  the  possibility  of  the  compounds 
occurring  in  the  environment.  (MacKeen-PTT) 
W9 1-080 17 

ANALYSIS     OF     POLYCHLORINATED     DI- 
BENZO-P-DIOXINS  (PCDD)  AND  POLYCHLO- 
RINATED DIBENZOFURANS  (PCDF)  IN  SOIL 
AND    DIGESTED    SEWAGE    SLUDGE   FROM 
STOCKHOLM,  SWEDEN. 
Stockholm  Univ.  (Sweden).  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-08020 

IMPORTANCE  OF  CLOSELY  SPACED  VERTI- 
CAL SAMPLING  IN  DELINEATING  CHEMI- 
CAL AND  MICROBIOLOGICAL  GRADIENTS 
IN  GROUNDWATER  STUDIES. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

R.  L.  Smith,  R.  W.  Harvey,  and  D.  R.  LeBlanc. 
Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
7,  No.  3,  p  285-300,  February  1991.  8  fig,  24  ref. 

Descriptors:  'Bacterial  analysis,  'Chemical  analy- 
sis, 'Groundwater  pollution,  'Path  of  pollutants, 
•Pollutant  identification,  'Water  quality  monitor- 
ing, 'Water  sampling,  Cape  Cod,  Dissolved 
oxygen,  Environmental  gradient,  Massachusetts, 
Pollutants,  Unconfined  aquifers. 

Vertical  gradients  of  selected  chemical  constitu- 
ents, bacterial  populations,  bacterial  activity  and 
electron  acceptors  were  investigated  for  an  uncon- 
fined aquifer  with  nitrate  and  organic  compounds 
on  Cape  Cod,  Massachusetts.  Fifteen-port  multi- 
level sampling  devices  were  installed  within  the 
contaminant  plume  at  the  source  of  the  contamina- 
tion, and  at  250  and  2100  m  downgradient  from  the 
source.  Depth  profiles  of  specific  conductance  and 
dissolved  oxygen  at  the  downgradient  sites  exhibit- 
ed vertical  gradients  that  were  both  steep  and 
inversely  related.  Narrow  zones  (2-4  m  thick)  of 
high  nitric  oxide  and  ammonium  concentrations 


were  also  detected  within  the  contaminant  plume. 
A  27-fold  change  in  bacterial  abundance;  a  35-fold 
change  in  frequency  of  dividing  cells,  an  indicator 
of  bacterial  growth;  a  23-fold  change  in  tritiated 
glucose  uptake,  a  measure  of  heterotrophic  activi- 
ty; and  substantial  changes  in  overall  cell  morphol- 
ogy were  evident  within  a  9-m  vertical  interval 
and  at  250  m  downgradient.  The  existence  of  these 
gradients  argues  for  the  need  for  closely  spaced 
vertical  sampling  in  groundwater  studies  because 
small  differences  in  the  vertical  placement  of  a 
well  screen  can  lead  to  incorrect  conclusions  about 
the  chemical  and  microbiological  processes  within 
an  aquifer.  (Author's  abstract) 
W91-08043 

MARINE  POLLUTION  BIOASSAY  BY  SEA 
URCHIN  EGGS,  AN  ATTEMPT  TO  ENHANCE 
SENSITIVITY. 

Doshisha  Univ.,  Kyoto  (Japan).  Biological  Lab. 
N.  Kobayashi. 

Publications  of  Seto  Marine  Biological  Laboratory 
PSMPAO,  Vol.  34,  No.  4/6,  p  225-237,  August 
1990.  1  fig,  8  tab,  10  ref. 

Descriptors:  'Bioassay,  'Echinoderms,  'Marine 
animals,  'Marine  pollution,  'Pollutant  identifica- 
tion, 'Toxicology,  Analytical  methods,  Animal 
physiology,  Eggs,  Hatakejima  Island,  Japan, 
Larvae. 

A  sensitive  method  for  marine  pollution  bioassy 
utilizes  developing  sea  urchin  (Anthocidaris  crassi- 
spina  and  Hemicentrotus  pulcherrimus)  eggs  and 
larvae.  Rates  of  first  cleavage,  pluteus  formation 
and  some  abnormalities  in  development  were 
checked  in  eggs  exposed  to  water  samples  at  26 
and  18  C.  In  a  departure  from  previous  methods, 
the  embryos  or  larvae  deposited  on  the  bottom 
were  also  examined  in  the  assay.  Examination  of 
the  effect  of  some  chemicals  on  the  first  cleavage 
and  pluteus  formation  indicated  an  inhibitory  effect 
of  the  following  chemicals,  in  order  of  decreasing 
magnitude:  Cu,  Zn,  Ni,  Cd,  Mn,  Co,  ABS,  and 
ammonia.  Bioassay  of  water  from  four  stations 
around  Hatakejima  Island  indicated  that  teh  degree 
of  pollution  was  more  pronounced  on  the  land  side 
of  the  island,  where  the  water  is  heavily  polluted 
by  waste  products  of  fish  rearing  and  otehr  wastes. 
On  the  basis  of  the  results,  a  new  ranking  system  of 
sea  water  pollution  (Ranking  IV)  having  four  in- 
hibitory degrees  is  proposed.  (MacKeen-PTT) 
W9 1-08044 


ly,  no  difference  was  noted  between  methods  of 
storage  and  of  subcellular  preparation  with  regard 
to  the  rate  of  induction  of  EROD  activity  between 
polluted  and  reference  areas.  It  is  concluded  that, 
in  most  cases,  the  postmitochondiial  fraction  from 
the  liver  homogenized  in  buffer  containing  20% 
glycerol  prior  to  freezing  in  liquid  nitrogen  is  a 
useful  preparation  for  measuring  EROD  activity  as 
a  pollution  indicator.  (Author's  abstract) 
W9 1-08051 


EFFECT    OF    STORAGE    CONDITIONS    AND 

SUBCELLULAR   FRACTIONATION   OF   FISH 

LIVER    ON    CYTOCHROME    P-450-DEPEND- 

ENT    ENZYMATIC    ACTIVITIES    USED    FOR 

THE  MONITORING  OF  WATER  POLLUTION. 

Ecole  Nationale   Veterinaire   de   Lyon  (France). 

Lab.  d'Ecotoxicologie. 

G.  Monod,  and  E.  Vindimian. 

Water  Research  WATRAG,  Vol.  25,  No.  2,  p  173- 

177,  February  1991.  6  fig,  13  ref. 

Descriptors:  'Bioindicators,  'Enzymes,  'Fish, 
•Monitoring,  'Sample  preparation,  France,  Liver, 
Polychlorinated  biphenyls,  Rhone  River,  Sample 
preservation,  Water  pollution. 

Hepatic  cytochrome  P-450-dependent  monooxy- 
genase  activities  of  fish,  especially  O-deethylase 
activity  (EROD  activity)  have  been  proposed  as 
possible  indicators  of  water  pollution.  Neverthe- 
less, there  is  a  need  for  comparisons  between  dif- 
ferent methods  of  storage  and  of  subcellular  frac- 
tionation of  the  liver  with  regard  to  absolute  activi- 
ty and  responsiveness  of  EROD  activity  to  pollu- 
tion. Livers  of  nase  (Chondrostoma  nasus)  were 
collected  in  PCB-polluted  and  reference  areas  of 
the  River  Rhone.  They  were  stored  in  liquid  nitro- 
gen either  after  slicing  or  after  homogenization  in 
phosphate  buffer  containing  20%  glycerol;  subcel- 
lular fractionations  were  performed  at  the  labora- 
tory. Results  demonstrate  the  deleterious  effect  of 
freezing  slices  of  liver  on  EROD  activity  and  point 
out  the  protective  effect  of  homogenizing  in  buffer 
containing  20%  glycerol  (a  cryoprotector)  prior  to 
freezing.  Moreover,  a  3-fold  higher  EROD  activi- 
ty was  observed  in  the  microsomal  fraction  as 
compared  to  the  postmitochondrial  fraction.  Final- 


EFFECT  OF  HEAVY  METALS  ON  SHORT- 
TERM  PHOTOSYNTHETIC  RATES  IN  POTA- 
MOGETON  AMPLIFOLIUS. 

Oral  Roberts  Univ.,  Tulsa,  OK.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-08077 


ACUTE  TOXICITY  OF  PETROLEUM  HYDRO- 
CARBONS TO  THE  ARCTIC  SHALLOW- 
WATER  MYSID,  MYSIS  OCULATA  (FABRI- 
CIUS). 

Arctic  Biological  Station,  Ste.  Anne  de  Bellevue 

(Quebec). 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-08085 

SIGNIFICANCE  OF  FRACTIONATION  METH- 
ODS IN  ASSESSING  THE  CHEMICAL  FORM 
OF  PHOSPHATE  ACCUMULATED  BY  ACTI- 
VATED SLUDGE  AND  AN  ACINETOBACTER 
PURE  CULTURE. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
For  primary  bibliographic  entry  see  Field  5D. 
W91-08087 

IMPORTANCE,  DETERMINATION,  AND  OC- 
CURRENCE OF  INORGANIC  CHEMICAL 
CONTAMINANTS  AND  NUTRIENTS  IN 
SOUTH  AFRICAN  MUNICIPAL  SEWAGE 
SLUDGES. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-08089 

COMPLETE  ANALYSIS  OF  TECHNICAL 
CHLORDANE  USING  NEGATIVE  IONIZA- 
TION MASS  SPECTROMETRY. 

Indiana  Univ.,  Bloomington.  School  of  Public  and 

Environmental  Affairs. 

M.  A.  Dearth,  and  R.  A.  Hites. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  25,  No.  2,  p  245-254,  February 

1991.  6  fig,   1  tab,  26  ref.  U.  S.  Department  of 

Energy  grant  87ER-60530. 

Descriptors:  *Pollutant  identification,  'Pesticides, 
'Chlorinated  hydrocarbons,  'Insecticides,  'Chlor- 
dane,  Analytical  methods,  Separation  techniques, 
'Mass  spectrometry,  Gas  chromatography,  X-ray 
diffraction,  Fates  of  pollutants,  Pesticide  residues. 

Technical  chlordane,  a  mixture  of  more  than  140 
compounds,  was  a  pesticide  that  was  used  until 
1988  when  both  sale  and  use  were  voluntarily 
suspended.  Because  of  its  persistence,  an  estimated 
25-50%  of  all  the  technical  chlordane  ever  pro- 
duced still  exists  unaltered  in  the  environment. 
Using  electron  capture,  negative  ionization  mass 
spectrometry  combined  with  high-resolution  gas 
chromatography,  more  than  120  components  of 
technical  chlordane  have  been  resolved.  The  com- 
ponents identified  include  chlorbicyclen  and  relat- 
ed compounds,  compounds  based  on  a  C- 11  carbon 
skeleton,  and  compounds  based  on  a  C-15  carbon 
skeleton.  Many  additional  isomers  of  C-10  derived 
compounds  have  also  been  separated  and  tentative- 
ly identified.  X-ray  crystallography  was  used  to 
confirm  the  structures  of  alpha,  beta,  gamma  and 
isomer  II  chlordane,  thus  resolving  conflicting  re- 
ports in  previous  literature.  Gas  chromatographic 
retention  data  as  well  as  electron  capture,  negative 
ion  mass  spectral  features  used  to  discern  structural 
characteristics  for  147  components  of  technical 
chlordane   are   presented.   These   data   should   be 
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useful    to   workers   interested    in   identifying   and 
quantitating  chlordane's  many  components  where- 
ever  they  are  found.  (Doyle-PTT) 
W9 1-08099 


RARE  EARTH  ELEMENTS  IN  SEDIMENTS 
OFF  SOUTHERN  CALIFORNIA:  A  NEW  AN- 
THROPOGENIC INDICATOR. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Nuclear 
Reactor  Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-08 105 


CHROMATOGRAPHIC  SEPARATION  AND 
DETERMINATION  OF  CARCINOGENIC 
BENZ(OACRIDINES  IN  CREOSOTE  OILS. 

Meiji  Coll.  of  Pharmacy,  Tokyo  (Japan). 
N.  Motohashi,  K.  Kamata,  and  R.  Meyer. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  25,  No.  2,  p  342-346,  February 
1991,  4  fig,  2  tab,  32  ref. 

Descriptors:  •Analytical  techniques,  'Aromatic 
compounds,  'Chromatography,  'Creosote,  'Pol- 
lutant identification,  'Separation  techniques,  Coal 
tars,  Fluorescence,  Gas  chromatography,  High 
performance  liquid  chromatography,  Mass  spec- 
trometry. 

Only  a  few  of  the  theoretically  possible  isomers  of 
methyl-substituted  benz  (c)  acridines  (BAcs)  exhib- 
it high  carcinogenic  activity,  yet  one  of  the  most 
challenging  problems  arising  from  the  analysis  of 
such  substances  is  the  identification  of  individual 
isomers  in  the  BAcs  molecules.  A  separation  and 
detection  scheme  has  been  developed  for  the  un- 
ambiguous identification  of  benz(c)acridines  and 
their  methyl-substituted  congeners  (BAcs)  found  in 
creosote  oils,  a  complex  mixture  of  coal  tar  distil- 
lates. After  selective  enrichment  (including  liquid/ 
liquid-acid/base  partition,  column  chromatography 
on  Sephadex  LH  20  and  ion-exchange  chromatog- 
raphy), basic  fractions  of  a  creosote  oil  sample 
were  analyzed  by  high  performance  liquid  chroma- 
tography (HPLC)  with  fluorescence  detection  and 
subsequent  capillary  gas  chromatography  with  a 
thermionic  specific  detector  (TSD).  A  basis  frac- 
tion was  further  separated  by  HPLC  and  followed 
by  thin-layer  chromatography  (HPTLC).  The  sub- 
fractions  were  examined  in  detail  by  gas  chroma- 
tography-mass  spectrometry  (GC-MS)  and  fluores- 
cence spectrophotometry.  This  approach  leads  to 
the  positive  identification  of  many  specific  BAcs. 
The  concentrations  of  identified  BAcs 
(benz(c)acridine,  9-methy!benz(c)acridine,  and  10- 
methylbenz(c)acridine)  in  creosote  oil  were  at  the 
levels  of  7.7,  18.4,  and  192.7  micrograms/gram 
respectively.  (Doyle-PTT) 
W9 1-08 107 


DETERMINATION      OF      PHOSPHATE      IN 
WATERS  BY  FLOW  INJECTION  ANALYSIS. 

Universitat  de  les  Hies  Balears,  Palma  de  Mallorca 
(Spain).  Dept.  de  Chemistry. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-08 122 


CHANGES  IN  ULTRA  WEAK  LUMINESCENCE 
FROM  LIVING  FISH  INDUCED  BY  THREE 
CHEMICALS. 

Beijing  Municipal  Research  Inst,  of  Environmental 

Protection  (China). 

For  primary  bibliographic  entry  see  Field  5C. 

W91-08164 


EFFECT  OF  STARVATION  ON  TRACE  METAL 
LEVELS  IN  BLUE  MUSSELS  (MYTILUS 
EDULIS). 

Department    of    Fisheries    and    Oceans,    Halifax 

(Nova   Scotia).   Physical  and   Chemical   Sciences 

Branch. 

C.  L.  Chou,  and  J.  F.  Uthe. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  3,  p  473-478, 

March  1991.  2  tab,  18  ref. 

Descriptors:  'Bioaccumulation,  'Bioindicators, 
•Bivalves,  'Monitoring,  'Nutrition,  'Path  of  pol- 


lutants, 'Sea  mussels,  'Trace  metals,  Animal  physi- 
ology, Animal  tissues,  Coasts,  Excretion,  Heavy 
metals,  Marine  pollution,  Starvation,  Tissue  analy- 
sis. 

The  use  of  bivalves  as  monitors  of  marine  coastal 
contamination  has  become  widespread,  however, 
many  investigations  have  shown  that  numerous 
factors  affect  contaminant  concentrations,  in  par- 
ticular trace  metals,  in  mussel  tissues.  An  investiga- 
tion was  made  of  the  effect  of  starvation  on  a 
number  of  trace  elements  in  blue  mussels  (Mytilus 
edulis)  to  determine  which  elements  were  not 
eliminated  as  the  animal  starved  (a  'burden'  control 
model)  and  which  elements  were  excreted  (a  'con- 
centration' control  model)  in  response  to  decreas- 
ing tissue  weight.  Mussels  were  collected  in  the 
vicinity  of  Petit  Rocher,  New  Brunswick,  Canada, 
approximately  10  km  from  a  coastal  lead  smelter. 
Twenty-five  were  analyzed  one  day  later,  and  a 
second  group  was  held  in  filtered,  flowing  sea- 
water  for  3  months  without  feeding  prior  to  autop- 
sy and  trace  elemental  determinations.  Starvation 
had  no  effect  on  either  shell  length  or  total  weight, 
however,  a  substantial  decline  (43.3%)  in  soft 
tissue  weight  was  observed.  Substantial  differences 
were  observed  in  the  responses  of  trace  metal 
concentrations  and  burdens  to  starvation.  Neither  a 
significant  amount  of  cadmium  (Cd),  copper  (Cu), 
nor  magnesium  (Mg)  were  eliminated  during  star- 
vation, resulting  in  significant  increases  in  concen- 
trations of  the  soft  tissue  mass  but  without  any 
significant  changes  in  its  metal  burden.  Starvation 
resulted  in  a  significant  drop  in  zinc  (Zn),  arsenic 
(As)  and  lead  (Pb)  in  the  tissue  burden,  whereas 
the  Zn,  Sn,  and  Pb  concentrations  remained  un- 
changed. Both  silver  (Ag)  concentration  and 
burden  were  increased  by  starvation.  Manganese 
(Mn),  selenium  (Se),  and  iron  (Fe)  concentrations 
increased  significantly  over  the  starvation  period 
while  the  burdens  showed  significant  decreases. 
These  results  show  that  trace  metals  in  mussels  are 
under  the  influence  of  a  variety  of  mechanisms. 
Results  suggest  that  modeling  the  mussel  system 
will  be  complex  and  may  necessitate  dealing  with 
trace  metals  on  both  an  individual  and  interactive 
basis.  (VerNooy-PTT) 
W9 1-08 167 


RECENT  METHODS  FOR  THE  DETERMINA- 
TION OF  VOLATILE  AND  NON-VOLATILE 
ORGANIC  COMPOUNDS  IN  NATURAL  AND 
PURIFIED  DRINKING  WATER. 

Centre  de  Recherche  Lyonnaise  des  Eaux  -  Degre- 
mont,  Le  Pecq  (France). 

A.  Bruchet,  M.  F.  Legrand,  P.  Arpino,  and  D. 
Dilettato. 

Journal  of  Chromatography.  Biomedical  Applica- 
tions JCBADL,  Vol.  562,  p  469-480,  1991.  1 1  fig,  2 
tab,  14  ref. 

Descriptors:  'Chemical  analysis,  'Chromatogra- 
phy, 'Dissolved  organic  carbon,  'Drinking  water, 
'Laboratory  methods,  'Pollutant  identification, 
'Separation  techniques,  Analytical  methods,  Mass 
spectrometry,  Organic  pollutants,  Preconcentra- 
tion,  Reviews. 

Four  analytical  protocols  for  the  extraction  and 
preconcentration  of  organic  residues  in  natural  or 
purified  drinking  water  were  investigated  and 
compared:  closed  loop  stripping  analysis;  simulta- 
neous extraction-distillation;  purge  and  trap  analy- 
sis; and  continuous  liquid-liquid  extraction.  Organ- 
ic extracts  were  submitted  to  a  variety  of  separa- 
tion and  identification  techniques.  Volatiles  were 
determined  by  conventional  capillary  column  gas 
chromatography  with  tandem  mass  spectrometry, 
using  triple-stage  quadrupole  instruments.  Non- 
volatile and  thermally  labile  molecules  were  inves- 
tigated by  several  different  techniques,  i.e,  high- 
temperature  gas  chromatography,  capillary 
column  supercritical  fluid  chromatography,  pyrol- 
ysis  gas  chromatography-mass  spectrometry,  ther- 
mospray  liquid  chromatography  with  tandem  mass 
spectrometry  and  conventional  fast-atom  bombard- 
ment with  tandem  mass  spectrometry.  Several 
samples  recently  examined  in  the  laboratory  pro- 
vide examples  of  this  multi-technique  approach  for 
a  more  complete  knowledge  of  the  organic  carbon 
distribution  in  water-dissolved  matter,  taking  into 
account  organic  substances  with  widely  different 


volatilities,  polarities  and  thermal  stabilities.  Meth- 
ods described  are  not  intended  to  be  exhaustive 
and  definitive,  but  are  an  array  of  experimental 
methods  that  can  be  used  routinely  in  the  laborato- 
ry for  odor  and  taste-quality  controls,  and  for  the 
determination  of  macromolecules  of  biological 
origin  that  may  have  a  significant  bearing  on  the 
efficiency  of  water  purification  processes.  (Au- 
thor's abstract) 
W9 1-08 177 


GAS  CHROMATOGRAPHIC-MASS  SPECTRO- 
METRY CHARACTERIZATION  OF  VOLA- 
TILE ORGANIC  COMPOUNDS  IN  BARCELO- 
NA TAP  WATER. 

Institut  d'Estudis  Catalans,  Barcelona  (Spain). 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-08 178 


GAS  CHROMATOGRAPHIC-MASS  SPECTRO- 
METRY ANALYSIS  OF  URBAN-RELATED 
AQUATIC  AND  AIRBORNE  VOLATILE  OR- 
GANIC COMPOUNDS:  STUDY  OF  THE  EX- 
TRACTS OBTAINED  BY  WATER  CLOSED- 
LOOP  STRIPPING  AND  AIR  ADSORPTION 
WITH  CHARCOAL  AND  POLYURETHANE 
FOAM. 

Centro  de  Investigacion  y  Desarrollo,  Barcelona 
(Spain).  Dept.  of  Environmental  Chemistry. 
A.  Rosell,  J.  I.  Gomez-Belinchon,  and  J.  O. 
Grimalt. 

Journal  of  Chromatography.  Biomedical  Applica- 
tions JCBADL,  Vol.  562,  p  493-506,  1991.  3  fie,  2 
tab,  31  ref. 

Descriptors:  'Air  pollution,  'Gas  chromatogra- 
phy, 'Mass  spectrometry,  'Pollutant  identification, 
'Stream  pollution,  'Urban  areas,  'Volatile  organic 
compounds,  Adsorption,  Barcelona,  Benzenes, 
Chlorinated  hydrocarbons,  Distribution,  Hydro- 
carbons, Path  of  pollutants,  Rivers,  Spain,  Volatili- 
ty, Water  sampling. 

The  distribution  of  volatile  organic  compounds 
(VOC)  in  urban-influenced  air  and  river  waters 
was  investigated.  Samples  were  taken  from  the 
waters  of  the  Besos  and  Llobregat  Rivers  and  from 
the  air  in  Barcelona,  Spain.  The  aquatic  VOC  were 
extracted  with  the  closed-loop  stripping  technique 
(CLST)  and  the  airborne  compounds  were  studied 
using  two  methods,  charcoal  and  polyurethane 
foam  adsorption.  In  both  types  of  samples,  CI  to 
C5  alkylbenzenes  and  n-alkanes  constituted  the 
two  major  VOC  groups,  and  the  presence  of  these 
groups  indicated  a  predominance  of  petroleum 
products  in  these  two  environmental  compart- 
ments. Chlorinated  compounds  such  as  polychlor- 
obenzenes,  polychloronaphthalenes  and  hexachlor- 
obutadiene  were  abundant  in  water  samples, 
whereas  tetrachloroethane  was  the  predominant 
chlorinated  airborne  VOC.  The  compounds  col- 
lected with  each  sampling  system  (adsorbent)  were 
described  in  terms  of  ranges  of  volatility.  These 
ranges  (expressed  as  mm  Hg  vapor  pressure  at  25 
C)  were  defined  approximately  as  140  (methyl 
cyclopentane)  to  0.65  (n-undecane)  for  charcoal, 
5.1  (n-nonane)  to  0.000061  (n-docosane)  for  poly- 
urethane foam  and  29  (toluene)  to  0.00029  (n- 
eicosane)  for  the  CLST.  Parallel  air  sampling  with 
charcoal  and  polyurethane  foam  was  therefore 
needed  to  cover  a  VOC  range  similar  to  that 
afforded  by  the  CLST  in  water.  The  charcoal 
extracts,  however,  were  very  significant  from  an 
environmental  standpoint.  Their  VOC  represented 
the  dominant  petrogenic  sources  in  the  urban  at- 
mosphere, being  between  1  and  2  orders  of  magni- 
tude more  concentrated  than  the  compounds  col- 
lected by  polyurethane  adsorption.  Further,  the 
charcoal  VOC  have  been  selected  as  target  com- 
pounds in  monitoring  studies  on  atmospheric 
health  hazards.  (Author's  abstract) 
W9 1-08 179 


ORGANIC  CHEMICAL  ANALYSIS  OF 
GROUND  WATER  IN  LOUISIANA:  WATER 
YEARS  1984-88. 

Geological  Survey,  Baton  Rouge,  LA.  Water  Re- 
sources Div. 
C.  G.  Stuart,  and  C.  R.  Demas. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Sources  Of  Pollution — Group  5B 


Louisiana  Department  of  Transportation  and  De- 
velopment, Water  Resources  Basic  Records 
Report  No.    18,   1990.   80p,   1   fig,   12  tab,  9  ref. 

Descriptors:  *Chemical  analysis,  'Data  collections, 
•Groundwater  pollution,  *Louisiana,  *Organic 
compounds,  *Water  quality,  Aroclors,  Pesticides, 
Pollutant  identification,  Polychlorinated  biphenyls, 
Synthetic  compounds,  Volatile  organic  com- 
pounds, Water  analysis,  Water  pollution. 

The  US  Geological  Survey  (USGS),  in  coopera- 
tion with  the  Louisiana  Department  of  Transporta- 
tion and  Development,  has  collected  and  analyzed 
groundwater  for  synthetic  organic  chemicals,  in- 
cluding pesticides  since  1984.  Synthetic  organic 
chemical  data  collected  and  analyzed  between  Oc- 
tober 1,  1983,  and  September  30,  1988  (water  years 
1984-88)  is  presented.  Samples  were  analyzed  for 
synthetic  organic  compounds  in  the  following  four 
classes:  pesticides,  aroclors  (PCBs),  acid-base/neu- 
tral extractable  (semivolatile)  organics,  and  volatile 
organics.  Eleven  aquifers  and  aquifer  systems  have 
been  sampled  for  the  presence  of  organic  com- 
pounds in  water.  Ninety-three  water  samples  from 
65  wells  from  throughout  the  State  were  collected 
during  water  years  1984-88.  In  general,  water  qual- 
ity was  found  to  be  good  in  the  aquifers  sampled, 
as  indicated  by  the  lack  of  detection  of  pesticides, 
aroclors  (PCBs),  semivolatile  organic  compounds, 
and  volatile  organic  compounds.  Only  39  of  the 
approximately  8,900  individual  analyses  for  organ- 
ic compounds  were  at  or  above  detection  limits. 
These  39  analyses  represented  20  organic  com- 
pounds. The  20  organic  compounds  identified  at  or 
above  detection  limits  were  in  the  following  class- 
es: 7  pesticides,  3  semivolatile  organic  compounds, 
and  10  volatile  organic  compounds.  No  aroclors 
(PCBs)  were  detected.  (Lantz-PTT) 
W91-08183 


AQUATIC  TOXICITY  TESTING. 

Eckenfelder,  Inc.,  Nashville,  TN. 

B.  G.  Isom. 

IN:   Toxicity   Reduction   in   Industrial   Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  18-34, 

4  fig,  4  tab,  21  ref. 

Descriptors:  "Laboratory  methods,  "Toxicity, 
•Toxicology,  *Wastewater  analysis,  'Water  analy- 
sis, 'Water  pollution  effects,  Acute  toxicity,  Bio- 
logical studies,  Conductivity,  Data  interpretation, 
Dissolved  oxygen,  Hydrogen  ion  concentration, 
Water  quality. 

There  are  many  forms  and  methodologies  for  a 
toxicity  test,  the  two  most  commonly  used  today 
are  the  subchronic  and  the  acute.  The  subchronic 
test  is  utilized  to  determine  and  monitor  the  con- 
centration at  which  a  discharge  has  an  effect  on 
survival,  growth,  and  reproduction  of  test  orga- 
nisms. The  term  subchronic  is  used  to  distinguish  a 
four  to  eight  day  test  from  a  full  chronic  test  which 
lasts  one  or  more  life  cycles.  The  acute  toxicity  test 
is  a  short-term  survival  determination  which  in- 
volves exposure  of  a  selected  test  organism,  such  as 
fish  or  water  fleas,  to  a  known  dilution  or  concen- 
tration of  sample  for  a  specific  time  period,  typical- 
ly 48-96  hrs,  but  occasionally  as  short  as  24  hrs.  In 
aquatic  toxicology,  the  critical  measurement  is 
concentration-response,  rather  than  dose-response. 
Concentration  responses  are  observed  when  testing 
effluent  toxicity  and  when  chemicals  are  mixed 
with  water  or  contained  in  effluents;  the  effluent 
concentration  or  the  chemical  concentration  is 
known  or  may  be  measured  in  the  water,  but  the 
dose  received  by  the  organism  is  an  unknown 
quantity.  The  relationship  between  exposure  to 
effluents  or  chemical  concentrations  (dose)  and  the 
magnitude  of  observed  effects  (response)  is  best 
described  by  concentration-response  curves.  The 
four  major  elements  of  a  toxicity  test  for  a  whole 
effluent  include:  obtaining  a  representative  effluent 
or  water  sample(s);  procuring  or  culturing  a 
healthy  test  organism;  applying  the  proper  experi- 
mental design;  and  calculating  the  endpoint.  It  is 
very  important  to  collect  water  quality  data  at  the 
beginning,  during,  and  at  termination  of  toxicity 
tests.  The  dissolved  oxygen  and  pH  should  be 
measured  at  the  beginning  and  end  of  each  24  hr 
test  period  in  one  replicate  at  high,  medium,  and 
low  concentrations  and  the  control.  Conductivity, 


alkalinity,  and  hardness  should  be  measured  in 
100%  effluent,  receiving  water,  and  in  the  controls 
as  a  minimum.  (See  also  W9 1-08 191)  (Lantz-PTT) 
W9 1-08 193 


TOXICITY  IDENTIFICATION  EVALUATIONS. 

Eckenfelder,  Inc.,  Nashville,  TN. 

W.  S.  Hall,  and  R.  J.  Mirenda. 

IN:   Toxicity   Reduction   in    Industrial    Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  35-59, 

2  fig,  4  tab,  12  ref. 

Descriptors:  *Case  studies,  'Chemical  analysis, 
'Laboratory  methods,  'Pollutant  identification, 
•Toxicology,  *Wastewater  analysis,  'Water  analy- 
sis, 'Water  pollution  effects,  Invertebrates,  Lethal 
limit,  Separation  techniques,  Toxicity. 

Inherent  to  nearly  all  toxicity  reduction  evalua- 
tions (TRE)  is  the  process  of  conducting  a  toxicity 
identification  evaluation  (TIE).  A  TIE  attempts  to 
identify  the  constituent(s)  or  group  of  constituents 
responsible  for  toxicity,  but  does  not  necessarily 
develop  a  means  to  remove  effluent  toxicity.  The 
process  of  conducting  a  TIE  can  be  quite  complex 
and  often  must  consider  the  discharge  flow  charac- 
teristics, chemical  make-up,  variability,  and  rela- 
tive toxicity  of  an  effluent.  An  effective  toxicity 
identification  protocol  must  be  comprehensive  yet 
flexible.   Such  a  program   typically   includes   the 
following  steps:  (1)  review  of  all  historical  analyti- 
cal and  toxicological  data;  (2)  evaluation  of  efflu- 
ent constituents;  (3)  evaluation  of  single  streams; 
(4)  fractionation  of  effluent;  and  (5)  performance  of 
analytical   confirmation.    The   results   of  selected 
case  studies  from  a  variety  of  industrial  effluent 
fractionations   are   presented   and   discussed.   The 
case  studies  were  selected  to  illustrate  the  selective 
use  of  different  test  species.  All  of  the  studies  were 
carried  out  with  invertebrates  <  24  hrs  old  or  with 
fish  species  2-3  wks  old.  All  of  the  tests  were 
conducted  at  20  C,  utilizing  the  fractionation  pro- 
cedures  previously   described.   LC50   values   and 
95%  confidence  limits  were  generated  using  the 
binomial  procedure.  All  LC50  values  for  inverte- 
brates are  48  hr  values,  and  all   values  for  fish 
species  are  96  hr  values.  The  results  do  not  always 
clearly  indicate  the  cause  of  toxicity.  This  is  espe- 
cially true  for  moderately  or  low  toxicity  effluents 
for  which  several  treatments  reduce  toxicity.  In 
these  cases,  the  source  of  toxicity  may  be  better 
defined  by  repeating  fractionations  until  patterns 
develop.  The  case  studies  emphasize  the  need  to 
interpret  the  data  with  a  knowledge  of  the  true 
mechanisms  removing  toxicity  by  a  given  treat- 
ment. Mechanisms  of  removal  are  not  always  those 
typically  thought  of  for  some  treatments  and  alter- 
ations of  the   form   of  the  chemical   can   occur 
during    some    treatments.     Another    observation 
which  can  be  made  as  a  result  of  these  case  studies 
is  that  trends  or  magnitude  of  change  in  LC50 
values  as  a  result  of  different  treatments  are  valua- 
ble in  determining  the  likely  cause  of  toxicity.  (See 
also  W9 1-08 191)  (Lantz-PTT) 
W9 1-08 194 


5B.  Sources  Of  Pollution 


ENHANCED  BIODEGRADATION   OF  PESTI- 
CIDES IN  THE  ENVIRONMENT. 

For   primary   bibliographic   entry   see   Field    5G. 
W91-07118 


PESTICIDES  IN  THE  SOIL  MICROBIAL  ECO- 
SYSTEM. 

DowElanco,  Midland,  MI.  Environmental  Chemis- 
try Lab. 
K.  D.  Racke. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p  1- 
12.  83  ref. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
'Microorganisms,  'Path  of  pollutants,  'Pesticides, 
'Soil  contamination,  'Soil  environment,  Adapta- 
tion, Agricultural  chemicals,  Insecticides,  Litera- 
ture review,  Metabolism,  Microbial  degradation. 


A  review  of  pesticides  in  the  soil  microbial  ecosys- 
tem with  a  discussion  of  properties  of  the  soil 
environment,  metabolic  capabilities  of  the  soil  mi- 
crobial community,  and  uses  and  dissipation  routes 
of  soil-applied  pesticides  is  presented.  Approxi- 
mately 600  different  pesticide  active  ingredients 
are  registered  for  use  in  the  U.S.  and  millions  of 
pounds  are  applied  globally  each  year.  Pesticides 
which  are  applied  to  soil  become  enmeshed  in  the 
transport  and  degradation  processes  that  affect  all 
allochthonous  organics  added  to  the  system.  Pesti- 
cide transport  processes  include  aerial  transport 
from  the  soil  to  the  atmosphere,  and  movement  of 
dissolved  or  particulate-sorbed  pesticides  in  water 
by  leaching,  convection,  and  diffusion.  Abiotic 
pesticide  transformation  processes  include  photo- 
degradation,  hydrolysis,  oxidation,  and  reduction. 
The  microbial  metabolism  of  pesticides  has  been 
subdivided  into  catabolism  and  'cometabolism',  the 
degradation  of  substances  without  utilization  of  the 
energy  derived  to  support  growth.  Characteristic 
of  microbial  metabolism  is  the  adaptability  of 
microorganisms  through  mutation  and  induction  to 
develop  the  ability  to  degrade  compounds  which 
initially  could  not  be  degraded  or  were  toxic. 
Enhanced  pesticide  biodegradation  has  been  ob- 
served in  fields  previously  treated  with  the  pesti- 
cide and  reflects  microbial  adaptation  for  pesticide 
catabolism.  (See  also  W9 1-07 11 8)  (MacKeen-PTT) 
W91-07119 


EFFECTS  OF  LONG-TERM  PHENOXYALKAN- 
OIC  ACID  HERBICIDE  FIELD  APPLICA- 
TIONS ON  THE  RATE  OF  MICROBIAL  DEG- 
RADATION. 

Agriculture  Canada,  Regina  (Saskatchewan).  Re- 
search Station. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07 120 

ENHANCED  CARBAMOTHIOATE  HERBI- 
CIDE DEGRADATION:  RESEARCH  IN  NE- 
BRASKA. 

Nebraska  Univ.,  Clay  Center.  South  Central  Re- 
search and  Extension  Center. 

F.  W.  Roeth,  R.  G.  Wilson,  A.  R.  Martin,  and  P.  J. 
Shea. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
23-36.  8  fig,  3  tab,  32  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Carbamate  pesticides,  'Fate  of  pollutants, 
'Herbicides,  'Microorganisms,  'Pesticides,  'Soil 
chemistry,  Adaptation,  Field  tests,  Metabolism, 
Microbial  degradation,  Nebraska,  Soil  bacteria, 
Soil  environment. 

The  half-life  of  S-ethyl  dipropylcarbamothiote 
(EPTC)  was  reduced  about  50%  by  enhanced  deg- 
radation which  occurred  on  EPTC  reapplication. 
Enhanced  carbamothioate  herbicide  degradation 
was  associated  with  unsatisfactory  shattercane  con- 
trol in  about  60%  of  the  fields  receiving  a  repeat 
treatment  of  EPTC  or  butylate.  Though  dietholate 
extender  effectively  prevented  enhanced  EPTC 
degradation,  dietholate  was  ineffective  on  reappli- 
cation. SC-0058  extender  was  effective  in  slowing 
EPTC  degradation  in  soils  previously  treated  with 
EPTC,  EPTC  plus  diethyloate,  and  EPTC  plus 
SC-0058.  Dietholate  and  SC-0058  did  not  increase 
EPTC  persistence  in  soil  without  prior  EPTC 
treatment.  Reversion  of  EPTC  degradation  from 
an  enhanced  rate  to  a  normal  rate  took  about  18 
and  30  months  in  western  and  south  central  Ne- 
braska, respectively,  after  two  annual  EPTC  appli- 
cations. Among  the  common  carbamothioate  her- 
bicides, EPTC,  vernolate,  and  butylate  caused  en- 
hanced degradation  adn  exhibited  cross-adaptation; 
however,  butylate  was  only  partially  susceptible  to 
EPTC-enhanced  degradation.  Cycloate  did  not 
cause  enhanced  degradation  nor  show  any  suscep- 
tiblity  to  EPTC-enhanced  degradation.  The  use  of 
herbicide  combinations  is  an  effective  strategy  for 
coping  sith  enhanced  degradation  as  long  as  both 
herbicides  are  not  mutually  affected  and  provide 
complementary  control.  The  particular  alternate 
herbicide  determines  the  degree  of  effectiveness. 
(See  also  W9 1-071 18)  (Author's  abstract) 
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W91-07121 

ENHANCED  BIODEGRADATION  OF  CARBA- 
MOTHIOATE  HERBICIDES  IN  SOUTH  CARO- 
LINA. 

Clemson  Univ.,  SC.  Dept.  of  Agronomy  and  Soils. 
H.  D.  Skipper. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
37-52.  3  fig,  7  tab,  48  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Carbamate  pesticides,  'Fate  of  pollutants, 
•Herbicides,  'Pesticides,  'Soil  chemistry,  'South 
Carolina,  Adaptation,  Agricultural  practices,  Field 
tests,  Metabolism,  Microbial  degradation,  Microor- 
ganisms, Plasmids,  Soil  bacteria,  Soil  environment. 

Field  and  laboratory  studies  were  conducted  by  an 
interdisciplinary  team  to:  (1)  confirm  enhanced 
biodegradation;  (2)  ascertain  microbial  cross-adap- 
tation; (3)  determine  microbial  population  shifts 
with  repeated  use  of  carbamothioates;  (4)  delineate 
the  role  of  plasmids;  and  (5)  investigate  chemical/ 
crop  rotations  and  inhibitors  to  prevent  or  improve 
problem  soils.  Bioassays  and  evolution  of  C-14- 
carbon  dioxide  from  C-14-labelled  herbicides  con- 
firmed accelerated  biodegradation  of  butylate  in 
soils  with  repeated  use  of  butylate  and  cross-adap- 
tation for  S-ethyl  dipropylcarbamothiote  (EPTC) 
vernolate,  and  pebulate  but  not  cycloate.  Signifi- 
cant increases  in  bacteria  or  actinomycete  popula- 
tions were  detected  in  soils  treated  with  multiple 
applications  of  butylate,  EPTC,  or  vernolate.  Plas- 
mids were  associated  with  the  microbial  degrada- 
tion of  carbamothioate  herbicides  by  a  Flavobac- 
terium  sp.  and  a  Methylomonas  sp,  isolated  from 
herbicide-history  soils.  Chemical  rotations  were 
critical  in  the  prevention  of  problem  soils.  A  mini- 
mum of  two  years  between  applications  of  butylate 
or  EPTC  plus  dietholate  was  essential  to  insure 
continued  herbicidal  efficacy.  Enzyme  inhibitors 
began  to  lose  their  effectiveness  after  three  applica- 
tions. (See  also  W9 1-07 118)  (Author's  abstract) 
W9 1-07 122 


ENHANCED  BIODEGRADATION  OF  DICAR- 
BOXIMIDE  FUNGICIDES  IN  SOIL. 

Institute  of  Horticultural  Research,  Wellesbourne 
(England). 

A.  Walker,  and  S.  J.  Welch. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
53-67.  6  fig,  4  tab,  16  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Fate  of  pollutants,  'Fungicides,  'Microbi- 
al degradation,  'Microorganisms,  'Pesticides, 
'Soil  chemistry,  Adaptation,  Agricultural  prac- 
tices, Field  tests,  Metabolism,  Onions,  Plasmids, 
Soil  bacteria,  Soil  environment. 

Experiments  in  the  mid-1970's  demonstrated  excel- 
lent control  of  white  rot  disease  of  onions  with 
iprodione.  There  is  increasing  evidence  that  in 
commercial  practice  the  fungicide  becomes  less 
effective  with  repeated  use  and  this  has  been  linked 
with  enhanced  degradation  in  the  soil.  In  a  survey 
involving  33  soils,  a  clear  relationship  was  estab- 
lished between  the  rate  of  degradation  and  the 
frequency  of  prior  application.  The  related  com- 
pound vinclozolin  is  also  prone  to  enhanced  degra- 
dation and  there  is  evidence  for  cross-enhancement 
between  iprodione  and  vinclozolin.  Rapid  degrad- 
ing ability  can  be  readily  transferred  to  slow-de- 
grading soils  by  inoculation  with  small  amounts  of 
rapid-degrading  soil,  and  rapid  degradation  can  be 
inhibited  by  soil  sterilization  or  treatment  with 
antibiotics.  Studies  of  the  pathway  of  degradation 
have  led  to  development  of  a  simple  colorimetric 
test  for  identification  of  soils  with  rapid-degrading 
ability.  Mixed  cultures  of  bacteria  capable  of  de- 
grading the  fungicides  have  been  isolated  and  there 
is  preliminary  evidence  of  plasmid  involvement  in 
degradation.  (See  also  W91-07118)  (Author's  ab- 
stract) 
W91-07123 


ENHANCED  BIODEGRADATION  OF  INSEC- 
TICIDES IN  MIDWESTERN  CORN  SOILS. 

DowElanco,  Midland,  MI.  Environmental  Chemis- 
try Lab. 

K.  D.  Racke,  and  J.  R.  Coats. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.   1990    p 
68-81.  1  fig,  2  tab,  43  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Fate  of  pollutants,  'Microorganisms, 
•Pesticides,  'Soil  chemistry,  Adaptation,  Agricul- 
tural practices,  Carbamate  pesticides,  Corn,  Metab- 
olism, Microbial  degradation,  Microbiological 
studies,  Organophosphorus  pesticides,  Soil  bacte- 
ria, Soil  environment. 

An  experimental  strategy  for  the  study  of  en- 
hanced degradation  was  developed  that  is  based  on 
the  occurrence  of  observed  degradation  in  Mid- 
western corn  soils.  The  soils  were  collected  during 
the  fall  from  Iowa  cornfields  with  known  histories 
of  insecticide  use.  A  portion  of  each  soil  was 
placed  in  a  glass  jar  and  treated  with  14C-insecti- 
cide.  Insecticides  used  for  this  assay  were  those  for 
which  fields  with  some  treatment  histories  could 
be  identified.  After  each  soil  was  moistened  to  0.3 
bar  soil-moisture  tension,  glass  vials  containing  0. 1 
N  NaOH  were  placed  inside  each  jar  to  serve  as 
C02  traps.  The  jars  were  incubated  in  the  dark  at 
25  C  for  one  week,  during  which  the  traps  were 
analyzed  daily  for  trapped  C02.  All  soils  from 
fields  previously  treated  with  carbofuran  exhibited 
a  much  higher  mineralization  rate  than  soils  from 
non-history  fields.  The  shift  from  recalcitrant 
chlorinated  hydrocarbons  to  biodegradable  organ- 
ophosphorus and  carbamate  insecticides  has  result- 
ed in  the  failure  of  some  compounds,  notably  car- 
bofuran and  isofenphos,  to  provide  adequate  pest 
control  following  repeated  use.  Enhanced  degrada- 
tion of  an  insecticide  involves  its  rapid  degradation 
by  a  population  of  soil  microorganisms  that  has 
adapted  to  beneficially  catabolize  the  pesticide  fol- 
lowing exposure  to  it  or  to  a  similar  insecticide. 
For  enhanced  degradation  to  be  thoroughly  inves- 
tigated studies  must  be  carried  out  to  demonstrate 
an  increased  rate  of  degradation  in  soils  with  prior 
insecticide  exposure,  to  identify  the  rates  and  prod- 
ucts of  degradation  in  similar  soils  under  con- 
trolled conditions,  and  to  elucidate  the  microbiolo- 
gical mechanisms.  (See  also  W9 1-07 11 8)  (Author's 
abstract) 
W9 1-07 124 


ENHANCED  DEGRADATION  OF  INSECTI- 
CIDES IN  SOIL:  FACTORS  INFLUENCING 
THE  DEVELOPMENT  AND  EFFECTS  OF  EN- 
HANCED MICROBIAL  ACTIVITY. 

Agriculture  Canada,  London  (Ontario).  Research 
Station. 

R.  A.  Chapman,  and  C.  R.  Harris. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.   1990.  p 
82-96.  16  tab,  21  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Fate  of  pollutants,  'Insecticides,  'Micro- 
organisms, 'Pesticides,  'Soil  chemistry,  Adapta- 
tion, Carbamate  pesticides,  Metabolism,  Microbial 
degradation,  Microbiological  studies,  Organophos- 
phorus pesticides,  Soil  bacteria,  Soil  environment, 
Soil  types,  Soil  water,  Temperature  effects. 

Treatment  of  soils  with  pesticides  at  10  ppm  gener- 
ated enhanced  microbial  activity  within  6  weeks 
for  14  out  of  18  materials  tested.  Increases  in 
degradation  rates  ranged  from  2-fold  to  100-fold 
depending  on  the  material  and  soil  type.  The  aryl 
methylcarbamates  and  isofenphos  showed  the  larg- 
est increases.  Generally,  only  activity  against  the 
sulfoxide  and  sulfone  metabolites  resulted  from 
treatment  with  thioether  containing  materials  (aldi- 
carb,  phorate,  terbufos,  etc.).  Enhanced  activity  to 
carbofuran  was  not  generated  at  low  temperatures 
(3  C),  low  soil  moistures,  or  with  low  insecticide 
concentrations  (<1  ppm),  but  once  generated  was 
relatively  insensitive  to  low  temperature,  low  soil 
moisture  and  further  carbofuran  treatment.  En- 
hanced activity  of  all  materials  decreased  in  the 
absence  of  further  insecticide  treatment.  Times  re- 


quired for  return  to  baseline  degradation  rates 
ranged  from  about  52  wk  for  fensulfothion  and 
chlorethoxyphos  to  >  164  wk  for  carbofuran  and 
isofenphos.  The  effectiveness  of  enhanced  microbi- 
al populations  was  dependent  on  the  form  of  the 
insecticide  encountered.  Granular  formulations 
were  less  affected  than  more  dispersed  forms.  For 
Furadan  15G  there  was  a  strong  soil  moisture 
dependence.  The  activity  of  enhanced  microbial 
populations  was  significantly  reduced  by  thermal 
or  chemical  biocide  treatment.  Cross  enhancement 
occurred  generally  among  the  aryl  methylcarba- 
mates and  among  a  few  structurally  similar  organ- 
ophosphorus insecticides.  (See  also  W9 1-07 11 8) 
(Author's  abstract) 
W9 1-07 125 


ENHANCED  DEGRADATION  OF  S-ETHYL 
N,N-DIPROPYLCARBAMOTHIOATE  IN  SOIL 
AND  BY  AN  ISOLATED  SOIL  MICROORGA- 
NISM. 

Ohio  Agricultural  Research  and  Development 
Center,  Wooster. 

W.  A.  Dick,  R.  O.  Ankumah,  G.  McClung,  and  N. 
Abou-Assaf. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990  p 
98-112.  7  fig,  4  tab,  31  ref.  North  Central  Region 
Pesticide  Impact  Assessment  Program  Grant 
OH000363-SS. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
'Microorganisms,  'Pesticides,  'Soil  chemistry, 
Adaptation,  Agricultural  chemicals,  Carbamate 
pesticides,  Herbicides,  Metabolism,  Microbial  deg- 
radation, Microbiological  studies,  Soil  bacteria, 
Soil  environment. 

Enhanced  degradation  of  s-ethyl  N,N-dipropylcar- 
bamothioate  (EPTC)  occurs  in  soil  after  repeat 
applications  of  EPTC.  Studies  were  conducted  to 
evaluate  the  mechanisms  of  enhanced  degradation 
in  soil  and  by  an  isolated  soil  microorganism  (Rho- 
dococcus  sp.).  Inoculation  of  a  soil  without  a  histo- 
ry of  EPTC  treatment  with  1.0%  (w/w)  of  a  soil 
with  enhanced  EPTC  degradation  capabilities  in- 
creased the  rate  of  EPTC  degradation  in  the  previ- 
ously untreated  soil.  Degradation  of  C-14-labelled 
(1 -propyl  position)  and  unlabelled  EPTC  by  the 
microbial  isolate  yielded  N-depropyl  EPTC  (a 
product  of  alpha-propyl  hydroxylation)  and 
EPTC-sulfoxide  (sulfur  oxidation).  It  is  proposed 
that  initial  reactions  of  soil  microorganisms  involve 
both  hydroxylation  and  sulfoxidation,  resulting  in 
products  that  are  further  metabolized  to  carbon 
dioxide.  The  hydroxylation  reaction  is  thought  to 
be  dominant  when  degradation  of  EPTC  occurs  at 
enhanced  rates.  (See  also  W9 1-07 11 8)  (Author's 
abstract) 
W9 1-07 126 


ROLE  OF  FUNGI  AND  BACTERIA  IN  THE 
ENHANCED  DEGRADATION  OF  THE  FUNGI- 
CIDE CARBENDAZIM  AND  THE  HERBICIDE 
DIPHENAMID. 

Agricultural    Research    Organization,    Bet-Dagan 
(Israel).  Volcani  Center. 
N.  Aharonson,  J.  Katan,  E.  Avidov,  and  O. 
Yarden. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
113-127.  5  fig,  2  tab,  26  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Fate  of  pollutants,  'Fungicides,  'Herbi- 
cides, 'Pesticides,  'Soil  chemistry,  Adaptation, 
Carbendazim,  Diphenamid,  Fungi,  Metabolism, 
Microbial  degradation,  Microbiological  studies, 
Microorganisms,  Soil  bacteria,  Soil  environment. 

Single  applications  of  carbendazim  (MBC)  or  re- 
peated applications  of  diphenamid  conditioned  the 
soil  for  enhanced  degradation.  Low  initial  doses  of 
the  pesticide  or  mixing  a  small  volume  of  carben- 
dazim-history  soil  with  untreated  soil  sufficed  to 
condition  the  entire  soil  volume  for  enhanced  deg- 
radation. Soil  disinfestation  or  treatments  with  fun- 
gicides such  as  triphenyltin  acetate  or  tetrameth- 
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ylthiuram  disulfide  were  generally  effective  in  de- 
creasing enhanced  degradation  of  the  two  pesti- 
cides. Fungi  capable  of  degrading  MBC  or  diphen- 
amid  were  isolated  from  soils  with  and  without 
enhanced  degradation.  There  were  no  differences 
in  the  degradation  between  fungi  isolated  from 
previously  treated  and  untreated  soils.  Differences 
were  found  only  between  mixed  bacterial  cultures. 
These  results,  together  with  data  about  cross  en- 
hancement between  some  metabolites  and  their 
respective  parent  compounds,  and  the  metabolism 
between  soil  and  bacterial  cultures,  suggest  that  for 
these  pesticides  bacteria  are  the  major  component 
responsible  for  enhanced  degradation,  though 
fungi  degraders  are  also  present  in  the  soil.  The 
enzymatic  reaction  associated  with  enhanced  deg- 
radation of  MBC  seems  to  involve  the  amino 
moiety  that  is  attached  to  the  imidazole  ring.  The 
results  for  diphenamid  indicated  that  enhanced 
degradation  is  apparently  linked  with  induction  of 
an  oxidative  reaction  in  soil  bacteria.  (See  also 
W9 1-07 11 8)  (Author's  abstract) 
W9 1-07 127 

INFLUENCE  OF  PESTICIDE  METABOLITES 
ON  THE  DEVELOPMENT  OF  ENHANCED 
BIODEGRADATION. 

Iowa  State  Univ.,  Ames.  Dept.  of  Entomology. 
L.  Somasundaram,  and  J.  R.  Coats. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
128-140.  1  fig,  6  tab,  36  ref. 

Descriptors:  'Biodegradation,  *Fate  of  pollutants, 
♦Metabolites,  'Microbial  degradation,  'Pesticides, 
•Soil  chemistry,  Adaptation,  Agricultural  chemi- 
cals, Degradation  products,  Metabolism,  Microor- 
ganisms, Soil  bacteria,  Soil  environment. 

Pretreatment  of  soils  with  pesticide  metabolites 
resulted  in  enhanced  biodegradation  of  the  parent 
compounds  for  the  pesticides  2,4-dichlorophenox- 
yacetic  acid,  parathion,  and  isofenphos.  Pretreat- 
ment of  soils  with  selected  metabolites  of  2,4,5- 
trichlorophenoxyacetic  acid,  diazinon,  and  carbo- 
furan  did  not  result  in  increased  rates  of  degrada- 
tion of  the  parent  compounds.  Prior  applications  of 
chlorpyrifos  metabolites  increased  the  persistence 
of  this  pesticide  in  soils.  In  general,  the  hydrolysis 
products  of  those  pesticides  susceptible  to  en- 
hanced degradation  had  lower  toxicity  to  bacteria 
than  the  metabolites  of  those  pesticides  with  little 
or  no  propensity  for  enhanced  biodegradation. 
Other  factors  which  appear  to  influence  enhanced 
microbial  degradation  include  nutrient  value  of  the 
metabolite  molecule,  and  availability  of  the  meta- 
bolite in  soils.  It  is  concluded  that  pesticide  degra- 
dation products  are  capable  of  conditioning  soils 
for  enhanced  degradation  of  their  parent  com- 
pounds and  could  play  an  important  role  in  the 
induction  or  inhibition  of  enhanced  microbial  deg- 
radation of  some  pesticides.  (See  also  W9 1-07 11 8) 
(MacKeen-PTT) 
W91-07128 

MOLECULAR  GENETICS  OF  PESTICIDE 
DEGRADATION  BY  SOIL  BACTERIA. 

Agricultural    Research    Service,    Beltsville,    MD. 
Pesticide  Degradation  Lab. 
J.  S.  Karns. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
141-152.  4  fig,  43  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Fate  of  pollutants,  'Genetics,  'Microorga- 
nisms, 'Pesticides,  Adaptation,  Literature  review, 
Metabolism,  Microbial  degradation,  Molecular  ge- 
netics, Soil  bacteria,  Soil  chemistry,  Soil  environ- 
ment. 

A  review  of  the  molecular  genetics  of  pesticide 
degradation  by  soil  bacteria  is  presented.  Theoreti- 
cal mechanisms  by  which  microbial  populations 
adapt  to  cause  enhanced  pesticide  degradation  in- 
clude: co-metabolism,  gene  mutation,  induction, 
and  extra-chromosomal  elements  such  as  plasmids, 
transposons  and  bacteriophages.  Several  studies 
have  indicated  an  important  role  for  plasmids  and 


transposons  in  enhanced  pesticide  degradation. 
The  herbicide  dalapon  has  been  shown  to  be  de- 
graded through  enzymatic  dehalogenation  by  en- 
zymes which  were  encoded  on  a  plasmid  in  a 
chloroacetate-degrading  Moraxella  sp.  In  another 
study,  the  evolution  of  a  Pseudomonas  putida 
strain  with  enhanced  degradation  capabilities  for 
dalapon  involved  the  acquisition  of  dehalogenase 
genes  on  a  transposon.  Numerous  studies  have 
demonstrated  the  involvement  of  plasmids  in  the 
degradation  of  2,4-dichlorophenoxyacetic  acid.  A 
2,4,5-trichlorophenoxyacetic  acid  (2,4,5-T)  degrad- 
ing Pseudomonas  cepacia  was  shown  to  lose  the 
ability  to  degrade  2,4,5-T  at  a  rapid  rate  upon 
subculture  in  rich  growth  medium,  a  trait  indica- 
tive of  plasmid  involvement.  Plasmids  have  also 
been  shown  to  be  involved  in  the  degradation  of 
the  organophosphate  insecticide  parathion.  Future 
studies  of  the  molecular  events  leading  to  en- 
hanced pesticide  degradation  will  involve  the  iso- 
lation of  pesticide  degrading  microorganisms  and 
the  characterization  of  genes  encoding  pesticide 
degradation  enzymes,  combined  with  new  tech- 
niques for  isolating  and  examining  nucleic  acids 
from  soil  microorganisms.  (See  also  W9 1-07 11 8) 
(MacKeen-PTT) 
W9 1-07 129 


RESPONSE  OF  MICROBIAL  POPULATIONS 
TO  CARBOFURAN  IN  SOILS  ENHANCED 
FOR  ITS  DEGRADATION. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Agronomy. 
R.  F.  Turco,  and  A.  E.  Konopka. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
153-166.  7  fig,  2  tab,  34  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Carbofuran,  'Fate  of  pollutants,  'Micro- 
organisms, 'Pesticides,  'Soil  bacteria,  Adaptation, 
Biomass,  Metabolism,  Metabolites,  Microbial  deg- 
radation, Populations,  Soil  chemistry,  Soil  environ- 
ment. 

The  sizes  of  the  microbial  populations  able  to 
rapidly  degrade  carbofuran  in  soils  enhanced  for  its 
degradation  were  enumerated  by  means  of  sub- 
strate addition  and  fumigation.  Use  of  these  tech- 
niques followed  unsuccessful  attempts  to  enumer- 
ate the  population  using  plate  or  direct  counts  in 
the  enhanced  soils.  Overall  biomass  size  declined 
following  application  of  carbofuran.  No  biomass 
suppression  was  observed  in  the  non-enhanced 
soils  which  implies  this  suppression  may  be  related 
to  the  formation  of  metabolites  such  as  carbofuran- 
phenol  or  methylamine.  In  the  enhanced  soils,  6% 
of  applied  pesticide  was  initially  incorporated  into 
biomass  carbon.  This  contrasts  with  0.87%  incor- 
poration in  the  non-enhanced  soils.  After  15  days 
there  was  complete  loss  of  the  pesticide;  at  this 
time  the  biomass  contained  2%  of  the  applied 
material.  (See  also  W9 1-07 11 8)  (Author's  abstract) 
W9 1-07 130 


ADAPTATION  OF  MICROORGANISMS  IN 
SUBSURFACE  ENVIRONMENTS:  SIGNIFI- 
CANCE TO  PESTICIDE  DEGRADATION. 

Agricultural    Research    Service,    Stoneville,    MS. 

Southern  Weed  Science  Lab. 

For   primary   bibliographic   entry   see   Field   5G. 

W91-07131 

MICROBIAL  ADAPTATION  IN  AQUATIC 
ECOSYSTEMS. 

Air  Force  Engineering  and  Services  Center,  Tyn- 
dall  AFB,  FL. 
J.  C.  Spain. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
181-190.  5  fig,  1  tab,  22  ref. 

Descriptors:  'Aquatic  environment,  'Biodegrada- 
tion, 'Fate  of  pollutants,  'Microorganisms,  'Nitro- 
phenols,  'Pesticides,  Adaptation,  Agricultural 
chemicals,  Aquatic  bacteria,  Metabolism,  Microbi- 
al degradation,  Microbiological  studies. 

The  biodegradation  of  p-nitrophenol  (PNP)  was 
studied  in  laboratory  test  systems  and  in  the  field. 


Adaptation  in  freshwater  microbial  communities 
required  from  3  to  10  days  and  biodegradation 
rates  increased  as  much  as  one  thousand-fold  at 
PNP  concentrations  as  low  as  10  mg/L.  Popula- 
tions of  PNP  degraders  increased  dramatically 
during  adaptation  and  no  evidence  of  genetic 
change  associated  with  adaptation  was  detected. 
Bacteria  able  to  grow  at  the  expense  of  PNP  were 
detected  in  microbial  communities  prior  to  treat- 
ment with  PNP.  They  did  not  begin  to  grow  and 
degrade  PNP  until  several  days  after  initial  expo- 
sure. Results  indicate  that  accurate  prediction  of 
biodegradation  rates  requires  a  better  understand- 
ing of  factors  that  control  adaptation  in  the  envi- 
ronment. These  include:  enzyme  induction,  genetic 
changes,  increases  in  microbial  populations,  preda- 
tion,  and  nutrient  limitation.  (See  also  W9 1-07 11 8) 
(Author's  abstract) 
W9 1-07 132 

EVALUATION  OF  SOME  METHODS  FOR 
COPING  WITH  ENHANCED  BIODEGRADA- 
TION OF  SOIL  INSECTICIDES. 

Illinois  Natural  History  Survey,  Champaign. 
Center  for  Economic  Entomology. 
A.  S.  Felsot,  and  J.  J.  Tollefson. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
192-3  fig,  9  tab,  38  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Fate  of  pollutants,  'Insecticides,  'Pesti- 
cides, 'Soil  chemistry,  Adaptation,  Agricultural 
practices,  Corn,  Illinois,  Insect  control,  Iowa, 
Management  planning,  Metabolism,  Microbial  deg- 
radation, Microorganisms,  Soil  bacteria,  Soil  envi- 
ronment. 

Several  proposed  strategies  for  coping  with  en- 
hanced biodegradation  of  corn  rootworm  insecti- 
cides have  been  studied  in  Iowa  and  Illinois.  Oper- 
ational strategies  included  cultivation-time  treat- 
ments, suppression  of  adults,  and  insecticide  rota- 
tions; a  technological  strategy  was  the  use  of  con- 
trolled-release  formulations.  In  9  of  13  field  experi- 
ments, carbofuran  applied  at  cultivation  prevented 
root  damage  better  than  when  applied  at  planting. 
Root  damage  following  adult  control  with  car- 
baryl  the  preceding  season  was  less  than  or  similar 
to  root  damage  following  the  use  of  soil  insecti- 
cides, which  suggested  that  corn  rootworms  could 
be  controlled  without  use  of  a  soil  insecticide. 
Cultivation-time  treatments  and  adulticiding  de- 
pended on  accurate  timing  of  insecticide  applica- 
tions. Under  laboratory  conditions  rotations  of  car- 
bofuran with  isofenphos  slowed  the  rate  of  metab- 
olism of  carbofuran  but  did  not  prevent  the  devel- 
opment of  enhanced  biodegradation.  In  the  field, 
the  results  of  rotations  of  carbofuran  with  fonofos 
or  terbufos  were  inconclusive.  Multi-year  treat- 
ments of  fonofos  resulted  in  enhanced  biodegrada- 
tion, but  its  rate  of  degradation  was  slowed  by 
rotations  with  carbofuran  or  terbufos.  When  carbo- 
furan was  applied  as  a  controlled-release  formula- 
tion, its  degradation  was  significantly  slowed  com- 
pared to  the  commercial  sand  granule;  however, 
efficacy  in  the  field  was  not  improved.  (See  also 
W9 1-071 18)  (Author's  abstract) 
W9 1-07 133 


SYSTEMS  ALLOWING  CONTINUED  USE  OF 
CARBAMOTHIOATE  HERBICIDES  DESPITE 
ENHANCED  BIODEGRADATION. 

Wisconsin  Univ. -Madison.  Dept.  of  Agronomy. 
R.  G.  Harvey. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
214-221.  7  tab,  10  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Carbamate  pesticides,  'Fate  of  pollutants, 
'Herbicides,  'Pesticides,  'Soil  chemistry,  Adapta- 
tion, Agricultural  practices,  Management  planning, 
Metabolism,  Microbial  degradation,  Microorga- 
nisms, Soil  bacteria,  Soil  environment,  Weed  con- 
trol. 
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Group  5B— Sources  Of  Pollution 

Strategies  for  continued  use  of  the  herbicide  S- 
ethyl  dipropyl  earbamothioate  (EPTC)  despite  en- 
hanced biodegradation  were  investigated.  En- 
hanced biodegradation  of  EPTC  was  reduced  by 
applying  the  herbicide  not  more  frequently  than 
every  other  year.  The  extender  dietholate  did  not 
prevent  enhanced  EPTC  degradation  when  the 
two  chemicals  were  used  repeatedly  together,  pos- 
sibly due  to  a  demonstrated  enhancement  of  dieth- 
olate biodegradation.  Enhanced  biodegradation  of 
the  experimental  extender  SC-0058  was  not  detect- 
ed, and  SC-0058  prevented  enhanced  EPTC  biode- 
gradation. Results  suggest  that  by  combining  her- 
bicide and  crop  rotation,  use  of  chemical  extend- 
ers, row  cultivation,  and  late-season  secondary  her- 
bicide applications,  long-term  control  of  weeds 
such  as  wild  proso  millet  can  be  obtained.  (See  also 
W91-071 18)  (Author's  abstract) 
W9 1-07 134 


CULTURAL  PRACTICES  AND  CHEMICALS 
THAT  AFFECT  THE  PERSISTENCE  OF  CAR- 
BAMOTHIOATE  HERBICIDES  IN  SOIL. 

ICI  Americas,  Inc.,  Wilmington,  DE. 
D.  C.  Drost,  J.  E.  Rodebush,  and  J.  K.  Hsu. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.   1990.  p 
222-239.  1 1  tab,  33  ref. 

Descriptors:  'Agricultural  practices,  •Biodegrada- 
tion, 'Carbamate  pesticides,  'Fate  of  pollutants, 
•Herbicides,  'Microorganisms,  *Pesticides,  Adap- 
tation, Agricultural  chemicals,  Corn,  Management 
planning,  Metabolism,  Microbial  degradation,  Soil 
bacteria,  Soil  chemistry,  Soil  environment,  Weed 
control. 

Methods  of  reducing  enhanced  biodegradation  of 
earbamothioate  herbicides  in  soil  are  discussed. 
For  S-ethyl  dipropylcarbamothioate  (EPTC), 
annual  rotation  has  been  effective  in  preventing  the 
redevelopment  of  enhanced  biodegradation  prob- 
lems. In  addition  to  efficient  application  and  incor- 
poration, the  following  factors  have  significantly 
increased  the  weed  control  from  EPTC,  EPTC 
plus  dietholate,  or  butylate  when  reduced  perform- 
ance due  to  enhanced  biodegradation  was  ob- 
served: (1)  reduction  of  weed  pressure  or  establish- 
ment of  conditions  favorable  for  immediate,  uni- 
form weed  emergence;  (2)  immediate,  uniform  in- 
corporation just  prior  to  corn  planting;  (3)  tank 
mixtures  of  earbamothioate  herbicides  with  atra- 
zine,  cyanazine,  or  metolachlor;  (4)  rotation  for 
more  than  one  year  to  no  herbicide,  alachlor,  cy- 
cloate,  metolachlor,  or  trifluralin;  or  (5)  formula- 
tions of  EPTC  plus  R2510O5,  an  extender  under 
evaluation  by  ICI  Americas  Inc.  These  cultural 
and  chemical  practices  have  prevented,  moderated, 
or  eliminated  enhanced  biodegradation  in  soils,  and 
preserved  the  effectiveness  of  earbamothioate  her- 
bicides in  corn  cropping  systems.  (See  also  W91- 
07118)(MacKeen-PTT) 
W9 1-07 135 


SPECTROPHOTOMETRIC  METHODOLO- 
GIES FOR  PREDICTING  AND  STUDYING  EN- 
HANCED DEGRADATION. 

Missouri  Univ. -Columbia.  Dept.  of  Entomology. 
J.  P.  Reed,  R.  J.  Kremer,  and  A.  J.  Keaster. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
240-248.  5  tab,  26  ref. 

Descriptors:  'Agricultural  chemicals,  'Analytical 
methods,  'Biodegradation,  'Microorganisms, 
•Pesticides,  'Spectrophotometry,  Adaptation,  En- 
zymes, Herbicides,  Metabolism,  Microbial  degra- 
dation, Soil  bacteria,  Soil  chemistry,  Soil  environ- 
ment. 

The  use  of  spectrophotometric  methods  for  evalu- 
ating enhanced  degradation  of  pesticides  in  soils  is 
reviewed.  Studies  have  suggested  that  activity 
levels  of  specific  indigenous  soil  enzymes  may  be 
influenced  by  certain  pesticides  applied  to  soil  or 
by  their  metabolites.  For  example,  an  increase  in 
microbial  urease  activity  has  been  observed  in  soils 
amended  with  carbofuran  and  ethoprop.  Elevated 
levels  of  rhodanese,  phosphatase,  and  phosphodies- 


terase activities  from  microbial  isolates  cultured  in 
the  presence  of  selected  pesticides  indicated  a  po- 
tential for  biodegradation  of  these  pesticides.  De- 
termination of  the  hydrolysis  of  fluorescein  diace- 
tate  has  been  used  as  a  qualitative  measure  of  the 
potential  ability  of  soil  microorganisms  to  degrade 
earbamothioate  herbicides  in  enhanced  soils.  Rapid 
detection  of  enhanced  degradation  of  carbofuran  in 
soil  can  be  accomplished  by  methods  involving  the 
inhibition  of  acetylcholinesterase  activity  or  by 
detection  of  the  metabolite,  carbofuran  phenol. 
Degradation  of  isophenfos,  iprodione  and  vinclo- 
zolin  has  also  been  estimated  by  measurement  of 
their  respective  metabolites.  It  is  concluded  that 
spectrophotometric  assays  for  potential  enhanced 
degradation  of  pesticides  are  sensitive,  simple  and 
relatively  inexpensive  to  perform.  (See  also  W91- 
07118)(MacKeen-PTT) 
W9 1-07 136 


ENHANCING  BIODEGRADATION  FOR  DE- 
TOXIFICATION OF  HERBICIDE  WASTE  IN 
SOIL. 

Illinois     Natural     History     Survey,     Champaign. 

Center  for  Economic  Entomology. 

For   primary   bibliographic   entry   see   Field    5G 

W91-07137 


IMPLICATIONS  OF  ENHANCED  BIODEGRA- 
DATION FOR  THE  USE  AND  STUDY  OF  PES- 
TICIDES IN  THE  SOIL  ENVIRONMENT. 

DowElanco,  Midland,  MI.  Environmental  Chemis- 
try Lab. 
K.  D.  Racke. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
269-282.  89  ref. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation, 'Fate  of  pollutants,  'Microorganisms, 
'Pesticides,  'Soil  chemistry,  'Soil  environment, 
Adaptation,  Agricultural  practices,  Literature 
review,  Management  planning,  Metabolism,  Mi- 
crobial  degradation,    Pest   control,   Soil   bacteria. 

The  impact  of  enhanced  biodegradation  of  pesti- 
cides was  reviewed,  with  a  discussion  of  major 
research  advances  and  future  research  challenges 
in  the  field.  Diverse  crops  such  as  corn,  rice,  sugar 
beets,  onions,  avocados,  and  potatoes  have  been 
affected  by  pest  control  failures  caused  by  en- 
hanced biodegradation  of  pesticides.  Pesticide 
manufacturers  have  also  been  adversely  affected 
by  the  occurrence  of  enhanced  degradation  of 
pesticides,  due  to  loss  of  products  or  sales.  Ad- 
vances in  research  understanding  of  enhanced  deg- 
radation have  included:  (1)  documentation  of  ac- 
celerated degradation  rates  for  various  pesticides; 
(2)  recognition  of  the  different  susceptibility  of 
pesticides  based  upon  chemical  structure  and  avail- 
ability of  an  accessible  microbial  catabolic  path- 
way; (3)  identification  of  compounds  within  a  class 
of  pesticides  that  are  relatively  resistant  to  en- 
hanced biodegradation,  (4)  delineation  of  degrada- 
tive  cross-adaptations;  and  (5)  characterization  of 
pesticide-degrading  microbial  populations.  Impor- 
tant areas  for  future  research  include  the  relation- 
ship of  pesticide  persistence  to  pest  control,  devel- 
opment of  predictive  tools,  design  of  pesticides 
that  do  not  induce  microbial  biodegradative  adap- 
tation, and  use  of  adapted  soil  microorganisms  for 
bioremediation  applications.  (See  also  W9 1-07 118) 
(MacKeen-PTT) 
W91-07138 


PHOTOCHEMISTRY  OF  NITROGUANIDINE 
PRODUCTION  WASTEWATERS. 

Army  Biomedical  Research  and  Development 
Lab.,  Fort  Detrick,  MD. 
W.  D.  Burrows,  and  C.  I.  Noss. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  269-281.  4  fig,  8  tab,  20  ref. 

Descriptors:  'Industrial  wastes,  'Nitroguanidine, 
•Path  of  pollutants,  'Photolysis,  'Wastewater  pol- 
lution, Degradation  products,  Nitrogen,  Toxicity, 
Ultraviolet  light,  Wastewater  treatment. 


Nitroguanidine,  a  constituent  of  triple-base  propel- 
lant,  is  presently  manufactured  at  an  ammunition 
plant  in  DeSota,  KS.  Although  the  production 
facility  was  designed  to  operate  with  no 
wastewater  discharge,  it  now  appears  that  as  much 
as  400,000  gallons/day  may  be  generated  at  the  full 
mobilization  production  level  of  40  tons  per  day. 
The  consequences  of  nitroguanidine  photolysis 
were  examined.  Nitroguanidine  is  readily  degraded 
in  water  by  ultraviolet  light  and  by  natural  sun- 
light. The  end  products  of  ultraviolet  photolysis  in 
unbuffered  waters  are  guanidine,  urea,  cyanoguani- 
dine  and  nitrite  ion,  with  lesser  quantities  of  nitrate 
ion  and  ammonia.  Nitrosoguanidine,  which  is  even 
more  readily  photolyzed,  is  an  intermediate  in  a 
major  pathway  to  guanidine.  it  is  possible  to  ac- 
count for  80%  of  the  carbon  from  nitroguanidine 
and  virtually  all  of  the  oxidized  nitrogen.  At  pH 
10,  photolysis  of  nitroguanidine  and  nitrosoguani- 
dine is  slightly  slower,  but  the  product  distribution 
is  different.  Less  than  25%  of  the  nitroguanidine 
carbon  can  be  accounted  for  as  guanidine,  cyano- 
guanidine  and  urea.  Gaseous  nitrogen  is  a  signifi- 
cant product.  Photolyzed  nitroguanidine  has  been 
shown  by  others  to  be  much  more  toxic  to  aquatic 
life  than  nitroguanidine,  but  given  the  half-life  of  1- 
2  days  or  nitroguanidine  in  natural  waters,  it  is 
highly  unlikely  that  wastewaters  discharged  to  a 
body  of  moving  water  could  present  a  hazard  to 
aquatic  life  unless  the  nitroguanidine  levels  sub- 
stantially exceeded  the  present  NPDES  (National 
Pollutant  Discharge  Elimination  System)  daily  av- 
erage limit  of  25  mg/L  for  the  ammunition  plant. 
(See  also  W9 1-07 139)  (Mertz-PTT) 
W91-07158 


DETERMINATION  OF  REMEDIAL  ALTERNA- 
TIVES AT  A  DIOXIN  CONTAMINATED 
WASTE  DISPOSAL  SITE  BY  USE  OF  QUANTI- 
TATIVE RISK  ASSESSMENT  TECHNIQUES. 

Environmental     Resources     Management,      Inc., 

Exton,  PA. 

For  primary   bibliographic   entry  see   Field   5G. 

W9 1-07 174 


FLOW  AND  CONTAMINANT  SIMULATIONS 
FOR  A  COMPLEX  GROUNDWATER  SYSTEM 
FOR  THE  PURPOSE  OF  RISK  ASSESSMENT. 

NUS  Corp.,  Pittsburgh,  PA. 
J.  Ho,  and  J.  D.  Chiou. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  526-546.  2  fig,  6  tab,  13  ref. 

Descriptors:  'Aquifer  testing,  'Groundwater 
movement,  'Groundwater  pollution,  'Groundwat- 
er quality,  'Hazardous  wastes,  'Industrial  wastes, 
•Model  studies,  *Path  of  pollutants,  Aquifer  sys- 
tems, Computer  models,  Groundwater  manage- 
ment, Leaky  aquifers,  Waste  management. 

A  groundwater  system,  influenced  by  an  industrial 
hazardous  waste  site,  contained  a  multi-layered, 
leaky  aquifer.  Four  major  water-bearing  zones  plus 
a  wide  clay  lens  were  identified  as  shallow  aquifers 
consisting  of  silty  sand,  clayey  sand,  and  gravel. 
The  clay  lens  is  partially  located  between  these 
zones.  The  top  shallow  aquifer  was  under  water- 
table  conditions.  Two  other  deep  zones  below  the 
shallow  aquifers  were  composed  of  fractured  bed- 
rock. The  area  southeast  of  the  site  not  only  in- 
cluded an  outcrop  of  bedrock  but  also  showed  the 
disappearance  of  the  clay  lens.  The  hydrogeologic 
study  of  this  groundwater  system  indicates  that  the 
groundwater  flow  directions  were  varied  among 
these  aquifers.  The  existence  of  a  river  and  several 
major  production  wells,  not  used  for  drinking 
water  purposes,  imposed  a  major  boundary  condi- 
tions/stress on  the  current  groundwater  system.  A 
computer  model  was  established  that  was  repre- 
sentative of  this  complex  system.  It  was  able  both 
to  simulate  the  local  groundwater  flow  and  to 
evaluate  the  transport  of  contaminants  in  this 
system.  A  three-dimensional,  finite-difference 
code,  SWIFT  III,  was  used  to  solve  the  general- 
ized groundwater  flow  and  contaminant  transport 
equations.  The  stratigraphy,  aquifer  conditions, 
and  boundary  conditions  of  the  system  were  used 
in  the  model.  Calibration  and  verification  of  the 
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flow  model  indicated  the  appropriateness  of  the 
constructed  model  and  the  importance  of  ground- 
water recharge  from  local  precipitation.  The 
model  also  indicated  the  boundary  effect  caused  by 
the  river  as  well  as  the  stress  caused  by  the  produc- 
tion wells.  This  study  not  only  provides  critical 
information  for  the  required  risk  assessment  of  this 
particular  site,  but  also  demonstrates  a  methodolo- 
gy that  is  useful  for  other  hazardous  waste  sites 
that  may  be  similar  in  complexity  and  data  status. 
(See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 175 


UNDERGROUND    STORAGE    TANKS -WHAT 
NOW. 

Pirnie  (Malcolm),  Inc.,  Newport  News,  VA. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07 177 


NEW  METHOD  TO  MODEL  TRANSPORT 
AND  FATE  OF  GASOLINE  FROM  LEAKING 
UNDERGROUND  STORAGE  TANKS. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 
and  Environmental  Engineering. 
N.  J.  Meegoda,  S.  Gunasekera,  and  R.  Hyjack. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  582-595.  4  fig,  2  tab,  31  ref. 

Descriptors:  *Fate  of  pollutants,  'Groundwater 
pollution,  *Model  studies,  'Path  of  pollutants,  'Pe- 
troleum products,  "Underground  storage  tanks, 
Chromatography,  Gasoline,  Mathematical  models, 
Simulation,  Water  pollution  sources. 

Contamination  of  groundwater  by  organic  and  in- 
organic wastes  has  become  a  serious  threat  to 
subsurface  water  resources.  Many  of  these  waste 
materials  are  organic  liquids  of  low  water  miscibili- 
ty  which  may  move  convectively  as  a  discrete 
liquid  phase  in  addition  to  moving  as  a  component 
in  aqueous  and  gaseous  phases.  To  mathematically 
model  the  movement  of  such  chemicals,  consider- 
ation must  be  given  to  possible  simultaneous  con- 
vective  movement  of  gas,  water,  and  nonaqueous 
phase  liquid  in  systems  exhibiting  variable  satura- 
tions of  all  three  phases.  The  centrifugal  modeling 
technique  is  used  to  study  the  movement  of  con- 
taminants from  underground  storage  tanks  in  the 
vadose  zone  to  the  water  table  and  to  determine 
the  distribution  of  gasoline  and  the  impact  of  re- 
sidually  contaminated  soils  on  the  groundwater 
quality.  Data  concerning  separation  of  components 
from  gasoline  type  contaminants  was  also  exam- 
ined. A  site  with  a  leaking  underground  storage 
tank  was  simulated  in  the  centrifuge  to  find  the 
movement  of  gasoline  in  the  vadose  zone.  Centrif- 
ugal tests  are  superior  to  conventional  mathemati- 
cal models  and  physical  models  in  simulating  the 
movement  of  gasoline.  A  laboratory  gasoline  simi- 
lar to  the  EPA  gasoline  was  synthesized  and  was 
calibrated  in  a  gas  chromatograph  against  different 
percentages  of  carbon  disulfide.  The  movement  of 
gasoline  was  monitored  at  different  locations  of  the 
site  to  obtain  the  gasoline  concentration  and  the 
composition.  Test  results  showed  the  component 
separation  in  the  vadose  zone,  therefore  finger- 
printing of  gasoline  to  identify  the  source  seems 
erroneous.  Test  results  also  showed  that  gasoline 
was  retained  as  a  layer  or  a  gasoline  lens  above  the 
water  table  and  groundwater  contamination  was 
limited  to  solubility  constraints.  (See  also  W91- 
07139)  (Mertz-PTT) 
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CASE  HISTORY  OF  A  TURNKEY  CLOSURE 
OF  A  PESTICIDE  SITE. 

Allied-Signal,  Inc.,  Morristown,  NJ. 

For  primary   bibliographic   entry   see  Field   5G. 
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SUPERFUND  RECORD  OF  DECISION,  KIM- 
BERTON,  PA,  FIRST  REMEDIAL  ACTION. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
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WATER  QUALITY  OF  SELECTED  TAIL- 
WATERS. 

Ouachita  Baptist  Univ.,  Arkadelphia,  AR.  Dept.  of 

Chemistry. 

J.  Nix,  D.  E.  Hamlin-Tillman,  S.  L.  Ashby,  and  M. 

S.  Dortch. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161.  Technical  Report 

W-911-2,  January  1991.  Final  Report.  290p,  4  fig, 

10  tab,  28  ref,  3  append. 

Descriptors:  "Canyon  Lake,  *Dam  effects,  *Lake 
Greeson,  *Nimrod  Lake,  "Rough  River  Lake, 
"Tailwater,  *Water  quality,  Ammonia,  Anoxic 
conditions,  Biochemical  oxygen  demand,  Carbon 
dioxide,  Dissolved  oxygen,  Hydrogen  ion  concen- 
tration, Iron,  Manganese,  Nitrogen,  Organic 
carbon,  Reservoirs. 

This  research  focuses  on  the  poor  water  quality 
associated  with  deep,  anoxic  releases  from  hydro- 
power  and  nonhydropower  reservoirs.  Water  qual- 
ity results  from  the  tailwaters  of  the  Little  Missouri 
River  (Lake  Greeson),  Fouche  La  Fave  River 
(Nimrod  Lake),  Rough  River  (Rough  River  Lake), 
and  Guadalupe  River  (Canyon  Lake)  are  presented 
and  discussed.  An  increase  in  dissolved  oxygen 
(DO)  in  a  downstream  direction  was  observed 
only  at  the  Greeson  tailwater.  At  the  other  sites, 
the  DO  generally  decreased  in  the  downstream 
direction.  The  concentration  of  dissolved  Fe  in  the 
hypolimnion  of  Lake  Nimrod  and  Rough  River 
Lake  was  >  3  mg/L  at  the  time  of  the  study.  The 
data  from  the  tailwaters  of  these  two  reservoirs 
indicate  that  oxidation  of  Fe  was  occurring  in  the 
first  100-200  m  of  the  tailwater.  Although  oxida- 
tion rates  of  Mn(II)  to  Mn(I V)  have  been  observed 
to  be  very  slow  by  numerous  investigators,  remov- 
al of  the  reduced  form  of  Mn  from  all  of  the 
tailwaters  studied  occurred  over  the  first  10  to  15 
km  of  the  tailwater.  An  inverse  relationships  be- 
tween ammonia-N  and  nitrate-N  was  observed  at 
Nimrod,  Rough  River,  and  Canyon  Lakes.  The 
concentration  of  ammonia  nitrogen  in  the  Lake 
Greeson  tailwater  was  too  low  to  make  an  evalua- 
tion of  a  trend.  The  ammonia  which  was  intro- 
duced into  the  tailwater  from  the  anoxic  hypolim- 
nion would  be  expected  to  exert  an  oxygen 
demand  as  it  entered  the  tailwater  system.  A  de- 
crease in  total  organic  carbon  (TOC)  in  a  down- 
stream direction  was  observed  at  Lake  Nimrod  and 
Rough  River  Lake.  The  decrease  was  considerably 
more  pronounced  at  Rough  River  Lake.  Even 
though  the  general  trend  for  TOC  was  to  decline 
downstream,  there  was  considerable  fluctuation  in 
these  data.  The  results  from  the  10-day  incubation 
studies  which  were  conducted  with  water  from 
Greeson,  Nimrod,  and  Rough  River  Lakes  indicate 
that  some  oxygen  consumption  was  taking  place  in 
the  samples.  Free  C02  was  observed  to  increase 
with  depth  at  Greeson,  Nimrod,  and  Rough  River 
Lakes.  Theoretically,  an  increase  in  pH  would 
accompany  the  release  of  excess  C02.  This  pattern 
was  observed  in  the  Lake  Greeson  tailwater,  but 
the  patterns  observed  at  Nimrod  and  Rough  River 
Lakes  were  not  clear.  (Lantz-PTT) 
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CE-QUAL-RIV1:  A  DYNAMIC,  ONE-DIMEN- 
SIONAL (LONGITUDINAL)  WATER  QUALITY 
MODEL  FOR  STREAMS.   USER'S  MANUAL. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161  as  AD-A230  794. 
Price  codes:  Al  1  in  paper  copy,  A02  in  microfiche. 
Instruction  Report  E-90-1,  November  1990.  Final 
Report.  249p,  21  fig,  91  ref,  4  append. 

Descriptors:  "Computer  models,  "Handbooks, 
"Model  studies,  "Simulation  analysis,  "Streams, 
"Unsteady  flow,  "Water  quality,  Bacteria,  Bio- 
chemical oxygen  demand,  Coliforms,  Dissolved 
oxygen,  Hydraulic  models,  Hydrodynamics,  Iron, 
Manganese,  Nitrogen  compounds,  Phosphates, 
Temperature. 

A  dynamic,  one-dimensional  (longitudinal),  water 
quality  model  for  unsteady  flows  in  rivers  and 
streams,  CE-QUAL-RIV1,  is  presented.  CE- 
QUAL-RIV1  is  developed  in  two  parts,  hydrody- 
namic  and  water  quality.  Output  from  the  hydro- 


dynamic  solution  is  used  to  drive  the  water  quality 
model.  The  hydrodynamic  code  uses  a  four-point 
implicit  Newton-Raphson  procedure  to  solve  the 
nonlinear  St.  Venant  equation.  Numerical  accuracy 
for  the  advection  of  sharp  gradients  is  preserved  in 
the  water  quality  code  through  the  use  of  the 
explicit  two-point,  fourth-order  accurate,  Holly- 
Pressman  scheme.  Water  quality  constituents  in- 
clude: temperature,  dissolved  oxygen,  carbona- 
ceous biochemical  oxygen  demand,  organic  nitro- 
gen, ammonia  nitrogen,  nitrate  nitrogen,  ortho- 
phosphate  phosphorus,  coliform  bacteria,  dissolved 
iron,  and  dissolved  manganese.  The  effects  of  algae 
and  macrophytes  are  also  included.  The  model 
allows  simulation  of  branched  river  systems  with 
multiple  hydraulic  control  structures,  such  as  run- 
of-the-river  dams,  waterway  locks  and  dams,  and 
reregulation  dams.  The  model  was  developed  to 
simulate  the  transient  water  quality  conditions  as- 
sociated with  highly  unsteady  flows  that  can  occur 
on  regulated  streams.  (Author's  abstract) 
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NATIONAL  WATER  INFORMATION  SYSTEM 
USER'S  MANUAL.  VOLUME  2,  CHAPTER  2. 
WATER-QUALITY  SYSTEM. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  7C 
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SUPERFUND  RECORD  OF  DECISION: 
BURNT  FLY  BOG,  NJ. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
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SUPERFUND  RECORD  OF  DECISION,  RHIN- 
EHART  TIRE  FIRE,  VA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For   primary   bibliographic   entry   see   Field   5G. 
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SUPERFUND  RECORD  OF  DECISION, 
SOUTH  CAVALCADE  STREET,  TX. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
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SUPERFUND  RECORD  OF  DECISION, 
WAUSAU  WATER  SUPPLY,  WI. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
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NUTRIENT  LOADING  STATUS  OF  THE  CON- 
ESTOGA  RIVER  BASIN,  1985-1989. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA.  Resource  Quality  Management  and  Protection 

Div. 

A.  N.  Ott. 

Susquehanna  River  Basin  Commission  Publication 

No.  133,  September  1990.  1 1  p,  4  fig,  3  tab. 

Descriptors:  "Conestoga  River  Basin,  "Nutrients, 
"Water  quality,  Ammonia,  Nitrogen,  Nonpoint 
pollution  sources,  Phosphorus,  Suspended  sedi- 
ments. 

Nutrient  monitoring  of  the  Conestoga  River  has 
indicated  no  change  in  the  nitrogen  loading  for  the 
period  1985-1989,  but  shows  a  slight  decrease  in 
the  phosphorus  load  for  1988,  and  a  significant 
decrease  for  1989.  Records  from  the  Lancaster 
sewage  treatment  plant  (STP)  show  a  decreased 
phosphorus  concentration  in  their  effluent  midway 
through  1988,  and  an  even  lower  concentration 
throughout  1989.  While  they  have  significantly 
decreased  their  ammonia  concentration  during  the 
same  period,  the  nitrate  concentration  has  concur- 
rently increased.  Subtraction  of  the  point  source 
STP  nutrient  load  from  the  measured  basin  load 
provides  an  estimate  of  the  nonpoint  nutrient  load. 
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Evaluation  of  this  phosphorus  load  with  water 
discharge  shows  no  change  in  loading  from  1985- 
1988,  but  shows  a  definite  load  decrease  in  1989. 
This  decrease  in  1989  phosphorus  nonpoint  source 
load  is  shown  to  be  coincidental  with  the  lower 
than  normal  suspended  sediment  load  in  1989.  This 
study  indicates  that  long-term  monitoring  data  can 
be  used  to  detect  changes  in  small  tributary  water- 
sheds. However,  interpretation  of  the  data  must  be 
coupled  with  a  knowledge  of  the  changing  condi- 
tions within  the  watershed.  (Lantz-PTT) 
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SUPERFUND  RECORD  OF  DECISION: 
ROCKY  HILL,  NJ. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
For  primary  bibliographic  entry  see  Field  5G. 
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WATER  QUALITY  OF  INTERSTATE 
STREAMS  IN  THE  SUSQUEHANNA  RIVER 
BASIN.  MONITORING  REPORT  3:  WATER 
YEAR  1989. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA.  Resource  Quality  Management  and  Protection 

Div. 

C.  P.  McMorran,  and  S.  W.  Bollinger. 

Susquehanna  River  Basin  Commission  Publication 

No.    131,   April    1990.   (October    1988-September 

1989).  104p,  6  fig,  40  tab,  4  ref,  2  append. 

Descriptors:  'Interstate  rivers,  'Monitoring,  'Sus- 
quehanna River  Basin,  'Water  quality,  Aluminum, 
Benthic  fauna,  Chemung  River,  Cowanesque 
River,  Deer  Creek,  Macroinvertebrates,  Maryland, 
Octoraro  Creek,  Pennsylvania,  Scott  Creek,  Sur- 
face water,  Tioga  River,  Troups  Creek,  Trow- 
bridge Creek,  Water  pollution  effects. 

Water  samples  were  collected  from  twelve  stations 
on  interstate  streams  in  November  1988,  and  Feb- 
ruary, May  and  August  1989.  Water  samples  were 
collected  from  23  stations  on  other  interstate 
streams.  Benthic  macroinvertebrates  were  sampled 
from  each  station  in  July  and  August  1989.  The 
data  collected  is  used:  (1)  to  assess  compliance 
with  water  quality  standards;  (2)  to  assess  impacts 
on  water  quality;  (3)  to  characterize  ambient  and 
seasonal  stream  quality;  and  (4)  for  future  trend 
assessment.  Scott  Creek  is  the  only  interstate 
stream  having  poor  water  quality.  Untreated 
sewage  discharges  from  Cardiff,  Maryland,  impairs 
water  quality  and  biological  conditions.  The 
Cowanesque  River  exhibits  biological  impacts  due 
to  Cowanesque  Lake,  but  impacts  on  water  quality 
were  minor.  The  Chemung  River  showed  slight  to 
moderate  impairment  of  macroinvertebrates  and 
water  quality  due  to  wastewater  discharges  from 
Elmira.  Octoraro  Creek  and  Tioga  River  showed 
moderate  macroinvertebrate  impairment  coinci- 
dent with  elevated  concentrations  of  some  chemi- 
cal parameters.  Elevated  chemical  concentrations 
were  observed  in  the  Susquehanna  River  at  Sayre 
and  Cayuta  Creek;  however,  no  macroinvertebrate 
impairment  was  observed.  Falling  Branch  Deer 
Creek,  Big  Branch  Deer  Creek,  Troups  Creek  and 
Trowbridge  Creek  showed  varying  degrees  of  ma- 
croinvertebrate impairment,  but  no  specific  causes 
were  indicated  by  water  quality  data.  Most  inter- 
state streams  have  good  water  quality.  Only  30  out 
of  1,460  observations  exceeded  water  quality 
standards.  Aluminum  most  commonly  exceeded 
standards.  (Author's  abstract) 
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HERBICIDES   IN   WATER:   ECONOMICS   OR 
ENVIRONMENT. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  4A. 
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IMPACT  OF  RESIDENTIAL  URBAN  AREAS 
ON  GROUNDWATER  QUALITY:  SWAN 
COASTAL  PLAIN,  WESTERN  AUSTRALIA. 

Commonwealth  Scientific  and  Industrial  Research 
Organization.  Wembley  (Australia).  Div.  of  Water 


Resources. 

For  primary  bibliographic  entry  see  Field  4C. 
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BIBLIOGRAPHY  OF  ATRAZINE  AND  ITS 
SIMPLE  DEGRADATION  PRODUCTS  IN  THE 
ENVIRONMENT. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  IOC. 
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ACIDIC  PRECIPITATION.  VOLUME  4:  SOILS, 
AQUATIC  PROCESSES,  AND  LAKE  ACIDIFI- 
CATION. 

Advances  in  Environmental  Science.  Springer- 
Verlag,  New  York.  1990.  293  p.  Edited  by  S.  A. 
Norton,  S.  E.  Lindberg,  and  A.  L.  Page. 

Descriptors:  'Acid  neutralizing  capacity,  'Acid 
rain,  'Acidification,  'Aquatic  environment,  'Path 
of  pollutants,  'Soil  chemistry,  Acid  lakes,  Alumi- 
num, Canada,  Chemical  speciation,  Diatoms,  Geo- 
chemistry, Heavy  metals,  Hydrogen  ion  concentra- 
tion, Lake  acidification,  Land  restoration,  Paleohy- 
drology,  Snowpack,  Soil  contamination,  Sulfates. 

Acidic  precipitation  and  its  effects  have  been  the 
focus  of  intense  research  for  over  two  decades. 
Recently,  research  has  focused  on  a  greater  under- 
standing of  dose-response  relationships  between  at- 
mospheric loading  of  acidifying  material  and  lake 
acidity.  This  volume  of  the  subseries  Acidic  Pre- 
cipitation emphasizes  acid  neutralizing  processes 
and  the  capacity  of  terrestrial  and  aquatic  systems 
to  assimilate  acidifying  substances  and,  conversely, 
the  ability  of  systems  to  recover  after  acid  loading 
diminishes.  Papers  presented  are  titled:  Soil  Reac- 
tion and  Acidic  Deposition;  Acidic  Sulfate  Soils; 
Aluminum  Speciation-Methodology  and  Applica- 
tions; Snowpack  Storage  of  Pollutants,  Release 
during  Melting,  and  Impact  on  Receiving  Waters; 
Buffering  of  pH  Depressions  by  Sediments  in 
Streams  and  Lakes;  Mitigation  of  Acidic  Condi- 
tions in  Lakes  and  Streams;  Recovery  of  Acidified 
and  Metal-Contaminated  Lakes  in  Canada;  and, 
Paleoecological  Analyses  of  Lake  Acidification 
Trends  in  North  America  and  Europe  Using  Dia- 
toms and  Chrysophytes.  (See  W9 1-07228  thru 
W9 1-07235)  (Lantz-PTT) 
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SOIL  REACTION  AND  ACIDIC  DEPOSITION. 

Colorado    State    Univ.,    Fort    Collins.    Dept.    of 

Agronomy. 

J.  O.  Reuss,  and  P.  M.  Walthall. 

IN:  Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 

Processes,   and   Lake   Acidification.   Advances  in 

Environmental     Science.     Springer- Verlag,     New 

York.  1990.  p  1-33,  9  fig,  2  tab,  73  ref.  Colorado 

Agricultural  Experiment  Station  Project  No.  6232, 

and  EPA  Agreement  No.  CR812319  to  Colorado 

State  University. 

Descriptors:  'Acid  rain,  'Acidic  soils,  'Chemical 
reactions,  'Path  of  pollutants,  'Soil  chemistry, 
Acidification,  Aluminum,  Anions,  Buffering,  Ca- 
tions, Geochemistry,  Hydrogen  ion  concentration. 

The  major  chemical  processes  by  which  acidic 
deposition  interacts  with  soils  are  discussed,  with  a 
focus  on  forest  soils.  The  effects  of  acidic  deposi- 
tion on  soils  used  for  production  of  food  and  fiber 
are  generally  small  compared  to  effects  of  agricul- 
tural practices  such  as  nitrogen  fertilizer  applica- 
tions and  liming.  Buffering  mechanisms  considered 
include  aluminum  buffering,  silicate  mineral  buffer- 
ing, cation  exchange,  organic  buffering,  and  the 
effect  of  anion  immobilization  processes  such  as 
nitrate  uptake  and  sulfate  adsorption.  The  effects 
of  acidic  inputs  on  capacity  factors  such  as  ex- 
change acidity,  exchangeable  base  content,  and 
sulfate  adsorption  capacity  are  considered,  as  are 
related  natural  processes  such  as  acidification  due 
to  the  accumulation  of  bases  in  biomass.  Particular 
attention  is  paid  to  intensity  effects,  such  as  the 
effect  of  increased  concentration  of  anions  associ- 
ated with  strong  acids  on  the  chemical  composi- 
tion of  the  soil  solution,  as  they  are  likely  to  be 
highly  nonlinear  with  respect  to  the  capacity  fac- 


tors. These  include  pH,  aluminum  mobilization, 
and  loss  of  alkalinity  in  the  soil  solution,  which  in 
turn  may  result  in  acidification  of  drainage  waters. 
Due  to  the  variety  and  complexity  of  processes, 
results  of  field  and  laboratory  experiments  are 
likely  to  be  highly  variable.  A  few  examples  are 
discussed  in  relation  to  the  mechanisms  that  appear 
to  be  controlling  the  response  in  each  case.  (See 
also  W9 1-07227)  (Author's  abstract) 
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ACIDIC  SULFATE  SOILS. 

Department  of  Agriculture,   Bangkok  (Thailand). 

Div.  of  Soils. 

J.  Prasittikhet,  and  R.  P.  Gambrell. 

IN:  Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 

Processes,   and   Lake   Acidification.   Advances  in 

Environmental    Science.     Springer-Verlag,     New 

York.  1990.  p  35-62,  1  tab,  86  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects, 
•Acidic  soils,  'Geochemistry,  'Path  of  pollutants, 
'Sulfates,  Aluminum,  Buffering,  Carbon  dioxide, 
Chemical  reactions,  Fate  of  pollutants,  Iron,  Soil 
chemistry,  Sulfuric  acid. 

Acidic  sulfate  soils  are  formed  from  potential 
acidic  sulfate  soils  that  are  characterized  by  the 
accumulation  of  pyrite  (FeS2).  Upon  drainage  of 
these  soils,  the  pyrite  oxidizes  to  produce  sulfuric 
acid  and  hence  acidic  sulfate  soils.  The  acid 
formed  commonly  decreases  the  soil's  pH  to  <  4, 
and  sometimes  as  low  as  2.  The  acid  produced  has 
a  major  effect  on  chemical  and  microbial  processes 
in  soils.  Substances  detrimental  to  plant  growth, 
such  as  Al(3  +  ),  Fe(2  +  ),  H2S,  and  C02  are  often 
generated  in  amounts  toxic  to  plant  growth.  In 
acidic  sulfate  soils,  the  potential  for  very  acidic  soil 
conditions  to  develop  results  from  natural  process- 
es. Often,  however,  cultural  disturbances  of  these 
potential  acidic  sulfate  soils,  such  as  drainage  for 
agricultural  purposes  or  other  reasons,  cause  the 
chemical  and  microbial  processes  to  occur  world- 
wide in  most  climatic  zones,  but  are  found  primari- 
ly in  tropical  regions.  Most  acidic  sulfate  soils  are 
found  in  coastal  areas  at  low  elevations,  where 
they  develop  from  pyrite-containing  marine  sedi- 
ments. These  soils  are  a  major  problem  because  of 
their  harmful  effect  on  crop  production,  and  be- 
cause of  the  large  areas  affected  in  regions  of  the 
world  where  additional  food  production  is  espe- 
cially important.  Acidic  sulfate  soils  are  generally 
far  more  acidic  than  can  be  generated  by  even 
severe  acidic  precipitation  problems.  Acidic  pre- 
cipitation is  unlikely  to  adversely  affect  either 
acidic  sulfate  soils  or,  for  different  reasons,  poten- 
tial acidic  sulfate  soils.  Knowledge  of  acidic  sulfate 
soil  chemistry,  the  problems  experienced  with  such 
soils,  and  feasible  management  practices  to  miti- 
gate some  of  the  problems,  should  provide  infor- 
mation on  the  type  and  direction  of  chemical 
changes  that  may  occur  in  poorly  buffered  soils  in 
other  regions  of  the  world  as  a  result  of  acidic 
precipitation.  (See  also  W9 1-07227)  (Author's  ab- 
stract) 
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ALUMINUM  SPECIATION:  METHODOLOGY 
AND  APPLICATIONS. 

Savannah  River  Ecology  Lab.,  Aiken,  SC.  Div.  of 
Biogeochemistry. 
P.  M.  Bertsch. 

IN:  Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 
Processes,  and  Lake  Acidification.  Advances  in 
Environmental  Science.  Springer-Verlag,  New 
York.  1990.  p  63-105,  10  fig,  2  tab,  190  ref.  DOE 
Contract  DE-AC09-765R00-819. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Alu- 
minum, 'Chemical  speciation,  'Path  of  pollutants, 
Acidification,  Aquatic  environment,  Bioavailabi- 
lity, Environmental  chemistry,  Fate  of  pollutants, 
Geochemistry,  Literature  review,  Toxicity. 

There  exists  ample  evidence  to  suggest  that  chemi- 
cal speciation  regulates  Al  mobility  in  the  environ- 
ment, and  its  bioavailability  and  toxicity  to  many 
aquatic  organisms  and  plant  species.  It  is  difficult 
to  recommend  a  specific  speciation  method  be- 
cause the  choice  depends  largely  on  the  specific 
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application.  In  order  to  elucidate  general  trends, 
for  example,  a  method  that  generally  separates 
inorganically  and  organically  bound  Al  and  colloi- 
dal solid-phase  Al  components  seems  to  be  ade- 
quate for  many  investigations.  Although  Al  associ- 
ated with  specific  organic  components  appears  to 
be  very  important  in  describing  the  complex  be- 
havior of  Al  in  watersheds,  most  currently  used 
methods  do  not  discriminate  between  different 
classes  of  organic  Al  complexes.  Likewise,  toxico- 
logical  investigations  continue  to  be  concerned 
with  differentiating  the  toxicity  of  specific  inorgan- 
ic and  organic  Al  complexes,  and  currently  avail- 
able methods  and  approaches  generally  are  inad- 
equate for  providing  such  detailed  microscopic 
molecular  information.  There  has  been  significant, 
although  not  quite  convergent,  progress  made  in 
understanding  the  differential  toxicity  of  Al  to 
both  terrestrial  and  aquatic  organisms  and  in  de- 
scribing the  complex  behavior  of  Al  in  acidified 
watersheds  by  the  utilization  of  existing  Al  specia- 
tion  techniques.  It  is  increasingly  clear,  however, 
that  the  specific  elucidation  of  the  underlying 
mechanisms  regulating  toxicity,  or  of  the  complex 
processes  involved  in  the  biogeochemical  cycling 
of  Al  in  forested  ecosystems,  will  require  greater 
refinement  of  Al  speciation  methods,  particularly 
with  respect  to  the  organic  Al  fractions.  Further- 
more, it  is  becoming  increasingly  established  that 
important  reactions  involving  the  mobilization  and 
transport  of  Al  occur  during  episodic  events, 
where  nonequilibrium  processes  may  be  quite  im- 
portant. Thus,  the  rates  and  mechanisms  control- 
ling Al  release  and  Al  species  transformations  are 
very  important  yet  poorly  understood  processes. 
Further  development  and  refinement  of  Al  specia- 
tion techniques  will  also  be  required  if  these  impor- 
tant controls  on  the  biogeochemical  cycling  of  Al 
as  influenced  by  acidic  deposition  are  to  be  better 
defined.  (See  also  W9 1-07227)  (Lantz-PTT) 
W91-07230 


SNOWPACK  STORAGE  OF  POLLUTANTS,  RE- 
LEASE DURING  MELTING,  AND  IMPACT  ON 
RECEIVING  WATERS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
D.  S.  Jeffries. 

IN:  Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 
Processes,  and  Lake  Acidification.  Advances  in 
Environmental  Science.  Springer- Verlag,  New 
York.  1990.  p  107-132,  3  fig,  4  tab,  148  ref. 

Descriptors:  'Acid  rain,  *Acid  rain  effects,  'Acidi- 
fication,  *Aluminum,  *Path  of  pollutants,  ♦Snow- 
melt,  *Snowpack,  *Water  pollution  effects,  Acid 
neutralizing  capacity,  Air  pollution,  Hydrogen  ion 
concentration.  Literature  review,  Nitrates,  Pesti- 
cides, Polychlorinated  biphenyls,  Receiving 
waters,  Sulfates. 

Information  on  the  snowpack  content  of  major 
ions,  trace  metals,  and  organic  contaminants  (pesti- 
cides and  total  PCBs)  is  discussed  in  this  review 
paper.  Although  several  limitations  exist,  regional 
snowpack  surveys  have  been  successfully  used  to 
delineate  spatial  trends  in  acidic  deposition.  In 
contrast  to  the  annual  anionic  predominance  of 
S04(2-)  in  atmospheric  deposition,  N03(-)  is  often 
of  a  similar  magnitude  or  even  greater  than  S04(2- 
)  in  the  snowpack  in  locations  affected  by  acidic 
deposition.  Trace  metal  concentrations  are  general- 
ly greater  than  tenfold  higher  at  European  and 
North  American  regional  locations,  than  in  Arctic 
or  Antarctic  'background'  sites.  The  dry  deposited 
component  of  the  total  snowpack  pollutant  load  is 
generally  less  significant  (1%  to  45%)  than  the 
wet-deposited  component,  although  there  is  much 
variability  among  chemical  parameters  and  loca- 
tions. There  is  conflicting  evidence  on  the  premelt 
stability  of  snowpacks:  stability  is  clearly  governed 
by  many  factors,  and  the  occurrence  of  unfrozen 
underlying  soils  may  be  very  important.  The  net 
radiative  energy  flux  is  primarily  responsible  for 
melting.  Delivery  of  meltwater  is  often  greatly 
complicated  by  the  snowpack  mesostructure;  ice 
layers  and  the  development  of  within-pack  pipe 
flow  can  make  modeling  of  this  process  very  diffi- 
cult. Rain-on-snow  events  can  be  very  important 
both  hydrologically  and  chemically.  Fractionation 
of  the  pollutants  during  normal  snowpack  meta- 
morphosis gives  early   meltwater   ion  and   metal 


concentrations  that  are  five-fold  to  ten-fold  greater 
than  those  in  the  parent  snow.  Major  ions  are  lost 
from  the  snowpack  at  differing  rates  during  melt- 
ing, a  process  known  as  preferential  elution. 
Springtime  reductions  in  pH,  acid-neutralizing  ca- 
pacity, and  base  cations  observed  in  surface  waters 
occur  due  to  both  simple  dilution  and  the  differen- 
tial release  of  snowpack  pollutants.  In  contrast, 
lake  and  stream  concentrations  of  Al  and  N03(-) 
typically  increase,  although  the  behavior  of  the 
latter  is  variable  from  location  to  location.  Concen- 
trations of  S04(2-)  remain  comparatively  constant, 
an  observation  attributed  to  rapid  exchange  of  this 
ion  in  the  soil  environment.  (See  also  W9 1-07227) 
(Author's  abstract) 
W9 1-07231 


BUFFERING  OF  PH  DEPRESSIONS  BY  SEDI- 
MENTS IN  STREAMS  AND  LAKES. 

Maine  Univ.,  Orono.  Dept.  of  Geological  Sciences. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07232 


MITIGATION   OF   ACIDIC  CONDITIONS   IN 
LAKES  AND  STREAMS. 

Electric   Power  Research   Inst.,   Palo  Alto,   CA. 
For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07233 


RECOVERY    OF    ACIDIFIED    AND    METAL- 
CONTAMINATED  LAKES  IN  CANADA. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 

Studies. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07234 


PALEOECOLOGICAL  ANALYSIS  OF  LAKE 
ACIDIFICATION  TRENDS  IN  NORTH  AMER- 
ICA AND  EUROPE  USING  DIATOMS  AND 
CHRYSOPHYTES. 

Indiana  Univ.  at  Bloomington.  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  5C. 

W9 1-0723  5 


HILLSLOPE  EROSION  AT  THE  MAXEY 
FLATS  RADIOACTIVE  WASTE  DISPOSAL 
SITE,  NORTHEASTERN  KENTUCKY. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07239 


CHESAPEAKE     BAY     NONPOINT     SOURCE 
PROGRAMS. 

Environmental     Protection     Agency,     Annapolis, 
MD.  Chesapeake  Bay  Liaison  Office. 
For   primary   bibliographic   entry   see   Field   5G. 
W9 1-07249 


CODORUS  CREEK  PRIORITY  WATER  BODY 
SURVEY  REPORT:  WATER  QUALITY  STAND- 
ARDS REVIEW. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA.  Resource  Quality  Management  and  Protection 

Div. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-07250 


PARAMETER  ESTIMATION  FROM  ARTIFI- 
CIAL TRACER  EXPERIMENTS. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 
m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R.). 
Inst,  fuer  Hydrologie. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07259 


APPLICATION  OF  AN  AUTOMATIC  CALI- 
BRATION TECHNIQUE  TO  MODELLING  AN 
ALLUVIAL  AQUIFER. 

Universidad    Politecnica   de   Cataluna,    Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07262 


MARCHAL:  A  THREE-DIMENSIONAL 
MODEL  FOR  GROUNDWATER  FLOW  AND 
QUALITY  MODELLING. 

Strasbourg- 1  Univ.  (France).  Inst,  de  Mechanique 
des  Fluides. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-07266 


PERCOLATION  AND  RANDOM  WALK 
MODELS  FOR  SIMULATING  DISPERSION 
PHENOMENA  IN  FRACTURE  NETWORKS. 

Ministry  of  Agriculture,  Tel-Aviv  (Israel).  Water 
Commission. 

B.  Berkowitz,  and  C.  Braester. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  205-210.  1  fig,  1 
tab,  1 1  ref. 

Descriptors:  *Dispersion,  *Flow  models,  'Frac- 
ture  permeability,  'Geological  fractures,  "Ground- 
water transport,  "Mass  transport,  *Model  studies, 
"Path  of  pollutants,  *Percolation,  'Random  walk 
method,  *Solute  transport,  Calibrations,  Computer 
programs,  Data  interpretation,  Flow  equations, 
Groundwater  movement,  Mathematical  studies, 
Monte  Carlo  method,  Simulation  analysis. 

Spreading  of  contaminants  in  fracture  networks, 
not  amenable  to  description  by  the  continuum  ap- 
proach, was  investigated  using  a  two-dimensional 
irregular  fracture  network.  The  problem  was 
solved  by  using  the  equations  of  flow,  a  random 
walk  model  and  percolation  theory.  A  two-dimen- 
sional irregular  fracture  network,  consisting  of 
fractures  of  equal  length  and  different  apertures, 
was  obtained  from  a  regular  orthogonal  network 
from  which  some  of  the  fractures  were  removed. 
The  fracture  apertures  were  drawn  randomly  from 
a  lognormal  distribution.  The  random  walk  was 
directed  by  an  exact  solution  of  flow  through  the 
network,  and  Monte  Carlo  simulation  were  per- 
formed to  track  particles  through  the  fracture 
system.  The  scaling  relationships  obtained  here 
were  found  to  be  in  excellent  agreement  with  the 
most  recent  predictions  of  percolation  theory.  It  is 
concluded  that  the  proposed  random  walk  model, 
and  percolation  theory,  are  capable  of  providing 
quantitative  relationships  describing  dispersion 
phenomena  in  fracture  networks.  (See  also  W91- 
07253)  (Author's  abstract) 
W9 1-07273 


PREDICTION  OF  CADMIUM  ACCUMULA- 
TION IN  A  HETEROGENEOUS  SOIL  USING  A 
SCALED  SORPTION  MODEL. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
A.  E.  Boekhold,  S.  E.  A.  T.  M.  Van  der  Zee,  and 
F.  A.  M.  De  Haan. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  211-220.  3  fig,  2 
tab,  20  ref. 

Descriptors:  'Adsorption  kinetics,  'Cadmium, 
'Hydrogen  ion  concentration,  'Mass  transport, 
'Model  studies,  'Organic  carbon,  'Path  of  pollut- 
ants, 'Soil  contamination,  'Soil  water,  'Solute 
transport,  Accumulation,  Calibrations,  Data  inter- 
pretation, Heterogeneity,  Prediction,  Soil  chemis- 
try,  Soil   solution,   Sorption,   Spatial   distribution. 

A  transport  model  was  developed  that  includes  the 
most  relevant  processes  for  cadmium  accumulation 
in  the  soil  and  accounts  explicitly  for  the  effects  of 
pH  and  organic  carbon  content.  Sorption  param- 
eters for  the  model  were  estimated  using  batch 
experiments  with  soil  from  an  arable  field.  With 
these  parameter  values,  model  predictions  of  solute 
breakthrough  were  in  good  agreement  with  meas- 
urements. With  the  validated  sorption  model,  cad- 
mium contents  along  a  transect  in  the  field  were 
predicted  using  measured  values  of  pH,  organic 
carbon  content,  and  cadmium  concentration  in  soil 
solution.  Although  spatial  variability  of  these  pa- 
rameters is  distinct  and  not  identical  to  the  spatial 
variability  of  the  total  cadmium  content  of  the  soil, 
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model  predictions  showed  good  agreement  with 
the  observed  spatial  pattern.  Spatial  variability  of 
pH  and  organic  matter  content  is  an  important 
factor  that  invokes  heterogeneity  of  cadmium  con- 
tent in  this  soil.  (See  also  W9 1-07253)  (Author's 
abstract) 
W9 1-07274 


APPROACH  TO  MODEL  TRANSPORT  OF 
CONTAMINANTS  INCLUDING  GEOCHEMI- 
CAL  PROCESSES:  DEPENDENCE  OF  SORP- 
TION COEFFICIENTS  ON  GEOCHEMICAL 
SURROUNDING. 

Technische  Univ.  Berlin  (Germany,  F.R.).  Inst, 
fuer  Wassergefaehrdende  Stoffe. 
E.  Butow,  E.  Holzbecher,  and  V.  Koss. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  221-229.  7  fig,  2 
tab,  12ref. 

Descriptors:  'Adsorption  kinetics,  'Geochemistry, 
•Groundwater  chemistry,  'Groundwater  move- 
ment, 'Groundwater  pollution,  'Hydrologic 
models,  'Model  studies,  'Path  of  pollutants,  'Pol- 
lutant transport,  'Sorption,  Calibrations,  Carbon- 
ates, Cation  exchange,  Chemical  interactions, 
Chlorides,  Computer  models,  Computer  programs, 
Contamination,  Cyanide,  Data  interpretation, 
Fluorides,  Germany,  Hydrogen  ion  concentration, 
Mass  transport,  Nickel,  Phosphates,  Sodium, 
Solute  transport.  Strontium,  Sulfates,  Uranium. 

Transport  modeling  endeavors  to  predict  the  be- 
havior of  contaminants  in  groundwater  and  ascer- 
tain the  severity  of  contamination.  Transport 
models  combine  computer  programs  that  calculate 
groundwater  flow  and  the  geochemical  behavior 
of  the  contaminants.  Conventional  transport  pro- 
grams take  the  geochemical  behavior  of  contami- 
nants into  account  by  the  use  of  elemental  sorption 
coefficients.  The  influence  of  fluoride,  chloride, 
cyanide,  carbonate,  sulfate,  and  phosphate  concen- 
trations and  of  pH  on  the  elemental  sorption  coeffi- 
cients of  sodium,  strontium,  nickel,  and  uranium 
were  evaluated  in  an  oxidizing  sandy  sediment- 
groundwater  system.  Geochemical  data  were  ob- 
tained from  1600  groundwater  analyses  from 
Northern  Germany.  Sorption  coefficients  were  cal- 
culated according  to  a  simple  surface  complexation 
model  using  the  geochemical  code  MINEQL.  The 
results  of  the  investigation  revealed  that  anionic 
contamination  had  no  influence  on  sodium  sorp- 
tion. While  strontium  sorption  decreased  only  at 
extremely  high  sulfate  concentrations,  nickel  sorp- 
tion showed  a  strong  dependence  on  cyanide  and 
carbonate  concentrations  and  pH.  Uranium  sorp- 
tion decreased  with  increasing  pH.  The  depend- 
ence of  uranium  sorption  on  pH  was  calculated 
and  compared  to  experimental  results  which  re- 
vealed that  the  calculated  and  experimental  sorp- 
tion ratios  agreed  within  9%  of  the  total  metal 
concentration.  Sorption  of  all  metal  ions  increased 
with  increasing  cation  exchange  capacity  of  the 
sediment.  (See  also  W9 1-07253)  (Korn-PTT) 
W9 1-07275 


EXPERIMENTAL  STUDY  OF  COUPLED 
FLOW  AND  MASS  TRANSPORT:  A  MODEL 
VALIDATION  EXERCISE. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
S.  M.  Hassanizadeh. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  241-250.  7  fig,  12 
ref. 

Descriptors:  'Groundwater  movement,  'Mass 
transport,  'Mathematical  models,  'Model  studies, 
'Path  of  pollutants,  'Pollutant  transport,  'Radio- 
active waste  disposal,  'Soil  contamination,  Brines, 
Calibrations,  Computer  models,  Darcys  law,  Data 
interpretation.  Dispersion,  Experimental  data.  Ex- 
perimental design,  Ficks  Law,  Flow  equations. 
Flow  models,  Mathematical  analysis,  Mathematical 
equations.  Mathematical  studies,  Model  testing. 

An  integral  part  of  the  safety  assessment  of  nuclear 
waste  disposal  is  the  study  of  nuclide  transport  in 


the  geosphere.  This  requires  the  use  of  mathemati- 
cal models  to  achieve  an  understanding  of  the 
various  processes  which  take  place  within  soil 
formations.  A  candidate  type  of  formation  for  host- 
ing a  waste  repository  is  a  salt  rock.  Groundwater 
in  the  aquifers  surrounding  and  overlying  salt  for- 
mations often  contain  a  high  concentration  of  salt. 
This  must  be  taken  into  account  in  studies  of 
nuclide  transport.  Laboratory  experiments  were 
conducted  on  the  dispersion  of  salt  water  in  a 
porous  medium  in  order  to  study  the  applicability 
of  Darcy's  and  Fick's  laws  in  high-concentration 
solutions.  In  the  experiments,  a  low-concentration 
salt  solution  (1-3  g/1),  which  initially  filled  the 
column,  was  displaced  with  a  higher  concentrated 
solution  (3-280  g/1).  The  salt  mass  fraction  was 
monitored  as  a  function  of  time  using  an  array  of 
16  electrodes  installed  in  five  rows.  The  computer 
package  SPRINT  was  employed  for  simulating  the 
experiments.  The  results  of  the  investigation  re- 
vealed that,  for  low-concentration  gradient  experi- 
ments, the  use  of  classical  Darcy's  and  Fick's  laws 
showed  very  good  agreement  between  calculated 
and  experimental  results.  However,  appreciable 
differences  were  found  for  high-concentration  gra- 
dient situations.  After  checking  a  number  of  plausi- 
ble modifications  to  Fick's  law,  it  appeared  that  a 
nonlinear  relationship  for  the  dispersive  mass  flux 
provided  a  satisfactory  agreement  between  calcu- 
lated and  experimental  results.  (See  also  W91- 
07253)  (Korn-PTT) 
W9 1-07277 


TRANSPORT  AND  STORAGE  PHENOMENA 
IN  A  FRACTURE  MATRIX  SYSTEM:  EXPERI- 
MENTAL INVESTIGATIONS  AND  NUMERI- 
CAL MODELLING. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Wasser- 

wirtschaft,  Hydrologie  und  Landwirtschaftlichen 

Wasserbau. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07279 


VAPOUR  TRANSPORT  OF  ORGANIC  COM- 
POUNDS: SIMULATION  OF  FIELD  EXPERI- 
MENTS AND  MODEL  VALIDATION. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 
Research. 

C.  A.  Mendoza,  E.  O.  Frind,  and  B.  M.  Hughes. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  331-340.  5  fig,  1 
tab,  14  ref. 

Descriptors:  'Aeration  zone,  'Calibrations, 
'Model  studies,  'Model  testing,  'Organic  solvents, 
•Path  of  pollutants,  'Simulation,  Advection,  Case 
studies,  Chlorinated  hydrocarbons,  Data  interpre- 
tation, Density,  Dispersion,  Field  tests,  Finite  ele- 
ment method,  Groundwater  pollution,  Mathemati- 
cal studies,  Multiphase  flow,  Numerical  analysis, 
Organic  carbon,  Organic  compounds,  Solvents, 
Sorption,  Temperature  effects,  Trichloroethylene, 
Vapor  transport,  Water  pollution  sources. 

Efforts  are  underway  to  examine  various  pathways 
by  which  chlorinated  solvents  find  their  way  into 
groundwater.  One  possible  pathway  is  through 
vapor  transport  from  a  residual  solvent  source  in 
the  unsaturated  zone.  Several  models  have  been 
proposed  to  simulate  vapor  transport  in  the  unsatu- 
rated zone.  A  vapor  transport  model  that  incorpo- 
rates the  effects  of  temperature-dependent  and  den- 
sity-dependent parameters  on  vapor  flow  was  in- 
vestigated. An  axisymmetric  finite-element  model 
was  used  to  simulate  the  advective-dispersive 
transport  of  trichloroethylene  (TCE)  vapors  from 
a  residual  source  in  the  unsaturated  zone.  The  data 
was  obtained  from  two  detailed  field  experiments 
in  which  a  mixture  of  sand  and  TCE  served  as  the 
residual  solvent  source.  The  results  of  the  investi- 
gation revealed  that  the  numerical  model  correctly 
represented  the  process  of  vapor  transport  in  the 
unsaturated  zone.  The  model  has  been  verified  to 
the  extent  possible  by  comparison  to  a  semi-analyt- 
ical model,  and  validated  by  comparisons  to  data 
obtained  from  controlled  field  experiments.  In 
view  of  the  various  unavoidable  sources  of  error, 
the  agreement  was  very  good.  Also  the  model 
results  appeared  to  be  virtually  free  of  numerical 


dispersion.  Vapor  transport  in  the  unsaturated  zone 
was  found  to  be  highly  sensitive  not  only  with 
respect  to  temperature,  but  also  with  respect  to  the 
choice  of  the  functional  representation  of  the  tem- 
perature-dependent parameters.  The  carbon  con- 
tent of  the  organic-rich  soil  layers  also  exerted  a 
controlling  influence  by  sorbing  significant 
amounts  of  vapor  mass.  (See  also  W9I-07253) 
(Korn-PTT) 
W9 1-07286 


PERSPECTIVE  ON  NON-UNIQUENESS  IN 
THREE-DIMENSIONAL  TRANSPORT  SIMU- 
LATIONS OF  BIODEGRADING  ORGANIC 
CONTAMINANTS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 
Research. 

J.  W.  Molson,  and  E.  O.  Frind. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  341-350.  6  fig,  1 
tab,  12  ref. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
'Groundwater  pollution,  'Groundwater  transport, 
'Leaching,  'Mass  transport,  'Model  studies,  'Or- 
ganic pollutants,  'Path  of  pollutants,  'Pollutant 
transport,  Advection,  Aerobic  conditions,  Ben- 
zene, Calibrations,  Canada,  Case  studies,  Data  in- 
terpretation, Dispersion,  Field  tests,  Finite  element 
method,  Landfills,  Mathematical  studies,  Plumes, 
Simulation,  Three-dimensional  model. 

Groundwater  contamination  from  municipal  and 
industrial  landfills  continues  to  be  a  significant 
environmental  problem  in  Canada.  Numerical  sim- 
ulation models  are  often  used  to  predict  the  behav- 
ior of  organic  contaminants  in  groundwater.  How- 
ever, it  is  known  that  solutions  to  most  numerical 
problems  of  field-scale,  non-reactive  mass  transport 
are  non-unique.  Recently,  significant  advances 
have  been  made  in  computational  techniques 
which  allow  the  inclusion  of  multiple,  reactive 
species  and  coupled  systems  within  fully  three- 
dimensional  domains.  A  plume  of  organic  contami- 
nation at  a  landfill  site  near  Ottawa  was  examined 
by  using  a  three-dimensional  numerical  simulation 
model.  The  simulation  used  a  finite  element  model 
for  advective-dispersive  mass  transport  with  aero- 
bic biodegradation  of  organic  contaminants.  The 
distribution  and  concentration  levels  of  benzene 
were  used  as  a  reference  for  model  calibration.  The 
results  of  the  investigation  revealed  that  organic 
biodegradation  increased  the  degrees  of  freedom 
above  those  known  to  exist  in  the  calibration  of 
linear  (non-reactive)  mass  transport  models.  There- 
fore, biodegradation  parameters  must  be  deter- 
mined independently  of  field  plume  measurements 
in  order  to  allow  meaningful  predictions  of  plume 
behavior.  The  study  also  showed  that  non-unique- 
ness could  exist  not  only  with  respect  to  the  magni- 
tude of  the  parameters,  but  also  with  respect  to  the 
existence  of  physical  and  biochemical  processes  in 
a  given  situation.  The  possibility  of  non-uniqueness 
should,  therefore,  be  considered  when  assessing 
the  accuracy  of  predictive  simulations  based  on 
limited  field  data.  (See  also  W91-07253)  (Korn- 
PTT) 
W91-07287 


REEVALUATION  OF  LARGE-SCALE  DISPER- 
SIVITIES  FOR  A  WASTE  CHLORIDE  PLUME: 
EFFECTS  OF  TRANSIENT  FLOW. 

Geological  Survey,  Reston,  VA. 
D.  J.  Goode,  and  L.  F.  Konikow. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  417-426.  4  fig,  1 
tab,  12  ref. 

Descriptors:  'Chlorides,  'Dispersivity,  'Flow 
models,  'Groundwater  movement,  'Groundwater 
pollution,  'Hydrologic  models,  'Model  studies, 
'Model  testing,  'Path  of  pollutants,  'Plumes, 
Aquifers,  Basalts,  Calibrations,  Data  interpretation, 
Dispersion,  Error  analysis,  Field  tests,  Geologic 
fractures,  Heterogeneity,  Idaho  National  Engineer- 
ing Laboratory,  Mathematical  analysis,  Numerical 
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analysis,  Recharge,  Sensitivity  analysis,  Simulation, 
Solute  transport,  Spatial  distribution,  Statistical 
analysis,  Transmissivity,  Uncertainty,  Velocity. 

The  effects  of  transient  groundwater  flow  on  dis- 
persion of  a  waste  chloride  plume  were  studied  in 
the  basaltic  aquifer  beneath  the  Idaho  National 
Engineering  Laboratory.  In  an  early  application  of 
numerical  modelling  techniques  to  the  two-dimen- 
sional simulation  of  field-scale  plumes,  previous 
investigations  identified  longitudinal  and  transverse 
dispersivities  using  an  independently  calibrated 
steady-state  flow  model  and  matching  contours  of 
observed  and  simulated  concentrations.  The  unusu- 
al result  of  calibrated  transverse  dispersivity  (140 
m)  being  significantly  larger  than  longitudinal  dis- 
persivity (90  m)  has  been  attributed  to  spatial  het- 
erogeneity, the  fractured  nature  of  the  aquifer,  and 
to  the  use  of  a  two-dimensional  model.  New  cali- 
brations of  the  solute-transport  model  were  per- 
formed on  point  concentration  observations  using  a 
flow  model  incorporating  transient  recharge  condi- 
tions that  cause  significant  fluctuations  in  velocity. 
Under  transient  flow  conditions,  the  lowest  cali- 
bration errors  were  achieved  with  significantly 
larger  dispersivities  than  previously  hypothesized, 
and  with  the  longitudinal  component  larger  than 
the  transverse  component.  Unfortunately,  the  sen- 
sitivity of  the  model  calibration  error  to  dispersi- 
vity was  low.  Incorporating  transient  flow  in  this 
two  dimensional  porous-media  model  did  not  sig- 
nificantly improve  understanding  of  the  processes 
controlling  chloride  transport  at  this  site.  (See  also 
W9 1-07253)  (Author's  abstract) 
W9 1-07294 


STOCHASTIC  ASPECTS  OF  NONPOINT  NI- 
TRATE LEACHING  FROM  AGRICULTURAL 
FIELDS. 

Hohenheim  Univ.,  Stuttgart  (Germany,  F.R.).  Inst, 
fuer  Bodenkunde  und  Standortslehre. 
B.  Huwe. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  439-446.  4  fig,  18 
ref.  German  Research  Foundation  (Deutsche  Fors- 
chungsgemeinscaft)  Grant  No.  Ko  528/11-4. 

Descriptors:  'Agricultural  runoff,  'Groundwater 
transport,  'Leaching,  'Model  studies,  'Model  test- 
ing, 'Nitrates,  'Nonpoint  pollution  sources,  'Path 
of  pollutants,  'Soil  water,  'Stochastic  process, 
Calibrations,  Data  interpretation,  Differential  equa- 
tions. Field  tests,  Finite  difference  methods,  Ger- 
many, Groundwater  management,  Hydraulic  con- 
ductivity, Mathematical  analysis,  Mathematical 
equations,  Mathematical  studies,  Monte  Carlo 
method,  Sensitivity  analysis,  Simulation,  Soil  man- 
agement, Standard  deviation,  Uncertainty,  Varia- 
tion coefficient. 

Deterministic  simulation  models  that  describe  the 
behavior  of  nitrogen  in  agricultural  soils  can  pro- 
vide a  useful  tool  in  soil  management  and  ground- 
water protection  problems.  However,  the  spatial 
variability  of  the  majority  of  the  soil  and  atmos- 
pheric parameters  used  in  such  models  restricts 
their  use  at  the  scale  of  entire  agricultural  fields 
and  especially  an  entire  catchment.  The  manner  in 
which  parameter  variability  can  be  included  in  soil 
nitrogen  simulation  models  and  the  influence  of 
model  parameter  distributions  on  simulation  results 
were  examined.  Plot  studies  on  the  behavior  of  soil 
nitrogen  were  conducted  from  1984  until  1989  at  a 
site  located  at  the  edge  of  a  conventionally  man- 
aged arable  field  with  crop  rotation  in  southwest 
Germany.  A  deterministic,  one-dimensional  soil  ni- 
trogen simulation  model  was  developed  and  cali- 
brated with  field  data  from  the  plot  studies  and  a 
sensitivity  analysis  was  carried  out.  The  results  of 
the  investigation  revealed  that  the  model  could 
adequately  describe  observed  soil  nitrogen  behav- 
ior as  demonstrated  by  a  comparison  of  calculated 
and  measured  soil  nitrogen  data.  In  addition  it  was 
clear  that,  for  an  estimate  of  the  areal  leaching  of 
nitrogen,  the  spatial  variability  of  many  soil  nitro- 
gen model  parameters  had  to  be  considered.  How- 
ever, if  the  spatial  distribution  of  the  model  param- 
eter was  known,  this  could  be  achieved  with 
Monte  Carlo  simulation.  It  also  appeared  that,  for 
the  case  of  lognormal  parameter  distributions,  use 


of  the  median  for  the  hydraulic  conductivities  of 
such  distributions  in  the  simulation  models  provid- 
ed nitrate  leaching  values  that  resembled  the  true 
values  closely.  (See  also  W91-07253)  (Korn-PTT) 
W9 1-07296 


STOCHASTIC  MODELLING  OF  SOLUTE 
TRANSPORT  IN  GROUNDWATER:  APPLICA- 
TION TO  A  FIELD  TRACER  TEST. 

Florida  Univ.,  Gainesville.  Dept.  of  Agricultural 

Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07302 


NETWORK  GEOMETRY  AND  SPATIAL  UN- 
CERTAINTY IN  GROUNDWATER  SOLUTE 
TRANSPORT  MODELLING. 

Universitaet  fuer  Bodenkultur,  Vienna  (Austria). 
Inst,  fuer  Wasserwirtchaft. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07305 


ADSORPTION  OF  CYANAZINE  ON  PEAT 
AND  MONTMORILLONITE  CLAY  SUR- 
FACES. 

Estacion  Experimental  del  Zaidin,  Granada 
(Spain). 

G.  D.  Cancela,  E.  R.  Taboada,  and  F.  Sanchez- 
Soil  Science  SOSCAK,  Vol.  150,  No.  6,  p  836-843, 
December   1990.   5   fig,   3  tab,  21   ref.   CAYCIT 
Contract  No.  PR84-0160-C04-02. 

Descriptors:  'Adsorption  kinetics,  'Cation  ex- 
change, 'Clay  minerals,  'Cyanazine,  'Herbicides, 
'Montmorillonite,  'Path  of  pollutants,  'Soil  chem- 
istry, Equilibrium,  Groundwater  pollution,  Proton- 
ation,  Rate  constants,  Temperature  effects,  Ther- 
modynamics. 

The  adsorption  of  cyanazine,  an  active  herbicide, 
by  peat  and  montmorillonite  is  studied  as  a  func- 
tion of  the  crystal  chemical  characteristics  of  ex- 
changeable cations  and  temperature.  The  adsorp- 
tion kinetics  of  cyanazine  on  peat  shows  that  the 
adsorption  equilibrium  is  reached  within  1  hour. 
The  values  of  the  rate  constants  of  the  reaction 
seems  to  indicate  that  the  adsorption  rate  of  cyana- 
zine is  mainly  controlled  by  the  diffusion  process. 
The  order  of  adsorption  of  cyanazine  by  peat  is  as 
follows:  proton-peat>  Cu(2  +  )-peat  >  Ca(2+)- 
peat  >  Co(2  +  )-peat  >  Mg(2  +  )-peat  >  K  +  -peat. 
The  thermodynamic  parameters  seem  to  point  to 
an  adsorption  mechanism  by  hydrogen  bonds,  al- 
though in  the  acidic  and  Cu(2  +  )  samples  a  proton- 
ation  process  and  adsorption  of  the  protonated 
species  is  also  likely.  The  values  of  the  adsorption 
rate  constant  of  cyanazine  by  montmorillonite  is 
ten  times  higher  than  that  for  peat.  The  adsorption 
of  cyanazine  by  montmorillonite  follows  this 
order:  Cu(2  +  )-montmorillonite  >  Co(2  +  )-mont- 
morillonite  >  proton-montmorillonite;  the  adsorp- 
tion on  Cu(2  +  )-montmorillonite  is  five  times 
greater  than  on  the  other  samples.  For  the  Cu(2  +  ) 
samples,  the  thermodynamic  parameters  seem  to 
point  to  a  mechanism  of  direct  coordination  cyana- 
zine-Cu(2  +  ).  The  most  probable  mechanism  for 
the  adsorption  of  cyanazine  by  the  Co(2  +  )  sample 
is  by  physical  bonding.  For  the  proton  sample,  the 
mechanism  is  physical  adsorption  and  an  ionic 
mechanism  according  to  the  following  reaction: 
proton-montmorillonite  +  cyanazine  ->  montmo- 
rillonite-proton-cyanazine.  (Author's  abstract) 
W9 1-07332 


KINETICS  OF  SULFATE  DESORPTION  FROM 
TWO  SPODOSOLS  OF  THE  LAURENTIANS, 
QUEBEC. 

Montreal   Univ.   (Quebec).   Dept.   of  Geography. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07333 


INITIAL  STORM  EFFECTS  ON  MACROPORE 
TRANSPORT  OF  SURFACE-APPLIED  CHEMI- 
CALS IN  NO-TILL  SOIL. 

Agricultural   Research   Service,   Coshocton,   OH. 
North  Appalachian  Experimental  Watershed. 
M.  J.  Shipitalo,  W.  M.  Edwards,  W.  A.  Dick,  and 


L.  B.  Owens. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1530-1536,  November/December 
1990.  3  fig,  5  tab,  31  ref. 

Descriptors:  'Groundwater  pollution,  'Path  of 
pollutants,  'Soil  porosity,  'Soil  water,  'Tillage, 
Agriculture,  Atrazine,  Leaching,  Percolation, 
Rainfall,  Simulated  rainfall,  Temporal  distribution. 

Previous  research  has  established  that  macropores 
can  rapidly  transmit  water  through  soil.  This  ob- 
servation has  raised  concern  that  macropores  may 
also  promote  rapid  movement  of  agricultural 
chemicals  to  groundwater,  a  particular  concern  for 
no-till  fields  where  lack  of  disruption  by  tillage  can 
lead  to  the  development  of  extensive  macropore 
systems.  In  order  to  investigate  the  effect  of  initial 
rainfall  on  chemical  transport,  strontium  bromide 
hexahydrate  and  atrazine  were  surface-applied  to 
six  30  by  30  by  30  cubic  cm  blocks  of  undisturbed 
soil  obtained  from  a  25-year-old,  no-till  corn  (Zea 
mays)  field  with  evidence  of  well-defined  macro- 
pore  attributable  to  earthworm  activity.  Half  of  the 
blocks  then  received  a  one  hour,  5  mm  simulated 
rain,  which  did  not  produce  percolate.  Two  days 
later,  the  blocks  received  a  half  hour,  30  mm 
simulated  rain,  followed  by  another  half  hour  sim- 
ulated rain  one  week  later.  The  remaining  blocks 
received  only  the  two  30  mm  events.  An  average 
of  12%  of  the  applied  water  passed  through  all  the 
blocks  during  and  shortly  after  the  first  30  mm 
rain.  Bromide,  strontium  and  atrazine  losses  in  this 
percolate  were  7,  10,  and  2  times  less,  respectively, 
from  blocks  that  received  the  5-mm  rain  than  from 
blocks  not  receiving  this  initial,  light  rain.  The 
second  30  mm  rain  on  the  blocks  not  receiving  the 
initial  5  mm  produced  1.6  times  more  percolate 
than  the  first  30  mm  rain.  Yet,  transport  and  flow- 
weighted  average  concentrations  of  bromide, 
strontium  and  atrazine  were  all  reduced.  These 
results  indicated  that  the  first  storm  after  applica- 
tion can  move  solutes  into  the  soil  matrix,  thereby 
reducing  the  potential  for  transport  in  macropores 
during  subsequent  rainfall  events.  (Author's  ab- 
stract) 
W91-07339 


ACETONITRILE  AND  ACRYLONITRILE 
SORPTION  ON  MONTMORILLONITE  FROM 
BINARY  AND  TERNARY  AQUEOUS  SOLU- 
TIONS. 

Delaware       Agriculture       Experiment       Station, 

Newark. 

Z.  Z.  Zhang,  D.  L.  Sparks,  and  N.  C.  Scrivner. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  6,  p  1564-1571,  November/December 

1990.  6  fig,  17  ref. 

Descriptors:  'Acetonitrile,  'Acrylonitrile,  'Mont- 
morillonite, 'Organic  compounds,  'Path  of  pollut- 
ants, 'Soil  contamination,  'Soil  physical  proper- 
ties, 'Soil  water,  Bonding,  Carbon  radioisotopes, 
Cation  exchange,  Competition,  Kinetics,  Sorption, 
Spectrometry. 

Three  different  measurements  were  made  to  gain 
mechanistic  information  on  clay-organic  interac- 
tions in  aqueous  environments  containing  multiple 
organics.  The  sorption  of  acetonitrile  and  acryloni- 
trile on  K,  Na,  Ca,  and  Mg  montmorillonite  from 
binary  and  ternary  aqueous  solutions  were  deter- 
mined using  a  carbon-14  isotope  tracer  method. 
The  infrared  spectra  of  acrylonitrile  in  solution  and 
absorbed  on  montmorillonite  were  recorded  on  a 
Fourier-transform  infrared  spectrometer  and  the  c- 
axis  spacings  of  montmorillonites  in  the  acryloni- 
trile solutions  were  determined  by  x-ray  diffrac- 
tion. The  sorption  of  acetonitrile  and  acrylonitrile 
from  ternary  solutions  on  K  montmorillonite  was 
competitive  across  the  entire  concentration  range. 
The  sorption  was  slightly  competitive  at  lower 
concentrations  on  Na,  Ca,  and  Mg  montmorillon- 
ite, but  enhanced  at  higher  concentrations.  The 
competitive  sorption  on  K  montmorillonite  was 
probably  associated  with  the  decrease  in  the  inter- 
facial  volume,  since  the  layers  of  K  montmorillon- 
ite were  collapsed  at  higher  concentrations,  while 
the  enhanced  sorption  on  Na,  Ca  and  Mg  montmo- 
rillonite appeared  to  be  caused  by  an  increase  in 
the  partition  coefficient  as  more  organic  molecules 
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entered  the  interfacial  phase.  These  results  led  to 
the  conclusion  that  the  sorption  of  acetonitrile  and 
acrylonitrile  on  montmorillonite  was  not  due  to 
specific  bonding  between  the  organic  molecules 
and  the  clay  surfaces,  but  rather  to  a  partition 
between  the  interfacial  phase  and  the  bulk  solution 
phase.  (Author's  abstract) 
W9 1-07343 


KINETICS  OF  SULFATE  DESORPTION  FROM 

SOII- 
Agricultural     Research     Service,     Durant,     OK. 
Water  Quality  and  Watershed  Research  Lab. 
For   primary   bibliographic   entry   see   Field    2G. 
W9 1-07344 


CATION  REMOVAL  DURING  APPLICATION 
OF  ACID  SOLUTIONS  INTO  AIR-DRY  SOIL 
COLUMNS. 

NSI  Technology  Services  Corp.,  Ada,  OK. 

K.  H.  Liu,  R.  S.  Mansell,  and  R.  D.  Rhue. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  6,  p  1747-1753,  November/December 

1990.  6  fig,  6  tab,  2  ref. 

Descriptors:  *Acid  rain,  'Cation  exchange,  *Path 
of  pollutants,  'Soil  chemistry,  *Soil  contamination, 
•Water  pollution  effects,  Error  analysis,  Hydrogen 
ion  concentration,  Infiltration,  Leaching. 

Acidic  deposition  is  considered  an  environmental 
problem  that  may  be  modifying  the  forest  soil,  and 
that  affects  the  forest  soil's  cation-exchange  status. 
Cation  removal  from  laboratory  columns  of  Cecil 
soil  (a  clayey,  kaolinitic,  thermic  Typic  Kanhaplu- 
dult)  was  evaluated  proportional  to  the  proton 
concentration  of  the  acidic  input  solution.  Also, 
the  effective-charge  balance  of  major  cations  in  the 
soil  was  measured  after  termination  of  acid  infiltra- 
tion. Aqueous  HC1  solutions  of  pH  3.9  and  4.9 
were  applied  with  constant  flux  to  columns  of 
initially  air-dry  topsoil  and  subsoil  until  approxi- 
mately 30  pore  volumes  of  effluent  had  been  col- 
lected. Larger  quantities  of  cations  were  leached 
by  the  pH  3.9  solution.  The  ratio  of  cations  re- 
moved in  the  two  cases  was  considerably  less  (< 
2-fold)  than  the  10-fold  H  ion  ratio  of  the  two 
input  acid  solutions.  The  effective-charge  balance 
error  of  major  cations  was  greatest  for  the  high-pH 
solution.  Differences  in  effective-charge  balance  of 
major  cations  were  greater  for  columns  of  subsoil 
than  for  topsoil.  Applications  of  acid  (HC1)  solu- 
tions definitely  accelerated  leaching  losses  of  ca- 
tions from  the  forest  Cecil  soil.  (Author's  abstract) 
W9 1-07357 


ALUMINUM  AND  ORGANIC  MATTER  MOBI- 
LIZATION FROM  SOIL  INFILTRATED  WITH 
ACIDIFIED  CALCIUM  SULFATE  SOLUTIONS. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Crop  and  Soil  Environmental  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2G. 
W91-07358 


AGRICULTURE  AND  WATER  QUALITY:  OLD 
PROBLEM,  NEW  URGENCY. 

Florida  Univ.,  Gainesville.  Dept.  of  Food  and  Re- 
source Economics. 
R.  Carriker,  and  A.  Purvis. 

Southern  Journal  of  Agricultural  Economics,  Vol. 
22,  No.  1,  p  27-32,  1990.  18  ref. 

Descriptors:  *Agricultural  chemicals,  •Agricul- 
ture, *Drinking  water,  'Groundwater  pollution, 
•Nonpoint  pollution  sources,  'Water  pollution 
sources,  History,  Legal  aspects,  Public  opinion, 
Regulations,  Research,  Water  quality. 

Groundwater  is  a  source  of  drinking  water  for 
almost  50%  of  the  United  States  population.  Agri- 
cultural sources  of  contamination  have  become  the 
object  of  public  concern  because  agricultural 
chemicals  have  been  found  in  groundwater  in  sev- 
eral highly  publicized  instances  around  the  coun- 
try. The  presence  of  agricultural  chemicals  in 
groundwater  has  resulted  in  large  public  expendi- 
tures for  remedial  measures.  The  growing  public 
concern  about  agriculture  and  water  quality  has 


been  accompanied  by  an  increasingly  negative 
view  of  agriculture  and  the  land  grant  colleges  on 
the  part  of  the  public.  Although  agricultural  im- 
pacts on  water  quality  have  been  recognized  for 
several  decades,  the  current  emphasis  on  agricul- 
tural contamination  of  groundwater  attaches  a 
heightened  sense  of  urgency  to  the  issues.  The 
effect  of  agriculture  on  water  resources  was  recog- 
nized early  in  US  history.  However,  the  percep- 
tions and  urgency  of  environmental  issues  in  gener- 
al and  water  quality  in  particular  have  become 
more  focused  over  time.  The  phenomenon  of  rival 
paradigms  (different  world  views  that,  by  their 
nature,  inhibit  communication  between  adherents 
to  them)  makes  the  acceptance  of  suggestions  for 
new  ways  of  achieving  agricultural  pest  control 
difficult  for  the  research  establishment.  One  result 
of  the  exclusionary  effects  is  that  budgetary  re- 
quests to  Congress  usually  are  confined  to  program 
maintenance.  The  agricultural  production  technol- 
ogies in  vogue  during  the  past  couple  of  decades 
are  changing  and  will  probably  be  modified  further 
in  the  future.  Society  needs  environmental  quality 
and  a  viable  agriculture.  The  divisive  issues  will  go 
unresolved  unless  the  barriers  to  communication 
are  successfully  identified  and  eliminated.  Some 
immediate  steps  include  seminars  and  workshops. 
In  extension  programs,  more  attention  must  be  paid 
to  the  reasons  for  government  regulation  of  wet- 
land conversion,  wastewater  discharges,  or  con- 
sumptive water  use.  Efforts  should  be  made  to 
propose  specific  problem-solving  research 
projects,  avoiding  the  tendency  to  address  only 
hypothetical  problems  or  to  focus  exclusively  on 
ongoing  disciplinary  research.  Finally,  there  is  a 
critical  role  for  education.  (Brunone-PTT) 
W91-07361 


MULTIVARIATE  CORRELATION  ANALYSIS 
AND  ITS  APPLICATION  IN  ENVIRONMEN- 
TAL ANALYSIS. 

Friedrich-Schiller-Univ.,     Jena     (German     DR.). 
Inst,  fuer  Anorganische  und  Analytische  Chemie. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-07370 


IMPACT  OF  REJECT  WATER  FROM  THE  DE- 
SALINATION PLANT  ON  GROUND  WATER 
QUALITY. 

Andhra  Univ.,  Waltair  (India).  School  of  Chemis- 
try. 

N.  Someswara  Rao,  T.  N.  V.  Venkateswara  Rao, 
G.  Babu  Rao,  and  K.  Venu  Gopala  Rao. 
Desalination  DSLNAH,  Vol.  78,  No.  3,  p  429-437, 
October  1990.  1  fig,  3  tab,  17  ref. 

Descriptors:  'Desalination  plants,  'Desalination 
wastes,    'Groundwater    pollution,    'Groundwater 


wastes,  ~urounawater  pollution,  uiuunuwaiu 
quality,  'India,  'Saline  water,  'Water  pollution 
sources,  Chlorides,  Drinking  water,  Effluent  seep- 
age, Hardness,  Ion  exchange,  Pipes,  Seasonal  vari- 
ation, Seepage,  Soil  properties,  Water  pollution, 
Water  supply. 


Some  villages  on  the  east  coast  of  India  in  Andhra 
Pradesh  face  acute  drinking  water  problems  be- 
cause of  the  contamination  of  groundwater  by  the 
seepage  of  reject  water  from  a  desalination  plant. 
The  abnormal  increase  in  hardness  of  the  ground- 
water was  explained  by  carrying  out  simulation 
experiments  in  the  laboratory.  Hardness  and  chlo- 
ride of  well  water  in  the  area  surrounding  the 
desalination  plant  are  high  even  in  December, 
when  hardness  and  chloride  content  generally  de- 
cease due  to  dilution  by  rainwater.  Laboratory 
studies  demonstrated  that  the  abnormal  increase  in 
hardness  may  be  attributed  to  the  ion  exchange 
properties  of  the  soil,  with  the  sodium  in  the  reject 
water  seeping  through  the  soil  and  exchanging 
with  calcium.  The  plant  produces  water  of  the  best 
quality  December  through  February,  and  later  the 
water  slowly  becomes  hard  and  saline  until 
summer,  when  there  is  an  acute  shortage  of  potable 
water.  The  contamination  can  be  prevented  if  seep- 
age is  controlled.  This  can  be  achieved  by  dis- 
charging the  reject  water  through  seepage-proof 
cement  pipes  or  concrete  canals  to  the  sea  or  far 
away  from  the  plant  and  inhabited  areas.  (Doria- 
PTT) 
W9 1-07391 


TEMPORAL  VARIABILITY  OF  ATMOSPHER- 
IC LEAD  CONCENTRATIONS  AND  FLUXES 
OVER  THE  NORTHWESTERN  MEDITERRA- 
NEAN SEA. 

Paris-7  Univ.  (France).  Lab.  de  Physico-Chimie  de 
I'Atmosphere. 

E.  Remoudaki,  G.  Bergametti,  and  P.  Buat- 
Menard. 

Journal  of  Geophysical  Research  (D)  Atmosphere 
JGRDE3,  Vol.  96,  No.  1,  p  1043-1055,  January  20, 
1991.  6  fig,  2  tab,  23  ref.  European  Economic 
Communities  Environmental  Research  Programme 
Grant  B/87000259. 

Descriptors:  'Chemistry  of  precipitation,  'Lead, 
•Mediterranean  Sea,  'Path  of  pollutants,  'Precipi- 
tation scavenging,  Aerosols,  Air  masses,  Air  pollu- 
tion sources,  Coasts,  Corsica,  Heavy  metals,  Pre- 
cipitation, Seasonal  variation. 

Beginning  in  1985,  daily  24-hour  aerosol  samples 
were  collected  on  0.4-micron  pore  size  filters  at  a 
coastal  location  in  northwestern  Corsica.  Total 
atmospheric  deposition  (wet  +  dry)  was  sampled 
between  February  1985  and  October  1987  with  a 
collection  period  of  about  15  days.  As  indicated  by 
3-dimensional  air  mass  trajectories,  lead  aerosol 
articles  collected  at  this  site  are  primarily  derived 
from  European  continental  source  regions.  The 
variability  of  lead  aerosol  concentrations  on  both 
daily  and  seasonal  time  scales  is  primarily  due  to 
the  scavenging  of  lead  aerosol  particles  by  rain 
rather  than  to  changes  in  source  regions.  These 
results  suggest  that  the  ratio  between  the  total 
atmospheric  deposition  of  Pb  and  the  correspond- 
ing mean  daily  precipitation  (mdp)  rate  is  not  con- 
stant. This  ratio  reaches  a  maximum  during  the 
Mediterranean  summer.  This  difference  is  attrib- 
uted to  wet  scavenging  processes  which  wash  a 
more  loaded  atmosphere  during  the  dry  season 
than  during  the  wet  season.  The  precipitation  fre- 
quency is  a  major  factor  influencing  seasonal  varia- 
bility of  the  total  atmospheric  deposition  of  lead 
over  the  western  Mediterranean.  An  intermediate 
value  of  precipitation  frequency  allows  sufficient 
reloading  of  the  atmosphere  with  long-range  trans- 
ported Pb  aerosol  particles  as  well  as  efficient 
scavenging  by  precipitation  events.  (Author's  ab- 
stract) 
W9 1-07396 


REGIONAL  NUMERICAL  SULFUR  DISPER- 
SION MODEL  USING  A  METEOROLOGICAL 
MODEL  WITH  EXPLICIT  TREATMENT  OF 
CLOUDS. 

Bergen  Univ.  (Norway).   Dept.  of  Meteorology. 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-07402 


STRONG  SIMILARITIES  IN  SEASONAL  CON- 
CENTRATION RATIOS  OF  S04(2-),  N03(-) 
AND  NH4(  +  )  IN  PRECIPITATION  BETWEEN 
SWEDEN  AND  THE  NORTHEASTERN  US. 

New  York  Botanical  Garden,  Bronx,  NY.  Inst,  of 

Ecosystem  Studies. 

L.  O.  Hedin,  L.  Granat,  G.  E.  Likens,  and  H. 

Rohde. 

Tellus  TELLAL,  Vol.  42B,  No.  5,  p  454-462,  1990. 

6  fig,  1  tab,  27  ref. 

Descriptors:  'Acid  rain,  'Ammonium,  'Chemistry 
of  precipitation,  'Nitrates,  'Path  of  pollutants, 
•Scandinavia,  'Sulfates,  Aerosols,  Chemical  reac- 
tions, Fate  of  pollutants,  Ions,  Nitrogen  oxides, 
Seasonal  variation,  Sulfur  dioxide. 

Records  of  precipitation  chemistry  from  central 
Scandinavia  and  the  northeastern  United  States 
spanning  21  years  were  analyzed  to  compare  sea- 
sonal variations  of  three  major  pollutant  ions,  sul- 
fate, nitrate,  and  ammonium.  Seasonal  variations  in 
concentrations  of  the  individual  ions  were  distinct- 
ly different  between  the  two  regions.  However, 
despite  these  differences,  strong  and  unexpected 
similarities  were  found  in  seasonal  variations  of  the 
concentration  ratios  of  nitrate  to  sulfate,  ammoni- 
um to  nitrate,  and  ammonium  to  sulfate.  A  prelimi- 
nary analysis  suggests  that  these  similarities  are  due 
to  similarities  between  the  two  regions  in  chemical 
transformation    and    removal    processes   affecting 
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sulfate  and  nitrate  in  the  atmosphere,  and  to  a 
coupling  between  ammonium  and  sulfate  aerosol  in 
long-range  transport.  Ion  ratios  appear  to  be  less 
sensitive  to  seasonal  variations  in  S02  and  NOx 
emissions  compared  to  individual  ion  concentra- 
tions. (Author's  abstract) 
W9 1-07404 


IMPROVING   ON-TARGET  PLACEMENT   OF 
PESTICIDES. 

Ohio  State  Univ.,  Wooster.  Lab.  for  Pest  Control 
Application  Technology. 

For   primary   bibliographic   entry   see   Field    5G. 
W9 1-07444 


HERBICIDES  IN  GROUND  AND  SURFACE 
WATER  IN  THE  MID-CONTINENTAL 
UNITED  STATES:  A  RESEARCH  PLAN. 

Geological  Survey,  Reston,  VA. 

S.  E.  Ragone,  M.  R.  Burkart,  E.  M.  Thurman,  and 

C.  A.  Perry. 

IN:  Emerging  Priorities  for  Agricultural  Research 

in  the  1990s.  Agricultural  Research  Institute,  Be- 

thesda.  1988.  p  55-67.  3  fig,  16  ref. 

Descriptors:  *Agricultural  chemicals,  *Atrazine, 
•Groundwater  pollution,  "Herbicides,  'Surface 
water,  'Water  pollution,  *Water  pollution  sources, 
•Water  quality  control,  Corn,  Field  tests,  Hydro- 
logic  systems,  Laboratory  methods,  Soybeans, 
Variability  factors. 

A  plan  is  described  to  study  the  effects  of  agricul- 
tural practices  on  the  occurrence  of  herbicides  in 
ground  and  surface  water.  The  plan  is  currently 
being  reviewed  by  Federal  and  State  agencies  and 
selected  universities.  The  mid-continental  USA 
was  selected  as  the  study  area  because  the  region  is 
dominated  by  a  cropland  devoted  to  corn  and 
soybean  production  where  herbicide  applications 
are  substantial.  Atrazine  was  selected  as  a  repre- 
sentative herbicide  because  it  is  the  most  widely 
used  triazine  herbicide  in  the  midwest  and  has  the 
longest  history  of  continuous  use.  The  plan  should 
be  applicable  to  other  areas  and  to  other  agriche- 
micals.  Information  from  the  planned  research 
should  provide  the  scientific  basis  for  water-re- 
sources managers  to  develop  guidelines  for  pro- 
tecting water  quality  from  agricultural  contamina- 
tion. Full  implementation  of  the  plan  may  take  5  to 
10  years  or  more  depending  on  the  availability  of 
information  and  the  need  for  additional  studies. 
The  plan  provides  procedures  that  integrate  infor- 
mation from  a  wide  variety  of  laboratory,  field, 
and  regional  studies  to  identify  major  processes 
and  factors  that  affect  atrazine  fate  and  transport 
throughout  the  hydrologic  system.  An  important 
part  of  this  plan  is  to  define  the  scale  of  factor 
variability  A  research  matrix  is  developed  that 
uses  a  mass-balance  concept  to  account  for  the 
distribution  of  atrazine  in  the  environment  and  to 
identify  areas  of  needed  research.  A  geographic 
information  system  is  described  that  will  permit 
interpretation  of  regional  information  and  evalua- 
tion of  spatial  variability  of  important  natural  and 
human  factors.  The  plan  includes  the  use  of  statisti- 
cal methods  to  relate  regional  patterns  of  atrazine 
occurrence  in  ground  and  surface  water  to  a  limit- 
ed number  of  factors.  (See  also  W9 1-07443)  (Au- 
thor's abstract) 
W9 1-07446 


MECHANISMS   OF  FOREST   RESPONSE  TO 
ACIDIC  DEPOSITION. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07465 


OVERVIEW  AND  SYNTHESIS. 

National  Council  of  the  Paper  Industry  for  Air  and 
Stream  Improvement,  Inc.,  New  York. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07466 


EFFECTS  OF  ACIDIC  DEPOSITION  ON  THE 
CHEMICAL  FORM  AND  BIOAVAILABILITY 
OF  SOIL  ALUMINUM  AND  MANGANESE. 

DowElanco,  Midland,  MI.  Environmental  Chemis- 
try Lab. 


For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07468 


RATES  OF  NUTRIENT  RELEASE  BY  MINER- 
AL WEATHERING. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Crop  and  Soil  Environmental  Sci- 

G.  N.  White,  S.  B.  Feldman,  and  L.  W.  Zelazny. 
IN:   Mechanisms   of  Forest   Response   to   Acidic 
Deposition.  Springer-Verlag  New  York,  Inc.,  New 
York.  1990.  p  108-162.  2  fig,  5  tab,  136  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
•Acidic  soils,  *Acidification,  *Forest  soils,  •Miner- 
als, *Nutrient  concentrations,  *Weathering,  Buffer- 
ing, Ecological  effects,  Forest  ecosystems,  Re- 
views, Soil  properties,  Trees. 

Mineral  weathering  is  an  important  mechanism  of 
soil  resistance  to  effects  of  acidic  deposition  since 
weathering  reactions  are  sinks  for  protons  and 
sources  of  plant  nutrients.  Incomplete  knowledge 
of  weathering  rates  is  a  major  source  of  uncertain- 
ty in  assessments  of  potential  effects  of  acidic  depo- 
sition on  forest  soil  fertility  and  tree  nutrition. 
Rates  of  nutrient  release  via  mineral  weathering, 
including  the  processes  of  physical  and  chemical 
weathering  and  rate-controlling  factors  in  nutrient 
release  and  weathering  are  reviewed.  Factors  in- 
volved are  temperature,  leaching  and  internal  soil 
drainage,  soil  reaction,  redox  potential,  biotic  fac- 
tors, particle  size  and  specific  surface  effects,  spe- 
cific weatherability  of  minerals,  chemical  kinetics, 
topography,  anthropogenic  effects,  and  the  rela- 
tionship of  weathering  to  soil-forming  factors.  Al- 
though data  from  laboratory  dissolution  kinetic 
studies  give  results  similar  to  those  predicted  by 
earlier  mineral  persistence  indices,  the  data  cannot 
easily  be  used  in  predictive  field  models.  This 
results  from  the  unrealistic  methods  required  for 
data  collection  such  as  high  solution-to-soil  ratios, 
low  pH  values,  and  unrealistic  concentrations  of 
complexes.  The  release  of  nutrients  during  weath- 
ering largely  determines  the  capacity  of  soils  to  be 
buffered  against  long-term  chronic  nutrient  deple- 
tion that  may  be  attributed  to  acid  deposition. 
However,  current  information  is  inadequate  to  de- 
termine the  effects  of  acidic  deposition  on  mineral 
weathering  rates,  and  more  research  is  essential. 
(See  also  W9 1-07465)  (VerNooy-PTT) 
W9 1-07469 


CHEMICAL  AND  ECOLOGICAL  EVIDENCE 
ON  THE  ACIDIFICATION  OF  WELSH  LAKES 
AND  RIVERS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07473 


RECENT  ACIDIFICATION  OF  UPLAND 
LAKES  IN  NORTH  WALES:  PALAEOLIMNO- 
LOGICAL  EVIDENCE. 

Minnesota  Univ.,  Minneapolis.  Limnological  Re- 
search Center. 
For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07474 


ATMOSPHERIC  DEPOSITION. 

NRA  Welsh  Region,  Cardiff. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07475 


ROLE  OF  GEOLOGY  AND  SOILS  IN  CON- 
TROLLING SURFACE  WATER  ACIDITY  IN 
WALES. 

Institute    of    Terrestrial    Ecology,    Grange-over- 
Sands  (England).  Merlewood  Research  Station. 
M.  Hornung,  S.  Le-Grice,  N.  Brown,  and  D. 
Norris. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae  Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  55-66.  4  fig,  3  tab, 
17  ref. 

Descriptors:  *Acid  rain  effects,  *Acidic  water, 
•Acidification,    *Geochemistry,    *Soil    chemistry, 


•Wales,  Agriculture,  Air  pollution,  Bedrock, 
Buffer  capacity,  Hydrogen  ion  concentration, 
Land  use,  Maps,  Neutralization,  Pollution  effects, 
Soils,  Streams,  Surface  water,  Water  chemistry, 
Water  quality. 

On  a  regional  scale,  geology  and  soils  are  the 
major  factors  influencing  surface  water  chemistry 
and  acidity.  These  influences  on  surface  water 
acidity  in  Wales  was  examined.  The  classification 
of  rocks  based  on  their  acid  neutralizing  capacity 
has  been  applied  to  the  solid  geology  of  Wales 
using  published  maps  and  data  on  the  lithology  and 
mineralogy  of  the  main  stratigraphic  units,  to 
produce  a  map  showing  distribution  of  rocks  with 
little,  low,  moderate  or  infinite  neutralizing  capac- 
ities. On  the  basis  of  bedrock  geology,  naturally 
acidic,  low  conductivity  waters,  sensitive  to  acidi- 
fication, are  predicted  to  occur  over  much  of 
northwest,  central  and  southwest  Wales.  In  con- 
trast, the  surface  waters  of  much  of  eastern  Wales 
are,  on  the  basis  of  solid  geology,  predicted  as 
being  moderately  to  well  buffered.  To  examine  the 
influence  of  soils  a  classification  method  based  on 
the  soil  neutralizing  capacity  was  used.  This  analy- 
sis gave  two  classes  of  soils:  acid  soils  with  little  or 
no  neutralizing  capacity  and  non-acid  to  weakly 
acidic  soils  with  moderate  to  large  neutralizing 
capacity.  Agricultural  land  use  maps  were  used  to 
identify  areas  where  liming  had  probably  changed 
soil  chemistry  and  thus  soil  neutralizing  capacity. 
The  maps  of  the  occurrence  of  'acid'  and  'non- 
acid'  soils  and  of  rocks  with  low,  moderate,  high 
and  infinite  buffering  capacity  were  combined  to 
show  the  number  of  soil  and  rock  combinations 
with  differing  buffering  capacities  in  Wales.  These 
soil-rock  combinations  were  used  to  predict  the 
likely  occurrence  of  acidic,  sensitive  waters,  and 
possible  changes  in  stream  acidity  with  flow.  The 
predicted  distribution  of  acidic,  low  conductivity 
waters  thus  obtained  was  tested  using  the  results 
from  a  regional  survey  of  water  quality  by  the 
Welsh  Water  Authority,  with  good  agreement. 
(See  also  W9 1-07472)  (Agostine-PTT) 
W9 1-07476 


DISSOLVED  INORGANIC  ALUMINUM  IN 
ACIDIC  STREAM  AND  SOIL  WATERS  IN 
WALES. 

Institute  of  Hydrology,  Wallingford  (England). 
C.  Neal,  B.  Reynolds,  P.  A.  Stevens,  M.  Hornung, 
and  S.  J.  Brown. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae  Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  173-188.  7  fig,  3 
tab,  39  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  *Acid 
streams,  *Acidification,  *Aluminum,  *Soil  water, 
•Wales,  Bedrock,  Case  studies,  Coniferous  forests, 
Dissolved  solids,  Groundwater,  Land  use,  Moor- 
lands, Soil  profiles,  Variability,  Watersheds. 

The  behavior  of  inorganic  aluminum  is  explored 
for  the  Welsh  uplands  using  specific  case  studies 
for  the  Plynlimon  catchment  in  central  Wales  and 
the  Beddgelert  catchment  in  northern  Wales.  Both 
of  these  catchments  are  presently  being  studied  by 
researchers  at  the  Institute  of  Hydrology  (IH)  and 
the  Institute  of  Terrestrial  Ecology  (ITE).  Com- 
parisons are  then  made  with  regional  streamwater 
data,  collected  by  the  Welsh  Water  Authority 
(WW A),  and  soil  water  data  from  the  numerous 
catchment  studies  in  the  Llyn  Brianne  area  of 
south  Wales  to  provide  a  picture  of  inorganic 
aluminum  behavior  on  a  regional  scale.  Large  tem- 
poral and  spatial  variations  in  aluminum  concentra- 
tion occur  in  Welsh  streamwaters.  Hydrological 
and  land  use  controls  primarily  account  for  these 
variations.  Aluminum  and  H(  +  )  are  highly  corre- 
lated so  that  the  most  acidic  streams  have  the 
highest  aluminum  concentrations.  The  temporal 
variation  in  both  aluminum  and  H(-l-)  concentra- 
tions can  be  explained  in  terms  of  the  mixing  of 
waters  from  the  upper  soil  (L,  O,  A  horizons)  and 
groundwater  source,  each  end-member  composi- 
tion being  determined  by  the  bedrock  type/reac- 
tivity and  the  land  use  history  of  the  soils.  Vari- 
ations in  stream  and  soil  water  aluminum  concen- 
trations in  the  order  semi-natural  moorland  < 
conifer  forested  moorland    <   recently  harvested 
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forest  can  be  explained  by  ion  exchange  reactions 
related  to  changes  in  the  anion  concentrations  pass- 
ing through  the  system,  and  weathering.  In  no  case 
can  the  streamwater  aluminum  concentration  be 
related  simply  to  Al(OH)3  and  Al(OH)S04  solu- 
bility controls.  The  same  is  also  true  for  soil 
waters.  It  is  concluded  that  the  classic  Al(OH)3 
solubility  relationships  assumed  to  hold  within  all 
the  predictive  models  are  inappropriate.  (See  also 
W9 1-07472)  (Agostine-PTT) 
W9 1-07483 


DETERMINATION  OF  ALUMINUM  SPECIA- 
TION  IN  ACID  WATERS. 

University   Coll.    of  Swansea   (Wales).    Dept.    of 
Chemical  Engineering. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07484 


CATCHMENT  CHARACTERISTICS  AND 
BASIN  HYDROLOGY:  THEIR  EFFECTS  ON 
STREAMWATER  ACIDITY. 

NRA  Welsh  Region,  Cardiff. 
S.  C.  Bird,  R.  P.  D.  Walsh,  and  I.  G.  Littlewood. 
IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae    Volume   66.    Kluwer   Academic    Publishers, 
Norwell,  Massachusetts.  1990.  p  203-221.  7  fig,  1 
tab,  34  ref. 

Descriptors:  'Acid  rain  effects,  *Acid  streams, 
•Acidification,  'Basins,  'Hydrology,  'Path  of  pol- 
lutants, 'Stream  pollution,  'Streams,  'Wales,  'Wa- 
tersheds, Basin  morphometry,  Geology,  Runoff, 
Soil  types,  Topography,  Variability. 

The  influence  of  climate,  basin  morphometry,  and 
hydrology  on  streamwater  acidity  in  upland  Wales 
was  studied.  Using  the  Llyn  Brianne  study  catch- 
ments as  examples,  the  effects  of  varying  catch- 
ment morphology  on  stream  responses  to  rainfall 
and  on  acidity  are  examined  along  with  the  key 
role  played  by  runoff  processes  and  the  runoff 
responses  of  streams  and  how  they  reflect  differ- 
ences in  topography,  soils  and  land  use.  Current 
research  suggests  that  there  are  strong  interrela- 
tionships between  topography,  soil  type  and  vege- 
tation on  the  one  hand,  and  runoff  processes  and 
their  hydrochemistry  on  the  other.  Hence,  a  clear 
knowledge  of  catchment  hydrology  is  crucial  to 
the  understanding  of  acidification  problems  in 
upland  Wales.  Comparison  of  catchments  on  the 
basis  of  morphometry  offers  a  good  initial  indica- 
tion of  any  likely  differences  in  catchment  hydro- 
logical  response.  Catchment  morphometry,  allied 
with  the  differences  in  land  use,  vegetation  cover, 
soils,  geology  and  climate,  largely  control  the 
volume  and  timing  of  individual  catchment  runoff 
responses.  They  also  determine  the  complex  hy- 
drological  pathways  taken  by  the  runoff  and  hence 
the  range  of  soil  and  rock  environments  encoun- 
tered. Subject  to  the  quality  of  the  bulk  precipita- 
tion inputs,  hydrological  factors  are  clearly  impor- 
tant in  determining  variations  in  the  hydrochemical 
response  of  streams.  (See  also  W9 1-07472)  (Agos- 
tine-PTT) 
W9 1-07485 


WATER  QUALITY  CHANGES  FROM  INPUT 
TO  STREAM. 

Institute    of   Terrestrial    Ecology,    Grange-over- 
Sands  (England).  Merlewood  Research  Station. 
M.  Hornung,  B.  Reynolds,  P.  A.  Stevens,  and  S. 
Hughes. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae  Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  223-240.  5  fig,  4 
tab,  24  ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
•Path  of  pollutants,  'Stream  pollution,  'Streams, 
'Wales,  'Water  chemistry,  Acid  rain,  Aluminum, 
Bicarbonates,  Calcium,  Coniferous  forests,  Ecosys- 
tems, Geology,  Land  use,  Liming,  Magnesium, 
Moorlands,  Sodium,  Soil  types,  Variability,  Vege- 
tation, Water  quality. 

Data  from  a  series  of  studies  in  upland  Wales  was 
used  to  explore  the  changes  in  chemistry  as  pre- 
cipitation moves  through  the  vegetation,  soil  and 
bedrock  compartments  of  terrestrial  ecosystems. 


The  three  main  study  sites  are  Beddgelert  Forest  in 
north  Wales,  the  Plynlimon  experimental  catch- 
ments, and  the  Llyn  Brianne  experimental  catch- 
ments in  central  Wales.  Together  the  sites  cover  a 
range  of  vegetation  types/land  uses,  soils  and  some 
variation  in  bedrock  geology.  Significant  changes 
in  solute  chemistry,  including  acidity,  take  place  as 
waters  move  through  terrestrial  ecosystems  from 
precipitation  to  stream.  The  acidity  of  precipitation 
may  be  increased  or  decreased  as  it  moves  through 
vegetation  canopies  but  the  concentration  of 
mobile  acid  anions  is  almost  always  increased.  This 
may  be  more  important  than  throughfall  acidity  in 
influencing  reactions  in  the  acid  upland  soils  of 
Wales,  and  acidification  of  surface  waters.  In 
upland  Wales  the  replacement  of  moorland  by 
forest  plantations  results  in  an  increase  in  the  con- 
centration and  flux  of  mobile  anions  into  soils.  The 
chemistry  of  soil  waters  varies  both  between  soils 
and  between  horizons  of  a  given  soil.  The  chemis- 
try of  the  soil  drainage  waters  is  modified  by  land 
use.  Waters  from  soils  below  coniferous  plantations 
have  higher  solute  concentrations  than  those  from 
similar  soils  beneath  moorland;  the  largest  in- 
creases are  shown  by  aluminum,  sodium  and 
mobile  acid  ions.  Liming,  in  connection  with  land 
improvement,  reduces  soil  water  acidity  and  the 
soils  become  a  source  of  water  with  relatively  high 
concentrations  of  calcium,  magnesium  and  bicar- 
bonate. The  chemistry  including  the  acidity,  of  the 
streamwater  will  change  in  response  to  the 
changes  in  the  proportions  of  the  inputs.  (See  also 
W9 1-07472)  (Agostine-PTT) 
W9 1-07486 


INFLUENCE  OF  LAND  MANAGEMENT  ON 
STREAM  WATER  CHEMISTRY. 

NRA  Welsh  Region,  Cardiff. 

S.  C.  Bird,  S.  J.  Brown,  and  E.  Vaughan. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 

cae   Volume   66.    Kluwer   Academic    Publishers, 

Norwell,  Massachusetts.  1990.  p  241-253.  4  fig,  3 

tab,  1 1  ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
'Land  management,  'Scotland,  'Stream  pollution, 
•Streams,  'Wales,  'Water  chemistry,  Chemical 
properties,  Comparison  studies,  Coniferous  forests, 
Land  use,  Moorlands,  Seasonal  variation,  Storms, 
Watersheds. 

A  number  of  comparative  catchment  studies  have 
been  established  in  Scotland  and  Wales  to  quantify 
short  term,  seasonal  and  longer  term  trends  in 
stream  chemistry  with  respect  to  land  management 
practices.  The  typical  patterns  of  stream  water 
chemistry  observed  for  different  types  of  land  use 
in  upland  Wales  are  described  using  data  from  the 
Llyn  Brianne  study.  Water  chemistry  data  for 
twelve  of  the  Llyn  Brianne  study  catchments  are 
used  to  illustrate  the  differences  between  the 
streams  in  relation  to  land  use,  including  five  refer- 
ence catchments  and  seven  catchments  where  land 
management  techniques  have  subsequently  been 
applied.  Consideration  is  given  to  descriptions  of 
seasonal  changes,  using  data  from  a  routine  spot 
sampling  program.  Short-term  changes  resulting 
from  storm  episodes  are  assessed  using  continuous 
monitoring  data  and  associated  intensive  sampling 
records.  The  data  for  moorland  streams  demon- 
strate that  within  groups  of  streams  with  similar 
hardness,  significant  differences  in  stream  chemis- 
try may  occur.  Associated,  in  part,  with  the  exist- 
ence of  seasonal  patterns  in  stream  water  chemis- 
try, significant  chemical  inter-relations  may  be 
demonstrated  for  the  moorland  streams.  The  most 
notable  feature  of  the  streams  draining  conifer 
forests  is  their  greatly  increased  acidity  compared 
with  streams  draining  moorlands  within  similar 
hardness  categories.  As  with  the  moorland  streams, 
the  conifer  forest  streams  display  a  number  of 
seasonal  variations.  The  acid  oak  woodland  stream 
studied  displays  less  acid  conditions  than  all  but 
one  other  stream.  Stream  water  chemistry  in  this 
catchment  exhibits  few  of  the  seasonal  patterns  or 
important  chemical  interrelationships  found  in 
other  streams.  (See  also  W9 1-07472)  (Agostine- 
PTT) 
W9 1-07487 


HYDROCHEMICAL  MODELLING  OF  ACIDI- 
FICATION IN  WALES. 


Institute  of  Hydrology,  Wallingford  (England). 
P.  G.  Whitehead,  T.  J.  Musgrove,  and  B.  J.  Cosby. 
IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae  Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  255-277.  11  fig,  8 
tab,  25  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Model  studies,  'Path  of  pollutants,  'Sur- 
face water,  'Wales,  'Water  chemistry,  Air  pollu- 
tion, Buffer  capacity,  Liming,  Mathematical  stud- 
ies, Monte  Carlo  method,  Paleoecology,  Reforesta- 
tion, Subsurface  water,  Watersheds. 

The  effects  of  afforestation  and  deposition  reduc- 
tion reductions  are  investigated  using  the  long- 
term  acidification  model  MAGIC  (Model  of  Acidi- 
fication of  Groundwaters  in  Catchments).  MAGIC 
provides  a  tool  by  which  soil  processes  can  be 
simultaneously  and  quantitatively  linked  to  exam- 
ine the  impact  of  acid  deposition  on  surface  water 
chemistry  over  time  scales  of  several  years  to 
several  decades.  The  model  reconstructs  historical 
trends  in  acidification,  compares  well  with  the 
trends  in  acidification  derived  from  palaeoecologi- 
cal  analysis  and  provides  some  measure  of  confi- 
dence in  using  the  model  to  predict  future  trends. 
The  poorly  buffered  upland  catchments  in  Wales 
are  significantly  affected  by  acid  deposition,  and 
are  likely  to  be  affected  for  some  time  even  if 
deposition  is  reduced.  Any  short-term  improve- 
ment will  probably  be  effected  by  liming  and  land 
management.  Afforestation  in  the  poorly  buffered 
Welsh  Uplands  causes  a  major  increase  in  acidifica- 
tion following  the  increased  scavenging  of  sea-salts 
and  anthropogenic  sources  of  acidity.  The  survey 
region  within  Wales  has  been  simulated  quite  accu- 
rately by  the  MAGIC  model.  Close  reproduction 
of  all  the  major  variables  was  achieved  in  terms  of 
their  distribution  across  the  region.  The  present 
analysis  indicates  that  Wales  is  particularly  vulner- 
able to  further  pollutant  deposition.  The  buffering 
capacity  has  declined  in  the  region  and  the  acidifi- 
cation of  its  streams  is  significant.  The  survey 
region  as  a  whole  is  likely  to  show  little  change  in 
the  rate  of  acidification  under  an  assumed  deposi- 
tion decrease  of  30%.  A  deposition  reduction  of 
the  order  of  50%  is  required  to  reverse  acidifica- 
tion in  Wales.  (See  also  W9 1-07472)  (Agostine- 
PTT) 
W9 1-07488 


LLYN  BRIANNE:  ACID  DEPOSITION  MOD- 
ELING. 

Stirling  Univ.  (Scotland).  Dept.  of  Environmental 

Science. 

S.  E.  Metcalfe,  and  R.  G.  Derwent. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 

cae    Volume    66.    Kluwer    Academic    Publishers, 

Norwell,  Massachusetts.   1990.  p  299-309.  2  fig,  2 

tab,  12  ref,  append. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Model  studies,  'Path  of  pollutants, 
'Wales,  'Watersheds,  Emission  control,  Llyn 
Brianne,  Nitrogen,  Soil  water,  Sulfur,  Surface 
water,  United  Kingdom,  Water  chemistry,  Water 
pollution  sources. 

A  model  of  atmospheric  pollution  transport  has 
been  applied  to  examine  the  relationship  between 
pollutant  emissions  and  deposition  with  particular 
reference  to  the  Llyn  Brianne  catchment  area.  The 
current  major  sources  of  pollutants  (by  direction 
and  source  height)  were  identified  and  possible 
effects  of  various  emission  reduction  strategies 
were  investigated.  The  computer  model  used  in  the 
study  is  one  of  the  'receptor  oriented'  type  in 
which  the  nature  and  quantity  of  pollutants  of 
nitrogen  and  sulfur  are  followed  until  arrival  at  a 
predetermined  receptor  site  (Llyn  Brianne).  The 
model  follows  the  changing  chemical  composition 
of  a  box,  or  parcel,  of  air  as  it  is  carried  along  by 
the  wind  (a  Lagrangian  trajectory  model).  The 
modeled  deposition  of  sulfur  and  nitrogen  could  be 
used  in  models  of  catchment  behavior  to  assess  the 
possible  effects  of  reductions  in  atmospheric  pollut- 
ant loads  on  soil  and  surface  water  chemistry.  The 
model  output  indicates  the  great  importance  of 
high  level  United  Kingdom  (UK)  sources  of  S  to 
the   composition    of   rainfall    reaching    the    Llyn 
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Brianne  catchment.  The  modeling  exercise  using 
different  emission  control  strategies  indicates  that 
reduction  in  UK  power  station  emissions  can  lead 
to  a  noticeable  decline  in  pollutant  levels  within 
the  country  generally  and  specifically  at  Llyn 
Brianne.  The  non-linear  nature  of  emission-deposi- 
tion relationships  is  well  illustrated.  The  response 
to  emissions  reductions  is,  however,  most  marked 
in  the  heavily  polluted  sector.  (See  also  W91- 
07472)  (Agostine-PTT) 
W9 1-07490 


ACIDIC     PRECIPITATION,     VOL.     1:     CASE 
STUDIES. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07492 


ACIDIC  DEPOSITION  ON  WALKER  BRANCH 
WATERSHED. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07493 


ACIDIC      PRECIPITATION:      CASE      STUDY 
SOLLING. 

Goettingen  Univ.  (Germany,   F.R.).   Forschungs- 
zentrum  Waldoekosysteme  -  Waldsterben. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07494 


ALBIOS:  A  COMPARISON  OF  ALUMINUM 
BIOGEOCHEMISTRY  IN  FORESTED  WATER- 
SHEDS EXPOSED  TO  ACIDIC  DEPOSITION. 

Maine  Univ.,  Orono.  Dept.  of  Botany  and  Plant 

Pathology. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07496 


LONG-TERM  ACIDIC  PRECIPITATION  STUD- 
IES IN  NORWAY. 

Norges  Landbrukshoegskole,  Aas.   Dept.  of  Soil 

Sciences. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07497 


INFLUENCE  OF  AIRBORNE  AMMONIUM 
SULFATE  ON  SOILS  OF  AN  OAK  WOOD- 
LAND ECOSYSTEM  IN  THE  NETHERLANDS: 
SEASONAL  DYNAMICS  OF  SOLUTE  FLUXES. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Geology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-07499 


LANGE  BRAMKE:  AN  ECOSYSTEM  STUDY 
OF  A  FORESTED  CATCHMENT. 

Goettingen  Univ.  (Germany,  F.R.).  Abt.  Boden- 

kunde  und  Waldernahrung. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-07501 


ACIDIC  PRECIPITATION,  VOL.  3:  SOURCES, 
DEPOSITION,  AND  CANOPY  INTERAC- 
TIONS. 

Advances  in  Environmental  Science.  Springer- 
Verlag  New  York,  Inc.,  New  York.  1990.  332p. 
Edited  by  S.  E.  Lindberg,  A.  L.  Page,  and  S.  A. 
Norton. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  'Acidi- 
fication, *Air  pollution,  "Canopy,  "Deposition, 
•Water  pollution  sources,  Aluminum,  Environ- 
mental effects,  Forests,  Nitrogen  oxides,  Ozone, 
Statistical  analysis,  Sulfur  compounds,  Through- 
fall,  Trace  metals,  Tracers. 

As  has  been  the  case  with  many  environmental 
issues  of  the  twentieth  century,  acidic  precipitation 
has  its  origin  in  emissions  to  the  atmosphere  of 
numerous  compounds  from  both  natural  and  man- 
made  sources.  This  volume  emphasizes  the  atmos- 
pheric aspects  of  acidic  precipitation  and  all  that 
this  term  has  come  to  include  (e.g.  toxic  gases  such 
as  ozone,  trace  metals,  aluminum,  and  oxides  of 


nitrogen).  It  progresses  from  emissions  of  the  pre- 
cursors of  acidic  precipitation  to  their  eventual 
deposition  on  environmental  surfaces.  The  chap- 
ters describe  the  sources  of  acidic  and  basic  air- 
borne substances,  their  interactions  in  the  atmos- 
phere and  with  rain  droplets,  and  their  reactions 
with  other  airborne  constituents  such  as  aluminum 
and  other  metals.  Also  discussed  are  the  use  of 
metals  as  tracers  of  sources  of  the  precursors  of 
acidic  precipitation  and  as  tracers  of  historical 
deposition  rates,  the  processes  controlling  the  re- 
moval of  airborne  material  as  dry  deposition  and 
deposition  interactions  with  the  forest  canopy,  and 
past  and  future  trends  in  atmospheric  emissions  and 
options  for  their  abatement.  (See  W9 1-075 14  thru 
W9 1-075 19)  (Agostine-PTT) 
W9 1-075 13 


SOURCES  OF  ACIDS,  BASES,  AND  THEIR 
PRECURSORS  IN  THE  ATMOSPHERE. 

Brookhaven  National  Lab.,  Upton,  NY.  Environ- 
mental Chemistry  Div. 
R.  L.  Tanner. 

IN:  Acidic  Precipitation,  Vol.  3:  Sources,  Deposi- 
tion, and  Canopy  Interactions.  Advances  in  Envi- 
ronmental Science.  Springer-Verlag  New  York, 
Inc.,  New  York.  1990.  p  1-17.  1  fig,  3  tab.  U.S. 
DOE  Contract  DE-AC02-76CH00016. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  "Acidi- 
fication, "Acids,  "Air  pollution,  "Bases,  "Chemis- 
try of  precipitation,  "Path  of  pollutants,  "Water 
pollution  sources,  Aerosols,  Ammonia,  Atmos- 
phere, Clouds,  Industrial  wastes,  Oxidation, 
Ozone,  Powerplants,  Precipitation  scavenging,  Re- 
views, Sulfur  compounds. 

The  significant  pathways  by  which  strong  acidic 
sulfur  and  nitrogen  compounds  appear  in  the  tro- 
posphere are:  (1)  direct  emission  of  acidic  sulfate 
aerosols  from  power  plants  and  other  industrial 
sources;  (2)  formation  of  sulfuric  acid  from  sulfur 
dioxide  via  a  homogeneous,  gas-phase  oxidation 
reaction  with  hydroxide  radicals;  (3)  formation  of 
sulfuric  acid  from  sulfur  dioxide  by  an  aqueous- 
phase  reaction  with  hydrogen  peroxide  or  ozone; 
(4)  formation  of  nitric  acid  from  nitrogen  dioxide 
via  a  homogeneous,  gas-phase  oxidation  reaction 
with  hydroxide  radicals;  and  (5)  formation  of  nitric 
acid  (at  night)  by  a  combination  of  gas-phase  reac- 
tion of  nitrogen  dioxide  with  ozone,  reaction  of 
N03  with  N02,  and  aqueous-phase  conversion  of 
N205  to  nitric  acid.  These  strong  acids  are  partial- 
ly neutralized  in  the  atmosphere  prior  to  deposition 
by  reaction  with  ammonia,  and  to  a  lesser  extent, 
with  alkaline  dust.  The  resulting  partially  neutral- 
ized aerosols  and  nitric  acid  vapor  are  available  for 
scavenging  into  clouds  and  rain.  Homogeneous 
reactions  of  S02  and  N02  with  hydroxide  radicals 
are  important  for  sulfuric  and  nitric  acid  formation, 
respectively,  but  aqueous-phase  oxidation  reactions 
also  convert  dissolved  S(IV)  to  sulfuric  acid  within 
typical  cloud  and  rain  droplet  lifetimes.  Evidence 
for  rapid  reaction  of  ammonia  emissions  with  the 
principal  atmospheric  acids  (H2S04  and  HN03)  is 
reviewed.  It  is  clear  that  the  rate  at  which  bounda- 
ry layer  mixing  processes  produce  microscale  aero- 
sol equilibrium  with  gaseous  NH3  and  HN03  is 
critical  in  determining  the  availability  of  acidic 
aerosols  and  gases  for  incorporation  into  clouds 
and  precipitation.  (See  also  W9 1-075 13)  (Agostine- 
PTT) 
W91-07514 


AEROSOL  SULFUR  ASSOCIATION  WITH 
ALUMINUM  IN  EASTERN  NORTH  AMERICA: 
EVIDENCE  FOR  SOLUBILIZATION  OF  AT- 
MOSPHERIC TRACE  METALS  BEFORE  DEP- 
OSITION. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Ocean- 
ography. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-075 15 


SOURCE-RECEPTOR  RELATIONSHIPS  FOR 
ATMOSPHERIC  TRACE  ELEMENTS  IN 
EUROPE. 

Norsk  Inst,  for  Luftforskning,  Lillestroem. 

J.  M.  Pacyna. 

IN:  Acidic  Precipitation,  Vol.  3:  Sources,  Deposi- 


tion, and  Canopy  Interactions.  Advances  in  Envi- 
ronmental Science.  Springer-Verlag  New  York, 
Inc.,  New  York.  1990.  p  49-71.  7  fig,  5  tab,  70  ref. 

Descriptors:  "Acid  rain,  "Acid  rain  effects,  "Acidi- 
fication, "Air  pollution,  "Path  of  pollutants, 
"Trace  metals,  "Water  pollution  sources,  Acids, 
Anions,  Atmosphere,  Europe,  Hydrogen  ion  con- 
centration, Mathematical  studies,  Meteorological 
data,  Model  studies,  Organic  carbon,  Particle  size, 
Reviews,  Solubility. 

Source  receptor  relationships  are  presented  for 
trace  elements  emitted  from  various  sources  in 
Europe  and  measured  at  a  number  of  remote  loca- 
tions. Quantitative  and  qualitative  data  for  the 
major  sources  of  trace  elements  in  Europe  are 
reviewed,  and  the  emission  data  have  been  used  in 
a  long-range  transport  model  to  calculate  trace 
element  concentrations  and  deposition  patterns. 
These  estimates  are  verified  by  measurements,  and 
a  few  examples  are  given.  It  was  concluded  that 
the  estimates  of  trace  elements  emissions  can  be 
related  to  the  air  concentrations  measured  at 
remote  locations.  However,  it  has  been  proven 
much  harder  to  localize  the  sources.  More  meas- 
urements are  needed  to  provide  the  information  on 
the  emission  rates  of  trace  elements  from  various 
technical  processes  and  the  efficiency  of  control 
equipment  for  a  given  source  category.  Of  special 
importance  is  the  trace  element  distribution  on 
various-size  particles.  Generally,  the  relative  solu- 
bility of  trace  elements  increases  with  decreasing 
particle  size.  The  connection  between  particle  size 
and  solubility  may  be  related  to  the  increased 
surface  area  to  volume  ratio  for  fine  particles, 
characteristic  surface  properties  of  these  metals, 
and  the  increased  free  H(  +  ),  organic  carbon,  and 
strong  acid  anion  concentrations  in  the  fine  particle 
fraction.  This  may  reflect  the  relationship  between 
trace  elements  and  acidic  compounds.  More  atten- 
tion should  also  be  given  to  the  chemical  form  of 
the  emitted  trace  elements,  as  this  is  a  key  factor 
for  their  solubility.  Further  study  of  the  source- 
receptor  relationships  should  include  these  tech- 
niques together  with  the  information  on  the  mete- 
orological situation,  particularly  on  air  mass  trajec- 
tories and/or  synoptic  configurations,  and  accurate 
emission  inventories.  (See  also  W9 1-075 13)  (Agos- 
tine-PTT) 
W91-07516 


HISTORY  OF  ATMOSPHERIC  DEPOSITION 
OF  CD,  HG,  AND  PB  IN  NORTH  AMERICA: 
EVIDENCE  FROM  LAKE  AND  PEAT  BOG 
SEDIMENTS. 

Maine  Univ.  at  Orono.  Dept.  of  Geological  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-075 17 


THROUGHFALL  CHEMISTRY  AND  CANOPY 
PROCESSING  MECHANISMS. 

Syracuse  Univ.,  NY.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2K. 
W91-07518 


SURVEY  OF  TRACE  ELEMENTS  IN  AGRI- 
CULTURAL RESOURCES  OF  CHILE:  WATERS 
AND  SOILS  OF  THE  ELQUI  AND  LIMARI 
VALLEYS,  IV  REGION  (PROSEPECCION  DE 
ELEMENTOS  TRAZAS  EN  RECURSOS  AGRI- 
COLAS  DE  CHILE.  AGUAS  Y  SUELOS  DE  LOS 
VALLES  DE  ELQUI  Y  LIMARI,  IV  REGION). 
Estacion  Experimental  La  Platina,  Santiago 
(Chile). 
S.  Gonzalez. 

Agricultura  Tecnica  AGTCA9,  Vol.  50,  No.  1,  p 
60-70,  March  1990,  5  fig,  3  tab,  13  ref.  English 
summary. 

Descriptors:  "Agricultural  watersheds,  "Chile, 
"Path  of  pollutants,  "Soil  chemistry,  "Trace  ele- 
ments, "Water  chemistry,  Elqui  River,  Heavy 
metals,  Limari  River,  Soil  erosion,  Vine  crops, 
Water  quality  standards. 

This  Study  of  the  Elqui  and  Limari  basins  has 
shown  that  the  water  of  Limari  basin  including  the 
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Hurtado,  Rapel,  Cogoti  and  Limari  rivers  are  low 
in  dissolved  solids  and  metals  (Cu,  Mn,  Pb,  Zn), 
and  that  the  Turbio  river  of  the  Elqui  basin  had 
higher  amounts  of  dissolved  solids  and  metals.  The 
high  mineral  loading  of  the  Turbio  was  diluted  by 
the  Claro  river  maintaining  the  levels  of  the  Elqui 
within  the  range  of  tolerance.  This  study  took 
place  between  November  1987  and  December 
1988.  The  Mn  and  Cu  content  of  the  Elqui  and  Na 
content  of  the  lower  Limari  seldom  exceed  maxi- 
mum allowed  values.  The  soils  studied  represent  in 
part  alluvial  deposits  from  the  Cordillera  of  the 
Andes.  The  total  trace  element  content  of  the  soils 
was  high,  but  not  as  high  as  would  be  expected 
from  the  climatic  conditions.  The  trace  element 
content  was  closely  related  to  the  content  of  ele- 
ments which  can  be  extracted  by  EDTA.  The 
content  of  water-soluble  material  was  low.  The 
valley  of  the  Northern  Chico  has  recently  been 
switched  over  to  the  monocultural  production  of 
table  grapes.  The  Elqui  and  Limari  basins  are 
important  in  this  region  which  acts  as  a  barrier  to 
the  spread  of  the  Atacama  desert.  The  rivers  are 
studied  for  their  potential  effect  on  salination.  No 
contaminants  were  found  in  the  soils  or  waters 
which  would  cause  problems,  however,  it  is  not 
possible  to  discount  the  possibility  until  all  possible 
contaminants  such  as  As,  B  and  cyanides  have 
been  included  in  the  study.  The  major  environmen- 
tal problem  is  erosion  high  in  the  basin  which 
results  in  active  sedimentation.  (King-PTT) 
W91-07521 


MODELLING  OF  SETTLING  AND  FLOCCU- 
LATION  OF  FINE  SEDIMENTS  IN  STILL 
WATER. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07525 


MATHEMATICAL   MODELING   OF   HYDRO- 
DYNAMICS  AND   MOVEMENT   OF   POLLU- 
TION IN  A  LAGOON  SYSTEM  (MODELISA- 
TION  MATHEMATIQUE  DE  L'HYDRODYNA- 
MIQUE  ET  DU  MOVEMENT  DE  LA  POLLU- 
TION EN  SYSTEME  LAGUNAIRE). 
BCEOM-Service    Hydraulique,    259    Avenue    de 
Melgueil,  34280  La  Grande  Motte,  France. 
T.  Menigault,  and  H.  Dumay. 
Houille  Blanche  HOBLAB,  Vol.   1990,  No.  6,  p 
411-416,  1990,  6  fig,  1  tab,  append.  English  summa- 
ry- 
Descriptors:     *Bays,     *Hydrodynamics,     'Marine 
pollution,  'Mathematical  models,  'Model  studies, 
•Path     of    pollutants,     Finite     element     method, 
France,  Water  pollution  management,  Water  pollu- 
tion sources,  Weather  patterns,  Wind  effects. 

A  finite-element  mathematical  model  simulating 
the  hydrodynamic  behavior  of  a  system  of  lagoons, 
canals  and  rivers,  and  the  advection-diffusion 
movement  of  pollutants  was  applied  to  the  com- 
plex system  of  three  lagoons,  two  rivers,  two 
canals,  and  three  outlets  to  the  sea  around  Palavas, 
France.  Possible  sources  of  pollution  include  the 
waste  treatment  plant  at  Cereirede,  the  waste  treat- 
ment plant  at  Palavas,  the  waste  treatment  plant  at 
Lattes  and  the  discharge  at  Thot.  The  hydrody- 
namic pattern  in  the  system  has  so  far  been  com- 
pleted for  three  different  meteorological  situations: 
(1)  no  wind,  (2)  a  steady  6  m/sec  wind  from  the 
land,  and  (3)  a  steady  6  m/sec  wind  from  the  sea. 
These  conditions  are  representative  of  about  20% 
of  summer  weather.  For  each  situation  and  for 
each  possible  effluent,  an  'influence  ratio',  defined 
as  the  ratio  of  a  point  concentration  to  the  source 
concentration,  has  been  computed  in  each  part  of 
the  system.  The  completed  model  constitutes  a 
valuable  tool  for  the  optimization  of  environmental 
protection  in  the  management  of  complex  lagoon 
systems.  (King-PTT) 
W91-07529 


CONTENTS   OF  METALS   AND   SUSPENDED 
SOLIDS  IN  THE  RHINE,  PART  HI  (METALL- 
GEHALT   UND    SCHWEBSTOFFGEHALT    IM 
RHEIN  III). 
BASF  AG.,  Ludwigshafen  am  Rhein  (Germany, 


F.R.). 

K.  G.  Malle. 

Zeitschrift  fuer  Wasser-  und  Abwasser-Forschung 

ZWABAQ,  Vol.  23,  No.   5,  p  204-208,  October 

1990,  2  fig,  8  tab,  16  ref. 

Descriptors:  'Heavy  metals,  'Rhine  River, 
•Stream  pollution,  'Suspended  solids,  'Water  pol- 
lution sources,  'Water  quality  trends,  Analytical 
methods,  Detection  limits,  Industrial  wastes,  Non- 
point  pollution  sources,  Wastewater  outfall,  Water 
pollution  control. 

The  load  of  dissolved  and  suspended  heavy  metals 
carried  by  the  River  Rhine  and  its  tributaries  has 
three  main  constituents:  (1)  a  natural  background 
load  of  geogenic  origin  acquired,  for  example,  by 
streams  which  flow  through  ore  deposits;  (2)  an 
anthropogenic  load  from  industrial  point  sources; 
and  (3)  a  diffuse  load,  also  of  anthropogenic  origin, 
from  sources  such  as  rain,  surface  runoff,  and  the 
residual  load  from  municipal  sewage-plant  outfalls. 
Background  pollution  of  geological  origin  com- 
prises around  20%  of  the  load  of  Pb  and  Zn,  more 
than  20%  of  the  Hg  and  Cd  load,  and  about  40% 
of  that  of  Cr  and  Ni.  The  diffuse  anthropogenic 
sources  are  also  important  Zn,  Cd,  and  Pb  contrib- 
utors. Since  the  early  seventies,  heavy  metal  con- 
centrations in  the  Rhine  have  gone  down  consider- 
ably. Point-source  origins,  especially,  have  become 
less  important.  In  some  cases,  the  analytical  proce- 
dures for  determining  metals  are  no  longer  sensi- 
tive enough  to  measure  their  very  low  concentra- 
tions. (King-PTT) 
W9 1-07547 


SURVIVAL   AND   DEGRADATIVE  CAPACITY 
OF  PSEUDOMONAS  PUTIDA  INDUCED  OR 
CONSTITUTIVELY    EXPRESSING    PLASMID- 
MEDIATED    DEGRADATION    OF    2,4-DICH- 
LOROPHENOXYACETATE  (TFD)  IN  SOIL. 
Corvallis  Environmental  Research  Lab.,  OR. 
K.  A.  Short,  R.  J.  Seidler,  and  R.  H.  Olsen. 
Canadian  Journal  of  Microbiology  CJMIAZ,  Vol. 
36,  No.  12,  p  821-826,  December  1990.  3  fig,  1  tab, 
31      ref.     EPA     Cooperative     Agreement     No. 
CR81267901-4. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
'Herbicides,  'Plasmids,  'Pseudomonas,  'Soil  bac- 
teria, Bacterial  physiology,  Genetic  engineering, 
Germination,  Microbial  degradation,  Organochlor- 
ine  pesticides,  Pesticides  residues. 

The  survival  of  genetically  altered  Pseudomonas 
putida  strains  harboring  an  inducible  plasmid, 
pROlOl,  or  a  constitutive  plasmid,  pRO103,  was 
compared.  These  plasmids  encode  for  the  degrada- 
tion of  2-4-dichlorophenoxyacetate  (TFD)  to  2- 
chloromaleylacetate,  and  the  maintenance  of  either 
plasmid  did  not  alter  survival  of  P.  putida 
PPO301(pRO101)  or  PPO301(pRO103)  in  an  una- 
mended agricultural  soil.  Moreover,  in  TFD- 
amended  soil,  survival  of  PPO301, 
PPO301(pRO101),  and  PPO301(pRO103)  was  sta- 
tistically the  same  after  50m  days.  Reapplication  of 
TFD  to  soil  50  days  after  the  original  application 
did  not  change  the  numbers  of  PPO301(pRO101) 
or  PPO301(pRO103),  which  cannot  use  TFD  as  a 
sole  source  of  carbon.  However,  a  mutant  strain, 
PPO301KS(pRO101),  which  is  able  to  use  TFD  as 
a  sole  source  of  carbon,  was  stimulated  by  the 
second  addition  of  TFD:  PPO301KS(pRO101) 
cfu/g  soil  increased  by  greater  than  20-fold.  Al- 
though the  microbiota  indigenous  to  the  study  of 
the  soil  was  capable  of  degrading  TFD,  the  addi- 
tion of  plasmid-bearing  PPO301  had  a  dramatic 
effect  on  TFD  degradation.  After  10  days,  the 
concentration  of  TFD  in  soil  inoculated  with  plas- 
mid-bearing PPO301  was  approximately  five  times 
lower  (84  ppm)  than  that  in  uninoculated  soil  (435 
ppm).  In  a  parallel  study,  Raphanus  sativus  (radish) 
seeds  failed  to  germinate  in  uninoculated  and 
PPO301 -inoculated  soil  amended  with  500  ppm 
TFD.  Seed  germination  was  53  and  80%  in  soils 
inoculated  with  PPO301(pRO101)  and 
PP401(pRO103),  respectively  (p  <0.001).  Howev- 
er, the  difference  in  the  rate  of  TFD  degradation 
between  the  native  soil  and  soil  inoculated  with 
plasmid-bearing  P.  putida  was  probably  related  to 
the  relatively  high  inoculum  density  of  P.  putida 
strains  (10  million  cfu)  and  the  relatively  low  popu- 


lation density  of  TFD  metabolizers  indigenous  to 
the  soil.  (Author's  abstract) 
W9 1-07562 


ANTIBIOTIC  RESISTANCE  INDEXING  OF  ES- 
CHERICHIA COLI  TO  IDENTIFY  SOURCES 
OF  FECAL  CONTAMINATION  IN  WATER. 

Maryland  Univ.,  College  Park.  Dept.  of  Microbi- 
ology. 

C.  W.  Kaspar,  J.  L.  Burgess,  I.  T.  Knight,  and  R. 
R.  Colwell. 

Canadian  Journal  of  Microbiology  CJMIAZ,  Vol. 
36,  No.  12,  p  891-894,  December  1990.  3  tab,  14 
ref. 

Descriptors:  'Bioindicators,  'Chesapeake  Bay, 
•Escherichia  coli,  'Multiple  antibiotic  resistance, 
•Pollutant  identification,  *Water  pollution  sources, 
•Water  quality  standards,  Bioassay,  Feces,  Pollu- 
tion index,  Rural  areas,  Urban  areas. 

E.  coli,  an  inhabitant  of  the  intestinal  tract  of 
warm-blooded  animals,  is  routinely  employed  as  an 
indicator  of  fecal  contamination.  Multiple  antibiot- 
ic resistance  (MAR)  indexing  has  been  used  to 
differentiate  E.  coli  of  high  risk  origin  (human, 
poultry,  and  swine)  from  those  of  other  sources. 
The  ability  to  identify  E.  coli  from  high-risk 
sources  of  contamination  in  water  could  be  useful 
in  establishing  standards,  and  facilitate  detection  of 
sources  of  contamination.  To  determine  if  MAR 
profiles  would  be  of  value  in  water  analysis,  the 
frequencies  of  resistant  E.  coli  in  water  samples 
collected  at  urban  and  rural  sites  in  the  Chesapeake 
Bay  were  compared.  A  total  of  201  E.  coli  isolates 
from  urban  and  rural  water  were  tested  with  11 
antibiotics  to  assess  the  prevalence  of  antibiotic 
resistance  from  each  source.  Urban  waters  har- 
bored higher  percentages  of  resistant  E.  coli  strains 
than  rural  waters.  Antibiotic-resistant  E.  coli  may 
therefore  offer  an  index  of  water  quality  related  to 
source.  (Medina-PTT) 
W9 1-07564 


ACCUMULATION,  DISTRIBUTION  AND  DE- 
PURATION OF  MERCURY  IN  THE  GREEN 
MUSSEL  PERNA  VIRIDIS  (LINNEAUS). 
Cochin  Univ.  (India).  Dept.  of  Marine  Sciences. 
P.  K.  Krishnakumar,  R.  Damodaran,  and  P.  N.  K. 
Nambisan. 

Proceedings  of  the  Indian  Academy  of  Sciences 
(Animal  Sciences)  PIANDR,  Vol.  99,  No.  4,  p 
345-352,  1990.  2  fig,  1  tab,  29  ref. 

Descriptors:  *Bioaccumulation,  'Marine  pollution, 
•Mercury,  *Path  of  pollutants,  'Sea  mussels, 
•Toxicology,  Animal  tissues,  Depuration,  Gills, 
Heavy  metals,  Muscle,  Viscera. 

The  accumulation,  distribution,  depuration  and  bi- 
ological half-lives  of  mercury  in  the  gills,  viscera, 
mantle  and  adductor  muscle  plus  foot  of  P.  viridis 
were  studied.  Although  mussels  can  obtain  mercu- 
ry from  both  seawater  and  food,  only  accumula- 
tion from  seawater  was  considered  here.  Mussels 
were  exposed  to  37.5  and  75  mg/L  mercury  as 
HgCl-2  in  a  static  system  for  4  days.  The  rate  of 
accumulation  was  maximum  in  gills  followed  by 
viscera,  mantle  and  muscle  plus  foot.  Exposed 
mussels  were  then  transferred  to  clean  seawater  in 
a  flow-through  system  and  maintained  for  25  days 
to  study  the  depuration  and  biological  half-lives 
(TB/2)  of  mercury  in  the  different  body  parts. 
After  25  days,  mercury  loss  from  the  external 
tissues  like  gills  and  mantle  was  faster  than  from 
the  internal  tissues  such  as  viscera  and  muscle. 
Gills  and  mantle  showed  comparatively  shorter 
TB/2  than  the  viscera  and  muscle  plus  foot.  (Au- 
thor's abstract) 
W91-07573 


PARAMETER  ESTIMATION  FOR  SIMULAT- 
ING BINARY  HOMOVALENT  CATION 
TRANSPORT  IN  AGGREGATED  SOILS  AT 
VARIABLE  IONIC  STRENGTH. 

Eidgenoessische  Technische   Hochschule,   Zurich 

(Switzerland).  Lab.  of  Soil  Physics. 

R.  Schulin,  A.  Papritz,  H.  Fluhler,  and  H.  M. 

Selim. 
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Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
7,  No.  1/2,  p  1-19,  January  1991.  6  fig,  7  tab,  17  ref. 

Descriptors:  'Aeration  zone,  'Cation  exchange, 
•Ion  exchange,  'Model  studies,  'Parameter  estima- 
tion, 'Path  of  pollutants,  'Soil  aggregates,  'Soil 
contamination,  'Solute  transport,  Calcium,  Forest 
soils,  Magnesium,  Switzerland. 

Ion  exchange  is  one  of  the  most  important  reac- 
tions governing  transport  of  charged  chemical  spe- 
cies through  the  soil  profile.  Cation  transport 
through  ion-exchanging  aggregated  soils  has  been 
modeled  by  one-region  and  two-region  models. 
These  two  models  were  compared  using  data  from 
a  1989  study  of  calcium-magnesium  exchange  in 
batch  and  column  experiments  with  soil  aggregates 
of  two  Swiss  forest  soils.  It  was  found  that  miscible 
displacement  of  calcium  by  magnesium  in  the 
column  experiments  with  aggregate  packings  was 
fairly  well  described  by  the  classical  convection- 
dispersion  transport  model  combined  with  an  equi- 
librium ion-exchange  isotherm  (one-region  model) 
when  the  model  was  fitted  to  the  experimental 
breakthrough  curves.  Goodness  of  fit  was  not  sig- 
nificantly better  when  a  two-region  model  with 
first-order  mass-transfer  kinetics  between  mobile 
and  immobile  regions  was  used  instead  of  the  one- 
region  model.  Model  calculations  using  independ- 
ently determined  ion-exchange  and  transport  pa- 
rameter values  resulted  in  good  predictions  of  the 
early  phases  of  experimental  breakthrough  curves 
but  did  not  adequately  account  for  the  tailing 
behavior  during  later  phases.  In  another  approach, 
parameters  were  calibrated  by  fitting  the  models  to 
the  first  of  two  subsequent  breakthrough  steps  of 
the  experimental  effluent  curves.  Extrapolation  of 
the  calibrated  models  to  the  second  breakthrough 
step  then  resulted  in  improved  predictions  of  the 
second  breakthrough  step.  However,  neither  of  the 
two  models  fully  accounted  for  the  immediate 
reaction  of  the  effluent  concentrations  upon  the 
second  input  step.  In  addition  to  classical  ion- 
exchange  processes,  other  cation  retention  and  re- 
lease mechanisms  may  have  been  involved  in  the 
observed  transport  behavior.  These  processes,  not 
yet  identified,  appear  to  be  effective  on  larger  time 
scales  than  those  of  batch  experiments  and  upon 
changes  in  the  total  ionic  strength.  (Author's  ab- 
stract) 
W91-07580 


ION  CHROMATOGRAPHY  OF  FRESH  AND 
SALT-WATER  DISPLACEMENT:  LABORATO- 
RY EXPERIMENTS  AND  MULTICOMPON- 
ENT  TRANSPORT  MODELLING. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 

Aardwetenschappen. 

H.  E.  Beekman,  and  C.  A.  J.  Appelo. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

7,  No.  1/2,  p  21-37,  January  1991.  5  fig,  5  tab,  19 

ref. 

Descriptors:  'Cation  exchange,  'Geochemistry, 
•Groundwater  chemistry,  'Ion  exchange  chroma- 
tography, 'Model  studies,  'Saline-freshwater  inter- 
faces, Calcium,  Dispersivity,  Groundwater  trans- 
port, Magnesium,  Saline  water  intrusion,  Sodium, 
Solute  transport. 

Buffering  reactions  between  sediment  and  ground- 
water occur  if  amounts  of  exchangeable  cations  are 
relatively  high  compared  to  concentrations  in 
water.  Characteristic  concentrations  of  elements 
develop  in  both  time  and  space  during  dispersive 
displacement  of  fresh  and  salt  water  as  a  result  of 
cation  exchange,  and  may  be  used  for  (frontal) 
analyses  of  salt  water  percolation.  Column  experi- 
ments with  fresh  and  salt  water  displacements 
were  performed  to  obtain  information  on  multi- 
component  ion  exchange  at  varying  concentration 
levels  as  well  as  to  validate  a  multicomponent 
transport  model.  During  salt  water  displacement 
by  fresh  groundwater,  a  three  times  larger  dispersi- 
vity was  observed  in  the  interface  than  for  the 
reverse  situation.  Experiments  with  synthetic  solu- 
tions with  varying  Ca/Na  ratios  indicate  that  solu- 
tion density  differences  and  chemical  interaction 
between  displacing  solution  and  exchange  complex 
determine  the  change  in  dispersivity.  Using  calcu- 
lated selectivity  coefficients,  covering  a  broad 
composition    range,    and    dispersivity    values    as 


input,  a  geochemical  mixing  cell  model  was  ap- 
plied to  simulate  the  displacement  experiments. 
The  results  show  that  fresh  water  displacement  by 
once  diluted  seawater  can  only  be  modeled  when 
the  Gapon  selectivity  of  Ca  over  Mg  decreases  by 
a  factor  of  two  during  the  breakthrough.  (Author's 
abstract) 
W9 1-07581 


LENGTH  SCALES  OF  CONVECTION-DISPER- 
SION APPROACHES  TO  FLOW  AND  TRANS- 
PORT IN  POROUS  MEDIA. 

Rutgers  -  The  State  Univ.,  New  Brunswick,  NJ. 

Dept.  of  Soils  and  Crops. 

P.  F.  Germann. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

7,  No.   1/2,  p  39-49,  January  1991.  3  fig,  25  ref. 

Descriptors:  'Convection,  'Dispersion,  'Flow 
equations,  'Groundwater  movement,  'Path  of  pol- 
lutants, 'Porous  media,  'Soil  water,  'Solute  trans- 
port, Aeration  zone,  Hydrodynamics,  Model  stud- 
ies, Saturated  soils. 

A  lot  of  effort  has  been  spent  in  the  past  to  relate 
the  flow  and  transport  properties  of  porous  media 
containing  macropores,  fissures,  or  cracks  to  their 
morphological  descriptions.  However,  due  to  the 
many  shapes  and  geometrical  extents  of  these  pre- 
ferred flow  paths,  it  is  not  possible  at  present  to 
deduce  flow  and  transport  properties  from  their 
morphology.  An  alternate  way  of  deciding  when 
convection-dispersion  equations  (CDEs)  adequate- 
ly deal  with  flow  and  transport  in  porous  media  or 
when  other  approaches  have  to  be  applied  is  to 
interpret  the  results  of  these  processes.  However, 
some  very  general  experimental  criteria  have  to  be 
met  for  the  applicability  of  CDEs.  Two  length 
scales  of  one-dimensional  transient  flow  and  trans- 
port in  porous  media  have  been  proposed:  the 
minimum  mixing  length,  also  referred  to  as  La- 
grangean  length  scale,  and  the  width  of  hydrody- 
namic  spread.  The  macroscopic  path  length  in  the 
medium  causing  hydrodynamic  dispersion  has  to 
exceed  markedly  both  the  minimum  mixing  length 
and  the  width  of  hydrodynamic  spread  if  the  pa- 
rameters derived  from  the  application  of  CDEs 
should  be  of  predictive  value.  Since  a  solute  must 
have  had  the  chance  to  fully  disperse  before  the 
commonly  used  CDEs  can  be  applied,  it  follows 
that  the  so-called  column  Peclet  number  has  to 
exceed  32.  Many  inferences  to  the  need  for  more 
sophisticated  transport  models  from  experiments 
not  meeting  this  requirement  have  to  be  reconsid- 
ered. The  fact  that  the  length  scales  for  the  disper- 
sion of  soil  moisture  differ  from  those  for  the 
dispersion  of  potential  energy  close  to  saturation  is 
regarded  as  a  soil  hydrologic  challenge.  (Fish- 
PTT) 
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STATISTICAL  AND  GRAPHICAL  METHODS 
FOR  EVALUATING  SOLUTE  TRANSPORT 
MODELS:  OVERVIEW  AND  APPLICATION. 

California  Univ.,  Berkeley.  Dept.  of  Soil  Science. 

K.  Loague,  and  R.  E.  Green. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

7,  No.  1/2,  p  51-73,  January  1991.  7  fig,  5  tab,  20 

ref. 

Descriptors:  'Groundwater  movement,  'Ground- 
water pollution,  'Mathematical  models,  'Model 
studies,  'Model  testing,  'Path  of  pollutants, 
'Solute  transport,  Georgia,  Graphical  analysis, 
Leaching,  Performance  evaluation,  Pesticides,  Soil 
water,  Statistical  analysis. 

Mathematical  modeling  is  the  major  tool  to  predict 
the  mobility  and  the  persistence  of  pollutants  to 
and  within  groundwater  systems.  Several  compre- 
hensive institutional  models  have  been  developed 
in  recent  years  for  this  purpose.  However,  evalua- 
tion procedures  are  not  well  established  for  models 
of  saturated-unsaturated  soil  water  flow  and  chem- 
ical transport.  A  physically-based  model  of  solute 
transport  is  one  that  is  based  upon  the  coupled 
partial  differential  equations  that  describe  the  proc- 
esses of  interest.  Coupled  soil  water  flow  and 
solute  transport  are  simulated  by  sequential  solu- 
tion using  numerical  techniques  given  the  appro- 
priate initial  conditions,  boundary  conditions,  and 


parameter  values.  Complete  model  evaluation  re- 
quires both  operational  and  scientific  examination. 
The  operational  component  of  model  evaluation  is 
the  assessment  of  accuracy  and  precision;  the  sci- 
entific component  is  the  assessment  of  consistency 
between  model-predicted  results  and  the  prevailing 
scientific  theory.  Evaluation  of  model  performance 
should  include  both  statistical  criteria  and  graphi- 
cal displays,  and  can  be  useful  for  making  compar- 
ative evaluations  of  model  performance  between 
alternative/competing  models.  An  example  of 
model  evaluation  for  a  mathematical  model  of  pes- 
ticide leaching  (the  EPA  pesticide  root  zone  model 
PRZM)  used  observed  and  predicted  atrazine  con- 
centration profiles  from  a  small  catchment  in 
Georgia.  It  was  shown  that,  although  concentra- 
tion profiles  are  useful,  they  do  not  fully  evaluate 
model  performance.  Taken  independently  each 
validation  method  can  be  limited  by  stringent  as- 
sumptions, i.e.  independence,  equality  of  variance, 
and  normality.  If  one  or  more  assumption  is  violat- 
ed then  sole  reliance  on  the  method  is  suspect.  A 
model  should  be  considered  validated  only  if  a  set 
of  performance  tests  are  met.  (Fish-PTT) 
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DETERMINISTIC  AND  STOCHASTIC  MOD- 
ELING OF  REACTIVE  SOLUTE  TRANSPORT. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
S.  E.  A.  T.  M.  van  der  Zee,  and  G.  H.  Bolt. 
Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
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Descriptors:  'Model  studies,  'Model  testing,  'Path 
of  pollutants,  'Soil  contamination,  'Soil  water, 
'Solute  transport,  'Sorption,  Groundwater  move- 
ment, Parameter  estimation,  Soil  columns,  Soil  so- 
lution. 

One  of  the  main  problems  in  modeling  field-scale 
transport  of  solutes  subject  to  considerable  immo- 
bilization reactions  in  soil  is  the  validation  of  the 
model.  This  is  caused  by  the  large  values  of  the 
retardation  factor  resulting  from  these  reactions.  A 
sorption  model  for  a  solute  (orthophosphate,  de- 
noted by  P)  subject  to  strong  retardation  has  been 
developed  along  with  appropriate  assessment  of 
parameters.  For  validation,  P  transport  in  small 
columns  was  predicted  and  compared  with  break- 
through data  with  reasonable  to  good  results.  The 
validated  sorption  model  was  used  for  predictions 
of  P  transport  in  a  column  under  field  conditions. 
At  relatively  small  flow  velocities  P  tended  to 
move  through  soil  in  a  relatively  sharp  front.  Due 
to  spatial  variability  it  was  not  justified  to  take 
displacement  in  a  single  column  as  the  point  of 
departure  for  the  evaluation  of  transport  in  a  field. 
To  deal  with  spatial  variability  of  sorption  param- 
eters and  solute  input  a  probabilistic  approach  was 
used.  With  an  approximate  analytical  solution,  spa- 
tial variability  was  shown  to  have  a  large  effect  on 
transport  in  the  case  of  continuous  solute  input. 
Monte  Carlo  simulations  showed  that  this  was  also 
the  case  for  pulse-type  input  conditions.  (Author's 
abstract) 
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CONDITIONAL  SIMULATION  OF  FLOW  AND 
TRANSPORT. 

Science  and  Education  Administration,  University 
Park,  PA.  Northeast  Watershed  Research  Center. 
A.  S.  Rogowski,  J.  K.  Wolf,  and  D.  E.  Simmons. 
Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
7,  No.  1/2,  p  95-121,  January  1991.  10  fig,  6  tab,  18 
ref.  EPA  Interagency  Agreement  No.  DW129- 
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Descriptors:  'Aeration  zone,  'Groundwater  pollu- 
tion, 'Infiltration,  'Model  studies,  'Path  of  pollut- 
ants, 'Soil  water,  'Solute  transport,  Clays,  Hy- 
draulic conductivity,  Infiltrometers,  Leachates, 
Soil  solution. 

To  successfully  model  groundwater  pollution,  it  is 
necessary  to  either  measure  or  estimate  parameters 
pertaining  to  flow  and  transport  in  the  vadose 
zone.  Since  these  parameters  usually  vary  in  space, 
their  distributions  on  a  scale  of  a  site  to  be  modeled 
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are  of  interest.  Leachate  and  outflow  from  below  a 
compacted  layer  of  clay  subsoil  were  sampled  and 
compared  with  conditionally  simulated  flux  based 
on  standard  methods  and  1:1  soil-water  extracts. 
Results  showed  that  conditional  simulations  of  flux 
distribution  based  on  laboratory  values  of  hydrau- 
lic conductivity  severely  underestimated  the  ob- 
served outflow  while  those  for  other  methods 
except  the  Double  Ring  infiltrometer  and  Water 
Breakthrough  tended  to  overestimate.  While  point- 
to-point  correspondence  was  poor,  rank-to-rank 
comparisons  of  most  simulated  distributions  dif- 
fered from  observed  only  by  a  factor.  Water  qual- 
ity of  leachate  at  12  months  and  1:1  extracts  of 
cores  compared  best  when  total  loads  rather  than 
concentrations  were  considered.  Results  suggest 
that  Double  Ring  infiltration  measurements  and 
Breakthrough  data  as  well  as  total  chemical  loads 
predicted  by  1:1  soil-water  extracts  could  be  used 
to  simulate  spatially  distributed  flux  and  outflow 
quality  from  below  a  compacted  clay  layer.  This 
technology  is  believed  to  be  transferable  to  actual 
field  soils,  though  response  times  are  likely  to  be 
shorter.  Thus  similar  methods  can  be  used  to  pro- 
vide flux  and  outflow  quality  at  the  root  zone 
leading  to  better  estimates  of  recharge.  Because  of 
the  favorable  geologic  and  hydrologic  setting  the 
results  are  most  likely  to  apply  in  the  humid  north- 
eastern U.S.  (Fish-PTT) 
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TOWARD  VALIDATING  STATE-DEPENDENT 
MACROSCOPIC  ANISOTROPY  IN  UNSATU- 
RATED MEDIA:  FIELD  EXPERIMENTS  AND 
MODELING  CONSIDERATIONS. 

Washington  State  Univ.,  Pullman.  Dept.  of  Civil 
and  Environmental  Engineering. 
J.  T.  McCord,  D.  B.  Stephens,  and  J.  L.  Wilson. 
Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
7,  No.  1/2,  p  145-175,  January  1991.  16  fig,  3  tab, 
27  ref.  United  States  Geological  Survey,  U.S.  De- 
partment of  the  Interior  Matching  Grant  No.  1-4- 
23660. 

Descriptors:  'Aeration  zone,  'Anisotropy,  *Model 
studies,  'Soil  solution,  'Soil  water,  *Solute  trans- 
port, 'Unsaturated  flow,  Dunes,  Flow  characteris- 
tics, Flow  equations,  Hydraulic  conductivity,  Hys- 
teresis, Porous  media,  Sand,  Saturated  flow,  Trac- 


Methods  of  analysis  which  are  used  to  investigate 
flow  and  transport  through  unsaturated  soils  range 
from  field  and  laboratory  experimentation  to  math- 
ematical and  chemical  modeling.  However,  there  is 
some  question  as  to  the  validity  of  past  approaches 
to  handling  anisotropy  in  variably  saturated  flow 
models.  A  series  of  detailed  soil-water  tracer  ex- 
periments was  conducted  in  a  natural  landscape  to 
examine  possible  approaches  to  modeling  the  ob- 
served flow  and  transport.  The  experiments,  con- 
ducted on  a  sand  dune,  indicated  that  significant 
horizontal  downslope  flow  components  develop 
despite  the  presence  of  near-vertical  downward 
hydraulic  gradient.  This  suggests  that  under  in  situ 
pressure  heads  (-30  to  -70  cm)  the  dune  sands 
behave  as  a  highly  anisotropic  medium.  Field  and 
laboratory  permeameter  analyses  show  that  the 
sands  are  nearly  isotropic  at  complete  saturation. 
These  field  and  laboratory  experiments  provide 
supporting  evidence  for  theoretical  and  experimen- 
tal postulations  that  anisotropy  in  the  hydraulic 
conductivity  of  unsaturated  heterogeneous  porous 
media  varies  as  the  state  (capillary  pressure  head, 
head  gradient,  saturation,  etc.)  of  the  media  varies. 
In  addition,  a  simple  scenario  was  developed  to 
show  how  hysteresis-enhanced  moisture  content 
variations  can  cause  a  texturally  homogeneous 
porous  medium  profile  to  behave  anisotropically 
under  transient  unsaturated  conditions.  It  is  recog- 
nized that  both  layered  heterogeneity  and  hystere- 
sis-enhanced moisture  content  variations  contrib- 
ute to  the  anisotropic  behavior  observed  in  the 
tracer  experiments,  but  the  relative  magnitude  of 
their  contributions  were  not  quantified.  However, 
a  simple  procedure  can  incorporate  variable  anisot- 
ropy into  a  predictive  numerical  model.  (Fish- 
PTT) 
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COMPARISON  OF  URBAN  AND  SUBURBAN 
PRECIPITATION  CHEMISTRY. 


Argonne   National   Lab.,   IL.   Environmental   Re- 
search Div. 

For  primary  bibliographic  entry  see  Field  2B. 
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GEOGRAPHIC  INFORMATION  SYSTEMS 
AND  NON-POINT  SOURCE  WATER  QUALITY 
AND  QUANTITY  MODELLING. 

Oklahoma  Univ.,  Norman.  School  of  Civil  Engi- 
neering and  Environmental  Science. 
For  primary  bibliographic  entry  see  Field  7C. 
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KINETICS  OF  CHLORINATED  HYDROCAR- 
BON DEGRADATION  BY  METHYLOSINUS 
TRICHOSPORIUM  OB3B  AND  TOXICITY  OF 
TRICHLOROETHYLENE. 

Groningen   Rijksuniversiteit  (Netherlands).   Dept. 

of  Biochemistry. 

R.  Oldenhuis,  J.  Y.  Oedzes,  J.  J.  van  der  Waarde, 

and  D.  B.  Janssen. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.  57,  No.  1,  p  7-14,  January  1991,  6 

fig,  1  tab,  41  ref. 

Descriptors:  'Biodegradation,  'Chlorinated  hydro- 
carbons, 'Cleanup,  'Dechlorination,  'Fate  of  pol- 
lutants, 'Methane  bacteria,  'Microbial  degrada- 
tion, 'Trichloroethylene,  Carbon  radioisotopes, 
Culturing  techniques,  Degradation  products,  Ki- 
netics. 

The  degradation  kinetics  of  trichloroethylene 
(TCE)  and  seven  other  chlorinated  aliphatic  hy- 
drocarbons were  estimated  using  a  jacketed  elimi- 
nation vessel  (JEV)  containing  whole  cells  of  M. 
trichosporium  grown  under  copper  stress  by  culti- 
vation in  a  batch  culture  containing  0.07  micro- 
moles  of  copper,  which  enhances  production  of 
soluble  methane  monooxygenase  (sMMO).  This 
enzyme  has  been  demonstrated  to  be  capable  of 
degrading  TCE.  Compounds  that  readily  degraded 
included  chloroform,  trans- 1,2-dichloroethylene, 
and  trichloroethylene  (TCE)  with  V-max  values  of 
550,  330,  and  290  nanomoles  per  minute  per  mg  of 
cells,  respectively.  1,1-Dichloroethylene  was  found 
to  be  a  very  poor  substrate,  while  TCE  and  its 
conversion  products  were  found  to  be  toxic  to 
cells.  The  degree  of  inactivation  was  proportional 
to  the  amount  of  TCE  degraded,  with  maximum 
degradation  occurring  at  a  concentration  of  2 
micro-moles  of  TCE  per  mg  of  cells.  The  addition 
of  activated  carbon  decreased  the  acute  toxicity  of 
high  levels  of  TCE  and  slow  desorption  enabled 
the  cells  to  partially  degrade  TCE.  During  the 
conversion  of  C-14  tagged  TCE,  various  proteins 
became  radiolabeled,  including  the  alpha  subunit  of 
the  hydroxylase  component  of  sMMO.  This  indi- 
cates that  TCE-mediated  inactivation  of  cells  was 
caused  by  nonspecific  covalent  binding  of  degrada- 
tion products  to  cellular  proteins.  These  degrada- 
tion products  include  TCE  epoxides,  or  acylchlor- 
ides  produced  after  hydrolysis  by  a  sMMO  compo- 
nent. (Doyle-PTT) 
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AEROBIC  BIODEGRADATION  POTENTIAL 
OF  SUBSURFACE  MICROORGANISMS  FROM 
JET  FUEL-CONTAMINATED  AQUIFER. 

Geological  Survey,  Columbia,  SC. 

C.  M.  Aelion,  and  P.  M.  Bradley. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.  57,  No.  1,  p  57-63,  January  1991,  7 

fig,  4  tab,  22  ref. 

Descriptors:  'Aerobic  bacteria,  'Aquifers,  'Biode- 
gradation, 'Bioremediation,  'Cleanup,  'Fate  of 
pollutants,  'Groundwater  pollution,  Carbon  ra- 
dioisotopes, Enrichment,  Fuel,  Gas  chromatogra- 
phy, Hydrocarbons,  Microbial  studies,  Sediment 
contamination,  South  Carolina. 

In  1975,  a  leak  of  83,000  gallons  (314,189  liters)  of 
jet  fuel  (JP-4)  contaminated  a  shallow  water-table 
aquifer  near  North  Charleston,  S.C.  Laboratory 
experiments  were  conducted  with  contaminated 
sediments  to  assess  the  aerobic  biodegradation  po- 
tential of  the  in  situ  microbial  community.  The 
sediments  were  incubated  with  C-14  labeled  organ- 
ic compounds,  and  the  evolution  of  C-14  C02  was 


measured  over  time.  Gas  chromatographic  analy- 
ses were  used  to  monitor  C02  production  and  02 
consumption  under  aerobic  conditions.  Results  in- 
dicated that  the  microbes  from  contaminated  sedi- 
ments remained  active  despite  the  potentially  toxic 
effects  of  JP^.  C-14  C02  was  measured  from  C-14 
glucose  respiration  in  unamended  and  nitrate- 
amended  samples  after  1-day  of  incubation.  Total 
C-14  glucose  metabolism  was  greater  in  ImM  ni- 
trate-amended than  in  unamended  samples  because 
of  increased  cellular  incorporation  of  the  C-14 
label.  C-14  benzene  and  C-14  toluene  were  not 
significantly  respired  after  3  months  of  incubation. 
With  the  addition  of  1  mM  N03,  C02  production 
measured  by  gas  chromatographic  analysis  in- 
creased linearly  during  2  months  of  incubation  at  a 
rate  of  0.099  micromole  per  gram  (dry  weight)  per 
day  while  oxygen  concentration  decreased  at  a 
rate  of  0.124  micromole  per  gram  (dw)  per  day. 
With  no  added  nitrate,  C02  production  was  not 
different  from  that  in  metabolically  inhibited  con- 
trol vials.  From  the  examination  of  selected  com- 
ponents of  JP-4,  the  n-alkane  hexane  appeared  to 
be  degraded  as  opposed  to  the  branched  alkanes  of 
similar  molecular  weight.  The  results  suggest  that 
the  in  situ  microbial  community  is  active  despite 
JP-4  contamination  and  that  biodegradation  may 
be  compound  specific.  Also,  the  community  is 
strongly  nitrogen  limited,  and  nitrogen  additions 
may  be  required  to  significantly  enhance  hydrocar- 
bon biodegradation.  (Author's  abstract) 
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DECHLORINATION  OF  CHLOROCATE- 
CHOLS  BY  STABLE  ENRICHMENT  CUL- 
TURES OF  ANAEROBIC  BACTERIA. 

Swedish  Environmental  Research  Inst.,  Stock- 
holm. 

A.  Allard,  P.  Hynning,  C.  Lindgren,  M. 
Remberger,  and  A.  H.  Neilson. 
Applied      and       Environmental       Microbiology 
AEMIDF,  Vol.  57,  No.  1,  p  77-84,  January  1991,  5 
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Descriptors:  'Anaerobic  bacteria,  'Biodegrada- 
tion, 'Cleanup,  'Culturing  techniques,  'Dechlorin- 
ation, 'Fate  of  pollutants,  Chlorinated  hydrocar- 
bons, Degradation  products,  Laboratory  methods, 
Mixed  cultures,  Sediment  contamination. 

Metabolically  stable  anaerobic  cultures  obtained  by 
enrichment  with  5-bromovanillin,  5-chlorovanillin, 
catechin,  and  phloroglucinol  were  used  to  study 
dechlorination  of  chlorocatechols.  A  high  degree 
of  specificity  in  dechlorination  was  observed,  and 
some  chlorocatechols  were  appreciably  more  re- 
sistant than  others:  only  3,5-dichlorocatechol,  4,5- 
dichlorocatectol,  3,4,5-trichlorocatechol  and  te- 
trachlorocatechol  were  dechlorinated,  and  not  all 
of  them  were  dechlorinated  by  the  same  consorti- 
um. 3,5-Dichlorocatechol  produced  3-chlorocate- 
chol,  4,5-dichlorocatechol  produced  4-chlorocate- 
chol,  and  3,4,5-trichlorocatechol  produced  either 
3,5-dichlorocatechol  or  3,4-dichlorocatechol;  te- 
trachlorocatechol  produced  only  3,4,6-trichloroca- 
techol.  Incubation  of  uncontaminated  sediments 
without  additional  carbon  sources  brought  about 
dechlorination  of  3,4,5-trichlorocatechol  to  3,5- 
dichlorocatechol.  O-demethylation  of  chloroguaia- 
cols  was  generally  accomplished  by  enrichment 
cultures,  except  that  catechin  enrichment  was 
unable  to  O-demethylate  tetraoguaiacol.  None  of 
the  enrichments  dechlorinated  any  of  the  polychlo- 
rinated  phenols  examined.  The  results  suggested 
that  dechlorination  was  not  dependent  on  enrich- 
ment with  or  growth  at  the  expense  of  chlorinated 
compounds  and  that  it  would  be  premature  to 
formulate  general  rules  for  the  structural  depend- 
ence of  the  dechlorination  reaction.  (Author's  ab- 
stract) 
W9 1-07642 


METHYLMERCURY     DECOMPOSITION     IN 

SEDIMENTS    AND    BACTERIAL    CULTURES: 

INVOLVEMENT    OF    METHANOGENS    AND 

SULFATE    REDUCERS    IN    OXIDATIVE    DE- 

METHYLATION. 

Geological  Survey,  Menlo  Park,  CA. 

R.  S.  Oremland,  C.  W.  Culbertson,  and  M.  R. 

Winfrey. 
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Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  57,  No.  1,  p  130-137,  January 
1991,  3  fig,  6  tab,  39  ref. 

Descriptors:  *Biodegradation,  *Fate  of  pollutants, 
♦Mercury,  *Methane  bacteria,  "Methylmercury, 
*Path  of  pollutants,  Aerobic  bacteria,  Anaerobic 
bacteria,  Carbon  radioisotopes,  Culturing  tech- 
niques, Degradation  products,  Enzymes,  Estuarine 
sediments,  Freshwater  sediments,  Sediment  con- 
tamination. 

Demethylation  of  monomethylmercury  in  freshwa- 
ter and  estuarine  sediments  and  in  bacterial  cul- 
tures was  investigated  with  C-14  labeled  CH3HgI. 
Under  anaerobiosis,  results  with  inhibitors  indicat- 
ed partial  involvement  of  both  sulfate  reducers  and 
methanogens,  the  former  dominating  estuarine 
sediments,  while  both  were  active  in  freshwaters. 
Aerobes  were  the  most  significant  demethylators 
in  estuarine  sediments,  but  were  unimportant  in 
freshwater  sediments.  Products  of  anaerobic  de- 
methylation were  mainly  C-14  C02  as  well  as 
lesser  amounts  of  C-14  CH4.  Acetogenic  activity 
resulted  in  fixation  of  some  C-14  C02  produced 
from  C-14  CH3HgI  into  acetate.  Aerobic  demethy- 
lation in  estuarine  sediments  produced  only  C-14 
CH4,  while  aerobic  demethylation  in  freshwater 
sediments  produced  small  amounts  of  both  C-14 
CH4  and  C-14  C02.  Two  species  of  Desulfovibrio 
produced  only  traces  of  C-14  CH4  from  C-14 
CH3HgI,  while  a  culture  of  a  methylotrophic 
methanogen  formed  traces  of  C-14  C02  and  C-14 
CH4  when  grown  on  trimethylamine  in  the  pres- 
ence of  C-14  CH3HgI.  These  results  indicate  that 
both  aerobes  and  anaerobes  demethylate  mercury 
in  sediments,  and  that  either  group  may  dominate 
in  a  particular  sediment  type.  Aerobic  demethyla- 
tion in  the  estuarine  sediments  appeared  to  proceed 
by  the  previously  characterized  organomercurial- 
lyase  pathway,  because  methane  was  the  sole  prod- 
uct. However,  aerobic  demethylation  in  freshwater 
sediments  as  well  as  anaerobic  demethylation  in  all 
sediments  studied  produced  primarily  carbon  diox- 
ide. This  indicates  the  presence  of  an  oxidative 
pathway,  possibly  one  in  which  methylmercury 
serves  as  an  analog  of  one-carbon  substrates.  (Au- 
thor's abstract) 
W9 1-07643 


COMETABOLISM  OF  3,4-DICHLOROBEN- 
ZOATE  BY  ACINETOBACTER  SP.  STRAIN  4- 
CB1. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 
P.  Adriaens,  and  D.  D.  Focht. 
Applied       and       Environmental       Microbiology 
AEMIDF,   Vol.   57,   No.    1,  p   173-179,  January 
1991,  5  fig,  4  tab,  43  ref. 

Descriptors:  *Acinetobacter,  *Biodegradation, 
•Dechlorination,  *Fate  of  pollutants,  Biotransfor- 
mation, Chlorinated  hydrocarbons,  Culturing  tech- 
niques, Degradation  products,  Enzymes,  Sub- 
strates. 

When  Acinetobacter  strain  4-CB 1  was  grown  on  4- 
chlorobenzoate  (4-CB),  it  cometabolized  3,4-dich- 
lorobezoate  (3,4-DCB)  to  3-chloro-4-hydroxyben- 
zoate  (3-C-40HB),  which  could  be  used  as  a 
growth  substrate.  No  cometabolism  of  3,4-DCB 
was  observed  when  Acinetobacter  sp.  strain  4-CB1 
was  grown  on  benzoate.  4-Carboxy-l,2-benzoquin- 
one  was  formed  as  an  intermediate  form  from  3,4- 
DCB  and  3-C-4-OHB  in  aerobic  and  anaerobic 
resting-cell  incubations  and  was  the  major  transient 
intermediate  found  when  cells  were  grown  on  3-C- 
4-OHB.  The  first  dechlorination  step  of  3,4-DCB 
was  catalyzed  by  the  4-CB  dehalogenase,  while  a 
soluble  dehalogenase  was  responsible  for  dechlor- 
ination of  3-C-4-OHB.  Both  enzymes  were  induci- 
ble by  the  respective  chlorinated  substrates,  as 
indicated  by  oxygen  uptake  experiments.  The  de- 
halogenase activity  on  3-C-4-OHB,  observed  in 
crude  cell  extracts,  was  109  and  44  nanomole  of  3- 
C-4-OHB  per  minute  per  mg  of  protein  under 
anaerobic  and  aerobic  conditions,  respectively.  3- 
Chloro-4-hydroxybenzoate  served  as  a  pseudosub- 
strate  for  the  4-hydroxybenzoate  monooxygenase 
by  affecting  oxygen  and  NADH  consumption 
without  being  hydroxylated.  Contrary  to  4-CB  me- 
tabolism, the  results  suggest  that  3-C-4-OHB  was 


not  metabolized  via  the  protocatechuate  pathway. 
Despite  the  ability  of  resting  cells  grown  on  4-CB 
or  3-C-4-OHB  to  carry  out  all  of  the  necessary 
steps  for  dehalogenation  and  catabolism  of  3,4- 
DCB,  it  appeared  that  3,4-DCB  was  unable  to 
induce  the  necessary  4-CB  dehalogenase  for  the 
initial  para-dehalogenation  step.  Since  this  degra- 
dation mechanism  follows  a  cometabolic-catabolic 
sequence,  it  is  distinguished  from  the  classic  defini- 
tion of  cometabolism  in  which  no  nutritional  bene- 
fit is  derived  by  the  organism.  (Author's  abstract) 
W9 1-07644 


MOBILIZATION  OF  GENETICALLY  ENGI- 
NEERED PLASMID  PHSV106  FROM  ESCHER- 
ICHIA COLI  HB10KPHSV106)  TO  ENTERO- 
BACTER  CLOACAE   IN   DRINKING  WATER. 

Delaware  Univ.,  Newark.  School  of  Life  and 
Health  Sciences. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-07645 


EFFECTS  OF  TOXICITY,  AERATION,  AND 
REDUCTANT  SUPPLY  ON  TRICHLOROETH- 
YLENE  TRANSFORMATION  BY  A  MIXED 
METHANOTROPHIC  CULTURE. 

California  Univ.,  Berkeley.  Dept.  of  Civil  Engi- 
neering. 

L.  Alvarez-Cohen,  and  P.  L.  McCarty. 
Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  57,  No.  1,  p  228-235,  January 
1991,  9  fig,  2  tab,  37  ref.  Environmental  Protection 
Agency,  Western  Region  Hazardous  Substance 
Research  Center,  agreement  R-8 15738. 

Descriptors:  *Biodegradation,  "Chlorinated  hydro- 
carbons, 'Cleanup,  "Culturing  techniques,  "Fate  of 
pollutants,  "Methane  bacteria,  "Microbial  degrada- 
tion, "Trichloroethylene,  Aerobic  conditions, 
Anoxic  conditions,  Biotransformation,  Degrada- 
tion products,  Methane,  Toxicity. 

Methanotrophic  cultures  have  the  potential  for 
high  trichloroethylene  (TCE)  transformation,  be- 
cause they  produce  the  enzyme,  methane  monoox- 
ygenase (MMO),  which  is  responsible  for  both 
methane  oxidation  and  TCE  epoxidation.  The  rate 
and  capacity  of  a  mixed  methanotrophic  culture  at 
room  temperature  were  measured  to  determine  the 
effects  of  time  without  methane  (resting),  use  of  an 
alternative  energy  source  (formate),  aeration,  and 
toxicity  of  TCE  and  its  transformation  products. 
The  initial  specific  TCE  transformation  rate  of 
resting  cells  was  0.6  mg  of  TCE  per  mg  of  cells  per 
day,  and  they  had  a  finite  TCE  transformation 
capacity  of  0.036  mg  of  TCE  per  mg  of  cells. 
Formate  addition  resulted  in  increased  initial  spe- 
cific TCE  transformation  rates  (2. 1  mg/mg  of  cells 
per  day)  and  elevated  transformation  capacity 
(0.073  mg  of  TCE  per  mg  of  cells).  Significant 
declines  in  methane  conversion  rates  following  ex- 
posure to  TCE  were  observed  for  both  resting  and 
formate  fed  cells,  suggesting  toxic  effects  caused 
by  TCE  or  its  transformation  products.  TCE  trans- 
formation and  methane  consumption  rates  of  rest- 
ing cells  decreased  with  time  much  more  rapidly 
when  cells  were  shaken  and  aerated  than  when 
they  remained  dormant,  suggesting  that  the  trans- 
formation ability  of  methanotrophs  is  best  pre- 
served by  storage  under  anoxic  conditions.  (Doyle- 
PTT) 
W9 1-07646 


INFLUENCE  OF  ENDOGENOUS  AND  EXOGE- 
NOUS ELECTRON  DONORS  AND  TRICHLOR- 
OETHYLENE OXIDATION  TOXICITY  ON 
TRICHLOROETHYLENE  OXIDATION  BY 
METHANOTROPHIC  CULTURES  FROM  A 
GROUNDWATER  AQUIFER. 
Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
S.  M.  Henry,  and  D.  Grbic-Galic. 
Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  57,  No.  1,  p  236-244,  February 
1991,  4  fig,  2  tab,  46  ref.  EPA  Grants  No.  CR 
812220  and  R815738-01-OCS. 

Descriptors:  "Biodegradation,  "Cleanup,  "Cultur- 
ing techniques,  "Fate  of  pollutants,  "Trichloroeth- 
ylene, Aquifers,  Bacteria,  Biotransformation, 
Dechlorination,  Degradation  products,  Ground- 
water, Methane  bacteria,  Microbial  studies. 


Catabolic  oxygenases  such  as  methane  monooxy- 
genase require  electrons  (reducing  power)  to  carry 
out  their  catabolic  function.  During  growth  on 
methane,  reducing  power  is  regenerated  by  the 
mineralization  of  methane  to  C02.  However 
during  the  oxidation  of  a  cometabolite  such  as 
trichloroethylene  (TCE),  the  reductant  supply  is 
not  regenerated.  TCE-transforming  aquifer  meth- 
anotrophs were  evaluated  for  the  influence  of  TCE 
oxidation  toxicity  and  the  effect  of  reductant  avail- 
ability on  TCE  transformation  rates  during  meth- 
ane starvation.  TCE  oxidation  at  relatively  low  (6 
mg/L)  TCE  concentrations  significantly  reduced 
subsequent  methane  utilization  in  the  mixed  and 
pure  cultures  tested  and  reduced  the  number  of 
viable  cells  in  the  pure  culture.  Methylomonas 
strain  MM2  by  an  order  of  magnitude.  Perchlor- 
oethylene,  tested  at  the  same  concentration,  had  no 
effect  on  the  cultures.  Neither  the  TCE  itself  nor 
the  aqueous  intermediates  were  responsible  for  the 
toxic  effect,  and  it  is  suggested  that  TCE  oxidation 
toxicity  may  have  resulted  from  reactive  interme- 
diates that  attacked  celluar  macromolecules. 
During  starvation,  all  methanotrophs  tested  exhib- 
ited a  decline  in  TCE  transformation  rates,  and  this 
decline  followed  exponential  decay.  Formate,  pro- 
vided as  an  exogenous  electron  donor,  increased 
TCE  transformation  rates  in  Methylomonas  strain 
MM2,  but  not  in  mixed  culture  MM1  or  unidenti- 
fied isolate,  CSC-1.  Mixed  culture  MM2  did  not 
transform  TCE  after  15  h  of  starvation,  but  mixed 
cultures  MM1  and  MM3  did.  The  methanotrophs 
in  mixed  cultures  MM1  and  MM3,  and  the  uniden- 
tified isolate  CSC-1  that  was  isolated  from  mixed 
culture  MM1  contained  lipid  inclusions,  whereas 
the  methanotrophs  of  mixed  culture  MM2  and 
Methylomonas  strain  MM2  did  not.  It  is  proposed 
that  lipid  storage  granules  serve  as  an  endogenous 
source  of  electrons  for  TCE  oxidation  during 
methane  starvation.  (Doyle-PTT) 
W9 1-07647 


DEGRADATION  OF  TOLUENE  AND  M- 
XYLENE  AND  TRANSFORMATION  OF  O- 
XYLENE  BY  DENITRIFYING  ENRICHMENT 
CULTURES. 

New  York  Univ.  Medical  Center,  NY.  Dept.  of 

Microbiology. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07652 


IN  SITU  BACTERIAL  SELENATE  REDUC- 
TION IN  THE  AGRICULTURAL  DRAINAGE 
SYSTEMS  OF  WESTERN  NEVADA. 

Geological  Survey,  Menlo  Park,  CA. 

R.  S.  Oremland,  N.  A.  Steinberg,  T.  S.  Presser, 

and  L.  G.  Miller. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.   57,  No.   1,  p  615-617,  February 

1991,  1  fig,  1  tab,  9  ref. 

Descriptors:  "Agricultural  water,  "Biodegradation, 
"Drainage  water,  "Evaporation  ponds,  "Fate  of 
pollutants,  "Nevada,  "Path  of  pollutants,  "Seleni- 
um, Agricultural  chemicals,  Atomic  absorption 
spectroscopy,  Groundwater,  Hunter  Drain,  Massie 
Slough,  Sediment  contamination,  Sediment  sam- 
pling, Sediments,  Soil  bacteria,  South  Lead  Lake. 

Respiratory  reduction  of  selenate  to  elemental  sele- 
nium is  a  mechanism  whereby  bacteria  in  sedi- 
ments effect  removal  of  this  toxicant  from  overly- 
ing waters.  This  process  is  an  important  sink  in 
agricultural  evaporation  ponds  in  which  selenate  is 
abundant.  However,  selenium  at  nanomolar  levels 
still  poses  a  threat  to  biota.  Dissimilatory  in  situ 
selenate  reduction  to  elemental  selenium  in  sedi- 
ments from  irrigated  agricultural  drainage  regions 
of  western  Nevada  was  measured  at  ambient  Se 
oxyanion  concentrations.  Total  dissolved  selenium 
(selenate,  senenite,  and  organoselenium)  was  deter- 
mined by  atomic  absorption  spectroscopy.  Selenate 
reduction  was  rapid,  with  turnover  rate  constants 
ranging  from  0.04  to  1.8  per  hour  at  total  Se 
concentrations  in  pore  water  of  13  to  455  nano- 
moles.  Estimates  of  removal  rates  of  selenium  ox- 
yanions  were  14,  38,  and  155  micromoles  per  sq  m 
per  day  for  South  Lead  Lake,  Massie  Slough,  and 
Hunter  Drain,  respectively.  The  kinetics  of  sele- 
nate reduction  suggest  that  selenium  oxyanion  con- 
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centrations  should  have  rapidly  decreased  with 
depth  in  the  sediment.  The  presence  of  nitrate  and 
selenate  in  pore  waters  of  all  sites  indicate  that 
other  hydrologic  factors  such  as  input  of  oxyanions 
from  shallow  groundwater  comparable  to  their 
biological  removal  rates  obliterated  any  chemical 
gradients  established  by  biological  removal  proc- 
esses. (Doyle-PTT) 
W9 1-07656 


BIODEGRADATION  OF  MORPHOLINE  IN 
RIVER   WATER   AND   ACTIVATED  SLUDGE. 

Leeds  Univ.   (England).   Dept.   of  Microbiology. 
J.  S.  Knapp,  and  A.  J.  Whytell. 
Environmental  Pollution  ENPOEK,  Vol.  68,  No. 
1/2,  p  67-79,  1990,  1  fig,  4  tab,  22  ref. 

Descriptors:  *Biodegradation,  *Fate  of  pollutants, 
•Industrial  wastes,  'Morpholine,  'Wastewater 
treatment,  Activated  sludge,  Hydrocarbons,  Mi- 
crobial degradation.  Rivers. 

The  ability  of  microorganisms  in  a  wide  range  of 
river  waters  and  activated  sludges  to  degrade  the 
heterocyclic  compound  morpholine  was  deter- 
mined by  die-away  tests  and  also  by  most  probable 
number  counts  of  the  morpholine  degrading  mi- 
crobes. All  activated  sludges  were  capable  of  mor- 
pholine degradation  but  the  rate  at  which  degrada- 
tion occurred  could  not  be  related  to  the  type  of 
influent  treated.  Nearly  all  river  waters  contained 
morpholine  degrading  microbes  which  could  de- 
grade morpholine  in  die-away  tests.  Generally,  bio- 
degradation  of  morpholine  occurred  more  rapidly 
the  further  down  stream  the  sample  was  taken. 
Morpholine  degradation  rates  could  not,  however, 
be  related  to  the  immediate  severity  of  pollution 
(as  measured  by  National  Water  Council  NWC 
classification)  at  any  sampling  site.  It  may  be  that 
morpholine  degradation  rate  is  related  to  the  cu- 
mulative effect  of  any  particular  discharge.  Clear- 
ly, the  capacity  to  degrade  morpholine  exists  in 
rivers  and  activated  sludges  from  sewage  works;  in 
practice,  however,  the  rates  of  degradation  ob- 
served are  very  low  and  it  is  unlikely  that  signifi- 
cant morpholine  biodegradation  generally  occurs 
in  these  systems.  (Author's  abstract) 
W9 1-07659 


STOCHASTIC  ANALYSIS  OF  SOLUTE  MOVE- 
MENT IN  COMPACTED  SOIL  LINERS. 

Wisconsin  Univ.,  Madison.  Dept.  of  Civil  and  En- 
vironmental Engineering. 
C.  H.  Benson. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  195-212.  10  fig,  9  ref.  US 
EPA  agreement  Cr  0055586-01. 

Descriptors:  'Hydraulic  conductivity,  'Landfills, 
'Liners,  'Model  studies,  'Path  of  pollutants, 
'Solute  transport,  'Wastewater  lagoons,  Clays, 
Environmental  effects,  Hazardous  waste  disposal, 
Land  disposal,  Probabilistic  process,  Soil  water, 
Stochastic  models,  Waste  disposal. 

Compacted  soil  liners  are  clayey  earthen  barriers 
that  are  used  to  mitigate  the  transport  of  contami- 
nated liquid  from  facilities  such  as  hazardous  and 
municipal  waste  landfills,  sewage  lagoons,  and  sur- 
face impoundments.  The  time  when  the  liner  first 
begins  to  leak,  termed  the  first-passage  time,  and 
subsequent  flux  are  difficult  to  compute  because 
the  hydraulic  properties  of  the  compacted  soil  vary 
irregularly  throughout  the  liner.  Because  large, 
irregular  fluctuations  in  hydraulic  conductivity 
cannot  be  predicted  with  certainty,  stochastic  rep- 
resentations of  hydraulic  conductivity,  first-pas- 
sage time  and  flux  are  necessary.  Probability 
theory  can  be  applied  to  obtain  the  distributions  of 
the  first-passage  time  and  flux  in  terms  of  the 
distribution  of  hydraulic  conductivity.  The  proper- 
ties of  the  convolution  integral  and  the  probability 
integral  transform  are  exploited  to  obtain  these 
distributions.  The  first-passage-time  distribution  is 
described  by  the  reliability  function  which  yields 
the  probability  that  the  first-passage  time  is  greater 
than  a  specified  time.  A  probability  density  func- 
tion, that  is  analogous  to  a  histogram,  is  used  to 
describe  the  distribution  of  flux.  A  schematic  of  the 


soil  liner  that  is  described  by  this  model  was  exam- 
ined. Based  on  the  results  of  the  model  described, 
the  following  conclusions  were  made:  Significant 
reductions  in  mean  hydraulic  conductivity  yield 
significant  reductions  in  first-passage  time  and  flux 
even  at  large  percentiles  such  as  0.95.  Large  reduc- 
tions in  the  variability  of  hydraulic  conductivity 
result  in  only  small  changes  in  the  extreme  values 
of  first-passage  time  and  flux.  An  increase  in  the 
thickness  of  a  soil  liner  has  beneficial  effects  on  the 
distributions  of  first-passage  time  and  flux.  Effec- 
tive porosity  has  a  tremendous  effect  on  the  first- 
passage  time  distribution.  (See  also  W9 1-07662) 
(Mertz-PTT) 
W9 1-07676 


GROUNDWATER  DEGRADATION  AT  A  HAZ- 
ARDOUS WASTE  LANDFILL  FROM  INAD- 
EQUATE WASTE  LIQUIDS  MANAGEMENT-^ 
CASE  HISTORY. 

Du  Pont  Environmental  Remediation  Services, 
Aston,  PA. 

J.  M.  Connor,  and  R.  D.  Buller. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  213-222.  6  fig. 

Descriptors:  'Groundwater  pollution,  'Hazardous 
wastes,  'Landfills,  'Path  of  pollutants,  'Pennsyl- 
vania, 'Waste  management,  'Water  pollution 
sources,  Environmental  quality,  Geohydrology, 
Groundwater  quality,  Land  disposal,  Leachates, 
On-site  investigations,  Resource  Conservation  and 
Recovery  Act,  Waste  disposal. 

A  groundwater  quality  assessment  was  conducted 
at  a  closed  stabilized  hazardous  waste  landfill  in 
Southeastern  Pennsylvania  in  response  to  evidence 
that  groundwater  quality  downgradient  of  the 
landfill  was  being  impacted  by  operations  at  the 
landfill.  The  groundwater  quality  assessment  was 
conducted  in  accordance  with  the  Resource  Con- 
servation and  Recovery  Act  (RCRA)  guidelines 
for  groundwater  assessment  and  abatement  studies. 
A  primary  objective  of  the  assessment  was  to 
determine  the  source  of  the  observed  groundwater 
contamination  and  determine  if  the  source  was  still 
contributing  contaminants.  Determining  the  source 
of  the  groundwater  contamination  required  analy- 
ses of  historical  activities  for  each  of  the  operating 
units  at  the  landfill,  historical  and  current  water 
quality  and  contaminant  plume  occurrences,  and 
hydrogeologic  conditions  at  the  site.  The  results  of 
this  study  document  that  groundwater  contamina- 
tion detected  at  this  closed  hazardous  waste  land- 
fill was  the  result  of  inadequate  waste  liquids  han- 
dling in  the  process  water  pond  and  the  leachate 
collection/detection  sumps.  The  closed  hazardous 
waste  landfill  does  not  appear  to  be  the  source  of 
the  observed  groundwater  contamination.  Analysis 
of  the  historical  operating  information  documented 
failures  of  the  process  water  pond  and  sumps  to 
contain  the  waste  liquids.  The  operating  history 
also  documented  the  presence  of  an  intermittent 
shallow  contaminant  groundwater  in  the  vicinity 
of  the  ponds  that  disappeared  after  the  cessation  of 
operations  or  implementation  of  repairs  in  these 
areas.  The  hydrogeological  and  water  quality  in- 
formation documented  the  highest  levels  of 
groundwater  contaminants  to  be  in  the  vicinity  of 
the  waste  liquid  handling  areas.  The  decreasing 
concentrations  of  contaminants  in  groundwater 
subsequent  to  site  closure  in  1984  supports  the 
conclusion  that  the  landfill  was  not  the  source  of 
the  contamination.  (See  also  W9 1-07662)  (Mertz- 
PTT) 
W9 1-07677 


EXAMPLE  OF  USING  NCASI  PROGRAM 
RIVER  AND  FISH  IN  COMPUTING  THE  FATE 
OF  DIOXIN  IN  RECEIVING  WATERS. 

National  Council  for  Air  and  Stream  Improve- 
ment, Medford,  MA. 

J.  J.  McKeown,  A.  Shortelle,  P.  Anderson,  V.  Fry, 
and  J.  Dudley. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  223-240.  3  fig,  12  tab,  2  ref. 


Descriptors:  'Computer  models,  'Dioxins,  'Food 
chains,  'Model  studies,  'Path  of  pollutants,  'River 
flow,  'Stream  pollution,  Fish,  Organic  carbon, 
Pulp  and  paper  industry,  Suspended  solids,  Tissue 
analysis. 

Two  example  cases  demonstrate  the  use  of  the 
computer  models  RIVER  and  FISH,  models 
which  were  developed  to  assist  the  paper  industry 
understand  the  fate  and  transport  of  dioxin  in  river- 
ine systems.  The  model  RIVER  is  a  dynamic  rep- 
resentation of  the  history  of  conditions  occurring 
in  the  receiving  stream  for  a  lengthy  period  of 
record.  Data  are  needed  on  flow,  total  suspended 
solids,  and  temperature  at  all  locations  of  interest 
in  the  stream.  Data  are  also  needed  on  the  organic 
carbon  fraction  of  the  total  suspended  solids. 
Where  data  are  missing,  such  data  needs  to  be 
estimated.  In  addition  to  data  on  the  receiving 
river,  the  procedure  requires  data  on  the  discharge 
of  dioxin.  Program  FISH  is  a  compartmentalized 
estimate  of  the  food  chain  which  exists  in  rivers. 
Elements  in  the  food  chain  begin  with  first  order 
consumers  and  end  with  large  fish.  For  each  com- 
partment an  estimate  of  dioxin  uptake,  dioxin  clear- 
ance and  growth  rate  is  needed  along  with  assimi- 
lation efficiency  and  ration  size.  Estimates  of  the 
key  factors  are  adjusted  for  water  temperature  and 
fish  age.  The  output  of  FISH  provides  the  average 
concentration  of  dioxin  in  water  and  in  fish  in  each 
river  reach.  The  models  produce  values  for  whole 
fish.  The  data  base  for  whole  fish  to  fillet  ratios  for 
dioxin  is  under  development  and  when  available 
will  provide  the  link  between  information  pro- 
duced by  the  model.  For  the  time  being,  model 
outputs  for  fish  appear  to  be  in  the  general  range  of 
measured  concentrations  in  fish.  A  start  has  been 
made  toward  developing  a  procedure  to  model  fate 
and  transport  in  the  riverine  environment.  (See 
also  W9 1-07662)  (Mertz-PTT) 
W9 1-07678 


CASE  HISTORY:  MITIGATION  OF  GASOLINE 
VAPOR  MIGRATION  INTO  PRIVATE  RESI- 
DENCE. 

Duffield  Associates,  Inc.,  Wilmington,  DE. 

For   primary   bibliographic   entry   see   Field    5G 

W9 1-07682 


REMEDIATION  OF  A  CONTAMINATED 
DRAINAGE  DITCH  IN  PROXIMITY  TO  AN 
ACTIVE  RAILROAD. 

Woodward-Clyde  Consultants,  Plymouth  Meeting, 

PA. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07684 


LEACHATE  CHARACTERISTICS  FROM  IN- 
CINERATOR ASH  MONOFIL  AND  LANDFILL 
FOR  ASH-MSW  CO-DISPOSAL. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-07703 


HAZARDOUS  WASTE  DISPOSAL  IN  RELA- 
TIONSHIP TO  RADON  GAS  EMANATION  IN 
ATMOSPHERE. 

Lehigh  Univ.,  Bethlehem,  PA.  Dept.  of  Civil  En- 
gineering. 
H.  Y.  Fang. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  702-717.  7  fig,  1  tab,  19  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Path  of 
pollutants,  'Radioactivity,  'Radon,  'Soil  gases, 
'Soil  water.  Air  pollution  sources,  Environmental 
effects,  Interstitial  water,  Land  development, 
Noble  gases,  Temperature  effects. 

Recent  findings  indicate  that  radon  is  not  a  totally 
inert  element  as  previously  thought.  It  can  be 
influenced  by  local  environments  such  as  tempera- 
ture, pH  value,  ion  exchange,  and  redox  reaction 
to  some  degree.  Radon  gas  also  interacts  with  soil, 
water,  air  and  others;  unfortunately,  the  interface 
mechanisms  between  radon  and  the  environment 
are  not  yet  clearly  understood.  A  new  approach 
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was  examined  that  assumed  radon  gas  interaction 
with  the  environment  through  dust  in  the  air  and 
suspensions  in  the  water  and  soil-water  system.  It 
was  found  that  radon/dust-suspension  can  be  treat- 
ed as  a  composite  particle  and  its  behavior  can  be 
evaluated  by  particle  energy  field  theory  which  is 
based  on  a  physico-chemical-biological  concept. 
Hazardous  waste  disposal  can  cause  changing  soil- 
water  structure.  Also,  an  increase  in  the  bacterial 
activity,  which  will  change  pore  fluid  characteris- 
tics between  soil  layers,  will  accelerate  the  radon 
emanation  and  mobilization  capacity  which  leads 
to  radon  escaping  from  the  ground  into  the  atmos- 
phere. The  combination  of  construction  and  haz- 
ardous waste  disposal  activities  can  destroy  the 
dynamic  equilibrium  of  the  ecosystem  and  trigger 
the  radon  movement  into  the  atmosphere.  It  is 
suggested  that  less  disturbance  of  the  natural  eco- 
system, the  less  radon  content  in  the  atmosphere. 
(See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07709 


WATER  EROSION  AND  WATER  QUALITY. 

Agricultural  Research  Service,  Pullman,  WA. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07760 


HANDBOOK  OF  CHEMICAL  PROPERTY  ES- 
TIMATION METHODS:  ENVIRONMENTAL 
BEHAVIOR  OF  ORGANIC  COMPOUNDS. 

W.  J.  Lyman,  W.  F.  Reehl,  and  D.  H.  Rosenblatt. 
American    Chemical    Society,    Washington,    DC. 
1990.  530p. 

Descriptors:  "Chemical  properties,  *Fate  of  pollut- 
ants, *Handbooks,  *Organic  compounds,  'Phys- 
icochemical  properties,  Biodegradation,  Biological 
magnification,  Boiling  point,  Density,  Diffusion 
coefficient,  Mass  transfer,  Refractivity,  Solubility, 
Surface  tension,  Thermal  conductivity,  Vaporiza- 
tion, Viscosity. 

This  handbook  contains  selected  estimation  meth- 
ods for  physicochemical  properties  of  organic 
chemicals.  Specific  instructions  are  given  for  the 
use  of  each  estimation  method.  The  properties 
covered  include  conventional  properties  of  pure 
materials  (density,  boiling,  point,  refractive  index), 
properties  that  describe  how  a  chemical  behaves  or 
interacts  with  a  second  substance  (solubility  in 
water,  diffusion  coefficient  in  air,  interfacial  ten- 
sion with  water),  and  the  fate  of  trace  concentra- 
tions in  specific  environmental  situations  (rate  of 
hydrolysis  in  water,  atmospheric  residence  time, 
and  volatilization  from  soil).  Chapters  related  to 
environmental  fate  propose  models  that  require 
input  information  on  the  environmental  compart- 
ment of  concern  as  well  as  chemical-specific  prop- 
erties. The  properties  of  rate  of  aqueous  photolysis 
and  rate  of  biodegradation  are  included  even 
though  the  current  state  of  the  art  does  not  permit 
quantitative  estimation.  Two  chapters  stress  the 
importance  of  photolysis  and  biodegradation  in 
environmental  fate  and  should  allow  a  qualitative 
determination  of  the  susceptibility  of  an  organic 
chemical  to  these  forms  of  degradation.  Additional 
properties  that  may  be  estimated  include:  critical 
temperature,  critical  pressure,  Henry's  law  con- 
stant, mass  transfer  coefficients,  molar  refractivity, 
molar  volume  at  the  boiling  point,  and  parachor. 
(See  W9 1-07768  thru  W9 1-07793)  (Geiger-PTT) 
W9 1-07767 


OCTANOL/WATER      PARTITION      COEFFI- 
CIENT. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07768 


SOLUBILITY  IN  WATER. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07769 


SOLUBILITY  IN  VARIOUS  SOLVENTS. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07770 


ADSORPTION  COEFFICIENT  FOR  SOILS 
AND  SEDIMENTS. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA. 
W.  J.  Lyman. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  4.1-4.33.  3  fig,  11  tab,  44  ref. 

Descriptors:  *Adsorption,  'Adsorption  kinetics, 
•Organic  compounds,  *Path  of  pollutants,  'Re- 
gression analysis,  'Sediments,  'Soil  types,  Aromat- 
ic compounds,  Fate  of  pollutants,  Mathematical 
models,  Organic  carbon,  Pesticides,  Physicochem- 
ical properties,  Test  procedures. 

The  extent  to  which  an  organic  chemical  partitions 
itself  between  the  solid  and  solution  phases  of  a 
water-saturated  or  unsaturated  soil,  or  runoff  water 
and  sediment,  is  determined  by  several  physical 
and  chemical  properties  of  both  the  chemical  and 
the  soil  (or  sediment).  In  most  cases  it  is  possible  to 
express  the  tendency  of  a  chemical  to  be  adsorbed 
in  terms  of  a  parameter,  Koc,  which  is  largely 
independent  of  the  properties  of  the  soil  or  sedi- 
ment. Koc  may  be  thought  of  as  the  ratio  of  the 
amount  of  chemical  adsorbed  per  unit  weight  of 
organic  carbon  in  the  soil  or  sediment  to  the  con- 
centration of  the  chemical  in  solution  at  equilibri- 
um. All  of  the  available  methods  for  estimating 
Koc  involve  empirical  relationships  with  some 
other  property  of  the  chemical,  namely  water  solu- 
bility (S),  octanol-water  partition  coefficient 
(Kow),  bioconcentration  factor  for  aquatic  life 
(BCF),  or  parachor  (P).  The  relationships  are  re- 
gression equations  obtained  from  various  data  sets 
and  are  usually  expressed  in  log-log  form.  Al- 
though Kow  has  been  used  most  frequently,  about 
a  dozen  equations  have  been  reported.  Each  was 
derived  from  a  different  data  set  representing  dif- 
ferent chemicals  such  as  insecticides,  herbicides, 
fungicides,  or  compounds  of  related  structure.  By 
basing  the  adsorption  coefficients  on  soil  (or  sedi- 
ment) organic  carbon  (Koc)  rather  than  on  total 
mass  (K),  much  of  the  variation  in  sorption  coeffi- 
cients between  different  soils  and  sediments  can  be 
eliminated.  The  remaining  variation  may  be  due  to 
other  characteristics  of  soils  such  as  clay  content 
and  surface  area,  cation  exchange  capacity,  pH,  the 
nature  of  the  organic  matter  present,  and/or  vari- 
ations in  the  test  methods.  Other  factors  that  affect 
the  measured  value  of  Koc  or  are  operative  under 
actual  environmental  conditions  are  temperature, 
pH  of  soil  and  water,  particle  size  distribution  and 
surface  area  of  solids,  salinity  of  water,  concentra- 
tion of  dissolved  organic  matter,  suspended  partic- 
ulate matter  in  surface  water,  non-equilibrium  ad- 
sorption mechanisms  or  failure  to  reach  equilibri- 
um conditions,  solids  to  solution  ratio,  loss  of 
chemical  due  to  volatilization,  chemical  or  biologi- 
cal degradation  or  adsorption  on  flask  walls,  and 
nonlinear  isotherms.  (See  also  W9 1-07767)  (Geiger- 
PTT) 
W9 1-07771 


BIOCONCENTRATION  FACTOR  IN  AQUATIC 
ORGANISMS. 

S.  E.  Bysshe. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  5.1-5.30.  1  fig,  12  tab,  41  ref. 

Descriptors:  'Aquatic  life,  'Bioaccumulation,  'Bi- 
ological magnification,  'Path  of  pollutants,  Ad- 
sorption, Biological  properties,  Mathematical  stud- 
ies, Octanol/water  partition  coefficient,  Regression 
analysis,  Solubility. 

The  bioconcentration  factor  (BCF)  indicates  the 
degree  to  which  a  chemical  residue  may  accumu- 
late in  aquatic  organisms  (usually  fish)  coincident 
with  ambient  concentrations  of  the  chemical  in 
water.  Regression  equations  of  BCF  values  exist 
for  a  variety  of  organic  compounds  based  on  flow- 
through  laboratory  tests  using  various  fish  and 
invertebrates.  If  the  BCF  of  a  compounds  has  not 
been  measured  or  is  not  readily  available,  it  may  be 
calculated  from  existing  physical  and  chemical 
data,  namely  water  solubility  (S),  octanol-water 
partition  coefficient  (Koc),  or  soil  adsorption  coef- 
ficient (Koc).   Sources  of  discrepancies  between 


BCF  estimates  and  laboratory  data  include  the 
variability  inherent  in  biological  responses  and  fac- 
tors responsible  for  measurement  inaccuracy. 
Errors  in  measuring  the  physical/chemical  proper- 
ties correlated  with  BCF  are  also  responsible  for 
some  of  the  discrepancies  observed.  Test  condi- 
tions such  as  pH  and  temperature  have  a  marked 
effect  on  measurements  of  S  and  Koc  for  some 
chemical  species.  Solubility  is  difficult  to  measure 
for  very  insoluble  compounds.  Errors  in  measure- 
ment of  BCF  itself  under  laboratory  conditions  are 
also  a  source  of  discrepancies  in  the  measurement 
of  BCF  under  field  conditions.  Model  ecosystems 
have  been  used  in  place  of  flow-through  systems 
for  estimating  BCF,  however,  these  systems  are 
subject  to  the  same  potential  sources  of  error  as 
flow-through  systems.  (See  also  W9 1-07767) 
(Geiger-PTT) 
W9 1-07772 


ACID  DISSOCIATION  CONSTANT. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-07773 


RATE  OF  HYDROLYSIS. 

J.  C.  Harris. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  7.1-7.48.  3  fig,  11  tab,  34  ref. 

Descriptors:  'Chemical  degradation,  'Fate  of  pol- 
lutants, 'Hydrolysis,  'Organic  acids,  'Organic 
compounds,  Catalysis,  Correlation  analysis,  Hy- 
drogen ion  concentration,  Kinetics,  Mathematical 
studies,  Temperature  effects. 

Hydrolysis  is  a  chemical  transformation  process  in 
which  an  organic  molecule,  RX,  reacts  with  water, 
forming  a  new  carbon-oxygen  bond  and  cleaving  a 
carbon-X  bond  in  the  original  molecule.  Hydroly- 
sis is  likely  to  be  the  most  important  reaction  of 
organic  compounds  with  water  in  aqueous  envi- 
ronments and  is  a  significant  environmental  fate 
process  for  many  organic  chemicals.  Hydrolysis  is 
a  family  of  reactions  involving  compound  types  as 
diverse  as  alkyl  halides,  carboxylic  acid  esters, 
organophosphonates,  carbamates,  epoxides,  and  ni- 
triles.  When  an  organic  compound  undergoes  hy- 
drolysis, a  nucleophile  (water  or  hydroxide  ion) 
attacks  an  electrophile  (carbon  atom,  phosphorus 
atom,  etc.)  and  displaces  a  leaving  group  (chloride, 
phenoxide,  etc.).  The  hydrolysis  of  organic  chemi- 
cals in  water  is  first-order  in  the  concentration  of 
the  organic  species;  the  rate  of  disappearance  of 
RX  is  directly  proportional  to  the  concentration  of 
the  compound.  Experimental  measurement  of  the 
rate  of  hydrolysis  should  involve  the  determination 
of  the  form  of  the  rate  law,  the  magnitude  of  the 
rate  constants,  the  products  of  reaction,  and  tem- 
perature dependence  (energy  of  activation).  The 
rate  of  hydrolysis  of  organic  chemicals  increases 
with  temperature.  The  quantitative  relationship  be- 
tween the  rate  constant  and  temperature  is  fre- 
quently expressed  by  the  Arrhenius  equation.  Hy- 
drolysis reactions,  which  frequently  involve  ionic 
species  as  reactants,  intermediates,  and/or  prod- 
ucts, are  affected  by  changes  in  the  solvating 
power  of  the  reaction  medium.  Estimation  meth- 
ods for  hydrolysis  include  the  application  of  linear 
free  energy  relationships,  estimation  of  rate  con- 
stant for  specific  acid-catalyzed  hydrolysis  by  the 
Hammett,  or  Taft  correlations,  estimation  of  the 
rate  constant  for  neutral  hydrolysis  by  the  Ham- 
mett correlation,  and  estimation  of  the  rate  con- 
stant for  specific  base-catalyzed  hydrolysis  by  the 
Hammett  or  Taft  correlations  or  correlation  with 
the  negative  log  of  the  acid  dissociation  constant  of 
a  leaving  group.  (See  also  W9 1-07767)  (Geiger- 
PTT) 
W9 1-07774 


RATE  OF  AQUEOUS  PHOTOLYSIS. 

J.  C.  Harris. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  8.1-8.43.  7  fig,  12  tab,  40  ref. 
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Descriptors:  'Degradation,  *Fa(e  of  pollutants, 
•Organic  compounds,  ♦  Photolysis,  Adsorption, 
Mathematical  models,  Photochemistry. 

Photochemical  processes  may  be  important  in  de- 
termining the  fate  of  organic  pollutants  in  aqueous 
environments.  Both  direct  photolysis,  in  which  the 
pollutant  itself  absorbs  solar  radiation,  and  sensi- 
tized photolysis,  in  which  energy  is  transferred 
from  some  other  species  in  the  aquatic  solution, 
may  occur.  The  rates  of  these  processes  in  a  natu- 
ral water  system  depend  both  on  the  properties  of 
the  aquatic  environment  (intensity  and  spectrum  of 
solar  radiation,  presence  or  absence  of  sensitizers, 
quenchers,  etc.)  and  on  the  properties  of  the  organ- 
ic chemical  (extent  of  absorption  of  light  and  inher- 
ent tendency  to  undergo  photochemical  reaction. 
Existing  models  for  predicting  photochemical  re- 
activity in  the  environment  are  essentially  models 
for  calculating  the  net  rate  at  which  an  aqueous 
solution  containing  the  organic  chemical  absorbs 
light.  The  basic  approach  is  to  evaluate  the  degree 
of  overlap  between  the  ultraviolet/visible  absorp- 
tion spectrum  of  the  organic  molecule  and  the 
solar  radiation  to  which  it  is  exposed.  An  organic 
molecule  can  undergo  photochemical  transforma- 
tions if  light  energy  is  absorbed  by  the  molecule  to 
produce  an  electronically  excited  state  of  the  mole- 
cule, and  chemical  transformations  of  the  excited 
state  are  competitive  with  deactivation  processes. 
A  qualitative  model  for  calculating  the  rate  of 
absorption  of  light  in  aquatic  environments  evalu- 
ates the  degree  of  overlap  between  the  UV/visible 
absorption  spectrum  of  an  organic  compound  and 
the  incident  solar  energy  in  an  aquatic  environ- 
ment. The  molar  absorptivities  at  the  specified 
wavelengths  are  obtained  experimentally  by  deter- 
mination of  the  UV/visible  spectrum  of  the  com- 
pound. Primary  photochemical  processes  in  organ- 
ic molecules  include  fragmentation  into  free  radi- 
cals or  neutral  molecules,  rearrangement  and  iso- 
merization  reactions,  photoreduction  by  hydrogen 
atom  abstraction  from  other  molecules,  dimeriza- 
tion  and  related  addition  reactions,  photoioniza- 
tion,  and  electron  transfer  reactions.  Photochemi- 
cal reaction  processes  that  are  typical  of  various 
organic  compound  categories  are  summarized. 
Both  the  rate  and  the  products  of  photochemical 
degradation  may  be  influenced  by  such  factors  in 
the  environment  as  suspended  sediment,  surfac- 
tants, sensitizers,  and  quenchers.  (See  also  W91- 
07767)  (Geiger-PTT) 
W91-07775 


RATE  OF  BIODEGRADATION. 

K.  M.  Scow. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  9.1-9.85.  15  fig,  23  tab,  177  ref. 

Descriptors:  *Biodegradation,  *Fate  of  pollutants, 
•Microbial  degradation,  'Organic  compounds, 
•Wastewater  treatment,  Activated  sludge,  Anaero- 
bic digestion,  Hydrolysis,  Mineralization,  Oxida- 
tion, Soil  bacteria,  Soil  water  potential. 

Biodegradation  is  one  of  the  most  important  envi- 
ronmental processes  that  cause  the  breakdown  of 
organic  compounds.  It  is  a  significant  loss  mecha- 
nism in  soil  and  aquatic  systems  and  plays  an 
essential  role  in  wastewater  treatment.  The  eventu- 
al mineralization  of  organic  compounds  can  be 
attributed  almost  entirely  to  biodegradation. 
Almost  all  of  the  reactions  involved  in  biodegrada- 
tion can  be  classified  as  oxidative,  reductive,  hy- 
drolytic  or  conjugative.  Microorganisms  are  the 
most  significant  group  of  organisms  involved  in 
biodegradation.  Soil,  water  and  wastewater  treat- 
ment systems  provide  the  most  important  microbi- 
al habitats  for  the  biodegradation  of  pollutants.  In 
all  three  habitats  both  aerobic  and  anaerobic  condi- 
tions exist.  The  microorganisms  involved  in  anaer- 
obic digestion  are  primarily  bacteria,  both  faculta- 
tive and  obligate  anaerobes.  The  acid-forming  bac- 
teria have  higher  rates  of  reproduction  and  tolerate 
a  pH  as  low  as  5.0.  Methane-forming  bacteria  are 
inhibited  at  a  pH  below  6.5  and  are  generally  more 
sensitive  to  temperature  and  substrate  concentra- 
tion. Variables  in  biodegradation  may  be  substrate-, 
organism-,  or  environment-related.  To  measure 
biodegradation,  a  microbial  population  is  collected 


from  an  environmental  source  and  isolated  through 
enrichment  cultures.  The  population  is  incubated 
with  the  substrate  in  some  medium,  with  or  with- 
out additional  nutrient  or  energy  supply,  and  the 
rate  of  disappearance  of  the  substrate  is  monitored 
through  indirect  or  direct  analytical  techniques. 
Standard  tests  for  measuring  biodegradation  in 
aquatic  environments  include:  shake  flask,  river 
die-away,  and  BOD  respirometer.  Standard  tests 
for  measuring  biodegradation  in  soil  include:  soil 
perfusion,  soil  incubation,  and  soil  suspended  in 
aqueous  solution.  Standard  tests  for  measuring  bio- 
degradation in  anaerobic  environments  include:  an- 
aerobic digestion  and  closed  river  die-away.  Stand- 
ard tests  for  measuring  biodegradation  in  activated 
sludge  include:  semi-continuous  activated  sludge, 
trickling  filter,  and  recirculating  filter.  The  power 
rate  law  and  the  hyperbolic  rate  law  have  been 
proposed  to  describe  the  rate  of  biodegradation. 
Biodegradation  rate  constants  for  various  organic 
compounds  reported  in  the  literature  are  tabulated. 
Biodegradability  has  been  correlated  with  molecu- 
lar characteristics  and  other  chemical  properties 
such  as  solubility,  BOD/COD,  and  hydrolysis. 
(See  also  W9 1-07767)  (Geiger-PTT) 
W91-07776 


ATMOSPHERIC  RESIDENCE  TIME. 

Little  (Arthur  D),  Inc.,  Cambridge,  MA. 
W.  J.  Lyman. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  10.1-10.33.  1  fig,  8  tab,  37  ref. 

Descriptors:  *Acid  rain,  *Air  pollution,  'Atmos- 
pheric residence  time,  'Model  studies,  'Path  of 
pollutants,  'Residence  time,  Mathematical  models, 
Organic  compounds,  Precipitation  scavenging,  Sta- 
tistical analysis. 

The  residence  time  of  a  chemical  in  a  specified 
atmospheric  compartment  (total  atmosphere,  tro- 
posphere, stratosphere,  etc.)  is  well  defined  only 
under  steady-state  conditions,  i.e,  when  the  total 
mass  and  the  statistical  distribution  in  the  compart- 
ment do  not  vary  with  time.  In  such  cases  the 
residence  time  may  be  simply  defined  as  the  ratio 
of  the  total  mass  in  the  compartment  to  the  total 
emission  rate  or  removal  rate.  Five  methods  for 
estimating  atmospheric  residence  time  are:  steady- 
state  models,  one  compartment  nonsteady-state 
models,  two  compartment  nonsteady-state  models, 
use  of  chemical  reactivity  data,  and  correlation 
with  mean  standard  deviation  (Junge's  correla- 
tion). The  use  of  a  steady-state  model  for  estimat- 
ing tropospheric  residence  time  is  limited  to  those 
cases  where  the  total  growth  rate  of  the  chemical 
in  the  troposphere  (caused  by  emissions  from  land 
and  oceans  plus  input,  if  any,  from  the  strato- 
sphere) may  be  assumed  to  equal  the  total  removal 
rate  of  the  chemical  in  the  same  compartment  via 
outflow  plus  chemical  degradation.  Nonsteady- 
state  methods  are  appropriate  for  anthropogenic 
pollutants  for  which  recent  emissions  have  been 
increasing  exponentially.  The  one-compartment 
model  considers  the  whole  troposphere  as  the 
compartment  of  interest,  making  no  distinction  be- 
tween the  northern  and  southern  hemispheres.  The 
two-compartment  model  is  appropriate  for  anthro- 
pogenic pollutants  for  which  tropospheric  burdens 
and  removal  rates  in  the  northern  and  southern 
hemispheres  are  expected  to  differ.  The  residence 
time  of  a  chemical  in  the  atmosphere  may  be 
estimated  if  the  rate  constants  for  one  or  more 
destruction  or  removal  processes  are  known.  The 
reactions  most  frequently  considered  are  those 
with  hydroxyl  radicals  and  with  ozone.  The  only 
data  requirements  for  Junge's  correlation  are  an 
adequate  number  of  measurements  of  the  atmos- 
pheric concentration  (over  appropriate  space  and 
time  scales)  so  that  an  accurate  average  and  stand- 
ard deviation  can  be  obtained.  Using  such  data, 
mostly  for  trace  inorganic  gases,  a  correlation  was 
shown  to  exist  between  the  mean  standard  devi- 
ation and  the  tropospheric  residence  time.  (See 
also  W9 1-07767)  (Geiger-PTT) 
W9 1-07777 


ACTIVITY  COEFFICIENT. 

For  primary  bibliographic  entry  see  Field  2K. 
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BOILING  POINT. 

For  primary  bibliographic  entry  see  Field  2K. 
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HEAT  OF  VAPORIZATION. 

For  primary  bibliographic  entry  see  Field  2K. 
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VAPOR  PRESSURE. 

C.  F.  Grain. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  14.1-14.20.  5  tab,  17  ce/l. 

Descriptors:  'Organic  compounds,  'Path  of  pollut- 
ants, 'Physicochemical  properties,  'Vapor  pres- 
sure, Boiling  point,  Evaporation,  Mathematical 
models,  Prediction,  Temperature,  Vaporization. 

Reliable  methods  for  estimating  the  vapor  pressure 
of  organic  materials  are  of  increasing  importance 
as  a  tool  in  predicting  the  behavior  and  fate  of 
chemicals  that  are  introduced  into  the  environ- 
ment. Equations  for  estimating  vapor  pressure  re- 
quire information  on  at  least  three  of  the  following 
properties:  the  critical  temperature,  the  critical 
pressure,  the  heat  of  vaporization,  and/or  the 
vapor  pressure  at  some  reference  temperature.  The 
equations  that  relate  vapor  pressure  to  temperature 
are  commonly  derived  by  integration  of  the  Clau- 
sius-Clapeyron  equation.  Two  methods  of  estimat- 
ing vapor  pressure  are  recommended  that  require  a 
minimum  of  experimental  data  and  are  applicable 
to  almost  any  organic  material  over  a  wide  pres- 
sure range.  Their  accuracy  is  quite  good  over  the 
temperature  range  of  interest  to  environmental  sci- 
entists. The  first  method  is  based  on  Antoine's 
equation  and  is  generally  applicable  over  the  pres- 
sure range  from  760  mm  to  .001  mm.  The  second 
method  is  based  on  the  modified  Watson  correla- 
tion and  is  applicable  over  the  pressure  range  from 
760  mm  to  at  least  .0000001  mm.  An  estimation  of 
vapor  pressure  from  boiling  points  at  reduced  pres- 
sure can  be  made  using  the  ideal  gas  laws  and  the 
Kistiakovskii  equation.  (See  also  W9 1-07767) 
(Geiger-PTT) 
W9 1-07781 


VOLATILIZATION  FROM  WATER. 

R.  G.  Thomas. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  15.1-15.34.  5  fig,  4  tab,  23  ref. 

Descriptors:  'Mass  transfer,  *Organic  compounds, 
•Path  of  pollutants,  'Vaporization,  'Volatility, 
Air-water  interfaces,  Mathematical  models,  Molec- 
ular weight,  Solubility,  Vapor  pressure. 

The  vaporization  of  organic  chemicals  from  water 
bodies  is  an  important  mass-transfer  pathway  from 
water  to  air.  The  factors  that  control  volatilization 
are  the  solubility,  molecular  weight,  and  vapor 
pressure  of  the  chemical  and  the  nature  of  the  air- 
water  interface  through  which  it  must  pass.  The 
mathematical  modeling  of  volatilization  involves 
the  use  of  interphase  exchange  coefficients  that 
depend  on  these  properties  which  are  difficult  to 
measure  or  estimate  in  the  actual  environment. 
Four  basic  approaches  exist  for  the  estimation  of 
the  volatilization  rate.  The  method  of  Mackay  and 
Wolkoff  expresses  the  flux  from  a  solution  in  water 
to  the  air  above  in  terms  of  the  ratio  of  contami- 
nant mass  in  the  vapor  phase  to  the  total  vapor 
mass  of  the  water  plus  chemical,  expressed  as  a 
function  of  the  chemical  vapor  pressure.  The 
method  of  Liss  and  Slater  analyzes  volatilization 
on  the  basis  of  a  two-layer  film.  Transfer  through 
these  films  is  by  straightforward  molecular  diffu- 
sion. The  molecules  are  assumed  to  diffuse  through 
the  layers  at  a  rate  dependent  on  the  phase  ex- 
change coefficients  found  in  the  equations  rather 
than  to  vaporize  directly  from  solution  along  with 
the  water  vapor.  The  method  of  Chiou  and  Freed 
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is  based  on  gas  dynamic  and  thermodynamic  con- 
siderations involving  the  mean  free  path  of  mole- 
cules and  the  vapor  pressures  of  the  chemical.  A 
Langmuir-type  equation  is  used  to  describe  ob- 
served rates  of  volatilization  from  both  single- 
component  and  multicomponent  systems.  The 
method  of  Smith  et  al  is  based  on  reaeration  studies 
that  demonstrate  that  inert  gases  could  be  used  as 
tracers  for  oxygen  reaeration  measurement.  The 
volatilization  rate  can  be  related  to  the  rate  of 
oxygen  reaeration  for  certain  compounds,  a  value 
which  is  known  for  natural  systems  such  as  rivers 
and  lakes.  Difficulties  in  performing  in-situ  volatili- 
zation experiments  makes  it  impossible  to  quantify 
the  error  in  the  calculated  values  of  the  volatiliza- 
tion rate  constants.  (See  also  W9 1-07767)  (Geiger- 
PTT) 
W9 1-07782 


VOLATILIZATION  FROM  SOIL. 

R.  G.  Thomas. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  16.1-16.50.  6  fig,  8  tab,  28  ref. 

Descriptors:  *Air-earth  interfaces,  'Evaporation, 
•Organic  compounds,  'Path  of  pollutants,  *Soil 
contamination,  'Volatility,  Adsorption,  Diffusion, 
Mathematical  models,  Organic  solvents,  Soil 
water,  Vapor  pressure. 

Volatilization  is  the  process  by  which  a  compound 
evaporates  in  the  vapor  phase  to  the  atmosphere 
from  another  environmental  compartment.  Volatil- 
ization may  be  an  important  mechanism  for  the  loss 
of  chemicals  from  the  soil  and  transfer  to  the  air. 
The  rate  at  which  a  chemical  volatilizes  from  soil 
is  affected  by  many  factors,  such  as  soil  properties, 
chemical  properties,  and  environmental  conditions. 
Adsorption  reduces  the  chemical  activity  below 
that  of  the  pure  compound  and  affects  the  vapor 
density  and  the  volatilization  rate.  Soil  water  con- 
tent also  affects  volatilization  losses  by  competing 
for  adsorption  sites  on  the  soil.   An  increase  in 
temperature    normally    increases    the    equilibrium 
vapor  density,  which  in  turn  increases  the  volatili- 
zation  rate.   Air  flow  over  the  soil  surface  can 
influence  the  rate  of  volatilization  by  increasing 
evaporation  or  decreasing  soil  water  content  and 
decreasing  volatilization.  Chemicals  in  the  soil  can 
volatilize  through  the  action  of  the  wick  effect  or 
wick   evaporation.    The   chemical    is   transported 
from  the  soil  body  to  the  surface  by  capillary 
action.  The  Hartley  method  presents  two  fairly 
simple  equations  to  estimate  the  volatilization  of 
chemicals  from  soil  based  on  analysis  of  the  heat 
balance    between    the    evaporating    chemical    (or 
water)  and  air.  The  Hamaker  method  of  estimating 
volatilization  of  a  chemical  from  the  soil  assumes 
the  impregnated  soil  layer  is  semi-infinite;  i.e.,  the 
total  depth  is  large  in  comparison  with  the  depth  to 
which   the   soil   is   significantly   depleted   of  the 
chemical  by  diffusion  and  volatilization.  A  second 
method  presented  by  Hamaker  is  based  on  total 
water  loss,  i.e.,  the  loss  due  to  vapor  diffusion  as 
well   as  the   mass   transfer  of  soil   solution.   The 
Mayer,   Letey,   and   Farmer   method   applies   the 
diffusion  laws  to  the  mathematical  description  of 
the  movement  of  chemicals  in  soils  under  a  con- 
centration gradient.  Five  different  solutions  of  the 
model  are  each  applicable  to  a  different  set  of 
boundary  conditions.  The  Jury,  Grover,  Spencer, 
and  Farmer  method  predicts  the  flux  of  a  chemical 
in  both   the   presence   and   absence   of  the   wick 
effect.  The  Dow  Chemical  Company  studied  nine 
chemicals  and  derived  a  correlation   that  could 
predict  the  volatilization  of  these  chemicals  for  a 
soil  surface  under  laboratory  conditions.  Selection 
criteria  for  the  best  method  and  examples  of  their 
use  are  given  along  with  an  evaluation  of  the  error 
function  which  must  be  used  in  the  solution  of 
some  of  the  diffusion  equations.  (See  also  W91- 
07767)  (Geiger-PTT) 
W91-07783 


DIFFUSION    COEFFICIENTS    IN    AIR    AND 
WATER. 

W.  A.  Tucker,  and  L.  H.  Nelken. 

IN:  Handbook  of  Chemical  Property  Estimation 

Methods:    Environmental    Behavior    of    Organic 


Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  17.1-17.25.  7  tab,  28  ref. 

Descriptors:  *Air-water  interfaces,  'Diffusion, 
•Diffusion  coefficient,  'Fate  of  pollutants,  'Organ- 
ic compounds,  'Path  of  pollutants,  Groundwater 
pollution,  Interstitial  water,  Mass  transfer,  Mathe- 
matical models,  Molecular  structure. 

Molecular  diffusion  is  the  net  transport  of  a  mole- 
cule in  a  liquid  or  gas  medium  and  is  a  result  of 
intermolecular  collisions  rather  than  turbulence  or 
bulk  transport.  The  rate  of  diffusion  is  a  function  of 
the  properties  of  the  compound  being  transported 
and  the  properties  of  the  medium  through  which  it 
moves.  Molecular  diffusion  is  a  significant,  or  even 
controlling  factor  in  determining  chemical  fluxes  in 
air-water  interfaces,  the  interstitial  waters  of  sedi- 
ments, and  groundwater  (saturated  or  unsaturated 
soils).  The  method  of  Fuller,  Schettler  and  Gid- 
dings  (FSG  method)  is  most  accurate  for  estimat- 
ing gaseous  diffusion  coefficients  of  non-polar 
gases  in  air  at  low  to  moderate  temperatures.  The 
accuracy  of  the  FSG  method  is  poorest  with  the 
polar  acids  and  glycols  and  best  with  the  aliphatics 
and  aromatics.  The  Wilke  and  Lee  (WL)  method 
for  estimating  gaseous  diffusion  coefficients  is  ap- 
plicable to  a  wider  range  of  compounds  and  tem- 
peratures than  the  FSG  method.  The  absolute  av- 
erage error  using  the  WL  method  for  about  150 
compounds  was  4.3%;  all  classes  of  compounds 
had  average  errors  of  less  than  8%,  except  for 
acids.  The  WL  method  is  significantly  more  accu- 
rate than  the  FSG  method  for  nitriles,  aromatic 
esters,  and  glycols.  Four  methods  are  recommend- 
ed for  estimating  the  liquid  diffusion  coefficient  in 
water.  The  Wilke-Change  method  incorporates  a 
solution  association  constant  which  is  a  function  of 
the  solution  polarity.  Wilke  and  Change  assigned  a 
value  of  2.6  for  aqueous  solutions,  fitting  experi- 
mental data  published  prior  to  1950.  They  calculat- 
ed an  average  error  of  10%  for  an  unspecified 
number  of  compounds.  Using  a  data  set  of  more 
recently  measured  values,  Hayduk  and  Laudie 
found  that  an  association  parameter  of  2.26  re- 
duced the  average  error  5.8%.  The  method  of 
Scheibel  requires  the  molal  volumes  of  both  the 
solute  and  solvent.  Scheibel  theorized  that  the 
mechanism  of  diffusion  is  a  function  of  the  relative 
sizes  of  the  molecules  comprising  a  liquid  binary 
system.  (See  also  W9 1-07767)  (Geiger-PTT) 
W9 1-07784 


SURFACE  TENSION. 

C.  F.  Grain. 

IN:  Handbook  of  Chemical  Property  Estimation 
Methods:  Environmental  Behavior  of  Organic 
Compounds.  American  Chemical  Society,  Wash- 
ington, DC.  1990.  p  20.1-20.16.  6  tab,  11  ref. 

Descriptors:  'Organic  compounds,  'Path  of  pollut- 
ants, 'Physical  properties,  'Physicochemical  prop- 
erties, 'Surface  tension,  Density,  Estimating, 
Mathematical  models,  Molecular  structure,  Tem- 
perature. 

The  surface  tension  is  defined  as  the  force  per  unit 
length  (usually  dynes/cm)  in  the  plane  of  the  sur- 
face. Surface  tension  affects  the  extent  of  spreading 
when  a  liquid  chemical  is  spilled  on  land  or  water. 
It  is  also  important  with  respect  to  the  emulsifica- 
tion  of  liquids  that  are  mixed  with  water  and  in  the 
their  adsorption  on  solid  surfaces.  The  MacLeod- 
Sugden  method  provides  a  simple  and  surprisingly 
accurate  method  for  estimating  surface  tension  if 
measured  liquid  densities  are  available  as  a  function 
of  temperature.  The  method  offers  an  empirical 
relationship  between  surface  tension,  liquid  densi- 
ty, and  parachor.  A  variation  of  this  method 
(Grain's  method)  allows  calculation  of  surface  ten- 
sion when  a  measured  value  of  liquid  density  is 
unavailable  by  using  a  ratio  of  temperature  to  the 
normal  boiling  point.  The  Grain  method  is  not 
recommended  for  calculating  specific  gravity  if  the 
temperature  is  above  the  normal  boiling  point  of 
the  compound.  (See  also  W9 1-07767)  (Geiger- 
PTI") 
W9 1-07787 


HEAT  CAPACITY. 

For  primary  bibliographic  entry  see  Field  2K. 
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THERMAL  CONDUCTIVITY. 

For  primary  bibliographic  entry  see  Field  2K. 
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WATER  QUALITY  OF  INTERSTATE 
STREAMS  IN  THE  SUSQUEHANNA  RIVER 
BASIN  MONITORING  REPORT  NO.  3, 
WATER  YEAR  1989  (OCTOBER  1988-SEPTEM- 
BER  1989). 

Susquehanna  River  Basin  Commission,  Harrisburg, 
PA. 

C.  P.  McMorran,  and  S.  W.  Bollinger. 
Publication    No.    131,    April    1990.    Susquehanna 
River  Basin  Commission,  Harrisburg,  Pennsylva- 
nia. 1 14p,  6  fig,  40  tab,  4  ref,  2  append. 

Descriptors:  'Interstate  rivers,  'Monitoring,  'Sus- 
quehanna River  Basin,  'Water  quality,  Aluminum, 
Benthic  fauna,  Bioassay,  Cowanesque  Lake, 
Cowanesque  River,  Deer  Creek,  Macroinverte- 
brates,  Maryland,  Octoraro  Creek,  Scott  Creek, 
Seasonal  variation,  Tioga  River,  Troups  Creek, 
Trowbridge  Creek. 

Water  samples  were  collected  from  twelve  stations 
on  interstate  streams  in  November  1988,  and  Feb- 
ruary, May  and  August  1989.  Water  samples  were 
collected  from  23  stations  on  other  interstate 
streams.  Benthic  macroinvertebrates  were  sampled 
from  each  station  in  July  and  August  1989.  The 
data  collected  is  used:  (1)  to  assess  compliance 
with  water  quality  standards;  (2)  to  assess  impacts 
on  water  quality;  (3)  to  characterize  ambient  and 
seasonal  stream  quality;  and  (4)  for  future  trend 
assessment.  Scott  Creek  is  the  only  interstate 
stream  having  poor  water  quality.  Untreated 
sewage  discharges  from  Cardiff,  Maryland  impairs 
water  quality  and  biological  conditions.  The 
Cowanesque  River  exhibits  biological  impacts  due 
to  Cowanesque  Lake,  but  impacts  on  water  quality 
were  minor.  The  Chemung  River  showed  slight  to 
moderate  impairment  of  macroinvertebrates  and 
water  quality  due  to  wastewater  discharges  from 
Elmira.  Octoraro  Creek  and  Tioga  River  showed 
moderate  macroinvertebrate  impairment  coinci- 
dent with  elevated  concentrations  of  some  chemi- 
cal parameters.  Elevated  chemical  concentrations 
were  observed  in  the  Susquehanna  River  at  Sayre 
and  Cayuta  Creek;  however,  no  macroinvertebrate 
impairment  was  observed.  Falling  Branch  Deer 
Creek,  Big  Branch  Deer  Creek,  Troups  Creek  and 
Trowbridge  Creek  showed  varying  degrees  of  ma- 
croinvertebrate impairment,  but  no  specific  causes 
were  indicated  by  water  quality  data.  Most  inter- 
state streams  have  good  water  quality.  Only  39  out 
of  1,460  observations  exceeded  water  quality 
standards.  Aluminum  most  commonly  exceeded 
standards.  (Author's  abstract) 
W9 1-078 18 

EFFECTS  OF  AGRICULTURE  ON  QUALITY 
OF  WATER  IN  SURFICIAL  SAND-PLAIN 
AQUIFERS  IN  DOUGLAS,  KANDIYOHI, 
POPE,  AND  STEARNS  COUNTIES,  MINNESO- 
TA. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  4C. 
W9 1-07821 


NITROGEN  DYNAMICS  IN  THE  TIDAL 
FRESHWATER  POTOMAC  RIVER,  MARY- 
LAND AND  VIRGINIA,  WATER  YEARS  1979- 
81:  A  WATER-QUALITY  STUDY  OF  THE 
TIDAL  POTOMAC  RIVER  AND  ESTUARY. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-07822 


CRITICAL  EVALUATION  OF  THE  AVAIL- 
ABLE MEASUREMENTS  FOR  THE  STABLE 
ISOTOPES  OF  BORON. 

Arizona  Univ.,  Tucson.  Dept.  of  Hydrology  and 

Water  Resources. 

For  primary  bibliographic  entry  see  Field  2K. 

W9 1-07827 
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Group  5B — Sources  Of  Pollution 

BA  AND  SR  DISTRIBUTION  AT  THE  WATER- 
TABLE:  IMPLICATIONS  FOR  MONITORING 
GROUND-WATER  AT  NUCLEAR  WASTE  RE- 
POSITORY SITES. 

Weizmann    Inst,    of  Science,    Rehovoth    (Israel). 

Dept.  of  Isotope  Research. 

For  primary  bibliographic  entry  see  Field  2K. 

W91-07828 


PCDDS  IN  THE  SEDIMENTS  ACCUMULATED 
ABOUT  8120  YEARS  AGO  FROM  JAPANESE 
COASTAL  AREAS. 

Ehime  Univ.,  Matsuyama  (Japan).  Dept.  of  Envi- 
ronment Conservation. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07837 


BIOTRANSFORMATION  AND  TISSUE  DIS- 
TRIBUTION OF  1,2,3,7-TETRACHLORODI- 
BENZO-P-DIOXIN,  1,2,3,7-PENTACHLORODI- 
BENZO-P-DIOXIN,  AND  2,3,4,7,8-PENTACH- 
LORODIBENZOFURAN  IN  RAINBOW 
TROUT. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 
Group  for  Aquatic  Toxicology. 
D.  T.  H.  M.  Sijm,  A.  L.  Yarechewski,  D.  C.  G. 
Muir,  G.  R.  Barrie  Webster,  and  W.  Seinen. 
Chemosphere  CMSHAF,  Vol.  21,  No.  7,  p  845- 
866,  1990.  4  fig,  8  tab,  37  ref. 

Descriptors:  *Bioaccumulation,  'Biotransforma- 
tion, *Dioxins,  'Fate  of  pollutants,  'Inhibition, 
•Path  of  pollutants,  'Tissue  analysis,  'Trout,  Ab- 
sorption, Carbon  radioisotopes,  Depuration,  Elimi- 
nation, Furans,  Gills,  Isotope  studies,  Liver, 
Muscle,  Piperonylbutoxide,  Polychlorinated  di- 
benzo-p-dioxins,  Polychlorinated  dibenzofurans, 
Toxicology. 

Two  polychlorinated  dibenzo-p-dioxins  were 
eliminated  more  slowly  in  rainbow  trout  which 
were  treated  with  an  inhibitor  of  biotransforma- 
tion. Fish  were  given  a  single  oral  dose  of  either 
14-C  labeled  1,2,3,7-tetrachlorodibenzo-p-dioxin 
(T4CDD),  1,2,3,4,7-pentachlorodibenzo-p-dioxin 
(P5CDD),  or  2,3,4,7,8-pentachlorodibenzofuran 
(P5CDF).  Half  of  the  fish  were  treated  daily  with 
piperonylbutoxide  (PBO),  a  well  known  inhibitor 
of  monooxygenase  activity.  The  amounts  of  radio- 
activity were  determined  for  various  organs  2,  7, 
14,  and  21  days  following  administration.  T4CDD 
and  P5CDD  were  both  eliminated  more  slowly  in 
the  PBO  treated  fish  than  in  the  fish  which  did  not 
receive  PBO.  P5CDF  did  not  show  any  statistical- 
ly different  elimination  rates  in  PBO  treated  and 
untreated  fish.  For  all  compounds,  the  highest  con- 
centrations were  found  in  the  liver  and  intestines. 
The  highest  absolute  amount  of  each  compound 
was  found  in  muscle  tissue.  The  slower  elimination 
rates  and  the  higher  body  burden  of  T4CDD  and 
P5CDD  in  PBO  treated  trout  indicated  that  bio- 
transformation is  very  important  for  their  elimina- 
tion kinetics.  Biotransformation  may  thus  be  re- 
sponsible for  the  more  rapid  elimination  and  lower 
body  burden  of  these  compounds  under  normal 
conditions.  (Author's  abstract) 
W9 1-078  3  8 


CONTRIBUTION  OF  SOIL  CONSTITUENTS 
IN  ADSORPTION  COEFFICIENT  OF  ARO- 
MATIC COMPOUNDS,  HALOGENATED  ALI- 
CYCLIC  AND  AROMATIC  COMPOUNDS  TO 
SOIL. 

Keio  Univ.,  Yokohama  (Japan).  Faculty  of  Science 
and  Technology. 

H.  Kishi,  N.  Kogure,  and  Y.  Hashimoto. 
Chemosphere  CMSHAF,  Vol.  21,  No.  7,  p  867- 
876,  1990.  1  fig,  5  tab,  8  ref. 

Descriptors:  'Adsorption,  'Aromatic  compounds, 
•Benzenes,  'Clays,  'Loam,  'Organic  carbon, 
•Path  of  pollutants,  'Soil  analysis,  'Soil  contami- 
nation, 'Soil  properties,  'Soil  water,  Adsorption 
kinetics,  Hydrophobic  compounds,  Japan,  Lin- 
dane, Naphthalenes,  Soil  types. 

The  movement  of  chemicals  in  the  biosphere  is 
largely  dependent  on  physical  and  chemical  inter- 
actions with  other  components  and  environmental 
elements  such  as  suspended  soils,  sediment,  and 


biota.  In  particular,  the  organic  carbon  content  of 
soils  determines  the  adsorptivity  of  hydrophobic 
organic  compounds  and  affects  the  value  of  the 
adsorption  coefficient  (kd).  Therefore,  the  adsorp- 
tion coefficient  is  usually  normalized  to  the  organic 
carbon  content  in  the  soil,  and  is  expressed  as  koc. 
The  current  study  measured  adsorption  coeffi- 
cients for  six  kinds  of  alicyclic  and  aromatic  com- 
pounds (lindane,  naphthalene,  dipheny),  1,2,3,- 
trichlorobenzene,  and  1,2,3,4-tetrachlorobenzene) 
and  five  kinds  of  soil  having  different  organic 
carbon  contents  and  clay  mineralogy.  Findings 
illustrated  that  the  normalized  adsorption  coeffi- 
cient values  were  different  for  each  of  the  soils 
tested.  Adsorptivity  was  defined  as  a  slope,  Koc, 
of  the  linear  regression  of  organic  carbon  content 
vs.  adsorption  coefficient  in  the  five  kinds  of  soil. 
A  ratio  of  koc  against  Koc,  calculated  for  each 
chemical  was  found  to  be  constant  for  the  same 
soil  type  with  different  chemicals.  This  ratio  was 
used  as  a  compensation  factor  for  changes  of  koc 
in  different  soils.  The  compensated  koc  in  each  soil 
was  nearly  equal  to  Koc.  The  compensated  koc  is 
useful  for  comparisons  of  adsorptivity  of  hydro- 
phobic organic  compounds  in  soil.  (Korn-PTT) 
W9 1-07839 


LEVELS  AND  SOURCES  OF  PCDDS  AND 
PCDFS  IN  URBAN  BRITISH  SOILS. 

University   of  East   Anglia,   Norwich   (England). 

School  of  Chemical  Sciences. 

C.  S.  Creaser,  A.  R.  Fernandes,  S.  J.  Harrad,  and 

E.  A.  Cox. 

Chemosphere  CMSHAF,  Vol.  21,  No.  8,  p  931- 

938,  1990.  2  fig,  3  tab,  12  ref.  U.K.  Department  of 

the  Environment,  H.  M.  Inspectorate  of  Pollution 

Contract  No.  7/10/100. 

Descriptors:  'Dioxins,  'England,  'Furans,  'Path 
of  pollutants,  'Soil  analysis,  'Soil  contamination, 
'Urban  areas,  'Water  pollution  sources,  Inciner- 
ation, Mass  transport,  Municipal  wastes,  Organic 
compounds. 

An  investigation  was  undertaken  in  which  soil 
samples  from  five  British  cities  were  analyzed  for 
polychlorinated  dibenzo-p-dioxins  (PCDDs)  and 
polychlorinated  dibenzofurans  (PCDFs).  Soil  and 
source  matrix  samples  were  analyzed  using  a  modi- 
fied procedure  which  showed  improved  sample 
clean-up  for  some  complex  soils  and  better  isomer 
specificity.  The  observed  PCDD  and  PCDF 
isomer  distributions  for  soils  were  correlated  with 
those  for  samples  of  known  origin  using  principal 
component  analysis.  Mean  levels  of  PCDDs  and 
PCDFs  in  soils  from  British  cities  were  significant- 
ly higher  than  those  from  rural  and  semi-rural 
locations.  The  concentrations  of  the  lower  PCDD 
and  PCDF  congener  groups  showed  the  greatest 
increase;  the  higher  tetra:octa  and  penta:octa 
PCDD  and  PCDF  congener  ratios  appeared  to  be 
characteristic  of  urban  soils.  Principal  component 
analysis  using  congener  group  data  and  selected 
individual  isomers  for  urban  soils  and  known 
source  samples,  indicated  that  combustion  process- 
es, such  as  coal  burning  and  municipal  waste  incin- 
erators were  the  principal  sources  of  PCDDs  and 
PCDFs  in  these  soils,  while  a  small  number  of 
samples  suggested  major  contributions  from  other 
sources.  (Korn-PTT) 
W9 1-07840 


BIOACCUMULATION  OF  ZINC  AND  CADMI- 
UM IN  FRESHWATER  ALGA,  CHLORELLA 
VULGARIS.  PART  I.  TOXICITY  AND  ACCU- 
MULATION. 

Kagoshima  Univ.  (Japan).  Dept.  of  Applied  Chem- 
istry. 

S.  Maeda,  M.  Mizoguchi,  A.  Ohki,  and  T. 
Takeshita. 

Chemosphere  CMSHAF,  Vol.  21,  No.  8,  p  953- 
963,  1990.  10  fig,  1  tab,  5  ref. 

Descriptors:  'Bioaccumulation,  'Cadmium,  'Chlo- 
rella,  'Path  of  pollutants,  'Toxicity,  'Zinc,  Algae, 
Bioassay,  Biological  studies,  Cadmium  radioiso- 
topes, Growth,  Heavy  metals,  Inhibitors,  Japan, 
Zinc  radioisotopes. 

The  essential  trace  metallic  element,  zinc,  and  the 
non-essential   metal,   cadmium,   were   investigated 


for  toxicity  and  accumulation  in  a  freshwater  alga, 
Chlorella  vulgaris.  Radioactive  Zn  and  Cd  were 
used  for  the  bioaccumulation  experiments.  A  lag 
phase  in  the  growth  curve  appeared  when  the 
concentration  of  Zn  in  the  medium  exceeded  80 
mg/L.  However,  growth  recovered  in  a  few  days, 
indicating  that  zinc  resistance  was  induced  in  the 
cell  during  the  lag  time.  Cadmium,  however,  had  a 
significant  impact  on  algal  growth  as  evidenced  by 
the  death  of  algal  cells  when  Cd  concentrations 
exceeded  25  mg/L.  This  implied  that  Cd  was  more 
toxic  to  C.  vulgaris  than  zinc.  Additional  experi- 
mental results  revealed  that  a  total  of  350,000  mg/ 
kg  of  zinc  was  accumulated  by  the  cells  from  the 
aqueous  medium  containing  100  mg/L  of  the 
metal.  When  the  aqueous  medium  contained  10 
mg/L  of  Cd,  the  cells  accumulated  18,000  mg/kg 
of  the  metal.  Accumulation  of  zinc  by  the  cells  was 
affected  both  by  NaN3  (a  photosynthesis  inhibitor) 
and  dinitrophenol  (a  respiratory  inhibitor).  The 
experiments  revealed  that  zinc  was  predominantly 
accumulated  by  biological  processes  while  cadmi- 
um was  predominantly  accumulated  by  physico- 
chemical  process.  (See  also  W9 1-07842)  (Korn- 
PTT) 
W9 1-07841 


BIOACCUMULATION  OF  ZINC  AND  CADMI- 
UM IN  FRESHWATER  ALGA,  CHLORELLA 
VULGARIS,  PART  II.  ASSOCIATION  MODE 
OF  THE  METALS  AND  CELL  TISSUE. 

Kagoshima  Univ.  (Japan).  Dept.  of  Applied  Chem- 
istry. 

S.  Maeda,  M.  Mizoguchi,  A.  Ohki,  J.  Inanaga,  and 
T.  Takeshita. 

Chemosphere  CMSHAF,  Vol.  21,  No.  8,  p  965- 
973,  1990.  5  fig,  3  tab,  3  ref. 

Descriptors:  'Adsorption,  'Bioaccumulation, 
•Cadmium,  *Chlorella,  *Path  of  pollutants,  'Pol- 
lutant identification,  'Tissue  analysis,  'Zinc, 
Algae,  Biological  studies,  Cadmium  radioisotopes, 
Desorption,  Gel  filtration,  Isotope  studies,  Japan, 
Metallothioneins,  Proteins,  Zinc  radioisotopes. 

The  association  mode  of  zinc  and  cadmium  in 
Chlorella  vulgaris  was  investigated  by  the  use  of 
radioactive  65-Zn  and  115-Cd.  Whereas  only  3.5% 
of  the  Zn  bioaccumulated  by  C.  vulgaris  was  de- 
sorbed  with  0. 1  mM  EDTA  when  the  bioaccumu- 
lation level  was  at  350,000  microgram  Zn/g  dry 
weight,  81%  of  the  Zn  accumulated  was  desorbed 
with  0. 1  mM  EDTA  when  the  bioaccumulation 
rate  was  at  900  microgram/g  dry  weight.  Almost 
all  (i.e.,  99.7%)  of  the  zinc  accumulated  was  associ- 
ated with  the  residue  of  solvent  extraction  with 
CHC3/CH30H/H20  (8:4:3).  Gel  filtration  data 
showed  that  zinc  was  associated  with  proteins  of 
molecular  weight  of  6000,  and  cadmium  was  asso- 
ciated with  proteins  of  molecular  weights  of  6000 
and  30000.  Cysteine  content  in  the  proteins  of 
cadmium-binding  tissue  was  found  to  be  approxi- 
mately ten-fold  higher  than  that  of  the  control  cell. 
These  results  indicated  that  metallothionein-like 
proteins  were  inductively  synthesized  in  C.  vul- 
garis, when  the  cell  was  exposed  to  cadmium  and 
zinc.  (See  also  W91-07841)  (Author's  abstract) 
W9 1-07842 


BENZENE  AND  NAPHTHALENE  SORPTION 
ON  SOIL  CONTAMINATED  WITH  HIGH  MO- 
LECULAR WEIGHT  RESIDUAL  HYDROCAR- 
BONS FROM  UNLEADED  GASOLINE. 

Robert  S.  Kerr  Environmental  Research  Lab., 
Ada,  OK. 

D.  C.  Bouchard,  S.  C.  Mravik,  and  G.  B.  Smith. 
Chemosphere  CMSHAF,  Vol.  21,  No.  8,  p  975- 
989,  1990.  6  fig,  5  tab,  17  ref. 

Descriptors:  'Benzene,  'Gasoline,  'Hydrocarbons, 
'Naphthalenes,  'Path  of  pollutants,  'Soil  contami- 
nation, 'Sorption,  Adsorption,  Groundwater  pollu- 
tion, Organic  compounds,  Soil  analysis,  Solute 
transport,   Solvents,   Underground   storage   tanks. 

The  U.S.  Environmental  Protection  Agency 
(EPA)  estimates  that  there  are  75,000-100,000  un- 
derground storage  tanks  releasing  1 1  million  gal- 
lons of  gasoline  to  the  subsurface  yearly.  Uncon- 
trolled releases  of  gasoline  or  other  petroleum  de- 
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rived  fuels,  solvents,  and  lubricants  have  resulted 
in  widespread  soil  and  groundwater  contamination 
by  these  water  immiscible,  or  nonaqueous  phase 
liquids  (NAPLs).  For  complex  NAPLs,  the  com- 
position of  the  NAPL  retained  in  the  pore  space  of 
geologic  materials  weathers  until  the  residual 
NAPL  no  longer  acts  as  a  liquid.  Rather,  the 
residual  NAPL  exists  as  discrete  regions  of  hydro- 
carbon in  association  with  the  geologic  media,  or 
as  thin  film  coatings  on  the  media.  Samples  of 
uncontaminated  surface  soils  were  treated  with 
unleaded  gasoline  and  tetradecane  to  determine  the 
effects  of  residual  hydrocarbons  on  the  sorption  of 
neutral  organic  compounds.  The  residual  hydro- 
carbons were  found  to  resist  separation  from  the 
soil  solids  even  when  subjected  to  shaking  in  batch 
reactors.  In  addition,  the  magnitude  of  solute  sorp- 
tion was  significantly  higher  for  a  low  organic 
carbon  soil  contaminated  with  residual  hydrocar- 
bons than  for  natural  soil  organic  carbon.  At  field 
sites,  these  experimental  results  have  important 
implications  for  estimating  contaminant  arrival 
times  at  monitoring  stations  and  in  the  in-situ  reme- 
diation of  contaminated  soils  by  pumping  and 
treating  the  aqueous  phase  or  by  soil  vacuum  ex- 
traction. (Korn-PTT) 
W9 1-07843 


ORGANIC     COMPOUNDS     IN     PRECIPITA- 
TION. 

Fraunhofer-Inst.   fuer  Toxikologie   und   Aerosol- 
forschung,  Hanover  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-07844 


DETERMINATION    AND    OCCURRENCE    OF 

AHH-ACITVE  POLYCHLORINATED  BIPHEN- 

YLS,    2,3,7,8-TETRACHLORO-P-DIOXIN    AND 

2,3,7,8-TETRACHLORODIBENZOFURAN       IN 

LAKE  MICHIGAN  SEDIMENT  AND  BIOTA. 

THE  QUESTION  OF  THEIR  RELATIVE  TOXI- 

COLOGICAL  SIGNIFICANCE. 

Fish  and  Wildlife  Service,  Columbia,  MO. 

L.  M.  Smith,  T.  E.  Schwartz,  K.  Feltz,  and  T.  J. 

Kubiak.  

Chemosphere  CMSHAF,  Vol.  21,  No.  9,  p  1063- 
1085,  1990.  6  tab,  68  ref. 

Descriptors:  *Path  of  pollutants,  'Pollutant  identi- 
fication, 'Polychlorinated  biphenyls,  "Toxicity, 
Aroclors,  Bioaccumulation,  Biological  magnifica- 
tion, Biota,  Birds,  Dioxins,  Fish  eggs,  Food  chains, 
Lake  sediments. 

An  analytical  procedure  has  been  developed  for 
the  determination  of  the  18  polychlorinated  bi- 
phenyl  (PCB)  congeners  which  are  inducers  of 
methylcholanthrene-like  mixed  function  oxidase 
activity  in  animals  and  include  the  most  toxic 
PCBs.  Determinations  of  the  toxic  PCB  congeners 
in  samples  of  eggs  of  predatory  fish  and  piscivor- 
ous birds  of  the  Great  Lakes  and  in  Aroclor  mix- 
tures demonstrate  that  the  apparent  toxic  potency 
of  PCB  residues  in  these  samples  is  dominated  by 
two  congeners,  3,3',4,4',5-pentachlorobiphenyl  and 
2,3,3',4,4'-pentachlorobiphenyl.  Furthermore,  the 
analyses  demonstrate  that  the  potential  toxicity  of 
PCB  residues  can  increase  5  to  10  fold  as  they 
reach  upper  levels  of  aquatic  food  chains  and  most 
often  exceed  the  potential  toxicity  of  chlorinated 
dibenzodioxins  and  furans  in  higher  animals  even 
in  environments  highly  contaminated  by  the  latter 
compounds.  (Author's  abstract) 
W91-07845 


ADSORPTION  AND  DESORPTION  OF  3,4- 
DICHLOROANILINE  ON  SOIL. 

Gesellschaft  fuer  Strahlen-  und  Umweltforschung 
m.b.H.  Muenchen,  Freising-Attaching  (Germany, 
F.R.).  Inst,  fuer  Oekologische  Chemie. 
R.  Beyerle-Pfnur,  and  J. -P.  Lay. 
Chemosphere  CMSHAF,  Vol.  21,  No.  9,  p  1087- 
1094,  1990.  2  fig,  3  tab,  16  ref.  Commission  of  the 
European  Community  Research  Contract  No.  EV 
4V-0110-UK(BA). 

Descriptors:  •Adsorption,  'Chemical  reactions, 
•Desorption,  'Dichloroaniline,  'Organic  com- 
pounds, 'Path  of  pollutants,  'Soil  chemistry,  'Soil 
contamination,  Adsorption  kinetics,  Dyes,  Germa- 
ny, Humic  acids,  Organic  carbon,  Surface  water. 


Recently,  3,4-dichloroaniline  (DCA),  a  hydrolysis 
product  of  several  urea  herbicides  and  acylanilides, 
has  been  detected  in  various  surface  waters.  Chlor- 
inated anilines  are  well  known  to  react  with  soil 
and  are  mostly  concentrated  in  organic  matter  in 
soil,  especially  humic  acids.  The  adsorption  of 
DCA  on  a  sediment  and  two  different  samples  of 
soil  was  studied  to  estimate  the  possible  influence 
of  the  organic  carbon  content  on  adsorption  capac- 
ity. Data  obtained  from  kinetic  adsorption  experi- 
ments showed  that  the  reaction  occurs  in  two 
stages.  The  first  stage  may  result  from  a  physical 
interaction  between  the  chemical  and  the  soil, 
while  in  the  second  process  a  chemical  binding 
between  DCA  and  the  organic  matter  of  the  soil 
may  occur.  Results  of  the  adsorption  reactions 
showed  that,  under  equilibrium  conditions,  at  least 
66%  of  the  dissolved  chemical  was  adsorbed  on 
the  soil.  The  adsorption  coefficients  depend  mainly 
on  the  concentration  of  the  dissolved  DCA  and,  to 
a  smaller  extent,  on  the  type  of  soil  sample.  Experi- 
mental findings  confirm  that  DCA  a  polar  sub- 
stance with  a  reactive  amino  group  which  prefer- 
entially reacts  with  organic  substances  in  the  soil. 
Furthermore,  reactions  between  the  amino  group 
of  DCA  and  oxygen  or  carbon  of  oxygen-contain- 
ing groups  led  to  strongly  bound  and  stable  prod- 
ucts. (Korn-PTT) 
W9 1-07846 

URBAN  RUNOFF  POLLUTION  BY  ORGAN- 
OCHLORINES  (POLYCHLORINATED  BI- 
PHENYLS AND  LINDANE)  AND  HEAVY 
METALS  (LEAD,  ZINC,  AND  CHROMIUM). 

Paris-6  Univ.  (France).  Inst.  d'Hydrologie  et  de 

Climatologie. 

L.  Granier,  M.  Chevreuil,  A.-M.  Carru,  and  R. 

Letolle. 

Chemosphere  CMSHAF,  Vol.  21,  No.  9,  p  1101- 

1 107,  1990.  2  fig,  6  tab,  21  ref. 

Descriptors:  'Heavy  metals,  'Organic  compounds, 
'Path  of  pollutants,  'Storm  runoff,  'Urban  runoff, 
'Water  pollution  sources,  Chromium,  Lead,  Lin- 
dane, Polychlorinated  biphenyls,  Zinc. 

Urban  stormwater  runoff  has  been  identified  as  a 
source  of  pollution  since  the  1960's.  Concentra- 
tions of  polychlorinated  biphenyls  (PCBs),  lindane, 
lead,  zinc,  and  chromium  at  an  outfall  of  a  storm- 
water  drain  were  analyzed  during  3  rain  events  in 
1988  and  1989.  The  catchment  area  covers  75  ha 
where  about  a  quarter  of  the  area  is  occupied  by  a 
commercial  center.  The  rest  of  the  area  consists  of 
single  family  housing.  Mean  concentrations  in  the 
stormwater  runoff  were  130  ng/L  for  PCBs  and  75 
ng/L  for  lindane.  The  mean  concentration  value 
for  Pb  was  140  microgram/L,  while  Zn  and  Cr 
had  values  of  730  microgram/L  and  15  micro- 
gram/L. The  source  of  these  pollutants  in  the 
runoff  were  varied.  While  the  atmosphere  ap- 
peared to  be  only  a  minor  source  of  PCBs,  con- 
taminated oils  washed  out  from  the  commercial 
center  appeared  to  be  another  source.  A  large 
portion  of  the  Zn  seemed  to  be  autochthonous 
with  the  main  sources  being  either  traffic-related 
or  due  to  exterior  paints.  The  atmospheric  contri- 
bution of  Pb  was  important  because  a  significant 
portion  of  particulate  lead  emitted  from  petrol 
combustion  is  dispersed  into  the  atmosphere.  A 
majority  of  the  Cr  appears  to  come  from  the 
atmosphere,  and  lindane  was  derived  completely 
from  atmospheric  fallout.  Further  research  is 
needed,  notably  on  the  impact  of  shock  loads  of 
pollutants  to  the  receiving  ecosystem.  The  occur- 
rence of  organic  micropollutants  in  runoff  should 
also  be  thoroughly  investigated.  (Korn-PTT) 
W91-07847 


Sources  Of  Pollution — Group  5B 

Fertilized  eggs,  yolk  sac  larvae,  and  juveniles  of 
zebrafish  were  exposed  to  14-C-lindane  and  14-C- 
atrazine  under  static  conditions  and  the  uptake  was 
studied  for  a  period  of  48  hours.  After  24  hours,  a 
number  of  animals  were  transferred  into  pesticide- 
free  running  water  and  the  elimination  was  exam- 
ined for  another  24  hours.  The  bioconcentration 
factors  (BCFs)  as  well  as  the  rate  constants  for 
uptake  and  elimination  were  calculated.  Except  for 
the  lindane  uptake  by  eggs  and  the  atrazine  uptake 
by  juveniles,  steady  state  conditions  were  reached 
within  five  hours.  For  all  tested  developmental 
stages  the  BCF  of  lindane  distinctly  exceeded  100, 
whereas  it  was  less  than  10  in  cases  of  atrazine. 
More  than  90%  of  the  lindane  content  at  steady 
state  was  eliminated  within  24  hours,  but  only  70 
to  85%  of  the  incorporated  atrazine.  However, 
comparable  amounts  remained  when  related  to 
body  weight:  approximately  2.3  micromole  atra- 
zineAg  and  3.4  micromole  lindane/kg.  Juvenile 
zebrafish  metabolized  50%  of  the  lindane  and  4% 
of  the  atrazine  within  40  hours.  Two  groups  of 
metabolites  were  separated  from  the  exposure 
medium:  the  ether-extractable  and  non-ether-ex- 
tractable  compounds.  The  metabolites  were  isolat- 
ed by  high  performance  liquid  chromatography 
(HPLC).  Nine  and  three  metabolites  were  detected 
for  lindane,  and  one  and  three  metabolites  were 
detected  for  atrazine  in  the  ether-soluble  fraction 
and  the  water-soluble  fraction,  respectively.  (Au- 
thor's abstract) 
W91-07848 


KINETICS  AND  METABOLISM  OF  14C-LIN- 
DANE  AND  14C-ATRAZINE  IN  EARLY  LIFE 
STAGES  OF  ZEBRAFISH  (BRACHYDANIO 
RERIO). 

Mainz  Univ.  (Germany,  F.R.).  Inst,  fuer  Zoologie. 
G.  Gorge,  and  R.  Nagel. 

Chemosphere  CMSHAF,  Vol.  21,  No.  9,  p  1125- 
1 137,  1990.  6  fig,  4  tab,  27  ref. 

Descriptors:  'Atrazine,         'Bioaccumulation, 

'Carbon  radioisotopes,  'Kinetics,  'Lindane,  'Me- 
tabolism, 'Path  of  pollutants,  'Zebra  fish,  Absorp- 
tion, Fish  eggs,  Growth  stages,  Larvae,  Pesticides. 


TREE  RING  GROWTH  AND  ELEMENTAL 
CONCENTRATIONS  IN  WOOD  CORES  OF 
OAK  SPECIES  IN  EASTERN  PENNSYLVANIA: 
POSSIBLE  INFLUENCES  OF  AIR  POLLU- 
TION AND  ACIDIC  DEPOSITION. 
Lafayette  Coll.,  Easton,  PA.  Dept.  of  Biology. 
S.  K.  Majumdar,  J.  R.  Halma,  S.  W.  Cline,  D. 
Rieker,  and  C.  Daehler. 

Environmental  Technology  (Letters)  ETLEDB, 
Vol.  12,  No.  1,  p  41-49,  1991.  7  fig,  41  ref. 

Descriptors:  'Acid  rain  effects,  'Air  pollution  ef- 
fects, 'Heavy  metals,  'Oak,  'Trees,  Buffering, 
Chemical  analysis,  Forests,  Growth,  Hydrogen  ion 
concentration,  Pennsylvania,  Soil  chemistry,  Solu- 
bility, Statistical  analysis. 

Annual  growth  ring  patterns  of  red  oak  (Quercus 
rubra)  and  white  oak  (Q.  alba)  were  compared 
from  Lehigh  Valley  (near  neutral  soils)  and  the 
Pocono  (acid  soils)  forests  in  eastern  Pennsylvania. 
The  two  red  oak  populations  were  parallel,  al- 
though statistically  different,  from  1935-1950.  For 
white  oak,  the  two  populations  had  the  same  mean 
for  the  period  of  1935-1965;  and  from  1965-1985 
the  means  were  different.  Chemical  analyses  of 
wood  cores  had  shown  increasing  concentrations 
of  several  trace  elements  in  new  rings  of  both  oak 
species  from  the  Lehigh  Valley  and  the  Pocono 
areas.  These  results  apparently  reflect  the  effects  of 
acid  precipitation  on  soil  chemistry;  that  is,  low  pH 
increases  the  solubility  and  the  concentrations  of 
certain  plant-available  heavy  metals  in  the  soil. 
The  acidic  deposition  is  seemingly  more  severe  in 
the  less  buffered  Pocono  soils  than  in  the  well 
buffered  soils  of  the  Lehigh  Valley  neutral  pH 
areas.  Although  the  results  suggest  certain  changes 
in  growth  pattern  and  chemical  composition  in  the 
wood  cores,  no  clear-cut  evidence  that  air  pollu- 
tion or  acid  rain  was  affecting  the  health  of  the 
two  forests  could  be  detected.  (Author's  abstract) 
W9 1-07857 


ACID  EARTH:  THE  GLOBAL  THREAT  OF 
ACID  POLLUTION. 

J.  McCormick. 

Earthscan  Publications  Ltd.,  London.  1989.  225p. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Air  pollution,  'Environmental  protec- 
tion, 'Water  pollution  sources,  England,  Global 
precipitation,  Nitrous  oxide,  Public  policy,  Sulfur 
dioxide,  USSR,  United  States,  Water  quality. 

Acid  rain  has  become  one  of  the  quintessential 
global  environmental  issues.  It  has  tested  the  abili- 
ty of  economic  and  political  systems  to  respond  to 
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the  growing  destruction  of  the  environment,  and 
shown  how  confused,  divisive  and  piecemeal  are 
those  systems.  This  book  was  written  as  a  response 
to  this  confusion.  First  published  in  1985,  it  is  a 
study  of  acid  rain  as  both  a  global  and/or  public- 
policy  problem.  It  sets  out  to  describe  the  dimen- 
sions of  acid  pollution  and  to  assess  the  possible 
responses.  It  argues  that  acid  rain--like  many  other 
environmental  problems-has  many  dimensions,  but 
that  it  is  ultimately  a  political  problem  that  can 
only  be  adequately  addressed  by  changes  in  public 
policy.  Since  first  published  in  1985,  perhaps  three 
major  efforts  to  combat  acid  rain  stand  out:  (1)  the 
United  Kingdom  reversed  its  position  on  acid  rain, 
and  is  now  committed  to  major  reductions  in  sulfur 
dioxide  and  nitrogen  oxides  by  the  beginning  of  the 
next  century;  (2)  there  has  been  a  change  of  atti- 
tude (if  not  yet  in  policy)  in  the  Soviet  Union,  the 
biggest  single  source  of  acid  pollution  in  the  world; 
and  (3)  the  public  debate  about  acid  pollution 
seems  to  have  been  by-passed  to  an  extent  by  the 
new  debates  about  the  ozone  layer  and  the  green- 
house effect.  Although  many  countries  have  now 
committed  themselves  to  dealing  with  acid  pollu- 
tion, and  although  some  have  already  cut  their 
S02  and  NOx  emissions  by  25-50%,  several  issues 
remain:  (1)  whether  all  those  countries  which  have 
promised  to  reduce  their  emissions  actually  meet 
their  commitments;  (2)  will  emission  reductions  of 
25-50%  be  enough;  (3)  despite  all  the  cutbacks  in 
emissions,  much  damage  has  been  done,  and  has 
still  to  show  itself.  What  kind  of  long-term  changes 
will  appear  in  the  next  20-30  years;  (4)  events  in 
the  Soviet  Union  not  withstanding,  emissions  in 
some  of  the  centrally  planned  economies  are  on  the 
increase-between  1980  and  1984  Yugoslavian 
emissions  grew  by  53%,  and  between  1985  and 
1990  Polish  emissions  are  expected  to  grow  by 
20%-and  it  is  not  known  whether  these  trends  are 
reversible;  and  (5)  the  movement  to  win  interna- 
tional agreement  on  emission  reductions  has  so  far 
centered  almost  exclusively  on  the  industrialized 
world,  and  has  all  but  ignored  the  less  developed 
countries.  But  early  estimates  suggest  the  potential 
for  major  acid  pollution  problems  in  China,  Malay- 
sia, the  Philippines,  India,  Brazil,  Mexico  and  other 
countries.  These  are  some  of  the  issues  addressed 
in  this  book.  (Lantz-PTT) 
W9 1-07903 


PROCEEDINGS   OF   10TH   SALT-WATER   IN- 
TRUSION MEETING. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07947 


HYDROCHEMICAL  EVIDENCE  OF  FRESH 
AND  SALT-WATER  INTRUSIONS  IN  THE 
COASTAL  DUNES  AQUIFER  SYSTEM  OF  THE 
WESTERN  NETHERLANDS. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 
wijk  (Netherlands). 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07948 


GROUNDWATER   QUALITY  IN  THE  TERTI- 
ARY LEDO-PANISELIAN  AQUIFER  IN  BEL- 
GIUM AS  A  RESULT  OF  FRESH-WATER  IN- 
TRUSION INTO  SEDIMENTS  IN  CHEMICAL 
EQUILIBRIUM  WITH  THE  SEA. 
Ghent   Rijksuniversiteit   (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07949 


GROUNDWATER      IN     BEKASI      DISTRICT, 
WEST  JAVA,  INDONESIA. 

Iwaco  B.V.,  Rotterdam  (Netherlands). 

For  primary  bibliographic  entry  see  Field  4B. 

W9 1-07950 


HYDROCHEMICAL  STUDY  OF  A  CROSS-SEC- 
TION THROUGH  THE  COASTAL  PLAIN  AND 
ITS  SURROUNDINGS  NEAR  THE  FRENCH- 
BELGIAN  BORDER. 

Ghent   Rijksuniversiteit   (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07951 


ORIGIN  AND  AGE  OF  COASTAL  GROUND- 
WATERS IN  NORTHERN  OMAN. 

Paris-11  Univ.,  Orsay  (France).  Lab.  d'Hydrologie 

et  de  Geochemie  Isotopique. 

I.  D.  Clark,  P.  Ravenscroft,  and  P.  Fritz. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.    Geologisch     Instituut    RUG.    (S    8), 

Ghent.  1989.  p  75-84.  12  fig,  22  ref. 

Descriptors:  'Alluvial  aquifers,  'Coastal  aquifers, 
•Groundwater  recharge,  'Groundwater  resources, 
'Oman,  'Saline  water  intrusion,  Confined  aquifers, 
Connate  water,  Groundwater  movement,  Isotope 
studies,  Rainfall-runoff  relationships,  Tracers, 
Water  circulation. 

The  coastal  plain  of  northern  Oman,  bounded  by 
the  Gulf  of  Oman  to  the  northeast  and  the  North- 
ern Oman  Mountains  to  the  southwest,  is  the  most 
intensively  cultivated  area  in  the  Sultanate.  Heavy 
extraction  from  the  alluvial  aquifers  for  irrigation 
is  linked  to  recent  saline  intrusion  and  groundwater 
deterioration.  The  origins  and  mean  circulation 
times  of  coastal  groundwaters  were  investigated  to 
better  understand  the  mechanisms  and  frequency 
of  recharge  of  coastal  aquifers.  Stable  isotopes  (18- 
O  and  2-H)  show  that  localized  convective  rainfall 
in  the  mountains  and  piedmont  during  hot  months, 
identified  by  a  characteristic  evaporative  enrich- 
ment, dominates  recharge  to  shallow  coastal 
groundwaters.  The  less  frequent  but  larger  depres- 
sion-rainfall systems  of  winter  months,  which  show 
no  isotope  enrichment,  is  evident  only  in  the 
deeper  confined  aquifers,  recharged  at  higher  ele- 
vations. Mean  circulation  times,  evaluated  on  the 
basis  of  tritium  and  14-C  data,  are  less  than  about  5 
years  for  shallow  alluvial  groundwaters  associated 
with  the  active  runoff  network.  In  interfluvial 
areas  they  may  be  some  tens  to  hundreds  of  years. 
Deep  confined  groundwaters  are  in  the  order  of 
several  thousands  of  years.  Saline  intrusion  is  oc- 
curring in  both  the  shallow  and  deep  coastal 
groundwaters.  Possible  mixing  with  an  older  con- 
nate brine  is  identified  in  the  deeper  coastal  zone  of 
one  area,  which  may  exacerbate  groundwater  dete- 
rioration. (See  also  W9 1-07947)  (Author's  abstract) 
W9 1-07953 


HYDROCHEMISTRY  OF  PORE  WATER 
FROM  FINE-GRAINED  SEDIMENTS  (CLAY, 
SILT,  PEAT)  IN  THE  SOUTHERN  PART  OF 
THE  WESTERN  BELGIAN  COASTAL  PLAIN: 
THE  YSER  PLAIN. 

Ghent   Rijksuniversiteit  (Belgium).   Lab.   for  Ap- 
plied Geology  and  Hydrogeology. 
For   primary   bibliographic   entry   see   Field   2G. 
W9 1-07955 


PARTRAC:  DEVELOPMENT  AND  APPLICA- 
TION OF  A  GROUNDWATER-QUALITY 
MODEL  FOR  VARIABLE  DENSITY  FLOW. 

GRONTMIJ  N.V.,  De  Bilt  (Netherlands). 

L.  A.  M.  Besselink. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.     Geologisch     Instituut     R.U.G.     (S     8), 

Ghent.  1989.  p  109-1 16,  6  fig,  8  ref. 

Descriptors:  'Computer  models,  'Groundwater 
movement,  'Groundwater  quality,  'Model  studies, 
•Path  of  pollutants,  'Solute  transport,  'Vertical 
flow,  Freshwater,  Groundwater  pollution,  Porous 
media,  Saline  groundwater,  Saline  water  intrusion, 
Saline-freshwater  interfaces,  Upconing. 

A  groundwater  flow  model  has  been  developed  for 
both  fresh,  saline,  and  polluted  groundwater  prob- 
lems in  a  vertical  profile.  The  model  is  a  tool  for 
the  explanation  and  forecasting  of  transport  phe- 
nomena in  porous  media.  The  characteristics  of  the 
model  PARTRAC  include:  pressure  field  calculat- 
ed with  the  finite  element  method;  quasi-steady 
conditions;  solute  transport  simulated  by  particle 
tracking;  concentrations  defined  per  element;  mo- 
lecular diffusion  and  hydrodynamic  dispersion  sim- 
ulated with  the  random  walk  method;  first-order 
decay;  linear  adsorption;  density-dependent  flow; 
non-numerical  dispersion;  and  interactive  proce- 
dure for  generation  of  an  input-file  with  a  mesh 
generator.  In  this  model  the  velocity  field,  which  is 
of  great  importance  for  transport  phenomena 
through  porous  media,  is  defined  in  a  new  manner. 


The  model  was  calibrated  with  various  theoretical 
test-cases,  including:  intrusion  of  salt  seawater 
under  a  dike  with  a  sheet  pile;  upconing  below  a 
well  pumping  above  an  interface  between  fresh 
and  salt  groundwater;  and  the  problem  of  the 
initial  vertical  sharp  interface  between  fresh  and 
saline  groundwater.  (See  also  W9 1-07947)  (Au- 
thor's abstract) 
W9 1-07956 


PREDICTION  OF  THE  CHLORIDE  CONTENT 
IN  THE  ABSTRACTED  WATER  OF  THE  'DE 
GROEVE'  WELL  FIELD. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 
wijk  (Netherlands). 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07960 


COMPARISON  OF  DIFFERENT  METHODS 
FOR  REPRESENTING  THE  HYDRODYNAMIC 
TENSOR  IN  NUMERICAL  MODELS. 

Hydraulics  Research  Ltd.,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07961 


EXPERIMENTS  ON  THE  MOVEMENT  OF 
BRACKISH  WATER  NEAR  INFILTRATION 
AND  ABSTRACTION  WELLS. 

Waterworks     of     North-Holland,      Bloemendaal 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07963 


DEVELOPMENT  OF  A  KNOWLEDGE 
SYSTEM  FOR  MODELLING  FRESH  AND 
SALINE-GROUNDWATER  FLOW. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 
of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07964 


APPLICATION  OF  THE  FACTOR-ANALYSIS 
METHOD  TO  STUDY  THE  ORIGIN  AND  EVO- 
LUTION OF  THE  SALINIZATION  IN  THE  AQ- 
UIFER SYSTEM  NO.  25  (HUELVA  PROVINCE, 
SPAIN). 

Escuela  Univ.   Politecnica  de  la  Rabida,  Huelva 
(Spain).  Dept.  de  Geologia. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07966 


FRESH  AND  SALT-WATER  INTRUSION:  LAB- 
ORATORY EXPERIMENTS  AND  GEOCHEMI- 
CAL  TRANSPORT  MODELLING. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 

Aardwetenschappen. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07969 


ISOTOPE  STUDIES  OF  THE  HYDROLOGY  OF 
THE  GORLEBEN  AREA,  FRG. 

Bundesanstalt   fuer  Geowissenschaften   und   Roh- 
stoffe,  Hanover  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07970 


PROCESSES  IN  THE  MIXING  ZONE  IN  CAR- 
BONATE FORMATIONS:  CENTRAL  AND 
SOUTHERN  CATALONIA. 

Universidad    Politecnica   de   Cataluna,    Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07971 


TOOLS  FOR  INVESTIGATING  THE  ORIGIN 
OF  ANOMALIES  IN  CHLORIDE  CONTENT 
OF  GROUNDWATER  IN  COASTAL  LOW- 
LANDS. 

Institute    of    Applied    Geoscience    TNO,     Delft 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07972 
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SOME  PROCESSES  IN  THE  SEA-WATER/ 
FRESH-WATER  INTERFACE,  AS  INFLU- 
ENCED BY  THE  PRESENCE  OF  GASES. 

Calgary  Univ.  (Alberta).  Dept.  of  Geology  and 

Geophysics. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07973 


ESTIMATION  OF  THE  LATERAL  DISPERSI- 
VITY  IN  A  HOMOGENEOUS  ISOTROPIC 
COASTAL  AQUIFER. 

Lund  Univ.  (Sweden).  Dept.  of  Water  Resources 

Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07974 


TEMPERATURE  OF  GROUNDWATERS  IN 
COASTAL  AQUIFERS:  SOME  ASPECTS  CON- 
CERNING SALT-WATER  INTRUSION. 

Bari  Univ.  (Italy).   1st.  di  Geologia  Applicata  e 

Geotecnia. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-07975 


Tomographic  techniques  are  currently  almost  ex- 
clusively used  in  the  field  of  seismology.  The  possi- 
bilities of  applying  them  to  geo-electrical  methods 
have  been  examined.  A  method  of  approximately 
representing  the  real  model  without  an  initial  one 
has  been  developed,  consisting  of  evaluating  the 
mean  value  of  the  physical  greatness  taken  into 
account  in  an  area  of  prefixed  dimensions  by 
simply  considering  a  regular  and  average  distribu- 
tion along  the  lines  connecting  source  and  receiv- 
ing apparatus.  In  order  to  organize  a  system  to 
monitor  saltwater  intrusion  in  fresh  groundwater, 
the  method  was  applied  in  a  laboratory  to  two 
different  models,  representing  (1)  differing  conduc- 
tivity, resistivity  and  chargeability  tomography, 
and  (2)  a  real  saltwater  encroachment  situation. 
The  saltwater  intrusion  zone  was  clearly  outlined 
in  both  tomographies;  it  is  represented  by  a  mini- 
mum in  the  resistivity  tomography  and  by  negative 
values  contoured  by  high  positive  values  due  to 
diffusion  zones  in  the  chargeability  tomography. 
The  system  is  recommended  to  univocally  solve 
resistivity  and  IP-tomographic  problems  to  define 
and  monitor,  in  real  time,  seawater  intrusion  zones. 
(See  also  W9 1-07947)  (Fish-PTT) 
W9 1-07978 


CHEMICAL  AND  ISOTOPICAL  METHOD- 
OLOGIES IN  THE  STUDIES  ON  ORIGIN  AND 
EVOLUTION  OF  GROUNDWATERS  FLOW- 
ING IN  THE  COASTAL  CARBONATE  AND 
KARST  AQUIFER  OF  APULIA  (SOUTHERN 
ITALY). 

Palermo  Univ.  (Italy).  1st.  di  Mineralogia. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07976 

DETECTION  OF  FRESH-WATER/SEA-WATER 
INTERFACE  BY  THE  TIME  DOMAIN  ELEC- 
TROMAGNETIC (TDEM)  METHOD  IN 
ISRAEL. 

Institute  for  Petroleum  Research  and  Geophysics, 

Holon  (Israel). 

M.  Goldman,  A.  Arad,  U.  Kafri,  D.  Gilad,  and  A. 

Melloul. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.     Geologisch     Instituut     R.U.G.     (S     8), 

Ghent.  1989.  p  329-344,  18  fig,  1  tab,  7  ref. 

Descriptors:  'Coastal  aquifers,  'Geophysical  meth- 
ods, 'Israel,  'Resistivity,  'Saline  water  intrusion, 
'Saline-freshwater  interfaces,  Aquifers,  Electrical 
equipment,  Interstitial  water,  Saline  groundwater. 

The  resistivity  of  water-bearing  rocks  is  a  function 
of  the  water  content,  the  water  salinity,  and  the 
manner  in  which  the  water  is  distributed  through- 
out the  rock.  These  relationships  infer  that  the 
resistivity  of  the  formation  decreases  as  the  salinity 
of  the  pore  water  increases.  This  phenomenon 
allows  use  of  surface  electrical  and/or  electromag- 
netic methods  to  map  changes  in  groundwater 
salinity,  and  in  particular,  to  detect  a  fresh/saline 
water  interface.  A  feasibility  study  on  the  applica- 
bility of  the  time  domain  electromagnetic  (TDEM) 
method  in  detecting  seawater  intrusion  into  fresh- 
water aquifers  was  carried  out  on  an  Israeli  coastal 
plain.  It  was  found  that  absolute  resistivity  values 
varying  between  0.5-1.5  ohm-m  are  typical  of  sea- 
water intrusion.  These  are  different  from  any  other 
resistivity  values  which  stem  from  other  known 
lithology  and/or  water-salinity  combinations.  The 
TDEM  method  has  proved  to  be  a  reasonably 
accurate  technique  for  detection  of  freshwater/ 
seawater  interfaces  in  carbonate,  and  particularly 
coastal  aquifers.  (See  also  W9 1-07947)  (Fish-PTT) 
W9 1-07977 


SALT-WATER  INTRUSION  MONITORING  BY 
RESISTIVITY  AND  IP-TOMOGRAPHIC 
METHODS. 

Politecnico  di  Torino  (Italy).  Dipt,  di  Georisorse  e 

Territorio. 

G.  Ranieri,  G.  Barrocu,  and  R.  Tocco. 

IN:    Proceedings    of    10th    Salt-Water    Intrusion 

Meeting.     Geologisch     Instituut     R.U.G.     (S     8), 

Ghent.  1989.  p  345-348,  4  fig,  6  ref. 

Descriptors:  'Coastal  aquifers,  'Geophysical 
methods,  'Resistivity,  'Saline  water  intrusion, 
•Tomography,  Conductivity,  Electrical  equip- 
ment, Saline-freshwater  interfaces. 


BENTHIC  MACROFAUNA  OF  OX-BOW 
LAKES  AND  THE  INFLUENCE  ON  THE  MA- 
CROINVERTEBRATE  COMMUNITIES  OF 
THE  PARENT  STREAM. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 
Zoologisches  Inst. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07991 


tion,  'Sludge,  'Soil  contamination,  'Toxicity,  Bac- 
terial physiology,  DNA,  England,  Heavy  metals, 
Norfolk,  River  Yare,  River  sediments. 

Sludge  samples  were  collected  from  a  sewage 
treatment  works  which  received  Hg-contaminated 
effluent,  soil  was  sampled  from  land  treated  with 
the  sludge,  and  freshwater  sediment  samples  were 
obtained  from  the  River  Yare,  Norfolk,  England, 
which  receives  the  final  effluent  from  the  sewage 
treatment  works.  Samples  were  analyzed  for  Hg, 
MeHg,  Cd,  Cr,  Cu,  Ni,  Pb,  and  Zn.  Volatile  solids, 
chloride,  sulfate,  and  sulfide  were  also  assessed. 
Heavy  metal  contamination  was  present  in  all  the 
samples,  particularly  soil  and  sediment.  The  condi- 
tional stability  constants  values  for  Cu  were  less 
than  those  for  Hg  and  lower  for  soil  than  for  river 
sediment.  Complexation  may  be  a  major  factor  in 
Hg  methylation  as  high  conditional  stability  con- 
stants reflected  low  MeHg  levels.  High  chloride 
concentration  was  also  associated  with  low  ratios 
of  methyl  to  total  Hg.  Using  DNA  probe  technolo- 
gy, the  occurrence  of  DNA  sequences  typical  of 
transposons  Tn21  and  Tn501  were  determined  for 
bacteria  isolated  at  the  different  sites.  Observable 
(phenotypic)  Hg  resistance  was  greatest  at  sites  of 
high  Hg  and  chloride  concentrations  although  ge- 
netic variation  was  greatest  in  soil  and  sediment 
samples  with  lower  Hg  concentrations.  Isolation  of 
Tn501-like  elements  increased  when  Hg  was  added 
to  the  medium.  Mercury  resistance  systems  which 
are  not  homologous  at  high  stringency  to  the  mer 
operon  appear  to  be  common  in  soil,  activated 
sludge,  and  river  sediments.  (Author's  abstract) 
W9 1-08003 


ORGANOCHLORINE  PESTICIDES  IN  SOIL 
SEDIMENTS  AND  AQUATIC  ANIMALS  IN 
THE  UPPER  STEELE  BAYOU  WATERSHED 
OF  MISSISSIPPI. 

Mississippi    Cooperative    Fish    and    Wildlife    Re- 
search Unit,  Mississippi  State. 
W.  M.  Ford,  and  E.  P.  Hill. 

Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  20,  No.  2,  p  161-167, 
February  1991.  2  fig,  3  tab,  25  ref. 

Descriptors:  'Aquatic  animals,  'Fate  of  pollutants, 
'Mississippi,  'Organochlorine  pesticides,  'Path  of 
pollutants,  'Pesticide  residues,  'Sediment  contami- 
nation, 'Water  pollution,  Bioaccumulation,  Biolog- 
ical magnification,  Fish,  Upper  Steele  Bayou  Wa- 
tershed, Yazoo  National  Wildlife  Refuge. 

Soil  sediments  from  two  depths  and  tissue  samples 
from  eight  species  of  aquatic  animals  were  collect- 
ed on  or  near  Yazoo  National  Wildlife  Refuge, 
Mississippi,  and  analyzed  for  organochlorine  pesti- 
cide residues.  Residues  of  12  organochlorine  pesti- 
cides were  found  in  most  animal  samples,  and  0.0 
to  4.6  mg/kg  of  five  compounds  were  detected  in 
soil  sediments.  With  the  exception  of  mosquitofish 
(Gambusia  affinis),  residues  were  similarly  distrib- 
uted in  soil  and  animal  samples  among  different 
watercourses  within  the  watershed.  Biomagnifica- 
tion  of  organochlorine  pesticide  residues  was  evi- 
dent from  soil  sediments  to  mosquitofish,  a  lower 
secondary  consumer  and  forage  fish,  to  spotted  gar 
(Lepisosteus  oculatus),  a  tertiary  consumer.  Resi- 
dues in  larger  secondary  consumers  such  as  carp 
(Cyprinus  carpio)  and  smallmouth  buffalo  (Ictiobus 
bubalus)  and  tertiary  consumers  such  as  water 
snakes  (Nerodia  spp.)  and  cottonmouths  (Agkistro- 
don  piscivorus)  demonstrated  no  clear  patterns  of 
accumulation.  (Author's  abstract) 
W9 1-07997 


TOXIC  ELEMENT  CONTAMINATION  AND 
THE  OCCURRENCE  OF  MERCURY-RESIST- 
ANT BACTERIA  IN  HG-CONTAMINATED 
SOIL,  SEDIMENTS,  AND  SLUDGES. 

California  Univ.,  Irvine. 

B.  H.  Olson,  S.  M.  Cayless,  S.  Ford,  and  J.  N. 

Lester. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  226-233, 

February  1991.  3  fig,  5  tab,  43  ref. 

Descriptors:  'Bacteria,  'Mercury,  'Methylmer- 
cury,   'Path  of  pollutants,  'Sediment  contamina- 


LEAD,  CADMIUM,  AND  ALUMINUM  ACCU- 
MULATION IN  THE  RED  SWAMP  CRAYFISH 
PROCAMBARUS  CLARKII  G.  COLLECTED 
FROM  ROADSIDE  DRAINAGE  DITCHES  IN 
LOUISIANA. 

Widener  Univ.,  Chester,  PA.  Dept.  of  Biology. 
S.  R.  Madigosky,  X.  Alvarez-Hernandez,  and  J. 
Glass. 

Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  20,  No.  2,  p  253-258, 
February  1991.  1  fig,  4  tab,  25  ref.  U.S.  Public 
Health  Service  Grant  DK-37866. 

Descriptors:  'Bioaccumulation,  'Crustaceans, 
'Heavy  metals,  'Metals,  'Path  of  pollutants,  Alu- 
minum, Cadmium,  Crayfish,  Food  webs,  Highway 
effects,  Lead,  Louisiana,  Roads,  Shoulder  ditches, 
Tissue  analysis,  Toxic  metals,  Water  pollution 
sources. 

The  concentrations  of  Pb,  Cd,  and  Al  in  tissues  of 
crayfish  Procambarus  clarkii  were  evaluated  from 
several  wetland  sites  located  adjacent  to  roadways 
and  were  compared  to  crayfish  harvested  from  a 
commercial  site  free  from  roadside  influences.  Ab- 
dominal muscle,  hepatopancreas,  alimentary  tract, 
exoskeleton  and  blood  were  analyzed  for  metal 
content.  Results  indicated  that  levels  of  metal  con- 
tamination obtained  in  almost  all  tissues  of  crayfish 
from  roadside  ditches  were  significantly  greater 
than  those  of  the  commercially  harvested  control 
crayfish.  The  concentrations  of  metals  detected  in 
crayfish  tissues  ranged  from  0.04-16.15  microg  Pb/ 
g,  0.001-0.13  microg  Cd/g,  and  1.22-981  microg 
Al/g.  Concentrations  of  Pb,  Cd,  and  Al  were 
highest  in  the  hepatopancreas  and  alimentary  tract. 
High  levels  of  these  elements  were  also  detected  in 
the  exoskeleton.  In  contrast,  muscle  tissue  was  the 
least  affected  tissue.  It  is  concluded  that  P.  clarkii 
sequesters  and  maintains  substantial  amounts  of  Al, 
Pb  and  Cd  in  a  variety  of  tissues  without  lethal 
consequences,  and  thus  may  become  a  potential 
health  hazard  to  humans  and  other  organisms  that 
use  these  crustaceans  as  a  food  source.  (Author's 
abstract) 
W9 1-08006 

PARAMETERS  FOR  PREDICTING  FATE  OF 
ORGANOCHLORINE  PESTICIDES  IN  THE 
ENVIRONMENT:  III.  BIODEGRADATION 
RATE  CONSTANTS. 

Yokohama  National  Univ.  (Japan).  Dept.  of  Mate- 
rial Science  and  Chemical  Engineering. 
K.  Kawamoto,  and  K.  Urano. 
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Chemosphere  CMSHAF,  Vol.  21,  No.  10/11,  p 
1141-1152,  1990.  10  fig,  3  tab,  12  ref. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
•Organochlorine  pesticides,  'Pesticides,  Aerobic 
digestion.  Anaerobic  digestion,  Half-life,  Herbi- 
cides, Rate  constants. 

Aerobic  and  anaerobic  biodegradation  rate  con- 
stants of  10  principal  organochlorine  pesticides 
were  investigated  to  predict  their  fate  in  the  envi- 
ronment. The  biodegradation  rate  can  be  expressed 
by  the  first  order  rate  equation.  There  was  a  large 
variation  in  the  values  of  the  rate  constants;  the 
half-lives  for  aerobic  biodegradation  of  thioben- 
carb,  chlornitrofen  and  fenvalerate  ranged  from  10 
to  40  days,  whereas  the  half-lives  of  chloropicrin 
and  chlorothalonil  were  10  and  1 1  hours,  respec- 
tively. DCIP  did  not  biodegrade  within  the  experi- 
mental period  of  40  days.  The  degradation  rates  of 
herbicides  tended  to  be  low.  The  half-lives  for 
anaerobic  biodegradation  ranged  from  0.06  to  100 
days.  The  hydrophobicity  of  the  pesticide  and  the 
presence  of  functional  groups  easily  transferred  by 
microorganisms  appeared  to  affect  the  biodegrada- 
tion rate.  (See  also  W90-0O480)  (MacKeen-PTT) 
W9 1-0801 5 


PREDICTION  OF  THE  SOIL  ADSORPTION 
COEFFICIENT  KOC  FOR  AROMATIC  POL- 
LUTANTS. 

Institut  de  Recherches  Chimiques,  Tervuren  (Bel- 
gium). 

L.  Pussemier,  G.  Szabo,  and  R.  A.  Bulman. 
Chemosphere  CMSHAF,  Vol.  21,  No.   10/11,  p 
1199-1212,  1990.  5  tab,  18  ref. 

Descriptors:  'Adsorption,  'Aromatic  compounds, 
•Fate  of  pollutants,  *Path  of  pollutants,  *Soil  con- 
tamination, Hydrophobic  compounds,  Mathemati- 
cal analysis,  Soil  absorption  capacity,  Soil  chemis- 
try, Soil  organic  matter. 

The  soil  adsorption  factor,  Koc,  has  been  predicted 
for  11  aromatic  compounds  using  a  multilinear 
relation  with  the  log  of  the  octanol/water  partition 
coefficient  (Kow)  and  Hildebrand's  solubility  pa- 
rameter. Considered  individually,  log  Kow  was 
not  the  best  hydrophobicity  parameter  for  the  pre- 
diction of  Koc.  Other  molecular  parameters  such 
as  the  parachor,  the  van  der  Waals  volume,  or 
retention  factors  by  reversed  phase  HPLC  gave 
better  predictions  of  Koc.  However,  using  log 
Kow  with  Hildebrand's  solubility  parameter  as  a 
second  independent  variable  offered  better  predic- 
tions. Moreover,  all  the  retention  factors  could  be 
used  as  the  first  independent  variable.  The  gain  in 
significance  for  these  relations  was  most  important 
with  the  apolar  stationary  phases.  It  is  concluded 
that  the  adsorption  on  soil  organic  material  is  not 
simply  due  to  hydrophobic  interactions,  but  it  also 
a  result  of  weak  electronic  interactions  between 
moderately  polar  species.  (MacKeen-PTT) 
W9 1-080 19 


ESTIMATION  OF  AQUEOUS  SOLUBILITY 
AND  MELTING  POINT  OF  PCB  CONGENERS. 

Oregon  State  Univ.,  Corvallis.  Coll.  of  Pharmacy. 
R.  Abramowitz,  and  S.  H.  Yalkowsky. 
Chemosphere  CMSHAF,  Vol.  21,  No.   10/11,  p 
1221-1229,  1990.  4  fig,  1  tab,  13  ref 

Descriptors:  *Chlorinated  hydrocarbons,  'Mathe- 
matical analysis,  *Path  of  pollutants,  'Polychlori- 
nated  biphenyls,  'Solubility,  Estimating  equations, 
Mathematical  equations,  Melting  point. 

A  simple  method  has  been  developed  to  estimate 
the  solubility  of  208  polychlorinated  biphenyl 
(PCB)  congeners  based  on  estimating  the  melting 
point  of  the  compound  and  the  total  surface  area. 
The  melting  points  of  58  PCB  congeners  were 
correlated  with  the  number  of  chlorine  atoms  in 
the  molecule,  along  with  molecular  properties  such 
as  eccentricity  and  symmetry.  Results  indicated 
that  the  calculation  of  the  melting  point  of  a  PCB 
molecule  is  influenced  by  the  symmetry  and  the 
hindered  rotation  of  substituent  groups.  Good 
agreement  between  calculated  melting  point  and 
actual  melting  point  was  obtained.  The  predicted 
melting  points  were  subsequently  used  to  predict 


the  solubility  of  the  PCB  congeners.  In  an  analysis 
of  42  PCBs,  it  was  found  that  the  predicted  melt- 
ing point  could  be  used  in  place  of  the  actual 
melting  point  to  estimate  the  solubility  of  PCBs. 
(MacKeen-PTT) 
W9 1-08021 


REVIEW  OF  BIODEGRADATION  KINETICS 
IN  THE  AQUATIC  ENVIRONMENT. 

Water  Research  Centre,  Medmenham  (England). 
N.  S.  Battersby. 

Chemosphere  CMSHAF,  Vol.  21,  No.  10/11,  p 
1243-1284,  1990.  4  fig,  5  tab,  126  ref. 

Descriptors:  'Analytical  methods,  'Biodegrada- 
tion, 'Fate  of  pollutants,  'Kinetics,  'Mathematical 
models,  'Model  studies,  Aquatic  environment,  Lit- 
erature review,  Mathematical  equations,  Rate  con- 
stants, Testing  procedures. 

Published  expressions  for  the  kinetics  of  biodegra- 
dation are  reviewed.  Much  of  the  published  work 
in  the  determination  of  biodegradation  rates  has 
involved  relatively  simple  experimental  procedures 
which  produce  data  on  the  rate  of  decrease  in  the 
test  substance  or  increase  in  products  (e.g.  carbon 
dioxide).  Kinetic  models  used  to  describe  biodegra- 
dation include:  (1)  first-order  reactions,  in  which 
the  rate  of  biodegradation  is  proportional  to  the 
concentration  of  one  reactant,  the  test  chemical; 
(2)  Monod  growth,  co-metabolism  and  second- 
order  kinetics,  in  which  the  growth  rate  of  bacteria 
is  a  hyperbolic  function  of  substrate  concentration 
and  approaches  a  maximum  at  high  concentrations; 
and  (3)  Michaelis-Menten  kinetics,  heterotrophic 
uptake  studies  and  specific  activity  indices,  in 
which  a  pseudo  first-order  rate  constant  is  depend- 
ent upon  enzyme  concentration,  which  in  turn  is 
affected  by  the  concentration  of  active  bacteria  in 
the  system.  The  integrated  Monad  equation  and 
the  Michaelis-Menten  equation  are  the  bases  for 
two  useful  approaches  for  determining  the  most 
appropriate  kinetic  expression  to  apply  to  a  set  of 
biodegradation  data.  An  analysis  of  the  'ready  bio- 
degradability'  test  of  the  Organization  for  Eco- 
nomic Cooperation  and  European  Economic  Com- 
munity Sixth  Amendment  indicated  a  lack  of 
agreement  between  test  data  and  actual  rate  of 
biodegradation  in  a  variety  of  aquatic  environ- 
ments, in  part  due  to  the  unrealistically  high  sub- 
strate concentrations  used  in  the  test.  Environmen- 
tally realistic  test  conditions  were  suggested,  in 
which  an  environmental  sample  is  amended  with  a 
small  amount  of  uniformly  (C-14)-labelled  test 
chemical  and  the  change  with  time  in  C-14  content 
is  measured  in  particulate,  evolved  carbon  dioxide, 
and/or  solution  fractions.  (MacKeen-PTT) 
W9 1-08022 


EFFECTS  OF  ACID  PRECIPITATION  RUNOFF 
EPISODES  ON  RESERVOIR  AND  TAPWATER 
QUALITY  IN  AN  APPALACHIAN  MOUNTAIN 
WATER  SUPPLY. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
W.  E.  Sharpe,  and  D.  R.  DeWalle. 
Environmental    Health    Perspectives    EVHPAZ, 
Vol.  89,  p  153-158,  November  1990.  6  fig,  2  tab,  18 
ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Appa- 
lachian Mountains,  'Drinking  water,  'Path  of  pol- 
lutants, 'Water  pollution  sources,  'Water  supply, 
Acidic  water,  Acidification,  Aluminum,  Copper, 
Hydrogen  ion  concentration,  Lead,  Pennsylvania, 
Reservoirs,   Water  quality,  Water  quality  trends. 

The  aluminum  concentration  and  Ryznar  Index 
increased  and  the  pH  decreased  in  a  small  Appa- 
lachian water  supply  reservoir  following  acid  pre- 
cipitation runoff  episodes.  Concomitant  increases 
in  tapwater  aluminum  and  decreases  in  tapwater 
pH  were  also  observed  at  two  homes  in  the  water 
distribution  system.  Lead  concentrations  in  the  tap- 
water  of  one  home  frequently  exceeded  recom- 
mended levels,  although  spatial  and  temporal  vari- 
ation in  tapwater  copper  and  lead  concentrations 
was  considerable.  Since  source  water  and  reservoir 
water  copper  and  lead  concentrations  were  much 
lower,  the  increased  copper  and  lead  concentra- 
tions in  tapwater  were  attributed  to  corrosion  of 


household  plumbing.  Tapwater  copper  concentra- 
tion correlated  well  with  tapwater  pH  and  tapwat- 
er temperature.  Asbestos  fibers  were  not  detected 
in  lapwater.  The  asbestos-cement  pipe  in  the  water 
distribution  system  was  protected  by  a  spontaneous 
metallic  coating  that  inhibited  fiber  release  from 
the  pipe.  Several  simultaneous  reactions  were  hy- 
pothesized to  be  taking  place  in  the  distribution 
system  that  involved  corrosion  of  metallic  compo- 
nents and  coating  of  asbestos-cement  pipe  compo- 
nents in  part  with  corrosion  products  and  in  part 
by  cations  of  watershed  origin.  Greater  water  qual- 
ity changes  might  be  expected  in  areas  of  higher 
atmospheric  deposition.  (Author's  abstract) 
W9 1-08025 


SCAVENGING  OF  S02  BY  CLOUD  AND  RAIN 
DROPS:  IV.  A  WIND  TUNNEL  AND  THEO- 
RETICAL STUDY  OF  THE  ABSORPTION  OF 
S02  IN  THE  PPB(V)  RANGE  BY  WATER 
DROPS  IN  THE  PRESENCE  OF  H202. 
Mainz  Univ.  (Germany,  F.R.).  Inst,  of  Meteorolo- 
gie. 

A.  Waltrop,  S.  K.  Mitra,  A.  I.  Flossmann,  and  H. 
R.  Pruppacher. 

Journal  of  Atmospheric  Chemistry  JATCE2,  Vol. 
12,  No.  1,  p  1-17,  January  1991.  6  fig,  20  ref. 
Ministry  for  Research  and  Technology  of  the  Fed- 
eral Republic  of  Germany  Project  325-4007- 
070458.  German  Science  Foundation  Project  SFB- 
233. 

Descriptors:  'Acid  rain,  'Chemistry  of  precipita- 
tion, 'Hydrogen  peroxide,  'Path  of  pollutants, 
'Precipitation  scavenging,  'Sulfur  dioxide,  Ab- 
sorption, Acidification,  Diffusion,  Fluid  drops,  Hy- 
drogen ion  concentration,  Sulfates. 

Involving  the  Mainz  vertical  wind  tunnel,  the  rate 
of  sulfur  dioxide  removed  from  the  air  by  freely 
suspended  water  drops  was  measured  for  sulfur 
dioxide  concentrations  in  the  gas  phase  ranging 
from  50  to  500  ppb,  and  for  various  hydrogen 
peroxide  concentrations  in  the  liquid  phase.  In  a 
first  set  of  experiments,  the  pH  inside  the  sulfur 
dioxide  absorbing  drops  was  monitored  by  means 
of  color  indicators  added  to  the  drops.  In  a  second 
set  of  experiments,  the  amount  of  sulfur  dioxide 
scavenged  by  the  drops  was  determined  as  sulfate 
by  an  ion  chromograph  after  the  drops  had  been 
removed  from  the  vertical  air  stream  of  the  wind 
tunnel  after  various  times  of  exposure  to  sulfur 
dioxide.  The  results  were  compared  with  the  theo- 
retical gas  diffusion  model  of  Walcek  and  Prup- 
pacher which  was  reformulated  for  the  case  of 
sulfur  dioxide  concentrations  in  the  ppb(v)  range 
for  which  the  main  resistance  to  diffusion  lies  in 
the  gas  phase  surrounding  the  drop.  Excellent 
agreement  between  experiment  and  theory  was 
obtained.  The  theory  was  used  to  investigate  the 
rate  of  sulfate  production  inside  a  drop  as  a  func- 
tion of  pH.  It  was  found  that  the  production  rate 
increases  rapidly  at  first,  eventually  goes  through  a 
maximum  and,  subsequently,  after  a  small  decrease, 
levels  out  to  an  almost  constant  value.  The  results 
further  suggest  that  the  mass  accommodation  coef- 
ficient for  sulfur  dioxide  and  hydrogen  peroxide  on 
aqueous  surfaces  is  near  unity.  (Author's  abstract) 
W9 1-08038 


SEASONAL  AND  WEATHER-RELATED  CON- 
TROLS ON  SOLUTE  CONCENTRATIONS  AND 
ACID  DRAINAGE  FROM  A  PYRITIC  COAL- 
REFUSE  DEPOSIT  IN  SOUTHWESTERN  IN- 
DIANA, U.S.A. 

Indiana  Univ.  at  Bloomington.  Dept.  of  Geological 
Sciences. 

G.  A.  Olyphant,  E.  R.  Bayless,  and  D.  Harper. 
Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
7,  No.  3,  p  219-236,  February  1991.  13  fig,  2  tab,  21 
ref. 

Descriptors:  'Acid  mine  drainage,  'Dissolved 
solids,  'Indiana,  'Path  of  pollutants,  'Small  water- 
sheds, 'Solute  transport,  Coal  wastes,  Iron,  Sea- 
sonal variation,  Sulfates,  Water  chemistry,  Water 
quality  monitoring. 

A  small  watershed  on  a  barren  deposit  of  pyritic 
coal  refuse  was  instrumented  and  intensively  moni- 
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tored  for  1 5  months  to  determine  characteristics  of 
acid  runoff,  and  seasonal  and  weather-related 
trends  in  subsurface  aqueous  chemistry.  Pore 
waters  are  most  contaminated  in  the  shallow  (<1 
m)  subsurface,  where  total  dissolved  solids  (TDS, 
mostly  sulfate  and  iron)  sometimes  exceed  160,000 
mg/L.  Chemical  fluctuations,  which  are  related  to 
changes  in  moisture  content,  are  extreme,  and  con- 
centrations of  TDS  range  across  more  than  an 
order  of  magnitude  during  the  course  of  a  water 
year.  In  contrast,  lower  concentrations  of  TDS 
(<  65,000  mg/L)  are  consistently  observed  below 
the  water  table.  Samples  of  overland  flow  contain 
concentrations  of  TDS  as  high  as  8260  mg/L. 
Surface  runoff  is  acidified  by  dissolution  of  hydrat- 
ed  iron  sulfate  minerals.  These  salts,  which  are 
ubiquitous  on  the  ground  surface  and  in  shallow 
capillary  pathways,  are  evidence  of  a  strong  hy- 
drologic  connection  between  the  unsaturated  zone 
and  the  surface.  Preliminary  calculations  indicate 
that  acidic  outflow  by  surface  runoff  constitutes  a 
major  portion  of  the  total  acid  drainage  from  the 
coarse-refuse  deposit.  (Author's  abstract) 
W9 1-08040 


COSORPTION  OF  AROMATIC  N-HETEROCY- 
CLES  AND  PYRENE  BY  SMECTITES  IN 
AQUEOUS  SOLUTIONS. 

Ohio  State  Univ.,  Columbus.  Dept.  of  Agronomy. 
S.  J.  Traina,  and  B.  M.  Onken. 
Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 
7,  No.  3,  p  237-259,  February  1991.  11  fig,  30  ref. 
U.S.  Geological  Survey  Grant  1 4-08-000 1-G 1607. 

Descriptors:  'Organic  compounds,  'Path  of  pollut- 
ants, *Polycyclic  aromatic  hydrocarbons,  ♦Smec- 
tite, *Solute  transport,  'Sorption,  Adsorption, 
Clays,  Hydrogen  ion  concentration,  Isotherms, 
Pyrene,  Quinaline. 

The  simultaneous  sorption  of  the  polycyclic  aro- 
matic hydrocarbon  pyrene  and  the  aromatic  N- 
heterocycles  quinoline  and  acridine  by  aqueous 
suspensions  of  either  Na-montmorillonite  or  Na- 
hectorite  was  examined.  In  all  cases,  pyrene  sorp- 
tion in  the  absence  of  sorbed  N-heterocycles  was 
not  detected.  In  the  presence  of  sorbed  N-hetero- 
cycles, pyrene  sorption  increased  with  increased 
surface  concentrations  of  quinoline  of  acridine. 
The  pH-dependent  sorption  of  quinoline  and  acri- 
dine caused  an  apparent  pH  dependence  in  pyrene 
sorption.  Fluorescence  emission  spectra  indicated 
that  the  acridinium  ion  was  the  dominant  form  of 
sorbed  acridine  on  hectorite.  Fluorescence  emis- 
sion spectra  of  pyrene,  cosorbed  with  quinoline  by 
hectorite,  indicated  that  the  surface-bound  pyrene 
resided  in  an  environment  of  lower  polarity  than 
bulk  water.  A  linear  isotherm  for  pyrene  sorption 
on  Na-montmorillonite  was  obtained  at  a  quinoline 
surface  concentration  of  27.19  cmol/kg,  while  the 
pyrene  sorption  isotherm  was  curvilinear  when 
there  was  only  4.67  cmol/kg  quinoline  present  on 
the  clay  surface.  In  all  experiments,  the  value  of 
Koc  for  pyrene  sorption  decreased  with  increased 
surface  concentrations  of  N-heterocycles.  It  is  pos- 
tulated that  pyrene  sorption  at  low  concentrations 
of  quinoline  or  acridine  is  due  to  adsorption  of 
pyrene  by  sorbed  N-heterocycles.  Increased  con- 
centrations of  quinoline  or  acridine  promote  sorp- 
tion of  pyrene  through  a  partition  reaction  with 
sorbed  N-heterocycles.  (Author's  abstract) 
W9 1-08041 


FLUID  FLOW  AND  SOLUTE  TRANSPORT 
PROCESSES  IN  UNSATURATED  HETEROGE- 
NEOUS SOILS:  PRELIMINARY  NUMERICAL 
EXPERIMENTS. 

Hawaii  Univ.  at  Manoa,  Honolulu.  Dept.  of  Civil 

Engineering. 

C.  C.  K.  Liu,  K.  Loague,  and  J.-S.  Feng. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

7,  No.  3,  p  261-283,  February  1991.  10  fig,  4  tab,  26 

ref.    U.S.    Geological    Survey   Grant    14-08-0001- 

G1489. 

Descriptors:  'Aeration  zone,  'Fluid  flow,  'Nu- 
merical analysis,  'Path  of  pollutants,  'Soil  proper- 
ties, 'Soil  water,  'Solute  transport,  'Unsaturated 
flow,  Dispersivity,  Heterogeneous  soils,  Porous 
media,  Scale  factors,  Three-dimensional  model, 
Unsaturated  soils. 


Preliminary  numerical  experiments  were  conduct- 
ed to  investigate  scale-dependent  macrodispersi- 
vity,  relative  to  solute  transport,  in  unsaturated 
heterogeneous  porous  media.  Synthetic  heteroge- 
neous soil  columns  were  generated  with  the  turn- 
ing bands  approach.  Fluid  flow  and  solute  trans- 
port were  simulated  with  a  three-dimensional 
finite-element  model.  Numerical  experiments  con- 
firmed a  three-phase  development  of  macrodisper- 
sivity  as  a  plume  of  contaminant  moves  through  a 
heterogeneous  soil.  The  initial  phase  grows  linear- 
ly, then  becomes  nonlinear,  and  eventually  reaches 
an  asymptotic  constant  value.  It  was  found  that  the 
development  of  macrodispersivity  in  an  unsaturat- 
ed heterogeneous  soil  column  can  be  predicted 
successfully  by  Dagan's  formulas,  which  were 
originally  developed  for  heterogeneous  aquifers. 
For  the  study  of  contaminant  transport  in  unsatu- 
rated soils,  the  travel  distance  normally  considered 
is  much  shorter  than  that  required  to  reach  asymp- 
totic macrodispersivity;  thus,  the  two  pre-asymp- 
totic  phases  should  be  the  principal  concern  in 
modelling  contaminant  transport  in  unsaturated 
soils.  The  first  phase  of  the  macrodispersivity  de- 
velopment corresponds  to  what  is  normally  re- 
ferred to  as  the  advection  period  during  which  no 
significant  lateral  mixing  takes  place.  The  linear 
system  model  for  contaminant  transport,  which 
uses  the  travel  time  probability  density  function  as 
the  model's  impulse  response  function,  is  valid  only 
for  the  first  phase  and  therefore  should  be  applied 
only  to  the  simulation  of  near-field  contaminant 
transport  within  the  advection  period.  (Author's 
abstract) 
W9 1-08042 


IMPORTANCE  OF  CLOSELY  SPACED  VERTI- 
CAL SAMPLING  IN  DELINEATING  CHEMI- 
CAL AND  MICROBIOLOGICAL  GRADIENTS 
IN  GROUNDWATER  STUDIES. 

Geological  Survey,  Lakewood,  CO.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08043 


TOXICITY,  BIOACCUMULATION,  METABO- 
LISM AND  ELIMINATION  OF  DIOCTYL 
SODIUM  SULFOSUCCINATE  DSS  IN  RAIN- 
BOW TROUT  (ONCORHYNCHUS  MYKISS). 

NIEHS  Marine  and  Freshwater  Biomedical  Core 

Center,  Milwaukee,  WI. 

M.  S.  Goodrich,  M.  J.  Melancon,  R.  A.  Davis,  and 

J.  J.  Lech. 

Water  Research  WATRAG,  Vol.  25,  No.  2,  p  119- 

124,  February  1991.  4  fig,  4  tab,  16  ref.  NIH  Grants 

ES0 1080  and  ES04 184. 

Descriptors:  'Bioaccumulation,  'Fish  physiology, 
•Metabolism,  'Surfactants,  'Toxicity,  'Toxicol- 
ogy, 'Trout,  Biological  magnification,  Blood, 
Carbon  radioisotopes,  Excretion,  Fish,  Kinetics, 
Tissue  analysis. 

The  acute  toxicity  (LC50)  of  the  anionic  surfactant 
dioctyl  sodium  sulfosuccinate  (DSS)  was  deter- 
mined to  be  28  mg/L  in  rainbow  trout.  A  static 
non-replacement  exposure  of  rainbow  trout  to 
C14-labeled  DSS  was  used  to  measure  the  bioaccu- 
mulation and  elimination  of  DSS  within  four  sepa- 
rate body  compartments:  blood,  bile,  viscera,  and 
carcass.  The  trout  were  exposed  for  72  h  followed 
by  72  h  for  depuration.  Tissue  samples  were  ana- 
lyzed at  2,  4,  12,  24,  48,  and  72  h  during  both  the 
exposure  and  depuration  phases  of  the  experiment. 
Using  scintillation  counting,  DSS  concentrations 
were  measured  in  tissues  and  used  to  calculate 
uptake  rate  constants,  bioconcentration  factors, 
elimination  rate  constants,  and  half-lives  of  DSS 
elimination  for  each  body  compartment.  The  great- 
est rate  of  appearance  of  DSS  was  in  the  bile  of  the 
trout,  while  the  slowest  uptake  occurred  within  the 
carcass.  Elimination  of  DSS  from  the  carcass  and 
viscera  of  the  trout  was  found  to  follow  second 
order  kinetics,  while  elimination  from  the  blood 
and  bile  followed  first  order  kinetics.  The  evalua- 
tion of  (C14)DSS  metabolism  was  conducted  using 
the  HPLC  analysis  of  biliary  metabolites  following 
an  intraperitoneal  injection.  Two  major  peaks  were 
found  containing  C14  that  were  not  associated 
with  the  parent  DSS  peak.  (Author's  abstract) 
W9 1-08045 
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BIODEGRADATION  AND  ANTICHOLINES- 
TERASE ACTIVITY  OF  METHYL  ISOCYAN- 
ATE  IN  THE  AQUATIC  ENVIRONMENT  OF 
BHOPAL. 

National    Inst,   of  Oceanography,   Panaji   (India). 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-08052 


EFFECT  OF  CARBON  DIOXIDE  EQUILIBRI- 
UM ON  PH  IN  DILUTE  LAKES. 

Cornell  Univ.,  Ithaca,  NY.   School  of  Civil  and 

Environmental  Engineering. 

For  primary  bibliographic  entry  see  Field  2H. 

W91-08053 


FATE  AND  TRANSPORT  OF  THE  EXXON 
VALDEZ  OIL  SPILL. 

National  Oceanic  and  Atmospheric  Administra- 
tion, Seattle,  WA. 

J.  A.  Gait,  W.  J.  Lehr,  and  D.  L.  Payton. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  25,  No.  2,  p  202-209,  February 
1991.  6  fig,  9  ref. 

Descriptors:  'Alaska,  'Exxon  Valdez,  'Fate  of 
pollutants,  'Oil,  'Oil  pollution,  'Oil  spills,  'Path  of 
pollutants,  Crude  oil,  Disasters,  Dispersion,  Distri- 
bution patterns,  Estuarine  environment,  Oil  tank- 
ers, Oil-water  interfaces,  Oily  water,  Prince  Wil- 
liam Sound. 

In  the  early  hours  of  March  24,  1989,  the  tanker 
Exxon  Valdez  ran  aground  on  Bligh  Reef  in  Prince 
William  Sound,  Alaska,  releasing  a  quarter  million 
barrels  of  North  Slope  crude  oil  into  the  surround- 
ing waters.  The  major  physical  processes  of  the 
dispersion  were  gravity  and  surface  tension  as  well 
as  evaporation  of  the  lighter  hydrocarbons  by  sur- 
face transfer.  On  the  third  day  of  the  spill,  the 
region  experienced  a  major  wind  storm  which  had 
a  profound  effect  on  the  spill  and  dramatically 
changed  its  appearance,  character  and  distribution. 
The  first  effect  was  to  rupture  the  more  or  less 
contiguous  slick  into  bands  and  streaks  over  a  large 
area.  The  second  effect  was  to  enhance  evapora- 
tion. The  third  major  effect  of  the  storm  was  to 
mix  the  oil  with  water  to  form  an  emulsion 
(mousse)  which  greatly  increased  the  volume  of 
material  likely  to  stick  on  beaches.  Reports  on  the 
movement  of  the  slick  from  trained  observers  and 
and  remote  sensing  devices  were  compared  with 
computer  models  of  wind  and  current  conditions 
to  construct  a  model  of  the  history  and  coverage 
of  the  spill.  By  mid  April,  only  widely  scattered 
patches  of  mousse  were  observed,  with  the  excep- 
tion of  a  convergence  zone  that  was  formed  by 
currents  south  of  Cape  Douglas.  Here  scattered 
patches  and  mousse  and  tar  balls  coalesced  and 
seemed  to  reconstitute  the  spill  in  an  area  where 
many  birds  sleep  on  the  water  during  the  night. 
This  resulted  in  a  large  numbers  of  oiled  birds 
along  the  Katmai  coast.  An  estimated  35%  of  the 
oil  evaporated  or  dispersed  into  the  water  column, 
40%  affected  the  shorelines  of  islands  inside  of 
Prince  William  Sound.  Perhaps  25%  of  the  spill 
left  the  Sound  as  floating  oil.  (Doyle-PTT) 
W9 1-08097 


KINETICS  OF  BACTERIAL  DEGRADATION 
OF  BENZYLAMINE  IN  A  MONTMORILLON- 
ITE  SUSPENSION. 

Cornell  Univ.,  Ithaca,  NY.  Inst,  for  Comparative 
and  Environmental  Toxicology. 
M.  E.  Miller,  and  M.  Alexander. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  25,  No.  2,  p  240-245,  February 
1991,  3  fig,  1  tab,  26  ref. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
'Model  studies,  'Model  testing,  Adsorption,  Aro- 
matic hydrocarbons,  Clay  minerals,  Isotherms,  Ki- 
netics, Mineralization,  Montmorillonite,  Organic 
pollutants,  Soil  contamination. 

Reductions  in  the  rate  and  extent  of  biodegradation 
have  been  attributed  to  sorption  of  organic  com- 
pounds by  constituents  of  soil  and  sediment  which 
may  reduce  the  availability  of  organic  molecules  to 
microorganisms.    Information   on   the   kinetics   of 
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biodegradation  is  important  in  predicting  the 
changes  in  concentration  with  respect  to  time  and 
understanding  how  microorganisms  transform  or- 
ganic compounds  that  are  sorbed.  A  model  to 
predict  the  biodegradation  of  sorbed  organic 
chemicals  by  bacterial  isolates  was  developed  and 
tested  on  benzylamine  sorbed  in  montmorillonite 
suspensions.  The  model  requires  inputs  in  the  form 
of  parameters  provided  by  separate  measurements 
of  the  adsorption  isotherms  under  aseptic  condi- 
tions and  the  rate  of  biodegradation  in  the  absence 
of  sorbent.  Benzylamine  mineralization  was  slower 
in  the  presence  of  montmorillonite,  an  expanding 
lattice  clay  with  a  great  capacity  for  reversible 
binding  of  cations  to  its  negatively  charged  magne- 
sium-aluminosilicate  sheets.  Clay  suspensions  were 
thoroughly  dispersed  to  provide  the  maximum 
number  of  exposed  clay  surfaces  which  adsorbed  a 
considerable  percentage  of  the  benzylamine  added. 
Experimental  curves  for  the  bacterial  mineraliza- 
tion of  benzylamine  in  well-dispersed  suspensions 
were  reproduced  by  the  model  with  standard  devi- 
ations of  usually  less  than  4  percent.  (Doyle-PTT) 
W9 1-08098 


COMPLETE  ANALYSIS  OF  TECHNICAL 
CHLORDANE  USING  NEGATIVE  IONIZA- 
TION MASS  SPECTROMETRY. 

Indiana  Univ.,  Bloomington.  School  of  Public  and 
Environmental  Affairs. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08099 


MECHANISMS  OF  INORGANIC  PARTICLE 
FORMATION  DURING  SUSPENSION  HEAT- 
ING OF  SIMULATED  AQUEOUS  WASTES. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 

Chemical  Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W91-08100 


DESORPTIVE  BEHAVIOR  OF  TRICHLOR- 
OETHYLENE  IN  CONTAMINATED  SOIL. 

Clarkson  Univ.,  Potsdam,  NY.  Dept.  of  Civil  and 
Environmental  Engineering. 
S.  G.  Pavlostathis,  and  K.  Jaglal. 
Environmental  Science  and  Technology 
ESTHAG,  Vol.  25,  No.  2,  p  274-279,  February 
1991.  7  fig,  2  tab,  29  ref.  New  York  State  Center 
for  Hazardous  Waste  Management  (contract  150- 
W008A-R31346). 

Descriptors:  *Path  of  pollutants,  'Trichloroethy- 
lene,  *Soil  contamination,  'Adsorption,  Chlorinat- 
ed hydrocarbons,  Fate  of  pollutants,  Kinetics. 

A  two-phase  pattern  of  desorption  of  organic 
chemicals  from  soils  has  been  revealed  by  kinetic 
studies.  An  initial  fast  phase  (in  hours)  followed  by 
a  slower  phase  (in  days)  has  been  observed.  This 
biphasic  desorption  pattern  is  more  pronounced  in 
soils  that  were  contaminated  for  longer  time  peri- 
ods. An  investigation  of  the  desorptive  behavior  of 
trichloroethylene  (TCE)  in  long-contaminated  soil 
(silty  clay)  was  conducted.  Batch  desorption  of 
TCE  reached  steady  state  within  24  h.  The  tempo- 
ral dependence  of  TCE  desorption  was  reinforced 
in  reequilibration  studies,  where  a  persistent  frac- 
tion of  TCE  desorbed  very  slowly.  The  effect  of 
pH  was  negligible  and  TCE  desorption  decreased 
with  increases  in  ionic  strength  beyond  0.1M. 
Batch  adsorption  of  TCE  reached  an  apparent 
steady  state  in  3  days.  The  soil  adsorption  partition 
coefficient  for  TCE  was  estimated  as  11.7  mL/g. 
Adsorption  and  desorption  were  not  reversible 
over  short  equilibration  times  (on  the  order  of 
days).  With  a  short  column,  continuous  TCE  de- 
sorption showed  an  initial  fast  rate  and  a  subse- 
quent slower  rate,  revealing  the  high  persistence  of 
ppb  levels  of  TCE  in  long-contaminated  soil.  An 
important  implication  of  the  slow  release  of  TCE 
from  long  contaminated  soils  is  its  underestimation 
when  aqueous  soil  suspensions  are  analyzed  by  the 
purge-and-trap  method  without  any  prior  extrac- 
tion. On  the  other  hand,  under  natural  field  condi- 
tions low-permeability  soils  will  effectively  retain 
TCE,  thus  restricting  its  transport.  (Doyle-PTT) 
W91-08101 


BROWN  SNOW:  A  LONG-RANGE  TRANS- 
PORT EVENT  IN  THE  CANADIAN  ARCTIC. 

Department  of  Fisheries  and   Oceans,   Winnipeg 

(Manitoba).  Freshwater  Inst. 

H.  E.  Welch,  D.  C.  Muir,  B.  N.  Billeck,  W.  L. 

Lockhart,  and  G.  J.  Brunskill. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  25,  No.  2,  p  280-286,  February 

1991.  4  fig,  4  tab,  37  ref. 

Descriptors:  *Air  circulation,  *Air  pollution, 
•Arctic  regions,  *Path  of  pollutants,  'Sediment 
transport,  *Snow,  'Snow  sampling,  Canada,  DDT, 
Insecticides,  Organic  compounds,  Pollutant  identi- 
fication, Polychlorinated  biphenyls,  Polycyclic  ar- 
omatic hydrocarbons,  Sediment  contamination. 

The  occurrence  of  a  long-range  transport  event 
that  deposited  thousands  of  tons  of  fine  particulates 
on  the  District  of  Keewatin,  central  Canadian 
Arctic,  is  documented.  Air  mass  trajectories,  clay 
mineral  composition,  soot  particles,  and  visible  or- 
ganics  point  to  Asian  sources  for  the  'brown  snow' 
material,  probably  western  China.  Semivolatile  or- 
ganic pollutants,  detected  in  the  brown  snow  in- 
cluded polycyclic  aromatic  hydrocarbons,  (PAH), 
polychlorinated  biphenyl  (PCB)  congeners,  and 
DDT-related  compounds,  polychlorinated  cam- 
phenes  (PCCs),  as  well  as  the  herbicide  trifluralin 
and  insecticides  methoxychlor,  endosulfan,  and 
hexachlorocyclohexane  (HCH)>  Total  PAH, 
PCB,  and  PCC  concentrations  were  within  the 
range  reported  in  other  studies  of  Arctic  snow  but 
total  DDT  levels  were  2-10  times  higher  than 
previous  reports.  High  molecular  weight  PAH 
may  have  been  associated  with  soot  particles  in  the 
brown  snow,  but  evidence  for  Asian  sources  of  the 
pesticides  was  not  as  strong  because  of  unknown 
source  signal  strengths  and  possible  atmospheric 
transformations  of  the  compounds.  Fluxes  of  these 
pollutants  were  also  determined  by  analyzing  sedi- 
ment cores  from  two  small  headwater  lakes  near 
the  sampling  site.  The  quantities  of  pollutants  de- 
posited in  this  single  event  may  have  comprised  a 
significant  fraction  (>  10%)  of  total  annual  input  of 
total  PAH  and  total  DDT,  as  determined  from 
lake  sedimentation  records.  (Author's  abstract) 
W9 1-08 102 


BIOSORPTION  OF  INORGANIC  TIN  AND 
METHYLTIN  COMPOUNDS  BY  ESTUARINE 
MACROALGAE. 

New  Hampshire  Univ.,  Durham.  Dept.  of  Chemis- 
try. 

P.  J.  Wright,  and  J.  H.  Weber. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  25,  No.  2,  p  287-294,  February 
1991,  7  fig,  2  tab,  37  ref.  National  Science  Founda- 
tion Grant  CES  86-12972. 

Descriptors:  'Algae,  *Bioaccumulation,  'Heavy 
metals,  'Organotin  compounds,  *Path  of  pollut- 
ants, 'Plant  physiology,  'Tin,  Enteromorpha, 
Fucus,  Kinetics,  Sorption. 

Biosorption  kinetics  of  total  recoverable  inorganic 
tin  (TRISn),  MeSn  (+  +  +)  Me2Sn  ((++),  and 
Me3Sn  (  +  )  compounds  onto  tissue  from  the  ma- 
croalga  Fucus  vesiculosus  and  onto  a  mixed  com- 
munity of  Enteromorpha  spp.  (a  filamentous  alga) 
showed  that  after  48-h  accumulation  of  tin  com- 
pounds, TRISn  accumulation  is  approximately 
equal  to  MeSn  (+  +  +)  and  is  greater  than  Me2Sn 
(+  +)  which  is  greater  than  Me3Sn  (  +  ).  Uptake  of 
tin  compounds  onto  F.  vesiculosus  consisted  of 
three  phases:  rapid  phase  I,  intermediate  phase  II 
(modeled  by  first-order  kinetics),  and  slow  phase 
III  (modeled  by  zero-order  kinetics).  Uptake  of  tin 
compounds  by  Enteromorpha  spp.  occurred  in 
rapid  phase  I  and  intermediate,  saturating  phase  II, 
which  was  complete  in  3  h  for  TRISn  and  MeSn 
(+  +  +).  After  24  h,  TRISn  and  MeSn  (+  -I-  +)  in 
dark-incubated  F.  vesiculosus  were  significantly 
less  than  in  light  incubated  plants,  suggesting 
active  uptake  processes  during  phase  III.  Entero- 
morpha spp.  incubated  in  the  dark  for  1  h  con- 
tained significantly  less  TRISn  and  MeSn  (+  +  +), 
but  not  less  Me2Sn  (++)  and  Me3Sn  (  +  ),  than 
light  incubated  plants.  Interactions  with  different 
compartments  of  algal  thallus  account  for  differ- 
ences in  amounts  of  biosorbed  tin  compounds.  Ini- 
tial phase  I  biosorption  by  both  algae  was  probably 


adsorption  onto  the  thallus  surface.  Phase  II  bio- 
sorption of  TRISn  and  MeSn  (+  +  +) by  Entero- 
morpha spp.  involved  an  active  process,  which 
was  probably  into  the  cell  protoplasm.  In  contrast, 
accumulation  of  tin  compounds  by  F.  vesiculosus 
during  phase  II  was  probably  by  cell  wall  matrix 
polysaccharides.  Phase  III  accumulation  of  TRISn 
and  MeSn  (+  +  +)  by  F.  vesiculosus  was  also  by 
an  active  process.  (Author's  abstract) 
W9 1-08 103 


ISOTOPIC  DISTRIBUTION  OF  CARBON 
FROM  SEWAGE  SLUDGE  AND  EUTROPH- 
ICATION  IN  THE  SEDIMENTS  AND  FOOD 
WEB  OF  ESTUARINE  ECOSYSTEMS. 

Rhode     Island     Univ.,     Narragansett.     Graduate 

School  of  Oceanography. 

P.  J.  Gearing,  J.  N.  Gearing,  J.  T.  Maughan,  and 

C.  A.  Oviatt. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  25,  No.  2,  p  295-301,  February 

1991,  3  fig,  2  tab,  34  ref.  National  Oceanic  and 

Atmospheric  Administration  Grant  NA-83-ABD- 

00008. 

Descriptors:  'Distribution  patterns,  'Estuarine  en- 
vironment, 'Eutrophication,  'Food  chains,  *Iso- 
topic  tracers,  'Organic  carbon,  'Path  of  pollutants, 
Carbon  radioisotopes,  Sediments,  Sludge,  Sludge 
disposal. 

Although  studies  show  sewage  sludge  to  be  a 
relatively  poor  energy  source,  it  has  often  been 
hypothesized  that  opportunistic  marine  organisms 
use  sludge  as  a  food  supplement  in  disposal  areas. 
However,  quantitative  data  to  support  this  hypoth- 
esis are  lacking.  Stable  isotope  ratios  (sigma  C-13) 
from  samples  of  water,  sediments,  and  biota  traced 
the  behavior  of  organic  carbon  for  3  summer 
months  in  estuarine  mesocosms  (three  controls, 
three  with  added  sewage  sludge,  three  with  added 
inorganic  nutrients).  Isotope  ratios  proved  to  be  a 
useful  quantitative  tracer  for  sewage  carbon  as 
well  as  for  the  fresh  phytoplanktonic  carbon  pro- 
duced during  nutrient  fertilization.  Sewage  sludge 
sedimented  within  hours  of  its  addition,  and  ap- 
proximately 50%  remained  in  sediments  after  99 
days.  The  sludge  was  not  inert,  but  was  biological- 
ly oxidized  at  rates  similar  to  those  of  phytoplank- 
ton  carbon.  Its  residence  time  in  the  water  column 
was  too  short  for  uptake  by  zooplankton,  but  it 
was  readily  assimilated  by  some  benthic  organisms. 
Fresh  phytoplanktonic  carbon  from  nutrient-in- 
duced blooms  was  isotopically  heavy  and  thus 
distinguishable  from  old  primary  production  (fixed 
before  the  experiment).  It  flowed  through  the  pe- 
lagic and  benthic  food  webs  more  extensively  and 
more  uniformly  than  did  sludge  carbon.  Carbon 
isotopes  proved  to  be  quite  useful  for  tracing  eu- 
trophication, since  even  under  non-ideal  conditions 
carbon  isotope  ratios  were  able  to  trace  sludge 
carbon  with  greater  than  90%  statistical  signifi- 
cance. (Doyle-PTT) 
W91-08104 


RARE  EARTH  ELEMENTS  IN  SEDIMENTS 
OFF  SOUTHERN  CALIFORNIA:  A  NEW  AN- 
THROPOGENIC INDICATOR. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Nuclear 

Reactor  Lab. 

I.  Olmez,  E.  R.  Sholkovitz,  D.  Hermann,  and  R.  P. 

Eganhouse. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  25,  No.  2,  p  310-316,  February 

1991.   5   fig,   5   tab,   31    ref.   U.S.   Department   of 

Energy  Grant  DE-FG-2-80ER 10770. 

Descriptors:  'California,  'Chemical  tracers,  'Pol- 
lutant identification,  'Rare  earth  elements,  'Sedi- 
ment contamination,  'Water  pollution  sources, 
Catalysts,  Continental  shelf,  Cores,  Marine  sedi- 
ments, Oil  refineries. 

The  rare  earth  elements  (REE)  composition  of 
sediment  cores  from  the  San  Pedro  Shelf  (60  m) 
and  the  Santa  Barbara  Basin  (588  m)  off  the  Cali- 
fornia coast  are  contrasted.  The  Santa  Barbara 
Basin  core  has  relatively  uniform  REE  concentra- 
tions throughout  its  60-cm  length  and  a  REE  com- 
position similar  to  the  crustal  abundance.  In  con- 
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trast,  the  upper  20  cm  of  the  36-cm  San  Pedro 
Shelf  core  collected  in  1981  is  enriched  in  the  light 
REE  (La,  Ce,  Nd,  Sm)  but  not  the  middle  REE 
(Eu)  or  the  heavy  REE  (Yb,  Lu).  These  upper 
sediments  and  two  effluent  particulate  samples  ob- 
tained in  1979  have  REE  signatures  markedly  dif- 
ferent from  crustal  material.  This  is  a  result  of 
anthropogenic  inputs  beginning  in  the  early  1960s 
from  the  Joint  Water  Pollution  Control  Plant 
wastewater  outfall  6  km  up-current  from  the  San 
Pedro  Shelf  core.  The  sources  of  the  light  REE 
enrichment  are  petroleum-cracking  catalysts  and 
their  products;  these  include  bottom  ash,  fly  ash, 
and  wastewater  from  oil-fired  power  plants  and  oil 
refineries.  Cracking  catalysts,  which  are  produced 
primarily  from  two  REE  materials,  bastnasite  and 
monazite,  are  strongly  enriched  in  light  REE. 
With  their  unique  signature  and  source,  the  REE 
may  be  a  new  tracer  for  anthropogenic  inputs  in 
coastal  environments.  (Author's  abstract) 
W91-08105 


TRANSPORT  OF  DISSOLVED  ORGANIC  MA- 
CROMOLECULES  AND  THEIR  EFFECT  ON 
THE  TRANSPORT  OF  PHENANTHRENE  IN 
POROUS  MEDIA. 

Cornell  Univ.,  Ithaca,  NY. 
B.  R.  Magee,  L.  W.  Lion,  and  A.  T.  Lemley. 
Environmental        Science        and        Technology 
ESTHAG,  Vol.  25,  No.  2,  p  323-331,  February 
1991.  9  fig,  3  tab,  42  ref,  append. 

Descriptors:  *Groundwater  pollution,  *Path  of 
pollutants,  *Phenanthrene,  *Polycyclic  aromatic 
hydrocarbons,  Dispersion,  Dissolved  organic 
matter,  Distribution  patterns,  Model  studies,  Or- 
ganic pollutants,  Soil  contamination. 

Since  hydrophobic  contaminants  tend  to  sorb 
strongly  to  porous  media,  the  risk  to  water  users 
distant  from  the  contaminant  source  is  assumed  to 
be  low.  However,  dissolved  macromolecules  dis- 
persed in  the  groundwater  may  sorb  these  pollut- 
ants allowing  them  to  be  transported  with  these 
mobil  carriers.  The  phenomenon  of  facilitated 
transport  may  explain  the  failure  of  some  environ- 
mental fate  models  to  accurately  predict  contami- 
nant migration  based  on  calculations  of  sorptive 
partitioning.  The  retardation  factor  (R)  of  phenan- 
threne  in  a  sand  column  was  reduced  by  an  aver- 
age factor  of  1.8  in  the  presence  of  dissolved 
organic  matter  (DOM)  derived  from  soil,  suggest- 
ing that  a  phenanthrene-DOM  complex  enhanced 
the  transport  of  phenanthrene.  Distribution  coeffi- 
cients were  determined  in  batch  and  column  stud- 
ies for  combinations  of  phenanthrene  and  DOM 
with  sand.  The  retardation  factor  in  the  advective- 
dispersive  transport  equation  was  modified  to  re- 
flect the  presence  of  a  carrier  by  incorporating 
both  the  retardation  and  pore  exclusion  of  the 
carrier  itself.  The  best  prediction  of  phenanthrene 
transport  in  the  presence  of  DOM  was  provided  by 
modeling  the  retardation  by  using  two  distribution 
coefficients  derived  from  column  experiments  of 
DOM  alone  and  phenanthrene  alone,  along  with 
the  distribution  coefficient  for  phenanthrene  bind- 
ing to  DOM.  Sensitivity  analyses  indicated  that  the 
critical  model  parameters  are  the  distribution  coef- 
ficients for  the  hydrophobic  pollutant  binding  to 
the  stationary  phase  and  binding  to  the  carrier,  as 
well  as  the  carrier  concentration.  (Doyle-PTT) 
W91-08106 


METEOROLOGICAL  CONDITIONS  THAT 
KEPT  LONG  ISLAND  AND  NEW  JERSEY 
BEACHES  FREE  OF  FLOATABLES  DURING 
THE  SUMMER  OF  1989. 

State  Univ.  of  New  York  at  Stony  Brook. 
R.  L.  Swanson,  and  A.  Valle-Levinson. 
Journal  of  Environmental  Systems  JEVSBH,  Vol. 
20,  No.  1,  p  53-69,  1990/1.  11  fig,  4  ref. 

Descriptors:  *Detritus,  'Flotsam,  'Long  Island 
Sound,  *New  Jersey,  *New  York  Bight,  Climate 
changes,  Coastal  waters,  Estuaries,  Excess  rainfall, 
Temperature  effects,  Wind  velocity. 

During  the  summer  of  1989,  the  coasts  of  Long 
Island  and  New  Jersey  were  relatively  free  of 
floatable  debris  washing  ashore  on  their  beaches  as 
compared  to  the  previous  two  summers.  The  ex- 


tensive rainfall  recorded  in  this  period  (twice  as 
much  as  the  normal  amount)  must  have  contribut- 
ed floatable  wastes  to  the  New  York  Bight;  how- 
ever, the  wind  characteristics  (speed,  direction, 
constancy,  and  energy)  were  such  that  they  distrib- 
uted the  floatables  offshore  and  away  from  the 
coasts  of  Long  Island  and  New  Jersey.  When 
compared  to  the  climatology  of  the  summers  of 
1987  and  1988,  it  is  found  that  the  summer  of  1989 
was  unusual  in  relation  to  its  high  precipitation 
(567  mm),  its  low  wind  constancy  (19-21%),  and  its 
lower  air  mean  temperatures  (  1  C  lower  than 
normal).  These  conditions  are  not  those  generally 
associated  with  major  floatable  problems.  Conse- 
quently, the  floatable  collection  program  imple- 
mented in  the  New  York/New  Jersey  Harbor  Es- 
tuary did  not  get  a  rigorous  test  with  regard  to 
keeping  area  beaches  open.  (Author's  abstract) 
W91-08112 


MERCURY  CONCENTRATION  IN  FISH 
FROM  SMITH  MOUNTAIN  LAKE. 

Ferrum  Coll.,  VA.  Life  Science  Div. 

A.  P.  Corkum,  and  D.  M.  Johnson. 

Virginia  Journal  of  Science  VJSCAI,  Vol.  41,  No. 

4B,  p  473-477,  Winter   1990.   3  fig,   1   tab,  7  ref. 

Descriptors:  *Bioaccumulation,  *Fish,  *Heavy 
metals,  "Mercury,  *Path  of  pollutants,  *Virginia, 
Atomic  absorption  spectroscopy,  Bass,  Catfish, 
Fish  pathology,  Histology,  Smith  Mountain  Lake. 

Mercury  is  a  naturally  occurring  element  that  is 
widely  but  unevenly  distributed  throughout  the 
environment,  and  low  concentrations  are  present 
in  unpolluted  waters.  Because  mercury  is  a  cumu- 
lative poison,  its  concentration  in  fish  tissues  is 
indicative  of  mercury  levels  in  the  water.  Mercury 
levels  were  determined  in  fish  taken  from  Smith 
Mountain  Lake,  a  20,000  acre  pump-storage  reser- 
voir in  southwestern  Virginia.  Striped  bass,  large- 
mouth  bass,  and  channel  catfish  were  collected 
during  1987  and  1988  by  personnel  from  Ferrum 
College  and  the  Virginia  Commission  of  Game  and 
Inland  Fisheries.  A  total  of  51  fish  were  analyzed 
for  mercury  at  Ferrum  College.  Tissue  samples 
were  digested  with  nitric  acid  and  hydrogen  per- 
oxide to  convert  various  forms  of  mercury  to  the 
divalent  cation.  Mercury  was  determined  by 
atomic  absorption  spectroscopy  using  the  cold 
vapor  technique.  The  overall  mean  mercury  con- 
centration was  50  ppb,  five  percent  of  the  FDA 
standard  of  1  ppm  (1000  ppb).  When  grouped  by 
species,  the  bass  had  significantly  higher  tissue 
concentrations  of  mercury  than  the  catfish.  Mean 
concentrations  were  58  ppb  and  29  ppb,  respective- 
ly. At  these  levels,  consumption  of  fish  from  Smith 
Mountain  Lake  is  not  a  concern  with  respect  to 
dietary  intake  of  mercury.  The  fish  were  also 
sorted  by  weight  and  a  significant  correlation  be- 
tween weight  and  tissue  concentration  of  mercury 
was  observed  in  both  species  of  bass  but  not  for 
catfish.  This  was  expected  because  bass,  as  preda- 
tors, are  higher  on  the  food  chain  than  catfish 
which  are  primarily  scavengers.  (Doyle-PTT) 
W91-08113 


MOBILIZATION  OF  HEAVY  METALS  FROM 
RIVER  SEDIMENTS  OF  NORTHERN  GREECE 
BY  COMPLEXING  AGENTS. 

Thessaloniki  Univ.,  Salonika  (Greece).  Lab.  of  An- 
alytical Chemistry. 
V.  Samanidou,  and  K.  Fytianos. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.   3/4,  p  217-225,    1990,  6  fig,   3  tab,   20  ref. 

Descriptors:  'Chelating  agents,  *Complexing 
agents,  'Greece,  *Heavy  metals,  "Path  of  pollut- 
ants, *River  sediments,  *Sediment-water  inter- 
faces, "Trace  elements,  Cadmium,  Chromium, 
Copper,  Detergents,  Distribution  patterns,  EDTA, 
Lead,  Manganese,  Nitrilotriacetate,  Sediment  con- 
tamination, Water  pollution  sources. 

The  growing  use  of  synthetic  complexing  agents  in 
detergents  in  order  to  replace  polyphosphates  po- 
tentially results  in  mobilization  of  heavy  metals 
from  aquatic  sediments.  The  influence  of  synthetic 
complexing  agents;  NTA,  EDTA,  STPP,  Triton 
XI 00,  and  inorganic  complexing  agents,  P04(— ) 
and  N03  (-),  on  the  mobilization  of  Pb,  Cd,  Cu, 


Cr,  and  Mn  from  sediments  of  the  Axios  and 
Aliakmon  rivers  located  in  Northern  Greece  was 
studied.  The  release  caused  by  all  examined  com- 
plexing agents  was  higher  in  deionized  water  than 
in  either  Axios  or  Aliakmon  river  water  due  to  the 
lack  of  competition  of  Ca  and  Mg  cations  with  the 
heavy  metals  for  the  studied  complexing  agents, 
and  the  decrease  of  ionic  strength.  From  all  exam- 
ined agents  NTA  and  EDTA  showed  the  greater 
mobilization  ability.  Copper  showed  the  greatest 
tendency  for  remobilization  by  all  examined 
agents,  according  to  the  order:  EDTA  and  NTA 
are  greater  than  Triton  X100,  and  P04(— )  which 
are  greater  than  N03(-)  and  STPP.  Cr  and  Mn  had 
the  smallest  tendency  following  the  orders  for  Cr: 
NTA  and  P04(— )  are  much  greater  than  N03(-), 
Triton  xlOO,  EDTA,  and  STPP,  while  for  Mn  the 
order  was;  STPP  is  greater  than  EDTA  which  is 
greater  than  NTA  which  is  greater  than  Triton 
XlOO,  P04(— )  and  N03(-).  An  increase  in  mobili- 
zation was  also  noticed  with  an  increase  of  agent 
concentration  and  time  of  shaking.  (Doyle-PTT) 
W91-08114 


CONTRIBUTION  OF  SULFATE  TO  RAINFALL 
PH  AROUND  KILAUEA  VOLCANO,  HAWAII. 

Hawaii  Univ.  at  Manoa,  Honolulu.  Dept.  of  Envi- 
ronmental Health  Sciences. 

B.  Z.  Siegal,  M.  Nachbar-Hapai,  and  S.  M.  Siegal. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.   3/4,  p  227-235,   1990.    1   fig,  6  tab,   17  ref. 

Descriptors:  *Acid  rain,  "Hawaii,  "Sulfates, 
"Sulfur  dioxide,  "Volcanoes,  Air  pollution  sources, 
Distribution  patterns,  Hydrogen  ion  concentration, 
Kilauea. 

Between  December  1986  and  June  1987,  the  mean 
pH  of  rainfall  downwind  of  the  Kilauea  main  vent 
was  found  to  be  4.5  (range  4.0  to  5.6),  1.2  units 
higher  than  the  year  before  (1985-86),  although 
84%  of  the  12  sequential  samples  fell  below  pH 
5.0.  The  S04  content,  however,  was  34%  higher, 
averaging  18.5  mg/L.  Upwind,  in  open  forest  the 
mean  pH  4.7  was  little  changed  from  that  meas- 
ured before.  Mean  S04,  however,  has  fallen  to  a 
low  of  2.5  mg/L,  but,  more  significantly,  in  9  out 
of  12  sequential  samples  S04  was  not  detectable  at 
all  (i.e.  <  0.5  mg/L).  The  concentrations  contrib- 
uted by  deposited  S02,  if  assumed  to  be  100% 
H2S04,  by  calculation,  cannot  account  for  a  pH 
lower  than  5.3,  yet  58%  of  these  samples  fell  below 
pH  5.0,  the  lowest  being  4.0.  Disparities  between 
pH  measured  and  calculated  on  the  basis  of  S04 
content  indicated  that  other  acid  species  were 
present  in  the  precipitation.  Hydrogen  peroxide 
was  added  to  rain  samples  to  oxidize  deposited 
S02  and  this  greatly  increased  S04  content  and 
lowered  pH  in  downwind  samples,  but  failed  in 
most  cases  to  alter  either  parameter  in  the  upwind 
collections.  These  observations,  together  with  the 
elimination  of  HC1  and  N03  by  others,  suggested 
that  S02  contributes  significantly  to  acidity  down- 
wind, but  that  in  upwind  samples  a  source  of  H(  +  ) 
other  than  mineral  acids,  presumably  organic  com- 
pounds such  as  formic  acid,  must  be  of  major 
importance.  A  signature  compound  and  the  specif- 
ic nature  of  acidic  components  in  Hawaiian  pre- 
cipitation, over  remote  forested  areas,  remains  to 
be  determined.  (Doyle-PTT) 
W91-08115 


DISTRIBUTION  OF  NITROGEN  SPECIES  IN 
POLLUTED  ONONDAGA  LAKE,  N.Y.,  U.S.A. 

Upstate  Freshwater  Inst.,  Inc.,  Syracuse,  NY. 
C.  M.  Brooks,  and  S.  W.  Effler. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.   3/4,  p  247-262,   1990.  4  fig,   3  tab,   38  ref. 

Descriptors:  "Distribution  patterns,  "Eutrophic 
lakes,  "Lakes,  "Limnology,  "New  York,  "Nitrogen 
cycle,  "Path  of  pollutants,  Algae  blooms,  Ammo- 
nia, Anoxic  conditions,  Lake  Onomdaga,  Lake 
stratification,  Nitrates,  Nitrites,  Nitrogen  com- 
pounds, Seasonal  variation,  Water  pollution  ef- 
fects. 

Various  forms  of  nitrogen  have  important  water 
quality  implications  for  lakes.  Some  are  important 
plant  nutrients,  others  are  significant  sinks  for  dis- 
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solved  oxygen,  and  still  others  are  toxic  to  fish  in 
rather  low  concentrations.  The  seasonality  of  tem- 
poral and  vertical  distributions  of  four  N  species, 
N03  (-),  N02  (-),  total  ammonia  (T-NH3),  and  free 
ammonia  (NH3),  is  documented  for  the  spring  to 
fall  interval  of  a  single  year  in  Onondaga  Lake,  an 
urban,  polluted,  hypereutrophic,  dimictic,  lake  that 
receives  a  very  high  load  of  T-NH3  from  an  ad- 
joining metropolitan  sewage  treatment  plant.  Con- 
centrations of  all  measured  forms  were  uniform 
with  depth  during  the  spring  and  fall  turnovers, 
however,  pronounced  variations  were  observed 
during  the  period  of  stratification.  Nitrate  and 
N02  (-)  were  lost  rapidly  from  the  hypolimnion, 
and  T-NH3  accumulated  to  high  concentrations 
(maximum  >  10  mg/L),  after  the  onset  of  anoxia 
in  early  June,  consistent  with  the  lake's  high  level 
of  productivity.  The  concentrations  T-NH3,  NH3 
and  N03  (-)  that  were  maintained  in  the  epilimnion 
(average  concentrations  at  a  depth  of  1  m  of  2.81, 
0.16,  and  0.91  mg  N/L  respectively),  were  high  in 
comparison  to  levels  reported  in  the  literature. 
These  elevated  concentrations  are  largely  a  result 
of  the  extremely  high  loads  of  T-NH3,  and  its 
precursors,  received  by  the  lake.  Water  quality 
problems  in  the  lake  related  to  the  prevailing  high 
concentrations  of  N  species  include  potential  toxic- 
ity effects  and  severe  lake-wide  oxygen  depletion 
during  the  fall  turnover.  (Doyle-PTT) 
W91-08117 


FATES  OF  RADIOTRACERS  ADDED  TO  A 
WHOLE  LAKE:  ACCUMULATION  IN  FAT- 
HEAD MINNOW  (PIMEPHALES  PROMELAS) 
AND  LAKE  TROUT  (SALVELINUS  NAMAY- 
CUSH). 

Department  of  Fisheries  and  Oceans,  Winnipeg 
(Manitoba).  Freshwater  Inst. 
S.  E.  Harrison,  J.  F.  Klaverkamp,  and  R.  H. 
Hesslein. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.   3/4,  p  277-293,    1990.   5  fig,  2  tab,   32  ref. 

Descriptors:  'Bioaccumulation,  'Chemical  tracers, 
•Fathead  minnows,  *Fish,  "Heavy  metals,  *Lakes, 
•Ontario,  *Path  of  pollutants,  'Radiochemical 
analysis,  *  Radioisotopes,  'Trout,  Canada,  Distribu- 
tion patterns,  Eutrophic  lakes,  Histology,  Oligotro- 
phy lakes,  Tissue  analysis,  Trace  elements. 

Six  gamma-emitting  isotopes,  Se-75,  Hg-203,  Cs- 
134,  Fe-59,  Zn-65  and  Co-60,  were  introduced 
simultaneously  in  a  single  epilimnetic  addition  to 
an  oligotrophic  lake  on  the  Precambrian  Shield  of 
northwestern  Ontario,  Canada.  Accumulation  of 
each  isotope  was  monitored  on  fathead  minnow 
(Pimephales  promelas)  for  274  days.  Isotope  accu- 
mulation in  blood,  gill,  gut,  liver,  kidney,  spleen, 
gonad,  brain,  muscle  and  gut  contents  of  lake  trout 
(Salvelinus  namaycush)  was  monitored  for  352 
days.  Fish  accumulated  only  traces  of  Fe-59.  Iso- 
topes which  occurred  in  water  primarily  in  the 
charcoal-extracted  fraction  (Se-75  and  Zn-65)  were 
most  readily  accumulated  by  fish.  Fathead  minnow 
accumulated  higher  concentrations  of  all  isotopes 
than  lake  trout.  In  lake  trout,  the  highest  concen- 
trations of  isotopes  were  found  in  the  following 
tissues:  Se-75,  liver;  Hg-203  and  Co-60,  kidney;  Cs- 
134,  muscle;  Zn-65,  gut.  Food  seemed  to  be  the 
primary  source  of  all  isotopes  to  fish.  Ratios  of 
isotope  concentrations  in  fish  to  those  in  water 
were  higher  for  both  fathead  minnow  and  lake 
trout  than  ratios  reported  from  laboratory  studies 
using  aqueous  exposures.  Concentration  ratios  for 
Cs-134  in  both  fathead  minnow  and  lake  trout  from 
oligotrophic  Lake  224  were  over  an  order  of  mag- 
nitude greater  than  published  data  for  fish  from 
eutrophic  lakes.  (Author's  abstract) 
W91-08119 


WET  DEPOSITION  TRENDS  OF  MAJOR  IN- 
ORGANIC IONS  IN  FINLAND  BASED  ON 
DAILY  BULK  DEPOSITION  SAMPLES. 

Finnish  Meteorological  Inst.,  Helsinki.  Air  Quality 

Dept. 

T.  Laurila. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.  3/4,  p  295-324,  1990.  11  fig,  26  ref. 

Descriptors:  'Acid  rain,  'Atmospheric  chemistry, 
'Finland,  'Path  of  pollutants,  Ammonium,  Calci- 


um, Chemistry  of  precipitation,  Distribution  pat- 
terns, Europe,  Hydrogen  ion  concentration,  Mag- 
nesium, Nitrates,  Rainfall,  Sulfates. 

Trends  in  the  precipitation-weighted  average  con- 
centrations and  in  the  deposition  of  inorganic  ions 
in  daily  precipitation  samples  at  three  Finnish 
background  stations  were  calculated  for  a  period 
extending  from  the  seventies  to  1988.  During  the 
period  1973-1988,  S04(-)  concentrations  in  wet 
deposition  at  the  station  in  Central  Finland  de- 
creased by  39%  in  accordance  with  the  emission 
decrease  of  S02  in  Finland  of  50%  over  the  same 
period,  and  the  20%  decrease  in  Europe  from  1980 
to  1988.  However,  due  to  more  significant  de- 
creases in  alkaline  ions  (80%  for  Mg(++),  H(  +  ) 
concentrations  increased  by  30%.  At  the  two 
southernmost  stations,  overall  concentrations  are 
higher  and  the  decrease  of  Mg(+  +  )  and  Ca(+  +) 
is  less  important,  but  at  the  station  in  southeastern 
Finland  the  increase  of  N03  (-)  relative  to 
NH4(  +  )  has  doubled  H(  +  )  concentrations  during 
the  period  1977-1988.  Division  of  the  data  accord- 
ing to  wind  direction  sectors  showed  generally 
decreasing  concentrations  in  the  sectors  related  to 
Scandinavia,  but  unchanging  or  increasing  concen- 
trations in  the  sectors  related  to  eastern  Europe. 
Acid  deposition  trends  were  estimated  as  H(  +  ), 
S04(-)  -(Ca  +  Mg  (++)),  and  H(  +  )(  + )NH4(-f  )- 
N03(-).  All  these  trends  showed  increasing  acid 
deposition  in  central  Finland  and  decreasing  trends 
in  western  Finland.  In  eastern  Finland  the  trends 
were  opposing  due  to  the  increasing  N03  but 
decreasing  NH4+  trends.  It  is  concluded  that 
S04(-)  deposition  trends  do  not  reflect  acid  depo- 
sition trends,  and  S04(-)  or  N03(-)  deposition  do 
not  geographically  represent  acid  deposition.  (Au- 
thor's abstract) 
W9 1-08 120 


FATE  OF  C14-CARBARYL  IN  SOILS  AS  A 
FUNCTION  OF  PH. 

Bhabha  Atomic  Research  Centre,  Bombay  (India). 

Nuclear  Agriculture  Div. 

N.  B.  K.  Murthy,  and  K.  Raghu. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  3,  p  374-379, 

March  1991.  4  tab,  13  ref. 

Descriptors:  'Carbaryl,  'Fate  of  pollutants,  'Path 
of  pollutants,  'Pesticide  residues,  'Soil  contamina- 
tion, Carbamate  pesticides,  Carbon  radioisotopes, 
Clay  soils,  Degradation  products,  Hydrogen  ion 
concentration,  Loam,  Metabolites,  Naphthalenes, 
Sandy  soils,  Soil  environment,  Soil  properties, 
Thin  layer  chromatography. 

The  fate  of  the  broad-spectrum  insecticide  carbaryl 
was  studied  in  the  soil  environment  as  a  function  of 
pH  with  respect  to  the  formation  of  extractable 
and  non-extractable  (soil  bound)  residues.  Soil  sam- 
ples (sandy  clay,  sandy  loam,  and  clay)  containing 
10  ppm  C14-carbaryl  were  incubated  at  28  to  30  C 
for  periods  ranging  from  7  to  56  days.  The  extract- 
able  C14-residues  were  more  in  sandy  clay  and 
sandy  loam  than  in  clay  soil  both  under  moist  and 
flooded  conditions.  In  general,  flooding  had  no 
influence  on  the  extractable  C14-residues.  Thin- 
layer  chromatography  of  chloroform  extracts  re- 
vealed the  presence  of  carbaryl  and  its  metabolite, 
1-naphthol.  At  the  end  of  56  days,  the  %  carbaryl 
recovered  was  32.1,  6.4,  and  1.0  in  sandy  clay, 
sandy  loam  and  clay  soils,  respectively.  There  ap- 
peared to  be  a  correlation  between  soil  pH  and  soil 
bound  residues  formation  as  an  increase  in  soil  pH 
was  reflected  in  increased  bound  residues.  The 
humin  portion  of  soil  organic  matter  accounted  for 
most  of  the  C14-bound  residues.  Comparison  of 
C14-mass  balance  in  the  three  soils  showed  better 
recovery  in  clay  soil  than  in  the  other  two  soils. 
Low  recoveries  in  sandy  clay  and  sandy  loam  soils 
may  stem  from  possible  mineralization  of  carbaryl. 
An  increase  in  soil  pH  decreased  extractable  car- 
baryl residues  and  increase  soil  bound  residues. 
(VerNooy-PTT) 
W9 1-08 162 


CU  AND  ZN  UPTAKE  BY  HALIMIONE  POR- 
TULACOIDES  (L.)  AELLEN:  A  LONG  TERM 
ACCUMULATION  EXPERIMENT. 

Universidade  Nova  de  Lisboa  (Portugal). 


For  primary  bibliographic  entry  see  Field  5C. 
W9 1-08 163 


CHEMICAL  SPECIATION  AND  BIOAVAILA- 
BILITY OF  CU(II):  STUDY  OF  THE  IONIC 
COPPER(II)  AND  BIS(GLYCINATE)- 

COPPER(II)  ACCUMULATION  BY  LEMNA 
SPECIES. 

Ceskoslovenska  Akademie  Ved,  Ceske  Budejovice. 
Inst,  of  Landscape  Ecology. 
For  primary  bibliographic  entry  see  Field  5C. 
W9 1-08 166 


EFFECT  OF  STARVATION  ON  TRACE  METAL 
LEVELS  IN  BLUE  MUSSELS  (MYTILUS 
EDULIS). 

Department    of    Fisheries    and    Oceans,    Halifax 

(Nova  Scotia).   Physical  and  Chemical   Sciences 

Branch. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-08 167 


METHANE  FLUXES  IN  THE  SOUTHERN 
NORTH  SEA:  THE  ROLE  OF  EUROPEAN 
RIVERS. 

State  Univ.  of  New  York  at  Stony  Brook.  Marine 

Sciences  Research  Center. 

M.  I.  Scranton,  and  K.  McShane. 

Continental   Shelf  Research  CSHRDZ,  Vol.    11, 

No.  1,  p  37-52,  January  1991.  3  fig,  3  tab,  51  ref. 

ONR  Contract  N00014-88-K-0448. 

Descriptors:  'Air  pollution  sources,  'Marine  pollu- 
tion, 'Methane,  'North  Sea,  'Path  of  pollutants, 
•Pollution  load,  'Stream  pollution,  Aquatic  bacte- 
ria, Chemical  analysis,  Coastal  waters,  Gases, 
River  mouth,  Spatial  distribution. 

One  aspect  of  the  global  methane  cycle  which 
remains  poorly  understood  is  the  role  of  oceans 
and  rivers  as  sources  of  methane  to  the  atmos- 
phere. Methane  distributions  were  measured  in  the 
Southern  Bight  of  the  North  Sea  during  March 
1989  as  part  of  the  North  Sea  Program  of  the 
United  Kingdom  Natural  Environment  Research 
Council.  Methane  concentrations  in  the  open 
North  Sea  were  at  or  near  solubility  equilibrium 
with  the  atmosphere,  but  near  the  coast  of  the 
Netherlands,  in  the  plume  of  the  Rhine,  extremely 
high  methane  values  (as  high  as  120  times  satura- 
tion) were  observed.  Both  the  Rhine  and  Scheldt 
rivers,  and  possibly  coastal  sediments,  seemed  to  be 
significant  regional  sources  of  methane.  Methane 
oxidation  represented  a  relatively  small  sink  for 
methane  in  the  North  Sea  compared  to  gas  loss  to 
the  atmosphere.  This  was  due,  in  part,  to  the  fact 
that  methane  oxidizing  bacteria  within  the  river 
plume  appeared  to  be  oxidizing  the  gas  at  close  to 
their  maximal  rate,  although  offshore  bacteria  were 
able  to  increase  oxidation  rates  as  methane  concen- 
trations increased.  Thus,  these  studies  suggested 
that  bacterial  methane  oxidation  kinetics  were  satu- 
rated at  much  lower  methane  concentrations  in 
plume  or  estuarine  waters  than  in  open  situations. 
If  the  Rhine  and  Scheldt  are  the  sources  of  the 
methane  found  in  the  Southern  Bight,  river  con- 
centrations of  methane  must  be  high  (order  of  50  to 
500  nM).  Although  rivers  and  coastal  zones  may 
not  represent  a  major  atmospheric  source  of  meth- 
ane, they  can  be  very  important  as  methane 
sources  to  the  coastal  ocean.  (Author's  abstract) 
W91-08169 


FACTORS  DETERMINING  THE  UPTAKE  OF 
PERSISTENT  POLLUTANTS  IN  AN  EEL  POP- 
ULATION (ANGUILLA  ANGUILLA  L). 

Lund  Univ.  (Sweden).  Limnological  Inst. 
P.  Larsson,  S.  Hamrin,  and  L.  Okla. 
Environmental  Pollution  ENPOEK,  Vol.  69,  No. 
l,p  39-50,  1991.  3  fig,  38  ref. 

Descriptors:  'Bioaccumulation,  'Eel,  'Eutrophic 
lakes,  'Lindane,  'Path  of  pollutants,  'Polychlori- 
nated  biphenyls,  'Water  pollution  effects,  DDD, 
DDE,  DDT,  Distribution,  Growth  rates,  Lake 
fisheries,  Life  cycles,  Pollutant  identification, 
Scandinavia. 
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The  distribution  of  persistent  pollutants  in  an  eel 
population  from  a  eutrophic  lake  of  southern  Scan- 
dinavia was  examined.  Eels  (Anguilla  anguilla)  m 
their  freshwater  phase  (yellow  eel)  were  captured 
by  trawling  in  the  summer  of  1988.  Twenty-five 
polychlorinated  (PCB)  congeners,  p,p-DDT,  p,p- 
DDE,  p,p-DDD  and  lindane  were  always  detected 
in  the  eels.  Concentrations  of  total  PCBs  ranged 
from  209  to  6582  ng/g  extractable  fat  (22  to  1071 
ng/g  fresh  weight).  The  origin  of  PCBs,  DDT, 
DDE  and  lindane  found  in  the  fish  was  most  likely 
the  atmosphere.  The  most  important  factors  for 
uptake  of  the  chlorinated  hydrocarbons  was  age 
(exposure  time),  growth  rate  and  fat  content.  The 
life  cycle  of  the  eel  is  unique  with  a  stage  in 
freshwater  when  energy  reserves  (fat  stored  in 
muscular  tissue)  and  lipophilic  pollutants  are  accu- 
mulated. This  stage  is  followed  by  a  long  migration 
to  the  spawning  areas  in  the  Sargasso  Sea  when 
pollutants  are  released  from  the  fat  deposits.  These 
two  stages,  followed  by  an  once-in-a-lifetime 
spawning  behavior,  makes  the  eel  especially  vul- 
nerable to  persistent  pollutants.  The  effects  of  per- 
sistent pollutants  combined  with  the  eel's  unusual 
life  cycle  may  explain  the  decline  in  the  eel  popula- 
tion in  northern  Europe  in  recent  decades.  (Au- 
thor's abstract) 
W9 1-08 172 

HEXAGEN1A  RIGIDA  (EPHEMEROPTERA) 
AS  A  BIOLOGICAL  MODEL  IN  AQUATIC 
ECOTOXICOLOGY:  EXPERIMENTAL  STUD- 
IES ON  MERCURY  TRANSFERS  FROM  SEDI- 
MENT- X     ,      ,.     J)C        1 

Bordeaux- 1  Univ.,  Talence  (France).  Lab.  d  Ecolo- 

gie  Fondamentale  et  d'Ecotoxicologie. 

E.  Saouter,  F.  Ribeyre,  A.  Boudou,  and  R.  Maury- 

ErTvironmental  Pollution  ENPOEK,  Vol.  69,  No. 
1,  p  51-67,  1991.  3  fig,  28  ref. 

Descriptors:  *Bioaccumulation,  *Mayflies,  'Mer- 
cury, 'Organomercury  compounds,  *Path  of  pol- 
lutants, 'Sediment  contamination,  Animal  tissues, 
Aquatic  insects,  Correlation  analysis,  Foods, 
Model  studies. 

The  accumulation  of  two  mercury  compounds- 
mercury  dichloride  (HgC12)  and  methylmercury 
chloride  (CH3HgCl)-by  Hexagenia  ngida  (bur- 
rowing mayfly  nymphs)  from  contaminated  sedi- 
ments was  investigated  experimentally.  Three  ex- 
posure periods  were  selected:  7,  14,  and  28  days. 
Results  revealed  a  high  capacity  of  this  species  for 
Hg  accumulation  and  considerable  differences  be- 
tween the  two  chemical  forms  of  the  metal.  Thus, 
the  amount  of  total  mercury  accumulated  after  28 
days'  exposure  would  be  60  times  greater  for  the 
organic  form  if  the  two  compounds  were  initially 
added  to  the  sediment  in  the  same  concentrations. 
No  significant  growth  inhibition  appears  for  the 
different  experimental  conditions  studied.  Data 
treatment  at  the  organism  level  showed  a  positive 
linear  correlation  between  the  fresh  weight  and  Hg 
content  in  the  nymphs;  this  was  especially  marked 
when  the  exposure  time  was  relatively  long  and 
Hg  was  in  the  form  of  CH3HgCl.  The  study  of 
mercury  distribution  in  the  organs  of  Hexagenia 
rigida  (gills  and  gut)  and  examination  of  the 
nymphs  via  the  water  column  showed  the  impor- 
tance of  the  trophic  route,  via  ingested  sediment, 
for  bioaccumulation  of  metal  initially  introduced 
into  the  sediment.  (Author's  abstract) 
W9 1-08 173 

RADON  CONCENTRATIONS  IN  GROUND 
WATER  OF  THE  GEORGIA  PIEDMONT. 

Georgia  Inst,  of  Tech.,  Atlanta.  School  of  Earth 
and  Atmospheric  Sciences. 

M  E  Dillon,  G.  L.  Carter,  R.  Arora,  and  B.  Kahn. 
Health  Physics  HLTPAO,  Vol.  60,  No.  2,  p  229- 
236,  February  1991.  5  fig,  5  tab,  15  ref. 

Descriptors:  *Geohydrology,  'Georgia  Piedmont, 
•Groundwater  pollution,  'Path  of  pollutants, 
'Radon  radioisotopes,  'Well  data,  Air  pollution 
sources,  Data  collections,  Geohydrologic  units, 
Granites,  Water  pollution  sources. 

Radon-222  concentrations  in  283  wells,  mostly  pri- 
vate, drilled  into  crystalline  bedrock  in  the  Pied- 


mont region  east  of  Atlanta,  GA  had  a  geometric 
mean  value  of  110  Bq/L.  The  values  generally 
were  lognormally  distributed,  with  a  geometric 
standard  deviation  of  4.0.  Forty-two  samples  ex- 
ceeded 400  Bq/L.  Mean  radon  (Rn)  concentrations 
were  related  to  hydrogeologic  units.  The  geomet- 
ric mean  concentration  was  230  Bq/L  for  a  musco- 
vite-biotite  granite  gneiss  that  includes  Lithonia 
gneiss,  100  Bq/L  for  amphibolite  interlayered  with 
muscovite-biotite  schist,  and  about  50  Bq/L  for  all 
others.  The  wells  tested  generally  had  low  yields. 
No  correlations  of  Rn  concentrations  were  found 
with  well  depth,  distance  of  well  though  saprohte, 
or  well  yield.  No  geographic  pattern  or  source  of 
the  highest  Rn  concentrations  was  apparent.  The 
wells  with  the  highest  Rn222  concentrations  all 
were  in  valleys  or  hillsides.  Observed  concentra- 
tions are  considerably  higher  than  averages  found 
for  large  public  well  supplies  in  the  US  but  are 
similar  to  levels  found  for  smaller  supplies 
throughout  the  Appalachian  Piedmont.  In  view  of 
the  estimate  that  Rn222  at  400  Bq/L  in  water 
could  lead  to  0.15  Bq/L  in  air,  it  appears  desirable 
to  monitor  homes  supplied  with  well  water  in 
certain  areas  of  this  region  to  assure  that  indoor 
Rn222  air  levels  conform  with  federal  and  state 
recommendations.  (VerNooy-PTT) 
W9 1-08 176 

WATER  QUALITY  OF  THE  WEST  BRANCH 
LACKAWAXEN  RIVER  AND  LIMNOLOGY  OF 
PROMPTON  LAKE,  WAYNE  COUNTY,  PENN- 
SYLVANIA, OCTOBER  1986  THROUGH  SEP- 
TEMBER 1987. 

Geological   Survey,   Harrisburg,   PA.   Water  Re- 
sources Div. 
J.  L.  Barker. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  89- 
4014,  1989.  28p,  9  fig,  10  tab,  8  ref. 

Descriptors:  'Eutrophication,  'Lackawaxen  River, 
'Pennsylvania,  'Prompton  Lake,  'Water  quality, 
Ammonia,  Chlorophyll,  Limnology,  Nitrites,  Ni- 
trogen, Seasonal  variation,  Suspended  sediments. 

Past  and  present  water  quality  of  the  West  Branch 
Lackawaxen  River  and  Prompton  Lake  generally 
meet  the  State  of  Pennsylvania  standards  for  high 
quality  waters  that  support  the  maintenance  and 
propagation  of  cold  water  fishes.  However,  sug- 
gested criteria  by  the  US  EPA  intended  to  control 
excessive  algal  growth  in  the  lake  are  exceeded 
most,  if  not  all,  of  the  time  for  nitrogen  and  most  of 
the  time  for  phosphorous.  The  average  annual 
nitrogen  load  entering  the  lake  is  114  tons.  Of  this 
total,  41  tons  is  inorganic  nitrite  plus  nitrate,  48 
tons  organic  nitrogen,  and  25  tons  ammonia  nitro- 
gen. Estimated  annual  yields  of  total  nitrogen,  in- 
organic nitrite  plus  nitrate,  organic  nitrogen,  and 
ammonia  nitrogen  are  1.9,  0.7,  0.8,  and  0.4  tons/sq 
mi,  respectively.  The  average  annual  phosphorous 
load  is  estimated  to  be  4.7  tons,  which  is  equivalent 
to  a  yield  of  0.08  tons/sq  mi.  About  62%,  or  2.9 
tons,  is  dissolved  phosphorous  that  is  readily  avail- 
able for  plant  assimilation.  The  waters  of  the  West 
Branch  Lackawaxen  River  and  Prompton  Lake  are 
decidedly  phosphorous  limited.  The  long-term  av- 
erage annual  suspended-sediment  yield  to  the  lake 
is  about  70  tons/sq  mi.  Life  expectancy  of  the  774 
acre-ft  of  space  allocated  for  sediment  loads  in  the 
raised  pool  is  estimated  to  be  about  287  years.  Lake 
profile  studies  show  that  thermal  and  chemical 
stratification  develops  in  early  June  and  persists 
through  September.  Water  below  a  depth  of  about 
20  feet  becomes  anoxic,  or  nearly  so,  by  mid-July. 
(Lantz-PTT) 
W9 1-08 184 


'Water  pollution  sources,  'Water  pollution  treat- 
ment, Biodegradation,  Biological  treatment,  Efflu- 
ent streams,  Effluents. 

A  source  survey  of  an  industrial  plant  can  be  an 
extremely  valuable  and  powerful  tool  in  incorpo- 
rating source  testing  and  treatment  into  an  overall 
toxicity  reduction  effort.  The  intent  and  objective 
of  the  survey  is  to  identify  potentially  toxic  materi- 
als in  the  effluent,  identify  the  source(s)  of  these 
materials,  and  consider  alternative  means  of  deal- 
ing with  them.  There  are  many  alternative  ways  of 
performing  such  a  survey  and  the  engineers  most 
familiar  with  an  industry  or  process  will  be  the  best 
suited  to  establishing  and  executing  a  plan.  Howev- 
er, one  logical  and  practical  approach  has  been 
developed  which  includes  the  essential  ingredients 
of  an  industrial  toxicity  survey,  the  materials  in- 
ventory, examination  of  relevant  literature,  and  the 
comparison  of  the  effluent  with  a  raw  materials 
inventory.  Once  the  sources  of  principal  concern 
are  identified,  treatment  characteristics  for  each 
source  are  evaluated  with  respect  to  the  existing 
end-of-pipe  treatment  technology  at  the  facility, 
typically  biological   treatment   such   as  activated 
sludge.  Each  source  discharge  should  be  defined  as 
to  biological  treatability  so  as  to  take  maximum 
advantage  of  the  existing  effluent  treatment  system. 
Following  this  determination,  methods  for  reduc- 
ing or  eliminating  source  contributions  through 
source  treatment  should  be  specifically  addressed. 
This  effort  lends  itself  to  presentation  as  a  method- 
ology which  proceeds  stepwise  through  the  testing 
effort  necessary  to  define  the  disposition  of  a  given 
source.  The  alternatives  are:  inclusion  in  the  total 
waste  stream  without  pretreatment;  inclusion  in  the 
total  waste  stream  after  pretreatment;  and  recov- 
ery, recycle,  substitution,  or  elimination.   Source 
treatment  requirements  can  include  any  of  the  fol- 
lowing, depending  on  the  nature  of  the  source: 
pretreatment  to  remove  a  bioinhibitor  or  biotoxi- 
cant;  pretreatment  to  improve  biodegradation  rate 
or  amount;  removal  of  contaminants  in  order  to 
discharge;   and   treatment   for   recovery,   recycle, 
substitution,  or  elimination.  Where  possible,  proc- 
ess modification  should  be  evaluated  initially  as  the 
preferred  solution.   After  process  modification  is 
considered,   the   second   effort   should   consist  of 
conducting    treatment    tests    on    the    identified 
sources.  (See  also  W91-08191)  (Lantz-PTT) 
W91-08195 


SOURCE  IDENTIFICATION,  TESTING,  AND 
TREATMENT. 

Eckenfelder,  Inc.,  Nashville,  TN. 

P.  W.  Lankford. 

IN:   Toxicity    Reduction   in   Industrial   Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  60-97, 

14  fig,  13  tab,  12  ref. 

Descriptors:  'Industrial  wastewater,  'Laboratory 
methods,  'Pretreatment  of  wastewater, 
•Wastewater  treatment,  'Water  pollution  control, 


5C.  Effects  Of  Pollution 

EFFECTS  OF  LONG-TERM  PHENOXYALKAN- 
OIC  ACID  HERBICIDE  FIELD  APPLICA- 
TIONS ON  THE  RATE  OF  MICROBIAL  DEG- 
RADATION. 

Agriculture  Canada,  Regina  (Saskatchewan).  Re- 
search Station. 

A.  E.  Smith,  and  G.  P.  Lafond. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
14-22.  2  tab,  40  ref. 

Descriptors:  'Biodegradation,  'Fate  of  pollutants, 
•Microbial  degradation,  *Microorgamsms,  'Pesti- 
cides, 'Soil  contamination,  'Soil  environment,  Ad- 
aptation, Agricultural  chemicals,  Field  tests,  Her- 
bicides, Literature  review,  Metabolism,  Phenoxy 
acid  herbicides,  Soil  bacteria. 

Studies  of  factors  influencing  the  breakdown  of  the 
herbicides  2,4-dichlorophenoxyacetic  acid  (2,4-D) 
and  4-chloro-2-methlyphenoxyacetic  acid  (MCPA) 
in  soil  were  reviewed.  Studies  indicated  that  abiot- 
ic processes  do  not  appear  to  result  in  any  signifi- 
cant degradation  of  phenoxyalkanoic  acids  in  the 
soil  The  importance  of  soil  microorganisms  for  the 
degradation  of  2,4-D  and  MCPA  was  demonstrat- 
ed by  soil  perfusion  experiments.  It  has  been  con- 
cluded that  degradation  rate  in  soil  is  probably 
dependent  upon  herbicide  concentration,  with  the 
breakdown  approximating  first-order  kinetics  at 
soil  concentrations  below  about  5  ppm,  while  at 
increased  herbicide  concentrations  biphasic  break- 
down occurs.  Soil  temperature  above  10  C  and 
moistures  above  the  wilting  point  are  required  for 
biodegradation  of  phenoxyalkanoic  acids.  Results 
indicated  that  repeated  treatments  of  2,4-D  and 
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MCPA  resulted  in  enhanced  herbicide  degradation 
rates  under  field  conditions  as  a  result  of  adapta- 
tion of  soil  microorganisms.  There  is  also  some 
evidence  that  cross-enhancement  can  occur  under 
field  conditions,  whereby  previous  applications  of 
either  2,4-D  or  MCPA  result  in  enhanced  break- 
down of  both  herbicides.  Enhanced  degradation 
has  the  environmental  advantage  of  reducing  the 
residence  time  of  the  herbicides  in  soil  and  thus 
lessening  the  possibility  of  chemical  movement  by 
leaching  and  run-off.  (See  also  W91-07118) 
(MacKeen-PTT) 
W9 1-07 120 


ECOLOGICAL  EXPOSURE/RISK  ASSESS- 
MENT OF  HAZARDOUS  WASTES. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Environmental  Processes  and  Ef- 
fects Research. 

For  primary  bibliographic  entry  see  Field  5G. 
W91-07173 


DETERMINATION  OF  THE  CHEMICAL  SUIT- 
ABILITY OF  A  DREDGED  MATERIAL  CON- 
TAINMENT AREA  FOR  AQUACULTURE. 

Army   Engineer  Waterways  Experiment   Station, 

Vicksburg,  MS.  Environmental  Lab. 

H.  E.  Tatem. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

EL-90-12,  December  1990.  Final  Report.  75  p,  2 

fig,  7  tab,  54  ref,  4  append. 

Descriptors:  'Aquaculture,  'Dredging  wastes, 
•Reuse,  *Waste  containment,  'Water  pollution  ef- 
fects, Bioassay,  Cadmium,  Chemical  analysis, 
Chlorinated  hydrocarbons,  Lead,  Mercury,  Metals, 
Shrimp,  Site  selection. 

An  investigation  was  conducted  into  the  use  of 
dredged  material  containment  areas  (DMCA)  for 
aquaculture,  specifically  for  production  of  a  crop 
intended  for  human  consumption.  Most  dredged 
material  is  uncontaminated  and  many  sediment 
constituents  such  as  metals  are  relatively  unavail- 
able to  aquatic  animals.  DMCAs  containing  parts/ 
million  levels  of  organic  contaminants  such  as  pes- 
ticides, polychlorinated  biphenyls,  or  petroleum 
hydrocarbons  should  not  be  used  for  aquaculture 
without  extensive  testing.  Common  sediment  con- 
taminants are  ranked  according  to  their  potential 
for  harm  to  the  biota.  Hg,  Cd,  Pb,  and  certain 
chlorinated  hydrocarbons  were  identified  as  poten- 
tially harmful  at  high  concentrations.  Chemical 
and  biological  testing  of  sediment  from  an  aquacul- 
ture demonstration  site  at  Brownsville,  TX, 
showed  that  this  DMCA  was  acceptable  for  aqua- 
culture since  the  sediment  contained  a  high  per- 
centage of  sand  and  low  (compared  with  reference 
materials)  concentration  of  contaminants.  Organic 
contaminants  were  below  detection  limits.  Bioas- 
say results  showed  that  DMCA  sediments  were 
not  toxic  to  a  test  animal  (Mysidopsis  sp.)  or  to  a 
proposed  aquaculture  animal,  a  penaeid  shrimp. 
Both  recent  chemical  data  and  bioassay  testing  of 
actual  DMCA  sediments  are  necessary  before  a 
potential  DMCA  site  can  be  recommended  for 
aquaculture.  A  table  of  US  Food  and  Drug  Ad- 
ministration (USFDA)  action  levels  for  contami- 
nants in  seafood  is  included.  An  aquaculture  crop 
should  be  monitored  during  growth  to  ensure  that 
USFDA  action  levels  or  other  relevant  criteria  are 
not  exceeded.  Data  for  the  aquaculture  crop  may 
be  compared  with  tissue  data  from  local  species 
similar  to  the  aquaculture  species.  (Lantz-PTT) 
W9 1-072 13 


HERBICIDES   IN   WATER:   ECONOMICS   OR 
ENVIRONMENT. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  4A. 

W9 1-07220 


ACIDIC  PRECIPITATION.  VOLUME  4:  SOILS, 
AQUATIC  PROCESSES,  AND  LAKE  ACIDIFI- 
CATION. 

For  primary  bibliographic  entry  see  Field  5B. 


W9 1-07227 


SNOWPACK  STORAGE  OF  POLLUTANTS,  RE- 
LEASE DURING  MELTING,  AND  IMPACT  ON 
RECEIVING  WATERS. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07231 


PALEOECOLOGICAL  ANALYSIS  OF  LAKE 
ACIDIFICATION  TRENDS  IN  NORTH  AMER- 
ICA AND  EUROPE  USING  DIATOMS  AND 
CHRYSOPHYTES. 

Indiana  Univ.  at  Bloomington.  Dept.  of  Biology. 
D.  F.  Charles,  R.  W.  Battarbee,  I.  Renberg,  H. 
Van  Dam,  and  J.  P.  Smol. 

IN:  Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 
Processes,  and  Lake  Acidification.  Advances  in 
Environmental  Science.  Springer-Verlag,  New 
York.  1990.  p  207-276,  15  fig,  2  tab,  129  ref.  EPA 
Contract  68-C8-0006  and  Cooperative  Agreement 
CR-813933-01-1  with  Indiana  University. 

Descriptors:  'Acid  lakes,  *Acid  rain,  'Acidifica- 
tion, 'Chrysophyta,  'Diatoms,  'Paleoecology, 
•Water  pollution  effects,  Adirondack  Mountains, 
Air  pollution,  Europe,  Hydrogen  ion  concentra- 
tion, Literature  review,  Quebec,  United  Kingdom, 
Water  quality. 

Analysis  of  sediment  diatom  and  chrysophyte  as- 
semblages is  the  best  technique  currently  available 
for  inferring  past  lake  water  pH  trends,  and  use  of 
this  approach  is  increasing  rapidly.  Sediment-core 
inferred  pH  data  exist  for  at  least  100  lakes  in  both 
North  America  and  Europe.  This  number  will 
approximately  double  within  the  next  2  years.  The 
pH  inference  equations  are  based  on  at  least  15 
calibration  data  sets  for  North  America  and  10  for 
Europe,  involving  totals  of  at  least  500  and  300 
lakes,  respectively.  Paleoecological  studies  indicate 
that  recent  acidification  has  been  caused  by  acidic 
deposition  in  the  Adirondack  Mountains  (New 
York),  northern  New  England,  Ontario,  Quebec, 
and  Canadian  Atlantic  provinces  in  North  Amer- 
ica; England,  Scotland,  and  Wales  in  the  United 
Kingdom;  and  Norway,  Sweden,  Finland,  The 
Netherlands,  and  West  Germany  in  Europe.  In- 
ferred pH  decreases  are  commonly  as  much  as  0.5 
to  1.5  pH  units.  No  acidification  trends  were  ob- 
served in  regions  currently  receiving  low  deposi- 
tion of  strong  acids  (e.g.,  Rocky  Mountains  and 
Sierra  Nevada  in  the  western  United  States,  north- 
western Norway,  and  northwestern  Scotland). 
Slight  or  no  trends  toward  decreasing  pH  were 
observed  in  study  lakes  receiving  moderately 
acidic  deposition  (upper  Midwest  and  northern 
Florida,  United  States).  The  magnitude  of  pH  de- 
cline in  lakes  studied  is  greater,  on  the  average,  in 
Europe  than  in  North  America.  The  amount  of 
inferred  acidification  (increase  in  H(  +  )  concentra- 
tion) correlates  with  the  amount  of  S  and  N  load- 
ing and  the  ability  of  watersheds  and  lakes  to 
neutralize  acidic  inputs,  and  is  generally  consistent 
with  current  lake  acidification  models.  (See  also 
W9 1-07227)  (Lantz-PTT) 
W9 1-07235 


IS  THE  ACTIVITY  OF  BENTHIC  SUSPENSION 
FEEDERS  A  FACTOR  CONTROLLING  WATER 
QUALITY  IN  THE  BAY  OF  BREST. 

Universite       de       Bretagne-Occidentale,       Brest 
(France).  Lab.  d'Oceanographie  Biologic 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-07330 


CONSPICUOUS  DECLINE  OF  FUCUS  IN  KIEL 
BAY  (WESTERN  BALTIC):  WHAT  ARE  THE 
CAUSES. 

Kiel   Univ.   (Germany,   F.R.).   Inst,   fuer   Meeres- 

kunde. 

For  primary  bibliographic  entry  see  Field  2L. 

W91-07331 


KINETICS  OF  SULFATE  DESORPTION  FROM 
TWO  SPODOSOLS  OF  THE  LAURENTIANS, 
QUEBEC. 


Montreal   Univ.   (Quebec).   Dept.   of  Geography. 
F.  Courchesne,  and  W.  H.  Hendershot. 
Soil  Science  SOSCAK,  Vol.  150,  No.  6,  p  858-866, 
December  1990.  5  fig,  3  tab,  21  ref. 

Descriptors:  'Acid  rain  effects,  'Adsorption  kinet- 
ics, 'Desorption,  'Groundwater  pollution,  'Kinet- 
ics, 'Laurentian  Mountains,  'Path  of  pollutants, 
•Quebec,  'Soil  chemistry,  'Spodosols,  'Sulfates, 
Kinetic  equations,  Mathematical  models,  Rate  con- 
stants, Regression  analysis,  Soil  horizons,  Tempo- 
ral distribution. 

The  kinetics  of  sulfate  desorption  from  two  Spodo- 
sols at  different  levels  of  antecedent  sulfate  sorp- 
tion was  investigated  using  a  batch  technique.  The 
release  of  sulfate  from  the  B  horizons  of  these  soils 
was  measured  for  periods  ranging  from  1 5  minutes 
to  96  hours  at  5,  25,  and  40  C.  Of  the  five  simple 
kinetic  equations  (Elovich,  first-order,  second- 
order,  parabolic  diffusion,  and  power  function) 
tested  the  best  representation  of  the  time-depend- 
ent desorption  of  sulfate  was  obtained  with  the 
Elovich  equation.  Desorption  kinetics  was  also 
adequately  described  using  the  power  function 
equation  although  standard  errors  of  estimate  were 
higher  than  for  the  Elovich  model.  In  both  hori- 
zons, sulfate  desorption  was  rapid  during  the  first  2 
hours  of  reaction.  In  fact,  about  50%  of  the  sulfate 
desorbed  during  the  experiment  was  released  in  the 
first  five  minutes.  After  4  days  of  reaction,  howev- 
er, desorption  was  still  proceeding  slowly.  The 
slopes  of  the  regression  equations  (apparent  rate 
coefficient)  for  the  Elovich  model  increased  with 
increasing  reaction  temperature.  These  results 
show  the  necessity  of  considering  soil  temperature 
when  modeling  the  seasonal  movement  of  sulfate 
and  of  associated  cations  in  soil  solution.  Of  the 
two  horizons  studied,  adsorbed  sulfate  reservoir 
depletion  occurred  proportionally  more  rapidly 
from  the  Laflamme  B  horizon.  (Author's  abstract) 
W91-07333 


CATION  REMOVAL  DURING  APPLICATION 
OF  ACID  SOLUTIONS  INTO  AIR-DRY  SOIL 
COLUMNS. 

NSI  Technology  Services  Corp.,  Ada,  OK. 
For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07357 


PAST  AND  RECENT  OCCURRENCES  OF  MA- 
LACOSTRACA  GLACIAL  RELICTS  IN  POLISH 
LAKES. 

Marine  Biology  Center,  Al.  Wojska  Polskiego  1 1/ 

13,  80-277  Gdansk,  Poland. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07371 


RECENT  DISTRIBUTION  OF  GLACIAL 
RELICT  MALACOSTRACA  IN  THE  WESTERN 
AND  SOUTHERN  BALTIC. 

Rostock    Univ.    (German    D.R.).    Sektion    Wirts- 

chaftswissenschaften. 

For  primary  bibliographic  entry  see  Field  2L. 

W9 1-07372 


RECENT  DISTRIBUTION  OF  GLACIAL 
RELICT  MALACOSTRACA  IN  THE  LAKES  OF 
MECKLENBURG. 

Rostock    Univ.    (German    DR.).    Sektion    Wirts- 

chaftswissenschaften. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07373 


EMBRYONIC  AND  LARVAL  DEVELOPMENT 
OF  BROWN  TROUT,  SALMO  TRUTTA  L.:  EX- 
POSURE TO  ALUMINIUM,  COPPER,  LEAD 
OR  ZINC  IN  SOFT,  ACID  WATER. 

Nottingham  Univ.  (England).  Dept.  of  Zoology. 
M.  D.  J.  Sayer,  J.  P.  Reader,  and  R.  Morris. 
Journal  of  Fish  Biology  JFIBA9,  Vol.  38,  No.  3,  p 
431-455,  March  1991.  6  fig,  4  tab,  35  ref.  Natural 
Environment  Research  Council  Grant  GR3/6176. 

Descriptors:  'Trout,  'Water  pollution  effects, 
'Acid  rain,  'Trace  metals,  'Aluminum,  'Copper, 
'Lead,  'Zinc,  'Acidic  water,  'Fish  management, 
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Fish  physiology,  Growth  stages,  Fish  eggs,  Sur- 
vival, Mortality,  Hatching,  Calcium,  Sodium,  Po- 
tassium, Tissue  analysis. 

Freshly  fertilized  ova,  eyed  ova,  and  yolk-sac  fry 
of  brown  trout,  Salmo  trutta,  were  exposed  to  each 
of  four  trace  metals  (aluminum,  copper,  lead,  zinc) 
while  held  in  flowing  artificial  soft-water  media  at 
pH  4.5  or  5.6  and  Ca  20  or  200  micromol/L. 
Survival  was  severely  affected  at  pH  4.5  and  Ca  20 
micromol/L  regardless  of  the  presence  of  Cu,  Pb, 
or  Zn;  Al  reduced  embryonic  mortality  and  im- 
proved hatching  success.  High  ambient  Ca  at  pH 
4.5  increased  egg  survival.  Al  and  Cu  impaired 
skeletal  calcification  at  pH  5.6  at  both  ambient  Ca 
concentrations;  Pb  only  at  Ca  20  micromol/L.  Zn 
enhanced  calcification  at  pH  4.5  and  Ca  200  micro- 
mol/L.  In  the  absence  of  trace  metals,  low  pH 
reduced  body  Ca,  Na,  K  content,  and  skeletal 
calcification  at  Ca  200  micromol/L.  The  uptake  of 
Ca,  Na,  and  K,  measured  at  regular  intervals  from 
hatching  was  impaired  to  the  same  extent  by  all 
treatments  at  pH  4.5,  irrespective  of  ambient  Ca  or 
trace  metal  presence.  At  pH  5.6,  irrespective  of 
ambient  Ca,  Al,  Cu,  and  Pb  impaired  Ca  and  K 
uptake.  The  rate  of  Na  uptake  was  reduced  by  Al 
and  Cu.  Al-treated  yolk-sac  fry,  exposed  to  low 
ambient  Ca  from  200-300  days  post-hatch,  suffered 
high  mortality  regardless  of  pH.  Ca,  Na,  and  K 
uptake  was  impaired  by  all  treatments  at  pH  4.5, 
and  by  Al  and  Cu  at  pH  5.6  in  a  similar  exposure 
period.  (Author's  abstract) 
W91-07394 

MANAGED  COASTAL  WATERS  FOR  OYSTER 
CULTURE  IN  JAPAN. 

National    Research    Inst,    of    Aquaculture,    Mie 
(Japan).  Fish  Nutrition  Div. 
For  primary  bibliographic  entry  see  Field  81. 
W9 1-07423 

CHANGING  ATMOSPHERE:  IMPLICATIONS 
FOR  AGRICULTURE. 

Agricultural    Research    Service,    Beltsville,    MD. 

Climate  Stress  Lab. 

|)bi   primary   bibliographic   entry   see   Field   5G. 

W91-07445 


CARBON  DYNAMICS  IN  EUTROPHIC,  TEM- 
PERATE LAKES. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07447 

CARBON  METABOLISM  AND  COMMUNITY 
REGULATION  IN  EUTROPHIC,  TEMPERATE 
LAKES. 

Copenhagen    Univ.,    Hilleroed    (Denmark).    Det 

Ferskvands-Biologiske  Lab. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-0745  3 

BIOLOGICAL  PROCESSES  IN  TOXIC  WASTE 
TREATMENT. 

Windsor  Univ.  (Ontario).  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07462 


MECHANISMS  OF  FOREST  RESPONSE  TO 
ACIDIC  DEPOSITION. 

Springer-Verlag  New  York,  Inc.,  New  York.  1990. 
245p.  Edited  by  Alan  A.  Lucier  and  Sharon  G. 
Haines. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
•Acidic  soils,  *Acidification,  *Ecological  effects, 
•Forest  ecosystems,  Bioavailability,  Dry  deposi- 
tion, Forest  hydrology,  Forest  soils,  Geochemis- 
try, Nutrient  concentrations,  Reviews,  Soil  orga- 
nisms, Soil  properties,  Trees. 

Several  key  mechanisms  by  which  forest  ecosys- 
tems might  respond  to  acidic  deposition  are  ad- 
dressed. These  mechanisms  have  been  identified  in 
numerous  research  papers  and  general  review  arti- 
cles during  the  past  decade.  The  reviews  presented 
analyze  the   mechanisms   in  detail   and   develope 


specific  recommendations  for  further  research. 
There  is  an  overview  of  acidification  of  forest 
ecosystems;  a  complex  process  controlled  by  nu- 
merous hydrologic,  geochemical,  and  biological 
factors.  The  effects  of  acidic  deposition  on  the 
chemical  form  and  bioavailability  of  soil  aluminum 
and  manganese,  and  on  soil  organisms  are  re- 
viewed. In  addition  dry  deposition,  pollutant 
damage,  and  forest  health  using  throughfall  studies 
are  evaluated,  rates  of  nutrient  release  by  mineral 
weathering  are  reviewed,  and  linkages  of  the  at- 
mosphere and  rhizosphere  that  have  potential  sig- 
nificance for  forest  tree  health  are  discussed.  (See 
W9 1-07466  thru  W9 1-07471)  (VerNooy-PTT) 
W9 1-07465 


OVERVIEW  AND  SYNTHESIS. 

National  Council  of  the  Paper  Industry  for  Air  and 

Stream  Improvement,  Inc.,  New  York. 

A.  A.  Lucier,  and  S.  G.  Haines. 

IN:   Mechanisms  of  Forest   Response  to  Acidic 

Deposition.  Springer-Verlag  New  York,  Inc.,  New 

York.  1990.  p  1-9.  23  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
•Acidic  soils,  *Acidification,  'Ecological  effects, 
•Forest  ecosystems,  *Forest  soils,  Forest  hydrolo- 
gy, Geochemistry,  Leaching,  Reviews,  Soil  orga- 
nisms, Soil  properties,  Trees,  Weathering. 

Acidification  of  forest  ecosystems  is  a  complex 
process  controlled  by  numerous  hydrologic,  geo- 
chemical, and  biological  factors.  A  review  of  this 
topic  is  presented  covering  foliage  leaching,  alumi- 
num mobilization,  mineral  weathering  and  soil  bi- 
ology. In  addition,  the  future  directions  in  research 
on  acidic  deposition  effects  in  forest  ecosystems 
are  examined.  There  is  a  need  for  more  precise 
definition  of  the  mechanisms  relating  to  acidic 
deposition  and  a  need  for  an  ecosystems  approach 
in  acidic  deposition.  Acidic  deposition  does  alter 
forest  ecosystem  processes  but  has  not  been  shown 
to  pose  an  immediate  threat  to  the  health  and 
productivity  of  commercial  forests  in  North  Amer- 
ica. However,  the  potential  long-term  effects  of 
acidic  deposition  on  forest  ecosystems  are  not  yet 
adequately  defined.  (See  also  W9 1-07465)  (Ver- 
Nooy-PTT) 
W9 1-07466 


EFFECTS  OF  ACIDIC  DEPOSITION  ON  THE 
CHEMICAL  FORM  AND  BIOAVAILABILITY 
OF  SOIL  ALUMINUM  AND  MANGANESE. 

DowElanco,  Midland,  MI.  Environmental  Chemis- 
try Lab. 
J.  D.  Wolt. 

IN:  Mechanisms  of  Forest  Response  to  Acidic 
Deposition.  Springer-Verlag  New  York,  Inc.,  New 
York.  1990.  p  62-107.  2  tab,  226  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
•Acidic  soils,  *Acidification,  'Aluminum,  *Forest 
soils,  *  Manganese,  *Soil  chemistry,  Bioavailability, 
Chemical  interactions,  Forest  hydrology,  Geo- 
chemistry, Heavy  metals,  Reviews,  Soil  contami- 
nation, Soil  properties,  Soil  solution,  Toxicity, 
Trees. 

The  indirect  effect  of  acidic  deposition  on  forest 
ecosystems  is  often  equated  with  accelerated  de- 
velopment of  acid  soil  infertility,  which  is  mani- 
fested in  the  sometimes  concurrent  factors  of  hy- 
drogen, aluminum  (Al),  and  manganese  (Mn)  toxi- 
cities, and  calcium,  magnesium,  and  molybdenum 
deficiencies.  This  review  considers  the  potential 
for  acidic  deposition-induced  development  of  acid 
soil  infertility  through  increased  Al  and  Mn  bioa- 
vailability in  forest  soils.  The  hypothesized  effects 
of  acidic  deposition  on  soil  Al  and  Mn  will  most 
likely  be  manifested  in  altered  amounts  and  distri- 
bution of  chemical  forms  of  Al  and  Mn  in  soil 
solution.  These  effects  on  soil  solution  Al  and  Mn 
would  have  a  direct  bearing  on  bioavailability  of 
Al  and  Mn  as  well  as  a  subtler  long-term  influence 
on  solid-phase  pools  of  Al  and  Mn.  Since  acidic 
deposition  effects  are  of  great  concern  in  forest 
ecosystems,  the  review  emphasizes  a  forest  soil 
perspective,  but  also  reviews  a  great  deal  of  infor- 
mation stemming  from  soil  chemists'  understanding 
of  agricultural  ecosystems.  Because  acidic  deposi- 
tion research  has  not  yet  provided  a  lucid  explana- 
tion of  the  role  of  atmospheric  deposition  in  soil 
chemical  processes,  the  limited  literature  concern- 
ing acidic  deposition  is  discussed  within  the  broad- 
er context  of  literature  concerning  the  soil  chemis- 
try and  phytotoxicity  of  Al  and  Mn.  (See  also 
W9 1-07465)  (VerNooy-PTT) 
W9 1-07468 


EVALUATION  OF  DRY  DEPOSITION,  POL- 
LUTANT DAMAGE,  AND  FOREST  HEALTH 
WITH  THROUGHFALL  STUDIES. 

Smithsonian     Environmental     Research     Center, 

Edgewater,  MD. 

G.  G.  Parker. 

IN:   Mechanisms   of  Forest   Response   to   Acidic 

Deposition.  Springer-Verlag  New  York,  Inc.,  New 

York.  1990.  p  10-61.  2  tab,  6  fig,  345  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects, 
•Chemistry  of  precipitation,  *Dry  deposition, 
•Forest  ecosystems,  *Throughfall,  Acidification, 
Buffering,  Canopy,  Ecological  effects,  Forest  hy- 
drology, Nutrient  transport,  Reviews,  Solutes, 
Stemflow,  Trees. 

Literature  on  the  alteration  of  precipitation  chem- 
istry by  forest  canopies,  with  emphasis  on  canopy 
buffering  of  acidic  precipitation  and  the  influence 
of  dry  deposited  pollutants  on  throughfall  chemis- 
try is  summarized.  Field  studies  involving  forest 
trees  are  emphasized,  although  reference  is  made 
to  the  literature  on  crop  species,  and  that  on  labo- 
ratory experiments,  where  necessary.  Specific 
topics  covered  are  uptake  and  release  of  solutes  by 
forest  canopies,  the  use  of  throughfall  to  estimate 
dry  deposition,  effects  of  pollutants  on  canopy 
solute  interactions,  and  throughfall  and  forest 
health.  Despite  some  general  understanding  of 
throughfall  and  stemflow  chemistry  (e.g.,  its  im- 
portance relative  to  other  nutrient  cycling  path- 
ways), it  is  concluded  that  there  is  little  under- 
standing of  the  mechanisms  and  rates  of  processes 
contributing  to  the  alteration  of  solute  chemistry 
by  forest  canopies.  (See  also  W9 1-07465)  (Ver- 
Nooy-PTT) 
W9 1-07467 


EFFECTS  OF  ACIDIC  DEPOSITION  ON  SOIL 
ORGANISMS. 

Oregon  State  Univ.,  Corvallis.  Dept.  of  Soil  Sci- 
ence. 

D.  D.  Myrold. 

IN:  Mechanisms  of  Forest  Response  to  Acidic 
Deposition.  Springer-Verlag  New  York,  Inc.,  New 
York.  1990.  p  163-187.  4  tab,  156  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
•Acidic  soils,  •  Acidification,  'Forest  soils,  *Soil 
chemistry,  *Soil  organisms,  Deposition,  Ecological 
effects,  Forest  ecosystems,  Nitrogen  oxides,  Nutri- 
ent concentrations,  Reviews,  Soil  bacteria,  Sulfur 
oxides. 

Many  recent  studies  of  atmospheric  deposition  ef- 
fects on  soil  organisms  and  biological  processes 
have  been  concerned  with  regional-scale  pollution 
problems  and  the  possible  influence  of  acidic  depo- 
sition on  soil  biology.  This  review  incorporates 
many  recent  investigations  and  serves  as  an  update 
of  earlier  reviews  on  acidic  deposition  impacts  on 
soil  organisms.  It  also  attempts  to  present  informa- 
tion in  a  format  that  permits  evaluation  of  potential 
effects  of  current  deposition  levels.  Emphasis  is 
given  to  effects  of  acidity  and  ionic  oxides  of  sulfur 
and  nitrogen.  Effects  of  gaseous  pollutants  com- 
monly associated  with  acidic  deposition  (i.e.,  sulfur 
dioxide,  nitrogen  oxides,  ozone)  are  considered 
where  appropriate.  Topics  covered  include:  (1)  an 
introduction  to  the  components  of  acidic  deposi- 
tion and  the  direct  and  indirect  mechanisms  of 
their  effects  on  soil  organisms;  (2)  an  in-depth  look 
at  the  research  findings  on  the  effects  of  acidic 
deposition  on  populations  of  soil  organisms;  and  (3) 
an  examination  of  research  on  the  effects  of  atmos- 
pheric inputs  and  soil  biological  activity.  It  was 
concluded  that  acidic  deposition,  especially  at  high 
loading  rates,  definitely  affects  soil  organisms  and 
biological  processes.  High  inputs  of  acidity  (>10 
kmol  H(  +  )/ha/yr)  usually  decrease  populations  of 
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soil  organisms  and  decrease  biological  activity. 
The  effects  of  gaseous  components,  like  03,  SOx, 
and  NOx,  may  be  both  direct  (increased  nitrogen 
and  sulfur  fertility)  and  indirect,  through  their 
effect  on  plants.  Consequently,  their  impact  is 
more  difficult  to  assess.  (See  also  W91-07465)  (Ver- 
Nooy-PTT) 
W9 1-07470 


ATMOSPHERE  AND  THE  RHIZOSPHERE: 
LINKAGES  WITH  POTENTIAL  SIGNIFI- 
CANCE FOR  FOREST  TREE  HEALTH. 

Yale  Univ.,  New  Haven,  CT.  School  of  Forestry 
and  Environmental  Studies. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-07471 


ACID  WATERS  IN  WALES. 

Monographiae  Biologicae  Volume  66.  Kluwer 
Academic  Publishers,  Norwell,  Massachusetts. 
1990.  337p.  Edited  by  R.  W.  Edwards,  A.  S.  Gee, 
and  J.  H.  Stoner. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  'Acid 
streams,  'Acidification,  *Air  pollution,  'Limnolo- 
gy, 'Streams,  'Wales,  'Water  pollution  effects, 
Aluminum,  Analytical  methods,  Calcium,  Ecolo- 
gy, Hydrogen  ion  concentration,  Land  use,  Mathe- 
matical models,  Pollution  effects,  Precipitation, 
Reservoirs,  Stream  biota,  Water  chemistry,  Water- 
sheds. 

Research  on  the  process  of  stream  acidification  and 
its  impact  on  Welsh  surface  waters,  carried  out 
over  the  past  decade  is  presented.  Clear  evidence 
of  stream  acidification  was  first  assembled  in  Wales 
in  the  1980's.  It  had  mistakenly  been  assumed  that, 
with  its  prevailing  westerly  winds,  Wales  would 
receive  precipitation  substantially  unpolluted  by 
the  industrial  and  urban  emissions  from  Britain  and 
mainland  Europe.  Studies  in  the  vicinity  of  Llyn 
Brianne  reservoir  in  central  Wales  demonstrated  a 
clear  correlation  between  the  biological  quality 
and  fisheries  of  streams  in  the  catchment  and 
stream  chemistry,  particularly  pH,  aluminum  and 
calcium  and  catchment  land  use.  Subsequent  stud- 
ies have  been  conducted  on  analytical  and  experi- 
mental investigations  of  inputs,  pathways  and  ef- 
fects of  acid  precipitation,  taking  into  account  the 
potentially  modifying  effects  of  forms  of  land  use 
and  management.  These  studies  include  the  manip- 
ulation of  land-management  practices,  particularly 
the  application  of  lime  products;  a  synoptic  survey 
of  stream  chemistry  at  over  100  sites  throughout 
Wales,  relating  water  quality  to  upstream  land  use 
and,  wherever  possible,  establishing  the  biological 
status  of  these  sites;  palaeoecological  studies  to 
establish  the  historical  changes  in  lake  ecosystems 
and  to  explore  relationships  with  land  use  and 
atmospheric  pollution;  and  development  and  appli- 
cation of  models  which  facilitate  the  prediction  of 
changes  in  the  biological  and  chemical  quality  of 
surface  waters  with  changes  in  emission  patterns  of 
atmospheric  pollutants  and  in  land  use  and  man- 
agement practices.  These  studies  have  together 
demonstrated  that  in  a  substantial  area  of  upland 
Wales  streams  and  lakes  have  either  acidified  or 
are  likely  to  acidify  over  the  next  century  unless 
there  are  significant  changes  in  emission  and  land 
use  policies.  (See  W9 1-07473  thru  W9 1-07491) 
(Agostine-PTT) 
W9 1-07472 


CHEMICAL  AND  ECOLOGICAL  EVIDENCE 
ON  THE  ACIDIFICATION  OF  WELSH  LAKES 
AND  RIVERS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07473 


RECENT  ACIDIFICATION  OF  UPLAND 
LAKES  IN  NORTH  WALES:  PALAEOLIMNO- 
LOGICAL  EVIDENCE. 

Minnesota  Univ.,  Minneapolis.  Limnological  Re- 
search Center. 

For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07474 


ATMOSPHERIC  DEPOSITION. 

NRA  Welsh  Region,  Cardiff. 
A.  P.  Donald,  J.  H.  Stoner,  B.  Reynolds,  F. 
Oldfield,  and  B.  Rippey. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  39-53.  8  fig,  1  tab 
19  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Air  pollution,  'Wales,  'Water  pollution 
sources,  Ammonium,  Analytical  methods,  Calci- 
um, Fuel,  Hydrogen  ion  concentration,  Industrial 
pollution,  Lead,  Metals,  Nitrates,  Paleoecology, 
Precipitation,  Sulfates,  Trace  metals. 

In  1984  an  intensive  survey  of  44  sites  in  Wales  was 
undertaken  to  identify  spatial  and  seasonal  vari- 
ations of  atmospheric  deposition.  The  data  on  at- 
mospheric deposition  obtained  in  this  survey  were 
evaluated.  For  the  survey,  sediment  cores  from 
nine  lakes  in  Mid  and  North  Wales  were  investigat- 
ed using  trace  metal  analysis,  carbonaceous  parti- 
cle analysis  and  magnetic  mineral  analysis  and 
associated  palaeoecological  methods.  The  data  dis- 
cussed refer  to  Llyn  Dulyn  in  North  Wales  and  are 
representative  of  sediment  records  from  the  other 
lakes  examined.  It  is  clear  from  the  Llyn  Dulyn 
sediment  record  that  the  atmospheric  effects  of 
industrial  activity  have  been  felt  in  even  the  remo- 
test parts  of  rural  Wales  for  more  than  a  century. 
Whereas  the  accumulation  of  lead  and  magnetic 
particles  has  increased  steadily  since  the  late  nine- 
teenth century,  spherical  carbonaceous  particles 
deriving  from  fossil  fuel  combustion  have  shown  a 
particular  increase  since  the  1930's.  Atmospheric 
deposition  today  is  dominated  by  marine  and  an- 
thropogenic sources,  which  together  determine  the 
spatial  variability  of  deposition  quality.  In  the  west 
the  influence  of  sea  salts  results  in  mean  pH  being 
in  the  range  4.7-5.0.  Although  sea  salts  are  much 
less  important  in  the  east,  considerable  neutraliza- 
tion of  the  high  sulfate  and  nitrate  concentrations  is 
afforded  by  ammonium  and  calcium,  and  pH 
values  are  comparable  to  those  of  the  western 
seaboard.  The  upland  areas  receive  the  most  acid 
deposition,  with  mean  pH  in  the  range  4.4-4.6.  The 
relatively  high  rainfall  in  Wales  results  in  annual 
deposited  acidity  being  comparable  to  that  re- 
ceived in  more  highly  polluted  areas.  Even  if  the 
apparent  downward  trend  of  recent  years  in  hy- 
drogen ion  concentration  continues,  the  continued 
occurrence  of  discrete  highly  acidic  episodes  is 
likely  to  remain  a  major  source  of  concern.  (See 
also  W9 1-07472)  (Agostine-PTT) 
W9 1-07475 


ROLE  OF  GEOLOGY  AND  SOILS  IN  CON- 
TROLLING SURFACE  WATER  ACIDITY  IN 
WALES. 

Institute    of    Terrestrial    Ecology,    Grange-over- 
Sands  (England).  Merlewood  Research  Station. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07476 


RECENT  LAND  USE  CHANGE. 

Saint    David's    Univ.    Coll.,    Lampeter    (Wales). 
Dept.  of  Geography. 
R.  Boon,  and  D.  Kay. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  67-80.  6  fig,  1  tab, 
47  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Air  pollution,  'Land  reclamation,  'Land 
use,  'Surface  water,  'Wales,  Drinking  water.  Eco- 
nomic aspects,  Fish,  Forestry,  Political  aspects, 
Reforestation,  Reviews,  Water  quality,  Water  re- 
sources management,  Watersheds. 

Land  improvement  and  moorland  reclamation  are 
significant  features  of  recent  land  use  change  in 
upland  Wales.  Significant  research  attention  has 
been  devoted  to  the  separation  of  land  use  and 
anthropogenic  deposition  factors  in  explaining  sur- 
face waters  acidification.  Much  less  attention  has 
been  devoted  to  defining  the  degree  to  which  land 
use  change  can  alter  the  susceptibility  of  a  region 
to  existing  acidic  precipitation.  A  review  of  the 
literature  pertaining   to  land   use  change  and   its 


effects  on  water  quality  in  upland  Wales  is  given 
from  the  perspectives  of  agricultural  use,  afforesta- 
tion and  economic  policy.  The  results  presented 
suggest  the  following:  (1)  upland  land  use  change 
is  responsive  to  government  policy  through  subsi- 
dies and  price  support;  (2)  upland  land  use  has  a 
significant  effect  on  the  susceptibility  of  an  upland 
catchment  to  acidification;  and  (3)  deliberate  man- 
agement of  upland  catchment  land  use  can  have 
significant  effects  on  the  acidification  of  surface 
waters.  No  system  exists  for  land  use  planning  in 
upland  Britain.  Decisions  on  land  use  change  are 
taken  up  by  individual  farmers  and  commercial 
forestry  interests.  It  is  clear  that  these  decisions 
affect  society  in  many  ways  including  aesthetic 
impacts  and  access  restrictions  which  have  caused 
past  controversy.  Impacts  on  surface  water  quality, 
important  for  potable  and  salmonid  waters  in 
Wales,  should  be  added  to  these  other  consider- 
ations. Given  this  range  of  effects  a  strong  case 
exists  for  a  more  formal  system  of  upland  land  use 
planning  in  Britain.  (See  also  W91-07472)  (Agos- 
tine-PTT) 
W9 1-07477 


ACIDIFIED  WELSH  LAKES:  THE  SIGNIFI- 
CANCE OF  LAND  USE  AND  MANAGEMENT. 

University  Coll.,  London  (England).  Palaeoeco- 
logy  Research  Unit. 
S.  T.  Patrick,  and  A.  C.  Stevenson. 
IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  81-91.  2  fig,  1  tab 
33  ref. 

Descriptors:  'Acid  rain  effects,  'Acidification, 
•Lake  acidification,  'Land  management,  'Land 
use,  'Wales,  Acid  rain,  Air  pollution,  Analytical 
methods,  Forests,  Hydrogen  ion  concentration, 
Lakes,  Liming,  Moorlands,  Organic  soils,  Oxida- 
tion, Peat,  Reforestation,  Water  quality,  Watershed 
management. 

The  Palaeoecology  Research  Unit  at  University 
College  in  London  is  investigating  the  history  and 
causes  of  acidification  in  ten  lakes  in  mid  and  north 
Wales.  Palaeoenvironmental  techniques  are  being 
used  to  reconstruct  the  historical  water  quality 
(particularly  pH)  of  these  lakes  and  the  history  of 
atmospheric  deposition  of  metals  and  combustion 
products  as  recorded  in  the  lake  sediments.  The 
use  of  pollen  analysis  and  documentary  sources  to 
examine  the  significance  of  land  use  and  land  man- 
agement changes  in  lake  catchments  was  also  eval- 
uated. All  the  lakes  studied  lie  in  moorland  areas. 
Eight  of  the  catchments  comprise  open  moorland 
utilized  for  rough  grazing,  while  two  have  been 
afforested.  The  lake  waters  are  acid,  with  pH 
ranging  from  4.8  to  5.6  in  unlimed  lakes.  Diatom 
based  pH  reconstruction  and  atmospheric  deposi- 
tion histories  indicate  that  the  acidification  of  eight 
of  the  study  lakes  is  a  recent  phenomenon  that  has 
occurred  within  the  past  120  to  40  years.  Apart 
from  afforestation  at  two  sites  and  water  level 
manipulation  at  another  there  has  been  no  land  use 
change  in  the  Welsh  study  catchments.  At  the 
afforested  sites,  acidification  was  shown  to  have 
commenced  before  plantation.  Further  work  is  in 
progress  to  assess  whether  afforestation  enhanced 
acidification  by  scavenging  processes  and  to  what 
extent  the  exposure  and  oxidation  of  organic  peats 
by  forestry  management  practices  have  further 
contributed  to  the  decline  in  pH  of  the  lake  waters. 
Changes  in  land  management  have  occurred  in  all 
catchments.  There  is  no  evidence  that  management 
change  has  resulted  in  lake  acidification  at  any  one 
site,  much  less  that  any  general  process  of  land  use 
or  land  management  has  given  rise  to  a  general 
acidification  mechanism.  The  failure  to  attribute 
acidification  of  Welsh  lakes  to  catchment  processes 
strongly  argues  for  an  explanation  in  terms  of  acid 
precipitation.  (See  also  W9 1 -07472)  (Agostine- 
PTT) 
W9 1-07478 


ROLE  OF  ACIDITY   IN  THE  ECOLOGY  OF 
WELSH  LAKES  AND  STREAMS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

S.  J.  Ormerod,  and  K.  R  Wade. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 

Effects  Of  Pollution — Group  5C 


IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae  Volume  66.  Kluwer  Academic  Publishers, 
Norwell,  Massachusetts.  1990.  p  93-119.  8  fig,  1 
tab,  94  ref. 

Descriptors:  *Acid  rain,  'Acid  rain  effects,  ♦Acidi- 
fication, 'Ecology,  'Lakes,  'Streams,  'Wales,  Air 
pollution,  Algae,  Aluminum,  Amphibians,  Bacte- 
ria, Bioindicators,  Birds,  Calcium,  Chemical  prop- 
erties, Fish,  Flora,  Fungi,  Hydrogen  ion  concen- 
tration, Macroinvertebrates,  Mammals,  Primary 
productivity,  Reviews,  Stream  biota,  Water  chem- 
istry. 

Ecological  studies  into  the  role  of  acidity  and 
related  factors,  such  as  aluminum  and  calcium  con- 
centration, in  the  ecology  of  Welsh  lakes  and 
streams  are  reviewed.  Data  are  mainly  drawn  from 
a  regional  survey,  undertaken  by  the  Welsh  Water 
Authority  (WW A)  in  1984,  or  from  the  catchment- 
based  study  around  Llyn  Brianne,  and  relate 
mostly  to  river  systems.  The  areas  reviewed  in- 
clude: (1)  primary  producers  such  as  algae  and 
macro-flora;  (2)  bacteria  and  fungi;  (3)  secondary 
and  tertiary  production  (macroinvertebrates);  (4) 
tertiary  production  (fish  and  amphibia)  (5)  tertiary 
production  (birds  and  mammals).  Overall  Welsh 
studies  have  revealed  strong  relationships  between 
pH,  or  its  related  chemistry,  and  the  ecology  of 
Welsh  lakes  and  streams.  Most  evidence  is  of  quali- 
tative differences  between  water  bodies  of  different 
pH,  apparent  in  several  trophic  levels  from  pri- 
mary producers  to  aquatic  and  semi-aquatic  carni- 
vores. In  some  cases,  such  as  fish,  low  pH  or 
elevated  aluminum  concentration  probably  act  di- 
rectly on  the  organism.  Other  groups,  such  as  some 
riverine  birds,  are  probably  affected  indirectly 
through  their  food  supply.  In  invertebrates,  both 
direct  and  indirect  effects  are  possible,  and  may 
well  be  inter-related.  Qualitative  biological  differ- 
ences between  acidic  and  circumneutral  fresh- 
waters  provide  several  options  for  using  'biological 
indicators'  for  assessing  spatial  and  temporal  pat- 
terns in  surface  water  chemistry.  Careful  appraisal 
and  further  research  is  required  so  that  biological 
indicator  systems  can  be  developed  for  detecting 
both  episodic  and  chronic  patterns  in  stream  chem- 
istry. (See  also  W9 1-07472)  (Agostine-PTT) 
W9 1-07479 


EFFECTS  OF  ACIDIFICATION  ON  FISH  AND 
FISHERIES  IN  WALES. 

NRA  Welsh  Region,  Caernarfon. 

N.  J.  Milner,  and  P.  V.  Varallo. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 

cae   Volume    66.    Kluwer    Academic    Publishers, 

Norwell,  Massachusetts.  1990.  p  121-143.  8  fig,  5 

tab,  39  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Aluminum,  'Fish,  'Fisheries,  'Heavy 
metals,  'Toxicity,  'Wales,  Biological  studies, 
Buffer  capacity,  Economic  aspects,  Forestry,  Hy- 
drogen ion  concentration,  Salmon,  Sea  trout, 
Stream  biota,  Trout,  Water  resource  management. 

Welsh  freshwater  fisheries  are  dominated  by  the 
salmonids:  Atlantic  salmon  (Salmo  salar),  sea  trout 
and  non-migratory  brown  trout  (S.  trutta),  which 
constitute  an  important  national  resource.  These 
resources  are  vulnerable  to  acidification  because 
salmonids  are  particularly  sensitive  to  low  pH,  and 
because  their  spawning  and  rearing  habitats  are 
typically  found  in  those  areas  where,  through  char- 
acteristics of  high  annual  deposition  and  poor  buf- 
fering capacity,  acidification  can  be  anticipated.  In 
order  to  define  the  regional  extent  of  the  impact  of 
acidification,  evidence  of  diagnostic  symptoms  in 
individual  fish  is  examined  and  some  responses  of 
salmonid  populations  are  described.  The  pattern  of 
fishery  impacts  in  Wales  is  a  mosaic  of  many 
populations  in  various  stages  of  response.  Al- 
though severe  effects  are  still  localized,  and  mainly 
confined  to  Mid  and  North  Wales,  preliminary 
estimates  indicate  that  the  potential  regional  scale 
of  damage  in  biological  and  economic  terms  may 
be  considerable.  The  management  consequences 
are  already  significant.  Forestry  exerts  a  major 
influence  on  the  distribution  of  acidification,  in 
sensitive  areas  invariably  operating  through  in- 
creasing aluminum  concentrations.  Although  alu- 
minum toxicity  is  a  major  component  of  the  acid- 


water  phenomenon,  in  some  catchments  pH  seems 
to  be  the  limiting  factor.  Habitat  variables  and 
other  pollutants  such  as  heavy  metals,  must  be 
better  understood  before  direct  effects  of  pH/Al 
toxicity  can  be  clearly  identified.  Sublethal  effects 
in  salmonids  have  been  difficult  to  detect  against 
natural  background  variation.  Fisheries  impacts 
can,  at  present,  only  be  recognized  when  recruit- 
ment failure  is  sufficient  to  be  reflected  in  popula- 
tion characteristics;  by  which  time  acidification 
will  be  well  advanced.  (See  also  W9 1-07472) 
(Agostine-PTT) 
W9 1-07480 


ACID  DEPOSITION:  DRINKING  WATER 
QUALITY  AND  HEALTH. 

Welsh  Water  Authority,  Powys. 

C.  B.  Buckley,  and  L.  Keil. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 

cae   Volume    66.    Kluwer    Academic    Publishers, 

Norwell,  Massachusetts.  1990.  p  145-158.  1  fig,  5 

tab,  20  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Drinking  water,  'Public  health,  'Wales, 
'Water  quality,  Alkalinity,  Aluminum,  Economic 
aspects,  Hydrogen  ion  concentration,  Lead,  Man- 
ganese, Surface  water,  Water  quality  standards, 
Water  treatment. 

The  standards  set  by  European  Community  (EC) 
legislation  for  those  parameters  affected  by  acidifi- 
cation, in  both  'source'  and  'treated'  waters,  along 
with  public  health  implications  of  water  quality 
changes  are  examined.  The  adverse  consequences 
of  acidification  or  treatment  processes  and  costs 
for  both  the  Welsh  Water  Authority  (WWA)  and 
owners  of  private  supplies  are  also  considered.  The 
effects  of  acidification  of  specific  water  quality 
parameters  was  evaluated.  The  parameters  evaluat- 
ed included:  (1)  pH  and  alkalinity;  (2)  color;  (3) 
manganese  content;  (4)  iron  content;  (5)  aluminum 
content;  and  (6)  lead  content.  Water  treatment  in 
Wales  reflects  the  predominantly  rural  nature  of 
the  Principality.  The  majority  of  treatment  works 
are  small,  with  approximately  50%  supplying  pop- 
ulations of  less  than  5000.  Many  of  the  smaller 
works  cannot  cope  adequately  with  seasonal  and 
climatic  water  quality  variations.  The  extent  to 
which  acidification  is  involved  in  such  variations  is 
extremely  difficult  to  assess  but  it  is  likely  that  in 
the  acid  sensitive  areas  of  Wales  it  affects  process 
efficiency  and  leads  to  increased  operating  costs. 
While  compliance  with  the  EC  'Surface  Water' 
and  'Drinking  Water'  Directives  affords  protection 
of  drinking  water  supplies,  there  is  a  need  for  an 
immediate  policy  review  regarding  alkalinity  and 
aluminum.  In  the  short  term,  acidification  of 
source  waters  which  are  treated  by  WWA  is  most 
unlikely  to  cause  any  adverse  health  effects  to  the 
customer.  If  current  water  quality  standards  are  to 
be  maintained  in  the  longer  term,  considerable 
capital  and  revenue  costs  may  be  incurred.  The 
effects  of  acidification  on  private  supplies  are  more 
readily  identifiable  as  many  have  inadequate  treat- 
ment or  none  at  all.  It  is  essential  that  remedial 
action  is  implemented  in  acid  sensitive  areas  to 
reduce  the  problems  associated  with  corrosion. 
(See  also  W9 1-07472)  (Agostine-PTT) 
W9 1-07481 


ECOTOXICOLOGICAL  STUDIES  OF  ACIDITY 
IN  WELSH  STREAMS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 

and  Applied  Biology. 

N.  S.  Weatherley,  C.  P.  McCahon,  D.  Pascoe,  and 

S.  J.  Ormerod. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 

cae   Volume   66.    Kluwer   Academic    Publishers, 

Norwell,  Massachusetts.  1990.  p  159-172.  4  fig,  2 

tab,  50  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Acidity,  'Liming,  'Streams,  'Toxicol- 
ogy, 'Wales,  'Water  pollution  effects,  Aluminum, 
Ecology,  Fauna,  Field  tests,  Fish,  Hydrogen  ion 
concentration,  Invertebrates,  Littoral  zone, 
Salmon,  Storms,  Toxicity. 

The  effects  of  short  term  'acid  episodes',  condi- 
tions often  associated  with  heavy  rain  or  snow- 


melt,  and  characterized  in  streams  by  increased 
flow,  decrease  in  pH  and  increase  in  aluminum 
concentrations  were  studied.  A  series  of  acid  epi- 
sodes was  simulated  in  the  field  and  the  biological 
responses  were  monitored  in  an  attempt  to  copy 
natural  events  as  closely  as  possible.  Over  the 
course  of  three  experiments,  one  per  year  from 
1985  to  1987,  the  effects  of  low  pH,  low  pH  with 
high  aluminum  concentrations  (both  labile  and  or- 
ganically complexed),  and  lime  treated  water  were 
compared.  Exposure  of  fish  to  elevated  hydrogen 
ion  and  aluminum  concentrations  around  pH  5  was 
consistently  associated  with  loss  of  body  Na(  +  ), 
Cl(-)  and  K(  +  ).  Results  demonstrate  that  H(  +  ) 
and  Al  effects  can  be  alleviated  by  liming,  which 
raises  the  pH  and  concentrations  of  Ca(2  +  ).  The 
mechanisms  of  acid-aluminum  toxicity  in  inverte- 
brates may  be  analogous  to  those  in  fish.  Alumi- 
num is  generally  most  toxic  near  pH  5.  Impairment 
of  gas  exchange  and  ion  regulation  have  been 
suggested  as  the  two  main  toxic  pathways.  Impor- 
tant conclusions  can  be  drawn  from  toxicity  data 
concerning  short-term  exposure  to  acid  conditions. 
Acid  episodes  can  rapidly  cause  acute  toxic  re- 
sponses in  a  number  of  taxa,  ranging  from  grazing 
invertebrates  to  carnivorous  salmonid  fish.  The 
importance  of  these  effects  is  supported  by  field 
observations  of  natural  episodes.  These  observa- 
tions are  particularly  relevant  to  natural  waters 
which  generally  have  circumneutral  pH  but  are 
subject  to  acid  episodes  and  to  limed  waters.  In 
limed  running  waters,  acid  episodes  are  often  not 
eliminated,  and  in  limed  lakes,  influxes  of  acid 
water  to  the  littoral  zone  frequently  occur.  Thus 
liming  without  the  elimination  of  episodes  may  not 
allow  full  recovery  of  the  fauna.  (See  also  W91- 
07472)  (Agostine-PTT) 
W9 1-07482 


MODELLING  THE  ECOLOGICAL  IMPACT  OF 
CHANGING  ACIDITY  IN  WELSH  STREAMS. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

S.  J.  Ormerod,  N.  S.  Weatherley,  and  A.  S.  Gee. 
IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 
cae   Volume    66.    Kluwer   Academic    Publishers, 
Norwell,  Massachusetts.  1990.  p  279-298.  8  fig,  1 
tab,  34  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acid 
streams,  'Acidification,  'Ecological  effects, 
•Model  studies,  'Streams,  'Wales,  'Water  chemis- 
try, Acidity,  Coniferous  forests,  Fauna,  Fish,  In- 
vertebrates, Mathematical  studies,  Regional  analy- 
sis, Trout. 

The  development  of  ecological  models  for  Welsh 
streams  was  examined.  The  ecological  models 
were  used  in  conjunction  with  the  hydrochemical 
model  MAGIC  (Model  of  Acidification  of 
Groundwater  in  Catchments)  to  generate  temporal 
patterns  in  three  catchments  around  Llyn  Brianne, 
and  in  Welsh  the  'acid  sensitive'  region  as  a  whole. 
The  approach  has  been  to  use  the  output  from  a 
process  model  (MAGIC)  to  drive  linear  empirical 
models  which  'predict':  (1)  the  toxic  response  of 
brown  trout;  (2)  brown  trout  density;  and  (3) 
changes  in  invertebrate  fauna.  Several  features  of 
this  modeling  exercise  are  of  interest.  First,  the 
patterns  generated  by  the  models  indicate  a  consid- 
erable reduction  in  salmonid  abundance  in  soft- 
water  streams  around  Llyn  Brianne,  and  through- 
out upland  Wales,  between  the  19th  century  and 
present  day.  This  feature  is  corroborated  by  the 
survival  model.  Second,  the  acidifying  influences 
of  conifer  forest  severely  exacerbate  aluminum 
concentrations  in  the  soft-water  streams  at  Llyn 
Brianne,  almost  totally  eliminating  fish  populations 
and  causing  changes  in  invertebrate  populations  by 
1984.  The  influences  of  forest  on  fish  and  inverte- 
brates would  not  be  reversed,  according  to  the 
model,  in  spite  of  deposition  reduction  by  50%. 
Third,  the  models  also  suggest  that,  despite  re- 
duced deposition,  pronounced  increases  in  fish 
abundance  will  not  occur  in  moorland  streams  at 
Llyn  Brianne  within  the  simulated  time  frame.  The 
extrapolation  to  other  areas,  in  the  regional  analy- 
sis, indicated  that  fish  survival  could  be  maintained 
following  a  50%  reduction  in  deposition.  (See  also 
W9 1-07472)  (Agostine-PTT) 
W9 1-07489 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C— Effects  Of  Pollution 
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Advances  in  Environmental  Science.  Springer- 
Verlag  New  York,  Inc.,  New  York.  1989.  31  lp. 
Edited  by  D.  C.  Adriano  and  M.  Hav as, 

Descriptors:  'Acid  rain,  »Acid  rain  effects,  •Acidi- 
fication, *Air  pollution  effects,  'Biogeochemistry, 
•Case  studies,  •Ecological  effects,  Aluminum,  Fish 
populations,  Forests,  Hydrogen  ion  concentration, 
Soil  chemistry,  Water  chemistry,  Watersheds. 

As  has  been  the  case  with  many  environmental 
issues  of  the  twentieth  century,  acidic  precipitation 
has  its  origin  in  emissions  to  the  atmosphere  of 
numerous  compounds  from  both  natural  and  man- 
made  sources.  This  volume  of  the  subseries  'Acidic 
Precipitation'  emphasizes  some  of  the  classical 
interactions  between  acidic  deposition  and  ecologi- 
cal effects.  It  covers  the  cycling,  behavior,  and 
effects  of  acidic  components  in  nature.  Included 
are  the  effects  of  acidic  deposition  on  soil  chemis- 
try, soil  solution  chemistry,  aquatic  chemistry, 
forest  productivity,  and  fish  populations.  Several 
major  ecological  consequences,  such  as  a  decline  in 
forest  productivity,  soil  and  water  acidification, 
depletion  of  fish  populations,  and  slower  litter  de- 
composition are  highlighted.  A  chapter  is  devoted 
to  the  comparative  biogeochemistry  of  aluminum, 
encompassing  several  ecosystems  in  North  Amer- 
ica and  Europe.  (See  W9 1-07493  thru  W9 1-07501) 
(Agostine-PTT) 
W9 1-07492 


ACIDIC  DEPOSITION  ON  WALKER  BRANCH 
WATERSHED. 

Oak  Ridge  National  Lab.,  TN.  Environmental  Sci- 
ences Div. 

D.  W.  Johnson,  and  S.  E.  Lindberg. 
IN:   Acidic   Precipitation,    Vol.    1:   Case   Studies. 
Advances    in    Environmental    Science.    Springer- 
Verlag  New  York,  Inc.,  New  York.  1989.  p  1-38. 
15  fig,  3  tab,  82ref. 

Descriptors:  'Acid  rain,  *Acid  rain  effects,  •Acidi- 
fication, 'Case  studies,  *Path  of  pollutants, 
•Walker  Branch  Watershed,  'Watersheds,  Air  pol- 
lution, Canopy,  Ecological  effects,  Ecosystems, 
Fate  of  pollutants,  Forests,  Leaching,  Mineraliza- 
tion, Nitrogen,  Nutrients,  Soil  chemistry,  Soil  solu- 
tion, Sulfur,  Throughfall. 

Two  research  projects  were  initiated  in  1981  at  the 
Walker  Branch  Watershed  in  Tennessee  to  study 
the  effects  of  atmospheric  pollutants  (acidic  pre- 
cipitation) on  canopy  processes  and  soil  chemistry. 
The  approach  has  been  to  make  both  ecosystem 
and  process-level  measurements  of  the  inputs, 
canopy  interactions  and  internal  cycling,  to  deter- 
mine the  ultimate  fate  of  atmospherically  deposited 
substances,  and  from  that  information,  to  deduce 
the  effects  of  such  deposition  on  the  ecosystem. 
Several  conclusions  as  to  the  fate  and  effects  of 
atmospheric  pollutants  can  be  drawn.  On  Walker 
Branch  Watershed  dry  deposition  is  a  very  impor- 
tant component  of  atmospheric  deposition,  ac- 
counting for  as  much  as  half  the  input  of  N  and  S 
to  the  ecosystem.  Both  N  and  S  accumulate  within 
the  watershed,  but  with  different  mechanisms:  N 
accumulation  is  due  to  biological  uptake,  while  S 
accumulation  is  due  to  sulfate  adsorption  onto  the 
soils.  The  estimated  leaching  of  K(  +  ),  Ca(2  +  ), 
and  Mg(2  +  )  from  the  forest  canopy  increased  by 
roughly  50%  due  to  acid  deposition,  but  the  effects 
of  this  increase  on  the  forest  were  not  determined. 
No  evidence  was  found  of  negative  effects  of  artifi- 
cial acid  irrigation  on  decomposition  of  nutrient 
mineralization,  but  any  chronic,  long-term  effects 
of  atmospheric  deposition  on  decomposition 
remain  unknown.  It  was  estimated  that  atmospher- 
ic S  deposition  has  increased  cation  leaching  from 
the  soils  of  Walker  Branch  Watershed  by  50  to 
100%.  Despite  the  accelerated  rate  of  leaching,  it 
was  calculated  that  most  soils  of  Walker  Branch 
Watershed  have  sufficient  exchangeable  base 
cation  reserves  to  preclude  significant  acidification 
due  to  acidic  deposition  in  the  near  future.  (See 
also  W91-07492)  (Agostine-PTT) 
W9 1-07493 
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By  using  the  flux-balance  approach,  the  rates  of 
deposition  of  major  elements,  including  H(  +  ),  S, 
and  N,  and  the  effects  on  ion  cycling  in  the  canopy 
and  mineral  soil  were  obtained  in  two  mature 
forest  stands  of  the  north  German  Soiling  region. 
Both  stands  are  heavily  impacted  by  acid  precipita- 
tion, the  spruce  (Picea  abies  Karst.)  stand  receiving 
about  twice  the  rate  of  acidity  as  the  beech  (Fagus 
silvatica  L.)  stand.  The  deposition  of  protons  re- 
sults in  increased  cation  leaching  from  the  leaves 
and  needles  with  subsequent  acidification  of  the 
rhizosphere.  In  both  sites  the  mineralization  of 
above-ground  litter  was  significantly  inhibited,  and 
the  amount  of  organic  matter  in  the  top  layer 
almost  doubled  during  the  period  of  investigation. 
The  organic  top  layer  appears  to  be  the  major  sink 
for  deposited  N.  The  Ca/Al  and  Mg/Al  ratios  of 
the  soil  solution  have  decreased  in  both  stands  to 
levels  posing  high  risk  of  Al  toxicity  to  tree  roots. 
According  to  input-output  budgets  of  the  mineral 
soil,  sources  of  ions  are  obvious  in  the  case  of  most 
major  nutrients.  In  spruce  the  behavior  of  sulfate  in 
the  mineral  soil  changed  from  accumulation  to 
release  over  the  study  period.  Proton  budgets 
reveal  that  the  most  important  part  of  the  acid  load 
of  the  mineral  soil  stems  from  the  deposition  of 
strong  acids.  The  prevailing  buffer  mechanism  is 
the  release  of  Al  ions  from  hydroxides,  sulfates, 
and  exchangeable  sites  into  the  soil  solution.  The 
long-term  effects  of  acid  deposition  on  soil  chemis- 
try are  superimposed  by  seasonal  acidification 
phases  resulting  from  natural  excess  nitrification 
under  favorable  climatic  conditions.  In  acid  soils 
these  acidification  phases  cause  pH  reductions  and 
additiona'  Al  releases.  (See  also  W9 1-07492)  (Au- 
thor's abstract) 
W9 1-07494 
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A  high  rate  of  red  spruce  (Picea  rubens  Sarg.) 
mortality  has  been  noted  in  the  Adirondack,  Green 
and  White  Mountains  of  the  northeastern  United 
States  over  the  past  two  decades.  Because  spruce 
mortality  is  greatest  at  high  elevations  where  the 
forest  is  frequently  immersed  in  cloudwater,  and 
because  cloudwater  contains  high  levels  of  acids 
and  other  dissolved  chemicals,  several  hypotheses 
regarding  the  role  of  acid  deposition  in  spruce 
decline  have  been  formulated.  The  data  that  define 
the  nature  and  timing  of  the  spruce  decline,  the 
data  relevant  to  known  natural  contributors,  and 
data  addressing  some  of  the  hypotheses  implicating 
acid  deposition  and  other  airborne  chemicals  is 
summarized.  The  topics  reviewed  include:  (1)  the 
occurrence  of  spruce  decline;  (2)  patterns  and  rates 
of  mortality;  (3)  relationships  between  mortality, 
age,  direction  of  exposure,  and  elevation;  (4)  cli- 
matic extremes  as  initiating  stresses;  (5)  influence 


of  insects  and  diseases;  and  (6)  possibility  of  air 
pollution  involvement.  Although  several  possibili- 
ties remain  to  be  tested,  at  present  no  clear  mecha- 
nistic evidence  links  acid  deposition  to  spruce  de- 
cline. Several  natural  stress  factors  are  associated 
with  the  timing  and  severity  of  spruce  mortality 
and  will  likely  be  judged  causal  agents.  Winter 
damage  (desiccation  and/or  freezing  injury)  ap- 
pears to  play  a  major  role  as  an  initiating  and 
synchronizing  influence.  Experiments  carried  out 
with  red  spruce  seedlings  showed  that  realistic 
levels  of  ozone  had  an  unfavorable  effect  on  winter 
hardiness  and  suggested  a  way  in  which  air  pollu- 
tion might  play  a  role  in  the  decline.  (See  also 
W91-07492)  (Agostine-PTT) 
W9 1-07495 


ALBIOS:  A  COMPARISON  OF  ALUMINUM 
BIOGEOCHEMISTRY  IN  FORESTED  WATER- 
SHEDS EXPOSED  TO  ACIDIC  DEPOSITION. 

Maine  Univ.,  Orono.  Dept.  of  Botany  and  Plant 

Pathology. 

C.  S.  Cronan,  and  R.  A.  Goldstein. 

IN:   Acidic   Precipitation,    Vol.    1:   Case   Studies. 

Advances    in    Environmental    Science.    Springer- 

Verlag  New  York,  Inc.,  New  York.  1989.  p  113- 

135.  11  fig,  7  tab,  27  ref.  Electric  Power  Research 

Institute  Contract  RP2365-01. 

Descriptors:  *Acid  rain,  'Acid  rain  effects,  •Acidi- 
fication, *Aluminum,  *Biogeochemistry,  'Case 
studies,  *Forest  watersheds,  'Path  of  pollutants, 
Air  pollution,  Comparison  studies,  Distribution 
patterns,  Fish,  Geochemistry,  Nitrates,  Soil  chem- 
istry, Solute  transport,  Streams,  Subsurface  water, 
Sulfates,  Sulfur,  Toxicity,  Water  chemistry,  Wet- 
lands. 

A  case  study  of  the  broad  interregional  patterns  of 
aluminum  toxicity  and  aluminum  biogeochemistry 
in  the  forest  landscapes  of  North  America  and 
northern  Europe  is  presented.  Sulfur  deposition  at 
the  14  ALBIOS  (aluminum  in  the  biosphere)  study 
catchments  ranged  20-fold  from  approximately  4 
kg  S/ha-yr  at  the  Experimental  Lakes  Area,  Ontar- 
io, to  >  80  kg  S/ha-yr  at  Soiling,  West  Germany. 
Two  dominant  geochemical  patterns  were  ob- 
served in  most  watersheds:  (1)  upper  soil  horizon 
and  wetland  zones  characterized  by  aluminum  ad- 
sorption-desorption  reactions  on  solid-phase  humic 
materials;  and  (2)  mineral  soil  horizon  and  ground- 
water zones  dominated  by  aluminum  solubility  re- 
lationships with  some  form  of  Al(OH)3.  Much  of 
the  overall  variation  in  aquo  aluminum  ion  activity 
could  be  explained  on  the  basis  of  relatively  simple 
equilibrium  pH-solubility  and  adsorption  models. 
The  ALBIOS  evidence  indicated  that  the  relation- 
ship between  watershed  inputs  of  H2S04  or 
HN03  and  outputs  of  soluble  aluminum  is  not 
necessarily  simple  and  straightforward.  However, 
for  those  watersheds  characterized  by  aluminum- 
saturated  soils  and  low  retention  of  strong  acid 
anions,  increased  concentrations  and  fluxes  of  sul- 
fate and  nitrate  in  soil  water  were  accompanied  by 
increased  concentrations  and  fluxes  of  soluble  alu- 
minum, both  on  a  broad  geographic  basis  and  on  a 
single  catchment  basis.  The  toxicity  thresholds  for 
the  sensitive  and  moderately  sensitive  tree  species 
were  within  range  of  the  peak  concentrations  of 
soluble  aluminum  observed  in  soil  solutions  at 
some  of  the  northern  and  European  watersheds. 
Likewise,  soluble  aluminum  concentrations  in 
many  headwater  streams  were  in  excess  of  toxicity 
thresholds  for  fish  species  like  brown  trout  and 
brook  trout.  As  such,  it  is  likely  that  aluminum 
toxicity  serves  as  a  contributing  stress  factor  in 
these  kinds  of  northern  watersheds.  (See  also  W91- 
07492)  (Agostine-PTT) 
W9 1-07496 
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Long-range  transported  air  pollutants  have  prob- 
ably been  deposited  in  Norway  for  more  than  100 
years  but  with  a  significant  increase  in  the  1950s 
and  1960s.  The  deposition  of  S  and  N  has  been 
fairly  constant  for  the  last  15  to  20  years.  Norwe- 
gian research,  conducted  by  several  institutes  and 
universities,  is  being  conducted  on  long-distance 
imported  air  pollutants  and  their  effects  on  soil, 
water,  vegetation,  and  humans.  Atmospheric  acid 
deposition  of  acid  is  likely  to  increase  leaching  of 
cations  from  soils.  This  may  result  in  water  acidifi- 
cation if  H(  +  )  and  aluminum  ions  are  leached  and 
in  soil  acidification  if  base  cations  are  leached. 
Sulfate  is  the  most  important  vehicle  for  increased 
leaching  from  soils.  Because  N,  in  the  form  of 
N03(-)  and  NH4(  +  ),  is  largely  absorbed  by  vege- 
tation and  soil,  it  does  not  contribute  substantially 
to  the  leaching.  Increase  in  soil  acidity  is  a  slow 
process,  and  dramatic  immediate  effects  on  the 
terrestrial  ecosystem  are  not  expected.  However, 
in  the  long  run,  increased  leaching  of  base  cations 
is  likely  to  influence  the  forest  negatively.  The 
deposition  of  N  will  probably  increase  tree  growth. 
The  combination  of  increased  growth  due  to  N 
deposition  and  the  increased  leaching  of  base  ca- 
tions could  accelerate  possible  nutrient  deficiencies 
in  the  future.  In  the  future  other  terrestrial  orga- 
nisms may  also  suffer  from  the  atmospheric  deposi- 
tion. Dramatic  declines  in  the  populations  of  fish, 
particularly  trout  and  salmon,  have  been  taking 
place  during  the  last  century.  The  decline  in  fish 
populations  is  due  to  increased  water  acidity  com- 
bined with  increased  concentrations  of  toxic  alumi- 
num species.  Other  freshwater  organisms,  includ- 
ing Crustacea,  snails,  insect  larvae,  and  various 
zooplankton  species,  also  suffer  from  the  acidifica- 
tion. (See  also  W9 1-07492)  (Author's  abstract) 
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The  results  of  previous  work  on  the  acidification 
of  lakes  in  the  Rocky  Mountains  are  reviewed  and 
an  interpretation  is  given  of  data  from  the  1985 
Western  Lake  Survey  to  determine  controls  on  the 
chemistry  of  these  lakes.  Lakes  of  the  Rocky 
Mountain  region  are  not  chronically  acidic.  Data 
generally  are  unavailable  to  determine  whether 
episodic  acidity  is  a  problem  and  whether  such 
acidity  is  anthropogenic.  Researchers  have  hypoth- 
esized that  decreases  in  pH  of  about  0.2  unit  have 
occurred  in  lakes  along  the  Colorado  Front  Range 
between  the  late  1930s  and  1979.  Loss  of  alkalinity, 
caused  by  acidic  deposition,  also  has  been  hypoth- 
esized for  lakes  along  the  Colorado  Front  Range 
and  in  west-central  Colorado.  Confirmation  of 
these  hypotheses  is  impossible  with  present  (1978) 
data.  Wetfall  is  the  primary  control  on  chloride 
and  sulfate  concentrations  in  lakes  in  the  Rocky 
Mountains.  Comparison  of  chloride  concentrations 
in  lakes  and  in  wetfall  indicates  that  evapotranspir- 
ation is  small  in  most  high-elevation  lakes  having 
alkalinity  less  than  200  microeq/L.  In  addition, 
comparison  of  sulfate  concentrations  in  lakes  and 
in  wetfall  indicates  that  processes  that  add  sulfate 
to  or  remove  it  from  the  sulfate  concentrations 
supplied  by  wetfall  rarely  change  lake  sulfate  con- 
centrations by  more  than  50%  from  wetfall-sulfate 
concentrations.  Data  are  generally  inadequate  to 
calibrate  and  verify  models  that  might  be  used  to 


predict  the  effects  of  changes  in  atmospheric  depo- 
sition of  acidity  and  associated  constituents  on  lake 
chemistry.  The  few  watersheds  for  which  suffi- 
cient data  exist  still  are  inadequate  to  represent  the 
range  of  conditions  that  occur  in  the  Rocky  Moun- 
tains. (See  also  W9 1-07492)  (Author's  abstract) 
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Three  years  of  hydrochemical  monitoring  was 
conducted  at  three  different  sites  in  an  oak  wood- 
land ecosystem  in  the  Netherlands.  Atmospheric 
inputs,  mainly  dry  deposited  ammonium  sulfate, 
are  high,  and  amount  to  2  to  3  kmol/ha-yr  of 
ammonium  sulfate.  Intensive  nitrification  in  the 
acidic  soils  (pH  3.5-4)  is  the  main  source  of  H(+) 
ions  in  these  soils,  which  in  turn  causes  the  mobili- 
zation of  Al(3  +  ),  Ca(2  +  ),  and  Mg(2  +  )  ions.  By 
combining  measurements  of  solute  concentrations 
and  hydrologic  modeling  to  evaluate  seasonal  hy- 
drology and  changes  in  the  storage  of  solutes,  the 
variation  in  time  and  depth  of  solute  transfer  be- 
tween the  solid  phases  and  the  soil  solution  has 
been  calculated.  Concentrations  of  nitrate  and  the 
cations  Al(3  +  ),  Ca(2  +  ),  and  Mg(2  +  )  are  general- 
ly highest  in  summer,  mainly  as  a  result  of  evapo- 
rative concentration  of  solutes.  Mobilization  and 
leaching  of  most  cations,  however,  takes  place 
mainly  during  the  fall.  During  summer,  soil  acidifi- 
cation is  less  and  confined  to  a  shallow  surface 
layer.  Contrary  to  the  other  cations,  K(+)  is 
weathered  most  strongly  in  summer,  presumably 
under  the  influence  of  strong  depletion  by  root 
uptake.  Strong  soil  acidification  in  the  fall  appears 
to  be  due  to  a  combination  of  increased  net  nitrifi- 
cation and  increased  drainage,  both  of  which  are 
obviously  related  to  decreased  physiological  activi- 
ty of  the  tree  vegetation.  (See  also  W9 1-07492) 
(Author's  abstract) 
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Acidic  deposition  in  Scotland  is  reviewed.  The 
pollution  climate  dominated  by  wet  deposition,  is 
similar  to  that  in  parts  of  southern  Norway  and 
Sweden,  but  differs  from  those  in  central  England, 
eastern  Belgium,  and  much  of  West  Germany.  The 
appearance  of  beech,  oak,  and  Scots  pine,  but  not 
Norway  spruce  and  Sitka  spruce,  deteriorates  to- 
wards the  north  and  west  of  Britain.  Surveys  made 
by  the  Forestry  Commission  in  1986  and  1987 
found  stemflow  of  'old'  stands  of  alder,  oak,  Scots 
pine,  Norway  spruce  and  Sitka  spruce  was  always 
more  acidic  than  incident  precipitation.   In  con- 


trast, throughfall  in  alder,  oak,  and  Sitka  spruce 
was  less  acidic  than  incident  rain  during  summer 
and  autumn  but  not  at  other  times.  The  contribu- 
tion of  foliar  leachates  is  still  questionable.  Al- 
though pollutants  have  been  shown  to  be  capable 
of  affecting  soil  processes,  there  is  no  unequivocal 
field  evidence  to  show  they  have  exacerbated  the 
natural  acidity  of  soils  in  Scotland.  In  contrast, 
there  is  substantive  evidence  from  diatom  recon- 
structions to  show  that  atmospheric  pollutants 
have  been  implicated  in  the  acidification  of  some 
freshwaters  clustered  in  Galloway,  southwest 
Scotland.  Affected  lochs  and  associated  streams 
drain  'acidification-sensitive'  basins  with  slowly 
weathering  base-poor  bedrock:  they  are  subject  to 
heavy  rainfall  and  have  therefore  been  receiving 
large  inputs  of  deposited  acidity.  In  addition  to 
diatoms,  acidification  has  altered  populations  of 
freshwater  invertebrates  and  decreased,  if  not 
eliminated,  populations  of  fish,  notably  salmonids. 
Afforestation  with  conifers  has  exacerbated  the 
acidity  of  freshwaters  in  acidification-sensitive  lo- 
cations, as  in  west-central  Scotland.  During  the  last 
decade  amounts  of  annually  deposited  acidity  have 
decreased,  and  at  the  same  time  there  is  evidence 
indicating  that  the  acidification  of  some  lakes  has 
been  halted  if  not  reversed.  (See  also  W91-07492) 
(Agostine-PTT) 
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The  forested  catchment  of  Lange  Bramke  in  the 
Harz  Mountains  of  Germany  has  been  hydrologi- 
cally  monitored  since  1948  when  it  was  clear-cut. 
Today  the  catchment  is  covered  by  a  38-year-old 
Norway  spruce  (Picea  abies  Karst.)  stand.  Seepage 
water  pathways  through  the  catchment  and  ion 
cycling  have  been  investigated  in  detail  during  the 
past  10  years.  The  results  showed  that  seepage 
water  through  the  root  zone  is  vertical  and  unsatu- 
rated at  the  catchment  slopes.  The  derived  model 
of  seepage  water  trajectories  matches  the  observed 
chemical  gradients  between  soil  solution,  headwa- 
ter, groundwater,  and  runoff.  Acid  deposition 
inside  the  valley  of  Lange  Bramke  is  substantial 
with  throughfall  means  of  45  kg/ha-yr  as  S04-S, 
10  kg/ha-yr  as  N03-N,  and  9.1  kg/ha-yr  as  NH4- 
N.  The  fluxes  of  these  ions  are  significantly  higher 
at  the  wind-exposed  ridge  of  the  catchment.  This 
additional  input  is  probably  due  to  cloudwater 
capture  during  winter  months.  Soil  acidification  at 
Lange  Bramke  is  driven  by  base  cation  accumula- 
tion in  the  biomass  and  accelerated  leaching  of 
these  ions  due  to  acid  deposition.  Today  about  one- 
third  of  the  trees  at  Lange  Bramke  and  the  adja- 
cent catchment  of  Dicke  Bramke  are  affected  by 
forest  decline.  This  decline  is  manifested  in  two 
symptom  types  that  show  a  spatially  different  dis- 
tribution locally  in  the  Bramke  Valley  and  region- 
ally for  the  Harz  Mountains.  Changes  in  soil  solu- 
tion and  runoff  chemistry  occurred  prior  to  and 
concurrent  with  the  development  of  these  decline 
symptoms.  Among  the  changes  are  increased  Al 
and  decreased  Ca  concentrations  over  the  10  years 
of  measurement.  The  fine  root  biomass  in  the  min- 
eral soil  is  low  where  nitrate  leaching  occurs. 
Nitrate  export  with  runoff  water  from  both  catch- 
ments has  increased  dramatically  over  the  past  10 
years.  These  data  provide  empirical  evidence  for 
linkages  among  acid  deposition,  forest  decline  and 
water  acidification,  respectively.  (See  also  W91- 
07492)  (Author's  abstract) 


131 


Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5C — Effects  Of  Pollution 


:« 
■ 

u 

I 


W9 1-07501 
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CAL AND  ECOLOGICAL  EFFECTS. 

Advances  in  Environmental  Science.  Springer- 
Verlag  New  York,  Inc.,  New  York.  1989.  368p. 
Edited   by   D.   C.   Adriano  and  A.   H.   Johnson. 
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Acidic  precipitation  has  its  origin  in  emissions  to 
the  atmosphere  of  numerous  compounds  from  both 
natural  and  man-made  sources.  The  10  chapters  in 
this  volume  cover  a  wide  array  of  topics  on  the 
biological  and  ecological  effects  of  acidic  precipi- 
tation. A  chapter  on  soil  productivity  emphasizes 
changes  in  biological  and  chemical  characters  of 
forest  soils  impacted  by  acidic  deposition.  Addi- 
tional chapters  discuss  specific  effects  on  soil 
microorganisms,  trees,  and  crops.  The  importance 
of  aluminum  in  this  environmental  issue  is  high- 
lighted by  a  discussion  on  the  mobility  and  phyto- 
toxicity  of  this  element  in  acidic  soils.  This  chapter 
puts  into  perspective  the  biology  of  Al  stressed 
plants.  Two  major  chapters  discuss  the  effects  of 
acidic  precipitation  on  forest  ecosystems;  one  em- 
phasizing North  America,  and  the  other  Europe. 
Effects  of  soil  acidification  on  key  soil  processes, 
including  litter  decomposition  and  depletion  of  es- 
sential plant  nutrients  in  the  soil  profile  are  empha- 
sized. Finally,  three  major  chapters  comprehen- 
sively cover  limnological  ecosystems  and  their  re- 
sponse to  acidic  perturbation.  These  chapters  dis- 
cuss the  response  of  stream  and  lake  communities, 
both  floral  and  faunal,  to  water  acidification,  in- 
cluding reduced  biodiversity  in  these  systems.  (See 
W9 1-07503  thru  W9 1-075 12)  (Author's  abstract) 
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The  effects  of  acidic  rain  on  pollen  germination, 
pollen  tube  growth,  seed  production,  seed  germi- 
nation, seedling  growth,  leaf  structure  and  func- 
tion, and  root  structure  and  function  have  been 
reviewed.  Acidic  rain  research  frequently  involves 
evaluation  of  changes  in  plant  processes  between 
groups  of  plants  receiving  different  simulated  acid 
rain  treatments.  Results  are  then  compared  to  con- 
trols of  pH  5.5  or  5.6.  The  results  of  such  studies 
are  summarized.  Effects  on  leaves  and  on  tree 
nutrition  are  also  explored.  In  short-term  laborato- 
ry studies,  pollen  germination  and  pollen  growth 
are  susceptible  to  inhibition  by  simulated  acidic 
rain  in  the  range  pH  4.0  to  2.5.  Ambient  acidic  rain 
in  eastern  North  America  has  a  volume-weighted 
average  pH  of  4.1  to  4.2.  Damage  to  leaves  and 
roots  occurs  usually  at  1  or  2  pH  units  below  these 
ambient  rainfall  pH  values.  Presently  there  is  no 
evidence  of  direct  negative  effects  of  acidic  rain  on 
tree  growth  in  the  field.  The  potential  interactions 
of  acidic  rain  with  other  stresses  are  incorporated 
into  working  hypotheses  designed  by  many  investi- 
gators to  account  for  forest  decline/dieback  phe- 
nomena. (See  also  W9 1-07502)  (Agostine-PTT) 
W9 1-07  503 
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L.  S.  Evans. 

IN:  Acidic  Precipitation,  Vol.  2:  Biological  and 
Ecological  Effects.  Advances  in  Environmental 
Science.  Springer- Verlag  New  York,  Inc.,  New 
York.  1989.  p  29-60.  120  ref. 
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In  documenting  the  effects  and  impact  mechanisms 
of  acidic  deposition  on  plants,  consideration  was 
given  to  those  acidic  deposition  effects  that  may  be 
present  but  generally  are  not  or  cannot  be  included 
in  experiments  designed  to  determine  plant  (crop) 
productivity.  There  is  evidence  that  the  acidity  in 
precipitation,  at  ambient  levels,  is  having  deleteri- 
ous effects  upon  terrestrial  vegetation.  Experi- 
ments have  been  conducted  under  controlled-envi- 
ronment  conditions  but,  as  plant  responses  to 
acidic  rain  grown  under  such  conditions  differ 
from  responses  under  field  conditions,  data  from 
controlled  environments  may  only  point  to  mecha- 
nisms. Few  field  experiments  have  been  conducted 
that  are  statistically  capable  of  detecting  significant 
differences  among  treatments.  Acidic  precipitation 
may  affect  the  productivity  of  crop  and  forest 
plants  by  direct  or  indirect  means  (necrosis  or  soil 
nutrient  effects).  From  available  data,  it  is  clear 
that  the  amount  of  injury,  if  injury  occurs,  is  less 
than  year-to-year  changes  in  other  abiotic  and 
biotic  factors.  This  does  not  mean,  however,  that 
possible  injuries  from  acidic  precipitation  should 
be  ignored.  It  is  important  to  determine  even  small 
changes  in  productivity.  At  present,  the  best  avail- 
able data  to  understand  the  effects  of  acidic  pre- 
cipitation can  be  derived  from  experiments  using 
moveable  rainfall  exclusion  shelters.  (See  also 
W9 1-07502)  (Agostine-PTT) 
W9 1-07504 
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One  of  the  earliest  concerns  for  the  potential  ef- 
fects of  acidic  deposition  on  forest  ecosystems  was 
for  accelerated  soil  acidification  and  nutrient  de- 
pletion. Although  research  on  this  topic  has  result- 
ed in  significant  advances  in  the  understanding  of 
soil  response  to  S,  N,  and  trace  metal  deposition, 
little  can  be  concluded  at  this  time  as  to  the  conse- 
quences of  soil  changes  for  forest  health  and  pro- 
ductivity on  a  regional  basis.  It  is  essential  to 
define  an  understanding  in  terms  of  (1)  effects  on 
soil  productivity  capacity  versus  (2)  soil-mediated 
effects  on  forest  health  and  growth.  Nitrogen  cy- 
cling in  forest  soils  has  been  altered,  as  well  as  the 
cycling  of  other  nutrients;  soils  in  acidic  deposi- 
tion-affected regions  often  contain  significant 
amounts  of  S04(2-)  in  soil  solution;  trace  metals 
have  accumulated  in  forest  soils;  and  selected  eco- 
systems in  high-deposition  areas  of  Europe  have 
exhibited  nutrient  deficiency  symptoms  thought  to 
be  partially  a  result  of  acidic  deposition  leaching. 
Although  many  uncertainties  remain,  there  is  little 
question  that  air  pollution  has  altered  the  chemical 
and  biological  character  of  forest  soils.  How  these 
changes  have  or  will  have,  an  effect  on  forest 
health  and  productivity  remains  undefined.  Some 
of  the  difficulty  in  understanding  linkages  between 
soil  changes  and  resulting  consequences  for  forests 
is  due  to  the  lack  of  long-term  data  on  forest 
ecosystems  and  the  lack  of  suitable  control  sites  for 
experimental  research.  Complex  interactions 
among  varying  natural  and  anthropogenic  stresses 
must  also  be  included  to  assess  realistic  conse- 
quences of  air  pollution  on  forests.  (See  also  W91- 
07502)  (Agostine-PTT) 
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The  evidence  of  causal  links  between  acidic  depo- 
sition and  biological  effects  on  stream  organisms, 
communities,  and  processes  is  reviewed.  The  litera- 
ture demonstrates  that  almost  all  stream  communi- 
ties, including  microbial  (bacterial,  meiofaunal), 
macroinvertebrate,  and  fish  communities  are  ad- 
versely affected  by  acidification.  Fungal  diversity 
may  be  enhanced  at  low  pH;  the  effect  of  acidifica- 
tion on  fungal  activity  is  unclear.  The  biomass  and 
productivity  of  epilithic  algae  and  bryophytes 
appear  to  increase  with  declining  pH  in  streams 
that  are  chronically  acidic  to  a  pH  <  5  for  ex- 
tended periods.  Benthic  macroinvertebrate  species 
richness  and  diversity  and  functional  group  rich- 
ness show  a  consistent  decline  with  decreasing  pH. 
Streams  with  a  pH  <  5.5  generally  have  no  fish, 
and  reproduction  of  some  species  is  impaired  in 
streams  with  a  pH  <  6.0.  (See  also  W9 1-07502) 
(Agostine-PTT) 
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The  acidification  of  surface  waters  has  been  dem- 
onstrated by  direct  observation  of  declining  pH, 
reconstructions  of  historic  pH  values  by  means  of 
sediment  diatoms,  and  by  declining  alkalinity.  The 
direct  result  of  acidic  deposition  is  cation  depletion 
from  sensitive  watersheds.  Anion  composition 
shifts  from  bicarbonate  to  sulfate  and  nitrate,  with 
the  associated  loss  of  buffering  and  increasing  pH 
instability.  At  lower  pH,  metal  recruitment  from 
the  watershed  and  mobilization  from  sediments  is 
increased,  resulting  in  higher  concentrations  in  the 
water  column.  In  acidifying  waters,  organisms  are 
exposed  to  the  toxicity  of  hydrogen  ion  and  metals, 
especially  monomeric  aluminum.  Episodic  pH  de- 
pressions induced  by  an  acidic  rain  or  snowmelt 
can  bring  about  the  death  of  fish,  both  larval  and 
adult.  Such  losses  result  in  the  failure  to  recruit 
new  age  classes  into  the  population  or  the  juvenili- 
zation  of  the  population.  Amphibians  are  intolerant 
of  low  pH  and  are  susceptible  to  acidic  stress  as 
larvae  in  meltwater  ponds  and  stream  pools.  Fish- 
eating  birds  appear  to  suffer  as  acidification  lessens 
their  food  supply,  but  birds  feeding  on  inverte- 
brates may  benefit  via  reduced  competition  from 
fish.  Many  invertebrates  are  sensitive  to  hydrogen 
ion  and  are  lost  from  lakes  during  acidification. 
This  loss  of  invertebrate  and  fish  diversity  results 
in  much  simpler  ecosystems,  with  more  nutrients 
cycled  through  filamentous  algae,  moss,  and  fungi. 
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These  adverse  effects  of  acidification  can  be  re- 
versed at  least  in  part  by  lake  neutralization:  a  clear 
demonstration  of  the  cause-effects  relationship  be- 
tween acidic  deposition  and  loss  of  the  biota.  (See 
also  W91-07502)  (Author's  abstract) 
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FOREST  ECOSYSTEMS  IN  NORTH  AMERICA. 

Yale  Univ.,  New  Haven,  CT.  School  of  Forestry 

and  Environmental  Studies. 

W.  H.  Smith. 

IN:  Acidic  Precipitation,  Vol.  2:  Biological  and 

Ecological   Effects.    Advances   in   Environmental 

Science.  Springer-Verlag  New  York,  Inc.,  New 

York.  1989.  p  165-188.  7  tab,  152  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  'Acidi- 
fication,  *Air  pollution,  *Forest  ecosystems, 
•Global  warming,  *  North  America,  Biomass,  En- 
vironmental effects,  Field  tests,  Plant  growth,  Pop- 
ulation dynamics,  Productivity,  Species  composi- 
tion. 

Forests  are  variable  in  species,  topography,  eleva- 
tion, soils  and  management.  Air  pollution  deposi- 
tion and  influences  are  also  variable  and  poorly 
documented  in  the  field.  Monitoring  of  species 
dynamics  and  productivity,  necessary  to  detect 
effects  of  regional  and  global  air  pollutants  or  any 
other  environmental  stress,  are  presently  deficient. 
Regional  contaminants  may  influence  reproductive 
processes,  nutrient  uptake  or  retention,  metabolic 
rates  (especially  photosynthesis  and  respiration), 
and  insect  pest  and  pathogen  interactions  of  indi- 
vidual trees.  At  the  ecosystem  level,  regional  air 
pollutants  may  influence  nutrient  cycling,  popula- 
tion dynamics  of  arthropod  or  microbial  species, 
succession,  species  composition,  and  biomass  pro- 
duction. In  the  case  of  low-dose  regional-scale 
pollution,  symptoms  are  typically  not  visible  (at 
least  initially),  undramatic,  and  not  easily  meas- 
ured. The  integration  of  regional  pollutant  stresses 
can  be  slower  growth,  altered  competitive  abilities, 
and  changed  susceptibility  to  pests.  Ecosystem 
symptoms  may  include  altered  rates  of  succession, 
changed  species  composition,  and  biomass  produc- 
tion. Visible  symptom  expression  is  not  a  useful 
assessment  strategy.  The  potential  stresses  imposed 
by  regional-scale  air  pollutants  must  be  viewed 
against  the  background  of  uncertainty  associated 
with  the  changes  in  radiation  balances  from  global- 
scale  air  contaminants.  If  global  warming  does 
accelerate  in  the  near  term,  and  especially  if  large 
forest  regions  are  subjected  to  reduced  moisture 
availability,  the  expansion  of  forest  tree  decline 
could  be  very  great.  Such  an  occurrence  would 
pale  the  impact  of  regional-scale  pollutant  deposi- 
tion. (See  also  W9 1-07502)  (Author's  abstract) 
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tion, Forest  soils,  Forests,  Litter,  Moisture  stress, 
Nutrients,  Ozone,  Productivity,  Reviews,  Roots, 
Soil  chemistry,  Soil  solution,  Spruce  trees,  Subsoil, 
Topsoil. 

The  input-output  relations  of  forest  ecosystems  in 
regard  to  acidity,  heavy  metals,  and  nutrients  are 
discussed  in  relation  to  the  buffering  capacity  and 
nutrient  demand  of  the  systems.  During  recent 
decades,  acidity  of  forest  soils  has  increased  with  a 
concomitant  decrease  in  nutrient  cation  storage. 
There  are  indications  that  litter  decomposition  has 
been  retarded.  The  direct  effects  of  acidic  deposi- 
tion, S02,  N03  and  ozone  on  the  leaves  of  trees 
well  supplied  with  nutrients  and  water  cannot  ex- 
plain the  defoliation  symptoms  observed  in 
German  forests.  A  typical  symptom  seems  to  be 


damage  in  the  vascular  bundle  caused  by  mineral 
deficiencies.  Soil  solution  parameters  characteriz- 
ing proton  and  aluminum  stress  have  been  defined 
and  tested  in  solution  culture  studies.  Extensive 
field  studies  on  the  depth  gradient  of  fine  and 
coarse  roots,  on  the  dynamics  of  fine-root  biomass 
and  necromass,  on  damage  symptoms  of  roots,  on 
the  elemental  content  of  roots,  and  on  the  acidic 
stress  parameters  in  the  soil  solution  have  been 
carried  out.  The  results  suggest  that  during  recent 
decades  the  fine-root  system  has  shifted  to  the 
topsoil  as  a  consequence  of  the  increased  acidity  in 
the  subsoil.  In  the  case  of  Norway  spruce,  this  shift 
causes  chronic  water  stress,  which  in  turn  causes 
crown  thinning.  Magnesium  deficiency  in  Norway 
spruce,  manifested  as  needle  yellowing,  can  be 
attributed  to  the  blockage  of  magnesium  ion  uptake 
by  aluminum  ions.  (See  also  W9 1-07  502)  (Author's 
abstract) 
W9 1-07509 


EFFECTS  OF  ACIDIC  PRECIPITATION  ON 
THE  BIOTA  OF  FRESHWATER  LAKES. 

Toronto  Univ.  (Ontario).  Dept.  of  Botany. 
P.  M.  Stokes,  E.  T.  Howell,  and  G.  Krantzberg. 
IN:  Acidic  Precipitation,  Vol.   2:   Biological  and 
Ecological    Effects.    Advances   in   Environmental 
Science.   Springer-Verlag  New  York,   Inc.,   New 
York.  1989.  p  273-304.  5  tab,  125  ref. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  'Acidi- 
fication,  *Air  pollution,  "Lake  acidification,  *Lake 
ecology,  'Limnology,  Aquatic  life,  Biomass,  Dis- 
solved organic  carbon,  Ecological  effects,  Ecosys- 
tems, Food  chains,  Hydrogen  ion  concentration, 
Macroinvertebrates,  Productivity,  Species  diversi- 
ty, Transparency,  Water  chemistry,  Zooplankton. 

The  indirect  effects  of  acidification  are  examined 
through  changes  in,  for  example,  herbivore-plant 
and  predator-prey  balances.  In  general,  the  species 
richness  of  aquatic  flora  and  fauna  decreases  with 
increasing  H(  +  )  concentration.  Typically  this  is 
accompanied  by  an  increase  in  the  abundance  and 
biomass  of  species  that  are  quantitatively  less  sig- 
nificant in  circumneutral  lakes.  Certain  functional 
groups  of  macroinvertebrates,  such  as  scrapers, 
may  be  more  susceptible  to  changes  in  pH  than 
others,  such  as  shredders.  With  the  exception  of 
zooplankton,  community  biomass  of  plants  and  ani- 
mals is  not  significantly  affected  by  acidification, 
presumably  because  of  the  increased  contribution 
of  acid-tolerant  species.  Many  potential  biological 
effects  are  associated  with  acid-related  chemical 
and  physical  changes  that  occur  in  aquatic  systems; 
for  example,  decreases  in  dissolved  organic  carbon, 
changes  in  the  speciation  of  inorganic  carbon,  mo- 
bilization and  changes  in  speciation  of  metals, 
changes  in  phosphorus  chemistry,  and  increased 
clarity  of  the  water.  (See  also  W9 1-07  502)  (Agos- 
tine-PTT) 
W91-07510 


EFFECTS  OF  ACIDIC  PRECIPITATION  ON 
SOIL  MICROORGANISMS. 

Brookhaven  National  Lab.,  Upton,  NY.  Dept.  of 
Applied  Science. 
A.  J.  Francis. 

IN:  Acidic  Precipitation,  Vol.  2:  Biological  and 
Ecological  Effects.  Advances  in  Environmental 
Science.  Springer-Verlag  New  York,  Inc.,  New 
York.  1989.  p  305-326.  117  ref.  U.S.  DOE  Contract 
DE-AC02-76CH00016. 

Descriptors:  *Acid  rain,  *Acid  rain  effects, 
*Acidic  soils,  'Acidification,  *Air  pollution, 
'Microorganisms,  'Soil  organisms,  Decomposing 
organic  matter,  Ecosystems,  Environmental  ef- 
fects, Fate  of  pollutants,  Nitrification,  Nitrogen 
cycle,  Pesticides,  Respiration,  Reviews,  Soil  chem- 
istry, Species  diversity. 

Organic  matter  decomposition,  soil  respiration,  and 
several  steps  in  the  nitrogen  cycle  are  affected  to 
varying  degrees  by  and  soil  acidification  and  acidic 
rain.  Variations  in  microbial  activities  reported  in 
the  literature  are  due  largely  to  the  complex  prop- 
erties of  the  different  soil  types  studied,  the  diversi- 
ty of  the  microbial  community  involved,  the  inter- 
dependence of  various  microbial  processes,  the 
experimental  methodology  used,  and  the  duration 


of  the  experiments.  Therefore,  no  generalizations 
can  be  made  that  are  applicable  to  all  ecosystems. 
Nevertheless,  convincing  evidence  exists  in  the 
literature  that  acidic  rain  (1)  affects  soil  microbial 
population  and  diversity;  (2)  retards  organic  matter 
transformation  and  possibly  degradation  of  pesti- 
cides and  other  organic  pollutants;  and  (3)  affects 
certain  steps  in  the  nitrogen  cycle,  particularly 
nitrification.  These  effects  could  be  long  lasting 
and,  in  some  instances,  irreversible,  and  the  respon- 
sible organisms  eliminated  altogether  from  the  eco- 
system. Many  of  the  processes  are  interlinked  and 
dependent  on  each  other  so  that  conclusions  about 
one  specific  process  in  an  ecosystem  may  be  mis- 
leading. (See  also  W9 1-07502)  (Agostine-PTT) 
W91-07511 


ALUMINUM  TOXICITY  AND  TOLERANCE  IN 
PLANTS. 

Alberta  Univ.,  Edmonton.  Dept.  of  Botany. 

G.  J.  Taylor. 

IN:  Acidic  Precipitation,  Vol.  2:  Biological  and 

Ecological    Effects.   Advances   in   Environmental 

Science.   Springer-Verlag   New  York,   Inc.,  New 

York.  1989.  p  327-361.  8  fig,  263  ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Air  pollution,  'Aluminum,  'Phytotoxi- 
city,  'Plants,  'Tolerance,  'Toxicity,  Acidic  soils, 
Agriculture,  Chelating  agents,  DNA,  Ecological 
effects,  Enzymes,  Hydrogen  ion  concentration,  In- 
hibition, Membrane  processes,  Metabolism,  Phos- 
phates, Plant  growth,  Proteins,  Rhizosphere. 

Acidic  precipitation  may  affect  vegetation  as  a 
result  of  increased  mobility  and  phytotoxicity  of 
Al  in  acidified  soils.  Soil  acidity  is  a  well  known 
edaphic  stress  and  a  serious  agricultural  problem 
throughout  large  regions  of  the  world.  Not  surpris- 
ingly, this  has  led  to  an  intense  research  effort 
addressing  the  biology  of  Al  stress.  This  research 
base  provides  a  valuable  resource  for  scientists 
investigating  the  impact  of  acidic  precipitation  on 
natural  ecosystems.  An  overview  of  the  literature 
dealing  specifically  with  the  physiological  and  bio- 
chemical mechanisms  of  Al  phytotoxicity  and  tol- 
erance of  plants  and  plant  communities  is  given. 
Review  of  the  literature  indicates  that  Al  may  have 
several  direct  toxic  effects  on  plants.  At  the  root- 
soil  interface,  potential  effects  include  alterations  in 
membrane  structure  and  function  and  inhibition  of 
membrane-bound  enzymes.  These  effects  may  be 
the  basis  of  Al-induced  mineral  deficiencies.  Cell 
elongation  may  be  reduced  because  of  effects  of  Al 
on  cell  wall  components  or  cell  wall  assembly.  In 
the  cytosol,  Al  appears  to  bind  to  phosphate  in 
DNA,  repressing  template  activity  and  inhibiting 
DNA  synthesis.  Toxic  effects  on  enzyme-mediated 
reactions,  especially  in  relation  to  phosphate  me- 
tabolism and  calcium-calmodulin  are  also  likely. 
Aluminum  tolerance  appears  to  be  a  result  of  both 
exclusion  and  internal  tolerance  mechanisms.  The 
plasma  membrane  and  the  cell  wall  likely  play  a 
role  in  exclusion  of  Al  from  the  symplasm.  Forma- 
tion of  a  plant-induced  pH  barrier  in  the  rhizos- 
phere and  exudation  of  chelate  ligands  may  also 
contribute  to  this  exclusion.  In  the  symplasm,  che- 
lation in  the  cytosol  by  carboxylic  acids  or  Al- 
binding  proteins,  compartmentation  in  the  vacuole, 
and  evolution  of  Al-tolerant  enzymes  are  all  of 
potential  significance.  (See  also  W9 1-07502)  (Au- 
thor's abstract) 
W91-07512 


ACIDIC  PRECIPITATION,  VOL.  3:  SOURCES, 
DEPOSITION,  AND  CANOPY  INTERAC- 
TIONS. 

For  primary  bibliographic  entry  see  Field  5B. 
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AEROSOL  SULFUR  ASSOCIATION  WITH 
ALUMINUM  IN  EASTERN  NORTH  AMERICA: 
EVIDENCE  FOR  SOLUBILIZATION  OF  AT- 
MOSPHERIC TRACE  METALS  BEFORE  DEP- 
OSITION. 

Florida  State  Univ.,  Tallahassee.  Dept.  of  Ocean- 
ography. 

J.  W.  Winchester. 
IN:  Acidic  Precipitation,  Vol.  3:  Sources,  Deposi- 
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tion,  and  Canopy  Interactions.  Advances  in  Envi- 
ronmental Science.  Springer-Verlag  New  York, 
Inc.,  New  York.  1990.  p  21-48.  5  fig,  12  tab,  26  ref. 
U.S.  NSF  Grant  ATM  8601967. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Aerosols,  'Air  pollution,  'Aluminum, 
•Chemistry  of  precipitation,  'Deposition,  'North 
America,  'Path  of  pollutants,  'Sulfur,  'Trace 
metals,  'Water  pollution  sources,  Atmosphere, 
Automotive  industry.  Industrial  wastes,  Lakes, 
Minerals,  Soil  chemistry,  Solubility,  Sulfur  com- 
pounds. 

Statistical  evidence  has  been  found  for  the  associa- 
tion of  atmospheric  aerosol  sulfur  with  soil  mineral 
elements  in  the  eastern  United  States.  Evidence  is 
presented  based  on  analysis  of  existing  aerosol 
composition  data  and  reference  to  pertinent  litera- 
ture. The  variability  in  time  sequence  aerosol  com- 
position, measured  by  proton-induced  X-ray  emis- 
sion (PIXE)  analysis  of  3,600  two-hourly  filter 
samples  at  nine  sites  during  October  1977,  has  been 
examined  using  factor  analysis  and  multiple  linear 
regression.  At  all  sites,  84-91%  of  the  variance  is 
accounted  for  by  three  or  four  factors,  including  a 
mainly  sulfur  component  that  also  contains  Al  and 
other  mineral  metals,  as  well  as  one  or  two  dust 
components  and  a  Pb-Br  component  attributed  to 
automotive  emissions.  The  first  of  these  is  inter- 
preted to  represent  sulfuric  acid  taken  up  by  air- 
borne alkaline  mineral  dust.  At  ambient  relative 
humidities,  sulfuric  acid  aerosol  may  reach  pH  0  or 
below,  and  the  alkaline  soil  mineral  particles  are 
expected  to  be  rendered  soluble  by  reaction  with 
their  strongly  acidic  surface  coatings.  The  result- 
ing solubilized  trace  metals,  after  wet  or  dry  depo- 
sition to  the  surface  may  be  more  biologically 
available  than  if  the  metals  were  deposited  in  an 
insoluble  mineral  form.  At  two  northeastern  U.S. 
sites,  the  Al  concentrations  in  the  S-rich  aerosol 
component  are  high  enough  to  account  for  much 
of  the  soluble  Al  reported  to  be  present  in  Adiron- 
dack lakes.  At  midwestern  sites,  the  Al  concentra- 
tions are  higher,  corresponding  to  the  expected 
higher  dust  fluxes  to  the  atmosphere  by  wind  ero- 
sion of  soils.  At  all  sites,  the  atmospheric  deposi- 
tion fluxes  of  metals,  after  solubilization  by  reac- 
tion of  airborne  soil  mineral  particles  with  sulfuric 
acid,  may  be  an  important  input  to  aquatic  and 
possible  terrestrial  ecosystems.  (See  also  W91- 
07513)  (Author's  abstract) 
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HISTORY  OF  ATMOSPHERIC  DEPOSITION 
OF  CD,  HG,  AND  PB  IN  NORTH  AMERICA: 
EVIDENCE  FROM  LAKE  AND  PEAT  BOG 
SEDIMENTS. 

Maine  Univ.  at  Orono.  Dept.  of  Geological  Sci- 
ences. 

S.  A.  Norton,  P.  J.  Dillon,  R.  D.  Evans,  G.  Mierle, 
and  J.  S.  Kahl. 

IN:  Acidic  Precipitation,  V3:  Sources,  Deposition, 
and  Canopy  Interactions.  Adv.  in  Env.  Science. 
Springer-Verlag  NY,  Inc.,  NY.  1990.  p  73-102.  10 
fig,  3  tab,  144  ref.  NSF  Grants  DEB-7922142, 
DEB7810641,  US  Dept.  of  the  Interior  Grants 
USOWRTA048ME  and  RM-81-206GR,  US  Fish 
and  Wildlife  Serv.  Gr.  1416000979040,  US  EPA 
Grant  APP-0 119-1982,  US  Forest  Serv.  Gr.  53- 
84M8-5-004,  US  DOE  Grant  916597. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Air  pollution,  'Cadmium,  'Lake  sedi- 
ments, 'Lead,  'Mercury,  'Paleolimnology,  'Peat 
bogs,  'Water  pollution  sources,  Coal,  Heavy 
metals,  History,  Industrial  wastes,  Reviews,  Sedi- 
ment chemistry. 

The  precipitation  chemistry  and  lake  and  peat  sedi- 
ment chemistry  of  three  metals  emitted  to  the 
atmosphere  in  significant  amounts  as  a  result  of 
anthropogenic  activity  are  reviewed.  The  three 
metals,  Cd,  Hg,  and  Pb,  have  contrasting  source 
terms,  atmospheric  residence  times,  and  chemical 
mobility.Lake  and  ombrotrophic  peat  bog  sedi- 
ments record  increases  in  the  concentrations  and 
accumulation  rates  of  the  metals  for  most  of  tem- 
perate North  America  for  the  last  100  years.  These 
increases  are  largely  related  to  the  burning  of  coal, 
smelting  of  nonferrous  metals,  the  transportation 
industry,  and  the  industrial  production  of  chlorine. 


Modern  atmospheric  fluxes  of  Cd  in  central  North 
America  are  about  1000  times  background  fluxes; 
accumulation  rates  for  Cd  in  sediments  have  in- 
creased two  to  3  times  above  background,  begin- 
ning about  100  years  ago.  Global  scale  Hg  pollu- 
tion of  the  atmosphere  is  suggested  by  concentra- 
tions in  northern  hemisphere  air  that  are  double  the 
Hg  content  of  southern  hemisphere  air.  Accumula- 
tion rates  of  Hg  in  sediment  have  approximately 
doubled  in  the  last  100  years.  However,  these  rates 
are  approximately  an  order  of  magnitude  less  than 
those  for  Cd.  Modern  increases  in  Pb  concentra- 
tions are  ubiquitous  for  all  lakes  examines  thus  far 
in  North  America.  Input  is  from  multiple  sources 
and  thus  the  timing  of  increased  accumulation  rates 
in  sediment  varies  across  the  continent.  Typical 
modern  accumulation  rates  reach  maxima  at  20  to 
30  mg/sq-m/yr,  or  100  times  that  of  Cd  and  1,000 
times  that  of  Hg.  Recent  decreases  in  atmospheric 
lead  are  reflected  in  decreases  in  the  accumulation 
rate  of  Pb  in  both  lake  and  peat  bog  sediment  in 
eastern  North  America.  (See  also  W91-07513)  (Au- 
thor's abstract) 
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THROUGHFALL  CHEMISTRY  AND  CANOPY 
PROCESSING  MECHANISMS. 

Syracuse  Univ.,  NY.  Dept,  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2K. 
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EFFECT  OF  SOME  POLLUTANTS  ON  SCE  OF 
GRASS  CARP  (CTENOPHARYNGODON  IDEL- 
LUS)  CELLS  (IN  CHINESE). 

Hangzhou  Univ.  (China). 

S.  J.  Mao,  and  C.  L.  Wang. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 

Hu  Chao)  HYHCAG,  Vol.  21,  No.  3,  p  205-211, 

1990,  2  fig,  2  tab,  18  ref.  English  summary. 

Descriptors:  'Bioindicators,  'Carp,  'Mutagenicity, 
'Water  pollution  effects.  Animal  tissues,  Fish, 
Liver,  Metals,  Stream  pollution,  Tissue  analysis, 
Water  quality. 

The  liver  cells  of  one-year  old  juvenile  grass  carp 
(Ctenopharyngodon  idellus)  were  exposed  in  vivo 
and  in  vitro  to  five  metals  and  four  pesticides 
which  might  be  found  in  the  environment  of  a 
river.  Changes  in  sister  chromatid  exchange  (SCE) 
were  observed  in  the  liver  cells  after  exposure.  A 
medium  which  contained  10.4  ng/ml  of  Cr(VI), 
11.2  ng/ml  of  Cd(II),  7.49  ng/ml  of  As(III),  1  ng/ 
ml  of  Hg(II),  20.7  microg/ml  of  Pb(II),  or  21.6 
microg/ml  of  Dipterex  induced  the  SCE  of  cul- 
tured cells  to  increase.  Breeding  water  which  con- 
tained 1.5  microg/ml  of  Cr(VI),  1.5  microg/ml  of 
Cd(II)  or  1.3  microg/ml  Hg(II)  increased  the  SCE 
of  in-vivo  cells.  Tricyluzole,  Methamidophos  and 
Carbofuran  did  not  increase  SCE.  Because  the 
grass  carp  is  widespread  and  the  methods  of  de- 
tecting SCE  are  simple  and  convenient.  The  grass 
carp  could  be  used  to  monitor  river  pollution. 
(King-PTT) 
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EFFECTS  OF  HEAVY  METALS  ON  EMBRYOS 
AND  LARVAE  OF  FLAT  FISH  PARA- 
LICHTHYS  OLIVACEUS  (IN  CHINESE). 

Academia  Sinica,  Qingdao  (China).  Inst,  of  Ocean- 

ology. 

Y.  L.  Wu,  H.  R.  Zhao,  and  L.  Y.  Hou. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 

Hu  Chao)  HYHCAG,  Vol.  21,  No.  4,  p  386-393, 

July  1990,  3  fig,  3  tab,  6  ref. 

Descriptors:  'Acute  toxicity,  'Flounders,  'Heavy 
metals,  'Teratogenicity,  'Toxicology,  'Water  pol- 
lution effects,  Cadmium,  Chromium,  Copper, 
Lead,  Median  tolerance  limit,  Zinc. 

Embryos  of  the  flatfish  Paralichthys  olivaceus 
were  exposed  to  seawater  containing  concentra- 
tions of  Cu  (0.2-1.6  mg.L),  Cd  (2-16  mg/L),  Pb  (1- 
8  mg/L),  Zn  (8-16  mg/L),  and  Cr  (10-80  mg/L). 
The  embryos  were  exposed  from  12  hours  after 
fertilization  (Germ  ring  stage)  until  hatching.  The 
larvae  were  exposed  to  concentrations  of  Cu  (0.2- 
1.6  mg/L),  Cd  (1-8  mg/L),  Zn  (2-16  ng/L),  Pb  (2- 
16  mg/L)  and  Cr  (10-80  mg/L)  for  a  period  of  48 


hours.  The  development  of  the  embryos  exposed 
to  Cu,  Zn,  Cd  had  a  significant  decrease  in  hatch- 
ability  and  survival.  Larvae  exposed  to  Cu,  Cd,  Cr 
and  Pb  exhibited  deformation.  The  48  hours  LC50 
of  heavy  metals  for  embryos  was  Cu,  0.48;  Zn, 
6.55,;  and  Cd,  9.01  mg/L.  The  results  indicated 
that  fish  embryos  exhibited  sensitivity  to  five 
metals  :  Cu  (the  highest),  Zn,  Cd,  Pb,  and  Cr  (the 
lowest).  The  48  hour  LC50  for  heavy  metals  for 
larvae  were  Cu,  0.36;  Cd,  2.0;  Zn,  6.7;  Pb,  8.0  ;  and 
Cr,  62.3  mg/L.  (Author's  abstract) 
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EVALUATION  OF  THE  DYNAMIC  DAPHNIA 
TEST-EFFECT  OF  PESTICIDES  ON  THE 
SWIMMING  BEHAVIOR  OF  DAPHNIA 
MAGNA  UNDER  LABORATORY  AND  FIELD 
CONDITIONS  (ERFAHRUNGEN  MIT  DEM 
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Landesanstalt  fuer  Umweltschutz  Baden-Wuert- 
temberg,  Karlsruhe  (Germany,  F.R.). 
U.  Matthias,  and  H.  Puzicha. 

Zeitschrift  fuer  Wasser-  und  Abwasser-Forschung 
ZWABAQ,  Vol.  23,  No.  5,  p  193-198,  October 
1990,  8  fig,  8  ref.  English  summary. 

Descriptors:  'Analytical  methods,  'Animal  behav- 
ior, 'Bioassay,  'Bioindicators,  'Dynamic  Daphnia 
Test,  'Pesticides,  'Toxicology,  Automation,  Field 
tests,  Laboratory  methods,  Performance  evalua- 
tion, Water  quality  monitoring,  Waterfleas. 

Daphnidae  show  reproducible  swimming  activity 
when  they  are  placed  under  standardized  laborato- 
ry conditions.  Upon  the  introduction  of  hazardous 
substances  (e.g.,  pesticides),  a  significant  change  in 
swimming  behavior  can  be  observed.  At  first,  a 
clear  increase  of  swimming  activity  (hyperactivity) 
is  observed;  this  is  then  followed  by  a  gradual 
mobility  decrease  until  death  occurs.  Using  this 
procedure,  which  has  been  named  the  'Dynamic 
Daphnia  Test',  clear  and  reproducible  behavior  is 
observed  at  concentrations  over  the  acute  toxicity 
range  (effective  concentration,  or  EC,  values).  An 
essential  part  of  the  Dynamic  Daphnia  Test  is 
automated  monitoring,  which  allows  the  detection 
of  water-quality  perturbations  outside  normal  labo- 
ratory hours.  (King-PTT) 
W9 1-07545 


ECOLOGICAL  IMPACT  OF  URBAN  STORM- 
WATER  RUNOFF  STUDIED  IN  EXPERIMEN- 
TAL FLUMES:  POPULATION  LOSS  BY  DRIFT 
AND  AVAILABILITY  OF  REFUGIAL  SPACE. 

Gesamthochschule  Kassel  (Germany,  F.R.).  Fach- 

gebiet  Siedlungswasserwirtschaft. 

D.  Borchardt,  and  B.  Statzner. 

Aquatic  Sciences  AQSCEA,  Vol.  52,  No.  4,  p  299- 

314,  1990.  10  fig,  24  ref.  LAWA  (KFW)  Grant  No. 

K9.2. 

Descriptors:  'Aquatic  drift,  'Aquatic  habitats, 
•Aquatic  populations,  'Flumes,  'Storm  runoff, 
'Storm-overflow  sewers,  'Urban  runoff, 
'Wastewater  pollution,  'Water  pollution  effects, 
Amphipods,  Artificial  watercourses,  Channel  mor- 
phology, Invertebrates,  Laboratory  methods,  Pop- 
ulation loss,  Sewer  systems,  Storm  water, 
Wastewater. 

Urban  stormwater  runoff  discharged  through 
sewer  systems  into  streams  causes  flush  spills  of 
water  and  pollutants  in  the  receiving  water.  To 
make  the  right  decisions  in  future  planning  of  the 
very  costly  rehabilitation  of  sewer  systems,  a  solid 
ecological  data  base  on  the  critical  parameters  of 
sewer  overflows  is  badly  needed.  A  laboratory 
flume  was  therefore  designed  to  be  operated  in 
circular  flow  mode  to  ensure  adaptation  of  the  test 
organism  and  in  flow-through  mode  during  the 
simulation  of  sewer  overflows  to  allow  a  proper 
evaluation  of  population  loss  by  drift.  Experiments 
on  behavior  during  the  adaptation  phase  and  popu- 
lation loss  during  exposure  to  flush  spills  of  water 
and/or  a  mixture  of  sewage  and  clean  water  of  a 
benthic  invertebrate  (Gammarus  pulex)  demon- 
strated the  potential  of  the  flume  to  identify  critical 
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parameters  of  sewer  overflows  under  quasi-real- 
world  conditions.  There  was  clear  evidence  for 
synergetic  effects  since  the  exposure  to  high  flow 
and  sewage  caused  higher  population  loss  of  Gam- 
marus  than  the  sum  of  population  loss  with  expo- 
sure to  only  high  flow  or  only  sewage.  Population 
loss  considerably  depended  on  the  availability  of 
refugial  space;  if  the  interstices  of  the  gravel  in  the 
flume  were  silted,  this  loss  was  higher  than  with 
open  interstices.  Only  10  minutes  of  movement  of 
the  material  forming  the  flume  bottom  reduced  the 
population  of  Gammarus  to  about  60  or  50%  of  its 
initial  size.  Hence,  it  is  strongly  suggested  that  the 
characteristics  of  the  receiving  stream  (refugial 
space,  bed  stability)  play  an  important  role  in  the 
potential  ecological  impact  of  a  sewer  overflow. 
Changes  of  stream  morphology  and/or  creation  of 
refugial  space  plus  an  appropriate  technical  solu- 
tion for  overflow  treatment  may  be  less  costly  and 
more  effective  than  a  large-scale  construction 
project.  The  stream  should  itself  be  a  major  ele- 
ment in  management  decisions.  (Author's  abstract) 
W91-07552 


REDUCTION  IN  OOCYTE  PRODUCTION  AND 
GONADOTROPE  ACTIVITY,  AND  PLASMA 
LEVELS  OF  ESTROGENS  AND  VITELLO- 
GENIN, IN  BROOK  TROUT  EXPOSED  TO 
LOW  ENVIRONMENTAL  PH. 
University  of  Western  Ontario,  London.  Dept.  of 
Zoology. 

W.  H.  Tam,  J.  N.  Fryer,  B.  Valentine,  and  R.  J.  J. 
Roy. 

Canadian  Journal  of  Zoology  CJZOAG,  Vol.  68, 
No.  12,  p  2468-2476,  December  1990.  7  fig,  39  ref. 
Natural  Sciences  and  Engineering  Research  Coun- 
cil of  Canada  Strategic  Grants  G1569  and  G1784. 

Descriptors:  *Acid  rain,  *Acid  rain  effects,  *Tissue 
analysis,  'Toxicology,  "Trout,  *Water  pollution 
effects,  Acid  stress,  Acidification,  Fish  physiology, 
Hydrogen  ion  concentration,  Hyperglycemia,  Hy- 
ponatremia. 

Maturing  brook  trout  were  exposed  to  pH  4.5  at 
the  beginning  of  the  rapid  oocyte  development 
phase  in  mid-June.  The  number  of  atretic  follicles 
containing  vitellogenic  oocytes  in  acid-treated 
trout  gradually  increased  with  time,  to  exceed  that 
of  control  fish  on  day  30,  reaching  a  maximum  (22- 
24%  of  all  vitellogenic  oocytes)  between  days  45 
and  60  of  acid  exposure,  before  declining  on  day 
73.  Follicular  atresia  reduced  the  number  of 
healthy  vitellogenic  oocytes  in  the  acid-stressed 
fish  to  59%  of  the  controls  by  day  60.  Plasma 
vittelogenin  and  estrogen  levels  were  not  consist- 
ently affected  by  acid  exposure.  During  the  first  45 
days  of  acid  exposure,  the  mean  weight  of  the 
healthy  vitellogenic  oocytes  and  the  plasma  levels 
of  estrogen  in  the  acid-exposed  fish  were  at  times 
significantly  higher  than  those  of  control  trout,  but 
after  day  45  these  differences  were  no  longer  ob- 
served. Ultrastructural  morphometry  showed  that 
secretory  activity  of  the  gonadotropes  in  the 
female  acid-stressed  brook  trout  was  suppressed. 
Throughout  the  experimental  period,  the  acid-ex- 
posed trout  showed  various  symptoms  characteris- 
tic of  acid  stress,  such  as  elevated  ACTH  and 
Cortisol  secretion,  hyperglycemia,  acidosis  and  hy- 
ponatremia. Food  intake  was  reduced  to  14%  of 
the  control  value.  These  results  suggest  that  the 
disruptive  physiological  changes  and  (or)  reduced 
nutritional  status  associated  with  acid  stress  are 
responsible  for  the  reduction  in  activity  of  the 
gonadotropes  and  oocyte  atresia.  (Author's  ab- 
stract) 
W9 1-07565 


STREAM  FISHES  ESTIMATE  WATER  QUAL- 
ITY IN  DAYTON-MONTGOMERY  COUNTY 
PARK  DISTRICT  RESERVES. 

Miami  Univ.-Middletown,  OH.  Dept.  of  Zoology. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07  571 


TRIBUTYLTIN  OXIDE  INDUCED  ALTER- 
ATIONS IN  EXUVIAL  WEIGHT  AND  CALCI- 
UM CONTENT  OF  THE  PRAWN,  CARIDINA 
RAJADHARI. 

Marathwada  Univ.,  Aurangabad  (India).  Dept.  of 


Zoology. 

R.  Nagabhushanam,  P.  S.  Reddy,  and  R.  Sarojini. 
Proceedings  of  the  Indian  Academy  of  Sciences 
(Animal   Sciences)  PIANDR,  Vol.  99,  No.   5,  p 
397-400,  1990.  2  fig,  11  ref. 

Descriptors:  *Animal  growth,  *Antifoulants,  "Or- 
ganotin  compounds,  "River  shrimp,  "Toxicology, 
"Water  pollution  effects,  Animal  metabolism,  Cal- 
cium resorption,  Chitinolytic  enzymes,  Exoskeletal 
weight,  Molt  exuvia,  Sublethal  effects. 

Molting  is  the  most  characteristic  and  important 
metabolic  event  in  the  life  cycle  of  crustaceans. 
Cyclic  cuticle  deposition  and  resorption  of  calcium 
from  old  cuticle  occur  in  relation  to  the  crustacean 
molt  cycle.  The  impact  of  sublethal  concentrations 
of  tributyltin  oxide  (TBTO)  on  exoskeletal  weight 
and  calcium  on  3  successive  molts  of  C.  rajadhari 
was  studied.  Prolonged  exposure  of  this  prawn  to 
media  containing  sublethal  doses  (0-015,  0-020,  0- 
025  and  0-040  ppm)  of  TBTO  led  to  an  increase  in 
the  dry  weight  exuvia  and  an  increase  in  the  total 
quantity  of  calcium.  This  increase  was  not  signifi- 
cant in  the  initial  two  molts  but  it  was  significant 
(p<0-01)  in  the  third  molt  when  exposed  to  a 
minimum  (0-015  ppm  )  dose.  However,  there  was  a 
significant  (p<0-01)  rise  in  both  exuvial  weight 
and  calcium  quantity  in  the  first  two  molts  and 
highly  significant  (p<  0-001)  in  the  third  molt 
exuvia  when  exposed  to  maximum  (0-040  ppm) 
dose.  These  observed  exuvial  changes  from  prawns 
exposed  to  TBTO  might  be  due  to  a  decrease  in 
the  resorption  of  the  old  cuticle  and/or  due  to  the 
inhibition  of  chitinolytic  enzymes.  (Author's  ab- 
stract) 
W91-07574 


EFFECT  OF  HEAVY  METAL  SALTS  ON  THE 
LIFE  HISTORY  OF  DAPHNIA  SIMILIS 
CLAUS  (CRUSTACEA:  CLADOCERA). 

Madurai-Kamaraj  Univ.  (India).  School  of  Energy, 
Environment  and  Natural  Resources. 
S.  Soundrapandian,  and  K.  Ventkataraman. 
Proceedings  of  the  Indian  Academy  of  Sciences 
(Animal   Sciences)  PIANDR,  Vol.   99,   No.   5,  p 
411-418,  1990.  5  fig,  4  tab,  14  ref. 

Descriptors:  "Acute  toxicity,  "Biomagnification, 
"Daphnia,  "Heavy  metals,  "Toxicity,  "Toxicology, 
"Water  pollution  effects,  Body  length,  Fecundity, 
Longevity,  Median  tolerance  limit,  Molting  fre- 
quency, Waterfleas. 

The  acute  toxicity  (LD-50)  of  heavy  metal  salts  on 
D.  similis  was  studied  by  observing  changes  in  the 
longevity,  body  lenght,  fecundity  and  molting  fre- 
quency of  this  cladoceran.  Copper  was  the  most 
toxic  and  zinc  the  least.  The  decreasing  order  of 
toxicity  on  longevity,  body  length  and  fecundity 
was  Zn  >  Pb  >  Cu  >  Hg,  Cu  >  Zn  >  Hg  >  Pb 
and  Pb  >  Cu  >  Zn  >  Hg,  respectively.  The 
average  number  of  instars  increased  with  the  in- 
crease of  the  concentration  of  metals  in  the 
medium.  The  amount  accumulated  was  Zn  >  Pb 
>  Cu  for  24  h  and  Zn  >  Cu  >  Pb  for  48  h.  Upon 
doubling  the  concentration  of  metal  to  which  D. 
similis  was  exposed  and  feeding  them  to  the  fish 
Sarotherodon  mossambicus,  the  biomagnification 
increased  for  copper  and  zinc  while  it  decreased 
for  lead.  (Author's  abstract) 
W91-07575 


ECOPHYSIOLOGICAL  AND  TROPHIC  IMPLI- 
CATIONS OF  LIGHT-STIMULATED  AMINO 
ACID  UTILIZATION  IN  MARINE  PICO- 
PLANKTON. 

North  Carolina  Univ.  at  Chapel  Hill.  Inst,  of 
Marine  Sciences. 

For  primary  bibliographic  entry  see  Field  2L. 
W9 1-07653 


PHYTOPLANKTON  SUCCESSION  DURING 
ACIDIFICATION  WITH  AND  WITHOUT  IN- 
CREASING ALUMINUM  LEVELS. 

Kent  State  Univ.,  OH.  Dept.  of  Biological  Sci- 

cnccs. 

K.  E.  Havens,  and  R.  J.  Heath. 

Environmental  Pollution  ENPOEK,  Vol.  68,  No. 

1/2,  p  129-145,  1990,  6  fig,  1  tab,  34  ref. 


Descriptors:  "Acid  rain,  "Acid  rain  effects,  "Acidi- 
fication, "Aluminum,  "Lake  acidification,  "Ohio, 
"Phytoplankton,  "Succession,  Algal  growth,  Algal 
toxins,  Chlorophyta,  Chrysophyta,  Closterium, 
Desmids,  Diatoms,  East  Twin  Lake,  Mesotrophic 
lakes,  Peridinium,  Species  composition. 

An  in  situ  mesocosm  experiment  was  performed  to 
investigate  the  role  of  aluminum  in  controlling 
phytoplankton  community  succession  during  lake 
acidification.  Large  (2,000  liter)  mesocosms  were 
suspended  in  mesotrophic  East  Twin  Lake,  Ohio. 
Duplicates  were  either  untreated  controls  (pH  8.8), 
acidified  to  pH  4.5  over  23  days,  or  acidified  and 
spiked  with  200  micrograms  per  liter  Al  in  incre- 
mental additions.  Filamentous  blue  greens,  diatoms 
and  other  chrysophytes  became  extinct  in  both 
acid  treatments,  but  declined  most  rapidly  where 
Al  levels  were  also  increased.  The  large  desmid 
Closterium  and  the  filamentous  chlorophyte  Mou- 
goetia  became  dominant  in  the  acid  treatment.  In 
the  Acid  +  Al  treatment,  these  algae  also  became 
dominant,  but  the  species  with  the  greatest  biomass 
was  the  dinoflagellate  Peridium  inconspicuum. 
Acidification  (with  or  without  added  Al)  also  re- 
sulted in  a  significant  shift  in  the  algal  size  spec- 
trum to  larger  (>20  micron)  cells.  Such  a  shift  in 
size  may  explain  the  increase  in  transparency  in  the 
acidified  mesocosms  since  larger  cells  attenuate 
less  light.  This  condition  favors  algal  growth.  De- 
spite an  increase  in  algal  growth,  a  decrease  in 
zooplankton  was  also  noticed  since  small  herbi- 
vores are  unable  to  graze  on  Peridinium.  In  acid 
lake  communities  dominated  by  inedible  algae  the 
major  pathway  for  energy  flow  to  higher  trophic 
levels  may  be  through  the  'microbial  loop'  rather 
than  the  classical  grazing  food  chain.  (Doyle-PTT) 
W9 1-07660 


INFLUENCE  OF  APPLICATION  RATE  ON 
THE  BACTERIAL  MUTAGENICITY  OF  SOIL 
AMENDED  WITH  MUNICIPAL  SEWAGE 
SLUDGE. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 
Soil  and  Crop  Sciences. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-07661 


GLOBAL  CLIMATE  TRENDS  AND  GREEN- 
HOUSE GAS  DATA:  FEDERAL  ACTIVITIES  IN 
DATA  COLLECTION,  ARCHIVING,  AND  DIS- 
SEMINATION. 

Department  of  Energy,  Washington,  DC.  Office  of 
Environmental  Analysis. 

Report  to  the  Congress  of  the  United  States. 
Report  No.  DOE/PE-0094P,  June  1990.  369p,  20 
fig,  15  tab,  312  ref. 

Descriptors:  "Climatology,  "Data  storage  and  re- 
trieval, "Databases,  "Global  warming,  "Green- 
house effect,  "Information  exchange,  "Water  pol- 
lution sources,  Air  pollution,  Data  requirements, 
Economic  aspects,  Hydrocarbons,  Information 
transfer,  Methane,  Nitrous  oxide. 

For  the  Energy  and  Water  Development  Appro- 
priations Act,  1989,  four  studies  on  policy-related 
aspects  of  global  climate  change  were  requested. 
This  report  examines  efforts  of  the  US  government 
to  collect,  manage,  and  disseminate  data  on  the 
emissions  of  greenhouse  gases,  their  atmospheric 
concentrations,  and  trends  in  the  Earth's  climate.  It 
reviews  how  data  are  used  to  estimate  and  project 
emissions,  to  infer  climate  trends,  and  to  support 
assessment  and  policy  analysis  functions,  as  well  as 
its  uses  in  scientific  research.  It  examines  coordina- 
tion of  Federal  data  activities  among  agencies.  In 
addition  to  data  needed  for  scientific  research  and 
identification  of  trends,  this  report  considers  the 
special  data  and  information  needs  of  government 
and  the  public  for  assessment  and  policy  analysis 
purposes.  The  report  concludes  with  recommenda- 
tions which  include:  (1)  that  new  mechanisms  are 
needed  to  help  integrate  the  existing  Federal  data 
management  system  by  increasing  communication, 
coordination,  and  exchange  of  data  and  informa- 
tion among  data  centers,  data  collectors,  and  users 
of  global  change  data;  (2)  integrated  databases  and 
higher  level  information  products  are  needed  for 
assessment  and  policy  analysis  purposes;  (3)  certain 
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data  centers  have  particularly  critical  needs  for 
data  maintenance  that  are  not  being  met  be  current 
staff  due  to  funding  deficiencies;  (4)  data  from 
international  organizations  and  other  countries  is 
essential  in  studying  global  issues.  The  US  global 
change  network  needs  to  provide  access  for  US 
agencies  and  scientists  to  appropriate  international 
data.  World  Data  Centers  should  be  more  widely 
used  and  expanded  where  needed;  (5)  budgetary 
priorities  should  recognize  the  need  for  base  levels 
of  funding  both  for  accession  of  new  data  and 
maintenance  of  continuity  in  existing  conditions; 
(6)  an  effort  is  needed  to  convert  historical  mari- 
time fleet  records  and  land-based  US  climatic  data 
to  machine-readable  formats;  and  (7)  process  meas- 
urements of  several  trace  gases  (e.g.,  nitrous  oxide, 
methane,  and  other  slow-reacting  hydrocarbons) 
need  to  be  made  for  the  specific  purposes  of  global 
climate  change.  (Lantz-PTT) 
W9 1-078 15 


BIOACCUMULATION  OF  ZINC  AND  CADMI- 
UM IN  FRESHWATER  ALGA,  CHLORELLA 
VULGARIS.  PART  I.  TOXICITY  AND  ACCU- 
MULATION. 

Kagoshima  Univ.  (Japan).  Dept.  of  Applied  Chem- 
istry. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07841 


SIZE  COMPOSITION  AND  ESTIMATED 
PHOSPHORUS  REGENERATION  RATES  OF 
THE  COPEPOD  COMMUNITY  ALONG  AN  ES- 
TUARINE-OFFSHORE  TRANSECT  IN  THE 
INLAND  SEA  OF  JAPAN. 

Hiroshima  Univ.  (Japan).  Faculty  of  Applied  Bio- 
logical Science. 

S.  Uye,  K.  Imaizumi,  and  O.  Matsuda. 
Estuarine,   Coastal   and   Shelf  Science   ECSSD3, 
Vol.  31,  No.  6,  p  851-863,  December  1990.  7  fig,  26 
ref. 

Descriptors:  'Copepods,  'Estuarine  environment, 
*Eutrophication,  *Japan,  "Osaka  Bay,  ♦Phos- 
phates, 'Phosphorus,  *Water  pollution  effects,  Bio- 
mass,  Carbon,  Excretion,  Hydrography,  Meso- 
trophy,  Physiological  ecology,  Phytoplankton, 
Trophic  level,  Zooplankton. 

Hydrographic  data  were  obtained  and  water,  phy- 
toplankton, and  zooplankton  samples  collected  at 
1 1  stations  along  a  transect  from  the  heavily  eutro- 
phified  innermost  part  of  Osaka  Bay  (Japan)  to 
mesotrophic  offshore  shelf  waters  in  Kii  Channel 
in  June  and  December  1985.  In  June,  the  copepod 
community  consisted  mainly  of  the  small  species 
Paracalanus  sp.  and  Corycaeus  spp.  in  the  inner 
Osaka  Bay,  and  was  dominated  by  the  large  species 
Calanus  sinicus  in  Kii  Channel.  In  December, 
overall  copepod  biomass  was  lower  than  in  June 
and  the  community  consisted  mainly  of  the  small 
species  Paracalanus  sp.  and  Microsetella  norvegica 
over  the  entire  study  area.  From  shipboard  experi- 
ments, the  phosphate  excretion  rate  of  a  copepod 
was  expressed  as  log  E  =  0.486  log  W  +  0.377, 
where  E  is  excretion  rate  (ng  P/individual/h)  and 
W  is  copepod  body  carbon  weight  (micrograms 
C).  Using  this  equation,  the  dissolved  inorganic 
phosphorus  (DIP)  regeneration  rate  of  the  cope- 
pod community  was  estimated  at  each  station, 
based  on  numerical  abundance  and  size  composi- 
tion. Despite  large  geographical  variations  in  ambi- 
ent DIP  concentration  and  uptake  rate  of  the  phy- 
toplankton community,  the  DIP  regeneration  rate 
of  the  copepod  community  was  relatively  constant. 
The  role  of  regenerated  DIP  was  important  at 
offshore  stations  in  June  when  the  DIP  uptake  rate 
of  phytoplankton  was  high.  (Author's  abstract) 
W9 1-07866 


SEASONAL  CHANGES  IN  SPECIES  COMPO- 
SITION AND  PRODUCTION  OF  PERIPHY- 
TON  IN  AN  URBAN  RIVER  RUNNING 
THROUGH  AN  ABANDONED  COPPER 
MINING  REGION. 

National  Inst,  for  Environmental  Studies,  Tsukuba 
(Japan). 

For  primary  bibliographic  entry  see  Field  2H. 
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SEASONAL  FLUCTUATION  OF  PHYTO- 
PLANKTON WITH  SPECIAL  REFERENCE  TO 
THE  CHRYSOPHYTES  IN  FOUR  PONDS  AND 
LAKES  SITUATED  IN  THE  SOUTHERN  PART 
OF  HYOGO  PREFECTURE,  JAPAN. 
Kobe  City  Water  Works  Bureau  (Japan).  Water 
Quality  Lab. 

For  primary  bibliographic  entry  see  Field  2H. 
W91-07873 


ECOLOGICAL  PROBLEMS  OF  THE  THER- 
MICS  OF  HYDROELECTRIC  STATIONS. 

A.  G.  Vasilevskii. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  167-172,  1990.  4  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p  13-15, 
March,  1990. 

Descriptors:  *Dam  effects,  *Hydroelectric  plants, 
♦Reservoirs,  'Soviet  Union,  'Temperature  effects, 
'Thermal  pollution,  'Water  pollution  effects,  Air 
pollution,  Design  criteria,  Enisei  River,  Fog,  Hy- 
polimnion,  Krasnoyarsk  Hydroelectric  Plant,  Mi- 
croclimate, Recreation,  Seasonal  variation. 

The  Krasnoyarsk  hydrostation  is  a  clear  example 
shedding  light  on  the  entire  gamut  of  problems  of 
operating  a  hydrostation  after  the  water  tempera- 
ture in  the  pools  has  changed.  In  the  summer, 
water  withdrawn  from  the  unheated  layers  of  the 
reservoir  has  a  temperature  5-10  C  lower  than  the 
natural  water,  making  the  water  of  the  Enisei 
River  as  it  passes  through  Krasnoyarsk  unsuitable 
for  recreation.  In  the  winter,  the  lack  of  an  ice 
cover  on  the  river  results  in  fog  formation,  with 
together  with  emissions  in  the  atmosphere  from 
fuel  combustion  and  wastes  of  the  chemical  indus- 
try considerably  worsens  the  local  microclimate.  A 
detailed  study  of  the  thermal  regime  of  the  Kras- 
noyarsk hydrostation  is  currently  in  progress.  It  is 
concluded  from  this  case  that  thermal  forecasts 
should  be  developed  at  an  early  stage  of  designing 
a  hydrostation  and  should  be  taken  into  account 
when  selecting  the  site  of  structures,  capacity,  and 
operating  regime  of  the  hydrostation.  (Rochester- 
PTT) 
W91-07878 


WATER  AND  SALT  REGIME  OF  THE  ARNA- 
SAI  LAKES. 

For   primary   bibliographic   entry   see   Field   6G. 
W9 1-07879 


INFLUENCE  OF  LIGHT  AND  TEMPERATURE 
ON  THE  GROWTH  OF  FOUR  ALGAE  FROM  A 
EUTROPHIC  LAKE  (LAKE  AYDAT,  PUY  DE 
DOME,   FRANCE)   (INFLUENCE   DE   LA   LU- 
MIERE  ET  DE  LA  TEMPERATURE  SUR  LA 
CROISSANCE  DE  QUATRE  ESPECES   D'AL- 
GUES  D'UN  LAC  EUTROPHE  (LAC  AYDAT, 
PUY  DE  DOME,  FRANCE)). 
Clermont-Ferrand-2  Univ.,  Aubiere  (France).  Lab. 
de  Zoologie  et  Protistologie. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07982 


BIG  RIVER,  CO  LOUTH,  IRELAND:  A  CASE 
STUDY  IN  RECOVERY. 

Dundalk  Regional  Technical  Coll.  (Ireland).  Dept. 
of  Experimental  Sciences. 

For   primary   bibliographic   entry   see   Field    5G. 
W9 1-07984 


UREASE-AGAR-DIFFUSION-TEST  FOR 

RAPID  DETERMINATION  OF  THE  TOXICITY 
OF  SURFACE  WATERS  (DER  UREASE-AGAR- 
DIFFUSIONSTEST  ZUR  SCHNELLEN  TOXIZI- 
TAETSBESTIMMUNG  VON  OBERFLAE- 
CHENGEWAESSERN). 

Universitaet  des  Saarlandes,  Homburg/Saar  (Ger- 
many, F.R.).  Medizinische  Fakultaet. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07990 


ACUTE  GIARDIASIS:  AN  IMPROVED  CLINI- 
CAL CASE  DEFINITION  FOR  EPIDEMIOLOG- 
IC STUDIES. 


Colorado  Dept.  of  Health,  Denver.  Disease  Con- 
trol and  Epidemiology  Div. 
R.  S.  Hopkins,  and  D.  D.  Juranek. 
American  Journal  of  Epidemiology  AJEPAS,  Vol. 
133,  No.  4,  p  402-407,  February  15,  1991.  1  fig,  2 
tab,  6  ref. 

Descriptors:  'Epidemiology,  'Human  diseases, 
•Public  health,  'Water  pollution  effects,  Case  stud- 
ies, Colorado,  Epidemics,  Giardia,  Giardiasis,  In- 
fection. 

In  June  1983,  an  outbreak  of  waterborne  giardiasis 
occurred  in  a  group  of  93  university  students  and 
faculty  participating  in  a  geology  field  course  in 
Colorado.  All  cases  occurred  in  one  subgroup  of 
persons  who  were  heavily  exposed  to  untreated 
stream  water  on  a  field  trip,  and  the  risk  of  illness 
was  strongly  related  to  the  amount  of  untreated 
stream  water  consumed.  The  median  incubation 
period  from  a  brief  exposure  to  the  first  symptom 
was  7  days.  Symptoms  and  stool  sample  results 
were  compared  among  3 1  Giardia-positive  persons 
in  the  exposed  group  and  36  Giardia-negative  par- 
ticipants in  an  unexposed  group  to  assess  several 
case  definitions  for  acute  giardiasis.  A  giardiasis 
case  definition  of  5  days  or  more  of  diarrhea,  the 
definition  used  in  many  epidemiologic  studies  of 
giardiasis,  had  a  specificity  of  100%  but  a  sensitivi- 
ty of  only  32.2%  compared  with  a  definition  based 
on  results  of  stool  examinations.  When  a  case  was 
defined  as  an  illness  lasting  7  days  or  more,  with  a 
combination  of  two  or  more  of  six  symptoms  (diar- 
rhea, flatulence,  foul-smelling  stools,  nausea,  ab- 
dominal cramps,  and  excessive  tiredness),  sensitivi- 
ty rose  to  73%,  with  a  specificity  of  88%.  Such  a 
case  definition  may  be  an  improvement  over  that 
of  5  days  of  diarrhea,  especially  in  outbreaks  where 
there  is  good  laboratory  documentation  that  Giar- 
dia is  the  etiologic  agent.  The  definition  should  be 
validated  in  other  outbreaks  and  in  situations 
where  giardiasis  must  be  distinguished  from  gastro- 
intestinal disease  caused  by  other  agents.  (Author's 
abstract) 
W91-07995 


TOXICITY  OF  MICROENCAPSULATED  PER- 
METHRIN  TO  SELECTED  NONTARGET 
AQUATIC  INVERTEBRATES. 

Guelph  Univ.  (Ontario).  Dept.  of  Environmental 

Biology. 

P.  K.  Sibley,  and  N.  K.  Kaushik. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  168-176, 

February  1991.  6  fig,  3  tab,  44  ref. 

Descriptors:  'Bioassay,  'Invertebrates,  'Pesticides, 
•Toxicity,  'Water  pollution  effects,  Acute  toxicity, 
Chronic  toxicity,  Daphnia,  Lethal  limit,  Microen- 
capsulation, Permethrins,  Pesticide  toxicity,  Pyr- 
ethroids. 

Microencapsulated  permethrin  (penncapthrin)  was 
evaluated  under  laboratory  conditions  for  its  toxic- 
ity toward  several  nontarget  aquatic  invertebrates. 
Average  LC50  estimates  for  selected  lotic  inverte- 
brates, based  on  a  one  hour  dosing  regime,  were: 
2.71  mg/L  for  Simulium  vittatum,  4.59  mg/L  for 
Hydropsyche  spp.,  and  13.41  mg/L  for  Isonychia 
bicolor.  In  acute  static  tests  with  Daphnia  magna, 
there  was  no  significant  difference  between  the 
toxicity  of  penncapthrin  at  96  h  (LC50  range:  6.80- 
22.5  microg/L)  and  the  EC  formulation  (LC50 
range:  0.6-21  microg/L).  Comparatively,  the  toxic- 
ity of  microencapsulated  methyl  parathion  (penn- 
cap-m)  was  not  significantly  different  from  that  of 
penncapthrin  toward  D.  magna.  LC50  estimates 
associated  with  D.  pulex  ranged  from  19  to  131 
microg/L.  The  toxicity  of  penncapthrin  and  penn- 
cap-m  toward  D.  pulex  was  difficult  to  determine 
because  of  frequent  control  mortality  due  to  food 
deprivation  resulting  from  the  need  to  run  tests  for 
longer  than  48  h.  In  successful  tests,  LC50  esti- 
mates ranged  from  19  to  28  microg/L  for  penn- 
capthrin and  from  0.08  to  25  microg/L  for  penn- 
cap-m  after  72  h  exposure.  In  long  term  toxicity 
tests  (39  d),  survival  of  D.  magna  was  95%,  44%, 
and  20%  at  1,  10  and  15  microg/L  penncapthrin, 
respectively.  Less  than  15%  of  D.  pulex  survived 
over  the  same  concentration  range  following  32  d 
exposure.  Despite  some  drawbacks,  long-term  tox- 
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icity  tests  were  more  appropriate  than  short-term 
test  for  evaluating  microencapsulated  pesticides  be- 
cause of  reduced  variability  in  LC50  estimates  and 
lower  control  mortality.  (Author's  abstract) 
W91-07998 


IMPACT  OF  FURADAN  3G  (CARBOFURAN) 
APPLICATIONS  ON  AQUATIC  MACROIN- 
VERTEBRATES  IN  IRRIGATED  RICE  IN  SEN- 
EGAL. 

Agricultural    Univ.,    Wageningen    (Netherlands). 

Dept.  of  Toxicology. 

W.  C.  Mullie,  P.  J.  Verwey,  A.  G.  Berends,  F. 

Sene,  and  J.  H.  Koeman. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  177-182, 

February  1991.  3  fig,  2  tab,  19  ref. 

Descriptors:  *Agricultural  chemicals,  "Aquatic 
life,  "Carbofuran,  "Pesticide  toxicity,  "Pesticides, 
*Rice  fields,  "Water  pollution  effects,  Bioindica- 
tors,  Environmental  effects,  Macroinvertebrates, 
Rice,  Senegal,  Water  birds. 

The  impact  of  Furadan  3G  applications  (carbo- 
furan,  granular  formulation;  dose  rate  1  kg  a.i./ha) 
on  aquatic  macroinvertebrates  was  studied  in  irri- 
gated test  plots  with  rice  in  northern  Senegal. 
Total  biomass  of  macroinvertebrates  and  numbers 
of  Ordonata,  Ephemeroptera,  Nematocera  (Dip- 
tera),  and  Hydrocorisae  (Hemiptera)  were  severely 
and  significantly  reduced  after  treatment,  and  re- 
mained significantly  lower  than  those  in  control 
plots  until  at  least  24  days  after  treatment.  No 
effects  could  be  demonstrated  on  Veliidae  (Hemip- 
tera), Coleoptera,  and  Arachnida.  In  an  in  situ 
bioassay,  Ephemeroptera  was  the  most  sensitive 
taxon,  showing  50%  mortality  at  18-19  days  after 
treatment.  Side-effects  of  carbofuran  applications 
were  also  observed  in  frogs  and  birds;  some  birds 
that  consumed  spilled  granules  died  immediately. 
Furadan  3G  applications,  as  practiced  in  the 
region,  cause  dramatic  effects  on  many  nontarget 
organisms.  Its  use  is  hazardous  to  wildlife,  and  it 
severely  reduces  the  significance  of  irrigated  rice 
fields  as  a  feeding  habitat  for  birds,  including 
waders,  and  other  insectivorous  organisms.  (Au- 
thor's abstract) 
W9 1-07999 


SENSITIVITY  OF  CERIODAPHNIA  DUBIA 
AND  DAPHNIA  MAGNA  TO  SEVEN  CHEMI- 
CALS UTILIZING  THE  THREE-BROOD  TEST. 

Dow  Chemical  Co.,  Midland,  MI.  Environmental 
Toxicology  and  Chemistry  Research  Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08001 


INFLUENCE  OF  ALUMINUM  AND  H+  ON 
THE  ELECTROLYTE  HOMEOSTASIS  IN  THE 
UNIONIDAE  ANODONTA  ANATINA  L.  AND 
UNIO  PICTORUM  L. 

Utrecht  Rijksuniversiteit  (Netherlands).  Research 

Group  for  Aquatic  Toxicology. 

K.  Pynnonen. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  218-225, 

February  1991.  5  fig,  2  tab,  29  ref. 

Descriptors:  "Acid  rain  effects,  "Acidic  water, 
"Aluminum,  "Electrolytes,  "Shellfish,  "Water  pol- 
lution effects,  Acidity,  Animal  physiology,  Calci- 
um, Clams,  Freshwater,  Hardness,  Hemolymph, 
Homeostasis. 

Two  species  of  freshwater  clams,  Anodonta  ana- 
tina  and  Unio  pictorum,  were  exposed  to  aluminum 
(300-900  microg/L)  and  acid  (pH  4-5  and  pH  6.6- 
8.3)  in  hard  (35  mg/L  Ca)  and  soft  (3.5  mg/L  Ca) 
water.  Long-term  and  short-term  pH  depressions 
of  2  and  3  weeks  and  intermittent,  repetitive  pulses 
of  3  days  were  used.  The  pattern  of  change  in  the 
hemolymph  electrolyte  balance  was  different  in  U. 
pictorum  and  in  A.  anatina.  In  general,  an  increase 
in  hemolymph  Ca(2  +  ),  and  a  decrease  in  Na(  +  ), 
Cl(-),  K(  +  ),  and  Mg(2  +  )  as  a  result  of  acid  expo- 
sure was  seen  in  both  species.  Hemolymph  Ca(2  +  ) 
of  U.  pictorum  was  increased  after  3  days  of  expo- 
sure to  acid  water,  whereas  an  exposure  of  one 
week  was  needed  to  affect  the  other  hemolymph 


ions.  In  circum-neutral,  hard  water  Al  had  no 
effect  on  the  electrolyte  balance.  Intermittent 
pulses  of  low  pH  and  Al  produced  a  transitory 
increase  in  hemolymph  Ca(2  +  ),  whereas  Na(  +  ) 
and  K(  +  )  were  not  affected.  (Author's  abstract) 
W9 1-08002 


TOXIC  ELEMENT  CONTAMINATION  AND 
THE  OCCURRENCE  OF  MERCURY-RESIST- 
ANT BACTERIA  IN  HG-CONTAMINATED 
SOIL,  SEDIMENTS,  AND  SLUDGES. 

California  Univ.,  Irvine. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-08003 


PROTECTION  OF  INVERTEBRATES,  FISH, 
AND  VASCULAR  PLANTS  AGAINST  INOR- 
GANIC MERCURY  POISONING  BY  SULFUR 
AND  SELENIUM  DERIVATIVES. 

Hawaii    Univ.    at    Manoa,    Honolulu.    Dept.    of 

Botany. 

B.  Z.  Siegel,  S.  M.  Siegel,  T.  Correa,  C.  Dagan, 

and  G.  Galvez. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  241-246, 

February  1991.   1  fig,  4  tab,  20  ref.  NIH  Grants 

RR08 125-09  to  RR08125-15. 

Descriptors:  "Fish,  "Invertebrates,  "Mercury, 
"Plants,  "Selenium,  "Toxicity,  "Toxicology, 
"Water  pollution  effects,  Heavy  metals,  Poisons, 
Thiamine,  Toxic  metals. 

Protection  of  organisms  against  mercury  (Hg)  poi- 
soning is  most  commonly  associated  with  the  an- 
tagonistic effects  of  selenium  (Se)-compounds 
against  mercury  alkyls  in  higher  animals.  No  con- 
sistent difference  was  found  among  Periodic 
Group  VIA  derivatives  including  S(IV),  S(II)  or- 
ganic, Se(IV),  Se(II)  organic,  possibly  Se(VI),  as 
well  as  Te(IV)  in  their  ability  to  protect  against 
mercury  poisoning.  The  organisms  used  in  assays 
were:  Coleus  explants  (leaf  abscission);  turnip  (ger- 
mination); pea  (growth  inhibition  and  Hg  uptake); 
a  planarian  (regeneration);  the  brine  shrimp  (ex- 
cystment,  phototaxy);  the  meal  worm  larva  Tene- 
brio  (metamorphosis)  and  the  fish  'tilapia'  (surviv- 
al, Hg  uptake).  Thiamine  was  the  most  effective  of 
the  Group  VIA  derivatives  against  the  widest 
spectrum  of  organisms  and  test  systems.  In  planar- 
ian regeneration,  it  was  active  where  S  and  Se 
compounds  failed.  An  unexpected  observation  was 
the  hastening  of  insect  metamorphosis  by  mercuric 
chloride  and  the  hastening  of  that  effect  by  thia- 
mine. (Author's  abstract) 
W9 1-08004 


EFFECTS  OF  METALS  ON  EARLY  LIFE 
STAGES  OF  THE  BRINE  SHRIMP,  ARTEMIA: 
A  DEVELOPMENTAL  TOXICITY  ASSAY. 

Dalhousie  Univ.,  Halifax  (Nova  Scotia).  Dept.  of 

Biology. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-08005 


ANOXIC  SURVIVAL  TIME  AND  METABOLIC 
PARAMETERS  AS  STRESS  INDICES  IN  SEA 
MUSSELS  EXPOSED  TO  CADMIUM  OR  POL- 
YCHLORINATED  BIPHENYLS. 

Utrecht  Rijksuniversiteit  (Netherlands).   Dept.  of 

Experimental  Zoology. 

M.  B.  Veldhuizen-Tsoerkan,  D.  A.  Holwerda,  and 

D.  I.  Zandee. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  259-265, 

February  1991.  6  fig,  1  tab,  31  ref. 

Descriptors:  "Cadmium,  "Coastal  waters,  "Mus- 
sels, "Polychlorinated  biphenyls,  "Toxicity, 
"Water  pollution  effects,  Anoxia,  Anoxic  condi- 
tions, Heavy  metals,  Lethal  limit,  Stress  indices, 
Survival. 

Sea  mussels,  Mytilus  edulis,  were  exposed  to  cad- 
mium under  laboratory  and  semi-field  conditions 
and  to  polychlorinated  biphenyls  (PCBs)  under 
semi-field  conditions.  After  various  exposure  times, 
the  animals  were  subjected  to  environmental 
anoxia  by  aerial  exposure.  The  anoxic  survival  time 


was  significantly  reduced  by  short-term  laboratory 
or  semi-field  exposure  to  cadmium.  The  effect  of 
PCBs  on  the  anoxic  survival  time  was  apparent 
after  six  months.  Condition  indices,  adenylate 
energy  charge,  and  glycogen  contents  were  not 
significantly  altered  in  response  to  long-term  semi- 
field  exposure  to  cadmium  or  PCBs.  An  elevated 
succinate  level  observed  in  both  cadmium-exposed 
and  PCB-exposed  groups  might  reflect  a  partial 
switch  to  anaerobic  metabolism  upon  exposure  to 
these  pollutants.  It  is  concluded  that  measurement 
of  anoxic  survival  time  in  M.  edulis  may  be  useful 
in  examining  the  noxious  effects  of  environmental 
pollutants.  (MacKeen-PTT) 
W9 1-08007 


TOXIC  ACTION  AND  INTERACTIONS  OF 
COPPER  AND  CADMIUM  TO  THE  MARINE 
ALGA  DUNALIELLA  MINUTA,  IN  BOTH 
ACUTE  AND  CHRONIC  EXPOSURE. 

Herbert  H.  Lehman  Coll.,  Bronx,  NY.  Dept.  of 

Biological  Sciences. 

I.  Visviki,  and  J.  W.  Rachlin. 

Archives   of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  271-275, 

February  1991.  2  tab,  40  ref.  PSC-CUNY  Grant 

669185,  NIH  Grant  GRS  3SO  6  RRO  8225/05  S2/ 

442-664. 

Descriptors:  "Algae,  "Cadmium,  "Copper,  "Heavy 
metals,  "Toxicity,  "Toxicology,  "Water  pollution 
effects,  Acute  toxicity,  Chronic  toxicity,  Marine 
algae,  Population  dynamics,  Tolerance. 

The  effective  concentrations  of  copper  and  cadmi- 
um which  reduced  the  population  growth  of  Dun- 
aliella  minuta  by  50%  after  96  h  of  static  exposure 
were  determined  to  be  7.57  microM  Cu  and  0.34 
microM  Cd.  Short-term,  static  exposure  to  both 
metals  indicated  that  their  combined  action  is  an- 
tagonistic with  respect  to  growth  of  this  chloro- 
phyte.  Low  level,  long  term  exposure  of  D.  minuta 
to  Cd  also  led  to  Cu  co-tolerance.  However,  co- 
tolerance  towards  Cd  did  not  develop  in  Cu  pre- 
treated  populations.  This  confirms  that  tolerance  to 
one  heavy  metal  does  not  directly  confer  co-toler- 
ance to  others.  (MacKeen-PTT) 
W9 1-08008 


FIELD  STUDY  OF  THE  IMPACT  ON  OYS- 
TERS OF  TRIBUTYLTIN  INTRODUCTION 
AND  REMOVAL  IN  A  PRISTINE  LAKE. 

Sydney  Univ.  (Australia).  Inst,  of  Marine  Ecology. 

M.  S.  Scammell,  G.  E.  Batley,  and  C.  I. 

Brockbank. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  276-281, 

February  1991.  4  fig,  4  tab,  10  ref. 

Descriptors:  "Antifoulants,  "Australia,  "Bivalves, 
"Lakes,  "Toxicity,  "Water  pollution  effects,  Bioac- 
cumulation,  Boating,  Degradation  products,  Field 
tests,  Lake  Wapengo,  Organotin  compounds,  Oys- 


In  a  pristine  lake  (Wapengo  Lake,  on  the  New 
South  Wales  coast  of  Australia)  the  impacts  on  the 
Sydney  Rock  oyster  Saccostrea  commercialis  of 
the  introduction  and  removal  one  month  later  of 
two  boats  antifouled  with  a  tributyltin  (TBT)- 
based  paint  were  examined.  A  three-factor  analysis 
of  variance  showed  that  the  presence  of  shell  curls 
in  oysters  was  significant  in  the  area  closest  to  the 
boats  and  the  contaminant  source  was  restricted 
from  migration  to  leases  on  the  other  side  of  the 
channel  perhaps  by  a  3-m  deep  channel  that  may 
act  as  a  natural  barrier.  A  good  correlation  be- 
tween shell  deformities  and  TBT  accumulation 
was  obtained.  Significant  TBT  accumulation  oc- 
curred within  the  brief  exposure  of  young  oysters; 
however,  an  analysis  of  the  distribution  of  butlytins 
before  and  after  removal  of  the  boats  suggested 
that  the  oysters  were  responding  to  degradation 
products  in  the  water  rather  than  promoting  in 
vivo  degradation.  (Author's  abstract) 
W9 1-08009 


TOXICITY    OF    WATERBORNE    BORON    TO 
DAPHNIA  MAGNA  AND  CHIRONOMUS  DE- 
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CORUS  AND  THE  EFFECTS  OF  WATER 
HARDNESS  AND  SULFATE  ON  BORON  TOX- 
ICITY. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 

Water  Resources. 

K.  J.  Maier,  and  A.  W.  Knight. 

Archives    of   Environmental    Contamination    and 

Toxicology  AECTCV,  Vol.  20,  No.  2,  p  282-287, 

February  1991.  2  fig,  3  tab,  32  ref.  U.S.  Geological 

Survey  Grant  14-08-0001-G1495. 

Descriptors:  "Boron,  *Macroinvertebrates,  "Tox- 
icity, "Water  pollution  effects,  Acute  toxicity, 
Aquatic  insects,  Bioindicators,  Chronic  toxicity, 
Daphnia,  Growth  rates,  Hardness,  Lethal  limit, 
Sulfates,  Waterfleas. 

The  concentrations  of  many  elements,  including 
boron,  are  increasing  in  aquatic  ecosystems  due  to 
anthropogenic  activities.  Laboratory  studies  were 
undertaken  to  evaluate  the  toxicity  of  waterborne 
boron  to  two  key  freshwater  macroinvertebrates 
and  to  evaluate  the  effects  of  water  hardness  and 
sulfate  on  boron  toxicity.  Acute  toxicity  evalua- 
tions of  waterborne  sodium  tetraborate  resulted  in 
48  h  LC50  values  of  141  and  1376  mg  B/L  for 
neonate  Daphnia  magna  and  fourth  instar  Chirono- 
mus  decorus,  respectively.  Chronic  sublethal  stud- 
ies demonstrated  a  significant  decrease  in  C.  de- 
corus growth  rate  at  20  mg  B/L.  Further  studies 
showed  that  increasing  water  hardness  (10.6  to  170 
mg/L  as  calcium  carbonate)  and  sulfate  (10.2  to 
325.4  mg/L  sulfate)  concentrations  did  not  affect 
boron  toxicity  to  D.  magna.  These  results,  in  con- 
junction with  a  review  of  the  literature,  suggest 
that  aquatic  macrophytes  may  be  more  sensitive  to 
boron  than  macroinvertebrates  and  thus  would  be 
better  choices  for  aquatic  risk  assessment  evalua- 
tions for  this  element.  (Author's  abstract) 
W9 1-080 10 


INTERACTIVE  EFFECTS  OF  BORON,  SELE- 
NIUM, AND  DIETARY  PROTEIN  ON  SURVIV- 
AL, GROWTH,  AND  PHYSIOLOGY  IN  MAL- 
LARD DUCKLINGS. 

Patuxent  Wildlife  Research  Center,  Laurel,  MD. 

D.  J.  Hoffman,  C.  J.  Sanderson,  L.  J.  LeCaptain, 

E.  Cromartie,  and  G.  W.  Pendleton. 

Archives  of  Environmental  Contamination  and 
Toxicology  AECTCV,  Vol.  20,  No.  2,  p  288-294, 
February  1991.  4  tab,  35  ref.  U.S.  Bureau  of  Recla- 
mation/U.S.  Fish  and  Wildlife  Service  Interagency 
Agreement  60AA-20-04170. 

Descriptors:  "Boron,  "Diets,  "Drainage  water, 
"Ducks,  "Selenium,  "Toxicity,  "Water  birds, 
•Water  pollution  effects,  Animal  physiology, 
Bioaccumulation,  Dietary  protein,  Growth  rates, 
Irrigation  effects,  Lethal  limit,  Survival. 

High  concentrations  of  boron  (B)  and  selenium 
(Se)  have  been  found  in  aquatic  food  chains  associ- 
ated with  irrigation  drainwater.  Total  biomass  of 
invertebrates,  a  major  source  of  protein  for  wild 
ducklings,  is  sometimes  diminished  in  agricultural 
drainwater  ponds  contaminated  with  Se  and  B. 
Day-old  mallard  (Anas  platyrhynchos)  ducklings 
received  an  untreated  diet  (controls)  containing  7 
or  22%  protein  or  diets  containing  various  combi- 
nations Se  (15  or  60  ppm)  and  B  (1000  ppm)  for 
four  weeks.  With  22%  protein  and  60  ppm  Se  in 
the  diet,  duckling  survival  and  growth  were  re- 
duced and  histopathological  lesions  of  the  liver 
occurred.  Boron  alone  caused  some  reduction  in 
growth.  Several  interactive  effects  occurred  be- 
tween B  and  Se,  including  further  reduction  in 
growth,  and  increases  in  plasma  glutathione  reduc- 
tase activity,  hematocrit,  hemoglobin  and  plasma 
protein  concentrations.  With  7%  protein,  the 
growth  of  controls  was  less  than  that  with  22% 
protein,  60  ppm  Se  caused  100%  mortality,  and 
growth  effects  of  15  ppm  Se  and  1000  ppm  B  alone 
were  more  pronounced  than  with  22%  protein. 
Selenium  accumulation  increased  in  the  liver  with 
7%  protein.  Interactive  effects  were  greater  for  Se 
and  B  with  7%  protein  than  with  22%  protein  and 
included  significant  mortality  and  enhanced  accu- 
mulation of  Se  in  the  liver.  These  finding  suggest 
the  potential  for  more  severe  toxicological  effects 
of  Se  and  B  independently  and  interactively  on 
duckling  survival  and  development  when  dietary 
protein  is  diminished.  (Author's  abstract) 
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PRODUCTION,  NUTRIENT  DYNAMICS  AND 
INITIAL  DECOMPOSITION  OF  FLOATING 
LEAVES  OF  NYMPHAEA  ALBA  L.  AND 
NUPHAR  LUTEA  (L.)  SM.  (NYMPHAEACEAE) 
IN  ALKALINE  AND  ACID  WATERS. 
Katholieke  Univ.  Nijmegen  (Netherlands).  Lab.  of 
Aquatic  Ecology. 

For  primary  bibliographic  entry  see  Field  2H. 
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EFFECTS  OF  DIFLUBENZURON  AND  METH- 
OPRENE  ON  THE  EMERGENCE  OF  INSECTS 
AND  THEIR  DENSITY  IN  AN  OUTDOOR  EX- 
PERIMENTAL STREAM. 

National  Inst,  for  Environmental  Studies,  Tsukuba 

(Japan). 

M.  Yasuno,  and  K.  Satake. 

Chemosphere  CMSHAF,  Vol.  21,  No.   10/11,  p 

1321-1335,  1990.  5  fig,  2  tab,  12  ref. 

Descriptors:  "Aquatic  insects,  "Benthic  fauna,  "In- 
secticides, "Water  pollution  effects,  Benthic  envi- 
ronment, Diflubenzuron,  Larvae,  Methoprene, 
Streams. 

Benthic  communities  in  outdoor  experimental 
streams  were  exposed  to  1  and  10  mg/L  of  diflu- 
benzuron and  the  same  concentrations  of  metho- 
prene for  30  min.  The  effects  of  these  chemicals 
were  assessed  daily  by  examining  drifting  pupal 
exuviae  over  a  period  of  one  month  following  the 
treatment.  Neither  chemical  induced  the  drift  of 
macrobenthos  at  the  time  of  application.  However, 
diflubenzuron  affected  the  emergence  of  all  species 
examined.  A  high  larval  mortality  of  a  species  of 
chironomid  was  observed  directly  in  the  stream 
treated  with  diflubenzuron,  where  mayfly  nymphs 
and  caddisfly  larvae  were  also  decreased.  Howev- 
er, in  the  stream  treated  with  methoprene,  no 
marked  mortality  of  benthos  could  be  observed, 
but  chironomids  and  caddisflies  disappeared.  The 
adult  emergence  of  the  mayfly,  Baetis  sahoensis,  in 
the  region  treated  with  1  mg  methoprene/L  was 
similar  to  that  in  controls;  and  in  the  region  treated 
with  10  mg/L  the  emergence  rate  exceeded  50% 
on  the  16th  day,  which  was  higher  than  that  in  the 
control.  (MacKeen-PTT) 
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EXPERIMENTAL  LEAD  NITRATE  POISON- 
ING: MICROSCOPIC  AND  ULTRASTRUC- 
TURAL  STUDY  OF  THE  GILLS  OF  TENCH 
(TINCA  TINCA,  L). 

Department  of  Histology  and  Pathological  Anato- 
my, Faculty  of  Veterinary  Sciences,  Caceres, 
Spain. 

V.  Roncero,  J.  A.  Vincente,  E.  Redondo,  A. 
Gazquez,  and  E.  Duran. 

Environmental  Health  Perspectives  EVHPAZ, 
Vol.  89,  p  137-144,  November  1990.  19  fig,  3  tab, 
26  ref. 

Descriptors:  "Fish  pathology,  "Lead,  "Nitrates, 
"Toxicity,  "Toxicology,  "Water  pollution  effects, 
Acute  toxicity,  Cyprind  fishes,  Dose-response  rela- 
tionships,  Gills,   Microscopic  analysis,   Mortality. 

A  microscopic,  ultrastructural,  and  morphometric 
study  was  made  of  the  gills  of  Tench  (Tinea  tinea, 
L.)  subjected  to  acute  experimental  lead  nitrate 
poisoning.  Twenty-one  adult  tench  were  subjected 
to  poisoning  and  a  further  22  were  used  as  con- 
trols. Lesions  were  characterized  by  the  appear- 
ance of  edema  and  epithelial  hyperplasia  and  ne- 
crosis, both  in  cells  forming  part  of  the  filtration 
barrier  and  in  those  in  the  interlamellar  space. 
These  processes  developed  24  to  48  h  after  admin- 
istration of  the  lead  nitrate  and  were  completely 
developed  after  9  days,  leading  to  the  death  of  the 
tench  after  12  to  15  days  of  exposure  to  75  ppm 
lead  nitrate,  at  which  point  the  concentrations  of 
lead  in  the  gills  had  reached  their  maximum.  The 
severity  of  lesions  to  the  gill  increased  with  in- 
creasing lead  accumulation,  although  not  propor- 
tionately. (Author's  abstract) 
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EFFECTS  OF  ACID  PRECIPITATION  RUNOFF 
EPISODES  ON  RESERVOIR  AND  TAPWATER 
QUALITY  IN  AN  APPALACHIAN  MOUNTAIN 
WATER  SUPPLY. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
For  primary  bibliographic  entry  see  Field  5B. 
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CONSISTENT  ASSOCIATIONS  BETWEEN  HE- 
PATIC LESIONS  IN  ENGLISH  SOLE  (PAR- 
OPHRYS  VETULUS)  AND  POLYCYCLIC  ARO- 
MATIC HYDROCARBONS  IN  BOTTOM  SEDI- 
MENT. 

National   Marine  Fisheries  Service,  Seattle,  WA. 
Northwest  Fisheries  Center. 
J.  T.  Landahl,  B.  B.  McCain,  M.  S.  Myers,  L.  D. 
Rhodes,  and  D.  W.  Brown. 

Environmental  Health  Perspectives  EVHPAZ, 
Vol.  89,  p  195-203,  November  1990.  2  fig,  4  tab,  39 
ref.  Department  of  Health  and  Human  Services 
YOl-CP-40507. 

Descriptors:  "Estuarine  sediments,  "Fish  patholo- 
gy, "Polycyclic  aromatic  hydrocarbons,  "Sediment 
contamination,  "Sole,  "Toxicology,  "Water  pollu- 
tion effects,  Bottom  sediments,  Hepatic  lesions, 
Hydrocarbons,  Marine  sediments,  Neoplasms, 
Puget  Sound,  Statistical  analysis,  Washington. 

A  consistent  and  statistically  significant  association 
between  prevalence  of  hepatic  neoplasms  in  free- 
living  sole  (Parophrys  vetulus)  and  levels  of  an- 
thropogenic polycyclic  aromatic  hydrocarbons  in 
bottom  sediment  from  sites  of  fish  capture  was 
documented  in  a  series  of  studies  conducted  over  a 
period  of  7  years  in  Puget  Sound,  Washington. 
This  result  strengthens  the  evidence  supporting  a 
causal  relationship  between  exposure  to  sediment- 
associated  hydrocarbons  and  development  of  he- 
patic neoplasms  in  this  bottom-dwelling  marine 
fish  species.  Prevalences  of  two  other  distinct  cate- 
gories of  idiopathic  hepatic  lesions,  megalocytic 
hepatosis  and  steatosis/hemosiderosis,  also  showed 
consistent,  statistically  significant  associations  with 
polycyclic  aromatic  hydrocarbon  concentrations  in 
bottom  sediment,  and  association  with  prevalence 
of  a  third  category  (putatively  preneoplastic  foci  of 
cellular  alteration)  approached  statistical  signifi- 
cance. On  the  basis  of  other  studies,  megalocytic 
hepatosis  and  foci  of  cellular  alteration  are  both 
considered  to  be  important  precursor  lesions  in  the 
stepwise  histogenesis  of  hepatic  neoplasms.  (Au- 
thor's abstract) 
W9 1-08026 


MARINE  POLLUTION  BIOASSAY  BY  SEA 
URCHIN  EGGS,  AN  ATTEMPT  TO  ENHANCE 
SENSITIVITY. 

Doshisha  Univ.,   Kyoto  (Japan).   Biological   Lab. 
For  primary  bibliographic  entry  see  Field  5A. 
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TOXICITY,  BIOACCUMULATION,  METABO- 
LISM AND  ELIMINATION  OF  DIOCTYL 
SODIUM  SULFOSUCCINATE  DSS  IN  RAUN- 
BOW  TROUT  (ONCORHYNCHUS  MYKISS). 

NIEHS  Marine  and  Freshwater  Biomedical  Core 
Center,  Milwaukee,  WI. 
For  primary  bibliographic  entry  see  Field  5B. 
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BIODEGRADATION  AND  ANTICHOLINES- 
TERASE ACTIVITY  OF  METHYL  ISOCYAN- 
ATE  IN  THE  AQUATIC  ENVIRONMENT  OF 
BHOPAL. 

National    Inst,   of  Oceanography,   Panaji   (India). 
R.  Sen  Gupta,  A.  Sarkar,  and  T.  W.  Kureishy. 
Water  Research  WATRAG,  Vol.  25,  No.  2,  p  179- 
183,  February  1991.  1  fig,  4  tab,  7  ref. 

Descriptors:  "Bhopal,  "Bioaccumulation,  "Biode- 
gradation,  "Enzymes,  "Fate  of  pollutants,  "India, 
•Methyl  isocyanate,  "Water  pollution  effects,  Am- 
monia, Anticholinesterase,  Eutrophication,  Fish, 
Hydrogen  ion  concentration.  Lakes,  Nitrogen, 
Tissue  analysis,  Ureas. 
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A  study  of  the  biodegradation  of  methyl  isocyan- 
ate  (MIC)  and  its  anticholinesterase  activities  in 
different  tissues  of  various  species  of  fish  from  the 
lakes  of  Bhopal  (India)  was  carried  out  over  a 
period  of  6  months  with  bimonthly  observations. 
The  concentration  of  the  degradation  product  of 
MIC,  monomethylamine,  in  the  water  of  both  the 
lakes  of  Bhopal  was  estimated.  On  each  occasion  it 
was  found  to  indicate  a  decreasing  trend.  Howev- 
er, a  depth-wise  increase  of  concentration  of  mono- 
methylamine was  observed  in  the  Lower  Lake. 
Bioaccumulation  of  monomethylamine  was  also  es- 
timated in  different  tissues  of  various  species  of  fish 
collected  from  the  Upper  and  Lower  Lakes  of 
Bhopal  and  from  Aligarh.  Among  all  the  species 
available  in  Lower  Lake,  Puntius  ticto  was  found 
to  be  most  susceptible  to  MIC  poisoning.  There  is 
a  change  in  the  values  of  pH,  ammonia  nitrogen, 
and  urea  nitrogen  concentrations  in  Lower  Lake. 
The  cholinesterase  activities  of  different  tissues  of 
various  species  of  fish  from  the  lakes  of  Bhopal 
were  found  to  be  quite  low  compared  to  that  of 
fish  from  the  uncontaminated  lake  of  Aligarh,  indi- 
cating the  anticholinesterase  activity  of  MIC.  It  is 
concluded  that  while  the  Upper  Lake  appears  to 
have  recovered  from  the  effects  of  MlC,  the 
Lower  Lake  is  completely  eutrophic  and  can  be 
considered  dead.  (Author's  abstract) 
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EFFECT  OF  HEAVY  METALS  ON  SHORT- 
TERM  PHOTOSYNTHETIC  RATES  IN  POTA- 
MOGETON  AMPLIFOLIUS. 

Oral  Roberts  Univ.,  Tulsa,  OK.  Dept.  of  Biology. 
M.  R.  Porter,  and  D.  A.  Francko. 
Journal  of  Aquatic  Plant  Management  JAPMDB, 
Vol.  29,  p  51-53,  January  1991.  1  fig,  9  ref.  NSF 
Grant  DIR-8900456. 

Descriptors:  'Aquatic  plants,  *Bioassay,  *Heavy 
metals,  *Photosynthesis,  *Plant  physiology, 
"Pondweeds,  "Water  pollution  effects,  Chromium, 
Copper,  Leaves,  Littoral  environment,  Metabo- 
lism, Pollutant  identification. 

A  leaf  disk  bioassay  method  was  used  to  conduct  a 
preliminary  analysis  of  the  effect  of  short-term  (15 
min  to  4  h)  chromium  and  copper  exposure  on 
photosynthetic  C14-assimilation  (PC A)  rates  in  the 
pondweed  Potamogeton  amplifolius.  Results  sug- 
gest that  the  Potamogeton  leaf  disk  bioassay 
method  is  relatively  insensitive  to  chromium  levels 
in  the  medium.  Although  low  levels  of  chromium 
addition  produced  reproducible  reductions  in  PCA 
rates  during  the  shortest  incubation  period  used, 
inhibition  did  not  appear  to  be  dose-specific  and  in 
no  case  was  an  EC-50  concentration  detectable. 
Thus,  while  the  effects  on  PCA  rates  may  be 
ecologically  significant  in  littoral  waters  containing 
chromium  contamination,  the  data  argue  against 
the  utility  of  this  method  as  a  metal-detection 
bioassay  system  for  chromium.  Leaf  disks  appeared 
to  be  slightly  more  sensitive  to  low-dose  treatment 
with  copper  than  chromium,  especially  during  20- 
min  exposure  experiments.  Although  heavy  metals 
are  generally  inhibitory  to  metabolism,  the  stimula- 
tion of  short-term  PCA  rates  noted  with  5  to  25 
micrograms/L  copper  is  not  without  precedent,  as 
copper-induced  stimulation  of  Potamogeton  physi- 
ological variables  has  been  reported  in  the  litera- 
ture. (Doria-PTT) 
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ACUTE  TOXICITY  OF  PETROLEUM  HYDRO- 
CARBONS TO  THE  ARCTIC  SHALLOW- 
WATER  MYSID,  MYSIS  OCULATA  (FABRI- 
CIUS). 

Arctic  Biological  Station,  Ste.  Anne  de  Bellevue 

(Quebec). 

P.  N.  Riebel,  and  J.  A.  Percy. 

Sarsia  SARIA3,  Vol.  75,  No.  3,  p  223-232,  1990.  3 

fig,  6  tab,  41  ref. 

Descriptors:  "Arctic  zone,  "Bioassay,  "Bioindica- 
tors,  "Hydrocarbons,  "Oil  pollution,  "Opossum- 
shrimp,  "Toxicity,  "Toxicology,  "Water  pollution 
effects,  Animal  behavior,  Ecological  effects,  Envi- 
ronmental monitoring,  Marine  pollution,  Mortality, 
Oil,  Petroleum  products,  Volatility. 

Acute  lethal  toxicity  tests  were  conducted  with 
young-of-the-year  Mysis  oculata  exposed  to  oil-in- 


water  dispersions  (OWDs)  and  water-soluble  frac- 
tions (WSFs)  of  Norman  Wells  crude  oil.  Median 
lethal  concentrations  (96-hour  LC50s)  are  among 
the  lowest  reported  for  arctic  marine  crustaceans, 
ranging  from  0.49  to  0.62  mg/L  for  WSFs  and  4.51 
to  7.57  mg/L  for  OWDs.  Sublethal  behavioral 
effects  occurred  at  concentrations  as  low  as  0.3 
mg/L  for  WSFs  and  1.5  mg/L  for  OWDs.  Ad- 
verse effects  were  caused  primarily  by  the  chemi- 
cal toxicity  of  water-soluble  hydrocarbons,  since 
there  were  no  apparent  physical  effects  due  to 
dispersed  oil  droplets.  OWDs  were  more  toxic  to 
mysids  in  sealed  containers  than  in  open  ones. 
Median  effective  concentrations  (96-hour  ED50s) 
causing  gross  behavioral  disturbances,  moribun- 
dity,  and  'ecological  death'  suggest  that  high  mo- 
lecular weight  volatile  hydrocarbons  found  in 
OWDs  are  more  toxic  to  mysids  than  low  molecu- 
lar weight  volatiles  present  in  WSFs.  Due  to  its 
sensitivity,  vulnerability,  availability  in  nearshore 
waters,  and  ease  of  maintenance  under  laboratory 
conditions,  M.  oculata  is  recommended  as  a  test 
organism  for  arctic  marine  toxicity  testing  and 
environmental  monitoring.  (Author's  abstract) 
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HEALTH  HAZARDS  OF  NITRATE  IN  DRINK- 
ING WATER. 

Research  Inst,  for  Environmental  Diseases,  Preto- 
ria (South  Africa). 
A.  P.  S.  Terblanche. 

Water  SA  WASADV,  Vol.  17,  No.  1,  p  77-82, 
January  1991.  1  tab,  30  ref. 

Descriptors:  "Drinking  water,  "Nitrates,  "Public 
health,  "South  Africa,  "Water  pollution  effects, 
"Water  quality  standards,  Biotransformation, 
Drainage  systems,  Growth,  Milk,  Nitrites,  Toxici- 
ty- 

The  health  effects  of  nitrate  in  drinking  water  are 
reviewed.  Drinking  water  containing  nitrate-nitro- 
gen in  excess  of  10  mg/L  can  cause  a  sometimes 
fatal  blood  disorder  called  methemoglobinemia  in 
infants  under  the  age  of  six  months.  Consumption 
of  nitrate  has  no  apparent  short-term  effects  on 
adults.  Nitrate  per  se  is  not  toxic,  but  is  the  precur- 
sor of  nitrite  which  is  produced  through  microbial 
reduction  of  nitrate  in  the  intestine  or  in  food 
preparations  and  which  causes  methemoglobine- 
mia. Children  exposed  to  excessive  nitrate  in  their 
diet  can  have  slightly  retarded  body  growth  and 
slower  reflexes.  The  problem  is  mainly  confined  to 
infants  who  are  fed  with  artificial  milk  feeds  made 
with  water  containing  elevated  nitrate  levels.  Ex- 
tensive data  on  nitrate  (as  N03)  levels  for  different 
water  drainage  regions  in  South  Africa  are  avail- 
able. Levels  in  South  Africa  vary  between  less 
than  1  mg/L  and  40  mg/L.  The  average  nitrate 
level  (as  N03)  for  230  drainage  regions  throughout 
South  Africa  falls  between  2  and  5  mg/L.  The 
exposure  of  the  South  African  population  to  ni- 
trates in  drinking  water  is  unknown,  as  are  possible 
effects  of  it.  The  fact  that  toxic  effects  can  be 
detected  in  infants  consuming  water  having  only 
slightly  more  nitrates  than  the  current  standard  (10 
mgN/L)  calls  into  question  the  margin  of  safety 
provided  by  that  standard.  (Doria-PTT) 
W9 1-08095 


NICKEL  REGULATION  OF  PHOTOAUTO- 
TROPHY  IN  A  CYANOBACTERIUM. 

Banaras  Hindu  Univ.,  Varanasi  (India).  Centre  for 
Advanced  Study  in  Botany. 
R.  K.  Asthana,  P.  K.  Pandey,  and  S.  P.  Singh. 
Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 
No.  3/4,  p  263-276,  1990,  7  fig,  47  ref. 

Descriptors:  "Algal  physiology,  "Cyanophyta, 
"Enzymes,  "Heavy  metals,  "Nickel,  "Nostoc, 
"Toxicity,  "Water  pollution  effects,  Carbon  radioi- 
sotopes, Inhibition,  Magnesium,  Photosynthesis, 
Plant  growth  substances,  Trace  elements. 

Nickel,  like  other  cations,  is  known  to  be  accumu- 
lated by  algae.  The  main  enzyme  of  autotrophy, 
ribulose  biphosphate  carboxylase  (RuBPcase)  has 
been  shown  to  undergo  activation  with  Ni  as  a 
substituent  of  Mg,  and  has  been  found  to  stimulate 
nitrogenase  and  uptake  hydrogenase  activity  at 
lower  concentrations  in  some  species.  In  the  diazo- 


trophic  cyanobacterium,  Nostoc  muscorum,  Ni  in- 
hibited photoautotrophic  growth  performance, 
which  ceased  altogether  at  concentrations  of  15 
micromoles.  Nitrogenase  (N2ase)  activity,  photo- 
synthetic  02-e volution,  photosynthetic  C-14  C02 
incorporation,  respiratory  02  consumption,  and  in 
vitro  RuBPcase  activity  were  also  affected  in  re- 
sponse to  Ni.  C-14  C02-uptake  rapidly  decreased 
in  cultures  treated  with  10  micromoles  and  was 
more  sensitive  to  Ni  compared  to  N2ase  activity 
which  showed  a  4-fold  increase  at  1  micromole, 
although  higher  concentrations  proved  strongly 
inhibitory.  02-evolution  and  respiratory  02-uptake 
persisted  until  concentrations  reached  1,000  micro- 
moles. Lower  Ni  concentrations  (1  micro  mole  and 
5  micro  mole)  serves  as  an  activator  of  N2ase  as 
well  as  RuBPcase,  while  elevated  concentrations 
inhibited  enzyme  activity  by  interaction  with  the  - 
SH  group.  It  is  proposed  that  Ni  inhibition  is 
mainly  through  the  regulation  of  RuBPcase  activi- 
ty in  the  cyanobacterium.  (Doyle-PTT) 
W91-08118 


COMPARATIVE  SEED  GERMINATION  TESTS 
USING  TEN  PLANT  SPECIES  FOR  TOXICITY 
ASSESSMENT  OF  A  METAL  ENGRAVING  EF- 
FLUENT SAMPLE. 

Illinois  State  Water  Survey  Div.,  Peoria.  Water 

Quality  Section. 

W.  Wang,  and  P.  H.  Keturi. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol.  52, 

No.   3/4,  p  369-376,    1990,    1   fig,  4  tab,    18  ref. 

Descriptors:  "Bioassay,  "Bioindicators,  "Germina- 
tion, "Metal-finishing  wastes,  "Phytotoxicity, 
"Toxicity,  "Wastewater  analysis,  Comparative 
studies,  Industrial  wastewater,  Plant  growth,  Plant 
pathology,  Rice,  Seeds,  Tomatoes,  Water  quality 
standards. 

An  effluent  sample  was  collected  from  the  acid 
bath  of  a  metal  engraving  plant  where  the  sample 
had  been  pretreated  with  lime  to  pH  10.6.  The 
sample  was  adjusted  to  pH  7.37  (and  in  a  second 
test  to  7.25)  and  diluted  to  a  series  of  solutions 
using  hard,  standard  water.  The  seed  germination 
method  was  employed  to  test  the  phytotoxicity  of 
the  sample  to  ten  plant  species.  The  experimental 
results  of  this  study  compared  to  previous  studies 
indicated  that  cabbage,  carrot,  Japanese  millet,  oat, 
and  wheat  lost  some  viability  during  storage.  The 
germination  rates  of  these  species  fell  below  85% 
in  this  study,  although  the  rates  of  cabbage,  Japa- 
nese millet,  and  wheat  were  above  85%  in  previ- 
ous studies.  Of  the  remaining  species  with  adequate 
germination  rates,  cucumber  and  white  proso 
millet  were  relatively  insensitive  to  the  effluent 
toxicity.  The  promising  candidates  for  toxicity  test- 
ing were  rice,  lettuce,  and  tomato,  based  on  long 
shelf  life,  high  germination  rate  and  sensitivity  to 
toxicity.  (Author's  abstract) 
W9 1-08 123 


EFFECT  OF  ACID  STRESS  ON  THE  EMBRY- 
ONIC DEVELOPMENT  OF  THE  COMMON 
CARP  (CYPRINUS  CARPIO). 

Katholieke  Univ.  Nijmegen  (Netherlands).  Dept. 
of  Biology. 

F.  G.  F.  Oyen,  L.  E.  C.  M.  M.  Camps,  and  S.  W. 
Wendelaar  Bonga. 

Aquatic  Toxicology  AQTODG,  Vol.  19,  No.  1,  p 
1-12,  February  1991.  6  fig,  2  tab,  33  ref.  Commis- 
sion of  European  Communities,  4th  Environmental 
Research  and  Development  Programme  Project 
EV4V-0117-NL. 

Descriptors:  "Acid  rain  effects,  "Acidic  water, 
"Carp,  "Embryonic  growth  stage,  "Fish  eggs, 
"Hatching,  "Teratogenicity,  "Water  pollution  ef- 
fects, Bioassay,  Fish  pathology,  Hydrogen  ion  con- 
centration, Median  tolerance  limit,  Mortality,  Tox- 
icity. 

The  effects  of  acid  stress  on  the  embryonic  devel- 
opment of  one  of  the  most  important  cyprinids,  the 
common  carp  (Cyprinus  carpio)  was  studied  using 
the  following  parameters:  rate  of  embryonic  devel- 
opment, embryonic  and  larval  mortality,  hatching 
dynamics  and  spinal  cord  deformation.  Sensitivity 
of  eggs  and  sac  fry  of  the  common  carp  to  pH 
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levels  in  the  range  of  4.5  to  7.5  was  assessed  up  to 
117  hours  after  fertilization.  In  the  pH  range  be- 
tween 4.75  and  5.2,  egg  mortality  was  highest  and 
a  delay  in  the  rate  of  embryonic  development  and 
hatching  was  observed  in  the  surviving  embryos. 
Even  at  pH  5.5,  effects  became  apparent  through 
delayed  rate  of  embryonic  development,  increased 
mortality  percentage,  delayed  hatching  time  of  the 
eggs,  elongation  of  the  hatching  process,  and  ele- 
vated deformation  percentage.  A  strong  increase 
of  spinal  cord  deformation  of  sac  fry  occurred  in 
the  lower  pH  ranges  (pH  5.5  to  4.75).  No  differ- 
ence in  larval  deformation  percentage  was  ob- 
served in  the  pH  range  of  7.5  to  5.9.  The  critical 
pH  level  for  carp  eggs  ranged  between  4.75  and 
5.2,  which  is  about  1  pH  unit  higher  than  the 
critical  value  for  juveniles.  This  indicated  that  carp 
populations  in  nature  may  already  be  seriously 
threatened.  Common  carp  appeared  to  be  more 
sensitive  to  acid  stress  than  may  other  species  of 
fish.  (VerNooy-PTT) 
W9 1-08 158 


INTERACTION  OF  PH,  DISSOLVED  ORGAN- 
IC CARBON,  AND  TOTAL  CARBON  IN  THE 
DETERMINATION  OF  IONIC  COPPER  AND 
TOXICITY. 

Washington  Univ.,  Seattle.  School  of  Fisheries. 
J.  P.  Meador. 

Aquatic  Toxicology  AQTODG,  Vol.  19,  No.  1,  p 
13-32,  February  1991.  8  fig,  1  tab,  45  ref. 

Descriptors:  "Bioavailability,  *Chemical  specia- 
tion,  'Copper,  'Hydrogen  ion  concentration, 
•Total  carbon,  'Toxicity,  'Water  pollution  effects, 
•Waterfleas,  Bioassay,  Cations,  Chemical  interac- 
tions, Daphnia,  Dissolved  organic  carbon,  Metal 
complexes,  Mortality,  Regression  analysis. 

The  species  of  copper  and  their  abundance  are 
known  to  be  controlled  in  the  natural  environment 
by  pH,  organic  complexes,  inorganic  ligands,  and 
surfaces  such  as  sediment  and  particulate  carbon. 
The  bioavailability  of  copper  to  Daphnia  magna 
was  studied  in  a  complete  three  factor  experiment 
with  variable  total  copper  (TCU)  (0,  10,  25,  50, 
and  75  ng/mL  (ppb)),  pH  (7,  7.5,  and  8),  and 
naturally-derived  dissolved  organic  carbon  (DOC) 
(0,  1,  2,  3.75,  and  6  mg/L).  Free  ion  concentration, 
which  is  infrequently  reported,  was  quantified  be- 
cause without  its  determination  it  could  not  be 
ascertained  if  the  reduction  in  toxicity  by  complex- 
ation  was  due  to  a  reduction  in  the  concentration 
of  the  free  metal  (as  the  only  toxic  species)  or  the 
complexed  metal  having  a  lower  toxicity  than  the 
free  metal.  Both  pH  and  DOC  were  important  in 
controlling  the  amount  of  ionic  copper  (for  a  given 
total  copper  concentration)  and  a  nonlinear  regres- 
sion model  was  developed  which  explained  94%  of 
the  variability  in  the  data.  Mortality  of  Daphnia 
magna  was  highly  correlated  with  ionic  copper 
under  pH  7  at  24  and  48  hours  (r  squared  =  0.90 
and  0.96)  and  less  so  at  higher  pH  suggesting  that 
copper  complexes  may  be  contributing  to  the  re- 
sponse. When  toxicity  was  expressed  in  terms  of 
ionic  copper,  it  was  concluded  that  a  given  amount 
of  ionic  copper  produced  more  toxicity  as  pH 
increased.  The  LC50  for  total  copper  decreased  by 
a  factor  of  1.6  to  2.9,  depending  on  pH,  from  24  to 
48  hours.  The  48-hour  LC50  for  D.  magna  exposed 
to  ionic  copper  was  in  the  order  of  0.5  nM  (0.03 
ng/mL).  (VerNooy-PTT) 
W9 1-08 159 


PRELIMINARY  STUDIES  ON  THE  ACUTE 
EFFECT  OF  LINDANE  (GAMMA-HCH)  ON 
BRAIN  SEROTONINERGIC  SYSTEM  IN  RAIN- 
BOW TROUT  ONCORHYNCHUS  MYKISS. 

Santiago  Univ.  (Spain).  Dept.  of  Physiology. 

M.  V.  Rozados,  M.  D.  Andres,  and  M.  A. 

Aldegunde. 

Aquatic  Toxicology  AQTODG,  Vol.  19,  No.  1,  p 

33-40,  February  1991.  2  fig,  3  tab,  41  ref. 

Descriptors:  'Animal  metabolism,  'Biochemistry, 
•Lindane,  'Pesticide  toxicity,  'Toxicity,  'Toxicol- 
ogy. 'Trout,  'Water  pollution  effects,  Animal  tis- 
sues, Bioassay,  Biochemical  tests.  Brain,  Liquid 
chromatography,  Organochlorine  pesticides,  Sub- 
lethal effects.  Tissue  analysis. 


Adult  rainbow  trout  Oncorhynchus  mykiss  were 
exposed  to  0.05  mg/L  and  0. 1  mg/L  of  the  organ- 
ochlorinated  pesticide  lindane  (gamma-HCH)  for 
two  hours.  The  response  was  determined  by  meas- 
uring serotonin  (5-HT)  and  5-hydroxy  indoleacetic 
acid  (5-HIAA)  levels  by  high  performance  liquid 
chromatography  with  electrochemical  detection 
(HPLC-EC)  in  five  brain  regions  (hypothalamus, 
medulla  oblongata,  telencephalon,  tectum  optic 
and  remaining  portion)  and  brain,  seric  and  hepatic 
tryptophan  concentrations  by  fluorimetry.  While 
hepatic  tryptophan  decreased  significantly  (p  < 
0.05)  with  both  doses,  significant  increased  levels 
of  seric  tryptophan  (p  <  0.05)  appeared  with  the 
higher  dosage.  Tryptophan  levels  did  not  show 
significant  variations  in  brain  regions.  Brain  5-HT 
increased  significantly  (p  <  0.05)  in  hypothalamus 
but  decreased  (p  <  0.05)  in  tectum  optic.  The 
highest  ratio  of  5-HT/5-HIAA  appeared  in  hy- 
pothalamus (p  <  0.05)  and  the  lowest  (p  <  0.01)  in 
telencephalon.  These  results  show  that  the  effects 
of  lindane  on  the  cerebral  serotoninergic  metabo- 
lism vary  for  the  brain  regions  studied,  and  this 
implies  that  the  mode  of  action  is  specific.  There- 
fore, this  could  induce  specific  alterations  of  the 
behavior  controlled  by  these  brain  regions.  (Au- 
thor's abstract) 
W9 1-08 160 


PATHOLOGIC  ALTERATIONS  IN  EARLY 
LIFE  STAGES  OF  LAKE  TROUT,  SALVE- 
LINUS  NAMAYCUSH,  EXPOSED  TO  2,3,7,8- 
TETRACHLORODIBENZO-P-DIOXIN  AS  FER- 
TILIZED EGGS. 

New  York  State  Coll.  of  Veterinary  Medicine, 
Ithaca.  Dept.  of  Avian  and  Aquatic  Animal  Medi- 
cine. 

J.  M.  Spitsbergen,  M.  K.  Walker,  J.  R.  Olson,  and 
R.  E.  Peterson. 

Aquatic  Toxicology  AQTODG,  Vol.  19,  No.  1,  p 
41-72,  February  1991.  10  fig,  6  tab,  46  ref.  NOAA 
Grant  NA84AA-D-00065,  University  of  Wisconsin 
Sea  Grant  Project  R/MW-40,  Cooperative  Investi- 
gations of  Fish  Pathology  Contract  C002301, 
NIEHS  Grants  ES01985  and  ES07015. 

Descriptors:  'Chlorinated  aromatic  compounds, 
•Dioxins,  'Fish  eggs,  'Fish  pathology,  'Terato- 
genicity, 'Toxicity,  'Trout,  'Water  pollution  ef- 
fects, Animal  tissues,  Bioaccumulation,  Bioassay, 
Cardiovascular  system,  Growth  stages,  Lake  fish- 
eries, Mortality,  Tritium. 

Fertilized  lake  trout  eggs  exposed  to  vehicle  or 
graded  concentrations  of  (H3)-2,3,7,8-tetrachloro- 
dibenzo-p-dioxin  (tritiated  TCDD)  in  water  for  48 
hours  accumulated  1,  <  15,  40  or  400  ppt  (parts 
per  trillion)  (H3)-TCDD.  The  exposed  eggs  were 
then  transferred  to  flowing  (H3)-TCDD  free  water 
where  they  remained  throughout  early  develop- 
ment. Lake  trout  embryos  developed  normally  in 
all  groups  until  one  week  prior  to  hatch.  At  this 
time,  retrobulbar,  meningeal  and  subcutaneous 
hemorrhages  were  evident  in  may  embryos  and  sac 
fry  that  were  derived  from  eggs  containing  400  ppt 
(H3)-TCDD.  High  mortality  prior  to  or  during 
hatching  accompanied  these  lesions.  All  sac  fry 
which  survived  hatching  in  the  400  ppt  TCDD 
group  developed  severe  subcutaneous  edema,  with 
cessation  of  blood  circulation  in  the  yolk  sac  and 
body.  Necrosis  of  the  retina,  brain,  and  spinal  cord 
occurred  in  morbid  embryos  and  sac  fry.  All  sac 
fry  in  the  400  ppt  TCDD  group  showed  arrested 
development  from  the  time  of  hatching  and  all 
died  prior  to  swim-up.  One  percent  of  sac  fry  in 
the  vehicle  control  and  <  15  ppt  TCDD  groups, 
and  2%  in  the  40  ppt  TCDD  group,  exhibited  blue- 
sac  disease,  an  edematous  syndrome  identical 
grossly  and  nearly  identical  microscopically  to  that 
observed  in  the  400  ppt  TCDD  group.  Thus  the 
cardiovascular  system  appears  to  be  the  initial 
tissue  affected  in  both  the  TCDD  toxicity  syn- 
drome and  in  blue-sac  disease  of  developing  lake 
trout.  Lesions  in  other  organs  including  brain, 
retina  and  liver  develop  as  a  result  of  circulatory 
derangements,  anemia  and  hypoxia.  (Author's  ab- 
stract) 
W91-08161 


CU  AND  ZN  UPTAKE  BY  HALIMIONE  POR- 
TULACOIDES  (L.)  AELLEN:  A  LONG  TERM 
ACCUMULATION  EXPERIMENT. 


Universidade  Nova  de  Lisboa  (Portugal). 

F.  Rcboredo. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  3,  p  442-449, 

March  1991.  3  fig,  14  ref. 

Descriptors:  'Bioaccumulation,  'Copper,  'Halo- 
phytes,  'Heavy  metals,  'Path  of  pollutants,  'Phy- 
totoxicity,  'Soil  contamination,  'Water  pollution 
effects,  'Zinc,  Bioassay,  Chronic  toxicity,  Estua- 
rine  environment,  In  vitro  tests,  Leaves,  Plant 
morphology,  Plant  tissues,  Portugal,  Roots,  Sado 
River,  Tissue  analysis,  Vascular  tissues, 
Wastewater  pollution. 

Halimione  portulacoides  is  one  of  the  most  repre- 
sentative halophytes  of  the  salt-marshes  of  the 
Sado  River  estuary  in  Portugal.  The  Sado  basin 
receives  an  important  input  of  residual  elements 
from  industries,  and  also  the  untreated  domestic 
sewage  from  Setubal,  a  populous  city  located  in 
the  mouth  of  the  estuary.  In  order  to  study  the 
uptake  and  pattern  of  accumulation  of  copper  (Cu) 
and  zinc  (Zn)  by  the  roots,  stems  and  leaves  of 
Halimione,  plants  were  cultivated  in  vitro  and 
treated  daily  with  solutions  containing  5,  25,  and 
50  ppm  Cu  (as  CuC12)  and  50,  100  and  150  ppm  Zn 
(as  ZnC12).  Halimione  plants  were  treated  with  5 
ppm  Cu  during  8  weeks  without  apparent  damage, 
while  plants  treated  with  25  and  50  ppm  exhibited 
several  injuries  during  the  5th  week  of  treatment. 
These  injuries,  such  as  foliar  necrosis  of  mature 
leaves  and  withering  of  a  majority  of  young  leaves 
of  the  shoots,  were  probably  caused  by  high  levels 
of  Cu  in  the  leaves  (36.5  and  53.8  ppm,  respective- 
ly, compared  with  20.0  ppm  for  controls).  Copper 
accumulated  in  the  first  two  weeks;  after  that  time 
accumulation  was  insignificant.  Zinc  level  of  50  to 
150  ppm  and  exposure  times  of  2,  4,  and  8  weeks 
did  not  induce  changes  in  the  external  morphology 
of  Halimione.  Maximum  Zn  levels  observed  in  the 
roots  was  185.8  ppm  and  leaves  was  120.4  ppm. 
After  8  weeks  exposure  to  5  ppm  Cu  and  1 50  ppm 
Zn,  leaves  contained  21.6  ppm  Cu  and  120.4  Zn, 
respectively.  Although  absorption  from  contami- 
nated soils  is  not  negligible,  it  appears  to  be  slow 
compared  with  absorption  from  water.  (VerNooy- 
PTT) 
W9 1-08 163 


CHANGES  IN  ULTRA  WEAK  LUMINESCENCE 
FROM  LIVING  FISH  INDUCED  BY  THREE 
CHEMICALS. 

Beijing  Municipal  Research  Inst,  of  Environmental 

Protection  (China). 

W.  Yingyan,  M.  Yuqin,  L.  Da,  L.  Shenxun,  and  Z. 

Yujing. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  3,  p  456-460, 

March  1991.  6  tab,  8  ref. 

Descriptors:  'Bioindicators,  'Bioluminescence, 
'Nitrogen  compounds,  'Organophosphorus  pesti- 
cides, 'Pesticide  toxicity,  'Toxicity,  'Uranium, 
•Water  pollution  effects,  'Zebra  fish,  Azides,  Bio- 
assay, Cyclophosphamide,  Dose-response  relation- 
ships, Mortality,  Sublethal  effects. 

Ultraweak  luminescence  (ULI)  is  a  low-intensity 
emission  inherently  associated  with  processes  such 
as  oxidative  metabolism,  cell  division,  carcinogene- 
sis, photosynthesis  and  cell  death.  Zebra  fish  emit 
spontaneous  ultraweak  luminescence,  which  varies 
in  accordance  with  seasonal  water  temperature. 
ULI  from  adult  zebra  fish  (Brachydanio  rerio)  was 
measured  before  and  after  exposure  to  uranium 
dioxide  (U02),  sodium  azide  (NaN3)  and  cyclo- 
phosphamide (CP).  The  photon  count  rates  in- 
creased with  increasing  U02  concentrations  from 
0.05  to  0.3  micrograms/mL,  reflecting  the  degree 
of  damage  to  the  luminescence  function.  All  fish 
died  at  over  0.3  micrograms/mL  U02.  ULI  values 
for  fish  treated  with  0.05,  0.1,  0.2,  and  0.3  micro- 
grams/mL U02  were  9,  13,  19,  and  27  photon 
count  rates/sec/cm,  respectively.  For  0.05,  0.1, 
and  0.2  mg/mL  NaN3  the  values  were  5,  3,  and  1 
photon  count  rates/sec/cm,  respectively,  and  for 
0.4,  0.8,  1.6,  and  2.4  mg/mL  cyclophosphamide  the 
values  were  32,  20,  13,  and  6  photon  count  rates/ 
sec/cm,  respectively.  U02  induced  a  decrease  of 
photon  emission  from  the  living  fish  and  its  induc- 
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tion  increased  with  the  increase  of  U02  concentra- 
tions. By  contrast,  NaN3  or  CP  induces  an  increase 
in  luminescence  intensity,  and  its  induction  de- 
creases with  an  increase  of  concentration.  There 
were  significant  correlations  between  the  doses  of 
chemical  toxicants  and  changes  of  ULI  induced  by 
chemicals.  ULI  may  potentially  be  used  as  a  con- 
trol for  toxicity  tests  to  prove  the  accuracy  of 
experimental  results.  (VerNooy-PTT) 
W91-08164 


INFLUENCE  OF  SULFATE,  CA,  AND  MG  ON 
THE  ACUTE  TOXICITY  OF  POTASSIUM  DI- 
CHROMATE  TO  DAPHNIA  SIMILIS. 

Osaka  City  Inst,  of  Public  Health  and  Environ- 
mental Sciences  (Japan). 
M.  Hosokawa,  G.  Endo,  K.  Kuroda,  and  S. 
Horiguchi. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  46,  No.  3,  p  461-465, 
March  1991.  3  fig,  11  ref. 

Descriptors:  'Calcium,  "Chromates,  'Magnesium, 
'Sulfates,  'Toxicity,  'Toxicology,  'Waterfleas, 
Bioassay,  Daphnia,  Dose-response  relationships, 
Ions,  Mortality,  Sublethal  effects,  Synergistic  ef- 
fects, Water  pollution  effects. 

Daphnia  similis  were  collected  from  a  pond  and 
cultured  for  three  years  in  reconstituted  water. 
Neonate  daphnia  were  exposed  in  static  acute  tox- 
icity tests  (24  and  48  hours)  using  water  containing 
variable  amounts  of  calcium  chloride  (0.25  to  1.0 
mM),  magnesium  chloride  (0.1  to  1.0  mM)  and 
sodium  sulfate  (0.1  to  1.0  mM).  The  toxicity  of 
potassium  dichromate  (K2Cr207)  was  strongly  de- 
creased by  the  addition  of  sulfate  and  the  EC50 
(50%  immobilization)  values  were  logarithmically 
proportional  to  sulfate  concentrations  in  the  test 
waters.  The  toxicity  of  potassium  dichromate  was 
dependent  on  the  calcium  concentration  in  a  simi- 
lar manner.  D.  similis  neonates  died  within  24 
hours  in  media  without  calcium  (and  without  feed- 
ing), but  survived  more  than  2  days  in  the  medium 
containing  only  calcium  chloride.  The  effect  of 
magnesium  on  the  toxicity  of  potassium  to  D. 
similis  was  weak.  Experimental  results  show  that 
sulfate,  calcium  and  magnesium,  commonly  con- 
tained in  aquatic  environments,  decreased  the  tox- 
icity of  potassium  dichromate  which  is  recom- 
mended as  a  reference  toxicant  in  the  acute  toxicity 
test.  (VerNooy-PTT) 
W9 1-08 165 


CHEMICAL  SPECIATION  AND  BIOAVAILA- 
BILITY OF  CU(II):  STUDY  OF  THE  IONIC 
COPPER(II)  AND  BIS(GLYCINATE)- 

COPPER(II)  ACCUMULATION  BY  LEMNA 
SPECIES. 

Ceskoslovenska  Akademie  Ved,  Ceske  Budejovice. 
Inst,  of  Landscape  Ecology. 
F.  Benda,  and  J.  Kouba. 

Bulletin  of  Environmental  Contamination  and 
Toxicology  BECTA6,  Vol.  46,  No.  3,  p  466-472, 
March  1991.  1  fig,  1  tab,  8  ref. 

Descriptors:  'Bioavailability,  'Chemical  specia- 
tion,  'Copper,  'Duckweed,  'Metal  complexes, 
'Path  of  pollutants,  'Phytotoxicity,  'Toxicology, 
•Water  pollution  effects,  Cations,  Chemical  degra- 
dation, Copper  compounds,  Diffusion,  Plant  physi- 
ology, Toxicity. 

An  examination  was  made  of  the  accumulation  of 
copper(II)  in,  and  its  toxic  effect  on,  duckweed,  a 
plant  which  exhibits  extremely  high  concentration 
factors.  The  effect  of  Cu(+  +)  was  investigated  by 
adding  it  to  the  'minimal'  medium  in  two  forms: 
copper  sulfate  (CuS04)  and  bis(glycinate-copper 
(Cu(Gly)2).  The  glycinate  complex  was  chosen  to 
model  the  function  of  a  neutral  species  involving  a 
nontoxic  ligand,  for  which-in  contrast  to  the  hy- 
drated  Cu(++)  species-direct  permeation 
through  the  cell  wall  is  conceivable.  Duckweed 
was  exposed  to  copper  concentrations  of  10  to  100 
mg/L  for  3  days.  The  Cu  content  of  the  duckweed 
biomass  was  a  roughly  linear  function  of  the  con- 
centration. For  Cu(Gly)2,  however,  increased  con- 
centration was  not  associated  with  increased  accu- 
mulation, indicating  that  Cu  intake  was  not  related 
to  the  Cu(++)  released  by  dissociation  of  the 


complex  species.  Dependence  of  accumulation  on 
the  concentration  of  Cu(Gly)2  in  the  medium  sug- 
gests that  rather  than  diffusion,  the  degradation 
process  inside  the  cell  was  the  controlling  phe- 
nomenon. This  rendered  the  accumulation  effect 
more  intense  at  lower  Cu  concentrations  (10  mg/ 
L).  However,  it  also  enhanced  the  toxic  effect  and 
prevented  the  resulting  accumulation  from  increas- 
ing with  increasing  concentration  of  Cu(Gly)2  in 
the  medium.  (VerNooy-PTT) 
W9 1-08 166 


TOXIC  IMPACT  OF  ALDRIN  ON  ACID  AND 
ALKALINE  PHOSPHATASE  ACTIVITY  OF 
PENAEID  PRAWN,  METAPENAEUS  MONO- 
CEROS:  IN  VITRO  STUDY. 

Sri  Venkateswara  Univ.,  Kavali  (India).  Div.  of 

Toxicology. 

M.  S.  Reddy,  P.  Jayaprada,  and  K.  V.  R.  Rao. 

Bulletin    of    Environmental    Contamination    and 

Toxicology  BECTA6,  Vol.  46,  No.  3,  p  479-484, 

March  1991.  2  tab,  15  ref. 

Descriptors:  'Aldrin,  'Biochemistry,  'Insecticides, 
'Pesticide  toxicity,  'Phosphatases,  'Shrimp,  'Tox- 
icity, 'Toxicology,  'Water  pollution  effects, 
Animal  tissues,  Bioassay,  Bioindicators,  Chlorinat- 
ed hydrocarbon  insecticides,  Crustaceans,  Dose- 
response  relationships,  Enzymes,  Estuarine  fisher- 
ies, India,  Inhibition,  Sublethal  effects,  Tissue  anal- 
ysis. 

Although  the  penaeid  prawn,  Metapenaeus  mono- 
ceros  is  considered  to  be  a  sensitive  indicator  of 
marine  or  estuarine  pollution,  studies  concerning 
the  impact  of  aldrin  on  biochemical  aspects  of 
crustaceans  are  very  limited.  A  study  was  conduct- 
ed on  the  in  vitro  effects  of  aldrin,  an  organochlor- 
ine  insecticide,  on  the  acid  and  alkaline  phospha- 
tase activity  levels  in  selected  tissues  of  penaeid 
prawn.  Intermolt  prawns  were  collected  from  the 
Buckingham  canal,  near  Kavali  seacoast,  Andhra 
pradesh,  India  and  acclimatized  to  laboratory  con- 
ditions for  1  week.  Selected  tissues  were  exposed 
to  8,  16,  or  24  micrograms/L  of  aldrin.  Both  acid 
phosphatase  (ACPase)  and  alkaline  phosphatase 
(ALPase)  activities  were  significantly  inhibited 
after  addition  of  aldrin.  The  degree  of  inhibition 
was  dose-dependent  and  considerable  inhibition 
occurred  even  in  the  low  concentrations.  Maxi- 
mum inhibition  in  ACPase  activity  was  observed  in 
24  micrograms/L  of  aldrin  in  vitro  addition  in 
hepatopancreas  (-66%;  p  <  0.001)  as  compared  to 
control  values,  whereas  minimum  inhibition  was 
observed  in  the  muscle  and  brain  tissues  (-28%;  p 
<  0.001)  after  treatment  of  8  micrograms/L  of 
aldrin.  However,  ALPase  was  inhibited  maximum 
in  stomach  (-62%;  p  <  0.001)  and  minimum  in  the 
brain  tissue  (-8%;  p  <  0.001).  This  investigation 
indicates  that  any  alteration  in  the  activities  of 
ACPase  and  ALPase  created  disturbances  in  the 
normal  functioning  of  the  various  tissues  of  M. 
monoceros  after  in  vitro  addition  of  aldrin.  (Ver- 
Nooy-PTT) 
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SKELETAL  DEFORMITIES  AND  TRACE 
METAL  CONTENTS  OF  EUROPEAN  SMELT, 
OSMERUS  EPERLANUS,  IN  THE  ELBE  ESTU- 
ARY. 

Kiel   Univ.   (Germany,   F.R.).   Inst,   fuer  Meeres- 

kunde. 

C.  Pohl. 

Meeresforschung  MEERDW,  Vol.  33,  No.  1,  p  76- 

89,  December  1990.  6  fig,  6  tab,  47  ref. 

Descriptors:  'Elbe  River,  'Fish  pathology, 
'Heavy  metals,  'Smelt,  'Stream  pollution,  'Tera- 
togenicity, 'Trace  metals,  'Water  pollution  effects, 
Animal  tissues,  Cadmium,  Germany,  Lead,  Rivers, 
Skeleton,  Tissue  analysis. 

The  Elbe  River  between  the  North  Sea  and  Ham- 
burg (Germany),  one  of  the  busiest  shipping 
routes,  is  considered  to  be  highly  polluted.  Each 
month  from  March  1985  until  March  1986,  Euro- 
pean smelt,  Osmerus  eperlanus,  were  caught  at  15 
stations  in  the  tidal  Elbe  estuary.  A  total  of  55,655 
individuals  from  142  catches  of  0  group  (age  less 
than  one  year)  smelts  were  examined  for  externally 
visible   skeletal   deformities.    In    108   catches,   the 


deformity  prevalence  ranged  between  0  and  2% 
and  in  the  remaining  34  catches,  the  deformation 
rate  was  greater  than  2%  with  the  value  for  indi- 
vidual catches  ranging  to  45%.  Length,  weight 
and  the  condition  factor  of  the  deformed  smelt 
were  significantly  less  than  those  of  normal  speci- 
mens. In  addition  to  the  statistical  data,  the  concen- 
trations of  cadmium,  lead,  copper  and  zinc  in  the 
liver  and  muscle  tissue  of  50  malformed  and  69 
normally  developed  individuals  in  age  groups  0 
and  1  were  determined  by  graphite  furnace  atomic 
absorption  spectroscopy  (AAS).  The  levels  of 
these  four  trace  metals  are  considered  to  be  low. 
However,  significantly  higher  lead  and  cadmium 
concentrations  were  found  in  the  liver  tissue  of 
malformed  fish  of  the  0  group.  (Author's  abstract) 
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LOCAL  FISH  KILL  IN  A  POND  AT  THE 
GERMAN  NORTH  SEA  COAST  ASSOCIATED 
WITH  A  MASS  DEVELOPMENT  OF  PRYMNE- 
SIUM  SP. 

Forschungs-  und  Technologiezentrum  Westkuste, 

Buesum  (Germany,  F.R.). 

W.  Dietrich,  and  K.  J.  Hesse. 

Meeresforschung  MEERDW,  Vol.  33,  No.   1,  p 

104-106,  December  1990.  2  fig,  3  ref. 

Descriptors:  'Algal  blooms,  'Brackish  water, 
'Coasts,  'Eel,  'Fishkill,  'Marine  algae,  'Toxicity, 
'Water  pollution  effects,  Germany,  Mortality, 
Phytoplankton,  Ponds,   Salinity,  Water  sampling. 

Increasing  concern  about  algal  blooms  has  resulted 
in  a  report  on  a  local  fish  kill  at  the  German  North 
Sea  coast,  which  occurred  more  than  12  years  ago. 
At  the  end  of  May  1978  more  than  100  eels  (An- 
guilla  anguilla  L.)  died,  within  a  few  days,  in  a 
pond  on  the  eastern  coastal  region  of  the  German 
Bight.  The  pond,  with  an  area  of  about  1000  sq  m 
and  approximately  2  m  deep,  is  about  2  miles  from 
the  coastline.  The  entire  population  was  presum- 
ably killed  as  no  fish  were  caught  the  following 
autumn.  A  water  sample  taken  from  the  surface  of 
the  pond  on  June  1st  revealed  a  high  concentration 
(10  million  cells/L)  of  an  unarmored  nanoflagel- 
late,  which  was  a  species  of  the  genus  Prymne- 
sium.  The  alga  showed  a  close  resemblance  to  P. 
parvum  which  is  extremely  ichthyotoxic.  The  oc- 
currence of  P.  parvum,  which  is  restricted  to 
marine  as  well  as  brackish  waters,  in  an  inland 
pond,  can  be  retraced.  The  ditches  and  sluices 
were  flooded  2  years  before,  in  the  dry  early 
spring  of  1976,  and  thus  sea  water  found  its  way 
into  the  marsh  and  filled  the  ponds,  giving  rise  to 
salinities  of  about  3  ppt  and  bringing  about  an 
invasion  of  brackish  water  organisms.  In  the  same 
year  organisms  typical  for  brackish  waters  were 
found  in  other  inland  ponds,  e.g.,  the  opossum 
shrimp  Neomysis  integer  Leach,  and  the  shrimp 
Palaemonetes  varians  Leach.  The  numerous,  but 
poorly  investigated,  ponds  and  basins  of  the  west 
coast  represent  favorable  sites  for  a  mass  develop- 
ment of  various  types  of  potentially  toxic  phyto- 
plankton species  which  may  initiate  near-shore 
blooms  or  poison  shellfish,  and  should  thus  be 
carefully  controlled.  (VerNooy-PTT) 
W9 1-08 182 


TOXICITY  REDUCTION  IN  INDUSTRIAL  EF- 
FLUENTS. 

For   primary   bibliographic   entry   see   Field   5G. 
W9 1-08 192 


TOXICITY  IDENTIFICATION  EVALUATIONS. 

Eckenfelder,  Inc.,  Nashville,  TN. 

For  primary  bibliographic  entry  see  Field  5A. 

W9 1-08 194 


5D.  Waste  Treatment  Processes 


HAZARDOUS  AND  INDUSTRIAL  WASTES: 
PROCEEDINGS  OF  THE  21ST  MID-ATLANTIC 
INDUSTRIAL  WASTE  CONFERENCE. 

June  25-27,  1989.  Technomic  Publishing  Co.,  Inc., 
Lancaster,  Pennsylvania.  1989.  732p.  Edited  by 
Charles  A.  Cole  and  David  A.  Long. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D— Waste  Treatment  Processes 


Descriptors:  'Hazardous  wastes,  'Industrial 
wastes,  'Waste  disposal,  'Waste  management, 
•Waste  treatment,  'Wastewater  treatment,  'Water 
pollution  control,  Activated  carbon,  Anaerobic  di- 
gestion, Biological  treatment,  Composting,  Confer- 
ences, Groundwater  management,  Microorga- 
nisms, Pennsylvania,  Photolysis,  Pretreatment  of 
wastewater,  Rehabilitation,  Risk  assessment, 
Sludge  disposal,  Sludge  treatment,  Soil  treatment. 

The  proceedings  of  the  twenty-first  Mid-Atlantic 
Industrial  Waste  Conference,  that  was  held  June 
25-27,  1989,  examine  many  aspects  of  industrial 
waste  treatment  and  disposal.  The  conference  was 
held  at  Penn  State  University,  Pennsylvania.  It 
gave  industrial,  business,  academic,  and  regulatory 
representatives  an  opportunity  to  exchange  infor- 
mation in  both  formal  presentations  and  informal 
discussions.  Topics  explored  included:  sludge  treat- 
ment and  disposal  techniques;  waste  minimization; 
innovative  technologies,  such  as  aspiration  strip- 
ping, activated  carbon,  fixed  film  biological  treat- 
ment, and  metal  removal;  land  treatment,  disposal, 
storage  and  clean-up  options;  wastewater  treat- 
ment technologies;  regulations;  ground  water  sys- 
tems impact;  risk  assessment;  and  remediation. 
Wastewater  treatment  options  examined  included 
photolysis,  biological  treatment,  pretreatment  ad- 
vantages, activated  sludge  systems,  and  anaerobic 
reactors.  Remediation  measures,  such  as  compost- 
ing, microbial  dechlorination,  soil  washing,  and 
pneumatic  fracturing  were  discussed  at  the  confer- 
ence. A  number  of  universities  sponsored  the  con- 
ference, in  cooperation  with  Pennsylvania,  Mary- 
land, and  Delaware  governmental  agencies  and 
organizations.  (See  W9 1-07 140  thru  W9 1-07 187) 
(Mertz-PTT) 
W9 1 -07 139 


DEWATERING  OF  PLATING  WASTE 
SLUDGES  ON  ARTIFICIAL  MEDIA  BEDS. 

R.  L.  Bates,  W.  L.  Heaner,  and  W.  T.  Rhodes. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  16-29.  4  tab. 

Descriptors:  'Dewatering,  'Hazardous  wastes, 
'Metal-finishing  wastes,  'Sludge  drying,  'Sludge 
treatment,  Industrial  wastes,  Military  reservations, 
Sludge,  Waste  management,  Wastewater  treat- 
ment. 

The  United  States  Navy,  Southern  Division,  Naval 
Facilities  Engineering  Command,  recently  com- 
pleted designs  and  construction  of  dewatering  sys- 
tems for  treatment  of  industrial  sludges  at  two 
installations  in  Southeastern  states  and  one  in  the 
South  Central  U.S.  Under  Subpart  D  of  40  CFR 
(Code  of  Federal  Regulations)  261  regulations.  In- 
dustrial waste  treatment  facilities  at  these  sites 
were  categorized  as  F006  hazardous  wastes: 
wastewater  treatment  sludges  from  electroplating 
operations.  Planning,  design  and  facilities  construc- 
tion was  completed  by  1988.  Facility  designs  were 
based  on  widely  used  and  proven  technologies, 
sludge  conditioning  by  polymer  addition  and  grav- 
ity dewatering  on  artificial  media  (Wedgewater) 
beds.  Typical  facility  configurations  were  adapted 
for  use  with  the  hazardous  sludges  by  incorporat- 
ing double  wall  tank  and  double  wall  pipe  features 
conforming  to  Subpart  D  regulations.  To  achieve 
minimal  possible  cake  moistures  and  least  cost  cake 
disposal  the  installations  structures  and  contain- 
ment tanks  were  roofed.  Successful  dewatering 
accomplished  waste  minimization  (mass  and 
volume  reductions)  of  the  hazardous  wastes  that 
require  transportation  and  disposal.  The  Navy's 
diligence  concerning  implementation  achieved  ini- 
tial system  operations  in  advance  of  regulatory 
agency  compliance  schedules,  and  was  indicative 
of  Navy  dedication  to  environmental  protection 
and  betterment.  (See  also  W9 1-07 139)  (Mertz- 
PTT) 
W91-07141 


DETOXIFICATION  OF  FOUNDRY  AIR  POL- 
LUTION CONTROL  SLUDGES. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 

of  Civil  Engineering. 

L.  G.  Contos,  R.  W.  Regan,  and  J.  S.  O'Hearn. 


IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.   1989.  p  30-41.  5  fig,  2  tab,   14  ref. 

Descriptors:  'Detoxification,  'Hazardous  wastes, 
'Industrial  wastes,  'Sludge  treatment,  'Waste 
treatment,  Cadmium,  Heavy  metals,  Lead,  Sludge 
stabilization,  Waste  stabilization. 

A  cost-effective  strategy  for  the  management  of 
foundry  waste  materials  was  examined.  It  was  de- 
termined that  stabilizing  the  sludge  via  chemically 
and  physically  chelating  metals  within  the  floe 
material  should  decrease  the  surface  area  across 
which  transfer  or  loss  of  contaminated  pollutants 
can  occur,  and  therefore,  detoxify  the  metal  con- 
stituents contained  in  the  waste.  The  treatment 
process  was  based  on  utilizing  a  waste  by-product 
from  a  nearby  industry  and  using  this  material  to 
chelate  soluble  metals  within  the  sludge,  thereby 
stabilizing  the  sludge.  Due  to  the  concentrations  of 
lead  and  cadmium,  the  sludge  was  classified  as  a 
hazardous  waste.  The  composite  sample  created 
for  this  analysis  consisted  of  sludge  from  13  found- 
ries. Although  the  mean  metal  concentrations  of 
any  sludge  at  any  time  may  be  considered  non- 
hazardous,  the  concentrations  produced  by  com- 
posite samples  clearly  exceeded  the  hazardous 
waste  limit.  Only  through  analyzing  composite 
samples  could  the  variations  in  the  sludge  be  char- 
acterized and  a  treatment  system  developed.  A 
primary  concern  of  the  detoxification  process  was 
reducing  leachate  concentrations  from  cadmium.  It 
was  shown  that  the  detoxification  of  sludge  could 
be  successfully  accomplished  by  adding  a  5%  dry 
weight  addition  of  the  Metal  Inhibiting  Compound 
to  the  sludge.  The  foundry  system  must  be  evaluat- 
ed to  assess  the  degree  of  variability  in  the 
wastewater  and  the  sludge.  (See  also  W9 1-07 139) 
(Mertz-PTT) 
W9 1-07 142 


TRIAL  BURN  EXPERIENCE  WITH  SLAG- 
GING-MODE  ROTARY  KILN  TECHNOLOGY. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
R.  J.  Buchanan,  and  P.  W.  Falcone. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.   1989.  p  42-57.  2  fig,  5  tab,  3  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Hazard- 
ous wastes,  'Incineration,  'Waste  treatment, 
Carbon  tetrachloride,  Destruction  removal  effi- 
ciency, Permits,  Resource  Conservation  and  Re- 
covery Act,  Rotary  kiln,  Slag,  Texas,  Trial  burn, 
Waste  disposal,  Wastewater  treatment. 

RCRA  (Resource  Conservation  and  Recovery 
Act)  regulations  require  the  owner/operator  of  a 
hazardous  waste  incineration  facility  to  conduct  a 
trial  burn  to  ensure  compliance  with  operational, 
design,  and  current  emission  regulations.  Monitor- 
ing of  specific  operating  parameters,  such  as  com- 
bustion temperature,  waste  feed  rate,  and  indica- 
tors of  combustion  gas  velocity,  is  conducted.  Rol- 
lins Environmental  Services  conducted  a  trial  burn 
on  the  Incinerator  Train  II  at  the  Rollins  Deer 
Park,  Texas,  facility  during  May  1988.  The  pro- 
gram designed  demonstrated  that  the  incinerator 
train  would  comply  with  the  RCRA,  Texas  Water 
Commission,  and  Texas  Air  Control  Board  regula- 
tions while  operated  under  varied  load  conditions. 
The  trial  burn  entailed  three  sampling  runs  per  day 
over  the  course  of  5  days,  with  as  many  as  five 
different  wastestreams  fed  to  the  incinerator.  The 
waste  feed  streams  were  spiked  with  carbon  tetra- 
chloride to  demonstrate  the  Destruction  Removal 
Efficiency  of  the  incinerator  system  under  different 
operating  conditions.  The  slagging  mode  rotary 
kiln  proved  to  be  a  consistent  and  technically 
superior  thermal  destruction  device  that  meets  or 
exceeds  all  appropriate  permit  requirements.  Sev- 
eral advantages  of  the  slagging  rotary  kiln  include: 
consistently  high  destruction  removal  efficiency; 
direct  feeding  of  metal  containers  without  presh- 
redding;  reduced  particulate  emissions;  reduced 
excess  air  requirements;  reduction  in  total  auxiliary 
energy  consumption;  and  a  cost  effective  increase 
of  incremental  thermal  destruction  capacity  as 
compared  to  the  capital  investment.  (See  also  W91- 
07139)  (Mertz-PTT) 
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HAZARDOUS  WASTE  MINIMIZATION 
MEASURES  IMPLEMENTED  BY  METAL- 
PLATING  PLANTS  IN  THE  SAN  FRANCISCO 
BAY  AREA. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
L.  D.  Duke 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  61-75.  2  tab,  8  ref. 

Descriptors:  'Hazardous  wastes,  'Heavy  metals, 
'Industrial  wastes,  'Metal-finishing  wastes,  'Waste 
management,  'Waste  minimization,  'Wastewater 
treatment,  Acids,  Cyanide,  Recycling,  San  Fran- 
cisco, Sludge  drying,  Waste  treatment. 

Manufacturers  in  the  metal  finishing  industry  con- 
stantly face  the  problem  of  effective  hazardous 
waste  management.  Metal  plating  processes  rely  on 
hazardous  materials:  heavy  metals  are  an  inherent 
part  of  the  products,  and  must  be  used  in  liquid 
form;  and  the  most  common  process  methods  use 
cyanide  solutions  and  highly  acidic  metal  solutions. 
Measures  that  minimize  the  hazardous  waste  gen- 
erated by  manufacturers  are  a  well-justified  re- 
sponse to  the  high  costs  and  administrative  burdens 
of  handling  hazardous  waste.  Of  26  metal  plating 
firms  in  the  San  Francisco  Bay  Area  who  generat- 
ed fairly  large  quantities  of  hazardous  waste  as  of 
1987,  20  took  one  or  more  actions  to  minimize 
hazardous  waste.  The  kinds  of  measures  imple- 
mented by  these  firms  included  sophisticated  proc- 
ess changes,  complete  end-of-pipe  treatment  sys- 
tems, volume  reduction  steps  through  sludge 
dewatering,  and  straightforward  operating  proce- 
dure changes.  Each  kind  of  action  achieved  signifi- 
cant reduction  in  the  quantity  of  hazardous  waste 
generated;  five  actions  eliminated  a  critical  waste 
stream.  (See  also  W91-07139)  (Mertz-PTT) 
W91-07144 


WASTE  MINIMIZATION:  CASE  STUDY. 

BCM  Engineers,  Inc.,  Plymouth  Meeting,  PA. 
H.  D.  Alexander,  and  J.  V.  Interrante. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  76-92.  3  tab,  7  ref. 

Descriptors:  'Industrial  wastes,  'Waste  manage- 
ment, 'Waste  minimization,  'Waste  recovery,  Cost 
analysis,  Economic  aspects,  Hazardous  wastes,  Re- 
cycling, Wastewater  treatment. 

Waste  minimization  is  the  process  of  reducing  to 
the  maximum  economical  extent,  the  amount  of 
solid  and  hazardous  waste  that  a  facility  sends  to  a 
landfill,  an  incinerator,  or  other  disposal  facility. 
This  can  be  accomplished  either  by  not  creating 
the  water  (source  reduction)  or  by  extracting  from 
the  waste  useful  products  or  raw  materials  (recy- 
cling). There  are  basically  five  steps  in  a  waste 
minimization  assessment:  develop  an  accurate  in- 
ventory of  the  amount  of  waste  generated  by  the 
facility;  determine  how  these  wastes  are  produced, 
handled,  and  disposed  of;  choose  the  minimization 
options  with  the  best  chance  for  real  waste  reduc- 
tions and  savings;  perform  a  comprehensive  assess- 
ment of  all  options;  and  present  results  to  manage- 
ment. Waste  minimization  assessments  were  con- 
ducted for  several  industrial  facilities.  An  invento- 
ry of  the  amount  of  waste  generated  by  one  facility 
showed  that  the  facility  produced  1 1  types  of 
hazardous  waste.  Two  non-hazardous  waste 
streams,  oily  wastewater  and  synthetic  cloth  waste, 
were  also  included.  Machine  coolant  was  utilized 
in  a  number  of  metal  working  machines  at  the 
facility.  A  favorable  economic  evaluation  led  to 
the  recommendation  that  the  facility  implement  a 
coolant  recycling  program  using  a  portable  service 
cart.  At  another  facility  industrial  towels  and  rags 
were  used  to  wipe  down  parts  and  machinery,  to 
wipe  up  spills,  and  for  general  cleaning.  The  indus- 
trial facility  studied  used  approximately  324,000 
rags  each  year  and  shipped  them  out  as  hazardous 
waste  to  be  incinerated  in  260  drums  at  a  cost  of 
$517/drum.  It  was  recommended  that  the  facility 
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switch  over  to  a  laundered  rag  system.  Many  in- 
dustrial facilities  inadvertently  increase  the  volume 
of  their  waste  streams  through  improper  manage- 
ment of  raw  materials  and  products.  Improved 
management  can  achieve  a  double  savings  by  re- 
ducing hazardous  waste  disposal  costs  and  raw 
material  costs.  In  high  quality  photographic  film 
and  film  processing  the  element  silver  is  used.  The 
average  daily  sewerage  flow  from  the  industrial 
facility  was  approximately  120,000  gallons  and  the 
silver  load  was  0.18  pounds  per  work  day.  It  was 
determined  that  silver  recovery  could  reduce  this 
concentration  by  95%.  (See  also  W91-07139) 
(Mertz-PTT) 
W91-07145 


RECYCLING  OF  BY-PRODUCT  GYPSUM. 

Pennsylvania  State  Univ.,  University  Park. 
A.  Nanni. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  93-105.  7  fig,  1  tab,  13  ref. 

Descriptors:  "Gypsum,  *Recycling,  *Waste  recov- 
ery, *Waste  utilization,  Agricultural  practices, 
Construction  materials,  Industrial  wastes,  Waste 
management,  Waste  stabilization. 

The  total  production  of  synthetic  gypsum  in  the 
United  States  will  be  approximately  60  to  65  mil- 
lion tons  per  annum  by  1990,  and  the  amount 
presently  stockpiled  is  unofficially  estimated  to  be 
over  800  million  tons.  The  present  U.S.  utilization 
of  by-product  gypsum  is  limited  to  less  than  1 
million  tons  per  year,  primarily  for  agricultural 
uses.  Of  the  total  8  million  tons  of  by-product 
gypsum  recycled  throughout  the  world,  70%  of 
that  is  done  in  Japan.  Utilization  of  by-product 
gypsum  in  the  construction  industry  is  possible  in 
areas  outside  the  traditional  domain  of  the  natural 
mineral.  This  is  the  result  of  the  proven  ability  of 
the  finely  divided  gypsum  powder  to  solidify 
under  static  or  dynamic  pressure.  The  production 
of  synthetic  gypsum,  mainly  generated  by  the 
phosphoric  acid  industry  and  flue  gas  desulfuriza- 
tion,  has  reached  a  magnitude  that  warrants  the 
need  for  recycling  options.  Laboratory  studies  and 
pilot  projects  have  demonstrated  that  raw  by-prod- 
uct gypsum  can  be  successfully  used  as  a  construc- 
tion material  either  by  itself  or  in  addition  to 
traditional  aggregates  and/or  portland  cement  for 
secondary  roads,  road  bases  and  building  products. 
(See  also  W9 1-07 139)  (Mertz-PTT) 
W91-07146 


CLEAN  COAL  TECHNOLOGY  WASTE  CHAR- 
ACTERIZATION. 

Argonne  National  Lab.,  IL.  Energy  and  Environ- 
mental Systems  Div. 
R.  W.  Peters,  and  C.  A.  Wentz. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  106-132.  10  tab,  29  ref. 

Descriptors:  *Coal,  "Coal  wastes,  "Hazardous 
wastes,  Department  of  Energy,  Emission  control, 
Incineration,  Industrial  wastes,  Waste  characteriza- 
tion. 

Clean  coal  technologies  signify  a  new  generation 
of  highly  efficient,  environmentally  clean,  coal- 
based  energy  processes.  The  U.S.  Department  of 
Energy  (DOE)  has  a  Clean  Coal  Technology  Pro- 
gram, that  has  a  major  goal  of  improving  the 
options  available  to  reduce  emissions  from  coal- 
fired  power  plants.  To  accomplish  this  goal,  DOE 
is  pursuing  the  development  and  demonstration  of 
technologies  that  will  result  in  more  efficient  and 
effective  emissions  controls.  Although  some 
sources  report  that  no  hazardous  wastes  are  gener- 
ated from  advanced  combustors,  alternative  fuels, 
advanced  physical  coal  preparation,  fluidized-bed 
combustion,  flue-gas  cleanup,  coal  liquefaction, 
and  coal  gasification;  the  potential  for  hazardous 
waste  generation  is  still  widely  discussed.  Results 
of  a  review  of  the  technical  literature  revealed  that 
relatively  little  information  characterizing  solid 
wastes  from  clean  coal  technologies  existed  in  the 
open  literature.  In  Phase  II  of  the  study,  industrial 


data,  records,  and  reports  were  reviewed  during 
site  visits.  The  available  data  indicate  that  the 
majority  of  solid  wastes  resulting  from  these  tech- 
nologies would  not  be  classified  as  hazardous 
under  RCRA  (Resource  Conservation  and  Recov- 
ery Act)  standards.  (See  also  W9 1-07 139)  (Mertz- 
PTT) 
W9 1-07 147 


INTERACTIONS  OF  HEXAVALENT  AND  TRI- 
VALENT  CHROMIUM  WITH  ACTIVATED 
CARBON. 

Pittsburgh  Univ.,  PA.  Dept.  of  Civil  Engineering. 
S.  K.  Ouki,  and  R.  D.  Neufeld. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  146-156.  5  fig,  1  tab,  8  ref. 

Descriptors:  "Activated  carbon,  "Chromium, 
"Model  studies,  "Wastewater  treatment,  Alkalini- 
ty, Chemical  reactions,  Hydrogen  ion  concentra- 
tion, Oxidation-reduction  potential. 

A  mechanistic  model  that  incorporates  the  accu- 
mulation of  hexavalent  chromium  onto  activated 
carbon  surfaces,  the  chemical  reduction  of  hexava- 
lent chromium  to  trivalent  chromium  by  activated 
carbon  surfaces  and  the  regeneration  of  the  chro- 
mium species  to  the  hexavalent  or  trivalent  state 
depending  on  the  pH  of  the  regenerant  was  devel- 
oped. Data  from  column  experiments  showed  that: 

(1)  activated  carbon  may  be  used  for  the  removal 
of  hexavalent  chromium  from  solutions  with  con- 
centrations in  the  range  of  250  mg/L  to  300  mg/L; 

(2)  concentrated  trivalent  solutions  can  be  generat- 
ed at  acidic  pH  values;  (3)  the  capacity  of  activated 
carbon  increases  significantly  at  acidic  pH  with  the 
successive  accumulation  and  regeneration  cycles; 
(4)  alkaline  regeneration,  on  the  other  hand,  results 
in  loss  of  activity  of  activated  carbon  towards 
chromium  accumulation;  and  (5)  regeneration  at 
high  pH  generates  concentrated  hexavalent  chro- 
mium solutions,  while  regeneration  at  low  pH  re- 
sults in  chromium  reduction.  The  mechanistic 
model  predicts  that:  (1)  at  acidic  pH  an  oxidation- 
reduction  reaction  occurs  on  the  surface  of  activat- 
ed carbon  where  Cr(VI)  is  reduced  to  Cr(III),  and 
the  activated  carbon  sites  get  oxidized  resulting  in 
increased  sorption  capacity;  (2)  the  accumulation 
of  Cr(VI)  and  Cr(III)  species  occurs  simultaneous- 
ly onto  the  carbon  surfaces  and  is  pH  dependent; 
and  (3)  the  regeneration  at  low  or  high  pH  recov- 
ers only  Cr(III)  or  Cr(VI)  species  respectively 
leading  to  an  incomplete  recovery  of  all  the  chro- 
mium species  retained  on  the  surface  of  carbon. 
(See  also  W9 1-07 139)  (Author's  abstract) 

W9 1-07 149 


TREATMENT  OF  HAZARDOUS  ORGANIC 
WASTES  IN  AN  AERATED  SUBMERGED 
FIXED  FILM  BIOLOGICAL  REACTOR. 

Kuwait  Univ.,  Safat.  Coll.  of  Engineering  and  Pe- 
troleum. 

M.  F.  Hamoda,  and  M.  F.  Abd-el-bary. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  157-173.  8  fig,  1  tab,  13  ref. 
Environment  Protection  Council  of  the  State  of 
Kuwait  grant  EPC  002. 

Descriptors:  "Biofilm  reactors,  "Biological  treat- 
ment, "Hazardous  wastes,  "Industrial  wastes, 
"Wastewater  treatment,  Benzenes,  Chemical 
oxygen  demand,  Microorganisms,  Municipal 
wastewater,  Nitrogen,  Phenols,  Phosphorus. 

There  has  been  an  increasing  interest  in  the  biolog- 
ical fixed  film  treatment  processes.  However,  stud- 
ies on  the  application  of  fixed  film  processes  to  the 
treatment  of  industrial  and  hazardous  wastes  are 
limited.  Stability  and  long  retention  of  microorga- 
nisms in  a  fixed  film  process  proved  to  be  advanta- 
geous in  municipal  wastewater  treatment,  and  is 
thought  to  be  beneficial  in  improving  the  removal 
of  toxic  organics.  After  film  development,  a  syn- 
thetic feed  containing  the  targeted  organic  sub- 
strate was  pumped  into  the  reactors  for  a  minimum 
period  of  two  weeks  until  a  steady  state  was 
reached.  The  synthetic  feed  composition  was  for- 


mulated from  the  organic  substrates  and  the  inor- 
ganic compounds  so  that  the  ratio  of  chemical 
oxygen  demand:nitrogen:phosphorus  was  kept  the 
same  for  all  feed  solutions  used.  Biofilm  acclima- 
tion took  a  minimum  of  two  weeks  before  the 
reactor  was  examined  for  substrate  removal  under 
steady  state  conditions.  Compounds  used  were 
sugar,  phenol,  and  nitrobenzene.  It  was  shown  that 
acclimated  microbial  populations  could  efficiently 
remove  biodegradable  toxic  organics  such  as 
phenol  and  nitrobenzene  in  a  fixed  film  reactor  by 
an  oxidative  assimilation  mechanism.  Similar  re- 
moval patterns  were  obtained  in  both  combined 
organic  and  single  organic  substrate  systems.  The 
results  provide  a  clear  indication  that  heterogene- 
ous microbial  populations  acclimated  to  a  mixed 
toxic/nontoxic  substrate  system  could  utilize  the 
toxic  substrate  in  the  presence  of  the  nontoxic 
substrate.  The  results  of  this  study  have  practical 
implications  in  the  biological  treatment  of  both 
industrial  effluents  and  municipal  wastewater  con- 
taining toxic  organic  chemicals.  (See  also  W91- 
07139)  (Mertz-PTT) 
W9 1-07 150 


KINETICS  OF  ORGANIC  MATTER  REMOVAL 
BY  OZONE  IN  SEQUENTIAL  BATCH  REAC- 
TOR. 

Ecole  Polytechnique,  Montreal  (Quebec).  Dept.  of 
Civil  Engineering. 

R.  Hausler,  F.  G.  Briere,  and  P.  Beron. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  174-181.  6  fig,  1  tab. 

Descriptors:  "Organic  matter,  "Ozonation, 
"Ozone,  "Wastewater  treatment,  Disinfection,  Hy- 
drogen ion  concentration,  Kinetics,  Oxidation,  Se- 
quential batch  reactors,  Sludge,  Wastewater  reac- 
tors. 

Ozone  has  been  used  for  pre  and  post  oxidation 
when  coliform  concentrations  in  raw  water  are 
extremely  high  or  when  taste  or  odor  problems 
mainly  due  to  oxidation  of  algae  by  chlorine  are 
present.  Ozone  has  never  been  used  in  sewage 
treatment  even  though  the  main  objective  of  water 
pollution  control  is  to  oxidize  organic  matter  that 
would  otherwise  be  oxidized  in  the  receiving  body 
of  water,  thus  depleting  oxygen  concentration.  Or- 
ganic matter  oxidation  was  investigated  in  a  chemi- 
cal sequential  batch  reactor  with  7.5  L  capacity. 
The  quantity  of  ozone  used  to  oxidize  organic 
matter  was  computed  by  trapping  excess  03  re- 
leased in  the  air  at  the  outlet  of  the  reactor.  Ozone 
oxidation  of  synthetic  sewage  was  maximized  by 
alternatively  changing  pH  from  an  acid  to  an  alka- 
line zone  and  from  an  alkaline  to  an  acid  zone.  It 
was  shown  that  ozone  organic  matter  oxidation 
had  the  following  advantages:  less  sludge  produc- 
tion than  standard  chemical  and  biological  treat- 
ments; effluent  did  not  need  disinfection;  the  treat- 
ment was  not  affected  by  toxic  material;  and  the 
process  was  easily  controlled.  (See  also  W91- 
07139)  (Mertz-PTT) 
W91-07151 


REMOVAL  OF  NICKEL  IN  THE  PRESENCE 
OF  EDTA  (ETHYLENEDIAMINETETRAACE- 
TIC  ACID). 

Brown  and  Caldwell,  Seattle,  WA. 
S.  V.  Arumugam,  and  S.  K.  Bhagat. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  182-204.  11  fig,  3  tab,  32  ref. 

Descriptors:  "Chemical  precipitation,  "Nickel, 
"Wastewater  treatment,  Anions,  Chemical  treat- 
ment, EDTA,  Hydrogen  ion  concentration,  Reac- 
tion time,  Zeta  potential. 

Several  processes  have  been  identified  and  used  to 
treat  metal  bearing  wastewaters.  The  simplest  is 
conventional  chemical  precipitation  using  caustic 
materials  or  lime.  However,  the  efficiencies  of 
heavy  metals  removal  are  affected  by  many  fac- 
tors. Experiments  were  performed  to  examine  the 
effects    of    five    independent    variables,    namely, 
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nickel  concentration,  pH,  reaction  time,  iron,  and 
EDTA  (ethylcnediaminetetraacetic  acid)  on  the 
efficiency  of  nickel  removal  and  the  zeta  potential 
of  sludge  particles  as  dependent  variables.  The 
linear  regression  analysis  of  the  observed  data  indi- 
cated the  effects  of  nickel  concentration,  pH,  and 
EDTA  are  highly  significant  in  affecting  nickel 
removal.  One  interesting  observation  was  that  the 
addition  of  iron  for  coprecipitation  did  not  en- 
hance the  nickel  removal,  which  is  a  benefit  in  the 
reduction  of  sludge  volume  and  overall  treatment 
cost  for  nickel  removal.  The  presence  of  EDTA 
greatly  inhibits  the  nickel  precipitation.  The  effect 
is  greater  when  the  EDTA  to  nickel  ratio  is  >/= 
1.  Below  this  limit,  a  substantial  removal  of  nickel 
could  be  achieved  if  the  system  is  operated  below 
pH  8.  Reduction  in  nickel  removal  efficiency  with 
increased  concentration  of  EDTA  and  pH  is  due 
to  the  accumulation  of  excess  anions  at  the  solid- 
water  interfacer  resulting  in  an  electrostatic  repul- 
sion for  the  increased  stability  of  the  suspensions. 
An  important  finding  in  this  study  is  that  the  zeta 
potential  could  be  directly  correlated  with  the 
efficiency  of  nickel  removal.  Use  of  this  correla- 
tion may  lead  to  atomize  the  chemical  precipitation 
treatment  by  employing  an  on-line  zeta  potential 
measuring  device  and  to  predict  the  nickel  remov- 
al, saving  time  and  money.  (See  also  W91-07139) 
(Mertz-PTT) 
W9 1-07 152 


OPERATIONS  AND  MONITORING  OF  LAND 
TREATMENT  OF  BIODEGRADABLE  PETRO- 
LEUM WASTE. 

J.  Karmazyn,  A.  M.  Mergenthaler,  and  L. 
Sherman. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  213-228.  4  fig,  5  tab,  1  ref. 

Descriptors:  'Biodegradation,  'Hydrocarbons, 
•Land  disposal,  'Land  treatment,  "Oil  wastes, 
•Waste  disposal,  *Waste  treatment,  Groundwater 
pollution,  Monitoring,  Runoff,  Soil  contamination. 

Land  treatment  facilities  must  be  sited,  designed, 
and  managed  in  a  manner  that  restricts  migration 
of  waste  constituents,  enhances  degradation  and 
allows  for  ultimate  closure  in  an  environmentally 
safe  manner  that  provides  for  future  land  use.  The 
site  studied  consisted  of  28.14  acres;  19.89  of  those 
acres  were  used  for  land  treatment  activities.  The 
land  treatment  unit  was  constructed  by  grading  an 
L-shaped  unit  with  a  haul  road  in  the  approximate 
center  of  the  property.  The  unit  was  graded  so  that 
the  drainage  was  toward  the  haul  road  and  to  the 
north  along  the  haul  road.  On  the  north  end  of  the 
facility,  two  stormwater  holding  ponds  were  con- 
structed to  hold  the  treatment  area  rainfall  runoff 
from  a  25-year,  24-hour  storm  event.  The  perime- 
ter of  the  L-shaped  unit  is  surrounded  with  a  soil 
berm,  ranging  from  1  foot  to  3  feet  and  designed  to 
restrict  the  runon/runoff  at  the  land  treatment  unit. 
Petroleum  and  small  amounts  of  organic  wastes 
were  received  directly  from  trucks  and  deposited 
in  the  treatment  zone.  The  waste  was  uniformly 
distributed  over  the  treatment  area  using  heavy 
equipment,  incorporated  into  the  soil  using  disk 
techniques,  and  plowed  or  disked  frequently  after 
application  to  mix  the  wastes  thoroughly.  A  moni- 
toring program  was  developed  and  implemented  to 
evaluate  treatment  and  potential  vertical  migration. 
The  program  included  monitoring  the  soil  pore 
water,  and  the  surface  and  subsurface  soils.  By 
monitoring  both  short  term  application  rates  and 
long  term  accumulations,  it  has  been  possible  to 
operate  a  land  treatment  facility  in  a  temperate 
climate  for  over  6  years  in  a  manner  that  protects 
human  health  and  the  environment.  Waste  applica- 
tion control  in  conjunction  with  immediate  incor- 
poration and  mixing  for  the  first  week  followed  by 
weekly  tilling  optimizes  the  treatment  process. 
Annual  application  of  fertilizer  further  enhances 
the  degradation.  By  timing  fertilizer  application 
with  the  end  of  the  application  year  to  enhance 
cover  crop  growth,  it  is  possible  to  control  wind 
erosion  and  promote  treatment  during  what  are 
normally  considered  dormant  periods  due  to  drop- 
ping temperatures.  (See  also  W9 1-07 139)  (Mertz- 
PTT) 
W91-07154 


TRANSPORTABLE  MODULAR  INCINER- 
ATION: DIFFERENT  MODES,  DIFFERENT 
PURPOSES,  DIFFERENT  PERMIT  REQUIRE- 
MENTS. 

ENSCO  Environmental   Services,   Inc.,  Fremont, 

CA. 

For  primary  bibliographic  entry  see  Field  5E. 
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REMOVAL  OF  IRON  CYANIDE  BY  PHOTOL- 
YSIS AND  CHEMICAL  OXIDATION. 

Drexel  Univ.,  Philadelphia,  PA.  Dept.  of  Environ- 
mental Studies. 

M.  D.  Gurol,  and  J.  H.  Woodman. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  282-290.  6  fig,  14  ref. 

Descriptors:  'Cyanide,  'Hazardous  wastes,  'In- 
dustrial wastes,  *Metal-finishing  wastes,  'Oxida- 
tion, 'Photolysis,  'Waste  treatment,  Chlorine, 
Iron,  Ozonation,  Ozone,  Ultraviolet  light. 

Cyanides  are  problematic  end  products  of  metal 
finishing,  oil  and  steel  processing  and  various  other 
industries.  The  EPA  regulates  cyanide  as  a  Priori- 
ty Pollutant  under  Clean  Water  Act,  and  cyanide 
containing  wastes  are  regulated  under  Resource 
Conservation  and  Recovery  Act  as  hazardous 
wastes.  The  EPA  has  recently  proposed  a  restric- 
tion on  the  land  disposal  of  untreated  cyanide 
wastes.  The  effectiveness  of  three  treatment  tech- 
niques for  oxidation  of  iron  complexes  of  cyanide 
were  compared:  photolysis  by  ultraviolet  light; 
ultraviolet  radiation  with  chlorine;  and  ultraviolet 
radiation  with  ozone.  The  techniques  were  tested 
on  synthetic  potassium  ferric  cyanide.  Results 
showed  that  ultraviolet  radiation  is  essential  to  free 
cyanide  for  oxidation  by  breaking  the  iron-cyanide 
bond.  Ultraviolet  light  at  sufficient  intensity  can 
oxidize  free  cyanide  via  generation  of  hydroxy! 
radicals  from  water.  Ultraviolet/chlorination  is  ef- 
fective in  oxidizing  iron-complexed  cyanide;  how- 
ever, chlorine  is  decomposed  by  ultraviolet  light 
into  species  inactive  with  respect  to  oxidizing  cya- 
nide. However,  a  specially  designed  and  operated 
reactor  can  eliminate  this  undesirable  side  reaction. 
Ultraviolet/ozonation  seems  to  be  a  better  treat- 
ment or  oxidation  of  iron-complexed  cyanide,  since 
ozone  is  decomposed  by  ultraviolet  light  into  hy- 
droxy! radicals  that  are  quite  effective  in  oxidizing 
cyanide.  Ultraviolet  light/chlorination  might 
prove  to  be  a  cost-effective  process  for  wastes  that 
contain  a  mixture  of  simple  cyanides  amenable  to 
chlorine  oxidation  alone,  and  stable  metal  complex- 
es of  cyanide  that  can  be  treated  by  ultraviolet/ 
chlorination.  (See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 159 


REMOVAL  OF  ACETONE,  PYRROLE,  AND 
PROPIONITRILE  USING  BATCH  BIOLOGI- 
CAL REACTORS. 

Tennessee  Technological  Univ.,  Cookeville. 
S.  Miles,  R.  B.  Bustamante,  and  W.  P.  Bonner. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  291-303.  16  fig,  4  tab,  4  ref. 

Descriptors:  'Acetone,  'Biological  treatment, 
'Hydrocarbons,  'Propionitrile,  'Pyrrole, 

'Wastewater  treatment,  Chemical  oxygen  demand, 
Fluidized  beds,  Gas  chromatography,  Wastewater 
reactors. 

The  Department  of  Energy  is  sponsoring  research 
that  involves  hydroretorting  of  eastern  U.S.  oil 
shale  in  a  pressurized,  fluidized  bed.  Preliminary 
batch  studies  for  the  biological  treatment  process 
have  focused  on  three  organic  components  of  the 
wastewater:  acetone,  propionitrile,  and  pyrrole. 
Synthetic  wastes  containing  acetone,  pyrrole,  and 
propionitrile  were  shown  to  be  treatable,  in  batch 
biological  reactors,  both  individually  and  in  combi- 
nations of  two  and  three  substrates.  The  chemical 
oxygen  demand  values  of  the  various  wastes  were 
reduced  to  low  levels  of  20-40  mg/L,  indicating 
that  the  substrates  were  being  completely  metabo- 
lized. Gas  chromatography  analyses  of  double  sub- 
strate experiments  verified  these  findings.  Sterile 


control  experiments  revealed  that  negligible  chem- 
ical oxygen  demand  reduction  was  achieved  by  air 
stripping  alone  and  that  the  primary  mechanism  of 
substrate  removal  was  biological  metabolism.  Si- 
multaneous removal  of  substrates  was  achieved  in 
all  double  substrate  experiments.  Acetone  and  pro- 
pionitrile were  removed  at  the  same  rates  while 
pyrrole  was  metabolized  more  slowly,  requiring 
longer  treatment  time.  The  combinations  of  ace- 
tone/propionitrile  and  acetone/pyrrole  did  not 
take  more  time  than  the  corresponding  lower  rate, 
single  substrate  experiment,  but  the  removal  of 
propionitrile  and  pyrrole  together  required  longer 
than  the  removal  of  either  substrate  alone.  The 
metabolism  of  the  three  substrates  together  was, 
similarly,  accomplished  in  greater  time  than  was 
necessary  for  either  single  substrate.  Experiments 
that  involved  two  substrates  revealed  that  all  com- 
binations of  substrates  were  removed  simultaneous- 
ly, not  sequentially.  (See  also  W91-07139)  (Mertz- 
PTT) 
W91-07160 


CASE  HISTORY  OF  A  MAJOR  TURNKEY  EX- 
PANSION OF  AN  OPERATING  INDUSTRIAL 
WASTEWATER  TREATMENT  PLANT. 

Weston  Services,  Inc.,  West  Chester,  PA. 
R.  T.  Salacka,  R.  G.  Thompson,  J.  W.  Hammond, 
A.  S.  Shah,  and  E.  J.  Lorenz. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  304-313.  2  fig. 

Descriptors:  'Chromium,  'Fluorides,  'Heavy 
metals,  'Industrial  wastes,  'Lead,  'Wastewater  fa- 
cilities, 'Wastewater  treatment,  Construction, 
Construction  methods,  Facilities  management, 
New  York. 

In  1985,  a  cathode  ray  tube  manufacturing  plant  in 
Horseheads,  NY  was  constructed  to  manufacture 
19  and  20  inch  tubes.  Wastewaters  generated  in  the 
manufacturing  areas  were  treated  in  an  industrial 
wastewater  treatment  plant  with  a  capacity  of 
660,000  gallons/day;  it  had  two  permitted  dis- 
charges. The  primary  discharge  was  506,000  gal- 
lons/day of  treated  wastewaters  originally  contain- 
ing Cr,  Pb,  and  other  heavy  metals.  This  was 
discharged  to  a  nearby  surface  stream  under  a 
National  Pollutant  Discharge  Elimination  System 
(NPDES)  permit.  Treated  wastewaters  originally 
containing  fluoride  (HF)  comprised  the  secondary 
discharge  of  164,000  gallons/day  to  the  local 
county  treatment  plant.  After  testing  of  Phase  I 
operations  of  the  cathode  ray  tube  manufacturing 
wastewater  treatment  facility,  Phase  II  construc- 
tion began.  The  facility  was  designed  for  increased 
hydraulic  capacity  using  the  same  treatment  tech- 
nology as  the  existing  facility.  Design  and  oper- 
ational experience  combined  with  design/construc- 
tion considerations  made  for  a  smooth  transition 
into  the  Phase  II  facilities.  Key  on-site  staff  with 
the  ability  to  anticipate  process  problems  during 
construction  and  the  ability  to  plan  for  them  ahead 
of  time  was  a  major  factor  to  the  success  of  the 
project.  The  constant  assistance  of  the  plant  opera- 
tors made  all  the  planned  implementation  tasks  go 
according  to  schedule.  (See  also  W9 1-07 139) 
(Mertz-PTT) 
W91-07161 


PRETREATMENT  TO  MEET  THE  EPA'S  OR- 
GANIC CHEMICALS,  PLASTICS  AND  SYN- 
THETIC FIBERS  EFFLUENT  GUIDELINES. 

BCM  Engineers,  Inc.,  Plymouth  Meeting,  PA. 
A.  F.  Yen,  and  S.  H.  Abrams. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  314-328.  3  fig,  1  tab. 

Descriptors:  'Chemical  wastes,  'Industrial  wastes, 
'Pretreatment  of  wastewater,  'Waste  treatment, 
•Wastewater  treatment,  Air  stripping.  Biological 
treatment,  Flocculation,  Fractionation,  Oxidation, 
Recycling,  Regulations,  Resins,  Solvent  extraction, 
Waste  management,  Waste  recovery. 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes — Group  5D 


The  EPA  promulgated  effluent  guidelines  for  or- 
ganic chemicals,  plastics,  and  synthetic  fibers  in- 
dustry category  in  late  1987.  Pretreatment  of  or- 
ganic chemicals,  plastics,  and  synthetic  fibers 
wastewaters  prior  to  discharge  into  a  public- 
owned  treatment  works  is  now  required.  The  pre- 
treatment standards  are  very  stringent,  and  the 
compliance  deadline,  extremely  tight.  Many  of  the 
standards  promulgated  for  47  pollutants  are  below 
500  micrograms/L.  For  some  pollutants,  the  stand- 
ards are  as  low  as  19  micrograms/L.  A  large-size 
chemical  company  that  manufactures  over  900  or- 
ganic chemical  products  is  currently  in  the  prelimi- 
nary engineering  phase  to  meet  new  EPA  require- 
ments. The  projects  include  the  following  tasks: 
wastewater  characterization;  assessment  of  alterna- 
tive compliance  strategies;  source  control  evalua- 
tion; treatability  studies,  including  bench-scale  and 
pilot-scale  testings;  and  process  design.  The  chemi- 
cal company  has  specific  policies  encouraging 
waste  minimization  and  source  control,  as  well  as 
dedication  to  meeting  EPA  regulations.  Source 
control  techniques  being  evaluated  include:  materi- 
al recovery  and  recycle;  chemical  substitutions; 
employment  of  dry  processes;  containment  of  ma- 
terial transfer  stations;  segregation  of  wastes;  and 
good  housekeeping.  Treatment  technologies,  that 
can  be  used  at  sources  or  at  the  end-of-pipe,  were 
also  evaluated.  These  included:  stripping,  solvent 
extraction,  foam  fractionation,  ultraviolet/peroxide 
oxidation,  carbon  adsorption,  resin  adsorption,  and 
biological  oxidation.  The  pretreatment  step  is  to 
remove  suspended  solids.  Processes  are  chemical 
flocculation  using  a  ferric  salt,  gravity  settling  and 
filtration.  Preliminary  indications  are  that  the 
sludge  generation  rates  are  excessive  and  that  the 
sludge  may  be  a  hazardous  waste,  thus  making 
offset  disposal  expensive.  Alternative  processes  are 
being  tested  on  a  bench-scale,  including  dissolved 
air  flotation  and  microfiltration.  (See  also  W91- 
07139)  (Mertz-PTT) 
W9 1-07 162 


COMPARISON  OF  BIOLOGICAL  SOLIDS 
PRODUCTION  DURING  ACTIVATED 

SLUDGE  TREATMENT  WHEN  EITHER  AM- 
MONIA OR  NITRATE  IS  THE  SUPPLEMEN- 
TAL NITROGEN  SOURCE. 
J.  J.  Delaney,  C.  A.  Cole,  R.  F.  Unz,  and  C.  Gray. 
IN:  Hazardous  and  Industrial  Wastes:  Proceeding 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p33 1-343.  4  fig,  5  tab,  15  ref. 

♦Industrial  wastes,  *Biological  wastwater  treat- 
ment, *Nitrogen,  Ammonia,  Nitrates,  Activated 
sludge,  *Wastewater  treatment,  Microorganisms, 
Bacteria,  Oxygen  demand. 

Activated  sludge  treatment  of  biodegradable  indus- 
trial wastes  is  a  widely  acceptable  practice.  Often 
these  wastes  contain  large  amounts  of  carbona- 
ceous matter  but  very  little  nitrogen.  In  these 
situations  a  supplemental  nitrogen  must  be  added 
to  the  waste  stream  to  ensure  a  proper  elemental 
balance  to  support  activated  sludge  bacteria.  Am- 
monia is  generally  employed  as  a  nitrogen  supple- 
ment. The  literature  indicates  that  nitrate  may  also 
be  used.  A  continuous  flow  completely  mixed 
bench  top  activated  sludge  treatment  system  with 
cellular  recycle  was  employed  to  treat  a  synthetic 
waste.  The  study  was  conducted  in  two  phases;  an 
ammonia  phase  during  which  NH3  was  the  avail- 
able form  of  nitrogen  provided  in  the  synthetic 
waste;  and  a  nitrate  phase  during  which  N03(-) 
was  the  available  form  of  nitrogen.  Results  showed 
that  heterotrophic  organisms  employed  in  the  bio- 
logical treatment  of  wastewater  containing  carbo- 
naceous substrate  were  capable  of  using  nitrate- 
nitrogen  for  metabolic  purposes  in  lieu  of  ammo- 
nia-nitrogen. The  selection  of  nitrate  instead  of 
ammonia  as  the  supplemental  form  of  nitrogen 
supplied  to  heterotrophic  organisms  treating  nitro- 
gen deficient  wastewater  resulted  in  approximately 
one  half  of  the  biological  solids  production  as 
indicated  by  the  coefficient  of  cell  yield.  The  efflu- 
ent volatile  suspended  solids  and  biological  oxygen 
deman  concentrations  were  generally  greater  when 
nitrate  served  as  the  supplemental  form  of  nitrogen 
supplied  to  a  nitrogen  deficent  waste.  Effluent 
chemical  oxygen  demand,  however,  was  lower 
when     nitrate    was    the    supplemental     nitrogen 


source.  The  use  of  nitrate  as  a  supplement  for 
nitrogen  deficient  industrial  wastewater  may 
reduce  chemical  requirements  for  pH  adjustment 
and  eliminate  oxygen  demand  associated  with  bio- 
logical nitrification  of  ammonia.  (See  also  W90- 
07139)  (Mertz-PTT). 
W9 1-07 163 


REMOVAL  AND  DEGRADATION  OF  TNT  IN 
A  SEMICONTINUOUS  ACTIVATED  SLUDGE 
SYSTEM. 

Carpenter  Environmental  Associates,  Inc.,  North- 
vale,  NJ. 

B.  A.  Bell,  and  W.  D.  Burrows. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  344-356.  3  fig,  2  tab,  21  ref. 

Descriptors:  'Activated  sludge  process,  'Degrada- 
tion  products,  'Explosives,  'Hazardous  wastes, 
'Trinitrotoluene,  'Wastewater  treatment,  Hazard- 
ous materials,  Industrial  wastes,  Organic  loading, 
Waste  load. 

The  manufacture  and  production  of  explosives  for 
commercial  and  military  applications  constitute  a 
major  industry  in  the  U.S.  Wastewaters  generated 
by  this  industry  are  of  concern  due  to  their  nature, 
questionable  biodegradability,  and  toxicity  to 
plants,  animals,  and  humans.  Concern  also  stems 
from  the  explosive  properties  of  the  wastes  gener- 
ated, thus  imposing  numerous  treatment,  handling 
and  disposal  problems.  During  a  study  of  the  treat- 
ment of  explosive  bearing  wastewaters  in  a  semi- 
continuous  activated  sludge  treatment  system,  it 
was  noted  that  complete  removal  of  2,4,6-trinitro- 
toluene  (TNT)  was  achieved.  As  a  result,  investi- 
gations were  carried  out  to  identify  and  quantify 
metabolic  degradation  products  of  TNT  in  the 
effluent  and  sludge,  as  well  as  to  determine  the  rate 
of  TNT  degradation.  Results  showed  that  removal 
of  TNT  was  essentially  complete  throughout  the 
study.  No  metabolites  of  TNT  were  detected  in  the 
effluent,  sludge  or  supernatant  from  simulated 
landfilled  sludge.  TNT  removal  rate  was  shown  to 
be  a  function  of  available  organic  load.  (See  also 
W9 1-07 139)  (Mertz-PTT) 
W9 1-07 164 


EFFECT  OF  THE  HYDRAULIC  REGIME  ON 
THE  GRANULE  SIZE  DISTRIBUTION  IN  AN 
UPFLOW  ANAEROBIC  REACTOR. 

Ecole  Polytechnique,  Montreal  (Quebec). 
Y.  Arcand,  M.  Desrochers,  C.  Chavarie,  and  S.  R. 
Guiot. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  357-370.  4  fig,  2  tab,  13  ref. 

Descriptors:  'Anaerobic  digestion,  'Particle  size, 
'Sludge  bed,  'Wastewater  treatment,  Biological 
wastewater  treatment,  Biomass,  Growth  rates,  Hy- 
draulic properties,  Microorganisms,  Upflow  anaer- 
obic reactors,  Waste  load. 

The  upflow  anaerobic  sludge  bed  and  filter  system 
is  based  on  the  upflow  anaerobic  sludge  blanket 
concept.  The  main  advantage  of  upflow  anaerobic 
sludge  blanket-like  reactors  is  their  ability  to  accu- 
mulate a  high  amount  of  biomass  compared  to 
other  types  of  bioreactors.  The  key  to  the  success 
of  the  upflow  anaerobic  sludge  blanket  configura- 
tion is  the  ability  of  bacterial  cells  to  aggregate  into 
dense  particles  called  granules  when  grown  under 
an  upflow  feed.  The  upflow  liquid  velocity  is  a 
major  factor  which  might  influence  the  granulation 
process  and  the  granule  size.  The  upflow  liquid 
velocity  is  an  operational  variable  that  can  be 
easily  manipulated  at  industrial  scale.  The  equilibri- 
um granule  size  distribution  of  an  upflow  anaerobic 
sludge  bed  and  filter  reactor  seems  to  be  a  constant 
competition  between  five  different  phenomenons. 
On  the  first  step,  the  biomass  increases  because  of 
the  microorganisms'  natural  growth  that  is  a  clear 
function  of  the  feed  composition  and  specific  load- 
ing rate.  Biological  variables  such  as  the  popula- 
tions involved  and  their  specific  growth  rate  are 
also  influenced  by  the  liquid  upflow  velocity  be- 
cause a  more  turbulent  hydraulic  regime  generally 


lowers  the  mass  transfer  resistance.  This  allows 
better  substrate  availability,  thus  increasing  the 
local  specific  growth  rate.  Increasing  the  liquid 
velocity  in  the  bed  has  two  important  drawbacks: 
wash  out  of  the  smaller  particles;  and  surface  abra- 
sion of  bigger  particles.  As  the  granule  increases  in 
size,  the  growth  should  eventually  die  down  be- 
cause of  mass  transfer  limitation  in  the  center  of 
the  granule.  This  will  form  a  hollow  core,  weaken- 
ing the  granule's  structure  and  acting  as  a  gas  trap. 
In  a  low  turbulence  bed,  the  granule  would  even- 
tually float  and  be  lost  to  the  effluent.  In  a  more 
turbulent  bed,  the  granule  should  break  up  and  the 
cycle  will  start  all  over  again.  (See  also  W91- 
07139)  (Mertz-PTT) 
W9 1-07 165 


PERFORMANCE  AND  KINETICS  OF  AN  AER- 
ATED/FACULTATIVE LAGOON  SUSPENDED- 
GROWTH  BIOLOGICAL  TREATMENT 
SYSTEM  FOR  HIGH  STRENGTH  INDUSTRI- 
AL WASTE  STABILIZATION. 
T.  J.  Muirhead. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  371-385.  14  fig,  5  tab,  19  ref. 

Descriptors:  'Aerated  lagoons,  'Biological 
wastewater  treatment,  'Industrial  wastes, 
'Wastewater  lagoons,  'Wastewater  treatment,  Ac- 
tivated sludge  process,  Biological  treatment,  Bio- 
mass, Colorado,  Growth  kinetics,  Kinetics,  Micro- 
organisms. 

A  Colorado-based  biotechnology  company  treats 
their  industrial  waste  on  site  at  their  wastewater 
treatment  plant.  The  plant  primarily  consists  of 
two  efficient  biological  treatment  systems:  an  8.4 
million  gallon  aerated/facultative  lagoon  system 
and  a  6.2  million  gallon  conventional  activated 
sludge  system  (aeration  basin),  complete  with  flow 
and  strength  equalization  basin,  chemical/nutrient 
blend  tank,  sludge  reaeration,  sludge  return  or 
waste,  and  settling  pond.  Combined  effluent  from 
the  second-stage  settling  pond  and  first-stage  sedi- 
mentation basin  is  disinfected  with  chlorine  and 
discharged  to  the  Little  Thompson  River.  The 
unusual  treatment  efficiency  experienced  at  this 
wastewater  treatment  facility,  for  high  strength 
industrial  waste  stabilization,  is  derived  from  the 
innovative  treatment  process  and  unique  operation, 
performance,  and  process  stream  flexibility  of  the 
aerated/facultative  lagoon.  The  performance  and 
kinetics  of  the  aerated/facultative  lagoon  suspend- 
ed-growth biological  treatment  system  were  evalu- 
ated. It  was  found  that  the  innovative  use  of  the 
aerated  lagoon  is  essential  in  the  waste  treatment 
process.  Process  stream  flexibility,  large  tank 
volume,  adequate  aeration,  sufficient  nutrients, 
long  mean  cell  residence  time,  high  buffering  ca- 
pacity, and  healthy-recalcitrant  microbial  biomass 
significantly  contribute  to  its  excellent  efficiency  in 
high  strength  industrial  waste  stabilization.  The 
biological  kinetic  coefficients  appeared  reasonable, 
but  did  not  accurately  predict  effluent  microorga- 
nisms and  substrate  concentrations.  High  strength 
soluble  industrial  waste  stabilization  using  aerated/ 
facultative  lagoons  are  more  appropriately  applied 
to  a  dynamic,  higher-order  removal  rate  mathe- 
matical model.  (See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 166 


COMPOSTING  OF  EXPLOSIVES  AND  PRO- 
PELLANT  CONTAMINATED  SEDIMENTS. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
R.  T.  Williams,  P.  S.  Ziegenfuss,  G.  B.  Mohrman, 
and  W.  E.  Sisk. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  599-611.  4  fig,  1  tab,  11  ref. 
U.S.  Army  contract  purchase  order  No. 
DAAK11-85-D-0007. 

Descriptors:  'Composting,  'Explosives,  'Hazard- 
ous wastes,  'Trinitrotoluene,  'Waste  disposal, 
'Waste  treatment,  Compost,  Degradation,  Degra- 
dation products,  Hazardous  materials,  Soil  con- 
tamination, Temperature  effects. 
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Two  field-scale  demonstrations  were  conducted  to 
investigate  composting  as  a  technology  for  remedi- 
ating explosives  and  propellant  contaminated  sedi- 
ments. Test  sediments  at  the  Louisiana  Army  Am- 
munition Plant  contained  approximately  76,000 
parts  per  million  of  total  explosives,  including 
TNT  (2,4,6,-trinitrotoluene)  (66%  of  total  explo- 
sive), 25%  RDX  (hexahydro-l,3,5-trinitro-l,3,5-tri- 
azine),  9%  HMX  (octahydro-l,3,5,7-tetranitro- 
1,3,5,7-tetraazocine),  and  0.3%  tetryl.  The  mixture 
that  was  composed  consisted  of  straw/horse 
manure,  alfalfa,  horse  feed,  and  sediment.  Two  12 
cubic  yard  piles  were  constructed,  one  was  main- 
tained at  approximately  35  C  and  the  second  at 
approximately  55  C.  After  22  weeks,  total  explo- 
sives were  reduced  by  99%  (from  17,872  to  74 
parts  per  million)  in  the  thermophilic  pile  (55  C). 
Transformation  products  peaked  in  concentration 
at  approximately  20  days  and  subsequently  fell  to 
near  detection  limits.  At  the  Badger  Army  Ammu- 
nition Plant,  test  sediments  contained  approximate- 
ly 18,000  parts  per  million  of  nitrocellulose.  Nitro- 
cellulose was  reduced  from  13,086  parts  per  mil- 
lion to  16  parts  per  million  after  101  days  in  a 
thermophilic  pile.  (See  also  W91-07139)  (Author's 
abstract) 
W9 1-07 180 


TRANSFORMATION  KINETICS  OF  HALOGE- 
NATED  ALIPHATIC  COMPOUNDS  UNDER 
AEROBIC  CONDITIONS. 

Johns  Hopkins  Univ.,   Baltimore,   MD.   Dept.  of 
Geography  and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07 186 


REPORT  TO  CONGRESS:  INDIAN 

WASTEWATER    TREATMENT,    NEEDS    AND 
ASSISTANCE. 

Environmental    Protection   Agency,   Washington, 
DC.  Office  of  Municipal  Pollution  Control. 
For   primary   bibliographic   entry   see   Field    5G. 
W9 1-07 193 


FUNDAMENTAL  ASPECTS  OF  SELENIUM 
REMOVAL  BY  HARZA  PROCESS. 

Harza  Engineering  Co.,  Chicago,  IL. 

May   1989.    18p,  4  fig,  2  ref,  append.   Bureau  of 

Reclamation  Contract  No.  7-CS-20-05170. 

Descriptors:  'California,  *Harza  Process,  'Seleni- 
um, 'Wastewater  treatment,  Adsorption,  Hazard- 
ous wastes,  Heavy  metals,  Industrial  wastewater, 
Iron,  Panoche  Drainage  District,  Physical  treat- 
ment. 

In  1986  Harza  Engineering  Company  received  a 
U.S.  patent  for  a  process  that  removes  toxic  heavy 
metals  from  wastewaters.  That  year  this  process 
was  applied  in  a  pilot  plant  study  to  the  drainage 
water  of  the  Panoche  Drainage  District,  Califor- 
nia, and  the  results  were  promising,  with  over  90% 
removal  of  selenium.  The  current  study  was  under- 
taken to  determine  the  mechanism  by  which  seleni- 
um is  removed  and  the  species  formed  on  the  iron 
surface  to  effect  this  removal.  The  process  in- 
volves passing  the  wastewater  through  an  activat- 
ed bed  of  iron  filings  at  a  controlled  rate.  The 
investigators  believe,  to  the  best  of  their  ability  to 
determine,  that  selenium  is  removed  by  chemical 
adsorption  on  iron  oxyhydroxide  surfaces  at  an 
orange-brown  layer  of  iron  filings  where  drainage 
water  enters  the  column.  Prior  to  the  formation  of 
the  oxyhydroxide  layer,  selenium  can  be  removed 
throughout  the  iron  filing  bed  by  physical  adsorp- 
tion. Several  analytical  techniques  to  determine  the 
surface  species  on  the  iron  filings  were  unsuccess- 
ful. These  techniques  included  Diffuse  Reflec- 
tance--and  Cylindrical  Internal  Reflectance-Fouri- 
er Transform  Infrared  spectroscopy  and  Raman 
spectroscopy.  (Author's  abstract) 
W9 1-07226 


SCREENINGS  AND  GRIT  IN  SEWAGE:  RE- 
MOVAL, TREATMENT  AND  DISPOSAL. 
PHASE  3:  STORM  WATER  OVERFLOWS  AND 
PUMPING  STATIONS. 

J.  M.  Sidwick. 

Available  from  the  National  Technical  Information 


Service,  Springfield,  VA.  22161,  as  PB89-196471. 
Price  codes:  A13  in  paper  copy,  A01  in  microfiche. 
Technical  Note  132,  1988.  50p,  3  fig,  2  tab,  129  ref, 
append. 

Descriptors:  'Grit  chambers,  'Pumping  plants, 
•Screens,  'Waste  disposal,  'Wastewater  treatment, 
Costs,  Overflow  channels,  Storm-overflow  sewers. 

This  is  a  report  on  Phase  3  of  CIRIA  Research 
Project  329,  which  studies  the  problems  experi- 
enced with  grit  and  screenings  in  sewage  upstream 
from  a  treatment  works  inlet,  and  more  specifical- 
ly, to  the  problems  experienced  at,  or  caused  by, 
storm  sewage  overflows  (SSOs)  and  in-sewer 
pumping  stations.  The  overall  objectives  of  the 
study  were  to:  (1)  define  the  extent  of  the  problems 
arising  from  inadequate  separation,  removal,  treat- 
ment and  disposal  of  screenings  and  grit  at  sewage 
treatment  works;  (2)  estimate  the  consequential 
overall  cost  of  such  inadequate  separation,  remov- 
al, treatment  and  disposal  of  screenings  and  grit; 

(3)  assess  the  requirements  for  screenings  and  grit 
separation,  removal,  treatment  and  disposal  at 
sewage  treatment  works  in  the  United  Kingdom; 

(4)  examine  in  detail  the  various  methods  available 
for  screenings  and  grit  removal,  separation,  treat- 
ment and  disposal,  and  ascertain  their  effectiveness; 

(5)  determine  where  improvements  can  be  made; 

(6)  make  recommendations  on  identified  improve- 
ments, together  with  an  indication  of  the  likely 
capital  and  recurring  costs;  and  (7)  make  recom- 
mendations for  the  water  industry  on  the  type  and 
performance  of  screenings  and  grit  separation  plant 
for  given  duty  requirements.  Principal  recommen- 
dations include:  (1)  screening  at  pumping  stations 
should  be  avoided  if  possible;  (2)  since  energy 
requirements  can  be  significantly  increased  as  a 
result  of  ragging  of  impellers,  it  is  recommended 
that  frequent  checks  on  the  cleanliness  of  impellers 
is  made  during  operational  visits;  (3)  where  large 
objects  could  cause  blockage  of  pumps  or  rising 
mains  are  expected  at  existing  small  pumping  sta- 
tions, simple  basket  screens  are  preferred;  (4)  the 
need  for  grit  removal  at  new  pumping  stations 
should  be  eliminated  by  good  design  practices;  (5) 
screening  at  SSOs  should  be  avoided  if  possible. 
The  discharge  of  screenings  with  overflowing 
storm  sewage  should  be  kept  to  a  minimum  by 
obtaining  the  best  screenings  classification  possible 
through  good  SSO  design  practice;  (6)  the  installa- 
tion of  medium-bar  screens  at  SSOs  is  not  recom- 
mended except  in  situations  of  marginal  environ- 
mental sensitivity  where  some  degree  of  screening 
is  judged  to  be  desirable;  (7)  only  in  situations  of 
extreme  environmental  sensitivity  should  the  in- 
stallation of  fine  screens  be  considered;  and  (8)  grit 
removal  at  SSOs  is  not  normally  necessary  and, 
therefore,  is  not  recommended.  (Lantz-PTT) 

W9 1-07248 


INFLUENCE  OF  THE  GLYCOLIPID-PRODUC- 
ING  BACTERIUM  RHODOCOCCUS  ERYTH- 
ROPOLIS  ON  THE  DEGRADATION  OF  A  HY- 
DROCARBON MIXTURE  BY  AN  ORIGINAL 
SOIL  POPULATION. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 
Inst,  fuer  Biochemie  und  Biotechnologie. 
For   primary   bibliographic   entry   see   Field    5G. 
W91-07376 


ANAEROBIC  DEGRADATION  OF  PHENOL 
USING  AN  ACCLIMATED  MIXED  CULTURE. 

Indian   Inst,   of  Tech.,   New   Delhi.    Biochemical 

Engineering  Research  Centre. 

R.  Satsangee,  and  P.  Ghosh. 

Applied       Microbiology       and       Biotechnology 

AMBIDG,  Vol.  34,  No.  1,  p  127-130,  1990.  5  fig,  1 

tab,  12  ref. 

Descriptors:  'Anaerobic  digestion,  'Biodegrada- 
tion,  'Methanogenesis,  'Microbial  degradation, 
•Phenols,  'Wastewater  treatment,  Acetates, 
Acetic  acid.  Carbon,  Glucose,  Industrial  wastes, 
Methane,  Sludge. 

Conventional  methods  of  treating  phenolic  ef- 
fluents lead  to  secondary  effluent  problems.  There- 
fore, anaerobic  methanogenesis  of  phenol  using 
mixed  cultures  derived  from  cow  dung  and  munici- 
pal  sewage  sludge  and   adapted   to   phenol   was 


studied  in  batch  reactors.  The  phenol  degradation 
rate  depended  on  the  period  in  which  the  culture 
was  acclimated  to  phenol.  Stoichiometric  calcula- 
tion showed  that  about  55%  of  the  carbon  present 
in  phenol  was  available  in  the  form  of  methane  gas. 
The  rate  of  phenol  consumption  was  higher  in  the 
absence  of  glucose;  hardly  any  consumption  of 
phenol  was  observed  in  the  presence  of  20  g/L 
glucose,  indicating  interference  by  glucose  of  the 
uptake  of  phenol.  Consumption  of  both  phenol  and 
acetic  acid  was  observed  when  an  acetate-adapted 
culture  was  used.  In  coal  conversion  wastewaters, 
the  dihydroxyphenols  catechol  and  resorcinol  are 
present  together  with  phenol.  The  rates  of  catechol 
and  resorcinol  degradation  were  not  affected  by 
the  presence  of  phenol,  although  phenol  consump- 
tion in  the  mixture  took  longer  than  when  it  was 
the  sole  carbon  source.  (Doria-PTT) 
W9 1-07377 


DEGRADATION  OF  OILY  SLUDGE  FROM  A 
FLOTATION  UNIT  BY  FREE  AND  IMMOBI- 
LIZED MICROORGANISMS. 

Muenster  Univ.  (Germany,  F.R.).  Inst,  fuer  Mikro- 

biologie. 

S.  H.  Omar,  U.  Budecker,  and  H.-J.  Rehm. 

Applied       Microbiology       and       Biotechnology 

AMBIDG,  Vol.  34,  No.  2,  p  259-263,  November 

1990.  4  fig,  2  tab,  32  ref. 

Descriptors:  'Biodegradation,  'Flotation,  'Hydro- 
carbons, 'Microbial  degradation,  'Oil  wastes, 
'Wastewater  treatment,  Acidity,  Clays,  Culturing 
techniques,  Fungi,  Groundwater  pollution,  Oil  pol- 
lution, Soil  contamination. 

The  degradation  rate  of  hydrocarbons  in  oily 
sludge  obtained  from  a  flotation  unit  by  free  and 
immobilized  cells  was  investigated  in  shaking  flasks 
and  in  a  stirred  tank  reactor.  For  the  biodegrada- 
tion of  3.3%  hydrocarbons,  free  cells  and  cells 
immobilized  on  granular  clay  were  used.  Free  cells 
needed  7-8  weeks  to  use  30%  of  the  hydrocarbons, 
whereas  with  immobilized  cells  the  same  result 
was  obtained  after  only  3-4  weeks.  In  shaken  flasks 
with  high  hydrocarbon  concentrations  (8%),  im- 
mobilized Candida  parapsilosis  degraded  90%  of 
the  hydrocarbons  in  the  oily  sludge  within  3 
weeks,  while  free  cells  degraded  only  27.5%  in  the 
same  period.  In  degradation  experiments  with  a 
bioreactor,  free  and  immobilized  cells  of  the  isolate 
ISO-OS  BU  20  showed  better  results  compared  to 
cultures  in  shaken  flasks  due  to  better  aeration  and 
mixing.  Free  cells  degraded  50%  of  the  5%  hydro- 
carbon-containing oily  sludge  in  7  weeks,  whereas 
immobilized  cells  gave  the  same  result  after  only  4 
weeks.  (Author's  abstract) 
W91-07378 


MECHANISM  OF  CADMIUM  UPTAKE  BY  AC- 
TIVATED SLUDGE. 

New  Jersey  Inst,  of  Tech.,  Newark.  Biotechnology 
Research  Group. 

R.  Gourdon,  E.  Rus,  S.  Bhende,  and  S.  S.  Sofer. 
Applied       Microbiology       and       Biotechnology 
AMBIDG,  Vol.  34,  No.  2,  p  274-278,  November 
1990.  1  fig,  4  tab,  17  ref. 

Descriptors:  'Activated  sludge,  'Adsorption, 
•Cadmium,  *Heavy  metals,  *Metabolism, 
•Wastewater  treatment,  Isotherms,  Nutrients,  Pro- 
teins, Respiration,  Temperature,  Toxicity,  Ultra- 
violet radiation. 

The  significance  of  metabolic  activity  in  cadmium 
uptake  by  unacclimated  activated  sludge  was  stud- 
ied. Below  30  mg/L  cadmium  in  solution,  biosorp- 
tion  was  found  to  follow  the  Freundlich  isotherm, 
which  is  the  most  common  pattern  for  physico- 
chemical  adsorption.  More  than  95%  of  total  cad- 
mium uptake  was  achieved  within  5  min  metal- 
sludge  contact  time.  Biosorption  increased  strongly 
when  the  initial  cadmium  concentration  in  solution 
was  raised  from  10  to  100  mg/L,  whereas  in  the 
same  concentration  range  the  metabolic  activity  of 
the  sludge,  as  measured  by  respiratory  activity  and 
extracellular  protein  production,  was  very  signifi- 
cantly inhibited.  The  addition  of  nutrients  at  low 
but  significant  levels  failed  to  increase  cadmium 
uptake  in   2   h  contact   time,   while   in  24  h   the 


146 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 
Waste  Treatment  Processes — Group  5D 


addition  of  nutrients  caused  the  biosorption  to  in- 
crease by  only  5%  to  10%  without  any  significant 
growth  of  the  biomass.  Biosorption  was  found  to 
increase  with  temperature  between  5  C  and  40  C, 
in  correlation  with  an  increase  in  the  metabolic 
activity  of  the  sludge.  Pretreatment  of  the  sludge 
with  metabolic  inhibitors  (NaN3  and  UV  rays) 
appeared  to  cause  only  a  very  slight  decrease  (5% 
to  10%)  of  biosorption.  These  results  suggest  that 
metabolic  uptake  of  cadmium  was  low  and  that 
adsorption  to  the  surface  of  the  cells  was  the  major 
mechanism  of  uptake.  (Author's  abstract) 
W9 1-07379 


UV  EFFECT  ON  WASTEWATER. 

Hazen  and  Sawyer,  Upper  Saddle  River,  NJ. 

R.  J.  Fahey. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  12,  p  15-18,  December  1990.  1  fig,  1 

tab. 

Descriptors:  'Disinfection,  "Ultraviolet  radiation, 
"Wastewater  treatment,  Bacteria,  Chlorination, 
Cost  analysis,  Iron,  Maintenance,  Phenols,  Regula- 
tions, Suspended  solids. 

In  the  past  5  years,  the  use  of  ultraviolet  (UV) 
radiation  as  a  means  of  disinfection  for  treating 
wastewater  effluent  has  increased  dramatically.  A 
UV  system  consists  of  a  network  of  ultraviolet 
lamps  mounted  in  a  frame.  Typically,  a  wavelength 
of  2,537  Angstroms  is  used.  Unlike  chlorination, 
which  may  require  subsequent  dechlorination  or 
reaeration,  UV  is  generally  the  final  process  in  the 
treatment  plant.  UV  dosages  depend  on 
wastewater  characteristics.  Suspended  solids  tend 
to  shield  bacteria  from  radiation,  and  certain  com- 
pounds, such  as  phenols  and  iron  salts,  absorb  UV 
radiation.  Only  a  few  seconds  of  exposure  of  treat- 
ed effluent  to  a  properly  designed  UV  system  are 
required  to  achieve  reductions  in  microorganisms 
below  the  requirements  of  most  regulatory  agen- 
cies. The  UV  disinfection  system  can  be  designed 
in  two  ways:  open  channel  or  enclosed  system. 
While  both  systems  perform  adequately,  open 
channel  systems  are  easier  to  monitor  and  main- 
tain; however,  maintaining  a  constant  water  level 
is  critical  in  an  open  channel  system.  In  both 
design  systems,  continuous  monitoring  of  the 
lamps  is  crucial.  The  open  channel  system  at  the 
Northwest  Bergen  County  Utilities  Authority 
wastewater  treatment  plant  in  New  Jersey  consists 
of  four  banks  of  lamps,  two  in  each  channel.  The 
main  cost  for  the  system  maintenance  is  lamp  costs. 
Personnel  costs  are  less  for  a  UV  system  than  for  a 
chlorination  system.  (Doria-PTT) 
W91-07413 


COLD  WEATHER  DECHLORINATION. 

Freese  and  Nichols,  Inc.,  Fort  Worth,  TX. 

D.  W.  Sloan. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  12,  p  21-24,  December  1990.  2  fig. 

Descriptors:  "Dechlorination,  "Sulfur  dioxide, 
"Wastewater  treatment,  Cold  resistance,  Costs, 
Temperature,  Wastewater  treatment  plants. 

Many  wastewater  treatment  plants  are  turning  to 
sulfur  dioxide  for  dechlorination  because  of  its 
relatively  low  cost  and  its  handling  characteristics. 
However,  during  the  winter  months  in  most  parts 
of  the  United  States,  sulfur  dioxide  must  be  either 
heated  or  pressurized  before  it  can  be  fed.  Several 
design  alternatives  can  achieve  the  goal  of  elevat- 
ing the  pressure  in  the  S02  storage  vessel  above 
the  vapor  pressure  resulting  from  the  ambient  tem- 
perature. These  include  nitrogen  padding,  dry  air 
padding,  compressed  S02  from  an  adjacent  source, 
heating  and  insulation,  or  indoor  storage.  The  al- 
ternative is  determined  in  part  by  the  type  of 
storage  vessel  and  delivery  provided  at  the  facility. 
These  principles  are  illustrated  by  the  example  of 
the  Trinity  River  Authority's  Central  Wastewater 
Treatment  Plant  in  the  Dallas/Fort  Worth  area. 
The  plant  ultimately  selected  a  combination  of 
alternatives  built  around  a  stationary  tank  insulated 
and  equipped  with  heating  pads  designed  to  main- 
tain system  temperature  at  70  F.  This  resulted  in  a 
flexible  system  capable  of  operating  under  a  di- 
verse set  of  operating  conditions.  (Doria-PTT) 


W9 1-074 14 


WASTEWATER  TREATMENT  BY  IMMOBI- 
LIZED CELLS. 

CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  281p. 
Edited  by  R.  D.  Tyagi  and  Kannan  Vembu. 

Descriptors:  "Biofilm  reactors,  "Biofilms,  "Biologi- 
cal wastewater  treatment,  "Immobilized  cells,  "Mi- 
crobial degradation,  "Microorganisms, 
"Wastewater  treatment,  Adsorption,  Aggregates, 
Algae,  Analytical  methods,  Biomass,  Biotransfor- 
mation, Cyanobacteria,  Laboratory  methods,  Mi- 
crobiological studies,  Morphology,  Polymers, 
Toxic  wastes. 

Immobilized  cell  processes  for  wastewater  treat- 
ment have  only  recently  been  intensively  studied 
and  applied.  Essential  information  on  the  feasibility 
of  various  immobilization  methods  has  been  re- 
viewed and  examined  with  special  reference  to 
wastewater  treatment.  Included  are  the  suitability 
of  various  supports  (inorganic  and  organic),  tech- 
niques used  for  microbial  attachment  (involving 
experimental  procedures),  factors  affecting  affinity 
for  the  support,  strength  of  fixation,  nature  of 
polymers,  role  of  radical  groups,  properties  of  at- 
tached microorganisms,  effects  of  carriers  on  set- 
tling properties  of  biomass,  characteristics  of  bio- 
film on  carriers,  and  changes  in  cell  metabolism  as 
a  result  of  immobilization.  The  morphologies  for 
identification  of  immobilized  cells,  the  methods  of 
identification  of  structure  and  composition  of  mi- 
crobial aggregates,  and  analytical  methods  for  the 
estimate  of  biomass  in  the  presence  of  carriers  are 
discussed.  Applications  of  immobilized  cells  to 
toxic  wasted,  anaerobic  and  aerobic  systems,  and 
operational  criteria  for  different  wastes  are  speci- 
fied. The  results  of  immobilized  microalgae  and 
cyanobacteria  for  wastewater  treatment  are  report- 
ed and  their  future  prospects  are  highlighted.  Vari- 
ous immobilized  cell  bioreactor  configurations 
have  been  critically  reviewed  with  respect  to 
design  and  granulation  process  including  the  topics 
of:  biomass  retention,  resistance  to  washout,  diffu- 
sional  resistances,  response  to  toxic  shocks,  theo- 
retical aspects  of  hydrodynamic  characteristics, 
start-up  and  steady-state  processes,  selection  of 
support  particles,  particle  size  and  active  biomass, 
head  loss  considerations,  surface  area,  reactor 
liquid  velocity,  hydraulic  retention  time  aerobic 
versus  anaerobic  systems,  temperature  and  sub- 
strate concentration  effects,  metabolic  interspecies 
transfer,  stability,  suspended  solids  and  microbial 
film  interactions,  solids  residence  time  require- 
ments, and  operational  issues.  (See  W9 1-0745  5  thru 
W9 1-07464)  (VerNooy-PTT) 
W9 1-07454 


PHYSICOCHEMICAL  ASPECTS  OF  CELL  AD- 
SORPTION. 

Universite      de      Technologie      de      Compiegne 

(France).  Dept.  of  Chemical  Engineering. 

N.  Cochet,  J.  M.  Lebeault,  and  M.  A. 

Vijayalakshmi. 

IN:  Wastewater  Treatment  by  Immobilized  Cells. 

CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  1- 

28.  1 1  fig,  1 1  tab,  43  ref. 

Descriptors:  "Adsorption,  "Biofilms,  "Biological 
wastewater  treatment,  "Biotechnology,  "Immobi- 
lized cells,  "Microorganisms,  "Physicochemical 
properties,  "Wastewater  treatment,  Adsorbents, 
Biotransformation,  Bonding,  Carbohydrates, 
Clays,  Metabolism,  Microbial  degradation,  Micro- 
biological studies,  Morphology,  Polymers,  Porous 
media. 

The  adsorption  and  immobilization  of  cells  onto 
solid  surfaces  is  a  phenomenon  omnipresent  in 
nature,  (eg,  the  fixation  of  microorganisms,  on  soil 
particles,  on  sand  particles  or  rocks,  etc).  Adsorp- 
tion of  cells  depends  on  surface  properties  of  both 
the  cell  surface  and  the  support  (e.g.,  available 
surface,  porosity  and  charge)  to  which  these  cells 
adhere.  The  stability  of  cell  retention  depends  on 
several  properties  since  cell  leakage  is  often  no- 
ticed while  varying  the  pH,  ionic  strength,  or  even 
the  dynamics  of  ion  exchange  conditions  by  vary- 
ing the  flow  of  the  liquid  medium.  The  three  major 
mechanisms  responsible  for  cell  attachment  to  in- 


organic support  are  electrostatic  interactions,  par- 
tial covalent  bonding  formed  via  replacement  of 
hydroxyl  groups  on  inorganic  surfaces,  and  cova- 
lent bond  formed  between  ligands  on  the  cell  sur- 
face and  organic  groups,  grafted  to  an  inorganic 
surface.  Organic  carriers  studied  include  cross- 
linked  pectate  and  carrageenan,  with  the  addition 
of  inorganic  metal  ions  to  greatly  increase  the 
support  capacity  for  cell  adsorption.  Starch  rich 
effluents  from  the  food  industry  were  studied  with 
both  organic  (i.e.,  crosslinked  pectate  with  iron 
and  polypropylene)  and  inorganic  (ceramic  kaolin- 
ic  clay)  supports  for  whole  cell  immobilization. 
The  adsorption  characteristics  of  the  supports 
were  studied,  including  affinity  for  the  support  of 
cells,  strength  of  fixation,  influence  of  ionic 
strength  of  the  cell  adsorption,  and  oxygen  uptake 
of  cells.  Adhesion  phenomenon  appears  as  an  inter- 
esting approach  for  biotechnological  applications, 
and  wastewater  treatment  principally.  Low  price 
of  the  supports,  efficacy,  and  easy  utilization  are 
the  main  advantages  if  it  is  compared  with  other 
immobilization  techniques.  Laboratory  studies 
showed  increased  cell  metabolism  when  the  cells 
are  involved  in  an  immobilized  system.  (See  also 
W9 1-07447)  (VerNooy-PTT) 
W91-07455 


ADSORPTION  AND  ATTACHMENT  OF 
MICROORGANISMS  TO  SOLID  SUPPORTS. 

Massey  Univ.,  Palmerston  North  (New  Zealand). 

Dept.  of  Biotechnology. 

S.  M.  R.  Bhamidimarri. 

IN:  Wastewater  Treatment  by  Immobilized  Cells. 

CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  29- 

43.  4  fig,  51  ref,  append. 

Descriptors:  "Adsorption,  "Biofilm  reactors,  "Bio- 
films, "Biological  wastewater  treatment,  "Biotech- 
nology, "Immobilized  cells,  "Microorganisms, 
"Wastewater  treatment,  Adsorption  kinetics,  Bac- 
terial physiology,  Biotransformation,  Interfaces, 
Microbial  degradation,  Microbiological  studies, 
Morphology,  Particulate  matter,  Physicochemical 
properties,  Reviews. 

The  importance  of  microbial  adhesion  to  surfaces 
has  been  increasingly  recognized  in  biochemical 
and  wastewater  treatment  processes,  in  which  it 
plays  a  beneficial  role.  Adsorption  mechanisms 
operate  in  the  nonselective  concentration  of  micro- 
organisms at  interfaces  occurring  in  aqueous  sys- 
tems. A  number  of  forces  are  responsible  for  the 
microbial  movement  towards  or  away  from  the 
substratum,  including  short-range  forces,  long- 
range  forces,  and  interfacial  reactions.  The  most 
accepted  theory  involving  interaction  of  small  par- 
ticles at  close  separations  is  referred  to  as  the 
DLVO  theory  of  colloidal  stability,  although  its 
ability  to  describe  particle  deposition  is  far  from 
adequate  even  for  idealized  systems.  The  most 
commonly  employed  configurations  of  immobi- 
lized cell  reactors  for  wastewater  treatment  are  the 
biofilm  reactors.  Although  there  is  a  large  number 
of  reports  on  steady-state  performance  of  such 
immobilized  cell  reactors  in  the  literature,  quantita- 
tive studies  on  the  initial  microbial  adsorption  and 
attachment  have  been  limited.  Current  knowledge 
concerning  adsorption  kinetics,  development  of  an 
adsorption  isotherm,  and  the  effect  of  environmen- 
tal factors  on  microbial  adsorption  are  reviewed. 
Although  the  initial  interactions  between  the  solid 
surfaces  and  microorganisms  are  dictated  by  phys- 
icochemical phenomena  such  as  pH,  nutrient  con- 
centration, and  hydrodynamics;  the  attachment  of 
adsorbed  microorganisms  involves  a  variety  of  bio- 
logical processes.  A  variety  of  factors  that  contrib- 
ute to  the  bacterial  attachment  process  has  been 
identified,  including  extracellular  adhesions  and 
holdfasts,  fimbriae  and  flagella,  and  lipopolysac- 
charides  in  the  cell  envelope.  The  successful 
design,  start-up,  and  operation  of  adsorbed  and 
attached  cell  systems  in  wastewater  and  biotechno- 
logical processes  requires  a  thorough  understand- 
ing of  the  mechanisms  of  adsorption  and  attach- 
ment of  microorganisms.  (See  also  W9 1-07454) 
(VerNooy-PTT) 
W9 1-07456 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Watte  Treatment  Processes 


ENTRAPMENT  OK  MICROBIAL  CELLS  FOR 
WASTEWATER  TREATMENT. 

Hawaii  Univ.  at  Manoa,  Honolulu.  Dept.  of  Agri- 
cultural Engineering. 
P.  Y.  Yang,  and  M.  L.  Wang. 
IN:  Wastewater  Treatment  by  Immobilized  Cells. 
CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  45- 
77.  19  fig,  4  tab,  54  ref. 

Descriptors:  *Biofilms,  'Biological  wastewater 
treatment,  'Biotechnology,  'Immobilized  cells, 
•Microorganisms,  'Phenols,  'Wastewater  treat- 
ment, Adsorption,  Biosynthesis,  Biotransformation, 
Gels,  Microbial  degradation.  Microbiological  stud- 
ies, Polymers,  Reviews. 

No  general  ideal  immobilization  method  is  applica- 
ble to  all  types  of  cells.  Therefore,  it  is  necessary  to 
select  suitable  methods  and  conditions  for  immobi- 
lization of  each  type  of  cell.  Entrapping  is  the  most 
extensively  investigated  immobilization  method 
and  the  enclosure  of  a  cell  within  a  gel  structure  is 
one  of  the  least  destructive  immobilization  meth- 
ods. Gel  polymers,  including  alginate,  carrageenan 
cellulose  triacetate,  and  polyacrylamide,  have  been 
widely  used  as  carriers.  Immobilized  cell  systems 
have  been  increasingly  used  in  biological 
wastewater  treatment.  The  use  of  immobilized 
cells  for  methane  production,  hydrogen  production 
nitrification  and  denitrification,  removal  of  heavy 
metals  and  removal  of  organic  compounds  was 
reviewed  and  combined  adsorbed  and  entrapped 
mixed  microbial  cell  system  was  developed  to 
evaluate  the  feasibility  for  the  treatment  of  soluble 
phenol  wastewater.  Various  entrapping  carriers 
were  tested,  including  calcium  alginate,  polyacry- 
lamide, k-carrageenan,  and  cellulose  triacetate. 
Steady-state  operational  performance,  operational 
stability,  and  tests  with  other  phenolic  synthetic 
wastewaters  were  explored.  Monocarrier  (cellulose 
triacetate)  was  found  to  serve  as  the  carrier  for  the 
immobilization  of  cells  and  it  was  better  than  bicar- 
rier  (mixed  cellulose  triacetate  and  calcium  algi- 
nate) in  terms  of  the  capability  to  maintain  high 
SRT  (solid  residence  time),  and  operational  per- 
formance. For  phenol  synthetic  wastewater,  the 
critical  loading  rate  was  9  g  COD  (chemical 
oxygen  demand)/L/day  and  a  5  to  7  day  start  up 
period  was  required.  The  system  could  take  quanti- 
tative (concentration  and  hydraulic)  shock  loads  of 
phenol  synthetic  wastewater  very  well  without  the 
aid  of  external  sludge  recycling.  For  2,4-dichloro- 
phenol  synthetic  wastewater,  phenol-acclimated 
cells  effectively  degraded  dichlorophenol  at  250 
and  500  mg/L.  (See  also  W9 1-07454)  (VerNooy- 
PTT) 
W9 1-0745  7 


MORPHOLOGY  AND  ELECTRON  MICROS- 
COPY OF  MICROBIAL  AGGREGATES. 

University  of  Western  Ontario,  London.  Dept.  of 

Chemical  and  Biochemical  Engineering. 

N.  Kosaric,  and  R.  Balszczyk. 

IN:  Wastewater  Treatment  by  Immobilized  Cells. 

CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  79- 

102.  8  fig,  1  tab,  123  ref. 

Descriptors:  'Bacterial  physiology,  'Biofilms,  'Bi- 
ological wastewater  treatment,  'Electron  micros- 
copy, 'Microbial  degradation,  'Wastewater  treat- 
ment, Aerobic  conditions,  Aggregates,  Anaerobic 
bacteria,  Biofilm  reactors,  Microbiological  studies, 
Morphology,  Particulate  matter,  Reviews. 

The  microbial  property  for  aggregation  is  geneti- 
cally inducible  and  may  be  advantageous  due  to 
interaction  between  adjacent  organisms  such  as 
commensolism,  mutualism,  parasitism,  and  genetic 
exchange.  The  excellent  performance  and  efficien- 
cy of  the  upflow  anaerobic  sludge  blanket  (UASB) 
reactor  system  for  wastewater  treatment  is  possible 
due  to  development  and  activity  of  densely  packed 
microbial  aggregates,  i.e.,  granular  sludge.  Micro- 
bial aggregates  may  occur  as  a  flocculent  sludge, 
as  a  microbial  film  attached  to  an  inert  surface,  and 
as  a  granule.  The  extracellular  compounds  of  the 
aggregate  link  the  cells  resulting  in  its  final  struc- 
ture which  may  be  observed  by  several  techniques 
including  scanning  election  microscopy,  X-ray  mi- 
croanalyzer  (EDAX),  transmission  electron  mi- 
croscopy, light  microscopy,  and  immunological 
probes.   The   two   main   types  of  aggregation   of 


microorganisms  in  anaerobic  conditions  are  immo- 
bilization on  inert  materials  and  granulation  (au- 
toimmobilization).  In  aerobic  conditions,  the  im- 
mobilization of  microorganisms  on  rotating  contac- 
tors in  wastewater  treatment  has  been  observed. 
The  two  layers  of  the  biofilm  consisted  of  an  outer 
layer  of  dense  filamentous  Beggiatoa  bacteria  and 
an  inner  bacterial  layer  of  straight  and  comma- 
shaped  rods.  (See  also  W9 1-07454)  (VerNooy- 
PTT) 
W91-07458 


APPLICATION  OF  BIOMASS  CARRIERS  IN 
ACTIVATED  SLUDGE  PROCESS. 

Toronto  Univ.  (Ontario).  Dept.  of  Civil  Engineer- 
ing. 

P.  R.  Senthilnathan,  and  J.  J.  Ganczarczyk. 
IN:  Wastewater  Treatment  by  Immobilized  Cells. 
CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  103- 
141.  17  fig,  3  tab,  150  ref. 

Descriptors:  'Activated  sludge  process,  'Biofilms, 
•Biological  wastewater  treatment,  'Immobilized 
cells,  'Wastewater  treatment,  Adsorption,  Aggra- 
dation, Biomass,  Clarifiers,  Microbiological  stud- 
ies, Polymers,  Porous  media,  Reviews. 

The  performance  of  biological  wastewater  treat- 
ment systems  can  be  improved  by  maintaining  a 
high  biomass  concentration.  The  major  obstacle  in 
this  endeavor  has  been  the  biomass  separation  in 
the  secondary  clarifiers.  The  biomass  concentra- 
tion in  the  biological  reactors  can  be  increased  by 
various  means  of  immobilization.  Passive  immobili- 
zation can  be  achieved  by  providing  solid  surfaces 
in  aeration  tanks  to  facilitate  the  natural  process  of 
microbial  attachment.  This  application  of  biomass 
carriers  to  the  activated  sludge  process  combines 
the  advantages  of  fixed  film  systems  and  suspended 
growth  systems.  In  these  hybrid  systems,  in  addi- 
tion to  the  biomass  attached  to  the  carriers,  biolog- 
ical floes  free  of  carriers  may  also  exist.  By  means 
of  biomass  carriers  it  is  possible  to  obtain  a  two  to 
fivefold  increase  in  biomass  concentration  in  the 
aeration  tanks  compared  to  that  in  the  convention- 
al activated  sludge  process.  The  increased  concen- 
tration of  immobilized  biomass  could  reduce  proc- 
ess dependence  of  secondary  clarification  and  lead 
to  reduced  volume  of  the  reactor,  increased  treat- 
ment system  stability,  and  its  improved  perform- 
ance. Efficiency  can  be  further  enhanced  by  select- 
ing biomass  carriers  which  possess  adsorption  ca- 
pacity for  substrates  and  metabolic  end  products. 
These  carriers  may  be  stationary  or  mobile  de- 
pending upon  their  size.  Macrocarriers  such  as 
modular  plastic  and  synthetic  fiber  media  are  fixed 
in  the  aeration  basin,  and  porous  polyurethane 
media  are  suspended.  These  macrocarriers  can 
easily  be  retained  in  the  system  without  the  neces- 
sity of  the  secondary  clarifiers;  however,  they 
occupy  a  large  volume  in  the  reactor.  Microcar- 
riers  (less  than  1000  micrometers  in  size)  are  sus- 
pended in  the  aeration  tanks  and  provide  a  large 
surface  area  for  the  immobilization  of  biomass 
without  reducing  the  effective  volume  of  the  tanks. 
These  carriers  are  easy  to  handle;  however,  due  to 
their  size,  additional  measures  of  separation  and 
recycling  are  needed  to  retain  them  in  the  aeration 
basins.  (See  also  W9 1-07454)  (Author's  abstract) 
W9 1-07459 


EFFLUENT  TREATMENT  WITH  IMMOBI- 
LIZED MICROALGAE  AND  CYANOBAC- 
TERIA:  A  CRITICAL  ASSESSMENT. 

Laval   Univ.,  Quebec.   Faculty  of  Food  Sciences 

and  Agriculture. 

J.  de  la  Noue,  P.  Chevalier,  and  D.  Proulx. 

IN:  Wastewater  Treatment  by  Immobilized  Cells. 

CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  143- 

152.  59  ref. 

Descriptors:  'Algae,  'Biofilms,  'Biological 
wastewater  treatment,  'Cyanobacteria,  'Immobi- 
lized cells,  'Tertiary  wastewater  treatment, 
'Wastewater  treatment,  Adsorption,  Advanced 
wastewater  treatment,  Chlorophyta,  Microbiologi- 
cal studies,  Nutrient  removal,  Reviews. 

The  of  using  microalgae  for  wastewater  treatment 
is  to  provide  a  tertiary  treatment  for  urban  or 
agricultural   effluents.   The  microalgae  efficiently 


take  up  nutrients  such  as  nitrogen  (ammonium  or 
inorganic  oxidized  forms)  and  phosphorus  (ortho- 
phosphate)  that  cause  cutrophication  problems 
when  discharged  into  natural  bodies  of  water. 
Even  though  the  immobilization  of  microalgae  and 
cyanobacteria  is  far  from  being  as  developed  as 
that  of  bacteria  or  yeasts,  systems  have  been  stud- 
ied for  various  purposes,  including  wastewater 
treatment.  Various  classical  materials  or  matrices 
have  been  used  for  algal  cell  entrapment  or  fixation 
and  various  shapes  of  carriers  have  been  tried: 
beads,  cubes,  or  pellets,  filamentous  layers,  and 
discs  for  entrapment.  Criteria  for  a  successful  im- 
mobilization system  include:  stability,  light  pene- 
tration, viability  and  physiological  state,  and  par- 
ticipation of  the  support  material  in  the  nutrient 
depletion  from  the  medium.  Both  Chlorophyta  and 
cyanobacteris  have  been  studied  for  use  in 
wastewater  treatment  although  Chlorophyta  have 
been  studied  more  extensively.  Results  using  Scen- 
edesmus  obliquus  indicate  that  growth  rates  are 
similar  to  that  of  free  algae,  although  the  initial  lag 
period  appears  to  be  a  little  longer  on  secondary 
urban  effluents.  There  is  some  indication  that  cyan- 
obacteria may  have  an  advantage  due  to  the  fila- 
mentous nature  of  some  that  makes  harvesting 
easier.  Although  the  immobilization  of  microalgae 
and  cyanobacteria  is  not  yet  extensively  devel- 
oped, indications  are  that  they  may  be  useful  in 
wastewater  treatment.  (See  also  W9 1-07454)  (Ver- 
Nooy-PTT) 
W9 1-07460 


IMMOBILIZED  CELL  SYSTEMS  IN  ANAERO- 
BIC DIGESTION  PROCESSES. 

Biotechnology  Research  Inst.,  Montreal  (Quebec). 

Environmental  Engineering  Group. 

R.  Samson,  A.  Pauss,  and  S.  R.  Guiot. 

IN:  Wastewater  Treatment  by  Immobilized  Cells. 

CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  153- 

190.  8  fig,  3  tab,  115  ref. 

Descriptors:  'Anaerobic  digestion,  'Biofilm  reac- 
tors, 'Biofilms,  'Biological  wastewater  treatment, 
•Immobilized  cells,  'Wastewater  reactors, 
•Wastewater  treatment,  Adsorption,  Aggregates, 
Bacterial  physiology,  Biomass,  Design  criteria, 
Hydrodynamics,  Microbial  degradation,  Reviews. 

Technologies  using  immobilized  cell  anaerobic  re- 
actors such  as  the  fixed-film,  expanded  bed,  and 
fluidized  bed  reactors  and  the  well-known  upflow 
sludge  bed  system  with  its  variants  were  evaluated. 
The  sludge  bed  reactor  takes  advantage  of  the 
natural  self-aggregation  ability  of  microorganisms, 
while  the  processes  in  fixed-film,  expanded,  and 
fluidized  bed  reactors  utilize  the  ability  of  microor- 
ganisms to  attach  and  colonize  a  solid  material. 
The  factors  involved  in  the  formation  and  mainte- 
nance of  fixed  films  and  granular  sludge  include 
quality  of  the  inoculum,  composition  of  substrate, 
ionic  properties  of  the  medium,  and  hydrodynamic 
selection  pressure.  Design  and  operational  prob- 
lems associated  with  the  use  of  large-scale  anaero- 
bic immobilized  cell  reactors  include  the  effect  of 
the  geometry  of  anaerobic  reactors  on  hydrody- 
namic performance  and  the  effect  of  hydrodyna- 
mics on  reactor  start-up  and  steady-state  perform- 
ance. Development  of  biofilm  or  granules  is  in 
essence  a  purely  biological  process  since  it  is  de- 
pendent on  the  sludge  seed,  the  substrate  composi- 
tion, the  physiology  of  the  bacteria,  and  the  hydro- 
dynamic  selection  pressure.  At  the  ecological 
level,  cell-cell  interactions  promote  aggregation  of 
the  bacteria.  The  different  members  of  a  methano- 
genic  consortium  adhere  to  each  other  to  form  a 
highly  organized  microbial  community  where  the 
substrate  transfer  is  greatly  facilitated.  Close  con- 
tact due  to  adhesion  also  enhances  the  energy  pool 
to  the  benefit  of  different  members  of  the  associa- 
tion. Day-to  day  operation  of  modern  anaerobic 
reactors  poses  the  problem  of  proper  mixing  of  the 
reactor  contents.  Mixing  studies  using  tracers  is  the 
most  effective  way  to  ensure  a  good  design  of 
anaerobic  reactors  and  allows  the  operator  to  mon- 
itor, on  a  regular  basis,  the  real  organic  loading 
rate  applied  to  the  biomass.  (See  also  W91-07454) 
(VerNooy-PTT) 
W9 1-07461 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Waste  Treatment  Processes— Group  5D 


BIOLOGICAL  PROCESSES  IN  TOXIC  WASTE 
TREATMENT. 

Windsor  Univ.  (Ontario).  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
J.  K.  Bewtra,  and  N.  Biswas. 
IN:  Wastewater  Treatment  by  Immobilized  Cells. 
CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  191- 
222.  5  fig,  1 1  tab,  48  ref. 

Descriptors:  *Biofilms,  *Biological  oxidation,  •Bi- 
ological wastewater  treatment,  'Microbiological 
studies,  *Toxic  wastes,  *Wastewater  reactors, 
♦Wastewater  treatment,  Bacterial  physiology,  Bio- 
degradation,  Growth  kinetics,  Immobilized  cells, 
Microorganisms,  Model  studies,  Reviews,  Toxici- 
ty- 

The  basic  concepts  of  toxicity,  relevant  models 
available  to  describe  toxic  effects,  and  biological 
processes  in  the  treatment  of  municipal  and  indus- 
trial wastewaters  in  the  presence  of  toxic  sub- 
stances were  examined.  Many  substances  exert  a 
toxic  effect  on  biological  oxidation  processes  and 
partial  or  complete  inhibition  may  occur  depend- 
ing on  their  nature  and  concentration.  Toxicity  to 
microorganisms  may  result  due  to  excess  concen- 
trations of  substrate  itself,  the  presence  of  inhibit- 
ing substances  or  factors  in  the  environment,  and/ 
or  the  production  of  toxic  by-products.  Many 
wastewater  constituents  are  toxic  to  microorga- 
nisms. These  toxic  substances  can  be  divided  into 
the  following  categories:  trace  organics,  heavy 
metals,  light  metals,  acids  and  bases,  and  other 
organic  and  inorganic  substances.  Available  infor- 
mation strongly  indicates  that  immobilized  biologi- 
cal systems  are  less  sensitive  to  toxicity  and  have  a 
higher  efficiency  in  degrading  toxic  and  hazardous 
materials.  In  biological  wastewater  treatment  proc- 
esses where  a  toxic  substance  is  present,  the  Hal- 
dane  equation,  instead  of  the  Michelis-Menten  or 
Monod  equation  is  generally  used  to  model  sub- 
strate degradation  and  microbial  growth.  The  tox- 
icity of  a  substance  to  the  wastewater  treatment 
process  can  be  divided  into  three  major  categories: 
microorganisms  involved  in  the  process,  system 
kinetics,  and  reactor  engineering.  The  biochemical, 
genetic,  and  ecological  ability  of  the  microorga- 
nisms in  the  biomass  play  an  important  role  in 
metabolizing  the  organic  toxicants  in  the 
wastewater.  A  simple  comparison  of  influent  and 
effluent  concentrations  in  the  wastewater  stream  to 
measure  process  performance  may  provide  a  false 
indication  of  biodegradation  of  the  pollution  under 
consideration.  Therefore,  it  is  imperative  to  devel- 
op a  different  method  for  determining  the  removal 
efficiency  of  a  toxic  pollutant  in  a  biological  proc- 
ess. One  of  the  promising  approaches  in  biodegra- 
dation of  toxic  organics  is  the  development  of 
genetically  engineered  microorganisms.  However, 
before  genetically  engineered  microorganisms  are 
developed  and  used  for  improved  treatment  of 
toxic  wastes,  their  broader  implications  to  the  envi- 
ronment should  be  fully  researched  and  under- 
stood. (See  also  W9 1-07454)  (VerNooy-PTT) 
W9 1-07462 


FUNDAMENTALS  AND  ADVANCES  IN  EX- 
PANDED BED  REACTORS  FOR 
WASTEWATER  TREATMENT. 

New  York  State  Coll.   of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 
W.  J.  Jewell. 

IN:  Wastewater  Treatment  by  Immobilized  Cells. 
CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  223- 
252.  18  fig,  1  tab,  27  ref. 

Descriptors:  *Biofilm  reactors,  *Biofilms,  'Biologi- 
cal  wastewater  treatment,  'Immobilized  cells, 
•Wastewater  treatment,  Biomass,  Design  criteria, 
Microorganisms,  Particle  size,  Wastewater  reac- 
tors. 

Microorganisms  in  an  attached  film  have  been  used 
for  more  than  a  century  for  wastewater  treatment. 
The  expanded  bed  process  uses  a  fine  particle 
upflow  filter  in  which  the  particles  are  slightly 
expanded  but  remain  in  close  proximity  to  other 
particles.  Design  requirements  of  the  expanded  bed 
include  particle  size  and  surface  area;  particle  size, 
reactor  liquid  velocity,  and  hydraulic  retention 
times;  head  loss  considerations;  expanded  bed  di- 


mensions; particle  size  and  'active  microbial  mass'; 
and  particle  size,  biofilm  depth,  biofilm  density, 
and  maximum  reactor  concentrations.  A  compari- 
son is  made  of  the  actual  concentration  of  biomass 
that  would  occur  in  a  reactor  for  varying  size 
particles  and  different  film  depths  for  an  expanded 
bed  and  fluidized  bed.  Past  reports  on  wastewater 
treatment  with  the  expanded  bed  are  summarized. 
These  include  studies  on  temperature  and  substrate 
effects,  suspended  solid  and  microbial  film  interac- 
tions, solids  retention  time  requirements,  and  film 
density  and  thickness  relationships.  Future 
wastewater  treatment  possibilities  discussed  are 
high  rate  anaerobic  conversion,  low-temperature 
applications,  and  hazardous  waste  treatment  appli- 
cations. Although  the  anaerobic  process  offers 
much  to  the  wastewater  treatment  field,  there  are 
obvious  limitations  including  minimum  effluent 
concentration,  sulfur  cycle  complications,  nutri- 
ents, and  attached  film  reactor  'bulking'.  (See  also 
W9 1-07454)  (VerNooy-PTT) 
W9 1-07463 


FLUIDIZED  BED  REACTOR  IN 

WASTEWATER  TREATMENT. 

Little  (Arthur  D.),  Inc.,  Cambridge,  MA.  Bio- 
chemical and  Pharmaceutical  Technology  Unit. 
K.  Vembu,  and  R.  D.  Tyagi. 
IN:  Wastewater  Treatment  by  Immobilized  Oils. 
CRC  Press,  Inc.,  Boca  Raton,  Florida.  1990.  p  253- 
265.  5  tab,  39  ref. 

Descriptors:  *Biofilm  reactors,  *Biofilms,  •Biologi- 
cal wastewater  treatment,  *Fluidized  bed  process, 
•Wastewater  treatment,  Biomass,  Design  criteria, 
Hydraulic  loading,  Load  distribution,  Microbial 
degradation,  Particulate  matter. 

The  application  of  fixed  film  biological  reactors, 
fluidized  bed  systems  in  particular,  for  the  treat- 
ment of  wastewater  is  on  the  increase.  A  typical 
fluidized  bed  process  involves  pumping 
wastewater  up  through  a  bed  of  solid  support  at 
the  fluidization  velocity,  that  is,  at  a  velocity 
where  the  support  particles  are  no  longer  in  per- 
manent contact  with  each  other.  The  fluidized  bed 
has  significant  advantages  over  other  processes, 
and  key  process  design  parameters  include  biomass 
production,  nutrient  requirements,  volumetric 
loading  rate,  recycle  ratio,  and  hydraulic  loading 
rate.  Potential  technical  issues  and  problems  in- 
clude: (1)  design  of  a  proper  distribution  system  to 
achieve  uniform  fluidization;  (2)  lack  of  effective 
dissolved  oxygen;  (3)  high  energy  requirements;  (4) 
high  shear  due  to  hydraulic  loading;  and  (5)  loss  of 
support  particles.  Factors  that  should  be  consid- 
ered in  selection  of  support  particles  are  adsorption 
of  dissolved  organics,  transport  of  biomass  to  the 
solid  surface  and  the  adhesion  of  the  biomass, 
microbial  production  of  extracellular  polymers, 
and  biofilm  formation  due  to  cellular  reproduction. 
A  list  of  currently  known  applications,  including 
carbonaceous  BOD  removal  by  aerobic  and  anaer- 
obic processes  and  ammonia  nitrogen  removal  by 
nitrification  and  denitrification,  are  presented.  Fea- 
sibility studies  involving  new  applications,  espe- 
cially on  hazardous  wastes,  are  essential  to  estab- 
lish the  potential  of  fluidized  bed  reactors.  (See 
also  W9 1-07454)  (VerNooy-PTT) 
W9 1-07464 


wastewaters  and  wastewater  from  the  manufacture 
of  semisynthetic  antibiotics)  were  chosen  and 
mixed  with  sanitary  and  domestic  wastewater. 
Chemical  and  5-day  biochemical  oxygen  demand 
(BOD)  removal,  dissolved  oxygen,  BOD  deter- 
mined by  means  of  respirometry,  and  endogenous 
oxygen  consumption  rate  were  measured.  The  re- 
spirometric  BOD  determination  was  used  to  meas- 
ure adaptation.  It  was  found  that  the  duration  of 
adaptation  was  from  10  days  for  wastewater  from 
the  chemical  and  pharmaceutical  industries  to  22 
days  for  wastewater  from  the  production  of  antibi- 
otics. It  was  also  ascertained  that  this  respirometric 
technique  was  the  most  suitable  method  for  the 
determination  of  adaptation  by  activated  sludge. 
The  technique  is  suitable  for  studying  the  adapta- 
tion of  new  kinds  of  wastewater  for  new  treatment 
plants  and  the  introduction  of  new  types  of 
wastewater  into  existing  wastewater  treatment 
plants.  (King-PTT) 
W9 1-07544 


CONSTRUCTED  WETLANDS  FOR 

WASTEWATER  TREATMENT. 

Environmental    Protection    Agency,    Cincinnati, 
OH.  Risk  Reduction  Engineering  Lab. 
S.  C.  Reed. 

Biocycle  BCYCDK,  Vol.  32,  No.  1,  p  44-49,  Janu- 
ary 1991.  6  tab. 

Descriptors:  *Artificial  wetland  treatment,  •Artifi- 
cial wetlands,  *Construction  costs,  'Construction 
methods,  'Wastewater  treatment,  'Wetlands  treat- 
ment, Design  criteria,  Emergent  aquatic  plants, 
Flow  path,  Free  water  surface,  Soil  saturation, 
Wetlands. 

Wetlands  are  defined  as  vegetated  land  where  the 
water  surface  is  near  the  ground  surface  long 
enough  each  year  to  maintain  saturated  soil  condi- 
tions. Constructed  wetlands  are  those  systems  spe- 
cifically designed  for  wastewater  treatment  and 
located  at  a  site  where  natural  wetlands  did  not 
exist,  at  least  at  the  time  of  construction.  There  are 
two  different  types  of  constructed  wetlands,  char- 
acterized by  the  flow  path  of  the  water  in  the 
system:  (1)  free  water  surface  (FWS)  wetlands 
which  contain  appropriate  emergent  aquatic  vege- 
tation in  a  relatively  shallow  bed  or  channel  and 
where  the  surface  of  the  water  is  exposed  to  the 
atmosphere  as  it  flows  through  the  bed,  and  (2) 
subsurface  flow  (SF)  wetlands  which  contain  a 
foot  or  more  of  permeable  medium  (rock,  gravel, 
sand,  and  soil  have  all  been  used);  this  medium 
supports  the  root  system  of  the  same  types  of 
emergent  vegetation,  but  in  this  case,  the  water 
level  in  the  bed  is  maintained  below  the  top  of  the 
medium  in  an  attempt  to  keep  all  wastewater  flow 
beneath  the  surface.  Fifty-six  FWS  and  98  SF-type 
wetlands  have  been  constructed  to  date  in  the 
United  States.  There  is  as  yet  no  generally-accept- 
ed consensus  regarding  the  design  of  these  systems. 
SF  wetlands  average  1.8  acres  in  area  and  have  an 
average  flow  of  0.3  million  gallons  per  day,  while 
FWS  wetlands  average  88.5  acres  and  have  a  mean 
flow  of  1.8  mgd.  The  FWS  wetlands  have  been 
built  at  an  average  cost  of  $22,200  an  acre,  whereas 
the  average  cost  per  acre  for  SF  wetlands  has  been 
$87,200.  (Medina-PTT) 
W91-07558 


DETERMINATION  OF  ADAPTATION  OF  THE 
ACTIVATED  SLUDGE  FOR  INDUSTRIAL 
WASTEWATER. 

Kemijski  Inst.  Boris  Kidric,  Ljubljana  (Yugoslav- 
ia). 

M.  Ros,  and  M.  Dular. 

Zeitschrift  fuer  Wasser-  und  Abwasser-Forschung 
ZWABAQ,  Vol.  23,  No.  5,  p  189-192,  October 
1990  3  fig,  7  tab,  11  ref. 

Descriptors:  'Activated  sludge,  'Adaptation,  'An- 
alytical methods,  'Industrial  wastewater,  'Respir- 
ometry, 'Wastewater  analysis,  'Wastewater  treat- 
ment, Chemical  wastewater,  Dissolved  oxygen, 
Domestic  wastes,  Oxygen  demand,  Oxygen  re- 
quirements, Pharmaceutical  wastes. 

In  order  to  study  the  adaptation  of  activated 
sludge,  three  different  types  of  industrial 
wastewaters       (chemical       and       pharmaceutical 


MEASURING  COMPOST  SUBSTRATE  DE- 
GRAD  ABILITY. 

Los  Angeles  City  Solids  Technology  Div.,  CA. 
R.  T.  Haug,  and  W.  F.  Ellsworth. 
Biocycle  BCYCDK,  Vol.  32,  No.  1,  p  56-61,  Janu- 
ary 1991.  3  fig,  4  ref. 

Descriptors:  'Analytical  methods,  'Composting, 
•Degradation,  *Respirometry,  *Substrates,  'Waste 
treatment,  Cost  analysis,  Energy,  Laboratory 
equipment,  Laboratory  methods,  Mass,  Measuring 
instruments. 

Knowledge  of  the  mass  and  energy  balance  is 
essential  to  the  proper  design  and  operation  of  all 
composting  systems,  and  a  key  step  is  determining 
substrate  degradability.  Because  substrate  degrada- 
bility  can  vary  widely,  and  because  the  energy 
balance  is  so  important  to  the  process,  actual  de- 
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gradability  should  be  determined  whenever  possi- 
ble. A  constant  pressure  respirometer  was  assem- 
bled from  generally  available  laboratory  supplies 
to  measure  substrate  degradability  with  large  size 
samples.  Experience  with  the  apparatus  demon- 
strated that  it  can  provide  useful  data  at  relatively 
low  capital  cost.  Procedures  to  avoid  rate  limita- 
tions were  refined.  It  is  believed  that  development 
of  standardized  procedures  and  equipment  should 
make  measurement  of  substrate  degradability  a 
more  common  practice  for  composting  facilities. 
(Medina-PTT) 
W9 1-07559 


ANALYTICAL     SOLUTION     FOR     DENSITY 
CURRENTS  IN  SETTLING  BASINS. 

Universidade  Federal  do  Parana,  Curitiba  (Brazil). 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07  591 


EVALUATING  THE  COSTS  OF  PACKED- 
TOWER  AERATION  AND  GAC  FOR  CON- 
TROLLING SELECTED  ORGANICS. 

Environmental     Protection    Agency,    Cincinnati, 

OH.  Drinking  Water  Research  Div. 

J.  Q.  Adams,  and  R.  M.  Clark. 

Journal    of    the    American    Works    Association, 

JAWWA5,  Vol.  81,  No.  1,  p  49-57,  January,  1991. 

8  fig,  5  tab,  Href. 

Descriptors:  'Air  stripping,  *Cost-benefit  analysis, 
•Granular  activated  carbon,  'Organic  pollutants, 
•Packed-tower  aeration,  'Water  quality  control, 
•Water  treatment,  Emission  control,  Henrys  Law, 
Pesticides,  Safe  Drinking  Water  Act,  Synthetic 
organic  compounds. 

The  1986  amendments  to  the  Safe  Drinking  Water 
Act  identify  granular  activated  carbon  (GAC)  and 
packed-tower  aeration  (PTA)  as  feasible  treatment 
techniques  for  synthetic  organic  chemicals.  A  pre- 
liminary cost  analysis  was  performed  to  compare 
liquid-phase  GAC  treatment  with  PTA  treatment, 
with  and  without  air  emissions  control.  Unit  costs 
for  PTA  treatment  with  and  without  air  emissions 
control  are  shown  to  follow  a  fairly  consistent 
decreasing  trend  with  increasing  Henry's  coeffi- 
cient. This  provides  a  preliminary  means  of  esti- 
mating costs  given  the  Henry's  coefficient  and 
system  size.  In  general,  the  cost  of  PTA  treatment 
approximately  doubles  when  off-gas  control  using 
vapor-phase  GAC  is  included  in  the  system.  Cost- 
effective  design  of  a  liquid-phase  GAC  system 
depends  greatly  on  selection  of  adsorber  type  and 
configuration,  empty-bed  contact  time  (EBCT), 
GAC  usage  rate,  and  method  of  spent  carbon 
reactivation  or  replacement.  Steel  pressure  post- 
filter  adsorbers  appear  to  be  cost-effective  for 
small  systems,  and  concrete  gravity  contactors  are 
economical  for  large  systems.  EBCTs  of  10-20  min 
provide  cost-efficient  designs  for  most  organics 
examined.  On-site  reactivation  appears  to  be  eco- 
nomical when  spent  carbon  requirements  are 
>2000  lb/d.  For  smaller  quantities,  replacement 
with  virgin  GAC  or  off-site  reactivation  may  be 
most  economical.  For  most  of  the  contaminants 
examined,  PTA  treatment  appears  to  be  more  cost- 
effective  than  liquid-phase  GAC  treatment,  even 
when  vapor-phase  GAC  is  required  in  the  strip- 
ping system.  Exceptions  are  the  pesticides  dibro- 
mochloropropane  (DBCP)  and  ethylenedibromide 
(EDB),  for  which  liquid-phase  GAC  appears  to  be 
more  appropriate.  (Fish-PTT) 
W9 1-07605 


SURVIVAL  AND  CATABOLIC  ACTIVITY  OF 
NATURAL  AND  GENETICALLY  ENGI- 
NEERED BACTERIA  IN  A  LABORATORY- 
SCALE  ACTIVATED-SLUDGE  UNIT. 

University  Coll.,  Cardiff  (Wales).  School  of  Pure 
and  Applied  Biology. 

N.  C.  McClure,  J.  C.  Fry,  and  A.  J.  Weightman. 
Applied       and       Environmental       Microbiology 
AEMIDF,  Vol.  57,  No.   1,  p  366-373,  February 
1991, 5  fig,  2  tab,  49  ref. 

Descriptors:  'Activated  sludge,  'Biodegradation, 
•Genetic  engineering,  'Pseudomonas, 

•Wastewater  treatment,  Chlorinated  hydrocar- 
bons, Dechlorination,  In  situ  treatment,  Plasmids. 


The  survival  of  selected  naturally  occurring  and 
genetically  engineered  bacteria  in  a  fully  functional 
laboratory-scale  activated-sludge  unit  (ASU)  was 
investigated,  in  order  to  assess  the  in  vivo  activity 
of  recombinant  strains  in  wastewater  treatment 
systems.  The  effect  of  the  presence  of  3-chloroben- 
zoate  (3CB)  on  the  survival  of  Pseudomonas  putida 
UWC1,  with  or  without  a  chimeric  plasmid,  pDIO, 
which  encodes  3CB  catabolism,  was  determined. 
P.  putida  UWCl(pDlO)  did  not  enhance  3CB 
breakdown  in  the  ASU,  even  following  inoculation 
at  a  high  concentration  (300  million  CFU/ml).  The 
emergence  of  a  natural,  3CB  degrading  population 
appeared  to  have  a  detrimental  effect  on  the  sur- 
vival of  strain  UWC1  in  the  ASU  as  indicated  by  a 
rapid  decline  in  the  introduced  strains  concurrent 
with  the  rise  of  the  natural  strains.  The  fate  of 
these  emergent  3CB-utilizing  bacteria,  derived 
from  activated-sludge  microflora,  was  studied  in 
experiments  in  which  these  strains  were  inoculated 
into  the  ASU.  Both  strains,  AS2,  an  unmanipulated 
natural  isolate  which  flocculated  readily  in  liquid 
media,  and  P.  putida  ASR2.8,  a  transconjugant 
containing  recombinant  plasmid  pDIO,  survived 
for  long  periods  in  the  ASU  and  enhanced  3CB 
breakdown  at  15  C.  If  the  use  of  artificially  intro- 
duced microbial  inoculants  for  the  breakdown  of 
target  pollutants  in  natural  habitats  is  to  be  success- 
ful, such  environmental  factors  as  predation,  com- 
petition, resistance  to  starvation,  motility,  nutrient 
concentration,  presence  of  growth  inhibitors,  and 
physical  factors  such  as  oxygen  concentrations, 
temperature  and  pH  must  be  considered.  (Doyle- 
PTT) 
W9 1-07648 


BIODEGRADATION    OF    MORPHOLINE    IN 
RIVER   WATER   AND  ACTIVATED  SLUDGE. 

Leeds  Univ.   (England).   Dept.   of  Microbiology. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07659 


HAZARDOUS  AND  INDUSTRIAL  WASTES: 
PROCEEDINGS  OF  THE  22ND  MID-ATLAN- 
TIC INDUSTRIAL  WASTE  CONFERENCE. 

Technomic  Publishing  Co.,  Inc.,  Lancaster,  Penn- 
sylvania. 1990.  793p.  Edited  by  Joseph  P.  Martin, 
Shi-Chieh  Cheng  and  Mary  Ann  Susavidge. 

Descriptors:  'Conferences,  'Environmental  pro- 
tection, 'Hazardous  wastes,  'Industrial  wastes, 
'Waste  treatment,  'Wastewater  treatment,  Inciner- 
ation, Regulations,  Rehabilitation,  Resource  Con- 
servation and  Recovery  Act,  Resources  manage- 
ment, Risk  assessment,  Site  remediation,  Sludge 
treatment,  Superfund,  Toxic  wastes,  Waste  man- 
agement, Waste  recovery,  Water  analysis,  Water 
reuse. 

The  Mid-Atlantic  Industrial  Waste  conference  is 
an  annual  gathering  of  consultants,  industrial  envi- 
ronmental managers,  regulators  and  academicians. 
Ideas  and  information  on  dealing  with  modern 
industrial  society  production  byproducts  are  ex- 
changed at  the  conference.  The  program  of  the 
Twenty-Second  Mid-Atlantic  Industrial  Waste 
Conference  reflected  acceptance  and  maturation  of 
environmental  regulation.  The  management  theme 
focused  on  regulatory  implementation  and  compli- 
ance, whereas  the  technical  program  covered 
process  wastewater,  sludge  treatment  and  disposal, 
remediation,  waste  minimization  or  reuse.  The  con- 
ference was  held  July  24-27,  1990  at  Drexel  Uni- 
versity, in  Philadelphia,  PA.  Universities,  govern- 
mental agencies,  and  several  organizations  spon- 
sored the  conference.  Specific  papers  discussed 
regulations,  innovative  treatment,  site  assessment 
and  technology,  waste  minimization  and  resource 
recovery,  risk  assessment,  water  reuse,  remedi- 
ation, treatment  technologies,  sludge  treatment, 
land  disposal,  analytical  procedures,  toxic  materials 
and  thermal  treatment.  (See  W9 1-07663  thru  W91- 
07712)  (Mertz-PTT) 
W9 1-07662 


FEASIBILITY  STUDIES  FOR  THE  REMOVAL 
OF  HEAVY  METALS  FROM  SOLUTION 
USING  TAILORED  BENTONrTE. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Civil  Engineering. 


F.  Cadena,  R.  Rizvi,  and  R.  W.  Peters. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.   1990.  p  77-94.  5  fig,  1  tab,  31  ref. 

Descriptors:  'Adsorption,  'Bentonite,  'Heavy 
metals,  'Wastewater  treatment,  'Water  pollution 
prevention,  'Water  treatment,  Chromium,  Clean- 
up, Environmental  protection,  Lead,  Soil  contami- 
nation, Waste  disposal. 

In  recent  years,  increased  numbers  of  heavy  metal- 
contaminated  soils  have  been  reported.  The  metals 
can  be  assimilated  by  plants,  accumulate  in  soils, 
disperse  into  publicly  owned  treatment  works,  or 
contaminate  the  groundwater.  Common  unit  oper- 
ations for  removal  of  heavy  metals  from  solution 
include  chemical  precipitation,  ion  exchange,  elec- 
trochemical reduction,  reverse  osmosis,  and  acti- 
vated carbon  adsorption.  As  an  alternative  to  these 
technologies,  the  feasibility  of  tailoring  natural 
clays  to  improve  the  adsorption  capacity  of  the 
clays  for  heavy  metals  was  examined.  Such  proce- 
dures, while  ineffective  for  removing  heavy  metals 
from  the  subsurface  environment,  would  effective- 
ly retard  the  movement  of  heavy  metals  through 
the  unsaturated  (vadose)  zone  of  the  soil  to  the 
groundwater.  The  adsorption  of  lead  and  chromi- 
um onto  bentonite  clay  which  was  tailored  using 
tetramethyl  ammonium  ions  was  examined.  Results 
indicate  that  the  tailoring  process  drastically  in- 
creased the  removal  of  lead  from  solution  by  ad- 
sorption onto  the  bentonite  clay.  The  addition  of 
the  tetramethyl  ammonium  ions  as  the  tailoring 
agent  greatly  enhanced  the  adsorption  capacity  for 
chromium.  The  optimal  tetramethyl  ammonium 
ions:cation  exchange  capacity  ratio  was  35%  for 
lead  and  8%  for  chromium.  The  linear  partition 
coefficient  was  increased  by  factors  of  18.4  for  lead 
and  1.4  for  chromium,  as  compared  to  no  tailoring 
agent  addition.  Modeling  the  heavy  metal  adsorp- 
tion using  the  Fruendlich  isotherm  indicated  that 
the  adsorption  of  lead  was  favorable  at  low  tetra- 
methyl ammonium  ions  dosages,  while  the  adsorp- 
tion of  chromium  was  nearly  linear.  (See  also  W91- 
07662)  (Mertz-PTT) 
W9 1-07668 


UTILIZING  HIGH  ENERGY  ELECTRONS  FOR 
TREATMENT  OF  INDUSTRIAL  WASTES  CON- 
TAINING NON-BIODEGRADABLE  ORGANIC 
COMPOUNDS. 

Miami  Univ.,  Coral  Gables,  FL. 
T.  D.  Waite,  C.  N.  Kurucz,  and  W.  J.  Cooper. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  95-99.  2  fig,  4  ref. 

Descriptors:  'Electron  irradiation,  'Hazardous 
wastes,  'Industrial  wastes,  'Irradiation,  'Waste 
treatment,  'Wastewater  treatment,  Chemical  reac- 
tions, Effluents,  Electron  accelerator,  Hazardous 
waste  disposal,  Organic  wastes,  Toxic  wastes. 

Innovative  technologies  for  the  treatment  of  waste 
effluents,  especially  those  containing  hazardous 
wastes,  are  rapidly  being  explored.  One  process 
that  has  emerged  is  the  utilization  of  high  energy 
electrons  for  destruction  of  non-biodegradable  or- 
ganics in  aqueous  systems.  Electron  beam  irradia- 
tion of  wastewater  effluents  containing  several  haz- 
ardous organic  compounds  was  examined.  The 
electron  accelerator  utilized  was  a  full  scale  accel- 
erator unit  treating  approximately  120  gallons  per 
minute.  The  electron  accelerator  was  a  1.5  million 
electronvolt  beam  rated  at  50  milliamps  output, 
therefore,  the  power  of  this  machine  was  75  kilo- 
watts. Depending  on  the  flow  present  to  the  beam, 
this  system  was  capable  of  continuously  delivering 
between  0  and  850  kilorads  of  absorbed  dose.  Haz- 
ardous chemicals  were  injected  into  influent 
streams  and  were  then  passed  through  the  electron 
beam  via  a  weir  delivery  system.  Results  showed 
that  electron  beam  irradiation  of  wastewater  con- 
taining hazardous  organics  is  an  effective  treatment 
mechanism.  The  electron  beam  process  is  essential- 
ly insensitive  to  effluent  quality  with  effective  re- 
moval observed  in  both  clean  water  streams,  as 
well  as  in  raw  domestic  sewage.  In  addition,  be- 
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cause  both  aqueous  electrons  and  hydroxyl  radicals 
are  formed  upon  electron  radiation  of  water,  most 
organic  compounds  are  destroyed  readily  even 
though  only  one  reactive  species  is  dominant  in  the 
reaction.  It  appears,  therefore,  that  electron  beam 
irradiation  is  an  innovative  technology  that  has 
tremendous  potential  for  solving  many  organic 
waste  problems  especially  those  situations  where 
toxic  or  hazardous  organics  are  involved.  (See  also 
W9 1-07662)  (Mertz-PTT) 
W9 1-07669 


ECONOMIC  ANALYSIS  OF  WASTEWATER 
SYSTEM  RETROFITS  FOR  THE  METAL  SUR- 
FACE FINISHER. 

JACA  Corp.,  Fort  Washington,  PA. 
T.  Daily. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  129-143.  3  fig,  7  tab. 

Descriptors:  *Cost  analysis,  "Industrial  wastes, 
•Metal-finishing  wastes,  *Wastewater  disposal, 
•Wastewater  treatment,  Cost  savings,  Costs,  Eco- 
nomic aspects,  Feasibility  studies,  Future  planning, 
Operating  costs. 

Metal  finishing  and  coating  plant  managers  are 
facing  escalating  costs  for  the  disposal  of 
wastewater  generated  in  their  production  process- 
es. This  trend  is  expected  to  continue  over  the 
foreseeable  future.  With  disposal  costs  increasing, 
retrofit  technologies,  treatment  techniques,  and 
equipment  options  that  in  the  past  have  not  been 
economical,  have  become  more  attractive  as  an 
investment  opportunity  for  reducing  overall 
wastewater  disposal  costs.  Engineers  faced  with 
the  task  of  finding  ways  to  reduce  overall  plant 
costs  can  turn  to  the  waste  disposal  system  as  a 
way  of  generating  savings.  Economic  analysis  can 
be  used  as  a  quantitative  method  to  rank  invest- 
ment options  monetarily.  An  economic  analysis 
lists  all  increases  and  decreases  in  operating  costs 
and  production  for  all  retrofit  alternatives.  Operat- 
ing costs  that  can  be  impacted  by  segregation  of  a 
wastewater  are:  sludge  disposal  costs;  increased 
labor  for  maintenance  and  equipment  operation; 
decreased  labor  due  to  the  requirement  for  less 
operator  attention;  and  increased  treatment  chemi- 
cal costs.  Operating  costs  that  can  be  influenced  by 
the  removal  of  contamination  from  a  process  bath 
are:  decreased  sludge  volume;  increased  labor  for 
the  operation  and  maintenance  of  retrofit  equip- 
ment; increased  disposal  costs;  reduced  process 
chemical  usage  from  return  of  process  chemicals 
and  less  frequent  dumps;  reduced  operating  tem- 
peratures; reduced  wastewater  treatment  chemi- 
cals; and  reduced  quantities  of  wastewater  dis- 
charges to  publicly  owned  treatment  works.  Oper- 
ating costs  affected  by  waste  minimization  are: 
decreased  sludge  generation,  increased  energy 
usage,  and  increased  labor  costs.  There  are  some 
good  retrofits  available  to  a  metal  surface  finishing 
plant.  For  planning  purposes,  rough  budgetary 
analysis  can  be  used  to  determine  which  alterna- 
tives to  study.  Once  an  alternative  starts  to  become 
economically  feasible,  a  more  detailed  study  is 
required.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07672 


TREATMENT  SYSTEM  BRINGS  GAS  MANU- 
FACTURER INTO  COMPLIANCE. 

Holston  Gases,  Inc.,  Knoxville,  TN. 
K.  Wilson,  and  W.  E.  Griggs. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  144-154.  4  fig,  4  tab. 

Descriptors:  •Acetylene,  'Industrial  wastes, 
•Sludge  disposal,  *Sludge  treatment,  'Tennessee, 
•Wastewater  treatment,  Filter  presses,  Permits, 
Sludge  cake,  Sludge  drying,  Wastewater  treatment 
facilities,  Water  reuse. 

A  Knoxville,  Tennessee  based  gas  manufacturing 
facility  faced  stiff  fines  from  the  State's  Division  of 
Water  Pollution  Control  for  discharging  process 
wastewater  to  the  Tennessee  River.  The  discharge 
was  generated  from  the  production  of  acetylene 


gas.  The  resulting  wastewater  consisted  of  a  lime 
slurry  referred  to  as  carbide  lime.  A  study  was 
authorized  to  determine  the  actions  necessary  to 
obtain  a  National  Pollutant  Discharge  Elimination 
System  Permit  or  the  pretreatment  requirements 
necessary  for  discharge  into  the  municipal  sewer. 
It  was  decided  to  eliminate  a  surface  discharge  and 
to  thicken  the  resulting  sludge  to  facilitate  its  dis- 
posal at  the  local  landfill.  An  average  of  33,090 
pounds  per  month  of  calcium  carbide  is  generated 
into  acetylene,  creating  an  average  of  19.7  tons  of 
sludge  per  month.  If  the  settled  sludge  is  38% 
solids  and  weighs  approximately  10  pounds  per 
gallon,  then  the  daily  sludge  production  is  504 
gallons  per  day.  The  design  press  size  required  was 
determined  to  be  16.9  cubic  feet.  A  Shriver  Model 
M800FB  filter  press  was  installed.  The  press  can 
dewater  unsettled  lime  slurry  in  less  than  an  hour. 
The  resulting  cake  is  dry  enough  to  be  broken  into 
pieces  by  hand.  The  treatment  system  produces  a 
water  of  such  quality  as  to  permit  it  to  be  recycled 
and  reused  in  the  acetylene  production  process. 
The  potential  fines  associated  with  either  a  Nation- 
al Pollutant  Discharge  Elimination  System  Permit 
or  a  pretreatment  permit  are  eliminated  along  with 
the  monitoring  and  reporting  requirements  of  such 
permits.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07673 


BIOLOGICAL  TREATMENT  OF  AN  EXPLO- 
SIVES PRODUCTION  WASTEWATER. 

Army    Biomedical    Research    and    Development 
Lab.,  Fort  Detrick,  MD. 
W.  D.  Burrows. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  339-354.  7  fig,  4  tab,  12  ref. 

Descriptors:  *Activated  sludge  process,  *Chemical 
wastewater,  *Explosives,  'Industrial  wastewater, 
•Munitions  wastes,  *  Wastewater  treatment,  Aero- 
bic treatment,  Clarifiers,  Filters,  Hazardous  wastes, 
Organic  compounds,  Wastewater  facilities. 

In  producing  approximately  10,000,000  kg/month 
of  crude  RDX  (hexahydro-l,3,5-trinitro-l,3,5-tria- 
zine)  and  HMX  (octahydro- 1,3,5, 7-tetranitro- 
1,3,5,7-tetrazocine)  explosives,  the  Holston  Army 
Ammunition  Plant  (HSAAP)  employs  the  Bach- 
man  process,  whereby  hexamethylenetetramine  is 
nitrated  with  nitric  acid  and  ammonium  nitrate  in 
the  presence  of  acetic  anhydride.  In  1983,  HSAAP 
put  into  operation  the  first  advanced  wastewater 
treatment  system  serving  a  Bachman  facility.  The 
U.S.  Army  Biomedical  Research  and  Development 
Laboratory  has  undertaken  an  evaluation  of  the 
major  unit  processes  of  this  system  in  order  to 
provide  guidance  for  selection  of  appropriate  tech- 
nologies for  treating  wastewaters  at  a  projected 
new  RDX  manufacturing  plant.  The  Holston 
wastewater  treatment  plant  is  a  well-constructed 
facility  of  conventional  design,  built  to  accommo- 
date half  the  average  wastewater  flow  of  0.56 
cubic  m/second  projected  for  full  mobilization  and 
now  receiving  an  average  of  0.22  cubic  m/second, 
or  80%  of  capacity,  at  15%  mobilization.  The 
activated  sludge  system  has  consistently  achieved 
nearly  complete  removal  of  biodegradable  organ- 
ics using  less  than  the  available  aeration  capacity; 
and  clarifiers,  dual  media  filters,  and  sludge  han- 
dling facilities  have  performed  satisfactorily.  Expe- 
rience at  the  Holston  provides  limited  guidance  for 
construction  of  a  treatment  plant  at  the  new  RDX 
facility,  where  the  wastewater  is  expected  to  be 
several  times  stronger  with  respect  to  soluble  pa- 
rameters. The  combination  of  aerobic  filter  and 
aeration  basins  will  probably  reduce  degradable 
organics  in  the  stronger  wastewater  to  an  accepta- 
ble level;  but  it  is  recommended  that  a  combined 
aerobic/anoxic  alternative,  such  as  a  sequencing 
batch  reactor  or  a  continuous  oxidation  ditch,  be 
given  serious  consideration.  (See  also  W9 1-07662) 
(Mertz-PTT) 
W91-07685 

TOXICITY  REDUCTION  THROUGH  AN  AER- 
ATED SUBMERGED  BIOLOGICAL  FILTER 
TREATING  WASTEWATER  FROM  AN  OIL 
REFINERY  SOUR  WATER  STRIPPING  UNIT. 

Oklahoma  State  Univ.,  Stillwater.  School  of  Civil 


Engineering. 

C.  G.  Carroll,  J.  N.  Veenstra,  and  S.  L.  Burks. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  355-376.  11  fig,  8  tab,  12  ref. 

Descriptors:  *Biological  wastewater  treatment, 
•Hazardous  wastes,  'Industrial  wastes,  *Oil  refin- 
eries, *Toxic  wastes,  'Wastewater  treatment,  Aer- 
ation, Biological  filters,  Organic  compounds,  Sour 
water,  Toxicity,  Waste  treatment. 

Attempts  were  made  to  reduce  the  toxicity,  as 
determined  by  acute  biological  assays,  of 
wastewater  coming  from  a  sour  water  stripping 
unit  at  an  oil  refinery.  The  oil  refining  industry 
seldom  had  trouble  meeting  traditional  standards, 
but  has  great  difficulty  meeting  the  new  toxicity 
standards.  When  refineries  crack  hydrocarbons, 
steam  is  used  to  strip  out  the  ammonia,  phenols, 
and  hydrogen  sulfides  produced  by  the  process. 
The  steam  is  then  condensed  and  becomes  sour 
water  which  contains  high  concentrations  of  the 
compounds  as  well  as  a  large  quantity  of  other 
organic  compounds.  Research  indicates  a  major 
portion  of  the  toxicity  in  this  waste  stream  may  be 
attributed  to  the  base  neutral,  methylene  chloride 
extractable,  nonpolar  organic  fraction.  Background 
information  was  examined  concerning  the  compo- 
sition of  the  sour  water  waste  stream,  its  toxicity, 
and  preliminary  treatability  data.  The  efficiency  of 
an  aerated  submerged  biological  filter  was  exam- 
ined as  a  means  of  reducing  toxicity  in  the  sour 
water  stripper  waste  stream.  The  aerated  sub- 
merged biological  filter  unit  incorporates  features 
of  both  fixed-film  and  completely-mixed  activated 
sludge  units.  The  aerated  submerged  biological 
filter  unit  was  definitely  reducing  the  toxicity  of 
the  waste  stream  in  almost  all  cases.  Because 
wastewaters  coming  directly  off  of  a  process  unit 
were  treated  in  this  experiment,  the  absence  of 
huge  decreases  in  toxicity  should  not  necessarily 
be  taken  as  a  sign  of  poor  reactor  performance. 
The  aerated  submerged  biological  filter  has  defi- 
nite potential  in  terms  of  both  economics  and  treat- 
ment efficiency  due  to  its  compact  size,  ease  of 
operation  relative  to  other  biological  systems,  its 
demonstrated  ability  to  remove  toxicity  from  a 
waste  stream,  and  the  option  to  run  the  units  is 
series  or  parallel  depending  on  waste  strength.  (See 
also  W9 1-07662)  (Mertz-PTT) 
W9 1-07686 


TREATABILITY  OF  A  FRENCH  INDUSTRIAL 
LANDFILL  LEACHATE  USING  A  BIOLOGI- 
CAL TRICKLING  FILTER. 

Institut  National  des  Sciences  Appliquees  de  Lyon, 
Villeurbanne  (France).  Lab.  de  Chimie  et  Genie  de 
l'Environnement. 

P.  Eyraud,  C.  Cornel,  and  J.  Veron. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  377-397.  6  fig,  2  tab,  25  ref. 

Descriptors:  'Biological  filters,  'Landfills,  *Lea- 
chates,  'Trickling  filters,  'Wastewater  treatment, 
'Water  pollution  prevention,  Aerobic  treatment, 
Flow  rates,  France,  Industrial  wastes,  Pilot  plants, 
Waste  load. 

A  the  center  of  concerns  about  landfill  manage- 
ment is  an  awareness  of  the  potential  problems 
caused  to  the  environment  by  leachates  from  land- 
fills. In  France,  as  in  the  U.S.,  such  concerns  have 
led  to  increased  technical  study  of  approaches  to 
leachate  treatment.  Biological  treatment  of  landfill 
leachate  using  a  trickling  filter  was  investigated. 
The  Mennevill  landfill  is  located  in  the  northeast  of 
France  where  the  meteorological  conditions  are 
often  rainy  and  during  the  winter  period  the  tem- 
peratures are  low.  The  rainy  conditions  lead  to  a 
large  amount  of  leachate.  The  pilot  scale  apparatus 
was  a  two-stage  aerobic  biological  trickling  filter. 
The  reactors  were  both  composed  of  a  cylinder  of 
1  m  external  diameter  and  2.25  m  height  that  could 
easily  contain  2  cubic  m  of  support  and  the 
wastewater  sprinkling  system  and  a  cylindrical 
conical  settling  tank.  Treatment  occurs  with  rela- 
tively high  flow  rates  and  therefore  could  be  im- 
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plemented  on  a  site  that  produces  large  volumes  of 
leachates.  The  flow  rate  was  closely  related  to  the 
pilot  efficiency  and,  if  no  other  parameters  are 
modified,  an  increase  in  the  flow  rate  induces  a 
reduction  of  the  treatment  effectiveness.  These  re- 
sults emphasize  the  fact  that  all  the  parameters 
overlap  in  such  a  reactor,  therefore,  to  manage  the 
treatment  correctly  all  the  parameters  must  be 
considered  in  order  to  have  an  optimum  efficiency. 
This  can  be  accomplished  by  computerizing  the 
pilot  plant.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07687 


ROTATING  BIOLOGICAL  CONTACTOR 
TREATMENT  OF  2-NITROPHENOL  AND  2- 
CHLOROPHENOL  CONTAINING  HAZARD- 
OUS WASTES. 

New   Haven   Univ.,   West   Haven,   CT.   Dept.   of 
Civil  and  Environmental  Engineering. 
R.  Y.  Tokuz. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  398-411.  5  fig,  4  tab,  10  ref. 
National  Science  Foundation  grand  ECE-8512733. 

Descriptors:  "Activated  sludge  process,  •Biologi- 
cal treatment,  'Contactors,  'Hazardous  wastes, 
•Phenols,  'Wastewater  treatment,  Biofilms,  Bio- 
mass,  Chemical  oxygen  demand,  Energy  use  effi- 
ciency, Shock  loads,  Waste  treatment. 

Rotating  Biological  Contactors  have  a  number  of 
advantages  over  other  biological  treatment  sys- 
tems. They  can  provide  high  treatment  efficiencies 
of  activated  sludge  systems  with  much  lower 
energy  inputs.  Organic  shock  loads  are  handled 
well  because  large  biomass  is  present.  No  bulking, 
foaming,  or  floating  of  sludge  occurs  and  sludge 
has  good  settleability  and  dewaterability.  Another 
advantage  of  rotating  biological  contactor  systems 
is  the  minimal  labor  requirement  for  operation  and 
maintenance.  Two  pilot-scale  rotating  biological 
contactor  units  with  0.5-m  diameter  discs  arranged 
in  four  stages  were  used.  The  discs  rotated  at  a 
speed  of  four  revolutions  per  minute.  Total  surface 
area  of  the  discs  was  approximately  250  square  feet 
and  liquid  capacity  of  each  rotating  biological  con- 
tactor was  about  140  L.  A  synthetic  wastewater 
was  used.  Activated  sludge  taken  from  a  local 
wastewater  treatment  plant  and  a  water-mud  mix- 
ture collected  from  a  pond  were  used  as  seed.  The 
biofilm  was  allowed  to  form  on  the  discs  for  a 
period  of  over  three  months  before  2-nitrophenol 
or  2-chlorophenol  was  added  to  the  influent.  Re- 
sults showed  that  2-nitrophenol  did  not  affect  ro- 
tating biological  contactor  system  performance  ad- 
versely, and  chemical  oxygen  demand  removal 
rates  near  90%  were  obtained  in  the  presence  of 
about  1 1  mg/L  of  this  compound.  A  significant 
amount  of  2-nitrophenol  could  be  removed  in  ro- 
tating biological  contactors.  2-nitrophenol  removal 
efficiencies  obtained  during  this  study  were  88% 
or  better.  2-chlorophenol  did  not  affect  the  per- 
formance of  the  rotating  biological  contactor 
system  adversely,  and  high  (above  85%)  chemical 
oxygen  demand  removal  efficiencies  could  be  ob- 
tained in  the  presence  of  approximately  3  mg/L  of 
this  compound.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07688 


LEACHATE  PRETREATMENT  BY  ANAERO- 
BIC TECHNOLOGY  IS  COST  EFFECTIVE. 

Larsen  Engineers,  Rochester,  NY. 
N.  Sathiyakumar,  and  S.  R.  Shrivastava. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.   1990.  p  412-421.  2  fig,  4  tab,  4  ref. 

Descriptors:  'Aerobic  treatment,  'Biological  treat- 
ment, 'Cost  analysis,  'Leachates,  'Wastewater 
treatment,  Anaerobic  treatment,  Dissolved  oxygen, 
Economic  aspects,  Landfills,  Performance  evalua- 
tion, Pretreatment  of  wastewater,  Wastewater  dis- 
posal. 

The  typical  landfill  of  the  past  was  not  designed 
with  provisions  for  leachate  collection  and  control. 
Retrofit  leachate  collection  systems,  that  may  be 
required  for  closure  of  old  landfills,  make  neces- 


sary a  safe  disposal  facility  for  collected  leachate. 
Landfills  with  collection  systems  in  place  still  re- 
quire a  safe,  economical  disposal  alternative. 
Leachate  can  often  be  treated  with  the  same  proc- 
esses used  for  industrial  waste  water.  As  the  leach- 
ate is  so  diverse  in  volume,  type,  and  concentration 
of  contaminants,  a  wide  variety  of  treatment  proc- 
esses may  be  needed  to  achieve  the  desired  effluent 
quality.  Available  options  to  treat  leachate  can  be 
broadly  classified  into  on-site  or  off-site  treatment 
systems.  The  two  basic  biological  treatment  proc- 
esses available  for  treating  leachate  are  the  aerobic 
and  anaerobic  treatment  processes.  Aerobic  treat- 
ment of  leachate  has  several  limitations.  The  proc- 
ess requires  excessive  electricity  to  maintain  the 
necessary  dissolved  oxygen.  Typically  4-20  times 
more  sludge  is  produced  compared  with  anaerobic 
treatment.  More  nutrients  are  required  for  aerobic 
treatment  than  anaerobic  treatment.  High  strength 
waste  may  be  difficult  to  handle  and  the  process  is 
more  sensitive  to  environmental  parameters  such 
as  temperature  and  loading  variations  than  anaero- 
bic treatment.  Treatment  of  leachate  by  anaerobic 
process  has  several  advantages.  Reduced  operation 
and  maintenance  costs  mean  lower  sewer  user  fees. 
There  is  less  sludge  production  than  aerobic  treat- 
ment and  improved  sludge  dewaterability.  More 
stable  system-seasonal  and  intermittent  operation  is 
possible  and  a  90%  conversion  of  biodegradable 
chemical  oxygen  demand  to  methane  is  possible 
with  anaerobic  treatment.  The  characteristics  of 
the  leachate,  the  number  and  nature  of  landfill  sites 
from  which  the  leachate  is  produced,  the  proximi- 
ty of  the  landfill  sites  to  a  publicly  owned  treat- 
ment works,  and  the  availability  of  receiving 
streams  for  ultimate  disposal  of  treated  leachate  are 
a  few  considerations  that  dictate  the  mode  by 
which  leachate  can  be  treated.  (See  also  W91- 
07662)  (Mertz-PTT) 
W9 1-07689 


DEWATERING  CHARACTERISTICS  OF 
NICKEL  HYDROXIDE  SLUDGES  WITH  PRE- 
FORMED FERRIC  HYDROXIDE  SLUDGE 
SOLIDS. 

Environmental  and  Ecological  Engineers,  Inc., 
Pullman,  WA. 

S.  V.  Arumugam,  and  S.  K.  Bhagat. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  485-500.  10  fig,  2  tab,  21  ref. 

Descriptors:  'Heavy  metals,  'Industrial  wastes, 
'Metal  sludges,  'Metal-finishing  wastes,  'Sludge 
drying,  'Sludge  treatment,  'Wastewater  treatment, 
Filtration,  Hydrogen  ion  concentration,  Iron, 
Nickel,  Particle  size,  Turbidity. 

Many  factors  are  known  to  influence  the  dewater- 
ing characteristics  of  metal  sludges,  including  feed 
solids  concentration,  mixing  time,  mixing  intensity, 
chemical  conditioning,  filtration  area,  filtrate  vis- 
cosity, final  pH  of  the  system,  particle  size  and 
distribution,  particle  density,  and  the  surface  prop- 
erties. The  effect  of  variables  such  as  feed  solids 
concentration  of  nickel  hydroxide  sludge,  pre- 
formed ferric  hydroxide  sludge  solids  (condition- 
ing aid),  and  the  final  pH  of  the  sludge  mixture 
appear  to  affect  significantly  the  filterability  of 
nickel  hydroxide  sludge.  Stock  suspensions  of 
nickel  hydroxide  and  ferric  hydroxide  were  gener- 
ated using  a  jar  test  apparatus  by  precipitating  the 
corresponding  salt  with  sodium  hydroxide  and  by 
settling  for  24  hours.  Dissolved  solids  were  main- 
tained at  approximately  constant  value  for  stock 
sludge  suspensions.  Test  suspensions  were  pre- 
pared by  appropriate  dilution  according  to  the 
requirements  for  experimental  design.  Preformed 
ferric  hydroxide  sludge  solids  enhanced  the  dewa- 
tering  rate  and  improved  the  filtrate  turbidity 
markedly.  Other  factors  such  as  pH  and  feed  solids 
concentration  influence  filtration  characteristics, 
especially,  an  increase  in  feed  solids  concentration 
definitely  improves  the  dewatering  rate.  An  in- 
crease in  pH  of  the  influent  solids  concentration 
above  the  optimum  value  severely  affects  the 
dewatering  characteristics  investigated  in  this 
work.  Results  obtained  demonstrate  the  benefits  of 
recycling  preformed  ferric  hydroxide  sludge  for 
dewatering  of  metal  sludges  to  apply  in  the  field. 
(See  also  W9 1-07662)  (Mertz-PTT) 


W9 1-07695 


NIAGARA  FALLS  EVALUATES  UNIQUE  AP- 
PROACH TO  REDUCING  HIGH  SLUDGE  DIS- 
POSAL COSTS. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-07697 


TESTING  FOR  MICROBIOLOGICAL  INHIBI- 
TION IN  WASTEWATERS. 

Westinghouse    Environmental    and    Geotechnical 
Services,  Inc.,  Ambler,  PA. 
R.  E.  Lees. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  645-654.  3  fig,  5  tab,  9  ref. 

Descriptors:  'Activated  sludge  process,  'Biologi- 
cal wastewater  treatment,  'Inhibition, 
•Wastewater  analysis,  'Wastewater  treatment,  Bi- 
ological oxygen  demand,  Hydrogen  ion  concentra- 
tion, Industrial  wastes,  Landfills,  Microorganisms, 
Pulp  wastes. 

The  Microbiological  Inhibition  Testing  Procedure 
is  a  simple  and  effective  screening  tool  for  assess- 
ing inhibition  of  wastewaters  on  aerobic  biological 
treatment  systems.  This  batch  inhibition  test  proce- 
dure was  conducted  on  an  industrial  landfill  leach- 
ate waste  stream  and  a  pulp  and  paper  mill  waste 
stream.  If  the  wastewater  being  tested  for  inhibi- 
tion is  being  evaluated  for  treatment  at  the  local 
publicly  owned  treatment  works,  then  the  munici- 
pal microbial  culture  from  that  local  treatment 
plant  should  be  used  as  the  biological  culture  in  the 
test.  For  the  toxicity  test  involving  the  landfill 
leachate  studied,  activated  sludge  mixed  liquor 
from  the  local  publicly  owned  treatment  works 
was  used.  Mixed  liquor  from  the  on-site  aerated 
lagoon  was  used  for  the  pulp  and  paper  toxicity 
test.  Approximately  three  gallons  of  wastewater 
specimen  is  required  to  conduct  the  test.  The  pH 
of  the  wastewater  should  be  measured,  and  if  out- 
side the  range  of  6.5-7.5,  it  should  be  adjusted.  A 
range  of  wastewater  specimen  volumes  is  added  to 
biological  oxygen  demand  bottles.  The  biological 
oxygen  demand  bottles  are  incubated  at  20  C  for 
three  days,  at  which  time  the  final  dissolved 
oxygen  measurement  is  recorded  on  the  bottles. 
The  residual  dissolved  oxygen  is  plotted  on  semi- 
log paper  against  the  percent  volume  of  the 
wastewater  specimen.  Use  of  the  inhibition  testing 
procedure  on  the  industrial  landfill  leachate  waste 
stream  demonstrated  that  the  waste  stream  exhibit- 
ed no  inhibitory  characteristics.  In  contrast,  the  use 
of  the  same  procedure  demonstrated  that  the  waste 
stream  from  a  pulp  and  paper  mill  showed  slight 
inhibitory  characteristics  at  dilutions  greater  than 
30%.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07705 


SUSPENDED  SOLIDS  EVALUATION  OF  A 
HIGHLY  SALINE  ORGANIC  INDUSTRIAL 
WASTE. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Civil  Engineering. 

D.  D.  Truax,  H.  S.  Sartain,  and  J.  H.  Davidson. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.   1990.  p  655-668.  7  fig,  2  tab,  5  ref. 

Descriptors:  'Chemical  industry,  'Industrial 
wastes,  'Organic  wastes,  'Suspended  solids, 
•Wastewater  analysis,  Industrial  wastewater,  Lab- 
oratory methods,  Nitrogen  compounds.  Regula- 
tions, Wastewater  disposal,  Water  quality  stand- 
ards. 

A  research  project  was  conducted  for  a  private 
chemical  company  in  its  effort  to  better  character- 
ize and  control  wastewater  discharges.  This  indus- 
try is  a  major  producer  of  nitrobenzene,  nitrotolu- 
ene,  aromatic  amines  and  certain  organic  specialty 
chemicals.  Among  new  permit  limits  were  restric- 
tions on  total  suspended  solids.  In  the  past,  total 
suspended  solids  determination  for  the  plant  efflu- 
ent was  conducted  by   the  industry  and  several 
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private  laboratories.  Some  analyses  showed  vari- 
ations in  the  concentrations  from  50  to  100%  for 
the  same  sample.  Because  of  this  analytical  prob- 
lem, and  the  stricter  permit  requirements,  the  in- 
dustry undertook  a  program  to  improve  its  meas- 
urement of  total  suspended  solids.  Two  approaches 
were  explored.  The  first  was  to  evaluate  the  differ- 
ent procedural  variables  which  are  involved  in 
performing  total  suspended  solids  in  accordance 
with  standard  laboratory  procedures.  The  impact 
of  variations  in  drying  times,  vacuum  pressure  and 
wash  volumes  were  specifically  examined.  The 
second  was  to  investigate  the  use  of  a  nephelome- 
tric measurement  for  solids.  Based  on  the  results  of 
this  work,  three  important  criteria  were  defined  for 
obtaining  accurate  total  suspended  solids  measure- 
ments. First,  a  wash  volume  of  100  ml  needs  to  be 
used  to  optimize  the  dissolved  solids  wash  down  to 
the  filtrate.  Secondly,  a  drying  time  of  at  least  two 
hours  should  be  used  before  pads  are  removed, 
cooled  and  weighed.  After  this  duration,  pads  meet 
the  uniform  weight  criterion.  Finally,  an  optimum 
vacuum  pressure  of  10-15  inches  of  mercury  was 
determined.  This  allowed  proper  drawdown  of 
dissolved  solids.  If  these  guidelines  are  followed, 
accurate  results  should  be  attainable.  Results  also 
showed  that  nephelometric  measurement  of  turbid- 
ity is  an  inappropriate  measure  of  suspended  solids 
if  activated  carbon  particulate  might  be  present  in 
the  sample.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07706 


SELECTION  OF  AIR  FLOW  RATES  AND  CUL- 
TURES FN  AEROBIC  BIOTOWERS  FOR  RE- 
MOVAL OF  HYDROCARBONS  FROM 
WASTEWATERS. 

Pittsburgh  Univ.,  PA.  Dept.  of  Civil  Engineering. 
For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07707 


ROTARY  KILN  INCINERATION  SYSTEMS: 
OPERATING  TECHNIQUES  FOR  IMPROVED 
PERFORMANCE. 

Four  Nines,  Inc.,  Plymouth  Meeting,  PA. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-077 11 


RECYCLING  OF  INSULATION  FIBERGLASS 
WASTE  WITH  A  NEW  VITRIFICATION  PROC- 
ESS. 

Vortec  Corp.,  Collegeville,  PA. 
J.  G.  Hnat,  W.  F.  Olix,  L.  M.  Bartone,  W.  F. 
Talley,  and  A.  Magley. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  759-774.  3  fig,  2  tab,  2  ref. 
DOE  Contract  DE-AC01-89ER80817. 

Descriptors:  'Fiberglass,  'Melting,  'Recycling, 
'Vitrification,  'Waste  recovery,  'Waste  utiliza- 
tion, Feasibility  studies,  Incineration,  Pilot  plants, 
Waste  disposal,  Waste  treatment,  Waste  treatment 
facilities. 

The  research  and  development  activities  complet- 
ed under  the  first  phase  of  a  Small  Business  Inno- 
vation Research  program  for  the  development  of 
an  Innovative  Coal-Fired  Vitrification  Technology 
for  Waste  Fiberglass  Recycling  were  to  determine 
if  glass  cullet  or  frit  of  satisfactory  quality  for 
recycling  back  to  a  fiberglass  manufacturing  facili- 
ty can  be  produced  from  waste/scrap  fiberglass  by 
incineration  and  melting  in  a  Vortec  Cyclone  Melt- 
ing System  using  coal  as  the  primary  fuel.  The 
following  activities  were  performed  under  the  first 
phase  of  the  project:  (1)  size  reduction  and  prepa- 
ration of  waste/scrap  fiberglass  material  obtained 
from  a  fiberglass  manufacturer,  (2)  incineration  and 
melting  testing  of  the  waste  fiberglass  material  in  a 
pilot  scale  Vortec  Cyclone  Melting  System,  (3) 
chemical  analysis  of  the  cullet-frit  produced  and 
the  measurement  and  analysis  of  flue  gas  emissions 
from  the  process,  and  (4)  a  preliminary  economic 
evaluation  of  alternatives  for  integrating  a  coal- 
fired  waste  incineration/melting  system  into  glass 
manufacturing  facilities  with  conventional  fur- 
naces. The  results  of  the  program  were  reviewed 
with  a  major  fiberglass  manufacturer  to  assess  the 
technical  and  economic  feasibility  of  the  process. 


Based  on  the  successful  results  obtained  during  the 
feasibility  phase  of  the  program,  a  second  follow- 
on  effort  has  been  initiated  and  is  currently  in 
progress.  The  second  phase  of  the  program  will 
focus  on  improvement  and  optimization  of  the 
process  via  testing  with  a  commercial  scale  pilot 
plant.  The  use  of  coal  as  a  fuel  in  the  recycling  of 
fiberglass  waste  products  can  provide  the  glass 
industry  with  an  abundant  and  inexpensive  source 
of  fuel,  and  the  multi-fuel  capable  Vortec  Cyclone 
Melting  System  provides  the  glass  manufacturer 
with  several  options  with  regard  to  future  fuel 
utilization.  (See  also  W9 1-07662)  (Author's  ab- 
stract) 
W9 1-077 12 


RATE  OF  BIODEGRADATION. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07776 


METHODOLOGY  FOR  DEVELOPING  BEST 
DEMONSTRATED  AVAILABLE  TECHNOLO- 
GY (BDAT)  TREATMENT  STANDARDS. 

Environmental    Protection   Agency,    Washington, 

DC.  Office  of  Solid  Waste. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07808 


FINAL  BEST  DEMONSTRATED  AVAILABLE 
TECHNOLOGY  (BDAT)  BACKGROUND  DOC- 
UMENT FOR  WASTES  FROM  THE  PRODUC- 
TION OF  1,1,1-TRICHLOROETHANE:  K028, 
K029,  K095,  AND  K096. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Solid  Waste. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07809 


EFFECT  OF  TEMPERATURE  AND  PH  ON 
THE  SETTLING  BEHAVIOR  OF  A  FLOCCU- 
LENT  STRAIN  OF  ZYMOMONAS  MOBILIS. 

Universidade     Federal    de    Pernambuco,     Recife 

(Brazil).  Dept.  de  Antibioticos. 

C.  E.  Lopes,  G.  M.  T.  Calazans,  E.  M.  M.  M.  Rios, 

and  T.  F.  Carlos. 

Biotechnology  Letters  BILED3,  Vol.  13,  No.  1,  p 

43-46,  January  1991.  3  fig,  6  ref. 

Descriptors:  'Bacteria,  'Flocculation,  'Settling 
velocity,  'Wastewater  treatment,  'Water  treat- 
ment, 'Zymomonas,  Culturing  techniques,  Growth 
media,  Hydrogen  ion  concentration,  Temperature, 
Yeasts. 

The  batch  settling  technique  was  used  to  study  the 
effect  of  temperature  and  pH  on  the  settling  behav- 
ior of  a  flocculant  strain  of  the  bacterium  Zymo- 
monas Zl-81.  The  batch  settling  curve  remained 
stable  in  the  temperatures  range  of  30  C  to  40  C. 
The  sedimentation  rate  was  enhanced  by  increas- 
ing the  temperature  above  this  range;  the  reason 
for  this  phenomenon  is  unclear.  It  was  found  that 
pH  plays  a  less  significant  role  than  temperature  on 
the  batch  settling  curve.  Sedimentation  behavior 
was  unaffected  by  pH  variation  in  the  range  from 
5.0  to  3.0.  An  effect  was  noted  when  pH  reached 
values  near  1.0,  although  the  effect  was  less  than 
expected.  Compared  to  yeast  flocculation,  Zymo- 
monas mobilis  flocculation  displayed  a  significantly 
higher  pH  stability.  The  influence  of  the  composi- 
tion of  the  growth  medium  was  significantly  great- 
er than  that  of  temperature  or  pH.  (Doria-PTT) 
W9 1-07853 


EFFECTS  OF  NICKEL,  CHROMIUM  AND  INI- 
TIAL FEED  CONCENTRATION  ON  THE 
BATCH  GROWTH  OF  A  MICROBIAL  CON- 
SORTIUM DEVELOPED  FROM  SEWAGE. 

Middle  East  Technical  Univ.,   Ankara  (Turkey). 

Dept.  of  Environmental  Engineering. 

C.  F.  Gokcay,  and  F.  B.  Dilek. 

Environmental   Technology   (Letters)   ETLEDB, 

Vol.  12,  No.  1,  p  1-11,  1991.  2  fig,  12  tab,  26  ref. 

Descriptors:  'Activated  sludge,  'Chromium, 
'Heavy  metals,  'Nickel,  'Wastewater  treatment, 
Bacteria,  Chemical  oxygen  demand,  Growth,  Re- 
gression analysis. 


The  effects  of  nickel,  chromium,  and  substrate 
concentration  on  the  microbial  growth  of  acclima- 
tized and  unacclimatized  microbes  of  sewage 
origin  were  studied  in  batch  cultures  at  a  constant 
temperature  of  25  C  and  pH  7.0.  A  synthetic 
medium  supplemented  with  Ni(II)  (5  and  10  mg/L) 
or  Cr(VI)  (1  and  50  mg/L)  or  with  their  combina- 
tions and  at  various  feed  rate  concentrations  (650, 
975,  or  1,300  mg/L)  was  used.  Results  were  ana- 
lyzed by  multiple  regression  techniques.  Ni(II)  was 
found  to  have  a  stimulatory  effect  on  the  sewage 
microorganisms.  The  effect  of  Cr(VI)  is  inhibitory; 
this  effect  is  two  times  higher  in  cultures  seeded 
with  unacclimatized  sewage  microbes.  There  is  a 
synergistic  effect  between  Ni(II)  and  Cr(VI)  which 
is  more  observable  in  the  experiments  with  unaccli- 
matized seeds.  There  is  a  negative  interaction  be- 
tween Ni(II)  and  substrate  chemical  oxygen 
demand  (COD)  concentration,  while  the  interac- 
tion between  Cr(VI)  and  substrate  COD  concen- 
tration is  negligible  in  both  experiments  with  accli- 
matized and  unacclimatized  seeds.  (Doria-PTT) 
W9 1-07855 


NOVEL  METHOD  FOR  A  PHOTOCATALYTIC 
DEGRADATION  OF  4-NITROPHENOL  IN  HO- 
MOGENEOUS AQUEOUS  SOLUTION. 

Warsaw  Univ.  (Poland).  Dept.  of  Chemistry. 
E.  Lipczynska-Kochany. 

Environmental  Technology  (Letters)  ETLEDB, 
Vol.  12,  No.  1,  p  87-92,  1991.  2  fig,  1  tab,  27  ref. 

Descriptors:  'Industrial  wastewater,  'Nitrophen- 
ols,  'Photocatalytic  degradation,  'Photolysis, 
'Wastewater  treatment,  Aromatic  compounds,  De- 
composition, Degradation,  Hydrogen  peroxide,  Ir- 
radiation, Priority  pollutants,  Ultraviolet  irradia- 
tion. 

4-Nitrophenol  is  present  in  industrial  wastewaters 
from  the  production  of  dyestuffs,  pesticides,  and 
organic  chemical  intermediates.  Degradation  of  4- 
nitrophenol  by  means  of  hydrogen  peroxide  pho- 
tolysis and  photolysis  in  the  presence  of  the  Fenton 
reagent  (FeC12/H202)  was  investigated.  Results 
were  compared  with  those  of  the  dark  Fenton 
reaction,  reported  in  the  literature.  In  all  cases, 
decomposition  of  the  pollutant  was  observed.  Best 
results  were  obtained  when  the  solutions  of  4- 
nitrophenol  containing  the  Fenton  reagent  were 
irradiated  with  polychromic  ultraviolet  light;  all  of 
the  pollutant  decomposed  in  approximately  100 
minutes,  compared  to  250  minutes  for  the  dark 
reaction.  The  method  can  be  successfully  applied 
for  the  degradation  of  4-nitrophenol,  which  is  diffi- 
cult to  decompose  by  other  means.  More  detailed 
investigations  on  the  effect  of  electronic  structure, 
pH,  concentration,  and  the  influence  of  organic 
salts  as  well  as  irradiation  intensity  on  the  photoca- 
talytic degradation  of  4-nitrophenol  and  other  ni- 
troaromatic  compounds  are  in  progress.  (Doria- 
PTT) 
W9 1-07859 


STUDIES  ON  THE  OXIDATIVE  DECOMPOSI- 
TION OF  CYANIDE  ION  BY  POTASSIUM 
PERMANGANATE. 

Kobe  Women's  Coll.  of  Pharmacy  (Japan). 

A.  Adachi,  S.  Nojima,  Y.  Hagiwaras,  M. 

Hamamoto,  and  T.  Kobayashi. 

Environmental   Technology   (Letters)   ETLEDB, 

Vol.  12,  No.  1,  p  93-96,  1991.  4  fig,  4  ref. 

Descriptors:  'Cyanide,  'Industrial  wastewater, 
'Oxidation,  'Potassium  permanganate, 

'Wastewater  treatment,  Alkaline  water,  Coagula- 
tion, Decomposition,  Hydrogen  ion  concentration, 
Oxidation  process. 

Potassium  permanganate  oxidation  in  alkaline  solu- 
tion was  investigated  for  the  removal  of  cyanide 
ion  from  wastewater.  Cyanide  ion  in  industrial 
wastewater  was  found  to  be  almost  completely 
decomposed  after  10  minutes  without  the  forma- 
tion of  such  toxic  compounds  as  cyanogen  chlo- 
ride. Decomposition  was  most  efficient  above  pH 
10.  The  rate  of  decomposition  by  potassium  per- 
manganate was  similar  to  that  by  sodium  hypo- 
chlorite. Manganese  dioxide  produced  during  the 
treatment   process   with   potassium   permanganate 
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can   be   removed   by   coagulation.   (Author's   ab- 
stract) 
W9 1-07860 


DEWATERING   PROCESS  CHANGES   BOOST 
SLUDGE  INCINERATOR  EFFICIENCY. 

Tutela  Engineering  Associates,  Inc.,  Cranston,  RI. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-07895 


SLUDGE  MANAGEMENT  IN  SAN  DIEGO. 

Serpentix  Conveyor  Corp.,  Westminster,  CO. 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-07896 


CSO  ABATEMENT  FOR  BURLINGTON,  VER- 
MONT. 

O'Brien  and  Gere  Engineers,  Inc.,  Syracuse,  NY. 
For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07897 


PORTABLE  FLOWMETER  FOR  SEWERS 
THAT  SURCHARGE. 

R.  M.  Hunter,  W.  A.  Hunt,  and  A.  B. 

Cunningham. 

Water    Environment    &    Technology    WAETEJ, 

Vol.    3,   No.    2,   p   47-51,    February    1991.    3   fig. 

Descriptors:  *Flow  measurement,  instrumenta- 
tion, 'Leakage,  *Sewer  infiltration,  *Sewer  sys- 
tems, Design  criteria,  Gaging,  Measuring  instru- 
ments, Sewer  hydraulics,  Sewer  surcharging, 
Storm  water  management,  Theoretical  analysis, 
Venturi  flume  theory,  Venturi  tube  theory. 

Deterioration  of  sanitary  sewer  systems  allows  ex- 
cessive infiltration  of  groundwater  and  inflow  of 
stormwater  (I/I);  hundreds  of  millions  of  dollars 
are  spent  annually  by  communities  attempting  to 
isolate  and  eliminate  these  flows.  Systematic,  tem- 
porary, continuous  monitoring  of  wastewater 
flows  in  portions  of  municipal  sewer  systems  iso- 
lates problems  and  focuses  rehabilitation  efforts. 
Various  flowmeter  designs  are  possible,  including 
velocity-area  technologies  and  combination  Ventu- 
ri flume  and  Venturi  tube  technologies.  Flowmeter 
design  and  operation  relies  on  Venturi  flume 
theory  and  Venturi  tube  theory.  A  primary  crite- 
rion of  meter  design  is  that  the  throat  be  constrict- 
ed enough  to  cause  critical  depth.  Research  was 
conducted  to  ensure  that  the  meter  is  capable  of 
accurately  measuring  flows  under  conditions  of 
free  and  submerged,  forward  and  reverse,  open 
channel  flow.  Hydraulic  testing  was  conducted  in 
two  phases  at  two  locations.  Eight  25-cm  and  30- 
cm  models  were  tested.  In  all  instances,  smooth 
calibration  curves  relating  dual  bubbler  differential 
head  readings  to  flow  rate  were  produced  as  pre- 
dicted by  hydraulic  theory.  Correction  curves 
were  developed  for  the  case  of  submerged  oper- 
ation at  tailwater  depths  above  the  modular  limit 
of  the  meter,  when  the  upstream  liquid  depth  is 
increased  by  downstream  conditions.  A  flowmeter 
design  based  on  hydraulic  theory  and  practical 
considerations  was  shown  to  produce  flow-rate 
date  consistent  with  that  theory  by  independent 
laboratory  testing.  (Rochester-PTT) 
W9 1-07898 


MIXED-GROWTH  SYSTEM  IN  USE. 

Infilco  Degremont,  Inc.,  Richmond,  VA. 

M.  K.  Mierzejewski,  R.  F.  Jaccarino,  R.  W. 

Doheney,  and  R.  S.  Heflinger. 

Water    Environment    &    Technology    WAETEJ, 

Vol.    3,   No.    2,    p   57-59,    February    1991.    1    fig. 

Descriptors:  'Biofiltration,  'Biological  wastewater 
treatment,  'Tennessee,  'Virginia,  'Wastewater 
treatment,  Biological  oxygen  demand,  Boone 
Lake,  Chemical  oxygen  demand.  Combined  sewer 
overflows,  Performance  evaluation. 

The  Bristol,  Tennessee,  and  Bristol,  Virginia, 
wastewater  treatment  plant  (WWTP)  was  con- 
structed in  1972.  Wastewater  flows  exceeding  plant 
capacity  entered  Boone  Lake  in  1983,  resulting  in 
possible  degradation  of  water  quality.  As  a  result, 
it  was  recommended  that  the  WWTP's  capacity  be 


increased,  storm  and  sewer  lines  be  separated,  and 
improved  sludge  handling  facilities  be  constructed. 
The  activated  biofiltration  (ABF)  process  was 
chosen.  ABF  is  a  mixed-growth  process  that  com- 
bines two  standard  wastewater  treatment  methods: 
activated  sludge  (suspended  growth)  and  biotower 
or  biocell  (fixed  growth).  Four  ABF  cells  were 
installed  to  form  a  rectangular  structure  34.4  m 
long,  25.0  m  long,  and  6.1  m  high.  ABF  system 
startup  was  on  June  3,  1988,  and  all  four  biocells 
have  been  on-line  since  July  25.  From  October  1, 
1988  to  January  15,  1989,  the  COD  removal 
through  the  biocells  averaged  54%,  with  a  74% 
maximum.  Significant  BOD  reduction  occurred 
across  the  ABF  cell.  Process  control  is  based  on  a 
constant  food  to  microorganism  ratio.  Conversion 
to  the  ABF  process  allowed  one  of  the  two  aer- 
ation basins  to  be  taken  out  of  service,  and  only 
one  of  the  three  261-kW  blowers  now  is  used  to 
satisfy  the  oxygen  demand  for  carbonaceous  oxida- 
tion. Seasonal  temperature  variations  do  not  affect 
the  ABF  system  operation.  With  the  ABF  system 
and  other  operational  improvements  the  sludge 
production  has  dropped  from  750  g  volatile  sus- 
pended solids  (VSS)/kg  BOD  destroyed  (total 
plant  influent)  to  550  VSS/kg  BOD  destroyed. 
The  installation  of  four  ABF  biocells  at  the  Bristol 
WWTP  has  expanded  the  capacity  of  an  over- 
loaded installation,  provided  the  means  for  a  cost- 
effective  and  compact  expansion,  and  save  signifi- 
cant power.  (Rochester-PTT) 
W9 1-07899 


CENTRIFUGES  VS.  DISSOLVED-AIR  FLOTA- 
TION. 

Hazen  and  Sawyer,  Raleigh,  NC. 

G.  S.  MacConnell,  D.  S.  Harrison,  K.  W.  Kirby, 

H.  Lee,  and  F.  Mousavipour. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  3,  No.  2,  p  60-65,  February  1991.  1  fig,  3  tab. 

Descriptors:  'Centrifugation,  'Filtration,  'Flota- 
tion, 'Los  Angeles,  'Sludge  drying,  'Wastewater 
treatment,  California,  Comparison  studies,  Electric 
power  costs,  Hyperion  Treatment  Plant,  Perform- 
ance evaluation,  Polymers. 

The  city  of  Los  Angeles  (California)  Hyperion 
Treatment  Plant  operates  both  high-capacity  thick- 
ening centrifuges  and  dissolved-air-flotation  thick- 
eners (DAFTs).  The  city  recently  conducted  full- 
scale  tests  comparing  two  manufacturers'  centri- 
fuges with  the  plant's  existing  DAFTs.  Relative 
power,  reliability,  and  operational,  maintenance, 
and  chemical  requirements  were  compared  for  the 
different  types  of  machines.  Also  compared  were 
design,  construction  materials,  and  operation  of  the 
two  types  of  centrifuges.  Both  manufacturers  sup- 
plied horizontal  solid-bowl,  scroll-type  centrifuges, 
which  were  designed  to  achieve  similar  process 
performance  with  continuous  feed.  The  centrifuges 
were  tested  both  with  and  without  polymer  and 
the  effects  of  differential  speed  regulation,  influent 
flow  rate,  and  nozzle  area  were  considered.  One 
centrifuge  had  25%  unscheduled  downtime;  the 
other  had  12%  unscheduled  downtime.  Some  rust 
was  noted  on  parts  of  one  centrifuge,  but  no  rust 
was  found  on  the  other  centrifuge.  The  centrifuges 
were  more  operationally  flexible  than  the  DAFTs 
because  they  could  be  operated  over  a  wider  range 
of  feed-sludge  total  waste  activated  solids  (TWAS) 
concentration.  However,  the  DAFTs  had  greater 
capture  efficiency  than  the  centrifuges.  Unlike  the 
centrifuges,  DAFTs  require  polymer  to  perform 
effectively,  and  significantly  higher  doses  of  poly- 
mer are  required  to  obtain  similar  performance 
from  DAFTs.  Centrifuge  Two  had  the  lowest 
power  demand  (1905  kW/cu  m  of  WAS  feed/sec), 
whereas  the  DAFT  and  Centrifuge  One  required 
3016  and  3333  kW/cu  m  of  WAS  feed/sec,  respec- 
tively. (Rochester-PTT) 
W9 1-07900 


EVALUATION  OF  CHEMICAL  ADDITION. 

CH2M  Hill,  Santa  Ana,  CA. 

R.  Chaudbary,  Y.  J.  Shao,  J.  Crosse,  and  F 

Soroushian. 

Water    Environment    &    Technology    WAETEJ, 

Vol.  3,  No.  2,  p  66-71,  February  1991.  3  fig,  3  tab. 

Descriptors:  'Chemical  treatment,  'Los  Angeles, 
•Model  studies,   'Primary  wastewater  treatment, 


•Upgrading,  'Wastewater  treatment,  Biological 
oxygen  demand,  California,  Hydrogen  sulfide,  Hy- 
perion Treatment  Plant,  Odors,  Performance  eval- 
uation. 

The  city  of  Los  Angeles  is  undertaking  an  upgrade 
and  expansion  plan  to  provide  secondary  treatment 
at  its  Hyperion  Treatment  Plant  (HTP)  by  1998. 
By  1998,  HTP  will  have  a  19.7  cu  m/sec  (450 
MGD)  secondary  treatment  capacity  using  a  high- 
purity-oxygen  activated  sludge  process.  One  major 
issue  is  whether  to  use  chemicals  in  the  primary 
plant  after  the  plant  is  converted  to  a  full  second- 
ary facility.  To  investigate  the  treatment  process,  a 
detailed  mass  balance  model  was  developed.  The 
model  provided  the  flexibility  of  performing  the 
flow  and  organic  load  balances  for  the  existing  unit 
processes  and  for  the  unit  processes  proposed  for 
HTP's  secondary  facilities.  The  model  was  verified 
using  the  current  plant  configuration  and  operating 
data.  Effect  of  chemicals  on  sludge  quantities, 
effect  on  unit  treatment  processes,  economic  effect 
(capital  costs,  operations  and  maintenance  cost, 
and  total  cost),  nonmonetary  effects  (odor  and 
corrosion  control,  operational  flexibility  and  reli- 
ability, and  struvite  control),  and  socioenvironmen- 
tal  effect  were  examined.  For  12  months,  the 
chemically-enhanced  primary  treatment  at  HTP 
has  consistently  achieved  80%  to  85%  suspended 
solids  and  55%  BOD  removal.  While  the  addition 
of  chemicals  in  the  primary  plant  will  increase  the 
annual  cost  by  about  $3.7  million,  it  provides  oper- 
ational flexibility  and  reliability  needed  for  such  a 
large,  politically  visible  facility.  The  reduced  H2S 
emissions  from  the  headworks  and  primary  plant 
help  reduce  odors  and  improve  relations  with 
neighboring  communities.  (Rochester-PTT) 
W9 1-07901 


TREATMENT  OF  LEACHATE  FROM  LAND- 
FILL SITES-STANDARDS,  RESULTS  OF  OP- 
ERATION AND  COST  (LEISTUNGS-  UND 
KOSTENVERGLEICH  VON  DEPONIESICKER- 
WASSER-RERINIGUNGSANLAGEN  MACH 
DERZEITIGEM  STAND  DER  TECHNIK). 
Witten-Herdecke  Univ.,  Witten  (Germany,  F.R.). 
Lehrstuhl  fuer  Umwelttechnik  und  Umweltmana- 
gement. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-079 14 


RESPIROMETRIC  DETERMINATION  OF 
WASTEWATER  BIODEGRADATION  IN  A  BI- 
OLOGICAL TREATMENT  PLANT. 

Kemijski  Inst.  Boris  Kidric,  Ljubljana  (Yugoslav- 
ia). 

M.  Ros,  J.  Zagorc-Koncan,  M.  Dular,  and  M. 
Pompe. 

Zeitschrift  fuer  Wasser-  und  Abwasser  Forschung 
ZWABAQ,  Vol.  23,  No.  6,  p  236-240,  December 
1990,  7  fig,  2  tab,  24  ref 

Descriptors:  'Analytical  methods,  'Biodegrada- 
tion,  'Biological  wastewater  treatment,  'Oxygen 
uptake,  'Respirometry,  'Wastewater  analysis, 
'Wastewater  treatment,  Activated  sludge,  Labora- 
tory equipment,  Laboratory  methods,  Measuring 
instruments,  Organic  compounds,  Respirograms. 

The  biochemical  degradation  of  wastewater  con- 
taining degradable  organic  substances  can  be  esti- 
mated by  various  respirometric  methods,  such  as 
the  dilution  method,  sapromat  method,  Warburg 
method,  or  with  various  respirometers.  All  these 
methods  yield  a  determination  of  the  biochemical 
degradation  of  individual  wastewaters,  but  do  not 
provide  information  about  the  actual  level  of 
wastewater  degradation  in  a  biological  treatment 
plant.  An  open  respirometer  was  used  to  determine 
biochemical  degradation  for  a  given  wastewater 
under  the  conditions  which  exist  in  an  actual  bio- 
logical treatment  plant.  Using  the  respirometer,  a 
respirogram  is  obtained  by  adding  an  exactly-de- 
termined amount  of  wastewater  to  a  suspension  of 
activated  sludge  in  the  endogenous  phase.  The 
activated  sludge  is  cultivated  in  a  model  laboratory 
treatment  plant  in  which  wastewater  degradation  is 
studied.  From  the  same  respirogram,  it  is  possible 
to  calculate  the  maximum  oxygen  uptake  rate  in 
the  degradation  of  wastewater  and   the  level  of 
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wastewater  degradation  in  a  biological  treatment 
plant.  (King-PTT) 
W9 1-07993 


SOFTENING  BY  MEANS  OF  ION  EXCHANGE 
AND  DECREASE  OF  CONTENT  OF  NEUTRAL 
SALT    IN    SURFACE    WATERS    (ENTHAER- 
TUNG    MIT    IONENAUSTAUSCHERN     UND 
VERMINDERUNG     DES     NEUTRALSALZGE- 
HALTES  IN  OBERFLAECHENWAESSERN). 
CKD,  Prague  (Czechoslovakia). 
For  primary  bibliographic  entry  see  Field  5F. 
W9 1-07994 


FATE  OF  THE  TERPENES  ANETHOLE  AND 
DIPENTENE  IN  A  BENCH-SCALE  ACTIVAT- 
ED SLUDGE  SYSTEM. 

Versar,  Inc.,  Springfield,  VA. 
S.  M.  Schwartz,  R.  S.  Boethling,  and  T.  Leighton. 
Chemosphere  CMSHAF,  Vol.  21,  No.   10/11,  p 
1153-1160,  1990.  2  tab,  10  ref. 

Descriptors:  'Activated  sludge  treatment,  *Gas 
chromatography,  'Organic  compounds, 

•Wastewater  analysis,  'Wastewater  treatment, 
Biodegradation,  Biological  treatment,  Mass  spec- 
trometry, Terpenes. 

The  fate  of  the  terpenes  anethole  and  dipentene  in 
wastewater  treatment  was  studied  using  the  Orga- 
nization for  Economic  Cooperation  and  Develop- 
ment (OECD)  Coupled  Units  Test,  with  chemical- 
specific  analysis  by  gas  chromatography/mass 
spectrometry.  Dipentene  was  removed  to  below 
detection  limit  in  both  the  biologically  active  (acti- 
vated sludge)  test  system  and  the  air  stripping 
control.  Thus,  the  mechanism(s)  by  which  removal 
occurred  in  activated  sludge  could  not  be  deter- 
mined. Biodegradation  and  stripping  were  prob- 
ably the  critical  removal  processes  for  anethole, 
since  removal  was  high  in  the  stripping  control  but 
even  higher  in  the  active  test  system,  such  that 
anethole  was  also  removed  to  below  the  detection 
limit  in  the  active  system.  The  volatility  of  aneth- 
ole was  not  consistent  with  its  estimated  proper- 
ties. (Author's  abstract) 
W9 1-080 16 


KINETICS  OF  WET  AIR  OXIDATION  OF 
PHENOL  AND  SUBSTITUTED  PHENOLS. 

Bombay  Univ.  (India).  Dept.  of  Chemical  Tech- 
nology. 

H.  S.  Joglekar,  S.  D.  Samant,  and  J.  B.  Joshi. 
Water  Research  WATRAG,  Vol.  25,  No.  2,  p  135- 
145,  February  1991.  18  fig,  4  tab,  22  ref. 

Descriptors:  'Oxidation,  'Phenols,  'Wastewater 
treatment,  'Wet  oxidation  process,  Chemical 
oxygen  demand,  Chemical  reactions,  Energy,  Ki- 
netics, Mass  transfer,  Oxygen,  Temperature. 

Wet  air  oxidation  (WAO)  was  carried  out  on  aque- 
ous solutions  of  phenol  and  substituted  phenols  (o, 
m,  and  p-chlorophenols,  o,  m-cresols,  o  and  p- 
methoxyphenols,  o-ethylphenol  and  2,6-dimethyl- 
phenol).  The  process  was  studied  in  a  1 -liter  stain- 
less steel  autoclave  at  temperatures  in  the  range  of 
1500-180  C.  The  oxygen  partial  pressure  was 
varied  from  0.3  to  1.5  MPa  and  the  initial  phenol 
concentration  was  200  mg/L.  The  oxidation  of 
phenols  in  water  involves  a  free  radical  mechanism 
and  proceeds  in  two  steps.  The  oxidation  reaction 
was  found  to  be  first  order  in  oxygen  and  also  first 
order  with  respect  to  phenolic  substrates  in  both 
steps.  The  values  of  activation  energy  were  found 
to  be  in  the  range  of  12,400  to  201,000  kJ/kmol. 
The  overall  oxidation  reaction  was  found  to  be 
reaction-controlled  when  the  temperature  was  less 
than  195  C  and  the  phenol  concentration  was  less 
than  200  mg/L;  it  became  mass  transfer-controlled 
when  the  temperature  was  above  240  C  and  phenol 
concentration  was  greater  than  20,000  mg/L.  The 
values  of  mass  transfer  coefficient  have  been  ob- 
tained. The  data  based  on  bench  scale  shows  wet 
air  oxidation  of  phenols  can  achieve  destruction 
efficiencies  exceeding  99.9%.  Greater  than  90% 
reduction  of  chemical  oxygen  demand  was 
achieved.  (Author's  abstract) 
W9 1-08047 


SIMPLE  COMBINATION  OF  BIODEGRADA- 
TION AND  CARBON  ADSORPTION:  THE 
MECHANISM  OF  THE  BIOLOGICAL  ACTI- 
VATED CARBON  PROCESS. 

Tsinghua  Univ.,  Beijing  (China).  Dept.  of  Environ- 
mental Engineering. 
X.  Zhang,  Z.  Wang,  and  X.  Gu. 
Water  Research  WATRAG,  Vol.  25,  No.  2,  p  165- 
172,  February  1991.  9  fig,  12  ref. 

Descriptors:  'Activated  carbon,  'Adsorption, 
'Advanced  wastewater  treatment,  'Biodegrada- 
tion, 'Wastewater  treatment,  'Water  treatment, 
Aeration,  Biofilters,  Biofiltration,  Desorption,  En- 
zymes, Filters,  Hydrocarbons,  Phenols,  Respiro- 
metry. 

Study  of  the  mechanisms  of  the  biological  activat- 
ed carbon  (BAC)  process  reveals  that  the  biore- 
generation  hypothesis  of  desorption  by  exoenzy- 
matic  reactions  is  the  common  basis  for  some  pre- 
vious mechanisms.  However,  the  properties  of  the 
enzymes  involved  in  the  biodegradation  of  phenols 
and  aromatic  hydrocarbons  and  the  distribution  of 
exoenzymes  in  carbon  pores  suggest  that  the  hy- 
pothesis is  not  valid  in  most  circumstances.  The 
BAC  column  test  was  performed  to  investigate 
changes  in  carbon  adsorption  capacity  during  op- 
eration with  phenol  as  the  pollutant.  Biological 
activity  was  measured  with  a  Warburg  respirome- 
ter.  A  comparison  test  was  also  conducted  between 
the  BAC  bed  reactor  and  biological  aerated  filters. 
Results  supported  the  suggestion  the  mechanism  of 
the  BAC  process  is  basically  a  simple  combination 
of  biodegradation  and  carbon  adsorption.  It  is  sug- 
gested that  some  specially  designed  biological  aer- 
ated filter,  instead  of  a  BAC  bed  reactor,  may  be 
used  in  advanced  wastewater  treatment.  (Author's 
abstract) 
W9 1-08050 


SULFIDE  INHIBITION  OF  ANAEROBIC  DEG- 
RADATION OF  LACTATE  AND  ACETATE. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

D.  M.  McCartney,  and  J.  A.  Oleszkiewicz. 
Water  Research  WATRAG,  Vol.  25,  No.  2,  p  203- 
209,  February  1991.  7  fig,  4  tab,  29  ref. 

Descriptors:  'Acetates,  'Anaerobic  digestion, 
'Sulfides,  'Sulfur  bacteria,  'Wastewater  treatment, 
Chemical  oxygen  demand,  Chemical  reduction, 
Hydrogen  ion  concentration,  Hydrogen  sulfide, 
Kinetics,  Organic  acids,  Organic  compounds,  Sul- 
fates, Sulfur  compounds. 

Bench  scale  batch  anaerobic  degradation  of  lactate 
and  acetate  was  investigated  using  three  sets  of 
serum  bottles.  All  serum  bottles  were  fed  1  g/L 
chemical  oxygen  demand  (COD)  and  15.6  mM  (1.5 
g/L)  sulfate  at  the  start  of  the  experiment.  Set  one 
used  lactic  acid,  set  two  used  acetic  acid,  and  set 
three  used  a  1:1  mixture  on  a  COD  basis  of  the  two 
organic  acids.  Each  set  consisted  of  10  serum  bot- 
tles, of  which  5  were  started  at  a  pH  of  7  and  5  at  a 
pH  of  8.  Each  pH  subset  reactor  had  a  different 
initial  total  sulfide  (TS)  concentration,  which 
varied  from  3.13  to  31.3  mM  (100-1,000  mg/L). 
Acetate  removal  followed  first  order  reaction  ki- 
netics and  proceeded  without  any  significant  sul- 
fate reduction.  Inhibition  of  acetate  removal  by 
aqueous  hydrogen  sulfide  was  modeled  using  an 
exponential  function.  Both  propionate  removal  and 
sulfate  reduction  were  inhibited  proportionally  to 
the  concentration  of  TS.  This  suggests  a  crucial 
role  for  the  sulfate-reducing  bacteria  in  mediating 
propionate  degradation  to  acetate.  In  the  low  pH 
subset  of  set  three  (the  1:1  mixture),  complete 
inhibition  of  sulfate  reduction  occurred  at  only 
17%  inhibition  of  methanogenesis.  Complete  COD 
removal  occurred  in  all  the  serum  bottles  of  the 
high  pH  subsets,  indicating  the  important  role  of 
H2S  in  sulfide  inhibition.  (Author's  abstract) 
W9 1-08055 


OPTIMUM  RESIDENCE  TIME  (IN  CSTR  AND 
AIRLIFT  REACTOR)  FOR  BACTERIAL 
LEACHING  OF  METALS  FROM  ANAEROBIC 
SEWAGE  SLUDGE. 

Institut  National  de  la  Recherche  Scientifique, 
Sainte-Foy  (Quebec). 


For  primary  bibliographic  entry  see  Field  5E. 
W9 1-08056 


POLICY,  LAW  AND  IMPLEMENTATION  OF 
INDUSTRIAL  WASTEWATER  POLLUTION 
CONTROL. 

Central    Pollution    Control    Board,    New    Delhi 

(India). 

For  primary   bibliographic   entry  see  Field   5G. 

W9 1-08060 


IMPROVED  INDUSTRIAL  WATER  POLLU- 
TION CONTROL  IN  BOTSWANA:  FROM 
STRATEGY  TO  PRACTICAL  IMPLEMENTA- 
TION. 

Botswana  Dept.  of  Water  Affairs,  Gaborone. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-08061 

COMBINED  TREATMENT  OF  DOMESTIC 
AND  INDUSTRIAL  WASTEWATER  IN  WASTE 
STABILISATION  POND  SYSTEMS  IN  KENYA. 

Leeds  Univ.  (England).  Dept.  of  Civil  Engineer- 
ing. 

G.  P.  Alabaster,  S.  W.  Mills,  S.  A.  Osebe,  W.  N. 
Thitai,  and  H.  W.  Pearson. 

Water  Science  and  Technology  WSTED4,  Vol. 
24,  No.   1,  p  43-52,   1991.  2  fig,   10  tab,   16  ref. 

Descriptors:  'Industrial  wastes,  'Kenya,  'Stabili- 
zation ponds,  'Wastewater  treatment,  Algae,  An- 
aerobic digestion,  Biological  oxygen  demand,  Buf- 
fering, Hydrogen  ion  concentration,  Organic 
carbon,  Organic  loading,  Retention  time,  Settleable 
solids,  Shock  loads,  Tannery  wastes,  Temperature, 
Textile  mill  wastes,  Tropical  regions. 

Waste  stabilization  pond  systems  have  traditionally 
been  used  for  treating  domestic  wastewater,  al- 
though they  may  also  be  suitable  for  treating  high- 
strength  industrial  wastes.  The  long  retention  times 
and  high  buffering  capacity  of  such  systems  en- 
ables them  to  cope  more  readily  with  widely  fluc- 
tuating organic  loads  and  biologically  toxic  com- 
pounds. Two  waste  stabilization  pond  systems  in 
Kenya  were  examined.  Both  ponds  treat  sewage 
containing  a  high  proportion  of  mixed  industrial 
effluent  (tannery  and  textile  wastes).  Data  from  the 
ponds  demonstrated  that  anaerobic  ponds  are 
highly  efficient  at  removing  biological  oxygen 
demand  (BOD)  even  at  very  low  retention  times. 
Although  this  was  mostly  due  to  the  removal  of 
settleable  solids,  large  reductions  in  filtered  BOD 
can  also  be  obtained,  especially  in  tropical  climates 
where  elevated  temperatures  lead  to  high  rates  of 
anaerobic  digestion.  Not  only  did  the  ponds  signifi- 
cantly reduce  the  organic  carbon  content  of  the 
wastewaters,  but  they  buffered  the  sensitive  algal 
populations  in  the  secondary  facultative  ponds 
from  shock  loads  of  highly  toxic  chemicals  and 
wastes  of  widely  varying  pH.  This  enabled  an 
overall  higher  loading  to  be  applied  to  the  aerobic 
system.  It  is  concluded  that  anaerobic  ponds  are 
ideal  for  treating  high-strength  industrial  wastes. 
(Author's  abstract) 
W9 1-08064 


COFFEE  INDUSTRY  WASTES. 

Helsinki  Univ.  of  Technology,  Espoo  (Finland). 
Lab.  of  Sanitary  and  Environmental  Engineering. 
B.  Gathuo,  P.  Rantala,  and  R.  Maatta. 
Water  Science  and  Technology  WSTED4,  Vol. 
24,  No.   1,  p  53-60,    1991.   5  fig,   2  tab,   21   ref 

Descriptors:  'Anaerobic  digestion,  'Coffee  wastes, 
'Food-processing  wastes,  'Kenya,  'Land  disposal, 
•Wastewater  treatment,  Anaerobic  lagoons, 
Biogas,  Biological  oxygen  demand,  Central  Amer- 
ica, Composting,  Energy,  India,  Seepage  pits, 
Waste  stabilization,  Water  reuse. 

The  coffee  industry  is  the  most  important  industri- 
al polluter  in  Kenya,  producing  pulp,  husks,  and 
wastewaters.  Husks  can  be  used  as  fuel.  Wet  pulp 
could  be  composted  and  used  as  soil  conditioner. 
Wastewaters  have  a  high  biological  oxygen 
demand,  sometimes  exceeding  9,000  mg/L.  Anaer- 
obic lagoons  are  used  to  treat  these  wastewaters  in 
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India  and  Central  America.  In  Kenya,  water  reuse 
combined  with  land  disposal  with  zero  discharge 
has  been  recommended.  However,  it  has  not  been 
possible  to  provide  adequate  seepage  pits,  and 
hence  there  are  still  effluent  discharges  into  water- 
ways. In  addition,  this  method  does  not  provide 
for  stabilization  of  the  pulp.  Anaerobic  digestion 
with  biogas  production  is  an  attractive  alternative, 
with  the  fuel  generated  being  used  to  dry  coffee. 
About  10,000  GJ  of  energy  is  required  to  dry  1  ton 
of  coffee.  The  potential  yield  of  biogas  from  1  ton 
of  pulp  is  estimated  at  131  cu  m,  which  is  equiva- 
lent to  100  liters  of  gasoline  in  fuel  value.  (Author's 
abstract) 
W9 1-08065 


ANAEROBIC  SLUDGE  DIGESTION  IN  INDUS- 
TRIAL WASTEWATER  TREATMENT. 

Tampere  Univ.  of  Technology  (Finland).  Inst,  of 

Water  and  Environmental  Engineering. 

J.  A.  Puhakka. 

Water  Science  and  Technology  WSTED4,  Vol. 

24,  No.  1,  p  61-68,  1991.  6  fig,  2  tab,  8  ref. 

Descriptors:  'Activated  sludge  process,  'Anaero- 
bic digestion,  *Pulp  wastes,  'Sludge  digestion,  Ac- 
tivated sludge,  Alkalinity,  Biogas,  Chemical 
oxygen  demand,  Kraft  mills,  Methanogenesis,  Ni- 
trogen, Organic  loading,  Organic  matter,  Phospho- 
rus, Retention  time,  Sludge,  Sludge  drying,  Tem- 
perature, Volatile  solids. 

Laboratory  and  pilot-scale  experiments  were  con- 
ducted on  the  anaerobic  digestion  of  waste  activat- 
ed sludge  produced  in  an  activated  sludge  process 
treating  a  bleached  kraft  mill  effluent.  Chemical 
oxygen  demand  was  reduced  45%-59%  using  the 
batch  incubation  method  at  25  C.  Laboratory-scale 
reactor  studies  indicated  no  advantage  of  thermo- 
philic process  over  mesophilic.  Sludge  digestibility 
was  improved  by  alkaline  or  alkaline-thermal  pre- 
treatment,  as  indicated  by  sludge  hydrolysis  and 
improved  gas  production.  In  pilot  tests,  anaerobic 
treatment  resulted  in  volatile  solids  reduction  of 
40%-60%.  Anaerobic  digestion  remained  stable 
with  organic  loading  rates  from  1.5  to  5.2  kg  VS/ 
cu  m-d  (hydraulic  retention  time  42  to  8  days). 
Average  biogas  production  during  the  21-month 
experimental  period  was  0.54  cu  m/cu  m  reaction 
space.  Anaerobic  digestion  resulted  in  deteriorated 
dewaterability  of  waste  activated  sludge  in  belt 
filter  press  tests.  (Author's  abstract) 
W9 1-08066 


HIGH-RATE  ANAEROBIC  TREATMENT  OF 
INDUSTRIAL  WASTEWATERS. 

Tampere  Univ.  of  Technology  (Finland).  Inst,  of 

Water  and  Environmental  Engineering. 

J.  Rintala. 

Water  Science  and  Technology  WSTED4,  Vol. 

24,  No.  1,  p  69-74,  1991.  4  fig,  8  ref. 

Descriptors:  'Anaerobic  digestion,  'Industrial 
wastes,  'Industrial  wastewater,  'Pulp  wastes, 
•Wastewater  treatment,  Acetates,  Chemical 
oxygen  demand,  Filters,  Food-processing  wastes, 
Methanol,  Sludge,  Sugarcane. 

Anaerobic  mesophilic  treatment  of  synthetic  (a 
mixture  of  acetate  and  methanol)  and  thermome- 
chanical  pulping  (TMP)  wastewaters  was  studied 
in  laboratory-scale  upflow  anaerobic  sludge  blan- 
ket (UASB)  reactors  and  filters  with  emphasis  on 
the  process  startup.  The  reactors  were  inoculated 
with  nongranular  sludge.  The  startup  of  mesophilic 
and  thermophilic  processes  inoculated  with  meso- 
philic granular  sludge  was  investigated  in  UASB 
reactors  fed  with  diluted  vinasse.  The  startup  pro- 
ceeded faster  in  the  filters  than  in  the  UASB 
reactors  with  TMP  and  synthetic  wastewater. 
Loading  rates  of  over  15  kg  chemical  oxygen 
demand  (COD)  per  cu  m  per  day  with  50%-60% 
COD  removal  efficiencies  were  achieved  in  10 
days  in  the  mesophilic  and  in  50  days  in  the  ther- 
mophilic UASB  reactor  treating  vinasse.  The  re- 
sults show  that  high-rate  anaerobic  treatment  can 
be  applied  to  different  types  of  industrial 
wastewaters  under  varying  conditions.  (Doria- 
PTT) 
W9 1-08067 


LOW-COST  AND  HIGH-EFFICIENCY  SOLU- 
TION FOR  SUGAR  FACTORY  WASTE  WATER 
TREATMENT. 

Technische    Univ.,    Vienna    (Austria).    Inst,    fuer 

Wasserguete  und  Landschaftswasserbau. 

W.  von  der  Emde,  and  H.  Kroiss. 

Water  Science  and  Technology   WSTED4,  Vol. 

24,  No.  1,  p  75-82,  1991.  7  fig,  5  tab,  3  ref. 

Descriptors:  'Food  processing  industry,  'Food- 
processing  wastes,  'Sugar  beets,  'Wastewater 
treatment,  'Wastewater  utilization,  Activated 
sludge,  Aeration,  Biological  oxygen  demand,  Bio- 
logical wastewater  treatment,  Chemical  oxygen 
demand,  Construction,  Costs,  Economic  aspects, 
Electric  power,  Electric  power  costs,  Flow, 
Groundwater,  Lagoons,  Maintenance  costs,  Oper- 
ating costs,  Primary  sludge,  Settling  tanks,  Shock 
loads,  Standards,  Storage,  Suspended  solids,  Tem- 
perature, Wastewater  facilities,  Water  consump- 
tion. 

The  Leopoldsdorf  (Austria)  beet  sugar  factory  il- 
lustrates how  a  very  simple  and  low-cost  plant 
operated  during  only  part  of  the  year  can  provide 
high-efficiency  wastewater  treatment.  The  plant 
operates  based  on  the  following  assumptions:  (1) 
with  a  lowly  loaded  activated  sludge  plant,  effluent 
standards  can  be  met  without  major  wastewater 
storage  capacity  (2)  wastewater  treatment  takes 
place  during  the  processing  season  when  the  facto- 
ry produces  low-cost  electrical  power  for  aeration, 
and  enough  personnel  for  mechanical  and  chemical 
supervision  are  available;  and  (3)  the  treated  efflu- 
ent can  be  recirculated  to  replace  fresh  water,  thus 
reducing  groundwater  consumption.  The  excess 
sludge  load  from  biological  treatment  is  added  to 
the  influent  of  the  primary  settling  tank.  The  over- 
flow of  the  sludge  settling  lagoons  is  brought  back 
to  the  treatment  plant.  There  is  no  discharge  of 
wastewater  without  biological  treatment.  The 
reuse  of  the  biologically  treated  effluent  caused  no 
problems,  neither  in  the  factory  nor  at  the  treat- 
ment plant.  The  treated  effluent  could  replace  the 
groundwater  for  several  purposes  without  change 
in  the  water  scheme  of  the  factory.  The  only  effect 
of  the  recirculation  was  an  increase  of  the  tempera- 
ture level  in  the  wastewater  system.  The  costs  of 
investment  and  operation  were  very  low.  (Doria- 
PTT) 
W9 1-08068 


DAIRY  WASTEWATER  TREATMENT  AND 
REUSE. 

Hydrotech,  Limassol  (Cyprus). 

I.  Hadjivassilis. 

Water  Science  and  Technology  WSTED4,  Vol. 

24,  No.  1,  p  83-87,  1991.  1  fig,  4  tab,  6  ref. 

Descriptors:  'Dairy  industry,  'Food-processing 
wastes,  'Wastewater  treatment,  'Wastewater  utili- 
zation, 'Water  reuse,  Activated  sludge  process, 
Biological  oxygen  demand,  Chemical  oxygen 
demand,  Coagulation,  Cooling  water,  Cost  analy- 
sis, Cyprus,  Disinfection,  Filtration,  Flocculation, 
Irrigation  water,  Operating  costs,  Performance 
evaluation,  Tertiary  wastewater  treatment,  Water 
temperature. 

Wastewater  treatment  can  be  a  profitable  activity 
in  semiarid  areas  if  treated  water  is  reused.  High- 
efficiency  treatment  is  desirable  for  this  purpose  to 
produce  high  effluent  water  quality.  The  treatment 
of  dairy  wastewater  at  a  plant  in  Cyprus  for  reuse 
as  cooling  and  irrigation  water  is  described.  The 
wastewater  (200  cu  m/d,  345  kg  biological  oxygen 
demand  (BOD)/d)  is  treated  by  an  activated 
sludge  with  an  oxic  selector,  followed  by  high-rate 
multilayer  granular  filtration  combined  with  floc- 
culation, and  disinfection.  Samples  were  examined 
monthly  for  three  years  to  assess  plant  perform- 
ance. Water  temperature  was  measured  and  sam- 
ples taken  after  the  biological  stage  and  after  terti- 
ary treatment.  Samples  were  analyzed  for  BOD, 
chemical  oxygen  demand,  suspended  solids,  turbid- 
ity, sulfates,  hardness,  pH,  and  chlorine.  The  oper- 
ating cost  of  the  plant  ranged  from  S0.38  to  $0.42 
per  cu  m.  This  includes  electricity,  surplus  sludge 
handling  and  disposal,  maintenance,  labor,  and 
chemicals.  Design  expectations  were  met  fully 
during  three  years  of  plant  operation.  Activated 
sludge   bulking   does   not   exist,   results   fulfill   re- 


quired standards,  and  water  is  reused  without  any 
problems.  (Doria-PTT) 
W9 1-08069 


APPROPRIATE  INDUSTRIAL  WASTE  MAN- 
AGEMENT TECHNOLOGIES:  THE  NEW  ZEA- 
LAND MEAT  INDUSTRY. 

Massey  Univ.,  Palmerston  North  (New  Zealand). 
S.  M.  Rao  Bhamidimarri. 

Water  Science  and  Technology  WSTED4,  Vol. 
24,  No.  1,  p  89-95,  1991.  6  tab,  8  ref. 

Descriptors:  'Animal  wastes,  'Composting,  'Meat 
processing  industry,  'New  Zealand,  'Waste  treat- 
ment, 'Wastewater  irrigation,  'Wastewater  treat- 
ment, Aerobic  digestion,  Biological  oxygen 
demand,  Compost,  Effluents,  Fats,  Feces,  Fertiliz- 
ers, Groundwater  pollution,  Nitrates,  Nitrogen, 
Nutrients,  Organic  carbon,  Phosphorus,  Primary 
wastewater  treatment,  Proteins,  Solid  wastes. 

New  Zealand  has  developed  the  concepts  of  efflu- 
ent irrigation  and  aerobic  composting  of  organic 
solid  wastes  for  effective  treatment  and  resource 
recovery  in  meat  processing  wastes.  A  typical 
New  Zealand  meat  works  generates  10,000  cu  m/d 
of  effluent  with  a  biological  oxygen  demand 
(BOD)  of  about  1,500  mg/L.  In  terms  of  process 
reliability,  treatment  efficiency,  and  resource  re- 
covery, effluent  irrigation  is  far  superior  to  other 
conventional  wastewater  treatment  processes.  The 
organic  carbon  in  the  effluent  is  easily  degradable, 
since  long-chain  molecules  such  as  fats  are  re- 
moved in  primary  treatment.  Phosphorus  is  immo- 
bilized in  soil,  but  nitrogen  is  converted  to  nitrate 
and  may  result  in  groundwater  contamination.  For 
solid  waste,  composting  offers  the  advantages  of 
being  environmental  acceptable,  well  understood, 
and  technically  simple.  It  is  economically  viable  on 
its  own,  as  the  compost  can  be  sold  as  organic 
fertilizer.  Two  composting  technologies  in  use  are 
conventional  windrow  and  aerated  static  pile  sys- 
tems. In  both  cases,  the  compost  was  shown  to  be 
better  than  other  commercial  composts  and  potting 
mixes  in  terms  of  plant  growth  and  cost.  (Doria- 
PTT) 
W9 1-08070 


TEXTILE  INDUSTRY  WASTEWATERS  TREAT- 
MENT. 

Vysoka   Skola   Chemicko-Technologicka,    Prague 

(Czechoslovakia).  Inst,  of  Water  Technology  and 

Environmental  Protection. 

P.  Grau. 

Water  Science  and  Technology  WSTED4,  Vol. 

24,  No.  1,  p  97-103,  1991.  2  tab,  18  ref. 

Descriptors:  'Color  removal,  'Textile  mill  wastes, 
•Wastewater  treatment,  Activated  sludge  process, 
Adsorption,  Adsorption-desorption,  Anaerobic  di- 
gestion, Bases,  Biological  oxygen  demand,  Biologi- 
cal wastewater  treatment,  Chemical  oxygen 
demand,  Coagulation,  Cotton,  Dyes,  Flocculation, 
Municipal  wastewater,  Oxidation,  Ozonation, 
Technology,  Wastewater  renovation,  Wastewater 
utilization,  Water  reuse,  Wool. 

The  textile  industry  today  is  characterized  by  the 
use  of  continuous,  water-saving  processes. 
Wastewater  is  recycled  and  reused  after  intermedi- 
ate treatment.  Improvements  in  low-waste  technol- 
ogy include  lanolin  recovery  in  wool  scouring, 
hydroxide  recovery  in  cotton  mercerizing,  recov- 
ery of  synthetic  sizes,  and  reuse  of  dye  baths. 
Traditionally,  wastewater  is  treated  by  coagula- 
tion/flocculation  followed  by  biological  treatment; 
more  recently,  the  reverse  sequence  of  treatments 
has  been  utilized  with  success.  Wastewater  treat- 
ment technology  research  and  development  is  fo- 
cusing on  efficient  decoloration.  Novel  decolora- 
tion technologies  include  catalytic  oxidation,  ozon- 
ation, and  adsorption/desorption.  Joint  treatment 
with  municipal  wastewaters  minimizes  the  need  for 
chemicals  for  decoloration.  Dyes  are  adsorbed  on 
activated  sludge,  produced  in  larger  quantity  on 
excessive  substrate  from  municipal  wastewater. 
Surprisingly,  anaerobic  treatment  is  rarely  report- 
ed. (Doria-PTT) 
W9 1-0807 1 
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WASTEWATER  GROWN  WATERHYACINTH 
AS  AN  INGREDIENT  IN  RABBIT  FOOD. 

Florida  Univ.,  Gainesville.  Dept.  of  Small  Animal 

Clinical  Sciences. 

A.  F.  Moreland,  B.  R.  Collins,  C.  A.  Hansen,  and 

R.  O'Brien. 

Journal  of  Aquatic  Plant  Management  JAPMDB, 

Vol.   29,   p   32-39,  January    1991.   7   tab,   26  ref. 

Descriptors:  'Aquatic  weeds,  *Feeds,  'Municipal 
wastewater,  'Nutrient  removal,  'Rabbits, 
•Wastewater  treatment,  'Water  hyacinth,  Analysis 
of  variance,  Bioassay,  Cadmium,  Fertility, 
Growth,  Heavy  metals,  Lead,  Mercury,  Survival, 
Teratogenicity,  Tissue  analysis,  Toxicity,  Trace 
elements. 

It  has  been  suggested  that  water  hyacinth  be  used 
for  the  removal  of  nutrient  pollutants  from 
wastewater.  Since  water  hyacinth  extract  nutrients 
from  the  water  and  store  them  in  their  tissues,  they 
become  a  potentially  useful  food  source.  A  rabbit 
ration  consisting  of  30%  alfalfa  was  modified  and 
two  experimental  diets  formulated  to  contain  30% 
water  hyacinth  and  0%  alfalfa,  or  20%  water 
hyacinth  and  10%  alfalfa.  These  pelleted  diets 
were  fed  to  rabbit  for  two  generations  and  were 
palatable,  and  all  animals  thrived.  First-generation 
animals  consuming  the  diet  containing  30%  water 
hyacinth  reached  a  final  mean  body  weight  signifi- 
cantly less  (10.62%)  than  controls;  however,  there 
were  no  significant  differences  between  control 
and  20%  water  hyacinth  diets.  Second-generation 
animals  consuming  the  diets  containing  water  hya- 
cinth were  not  significantly  different  from  controls 
in  final  mean  body  weights  and  overall  growth 
rates  were  unaffected  by  the  diets  in  either  genera- 
tion. However,  when  the  growth  period  was  divid- 
ed into  segments,  the  rate  of  growth  was  variable 
in  some  time  periods.  Survivability,  fertility,  sur- 
vival of  offspring,  and  teratogenicity  were  not 
affected  by  the  diets.  Elemental  analysis  of  muscle 
tissue  from  the  rabbits  showed  levels  below  those 
reported  as  toxic.  (Author's  abstract) 
W9 1-08074 


SIGNIFICANCE  OF  FRACTIONATION  METH- 
ODS IN  ASSESSING  THE  CHEMICAL  FORM 
OF  PHOSPHATE  ACCUMULATED  BY  ACTI- 
VATED SLUDGE  AND  AN  ACINETOBACTER 
PURE  CULTURE. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
D.  W.  deHaas. 

Water  SA  WASADV,  Vol.  17,  No.  1,  p  1-10, 
January  1991.  7  fig,  3  tab,  38  ref. 

Descriptors:  'Acinetobacter,  'Activated  sludge 
process,  'Phosphates,  'Separation  techniques, 
♦Wastewater  analysis,  'Wastewater  treatment, 
Bacteria,  Chemical  analysis,  Hydrogen  ion  concen- 
tration, Orthophosphates,  South  Africa. 

Two  chemical  fractionation  procedures  aimed  at 
the  determination  of  phosphorus  compounds  were 
used  to  analyze  the  same  activated  sludge  sample 
from  a  5-stage  modified  Bardenpho  plant  in  South 
Africa.  In  both  procedures,  at  least  14%  of  the 
total  phosphorus  was  measured  as  orthophosphate. 
It  was  concluded  that  chemical  precipitates  or 
orthophosphate  can  form  naturally  in  modified  ac- 
tivated sludge  systems  not  dosed  with  chemical 
precipitants.  Different  chain  lengths  of  polyphos- 
phate were  measured  in  trichloroacetic  and  in 
perchloric  acid  extracts  of  the  same  sample.  The 
chain  lengths  of  polyphosphate  measured  in  subse- 
quent (alkaline)  steps  were  not  greater  than  those 
found  in  the  acid  step.  Therefore,  it  was  concluded 
that  classification  of  acid-soluble  polyphosphate  as 
'low  molecular'  and  acid-insoluble  polyphosphate 
as  'high  molecular'  is  not  justified.  Also,  quantifica- 
tion of  acid-soluble  and  acid-insoluble  polyphos- 
phate extracted  from  activated  sludge  was  chal- 
lenged, since  it  was  found  that  the  distribution  of 
polyphosphate  between  the  two  fractions  was  in- 
fluenced by  the  nature  of  the  extractant  and  by 
hydrolysis  of  polyphosphate  to  orthophosphate 
during  extraction.  It  was  also  determined  that  met- 
abolic studies  of  polyphosphate  formation  by  Acin- 
etobacter should  be  conducted  in  a  medium  with 
near-neutral  pH.  (Author's  abstract) 
W9 1-08087 


INSTRUMENT  FOR  THE  DIRECT  DETERMI- 
NATION OF  OXYGEN  UTILISATION  RATE. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Chemi- 
cal Engineering. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-08088 


LONG-CHAIN  FATTY  ACID,  OLEATE,  AS 
SOLE  SUBSTRATE  IN  UPFLOW  ANAEROBIC 
SLUDGE   BED  (UASB)  REACTOR  SYSTEMS. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Civil 

Engineering. 

P.  A.  L.  N.  S.  Sam-Soon,  R.  E.  Loewenthal,  M.  C. 

Wenzel,  and  G.  R.  Marais. 

Water  SA  WASADV,  Vol.   17,  No.   1,  p  31-36, 

January  1991.  4  fig,  17  ref. 

Descriptors:  'Anaerobic  digestion,  'Dairy  indus- 
try, 'Lipids,  'Sludge,  'Wastewater  treatment, 
Acetic  acid,  Acidity,  Ammonium,  Fatty  acids,  Me- 
tabolism, Nitrogen. 

The  response  of  an  upflow  anaerobic  sludge  bed 
(UASB)  reactor  system  to  an  influent  with  the  salt 
of  a  long-chain  fatty  acid,  oleic  acid,  as  sole  sub- 
strate was  investigated.  Only  acetic  acid  was  gen- 
erated, indicating  that  the  metabolic  pathway  pro- 
ducing acetic  acid  only  was  the  predominant  one. 
This  pathway  operates  under  conditions  of  low 
pH.  Accepting  that  pH  was  low,  one  of  the  re- 
quirements for  pelletization  was  not  fulfilled.  Non- 
pellet  forming  behavior  was  confirmed  by  lack  of 
pellet  production;  the  low  uptake  of  ammonium- 
nitrogen;  and  the  low  production  of  organic  nitro- 
gen in  the  bed.  Thus,  the  prediction  that  pelletiza- 
tion is  not  to  be  expected  with  lipids  as  influent  is 
supported.  Moreover,  a  well-defined  sludge  bed 
was  formed,  but  of  a  gelatinous  texture.  This  type 
of  bed  and  its  texture  appears  to  be  very  similar  to 
that  obtained  in  an  UASB  system  treating  an  olive 
oil  processing  wastewater.  It  is  concluded  that 
treatment  of  liquid  wastes  having  an  appreciable 
lipid  concentrations  (for  example  from  dairies  and 
abattoirs)  may  give  rise  to  beds  with  both  pelle- 
tized  and  gelatinous  material  present.  Whether  the 
system  will  operate  effectively  will  need  to  be 
established  experimentally.  (See  also  W91-0891  and 
W9 1-0892)  (Doria-PTT) 
W9 1-08090 


EFFECTS  OF  A  RECYCLE  IN  UPFLOW  AN- 
AEROBIC SLUDGE  BED  (UASB)  SYSTEMS. 
Cape  Town  Univ.  (South  Africa).  Dept.  of  Civil 
Engineering.  ,,,,»-, 

P.  A.  L.  N.  S.  Sam-Soon,  R.  E.  Loewenthal,  M.  C. 
Wentzel,  R.  E.  Moosbrugger,  and  G.  R.  Marais. 
Water  SA  WASADV,  Vol.   17,  No.   1,  p  37-46, 
January  1991.  8  fig,  3  tab,  11  ref. 

Descriptors:  'Anaerobic  digestion,  'Carbohy- 
drates, 'Food-processing  wastes,  'Sludge, 
•Wastewater  treatment,  Alkalinity,  Chemical 
oxygen  demand,  Hydrogen  ion  concentration, 
Sludge  bed. 

Two  major  problems  arise  in  the  operation  of 
upflow  anaerobic  sludge  bed  (UASB)  reactor  sys- 
tems treating  carbohydrate  wastes:  high  influent 
chemical  oxygen  demand  (COD)  and  inadequate 
influent  alkalinity/influent  COD.  These  cause  the 
minimum  pH  in  the  bed  to  decline  to  below  6.6 
which  can  lead  to  failure  of  the  system.  The  use  of 
a  recycle  from  the  effluent  to  the  influent  to  reduce 
the  influent  alkalinity  requirements  per  influent 
COD,  and  to  reduce  the  effective  influent  concen- 
tration was  investigated.  In  flow-through  systems 
treating  a  carbohydrate  waste,  minimum  influent 
alkalinity  requirement  is  about  1.2  mg  (as  CaC03)/ 
mg  influent  COD.  The  minimum  influent  alkalinity 
requirement  can  be  reduced  by  imposing  a  recycle, 
the  reduced  requirement  given  by  1.2  X  base  flow/ 
(base  +  recycle  flow)  mg  alkalinity  (as  CaC03)/ 
mg  influent  COD.  The  effective  influent  COD 
concentration  is  correspondingly  reduced.  At  or 
near  the  maximum  sludge  rate,  the  recycle  may 
have  an  adverse  effect  on  system  performance;  it 
interactively  increases  the  loading  rate  above  the 
maximum  by  recycling  short-chain  fatty  acids  and 
COD  that  'leak'  through  the  sludge  bed.  (See  also 
W91-08090  and  W91-08092)  (Author's  abstract) 
W9 1-08091 


EFFECT  OF  SULPHATE  ON  PELLETISATION 
IN  THE  UASB  SYSTEM  WITH  GLUCOSE  AS 
THE  SUBSTRATE. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Civil 

Engineering. 

P.  A.  L.  N.  S.  Sam-Soon,  R.  E.  Loewenthal,  M.  C. 

Wentzel,  and  G.  R.  Marais. 

Water  SA  WASADV,  Vol.   17,  No.   1,  p  47-56, 

January  1991.  9  fig,  2  tab,  11  ref. 

Descriptors:  'Anaerobic  digestion,  'Food-process- 
ing wastes,  'Glucose,  'Sludge,  'Sulfates, 
'Wastewater  treatment,  Chemical  oxygen  demand, 
Chemical  reduction,  Hydrogen,  Methanogenesis, 
Suspended  solids,  Volatile  solids. 

The  response  of  an  upflow  anaerobic  sludge  bed 
(UASB)  reactor  system  to  a  glucose  substrate 
when  dosed  with  different  concentrations  of  sul- 
fate was  investigated.  With  glucose  and  sulfate  at  a 
low  influent  sulfate/chemical  oxygen  demand 
(COD)  ratio,  virtually  all  the  sulfate  was  reduced. 
Above  some  upper  influent  sulfate/COD  ratio,  the 
mass  of  sulfate  reduced  became  virtually  constant 
at  0.12  mg  sulfate/mg  influent  COD.  As  the  influ- 
ent sulfate/COD  ratio  increased  from  a  low  value 
so  pellet  formation  concomitantly  decreased,  from 
+/-0.08  mg  volatile  suspended  solids  (VSS)/mg 
influent  COD  at  trace  influent  sulfate  concentra- 
tion, to  0.04  mg  VSS/mg  influent  COD  at  excess 
influent  sulfate  concentration.  The  lower  pellet 
production  is  proposed  to  be  due  to  competition 
for  H2  substrate  between  the  hydrogenotrophic 
methanogens  and  sulfidogens.  However,  the  kinet- 
ics of  H2  utilization  reported  in  the  literature  for 
these  two  species  in  chemostats  do  not  provide  a 
consistent  explanation  for  the  behavior  observed  in 
the  UASB  systems;  possibly  the  structure  of  the 
pellet  itself,  or  the  distribution  of  organisms  in  the 
pellet,  influences  their  respective  rates  of  H2  utili- 
zation. (See  also  W9 1-08090  and  W9 1-08091)  (Au- 
thor's abstract) 
W9 1-08092 


OPTIMIZATION    OF    COAGULATION    AND 

FLOCCULATION   IN   THE  TREATMENT   OF 

OIL-SYNTHESIS   WASTEWATER   (OPTIMER- 

ING  VAN  KOAGULASIE  EN  FLOKKULASIE 

IN  DIE  HERWINNING  VAN  KOELWATER  UIT 

OLIESINTESE-AFVALWATER). 

Pretoria  Univ.  (South  Africa).  Dept.  of  Chemical 

Engineering. 

J.  van  Leeuwen,  and  P.  Wille. 

Water  SA  WASADV,  Vol.   17,  No.   1,  p  83-90, 

January  1991.  12  fig,  7  ref.  English  summary. 

Descriptors:  'Activated  sludge  process,  'Coagula- 
tion, 'Flocculation,  'Oil  wastes,  'Wastewater 
treatment,  Bacteria,  Bentonite,  Chlorides,  Clarifi- 
cation, Colloids,  Effluents,  Filtration,  Polyelectro- 
lytes,  Sand  filters,  Sedimentation,  Turbidity,  Zeta 
potential. 

The  activated  sludge  process,  which  is  used  in  the 
purification  of  an  oil  synthesis  effluent,  produces 
an  effluent  high  in  turbidity.  The  water  also  con- 
tains a  lot  of  dispersed  bacterial  growth  which  is 
not  removed  during  sedimentation.  Flocculation  is 
essential  to  remove  these  materials.  The  average 
diameter  of  the  colloids  was  found  to  be  0.92 
microns.  The  zeta  potential  of  the  colloids  was 
determined  in  an  attempt  to  correlate  it  to  the 
amount  of  flocculant  required.  The  value  was  rela- 
tively constant  at  -13.88  mV,  which  indicates  that  a 
cationic  coagulant  is  required.  The  required  dosage 
to  achieve  clarification  by  means  of  sedimentation 
only  was  very  high.  Both  the  recirculation  of  floes 
and  the  addition  of  bentonite  reduced  the  required 
dosage  drastically.  The  use  of  flocculant  aids  led  to 
small  reductions  in  flocculant  dose  and  cost.  Ferric 
chloride  as  a  primary  coagulant,  followed  by  the 
addition  of  polyelectrolyte,  led  to  large  savings  in 
certain  cases.  Large  reductions  in  flocculant 
dosage  were  obtained  by  the  additional  use  of  sand 
filtration  to  remove  smaller  floes.  (Author's  ab- 
stract) 
W9 1-08096 


WASTEWATER    TREATMENT    MODEL    FOR 
WASTE  HEAT  UTILIZATION   ASSESSMENT. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 


Group  50— Waste  Treatment  Processes 


R.  N.  Amundsen,  and  J.  D.  Keenan. 

Journal  of  Environmental  Systems  JEVSBH   Vol 

20,  No.    1,  p  23-52,   1990/1.  4  fig,  5  tab,  42  ref. 

Descriptors:  'Aquaculture,  'Biotechnology,  •Hy- 
droponics, 'Mass  balance,  'Model  studies,  'Waste 
heat,  'Wastewater  treatment,  Aeration,  Aerobic 
digestion,  Algae,  Anaerobic  digestion,  Clams, 
Crayfish,  Pollution  control,  Recycling,  Water  hya- 
cinth. 

Thermal  effluents  from  power  plants  can  be  used 
to  accelerate  the  treatment  of  wastewater.  Under 
controlled  temperature  conditions,  retention  time 
in  anaerobic  digesters  and  oxidation  ponds  is  mini- 
mized. Models  for  simulating  the  performance  of 
anaerobic  digesters,  algae  ponds,  and  the  U-tube 
aeration  system  have  been  developed.  It  was  con- 
cluded that  the  U-tube  aerator  has  by  far  the 
highest  energy  efficiency  of  the  aeration  systems 
used  in  aquaculture.  It  also  has  low  maintenance 
and  space  requirements,  along  with  low  construc- 
tion costs.  Using  the  models  developed  material 
balances  were  determined  for  the  fermentation  of 
water  hyacinths  into  ethanol  and  the  production  of 
clams  and  crayfish;  heat  balances  were  calculated 
for  an  anaerobic  digester  and  for  a  water  hyacinth 
pond  with  a  protective  plastic  cover;  and  flow 
requirements  were  determined  from  both  oxygen 
replenishment  and  metabolite  reduction  perspec- 
tives. Livestock  manure  and  municipal  wastewater 
can  yield  methane  through  anaerobic  digestion, 
and  ethanol  through  fermentation  of  water  hya- 
cinths grown  in  wastewater.  The  nutrient-laden 
effluents  can  be  used  to  produce  algae,  which 
serves  as  food  for  freshwater  clams  and  crayfish. 
By  simulating  the  biological  treatment  of 
wastewater  as  part  of  an  integrated  waste  heat 
utilization  complex,  it  is  possible  to  evaluate  the 
benefits  of  thermal  enrichment  in  terms  of  the 
valuable  byproducts  and  waste  treatment  services 
provided.  (Author's  abstract) 
W91-08111 


BOUNDARY  CONDITIONS  FOR  THE  WASTE 
STABILIZATION  POND. 

Nigeria  Univ.,  Nsukka.  Dept.  of  Civil  Engineering. 
J.  C.  Agunwamba. 

Water,  Air  and  Soil  Pollution  WAPLAC,  Vol  52 
No.   3/4,   p  237-245,    1990.   2  fig,   3  tab,    15  ref. 

Descriptors:  'Boundary  conditions,  'Coliforms, 
•Flow  models,  'Model  studies,  *Stabilization 
ponds,  'Wastewater  treatment,  Bacterial  produc- 
tivity, Comparison  studies,  Statistical  analysis. 

Two  different  solutions  of  the  dispersed  flow 
model  of  the  waste  stabilization  pond  based  on  two 
different  sets  of  boundary  conditions  were  com- 
pared and  analyzed  statistically.  These  solutions 
used  in  the  prediction  of  the  coliform  reduction  in 
the  pond,  were  based  on  Hulbult's  and  Danck- 
werts'  sets  of  boundary  conditions.  Although 
Danckwertts'  set  of  boundary  conditions  is  more 
mathematically  consistent  than  Hulbult's,  the  solu- 
tion based  on  the  latter  is  simplier.  Besides,  statisti- 
cal analysis  at  the  0.01  level  of  significance  showed 
that  there  is  little  to  choose  between  the  two  in 
terms  of  accuracy.  Also  the  two  solutions  gave 
similar  values  of  correlation  coefficient,  standard 
error,  intercept  and  regressed  slope.  (Author's  ab- 
stract) 
W91-08116 


COMPREHENSIVE  SLUDGE  MANAGEMENT 
PLANNING    FOR    THE    HYPERION    TREAT- 
MENT PLANT  (LOS  ANGELES,  USA). 
Montgomery   (James    M.)   Consulting   Engineers, 
Inc.,  Pasadena,  CA. 

D.  S.  Harrison,  B.  M.  Smith,  and  J.  T.  Crosse. 
Water  Science  and  Technology  WSTED4,   Vol 
22,  No.  12,  p  7-22,  1990.  9  fig,  5  tab,  2  ref. 

Descriptors:  'California,  'Management  planning, 
•Sludge  disposal,  *Sludge  management,  *Sludge 
utilization,  'Wastewater  treatment,  Digester  gas, 
Digesters,  Hyperion  Treatment  Plant,  Los  Ange- 
les, Ocean  dumping,  Prediction. 

The  City  of  Los  Angeles  Hyperion  Treatment 
Plant  currently  processes  1.44  million  cu  m/day  of 


flow  with  a  secondary  treatment  capacity  of  0.719 
million  cu  m/day.  The  City  ceased  ocean  dumping 
of  sludge  in  November  1987  and  will  upgrade  the 
plant's  capacity  to  1.7  million  cu  m/day,  with  full 
secondary  treatment,  by  1998.  The  cessation  of 
ocean  discharge  and  the  anticipated  increase  in 
sludge  quantities  led  to  the  formulation  of  a  Sludge 
Management  Plan  to  address  sludge  processing 
facility  needs  on-site  and  off-site  options  for  reuse/ 
disposal  of  dewatered  sludge  cake  or  sludge  com- 
bustion ash.  Planning  from  sludge  management 
began  in  March  1988  and  a  planning  report  was 
issued  in  January  1989.  The  main  objectives  of  the 
sludge  management  planning  effort  were:  develop 
projected  sludge  quantities;  develop  a  sludge  reuse 
program;  and  determine  sludge  processing  needs. 
Among  the  planning  documents  prepared  during 
the  management  planning  process  were  the  follow- 
ing: flow  projections;  process  flow  chart;  sludge 
production  projections;  effect  of  chemical  addition 
on  sludge  production  for  450  mgd  flow;  digester 
gas  projections;  plant  layout  designs  (present  and 
future);  expansion  plan  for  2.5-million  gallon  egg- 
shaped  digesters,  and  digester  gas  utilization  plan. 
(Rochester-PTT) 
W9 1-08 125 


SLUDGE    MANAGEMENT    AND    DISPOSAL 

PRACTICES  OF  THE  COUNTY  SANITATION 

DISTRICTS  OF  LOS  ANGELES  (USA). 

Los  Angeles  County  Sanitation  Districts,  Whittier, 

CA. 

C.  W.  Carry,  J.  F.  Stahl,  B.  E.  Hansen,  and  P.  L. 

Friess. 

Water  Science  and  Technology  WSTED4,  Vol 

22,  No.  12,  p  23-32,  1990.  4  fig,  2  tab. 

Descriptors:  'California,  'Sludge  disposal,  'Sludge 
management,  'Sludge  utilization,  'Waste  disposal, 
•Wastewater  treatment,  Digested  sludge,  Inciner- 
ation, Landfill  gas,  Los  Angeles,  Operating  poli- 
cies, Soil  amendments. 

The  County  Sanitation  Districts  of  Los  Angeles 
County  (California)  operate  a  network  of  six 
wastewater  treatment  plants  called  the  Joint  Out- 
fall System  (JOS)  which  treat  a  wastewater  flow  of 
approximately  22.3  cu  m/sec  (510  mgd).  Central- 
ized sludge  processing  for  the  JOS  is  performed  at 
the  largest  plant  in  the  system,  the  Joint  Water 
Pollution  Control  Plant  (JWPCP).  Sludge  is  anaer- 
obically  digested,  dewatered  in  scroll  centrifuges, 
and  either  composted  and  sold  to  a  private  compa- 
ny that  produces  bagged  soil  amendment  products 
or  codisposed  with  refuse  at  a  site  that  recovers 
energy  from  landfill  gas  with  a  46  MW  (net)  steam 
turbine  power  plant.  Future  sludge  handling  will 
include  dehydration  followed  by  incineration  for 
most  of  the  sludge  now  landfilled.  JWPCP  accom- 
plishes an  environmentally  sound  and  cost-effec- 
tive balance  of  solids  disposal  to  air,  land,  and 
water.  (Author's  abstract) 
W9 1-08 126 


MANAGING  CHANGE  IN  AN  ENVIRONMEN- 
TALLY CONSCIOUS  SOCIETY:  A  CASE 
STUDY,  GOTHENBURG  (SWEDEN). 

Goeteborg  Regional  Sewerage  Co.  (Sweden). 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-08 128 


DRYING  OF  SEWAGE  SLUDGE:  AN  IMPOR- 
TANT STEP  IN  WASTE  DISPOSAL. 

Ingenieurbuero   fuer   Verfahrens-   und   Chemiein- 

genieurtechnik,  Zurich  (Switzerland). 

H  Gruter,  M.  Matter,  K.  H.  Oehlmann,  and  M.  D. 

Hicks. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  12,  p  57-63,  1990.  8  fig,  4  tab. 

Descriptors:  'Germany,  'Sludge  drying,  'Switzer- 
land, 'Thin-film  evaporation,  'Waste  disposal, 
'Waste  management,  Cost  analysis,  Fertilizers,  In- 
cineration, Performance  evaluation.  Sludge  dispos- 
al, Sludge  solids. 

In  both  Germany  and  Switzerland,  alternatives  for 
sludge  disposal  are  being  foreclosed  due  to  de- 
creasing land  availability  and  concerns  about 
spreading  toxic  compounds  in   the  environment. 


One  way  to  reduce  sludge  volume  would  be  to 
employ  thin-film  evaporation  (TFE)  technology  in 
drying.  TFE  has  been  used  for  25  yr  industrial 
drying  and  the  first  tests  of  sludge  drying  were 
conducted  15  yr  ago.  The  combination  of  continu- 
ous TFE  with  continuous  disc  dryer  as  a  second 
stage  is  an  ideal  solution  that  leads  to  very  high 
solids  content.  Depending  on  the  final  stage  (e.g., 
direct  incineration,  storage  for  incineration  fuel,  or 
storage  for  fertilizer),  the  sludge  can  be  dried  to 
40-60%  solids  content  (SC)  for  incineration  and  up 
to  90%  SC  for  storage.  The  Buss  sludge  drying 
system  employs  a  DAS-type  thin  film  dryer  as  the 
first  stage  and  a  Rovactor  disc  drier,  which  has 
hours  of  retention  time,  as  the  second  stage.  The 
DAS  alone  is  sufficient  if  sludge  is  to  be  incinerat- 
ed to  produce  steam.  Among  the  desirable  charac- 
teristics of  this  system  are  lack  of  air  pollution  with 
solid  particles  or  odors  and  continuous  operation 
with  a  minimum  of  maintenance.  A  cost  study 
showed  expenses  of  71  Swiss  francs  per  ton  of 
sludge  (25%  SC)  based  on  a  sludge  flow  rate  of 
4000  kg/hr.  (Rochester-PTT) 
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ODOR  NUISANCES  CREATED  BY  SLUDGE 
TREATMENT:  PROBLEMS  AND  SOLUTIONS. 

Centre  de  Recherche  de  Maisons-Laffitte  (France). 
C.  Bonnin,  A.  Laborie,  and  H.  Paillard. 
Water  Science  and  Technology  WSTED4,  Vol 
22,   No.    12,  p  65-74,    1990.    1   fig,   8  tab,   8  ref. 

Descriptors:  'Biochemistry,  'Odor  control, 
'Odors,  'Organoleptic  properties,  'Sludge  treat- 
ment, 'Waste  management,  'Wastewater  treat- 
ment, Air  pollution,  Centrifuges,  Chemical 
wastewater  treatment,  Filters,  France,  Public  nui- 
sance. 

In  sewage  treatment  plants,  the  sludge  treatment 
lines  generate  odor  nuisances.  Odors  are  caused 
mainly  by  sulfurous  compounds  (H2S,  mercaptans, 
and  organic  sulfides),  nitrous  compounds  (ammo- 
nia and  organic  nitrogen),  and  acid,  aldehyde  and 
ketone-type  compounds.  Air  was  sampled  near  the 
treatment  units  at  12  sewage  works  in  France.  The 
reasons  for  the  formation  of  odor-generating  com- 
pounds were  explained  for  each  facility.  The  main 
sources  of  bad  smells  are  the  thickeners  (H2S, 
CH3SH,  and  NH3),  thermal  processing  (H2S  and 
acetaldehyde),  dewatering  (H2S  and  NH3),  storage 
(NH3  if  final  stabilization  with  lime  is  applied). 
Preventive  techniques  that  make  it  possible  to 
reduce  odorous  emissions  include  producing  as 
stable  a  sludge  as  possible  prior  to  thickening  and 
dewatering,  use  of  centrifuge  or  press  filter  rather 
than  a  belt  filter  for  dewatering,  and  reducing  the 
residence  time  in  the  thickening  step  to  under  48 
hr.  Curative  measures  consist  of  roofing  the  struc- 
tures and  treating  the  air  extracted.  A  comparative 
study  demonstrated  that  chemical  scrubbing  and 
biodeodorization  had  good  performance  levels. 
Both  methods  are  coming  into  general  use  in 
France  for  industrial  applications.  (Author's  ab- 
stract) 
W9 1-08 130 


LARGE-SCALE  SEWAGE  SLUDGE  COMPOST- 
ING: A  CASE  FOR  MAINTAINING  A  DIVERSI- 
FIED PROGRAM. 

Philadelphia   Water   Dept.,   PA.   Sludge   Manage- 
ment Unit. 
W.  E.  Toffey. 

Water  Science  and  Technology  WSTED4,  Vol 
22,  No.  12,  p  107-116,  1990. 

Descriptors:  'Composting,  'Sludge  management, 
•Sludge  utilization,  'Waste  management. 
'Wastewater  treatment,  Land  application,  Land 
reclamation,  Marketing,  Odor  control,  Philadel- 
phia, Sludge  solids,  Soil  amendments. 

The  Philadelphia  Water  Department  operates  the 
world's  largest  sewage  sludge  composting  plant. 
This  $80  million  plant  handles  anaerobically  digest- 
ed sewage  sludge  generated  by  three  regional 
sewage  treatment  plants  treating  530  million  gal- 
lons of  wastewater  daily.  The  plant  was  designed 
to  compost  sludge  solids  in  an  aerated  sludge  static 
pile  system  of  composting.  During  1989,  the  plant 
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composted  the  full  60,000  dry  tons  of  sludge  solids 
it  received  for  processing.  In  the  future,  not  all 
incoming  sludge  solids  will  be  composted.  Instead, 
a  diversified  sludge  utilization  plan  will  be  imple- 
mented for  the  following  reasons:  (1)  the  practica- 
ble composting  capacity  is  about  two-fifths  of 
design  capacity;  (2)  facility  managers  have  been 
compelled  to  consider  limiting  compost  production 
as  an  odor  control  strategy;  (3)  commercial  mar- 
kets for  sludge  compost  have  not  grown  as  quickly 
as  the  increased  production  capacity;  (4)  programs 
to  use  or  dispose  of  uncomposted  sludge  solids  are 
implementable  and  cost-effective;  and  (5)  and  reli- 
ance on  a  single  technology  or  end  use  is  unaccept- 
ably  risky.  The  planned  distribution  of  sludge 
products  for  calendar  year  1990,  by  proportion  of 
totals  solids  and  by  product  weight,  consists  of:  (1) 
marketing  of  screened  compost  (33%,  36,000 
metric  tons);  (2)  stripmine  reclamation  with  cake/ 
compost  mix  (20%,  45,000  metric  tons);  (3)  landfill 
disposal  of  sludge  cake  (17%,  64,000  metric  tons); 
(4)  agricultural  use  of  compost  (15%,  40,000  metric 
tons);  (5)  agricultural  use  of  sludge  cake  (10%, 
27,000  metric  tons);  (6)  land  reclamation  use  of 
compost  (3%,  10,000  metric  tons);  and  (7)  local 
application  of  compost  (2%,  5,000  metric  tons). 
(Author's  abstract) 
W9 1-08 134 


EFFECT  OF  SHEAR  ON  CONDITIONING: 
CHEMICAL  REQUIREMENTS  DURING  ME- 
CHANICAL SLUDGE  DEWATERING. 

Virginia  Polytechnic  Inst.,  Blacksburg.   Dept.  of 

Civil  Engineering. 

J.  T.  Novak,  and  D.  P.  Lynch. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  12,  p  117-124,  1990.  11  fig,  5  ref. 

Descriptors:  *Chemical  wastewater  treatment, 
•Physical  treatment,  *Shear,  *Sludge  conditioning, 
Filter  presses,  Filtration,  Fluid  flow,  Laboratory 
methods,  Polymers,  Simulation  analysis,  Sludge 
drying. 

Many  sludges  deteriorate  or  disaggregate  when 
subjected  to  shear.  As  a  result,  sludges  dewater 
more  poorly  and  require  much  larger  chemical 
conditioning  doses  to  overcome  the  effects  of 
shear.  The  shear  associated  with  dewatering  proc- 
esses can  be  estimated  by  two  approaches:  (1) 
calculations  can  be  made  of  the  shear  in  filter  cakes 
considering  fluid  flow  and  (2)  the  performance  of 
equipment  can  be  compared  with  laboratory  shear 
measurements.  Both  approaches  were  used  in  the 
present  study,  which  was  performed  with  a  plate 
and  frame  'J'  filter  press  using  conditioned  sludge. 
The  results  suggested  that  shear  occurring  during 
mechanical  dewatering  is  substantial  and  can  in- 
crease the  need  for  polymer  conditioning.  It  ap- 
pears that  the  shear  in  dewatering  processes  can  be 
simulated  using  laboratory  equipment  to  permit 
selection  of  conditioning  chemicals  and  appropri- 
ate doses  using  laboratory  mixing  devices.  Refiltra- 
tion  of  sludges  appears  to  be  a  useful  way  to 
evaluate  the  effect  of  polymers  on  the  sludge  resist- 
ance to  shear.  (Rochester-PTT) 
W91-08135 


ibility  of  the  latter  sludge.  A  model  developed  to 
describe  effects  of  pressure  differential  on  filtrate 
production  behavior  of  an  ideal  compressible 
slurry  indicated  that  the  kaolin  slurry  behaved  as 
such.  However,  the  activated  sludge  was  not  ideal 
because  changes  in  pressure  differential  did  not 
cause  the  idealized  change  in  filtrate  production 
rate.  A  thin  skin  of  activated  sludge  solids  at  the 
filter  medium  accounted  for  the  non-ideal  com- 
pressive behavior.  Porewater  pressure  data  ac- 
quired 0.86  mm  above  the  filter  medium  during 
activated  sludge  filtration  provided  evidence  of 
skin  formation  and  its  effect:  virtually  the  total 
pressure  drop  occurred  within  this  0.86-mm  region 
throughout  cake  formation  (after  which  shrinkage 
began).  Hence,  significant  effective  stresses  re- 
quired to  consolidate  the  sludge  cake  did  not  de- 
velop in  most  of  the  cake  until  cake  formation  was 
complete  and  shrinkage  began.  (Author's  abstract) 
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MOISTURE  DISTRIBUTION  IN  SLUDGES. 

Camp,   Dresser  and   McKee,   Inc.,   Raleigh,   NC. 
K.  R.  Tsang,  and  P.  A.  Vesilind. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  12,  p  135-142,  1990.  3  fig,  4  tab,  14  ref. 

Descriptors:  *Moisture  content,  'Sludge  analysis, 
♦Sludge  conditioning,  *Sludge  drying, 
•Wastewater  treatment,  Centrifugation,  Compari- 
son studies,  Filtration,  Interstitial  water,  Laborato- 
ry methods,  Sludge  cake. 

It  is  well  known  that  sludges  tend  to  bind  with 
water  and  refuse  to  yield  water  during  dewatering. 
Attempts  have  been  made  to  define  and  measure 
this  water,  but  no  standard  method  and  procedure 
is  available.  A  drying  procedure  to  measure  mois- 
ture distribution  in  sludge  was  developed  and  the 
effects  of  different  conditioning  techniques  and 
dewatering  procedures  on  moisture  distribution 
were  evaluated.  By  studying  the  drying  character- 
istic curve,  the  moisture  in  sludge  was  classified 
into  four  categories:  free  moisture,  interstitial  mois- 
ture, surface  moisture,  and  bound  moisture.  The 
effects  of  three  dewatering  processes,  gravity 
drainage,  vacuum  filtration,  and  centrifugation,  as 
well  as  chemical  conditioning  by  cationic  polymer 
and  physical  conditioning  by  freeze-thaw  on  the 
moisture  distribution,  were  investigated.  The 
dewatering  procedures  removed  only  part  of  the 
free  and  interstitial  moisture;  surface  and  bound 
moisture  were  not  affected.  Part  of  the  free  and 
interstitial  moisture  also  remains  with  the  sludge 
cake,  which  can  be  considered  as  the  inherent 
inefficiency  of  the  dewatering  process.  The  com- 
plete removal  of  all  the  free  moisture  can  be  con- 
sidered as  the  theoretical  best  performance  any 
mechanical  dewatering  device  can  achieve.  Poly- 
mer addition  improved  the  dewaterability  of  the 
sludge  by  reducing  the  inherent  inefficiency,  pri- 
marily by  reducing  the  amount  of  free  moisture 
retained  in  the  cake.  Freeze-thaw  is  found  to  effect 
the  removal  of  free,  interstitial  and  surface  mois- 
ture, bringing  about  a  dramatic  increase  in  dewa- 
terability. The  treated  sludge  cake  drains  readily 
and  retains  no  free  moisture.  (Author's  abstract) 
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terability  of  conditioned  sludge  is  the  suspended 
solids  concentration  of  raw  sludge.  A  factor  affect- 
ing the  moisture  content  of  dewatered  sludge  cake 
is  viscosity  of  the  sludge  adjusted  to  4.0%  of 
suspended  solids  concentration.  Factors  affecting 
the  viscosity  are  the  intrinsic  viscosity  of  alkaline 
extracts,  the  ratio  of  volatile  suspended  solids- 
fiber/suspended  solids:ash/suspended  solids:fiber/ 
suspended  solids,  and  the  charge  density  of  sludge 
particles.  A  factor  affecting  the  extension  degree  of 
dewatered  sludge  cake  is  the  charge  density  of 
sludge  particles.  Factors  affecting  the  amount  of 
residual  solids  on  the  filter  cloths  are  the  charge 
density  of  sludge  particles  and  the  fibrous  sub- 
stances content  of  the  sludge.  As  for  polyelectro- 
lytes,  a  highly  cationized  polyelectrolyte  is  effec- 
tive to  lower  the  moisture  content,  the  extension 
degree,  and  the  amount  of  residual  solids  on  filter 
cloths.  And  a  factor  affecting  the  required  dosage 
of  a  polyelectrolyte  is  anionic  substances  content  in 
the  liquid  of  raw  sludge.  (Author's  abstract) 
W91-08138 


EVALUATION  OF  MUNICIPAL  SLUDGE 
DRYING  AND  DEWATERING  WITH  RESPECT 
TO  SLUDGE  VOLUME  REDUCTION. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
M.  Smollen. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.   12,  p  153-161,  1990.  4  fig,  3  tab,  9  ref. 

Descriptors:  *Moisture,  'Moisture  content,  'Mu- 
nicipal wastewater,  'Sludge  drying,  'Sludge  man- 
agement, 'Waste  management,  'Wastewater  treat- 
ment, Bound  water,  Centrifugation,  Chemical 
wastewater  treatment,  Polyelectrolytes,  Sludge 
cake,  Sludge  conditioning,  Sludge  volume  index. 

A  number  of  factors  that  influence  sludge  dewater- 
ing behavior  have  been  identified,  but  there  is  a 
lack  of  consensus  which  of  these  are  of  the  greatest 
concern  in  sludge  treatment  strategies.  Moisture 
retention  characteristics  were  obtained  from 
vacuum  drying  of  centrifuged  sludge  samples  to 
subdivide  moisture  into  immobilized,  physically, 
and  chemically  bound  fractions.  Physically  bound 
moisture  is  responsible  for  unsatisfactory  dewater- 
ing by  centrifugation.  Polyelectrolyte  releases 
some  of  the  immobilized  water,  but  simultaneously 
increases  the  physically  bound  moisture  content, 
which  gives  rise  to  large  energy  inputs  during 
mechanical  dewatering.  This  behavior  seems  to 
explain  the  problems  experienced  in  practice  with 
unsatisfactory  low-cake  solids  concentration  ob- 
tained with  the  use  of  mechanical  dewatering 
equipment.  Existing  dewatering  parameters  such  as 
specific  resistance  to  filtration  and  capillary  suction 
time  do  not  correlate  with  chemically-bound, 
physically-bound,  and  immobilized  moisture  frac- 
tions. These  tests  give  information  on  an  un-immo- 
bilized  water  fraction.  They  give  no  information 
on  the  ease  of  removal  of  the  bound  moisture 
fraction.  In  centrifugal  dewatering,  the  bound 
moisture  content  gives  the  highest  correlation  with 
the  final  cake  moisture  content.  (Rochester-PTT) 
W9 1-08 139 


IN  SITU  EXAMINATION  OF  EFFECTS  OF 
PRESSURE  DIFFERENTIAL  ON  COMPRESSI- 
BLE CAKE  FILTRATION. 

Cornell  Univ.,  Ithaca,  NY.   School  of  Civil  and 

Environmental  Engineering. 

B.  R.  Bierck,  and  R.  I.  Dick. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  12,  p  125-134,  1990.  9  fig,  17  ref. 

Descriptors:  'Filtration,  'Sludge  cake,  'Sludge 
drying,  'Sludge  filters,  'Wastewater  treatment, 
Activated  sludge,  Compression,  Kaolinite,  Porous 
media,  Stress  analysis,  Suspended  solids,  X-ray  ab- 
sorbance. 

When  sludges  are  filtered,  an  increase  in  pressure 
differential  does  not  necessarily  cause  an  increase 
in  filtration  rate.  The  synchrotron  x-ray  absor- 
bance  technique  was  used  to  monitor  suspended 
solids  concentration  changes  in  compressible  filter 
cakes  formed  at  different  constant  pressure  differ- 
entials. Results  for  a  kaolin  slurry  and  an  activated 
sludge  manifested  the  markedly  higher  compress- 


CHARACTERISTICS  OF  SEWAGE  SLUDGE 
AFFECTING  DEWATERING  BY  BELT  PRESS 
FILTER. 

Kurita  Water  Industries  Ltd.,  Atsugi  (Japan). 
M.  Hashimoto,  and  M.  Hiraoka. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  12,  p  143-152,  1990.  6  fig,  4  tab,  19  ref. 

Descriptors:  'Filter  presses,  'Filtration,  'Sludge 
conditioning,  'Sludge  drying,  'Wastewater  treat- 
ment, Chemical  wastewater  treatment,  Electrical 
charge,  Polyelectrolytes,  Sludge  cake,  Sludge 
management,  Viscosity. 

Dewatering  characteristics  of  sewage  sludge  were 
determined  by  conditioning  the  sludge  with  the 
most  effective  cationic  polyelectrolyte  among  14 
examined  and  dewatering  with  a  belt  press  filter. 
The  characteristics  of  sludges  (16  mixed  and  8 
anaerobically  digested)  were  measured  for  33 
chemical  and  physical  properties  affecting  dewa- 
terability. A  factor  affecting  the  gravitational  fil- 


MODELS  OF  SEWAGE  SLUDGE  CONDITION- 
ING. 

Istituto  di  Ricerca  sulle  Acque,  Bari  (Italy). 

V.  Lotito,  G.  Mininni,  and  L.  Spinosa. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.   12,  p  163-172,   1990.  3  fig,  6  tab,  7  ref. 

Descriptors:  'Centrifugation,  'Filtration,  'Sludge 
conditioning,  'Sludge  drying,  'Sludge  manage- 
ment, 'Testing  procedures,  Laboratory  methods, 
Performance  evaluation,  Physical  models,  Pilot 
plants,  Sludge  cake,  Sludge  solids. 

Models  of  sewage  sludge  conditioning  are  needed 
to  assess  the  preferred  types  of  chemicals  and  the 
optimal  dosages.  Laboratory  and  pilot  tests  were 
carried  out  with  organic  and  inorganic  chemicals 
to  determine  their  influence  on  sludge  parameters 
and  equipment  performance.  A  new  parameter, 
'specific  resistance  to  centrifugation  (Re)'  was  de- 
veloped for  evaluating  sludge  centrifugability.  The 
pilot  tests  confirmed  that  satisfactory  solids  recov- 
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eries  can  be  obtained  when  the  value  of  this  param- 
eter is  around  20-30  sec.  Re  was  correlated  with 
dosage,  molecular  weight,  and  charge  density  of 
the  polyelectrolytes.  Other  correlations  were  de- 
termined for  specific  resistance  to  filtration  and 
compressibility  coefficient.  In  conditioning  using 
organic  chemicals,  ferric  chloride  influenced 
mainly  the  specific  resistance,  whereas  lime  influ- 
ence the  compressibility  coefficient.  In  response  to 
some  discrepancies  between  the  classical  theory  of 
infiltration  and  actual  results  of  pilot  tests,  a  new 
parameter  called  'average  specific  resistance  to  fil- 
tration' was  proposed.  A  laboratory  test  applicable 
to  beltpress  operation  was  developed  to  allow  the 
drainage  and  compression  phases  to  be  simulated. 
The  final  cake  concentration  can  be  predicted, 
with  good  agreement  between  predictions  and  ex- 
perimental values.  (Author's  abstract) 
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COST-EFFECTIVE  DEWATERING  OF  MUNIC- 
IPAL TREATMENT  PLANT  SLUDGES  USING 
BELT  PRESSES. 

Clarke  Co.,  Anaheim,  CA. 
W.  N.  Clarke,  E.  Hodges,  and  R.  J.  Ooten. 
Water  Science  and  Technology  WSTED4,  Vol 
22,  No.  12,  p  173-182,  1990.  5  tab. 

Descriptors:  "California,  'Cost  analysis,  'Filter 
presses,  'Sludge  drying,  'Sludge  management, 
'Wastewater  treatment,  Activated  sludge,  Filtra- 
tion, Hydrogen  sulfide,  Performance  evaluation, 
Polymers,  Potassium  permanganate,  Sludge  cake. 

An  evaluation  was  conducted  at  the  County  Sani- 
tation Districts  of  Orange  County  (CSDOC),  Cali- 
fornia, that  led  to  the  purchase  and  installation  of 
the  belt  filter  presses  currently  in  use.  The  CSDOC 
operates  8  presses  at  its  Plant  No.  1  and  15  presses 
at  its  plant  No.  2.  This  equipment  was  chosen  after 
an  exhaustive  search  and  study  of  all  known  belt 
filter  press  facilities.  Over  a  period  of  years,  the 
CSDOC  acquired  23  Winklepresses  after  first  com- 
paring centrifuges,  filter  presses,  and  belt  presses  in 
field  tests.  An  early  problem  was  excessive  H2S, 
which  exceeded  25  ppm  until  potassium  permanga- 
nate feed  was  added.  Liquid  polymer  is  used  at  a 
dosage  averaging  six  pounds  per  ton.  Cake  dryness 
depends  on  the  feed  sludge  composition,  density, 
and  feed  rate.  Primary  sludge  dewaters  to  28% 
solids,  whereas  a  70/30  blend  of  primary  and  air 
waste  activated  sludge  will  produce  24%  solids; 
and  a  50/50  blend  dewaters  to  18-19%.  Pure  air 
waste  activated  sludge  dewaters  to  12-13%.  Belt 
tension  is  set  at  400  psi,  which  is  a  tradeoff  be- 
tween greater  cake  thickness  and  reduced  belt  life. 
Two  crews  of  four  persons  are  devoted  to  mechan- 
ical maintenance  of  the  dewatering  portion  of  the 
treatment  plants  (belt  presses,  dewatering  build- 
ings, and  solids  loading  and  handling).  The  cleaner 
machines  are  kept,  the  fewer  repairs  are  needed. 
Belt  life  is  typically  6000  hours.  A  doctor  blade 
with  a  pliable  tip  seems  to  be  an  improvement  over 
hard  plastic  blades.  Specific  electrical  maintenance 
problems  have  occurred  in  the  areas  of  limit 
switches,  motor  drives,  control  panels,  and  but- 
tons, switches,  and  alarms.  Moisture  and  corrosion 
were  the  main  causes  of  these  problems.  Instru- 
mentation problems  have  been  few  and  minor. 
(Rochester-PTT) 
W91-08141 


SUCCESSFUL  DEWATERING  EXPERIENCE 
AT  HYPERION  WASTEWATER  TREATMENT 
PLANT. 

Los    Angeles    City    Hyperion    Treatment    Plant, 

Playa  Del  Rey,  CA. 

B.  K.  Horenstein,  G.  L.  Hernandez,  G.  Rasberry, 

and  J.  Crosse. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.   12,  p  183-191,   1990.  8  fig,   1  tab,  2  ref. 

Descriptors:  'California,  'Centrifugation,  'Los 
Angeles,  'Sludge  conditioning,  'Sludge  drying, 
•Sludge  management,  Carbon  dioxide,  Cost  analy- 
sis, Optimization,  Performance  evaluation.  Sludge 
disposal,  Struvite. 

The  City  of  Los  Angeles  (California)  has  devel- 
oped a  diversified  sludge  management  program 
since  cessation  of  the  ocean  disposal  of  sludge  in 


1987.  At  the  heart  of  this  program  is  the  centrifu- 
gal dewatering  of  digested  sludge  at  the  Hyperion 
Wastewater  Treatment  Plant  (HTP).  The  experi- 
ence gained  from  sludge  dewatering  includes:  cen- 
trifuge startup  problem  solving;  optimization  of  the 
dewatering  process;  polymer  testing;  struvite  mon- 
itoring and  control;  and  development  of  param- 
eters for  waste  activated  sludge  dewatering.  Thir- 
teen dewatering  centrifuges  began  to  be  used  in 
1985.  Numerous  adjustments  had  to  be  made,  in- 
cluding additional  tungsten-carbide  parts  and  lin- 
ings of  parts  to  limit  wear.  A  key  to  the  successful 
operation  of  the  centrifuges  has  been  the  flexibility 
built  into  this  system  with  control  capabilities  that 
include:  local,  remote,  manual,  and  automatic  func- 
tions. The  controls  employ  a  system  of  magmeters 
and  control  valves  on  each  centrifuge  for  sludge 
and  polymer  feed  to  determine  the  demand  of 
sludge  and  polymer  by  common  variable  speed 
pumps.  At  HTP,  a  1  %  increase  or  decrease  in  cake 
solids  translates  to  a  $1  million  increase  or  de- 
crease, respectively,  in  off-site  disposal  costs.  Stud- 
ies of  chemical  addition  demonstrated  that  a 
change  in  the  type  of  polymer  (from  mannich  to 
emulsions)  allows  the  machines  to  be  run  at  a 
lower  differential  speed  (4.0.-4.5  rpm),  resulting  in 
a  significant  increase  in  cake  solids  concentration 
while  maintaining  quality  above  95%  capture.  Al- 
though polymer  cost  is  substantially  higher,  the 
overall  cost  is  lower  because  sludge  disposal  cost  is 
reduced  by  an  even  greater  amount.  A  major  oper- 
ational problem  at  HTP  is  the  precipitation  of 
magnesium  ammonium  phosphate  (struvite).  HTP 
has  a  long  history  of  diluting  the  sludge  streams 
with  plant  effluent  to  reduce  the  concentration  of 
struvite  constituents.  Recent  investigations  suggest 
that  C02  addition  may  control  pH  for  struvite 
mitigation.  (Rochester-PTT) 
W9 1-08 142 


SOLAR  ENERGY  FOR  SLUDGE  DRYING  IN 
ALEXANDRIA  METROPOLITAN  AREA:  CASE 
STUDY  IN  EGYPT. 

Alexandria  Univ.  (Egypt).  Higher  Inst,  of  Public 

Health. 

A.  A.  Hossam,  S.  G.  Saad,  H.  H.  Mitwally,  L.  M. 

Saad,  and  L.  Noufal. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.   12,  p  193-204,  1990.  11  fig,  3  tab,  7  ref. 

Descriptors:  'Egypt,  'Sludge  drying,  'Sludge 
management,  'Solar  energy,  'Waste  management, 
'Wastewater  treatment,  Alexandria,  Chemical 
wastewater  treatment,  Comparison  studies,  Cost 
analysis,  Lime,  Parasites,  Pilot  plants,  Seasonal 
variation,  Sludge  conditioning. 

Egypt  has  an  abundance  of  solar  energy,  on  the 
order  of  5  to  8  kWh/sq  m  per  day,  and  a  sunshine 
duration  of  over  4000  hr/yr.  With  this  in  mind  an 
experimental  study  was  conducted  to  assess  the 
drainability  of  sludge  generated  by  different  treat- 
ment processes,  and  to  assess  a  pilot  solar-heated 
sand  drying  bed  compared  with  regular  beds.  The 
study  was  conducted  at  the  Alexandria  Eastern 
Sewage  Treatment  Plant.  Climatic  conditions  were 
generally  favorable  for  dewatering  sludge  on  sand 
drying  beds  except  when  there  was  heavy  rainfall 
during  the  wet  season,  which  prolonged  the  drying 
time.  The  solar  air  heated  drying  beds  saved  about 
35%  of  the  bed  area  compared  to  conventional 
sand  drying  beds,  and  the  drying  time  was  cut 
from  18  days  to  8  days.  The  solar  air  heated  beds 
were  less  expensive  than  conventional  open  sand 
beds.  The  bed  loading  was  about  147  kg  solids/sq 
m/yr  on  average  for  conventional  open  sand  beds 
compared  to  248  kg  solids/sq  m/yr  for  solar  air 
heated  sand  beds.  It  is  recommended  that  condi- 
tioning with  chemicals  (e.g.,  lime)  should  be  car- 
ried out  only  to  increase  the  wet  season  bed  load- 
ing if  this  is  necessary.  No  advantage  was  gained 
from  sludge  conditioning  during  the  dry  season. 
Also,  addition  of  lime  resulted  in  the  precipitation 
of  heavy  metals,  thus  increasing  their  concentra- 
tion in  the  sludge.  However,  lime  treatment  re- 
duced parasite  concentrations,  although  this  could 
be  accomplished  by  60  days  of  composting  as  well. 
(Rochester-PTT) 
W91-08143 


MESOPHILIC  AND  THERMOPHILIC  DIGES- 
TION OF  MUNICIPAL  SLUDGE  IN  A  DEEP- 
SHAFT  U-SHAPED  BIOREACTOR. 

Asian  Inst,  of  Tech.,  Bangkok  (Thailand).  Div.  of 

Environmental  Engineering. 

F.  T.  Tran,  and  R.  D.  Tyagi. 

Water  Science  and  Technology  WSTED4,  Vol 

22,  No.  12,  p  205-215,  1990.  1  fig,  12  tab,  19  ref. 

Descriptors:  'Aerobic  digestion,  'Biological 
wastewater  treatment,  'Municipal  wastewater, 
•Oxygen,  'Sludge  digestion,  Design  criteria,  Per- 
formance evaluation,  Suspended  solids,  Tempera- 
ture, Wastewater  reactors,  Wastewater  treatment. 

High  oxygen-transfer  rates  frequently  are  required 
for  economy  in  aerobic  sludge  digestion.  To 
achieve  high  oxygen-transfer  rates,  the  design  of 
fermentation  equipment  favors  maximizing  the  rate 
of  oxygen  transfer  for  cell  growth,  while  minimiz- 
ing the  power  requirement.  One  of  the  most  prom- 
ising contactors  designed  for  high  mass-transfer 
rates  with  lower  power  consumption  is  the  airlift 
tower.  Aerobic  digestion  of  primary  and  secondary 
sludges  was  studied  in  airlift  bioreactors  at  meso- 
philic  and  thermophilic  temperatures.  The  experi- 
mental studies  were  conducted  with  a  laboratory 
U-shaped  airlift  reactor  with  an  operating  volume 
of  23  L  and  a  pilot  U-shaped  airlift  reactor  with  an 
operating  volume  of  1150  L.  In  the  laboratory 
reactor,  at  a  lower  temperature  (6  C)  and  with  a 
concentrated  feed  (3-4%  solids)  consisting  of  pri- 
mary and  secondary  municipal  sludge,  a  30%  vola- 
tile suspended  solids  (VSS)  reduction  was  achieved 
with  a  hydraulic  retention  time  of  2.5  days.  The 
VSS  loading  rate  of  8.2  kg  VSS  per  cu  m  per  day 
was  achieved.  This  loading  is  comparable  to  that 
obtained  in  a  pure-oxygen  sparged  mixed  reactor. 
In  the  pilot  plant  reactor  at  mesophilic  tempera- 
tures (31-33  C),  a  VSS  loading  rate  of  7.9  kg  VSS 
per  cu  m/day  and  a  VSS  reduction  of  33%  were 
achieved  with  a  hydraulic  retention  time  of  four 
days.  The  high  volatile  loading  rate  and  the  higher 
percent  VSS  reduction  capability  of  the  airlift  bio- 
digester  minimize  the  reactor  volume  requirements 
and  the  high  oxygen  transfer  efficiency  minimizes 
the  aeration  energy  costs.  These  factors  make  the 
airlift  autothermal  biodigester  an  extremely  effi- 
cient system  with  specific  advantages  in  the  diges- 
tion of  high  solids  content  sludges.  (Rochester- 
PTT) 
W91-08144 


OXYGEN  UTILIZATION  RATE  AS  A  CON- 
TROL PARAMETER  FOR  THE  AEROBIC 
STAGE  IN  DUAL  DIGESTION. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Civil 

Engineering. 

J.  R.  Messenger,  H.  A.  de  Villiers,  and  G.  A. 

Ekama. 

Water  Science  and  Technology  WSTED4,   Vol. 

22,  No.   12,  p  217-227,  1990.  4  fig,  3  tab,  22  ref. 

Descriptors:  'Aerobic  digestion,  'Biological 
wastewater  treatment,  'Oxygen  uptake,  'Sludge 
digestion,  'Wastewater  treatment,  Carbon  dioxide, 
Chemical  oxygen  demand,  Heat  generation, 
Oxygen,  Oxygen  utilization  ratio,  Performance 
evaluation,  South  Africa. 

The  dual  digestion  system  treats  sewage  sludge  in 
two  sequential  stages:  (1)  an  autothermal  thermo- 
philic aerobic  stage  and  (2)  a  mesophilic  aerobic 
stage.  Both  stages  are  used  separately  in  sludge 
treatment  systems,  but  it  has  been  claimed  that  the 
combination  offers  greater  sludge  treatment  effica- 
cy than  either  stage  alone.  A  full-scale  investiga- 
tion of  dual  digestion  was  instituted  at  the  Potsdam 
Wastewater  Treatment  Works  (South  Africa)  to 
evaluate  the  claims  for  dual  digestion.  An  18- 
month  study  of  the  performance  of  the  autother- 
mal thermophilic  aerobic  stage  (45  cu  m)  of  a  full- 
scale  dual  digestion  plant,  operated  with  pure 
oxygen,  demonstrated  that:  (1)  volatile  solids  and/ 
or  COD  removal  are  poor  parameters  for  estimat- 
ing biological  heat  generation;  (2)  the  biological 
heat  generation  is  proportional  to  oxygen  utilized 
at  13.0  MJ/kg  O,  a  value  which  conforms  closely 
to  that  obtained  from  bioenergetics  and  thermody- 
namics; (3)  the  maximum  biological  heat  genera- 
tion  rate   was   limited   by   the   maximum   oxygen 
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utilization  rate  (OURbio)  of  the  sludge;  (4)  because 
the  aerobic  reactor  is  oxygen-limited,  the  tempera- 
ture could  be  completely  and  instantaneously  con- 
trolled by  the  oxygen  feed  rate  up  to  OURbio;  and 
(5)  C02  generation  in  the  vent  gas  was  0.68  mole 
C02/mole  02  used  instead  of  1.0  as  usually  as- 
sumed. (Rochester-PTT) 
W9 1-08 145 


STUDIES  ON  MICROBIAL  LEACHING  OF 
HEAVY  METALS  FROM  MUNICIPAL 
SLUDGE. 

Quebec  Univ.,  Montreal.  Centre  de  Recherche  en 

Sciences  de  l'Environnement. 

R.  D.  Tyagi,  D.  Couillard,  and  F.  T.  Tran. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  12,  p  229-238,  1990.  2  fig,  5  tab,  13  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Heavy  metals,  'Metals  removal,  'Microbial  deg- 
radation, 'Sludge  management,  'Sludge  treatment, 
Centrifugation,  Filtration,  Leaching,  Microorga- 
nisms, Municipal  sludge,  Nutrients,  Odors. 

Wastewater  treatment  plants  generate  a  large 
amount  of  sludge  having  high  concentrations  of 
toxic  heavy  metals.  The  reduction  of  heavy  metals 
in  municipal  sludge  can  be  achieved  by  chemical 
methods,  but  these  methods  are  associated  with 
problems  such  as  cost,  operational  difficulties,  and 
large  acid  and  lime  requirements.  A  comparative 
study  between  continuous  stirred  tank  reactor 
(CSTR)  with  cell  recycle  and  air-lift  reactor  was 
carried  out  in  30-L  capacity  reactors  for  metal 
solubilization  from  anaerobically  digested  sludge. 
In  CSTR  at  a  residence  time  of  0.75  day,  supple- 
menting the  feed  sludge  with  4  g/L  of 
FeSO4.7H20,  using  20%  sludge  recycle  and  adjust- 
ing the  pH  of  the  feed  sludge  to  4.5,  resulted  in  the 
following  metal  solubilization:  91%  Cu,  94%  Zn, 
93%  Mn,  67%  Cd,  67%  Ni,  8%  Cr,  and  7%  Pb.  At 
0.75  day  retention  time  metals  were  solubilized  to 
the  recommended  level  in  CSTR  as  well  as  in  the 
air-lift  reactor.  The  treated  sludge  is  easy  to  filter 
in  plates,  filter  press,  centrifuge,  or  vacuum  filter. 
The  sludge  nutrients  do  not  seem  to  be  diminished 
as  a  result  of  treatment  and  separation  of  solid- 
liquid.  The  ammonia-N  fraction  seems  to  be  trans- 
formed to  organic  N.  The  decontaminated  sludge 
has  less  odor.  (Author's  abstract) 
W9 1-08 146 


States    Environmental    Protection    Agency.    (Au- 
thor's abstract) 
W91-08147 

CONTROL  OF  HEAVY  METALS  AND  ORGAN- 
OCHLORINES  USING  THE  OIL  FROM 
SLUDGE  PROCESS. 

Enersludge  (Australasia)  Pty  Ltd.,  Suite  93  Have- 
lock  Mall,  West  Perth,  WA  6005,  Australia. 
T.  R.  Bridle,  I.  Hammerton,  and  C.  K.  Hertle. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  12,  p  249-258,  1990.  7  tab,  9  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Oil 
from  sludge  technology,  'Sludge  management, 
'Sludge  treatment,  'Waste  recovery,  Australia, 
Heavy  metals,  Incineration,  Oil  recovery,  Per- 
formance evaluation,  Pilot  plants,  Wastewater 
treatment. 

The  Oil  from  Sludge  (OFS)  technology,  a  low- 
temperature  atmospheric  pressure  conversion 
process,  has  been  demonstrated  successfully  at  a  1 
ton/day  pilot  scale.  A  4-month  pilot  plant  program 
to  evaluate  all  unit  operations  comprising  an  inte- 
grated OFS  plant  has  been  successfully  completed 
in  for  the  Sydney  Water  Board.  The  unit  oper- 
ations of  sludge  dewatering,  drying,  and  conver- 
sion to  oil  in  the  patented  OFS  reactor  system 
were  set  up  at  the  Malabar  Sewage  Treatment 
Plant  in  Sydney,  Australia.  Pilot  testing  of  the  char 
combustor  was  conducted  off-site.  Extensive 
heavy  metal  and  organochlorine  monitoring  across 
each  unit  operation  was  conducted.  The  was  no 
loss  of  contaminants  across  the  dewatering  and 
drying  operations.  With  the  exception  of  As  and 
Hg,  all  heavy  metals  fed  to  the  OFS  reactor  are 
retained  in  the  char.  Greater  than  75%  of  poly- 
chlorinated  biphenyls  (PBCs)  and  85%  of  hexach- 
lorobenzene  (HCB)  present  in  the  sludge  are  de- 
stroyed in  the  OFS  reactor.  Greater  than  99.7%  of 
the  heavy  metals  fed  to  the  fluidized  bed  combus- 
tor (FBC)  are  retained  in  the  ash,  except  for  Hg,  of 
which  3%  was  found  in  the  flue  gas.  The  FBC  ash 
was  classified  as  non-hazardous  according  to  the 
Toxic  Characteristic  Leaching  Procedure.  No  or- 
ganochlorines  were  detected  in  the  dryer  or  FBC 
off-gases.  The  OFS  technology  offers  decoupling 
of  heavy  metal  and  organochlorine  control  mecha- 
nism, thus  allowing  each  to  be  controlled  optimal- 
ly. (Author's  abstract) 
W9 1-08 148 


COMPACTION-GRANULATION  PROCESS 
TURNS  MUNICIPAL  SLUDGE  INTO  A  VALU- 
ABLE FERTILIZER  COMPONENT. 

Brown  and  Caldwell,  Atlanta,  GA. 

P.  Wolstenholme. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.   12,  p  239-247,  1990.  5  fig,  2  tab,  5  ref. 

Descriptors:  'Fertilizers,  'Sludge  disposal, 
•Sludge  management,  'Sludge  utilization, 
'Wastewater  treatment,  Compaction,  Grants, 
Granulation,  Marketing,  Pellets,  Sludge  drying. 

To  prepare  dried  municipal  sludge  material  for  use 
by  the  fertilizer  industry,  the  Ocean  County  Utili- 
ties Authority,  New  Jersey,  needed  a  process  to 
increase  the  size  of  their  sludge  particles  to  be- 
tween 1  and  3  mm.  Several  processes  ('wet'  ag- 
glomeration, pressure  agglomeration,  pelleting 
technology,  and  roll  presses)  were  evaluated 
during  the  planning  and  design  phases  of  the 
project.  The  most  cost-effective  and  reliable  proc- 
ess was  pressure  agglomeration  by  compaction 
with  a  roll  press,  followed  by  granulation  and 
screening  of  the  compacted  material.  This  process 
was  tested  with  a  sample  of  the  Authority's  digest- 
ed sludge  that  had  been  dried  in  a  laboratory- 
scaled  evaporator.  Full-scale  compaction  and 
granulation  test  equipment  was  employed  to  con- 
firm the  feasibility  of  the  process  and  to  develop 
data  for  the  design  of  the  project.  The  product  will 
be  marketed  through  a  fertilizer  broker  to  the  bulk- 
blending  commercial  fertilizer  industry.  The 
sludge  process  will  be  mixed  with  granulated  inor- 
ganic fertilizer  components,  such  as  ammonium 
phosphates  and  potash,  to  raise  the  NPK  percent- 
ages to  commercial  grade.  This  'innovative'  ap- 
proach to  sludge  processing  qualified  the  project 
for  $60  million  in  special  funding  from  the  United 


COMMERCIALIZATION  OF  PRESSURIZED 
ELECTROOSMOTIC  DEHYDRATOR  (PED). 

Shinko  Pantec  Co.  Ltd.,  Kobe  (Japan).  Environ- 
mental Systems  Div. 
S.  Kondoh,  and  M.  Hiraoka. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.   12,  p  259-268,  1990.   10  fig,  5  tab,  5  ref. 

Descriptors:  'Electro-osmosis,  'Feasibility  studies, 
'Filtration,  'Sludge  drying,  'Sludge  management, 
Dewatering,  Electrodes,  Performance  evaluation, 
Pressurized  electroosmotic  dehydrator,  Scanning 
electron  microscopy,  Waste  management, 
Wastewater  treatment. 

Initial  studies  of  application  of  the  electroosmotic 
process  to  dewatering  have  failed  to  reach  com- 
mercialization due  to  short  life  and  leach-out  of 
expensive  electrodes,  low  filtration  velocity,  and 
high  electric  power  consumption.  A  study  was 
conducted  to  address  these  issues.  Application  of 
electroosmosis  to  conventional  filter  press  dehy- 
drators  was  studied  with  the  aim  of  decreasing 
water  content  in  sludge  generated  from 
wastewater  treatment.  Using  a  pressurized  elec- 
troosmotic dehydrator  (PED),  it  was  possible  to 
realize  a  reduction  of  water  content  in  the  biologi- 
cal excess  activated  sludge  down  to  50-60%.  The 
new  method  has  been  commercialized  by  pre-con- 
centration  of  the  excess  activated  sludge,  addition 
of  electrolyte,  and  development  of  special  carbon 
electrodes.  Scanning  electron  microscopy  demon- 
strated the  suitability  of  the  PED  process  for 
excess  activated  sludge  by  demonstrating  that  in 
the  early  stages  of  the  PED  process,  dewatering  by 
pressure  and  electrophoresis  proceed  simultaneous- 
ly. Particles  that  normally  cause  clogging  of  the 
filter  acquire  a  charge  opposite  that  of  the  liquid  in 


the  capillary  spaces  of  the  sludge  cake.  The  liquid 
is  drawn  smoothly  through  the  filter  cloth  on  the 
cathode,  whereas  most  particles  remain  behind  and 
few  deposit  on  the  cathode.  (Rochester-PTT) 
W9 1-08 149 


IMPROVED  EFFICIENCY  OF  SEWAGE 
SLUDGE  INCINERATION  BY  PRECEDING 
SLUDGE  DRYING. 

Wupperverband,  Wuppertal  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-08 150 


SOLIDIFICATION  OF  ELECTROPLATING 
WASTEWATER  TREATMENT  SLUDGES 
WITH  CEMENT. 

Sao  Paulo  Univ.  (Brazil).  Escola  Politecnica. 

J.  R.  Claudio,  and  P.  A.  Sobrinho. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.   12,  p  287-301,  1990.1  fig,  7  tab,  13  ref. 

Descriptors:  'Brazil,  'Industrial  wastewater, 
•Metal-finishing  wastes,  'Sludge  disposal,  'Sludge 
management,  'Waste  solidification,  Cementation, 
Heavy  metals,  Leaching,  Sao  Paulo. 

In  the  Sao  Paulo  (Brazil)  metropolitan  area,  the 
sludge  resulting  from  the  treatment  of  electroplat- 
ing industry  wastewater  is  disposed  of  inadequate- 
ly, generating  environmental  hazards.  One  possible 
way  to  solve  this  problem  would  cementation  of 
the  sludge  prior  to  disposal.  Laboratory  tests  on 
cementation  of  sludge  from  electroplating  industry 
wastewater  were  conducted  with  three  types  of 
cement  produced  in  Brazil:  CPC,  Portland  cement; 
POZ,  pozzolanic  cement;  and  CAF,  blast  furnace 
cement.  Among  the  investigations  conducted 
were:  characterization  of  the  sludge;  preparation  of 
sludge-cement  mixtures  in  water/cement  ratios  of 
0.3,  0.5,  and  0.7,  and  study  of  their  properties; 
measurements  of  mixture  consistency  using  soil 
mechanics  equipment;  determination  of  leaching 
characteristics  and  resistance  to  compression  of 
solidified  specimens  at  ages  of  7  days,  28  days,  and 
90  days;  analysis  of  the  sludge-cement  mixtures; 
tests  of  solubility  in  water  at  the  age  of  90  days; 
and  analysis  of  cyanide  and  heavy  metals  in  the 
cure  water.  Solidification  with  cement  appeared  to 
be  and  efficient  technology  for  the  fixation  of  toxic 
metal  ions  such  as  Cd,  Hg,  and  Pb  and  other  metals 
such  as  Cr,  Ni,  Cu,  or  Zn  present  in  large  concen- 
trations in  electroplating  wastewater  treatment 
sludges.  With  the  single  exception  Al(3  +  ),  the 
metallic  ions  determined  in  the  leachate  showed 
concentrations  below  drinking  water  standards. 
Mechanical  resistance  at  90  days  of  sludge-cement 
mixtures  was  similar  to  that  of  structural  concrete. 
(Author's  abstract) 
W9 1-08 152 


IMPROVED  CENTRIFUGE  SLUDGE  DEWA- 
TERING BY  AUTOMATIC  BACKDRIVE 
TORQUE  CONTROL. 

Metropolitan  Water  Reclamation  District  of 
Greater  Chicago,  Cicero,  IL.  Stickney  Water  Rec- 
lamation Plant. 

B.  A.  Garelli,  E.  L.  Kokat,  and  B.  J.  Schwartz. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  12,  p  303-308,  1990.  3  fig,  4  tab,  2  append. 

Descriptors:  'Centrifuges,  'Control  systems,  'Illi- 
nois, 'Sludge  drying,  'Wastewater  treatment,  Au- 
tomation, Backdrives,  Cost  analysis,  Process  con- 
trol, Sludge  cake,  Torque  control. 

The  Stickney  Water  Reclamation  Plant  (Cicero, 
Illinois)  treats  approximately  800  million  gallons 
per  day,  with  a  design  capacity  rated  at  1.475 
billion  gallons  per  day  (about  5.6  million  cu  m/ 
day).  The  plant,  which  is  a  conventional  waste 
activated  sludge  plant  processing  annually  approxi- 
mately 65,000  dry  tons  of  digested  solids  through 
its  dewatering  centrifuges,  has  a  service  area  of  260 
square  miles.  An  investigation  was  conducted  of 
different  automatic  torque  control  systems  for  per- 
formance optimization  of  solid  bowl  centrifuges  at 
this  plant.  Two  automatic  hydraulic  backdrives 
and  a  direct  current  automatic  torque  controlled 
backdrive  were  tested  on  centrifuges  that  dewater 
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digested  sludge  conditioned  with  a  polymer  and  a 
combination  of  polymer  and  ferric  chloride.  The 
centrifuge  unit  of  advanced  design  coupled  with 
tin.-  direct  current  automatic  torque  controlled 
backdrive  produced  a  cake  having  a  solids  content 
of  30%  and  a  solids  capture  of  97%.  The  regular 
production  unit  produced  a  cake  having  a  solids 
content  of  15%  and  a  solids  capture  of  85%.  It 
seems  apparent,  after  4  mo  of  testing  and  1500 
sample  analyses,  that  automatic  torque  control  will 
be  an  integral  part  of  centrifugation  in  the  future. 
Thirty-percent  cakes  and  recoveries  of  95%  or 
more  should  become  the  norm  in  the  next  decade. 
For  the  Metropolitan  Water  Reclamation  District 
of  Greater  Chicago,  this  would  translate  into  sav- 
ings of  $45  per  dry  ton  of  solids.  (Rochester-PTT) 
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SUSTAINED  SHOCKWAVE  PLASMA  (SSP)  DE- 
STRUCTION OF  SEWAGE  SLUDGE:  A  RAPID 
OXIDATION  PROCESS. 

Neutrail  Corp.,  Concord,  MA. 

M.  M.  Mathiesen. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  12,  p  339-344,  1990.  1  tab. 

Descriptors:  'Oxidation,  'Sludge  treatment,  *Sus- 
tained  Shockwave  plasma,  'Wastewater  treatment, 
Air  pollution  prevention,  Cost  analysis,  Inciner- 
ation, Performance  evaluation,  Physical 
wastewater  treatment,  Sludge  drying. 

The  ideal  sludge  processing  method  should  destroy 
sludge  where  it  is  produced,  at  the  rate  it  is  pro- 
duced, and  should  leave  behind  clean  air  and  a 
non-hazardous,  usable  residue.  The  Neutrail  SSP 
process  consists  of  three  main  steps:  drying,  oxida- 
tion, and  gas  cleaning.  The  process  is  designed  to 
destroy  completely  all  organic  structures,  limit 
acid  gas  formation,  and  retain  a  maximum  amount 
of  all  volatile  heavy  metals  in  the  solid  residue  in  a 
non-leachable  form,  thereby  making  it  possible  to 
devise  a  gas  cleaning  system  that  can  deliver  a 
clean  off-gas  economically.  Sewage  sludge  is  de- 
stroyed and  neutralized  in  an  environmentally  safe 
way  by  rapid,  plasma-assisted  oxidation.  The  mate- 
rial is  rendered  inert  where  it  is  produced,  leaving 
behind  a  benign  and  useful  solid  oxidation  byprod- 
uct and  producing  a  clean  off-gas.  The  solid  prod- 
uct can  be  used  as  a  cement  or  aggregate.  The 
process  is  based  on  oxidation  enhanced  by  employ- 
ment of  sustained  Shockwave  plasma  (SSP)  and 
controlled  oxidation.  The  process  is  very  compact 
because  of  rapid  throughput  and  near-stoichiomet- 
ric  air  requirements.  It  is  entirely  enclosed.  The 
fuel  is  derived  from  the  sludge  itself  with  a  small 
amount  of  added  electrical  power.  From  an  eco- 
nomic standpoint,  the  process  offers  savings  over 
known  incineration  processes  and  provides  greater 
environmental  safety,  both  from  the  point  of  view 
of  gaseous  emissions  and  solid  byproducts.  The 
process  can  be  operated  economically  from  a  level 
of  20  dry  tons  per  24  hr  and  up.  (Rochester-PTT) 
W9 1-08 157 


BIOLOGICAL  NITRIFICATION/DENITRIFI- 
CATION  OF  HIGH  SODIUM  NITRITE  (NAVY 
SHIPYARD)  WASTEWATER. 

Montgomery  (James  M),  Inc.,  Pasadena,  CA. 
S.  Kamath,  D.  A.  Sabatini,  and  L.  W.  Canter. 
Environmental  Pollution  ENPOEK,  Vol.  69,  No. 
1,  p  25-38,  1991.  5  fig,  4  tab,  16  ref. 

Descriptors:  'Biological  wastewater  treatment, 
'Chemical  wastewater,  'Denitrification,  'Industri- 
al wastewater,  'Military  reservations,  'Nitric  acid, 
'Nitrification,  'Wastewater  treatment,  Heavy 
metals,  Microorganisms,  Nitrogen  removal,  Ship- 
yard wastes,  Sludge,  Wastewater  reactors. 

In  the  hydroblasting  of  ships'  boiler  tubes,  a 
wastewater  high  in  nitrite  (as  high  as  1200  mg/L) 
is  produced  by  the  US  Navy.  Research  evaluated 
the  use  of  a  suspended-growth  biological  system  to 
treat  this  wastewater  by  denitrification.  Two  bio- 
logical treatment  configurations  were  evaluated 
(direct  denitrification  versus  nitrification/denitrifi- 
cation)  with  nitrification/denitrification  producing 
better  nitrite  removal  efficiencies  (54  to  62% 
versus  40%,  respectively).  The  introduction  of 
metals    (cadmium,    chromium,    lead,    copper   and 


iron)  in  concentrations  typical  for  this  wastewater 
did  not  inhibit  nitrite  removal  efficiencies.  The 
influent  metal  concentrations  ranged  from  0.02 
mg/L  for  cadmium  to  22  mg/L  for  iron  and  the 
metal  removal  efficiencies  ranged  from  4.8%  for 
cadmium  to  50%  for  copper.  Increasing  sludge  age 
resulted  in  improved  nitrite  removal  efficiencies 
(52%,  57%  and  74%  for  sludge  ages  of  4,  6,  and  8 
days,  respectively).  The  resulting  biokinctic  con- 
stants were  similar  to  those  reported  by  others  for 
lower  influent  concentrations  of  nitrite  or  nitrate. 
(Author's  abstract) 
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BIOLOGICAL  TREATMENT  OF 

WASTEWATER  BY  SELECTED  AQUATIC 
PLANTS. 

Banaras  Hindu  Univ.,  Varanasi  (India).  Pollution 

Research  Lab. 

B.  D.  Tripathi,  and  S.  C.  Shukla. 

Environmental  Pollution  ENPOEK,  Vol.  69,  No. 

l,p  69-78,  1991.  1  fig,  1  tab,  31  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•Chlamydomonas,  'Chlorella,  'Chlorophyta,  'Mi- 
crocystis, 'Scenedesmus,  'Wastewater  treatment, 
'Water  hyacinth,  Algae,  Coliforms,  Dissolved 
oxygen,  India,  Macrophytes,  Municipal 
wastewater,  Nitrates,  Oxygen  demand,  Phos- 
phates, Suspended  solids. 

Pollutant-removal  efficiency  of  certain  macro- 
phytes and  algae,  such  as  Eichhornia  crassipes, 
Microcystis  aeruginosa,  Scenedesmus  falcatus, 
Chlorella  vulgaris  and  Chlamydomonas  mirabilis, 
has  been  tested  under  laboratory  conditions  to 
evaluate  their  potential  role  in  wastewater  treat- 
ment. Sewage  of  the  city  of  Varanasi  (India), 
mixed  with  the  effluents  of  about  1200  small-scale 
industries,  was  used  for  the  tests.  The  investigation 
was  performed  in  three  stages,  i.e.,  a  water  hya- 
cinth culture  followed  by  an  algal  culture,  and 
finally  a  second  water  hyacinth  culture.  For  the 
first  water  hyacinth  culture,  10  water  hyacinth 
plants  were  grown  in  a  tank  of  wastewater  with  15 
days'  retention  time.  In  the  second  stage,  algal 
species  were  cultured  in  the  treated  wastewater  for 
5  days,  while  in  the  third  stage,  water  hyacinth 
plants  were  again  grown  for  further  treatment  in 
the  wastewater  for  9  days.  This  three-stage  aqua- 
culture  resulted  in  very  high  reductions  of  bio- 
chemical oxygen  demand  (BOD;  96.9%),  suspend- 
ed solids  (78.1%),  total  alkalinity  (74.6%),  P04-P 
(89.2%,  N03-N  (81.7%),  acidity  (73.3%),  NH4-N 
(95.1%),  chemical  oxygen  demand  (COD:  77.9%) 
hardness  (68.6%)  and  coliform  bacteria  (99.2%). 
An  increase  in  the  concentration  of  dissolved 
oxygen  (70%)  was  also  observed.  This  three-stage 
system  of  wastewater  treatment  is  an  inexpensive 
and  convenient  method  of  sewage  treatment  which 
can  be  adopted  throughout  warmer  and  temperate 
climates.  (Author's  abstract) 
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TOXICITY  REDUCTION  IN  INDUSTRIAL  EF- 
FLUENTS. 

For   primary   bibliographic   entry   see   Field   5G. 
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SOURCE   IDENTIFICATION,  TESTING,   AND 
TREATMENT. 

Eckenfelder,  Inc.,  Nashville,  TN. 

For  primary  bibliographic  entry  see  Field  5B. 
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REMOVAL  OF  METALS  TO  NONTOXIC 
LEVELS. 

Eckenfelder,  Inc.,  Nashville,  TN. 

P.  W.  Lankford. 

IN:   Toxicity    Reduction    in    Industrial    Effluents. 

Van  Nostrand  Reinhold,  New  York.   1990.  p  98- 

124,  8  fig,  17  tab,  10  ref. 

Descriptors:  'Industrial  wastewater,  'Metals, 
•Regulations,  'Standards,  'Wastewater  treatment, 
Adsorption,  Arsenic,  Barium,  Best  available  tech- 
nology, Cadmium,  Chemical  precipitation,  Chemi- 
cal treatment,  Chromium,  Heavy  metals,  Ion  ex- 
change, Lead,  Maximum  contaminant  level,  Mer- 


cury,   Reverse  osmosis,   Selenium,   Silver,   Water 
quality. 

Heavy  metals  are  found  in  a  variety  of  industrial 
wastewater.  It  is  sometimes  quite  important  to 
reduce  the  levels  of  metals  prior  to  biological 
treatment  to  avoid  toxicity  or  accumulation  of 
metals  on  the  biological  mass.  It  is  also  important 
to  reduce  metal  levels  to  comply  with  best  avail- 
able technology  (BAT)  discharge  permits  and 
avoid  aquatic  toxicity  of  the  effluent.  There  are 
still  other  conditions  where  drinking  water  maxi- 
mum contaminant  levels  (MCLs)  must  be  consid- 
ered. Metals  removal  is  most  typically  achieved 
through  source  treatment,  chemical  precipitation, 
or  incidental  removal  in  biological  or  adsorption 
processes.  The  freshwater  and  marine  chronic  cri- 
teria for  the  various  metals  vary  from  0.012  to 
1,000  microgm/L  and  0.025  to  560  microgm/L, 
respectively,  each  four  orders  of  magnitude.  Since 
the  chronic  criteria  are  generally  the  most  strin- 
gent and  of  greatest  long-term  concern,  this  chap- 
ter focuses  on  chronic  and  not  acute  levels.  The 
US  EPA  has  established  MCLs  for  numerous  or- 
ganic compounds  and  metals  in  drinking  water. 
Although  these  are  not  directly  applicable  treat- 
ment standards,  they  do  occasionally  arise  as  a 
consideration  in  treatment  programs.  These  values 
are:  As  (50  microgm/L);  Ba  (1,000  microgm/L); 
Cd  (10  microgm/L);  Cr  (50  microgm/L);  Pb  (50 
microgm/L);  Hg  (2  microgm/L);  Se  (10  microgm/ 
L);  and  silver  (50  microgm/L).  BAT  levels  vary 
from  3  to  10,000  microgm/L,  four  orders  of  magni- 
tude and  are  typically  not  adequate  to  treat  ef- 
fluents to  below  toxic  levels  without  consideration 
of  instream  dilution.  Only  through  treatment  in 
more  concentrated  source  streams  followed  by  di- 
lution in  the  total  stream  can  the  water  quality 
levels  be  met  using  the  described  technology.  This 
treatment  can  be  achieved  through:  chemical  pre- 
cipitation and  coprecipitation;  adsorption;  ion  ex- 
change; or  reverse  osmosis.  (See  also  W91-08191) 
(Lantz-PTT) 
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AEROBIC  BIOLOGICAL  TREATMENT. 

Eckenfelder,  Inc.,  Nashville,  TN. 

W.  W.  Eckenfelder. 

IN:   Toxicity    Reduction    in    Industrial    Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  125- 

145,  10  fig,  4  tab,  12  ref. 

Descriptors:  'Aerobic  treatment,  'Biodegradation, 
'Biological  treatment,  'Wastewater  treatment,  Ac- 
tivated carbon,  Aeration,  Air  stripping,  Biochemi- 
cal oxygen  demand,  Biological  wastewater  treat- 
ment, Biomass,  Organic  compounds,  Oxidation, 
Sorption,  Volatile  organic  compounds. 

A  majority  of  the  priority  or  toxic  organics  can  be 
removed  using  biological  treatment.  Their  actual 
removal,  however,  may  occur  through  one  or 
more  mechanisms— sorption,  stripping,  or  biodegra- 
dation. Limited  sorption  on  biological  solids 
occurs  for  a  variety  of  organics,  but  this  phenome- 
non is  not  a  primary  mechanism  of  organic  remov- 
al in  the  majority  of  cases.  Volatile  organic  com- 
pounds (VOCs)  will  air-strip  in  such  biological 
treatment  processes  as  trickling  filters,  activated 
sludge,  and  aerated  lagoons  Depending  on  the 
VOC  in  question,  both  air  stripping  and  biodegra- 
dation may  occur.  The  stripping  of  VOCs  in  bio- 
logical treatment  processes  is  currently  receiving 
considerable  attention  in  the  United  States  since 
current  legislation  severely  limits  permissible  emis- 
sions of  VOCs.  Most  of  the  priority  or  toxic  organ- 
ics will  biodegrade,  even  though  some  degrade 
very  slowly.  In  addition,  the  biomass  must  be 
acclimated  to  the  specific  organic,  particularly 
when  a  dissimilar  biomass  such  as  a  municipal 
biological  sludge  is  initially  used  to  treat  the 
wastewater.  Initial  acclimation  may  take  as  much 
as  several  weeks,  however,  acclimated  biomass 
possesses  a  genetic  memory.  When  adequate  accli- 
mation and  a  suitable  cosubstrate  are  provided, 
there  are  conditions  under  which  extremely  low 
levels  of  priority  organics  can  be  attained  biologi- 
cally. For  example,  phenolics  have  been  treated  in 
the  activated  sludge  process  to  effluent  levels  of  < 
10  microgm/L.  Soluble  microbial  products  (SMP) 
are   generated   both   through   the   degradation   of 
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organics  and  through  the  endogenous  degradation 
of  the  biomass.  The  SMP  are  oxidation  byproducts 
which  are  largely  nondegradable  in  the  activated 
sludge  process.  Many  of  these  byproducts  are  high 
molecular  weight  and  have  a  high  toxicity  to  some 
aquatic  species.  Aerobic  biological  processes  such 
as  the  activated  sludge  process  are  not  applicable 
to  wastewaters  containing  biochemical  oxygen 
demand  (BOD)  levels  <  50  mg/L  since  microbial 
growth  is  insufficient  to  prevent  washout.  Bio- 
oxidation  of  low  levels  of  specific  organics  can  best 
be  achieved  in  a  biologically  active  carbon  column 
in  which  the  carbon  serves  as  the  media  for  biofilm 
growth:  2-3  mg/L  of  organic  compounds  can  be 
treated  without  supplemental  aeration  when  the 
influent  wastewater  is  near  saturation.  (See  also 
W91-08191)(Lantz-PTT) 
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ANAEROBIC  BIOLOGICAL  TREATMENT. 

Vanderbilt  Univ.,  Nashville,  TN. 

R.  E.  Speece. 

IN:   Toxicity    Reduction    in   Industrial   Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  146- 

171,  14  fig,  7  tab,  24  ref. 

Descriptors:  'Anaerobic  digestion,  'Biological 
wastewater  treatment,  'Industrial  wastewater, 
•Wastewater  treatment,  Acclimatization,  Aromatic 
compounds,  Chlorinated  aromatic  compounds, 
Hydrocarbons,  Organic  compounds,  Phenols, 
Phthalates,  Toxicity. 

The  Enso-Fenox  process  has  been  very  successful- 
ly used  to  remove  chlorinated  phenolic  compounds 
from  pulp  bleaching  effluents.  It  is  a  two-stage 
anaerobic/aerobic  process  consisting  of  a  nonmeth- 
anogenic  anaerobic  fluidized  bed  followed  by  a 
trickling  filter.  Overall  reduction  of  chlorophenols 
is  65-100%.  Studies  have  been  conducted  on  re- 
ductive dechlorination  of  chlorinated  aromatic 
compounds  under  anaerobic  conditions  with  chlor- 
inated phenols  as  the  sole  carbon  and  energy 
source.  Approximately  40%  of  the  added  chloro- 
phenols was  converted  to  CH4  and  C02.  Substrate 
loading  rates  were  20  mg/L/d  at  hydraulic  deten- 
tion times  of  2-4  days  with  90%  substrate  conver- 
sion efficiency.  Reductive  dechlorination  of  mono- 
,  di-,  tri-,  and  pentachlorophenols  has  been  demon- 
strated in  anaerobic  sewage  sludge.  The  following 
constituents  were  tested  in  the  laboratory  at  their 
approximate  concentrations  in  coal  conversion 
wastewater  (CCWW)  and  were  anaerobically  de- 
graded in  serum  bottles:  1,000  mg/L  phenol;  500 
mg/L  resorcinol;  1,000  mg/L  benzoic  acid;  500 
mg/L  p-cresol;  200  mg/L  pyridine;  2,000  mg/L 
benzoic  acid;  250  mg/L  4-methylcatechol;  500  mg/ 
L  4-ethylpyridine;  and  2,000  mg/L  hexanoic  acid. 
The  findings  from  this  study  confirm  those  of  other 
researchers-the  aforementioned  compounds  all  de- 
grade anaerobically  with  gas  production.  A  petro- 
chemical may  initially  exhibit  toxicity  to  an  unac- 
climated  population  of  methane-fermenting  bacte- 
ria, but  with  acclimation  the  toxicity  may  be  great- 
ly reduced  or  disappear.  In  addition,  the  microor- 
ganisms may  develop  the  capacity  to  actually  de- 
grade compounds  which  showed  initial  toxicity. 
There  is  no  conclusive  correlation  between  the 
toxicity  characteristics  of  an  organic  compound  to 
an  unacclimated  acetate-enriched  methanogenic 
culture  and  the  eventual  metabolism  of  that  same 
organic  by  the  acclimated  culture.  Since  biomass 
digestion  requires  a  complete  consortium  of  bacte- 
ria, it  is  relevant  to  study  the  effect  of  a  given 
toxicant  and  its  potential  acclimation  on  the  overall 
process  as  well  as  to  individual  steps  within  the 
process.  A  toxicant  can  inhibit  the  rate-limiting 
step  and/or  change  the  step  that  is  rate-limiting. 
Both  manifestations  of  toxicity  can  severely  affect 
the  overall  process.  (See  also  W91-08191)  (Lantz- 
PTT) 
W91-08198 


STRIPPING  OF  VOLATILE  ORGANICS. 

Centre  for  Research  in  Environmental  and  Water 

Resources  Engineering,  Haifa  (Israel). 

Y.  Argaman. 

IN:   Toxicity   Reduction   in    Industrial   Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  172- 

202,  7  fig,  8  tab,  8  ref. 


Descriptors:  *Air  stripping,  'Steam  stripping, 
•Volatile  organic  compounds,  'Wastewater  treat- 
ment, Activated  sludge,  Aeration,  Biodegradation, 
Henrys  Law,  Organic  compounds,  Sludge  treat- 
ment, Waste  recovery. 

Air  stripping  is  one  of  several  processes  available 
that  removes  volatile  organic  compounds  (VOCs) 
from  aqueous  streams.  Air  stripping  processes 
employ  gas-liquid  contacting  systems  that  enhance 
the  transfer  of  VOCs  from  the  liquid  phase  to  the 
gas  phase.  Various  types  of  aeration  devices  have 
been  designed  to  optimize  transfer,  and  they  fall 
into  two  general  categories:  (1)  injection  of  water 
into  air,  and  (2)  injection  of  air  into  water.  In  both 
systems,  mechanical  energy  creates  air-water  inter- 
faces across  which  transfer  of  the  contaminant  can 
occur.  Examples  of  water-into-air  systems  are 
spray  systems  into  the  open  air,  spray  towers,  and 
tray  and  packed  towers.  Air-into-water  systems 
typically  use  diffused  aeration.  VOCs  will  air  strip 
in  activated  sludge  plants  due  to  the  high  air 
volumes  which  come  in  contact  with  the  aerated 
wastes.  Depending  on  the  VOC  in  question,  both 
air  stripping  and  biodegradation  may  occur.  The 
fraction  of  VOCs  which  will  be  stripped  will 
depend  upon  several  factors,  namely  the  Henry's 
Law  constant,  the  biodegradability,  the  power 
level  in  the  aeration  basin,  and  in  some  cases  the 
initial  concentration  of  VOCs.  The  concentration 
of  nonvolatile  organics  will  affect  the  composition 
of  the  sludge  and  hence  the  fraction  biodegraded 
and  stripped.  In  wastewater  treatment,  steam  strip- 
ping is  normally  used  to  separate  and  recover 
VOCs  from  concentrated  waste  streams.  It  is  usu- 
ally considered  a  pretreatment  process  to  be  fol- 
lowed by  some  other  conventional  process  for 
effluent  polishing.  Preheated  raw  wastewater  is 
introduced  at  the  top  of  the  stripping  tower  and 
flows  downward,  countercurrent  to  the  rising 
vapors.  The  overhead  vapor  is  condensed  and 
passed  into  a  decanter  where  the  recovered  organ- 
ics are  separated  from  the  aqueous  phase.  The 
stripped  waste  exits  at  the  bottom  of  the  tower. 
Reflux  of  the  decanted  condensate  may  or  may  not 
be  practiced  depending  on  the  desired  composition 
of  the  overhead  stream.  (See  also  W91-08191) 
(Lantz-PTT) 
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GRANULAR  CARBON  ADSORPTION  OF 
TOXICS. 

Eckenfelder,  Inc.,  Nashville,  TN. 

W.  W.  Eckenfelder. 

IN:   Toxicity    Reduction   in   Industrial    Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  203- 

228,  12  fig,  4  tab,  5  ref. 

Descriptors:  'Activated  carbon,  'Adsorption, 
'Granular  activated  carbon,  'Wastewater  treat- 
ment, Chemical  reactions,  Chemical  treatment, 
Diffusion,  Equilibrium,  Particle  size,  Physical 
treatment,  Porosity. 

In  many  cases,  organics  responsible  for  toxicity  are 
either  nonbiodegradable  or  refractory  byproducts. 
These  materials  can  frequently  be  removed  by 
adsorption  on  an  active-solid  surface.  The  most 
commonly  used  adsorbent  is  activated  carbon. 
There  are  essentially  three  consecutive  steps  in 
adsorption:  film  diffusion,  pore  diffusion,  and  ad- 
sorptive  reaction.  The  adsorbate  passes  through 
the  surface  film  to  the  adsorbent  surface  (film 
diffusion).  The  adsorbate  then  passes  through  the 
adsorbent  pores  (pore  diffusion).  Last,  the  adsorb- 
ate binds  to  the  adsorbent  surface  (adsorptive  reac- 
tion). In  continuous  flow  carbon  columns,  film 
diffusion  or  pore  diffusion  may  be  the  rate  limiting 
step  of  adsorption.  Activated  carbons  are  made 
from  a  variety  of  materials  including  wood,  lignin, 
bituminous  coal,  lignite,  and  petroleum  residues. 
Granular  carbons  produced  from  medium  volatile 
bituminous  coal  or  lignite  have  been  most  widely 
applied  to  the  treatment  of  wastewater.  Activated 
carbons  have  specific  properties  depending  on  the 
material  source  and  the  mode  of  activation.  In 
general,  granular  carbons  from  bituminous  coal 
have  a  small  pore  size,  a  large  surface  area,  and  the 
highest  bulk  density  as  compared  to  lignite  carbon. 
In  order  to  evaluate  the  feasibility  and  economics 
of  adsorption,  a  laboratory  adsorption  study  should 
be  conducted.  If  granular  carbon  is  to  be  evaluat- 


ed, the  carbon  must  first  be  ground  to  pass  a  325- 
mesh  screen.  Grinding  the  carbon  will  not  signifi- 
cantly affect  its  adsorptive  capacity,  but  will  in- 
crease the  rate  of  adsorption.  The  carbon  column 
can  be  considered  as  a  nonsteady-state  process  in 
which,  as  an  increasing  quantity  of  water  is  passed 
through  the  bed,  the  adsorbent  is  removed  in  an 
increasing  amount.  A  breakthrough  point  is 
reached  when  the  volume  of  water  which  can  be 
passed  through  the  bed  before  maximum  effluent 
concentration  is  reached.  As  the  adsorption  zone 
falls  to  the  bottom  of  the  bed,  the  effluent  concen- 
tration increases  until  it  equals  the  influent  concen- 
tration. In  granular  carbon  columns,  the  carbon 
capacity  at  breakthrough,  as  related  to  exhaustion, 
is  a  function  of  the  waste  complexity.  A  single 
organic  will  yield  a  sharp  breakthrough  curve  such 
that  the  column  is  >  90%  exhausted  when  break- 
through occurs.  (See  also  W9 1-08 191)  (Lantz- 
PTT) 
W9 1-08200 


POWDERED  ACTIVATED  CARBON  TREAT- 
MENT (PACT). 

Eckenfelder,  Inc.,  Nashville,  TN. 

P.  W.  Lankford. 

IN:   Toxicity   Reduction    in   Industrial    Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  229- 

246,  11  fig,  Stab,  12  ref. 

Descriptors:  'Activated  sludge  process,  •Pow- 
dered activated  carbon,  'Wastewater  treatment, 
Adsorption,  Aeration,  Biological  wastewater  treat- 
ment, Color  removal,  Effluents,  Filter  regenera- 
tion, Heavy  metals,  Industrial  wastewater,  Mixed 
liquor  solids,  Nitrification,  Organic  compounds, 
Physical  treatment,  Volatile  organic  compounds. 

PACT  is  the  application  of  powdered  activated 
carbon  (PAC)  to  the  activated  sludge  process. 
Activated  carbon  is  mixed  with  the  influent 
wastewater  or  fed  directly  to  the  aeration  basin. 
The  carbon-biosludge  mixture  is  settled  and  the 
sludge  recycled  in  the  same  manner  as  in  the 
conventional  activated  sludge  process.  The  waste 
activated  sludge  similarly  contains  the  carbon  and 
biosludge  mixture.  The  total  mixed  liquor  suspend- 
ed solids  (MLSS)  in  a  PAC  aeration  basin  will 
normally  be  roughly  half  biological  and  half 
carbon,  the  exact  ratio  depending  on  the  nature  of 
the  substrate  (or  adsorbate),  the  biochemical  syn- 
thesis coefficient,  and  the  biological  sludge  age. 
Moreover,  carbon  adsorptive  capacities  are  influ- 
enced by:  the  characteristics  of  the  carbon  used; 
the  nature  of  the  adsorbate;  the  degree  of  biologi- 
cal regeneration;  and,  the  influent  concentration  of 
the  organic  substrate.  Because  of  the  many  varia- 
bles involved  in  the  carbon  and  biomass  compo- 
nents of  the  total  MLSS,  it  is  realistic  to  compute 
the  sludge  age  in  terms  of  the  total  mass  only. 
However,  PAC  lends  itself  to  a  completely  mixed 
contactor  where  the  carbon  is  at  equilibrium  with 
the  effluent  concentration.  In  numerous  side-by- 
side  comparisons  of  PACT  with  a  single  GAC 
column,  the  carbon  requirement  to  achieve  the 
same  effluent  organic  concentration  has  been  de- 
termined to  be  approximately  the  same  for  both 
options.  Addition  of  PAC  to  the  activated  sludge 
system  may  reduce  the  inhibitory  effects,  at  least 
partially,  or  some  components  of  the  wastewater, 
and  consequently  promote  nitrification.  Although 
not  typically  utilized  as  a  standard  process  for  the 
removal  of  metal  contaminants  from  wastewater, 
carbon  adsorption  does  at  times  provide  excellent 
incidental  treatment.  PAC  has  been  heavily  relied 
upon  for  color  removal  in  water  treatment  for 
many  years.  PACT  is  an  excellent  configuration  in 
which  to  accomplish  color  removal  from 
wastewaters.  The  addition  of  PAC  to  activated 
sludge  not  only  results  in  improved  removals  of 
such  contaminants  as  TOC  and  NH3,  through  im- 
proved biodegradation,  and  metals  and  color 
through  adsorption,  but  it  also  reduces  the  losses  of 
some  volatile  organics  to  the  air  phase.  PAC  is 
most  effectively  regenerated  by  wet  air  regenera- 
tion. (See  also  W9 1-08191)  (Lantz-PTT) 
W91-08201 


CHEMICAL  OXIDATION  OF  TOXIC,  INHIBI- 
TORY, AND  REFRACTORY  ORGANICS. 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5D — Waste  Treatment  Processes 


Vanderbilt  Univ.,  Nashville,  TN. 

A.  R.  Bowers. 

IN:   Toxicity    Reduction    in    Industrial    Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  247- 

272,  6  fig,  6  tab,  39  ref. 

Descriptors:  'Chemical  treatment,  'Organic  com- 
pounds, 'Oxidation,  'Toxicity,  'Wastewater  treat- 
ment, Catalysis,  Chemical  reactions,  Chlorine, 
Chlorine  dioxide,  Hydrogen  ion  concentration. 
Hydrogen  peroxide,  Ozone,  Potassium  permanga- 
nate, Temperature. 

Chemical  oxidation  for  treatment  of  organic  com- 
pounds has  traditionally  been  considered  uneco- 
nomical compared  to  biological  treatment  process- 
es. However,  many  organic  compounds  are  toxic, 
inhibitory,  or  refractory  to  microorganisms;  and 
additionally,  particular  organic  compounds  may 
result  in  the  production  of  soluble  microbial  prod- 
ucts that  produce  effluent  aquatic  toxicity  in  viola- 
tion of  discharge  permits.  These  difficulties  have 
resulted  in  new  regulations  for  pretreatment  of 
toxic  organics  prior  to  discharge  into  publicly 
owned  treatment  works  (POTWs).  Therefore, 
chemical  oxidation  is  being  considered  as  a  pre- 
treatment alternative  for  toxic  organics,  prior  to 
discharge  into  the  biological  treatment  system  or 
POTW,  and  in  certain  instances,  as  a  complete 
treatment  process  to  meet  effluent  guidelines  for 
BOD/COD  reduction  and  toxicity.  A  variety  of 
chemical  oxidants  has  been  used  in  water  and 
wastewater  treatment  processes  for  disinfection 
and/or  destruction  of  undesirable  chemical  species 
(organic  or  inorganic),  and  include:  chlorine,  chlo- 
rine dioxide,  ozone,  hydrogen  peroxide,  and  potas- 
sium permanganate.  The  rates  of  oxidation  reac- 
tions are  perhaps  the  most  important  consider- 
ations in  wastewater  applications,  and  are  depend- 
ent upon  many  variables  which  must  be  considered 
simultaneously.  These  include:  temperature,  con- 
centration, catalysts,  pH,  reaction  by-products,  and 
system  impurities.  Preoxidation  is  mandatory  when 
sufficient  toxicity  is  present  in  the  wastewater  to 
retard  biological  growth  and  prevent  sufficient 
treatment  in  a  biological  treatment  process.  A  sum- 
mary of  the  data  collected  while  conducting  case 
studies  is  given  in  tabular  form,  and  indicate  a 
dramatic  reduction  in  toxicity  in  nearly  all  cases;  in 
most  instances,  no  detectable  toxicity  was  observed 
after  oxidation  with  H202.  (See  also  W9 1-08 191) 
(Lantz-PTT) 
W9 1-08202 


MANAGEMENT  OF  SLUDGES  FROM  TREAT- 
MENT OF  TOXIC  WASTEWATERS. 

Eckenfelder,  Inc.,  Nashville,  TN. 

J.  L  Pintenich. 

IN:   Toxicity   Reduction   in   Industrial   Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  273- 

315,  15  fig,  13  tab,  10  ref. 

Descriptors:  'Sludge  disposal,  'Sludge  treatment, 
•Waste  disposal,  'Waste  treatment,  'Wastewater 
treatment,  Biological  treatment,  Chemical  treat- 
ment, Hazardous  wastes,  Legislation,  Physical 
treatment,  Regulations,  Solid  wastes,  Standards, 
Thermal  properties. 

Several  of  the  unit  operations  utilized  to  reduce  the 
aquatic  toxicity  of  industrial  effluents  generate 
semi-solid  residues  or  sludges.  In  some  systems,  the 
inherent  toxicity  of  the  effluent  is  concentrated 
almost  totally  in  the  sludge,  such  as  heavy  metals 
removed  by  precipitation.  The  sludge  management 
strategy  chosen  in  a  specific  application  depends 
principally  upon  three  interrelated  factors:  (1)  the 
physical  and  chemical  characteristics  of  the  sludge; 
(2)  the  susceptibility  of  the  sludge  to  various  treat- 
ment processes;  and  (3)  the  final  disposal  option  for 
the  sludge.  Geographic  and  economic  constraints 
can  also  be  important.  At  both  the  federal  and  state 
levels,  many  restrictive  regulations  deal  with  the 
ultimate  disposal  of  wastes.  By  definition,  a  solid 
waste  is  any  discarded  material,  whether  it  be  a 
solid,  liquid,  semi-solid,  or  contained  gas.  Solid 
wastes  include  municipal  refuse,  sludges,  many  in- 
dustrial wastes,  and  other  wastes  that  are  not  ex- 
cluded by  regulation  or  excluded  by  a  variance  to 
the  regulations.  Hazardous  wastes  are  those  solid 
wastes  which  could  cause  or  contribute  to  an  in- 
crease in   human   mortality  or  serious  illness,  or 


could  pose  a  hazard  to  human  health  or  the  envi- 
ronment when  improperly  managed.  A  variety  of 
process  wastewaters  and  wastewater  treatment 
sludges  are  designated  as  listed  hazardous  wastes, 
and  are  elaborated  in  tables  in  this  chapter.  For  the 
most  part,  these  wastes  contain  one  or  more  toxic 
hazardous  constituents.  The  federal  hazardous 
waste  management  regulations  provide  for  control 
over  all  aspects  of  the  management  of  wastes,  from 
their  point  of  generation  to  their  ultimate  disposal. 
For  some  sludges,  the  selection  of  the  optimum 
treatment  and  disposal  technologies  is  relatively 
straightforward.  Usually,  however,  several  combi- 
nations could  be  employed  in  a  sludge  management 
strategy.  Experimental  evaluations,  regulatory 
considerations,  and  economic  comparisons  are 
needed  to  make  final  selections.  Physical  processes 
have  as  their  goal  the  reduction  of  the  volume  and 
weight  of  the  sludge  through  the  removal  of  liq- 
uids. Biological  processes  are  used  to  biochemical- 
ly oxidize  organic  materials,  while  in  thermal  proc- 
esses, the  applied  energy  is  used  to  dewater,  de- 
struct  and/or  detoxify  the  sludge.  (See  also  W91- 
08191)  (Lantz-PTT) 
W9 1-08203 


ECONOMICS  OF  TOXICITY  REDUCTION. 

Eckenfelder,  Inc.,  Nashville,  TN. 

For  primary  bibliographic  entry  see  Field  6C. 

W9 1-08204 


5E.  Ultimate  Disposal  Of  Wastes 


HAZARDOUS  AND  INDUSTRIAL  WASTES: 
PROCEEDINGS  OF  THE  21ST  MID-ATLANTIC 
INDUSTRIAL  WASTE  CONFERENCE. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07 139 


SOLIDIFICATION  AND  RE-USE  OF  STEEL 
INDUSTRY  SLUDGE  WASTE. 

Lehigh  Univ.,  Bethlehem,  PA.  Dept.  of  Civil  En- 
gineering. 

S.  Pamukcu,  I.  J.  Dugelman,  and  J.  D.  Lynn. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.   1989.  p  3-15.  2  fig,  2  tab,   10  ref. 

Descriptors:  'Industrial  wastes,  'Sludge  utiliza- 
tion, 'Steel  industry,  'Waste  treatment,  'Waste 
utilization,  Construction  materials,  Sludge  disposal, 
Waste  disposal,  Waste  stabilization. 

Effective  utilization  of  waste  material  as  an  inex- 
pensive alternative  for  conventional  construction 
materials  presents  a  viable  solution  to  a  number  of 
material  and  waste  problems  if  there  are  no  ad- 
verse environmental  effects  and  the  material  per- 
forms similarly  or  equally  well  as  the  one  it  re- 
places. One  steel  company  developed  a  process 
that  utilized  lime  and  silica  pozzolanic  technology 
to  solidify/stabilize  liquid  and  solid  wastes  so  that 
these  can  be  disposed  of  as  non-hazardous  materi- 
als. The  solidified/stabilized  waste  material  can  be 
used  as  a  liner  and/or  cap  for  waste  lagoons  and 
landfills.  The  physical  properties  of  a  number  of 
materials  developed  from  steel  industry  sludge 
waste  were  examined  both  as-is  and  in  combination 
with  aggregate  to  form  a  semi-concrete  material. 
Strength  and  permeability  of  various  mixtures 
were  studied  to  determine  optimum  property 
values  without  compromising  economy.  The  steel 
industry's  stabilization/solidification  process  ap- 
peared to  produce  highly  stable  materials  out  of 
steel  waste.  Laboratory  studies  indicated  that  due 
to  improved  physical  properties  of  the  material  it 
can  be  used  as  a  construction  material.  The  basic 
material  is  currently  being  tested  in  a  large  scale 
field  implementation  for  re-use  as  an  interim  cap  on 
an  existing  waste  lagoon.  (See  also  W9 1-07 139) 
(Mertz-PTT) 
W91-07140 


OPERATIONS  AND  MONITORING  OF  LAND 
TREATMENT  OF  BIODEGRADABLE  PETRO- 
LEUM WASTE. 

For  primary   bibliographic   entry   see   Field   5D. 


W9 1-07 154 


PROPERTIES  AND  USE  OF  FLY  ASHES  FOR 
EMBANKMENT. 

Drexel  Univ.,  Philadelphia,  PA. 
F.  J.  Biehl,  J.  P.  Martin,  J.  Browning,  and  R.  A. 
Collins. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  229-246.  8  fig,  2  tab,  12  ref. 

Descriptors:  'Fly  ash,  'Waste  disposal,  'Waste 
utilization,  Coal  wastes,  Construction  materials, 
Hazardous  wastes,  Industrial  wastes,  Powerplants, 
Waste  stabilization. 

Powerplants  produce  millions  of  tons  of  ash  annu- 
ally as  byproducts,  but  only  a  fraction  is  produc- 
tively employed  in  concrete,  earthwork,  and  min- 
eral wool  manufacture.  The  balance  must  be  dis- 
posed of  in  impoundments  and  landfills  at  great 
expense.  Consequently,  powerplants  are  making 
their  ash  available  to  other  users  to  avoid  the  costs 
of  disposal  as  a  waste.  Coalburning  ash  has  a 
number  of  uses  in  civil  engineering  projects. 
Bottom  ashes,  often  angular  sand  and  gravel-sized 
particles,  are  routinely  employed  as  light-weight 
aggregate  in  highway  construction.  Fly  ash,  the 
finer,  silt-size  fraction  recovered  from  stack  emis- 
sion, is  used  in  stabilized  roadway  bases,  fill  and 
impoundment  liners,  and  waste  stabilization.  Tech- 
nical, regulatory  and  public  relations  issues  often 
arise  with  the  re-use  of  any  industrial  waste.  Fly 
ash  is  specifically  exempted  from  classification  as  a 
hazardous  waste  and  regulations  in  many  states 
often  exempt  it  from  classification  as  a  waste  alto- 
gether if  it  is  directly  reused.  In  two  separate 
investigations,  the  properties  of  six  ashes  from 
three  powerplants  in  the  Philadelphia-Wilmington- 
South  Jersey  area  were  studied.  All  ashes  originat- 
ed from  burning  bituminous  coal  from  the  North- 
ern Appalachian  area.  The  ashes  behaved  as  fric- 
tional  materials  forming  single  grained  particle 
structures.  The  low  specific  gravities,  silt  sizes,  and 
spherical  nature  make  fly  ashes  very  susceptible  to 
wind  and  water  erosion,  with  water  erosion  being 
a  concern  both  on  the  surface  and  in  the  subsur- 
face. Soil  cover  is  needed  on  embankments  to 
prevent  surficial  erosion,  and  filter  cloths  and 
graded  soil  or  bottom  ash  layers  are  needed  to 
prevent  piping  into  subsurface  drains.  Compaction 
curves  of  all  the  ashes  tested  were  relatively  flat, 
implying  low  sensitivity  of  the  compacted  density 
to  the  compaction  moisture  content.  This  is  a 
major  advantage  over  the  plastic  fine  grained  soils 
often  used  in  structural  fills.  Low  permeability 
indicates  that  seepage  will  move  around  a  fly  ash 
body  if  there  is  an  alternate  path  of  lower  resist- 
ance. Fly  ash  is  a  granular,  but  poorly  draining, 
fine-grained  material.  Moisture  effects  are  much 
more  pronounced  for  the  lightweight  compacted 
fly  ashes.  (See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 155 


DESIGN  AND  CONSTRUCTION  OF  FULLY- 
DRAINED  SYSTEMS  FOR  STORAGE  OF  MIN- 
ERAL WASTES. 

W.  A.  Cincilla,  and  D.  R.  East. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  247-258.  9  fig,  2  ref. 

Descriptors:  'Coal  wastes,  'Mine  wastes,  'Waste 
disposal,  'Waste  storage,  Fly  ash,  Land  disposal, 
Metals,  Temperature  effects,  Waste  management, 
Waste  treatment,  Wastewater  treatment  facilities. 

Millions  of  tons  of  wastes  are  generated  annually 
by  the  U.S.  mineral  industries,  the  greatest  share  of 
which  is  in  the  form  of  mill  tailings  from  the 
processing  of  metallic  ores  and  coal  refuse.  These 
waste  products  vary  greatly,  not  only  in  their 
physical  consistency  but  in  their  relative  potential 
for  environmental  impact.  Fifteen  fully-drained  fa- 
cilities for  the  storage  of  mineral  wastes  were 
designed  by  Knight  Peisold  in  North  America  over 
five  years.  The  facilities  are  located  in  a  wide 
range  of  climatic  conditions  from  desert  to  Pacific- 
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coastal  rain  forest  and  altitudes  of  11,000  feet. 
Although  each  site  and  set  of  operating  constraints 
are  unique,  the  basic  design  philosophy  is  the 
same-the  efficient  removal  of  process  fluids  and 
systematic  rotational  waste  deposition.  Laboratory 
testing  indicates  that  the  same  principles  which 
were  successful  in  metallic  ore  waste  disposal  can 
be  applied  to  other  slurried  waste  products  such  as 
fly  ash  and  phosphatic  clay  waste.  Operation  of 
facilities  of  this  type  under  severe  winter  condi- 
tions has  presented  the  most  difficulty.  However, 
modifications  in  depositional  strategy  and  pond 
volume  levels,  as  well  as  design  modifications  to 
sumps  and  return  water  lines,  have  been  adequate 
in  minimizing  the  adverse  effects  of  cold  tempera- 
tures. Another  area  that  has  been  of  particular 
concern  is  the  selection  of  geotextiles  for  soil  sepa- 
ration and  permeability.  Extensive  in-house  testing 
has  isolated  several  groups  of  geotextiles  that  have 
excellent  potential  for  continued  application  for 
very-fine-grained  waste  particles.  In  all  cases,  the 
fully-drained  designs  were  more  cost  effective  than 
conventional  fully-saturated  design.  (See  also  W91- 
07139)  (Mertz-PTT) 
W9 1-07 156 


TRANSPORTABLE  MODULAR  INCINER- 
ATION: DIFFERENT  MODES,  DIFFERENT 
PURPOSES,  DIFFERENT  PERMIT  REQUIRE- 
MENTS. 

ENSCO  Environmental  Services,  Inc.,  Fremont, 
CA. 

D.  Morell. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  259-266. 

Descriptors:  'Hazardous  wastes,  'Incineration, 
•Waste  disposal,  *Waste  treatment,  Economic  as- 
pects, Permits,  Rehabilitation,  Transportable  incin- 
eration, Transportation. 

Use  of  transportable  modular  incinerators  for  haz- 
ardous waste  incineration  is  examined.  Often, 
transportability  may  help  solve  tough  problems  of 
siting,  permitting,  community  relations,  and  eco- 
nomic marketplace  uncertainty.  Ironically,  howev- 
er, the  same  technology  has  to  acquire  vastly  dif- 
ferent permitting  approvals  depending  on  its  oper- 
ation mode.  This  paradox  has  the  potential  to 
restrict  use  of  these  units  to  accomplish  their  de- 
signed objectives.  Five  different  modes  of  oper- 
ation have  been  identified  in  this  typology  of  incin- 
erator siting:  onsite  remediation;  onsite  remedi- 
ation, plus  treatment  of  continuing  wastes;  onsite 
remediation,  plus  treatment  of  remediation  wastes 
from  nearby  small  sites;  offsite  commercial  inciner- 
ation; and  leap  frog  siting.  Transportable  units  can 
operate  in  any  one  of  these  modes  in  a  base  load 
situation;  be  deployed  elsewhere  for  a  temporary 
period;  and  then  return  again  to  their  original 
assignment.  This  mode  allows  the  units  to  operate 
more  economically,  and  indeed  may  be  essential  to 
long-term  cost-effective  ownership  and  operation 
of  a  transportable  unit.  (See  also  W9 1-07 139) 
(Mertz-PTT) 
W91-07157 


SEEKING  ORDER  WITHIN  THE  CHAOS  OF 
TOXICS  LAWS:  THE  TOXICS  PROGRAM 
MATRICES  IN  NEW  JERSEY  AND  PENNSYL- 
VANIA. 

ENSCO  Environmental  Services,  Inc.,  Fremont, 

CA. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07 169 


COMPOSTING  OF  EXPLOSIVES  AND  PRO- 
PELLANT  CONTAMINATED  SEDIMENTS. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 

For   primary   bibliographic   entry   see   Field    5D. 

W9 1-07 180 


DETERMINATION  OF  THE  CHEMICAL  SUIT- 
ABILITY OF  A  DREDGED  MATERIAL  CON- 
TAINMENT AREA  FOR  AQUACULTURE. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 


For  primary  bibliographic  entry  see  Field  5C. 

W9 1-072 13 


HILLSLOPE  EROSION  AT  THE  MAXEY 
FLATS  RADIOACTIVE  WASTE  DISPOSAL 
SITE,  NORTHEASTERN  KENTUCKY. 

Geological  Survey,  Louisville,  KY.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07239 


TRIAXIAL-  AND  UNIAXIAL-COMPRESSION 
TESTING  METHODS  DEVELOPED  FOR  EX- 
TRACTION OF  PORE  WATER  FROM  UN- 
SATURATED TUFF,  YUCCA  MOUNTAIN, 
NEVADA. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Geol- 
ogy- 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-07243 


SCREENINGS  AND  GRIT  IN  SEWAGE:  RE- 
MOVAL, TREATMENT  AND  DISPOSAL. 
PHASE  3:  STORM  WATER  OVERFLOWS  AND 
PUMPING  STATIONS. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07248 


CALIBRATION  OF  GROUNDWATER 

MODELS  FOR  THE  GRIMSEL  UNDER- 
GROUND ROCK  LABORATORY,  SWITZER- 
LAND. 

Colenco  Ltd.,  Baden  (Switzerland). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07282 


REDUCING  GROUNDWATER  FLOW  MODEL 
UNCERTAINTIES  AT  YUCCA  MOUNTAIN. 

Weston  (Roy  F.),  Inc.,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07283 


MODELLING  HEAT  TRANSFER  NEAR  A 
DEEP  UNDERGROUND  NUCLEAR  WASTE 
REPOSITORY:  A  DISCUSSION  OF  BOUNDA- 
RY CONDITIONS. 

Agence  Nationale  pour  la  Gestion  des  Dechets 
Radioactifs,  Fontenay-aux-Roses  (France). 
J.  M.  Bodenes,  L.  Dewiere,  P.  Oustriere,  J.  Y. 
Ausseur,  and  A.  Menjoz. 

IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  373-384.  6  fig,  3 
tab,  12  ref. 

Descriptors:  'Boundary  conditions,  'Calibrations, 
"Heat  transfer,  *Model  studies,  'Radioactive  waste 
disposal,  'Temperature  effects,  'Underground 
waste  disposal,  Advection,  Aquifer  characteristics, 
Convection,  Data  interpretation,  Error  analysis, 
France,  Mass  transfer,  Mathematical  analysis, 
Mathematical  equations,  Mathematical  studies, 
Permeability,  Sensitivity  analysis,  Temperature 
gradient,  Uncertainty,  Vertical  distribution. 

Investigations  for  the  construction  of  a  deep  nucle- 
ar waste  repository  in  France  have  led  to  the  study 
of  four  possible  sites  in  different  geological  forma- 
tions: clay,  granite,  schists,  and  salt.  The  safety 
studies  involve  coupled  modeling  of  heat,  ground- 
water flow,  transport,  and  chemistry.  The  choice 
of  boundary  conditions  and  the  dependence  of  the 
temperature  field  on  other  coupled  phenomena 
were  modeled.  Investigations  were  undertaken  to 
determine  appropriate  upper,  lower,  and  lateral 
boundary  conditions  in  the  modeling  of  under- 
ground heat  transport.  In  addition,  an  examination 
of  internal  phenomena,  such  as  aquifer  advection 
and  natural  convection,  was  also  undertaken.  The 
results  of  the  investigation  revealed  that,  in  most 
cases  of  nuclear  waste  disposal  within  deep  saturat- 
ed formations  of  low  permeability,  heat  transfer 
could  be  simulated  to  a  good  approximation  by  a 
conduction  model,  with  the  following  boundary 
conditions:  fixed  temperature  at  ground  level 
(upper  boundary),  zero  flux  on  lateral  boundaries 


and  geothermal  flux  on  the  lower  boundary.  The 
positions  of  these  boundaries  was  chosen  as  a  func- 
tion  of  the   required   accuracy.    (See   also   W91- 
07253)  (Korn-PTT) 
W91-07290 


PLANE   VERTICAL   TURBULENT   BUOYANT 
JET. 

Patras  Univ.  (Greece).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  8B. 
W91-07598 


INFLUENCE  OF  APPLICATION  RATE  ON 
THE  BACTERIAL  MUTAGENICITY  OF  SOIL 
AMENDED  WITH  MUNICIPAL  SEWAGE 
SLUDGE. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 

Soil  and  Crop  Sciences. 

K.  C.  Donnelly,  J.  C.  Thomas,  C.  S.  Anderson, 

and  K.  W.  Brown. 

Environmental  Pollution  ENPOEK,  Vol.  68,  No. 

1/2,  p  147-159,  1990,  4  fig,  3  tab,  12  ref. 

Descriptors:  'Ames  test,  'Land  disposal,  'Mutage- 
nicity, 'Salmonella,  'Sludge  disposal,  'Soil  amend- 
ments, 'Soil  bacteria,  'Waste  disposal,  'Water  pol- 
lution effects,  Analytical  methods,  Bioassay,  Envi- 
ronmental impact,  Lysimeters,  Sludge,  Sludge 
analysis,  Soil  contamination. 

The  mutagenic  potential  of  two  soils  amended  with 
municipal  sewage  sludge  at  two  application  rates 
was  monitored  over  a  two  year  period  using  Sal- 
monella/microsome  mutagenicity  assay.  Samples 
were  collected  from  undisturbed  monolith  lysi- 
meters of  Weswood  sandy  clay  (Fluventic  Ustoch- 
rept)  and  Padina  sandy  loam  (Grossarenic  Paleus- 
talf)  amended  with  dried  sewage  sludge  at  50  and 
100  Mg/ha.  Soil  samples  were  collected  and  se- 
quentially extracted  with  methylene  chloride  and 
methanol.  The  residues  from  these  extracts  were 
tested  for  mutagenicity  at  five  doses  with  and 
without  metabolic  activation  in  Salmonella  strain 
TA98.  In  general,  the  mutagenic  potential  of  the 
amended  soils  of  both  application  rates  for  the  first 
8  weeks  following  sludge  application  increased  and 
then  slowly  decreased.  The  maximum  mutagenic 
response  observed  in  soil  extracts  was  222  rever- 
tants  at  a  dose  of  10  mg  of  residue.  This  response 
was  induced  by  the  methanol  extract  from  the 
Weswood  soil  collected  56  days  after  the  applica- 
tion of  50  Mg/ha  sewage  sludge  as  compared  to 
the  100  mg/ha  application  which  induced  202  re- 
vertants/mg.  The  mutagenicity  of  all  fractions  ex- 
tracted from  the  sludge-amended  soil  at  both  appli- 
cation rates  collected  717  days  after  application 
were  not  appreciably  different  from  extracts  from 
unamended  soils.  The  data  indicate  that  chemicals 
that  were  mutagenic  in  bacteria  persist  in  the  soil 
and  that  the  higher  application  rates,  as  much  as  2 
years  may  be  required  for  the  mutagenic  potential 
of  the  soil  to  return  to  background  levels.  (Au- 
thor's abstract) 
W9 1-07661 


HAZARDOUS  AND  INDUSTRIAL  WASTES: 
PROCEEDINGS  OF  THE  22ND  MID-ATLAN- 
TIC INDUSTRIAL  WASTE  CONFERENCE. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07662 


IMPACT  OF  LAND  DISPOSAL  RESTRIC- 
TIONS ON  HAZARDOUS  WASTE  SITE 
CLEANUPS. 

Eckenfelder,  Inc.,  Mahwah,  NJ.  Waste  Manage- 
ment Div. 
J.  R.  Caputi. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  31-42.  4  tab,  12  ref. 

Descriptors:  'Cleanup  operations,  'Hazardous 
wastes,  'Land  disposal,  'Regulations,  'Site  reme- 
diation, 'Waste  disposal,  Resource  Conservation 
and  Recovery  Act,  Soil  contamination,  Superfund, 
Toxic  wastes,  Waste  treatment,  Wastewater  dis- 
posal. 
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The  Hazardous  and  Solid  Waste  Amendments  to 
the  Resource  Conservation  and  Recovery  Act, 
signed  on  November  8,  1984,  include  specific  pro- 
vuions  restricting  the  land  disposal  of  hazardous 
wastes,  The  purpose  of  the  land  disposal  restric- 
tions  is  to  minimize  the  potential  risk  to  human 
health  and  the  environment  by  requiring  the  treat- 
ment of  hazardous  wastes  prior  to  their  land  dis- 
posal. Two  years  later,  Congress  took  an  addition- 
al step  towards  phasing  out  land  disposal  of  un- 
treated hazardous  waste  in  the  Superfund  Amend- 
ments and  Reauthorization  Act  of  1986,  which 
amended  the  Comprehensive  Environmental  Re- 
sponse, Compensation  and  Liability  Act.  This  new 
law  required  EPA  to  select  remedies  in  which 
treatment  permanently  and  significantly  decreased 
the  toxicity,  mobility,  or  volume  of  contaminants 
for  the  remediation  of  Superfund  sites.  Land  dis- 
posal restrictions  should  be  addressed  in  the  early 
stages  of  the  overall  hazardous  waste  site  cleanup 
program.  Site  investigations  should  include  provi- 
sions for  determining  compliance  with  treatment 
standards.  It  is  important  to  keep  apprised  of  the  in 
situ  and  on  site  treatment  technologies  being  devel- 
oped and  demonstrated  to  be  able  to  select  the  best 
remedy  for  a  particular  site.  The  land  disposal 
restriction  treatment  standards  should  be  deter- 
mined for  the  waste  codes  applicable  to  the  con- 
taminated soils.  There  are  a  number  of  in  situ  and 
on  site  treatment  technologies  available  for  treating 
contaminated  soils.  Some  of  the  in  situ  treatment 
technologies  in  use  include  vapor  stripping,  flush- 
ing, chemical  fixation/stabilization,  chemical  oxi- 
dation, vitrification,  radio  frequency  heating,  and 
bioremediation.  On  site  technologies  include  incin- 
eration, low  temperature  thermal  stripping,  stabili- 
zation/solidification, soil  washing,  chemical  extrac- 
tion, and  biodegradation.  Permitting  requirements 
may  inhibit  the  use  of  treatment  technologies.  Ob- 
taining the  required  permits  can  often  take  an 
exceedingly  long  time  and  result  in  increased 
project  costs.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07664 


USE  OF  DAIRY  WASTES  TO  SEAL  POROUS 
SOILS. 

Lafayette  Coll.,  Easton,  PA.  Dept.  of  Civil  Engi- 
neering. 

T.  J.  McGhee,  and  M.  L.  Rachelson. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.   1990.  p  66-76.  5  fig,  2  tab,  7  ref. 

Descriptors:  "Hazardous  wastes,  *Land  disposal, 
•Liners,  *Soil  sealants,  *  Waste  disposal,  *  Waste 
utilization,  Dairy  industry,  Environmental  protec- 
tion, Feasibility  studies,  Industrial  wastes,  Soil  per- 
meability. Whey. 

The  strict  standards  that  have  been  established 
limiting  release  of  contaminants  from  waste  dispos- 
al sites  have  created  a  need  for  efficient  and  eco- 
nomical liners.  Many  states  now  require  the  use  of 
double  liners,  generally  consisting  of  a  flexible 
synthetic  membrane  as  the  first  barrier  and  com- 
pacted natural  clay  for  the  second.  The  feasibility 
of  using  whey  or  other  dairy  waste  to  create  an 
inexpensive  liner  suitable  for  use  in  sanitary,  indus- 
trial or  hazardous  waste  disposal  sites  was  investi- 
gated. Whey  is  the  liquid  by-product  from  the 
manufacture  of  cheese.  The  cheese  contains  nearly 
all  the  fat,  protein  and  calcium  and  part  of  the 
lactose  of  the  milk  from  which  it  is  made.  Whey 
has  a  high  biological  oxygen  demand,  which  makes 
its  utilization  preferable  to  disposal  and  treatment 
in  a  wastewater  system.  The  whey  used  in  this 
study  was  a  sweet  whey  produced  as  a  by-product 
to  the  manufacture  of  cheddar  cheese.  Results 
showed  that  a  definite  decrease  in  soil  permeability 
can  be  produced  by  application  of  whey.  The 
variations  observed  in  permeability  during  the 
study  may  be  due  in  part  to  biological  degradation 
of  the  material  accumulated  in  the  soil.  Production 
of  gas  within  the  specimens  could  be  an  indication 
of  anaerobic  biological  activity.  The  minimum  per- 
meability achieved  during  the  study  was  not  low 
enough  to  meet  the  standards  for  disposal  site 
liners,  but  approached  such  levels.  The  relatively 
small  size  of  the  samples  and  the  possibility  that 
flow  could  occur  at  the  boundary  between  the  soil 
and  the  container,  together  with  the  inherent  diffi- 


culty of  measuring  permeability  reproducibly,  pre- 
vent a  definite  conclusion  with  regard  to  the  gen- 
eral   usefulness   of  this   material    without    further 
study.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07667 


POSSIBLE  RE-USE  OF  PETROLEUM  CON- 
TAMINATED SOILS  AS  CONSTRUCTION  MA- 
TERIAL. 

Lehigh  Univ.,  Bethlehem,  PA.  Dept.  of  Civil  En- 
gineering. 

H.  Hijazi,  and  S.  Pamukcu. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  155-170.  13  fig,  5  tab,  11  ref. 

Descriptors:  'Construction  materials,  'Hydrocar- 
bons, 'Oil  pollution,  'Recycling,  'Soil  contamina- 
tion, 'Waste  stabilization,  Cohesion,  Compressibil- 
ity, Density,  Economic  aspects,  Feasibility  studies, 
Leaching,  Permeability,  Reclamation. 

The  feasibility  of  using  stabilized  petroleum  con- 
taminated soils  as  a  construction  material  was  in- 
vestigated. The  re-use  capacities  are  predicted  to 
be  base  or  subbase  course  material  in  highway 
construction,  embankment,  structural  filler  and 
barrier  material  in  other  earthen  structures.  The 
critical  parameters  in  design  of  these  structures  are 
strength,  permeability,  durability,  compressibility 
and  index  properties  of  the  construction  material. 
A  number  of  laboratory  tests  were  conducted  on 
artificially  prepared  fuel  oil  contaminated  soil 
specimens.  The  specimens  were  mixed  with  lime, 
cement,  fly  ash,  gypsum  and  attapulgite  clay  at 
different  percentages.  The  contaminant  selected 
was  crude  oil.  Kaolinite  clay  was  selected  as  the 
soil  medium,  since  clays  retain  hydrocarbons  more 
often  than  granular  soils.  The  formula  for  percent- 
ages of  the  three  components,  namely  soil,  con- 
taminant and  additive  were  varied  to  achieve  a 
systematic  variation  in  the  physical  properties 
measured.  The  measured  properties  were  uncon- 
fined  compressive  strength,  tensile  strength,  cohe- 
sion, internal  friction  angle,  density  and  permeabil- 
ity. Results  showed  that  stabilization  and  re-use  of 
fuel  oil  contaminated  soils  appeared  to  be  a  viable 
method  of  resource  recovery  and  may  prove  eco- 
nomical for  the  construction  industry.  More  re- 
search is  needed  on  the  leaching  effect  and  durabil- 
ity of  stabilized  soils  to  conclude  in  favor  of  the 
proposed  approach.  The  results  showed  that  there 
is  much  potential  for  the  stabilized  oil  contaminat- 
ed soils  to  be  used  in  construction  projects.  (See 
also  W9 1-07662)  (Mertz-PTT) 
W9 1-07674 


STABILIZATION  OF  CLASS  F  FLY  ASH  WITH 
LIME  AND  CEMENT. 

Wayne  State  Univ.,  Detroit,  MI.  Dept.  of  Civil 
Engineering. 

M.  A.  Usmen,  and  C.  P.  Chou. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  171-192.  7  fig,  7  tab,  15  ref. 

Descriptors:  'Construction  materials,  'Fly  ash, 
•Industrial  wastes,  'Road  construction,  'Waste 
stabilization,  'Waste  utilization,  Cements,  Density, 
Economic  aspects,  Lime,  Moisture  content,  Waste 
disposal. 

In  recent  years,  use  of  various  waste  products  in 
highway  construction  has  gained  considerable  at- 
tention in  view  of  the  shortages  and  high  costs  of 
suitable  conventional  aggregates,  increasing  costs 
of  waste  disposal,  and  environmental  constraints. 
Use  of  waste  by-products  as  economical  replace- 
ments for  conventional  materials  such  as  natural 
soils  and  aggregates  can  alleviate  disposal  costs 
and  environmental  pollution,  and  conserve  high 
quality  highway  materials  for  higher-priority  uses. 
Fly  ash,  a  by-product  of  the  coal  combustion  proc- 
ess at  power  plants,  is  a  case  in  point.  In  can  be 
used  effectively  for  various  highway  construction 
applications.  Fly  ash  can  be  successfully  stabilized 
with  lime,  cement,  or  lime  and  cement  combina- 
tions to  produce  mixtures  having  adequate  strength 
and  durability  characteristics.  Addition  of  lime  to 


fly  ash  results  in  increased  optimum  moisture  con- 
tent and  decreased  maximum  dry  density.  Addition 
of  cement  does  not  change  the  optimum  moisture 
content  and  maximum  dry  density  appreciably  In 
general,  cement  stabilized  fly  ash  produces  higher 
strength  than  lime  stabilized  fly  ash.  Both  the 
stabilizer  content  and  curing  time  influence 
strength  for  cement  stabilized  fly  ash  in  the  short 
and  intermediate  term  (7-56  days).  The  strength  of 
lime-stabilized  fly  ash  seems  to  be  fairly  insensitive 
to  stabilizer  content  during  the  same  period.  Com- 
bined lime  and  cement  stabilized  fly  ash  shows 
properties  intermediate  between  lime-stabilized  and 
cement-stabilized  fly  ash.  Addition  of  cement  to 
lime-stabilized  fly  ash  provides  improved  early 
strength.  Durability  of  the  stabilized  mixtures  can 
best  be  evaluated  by  residual  strength  and  percent 
strength  reduction  in  the  vacuum  saturation  test. 
Durable  mixtures  of  lime  and/or  cement  stabilized 
fly  ash  can  be  produced  by  adding  proper  amounts 
of  stabilizer  and  applying  sufficient  curing.  (See 
also  W9 1-07662)  (Mertz-PTT) 
W9 1-07675 


STOCHASTIC  ANALYSIS  OF  SOLUTE  MOVE- 
MENT IN  COMPACTED  SOIL  LINERS. 

Wisconsin  Univ.,  Madison.  Dept.  ot  Civil  and  En- 
vironmental Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07676 


TEST  METHODS  FOR  THE  EVALUATION  OF 
TREATED  SLUDGES  FOR  CONSTRUCTION 
PURPOSES. 

Drexel   Univ.,   Philadelphia,   PA.   Dept.   of  Civil 
Engineering. 
S.  Popovics. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  243-250.  1  tab,  4  ref. 

Descriptors:  'Construction  materials,  'Materials 
testing,  'Sludge  stabilization,  'Sludge  utilization, 
'Testing  procedures,  'Waste  utilization,  Ash, 
Compressive  strength,  Density,  Moisture  content, 
Mud,  Shear  tests,  Waste  disposal,  Waste  stabiliza- 
tion. 

Stabilization  means  an  improvement  of  the  proper- 
ties of  the  sludge  by  blending  it  with  inexpensive 
materials.  It  is  shown,  for  instance,  that  red  mud- 
fly  ash  combinations  provided  unconfined  com- 
pressive strengths  up  to  500  psi  at  the  age  of  28 
days;  or,  the  combinations  of  red  mud  with  waste 
gypsum  provided  over  5000  psi  compressive 
strength.  Methods  that  are  suitable  for  testing  sta- 
bilized solid  wastes  and  their  ingredients  were  ex- 
amined. Application  of  some  of  these  methods  was 
illustrated  with  the  stabilization  of  a  sludge.  The 
sludge  in  question  was  a  clay-like  material  with  a 
pH  over  12.  It  was  obtained  by  the  extraction  of 
aluminum  from  bauxite  ore.  The  residue  is  called 
red  mud  in  the  trade  and  an  estimated  30  million 
tons  have  been  accumulated  during  the  years.  One 
method  for  the  establishment  of  the  needed  liquid 
content  in  a  stabilized  waste  is  based  on  the  mois- 
ture-density relationship.  Another  method  for  the 
establishment  of  the  liquid  content  is  based  on  the 
moisture-penetration  resistance  relationship.  The 
shear  resistance  of  a  consolidated  and  drained  sta- 
bilized waste  specimen  can  be  determined  by  a 
method  which  consists  of  placing  the  specimen  in  a 
direct  shear  device  and  applying  a  predetermined 
normal  stress,  then  applying  a  shearing  force  to  the 
shear  the  specimen.  The  compressive  strength  is 
usually  determined  on  molded  cylindrical  speci- 
mens in  an  unconfined  manner.  Several  such  test 
methods  have  been  specified  for  this  process. 
Blending  a  solid  waste  or  sludge,  such  as  red  mud 
with  technically  and  economically  suitable  materi- 
als is  an  inexpensive  technology  for  the  improve- 
ment of  mechanical  as  well  as  other  properties  of 
red  mud.  These  test  methods  were  suitable  for  the 
establishment  of  optimum  compositions  as  well  as 
the  areas  of  applications  of  the  stabilized  waste. 
(See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07679 
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STABILIZATION  AND  UTILIZATION  OF 
COAL  ASH  IN  ENVIRONMENTAL  APPLICA- 
TIONS. 

West  Virginia  Univ.,  Morgantown.  Dept.  of  Civil 
Engineering. 

J.  J.  Bowders,  and  W.  S.  Almes. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  251-266.  3  fig,  4  tab,  12  ref. 

Descriptors:  'Environmental  engineering,  *Fly 
ash,  "Waste  stabilization,  'Waste  utilization,  Clays, 
Coal  mining,  Construction  materials,  Grouting, 
Landfill  covers,  Landfills,  Permeability,  Waste  dis- 
posal, Water  pollution  control. 

Fly  ash,  the  fine  residue  which  results  from  the 
burning  of  coal  is  being  produced  at  the  rate  of  50 
million  tons  per  year.  Eighty-five  percent  of  this 
amount  is  simply  placed  in  landfills  or  lagoons 
serving  little  productive  use  and  in  certain  in- 
stances, resulting  in  degradation  of  the  environ- 
ment either  aesthetically  or  physically  such  as 
through  water  pollution.  At  West  Virginia  Univer- 
sity, several  research  projects  aimed  at  producing 
useful  materials  from  fly  ash  have  been  conducted 
or  are  on-going.  Currently,  two  field  research 
projects  have  been  designed  and  are  under  various 
stages  of  implementation.  Both  of  the  projects 
demonstrate  high  volume  utilization  of  fly  ash  in 
environmental  applications.  The  first  project  con- 
sists of  a  cover  for  a  one  acre  municipal  solid  waste 
landfill.  The  landfill  has  been  closed  for  approxi- 
mately two  years.  At  this  particular  site,  there  is  a 
limited  supply  of  clay  readily  available  from  which 
the  compacted  clay  cover  could  be  constructed. 
Current  testing  involves  use  of  the  local  clay  as  the 
fly  ash  amendment.  Provided  the  permeability  cri- 
terion is  satisfied,  the  clay/fly  ash  mixture  will  also 
provide  a  flexible  barrier-an  important  factor  since 
the  cover  may  undergo  significant  movement  due 
to  settlement  of  the  underlying  waste.  The  second 
project  involves  using  fly  ash  grout.  The  purpose 
of  the  grout  is  to  reduce  the  flow  of  groundwater 
into  acidic  spoil  material  that  remains  after  the 
surface  mining  of  coal.  Grouts,  consisting  of  fly 
ash  and  admixtures  including  cement,  clay,  or 
other  waste  materials  will  be  injected  into  the 
acidic  material  in  order  to  lower  the  permeability 
and  thus  reduce  the  quantity  of  the  acid  flow  from 
the  spoil.  Field  demonstrations  projects  are  on- 
going for  the  amended  fly  ash  cover  and  the  fly 
ash  grout.  Previous  uses  of  fly  ash  in  concrete  and 
aggregate/soil  stabilization  applications  have 
proven  beneficial  but  the  percentage  of  fly  ash 
utilized  in  these  applications  is  less  than  20%  of  the 
50  million  tons  produced  per  year.  (See  also  W91- 
07662)  (Mertz-PTT) 
W9 1-07680 


EVOLUTIONARY  DEVELOPMENT-THE  STA- 
TIONARY MIXING  SYSTEM  AT  MONTGOM- 
ERY COUNTY  REGIONAL  COMPOSTING  FA- 
CILITY. 

O'Brien  and  Gere  Engineers,  Inc.,  Landover,  MD. 
J.  S.  Ireland,  P.  D.  Guyer,  and  J.  L.  Thompson. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  501-520.  10  fig. 

Descriptors:  'Composting,  'Maryland,  'Odor  con- 
trol, 'Sludge  treatment,  'Waste  disposal,  'Waste 
utilization,  'Wastewater  treatment,  Economic  as- 
pects, Maintenance,  Materials  handling,  Mechani- 
cal equipment,  Wastewater  facilities. 

Composting  has  evolved  from  the  early  claims  of 
no  objectionable  odors  and  microbiologists'  ignor- 
ing material  handling  considerations  to  the  present 
large-scale  plants  with  state-of-the-art  process  con- 
trol and  odor  scrubbing.  The  evolution  has  pro- 
duced public  acceptance  of  composting  for  con- 
version of  wastewater  sludge  to  accepted  landscap- 
ing material.  One  facility  that  has  been  a  key  in  the 
evolution  is  Montgomery  County  Regional  Com- 
posting Facility,  in  Silver  Spring,  Maryland,  a 
suburb  of  Washington,  DC.  The  Montgomery 
County  Regional  Composting  Facility  is  owned 
and  operated  by  the  Washington  Suburban  Sani- 
tary Commission.  It  was  designed  to  process  up  to 


a  nominal  rate  of  400  wet  tons  of  sludge  per  day, 
for  a  total  of  2800  wet  tons  per  week.  Wood  chips 
are  used  as  a  bulking  agent.  Optimization  of  the 
composting  process,  including  improvement  in  the 
mixture  quality,  is  expected  to  improve  the  mois- 
ture balance  and  make  even  more  precise  control 
of  the  chemical  odor  scrubbing  possible.  When  the 
decision  was  made  to  aid  in  the  odor  control  by 
installing  a  stationary  mixing  system,  housekeep- 
ing, ease  of  maintenance,  and  operational  reliability 
were  prime  considerations.  Composting  systems 
that  have  recognized  the  cost  effectiveness  of  con- 
ventional conveying  systems  have  generally  had 
good  operating  success.  Several  modifications 
were  added  to  the  multiple-screw,  live-bottom  bin 
for  wood  handling.  The  sludge  bins  are  also  multi- 
ple-screw, live-bottom  bins  but  have  been  adapted 
to  the  special  characteristics  of  sludge.  While  the 
evolution  continues,  it  is  important  to  take  a  step 
back  and  emphasize  quality  control.  For  the  Sta- 
tionary Mixing  System,  it  was  decided  to  place 
system  responsibility  on  a  single  material  handling 
system  supplier.  Problems  with  material  handling 
have  discouraged  consideration  of  composting  as  a 
viable  method  of  residuals  disposal.  However, 
design  of  each  new  composting  plant  has  evolved 
from  the  earlier  composting  plants  to  minimize  the 
material  handling  problems.  (See  also  W9 1-07662) 
(Mertz-PTT) 
W9 1-07696 


NIAGARA  FALLS  EVALUATES  UNIQUE  AP- 
PROACH TO  REDUCING  HIGH  SLUDGE  DIS- 
POSAL COSTS. 

P.  J.  Psaris,  M.  D.  Noriega,  R.  E.  Game,  R.  R. 
Roll,  and  A.  B.  Cooper. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  521-541.  7  fig,  2  tab. 

Descriptors:  'Cost  analysis,  'Land  disposal, 
'Sludge  disposal,  'Sludge  drying,  'Sludge  treat- 
ment, 'Wastewater  management,  Economic  as- 
pects, Filter  presses,  Incineration,  New  York, 
Wastewater  facilities,  Wastewater  treatment. 

The  City  of  Niagara  Falls,  New  York  operates  a 
sophisticated  wastewater  treatment  plant  located 
adjacent  to  the  Niagara  River  and  Falls.  In  the 
mid-1970's  the  48  million  gallon/day  physical- 
chemical  wastewater  treatment  plant  was  built  to 
treat  a  combination  of  domestic  and  industrial 
wastewater.  Over  two-thirds  of  the  incoming 
wastewater  excluding  infiltration/inflow  is  from 
industrial  wastewater  sources.  Due  to  the  plant's 
physical-chemical  processes  and  the  high  percent- 
age of  industrial  wastewater,  a  unique  sludge  is 
produced.  The  city  has  historically  relied  on 
vacuum  filter  dewatering  and  commercial  landfill 
disposal  of  sludge  and  other  residuals.  During 
recent  years  the  cost  of  landfill  disposal  has  dra- 
matically increased.  A  sludge  management  study 
was  initiated  in  1988  the  characterize  residuals  and 
determine  alternative  sludge  disposal  routes.  Sev- 
eral recommendations  can  be  based  on  the  study 
results.  Install  new  belt  filter  presses  to  replace  the 
vacuum  filter  for  dewatering  the  wastewater  treat- 
ment plant  sludge.  Belt  filter  presses  should  result 
in  a  savings  of  operation  and  disposal  costs.  Pilot 
test  heat  dryers  to  confirm  the  viability  of  this 
option  and  explore  the  equipment  options  avail- 
able. If  pilot  test  proves  heat  drying  to  be  practical, 
then  design  and  install  a  heat  drying  system.  This 
system  should  allow  for  landfilling  at  several  sites, 
combustion  off-site,  co-combustion  with  industry, 
or  dedicated  land  disposal  of  the  heat  dried  materi- 
al. If  heat  drying  is  not  practical,  design  and  install 
one  new  incinerator  with  a  lime  stabilization 
system  as  backup.  (See  also  W9 1-07662)  (Mertz- 
PTT) 
W9 1-07697 


DURABILITY    TESTING    OF    A    STABILIZED 
PETROLEUM  SLUDGE. 

Bucknell  Univ.,  Lewisburg,  PA. 
S.  J.  Zarlinski,  and  J.  C.  Evans. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  542-556.  5  fig,  7  tab,  19  ref. 


Descriptors:  'Durability,  'Oil  wastes,  'Site  reme- 
diation, 'Sludge  lagoons,  'Sludge  stabilization, 
'Waste  disposal,  'Waste  stabilization,  'Waste  utili- 
zation, Compressibility,  Industrial  wastes,  Organic 
carbon.  Permeability,  Sludge  treatment,  Solidifica- 
tion. 

In  the  past,  the  production  of  fine  lubricating  oil 
by  petroleum  refineries  resulted  in  large  quantities 
of  an  acidic  sludge.  The  production  process,  typi- 
cally employed  until  the  early  1970's,  included  the 
addition  of  sulfuric  acid  to  the  crude  oil  to  assist  in 
removal  of  impurities.  For  the  site  under  study,  the 
waste  sludge  was  disposed  of  in  open  lagoons. 
Various  remedial  techniques  have  been  identified 
for  the  lagoon  site.  A  three-year  research  project 
has  been  undertaken  to  investigate  the  effective- 
ness of  stabilization/solidification.  The  first  year  of 
the  project  included  a  bibliographic  search  of  exist- 
ing literature  and  a  survey  of  stabilization  vendors. 
As  a  result  of  these  studies,  stabilization  reagents 
were  chosen  and  a  laboratory  methodology  was 
developed  for  testing  the  stabilized  material.  The 
second  year  of  the  research  focused  on  the  labora- 
tory investigation.  Since  the  start  of  the  project, 
some  250  mixes  were  tested  to  study  the  stabiliza- 
tion effectiveness.  Results  showed  that  the  uncon- 
fined  compressive  strength  increases  with  longer 
curing  times.  The  ultimate  strength  is  obtained  at 
the  28  day  cure  time,  when  strength  either  remains 
constant  or  decreases.  In  the  short-run,  each  mix 
obtains  at  least  a  70%  reduction  of  the  total  organ- 
ic carbon  concentration.  With  increased  curing 
times,  the  total  organic  carbon  reduction  de- 
creases. No  physical  degradation  was  apparent  for 
each  mix  during  the  wet/dry  testing.  The  average 
volume  change  was  1.47%  and  the  average  materi- 
al loss  was  9.3%.  The  stabilized  samples  have 
compression  indices  equivalent  to  those  of  a  stiff 
clay.  The  permeability  of  the  samples  were  .000002 
cm/second.  Preliminary  results  showed  that  the 
permeation  of  water  may  cause  the  release  of  en- 
capsulated organics.  (See  also  W9 1-07662)  (Mertz- 
PTT) 
W9 1-07698 


EVALUATION  OF  SILICON  SLAG  AS  A 
LEACHATE  FLOW  MEDIUM. 

Buchart-Horn,  Inc.,  York,  PA. 
A.  A.  Memon,  and  W.  F.  Downey. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  559-569.  4  fig,  1  tab,  4  ref. 

Descriptors:  'Landfills,  'Leachates,  'Liners, 
'Slag,  'Waste  disposal,  'Water  pollution  preven- 
tion, Construction  materials,  Design  criteria,  Land 
disposal,  Regulations,  Silicon,  Transmissivity, 
Waste  utilization. 

Materials  used  as  the  leachate  flow  media  for 
leachate  collection  and  liner  leak  detection  are 
important  in  a  sanitary  landfill  design.  Therefore, 
regulations  require  a  leachate  flow  medium  to  be 
structurally  sound  in  order  to  withstand  the 
stresses  and  be  of  proper  composition  and  size  to 
facilitate  rapid  flow  of  leachate.  Electric  Furnace 
Silicon  Slag  has  been  proposed  as  a  medium  in  the 
leachate  collection  and  detection  zones.  Tests  per- 
formed and  economic  analysis  conducted  in  this 
case  indicate  that  using  electric  furnace  silicon  slag 
for  a  leachate  flow  medium  is  a  viable  and  often 
advantageous  option.  Not  only  does  electric  fur- 
nace silicon  slag  meet  the  design  criteria  and  per- 
formance standards,  but  in  some  ways  exceeds 
them.  To  optimize  the  fluid  transmissivity  and 
maintain  structural  cohesion  the  size  of  the  grains 
should  not  exceed  1.0  inch  diameter  and  be  a 
minimum  of  0.25  inch  diameter.  Therefore,  an 
equivalency  approval  from  the  regulatory  agency 
will  be  necessary.  In  economic  terms,  Pennsylva- 
nia electric  furnace  silicon  slag  is  three  times 
cheaper  than  pea  size  quartz  gravel.  Although 
screened  quartz  gravel  meets  size  and  chemical 
inertness  requirements,  it  does  not  have  stable 
placement  and  high  permeability  characteristics 
comparable  to  those  of  the  slag.  In  the  final  analy- 
sis, however,  final  selection  of  the  material  as  a 
leachate  flow  medium  will  be  determined  based  on 
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cost,  availability  and  likelihood  of  regulatory  ap- 
proval. (See  also  W91-07662)  (Mertz-PTT) 
W9 1-07699 


EVALUATION  AND  ANALYSIS  FOR  SUBSID- 
ENCE OF  STABILIZED  SLUDGE. 

Du  Pont  de  Nemours  (E.I.)  and  Co.,  Newark,  DE. 
Engineering  Dept. 
F.  J.  Biehl,  and  J.  S.  Browning. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  594-609.  6  fig,  1  tab,  6  ref. 

Descriptors:  'Land  disposal,  'Landfills,  'Sludge 
stabilization,  'Subsidence,  'Waste  containment, 
•Waste  disposal,  Consolidation,  Hazardous  wastes, 
Industrial  wastes,  Landfill  covers,  Leachates,  Per- 
meability, Slope  degradation,  Sludge  disposal, 
Testing  procedures. 

In  the  field  of  stabilization/solidification  of  a  haz- 
ardous or  industrial  sludge  waste,  regulatory  agen- 
cies such  as  the  U.S.  EPA  have  emphasized 
strength,  leachate  generation,  and  leachate  pollut- 
ant concentration  as  the  parameters  of  interest  in 
pilot-scale  and  full-scale  operations.  An  area  of 
concern  which  none  of  these  parameters  addresses 
is  subsidence  of  the  stabilized/solidified  waste 
matrix.  Subsidence  of  stabilized  sludges  in  capped 
landfills  may  lead  to  slope  failure,  ponding  of 
water  on  top  of  the  cap,  and  could  threaten  the 
integrity  of  geosynthetic  components  of  the  landfill 
cap.  To  prevent  these  problems  from  occurring, 
consolidation  and  permeability  testing  of  stabilized 
sludges  should  be  performed.  Consolidation  testing 
was  performed  on  a  stabilized  organic  sludge  in 
order  to  evaluate  subsidence  potential.  Initial  data 
reduction  appeared  to  indicate  that  subsidence  of 
the  stabilized  material  could  be  accurately  mod- 
elled using  conventional  consolidation  procedures 
typically  used  for  soils.  However,  values  obtained 
for  the  coefficient  of  consolidation  were  proven 
invalid  based  upon  permeability  test  results.  Esti- 
mation of  the  coefficient  of  consolidation,  based  on 
permeability  values  and  observed  compression 
under  applied  stress  increments,  indicate  that  the 
majority  of  the  observed  deformation  was  due  to 
secondary  consolidation  mechanisms.  Long-term 
creep  testing  was  recommended  for  stabilized 
sludges,  particularly  those  that  were  expected  to 
be  creep  prone.  Unlike  silt  and  clay  soils  that 
deform  mostly  by  means  of  primary  consolidation, 
the  stabilized  sludge  deforms  over  a  long  period  of 
time  due  to  creep.  Thus,  one  should  design  stabi- 
lized sludge  landfills  and  impoundments  for  long- 
term  deformation  to  prevent  failure  of  landfill 
covers  and  slope  failure.  (See  also  W9 1-07662) 
(Mertz-PTT) 
W9 1-07702 


LEACHATE  CHARACTERISTICS  FROM  IN- 
CINERATOR ASH  MONOFIL  AND  LANDFILL 
FOR  ASH-MSW  CO-DISPOSAL. 

C.  P.  C.  Poon,  and  B.  J.  Chu. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  613-625.  6  tab,  3  ref. 

Descriptors:  'Acid  rain  effects,  'Ash,  'Hazard  as- 
sessment, 'Landfills,  'Leachates,  'Toxicity,  Cad- 
mium, Hazardous  wastes,  Incineration,  Land  dis- 
posal. Lead,  Municipal  wastes,  Waste  management. 

A  potential  exists  for  the  ash  residue  generated  by 
incinerators  of  municipal  solid  wastes  (MSW)  to  be 
classified  as  a  hazardous  waste.  Of  particular  con- 
cern are  the  properties  of  the  bottom  ash  and  fly 
ash,  which  comprise  the  largest  portion  of  these 
residues,  and  whether  alone,  or  combined,  these 
components  constitute  a  hazardous  waste  requiring 
disposal  pursuant  to  the  requirements  set  forth  in 
40  Code  of  Federal  Regulations  Standards  for 
Owners  and  Operators  of  Hazardous  Waste  Treat- 
ment. Storage,  and  Disposal  Facilities.  Two  col- 
umns were  set  up  for  leachate  study.  One  received 
ash-residue  only  and  the  other  received  ash  and 
municipal  solid  waste  in  a  1/3  ash/municipal  solid 
waste  ratio.  Simulated  acid  precipitations  were  ap- 
plied. Leachates  were  collected  over  a  period  of 


eleven  months  for  analyses.  Results  showed  that  no 
greater  percentage  of  organo-complex  of  Pb  or  Cd 
was  formed  than  in  the  monofil.  It  can  be  conclud- 
ed from  the  results  that  no  hazardous  levels  of  Pb 
and  Cd  would  be  found  in  the  leachate  from  either 
a  monofil  disposal  of  incinerator  ash-residue  or  a 
co-disposal  landfill  of  ash-residue/municipal  solid 
waste  at  a  1/3  weight  ratio.  The  Toxic  Character- 
istic Leaching  Procedure  extraction  protocol  of 
US  EPA  simulates  a  landfill  scenario,  allowing 
acetic  acid  as  the  leaching  medium.  However,  the 
low  pH  at  2.9  is  a  far  cry  from  the  pH  of  most 
landfill  leachate.  A  pH  of  5.0  is  lower  than  most 
landfill  leachate  and  over-estimates  the  potential  of 
leaching  out  chemicals  from  landfills.  (See  also 
W9 1-07662)  (Mertz-PTT) 
W9 1-07703 


HAZARDOUS  WASTE  DISPOSAL  IN  RELA- 
TIONSHIP TO  RADON  GAS  EMANATION  IN 
ATMOSPHERE. 

Lehigh  Univ.,  Bethlehem,  PA.  Dept.  of  Civil  En- 
gineering. 
For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07709 


UNIVERSITY  ROLE  IN  HAZARDOUS  WASTE 
MANAGEMENT:  FACULTY  PUBLICATIONS, 
TEACHING,  AND  RESEARCH. 

Argonne  National  Lab.,  IL.  Energy  and  Environ- 
mental Systems  Div. 

R.  W.  Peters,  C.  A.  Wentz,  and  F.  Cadena. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  718-740.  11  fig,  3  tab,  5  ref. 

Descriptors:  'Education,  'Hazardous  wastes, 
'Publications,  'Research  priorities,  'Universities, 
'Waste  management,  Data  collections,  Environ- 
ment, Environmental  engineering,  Journals,  Re- 
search, Water  pollution. 

The  major  environmental  journals  were  surveyed 
over  the  six  year  period  of  1983  to  1988.  There  has 
been  a  general  increase  in  the  percentage  of  haz- 
ardous waste  oriented  publications  in  the  field. 
Environmental  Progress  and  Hazardous  Waste  & 
Hazardous  Materials  had  the  highest  percentage  of 
hazardous  waste  management  publications.  The 
overall  percentage  of  hazardous  waste  related 
papers  in  the  five  journals  over  the  six  year  period 
was  18.71%.  The  majority  of  the  publications  re- 
lating to  hazardous  wastes  in  the  five  journals  were 
authored  by  the  academic  sector.  This  is  likely  due 
to  the  greater  emphasis  and  increased  pressure  to 
publish  in  refereed  journals  as  compared  with  the 
other  affiliation  categories.  The  consultant  and  in- 
dustrial sectors  constitute  a  large  percentage  of  the 
authorships  of  hazardous  waste  oriented  publica- 
tions in  Environmental  Progress  and  the  Journal  of 
the  Water  Pollution  Control  Federation.  Academia 
has  not  been  actively  involved  to  date  in  source 
reduction/waste  minimization  either  in  terms  of 
research  or  teaching.  There  has  been  a  decrease  in 
the  percentage  of  environmental  research  funding 
in  terms  of  the  percentage  devoted  to  the  hazard- 
ous waste  field.  The  case  history  indicated  that  the 
university  departments  have  emphasized  speciali- 
zation within  their  own  field  since  the  mid  1970s, 
placing  less  emphasis  in  environmental  engineering 
electives.  (See  also  W9 1-07662)  (Mertz-PTT) 
W91-07710 


ROTARY  KILN  INCINERATION  SYSTEMS: 
OPERATING  TECHNIQUES  FOR  IMPROVED 
PERFORMANCE. 

Four  Nines,  Inc.,  Plymouth  Meeting,  PA. 
J.  J.  Santoleri. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  743-758.  10  fig,  10  ref. 

Descriptors:  'Incineration,  'Operating  policies, 
•Pollution  control,  'Rotary  kilns,  'Sludge  dispos- 
al, 'Waste  disposal,  'Water  treatment,  Industrial 
wastes,  Municipal  wastes.  Resource  Conservation 
and  Recovery  Act,  Slurries,  Soil  contamination, 
Waste  treatment  facilities. 


Experience  in  operation  of  rotary  kilns  goes  back 
many  years  with  thousands  of  kilns  throughout  the 
world.  However,  much  of  this  experience  is  in  the 
cement,  lime,  and  calcined  dolomite  industries.  In 
the  past  20-30  years,  this  concept  has  been  used  in 
the  incineration  of  municipal  and  industrial  wastes. 
The  operating  practices  differ  in  that  the  process- 
ing kilns  are  used  to  generate  a  quality  controlled 
product.  Flame  size  and  shape,  heat  transfer  by 
radiation  and  convection  temperature  distribution, 
and  contact  time  all  play  a  critical  part  in  the 
quality  of  the  end  product.  These  kilns  are  normal- 
ly 50-200  m  (150-600  feet)  in  length.  Kilns  used  for 
incineration  are  batch  fed  with  solids  of  varying 
shape,  size,  and  heat  content.  This  provides  flexi- 
bility not  available  in  other  incinerator  systems. 
The  kiln  may  also  burn  liquids,  slurries,  sludges 
and  contaminated  soils  at  a  continuous  feed  rate 
The  Resource  Conservation  and  Recovery  Act 
(RCRA)  establishes  the  performance  necessary  to 
obtain  an  operating  permit.  Many  existing  kilns 
have  been  modified  in  design  and  operating  prac- 
tices to  allow  the  system  to  meet  RCRA  standards. 
These  modifications  have  included  feed  devices, 
seals,  lance  design  and  location,  controls,  scrubber 
systems,  monitors,  and  safety  devices.  Modifica- 
tions in  design  and  operation  have  worked  to  mini- 
mize fugitive  emissions,  temperature,  pressure  and 
stack  emission  upsets.  These  have  provided  sys- 
tems whose  performance  insures  a  safe  environ- 
ment to  the  owner  and  the  surrounding  communi- 
ty. (See  also  W9 1-07662)  (Author's  abstract) 
W9 1-077 11 


RECYCLING  OF  INSULATION  FIBERGLASS 
WASTE  WITH  A  NEW  VITRIFICATION  PROC- 
ESS. 

Vortec  Corp.,  Collegeville,  PA. 
For   primary   bibliographic   entry   see   Field    5D. 
W9 1-077 12 


METHODOLOGY  FOR  DEVELOPING  BEST 
DEMONSTRATED  AVAILABLE  TECHNOLO- 
GY (BDAT)  TREATMENT  STANDARDS. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Solid  Waste. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07808 


FATE  OF  POLYCYCLIC  AROMATIC  HYDRO- 
CARBONS DURING  SEWAGE  SLUDGE  DI- 
GESTION. 

Imperial  Coll.  of  Science  and  Technology,  London 
(England).  Dept.  of  Civil  Engineering. 
P.  W.  W.  Kirk,  and  J.  N.  Lester. 
Environmental   Technology   (Letters)   ETLEDB, 
Vol.  12,  No.  1,  p  13-20,  1991.  3  fig,  5  tab,  19  ref. 

Descriptors:  'Polycyclic  aromatic  hydrocarbons, 
•Sludge  digestion,  'Wastewater  treatment,  Anaer- 
obic digestion,  Sludge  disposal. 

The  potential  of  anaerobic  sludge  digestion  to  ame- 
liorate the  effects  of  polycyclic  aromatic  hydrocar- 
bons following  sludge  disposal  is  largely  unknown. 
The  removal  of  14  polycyclic  aromatic  hydrocar- 
bons was  studied  in  batch  incubations  both  with 
and  without  the  addition  of  sodium  azide  to  arrest 
biological  activity.  Statistically  significant  remov- 
als of  benzo(ghi)perylene,  indeno(l,2,3-cd)pyrene, 
and  coronene  were  observed  over  32  days  of  incu- 
bation. A  small  but  statistically  significant  increase 
was  observed  in  the  case  of  benzo(b)naphtho(2, 1- 
d)thiophene.  Anaerobic  digestion  over  a  period  of 
32  days  had  no  statistically  significant  effect  on  the 
concentrations  of  anthracene,  fluoranthene, 
pyrene,  benzo(c)phenanthrene, 

benzo(b)fluoranthrene,  benzo(a)anthracene,  chry- 
sene,  benzo(e)pyrene,  benzo(k)fluoranthrene,  and 
benzo(a)pyrene  in  both  active  and  azide-treated 
sludges.  The  mechanism  of  removal  for  the  3  com- 
pounds significantly  removed  appears  to  be  non- 
biological,  since  removal  occurred  in  the  presence 
or  absence  of  sodium  azide  with  no  significant 
difference  in  removal  when  comparing  the  two. 
Further  study  is  required  to  elucidate  the  mecha- 
nism of  removal.  (Doria-PTT) 
W91-07856 
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WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


DEWATERING  PROCESS  CHANGES  BOOST 
SLUDGE  INCINERATOR  EFFICIENCY. 

Tutela  Engineering  Associates,  Inc.,  Cranston,  RI. 
D.  Tutela,  and  J.  Columbo. 

Water  Environment  &  Technology  WAETEJ, 
Vol.  3,  No.  2,  p  9,  February  1991. 

Descriptors:  'Incineration,  'Sludge  disposal, 
•Sludge  drying,  'Waste  disposal,  'Wastewater 
treatment,  Activated  sludge  process,  Chemical 
treatment,  Cost  analysis,  Landfills,  Polymers, 
Rhode  Island,  Sludge  conditioning. 

By  1989,  sludge  incineration  at  the  1-cu  m/sec  (23- 
MGD)  activated  sludge  wastewater  treatment  fa- 
cility in  Cranston,  Rhode  Island,  had  become  unre- 
liable and  costly.  The  problems  with  incineration 
were  related  partly  to  high,  but  unnecessary, 
amounts  of  inert  and  non-volatile  sludge  condition- 
ing agents  (lime  and  ferric  chloride)  used  in  dewa- 
tering.  Besides  significantly  reducing  incinerator 
throughput,  the  high  amount  of  non-volatile  mate- 
rial in  the  dewatered  sludge  severely  lowered  the 
cake's  thermal  value.  Large  amounts  of  natural  gas 
had  to  be  added  to  promote  burning.  After  analy- 
sis, polymer  was  substituted  as  a  sludge  condition- 
ing agent.  Incinerator  controls  and  instrumentation 
were  replaced  and  recalibrated  to  bring  the  unit 
back  to  good  operating  condition.  A  computerized 
maintenance  program  was  installed,  placing  pre- 
ventive maintenance  of  the  presses  and  incinerator 
on  a  tight  schedule.  The  switch  to  polymer  has 
provided  cleaner,  shorter,  and  more  efficient 
sludge  incineration  with  a  significantly  increased 
throughput.  Ash  generation  has  been  reduced, 
with  resulting  decrease  in  landfill  costs  and  the 
plant  now  receives  and  treats  outside  septage,  gen- 
erating $50,000/mo  in  additional  revenue  for  the 
city.  (Rochester-PTT) 
W9 1-07895 


SLUDGE  MANAGEMENT  IN  SAN  DIEGO. 

Serpentix  Conveyor  Corp.,  Westminster,  CO. 
R.  E.  Nissen,  and  W.  E.  Stanfill. 
Water    Environment    &    Technology    WAETEJ, 
Vol.  3,  No.  2,  p  13-16,  February  1991. 

Descriptors:  *California,  *San  Diego,  *Sludge  uti- 
lization, 'Wastewater  management,  'Wastewater 
treatment,  'Water  reuse,  Centrifugation,  Cost  anal- 
ysis, Impaired  water  use,  Reclaimed  water,  Reha- 
bilitation, Sludge  drying,  Waste  management. 

As  part  of  a  $200  million  sludge  and  water  recla- 
mation center  for  San  Diego  (California),  a  new 
remote  sludge-drying  facility  (SDF)  will  be  con- 
structed to  replace  the  current  30-bed  air  drying  on 
Fiesta  Island.  The  new  plant  is  expected  to  cost 
about  $65  million  and  will  be  the  first  of  several 
facilities  to  be  constructed  on  a  34-acre  site.  Com- 
pletion of  the  SDF  will  be  followed  by  installation 
of  a  second  facility  on  the  site,  a  water  reclamation 
plant  (WRP).  The  WRP  is  estimated  to  cost  $150 
million  and  will  reclaim  treatment-plant  water  and 
make  it  suitable  for  irrigation  of  residential,  com- 
munity, and  commercial  projects  and  for  other 
non-potable  uses.  Sludge  from  the  WRP  will  go  to 
the  SDF  for  drying  and  disposal  of  artificial  use.  A 
sludge-composting  plant  may  be  added  to  the  site. 
Activity  already  under  way  on  the  SDF  is  for  first- 
phase  construction  of  a  32  km-long,  305  mm-diam- 
eter  line  for  pumping  Point  Loma  sludge  to  the 
new  SDF.  The  SDF  is  expected  use  10-12  high- 
efficiency  centrifuges  capable  of  producing  30% 
solids.  Indirect-heating  dryers  will  further  dry  the 
sludge  to  as  high  as  90%  solids.  With  the  comple- 
tion of  the  new  SDF,  all  signs  of  the  old  sludge- 
drying  operation  on  Fiesta  island  must  be  removed 
and  the  site  returned  to  its  natural  state.  All  30 
drying  beds  will  be  filled  in  and  the  land  contoured 
and  seeded  to  ensure  the  quickest  return  to  a 
natural  state.  (Rochester-PTT) 
W9 1-07896 


TREATMENT  OF  LEACHATE  FROM  LAND- 
FILL SITES-STANDARDS,  RESULTS  OF  OP- 
ERATION AND  COST  (LEISTUNGS-  UND 
KOSTENVERGLEICH  VON  DEPONIESICKER- 
WASSER-RERINIGUNGSANLAGEN  MACH 
DERZEITIGEM  STAND  DER  TECHNIK). 
Witten-Herdecke  Univ.,  Witten  (Germany,  F.R.). 


Lehrstuhl  fuer  Umwelttechnik  und  Umweltmana- 

gement. 

K.  U.  Rudolph,  K.  E.  Koppke,  M.  Gellert,  and  A. 

Rudolph. 

Interim  Report  No.  02-WA  8721/0,  October  1988. 

230p,  33  fig,  33  tab,   136  ref,  2  append.  English 

summary. 

Descriptors:  'Landfills,  'Leachates,  'Waste  dis- 
posal, 'Waste  treatment,  'Wastewater  treatment, 
Activated  carbon,  Adsorption,  Ammonia,  Biologi- 
cal treatment,  Chemical  oxygen  demand,  Chemical 
precipitation,  Chemical  treatment,  Economic  as- 
pects, Filtration,  Flocculation,  Nitrogen  com- 
pounds, Reverse  osmosis. 

Standards  of  500  microgm  AOX/L,  50  mg  NH4- 
N/L,  200  mg  COD/L  or  resp.  5%  remaining 
chemical  oxygen  demand  (COD)  for  landfill  lea- 
chates, can  be  achieved  with  four  technologies: 
biological  treatment  with  surplus  activated  carbon 
adsorption  and  precipitation,  flocculation/precipi- 
tation  with  surplus  filtration  and  reverse  osmosis, 
two-step  evaporation  with  prestripper,  and  two- 
step  reverse  osmosis.  Only  the  last  can  realize  a 
level  of  fish  toxicity  with  GF  =  2  (GF:  dilution 
index).  A  market  price-based  calculation  results  in 
total  costs  of  $7-$10/cu  m  of  purified  leachate  for 
all  of  these  technologies  except  evaporation,  which 
costs  significantly  more.  Waste  air  purification  and 
final  treatment  and  disposal  of  solid  waste  from  the 
process  is  not  yet  being  practiced,  and  is  not  in- 
cluded in  this  calculation.  (Author's  abstract) 
W9 1-079 14 


ISOTOPE  STUDIES  OF  THE  HYDROLOGY  OF 
THE  GORLEBEN  AREA,  FRG. 

Bundesanstalt   fuer  Geowissenschaften   und   Roh- 
stoffe,  Hanover  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07970 


ANALYSIS     OF     POLYCHLORINATED     DI- 
BENZO-P-DIOXINS  (PCDD)  AND  POLYCHLO- 
RINATED DIBENZOFURANS  (PCDF)  IN  SOIL 
AND   DIGESTED   SEWAGE    SLUDGE    FROM 
STOCKHOLM,  SWEDEN. 
Stockholm  Univ.  (Sweden).  Dept.  of  Zoology. 
D.  Broman,  C.  Naf,  C.  Rolff,  and  Y.  Zebuhr. 
Chemosphere  CMSHAF,  Vol.  21,  No.   10/11,  p 
1213-1220,  1990.  2  fig,  3  tab,  7  ref. 

Descriptors:  'Chlorinated  hydrocarbons,  'Non- 
point  pollution  sources,  'Sludge  disposal,  'Sludge 
utilization,  'Soil  contamination,  Dioxins,  Polychlo- 
rinated  dibenzofurans,  Stockholm,  Sweden,  Toxici- 
ty- 

The  content  of  polychlorinated  dibenzo-p-dioxins 
(PCDD)  and  polychlorinated  dibenzofurans 
(PCDF)  in  sewage  sludge  samples  and  top  soils 
from  fields  situated  in  the  county  of  Stockholm  has 
been  investigated.  Further,  the  contribution  of 
PCDDs  and  PCDFs  to  the  fields  from  sewage 
sludge  was  compared  with  the  contribution  from 
two  non-point  emission  sources,  i.e.  road  traffic 
and  the  urban  area  of  the  city  of  Stockholm.  The 
mean  concentration  in  four  analyzed  sludge  sam- 
ples was  79  pg  toxic  equivalents  (TEQ/g)  (organic 
weight;  o.w.).  Soil  samples  taken  close  to  major 
roads  varied  between  13  and  49  pg  TEQ/g  (o.w.) 
and  soil  samples  which  were  not  taken  close  to 
major  roads  varied  between  9  and  32  pg  TEQ/g 
(o.w.).  The  results  indicate  that  both  road  traffic 
and  outlets  from  the  urban  area  influence  the 
PCDD  and  PCDF  concentrations  in  the  arable 
soil.  Fertilization  with  sludge  (1  tonne  dry  weight/ 
hectare/year)  raises  the  initial  soil  concentrations 
of  PCDD  and  PCDF  in  the  fields  by  approximate- 
ly 2-3%.  (Author's  abstract) 
W9 1-08020 


LABORATORY    DIFFUSION    TESTING    FOR 
WASTE  DISPOSAL:  A  REVIEW. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

C.  D.  Shackelford. 

Journal  of  Contaminant  Hydrology  JCOHE6,  Vol. 

7,  No.  3,  p  177-217,  February  1991.  8  fig,  3  tab,  94 

ref. 


Ultimate  Disposal  Of  Wastes — Group  5E 

Descriptors:  'Analytical  methods,  'Diffusion  coef- 
ficient, 'Land  disposal,  'Reviews,  'Soil  tests, 
'Waste  disposal,  Chemical  wastes,  Diffusion,  Lab- 
oratory methods,  Literature  review,  Soil  proper- 
ties, Soil  saturation,  Soil  texture,  Solute  transport. 


The  laboratory  measurement  of  diffusion  coeffi- 
cients of  chemical  waste  constituents  in  fine- 
grained soils  is  reviewed.  Laboratory  methods  for 
determining  liquid  phase  diffusion  coefficients 
comprise  both  steady-state  and  transient  methods. 
The  transient  methods  include  the  column  method, 
the  half-cell  method,  the  double  reservoir  method 
and  the  single  reservoir  method.  Two  methods  for 
saturating  unsaturated  soils  prior  to  the  start  of 
diffusion  testing  are  the  permeation  method  and 
the  soaking  method.  Extraction  of  contaminant 
species  from  the  soil  at  the  end  of  diffusion  testing 
may  is  accomplished  by  high-pressure  pore  water 
squeeze,  chemical  extraction,  or  chemical  digestion 
methods.  A  summary  of  effective  diffusion  coeffi- 
cients from  the  literature  suggests  that  the  major 
physical  factor  affecting  the  value  of  the  measured 
diffusion  coefficient  is  the  degree  of  saturation  of 
the  soil,  with  values  for  nonreactive  and  reactive 
solutes  in  saturated  soils  being  as  much  as  10-20 
times  higher  than  the  corresponding  values  in  un- 
saturated soils.  Most  of  the  other  physical  factors 
only  become  important  in  soils  which  are  highly 
unsaturated.  In  addition,  the  diffusive  transport 
rates  of  reactive  solutes  subject  to  reversible  sorp- 
tion reactions  can  be  as  much  as  5000  times  lower 
than  those  of  nonreactive  solutes  in  saturated  soils 
and  from  20  to  630,000  times  lower  in  unsaturated 
soils.  (MacKeen-PTT) 
W9 1-08039 


OPTIMUM  RESIDENCE  TIME  (IN  CSTR  AND 
AIRLIFT  REACTOR)  FOR  BACTERIAL 
LEACHING  OF  METALS  FROM  ANAEROBIC 
SEWAGE  SLUDGE. 

Institut    National    de    la    Recherche    Scientifique, 

Sainte-Foy  (Quebec). 

D.  Couillard,  and  G.  Mercier. 

Water  Research  WATRAG,  Vol.  25,  No.  2,  p  211- 

218,  February  1991.  6  fig,  4  tab,  43  ref.  Natural 

Science    and    Engineering    Research    Council    of 

Canada  Grant  OGP0003711  and  Ministere  de  l'E- 

ducation  du  Quebec  Grant  FCAR  EQ-3029. 

Descriptors:  'Heavy  metals,  'Leaching,  'Reten- 
tion time,  'Sludge  disposal,  'Sludge  treatment, 
Bacteria,  Cadmium,  Comparison  studies,  Copper, 
Kinetics,  Land  disposal,  Manganese,  Metals, 
Nickel,  Optimization,  Zinc. 

The  bacterial  process  of  metal  solubilization  from 
sewage  sludges  was  studied  using  two  types  of 
reactors:  a  continuously  stirred  tank  reactor 
(CSTR)  and  an  airlift  reactor,  with  partial  sludge 
recycling  in  each  case.  Both  reactors  showed  simi- 
lar metal  solubilization  efficiencies.  After  parame- 
ter optimization  and  steady  state  were  obtained,  a 
mean  hydraulic  residence  time  of  0.75  day  allowed 
91%  Cu,  94%  Zn,  93%  Mn,  67%  Ni,  and  67%  Cd 
solubilization  in  the  CSTR,  while  89%  Cu,  91% 
Zn,  and  82%  Cd  were  solubilized  in  the  airlift 
reactor.  The  equation  r  sub  v  =  1.23C  +  0.44, 
expressing  the  solubilization  rate  of  Cu  or  Zn 
according  to  their  respective  concentrations,  had 
an  explained  variance  (r  squared)  of  0.93  for  a 
mean  hydraulic  residence  time  (t  bar)  of  0.75  d. 
This  equation  applies  equally  to  the  CSTR  and  to 
the  airlift,  thus  showing  the  equality  of  the  efficien- 
cy of  either  reactor.  A  significant  first  order  kinetic 
equation  has  been  formulated  for  each  t  bar.  The 
results  represent  a  4: 1  reduction  of  the  required  t 
bar  in  comparison  to  t  bar  used  in  earlier  work  and 
0.75  day  is  therefore  an  optimum  mean  hydraulic 
residence  time  for  bacterial  leaching  of  metals  from 
anaerobic  sewage  sludge.  (Author's  abstract) 
W9 1-08056 


WASTEWATER    GROWN    WATERHYACINTH 
AS  AN  INGREDIENT  IN  RABBIT  FOOD. 

Florida  Univ.,  Gainesville.  Dept.  of  Small  Animal 

Clinical  Sciences. 

For   primary   bibliographic   entry   see   Field   5D. 

W9 1-08074 
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Field  5— WATER  QUALITY  MANAGEMENT  AND  PROTECTION 
Group  5E — Ultimate  Disposal  Of  Wastes 


IMPORTANCE,  DETERMINATION,  AND  OC- 
CURRENCE OF  INORGANIC  CHEMICAL 
CONTAMINANTS  AND  NUTRIENTS  IN 
SOUTH  AFRICAN  MUNICIPAL  SEWAGE 
SLUDGES. 

Council  for  Scientific  and  Industrial  Research,  Pre- 
toria (South  Africa).  Div.  of  Water  Technology. 
R.  Smith,  and  H.  Vasiloudis. 
Water  SA  WASADV,  Vol.    17,  No.   1,  p   19-30, 
January  1991.  19  fig,  7  tab,  35  ref. 

Descriptors:  'Sludge,  'Sludge  analysis,  'Sludge 
utilization,  'South  Africa,  Chemical  analysis, 
Heavy  metals,  Hydrogen  ion  concentration,  Land 
disposal,  Metals,  Municipal  wastewater,  Nitrogen, 
Nutrients,  Phosphorus,  Pollutant  identification, 
Spectral  analysis,  Standards. 

Twelve  major  inorganic  chemical  contaminants 
were  identified  as  being  commonly  present  in  mu- 
nicipal sewage  sludges,  and  suitable  analytical 
methods  were  developed  and  tested  for  their  deter- 
mination, as  well  as  for  the  determination  of  the 
major  nutrients  commonly  present  in  such  sludges. 
Samples  of  air-dried  sludge  were  collected  from  77 
South  African  sewage  works  and  analyzed  for 
both  inorganic  chemical  contaminant  and  nutrient 
content.  Comparison  of  the  results  obtained  for 
inorganic  chemical  contaminants  in  South  African 
sludges  with  those  obtained  for  UK  sludges 
showed  that  in  only  three  cases,  i.e.  copper,  lead 
and  selenium,  were  the  maximum  range  values 
signifiantly  higher  for  South  African  sludges  than 
for  UK  sludges.  UK  'common'  values  were  higher 
than  South  African  median  values  for  all  contami- 
nants. These  results  were  used  in  conjunction  with 
previous  work  conducted  by  the  National  Institute 
for  Water  Research  (CSIR)  and  with  reference  to 
limits  laid  down  by  various  overseas  countries,  to 
prepare  a  set  of  suggested  guidelines  for  the  appli- 
cation of  disinfected  sewage  sludge  to  agricultural 
lands.  Of  the  77  sludges  analyzed,  45  were  found  to 
have  met  the  suggested  guidelines,  16  were  over 
the  suggested  maximum  permissible  concentrations 
in  the  case  of  one  contaminant  only,  while  the 
remaining  16  exceeded  the  maximum  concentra- 
tions for  two  or  more  contaminants.  (Doria-PTT) 
W9 1-08089 


MECHANISMS  OF  INORGANIC  PARTICLE 
FORMATION  DURING  SUSPENSION  HEAT- 
ING OF  SIMULATED  AQUEOUS  WASTES. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 

Chemical  Engineering. 

J.  A.  Mulholland,  and  A.  F.  Sarofim. 

Environmental        Science        and        Technology 

ESTHAG,  Vol.  25,  No.  2,  p  268-274,  February 

1991.  7  fig,  29  ref,  2  append.  EPA  prime  contract 

68-02-4247. 

Descriptors:  'Aerosols,  'Air  pollution  sources, 
'Cadmium,  'Heavy  metals,  'Lead,  'Nickel,  'Par- 
ticulate matter,  Ash,  Distribution,  Fate  of  pollut- 
ants, Incineration,  Particle  size,  Pollutant  identifi- 
cation. 

Ultrafine  inorganic  particles  are  generated  by  in- 
cinerators that  are  difficult  to  capture  by  electro- 
static precipitation  can  penetrate  the  deep  lung 
when  inhaled,  and  may  result  in  a  rise  in  concen- 
tration of  metals  in  the  major  sinks  of  soil  and 
water.  They  may  also  provide  a  signature  for 
source  attribution.  The  fate  of  cadmium,  lead,  and 
nickel  in  compounds  nitrate  in  aqueous  droplets 
was  studied  in  a  laboratory-scale  furnace,  and  tri- 
modal  particle  size  distributions  were  observed. 
Metal  partitioning  between  a  residual  mode  (parti- 
cle aerodynamic  diameter  D  >  7  microns)  and  an 
intermediate  mode  (  1  micron  >  D  >  7  microns) 
was  consistent  with  the  dependence  of  particle 
porosity  on  condensed-phase  transformations 
during  nitrate  decomposition.  In  addition,  ultrafine 
particles  were  produced.  In  the  nickel  experiments, 
where  vaporization  was  not  a  reasonable  mecha- 
nism for  inorganic  aerosol  formation,  it  was  found 
that  30-35%  of  the  particles  had  aerodynamic  di- 
ameters of  less  than  1  micron.  Furthermore,  a 
preponderance  of  cenospheres  was  observed  in  the 
large  particle  size  fractions.  It  is  conjectured  that 
the  fragmentation  process  of  cenosphere  bursting 
produced  the  submicron  aerosol.  In  the  cadmium 
and   lead  experiments,  the  amount  of  submicron 


particles  produced   was  in  qualitative  agreement 
with  the  amount  of  metal  oxide  calculated  to  va- 
porize. (Doyle-PTT) 
W9 1-08 100 


ON-SITE  RECYCLING  OF  HAZARDOUS 
WASTE  SOLVENTS. 

California  Univ.,  Davis. 

S.  I.  Schwartz,  W.  B.  Pratt,  and  D.  R.  McCubbin. 
Journal  of  Environmental  Systems  JEVSBH,  Vol. 
20,  No.   1,  p   1-21,   1990/1.   1   fig,  5  tab,   13  ref. 

Descriptors:  'Hazardous  waste  disposal,  'Industri- 
al wastes,  'Recycling,  'Solvents,  Cost  analysis, 
Distillation,  Economic  aspects,  Economic  evalua- 
tion. 

Small-scale  recycling  on  site  is  promising  for  sol- 
vents, paints,  adhesives,  and  coolants.  Among  the 
benefits  are  reduced  costs  for  new  materials  and 
disposal,  and  recovering  chemicals  from  wastes 
uses  less  energy  than  producing  them  from  raw 
materials.  The  economic  desirability  of  recycling 
depends  on  whether  it  produces  enough  economic 
benefits  in  reduced  solvent  and  disposal  costs  to 
pay  back  the  purchase  and  operating  costs  of  the 
recycling  device.  Two  baseline  studies  were  used 
to  model  the  comparative  economics  of  on  site 
solvent  recycling.  Firms  that  generate  just  over  the 
1,000  gallon  per  month  limit  for  small  quantity 
generators,  and  auto  repair  shops  that  generate  less 
than  100  gallons  per  month  were  used.  Net  present 
values  and  rates  of  return  were  calculated  in  each 
situation  together  with  sensitivity  analysis  and 
break-even  analysis  to  examine  how  good  the  de- 
vices are  under  conditions  that  depart  from  the 
baselines.  Results  show  that  the  device  is  very 
profitable  for  firms  generating  100  gallons  per 
month  but  for  firms  generating  only  20-30  gallons 
per  month  of  solvent,  the  device  is  not  economical- 
ly desirable  under  some  conditions.  Policy  meas- 
ures that  would  enhance  device  desirability  in- 
clude; free  collection  of  distillation  residues,  grants 
to  reduce  capital  costs  of  the  equipment,  and  an 
investment  tax  credit.  (Doyle-PTT) 
W91-08110 


COMPREHENSIVE  SLUDGE  MANAGEMENT 
PLANNING    FOR    THE    HYPERION    TREAT- 
MENT PLANT  (LOS  ANGELES,  USA). 
Montgomery    (James   M.)   Consulting    Engineers, 
Inc.,  Pasadena,  CA. 

For   primary   bibliographic   entry   see   Field    5D. 
W9 1-08 125 


SLUDGE     MANAGEMENT     AND     DISPOSAL 

PRACTICES  OF  THE  COUNTY  SANITATION 

DISTRICTS  OF  LOS  ANGELES  (USA). 

Los  Angeles  County  Sanitation  Districts,  Whittier, 

CA. 

For   primary   bibliographic   entry   see   Field   5D. 
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SEWAGE  AND  SOLIDS  DISPOSAL:  ARE 
PROCESSES  SUCH  AS  OCEAN  DISPOSAL 
PROPER-THE  CASE  OF  RIO  DE  JANEIRO 
(BRAZIL). 

Companhia  Estadual  de  Agua  e  Esgotos  do  Rio  de 

Janeiro  (Brazil). 

E.  P.  Jordao,  and  J.  R.  Leitao. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,   No.    12,  p  33-43,    1990.   5  fig,   2  tab,   8  ref. 

Descriptors:  'Brazil,  'Ocean  dumping,  'Rio  de 
Janeiro,  'Submarine  outfall,  'Wastewater  disposal, 
•Wastewater  outfall,  Case  studies,  Coliforms,  Dis- 
solved oxygen,  Environmental  impact  statement, 
Public  health,  Self-purification. 

Although  Brazilian  federal  regulations  permit 
ocean  disposal  of  sewage  and  solids,  submarine 
outfalls  must  be  studied  and  a  report  on  the  envi- 
ronmental impact  produced.  The  State  of  Rio  de 
Janeiro  has  monitored  its  Ipanema  Submarine  Out- 
fall (IPO)  since  1974,  one  year  prior  to  going  into 
operation.  Present  flow  is  6  cu  m/sec  (140  mgd)  of 
bar-screened  domestic  sewage.  The  submarine  out- 
fall is  2.4  m-diameter  concrete  pipe,  4.3  km  long, 
and  discharging  at  a  depth  of  27  m.  Under  the  1986 


Act  governing  the  use  of  the  marine  environment, 
the  IPO  has  been  investigated  in  terms  of  its  public 
health  effects,  aesthetic  effects,  and  effects  on 
marine  ecology.  No  ecological  impact  on  the 
marine  ecosystem  was  noted  in  relation  to  IPO. 
Studies  of  the  biota,  dissolved  oxygen,  and  grease 
degradation  have  confirmed  that  sewage  treatment 
in  the  marine  ecosystem  occurs  in  an  efficient  way. 
Despite  this  numerous  groups  have  blamed  the 
IPO  for  beach  pollution.  In  fact,  other  agents  are 
often  responsible.  Coliform  problems  at  the  beach- 
es are  due  to  problems  with  the  city  sewer  network 
in  handling  storm  runoff.  Rochester-PTT) 
W9 1-08 127 


MANAGING  CHANGE  IN  AN  ENVIRONMEN- 
TALLY CONSCIOUS  SOCIETY:  A  CASE 
STUDY,  GOTHENBURG  (SWEDEN). 

Goeteborg  Regional  Sewerage  Co.  (Sweden). 
P.  Balmer,  and  R.  C.  Frost. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,   No.    12,  p  45-56,    1990.   4  fig,   2  tab,  6  ref. 

Descriptors:  'Planning,  'Public  participation, 
'Sludge  disposal,  'Social  aspects,  'Sweden, 
'Waste  management,  'Wastewater  treatment, 
Gothenburg,  Incineration,  Sludge  drying,  Under- 
ground waste  disposal,  Wastewater  disposal. 

The  treatment  and  disposal  of  sewage  sludge  is  in 
environmentally  conscious  societies  is  becoming 
increasingly  problematical  due,  in  large  part,  to 
public  attitudes.  A  case  study  was  conducted  of  a 
large  wastewater  treatment  plant  at  Gothenburg, 
Sweden.  Three  radically  different  alternatives  to 
the  current  practice  of  lime  addition  to  dewatered 
raw  sludge  and  disposal  on  land  were  appraised 
using  a  common  set  of  criteria.  The  options  consid- 
ered were:  (1)  incineration,  (2)  drying  of  dewa- 
tered, anaerobically  digested  sludge,  and  (3)  dis- 
posal of  anaerobically  digested  sludge  to  under- 
ground cavities.  The  appraisal  process  involved 
the  production  of  a  report  describing  the  alterna- 
tives in  layman's  language.  The  report  was  present- 
ed at  a  seminar  with  about  100  participants.  Subse- 
quently, two  public  meetings  were  held.  Ultimate- 
ly, the  third  option  was  chosen,  although  it  was 
felt  generally  that  this  represented  a  waste  of  a 
resource  of  agricultural  value.  Underground  dis- 
posal was  accepted  with  the  proviso  that  the  time 
gained  by  using  the  underground  disposal  option 
(21-35  years,  depending  on  the  sludge  solids  con- 
tent) should  be  used  to  develop  techniques  of  pro- 
ducing a  cleaner  sludge  that  would  make  reuse  an 
acceptable  option.  (Rochester-PTT) 
W9 1-08 128 


DRYING  OF  SEWAGE  SLUDGE:  AN  IMPOR- 
TANT STEP  IN  WASTE  DISPOSAL. 

Ingenieurbuero   fuer   Verfahrens-   und   Chemiein- 
genieurtechnik,  Zurich  (Switzerland). 
For   primary   bibliographic   entry   see   Field    5D. 
W9 1-08 129 


EVALUATING  THE  IMPACTS  OF  SLUDGE  IN- 
CINERATION USING  A  RISK  BASED  AP- 
PROACH. 

Montgomery  (James  M.),  Inc.,  Walnut  Creek,  CA. 
A.  E.  Farrell,  B.  Michalczyk,  and  A.  Nance. 
Water  Science  and  Technology  WSTED4,   Vol. 
22,  No.  12,  p  75-83,  1990.  5  fig,  2  tab. 

Descriptors:  'Chlorinated  hydrocarbons,  'Dioxins, 
'Heavy  metals,  'Incineration,  'Risk  assessment, 
'Sludge  disposal,  'Waste  management,  California, 
Chemical  wastewater  treatment,  Cost  analysis.  En- 
vironmental impact,  Feasibility  studies,  Sludge  sta- 
bilization. 

The  viability  of  continued  sludge  incineration  at 
the  Central  Contra  Costa  Sanitary  District 
(CCCSD:  California)  wastewater  treatment  plant 
was  considered  in  a  case  study.  A  risk-based  ap- 
proach was  employed  to  assess  the  long-term  feasi- 
bility and  cost  of  continued  incineration  compared 
other  available  sludge  handling  methods.  Three 
major  tasks  were  conducted  as  part  of  the  study: 
an  incinerator  capacity  evaluation,  a  risk  assess- 
ment, and  an  evaluation  of  solids  handling  technol- 
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ogies.  The  study  focused  on  toxics  most  often 
encountered  in  sewage  incinerator  emissions,  in- 
cluding arsenic,  beryllium,  cadmium,  chromium, 
lead,  mercury,  nickel,  polychlorinated  dibenzo-p- 
dioxins,  and  polychlorinated  dibenzo-p-furans.  The 
results  of  the  study  indicate  that  continued  inciner- 
ation of  sludge  is  viable  for  the  CCCSD,  and  the 
most  cost-effective  solids  handling  method  is  incin- 
eration using  two  duty  units  with  backup  provided 
by  chemical  stabilization.  Pilot  testing  of  chemical 
stabilization  and  indirect  drying  as  backup  methods 
is  currently  under  way.  (Author's  abstract) 
W91-08131 


HEAVY  METALS  AND  HEAT  VALUE  IN 
SEWAGE  SLUDGE. 

Mullheizkraftwerk  Stadt  und  Landkreis  Bamberg, 

Rheinstrasse  6,  D-8600  Bamberg,  FRG. 

D.  O.  Reimann. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.    12,  p  85-92,   1990.  2  fig,  2  tab,    12  ref. 

Descriptors:  'Caloric  value,  'Germany,  *Heavy 
metals,  *Sludge  analysis,  'Sludge  disposal,  'Sludge 
management,  Air  pollution,  Design  criteria,  Flue 
gas  cleaning,  Incineration,  Land  disposal,  Organic 
matter. 

Of  the  50  million  tonnes  of  sewage  sludge  (5%  dry 
solids)  produced  per  year  in  the  Federal  Republic 
of  Germany,  60%  is  dumped,  30%  used  in  agricul- 
ture, and  10%  is  burned.  For  thermal  treatment  or 
disposal  of  sludge,  knowledge  of  the  salt  and  heavy 
metal  content  is  important  for  the  choice  of  the 
right  flue  gas  cleaning  system.  Only  by  this  means 
can  hazardous  emissions  into  the  air  be  avoided. 
The  advantage  of  sludge  treatment  vs  dumping  and 
utilization  systems  consists  of  the  destruction  of  the 
organic  pollutants.  At  the  same  time,  a  large  por- 
tion of  the  heavy  metals  are  evaporated  by  the 
high  burning  temperature  and  are  entrained  in  the 
flue  gas,  from  which  they  can  be  captured  by 
condensation  on  the  filter-ash  or  in  the  scrubber 
water.  In  the  combustion  of  sludge  the  heat  value 
is  very  important.  It  depends  on  the  organic  matter 
and  water  contents  of  the  sludge,  which  can  be 
influenced  by  dewatering  systems.  To  achieve  self- 
propagating  incineration,  a  minimum  caloric  value 
in  the  sewage  sludge  of  approximately  1000 
kJoulesAg  above  the  energy  required  for  drying 
should  be  sought.  If  a  mixture  of  substances  such  as 
sewage  sludge  and  domestic  refuse/coal  or  other 
high-calorie  residue  is  incinerated  rather  than  a 
single  type  of  sewage  sludge,  the  caloric  value  of 
the  dewatered  sewage  sludge  is  less  important. 
Domestic  refuse  typically  has  more  heavy  metals 
than  sewage  sludge.  The  levels  of  sulfur,  phos- 
phates, chlorides,  and  nitrogen  may  rise  when 
sludge  is  mixed  with  fuels  or  waste  products. 
Methods  were  developed  for  evaluating  the  signifi- 
cance of  heavy  metals  in  sewage  sludge  when 
considering  the  caloric  value  of  a  potential  mix- 
ture. (Rochester-PTT) 
W9 1-08 132 


SLUDGE  MANAGEMENT  AT  THE  MIDDLE- 
SEX COUNTY  UTILITIES  AUTHORITY. 

Jacobs  Environmental,  Parlin,  NJ. 

A.  Jacobs,  and  M.  Silver. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.  12,  p  93-106,  1990.  6  fig,  5  tab. 

Descriptors:  'New  Jersey,  'Ocean  dumping, 
'Sludge  drying,  'Sludge  management,  'Sludge  sta- 
bilization, 'Waste  management,  Chemical 
wastewater  treatment,  Land  reclamation,  Landfills, 
Management  planning,  Pilot  plants,  Sludge  dispos- 
al. 

The  Middlesex  County  Utilities  Authority 
(MCUA,  New  Jersey)  currently  disposes  of 
sewage  sludge  at  a  106-mile  site  in  the  New  York 
Bight  (Atlantic  Ocean).  In  accordance  with  New 
Jersey  State  law,  the  ocean  disposal  of  sewage 
sludge  must  terminate  on  March  17,  1991.  In  1988 
the  MCU  initiated  a  land-based  sludge  manage- 
ment study  to  investigate  the  alternatives  that  are 
implementable  by  this  deadline.  Twenty-four  alter- 
natives were  considered,  each  of  which  included 
dewatering  and  subsequent  disposal/reuse.  This 
study  concluded  that  chemical  fixation  represents  a 


cost-effective,  environmentally  responsible,  imple- 
mentable reuse  alternative  for  MCUA  sludge  man- 
agement. A  pilot  study  was  undertaken  to  evaluate 
chemical  fixation  of  MCUA  dewatered  sludge. 
The  program  included  constructing  test  plots  at 
the  MCUA-operated  landfill  and  collecting  and 
evaluating  data  on  the  physical,  chemical,  and 
biological  properties.  These  analyses  aimed  to  de- 
termine the  acceptability  of  using  chemically  fixed 
MCUA  sludge  as  a  supplement  to  conventional  soil 
for  daily  and  intermediate  landfill  cover.  Numer- 
ous properties  of  the  sludge  product  in  this  use 
were  examined,  including  physical  properties, 
moisture  content,  leachate  chemical  constituents, 
burning  characteristics,  odor,  and  handling  proper- 
ties. In  landfill  cover  use,  the  chemically  fixed 
sludge  satisfies  the  physical,  biological,  and  chemi- 
cal criteria  for  landfill  cover  as  specified  by  the 
New  Jersey  Department  of  Environmental  Protec- 
tion. It  was  concluded  that  the  material  can  be 
used  as  daily  and  intermediate  cover.  A  facility  for 
chemical  fixation  of  the  sludge  prior  to  spreading 
has  been  designed  to  process  113  tons  of  dry 
solids/day  in  1991,  to  increase  to  134  tons/day  by 
2020.  (Rochester-PTT) 
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LARGE-SCALE  SEWAGE  SLUDGE  COMPOST- 
ING: A  CASE  FOR  MAINTAINING  A  DIVERSI- 
FIED PROGRAM. 

Philadelphia  Water  Dept.,  PA.  Sludge  Manage- 
ment Unit. 

For  primary  bibliographic  entry  see  Field  5D. 
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COMPACTION-GRANULATION  PROCESS 
TURNS  MUNICIPAL  SLUDGE  INTO  A  VALU- 
ABLE FERTILIZER  COMPONENT. 

Brown  and  Caldwell,  Atlanta,  GA. 

For   primary   bibliographic   entry   see   Field   5D. 
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CONTROL  OF  HEAVY  METALS  AND  ORGAN- 
OCHLORINES  USING  THE  OIL  FROM 
SLUDGE  PROCESS. 

Enersludge  (Australasia)  Pty  Ltd.,  Suite  93  Have- 
lock  Mall,  West  Perth,  WA  6005,  Australia. 
For  primary  bibliographic   entry   see   Field   5D. 
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IMPROVED  EFFICIENCY  OF  SEWAGE 
SLUDGE  INCINERATION  BY  PRECEDING 
SLUDGE  DRYING. 

Wupperverband,  Wuppertal  (Germany,  F.R.). 
H.  Brechtel,  and  H.  Eipper. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.   12,  p  269-276,   1990.  8  fig,   1  tab,  5  ref. 

Descriptors:  'Incineration,  'Sludge  disposal, 
'Sludge  drying,  'Sludge  management,  Air  pollu- 
tion control,  Caloric  value,  Energy  management, 
Fluidized  bed  process,  Germany,  Odor  control, 
Thin-film  dryers,  Wastewater  treatment. 

Normally,  mechanical  dewatering  of  sewage 
sludges  is  not  sufficient  for  a  self-supporting  com- 
bustion, even  if  combustion  is  ensured  in  the  fluid- 
ized bed  furnace.  The  heat  balance  can  be  compen- 
sated by  burning  additional  fuels  of  higher  calorific 
value  and  by  using  the  heat  generated  during  com- 
bustion to  pre-dry  the  sludge.  The  most  favored 
solution  is  indirect  drying  in  special  equipment 
adapted  to  the  state  of  the  sewage  sludge  to  be 
burned.  Heating  surfaces  and  the  steam  transfer  the 
thermal  energy  of  the  flue  gases  to  the  mechanical- 
ly dewatered  sludge.  The  development  of  offensive 
odors  and  pollutant  vapors  is  controlled  by  an 
appropriate  process  flow.  The  process  entails  not 
only  an  economy  of  primary  energy,  but  an  in- 
crease in  furnace  throughput.  In  Wuppertal-Bu- 
chenhofen,  a  fluidized-bed  fired  sludge  incineration 
plant  has  been  operating  for  12  yr.  At  Wuppertal 
burning  more  wastes  of  higher  calorific  value  is 
out  of  the  question,  so  sludge  drying  has  been 
employed  as  the  only  practical  alternative.  After 
tests,  a  horizontal  thin-film  dryer  was  chosen. 
Plans  have  been  developed  to  employ  thin-film 
drying  of  sludge  prior  to  burning  as  a  way  to  make 
the  combustion  process  self-supporting,  thus  elimi- 


nating the  need  for  auxiliary  fuel.  Vapor  from 
sludge  drying  will  not  enter  the  furnace  but  will  be 
condensed  into  the  liquid  sludge.  Flue  gas  cleaning 
will  be  improved  by  extending  existing  electrostat- 
ic precipitators  and  reconstructing  the  flue  gas 
scrubbers.  It  is  expected  that  after  reconstruction 
the  throughput  rate  will  be  increased  from  2.4  to 
4.6  Mg/h  per  furnace  line;  light  fuel  oil  and  digest- 
er gas  will  no  longer  be  needed  as  auxiliary  fuel; 
and  new  tighter  restrictions  on  emissions  will  be 
maintained.  (Rochester-PTT) 
W9 1-08 150 


POTENTIAL  UTILIZATION  OF  SEWAGE 
SLUDGE. 

National  Univ.  of  Singapore.  Dept.  of  Civil  Engi- 
neering. 

M.  A.  Aziz,  and  L.  C.  C.  Koe. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  12,  p  277-285,  1990.  2  fig,  9  tab,  13  ref. 

Descriptors:  'Construction  materials,  'Singapore, 
'Sludge  byproducts,  'Sludge  disposal,  'Sludge 
management,  'Sludge  utilization,  Ceramics,  Con- 
crete, Feasibility  studies,  Sludge  drying,  Soil 
amendments,  Wastewater  treatment. 

Singapore  is  served  by  six  modern  sewage  treat- 
ment plants  with  a  combined  design  capacity  of 
around  900,000  cu  m/day.  Currently  96.5%  of  the 
population  is  served  by  sewage  systems  and  total 
production  of  raw  sludge  and  digested  dewatered 
sludge  in  1988  was  about  2,546,000  cu  m  and 
39,000  cu  m,  respectively.  Most  of  the  dewatered 
sludge  is  used  as  a  soil  conditioner  and  landfilling. 
Feasibility  studies  were  conducted  on  different 
ways  of  using  dewatered  sludge  for  producing 
building  materials  and  other  products  and  on  its 
possible  use  as  a  soil  conditioning  additive  or  as  a 
filler  in  concrete  and  bituminous  mixes.  Prelimi- 
nary results  of  these  investigations  yielded  the  fol- 
lowing conclusions:  (1)  sludge  ash  can  be  used 
directly  or  indirectly  in  construction;  an  example 
of  direct  usage  include  as  an  additive  to  improve 
the  characteristics  of  subgrade  soils  for  road  con- 
struction; indirect  usage  includes  as  a  raw  material 
for  producing  concrete  aggregates  and  in  making 
various  types  of  concrete  and  ceramic  products 
such  as  tiles,  bricks,  paving  blocks,  drain  sections, 
and  pipes;  and  (2)  production  of  various  types  of 
building  materials  from  dewatered  sewage  sludge 
and  the  use  of  sewage  sludge  for  improving  soil 
properties,  as  well  as  its  use  as  a  filler  material  in 
concrete  and  bituminous  mixes,  could  be  a  lucra- 
tive disposal  alternative  in  the  future.  (Rochester- 
PTT) 
W91-08151 


SOLIDIFICATION  OF  ELECTROPLATING 
WASTEWATER  TREATMENT  SLUDGES 
WITH  CEMENT. 

Sao  Paulo  Univ.  (Brazil).  Escola  Politecnica. 

For   primary   bibliographic   entry   see   Field    5D. 

W9 1-08 152 


SLUDGE-AMENDED  BRICK  PRODUCTION: 
APPLICABILITY  FOR  METAL-LADEN  RESI- 
DUES. 

Purdue  Univ.,  Lafayette,  IN.  School  of  Civil  Engi- 
neering. 

J.  E.  Alleman,  E.  H.  Bryan,  T.  A.  Stumm,  W.  W. 
Marlow,  and  R.  C.  Hocevar. 

Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  12,  p  309-317,  1990.  5  tab,  25  ref. 

Descriptors:  'Bricks,  'Construction  materials, 
'Metals,  'Sludge  disposal,  'Sludge  management, 
'Sludge  utilization,  Chemistry,  Incineration, 
Leaching,  Risk  assessment,  Vitrification,  Weather- 
ing. 

Few  strategies  exist  for  truly  productive  sludge 
use.  In  one  singular  process,  however,  the  incorpo- 
ration of  sludge  during  brick  manufacture  might 
sterilize  the  sludge,  combust  its  constitutive  organ- 
ics,  and  fuse  the  residue  ash  within  a  glassy  matrix, 
ultimately  yielding  a  highly  attractive  end  product. 
Experiments  were  conducted  on  the  general  con- 
cept of  using  sludge  in  brick  manufacture,  with 
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specific  emphasis  on  (he  fate  of  the  metals  con- 
tained within  the  sludge  undergoing  vitrification. 
Overall,  it  appears  that  most  metals  will  be  trapped 
within  sludge-adulterated  brick,  both  during  firing 
and  weathering.  This  behavior  appears  related  to 
silicate-based  physico-chemical  containment  mech- 
anism. Volatilization  of  metal  during  firing  was 
observed  in  the  case  of  selenium,  and  in  this  in- 
stance only  for  specimens  spiked  with  elevated 
metals  levels  (i.e.,  1000  ppm  Se).  Simulated  weath- 
ering in  pH  2.5  and  pH  5.0  acetic  acid  resulted  in 
normal  leachate  losses  beyond  the  United  States 
Environmental  Protection  Agency  extraction  pro- 
cedure limits  for  As,  Se,  and  Cd.  However,  these 
marginally  elevated  losses  were  seen  only  for  those 
bricks  spiked  with  metals  levels  of  1000  ppm  or 
higher.  The  research  findings  suggest  that  standard 
municipal  sludges  with  'normal'  metal  levels  could 
be  satisfactorily  incorporated  into  a  brick  manufac- 
turing process  with  little  concern  regarding  metal 
releases.  As  for  sludges  laden  with  hazardous 
metals,  brick  manufacture  may  be  an  acceptable 
management  option,  although  additional  site-spe- 
cific investigations  may  be  necessary  prior  to  im- 
plementation (e.g.,  relative  to  metal  species,  con- 
centrations, and  metal  release  characteristics).  (Au- 
thor's abstract) 
W9 1-08 154 


MELTING  SYSTEM  FOR  SEWAGE  SLUDGE. 

Kobek  Steel  Ltd.,  Kobe  (Japan).  Dept.  of  Environ- 
mental Equipment  Engineering. 
S.  Oku,  T.  Kasai,  M.  Hiroaka,  and  N.  Takeda. 
Water  Science  and  Technology  WSTED4,  Vol. 
22,  No.  12,  p  319-327,  1990.  7  fig,  5  tab,  2  photo,  4 
ref. 

Descriptors:  *Japan,  'Melting,  'Sludge  disposal, 
•Sludge  management,  'Sludge  utilization,  Con- 
struction materials,  Cooling  rate,  Energy  use  effi- 
ciency, Performance  evaluation,  Pilot  plants,  Slag, 
Sludge  cake. 

In  Japan  melting  plants  for  sewage  sludge  are 
attracting  great  attention  for  their  capability  to 
produce  molten  slag  and  the  possibility  of  its  effec- 
tive application.  Several  plants  have  commenced 
operation.  A  new  sewage  sludge  melting  system, 
melting  after  carbonizing  sludge  (MACS),  was  de- 
veloped in  which  a  swirling  flow  melting  furnace 
is  used.  In  1987,  a  50  t/day-scale  demonstration 
furnace  was  installed  and  the  technique  has  been 
demonstrated  since  then.  The  amount  of  heavy  oil 
required  to  melt  sludge  in  the  plant  is  about  50  L/t 
of  cake  and  the  power  is  about  83  kWh/t  of  cake. 
Exhaust  gas  contains  20-30  ppm  NOx  (02  12%), 
which  is  greatly  below  the  100-200  ppm  typical  of 
conventional  fluidized  bed  incineration.  Water- 
cooled  slag  forms  fine  amorphous  particles.  Possi- 
ble applications  include  backfill  and  buried  pipes. 
In  rapidly  cooled  slag,  x-ray  diffraction  showed 
that  scarcely  any  crystallization  occurs.  Slowly 
cooled  slag  has  a  strength  equivalent  to  natural 
stone  and  it  has  a  wide  variety  of  direct  applica- 
tions. (Rochester-PTT) 
W91-08155 


SEWAGE  SLUDGE  MELTING  PROCESS:  PRE- 
LIMINARY SYSTEM  DESIGN  AND  FULL- 
SCALE  PLANT  STUDY. 

Kyoto  Univ.   (Japan).   Environment   Preservation 

Center. 

S.  Sakai,  M.  Hiraoka,  N.  Takeda,  and  T.  Tsunemi. 

Water  Science  and  Technology  WSTED4,  Vol. 

22,  No.   12,  p  329-338,   1990.  5  fig,  2  tab,  8  ref. 

Descriptors:  'Energy  use  efficiency,  'Japan, 
•Melting,  'Sludge  disposal,  'Sludge  management, 
'Sludge  utilization,  Comparison  studies,  Cost  anal- 
ysis, Incineration,  Lime,  Performance  evaluation, 
Sludge  conditioning. 

A  sewage  sludge  melting  process  has  been  devel- 
oped and  some  full-scale  plants  are  now  installed 
or  under  construction  in  Japan  Full-scale  oper- 
ation results  were  obtained  at  the  Chuo  Plant, 
Osaka  Prefecture,  Japan,  of  the  thermal  pretreat- 
ment  anaerobic  digestion  melting  system.  Energy 
balance  and  cost  analyses  were  conducted.  From 
the  preliminary  system  design  for  500,000  popula- 
tion capacity,  the  energy  consumption  was  gener- 


ally high  in  the  lime  conditioning  system;  systems 
including  anaerobic  digestion  were  advantageous 
over  other  systems  in  terms  of  energy  balance;  and 
energy  input  in  the  melting  system  was  higher  than 
that  for  the  incineration  system.  Excess  steam  af- 
fected the  comparative  energy  evaluation.  As  a 
result  of  cost  analysis  in  terms  of  the  annual  treat- 
ment cost,  it  was  revealed  that  the  lime  condition- 
ing cost  50%  more  than  the  polymer  conditioning; 
that  in  a  comparison  between  the  incineration  and 
the  melting  systems,  the  treatment  cost  differed 
when  the  difference  in  energy  cost  was  significant; 
and  that  in  the  anaerobic  digestion  systems,  the 
superiority  in  energy  balance  did  not  contribute  to 
treatment  cost  reduction.  Even  if,  as  one  of  the 
conditions  for  introducing  the  melting  system  to 
replace  the  incineration  system,  the  ash  disposal 
price  is  set  as  low  as  5000  yen/t,  the  coke  melting 
system  is  still  advantageous  in  the  lime  condition- 
ing. In  polymer  conditioning  it  was  possible  to 
establish  conditions  to  introduce  the  melting 
system  when  the  incinerated  ash  disposal  price,  the 
melting  process  coke  ratio,  and  the  coke  price 
reached  certain  values.  (Rochester-PTT) 
W9 1-08 156 


MANAGEMENT  OF  SLUDGES  FROM  TREAT- 
MENT OF  TOXIC  WASTEWATERS. 

Eckenfelder,  Inc.,  Nashville,  TN 

For   primary   bibliographic   entry   see   Field    5D. 

W9 1-08203 
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REMOVAL  OF  VOLATILE  CONTAMINANTS 
FROM  WATER  BY  ASPIRATION  STRIPPING. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Civil  Engineering. 
B.  A.  Dempsey,  and  J.  Ackerman. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  135-145.  3  fig,  6  ref. 

Descriptors:  'Air  stripping,  'Volatile  organic  com- 
pounds, 'Water  treatment,  Chlorinated  hydrocar- 
bons, Cost  analysis,  Groundwater,  Radon. 

Degreasing  solvents,  aromatic  and  aliphatic  feed- 
stocks, and  radon  are  all  volatile  chemicals  that  are 
common  contaminants  of  groundwater  supplies 
and  superfund  sites.  These  volatile  contaminants 
have  relatively  high  Henry's  constants  and  are 
therefore  most  conveniently  and  cheaply  removed 
from  water  by  extraction  into  air,  often  followed 
by  further  treatment  of  the  contaminated  air.  Aspi- 
ration stripping  was  used  for  the  removal  of  te- 
trachloroethylene  from  contaminated  groundwat- 
ers that  are  used  for  drinking  water.  Aspiration 
stripping  works  well  for  the  removal  of  volatile 
substances  from  water  and  the  removal  of  volatile 
contaminants  can  be  successfully  predicted  for  a 
range  of  flows.  Radon  is  more  easily  removed  than 
tetrachloroethylene  by  aspirator  strippers.  Al- 
though capital  costs  for  aspirator  stripping  are  less 
than  those  for  packed  towers,  the  energy  costs  are 
presently  higher  than  for  packed  towers  or  surface 
aerators.  Aspirator  strippers  are  simple  in  concept 
and  practice  and  can  be  quickly  installed,  often 
without  major  construction  activity,  are  relatively 
non-intrusive  and  have  less  visual  and  noise  impact 
on  a  community  than  other  technological  solu- 
tions, and  removal  capacity  can  easily  be  staged. 
Whereas  misting,  freezing,  decreased  removal  effi- 
ciencies with  decreased  temperature,  and  slime 
growth  must  be  considered  in  the  design  and  oper- 
ation of  alternative  technologies,  these  issues  seem 
unimportant  for  aspirator  strippers.  (See  also  W91- 
07139)  (Mertz-PTT) 
W91-07148 


EFFECTS  OF  CHLORINE  DIOXIDE  ON  RE- 
VERSE OSMOSIS  MEMBRANES. 

Olin  Corp.,  New  Haven,  CT. 

For  primary  bibliographic  entry  see  Field  3A. 

W9 1-07392 


COAGULATION:  REJUVENATION  FOR  A 
CLASSICAL  PROCESS. 

Georgia  Inst,  of  Tech.,  Atlanta. 

A.  Amirtharajah. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.   12,  p  25-27,  32,  December  1990.  1 

fig. 

Descriptors:  'Coagulation,  'Sedimentation, 
•Water  treatment,  Acidity,  Alum,  Color  removal, 
Filtration,  Flocculation,  Humic  substances,  Hydro- 
gen peroxide,  Iron,  Metals,  Organic  carbon, 
Ozone,  Polymers,  Reviews,  Salts,  Suspended 
solids,  Turbidity. 

Coagulation  is  a  water  treatment  process  by  which 
small  particles  in  the  source  water  are  transformed 
into  large  particles  that  can  be  removed  by  sedi- 
mentation. Some  of  the  particles  are  disease-caus- 
ing microorganisms,  clay  particles  with  attached 
humic  substances,  or  humic  substances  associated 
with  metals.  The  addition  of  coagulants  causes 
destabilization  and  flocculation  of  the  particles. 
Different  chemical  coagulants  can  cause  the  desta- 
bilization of  suspensions  in  different  ways.  At  this 
time  combinations  of  inorganic  salts  (alum  and 
iron),  synthetic  organic  polymers  (polyacrylamide, 
polydadmac),  and  polymeric  inorganic  coagulants 
(polyaluminum  sulfate,  polyaluminum  chloride) 
and  other  oxidants  (ozone,  hydrogen  peroxide)  are, 
or  will  be,  used  in  practice.  Recent  research  has 
generated  coagulation  diagrams  for  predicting  the 
chemical  conditions  under  which  coagulation 
occurs.  These  diagrams,  which  are  generalizations, 
have  been  used  to  define  the  coagulant  dosage  and 
pH  conditions  for  turbidity  removal,  color  remov- 
al, and  direct  filtration.  (Doria-PTT) 
W9 1-074 15 


MAXIMIZE  POLYMER  ACTIVATION. 

Stranco,  Inc.,  Bradley,  IL. 

Y.  Kim. 

Water  Engineering  and  Management  WENMD2, 

Vol.  137,  No.  12,  p  28,  31,  December  1990.  5  fig. 

Descriptors:  *  Flocculation,  'Polymers,  'Water 
treatment,  Hardness,  Hydrogen  ion  concentration, 
Particulate  matter,  Residual  chlorine,  Tempera- 
ture. 

Many  factors  affect  how  readily  polymeric  fioccu- 
lants  can  be  fully  activated.  Recently,  the  effects  of 
makeup  water  hardness,  pH,  and  temperature  on 
the  activation  of  polymeric  flocculants  were  inves- 
tigated. Three  acrylamide-based  polymers  with  dif- 
ferent ionicity  were  used.  In  general,  maximum 
polymer  activation  can  be  encouraged  by  the  use 
of  soft  water,  temperatures  under  40  C,  a  pH  range 
of  4  to  9,  water  with  minimal  contaminants  and 
particulates,  and  low  level  chlorine  residuals.  Op- 
erations lacking  alternatives  to  the  use  of  less  desir- 
able water  can  adjust  for  water  characteristics  in 
their  polymer  feed  systems.  (Doria-PTT) 
W9 1-074 16 


ACID     DEPOSITION:     DRINKING     WATER 
QUALITY  AND  HEALTH. 

Welsh  Water  Authority,  Powys. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07481 


DEVELOPMENT  OF  A  PORTABLE  DIRECT 
FILTRATION  WATER  TREATMENT  PLANT 
IN  NORTHERN  MANITOBA. 

Manitoba  Hydro,  Winnipeg. 

D.  L.  Woytowich,  and  I.  C.  Goulter. 

Canadian  Journal  of  Civil  Engineering  CJCEB8, 

Vol.  17,  No.  5,  p  724-729,  October  1990,  8  fig,  2 

tab,  4  ref,  French  summary. 

Descriptors:  'Canada,  'Filtration,  'Manitoba,  'Po- 
table water,  'Turbidity,  'Water  treatment,  'Water 
treatment  facilities,  Construction,  Hydroelectric 
plants.  Nelson  River,  Pilot  plants,  Sundance, 
Water  sources. 

Part  of  the  development  of  the  Limestone  Generat- 
ing Project  which  was  reactivated  in  1985,  was  to 
review  and  implement  potable  water  treatment  fa- 
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cilities  for  the  construction  community  of  Sun- 
dance, if  feasible.  The  source  for  the  project  would 
be  the  Nelson  River  which  supplies  water  of  rea- 
sonably good  quality.  However,  turbidity  ranges 
from  4  to  70  nephelometric  turbidity  units  (NTU), 
averaging  15.2  NTU.  A  high  rate,  deep  bed  direct 
filtration  system  was  proposed  and  constructed  to 
reduce  turbidity  to  acceptable  levels  following  pre- 
liminary research  and  pilot  plant  studies.  A  key 
feature  of  the  plant  is  its  portability.  Owing  to  the 
innovative  design,  the  three  filters  can  be  easily 
transferred  for  use  at  future  construction  sites  on 
the  Nelson  River.  (Author's  abstract) 
W9 1-07523 


AQUEDUCT  AT  CARTHAGE  (L'AQUEDUC  DE 
CARTHAGE). 

Ecole  Nationale  des  Ingenieurs  de  Tunis  (Tunisia). 
For  primary  bibliographic  entry  see  Field  8A. 
W9 1-07530 


EXPERIMENTAL  STUDIES  ON  CHLORINE 
DIOXIDE  TREATMENT  OF  DRINKING 
WATER  IN  THE  PRESENCE  OF  PHENOLIC 
COMPOUNDS  AND  3,4-BENZPYRENE  (UN- 
TERSUCHUNGEN  UND  BETRACHTUNGEN 
ZUR  FRAGE  DER  CHLORDIOXIDBEHAND- 
LUNG  VON  TRINKWASSER  BEI  ANWESEN- 
HEIT  VON  PHENOLVERBINDINGEN  UND 
3,4-BENZPYREN). 

Kreiskrankenhaus  Treuenbrietzin  (German  D.R.). 
H.  Thielemann. 

Zeitschrift  fuer  Wasser-  und  Abwasser-Forschung 
ZWABAQ,  Vol.  23,  No.  5,  p  179-183,  October 
1990,  2  tab,  11  ref.  English  summary. 

Descriptors:  *Benzopyrene,  *Chlorine  dioxide, 
♦Drinking  water,  *Organoleptic  properties,  "Phen- 
olics,  'Water  treatment,  Carcinogens,  Chlorinated 
aromatic  compounds,  Chlorination,  Odors,  Poly- 
cyclic  aromatic  compounds,  Taste. 

Chlorine  dioxide  is  preferable  to  chlorine  for 
drinking-water  treatment.  When  the  water  con- 
tains phenol,  chlorine  treatment  results  in  the  very 
unpleasant  smell  and  taste  of  chlorophenol.  More- 
over, the  chlorine  dioxide  method  has  the  advan- 
tage of  eliminating  a  great  number  of  other  taste 
substances.  For  example,  with  this  method  the 
water-treatment  process  does  not  produce  'taste 
indicators'  caused  by  polycyclic  aromatic  hydro- 
carbons. Quantitative  investigations  of  the  removal 
of  3,4-benzopyrene  by  chlorine  dioxide  show  that 
benzopyrene  uptake  increases  logarithmically. 
Chlorine-dioxide  treatment  of  drinking  water  con- 
taining 3,4-benzopyrene  can  therefore  be  regarded 
as  a  suitable  means  for  eliminating  the  potential 
carcinogenic  danger  caused  by  elevated  concentra- 
tions of  dissolved  polycyclics  in  water.  The  chlo- 
rine-dioxide method  has  gained  in  importance 
during  the  past  few  years.  (King-PTT) 
W91-07541 


EVALUATING  GAC  FOR  TRIHALOMETHANE 
CONTROL. 

Southern  California  Metropolitan  Water  District, 

Los  A.n£clcs 

M.  J.  McGuire,  M.  K.  Davis,  C.  H.  Tate,  E.  M. 

Aieta,  and  E.  W.  Howe. 

Journal    of    the    American    Works    Association, 

JAWWA5,  Vol.  81,  No.  1,  p  38-48,  January  1991. 

16  fig,  8  tab,  14  ref. 

Descriptors:  *Cost-benefit  analysis,  *Drinking 
water,  "Granular  activated  carbon,  "Trihalometh- 
anes,  'Water  quality  control,  *Water  treatment, 
Chloramines,  Chlorine,  Disinfection,  Organic 
carbon,  Safe  Drinking  Water  Act,  Synthetic  or- 
ganic compounds,  Water  quality  standards. 

The  1986  amendments  to  the  Safe  Drinking  Water 
Act  identify  granular  activated  carbon  (GAC)  as  a 
feasible  treatment  technique  for  synthetic  organic 
chemicals,  including  trihalomethanes  (THMs).  A 
study  was  performed  to  optimize  GAC  treatment 
to  meet  more  stringent  THM  standards,  to  estimate 
the  costs  of  optimized  GAC  treatment,  to  identify 
by-products  of  the  final  disinfection  of  GAC-treat- 
ed  water,  and  to  assess  the  ability  of  the  rapid 
small-scale  column  test  (RSSCT)  to  simulate  total 


organic  carbon  (TOC)  breakthrough  from  pilot- 
scale  carbon  contactors.  The  lowest  THM  concen- 
tration achievable  by  means  of  GAC  treatment 
was  found  to  be  10  micrograms/L.  It  was  conclud- 
ed that  this  type  of  treatment  is  expensive  for  the 
control  of  THMs,  the  predominant  by-products  of 
postdisinfection  of  GAC  effluents  with  chlorine  or 
chloramines.  The  RSSCT  was  shown  to  be  an 
economical  means  of  estimating  pilot-scale  TOC 
breakthrough,  which  can  be  used  in  making  pre- 
liminary estimates  of  carbon  utilization  rates  and 
cost  estimates.  (Author's  abstract) 
W9 1-07604 


CONFERENCE  SUMMARY:  PRACTICAL  AS- 
PECTS OF  THE  DESIGN  AND  USE  OF  GAC. 

American  Water  Works  Association,  Denver,  CO. 
J.  L.  Oxenford,  and  B.  W.  Lykins. 
Journal  of  the  American  Water  Works  Association 
JAWWA5,  Vol.  83,  No.  1,  p  58-64,  January  1991. 
1  tab. 

Descriptors:  "Conferences,  "Drinking  water, 
"Granular  activated  carbon,  "Water  treatment, 
Cost-benefit  analysis,  Design  standards,  Ohio, 
Volatile  organic  compounds,  Water  quality  con- 
trol, Water  quality  standards. 

Reasons  for  the  use  of  GAC  include  the  fact  that 
utilities  need  a  barrier,  such  as  GAC,  for  protec- 
tion against  potential  organic  contaminants,  and 
the  EPA  has  recommended  GAC  treatment  as  the 
best  available  technology  for  most  volatile  organic 
compounds  and  for  several  other  contaminants. 
Some  problems  with  GAC  are  difficulties  with 
carbon  handling,  space  limitations,  short  life  of 
GAC  for  removing  some  compounds,  high  capital 
and  operating  costs,  and  disposal  and  regeneration 
costs.  Alternative  technologies  are  conventional 
treatment,  powdered  activated  carbon  (PAC),  oxi- 
dation, aeration,  synthetic  adsorbents,  and  reverse 
osmosis.  Predictive  tools  are  useful  in  estimating 
the  service  time  of  GAC,  and  include  pilot  col- 
umns, small-scale  columns,  mass  transfer  models, 
and  adsorption  isotherms.  It  is  important  to  know 
the  design  flow  and  to  obtain  a  detailed  water 
analysis,  as  well  as  the  required  removal  efficiency. 
Potential  problems  associated  with  the  design  of  an 
adsorption  system  are  filling  the  carbon  column  to 
a  desired  level  and  maintaining  it  at  that  point, 
backwashing,  removing  the  carbon,  transport,  and 
regeneration.  The  cost  of  a  GAC  system  is  greatly 
affected  by  economies  of  scale.  Five  case  studies  of 
experiences  with  GAC  use  in  pilot  or  full-scale 
systems  were  Manchester  (NH)  Water  Works; 
Pennsylvania-American  Water  Company;  Suffolk 
County,  NY;  Metropolitan  Water  District  (south- 
ern CA);  and  Cincinnati  (OH)  Water  Works.  Re- 
search continues  to  be  conducted  to  develop  more 
feasible  treatment  technologies.  (Fish-PTT) 
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USING  POWDERED  ACTIVATED  CARBON:  A 
CRITICAL  REVIEW. 

Illinois  Univ.,  Urbana. 

I.  N.  Najm,  V.  L.  Snoeyink,  B.  W.  Lykins,  and  J. 

Q.  Adams. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  83,  No.  1,  p  65-76,  January  1991. 

1  fig,  12  tab,  74  ref. 

Descriptors:  "Activated  carbon,  "Organic  pollut- 
ants, "Water  treatment,  Adsorption,  Cost-benefit 
analysis,  Performance  evaluation,  Powdered  acti- 
vated carbon,  Synthetic  organic  compounds,  Tri- 
halomethanes, Water  quality  standards. 

Synthetic  and  natural  organic  contaminants  are 
often  found  in  drinking  water  sources.  The  low 
removals  of  many  undesirable  compounds  by  co- 
agulation, sedimentation,  filtration,  and  chemical 
oxidation  require  that  an  adsorption  process  be 
used.  Because  the  performance  of  powdered  acti- 
vated carbon  (PAC)  for  uses  other  than  taste  and 
odor  control  is  poorly  documented,  a  critical 
review  was  made  of  uses  that  have  been  reported, 
and  means  of  employing  PAC  more  efficiently 
were  analyzed.  It  was  found  that  the  extent  of 
adsorption  of  synthetic  organic  chemicals  on  PAC 
is  strongly  dependent  on  the  type  of  compound 
being  removed.  The  reported  removals  of  trihalo- 


methanes and  trihalomethane  precursors  by  PAC 
range  from  poor  to  very  good.  In  selecting  the 
point  of  addition  of  PAC,  consideration  must  be 
given  to  the  degree  of  mixing,  the  contact  time 
between  the  PAC  and  the  water,  the  PAC  resi- 
dence time,  and  the  minimization  of  interference  of 
adsorption  by  treatment  chemicals.  One  of  the 
main  advantages  of  PAC  is  its  low  capital  cost. 
(Author's  abstract) 
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PREDICTING  GAC  PERFORMANCE  WITH 
RAPID  SMALL-SCALE  COLUMN  TESTS. 

Michigan  Technological  Univ.,  Houghton. 

J.  C.  Crittenden,  P.  S.  Reddy,  H.  Arora,  J. 

Trynoski,  and  D.  W.  Hand. 

Journal  of  the  American  Water  Works  Association 

JAWWA5,  Vol.  83,  No.  1,  p  77-87,  January  1991. 

10  fig,  3  tab,  20  ref. 

Descriptors:  "Granular  activated  carbon,  "Organic 
pollutants,  "Performance  evaluation,  "Water  treat- 
ment, Design  standards,  Dissolved  organic  carbon, 
Hydrocarbons,  Particle  size. 

The  rapid  small-scale  column  test  (RSSCT)  is  a 
scaled-down  version  of  a  pilot  or  full-scale  granu- 
lar activated  carbon  (GAC)  column.  Simple  equa- 
tions for  selecting  the  design  and  operating  param- 
eters of  RSSCTs  from  the  full-scale  process  design 
variables  have  been  developed,  and  their  limita- 
tions examined.  It  is  suggested  that  satisfactory 
RSSCT  results  can  be  obtained  for  one  to  three- 
carbon  alkanes  and  alkenes  and  simple  substituted 
ring  structures  using  a  constant  diffusivity  (CD) 
design  and  60  x  80-mesh-size  GAC.  Particle  sizes 
smaller  than  this  mesh  size  using  a  CD  design 
resulted  in  high  head  loss  and  poor  results.  Based 
on  the  testing  of  six  raw-water  sources,  the  success 
of  small  columns  in  predicting  the  breakthrough  of 
dissolved  organic  carbon  (DOC)  in  the  pilot  col- 
umns indicates  that  a  proportional  diffusivity  (PD) 
design  approach  can  be  used  in  the  design  of  full- 
scale  systems  as  long  as  removal  of  DOC  by  bio- 
logical growth  is  not  important.  Case  studies  repre- 
senting high  and  low  levels  of  synthetic  organic 
chemicals,  in  the  presence  and  absence  of  back- 
ground dissolved  organic  carbon  (DOC),  and 
weakly  and  strongly  adsorbing  organics  indicated 
that  the  RSSCT  approach  appears  to  be  very 
useful,  but  the  appropriate  design  for  the  RSSCT 
cannot  be  decided  without  at  least  one  comparison 
with  pilot  data.  (Fish-PTT) 
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MOBILIZATION  OF  GENETICALLY  ENGI- 
NEERED PLASMID  PHSV106  FROM  ESCHER- 
ICHIA COLI  HB10KPHSV106)  TO  ENTERO- 
BACTER  CLOACAE  IN  DRINKING  WATER. 

Delaware   Univ.,    Newark.    School   of  Life   and 

Health  Sciences. 

C.  H.  Sandt,  and  D.  S.  Herson. 

Applied       and       Environmental       Microbiology 

AEMIDF,   Vol.   57,  No.    1,   p   194-200,  January 

1991,  5  fig,  2  tab,  33  ref.  USGS  grant  14-08-0001- 

G1650. 

Descriptors:  "Culturing  techniques,  "Drinking 
water,  "Genetic  engineering,  "Path  of  pollutants, 
"Water  quality,  DNA,  Enterobacter,  Escherichia 
coli,  Microbiological  studies,  Plasmids. 

Triparental  matings  were  used  to  demonstrate 
transfer  (mobilization)  of  nonconjugative  genetical- 
ly engineered  plasmid  pHSV106,  which  contains 
the  thymidine  kinase  gene  of  herpes  simplex  virus 
cloned  into  pBR322,  from  Escherichia  coli  HB101 
to  an  environmental  isolate  of  Enterobacter  cloa- 
cae in  sterile  drinking  water.  This  is  the  first  dem- 
onstration of  a  two-step  mobilization  of  a  geneti- 
cally engineered  plasmid  in  any  type  of  freshwater, 
including  drinking  water.  Transfer  was  mediated 
by  R  plasmid  R 100-1  of  E.  coli  ED2149(R  100-1). 
Matings  in  drinking  water  at  15,  25  and  35  C 
yielded  recombinants,  the  number  of  which  in- 
creased with  increasing  temperature.  Numbers  of 
recombinants  obtained  were  2  orders  of  magnitude 
lower  than  those  obtained  from  matings  in  Trypti- 
case  soy  broth.  High  concentrations  of  parental 
organisms  260  million  to  2  billion  CFU/ml)  were 
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required.  During  1  week  of  incubation  in  drinking 
water,  numbers  of  parental  organisms  and  recombi- 
nants resulting  from  mobilization  remained  con- 
stant in  the  absence  of  indigenous  organisms  and 
declined  in  their  presence.  Using  oligonucleotide 

E robes  for  the  cloned  foreign  DNA  (thymidine 
inase  gene)  and  plasmid  vector  DNA  (ampicillin 
resistance  gene),  it  was  demonstrated  that  both 
genes  were  transferred  to  E.  cloacae  in  the  mobili- 
zation process.  In  one  recombinant  selected  for 
detailed  study,  the  plasmids  containing  these  genes 
differed  in  size  from  all  forms  of  pHSV106  present 
in  E.  coli  HB101(pHSV106),  indicating  that  DNA 
rearrangement  had  occurred.  This  recombinant 
maintained  its  plasmids  in  unchanged  form  for  15 
days  in  drinking  water.  A  second  rearrangement 
occurred  during  serial  passage  of  this  recombinant 
on  selective  media.  The  possibility  of  rearrange- 
ments complicates  risk  assessment  because  antibiot- 
ic resistance  gene  DNA  and  cloned  DNA  can 
become  dissociated,  making  foreign  DNA  more 
difficult  to  detect.  (Author's  abstract) 
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ASSAY  FOR  BETA-GLUCURONIDASE  IN  SPE- 
CIES OF  GENUS  ESCHERICHIA  AND  ITS  AP- 
PLICATIONS FOR  DRINKING-WATER  ANAL- 
YSIS. 

Environmental     Protection    Agency,     Cincinnati, 

OH. 

For  primary  bibliographic  entry  see  Field  5A. 
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FEASIBILITY  STUDIES  FOR  THE  REMOVAL 
OF  HEAVY  METALS  FROM  SOLUTION 
USING  TAILORED  BENTONrTE. 

New  Mexico  State  Univ.,  Las  Cruces.  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07668 


DROUGHT  MANAGEMENT  AND  ITS  IMPACT 
ON  PUBLIC  WATER  SYSTEMS. 

For  primary   bibliographic  entry   see   Field   3D. 
W9 1-07794 


DIMENSIONS  OF  DROUGHT  MANAGEMENT 
FOR  PUBLIC  WATER  SUPPLIES. 

Colorado  Univ.   at  Boulder.   Inst,   of  Behavioral 

Genetics. 

For   primary   bibliographic   entry   see   Field   3D. 

W9 1-07795 


WHAT  ARE  ACCEPTABLE  RISKS  FOR 
PUBLIC  SYSTEMS. 

Los  Angeles  City  Dept.  of  Water  and  Power,  CA. 
For  primary  bibliographic  entry  see  Field  3D. 
W9 1-07797 


DROUGHT  MANAGEMENT  OPTIONS. 

Southern  Illinois  Univ.,  Carbondale.  Dept.  of  Ge- 
ography. 

For  primary   bibliographic   entry   see   Field   3D. 
W91-07798 


LEGAL  AND  INSTITUTIONAL  ASPECTS  OF 
DROUGHT  MANAGEMENT. 

Clyde  and  Pratt,  Salt  Lake  City,  UT. 

For   primary   bibliographic   entry   see   Field   3D. 
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EFFECT  OF  TEMPERATURE  AND  PH  ON 
THE  SETTLING  BEHAVIOR  OF  A  FLOCCU- 
LENT  STRAIN  OF  ZYMOMONAS  MOBILIS. 

Universidade    Federal    de    Pernambuco,    Recife 

(Brazil).  Dept.  de  Antibioticos. 

For   primary   bibliographic   entry   see   Field   5D. 
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SOFTENING  BY  MEANS  OF  ION  EXCHANGE 
AND  DECREASE  OF  CONTENT  OF  NEUTRAL 
SALT  IN  SURFACE  WATERS  (ENTHAER- 
TUNG  MIT  IONENAUSTAUSCHERN  UND 
VERMINDERUNG  DES  NEUTRALSALZGE- 
HALTES  IN  OBERFLAECHENWAESSERN). 


CKD,  Prague  (Czechoslovakia). 

V.  Kadlec,  and  P.  Huebner. 

Zeitschrift  fuer  Wasser-  und  Abwasser  Forschung 

ZWABAQ,  Vol.  23,  No.  6,  p  240-243,  December 

19904  fig,  5  tab,  8  ref.  English  summary. 

Descriptors:  'Chemical  treatment,  'Ion  exchange, 
•Sodium  chloride,  'Wastewater  treatment,  'Water 
pollution  control,  'Water  softening,  'Water  treat- 
ment, Chemical  recovery,  Electrolytes,  Fluidized 
bed  process,  Hardness,  Regeneration,  Waste  solidi- 
fication. 

Softening  by  means  of  ion  exchange  increases  the 
content  of  neutral  salts  in  receiving  waters.  A 
softening  technique  based  on  the  principle  of  com- 
bined fluidized-bed  and  fixed-bed  operation  with 
an  internal  intensive  backwash  was  developed 
which  decreases  the  electrolyte  content  of 
wastewaters.  The  backwashing  (with  air  and  water 
simultaneously)  can  take  place  before  each  regen- 
eration or  periodically  according  to  the  degree  of 
fouling  of  the  resin  layer.  The  results  show  a  30- 
40%  sodium  chloride  saving  for  water  with  hard- 
ness between  1  and  5  mmol/L.  For  large  plants 
with  ion-exchange  softening,  NaCl  recovery  from 
regeneration  waste  by  means  of  the  lime/soda  pre- 
cipitation process  is  possible.  In  this  way,  soluble 
waste  is  replaced  by  solid  waste.  (King-PTT) 
W9 1-07994 


NOVEL  N-HALAMINE  DISINFECTANT  COM- 
POUNDS. 

Auburn  Univ.,  AL.  Dept.  of  Chemistry. 

T.  C.  Tsao,  D.  E.  Williams,  C.  G.  Worley,  and  S. 

D.  Worley. 

Biotechnology  Progress  BIPRET,  Vol.  7,  No.  1,  p 

60-66,  January /February  1991.  5  fig,  6  tab,  25  ref. 

Descriptors:  'Biocides,  'Chemical  treatment,  'Dis- 
infection, 'Halogenated  compounds,  'Water  treat- 
ment, Algicides,  Bactericides,  N-halamines,  Steri- 
lants,  Swimming  pools. 

A  new  series  of  N-halamine  compounds  has  been 
synthesized  and  tested  for  stability  in  aqueous  solu- 
tion and  efficacy  in  inactivating  several  species  of 
bacteria  and  algae.  The  compounds,  which  are 
N,N'-dihalo-4-immidazolidinones,  are  inexpensive 
to  synthesize  and  appear  to  have  considerable  po- 
tential as  general-purpose  disinfectants.  They  have 
greater  stability  in  the  laboratory,  as  well  as  out- 
doors in  direct  sunlight,  than  do  current  commer- 
cial swimming  pool  biocides.  They  are  also  effi- 
cient at  sterilizing  hard  surfaces  (stainless  steel)  and 
could  thus  be  useful  for  a  variety  of  household  and 
medical  disinfection  applications.  (Author's  ab- 
stract) 
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EFFECTS  OF  ACID  PRECIPITATION  RUNOFF 
EPISODES  ON  RESERVOIR  AND  TAPWATER 
QUALITY  IN  AN  APPALACHIAN  MOUNTAIN 
WATER  SUPPLY. 

Pennsylvania  State  Univ.,  University  Park.  Envi- 
ronmental Resources  Research  Inst. 
For  primary  bibliographic  entry  see  Field  5B. 
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EVALUATION  OF  MULTICOMPONENT  AD- 
SORPTION EQUILIBRIA  FOR  ORGANIC 
MIXTURES  ONTO  ACTIVATED  CARBON. 

Kuwait  Univ.,  Safat.  Dept.  of  Civil  Engineering. 

E.  H.  Smith. 

Water  Research  WATRAG,  Vol.  25,  No.  2,  p  125- 

134,  February  1991.  8  fig,  3  tab,  17  ref.  NSF  Grant 

CES-8702786. 

Descriptors:  'Activated  carbon,  'Adsorption  ki- 
netics, 'Organic  compounds,  'Water  treatment, 
Chlorinated  hydrocarbons,  Equilibrium,  Humic 
acids,  Isotherms,  Lindane,  Model  studies,  Solutes. 

Activated  carbon  adsorption  isotherms  were  deter- 
mined experimentally  for  mixtures  containing  spe- 
cific synthetic  organics  and,  in  some  instances, 
relatively  uncharacterized  background  dissolved 
organic  matter.  Ideal  adsorbed  solution  theory 
(IAST)  was  used  to  predict  and/or  describe  com- 
petitive equilibria.  Two  models,  the  well-known 


Freundlich  equation  and  an  empirical  three-param- 
eter equation  developed  for  this  work,  were  used 
to  describe  single  solute  equilibria.  As  expected, 
the  three-parameter  model  was  able  to  describe 
more  accurately  single  solute  isotherms  that  devi- 
ated from  log-log  linearity.  Comparisons  were 
made  of  IAST  calculations  performed  with  the 
Freundlich  versus  the  three-parameter  equation 
and  yielded  mixed  results,  the  interpretation  of 
which  may  be  influenced  by  the  method  chosen  to 
quantify  the  goodness  of  fit.  The  systems  studied 
also  exhibited  variability  in  the  degree  of  ideality 
with  respect  to  solute-solute  competition  as  evalu- 
ated by  IAST.  A  modeling  methodology  that  eval- 
uated equilibrium  parameters  and  modeled  data  in 
terms  of  the  target  compounds  only  provided  a 
quantitative  assessment  of  the  impacts  of  unknown 
organic  background  on  the  adsorption  capacity  of 
the  target  species.  (Author's  abstract) 
W9 1-08046 


EFFECTS  OF  PREOZONATION  ON  THE  AD- 
SORBABILITY  AND  THE  BIODEGRADABI- 
LITY  OF  AQUATIC  HUMIC  SUBSTANCES 
AND  ON  THE  PERFORMANCE  OF  GRANU- 
LAR ACTIVATED  CARBON  FILTERS  (INFLU- 
ENCE D'UNE  PREOZONATION  SUR  L'AD- 
SORBABILITE  ET  LA  BIODEGRADABILITE 
DES  SUBSTANCES  HUMIQUES  D'ORIGINE 
AQUATIQUE  ET  SUR  LES  PERFORMANCES 
DES  FILTRES  DE  CHARBON  ACTIF  EN 
GRAINS). 

Poitiers  Univ.  (France).  Lab.  de  Chimie  de  l'Eau  et 
des  Nuisances. 

J.  De  Laat,  M.  Dore,  and  J.  Mallevialle. 
Water  Research  WATRAG,  Vol.  25,  No.  2,  p  151- 
164,  February  1991.  10  fig,  7  tab,  34  ref.  English 
summary. 

Descriptors:  'Activated  carbon,  'Adsorption, 
'Biodegradation,  'Fulvic  acids,  'Humic  acids, 
'Ozonation,  'Water  treatment,  Dissolved  organic 
carbon,  Drinking  water,  Filtration,  France,  Humic 
substances,  Isotherms,  Ozone. 

The  effects  of  ozonation  on  the  biodegradability  of 
humic  substances  and  on  the  performance  of 
granular  activated  carbon  (GAC)  columns  were 
investigated  using  humic  and  fulvic  acids  from 
Pinail,  a  nature  reserve  near  Poitiers  (France). 
Ozonation  of  humic  and  fulvic  acids  led  to  a  much 
larger  removal  of  ultraviolet  absorbance  compared 
with  the  removal  of  dissolved  organic  carbon 
(DOC).  Preozonation  significantly  improved  the 
biodegradability  of  humic  substances.  For  a  high 
ozone  dose  (2  mg  03/mg  C),  40-45%  of  the  residu- 
al DOC  after  ozonation  was  biodegraded  after  a 
28-day  incubation.  Adsorption  isotherms  and  the 
Freundlich  constants  clearly  showed  a  decrease  in 
adsorbability  of  DOC  with  increasing  preozona- 
tion doses.  GAC  filtrations  operated  in  parallel, 
under  both  sterile  and  nonsterile  conditions,  al- 
lowed differentiation  between  biological  and  ad- 
sorptive  DOC  removal  and  showed  the  effect  of  an 
ozone  preoxidation  dose  of  0.5  mg  03/mg  C  on 
the  performance  of  GAC  filters.  Fulvic  acid  was 
removed  only  by  an  adsorption  mechanism  in 
GAC  columns.  A  preozonation  treatment  prior  to 
GAC  filtration  improved  the  biodegradability  of 
fulvic  acid  and  consequently  enhanced  the  per- 
formance of  GAC  filters.  DOC  and  inorganic 
carbon  analyses  indicated  that  biodegradation  was 
responsible  for  an  average  of  8-10%  of  the  DOC 
removal  in  the  nonsterile  column  that  received 
ozonated  Pinail  fulvic  acid.  (Doria-PTT) 
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SIMPLE  COMBINATION  OF  BIODEGRADA- 
TION AND  CARBON  ADSORPTION:  THE 
MECHANISM  OF  THE  BIOLOGICAL  ACTI- 
VATED CARBON  PROCESS. 

Tsinghua  Univ.,  Beijing  (China).  Dept.  of  Environ- 
mental Engineering. 

For  primary  bibliographic  entry  see  Field  5D. 
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EFFECTS  OF  OZONATION  AND  ACTIVATED 
CARBON  ADSORPTION  ON  TRIHALOMETH- 
ANE  SPECIATION. 


174 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Colorado  Univ.  at  Boulder.  Dept.  of  Civil,  Envi- 
ronmental, and  Architectural  Engineering. 
G.  L.  Amy,  L.  Tan,  and  M.  K.  Davis. 
Water  Research  WATRAG,  Vol.  25,  No.  2,  p  191- 
202,  February  1991.  15  fig,  5  tab,  16  ref. 

Descriptors:  'Activated  carbon,  'Ozonation,  *Tri- 
halomethanes,  *Water  treatment,  Adsorption,  Bro- 
minated  hydrocarbons,  Bromine,  Dissolved  organ- 
ic carbon,  Fate  of  pollutants,  Oxidation. 

Two  surface  water  sources  in  the  southwestern 
United  States  were  studied  in  bench-scale  experi- 
ments examining  two  trihalomethane  (THM)  pre- 
cursor removal  processes,  activated  carbon  adsorp- 
tion and  ozone  oxidation.  Both  source  waters  con- 
tained bromide,  leading  to  brominated  THMs  upon 
chlorination.  Activated  carbon  removed  THM 
precursors,  as  measured  by  dissolved  organic 
carbon  (DOC),  while  having  little  effect  on  bro- 
mide. The  net  result  was  an  increase  in  the  ratio  of 
Br(-)/DOC  and  an  increase  in  the  relative  abun- 
dance of  brominated  THMs.  Ozone  oxidized 
higher  molecular  weight  precursor  molecules  into 
lower  molecular  weight  by-products  which  were 
less  reactive  with  chlorine.  Moreover,  ozonation 
appeared  to  transform  Br(-)  to  hypobromous  acid 
(an  in  situ  oxidant),  leading  to  an  increase  in  the 
percentage  of  brominated  THMs.  (Author's  ab- 
stract) 
W9 1-08054 


TRIHALOMETHANE  ADSORPTION  ON  ACTI- 
VATED CARBON  FIBERS. 

Tokyo  Univ.  (Japan).  Inst,  of  Industrial  Science. 
Sadoka,  M.  Suzuki,  R.  Hirai,  and  K.  Kawazoe. 
Water  Research  WATRAG,  Vol.  25,  No.  2,  p  219- 
225,  February  1991.  9  fig,  2  tab,  13  ref. 

Descriptors:  'Activated  carbon,  'Adsorption, 
'Trihalomethanes,  'Water  treatment,  Chloroform, 
Comparison  studies,  Drinking  water,  Isotherms, 
Mathematical  models. 

Adsorption  isotherms  of  three  trihalomethanes 
(THMs)  involving  CHC13,  CHBrCI2,  and 
ChBr2Cl  on  activated  carbon  fibers  (ACFs)  were 
measured.  Adsorption  capacities  of  the  ACFs  for 
these  THMs  were  found  to  be  comparable  with  or 
slightly  larger  than  those  of  granular  activated 
carbons  (GACs)  which  have  been  widely  used  for 
trihalomethane  control  in  drinking  water.  Also,  the 
breakthrough  curve  prediction  was  successfully 
carried  out  using  a  mathematical  model  on  the 
basis  of  the  assumption  that  the  adsorption  equilib- 
rium is  instantaneously  established  when  a  THM 
solution  contacts  the  ACF.  In  practice,  THM  re- 
moval from  drinking  water  was  investigated  at 
water  works  using  bench-scale  ACF  adsorption 
columns.  The  volume  of  water  treated  at  a  space 
velocity  of  about  100/h  was  approximately  40  L/ 
(g-ACF)  (Author's  abstract) 
W9 1-08057 


REGENERATION  BY  SURFACE-COATING  OF 
BONE  CHAR  USED  FOR  DEFLUORIDATION 
OF  WATER. 

Panum  Inst.,  Copenhagen  (Denmark). 

J.  Christoffersen,  M.  R.  Christoffersen,  R.  Larsen, 

and  I.  J.  Moller. 

Water  Research  WATRAG,  Vol.  25,  No.  2,  p  227- 

229,  February  1991.  1  tab,  3  ref.  WHO  Grant  ORH 

D2/ 180/2. 

Descriptors:  'Char,  'Fluorides,  'Water  treatment, 
Bone  char,  Calcium  chloride,  Hydrochloric  acid, 
Hydrogen  ion  concentration,  Phosphates,  Regen- 
eration. 

A  bone  char  column  used  to  defluoridate  water 
can  be  very  simply  and  repeatedly  regenerated 
without  significant  loss  of  binding  capacity  for 
fluoride  or  of  efficiency.  The  regenerating  solution 
contains  calcium  chloride  and  sodium  dihydrogen 
phosphate  with  pH  adjusted  to  about  3.  The  regen- 
erating solution  can  also  be  produced  by  dissolving 
the  present  waste  part  of  the  bone  char  product, 
which  is  too  finely  powderized  for  use  in  the 
column,  in  dilute  hydrochloric  acid.  During  regen- 
eration, most  of  the  pre-adsorbed  fluoride  is  re- 
tained by  the  bone  char  and  the  precipitating  phase 


is  apatitic.  The  'regeneration'  is  thus  a  surface- 
coating  process.  (Author's  abstract) 
W9 1-08058 


FINGERPRINTING  OF  COMMERCIALLY 
AVAILABLE  WATER  TREATMENT  BACTERI- 
CIDES IN  SOUTH  AFRICA. 

Pretoria  Univ.  (South  Africa).  Dept.  of  Microbi- 
ology and  Plant  Pathology. 
V.  S.  Brozel,  and  T.  E.  Cloete. 
Water  SA  WASADV,  Vol.   17,  No.   1,  p  57-66, 
January  1991.  5  fig,  4  tab,  19  ref. 

Descriptors:  'Bactericides,  'Cooling  water,  'Dis- 
infection, 'South  Africa,  'Water  treatment,  Carba- 
mate pesticides,  Comparison  studies,  Cost  analysis, 
Pesticides. 

Eighteen  dominant  isolates  from  water-cooling 
systems  in  South  Africa  were  exposed  to  50  mg/L 
of  commercially  available  bactericides,  and  the  kill 
percentage  was  determined  after  6  h.  Application 
costs  of  all  bactericides  giving  an  average  kill 
percentage  of  over  90%  were  compared.  Low-cost 
bactericides  were  re-evaluated  at  cost-equivalent 
concentrations.  Dichlorophen,  sulphone,  a  thiocar- 
bamate,  and  biphenol  performed  best,  killing  the 
full  spectrum  of  isolates  cost-effectively.  Certain 
expensive  products  performed  rather  poorly,  in- 
cluding isothiazoline  and  MBT.  This  study  high- 
lights the  selective  action  of  many  bactericides  and 
the  inherent  resistance  of  bacteria  to  a  number  of 
different  bactericides.  This  implies  the  importance 
of  matching  bactericides  to  the  dominant  bacteria 
in  systems.  (Author's  abstract) 
W9 1-08093 


HEALTH  HAZARDS  OF  NITRATE  IN  DRINK- 
ING WATER. 

Research  Inst,  for  Environmental  Diseases,  Preto- 
ria (South  Africa). 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-08095 


INDUCTION  OF  GASTROINTESTINAL  TRACT 
NUCLEAR  ANOMALIES  IN  B6C3F1  MICE  BY 
3-CHLORO-4-(DICHLOROMETHYL)-5- 
HYDROXY-2(5H)-FURANONE  AND  3,4-(DICH- 
LORO)-5-HYDROXY-2(5H)-FURANONE,  MU- 
TAGENIC BYPRODUCTS  OF  CHLORINE  DIS- 
INFECTION. 

Health  Effects  Research  Lab.,  Cincinnati,  OH. 
F.  B.  Daniel,  G.  R.  Olson,  and  J.  A.  Stober. 
Environmental       and      Molecular      Mutagenesis 
EMMUEG,  Vol.  17,  No.  1,  p  32-39,  1991.  2  fig,  3 
tab,  42  ref. 

Descriptors:  'Bioassay,  'Byproducts,  'Chlorinated 
hydrocarbons,  'Chlorination,  'Disinfection, 
•Drinking  water,  'Furanones,  'Mutagenicity, 
'Water  treatment,  Animal  pathology,  Animal  tis- 
sues, Degradation  products,  Gastrointestinal  tract, 
Mutagens,  Path  of  pollutants,  Toxicity. 

Two  chlorinated  hydroxylated  furanones,  3- 
chloro-4-(dichloromethyl)-5-hydroxy-2(5H)- 
furanone  (MX)  and  3,4-dichloro-5-hydroxy-2(5H)- 
furanone  (MA)  are  bacterial  mutagens.  They  are 
also  byproducts  of  chlorine  disinfection,  and  fre- 
quent contaminants  of  drinking  water.  Groups  of 
male  B6C3F1  mice  were  given  a  single  oral  dose  of 
0.1  to  0.46  mmolAg  MX  or  0.23  to  0.47  mmol/kg 
MA.  MX  induced  nuclear  anomalies  in  the  gastro- 
intestinal tract  of  the  B6C3F1  mouse.  The  other 
chlorohydroxy  furanone,  MA,  gaves  suggestive 
evidence  of  activity.  The  duodenum  was  the  most 
sensitive  tissue,  responding  with  both  increased 
numbers  of  nuclear  anomalies  per  mouse  and  in- 
creased incidence  of  animals  presenting  the  nuclear 
aberrations  24  hours  after  a  single  oral  dose  of  0.37 
mmol/kg  of  MX.  MA  also  induced  a  significant 
increase  in  duodenal  nuclear  anomalies,  but  only  at 
the  highest  dose  (0.46  mmolAg).  The  proximal 
colon  and  forestomach  responded  to  MX  but  not 
to  MA.  MX  was  approximately  equivalent  in  po- 
tency to  epichlorohydrin  (ECH)  but  was  much  less 
potent  than  methyl  nitrosourea  (MNU).  The  latter 
two  chemicals  are  confirmed  rodent  gastrointesti- 
nal tract  carcinogens.  This  is  the  first  study  demon- 
strating that  chlorohydroxy  furanones  are  capable 
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of  inducing  nuclear  toxicity  in  vivo.  However,  it  is 
clear,  for  MX  at  least,  that  its  potency  in  the 
gastrointestinal  tract  nuclear  anomalies  assay  is  not 
commensurate  with  its  extreme  bacterial  mutage- 
nicity. Since  the  gastrointestinal  tract  tissues  are 
directly  exposed  to  orally  administered  genotoxins, 
one  possible  explanation  for  the  weak  response 
observed  in  this  study  could  be  that  mammalian 
cells  can  effectively  detoxify  chlorohydroxy  furan- 
ones. (Author's  abstract) 
W91-08175 


RECENT  METHODS  FOR  THE  DETERMINA- 
TION OF  VOLATILE  AND  NON-VOLATILE 
ORGANIC  COMPOUNDS  IN  NATURAL  AND 
PURIFIED  DRINKING  WATER. 

Centre  de  Recherche  Lyonnaise  des  Eaux  -  Degre- 
mont,  Le  Pecq  (France). 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-08 177 


GAS  CHROMATOGRAPHIC-MASS  SPECTRO- 
METRIC  CHARACTERIZATION  OF  VOLA- 
TILE ORGANIC  COMPOUNDS  IN  BARCELO- 
NA TAP  WATER. 

Institut  d'Estudis  Catalans,  Barcelona  (Spain). 
A.  Guardiola,  F.  Ventura,  L.  Matia,  J.  Caixach, 
and  J.  Rivera. 

Journal  of  Chromatography.  Biomedical  Applica- 
tions JCBADL,  Vol.  562,  p  481-492,  1991.  4  fig,  3 
tab,  27  ref. 

Descriptors:  'Barcelona,  'Chromatography, 
'Drinking  water,  'Gas  chromatography,  'Mass 
spectrometry,  'Pollutant  identification,  'Stream 
pollution,  'Volatile  organic  compounds,  'Water 
analysis,  Chemical  analysis,  Industrial  wastes,  Llo- 
bregat  River,  Organic  pollutants,  Reservoirs, 
Rivers,  Separation  techniques,  Spain,  Stream  pro- 
files, Ter  River,  Water  pollution  sources,  Water 
quality. 

Barcelona's  tap  water  is  supplied  by  the  Llobregat 
and  Ter  rivers  which  have  significant  differences 
in  raw  water  quality.  The  Llobregat  river  is  ex- 
tremely polluted,  bearing  effluents  from  various 
industries  including  textile,  salt  works,  surfactants 
and  domestic  wastewaters.  The  Ter  river  receives 
effluents  from  textile  and  tannery  industries  before 
reaching  a  three-reservoir  system.  Volatile  organic 
compounds  (VOCs)  from  Barcelona  tap  water 
were  isolated  by  closed-loop  stripping  analysis 
(CLSA)  and  identified  by  gas  chromatography- 
mass  spectrometry.  Results  from  analysis  of  sam- 
ples collected  weekly  from  September  1989  to 
March  1990  showed  that  the  Ter  river  gives  the 
better  quality  tap  water.  VOCs,  in  particular  sol- 
vents, phosphates,  hydrocarbons,  C3  and  C4  alkyl- 
benzenes  and  surfactant-related  compounds  such  as 
C10  to  C13  alkylbenzenes  and  nonionic  com- 
pounds such  as  polyethoxylated  nonylphenols  and 
their  brominated  derivatives  are  present  at  the  ppb 
level.  The  last  two  types  of  compounds  have  not 
previously  been  reported  using  the  CLSA  tech- 
nique. While  water  quality  of  raw  water  entering 
the  water  works  plant  on  the  Llobregat  river  is 
clearly  influenced  by  spills  of  extremely  diverse 
origin,  tap  water  from  the  Ter  river  is  less  influ- 
enced by  spills  because  the  three-reservoir  system 
acts  as  a  barrier  for  the  transport  of  pollutants. 
Thus,  tap  water  from  the  Ter  river  showed  similar 
profiles  throughout  the  study.  (Author's  abstract) 
W9 1-08 178 
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ENHANCED  BIODEGRADATION  OF  PESTI- 
CIDES IN  THE  ENVIRONMENT. 

Developed  from  a  symposium  held  in  Miami 
Beach,  Florida,  September  10-15,  1989.  American 
Chemical  Society,  Washington,  DC.  1990.  302p. 
Edited  by  Kenneth  D.  Racke  and  Joel  R.  Coats. 

Descriptors:  'Agricultural  chemicals,  'Biodegra- 
dation,  'Cleanup,  'Fate  of  pollutants,  'Microbial 
degradation,  'Microorganisms,  'Pesticides,  'Soil 
chemistry,  'Water  pollution  treatment,  Adapta- 
tion, Aquatic  environment,  Environmental  quality, 
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Fungicides,  Herbicides,  Insecticides,  Management 
planning. 

Microbial  degradation  has  long  been  recognized  as 
a  primary  means  of  dissipating  many  pesticides  in 
soil  and  water  ecosystems,  a  recognition  of  this  has 
prompted  the  development  of  biodegradable  herbi- 
cides, insecticides,  and  fungicides.  Early  research 
on  the  degradation  of  phenoxy  herbicides  in  soil 
provided  evidence  that  microbial  adaptation  could 
result  in  abnormally  accelerated  rates  of  pesticide 
breakdown.  The  contemporary  occurrence  of  en- 
hanced degradation  and  associated  pest  control 
failures  has  spurred  reexamination  of  adapted  mi- 
crobial pesticide  degradation  as  a  critical  environ- 
mental process.  Therefore  the  adaptation  of  micro- 
organisms for  rapid  pesticide  degradation  was 
studied.  Three  aspects  of  degradation  were  ad- 
dressed: (1)  field  and  laboratory  observations  of 
enhanced  herbicide,  insecticide,  and  fungicide  deg- 
radation; (2)  the  micorbiological  and  biochemical 
aspects  of  adapted  microbial  pesticide  metabolism 
in  terrestial  and  aquatic  systems;  and  (3)  manage- 
ment strategies  and  implications  of  enhanced  pesti- 
cide degradation.  These  studies  have  spanned  disci- 
plines ranging  from  applied  agronomy  to  molecu- 
lar biology.  (See  W91-07119  thru  W9 1-07 138) 
(MacKeen-PTT) 
W91-07118 


ADAPTATION  OF  MICROORGANISMS  IN 
SUBSURFACE  ENVIRONMENTS:  SIGNIFI- 
CANCE TO  PESTICIDE  DEGRADATION. 

Agricultural    Research    Service,    Stoneville,    MS. 
Southern  Weed  Science  Lab. 
T.  B.  Moorman. 

IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
167-180.  4  fig,  1  tab,  60  ref. 

Descriptors:  'Agricultural  chemicals,  "Aquifers, 
•Biodegradation,  *Bioremediation,  *  Fate  of  pollut- 
ants, "Groundwater  pollution,  "Microorganisms, 
"Pesticides,  Adaptation,  Literature  review,  Metab- 
olism, Microbial  degradation,  Soil  bacteria. 

A  review  of  factors  affecting  the  adaptation  of 
microorganisms  to  pesticide  degradation  in  subsur- 
face environments  is  presented.  The  degradation  of 
pesticides  in  subsurface  soils  and  aquifer  environ- 
ments proceeds  at  relatively  slow  rates.  The  lack 
of  adaptation  to  pesticides  in  the  subsurface  envi- 
ronment may  be  due  to  both  physiological  and 
environmental  constraints.  Adaptation  of  microor- 
ganisms to  pesticides  in  surface  soils  is  a  process 
that  includes  examples  of  population  growth  and 
enzyme  induction  as  contributing  factors.  Intro- 
duced microbial  agents  have  some  potential  for 
detoxification  of  pesticides  in  groundwater,  but  the 
low  level  of  nutrients  in  aquifers  contaminated 
with  trace  levels  of  pesticides  limits  microbial  ac- 
tivity and  may  reduce  the  effectiveness  of  intro- 
duced microorganisms.  (See  also  W9 1-07 118)  (Au- 
thor's abstract) 
W91-07131 


ENHANCING  BIODEGRADATION  FOR  DE- 
TOXIFICATION OF  HERBICIDE  WASTE  IN 
SOIL. 

Illinois  Natural  History  Survey,  Champaign. 
Center  for  Economic  Entomology. 
A.  S.  Felsot,  and  E.  K.  Dzantor. 
IN:  Enhanced  Biodegradation  of  Pesticides  in  the 
Environment.  ACS  Symposium  Series  426.  Ameri- 
can Chemical  Society,  Washington,  DC.  1990.  p 
249-268.  2  fig,  6  tab,  48  ref.  Illinois  Hazardous 
Waste  Research  and  Information  Center  Project 
HWR  88-042. 

Descriptors:  "Alachlor,  "Biodegradation,  "Clean- 
up operations,  "Microbial  degradation,  "Microor- 
ganisms, "Pesticides,  "Soil  contamination,  Adapta- 
tion, Agricultural  chemicals,  Fungi,  Herbicides, 
Metabolism,  Soil  bacteria,  Soil  environment, 
Wastes. 

Pesticides  in  soil  at  high  concentrations  have  been 
found  to  be  unusually  resistant  to  normal  biodegra- 
dative  processes.  Microbial  systems  have  been  pro- 
posed  as   cost   effective    techniques   suitable   for 


cleanup  of  pesticide  waste.  In  an  attempt  to  en- 
hance the  detoxification  in  soil  of  high  concentra- 
tions of  the  herbicide  alachlor,  experiments  were 
designed  to  test  the  effects  of  several  factors  on 
alachlor  persistence:  soil  dilution,  concentration, 
formulation,  nutrient  amendments,  and  microbial 
inoculation.  Alachlor  in  soil  from  a  waste  site 
degraded  faster  when  diluted  with  uncontaminated 
soil  by  90%  than  when  diluted  by  10  or  50%. 
Alachlor  was  metabolized  into  water-soluble  com- 
pounds in  soil  at  a  concentration  of  10  ppm  but  not 
at  1000  ppm.  Amendment  of  soil  with  ground  corn 
or  soybean  stubble  stimulated  the  biodegradation 
of  alachlor  at  a  concentration  of  100  ppm  but  not 
at  1000  ppm.  When  alachlor  was  present  as  a  sole 
carbon  source,  several  bacterial  isolates  partially 
detoxified  concentrations  of  10  ppm  but  not  100 
ppm.  Fungal  isolates  could  cometabolically  de- 
grade 100  ppm  alachlor  in  pure  culture;  however, 
inoculation  of  soil  with  an  alachlor-degrading 
fungus  alone  did  not  enhance  degradation.  (See 
also  W9 1-071 18)  (Author's  abstract) 
W9 1-07 137 


HAZARDOUS  AND  INDUSTRIAL  WASTES: 
PROCEEDINGS  OF  THE  21ST  MID-ATLANTIC 
INDUSTRIAL  WASTE  CONFERENCE. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07 139 


HAZARDOUS  WASTE  MINIMIZATION 
MEASURES  IMPLEMENTED  BY  METAL- 
PLATING  PLANTS  IN  THE  SAN  FRANCISCO 
BAY  AREA. 

Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07 144 


WASTE  MINIMIZATION:  CASE  STUDY. 

BCM  Engineers,  Inc.,  Plymouth  Meeting,  PA. 
For   primary   bibliographic   entry   see   Field   5D. 
W9 1-07 145 


RECYCLING  OF  BY-PRODUCT  GYPSUM. 

Pennsylvania  State  Univ.,  University  Park. 

For   primary   bibliographic   entry   see   Field    5D. 

W9 1-07 146 


CLEAN  COAL  TECHNOLOGY  WASTE  CHAR- 
ACTERIZATION. 

Argonne  National  Lab.,  IL.  Energy  and  Environ- 
mental Systems  Div. 

For   primary   bibliographic   entry   see   Field   5D. 
W9 1-07 147 


BIODEGRADATION  OF  PETROLEUM  CON- 
TAMINANTS IN  SOIL. 

O'Brien  and  Gere  Engineers,  Inc.,  Blue  Bell,  PA. 
D.  M.  Magazu,  and  J.  Carberry. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  207-212.  4  fig. 

Descriptors:  "Biodegradation,  "Cleanup,  "Hydro- 
carbons, "Oil  pollution,  "Soil  contamination,  "Soil 
treatment,  "Water  pollution  treatment,  Biological 
treatment,  Chemical  oxygen  demand,  Desorption, 
Oxygen,  Rehabilitation,  Storage  tanks. 

The  contamination  of  soil  surrounding  leaking  un- 
derground storage  tanks  poses  a  direct  threat  to 
the  immediate  community  and  the  groundwater 
table  below  the  storage  tank.  Remediation  tech- 
niques utilized  to  remove  petroleum  contamination 
from  soil  have  been  limited  to  ventilation  (or  vapor 
extraction),  soil  excavation  and  land  filling,  and 
biodegradation.  Biodegradation  of  petroleum  con- 
tamination by  indigenous  microorganisms  provides 
the  potential  for  permanent,  economical  remedi- 
ation. The  other  techniques  provide  only  short- 
term  or  incomplete  removal  of  the  petroleum  con- 
tamination. The  optimum  environmental  condi- 
tions for  the  biodegradation  of  petroleum  contami- 
nants in  soil  were  determined.  The  soils  sampled 
and  used  for  the  investigation  were  from  five  sites 
contaminated   with   petroleum   hydrocarbons.   Pe- 


troleum contaminants  consisted  of  kerosene,  No.  2 
fuel  oil,  toluene,  and  two  types  of  unleaded  gaso- 
line. Testing  conditions  consisted  of:  (1)  nutrient 
supplementation;  (2)  nutrient  and  oxygen  supple- 
mentation; (3)  nutrient,  oxygen  and  microbial  (1.0 
ml)  supplementation;  (4)  nutrient,  oxygen  and  mi- 
crobial (2.0  ml)  supplementation;  and  (5)  nutrient, 
oxygen,  and  microbial  (5.0  ml)  supplementation. 
Chemical  oxygen  demand  was  used  as  a  measure  of 
the  hydrocarbon  present  in  the  reactor.  By  moni- 
toring the  chemical  oxygen  demand  of  the  reactor 
containing  distilled  water  (control),  the  desorption 
curve  was  observed.  Chemical  oxygen  demand 
steadily  increased,  suggesting  a  continuous  desorp- 
tion of  hydrocarbons  from  the  soil  particles.  All 
five  hydrocarbons  tested  displayed  linear  desorp- 
tion curves.  This  desorption  curve  represented  the 
available  hydrocarbon  to  the  microorganisms.  (See 
also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 153 


DEVELOPMENT  OF  PENNSYLVANIA  ENVI- 
RONMENTAL POLICY  AND  OPPORTUNI- 
TIES FOR  IMPACT. 

D.  E.  Skoff,  B.  J.  Hill,  and  G.  G  McGee. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  389-408.  4  fig,  7  ref. 

Descriptors:  "Environmental  law,  "Pennsylvania, 
"Waste  disposal,  "Water  pollution  control,  Envi- 
ronmental impact,  Environmental  policy,  Hazard- 
ous wastes,  Organizations,  Radioactive  wastes,  Re- 
cycling, Regulations. 

The  recent  flurry  of  environmental  regulations  and 
legislation  in  Pennsylvania  has  significantly 
changed  Pennsylvania's  environmental  policy. 
Major  changes  include  passage  of  the  Municipal 
Waste  Planning,  Waste  Reduction,  and  Recycling 
Act  that  makes  counties  responsible  for  waste  plan- 
ning and  management,  the  Hazardous  Sites  Clean- 
up Act  that  establishes  a  state  Superfund  program 
patterned  after  the  federal  program,  and  the  Low- 
level  Radioactive  Waste  Disposal  Act  that  estab- 
lishes siting  procedures  for  the  Appalachian  States 
Compact's  low-level  radioactive  waste  disposal  fa- 
cility in  Pennsylvania.  New  municipal  waste  and 
construction/demolition  landfill  regulations  were 
promulgated  in  1988,  and  new  residual  waste  regu- 
lations are  pending.  The  legislative  and  regulatory 
processes  that  contribute  to  the  development  of 
Pennsylvania  environmental  policy  offer  many  op- 
portunities for  public  participation.  Individuals  or 
organizations  can  affect  state  policy  either  formally 
by  testifying  at  public  hearings  and  submitting 
written  comments  or  informally  by  meeting  with 
and  writing  letters  to  key  groups  and  individuals 
involved  in  the  process.  At  times,  it  is  wise  to 
utilize  existing  groups  because  they  have  the  re- 
sources and  knowledge  necessary  to  affect  the  final 
form  of  legislation  and  regulations.  Organizations 
such  as  the  Pennsylvania  Sierra  Club,  the  Pennsyl- 
vania Manufacturers  Association,  the  Pennsylvania 
Chamber  of  Business  and  Industry,  the  League  of 
Women  Voters,  and  the  Pennsylvania  Environ- 
mental Council  have  programs  in  place  to  identify 
the  interests  of  their  members,  research  environ- 
mental issues,  develop  positions  on  pending  legisla- 
tion, and  promote  their  positions.  All  of  these 
organizations  played  some  part  in  shaping  the  envi- 
ronmental legislation  and  regulations  passed  in 
1988.  (See  also  W91-07139)  (Mertz-PTT) 
W9 1-07 167 


POLICY  ANALYSIS  OF  ALBERTA'S  HAZARD- 
OUS WASTE  MANAGEMENT  PROGRAM  --  A 
RESEARCH  PERSPECTIVE. 

Alberta   Special   Waste   Management   Corp.,   Ed- 
monton. 
C.  Zeiss. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  409-422.  4  fig,  1  tab,  12  ref. 

Descriptors:  "Alberta,  "Canada,  "Environmental 
law,  "Hazardous  waste  disposal,  "Waste  disposal, 
"Waste    management,    "Water   pollution   control, 
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Environmental     impact,     Environmental    quality, 
Hazardous  wastes,  Industrial  wastes,  Legal  aspects. 

Alberta,  Canada's  integrated  hazardous  waste  man- 
agement program  consists  of  a  new  central  treat- 
ment facility,  a  waste  collection  system,  and  new 
regulations  and  enforcement  policies.  The  con- 
struction of  a  new  integrated  hazardous  waste  dis- 
posal facility  and  the  adoption  of  strict  hazardous 
waste  regulations  and  enforcement  policies  require 
changes  in  waste  management  procedures  and  usu- 
ally result  in  higher  costs  to  waste  generators.  As  a 
result,  manufacturing  investment  and  activity  may 
decline,  while  waste  minimization  and  on-site  treat- 
ment may  decrease  and  change  the  waste  stream 
delivered  to  the  disposal  facility,  thereby  negative- 
ly affecting  plant  economics.  This  could  affect 
environmental  quality  near  waste  generators'  sites. 
If  these  expected  results  are  borne  out,  several 
policy  options  should  be  considered.  Changes  in 
economic  development  policy  are  probably  not 
needed  because  the  extra  costs  for  waste  manage- 
ment are  small,  and  are  probably  offset  by  the 
capability  to  adequately  dispose  of  waste  at  a  cen- 
tral facility.  This  also  eliminates  long-term  liability 
for  waste  disposal.  The  decrease  in  waste  volumes 
after  the  initial  push  to  eliminate  inventories  results 
in  the  dilemma  of  either  having  too  small  a  plant  to 
dispose  of  the  wastes  or  too  much  capacity  in  the 
long-term.  Similarly,  the  treatment  methods  may 
become  obsolete  or  inappropriate  due  to  the  shift 
to  lower  heat-value,  more  concentrated  waste 
streams.  Initially,  rigorous  enforcement  efforts  are 
needed,  especially  for  less  conspicuous,  small  gen- 
erators. However,  fairness  in  terms  of  cost  and  ease 
of  dealing  with  regulatory  agencies  may  be  more 
persuasive.  Small  firms  can  be  audited  in  clusters 
to  fairly  treat  all  generators  in  a  community.  (See 
also  W91-07139)  (Mertz-PTT) 
W9 1-07 168 


SEEKING  ORDER  WITHIN  THE  CHAOS  OF 
TOXICS  LAWS:  THE  TOXICS  PROGRAM 
MATRICES  IN  NEW  JERSEY  AND  PENNSYL- 
VANIA. 

ENSCO  Environmental  Services,  Inc.,  Fremont, 
CA. 

J.  F.  Elliot,  and  W.  P.  Parkin. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  423-432. 

Descriptors:  'Environmental  law,  'Hazardous 
wastes,  *New  Jersey,  *  Pennsylvania,  Toxic 
wastes,  *Waste  disposal,  'Water  pollution  control, 
Environmental  protection,  Industrial  wastes,  Legal 
aspects,  Regulations,  Water  law. 

Regulation  of  toxic  compounds  comes  from  many 
sources.  New  Jersey  and  Pennsylvania  are  good 
examples  of  the  mountains  of  toxics  rules  and 
regulations  enacted  over  the  last  decade.  Early 
regulation  of  toxics  came  with  the  federal  Clean 
Air  Act  of  1970  and  1977,  the  Federal  Water 
Pollution  Control  Act  of  1972  and  the  Clean  Water 
Act  of  1977.  The  Resource  Conservation  and  Re- 
covery Act  of  1976  (RCRA)  created  cradle  to 
grave  management  of  hazardous  wastes.  In  addi- 
tion to  federal  regulations,  the  toxics  program 
matrix  in  New  Jersey  includes  hazardous  materials 
control  programs  implemented  by  the  Occupation- 
al Safety  and  Health  Administration,  the  New 
Jersey  Department  of  Environmental  Protection, 
the  federal  Department  of  Health,  the  New  Jersey 
Department  of  Labor,  the  U.S.  EPA,  the  New 
Jersey  Department  of  Health,  and  the  Bureau  of 
Fire  Safety.  The  U.S.  EPA  and  the  New  Jersey 
Department  of  Environmental  Protection  share 
many  aspects  of  hazardous  waste  regulation.  Many 
other  toxic  laws  and  programs  stem  from  these 
two  regulatory  bodies,  but  may  come  under  air 
regulations,  water  regulations,  pesticide  laws  or 
waste  disposal  rules.  Pennsylvania  offers  a  similar- 
ly difficult  maze  of  toxics  laws.  Programs  may  be 
implemented  by  the  Department  of  Environmental 
Resources,  the  Department  of  Labor  and  Industry, 
as  well  as  local  authorities.  Much  attention  has 
focused  on  specific  hazardous  substances.  Lists  of 
these  materials  exist  as  Hazardous  Air  Pollutants, 
Criteria  Pollutants,  Hazardous  Wastes  and  Ex- 
tremely Hazardous  Wastes,  or  the  Extremely  Haz- 


ardous Substances  list,  with  each  of  these  lists 
accompanying  a  different  law  or  act.  Most  toxics 
laws  are  appended  onto  the  functions  and  pro- 
grams of  traditional  health,  safety  and  environmen- 
tal protection  agencies.  Implementors  of  environ- 
mental programs  are  often  frustrated  by  the  frag- 
mented requirements.  A  more  practical  approach  is 
needed.  Coordination  and  cooperation  among  indi- 
vidual companies  and  agencies  should  be  in- 
creased. (See  also  W91-07139)  (Mertz-PTT) 
W9 1-07 169 


UTILITY  OF  EMPLOYING  MATHEMATICAL 
MODELS  IN  REGULATING  GROUNDWATER 
PROTECTION. 

J.  J.  McKeown,  K.  Norvig,  and  M.  Arnold. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  435-458.  1  fig,  11  tab,  20  ref. 

Descriptors:  'Computer  models,  'Fate  of  pollut- 
ants, 'Groundwater  pollution,  'Model  studies, 
'Path  of  pollutants,  'Water  pollution  control, 
'Water  pollution  prevention,  Groundwater  poten- 
tial, Groundwater  transport,  Groundwater  use, 
Legal  aspects,  Mathematical  models,  Pennsylvania, 
Water  law. 

Fate  and  transport  modeling  has  traditionally  been 
used  by  engineers  and  scientists  in  developing  rem- 
edies to  remove  contaminants  from  groundwater. 
For  example,  such  modeling  has  aided  in  determin- 
ing well  placement  and  duration  of  pumping  for 
removing  contaminants  from  groundwater  in  addi- 
tion to  assessing  the  need  to  remove  or  treat  soils 
for  removal  of  specific  chemicals.  Such  models 
have  been  successfully  employed  for  site  specific 
situations.  Although  models  are  specific  to  particu- 
lar space  and  time  domains,  their  recent  use  in 
regulations,  both  Federal  and  State,  to  characterize 
solid  wastes  is  note  worthy.  The  EPA's  definition 
of  hazardous  wastes  for  a  large  group  of  organic 
chemicals  and  Pennsylvania's  use  of  the  cation 
exchange  capacity  of  soil  to  characterize  wastes 
for  appropriate  containment  scenarios  are  repre- 
sentative of  how  agencies  are  beginning  to  utilize 
mathematical  models  in  regulation.  The  EPA  has 
set  a  precedent.  Industry  has  developed  and  adapt- 
ed fate  and  transport  modeling  for  designing  facili- 
ties and  demonstrating  compliance.  Pennsylvania 
has  proposed  regulations  incorporating  modeling. 
(See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 170 


EVALUATING  GROUNDWATER  REMEDI- 
ATION WITH  GROUNDWATER  MODELING. 

Dunn  Geoscience  Corp.,  Albany,  NY. 
W.  J.  Miller,  P.  W.  Hare,  and  M.  E.  Lawler. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  459-473.  7  fig,  2  ref. 

Descriptors:  'Cleanup,  'Groundwater  quality, 
'Hazardous  wastes,  'Model  studies,  'Path  of  pol- 
lutants, 'Rehabilitation,  'Site  remediation,  'Super- 
fund,  Delaware,  Environmental  impact,  Environ- 
mental monitoring,  Environmental  policy, 
Groundwater  management,  Groundwater  move- 
ment,  Groundwater  pollution,   Industrial   wastes. 

In  response  to  the  Superfund  Amendments  and 
Reauthorization  Act  (SARA)  and  the  National  Oil 
and  Hazardous  Substances  Contigency  Plan 
(NCP),  a  detailed  analysis  of  potential  remedial 
alternatives  is  required  before  remediating  aban- 
doned hazardous  waste  sites.  For  sites  with 
groundwater  contamination,  the  analysis  of  reme- 
dial alternatives  frequently  employs  groundwater 
modeling.  Modeling  contributes  to  the  technical 
evaluation  and  helps  determine  environmental  im- 
pacts of  selected  remedial  alternatives.  It  also  pro- 
vides a  means  to  directly  compare  the  effectiveness 
of  different  groundwater  remediation  scenarios. 
Such  an  application  is  exemplified  in  the  Feasibility 
Study  for  the  Delaware  Sand  and  Gravel  Landfill 
where  groundwater  modeling  was  used  to  evaluate 
plume  fate  and  the  operation  of  existing  recovery 
wells  in  a  complex  sequence  of  Pleistocene  and 
Cretaceous  sediments  of  the  Atlantic  Coastal  Plain. 


The  hydrogeologic  system  modeled  was  compli- 
cated by  the  existence  of  several  industrial  and 
public  supply  well  fields  in  proximity  to  Delaware 
Sand  and  Gravel  and  by  the  existence  of  another 
landfill  immediately  adjacent  to  Delaware  Sand 
and  Gravel.  Model  results  indicated  additional  re- 
covery wells  were  not  necessary  to  control  con- 
tamination emanating  from  the  Delaware  Sand  and 
Gravel  landfill;  however,  source  control  measures 
for  removal  of  inorganic  and  volatile  organic  con- 
tamination would  be  necessary  to  meet  SARA 
goals  and  criteria.  (See  also  W9 1-07 139)  (Author's 
Abstract) 
W91-07171 


SELF  IMPLEMENTED,  PRACTICAL  GROUND 
WATER  MANAGEMENT  PROGRAMS  FOR  IN- 
DUSTRIES. 

K.  D.  Svitana. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  474-493.  11  fig,  5  ref. 

Descriptors:  'Groundwater  management, 

'Groundwater  pollution,  'Industrial  wastes,  'Re- 
mediation, 'Superfund,  'Water  pollution  control, 
'Water  pollution  prevention,  Aquifers,  Economic 
aspects,  Environmental  impact,  Environmental 
policy,  Groundwater  monitoring,  Groundwater 
quality,  Regulations,  Resource  Conservation  and 
Recovery  Act. 

Since  the  passage  of  the  Federal  RCRA  (Resource 
Conservation  and  Recovery  Act)  and  CERCLA 
(Comprehensive  Environmental  Response,  Com- 
pensation and  Liability  Act)  and  pending  Well 
Head  Protection  Laws,  industry  has  been  giving 
serious  consideration  to  the  quality  of  groundwater 
resources  at  their  sites.  Unregulated  on-site  dispos- 
al practices  or  uncontrolled  process  discharges  in 
the  past  may  have  caused  groundwater  quality 
impacts  of  which  industries  are  not  aware.  Howev- 
er, these  groundwater  impacts  are  in  violation  of 
the  above  referenced  laws  and  place  responsibility 
and  potential  liability  on  corporations.  The  self- 
implemented  groundwater  management  program 
consists  of  the  following  aspects:  (1)  definition  of 
groundwater  flows;  (2)  assessment  of  ground  water 
qualities;  and  (3)  aquifer  hydraulics.  All  of  these 
aspects  can  be  phased  so  that  costs  can  be  distribut- 
ed over  a  longer  period,  thus,  reducing  the  finan- 
cial burden.  Research  of  present  and  past  disposal 
and  process  practices  including  location  of  product 
storage  and  distribution  facilities  should  be  con- 
ducted to  determine  probable  high  impact  areas. 
Overall  groundwater  flow  at  the  site  can  be  ac- 
cessed by  installing  monitoring  wells  at  strategic 
locations  and  determining  the  flow  direction  from 
static  water  table  elevation  data.  Remedial  controls 
can  be  defined  by  determining  the  subsurface  flow 
hydraulics.  All  information  collected  also  provides 
meaningful  background  data  and  can  serve  as  a 
motivation  for  improving  product  storage  and 
waste  handling  practices  in  order  to  avoid  future 
soil  and  groundwater  problems.  The  implementa- 
tion of  a  groundwater  management  program,  prior 
to  regulatory  intervention,  allows  industries  to 
plan  for  remedial  costs  and  manage  accidental  on- 
site  discharges.  This  planned  management  practice 
decreases  the  capitol  impact  of  last  minute  crises 
oriented  remedial  programs.  (See  also  W9 1-07 139) 
(Mertz-PTT) 
W9 1-07 172 


ECOLOGICAL  EXPOSURE/RISK  ASSESS- 
MENT OF  HAZARDOUS  WASTES. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Environmental  Processes  and  Ef- 
fects Research. 
W.  C.  LaVeille. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  497-505.  1  tab,  11  ref. 

Descriptors:  'Environmental  impact,  'Environ- 
mental policy,  'Hazardous  wastes,  'Remediation, 
'Risk  assessment,  'Water  pollution  effects,  Envi- 
ronmental effects,  Health  effects,  Kinetics,  Popula- 
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tion  exposure,  Public  health,  Superfund,  Toxicol- 
ogy. 

Evaluation  of  potential  adverse  impacts  from  haz- 
ardous waste  sites  or  releases  has  in  the  past  typi- 
cally focused  on  human  health  implications.  With 
the  passage  of  SARA  (Superfund  Amendment  and 
Reauthorization  Act  of  1986),  the  US.  EPA  is 
directed  to  establish  regulations  for  the  assessment 
of  impacts  on  natural  resources.  Guidelines  are 
being  drafted  by  the  Agency  to  assist  in  making 
ecological  assessments  a  part  of  the  hazardous 
waste  remediation  process.  EPA's  Office  of  Re- 
search and  Development  is  contributing  to  this 
effort  by  developing  field  and  laboratory  methods 
for  making  these  assessments  in  surface  and  subsur- 
face, and  terrestrial  and  aquatic  environments,  and 
by  integrating  them  into  ecological  risk  assessment 
strategies.  Three  elements  of  any  risk  assessment 
(exposure  analysis,  hazard  analysis,  and  the  inte- 
gration of  the  two  into  a  risk  analysis)  are  ad- 
dressed in  research  involving  six  levels  of  integra- 
tion of  individual  projects.  The  six  levels  of  inte- 
gration include:  (1)  decision  support  systems,  such 
as  computer  software  and  databases;  (2)  exposure 
analysis;  (3)  toxicokinetics;  (4)  biotic  effects  analy- 
sis; (5)  population  and  community  risk  assessment; 
and  (6)  ecosystem  risk  assessment.  Although  eco- 
logical assessment  has  not  usually  been  conducted 
in  the  past  at  Superfund  sites,  the  requirement  to 
do  so  is  recognized.  Because  of  the  relatively  large 
body  of  information,  techniques,  and  guidance 
available  on  human  health  risk  assessment  and  the 
extensive  Superfund  program  experience  gained 
from  conducting  such  assessment  for  sites,  they 
will  continue  to  be  extremely  important  factors  for 
evaluating  risk.  Increasingly,  however,  as  ecologi- 
cal risk  assessment  methodologies  are  improved 
and  quantified  through  continued  research,  and 
understood  and  evaluated  through  the  experience 
acquired  from  applications  at  actual  waste  sites, 
they  too  will  have  important  consequences  in  guid- 
ing future  remediation  decisions.  (See  also  W91- 
07139)  (Mertz-PTT) 
W9 1-07 173 


DETERMINATION  OF  REMEDIAL  ALTERNA- 
TIVES AT  A  DIOXIN  CONTAMINATED 
WASTE  DISPOSAL  SITE  BY  USE  OF  QUANTI- 
TATIVE RISK  ASSESSMENT  TECHNIQUES. 

Environmental  Resources  Management,  Inc., 
Exton,  PA. 

B.  N.  Stephanatos,  and  J.  M.  Sotsky. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  506-525.  3  fig,  6  tab,  8  ref. 

Descriptors:  'Cleanup  operations,  'Dioxins,  'En- 
vironmental effects,  'Hazardous  wastes,  'Risk  as- 
sessment, Environmental  impact,  Health  effects, 
Industrial  wastes,  Public  health,  Remediation 
measures,  Superfund,  Toxicity,  Waste  disposal, 
West  Virginia. 

The  potential  exposure  to  2,3,7,8-TCDD  (tetrach- 
lorodibenzo-p-dioxin)  originating  from  an  old  sur- 
face mine  bench  in  West  Virginia  was  examined. 
Level  of  risk  to  public  health  and  the  environment 
posed  by  contamination  of  the  site  was  assessed. 
Wastes,  both  chemical  and  municipal,  were  placed 
in  a  ravine  and  on  the  old  bench  surface  from  1962 
through  1963.  A  hazardous  waste  survey  showed 
site  utilization  in  1959  through  1960  of  open 
drummed  hazardous  wastes  and  uncontained  haz- 
ardous wastes.  Background  information  also  indi- 
cated that  open  burning  was  conducted  at  the  site. 
Exposure  scenarios  for  the  waste  disposal  site  were 
developed  based  on  the  assumption  that  use  of  the 
site  would  not  change  in  the  future  and  that  the 
site  would  be  allowed  to  revert  to  its  natural  state. 
Risks  to  public  health  and  the  environment  were 
calculated  following  standard  U.S.  EPA  guidelines 
for  performing  risk  assessments  at  Superfund  sites. 
Areas  showing  risk  levels  in  excess  of  acceptable 
levels  were  examined  with  respect  to  the  need  for 
remediation.  Estimating  the  public  health  risk  of  a 
chemical  requires  two  types  of  information:  the 
magnitude  of  human  exposure  to  the  chemical  and 
the  nature  and  severity  of  its  toxicity.  Based  on  the 
site  data  reviewed  and  on  the  exposure  scenarios 
defined,  no  soil  areas  at  the  West  Virginia  site  were 


identified  that  presented  potential  risks  to  public 
health.    Therefore,    no    remediation    alternatives 
were  recommended  for  the  site.  (See  also  W91- 
07139)  (Mertz-PTT) 
W9 1-07 174 


RISK  COMMUNICATION  STRATEGIES: 
FOUR  HAZARDOUS  WASTE  SCENARIOS. 

ENSCO  Environmental  Services,  Inc.,  Fremont, 
CA. 

L.  Nelowet,  and  F.  Beuby. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  547-557. 

Descriptors:  'Communication,  'Emergency  plan- 
ning, 'Public  policy,  'Risk  assessment,  Community 
development,  Environmental  effects,  Environmen- 
tal policy,  Hazardous  wastes,  Waste  management. 

A  comprehensive  community  outreach  program 
covers  one  or  more  of  the  following  categories: 
information  and  education;  the  development  of  a 
receptive  audience;  disaster  warning  and  emergen- 
cy information;  or  mediation  and  conflict  resolu- 
tion. In  developing  a  community  outreach  pro- 
gram, three  steps  must  be  understood  and  ad- 
dressed: understanding  objectives;  knowing  the  au- 
dience and  its  concerns;  and  implementing  the  risk 
communication  plan.  Four  of  the  most  common 
scenarios  in  hazardous  materials/waste  manage- 
ment that  require  risk  communication  are  exam- 
ined: emergency  response,  remediation,  facility 
siting,  and  ongoing  plant  operations.  Whether  the 
intention  is  to  mitigate  the  impact  of  a  potentially 
tragic  accident,  efficiently  remediate  an  uncon- 
trolled hazardous  waste  disposal  site,  successfully 
locate  a  new  facility,  or  simply  maintain  friendly 
relations  with  facility  neighbors,  the  risk  communi- 
cator must  understand  the  concerns  of  the  audi- 
ence and  respond  directly  and  honestly  to  those 
concerns.  (See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 176 


UNDERGROUND  STORAGE  TANKS--WHAT 
NOW. 

Pirnie  (Malcolm),  Inc.,  Newport  News,  VA. 
T.  J.  Fisher. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  561-570.  4  tab. 

Descriptors:  'Environmental  law,  'Legal  aspects, 
'Regulations,  'Superfund,  'Underground  storage 
tanks,  'Water  pollution  sources,  Chemical  trans- 
port, Economic  aspects,  Petroleum  products, 
Public  policy. 

On  September  23,  1989,  the  U.S.  EPA  promulgat- 
ed a  regulation  that  governs  all  aspects  of  the 
estimated  2  million  underground  storage  tanks  con- 
taining petroleum  or  chemical  products.  On  Octo- 
ber 26,  1988,  the  EPA  promulgated  a  related  regu- 
lation that  detailed  the  financial  requirements  relat- 
ing to  underground  storage  tank  systems.  These 
regulations  apply  to  both  owners  and  operators  of 
underground  storage  tank  systems  and  establishes 
requirements  for  demonstrating  financial  responsi- 
bility for  taking  corrective  action  for  spills  and 
leaks  as  well  as  compensating  third  parties  for 
injury  and  property  damage  caused  by  leaks  and 
spills.  Together,  these  two  regulations,  in  concert 
with  the  strict  liability  provisions  as  contained  in 
the  Superfund  regulations  provides  for  a  compre- 
hensive program  that  will  affect  virtually  all  un- 
derground storage  tank  owners.  The  regulations 
contain  provisions  for  both  new  as  well  as  existing 
tank  systems.  The  financial  assurance  requirements 
that  were  finalized  in  October  1988  apply  only  to 
tanks  containing  petroleum  products.  The  regula- 
tions stipulate  that  if  you  own  or  operate  an  under- 
ground tank  or  tank  system  that  contains  a  petrole- 
um product,  you  must  be  able  to  ensure,  through 
one  of  several  mechanisms,  that  there  will  be 
money  available  to  help  pay  for  cleaning  up  a  leak 
or  spill  caused  by  your  facility.  The  regulations 
indicate  that  both  the  owner  and  operator  are 
liable  for  noncompliance  with  the  regulations,  even 
though  only  one  party  is  responsible  for  comply- 
ing. (See  also  W9 1-07 139)  (Mertz-PTT) 


W9 1-07 177 


ECONOMICS  OF  AN  EFFECTIVE  UNDER- 
GROUND STORAGE  TANK  (UST)  MANAGE- 
MENT PROGRAM. 

C.  F  Butler. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  571-581.  1  fig,  3  tab. 

Descriptors:  'Management  planning,  'Risk  assess- 
ment, 'Underground  storage  tanks,  'Water  pollu- 
tion control,  'Water  pollution  prevention,  Eco- 
nomic aspects,  Environmental  law,  Environmental 
policy,  Land  management,  Legal  aspects,  Regula- 
tions. 

The  U.S.  EPA  published  the  final  regulations  for 
underground  storage  tank  systems  in  40  CFR 
(Code  of  Federal  Regulations),  Part  280  and  281. 
These  regulations  govern  underground  storage 
tank  systems  containing  petroleum  products  and 
hazardous  substances  and  include  the  technical  re- 
quirements for  new  and  existing  system  installa- 
tions, as  well  as  financial  responsibility  elements. 
Developing  and  implementing  a  comprehensive 
underground  storage  tank  system  management 
plan  is  a  complex  undertaking.  Despite  problems, 
when  fundamental  management  principals  are  ap- 
plied, overall  underground  storage  tank  system 
plans  can  be  developed  that  are  cost-effective  and 
environmentally-sound.  This  starts  with  a  solid 
foundation  consisting  of  an  extensive  tank  popula- 
tion inventory/data  base  development  task.  Under- 
ground storage  tank  systems  identified  in  high  risk 
categories  should  receive  priority  attention  while 
lower  risk  tanks  can  be  addressed  on  a  planned, 
systematic  basis.  Implementation  of  the  remaining 
underground  storage  tank  management  tasks  in- 
cluding system  upgrading/retrofitting;  installation 
of  replacement  systems,  closure  and  remediation 
for  existing  underground  storage  tanks;  and  com- 
pliance with  financial  responsibility  elements 
should  be  consistent  with  the  overall  management 
strategy.  Underground  storage  tank  owners  seek- 
ing to  minimize  risk  will  adopt  an  aggressive, 
proactive  approach,  which  is  generally  not  the 
least-cost  method.  Underground  storage  tank 
system  owners  designing  a  more  economical  over- 
all approach  must  be  willing  to  accept  the  higher 
potential  risks  associated  with  this  philosophy. 
Either  way,  implementation  of  a  strategic  under- 
ground storage  tank  management  plan  will  assist  in 
minimizing  the  economical  burden,  complexity  and 
headaches  brought  on  by  recent  regulatory  re- 
quirements. (See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 178 


CASE  HISTORY  OF  A  TURNKEY  CLOSURE 
OF  A  PESTICIDE  SITE. 

Allied-Signal,  Inc.,  Morristown,  NJ. 
W.  Yanovitch,  S.  A.  Rock,  W.  F.  Beers,  and  J.  W. 
Hammond. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  612-627.  5  fig,  1  tab. 

Descriptors:  'Minnesota,  'Pesticides,  'Site  remedi- 
ation, 'Water  pollution  treatment,  DDD,  DDE, 
DDT,  Environmental  management,  Environmen- 
tal policy,  Groundwater  monitoring,  Groundwater 
pollution,  Industrial  wastes,  Insecticides,  Path  of 
pollutants,  Soil  analysis,  Xylenes. 

An  agricultural  chemical  company  property,  locat- 
ed in  Minneapolis,  Minnesota,  was  used  for  formu- 
lating, packaging,  and  warehousing  a  variety  of 
finished  pesticide  products.  Following  the  discon- 
tinuation of  the  pesticide-related  operation,  the 
Minnesota  Pollution  Control  Agency  ordered  an 
investigation  of  the  site  for  potential  levels  of  resid- 
ual pesticides  remaining  on  the  site.  The  investiga- 
tion included  the  installation  of  test  pits,  soil  bor- 
ings, and  groundwater  monitoring  wells.  Soil  and 
groundwater  samples  collected  were  analyzed  for 
toxaphene,  aldnn,  DDE  (2,2-bis(p-chlorophenyl)- 
1,1-dichloroethylene),  DDD  (2,2-bis(p-chloro- 
phenyl)-l,l-dichloroethane),  DDT  (2,2-bis(p-chlor- 
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ophenyl)- 1,1,1 -trie  hloroethane),  and  combined 
DDE  and  dieldrin.  Additionally,  groundwater 
samples  were  analyzed  for  several  volatile  organics 
used  in  pesticide  formulations.  The  investigation 
revealed  elevated  concentrations  of  pesticides  in 
the  some  of  the  soils.  Trace  concentrations  of 
several  pesticides  and  xylene  were  sporadically 
detected  in  the  shallow  perched  groundwater.  Ac- 
tivities completed  after  the  investigation  included: 
preparation  of  a  Remedial  Investigation  report; 
evaluation  of  remedial  alternatives  for  the  site; 
preparation  of  a  Response  Action  Plan  for  the 
selected  remedial  alternative;  and  execution  of  the 
onsite  remediation.  In  the  fall  of  1988,  the  cleanup 
of  the  contaminated  soils  in  the  site  was  completed. 
The  overall  site  investigation  and  remediation 
project  at  the  site  were  accomplished  over  a  5-year 
period  (1983-1988).  By  implementing  the  project 
on  a  turnkey  basis,  using  a  single  consultant/con- 
tractor for  all  phases  of  the  project,  the  chemical 
company  was  able  to  retain  access  to  the  technical 
personnel  with  the  understanding  of  the  project's 
history  to  provide  guidance  and  coordination  to 
remediation  personnel  at  points  of  uncertainty 
during  the  cleanup.  This  capability  resulted  in  the 
successful  renegotiation  of  the  cleanup  criteria  and 
overall  savings  in  the  cleanup  costs.  (See  also  W91- 
07139)  (Mertz-PTT) 
W91-07181 

ALTERATION  OF  IN  SITU  REDOX  POTEN- 
TIAL  TO  ENHANCE  MICROBIAL  DECHLOR- 
INATION OF  PCBS. 

Pittsburgh  Univ.,  PA.  Dept.  of  Civil  Engineering. 
S.  F.  Pedersen,  and  R.  D.  Neufeld. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  628-639.  1  tab,  18  ref. 

Descriptors:  *Biodegradation,  *Cleanup,  'Dehalo- 
genation,  *  Poly  chlorinated  biphenyls,  *Site  reme- 
diation, *Water  pollution  treatment,  Anaerobic  di- 
gestion, Biological  treatment,  Degradation,  Degra- 
dation products,  Halogenated  organic  compounds, 
Microorganisms,  Waste  treatment. 

Since  PCBs  (polychlorinated  biphenyls)  were  first 
identified  in  the  environment,  they  have  been 
found  to  be  a  stable  contaminant  that  is  degraded 
very  slowly.  The  driving  force  for  establishment  of 
in  situ  treatment  involves  several  factors:  one  is  the 
fact  that  PCBs  bioaccumulate  in  organisms,  par- 
ticularly in  fish;  another  is  that  disposal  of  PCB 
contaminated  soils  and  sediment  are  often  difficult 
and  expensive,  due  to  the  large  quantity  of  material 
to  be  handled.  A  sequence  of  anaerobic  conditions, 
followed  by  aerobic  conditions,  in  the  presence  of 
a  suitable  microbial  population,  were  investigated 
as  a  possible  treatment  process  for  the  complete  in 
situ  degradation  of  PCBs.  The  reductive  dechlorin- 
ation of  highly  chlorinated  PCB  molecules  was 
examined  to  identify  and  quantify  the  factors  that 
affect  the  reductive  dechlorination  process.  To 
achieve  these  objectives,  the  environmental  condi- 
tions for  the  dehalogenation  step  varied.  Variables 
included:  the  reductive  potential  of  the  soil;  the 
amendment  used  for  lowering  the  reductive  poten- 
tial; and  the  addition  of  an  acclimated  anaerobic 
microbial  consortium.  Because  the  computer  pro- 
gram used  produced  essentially  meaningless  re- 
sults, conclusions  were  drawn  from  a  summary 
sheet.  The  addition  of  1 -cystine  hydrochloride  was 
essential  for  dechlorination.  No  other  variable  ap- 
peared to  be  an  important  factor  in  causing  dech- 
lorination. Over  a  four  month  period,  approximate- 
ly 50%  of  the  2,2',4,4',5,5'  hexachlorobiphenyl 
(HCB)  was  dechlorinated.  Most  of  the  dechlorina- 
tion product  was  the  first  product,  probably  a 
tetrachlorobiphenyl.  In  addition,  it  was  found  that 
a  limited  amount  of  dechlorination  took  place  in 
the  absence  of  any  amendments.  Dechlorination 
was  not  dependent  on  the  supplying  of  seed  orga- 
nisms, but  rather  was  accomplished  by  naturally 
occurring  soil  organisms.  It  was  shown  that  engi- 
neered organisms  tended  to  die  out  quickly  when 
exposed  to  naturally  occurring  conditions.  (See 
also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 182 


IN  SITU  SOIL  BIOREMEDIATION:  THE 
INTERFACE  BETWEEN  BIOLOGY  AND  ENGI- 
NEERING. 

Biodetox,  Inc.,  Newark,  DE. 
K.  H.  Baker,  D.  L.  Wegman,  and  D.  S.  Herson. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  640-650.  2  fig,  1  tab,  12  ref. 

Descriptors:  *Bioremediation,  'Cleanup,  'Envi- 
ronmental engineering,  'Monitoring,  'Site  remedi- 
ation, 'Soil  contamination,  'Water  pollution  treat- 
ment, Biological  treatment,  Carbon  dioxide,  Envi- 
ronmental effects,  Hazardous  wastes,  Industrial 
wastes,  Microorganisms,  Waste  treatment. 

Success  of  bioremediation  depends  upon  the  col- 
laboration between  biologists  and  engineers  at  all 
stages  of  the  design  and  implementation  process. 
Of  utmost  importance  is  the  monitoring  of  the 
biological  response  during  the  implementation  and 
progress  of  bioremediation.  In  order  for  an  assay 
technique  to  be  acceptable  for  routine  field  moni- 
toring of  bioremediation  it  must  meet  the  following 
criteria:  the  assay  must  be  rapid;  it  should  be 
relatively  easy  to  perform;  and  the  assay  should  be 
inexpensive  to  conduct  allowing  for  frequent,  mul- 
tiple samples  without  an  undue  additional  expense 
to  the  client.  Bioremediation  at  two  sites  in  a 
refrigerant/coolant  plant  in  south-central  Pennsyl- 
vania was  instituted  after  preliminary  engineering 
and  microbiology  feasibility  studies  demonstrated 
that  this  approach  to  remediation  was  appropriate 
for  contaminants  found  at  the  plant.  The  areas 
under  concern  were  soils  contaminated  with  a 
mixture  of  hydrocarbons.  Microbiology  feasibility 
studies  included  cultural  studies,  community  respi- 
ration studies,  and  mass  balance  studies.  In  situ 
monitoring  of  microbial  community  activity  is  a 
necessary  adjunct  to  proper  engineering  for  suc- 
cessful bioremediation  of  hazardous  waste  con- 
taminated soils.  Measurement  of  carbon  dioxide 
evolution  using  lysimeters  provided  a  simple,  inex- 
pensive and  reliable  method  for  achieving  such 
monitoring.  (See  also  W9 1-07 139)  (Mertz-PTT) 
W91-07183 


SOIL  WASHING  TECHNIQUES  FOR  REMOV- 
AL OF  CHROMIUM  CONTAMINANTS  FROM 
SOIL. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 
and  Environmental  Engineering. 
H.  N.  Hsieh,  D.  Raghu,  J.  W.  Liskowitz,  and  J. 
Grow. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  651-660.  4  fig,  1  tab,  10  ref. 

Descriptors:  'Chromium,  'Cleanup,  'Site  remedi- 
ation, 'Soil  contamination,  'Water  pollution  treat- 
ment, Alkalinity,  Bentonite,  Clay  soils,  Hydrogen 
ion  concentration,  Kaolinite,  New  Jersey,  Sandy 
soils,  Soil  chemistry,  Soil  properties,  Soil  washing, 
Waste  treatment. 

Before  1965,  New  Jersey  was  a  major  processing 
area  for  chromium  production.  This  activity  gener- 
ated about  2.75  million  tons  of  alkaline  waste.  The 
waste  was  mixed  with  soil  and  used  as  fill  material. 
Problems  of  environmental  pollution  have  risen 
from  the  disposal  of  chromium  bearing  wastes.  In 
order  to  remove  the  chromium  from  soil,  factors 
affecting  adsorption  and  desorption  of  chromium 
on  soil  were  studied.  The  first  part  of  the  research 
focused  on  the  effect  of  chromium  concentration, 
the  type  of  the  soil,  and  pH  on  chromium  adsorp- 
tion. A  preliminary  test  on  soil  washing  was  per- 
formed on  chromium  bearing  soil.  The  total  chro- 
mium concentration  in  the  soil  was  between  10,000 
and  22,000  parts  per  million.  Based  on  experiments 
conducted,  several  conclusions  were  drawn.  Ad- 
sorption of  chromium  was  related  to  the  type  of 
soil  and  the  properties  of  soil.  Clayey  soil  adsorbed 
more  chromium  than  sandy  soil.  Bentonite  ad- 
sorbed more  chromium  than  kaolinite.  Adsorption 
of  chromium  was  associated  with  the  changing  pH. 
Trivalent  chromium  precipitated  at  a  pH  above 
5.5.  More  hexavalent  chromium  was  adsorbed  on 
clay  at  a  pH  range  between  6  and  10.  Chromium 
concentration  presented  in  the  soil  affected  the 
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property  of  the  soil.  Bentonite  tended  to  swell  at 
low  chromium  concentration  and  kaolinite  formed 
a  suspended  solid  solution  at  high  chromium  con- 
centration. Particle  size  affected  the  chromium 
concentration  in  the  soil.  Possible  methods  to  sepa- 
rate chromium  from  soil  included  density  separa- 
tion column,  flotation,  pH  adjustment,  oxidation 
and  reduction,  and  precipitation.  (See  also  W91- 
07139)  (Mertz-PTT) 
W9 1-07 184 


VADOSE  ZONE  TREATMENT  USING  PNEU- 
MATIC FRACTURING. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 
and  Environmental  Engineering. 
J.  R.  Schuring,  P.  C.  Chan,  and  P.  Papanicolaou. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  663-668.  3  fig,  6  ref. 

Descriptors:  'Fracture  permeability,  'Groundwat- 
er pollution,  'Pneumatic  fracturing,  'Site  remedi- 
ation, 'Vadose  zone,  'Water  pollution  treatment, 
Air  pressure,  Geologic  fractures,  Groundwater 
movement,  Permeability,  Waste  treatment. 

The  groundwater  environment  is  generally  divided 
into  two  major  zones:  (1)  the  unsaturated  zone, 
also  know  as  the  vadose  zone;  and  (2)  the  saturated 
zone.  The  vadose  zone  extends  from  the  ground 
surface  down  to  the  groundwater  table.  The  satu- 
rated zone  begins  at  the  groundwater  table,  and 
extends  to  depth.  Treatment  of  the  vadose  zone  is 
high  priority  in  any  groundwater  remediation 
action  since  transport  of  the  contaminants  from  the 
unsaturated  to  the  saturated  zones  occurs  continu- 
ously by  percolation  and  vapor  transport.  A  new 
process,  known  as  pneumatic  fracturing,  is  de- 
signed to  enhance  in  situ  clean-up  actions.  The 
process  consists  of  inserting  a  tubular  probe  and 
nozzle  into  the  soil.  High  pressure  air  is  then 
injected  through  the  probe  to  create  fractures.  The 
inserted  probe  can  be  advanced  at  intervals  to 
provide  the  desired  degree  of  fracturing  and  aer- 
ation, and  then  reinserted  at  various  locations.  The 
principal  effect  that  pneumatic  fracturing  has  on 
the  structure  of  the  soil  is  that  it  establishes  con- 
ductive channels  that  permit  more  rapid  movement 
of  liquid  and  vapor  through  the  soil  matrix.  This  is 
beneficial  since  essentially  any  treatment  technolo- 
gy is  limited  by  the  permeability  of  soil  formation 
being  treated.  Results  from  bench-scale  laboratory 
studies  have  demonstrated  that  pneumatic  fractur- 
ing has  the  potential  to  reduce  treatment  time  as 
well  as  extract  greater  amounts  of  contaminant. 
The  process  may  also  make  it  possible  to  treat  soils 
with  low  permeabilities  for  which  present  in  situ 
methods  are  largely  ineffective.  (See  also  W91- 
07139)  (Mertz-PTT) 
W9 1-07 185 


REMEDIAL  ACTION  PLAN  TO  PREVENT  OIL 
SEEPAGE  INTO  A  LOCAL  CREEK. 

Sun  Refining  and  Marketing  Co.,  Marcus  Hook, 
PA. 

A.  J.  Raymond. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  21st  Mid- Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1989.  p  680-681. 

Descriptors:  'Cleanup,  'Cleanup  operations,  'Oil 
pollution,  'Oil  wastes,  'Oily  water,  'Site  remedi- 
ation, 'Water  pollution  prevention,  Oil  industry, 
Pennsylvania,  Secondary  recovery,  Water  pollu- 
tion control. 

The  Marcus  Hook  Refinery  is  located  in  the  south- 
eastern corner  of  Pennsylvania  and  has  disposed  of 
oily  spent  clay  at  a  site  two  miles  from  the  Marcus 
Hook  facility  from  1925-1969.  This  71  acre  site 
contains  three  individual  piles  of  approximately 
500,000  cubic  yards  of  spent  clay.  The  largest  clay 
pile  is  located  on  the  south  bank  of  a  small  creek 
and  over  a  period  of  time  oil  has  been  seeping  into 
the  creek.  To  prevent  seepage  an  oil  recovery 
system  at  the  clay  pile  was  implemented.  The 
system  is  an  on-site  recovery  system  that  has  been 
fully   operational   since   August    1984.   The   total 
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product  recovered  by  this  probe  scavenger  and 
hand  boiling  system  was  20,000  gallons.  In  early 
1988,  small  amounts  of  hydrocarbon  started  to 
appear  in  the  creek  and  additional  work  had  to  be 
initiated.  Two  new  projects  were  initiated  to  com- 
pletely remove  the  hydrocarbon  from  the  creek. 
The  first  project  was  the  regrading  and  capping  of 
the  clay  pile.  The  cap  system  must  possess  suffi- 
cient strength  and  durability  to  provide  a  long- 
term  protector/isolation  function.  The  cap  was 
composed  of  relatively  homogenous  material  so 
that  it  remained  intact  during  its  service  life.  To 
fulfill  requirements,  the  interceptor/drainage  layer, 
a  primary  cap  soil  layer,  topsoil  cover  layer  and 
vegetative  cover  was  used.  The  second  project  is  a 
new  french  drainage  system  and  infiltration  gal- 
lery. (See  also  W9 1-07 139)  (Mertz-PTT) 
W9 1-07 187 


SUPERFUND  RECORD  OF  DECISION,  KIM- 
BERTON,  PA,  FIRST  REMEDIAL  ACTION. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-206353. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
87  p,  1 1  fig,  2  tab. 

Descriptors:  'Cleanup  operations,  'Kimberton  Su- 
perfund  Site,  'Path  of  pollutants,  'Superfund, 
Backfill,  Dichloroethylene,  Excavation,  Ground- 
water pollution,  Pennsylvania,  Revegetation, 
Trichloroethylene,  Vinyl  chloride,  Volatile  organ- 
ic compounds,  Wastewater  lagoons,  Water  pollu- 
tion sources. 

The  Kimberton  site  is  located  in  the  northeastern 
portion  of  Chester  County,  Pennsylvania,  near  the 
Philadelphia  metropolitan  area.  The  site  encom- 
passes the  Monsey  Products  Company  property 
and  adjacent  properties  within  the  surrounding 
Village  of  Kimberton.  Several  buried  lagoons  are 
located  in  the  site.  The  lagoons  received  various 
residues  from  the  manufacturing  operations  from 
1947-1959.  In  August  1981,  volatile  organic  com- 
pounds (VOCs)  were  first  detected  during  routine 
water  quality  testing  of  a  private  well  on  Monsey 
property.  EPA's  subsequent  investigation  in  early 
1982  indicated  that  soil,  groundwater,  and  surface 
water  were  contaminated  by  VOCs,  including 
dichloroethylene,  trichloroethylene,  and  vinyl 
chloride.  The  lagoons  were  identified  as  a  source 
of  contamination,  and  subsequently,  approximately 
2,050  cu  yd  of  contaminated  soil  from  three  former 
lagoon  areas  were  excavated  and  disposed  of  off- 
site  in  September  1984  as  part  of  a  site  remedial 
action  plan.  The  excavations  were  backfilled,  re- 
graded  and  revegetated.  (Lantz-PTT) 
W9 1-07 190 


SELECTED  TOOLS  AND  TECHNIQUES  FOR 
PHYSICAL  AND  BIOLOGICAL  MONITORING 
OF  AQUATIC  DREDGED  MATERIAL  DISPOS- 
AL SITES. 

Army   Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

T.  J.  Fredette,  D.  A.  Nelson,  T.  Miller-Way,  J.  A. 

Adair,  and  V.  A.  Sotler. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA.  22161  as  AD-A229  442. 

Price  codes:  A06  in  paper  copy,  A01  in  microfiche. 

Technical  Report  D-90-11,  September  1990.  Final 

Report.  106p,  34  fig,  2  tab,  70  ref. 

Descriptors:  'Biological  studies,  'Dredging 
wastes,  'Instrumentation,  'Measuring  instruments, 
•Monitoring,  'Water  analysis,  'Water  quality,  Ba- 
thymetry, Benthic  fauna,  Bioassay,  Crabs,  Current 
meters,  Data  acquisition,  Fish,  Navigation,  Ocean 
dumping,  Photography,  Sampling,  Shrimp,  Waste 
disposal. 

Monitoring  of  aquatic  dredged  materia]  disposal 
sites  may  require  a  variety  of  physical  and  biologi- 
cal tools  and  techniques.  Changes  in  physical  envi- 
ronment, such  as  mounding,  can  result  in  a  naviga- 
tion hazard  or  lead  to  burial  of  the  biological 
community,  which  necessitates  biological  monitor- 
ing. Design  of  a  monitoring  program  must  consider 
what  equipment  to  use  and  at  what  spatial  and 
temporal  frequency  to  sample.  These  factors  will 


be  determined  by  the  level  of  information  required 
for  the  questions  being  addressed,  given  present 
technical,  monetary,  regulatory,  and  political  con- 
siderations. Physical  monitoring  tools  can  be 
broadly  classified  into  several  groups.  Navigation 
and  positioning  equipment  are  primary  among 
these.  The  effectiveness  of  all  sampling  depends 
upon  knowing  the  location  of  a  sample  relative  to 
the  disposal  site.  Equipment  that  measures  bathym- 
etry and  ocean  bottom  configuration  with  acoustic 
energy  is  a  second  group.  A  third  group  of  physi- 
cal instruments  consists  of  those  that  directly 
sample  sediment.  These  range  from  grab  samplers, 
which  one  person  can  operate  to  retrieve  a  small 
surface  sample,  to  large  vibracores  that  return  a 
core  through  a  disposal  site.  A  fourth  group  of 
tools  for  physical  monitoring  includes  those  instru- 
ments that  return  data  on  site  conditions  remotely 
through  the  use  of  photography.  In  situ  measure- 
ments of  engineering  properties  of  mounds  are 
possible  with  a  fifth  group  of  tools.  Waves  and 
current  meters  form  the  last  group  of  tools  that 
may  be  useful  in  physical  monitoring.  They  are 
used  to  measure  the  driving  forces  for  sediment 
transport.  Fish  and  shellfish  are  generally  the  ani- 
mals of  the  greatest  socioeconomic  importance  to 
individuals  and  agencies.  Sampling  of  nektonic  or- 
ganisms (fish,  shrimp  and  crabs)  is  most  commonly 
accomplished  through  the  use  of  nets  or  traps. 
Benthic  infauna  and  submergent  vegetation  are 
regarded  as  good  indicators  of  environmental  qual- 
ity. Grab  samplers  and  box  corers  are  the  tools  of 
choice  for  quantitative  sampling  of  these  orga- 
nisms. (Lantz-PTT) 
W91-07191 


REPORT  TO  CONGRESS:  INDIAN 
WASTEWATER  TREATMENT,  NEEDS  AND 
ASSISTANCE. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Municipal  Pollution  Control. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-187421. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA  430/09-88-006,  January  1989. 
32p,  10  fig,  3  append. 

Descriptors:  'Clean  Water  Act,  'Indian  reserva- 
tions, 'Wastewater  treatment,  'Water  quality,  Fi- 
nancing, Indian  Health  Service,  Legislation,  Social 
aspects. 

This  report  has  been  prepared  in  cooperation  with 
the  Indian  Health  Service  (IHS)  to  meet  the  re- 
quirements of  Section  518(b)  of  the  Clean  Water 
Act  (CWA)  as  amended  by  the  Water  Quality  Act 
(WQA)  of  1987.  The  report's  five  major  objectives 
are  as  follows:  (1)  to  summarize  EPA's  assessment 
of  Indian  wastewater  treatment  construction  needs; 
(2)  to  report  on  the  degree  to  which  such  needs 
will  be  met  through  CWA  funding;  (3)  to  identify 
any  obstacles  which  may  prevent  such  needs  from 
being  met;  (4)  to  discuss  how  EPA  plans  to  imple- 
ment the  Indian  Set-Aside  Program  established 
under  Section  518(c)  of  the  CWA;  and  (5)  to 
describe  EPA's  efforts  to  maximize  Indian  partici- 
pation in  CWA  programs.  (Lantz-PTT) 
W9 1-07 193 


WATER     QUALITY     OF     SELECTED     TAIL- 
WATERS. 

Ouachita  Baptist  Univ.,  Arkadelphia,  AR.  Dept.  of 

Chemistry. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-07199 


SUPERFUND  RECORD  OF  DECISION:  BURNT 
FLY  BOG,  NJ. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-2063O4. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R02-88/072,  September 
1988.  49  p,  4  fig. 

Descriptors:  'Cleanup  operations,  'New  Jersey, 
•Superfund,  'Water  pollution  sources,  Excavation, 
Lead,  Oil  wastes,  Polychlorinated  biphenyls,  Soil 
contamination,  Surface  water,  Waste  capping, 
Waste  disposal. 


The  Burnt  Fly  Bog  site  is  located  in  Marlboro 
Township,  Monmouth  County,  New  Jersey.  The 
area  is  affected  by  contamination  from  a  10  acre 
parcel  where  waste  was  originally  deposited  (Up- 
lands Area  Operable  Unit).  The  site  includes  both 
flood  plains  and  wetlands.  Contamination  has  been 
detected  in  the  surface  water,  surface  spoil,  and  the 
shallow  subsurface  soil  as  a  result  of  uncontrolled 
discharges  and  runoff  from  the  Uplands  Area 
waste  sources.  The  Uplands  Area  includes  several 
abandoned  oil  storage  and  treatment  lagoons  con- 
taining residual  oil  sludges  and  aqueous  wastes, 
contaminated  waste  piles,  and  buried  or  exposed 
drummed  wastes.  These  are  the  result  of  activities 
at  the  site  from  1950-1965.  The  Uplands  Area  is 
currently  being  cleaned  up  under  a  Record  of 
Decision  signed  in  November  16,  1983.  The 
volume  of  soil  contaminated  with  PCBs  and  lead  is 
estimated  to  be  76,400  cu  yd  at  the  site,  with  an 
additional  5,600  cu  yd  of  contaminated  sediments 
in  an  adjacent  downstream  area.  There  is  no  evi- 
dence of  PCB  contamination  in  the  surface  water. 
The  primary  contaminants  of  concern  affecting  the 
surface  water,  soil  and  sediments  are  PCBs  and 
lead.  The  selected  remedial  action  for  this  site 
includes:  access  restrictions;  excavation  of  con- 
taminated sediments  from  the  downstream  area 
with  disposal  at  an  offsite  RCRA  Subtitle  C  facili- 
ty; and  containment  without  capping  contaminated 
soil  through  installation  of  a  sedimentation  basin 
and  appropriate  diversion  controls.  (Lantz-PTT) 
W9 1-07203 


SUPERFUND  RECORD  OF  DECISION, 
ALLIED  CHEMICAL,  OH. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-206221. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R05-88/078,  September 
1988.  89  p,  7  fig,  7  tab. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'Hazardous  wastes,  'Ohio,  'Superfund, 
Anthracene,  Benzene,  Cyanide,  Heavy  metals,  Oil 
wastes,  Organic  compounds,  Path  of  pollutants, 
Polycyclic  aromatic  hydrocarbons,  Volatile  organ- 
ic compounds,  Waste  disposal. 

This  remedial  action  addresses  the  Goldcamp  Dis- 
posal Area  (GDA)  operable  unit  of  The  Allied 
Chemical  site  located  in  Ironton,  Lawrence 
County,  Ohio,  The  site  is  a  four  acre  disposal  pit 
located  in  a  mixed  industrial/business/residential 
area.  The  GDA  was  a  sand  and  gravel  pit  used  for 
disposal  of  various  chemical  wastes  from  three 
sources  between  1945  and  1977.  The  wastes  in- 
clude anthracene  residue,  anthracene  salts,  phthalic 
anhydride  residue,  and  miscellaneous  process 
wastes  from  the  Tar  Plant;  foundry  sand  contain- 
ing heavy  metals,  phenolics,  and  oils  from  the 
Dayton  Malleable  Iron  Company;  and  wastes  dis- 
posed of  by  the  Goldcamp  Gravel  Company.  In 
1977,  Allied  decided  to  discontinue  use  of  the 
GDA  for  disposal  of  chemical  wastes.  Allied  and 
its  contractor  in  consultation  with  the  Ohio  Envi- 
ronmental Protection  Agency  (OEPA),  completed 
a  closure  project  at  the  site  in  August  1980,  which 
involved  removal  of  standing  liquids,  and  filling 
and  capping  the  site  with  clay.  Subsequent  geohy- 
drologic  and  water  quality  investigations  indicated 
that  there  is  groundwater  contamination  at  the  site 
which  may  pose  a  threat  to  public  health  through 
migration.  The  extent  of  the  contaminated  area  is 
uncertain,  but  the  volume  is  estimated  to  be 
156,000  cu  yds.  The  primary  contaminants  of  con- 
cern affecting  the  soil  and  groundwater  are:  VOCs 
(including  benzene),  other  organics  including 
phenols  and  PAHs,  and  inorganics  including  cya- 
nide. Selected  remedial  action  includes:  construc- 
tion of  a  slurry  wall  around  the  disposal  area  from 
ground  surface  into  the  low  permeability  bedrock; 
installation  of  a  multi-media  RCRA  cap  over  the 
surface  of  the  disposal  area;  and  extraction  and 
onsite  treatment  of  groundwater  from  inside  and 
outside  the  containment  system.  (Lantz-PTT) 
W9 1-07204 
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SUPERFUND  RECORD  OF  DECISION,  RHIN- 
EHART  TIRE  FIRE,  VA. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-206288. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R03-88/050,  June  1988.  34 
p,  1  fig,  2  tab. 

Descriptors:  ♦Cleanup  operations,  *Fire  effects, 
•Path  of  pollutants,  *Rhinehart  Tire  Fire  Super- 
fund  Site,  'Superfund,  *Virginia,  Arsenic, 
Groundwater  pollution,  Industrial  wastes,  Lead, 
Oil  wastes,  Potomac  River  Basin,  Pyrolysis,  Soil 
contamination. 

The  Rhinehart  Tire  Farm  (RTF)  site  is  located  in  a 
sparsely  populated  rural  area  in  Western  Fredrick 
County,  Virginia.  A  tire  disposal  operation  was 
conducted  at  the  site  from  1972-1983.  Disposal 
consisted  of  transporting  discarded  tires  from  vari- 
ous sites  and  storing  them  on  a  wooded  slope.  By 
October  1983,  5  to  7  million  tires  had  accumulated. 
These  tires  caught  fire  on  October  31,  1983,  pro- 
ducing a  hot  oil  from  the  melting  and  pyrolysis  of 
the  tires,  which  seeped  from  the  pile  of  tires  into 
Massey  Run.  An  undetermined  quantity  of  oil 
flowed  into  Hoque  Creek,  which  is  a  tributary  to 
the  Potomac  River  system.  Approximately  800,000 
gallons  of  oil  product  was  collected,  removed,  and 
recycled  into  fuel  oil  from  a  50,000  gallon  lined 
pond  constructed  downslope  of  the  burn  area.  A 
Remedial  Investigation  (RI)  was  conducted  to 
characterize  and  define  the  extent  of  possible  con- 
taminants. The  RI  indicated  that  the  ash  contami- 
nation continues  with  both  solid  residue  and  liquid 
seepage  by  means  of  precipitation.  Selected  reme- 
dial action  for  this  site  includes:  collection  of  sur- 
face runoff  with  gravity  settling;  collecting  of  shal- 
low groundwater  oily  seeps;  oil  water  separation 
and  transport  of  the  water  to  a  publicly  owned 
treatment  work;  construction  of  berms  to  increase 
freeboard  on  two  existing  onsite  ponds;  and  imple- 
mentation of  soil  erosion  controls.  (Lantz-PTT) 
W9 1-07205 


SUPERFUND  RECORD  OF  DECISION, 
SOUTH  CAVALCADE  STREET,  TX. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-206270. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R06-88/045,  September 
1988.  75  p,  3  fig,  5  tab. 

Descriptors:  'Cleanup  operations,  'Houston, 
•Path  of  pollutants,  *Superfund,  *Texas,  *Wood 
preservatives,  Aquifers,  Arsenic,  Benzene,  Chro- 
mium, Creosote,  Excavation,  Groundwater  pollu- 
tion, Lead,  Metals,  Polycyclic  aromatic  hydrocar- 
bons, Salts,  Soil  contamination,  Toluene,  Volatile 
organic  compounds,  Waste  containment,  Xylenes. 

The  66  acre  South  Cavalcade  site  is  located  in 
northeast  Houston,  Texas.  The  site  was  used  as  a 
wood  preserving  and  coal  tar  distillation  facility 
from  1910  to  1962.  The  wood  preserving  facility 
consisted  of  an  operations  area,  a  drip  track,  and 
treated  and  untreated  wood  storage  areas.  Creo- 
sote and  metallic  salts  were  used  in  the  operation. 
Beginning  in  November  1985,  EPA  sampled  all 
environmental  media  and  found  two  discrete  areas 
of  contamination  corresponding  to  the  location  of 
the  wood  treating  operations  and  the  coal  tar  plant 
in  the  southern  portion  of  the  site,  and  a  pond 
which  previously  existed  in  the  northern  portion  of 
the  site.  Polycyclic  aromatic  hydrocarbons 
(PAHs),  volatile  organic  compounds  (VOCs), 
metals  and  components  of  creosote  were  detected 
in  the  soil,  sediments,  and  groundwater.  VOCs 
including  benzene,  toluene,  and  xylenes,  and  other 
organics  including  PAHs  and  metals  including  ar- 
senic, chromium,  and  lead,  were  the  primary  con- 
taminants of  concern.  Selected  remedial  action  for 
this  site  includes:  excavation  and  onsite  washing  of 
19,500  cu  yds  of  soil;  replacing  the  soil  in  the 
excavated  areas  and  capping  and  treating  wash- 
water  in  the  groundwater  treatment  system;  in  situ 
soil  flushing  of  10,500  cu  yds  of  soil;  and  ground- 
water pump  and  treatment  of  50,000,000  gallons 


using  physical  and  chemical  separation,  pressure 
filtration,  and  carbon  adsorption  with  reinjection 
into  the  aquifer.  (Lantz-PTT) 
W9 1-07206 


SUPERFUND  RECORD  OF  DECISION, 
WAUSAU  WATER  SUPPLY,  WI. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161,  as  PB89-229520. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R05-89/086,  December 
1988.  78  p,  10  fig,  9  tab. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'Superfund,  'Water  supply,  'Wausau 
Water  Supply  Superfund  Site,  'Wisconsin,  Extrac- 
tion, Groundwater  mining,  Monitoring,  Volatile 
organic  compounds,  Wells. 

The  Wausau  Water  Supply  site  includes  5  of  6 
production  wells  in  the  City  Well  Field  located  on 
both  sides  of  the  Wisconsin  River.  The  wells 
supply  nearly  all  the  potable  water  for  approxi- 
mately 33,000  people,  as  well  as  irrigation  and 
industrial  water  to  surrounding  areas.  In  1982,  3  of 
the  wells  were  discovered  to  contain  volatile  or- 
ganic compounds  (VOCs).  In  1983  the  EPA  grant- 
ed funds  to  help  design  and  install  a  packed  tower 
VOC  stripper,  and  in  June  1984  installed  a  granular 
activated  carbon  (GAC)  treatment  system  on  one 
of  the  wells  (CW6)  in  response  to  an  increase  in 
VOC  concentration.  Currently,  the  city  continues 
to  blend  treated  water  with  water  from  unconta- 
minated  supply  wells  to  ensure  low  VOC  levels  in 
its  water  supply.  The  scope  of  this  expedited  oper- 
able unit  is  limited  to  the  contaminant  plume  af- 
fecting CW6  in  the  West  Well  Field.  The  primary 
contaminants  of  concern  at  the  West  Well  Field 
are  VOCs  including  trichloroethane.  The  selected 
remedial  action  for  this  site  includes:  groundwater 
pumping  and  treatment  using  air  stripping  with 
discharge  to  the  Wisconsin  River;  groundwater 
monitoring;  and  provision  for  implementation  of  an 
additional  extraction  well  as  necessary.  (Lantz- 
PTT) 
W9 1-07207 


SIMULTANEOUS,  MULTIPLE-LEVEL  WITH- 
DRAWAL FROM  A  DENSITY  STRATIFIED 
RESERVOIR. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-072 11 


SUPERFUND  RECORD  OF  DECISION: 
ROCKY  HILL,  NJ. 

Environmental  Protection  Agency,  Washington, 
DC.  Office  of  Emergency  and  Remedial  Response. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-206296. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/ROD/R02-88/061,  June  1988. 
56p,  8  fig,  6  tab. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'Rocky  Hill  Superfund  Site,  'Super- 
fund,  'Water  pollution  sources,  Air  stripping, 
Groundwater  mining,  Groundwater  quality,  Moni- 
toring, Path  of  pollutants,  Potable  water,  Trichlor- 
oethyelene. 

The  2-acre  Rocky  Hill  Municipal  Well  Field  site 
(RHMW)  is  located  in  Montgomery  Township, 
Somerset  County,  New  Jersey.  Montgomery 
Township  Housing  Development  (MTHD)  located 
north  of  the  well  field  contains  77  private  homes. 
RHMW  is  listed  on  both  the  State  and  National 
Registers  of  Historic  Places.  Additionally,  a  nearby 
corridor  has  potential  for  archaeological  signifi- 
cance. Two  wells,  numbered  1  and  2,  were  con- 
structed in  1936  to  provide  a  source  of  potable 
water  to  the  Borough  of  Rocky  Hill  (BRH).  A 
1978  Rutgers  University  study  revealed  trichlor- 
oethylene  (TCE)  contamination  levels  in  Well  1, 
and  it  was  abandoned  and  sealed  by  1978.  Further 
testing,  conducted  between  1978  and  1983  revealed 
cycles  of  elevated  levels  of  TCE  in  Well  2.  It  was 
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closed  in  November  1979.  Declining  levels  of  TCE 
in  the  well  field  resulted  in  the  reopening  of  the 
well;  however,  levels  increased  and  the  well  was 
again  closed  in  January  of  1982.  During  the  shut- 
down of  Well  2,  BRH  obtained  potable  water  from 
the  privately  owned  Elizabethtown  Water  Compa- 
ny. After  the  installation  of  two  air  stripping  units 
by  the  borough,  Well  2  reopened  as  a  potable 
water  source.  Recently,  38  MTHD  residents  elect- 
ed to  connect  to  the  municipal  supply.  The  first 
operable  unit  Record  of  Decision  (ROD),  signed  in 
September  1987,  provided  for  the  supply  of  alter- 
nate water  through  the  permanent  hookup  of  all 
remaining  MTHD  residences  and  6  residences  out- 
side of  MTHD.  Approximately  13  possible  sources 
of  contamination  are  under  evaluation.  TCE  is  the 
most  predominant  site  contaminant,  both  with  re- 
spect to  concentration  and  areal  extent.  Several 
additional  components  such  as  chlordane  and 
metals  are  sporadically  present;  however,  these 
compounds  were  not  considered  to  be  related  to 
the  TCE  contamination.  The  selected  remedial 
action  for  this  site  includes:  groundwater  pump 
and  treatment  using  air  stripping  with  reinjection; 
connection  of  any  remaining  affected  residences  to 
the  public  water  supply;  sealing  remaining  private 
water  supply  and  monitoring  wells  within  the  con- 
tamination plume;  and  implementation  of  ground- 
water sampling  program  to  monitor  the  effective- 
ness of  the  cleanup.  (Author's  abstract) 
W9 1-072 18 


WATER  QUALITY  OF  INTERSTATE 
STREAMS  IN  THE  SUSQUEHANNA  RIVER 
BASIN.  MONITORING  REPORT  3:  WATER 
YEAR  1989. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA.  Resource  Quality  Management  and  Protection 

Div. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-07219 


STUDY  OF  INNOVATIVE  TECHNIQUES  TO 
REDUCE  SUBSURFACE  DRAINAGE  FLOWS. 

Lord  (J.M.)  Inc.,  Fresno,  CA. 

Phase  III  Report,  October  1989.  69p,  33  fig,  11  tab. 

Bureau   of  Reclamation   Contract   No.   9-FC-20- 

07880. 

Descriptors:  'Drainage  programs,  'Irrigation  prac- 
tices, 'Subsurface  drainage,  'Water  pollution  con- 
trol, Agriculture,  Boron,  Drainage,  Drainage  prac- 
tices, Drainage  systems,  Flow  pattern,  Irrigation 
management,  Salinity,  Valves,  Water  table. 

This  Phase  III  report  summarizes  results  of  a  two- 
year  field  study  of  irrigation  management/con- 
trolled drainage  techniques  to  reduce  subsurface 
flows  and  constituent  loads  in  the  San  Joaquin 
Valley,  California.  For  Phase  III,  three  west-side 
fields  were  chosen  for  study.  Field  B10-2  was  a  150 
acre  tomato  field  located  in  Broadview  Water  Dis- 
trict. Field  P-l  was  a  93  acre  tomato  field  located 
in  Panoche  Water  District.  Field  W-3  was  a  152 
acre  cotton  field  located  in  Westlands  Water  Dis- 
trict. Early  in  the  1989  season,  the  tile  drainage 
system  on  Field  B10-2  was  modified  by  installing 
DOS-IR  Valves  to  control  the  drainage  outflow. 
Irrigation  and  drainage  monitoring  data  indicated 
that  irrigation  management  and  controlled  drain- 
age during  1989  resulted  in  limiting  deep  percola- 
tion to  1.9  inches.  Upflux  was  calculated  at  3.4 
inches.  Approximately  15%  more  salts  and  12% 
more  boron  left  the  field  in  the  drainage  effluent 
than  was  applied  through  irrigation  water.  Six 
additional  DOS-IR  Valves  were  installed  in  the  tile 
system  at  mid-field  of  Field  P-l  early  in  the  1989 
season.  Six  valves  were  previously  installed  at  the 
north  field  boundary  in  1988.  These  additional 
valves  were  needed  to  provide  additional  water 
table  control.  During  the  1989  installation  it  was 
decided  to  effectively  shut  off  the  tile  system  in 
order  to  keep  the  water  table  as  high  as  possible. 
The  combination  of  irrigation  and  controlled 
drainage  management  techniques  resulted  in  3.8 
inches  of  deep  percolation  and  2.6  inches  of  upflux. 
A  statistical  analysis  indicated  that  there  was  no 
significant  difference  in  salinity  and  boron  levels 
between  sampling  dates  over  the  course  of  the 
study.  Due  to  grower  operational  concerns  for  the 
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season,  and  high  water  table  conditions,  the  DOS- 
IR  Valves  could  not  be  installed  on  Field  W-3. 
This  prevented  implementation  of  actively  con- 
trolled drainage  management.  However,  some 
drainage  control  was  effected  by  control  of  the 
sump  pump.  Lack  of  a  tile  discharge  measuring 
point  made  it  necessary  to  estimate  tile  flows  based 
on  deep  percolation  losses.  These  data  indicated 
that  60%  more  salts  and  10%  more  boron  infiltrat- 
ed with  the  irrigation  water  than  left  the  field  in 
the  drainage  effluent.  Soil  sample  data  from  the 
autumns  of  '87,  '88  and  '89  showed  a  statistically 
significant  increase  in  salinity  and  boron  levels 
over  this  period.  This  is  due  to  the  continued 
recycling  of  tailwater  and  drainage  effluent  neces- 
sary due  to  the  lack  of  a  drainage  outlet  for  these 
lands.  (Lantz-PTT) 
W9 1-07223 


MITIGATION  OF  ACIDIC  CONDITIONS  IN 
LAKES  AND  STREAMS. 

Electric  Power  Research  Inst.,  Palo  Alto,  CA. 
D.  B.  Porcella,  C.  L.  Schofield,  J.  V.  DePinto,  C. 
T.  Driscoll,  and  P.  A.  Bukaveckas. 
IN:  Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 
Processes,  and  Lake  Acidification.  Advances  in 
Environmental  Science.  Springer-Verlag,  New 
York.  1990.  p  159-186,  3  fig,  2  tab,  112  ref. 

Descriptors:  *Acid  lakes,  *Acid  rain,  *Acid 
streams,  'Limestone,  'Neutralization,  *Water  pol- 
lution control,  *Water  pollution  treatment,  Alumi- 
num, Aquatic  environment,  Chemical  treatment, 
Ecosystems,  Hydrogen  ion  concentration,  Model 
studies. 

Limestone  treatment  is  a  practical  and  proven 
method  for  treating  acidic  surface  waters.  The 
major  controlling  factors  have  to  do  with  the  cost 
of  treatment  and  the  effectiveness  of  restoring  eco- 
logical conditions  in  the  surface  waters.  Two 
major  uncertainties  with  regard  to  the  latter  con- 
cern the  effect  of  episodic  acidification  on  fish  and 
invertebrates,  and  the  levels  of  fish  production 
attainable  with  long-term  maintenance  liming. 
Conclusions  drawn  from  this  literature  review  in- 
clude: (1)  calcific  limestone  is  favored  and  most 
commonly  used  for  treating  surface  waters;  (2) 
proper  selection  of  powder  sizes  can  allow  a  broad 
range  of  treatment  alternatives  as  well  as  minimize 
dissolution  problems;  (3)  models  should  incorpo- 
rate C02  influx  from  the  atmosphere  and  sediment 
interactions  so  as  to  accurately  simulate  calcite 
dissolution;  (4)  sediment  treatment  can  extend  the 
treatment  duration  of  lakes;  (5)  highly  organic 
waters  do  not  require  special  evaluation  for  treat- 
ment with  limestone;  (6)  aluminum  and  trace 
metals  are  reduced  effectively  by  liming,  but  the 
mechanisms  that  cause  their  removal  appear  to 
vary;  (7)  treatment  with  limestone  benefits  fish 
survival  and  reproduction.  Fish  production  of 
limed  lakes  is  typical  of  circumneutral  lakes;  (8)  a 
major  ecological  effect  of  mitigation  is  caused  by 
the  stocking  of  fish;  (9)  introduction  of  fish  and 
other  species  may  be  necessary  to  shorten  the  time 
required  to  attain  species  composition  similar  to 
circumneutral  lakes;  (10)  the  low  nutrient  condi- 
tions found  in  treated  lakes  apparently  limit  pro- 
duction; and  (11)  no  evidence  of  aluminum  toxicity 
at  high  pH  exists,  and  the  hypothesis  that  initial 
toxicity  to  fish  exists  due  to  formation  of 
Al(OH)4(-)  is  untenable.  (See  also  W91-07227) 
(Lantz-PTT) 
W91-07233 


RECOVERY  OF  ACIDIFIED  AND  METAL- 
CONTAME^ATED  LAKES  IN  CANADA. 

Toronto  Univ.  (Ontario).  Inst,  for  Environmental 

Studies. 

M.  Havas. 

IN:  Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 

Processes,   and   Lake  Acidification.   Advances  in 

Environmental     Science.     Springer-Verlag,     New 

York.  1990.  p  187-205,  2  fig,  3  tab,  32  ref. 

Descriptors:  'Acid  lakes,  'Acid  rain,  'Acidifica- 
tion, 'Canada,  'Case  studies,  'Heavy  metals, 
•Water  pollution  treatment,  'Water  quality,  Alka- 
linity, Aquatic  environment,  Ecological  effects, 
Ecosystems,  Fate  of  pollutants,  Fish,  Hydrogen 
ion  concentration,  Phytoplankton,  Rotifers,  Sul- 
fates, Sulfur  dioxide,  Trace  metals. 


Three  case  studies  that  deal  with  the  recovery  of 
aquatic  ecosystems  from  acidic  stress  are  present- 
ed. These  studies  include:  (1)  the  experimental 
acidification  and  partial  recovery  of  Lake  223  in 
the  Experimental  Lakes  Area  (ELA)  of  northwest- 
ern Ontario;  (2)  the  recovery  of  two  severely 
acidified  and  metal-contaminated  lakes  near  the 
now-closed  Coniston  Smelter  in  Ontario;  and  (3) 
the  recovery  of  moderately  acidified  lakes  in  the 
Sudbury  region  of  Ontario  following  regional  re- 
ductions of  S02  emissions.  All  of  these  studies 
indicate  that  lake  water  quality  improves  rapidly 
once  acidic  inputs  are  reduced.  Improvements  in- 
clude an  increase  in  pH,  a  decrease  in  S04  concen- 
trations, and  a  decrease  in  concentrations  of  trace 
metals.  Rapid  recovery  is  attributed  primarily  to  in 
situ  alkalinity  production  (bacterial  S04  and  N03 
reduction)  and  to  the  natural  flushing  of  lakes. 
Geological  weathering  within  the  drainage  basin  in 
areas  of  base-poor  bedrock  is  not  an  important 
source  of  lake  alkalinity.  Improvements  in  water 
quality  are  followed  by  changes  in  biota.  New 
species  may  invade  unoccupied  niches,  and  rare 
species  may  become  more  abundant  when  their 
natural  predators  and  competitors  are  eliminated 
or  when  their  food  supply  increases.  Rapidly  re- 
producing species,  such  as  rotifers  and  phytoplank- 
ton, are  among  the  first  to  become  better  estab- 
lished in  lakes  recovering  from  acidification.  Am- 
phibians and  fish  become  more  abundant  once  the 
pH  is  sufficiently  high  to  allow  them  to  reproduce 
successfully.  However,  information  about  biologi- 
cal recovery  is  still  insufficient  to  enable  us  to 
determine  to  what  extent  and  at  what  rate  the  biota 
do  recover  naturally  following  reductions  of  acidic 
and  trace  metal  inputs.  (See  also  W9 1-07227)  (Au- 
thor's abstract) 
W9 1-07234 


WATER  QUALITY  ENRICHMENT  TECH- 
NIQUES USED  WITHIN  THE  CORPS  OF  EN- 
GINEERS. 

Army  Engineer  Waterways  Experiment   Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
R.  E.  Price. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161  as  AD-A231  356. 
Price  codes:  A03  in  paper  copy,  A01  in  microfiche. 
Miscellaneous  Paper  W-90-1,  October  1990.  Final 
Report.  38p,  10  fig,  2  tab,  19  ref,  append. 

Descriptors:  'Surveys,  'Water  pollution  control, 
'Water  quality,  'Water  quality  control,  'Water 
quality  management,  'Water  resources  develop- 
ment, Corps  of  Engineers,  Data  acquisition,  Water 
management. 

This  report  examines  the  findings  of  a  US  Army 
Corps  of  Engineers  (CE)  questionnaire  sent  to 
each  CE  District  in  1988.  This  questionnaire  re- 
quested information  regarding  project  authoriza- 
tion, design,  water  quality  attributes,  and  water 
quality  enhancement  techniques.  The  degree  of 
success,  approximate  cost,  and  any  associated  dis- 
advantages of  the  particular  techniques  were  also 
requested.  Responses  were  received  from  17  Dis- 
tricts representing  9  Divisions.  Enhancement  tech- 
niques for  96  projects  were  reported.  The  water 
quality  concerns  were  categorized  according  to 
location  (tailwater,  pool,  or  lock  and  dam)  and  are 
discussed  in  respective  order  by  frequency  of  oc- 
currence from  questionnaire  responses.  Twenty- 
eight  different  enhancement  techniques  were  iden- 
tified with  some  projects  listed  as  still  under  inves- 
tigation. Of  the  categories  of  techniques,  operation- 
al methods  were  reported  to  be  the  most  success- 
ful. (Author's  abstract) 
W9 1-07238 


CHESAPEAKE  BAY  NONPOINT  SOURCE 
PROGRAMS. 

Environmental  Protection  Agency,  Annapolis, 
MD.  Chesapeake  Bay  Liaison  Office. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161,  as  PB89-152037. 
Price  codes:  A07  in  paper  copy,  A01  in  microfiche. 
January  1988.  122p,  7  fig,  29  tab. 

Descriptors:  'Chesapeake  Bay,  'Chesapeake  Bay 
Program,  'Maryland,  'Nonpoint  pollution  sources, 
•Pennsylvania,  'Virginia,  'Water  pollution  con- 
trol, Best  management  practices. 


The  Chesapeake  Bay  Agreement  of  1983  estab- 
lished the  framework  for  a  cooperative  effort 
among  Virginia,  Pennsylvania,  Maryland,  the  Dis- 
trict of  Columbia,  and  the  US  EPA  to  address  all 
sources  of  pollution  in  the  Bay  basin.  This  report 
describes  the  current  programs  to  ameliorate  non- 
point  sources  of  pollution  to  the  Bay  that  have 
been  developed  by  the  four  jurisdictions  in  coop- 
eration with  other  agencies;  the  achievements  to 
date  in  terms  of  pollutant  removal;  and  recommen- 
dations for  future  directions  of  the  Bay  program 
over  the  next  several  years.  The  report  is  orga- 
nized into  five  chapters:  Chapter  1,  Nonpoint 
Source  Strategy  for  Chesapeake  Bay  Restoration, 
provides  an  overview  of  Bay  nonpoint  source 
(NPS)  problems  and  discusses  the  overall  strategy 
for  NPS  control;  Chapter  2,  State  Nonpoint 
Source  Programs,  describes  the  approaches  that 
Virginia,  Pennsylvania,  Maryland  and  the  District 
of  Columbia  are  using  to  mitigate  their  NPS  prob- 
lems. The  chapter  describes  the  programs  of  these 
jurisdictions  and  cooperating  agencies,  with  an  em- 
phasis on  those  aspects  that  are  funded  with  EPA 
Chesapeake  Bay  Program  grants;  Chapter  3,  Effec- 
tiveness of  Best  Management  Practices,  briefly 
summarizes  the  types  of  practices  that  are  being 
used  or  studied  by  the  Bay  participants  to  manage 
or  control  nonpoint  sources;  Chapter  4,  The  Effect 
of  Agricultural  BMPs  on  Pollutant  Loads  Reach- 
ing the  Bay,  analyzes  the  available  information  on 
best  management  practices  (BMPs)  that  have  been 
implemented  in  1985  and  1986;  and,  Chapter  5, 
Recommendations  for  Future  Directions  of  the 
Chesapeake  Bay  NPS  Program,  presents  recom- 
mendations and  raises  several  issues  for  the  Bay 
program  over  the  next  several  years.  (Lantz-PTT) 
W9 1-07249 


CODORUS  CREEK  PRIORITY  WATER  BODY 
SURVEY  REPORT:  WATER  QUALITY  STAND- 
ARDS REVIEW. 

Susquehanna  River  Basin  Commission,  Harrisburg, 

PA.  Resource  Quality  Management  and  Protection 

Div. 

R.  E.  Edwards. 

Publication  No.   134,  January   1991.  Susquehanna 

River  Basin  Commission,  Harrisburg,  PA.  53p,  12 

fig,  5  tab,  15  ref,  append. 

Descriptors:  'Codorus  Creek,  'Pennsylvania, 
'Water  pollution  control,  'Water  pollution 
sources,  'Water  quality,  'Water  quality  standards, 
Copper,  Cyanide,  Dissolved  solids,  Heavy  metals, 
Lead,  Standards,  Water  pollution  effects,  Water 
quality  management,  Zinc. 

The  Codorus  Creek  was  classified  as  a  priority 
water  body  by  the  Systems  and  Program  Imple- 
mentation Section,  Bureau  of  Water  Quality  Man- 
agement, Pennsylvania  Department  of  Environ- 
mental Resources  (PaDER).  Wasteload  allocation 
screening  by  PaDER  indicated  that  Cu,  Pb,  Zn, 
and  free  CN  were  parameters  of  concern  in  Co- 
dorus Creek.  Because  of  the  possible  impacts  of 
toxic  discharges,  an  intensive  water  quality  survey 
of  Codorus  Creek  was  conducted  on  August  28-29, 
1990,  and  September  5-6,  1990.  Water  quality 
standards  were  met  for  dissolved  oxygen,  pH,  alka- 
linity and  free  CN  at  all  stream  stations  measured 
on  Codorus  Creek.  The  chronic  fish  health  crite- 
rion was  exceeded  for  total  Cu  at  River  Mile  (RM) 
5.03  and  for  total  Pb  at  RM  6.60  and  RM  5.03. 
Highest  values  measured  at  Codorus  Creek  stream 
stations  for  free  CN,  total  Cu,  total  Pb  and  total  Zn 
were  1.0  microgm/L,  12.1  microgm/L,  4.0  mi- 
crogm/L,  and  21.6  microgm/L,  respectively.  The 
data  indicated  that  some  relationships  exist  be- 
tween levels  of  toxic  pollutants  in  Codorus  Creek 
and  the  major  dischargers.  Significant  inputs  of 
total  Zn  can  be  attributed  to  the  York  City  public- 
ly owned  treatment  works  (POTW)(5.71  lbs/day), 
the  Springettsbury  Township  POTW  (3.21  lbs/ 
day),  and  the  PH.  Glatfelter  Company  (2.64  lbs/ 
day).  The  measured  total  Cu  load  from  the  P.H. 
Glatfelter  Co.  equalled  1.83  lbs/day.  Although 
some  of  the  dischargers  studied  have  impacted  the 
water  quality  on  Codorus  Creek,  the  trend  analy- 
ses show  that  other  sources  may  also  be  present. 
The  total  Zn  and  Cu  concentrations  measured  in 
samples  from  Oil  Creek  were  relatively  high  com- 
pared   to    concentrations    observed    on    Codorus 


182 


WATER  QUALITY  MANAGEMENT  AND  PROTECTION— Field  5 


Creek  at  RM  27.7.  An  unnamed  tributary  upstream 
of  the  USGS  gage  at  West  York  had  a  total  Pb 
concentration  higher  than  stream  concentrations 
on  Codorus  Creek.  The  lower  reach  of  Codorus 
Creek  contained  concentrations  of  Cu  and  Pb  two 
to  four  times  higher  than  those  sampled  elsewhere 
on  the  Codorus  Creek  suggesting  other  unknown 
sources.  (Lantz-PTT) 
W9 1-07250 


MODELCARE  90:  CALIBRATION  AND  RELI- 
ABILITY IN  GROUNDWATER  MODELLING. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-07253 


SIMULTANEOUS  CALIBRATION  OF  FLOW 
AND  TRANSPORT  MODELS  AND  OPTIMIZA- 
TION OF  REMEDIATION  MEASURES. 

Ecole    Nationale    des    Ingenieurs    des    Travaux 

Ruraux  et  des  Techniques  Sanitaires,  Strasbourg 

(France). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07269 


DELINEATION  OF  GROUNDWATER  PRO- 
TECTION ZONES  USING  FORCED  GRADI- 
ENT TRACER  TESTS:  A  MODEL  VALIDA- 
TION CASE  STUDY. 

Stuttgart  Univ.  (Germany,  F.R.).  Inst,  fuer  Was- 

serbau. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-07288 

PROBABILISTIC  COST  EFFECTIVENESS  IN 
AGRICULTURAL  NONPOINT  POLLUTION 
CONTROL. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Agricultural  Economics  and  Rural  Sociology. 
W.  T.  McSweeny,  and  J.  S.  Shortie. 
Southern  Journal  of  Agricultural  Economics,  Vol. 
22,  No.   1,  p  95-104,   1990.  2  fig,  4  tab,   15  ref. 

Descriptors:  'Agricultural  engineering,  ♦Agricul- 
ture, 'Cost  analysis,  *Nonpoint  pollution  sources, 
♦Virginia,  *Water  pollution  control,  Economic  as- 
pects, Government  supports,  Groundwater  pollu- 
tion, Model  studies,  Rainfall,  Resource  manage- 
ment, Runoff,  Soil  erosion,  Statistical  analysis. 

A  probabilistic  concept  was  used  to  evaluate  the 
cost  effectiveness  of  whole-farm  pollution  control 
plans.  The  case  of  a  competitive,  risk-neutral  farm 
is  considered,  with  a  single  pollutant  assumed. 
Pollution  runoff  from  the  farm  is  a  function  of 
deterministic  variables  that  the  farmer  controls  in 
the  production  process  and  stochastic  variables, 
such  as  rainfall.  The  study  area  for  the  testing  of 
this  model  was  the  Nansemond  River  and  Chucka- 
tuck  Creek  watersheds,  Virginia.  An  activity  anal- 
ysis model  of  the  representative  farm  was  devel- 
oped to  determine  expected  profit-maximizing 
farm  plans  with  and  without  environmental  con- 
straints. The  model  was  solved  using  linear  and 
nonlinear  procedures  of  MINOS.  The  cost  and 
probabilistic  effectiveness  of  three  alternative  re- 
strictions (no-tillage,  no-till  except  for  peanuts,  and 
prohibition  of  practices  with  annual  average  soil 
loss  rates  in  excess  of  silt  tolerance  values  on 
highly  erodible  land.  Two  main  conclusions  were 
drawn  from  the  numerical  analysis:  reliability  can 
be  as  important  as  reduction  targets  in  designing 
farm  plans  for  pollution  control,  and  broad-axe 
prescriptions  of  'appropriate'  technology  in  the 
form  of  best  management  practices  may  perform 
poorly  with  respect  to  cost  effectiveness.  Govern- 
ment standards  could  be  imposed  on  means  and 
weighted  variances  and  farmers  could  determine 
least-cost  plans  for  meeting  these  standards  (pro- 
vided they  receive  technical  assistance  on  the  rela- 
tionship between  practices  and  the  distribution  of 
losses).  Economic  incentives  offer  another  means 
for  promoting  cost  effective  planning  at  the  farm 
level.  The  usefulness  of  a  farm-level  study  is  seen 
in  designing  controls,  but  a  watershed  model  may 
often  provide  more  useful  information  to  planners 
regarding  trade-offs  across  subsheds  and  tributar- 
ies. (Brunone-PTT) 
W9 1-07362 


INFLUENCE  OF  THE  GLYCOLIPID-PRODUC- 
ING  BACTERIUM  RHODOCOCCUS  ERYTH- 
ROPOLIS  ON  THE  DEGRADATION  OF  A  HY- 
DROCARBON MIXTURE  BY  AN  ORIGINAL 
SOIL  POPULATION. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 
Inst,  fuer  Biochemie  und  Biotechnologie. 
E.  Goclik,  R.  Muller-Hurtig,  and  F.  Wagner. 
Applied       Microbiology       and       Biotechnology 
AMBIDG,  Vol.  34,  No.  1,  p  122-126,  1990.  2  fig,  3 
tab,  12  ref. 

Descriptors:  'Biodegradation,  *Glycolipids,  *Hy- 
drocarbons,  *Oil  wastes,  *Rhodococcus,  *Soil  bac- 
teria, *Waste  treatment,  *Water  pollution  treat- 
ment, Carbon  dioxide,  Culture  media,  Culturing 
techniques,  Degradation,  Growth,  Mineralization, 
Oxidation. 

Experiments  were  undertaken  to  determine  wheth- 
er employing  a  starter  culture  of  the  bacterium 
Rhodococcus  erythropolis  that  produces  6,6-treha- 
losedicorynomycolates  could  replace  the  addition 
of  purified  biosurfactant  known  to  accelerate  hy- 
drocarbon degradation  by  an  original  soil  popula- 
tion in  a  stirred  reactor.  The  rate  of  degradation, 
degree  of  elimination  of  hydrocarbons,  mineraliza- 
tion, and  degree  of  oxidation  were  determined  in 
order  to  assess  the  extent  of  degradation.  Com- 
pared with  degradation  by  soil  microorganisms, 
only  an  acceleration  of  utilization  of  the  hydrocar- 
bons was  observed  in  cultures  of  growing  cells  of 
R.  erythropolis,  although  the  effect  of  purified 
trehalosedicorynomycolates  is  not  reached.  Except 
for  a  higher  degree  of  oxidation,  a  sufficient 
amount  of  trehalosedicorynomycolates  bound  to 
autoclaved  biomass  of  R.  erythropolis  does  not 
have  any  effect.  (Author's  abstract) 
W9 1-07376 


EFFECT  OF  SOIL/CONTAMINANT  INTERAC- 
TIONS ON  THE  BIODEGRADATION  OF 
NAPHTHALENE  IN  FLOODED  SOIL  UNDER 
DENITRIFYING  CONDITIONS. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Civil 

Engineering. 

B.  Al-Bashir,  T.  Cseh,  R.  Leduc,  and  R.  Samson. 

Applied       Microbiology       and       Biotechnology 

AMBIDG,  Vol.  34,  No.  3,  p  414-419,  December 

1990.  2  fig,  1  tab,  20  ref. 

Descriptors:  *Biodegradation,  *Bioremediation, 
♦Naphthalenes,  *Oil  pollution,  *Polycyclic  aro- 
matic hydrocarbons,  'Soil  contamination,  Acidity, 
Denitrification,  Flooding,  Microbial  degradation, 
Mineralization,  Nitrates,  Saturation,  Soil  organic 
matter,  Sorption. 

The  mineralization  of  C14-labeled  naphthalene  was 
studied  in  pristine  and  oil-contaminated  soil  slurry 
(30%  solids)  under  denitrifying  conditions  using  a 
range  of  concentrations  from  below  to  above  the 
aqueous  phase  saturation  level.  Results  from  sorp- 
tion-desorption  experiments  indicated  that  naph- 
thalene desorption  was  highly  irreversible  and  de- 
creased with  an  increase  in  the  soil  organic  con- 
tent, thus  influencing  the  availability  for  microbial 
consumption.  Under  denitrifying  conditions,  the 
mineralization  of  naphthalene  to  C02  occurred  in 
parallel  with  the  consumption  of  nitrate  and  an 
increase  in  pH  from  7.0  to  8.6.  When  the  initial 
substrate  concentration  was  50  ppm  (close  to  the 
aqueous  phase  saturation  level),  about  90%  of  the 
total  naphthalene  was  mineralized  within  50  days, 
and  a  maximum  mineralization  rate  of  1.3  ppm/day 
was  achieved  after  a  lag  period  of  approximately 
18  days.  When  added  at  concentrations  higher  than 
the  aqueous  phase  saturation  level  (200  and  500 
ppm),  similar  mineralization  rates  (1.8  ppm/day) 
occurred  until  about  50  ppm  of  the  naphthalene 
was  mineralized.  After  that  the  mineralization  rates 
decreased  logarithmically  to  a  minimum  of  0.24 
ppm/day  for  the  rest  of  the  160  days  of  the  experi- 
ments. This  study  clearly  shows  the  potential  of 
denitrifying  conditions  for  the  biodegradation  of 
low  molecular  weight  polycyclic  aromatic  hydro- 
carbons. (Author's  abstract) 
W91-07380 


EMERGING  PRIORITIES  FOR  AGRICULTUR- 
AL RESEARCH  IN  THE  1990S. 


Water  Quality  Control — Group  5G 

Proceedings  and  Minutes  of  the  37th  Annual  Meet- 
ing of  Agricultural  Research  Institute,  October  12- 
14,  1988,  Washington,  DC.  Agricultural  Research 
Institute,  Bethesda.  1988.  265p. 

Descriptors:  *Agricultural  Research  Institute, 
•Agriculture,  *Institutions,  'Symposium,  ♦Wash- 
ington, Air  quality,  Food  safety,  Management,  Pes- 
ticides, Water  quality. 

Proceedings  and  minutes  of  the  thirty-seventh 
annual  meeting  of  the  Agricultural  Research  Insti- 
tute (ARI)  held  in  Washington,  D.  C.  on  October 
12-14,  1988  are  presented.  The  ARI  was  organized 
in  1951  by  industrial  scientists  as  a  supporting 
institution  for  the  Agricultural  Board  of  the  Na- 
tional Academy  of  Sciences/National  Research 
Council  to  identify  and  promote  the  kinds  of  re- 
search and  policies  needed  to  ensure  the  best  long- 
term  utilization  and  management  of  agricultural 
resources  for  the  national  welfare.  This  meeting 
addressed  major  issues  in  agriculture  which  includ- 
ed pesticide  use,  air  quality,  water  quality,  and 
food  safety  and  quality.  Cutting  across  all  of  these 
concerns  are  issues  of  agricultural  competitiveness 
and  appropriate  research  strategies.  (See  W91- 
07446  thru  W9 1-07444)  (Medina-PTT) 
W9 1-07443 


IMPROVING  ON-TARGET  PLACEMENT  OF 
PESTICIDES. 

Ohio  State  Univ.,  Wooster.  Lab.  for  Pest  Control 
Application  Technology. 
F.  R.  Hall. 

IN:  Emerging  Priorities  for  Agricultural  Research 
in  the  1990s.  Agricultural  Research  Institute,  Be- 
thesda. 1988.  p  9-16.  1  fig,  11  ref. 

Descriptors:  'Agricultural  chemicals,  *Path  of  pol- 
lutants, 'Pesticide  drift,  'Pesticide  toxicity,  'Pesti- 
cides, 'Water  pollution  prevention,  Air  pollution, 
Food  chains,  Water  quality. 

Since  1984,  the  Agriculture  Research  Institute 
(ARI)  has  been  concerned  with  pesticides  in  the 
environment  but  little  concerned  with  how  these 
pesticides  are  delivered  to  the  environment. 
Today,  questions  are  asked  about  the  food  chain, 
pesticides  in  foods,  toxic  waste  dumps,  and  the 
billion  dollar  blunder  (lack  of  sufficient  sprayer 
calibration).  Thus  the  agricultural  community  is 
faced  with  impact  pressures  from  high  technology 
agriculture  focused  on  water  quality,  worker 
safety,  ethics,  labor,  endangered  species,  air  qual- 
ity, waste  management,  small  farm  strategies,  best 
management  practices,  etc.  A  recent  meeting  was 
held  by  the  ARI  to  develop  an  Implementation 
Plan  for  improving  the  placement  efficiency  of 
agrochemicals.  The  conference  attendees  were  to: 
(1)  identify  key  events  dictating  current  and  future 
programs  (regulatory  and  public  perceptions),  and 
educational  successes  and  opportunities  within  the 
public  and  private  sectors;  and  (2)  to  develop  an 
implementation  plan  which  will  stimulate  innova- 
tive activities  and  promote  a  coordinated  multidis- 
ciplinary  strategy  for  a  more  rational,  scientific 
utilization  of  agrochemicals  for  the  1990's.  It  was 
determined  that  major  objectives  should  be  to  (1) 
improve  and  develop  new  concepts  of  returnable 
packaging  and  standardize  containers;  and  (2)  de- 
velop a  training  program  and  set  up  a  national 
network  to  'transfer  the  technology'.  (See  also 
W9 1-07443)  (Medina-PTT) 
W9 1-07444 


CHANGING  ATMOSPHERE:  IMPLICATIONS 
FOR  AGRICULTURE. 

Agricultural    Research    Service,    Beltsville,    MD. 
Climate  Stress  Lab. 
D.  T.  Krizek. 

IN:  Emerging  Priorities  for  Agricultural  Research 
in  the  1990s.  Agricultural  Research  Institute,  Be- 
thesda. 1988.  p  21-35.  3  tab,  31  ref. 

Descriptors:  'Air  pollution,  'Global  warming, 
'Greenhouse  effect,  Agriculture,  Carbon  dioxide, 
Chlorofluorocarbons,  Halons,  Methyl  chloroform, 
Nitrous  oxide,  Ozone,  Radioactivity,  Ultraviolet 
radiation. 
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During  the  past  30  years,  the  chemistry  of  the 
atmosphere  has  changed  dramatically  because  of  a 
build-up  in  carbon  dioxide,  nitrous  oxide,  methane, 
chlorofluorocarbons,  methyl  chloroform,  halons, 
and  other  trace  gases.  Because  of  the  radioactive 
properties  of  these  contaminants,  there  is  growing 
concern  that  accumulation  of  these  greenhouse 
gases  will  contribute  to  global  warming  and  other 
adverse  changes  in  climate.  There  is  also  concern 
that  decreases  in  stratospheric  ozone  concentration 
will  increase  the  level  of  biologically  effective 
radiation  in  the  28-320  nm  (UV-B)  region.  Such 
changes  in  the  atmosphere  could  have  a  significant 
impact  on  production  of  crops  and  natural  ecosys- 
tems. Single  and  multiple-factor  studies  are  needed 
to  assess  the  agricultural  impact  of  increased  levels 
of  CO-2,  air  pollutants,  UV-B  radiation,  drought, 
and  high  temperature  stress  and  to  determine  the 
mechanisms  of  tolerance  or  adaptation  to  these 
stress  factors.  Policy  options  available  to  reduce 
emissions  of  green  house  gases  include  making 
changes  in  energy  production  and  use,  developing 
environmentally  safe  substitutes,  altering  methods 
for  agricultural  production,  increasing  reforesta- 
tion, and  changing  land  management  practices. 
Any  overall  solution  will  require  international  co- 
operation among  many  nations  and  significant  re- 
ductions in  many  sources.  (See  also  W9 1-07443) 
(Author's  abstract) 
W9 1-07445 


AMELIORATION  OF  SURFACE  WATER 
ACIDITY  BY  CATCHMENT  MANAGEMENT. 

Institute    of   Terrestrial    Ecology,    Grange-over- 

Sands  (England).  Merlewood  Research  Station. 

M.  Hornung,  S.  J.  Brown,  and  A.  Ranson. 

IN:  Acid  Waters  in  Wales.  Monographiae  Biologi- 

cae    Volume    66.    Kluwer    Academic    Publishers, 

Norwell,  Massachusetts.  1990.  p  311-328.  4  fig,  34 

ref. 

Descriptors:  *Acid  rain  effects,  *Acid  streams, 
•Acidification,  'Acidity,  'Wales,  'Watershed 
management,  Air  pollution,  Buffer  capacity,  Conif- 
erous forests,  Drainage  patterns,  Economic  as- 
pects, Emission  control,  Forestry,  Liming,  Neu- 
tralization, Reforestation,  Soil  amendments,  Soil 
chemistry,  Streams,  Sumps,  Surface  water. 

Amelioration  of  surface  water  acidity  in  upland 
Wales  will  almost  certainly  involve  a  combination 
of  emission  reductions  and  direct  intervention  in 
catchment  management.  Possible  modifications  to 
catchment  management  are  outlined.  Topics  in- 
clude: (1)  modification  of  catchment  vegetation; 

(2)  modifications  to  soil  chemistry  by  addition  of 
neutralizing  materials,  burning,  and  drainage;  and 

(3)  modifications  to  catchment  hydrology.  Results 
are  presented  from  current  catchment  management 
experiments  being  conducted  in  Wales  which  in- 
ude:  standard  agricultural  land  improvement, 
surface  liming,  forestry  ploughing,  conifer  forest 
treatments,  bankside  clearance  and  liming,  and  in- 
tensive liming  on  an  unplanted  area  within  a  forest. 
It  is  concluded  that  liming  of  stream  catchments 
can  lead  to  a  reduction  in  surface  water  acidity. 
Finely  ground  materials  should  be  used  to  obtain  a 
rapid  response.  Treatment  of  a  whole  catchment, 
by  surface  liming,  produces  a  reduction  in  aeidity 
but  the  most  cost  effective  treatment  might  well  be 
liming  of  source  areas,  which  may  form  only  a 
small  part  of  the  catchment,  at  high  rates,  e.g.  25- 
30  t/ha.  Large-scale  felling  of  forests  to  reduce 
stream  acidity  is  not  practical  and  may,  on  sensi- 
tive sites,  cause  an  initial  increase  in  acidity  and/or 
aluminum  concentrations.  Decisions  on  the  advis- 
ability of  afforestation  on  sensitive  sites  should  be 
made  before  planting,  or  after  normal  harvesting. 
Modified  ploughing  and  drainage  techniques  and 
modified  design  of  drainage  schemes  in  forestry 
plantations  reduce  the  impact  of  site  preparation 
on  surface  water  acidity.  Ripping  and  digging  of 
sumps  to  ensure  deep  penetration,  and  increased 
buffering  of  drainage  waters  are  unlikely  to  be 
effective  at  most  upland  Welsh  sites.  (See  also 
W9 1-07472)  (Agostine-PTT) 

W9 1-07491 


ABATEMENT  OF  ATMOSPHERIC  EMIS- 
SIONS IN  NORTH  AMERICA:  PROGRESS  TO 
DATE  AND  PROMISE  FOR  THE  FUTURE. 


Southern  California  Edison  Co.,  Rosemead. 
E.  C.  Ellis,  R.  E.  Erbes,  and  J.  K.  Grott. 
IN:  Acidic  Precipitation,  Vol.  3:  Sources,  Deposi- 
tion, and  Canopy  Interactions.  Advances  in  Envi- 
ronmental Science.  Springer-Verlag  New  York, 
Inc.,  New  York.  1990.  p  285-322.  5  fig,  9  tab,  55 
ref. 

Descriptors:  'Acid  rain,  'Acid  rain  effects,  'Acidi- 
fication, 'Air  pollution,  'Emission  control,  'North 
America,  'Water  pollution  control.  Atmosphere, 
Canada,  Economic  aspects,  Industrial  wastes,  Ni- 
trogen oxides,  Planning,  Political  aspects,  Power- 
plants,  Reviews. 

Much  progress  has  been  made  in  acidic  rain  abate- 
ment in  North  America.  This  progress  is  examined 
with  a  focus  on  man-made  emissions  of  sulfur 
dioxide  and  nitrogen  oxides  (NO  and  N02)  that 
contribute  to  acidic  deposition.  A  review  of  U.S. 
historical  trends  of  S02  and  nitrogen  oxides  emis- 
sions since  1900  and  projections  of  future  emissions 
through  the  end  of  this  century  show  emissions  of 
S02  decreasing  from  a  peak  in  1970  of  29  Tg/yr  to 
about  26  Tg/yr,  but  nitrogen  oxides  emissions  con- 
tinuing an  upward  trend  to  about  25  Tg/yr.  In 
Canada,  S02,  NO  and  N02  emissions  are  less  than 
20%  of  those  in  the  United  States,  and  the  trends 
are  similar,  with  S02  showing  future  decreases  and 
NO  and  N02  continuing  to  increase.  Future  indus- 
try in  North  America  is  expected  to  emit  much 
lower  levels  of  S02,  NO,  and  N02.  Technology  is 
also  available  to  limit  nitrogen  oxides  emissions 
from  future  motor  vehicles.  Recent  acidic  deposi- 
tion legislation  in  the  U.S.  Congress  to  reduce 
electric  utility  and  industrial  emissions  of  S02  by  9 
to  13  Tg/yr  is  reviewed.  The  estimates  of  the  cost 
to  implement  the  proposals  range  from  $2  billion  to 
$23  billion  over  a  5-year  period.  Retrofitting  exist- 
ing utility  and  industrial  boilers  for  maximum  S02, 
NO,  and  N02  reduction  carries  the  highest  price 
tag.  Several  environmental  policy  options  are  ex- 
plored for  preventing  emission  increases  and  also 
promoting  decreases  in  future  emissions  of  S02, 
NO,  and  N02  in  North  America.  Focus  on  nitro- 
gen oxides  emissions  may  be  critical  because  popu- 
lation growth  could  cause  significant  increases  in 
NO  and  N02  from  motor  vehicle  use.  (See  also 
W9 1-075 13)  (Author's  abstract) 
W9 1-075 19 


BIOLOGICAL  STATUS  QUO  IN  THE  LOWER 
WUPPER  (DER  BIOLOGISCHE  STATUS  QUO 
DER  UNTEREN  WUPPER). 

Bayer  A.G.,   Leverkusen  (Germany,  F.R.).   Um- 

weltschutz/Analytik. 

N.  Caspers,  and  H.  Spaeh. 

Zeitschrift  fuer  Wasser-  und  Abwasser-Forschung 

ZWABAQ,  Vol.  23,  No.  5,  p   199-204,  October 

1990,  2  fig,  5  tab,  9  ref.  English  summary. 

Descriptors:  'Germany,  'River  restoration, 
'Stream  pollution,  'Water  pollution  control, 
'Water  pollution  treatment,  'Water  quality  trends, 
'Wupper  River,  Dam  effects,  Fish  food  organisms, 
Fish  populations,  Industrial  development,  Waste 
treatment,  Water  pollution  sources. 

After  more  than  a  hundred  years  of  extreme  pollu- 
tion, the  ecosystem  of  the  lower  Wupper  River,  in 
the  heavily-industrialized  area  of  Westphalia,  Ger- 
many, is  now  showing  encouraging  signs  of  recov- 
ery. This  is  the  direct  result  of  carefully-targeted 
wastewater-treatment  programs  in  industry.  The 
previously  high  levels  of  toxicity  (as  determined  by 
Daphnia  bioassay)  have  been  ameliorated  and 
there  has  been  a  corresponding  increase  in  the 
diversity  of  benthic  invertebrate  species,  especially 
of  insect  larvae.  Thus,  since  about  1980,  a  plentiful 
fauna  of  fish-food  organisms  has  been  building  up; 
this  in  turn  has  facilitated  the  stabilization  of  a  fish 
fauna.  However,  this  fauna  continues  to  be  subject 
to  detrimental  influences-such  as  dams  which  re- 
strict fish  movements,  inadequate  sewer  systems 
(such  as  those  of  the  cities  of  Wuppertal  and  Solin- 
gen),  and  the  input  of  enriching  substances  from 
the  outfalls  of  municipal  sewage  plants.  Through 
the  combined  efforts  of  all  users  of  the  lower 
Wupper,  an  integrated  restoration  project  (as  pro- 
posed in  the  existing  management  plan)  might 
eventually  allow  the  permanent  establishment  of  a 
water-quality  classification  of  only  'moderately 
polluted'.  (King-PTT) 


W9 1-07546 


EVALUATING  GAC  FOR  TRIHALOMETHANE 
CONTROL. 

Southern  California  Metropolitan  Water  District, 
Los  Angeles. 

For  primary  bibliographic  entry  see  Field  5F. 
W9 1-07604 


KINETICS  OF  CHLORINATED  HYDROCAR- 
BON DEGRADATION  BY  METHYLOSINUS 
TRICHOSPORIUM  OB3B  AND  TOXICITY  OF 
TRICHLOROETHYLENE. 

Groningen  Rijksuniversiteit  (Netherlands).  Dept. 
of  Biochemistry. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07640 


AEROBIC  BIODEGRADATION  POTENTIAL 
OF  SUBSURFACE  MICROORGANISMS  FROM 
JET  FUEL-CONTAMINATED  AQUIFER. 

Geological  Survey,  Columbia,  SC. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07641 


DECHLORINATION  OF  CHLOROCATE- 
CHOLS  BY  STABLE  ENRICHMENT  CUL- 
TURES OF  ANAEROBIC  BACTERIA. 

Swedish  Environmental  Research  Inst.,  Stock- 
holm. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07642 


EFFECTS  OF  TOXICITY,  AERATION,  AND 
REDUCTANT  SUPPLY  ON  TRICHLOROETH- 
YLENE TRANSFORMATION  BY  A  MIXED 
METHANOTROPHIC  CULTURE. 

California  Univ.,  Berkeley.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07646 


INFLUENCE  OF  ENDOGENOUS  AND  EXOGE- 
NOUS ELECTRON  DONORS  AND  TRICHLOR- 
OETHYLENE OXIDATION  TOXICITY  ON 
TRICHLOROETHYLENE  OXIDATION  BY 
METHANOTROPHIC  CULTURES  FROM  A 
GROUNDWATER  AQUIFER. 
Stanford  Univ.,  CA.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07647 


PHYSIOLOGICAL  DIVERSITY  AND  DISTRI- 
BUTIONS OF  HETEROTROPHIC  BACTERIA 
IN  DEEP  CRETACEOUS  SEDIMENTS  OF  THE 
ATLANTIC  COASTAL  PLAIN. 

Battelle  Pacific  Northwest  Labs.,  Richland,  WA. 
J.  K.  Fredrickson,  D.  L.  Balkwill,  J.  M.  Zachara, 
S.  W.  Li,  and  F.  J.  Brockman. 
Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  57,  No.  1,  p  402-411,  February 
1991,  1  fig,  8  tab,  28  ref.  Department  of  Energy 
contract  DE  AC06-76RLO  1830. 

Descriptors:  'Biodegradation,  'Bioremediation, 
•Cleanup,  'Groundwater  pollution,  'Heterotro- 
phic bacteria,  'In  situ  treatment,  'Species  composi- 
tion, Aerobic  bacteria,  Biological  studies.  Biotrans- 
formation, Culturing  techniques. 

A  series  of  23  intact  core  segments  was  obtained 
from  two  distinct  deep  subsurface  geological  for- 
mations, the  Middendorf  and  the  Cape  Fear  forma- 
tions, underlying  the  southeastern  coastal  plain  of 
South  Carolina.  The  Middendorf  formation  in  this 
region  consists  of  permeable,  saturated,  sandy  sedi- 
ments: the  Cape  Fear  formation  consists  mainly  of 
less  permeable  sediments.  The  core  segments  were 
separated  by  vertical  distances  ranging  from  sever- 
al centimeters  to  48  meters.  Aerobic  chemohetro- 
trophic  bacteria  were  enumerated  in  a  dilute 
medium,  and  populations  ranged  from  3.1  to  6.4 
log  CFU  per  gram  of  sediment  in  the  Middendorf 
cores  and  from  below  detection  to  4.3  log  CFU  per 
gram    in   the   Cape   Fear   cores.    A   total   of   198 
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morphologically  distinct  colony  types  were  isolat- 
ed, purified,  and  subjected  to  108  different  physio- 
logical measurements.  The  isolates  from  the  two 
formations  were  distinct  (i.e.,  they  produced  sub- 
stantially different  response  patterns  to  the  various 
physiological  measurements),  as  were  those  in  dif- 
ferent core  samples  from  the  same  formation.  Clus- 
ter analysis  revealed  21  different  biotypes  based  on 
similarities  of  75%  or  higher  in  response  patterns 
to  21  physiological  assays.  One  biotype  contained 
57  (29%)  of  the  subsurface  isolates,  10  biotypes 
contained  5  or  more  isolates,  and  the  remainder 
had  4  or  fewer.  The  organic  compounds  that  were 
most  commonly  metabolized  by  the  subsurface 
bacteria  included  Tween  40  (85%)  and  beta-hy- 
droxybuteric  acid  (60%).  Organic  acids,  in  general, 
were  also  commonly  metabolized  by  the  subsur- 
face bacteria.  Isolates  from  the  Cape  Fear  core 
segments  were  capable  of  metabolizing  a  higher 
percentage  of  the  substrates  than  were  bacteria 
isolated  from  the  Middendorf  formation.  Although 
the  heterogeneous  distributions  of  bacteria  in  deep 
subsurface  sediments  may  make  it  difficult  to  use 
aquifer  microorganisms  to  predict  in  situ  biotrans- 
formation rates,  the  diversity  of  the  physiological 
properties  of  these  organisms  offers  promise  for  in 
situ  remediation  of  contaminants.  (Author's  ab- 
stract) 
W91-07650 


EFFECTS  OF  2,4-DICHLOROPHENOL,  A  ME- 
TABOLITE OF  A  GENETICALLY  ENGI- 
NEERED BACTERIUM,  AND  2,4,-DICHLORO- 
PHENOXYACETATE  ON  SOME  MICROOR- 
GANISM-MEDIATED ECOLOGICAL  PROC- 
ESSES IN  SOIL. 

Corvallis  Environmental  Research  Lab.,  OR. 
K.  A.  Short,  J.  D.  Doyle,  R.  J.  King,  R.  J.  Seidler, 
and  G.  Stotzky. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  57,  No.  2,  p  412-418,  February 
1991,  4  fig,  2  tab,  34ref. 

Descriptors:  'Biodegradation,  'Bioremediation, 
•Chlorinated  hydrocarbons,  'Cleanup,  *Genetic 
engineering,  "In  situ  treatment,  *Pseudomonas, 
'Soil  contamination,  Bacteria,  Dechlorination,  De- 
contamination, Degradation  products,  Enzymes, 
Gas  chromatography,  Mass  spectrometry,  Metabo- 
lites, Plasmids. 

In  order  to  test  the  efficacy  of  pRO301,  a  plasmid 
which  encodes  for  the  degradation  of  2,4-dichloro- 
phenoxyacetate  (2,4-D)  as  a  potential  bioremedia- 
tor  of  contaminated  soil  systems,  a  genetically  en- 
gineered microorganism,  Pseudomonas  putida 
PPO301(pRO103),  and  the  plasmidless  parent 
strain,  PPO301,  were  added  at  approximately 
10,000,000  CFU/g  of  soil  amended  with  500  ppm 
of  2,4-D  (500  micrograms/gram).  The  degradation 
of  2,4-D  and  the  accumulation  of  a  single  metabo- 
lite, identified  by  gas  chromatography-mass  spec- 
trophotometry as  2,4-dichlorophenol  (2,4-DCP), 
occurred  only  in  soil  inoculated  with 
PPO301(pRO103),  wherein  2,4-DCP  accumulated 
to  >70  ppm  for  5  weeks  and  the  concentration  of 
2,4-D  was  reduced  to  <  100  ppm.  Coincident  with 
the  accumulation  of  2,4-DCP  was  a  >  400-fold 
decline  in  the  numbers  of  fungal  propagules  and  a 
marked  reduction  in  the  rate  of  C02  evolution, 
whereas  2,4-D  did  not  depress  either  fungal  propa- 
gules or  respiration  of  the  soil  microbiota.  2,4-DCP 
did  not  appear  to  depress  the  numbers  of  total 
heterotrophic,  sporeforming,  or  chitin-utilizing 
bacteria.  In  vitro  and  in  situ  assays  conducted  with 
2,4-DCP  and  fungal  isolates  from  the  soil  demon- 
strated that  2,4-DCP  was  toxic  to  fungal  propa- 
gules at  concentrations  below  those  detected  in  the 
soil.  (Author's  abstract) 
W9 1-07651 

DEGRADATION  OF  TOLUENE  AND  M- 
XYLENE  AND  TRANSFORMATION  OF  O- 
XYLENE  BY  DENITRIFYING  ENRICHMENT 
CULTURES. 

New  York  Univ.  Medical  Center,  NY.  Dept.  of 

Microbiology. 

P.  J.  Evans,  D.  T.  Mang,  and  L.  Y.  Young. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.  57,  No.   1,  p  450-454,  February 

1991,  2  fig,  5  tab,  25  ref.  NIEHS  grant  ES  04895 


and  NIAID  grant  5T32  Al-07180. 

Descriptors:  *Biodegradation,  *Bioremediation, 
•Biotransformation,  *Fate  of  pollutants,  *Toluene, 
♦Xylenes,  Anaerobic  bacteria,  Culturing  tech- 
niques, Denitrification,  Enrichment,  Groundwater 
pollution,  Sediment  contamination,  Sludge,  Soil 
contamination,  Wastewater. 

Seven  different  sources  of  inocula  that  included 
sediments,  contaminated  soils,  groundwater,  proc- 
ess effluent,  and  sludge  were  used  to  establish 
enrichment  cultures  of  denitrifying  bacteria  on 
benzene,  toluene,  and  xylenes  in  the  absence  of 
molecular  oxygen.  All  of  the  enrichment  cultures 
demonstrated  complete  depletion  of  toluene  and 
partial  depletion  of  ortho-xylene  within  3  months 
of  inoculation.  The  depletion  of  ortho-xylene  was 
correlated  to  and  dependent  on  the  metabolism  of 
toluene.  No  losses  of  benzene,  para-xylene,  or 
meta-xylene  were  observed  in  these  initial  enrich- 
ment cultures.  However,  meta-xylene  was  degrad- 
ed by  a  subculture  that  was  incubated  on  meta- 
xylene  alone.  Complete  carbon,  nitrogen,  and  elec- 
tron balances  were  determined  for  the  degradation 
of  toluene  and  meta-xylene.  These  balances 
showed  that  these  compounds  were  mineralized 
with  greater  than  50%  conversion  to  C02  and 
significant  assimilation  into  biomass.  Additionally, 
the  oxidation  of  these  compounds  was  shown  to  be 
dependent  on  nitrate  reduction  and  denitrification. 
These  microbial  degradative  capabilities  appear  to 
be  widespread,  since  the  widely  varied  inoculum 
sources  all  yielded  similar  results.  (Author's  ab- 
stract) 
W9 1-07652 


HAZARDOUS  AND  INDUSTRIAL  WASTES: 
PROCEEDINGS  OF  THE  22ND  MID-ATLAN- 
TIC INDUSTRIAL  WASTE  CONFERENCE. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07662 


REGULATING  THE  POLLUTION  OF 
GROUND  WATER:  RESPONDING  TO  THE 
NPDES  DISCHARGE  TO  GROUND  WATER 
PERMIT  FEE  REGULATIONS. 

Integrated  Data  Technologies,  Inc.,  Philadelphia, 

PA. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07663 


IMPACT  OF  LAND  DISPOSAL  RESTRIC- 
TIONS ON  HAZARDOUS  WASTE  SITE 
CLEANUPS. 

Eckenfelder,  Inc.,  Mahwah,  NJ.  Waste  Manage- 
ment Div. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-07664 

RCRA  FACILITY  INVESTIGATION  AND  COR- 
RECTIVE MEASURES  STUDY  PROGRAM: 
CASE  STUDIES. 

Weston  (Roy  F.),  Inc.,  West  Chester,  PA. 
H.  G.  Byer,  and  R.  J.  Buchanan. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.   1990.  p  43-53.   1  fig,   1  tab,  2  ref. 

Descriptors:  *Cleanup  operations,  'Economic  as- 
pects, 'Groundwater  pollution,  'Hazardous 
wastes,  'Resource  Conservation  and  Recovery 
Act,  'Site  remediation,  Industrial  wastes,  Regula- 
tions, Restoration,  Site  assessment,  Solid  waste  dis- 
posal, Wastewater  disposal. 

The  Resource  Conservation  and  Recovery  Act 
(RCRA)  Facility  Investigation  and  Corrective 
Measures  Study  program  was  mandated  by  the 
1984  Amendments  to  RCRA.  The  U.S.  EPA  as- 
sessment procedure  impacts  directly  on  many  in- 
dustrial plants.  Section  3004(u)  of  the  Hazardous 
and  Solid  Waste  Amendments  of  1984  to  RCRA 
requires  that  EPA  provide  an  assessment  of  old 
Solid  Waste  Management  Units  located  on  RCRA 
facilities  and  seeking  RCRA  hazardous  waste  per- 
mits. Certain  solid  waste  management  units  have 
been  shown  to  be  leaking  and  adversely  impacting 
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the  environment.  One  of  the  most  troublesome 
aspects  of  the  RCRA  Facility  Investigation  and 
Corrective  Measures  Study  process  is  that  most 
activity  is  usually  undertaken  as  part  of  a  negotiat- 
ed consent  order  or  through  the  EPA  permit  proc- 
ess. Ultimately,  the  industry  charged  with  imple- 
menting the  regulations  also  will  be  dealing  with 
the  state  Regulatory  Agency  in  addition  to  the 
EPA.  In  one  case,  a  facility  was  accused  of  con- 
taminating the  area  groundwater  through  the  dis- 
posal of  solvents  and  metals  into  an  unlined  lagoon 
in  use  prior  to  the  Korean  Conflict.  The  facility 
detection  monitoring  program  showed  a  significant 
increase  in  the  downgradient  volatile  organic 
chemical  concentrations  emanating  from  solid 
waste  management  units  onsite.  The  whole  area  is 
an  industrial  area,  developed  on  top  of  fill  material, 
with  automobile  reclamation  businesses,  an  old  mu- 
nicipal landfill,  and  other  commercial  enterprises 
located  between  the  site  in  question  and  three 
municipal  wells  on  the  other  side  of  a  high  volume 
river  and  one  of  its  tributaries.  The  U.S.  EPA 
wanted  lagoon  closure  activities  started  immediate- 
ly, including  a  closure  plant  to  be  reviewed  by 
both  federal  and  state  agencies.  The  regulatory 
impact  and  cost  impact  on  industrial  plants  are  just 
now  being  realized.  Cost  can  range  over  a  million 
dollars  and  not  include  any  interim  corrective 
measures  or  any  legal  or  technical  negotiations 
industry  may  deal  with  prior  to  starting  investiga- 
tive work.  Additionally,  the  cost  for  implementa- 
tion of  such  corrective  measures  may  be  in  the 
millions  of  dollars.  (See  also  W9 1-07662)  (Mertz- 
PTT) 
W9 1-07665 


IN-SITU  CHEMICAL  OXIDATION  OF  HAZ- 
ARDOUS COMPOUNDS  IN  SOIL. 

Drexel  Univ.,  Philadelphia,  PA.  Environmental 
Studies  Inst. 

J.  X.  Ravikumar,  and  M.  D.  Gurol. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  57-65.  6  fig,  13  ref. 

Descriptors:  'Chemical  treatment,  'Cleanup, 
'Hazardous  wastes,  'In  situ  treatment,  'Oxidation, 
'Soil  treatment,  'Water  pollution  treatment, 
Chlorinated  aromatic  compounds,  Groundwater 
pollution,  Hydrogen  peroxide,  Soil  contamination, 
Vadose  zone. 

Inadequate  or  improper  disposal  of  hazardous 
chemicals  has  resulted  in  considerable  contamina- 
tion of  soil  and  groundwater.  Concern  persists 
over  the  contamination  of  the  vadose  zone,  the 
region  of  primary  impact  of  a  spill,  for  fear  of 
contamination  of  the  underlying  aquifer  due  to 
infiltration.  Although  adsorption  onto  soil  surfaces 
or  retention  in  the  pores  can  temporarily  mitigate 
the  immediate  danger  of  contamination  of  the 
groundwater,  it  is  desirable  to  remediate  the  soils 
before  the  contaminants  can  migrate  and  contami- 
nate any  aquifer.  Biological  treatment  can  trans- 
form some  of  these  compounds  to  innocuous  end 
products.  Many  compounds,  however,  persist 
either  due  to  the  low  rate  of  biodegradation  or 
recalcitrance.  The  efficacy  of  chemical  oxidation 
for  the  treatment  of  biorefractory  chemicals  in  soil 
was  examined.  Hydrogen  peroxide  was  utilized  as 
the  chemical  oxidant.  Pentachlorophenol  has  ex- 
amined as  a  model  compound  in  soil-packed  col- 
umns in  the  laboratory.  Results  showed  that  pen- 
tachlorophenol adsorbed  on  soil  was  oxidized  by 
the  application  of  hydrogen  peroxide  solutions 
onto  soil.  1.55  millimoles  of  hydrogen  peroxide 
was  able  to  oxidize  27%  of  pentachlorophenol 
from  soils  that  had  an  initial  concentration  of  59 
mgAg  in  a  column  that  contained  2.4  kg  of  soil. 
As  hydrogen  peroxide  alone  cannot  oxidize  pen- 
tachlorophenol, and  since  chemical  oxidation  of 
the  pentachlorophenol  in  soil  was  occurring,  it  was 
perceived  that  hydrogen  peroxide  was  decom- 
posed to  hydroxyl  radicals  by  the  catalytic  effect 
of  iron  in  the  soil.  Hydroxyl  radicals  should  be 
responsible  for  the  oxidation  of  pentachlorophenol. 
Pentachlorophenol  adsorbed  on  soil  can  leach  out 
at  significant  levels.  The  binding  of  the  organic 
pentachlorophenol  to  the  soil  is  generally  a  func- 
tion of  the  soil  organic  content,  with  increasing 
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affinity  to  the  soils  with  increasing  soil  organic 
content.  The  soil  used  in  this  study  was  very  low 
in  organic  matter,  hence  pentachlorophenol  was 
desorbed  readily  from  the  soil.  (See  also  W91- 
07662)  (Mertz-PTT) 
W9 1-07666 


USE  OF  A  SITE  HISTORY  AS  A  PRELIMI- 
NARY STEP  IN  THE  SITE  ASSESSMENT  OF  A 
COMPLEX  INDUSTRIAL  FACILITY:  THE 
POMPTON  LAKES  WORKS  OF  E.  I.  DU  PONT 
DE  NEMOURS  &  COMPANY. 
Du  Pont  de  Nemours  (E.I.)  and  Co.,  Pompton 
Lakes,  NJ. 

C.  M.  Olson,  and  M.  L.  Monserrate. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  103-117.  6  fig. 

Descriptors:  'Cleanup,  'Explosives,  'Industrial 
wastes,  'New  Jersey,  'On-site  investigations,  'Site 
histories,  'Site  remediation,  Data  collections,  Haz- 
ardous wastes,  Land  disposal,  Pompton  Lake  Site, 
Regulations,  Rehabilitation,  Waste  disposal. 

Since  1986,  Du  Pont's  Pompton  Lakes  Works  and 
its  predecessors  have  manufactured  a  variety  of 
explosives.  This  same  time  period  has  seen  regula- 
tions governing  waste  handling  and  disposal  go 
from  nonexistent  to  stringent,  requiring  assessment 
and  reversal  of  the  effects  of  past  practices.  To 
comply  with  the  terms  of  an  Administrative  Con- 
sent Order  between  Du  Pont  and  the  New  Jersey 
Department  of  Environmental  Protection,  Du 
Pont  is  performing  a  remedial  investigation,  feasi- 
bility study  and  remedial  action  at  Pompton  Lakes 
Works.  This  process  is  complex  for  an  industrial 
facility  with  a  combination  of:  numerous  potential 
waste  disposal  areas,  a  long  operating  history  and 
little  knowledge  of  past  waste  disposal  practices. 
To  identify  areas  with  a  potential  of  contamination 
and  to  eliminate  those  areas  without  a  potential  for 
contamination,  an  operational  site  history  was  pre- 
pared. A  three-part  process  was  used  to  obtain 
information  for  the  history:  a  search  of  written 
records,  interviews  with  current  and  retired  per- 
sonnel and  a  reconnaissance  of  the  plant  site.  The 
process  was  interactive.  As  new  information  sur- 
faced, it  was  compared  with  previous  information 
and  people  were  interviewed  again  or  maps  adjust- 
ed. All  information  was  independently  corroborat- 
ed by  at  least  two  interviewees  or  by  one  inter- 
viewee agreeing  with  written  records.  The  final 
history  included  a  chronology  and  maps  of  the 
facilities,  plant  processed  and  plant  waste  sites,  all 
supported  by  extensive  appendices  of  tables,  maps 
and  photos.  The  waste  site  history  showed  7  identi- 
fiable eras  between  1886  and  the  present  and  13 
discrete  operational  processes.  Operational  proc- 
esses frequently  overlapped  eras,  and  disposal  loca- 
tions for  each  waste  stream  in  each  era  were  identi- 
fied. In  this  way,  119  suspected  waste  areas,  their 
surface  area  and  possible  contaminants  were  identi- 
fied. The  areas  range  in  size  from  point  sources  to 
more  than  40  acres  with  ages  in  excess  of  90  years. 
(See  also  W9 1-07662)  (Author's  abstract) 
W9 1-07670 


IN-SITU  REMEDIATION  OF  A  CHLORINAT- 
ED SOLVENT  CONTAMINANT  PLUME 
USING  VACUUM  EXTRACTION  TECHNOLO- 
GY. 

Dunn  Geoscience  Corp.,  Parsippany,  NJ. 
C  A.  Hayes,  J.  Duncan,  and  T.  M.  Johnson. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  269-289.  18  fig,  5  tab. 

Descriptors:  'Cleanup  operations,  'Groundwater 
pollution,  'In  situ  treatment,  'Site  remediation, 
•Volatile  organic  compounds,  'Water  pollution 
treatment.  Cleanup,  Groundwater  contamination, 
Groundwater  management,  On-site  investigations, 
Separation  techniques,  Vacuum  extraction,  Vadose 
zone. 

A  pilot-scale  test  of  the  Terra  Vac  Vacuum  Ex- 
traction System  was  carried  out  at  an  actual  haz- 
ardous waste  site  located  in  New  York  State.  The 


site  had  been  previously  used  as  a  salvage  area  for 
scrap  metal,  a  concrete  batch  plant,  and  an  oil 
storage  tank  farm.  An  environmental  investigation 
determined  that  a  small  portion  of  the  site  con- 
tained soil  and  groundwater  contaminated  with 
volatile  organic  compounds.  The  ability  of  the 
Vacuum  Extraction  System  to  remove  volatile  or- 
ganic compounds  from  soil  pores,  soils,  and 
groundwater  at  the  site  was  investigated  during  the 
pilot  study.  Because  the  groundwater  was  only  3-4 
feet  below  the  surface,  while  contamination  was 
believed  to  exist  at  depths  of  up  to  20  feet  below 
the  surface,  a  dual  extraction  system  was  used  at 
the  site.  This  involved  pumping  groundwater  to 
depress  the  water  table  at  the  site  and  create  an 
artificial  vadose  zone.  Water  and  vapor  were 
therefore  both  being  withdrawn:  hence  the  term 
dual  extraction.  In  was  shown  that  the  site  can 
effectively  be  dewatered  if  a  containment  wall  is 
utilized.  The  trenches  were  also  vital  in  the  dewa- 
tering  of  the  site  for  the  pilot  study.  Additional 
deep  wells,  however,  could  also  be  utilized  in 
future  remediation  activities  at  the  site.  The  impor- 
tance of  dewatering  the  site  required  that  this 
activity  be  given  the  highest  priority,  therefore,  all 
extraction  wells  were  used  at  one  time  and  the 
radius  of  influence  of  the  extraction  wells  was 
never  determined.  This  is  a  serious  short  coming  if 
the  Vacuum  Extraction  System  is  to  be  used  as  a 
full-scale  remediation  technology.  Another  short- 
coming is  that  individual  wellhead  gas  samples 
were  not  taken.  It  can  be  concluded  that  once  the 
soil  has  been  dewatered,  vapor  flow  through  the 
soils  is  possible  and  vacuum  extraction  is  an  effec- 
tive remedial  option  for  this  site.  The  trenches,  in 
particular,  seemed  to  be  effective.  It  would  be 
advisable  to  investigate  less  costly  and  time  con- 
suming methods  of  treating  the  extracted  vapor 
and  groundwater.  (See  also  W9 1-07662)  (Mertz- 
PTT) 
W91-07681 


CASE  HISTORY:  MITIGATION  OF  GASOLINE 
VAPOR  MIGRATION  INTO  PRIVATE  RESI- 
DENCE. 

Duffield  Associates,  Inc.,  Wilmington,  DE. 
J.  M.  Bross,  and  K.  L.  Allen. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  290-302.  5  fig. 

Descriptors:  'Cleanup  operations,  'Gasoline, 
'Groundwater  pollution,  'Path  of  pollutants,  'Site 
remediation,  'Vapor  transport,  Cleanup,  Dela- 
ware, Groundwater,  Underground  storage  tanks, 
Vaporization. 

In  winter  of  1989,  groundwater  in  the  vicinity  of  a 
reported  gasoline  underground  storage  tank  site  in 
Northern  New  Castle  County,  Delaware  was  sus- 
pected of  being  contaminated  by  gasoline.  Prelimi- 
nary investigation  was  performed  by  the  State  of 
Delaware  Department  of  Natural  Resources  and 
Environmental  Control  Underground  Storage 
Tank  Branch  as  a  result  of  reports  of  gasoline 
vapors  in  a  private  residence  located  near  the  site. 
This  investigation  indicated  the  presence  of  poten- 
tially hazardous  levels  of  gasoline  vapors  in  the 
basement  of  the  home,  requiring  emergency  evacu- 
ation of  the  residents.  After  conducting  hydrogeo- 
logic,  geotechnical  and  structural  evaluations,  a 
multi-tiered  remedial  program  was  developed  to 
mitigate  gasoline  vapor  migration  into  the  house. 
To  minimize  future  maintenance  associated  with 
the  site,  only  passive  remedial  options  were  consid- 
ered. An  underdrain  or  interceptor  trench  system 
and  a  petroleum  hydrocarbon  resistant  geomem- 
brane  barrier  were  installed  hydraulically  upgra- 
dient  from  the  affected  residence  to  divert  petrole- 
um hydrocarbon  contaminated  groundwater  away 
from  the  house  and  into  the  public  sanitary  sewer 
system.  Vapors  were  passively  vented  from  the 
installed  interceptor  trench  and  reconstruction  of 
the  basement  floor  drain  system,  minimized  the 
potential  for  vapor  migration  into  the  residence. 
Open  voids  and  cracks  in  the  basement's  masonry 
walls  were  sealed.  The  access  from  the  basement 
to  the  earthen-floored  crawlspace  was  sealed  and  a 
concrete  slab  on  the  crawlspace  was  poured.  To 
increase  the  probability  of  success  in  mitigating 
vapor  migration  into  the  residence,  cost  effective 


redundancy  was  built  into  the  selection  of  remedial 
actions  and  design  of  the  system.  On-going  moni- 
toring of  the  mitigation  system  and  conditions  at 
the  affected  residence  has  indicated  that  this  multi- 
faceted  approach  has,  to  date,  been  successful  in 
addressing  the  vapor  problem  and  allowing  the 
residents  to  return  to  their  home  while  other  reme- 
dial investigations  continue  in  the  surrounding 
neighborhood.  (See  also  W91-07662)  (Mertz-PTT) 
W9 1-07682 


MAJOR  REMEDIATION:  REMOVAL  AND  RE- 
COVERY OF  TCE  FROM  SOIL  AND  GROUND- 
WATER. 

Dames  and  Moore,  Willow  Grove,  PA. 
E.  C.  Lindhult,  M.  D.  Tischuk,  and  R.  D.  Moose. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  303-320.  3  fig. 

Descriptors:  'Cleanup,  'Cleanup  operations, 
'Groundwater  pollution,  'Site  remediation,  'Soil 
contamination,  'Trichloroethylene,  'Waste  recov- 
ery, Activated  carbon,  Groundwater  management, 
Hazardous  wastes,  Industrial  wastes,  Vacuum  ex- 
traction. 

During  a  pre-transfer  property  investigation  at  an 
industrial  facility,  significant  trichloroethylene 
contamination  was  detected  in  the  subsurface.  Fur- 
ther investigation  detected  a  free-product  layer 
was  as  great  as  6  feet.  The  quantity  of  free-product 
trichloroethylene  perched  on  the  silt  layer  has 
been  estimated  at  several  thousand  gallons.  The 
state  regulatory  agency  was  notified  of  the  situa- 
tion. Additional  groundwater  monitoring  wells 
were  placed  into  all  three  aquifer  systems  (shallow 
overburden,  confined  overburden,  and  bedrock). 
Data  for  these  wells,  including  pumping  tests,  were 
used  to  better  characterize  the  hydrogeology. 
Groundwater  analysis  from  all  three  aquifers  indi- 
cated trichloroethylene  concentrations  exceeding 
10  mg/L.  After  review  of  the  pumping  test  data 
and  the  groundwater  and  soil  laboratory  analyses, 
a  preliminary  treatment  design  was  prepared  and 
submitted  to  the  regulatory  agency.  Regulatory 
approval  was  received  for  the  installation  of  a 
treatment  system  to  remediate  the  on-site  contami- 
nation. The  system  includes  groundwater  extrac- 
tion from  the  bedrock,  shallow,  and  confined  over- 
burden wells  using  pneumatic  and  electrical 
pumps.  Vacuum  extraction  of  the  contaminated 
soil  gas  will  be  performed  by  drawing  air  through 
the  shallow  recovery  well  screens.  The  proposed 
groundwater  treatment  program  includes  a  liquid- 
liquid  separator  to  remove  free-product  trichlor- 
oethylene from  groundwater  in  the  overburden 
aquifer.  A  portion  of  the  flow  will  be  passed 
through  disposable  granular  activated  carbon  units 
for  polychlorinated  biphenyls  removal.  An  aer- 
ation tank,  flocculator,  Lamella  clarifier,  and  filter 
press  are  included  in  the  design  to  remove  elevated 
concentrations  of  natural  iron  from  the  groundwat- 
er. All  groundwater  will  then  be  treated  by  air 
stripping  towers  and  a  majority  of  the  effluent  will 
be  polished  by  granular  activated  carbon  units.  A 
portion  of  the  effluent  will  be  percolated  into  the 
ground  through  recharge  trenches,  hydraulically 
upgradient  of  the  shallow  recovery  wells.  The 
waste  air  stream,  including  soil  gas  removed  from 
the  vadose  zone  through  the  use  of  vacuum  extrac- 
tion, will  be  polished  using  steam-regenerable 
vapor-phase  granular  activated  carbon  units.  (See 
also  W9 1-07662)  (Author's  abstract) 
W9 1-07683 


REMEDIATION  OF  A  CONTAMINATED 
DRAINAGE  DITCH  CN  PROXIMITY  TO  AN 
ACTIVE  RAILROAD. 

Woodward-Clyde  Consultants,  Plymouth  Meeting, 
PA. 

R.  M.  Coad,  and  H.  S.  Laird. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  321-336.  4  fig,  4  tab,  4  ref. 

Descriptors:  'Cleanup  operations,  'Drainage 
ditches,    'Path   of  pollutants,    'Site    remediation, 
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•Waste  disposal,  Environmental  protection,  Exca- 
vation, Grouting,  Hazardous  wastes,  Railroads, 
Waste  management. 

An  investigation  of  a  small  uncontrolled  waste  site 
was  begun  early  in  the  1980's  to  evaluate  whether 
contaminants  were  being  leached  by  surface  water 
infiltration  and  subsequently  discharged  into 
nearby  surface  drainage  ditches  via  stormwater 
drains  that  transect  the  site.  Tests  of  ditch  water 
runoff  adjacent  to,  and  downstream  from,  the  site 
exhibited  elevated  concentrations  of  the  same  con- 
taminants found  in  high  concentrations  on  site. 
Further  testing  showed  that  the  sediments  within 
and  adjacent  to  the  ditch  exhibited  contaminant 
concentrations  at  the  same  levels  as  at  the  site.  An 
interim  remedy,  to  reduce  the  potential  risk  to 
human  health  and  the  environment,  is  intended  to 
be  effective  long  enough  to  allow  completion  of  an 
overall  remedial  investigation  and  feasibility.  The 
alternatives  that  were  considered  included  limited 
excavation  and  replacement  with  a  precast  stone 
and  grouted  mat  system.  In  the  limited  excavation 
and  replacement  alternative,  the  highly  contami- 
nated materials  would  be  excavated,  contained, 
and  disposed  of,  and  a  silty/clay  or  clayey/silt  fill 
would  replace  the  contaminated  materials.  An- 
other alternative,  a  precast  stone  and  grouted  mat 
system  for  erosion  control  would  use  a  geotextile 
as  a  separation  medium  between  the  existing  soils 
and  the  cover  material.  The  choice  of  either  of 
these  alternatives  would  require  the  ditch  to  be 
excavated  to  restore  a  gradient  that  would  mini- 
mize the  ponding  of  water  in  the  ditch.  Minimiza- 
tion of  the  amount  of  excavated  materials  was  a 
constraint  on  the  design  due  to  the  high  cost  of 
transportation  and  disposal  of  these  materials  in  a 
hazardous  waste  landfill  and  impact  of  the  land 
disposal  restrictions.  Therefore,  the  precast  stone/ 
grouted  mat  alternative  was  selected.  The  chosen 
design  incorporates  engineering  requirements  due 
to  proximity  to  an  active  railroad,  construction 
constraints  resulting  from  hazardous  waste  storage 
and  disposal  regulations,  and  environmental  con- 
siderations. The  remedy  is  designed  to  effectively 
reduce  the  erosion  of  contaminated  sediment  and 
hence  its  contribution  to  environmental  degrada- 
tion. (See  also  W91-07662)  (Mertz-PTT) 
W9 1-07684 


TREATABILITY  OF  A  FRENCH  INDUSTRIAL 
LANDFILL  LEACHATE  USING  A  BIOLOGI- 
CAL TRICKLING  FILTER. 

Institut  National  des  Sciences  Appliquees  de  Lyon, 

Villeurbanne  (France).  Lab.  de  Chimie  et  Genie  de 

l'Environnement. 

For  primary  bibliographic   entry   see  Field   5D. 

W9 1-07687 


BIOLOGICAL  LAND  TREATMENT  OF 
DIESEL  FUEL  CONTAMINATED  SOIL,  A 
CASE  STUDY. 

O.H.M.  Remediation  Services  Corp.,  Princeton, 
NJ. 

M.  A.  Troy,  B.  P.  Greenwald,  S.  W.  Berry,  T. 
Price,  and  P.  M.  Woodhull. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  425-437.  3  fig,  3  tab,  5  ref. 

Descriptors:  *Biological  treatment,  'Cleanup  oper- 
ations, *Fuel,  "Land  disposal,  *Oil  spills,  *Site 
remediation,  'Soil  contamination,  *Soil  treatment, 
Cost  analysis,  Hydrogen  ion  concentration,  Liners, 
Moisture  content,  New  Jersey,  Nitrogen,  Organic 
carbon,  Phosphorus. 

Biological  land  treatment  techniques  were  em- 
ployed for  the  cleanup  of  approximately  8400  gal- 
lons of  diesel  fuel  that  spilled  from  a  storage  tank 
at  a  warehouse  in  New  Jersey.  Biological  land 
treatment  of  diesel  fuel  focuses  on  the  breakdown 
of  the  hydrocarbon  fractions  by  aerobic  microor- 
ganisms in  the  top  layers  of  the  soil  where  oxygen 
is  available.  Metabolism  by  these  microorganisms 
ultimately  reduces  the  hydrocarbons  to  C02, 
water  and  biomass.  An  area  adjacent  to  the  client's 
warehouse  was  chosen  as  the  site  for  the  biological 
land  treatment  cell.  This  area  was  initially  altered 
to  optimize  the  bioremediation  operation  by  either 


excavating  and/or  filling  in  the  site  to  provide  a 
level  area  with  a  slope  of  approximately  2%.  A 
two-foot  high  berm  was  placed  around  the  cell  to 
control  the  surrounding  runoff.  A  synthetic  liner 
was  then  placed  over  the  cell  floor.  Drainage  tile 
was  placed  on  the  floor  of  the  treatment  cell. 
Earthmoving  equipment  and  hauling  trucks  were 
used  to  move  the  contaminated  soil  to  the  treat- 
ment facility.  A  backhoe  was  used  to  spread  the 
soil  into  a  level  layer  approximately  14-18  inches 
thick.  Total  organic  carbon,  pH,  moisture  content, 
field  moisture  capacity,  available  nitrogen  and 
phosphorus,  and  contaminant  concentrations  were 
monitored.  Biological  land  treatment  proved  to  be 
a  viable  cost-effective  option  for  the  remediation  of 
diesel  fuel  contaminated  soils.  The  contaminated 
soils  were  shown  to  be  quite  amenable  to  microbial 
treatment  if  supplemented  with  nutrients  and  man- 
aged to  maintain  proper  moisture  and  pH  condi- 
tions. (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07690 


GROUNDWATER  RECOVERY  AND  TREAT- 
MENT AS  A  SUPERFUND  REMEDIAL 
ACTION:  A  CASE  STUDY. 

Environmental  Protection  Agency,  Atlanta,  GA. 
Region  IV. 

G.  Powell,  L.  M.  Smith,  and  M.  Frank. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  438-452.  4  fig,  5  tab,  4  ref. 

Descriptors:  'Cleanup  operations,  'Distler  Brick- 
yard Site,  'Kentucky,  *Site  remediation,  *Soil 
contamination,  'Superfund,  Aquifer  management, 
Groundwater  pollution,  Groundwater  quality, 
Hazardous  wastes,  Hydraulic  conductivity,  Indus- 
trial wastes,  Injection  wells,  Volatile  organic  com- 
pounds. 

The  Distler  Brickyard  Site  is  located  near  the  Ohio 
River,  near  West  Point,  Kentucky.  Approximately 
2350  waste  drums  were  stored  within  a  3-acre  area 
on  the  property  from  1976  to  1979.  A  Superfund 
removal  was  initiated  by  EPA  in  1982,  in  which 
the  drummed  wastes  and  highly  contaminated  soils 
were  removed.  Subsequent  monitoring  and  subsur- 
face investigations  determined  that  groundwater 
and  soil  contamination  consisting  of  various  metals, 
volatile  and  semi-volatile  organics  had  occurred 
onsite.  Remedial  actions  were  implemented  onsite 
to  reduce  the  existing  contamination  and  prevent 
its  migration  offsite.  The  chosen  remedial  action 
proposed  excavation,  removal  and  offsite  disposal 
of  the  contaminated  soil;  this  occurred  in  1988. 
Remedial  plan  for  groundwater  treatment  included 
extracting  the  groundwater  using  a  system  of 
pumping  wells,  treatment  of  the  contaminated 
water  to  the  aquifer  using  injection  wells,  which 
provide  additional  hydraulic  head  to  drive  the 
contaminated  groundwater  towards  the  recovery 
wells.  Contaminants  in  the  fine  grain  aquifer  ap- 
peared to  be  the  source  of  contamination  in  the 
coarse  grain  aquifer,  although  the  two  were  not 
believed  to  be  hydrologicly  connected.  However, 
the  fine  grain  aquifer  had  a  very  low  hydraulic 
conductivity  and  movement  of  the  contaminants 
into  the  coarse  grain  aquifer  would  take  many 
years.  Therefore,  implementation  of  a  coarse  grain 
aquifer  treatment  system  alone  was  not  recom- 
mended. The  pilot  treatment  system  effectively 
reduced  the  contamination  onsite  and  should  prove 
capable  for  full  scale  treatment.  Recommendations 
include  sampling  the  coarse  grain  aquifer  in  order 
to  monitor  contaminant  levels  and  then  provide 
periodic  treatment  if  levels  rise  above  treatment 
standards.  Further  actions  at  the  Distler  Brickyard 
are  pending  until  EPA  reviews  all  recommenda- 
tions and  determines  the  most  appropriate  course 
of  action.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07691 


CASE  HISTORY  OF  THE  AMERICAN  CREO- 
SOTE WORKS  SUPERFUND  REMOVAL 
ACTION. 

Weston  (Roy  F.),  Inc.,  Memphis,  TN. 
D.  Backus,  and  D.  Jackson. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 


Water  Quality  Control — Group  5G 

Pennsylvania.  1990.  p  453-458.  2  ref. 

Descriptors:  *American  Creosote  Works  Site, 
♦Cleanup  operations,  *Phenolics,  *Site  remedi- 
ation, *Superfund,  'Tennessee,  Clarification,  Creo- 
sote, Filtration,  Hazardous  wastes,  Hydrocarbons, 
Industrial  wastes,  On-site  wastewater  treatment, 
Phenols,  Sludge  treatment,  Storage  tanks,  Wood 
preservatives. 

American  Creosote  Works,  Inc.  operated  as  a 
wood  preserving  facility  in  Jackson,  Tennessee 
from  the  early  1930's  until  1981.  The  wood  treat- 
ing process  utilized  at  the  facility  included  the 
application  of  creosote  and  pentachlorophenol. 
Creosote  is  a  complex  mixture  of  hydrocarbons 
consisting  of  approximately  85-95%  polynuclear 
aromatic  hydrocarbons  and  5-15%  phenolics.  Most 
the  phenolics  present  are  solids  at  ambient  tem- 
peratures, with  the  exception  of  2,3,4,6-tetrachlor- 
ophenol  and  pentachlorophenol  which  are  both 
extremely  soluble  in  water.  The  EPA  contracted 
the  Corps  of  Engineers  to  conduct  a  Remedial 
Investigation/Feasibility  Study  for  the  total  site 
remediation  during  1987.  Operable  Unit  One  dealt 
with  the  removal  of  creosote  sludges,  oils  and 
contaminated  water,  as  well  as  the  demolition  of 
plant  process  buildings  and  storage  tanks.  Removal 
actions  began  in  1989.  225,000  gallons  of  creosote 
sludge  left  in  above  ground  storage  tanks  was 
dewatered  and  disposed  of.  The  process  selected 
for  dewatering  the  creosote  sludge  was  pressurized 
filtration.  Supernatant  effluent  from  the  filter  press 
was  sent  to  a  50,000  gallon  pool  to  await  further 
treatment.  The  pool  was  used  for  clarification 
where  the  water-in-soil  emulsion  could  begin  to 
destabilize  or  separate.  The  next  step  in  treatment 
was  the  precipitation  of  metals  and  other  solids  in 
solution.  Filtration  was  then  performed  in  a  two- 
step  process  that  resulted  in  a  reduction  of  the  total 
suspended  solids.  Next,  activated  carbon  was  used 
to  adsorb  any  remaining  solids.  Between  July  1989 
and  October  1989,  807,000  gallons  of  creosote 
slurry  produced  10,100  cubic  feet  of  creosote  filter 
cake,  77,000  gallons  of  oil,  and  271,200  gallons  of 
contaminated  water.  Overall,  the  removal  action 
was  successful  in  the  fact  that  all  wastes  that  posed 
imminent  threat  to  the  environment  or  the  public 
were  removed  from  site  and  disposed  of  properly. 
(See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07692 


EVALUATION  OF  THE  EXTRACTION  OF 
CHROMIUM  FROM  CONTAMINATED  SOILS 
BY  SOIL  WASHING. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 
and  Environmental  Engineering. 
H.  N.  Hsieh,  D.  Raghum,  and  J.  Liskowitz. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  459-469.  3  fig,  2  tab,  7  ref. 

Descriptors:  'Chromium,  'Decontamination,  'Site 
remediation,  'Soil  contamination,  'Soil  treatment, 
'Solvent  extraction,  Economic  aspects,  Hydrogen 
ion  concentration,  Particle  size,  Sludge  treatment, 
Soil  washing,  Waste  treatment. 

Inorganic  contaminants  such  as  chromium  and  lead 
are  not  biodegradable.  When  cleaning  up  the  con- 
taminated sites,  these  inorganic  contaminants  can 
only  be  fixed  in  the  soil  or  be  flushed  out.  Soil 
washing  promises  to  be  both  an  effective  and  cost- 
efficient  approach  to  cleaning  up  waste-contami- 
nated sites.  Soil  washing  extracts  contaminants 
from  a  sludge-soil  matrix  using  a  liquid  medium  as 
the  washing  solution.  During  elutriation,  sorbed 
contaminants  are  mobilized  by  solution  formation 
of  an  emulsion,  or  by  chemical  reaction  with  the 
extracting  solution.  The  washing  solution  is  then 
treated  for  removal  of  the  contaminants  via  a  con- 
ventional wastewater  treatment  system.  Field  sam- 
ples contaminated  with  chromium  were  collected 
from  three  different  sites  in  Jersey  City,  New 
Jersey.  At  each  site  samples  were  obtained  both 
from  the  surface  and  at  a  depth  of  three  feet.  The 
soil  washing  experiment  was  conducted  using  an 
upflow  column.  Results  showed  that  20-50%  of  the 
chromium  in  the  samples  was  in  the  free  form  and 
could  be  removed  by  washing  with  water.  It  was 
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found  that  the  optimum  pH  range  for  maximum 
removal  of  chromium  was  between  10-12.  The 
washing  process  for  different  fractions  of  soil  fol- 
lowed second  order  kinetics.  The  rate  constants  for 
various  fractions  did  not  vary  significantly  for  the 
first  part  indicating  that  washing  time  was  not 
dependent  upon  particle  size  for  the  solvent  used. 
Removal  efficiency  was  related  to  particle  size, 
with  -40  to  +70  fraction  giving  the  maximum, 
followed  by  -70  to  +200.  (See  also  W9 1-07662) 
(Mertz-PTT) 
W9 1-07693 


ENGINEERING  EVALUATION  FOR  REMEDI- 
ATION OF  AN  UNLINED  SLUDGE  LAGOON. 

Sadat  Associates,  Inc.,  Princeton,  NJ. 
B.  Simpson,  A.  Hamidi,  M.  Sadat,  J.  Wiley,  and  L. 
Moore. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  470-482.  3  fig,  5  ref. 

Descriptors:  'Cleanup  operations,  'Environmental 
engineering,  'Site  remediation,  'Sludge  drying, 
'Sludge  lagoons,  'Wastewater  lagoons,  Capillary 
suction,  Cost  analysis,  Economic  aspects,  On-site 
investigations,  Sand  beds,  Sand  columns,  Sludge 
disposal,  Sludge  treatment. 

An  engineering  approach  was  taken  to  evaluate 
dewatering  methods  of  sludge  excavated  from  a 
ten  acre  unlined  sludge  lagoon.  A  number  of  con- 
straints had  to  be  considered  while  engineering  the 
system  such  as  regulatory  limitations,  site  restric- 
tions, constructability,  and  disposal  costs.  Field 
investigations  were  conducted  to  determine  both 
the  quality  and  quantity  of  sludge  contained  in  the 
lagoon.  Analytical  results  indicated  that  the  materi- 
al was  non-hazardous.  Approximately  four  million 
gallons  of  liquid  were  present  at  the  surface  of  the 
lagoon.  Also  present  was  approximately  120,000 
cubic  yards  of  sludge  material  with  solids  content 
varying  from  less  than  15%  total  solids  to  greater 
than  30%  total  solids.  Treatability  testing  was  per- 
formed in  order  to  properly  design  a  suitable 
dewatering  system.  The  three  tests  conducted  on 
the  sludge  were:  capillary  suction,  bench  scale 
sand  columns,  and  a  pilot  scale  sand  bed  exposed 
to  natural  conditions.  From  this  study,  drying 
cycle,  application  depth,  chemical  feed  rate  and 
final  solids  content  were  determined.  An  evalua- 
tion was  conducted  of  available  technologies  based 
on  their  technical  reliability,  schedule  implementa- 
bility,  and  cost  effectiveness.  The  information  col- 
lected in  the  field  and  laboratory  was  significant 
for  developing  a  conceptual  dewatering  system. 
The  next  phase  of  this  project  will  consist  of  the 
preparation  of  final  drawings  and  performance 
specifications  so  that  a  construction  contractor  can 
be  selected  to  cleanup  the  site.  This  conceptual 
dewatering  system  will  be  presented  to  the  regula- 
tory agencies  to  expedite  obtaining  permits  for 
construction  of  the  sanitary  landfill.  This  five-task 
investigative  approach  can  be  modified  or  used  in 
total  at  other  sites  with  similar  environmental 
problems.  The  approach  taken  facilitated  the 
review  and  screening  of  dewatering  technologies. 
(See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07694 


DURABILITY   TESTING   OF   A   STABILIZED 
PETROLEUM  SLUDGE. 

Bucknell  Univ.,  Lewisburg,  PA. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-07698 


EVALUATION    OF    SILICON    SLAG    AS    A 
LEACHATE  FLOW  MEDIUM. 

Buchart-Horn,  Inc.,  York,  PA. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-07699 


RECLAMATION  PLANS  AT  URANIUM  MILL 
TAILINGS  SITES. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

S.  R.  Abt,  T.  A.  Shepherd,  and  J.  D.  Nelson. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 


of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  570-579.  2  fig,  5  ref. 

Descriptors:  'Cleanup,  'Land  reclamation,  'Site 
remediation,  'Uranium  mining,  'Waste  contain- 
ment, 'Waste  stabilization,  *eine  wastes,  Embank- 
ments, Nuclear  Regulatory  Commission,  Regula- 
tions, Reservoir  linings,  Surface  covers,  Waste 
management. 

Long-term  stability  of  waste  impoundments  is  of 
concern  because  of  the  long  time  periods  over 
which  various  types  of  waste  may  remain  active. 
Over  the  past  decade  much  technology  has  been 
developed  specifically  for  reclamation  of  uranium 
mill  tailings  impoundments.  This  technology  may 
be  applicable  to  reclamation  of  industrial  waste 
impoundments  in  general.  Title  I  and  Title  II  sites 
which  represent  two  different  generations  in  urani- 
um tailing  impoundment  construction  are  exam- 
ined. The  comparison  between  the  two  represent 
differences  in  philosophies  as  well  as  in  impound- 
ment type.  Reclamation  of  uranium  mill  tailings 
impoundments  in  the  US  is  controlled  by  Federal 
legislation,  which  has  set  forth  the  regulatory 
framework  for  reclamation  plan  approval.  Title  I 
requirements  govern  government-owned  inactive 
sites  and  Title  II  requirements  govern  active  tail- 
ings impoundments  or  those  operated  by  private 
industries.  Differences  between  Title  I  and  Title  II 
reclamation  plans  to  achieve  surface  stability  relate 
primarily  to  the  embankment  and  surface  covers. 
The  differences  in  the  cover  designs  result  from 
engineering  approaches  or  the  regulatory  process. 
Site-specific  conditions  that  affect  the  selection  of 
cover  designs,  and  provides  a  comparative  exam- 
ple to  illustrate  the  effect  of  this  condition  are 
examined.  Since  the  recent  implementation  of 
groundwater  regulations  based  on  EPA  standards 
by  the  Nuclear  Regulatory  Commission,  cover  de- 
signs, as  these  designs  impact  achievement  of  the 
goals  of  the  groundwater  regulations,  have  come 
under  scrutiny.  (See  also  W9 1-07662)  (Author's 
abstract) 
W9 1-07700 


EFFECT  OF  FREEZE/THAW  CYCLES  ON  THE 
PERMEABILITY  OF  A  FINE-GRAINED  SOIL. 

Rensselaer  Polytechnic  Inst.,  Troy,  NY.  Dept.  of 
Civil  Engineering. 

For  primary   bibliographic   entry   see   Field   2G. 
W9 1-07701 


QUANTITATIVE  STRUCTURE-ACTIvrrY  RE- 
LATIONSHIPS: NEW  TOOLS  FOR  REMEDI- 
ATION OF  CONTAMINATED  GROUNDWAT- 
ER. 

Vanderbilt  Univ.,  Nashville,  TN.  Dept.  of  Envi- 
ronmental and  Water  Resources  Engineering. 
D.  H.  Zitomer,  and  R.  E.  Speece. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  626-644.  2  tab,  22  ref. 

Descriptors:  'Cleanup,  'Decontamination, 
'Groundwater  pollution,  'Mathematical  studies, 
'Molecular  structure,  'Remediation,  'Structure- 
activity  relationships,  Algorithms,  Biodegradation, 
Biological  magnification,  Chemical  properties,  Sol- 
ubility, Toxicity,  Water  analysis. 

Until  recently,  it  was  widely  believed  that  the 
groundwater  of  the  U.S.  was  essentially  unconta- 
minated.  Within  the  last  decade,  however,  con- 
tamination has  been  found  to  be  a  significant  prob- 
lem. Unfortunately,  any  attempt  to  remediate  con- 
taminated aquifers  is  complicated  by  a  lack  of 
available  data  describing  behavior  of  organic 
chemical  contaminants  and  it  is  not  economically 
possible  to  measure  physicochemical  parameters 
and  toxicity  of  every  new  chemical.  Therefore, 
new  methods  for  the  rapid  and  reliable  estimation 
of  physicochemical  parameters  of  organic  chemi- 
cals are  needed  when  groundwater  remediation 
strategies  are  being  planned.  One  new  technique 
that  would  presently  solve  some  problems  is  Quan- 
titative Structure  Activity  Relationships.  These 
mathematical  relationships  predict  chemical  behav- 
ior-such as  toxicity,   bioconcentration,   solubility 


and  biodegradability-using  molecular  structure  in- 
formation gleaned  from  the  chemical's  structural 
formula.  From  the  chemical  structural  formula, 
information  about  the  total  number  of  atoms,  the 
kinds  of  atoms,  and  the  linking  pattern  or  bonding 
scheme  of  atoms  in  organic  molecules  is  apparent. 
In  addition,  empirical  algorithms  have  been  de- 
vised to  calculate  structure  encoding  numbers  such 
as  the  molecular  connectivity  indices.  Six  Quantita- 
tive Structure  Activity  Relationships  which  relate 
to  groundwater  remediation  strategies  can  be  used 
to  predict  aqueous  solubility,  Henry's  constant,  soil 
sorption,  activated  carbon  sorption,  five  day  bio- 
chemical oxygen  demand,  and  toxicity  of  organic 
chemicals  to  aerobic  heterotrophs.  Each  Quantita- 
tive Structure  Activity  Relationship  offers  an  inci- 
sive view  of  the  relationship  between  molecular 
structure  and  the  behavior  of  organic  chemicals  in 
the  environment.  (See  also  W9 1-07662)  (Author's 
abstract) 
W9 1-07704 


SELECTION  OF  AIR  FLOW  RATES  AND  CUL- 
TURES IN  AEROBIC  BIOTOWERS  FOR  RE- 
MOVAL OF  HYDROCARBONS  FROM 
WASTEWATERS. 

Pittsburgh  Univ.,  PA.  Dept.  of  Civil  Engineering. 
S.  Niaki,  R.  D.  Neufeld,  and  J.  E.  Blair. 
IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  669-680.  5  fig,  2  ref. 

Descriptors:  'Aerobic  treatment,  'Air  stripping, 
•Biological  treatment,  'Cleanup,  'Flow  rates, 
'Hydraulics,  'On-site  wastewater  treatment,  'Site 
remediation,  'Wastewater  treatment,  'Water  pol- 
lution treatment,  Aromatic  compounds,  Benzene, 
Biodegradation,  Gasoline,  Hazardous  wastes,  Tol- 
uene. 

A  technique  for  the  biodegradation  of  gasoline 
type  aromatics  at  concentrations  typical  of  starva- 
tion conditions  was  examined.  An  innovative  tech- 
nique was  developed  that  may  be  suitable  for  the 
long-term  remediation  of  fuel  spills.  For  conven- 
ience in  operation,  organisms  were  installed  in 
upflow  submerged  aerobic  biotowers.  Benzene, 
xylene,  toluene,  and  ethylbenzene  were  used  as 
gasoline  surrogates  for  experimental  work.  The  air 
stripping  effects  in  the  tower  on  toluene  were 
measured  at  different  air  flow  rates  and  the  air 
stripping  coefficient  was  determined.  Additionally, 
innoculums  from  municipal  activated  sludge,  final 
clarifier  effluent,  and  six  types  of  commercial  cul- 
ture preparations  were  evaluated  using  benzoic 
acid,  a  biodegradable  aromatic.  Preliminary  results 
showed  that  an  optimum  air  flow  rate  with  mini- 
mal air  stripping  effects  for  volatile  organic  com- 
pounds can  be  used  to  provide  pseudo-complete 
mix  conditions  within  a  biotower.  In  addition, 
using  a  shake  test,  culture  activities  can  be 
screened  for  initial  innoculation;  however,  com- 
mercial culture  behavior  was  found  to  be  inconsist- 
ent when  examined  under  replicate  experimental 
conditions.  (See  also  W9 1-07662)  (Mertz-PTT) 
W9 1-07707 


HOW  CLEAN  IS  CLEAN.  THE  IMPORTANCE 
OF  USING  SITE-SPECIFIC  FACTORS  IN  DE- 
VELOPING CLEANUP  LEVELS  AT  HAZARD- 
OUS WASTE  SITES. 

Environmental     Resources     Management,     Inc., 
Exton,  PA. 
B.  N.  Stephanotos. 

IN:  Hazardous  and  Industrial  Wastes:  Proceedings 
of  the  22nd  Mid-Atlantic  Industrial  Waste  Confer- 
ence. Technomic  Publishing  Co.,  Inc.,  Lancaster, 
Pennsylvania.  1990.  p  683-701.  3  fig,  2  tab,  5  ref. 

Descriptors:  'Cleanup,  'Cleanup  operations,  'Haz- 
ardous wastes,  'Model  studies,  'Risk  assessment, 
•Site  remediation,  'Standards,  Environmental  ef- 
fects, Environmental  protection,  On-site  investiga- 
tions, Path  of  pollutants,  Water  quality  standards. 

One  of  the  principal  objectives  of  remedial  actions 
at  hazardous  waste  sites  is  to  ensure  that  residual 
concentrations  of  constituents  present  at  the  sites 
following  such  actions  will  not  pose  a  threat  to 
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human  health  and  the  environment.  Target  chemi- 
cal concentrations  in  soils  and  groundwater  were 
developed  at  several  hazardous  waste  sites  in  the 
U.S.  to  guide  the  source  control  remedial  designs 
to  be  undertaken  at  these  sites.  Establishing  the 
basis  for  determining  cleanup  standards,  or  'how 
clean  is  clean',  prior  to  the  commencement  of  the 
remedial  design  activities  is  necessary  because 
waste  and  contaminated  soil  volumes  dictate  the 
remedial  design  and  drive  the  costs  of  the  remedy. 
Resolution  of  the  how  clean  in  clean  question  is 
achieved  by  designating  a  threshold  level  of  con- 
tamination such  that  environmental  media  (soil  or 
river  sediments)  containing  hazardous  residuals  at 
that  level  or  greater  would  be  subjected  to  excava- 
tion, while  media  containing  lower  levels  would  be 
left  undisturbed.  A  method  has  been  developed  for 
the  derivation  of  cleanup  criteria  using  environ- 
mental risk  assessment  techniques.  This  paper  em- 
phasizes the  estimation  of  target  release  rates  by 
means  of  environmental  fate  and  transport  model- 
ing and  the  importance  of  using  site-specific  factors 
in  developing  cleanup  levels  at  hazardous  waste 
sites.  The  study  shows  that  generic  standards  need 
to  be  modified  prior  to  their  application  to  specific 
sites  because  of  the  conservative  assumptions  that 
are  incorporated  into  generic  standards.  The  clean- 
up levels  selected  were  the  most  stringent  ones 
produced  by  the  different  exposure  scenarios.  The 
controlling  exposure  scenario  for  a  particular  com- 
pound depended  on  the  physicochemical  and  toxi- 
cological  properties  of  the  compound.  (See  also 
W9 1-07662)  (Author's  abstract) 
W9 1-07708 


METHODOLOGY  FOR  DEVELOPING  BEST 
DEMONSTRATED  AVAILABLE  TECHNOLO- 
GY (BDAT)  TREATMENT  STANDARDS. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Solid  Waste. 
R.  April. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161  as  PB89-221428. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/530-SW-89-048B,  May  1989. 
75p,  9  tab,  append. 

Descriptors:  *Hazardous  wastes,  *Legislation, 
♦Waste  disposal,  *Waste  treatment,  Hazardous  and 
Solid  Waste  Amendment,  Land  disposal,  Regula- 
tions, Toxic  wastes. 

The  Hazardous  and  Solid  Waste  Amendments  of 
1984  (HSWA)  imposed  substantial  new  responsibil- 
ities on  those  who  handle  hazardous  wastes,  in- 
cluding stringent  new  restrictions  on  the  land  dis- 
posal of  hazardous  wastes  and  associated  treatment 
residuals.  This  document  summarizes  EPA's  ap- 
proach for  implementing  the  land  disposal  restric- 
tions program.  Before  it  can  allow  a  waste  to 
continue  to  be  disposed  of  in  or  on  the  land,  EPA 
must  consider  (RCRA  section  3004  (d)(l)(A-Q): 
(1)  the  long-term  uncertainties  associated  with  land 
disposal;  (2)  the  goal  of  managing  hazardous  waste 
in  an  appropriate  manner  in  the  first  instance;  and 
(3)  the  persistence,  toxicity,  mobility,  and  propensi- 
ty to  bioaccumulate  such  hazardous  wastes  and 
their  hazardous  constituents.  Section  2  presents  the 
legal  authority  under  which  the  Agency  is  basing 
its  regulations.  Section  3  describes  the  technical 
methodology  EPA  uses  to  define  treatment  stand- 
ards for  restricted  hazardous  waste.  Section  4  dis- 
cusses variances  from  these  treatment  standards, 
and,  finally,  Section  5  presents  the  Agency's  ap- 
proach to  the  special  problems  raised  by  the  'acute 
hazardous'  (P)  and  'toxic'  (U)  listed  hazardous 
waste  categories  in  40  CFR/261.33.  (Lantz-PTT) 
W91-07808 


FINAL  BEST  DEMONSTRATED  AVAILABLE 
TECHNOLOGY  (BDAT)  BACKGROUND  DOC- 
UMENT FOR  WASTES  FROM  THE  PRODUC- 
TION OF  1,1,1-TRICHLOROETHANE:  K028, 
K029,  K095,  AND  K096. 

Environmental   Protection   Agency,   Washington, 
DC.  Office  of  Solid  Waste. 
J.  R.  Berlow,  and  L.  Jones. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161  as  PB89-221519. 
Price  codes:  A05  in  paper  copy,  A01  in  microfiche. 
Report  No.  EPA/530-SW-89-048N,  May  25,  1989. 


1 15p,  1  fig,  20  tab,  23  ref,  4  append. 

Descriptors:  *Best  Demonstrated  Available  Tech- 
nology, *Standards,  *Trichloroethane, 
•Wastewater  treatment,  Chemical  precipitation, 
Incineration,  Land  disposal,  Organic  compounds, 
Waste  treatment. 

In  accordance  with  the  amendments  to  the  Re- 
source Conservation  and  Recovery  Act  (RCRA) 
of  1976,  enacted  in  the  Hazardous  and  Solid  Waste 
Amendments  (HSWA)  of  November  8,  1984,  the 
US  EPA  is  establishing  best  demonstrated  avail- 
able technology  (BDAT)  treatment  standards  for 
the  listed  wastes  identified  in  Title  40,  CFR  Sec- 
tion 261.32  as  K028,  K029,  K095,  and  K096  from 
the  production  of  1,1,1-trichloroethane.  This  back- 
ground document  provides  the  Agency's  rationale 
and  technical  support  for  selecting  the  constituents 
regulated  in  K028,  K029,  K095,  and  K.096  non- 
wastewaters  and  K028  wastewaters  and  for  devel- 
oping treatment  standards  for  these  constituents. 
This  document  also  provides  waste  characteriza- 
tion data  that  serve  as  a  basis  for  determining 
whether  a  variance  from  treatment  standards  may 
be  warranted  for  a  particular  type  of  K028,  K029, 
K095,  or  K096  waste  that  is  more  difficult  to  treat 
than  the  wastes  that  were  analyzed  in  developing 
the  treatment  standards  for  K028,  K029,  K095,  and 
K096  nonwastewaters  and  K028  wastewaters.  This 
background     document    presents    the    following 
waste-specific  information:  the  numbers  and  loca- 
tions of  facilities  that  may  be  affected  by  the  land 
disposal  restrictions  for  K028,  K029,  K095,  and 
K.096;  the  processes  generating  these  wastes;  the 
waste  characterization  data;  the  technologies  used 
to  treat  the  wastes  (or  similar  wastes,  if  any);  and 
the  treatment  performance  data  on  which  the  treat- 
ment standards  are  based,  if  appropriate.  For  K028, 
K029,  K095,  and  K096  nonwastewaters,  BDAT 
treatment  standards  for  organic  constituents  are 
based  on  treatment  performance  data  transferred 
from  treatment  of  the  ash  residual  from  inciner- 
ation   of    KK019.    For    K028    wastewaters,    the 
BDAT  treatment  standards  for  organic  constitu- 
ents  are   based   on   treatment    performance   data 
transferred  from  the  scrubber  water  residual  from 
incineration  of  K019.  BDAT  treatment  standards 
for  metal  constituents  in  K028  wastewaters  are 
based  on  treatment  performance  data  transferred 
from  the  effluent  from  lime  and  sulfide  precipita- 
tion and  vacuum  filtration  of  a  mixture  of  K062 
and   metal-bearing   characteristic   wastes.   (Lantz- 
PTT) 
W91-07809 


WELL  INSTALLATION  AND  DOCUMENTA- 
TION, AND  GROUND-WATER  SAMPLING 
PROTOCOLS  FOR  THE  PILOT  NATIONAL 
WATER-QUALITY  ASSESSMENT  PROGRAM. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  7A. 

W91-07824 


ECOLOGICAL  PROBLEMS  OF  THE  THER- 
MICS  OF  HYDROELECTRIC  STATIONS. 

For  primary  bibliographic  entry  see  Field  5C. 

W9 1-07878      • 

CSO  ABATEMENT  FOR  BURLINGTON,  VER- 
MONT. VTV 
O'Brien  and  Gere  Engineers,  Inc.,  Syracuse,  NY. 
R.  C.  Ganley,  and  D.  A.  McCarthur. 
Water  Environment  &  Technology  WAETEJ, 
Vol.  3,  No.  2,  p  36-43,  February  1991.  2  fig,  6  tab. 

Descriptors:  "Combined  sewer  overflows,  *Storm 
runoff,  *  Storm  water  management,  "Urban  runoff, 
"Vermont,  "Wastewater  treatment,  Burlington, 
Design  criteria,  Lake  Champlain,  Project  planning, 
Swirl  vortex  separator. 

The  city  of  Burlington,  Vermont,  which  has  a 
population  of  40,000  and  is  situated  on  the  shore  of 
Lake  Champlain,  had  a  significant  problem  with 
combined  sewer  overflows  (CSOs)  causing  dis- 
charge into  Burlington  Bay,  with  negative  effects 
on  local  water  quality.  In  1987,  a  Final  Facilities 
Plan  for  Municipal  Wastewater  Treatment  was 
developed  covering  all  work  necessary  to  upgrade 


the  Burlington  collection  and  treatment  system. 
After  a  workshop  involving  public  works  officials, 
consultants,  Vermont  regulatory  personnel,  and 
construction  estimators,  an  evaluation  of  planned 
CSO  management  was  recommended.  This  evalua- 
tion included  determining  CSO  characteristics, 
comparing  stormwater  versus  treatment  options, 
forecasting  solids  removal  from  the  CSO  facilities 
site  plan,  and  preparing  recommendations  for  final 
facilities.  The  development  of  the  design  concept 
for  CSO  treatment  concluded  that  the  following 
major  elements  be  included  in  the  Burlington  CSO 
treatment  system:  all  CSO  flows  will  pass  through 
screening;  all  CSO  flows  up  to  the  peak  rate  of  the 
10-year,  12-hour  design  storm  will  receive  disinfec- 
tion; and  the  best  mix  of  storage  and  treatment 
recommends  the  construction  of  a  swirl  vortex 
separator  with  a  peak  capacity  of  2.6  cu  m/sec 
(mgd).  Current  estimates  predict  that  the  CSO 
facilities  will  be  operational  by  summer  1992. 
(Rochester-PTT) 
W9 1-07897 


ACID  EARTH:  THE  GLOBAL  THREAT  OF 
ACID  POLLUTION. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07903 


WATER  ACT  1989:  CHAPTER  15. 

For  primary  bibliographic  entry  see  Field  6E. 
W9 1-07904 

WATER  AND  WASTEWATER  EXAMINATION 
MANUAL. 

Tennessee  Technological  Univ.,  Cookeville.  Dept. 
of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07906 


WORLD  RESOURCES:  1990-91. 

World  Resources  Inst.,  Washington,  DC. 

For  primary  bibliographic   entry  see   Field   6G. 

W9 1-079 19 

DATA  ACQUISITION  WITHIN  A  REGIONAL 
SCALE:  THE  EXPERIENCE  OF  THE  REMOTE 
SATELLITE  TRANSMISSION  IN  WEST 
AFRICA. 

Institut  Francais  de  Recherche  Scientifique  pour  le 
Developpement  en  Cooperation,  Abidjan  (Ivory 
Coast).  Centre  ORSTOM  d'Adiopodoume. 
E.  Servat,  and  J.  M.  Lapetite. 
IN:  Regionalization  in  Hydrology.  IAHS  Publica- 
tion No.  191.  International  Association  of  Hydro- 
logical  Sciences,  Washington,  DC.  1990.  p  11-20,  3 
fig,  8  ref. 

Descriptors:  "Data  acquisition,  "Hydrologic  data 
collections,  "Insect  control,  "Regional  analysis, 
•Remote  sensing,  "Water  quality  management, 
"West  Africa,  Computer  programs,  Human  dis- 
eases, Insecticides,  River  forecasting,  Satellite 
technology,  Stream  discharge. 

Onchocerciasis,  or  river  blindness,  is  an  endemic 
disease  which  causes  great  damage  to  the  human 
population  of  West  Africa.  Within  the  World 
Health  Organization  (WHO)  program  to  control 
this  disease  (OCP),  it  has  been  found  that,  by  using 
remote  satellite  transmission,  reliable  data  on  the 
discharge  of  the  water  courses  can  be  obtained. 
These  data  are  necessary  to  calculate  exactly  how 
much  insecticide  should  be  introduced  into  the 
rivers.  The  satellite  transmission  of  the  data  col- 
lected by  automatic  recorders  offers  the  advan- 
tages of  guaranteed  access  to  data  in  all  seasons, 
transmission  of  the  water  levels  almost  in  real  time, 
more  reliable  data  than  that  from  river  gages,  and 
quick  and  easy  centralization  of  the  data  through 
the  receiving  equipment  centers  at  the  two  aerial 
operation  bases.  Software  for  forecasting  the  dis- 
charge at  different  times  was  developed  as  a  staff 
gage  database  manager,  and  has  led  to  significant 
improvements  in  the  OCP  program,  it  avoids  un- 
derdosage  or  overdosage  of  insecticide,  and  it  in- 
creases the  success  rate  and  allows  occasional  sus- 
pension of  treatment  in  some  reaches.  The  OCP  is 
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satisfied  with  the  initial  results  and  intends  to  com- 
plete its  fleet  of  100  remote  transmission  beacons  as 
it  extends  the  program  towards  the  west.  (See  also 
W9  1  -07920)  (Fish-PTT) 
W9 1-07922 


BIG  RIVER,  CO  LOUTH,  IRELAND:  A  CASE 
STUDY  IN  RECOVERY. 

Dundalk  Regional  Technical  Coll.  (Ireland).  Dept. 

of  Experimental  Sciences. 

D.  J.  Douglas,  and  J.  McCreanor. 

Annales  de  Limnologie  ANLIB3,  Vol.  26,  No   1   p 

73-79,  1990,  2  fig,  3  tab,  10  ref. 

Descriptors:  •Industrial  wastes,  'Ireland,  *River 
restoration,  *Stream  pollution,  *Water  pollution 
effects,  *Water  quality  monitoring,  Aquatic  fungi, 
Biological  oxygen  demand,  Case  studies,  Color, 
Macroinvertebrates,  Recolonization. 

As  part  of  an  ongoing  program  of  water-quality 
monitoring,  the  chemical  and  biological  effects  of 
organic  wastes  discharged  by  the  Cooley  Alcohol 
Factory  into  the  Big  River,  County  Louth,  Ire- 
land, were  monitored  during  the  months  of  March 
and  April  from  1983  to  1988.  Results  showed  con- 
ditions in  the  Big  River  to  be  very  clean  from  the 
source  to  just  above  the  factory  outfall,  but  the 
river  was  grossly  polluted  downstream  of  the  out- 
fall and  devoid  of  living  organisms,  with  the  excep- 
tion of  sewage  fungus;  the  BOD  of  the  effluent  at 
the  mouth  of  the  discharge  pipe  was  measured  at 
1440  mg/L.  The  effluent  also  had  the  effect  of 
discoloring  the  river  water  (i.e.,  increasing  the 
mean  color  from  10  to  500  Hazen  units)  and  this 
discoloration  extended  some  distance  out  to  sea 
from  the  river's  mouth.  When  the  factory  ceased 
production  in  June  1986,  water  quality  improved 
immediately  and  within  eight  months  significant 
signs  of  recolonization  by  macroinvertebrates  were 
evident.  Water  color  had  fallen  to  7.5  Hazen  units 
and  the  BOD  readings  were  characteristic  of  a 
clean  river.  Water  quality  continued  to  improve 
until  the  end  of  the  survey  in  March  1988,  by 
which  time  the  river  had  returned  to  near-pristine 
conditions.  (King-PTT) 
W9 1-07984 


EVALUATION  OF  WASTE  WATER  TOXICITY 
WITH  THREE  CYTOTOXICITY  TESTS. 

Munich  Univ.  (Germany,  F.R.).  Inst,  fuer  Zoolo- 
gie  and  Hydrobiologie. 
For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07992 


REGULATION  OF  THE  TEMPERATURE 
REGIME  OF  LOWER  POOLS  OF  HIGH-HEAD 
HYDRO  DEVELOPMENTS. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-08035 


SELENIUM  BIOMETHYLATION  IN  AN  AL- 
KALINE, SALINE  ENVIRONMENT. 

California  Univ.,  Riverside.  Dept.  of  Soil  and  En- 
vironmental Sciences. 

E.  T.  Thompson-Eagle,  and  W.  T.  Frankenberger 
Water  Research  WATRAG,  Vol.  25,  No.  2,  p  231- 
240,  February  1991.  3  fig,  6  tab,  47  ref. 

Descriptors:  'Biological  wastewater  treatment, 
•California,  'Drainage  water,  'Evaporation  ponds, 
•Methylation,  'Selenium,  'Water  pollution  treat- 
ment, Aerobic  conditions,  Bacteria,  Bactericides, 
Culture  media,  Fungicides,  Nitrates,  Nitrites,  Pesti- 
cides, Polymers,  Proteins,  Saline  water,  San  Joa- 
quin Valley,  Sand,  Sulfates. 

Biomethylation  of  selenium  in  evaporation  pond 
water  was  studied  and  optimized  in  laboratory- 
incubated  mesocosms.  Methylating  microorga- 
nisms were  present  in  all  pond  waters  collected 
from  the  San  Joaquin  Valley,  California,  and  were 
inhibited  by  bactericides  but  not  by  fungicides. 
The  addition  of  casein  increased  bacterial  numbers 
1,000-fold  and  stimulated  biomethylation  25-fold. 
The  provision  of  growth  matrices  (sand,  glass 
beads,  or  nylon  polymers)  stimulated  Se  biomethy- 
lation in  unamended  water  but  not  in  peptone- 
amended  water.  Biomethylation  was  optimal  in  a 


well-mixed,  aerobic  system  amended  with  a  pro- 
tein source.  Cofactors  enhanced  the  production  of 
dimethylselenide  in  peptone-amended  pond  water. 
The  species  of  inorganic  Se  present,  Se03(2-)  and 
Se04(2-),  had  little  effect  on  the  methylation  effi- 
ciency. Increasing  the  Se  concentration  from  1.9  to 
101.9  mg  Se/L  in  peptone-amended  pond  water 
decreased  the  percentage  of  Se  removed  from  8  to 
0.1%.  Selenium  removal  ranged  between  8%  and 
100%  for  peptone-amended  pond  waters  contain- 
ing between  2.2  and  0.02  micrograms  Se/L,  re- 
spectively. Biomethylation  was  inhibited  by  0.1  M 
nitrate  and  nitrite,  but  additional  sulfate  (0.1,  1  M) 
had  no  effect  on  dimethylselenide  release.  It  may 
be  possible  to  apply  these  findings  in  the  design  of 
a  bioreactor  to  deselenify  agricultural  drainage 
water.  (Author's  abstract) 
W9 1-08059 


POLICY,  LAW  AND  IMPLEMENTATION  OF 
INDUSTRIAL  WASTEWATER  POLLUTION 
CONTROL. 

Central    Pollution    Control    Board,    New    Delhi 

(India). 

P.  C.  Tyagi. 

Water  Science  and  Technology  WSTED4    Vol 

24,  No.  1,  p  5-13,  1991.  3  tab. 

Descriptors:  'Environmental  policy,  'India,  'In- 
dustrial wastes,  'Wastewater  pollution,  'Water 
pollution  control,  Administrative  agencies,  Devel- 
oping countries,  Institutional  constraints,  Law  en- 
forcement, Legal  aspects,  Legislation,  Monitoring, 
Regulations,  Rivers,  Taxes,  Technology,  Water 
consumption,  Water  quality  standards,  Water  use. 

The  policy  of  industrial  wastewater  pollution  con- 
trol in  India  is  based  on  the  'polluter  pays'  princi- 
ple. All  industrial  units  are  held  strictly  liable  for 
abatement  of  pollution  caused  by  them.  Prevention 
is  emphasized.  The  index  for  health  and  environ- 
mental considerations  is  summed  up  in  the  water 
quality  criteria  for  the  specified  'designated  best 
use,'  which  is  the  use  requiring  the  best  quality  of 
water  among  the  various  uses  made  by  the  people 
of  a  given  stretch  of  a  river.  Additional  topics 
discussed  include  legislation,  water  consumption 
taxes  levied  on  specific  industries,  the  organization- 
al structure  of  regulatory  boards,  pollution  control 
strategies,  pollution  assessment,  enforcement,  the 
environmental  clearance  of  proposed  industrial 
sites,  the  special  problem  of  clusters  of  small-scale 
industrial  units,  and  financial  incentives  for  pollu- 
tion control.  Pollution  caused  by  industrial 
wastewater  in  India  is  increasing  at  an  alarming 
rate.  Suggested  goals  include  improving 
wastewater  treatment  technologies,  reducing  in- 
dustrial water  consumption,  strengthening  and  re- 
organizing pollution  control  institutions,  and 
mounting  a  massive  program  for  environmental 
awareness  and  training.  (Doria-PTT) 
W9 1-08060 


IMPROVED  INDUSTRIAL  WATER  POLLU- 
TION CONTROL  IN  BOTSWANA:  FROM 
STRATEGY  TO  PRACTICAL  IMPLEMENTA- 
TION. 

Botswana  Dept.  of  Water  Affairs,  Gaborone. 
T.  Makela. 

Water  Science  and  Technology  WSTED4,  Vol. 
24,  No.  1,  p  15-24,  1991.  1  tab,  9  ref. 

Descriptors:  'Botswana,  'Developing  countries, 
•Environmental  management,  'Institutional  con- 
straints, 'Water  pollution  control,  Administrative 
agencies,  Automation,  Data  processing,  Inspection, 
Institutions,  Law  enforcement,  Legal  aspects,  Leg- 
islation, Monitoring,  Permits. 

A  new  strategy  for  water  pollution  control  has 
been  developed  in  Botswana,  based  on  a  practical 
approach  with  parallel  activities  in  several  areas  so 
that  delays  in  some  areas  will  not  hamper  achieve- 
ments in  others.  These  areas  of  development  in- 
clude: policy  formulation,  legislation,  practical 
principles  for  handling  pollution  cases,  inspection 
and  monitoring,  systematic  guidelines,  filing  and 
reporting  systems,  and  cooperation  with  polluters 
and  among  different  authorities.  The  following 
principles  are  suggested  by  the  Botswana  experi- 
ence: (1)  emphasize  programs  rather  than  projects 


since  better  development  is  achieved  with  gradual 
and  flexible  approaches  in  several  areas  of  practical 
work;  (2)  establish  sound  policies  with  the  prime 
responsibility  on  polluters;  the  lack  of  clearly  de- 
fined and  detailed  policies  leads  to  random  prior- 
ities, vague  responsibilities,  and  a  fire-fighting  ap- 
proach to  problems;  and  (3)  formulate  policies 
based  on  trends  and  actual  hazards.  (Doria-PTT) 
W9 1-08061 


INTEGRATED  WATER  RESOURCES  PLAN- 
NING AS  A  FACTOR  IN  ENVIRONMENTAL 
POLLUTION  CONTROL. 

Nairobi  Univ.  (Kenya).  Dept.  of  Civil  Engineering. 
G.  G.  Ngirane-Katashaya. 

Water  Science  and  Technology  WSTED4  Vol 
24,  No.  1,  p  25-34,  1991.  2  fig,  17  ref. 

Descriptors:  'Regional  planning,  'Water  conserva- 
tion, 'Water  pollution  control,  'Water  resources 
management,  'Water  use,  Case  studies,  Cost  analy- 
sis, Economic  aspects,  Environmental  impact  state- 
ment, Environmental  protection,  Hydroelectric 
plants,  Irrigation  effects,  Planning,  River  basin  de- 
velopment, Social  aspects. 

Integrated  water  resources  planning  (IWRP)  seeks 
to  rationalize  water  resources  projects  in  a  region 
for  optimum  utilization  of  water,  appropriate  con- 
servation, cost-effectiveness,  and  attainment  of 
maximum  economic  and  socio-environmental  bene- 
fits. Those  aspects  of  water  resources  planning  that 
interact  with  the  environment  are  reviewed,  and 
corresponding  environmental  conservation  param- 
eters and  various  approaches  to  pollution  control 
are  presented.  Mutually  pertinent  points  identify 
the  planning  parameters.  Topics  discussed  include 
conventional  environmental  pollution  control 
measures,  pollution  mitigation  through  regional 
planning,  pollution  mitigation  through  phased  im- 
plementation, pollution  mitigation  through  multi- 
purpose projects,  and  pollution  control  through 
multi-objective  and  multidisciplinary  planning. 
Case  studies  of  IWRP  (the  Tana  and  Athi  Rivers 
Development  Authority  (TARDA)  and  the  Kiam- 
bere  hydroelectric  project)  illustrate  the  following 
recommendations:  (1)  multidisciplinary  interaction 
is  needed  at  the  inception  of  a  project;  (2)  continu- 
ous monitoring  of  environmental  pollution  is 
needed;  and  (3)  public  awareness  needs  to  be  im- 
proved. (Doria-PTT) 
W9 1-08062 


SURFACE  WATER  QUALITY  MONITORING 
AND  POLLUTION  CONTROL  IN  GHANA. 

Water  Resources  Research  Inst.,  Accra  (Ghana). 
For  primary  bibliographic  entry  see  Field  7A. 
W9 1-08063 


PB(II)  REMOVAL  FROM  KAOLINITE  BY 
ELECTROKINETICS. 

Louisiana  State  Univ.,  Baton  Rouge.  Dept.  of  Civil 

Engineering. 

J.  Hamed,  Y.  B.  Acar,  and  R.  J.  Gale. 

Journal    of    Geotechnical    Engineering    (ASCE) 

JGENDZ,  Vol.   117,  No.  2,  p  241-271,  February 

1990.  14  fig,  6  tab,  39  ref. 

Descriptors:  'Clay  minerals,  'Decontamination, 
•Electro-osmosis,  *Heavy  metals,  *Lead,  'Soil 
contamination,  Absorption,  Adsorption,  Cation  ex- 
change, Conductivity,  Electrochemistry,  Elec- 
trodes, Energy,  Groundwater  protection,  Hydro- 
gen ion  concentration,  Ions,  Kaolinite,  Moisture 
content,  Osmosis,  Saturation. 

The  potential  of  electro-osmosis  for  the  removal  or 
separation  of  contaminants  in  soil  requires  a  better 
understanding  of  the  electrochemistry  associated 
with  electrokinetic  phenomena  and  its  relation  to 
the  mechanical  behavior.  Electro-osmosis  tests 
were  conducted  on  saturated  kaolinite  specimens 
loaded  with  Pb(II)  to  investigate  the  efficiency  and 
energy  requirements  of  the  process  in  removing 
this  heavy  metal.  Kaolinite  specimens  were  loaded 
with  118  to  145  micrograms  of  Pb(II)  per  gram  of 
dry  soil,  below  the  cation  exchange  capacity  of  the 
mineral.  The  flow  in  electro-osmosis  with  open 
electrodes  is  time-dependent  and  is  strongly  influ- 
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enced  by  electrochemistry  resulting  from  pH  gra- 
dients. The  absorbed  Pb(II)  was  removed  75%  to 
95%  by  the  process.  The  extent  of  removal  is 
directly  related  to  the  pH  gradients  developed  in 
the  process.  The  total  charge  passed  to  remove 
Pb(II)  varied  between  1,400  and  2,000  amp-hr  per 
cubic  meter  of  soil.  The  energy  requirement  for  the 
removal  of  Pb(II)  in  these  tests  was  less  than  29  to 
60  kWh  per  cubic  meter  of  soil  processed.  (Au- 
thor's abstract) 
W9 1-08080 


OVERVIEW  OF  WATER  FOR  ENVIRONMEN- 
TAL MANAGEMENT. 

Foundation  for  Research  Development,  Pretoria 
(South  Africa). 

For  primary  bibliographic  entry  see  Field  6U. 
W9 1-08094 

KINETICS  OF  BACTERIAL  DEGRADATION 
OF  BENZYLAMINE  IN  A  MONTMORILLON- 
ITE  SUSPENSION. 

Cornell  Univ.,  Ithaca,  NY.  Inst,  for  Comparative 

and  Environmental  Toxicology. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-08098 

WASTEWATER  TREATMENT  MODEL  FOR 
WASTE  HEAT  UTILIZATION  ASSESSMENT. 

For  primary  bibliographic  entry  see  Field  5D. 
W91-08111 

OXYGEN  CONDITIONS  IN  THE  DEEP 
WATER  OF  KIEL  BAY  AND  THE  IMPACT  OF 
INFLOWING  SALT-RICH  WATER  FROM  THE 
KATTEGAT. 

Kiel  Univ.  (Germany,  F.R.).   Inst,  fuer  Meeres- 

kunde. 

For  primary  bibliographic  entry  see  Field  2L. 

W9 1-08 180 


mole  of  FeS2.  Therefore  the  multiplication  factor 
for  computing  MPA  from  overburden  sulfur  con- 
centration, in  weight  percent,  should  be  increased 
from  31.25  to  62.5.  (See  also  W91-08190)  (Author's 
abstract) 
W9 1-08 189 


EFFECTIVENESS  OF  THE  ADDITION  OF  AL- 
KALINE MATERIALS  AT  SURFACE  COAL 
MINES  IN  PREVENTING  OR  ABATING  ACID 
MINE  DRAINAGE:  PART  1.  GEOCHEMICAL 
CONSIDERATIONS. 
Geological  Survey,  Harrisburg,  PA. 
C.  A.  Cravotta,  K.  B.  C.  Brady,  M.  W.  Smith,  and 
R.  L.  Beam. 

IN:  Proceedings  of  the  1990  Mining  and  Reclama- 
tion Conference  and  Exhibition,  April  23-26,  1990, 
Charleston,  West  Virginia.  1990.  p  221-225,  27  ref. 

Descriptors:  *Acid  mine  drainage,  *Alkalinity, 
•Coal  mines,  *Environmental  chemistry,  •Geo- 
chemistry, 'Pennsylvania,  *Water  pollution  pre- 
vention, 'Water  pollution  treatment,  Calcium  car- 
bonate, Calcium  hydroxide,  Calcium  oxide,  Chemi- 
cal reactions,  Coal  mining  effects,  Hydrogen  ion 
concentration,  Mine  wastes,  Sulfur. 

The  addition  of  alkaline  materials  to  supplement 
deficient  'neutralization  potential'  (NP)  of  mine 
spoil,  and  thus  to  prevent  or  abate  acid  mine 
drainage,  has  not  been  successful  at  most  surface 
coal  mines  in  Pennsylvania.  A  basic  problem  may 
have  been  an  improper  accounting  of  the  acid 
production  potential  and,  inadequate  addition  rates 
of  CaC03,  CaO,  or  Ca(OH)2  at  many  mines.  The 
commonly  used  acid/base  accounting  method  is 
based  on  the  following  overall  reaction:  FeS2  + 
CaC03  +  3.75  02  +  1.5  H20  =  Fe(OH)3  +  S04 
+  2Ca  +  2C02  (g),  where  the  acidity  from  1  mole 
of  pyrite  (FeS2)  is  neutralized  by  2  moles  of 
CaC03.  This  method  presumes  that  gaseous  C02 
will  exsolve,  and  therefore  may  underestimate  by 
up  to  a  factor  of  2  the  quantity  of  CaC03  required 
to  neutralize  the  maximum  potential  acidity  (MPA) 
in  the  mine  spoil.  A  review  is  presented  of  some 
geochemical  reactions  involving  FeS2,  and  various 
alkaline  additives  that  support  the  argument  that 
the  acid/base  accounting  method  for  computing 
MPA  from  overburden  analyses  should  be  revised. 
Considering  the  stoichiometry  of  the  following 
reaction:  FeS2  +  4CaC03  +  3.75  02  +  3.5  H2) 
=  Fe(OH)3  +  2S04  +  4Ca  +  4  HC03,  4  moles 
of  CaC03  are  required  to  neutralize  the  maximum 
potential  acidity  produced  by  the  oxidation  of  1 


EFFECTIVENESS  OF  THE  ADDITION  OF  AL- 
KALINE MATERIALS  AT  SURFACE  COAL 
MINES  IN  PREVENTING  OR  ABATING  ACID 
MINE  DRAINAGE:  PART  2.  MINE  SITE  CASE 
STUDIES. 

Pennsylvania  Dept.  of  Environmental  Resources, 
Harrisburg. 

K.  B.  C.  Brady,  M.  W.  Smith,  R.  L.  Beam,  and  C. 
A.  Cravotta. 

IN:  Proceedings  of  the  1990  Mining  and  Reclama- 
tion Conference  and  Exhibition,  April  23-26,  1990, 
Charleston,  West  Virginia.  1990.  p  227-241,  11  fig, 
2  tab,  22  ref. 

Descriptors:  *Acid  mine  drainage,  'Alkalinity, 
•Case  studies,  *Coal  mines,  'Environmental  chem- 
istry, 'Geochemistry,  'Water  pollution  prevention, 
Chemical  reactions,  Mine  wastes,  Pennsylvania, 
Sulfur. 

The  effectiveness  of  preventing  or  ameliorating 
acid  mine  drainage  (AMD)  through  the  application 
of  alkaline  additives  is  evaluated  for  8  surface  coal 
mines  in  Pennsylvania.  Many  of  the  mine  sites  had 
overburden  characteristics  that  made  prediction  of 
post-mining  water  quality  uncertain.  Alkaline  ma- 
terials were  applied  at  rates  ranging  from  42  to  > 
1000  tons  as  CaC03/acre.  In  addition,  two  sites 
that  were  mined  and  reclaimed  without  alkaline 
additives  are  included  for  competitive  purposes. 
Overburden  sulfur  concentration  and  'neutraliza- 
tion potential'  (NP)  data  for  multiple  strata  at  each 
mine  site  were  used  to  compute  the  cumulative, 
mass  weighted  'maximum  potential  acidity'  (MPA) 
and  'net  neutralization  potential'  (NNP   =   NP- 
MPA)  by  using  three  different  calculation  meth- 
ods. Post  reclamation  water  quality  data  were  used 
to  compute  the  net  alkalinity.  The  most  conserva- 
tive determination  of  NNP,  whereby  MPA  is  cal- 
culated by  multiplying  the  total  sulfur  concentra- 
tion, in  weight  percent,  by  62.5  instead  of  31.25, 
yielded   the   best   agreement    with   net   alkalinity 
(matching  signs  on  NNP  and  net  alkalinity).  The 
error  in  prediction  using  each  method  was  that  the 
reclaimed  overburden  was  computed  to  be  alkaline 
overall  (NNP  >  0),  but  the  post-reclamation  water 
was  acid  (net  alkalinity  <  0).  In  general,  alkaline 
addition  rates  were  probably  insufficient  to  neu- 
tralize or  too  late  to  prevent,  acid  production  in 
the  mine  spoil.  At  six  of  the  seven  mine  sites  that 
had  overburden  with  insufficient  NP  relative  to 
MPA  (NNP  <  0),  the  addition  of  alkaline  materi- 
als failed  to  create  alkaline  mine  drainage;  AMD 
was  formed  or  persisted.  A  control  site  generated 
severe  AMD.  Two  sites  that  had  substantial,  natu- 
ral alkaline  overburden  produced  alkaline  drain- 
age.  Although   the   addition   rates  appear  to  be 
inadequate,  other  factors  such  as  unequal  distribu- 
tion and  exposure  of  the  acid  forming  or  neutraliz- 
ing materials  and  geohydrological  variability,  com- 
plicate the  evaluation  of  relative  effectiveness  of 
using  different  alkaline  materials  and  placement  of 
the  acid  or  alkaline  producing  materials.  (See  also 
W9 1-08 189)  (Author's  abstract) 
W9 1-08 190 

TOXICITY  REDUCTION  IN  INDUSTRIAL  EF- 
FLUENTS. 

Van  Nostrand  Reinhold,  New  York.  1990.  350p. 
Edited  by  Perry  W.  Lankford  and  W.  Wesley 
Eckenfelder. 

Descriptors:  'Industrial  wastewater,  'Toxicity, 
'Wastewater  treatment,  'Water  pollution  effects, 
'Water  quality  control,  Bioassay,  Biological 
wastewater  treatment,  Laboratory  methods, 
Sludge,  Volatile  organic  compounds. 
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water  pollution  control.  This  book  is  a  comprehen- 
sive reference  source  on  the  testing  protocols, 
comparative  data,  and  treatment  techniques  for 
effective  toxicity  reduction.  Included  in  this  book 
are  detailed  chapters  covering  various  methods  for 
toxicity  reduction,  such  as  the  removal  of  metals, 
aerobic  biological  treatment,  stripping  of  volatile 
organics,  and  management  of  sludges  from  toxic 
wastewater  treatment.  The  book  features:  a  com- 
plete overview  of  the  subject,  including  back- 
ground material  for  newcomers  to  the  field;  a  basic 
summary  and  comparison  of  alternate  treatment 
procedures;  the  latest  methods  for  the  identifica- 
tion of  toxic  components  that  readers  can  use  for 
testing  in  their  own  laboratories;  a  description  of 
applicable  technologies  for  toxicity  reduction; 
actual  data  from  the  use  of  processes  that  allow 
readers  to  compare  technologies;  solids  manage- 
ment requirements  including  handling  and  disposal; 
useful  economic  comparisons  of  technologies;  and 
illustrative  case  studies  that  demonstrate  the  appli- 
cation of  the  latest  toxicity  reduction  technology 
and  data  to  specific  situations.  (See  also  W9 1-08 192 
thru  W9 1-08204)  (Lantz-PTT) 
W9 1-08 192 


The  toxicity  of  manufacturing  wastewaters  to  fish 
and  other  aquatic  organisms  is  now  being  used  by 
state  and  federal  regulators  to  monitor  and  restrict 
industrial  wastewater  discharges.  As  a  result,  there 
is  a  great  need  for  guidance  on  the  subject  of 
aquatic  toxicity  reduction  in  the  field  of  industrial 


SOURCE  IDENTIFICATION,  TESTING,   AND 
TREATMENT. 

Eckenfelder,  Inc.,  Nashville,  TN. 

For  primary  bibliographic  entry  see  Field  5B. 

W91-08195 


REMOVAL     OF     METALS     TO     NONTOXIC 
LEVELS. 

Eckenfelder,  Inc.,  Nashville,  TN. 

For  primary  bibliographic  entry   see  Field   5D. 

W9 1-08 196 


ECONOMICS  OF  TOXICITY  REDUCTION. 

Eckenfelder,  Inc.,  Nashville,  TN. 

For  primary  bibliographic  entry  see  Field  6C. 

W9 1-08204 
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FLOW  AND  CONTAMINANT  SIMULATIONS 
FOR  A  COMPLEX  GROUNDWATER  SYSTEM 
FOR  THE  PURPOSE  OF  RISK  ASSESSMENT. 

NUS  Corp.,  Pittsburgh,  PA. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07 175 


RISK        COMMUNICATION        STRATEGIES: 
FOUR  HAZARDOUS  WASTE  SCENARIOS. 

ENSCO  Environmental  Services,  Inc.,  Fremont, 

CA. 

For   primary   bibliographic   entry   see   Field   5G. 

W9 1-07 176 


WATER  RESOURCES  DEVELOPMENT  IN 
ASIA  AND  THE  PACIFIC:  DAM  SAFETY 
EVALUATION  AND  MONITORING,  WATER 
TARIFFS  AND  RAIN-WATER  HARVESTING. 

Economic  and  Social  Commission  for  Asia  and  the 
Pacific  (UN),  Bangkok  (Thailand). 
Water  Resources  Series  No.  63,  1989.  United  Na- 
tions Economic  and  Social  Commission  for  Asia 
and  the  Pacific,  Bangkok,  Thailand.  118p,  13  fig, 
42  tab. 

Descriptors:  'Asia,  'Dam  stability,  'Tariff,  'Water 
harvesting,  'Water  resources  development,  Aus- 
tralia, Dams,  Hydraulic  structures,  Japan,  Monitor- 
ing, New  Zealand,  Pakistan,  Rain,  Safety,  Sri 
Lanka,  Thailand,  Water  resources. 

In  the  Economic  and  Social  Commission  for  Asia 
and  the  Pacific  (ESCAP)  region,  many  countries 
have  built  a  large  number  of  dams  for  hydroelec- 
tric power  generation  and/or  impounding  flood 
waters  to  regulate  low  flow  in  the  dry  season  for 
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irrigation  and  domestic  and  industrial  water  sup- 
plies. According  to  the  latest  available  information, 
in  1982  there  were  23,120  existing  dams  15  m  or 
more  in  height   in    14  selected  countries  in  the 
ESCAP  region.  Rockfill,  concrete  arch  and  other 
types  of  dams  accounted  for  8%.  Of  the  total,  93% 
were  completed  after   1950.  In  March   1987,  the 
secretariat  circulated  a  questionnaire  on  dam  safety 
to  the  national  committees  on  large  dams  of  14 
member  countries  of  the  ESCAP  region,  seeking 
confirmation   of  the   statistical   data   on    existing 
dams,  and  information  on  the  operation  and  main- 
tenance practices  of  monitoring  and  evaluation  of 
dam  safety  and  the  general  practices  of  determin- 
ing design  criteria  or  standards  of  dams.  Replies 
from  five  countries  (Australia,  Japan,  New  Zea- 
land, Sri  Lanka  and  Thailand)  were  achieved.  The 
reply  from  Sri  Lanka  indicated  that  the  measuring 
and  monitoring  systems  of  the  existing  dams  15-59 
m  in  height  were  largely  inadequate  and  there  had 
never  been  a  safety  evaluation  of  existing  dams.  In 
the  three  developed  countries,  Australia,  Japan  and 
New  Zealand,  various  guidelines  for  dam  instru- 
mentation and  monitoring  systems,  design  floods, 
design  criteria  and  geological  investigation  of  dam 
foundations   had   been   published.   Whereas  dams 
have  provided  mankind  with  essential  benefits  such 
as   water   supply,   irrigation,    hydropower,    flood 
control  and  recreation,  they  have  also  posed  in- 
creased hazards.  Dam  failures  in  recent  years  have 
drawn  the  attention  of  Governments  throughout 
the  world  to  the  necessity  for  devising  means  of 
monitoring  dams  for  safety  with  the  objective  of 
identifying,  reducing  and  eliminating  deficiencies 
in  time.  Chemical  changes,  aging  and  deterioration 
of  the  materials  can  set  in.  A  complete  discussion 
on  all  the  adverse  conditions  that  could  develop  is 
not  considered  necessary  in  this  report  because 
enough  literature  on  the  subject  is  readily  avail- 
able. It  is,  however,  intended  to  stress  the  need  for 
a  systematic  and  continuing  process  of  monitoring 
and   evaluation   of  dam   safety  by  qualified   and 
specialized  personnel  to  eliminate  the  risks  of  fail- 
ure. (Lantz-PTT) 
W9 1-07 192 


LAND  AND  WATER  RESOURCE  MANAGE- 
MENT IN  ASIA. 

International  Bank  for  Reconstruction  and  Devel- 
opment, Washington,  DC.  Economic  Develop- 
ment Inst. 

For  primary  bibliographic  entry  see  Field  6B. 
W9 1-07 194 


MANAGED  AQUATIC  ECOSYSTEMS. 

Ecosystems  of  the  World,  29.  Elsevier  Science 
Publishing  Co.,  New  York.  1987.  166p.  Edited  by 
R.  George  Michael. 

Descriptors:  'Aquatic  environment,  'Ecosystems, 
'Europe,  *Fish  management,  *India,  *Japan,  'Re- 
views, 'Water  management,  'Water  resources 
management,  Algae,  Carp  culture,  Habitats,  Oyster 
culture,  Reservoir  operation. 

Several  aquatic  management  practices  representing 
different  geographical  areas  and  cultural  back- 
grounds are  reviewed.  These  range  from  the  age- 
old  carp  culture  and  management  in  Europe  and 
other  continents  to  the  more  recent  intensive  man- 
agement and  mass  culture  of  autotrophic  micro- 
algae.  In  addition,  oyster  culture  in  coastal  Japan, 
and  the  management  of  man-made  reservoirs  in 
India  are  described.  An  ecosystem  approach  is 
emphasized.  Data  on  the  structural  and  functional 
aspects  of  each  of  the  habitats  are  provided  and  the 
interrelationships  between  various  factors  in  the 
context  of  the  species  cultured  are  presented,  a 
departure  from  more  conventional,  production-ori- 
ented treatment  of  the  topics.  (See  W9 1-0741 8  thru 
W9 1-07423)  (Medina- PTT) 
W91-07417 


DROUGHT  MANAGEMENT  AND  ITS  IMPACT 
ON  PUBLIC  WATER  SYSTEMS. 

For  primary  bibliographic   entry   see   Field   3D. 
W9 1-07794 


WHAT     ARE     ACCEPTABLE     RISKS     FOR 
PUBLIC  SYSTEMS. 


Los  Angeles  City  Dept.  of  Water  and  Power,  CA. 
For  primary  bibliographic  entry  see  Field  3D 
W9 1-07797 


DROUGHT  MANAGEMENT  OPTIONS. 

Southern  Illinois  Univ.,  Carbondale.  Dept.  of  Ge- 
ography. 

For   primary   bibliographic   entry   see   Field    3D 
W9 1-07798 


TOWARDS  SITUATION-SPECIFIC  MANAGE- 
MENT IN  IRRIGATION. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
For  primary  bibliographic  entry  see  Field  3F. 
W91-07912 


INTEGRATED  WATER  RESOURCES  PLAN- 
NING AS  A  FACTOR  IN  ENVIRONMENTAL 
POLLUTION  CONTROL. 

Nairobi  Univ.  (Kenya).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5G 
W9 1-08062 


COST-EFFECTIVENESS    OF    THE    STREAM- 
FLOW-GAGING  PROGRAM  IN  MINNESOTA. 

Geological    Survey,    St.    Paul,    MN.    Water   Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7B. 
W9 1-08 185 
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ECONOMICS  OF  AN  EFFECTIVE  UNDER- 
GROUND STORAGE  TANK  (UST)  MANAGE- 
MENT PROGRAM. 

For  primary  bibliographic  entry  see  Field  5G 
W91-07178 


LAND  AND  WATER  RESOURCE  MANAGE- 
MENT IN  ASIA. 

International  Bank  for  Reconstruction  and  Devel- 
opment, Washington,  DC.  Economic  Develop- 
ment Inst. 

P.  Sun,  J.  Dixon,  C.  Jesena,  and  T.  Aoki. 
Economic  Development  Institute  Seminar  Report 
No.  20,  1989.  54p,  3  append. 

Descriptors:  'Asia,  'Education,  'Land  manage- 
ment, 'Water  resources  management,  Case  studies, 
Climatology,  Economic  aspects,  Information  sys- 
tems, Land  use,  Workshops. 

In  November   1986,  the  Economic  Development 
Institute,  Agriculture  and  Rural  Development  Di- 
vision (EDIAR)  organized  a  two-week  seminar  in 
Washington,  DC,  on  Land  and  Water  Resources 
Management.   This   was  the   first  of  a  series  of 
seminars  in  which  the  assessment  and  management 
of  ecosystems  was  conducted,  and  it  drew  partici- 
pants from  1 1  countries  in  Africa,  Asia,  and  Latin 
America.  This  report  relates  to  the  third  seminar  of 
the  series,  for  ASian  participants,  that  took  place  in 
March  1988  at  the  headquarters  of  Southeast  Asian 
Regional  Center  for  Graduate  Study  and  Research 
in  Agriculture  (SEARCA)  at  Los  Banos,  Philip- 
pines. The  report  opens  with  an  overview  of  the 
seminar  discussions.  Chapter   1   then  sets  out  the 
objectives,  scope,  and  themes  of  the  seminar-lead- 
ing issues  in  land  and  water  resource  management 
in  Asia;  land,  water,  and  climate  information  sys- 
tems; farming  and  other  land  use  systems  (includ- 
ing  agroforestry);   economic   analysis,   incentives, 
and  the  policy  environment;  voluntary  and  invol- 
untary land  settlement;  country  case  studies;  and 
country  options.  This  is  followed,  in  chapters  2-5, 
by  summaries  of  the   papers  presented   and   the 
related    discussions    on    the    main    subject    areas. 
Chapters  6  and  7  deal  with  specific  experiences 
with  voluntary  and  involuntary  land  settlements 
and  country  experiences  (in  Japan,  Nepal,  Philip- 
pines, and  Thailand).  The  final  two  chapters  sum- 
marize  group   discussions  and   set  out   the   main 
themes  for  the  consideration  of  country  options. 
(Lantz-PTT) 
W9 1-07 194 


EVALUATING  THE  COSTS  OF  PACKED- 
TOWER  AERATION  AND  GAC  FOR  CON- 
TROLLING SELECTED  ORGANICS. 

Environmental     Protection     Agency,     Cincinnati, 
OH.  Drinking  Water  Research  Div. 
For   primary   bibliographic   entry   see   Field    5D 
W9 1-07605 


CHANGING  EMPHASIS  OF  THE  U.S.  GEO- 
LOGICAL SURVEY  ACTIVITIES  IN  GROUND- 
WATER HYDROLOGY  IN  THE  1980*S. 

Geological  Survey,  Reston,  VA. 
J.  S.  Rosenshein,  and  R.  L.  Laney. 
IN:  Recent  Advances  in  Ground-Water  Hydrolo- 
gy.  American   Institute  of  Hydrology.   (1989)    n 
533-545,  5  fig,  21  ref. 

Descriptors:  'Aquifer  systems,  'Groundwater  re- 
sources, 'Regional  Aquifer  System  Analysis 
(RASA),  'Research  priorities,  'Water  resources, 
Economic  aspects,  Geochemistry,  Groundwater 
movement,  Groundwater  pollution,  Groundwater 
quality,  Legislation. 

The  past  decade  has  seen  a  major  change  in  US 
Geological  Survey  (USGS)  activities  in  ground- 
water hydrology.  Prior  to  the  late  1970's,  the  em- 
phasis of  most  groundwater  studies  was  on  water 
availability  at  the  state  and  local  level.  In  1977, 
Congress,  in  response  to  the  drought  of  the  mid- 
1970's,  appropriate  funds  for  Regional  Aquifer 
Systems  Analysis  studies  by  the  USGS.  Twenty- 
eight  major  multi-state  aquifers  were  identified  for 
analysis  of  their  geohydrologic  framework,  flow 
system,  and  water  quality.  In  the  late  1970's  and 
early  1980's,  Federal  legislation  and  headline 
catching  news  reports  about  groundwater  contami- 
nation created  a  National  awareness  and  concern 
for  these  problems.  As  a  result,  the  number  of 
USGS  studies  addressing  groundwater  contamina- 
tion increased  during  the  1980's  under  the  Survey's 
Federal,  Other  Federal  Agencies,  and  Federal- 
State  Cooperative  Programs.  Specific  Federal  ac- 
tivities related  to  groundwater  contamination  in- 
clude: National  Water-Quality  Assessments  pilot 
groundwater  studies,  Toxic-Substances  Hydrology 
studies,  and  studies  of  the  hydrology  of  the 
Nevada  Nuclear  Waste  Site,  and  hazardous  sub- 
stances contamination  on  military  installations. 
Currently  (1988),  a  significant  part  of  the  USGS's 
Federal-State  Cooperative  Program  includes  stud- 
ies of  water  quality  and  contamination.  Basic  and 
applied  research  by  the  Survey  has  advanced  the 
understanding  and  capability  of  the  scientific  com- 
munity for  studying  groundwater  quality  issues. 
Advances  in  simulation  and  in  equilibrium  geo- 
chemistry by  the  USGS,  for  example,  are  applied 
routinely  by  hydrologists  nationwide.  The  empha- 
sis of  USGS  research  and  technical  activities  rela- 
tive to  groundwater  quality  will  continue  to  grow 
in  an  effort  to  assist  the  Nation  address  modern- 
day  concerns  about  groundwater  contamination. 
(Author's  abstract) 
W91-07814 


6C.  Cost  Allocation,  Cost  Sharing, 
Pricing/Repayment 


PROBABILISTIC  COST  EFFECTIVENESS  IN 
AGRICULTURAL  NONPOINT  POLLUTION 
CONTROL. 

Pennsylvania  State  Univ.,  University  Park.  Dept. 
of  Agricultural  Economics  and  Rural  Sociology. 
For  primary  bibliographic  entry  see  Field  5G. 
W91-07362 


ECONOMIC  ANALYSIS  OF  WASTEWATER 
SYSTEM  RETROFITS  FOR  THE  METAL  SUR- 
FACE FINISHER. 

JACA  Corp.,  Fort  Washington,  PA. 

For   primary   bibliographic   entry   see   Field   5D. 

W9 1-07672 


IRRIGATION  PUMPING  COSTS. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07806 
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IRRIGATION  TECHNOLOGY  AND  COMMER- 
CIALIZATION OF  RICE  IN  THE  GAMBIA:  EF- 
FECTS ON  INCOME  AND  NUTRITION. 

International  Food  Policy  Research  Inst.,  Wash- 
ington, DC. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07908 


ECONOMICS  OF  TOXICITY  REDUCTION. 

Eckenfelder,  Inc.,  Nashville,  TN. 

K.  D.  Torrens. 

IN:   Toxicity   Reduction   in   Industrial   Effluents. 

Van  Nostrand  Reinhold,  New  York.  1990.  p  316- 

336,  10  tab,  15  ref. 

Descriptors:  'Cost  analysis,  *Cost-benefit  analysis, 
•Economic  aspects,  'Wastewater  treatment, 
♦Water  pollution  control,  Activated  carbon,  Ad- 
sorption, Air  stripping,  Biological  wastewater 
treatment,  Chemical  precipitation,  Chemical  treat- 
ment, Costs,  Effluents,  Oxidation,  Sludge  treat- 
ment. 

Economics  play  a  critical  and  often  decisive  role  in 
final  process  selection.  In  many  cases,  there  are 
several  different  treatment  technologies  which  can 
achieve  the  required  effluent  quality,  but  there  will 
typically  be  significant  differences  in  capital  and 
operating  costs.  Rational  determination  of  these 
cost  differences,  followed  by  development  of  accu- 
rate final  cost  estimates,  is  critical  to  successful 
project  completion.  In  general,  development  of 
cost  estimates  requires  a  knowledge  of  the  follow- 
ing items:  wastewater  characterization  data;  design 
parameters  for  applicable  treatment  processes;  ef- 
fluent requirements;  and,  unit  cost  information  of 
treatment  processes  under  consideration.  Final 
process  costs  should  be  compared  on  a  present 
value  (PV)  basis  to  account  for  the  effects  of 
capital  and  operating  costs  over  the  life  of  the 
plant.  This  method  of  comparison  provides  a  ra- 
tional basis  for  process  selection  from  estimates  of 
long-term  system  costs.  Present  value  analysis  con- 
verts all  costs  for  the  life  of  the  system  to  today's 
value  based  upon  a  discount  rate  selected  to  corre- 
spond with  the  owners  estimated  cost  of  funds. 
Constant  operation  and  maintenance  costs  can  be 
converted  back  to  present  value  by  multiplying  the 
cost  time  a  PV  factor  for  the  appropriate  discount 
rate  and  project  economic  life.  The  same  can  be 
done  with  anticipated  replacement  costs  or  major 
one  time  costs.  Following  this  conversion,  these 
PV  costs  can  be  summed  and  added  to  the  initial 
capital  cost  to  determine  total  PV.  The  PV  of  each 
alternative  can  then  be  compared  and  a  selection 
made.  The  remainder  of  this  chapter  discusses  vari- 
ous economic  features  which  should  be  considered 
when  choosing  between  the  following  wastewater 
treatment  technologies:  biological  treatment-aero- 
bic and  anaerobic  processes;  carbon  adsorption- 
PACT  and  GAC;  chemical  oxidation-H202  and 
03;  precipitation;  stripping;  and  sludge  handling 
methods.  (See  also  W9 1-08 191)  (Lantz-PTT) 
W9 1-08204 


6D.  Water  Demand 


GROUND-WATER  CONDITIONS  IN  UTAH, 
SPRING  OF  1990. 

Geological   Survey,  Salt  Lake  City,  UT.  Water 

Resources  Div. 

L.  R.  Herbert. 

Cooperative  Investigations  Report  No.  30,   1990. 

84p,  44  fig,  3  tab,  4  ref. 

Descriptors:  'Groundwater  resources,  *Utah, 
♦Water  use,  Groundwater  budget,  Groundwater 
irrigation,  Groundwater  mining,  Groundwater  re- 
charge, Industrial  water,  Precipitation,  Surface- 
groundwater  relations,  Wells. 

The  estimated  total  withdrawal  of  water  from 
wells  in  Utah  during  1989  was  about  851,000  acre- 
ft,  which  is  about  30,000  acre-ft  more  than  the 
estimate  for  1988  and  about  107,000  acre-ft  more 
than  the  average  annual  withdrawal  for  1979-88. 
The  increase  in  withdrawal  was  predominantly  for 
irrigation,  which  was  about  504,000  acre-ft  in  1989, 
an  increase  of  62,000  acre-ft  from  1988.  Withdraw- 
al for  public  supply  was  about  230,000  acre-ft, 


which  is  1,000  acre-ft  less  than  the  estimate  for 
1988.  Withdrawal  for  industrial  use  was  about 
52,000  acre-ft,  which  is  about  27,000  acre-ft  less 
than  the  1988  estimate.  Of  the  16  areas  of  major 
groundwater  development  referred  to  in  this 
report,  only  five  areas,  Curlew  Valley,  Cache 
Valley,  the  East  Shore  area,  Salt  Lake  Valley,  and 
the  Beryl-Enterprise  area,  had  decreases  in 
groundwater  withdrawals  in  1989.  Withdrawals  in 
12  of  the  16  areas  exceeded  the  1979-88  annual 
average  for  each  area.  The  quantity  of  water  with- 
drawn from  wells  is  related  too  demand  and  avail- 
ability of  water  from  other  sources,  which  in  turn 
are  partly  related  to  local  climatic  conditions.  Cal- 
endar year  1988  was  the  first  year  of  generally  less- 
than-average  precipitation  in  Utah  after  six  years 
of  greater-than-average  precipitation.  This  trend  of 
less-than-average  precipitation  continued  in  1989. 
Of  the  33  weather  stations  throughout  Utah  for 
which  average  annual  precipitation  values  and 
graphs  of  cumulative  departure  from  average 
annual  precipitation  are  included  in  this  report,  32 
stations  recorded  precipitation  in  1989  that  was  less 
than  the  average  annual  value.  The  largest  nega- 
tive departure  from  average  precipitation  was  8.15 
inches,  recorded  at  Ogden  Pioneer  Power  House 
near  Ogden.  Only  one  of  the  33  weather  stations, 
Callao,  recorded  greater-than-average  precipita- 
tion in  1989,  with  a  positive  departure  of  0.08 
inches.  (Lantz-PTT) 
W9 1-07246 


WATER  USE  IN  GEORGIA  BY  COUNTY  FOR 
1987. 

Georgia  Dept.  of  Natural  Resources,  Atlanta. 
V.  P.  Trent,  J.  L.  Fanning,  and  G.  A.  Doonan. 
Information  Circular  85,  1990.  112p,  5  fig,  4  tab,  17 
ref,  append. 

Descriptors:  *Data  collections,  'Georgia,  'Water 
use,  Competing  use,  Databases,  Domestic  water, 
Georgia  Water-Use  Data  System,  Industrial  water, 
Information  exchange,  Irrigation  water,  Municipal 
water,  Water  demand. 

Georgia's  rapidly  increasing  population  (13.9% 
since  1980),  the  increased  demand  for  water  for 
irrigation  and  industry,  and  2  years  of  well  below- 
normal  precipitation  across  much  of  the  State  have 
caused  concern  about  increased  stress  on  the 
State's  water  supply.  The  ability  to  balance  Geor- 
gia's growing  need  for  water  depends  on  knowing 
as  much  as  possible  about  the  State's  water  supply 
and  water  use.  The  Georgia  Water-Use  Program  is 
a  cooperative  project  between  the  Georgia  Geo- 
logic Survey  and  the  US  Geological  Survey.  The 
purpose  of  the  project  is  to  collect,  compile,  and 
disseminate  information  on  the  principal  water 
users  in  the  State.  By  storing  all  water  use  informa- 
tion in  a  centralized  database,  the  Georgia  Water- 
Use  Data  System  (GWUDS),  the  Georgia  Water- 
Use  Program  provides  the  information  necessary 
for  water  managers,  hydrologists,  and  other  scien- 
tists to  manage  and  protect  the  State's  water  re- 
sources. This  report  provides  water  use  estimates 
for  Georgia  by  category  for  1987,  and  includes 
data  for  each  county  by  water  use  category.  Water 
use  data  are  obtained  from  the  Georgia  Environ- 
mental Protection  Division  (EPD)  and  from  vari- 
ous Federal,  State,  and  local  sources,  and  are 
stored  in  the  GWUDS  database.  Cities,  industries, 
and  other  nonagricultural  water  users  who  with- 
draw more  than  100,000  gal/day  (gpd)  are  re- 
quired to  obtain  withdrawal  permits  from  EPD, 
and  to  report  withdrawals  monthly.  Most  of  the 
data  included  are  withdrawals  reported  by  permit- 
ted users.  Nonpermitted  water  use  is  estimated  by 
using  various  data  sources  and  estimation  methods. 
Irrigation  water  use  estimates  are  calculated  from 
data  obtained  from  the  Cooperative  Extension 
Service  (CES)  biannual  Irrigation  Survey.  Water 
use  estimates  for  the  domestic  and  livestock  cate- 
gories are  calculated  by  using  census  populations 
and  a  per  capita  water  use  estimate.  Instream  water 
use  by  hydroelectric  powerplants  is  obtained  from 
plant  owners.  (Lantz-PTT) 
W9 1-07823 


WATER-USE  INFORMATION  FOR  THE  MIS- 
SOURI RIVER  BASIN. 

Geological  Survey,  Rolla,  MO.  Water  Resources 


Div. 

L.  A.  Waite. 

Available   from   Books   and   Open   Files   Reports 

Section,   USGS   Box  25425,   Denver,   CO  80225. 

USGS  Open  File  Report  90-189,  (1990).  6p,  1  ref. 

Descriptors:  'Data  storage  and  retrieval,  'Infor- 
mation systems,  'Missouri  River  Basin,  'Water 
use,  Agriculture,  Competing  use,  Data  collections, 
Domestic  water,  Industrial  water,  Irrigation,  State 
jurisdiction,  Statistical  analysis,  Wastewater  treat- 
ment, Water  supply. 

Statistics  on  agricultural,  domestic,  and  industrial 
water  use  are  required  for  the  planning,  manage- 
ment, and  development  of  the  Nation's  and  the 
Missouri  River  basin's  water  resources.  The 
Survey,  in  cooperation  with  other  Federal,  State, 
and  local  agencies,  has  developed  a  computerized 
data  system  called  the  State  Water-Use  Data 
System  (SWUDS).  SWUDS  currently  is  organized 
into  12  water  use  categories:  Agriculture,  non- 
irrigation  (AG);  Commercial  (CO);  Domestic 
(DO);  Industrial  (IN);  Irrigation  (IR);  Mining  (MI); 
Power  generation-Fossil  fuel  (PF),  Geothermal 
(PG),  Hydroelectric  (PH),  Nuclear  (PN);  Sewage 
treatment  (ST);  and  Water  supply  (WS).  The  infor- 
mation needs  of  this  system  include  type  of  water 
use  (by  category);  name  of  water  user;  location  of 
water  use  (latitude/longitude,  county,  and  hydro- 
logic  unit-drainage  basin);  sources  of  water  supply 
and  return  (fresh,  saline,  or  reclaimed  surface 
water  or  groundwater);  volume  of  water  with- 
drawn, delivered,  consumed,  released,  and  re- 
turned; and  period  of  water  use  (month,  year). 
State  and  local  agency  personnel  collect  most  of 
the  water  use  data.  Knowledge  of  the  Missouri 
River  basin's  water  resource  availability  and  utili- 
zation through  programs  such  as  this  can  provide 
necessary  and  valuable  assistance  in  effective  man- 
agement of  water  for  the  benefit  of  present  and 
future  generations.  (Lantz-PTT) 
W9 1-07902 


WATER  DISTRIBUTION:  CONFLICTING  OB- 
JECTIVES OF  SCHEME  MANAGEMENT  AND 
FARMERS. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
M.  Jurriens,  and  W.  Landstra. 
Annual  Report  1989.  International  Institute  for 
Land  Reclamation  and  Improvement,  Wagenin- 
gen, The  Netherlands.  1989.  p  38-46,  11  fig,  3  tab,  6 
ref. 

Descriptors:  'Agriculture,  'Competing  use,  'Irri- 
gation management,  'Water  distribution,  'Water 
resources  management,  Developing  countries, 
Drought,  India,  Irrigation,  Irrigation  practices, 
Legislation. 

The  objectives  of  irrigation  schemes  are  not 
always  explicitly  formulated;  they  can  be  mutually 
conflicting,  or  in  conflict  with  farmers'  objectives. 
Under  such  circumstances,  the  management  of  any 
organization  will  be  difficult  and  performance 
problems  are  bound  to  arise.  When  discussions  on 
irrigation  management  started  in  the  seventies,  this 
was  soon  recognized  by  many  authors.  Usually, 
however,  the  statements  made  were  of  a  general 
nature;  concrete  and  detailed  elaborations  on  this 
issue  are  hard  to  find.  In  India,  water  requirements 
are  expressed  as  'duties',  which  indicate  the  area  to 
be  irrigated  by  a  unit  flow  size,  usually  given  in 
acres/cusec.  The  duties  were  said  to  be  additional 
to  rainfall;  they  consequently  differ  for  the  same 
crops  in  rabi  (dry  season)  and  in  kharif  (wet 
season).  Moreover,  they  were  considered  to  be 
averages  for  the  crop.  Theoretically,  protective 
irrigation  was  thought  to  be  realized  by  a  set  of 
three  'operational  targets',  viz.:  low  irrigation  in- 
tensity; a  policy  of  localization;  and  high  'duties', 
or  low  water  allowances.  These  three  elements  are 
discussed  in  detail,  and  theory  and  practice  are 
compared.  Some  possible  remedial  measures  are: 
(1)  the  crop-enforcement  aspect  in  the  localization 
policy  must  be  abandoned;  (2)  the  present  system, 
whereby  farmers  are  supposed  to  irrigate  their  part 
of  their  land  in  the  wet  season  and  the  remaining 
area  in  the  dry  season,  should  be  abolished;  (3)  the 
duties  will  have  to  be  modified  to  more  realistic 
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values.  A  higher  water  supply  for  a  crop  will  mean 
that-given  the  limited  available  water-the  'notion- 
al cropping  patterns'  will  have  to  contain  more 
crops  with  low  water  requirements,  at  the  expense 
of  the  paddy;  (4)  the  physical  system  has  to  be 
remodeled  and  adapted  to  the  needs  of  the  new 
operational  plan;  and  (5)  changes  in  organization 
and  legislation  and  a  strong  political  commitment 
are  essential  in  order  to  create  more  possibilities 
for  effective  control  in  implementing  the  new 
operational  plans.  (Lantz-PTT) 
W9 1-079 11 


OVERVIEW  OF  WATER  FOR  ENVIRONMEN- 
TAL MANAGEMENT. 

Foundation  for  Research  Development,  Pretoria 

(South  Africa). 

R.  D.  Walmsley,  and  B.  R.  Davis. 

Water  SA  WASADV,  Vol.   17,  No.   1,  p  67-76, 

January  1991.  7  fig,  2  tab,  40  ref. 

Descriptors:  *Environmental  policy,  *South 
Africa,  •Water  allocation,  *Water  resources  man- 
agement, 'Water  use,  Administrative  agencies, 
Carrying  capacity,  Case  studies,  Channels,  Con- 
sumptive use,  Ecology,  Estuaries,  Evaporation, 
Flushing,  Habitats,  Minimum  flow,  National  parks, 
Nonconsumptive  use,  Parks,  Research  priorities, 
Reservoirs,  Riparian  waters,  Rivers,  Water  re- 
sources development,  Wetlands,  Wildlife. 

The  current  situation  in  South  Africa  regarding  the 
allocation  of  water  for  management  of  the  environ- 
ment is  reviewed.  'Water  for  management  of  the 
environment'  is  interpreted  to  include  water  which 
is  released  in  order  to  maintain  a  multitude  of 
ecological  function  within  habitats  such  as  wet- 
lands, estuaries,  reservoirs,  river  channels,  and  ri- 
parian zones.  Implicit  in  the  term  is  also  the  quanti- 
ty of  water  required  for  consumptive  and  noncon- 
sumptive purposes,  including  evaporation,  flush- 
ing-flows, and  drinking  water  for  wildlife.  State- 
ments on  the  current  policy  of  the  Department  of 
Water  Affairs  are  presented  along  with  four  case 
studies  (Pongolo  Floodplain,  Nyl  Floodplain,  and 
Kruger  National  Park  rivers).  It  is  concluded  that: 
(1)  river  management  objectives  have  not  been 
defined  adequately;  (2)  human  carrying  capacities 
have  not  been  taken  into  consideration  during 
planning  and  development;  (3)  there  is  a  paucity  of 
sound  ecological  research  data  on  which  to  base 
management  decisions;  and  (4)  minimum  flow  re- 
quirements have  not  been  defined  adequately.  The 
ability  to  make  sound  management  decisions  on  the 
problem  of  water  allocation  for  the  environment  is 
hampered  by  the  shortage  of  trained  manpower 
and  the  low  level  of  funding  for  research  on  mini- 
mum flow  requirements.  Future  water  resource 
planning  and  development  will  have  to  take  great- 
er cognizance  of  conservation  and  environmental 
issues.  (Doria-PTT) 
W9 1-08094 


6E.  Water  Law  and  Institutions 


DEVELOPMENT  OF  PENNSYLVANIA  ENVI- 
RONMENTAL POLICY  AND  OPPORTUNI- 
TIES FOR  IMPACT. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07 167 


POLICY  ANALYSIS  OF  ALBERTA'S  HAZARD- 
OUS WASTE  MANAGEMENT  PROGRAM  -  A 
RESEARCH  PERSPECTIVE. 

Alberta  Special  Waste  Management  Corp.,  Ed- 
monton. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07 168 


SEEKING  ORDER  WITHIN  THE  CHAOS  OF 
TOXICS  LAWS:  THE  TOXICS  PROGRAM 
MATRICES  IN  NEW  JERSEY  AND  PENNSYL- 
VANIA. 

ENSCO  Environmental  Services,   Inc.,   Fremont, 

CA. 

For   primary   bibliographic   entry   see   Field    5G. 

W91-07169 


RCRA  FACILITY  INVESTIGATION  AND  COR- 
RECTIVE MEASURES  STUDY  PROGRAM: 
CASE  STUDIES. 

Weston  (Roy  F),  Inc.,  West  Chester,  PA. 

For   primary   bibliographic   entry   see   Field    5G. 

W9 1-07665 


LEGAL  AND  INSTITUTIONAL  ASPECTS  OF 
DROUGHT  MANAGEMENT. 

Clyde  and  Pratt,  Salt  Lake  City,  UT. 

For   primary   bibliographic   entry   see   Field   3D. 

W9 1-07799 


WETLANDS:    MITIGATING   AND    REGULAT- 
ING DEVELOPMENT  IMPACTS. 

Urban  Land  Inst.,  Washington,  DC. 

For  primary  bibliographic  entry  see  Field  2L. 

W9 1-07807 


WATER  ACT  1989:  CHAPTER  15. 

Statutes  in  Force-Official  Revised  Edition.  Report 
No.  Water:130,  1989.  Available  from  Her  Majes- 
ty's Stationery  Office,  London.  496p. 

Descriptors:  'England,  'Legislation,  *Water  Act, 
Economic  aspects,  Environmental  protection, 
Flood  control,  Legal  aspects,  Navigation,  Regula- 
tions, Wastewater  treatment,  Water  quality,  Water 
supply. 

The  Water  Act  1989,  is  an  Act  to:  (1)  provide  for 
the  establishment  and  functions  of  a  National 
Rivers  Authority  and  of  committees  to  advise  that 
Authority;  (2)  provide  for  the  transfer  of  the  prop- 
erty, rights  and  liabilities  of  water  authorities  to 
the  National  Rivers  Authority  and  to  companies 
nominated  by  the  Secretary  of  State  and  for  the 
dissolution  of  those  authorities;  (3)  provide  for  the 
appointment  and  functions  of  a  Director  General 
of  Water  Services  and  of  customer  service  commit- 
tees; (4)  provide  for  companies  to  be  appointed  to 
be  water  undertakers  and  sewerage  undertakers 
and  for  the  regulation  of  the  appointed  companies; 
(5)  make  provision  with  respect  to,  and  the  fi- 
nances of,  the  nominated  companies,  holding  com- 
panies of  the  nominated  companies  and  statutory 
water  companies;  (6)  amend  the  law  relating  to  the 
supply  of  water  and  the  law  relating  to  the  supply 
of  water  and  the  law  relating  to  the  provision  of 
sewers  and  the  treatment  and  disposal  of  sewage; 
(7)  amend  the  law  with  respect  to  the  pollution  of 
water  and  the  law  with  respect  to  its  abstraction 
from  inland  waters  and  underground  strata;  (8) 
make  new  provision  in  relation  to  flood  defense 
and  fisheries;  (9)  transfer  functions  with  respect  to 
navigation,  conservancy  and  harbors  to  the  Na- 
tional Rivers  Authority;  and  (10)  for  connected 
purposes.  (Author's  abstract) 
W9 1-07904 


6F.  Nonstructural  Alternatives 


FLOOD    AND    LANDSLIDE    HAZARD    MAP- 
PING, SOLOMON  ISLANDS. 

Department  of  Scientific  and  Industrial  Research, 
Palmerston  North  (New  Zealand).  Div.  of  Land 
and  Soil  Sciences. 
For  primary  bibliographic  entry  see  Field  2E. 

W9 1-07727 


MONETIZING  EROSION  AND  SEDIMENTA- 
TION COSTS  WHERE  STEEPLANDS  MEET 
THE  SEA. 

East-West  Environment  and  Policy  Inst.,  Honolu- 
lu, HI. 
J.  A.  Dixon. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  195-207.  1  fig,  5  tab,  27  ref. 

Descriptors:  'Economic  aspects,  'Erosion,  'Ero- 
sion control,  'Sedimentation,  'Soil  erosion,  Eco- 
systems, Fisheries,  Logging,  Productivity,  Slope 
stabilization,  Slopes,  Tourism,  Tropical  areas. 


Although  the  financial  costs  of  erosion  control 
measures  are  usually  known  or  easily  calculated, 
greater  uncertainty  exists  over  the  size  of  potential 
benefits.  One  way  to  assess  these  benefits  is  to 
analyze  the  costs  avoided  by  preventing  increased 
erosion.  In  a  linked  economic-ecological  analysis 
these  potential  costs  were  estimated  for  a  tropical 
ecosystem  containing  steep  uplands  and  an  adja- 
cent coast.  Three  industries  are  dependent  on  the 
ecosystem:  logging,  a  coastal  fishery,  and  a  diving- 
based  tourism  industry.  Estimates  were  made  of 
the  physical  links  between  logging-induced  soil 
erosion  and  reduced  productivity  of  the  fishery 
and  tourism  industries.  Two  options,  continued 
logging  and  a  logging  ban,  were  analyzed.  Eco- 
nomic analysis  showed  that  the  logging  ban  gener- 
ated greater  benefits,  both  financial  and  social.  In 
order  to  enforce  this  ban,  however,  government 
intervention  is  required.  Normal  market  forces 
would  have  led  to  a  second  best  alternative  with 
continued  logging  and  associated  erosion-caused 
damages.  (See  also  W9 1-077 13)  (Author's  abstract) 
W91-07733 


DIMENSIONS  OF  DROUGHT  MANAGEMENT 
FOR  PUBLIC  WATER  SUPPLIES. 

Colorado   Univ.   at   Boulder.   Inst,   of  Behavioral 

Genetics. 

For   primary   bibliographic   entry   see   Field    3D. 

W9 1-07795 


CASE  STUDIES  IN  DRAINAGE  AND  LEVEE 
DISTRICT  FORMATION  AND  DEVELOP- 
MENT ON  THE  FLOODPLAIN  OF  THE 
LOWER  ILLINOIS  RIVER,  1890S  TO  1930S. 

Illinois  Univ.  at  Urbana-Champaign.  Dept.  of  Ge- 
ography. 
J.  Thompson. 

WRC  Special  Report  No.  016,  May  1989.  Water 
Resources  Center,  University  of  Illinois,  Urbana. 
152p,  56  tab,  14  ref. 

Descriptors:  'Case  studies,  'Drainage  districts, 
•Flood  plain  zoning,  'Illinois  River,  Flood  plains, 
Illinois,  Illinois  River  Basin,  Levees,  Water  re- 
sources management. 

This  collection  of  accounts  about  the  formation 
and  development  of  the  drainage  and  levee  dis- 
tricts that  arose  along  the  floodplain  of  the  lower 
Illinois  River  between  the  1890s  and  1930s,  was 
prepared  with  two  objectives  in  mind.  The  first 
was  to  provide  sufficient  evidence  about  the  oper- 
ation of  human  activities  and  natural  processes  to 
better  understand  why  and  how  the  valley  be- 
tween Peoria  and  Grafton,  Illinois,  was  trans- 
formed from  perennial  and  seasonal  wetlands,  into 
a  relatively  flood-free  agricultural  landscape  of 
great  productivity.  The  second  objective  was  to 
provide  residents  of  the  counties  that  share  the 
floodplain  and  river  with  a  clearer  sense  of  the 
legacies  of  the  remarkable  venture  in  land  drain- 
age. The  historical  accounts  of  the  drainage  and 
levee  districts  of  the  floodplain  are  supplemented 
with  a  handful  of  studies  about  adjacent  drainage 
districts.  These  case  studies  made  possible  the  de- 
velopment of  generalizations  about  the  land  drain- 
age experience.  Although  no  synthesis  about  the 
land  drainage  experience  along  the  lower  Illinois 
River  can  be  offered  here,  a  sense  of  the  larger 
experience  may  be  obtained  by  reading  the  case 
studies.  For  the  browser,  an  overview  is  best 
gained  by  reading  accounts  of  these  districts:  Coal 
Creek,  Pekin  and  LaMarsh,  Hillview,  Reach, 
McGee  Creek,  Big  Swan,  Nutwood,  South  Beard- 
stown  and  Spring  Lake.  (Lantz-PTT) 
W91-07816 


6G.  Ecologic  Impact  Of 
Water  Development 


DETERMINATIONS  OF  ELIGIBILITY  FOR 
SEVEN  BUREAU  OF  RECLAMATION  DAMS 
IN  THE  PACIFIC  NORTHWEST  REGION: 
DEADWOOD  DAM,  GRASSY  LAKE  DAM, 
MCKAY  DAM,  CRANE  PRAIRIE  DAM,  WICKI- 
UP DAM,  OWYHEE  DAM,  AND  AGENCY 
VALLEY  DAM. 
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Ecologic  Impact  Of  Water  Development— Group  6G 


Renewable  Technologies,  Inc.,  Butte,  MT. 

F.  L.  Quivik,  and  J.  A.  Hess. 

September  1989.  147p,  94  fig,  151  ref.  Bureau  of 

Reclamation  Contract  No.  9-CS-10-09250. 

Descriptors:  *Dams,  *History,  'National  Register 
of  Historic  Places,  Agency  Valley  Dam,  Concrete- 
arch  dams,  Crane  Prairie  Dam,  Deadwood  Dam, 
Grassy  Lake  Dam,  McKay  Dam,  Owyhee  Dam, 
Social  aspects,  Wickiup  Dam. 

This  report  constitutes  the  recommendations  of  a 
private  firm  concerning  determinations  of  eligibil- 
ity for  listing  in  the  National  Register  of  Historic 
Places  for  seven  Bureau  of  Reclamation  dams  lo- 
cated in  Oregon,  Idaho,  and  Wyoming.  The  dams 
are:  Agency  Valley,  Crane  Prairie,  McKay, 
Owyhee,  and  in  Wickiup  in  Oregon;  Deadwood  in 
Idaho;  and  Grassy  Lake  in  Wyoming.  Owyhee 
Dam  has  already  been  determined  eligible  for  the 
National  Register,  but  documentation  for  that  ear- 
lier determination  was  minimal.  This  report  pro- 
vides documentation  meeting  National  Register 
standards.  Documentation  includes  an  historic  con- 
text: Bureau  of  Reclamation  Dams  in  the  Pacific 
Northwest,  1905-1948.  The  evaluations  leading  to 
this  report  have  yielded  recommendations  that 
Agency  Valley,  McKay,  Owyhee,  Wickiup,  Dead- 
wood,  and  Grassy  Lake  dams  are  eligible  for  list- 
ing in  the  National  Register;  Crane  Prairie  Dam  is 
not  eligible.  (Author's  abstract) 
W9 1-07 197 


ents  are  low,  and  oxygen  consumption  and  tem- 
peratures are  high.  During  these  periods,  trawling 
and  particularly  dredging  reduce  the  water  quality 
by  increasing  internal  nutrient  loads,  oxygen  con- 
sumption, and  possibly  phytoplankton  primary 
production.  (Author's  abstract) 
W9 1-07329 


WATER  QUALITY  OF  SELECTED  TAIL- 
WATERS.  _  . 

Ouachita  Baptist  Univ.,  Arkadelphia,  AR.  Dept.  ot 

Chemistry. 

For  primary  bibliographic  entry  see  Field  5B. 
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ECOLOGICAL  CONSEQUENCES  OF  DREDG- 
ING AND  BOTTOM  TRAWLING  IN  THE 
LIMFJORD,  DENMARK. 

Vandkvalitetsinstitutet,  Hoersholm  (Denmark). 
B.  Riemann,  and  E.  Hoffmann. 
Marine  Ecology  Progress  Series  MESEDT,  Vol. 
69,  No.  1/2,  p  171-178,  January  10,  1991.  8  fig,  2 
tab,  19  ref. 

Descriptors:  'Denmark,  'Dredging,  'Ecological 
effects,  'Ecosystems,  'Fjords,  'Limfjord,  'Marine 
fisheries,  'Particulate  matter,  'Trawling,  Air  tem- 
perature, Ammonia,  Nutrient  concentrations,  Nu- 
trient transport,  Oxygen,  Phytoplankton,  Suspend- 
ed solids,  Water  sampling,  Wind  speed. 

During  August  1988,  effects  of  mussel  dredging 
and  bottom  trawling  on  particulate  material,  inter- 
nal nutrient  loads,  and  oxygen  balance  were  exam- 
ined at  3  shallow  locations  in  Limfjorden,  Den- 
mark. Water  samples  were  taken  simultaneously 
from  areas  exposed  to  fishing  activities  and  from 
unused  control  areas.  Sampling  was  carried  out 
before  fishing  and  0  (immediately  after  fishing),  30, 
and  60  min  after  fishing.   Sampling  and  control 
areas,  which  were  situated  close  to  one  another, 
each  covered  160,000  sq  m  and  included  9  sam- 
pling  stations   and    3   depths.    Immediately   after 
mussel  dredging,  suspended  particulate  material  in- 
creased significantly,  but  30  min  after  dredging 
these  differences  had  decreased  and  had  returned 
tc  the  start  level  after  60  min.  The  effect  per 
dredged  sq  m  (1850  sq  m)  extrapolated  to  the  total 
area  was  1470  g  suspended  particulate  material  per 
sq  m  dredged,  corresponding  to  an  increase  of 
1361%  on  the  average  suspended  particulate  mate- 
rial in  the  water  column  before  dredging.  Similar 
values  for  eel  trawling  from  2  different  stations 
gave  960  and   1000%,  respectively.  Oxygen  de- 
creased significantly  after  mussel  dredging  and  av- 
erage ammonia  content  increased,  but  large  hori- 
zontal variations  in  the  ammonia  content  prevented 
detailed  interpretation  of  these  increases.  Changes 
in  other  nutrients  were  small.  Changes  in  particu- 
late matter  and  nutrients  were  also  observed  at  2 
stations  on  a  day  with  high  followed  by  a  day  with 
low  wind  velocity.   Particulate  matter  and  total 
phosphorus  were  markedly  higher  on  the  windy 
day.    A   significant   proportion   of  dredging   and 
trawling  in  the  Limfjord  takes  place  during  the 
summer,  when  wind  speed  are  mostly  low,  nutn- 


SHREVIP  STOCKING,  SALMON  COLLAPSE, 
AND  EAGLE  DISPLACEMENT. 

Montana  Univ.,  Poison.  Flathead  Lake  Biological 
Station. 

C.  N.  Spencer,  B.  R.  McClelland,  and  J.  A. 
Stanford. 

Bioscience  BISNAS,  Vol.  41,  No.  1,  p  14-21,  Janu- 
ary 1991.  8  fig,  2  tab,  56  ref. 

Descriptors:  'Birds,  'Ecological  effects,  'Intro- 
duced species,  'Limnology,  'Opossum-shrimp, 
'Salmon,  'Water  resources  management,  Aquatic 
environment,  Copepods,  Crustaceans,  Fish,  Flat- 
head Lake,  Food  chains,  Lake  ecology,  Mammals, 
Montana,  Predation,  Resources  management, 
Rivers,  Shrimp,  Stream  biota,  Tributaries,  Water- 
fleas. 

Studies  have  reported  the  negative  effects  of  intro- 
ducing normative  fish  and  fish-food  organisms. 
Widespread  changes  are  documented  cascading 
through  the  food  web  of  the  Flathead  River-Lake 
ecosystem  (Montana)  after  the  introduction  of  the 
opossum  shrimp  Mysis  relicta  with  the  intention  of 
enhancing  kokanee  salmon.  Owing  to  predation  by 
the  shrimp,  copepod  and  cladoceran  populations 
declined  dramatically,  contributing  to  the  collapse 
of  an  important  planktivorous  fish  population.  Loss 
of  this  formerly  abundant  forage  fish  caused  dis- 
placement of  birds  and  mammals  that  had  fed  on 
them  in  an  upstream  tributary  within  Glacier  Na- 
tional Park.  It  is  expected  that  the  Flathead  Lake 
food  web  will  shift  from  pelagic  kokanee  salmon 
toward  benthic-feeding  fish  species,  which  can  ex- 
ploit the  abundant  daytime  opossum  shrimp  con- 
centrations on  the  lake  bottom.  Opossum  shrimp 
and  zooplankton  population  will  probably  continue 
to  exhibit  cyclic  oscillations  characteristic  of  some 
predator-prey  interactions.  It  is  likely  that  many 
bald  eagles  will  gradually  shift  their  southward 
migration  route  away  from  the  area  in  search  of 
alternate  prey.  Stricter  controls  are  needed  to  pre- 
vent further  introductions,  particularly  until  we 
can  predict  cascading  effects  within  food  webs  of 
aquatic  ecosystems.  (Doria-PTT) 
W91-07381 

LIFE  HISTORY  NOTES  AND  DISTRIBUTION 
OF  THE  JOHNNY  DARTER,  ETHEOSTOMA 
NIGRUM  (PERCIDAE),  IN  COLORADO. 

New  Mexico  Dept.  of  Game  and  Fish,  Santa  Fe. 
D.  L.  Propst,  and  C.  A.  Carlson. 
Southwestern  Naturalist  SWNAAB,  Vol.  34,  No. 
2,  p  250-259,  1989.  2  fig,  1  tab,  28  ref. 

Descriptors:  'Colorado,  'Darters,  'Ecological  dis- 
tribution, 'Ecological  effects,  'Fish  populations, 
'Stream  biota,  Channeling,  Drainage,  Farm 
wastes,  Food  habits,  Growth,  Habitats,  Life  cycles, 
Lotic  environment,  Midges,  River  basins,  Sedi- 
ment transport,  Shallow  water,  Spawning,  Water 
pollution  effects. 

The  johnny  darter,  Etheostoma  nigrum,  reaches 
the  western  limits  of  its  native  range  in  the  Platte 
River  drainage  of  Northeastern  Colorado.  In  the 
South  Platte  River  basin,  it  historically  occurred 
throughout  foothill  stream  reaches,  but  anthropo- 
genic modifications  have  reduced  its  range  in  many 
streams  and  eliminated  it  from  some.  The  species 
was  most  frequently  found  in  shallow,  slow-veloci- 
ty water  over  a  cobble-sand  substrate.  Chironomid 
larvae  were  its  most  important  food  item  through- 
out the  year.  Spawning  peaked  in  July  to  early 
August.  Development  was  rapid  in  the  first  year  of 
life,  and  most  growth  was  attained  by  the  second 
summer.  On  the  western  periphery  of  its  rather 
extensive  range,  the  johnny  darter  remains  com- 
paratively common  in  lotic  habitats  that  have  not 
been  drastically  modified  by  human  activity. 
Where  stream  habitats  have  been  altered  by  chan- 
nelization, urban  and  agricultural  wastes  and  ef- 
fluents, and  unseasonably  high  sediment  transport, 


the  johnny  darter  is  absent  or  rare.  Although  the 
scant  historic  record  does  not  permit  a  precise 
description  of  the  historic  range  and  abundance  of 
the  species  in  Colorado,  the  record  is  sufficient  to 
indicate  a  general  decline  in  the  status  of  the 
johnny  darter  since  European  settlement  of  the 
Platte  River  basin.  (Author's  abstract) 
W9 1-07400 

VEGETATION  AND  FLORA  OF  OPENED  HY- 
DROPHYTIC  AREAS:  DAMS  AND  STREAM 
SWAMPS  IN  THE  CENTRE-EAST  OF  IVORY 
COAST  (VEGETATION  ET  FLORE  DE  MI- 
LIEUX HYDROPHYTIQUE  OUVERTS:  BAR- 
RAGES ET  BASFONDS  DE  RIVIERES,  DU 
CENTRE-EST  DE  LA  COTE-DTVOIRE). 
Universite  Nationale  de  Cote  d'lvoire,  Abidjan. 
Lab.  de  Botanique. 

D.  Traore,  G.  Anoma,  and  W.  Egnankou. 
Candollea  CNDLAR,  Vol.  45,  No.  2,  p  423-438, 
1990,  5  photo,  5  fig,  3  tab,  9  ref.  English  summary. 

Descriptors:  'Aquatic  plants,  'Dam  effects,  'Ivory 
Coast,  'Limnology,  'Reservoirs,  'Swamps, 
•Vegetation  establishment,  Agricultural  water, 
Aquatic  weeds,  Floating  plants,  Sedges,  Species 
composition,  Water  supply. 

The  Ivory  coast  has  constructed  six  hydroelectric 
dams  and  over  400  dams  which  supply  agricultural 
water.  Dams  were  built  at  Abengourou,  Agnibi- 
lekro  and  Daoukro  to  supply  potable  water  in  the 
central  eastern  part  of  the  Ivory  Coast.  The  origi- 
nal plants  which  inhabited  the  regions  of  these 
dams  have  died  and  been  replaced  with  plants 
which  prefer  wet,  humid  environments.  The  en- 
croachment of  these  plants  has  hindered  the  use  of 
these  dams.  Investigations  were  carried  out  at 
Daoukro,  Abengourou  and  Agnibilekro.  At 
Dauokro,  invading  species  are  living  primarily  on 
drained  soil.  The  twenty-one  other  taxons  are 
found  in  aquatic,  humid  environments.  The  float- 
ing mats  of  vegetation  are  primarily  composed  of 
Pycreus  mundtii.  At  Abengourou,  Pycreus  mundtu 
and  Fuirena  umbellata  essentially  make  up  the 
floating  mats  of  vegetation.  (King-PTT) 
W91-07527 

CHANGE  OF  WATER  ENVIRONMENT  IN 
YANGZHUOYONG  LAKE,  TIBET  (IN  CHI- 
NESE). 

Sichuan  Research  and  Monitoring  Inst,  of  Envi- 
ronmental Protection,  Chengdu  (China). 
X.  P.  Chen. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 
Hu  Chao)  HYHCAG,  Vol.  21,  No.  3,  p  285-292, 
July  1990,  1  fig,  6  tab,  3  ref.  English  summary. 

Descriptors:  'Environmental  effects,  'Hydroelec- 
tric power,  'Limnology,  'Salinity,  'Tibet,  'Water 
quality,  'Water  quality  trends,  'Water  resources 
development,  China,  Hydrologic  budget,  Mass  bal- 
ance, Mineralization,  Model  studies,  Yangz- 
huoyong  Lake. 

Yangzhuoyong  Lake  is  a  large  enclosed  lake  in 
Tibet  with  a  capacity  of  14,300  million  cu  ra  and 
has  a  mineralization  of  1900  mg/L.  The  amount  of 
water  entering  lake  is  basically  in  balance  with  the 
amount  of  evaporation.  The  lake  can  be  exploited 
for  the  generation  of  electricity  by  using  the  poten- 
tial energy  difference  between  the  level  of  the  lake 
and  the  level  of  the  Yarluzangbu  River.  The 
changes  in  water  capacity  and  the  mineralization 
after  exploiting  the  lake  were  calculated  using  the 
mass  balance  of  the  water  and  a  zero-dimensional 
model  of  water  quality.  Mineralization  would  not 
change  significantly,  but  the  lake  area  would  de- 
crease 121.4  cu  km  after  67  years.  If  water  is  used 
for  power  generation,  the  salinity  of  the  lake  will 
gradually  decrease;  otherwise,  it  will  continue  to 
increase.  (Author's  abstract) 
W91-07536 


EFFECTS  OF  WATER  ENGINEERING  MEAS- 
URES ON  THE  STRUCTURE  OF  BIOCENOSES 
AND  ON  THE  CONTENT  OF  NOXIOUS  POL- 
LUTANTS IN  THE  DANUBE. 

Bayerische      Landesanstalt      fuer      Landtechnik, 
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Munich  (Germany,  F.R.). 

B.  Wachs. 

Zeitschrift  fuer  Wasser-  und  Abwasser-Forschung 

ZWABAQ,  Vol.  23,  No.   5,  p   173-178,  October 

1990,  1  tab,  43  ref. 

Descriptors:  •Austria,  'Dam  effects,  *Danube 
River,  'Environmental  impact,  'Stream  biota, 
•Stream  pollution,  'Water  resources  development, 
Benthic  fauna,  Flow  control,  Hydroelectric  plants, 
Oligochaetes,  Reservoirs,  Species  diversity,  Ther- 
mal pollution. 

The  simultaneous  development  and  protection  of 
the  Danube's  water  resources  will  increasingly  re- 
quire interdisciplinary  cooperation  regarding  eco- 
logical problems.  In  the  1980s,  it  was  recognized 
that  the  storage  reservoirs  of  the  hydroelectric 
power  plants  in  Austria  have  had  positive  effects 
on  the  self-cleaning  capacity  of  the  Danube.  As  the 
tubificid  population  has  increased  along  with  the 
growing  supply  of  organic  material  in  the  sedi- 
ment, it  has  contributed  considerably  to  self-purify- 
ing processes  in  the  vicinity  of  powerplant  dams. 
These  oligochaetes  also  help  clean  up  strongly 
polluted  areas,  provided  that  conditions  are  not  too 
toxic.  However,  a  closer  look  at  the  benthic  fauna 
reveals  a  considerable  loss  of  species  diversity,  due 
mainly  to  the  loss  of  sewage-avoiding  species. 
Within  a  year  of  the  impoundment  of  the  nearly- 
300-km-long  Iron  Gate  Reservoir,  almost  50%  of 
the  benthic  animal  species  disappeared  due  to 
changes  in  ecological  conditions.  In  the  future, 
more  attention  should  be  paid  to  thermal  loading 
of  the  Danube  by  the  discharge  of  cooling  water 
from  powerplants;  there  will  be  unavoidable 
water-temperature  increases  in  the  upper  and 
middle  Danube.  Also,  since  remobilization  of 
heavy  metals  and  other  harmful  substances  from 
the  organic  material  of  the  sediments  can  occur 
during  periods  of  high  water,  optimal  water  level 
should  be  maintained  in  all  seasons.  (King-PTT) 
W9 1-07540 


ECOLOGY     AND     HYDRAULICS     IN     THE 
FUTURE. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-07875 


COMPREHENSIVE  EXPERT  EVALUATION 
OF  THE  ECOLOGICAL  CONSEQUENCES  OF 
THE  CONSTRUCTION  OF  HYDROPOWER 
FACILITIES. 

For  primary  bibliographic  entry  see  Field  8A. 
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WATER  AND  SALT  REGIME  OF  THE  ARNA- 
SAI  LAKES. 

A.  K.  Kiyatkin,  S.  I.  Shaporenko,  and  M.  V.  Sanin. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  172-177,  1990.  3  fig,  4  tab,  5  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
15-18,  March,  1990. 

Descriptors:  'Environmental  impact,  'Irrigation 
programs,  'Irrigation-return  flow,  'Saline  lakes, 
•Salinity,  'Soviet  Union,  'USSR,  *Water  pollution 
effects,  Aral  Sea,  Arnasai  Lakes,  Lake  fisheries, 
Mathematical  models,  Salt  balance,  Syr  Darya 
River. 

The  solution  of  problems  of  the  radical  reconstruc- 
tion of  irrigation  systems  in  the  Aral  Sea  basin  and 
particularly  in  the  territory  of  the  lower  course  of 
the  Syr  Darya  will  substantially  change  the  condi- 
tions of  feeding  and  regime  of  one  of  the  largest 
water  bodies  storing  runoff,  the  Arnasai  Lake 
system.  Therefore,  a  study  of  the  water  and  salt 
regime  of  this  lake  system  is  important  not  only 
from  a  theoretical  but  from  a  practical  point  of 
view.  Since  1969,  when  the  Arnasai  Lakes  were 
used  as  a  water  a  receiver  during  retarding  of  the 
disastrous  Syr  Darya  flood  by  the  Charadara  reser- 
voir, the  water  and  salinity  regime  became  estab- 
lished according  to  the  unique  conditions  existing 
in  the  basin.  During  the  mid-1970s  evaporation  was 
about  two  times  greater  than  the  volume  of  collec- 
tor-drainage waters  being  discharged,  the  level  in 
the  lakes  dropped  and  in  1976  stabilized  at  eleva- 
tions close  to  235  m  BS.  From  the  late  1970s-early 


1980s  period,  more  water  has  entered  and  lake 
volume  began  to  increase.  Salt  balance  calculations 
showed  that  during  the  period  of  lake  formation 
(1969-1970)  about  half  of  the  salt  that  had  accumu- 
lated in  the  lakes  entered  due  to  leaching  from  the 
bed  of  the  lakes  during  dissolution  of  the  playas. 
The  entry  of  salts  with  wastewaters  from  the  Char- 
adara reservoir  was  the  second  most  important 
element  in  the  balance.  The  collector-drainage 
runoff  became  the  dominant  component  of  the  salt 
balance  during  stabilization  of  the  water  regime  of 
the  lake.  The  change  in  the  volumes  of  the  Arnasai 
Lakes  and  dynamics  of  salt  accumulation  show 
that  during  the  17  years  since  1968  the  amount  of 
salt  increased  37  times  and  at  the  end  of  1985 
exceeded  140  million  tons.  During  this  period  the 
average  mineralization  of  the  lake  water  increased 
by  more  than  three  times  and  was  10.12  g/L. 
Increased  mineralization  of  water  in  the  Arnasai 
Lake  system  reduced  natural  fish  productivity  and 
changed  the  composition  of  the  commercial  fish 
catches.  (Rochester-PTT) 
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POLICY  AND  PRACTICE  IN  THE  MANAGE- 
MENT OF  TROPICAL  WATERSHEDS. 

H.  C.  Pereira. 

Westview  Press,  Boulder,  Colorado.   1989.  237p. 

Descriptors:  *Environmental  protection,  'Land 
use,  'Policy  making,  'Tropical  regions,  'Water 
resources  management,  'Watersheds,  Developing 
countries,  Economic  aspects,  Energy,  Erosion  con- 
trol, Irrigation,  Revegetation,  Rural  areas. 

Misuse  of  land  on  tropical  watersheds  in  develop- 
ing countries  is  increasing  rapidly  in  association 
with  accelerating  population  growth  and  the  ac- 
companying poverty.  Destruction  of  natural  vege- 
tation without  replacement  by  productive  agricul- 
ture or  forestry  imposes  severe  penalties  of  soil 
erosion  and  sediment  transport.  Sedimentation  de- 
stroys reservoir  storage  capacity  and  inhibits  in- 
vestment in  power  generation  and  irrigation.  Trop- 
ical meteorological  events  create  seasonal  water 
surpluses  that  produce  floods  in  the  lowlands. 
Every  corrective  step  to  arrest  watershed  degrada- 
tion improves  the  welfare  of  the  inhabitants,  both 
rural  and  urban:  (1)  restoration  of  a  productive  and 
protective  tree  cover  on  steep  slopes  can  provide 
the  fuelwood  to  forestall  the  impending  crisis  in 
the  supply  of  domestic  energy  in  developing  coun- 
tries; and  (2)  planting  of  fodder  and  control  of 
livestock  can  improve  animal  productivity  and  in- 
crease the  supply  of  manure  available  for  crops.  In 
this  book,  restoration  of  vegetation  and  fuelwood 
are  described  in  plain  language  and  successful  ex- 
amples are  quoted.  Where  it  has  been  possible  to 
assess  costs  and  benefits,  examples  are  quoted.  Dis- 
tribution of  water  from  irrigation  canals  between 
farms  and  within  farms  has  been  neglected  as  an 
aspect  of  management  so  that  severe  water  losses 
and  waterlogging  occur  widely.  National,  interna- 
tional, bilateral,  and  nongovernment  agencies  are 
making  important  contributions  to  the  correction 
of  watershed  misuse,  but  are  not  coordinated  either 
by  country  or  by  watershed.  The  national  govern- 
ments of  tropical  developing  countries  are  not  yet 
giving  priority  to  rural  area  development  in  spite 
of  growing  food  shortages.  (Lantz-PTT) 
W9 1-07907 


WORLD  RESOURCES:  1990-91. 

World  Resources  Inst.,  Washington,  DC. 

Oxford  University  Press,  New  York.  1990.  383p. 

Descriptors:  'Climatic  changes,  'Environmental 
quality,  'Urban  hydrology,  'Water  resources, 
•World  resources,  Climates,  Climatic  data,  Data 
collections,  Environment,  Environmental  data,  En- 
vironmental protection,  Geography,  Global  warm- 
ing. 

The  'World  Resources'  series  is  intended  to  meet 
the  critical  need  for  accessible,  accurate  informa- 
tion on  the  management  of  natural  resources  and 
protection  of  the  global  environment.  This  volume 
of  'World  Resources'  contains  information  on  re- 
source use  and  environmental  issues  around  the 
world.  Part  I  gives  an  overview  of  topics  that 
stand   out  as  having  a  pervasive  impact  on   the 


human  condition,  exerting  unique  leverage  on  the 
future  of  the  planet,  or  requiring  urgent  action. 
Part  II  includes  a  chapter  on  global  climate 
change,  and  includes  the  first  publication  of  the 
Greenhouse  Index,  which  tracks  each  country's 
current  responsibility  for  greenhouse  gas  emissions. 
Part  II  also  includes  an  overview  of  resource  use 
and  environmental  problems  in  Latin  America- 
from  deforestation  to  urban  pollution-continuing 
and  expanding  on  a  tradition  of  examining  in  each 
volume  a  particular  geographical  region  in  more 
detail.  Both  the  potential  impact  of  climate  change 
and  Latin  America  resource  issues  are  discussed  in 
additional  sections  throughout  the  volume.  Part  III 
reports  on  basic  conditions  and  trends,  major  prob- 
lems and  efforts  to  resolve  them,  and  recent  devel- 
opments in  each  of  the  major  resource  categories, 
from  population  and  health  to  energy  and  freshwa- 
ter. Supporting  data,  as  well  as  the  core  data  tables 
from  the  World  Resources  Database,  are  found  in 
Part  IV.  (Lantz-PTT) 
W9 1-079 19 


EVALUATION  OF  THE  ECOLOGICAL  AND 
WATER  MANAGEMENT  SITUATION  IN  CEN- 
TRAL ASIA  BASED  ON  DATA  OF  AERIAL 
AND  SATELLITE  SURVEYS. 

For  primary  bibliographic  entry  see  Field  3F. 
W9 1-08034 


CHANGE  OF  THE  LIFE  CYCLE  OF  JAPA- 
NESE CHARR  FOLLOWING  ARTIFICIAL 
LAKE  CONSTRUCTION  BY  DAMMING. 

Hokkaido  Univ.,  Sapporo  (Japan).  Faculty  of  Ag- 
riculture. 

S.  Nakano,  K.  W.  Maekawa,  and  S.  Yamamoto. 
Nippon  Suisan  Gakkaishi  (Bull  Jpn  Soc  Sci  Fish) 
NSUGAG,  Vol.  56,  No.  12,  p  1901-1905,  Decem- 
ber 1990.  3  fig,  1  tab,  20  ref. 

Descriptors:  'Char,  'Dam  effects,  'Fish  behavior, 
'Fish  populations,  'Japan,  'Life  cycles,  Artificial 
lakes,  Dams,  Fish,  Fish  migration,  Reproduction, 
Spawning. 

Several  reproductive  characteristics  of  two  types 
of  Japanese  char  (Salvelinus  leucomaenis)  found  in 
Arimine  Lake,  an  artificial  lake-inlet  stream  system 
in  Toyama,  Japan,  were  studied.  Larger-sized  indi- 
viduals, which  migrate  downstream  to  the  lake  and 
grow  to  maturity  there,  later  migrate  up  several 
inlet  streams  to  spawn.  Smaller-sized  individuals, 
however,  are  resident  in  streams  and  spawn  there. 
These  types  are  respectively  similar  to  sea-run  or 
lake-run  and  stream  resident  types  of  other  sal- 
monid  fish.  During  the  26  years  following  lake 
construction  by  damming,  the  migratory  life  cycle 
part  of  the  population  of  this  char  appears  to  have 
changed  from  the  fluvial  form.  From  records  of 
body  size  observed  during  spawning,  two  tenden- 
cies were  evident:  Females  and  males  presumably 
form  pairs  based  on  body  type,  and  males  of  the 
smaller  type  and  subordinates  of  the  larger  type 
tend  to  spawn  as  satellites  or  sneakers.  This  pattern 
has  been  seen  in  other  salmonid  fish  with  stream 
resident  types.  Since  their  body  size  was  usually 
smaller  than  that  of  the  paired  males,  evolutionary 
theory  suggests  that  they  require  this  alternative 
mating  strategy.  The  significant  correlation  of 
body  size  between  females  and  males  of  each  pair 
suggests  mating  to  be  assortative  by  body  size  at 
pair  formation,  as  reported  in  other  salmonids. 
(Author's  abstract) 
W9 1-08082 
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UPDATES  TO  THE  1986  DIRECTORY  OF  PRE- 
CIPITATION MONITORING  SITES  NATION- 
AL ATMOSPHERIC  DEPOSITION  PRO- 
GRAM/NATIONAL      TRENDS       NETWORK 

(NADP/NTN). 

Colorado  State  Univ.,  Fort  Collins.  Natural  Re- 
source Ecology  Lab. 

For  primary  bibliographic  entry  see  Field  7B. 
W91-07217 
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WATER-RESOURCES  DATA-NETWORK 

EVALUATION  FOR  MONTEREY  COUNTY, 
CALIFORNIA,  PHASE  3:  NORTHERN  SALI- 
NAS RIVER  DRAINAGE  BASIN. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

W.  E.  Templin,  and  R.  C.  Schluter. 
Available  from  Books  and   Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  89- 
4123,  1990.  96p,  9  fig,  12  tab,  77  ref. 

Descriptors:  *Data  acquisition,  *Data  collections, 
•Network  design,  'North  Salinas  River  Basin, 
•Water  resources  data,  Aquifers,  California,  Chlor- 
ides, Groundwater  quality,  Nitrates,  Rain  gages, 
Specific  conductivity,  Streamflow,  Water  quality. 

Water  resources  data  collection  networks  were 
evaluated  in  the  northern  Salinas  River  drainage 
basin,  Monterey  County,  California.  The  evalua- 
tion covers  quantity  and  quality  monitoring  by 
precipitation,  surface  water,  and  groundwater  net- 
works. The  study  identified  34  precipitation  gages 
in  the  study  area,  of  which  20  are  active,  and  10 
streamflow  gaging  stations,  of  which  6  are  active. 
The  Monterey  County  Flood  Control  and  Water 
Conservation  District  samples  one  surface  water 
site  for  suspended  sediment,  specific  conductance, 
and  chlorides.  Several  agencies  have  done  water 
quality  sampling  in  the  past,  but  only  five  sites  are 
active.  Reactivation  of  the  34  inactive  sites  might 
help  to  meet  the  various  surface  water  quality 
objectives  described  in  the  report.  The  Monterey 
County  Flood  Control  and  Water  Conservation 
District  also  maintains  three  networks  to  measure 
groundwater  levels  on  a  monthly  basis,  during 
peak  irrigation,  and  at  the  end  of  the  irrigation 
season.  The  District  measures  water  levels  in  318 
wells.  The  ideal  initial  baseline  network  of  ground- 
water quality  wells  would  be  an  evenly  spaced 
grid  of  index  wells  within  each  aquifer,  with  a 
density  of  one  per  section.  Once  baseline  condi- 
tions were  established,  representative  wells  could 
be  selected  and  monitored  annually.  As  of  1985, 
the  Monterey  County  Flood  Control  and  Water 
Conservation  District  monitored  379  study  wells  in 
the  area  for  various  water  quality  conditions. 
Other  networks  monitor  (or  propose  the  monitor- 
ing of)  135  wells.  The  District  collects  samples  in 
summer  months  to  monitor  saltwater  intrusion  near 
Castroville.  Annual  samples  also  are  analyzed  for 
chloride,  specific  conductance,  and  nitrate.  Every 
5  years,  the  District  does  a  complete  mineral  analy- 
sis on  each  study  well.  Improvements  in  network 
coverage  are  suggested  to  better  approximate  ideal 
network  coverage.  The  adequacy  of  wells  in  exist- 
ing monitoring  networks  for  representing  actual 
conditions  in  the  groundwater  basins  was  not  es- 
tablished conclusively.  Possible  redundancy  of  in- 
formation from  existing  networks  was  not  evaluat- 
ed statistically.  Despite  these  limitations,  this 
report  does  provide  a  basis  for  assessing  the  ade- 
quacy of  groundwater  level  networks  in  the  study 
area.  (Lantz-PTT) 
W91-07819 


WELL  INSTALLATION  AND  DOCUMENTA- 
TION, AND  GROUND-WATER  SAMPLING 
PROTOCOLS  FOR  THE  PILOT  NATIONAL 
WATER-QUALITY  ASSESSMENT  PROGRAM. 

Geological  Survey,  Reston,  VA. 
M.  A.  Hardy,  P.  P.  Leahy,  and  W.  M.  Alley. 
Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Open  File  Report  89-396,  1989.  36p,  2  fig,  9 
tab,  32  ref. 

Descriptors:  *Data  acquisition,  •National  Water- 
Quality  Assessment  Program,  ^Quality  control, 
•Site  selection,  'Standards,  *  Water  quality, 
•Wells,  Field  tests,  Well  construction. 

Several  pilot  projects  are  being  conducted  as  part 
of  the  National  Water-Quality  Assessment 
(NAWQA)  Program.  The  purpose  of  the  program 
is  to  test  and  refine  concepts  for  a  proposed  full- 
scale  program.  Three  of  the  pilot  projects  are 
specifically  designed  to  assess  groundwater.  The 
purpose  of  this  report  is  to  describe  the  criteria 
that  are  being  used  in  the  NAWQA  pilot  projects 
for   selecting   and   documenting    wells,    installing 


wells,  and  sampling  wells  for  different  water  qual- 
ity constituents.  Guidelines  are  presented  for  the 
selection  of  wells  for  sampling.  Information  needed 
to  accurately  document  each  well  includes  site 
characteristics  related  to  the  location  of  the  well, 
land  use  near  the  well,  and  important  well  con- 
struction features.  These  guidelines  ensure  the  con- 
sistency of  the  information  collected  and  will  pro- 
vide comparable  data  for  interpretive  purposes. 
Guidelines  for  the  installation  of  wells  are  present- 
ed and  include  procedures  that  need  to  be  followed 
for  preparations  prior  to  drilling,  the  selection  of 
the  drilling  technique  and  casing  type,  the  grouting 
procedure,  and  the  well-development  technique. 
Information  needed  to  adequately  document  the 
installation  of  these  wells  is  presented.  A  major 
component  of  the  protocols  is  related  to  water 
quality  sampling.  Tasks  are  identified  that  need  to 
be  completed  prior  to  visiting  the  site  for  sampling. 
Guidelines  are  presented  for  purging  the  well  prior 
to  sampling,  both  in  terms  of  the  volume  of  water 
pumped  and  the  chemical  stability  of  field  param- 
eters. Guidelines  are  presented  concerning  sampler 
selection  as  related  to  both  inorganic  and  organic 
constituents.  Documentation  needed  to  describe 
the  measurements  and  observations  related  to  sam- 
pling each  well  and  treating  and  preserving  the 
samples  are  also  presented.  Procedures  are  present- 
ed for  the  storage  and  shipping  of  water  samples, 
equipment  cleaning,  and  quality  assurance.  Quality 
assurance  guidelines  include  the  descriptions  of  the 
general  distribution  of  the  various  quality-assur- 
ance samples  (blanks,  spikes,  duplicates,  and  refer- 
ence samples)  that  will  be  used  in  the  pilot  pro- 
gram. (Lantz-PTT) 
W9 1-07824 


SURFACE  WATER  QUALITY  MONITORING 
AND  POLLUTION  CONTROL  IN  GHANA. 

Water  Resources  Research  Inst.,  Accra  (Ghana). 
S.  A.  Larmie,  R.  A.  Osafo,  and  N.  B.  Ayibotele. 
Water  Science  and  Technology  WSTED4,  Vol. 
24,  No.  1,  p  35-41,  1991.  3  fig,  1  tab,  7  ref. 

Descriptors:  *Developing  countries,  *Ghana, 
•Monitoring,  *Network  design,  *Water  pollution 
control,  *Water  quality  monitoring,  Economic  as- 
pects, Industrial  wastes,  Law  enforcement,  Legal 
aspects,  Legislation,  Planning,  Quality  control, 
Water  pollution,  Water  pollution  sources,  Water 
quality  standards,  Water  use. 

Surface  water  pollution  in  increasing  in  Ghana. 
Meanwhile,  financial  resources  or  the  technology 
to  combat  serious  water  quality  problems  may  not 
be  available  or  adequately  developed.  The  failure 
of  most  industrial  concerns  to  even  partially  treat 
their  effluents  is  due  to  the  absence  of  appropriate 
legislation  and  enforcement.  An  adequate  system 
of  monitoring  is  a  vital  instrument  in  the  pollution 
control  process.  A  water  quality  monitoring  pro- 
gram begun  in  1985  has  the  following  goals:  (1)  a 
review  and  analysis  of  all  available  existing  data  on 
surface  waters;  (2)  the  design  of  a  network  to 
monitor  and  assess  surface  water  quality  taking 
into  account  specific  quality  problems  in  the  areas 
of  domestic,  municipal,  industrial,  and  agricultural 
water  use;  (3)  the  preparation  of  a  program  and 
plan  for  implementing  the  network  based  on  col- 
laborative action  among  the  different  water  and 
related  agencies;  and  (4)  implementation  of  the 
network  to  generate  consistent  data  for  national 
water  quality  standards  to  be  incorporated  into 
legislation.  Although  progress  has  been  made, 
more  work  needs  to  be  done.  Legislative  proce- 
dures and  environmental  impact  assessment  meth- 
ods need  to  be  developed.  Analytical  quality  con- 
trol will  play  a  prominent  role  in  water  laboratory 
activities.  (Doria-PTT) 
W9 1-08063 
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IMPLICATIONS  OF  ENHANCED  BIODEGRA- 
DATION  FOR  THE  USE  AND  STUDY  OF  PES- 
TICIDES IN  THE  SOIL  ENVIRONMENT. 

DowElanco,  Midland,  MI.  Environmental  Chemis- 
try Lab. 

For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07 138 


RESOURCES  DATA— Field  7 
Data  Acquisition — Group  7B 

IN  SITU  SOIL  BIOREMEDIATION:  THE 
INTERFACE  BETWEEN  BIOLOGY  AND  ENGI- 
NEERING. 

Biodetox,  Inc.,  Newark,  DE. 

For   primary   bibliographic   entry   see   Field    5G. 

W91-07183 


SELECTED  TOOLS  AND  TECHNIQUES  FOR 
PHYSICAL  AND  BIOLOGICAL  MONITORING 
OF  AQUATIC  DREDGED  MATERIAL  DISPOS- 
AL SITES. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Environmental  Lab. 

For  primary  bibliographic   entry   see   Field   5G 

W91-07191 


USEPA  MANUAL  OF  METHODS  FOR  VIROL- 
OGY. CHAPTER  7,  REVISED  SEPTEMBER 
1989. 

Environmental  Monitoring  and  Support  Lab.-Cin- 
cinnati,  OH. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07208 


U.S.  GEOLOGICAL  SURVEY  FEDERAL-STATE 
COOPERATIVE  WATER-RESOURCES  PRO- 
GRAM, FISCAL  YEAR  1989. 

Geological  Survey,  Reston,  VA. 

B.  K.  Gilbert,  and  W.  B.  Mann. 

Available   from   Books  and  Open   Files  Reports 

Section,  USGS  Box  25425,  Denver,  CO  80225. 

Open-File  Report  90-353,  1990.  49  p,  2  fig,  6  ref,  3 

append. 

Descriptors:  *Data  acquisition,  *  Geological  sur- 
veys, 'Information  retrieval,  *Water  resources 
data,  Economic  aspects,  Federal  jurisdiction,  Hy- 
drologic  data,  Interagency  cooperation,  State  juris- 
diction, Water  quality,  Water  supply. 

The  USGS  Federal-State  Cooperative  Water-Re- 
sources Program  (50:50  matching  of  funds)  has 
responded  to  national  needs  for  hydrologic  infor- 
mation since  1895.  During  FY  1989,  water  re- 
sources data  collection,  investigations,  and  re- 
search were  conducted  in  cooperation  with  more 
than  1,000  local,  State,  and  regional  agencies  in 
every  State,  Puerto  Rico,  and  several  territories. 
Total  funding  in  the  Cooperative  Program  in  FY 
1989  amounted  to  about  $126  million  and  account- 
ed for  more  than  40%  of  the  total  obligations  for 
the  Geological;  Survey's  Water  Resources  Divi- 
sion. The  Cooperative  Program  provides  much  of 
the  information  required  by  those  responsible  for 
water  resources  planning  and  management,  water 
supply  development,  and  environmental  improve- 
ment through  hydrologic  data  collection,  investi- 
gations and  research.  The  program  is  a  unique 
activity  in  that,  although  the  cooperating  agencies 
provide  more  than  half  the  funds,  the  Geological 
Survey  accomplishes  most  of  the  work.  The  pro- 
gram also  is  the  source  of  much  of  today's  knowl- 
edge concerning  techniques  for  collection  and 
analysis  of  the  quantity,  quality,  and  movement  of 
surface  and  groundwater.  Because  the  availability 
of  water  of  suitable  quality  is  a  fundamental  limit- 
ing factor  in  an  expanding  economy,  a  comprehen- 
sive and  forward  looking  data  collection  and  inves- 
tigation operation  is  imperative  for  planning  the 
best  development  and  use  of  the  Nation's  water 
resources.  The  job  is  too  large  to  be  supported  at 
either  federal  or  state  level  alone.  The  jointly 
planned  and  funded  Cooperative  Program  pro- 
vides convincing  assurance  that  the  work  is  de- 
signed to  meet  both  national  and  local  needs. 
(Lantz-PTT) 
W9 1-072 10 


UPDATES  TO  THE  1986  DIRECTORY  OF  PRE- 
CIPITATION MONITORING  SITES  NATION- 
AL ATMOSPHERIC  DEPOSITION  PRO- 
GRAM/NATIONAL      TRENDS       NETWORK 

(NADP/NTN). 

Colorado  State  Univ.,  Fort  Collins.  Natural  Re- 
source Ecology  Lab. 
May  30,  1990.  63p. 
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Field  7— RESOURCES  DATA 


Group  7B — Data  Acquisition 


Descriptors:  'Directories,  'Network  design,  'Pre- 
cipitation, Data  acquisition,  Data  collections,  Mon- 
itoring, National  Atmospheric  Deposition  Pro- 
gram, National  Trends  Network,  Networks,  Re- 
search priorities,  Surveys. 

The  information  in  this  document  reflects  the 
status  of  the  National  Atmospheric  Deposition 
Program/National  Trends  Network  (NADP/ 
NTN)  as  of  May  30,  1990.  It  is  based,  in  part,  on  a 
thorough  review  of  site  location  information, 
which  involved  verifying  latitudes  and  longitudes 
determined  from  1:24,000  scale  topographic  maps, 
and  contacting  sites  to  verify  dates  and  distance  of 
site  moves  and  equipment  relocations.  The  com- 
puter database  at  the  NADP/NTN  Coordination 
Office  was  used  to  identify  changes  in  site  owners, 
sponsors,  and  operating  agencies,  and  network  af- 
filiations. No  attempt  was  made  to  conduct  a  com- 
prehensive review  of  the  remaining  categories  of 
information  in  the  original  directory;  however,  if 
the  Coordination  Office  was  notified  of  changes  to 
information  in  these  categories,  the  updated  infor- 
mation is  reported  in  this  document.  A  question- 
naire distributed  to  the  sites  in  the  fall  of  1989 
yielded  a  considerable  amount  of  new  information 
about  research  activities  at  the  sites.  The  informa- 
tion from  the  151  sites  that  responded  to  the  ques- 
tionnaire is  included  in  this  report.  Descriptive 
information  for  sites  established  after  1986  is  also 
provided.  The  format  for  the  description  of  new 
sites  is  similar  to  that  in  the  original  directory; 
however,  funding  limitations  precluded  the  print- 
ing of  site  photographs  and  topographic  maps,  or 
the  production  of  emissions  plots.  (Lantz-PTT) 
W9 1-072 17 


SPATIAL  VARIABILITY  OF  APPARENT 
ELECTRICAL  CONDUCTIVITY. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Water 
and  Land  Resources. 

B.  G.  Williams,  D.  P.  Richardson,  and  J.  Walker. 
Technical  Memorandum  90/6,  June  1990.  17p,  13 
fig,  6  ref. 

Descriptors:  'Conductivity,  'Data  acquisition, 
•Electrical  studies,  'Geophysical  surveys,  'Soil 
properties,  'Spatial  variation,  Agriculture,  Elec- 
tromagnetic waves,  Saline  soils,  Soil  water. 

Soils  are  better  known  for  their  horizontal  and 
vertical  heterogeneity  than  for  any  other  charac- 
teristic of  agricultural  significance.  Relatively 
small  differences  in  soil  texture,  moisture  charac- 
teristics, soluble  salt  content  or  fertility  status  can 
cause  marked  variations  in  crop  or  pasture  produc- 
tion over  distances  of  a  few  meters.  This  results  in 
a  number  of  problems  for  agricultural  production 
and  for  agricultural  research  and  has  resulted  in 
generalizations  in  interpretation  that  may  disadvan- 
tage both.  A  major  problem  in  coming  to  grips 
with  this  situation  is  the  cost  of  obtaining  adequate 
objective  descriptions  of  the  inherent  variability  of 
soils  over  areas  of  significance  to  agricultural  pro- 
duction. This  is  partly  resolved  by  the  use  of  rapid 
electromagnetic  induction  techniques  for  determin- 
ing the  apparent  electrical  conductivity  (ECa)  of 
soils  over  depths  ranging  from  <  1  m  to  >  15  m. 
Although  not  a  specific  surrogate  measure  of  tex- 
ture, soil  water  or  soluble  salt  content  it  does 
delineate  quite  accurately  relative  changes  in  one 
or  more  of  these  variables  from  site  to  site  within 
the  surveyed  area.  The  accuracy  of  interpretation 
of  the  spatial  variability  of  ECa  values  then  de- 
pends on  the  amount  of  corroborative  measure- 
ments that  can  sensibly  be  gathered.  Therefore,  the 
technique  should  be  used  to  identify  sites  for  de- 
tailed sampling  rather  than  as  a  definitive  measure- 
ment of  a  single  soil  parameter.  (Author's  abstract) 
W91-07221 


WATER  QUALITY  ENRICHMENT  TECH- 
NIQUES USED  WITHIN  THE  CORPS  OF  EN- 
GINEERS. 

Army  Engineer   Waterways  Experiment   Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For   primary   bibliographic   entry   see   Field   5G. 
W9 1-07238 


ESTIMATING  WATER  QUALITY  FROM  GEO- 
PHYSICAL LOGS. 

Geological  Survey,  Denver,  CO.  Water  Resources 
Div. 

D.  G.  Jorgensen. 

IN:  Geophysical  Applications  for  Geotechnical  In- 
vestigations. STP  1101.  American  Society  for 
Testing  Materials,  Philadelphia,  PA.  1990.  p  477- 
64,  9  fig,  29  ref,  2  append. 

Descriptors:  'Borehole  geophysics,  'Geophysical 
methods,  'Geophysics,  'Groundwater  quality, 
'Logging  (Recording),  'Water  quality,  Chlorides, 
Conductivity,  Data  interpretation,  Dissolved 
oxygen,  Hydrogen  ion  concentration,  Mathemati- 
cal analysis,  Resistivity,  Temperature,  Water 
chemistry. 

Borehole  geophysical  logs  can  be  used  to  obtain 
information  on  water  quality  and  water  chemistry. 
Water  quality  characteristics  that  normally  are 
measured  directly  in  water  filled  holes  or  wells 
include:  chloride,  dissolved  oxygen,  pH,  tempera- 
ture, and  conductivity.  In  situ  groundwater  may 
exist  at  some  distance  adjacent  to  the  borehole,  and 
estimates  of  water  quality  or  water  chemistry  can 
be  made  by  measuring  the  resistivity  or  specific 
electrical  conductivity  of  the  water  in  pore  spaces. 
Most  geophysical  logs,  however,  are  made  in  test 
holes  filled  with  drilling  fluid.  In  this  environment, 
logs  enabling  estimates  of  water  resistivity  (Rw) 
are  useful.  Relations  among  Rw  and  dissolved 
solids,  sodium  chloride  solutions,  and  temperature 
are  well  established  for  saline  waters;  for  freshwa- 
ter, however,  the  activities  of  other  dissolved  ions 
also  need  to  be  considered.  The  spontaneous  po- 
tential (SP)  is  a  function  of  activity  of  the  mud 
filtrate  and  water  resistivity  and,  thus,  can  be  used 
to  estimate  Rw.  Two  methods  of  estimating  Rw 
are  useful:  the  SP  method,  which  uses  data  from  a 
SP  log  and  a  resistivity  log,  and  the  cross-plot 
method,  which  uses  log-derived  porosity  and  resis- 
tivity log  data.  The  application  of  SP  logs  depends 
upon  the  water  quality  contrast  between  the  water 
in  the  pores  (Rw)  and  the  mud  filtrate  on  the 
borehole  wall.  Both  methods  estimate  Rw  to  about 
a  half  order  of  magnitude.  However,  the  accuracy 
of  both  methods  can  be  greatly  improved  if  addi- 
tional data,  such  as  a  chemical  analysis,  can  be 
correlated  to  a  log.  (Author's  abstract) 
W9 1-07240 


TRIAXIAL-  AND  UNIAXIAL-COMPRESSION 
TESTING  METHODS  DEVELOPED  FOR  EX- 
TRACTION OF  PORE  WATER  FROM  UN- 
SATURATED TUFF,  YUCCA  MOUNTAIN, 
NEVADA. 

Colorado  School  of  Mines,  Golden.  Dept.  of  Geol- 
ogy- 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-07243 


EVALUATION  OF  SINGLE  BOREHOLE  HY- 
DROTESTS  IN  FREQUENCY  DOMAIN  BY  A 
UNIVARIATE  STATISTICAL  METHOD. 

Stuttgart  Univ.  (Germany,  F.R.).  Inst,  fuer  Was- 

serbau. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07260 


SEQUENTIAL  APPROACH  TO  GROUNDWAT- 
ER MONITORING  AND  MANAGEMENT. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 
Hydraulic  Lab. 

For  primary  bibliographic  entry  see  Field  4B. 
W9 1-07301 


QUANTIFYING  EXTERNAL  AND  INTERNAL 
NITROGEN  AND  PHOSPHORUS  POOLS,  AS 
WELL    AS    NITROGEN    AND    PHOSPHORUS 
SUPPLIED       THROUGH       REMINERALIZA- 
TION,  IN  COASTAL  MARINE  PLANKTON  BY 
MEANS  OF  A  DILUTION  TECHNIQUE. 
Oslo  Univ.  (Norway).  Dept.  of  Biology. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07322 


NEW  TECHNIQUE  FOR  MEASURING  VOLU- 
METRIC SHRINKAGE  IN  SOILS. 


Rocky   Mountain   Forest  and   Range  Experiment 

Station,  Tempe,  AZ.  Forestry  Sciences  Lab. 

S.  T.  Overby,  and  L.  F.  DeBano. 

Soil  Science  Society  of  America  Journal  SSSJD4, 

Vol.  54,  No.  6,  p  1797-1799,  November/December 

1990.  1  tab,  11  ref. 

Descriptors:  'Laboratory  methods,  'Soil  drying, 
•Soil  physical  properties,  'Soil  shrinkage,  'Soil 
water,  Comparison  studies,  Economic  aspects, 
Mercury,  Shrinkage,  Silicon,  Soil  physics,  Statisti- 
cal analysis,  Water  displacement. 

Volumetric  shrinkage  (the  loss  of  pore  water 
during  drying)  and  swelling  (during  wetting)  in 
soils  is  an  important  physical  parameter  used  in  soil 
erosion  and  soil  mechanics  studies.  Shrinking  and 
swelling  in  several  soil  layers  was  examined  while 
studying  pipe  erosion  in  New  Mexico.  The  Ameri- 
can Society  for  Testing  Materials  D427  method  for 
determining  volumetric  shrinkage  was  modified 
using  a  less  toxic  silicone-mineral  spirits  mixture 
instead  of  liquid  mercury.  The  volume  of  the  dry 
soil  pat  was  determined  by  (1)  immersing  the  pat  in 
a  glass  cup  filled  with  mercury  and  (2)  treating  the 
same  pat  with  a  mixture  of  silicon  and  mineral 
spirits  before  determining  its  volume  by  water 
displacement.  Statistical  differences  in  volumetric 
shrinkage  between  the  two  methods  were  tested 
using  Student's  t-test.  The  silicone-mineral  spirits 
method  yielded  the  same  results  in  shrinkage  as 
measured  by  the  mercury  method  for  a  wide  range 
of  soils  containing  between  22  and  48%  clay,  and 
was  more  economical.  Use  of  the  silicone-mineral 
spirits  mixture  decreases  safety  hazards  associated 
with  liquid  mercury  and  is  more  economical. 
(Brunone-PTT) 
W9 1-07360 


DETERMINATION  OF  URANIUM  IN  SOLU- 
TION AT  THE  NG/L  LEVEL  BY  TIME-RE- 
SOLVED LASER-INDUCED  SPECTROFLUOR- 
IMETRY:  APPLICATION  TO  GEOLOGICAL 
SAMPLES. 

CEA  Centre  d'Etudes  Nucleaires  de  Fontenay- 
aux-Roses  (France). 

For  primary  bibliographic  entry  see  Field  2K. 
W91-07367 


GREAT  DISMAL  SWAMP:  AN  ILLUSTRATED 
CASE  STUDY. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  2H. 

W9 1-07431 


DIRECT    DETERMINATION    OF    COMPLEX- 
ING  CAPACITY  OF  ORGANIC  MATTER  DIS- 
SOLVED IN  HUANGHE  ESTUARY  WATER  BY 
THE   HUANGHE   ESTUARY   SEDIMENT-ION 
EXCHANGE  METHOD  (IN  CHINESE). 
Ocean  Univ.  of  Qingdao  (China). 
For  primary  bibliographic  entry  see  Field  2K. 
W91-07535 


CHLOROPLAST  BIOASSAY  FOR  THE  DETER- 
MINATION OF  HERBICIDES  IN  WATER-AN 
IMPROVED  ELECTRON  ACCEPTOR  SYSTEM 
(CHLOROPLASTEN-BIOTEST  ZUR  HERBI- 
ZIDBESTIMMUNG  IM  WASSER-OPTIMIER- 
UNG  DES  ELEKTRONENAKZEPTORSYS- 
TEMS). 

ESWE-Inst.  fuer  Wasserforschung  und  Wasser- 
technologie  G.m.b.H.,  Wiesbaden  (Germany, 
F.R.). 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07542 


ADDITIVITY  OF  BIOASSAY  RESULTS  IN 
WATER  SAMPLES  OF  UNKNOWN  COMPOSI- 
TION (DIE  ADDITIVITAET  DER  RESULTATE 
VON  BIOTESTS  MIT  WAESSERN  UNBE- 
KANNTER  ZUSAMMENSETZUNG). 
Ruhrverband,  Essen  (Germany,  F.R.).  Chemisches 
und  Biologisches  Lab. 

For  primary  bibliographic  entry  see  Field  5A. 
W9 1-07543 
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DETERMINATION  OF  ADAPTATION  OF  THE 
ACTIVATED  SLUDGE  FOR  INDUSTRIAL 
WASTEWATER. 

Kemijski  Inst.  Boris  Kidric,  Ljubljana  (Yugoslav- 
ia). 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07544 


MEASURING  COMPOST  SUBSTRATE  DE- 
GRADABILITY. 

Los  Angeles  City  Solids  Technology  Div.,  CA. 
For  primary  bibliographic  entry  see  Field  5D. 
W91-07559 


KRIGING  TECHNIQUE  FOR  RIVER  FLOOD 
REPRESENTATION  (LE  KRIGEAGE  DUAL, 
UNE  TECHNIQUE  POUR  LA  CARTOGRA- 
PHY AUTOMATISEE  DES  ZONES  DTNON- 
DATION). 

Ecole  Polytechnique,  Montreal  (Quebec).  Groupe 
de  Recherche  CASTORPLUS. 
C.  Marche,  G.  Lessard,  and  B.  El  Gharbi. 
Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 
No.   5,   p   629-643,    1990.   9   fig,    10  ref.   English 
summary. 

Descriptors:  'Dam  failure,  *Flood  forecasting, 
•Geostatistics,  "Hydraulic  engineering,  'Kriging, 
•Water  surface  profiles,  Flood  plain  management, 
Forecasting,  Hydrologic  maps,  Mathematical 
equations,  Model  studies,  Quebec. 

The  kriging  technique  is  a  geostatistical  estimation 
method  which  can  be  used  to  interpolate  the  value 
of  a  given  property  based  on  the  value  of  the  same 
properties  at  various  experimental  points.  The  so- 
lution of  this  system  is  a  set  of  coefficients  that  can 
then  be  used  to  interpolate  the  function  at  any 
given  point  by  a  simple  scalar  product  with  the 
covariance  of  each  sample  point.  In  a  civil  engi- 
neering project,  the  natural  ground  surface  is  gen- 
erally described  by  a  set  of  data  from  various 
sources  and  precision  such  as  contour  lines  digi- 
tized from  existing  maps,  bathymetric  cross  sec- 
tions, or  surveys.  For  design  purposes,  these  points 
may  be  replaced  by  a  mathematical  function  repre- 
senting the  ground  surface.  It  is  then  very  easy  to 
represent  a  cross  section,  calculate  a  volume  rela- 
tive to  another  surface,  calculate  the  intersection  of 
two  surfaces  or  generate  the  contour  lines  incorpo- 
rating all  the  available  data.  The  relative  precision 
of  the  input  data  points  may  be  taken  into  account 
through  the  nugget  effect.  If  it  is  zero  at  a  given 
point,  the  surface  will  go  through  this  point.  This 
method  was  used  to  represent  the  ground  surface 
of  a  rural  area  on  the  north  shore  of  Lac  St.  Jean, 
Quebec,  Canada.  The  purpose  of  the  study  was  to 
simulate  the  flooding  process  resulting  from  the 
failure  of  an  upstream  dam.  The  water  profile 
along  the  valley  at  variant  time  steps  was  obtained 
using  the  NWS  Dambreak  Flood  Forecasting 
Model,  and  then  extended  laterally  to  obtain  a 
water  surface  also  represented  by  its  mathematical 
equation.  The  evolution  of  the  flooded  area  at 
various  times  after  failure  corresponds  to  the  inter- 
section of  the  ground  with  the  various  water  sur- 
faces. The  intersection  of  two  surfaces  is  easily 
determined  by  substraiting  their  corresponding  ele- 
vation on  a  regular  grid  and  evaluating  the  contour 
at  elevation  zero.  (Author's  abstract) 
W9 1-07603 


MEASUREMENT  OF  ATMOSPHERIC  WATER 
VAPOR:  RADIOMETER  COMPARISON  AND 
SPATIAL  VARIATIONS. 

Cooperative  Inst,  for  Research  in  Environmental 
Science,  Boulder,  CO. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-076 14 


HIGH        RESOLUTION        AEROMAGNETIC 
SURVEY  OF  LAKE  SUPERIOR. 

Geological  Survey  of  Canada,  Ottawa  (Ontario). 
For  primary  bibliographic  entry  see  Field  8E. 
W9 1-076 15 


VARIATION    IN    RAINFALL   CATCH    FROM 
STANDARD  UK  METEOROLOGICAL  OFFICE 


RAINGAUGES:  A  TWELVE  YEAR  CASE 
STUDY. 

Liverpool  Univ.  (England).  Dept.  of  Geography. 
C.  I.  Essery,  and  D.  N.  Wilcox. 
Hydrological  Sciences  Journal  HSJODN,  Vol.  36, 
No.  1,  p  23-34,  February  1991.  4  fig,  1  tab,  20  ref. 

Descriptors:  *Areal  precipitation,  *  Error  analysis, 
•Measuring  instruments,  *  Meteorological  data  col- 
lection, *Meteorology,  *Rain  gages,  Case  studies, 
Catchment  areas,  Ireland,  Local  precipitation,  Ni- 
geria, Regression  analysis. 

Precipitation  is  probably  the  most  frequently  meas- 
ured component  of  the  hydrological  cycle  and  has 
a  long  record  dating  back  to  the  seventeenth  cen- 
tury within  the  United  Kingdom.  However,  sever- 
al sources  of  error  exist  in  the  estimation  of  pre- 
cipitation. One  source  of  error  concerns  the  rela- 
tionship between  the  precipitation  collected  by  the 
rain  gage  and  that  which  actually  falls  on  the 
ground  surface.  In  order  to  study  this  source  of 
error,  rainfall  catches  from  three  standard  MKII 
Meteorological  Office  gages  in  northern  Ireland 
were  examined.  These  gages  differ  in  that  one  is 
exposed,  one  is  surrounded  by  a  turf  wall,  and  the 
third  is  mounted  at  ground  level.  Rainfall  records 
between  1976  and  1988  were  analyzed  to  assess  the 
variations  in  rainfall  catch  between  the  three  types 
of  gages.  During  the  early  period  of  study,  differ- 
ences between  gages  exceeded  those  in  later  years, 
and  this  has  been  attributed  to  the  settling-in  of  the 
new  turf  wall  and  ground  level  collector  surfaces. 
After  this  initial  period  the  annual  differences  in 
catch  relative  to  the  standard  exposed  gage  were 
2%  and  5%  for  the  turf  wall  and  ground  level 
gages,  respectively.  Regression  analysis  has  pro- 
duced correction  equations  which  can  convert 
standard  exposed  gage  data  to  either  turf  wall  or 
ground  level  equivalents.  The  equation  for  ground 
level/exposed  gages  was  found  to  be  very  similar 
to  one  developed  in  Nigeria  and  has  been  found  to 
be  applicable  to  water  balance  studies  elsewhere. 
(Author's  abstract) 
W91-07625 


MULTILABORATORY  EVALUATION  OF 
METHODS  FOR  DETECTING  ENTERIC  VI- 
RUSES IN  SOILS. 

Environmental     Protection    Agency,     Cincinnati, 

OH. 

C.  J.  Hurst,  S.  A.  Schaub,  M.  D.  Sobsey,  S.  R. 

Farrah,  and  C.  P.  Gerba. 

Applied       and       Environmental       Microbiology 

AEMIDF,  Vol.  57,  No.   1,  p  395-401,  February 

1991,  1  fig,  4  tab,  10  ref. 

Descriptors:  *Analytical  methods,  *Enteroviruses, 
•Pollutant  identification,  *Soil  analysis,  'Testing 
procedures,  'Viruses,  Biological  studies,  Clay 
loam,  Comparison  studies,  Culturing  techniques, 
Loam,  Muck  soils,  Quality  control,  Sandy  soils, 
Soil  types. 

Two  candidate  methods  for  the  recovery  and  de- 
tection of  viruses  in  soils  were  subjected  to  round 
robin  comparative  testing  by  members  of  an  Amer- 
ican Society  for  Testing  and  Materials  Subcommit- 
tee Task  Group.  Selection  of  the  methods,  desig- 
nated 'Berg'  and  'Goyal',  was  based  on  results  of 
an  initial  screening  which  indicated  that  both  met 
basic  criteria  considered  essential  by  the  task 
group.  Both  methods  utilized  beef  extract  solutions 
to  achieve  desorption  and  recovery  of  viruses  from 
representative  soils:  a  fine  sand  soil,  an  organic 
muck,  a  sandy  loam,  and  a  clay  loam  soil.  One  of 
the  two  methods,  Goyal,  also  used  a  secondary 
concentration  of  resulting  soil  eluants  via  low-pH 
organic  flocculation  to  achieve  a  smaller  final 
assay  volume.  Evaluation  of  the  two  methods  was 
simultaneously  performed  in  replicate  by  nine  dif- 
ferent laboratories.  Each  of  the  produced  samples 
was  divided  into  portions,  and  these  were  respec- 
tively subjected  to  quantitative  viral  plaque  assay 
by  both  the  individual,  termed  independent,  labo- 
ratory which  had  done  the  soil  processing  and  a 
single  common  reference  laboratory,  using  a  single 
cell  line  and  passage  level.  The  Berg  method 
seemed  to  produce  slightly  higher  virus  recovery 
values;  however,  the  differences  in  virus  assay 
titers  for  samples  produced  by  the  two  methods 
were  not  statistically  significant  (P<  or  equal  to 


Data  Acquisition — Group  7B 

0.05)  for  any  one  of  the  four  soils.  Despite  this  lack 
of  a  method  effect,  there  was  a  statistically  signifi- 
cant laboratory  effect  exhibited  by  assay  titers 
from  independent  versus  reference  laboratories  for 
two  of  the  soils,  sandy  loam  and  clay  loam.  This  is 
assumed  to  reflect  the  inexact  nature  of  performing 
viral  assays  by  means  of  cell  culturing  techniques. 
While  all  laboratories  used  the  same  cell  culture 
line,  they  were  allowed  to  select  their  own  choice 
of  cell  culture  media  and  use  their  own  protocols 
for  both  cell  cultivation  and  viral  assay.  These 
allowances  may  have  influenced  the  relative  sensi- 
tivity of  the  cultured  cells  to  cytotoxins  present  in 
processed  samples.  (Doyle-PTT) 
W9 1-07649 


IMPROVED  METHOD  FOR  COLIFORM  VER- 
IFICATION. 

Lycoming  Coll.,  Williamsport,  PA.  Dept.  of  Biol- 
ogy- 

J.  D.  Diehl. 

Applied  and  Environmental  Microbiology 
AEMIDF,  Vol.  57,  No.  1,  p  604-605,  February 
1991,  3  ref. 

Descriptors:  *Bacteria,  'Bacterial  analysis,  'Bioin- 
dicators,  'Coliforms,  'Culturing  techniques,  'Pol- 
lutant identification,  'Testing  procedures,  'Water 
analysis,  'Water  quality  monitoring,  Bioassay,  Bio- 
logical samples,  Enzymes. 

A  method  for  coliform  verification  presented  in 
Standard  Methods  for  the  Examination  of  Water 
and  Wastewater  has  been  modified  by  performing 
beta-galactosidase  assays  with  isolates  grown  on 
nutrient  agar  prepared  with  and  without  a  known 
inducer  of  the  lactose  operon.  Coliforms  are  veri- 
fied by  assay  for  enzymes  cytochrome  oxidase  and 
beta-galactosidase  in  isolates  grown  on  nutrient 
agar.  Isolates  that  are  beta-galactosidase  positive 
and  oxidase  negative  are  coliforms.  Since  nutrient 
agar  does  not  contain  inducers  of  the  lactose 
operon  which  is  responsible  for  beta-galactosidase 
production  it  is  reasoned  that  some  coliforms 
might  escape  verification  by  this  method.  The 
study  indicates  that  13.3%  of  coliforms  would 
have  escaped  detection  if  beta-galactosidase  assays 
had  been  performed  on  coliforms  cultured  on  nu- 
trient agar  alone,  while  100%  of  the  isolates  cul- 
tured in  the  presence  of  lac  operon  inducer  isopro- 
pyl  beta-D-thiogalactopyranoside  (IPTG)  tested 
positive  for  beta-galactosidase.  The  presence  of 
IPTG  had  no  detectable  influence  on  the  oxidase 
test.  It  is  concluded  that  coliform  verification  is 
improved  by  the  addition  of  IPTG  to  nutrient 
agar.  (Doyle-PTT) 
W9 1-07657 


SUSPENDED  SOLIDS  EVALUATION  OF  A 
HIGHLY  SALINE  ORGANIC  INDUSTRIAL 
WASTE. 

Mississippi  State  Univ.,  Mississippi  State.  Dept.  of 
Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  5D. 
W9 1-07706 


SCIENTIFIC    AND    UNSCIENTIFIC    IRRIGA- 
TION SCHEDULING. 

Texas  A  and  M  Univ.,  College  Station.  Dept.  of 
Agricultural  Engineering. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07803 


WATER-RESOURCES  DATA-NETWORK 

EVALUATION  FOR  MONTEREY  COUNTY, 
CALIFORNIA,  PHASE  3:  NORTHERN  SALI- 
NAS RIVER  DRAINAGE  BASIN. 

Geological  Survey,  Sacramento,  CA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  7A. 
W91-07819 


WELL  INSTALLATION  AND  DOCUMENTA- 
TION, AND  GROUND-WATER  SAMPLING 
PROTOCOLS  FOR  THE  PILOT  NATIONAL 
WATER-QUALITY  ASSESSMENT  PROGRAM. 

Geological  Survey,  Reston,  VA. 
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Foi  primary  bibliographic  entry  see  Field  7A. 
W9 1-07824 


BA  AND  SR  DISTRIBUTION  AT  THE  WATER- 
TABLE:  IMPLICATIONS  FOR  MONITORING 
GROUND-WATER  AT  NUCLEAR  WASTE  RE- 
POSITORY SITES. 

Weizmann    Inst,   of  Science,    Rehovoth   (Israel). 
Dept.  of  Isotope  Research. 
For  primary  bibliographic  entry  see  Field  2K. 
W9 1-07828 


PORTABLE     FLOWMETER     FOR     SEWERS 
THAT  SURCHARGE. 

For   primary   bibliographic   entry   see   Field   5D. 
W9 1-07898 


REMOTE-SENSING  TECHNIQUES  FOR  DE- 
TERMINING THE  REGIONALLY  VARIABLE 
CHARACTERISTICS  OF  DRAINAGE  BASINS. 

Institutul  de  Meteorologie  si  Hidrologie,  Bucharest 

(Romania). 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-07921 


DATA  ACQUISITION  WITHIN  A  REGIONAL 
SCALE:  THE  EXPERIENCE  OF  THE  REMOTE 
SATELLITE  TRANSMISSION  IN  WEST 
AFRICA. 

Institut  Francais  de  Recherche  Scientifique  pour  le 
Developpement  en  Cooperation,  Abidjan  (Ivory 
Coast).  Centre  ORSTOM  d'Adiopodoume. 
For   primary   bibliographic   entry   see   Field   5G. 
W9 1-07922 


CONTRIBUTION  TO  RESEARCH  OF  EVAPO- 
TRANSPIRATION  USING  REMOTELY 
SENSED  CROP  TEMPERATURE. 

Ljubljana  Univ.  (Yugoslavia).  Div.  for  Agricultur- 
al Water  Management  and  Engineering. 
For   primary   bibliographic   entry   see   Field   2D. 
W9 1-07923 


GROUNDWATER  RECHARGE  THROUGH 
THE  UNSATURATED  ZONE  OF  SOUTHEAST- 
ERN BOTSWANA:  A  STUDY  OF  CHLORIDES 
AND  ENVIRONMENTAL  ISOTOPES. 

Botswana  Univ.,  Gaborone.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2G. 
W9 1-07925 


ENVIRONMENTAL  TRACER  APPROACH  AS 
A  TOOL  FOR  HYDROLOGICAL  EVALUA- 
TION AND  REGIONALIZATION  OF  CATCH- 
MENT SYSTEMS. 

Technische  Univ.  Braunschweig  (Germany,  F.R.). 
Inst,  fuer  Geographic 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07926 


SIMPLE  CHLORIDE  BALANCE  ROUTING 
METHOD  TO  REGIONALIZE  GROUNDWAT- 
ER RECHARGE:  A  CASE  STUDY  IN  SEMI- 
ARID  BOTSWANA. 

Vrije  Univ.,  Amsterdam  (Netherlands).  Inst,  voor 

Aardwetenschappen. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07929 


DETECTION  OF  FRESH-WATER/SEA-WATER 
INTERFACE  BY  THE  TIME  DOMAIN  ELEC- 
TROMAGNETIC (TDEM)  METHOD  IN 
ISRAEL. 

Institute  for  Petroleum  Research  and  Geophysics, 

Holon  (Israel). 

For  primary  bibliographic  entry  see  Field  5B. 

W91-07977 


SALT-WATER  INTRUSION  MONITORING  BY 
RESISTIVITY  AND  IP-TOMOGRAPHIC 
METHODS. 

Politecnico  di  Torino  (Italy).  Dipt,  di  Georisorse  e 
Terntorio. 


For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07978 


RESULTS  OF  AIRBORNE  EM  GROUNDWAT- 
ER EXPLORATION  IN  A  DESERT  AREA 
USING  THE  CENTROID  DEPTH  ALGORITHM 
FOR  EVALUATION. 

Bundesanstalt   fuer  Geowissenschaften   und   Roh- 
stoffe,  Hanover  (Germany,  F.R.). 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07979 


STRUCTURAL  AND  BEHAVIORAL  CHARAC- 
TERISTICS OF  A  COMMERCIAL  HUMIC 
ACID  AND  NATURAL  DISSOLVED  AQUATIC 
ORGANIC  MATTER. 

Connecticut  Univ.,  Storrs.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  2K. 
W9 1-080 18 


LABORATORY    DIFFUSION    TESTING    FOR 
WASTE  DISPOSAL:  A  REVIEW. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-08039 


IN  VITRO  PROPAGATION  AND  BIOASSAY 
SYSTEMS  FOR  EVALUATING  GROWTH  REG- 
ULATOR EFFECTS  ON  MYRIOPHYLLUM 
SPECIES. 

Florida  Univ.,  Gainesville.  Inst,  of  Food  and  Agri- 
cultural Sciences. 

For  primary  bibliographic  entry  see  Field  4A. 
W9 1-0807  3 


MEASUREMENT  OF  LIGHT  ABSORPTION 
COEFFICIENT  IN  LAKE  BAIKAL  WATER 
MEDIA  (IN  RUSSIAN). 

Irkutskii  Gosudarstvennyi  Univ.  (USSR). 
L.  B.  Bezrukov,  N.  M.  Budnev,  M.  D.  GaPperin, 
Z.  A.  M.  Dzhilkiabaev,  and  O.  Y.  Lanin. 
Okeanologiia  OKNOAR,  Vol.  30,  No.  6,  p  1022- 
1026,  1990.  4  fig,  5  ref.  English  summary. 

Descriptors:  'Lake  Baikal,  "Limnology,  'Measur- 
ing instruments,  "Optical  properties,  "Transparen- 
cy, "USSR,  Filters,  Lakes,  Radiation,  Water  depth. 

The  possibility  of  measuring  the  light  absorption 
coefficient  of  water  by  using  a  cosinus  source  with 
a  limited  angle  of  radiation  and  a  cosinus  detector 
with  a  limit  angle  of  view  was  investigated  for 
waters  of  different  scattering  properties.  The 
device  was  found  to  permit  the  measurement  of 
light  absorption  coefficient  in  'clear'  water  (P  < 
0.5)  with  less  than  5%  error.  Measurements  of 
spectral  dependence  and  water  depth  as  well  as 
determination  of  the  P  parameter  were  made  for 
water  from  Lake  Baikal  (USSR).  (Doria-PTT) 
W9 1-08084 


INSTRUMENT  FOR  THE  DIRECT  DETERMI- 
NATION OF  OXYGEN  UTILISATION  RATE. 

Cape  Town  Univ.  (South  Africa).  Dept.  of  Chemi- 
cal Engineering. 

E.  W.  Randall,  A.  Wilkinson,  and  G.  A.  Ekama. 
Water  SA  WASADV,  Vol.   17,  No.   1,  p  11-18, 
January  1991.  6  fig,  1  tab,  8  ref. 

Descriptors:  "Activated  sludge  process,  "Automa- 
tion, "Dissolved  oxygen,  "Instrumentation, 
•Oxygen  uptake,  "Wastewater  analysis, 
"Wastewater  treatment,  Aerobic  digestion,  Biolog- 
ical wastewater  treatment,  Computer  programs, 
Computers. 

An  instrument  that  completely  automates  oxygen 
utilization  rate  (OUR)  determination  in  aerobic 
biological  reactors  was  developed  that  is  com- 
prised of  a  dissolved  oxygen  concentration  (DO) 
and  a  temperature  probe;  an  analog  module  for 
amplifying  the  signal  from  he  DO  and  temperature 
probes;  a  micorprocessor  unit  which  performs  the 
timing  functions;  reads  the  DO,  temperature  and 
time   signals;   and   performs   the  data   processing 


functions  such  as  calculating  the  OUR.  It  controls 
the  dissolved  oxygen  (DO)  concentration  between 
specified  upper  and  lower  limits  with  an  on-off 
solenoid  valve  in  the  air  supply  line  and  computes 
with  a  microprocessor  the  OUR  from  the  DO 
versus  time  curve  during  the  air-off  period.  In 
addition  to  operating  as  a  stand-alone  DO  meter  or 
DO  controller/OUR  meter,  it  can  be  linked  to  a 
host  computer  (PC)  for  transfer  of  the  accumulat- 
ed OUR  data  for  further  processing  or  complete 
control  of  the  instrument  PC  software.  The  instru- 
ment can  be  applied  directly  for  automatic  OUR 
measurement  in  laboratory  or  pilot-scale  biological 
reactors  (1)  with  long  actual  hydraulic  retention 
times  (>3  hr);  (2)  where  mixing  and  aeration  are 
independent  operations;  and  (3)  where  aeration  is 
provided  by  a  diffused  air  bubble  aeration  system. 
For  full-scale  systems  the  OUR  meter  can  be  im- 
plemented only  indirectly  in  a  satelite  reactor  (ca 
200  L)  with  independent  mixing  and  diffused  air 
bubble  aeration.  (Doria-PTT) 
W91-08088 


COMPARATIVE  SEED  GERMINATION  TESTS 
USING  TEN  PLANT  SPECIES  FOR  TOXICITY 
ASSESSMENT  OF  A  METAL  ENGRAVING  EF- 
FLUENT SAMPLE. 

Illinois  State  Water  Survey  Div.,  Peoria.  Water 

Quality  Section. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-08123 


COMPARISON  OF  BULK  AND  WET-ONLY 
PRECIPITATION  COLLECTORS  AT  RURAL 
SITES  IN  THE  UNITED  KINGDOM. 

Warren  Spring  Lab.,  Stevenage  (England). 
For  primary  bibliographic  entry  see  Field  2B. 
W9 1-08 124 


MOISTURE  DISTRIBUTION  IN  SLUDGES. 

Camp,  Dresser  and  McKee,  Inc.,  Raleigh,  NC. 
For  primary  bibliographic  entry  see  Field  5D. 
W9 1-08 137 


MODELS  OF  SEWAGE  SLUDGE  CONDITION- 
ING. 

Istituto  di  Ricerca  sulle  Acque,  Bari  (Italy). 

For   primary   bibliographic   entry   see   Field   5D. 

W91-08140 


COST-EFFECTIVENESS  OF  THE  STREAM- 
FLOW-GAGING  PROGRAM  IN  MINNESOTA. 

Geological  Survey,  St.  Paul,  MN.  Water  Re- 
sources Div. 

T.  A.  Winterstein,  and  A.  D.  Arntson. 
Available   from   Books  and   Open   Files   Reports 
Section,   USGS  Box  25425,   Denver,  CO  80225. 
USGS  Water-Resources  Investigations  Report  88- 
4129,  1989.  94  p,  14  fig,  11  tab,  26  ref,  2  append. 

Descriptors:  "Cost-benefit  analysis,  "Data  acquisi- 
tion, "Minnesota,  "Network  design,  "Stream 
gaging,  "Streamflow,  "Water  resources  data,  Data 
interpretation,  Economic  aspects. 

A  three-step  analysis  of  the  cost  effectiveness  of 
the  streamflow  gaging  program  in  Minnesota  is 
documented  in  this  report.  In  the  first  step,  the 
data  uses  and  funding  sources  were  identified  for 
the  96  continuous-record  stream-flow  gaging  sta- 
tions operated  in  1985.  Nineteen  sources  of  funding 
and  42  uses  were  identified  for  the  data  collected  in 
this  program.  In  the  second  step,  multiple  linear 
regression  analysis  was  investigated  as  a  possible 
method  for  providing  the  data  collected  at  23 
stations.  However  this  method  was  not  sufficiently 
accurate  to  provide  the  needed  data,  and  it  is 
recommended  that  the  23  stations  remain  in  the 
program.  In  the  third  step,  the  cost-effectiveness  of 
collecting  data  from  77  of  the  remaining  90  stations 
was  determined  for  the  open-water  period,  April  1 
through  October  30.  The  current  policy  for  col- 
lecting data  from  the  77  stations  during  the  open 
water  period  cost  $198,000  in  1985.  The  estimated 
average  standard  error  per  station  for  the  statewide 
network  could  be  reduced  from  24.4%  to  20.6%  at 
the  $198,000  budget,  if  the  minimum  number  of 
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discharge  measurements  at  each  station  was  re- 
duced from  5  to  3  during  the  open  water  period, 
and  the  remaining  budget  was  used  to  make  addi- 
tional discharge  measurements  at  stations  with 
large  standard  errors.  It  is  recommended  that 
before  this  data  collection  plan  is  implemented,  the 
effects  of  the  plan  on  the  cost  of  collecting  data  be 
evaluated  for:  (1)  possible  increased  lost  records 
because  of  the  data  collection  plan,  and  (2)  the 
possible  need  for  additional  trips  to  visit  noncontin- 
uous-record  stations.  It  is  also  recommended  that 
the  data-accuracy  needs  of  the  funding  agencies  be 
considered  before  the  plan  is  implemented.  (Lantz- 
PTT) 
W9 1-08 185 


DATA  COLLECTION  PROGRAM  FOR  PAM- 
LICO RIVER  ESTUARY  MODEL  CALIBRA- 
TION AND  VALIDATION. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 
Div. 

J.  D.  Bales. 

IN:  Estuarine  and  Coastal  Modeling.  Proceedings 
of  a  Conference  held  November  15-17,  1989,  New- 
port, Rhode  Island.  American  Society  of  Civil 
Engineers,  New  York.  (1989)  p  492-501,  5  fig,  1 
tab,  10  ref. 

Descriptors:  'Data  acquisition,  *Estuaries,  *Model 
studies,  'Network  design,  *North  Carolina,  •Pam- 
lico River,  Flow  pattern,  Flow  velocity,  Hydraulic 
models,  Hydrodynamics,  Mathematical  models, 
Saline-freshwater  interfaces,  Salinity,  Water  qual- 
ity. 

An  investigation  was  conducted  to  collect  and 
interpret  continuous  records  relating  to  the  flow 
characteristics  of  the  Pamlico  Estuary,  North 
Carolina,  and  to  calibrate  and  validate  a  numerical 
model  of  estuarine  hydrodynamics.  The  study 
reach  is  50  km  long  and  ranges  in  width  from  330 
meters  at  the  upstream  boundary  to  6.4  km  at  the 
downstream  end.  Water  levels  were  recorded  at  6 
locations  along  the  estuary;  daily  water  level  range 
is  typically  greater  at  the  head  of  the  estuary  than 
at  the  mouth,  most  likely  due  to  upstream  narrow- 
ing of  the  channel.  Water  quality  data  were  re- 
corded at  14  locations,  and  indicate  that  saline 
waters  with  low  dissolved  oxygen  concentrations 
move  upstream  along  the  bottom  of  the  estuary. 
Point  velocities  were  monitored  for  3  weeks  at  7 
locations;  vertical  profiles  of  horizontal  velocity 
were  made  at  the  boundaries  of  the  study  reach  for 
about  32  hours.  Local  tributary  inflows  and  wind 
speed  and  direction  are  also  being  determined. 
These  data,  when  complete,  will  be  used  to  cali- 
brate the  estuarine  flow  model.  (Author's  abstract) 
W9 1-08 186 


OPERATION  OF  HYDRAULIC  DATA-COL- 
LECTION STATIONS  BY  THE  U.S.  GEOLOGI- 
CAL SURVEY  IN  1989. 

A.  C.  de  la  Torre. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Open  File  Report  90-171,  (1990).  52  p,  43 
fig,  1  tab,  7  ref. 

Descriptors:  *Data  acquisition,  'Data  collections, 
•Geological  surveys,  'Groundwater  data,  'Hydro- 
logic  data  collections,  'Surface  water,  'Water 
quality,  'Water  resources  data,  Economic  aspects, 
Flow  discharge,  Groundwater  level,  Networks, 
Precipitation,  Reservoirs,  Satellite  technology, 
Streams,  Telemetry. 

The  US  Geological  Survey  (USGS)  operates  hy- 
drologic  data  collection  stations  nationwide  to 
serve  the  needs  of  all  levels  of  government,  the 
private  sector,  and  the  general  public  for  water 
resources  information.  During  fiscal  year  1989,  sur- 
face water  discharge  was  determined  at  10,665 
stations;  stage  data  on  streams,  reservoirs,  and 
lakes  were  recorded  at  2,062  stations,  and  various 
surface  water  quality  characteristics  were  deter- 
mined at  3,650  stations.  In  addition,  groundwater 
levels  were  measured  at  34,682  stations,  and  the 
quality  of  groundwater  was  determined  at  8,823 
stations.  Data  on  sediment  were  collected  daily  at 
172  stations  and  on  a  periodic  basis  at  1019  stations. 
Information  on  precipitation  quantity  was  collect- 


ed at  1,235  stations  and  the  quality  of  precipitation 
was  analyzed  at  72  stations.  Data  collection  plat- 
forms for  satellite  telemetry  of  hydrologic  informa- 
tion were  used  at  2,742  USGS  stations.  Funding 
for  the  hydrologic  stations  was  derived,  either 
solely  or  in  combination,  from  3  major  sources:  the 
Geological  Survey's  Federal  Program  appropria- 
tion, the  Federal  State  cooperative  Program,  and 
reimbursements  from  other  Federal  agencies.  The 
number  of  hydrologic  stations  operated  by  the 
Geological  Survey  declined  in  some  categories  and 
increased  in  others  from  fiscal  year  1983  to  1989. 
Although  the  number  of  continuous  record  surface 
water  discharge  stations  increased  by  87,  the  total 
number  of  surface  water  discharge  stations  was 
reduced  by  411  stations;  surface  water  quality  sta- 
tions declined  by  176  stations;  groundwater  level 
stations  increased  by  1,043  stations;  and  ground- 
water quality  stations  increased  by  1,175  stations. 
(Author's  abstract) 
W9 1-08 188 


AQUATIC  TOXICITY  TESTING. 

Eckenfelder,  Inc.,  Nashville,  TN. 

For  primary  bibliographic  entry  see  Field  5A. 

W91-08193 
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UTILITY  OF  EMPLOYING  MATHEMATICAL 
MODELS  IN  REGULATING  GROUNDWATER 
PROTECTION. 

For  primary  bibliographic  entry  see  Field  5G. 
W9 1-07 170 


EVALUATING     GROUNDWATER      REMEDI- 
ATION WITH  GROUNDWATER  MODELING. 

Dunn  Geoscience  Corp.,  Albany,  NY. 

For   primary   bibliographic   entry   see   Field   5G. 

W91-07171 


NEW  METHOD  TO  MODEL  TRANSPORT 
AND  FATE  OF  GASOLINE  FROM  LEAKING 
UNDERGROUND  STORAGE  TANKS. 

New  Jersey  Inst,  of  Tech.,  Newark.  Dept.  of  Civil 
and  Environmental  Engineering. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07 179 


POTENTIOMETRIC  SURFACE  OF  THE  KING- 
SHILL  AQUIFER  AND  HYDROLOGIC  CONDI- 
TIONS: ST.  CROIX,  U.S.  VIRGIN  ISLANDS, 
JULY  1987. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-07198 


CE-QUAL-RIV1:  A  DYNAMIC,  ONE-DIMEN- 
SIONAL (LONGITUDINAL)  WATER  QUALITY 
MODEL  FOR  STREAMS.  USER'S  MANUAL. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Environmental  Lab. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07200 


NATIONAL  WATER  INFORMATION  SYSTEM 
USER'S  MANUAL.  VOLUME  2,  CHAPTER  2. 
WATER-QUALITY  SYSTEM. 

Geological  Survey,  Reston,  VA. 

D.  V.  Maddy,  L.  E.  Lopp,  D.  L.  Jackson,  R.  H. 

Coupe,  and  T.  L.  Schertz. 

Available   from   Books  and  Open   Files  Reports 

Section,   USGS   Box  25425,   Denver,  CO   80225. 

USGS  Open  File  Report  89-617,  (1989).  218p,  11 

fig,  4  append. 

Descriptors:  'Data  storage  and  retrieval,  'Hand- 
books, 'Information  systems,  'National  Water  In- 
formation System,  'Water  quality,  Computers,  Da- 
tabases, Information  retrieval. 

The  Water-Quality  System  is  a  water  quality  data 
storage  and  retrieval  system  that  is  part  of  the 


National  Water  Information  System  developed  by 
the  US  Geological  Survey's  (USGS)  Water  Re- 
sources Division.  The  National  Water  Information 
System  is  a  distributed  water  database  in  which 
data  can  be  processed  over  a  network  of  minicom- 
puters at  USGS  offices  throughout  the  United 
States.  This  system  comprises  the  Automated  Data 
Processing  System,  the  Ground-Water  Site  Inven- 
tory System,  the  Water-Quality  System,  and  the 
Water-Use  Data  System.  The  Water-Quality 
System  provides  for  entering  new  sites,  updating 
existing  sites  within  the  local  database,  and  updat- 
ing the  Water  Data  Storage  and  Retrieval  System 
(WATSTORE),  which  is  the  national  database.  In 
addition,  the  Water-Quality  System  provides  for 
retrieving  and  displaying  water  quality  data  stored 
in  the  local  database.  This  manual  contains  instruc- 
tions for  users  of  the  Water-Quality  System  and 
discusses  the  general  operating  procedures  for  the 
programs  found  within  the  system.  (Author's  ab- 
stract) 
W9 1-07202 


DREDGING  ALTERNATIVE  STUDY,  CUBITS 
GAP,  LOWER  MISSISSIPPI  RIVER.  REPORT 
1:  TABS-1  NUMERICAL  MODEL  INVESTIGA- 
TION. 

Army  Engineer  Waterways  Experiment   Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-072 12 


DREDGING  ALTERNATIVES  STUDY,  CUBITS 
GAP,  LOWER  MISSISSIPPI  RIVER.  REPORT 
2:  TABS-2  NUMERICAL  MODEL  INVESTIGA- 
TION. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
H.  J.  Lin,  W.  D.  Martin,  and  D.  R.  Richards. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161  as  AD-A231  238. 
Price  codes:  A04  in  paper  copy,  A01  in  microfiche. 
Technical  Report  HL-90-20,  November  1990. 
Report  2  of  a  Series.  Volume  I:  Main  Text  and 
Appendix  A.  56  p,  31  fig,  2  tab,  8  ref. 

Descriptors:  'Cubits  Gap,  'Dredging,  'Mathemat- 
ical models,  'Mississippi  River,  'Model  studies, 
'TABS-1  Model,  Hydrographs,  Sediment  trans- 
port, Sedimentation. 

The  results  are  presented  of  a  numerical  model 
investigation  whose  primary  objective  was  to  de- 
termine the  best  method  to  control  shoaling  in  the 
navigation  channel  between  Cubits  Gap  and  Head 
of  Passes.  The  secondary  objective  was  to  evaluate 
the  best  design  configuration  for  a  structural  dike 
plan  located  at  Cubits  Gap  and  the  ability  of  these 
designs  to  return  the  flow  distribution  to  its  histori- 
cal levels.  This  investigation  used  the  TABS-2 
finite  element  numerical  model  RMA-2V  for  hy- 
drodynamic  analysis  and  STUDH  for  sediment 
transport  computation.  A  large-flow  87-day  hydro- 
graph  was  used  to  determine  the  performance  of 
each  plan.  Results  from  the  sedimentation  model- 
ing showed  that  the  best  nonstructural  plan  was 
advanced  maintenance.  It  provided  a  smaller  quan- 
tity of  shoaling  than  the  sediment  trap  plan  and 
affected  a  smaller  area  of  the  navigation  channel. 
Both  nonstructural  plans,  however,  would  increase 
the  channel  shoaling  rate  compared  to  existing 
conditions.  For  the  structural  plan,  Plan  1  with  a 
2,800  ft  long  angle  dike  and  800  ft-long  headland 
dike  provided  the  least  amount  of  shoaling  of  any 
plan  tested.  All  three  dike  plans  tested  would  result 
in  a  substantial  reduction  in  channel  shoaling.  Re- 
sults from  the  hydrodynamic  modeling  showed 
that  dike  plan  1  returned  the  flow  distribution  at 
Cubits  Gap  to  the  amount  expected  with  the  sup- 
plement II  works  in  place.  This  study  did  not 
address  long-term  sedimentation  effects  within 
Cubits  Gap.  If  one  of  the  structural  plans  is  select- 
ed for  implementation,  a  detailed  study  in  the 
vicinity  of  Cubits  Gap  is  recommended  to  optimize 
the  performance  of  the  structure.  (Lantz-PTT) 
W9 1-072 16 


ESTIMATING     NET     RECHARGE    TO     THE 
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AREA      USING      HISTORIC      PIEZOMETRIC 
DATA  AND  LINEAR  PROGRAMMING. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07222 


MAJOR  GEOHYDROLOGIC  UNITS  IN  AND 
ADJACENT  TO  THE  OZARK  PLATEAUS 
PROVINCE,  MISSOURI,  ARKANSAS,  KANSAS, 
AND  OKLAHOMA--ST.  FRANCOIS  CONFIN- 
ING UNIT. 

Geological  Survey,  Rolla,  MO.  Water  Resources 
Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07236 


REGIONAL  AND  LOCAL  TENSOR  COMPO- 
NENTS OF  A  FRACTURED  CARBONATE  AQ- 
UIFER. 

Geological  Survey,  Doraville,  GA.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1 -07241 


For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07252 


MODELCARE  90:  CALIBRATION  AND  RELI- 
ABILITY IN  GROUNDWATER  MODELLING. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07253 


PARAMETER  ESTIMATION  FOR  THE  'VEN- 
LOER  SCHOLLE'  MULTI-AQUIFER  SYSTEM 
USING  SUPERCOMPUTERS. 

Technische  Hochschule  Aachen  (Germany,  F.R.). 
Inst,  fuer  Wasserbau. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07254 


OPTIMUM  SELECTION  OF  BASIS  FUNC- 
TIONS FOR  ILL-POSED  INVERSE  PROB- 
LEMS. 

Australian   National   Univ.,  Canberra.   Centre  for 
Resource  and  Environmental  Studies. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07255 


PARAMETER  ESTIMATION  FROM  ARTIFI- 
CIAL TRACER  EXPERIMENTS. 

Gcsellschaft  fuer  Strahlen-  und  Umweltforschung 
m.b.H.  Muenchen,  Neuherberg  (Germany,  F.R.). 
Inst,  fuer  Hydrologie. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07259 


EVALUATION  OF  SINGLE  BOREHOLE  HY- 
DROTESTS  IN  FREQUENCY  DOMAIN  BY  A 
UNIVARIATE  STATISTICAL  METHOD. 

Stuttgart  Univ.  (Germany,  F.R.).  Inst,  fuer  Was- 
serbau. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07260 


QUICK  AND  STABLE  ALGORITHM  FOR 
GROUNDWATER  FLOW  PARAMETER  ESTI- 
MATION UNDER  UNCERTAINTY. 

Karlsruhe  Univ.  (Germany,  F.R.).  Inst,  fuer  Hy- 

dromechanik. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07261 


SUBSURFACE  SCIENCE  PROGRAM:  PRO- 
GRAM OVERVIEW  AND  RESEARCH  AB- 
STRACTS, FY  1989-FY  1990. 

Department  of  Energy,  Washington,  DC.  Office  of 
Energy  Research. 

Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161  as  DE90010321. 
Price  codes:  A08  in  paper  copy,  A01  in  microfiche. 
Report  No.  DOE/ER  0432,  May  1990.  150p. 

Descriptors:  'Geochemistry,  'Geohydrology, 
•Groundwater  quality,  'Research  priorities,  Bio- 
degradation,  Groundwater  movement,  Microbiolo- 
gical studies,  Model  studies,   Path  of  pollutants. 

The  Office  of  Health  and  Environmental  Research 
(OHER)  within  the  Department  of  Energy's 
(DOEs)  Office  of  Energy  Research  conducts  long- 
term  fundamental  research  in  the  physical,  chemi- 
cal, and  biological  sciences.  The  OHER  Subsur- 
face Science  Program  has  a  5-yr  record  of  funda- 
mental research  that  can  be  applied  to  DOE  site 
restoration  problems.  Long-term,  fundamental  re- 
search in  subsurface  science  is  critical  to  ensuring 
that  new  concepts  for  predicting  environmental 
risk  and  facilitating  cleanup  are  available  in  the 
future.  The  Subsurface  Science  Program  is  DOE's 
primary  basic  research  program  concerned  with 
subsoils  and  groundwater,  i.e.,  the  environments 
that  are  most  significantly  affected  by  past  DOE 
waste  disposal  practices.  A  substantial  amount  of 
research  has  been  conducted  concerning  geohy- 
drology,  subsurface  microbiology,  and  the  geo- 
chemistry of  chemical  mixtures  in  the  subsurface 
environment.  This  document  describes  the  core 
areas  for  fundamental  research  that  have  been 
identified  thus  far  for  priority  research  attention 
within  the  Subsurface  Science  Program.  The  fun- 
damental research  supported  in  each  of  these  high- 
priority  scientific  areas  (or  subprograms)  is  such 
that  substantial  resources  have  been  concentrated 
on  them  for  3  to  5  years  to  ensure  that  scientific 
progress  can  be  made.  This  research  includes:  co- 
contaminant  chemistry;  geochemical  transport 
processes/colloids;  multiphase  fluid  flow;  biode- 
gradation/microbial  physiology;  deep  microbiolo- 
gy; coupled  processes;  and  multicomponent  predic- 
tive models/expert  systems.  Although  predicting 
the  outcome  of  basic  research  (or  guaranteeing 
results  in  fixed  time  frames)  is  very  difficult,  select- 
ed goals  for  each  subprogram  that  have  been  iden- 
tified in  consultation  with  investigators  and  the 
scientific  community  are  included  in  this  docu- 
ment. These  goals  serve  as  milestones  against 
which  research  progress  can  be  roughly  measured. 
(Lantz-PTT) 
W9 1-07247 


MAJOR  GEOHYDROLOGIC  UNITS  IN  AND 
ADJACENT  TO  THE  OZARK  PLATEAUS 
PROVINCE,  MISSOURI,  ARKANSAS,  KANSAS, 
AND  OKLAHOMA-OZARK  CONFINING 
UNIT. 


TEMPORAL  AND  SPATIAL  VARIABILITY  OF 
HYDRAULIC  HEADS  IN  FINITE  HETEROGE- 
NEOUS AQUIFERS:  NUMERICAL  MODEL- 
LING. 

California  Univ.,  Davis.  Dept.  of  Land,  Air  and 
Water  Resources. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07256 


CALIBRATION  OF  GROUNDWATER  FLOW 
MODELS  USING  MONTE  CARLO  SIMULA- 
TIONS AND  GEOSTATISTICS. 

Calvin  Coll.,  Grand  Rapids,  MI. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07257 


CALIBRATION  AND  RELIABILITY  OF  AN 
AQUIFER  SYSTEM  MODEL  USING  GENER- 
ALIZED SENSITIVITY  ANALYSIS. 

Australian  National  Univ.,  Canberra.   Centre  for 
Resource  and  Environmental  Studies. 
A.  J.  Jakeman,  F.  Ghassemi,  C.  R.  Dietrich,  T.  J. 
Musgrove,  and  P.  J.  Whitehead. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.   IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  43-51.  3  fig,  3  tab, 
8ref. 

Descriptors:  'Aquifer  systems,  'Calibrations,  'Hy- 
drologie models,  'Model  studies,  'Model  testing, 
'Sensitivity  analysis,  Aquifer  characteristics, 
Aquifers,  Australia,  Computer  models,  Computers, 
Groundwater  movement,  Mathematical  analysis, 
Mathematical  studies,  Monte  Carlo  method,  Statis- 
tical analysis,  Transmissivity,  Uncertainty. 

Generalized  sensitivity  analysis  has  been  used 
mainly  to  identify  important  processes  and  param- 
eters within  some  hypothesized  model  structure. 
The  technique  employs  a  binary  classification  of 
parameter  values  on  the  basis  of  Monte  Carlo 
simulations  that  yield  either  acceptable  or  unac- 
ceptable model  outputs.  Statistical  analysis  of  both 
classes  provides  a  relative  ranking  of  parameter 
sensitivity  and  their  covariation.  The  current  study 
explores  the  capacity  of  generalized  sensitivity 
analysis  (GSA)  to  calibrate  models  of  aquifer  sys- 
tems and  quantify  their  reliability.  The  technique  is 
illustrated  for  estimating  the  transmissivities  of  a 
steady  state  model  of  a  confined  aquifer  in  Mil- 
dura,  Australia.  The  results  compare  well  with  a 
previous  trial-and-error  method  calibration  of  this 
aquifer.  In  addition  to  providing  a  quantification  of 
parametric  and  predictive  uncertainty,  the  general- 
ized sensitivity  analysis  technique  has  several  other 
advantages.  Its  main  disadvantage  is  that  model 
runs  must  be  performed  sufficiently  fast  to  permit 
an  adequate  number  of  simulations.  (See  also  W91- 
07253)  (Author's  abstract) 
W9 1-07258 


APPLICATION  OF  AN  AUTOMATIC  CALI- 
BRATION TECHNIQUE  TO  MODELLING  AN 
ALLUVIAL  AQUIFER. 

Universidad    Politecnica   de   Cataluna,    Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 
For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07262 


RELIABILITY  THEORY  AS  APPLIED  TO  ES- 
TIMATION IN  CONVERGING  VERSUS  NON- 
CONVERGING  FLOW  FIELDS. 

Notre  Dame  Univ.,  IN.  Dept.  of  Civil  Engineer- 
ing. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07263 


IMPROVEMENT  OF  MODEL  PARAMETER 
IDENTIFICATION  IN  NUMERICAL  COMPU- 
TATION. 

Nanjing  Univ.  (China).  Dept.  of  Earth  Sciences. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07264 


LINKING  GROUNDWATER  HYDRAULICS 
AND  OPTIMIZATION  IN  A  SELF-CALIBRAT- 
ING FINITE  DIFFERENCE  MODEL. 

K.N.  Toossi  Univ.  of  Technology,  Tehran  (Iran). 
Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07265 


MARCHAL:  A         THREE-DIMENSIONAL 

MODEL  FOR  GROUNDWATER   FLOW  AND 
QUALITY  MODELLING. 

Strasbourg- 1  Univ.  (France).  Inst,  de  Mechanique 
des  Fluides. 

For  primary  bibliographic  entry  see  Field  2B. 
W9 1-07266 


NUMERICAL  METHOD  FOR  AQUIFER  PA- 
RAMETER ESTIMATION  UTILIZING  ENVI- 
RONMENTAL TRACERS  IN  A  TRANSIENT 
FLOW  SYSTEM. 

Ben-Gurion    Univ.    of   the    Negev,    Sde    Boker 
(Israel).  Jacob  Blaustein  Inst,  for  Desert  Research. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07267 


ESTIMATION  OF  TRANSVERSE  DISPERSI- 
VITY  IN  THE  MIXING  ZONE  OF  FRESH- 
SALT  GROUNDWATER. 

Kyushu  Univ.,   Fukuoka  (Japan).   Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-07268 
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SIMULTANEOUS  CALIBRATION  OF  FLOW 
AND  TRANSPORT  MODELS  AND  OPTIMIZA- 
TION OF  REMEDIATION  MEASURES. 

Ecole    Nationale    des    Ingenieurs    des    Travaux 

Ruraux  et  des  Techniques  Sanitaires,  Strasbourg 

(France). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07269 


JOINT  KRIGING  AND  ZONATION  AP- 
PROACH TO  INVERSE  GROUNDWATER 
MODELLING. 

Technical  Univ.  of  Denmark,  Lyngby. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07270 


INVERSE  MODELLING  OF  COUPLED  FLOW 
AND  SOLUTE  TRANSPORT  PROBLEMS. 

Universidad   Politecnica  de   Cataluna,   Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07271 


USE  OF  AN  AUTOCALIBRATION  TO  EVALU- 
ATE THE  CONSISTENCY  OF  A  DATA-SET  IN 
RELATION  TO  GEOCHEMICAL  MODEL 
FORMULATIONS. 

Waterloopkundig  Lab.  te  Delft  (Netherlands). 
For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07272 


PERCOLATION  AND  RANDOM  WALK 
MODELS  FOR  SIMULATING  DISPERSION 
PHENOMENA  FN  FRACTURE  NETWORKS. 

Ministry  of  Agriculture,  Tel-Aviv  (Israel).  Water 

Commission. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07273 


PREDICTION  OF  CADMIUM  ACCUMULA- 
TION FN  A  HETEROGENEOUS  SOIL  USING  A 
SCALED  SORPTION  MODEL. 

Agricultural    Univ.,    Wageningen    (Netherlands). 
Dept.  of  Soil  Science  and  Plant  Nutrition. 
For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07274 


MENTAL   INVESTIGATIONS   AND   NUMERI- 
CAL MODELLING. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Wasser- 

wirtschaft,  Hydrologie  und  Landwirtschaftlichen 

Wasserbau. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07279 


QUALITY  ASSURANCE  IN  THE  DEVELOP- 
MENT AND  APPLICATION  OF  GROUND- 
WATER MODELS. 

Butler  Univ.,  Indianapolis,  IN.  Holcomb  Research 

Inst. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07280 


SETTING  CALIBRATION  TARGETS  AND  AS- 
SESSING MODEL  CALIBRATION-ROOM  FOR 
IMPROVEMENT:  AN  EXAMPLE  FROM 
NORTH  AMERICA. 

Montana  Univ.,  Missoula.  Dept.  of  Geology. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07281 


CALIBRATION  OF  GROUNDWATER 

MODELS  FOR  THE  GRTMSEL  UNDER- 
GROUND ROCK  LABORATORY,  SWITZER- 
LAND. 

Colenco  Ltd.,  Baden  (Switzerland). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07282 


REDUCING  GROUNDWATER  FLOW  MODEL 
UNCERTAINTIES  AT  YUCCA  MOUNTAIN. 

Weston  (Roy  F.),  Inc.,  Washington,  DC. 
For  primary  bibliographic  entry  see  Field  2F. 
W91-07283 


RELIABILITY  OF  A  GROUNDWATER 
MODEL:  THE  HISTORY  OF  MODELLFNG 
THE  JWANENG  NORTHERN  WELLFIELD  IN 
BOTSWANA. 

Anglo  American  Corp.  of  South  Africa  Ltd.,  Mar- 

shalltown. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07284 


saturated  conductivity  was  allowed  to  be  aniso- 
tropic. Predictive  formulas  for  the  effective  hy- 
draulic conductivity  anisotropy  could  be  obtained 
from  existing  stochastic  flow  theories.  However, 
use  of  these  equations  still  required  statistical  char- 
acterization of  site  spatial  variability.  For  the  Las 
Cruces  trench  site,  the  stochastic  theory  also  sig- 
nificantly overpredicted  the  degree  of  anisotropy. 
This  observation  suggests  that  the  range  of  validity 
of  existing  stochastic  unsaturated  flow  theories 
needs  further  evaluation.  (See  also  W9 1-07253) 
(Korn-PTT) 
W9 1-07285 


VAPOUR  TRANSPORT  OF  ORGANIC  COM- 
POUNDS: SIMULATION  OF  FIELD  EXPERI- 
MENTS AND  MODEL  VALIDATION. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07286 


PERSPECTIVE  ON  NON-UNIQUENESS  FN 
THREE-DIMENSIONAL  TRANSPORT  SFMU- 
LATIONS  OF  BIODEGRADING  ORGANIC 
CONTAMINANTS. 

Waterloo  Univ.  (Ontario).  Inst,  for  Ground  Water 

Research. 

For  primary  bibliographic  entry  see  Field  5B. 

W9 1-07287 


DELFNEATION  OF  GROUNDWATER  PRO- 
TECTION ZONES  USFNG  FORCED  GRADI- 
ENT TRACER  TESTS:  A  MODEL  VALIDA- 
TION CASE  STUDY. 

Stuttgart  Univ.  (Germany,  F.R.).  Inst,  fuer  Was- 
serbau. 

For  primary  bibliographic  entry  see  Field  2F. 
W91-07288 


MODEL  UNCERTAINTIES  IN  THE  SIMULA- 
TION OF  RIVER  MARECCHIA  ALLUVIAL 
FAN  (NORTHERN  ITALY). 

Bologna  Univ.  (Italy).  1st.  di  Costruzioni  Idrau- 

liche. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-07289 


APPROACH  TO  MODEL  TRANSPORT  OF 
CONTAMINANTS  FNCLUDING  GEOCHEMI- 
CAL PROCESSES:  DEPENDENCE  OF  SORP- 
TION COEFFICIENTS  ON  GEOCHEMICAL 
SURROUNDFNG. 

Technische  Univ.   Berlin  (Germany,   F.R.).   Inst, 
fuer  Wassergefaehrdende  Stoffe. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07275 


APPROACH  TO  PROCESS  IDENTIFICATION: 
APPLICATION  TO  SOLUTE  TRANSPORT 
THROUGH  CLAYS. 

Universidad  Politecnica  de  Cataluna,  Barcelona 
(Spain).  Escuela  Tecnica  Superior  de  Ingenieros  de 
Caminos,  Canales  y  Puertos. 

For  primary  bibliographic  entry  see  Field  2G. 
W9 1-07276 


EXPERIMENTAL  STUDY  OF  COUPLED 
FLOW  AND  MASS  TRANSPORT:  A  MODEL 
VALIDATION  EXERCISE. 

Rijksinstituut  voor  de  Volksgezondheid  en  Milieu- 
hygiene,  Bilthoven  (Netherlands). 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07277 


EFFECTIVE     HYDRAULIC     CONDUCTIVITY 
FOR  FRACTURED  MEDIA. 

Royal  Inst,  of  Tech.,  Stockholm  (Sweden).  Dept. 
of  Land  and  Water  Resources. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07278 


TRANSPORT  AND  STORAGE  PHENOMENA 
IN  A  FRACTURE  MATRIX  SYSTEM:  EXPERI- 


MODEL  CALIBRATION  AND  SIMULATION 
OF  FLOW  IN  A  HETEROGENEOUS  SOIL. 

HydroGeoLogic,  Inc.,  Herndon,  VA. 
J.  B.  Kool,  P.  S.  Huyakorn,  and  P.  J.  Wierenga. 
IN:  ModelCARE  90:  Calibration  and  Reliability  in 
Groundwater  Modelling.  IAHS  Publication  No. 
195.  International  Association  of  Hydrological  Sci- 
ences, Washington,  DC.  1990.  p  321-330.  4  fig,  2 
tab,  13  ref.  U.  S.  Nuclear  Regulatory  Commission 
Contract  No.  NRC-04-89-090. 

Descriptors:  "Calibrations,  *Model  studies,  *New 
Mexico,  "Simulation,  *Soil  properties,  *Soil  water, 
"Unsaturated  flow,  Anisotropy,  Case  studies,  Data 
acquisition,  Data  interpretation,  Field  tests,  Flow 
characteristics,  Flow  equations,  Flow  models,  Het- 
erogeneity, Hydraulic  conductivity,  Prediction, 
Spatial  distribution,  Statistical  analysis,  Stochastic 
hydrology,  Stochastic  models,  Stochastic  process. 

For  the  last  several  years  the  U.  S.  Nuclear  Regu- 
latory Commission  (NRC)  has  conducted  a  field 
experiment  at  the  Las  Cruces  trench  site  to  study 
water  and  chemical  movement  through  an  initially 
dry,  spatially  variable  soil.  A  transient  flow  experi- 
ment was  simulated  using  the  classical  Richard's 
equation  with  different  approaches  for  model  cali- 
bration. The  results  of  the  investigation  revealed 
that  soil  heterogeneity  exerted  a  strong  influence 
on  transient  water  movement  and  induced  three- 
dimensional  flow  even  in  a  carefully  controlled 
experiment.  A  key  feature  of  the  experiment  was 
the  apparent  soil  anisotropy  exhibited  by  observed 
moisture  movement.  It  was  shown  that  local  soil 
heterogeneity  could  produce  the  observed  behav- 
ior. The  study  revealed  that  the  use  of  literature- 
derived  model  calibration  parameters  was  likely  to 
result  in  inaccurate  predictions.  However,  good 
predictions  were  obtained  when  averaged  hydrau- 
lic  parameters   were   employed,   especially   when 


MODELLING  HEAT  TRANSFER  NEAR  A 
DEEP  UNDERGROUND  NUCLEAR  WASTE 
REPOSITORY:  A  DISCUSSION  OF  BOUNDA- 
RY CONDITIONS. 

Agence  Nationale  pour  la  Gestion  des  Dechets 
Radioactifs,  Fontenay-aux-Roses  (France). 
For  primary  bibliographic  entry  see  Field  5E. 
W9 1-07290 


MODELLING  SOIL  MOISTURE  MOVEMENT 
FOLLOWING  DRIP  IRRIGATION  OF  SUGAR 
CANE. 

Institute  of  Hydrology,  Wallingford  (England). 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07291 


VELOCITY  PREDICTION  ERRORS  RELATED 
TO  FLOW  MODEL  CALIBRATION  UNCER- 
TAINTY. 

Geraghty  and  Miller,  Inc.,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07292 


SIMULATION  OF  BLOCK  PERMEABILITIES 
CONDITIONED  UPON  DATA  MEASURED  AT 
A  DIFFERENT  SCALE. 

Stanford  Univ.,  CA.  Dept.  of  Applied  Earth  Sci- 
ences. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07293 


REEVALUATION  OF  LARGE-SCALE  DISPER- 
SrVITIES  FOR  A  WASTE  CHLORIDE  PLUME: 
EFFECTS  OF  TRANSIENT  FLOW. 

Geological  Survey,  Reston,  VA. 
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For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07294 


GEOSTATIST1CAL     ASSESSMENT     OF     NU- 
MERICALLY   SIMULATED   GROUNDWATER 
FLOW   IN   THE   UPPER   CHICOT   AQUIFER 
NEAR  PORT  ARTHUR,  TEXAS. 
INTERA,  Inc.,  Austin,  TX. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07295 


STOCHASTIC  ASPECTS  OF  NONPOINT  NI- 
TRATE LEACHING  FROM  AGRICULTURAL 
FIELDS. 

Hohenheim  Univ.,  Stuttgart  (Germany,  F.R.).  Inst, 
fuer  Bodenkunde  und  Standortslehre. 
For  primary  bibliographic  entry  see  Field  5B. 
W9 1-07296 


REGIONALIZATION  OF  HYDRAULIC  AQUI- 
FER PROPERTIES-OPTIMIZATION  BY 
GEOSTATISTICAL  SIMULATION  TECH- 
NIQUES. 

Freie   Univ.   Berlin   (Germany,   F.R.).   Inst,   fuer 
Angewandte  Geologic 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07297 


APPLICATION  OF  THE  RELATIONSHIP  BE- 
TWEEN SMALL-SCALE  AND  LARGE-SCALE 
PERMEABILITIES  TO  FLUID  FLOW  MODEL- 
LING. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 
of  Mining  and  Petroleum  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07298 


KALMAN  FILTER  APPROACH  TO  THE 
QUANTIFICATION  OF  THE  RELIABILITY  OF 
A  GROUNDWATER  MODEL. 

Institute    of    Applied    Geoscience    TNO,    Delft 

(Netherlands). 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07299 


BAYESIAN       ESTIMATION       OF       WATER 
LEVELS. 

Orange   Free   State   Univ.,   Bloemfontein   (South 
Africa).  Inst,  for  Groundwater  Studies. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07300 


STOCHASTIC  MODELLING  OF  SOLUTE 
TRANSPORT  IN  GROUNDWATER:  APPLICA- 
TION TO  A  FIELD  TRACER  TEST. 

Florida  Univ.,  Gainesville.  Dept.  of  Agricultural 

Engineering. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07302 


STOCHASTIC  ANALYSIS  OF  UNSTEADY 
GROUNDWATER  HEAD-HELD  IN  HETERO- 
GENEOUS REGION,  BASED  ON  PHYSICAL 
PRINCIPLES. 

Nagoya  Univ.  (Japan).  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07303 


HOW  EFFECTIVE  ARE  EFFECTIVE  MEDIUM 
PROPERTIES. 

INTERA,  Inc.,  Austin,  TX. 

For   primary   bibliographic  entry   see   Field   2G. 

W9 1-07304 


NETWORK  GEOMETRY  AND  SPATIAL  UN- 
CERTAINTY IN  GROUNDWATER  SOLUTE 
TRANSPORT  MODELLING. 

Universitaet   fuer   Bodenkultur,  Vienna  (Austria). 

Inst,  fuer  Wasserwirtchaft. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-07305 


MAXIMAL  CAPILLARY  RISE  FLUX  AS  A 
FUNCTION  OF  HEIGHT  FROM  THE  WATER 
TABLE. 

New  York  State  Coll.  of  Agriculture  and  Life 
Sciences,  Ithaca.  Dept.  of  Agricultural  and  Biolog- 
ical Engineering. 

For  primary  bibliographic  entry  see  Field  2G 
W9 1-07335 


SIMULATING  WATER  MOVEMENT  IN  LAY- 
ERED AND  GRADATIONAL  SOILS  USING 
THE  KIRCHOFF  TRANSFORM. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Townsville  (Australia).  Div.  of  Soils. 
For  primary  bibliographic  entry  see  Field  2G 
W91-07337 


STATISTICAL  PARAMETERS  CHARACTERIZ- 
ING THE  SPATIAL  VARIABILITY  OF  SE- 
LECTED SOIL  HYDRAULIC  PROPERTIES. 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg.  Center  for  Environmental  and  Hazardous 
Material  Studies. 

K.  Unlu,  D.  R.  Nielsen,  J.  W.  Biggar,  and  F. 
Morkoc. 

Soil  Science  Society  of  America  Journal  SSSJD4, 
Vol.  54,  No.  6,  p  1537-1547,  November/December 
1990.  4  fig,  11  tab,  22  ref. 

Descriptors:  'Mathematical  models,  *Model  stud- 
ies, 'Soil  physical  properties,  *Soil  porosity,  'Soil 
water,  "Spatial  variation,  "Statistical  analysis,  Esti- 
mating, Groundwater  flow,  Heterogeneity,  Hy- 
draulic conductivity,  Specific  capacity,  Stochasti- 
city,  Unsaturated  flow. 

The  knowledge  of  the  statistical  parameters  of  the 
variance,  sigma  squared,  and  the  correlation  scale, 
delta,  characterizing  the  spatial  structures  of  the 
log  of  the  saturated  hydraulic  conductivity,  InKs, 
pore  size  distribution  parameter  alpha,  and  the 
specific  water  capacity,  C,  is  required  in  stochastic 
modeling  in  order  to  understand  the  overall  re- 
sponse of  large-scale  heterogeneous  unsaturated 
flow  systems.  These  parameters  are  estimated  as- 
suming second-order  stationarity  and  an  exponen- 
tial semivariogram  model  with  nugget  effect. 
Methods  of  ordinary  least  squares,  maximum  likeli- 
hood, and  restricted  maximum  likelihood  (RML) 
are  used  for  estimating  sigma  squared  and  delta, 
while  methods  of  cross-validation  (kriging)  and 
uncorrected  residuals  are  used  to  validate  the  se- 
mivariogram model  with  estimated  sigma  squared 
and  delta.  The  significance  of  the  results  of  param- 
eter estimation  and  model  validation  in  relation  to 
the  stochastic  modeling  of  large-scale  transient  un- 
saturated flow  is  demonstrated  with  examples  in- 
volving the  variance  of  soil  pressure  head,  sigma-h 
squared  and  the  vertical  component  of  effective 
hydraulic  conductivity,  Kll.  Results  show  that  the 
estimated  values  of  sigma  squared  and  delta  are 
highly  dependent  on  the  estimation  method.  Al- 
though the  majority  of  the  estimated  parameters 
pass  the  validation  tests,  the  RML  estimates  of 
sigma  squared  and  delta  used  in  estimating  sigma-h 
squared  and  Kll  significantly  reduce  the  predic- 
tion uncertainties.  (Author's  abstract) 
W9 1-07340 


ANALYTICAL  EXPRESSION  FOR  SOIL 
WATER  DIFFUSIVITY  DERIVED  FROM  HOR- 
IZONTAL INFILTRATION  EXPERIMENTS. 

Arizona  Univ.,  Tucson.  Dept.  of  Soil  and  Water 

Science. 

For   primary   bibliographic   entry   see   Field   2G. 

W91-07341 


PREDICTION  TECHNOLOGY  FOR  SOIL  ERO- 
SION BY  WATER:  STATUS  AND  RESEARCH 
NEEDS. 

Georgia  Univ.,  Athens.  Dept.  of  Agricultural  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07350 


MULTIVARIATE  CORRELATION  ANALYSIS 
AND  ITS  APPLICATION  IN  ENVIRONMEN- 
TAL ANALYSIS. 


Friedrich-Schiller-Univ.,    Jena    (German     D.R.). 
Inst,  fuer  Anorganische  und  Analytische  Chemie. 
S.  Geiss,  J.  Einax,  and  K.  Danzer. 
Analytica  Chimica  Acta  ACACAM,  Vol.  242,  No. 
1,  p  5-9,  January  15,  1991.  4  fig,  9  ref. 

Descriptors:  'Correlation  analysis,  'Environmen- 
tal monitoring,  'Heavy  metals,  'Multivariate  anal- 
ysis, 'Path  of  pollutants,  'Sampling,  'Statistical 
methods,  Atomic  absorption  spectrophotometry, 
Cadmium,  Chromium,  Copper,  Iron,  Mathematical 
studies,  Optimization,  River  flow,  Rivers,  Solute 
transport,  Stochastic  process.  Time  series  analysis, 
Zinc. 

A  new  method  for  handling  correlation  problems 
is  described.  The  multivariate  auto-correlation  and 
cross-correlation  method  allows  the  calculation  of 
relationships  between  two  functions  including  one 
or  several  variables  with  respect  to  changes  in  time 
or  distance.  Two  applications  from  environmental 
analytical  chemistry  demonstrate  the  advantages  of 
the  method.  This  method  can  easily  be  used  to 
measure  transport  rates  of  heavy  metals  in  river 
water.  A  possible  means  of  measuring  transport 
rates  in  flowing  systems  is  the  univariate  cross- 
correlation  function.  For  this  purpose,  time  series 
of  heavy  metal  concentrations  (Fe,  Cd,  Cr,  Cu.and 
Zn),  measured  by  graphite-furnace  atomic  absorp- 
tion spectrometry,  were  compared  at  two  points  of 
a  river  4.5  km  apart.  Concentration  functions  of 
the  traces  of  metals  in  the  river  have  an  evident 
stochastic  character.  The  multivariate  cross-corre- 
lation function  showed  a  wide  maximum  over  a 
time  change  of  1.5  hours.  Comparison  with  the 
hydrological  flow  rates  of  the  investigated  river 
gave  the  expected  results.  It  is  notable  that  a 
correlation  analysis  was  possible  with  plausible 
results  although  there  was  a  small  communal  emit- 
ter within  the  experimental  range.  Application  of 
the  multivariate  method  can  reduce  analytical 
costs  whether  for  the  estimation  of  transport  rates 
or  for  sampling  frequency.  (Doria-PTT) 
W9 1-07370 


HYDRODYNAMIC    SIMULATION    OF    THE 
UPPER  ESTUARY  OF  THE  ST.  LAWRENCE 
RIVER    (CANADA)    WITH    A    DRYING    AND 
WETTING  FINITE  ELEMENTS  MODEL  (SIM- 
ULATION HYDRODYNAMIC  DE  L'ESTUAIRE 
SUPERIEUR    DU    FLEUVE   SAINT-LAURENT 
(CANADA)    AVEC    UN    MODELE    AUX    ELE- 
MENTS FINIS  COUVRANT-DECOUVRAND. 
INRS-Eau,  Sainte-Foy  (Quebec). 
For  primary  bibliographic  entry  see  Field  2L. 
W91-07524 


MODELLING  OF  SETTLING  AND  FLOCCU- 
LATION  OF  FINE  SEDIMENTS  IN  STILL 
WATER. 

National  Water  Research  Inst.,  Burlington  (Ontar- 
io). Rivers  Research  Branch. 
For  primary  bibliographic  entry  see  Field  2J. 
W91-07525 


HYDRAULIC    MODEL    ANALYSIS    FOR    AN 
ORIFICE  SPILLWAY. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

For  primary  bibliographic  entry  see  Field  8A. 
W91-07526 


REFLECTIONS  ON  THE  USE  OF  LONG 
SERIES  OF  CLIMATOLOGICAL  OBSERVA- 
TIONS AS  PART  OF  THE  STUDY  CLIMATE 
AND  ITS  CHANGES  (REFLEXIONS  SUR  L*U- 
TILISATION  DES  LONGUES  SERIES  D'OBER- 
VATIONS  CLIMATOLOGIQUES  DANS  LE 
CADRE  DE  L'ETUDE  DU  CLIMAT  ET  DE  SON 
EVOLUTION). 

Electricite  de  France,  Grenoble.  Div.  Technique. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-07528 


MATHEMATICAL  MODELING  OF  HYDRO- 
DYNAMICS AND  MOVEMENT  OF  POLLU- 
TION IN  A  LAGOON  SYSTEM  (MODELISA- 
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TION  MATHEMATIQUE  DE  L'HYDRODYNA- 
MIQUE  ET  DU  MOVEMENT  DE  LA  POLLU- 
TION EN  SYSTEME  LAGUNAIRE). 
BCEOM-Service    Hydraulique,    259    Avenue    de 
Melgueil,  34280  La  Grande  Motte,  France. 
For  primary  bibliographic  entry  see  Field  5B. 
W91-07529 


EVOLUTION  OF  THREE-PEAK  RAINDROP 
SIZE  DISTRIBUTIONS  IN  ONE-DIMENSION- 
AL SHAFT  MODELS:  PART  I.  SINGLE-PULSE 
RAIN. 

Toronto  Univ.  (Ontario).  Dept.  of  Physics. 
For  primary  bibliographic  entry  see  Field  2B. 
W91-07610 


HIGH  RESOLUTION  AEROMAGNETIC 
SURVEY  OF  LAKE  SUPERIOR. 

Geological  Survey  of  Canada,  Ottawa  (Ontario). 
For  primary  bibliographic  entry  see  Field  8E. 
W9 1-076 15 

DIGITAL  TERRAIN  MODELLING:  A  REVIEW 
OF  HYDROLOGICAL,  GEOMORPHOLOGI- 
CAL,  AND  BIOLOGICAL  APPLICATIONS. 

Australian  National  Univ.,  Canberra.  Centre  for 
Resource  and  Environmental  Studies. 
I  D  Moore,  R.  B.  Grayson,  and  A.  R.  Ladson. 
Hydrological  Processes  HYPRE3,  Vol.  5,  No.  1,  p 
3-30,  January /March  1991.  3  fig,  1  tab,  172  ref. 
National  Science  Foundation  grants  SES-89 12042 
and  SES-89 12938. 

Descriptors:  'Digital  map  data,  'Digital  terrain 
models,  'Geographic  information  systems,  *Geo- 
morphology,  'Hydrologic  models,  'Model  studies, 
•Terrain  analysis,  'Topography,  Catchment  areas, 
Data  processing,  Elevation,  Mathematical  equa- 
tions, Remote  sensing,  Topographic  mapping, 
Water  resources  management. 

The  topography  of  a  catchment  has  a  major  impact 
on  the  hydrological,  geomorphological,  and  bio- 
logical processes  active  in  the  landscape.  The  spa- 
tial distribution  of  topographic  attributes  can  often 
be  used  as  an  indirect  measure  of  the  spatial  varia- 
bility of  these  processes  and  allows  them  to  be 
mapped  using  relatively  simple  techniques.  Many 
geographic  information  systems  are  being  devel- 
oped  that  store  topographic   information   as  the 
primary  data  for  analyzing  water  resource  and 
biological  problems.  Furthermore,  topography  can 
be  used  to  develop  more  physically  realistic  struc- 
tures for  hydrologic  and  water  quality  models  that 
directly  account  for  the  impact  of  topography  on 
the  hydrology.  Digital  elevation  models  are  the 
primary  data  used  in  the  analysis  of  catchment 
topography.  The  three  major  methods  of  structur- 
ing a  DEM  are  grid-based,  triangulated  irregular 
network-based,  and  contour-based.  The  use  if  grid- 
based  DEMs  for  topographic  applications  to  hy- 
drological, geomorphological,  and  biological  proc- 
esses is  recommended  because  they  are  the  most 
commonly  available  form  of  digital  elevation  data, 
the  methods  of  analysis  are  computationally  effi- 
cient and  simple,  and  this  structure  is  compatible 
with  remote  sensing  techniques  and  geographic 
information  systems.  DEMS  can  be  used  for  delin- 
eating drainage  basins  and  stream  networks,  neces- 
sary for  many  land  and  water  management  and 
planning   activities.    Contour-based   models   offer 
significant  computational  advantages  because  they 
allow  the  complex  two  and  three-dimensional  flow 
and  transport  equations  to  be  reduced  to  a  series  of 
coupled    one-dimensional    equations.    Future    re- 
search needs  to  determine  the  appropriate  scale  for 
analyzing  certain  types  of  hydrologic,   climatic, 
biological,  and  land  degradation  problems  in  the 
context  of  their  correlation  with  terrain  attributes. 
(Fish-PTT) 
W9 1-076 16 

APPLICATIONS  OF  HYDROLOGIC  INFOR- 
MATION AUTOMATICALLY  EXTRACTED 
FROM  DIGITAL  ELEVATION  MODELS. 

EROS  Data  Center,  Sioux  Falls,  SD. 

S.  K.  Jenson. 

Hydrological  Processes  HYPRE3,  Vol.  5,  No.  1,  p 

31-44,  January /March  1991.  6  fig,  1  tab,  14  ref. 


Descriptors:  'Data  processing,  'Digital  map  data, 
•Geographic  information  systems,  'Geomorpho- 
logy,  'Hydrologic  data,  'Model  studies,  'Mor- 
phology, 'Surface  water  data,  'Terrain  analysis, 
Catchment  areas,  Elevation,  Mars,  Nevada,  Slopes, 
Topography,  Watersheds. 

Digital  elevation  models  (DEMs)  can  be  used  to 
derive  a  wealth  of  information  about  the  morphol- 
ogy of  a  land  surface.  A  sixty-by-forty  kilometer 
subarea  of  a  geochemical  stream  sediment  study  in 
Nevada  was  selected  to  illustrate  how  automated 
DEM  techniques  can  be  used  to  delineate  these 
watersheds.    The    conditioning    steps    were    per- 
formed to  produce  a  depressionless  DEM,  a  flow 
directions  dataset,  and  a  flow  accumulation  data- 
set.  Rastor  to  vector  format  conversions  were  then 
performed  for  the  watersheds,  flow  accumulation 
values,  and  relocated  sample  points.  A  plot  of  these 
three  datasets  generated  the  watershed  composi- 
tion information.  The  automated  approach  offers  a 
practical   way   to   analyze   the   large   number   of 
sample  points  required  to  produce  statistically  sig- 
nificant results.  In  order  to  compare  the  results  of 
extracting  slope  and  flow  paths  from  DEMs  of 
varying  resolutions,  automated  hydrologic  feature 
extraction  and  slope  techniques  were  applied  to 
global  DEM  data  with  a  five  arc-minute  cell  size, 
to  the  U.S.  30  arc-second  DEM,  and  to  a  three  arc- 
second  resolution  DEM.  Slope  statistics  were  com- 
puted by  the  'mean'  method  which  determines  the 
slope  of  each  cell  in  a  DEM  by  fitting  a  plane  to 
the  elevation  of  its  eight  surrounding  cells,  and  by 
the  'steepest'  method  which  determines  the  slope 
of  each  cell  as  the  slope  of  a  line  connecting  it  with 
the  cell  of  lowest  elevation  of  its  eight  neighboring 
cells.  Increases  in  cell  size  produced  lower  slope 
values.  Automated  information  extraction  analysis 
was  applied  to  a  DEM  of  the  Kasei  Valles  area  of 
Mars  to  provide  objective  surface  information.  The 
automatic  formation  of  a  realistic  drainage  network 
in  the  valley  region,  compared  with  non-fluvial 
features  elsewhere,  supports  the  hypotheses  that 
the  valley  was  created  by  hydrologic  processes. 
The  automatic  delineation  of  depressions,  water- 
sheds, and  drainage  networks  from  DEMs  is  a 
practical  labor-saving  device  for  hydrologic  appli- 
cations. The  quality  of  the  information  that  can  be 
automatically  derived,  as  well  as  the  quality  of 
slope  information,  is  a  function  of  both  the  hori- 
zontal and  vertical  resolution  of  the  DEM.  (Fish- 
PTT) 
W9 1-076 17 


CONTINENTAL  HYDROLOGICAL  ASSESS- 
MENT OF  A  NEW  GRID-BASED  DIGITAL 
ELEVATION  MODEL  OF  AUSTRALIA. 

Australian  National  Univ.,  Canberra.  Centre  for 
Resource  and  Environmental  Studies. 
M.  F.  Hutchinson,  and  T.  I.  Dowling. 
Hydrological  Processes  HYPRE3,  Vol.  5,  No.  1,  p 
45-58,  January/March  1991.  5  fig,  4  tab,  44  ref. 

Descriptors:  'Australia,  'Continental  hydrology, 
'Data  processing,  'Digital  map  data,  'Geographic 
information  systems,  'Geomorphology,  'Model 
studies,  'Terrain  analysis,  Catchment  areas,  Drain- 
age systems,  Elevation,  Hydrologic  models,  Hy- 
drologic properties,  Topography. 

Digital  elevation  models  (DEMs)  are  commonly 
perceived  as  providing  a  means  for  encoding  the 
spatial  distribution  of  hydrological  processes 
across  a  landscape.  A  rectangular  grid  digital  ele- 
vation model  (DEM)  for  Australia,  with  a  horizon- 
tal resolution  of  1/40  degree  of  latitude  and  longi- 
tude (approximately  2.5  km),  was  recently  calculat- 
ed from  continent-wide  coverages  of  point  eleva- 
tion and  stream  line  data  using  an  elevation  grid- 
ding  technique  which  incorporates  a  drainage  en- 
forcement algorithm.  An  automated  drainage  basin 
analysis  of  this  DEM  is  in  close  agreement  with 
existing  basin  analyses,  both  for  the  better-sur- 
veyed coastal  areas  with  well-detined  relief,  and 
for  large  areas  of  low  relief  that  make  up  much  of 
the  interior  Lake  Eyre  basin  and  the  Murray- 
Darling  basin.  The  analysis  of  the  and  western 
plateau  region  differs  from  the  currently  accepted 
analysis  but  is  in  broad  agreement  with  a  previous 
analysis  of  paleodrainage  systems  based  on  topo- 
graphic and  geological  information.  The  drainage 
analysis  was  used  to  calculate  cumulative  distribu- 


tions of  spatially-distributed,  hydrologically-sigmfi- 
cant  terrain  parameters  for  the  Murray-Darling 
and  Derwent  River  basins.  The  adequacy  of  the 
resolution  of  the  DEM  for  continental  hydrologi- 
cal analyses  was  assessed  by  comparing  drainage 
basin  analyses  and  cumulative  distributions  of  ter- 
rain parameters  at  resolutions  of  l/40th  and  l/20th 
degree  of  latitude  and  longitude.  It  was  found  that 
the  coarser  resolution  DEM  is  probably  sufficient- 
ly detailed  for  continent-wide  climatic  analyses 
which  depend  heavily  on  the  distribution  of  eleva- 
tion. The  coarser  resolution  DEM  is  also  capable 
of  accurately  defining  at  least  the  broadest  drain- 
age divisions.  Differences  in  terrain  parameter  sta- 
tistics for  the  two  resolutions  were  relatively  minor 
for  the  Murray-Darling  Basin,  which  has  extensive 
areas  with  low  relief;  however,  differences  were 
more  evident  for  the  smaller  Derwent  River  valley 
which  has  significantly  greater  relief.  The  signifi- 
cances of  the  observed  differences  in  continent- 
wide  hydrological  studies  remains  to  be  conclu- 
sively demonstrated.  (Fish-PTT) 
W9 1-076 18 


PREDICTION  OF  HILLSLOPE  FLOW  PATHS 
FOR  DISTRIBUTED  HYDROLOGICAL  MOD- 
ELLING USING  DIGITAL  TERRAIN  MODELS. 

Lancaster  Univ.  (England).  Centre  for  Research 

on  Environmental  Systems. 

P.  Quinn,  K.  Beven,  P.  Chevallier,  and  O. 

Planchon. 

Hydrological  Processes  HYPRE3,  Vol.  5,  No.  1,  p 

59-79,  January /March  1991.  14  fig,  15  ref. 

Descriptors:  'Drainage  systems,  'Flow  models, 
'Geographic  information  systems,  'Geomorpho- 
logy, 'Hydrologic  models,  'Ivory  Coast,  'Model 
studies,  'Terrain  analysis,  Algorithms,  Catchment 
areas,  Digital  map  data,  Flow  pattern,  Slopes,  Sur- 
face flow,  Topography,  Water  table  gradient. 

The  accuracy  of  the  predictions  of  distributed  hy- 
drological  models   must  depend   in   part   on   the 
proper  specification  of  flow  pathways.  Some  of  the 
problems  of  deriving  flow  pathways  from  raster 
digital  terrain  data  were  examined  in  the  context  of 
hydrological  predictions  using  TOPMODEL.  Dis- 
tributed moisture  status  is  predicted  in  TOPMO- 
DEL on  the  basis  of  spatial  indices  that  depend  on 
flow  path  definition.  The  sensitivity  of  this  index  to 
flow  path  algorithm  and  grid  size  was  examined 
for  the  case  where  the  surface  topography  is  a 
good  indicator  of  local  hydraulic  gradients,  as  in 
the  valley  bottoms  of  the  Booro-Borotou  catch- 
ment in  the  savannah  region  of  the  Ivory  Coast. 
The  multiple  flow  method  gave  a  more  realistic 
pattern  of  accumulating  area  on  the  hillslope  por- 
tion of  the  catchment,  but  the  single  flow  direction 
algorithm  was  more  suitable  once  the  flow  has 
entered  the  more  permanent  drainage  system.  A 
map  using  a  grid  scale  of  50  m  appeared  realistic, 
although  considerable  detail  in  the  patterns  was 
lost,  particularly  in  the  definition  of  the  smaller 
gully-like  flow  lines.  A  strategy  was  developed  for 
the  case  where  downslope  subsurface  flow  path- 
ways may  deviate  from  those  indicated  by  the 
surface  topography,  as  in  the  upper  slopes  of  the 
Booro-Borotou  catchment.  A  reference  level  was 
introduced  with  which  to  compare  deviations  in 
the  water  table  level,  and  to  be  used  within  the 
TOPMODEL  structure  to  derive  the  flow  direc- 
tions and  distribution.   The  revised  model   gave 
acceptable  simulations  of  catchment  discharge  for 
a  rainy  season  calibration  period  with  qualitatively 
successful  predictions  of  the  spatial  pattern  of  con- 
tributing areas.  However,  the  model  could  not  be 
validated  against  the  available  early  and  late  season 
data.  (Fish-PTT) 
W9 1-076 19 


EXTRACTION    OF    CHANNEL    NETWORKS 
FROM  DIGITAL  ELEVATION  DATA. 

Massachusetts  Inst,  of  Tech.,  Cambridge.  Dept.  of 

Civil  Engineering. 

D.  G.  Tarboton,  R.  L.  Bras,  and  I.  Rodriguez- 

Iturbe. 

Hydrological  Processes  HYPRE3,  Vol.  5,  No.  1,  p 

81-100,  January/March  1991.  12  fig,  3  tab,  30  ref. 

National   Science   Foundation   Grant   No.    ECE- 

8513556. 
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Descriptors:  'Data  processing,  'Digital  map  data, 
•Drainage  density,  'Drainage  patterns,  'Geo- 
graphic information  systems,  'Geomorphology, 
•Hydrologic  models,  'Model  studies,  Channel 
morphology,  Channels,  Data  interpretation,  Eleva- 
tion, Networks,  Scale  factors. 

Channel  networks  with  arbitrary  drainage  design 
or  resolution  can  be  extracted  from  digital  eleva- 
tion data.  However,  for  digital  elevation  data  de- 
rived networks  to  be  useful  they  have  to  be  ex- 
tracted at  the  correct  length  scale  or  drainage 
density.  A  criterion  is  suggested  for  determining 
the  appropriate  drainage  density  at  which  to  ex- 
tract networks  from  digital  elevation  data.  The 
criterion  is  basically  to  extract  the  highest  resolu- 
tion (highest  drainage  density)  network  that  satis- 
fies scaling  laws  that  have  traditionally  been  found 
to  hold  for  channel  networks.  Procedures  that  use 
this  criterion  were  tested  on  21  digital  elevation 
data  sets  well  distributed  throughout  the  U.S.  Five 
pairs  of  data  sets  from  the  same  river  basin  with 
digital  elevation  models  (DEMs)  of  different  pixel 
size  were  studied  to  determine  whether  the  scales 
(drainage  density)  obtained  were  dependent  on 
data  resolution  and  data  set  size.  The  drainage 
densities  obtained  from  the  constant  drop  analysis 
agreed  fairly  well  for  all  five  data  sets.  The  com- 
parison of  slope  scaling  drainage  densities  for  two 
pairs  was  good.  Analysis  of  a  subbasin  suggests  a 
higher  drainage  density  for  the  subbasin,  possibly 
some  indication  of  a  data  set  size  or  scale  effect. 
Despite  the  effect  of  errors,  it  was  possible  to 
detect  fundamental  or  basic  scales  where  the  con- 
stant drop  and  slope-area  scalings  break,  placing  a 
limit  on  how  finely  the  network  should  be  resolved 
and  suggesting  a  support  area  that  should  be  used 
to  extract  channel  networks  from  DEMs.  The  pro- 
cedures proposed  have  justification  in  terms  of 
network  properties  and  are  therefore  preferable  to 
procedures  based  on  local  curvature.  The  analysis 
of  stream  drops  seems  more  robust  than  the  analy- 
sis of  slope  scaling  which  was  more  susceptible  to 
data  errors.  (Fish-PTT) 
W9 1-07620 


GEOGRAPHIC  INFORMATION  SYSTEMS 
AND  NON-POINT  SOURCE  WATER  QUALITY 
AND  QUANTITY  MODELLING. 

Oklahoma  Univ.,  Norman.  School  of  Civil  Engi- 
neering and  Environmental  Science. 
B.  E.  Vieux. 

Hydrological  Processes  HYPRE3,  Vol.  5,  No.  1,  p 
101-113,  January /March  1991.  7  fig,  28  ref. 

Descriptors:  'Geographic  information  systems, 
•Geomorphology,  'Hydrologic  models,  'Model 
studies,  'Nonpoint  pollution  sources,  'Terrain 
analysis,  'Water  pollution  sources,  Catchment 
areas,  Computer  models,  Data  interpretation,  Data 
processing,  Digital  map  data,  Overland  flow, 
Water  quality  management. 

Water  quality  and  quantity  affected  by  nonpoint 
sources  of  contaminants  is  dependent  on  spatially 
distributed  attributes  of  a  catchment  or  watershed. 
The  integration  or  linkage  of  the  spatial  data  han- 
dling capabilities  of  a  geographic  information 
system  (GIS)  with  a  distributed  process,  hydrolog- 
ic model  offers  the  advantages  associated  with 
utilizing  the  full  information  content  of  the  spatial- 
ly distributed  data  to  analyze  the  hydrologic  proc- 
esses. A  GIS  is  capable  of  manipulating  both  the 
input  and  output  parameters  required  by  distribut- 
ed process  models.  The  GIS,  ARC/INFO  and  the 
finite  element  solution  were  applied  to  the  kinemat- 
ic wave  equations,  to  process  the  spatially  variable 
terrain  in  a  small  watershed  using  a  Triangular 
Irregular  Network  (TIN).  The  TIN  facets  were 
used  to  provide  land  surface  slope  in  a  finite  ele- 
ment solution  of  overland  flow  which  is  a  funda- 
mental subprocess  affecting  nonpoint  source,  water 
quality  and  quantity.  The  GIS  representation  of 
model  results  allowed  improved  visualization  of 
the  hydrologic  processes.  The  advantage  of  a  GIS 
is  that  the  model  results  can  be  combined  with 
other  map  coverages  to  allow  comparison  of 
cause-and-effect  relationships  or  co-occurrences 
(for  example,  the  identification  and  location  of  soil 
series  and  management  that  may  contribute  to  sur- 
face or  subsurface  contamination).  The  capability 
to  satisfactorily  convey  the  desired  or  intended 


meaning  of  the  simulated  results  greatly  enhances 
the  impact  on  decision  makers  influencing  non- 
point   source   water  quality   and   quantity.   (Fish- 
PTT) 
W9 1-07621 


TERRAIN  ANALYSIS  FOR  URBAN  STORM- 
WATER  MODELLING. 

Texas  Univ.  at  Austin.  Dept.  of  Civil  Engineering. 

D.  Djokic,  and  D.  R.  Maidment. 

Hydrological  Processes  HYPRE3,  Vol.  5,  No.  1,  p 

115-124,  January/March  1991.  3  fig,  3  tab,  19  ref 

National      Science      Foundation      Grant      MSM 

8717452. 

Descriptors:  'Geographic  information  systems, 
•Geomorphology,  'Model  studies,  'Storm  runoff, 
•Terrain  analysis,  'Urban  drainage,  'Urban  hy- 
drology, 'Urban  runoff,  Design  flow,  Drainage 
systems,  Inlets,  North  Carolina,  Overland  flow, 
Pipes. 

A  geographic  information  system  (ARC/INFO) 
has  been  used  to  develop  a  model  of  the  urban 
environment  for  storm  drainage  analysis.  The 
drainage  system  is  divided  into  surface  terrain, 
stormwater  intakes,  and  the  drainage  network.  The 
intakes  hydrologically  connect  surface  and  subsur- 
face flow  elements.  The  drainage  network  consists 
of  both  manmade  structures  (pipes  and  channels) 
and  overland  flow  paths  that  connect  them.  The 
land  surface  terrain  is  defined  by  triangulated  ir- 
regular network  (TIN),  which  is  used  to  determine 
necessary  parameters  for  design  flow  calculations. 
Each  of  the  three  basic  elements  of  the  urban 
terrain  representation,  inlets  (defined  as  points), 
drainage  network  (defined  as  lines),  and  surface 
terrain  (defined  as  TINs),  has  its  own  specific  data 
structure.  The  three  databases  are  fully  integrated, 
and  the  stored  information  is  used  to  determine 
whether  inlets  and  pipes  can  convey  10  and  25- 
year  design  flows,  using  the  rational  method.  An 
'intelligent  network  builder'  is  developed  using  the 
Nexpert  Object  expert  system  shell,  to  test  for 
completeness  of  databases  and  flow  paths  prior  to 
hydrological  computations.  If  necessary,  the  intel- 
ligent network  builder  starts  up  ARC/INFO  pro- 
cedures that  fill  in  missing  links  in  the  drainage 
network  and  missing  flow  properties  of  its  compo- 
nents. An  example  application  was  made  to  the 
drainage  system  of  a  section  of  the  City  of  Ashe- 
ville,  North  Carolina.  (Author's  abstract) 
W9 1-07622 


LOGIC  PROGRAMMING  IN  GROUNDWATER 
RESOURCES  MANAGEMENT. 

Bari   Univ.   (Italy).    1st.   di   Scienze   dell'Informa- 

zione. 

For  primary  bibliographic  entry  see  Field  2F. 

W91-07623 


ACCOUNTING  FOR  THE  STOCHASTIC  OC- 
CURRENCE OF  LANDSLIDES  WHEN  PRE- 
DICTING SEDIMENT  YIELDS. 

Washington   Univ.,   Seattle.    Dept.   of  Geological 

Sciences. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07725 


PEAKFLOW  ESTIMATION  USING  AN  ANTE- 
CEDENT PRECIPITATION  INDEX  (API) 
MODEL  IN  TROPICAL  ENVIRONMENTS. 

Oregon  State  Univ.,  Corvallis.  Agricultural  Exper- 
iment Station. 
R.  L.  Beschta. 

IN:  Research  Needs  and  Applications  to  Reduce 
Erosion  and  Sedimentation  in  Tropical  Steeplands. 
IAHS  Publication  No.  192.  International  Associa- 
tion of  Hydrological  Sciences,  Washington,  DC. 
1990.  p  128-137.  3  fig,  1  tab,  10  ref. 

Descriptors:  'Hawaii,  'India,  'Model  studies, 
'Precipitation,  'Rainfall  intensity,  'Rainfall-runoff 
relationships,  'Storm  runoff,  'Tropical  areas, 
Catchment  areas,  Estimating,  Hydrographs,  Math- 
ematical models,  Simulation  analysis,  Storms, 
Stream  discharge,  Temporal  distribution. 

High  flows  at  the  mouth  of  a  catchment  are  pri- 
marily   dependent    on    the    occurrence    of   large 


amounts  of  rainfall  over  a  relatively  short  period  of 
time.  An  antecedent  precipitation  index  (API) 
model  is  presented  which  utilizes  a  hydrograph 
recession  coefficient  in  conjunction  with  precipita- 
tion amounts  and  timing  to  simulate  streamflow 
during  large  storm  events.  The  model  was  applied 
to  the  estimation  of  peakflows  in  the  Moanalua 
Valley,  a  865  ha  watershed  in  Hawaii,  with  a  14% 
average  absolute  error  rate.  Simulation  of  stream 
levels  of  the  Wainganga  River  in  India  yielded 
absolute  errors  in  peak  discharges  averaging  0.4  m. 
The  API  model  can  be  used  to  simulate  storm 
runoff,  and  may  have  widespread  application  in 
tropical  regions  for  discharges  from  large  rainfall 
events.  Additional  simulations  over  a  wide  range 
of  hydrologic  conditions  in  tropical  catchments  are 
needed  to  further  evaluate  the  potential  applicabil- 
ity and  accuracy  of  the  API  method.  (See  also 
W9 1-077 13)  (Brunone-PTT) 
W9 1-07726 


REDUCE  EROSION  AND  SEDIMENTATION 
IN  A  TROPICAL  WATERSHED  WITH  A  SOIL 
EROSION  SIMULATION  MODEL. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Wasser- 

wirtschaft,  Hydrologie  und  Landwirtschaftlichen 

Wasserbau. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07728 


EVALUATION  OF  SOIL  TROPICAL  EROSION 
AT  THE  CATCHMENT/BASIN  SCALE. 

Tennessee  Univ.,  Knoxville.  Dept.  of  Geography. 
For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07740 


PREDICTING  EROSION  HAZARD  AREAS 
USING  DIGITAL  TERRAIN  ANALYSIS. 

Commonwealth  Scientific  and  Industrial  Research 
Organization,  Canberra  (Australia).  Div.  of  Water 
and  Land  Resources. 

For  primary  bibliographic  entry  see  Field  2J. 
W9 1-07743 


USE   OF  CROP   SIMULATION   MODELS   DM 
DRYLAND  AGRICULTURE. 

Texas  Agricultural  Experiment  Station,  Temple. 
Blackland  Research  Center. 
For  primary  bibliographic  entry  see  Field  3F. 
W9 1-07765 


POTENTIOMETRIC  SURFACE  OF  THE  ALLU- 
VIAL AQUIFER  AND  HYDROLOGIC  CONDI- 
TIONS NEAR  CAGUAS,  PUERTO  RICO, 
MARCH  1988. 

Geological  Survey,  San  Juan,  PR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-078 10 


1984  FLOODING  OF  MALHEUR-HARNEY 
LAKE,  HARNEY  COUNTY,  SOUTHEASTERN 
OREGON. 

Geological  Survey,  Portland,  OR.  Water  Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2H. 
W91-07811 


LOW  FLOWS  DURING  THE  1988  DROUGHT 
IN  TENNESSEE. 

Geological    Survey,    Nashville,    TN.    Water    Re- 
sources Div. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-078 12 


GLOBAL  CLIMATE  TRENDS  AND  GREEN- 
HOUSE GAS  DATA:  FEDERAL  ACTIVITIES  IN 
DATA  COLLECTION,  ARCHIVING,  AND  DIS- 
SEMINATION. 

Department  of  Energy,  Washington,  DC.  Office  of 

Environmental  Analysis. 

For  primary  bibliographic  entry  see  Field  5C. 

W91-07815 
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RESOURCES  DATA— Field  7 


Evaluation,  Processing  and  Publication — Group  7C 


DATA  MANAGEMENT  PROGRAM  PACKAGE 
FOR  AUTOMATICALLY  RECORDED  WATER 
LEVEL  DATA. 

Commonwealth  Scientific  and  Industrial  Research 

Organization,  Wembley  (Australia).  Div.  of  Water 

Resources. 

J.  W.  Smith,  and  G.  A.  Bartle. 

Technical  Memorandum  90/8,  August  1990.  32p,  2 

fig,  append. 

Descriptors:  'Computer  programs,  'Data  storage 
and  retrieval,  'Groundwater  data,  'Water  level, 
Automation,  Computers,  Water  resources  data. 

Management  of  automatically  recorded  water  level 
data  from  large  numbers  of  boreholes,  requires  the 
user  to  spend  a  lot  of  time  and  care  in  keeping 
track  of  all  individual  data  files,  and  in  organizing 
the  final  output  data  for  analysis.  This  is  inefficient 
in  time  and  disk  storage.  A  data  management  pro- 
gram has  been  designed  which  allows  the  manage- 
ment of  all  the  data  input  files,  from  a  group  of 
holes,  and  the  generation  of  calculated  water 
levels,  from  within  a  single  environment.  The  data 
management  package  consists  of  three  executable 
programs;  all  are  interactive  and  menu  driven  and 
require  minimum  learning  by  the  user. 
SMAN.EXE  manages  the  input  and  output  of  site 
and  hole  information  and  the  water  level  data 
generated  by  the  logging  devices  installed  in  each 
hole.  PCAL.EXE  is  used  to  produce  a  water  level 
probe  calibration  file  which  is  used  by  SMAN 
when  calculating  the  actual  water  levels. 
UPDATE.EXE  creates  a  new  site  management 
file  from  an  existing  one,  this  function  is  used  when 
the  existing  file  contains  up  to  two  years  of  data. 
The  programs  were  written  and  compiled  using 
Microsoft  QUICK  BASIC  version  4.5.  (Lantz- 
PTT) 
W91-07817 


ESTIMATION  OF  THE  RECHARGE  AREA 
CONTRIBUTING  WATER  TO  A  PUMPED 
WELL  IN  A  GLACIAL-DRIFT,  RrVER-V  ALLEY 
AQUIFER. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07820 


WATER  USE  IN  GEORGIA  BY  COUNTY  FOR 

1987. 

Georgia  Dept.  of  Natural  Resources,  Atlanta. 
For  primary  bibliographic  entry  see   Field   6D. 
W91-07823 


WATER  RESOURCES  ACnVLTIES  IN  MICHI- 
GAN, 1989. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

T.  J.  Spicer. 

Available  from   Books  and  Open  Files  Reports 

Section,  USGS  Box  25425,  Denver,  CO  80225. 

USGS  Open  File  Report  89-270,  1989.  78p,  11  fig, 

3  tab. 

Descriptors:  *Data  collections,  'Information  ex- 
change, 'Michigan,  'Water  resources  data,  'Water 
resources  development,  'Water  resources  research, 
Hydrologic  data,   Water  resources  management. 

For  the  past  89  years,  the  US  Geological  Survey 
(USGS)  has  collected  data  on  the  water  resources 
of  Michigan.  State  agency  cooperation  in  the  data 
collection  effort  began  in  1930,  and  with  it  began 
the  development  of  a  close  and  unique  Federal- 
State  relationship.  Although  early  programs  were 
largely  related  to  the  flow  of  streams,  subsequent 
interest  resulted  in  the  collection  of  groundwater 
and  water  quality  information,  as  well  as  interpre- 
tive studies  of  water  resources  locally  and  state- 
wide. This  report  consists  of  four  sections:  (1) 
current  projects,  (2)  hydrologic  conditions,  (3)  hy- 
drologic data  stations,  and  (4)  sources  of  informa- 
tion. The  current  projects  section  contains  infor- 
mation concerning  the  status  of  all  projects  that  are 
presently  active.  The  section  on  hydrologic  data 
stations  gives  locations  where  surface  water  and 
groundwater  data  are  collected  and  the  types  of 
records  available.  The  hydrologic  conditions  sec- 
tion provides  general  statewide  information  on 
water  resources.  The  sources  of  information  sec- 


tion contains  a  listing  of  publications  resulting  from 
work  done  by  the  USGS  and  cooperating  organi- 
zations. (Lantz-PTT) 
W91-07826 


SIMULATION  OF  THE  SIZE  DISTRIBUTION 
AND  EROSrVITY  OF  RAINDROPS  AND 
THROUGHFALL  DROPS. 

Silsoe  Coll.  (England). 

For  primary  bibliographic  entry  see  Field  2B. 

W9 1-07849 


WATER-USE  INFORMATION  FOR  THE  MIS- 
SOURI RIVER  BASIN. 

Geological  Survey,  Rolla,  MO.  Water  Resources 

Div. 

For  primary   bibliographic   entry   see   Field   6D. 

W9 1-07902 


USING  SALTMOD  TO  PREDICT  DRAINAGE 
AND  SALINITY  IN  THE  NILE  DELTA. 

International  Inst,  for  Land  Reclamation  and  Im- 
provement, Wageningen  (Netherlands). 
R.  J.  Oosterbaan,  and  M.  A.  Senna. 
Annual  Report  1989.  International  Institute  for 
Land  Reclamation  and  Improvement,  Wagenin- 
gen, The  Netherlands.  1989.  p  63-74,  3  fig,  3  tab,  5 
ref. 

Descriptors:  'Drainage,  'Model  studies,  'Nile 
River,  'SALTMOD  prediction  method,  'Salinity, 
Data  interpretation,  Egypt,  Irrigation,  Simulation 
analysis,  Surface  drainage. 

SALTMOD  is  a  computation  method  which 
makes  it  possible  to  predict  soil  and  water  salinities 
and  water  table  depth  in  agricultural  land  under 
different  (geo-)  hydrological  conditions  and  vary- 
ing water  management  scenarios.  In  this  study,  the 
method  is  applied  to  data  from  the  Mashtul  Pilot 
Area  in  Egypt's  Nile  Delta.  The  Pilot  Area  was 
established  for  drainage  and  salinity  control  in 
1980  near  Zagazig.  It  has  yielded  much  informa- 
tion on  water  and  salt  balances  and  related  factors 
such  as  irrigation  and  crop  production.  Some  im- 
portant factors,  however,  like  the  leaching  efficien- 
cy of  the  soil  and  the  natural  drainage  to  the 
underlying  aquifer,  could  not  be  determined.  Nor 
were  any  intensive  observations  made  of  the  depth 
of  the  water  table  or  of  the  amount  of  irrigation 
water  applied  before  the  Pilot  Area  was  estab- 
lished. SALTMOD  was  used  to  estimate  the 
values  of  the  unknown  variables  in  Mashtul.  Fur- 
ther, seasonally  applied  volumes  of  irrigation  water 
and  corresponding  depths  of  the  water  table  are 
simulated  for  the  situation  that  existed  before  the 
Pilot  Area  was  established.  The  method  is  also 
used  to  simulate  the  impact  if  alternative  water 
management  options  (e.g.,  different  drain  depths) 
on  irrigation,  soil  and  groundwater  salinity,  and 
depth  of  water  table.  (Author's  abstract) 
W9 1-079 13 


REGIONALIZATION  IN  HYDROLOGY. 

For  primary  bibliographic  entry  see  Field  2A. 
W9 1-07920 


WATER  AND  HEAT  EXCHANGE  ON  DIFFER- 
ENT TYPES  OF  LAND  SURFACE  ON  THE 
NORTHERN  SLOPE  OF  THE  CENTRAL  CAU- 
CASUS. 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Geografu. 
For  primary  bibliographic  entry  see  Field  2A. 
W9 1-07928 

DISTRIBUTED  MODEL  DESCRIBING  THE 
INTERACTION  BETWEEN  FLOOD  HYDRO- 
GRAPHS  AND  BASIN  PARAMETERS. 

Graz  Univ.  (Austria).  Inst,  for  Hydromechanics, 
Hydraulics  and  Hydrology. 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07930 


PHYSICALLY-BASED  SNOW-COVER  MODEL. 

National    Board    of   Waters,    Helsinki    (Finland). 
Water  Research  Inst. 


For  primary  bibliographic  entry  see  Field  2C. 
W9 1-07932 


REGIONALIZATION  IN  KARST  REGIONS. 

Split  Univ.  (Yugoslavia).  Faculty  of  Civil  Engi- 
neering Sciences. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07934 

ESTIMATING  FLOW  CHARACTERISTICS  AT 
UNGAUGED  SITES. 

Geological  Survey,  Reston,  VA. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-07936 


CANONICAL  CORRELATION  APPROACH  TO 
REGIONAL  FLOOD  ESTIMATION. 

McGill  Univ.,  Montreal  (Quebec).  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-07937 

USE  OF  L-MOMENTS  FOR  REGIONALIZING 
FLOW  RECORDS  IN  THE  RIO  URUGUAI 
BASIN:  A  CASE  STUDY. 

Instituto  de  Pesquisas  Hidraulicas,  Porto  Alegre 

(Brazil). 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-0793  8 

ESTIMATING  HYDROLOGICAL  PARAM- 
ETERS FROM  BASIN  CHARACTERISTICS 
FOR  LARGE  SEMIARID  CATCHMENTS. 

Hanover  Univ.  (Germany,  F.R.).  Inst,  fuer  Wasser- 

wirtschaft,  Hydrologie  und  Landwirtschaftlichen 

Wasserbau. 

For  primary  bibliographic  entry  see  Field  2E. 

W9 1-07939 


MODEL  FOR  FORECASTING  RUNOFF  FROM 
MOUNTAINOUS  RIVERS. 

Sredneaziatskii    Nauchno-Issledovatel'skii    Gidro- 
meteorologicheskii  Inst.,  Tashkent  (USSR). 
For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07943 


WEIBULL  DISTRIBUTION  APPLIED  TO  RE- 
GIONAL LOW  FLOW  FREQUENCY  ANALY- 
SIS. 

Environment  Canada,  Ottawa  (Ontario).  Water 
Resources  Branch. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07944 

REGIONALIZATION  OF  FLUVIAL  SEDI- 
MENT YIELD  EM  EMILIA-ROMAGNA 
(NORTHERN  ITALY). 

Bologna  Univ.  (Italy).  1st.  di  Costruzioni  Idrau- 

liche. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07946  - 

PROCEEDINGS  OF  10TH  SALT-WATER  IN- 
TRUSION MEETING. 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07947 


MODELLING  THE  SALT-WATER  INTRUSION 
IN  THE  DUNE  WATER-CATCHMENT  AREA 
OF  THE  AMSTERDAM  WATERWORKS. 

Amsterdam  Waterworks  (Netherlands). 
For  primary  bibliographic  entry  see  Field  2F. 
W91-07958 


SOLVING  VARYING  DENSITY  GROUNDWAT- 
ER PROBLEMS  WITH  A  SINGLE  DENSITY 
COMPUTER  PROGRAM. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 
wijk  (Netherlands). 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07959 
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Group  7C— Evaluation,  Processing  and  Publication 


MODELLING  OF  A  COASTAL  AQUIFER  IN 
MEXICO:  THE  SIMULATION  OF  THE  SALT- 
WATER INTERFACE  MOTION. 

Ecole  Nationale  Superieure  des  Mines  de  Paris, 

Fontainebleau     (France).     Centre     d'Information 

Geologique. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-07962 


PARTIALLY  PENETRATING  WELLS  IN  A 
DUPUIT  TYPE  FRESH/SALT  FINITE-ELE- 
MENT MODEL. 

Keuringsinstituut  voor  Waterleidingartikelen,  Rijs- 
wijk  (Netherlands). 

For  primary  bibliographic  entry  see  Field  2F. 
W9 1-07965 


DIELECTRIC    METHOD    FOR    PREDICTION 
OF  POROSITY  OF  SATURATED  SOIL. 

California  Univ.,  Davis.  Dept.  of  Civil  Engineer- 
ing. 

For   primary   bibliographic   entry  see   Field   2G. 
W9 1-08081 


BOUNDARY  CONDITIONS  FOR  THE  WASTE 
STABILIZATION  POND. 

Nigeria  Univ.,  Nsukka.  Dept.  of  Civil  Engineering. 
For  primary  bibliographic  entry  see  Field  5D. 
W91-08116 


DATA  COLLECTION  PROGRAM  FOR  PAM- 
LICO RTVER  ESTUARY  MODEL  CALIBRA- 
TION AND  VALIDATION. 

Geological  Survey,  Raleigh,  NC.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7B. 

W9 1-08 186 
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8A.  Structures 


CASE  HISTORY  OF  A  MAJOR  TURNKEY  EX- 
PANSION OF  AN  OPERATING  INDUSTRIAL 
WASTEWATER  TREATMENT  PLANT. 

Weston  Services,  Inc.,  West  Chester,  PA. 

For   primary   bibliographic   entry   see   Field    5D. 

W91-07161 


WATER  RESOURCES  DEVELOPMENT  IN 
ASIA  AND  THE  PACIFIC:  DAM  SAFETY 
EVALUATION  AND  MONITORING,  WATER 
TARIFFS  AND  RAIN-WATER  HARVESTING. 

Economic  and  Social  Commission  for  Asia  and  the 

Pacific  (UN),  Bangkok  (Thailand). 

For  primary  bibliographic  entry  see  Field  6A. 

W91-07192 


DETERMINATIONS  OF  ELIGIBILITY  FOR 
SEVEN  BUREAU  OF  RECLAMATION  DAMS 
IN  THE  PACIFIC  NORTHWEST  REGION: 
DEADWOOD  DAM,  GRASSY  LAKE  DAM, 
MCKAY  DAM,  CRANE  PRAIRIE  DAM,  WICKI- 
UP DAM,  OWYHEE  DAM,  AND  AGENCY 
VALLEY  DAM. 

Renewable  Technologies,  Inc.,  Butte,  MT. 
For   primary   bibliographic   entry   see   Field   6G. 
W91-07197 


RIO  PUERTO  NUEVO  FLOOD-CONTROL 
PROJECT,  SAN  JUAN,  PUERTO  RICO:  HY- 
DRAULIC MODEL  INVESTIGATION. 

Army  Engineer  Waterways  Experiment   Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07245 


HYDRAULIC    MODEL    ANALYSIS    FOR    AN 
ORIFICE  SPILLWAY. 

Manitoba  Univ.,  Winnipeg.  Dept.  of  Civil  Engi- 
neering. 

D  H   Burn,  and  D.  E.  Lemke. 
Canadian  Journal  of  Civil  Engineering  CJCEB8, 


Vol.  17,  No.  5,  p  780-787,  October  1990,  3  fig,  2 
ref. 

Descriptors:  *Hydraulic  design,  'Hydraulic 
models,  'Hydraulic  structures,  'Orifices,  'Over- 
flow channels,  'Spillways,  Canada,  Cold  regions, 
Electric  powerplants,  Flumes,  Hydraulic  engineer- 
ing, Manitoba. 

The  viability  of  an  orifice  spillway  for  an  applica- 
tion in  the  north  was  investigated  by  using  hydrau- 
lic models  to  compare  the  characteristics  of  two 
spillway  alternatives,  an  orifice  spillway  and  a 
conventional  overflow  spillway  to  determine  if 
there  were  any  operational  concerns  that  would 
prevent  the  consideration  of  an  orifice  spillway 
option.  The  spillways  were  both  designed  for  the 
proposed  Wuskwatim  Generating  Station  located 
on  the  Burntwood  River  in  northern  Manitoba. 
Two  model  studies  were  performed,  incorporating 
a  single  bay  of  each  alternative  in  a  flume  model  as 
well  as  a  comprehensive  site  model  which  exam- 
ined the  orifice  spillway  option  only.  From  an 
operational  point  of  view,  no  complications  were 
identified  that  would  eliminate  the  orifice  spillway 
concept  for  the  site  considered.  Although  none  of 
the  issues  addressed  presented  operational  difficul- 
ties of  concern,  other  northern  sides  may  have 
concerns  that  were  not  applicable  to  the  Wuskwa- 
tim site  (e.g.,  orifice  plugging  due  to  the  release  of 
an  upstream  ice  jam).  Site-specific  investigations 
would  be  warranted.  (King-PTT) 
W9 1-07526 


AQUEDUCT  AT  CARTHAGE  (L'AQUEDUC  DE 
CARTHAGE). 

Ecole  Nationale  des  Ingenieurs  de  Tunis  (Tunisia). 
E.  Clamagirand,  S.  Rais,  J.  Chahed,  R.  Guefrej, 
and  L.  Smaoui. 

Houille  Blanche  HOBLAB,  Vol.  1990,  No.  6,  p 
423-431,  1990,  7  fig,  1  tab,  11  ref.  English  summa- 
ry- 
Descriptors:  'Aqueducts,  'Archaeology,  'Carth- 
age, 'Hydraulic  structures,  'Water  conveyance, 
•Water  supply,  History,  Hydraulic  engineering, 
Rome,  Sewer  systems,  Technology,  Tunisia. 

Recent  studies  and  documents  of  the  Roman  era 
both  show  that  the  Romans  had  an  excellent  un- 
derstanding of  hydraulics.  One  approach  to  re- 
search into  the  state  of  Roman  technology  is  the 
study  of  their  water  and  sanitation  systems.  A 
hydraulic  study  was  made  of  the  132-km-long 
Carthage  Aqueduct  (located  in  the  present  nation 
of  Tunisia)  which  was  built  in  160  A.D.  Using 
experiments,  topographic  relief,  and  observations 
of  the  terrain,  it  was  possible  to  develop  hypoth- 
eses which  allow  the  formulation  of  longitudinal 
profiles,  especially  in  the  downstream  part  of  the 
aqueduct.  The  Strickler  coefficient  was  determined 
by  numeric  and  experimental  methods  and,  with  a 
reconstructed  longitudinal  profile,  used  to  calcu- 
late a  capacity  of  32,000  cu  m/d  (at  a  grade  of  3%) 
for  the  aqueduct.  Carthage,  Rome,  and  Pompeii 
also  all  had  highly-developed  sewerage  networks, 
which  apparently  were  capable  of  handling  flows 
comparable  to  those  of  contemporary  urban  cen- 
ters. (King-PTT) 
W9 1-07530 


TRADITIONAL  MONTANE  IRRIGATION  SYS- 
TEMS IN  MODERN  EUROPE:  AN  EXAMPLE 
FROM  VALAIS,  SWITZERLAND. 

Downing  Coll.,  Cambridge  (England). 

For  primary  bibliographic  entry  see  Field  3F. 

W9 1-07549 


PIPE  PLUNGE  POOL  ENERGY  DISSIPATOR. 

Agricultural    Research    Service,    Stillwater,    OK. 
Water  Conservation  Structures  Lab. 
For  primary  bibliographic  entry  see  Field  8B. 
W9 1-07590 


ANALYSIS  OF  EXISTING  APPROACHES 
WHEN  EVALUATING  THE  ENGINEERING- 
GEOLOGICAL  CONDITIONS  OF  TUNNEL 
CONSTRUCTION. 

For  primary  bibliographic  entry  see  Field  8E. 


W9 1-07629 


PRECAST  PLIANT  LINING  FOR  DIFFICULT 
GEOLOGICAL  CONDITIONS. 

For   primary   bibliographic  entry   see   Field   8G. 
W9 1-07630 


IMPROVEMENT  OF  SUPPORTS  IN  TUNNEL 
CONSTRUCTION  UNDER  COMPLEX  GEO- 
LOGICAL CONDITIONS. 

D.  G.  Gudushauri,  and  A.  I.  Chaldze. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  234-236,  1990.  1  fig,  6  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p  14-16, 
April,  1990. 

Descriptors:  'Construction  methods,  'Hydraulic 
engineering,  'Hydroelectric  plants,  'Structural  en- 
gineering, 'Tunnel  construction,  'Tunnel  failure, 
Concretes,  Deformation,  Geologic  formations, 
Load  distribution,  Reinforced  concrete,  Rock  me- 
chanics, USSR. 

Construction  of  the  large  tailrace  tunnel  of  the 
Zhinvali  (USSR)  hydroelectric  station  was  carried 
out  under  complex  geological  conditions.  Because 
of  intense  ventilation  during  construction,  the 
rocks  lose  strength  properties  from  the  effect  of 
the  moist  air  and  they  became  unstable,  in  which 
case  the  elastic  stress  zone  gradually  moved  deep 
into  the  mass  and  had  a  substantial  effect  at  first  on 
deformation  of  the  temporary  supports  and  then  on 
deformation  of  the  permanent  supports.  Steel-con- 
crete supports  with  a  high  load-bearing  capacity 
were  used  for  supporting  the  tailrace  tunnel  in  the 
section  of  unstable  rocks.  However,  the  supports 
also  could  not  withstand  the  high  rock  pressure. 
The  rigid  temporary  supports  were  replaced  by 
yielding  arch  supports,  which  led  to  exfoliation 
and  rock  falls.  It  was  concluded  that  the  cause  of 
failure  of  supports  lies  not  in  the  designs  them- 
selves or  in  their  incorrect  choice  for  the  existing 
conditions  but  rather  in  the  method  of  construc- 
tion. A  new  technological  method  of  constructing 
permanent  supports  of  workings  under  complex 
geological  conditions  has  been  developed,  which 
makes  it  possible  to  bring  the  strength  of  the 
concrete  mix  to  the  desired  value  before  the  load 
acts  on  it,  after  which  it  is  loaded  by  the  weight  of 
the  actually  insignificant  magnitude  of  the  side 
rocks.  Immediately  after  driving  the  tunnel,  a 
curved  floor  arch  is  installed  edgewise  on  a  con- 
crete slab  on  the  floor.  Side  props  are  inserted  at 
the  ends  of  this  segment,  and  the  remaining  sets  of 
frames  of  the  tubular  or  steel  support  are  con- 
structed by  the  same  method,  joined  together  by 
clamps  and  bars.  After  constructing  the  necessary 
number  of  temporary  supports  at  a  certain  distance 
from  the  walls  of  the  working,  a  two-sided  form  is 
constructed  at  the  distance  of  approximate  dis- 
placement of  the  side  rocks  and  filled  with  con- 
crete mix.  The  reinforced  concrete  support  is  con- 
structed the  same  way  and  further  construction  is 
carried  out.  Thus,  by  means  of  the  temporary 
support,  which  exerts  an  active  resistance  to  rock 
pressure,  the  concrete  mix  reaches  its  maximum 
strength  without  the  effect  of  rock  pressure.  (Fish- 
PTT) 
W9 1-07631 


NEW  DESIGNS  OF  SUPPORTS  FOR  LARGE 
CHAMBER  WORKINGS. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-07632 


DEFORMATION  PROPERTIES  OF  ROCKS  OF 
THE  DIVERSION  PRESSURE  TUNNEL  OF 
THE  INGURI  HYDROELECTRIC  STATION. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-0763  3 


CONSIDERATION  OF  THE  ANISOTROPIC 
PROPERTIES  OF  STRATIFIED  ROCKS  WHEN 
DESIGNING  CRACK-RESISTANT  LININGS  OF 
PRESSURE  TUNNELS. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-07634 
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ECOLOGY  AND  HYDRAULICS  IN  THE 
FUTURE. 

V.  S.  Altunin. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  149-155,  1990.  Translated  from  Gidrotekh- 
nicheskoe  Stroitel'stvo,  No.  3,  p  1-5,  March,  1990. 

Descriptors:  'Dam  effects,  'Drainage  effects,  'Hy- 
draulic engineering,  'Irrigation  effects,  'Manage- 
ment planning,  'Prediction,  'Water  resources  de- 
velopment, Dams,  Design  criteria,  Ecology, 
Floods,  Irrigation,  Reservoirs,  Socioeconomic  as- 
pects. 

At  present  both  hydraulic  engineering  and  recla- 
mation are  being  criticized  for  undesirable  conse- 
quences (flooding  and  subirrigation  of  land  as  a 
result  of  reservoir  creation,  salinization  on  irrigat- 
ed lands  and  depreciation  of  the  quality  of  collec- 
tor-drain waters,  and  the  need  for  irrigation  on 
overdrained  lands).  For  contemporary  water-man- 
agement construction,  ecological  criteria  (require- 
ments) were  developed  to  scientifically  evaluate 
the  new  water  projects  and  reclamation  activities. 
The  first  criterion  is  socioeconomic;  usually  it  con- 
flicts with  preservation  and  the  stability  of  an 
ecosystem  in  a  natural  state  as  a  result  of  the  need 
to  develop  various  sectors  of  the  economy.  The 
second  criterion  of  the  stability  of  the  ecosystem 
determines  the  possibility  of  water-management 
construction  and  is  related  to  the  relative  size  of 
the  area  affected  and  depth  of  the  effect  (to  ground 
waters)  in  the  territory  of  the  drainage  basin.  The 
third  ecological  criterion  of  water-management 
construction  requires  the  observance  of  a  certain 
technology  of  construction  (lightweight  agricultur- 
al equipment  not  disturbing  the  structure  and  fertil- 
ity of  the  soil  layer,  limitation  of  the  number  of 
trips  to  5-6  during  agricultural  production,  includ- 
ing treatment  with  non-toxic  chemical  fertilizers, 
and  irrigation  methods  (mist,  drip,  or  subsurface 
irrigation).  The  fourth  ecological  criterion  is  based 
on  the  theorem  of  the  edge  effect  and  requires 
preservation  of  regions  of  the  land  (e.g.,  bogs)  and 
relief  of  the  locality,  which  are  the  source  of 
diversity  of  the  flora  and  fauna.  The  fifth  ecologi- 
cal criterion  cover  construction  and  operation.  In 
the  Soviet  Union,  construction  and  operation  prob- 
lems characterize  most  water-management  con- 
struction as  a  result  of  bad  management,  low  qual- 
ity of  construction,  and  inept  planning  without  due 
technical  and  economic  substantiation  of  water- 
management  projects,  introduction  of  outdated 
technologies,  and  nonfulfillment  of  any  ecological 
criteria.  (Rochester-PTT) 
W9 1-07875 


COMPREHENSIVE  EXPERT  EVALUATION 
OF  THE  ECOLOGICAL  CONSEQUENCES  OF 
THE  CONSTRUCTION  OF  HYDROPOWER 
FACILITIES. 

N.  I.  Khrisanov,  N.  I.  Kerro,  and  G.  A.  Kol'nik. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  156-161,  1990.  3  fig,  1  tab,  8  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
5-9,  March,  1990. 

Descriptors:  'Dam  construction,  'Environmental 
impact,  'Evaluation,  'Hydroelectric  power, 
'Project  planning,  'Reservoirs,  Experts,  Feasibili- 
ty studies,  Prediction,  Probabilistic  process. 

Hydropower  construction,  which  concerns  the 
construction  of  dams  and  the  creation  of  reser- 
voirs, can  lead  to  negative  ecological  conse- 
quences. At  present  consideration  of  possible 
changes  in  environmental  conditions  is  considered 
at  the  feasibility  study  stage.  However,  it  is  rather 
difficult  when  working  out  the  feasibility  study  to 
determine  all  possible  changes  in  the  environment 
in  the  zone  of  influence  of  the  hydro  development 
and  their  quantitative  indices.  A  method  was  de- 
veloped that  is  based  on  questioning  of  experts  and 
incorporating  this  information  into  comprehensive 
prediction  of  environmental  impact.  The  method  is 
based  on  systems  analysis  and  decision-making 
theory.  The  opinions  of  experts  are  collected  and 
analyzed  in  a  step-wise  manner  to  yield  and  overall 
conclusion.  This  method  was  applied  to  the  Gilyui 
hydro  development;  view  of  23  experts  were  incor- 
porated into  the  analysis.  The  method  permitted 
the  rating  of  factors  with  the  following  results  in 


terms  of  their  significance.  'Flooding  of  the  terri- 
tory' was  the  most  significant  group  of  factors; 
within  this  group  'flooding  of  the  forests'  was  most 
significant.  Next  in  significance  were  'change  in 
the  hydrological  regime'  and  'change  in  water 
quality.'  Less  significant  were  'change  in  climate' 
and  'change  in  landscape.'  An  analysis  of  the  re- 
sults revealed  a  rather  high  agreement  in  the  an- 
swers of  the  specialists,  with  a  confidence  coeffi- 
cient, p,  of  99%.  The  process  permitted  the  most 
significant  potential  environmental  effects  of  the 
Gilyui  hydro  development  to  be  identified  at  the 
feasibility  study  stage  so  that  more  design  effort 
could  be  devoted  to  them.  (Rochester-PTT) 
W9 1-07876 


SUBSTANTIATION  OF  PARAMETERS  OF 
FLOOD  CONTROL  ENGINEERING  OF  THE 
NORTHEAST  COAST  OF  THE  CASPIAN  SEA. 

Y.  A.  Litvin,  A.  A.  Dzhaliov,  and  K.  I. 
Mashkovich. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  162-167,  1990.  5  fig,  2  tab,  6  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
9-12,  March,  1990. 

Descriptors:  'Caspian  Sea,  'Dikes,  'Embank- 
ments, 'Flood  control,  'Levees,  'Sea  level, 
Design  criteria,  Forecasts,  Frequency  distribution, 
USSR,  Wave  runup,  Wind  tides. 

The  northeast  coast  of  the  Caspian  Sea  in  the 
stretch  between  Komsomolets  Bay  and  Botakhan 
village  represents  a  flatland  territory  subjected  to 
flooding  during  wind  setups  as  a  result  of  which  a 
territory  up  to  15  km  inland  is  covered  with  sea 
water  for  several  days.  An  analysis  of  the  hydro- 
dynamics of  this  area  was  conducted  with  the  aim 
of  determining  what  flood  control  measures  would 
be  needed.  Based  on  the  calculations,  the  value  of 
the  extreme  setup  possible  once  in  50  yr  will  be 
240-260  cm.  Since  the  values  of  the  setup  rise  of 
the  level  are  determined  at  the  water  line  and  the 
slope  of  the  shoreline  is  approximately  constant, 
the  value  of  the  rise  of  the  level  due  to  wind  setup 
is  practically  independent  of  the  position  of  the  sea 
level  at  a  given  time.  Most  complex  is  the  problem 
of  determining  the  absolute  value  of  the  elevation 
of  the  water  level  during  setup.  This  is  because  a 
long-range  forecast  of  the  Caspian  Sea  level  pres- 
ently remains  controversial.  A  base  level  of -27.3  m 
is  agreed  upon  for  designing  the  levee,  and  thus  the 
maximum  elevation  of  the  level  with  consideration 
of  setups  of  2%  probability  will  be  -24.5  m.  This 
value  of  the  wind-driven  rise  of  the  level  with 
additional  consideration  of  the  height  of  the  wind 
wave  and  runup  on  the  protective  wall  should  be 
selected  as  the  base  when  assigning  the  elevation  of 
the  levee  crest.  (Rochester-PTT) 
W91-07877 


MEASUREMENT  OF  UPPER  POOL  LEVELS 
OF  A  HIGH  DAM  DURING  CONSTRUCTION. 

V.  I.  Bryzgalov,  and  A.  D.  Shusharin. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  200-203,  1990.  2  fig,  5  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p  31-33, 
March,  1990. 

Descriptors:  'Dam  construction,  'Economic  as- 
pects, 'Hydroelectric  plants,  'Measuring  instru- 
ments, 'Turbines,  'Water  level,  Cost  analysis, 
Gaging,  Manometers,  Monitoring,  Sayano-Shu- 
shenskoe  Hydrostation,  USSR. 

Starting  a  medium-head  turbine-generator  unit  at  a 
higher  dam  while  the  dam  is  still  under  construc- 
tion can  have  significant  economic  benefit.  Imme- 
diately after  start-up  of  the  first  unit  at  a  hydrosta- 
tion under  construction,  the  need  arises  for  the 
systematic  performance  of  numerous  monitoring 
functions,  one  of  which  is  monitoring  of  the  levels 
of  the  upper  and  lower  pools  of  the  hydrostation. 
At  the  Sayano-Shushenskoe  hydrostation  (Soviet 
Union),  a  method  of  remote  measurement  of  the 
upper  pool  levels  using  an  accurate  differential 
manometer  of  relatively  small  measurement  range 
was  proposed  and  introduced.  For  this  purpose,  a 
special  system  of  compensating  for  the  pressure  of 
the  upper  pool  was  employed  so  that  the  exact 
range  of  the  meter  could  be  used  repeatedly  for  a 
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large  variation  in  upper  pool  level.  The  ability  to 
obtain  remote  measurements  of  the  upper  pool 
levels  at  the  Sayano-Shushenskoe  hydrostation 
during  construction  made  it  possible  to  markedly 
reduce  the  labor  intensity  of  the  monitoring  by 
eliminating  manual  measurements  by  the  team  on 
duty.  The  annual  economic  effect  of  using  the 
upper  pool  level  gage  was  exceeded  20,000  rubles 
and  the  quality  and  reliability  of  the  measurements 
was  increased.  (Rochester-PTT) 
W91-07883 


MINGTAN  PUMPED-STORAGE  PROJECT  IN 
TAIWAN. 

Taiwan  Power  Co.,  Taipei. 

S.  C.  Liu,  and  C.  S.  Hsieh. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  43,  No.  2,  p  9-15,  February  1991. 

10  fig. 

Descriptors:  'Dam  construction,  'Mingtan  Hydro- 
electric Plant,  'Pumped  storage,  'Taiwan,  Civil 
engineering,  Hydraulic  design,  Reservoirs,  Sun 
Moon  Lake,  Turbines,  Underground  structures. 

Taiwan's  second  major  pumped-storage  plan,  now 
under  construction,  is  the  1600  MW  Mingtan 
scheme.  It  will  provide  a  much  needed  improve- 
ment in  Taipower's  ability  to  meet  demand  with  a 
flexible  supply.  The  geological  setting  of  the  area  is 
complex,  causing  difficulties  for  the  construction 
of  the  pressure  tunnels,  surge  tanks,  penstocks,  and 
power  and  transformer  caverns.  The  reinforcement 
method  developed  to  ensure  the  stability  of  the 
exceptionally  large  power  cavern  (22  m  x  46  m  x 
158  m)  in  a  poor  rock  mass  (metamorphic  sand- 
stones and  siltstones)  is  being  used  for  the  first  time 
in  Taiwan.  The  intake  structure  of  the  project 
comprises  an  approach  channel,  two  parallel 
funnel-shaped  inlets,  two  gate  shafts,  and  two  tran- 
sition sections.  The  twin  headrace  tunnels  each 
will  have  a  7.5-m  inside  diameter  and  a  length  of 
3.1  km.  The  pressure  tunnels  will  cross  the  Tou- 
sheh  River.  Two  surge  tanks  of  the  restricted 
orifice  type  will  be  included.  Two  steel  penstocks 
with  a  diameter  of  6.8  m  will  empty  into  manifolds, 
which  discharge  into  each  of  the  six  pump-tur- 
bines. The  power  cavern  is  designed  to  hole  six 
275-MW  pump-turbine  units  of  the  reversible  Fran- 
cis type.  There  are  six  tailrace  tunnels  (inside  diam- 
eter 5  m).  The  existing  Sun  Moon  Lake  will  serve 
as  the  upper  reservoir  and  the  Shuili  Dam,  a  con- 
crete gravity  dam  319  m  long  and  61.5  m  high,  will 
be  constructed  to  impound  the  lower  reservoir. 
(Rochester-PTT) 
W91-07889 


PUMPED-STORAGE  PROJECTS  UNDER  CON- 
STRUCTION IN  JAPAN. 

Electric    Power    Civil    Engineering    Association, 

Tokyo  (Japan). 

T.  Kokusho. 

International  Water  Power  and  Dam  Construction 

IWPCDM,  Vol.  43,  No.  2,  p  15-19,  February  1991. 

5  fig,  4  tab. 

Descriptors:  'Dam  construction,  'Hydroelectric 
plants,  'Japan,  'Pumped  storage,  'Reservoirs,  Hy- 
draulic design,  Linings,  Peaking  capacity,  Pilot 
plants,  Turbines,  Underground  structures. 

Thirty-eight  pumped-storage  power  stations  were 
in  operation  in  Japan  as  of  March  1989.  Their  total 
capacity  is  around  17,000  MW,  which  accounts  for 
10%  of  the  total  installed  capacity  of  the  electric 
power  system  in  Japan.  Eight  pumped-storage  sta- 
tions are  under  construction.  Examples  of  these  are 
the  Sabigawa,  Okumino,  and  Ohkawachi  are  con- 
ventional pumped-storage  plants,  whereas  the 
Kunigami  plant  is  a  seawater  pumped-storage 
plant.  The  Sabigawa  station  (on  the  Saba  River  in 
Tochigi  Prefecture)  is  a  pure  pumped-storage  plant 
of  900  MW  capacity  at  a  maximum  discharge  of 
324  cu  m/sec.  It  will  use  a  90.5  m-high  rockfill 
dam  with  an  asphaltic  facing  and  a  104  m-high 
concrete  gravity  dam  as  upper  and  lower  dams, 
respectively.  The  Okumino  project  will  involve 
three  dams,  two  on  the  upper  regulating  reservoir. 
The  project,  which  is  Gifu  Prefecture,  will  have 
1000  MW  output  and  is  expected  to  begin  supply- 
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ing  peaking  power  in  1994.  The  Ohkawachi 
pumped-storage  project  (Hyogo  Prefecture)  uses 
water  from  the  Inumi  River,  a  tributary  of  the  Ichi 
River.  It  has  an  installed  capacity  of  1290  MW  and 
is  capable  of  supplying  daily  peaking  power  for  6 
hr.  Four  pump-turbine/generator-motor  units  will 
be  housed  in  a  powerhouse  280  m  below  ground. 
The  Kunigami  seawater  pumped-storage  plant  is  a 
pilot  plant  of  30  MW  rated  capacity.  It  is  located  in 
Okinawa  Prefecture  and  will  use  an  upper  reser- 
voir lined  with  synthetic  rubber  sheeting  to  pre- 
vent seawater  from  seeping  into  the  ground.  The 
lower  reservoir  will  be  the  Pacific  Ocean.  Obser- 
vations conducted  over  5  yr  of  operation  will  focus 
on  corrosion  of  equipment  and  the  effects  of  sea- 
water spray  on  local  vegetation.  (Rochester-PTT) 
W9 1-07890 


ROCKY  MOUNTAIN  PROJECT  WILL  PRO- 
VIDE PEAK  POWER  FOR  GEORGIA. 

Oglethorpe  Power  Corp.,  Tucker,  GA. 
D.  R.  Murphy,  and  W.  R.  Ivarson. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  43,  No.  2,  p  22-24,  February  1991. 
3  fig. 

Descriptors:  *Dam  construction,  *Georgia,  'Hy- 
droelectric power,  'Pumped  storage,  Civil  engi- 
neering, Design  criteria,  Multipurpose  projects, 
Powerhouses,  Recreation  facilities,  Reservoirs. 

An  800  MW  pumped-storage  project  is  under  con- 
struction at  Heath  Creek  in  Floyd  County,  Geor- 
gia. The  aim  of  this  project  is  to  improve  the 
reliability  of  the  system  operated  by  the  Ogelth- 
orpe  Power  Corporation.  There  have  been  some 
significant  changes  in  electrical  equipment  because 
of  the  length  of  time  the  project  has  been  under 
development,  but  other  project  features  have  re- 
mained little  altered.  The  upper  reservoir  will  be 
impounded  by  a  continuous  earth  and  rockfill  dam 
approximately  3900  m  long,  23  m  high  on  average, 
and  with  a  crest  elevation  of  427  m  above  sea  level. 
The  lower  operating  reservoir  will  be  impounded 
by  a  168  m-long  main  earthfill  dam  with  its  crest 
elevation  at  220  m;  a  146  m-long  concrete  gravity 
structure,  with  a  gated  spillway;  and  a  cut-off 
trench  excavated  approximately  213  m  into  the 
right  abutment  and  backfilled  with  zoned  earthfill 
up  to  220  m  elevation.  The  powerhouse  will  be  a 
conventional  surface  (concrete)  structure  contain- 
ing three  reversible  pump/turbine  units,  each  of 
which  is  rate  at  263  MW  at  187  m  minimum  net 
head.  Each  will  be  connected  directly  to  a  motor/ 
generator  rated  at  314  MVA,  with  a  0.9  power 
factor  (at  60  C  rise).  Recreational  facilities  for  the 
public  will  be  provided  as  part  of  the  project.  It  is 
estimated  that  there  will  be  about  95,000  visits  to 
the  project  and  recreation  facilities  annually  by 
2000.  (Rochester-PTT) 
W9 1-07891 


SOME  CHARACTERISTICS  OF  CONSTRUCT- 
ING THE  UNDERGROUND  MACHINE  HALL 
AT  THE  KOLYMA  HYDROELECTRIC  STA- 
TION. 

G.  Y.  Gevirts,  V.  V.  Koleganov,  and  V.  M. 
Mostkov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  305-313,  1990.  8  fig,  2  tab,  5  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p 
24-29,  May,  1990. 

Descriptors:  'Construction,  'Construction  meth- 
ods, 'Hydroelectric  plants,  'Permafrost,  'Struc- 
tural engineering,  'Underground  structures,  Engi- 
neering geology,  Freezing,  Hydraulic  machinery, 
Kolyma  Hydrostation,  Rock  mechanics,  USSR. 

The  experience  in  constructing  the  underground 
machine  hall  in  a  frozen  rock  mass  thawing  during 
operation  at  the  Kolyma  hydrostation  has  practical 
significance  for  the  design  and  construction  of 
similar  underground  structures.  The  main  require- 
ments imposed  on  the  creation  of  reliable  under- 
ground structures  having  a  large  cross  section 
under  permafrost  conditions  are:  comprehensive 
consideration  at  the  design  stage  of  the  engineer- 
ing-geological, cryogenic,  hydrogeological,  tem- 
perature, and  other  conditions  of  the  surrounding 
rocks,  including  the  structure  and  initial  state  of 


the  mass,  established  by  specific  experimental 
works;  substantiation  of  designs  taking  into  ac- 
count the  change  in  the  deformation  and  stress- 
strain  state  of  the  rock  mass  and  conditions  of 
performing  the  works;  creation  of  primarily  yield- 
ing designs  of  the  linings  (support)  able  to  absorb 
nonuniform  loads  without  disturbing  their  continu- 
ity under  conditions  of  specially  constructed  drain- 
age systems  for  removing  seepage  waters;  and 
thorough  observations  of  the  state  of  the  rock  mass 
during  driving.  On-site  observations,  investiga- 
tions, and  calculations  confirmed  the  effectiveness 
of  the  strengthening  measures  performed  on  the 
arch  of  the  machine  hall  of  the  Kolyma  hydrosta- 
tion. It  is  recommended  that  the  on-site  observa- 
tions be  continued  until  complete  stabilization  of 
movements  in  the  arch  and  surrounding  rocks. 
(MacKeen-PTT) 
W9 1-08031 


UNDERGROUND  PNEUMATIC  SURGE 
TANKS  OF  HYDROELECTRIC  STATIONS. 

V.  L.  Kuperman. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  313-319,  1990.  8  fig,  7  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p  30-34, 
May,  1990. 

Descriptors:  'Compressed  air,  'Hydraulic  proper- 
ties, 'Hydroelectric  plants,  'Underground  struc- 
tures, 'Water  level,  Economic  aspects,  Environ- 
mental effects,  Hydraulic  engineering,  Hydraulic 
systems,  Pneumatic  surge  tanks,  Surge  tanks, 
Water  level  fluctuations. 

A  pneumatic  surge  tank  is  a  tank  in  which  the 
water  fluctuations  occur  in  a  closed  chamber  with 
an  internal  air  pressure  exceeding  atmospheric 
pressure.  Due  to  the  high  air  pressure,  the  range  of 
water  fluctuations  during  load  changes  at  the  hy- 
drostation is  reduced  considerably,  which  accord- 
ingly reduces  the  necessary  height  of  the  tank. 
Calculation  of  the  hydraulic  regime  of  a  pneumatic 
surge  tank  was  carried  out  by  the  direct  solution  of 
equations  of  fluctuation  of  liquid  masses  in  a  pres- 
sure system  with  compressed  air  in  the  tank.  The 
decrease  of  the  load,  the  stability  of  operation  of 
the  tank  in  the  case  of  finite  load  fluctuation,  and 
the  hydraulic  resistances  in  the  tank  are  important 
characteristics  of  the  pneumatic  surge  tank.  An 
underground  surge  tank  was  designed  to  replace  a 
differential  surge  tank  with  a  height  of  more  than 
30  m  and  a  diameter  of  12.5  m.  It  is  concluded  that 
the  use  of  an  underground  pneumatic  surge  tank 
improves  the  economic  index  and  minimizes  the 
environmental  effects  of  the  hydroelectric  plant. 
(MacKeen-PTT) 
W9 1-08032 


REGULATION  OF  THE  TEMPERATURE 
REGIME  OF  LOWER  POOLS  OF  HIGH-HEAD 
HYDRO  DEVELOPMENTS. 

V.  E.  Lyapin. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  329-335,  1990.  3  fig,  2  tab,  18  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p 
41-45,  May,  1990. 

Descriptors:  'Dam  effects,  'Hydroelectric  plants, 
'Reservoirs,  'Temperature  control,  'Water  tem- 
perature, Environmental  effects,  Intakes,  Kras- 
noyarsk Hydrostation,  Seasonal  variation,  Siberia, 
Soviet  Union,  Thermal  stratification,  USSR. 

The  temperature  regime  of  reservoir  and  lower 
pools  at  the  Krasnoyarsk  hydroelectric  develop- 
ment, Siberia,  Soviet  Union,  was  studied.  The  flow 
intensity  in  the  reservoir  exceeds  0.5  sq  m/sec. 
After  formation  of  the  ice  cover,  usually  in  De- 
cember, inverse  stratification  occurs,  with  an  ex- 
tremely nonuniform  distribution  of  temperatures 
within  the  active  zone.  (20-23  C  at  the  surface  to  4- 
6  C  at  the  interface  at  a  depth  of  50-60  m).  The 
change  in  temperature  regime  due  to  the  hydro- 
electric plant  worsened  the  habitat  conditions  of 
valuable  fish  species.  One  of  the  main  measures 
which  can  provide  approximation  of  the  tempera- 
ture regime  in  the  lower  pool  to  that  which  existed 
before  construction  of  the  plant  is  the  selective 
withdrawal  of  the  surface  layers  of  the  reservoir. 
Laboratory  investigations  indicated  that  the  use  of 


selective  withdrawal  brings  the  temperature 
regime  of  the  lower  pool  close  to  the  natural  one. 
The  surface  intake  of  water  would  provide  a  water 
temperature  at  the  turbine  outlet  of  16-18  C  in  the 
summer  and  1-1.5  C  in  the  winter.  Proposed  meas- 
ures to  improve  the  ice  and  temperature  regime  in 
the  lower  pool  of  the  Krasnoyarsk  hydrostation 
include  construction  of  a  surface  intake  along  the 
entire  dam  of  the  hydrostation  and  reduction  of  the 
fluctuation  of  the  level  in  the  region  of  formation 
of  the  ice  edge.  (MacKeen-PTT) 
W9 1-08035 


OPTIMIZATION  OF  THE  FORM  OF  A  CON- 
CRETE ARCH  DAM. 

For  primary  bibliographic  entry  see  Field  8F. 
W9 1-08037 
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CAVITATION  IN  CHUTES  AND  SPILLWAYS. 

Bureau  of  Reclamation,  Denver,  CO. 
H.  T.  Falvey. 

A  Water  Resources  Technical  Publication  Engi- 
neering Monograph  No.,  42,  April  1990.  145p,  75 
fig,  13  tab,  91  ref,  5  append.  Also  includes  three  5- 
1/4  inch  floppy  diskettes  containing  the  program 
Cavitation  in  Chutes  and  Spillways,  v  1.0. 

Descriptors:  'Cavitation,  'Chutes,  'Spillways, 
Aeration,  Aerators,  Computer  programs,  Geome- 
try, Hydraulic  properties,  Hydraulic  structures, 
Overflow  channels,  Theoretical  analysis. 

This  report  presents  highlights  of  cavitation  theory 
to  give  the  reader  a  sense  for  the  basic  mechanisms 
that  must  be  understood  before  engineering  prob- 
lems and  solutions  can  be  discussed.  The  report  is 
expected  to  give  the  designer  of  hydraulic  struc- 
tures both  an  understanding  of  cavitation  and  the 
design  tools  necessary  to  eliminate  or  reduce  the 
damaging  effects  of  cavitation  in  hydraulic  chute 
and  spillway  structures.  In  the  report:  Chapter  1 
discusses  highlights  of  cavitation  theory;  Chapter  2 
presents  cavitation  characteristics  of  typical  sur- 
face irregularities;  Chapter  3  is  a  discussion  of 
cavitation  damage;  Chapter  4  treats  the  influence 
of  geometry;  Chapter  5  addresses  aeration  and 
aerators;  Chapter  6  contains  recommendations  for 
designers;  and  Chapter  7  concludes  with  selected 
Bureau  of  Reclamation  field  experiences.  Several 
appendices  are  included  which  describe  computer 
programs  useful  in  the  analysis  of  specific  geome- 
tries: Appendix  A  contains  the  algorithms  to  calcu- 
late the  cavitation  and  damage  indexes  for  open 
channel  flow  situations;  Appendix  B  describes  a 
program  to  plot  the  cavitation  and  flow  character- 
istics; Appendix  C  contains  descriptions  of  two 
programs  to  investigate  the  effect  of  changes  in  the 
invert  geometry  on  the  cavitation  index;  Appendix 
D  contains  a  description  of  a  computer  code  used 
to  design  aerators;  and  Appendix  E  contains  the 
description  of  a  program  to  determine  the  damage 
potential  of  a  structure  using  historical  data. 
(Lantz-PTT) 
W9 1-07 189 


SIMULTANEOUS,  MULTIPLE-LEVEL  WITH- 
DRAWAL FROM  A  DENSITY  STRATIFIED 
RESERVOIR. 

Army  Engineer  Waterways   Experiment   Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

S.  E.  Howington. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

W-90-1,  November  1990.  Final  Report.  73  p,  33 

fig,  30  ref,  append. 

Descriptors:  'Mathematical  models,  'Reservoirs, 
•Selective  withdrawal,  'Stratified  flow,  Flow  pat- 
tern, Mathematical  analysis,  Reservoir  operation. 

A  theory  was  developed  and  tested  to  predict  the 
distribution  of  flow  among  multiple  ports  in  a 
density  stratified  fluid  (e.g.,  a  thermally  stratified 
reservoir).  Knowledge  of  the  individual  port  flows 
is  necessary  to  accurately  estimate  the  release 
water  characteristics  using  correct  selective  with- 
drawal technology.  The  comparisons  between  the 
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predictions  and  observations  encompass  a  wide 
range  of  intake  structure  sizes,  port  configurations, 
and  flow  rates.  The  comparisons  were  favorable 
with  the  only  significant  errors  limited  to  an  un- 
likely range  of  operating  conditions.  For  a  large 
percentage  of  potential  flows,  the  resulting  strati- 
fied flow  distribution  algorithm  can  predict,  with 
reasonable  accuracy,  the  individual  port  flows  and 
the  desired  water  quality  constituents.  This  has 
been  incorporated  into  a  subroutine  for  inclusion  in 
numerical  reservoir  models.  (Lantz-PTT) 
W9 1-072 11 


DREDGING  ALTERNATIVE  STUDY,  CUBITS 
GAP,  LOWER  MISSISSIPPI  RIVER.  REPORT 
1:  TABS-1  NUMERICAL  MODEL  INVESTIGA- 
TION. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

R.  C.  Copeland. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

HL-90-20,  January  1991.  Report  1  of  a  Series.  78  p, 

22  tab,  21  plates,  18  fig,  7  ref. 

Descriptors:  *Cubits  Gap,  *Dredging,  'Mathemat- 
ical models,  'Mississippi  River,  'Model  studies, 
•TABS-1  Model,  Hydrographs,  Sediment  trans- 
port, Sedimentation. 

A  numerical  model  study  was  conducted  of  the 
Mississippi  River  to  evaluate  dredging  alternatives 
in  the  Cubits  Gap  and  Head  of  Passes  reaches.  The 
TABS-1  one-dimensional  model  was  used.  The 
model  was  adjusted  to  reporting  dredging  quanti- 
ties in  Southwest  Pass  over  a  period  of  several 
years.  The  model  was  circumstantiated  by  repro- 
ducing dredging  at  Cubits  Gap  in  1989.  An  1 1  year 
hydrograph  was  used  to  determine  annual  dredg- 
ing requirements  for  existing  conditions.  Alterna- 
tives that  included  advance  maintenance,  a  sedi- 
ment trap,  and  flow  reduction  in  Cubits  Gap  were 
compared  to  existing  conditions.  The  advance 
maintenance  and  Cubits  Gap  flow  reduction  alter- 
natives were  determined  to  be  the  most  effective  in 
terms  of  the  percent  of  time  that  project  depth 
could  be  maintained.  The  flow  reduction  alterna- 
tive provided  for  a  significant  decrease  in  total 
dredging  requirements.  (Lantz-PTT) 
W91-07212 


CUMBERLAND  SOUND  AND  KINGS  BAY 
PRE-TRIDENT  AND  BASIC  TRIDENT  CHAN- 
NEL HYDRODYNAMIC  AND  SEDIMENT 
TRANSPORT  HYBRID  MODELING.  VOLUME 
I:  MAIN  TEXT  AND  APPENDIXES  A,  C,  AND 

D- 

Army  Engineer  Waterways  Experiment   Station, 

Vicksburg,  MS.  Hydraulics  Lab. 

M.  A.  Granat,  and  N.  J.  Brogdon. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  V A  22161.  Technical  Report 

HL-90-21,  December  1990.  Final  Report.  190  p,  27 

fig,  4  append. 

Descriptors:  'Channel  flow,  'Cumberland  Sound, 
•Dredging,  'Hydraulic  models,  'Hydrodynamics, 
•Kings  Bay,  'Mathematical  models,  'Model  stud- 
ies, 'Sediment  transport,  'Trident  Channel,  Flow 
profiles,  Georgia,  Tidal  hydraulics. 

A  verified  hybrid  modeling  system  (coupled  physi- 
cal and  numerical  models)  of  the  Kings  Bay/Cum- 
berland Sound  estuarine  system  was  used  to  inves- 
tigate hydrodynamic  and  sedimentation  variations 
associated  with  Trident  channel  expansion.  The 
models  generally  demonstrated  small  velocity  dif- 
ferences between  the  pre-Trident  base  channel 
condition  and  the  enlarged  Trident  channel  condi- 
tion tested.  Reduced  velocity  magnitudes  in  the 
deepened  upper  Kings  Bay  turning  basin  demon- 
strated the  largest  base-to-plan  velocity  differ- 
ences. Tidal  effects  were  examined;  the  tested  plan 
condition  resulted  in  higher  high-water  and  mid- 
tide  level  elevations  in  both  the  physical  and  nu- 
merical models.  Variations  were  close  to,  but 
greater  than,  detection  limits.  Low  water  eleva- 
tions between  the  models  were  inconsistent.  Based 
on  more  recent  field  data,  it  was  concluded  that 
tide  range  will  probably  not  change  as  a  result  of 
Trident  channel  improvements.  The  subtle  base-to- 


plan  hydrodynamic  differences  and  the  increased 
plan  channel  area  resulted  in  dramatic  sedimenta- 
tion responses.  The  numerical  model  predictions 
indicated  a  150%  increase  in  required  annual  plan 
channel  maintenance  dredging.  Based  on  the  previ- 
ous shoaling  history  and  this  study's  findings,  the 
typical  annual  plan  channel  maintenance  dredging 
requirement  is  predicted  to  vary  from  a  low  of 
about  0.9  million  cu  yds/yr  to  a  high  of  about  4.9 
million  cu  yds/yr.  The  long-term  average  subma- 
rine channel  maintenance  is  predicted  to  increase 
from  approximately  1.0  million  cu  yds/yr  for  pre- 
Trident  channel  conditions  to  approximately  2.5 
million  cu  yds/yr  for  the  Trident  channel  condi- 
tion. (Lantz-PTT) 
W91-07214 


DREDGING  ALTERNATIVES  STUDY,  CUBITS 
GAP,  LOWER  MISSISSIPPI  RIVER.  REPORT 
2:  TABS-2  NUMERICAL  MODEL  INVESTIGA- 
TION. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
For  primary  bibliographic  entry  see  Field  7C. 
W9 1-072 16 


RIO  PUERTO  NUEVO  FLOOD-CONTROL 
PROJECT,  SAN  JUAN,  PUERTO  RICO:  HY- 
DRAULIC MODEL  INVESTIGATION. 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS.  Hydraulics  Lab. 
R.  L.  Stockstill,  and  J.  R.  Leech. 
Available  from  the  National  Technical  Information 
Service,  Springfield,  VA.  22161  as  AD-A231076. 
Price  codes:  A09  in  paper  copy,  A01  in  microfiche. 
Technical  Report  HL-90-18,  October  1990.  Final 
Report.  75p,  4  fig,   19  tab,  23  photos,  75  plates. 

Descriptors:  'Channels,  'Diversion  structures, 
'Flood  control,  'Hydraulic  models,  'Rio  Puerto 
Nuevo  Basin,  Channel  flow,  Data  acquisition, 
Design  standards,  Diversion  channels,  Flow  veloc- 
ity, Hydraulic  structures,  Puerto  Rico. 

Three  models  were  used  to  study  portions  of  the 
high  velocity  reaches  within  the  Rio  Puerto  Nuevo 
basin.  A   l:35-scale  model  of  the  Puerto  Nuevo 
Channel  was  tested  to  determine  the  flow  condi- 
tions in  the  transitions  and  curves  in  the  supercriti- 
cal channel,  at  the  junctions  with  the  Guaracanal 
Channel  and  Buena  Vista  Diversion  Channel,  at 
the  bridges,  and  in  the  reach  of  the  channel  where 
the  flow  transitions  from  supercritical  to  subcritical 
flow.  Tests  were  conducted  on  a  l:25-scale  model 
of  the  Josefina  Channel  to  determine  the  flow 
conditions  at   the  junction   with   the   Dona   Ana 
Channel  and  where  the  flow  transitions  from  su- 
percritical to  subcritical  flow.  A  l:35-scale  model 
of  the  Margarita  Channel  was  also  studied  to  deter- 
mine the  flow  conditions  in  the  vicinity  of  the  De 
Diego  Expressway   Bridge  and  where  the  flow 
transitions  from  supercritical  to  subcritical  flow. 
Flow  velocities  in  the  Puerto  Nuevo  Channel  were 
slightly  higher  and  standing  waves  created  by  dis- 
turbances were  significantly  higher  with  the  small- 
er n  value.  The  recommended  design  incorporates 
into  the  original  proposed  design  straightening  the 
channel  walls  from  sta  205  +  57.70  to  204  +  86.94, 
extending  the  Puerto  Nuevo  Channel/Buena  Vista 
Diversion  Channel  confluence  wall  70.76  ft  down- 
stream, adding  debris  noses  on  the  Pinero  Avenue 
Bridge  piers,  extending  the  Las  Americas  Express- 
way Bridge  piers  upstream  to  sta  158  +  53.85,  and 
adding  two  rows  of  10-ft-high  by  10-ft-wide  baffle 
blocks  followed  by  six  rows  of  4-ft-high  by  4-ft- 
wide    baffle    blocks    between    sta    150  +  40    and 
148  +  34).  The  confluence  of  the  Josefina  and  Dona 
Ana  Channels  provided  an  appropriate  transition 
to  converge  the  flow  of  the  two  channels.   An 
oblique  standing  were  observed  downstream  of  the 
confluence  did  not  cause  adverse  effects  down- 
stream and  was  considered  acceptable.  Curves  in 
the  proposed  design  maintained  acceptable  water- 
surface   elevations    throughout    the   test    section. 
Tests    conducted    with    the    Margarita    Channel 
model  to  determine  the  flow  conditions  in  the 
vicinity  of  the  De  Diego  Expressway  Bridge  indi- 
cated that  the  original  design  passed  discharges  </ 
=  9,900  cu  ft/sec  under  the  bridge.  The  original 
design  resulted  in  unacceptable  flow  conditions  in 
the  transition  reach  of  the  channel.  (Lantz-PTT) 


W9 1-07245 

DETERMINATION  OF  INCOMPRESSIBLE 
AND  STATIONARY  FLOW  THROUGH  N  PAR- 
ALLEL BRANCHES  (DETERMINATION  DE 
L'ECOULEMENT  INCOMPRESSIBLE  ET  STA- 
TIONNAIRE  A  TRAVERS  N  BRANCHES  EN 
PARALLELE). 

Ecole  Polytechnique  Federale  de  Lausanne  (Swit- 
zerland). Dept.  de  Mechanique. 
R.  Flatt. 

Houille  Blanche  HOBLAB,  Vol.  1990,  No.  6,  p 
441.444,  1990,  2  fig,  2  ref.  English  summary. 

Descriptors:  'Conduits,  'Head  loss,  'Hydraulic 
head,  'Hydraulics,  'Hydroelectric  plants,  'Steady 
flow,  Algorithms,  Hydraulic  engineering,  Network 
analysis,  Pumps,  Turbines,  Valves. 

A  hydroelectric  installation  generally  consists  of  a 
system  of  parallel  conduits,  which  may  contain 
turbines,  pumps,  and/or  valves.  The  mathematical 
models  which  describe  such  systems  are  nonlinear. 
A  linear  electrical  analogy  (Ohm's  law)  provides 
the  basis  for  an  algorithm  with  very  good  conver- 
gence, which  permits  the  determination  of  flow 
distribution  in  such  networks  of  parallel  conduits. 
The  solution  of  the  algorithm  is  iterative  and 
begins  by  establishing  an  initial  distribution  of  flow 
volumes.  The  second  step  consists  of  evaluating, 
branch  by  branch,  the  pressure  change  attributable 
to  each  branch's  flow  volume.  A  heuristic  element 
(which  has  not  been  subjected  to  rigorous  mathe- 
matical proof)  is  introduced:  The  general  pressure 
change  is  replaced  by  the  specific  pressure  change 
obtained  from  the  two  preceding  iterations.  Be- 
sides the  parallel-conduit  hydraulic  application, 
this  algorithm  could  be  used  very  generally  for 
analogous  problems  of  parallel  branching  which 
are  also  characterized  by  the  conservation  of  flow, 
such  as  the  flow  volume  of  a  stationary  compressi- 
ble discharge.  (King-PTT) 
W91-07532 


EXACT  SOLUTION  OF  BOUSSINESQ  EQUA- 
TIONS FOR  SHALLOW  WATER  MOTION  (IN 
CHINESE). 

Academia  Sinica,  Qingdao  (China).  Inst,  of  Ocean- 

ology. 

C.  Y.  Li. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 

Hu  Chao)  HYHCAG,  Vol.  21,  No.  3,  p  236-240, 

1990,  1  fig,  11  ref.  English  summary. 

Descriptors:  'Boussinesq  equation,  'Fluid  dynam- 
ics, 'Wave  crest,  *Wave  propagation,  'Wave- 
lengths, 'Waves,  Wave  height. 

An  exact  solution  is  derived  for  the  Boussinesq 
equations  of  the  motion  of  solitary  shallow  waves. 
Boussinesq  equations  are  nonlinear  and  weakly  dis- 
persive and  are  related  to  KdV  equations.  The 
zeroth  order  solution  is  unique  and  has  a  disconti- 
nuity of  the  first  order  at  the  peak  of  the  wave. 
The  first  order  solution  has  the  same  form  as  the 
KdV  equations.  The  exact  solution  is  implicit,  but 
the  profile  of  the  wave  can  be  obtained  explicitly. 
Except  at  the  peak,  the  exact  solution  is  the  largest, 
the  first  order  equation  is  the  second  largest  and 
the  zeroth  order  equation  is  the  smallest.  The 
horizontal  scale  of  the  zeroth  order  solution  is 
about  half  as  large  as  the  first  order  and  the  exact 
solutions.  (Author's  abstract) 
W9 1-07  5  34 


VARIATION  BEHAVIOUR  OF  TIDAL  STAGES 
IN  CHANGJIANG  RIVER  ESTUARY  AND  ITS 
ENGINEERING     SIGNIFICANCE     (IN     CHI- 
NESE). 
H.  X.  Xu. 

Oceanologia  et  Limnologia  Sinica  (Hai  Yang  Yu 
Hu  Chao)  HYHCAG,  Vol.  21,  No.  4,  p  311-319, 
1990,  8  fig,  1  tab,  4  ref.  English  summary. 

Descriptors:  'Changjiang  River,  'Estuaries,  'Har- 
bors, 'Hydrodynamics,  'Tidal  waves,  'Tides, 
China,  Dredging,  Hydraulic  engineering,  Shang- 
hai, Tidal  hydraulics,  Wave  propagation. 
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The  North  Passage  in  the  Changjiang  (Yangtze) 
estuary  is  the  main  channel  for  large  vessels  calling 
on  the  port  of  Shanghai.  The  channel  is  shallow 
and  requires  a  great  deal  of  maintenance  dredging. 
The  relationship  between  the  variation  of  key  river 
levels  and  the  dredging,  survey  work  and  engi- 
neering was  analyzed.  Data  from  1 1  stations  in  the 
estuary  for  a  period  of  one  year  and  the  theory 
governing  the  tidal  action  of  shallow  waves  were 
used  to  analyze  in  detail  of  the  propagation  and 
deformation  processes  of  tidal  action  in  the  Chang- 
jiang estuary.  The  general  periodic  variation  and 
the  non-linear  variation  at  tidal  stages  are  de- 
scribed. The  hydrodynamic  set-up  in  the  estuary  is 
the  natural  result  of  the  movement  of  tidal  based 
waves  and  not  distributions  of  tidal  stages  with 
distance.  (King-PTT) 
W9 1-07537 


SEDIMENT  MANAGEMENT  WITH  SUB- 
MERGED VANES:  I.  THEORY. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
A.  J.  Odgaard,  and  Y.  Wang. 
Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  117,  No.  3,  p  267-283,  March  1991. 
9  fig,  27  ref.  National  Science  Foundation  grant 
number  CTS-861 1147. 

Descriptors:  'Erosion  control,  *Flow  control, 
•Hydraulic  engineering,  *River  flow,  *Sediment 
control,  Bed  load,  Channel  morphology,  Flow  pat- 
tern, Flow  velocity,  Hydraulic  structures,  River 
beds. 

Sediment  management,  in  particular  the  control  of 
sediment  movement,  scour,  and  deposition,  is  one 
of  the  most  difficult  problems  encountered  by  river 
engineers.  Recent  research  results  with  the  sub- 
merged-vane technique  for  sediment  control  in 
rivers  was  examined.  Submerged  vanes  are  small 
flow-training  structures  (foils),  designed  to  modify 
the  near-bed  flow  pattern  and  redistribute  flow  and 
sediment  transport  within  the  channel  cross  sec- 
tion. The  structures  are  installed  at  an  angle  of 
attack  of  15-25  degrees  with  the  flow,  and  their 
initial  height  is  0.2-0.4  times  local  water  depth  at 
design  stage.  The  vanes  function  by  generating 
secondary  circulation  in  the  flow.  The  circulation 
alters  magnitude  and  direction  of  the  bed  shear 
stresses  and  causes  a  change  in  the  distributions  of 
velocity,  depth,  and  sediment  transport  in  the  area 
affected  by  the  vanes.  As  a  result,  the  river  bed 
aggrades  in  one  portion  of  the  channel  cross  sec- 
tion and  degrades  in  another.  The  vanes  can  be  laid 
out  to  develop  and  maintain  any  desired  bed  to- 
pography. The  main  uncertainties  in  the  calcula- 
tions are  associated  with  the  transverse  bed-slope 
factor  (B)  and  the  velocity-profile  factor  (k). 
Factor  B  represents  the  bed  sediment's  motion- 
resistance  properties.  Its  value  has  been  reported  to 
range  from  three  to  six,  possibly  depending  in 
sediment  gradation.  Factor  k  is  the  ratio  of  the 
flow  velocity's  depth-averaged  value  to  its  value  in 
the  near-bed  layer  affected  by  the  vanes.  These 
calculations  were  performed  with  B  =  4  and  k  = 
1.  Velocity  and  depth  distributions  calculated  with 
these  values  of  B  and  k  are  in  good  agreement  with 
measurements.  Vanes  have  been  used  successfully 
for  protection  of  stream  banks  against  erosion  and 
for  amelioration  of  shoaling  problems  at  water 
intakes  and  bridge  crossings.  (See  also  W9 1-07589) 
(Fish-PTT) 
W91-07588 


SEDIMENT  MANAGEMENT  WITH  SUB- 
MERGED VANES:  II.  APPLICATIONS. 

Iowa  Univ.,  Iowa  City.  Dept.  of  Civil  and  Envi- 
ronmental Engineering. 
A.  J.  Odgaard,  and  Y.  Wang. 
Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  117,  No.  3,  p  284-302,  March  1991. 
10  fig,  1  tab,  12  ref.  NSF  grant  number  CTS- 
861 1  147;  the  Highway  Research  Board  of  the  Iowa 
DOT  grant  numbers  HR-255,  HR-274,  and  HR- 
307;  USGS  Iowa  State  Water  Resources  Research 
Institute,  project  number  G-1017-03. 

Descriptors:  'Erosion  control,  'Flow  control, 
•Hydraulic  engineering,  'Hydraulic  structures, 
•River  flow,  'Sediment  control,  Bed  load,  Chan- 


nel morphology,  Control  flumes,  Flow  pattern, 
Flow  velocity,  Hydraulic  design,  River  beds, 
Shear  stress. 

Many  different  techniques  are  available  for  sedi- 
ment control  in  rivers.  The  theory  of  submerged 
vanes  was  tested  with  laboratory  and  field  data. 
The  laboratory  data  were  from  experiments  in 
curved,  straight,  and  recirculating  sediment  flumes. 
The  field  data  were  from  river  bends  in  which, 
prior  to  installation  of  vanes,  the  banks  were  erod- 
ing, and  from  a  straightened  bridge  waterway  in 
which  sediment  deposits  were  causing  a  change  of 
channel  alignment,  bank  erosion,  and  undermining 
of  the  bridge  abutment.  All  data  support  the 
theory,  and  they  suggest  that  the  vane  technique  is 
a  viable  alternative  to  traditional  techniques.  Be- 
cause of  separation  on  the  low-pressure  side  of  the 
vanes,  the  relative  magnitudes  of  the  induced 
changes  in  streamwise  and  transverse  bed  shear 
stress  components  may  not  be  exactly  as  calculat- 
ed. However,  the  tests  clearly  suggest  that  the 
total  stress  field  is  well  predicted.  The  design  pro- 
cedure was  illustrated  with  examples,  and  vane 
material  and  typical  vane  layouts  were  examined. 
Layouts  were  designed  for  protection  of  stream 
banks  against  erosion  and  for  amelioration  of  shoal- 
ing problems  in  navigation  channels,  at  water  in- 
takes, in  bridge  crossings,  at  river  confluences,  and 
at  diversions.  In  most  applications,  the  vane  height 
will  be  between  0.2  and  0.4  times  the  local  bank- 
full  flow  depth,  and  vane  length  will  be  two  to 
three  times  vane  height.  The  submergence  of  the 
vanes  will  be  as  much  as  100%  of  the  average  flow 
depth.  The  vanes  will  be  placed  in  arrays  along  the 
bank  of  the  river.  One  of  the  still  uncertain  design 
variables  is  the  longitudinal  distance  between  the 
vane  arrays;  in  laboratory  tests  a  spacing  of  12-15 
times  vane  height  gave  good  results,  but  field  tests 
showed  that  30  times  vane  height  was  nearly  as 
effective.  This  parameter  needs  further  testing. 
(See  also  W9 1-07588)  (Fish-PTT) 
W9 1-07589 


PIPE  PLUNGE  POOL  ENERGY  DISSIPATOR. 

Agricultural    Research    Service,    Stillwater,    OK. 

Water  Conservation  Structures  Lab. 

F.  W.  Blaisdell,  and  C.  L.  Anderson. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  3,  p  303-323,  March  1991. 

9  fig,  15  ref. 

Descriptors:  'Energy  dissipation,  'Hydraulic 
design,  'Hydraulic  engineering,  'Hydraulic  struc- 
tures, 'Plunge  pools,  'Stilling  basins,  Cohesionless 
soils,  Mathematical  equations,  Pipe  flow,  Pipes, 
Scour,  Spillways,  Tailwater,  Testing  procedures. 

A  simple  stilling  basin  for  pipe  culverts  and  pipe 
spillways  is  a  plunge  pool  energy  dissipator,  used 
at  many  farms  and  flood  control  and  water  conser- 
vation structures.  An  extensive  program  of  tests  to 
develop  criteria  for  the  design  of  pipe  spillway 
plunge  pool  energy  dissipators  has  been  devised. 
The  pipe  spillway  discharge  covers  a  10-fold  range 
that  includes  the  minimum  full  pipe  flow  and  a 
maximum  flow  exceeding  the  practical  range,  a 
range  of  pipe  invert  heights  below  and  above  the 
tailwater  level  from  -2  to  +8  pipe  diameters,  and  a 
16-fold  range  of  noncohesive  bed  material  sizes. 
The  time  development  and  ultimate  size  of  scour 
holes  was  determined.  For  specified  time  periods, 
the  flow  was  stopped  and  the  scouted  hole  was 
sectioned  using  the  automatic  bed  level  follower 
triggered  manually  to  record  data.  A  longitudinal 
centerline  section  and  about  20  cross  sections  were 
recorded  together  with  pertinent  test  parameters. 
Computer  plots  of  the  centerline  section,  the  deep- 
est cross  section,  and  contours  at  the  water  surface 
and  0.2,  0.4,  0.6  and  0.8  of  the  maximum  depth 
were  used  to  analyze  the  scour  hole  geometry.  The 
scour  hole  geometry  and  other  test  data  were 
expressed  in  mathematical  equations  that  can  be 
used  to  predict  the  time  development  and  ultimate 
sizes  of  scour  holes  in  natural  noncohesive  soils. 
These  equations  were  found  to  agree  with  the  test 
data  with  a  moderate  degree  of  conservatism. 
These  equations  can  also  be  used  to  design  ri- 
prapped  pipe  spillway  plunge  pool  energy  dissipa- 
tors. (Author's  abstract) 
W9 1-07590 


ANALYTICAL  SOLUTION  FOR  DENSITY 
CURRENTS  IN  SETTLING  BASINS. 

Universidade  Federal  do  Parana,  Curitiba  (Brazil). 
A.  K.  Guetter,  and  S.  C.  Jain. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  117,  No.  3,  p  324-345,  March  1991. 
9  fig,  1  tab,  24  ref. 

Descriptors:  'Density  currents,  'Fluid  mechanics, 
•Hydraulic  engineering,  •Model  studies,  'Sedi- 
ment transport,  *Settling  basins,  'Suspended 
solids,  Flow  velocity,  Laminar  flow,  Model  test- 
ing, Sediment  concentration,  Sedimentation,  Tur- 
bulent flow. 

Settling  basins  are  extensively  used  to  remove  sus- 
pended solids  from  effluents.  Experimental  infor- 
mation on  the  magnitude  of  density  currents  in 
settling  basins  shows  that  the  velocities  of  sedi- 
ment-induced density  currents  near  the  upstream 
region  of  the  settling  basin  are  one  order  of  magni- 
tude larger  than  the  flow-through  velocities  in  the 
basins.  Therefore,  performance  of  settling  basins  is 
controlled  primarily  by  density  currents  and  not  by 
flow-through  velocity.  An  analytical  model  has 
been  developed  to  predict  density  currents  induced 
by  settling  solids  in  rectangular  sedimentation 
basins.  The  conservation  equations  for  fluid  and 
sediment  mass,  fluid  momentum,  and  fluid  energy, 
on  integration  over  the  flow  depth  using  similarity 
profiles  for  concentration  and  velocity,  were  re- 
duced to  a  system  of  ordinary  differential  equa- 
tions solved  analytically.  Analytical  expressions  for 
longitudinal  variations  of  sediment  concentration 
and  velocity  along  the  settling  basin  were  devel- 
oped. The  density-induced  velocity  decreased  lin- 
early along  the  length  of  the  basin  for  both  laminar 
and  turbulent  regimes.  The  decay  of  sediment  con- 
centration was  quadratic  for  laminar  flows  and 
cubic  for  turbulent  flows.  The  analytical  results 
compared  reasonably  well  with  the  available  ex- 
perimental data.  (Author's  abstract) 
W9 1-07591 


RHEOLOGY  OF  HYPERCONCENTRATIONS. 

Colorado  State  Univ.,  Fort  Collins.  Dept.  of  Civil 

Engineering. 

P.  Y.  Julien,  and  Y.  Lan. 

Journal     of     Hydraulic     Engineering     (ASCE) 

JHEND8,  Vol.  117,  No.  3,  p  346-353,  March  1991. 

3  fig,  1  tab,  7  ref. 

Descriptors:  'Flow  characteristics,  'Flow  models, 
'Model  studies,  'Rheology,  'Sediment  concentra- 
tion, 'Sediment  transport,  Dispersivity,  Flow 
equations,  Hydraulic  engineering,  Shear  stress, 
Turbulent  flow,  Viscous  flow. 

The  rheology  of  highly  concentrated  sediment 
mixtures  has  been  studied  by  various  researchers. 
A  physically-based  quadratic  rheological  model 
for  hyperconcentrated  flows  was  tested  with  three 
different  experimental  data  sets.  The  model  in- 
cludes components  describing:  (1)  cohesion  be- 
tween particles;  (2)  viscous  friction  between  fluid 
and  sediment  particles;  (3)  impact  of  particles;  and 
(4)  turbulence.  The  resulting  quadratic  formulation 
of  the  shear  stress  was  shown  to  be  in  excellent 
agreement  with  all  three  of  the  experimental  data 
sets.  When  the  quadratic  model  is  written  in  a 
linearized  dimensionless  form,  the  ratio  of  disper- 
sive to  viscous  stresses  was  shown  to  play  a  domi- 
nant role  in  the  rheology  of  hyperconcentrations. 
The  quadratic  model  was  best  suited  when  the 
ratio  of  dispersive  to  viscous  stresses  was  between 
30  and  400.  At  low  values  of  this  ratio  (<30),  the 
quadratic  model  reduced  to  the  simple  Bingham 
plastic  model,  and  at  large  values  (>400)  a  turbu- 
lent-dispersive model  was  indicated.  (Author's  ab- 
stract) 
W9 1-07592 


UNIFIED  THEORY  ON  POWER  LAWS  FOR 
FLOW  RESISTANCE. 

Geological  Survey,  Menlo  Park,  CA.  Water  Re- 
sources Div. 
C.  Chen. 

Journal  of  Hydraulic  Engineering  (ASCE) 
JHEND8,  Vol.  117,  No.  3,  p  371-389,  March  1991. 
1  fig,  2  tab,  43  ref. 
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Descriptors:  *Flow  models,  *Flow  resistance, 
•Model  studies,  'Shear,  "Turbulent  flow,  Flow 
velocity,  Hazen-Williams  equation,  Hydraulic  en- 
gineering, Least  squares  method,  Mannings  equa- 
tion, Mathematical  studies,  Regression  analysis, 
Reynolds  number,  Roughness  coefficient. 

Empiricism  has  played  a  major  role  in  the  develop- 
ment of  many  power  formulas  with  different  expo- 
nents (or  powers)  for  the  streamwise  time-mean- 
velocity  distribution  in  turbulent  shear  flows, 
whereas  the  logarithmic  law  is  well  known  for  its 
theoretical  soundness  and  universal  validity.  Two 
general  power  formulas,  one  for  hydrauhcally 
smooth  flows  and  the  other  for  fully  rough  flows, 
were  derived  in  a  rational  way  from  the  widely 
accepted  logarithmic  formulas  for  the  velocity  pro- 
file and  the  Darcy-Weisbach  friction  factor.  A 
regression  analysis  based  on  the  method  of  least 
squares  was  used  to  determine  the  valid  range  of 
the  local  velocity  (or  normal  distance  from  the 
wall)  in  the  power  formula.  Some  older  empirical 
formulas,  such  as  Lacey's,  Manning's,  Blasius',  and 
Hazen-Williams',  and  their  valid  ranges,  were  actu- 
ally explained  analytically  by  the  results.  Incom- 
plete self-similarity  of  the  power  law,  in  which  the 
exponent  and  the  associated  coefficient  vary  with 
the  similarity  parameters,  such  as  the  Reynolds 
number  and  the  relative  roughness,  was  elucidated 
through  the  parametric  representations  of  the 
power  formulas  and  their  counterparts  based  on 
the  logarithmic  law.  Examination  of  the  concept 
and  rationale  behind  the  power  formulation  of 
uniform  turbulent  shear  flows  thereby  addresses 
some  critical  issues  in  the  modeling  of  flow  resist- 
ance based  on  the  power  law.  The  power  law  is 
indeterminate  because  the  exponent  and  the  associ- 
ated coefficient  of  the  power  formula  are  unknown 
and  in  fact  constitute  part  of  the  solution  in  the 
process  of  developing  the  power  law.  (Author's 
abstract) 
W91-07594 


FLUVIAL  ARMOR. 

Minnesota  Univ.,  Minneapolis.  St.  Anthony  Falls 

Hydraulic  Lab. 

G  Parker,  and  A.  J.  Sutherland. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 

No.  5,  p  529-544,  1990.  6  fig,  1  tab,  24  ref. 

Descriptors:  'Alluvial  channels,  *Bed  load,  'Chan- 
nel armoring,  'Model  studies,  'River  beds,  'Sedi- 
ment transport,  Nonuniform  flow,  Numerical  anal- 
ysis, Particle  size,  Sediment-water  interfaces. 

Bed  load  transport  of  nonuniform  sediments  in- 
volves the  interaction  of  many  processes.  Two  of 
these  are  the  tendency  toward  selective  transport 
by  size  fraction  and  the  possibility  of  armor  forma- 
tion. Mobile  armor  layers  which  form  during  bed 
load  transport  of  nonuniform  sediments  were 
shown  to  be  closely  related  to  the  static  armor 
layers  that  form  by  selective  erosion  as  a  result  of 
the  action  of  clear  water  flows,  based  on  two 
previously  published  numerical  models  of  the 
transport  of  nonuniform  sediments.  Each  model 
was  inverted,  so  that  it  predicted  surface  layer 
compositions  given  the  imposed  flow  conditions 
and  bed  load  transport  rate  and  composition.  Static 
armor  was  then  obtained  in  the  limit  of  vanishing 
sediment  transport,  under  the  constraint  that  the 
bed  load  and  substrate  size  distributions  were  iden- 
tical. Models  developed  to  predict  bed  load  trans- 
port rates  and  size  distribution  for  nonuniform 
sediments  can  be  used  to  predict  surface  layer 
composition  given  the  flow  and  sediment  transport 
parameters.  The  resultant  composition  depends  on 
the  imposed  transport  rate,  is  coarser  than  the 
substrate  material,  and  coarsens  as  transport  rate 
decreases.  When  taken  to  the  limit  of  zero  trans- 
port rate,  the  models  predict  coarse  layer  composi- 
tions which  have  been  shown  to  be  equivalent  to 
late-stage  parallel  degradation  (static)  armor  pro- 
duced by  clear  water  flow  over  nonuniform  mate- 
rials. Good  agreement  was  obtained  between  meas- 
ured and  calculated  static  armor  compositions  over 
the  entire  grain  size  distribution.  (Fish-PTT) 
W91-07596 

NEW  NUMERICAL/PHYSICAL  FRAMEWORK 
FOR  MOBILE-BED  MODELLING:  PART  2-- 
TEST  APPLICATIONS. 


Iowa  Univ.,  Iowa  City. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-07597 


PLANE  VERTICAL  TURBULENT  BUOYANT 
JET 

Patras  Univ.  (Greece).  Dept.  of  Civil  Engineering. 
P.  Yannopoulos,  and  G.  Noutsopoulos. 
Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 
No.  5,  p  565-580,  1990.  7  fig,  1  tab,  21  ref. 

Descriptors:  'Buoyant  jets,  'Diffusers,  'Eddy  dif- 
fusion, 'Effluent  streams,  'Hydraulic  engineering, 
•Jets,  'Mixing,  'Model  studies,  'Wastewater  dis- 
posal, Buoyancy,  Differential  equations,  Flow 
equations,  Flow  velocity,  Hydraulic  models,  Mo- 
mentum equation,  Nozzles,  Turbulent  flow. 

The  disposal  of  waste  effluents  into  the  atmosphere 
or  hydrosphere  often  leads  to  the  formation  of 
turbulent  buoyant  jets.  In  order  to  dilute  the  efflu- 
ent as  much  as  possible,  multiport  diffusers  are 
commonly  used;  they  may  be  hydrauhcally  ap- 
proximated by  the  plane  turbulent  buoyant  jet  pro- 
vided that  the  port-number  of  the  diffuser  is  large, 
port-spacing  short,  and  the  ambient  fluid  is  deep 
and  of  large  extent.  A  thorough  investigation  was 
made  of  the  plane  vertical  turbulent  buoyant  jet  on 
the  basis  of  semi-empirical  equations.  The  integral 
forms  of  the  momentum  and  tracer  equations  were 
integrated  on  the  basis  of  an  assumption  concern- 
ing a  function  of  the  spreading  coefficients.  The 
validity  of  this  assumption  has  been  verified  with 
experimental  results  reported  in  the  literature.  The 
analysis  led  to  unified  analytical  expressions  con- 
cerning the  centerline  axial  velocity  and  concentra- 
tion (or  excess  temperature)  distributions.  The  inte- 
gral method  in  conjunction  with  the  assumption  of 
Gaussian  profiles  for  the  velocity  and  concentra- 
tion were  used  to  reduce  three  partial  differential 
equations  (on  continuity,  momentum,  and  tracer 
written  on  the  basis  of  acceptable  simplifications 
for  such  flows)  to  a  set  of  three  ordinary  differen- 
tial equations.  The  basic  closing  assumption  made 
was  that  a  function  of  spreading  coefficients  is 
independent  of  distance.  The  centerline  distribu- 
tions found  are  expressed  by  simple  and  unique 
functional  forms  in  the  whole  range  of  independent 
variables  and  rely  on  the  determination  of  spread- 
ing coefficients  on  the  same  set  of  experiments. 
(Fish-PTT) 
W91-07598 


Hydraulics — Group  8B 

stress  in  the  central  plane  was  found  to  vary  in- 
versely with  x-squared,  and  the  characteristic  skin 
friction  coefficient  indicated  a  rapid  linear  increase 
with  the  relative  roughness.  (Fish-PTT) 
W91-07599 

CLASSICAL  HYDRAULIC  JUMP:  LENGTH  OF 
ROLLER.  . 

Ecole  Polytechnique  Federale  de  Lausanne  (Swit- 
zerland). Dept.  de  Genie  Civil. 
W.  H.  Hager,  R.  Bremen,  and  N.  Kawagoshi. 
Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 
No.  5,  p  591-608,   1990.   14  fig,  2  tab,  24  ref,  2 
append. 

Descriptors:  'Channel  flow,  'Hydraulic  engineer- 
ing, 'Hydraulic  jump,  Flow  equations,  Froude 
number,  Mathematical  equations,  Reynolds 
number,  Turbulent  flow. 

Previous  definitions  for  a  classical  hydraulic  jump 
(horizontal  channel  in  which  wall  frictional  effects 
are  absent)  have  neglected  a  scaling  parameter  for 
the  longitudinal  jump  characteristics.  Based  on  ex- 
tensive experimental  observations,  a  precise  defini- 
tion of  the  length  roller  in  classical  hydraulic  jump 
has  been  developed.  The  length  of  the  roller  in  a 
classical  hydraulic  jump  may  be  regarded  as  a 
typical  length  characteristic.  Due  to  the  highly 
turbulent  flow  both  the  beginning  and  the  end  of 
the  roller  are  subject  to  significant  fluctuations. 
Distinction  between  the  developed  and  the  nonde- 
veloped  roller  flow  was  made,  and  the  nondeve- 
loped  roller  flow  was  excluded  for  length  measure- 
ments. The  attempt  was  made  to  define  developed 
roller  flow  for  which  the  roller  becomes  quasi- 
steady,  and  its  length  corresponds  to  a  time-aver- 
aged maximum.  Four  series  of  experiments,  includ- 
ing more  than  140  individual  runs  and  conducted 
in  three  different  channels,  allowed  definition  of 
the  length  ratio  by  semi-empirical  means.  It  was 
found  that  the  length  ratio  for  small  inflow  Froude 
numbers  depends  only  on  the  Froude  number.  For 
a  Froude  number  >8,  the  effects  of  the  inflow 
Reynolds  number,  and  the  inflow  aspect  ratio 
became  notable.  The  present  data  are  however 
insufficient  for  the  definition  of  a  generalized 
length  equation.  The  comparison  with  published 
length  data  is  surprisingly  good,  considering  the 
weakness  of  roller  end  definition  on  which  the 
observations  were  based.  (Fish-PTT) 
W9 1-07600 


CIRCULAR  TURBULENT  WALL  JETS  ON 
ROUGH  BOUNDARIES. 

Alberta  Univ.,  Edmonton.  Dept.  of  Civil  Engi- 
neering. 

S.  Wu,  and  N.  Rajaratnam. 

Journal  of  Hydraulic  Research  JHYRAF,  Vol.  28, 
No.  5,  p  581-589,  1990.  6  fig,  1  tab,  6  ref. 

Descriptors:  'Effluent  streams,  'Hydraulic  engi- 
neering, 'Hydraulic  models,  'Hydraulic  rough- 
ness, 'Jets,  'Mixing,  'Model  studies,  'Wall  jets, 
•Wastewater  disposal,  Boundary  layers,  Flow 
equations,  Flow  friction,  Flow  velocity,  Rough- 
ness coefficient,  Shear  stress,  Turbulent  flow. 

A  circular  wall  jet  is  defined  as  a  circular  jet 
issuing  from  a  nozzle  with  an  (almost)  uniform 
velocity  tangential  to  a  boundary  into  a  large  mass 
of  the  same  fluid  essentially  at  rest.  An  experimen- 
tal study  was  performed  on  the  characteristics  of  a 
circular  turbulent  wall  jet  growing  on  a  rough 
boundary,  for  values  of  the  relative  roughness 
varying  from  0.16  to  2.16.  The  velocity  profiles  in 
the  central  plane  as  well  as  the  transverse  velocity 
profiles  were  found  to  be  similar.  This  similarity 
characteristic  was  improved  if  the  profiles  were 
considered  separately  in  the  boundary  layer  and 
free-mixing  regions.  The  length  scale  of  the 
(whole)  wall  jet  as  well  as  the  boundary  layer 
thickness  grew  linearly  with  the  distance  from  the 
nozzle  but  the  growth  rates  increased  linearly  with 
the  relative  roughness.  The  length  scales  in  the 
vertical  plane  were  affected  by  the  boundary 
roughness  whereas  the  transverse  expansion  was 
almost  unaffected.  The  velocity  scale  was  found  to 
vary  inversely  with  the  distance  from  the  nozzle 
(x),  with  the  characteristic  coefficient  decreasing 
with  the  relative  roughness.  The  boundary  shear 


INTEGRAL  EQUATION  SOLUTION  FOR  THE 
BREAKWATER  GAP  PROBLEM. 

Canterbury  Univ.,  Christchurch  (New  Zealand). 

Dept.  of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2L. 

W91-O7601 

STABILITY  OF  GRADUALLY  VARYING 
FLOW  IN  WIDE  OPEN  CHANNELS. 

Technische  Hogeschool  Delft  (Netherlands).  Dept. 
of  Civil  Engineering. 

For  primary  bibliographic  entry  see  Field  2E. 
W9 1-07602 

MECHANISM  OF  FAILURE  OF  FRACTURED 
BLOCK  MASSES  UNDER  THE  EFFECT  OF  A 
HIGH-VELOCITY  FLOW. 

Y.  G.  Zharkov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  270-276,  1990.  6  fig,  8  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p  37-41, 
April,  1990. 

Descriptors:  'Channel  erosion,  'Flow  velocity, 
•Hydraulic  engineering,  'Hydraulic  fracturing, 
•Hydraulic  models,  'Uplift  pressure,  Closed-con- 
duit flow,  Flow  measurement,  Flow  models, 
Flumes,  Geologic  fractures,  High  flow,  Hydraulic 
loading,  Mechanical  failure,  Rock  mechanics, 
USSR. 

The  boundaries  of  a  water  flow  often  represent 
surfaces  cut  by  a  system  of  fractures  into  separate 
elements  (protective  coverings  of  stream  beds  by 
means  of  concrete  blocks  or  slabs  separated  by 
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expansion  joints,  etc.).  and  the  few  studies  of  the 
stability  of  blocks  have  far  from  completely  re- 
vealed the  characteristics  of  the  hydrodynamic 
process  occurring  under  the  effect  of  the  flow  on  a 
fractured  bed.  An  investigation  was  conducted  in  a 
hydraulic  flume  with  a  width  of  50  cm,  in  which  a 
cube  made  of  organic  glass  with  an  edge  length  of 
20  cm  was  placed  in  a  depression  in  the  bottom. 
Measurements  were  taken  for  two  values  of  the 
upper  pool  level  and  for  a  gradually  varied  flow. 
To  determine  the  relationships  characterizing  the 
change  in  the  mean  pressure  on  the  upper  surface 
of  the  rock  blocks,  experiments  were  conducted  in 
which  the  pressure  was  measured  with  the  use  of 
piezometers  located  on  the  upper  surface  of  the 
rock  blocks,  experiments  were  conducted  in  which 
the  pressure  was  measured  with  the  use  of  piezo- 
meters located  on  the  upper  surface  of  the  block 
along  the  longitudinal  (along  the  flow)  axial  line. 
Investigations  of  the  effect  of  a  highly  turbulent 
flow  on  a  block  were  conducted  to  estimate  the 
value  of  the  height  of  uplift  of  a  separate  element 
under  the  effect  of  a  fluctuating  load.  The  investi- 
gations showed  that:  (1)  for  blocks  (slabs)  with  a 
smooth  surface  laid  flush  with  the  bottom,  under 
the  effect  of  a  high-velocity  flow  with  a  uniform 
motion  acting  on  the  blocks,  the  mean  uplift  is 
equal  to  zero;  (2)  under  the  effect  of  a  fluctuating 
load,  the  block  rises  to  a  small  height,  which  leads 
to  a  substantial  increase  of  the  mean  dislodging 
load,  primarily  due  to  an  increase  of  pressure  on 
the  bottom  of  the  block;  and  (3)  in  the  case  of  a 
rock  bed,  when  the  sizes  of  the  projections  of  the 
natural  roughness  are  an  order  of  magnitude  and 
more  greater  than  the  height  of  uplift  of  the  sepa- 
rate elements  under  the  effect  of  the  fluctuating 
load,  the  effect  of  this  load  on  dislodging  a  sepa- 
rate element  is  shown  primarily  in  rupture  of  the 
bonds  between  adjacent  blocks,  and  the  main  role 
in  dislodging  the  separate  elements  is  played  by  the 
mean  uplift.  (Fish-FTT) 
W9 1-07637 


MOVEMENT  AND  STORAGE  OF  SEDIMENT 
IN  RIVERS  OF  THE  UNITED  STATES  AND 
CANADA. 

Geological  Survey,  Denver,  CO. 

For  primary  bibliographic  entry  see  Field  2J. 

W9 1-079 17 


TRANSVERSE  CIRCULATION  AND  CHAN- 
NEL DEFORMATION  NEAR  TRAINING 
WALLS  OF  BRIDGE  CROSSINGS. 

A.  A.  Kurganovich,  and  O.  V.  Tovbich. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  335-337,  1990.  1  fig,  4  ref.  Translated  from 
Gidrotekhnicheskoe  StroitePstvo,  No.  5,  p  45-46, 
May,  1990. 

Descriptors:  'Bridges,  'Channel  flow,  'Channel 
morphology,  'Channel  scour,  'Erosion,  'Flow 
around  objects,  'Rivers,  'Scour,  Channel  erosion, 
Design  criteria,  Model  studies,  Physical  models, 
Training  walls,  Water  circulation. 

The  cause  of  deformations  of  the  bed  near  the  base 
of  training  walls  of  bridge  crossings  is  the  presence 
of  transverse  circulation  in  passing  flow.  A  physi- 
cal model  of  flow  near  a  wall  is  proposed  and 
confirmed  by  experimental  observations  on  erodi- 
ble  models.  A  flow  approaching  a  training  wall 
bends  along  a  curve  concave  toward  the  river.  The 
motion  of  the  flow  is  characterized  by  transverse 
circulation  which  is  characterized  as  negative.  The 
transverse  motion  of  the  bottom  filaments  retains 
the  same  sign  due  to  inertia  of  motion.  The  forma- 
tion of  circulation  with  a  positive  sign  natural  for  a 
convex  bank  begins  at  the  place  of  departure  near 
the  bottom  of  the  channel  and  is  preserved  over 
the  entire  remaining  part  of  the  wall  and  leads  to 
the  formation  of  channel  deposits.  To  reduce  local 
channel  deformations  it  is  necessary  to  eliminate 
circulation  with  a  negative  sign  in  the  upstream 
part  of  the  wall.  A  ribbed  wall  design  was  pro- 
posed to  reduce  the  local  scour  pocket  near  the 
wall.  (MacKeen-PTT) 
W9 1-08036 
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RECOMMENDED  PRACTICES  FOR  TESTING 
WATER-PUMPING  WINDMILLS. 

DHV  Consulting  Engineers,  Amersfoort  (Nether- 
lands). 

D.  Veldkamp. 

World  Bank  Technical  Paper  No.  100,  1989.  26p,  4 
fig,  8  ref. 

Descriptors:  'Pump  testing,  'Testing  procedures, 
•Water  resources  development,  'Windmills, 
Pumps,  Water  resources  management,  Water 
supply,  Wind. 

In  November  1986,  the  World  Bank  and  United 
Nations  Development  Program  (UNDP)  began  a 
project  for  the  Global  Windpump  Evaluation  Pro- 
gram (GWEP)  with  the  following  elements:  stud- 
ies on  the  current  position  and  prospects  for  wind 
pumping  in  a  variety  of  conditions;  the  writing  of  a 
handbook  on  wind  pumping;  and  the  writing  of 
test  standards  for  windpumps  and  their  implemen- 
tation. This  report  contains  the  test  standards  for 
windpump  testing  on  test  sites.  These  standards 
include  measurements  of  atmospheric  conditions 
(wind  speed,  wind  direction,  air  temperature,  air 
pressure),  measurement  of  parameters  of  the  wind 
turbine  pump  (net  water  output,  pumping  head, 
rotor  speed),  and  the  actual  test  procedure.  The 
Test  Report  should  include,  but  not  be  limited  to: 
(1)  machine  under  Test,  including  model  and  serial 
number  if  a  production  machine;  (2)  instrumenta- 
tion including  type  and  location;  (3)  site  layout 
(including  sketch  and  photographs);  (4)  data  acqui- 
sition systems;  (5)  installation  procedures  followed; 

(6)  load  (transmission,  pump  and  piping  system); 

(7)  weather  data;  (8)  data  corrections  used;  and  (9) 
deviations  from  recommended  practice.  Raw  data 
summaries  should  be  included  as  an  appendix  to 
the  report.  Plots  of  the  following  should  be  pre- 
sented: (1)  wind  speed  probability  versus  wind 
speed;  (2)  net  water  output  versus  wind  speed;  (3) 
rotor  speed  versus  wind  speed;  and  (4)  overall 
power  coefficient  versus  wind  speed.  (Lantz-PTT) 
W9 1-07201 


SIMULATION  OF  VALVE  CLOSURE  AFTER 
PUMP  FAILURE  IN  PIPELINE. 

Oesterreichisches  Forschungszentrum  Seibersdorf 

G.m.b.H.  Inst,  fuer  Physik. 

M.  Suda. 

Journal      of     Hydraulic      Engineering      (ASCE) 

JHEND8,  Vol.  117,  No.  3,  p  392-396,  March  1991. 

2  fig,  3  ref. 

Descriptors:  'Computer-aided  design,  'Hydraulic 
engineering,  'Hydraulic  valves,  'Pipelines, 
•Pumps,  Flow  velocity,  Optimization,  Reservoirs, 
Water  hammer. 

In  the  last  few  years,  some  effort  has  been  made  to 
improve  computer-optimized  methods  of  valve 
closure  in  order  to  avoid  water-hammer  effects  in  a 
pipeline  with  a  constant  flow  velocity  at  the  begin- 
ning of  the  closing  process.  The  computerized 
method  of  characteristics  was  used  to  analyze  the 
effect  of  pump  failure  followed  by  valve  closure  on 
water  hammer  for  the  simple  system  of  a  pump  and 
a  single  pipeline  discharging  to  a  reservoir.  A 
simple  but  effective  valve-closing  technique  has 
been  developed  that  throttles  the  valve  quickly  to 
a  small  opening  at  the  time  of  flux  reversal  after 
pump  failure  and  progresses  slowly  toward  com- 
plete closure  after  a  certain  amount  of  time.  This 
procedure  has  proven  to  be  a  useful  tool  for  de- 
signing optimal  valve  control  in  a  pipeline  system 
connected  to  a  pump.  (Fish-PTT) 
W9 1-07595 


HYDRAULIC  DRIVE  UNIT  FOR  OPERATING 
AGATE. 

I.  K.  Kaplan. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  277-280,  1990.  1  fig.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p  43-45, 
April,  1990. 

Descriptors:  'Hydraulic  design,  'Hydraulic  engi- 
neering, 'Hydraulic  equipment,  'Hydraulic  gates, 


•Hydraulic  machinery,  *Hydroelectric  plants, 
Construction  methods,  Gates,  Transportation, 
USSR. 

At  present,  hydraulic  drives  used  in  hydrotechni- 
cal construction  as  stationary  mechanisms  for  oper- 
ating gates  generally  consist  of  individual  compo- 
nents (hydraulic  cylinder,  support,  oil-pressure 
system,  hydraulic  panels,  pipeline  system,  gate  po- 
sition indicator,  electrical  cabinets,  and  stairs  and 
landings  for  servicing)  connected  by  oil  lines.  The 
development  of  a  completely  plant-ready  hydraulic 
drive,  i.e.,  a  hydraulic  drive  which  could  be  manu- 
factured and  tested  at  the  plant  and  sent  as  a  whole 
to  the  construction  site  in  the  form  of  a  single 
ready-to-operate  unit  whose  dimensions  would 
allow  it  to  be  transported  by  railroad  or  motor 
transport,  would  be  much  more  convenient.  A 
hydraulic  drive  unit  for  operating  one  gate  (indi- 
vidual), a  hydraulic  drive  unit  for  operating  two 
gates  simultaneously,  and  a  multipurpose  universal 
hydraulic  drive  unit  able  to  operate  gates  and  lift 
and  move  heavy  cargoes  with  a  weight  up  to  1000 
tons  were  developed.  All  components  of  the  hy- 
draulic drive,  except  the  hydraulic  cylinder,  are 
installed  from  the  service  landing  on  the  vertical 
frame,  which  is  made  of  three  separate  parts  and 
fastened  to  the  hydraulic  cylinder.  Release  of 
water  through  the  structure  are  set  and  controlled 
by  means  of  the  gate  position  indicator.  A  new  unit 
connecting  the  gate  position  indicator  to  the  gate 
was  added  to  the  new  design  of  the  completely 
plant-ready  hydraulic  drive.  Tests  conducted  at 
Mosgidrostal  (USSR)  completely  confirmed  the 
design  premises  for  determining  the  discharge  of 
water  through  the  lower  sealing  component,  selec- 
tion of  the  cross  section  of  the  drain  pipe,  and 
performance  of  the  proposed  cable  sealing  compo- 
nent. Two  types  of  designs  were  developed  with 
respect  to  mode  of  transportation:  a  hydraulic 
drive  in  which  the  hydraulic  cylinder  is  rigidly 
connected  to  the  vertical  frame  and  is  placed  in 
such  a  form  on  a  platform  car;  and  a  hydraulic 
drive  in  which  the  hydraulic  cylinder  after  plant 
tests  can  be  easily  disconnected  from  the  vertical 
frame  and  is  transported  in  such  a  form,  and  then 
at  the  installation  site  is  easily  connected  into  a 
single  unit.  (Fish-PTT) 
W9 1-07638 


COMPREHENSIVE  EXPERT  EVALUATION 
OF  THE  ECOLOGICAL  CONSEQUENCES  OF 
THE  CONSTRUCTION  OF  HYDROPOWER 
FACILITIES. 

For  primary  bibliographic  entry  see  Field  8A. 
W91-07876 


ECOLOGICAL   PROBLEMS    OF   THE   THER- 
MICS  OF  HYDROELECTRIC  STATIONS. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-07878 


NEW  ESU-20  EJECTOR  GROUNDWATER- 
LOWERING  UNIT. 

K.  S.  Bogolyubov,  B.  S.  Krakovskii,  L.  A.  Titov, 
A.  D.  Buntman,  and  E.  A.  Lokhanova. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  195-199,  1990.  3  fig,  2  tab,  5  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
28-30,  March,  1990. 

Descriptors:  'Construction  equipment,  'Dewater- 
ing,  'Groundwater  level,  'Hydraulic  machinery, 
'Pumps,  'Water  level,  Dam  construction,  Ground- 
water-lowering  units,  Performance  evaluation, 
Pumped  storage,  USSR,  Zagorsk. 

Ejector  wellpoint  and  downhole  units  are  intended 
mainly  for  groundwater  lowering  in  soils  with 
permeability  coefficients  of  0. 1-5.0/day  (including 
conditions  of  water-bearing  strata  during  construc- 
tion) with  required  values  of  lower  exceeding  7  m, 
measured  from  the  ground  surface.  The  only  unit 
this  type  produced  in  quantity  in  the  Soviet  Union 
is  the  ejector  wellpoint  unit  EI-70  being  manufac- 
tured at  the  rate  of  20-30  units  per  year.  In  1986 
work  began  on  the  design  of  the  ESU-20  ejector 
groundwater-lowering  unit  intended  for  draining 
ground  to  a  depth  of  15-30  m.  The  ESU-20  unit 
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consists  of  a  pumping  station,  pressurized  distribut- 
ing header,  water-collecting  header  (operating  in  a 
pressurized  or  free-flow  regime),  and  a  set  of  U- 
shaped  ejector  water  lifts  installed  in  the  wells  on 
48  mm-diameter  pipes  with  flange  connectors. 
Two  ESU-20  units  were  manufactured  and  used  to 
operate  the  drainage  system  at  the  Zagorsk 
pumped  storage  system  (PSS);  high  effectiveness 
and  reliability  was  shown.  While  this  field  test  was 
in  progress,  continued  laboratory  studies  showed 
that  the  introduction  of  a  spiral,  twisting  flow  of 
the  working  water,  considerably  increases  the  de- 
livery of  the  water  lift  with  respect  to  air  and 
water-air  mixture,  practically  changing  nothing  in 
the  case  of  pumping  out  just  water.  The  experience 
of  operating  the  ESU-20  at  the  Zagorsk  PSS 
showed  that  a  useful  addition  to  the  design  of  the 
water  lift  to  increase  its  reliability  can  be  a  check 
valve  that  will  operate  in  the  event  of  failure  of  the 
pumping  station  or  clogging  of  the  nozzle  of  the 
water  lift  and  will  eliminate  leakage  of  the  water 
into  the  ground.  (Rochester-PTT) 
W91-07882 


results.  Several  inadequate  procedures  of  operation 
and  monitoring  appeared  to  be  responsible  for  vi- 
bration of  the  radial-thrust  bearing  at  the  Khorog 
hydrostation  units  Nos.  1  and  4  and  the  Namangut 
hydrostation  units  Nos.  1  and  2.  Several  recom- 
mendations are  made  based  on  this  study:  (1)  to 
reduce  abrasion  of  the  turbine  equipment,  suspend- 
ed particle  settling  basins  should  be  provided;  (2) 
specifications  on  the  assembly  of  bearings  and 
movable  couplings  should  be  developed  for  con- 
ducting maintenance  work;  (3)  during  restoration 
work,  the  profile  of  the  runner  blades  should  be 
made  strictly  according  to  the  template  in  con- 
formity with  plant  drawings;  and  (4)  hydrostations 
should  be  equipped  with  a  means  of  monitoring  of 
important  technical  parameters  (bearing  tempera- 
ture, water  pressure  in  the  passage,  wobble  of  the 
shafting,  etc.)  so  that  problems  can  be  detected  and 
preventive  maintenance  carried  out  before  a  break- 
down becomes  likely.  (Rochester-PTT) 
W91-07887 


RESULTS  OF  ACCEPTANCE  TESTS  OF  THE 
PUMP-TURBINE  OF  THE  KIEV  PUMPED- 
STORAGE  STATION. 

L.  Y.  Margulis,  E.  D.  Serebryannikov,  and  K.  V. 

Uglikov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  3,  p  211-214,   1990.  4  tab.  Translated  from 

Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p  39-43, 

March,  1990. 

Descriptors:  *Hydroelectric  plants,  "Pump  tur- 
bines, "Pumped  storage,  *USSR,  "Upgrading, 
Design  criteria,  Hydraulic  gates,  Kiev  Pumped 
Storage  Station,  Performance  evaluation. 

Modernization  of  the  pump-turbine  of  the  Kiev 
pumped-storage  station  (PSS)  was  carried  out  to 
improve  the  power  and  vibration  characteristics  of 
the  units,  provide  their  effectiveness  during  oper- 
ation in  a  synchronous  capacitor  regime,  and  seal 
the  gate  apparatus.  A  new  runner  of  type  ORO  75 
was  installed  as  one  of  the  steps  to  achieve  these 
objectives.  The  modernized  unit  was  subjected  to 
full-scale  tests  under  various  operating  regimes. 
The  maximum  active  power  of  43.2  MW  was 
obtained  at  a  head  of  71.5  m,  which  corresponds  to 
the  operatic  characteristic  of  the  pump-turbine. 
Results  were  obtained  for  operation  during  a  tur- 
bine regime  and  during  load  shedding  tests,  among 
others.  It  was  concluded  that,  since  the  counter- 
flow  regime  is  accompanied  by  the  most  consider- 
able dynamic  loads  on  the  unit,  that  it  is  desirable 
to  reduce  the  duration  of  this  regime.  This  can  be 
accomplished  by  decreasing  the  time  of  closing  of 
the  gate  apparatus.  Overall,  the  modernized  pump- 
turbine  considerably  surpasses  the  earlier  design 
with  qualitative  indices  and  reliability  and  corre- 
sponds to  the  modern  level  of  performance.  (Roch- 
ester-PTT) 
W91-07886 


PUMPED-STORAGE  PROJECTS  UNDER  CON- 
STRUCTION IN  JAPAN. 

Electric    Power    Civil    Engineering    Association, 
Tokyo  (Japan). 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-07890 


ROCKY   MOUNTAIN   PROJECT  WILL  PRO- 
VIDE PEAK  POWER  FOR  GEORGIA. 

Oglethorpe  Power  Corp.,  Tucker,  GA. 

For  primary  bibliographic  entry  see  Field  8A. 

W9 1-07891 


OPERATING  STATE  OF  TURBINE-GENERA- 
TOR UNITS  OF  SMALL  HYDROSTATIONS 
ACCORDING  TO  RESULTS  OF  VIBRATION 
STUDDIS. 

S.  V.  Bova,  S.  B.  Neretin,  and  A.  S.  Dolgopolov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  215-219,  1990.  4  fig,  1  tab,  3  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
43-45,  March,  1990. 

Descriptors:  "Electrical  equipment,  "Turbines, 
•Hydroelectric  plants,  "Reliability,  "USSR,  "Vi- 
brations, Abrasion,  Maintenance,  Monitoring, 
Pamir  Region,  Performance  evaluation,  Settling 
basins. 

In  the  Pamir  region  of  the  Soviet  Union,  seven 
small  hydroelectric  power  stations,  with  an  in- 
stalled capacity  of  208  to  8700  kW  are  operating;  in 
1987  hydroelectric  stations  produced  73%  of  the 
total  generation  of  electricity.  Operating  reliability 
at  small  hydrostations  in  remote  regions  can  be  a 
problem.  Vibration  studies  were  conducted  at  two 
stations  in  the  Gorno-Badakhshan  Autonomous 
region  and  the  turbine-generator  units  were  in- 
spected to  determine  factors  that  might  explain  the 


DESIGN  FEATURES  OF  THE  MACHINERY 
FOR  IMAICHI. 

Toshiba  Corp.,  Tokyo  (Japan).  Hydroelectric  En- 
gineering Dept. 
F.  Hoshino,  and  K.  Ichikawa. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  43,  No.  2,  p  26-28,  February  1991. 
2  tab. 

Descriptors:  "Hydroelectric  plants,  "Japan,  "Pump 
turbines,  "Pumped  storage,  Design  criteria,  Elec- 
trical equipment,  Francis  turbines,  Imaichi  Pumped 
Storage  Plant,  Performance  evaluation. 

In  July  1988,  the  first  of  three  units  at  the  Imaichi 
pumped-storage  plant  (about  100  km  N  of  Tokyo, 
Japan)  began  operation.  The  other  two  units  are 
under  construction.  The  equipment  was  developed 
specially  by  the  Tokyo  Electric  Power  Company 
and  Toshiba,  and  it  sets  a  number  of  records.  The 
technical  data  of  the  pump-turbines  are  as  follows: 
type,  vertical  shaft,  Francis,  reversible  pump-tur- 
bines; rated  effective  head,  524  m;  turbine  output, 
360  MW  at  rated  head;  rated  speed,  429  rpm; 
maximum  pumping  head,  573  m;  maximum  pump- 
ing discharge,  59  cu  m/sec  (at  minimum  head  of 
528.4  m);  specific  speed,  30  m-cu  m/sec  (at  mini- 
mum head);  runaway  speed,  630  rpm;  and  submer- 
gence, 70  m.  Special  attention  was  devoted  to 
vibration  control  and  runner  stress  measurement  in 
the  design  of  these  pump-turbines.  The  generator- 
motors  are  vertical  shaft,  semi-umbrella,  reversible 
and  synchronous,  with  a  totally  enclosed  air  cool- 
ing circuit.  The  rated  output  is  390  MVA  at  361 
MW,  rated  voltage  is  15,400  V,  rated  current  is 
14,620  A/14,620  A,  rated  frequency  is  50  Hz,  and 
rated  power  factor  is  0.9/0.95.  The  first  unit  in  this 
project  has  been  operating  successfully  since  1988 
and  the  second  and  third  units  are  scheduled  to 
commence  commercial  operation  in  December 
1991.  This  project  has  established  a  better  techno- 
logical foundation  for  high-head,  high-speed,  and 
large-capacity  equipment.  (Rochester-PTT) 
W91-07892 


Hydraulic  Machinery— Group  8C 

Design  criteria,  Efficiency,  Gokhman  pump  tur- 
bines, Hydraulic  engineering,  Performance  evalua- 
tion, Truel-type  turbines. 

In  an  effort  to  develop  pump-turbines  suitable  for 
high-head  installations,  two-stage  pump  turbines 
have  been  developed,  notably  at  Le  Truel  (France, 
38  MW  at  a  head  of  440  m)  and  by  Hitachi  (655 
MW  at  a  head  of  1450  m).  These  designs,  called 
here  Truel-type  pump-turbines,  have  various  short- 
comings, including  a  very  large  distance  between 
the  upper  and  lower  bearings,  inaccessibility  of  the 
lower  bearings,  and  hydraulic  losses  in  the  return 
passage  between  the  stages.  In  an  effort  to  over- 
come some  of  these  problems  a  new  high-head, 
two-stage  pump-turbine  design  was  developed  and 
was  granted  a  United  States  patent  in  1985.  This 
machine,  the  Gokhman  pump-turbine,  can  be  con- 
structed in  either  of  two  variants.  The  first  has  the 
capability  in  the  turbine  mode,  whereas  the  second 
has  the  capacity  to  control  it  in  both  the  turbine 
and  pump  modes.  The  Truel  and  Gokhman  have 
been  compared  in  terms  of  capabilities,  maximum 
efficiency,  Thoma  cavitation  coefficient,  runaway 
throttling  ratio,  head  distribution  between  stages, 
pulsations,   shaft,   lower   bearing,   vibrations,   and 
weight  of  the  machines.  The  analysis  shows  that 
the  Gokhman  pump-turbine  has  an  advantage  over 
the  Truel-type   machine   in  each  of  these   areas 
except  the  value  for  submergence.  The  submer- 
gence required  by  the  Gokhman  pump-turbine  is 
58  m  greater  than  that  of  the  Truel-type  machine 
(based  only  on  the  turbine  mode  operation  consid- 
eration).  It  will  require  an  additional  length  of 
penstock  and  low  head  conduit  (connecting  the 
draft  tube  with  the  lower  reservoir),  and  additional 
excavation  for  these  extensions.  This  disadvantage 
of  the  Gokhman  machine  could  be  offset  by  the 
savings  in  the  wall  thickness  of  the  penstock  (with 
a  length  of  more  than   1450  m),  because  of  the 
higher    value    of   the    runaway    throttling    ratio. 
(Rochester-PTT) 
W91-07893 


DEVELOPMENT    OF   A   TWO-STAGE    HIGH 
HEAD  PUMP  TURBINE. 

Fluid  Power  Research  Inst.,  San  Francisco,  CA. 
A.  Gokhman,  and  J.  Carson. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  43,  No.  2,  p  29-36,  February  1991. 
1 1  fig,  3  ref. 

Descriptors:     "France,     "Hydraulic     machinery, 
"Pump  turbines,   "Turbines,  Comparison  studies, 


OPERATING  EXPERIENCE  OF  THE  TU- 
CURUI  FRANCIS  TURBINES. 

Neyrpic,  Grenoble  (France). 
J.  A.  A.  Casagrande,  M.  Couston,  and  J.  C.  Diana. 
International  Water  Power  and  Dam  Construction 
IWPCDM,  Vol.  43,  No.  2,  p  47-52,  February  1991. 
8  fig,  8  ref. 

Descriptors:  "Brazil,  "Francis  turbines,  "Hydro- 
electric plants,  "Turbines,  Cavitation,  Guidevanes, 
Hydraulic  engineering,  Performance  evaluation, 
Safety,  Tucurui  Hydroelectric  Plant. 

The  Tucurui  (Brazil)  Francis  turbines  are  among 
the  largest  of  their  type  in  the  world.  Some  of 
them  have  been  operating  more  than  40,000  hr, 
indicating  that  they  now  can  be  considered  to  be  a 
technical  success.  The  main  mechanical  features  of 
these  turbines  include:  vertical  shaft  with  two 
guide  bearings;  thrust  bearing  supported  by  the 
turbine  headcover,  with  all  loads  transferred 
through  the  stayring  to  the  concrete;  runner  and 
headcover  removable  through  the  generator  stator 
opening;  26  guidevanes  supported  by  two  bearings 
above  and  below  the  water  passage;  guidevanes 
controlled  by  individual  servomotors  mechanically 
synchronized;  and  26  servomotors  located  inside 
the  headcover,  which  is  an  open  structure.  Each 
turbine  is  rated  at  369  MW  at  81.82  rpm  with  a 
possible  overload  discharge  of  700  cu  m/sec  and  a 
nominal  head  of  60.8  m;  setting  is  -4.8  m  below 
minimum  tailwater.  After  initial  installation,  some 
design  changes  had  to  be  made  because  synchroni- 
zation of  individually  servo-driven  guidevanes  led 
to  problems  during  commissioning.  Since  then,  hy- 
draulic behavior  of  the  turbines  has  been  investi- 
gated for  5  yr,  covering  performance,  cavitation, 
stability,  and  stayvane  and  guidevane  behavior. 
The  first  units  have  now  been  in  continuous  oper- 
ation for  more  than  5  yr.  Several  hydraulic  and 
mechanical  tests  have  shown  that  the  Tucurui  tur- 
bines are  running  safely,  efficiently,  and  almost 
without  cavitation.  (Rochester-PTT) 
W9 1-07894 
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Field  8— ENGINEERING  WORKS 
Group  8C — Hydraulic  Machinery 


SOME  CHARACTERISTICS  OF  CONSTRUCT- 
ING THE  UNDERGROUND  MACHINE  HALL 
AT  THE  KOLYMA  HYDROELECTRIC  STA- 
TION. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-08031 


UNDERGROUND         PNEUMATIC         SURGE 
TANKS  OF  HYDROELECTRIC  STATIONS. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-08032 


OBSERVATIONS  OF  UNLOADING  OF  THE 
WALLS  OF  THE  UNDERGROUND  MACHINE 
HALL  OF  THE  HOA  BINH  HYDROELECTRIC 
STATION  DURING  CONSTRUCTION. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-08033 


8D.  Soil  Mechanics 


EFFECT  OF  WATER-CONTENT  VARIABILITY 
IN  DESIGN  OF  CLAY  EMBANKMENTS. 

Purdue  Univ.,  Lafayette,  IN.  Dept.  of  Civil  Engi- 
neering. 

G.  Agrawal,  and  A.  G.  Altschaeffl. 
Journal    of    Geotechnical    Engineering    (ASCE) 
JGENDZ,  Vol.  117,  No.  4,  p  673-683,  April  1991. 
3  fig,  6  tab,  Href. 

Descriptors:  'Earthworks,  *Clay  soils,  •Embank- 
ments, 'Soil  engineering,  'Moisture  content, 
•Compacted  soil,  Indiana,  Soil  tests,  Regression 
analysis,  Compaction,  Safety,  Slope  stability,  Cor- 
relation  analysis,   Soil   types,   Economic   aspects. 

The  design  of  earth  structures  must  accommodate 
large  variations  in  the  magnitudes  of  the  param- 
eters that  control  the  behavior  of  field-compacted 
soil.  In  practice,  embankment  design  is  governed 
by  the  values  of  these  paramaters  that  can  be 
guaranteed.  This  inherently  large  variability  can 
thus  result  in  ultraconservative  designs  because 
engineers  must  use  'worst-case'  values.  The  com- 
pacted behavior  of  a  number  of  typical  Indiana 
soils  was  tested  and  the  effect  of  water  content 
variability  on  slope  stability  in  the  design  of  earth 
embankments  was  investigated.  Conventional  labo- 
ratory testing  was  carried  out  on  samples  taken  in 
the  field.  Regression  analyses  were  performed  to 
obtain  correlations  between  soil  behavior  parame- 
ter magnitudes  and  the  field  compaction  variables 
for  these  soil  types.  The  cases  studied  were  ran- 
domly selected  from  among  the  various  possibili- 
ties and  reasonable  parameter  values  were  as- 
sumed. Decreased  slope  stability  followed  a  pat- 
tern similar  to  that  of  decreased  control  of  water 
content  during  compaction.  The  study  indicated 
clearly  that  the  range  of  water  content  values  was 
the  most  important  characteristic  of  earthworks 
relative  to  design  cross  section.  Thus,  more  strin- 
gent control  of  the  water  content  during  compac- 
tion offers  significant  potential  cost  savings  for 
clay  embankment  construction.  (Doria-PTT) 
W91-07395 


EXPERIENCE  IN  USING  THE  VARIATIONAL 
METHOD  IN  SLOPE  STABILITY  CALCULA- 
TIONS. 

V.  N.  Bukhartsev,  A.  Y.  Ivanov,  and  I.  Togo. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  281-284,  1990.  4  fig,  4  ref.  Translated  from 
Gidrotekhnicheskoe  StroiteFstvo,  No.  4,  p  46-48, 
April,  1990. 

Descriptors:  'Building  codes,  'Hydraulic  engi- 
neering, 'Slope  stability,  'Soil  mechanics,  'Stabili- 
ty analysis,  Foundation  failure,  Mathematical  equa- 
tions, Soil  stability,  Soil  strength,  Statistical  analy- 
sis, USSR. 

The  USSR  building  codes  recommend  using  a 
statistically  founded  method  for  estimating  the  sta- 
bility of  earth  slopes  within  the  framework  of  the 
nondeformation  theory  under  two-dimensional 
conditions.  This  method  is  applicable  for  calculat- 
ing stability  with  respect  to  an  arbitrary  surface  of 
failure,  not  just  a  cylindrical  surface,  and,  conse- 


quently, it  can  be  used  for  determining  the  form  of 
a  dangerous  failure  surface.  A  method  has  been 
developed  to  describe  the  form  of  the  failure  sur- 
face by  a  piecewise  linear  function.  This  makes  it 
possible  to  reduce  the  variational  problem  to  the 
search  for  the  ordinary  extremum  of  a  function  of 
many  variables.  The  middle  part  of  the  presumed 
sliding  mass  participating  in  the  calculation,  re- 
gardless of  small  variations  of  the  failure  surface,  is 
divided  into  N-2  vertical  elements  of  an  arbitrary 
width.  The  widths  of  the  elements  must  be  as- 
signed so  that  within  the  bottom  of  each  element 
the  soil  strength  parameters  are  constant.  By  virtue 
of  continuity  of  the  broken  line  approximating  the 
directrix  of  the  failure  surface,  N  +  2  unknowns  are 
obtained,  which  are  parameters  of  the  strength 
function  determining  the  factor  of  safety  against 
sliding  of  the  investigated  soil  mass.  A  singular 
system  of  nonlinear  algebraic  equations  is  easily 
solved  by  the  iterative  method  with  the  use  of  a 
computer.  If  some  information  about  the  failure 
surface  is  suggested  by  the  geological  structure  of 
the  soil  mass  or  design  of  the  structure,  for  exam- 
ple, the  start  or  end  of  the  failure  surface  or  its 
middle  section  is  known,  then  in  this  case  it  is 
necessary  to  remove  the  equations  corresponding 
to  the  known  parameters  from  the  system  of  equa- 
tions. (Fish-PTT) 
W9 1-07639 


LIME-FLY  ASH  SLURRY  PRESSURE  INJEC- 
TION OF  CLAY  SOILS  FOR  LEVEE  STABILI- 
ZATION. 

Army  Engineer  District,  Memphis,  TN. 

For   primary   bibliographic   entry   see   Field    8G. 
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8E.  Rock  Mechanics  and 
Geology 


HIGH  RESOLUTION  AEROMAGNETIC 
SURVEY  OF  LAKE  SUPERIOR. 

Geological  Survey  of  Canada,  Ottawa  (Ontario). 
D.  J.  Teskey,  M.  D.  Thomas,  R.  A.  Gibb,  S.  D. 
Dods,  and  R.  P.  Kucks. 

EOS  EOSTAJ,  Vol.  72,  No.  8,  p  81,  85-86,  Febru- 
ary 19,  1991.  5  fig,  20  ref. 

Descriptors:  'Aeromagnetic  surveys,  'Geologic 
mapping,  'Geophysical  exploration,  'Geophysical 
surveys,  'Great  Lakes,  'Lake  Superior,  'Magnetic 
studies,  'Remote  sensing,  Canada,  Data  process- 
ing, Geologic  fractures,  Maps,  Seismic  properties, 
Seismic  surveys. 

A  57,000  line  kilometer,  high  resolution  aeromag- 
netic survey  was  flown  in  1987  as  a  contribution  to 
the  Great  Lakes  International  Multidisciplinary 
Program  on  Crustal  Evolution  (GLIMPCE). 
GLIMPCE  was  established  in  1985  to  study  the 
nature  and  genesis  of  the  crust  in  the  Great  Lakes 
region.  In  the  Lake  Superior  area,  a  major  objec- 
tive of  the  program  is  to  develop  thermal,  tectonic, 
and  petrogenetic  models  for  the  evolution  of  the 
Midcontinent  Rift  system  (MCR)  and  to  evaluate 
these  in  the  broader  context  of  the  tectonic  evolu- 
tion of  the  North  American  continent.  Existing 
aeromagnetic  data  from  the  U.S.  and  Canada  were 
combined  with  the  new  data  to  produce  a  compos- 
ite map  and  gridded  database  of  the  Lake  Superior 
region.  Analysis  of  the  new  data  permits  more 
accurate  definition  of  faults  and  contacts  within  the 
MCR.  The  aeromagnetic  map  provides  important 
information  supplemental  to  the  seismic  profiles 
acquired  under  the  GLIMPCE  program  in  1986, 
allowing  lateral  extension  of  the  seismic  interpreta- 
tion. Specifically,  modeling  of  the  data  provides  an 
independent  assessment  of  a  reflection  seismic 
model  derived  along  a  survey  line;  the  new  mag- 
netic data  suggest  modifications  of  some  of  the 
previously-defined  fault  positions,  particularly  the 
Isle  Royale  fault.  Pre- 1982  geological  and  geo- 
physical knowledge  of  the  MCR  in  the  Lake  Supe- 
rior region  has  been  summarized  in  past  literature. 
The  Lake  Superior  region  provides  a  unique 
window  on  this  Proterozoic  rift  system,  exposing 
igneous  rock  of  the  Keweenawan  Supergroup  that 
disappears  under  Paleozoic  cover  to  the  southwest. 
(Fish-PTT) 
W91-07615 


ANALYSIS  OF  EXISTING  APPROACHES 
WHEN  EVALUATING  THE  ENGINEERING- 
GEOLOGICAL  CONDITIONS  OF  TUNNEL 
CONSTRUCTION. 

E.  M.  Pashkin. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  227-231,  1990.  3  fig,  4  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p  9-12, 
April,  1990. 

Descriptors:  'Construction  methods,  'Geological 
data,  'Geophysical  surveys,  'Hydraulic  engineer- 
ing, 'Rock  properties,  'Tunnel  construction,  Geo- 
logical surveys,  Structural  engineering,  Tunnel 
failure,  Tunnel  linings,  Tunneling,  USSR. 

The  evaluation  of  the  engineering-geological  con- 
ditions of  underground  construction  in  deep  hori- 
zons of  rocks  and  prediction  of  the  character  and 
degree  of  their  change  during  construction  and 
operation  of  the  structures  is  a  complex  problem. 
The  most  valuable  information  about  possible 
changes  in  the  state  of  the  rocks  at  great  depths  as 
a  result  of  interaction  of  the  'geological  environ- 
ment-underground structure'  binary  system  can  be 
obtained  from  the  records  made  during  past  con- 
struction of  tunnels  of  considerable  length.  The 
North  Muya  (USSR)  railroad  tunnel,  with  a  length 
of  15.3  km,  has  become  an  instructive  example  for 
evaluating  the  importance  of  correct  engineering- 
geological  predictions  when  constructing  tunnels. 
The  erroneous  interpretation  of  the  complex  geo- 
logical information,  obtained  mainly  by  remote 
sensing  methods,  when  developing  engineering  de- 
signs and  the  lax  monitoring  of  the  geological 
situation  during  construction  of  the  tunnel  led  to  a 
number  of  serious  accidents.  The  construction  of 
the  Arpa-Sevan  hydraulic  tunnel,  with  a  total 
length  of  48.3  km,  is  an  example  of  the  complexity 
and  sometimes  impossibility  of  evaluating  the  engi- 
neering-geological conditions.  Among  the  un- 
solved problems  were:  development  of  types  of 
lining  for  rocks  with  different  geotechnical  proper- 
ties and  different  magnitude  of  rock  pressure;  de- 
tection of  zones  of  discharge  of  carbon  dioxide  and 
subsurface  thermal  waters  with  high  flow  rates; 
evaluation  of  the  thermal  conditions  at  depth;  and 
evaluation  of  the  possibility  of  rock  failure  in  sec- 
tions with  considerable  fracturing  and  zones  of 
tectonic  disturbances.  At  present  it  is  rather  diffi- 
cult to  predict  complications  encountered  during 
tunneling  and  the  time  of  their  development  be- 
cause of  the  considerable  uncertainties  caused  by 
the  vertical  direction  and  extremely  low  selectivity 
and  limits  of  geological  sampling  along  the  tunnel 
route.  The  geological  environment  needs  to  be 
studied  by  advance  multipurpose  exploratory  adits, 
advance  exploratory  boreholes,  and  geophysical 
sampling.  (Fish-PTT) 
W9 1-07629 


NEW  DESIGNS  OF  SUPPORTS  FOR  LARGE 
CHAMBER  WORKINGS. 

O.  N.  Zolotov,  V.  F.  Ilyushin,  and  A.  V. 

Kolichko. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  4,  p  237-243,  1990.  6  fig,  8  ref.  Translated  from 

Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p  16-20, 

April,  1990. 

Descriptors:  'Construction  methods,  'Deforma- 
tion, 'Hydraulic  engineering,  'Hydroelectric 
plants,  'Load  distribution,  'Tunnel  construction, 
Design  criteria,  Load  testing,  Rock  bolts,  Rock 
mechanics,  Stress  analysis,  Structural  engineering, 
USSR. 

Two  main  trends  in  the  area  of  support  design  for 
hydroelectric  powerplant  chamber  works  are  the 
maximum  use  of  the  load-bearing  capacity  of  the 
earth  mass  and  the  creation  of  designs  having  an 
increased  deformability  (yielding),  satisfying  the 
requirements  of  the  calculated  limit  state  imposed 
on  them.  Calculations  of  underground  structures 
located  in  hard  and  soft  rock  masses  weakened  by 
joint  systems  should  be  carried  out  on  the  basis  of 
physically  nonlinear  models  taking  into  account 
not  only  the  presence  of  the  joints  but  also  their 
structural  characteristics  (the  characteristic  dis- 
tance between  joints  of  each  of  these  systems  and 
their  length).  When  constructing  schemes  of  the 
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limit  equilibrium  of  potentially  unstable  rock 
blocks,  it  is  necessary  to  take  into  account  the 
possible  step  character  of  their  surfaces,  which  is  a 
consequence  of  weakening  of  the  rock  mass  by 
differently  oriented  joint  systems.  Movement  of 
such  blocks  occurs  in  the  direction  of  the  slip 
surfaces  of  the  step  surface,  determined  by  the  dip 
angle  of  the  shear-prone  joint  system.  To  support 
the  roof  of  chamber  workings  located  in  masses 
characterized  by  a  large  value  of  horizontal  tec- 
tonic stresses,  it  is  necessary  to  use  yielding  load- 
bearing  structural  members.  One  of  the  possible 
effective  designs  is  the  yielding  reinforced-con- 
crete  arch  realized  in  the  machine  hall  of  the 
Rogun  (USSR)  hydrostation.  When  designing  the 
wall  bolting  of  large  chamber  works,  it  is  expedient 
to  take  into  account  the  load-bearing  capacity  of 
the  rock-anchored  arch  forming  around  the  works. 
(Fish-PTT) 
W9 1-07632 


DEFORMATION  PROPERTIES  OF  ROCKS  OF 
THE  DIVERSION  PRESSURE  TUNNEL  OF 
THE  INGURI  HYDROELECTRIC  STATION. 

G.  K.  Chumburidze. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  243-252,  1990.  8  fig,  2  tab,  9  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p 
20-26,  April,  1990. 

Descriptors:  *Deformation,  *Hydraulic  engineer- 
ing, 'Hydroelectric  plants,  *Rock  mechanics, 
♦Rock  properties,  'Structural  engineering, 
•Tunnel  construction,  Diversion  structures,  Geo- 
logic surveys,  Geological  formations,  Geophysical 
surveys,  Grouting,  Tunnel  linings,  USSR. 

The  high-head  Inguri  (USSR)  hydroelectric  station 
has  a  diversion  pressure  tunnel  with  a  length  of 
15.05  km  and  inside  diameter  of  9.5  m.  The  internal 
pressure  along  the  length  of  the  tunnel  is  1.05-1.65 
MPa,  and  its  capacity  is  450  cu  m/sec.  The  depth 
of  the  tunnel  is  variable  from  0  to  400-500  m,  on 
average  200-250  m.  This  did  not  make  it  possible  to 
conduct  exploration  by  shaft  and  various  drilling 
and  auxiliary  works.  Therefore,  the  prediction  of 
the  engineering-geological  conditions  along  the 
tunnel  route  at  the  design  stage  was  based  mainly 
on  an  engineering-geological  survey  at  a  scale  of 
1:25,000  and  on  experimental  seepage  flow  works. 
During  construction,  detailed  geological  documen- 
tation established  the  character  of  anisotropy  of 
the  rock,  thickness  and  direction  of  the  beds,  width 
of  opening  of  joints  and  type  of  fillings,  physical 
and  mechanical  properties  of  the  rocks,  tectonic 
structure  of  the  region,  fracture  zones,  fault  zones, 
etc.  It  was  especially  important  to  establish  the 
location  and  character  of  distribution  of  karst  cav- 
ities, possible  rock  falls  and  cave-ins,  as  well  as 
places  of  considerable  water  intrusion.  Numerous 
rock  samples  recovered  from  boreholes  in  the  form 
of  cores  were  tested,  and  the  following  average 
characteristics  of  the  rock  were  established:  com- 
pressive strength  60-75  MPa,  axial  tensile  strength 
2.0-2.5  MPa,  hardness  on  Mohs  scale  4.5,  density 
2.5-2.6  g/cu  cm,  water  absorption  5-6%,  average 
modulus  of  elasticity  25,000  MPa.  The  effect  of 
blanket  grouting  on  a  change  in  the  deformation 
properties  of  the  rock  was  investigated  and  it  was 
shown  that  blanket  grouting  as  a  means  of  sealing 
the  rock  was  most  effective  in  a  direction  perpen- 
dicular to  the  bedding.  Geophysical  measurements 
made  it  possible  to  refine  the  design  of  the  lining  of 
the  diversion  tunnel  in  a  number  of  its  stretches. 
(Fish-PTT) 
W91-07633 


CONSIDERATION  OF  THE  ANISOTROPIC 
PROPERTIES  OF  STRATIFIED  ROCKS  WHEN 
DESIGNING  CRACK-RESISTANT  LININGS  OF 
PRESSURE  TUNNELS. 

G.  K.  Chumburidze,  and  S.  G.  Safarova. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  252-259,  1990.  5  fig,  1  tab,  9  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p 
26-31,  April,  1990. 

Descriptors:  *Anisotropy,  'Hydraulic  engineering, 
•Rock  mechanics,  *Rock  properties,  'Stress  analy- 
sis, *Tunnel  construction,  *Tunnel  linings,  Build- 
ing codes,  Deformation,  Elastic  properties,  Lin- 
ings, USSR. 


The  static  methods  of  constructing  the  linings  of 
pressure  tunnels  recommended  by  USSR  building 
codes  are  based  on  the  assumption  that  the  rocks 
surrounding  a  tunnel  are  elastic,  isotropic,  and 
homogeneous.  However,  there  are  no  recommen- 
dations on  selecting  the  necessary  method  of  calcu- 
lation. An  analysis  of  various  theoretical  solutions 
with  respect  to  consideration  of  the  effect  of  ani- 
sotropy on  the  stress  state  of  pressure  tunnel  lin- 
ings showed  that  the  calculation  method  where  the 
effect  of  tangential  forces  of  interaction  along  the 
contact  of  the  lining  with  the  rock  is  taken  into 
account  is  the  most  accurate  one  satisfying  the 
static  conditions  of  the  construction  of  linings  in 
stratified  rocks.  To  investigate  the  effect  of  aniso- 
tropic properties  of  rock  on  the  stress-strain  state 
of  crack-resistant  circular  linings  of  pressure  tun- 
nels, two  examples  of  calculations  with  various 
combinations  of  the  tunnel  diameter,  internal  water 
pressure,  and  ratio  of  the  moduli  of  elasticity  of 
concrete,  and  deformation  of  rock  were  examined. 
In  the  investigated  examples,  calculations  of  a 
lining  in  an  isotropic  medium  were  calculated  ini- 
tially with  a  minimum  value  of  the  modulus  of 
deformation  for  the  purpose  of  comparison.  As  a 
result  of  assigning  higher  values  to  the  modulus  of 
deformation  along  the  x-axis,  the  anisotropy  coeffi- 
cient reaches  2.5,  and  the  character  of  the  distribu- 
tion of  the  stresses  over  the  lining  sections  changes. 
Thus,  the  values  of  the  edge  tensile  stresses  in  both 
examples  decrease  in  mutually  perpendicular  direc- 
tions, but  in  all  cases  in  a  direction  coinciding  with 
the  bedding,  the  lining  sections  are  more  stressed 
than  the  sections  oriented  across  the  bedding.  The 
substantial  decrease  of  the  tensile  stresses  in  the 
lining  in  the  second  example  in  comparison  with 
the  first  is  explained  by  the  effect  of  a  more  rigid 
lining,  which  takes  on  a  greater  part  of  the  load 
from  the  internal  pressure,  and  thereby  unloads  the 
lining.  It  is  recommended  that  the  unknown  values 
of  the  elastic  characteristics  of  rock  be  determined 
on  the  basis  of  the  relationships  of  an  anisotropic 
stratified  medium  by  setting  up  and  solving  the 
appropriate  system  of  equations.  (Fish-PTT) 
W9 1-07634 


IMPROVEMENT  OF  METHODS  OF  CALCU- 
LATING THE  OPTIMAL  PARAMETERS  OF 
SMOOTH- WALL  BLASTING. 

For  primary  bibliographic  entry  see  Field  8H. 
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ENGINEERING  MODEL  OF  DEFORMATION 
AND  FRACTURE  OF  ROCKS  AND  CONCRETE 
UNDER  COMPRESSION. 

M.  G.  Zertsalov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  263-270,  1990.  5  fig,  1  tab,  17  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p 
33-37,  April,  1990. 

Descriptors:  'Concrete  technology,  'Hydraulic 
engineering,  'Mechanical  failure,  'Rock  mechan- 
ics, 'Stress-strain  curves,  'Structural  engineering, 
Compressive  strength,  Concrete,  Deformation, 
Mathematical  analysis,  Model  testing,  Rock  prop- 
erties, Shear  stress,  Stress  analysis,  Tensile  stress, 
USSR. 

Study  of  the  deformation  and  fracture  of  rocks  and 
concrete  under  compression  is  necessary  for  appli- 
cation to  construction  of  large  hydroelectric 
power  structures.  Experimental  investigations 
show  that  microcracking,  caused  by  breaking  of  or 
between  individual  rock  grains,  begins  in  rocks  and 
concrete  under  stresses  corresponding  to  the  start 
of  the  third  segment  of  the  compressive  stress 
curve.  The  use  of  a  model  of  a  medium  weakened 
by  a  large  number  of  fine  elliptical  cracks  for 
describing  the  deformation  of  blocks  and  concrete 
within  limits  of  the  first  and  second  segments  of 
the  compressive  stress  curve,  i.e.,  before  the  start 
of  the  process  of  microcracking,  was  examined.  A 
fragment  having  a  three-member  cut  containing 
the  initial  shear  crack  and  two  curved  tension 
cracks  in  a  biaxial  compressive  stress  field  was 
investigated  experimentally.  Both  the  initial  crack 
and  the  branched  cracks  were  modeled  by  special 
contact  elements.  Numerical  experiments  on  the 
basis  of  their  design  with  the  use  of  mathematical 
statistical  methods  established  a  factor  dependence, 


in  which  the  response  functions  were  the  move- 
ments in  the  direction  of  action  of  the  principal 
stresses.  Not  in  a  single  one  of  the  calculations 
does  the  length  of  the  tension  cracks  exceed  the 
length  of  the  initial  shear  crack  and  their  paths  do 
not  propagate  beyond  the  limits  of  the  curved 
sections,  indicating  an  insignificant  mutual  effect  of 
cracks  during  microcracking.  The  given  data  indi- 
cate that  under  stresses  close  to  the  peak  one,  an 
increase  of  inelastic  deformations  in  comparison 
with  their  values  after  the  start  of  microcracking 
was  proportional  to  the  increase  of  the  volume  of 
microcracks,  and  this  is  possible  if  the  mutual 
effects  of  the  cracks  is  displayed  insignificantly.  A 
comparison  of  the  results  of  theoretical  and  experi- 
mental investigations  shows  that  the  curves  plotted 
analytically  agree  sufficiently  satisfactorily  (10- 
20%)  with  the  experimental  data.  (Fish-PTT) 
W9 1-07636 


NUMERICAL  MODELING  OF  A  FRACTURED 
ROCK  MASS  AROUND  UNDERGROUND 
WORKINGS. 

O.  N.  Zolotov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  178-185,  1990.  5  fig,  1  tab,  7  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
18-22,  March,  1990. 

Descriptors:  'Deformation,  'Geologic  fractures, 
•Method  of  initial  stresses,  'Model  studies,  'Rock 
excavation,  'Rock  mechanics,  Construction  meth- 
ods, Creep,  Mathematical  models,  Numerical 
models,  Stress  analysis,  Underground  structures. 

When  excavating  underground  workings,  the  de- 
velopment of  inelastic  deformations  accompanied 
by  such  complex  Theological  phenomena  as  plastic- 
ity, creep,  etc.,  is  observed  in  the  contour  region  of 
the  enclosing  mass.  The  intensity  of  this  process  is 
determined  largely  by  the  structure  and  degree  of 
fracturing  of  the  rocks.  Mathematical  modeling  of 
this  process  for  various  rock  media  on  the  basis  of 
universal  numerical  methods  is  the  quickest  and 
most  economical  way  to  obtain  the  necessary  pre- 
dictions of  changes  in  the  natural  state  of  the  mass 
caused  by  driving  a  working.  The  method  of  initial 
stresses  (MIS)  is  finding  wide  use  when  solving 
such  problems.  The  numerical  scheme  of  MIS  is 
developed  in  modeling  the  step  character  of  load 
application  and  consideration  of  changes  in  the 
strength  and  properties  of  the  medium.  An  analysis 
of  the  results  of  calculations  and  parameters  of  the 
computation  process  for  nonlinear  problem  solving 
demonstrates  that,  in  the  case  of  a  single  working 
without  support,  being  excavated  in  full  section,  it 
is  necessary  to  use  only  the  classical  scheme  of  the 
MIS  with  an  accuracy  sufficient  for  design  prac- 
tice. (Rochester-PTT) 
W9 1-07880 


ENGINEERING  MODEL  OF  DEFORMATION 
AND  FAILURE  OF  ROCKS  AND  CONCRETE 
UNDER  COMPRESSION. 

M.  G.  Zersalov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  185-194,  1990.  5  fig,  13  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
22-27,  March,  1990. 

Descriptors:  'Compressibility,  'Concrete  technol- 
ogy, 'Deformation,  'Mechanical  failure,  'Model 
studies,  'Rock  mechanics,  Cracks,  Finite  element 
method,  Geologic  fractures,  Mathematical  equa- 
tions, Numerical  analysis,  Stress-strain  curves. 

Numerical  methods,  mainly  the  finite  element 
method,  are  used  when  calculating  the  interaction 
of  a  rock  mass  with  concrete  structures.  The  stress- 
strain  state  of  the  rock  mass-structure  system  is 
determined  in  most  cases  with  consideration  of  the 
fact  that  the  rock  is  modeled  by  a  homogeneous 
isotropic  (or  anisotropic)  elastic  or  elastoplastic 
solid  medium.  An  engineering  model  is  examined 
of  deformation  of  rocks  and  concretes  under  con- 
ditions of  uniform  compression  within  the  first  and 
second  segments,  that  is,  up  to  the  start  of  micro- 
cracking. The  initial  medium  is  one  weakened  by  a 
large  number  of  fine  elliptical  cracks.  In  the  case 
investigated  it  is  assumed  that  the  stresses  applied 
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to  the  boundary  of  a  volume  element  with  a  crack 
are  homogeneous  and  equal  to  the  stresses  on  the 
outer  boundary  of  the  entire  body.  Each  crack  is 
characterized  by  an  angle  of  a  slope  at  a  certain 
angle  to  the  direction  of  maximum  compressive 
stress  and  has  a  predictable  length.  The  distribution 
with  respect  to  angles  is  isotropic.  The  case  of 
biaxial  stress  is  examined  initially  and  ultimately  an 
expression  is  obtained  for  the  effective  modulus 
under  conditions  of  uniaxial  stress.  Curves  of  the 
dependence  of  stresses  on  longitudinal  and  trans- 
verse strains  for  rocks  and  concrete  under  condi- 
tions of  complex  loading  in  the  case  of  deformation 
of  these  material  up  to  the  start  of  microcracking 
can  be  plotted  using  the  equations  of  state  devel- 
oped here.  (Rochester-PTT) 
W9 1-07881 


ENGINEERING  MODEL  OF  DEFORMATION 
AND  FRACTURE  OF  ROCKS  AND  CONCRETE 
UNDER  COMPRESSION. 

M.  G.  Zertsalov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  291-297,  1990.  4  fig,  3  tab,  14  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p 
16-19,  May,  1990. 

Descriptors:  *Concrete,  *Concrete  technology, 
•Construction  materials,  'Engineering  geology, 
•Geologic  fractures,  'Materials  engineering, 
•Rock  mechanics,  Compression,  Compressive 
strength,  Deformation,  Microfractures,  Model 
studies,  Stress  analysis. 

An  alternative  approach  to  formulation  of  the  cri- 
terion of  microfracturing  is  proposed,  which  is 
formulated  on  the  basis  of  analyzing  the  results  of  a 
number  of  experimental  investigations  of  rock  and 
concrete  specimens  under  conditions  of  uniaxial 
and  combined  stress  states.  Investigations  have  in- 
dicated that  compressive  pressure  does  not  signifi- 
cantly affect  the  change  in  volume  due  to  micro- 
fracturing.  Inelastic  lateral  deformation  of  speci- 
mens is  directly  proportional  to  the  volume  of 
microfractures  and  hence  to  their  density.  In  gen- 
eral, the  peak  strength  was  reached  when  decom- 
pression of  the  specimen  material  caused  by  micro- 
fracturing  reached  a  certain  critical  value.  An 
idealized  diagram  of  behavior  of  rocks  and  con- 
cretes under  uniaxial  and  multiaxial  compression  is 
proposed.  The  slope  angle  of  the  beyond-limit 
curve  in  the  idealized  diagram  can  be  determined 
from  uniaxial  compression  tests.  If  such  data  are 
absent,  then  as  a  first  approximation  the  beyond- 
limit  curve  can  be  approximated  by  a  linear  rela- 
tion and  can  be  assumed  to  be  symmetrical  with 
the  before-limit  stress-strain  curve.  (MacKeen- 
PTT) 
W9 1-08028 


OBSERVATIONS  OF  UNLOADING  OF  THE 
WALLS  OF  THE  UNDERGROUND  MACHINE 
HALL  OF  THE  HOA  BINH  HYDROELECTRIC 
STATION  DURING  CONSTRUCTION. 

M.  G.  Ezerskii,  S.  I.  Skiba,  and  S.  A.  Bryukhov. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  319-323,  1990.  3  fig,  3  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p  34-37, 
May,  1990. 

Descriptors:  'Construction,  'Deformation,  'Hy- 
droelectric plants,  'Rock  excavation,  'Rock  me- 
chanics, 'Underground  structures,  Engineering, 
Geological  data,  Hoa  Binh  Hydrostation,  Hydrau- 
lic machinery,  Stress  analysis,  Vietnam. 

The  machine  hall  of  the  Hoa  Binh  hydro  develop- 
ment in  Viet  Nam  being  constructed  by  the  under- 
ground method  in  extrusive  rocks,  is  a  structure 
unique  in  design  with  a  length  of  260  m,  width  of 
20  m,  and  height  of  57  m  from  the  bottom  of  the 
construction  pit  to  the  crown  of  the  arch.  Observa- 
tions in  intensely  excavated  sections  of  the  machine 
hall  were  carried  out  1-2  times  per  month,  and 
readings  of  the  control  roof  bolts  were  taken 
weekly.  Gradation  of  the  deformation  state  of  the 
rocks  was  achieved  by  ultrasonic  measurements  of 
the  propagation  velocities  of  longitudinal  and 
transverse  waves  in  deep  parts  of  the  mass.  Data 
indicated  the  following  general  features  of  unload- 
ing of  the  mass  during  construction  and  the  first  6 


mo  of  start-up:  over  the  entire  length  of  the  inter- 
chamber  pillar  there  was  a  decrease  of  up  to  30% 
in  the  wave  velocities  with  time;  the  unloading 
process  developed  more  intensely  in  the  central 
part  of  the  pillar  and  less  intensely  near  the  arch; 
and  unloading  lasted  through  the  entire  period  of 
excavation  and  continued  for  an  average  of  3-4  mo 
until  stabilization  of  the  deformations  occurred. 
The  observations  confirmed  the  decompression  of 
the  entire  body  of  the  inter-chamber  pillar  and  the 
effectiveness  of  using  pre-stressed  roof  bolts. 
(MacKeen-PTT) 
W9 1-08033 


GEOLOGY  AND  GROUND-WATER  RE- 
SOURCES OF  THE  COASTAL  AREA  OF 
GEORGIA. 

Geological  Survey,  Atlanta,  GA.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  2F. 

W9 1-08 187 


8F.  Concrete 


ANCHOR  EMBEDMENT  IN  HARDENED 
CONCRETE  UNDER  SUBMERGED  CONDI- 
TIONS. 

Army  Engineer  Waterways  Experiment   Station, 
Vicksburg,  MS.  Structures  Lab. 
For   primary   bibliographic   entry   see   Field    8G. 
W9 1-072 15 


ENGINEERING  MODEL  OF  DEFORMATION 
AND  FRACTURE  OF  ROCKS  AND  CONCRETE 
UNDER  COMPRESSION. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-07636 


ENGINEERING  MODEL  OF  DEFORMATION 
AND  FAILURE  OF  ROCKS  AND  CONCRETE 
UNDER  COMPRESSION. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-07881 


CONCERNING  THE  PROBLEM  OF  CHECK- 
ING THE  STRENGTH  OF  HYDROTECHNICAL 
CONCRETE. 

S.  I.  Semenenok. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  206-210,  1990.  2  fig,  4  tab,  5  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
35-37,  March,  1990. 

Descriptors:  'Concrete  construction,  'Concrete 
testing,  'Standards,  'Strength,  'Testing  proce- 
dures, 'USSR,  Bolomei  formula,  Concrete  tech- 
nology, Martin  method,  Mathematical  formulas, 
Water-cement  ratio. 

Checking  the  average  level  of  strength  of  hydro- 
technical  concrete  under  Soviet  State  Standard 
GOST  27006-86  can  be  problematical.  Methods  of 
making  such  a  statistical  evaluation  have  been  re- 
viewed and  analyzed.  Underlying  practically  all 
recommendations  and  methods  of  selecting  (calcu- 
lating) concrete  compositions  is  the  Bolomei  for- 
mula, which  determines  the  dependence  of 
strength  on  the  water/cement  (W/C)  factor.  In 
essence,  the  entire  complex  of  technological  meas- 
ures on  increasing  the  homogeneity  of  concrete 
reduces  to  stabilization  of  the  water  content  of  the 
concrete  mix,  stability  of  the  W/C  factor  for  a 
given  fluidity.  Studies  of  several  days  of  batches  of 
concrete  showed  that  the  daily  coefficient  of  varia- 
tion of  W/C  averaged  7%.  Hydrotechnical  con- 
struction is  distinguished  by  a  considerable  diversi- 
ty of  situations  in  which  it  is  difficult  to  fulfill  the 
rules  of  batch  checking.  One  alternative  method  is 
that  of  Martin,  published  in  Spain  in  1971.  In  this 
method,  a  parameter  representing  relative  mini- 
mum strength  with  95%  probability  for  18  of 
fewer  individual  strength  tests.  The  reliability  of 
this  estimate  is  not  randomly  limited  to  a  95% 
probability.  In  certain  cases  it  makes  sense  to  use 
Martin's  method  in  a  batch  checking  system  for 
massive  structures  in  hydrotechnical  construction, 
especially    when    evaluating    individually    taken 


groups,  batches,  and  certain  zones  of  concrete  with 
a  high  service  life  or  increased  requirements  with 
respect  to  homogeneity.  (Rochester-PTT) 
W9 1-07885 


EVALUATION  OF  THE  STRENGTH  OF  REIN- 
FORCED-CONCRETE  MEMBERS  ON  THE 
BASIS  OF  SECONDARY  STRESS  FIELDS. 

A.  S.  Zalesov,  and  S.  E.  Lisichkin. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  221-226,  1990.  3  fig,   16  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  3,  p 
46-49,  March,  1990. 

Descriptors:  'Concrete  testing,  'Cracks,  'Dam 
safety,  'Reinforced  concrete,  'Strength,  'Stress 
analysis,  Concrete  technology,  Construction  joints, 
Standards,  Stress  fields,  Structural  engineering, 
Testing  procedures. 

The  current  standards  for  dam  safety  do  not  take 
into  account  the  possible  formation  and  intense 
development  along  the  longitudinal  concreting 
block  joint  of  secondary  cracks  separating  the 
structural  member  and  the  transformation  of  initial 
stresses  into  a  secondary  stress  field  accompanying 
such  a  phenomenon.  Further  improvement  of  the 
method  of  calculating  transverse  reinforcement  for 
increasing  the  reliability  of  members  weakened  by 
longitudinal  block  joints  required  a  more  thorough 
consideration  of  the  characteristics  of  the  behavior 
of  the  transverse  reinforcing  bars  in  the  zone  of 
their  intersection  by  the  block  joint.  Analysis  of 
this  problem  led  to  some  suggestions  for  calculat- 
ing the  strength  of  concrete  joints  with  transverse 
reinforcements  based  on  using  the  method  of  sec- 
ondary stress  fields.  This  also  permits  more  com- 
plete consideration  of  the  effect  of  the  characteris- 
tics of  the  stress  state  on  the  strength  of  massive 
members.  The  suggestions  offered  here  make  it 
possible  to  evaluate  the  reinforcement  and  con- 
crete strength  of  the  structural  member  being  de- 
signed with  pin  resistance  of  the  transverse  bar 
reinforcement  to  the  effect  of  the  initial  and  sec- 
ondary shear  stresses  in  the  longitudinal  joint.  The 
installation  of  an  additional  amount  of  transverse 
reinforcement  precludes  the  probability  of  separa- 
tion of  the  massive  member  along  the  longitudinal 
block  joint  and  provides  reliable  and  safe  operation 
of  the  structure.  (Rochester-PTT) 
W91-07888 


UNDERWATER-QUICK  SET  AND  CEMENT 
GROUTING,  AN  INNOVATIVE  METHOD  TO 
REHABILITATE  MILWAUKEE  HARBOR 
BREAKWATER. 

Army  Engineer  District,  Detroit,  MI. 

For   primary   bibliographic   entry   see   Field   8G 

W91-07915 


ENGINEERING  MODEL  OF  DEFORMATION 
AND  FRACTURE  OF  ROCKS  AND  CONCRETE 
UNDER  COMPRESSION. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-08028 


METHODS  OF  CALCULATING  MASSP/E  RE- 
INFORCED-CONCRETE  MEMBERS  AND  HY- 
DRAULIC STRUCTURES. 

V.  B.  Nikolaev. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  300-304,  1990.  4  fig,  11  ref.  Translated 
from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p 
21-24,  May,  1990. 

Descriptors:  'Concrete  construction,  'Concrete 
technology,  'Concretes,  'Reinforced  concrete, 
'Strength,  'Structural  engineering,  Cracks,  Hy- 
draulic structures,  Massive  members,  Mathematical 
analysis,  Mechanical  failure,  Stress. 

An  analysis  of  the  pattern  of  cracking  of  massive 
members  showed  that  cracks  in  massive  members 
should  not  be  assumed  to  be  linear  but  should  be 
approximated  by  three  or  four  segments.  Of  deci- 
sive importance  is  a  determination  of  the  stress 
state  of  the  pre-failure  crack.  Taking  the  develop- 
ment of  cracks  on  area  elements  of  action  of  the 
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principal  stresses  and  making  a  number  of  assump- 
tions, an  expression  for  the  angle  of  inclination  of 
the  crack  was  obtained.  Testing  of  the  developed 
method  was  carried  out  by  numerical  and  experi- 
mental methods  in  lightly  reinforced  beam  mem- 
bers and  fragments.  In  all,  more  than  100  rein- 
forced concrete  models  of  different  scale  were 
tested  for  the  effect  of  the  angle  of  inclination  of 
the  crack  on  the  strength  of  the  members.  It  is 
concluded  that  the  method  is  reliable,  with  a  safely 
factor  of  within  10%.  Calculation  of  a  reinforced 
concrete  mass  structure,  such  as  a  hydrostation 
powerhouse  and  pumping  station,  is  carried  out  by 
numerical  methods  according  to  a  two-dimensional 
reduced  or  three-dimensional  scheme.  The  theoret- 
ical apparatus  makes  it  possible  to  reliably  carry 
out  reinforcing  of  massive  complex  three-dimen- 
sional structures.  (MacKeen-PTT) 
W9 1-08030 

OPTIMIZATION  OF  THE  FORM  OF  A  CON- 
CRETE ARCH  DAM. 

Y.  V.  Kirillov. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  5,  p  338-346,  1990.  6  fig,  2  tab,  4  ref.  Translat- 
ed from  Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p 
47-52,  May,  1990. 

Descriptors:  *Computer  models,  *Concrete  dams, 
♦Dam  design,  'Dams,  'Optimization,  Algorithms, 
Arch  dams,  Compression,  Concrete  technology, 
Design  criteria,  Structural  engineering,  Tensile 
stress. 

An  algorithm  was  developed  for  finding  the  opti- 
mal form  of  concrete  arch  dams  using  the  method 
of  local  variations  for  minimizing  the  volume  of 
concrete  and  penalty  function  taking  into  account 
the  conditions  of  the  strength  of  the  material  and 
structural  constraints.  On  the  basis  of  the  algorithm 
developed,  a  universal  software  package,  OPTAR, 
was  created  for  solving  problems  of  optimizing 
concrete  arch  dams,  making  it  possible  to  obtain  an 
accuracy  acceptable  from  the  engineering  view- 
point with  moderate  expenditures  of  computer 
time.  The  problem  of  optimizing  a  concrete  arch 
dam  at  a  rectangular  site  was  solved  by  means  of 
the  OPTAR  software.  The  results  made  possible  a 
40%  reduction  of  the  volume  of  concrete  com- 
pared with  the  initial  design.  The  optimal  design  is 
remarkably  underloaded  with  respect  to  compres- 
sion. The  tensile  stresses  at  the  root  zone  of  the 
crown  cantilever  on  the  upstream  face  are  the 
main  limiting  factors.  It  is  therefore  expedient  to 
use  zoning  of  concrete  and  to  consider  the  possibil- 
ity of  increasing  the  degree  of  use  of  the  concrete 
strength  by  using  dams  with  various  joints  to  in- 
crease the  radial  displacements  of  the  dam  crest 
and  reduce  the  concentration  of  cantilever  stresses. 
Further  testing  of  the  method  is  recommended. 
(MacKeen-PTT) 
W91-08037 
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RECOMMENDED  PRACTICES  FOR  TESTING 
WATER-PUMPING  WINDMILLS. 

DHV  Consulting  Engineers,  Amersfoort  (Nether- 
lands). . 
For  primary  bibliographic  entry  see  Field  8C. 
W91-07201 


ANCHOR  EMBEDMENT  IN  HARDENED 
CONCRETE  UNDER  SUBMERGED  CONDI- 
TIONS. 

Army  Engineer  Waterways  Experiment  Station, 

Vicksburg,  MS.  Structures  Lab. 

J.  E.  McDonald. 

Available  from  the  National  Technical  Information 

Service,  Springfield,  VA  22161.  Technical  Report 

REMR-CS-33,  October  1990.  Final  Report.  38  p, 

24  fig,  5  ref. 

Descriptors:  'Adhesives,  'Anchors,  'Concrete, 
'Marine  environment,  'Materials  testing,  Resins, 
Strength,  Tensile  strength,  Vinylester. 

Anchors  embedded  in  hardened  concrete  under 
submerged  conditions  with  prepackaged  adhesive 


capsules  exhibit  significant  reductions  in  tensile 
load  capacity  compared  to  anchors  installed  under 
dry  conditions.  This  relatively  poor  performance 
of  anchors  with  embedment  lengths  up  to  24  inches 
is  the  result  of  water  in  the  drill  hole  mixing  with 
adhesive.  Although  insertion  of  the  adhesive  cap- 
sule or  cartridge  into  a  submerged  drill  hole  will 
displace  the  majority  of  the  water  in  the  hole, 
water  will  remain  between  the  walls  of  the  adhe- 
sive container  and  the  drill  hole.  Insertion  of  the 
anchor  traps  this  water  in  the  drill  hole  and  causes 
it  to  become  mixed  with  the  adhesive.  An  anchor 
installation  procedure  that  eliminates  the  problem 
of  resin  and  water  mixing  in  the  drill  hole  is 
described.  Basically  this  procedure  uses  resin  in 
both  bulk  and  capsule  form  to  displace  the  water  in 
a  drill  hole  prior  to  anchor  insertion  and  spinning. 
Pullout  tests  on  vertical  and  horizontal  anchors 
embedded  in  vinylester  resin  with  this  revised  in- 
stallation procedure  resulted  in  tensile  capacities 
near  the  yield  load  of  the  anchors  for  both  dry  and 
submerged  installations.  Test  to  date  on  anchors 
installed  with  the  revised  procedure  have  been 
limited  to  short-duration  loadings  at  relatively 
early  ages.  Additional  testing  should  be  conducted 
to  determine  the  long-term  performance  of  vinyles- 
ter resin  under  wet,  alkaline  conditions.  Also, 
creep  tests  should  be  conducted  to  evaluate  the 
effect  of  sustained  loads  on  anchors  installed  with 
the  revised  procedure.  The  potential  for  eliminat- 
ing the  resin  capsule  and  injecting  all  of  the  adhe- 
sive in  bulk  should  also  be  investigated.  (Author's 
abstract) 
W9 1-072 15 


PERFORMANCE  OF  AUSTENITIC  STAINLESS 
STEELS  IN  MSF  DESALINATION  PLANT 
FLASH  CHAMBERS  IN  THE  ARABIAN  GULF. 

University  of  Petroleum  and  Minerals,  Dhahran 

(Saudi  Arabia).  Research  Inst. 

For  primary  bibliographic  entry  see  Field  3A. 

W91-07384 


CALCIUM  CARBONATE  SCALE  FORMATION 
AND  PREVENTION  IN  A  FLOW-THROUGH 
SYSTEM  AT  VARIOUS  TEMPERATURES. 

Patras  Univ.  (Greece).  Dept.  of  Chemistry. 
For  primary  bibliographic  entry  see  Field  3A. 
W91-07389 

NEW  NUMERICAL/PHYSICAL  FRAMEWORK 
FOR  MOBILE-BED  MODELLING:  PART  2- 
TEST  APPLICATIONS. 

Iowa  Univ.,  Iowa  City. 

For  primary  bibliographic  entry  see  Field  2J. 

W91-07597 


PRECAST  PLIANT  LINING  FOR  DIFFICULT 
GEOLOGICAL  CONDITIONS. 

A.  A.  Simonyan,  and  P.  S.  Oganesyan. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  4,  p  231-233,    1990.   3  fig.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p  13-14, 
April,  1990. 

Descriptors:  'Geologic  formations,  *Hydraulic  en- 
gineering, 'Materials  engineering,  'Plastics, 
'Tunnel  construction,  'Tunnel  linings,  Compres- 
sive strength,  Construction  methods,  Linings, 
Load  testing,  Materials  testing,  Model  testing, 
Plasticity,  Polymers,  Rock  mechanics,  Stress  anal- 
ysis, USSR. 

The  experience  of  tunnel  construction  at  great 
depth  shows  that  the  character  of  deformation  of 
the  surrounding  rock  mass  qualitatively  changes 
with  increase  in  depth.  At  great  depths  construc- 
tion causes  creep  and  ultimately  leads  to  large 
displacements  of  the  rocks.  This  same  circum- 
stance causes  deformation  of  the  lining.  Therefore, 
it  makes  sense  to  use  linings  having  a  certain 
pliancy  and  sufficient  strength.  It  is  possible  to  use 
foamed  plastics,  which  have  good  deformation  and 
strength  characteristics.  An  analysis  of  the  physi- 
cal, mechanical,  and  economic  indices  of  foam 
plastics  showed  that  the  most  suitable  material  for 
the  pliant  layer  is  PSB-S  polystyrene  foam  plastic 
with  an  apparent  density  of  30  kg/cu  m.  Stress- 
strain    diagrams    show    that,    under   compressive 
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loads,  considerable  deformation  of  the  foam  plastic 
without  the  loss  of  load-bearing  capacity  is  ob- 
served. Of  main  interest  is  the  region  of  flow, 
where  the  polystyrene  foam  under  a  load  of  0.13 
MPa  begins  to  be  deformed  under  insignificant 
changes  in  the  stresses,  i.e.  as  a  result  of  large 
displacements  of  the  rocks  of  the  contour  of  the 
working,  the  load  on  the  lining  increases  a  small 
amount.  An  experimental  model  tested,  in  a  scale 
of  1:20,  the  lining  of  ring  forms  with  an  outside 
diameter  of  up  to  7  m.  A  certain  nonuniformly- 
distributed  loading  pattern  was  set  on  plaster 
blocks  with  an  average  radius  of  10.25  cm  and  the 
stresses  at  the  joints  were  determined.  Then  the 
same  loading  pattern  was  set  on  this  same  structure 
but  stress-tested  with  different  groups  of  elements 
(blocks)  of  polystyrene  foam  with  a  thickness  of 
0.5,  1,  1.5,  and  2  cm.  Similar  investigations  were 
carried  out  for  various  loading  patterns.  Tests  on 
structures  with  average  radii  of  11.5  and  12.75  cm 
were  carried  out  in  the  same  sequence.  It  was 
found  that  with  an  increase  of  the  thickness  of  the 
pliant  layer,  a  more  pronounced  equalization  of  the 
stresses  in  the  joints  and,  consequently,  of  the  loads 
on  the  structure  occurs.  The  proposed  structure  of 
the  lining  is  recommended  for  supporting  tunnels 
being  driven  under  conditions  of  a  large  rock 
pressure.  (Fish-PTT) 
W9 1-07630 

POSSIBLE  RE-USE  OF  PETROLEUM  CON- 
TAMINATED SOILS  AS  CONSTRUCTION  MA- 
TFRIAL, 

Lehigh  Univ.,  Bethlehem,  PA.  Dept.  of  Civil  En- 
gineering. 

For  primary  bibliographic  entry  see  Field  5E. 
W9 1-07674 


STABILIZATION  OF  CLASS  F  FLY  ASH  WITH 
LIME  AND  CEMENT. 

Wayne  State  Univ.,  Detroit,  MI.  Dept.  of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-07675 


TEST  METHODS  FOR  THE  EVALUATION  OF 
TREATED  SLUDGES  FOR  CONSTRUCTION 
PURPOSES. 

Drexel  Univ.,   Philadelphia,   PA.   Dept.   of  Civil 

Engineering. 

For  primary  bibliographic  entry  see  Field  5E. 

W9 1-07679 

ENGINEERING  MODEL  OF  DEFORMATION 
AND  FAILURE  OF  ROCKS  AND  CONCRETE 
UNDER  COMPRESSION. 

For  primary  bibliographic  entry  see  Field  8E. 
W91-07881 

MEASUREMENT  OF  UPPER  POOL  LEVELS 
OF  A  HIGH  DAM  DURING  CONSTRUCTION. 

For  primary  bibliographic  entry  see  Field  8A. 
W9 1-07883 

EFFECTIVE  CORROSION  PROTECTION  AND 
WATERPROOFING  OF  THE  BUSBAR  SHAFTS 
OF  THE  INGURI  HYDROSTATION  POWER- 
HOUSE. 

U.  I.  Godzhiashvili,  I.  I.  Maisuradze,  M.  N. 
Chaava,  and  G.  A.  Beburishvili. 
Hydrotechnical  Construction  HYCOAR,  Vol.  24, 
No.  3,  p  204-205,  1990.  1  fig,  3  ref.  Translated  from 
Gidrotekhnicheskoe    Stroitel'stvo,    No.    3,    p    34, 
March,  1990. 

Descriptors:  'Corrosion  control,  'Hydroelectric 
plants,  'Materials  engineering,  'Metals,  'USSR, 
•Waterproofing,  Asphalt,  Busbar  shafts,  Epoxy 
resins,  Inguri  Hydrostation,  Mastics,  Powerhouses. 

Corrosion  causes  losses  equal  10%  of  the  volume 
of  metal  being  manufactured.  To  reduce  losses  and 
increase  the  life  of  structures,  corrosion  protection 
problems  should  be  solve  as  early  as  the  design 
stage  so  that  structural  elements  with  their  main 
protective  coatings  applied  under  factory  condi- 
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tions  can  be  used.  Intense  corrosion  of  metal  at  the 
Inguri  hydrostation  underground  powerhouse 
(Soviet  Georgia)  necessitated  special  investigations 
of  the  causes  of  corrosion  and  the  development  of 
protective  measures.  A  waterproofing  mastic,  de- 
veloped by  the  Georgian  Scientific  Research  Insti- 
tute of  Power  Engineering  and  Hydraulic  Struc- 
tures, and  consisting  of  a  composition  of  road 
asphalt  emulsified  in  water  in  the  presence  of  a 
solid  emulsifier  (slaked  lime  or  light  and  heavy 
clays,  asbestos  flour,  etc.),  was  proposed  for  treat- 
ing the  structure.  After  preparing  the  paste,  epoxy 
resin  with  a  hardener  and  organic  solvent  (e.g., 
benzene,  toluene,  xylene,  ethylene  dichloride)  are 
added  to  the  composition.  After  cleaning  the  metal 
surface  to  be  treated  with  metal  brushes,  the  mastic 
is  applied  with  paint  brushes  and  putty  knives.  A 
favorable  property  of  the  mastic  is  that  it  is  applied 
on  both  a  dry  and  wet  base.  This  mastic  permitted 
extremely  rapid  halting  of  corrosion  in  the  busbar 
shafts  of  the  Inguri  underground  powerhouse. 
Repetition  of  the  treatment  every  10-15  yr  is  rec- 
ommended for  reliable  protection  of  structures. 
(Rochester-PTT) 
W9 1-07884 


CONCERNING  THE  PROBLEM  OF  CHECK- 
ING THE  STRENGTH  OF  HYDROTECHNICAL 
CONCRETE. 

For  primary  bibliographic  entry  see  Field  8F. 
W91-07885 


RESULTS  OF  ACCEPTANCE  TESTS  OF  THE 
PUMP-TURBINE  OF  THE  KIEV  PUMPED- 
STORAGE  STATION. 

For  primary  bibliographic  entry  see  Field  8C. 
W91-07886 


EVALUATION  OF  THE  STRENGTH  OF  REIN- 
FORCED-CONCRETE  MEMBERS  ON  THE 
BASIS  OF  SECONDARY  STRESS  FIELDS. 

For  primary  bibliographic  entry  see  Field  8F. 
W9 1-07888 


UNDERWATER-QUICK  SET  AND  CEMENT 
GROUTING,  AN  INNOVATIVE  METHOD  TO 
REHABILITATE  MILWAUKEE  HARBOR 
BREAKWATER. 

Army  Engineer  District,  Detroit,  MI. 
R.  L.  Erickson,  W.  A.  Rito,  and  T.  A.  Deja. 
Army  Repair,  Evaluation,  Maintenance,  and  Reha- 
bilitation   Research    Program    Information     Ex- 
change Bulletin,  Vol.  7,  No.  2,  July  1990.  p  1-6,  3 
fig- 

Descriptors:  'Cements,  'Grouting,  'Milwaukee 
Harbor  Breakwater,  Concrete,  Maintenance,  Mate- 
rials testing,  Milwaukee  Harbor,  Wisconsin. 

The  Milwaukee  Harbor,  Wisconsin,  project,  was 
originally  authorized  under  seven  River  and 
Harbor  Acts  from  1852  to  1962.  The  breakwaters, 
which  were  constructed  between  1882  and  1899, 
consisted  of  a  timber  cribbing  substructure  filled 
with  'man-sized'  stone;  most  of  the  cribs  were 
founded  on  crushed  stone.  Concrete  superstruc- 
tures (caps  and  foot  blocks)  were  added  between 
1903  and  1909.  Partial  loss  of  the  stone  fill  reduced 
support  for  the  concrete  caps,  resulting  in  settle- 
ment of  the  caps,  cracking  and  outward  bending  of 
the  steel  sheet  piling,  and  breaking  of  the  tie  rods. 
More  of  the  smaller,  interior  stone  fill,  exposed  to 
waves,  washed  out.  To  protect  the  failing  steep 
sheet  piling,  armor  stone  was  placed  along  the  face 
of  the  structure.  Left  unchecked,  the  structure  was 
bound  to  fail,  exposing  the  harbor  features.  Several 
types  of  repair  were  evaluated  for  the  rehabilita- 
tion of  the  Milwaukee  Breakwater;  however,  the 
method  finally  chosen  was  to  grout  the  interior  of 
the  structure.  This  method  would:  resupport  the 
concrete  cap  and  prevent  future  settlement;  pro- 
hibit additional  loss  of  the  stone  fill;  and,  add 
weight  to  the  structure  to  once  again  make  it  stable 
and  resistant  to  overturning  and  sliding.  The  quick- 
set grouting  and  sand-cement  grouting  of  Milwau- 
kee was  completed  with  little  difficulty.  The  major 
concern  was  whether  the  grouts  were  resupporting 
the  breakwater  caps.  To  check  the  grout  after 
placement,  a  series  of  twenty,  4-in. -diameter  cores 


was  drilled.  The  cores  were  taken  through  the  cap 
and  grouts  into  the  underlying  stone  fill.  Inspection 
of  the  cores  revealed  the  sand-cement  grout  was 
very  competent,  and,  in  most  cases,  the  grout  was 
bonded  to  the  bottom  of  the  concrete  cap.  The 
contract  for  grouting  at  Milwaukee  was  completed 
in  August  1988.  The  final  project  consisted  of 
drilling  27,873  linear  ft  of  grout  holes,  placing 
2,900  cu  yd  of  quick-set  grout,  and  8,250  cu  yd  of 
sand-cement  grout.  (Lantz-PTT) 
W9 1-079 15 


LIME-FLY  ASH  SLURRY  PRESSURE  INJEC- 
TION OF  CLAY  SOILS  FOR  LEVEE  STABILI- 
ZATION. 

Army  Engineer  District,  Memphis,  TN. 
D.  Abernathy,  and  M.  J.  Stegall. 
Army  Repair,  Evaluation,  Maintenance,  and  Reha- 
bilitation    Research     Program     Information    Ex- 
change Bulletin,  Vol.  7,  No.  2,  July  1990.  p  7-9,  3 
fig- 
Descriptors:  'Fly  ash,  'Lime,  'Slurries,  'Soil  sta- 
bilization, Injection,  Landslides,  Levees,  Mississip- 
pi River,  Missouri,  Slope  stabilization,  Soil  pres- 


In  January  1988  a  levee  slide  was  reported  in  the 
Main  Line  levee  of  the  Mississippi  River  near 
Point  Pleasant,  Missouri.  During  the  initial  site 
visit,  two  distinct  slides  along  the  riverside  slope 
were  identified.  The  smaller  slide  was  fully  con- 
tained within  the  riverside  slope  and  had  the  famil- 
iar stair-step  appearance  associated  with  surficial 
slides  in  high-plasticity  clays.  The  larger  slide  en- 
compassed the  entire  levee  crown  width  as  well  as 
the  riverside  slope,  yet  did  not  exhibit  the  stair-step 
geometry.  For  this  reason,  a  detailed  geotechnical 
analysis  was  performed  on  that  slide  to  determine 
the  failure  mechanism.  The  analysis  confirmed  the 
development  of  residual  shear  strengths  along  the 
failure  plane.  This  plane  was  relatively  deep  and 
generally  ran  parallel  to  the  interface  of  the  levee 
base  with  natural  ground  for  that  portion  beneath 
the  riverside  slope.  The  average  plasticity  index 
within  the  failed  mass  was  50,  and  residual  strength 
values  varied  from  a  phi  of  12.5  to  14.0  degrees 
depending  on  the  assumptions  made  regarding  ten- 
sion cracks  and  the  presence  of  water.  A  technique 
known  as  lime-fly  ash  slurry  pressure  injection 
(LFASPI)  was  used  on  the  entire  levee  reach 
(approximately  2.8  miles)  in  1988.  The  LFASPI 
method  consists  of  creating  a  cementitious  mixture 
of  lime  and  fly  ash  and  injecting  it  into  the  soil. 
The  construction  sequence  specified  for  LFASPI 
at  the  Point  Pleasant,  Missouri,  site  was  as  follows: 
(1)  remove  and  stockpile  topsoil  and  gravel  surfac- 
ing; (2)  restore  levee  section,  and  semicompact 
work  surface  to  make  a  smooth  and  stable  plat- 
form; (3)  make  primary  injections  in  swaths  per- 
pendicular to  the  levee  centerline,  leaving  5-ft 
spacing  between  holes  and  allowing  a  minimum 
cure  time  of  48  hr;  (4)  repeat  Step  2  if  movement 
occurs  during  primary  injections;  (5)  make  second- 
ary injections  diagonal  to  primary  holes;  (6)  disc 
and  semicompact  outer  6  inches  to  incorporate 
excess  slurry  into  soil;  (7)  replace  topsoil  and 
gravel  surfacing;  and  (8)  fertilize  and  overseed 
levee  slope.  Although  the  effectiveness  of  LFASPI 
in  slope  repair  on  this  project  may  not  be  known 
for  several  years,  similar  repairs  in  the  Kansas  City 
District  have  shown  some  longitudinal  cracking, 
but  has  had  no  additional  sliding  since  the  October 
1988  completion.  (Lantz-PTT) 
W9 1-079 16 


METHODS  OF  CALCULATING  MASSD/E  RE- 
INFORCED-CONCRETE  MEMBERS  AND  HY- 
DRAULIC STRUCTURES. 

For  primary  bibliographic  entry  see  Field  8F. 
W9 1-08030 


8H.  Rapid  Excavation 


IMPROVEMENT  OF  METHODS  OF  CALCU- 
LATING THE  OPTIMAL  PARAMETERS  OF 
SMOOTH-WALL  BLASTING. 

V.  A.  Fokin,  and  G.  N.  Sirotyuk. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 


No.  4,  p  259-262,  1990.  4  fig,  2  ref.  Translated  from 
Gidrotekhnicheskoe  Stroitel'stvo,  No.  4,  p  31-32, 
April,  1990. 

Descriptors:  'Construction  methods,  'Explosions, 
•Hydraulic  engineering,  'Rock  excavation,  'Rock 
mechanics,  'Tunnel  construction,  Explosives, 
Geologic  formations,  Hydraulic  roughness,  Hydro- 
electric plants,  Rock  properties,  USSR. 

The  use  of  the  smooth-wall  blasting  method,  to 
increase  the  stability  of  the  works,  can  substantially 
help  to  increase  the  efficiency  and  quality  of  driv- 
ing underground  works  during  construction  of 
large  hydroelectric  structures.  A  more  detailed 
analysis  of  experimental  data  was  necessary  to 
reveal  regularities  not  dependent  on  the  blasting 
conditions  and  to  develop  methods  of  calculating 
the  optimal  parameters  of  smooth  (contour)  break- 
ing with  a  given  degree  of  smoothness  of  the 
surface  of  the  works.  A  methodological  approach 
has  been  developed  to  solve  this  problem.  A  mini- 
mum index  of  reduced  relative  roughness  equal  to 
0.26  mAg  is  used  as  the  main  index,  making  it 
possible  to  optimize  the  parameters  of  smooth-wall 
blasting.  The  following  requirements  providing  a 
prescribed  effectiveness  of  contouring  of  the  works 
were  used  when  developing  the  calculation 
method:  the  powder  factor  for  the  contour  row 
corresponds  to  the  energy  expenditures  on  break- 
ing the  near-contour  rock  layer  characteristic  for 
the  given  geological  and  mining  conditions;  the 
parameters  of  the  zone  of  breaking  the  near-con- 
tour layer  are  determined  by  the  equality  of  the 
specific  energy  transmitted  to  the  rock  upon  deto- 
nation of  the  charges  (with  consideration  of  their 
interaction)  and  specific  work  of  brittle  fracture  of 
the  rock  along  the  break  line.  The  proposed  com- 
plex index  (reduced  relative  roughness),  character- 
izing the  maximum  degree  of  smoothness  of  the 
surface  of  the  works  with  appropriate  energy  ex- 
penditures on  its  formation,  meets  the  requirements 
of  the  technological  criterion  of  optimality  of 
smooth-wall  blasting  parameters.  The  optimal 
value  of  the  burden-to-charge  spacing  ratio  is  de- 
termined only  by  the  relationship  between  the  di- 
ameters of  the  blasthole  and  of  the  charge  located 
in  it.  The  absolute  values  of  the  parameters  of  the 
arrangement  of  the  blastholes  should  be  deter- 
mined on  the  basis  of  the  established  optimal 
burden-to-charge  spacing  ratio  and  value  of  the 
powder  factor  for  breaking  the  near-contour  rock 
layer.  The  proposed  method  provides  a  method  for 
estimating  expected  quality  of  contouring  the 
works  for  given  mining  conditions.  (Fish-Pi  I) 
W9 1-0763  5 


NUMERICAL  MODELING  OF  A  FRACTURED 
ROCK  MASS  AROUND  UNDERGROUND 
WORKINGS. 

For  primary  bibliographic  entry  see  Field  8E. 
W9 1-078  80 


LARGE-SCALE  EXPERIMENTAL  BLASTING 
ON  THE  UCH-TEREK  RIVER. 

N.  V.  Dmitriev,  M.  B.  Etkin,  and  V.  I. 

Vasil'chenko. 

Hydrotechnical  Construction  HYCOAR,  Vol.  24, 

No.  5,  p  285-291,  1990.  6  fig,  1  tab.  Translated  from 

Gidrotekhnicheskoe  Stroitel'stvo,  No.  5,  p  12-15, 

May,  1990. 

Descriptors:  'Dam  construction,  'Explosions, 
'Explosives,  'Rapid  excavation,  'Rock  excava- 
tion, *Uch-Terek  River,  Earth  dams,  Rivers, 
Rockfill  dams,  Toktogul  Region,  USSR,  Water 
resources  development. 

Experimental  large-scale  blasting  was  carried  out 
on  the  Uch-Terek  River  as  part  of  development  of 
the  Toktogul  region.  A  narrow  U-shaped  canyon 
of  the  Uch-Terek  River  was  selected  as  the  site  of 
conducting  large-scale  blasting.  The  canyon  slopes 
are  steep  (35-45  degrees)  and  high  (up  to  200  m). 
The  wall  masses  are  represented  by  a  suite  of 
sandstone  and  siltstones.  The  density  of  the  soils  is 
2600  kgf/cu  m  and  the  compressive  strength  is  70- 
80  MPa.  The  binary  mixture  ammonium  nitrate 
plus  diesel  fuel  oil  (AN  -i-  FO)  with  separate 
placement  of  the  components  was  used  for  the  first 
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time.  Advantages  of  the  method  include  minimiz- 
ing the  ecological  consequences  of  the  large-scale 
blast  and  removal  of  the  technological  restrictions 
on  the  maximum  time  of  using  the  AN  +  FO 
mixture.  The  dangerous  zone  was  guarded  by  mili- 
tia and  was  patrolled  by  helicopters,  and  the 
spread  of  the  dust-gas  cloud  after  blasting  was  also 
monitored  by  helicopters.  The  results  of  the  blast- 
ing confirmed  the  accuracy  of  the  calculations  of 
the  size  of  the  charges  and  prediction  of  the  con- 
figuration of  the  rock  mound.  A  dam  was  formed 
which,  after  taking  measures  to  make  it  watertight, 
will  create  a  basin  for  seasonal  regulation  of  the 
water  of  the  Uch-Terek  River,  which  will  make  it 
possible  to  deliver  water  to  the  villages  and  fields 
in  1991.  (MacKeen-PTT) 
W9 1-08027 

81.  Fisheries  Engineering 

RECRUITMENT,  GROWTH  AND  RESIDENCE 
TIME  OF  FISHES  IN  A  TROPICAL  AUSTRA- 
LIAN MANGROVE  SYSTEM. 

Australian  Inst,  of  Marine  Sciences,  Townsville. 
For  primary  bibliographic  entry  see  Field  2L. 
W9 1-07321 

VERTICAL  DISTRIBUTION  OF  PELAGIC  JU- 
VENILE SOCKEYE  SALMON  (ONCORHYN- 
CHUS  NERKA)  IN  KURIL'SKOYE  LAKE 
DURING  THE  SUMMER-FALL  PERIOD. 

Tikhookeanskii     Nauchno-Issledovatel'skii      Inst. 
Rybnogo  Khozyaistva  i  Okeanografii,  Petropav- 
lovsk-Kamchatskii  (USSR). 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07397 

HYDROLOGIC  REGIMES  OF  VARIOUS 
TYPES  OF  SPAWNING  GROUNDS  OF  SOCK- 
EYE  SALMON,  ONCORHYNCHUS  NERKA. 

Tikhookeanskii     Nauchno-Issledovatel'skii      Inst. 

Rybnogo  Khozyaistva  i  Okeanografii,  Petropav- 

lovsk-Kamchatskii  (USSR). 

For  primary  bibliographic  entry  see  Field  2H. 

W91-07398 

FRESH-WATER  FISH-POND  MANAGEMENT 
IN  THE  WORLD. 

Vyzkumny  Ustav  Rybarsky  Vodnany  (Czechoslo- 
vakia). 

J.  Matena,  and  R.  Berka. 

IN:  Managed  Aquatic  Ecosystems.  Ecosystems  ot 
the  World,  29.  Elsevier  Science  Publishing  Co., 
New  York.   1987.  p  3-27.   11   fig,   1   tab,  99  ref. 

Descriptors:  *Carp,  *Fish  farming,  *Fish  hatcher- 
ies, 'Fish  management,  *Fish  ponds,  'Reviews, 
•World  regions,  Africa,  Asia,  China,  Commercial 
fish  production,  Europe,  Historical  perspective, 
India,  Israel,  Japan,  Latin  America,  North  Amer- 
ica, Pond  management,  USSR. 

A  brief  review  on  fish-pond  management  in  indi- 
vidual world  regions  to  demonstrate  the  capacity 
and  production  possibilities,  and  to  look  into  the 
historical  perspective  of  such  fish-culture  practices 
is  presented.  In  Eastern  Europe  including  the 
USSR,  the  main  fish  reared  is  the  carp  (Cypnnus 
carpio).  Pond  management  practices  in  Western 
Europe  differ  from  those  of  Central  and  Eastern 
Europe.  Fish  breeding  in  Asia  especially  in  the 
regions  of  the  Far  East,  has  ancient  roots  going 
back  to  several  thousands  of  years  in  China,  and 
only  somewhat  less  in  Japan.  The  Asian  continent 
has  very  favorable  conditions  for  fish  culture.  In 
spite  of  favorable  climatic  conditions  and  potential- 
ly suitable  vast  water  areas  on  the  Indian  subconti- 
nent pond  fish  culture  is  not  as  uniform  as  in  other 
Asian  countries.  The  Near  East  and  the  Middle 
East  is  a  promising  region  for  fish  farming,  though 
the  present-day  situation  is  far  from  satisfactory, 
with  the  exception  of  Israel  which  has  one  of  the 
most  advanced  fish  culture  systems  in  the  world. 
In  the  African  continent,  where  fish  often  consti- 
tutes the  main  source  of  animal  protein  for  man, 
commercial  fish  production  is  very  insignificant.  In 
America,  successful  spawning  methods  of  the 
channel  catfish  (Ictalurus  punctatus)  which  began 


in  the  1950's,  carp,  and  other  freshwater  species 
are  described.  In  Latin  America,  Tilapia  was  intro- 
duced and  now  constitutes  the  largest  proportion 
of  fish  cultured  in  the  region.  This  region  is  among 
the  continents  having  the  greatest  potential  for  fish 
farming,  but  for  the  time  being  the  potential  is 
exploited  only  minimally.  (See  also  W9 1-074 17) 
(Medina-PTT) 
W9 1-074 18 


CARP  PONDS  OF  CENTRAL  EUROPE. 

Karlova  Univ.,  Prague  (Czechoslovakia).  Faculty 

of  Science. 

V.  Korinek,  J.  Fott,  J.  Fuksa,  J.  Lellak,  and  M. 

Prazakova. 

IN:  Managed  Aquatic  Ecosystems.  Ecosystems  ot 

the  World,  29.  Elsevier  Science  Publishing  Co., 

New  York.  1987.  p  29-62.  22  fig,  5  tab,  146  ref. 

Descriptors:  *Carp,  'Central  Europe,  *Fish  farm- 
ing, *Fish  ponds,  'Physicochemical  properties, 
♦Reviews,  Austria,  Bulgaria,  Czechoslovakia,  Fer- 
tilization, Fish  populations,  Germany,  Hungary, 
Hydrogen  ion  concentration,  Light,  Nutrients, 
Oxygen,  Phytoplankton,  Poland,  Temperature, 
USSR,  Yugoslavia,  Zooplankton. 

In  the  context  of  fish  farming,  a  fish  pond  is  a  man- 
made  water  body  which  is  drainable  and  used  for 
raising   fish,   especially   the  common  carp.   Carp 
ponds  are  found  in  Austria,  Bulgaria,  Czechoslova- 
kia, Germany,  Hungary,  Poland,  Yugoslavia  and  in 
the  western  part  of  the  USSR.  The  abiotic  environ- 
ment, or  the  physicochemical  properties  of  these 
ponds  (morphometry  and  mixing,  hydrology,  tem- 
perature, light,  oxygen  and  pH,  nutrients  and  fertil- 
ization)  and  the  biotic  community   (fish,   phyto- 
plankton, nannoplankton,  macrovegetation  and  as- 
sociated  fauna,   zooplankton,   benthic   fauna   and 
bacteria)  are  reviewed.  Important  abiotic  factors 
operate  more  or  less  uniformly  in  all  the  ponds 
within    a   given    region,    especially   the   seasonal 
course  of  temperature  and  the  pattern  of  wind- 
induced  mixing.  The  light  regime  is  determined  by 
absorption  of  the  incident  radiation,  though  this  is 
modified  as  the  zooplankton  and  the  phytoplank- 
ton are  affected  by  fish  predation.  There  is  no 
systematic  difference  in  the  supply  of  nutrients  for 
phytoplankton  growth.  The  source  of  nutrients  is 
partly  from  fertilization  of  ponds,  through  addi- 
tional feeding  of  fish  with  corn  and  granulated 
food,  and  by  runoff  from  agricultural  land.  Every 
pond  has  a  rich  nutrient  pool  in  its  bottom  sedi- 
ments. Any  classification  of  carp  ponds  according 
to  trophic  status  is  therefore  meaningless.  There- 
fore, the  density  of  fish  stock  is  considered  as  the 
main  independent  variable  controlling  the  func- 
tioning of  carp-pond  ecosystems.  (See  also  W91- 
07417)  (Medina-PTT) 
W9 1-074 19 

FRESH-WATER  POND  ECOSYSTEMS  MAN- 
AGED UNDER  A  MODERATE  EUROPEAN 
CLIMATE. 

Instytut     Rybactwa     Srodladowego,     Piaseczno 

(Poland).  Zabieniec  Centre. 

K.  Opuszynski. 

IN-  Managed  Aquatic  Ecosystems.  Ecosystems  ot 

the  World,  29.  Elsevier  Science  Publishing  Co., 

New  York.  1987.  p  63-91.  16  fig,  9  tab,  136  ref. 

Descriptors:  *Carp,  'Europe,  'Fish  farming,  "Fish 
management,  'Fish  ponds,  Trout,  Climates,  Cold 
water  ponds,  History,  Physicochemical  conditions, 
Warm  water  ponds,  Wastewater  disposal. 

Fish  ponds  are  ecosystems  that  are  carefully  con- 
troled  in  order  to  obtain  optimal  fish  production. 
Fish  ponds  in  Europe  can  generally  be  divided  into 
two  types:  cold-water  and  warm-water  ponds.  The 
first  serve  for  the  culture  of  salmonids,  of  which 
the  rainbow  trout  (Salmo  gairdneri)  is  of  special 
importance.  The  second  type  is  mainly  for  the 
culture  of  cyprinids,  with  the  common  carp  (Cy- 
prinus  carpio)  as  the  most  important  species.  Inter- 
estingly, neither  of  these  species,  which  constitute 
the  basis  of  fish  production,  is  indigenous  in 
Europe.  The  rainbow  trout  was  brought  from 
North  America  in  1880,  whereas  the  carp  was  most 
probably  brought  to  Europe  in  the  Middle  Ages 
from  the  Black  Sea,  Azov  and  Caspian  Sea  basins. 


Fisheries  Engineering — Group  81 

Cold  and  warm  water  pond  ecosystems  are  man- 
aged differently.  Warm  water  ponds  are  more 
complicated  ecosystems.  The  history  of  warm 
water  pond  management  development,  construc- 
tion, production  scheme,  physicochemical  require- 
ments, and  the  corresponding  biotic  factors  in  the 
pond  ecosystem  are  presented.  Soil  cultivation, 
liming,  agricultural  crop  rotation  and  regulation  of 
the  physicochemical  conditions  of  the  pond  are 
considered  essential  for  obtaining  maximum  yield. 
The  need  for  mineral  fertilization  is  determined  by 
the  correlation  between  primary  production  and 
fishery  production.  Multi-species  stocks  and  stock- 
ing rates,  intensification  of  fishery  production  by 
perfecting  biotechniques  and  the  relationship  be- 
tween sewage  purification  and  fish  production  as 
objectives  for  the  future  in  managing  pond  ecosys- 
tems are  important  considerations.  (See  also  W91- 
07417)  (Medina-PTT) 
W9 1-07420 


MAN-MADE  RESERVOIRS  AS  MANAGED 
ECOSYSTEMS  IN  TROPICAL  AND  SUB- 
TROPICAL INDIA. 

Central  Inland  Capture  Fisheries  Research  Inst., 

Barrackpore  (India). 

A.  V.  Natarajan,  and  V.  Pathak. 

IN-  Managed  Aquatic  Ecosystems.  Ecosystems  of 

the  World,  29.  Elsevier  Science  Publishing  Co., 

New  York.   1987.  p  93-109.  3  fig,  7  tab,  28  ref. 

Descriptors:  *Fish  management,  *Fish  populations, 
•India,  'Reservoir  fisheries,  'Reservoirs,  'Subtro- 
pic  zone,  Ecological  principles,  Lentic  environ- 
ment, Lotic  environment,  Nutrients,  Physicochem- 
ical properties. 

Reservoirs  are  man-made  ecosystems  characterized 
by  release  of  deep  water,  the  existence  of  both 
lentic  and  lotic  components,   and   wide  seasonal 
fluctuations  in  water  level  which  makes  them  eco- 
logically distinct  from  their  lake  counterparts.  The 
river-valley     development     projects     undertaken 
since  the  independence  of  India  that  were  designed 
to  harness  the  immense  potential  of  river  systems 
for  irrigation,  power  generation  and  water  supply, 
and  to  control  floods,  have  led  to  the  creation  of  a 
number  of  impoundments  in  different  parts  of  the 
country.  A  wide  range  of  reservoirs  in  tropical  and 
subtropical    latitudes    indicate    that    there    are    a 
number  of  environmental  factors  common  to  them. 
There  are  also  a  number  of  specific  environmental 
characteristics  that  give  each  impoundment  its  in- 
dividual character.  Lack  of  understanding  of  the 
ecological  principles,  especially  productivity  char- 
acteristics during  the  ecological  transition   from 
lotic  to  lentic  environments,  and  improper  manage- 
ment practices  have  resulted  in  low  fish  yields  (  < 
10  kg/ha/yr)  in  most  of  the  Indian  reservoirs.  The 
implications  of  the  ecology,  the  dynamics  of  phys- 
icochemical constituents,  the  flow  of  energy  and 
nutrients,  and  aspects  of  fish  capture  and  culture 
obtained  from  tropical  and  subtropical  India  are 
presented,  based  on  observations  in  Bhavanisagar 
(Tamil  Nadu),  Nagarjunasagar  (Andhra  Pradesh), 
Rihand  (Uttar  Pradesh)  and  Govindsagar  (Hima- 
chal  Pradesh).  Factors  affecting  productivity  of 
economic  carp  are:  (1)  carp  minnows  and  weed 
fishes;  (2)  undesirable  fishes;  (3)  parasites;  and  (4) 
pollution.  The  ratio  of  fish  production  to  primary 
production  gives  an  idea  of  the  scope  for  stock 
manipulation  to  enhance  the  yield.  It  is  desirable  to 
have  a  ratio  of  4:1  numbers  between  primary  con- 
sumers and  other  categories.  (See  also  W9 1-074 17) 
(Medina-PTT) 
W9 1-07421 

MANAGED  COASTAL  WATERS  FOR  OYSTER 
CULTURE  IN  JAPAN. 

National    Research    Inst,    of    Aquaculture,    Mie 

(Japan).  Fish  Nutrition  Div. 

K.  Mori. 

IN:  Managed  Aquatic  Ecosystems.  Ecosystems  of 

the  World,  29.  Elsevier  Science  Publishing  Co., 

New  York.  1987.  p  125-143.  3  fig,  8  tab,  35  ref. 

Descriptors:  'Aquaculture,  'Coastal  zone  manage- 
ment, 'Eutrophication,  'Japan,  'Marine  resources, 
'Mollusks,  'Oysters,  'Resource  management, 
Algae,  Fish,  Scallops. 
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Japan's  extensive  coastal  waters  available  for  aqua- 
culture  belong  to  the  shore  and  the  neritic  regions. 
The  coastal  waters  are  utilized  for  culture  of  sea- 
weeds including  lavers  (Porphyra),  sea  tangles  (La- 
minaria)  and  wakame  (Undaria),  mollusks  such  as 
oysters  (Crassostrea  gigas)  and  scallops  (Patinopec- 
ten  yessoensis),  crustaceans  such  as  prawns  (Pen- 
aeus  japonicus)  and  fish  including  jack  mackerel 
(Trachurus  japonicus),  sea  bream  (Pagarus  major) 
and  yellowtail  (Seriola  quinqueradiata).  Aquacul- 
ture  in  Japan  accounts  for  only  a  little  less  than 
10%  of  the  total  fishery  production.  However,  it  is 
expected  to  increase  continuously  due  to  the  great 
demand  of  high-priced  aquaculture  products.  It  is 
estimated  that  in  the  near  future,  the  greater  part  of 
Japanese  coastal  waters  will  be  managed  for  and 
through  aquaculture.  Bivalve  mollusk  culture  is 
one  of  the  most  extensive  types  of  aquaculture  but 
is  still  regarded  as  a  less  productive  method  com- 
pared to  other  types  of  aquaculture.  Therefore, 
some  aspects  of  management  practices  in  the  coast- 
al waters  of  Japan,  biological  characteristics  of  the 
Japanese  oyster,  (C.  gigas),  and  practices  used  in 
its  culture  have  been  reviewed.  It  is  concluded  that 
although  the  possibility  exists  that  artificial  eu- 
trophication  in  hanging-culture  areas  might  in- 
crease the  production  of  food  required  for  the 
growth  of  oysters  and  promote  culture  production 
through  a  rise  in  fertility;  in  reality,  eutrophication 
accelerates  the  proliferation  of  attached  organisms 
which  compete  with  oysters  for  food,  and  also 
induces  excessive  soft-body  growth  and  over  matu- 
ration of  the  gonad,  resulting  in  certain  physiologi- 
cal disorders  and  mass  mortality.  In  addition,  ex- 
treme eutrophication  in  the  form  of  organic  pollu- 
tion may  bring  about  the  destruction  of  environ- 
mental conditions  favorable  to  oysters.  (See  also 
W9 1-074 17)  (Medina-PTT) 
W9 1-07423 


FISH  COMMUNITY  OF  TEMPERATE  EUTRO- 
PHIC  LAKES. 

Lund  Univ.  (Sweden).  Limnological  Inst. 
For  primary  bibliographic  entry  see  Field  2H. 
W9 1-07452 


SPAWNING  AND  MOVEMENTS  OF  RAZOR- 
BACK  SUCKER,  XYRAUCHEN  TEXANUS,  IN 
THE  GREEN  RIVER  BASIN  OF  COLORADO 
AND  UTAH. 

Fish  and  Wildlife  Service,  Vernal,  UT. 

H.  T.  Tyus,  and  C.  A.  Karp. 

Southwestern  Naturalist  SWNAAB,  Vol.  35,  No. 

4,  p  427-433,  December  1990.  2  fig,  1  tab,  29  ref. 

Descriptors:  'Colorado,  'Endangered  species, 
•Fish  populations,  'Habitat  loss,  'Sucker,  'Utah, 
Environmental  effects,  Fish  migration,  Green 
River  Basin,  Radiotelemetry,  Spawning,  Water 
temperature. 

Spawning  and  movements  of  the  razorback  sucker 
were  evaluated  by  radiotelemetry  (n  =  17  fish) 
and  capture  of  230  adults  (105  recaptures)  in  the 
Green  and  Yampa  rivers,  1987  to  1989.  Ripe  fish  (n 
=  194)  were  captured  in  riffles  with  cobble, 
gravel,  and  sand  substrates  from  mid-April  to  early 
June.  Recaptured  males  were  ripe  from  2  to  28 
days  and  recaptured  females  from  2  to  15  days. 
Razorback  suckers  spawned  during  ascending  and 
highest  spring  flows  at  water  temperatures  of 
about  14  C  (range  of  9  to  17  C).  Spawning  migra- 
tions of  30  to  106  km  were  detected  in  17  razor- 
back  suckers,  but  movements  were  more  limited  or 
undetected  in  other  individuals.  Flooded  lowlands 
and  lower  portions  of  tributary  streams  presumably 
served  as  resting-feeding  areas  for  razorback  suck- 
ers during  the  breeding  season.  Native  flannel- 
mouth  sucker  (Catostomus  latipinnis),  bluehead 
sucker  (Catostomus  discobolus)  and  putative  flan- 
nelmouth  x  razorback  sucker  hybrids  in  breeding 
condition  were  collected  with  ripe  razorback  suck- 
ers. The  Razorback  sucker  is  in  peril  due  to  a 
paucity  of  spawning  adults,  hybridization  with 
other  suckers,  little  or  no  recruitment,  and  habitat 
loss  (Author's  abstract) 
W9 1-07577 


THREATENED  CYPRINID  FISH  OF  THE 
AMERICAN  SOUTHWEST. 

Arizona  State  Univ.,  Tempe.  Dept.  of  Zoology. 
S.  P.  Vives,  and  W.  L.  Minckley. 
Southwestern  Naturalist  SWNAAB,  Vol.  35,  No. 
4,  p  451-454,  December  1990.  1  tab,  27  ref. 

Descriptors:  'Arizona,  'Endangered  species, 
•Mexico,  'Minnow,  'New  Mexico,  'Stream  biota, 
Fish  behavior,  Gila  River,  Habitat  loss,  Introduced 
species,  Nesting,  Spawning. 

The  loach  minnow  (Tiaroga  cobitis)  is  a  small 
(<70  mm),  darter-like,  rare  cyprinid  fish  endemic 
to  the  Gila  River  basin  of  Arizona  and  New 
Mexico  and  of  Sonora,  Mexico.  It  is  listed  as 
threatened  by  the  US  Fish  and  Wildlife  Service 
and  endangered  by  the  states  of  Arizona  and  New 
Mexico.  Reasons  for  its  decline  are  cited  as  habitat 
alteration  and  establishment  of  non-native  fishes. 
Data  on  its  biology  are  therefore  important  in 
formulating  management  and  protection  strategies. 
This  species  has  only  recently  been  reported  as  a 
hole-nester.  Collections  and  observations  made  in 
Aravaipa  Creek,  a  tributary  of  San  Pedro  River  in 
Arizona  showed  that  nest  entrances  faced  down- 
stream. Nest  cavities  were  located  beneath  rocks 
embedded  in  the  bottom  on  their  upstream  sides 
and  slightly  elevated  on  the  downstream  sides. 
Eggs  were  attached  to  a  roof  formed  by  the  over- 
lying rock  and  at  or  near  the  back  of  the  cavity  in 
15  nests  examined.  The  average  number  of  eggs 
per  rock  was  63.  Loach  minnows  spawn  in  late 
winter  and  early  spring  in  Arizona.  (Medina-PTT) 
W91-07578 


CHANGE  OF  THE  LIFE  CYCLE  OF  JAPA- 
NESE CHARR  FOLLOWING  ARTIFICIAL 
LAKE  CONSTRUCTION  BY  DAMMING. 

Hokkaido  Univ.,  Sapporo  (Japan).  Faculty  of  Ag- 
riculture. 

For  primary  bibliographic  entry  see  Field  6G 
W9 1-08082 


EFFECT  OF  ACID  STRESS  ON  THE  EMBRY- 
ONIC DEVELOPMENT  OF  THE  COMMON 
CARP  (CYPRINUS  CARPIO). 

Katholieke  Univ.  Nijmegen  (Netherlands).  Dept. 
of  Biology. 

For  primary  bibliographic  entry  see  Field  5C. 
W9 1-08 158 


PRELIMINARY  STUDIES  ON  THE  ACUTE 
EFFECT  OF  LINDANE  (GAMMA-HCH)  ON 
BRAIN  SEROTONINERGIC  SYSTEM  IN  RAIN- 
BOW TROUT  ONCORHYNCHUS  MYKISS. 

Santiago  Univ.  (Spain).  Dept.  of  Physiology. 
For  primary  bibliographic  entry  see  Field  5C. 
W91-08160 


PATHOLOGIC  ALTERATIONS  IN  EARLY 
LIFE  STAGES  OF  LAKE  TROUT,  SALVE- 
LINUS  NAMAYCUSH,  EXPOSED  TO  2,3,7,8- 
TETRACHLORODIBENZO-P-DIOXIN  AS  FER- 
TILIZED EGGS. 

New  York  State  Coll.  of  Veterinary  Medicine, 
Ithaca.  Dept.  of  Avian  and  Aquatic  Animal  Medi- 
cine. 

For  primary  bibliographic  entry  see  Field  5C. 
W91-08161 
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TECHNICAL  INFORMATION 

IOC.  Secondary  Publication 
And  Distribution 


5  ref,  append.  Includes  four  5-1/4  inch  diskettes. 

Descriptors:  'Atrazine,  'Bibliographies,  'Degra- 
dation products,  'Fate  of  pollutants,  'Path  of  pol- 
lutants, Agricultural  chemicals,  Databases,  Herbi- 
cides. 

Agricultural  chemical  contamination  of  surface 
water  and  groundwater  is  a  topic  of  current  con- 
cern. Agricultural  chemicals  have  been  observed 
in  all  components  of  the  hydrologic  cycle,  estab- 
lishing a  need  for  research  into  their  environmental 
fate  and  transport.  Atrazine  provides  an  excellent 
environmental  surrogate  of  other  herbicides.  It  has 
the  appropriate  set  of  physical  and  chemical  prop- 
erties to  allow  its  movement  within  and  between 
all  environmental  compartments  (air,  rain,  soil,  sur- 
face water,  biota,  and  groundwater).  Atrazine  is 
also  the  most  common  organic  contaminant  in 
groundwater  in  the  mid-continent  of  North  Amer- 
ica and  is  the  second  most  popular  herbicide  in  use. 
Citations  from  the  scientific  literature  on  the  envi- 
ronmental behavior  and  occurrence  of  atrazine  and 
its  simple  degradation  products  were  obtained 
from  three  computerized  bibliographic  databases: 
Chemical  Abstracts  Service,  Selected  Water  Re- 
sources Abstracts,  and  Agricola.  More  than  2,500 
citations  were  categorized  by  environmental  proc- 
ess, occurrence,  analysis,  toxicity  or  physical/ 
chemical  property.  (Lantz-PTT) 
W9 1-07225 


WATER  RESOURCES  ACTTVITIES  IN  MICHI- 
GAN, 1989. 

Geological  Survey,  Lansing,  MI.  Water  Resources 

Div. 

For  primary  bibliographic  entry  see  Field  7C. 

W9 1-07826 

10D.  Specialized  Information 
Center  Services 


LIST  OF  TERMS  OF  HYDROGEOLOGY,  GEO- 
CHEMISTRY AND  GEOTHERMALS  OF  MIN- 
ERAL AND  THERMAL  WATERS. 

International  Association  of  Hydrogeologists,  Paris 
(France). 
H.  R.  Langguth. 

International  Contributions  to  Hydrogeology 
Volume  3,  1984.  International  Association  of  Hy- 
drogeologists, Hannover,  Germany.  91  p. 

Descriptors:  'Geohydrology,  'Translations,  Geo- 
chemistry, Geothermal  water,  Water  resources. 

For  a  better  understanding  between  specialists  of 
various  countries  engaged  in  the  study  of  mineral 
and  thermal  waters,  and  also  for  use  in  geohydro- 
logy, hydrochemistry  and  geothermics,  the  compi- 
lation of  a  special  terminological  glossary  was  in- 
cluded into  the  program  of  the  Commission  for 
Mineral  and  Thermal  Waters  of  the  International 
Association  of  Hydrogeology  as  one  of  the  princi- 
pal items.  At  the  first  session  held  in  Sofia  (1970) 
the  Commission  decided  to  compile  the  glossary  in 
the  three  major  sections-geohydrology,  geochem- 
istry and  geothermics  of  mineral  and  thermal 
waters.  At  the  1973  meeting  of  the  Commission  in 
Bad  Driburg  it  was  approved  to  elaborate:  (1)  a 
'List  of  Terms'  in  five  languages-Russian,  French, 
English,  German  and  Spanish-in  a  thematical 
order  and  an  alphabetical  order  (with  reference  to 
the  number  in  the  thematical  list);  and  (2)  a  'Glos- 
sary of  Terms  with  Definitions'  in  Russian,  English 
and  French.  In  this  volume,  the  Commission  pub- 
lishes: (1)  a  complete  list  of  terms;  and  (2)  some 
examples  in  a  glossary.  (Lantz-PTT) 
W91-07195 


AUTUMN  SPAWNING  AND  OTHER  REPRO- 
DUCTTVE  NOTES  ON  LOACH  MINNOW,  A 


BIBLIOGRAPHY  OF  ATRAZINE  AND  ITS 
SIMPLE  DEGRADATION  PRODUCTS  IN  THE 
ENVIRONMENT. 

Geological    Survey,    St.    Paul,    MN.    Water   Re- 
sources Div. 
P.  D.  Capel. 

Available  from  Books  and  Open  Files  Reports 
Section,  USGS  Box  25425,  Denver,  CO  80225. 
USGS  Open  File  Report  89-613,  1989.  200p,  2  tab, 


REPORT    PLANNING,    PREPARATION    AND 
REVIEW  GUIDE. 

Geological  Survey,  Reston,  VA. 

J.  E.  Moore,  D.  A.  Aronson,  J.  H.  Green,  and  C. 

Puente. 

Available   from    Books   and   Open   Files   Reports 

Section,   USGS   Box   25425,   Denver,  CO  80225. 

USGS  Open  File  Report  89-275,  1990.  Sip,  23  ref, 

7  exhibits. 
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SCIENTIFIC  AND  TECHNICAL  INFORMATION— Field  10 
Preparation  Of  Reviews— Group  10F 


Descriptors:     *Report     preparation,     *Reviews, 
Manuals,  Standards,  Writing. 

The  final  report  is  the  most  important  aspect  of 
any  project,  because  it  generally  is  the  only  prod- 
uct of  a  project  that  a  cooperator,  client,  or  the 
public  ever  sees.  Many  reports,  however,  are 
poorly  written  and  not  completed  in  a  timely 
manner  because  of  inadequate  attention  to  report 
planning  and  management.  This  guide  was  pre- 
pared to  assist  authors  and  reviewers  in  the  plan- 
ning and  review  of  technical  reports,  and  provides 
many  common  sense  tools  to  help  them  produce 
quality  reports  on  time.  Project  and  report  plan- 
ning and  organization  are  discussed  first.  Report 
writing  and  guidelines  for  writing  selected  parts  of 
the  report  are  covered  next.  The  last  topics  cov- 
ered are  editorial  and  technical  review.  The  guide 
contains  examples  of  good  and  poor  writing, 
report  checklists,  and  source  references  to  assist 
authors  in  the  various  stages  of  report  preparation. 
(Lantz-PTT) 
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Geological  Survey,  Rolla,  MO.  Water  Resources 
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LONG-TERM  DEVELOPMENT  OF  FORESTED 
WETLANDS. 

Eastern  Michigan  Univ.,  Ypsilanti.  Dept.  of  Biol- 
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Institute  of  Tropical  Forestry,  Rio  Piedras,  PR. 
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W9 1-07429 
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W9 1-07430 
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FORESTED  WETLANDS  OF  MEXICO. 

Universidad     Nacional     Autonoma    de    Mexico, 
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For  primary  bibliographic  entry  see  Field  2L. 
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WASTEWATER    TREATMENT    BY    IMMOBI- 
LIZED CELLS. 
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MORPHOLOGY   AND   ELECTRON   MICROS- 
COPY OF  MICROBIAL  AGGREGATES. 

University  of  Western  Ontario,  London.  Dept.  of 
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ACTIVATED  SLUDGE  PROCESS. 
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EVALUATION  OF  DRY  DEPOSITION,  POL- 
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W9 1-07982  2H 

ALGAL  PHYSIOLOGY 

Effect  of  Light  on  the  Release  of  Organic  Com- 
pounds   by    the    Cyanobacterium    Oscillatoria 
rubescens. 
W9 1-07555  2H 

Nickel    Regulation    of   Photoautotrophy    in    a 

Cyanobacterium. 

W91-08118  5C 

ALGORITHMS 

Quick  and  Stable  Algorithm  for  Groundwater 
Flow  Parameter  Estimation  Under  Uncertainty. 
W9 1-07261  2F 

Kalman  Filter  Approach  to  the  Quantification  of 

the  Reliability  of  a  Groundwater  Model. 

W9 1-07299  2F 

Results  of  Airborne  EM  Groundwater  Explora- 
tion in  a  Desert  Area  Using  the  Centroid  Depth 
Algorithm  for  Evaluation. 
W9 1-07979  2F 

ALKALINE  WATER 

Production,  Nutrient  Dynamics  and  Initial  De- 
composition of  Floating  Leaves  of  Nymphaea 
alba  L.  and  Nuphar  lutea  (L.)  Sm.  (Nymphaea- 
ceae)  in  Alkaline  and  Acid  Waters. 
W91-08012  2H 


ALKALINITY 

Porewater  Acid/Base  Chemistry  in  Near-Shore 
Regions  of  an  Acidic  Lake:  The  Influence  of 
Groundwater  Inputs. 
W9 1-07836  2H 

Effectiveness  of  the  Addition  of  Alkaline  Mate- 
rials at   Surface  Coal   Mines  in   Preventing  or 
Abating  Acid  Mine  Drainage:  Part  1.  Geochemi- 
cal  Considerations. 
W91-08189  5G 

Effectiveness  of  the  Addition  of  Alkaline  Mate- 
rials at   Surface  Coal   Mines  in   Preventing  or 
Abating  Acid  Mine  Drainage:  Part  2.  Mine  Site 
Case  Studies. 
W9 1-08 190  5G 

ALLUVIAL  AQUIFERS 

Application  of  an  Automatic  Calibration  Tech- 
nique to  Modelling  an  Alluvial  Aquifer. 
W9 1-07262  2F 

Model  Uncertainties  in  the  Simulation  of  River 

Marecchia  Alluvial  Fan  (Northern  Italy). 

W9 1-07289  2F 

Potentiometric  Surface  of  the  Alluvial  Aquifer 
and  Hydrologic  Conditions  Near  Caguas,  Puerto 
Rico,  March  1988. 
W91-07810  2F 

Origin   and   Age   of  Coastal   Groundwaters  in 

Northern  Oman. 

W91-07953  5B 

ALLUVIAL  CHANNELS 

Fluvial  Armor. 

W9 1-07596  8B 

New      Numerical/Physical      Framework      for 
Mobile-Bed    Modelling:    Part   2~Test   Applica- 
tions. 
W9 1-07  597  2J 

Influence  of  Microform   Bed   Roughness   Ele- 
ments  on    Flow    and    Sediment   Transport    in 
Gravel  Bed  Rivers. 
W91-07851  2J 

ALLUVIAL  FANS 

Model  Uncertainties  in  the  Simulation  of  River 

Marecchia  Alluvial  Fan  (Northern  Italy). 

W9 1-07289  2F 

ALUMINUM 

Aluminum  Speciation:  Methodology  and  Appli- 
cations. 
W9 1-07230  5B 

Snowpack  Storage  of  Pollutants,  Release  during 

Melting,  and  Impact  on  Receiving  Waters. 

W9 1-07231  5B 

Aluminum    and    Organic    Matter    Mobilization 
from  Soil  Infiltrated  with  Acidified  Calcium  Sul- 
fate Solutions. 
W91-07358  2G 

Phosphorus  and  Aluminum  Release  from  a 
Spodic  Horizon  Mediated  by  Organic  Acids. 
W91-07359  2G 

Embryonic  and  Larval  Development  of  Brown 
Trout,  Salmo  trutta  L.:  Exposure  to  Aluminium, 
Copper,  Lead  or  Zinc  in  Soft,  Acid  Water. 
W9 1-07394  5C 

Effects  of  Acidic  Deposition  on  the  Chemical 

Form  and  Bioavailability  of  Soil  Aluminum  and 

Manganese. 

W9 1-07468  5C 

Effects  of  Acidification  on  Fish  and  Fisheries  in 

Wales. 

W9 1-07480  5C 
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Dissolved     Inorganic     Aluminum     in     Acidic 

Stream  and  Soil  Waters  in  Wales. 

W9 1-07483  5B 

Determination  of  Aluminum  Speciation  in  Acid 

Waters. 

W9 1-07484  5A 

ALBIOS:  A  Comparison  of  Aluminum  Biogeo- 
chemistry  in  Forested  Watersheds  Exposed  to 
Acidic  Deposition. 
W9 1-07496  5C 

Aluminum  Toxicity  and  Tolerance  in  Plants. 
W91-07512  5C 

Aerosol  Sulfur  Association  with  Aluminum  in 
Eastern  North  America:  Evidence  for  Solubili- 
zation of  Atmospheric  Trace  Metals  before  Dep- 
osition. 
W91-07515  5C 

Phytoplankton  Succession  During  Acidification 
With  and  Without  Increasing  Aluminum  Levels. 
W9 1-07660  5C 

Influence  of  Aluminum  and  H  +  on  the  Electro- 
lyte Homeostasis  in  the  Unionidae  Anodonta 
anatina  L.  and  Unio  pictorum  L. 
W9 1-08002  5C 

AMAZON 

Surficial  Processes  in  the  Rainforest  of  Western 

Amazonia. 

W9 1-07742  2J 

AMAZON  RIVER 

Role  of  Rock  Weathering  in  the  Phosphorus 

Budget  of  Terrestrial  Watersheds. 

W9 1-0783  5  2J 

AMEBAS 

Marine  Amoebae  in  Waters  of  Chincoteague 
Bay,  Virginia:  Ecological  Significance  of  'Old' 

and  'New'  Species. 

W9 1-07365  2L 

AMERICAN  CREOSOTE  WORKS  SITE 

Case  History  of  the  American  Creosote  Works 

Superfund  Removal  Action. 

W9 1-07692  5G 

AMES  TEST 

Influence  of  Application  Rate  on  the  Bacterial 
Mutagenicity  of  Soil  Amended  with  Municipal 
Sewage  Sludge. 
W9 1-07661  5E 

AMINO  ACIDS 

Ecophysiological  and  Trophic  Implications  of 
Light-Stimulated    Amino    Acid    Utilization    in 
Marine  Picoplankton. 
W91-07653  2L 

AMMONIUM 

Relationship  Between  Substrate  Concentration 
and  Oxidation  of  Ammonium  and  Methane  in  a 
Stratified  Water  Column. 
W91-O7307  2K 

Strong  Similarities  in  Seasonal  Concentration 
Ratios  of  S04(2-),  N03(-)  and  NH4(-(-)  in  Pre- 
cipitation Between  Sweden  and  the  Northeast- 
ern US. 
W9 1-07404  5B 

AMMONIUM  COMPOUNDS 

Influence  of  Airborne  Ammonium  Sulfate  on 

Soils  of  an  Oak  Woodland  Ecosystem  in  the 

Netherlands:     Seasonal    Dynamics    of    Solute 

Fluxes. 

W9 1-07499  5C 

AMPHIPODS 

Perspectives  on  the  Ecological  Factors  Regulat- 
ing Pontoporeia   Populations  in  the  Northern 
Baltic  Sea. 
W91-07375  2L 


ANAEROBIC  BACTERIA 

Dechlorination   of  Chlorocatechols  by   Stable 
Enrichment  Cultures  of  Anaerobic  Bacteria. 
W9 1-07642  5B 

ANAEROBIC  DEGRADATION 

Anaerobic  Biodegradation  of  Skeletal  Structures 
in  the  Marine  Environment:  II.  Chemical  As- 
pects (Biodegradation  Anaerobique  des  Struc- 
tures Squelettiques  en  Milieu  Marin  :  II.  Ap- 
proche  Chimique). 
W91-07561  2K 

ANAEROBIC  DIGESTION 

Effect  of  the  Hydraulic  Regime  on  the  Granule 
Size  Distribution  in  an  Upflow  Anaerobic  Reac- 
tor. 
W91-07165  5D 

Anaerobic  Degradation  of  Phenol  Using  an  Ac- 
climated Mixed  Culture. 
W9 1-07377  5D 

Immobilized  Cell  Systems  in  Anaerobic  Diges- 
tion Processes. 
W91-07461  5D 

Sulfide  Inhibition  of  Anaerobic  Degradation  of 

Lactate  and  Acetate. 

W91-08055  5D 


Coffee  Industry  Wastes. 
W9 1-08065 
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Anaerobic     Sludge     Digestion     in     Industrial 

Wastewater  Treatment. 

W9 1-08066  5D 

High-Rate  Anaerobic  Treatment  of  Industrial 

Wastewaters. 

W9 1-08067  5D 

Long-Chain  Fatty  Acid,  Oleate,  As  Sole  Sub- 
strate in  Upflow  Anaerobic  Sludge  Bed  (UASB) 
Reactor  Systems. 
W9 1-08090  5D 

Effects   of  a   Recycle   in   Upflow    Anaerobic 

Sludge  Bed  (UASB)  Systems. 

W91-O8091  5D 

Effect  of  Sulphate  on  Pelletisation  in  the  UASB 

System  with  Glucose  as  the  Substrate. 

W9 1-08092  5D 


Anaerobic  Biological  Treatment. 
W91-08198 
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ANALYTICAL  METHODS 

Spectrophotometric  Methodologies  for  Predict- 
ing and  Studying  Enhanced  Degradation. 
W91-07136  5B 

Quantifying  External  and  Internal  Nitrogen  and 
Phosphorus  Pools,  as  Well  as  Nitrogen  and 
Phosphorus  Supplied  Through  Remineraliza- 
tion,  in  Coastal  Marine  Plankton  by  Means  of  a 
Dilution  Technique. 
W9 1-07322  2K 

Determination  of  Uranium  in  Solution  at  the  ng/ 
L  level  by  Time-Resolved  Laser-Induced  Spec- 
trofluorimetry:  Application  to  Geological  Sam- 
ples. 
W91-07367  2K 

Determination  of  Nitrite  and  Nitrate  in  Venice 
Lagoon  Water  by   Ion  Interaction  Reversed- 
Phase  Liquid  Chromatography. 
W91-07368  5A 

Spectrophotometric  Determination  of  Uranium 

in  Natural  Waters. 

W9 1-07369  5A 

Direct  Determination  of  Complexing  Capacity 
of  Organic  Matter  Dissolved  in  Huanghe  Estu- 


ary Water  by  the  Huanghe  Estuary  Sediment- 
Ion  Exchange  Method  (in  Chinese). 
W91-07535  2K 

Chloroplast  Bioassay  for  the  Determination  of 
Herbicides  in  Water-An  Improved  Electron 
Acceptor  System  (Chloroplasten-Biotest  zur 
Herbizidbestimmung  im  Wasser-Optimierung 
des  Elektronenakzeptorsystems). 
W9 1-07542  5  A 

Determination  of  Adaptation  of  the  Activated 

Sludge  for  Industrial  Wastewater. 

W9 1-07544  5D 

Evaluation  of  the  Dynamic  Daphnia  Test- 
Effect  of  Pesticides  on  the  Swimming  Behavior 
of  Daphnia  magna  under  Laboratory  and  Field 
Conditions  (Erfahrungen  mit  dem  Dynamischen 
Daphnientest-Einfluss  von  Pestiziden  auf  das 
Schwimmverhalten  von  Daphnia  magna  unter 
Labor-  und  Praxisbedingungen). 
W91-07545  5C 

Measuring  Compost  Substrate  Degradability. 
W91-07559  5D 

Multilaboratory  Evaluation  of  Methods  for  De- 
tecting Enteric  Viruses  in  Soils. 
W9 1-07649  7B 

Gas-Chromatographic  Determination  of  Substi- 
tuted Anilines  in  Water  after  Solid-Phase  Ex- 
traction (Bestimmung  von  Substituierten  Ani- 
linen  in  Wasser  durch  Gaschromatographie  nach 
Festphasenextraktion). 
W91-07989  5A 

Urease-Agar-Diffusion-Test  for  Rapid  Determi- 
nation of  the  Toxicity  of  Surface  Waters  (Der 
Urease-Agar-Diffusionstest  zur  Schnellen  Toxi- 
zitaetsbestimmung  von  Oberflaechengewaes- 
sern). 
W9 1-07990  5  A 

Evaluation  of  Waste  Water  Toxicity  with  Three 

Cytotoxicity  Tests. 

W9 1-07992  5  A 

Respirometric  Determination  of  Wastewater 
Biodegradation  in  a  Biological  Treatment  Plant. 
W9 1-07993  5D 

Inter-Element  Interference  Studies  in  the  Deter- 
mination of  Trace  Amounts  of  Plutonium  by 
Inductively  Coupled   Plasma-Atomic   Emission 
Spectrometry. 
W9 1-07996  5  A 

Chemometric   Comparison   of  Polychlorinated 
Biphenyl  Residues  and  Toxicologically  Active 
Polychlorinated    Biphenyl    Congeners    in    the 
Eggs  of  Forster's  Terns  (Sterna  fosteri). 
W9 1-08000  5  A 

Sensitivity  of  Ceriodaphnia  dubia  and  Daphnia 
magna  to  Seven  Chemicals  Utilizing  the  Three- 
Brood  Test. 
W91-08001  5A 

Chlorinated  and  Methylated  Dibenzothiophenes: 
Preparation  of  the  Model  Compounds  and  Their 
Analysis  from  Some  Environmental  Samples. 
W91-O8017  5A 

Review    of    Biodegradation    Kinetics    in    the 

Aquatic  Environment. 

W91-08022  5B 

Laboratory  Diffusion  Testing  for  Waste  Dispos- 
al: A  Review. 
W9 1-08039  5E 

Effect  of  Carbon  Dioxide  Equilibrium  on  pH  in 

Dilute  Lakes. 

W91-08053  2H 
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Determination  of  Phosphate  in  Waters  by  Flow 

Injection  Analysis. 

W9 1-08 122  2K 

Comparison  of  Bulk  and  Wet-Only  Precipitation 
Collectors  at  Rural  Sites  in  the  United  Kingdom. 
W9 1-08 124  2B 

ANALYTICAL  TECHNIQUES 

Chromatographic  Separation  and  Determination 

of  Carcinogenic    Benz(c)acridines   in   Creosote 

Oils. 

W91-08107  5A 

ANCHORS 

Anchor    Embedment    in    Hardened    Concrete 

Under  Submerged  Conditions. 

W9 1-072 15  8G 

ANDES  MOUNTAINS 

Irrigation  and  Flood/Erosion  Control  at  High 

Altitudes  in  the  Andes. 

W9 1-07909  4D 

ANILINES 

Gas-Chromatographic  Determination  of  Substi- 
tuted Anilines  in  Water  after  Solid-Phase  Ex- 
traction (Bestimmung  von  Substituierten  Ani- 
linen  in  Wasser  durch  Gaschromatographie  nach 
Festphasenextraktion). 
W9 1-07989  5  A 

ANIMAL  BEHAVIOR 

Evaluation  of  the  Dynamic  Daphnia  Test- 
Effect  of  Pesticides  on  the  Swimming  Behavior 
of  Daphnia  magna  under  Laboratory  and  Field 
Conditions  (Erfahrungen  mit  dem  Dynamischen 
Daphnientest-Einfluss  von  Pestiziden  auf  das 
Schwimmverhalten  von  Daphnia  magna  unter 
Labor-  und  Praxisbedingungen). 
W9 1-07545  5C 

ANIMAL  GROWTH 

Tributyltin  Oxide  Induced  Alterations  in  Exu- 
vial  Weight  and  Calcium  Content  of  the  Prawn, 
Caridina  rajadhari. 
W91-07574  5C 

ANIMAL  METABOLISM 

Preliminary  Studies  on  the  Acute  Effect  of  Lin- 
dane  (gamma-HCH)   on   Brain    Serotoninergic 
System     in     Rainbow     Trout     Oncorhynchus 
my  kiss. 
W91-08160  5C 

ANIMAL  POPULATIONS 

Long-Term    Studies   of   Profundal    Zoomacro- 
benthos  in  Sweden's  Great  Lakes:  Implications 
of  Biotic  Interactions. 
W9 1-07374  2H 

Perspectives  on  the  Ecological  Factors  Regulat- 
ing  Pontoporeia   Populations   in   the   Northern 
Baltic  Sea. 
W91-07375  2L 

ANIMAL  WASTES 

Appropriate  Industrial  Waste  Management 
Technologies:  The  New  Zealand  Meat  Industry. 
W9 1-08070  5D 

ANION  EXCHANGE 

Approach  to  Process  Identification:  Application 

to  Solute  Transport  Through  Clays. 

W9 1-07276  2G 

ANIONS 

Carboxylic  Acid  Anions  in  Formation  Waters, 
San  Joaquin  Basin  and  Louisiana  Gulf  Coast, 
U.S.A. --Implications  for  Clastic  Diagenesis. 
W91-07833  2F 

ANISOTROPY 

Toward    Validating    State-Dependent    Macro- 
scopic Anisotropy  in  Unsaturated  Media:  Field 
Experiments  and  Modeling  Considerations. 
W9 1-07587  5B 


Consideration  of  the  Anisotropic  Properties  of 
Stratified  Rocks  When  Designing  Crack-Resist- 
ant Linings  of  Pressure  Tunnels. 
W9 1-07634  8E 

ANNUAL  RUNOFF 

Estimating  Hydrological  Parameters  from  Basin 
Characteristics  for  Large  Semiarid  Catchments. 
W91-07939  2E 

ANOXIC  CONDITIONS 

Relationship   Between   Substrate  Concentration 
and  Oxidation  of  Ammonium  and  Methane  in  a 
Stratified  Water  Column. 
W9 1-07307  2K 

Acetate  in  Recent  Anoxic  Sediments:  Direct  and 
Indirect    Measurements   of  Concentration    and 
Turnover  Rates. 
W9 1-07862  2L 

ANTIFOULANTS 

Effects  of  Chlorine  Dioxide  on  Reverse  Osmosis 

Membranes. 

W9 1-07392  3  A 

Tributyltin  Oxide  Induced  Alterations  in  Exu- 
vial  Weight  and  Calcium  Content  of  the  Prawn, 
Caridina  rajadhari. 
W9 1-07574  5C 

Field  Study  of  the  Impact  on  Oysters  of  Tribu- 
tyltin Introduction  and  Removal  in  a  Pristine 
Lake. 
W9 1-08009  5C 

APPALACHIAN  MOUNTAINS 

Factors  Governing  Cloud  Water  Composition  in 

the  Appalachian  Mountains. 

W9 1-07403  2B 

Effects  of  Acid  Precipitation  Runoff  Episodes 
on  Reservoir  and  Tapwater  Quality  in  an  Appa- 
lachian Mountain  Water  Supply. 
W9 1-08025  5B 

AQUACULTURE 

Determination  of  the  Chemical  Suitability  of  a 
Dredged  Material  Containment  Area  for  Aqua- 
culture. 
W9 1-072 13  5C 

Management  of  Autotrophic  Mass  Cultures  of 

Micro- Algae. 

W9 1-07422  2H 

Managed  Coastal  Waters  for  Oyster  Culture  in 

Japan. 

W9 1-07423  81 

Wastewater  Treatment  Model  for  Waste  Heat 

Utilization  Assessment. 

W9U08111  5D 

AQUATIC  ANIMALS 

Is  the  Activity  of  Benthic  Suspension  Feeders  a 

Factor  Controlling  Water  Quality  in  the  Bay  of 

Brest. 

W9 1-073  30  2L 

Past  and  Recent  Occurrences  of  Malacostraca 

Glacial  Relicts  in  Polish  Lakes. 

W91-07371  2H 

Recent  Distribution  of  Glacial  Relict  Malacos- 
traca in  the  Western  and  Southern  Baltic. 
W91-07372  2L 

Recent  Distribution  of  Glacial  Relict  Malacos- 
traca in  the  Lakes  of  Mecklenburg. 
W9 1-07373  2H 

Hydrobiology  of  Sebkhas  and   Gueltas   in   the 

Khnifiss-La'youne  Region. 

W9I-07412  2H 


Organochlorine  Pesticides  in  Soil  Sediments  and 
Aquatic   Animals   in   the   Upper   Steele   Bayou 
Watershed  of  Mississippi. 
W9 1-07997  5B 


AQUATIC  BACTERIA 

Bacteria. 
W9 1-07450 


2H 


AQUATIC  DRIFT 

Ecological  Impact  of  Urban  Stormwater  Runoff 

Studied    in    Experimental    Flumes:    Population 

Loss    by    Drift    and    Availability    of   Refugial 

Space. 

W9 1-07552  5C 

AQUATIC  ENVIRONMENT 

Microbial   Adaptation   in   Aquatic   Ecosystems 
W91-07132  5B 

Acidic  Precipitation.  Volume  4:  Soils,  Aquatic 

Processes,  and  Lake  Acidification. 

W9 1-07227  5B 


Managed  Aquatic  Ecosystems. 
W9 1-074 17 
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AQUATIC  HABITATS 

Ecological  Impact  of  Urban  Stormwater  Runoff 

Studied    in    Experimental    Flumes:    Population 

Loss    by    Drift    and    Availability    of    Refugial 

Space. 

W9 1-07552  5C 

Fish  Populations  of  Six  Ancient  Arms  of  the 

Garonne  River. 

W91-07985  2H 

Benthic  Macrofauna  of  Ox-Bow  Lakes  and  the 
Influence  on  the  Macroinvertebrate  Communi- 
ties of  the  Parent  Stream. 
W9 1-07991  2H 

Stagnant  Water  Ecosystems  in  Morocco:  Bioty- 
pological  Studies  of  the  Zooplankton  (Les  Eaux 
Stagnantes  au  Maroc:  Etudes  Biotypologique  et 
Biogeographique  du  Zooplancton). 
W9 1-08086  2H 

AQUATIC  INSECTS 

Emergence  of  Stoneflies  (Plecoptera)  from  the 

Roseau  River,  Manitoba. 

W91-07550  2E 

Effects  of  Diflubenzuron  and  Methoprene  on  the 
Emergence  of  Insects  and  Their  Density  in  an 
Outdoor  Experimental  Stream. 
W91-08023  5C 

Effects  of  Herbicides  and  Microbial  Insecticides 

on  the  Insects  of  Aquatic  Plants. 

W9 1-08079  4A 

AQUATIC  LIFE 

Bioconcentration  Factor  in  Aquatic  Organisms. 
W91-07772  5B 

Impact  of  Furadan   3G  (Carbofuran)  Applica- 
tions on  Aquatic  Macroinvertebrates  in  Irrigated 
Rice  in  Senegal. 
W9 1-07999  5C 

Semi-Automated    Colorimetric    and    Enzymatic 

Assays  for  Aquatic  Organisms  Using  Micropiate 

Readers. 

W9 1-08048  2K 

AQUATIC  PLANTS 

Vegetation  and  Flora  of  Opened  Hydrophytic 
Areas:  Dams  and  Stream  Swamps  in  the  Centre- 
East  of  Ivory  Coast  (Vegetation  et  Flore  de 
Milieux  Hydrophytique  Ouverts:  Barrages  et 
Basfonds  de  Rivieres,  du  Centre-est  de  la  Cote- 
d'lvoire). 
W91-07527  6G 
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Net  Primary  Production  of  Nymphoides  peltata 
(Gmel.)  O.  Kuntze  Growing  on  Sandy  Sediment 
at  Edosaki-iri  Bay  in  Lake  Kasumigaura,  Japan. 
W91-07874  2H 

Production,  Nutrient  Dynamics  and  Initial  De- 
composition of  Floating  Leaves  of  Nymphaea 
alba  L.  and  Nuphar  lutea  (L.)  Sm.  (Nymphaea- 
ceae)  in  Alkaline  and  Acid  Waters. 
W9 1-080 12  2H 

Effect  of  Heavy  Metals  on  Short-Term  Photo- 
synthetic  Rates  in  Potamogeton  amplifolius. 
W9 1-08077  5C 

AQUATIC  POPULATIONS 

Ecological  Impact  of  Urban  Stormwater  Runoff 

Studied    in    Experimental    Flumes:    Population 

Loss   by    Drift    and    Availability    of   Refugial 

Space. 

W91-07552  5C 

AQUATIC  PRODUCTIVITY 

Carbon    Dynamics    in    Eutrophic,    Temperate 

Lakes. 

W9 1-07447  2H 

Carbon  Metabolism  and  Community  Regulation 

in  Eutrophic,  Temperate  Lakes. 

W9 1-0745  3  2H 

AQUATIC  WEED  CONTROL 

Enhanced  Biological  Control  of  Waterhyacinth 

Following  Limited  Herbicide  Application. 

W9 1-08072  4  A 

In  Vitro  Propagation  and  Bioassay  Systems  for 
Evaluating  Growth  Regulator  Effects  on  Myrio- 
phyllum  Species. 
W9 1-08073  4A 

Efficacy  of  Early-Season  Fluridone  Treatment 
for  Management  of  Watermeal,  Wolffia  Colum- 
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TECHNOLOGY 

Final  Best  Demonstrated  Available  Technology 
(BDAT)    Background    Document    for    Wastes 
from  the  Production  of  1,1,1-Trichloroethane: 
K028,  K029,  K095,  and  K096. 
W91-07809  5G 

BHOPAL 

Biodegradation  and  Anticholinesterase  Activity 
of  Methyl  Isocyanate  in  the  Aquatic  Environ- 
ment of  Bhopal. 
W91-08052  5C 

BIBLIOGRAPHIES 

Bibliography  of  Atrazine  and  Its  Simple  Degra- 
dation Products  in  the  Environment. 
W9 1-07225  10C 

BIOACCUMULATION 

Accumulation,  Distribution  and  Depuration  of 

Mercury  in  the  Green  Mussel  Perna  viridis  (Lin- 

neaus). 

W9 1-07573  5B 
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Bioconcentration  Factor  in  Aquatic  Organisms. 
W91-07772  5B 

Biotransformation    and   Tissue    Distribution    of 
1,2,3,7-Tetrachlorodibenzo-p-Dioxin,         1,2,3,7- 
Pentachlorodibenzo-p-Dioxin,  and  2,3,4,7, 8-Pen- 
tachlorodibenzofuran  in  Rainbow  Trout. 
W9 1-07838  5B 

Bioaccumulation    of    Zinc    and    Cadmium    in 
Freshwater   Alga,    Chlorella    vulgaris.    Part    I. 
Toxicity  and  Accumulation. 
W91-07841  5B 

Bioaccumulation  of  Zinc  and  Cadmium  in 
Freshwater  Alga,  Chlorella  vulgaris,  Part  II. 
Association  Mode  of  the  Metals  and  Cell  Tissue. 
W9 1-07842  5B 

Kinetics  and  Metabolism  of  14C-Lindane  and 
14C-Atrazine  in  Early  Life  Stages  of  Zebrafish 
(Brachydanio  rerio). 
W9 1-07848  5B 

Lead,  Cadmium,  and  Aluminum  Accumulation 

in  the  Red  Swamp  Crayfish  Procambarus  clarkii 

G.  Collected  from  Roadside  Drainage  Ditches  in 

Louisiana. 

W9 1-08006  5B 

Toxicity,  Bioaccumulation,  Metabolism  and 
Elimination  of  Dioctyl  Sodium  Sulfosuccinate 
DSS  in  Rainbow  Trout  (Oncorhynchus  mykiss). 
W9 1-08045  5B 

Biodegradation  and  Anticholinesterase  Activity 
of  Methyl  Isocyanate  in  the  Aquatic  Environ- 
ment of  Bhopal. 
W9 1-08052  5C 

Biosorption    of   Inorganic    Tin    and    Methyltin 
Compounds  by  Estuarine  Macroalgae. 
W91-08103  5B 

Mercury    Concentration    in    Fish    from    Smith 

Mountain  Lake. 

W91-08113  5B 

Fates  of  Radiotracers  Added  to  a  Whole  Lake: 

Accumulation  in  Fathead  Minnow  (Pimephales 

promelas)  and  Lake  Trout  (Salvelinus  namay- 

cush). 

W91-08119  5B 

Cu  and  Zn  Uptake  by  Halimione  portulacoides 
(L.)  Aellen:  A  Long  Term  Accumulation  Exper- 
iment. 
W9 1-08 163  5C 

Effect  of  Starvation  on  Trace  Metal  Levels  in 

Blue  Mussels  (Mytilus  edulis). 

W91-08167  5A 

Factors  Determining  the  Uptake  of  Persistent 

Pollutants  in  an  Eel  Population  (Anguilla  anguil- 

laL). 

W9 1-08 172  5B 

Hexagenia  rigida  (Ephemeroptera)  as  a  Biologi- 
cal Model  in  Aquatic  Ecotoxicology:  Experi- 
mental Studies  on  Mercury  Transfers  from  Sedi- 
ment. 
W91-08173  5B 

BIOASSAY 

Chloroplast  Bioassay  for  the  Determination  of 
Herbicides  in  Water-An  Improved  Electron 
Acceptor  System  (Chloroplasten-Biotest  zur 
Herbizidbestimmung  im  Wasser-Optimierung 
des  Elektronenakzeptorsystems). 
W91-07542  5A 

Additivity  of  Bioassay  Results  in  Water  Samples 
of  Unknown  Composition  (Die  Additivitaet  der 
Resultate    von    Biotests    mit    Waessern    unbe- 
kannter  Zusammensetzung). 
W9 1-07543  5  A 


Evaluation  of  the  Dynamic  Daphnia  Test- 
Effect  of  Pesticides  on  the  Swimming  Behavior 
of  Daphnia  magna  under  Laboratory  and  Field 
Conditions  (Erfahrungen  mit  dem  Dynamischen 
Daphnientest-Einfluss  von  Pestiziden  auf  das 
Schwimmverhalten  von  Daphnia  magna  unter 
Labor-  und  Praxisbedingungen). 
W9 1-07545  5C 

Toxicity   of  Microencapsulated    Permethrin   to 

Selected  Nontarget  Aquatic  Invertebrates. 

W9 1-07998  5C 

Sensitivity  of  Ceriodaphnia  dubia  and  Daphnia 
magna  to  Seven  Chemicals  Utilizing  the  Three- 
Brood  Test. 
W9 1-08001  5  A 

Effects  of  Metals  on  Early  Life  Stages  of  the 
Brine  Shrimp,  Artemia:  A  Developmental  Tox- 
icity Assay. 
W9 1-08005  5  A 

Marine  Pollution  Bioassay  by  Sea  Urchin  Eggs, 

an  Attempt  to  Enhance  Sensitivity. 

W9 1-08044  5  A 

In  Vitro  Propagation  and  Bioassay  Systems  for 
Evaluating  Growth  Regulator  Effects  on  Myrio- 
phyllum  Species. 
W9 1-08073  4A 

Effect  of  Heavy  Metals  on  Short-Term  Photo- 
synthetic  Rates  in  Potamogeton  amplifolius. 
W9 1-08077  5C 

Acute  Toxicity  of  Petroleum  Hydrocarbons  to 

the  Arctic  Shallow-Water  Mysid,  Mysis  oculata 

(Fabricius). 

W9 1-08085  5C 

Comparative  Seed  Germination  Tests  Using  Ten 
Plant  Species  for  Toxicity  Assessment  of  a  Metal 
Engraving  Effluent  Sample. 
W91-08123  5C 

Induction  of  Gastrointestinal  Tract  Nuclear 
Anomalies  in  B6C3F1  Mice  by  3-Chloro-4- 
(Dichloromethyl)-5-Hydroxy-2(5H)-Furanone 
and  3,4-(Dichloro)-5-Hydroxy-2(5H)-Furanone, 
Mutagenic  Byproducts  of  Chlorine  Disinfection. 
W91-08175  5F 

BIOAVAILABILITY 

Interaction  of  pH,  Dissolved  Organic  Carbon, 
and  Total  Carbon  in  the  Determination  of  Ionic 
Copper  and  Toxicity. 
W9 1-08 159  5C 

Chemical     Speciation     and     Bioavailability     of 
Cu(II):    Study    of   the    Ionic    Copper(II)    and 
Bis(Glycinate)-Copper(II)      Accumulation      by 
Lemna  Species. 
W9 1-08 166  5C 

BIOCHEMISTRY 

Odor  Nuisances  Created  by  Sludge  Treatment: 

Problems  and  Solutions. 

W91-08130  5D 

Preliminary  Studies  on  the  Acute  Effect  of  Lin- 
dane   (gamma-HCH)    on    Brain    Serotoninergic 
System     in     Rainbow     Trout     Oncorhynchus 
mykiss. 
W91-08160  5C 

Toxic  Impact  of  Aldrin  on  Acid  and  Alkaline 
Phosphatase  Activity  of  Penaeid  Prawn,  Meta- 
penaeus  monoceros:  In  Vitro  Study. 
W91-08168  5C 

BIOCIDES 

Novel  N-Halamine  Disinfectant  Compounds. 
W91-08014  5F 


BIOCONTROL 

Enhanced  Biological  Control  of  Waterhyacinth 

Following  Limited  Herbicide  Application. 

W9 1-08072  4A 

Introduction  of  Neohydronomus  affinis  for  Bio- 
logical Control  of  Pistia  stratiotes  in  Zimbabwe. 
W9 1-08078  4A 

Effects  of  Herbicides  and  Microbial  Insecticides 

on  the  Insects  of  Aquatic  Plants. 

W9 1-08079  4  A 

BIODEGRADATION 

Enhanced   Biodegradation  of  Pesticides  in  the 

Environment. 

W91-07118  5G 

Pesticides  in  the  Soil  Microbial  Ecosystem. 
W91-07119  5B 

Effects   of  Long-Term   Phenoxyalkanoic   Acid 
Herbicide   Field   Applications  on  the   Rate  of 
Microbial  Degradation. 
W9 1-07 120  5C 

Enhanced  Carbamothioate  Herbicide  Degrada- 
tion: Research  in  Nebraska. 
W91-07121  5B 

Enhanced    Biodegradation    of   Carbamothioate 

Herbicides  in  South  Carolina. 

W9 1-07 122  5B 

Enhanced     Biodegradation     of    Dicarboximide 

Fungicides  in  Soil. 

W91-07123  5B 

Enhanced    Biodegradation    of    Insecticides    in 

Midwestern  Corn  Soils. 

W9 1-07 124  5B 

Enhanced  Degradation  of  Insecticides  in  Soil: 
Factors  Influencing  the  Development  and  Ef- 
fects of  Enhanced  Microbial  Activity. 
W91-07125  5B 

Enhanced  Degradation  of  S-Ethyl  N,N-Dipro- 
pylcarbamothioate  in  Soil   and  by  an  Isolated 
Soil  Microorganism. 
W91-07126  5B 

Role  of  Fungi  and  Bacteria  in  the  Enhanced 
Degradation  of  the  Fungicide  Carbendazim  and 
the  Herbicide  Diphenamid. 
W9 1-07 127  5B 

Influence  of  Pesticide  Metabolites  on  the  Devel- 
opment of  Enhanced  Biodegradation. 
W9 1-07 128  5B 

Molecular  Genetics  of  Pesticide  Degradation  by 

Soil  Bacteria. 

W91-07129  5B 

Response  of  Microbial  Populations  to  Carbo- 
furan  in  Soils  Enhanced  for  Its  Degradation. 
W91-07130  5B 

Adaptation    of   Microorganisms    in    Subsurface 
Environments:  Significance  to  Pesticide  Degra- 
dation. 
W91-07131  5G 

Microbial  Adaptation  in  Aquatic  Ecosystems. 
W91-07132  5B 

Evaluation  of  Some  Methods  for  Coping  with 
Enhanced  Biodegradation  of  Soil  Insecticides. 
W91-07133  5B 

Systems  Allowing  Continued  Use  of  Carbamoth- 
ioate Herbicides  Despite  Enhanced  Biodegrada- 
tion. 
W91-07134  5B 
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Cultural  Practices  and  Chemicals  That  Affect 

the  Persistence  of  Carbamothioate  Herbicides  in 

Soil. 

W91-07135  5B 

Spectrophotometric  Methodologies  for  Predict- 
ing and  Studying  Enhanced  Degradation. 
W91-07136  5B 

Enhancing  Biodegradation  for  Detoxification  of 

Herbicide  Waste  in  Soil. 

W91-07137  5G 

Implications   of  Enhanced    Biodegradation   for 

the  Use  and   Study  of  Pesticides  in  the   Soil 

Environment. 

W91-07138  5B 

Biodegradation  of  Petroleum  Contaminants  in 

Soil. 

W91-07153  5G 

Operations  and  Monitoring  of  Land  Treatment 

of  Biodegradable  Petroleum  Waste. 

W91-07154  5D 

Alteration  of  In  situ  Redox  Potential  to  Enhance 

Microbial  Dechlorination  of  PCBs. 

W9 1-07 182  5G 

Perspective   on   Non-Uniqueness   in   Three-Di- 
mensional  Transport  Simulations  of  Biodegrad- 
ing  Organic  Contaminants. 
W91-07287  SB 

Influence  of  the  Glycolipid-Producing  Bacteri- 
um Rhodococcus  erythropolis  on  the  Degrada- 
tion of  a  Hydrocarbon  Mixture  by  an  Original 
Soil  Population. 
W91-07376  5G 

Anaerobic  Degradation  of  Phenol  Using  an  Ac- 
climated Mixed  Culture. 
W91-07377  5D 

Degradation  of  Oily  Sludge  from  a  Flotation 
Unit  by  Free  and  Immobilized  Microorganisms. 
W91-07378  5D 

Effect  of  Soil/Contaminant  Interactions  on  the 
Biodegradation  of  Naphthalene  in  Flooded  Soil 
Under  Denitrifying  Conditions. 
W91-07380  5G 

Anaerobic  Biodegradation  of  Skeletal  Structures 
in  the  Marine  Environment:  II.  Chemical  As- 
pects (Biodegradation  Anaerobique  des  Struc- 
tures Squelettiques  en  Milieu  Marin  :  II.  Ap- 
proche  Chimique). 
W91-07561  2K 

Survival  and  Degradative  Capacity  of  Pseudo- 
monas  putida  Induced  or  Constitutively  Express- 
ing Plasmid-Mediated  Degradation  of  2,4-Dich- 
lorophenoxyacetate  (TFD)  in  Soil. 
W91-07562  5B 

Kinetics  of  Chlorinated  Hydrocarbon  Degrada- 
tion by  Methylosinus  trichosporium  OB3b  and 
Toxicity  of  Trichloroethylene. 
W91-07640  5B 

Aerobic  Biodegradation  Potential  of  Subsurface 

Microorganisms    from    Jet    Fuel-Contaminated 

Aquifer. 

W9 1-07641  5B 

Dechlorination   of  Chlorocatechols   by    Stable 
Enrichment  Cultures  of  Anaerobic  Bacteria. 
W9 1-07642  5B 

Methylmercury    Decomposition    in    Sediments 

and  Bacterial  Cultures:  Involvement  of  Methan- 

ogens  and  Sulfate  Reducers  in  Oxidative  De- 

methylation. 

W91-07643  5B 


Cometabolism  of  3,4-Dichlorobenzoate  by  Acin- 

etobacter  sp.  Strain  4-CB1. 

W9 1-07644  5B 

Effects  of  Toxicity,   Aeration,  and   Reductant 
Supply  on  Trichloroethylene  Transformation  by 
a  Mixed  Methanotrophic  Culture. 
W9 1-07646  5B 

Influence  of  Endogenous  and  Exogenous  Elec- 
tron Donors  and  Trichloroethylene  Oxidation 
Toxicity  on  Trichloroethylene  Oxidation  by 
Methanotrophic  Cultures  from  a  Groundwater 
Aquifer. 
W9 1-07647  5B 

Survival  and  Catabolic  Activity  of  Natural  and 
Genetically  Engineered  Bacteria  in  a  Laborato- 
ry-Scale Activated-Sludge  Unit. 
W91-07648  5D 

Physiological  Diversity  and  Distributions  of  He- 
terotrophic Bacteria  in  Deep  Cretaceous  Sedi- 
ments of  the  Atlantic  Coastal  Plain. 
W9 1-07650  5G 

Effects  of  2,4-Dichlorophenol,  a  Metabolite  of  a 
Genetically    Engineered    Bacterium,    and    2,4,- 
Dichlorophenoxyacetate   on   Some   Microorga- 
nism-Mediated Ecological  Processes  in  Soil. 
W91-07651  5G 

Degradation    of   Toluene    and    m-Xylene    and 
Transformation  of  o-Xylene  by  Denitrifying  En- 
richment Cultures. 
W91-07652  5G 

In  Situ  Bacterial  Selenate  Reduction  in  the  Agri- 
cultural Drainage  Systems  of  Western  Nevada. 
W91-07656  5B 

Biodegradation  of  Morpholine  in  River  Water 

and  Activated  Sludge. 

W91-07659  5B 


Rate  of  Biodegradation. 
W91-07776 


5B 


Respirometric  Determination  of  Wastewater 
Biodegradation  in  a  Biological  Treatment  Plant. 
W9 1-07993  5D 

Parameters  for  Predicting  Fate  of  Organochlor- 
ine  Pesticides  in  the  Environment:  III.  Biodegra- 
dation Rate  Constants. 
W91-08015  5B 

Review    of    Biodegradation     Kinetics    in    the 

Aquatic  Environment. 

W9 1-08022  5B 

Effects  of  Preozonation  on  the  Adsorbability 
and  the  Biodegradability  of  Aquatic  Humic  Sub- 
stances and  on  the  Performance  of  Granular 
Activated  Carbon  Filters  (Influence  d'une  Preo- 
zonation sur  l'Adsorbabilite  et  la  Biodegradabi- 
lite  des  Substances  Humiques  d'Origine  Aquati- 
que  et  sur  les  Performances  des  Filtres  de  Char- 
bon  Actif  en  Grains). 
W9 1-08049  5F 

Simple    Combination    of    Biodegradation    and 
Carbon  Adsorption:  The  Mechanism  of  the  Bio- 
logical Activated  Carbon  Process. 
W9 1-08050  5D 

Biodegradation  and  Anticholinesterase  Activity 
of  Methyl  Isocyanate  in  the  Aquatic  Environ- 
ment of  Bhopal. 
W9 1-08052  5C 

Kinetics  of  Bacterial  Degradation  of  Benzyla- 

mine  in  a  Montmorillonite  Suspension. 

W9 1-08098  5B 


BIOFILM  REACTORS 

Treatment  of  Hazardous  Organic  Wastes  in  an 
Aerated  Submerged  Fixed  Film  Biological  Re- 
actor. 
W9 1-07 150  5D 

Wastewater  Treatment  by   Immobilized   Cells. 
W9 1-07454  5D 

Adsorption  and  Attachment  of  Microorganisms 

to  Solid  Supports. 

W91-07456  5D 

Immobilized  Cell  Systems  in  Anaerobic  Diges- 
tion Processes. 
W9 1-07461  5D 

Fundamentals  and  Advances  in  Expanded  Bed 

Reactors  for  Wastewater  Treatment. 

W9 1-07463  5D 

Fluidized   Bed   Reactor  in   Wastewater  Treat- 
ment. 
W91-07464  5D 

BIOFILMS 

Wastewater  Treatment  by   Immobilized   Cells. 
W9 1-07454  5D 

Physicochemical  Aspects  of  Cell  Adsorption. 
W91-07455  5D 

Adsorption  and  Attachment  of  Microorganisms 

to  Solid  Supports. 

W91-07456  5D 

Entrapment  of  Microbial  Cells  for  Wastewater 

Treatment. 

W91-07457  5D 

Morphology  and  Electron  Microscopy  of  Mi- 
crobial Aggregates. 
W91-07458  5D 

Application  of  Biomass  Carriers  in  Activated 

Sludge  Process. 

W91-07459  5D 

Effluent  Treatment  with  Immobilized  Microal- 
gae  and  Cyanobacteria:  A  Critical  Assessment. 
W91-07460  5D 

Immobilized  Cell  Systems  in  Anaerobic  Diges- 
tion Processes. 
W91-07461  5D 

Biological  Processes  in  Toxic  Waste  Treatment. 
W9 1-07462  5D 

Fundamentals  and  Advances  in  Expanded  Bed 

Reactors  for  Wastewater  Treatment. 

W9 1-07463  5D 

Fluidized   Bed   Reactor   in   Wastewater   Treat- 
ment. 
W9 1-07464  5D 


Aerobic  Biological  Treatment. 
W9 1-08 197 


5D 


BIOFILTRATION 

Mixed-Growth  System  in  Use. 

W9 1-07899  5D 

BIOGEOCHEMISTRY 

Acidic  Precipitation,  Vol.  1:  Case  Studies. 

W9 1-07492  5C 

ALBIOS:  A  Comparison  of  Aluminum  Biogeo- 
chemistry  in  Forested  Watersheds  Exposed  to 
Acidic  Deposition. 
W91-07496  5C 

BIOGEOGRAPHY 

Khnifiss   Lagoon   and   Adjacent   Desert   Area: 

Geographical  Description  and  Recent  Coastline 

Changes. 

W9 1-07405  2L 

Stagnant  Water  Ecosystems  in  Morocco:  Bioty- 
pological  Studies  of  the  Zooplankton  (Les  Eaux 
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Stagnantes  au  Maroc:  Etudes  Biotypologique  et 

Biogeographique  du  Zooplancton). 

W9 1-08086  2H 

BIOINDICATORS 

Marine   Amoebae   in   Waters   of  Chincoteague 
Bay,  Virginia:  Ecological  Significance  of  'Old' 
and  'New'  Species. 
W9 1-07365  2L 

Effect  of  Some  Pollutants  on  SCE  of  Grass  Carp 
(Ctenopharyngodon  idellus)  Cells  (in  Chinese). 
W9 1-07533  5C 

Evaluation  of  the  Dynamic  Oaphnia  Test- 
Effect  of  Pesticides  on  the  Swimming  Behavior 
of  Daphnia  magna  under  Laboratory  and  Field 
Conditions  (Erfahrungen  mit  dem  Dynamise  hen 
Daphnientest-Einfluss  von  Pestiziden  auf  das 
Schwimmverhalten  von  Daphnia  magna  unter 
Labor-  und  Praxisbedingungen). 
W9 1-07545  5C 

Antibiotic   Resistance  Indexing  of  Escherichia 
coli  to  Identify  Sources  of  Fecal  Contamination 
in  Water. 
W9 1-07564  5B 

Stream  Fishes  Estimate  Water  Quality  in 
Dayton-Montgomery  County  Park  District  Re- 
serves. 

W91-07571  5A 

Improved  Method  for  Coliform  Verification. 
W9 1-07657  7B 

Assay    for    Beta-Glucuronidase    in    Species    of 
Genus    Escherichia    and    Its    Applications    for 
Drinking- Water  Analysis. 
W9 1-07658  5  A 

Effects  of  Metals  on  Early  Life  Stages  of  the 
Brine  Shrimp,  Artemia:  A  Developmental  Tox- 
icity Assay. 
W9 1-08005  5  A 

Effect  of  Storage  Conditions  and   Subcellular 
Fractionation  of  Fish  Liver  on  Cytochrome  P- 
450-Dependent  Enzymatic  Activities  Used  for 
the  Monitoring  of  Water  Pollution. 
W9 1-08051  5  A 

Acute  Toxicity  of  Petroleum  Hydrocarbons  to 

the  Arctic  Shallow-Water  Mysid,  Mysis  oculata 

(Fabricius). 

W9 1-0808  5  5C 

Comparative  Seed  Germination  Tests  Using  Ten 
Plant  Species  for  Toxicity  Assessment  of  a  Metal 
Engraving  Effluent  Sample. 
W9 1-08 123  5C 

Changes    in    Ultraweak     Luminescence    from 
Living  Fish  Induced  by  Three  Chemicals. 
W91-08164  5C 

Effect  of  Starvation  on  Trace  Metal  Levels  in 

Blue  Mussels  (Mytilus  edulis). 

W91-08167  5A 

BIOLOGICAL  FILTERS 

Treatability  of  a  French  Industrial  Landfill 
Leachate  Using  a  Biological  Trickling  Filter. 
W9 1-07687  5D 

BIOLOGICAL  MAGNIFICATION 

Bioconcentration  Factor  in  Aquatic  Organisms. 
W9 1-07772  5B 

BIOLOGICAL  OXIDATION 

Biological  Processes  in  Toxic  Waste  Treatment. 
W9 1-07462  5D 

BIOLOGICAL  STUDIES 

Selected  Tools  and  Techniques  for  Physical  and 
Biological  Monitoring  of  Aquatic  Dredged  Ma- 
terial Disposal  Sites. 
W91-07191  5G 


Acidic  Precipitation,  Vol.  2:  Biological  and  Eco- 
logical Effects. 
W9 1-07502  5C 

BIOLOGICAL  TREATMENT 

Treatment  of  Hazardous  Organic  Wastes  in  an 
Aerated  Submerged  Fixed  Film  Biological  Re- 
actor. 
W9 1-07 150  5D 

Removal  of  Acetone,  Pyrrole,  and  Propionitrile 

Using  Batch  Biological  Reactors. 

W91-07160  5D 

Rotating  Biological  Contactor  Treatment  of  2- 
Nitrophenol    and    2-Chlorophenol    Containing 
Hazardous  Wastes. 
W9 1-07688  5D 

Leachate  Pretreatment  by  Anaerobic  Technolo- 
gy Is  Cost  Effective. 
W9 1-07689  5D 

Biological  Land  Treatment  of  Diesel  Fuel  Con- 
taminated Soil,  a  Case  Study. 
W9 1-07690  5G 

Selection  of  Air  Flow  Rates  and  Cultures  in 
Aerobic  Biotowers  for  Removal  of  Hydrocar- 
bons from  Wastewaters. 
W9 1-07707  5G 


Testing     for     Microbiological     Inhibition     in 

Wastewaters. 

W9 1-07705  5D 


Aerobic  Biological  Treatment. 
W91-08197 


5D 


BIOLOGICAL  WASTEWATER  TREATMENT 

Performance  and  Kinetics  of  an  Aerated/Facul- 
tative   Lagoon    Suspended-Growth    Biological 
Treatment  System  for  High  Strength  Industrial 
Waste  Stabilization. 
W91-07166  5D 

Wastewater  Treatment  by  Immobilized  Cells. 
W9 1-07454  5D 
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Deformation  Properties  of  Rocks  of  the  Diver- 
sion Pressure  Tunnel  of  the  Inguri  Hydroelectric 
Station. 
W9 1-0763  3  8E 

Consideration  of  the  Anisotropic  Properties  of 
Stratified  Rocks  When  Designing  Crack-Resist- 
ant Linings  of  Pressure  Tunnels. 
W9 1-07634  8E 

ROCKY  HILL  SUPERFUND  SITE 

Superfund  Record  of  Decision:  Rocky  Hill,  NJ. 
W9 1-072 18  5G 

ROCKY  MOUNTAINS 

Chemistry  of  Rocky  Mountain  Lakes. 

W9 1-07498  5C 

ROOT  GROWTH 

Root  Response  to  Water  Stress  in  Rainfed  Low- 
land Rice. 
W9 1-07568  21 

ROOT  ZONE 

Atmosphere  and  the  Rhizosphere:  Linkages  with 
Potential  Significance  for  Forest  Tree  Health. 
W9 1-07471  2G 

Calibration  and  Validation  of  a  Modified  Steady- 
state  Model  of  Crop  Response  to  Saline  Water 
Irrigation  under  Conditions  of  Transient  Root 
Zone  Salinity. 
W91-07586  3C 

ROSEAU  RIVER 

Emergence  of  Stoneflies  (Plecoptera)  from  the 

Roseau  River,  Manitoba. 

W9 1-07  5  50  2E 

ROTARY  KILNS 

Rotary  Kiln  Incineration  Systems:  Operating 
Techniques  for  Improved  Performance. 

W9 1-077 11 


ROUGH  RIVER  LAKE 

Water  Quality  of  Selected  Tailwaters. 
W9 1-07 199 


5E 


5B 


RUNOFF 

Soil  and  Water  Losses  on  Plots  with  Different 

Land  Use  in  the  Phu  Wiang  Watershed. 

W9 1-077 18  2J 

Runoff  Plots  and  Erosion  Phenomena  on  Tropi- 
cal Steeplands. 
W9 1-07729  2J 

Evaluation    of   Soil    Tropical    Erosion    at    the 

Catchment/Basin  Scale. 

W9 1-07740  2J 

Surficial  Processes  in  the  Rainforest  of  Western 

Amazonia. 

W9 1-07742  2J 

Stabilizing    Hillside    Farming    Systems    in    the 

Sierra  of  the  Dominican  Republic. 

W9 1-07749  4D 

RUNOFF  FORECASTING 

Model  for  Forecasting  Runoff  from  Mountain- 
ous Rivers. 
W9 1-07943  2E 

RURAL  AREAS 

Traditional     Montane     Irrigation     Systems     in 
Modern  Europe:  An  Example  from  Valais,  Swit- 
zerland. 
W9 1-07549  3F 


RWANDA 

Preliminary  Results  of  the  RRAM  Project  Soil 

Loss  and  Erosion  Control  Trials,  Rwanda,  1987- 

1988. 

W9 1-07723  2J 

SAANICH  INLET 

Relationship  Between  Substrate  Concentration 
and  Oxidation  of  Ammonium  and  Methane  in  a 
Stratified  Water  Column. 
W9 1-07307  2K 

SAFETY 

Chemigation  Equipment  and  Safety. 

W9 1-07802  3F 

SAHARA 

Khnifiss    Lagoon   and   Adjacent    Desert   Area: 

Geographical  Description  and  Recent  Coastline 

Changes. 

W9 1-07405  2L 

SAHEL 

Agroclimatic  Approaches  for  Improving  Agri- 
cultural Productivity  in  Semiarid  Tropics. 
W9 1-07763  3F 

Economic  Analysis  of  Farm  Management  Prac- 
tices and  Improved  Technologies  in  the  Sahel. 
W9 1-07764  3F 

SALINE-FRESHWATER  INTERFACES 

Estimation   of  Transverse    Dispersivity    in    the 

Mixing  Zone  of  Fresh-Salt  Groundwater. 

W9 1-07268  2F 

Ion  Chromatography  of  Fresh  and  Salt-Water 
Displacement:     Laboratory     Experiments    and 
Multicomponent  Transport  Modelling. 
W9 1-07581  5B 

Proceedings  of  10th  Salt-Water  Intrusion  Meet- 
ing. 
W9 1-07947  2F 

Hydrochemical    Evidence   of  Fresh    and    Salt- 
Water  Intrusions  in  the  Coastal  Dunes  Aquifer 
System  of  the  Western  Netherlands. 
W9 1-07948  2F 

Groundwater  Quality  in  the  Tertiary  Ledo-Pani- 
selian  Aquifer  in  Belgium  as  a  Result  of  Fresh- 
water   Intrusion    into    Sediments    in    Chemical 
Equilibrium  with  the  Sea. 
W9 1-07949  2K 

Numerical  Models  in  Designing  Tube- Well  Irri- 
gation and  Drainage  of  an  Aquifer  with  a  Fresh/ 
Salt  Interface. 
W9 1-07957  4B 

Solving  Varying  Density  Groundwater  Prob- 
lems with  a  Single  Density  Computer  Program. 
W9 1-07959  2F 

Modelling  of  a  Coastal  Aquifer  in  Mexico:  The 
Simulation  of  the  Salt-water  Interface  Motion. 
W9 1-07962  2F 

Partially  Penetrating  Wells  in  a  Dupuit  Type 

Fresh/Salt  Finite-Element  Model. 

W9 1-07965  2F 

Hydraulic    Management    Approach  for    Salt- 
water   Intrusion     using    Two-Level  Pumping 
Mechanism. 
W9 1-07968  2F 

Some   Processes  in   the  Sea-water/Fresh-water 

Interface,    as    Influenced    by    the    Presence    of 

Gases. 

W9 1-07973  2F 

Detection    of  Fresh-water/Sea-water   Interface 
by  the  Time  Domain  Electromagnetic  (TDEM) 
Method  in  Israel. 
W9 1-07977  5B 
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SAMPLE  PREPARATION 


Hydrogeological  SWIM-Excursion  to  the  West- 
ern Coastal  Plain  of  Belgium. 
W91-07980  2F 

SALINE  GROUNDWATER 

Proceedings  of  10th  Salt- Water  Intrusion  Meet- 

ing-  ?F 

W9 1-07947  2t 

Salinization  Hazard  in  a  Polder  Soil  of  Belgium. 
W9 1-07954  2G 

Development  of  a  Knowledge  System  for  Mod- 
elling Fresh  and  Saline-Groundwater  Flow. 
W9 1-07964  2F 

Processes  in  the  Mixing  Zone  in  Carbonate  For- 
mations: Central  and  Southern  Catalonia. 
W9 1-07971  2F 

Tools  for  Investigating  the  Origin  of  Anomalies 

in  Chloride  Content  of  Groundwater  in  Coastal 

Lowlands. 

W91-07972  2F 

SALINE  LAKES 

Water  and  Salt  Regime  of  the  Arnasai  Lakes. 
W91-07879  6G 

SALINE  SOILS 

Response  to   Salt  and  Waterlogging  Stress  of 
Ten  Taxa  of  Acacia  Selected  from  Naturally 
Saline  Areas  of  Western  Australia. 
W91-07306  3C 

Calibration  and  Validation  of  a  Modified  Steady- 
state  Model  of  Crop  Response  to  Saline  Water 
Irrigation  under  Conditions  of  Transient  Root 
Zone  Salinity. 
W91-07586  3C 

Salinization  Hazard  in  a  Polder  Soil  of  Belgium. 
W91-07954  2G 

SALINE  WATER 

Impact  of  Reject  Water  from  the  Desalination 

Plant  on  Ground  Water  Quality. 

W91-07391  5B 

Electrohydrodynamic  Enhancement  of  Evapo- 
ration from  NaCl  Solutions. 
W91-07393  3A 

SALINE  WATER  INTRUSION 

Estimation   of  Transverse   Dispersivity   in   the 

Mixing  Zone  of  Fresh-Salt  Groundwater. 

W9 1-07268  2F 

Proceedings  of  10th  Salt- Water  Intrusion  Meet- 

ing'  9F 

W9 1-07947  2h 

Hydrochemical    Evidence   of  Fresh   and    Salt- 
water Intrusions  in  the  Coastal  Dunes  Aquifer 
System  of  the  Western  Netherlands. 
W9 1-07948  2F 

Groundwater  Quality  in  the  Tertiary  Ledo-Pani- 
selian  Aquifer  in  Belgium  as  a  Result  of  Fresh- 
water   Intrusion    into    Sediments    in    Chemical 
Equilibrium  with  the  Sea. 
W9 1-07949  2K 

Groundwater  in  Bekasi  District,  West  Java,  In- 
donesia. 
W9 1-07950  4B 

Hydrochemical     Study     of     a     Cro^-section 
through  the  Coastal  Plain  and  its  Surroundings 
near  the  French-Belgian  Border. 
W91-07951  2K 

Origin  and  Age  of  Coastal  Groundwaters  in 

Northern  Oman. 

W91-07953  5B 


Modelling  the  Salt-water  Intrusion  in  the  Dune 
Water-catchment  Area  of  the  Amsterdam  Wa- 
terworks. 
W9 1-07958  2F 

Prediction  of  the  Chloride  Content  in  the  Ab- 
stracted Water  of  the  'De  Groeve'  Well  Field. 
W9 1-07960  2F 

Comparison  of  Different  Methods  for  Repre- 
senting the  Hydrodynamic  Tensor  in  Numerical 
Models. 
W9 1-07961  2F 

Modelling  of  a  Coastal  Aquifer  in  Mexico:  The 
Simulation  of  the  Salt-water  Interface  Motion. 
W9 1-07962  2F 

Experiments  on  the  Movement  of  Brackish 
Water  near  Infiltration  and  Abstraction  Wells. 
W91-07963  2F 

Development  of  a  Knowledge  System  for  Mod- 
elling Fresh  and  Saline-Groundwater  Flow. 
W9 1-07964  2F 

Partially  Penetrating  Wells  in  a  Dupuit  Type 

Fresh/Salt  Finite-Element  Model. 

W9 1-07965  2F 

Salt-water  Intrusion  Control  with  Electric  Bar- 
riers. 
W9 1-07967  2h 

Hydraulic    Management    Approach    for    Salt- 
water   Intrusion     using    Two-Level     Pumping 
Mechanism. 
W9 1-07968  2F 

Fresh  and  Salt-water  Intrusion:  Laboratory  Ex- 
periments and  Geochemical  Transport  Model- 

ling'  9F 

W9 1-07969  zt 

Processes  in  the  Mixing  Zone  in  Carbonate  For- 
mations: Central  and  Southern  Catalonia. 
W9 1-07971  2F 

Tools  for  Investigating  the  Origin  of  Anomalies 
in  Chloride  Content  of  Groundwater  in  Coastal 
Lowlands. 
W9 1-07972 


2F 


2F 


Estimation  of  the  Lateral  Dispersivity  in  a  Ho- 
mogeneous Isotropic  Coastal  Aquifer. 
W9 1-07974 

Temperature     of     Groundwaters     in     Coastal 

Aquifers:  Some  Aspects  Concerning  Salt-water 

Intrusion. 

W9 1-0797  5  2F 

Chemical  and  Isotopical  Methodologies  in  the 
Studies  on  Origin  and  Evolution  of  Groundwat- 
ers Flowing  in  the  Coastal  Carbonate  and  Karst 
Aquifer  of  Apulia  (Southern  Italy). 
W9 1-07976  2F 

Detection   of  Fresh-water/Sea-water   Interface 
by  the  Time  Domain  Electromagnetic  (TDEM) 
Method  in  Israel. 
W9 1-07977  5B 

Salt-water  Intrusion  Monitoring  by  Resistivity 

and  IP-Tomographic  Methods. 

W9 1-07978  5B 

Hydrogeological  SWIM-Excursion  to  the  West- 
ern Coastal  Plain  of  Belgium. 
W9 1-07980  2F 

Hydrogeological  SWIM-Excursion  to  the  Black- 
Sluice  Polder  Area  in  the  Flemish  Valley  of 
Belgium. 
W9 1-07981  2h 


SALINE  WATER  IRRIGATION 

Calibration  and  Validation  of  a  Modified  Steady- 
state  Model  of  Crop  Response  to  Saline  Water 


Irrigation  under  Conditions  of  Transient  Root 

Zone  Salinity. 

W91-07586  3C 

SALINITY 

Change    of    Water    Environment    in    Yangz- 

huoyong  Lake,  Tibet  (in  Chinese). 

W9 1-07536  6G 

Water  and  Salt  Regime  of  the  Arnasai  Lakes. 
W91-07879  6G 

Using  SALTMOD  to  Predict  Drainage  and  Sa- 
linity in  the  Nile  Delta. 
W9 1-079 13  7C 

SALINITY  CURRENTS 

Oxygen  Conditions  in  the  Deep  Water  of  Kiel 
Bay   and   the   Impact   of  Inflowing    Salt-Rich 
Water  from  the  Kattegat. 
W9 1-08 180  2L 

SALMON 

Shrimp  Stocking,  Salmon  Collapse,  and  Eagle 

Displacement. 

W91-07381  6G 

Vertical  Distribution  of  Pelagic  Juvenile  Sock- 
eye   Salmon  (Oncorhynchus  nerka)  in  Kuril's- 
koye  Lake  during  the  Summer-Fall  Period. 
W91-07397  2H 

Hydrologic    Regimes    of    Various    Types    of 
Spawning  Grounds  of  Sockeye  Salmon,  Oncor- 
hynchus nerka. 
W91-07398  2H 

SALMONELLA 

Influence  of  Application  Rate  on  the  Bacterial 
Mutagenicity  of  Soil  Amended  with  Municipal 
Sewage  Sludge. 
W9 1-07661  5E 

SALT  MARSHES 

Influence  of  Biodeposition  by  Filter-Feeding  Bi- 
valves on  the  Miobenthic  Populations  of  a  Mari- 
time Marsh  (Influence  de  la  Biodeposition  de 
Bivalves  Filtreurs  sur  lese  Peuplements  Mio- 
benthiques  d'un  Marais  Maritime). 
W9 1-07560  2J 

Tidal   Dispersal   of  Salt   Marsh   Insect   Larvae 

within  the  Westerschelde  Estuary. 

W9 1-08 109  2L 

SALT  STRESS 

Response  to   Salt  and  Waterlogging   Stress  of 
Ten  Taxa  of  Acacia  Selected  from  Naturally 
Saline  Areas  of  Western  Australia. 
W91-07306  3C 

SALT  TOLERANCE 

Response  to   Salt   and   Waterlogging   Stress  of 
Ten  Taxa  of  Acacia  Selected  from  Naturally 
Saline  Areas  of  Western  Australia. 
W9 1-07306  3C 

Vegetation  Dynamics  on  the  Virginia  Barrier 

Islands. 

W91-07363  2L 

SALTMOD  PREDICTION  METHOD 

Using  SALTMOD  to  Predict  Drainage  and  Sa- 
linity in  the  Nile  Delta. 
W9 1-079 13  7C 

SAMPLE  PREPARATION 

Separation  of  Water  Samples  into  Seston  and 
Water  for  the  Determination  of  Organic  Pollut- 
ants (Trennung  von  Wasser  in  Schwebstoffe  und 
Wasser  zur  Bestimmung  Organischer  Spuren- 
stoffe  in  Oberflaechengewaessern). 
W91-07988  5A 


Effect  of  Storage  Conditions  and   Subcellular 
Fractionation  of  Fish  Liver  on  Cytochrome  P- 

SU-89 
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450-Dependent   Enzymatic  Activities   Used   for 

the  Monitoring  of  Water  Pollution. 

W9 1-08051  5  a 

SAMPLERS 

Hydrochemistry    of   Pore    Water    from    Fine- 
Grained    Sediments   (Clay,    Silt,    Peat)    in    the 
Southern  Part  of  the  Western  Belgian  Coastal 
Plain:  The  Yser  Plain. 
W9 1-07955  2G 

SAMPLING 

Multivariate  Correlation  Analysis  and  its  Appli- 
cation in  Environmental  Analysis. 
W9 1-07370  7C 

SAN  DIEGO 

Sludge  Management  in  San  Diego. 


W9 1-07896 


5E 


SAN  JOAQUIN  VALLEY 

Carboxylic  Acid  Anions  in  Formation  Waters, 
San  Joaquin   Basin  and   Louisiana  Gulf  Coast, 
U.S.A. -Implications  for  Clastic  Diagenesis. 
W9 1-07833  2F 

SAND 

Ecological  Background,  Deterioration  and  Rec- 
lamation of  Desert  Dune  Sand. 
W9 1-07548  2G 

SAND  AQUIFERS 

Water  Balance  of  a  Sandy  Aquifer  at  Hydryla  in 

Southern  Finland. 

W9 1-07 196  2F 

SATURATED  SOILS 

Dielectric  Method  for  Prediction  of  Porosity  of 

Saturated  Soil. 

W9 1-08081  2G 

SATURATION  ZONE 

Ba  and  Sr  Distribution  at  the  Water-Table:  Im- 
plications for  Monitoring  Ground-Water  at  Nu- 
clear Waste  Repository  Sites. 
W9 1-07828  2K 

SCALE  FACTORS 

Simulation  of  Block  Permeabilities  Conditioned 
Upon  Data  Measured  at  a  Different  Scale. 

W9 1-07293  2F 

Application  of  the  Relationship  Between  Small- 
Scale  and   Large-Scale  Permeabilities  to  Fluid 
Flow  Modelling. 
W9 1-07298  2F 

SCALING 

Calcium  Carbonate  Scale  Formation  and  Pre- 
vention in  a  Flow-Through  System  at  Various 
Temperatures. 
W91-07389  3A 

SCANDINAVIA 

Strong   Similarities   in   Seasonal    Concentration 
Ratios  of  S04(2-),  N03(-)  and  NH4(  +  )  in  Pre- 
cipitation Between  Sweden  and  the  Northeast- 
ern US. 
W9 1-07404  5B 

SCENEDESMUS 

Biological  Treatment  of  Wastewater  by  Selected 

Aquatic  Plants. 

W9 1-08 174  5D 

SCOTLAND 

Influence    of    Land    Management    on    Stream 

Water  Chemistry. 

W9 1-07487  5B 


Acidic  Deposition:  Case  Study  Scotland. 
W9 1-07500 


5C 


SCOUR 

Transverse  Circulation  and  Channel  Deforma- 
tion Near  Training  Walls  of  Bridge  Crossings. 
W9 1-08036  8B 

SCREENS 

Screenings  and  Grit  in  Sewage:  Removal,  Treat- 
ment and  Disposal.  Phase  3:  Storm  Water  Over- 
flows and  Pumping  Stations. 
W9 1-07248  5D 

SEA  GRASSES 

Organic   Carbon   Decomposition,   Primary   and 
Bacterial  Productivity,  and  Sulphate  Reduction, 
in  Tropical  Seagrass  Beds  of  the  Gulf  of  Carpen- 
taria, Australia. 
W9 1-07327  2L 

Photosynthesis,    Respiration    and    Whole    Plant 

Carbon  Budget  of  the  Seagrass  Thalassia  testu- 

dinum. 

W91-07328  2L 

SEA  LEVEL 

Substantiation  of  Parameters  of  Flood  Control 
Engineering  of  the  Northeast  Coast  of  the  Caspi- 
an Sea. 
W9 1-07877  8  A 

SEA  MUSSELS 

Accumulation,  Distribution  and  Depuration  of 

Mercury  in  the  Green  Mussel  Perna  viridis  (Lin- 

neaus). 

W91-07573  5B 

Effect  of  Starvation  on  Trace  Metal  Levels  in 

Blue  Mussels  (Mytilus  edulis). 

W9 1-08 167  5  a 


SECONDARY  PRODUCTIVITY 

Bacteria. 
W9 1-07450 


2H 


Seasonal  Zooplankton  Patterns  in  a  Shallow  Oli- 

gotrophic  Lake:  Loch  Rusky  (Scotland). 

W9 1-07983  2H 


SEDIMENT  CHEMISTRY 

Effect  of  Mangrove  Detrital  Outwelling  on  Nu- 
trient Regeneration  and  Oxygen  Fluxes  in  Coast- 
al Sediments  of  the  Central  Great  Barrier  Reef 
Lagoon. 
W9 1-073 13  2L 

Factors  Affecting  the  Hydrochemistry  of  a  Man- 
grove Tidal  Creek,  Sepetiba  Bay,  Brazil. 
W91-07316  2K 

Acetate  in  Recent  Anoxic  Sediments:  Direct  and 
Indirect    Measurements    of  Concentration    and 
Turnover  Rates. 
W9 1-07862  2L 

Geochemical  Studies  on  the  Coastal  Lakes  of 
Kamikoshiki    Island   in    Kagoshima   Prefecture, 
Japan:  I.  A  Preliminary  Report. 
W9 1-07870  2H 

SEDIMENT  CONCENTRATION 

Rheology  of  Hyperconcentrations. 

W9 1-07592  8B 

SEDIMENT  CONTAMINATION 

Organochlorine  Pesticides  in  Soil  Sediments  and 
Aquatic   Animals   in   the   Upper   Steele   Bayou 
Watershed  of  Mississippi. 
W9 1-07997  5B 

Toxic  Element  Contamination  and  the  Occur- 
rence of  Mercury-Resistant  Bacteria  in  Hg-Con- 
taminated  Soil,  Sediments,  and  Sludges. 
W9 1-08003  5B 

Consistent    Associations   between    Hepatic    Le- 
sions in  English  Sole  (Parophrys  vetulus)  and 
Polycyclic  Aromatic  Hydrocarbons  in  Bottom 
Sediment. 
W9 1-08026  5C 

Rare  Earth  Elements  in  Sediments  off  Southern 
California:  A  New  Anthropogenic  Indicator. 
W9 1-08 105  5B 


Hexagenia  rigida  (Ephemeroptera)  as  a  Biologi- 
cal  Model   in   Aquatic   Ecotoxicology:   Experi- 
mental Studies  on  Mercury  Transfers  from  Sedi- 
ment. 
W91-08173  5B 

SEDIMENT  CONTROL 

Sediment  Management  with  Submerged  Vanes: 

I.  Theory. 

W9 1-07588  8B 

Sediment  Management  with  Submerged  Vanes: 

II.  Applications. 

W9 1-07589  8B 

Selection  of  Riparian   Buffer  Zones  in   Humid 

Tropical  Steeplands. 

W9 1-07746  4D 

SEDIMENT  DISCHARGE 

Sediment    Discharge    from    a    Montane    Basin, 
Puerto  Rico:  Implications  of  Erosion  Processes 
and  Rates  in  the  Humid  Tropics. 
W9 1-077 17  2J 

SEDIMENT  DISTRIBUTION 

Groundwater  Flow  in  the  Bashita-Minato  Man- 
grove  Area,   and   Its   Influence  on   Water  and 
Bottom  Mud  Properties. 
W9 1-073 15  2L 

SEDIMENT  EROSION 

Stream  Suspended  Sediment  Load  after  Clear- 
Felling  and   Different   Forestry  Treatments   in 
Tropical  Rainforest,  Sabah,  Malaysia. 
W9 1-07720  2  J 

SEDIMENT  SOURCES 

Investigation  on  Silt  Source  of  Poyang  Lake  and 
Recent  Sediment  Regularity  of  the  Lake  Basin 
(in  Chinese). 
W9 1-07539  2H 

Comparative  Studies  of  Estuaries  Bordering  the 

Yellow  Sea  (in  Chinese). 

W9 1-07986  2L 

SEDIMENT  TRANSPORT 

Cumberland  Sound  and  Kings  Bay  Pre-Trident 
and  Basic  Trident  Channel  Hydrodynamic  and 
Sediment  Transport  Hybrid  Modeling.  Volume 
I:  Main  Text  and  Appendixes  A,  C,  and  D. 
W9 1-072 14  8B 

Modelling  of  Settling  and  Flocculation  of  Fine 

Sediments  in  Still  Water. 

W9 1-07525  2J 

Investigation  on  Silt  Source  of  Poyang  Lake  and 
Recent  Sediment  Regularity  of  the  Lake  Basin 
(in  Chinese). 
W9 1-07539  2H 

Analytical  Solution  for  Density  Currents  in  Set- 
tling Basins. 
W9 1-07591  8B 


Rheology  of  Hyperconcentrations. 
W9 1-07592 

Fluvial  Armor. 
W9 1-07596 


8B 


8B 


New      Numerical/Physical      Framework      for 
Mobile-Bed    Modelling:    Part   2-Test   Applica- 
tions. 
W9 1-07597  2J 

Sediment    Discharge    from    a    Montane    Basin, 
Puerto  Rico:  Implications  of  Erosion  Processes 
and  Rates  in  the  Humid  Tropics. 
W9 1-077 17  2J 

Influence  of  Tropical  Cyclones  as  Soil  Eroding 
and  Sediment  Transporting  Events.  An  Example 
from  the  Philippines. 
W9 1-07739  2J 
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Influence  of  Microform   Bed   Roughness  Ele- 
ments  on   Flow    and    Sediment   Transport    in 
Gravel  Bed  Rivers. 
W9 1-07851  2J 

Numerical   Modelling  of  Suspended   Sediment 

Fluxes  in  Estuarine  Waters. 

W91-07861  2L 

Movement  and  Storage  of  Sediment  in  Rivers  of 

the  United  States  and  Canada. 

W9 1-079 17  2J 

Regionalization   of  Fluvial   Sediment   Yield   in 

Emilia-Romagna  (Northern  Italy). 

W9 1-07946  2J 

Brown  Snow:  A  Long-Range  Transport  Event 

in  the  Canadian  Arctic. 
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W91-07525  2J 

Investigation  on  Silt  Source  of  Poyang  Lake  and 
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W9 1-07898  5D 

SHEAR 

Unified  Theory  on  Power  Laws  for  Flow  Re- 
sistance. 
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Model  Uncertainties  in  the  Simulation  of  River 
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System  with  Glucose  as  the  Substrate. 

W9 1-08092  5D 

SLUDGE  ANALYSIS 

Importance,  Determination,  and  Occurrence  ot 

Inorganic  Chemical  Contaminants  and  Nutrients 

in   South   African  Municipal   Sewage   Sludges. 

W9 1-08089  5E 

Heavy    Metals    and    Heat    Value    in    Sewage 

Sludge. 

W91-08132  31i 


Moisture  Distribution  in  Sludges. 
W91-08137 


5D 


SLUDGE  BED 
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Sites.  .„ 

W9 1-07700  :>u 

Laboratory  Diffusion  Testing  for  Waste  Dispos- 
al: A  Review. 
W91-08039  ifc/ 

COLORADO  STATE  UNIV.,  FORT  COLLINS. 
NATURAL  RESOURCE  ECOLOGY  LAB. 

Updates  to  the  1986  Directory  of  Precipitation 
Monitoring  Sites  National  Atmospheric  Deposi- 
tion     Program/National      Trends      Network 
(NADP/NTN). 
W91-07217  /B 


2H 


2H 


Estimating  Net  Recharge  to  the  Water  Table  in 
the  Girgarre  Project  Area  Using  Historic  Piezo- 
metric  Data  and  Linear  Programming. 
W9 1-07222  zt 

Impact  of  Residential  Urban  Areas  on  Ground- 
water Quality:  Swan  Coastal  Plain,  Western 
Australia.  .„ 

W9 1-07224  *° 

Data  Management  Program  Package  for  Auto- 
matically Recorded  Water  Level  Data. 
W91-07817  7C 

COMPANHIA  ESTADUAL  DE  AGUA  E 
ESGOTOS  DO  RIO  DE  JANEIRO  (BRAZIL). 

Sewage    and    Solids    Disposal:    Are    Processes 
Such  as  Ocean  Disposal  Proper-The  Case  of 
Rio  de  Janeiro  (Brazil). 
W91-08127  5t 


Zooplankton. 
W91-07451 

Carbon  Metabolism  and  Community  Regulation 

in  Eutrophic,  Temperate  Lakes. 

W9 1-07453  2H 

CORNELL  UNIV.,  ITHACA,  NY. 

Transport   of  Dissolved   Organic   Macromole- 
cules  and  Their  Effect  on  the  Transport  of  Phen- 
anthrene  in  Porous  Media. 
W9 1-08 106  5B 

CORNELL  UNIV.,  ITHACA,  NY.  INST.  FOR 
COMPARATIVE  AND  ENVIRONMENTAL 
TOXICOLOGY. 

Kinetics  of  Bacterial  Degradation  of  Benzyla- 

mine  in  a  Montmorillonite  Suspension. 

W9 1-08098  5B 

CORNELL  UNIV.,  ITHACA,  NY.  SCHOOL  OF 
CTVIL  AND  ENVIRONMENTAL 
ENGINEERING.  . 

Effect  of  Carbon  Dioxide  Equilibrium  on  pH  in 

Dilute  Lakes. 

W91-08053  2H 

In  Situ  Examination  of  Effects  of  Pressure  Dif- 
ferential on  Compressible  Cake  Filtration. 
W9 1-08 136  5D 

CORVALLIS  ENVIRONMENTAL  RESEARCH 

LAB.,  OR. 

Survival  and  Degradative  Capacity  of  Pseudo- 
monas  putida  Induced  or  Constitutively  Express- 
ing Plasmid-Mediated  Degradation  of  2,4-Dich- 
lorophenoxyacetate  (TFD)  in  Soil. 
W91-07562  5B 

Effects  of  2,4-Dichlorophenol,  a  Metabolite  of  a 
Genetically    Engineered    Bacterium,    and    2,4,- 
Dichlorophenoxyacetate   on   Some   Microorga- 
nism-Mediated Ecological  Processes  in  Soil. 
W9 1-07651  5G 
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COUNCIL  FOR  AGRICULTURAL  PLANNING 
AND  DEVELOPMENT,  TAIPEI  (TAIWAN). 
CONSERVATION  DIV. 

Assessment  of  Landslide  Problems  and  Water- 
shed Management  in  Taiwan. 
W9 1-07737  4D 

COUNCIL  FOR  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH,  PRETORIA 
(SOUTH  AFRICA).  DIV.  OF  WATER 
TECHNOLOGY. 

Significance  of  Fractionation  Methods  in  Assess- 
ing the  Chemical  Form  of  Phosphate  Accumu- 
lated by  Activated  Sludge  and  an  Acinetobacter 
Pure  Culture. 
W9 1-08087  5D 

Importance,  Determination,  and  Occurrence  of 
Inorganic  Chemical  Contaminants  and  Nutrients 
in  South  African  Municipal  Sewage  Sludges 
W9 1-08089  5E 

Evaluation   of  Municipal    Sludge   Drying   and 

Dewatering   with   Respect   to   Sludge   Volume 

Reduction. 

W9 1-08 139  5D 

CUMMING  COCKBURN  LTD., 
WILLOWDALE  (ONTARIO).  WATER 
RESOURCES  DIV. 

Ice  Jam  Mitigation. 

W9 1-07522  2C 


DALHOUSIE  UNIV.,  HALIFAX  (NOVA 
SCOTIA).  DEFT.  OF  BIOLOGY. 

Protozoa  Abundance,  Growth,  and  Bacterio- 
vory  in  the  Water  Column,  on  Sedimenting  Par- 
ticles, and  in  the  Sediment  of  Halifax  Harbor 
W9 1-07563  2J 

Effects  of  Metals  on  Early  Life  Stages  of  the 
Brine  Shrimp,  Anemia:  A  Developmental  Tox- 
icity Assay. 
W9 1-08005  5  a 

DAMES  AND  MOORE,  WILLOW  GROVE,  PA. 

Major  Remediation:  Removal  and  Recovery  of 

TCE  from  Soil  and  Groundwater. 

W9 1-07683  5G 

DELAWARE  AGRICULTURE  EXPERIMENT 
STATION,  NEWARK. 

Acetonitrile    and    Acrylonitrile    Sorption    on 
Montmorillonite     from     Binary     and     Ternary 
Aqueous  Solutions. 
W9 1-07343  5B 

DELAWARE  UNIV.,  NEWARK.  DEFT.  OF 
PLANT  SCIENCE. 

Field  Study  Using  Dyes  to  Characterize  Prefer- 
ential Flow  of  Water. 
W9 1-07342  2G 

DELAWARE  UNTV.,  NEWARK.  SCHOOL  OF 
LIFE  AND  HEALTH  SCIENCES. 

Mobilization  of  Genetically  Engineered  Plasmid 
pHSV106  from  Escherichia  coli 

HB101(pHSV106)   to   Enterobacter  cloacae   in 
Drinking  Water. 
W9 1-07645  5F 

DELTA  INST.  FOR  HYDROBIOLOGICAL 
RESEARCH,  YERSEKE  (NETHERLANDS). 

Tidal   Dispersal   of  Salt   Marsh   Insect   Larvae 

within  the  Westerschelde  Estuary. 

W91-08109  2L 

DEPARTMENT  OF  AGRICULTURE, 
BANGKOK  (THAILAND).  DIV.  OF  SOILS. 

Acidic  Sulfate  Soils. 

W9 1-07229  5B 

DEPARTMENT  OF  ENERGY,  WASHINGTON, 
DC.  OFFICE  OF  ENERGY  RESEARCH. 

Subsurface  Science  Program:  Program  Over- 
view and  Research  Abstracts,  FY  1989-FY  1990. 
W9 1-07247  7C 


DEPARTMENT  OF  ENERGY,  WASHINGTON, 
DC.  OFFICE  OF  ENVIRONMENTAL 
ANALYSIS. 

Global   Climate   Trends  and   Greenhouse   Gas 
Data:  Federal  Activities  in  Data  Collection,  Ar- 
chiving, and  Dissemination. 
W9 1-078 15  sc 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  HALIFAX  (NOVA  SCOTIA). 
PHYSICAL  AND  CHEMICAL  SCIENCES 
BRANCH. 

Effect  of  Starvation  on  Trace  Metal  Levels  in 

Blue  Mussels  (Mytilus  edulis). 

W9 1-08 167  5  A 

DEPARTMENT  OF  FISHERIES  AND 
OCEANS,  WINNIPEG  (MANITOBA). 
FRESHWATER  INST. 

Emergence  of  Stoneflies  (Plecoptera)  from  the 

Roseau  River,  Manitoba. 

W9 1-07550  2E 

Brown  Snow:  A  Long-Range  Transport  Event 

in  the  Canadian  Arctic. 

W91-08102  5B 

Fates  of  Radiotracers  Added  to  a  Whole  Lake: 

Accumulation  in  Fathead  Minnow  (Pimephales 

promelas)  and  Lake  Trout  (Salvelinus  namay- 

cush). 

W91-08119  5B 

DEPARTMENT  OF  HISTOLOGY  AND 
PATHOLOGICAL  ANATOMY,  FACULTY  OF 
VETERINARY  SCIENCES,  CACERES,  SPAIN. 

Experimental   Lead   Nitrate   Poisoning:   Micro- 
scopic and  Ultrastructural  Study  of  the  Gills  of 
Tench  (Tinea  tinea,  L). 
W9 1-08024  sc 

DEPARTMENT  OF  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH,  PALMERSTON 
NORTH  (NEW  ZEALAND).  DIV.  OF  LAND 
AND  SOIL  SCIENCES. 

Flood  and  Landslide  Hazard  Mapping,  Solomon 

Islands. 

W9 1-07727  2E 

DHV  CONSULTANTS  LTD.,  DJAKARTA 
(INDONESIA). 

Soil  Conservation  Oriented  Land  Suitability  for 

Tropical  Environments. 

W9 1-07734  4D 

DHV  CONSULTING  ENGINEERS, 
AMERSFOORT  (NETHERLANDS). 

Recommended    Practices    for    Testing    Water- 
Pumping  Windmills. 
W9 1-07201  8C 

DOSHISHA  UNIV.,  KYOTO  (JAPAN). 
BIOLOGICAL  LAB. 

Marine  Pollution  Bioassay  by  Sea  Urchin  Eggs, 

an  Attempt  to  Enhance  Sensitivity. 

W9 1-08044  5  A 

DOW  CHEMICAL  CO.,  MIDLAND,  MI. 
ENVIRONMENTAL  TOXICOLOGY  AND 
CHEMISTRY  RESEARCH  LAB. 

Sensitivity  of  Ceriodaphnia  dubia  and  Daphnia 
magna  to  Seven  Chemicals  Utilizing  the  Three- 
Brood  Test. 
W91-080O1  5A 

DOWELANCO,  MIDLAND,  MI. 
ENVIRONMENTAL  CHEMISTRY  LAB. 

Pesticides  in  the  Soil  Microbial  Ecosystem. 
W91-07119  5B 

Enhanced    Biodegradation    of    Insecticides    in 

Midwestern  Corn  Soils. 

W9 1-07 124  5B 

Implications   of  Enhanced   Biodegradation   for 

the  Use  and   Study  of  Pesticides  in   the  Soil 

Environment. 

W91-07138  5B 


Effects  of  Acidic  Deposition  on  the  Chemical 

Form  and  Bioavailability  of  Soil  Aluminum  and 

Manganese. 

W9 1-07468  5C 

DOWNING  COLL.,  CAMBRIDGE  (ENGLAND). 

Traditional     Montane     Irrigation     Systems    in 
Modern  Europe:  An  Example  from  Valais,  Swit- 
zerland. 
W91-07549  3p 

DREXEL  UNIV.,  PHILADELPHIA,  PA. 

Properties  and  Use  of  Fly  Ashes  for  Embank- 
ment. 
W9 1-07 155  5E 

DREXEL  UNIV.,  PHILADELPHIA,  PA.  DEFT. 
OF  CIVIL  ENGINEERING. 

Test   Methods   for  the   Evaluation   of  Treated 

Sludges  for  Construction  Purposes. 

W9 1-07679  5E 

DREXEL  UNIV.,  PHILADELPHIA,  PA.  DEPT. 
OF  ENVIRONMENTAL  STUDIES. 

Removal   of  Iron   Cyanide   by   Photolysis  and 

Chemical  Oxidation. 

W9 1-07 159  5D 

DREXEL  UNIV.,  PHILADELPHIA,  PA. 
ENVIRONMENTAL  STUDIES  INST. 

In-Situ  Chemical  Oxidation  of  Hazardous  Com- 
pounds in  Soil. 
W9 1-07666  5G 

DU  PONT  DE  NEMOURS  (E.I.)  AND  CO., 
NEWARK,  DE.  ENGINEERING  DEPT. 

Evaluation  and  Analysis  for  Subsidence  of  Stabi- 
lized Sludge. 
W91-07702  5E 

DU  PONT  DE  NEMOURS  (E.I.)  AND  CO., 
POMPTON  LAKES,  NJ. 

Use  of  a  Site  History  as  a  Preliminary  Step  in  the 
Site  Assessment  of  a  Complex  Industrial  Facili- 
ty: The  Pompton  Lakes  Works  of  E.  I.  du  Pont 
de  Nemours  &  Company. 
W91-07670  5G 

DU  PONT  ENVIRONMENTAL 
REMEDIATION  SERVICES,  ASTON,  PA. 

Groundwater    Degradation    at    a    Hazardous 
Waste  Landfill  from  Inadequate  Waste  Liquids 
Management-A  Case  History. 
W9 1-07677  5B 

DUFFIELD  ASSOCIATES,  INC., 
WILMINGTON,  DE. 

Case  History:  Mitigation  of  Gasoline  Vapor  Mi- 
gration Into  Private  Residence. 
W9 1-07682  5G 

DUNDALK  REGIONAL  TECHNICAL  COLL. 
(IRELAND).  DEPT.  OF  EXPERIMENTAL 
SCIENCES. 

Big  River,  Co  Louth,  Ireland:  a  Case  Study  in 

Recovery. 

W9 1-07984  5G 

DUNN  GEOSCIENCE  CORP.,  ALBANY,  NY. 

Evaluating     Groundwater     Remediation     with 

Groundwater  Modeling. 

W91-07171  5G 

DUNN  GEOSCIENCE  CORP.,  PARSIPPANY, 
NJ. 

In-Situ  Remediation  of  a  Chlorinated  Solvent 

Contaminant  Plume  Using  Vacuum  Extraction 

Technology. 

W9 1-07681  5G 
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EAST  CAROLINA  UNIV.,  GREENVILLE,  NC. 
DEPT.  OF  BIOLOGY. 

Riverine  Forests. 

W91-07428  Ln 

EAST  CHINA  NORMAL  UNIV.,  SHANGHAI. 

Comparative  Studies  of  Estuaries  Bordering  the 

Yellow  Sea  (in  Chinese). 

W91-07986  /L 

EAST-WEST  ENVIRONMENT  AND  POLICY 
INST.,  HONOLULU,  HI. 

Monetizing   Erosion   and   Sedimentation   Costs 

Where  Steeplands  Meet  the  Sea. 

W91-07733  w 

EASTERN  MICHIGAN  UNIV.,  YPSILANTI. 
DEPT.  OF  BIOLOGY. 

Energy  Theory  of  Landscape  for  Classifying 
Wetlands.  ,H 

W9 1-07425  z" 

Long-Term  Development  of  Forested  Wetland^ 
W9 1-07426  2H 

ECKENFELDER,  INC.,  MAHWAH,  NJ. 
WASTE  MANAGEMENT  DD7. 

Impact  of  Land  Disposal  Restrictions  on  Haz- 
ardous Waste  Site  Cleanups. 
W91-07664  3t- 

ECKENFELDER,  INC.,  NASHVILLE,  TN. 

Aquatic  Toxicity  Testing. 

W91-08193  3A 


Toxicity  Identification  Evaluations. 
W9 1-08 194 


5A 


Source  Identification,  Testing,  and  Treatment 
W91-08195  5B 

Removal  of  Metals  to  Nontoxic  Levels. 
W9 1-08 196 


5D 


5D 


5D 


Aerobic  Biological  Treatment. 
W9 1-08 197 

Granular  Carbon  Adsorption  of  Toxics. 
W9 1-08200 

Powdered       Activated       Carbon      Treatment 
(PACT).  „ 

W91-08201  3L" 

Management    of   Sludges    from    Treatment    of 

Toxic  Wastewaters. 

W91-08203  DU 


Economics  of  Toxicity  Reduction. 
W9 1-08204 


6C 


ECOLE  NATIONALE  VETERINAIRE  DE 
LYON  (FRANCE).  LAB. 
D'ECOTOXICOLOGIE. 

Effect  of  Storage  Conditions  and   Subcellular 
Fractionation  of  Fish  Liver  on  Cytochrome  P- 
450-Dependent  Enzymatic  Activities  Used  for 
the  Monitoring  of  Water  Pollution. 
W91-08051  5A 

ECOLE  POLYTECHNIQUE  FEDERALE  DE 
LAUSANNE  (SWITZERLAND).  DEPT.  DE 
GENIE  CTVIL. 

Classical  Hydraulic  Jump:  Length  of  Roller. 
W91-07600  8B 

ECOLE  POLYTECHNIQUE  FEDERALE  DE 
LAUSANNE  (SWITZERLAND).  DEPT.  DE 
MECHANIQUE.  ' 

Determination  of  Incompressible  and  Stationary 
Flow  through  n  Parallel  Branches  (Determina- 
tion de  l'Ecoulement  Incompressible  et  Station- 
naire  a  Travers  n  Branches  en  Parallele). 
W91-07532  8B 

ECOLE  POLYTECHNIQUE,  MONTREAL 

(QUEBEC).  .     ___    ., 

Effect  of  the  Hydraulic  Regime  on  the  Granule 
Size  Distribution  in  an  Upflow  Anaerobic  Reac- 
tor. ,n 
W9 1-07 165  D1J 

ECOLE  POLYTECHNIQUE,  MONTREAL 
(OUEBEO.  DEPT.  OF  CIVIL  ENGINEERING. 

Kinetics  of  Organic  Matter  Removal  by  Ozone 

in  Sequential  Batch  Reactor. 

W91-07151  3U 

ECOLE  POLYTECHNIQUE,  MONTREAL 
(QUEBEC).  GROUPE  DE  RECHERCHE 
C  A  STOR  PIAJ  S 

Kriging  Technique  for  River  Flood  Representa- 
tion (Le  Krigeage  Dual,  Une  Technique  pour  la 
Cartographie  Automatisee  des  Zones  dTnonda- 

tion).  7B 

W9 1-07603  /D 

ECONOMIC  AND  SOCIAL  COMMISSION 
FOR  ASIA  AND  THE  PACIFIC  (UN), 
BANGKOK  (THAILAND). 

Water  Resources  Development  in  Asia  and  the 
Pacific:  Dam  Safety  Evaluation  and  Monitonng, 
Water  Tariffs  and  Rain- Water  Harvesting. 
W9 1-07 192  bA 

ECONOMIC  RESEARCH  SERVICE, 
WASHINGTON,  DC. 

Economic  Analysis  of  Farm  Management  Prac- 
tices and  Improved  Technologies  in  the  SaheL 
W91-07764  ^ 


EIDGENOESSISCHE  TECHNISCHE 
HOCHSCHULE,  ZURICH  (SWITZERLAND). 
LAB.  OF  SOIL  PHYSICS. 

Parameter  Estimation  for  Simulating  Binary  Ho- 
movalent  Cation  Transport  in  Aggregated  Soils 
at  Variable  Ionic  Strength. 
W9 1-07  5  80  5B 


EL-SAIE  (M.H.A.),  CAIRO  (EGYPT). 

Desalination  at  the  Crossroads. 
W91-07382 


3A 


ECOLE  NATIONALE  DES  INGENIEURS  DE 
TUNIS  (TUNISIA). 

Aqueduct  at  Carthage  (L'Aqueduc  de  Carth- 
age). ,, 
W91-07530                   .  8A 

ECOLE  NATIONALE  DES  INGENIEURS  DES 
TRAVAUX  RURAUX  ET  DES  TECHNIQUES 
SANITAIRES,  STRASBOURG  (FRANCE). 

Simultaneous  Calibration  of  Flow  and  Transport 
Models  and  Optimization  of  Remediation  Meas- 
ures. ,F 
W9 1-07269  zr 

ECOLE  NATIONALE  SUPERIEURE 
AGRONOMIQUE  DE  TOULOUSE  (FRANCE). 
LAB.  D'ICHTHYOLOGIE  APPLIQUEE. 

Fish  Populations  of  Six  Ancient  Arms  ot  the 

Garonne  River. 

W91-07985  ln 

ECOLE  NATIONALE  SUPERIEURE  DES 
MINES  DE  PARIS,  FONTAINEBLEAU 
(FRANCE).  CENTRE  ^INFORMATION 
GEOLOGIQUE.  .  . 

Modelling  of  a  Coastal  Aquifer  in  Mexico:  The 
Simulation  of  the  Salt-water  Interface  Motion. 
W9 1-07962  lv 


ECOSYSTEMS  RESEARCH  AND 
DEVELOPMENT  BUREAU,  COLLEGE 
(PHILIPPINES). 

Effect  of  Burning  and  Reforestation  on  Grass- 
land Watersheds  in  the  Philippines. 
W91-07719  u 

EDINBURGH  SCHOOL  OF  AGRICULTURE 
(SCOTLAND).  DEPT.  OF  SOIL  SCIENCE 

Calibration  and  Validation  of  a  Modified  Steady- 
state  Model  of  Crop  Response  to  Saline  Water 
Irrigation  under  Conditions  of  Transient  Root 
Zone  Salinity.  ,„ 

W91-07586  ^ 

EHIME  UNIV.,  MATSUYAMA  (JAPAN). 
DEPT  OF  ENVIRONMENT  CONSERVATION. 

PCDDs  in  the  Sediments  Accumulated  About 
8120  Years  Ago  From  Japanese  Coastal  Areas. 
W91-07837  5A 

EIDGENOESSISCHE  TECHNISCHE 
HOCHSCHULE,  ZURICH  (SWITZERLAND). 
INST  FUER  MIKROBIOLOGISCHES. 

Vertical  Exchange  Due  to  Horizontal  Density 
Gradients  in  Lakes;  The  Case  of  Lake  Lucerne^ 
W91-07557  ZH 


ELECTRIC  POWER  CIVIL  ENGINEERING 
ASSOCIATION,  TOKYO  (JAPAN). 

Pumped-Storage  Projects  Under  Construction  in 

Japan. 

W91-07890  8A 

ELECTRIC  POWER  RESEARCH  INST.,  PALO 
ALTO,  CA. 

Mitigation  of  Acidic  Conditions  in  Lakes  and 

Streams. 

W91-07233  5° 

ELECTRICITE  DE  FRANCE,  GRENOBLE. 
DD7.  TECHNIQUE. 

Reflections  on  the  Use  of  Long  Series  of  Clima- 
tological  Observations  as  Part  of  the  Study  Cli- 
mate and  Its  Changes  (Reflexions  sur  l'Utihsa- 
tion  des  Longues  Series  d'Obervations  Climato- 
logiques  dans  le  Cadre  de  l'Etude  du  Chmat  et 
de  son  Evolution). 
W91-07528  2B 

ENERSLUDGE  (AUSTRALASIA)  PTY  LTD., 
SUITE  93  HAVELOCK  MALL,  WEST  PERTH, 
WA  6005,  AUSTRALIA. 

Control  of  Heavy  Metals  and  Organochlonnes 

Using  the  Oil  from  Sludge  Process. 

W91-08148  5D 

ENSCO  ENVIRONMENTAL  SERVICES,  INC., 
FREMONT,  CA. 

Transportable  Modular  Incineration:  Different 
Modes,  Different  Purposes,  Different  Permit  Re- 
quirements. 
W9 1-07 157  5E 

Seeking   Order   Within   the   Chaos   of  Toxics 
Laws:  The  Toxics  Program  Matrices  in  New 
Jersey  and  Pennsylvania. 
W9 1-07 169  5G 

Risk  Communication  Strategies:  Four  Hazard- 
ous Waste  Scenarios. 
W9 1-07 176  5G 

ENVIRONMENT  CANADA,  OTTAWA        

(ONTARIO).  WATER  RESOURCES  BRANCH. 

Weibull  Distribution  Applied  to  Regional  Low 

Flow  Frequency  Analysis. 

W9 1-07944  2E 


ENVIRONMENTAL  AND  ECOLOGICAL 
ENGINEERS,  INC.,  PULLMAN,  WA. 

Dewatering  Characteristics  of  Nickel  Hydroxide 
Sludges    with    Preformed    Ferric    Hydroxide 
Sludge  Solids. 
W91-07695  5D 

ENVIRONMENTAL  MONITORING  AND 
SUPPORT  LAB.-CINCTNNATI,  OH. 

USEPA    Manual    of    Methods    for    Virology. 
Chapter  7,  Revised  September  1989. 
W91-07208  5A 

ENVIRONMENTAL  PROTECTION  AGENCY, 
ANNAPOLIS,  MD.  CHESAPEAKE  BAY 
LIAISON  OFFICE. 

Chesapeake  Bay  Nonpoint  Source  Programs. 
W9 1-07249  5G 
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ENVIRONMENTAL  PROTECTION  AGENCY,  ATLANTA,  GA.  REGION  IV. 


ENVIRONMENTAL  PROTECTION  AGENCY 
ATLANTA,  GA.  REGION  IV. 

Groundwater  Recovery  and  Treatment  as  a  Su- 

perfund  Remedial  Action:  A  Case  Study. 

W9 1-07691  5G 

ENVIRONMENTAL  PROTECTION  AGENCY 
CINCINNATI,  OH. 

Multilaboratory  Evaluation  of  Methods  for  De- 
tecting Enteric  Viruses  in  Soils. 
W9 1-07649  7B 

Assay    for    Beta-Glucuronidase    in    Species   of 
Genus    Escherichia    and    Its    Applications    for 
Drinking-Water  Analysis. 
W91-07658  5A 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH.  DRINKING  WATER 
RESEARCH  DIV. 

Evaluating  the  Costs  of  Packed-Tower  Aeration 
and  GAC  for  Controlling  Selected  Organics. 
W9 1-07605  5D 

ENVIRONMENTAL  PROTECTION  AGENCY, 
CINCINNATI,  OH.  RISK  REDUCTION 
ENGINEERING  LAB. 

Constructed   Wetlands   for   Wastewater  Treat- 
ment. 
W91-07558  5D 

ENVIRONMENTAL  PROTECTION  AGENCY, 
WASHINGTON,  DC.  OFFICE  OF 
EMERGENCY  AND  REMEDIAL  RESPONSE. 

Superfund  Record  of  Decision,  Kimberton,  PA, 
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through  the  Coastal  Plain  and  its  Surroundings 
near  the  French-Belgian  Border. 
W9 1-07951  2K 

Hydrochemistry    of    Pore    Water    from    Fine- 
Grained    Sediments   (Clay,    Silt,    Peat)   in    the 
Southern  Part  of  the  Western  Belgian  Coastal 
Plain:  The  Yser  Plain. 
W9 1-07955  2G 

Hydrogeological  SWIM-Excursion  to  the  West- 
ern Coastal  Plain  of  Belgium. 
W9 1-07980  2F 

Hydrogeological  SWIM-Excursion  to  the  Black- 
Sluice   Polder  Area  in   the  Flemish   Valley  of 
Belgium. 
W9 1-07981  2F 

GIBSONS,  BRITISH  COLUMBIA,  CANADA. 

Terracing  Re-examined  in  the  Light  of  Recent 

Findings  in  Nepal  and  Indonesia. 

W9 1-07750  4D 

GKSS  -  FORSCHUNGSZENTRUM 
GEESTHACHT  G.M.B.H.,  GEESTHACHT- 
TESPERHUDE  (GERMANY,  F.R.). 

Separation  of  Water  Samples  into  Seston  and 
Water  for  the  Determination  of  Organic  Pollut- 
ants (Trennung  von  Wasser  in  Schwebstoffe  und 
Wasser  zur  Bestimmung  Organischer  Spuren- 
stoffe  in  Oberflaechengewaessern). 
W9 1-07988  5  a 

GOETEBORG  REGIONAL  SEWERAGE  CO. 
(SWEDEN). 

Managing  Change  in  an  Environmentally  Con- 
scious   Society:    A    Case    Study,    Gothenburg 
(Sweden). 
W9 1-08 128  5E 

GOETTINGEN  UNIV.  (GERMANY,  F.R.).  ABT. 
BODENKUNDE  UND  WALDERNAHRUNG. 

Lange  Bramke:  An  Ecosystem  Study  of  a  For- 
ested Catchment. 
W9 1-07501  5C 

Effects  of  Acidic  Precipitation  on  Forest  Eco- 
systems in  Europe. 
W9 1-07509  5C 

GOETTINGEN  UNTV.  (GERMANY,  F.R.). 
FORSCHUNGSZENTRUM 
WALDOEKOSYSTEME  -  WALDSTERBEN. 

Acidic  Precipitation:  Case  Study  Soiling. 

W9 1-07494  5C 

GRAZ  UNIV.  (AUSTRIA).  INST.  FOR 
HYDROMECHANICS,  HYDRAULICS  AND 
HYDROLOGY. 

Distributed   Model   Describing   the  Interaction 
between  Flood  Hydrographs  and  Basin  Param- 
eters. 
W9 1-07930  2E 

GRONINGEN  RUKSUNIVERSITEIT 
(NETHERLANDS).  DEPT.  OF 
BIOCHEMISTRY. 

Kinetics  of  Chlorinated  Hydrocarbon  Degrada- 
tion by  Methylosinus  trichosporium  OB3b  and 
Toxicity  of  TrichJoroethylene. 
W9 1-07640  5B 
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GRONTMIJ  N.V.,  DE  BILT  (NETHERLANDS). 

PARTRAC:  Development  and  Application  of  a 
Groundwater-Quality  Model  for  Variable  Densi- 
ty Flow.  ,„ 
W91-07956                                                         3D 

GUELPH  UNTV.  (ONTARIO).  DEPT.  OF 
ENVIRONMENTAL  BIOLOGY. 

Toxicity   of  Microencapsulated   Permethrin   to 

Selected  Nontarget  Aquatic  Invertebrates. 

W9 1-07998  5(- 

HAMBURG  UNIV.  (GERMANY,  F.R.).  INST. 
OF  WORLD  FORESTRY. 

Oligotrophic  Forested  Wetlands  in  Borneo. 
W9 1-07436 


HAZEN  AND  SAWYER,  RALEIGH,  NC. 

Centrifuges  vs.  Dissolved-Air  Flotation. 
W9 1-07900 


5D 


HYDROTECH,  LIMASSOL  (CYPRUS). 

Dairy  Wastewater  Treatment  and  Reuse. 
W9 1-08069 
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HANGZHOU  UNTV.  (CHINA). 

Effect  of  Some  Pollutants  on  SCE  of  Grass  Carp 
(Ctenopharyngodon  idellus)  Cells  (in  Chinese) 
W91-07533 


5C 


HANOVER  UNIV.  (GERMANY,  F.R.).  INST. 
FUER  WASSERWIRTSCHAFT,  HYDROLOGIE 
UND  LANDWIRTSCHAFTLICHEN 
WASSERBAU.  _      , 

Transport  and  Storage  Phenomena  in  a  Fracture 
Matrix  System:  Experimental  Investigations  and 
Numerical  Modelling. 
W9 1-07279  zr 

Reduce  Erosion  and  Sedimentation  in  a  Tropical 
Watershed    with    a    Soil    Erosion    Simulation 

Model. 

W91-07728 
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Estimating  Hydrological  Parameters  from  Basin 
Characteristics  for  Large  Semiarid  Catchments. 
W9 1-07939  zt 

HARBOR  BRANCH  INST.,  INC.,  FORT 

PIERCE,  FL.  ,  , 

Longitudinal  Transport  in  a  Coastal  Lagoon. 
W91-07865  iL 

HARYANA  AGRICULTURAL  UNIV.,  HISSAR 
(INDIA).  DEPT.  OF  SOILS. 

Verification  of  Quick  Capillary  Rise  Approach 
for  Determining  Pore  Geometrical  Characteris- 
tics in  Soils  of  Varying  Texture. 
W91-07334  Z(J 

HARZA  ENGINEERING  CO.,  CHICAGO,  IL. 

Fundamental  Aspects  of  Selenium  Removal  by 

Harza  Process. 

W91-07226  :>u 

HAWAII  UNrV.  AT  MANOA,  HONOLULU. 
DEPT  OF  AGRICULTURAL  ENGINEERING. 

Entrapment  of  Microbial  Cells  for  Wastewater 
Treatment.  _ 

W9 1-07457  5XJ 


HAWAII  UNIV.  AT  MANOA,  HONOLULU. 
DEPT.  OF  BOTANY. 

Protection  of  Invertebrates,  Fish,  and  Vascular 
Plants  Against  Inorganic  Mercury  Poisoning  by 
Sulfur  and  Selenium  Derivatives. 
W9 1-08004  5C 

HAWAII  UNIV.  AT  MANOA,  HONOLULU. 
DEPT  OF  CIVIL  ENGINEERING. 

Fluid  Flow  and  Solute  Transport  Processes  in 
Unsaturated   Heterogeneous   Soils:   Preliminary 
Numerical  Experiments. 
W91-08042  5B 

HAWAII  UNIV.  AT  MANOA,  HONOLULU. 
DEPT.  OF  ENVIRONMENTAL  HEALTH 

SCIENCES.  .  -  „     tt  a         a 

Contribution  of  Sulfate  to  Rainfall  pH  Around 

Kilauea  Volcano,  Hawaii. 

W91-08115  3B 

HAWAII  UNIV.,  HONOLULU. 

Research   Needs   and   Applications  to   Reduce 
Erosion  and  Sedimentation  in  the  Tropics. 
W91-07714  4U 


HAZEN  AND  SAWYER,  UPPER  SADDLE 
RIVER,  NJ. 

UV  Effect  on  Wastewater. 

W91-07413  5U 

HEALTH  EFFECTS  RESEARCH  LAB., 
CINCINNATI,  OH. 

Induction  of  Gastrointestinal  Tract  Nuclear 
Anomalies  in  B6C3F1  Mice  by  3-Chloro-4- 
(Dichloromethyl)-5-Hydroxy-2(5H)-Furanone 
and  3,4-(Dichloro)-5-Hydroxy-2(5H)-Furanone, 
Mutagenic  Byproducts  of  Chlorine  Disinfection. 
W91-08175  5t 

HELSINKI  UNIV.  OF  TECHNOLOGY,  ESPOO 
(FINLAND).  LAB.  OF  SANITARY  AND 
ENVIRONMENTAL  ENGINEERING. 

Coffee  Industry  Wastes. 

W91-08065  >u 

HERBERT  H.  LEHMAN  COLL.,  BRONX,  NY. 
DEPT  OF  BIOLOGICAL  SCIENCES. 

Toxic  Action  and  Interactions  of  Copper  and 
Cadmium  to  the  Marine  Alga  Dunaliella  minuta, 
in  Both  Acute  and  Chronic  Exposure. 
W9 1-08008  5C 

HIROSHIMA  UNIV.  (JAPAN).  FACULTY  OF 
APPLIED  BIOLOGICAL  SCIENCE. 

Size   Composition   and   Estimated    Phosphorus 
Regeneration  Rates  of  the  Copepod  Community 
Along   an  Estuarine-Offshore   Transect  in  the 
Inland  Sea  of  Japan. 
W91-07866  3L 

HOHENHEIM  UNIV.,  STUTTGART 
(GERMANY,  F.R.).  INST.  FUER 
BODENKUNDE  UND  STANDORTSLEHRE. 

Stochastic  Aspects  of  Nonpoint  Nitrate  Leach- 
ing from  Agricultural  Fields. 
W9 1-07296  5b 

HOKKAIDO  UNIV.,  SAPPORO  (JAPAN). 
FACULTY  OF  AGRICULTURE. 

Change  of  the  Life  Cycle  of  Japanese  Charr 
Following  Artificial  Lake  Construction  by 
Damming.  -_ 

W9 1-08082  ou 

HOLSTON  GASES,  INC.,  KNOXVILLE,  TN. 

Treatment  System  Brings  Gas  Manufacturer  into 
Compliance.  _ 

W91-07673  31J 

HONG  KONG  UNIV.  DEPT.  OF  GEOGRAPHY 
AND  GEOLOGY.  „  , 

Soil  Erosion  and  Suspended  Sediment  Produc- 
tion in  Hong  Kong:  Development  of  an  Assess- 
ment Strategy. 
W9 1-07722 


ICI  AMERICAS,  INC.,  WILMINGTON,  DE. 

Cultural  Practices  and  Chemicals  That  Affect 

the  Persistence  of  Carbamothioate  Herbicides  in 

Soil. 

W91-07135  DB 

ILLINOIS  NATURAL  HISTORY  SURVEY, 
CHAMPAIGN.  CENTER  FOR  ECONOMIC 
ENTOMOLOGY. 

Evaluation  of  Some  Methods  for  Coping  with 
Enhanced  Biodegradation  of  Soil  Insecticides. 
W9 1-07 133  5B 

Enhancing  Biodegradation  for  Detoxification  of 

Herbicide  Waste  in  Soil. 

W9 1-07 137  5G 

ILLINOIS  STATE  WATER  SURVEY  DIV., 
PEORIA.  WATER  QUALITY  SECTION. 

Comparative  Seed  Germination  Tests  Using  Ten 
Plant  Species  for  Toxicity  Assessment  of  a  Metal 
Engraving  Effluent  Sample. 
W9 1-08 123  5C 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  FORESTRY. 

Structure  and  Dynamics  of  Basin  Forested  Wet- 
lands in  North  America. 
W9 1-07430  2H 

ILLINOIS  UNIV.  AT  URBANA-CHAMPAIGN. 
DEPT.  OF  GEOGRAPHY. 

Case  Studies  in  Drainage  and  Levee  District 
Formation  and  Development  on  the  Floodplain 
of  the  Lower  Illinois  River,  1890s  to  1930s. 
W91-07816  6F 

ILLINOIS  UNIV.,  URBANA. 

Using  Powdered  Activated  Carbon:  A  Critical 

Review. 

W9 1-07607  5F 

IMPERIAL  COLL.  OF  SCIENCE  AND 
TECHNOLOGY,  LONDON  (ENGLAND). 
DEPT.  OF  CIVIL  ENGINEERING. 

Fate    of    Polycyclic    Aromatic    Hydrocarbons 

During  Sewage  Sludge  Digestion. 

W91-07856  5E 

INDIAN  INST.  OF  TECH.,  MADRAS.  DEPT. 
OF  CIVIL  ENGINEERING. 

Modified  Method  for  Drought  Identification. 
W9 1-07624  3F 
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HYDRAULICS  RESEARCH  LTD., 
WALLINGFORD  (ENGLAND). 

Influence  of  Tropical  Cyclones  as  Soil  Eroding 
and  Sediment  Transporting  Events.  An  Example 
from  the  Philippines. 
W91-07739  u 

Comparison  of  Different  Methods  for  Repre- 
senting the  Hydrodynamic  Tensor  in  Numerical 
Models.  ,p 

W9 1-07961  zr 

HYDROGEOLOGIC,  INC.,  HERNDON,  VA. 

Model  Calibration  and  Simulation  of  Flow  in  a 

Heterogeneous  Soil. 

W91-07285 
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HYDROMETEROLOGICAL  EXPERIMENT 
STATION  OF  POYANG  LAKE,  XINGZI 
(CHINA).  „„  T    .  , 

Investigation  on  Silt  Source  of  Poyang  Lake  and 
Recent  Sediment  Regularity  of  the  Lake  Basin 
(in  Chinese).  .„ 

W91-07539  ln 


INDIAN  INST.  OF  TECH.,  NEW  DELHI. 
BIOCHEMICAL  ENGINEERING  RESEARCH 
CENTRE. 

Anaerobic  Degradation  of  Phenol  Using  an  Ac- 
climated Mixed  Culture. 
W91-07377  5D 

INDIANA  UNIV.  AT  BLOOMINGTON.  DEPT. 
OF  BIOLOGY. 

Paleoecological  Analysis  of  Lake  Acidification 
Trends  in  North  America  and  Europe  Using 
Diatoms  and  Chrysophytes. 
W91-07235  5C 

INDIANA  UNIV.  AT  BLOOMINGTON.  DEPT. 
OF  GEOLOGICAL  SCIENCES. 

Seasonal    and    Weather-Related    Controls    on 
Solute  Concentrations  and  Acid  Drainage  from 
a  Pyritic  Coal-Refuse  Deposit  in  Southwestern 
Indiana,  U.S.A. 
W9 1-08040  5B 
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INDIANA  UNIV.,  BLOOMINGTON.  SCHOOL 
OF  PUBLIC  AND  ENVIRONMENTAL 
AFFAIRS. 

Complete  Analysis  of  Technical  Chlordane 
Using  Negative  Ionization  Mass  Spectrometry. 
W9 1-08099  5A 

INFILCO  DEGREMONT,  INC.,  RICHMOND, 
VA. 

Mixed-Growth  System  in  Use. 

W9 1-07899  5D 

INGENIEURBUERO  FUER  VERFAHRENS- 
UND  CHEMIEINGENIEURTECHNIK, 
ZURICH  (SWITZERLAND). 

Drying  of  Sewage  Sludge:  An  Important  Step  in 

Waste  Disposal. 

W91-08129  5D 

INRS-EAU,  SAINTE-FOY  (QUEBEC). 

Hydrodynamic  Simulation  of  the  Upper  Estuary 
of  the  St.  Lawrence  River  (Canada)  with  a 
Drying  and  Wetting  Finite  Elements  Model 
(Simulation  Hydrodynamic  de  l'Estuaire  Super- 
ieur  du  Fleuve  Saint-Laurent  (Canada)  avec  un 
Modele  aux  Elements  Finis  Couvrant-Decouv- 
rant). 
W9 1-07524  2L 

INSTITUT  D'ESTUDIS  CATALANS, 

BARCELONA  (SPAIN). 
Gas       Chromatographic-Mass       Spectrometric 
Characterization    of    Volatile    Organic    Com- 
pounds in  Barcelona  Tap  Water. 
W91-08178  5F 

INSTITUT  DE  RECHERCHES  CHIMIQUES, 
TERVUREN  (BELGIUM). 

Prediction  of  the  Soil  Adsorption  Coefficient 

Koc  for  Aromatic  Pollutants. 

W91-08019  5B 

INSTITUT  FRANCAIS  DE  RECHERCHE 
POUR  L'EXPLOITATION  DE  LA  MER, 

NANTES. 
Semi-Automated   Colorimetric   and    Enzymatic 
Assays  for  Aquatic  Organisms  Using  Microplate 
Readers. 
W9 1-08048  2K 

INSTITUT  FRANCAIS  DE  RECHERCHE 
SCIENTIFIQUE  POUR  LE 
DEVELOPPEMENT  EN  COOPERATION, 
ABIDJAN  (IVORY  COAST).  CENTRE 
ORSTOM  D'ADIOPODOUME. 

Data  Acquisition  within  a  Regional  Scale:  The 

Experience  of  the  Remote  Satellite  Transmission 

in  West  Africa. 

W9 1-07922  5G 

INSTITUT  FUER  WASSERWIRTSCHAFT, 
BERLIN  (GERMAN  D.R.). 

Larger-Scale   Hydrological   Modelling  for  Re- 
gional  Transferring   of  Hydrological    Informa- 
tion. 
W9 1-07927  2E 

INSTITUT  NATIONAL  DE  LA  RECHERCHE 
AGRONOMIQUE,  THONON-LES-BAINS 
(FRANCE).  STATION  D'HYDROBIOLOGIE 
LACUSTRE. 

Effect  of  Light  on  the  Release  of  Organic  Com- 
pounds   by    the    Cyanobacterium    Oscillatoria 
rubescens. 
W9 1-07555  2H 

INSTITUT  NATIONAL  DE  LA  RECHERCHE 
SCIENTIFIQUE,  SAINTE-FOY  (QUEBEC 

Optimum  Residence  Time  (in  CSTR  and  Airlift 
Reactor)  for  Bacterial  Leaching  of  Metals  from 
Anaerobic  Sewage  Sludge. 
W9 1-08056  5£ 


INSTITUT  NATIONAL  DES  SCIENCES 
APPLIQUEES  DE  LYON,  VILLEURBANNE 
(FRANCE).  LAB.  DE  CHIMIE  ET  GENIE  DE 
L'ENVIRONNEMENT. 

Treatability  of  a  French  Industrial  Landfill 
Leachate  Using  a  Biological  Trickling  Filter 
W9 1-07687  5D 

INSTITUT  SCIENTIFIQUE,  RABAT 
(MOROCCO). 

Stagnant  Water  Ecosystems  in  Morocco:  Bioty- 
pological  Studies  of  the  Zooplankton  (Les  Eaux 
Stagnantes  au  Maroc:  Etudes  Biotypologique  et 
Biogeographique  du  Zooplancton). 
W9 1-08086  2H 

INSTITUT  SCIENTIFIQUE,  RABAT 
(MOROCCO).  DEPT.  DE  ZOOLOGIE  ET 
ECOLOGIE  ANIMALE. 

Khnifiss   Lagoon   and   Adjacent   Desert   Area: 

Geographical  Description  and  Recent  Coastline 

Changes. 

W9 1-07405  2L 

Khnifiss  Lagoon  and  Adjacent  Waters:  Hydrolo- 
gy and  Hydrodynamics. 
W9 1-07406  2L 

Khnifiss  Lagoon  and  Adjacent  Waters:  Chemis- 
try of  the  Surface  Waters. 
W9 1-07407  2L 

Benthos  of  Soft  Substrates  in  the  Intertidal  Zone 

of  the  Khnifiss  Lagoon. 

W9 1-074 10  2L 

Infralittoral  Epifaunal  Communities  of  the  Khni- 
fiss Lagoon  and  the  Adjacent  Coast. 
W9 1-074 11  2L 

Hydrobiology  of  Sebkhas  and  Gueltas  in  the 

Khnifiss-La'youne  Region. 

W9 1-074 12  2H 

INSTITUTE  FOR  PETROLEUM  RESEARCH 
AND  GEOPHYSICS,  HOLON  (ISRAEL). 

Detection   of  Fresh-water/Sea-water   Interface 
by  the  Time  Domain  Electromagnetic  (TDEM) 
Method  in  Israel. 
W9 1-07977  5B 

INSTITUTE  OF  APPLIED  GEOSCIENCE 
TNO,  DELFT  (NETHERLANDS). 

Kalman  Filter  Approach  to  the  Quantification  of 

the  Reliability  of  a  Groundwater  Model. 

W9 1-07299  2F 

Tools  for  Investigating  the  Origin  of  Anomalies 

in  Chloride  Content  of  Groundwater  in  Coastal 

Lowlands. 

W9 1-07972  2F 

INSTITUTE  OF  ECOLOGY  AND  MARINE 
RESEARCH,  TALLINN  (USSR). 

Annual  Cycle  of  Particle  Size  Fraction  and  Phy- 

toplankton    Biomass    in    the    Northern    Baltic 

Proper. 

W91-07325  2L 

INSTITUTE  OF  HORTICULTURAL 
RESEARCH,  WELLESBOURNE  (ENGLAND). 

Enhanced     Biodegradation    of    Dicarboximide 

Fungicides  in  Soil. 

W9 1-07 123  5B 

INSTITUTE  OF  HYDROLOGY, 
WALLINGFORD  (ENGLAND). 

Modelling  Soil  Moisture  Movement  Following 

Drip  Irrigation  of  Sugar  Cane. 

W9 1-07291  3F 

Dissolved     Inorganic     Aluminum     in     Acidic 

Stream  and  Soil  Waters  in  WaJes. 

W9 1-07483  5B 


Hydrochemical    Modelling   of  Acidification 

Wales. 

W9 1-07488 
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INSTITUTE  OF  MATHEMATICS,  HANOI 
(VIETNAM). 

Flow  in  a  River  after  Rupture  of  a  Dam:  Calcu- 
lation by  the  Finite  Differences  Method  with 
Associated  Flow  Characteristics  (Ecoulement  en 
Riviere  apres  une  Rupture  de  Barrage:  Calcul 
par  la  Methods  des  Differences  Finies  Associees 
avec  des  Caracteristiques). 
W9 1-07531  2E 

INSTITUTE  OF  METEOROLOGY  AND 
WATER  MANAGEMENT,  WARSAW 
(POLAND). 

Rainfall-Runoff  Model  for  Small  Ungauged  Wa- 
tersheds in  Poland. 
W9 1-07941  2B 

INSTITUTE  OF  TERRESTRIAL  ECOLOGY, 
GRANGE-OVER-SANDS  (ENGLAND). 
MERLEWOOD  RESEARCH  STATION. 

Role  of  Geology  and  Soils  in  Controlling  Sur- 
face Water  Acidity  in  Wales. 
W9 1-07476  5B 

Water  Quality  Changes  from  Input  to  Stream. 
W9 1-07486  5B 

Amelioration    of    Surface    Water    Acidity    by 

Catchment  Management. 

W9 1-07491  5G 

INSTITUTE  OF  TROPICAL  FORESTRY,  RIO 
PIEDRAS,  PR. 

Concepts  in  Wetland  Ecology. 

W9 1-07427  2H 


Fringe  Wetlands. 
W9 1-07429 
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Synthesis  and  Search  for  Paradigms  in  Wetland 

Ecology. 

W91-07442  2H 

Selection  of  Riparian  Buffer  Zones  in  Humid 

Tropical  Steeplands. 

W9 1-07746  4D 

INSTITUTO  DE  PESQUISAS  HIDRAULICAS, 
PORTO  ALEGRE  (BRAZIL). 

Use    of   L-Moments    for    Regionalizing    Flow 

Records   in    the    Rio    Uruguai    Basin:    A    Case 

Study. 

W91-07938  2E 

INSTTTUTUL  DE  METEOROLOGIE  SI 
HIDROLOGIE,  BUCHAREST  (ROMANIA). 

Remote-Sensing    Techniques    for    Determining 
the     Regionally     Variable     Characteristics     of 
Drainage  Basins. 
W9 1-07921  2E 

INSTYTUT  RYBACTWA  SRODLADOWEGO, 
PIASECZNO  (POLAND).  ZABIENIEC 
CENTRE. 

Fresh-Water  Pond  Ecosystems  Managed  Under 

a  Moderate  European  Climate. 

W9 1-07420  81 

INTEGRATED  DATA  TECHNOLOGIES,  INC., 
PHILADELPHIA,  PA. 

Regulating  the  Pollution  of  Ground  Water:  Re- 
sponding to  the  NPDES  Discharge  to  Ground 
Water  Permit  Fee  Regulations. 
W9 1-07663  2F 
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KEURINGSINSTITUUT  VOOR  WATERLEIDINGARTIKELEN,  RIJSWIJK  (NETHERLANDS). 


INTEGRATED  DEVELOPMENT  OF  THE 
PHU  WIANG  WATERSHED  PROJECT  KHON 
KAEN  (THADLAND). 

Soil  and  Water  Losses  on  Plots  with  Different 
Land  Use  in  the  Phu  Wiang  Watershed. 
W91-07718  " 

INTERA,  INC.,  AUSTIN,  TX. 

Geostatistical  Assessment  of  Numerically  Simu- 
lated Groundwater  Row  in  the  Upper  Chicot 
Aquifer  Near  Port  Arthur,  Texas. 
W9 1-07295  2F 

How  Effective  are  Effective  Medium  Properties. 
W91-07304  2G 

INTERNATIONAL  ASSOCIATION  OF 
HYDROGEOLOGISTS,  PARIS  (FRANCE). 

List  of  Terms  of  Hydrogeology,  Geochemistry 

and    Geothermals    of    Mineral    and    Thermal 

Waters. 

W9 1-07 195  wu 

INTERNATIONAL  BANK  FOR 
RECONSTRUCTION  AND  DEVELOPMENT, 
WASHINGTON,  DC.  ECONOMIC 
DEVELOPMENT  INST. 

Land  and  Water  Resource  Management  in  Asia. 
W91-07194  6B 

INTERNATIONAL  DEVELOPMENT 
RESEARCH  CENTRE,  OTTAWA  (ONTARIO). 

Irrigated  Forestry  in  Arid  and  Semi-Arid  Lands: 

A  Synthesis. 

W9 1-07905  -^ 

INTERNATIONAL  FOOD  POLICY 
RESEARCH  INST.,  WASHINGTON,  DC. 

Irrigation  Technology  and  Commercialization  of 

Rice  in  The  Gambia:  Effects  on  Income  and 
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O'BRIEN  AND  GERE  ENGINEERS,  INC., 

SYRACUSE,  NY. 

CSO  Abatement  for  Burlington,  Vermont 

W9 1-07897  5G 

O.H.M.  REMEDIATION  SERVICES  CORP., 
PRINCETON,  NJ. 

Biological  Land  Treatment  of  Diesel  Fuel  Con- 
taminated Soil,  a  Case  Study. 
W9 1-07690  5G 

OAK  RIDGE  NATIONAL  LAB.,  TN. 
ENVIRONMENTAL  SCIENCES  DIV. 

Acidic   Deposition  on  Walker  Branch   Water- 
shed. 
W9 1-07493  5C 

Effects  of  Acidic  Precipitation  on  Stream  Eco- 
systems. 
W9 1-07506  5C 

OCEAN  UNIV.  OF  QINGDAO  (CHINA). 

Direct  Determination  of  Complexing  Capacity 
of  Organic  Matter  Dissolved  in  Huanghe  Estu- 
ary Water  by  the  Huanghe  Estuary  Sediment- 
Ion  Exchange  Method  (in  Chinese). 
W9 1-07535  2K 

OESTERREICHISCHES 
FORSCHUNGSZENTRUM  SEIBERSDORF 
G.M.B.H.  INST.  FUER  PHYSIK. 

Simulation  of  Valve  Closure  after  Pump  Failure 

in  Pipeline. 

W91-07595  8C 

OGLETHORPE  POWER  CORP.,  TUCKER 
GA. 

Rocky    Mountain    Project    Will    Provide   Peak 

Power  for  Georgia. 

W9 1-07891  8  A 

OHIO  AGRICULTURAL  RESEARCH  AND 
DEVELOPMENT  CENTER,  WOOSTER. 

Enhanced  Degradation  of  S-Ethyl  N.N-Dipro- 
pylcarbamothioate  in  Soil  and  by  an  Isolated 
Soil  Microorganism. 
W91-07126  5B 
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OHIO  DEPT.  OF  NATURAL  RESOURCES, 
COLUMBUS.  DIV.  OF  NATURAL  AREAS 
AND  PRESERVES. 

Unionidae  of  the  Chagrin  River:  The  Remnant 

of  a  Molluscan  Fauna. 

W9 1-07572  2E 

OHIO  STATE  UNIV.,  COLUMBUS. 

Agroforestry   Systems   to  Control   Erosion  on 

Arable  Tropical  Steeplands. 

W9 1-07747  4D 

OHIO  STATE  UNIV.,  COLUMBUS.  DEPT.  OF 
AGRONOMY. 

Cosorption    of  Aromatic    N-Heterocycles   and 

Pyrene  by  Smectites  in  Aqueous  Solutions. 

W9 1-08041  5B 

OHIO  STATE  UNIV.,  WOOSTER.  LAB.  FOR 
PEST  CONTROL  APPLICATION 
TECHNOLOGY. 

Improving  On-Target  Placement  of  Pesticides 
W9 1-07444  5G 

OKLAHOMA  STATE  UNIV.,  STILLWATER 
SCHOOL  OF  CIVIL  ENGINEERING. 

Toxicity  Reduction  Through  an  Aerated  Sub- 
merged Biological  Filter  Treating  Wastewater 
from  an  Oil  Refinery  Sour  Water  Stripping  Unit 
W9 1-07686  5D 

OKLAHOMA  UNIV.,  KINGSTON. 
BIOLOGICAL  STATION. 

Fishes  of  Crutcho  Creek  and  the  North  Canadi- 
an River  in  Central  Oklahoma:  Effects  of  Urban- 
ization. 
W9 1-07576  4C 

OKLAHOMA  UNIV.,  NORMAN.  SCHOOL  OF 
CIVIL  ENGINEERING  AND 
ENVIRONMENTAL  SCIENCE. 

Geographic  Information  Systems  and  Non-Point 
Source  Water  Quality  and  Quantity  Modelling. 
W9 1-07621  7C 

OLD  DOMINION  UNIV.,  NORFOLK,  VA 
DEPT.  OF  BIOLOGICAL  SCIENCES. 

Vegetation   Dynamics  on  the  Virginia  Barrier 

Islands. 

W9 1-07363  2L 

Phytoplankton     Within     the     Virginia     Barrier 

Island  Complex. 

W91-07364  2L 

OLD  DOMINION  UNIV.,  NORFOLK,  VA 
DEPT.  OF  CIVIL  ENGINEERING. 

Porewater  Acid/Base  Chemistry  in  Near-Shore 
Regions  of  an  Acidic  Lake:  The  Influence  of 
Groundwater  Inputs. 
W9 1-07836  2H 

OLIN  CORP.,  NEW  HAVEN,  CT. 

Effects  of  Chlorine  Dioxide  on  Reverse  Osmosis 

Membranes. 

W9 1-07392  3  A 

ORAL  ROBERTS  UNIV.,  TULSA,  OK.  DEPT. 
OF  BIOLOGY. 

Effect  of  Heavy  Metals  on  Short-Term  Photo- 
synthetic  Rates  in  Potamogeton  amplifolius. 
W9 1-08077  5C 

ORANGE  FREE  STATE  UNIV., 
BLOEMFONTEIN  (SOUTH  AFRICA).  INST. 
FOR  GROUNDWATER  STUDIES. 

Bayesian  Estimation  of  Water  Levels. 

W9 1-07300  2F 

OREGON  STATE  UNIV.,  CORVALLIS. 
AGRICULTURAL  EXPERIMENT  STATION. 

Peakflow  Estimation  Using  an  Antecedent  Pre- 
cipitation Index  (API)  Model  in  Tropical  Envi- 
ronments. 
W9 1-07726  7C 


OREGON  STATE  UNIV.,  CORVALLIS.  COLL. 
OF  PHARMACY. 

Estimation  of  Aqueous  Solubility  and  Melting 

Point  of  PCB  Congeners. 

W9 1-08021  5B 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT 
OF  ATMOSPHERIC  SCIENCES. 

Factors  Governing  Cloud  Water  Composition  in 

the  Appalachian  Mountains. 

W9 1-07403  2B 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT. 
OF  FOREST  ENGINEERING. 

Planning  Secondary  Roads  to  Reduce  Erosion 
and  Sedimentation  in  Humid  Tropic  Steeplands 
W9 1-07745  4D 

OREGON  STATE  UNIV.,  CORVALLIS.  DEPT 
OF  SOIL  SCIENCE. 

Effects  of  Acidic  Deposition  on  Soil  Organisms 
W9 1-07470  5C 

OSAKA  CITY  INST.  OF  PUBLIC  HEALTH 
AND  ENVIRONMENTAL  SCIENCES  (JAPAN). 
Organically  Bound  Iron  in  Lake  Sediments  and 
its  Availability  to  Uroglena  americana,  a  Fresh- 
water Red  Tide  Chrysophyceae. 
W9 1-07872  2H 

Influence  of  Sulfate,  Ca,  and  Mg  on  the  Acute 

Toxicity  of  Potassium  Dichromate  to  Daphnia 

similis. 

W9 1-08 165  5C 

OSLO  UNIV.  (NORWAY).  DEPT.  OF 
BIOLOGY. 

Quantifying  External  and  Internal  Nitrogen  and 
Phosphorus  Pools,  as  Well  as  Nitrogen  and 
Phosphorus  Supplied  Through  Remineraliza- 
tion,  in  Coastal  Marine  Plankton  by  Means  of  a 
Dilution  Technique. 
W9 1-07322  2K 

OUACHITA  BAPTIST  UNIV.,  ARKADELPHIA, 
AR.  DEPT.  OF  CHEMISTRY. 

Water  Quality  of  Selected  Tailwaters. 

W9 1-07 199  5B 

PAKISTAN  FOREST  INST.,  PESHAWAR. 

Watershed    Restoration    Reduces    Runoff   and 
Sedimentation  from  Comparative  Watersheds  in 
Pakistan's  Subtropical  Scrub  Zone. 
W91-07751  4D 

PALERMO  UNIV.  (ITALY).  1ST.  DI 
MINERALOGIA. 

Chemical  and  Isotopical  Methodologies  in  the 
Studies  on  Origin  and  Evolution  of  Groundwat- 
ers Flowing  in  the  Coastal  Carbonate  and  Karst 
Aquifer  of  Apulia  (Southern  Italy). 
W9 1-07976  2F 

PANUM  INST,  COPENHAGEN  (DENMARK). 

Regeneration  by  Surface-Coating  of  Bone  Char 

Used  for  Defluoridation  of  Water. 

W9 1-08058  5F 

PARISH  UNIV.,  ORSAY  (FRANCE).  LAB. 
D'HYDROLOGIE  ET  DE  GEOCHEMIE 
ISOTOPIQUE. 

Origin   and   Age  of  Coastal   Groundwaters   in 

Northern  Oman. 

W9 1-07953  5B 

PARIS-6  UNIV.  (FRANCE).  INST. 
D'HYDROLOGIE  ET  DE  CLIMATOLOGIE. 

Urban    Runoff   Pollution    by    Organochlorines 
(Polychlorinated    Biphenyls   and    Lindane)  and 
Heavy  Metals  (Lead,  Zinc,  and  Chromium). 
W9 1-07847  5B 


PARIS-7  UNIV.  (FRANCE).  LAB.  DE 
PHYSICO-CHIMIE  DE  V ATMOSPHERE. 

Temporal  Variability  of  Atmospheric  Lead  Con- 
centrations and  Fluxes  over  the  Northwestern 
Mediterranean  Sea. 
W91-07396  3D 

PATRAS  UNIV.  (GREECE).  DEPT.  OF 
CHEMISTRY.  ,  _ 

Calcium  Carbonate  Scale  Formation  and  Pre- 
vention in  a  Flow-Through  System  at  Various 
Temperatures.  ,. 

W91-07389  3A 

PATRAS  UNIV.  (GREECE).  DEPT.  OF  CIVIL 
ENGINEERING. 

Plane  Vertical  Turbulent  Buoyant  Jet. 
W91-07598  8H 

PATRAS  UNTV.  (GREECE).  DEPT.  OF 
MECHANICAL  ENGINEERING. 

Engineering  Relations  for  Economic  Production 
Functions   of   Solar   Low-Temperature    Multi- 
Effect  Desalination. 
W91-07387  JA 

PATUXENT  WILDLIFE  RESEARCH  CENTER, 

LAUREL,  MD.  _. 

Interactive  Effects  of  Boron,  Selenium,  and  Die- 
tary Protein  on  Survival,  Growth,  and  Physiolo- 
gy in  Mallard  Ducklings. 
W9 1-080 11 

PENNSYLVANIA  DEPT.  OF 
ENVIRONMENTAL  RESOURCES, 

H£SXGof  the    Self-Potential    Method    to 
Groundwater  Monitoring. 
W9 1-07671 

Effectiveness  of  the  Addition  of  Alkaline  Mate- 
rials at  Surface  Coal  Mines  in  Preventing  or 
Abating  Acid  Mine  Drainage:  Part  2.  Mine  Site 
Case  Studies.  .„ 

W91-08190  3° 

PENNSYLVANIA  STATE  UNTV.,  UNIVERSITY 

PARK. 

Recycling  of  By-Product  Gypsum. 

W91-07146  DU 

PENNSYLVANIA  STATE  UNIV.,  UNIVERSITY 
PARK  DEPT.  OF  AGRICULTURAL 
ECONOMICS  AND  RURAL  SOCIOLOGY 

Probabilistic  Cost  Effectiveness  in  Agricultural 

Nonpoint  Pollution  Control. 

W91-07362  5U 

PENNSYLVANIA  STATE  UNIV.,  UNIVERSITY 
PARK  DEPT.  OF  CIVIL  ENGINEERING. 

Detoxification  of  Foundry  Air  Pollution  Control 

Sludges.  ,n 

W91-07142  ou 

Removal  of  Volatile  Contaminants  from  Water 

by  Aspiration  Stripping. 

W91-07148  3r 

PENNSYLVANIA  STATE  UNIV.,  UNIVERSITY 
PARK.  ENVIRONMENTAL  RESOURCES 
RESEARCH  INST. 

Effects  of  Acid  Precipitation  Runoff  Episodes 
on  Reservoir  and  Tapwater  Quality  in  an  Appa- 
lachian Mountain  Water  Supply. 
W9 1-08025  5B 

PENNSYLVANIA  UNTV.,  PHILADELPHIA. 
DEPT.  OF  GEOLOGY. 

Decline  of  Red  Spruce  in  High-Elevation  For- 
ests of  New  York  and  New  England. 
W91-07495  ^ 

PHILADELPHIA  WATER  DEPT.,  PA. 
SLUDGE  MANAGEMENT  UNIT. 

Large-Scale    Sewage    Sludge    Composting:    A 
Case  for  Maintaining  a  Diversified  Program. 
W91-08134  DU 
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ROCKY  MOUNTAIN  FOREST  AND  RANGE  EXPERIMENT  STATION,  TEMPE,  AZ.  FORESTRY 

PURDUE  UNIV.,  LAFAYETTE,  IN.  SCHOOL 
OF  CIVIL  ENGINEERING. 

Sludge-Amended  Brick  Production:  Applicabil- 
ity for  Metal-Laden  Residues. 
W9 1-08 154 

QUEBEC  UNIV.,  MONTREAL.  CENTRE  DE 
RECHERCHE  EN  SCIENCES  DE 
L'ENVIRONNEMENT. 

Studies  on  Microbial  Leaching  of  Heavy  Metals 

from  Municipal  Sludge. 

W91-08146  5D 

QUEENSLAND  DEPT.  OF  PRIMARY 
INDUSTRIES,  KINGAROY  (AUSTRALIA).  J. 
BJELKE  PETERSEN  RESEARCH  STATION. 

Large,  Retractable,  Low  Cost  and  Re-Locatable 

Rain  Out  Shelter  Design. 

W91-07566  2I 

QUEENSLAND  UND7.,  BRISBANE 
(AUSTRALIA).  DEPT.  OF  BOTANY. 

Forested  Wetlands  in  Australia. 
W91-07439 


PIRNIE  (MALCOLM),  INC.,  NEWPORT 

NEWS   VA 

Underground  Storage  Tanks-What  Now. 

W9 1-07 177  3° 

PITTSBURGH  UNIV.,  PA.  DEPT.  OF  CIVIL 
ENGINEERING.  . 

Interactions  of  Hexavalent  and  Tnvalent  Chro- 
mium with  Activated  Carbon. 
W91-07149  3U 

Alteration  of  In  situ  Redox  Potential  to  Enhance 

Microbial  Dechlorination  of  PCBs. 

W9 1-07 182  DU 

Selection  of  Air  Flow  Rates  and  Cultures  in 
Aerobic  Biotowers  for  Removal  of  Hydrocar- 
bons from  Wastewaters. 
W9 1-07707  DU 

PLANT  PROTECTION  RESEARCH  INST., 
HARARE  (ZIMBABWE). 

Introduction  of  Neohydronomus  affinis  for  Bio- 
logical Control  of  Pistia  stratiotes  in  Zimbabwe. 
W9 1-08078  4A 

PLYMOUTH  MARINE  LAB.  (ENGLAND). 

Observations  and  Analysis  of  a  Stratification- 
Destratification  Event  in  a  Tropical  Estuary. 
W91-07317  2L 

POITIERS  UNrv\  (FRANCE).  LAB.  DE 
CHIMIE  DE  L'EAU  ET  DES  NUISANCES. 

Effects  of  Preozonation  on  the  Adsorbability 
and  the  Biodegradability  of  Aquatic  Humic  Sub- 
stances and  on  the  Performance  of  Granular 
Activated  Carbon  Filters  (Influence  d'une  Preo- 
zonation sur  l'Adsorbabilite  et  la  Biodegradabi- 
lite  des  Substances  Humiques  d'Origine  Aquati- 
que  et  sur  les  Performances  des  Filtres  de  Char- 
bon  Actif  en  Grains). 
W91-08049 

POLISH  ACADEMY  OF  SCIENCES, 
MIKOLAJKI.  INST.  OF  ECOLOGY. 

Forested  Wetlands  of  Poland. 
W9 1-07441 


2H 
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POLITECNICO  DI  TORINO  (ITALY).  DIPT. 
DI  GEORISORSE  E  TERRITORIO. 

Salt-water  Intrusion  Monitoring  by  Resistivity 

and  IP-Tomographic  Methods. 

W91-07978  3B 

PONCE  TECHNOLOGICAL  UNIV.  COLL.,  PR. 

Ecology  of  Pterocarpus  officinalis  Forested 
Wetlands  in  Puerto  Rico. 

W91-07433 

PRETORIA  UNIV.  (SOUTH  AFRICA).  DEPT. 
OF  CHEMICAL  ENGINEERING. 

Optimization  of  Coagulation  and  Flocculation  in 
the  Treatment  of  Oil-Synthesis  Wastewater  (Op- 
timering  van  Koagulasie  en  Flokkulasie  in  die 
Herwinning  van  Koelwater  uit  Ohesintese-Af- 
valwater).  -n 

W9 1-08096  J1J 

PRETORIA  UNIV.  (SOUTH  AFRICA).  DEPT. 
OF  MICROBIOLOGY  AND  PLANT 
PATHOLOGY.  ..  , . 

Fingerprinting  of  Commercially  Available 
Water  Treatment  Bactericides  in  South  Africa. 
W91-08093 

PURDUE  UNIV.,  LAFAYETTE,  IN.  DEPT.  OF 
AGRONOMY.  . 

Response  of  Microbial  Populations  to  Carbo- 
furan  in  Soils  Enhanced  for  Its  Degradation. 
W91-07130  iu 


PURDUE  UNIV.,  LAFAYETTE,  IN.  DEPT.  OF 
CIVIL  ENGINEERING.  .  -. 

Effect  of  Water-Content  Variability  in  Design  ot 

Clay  Embankments. 

W91-07395  8U 


RENEWABLE  TECHNOLOGIES,  INC., 
BUTTE,  MT. 

Determinations  of  Eligibility  for  Seven  Bureau 
of  Reclamation  Dams  in  The  Pacific  Northwest 
Region-  Deadwood  Dam,  Grassy  Lake  Dam, 
McKay  Dam,  Crane  Prairie  Dam,  Wickiup 
Dam,  Owyhee  Dam,  and  Agency  Valley  Dam. 
W9 1-07 197  6G 

RENSSELAER  POLYTECHNIC  INST.,  TROY, 
NY.  DEPT.  OF  CIVIL  ENGINEERING. 

Effect  of  Freeze/Thaw  Cycles  on  the  Perme- 
ability of  a  Fine-Grained  Soil. 
W9 1-07701  2G 

RESCON  ASSOCIATES,  INC.,  ROYAL  OAK, 
MD. 

Marine   Amoebae   in   Waters   of  Chincoteague 
Bay,  Virginia:  Ecological  Significance  of  'Old 
and  'New'  Species. 
W91-07365  2L 

RESEARCH  INST.  FOR  ENVIRONMENTAL 
DISEASES,  PRETORIA  (SOUTH  AFRICA). 

Health  Hazards  of  Nitrate  in  Drinking  Water. 
W9 1-08095  5C 

RHODE  ISLAND  UNIV.,  NARRAGANSETT 
GRADUATE  SCHOOL  OF  OCEANOGRAPHY. 

Isotopic  Distribution  of  Carbon  from  Sewage 
Sludge  and  Eutrophication  in  the  Sediments  and 
Food  Web  of  Estuarine  Ecosystems. 
W91-08104  5B 

RIJKSINSTTTUUT  VOOR  DE  rinmaw, 

VOLKSGEZONDHEID  EN  MILIEUHYGIENE, 
BILTHOVEN  (NETHERLANDS). 

Experimental  Study  of  Coupled  Flow  and  Mass 

Transport:  A  Model  Validation  Exercise. 

W9 1-07277  5B 

ROBERT  S.  KERR  ENVIRONMENTAL 
RESEARCH  LAB.,  ADA,  OK. 

Benzene  and  Naphthalene  Sorption  on  Soil  Con- 
taminated with  High  Molecular  Weight  Residual 
Hydrocarbons  From  Unleaded  Gasoline. 
W91-07843  5B 

ROCKY  MOUNTAIN  FOREST  AND  RANGE 
EXPERIMENT  STATION,  TEMPE,  AZ. 
FORESTRY  SCIENCES  LAB. 

New    Technique    for    Measuring    Volumetric 

Shrinkage  in  Soils. 

W91-07360  7B 
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ROSTOCK  UNIV.  (GERMAN  D.R.).  SEKTION  WIRTSCHAFTSWISSENSCHAFTEN. 


ROSTOCK  UNIV.  (GERMAN  D.R.).  SEKTION 
WIRTSCHAFTSWISSENSCHAFTEN. 

Recent  Distribution  of  Glacial  Relict  Malacos- 

traca  in  the  Western  and  Southern  Baltic. 

W9 1-07372  2L 

Recent  Distribution  of  Glacial  Relict  Malacos- 

traca  in  the  Lakes  of  Mecklenburg. 

W9 1-07373  2H 

ROYAL  INST.  OF  TECH.,  STOCKHOLM 
(SWEDEN).  DEFT.  OF  LAND  AND  WATER 
RESOURCES. 

Effective  Hydraulic  Conductivity  for  Fractured 

Media. 

W9 1-07278  2F 

RUHRVERBAND,  ESSEN  (GERMANY,  F.R  ) 
CHEMISCHES  UND  BIOLOGISCHES  LAB. 

Additivity  of  Bioassay  Results  in  Water  Samples 
of  Unknown  Composition  (Die  Additivitaet  der 
Resultate    von    Biotests    mit    Waessern    unbe- 
kannter  Zusammensetzung). 
W9 1-07543  5  A 

RUTGERS  -  THE  STATE  UNIV.,  CAMDEN, 
NJ.  DEPT.  OF  BIOLOGY. 

Nocturnal    and    Tidal    Vertical    Migrations   of 
'Benthic'  Crustaceans  in  an  Estuarine  System 
with  Diurnal  Tides. 
W9 1-08083  2L 

RUTGERS  -  THE  STATE  UNIV.,  NEW 
BRUNSWICK,  NJ.  DEFT.  OF  SOILS  AND 
CROPS. 

Length   Scales   of  Convection-Dispersion   Ap- 
proaches  to    Flow   and   Transport    in    Porous 
Media. 
W9 1-07582  5B 

SADAT  ASSOCIATES,  INC.,  PRINCETON,  NJ. 

Engineering  Evaluation  for  Remediation  of  an 

Unlined  Sludge  Lagoon. 

W9 1-07694  5G 

SAINT  DAVID'S  UNIV.  COLL.,  LAMPETER 
(WALES).  DEPT.  OF  GEOGRAPHY. 

Recent  Land  Use  Change. 

W9 1-07477  5C 

SANTIAGO  UNIV.  (SPAIN).  DEPT.  OF 
PHYSIOLOGY. 

Preliminary  Studies  on  the  Acute  Effect  of  Lin- 
dane  (gamma-HCH)   on    Brain    Serotoninergic 
System     in     Rainbow     Trout     Oncorhynchus 
mykiss. 
W91-08160  5C 

SANTIAGO  UNIV.  (SPAIN).  FACULTY  OF 
CHEMISTRY. 

Spectrophotometric  Determination  of  Uranium 

in  Natural  Waters. 

W9 1-07369  5  A 

SAO  PAULO  UNIV.  (BRAZIL).  ESCOLA 
POLITECNICA. 

Solidification     of    Electroplating     Wastewater 

Treatment  Sludges  with  Cement. 

W9 1-08 152  5D 

SAVANNAH  RIVER  ECOLOGY  LAB.,  AHCEN, 
SC.  DIV.  OF  BIOGEOCHEMISTRY. 

Aluminum  Speciation:  Methodology  and  Appli- 
cations. 
W91-07230  5B 

SCIENCE  AND  EDUCATION 
ADMINISTRATION,  UNIVERSITY  PARK,  PA. 
NORTHEAST  WATERSHED  RESEARCH 
CENTER. 

Conditional  Simulation  of  Flow  and  Transport. 
W91-07585  5B 

SERPENTIX  CONVEYOR  CORP., 
WESTMINSTER,  CO. 

Sludge  Management  in  San  Diego. 

W9 1-07896  5E 


SHINKO  PANTEC  CO.  LTD.,  KOBE  (JAPAN) 
ENVIRONMENTAL  SYSTEMS  DIV. 

Commercialization  of  Pressurized  Electroosmo- 

tic  Dehydrator  (PED). 

W9 1-08 149  5D 

SICHUAN  RESEARCH  AND  MONITORING 
INST.  OF  ENVIRONMENTAL  PROTECTION 
CHENGDU  (CHINA). 

Change    of    Water     Environment     in     Yangz- 

huoyong  Lake,  Tibet  (in  Chinese). 

W9 1-07536  6G 

SILSOE  COLL.  (ENGLAND). 

Simulation  of  the  Size  Distribution  and  Erosivity 

of  Raindrops  and  Throughfall  Drops 

W9 1-07849  2B 

SMITHSONIAN  ENVIRONMENTAL 
RESEARCH  CENTER,  EDGEWATER,  MD. 

Evaluation     of     Dry     Deposition,     Pollutant 

Damage,  and  Forest  Health  with  Throughfall 

Studies. 

W9 1-07467  sc 

SOIL  AND  WATER  RESEARCH  INST.,  GIZA 
(EGYPT). 

Hydraulic    Management    Approach    for    Salt- 
water    Intrusion     using    Two-Level     Pumping 
Mechanism. 
W9 1-07968  2F 

SOIL  CONSERVATION  SERVICE, 
BOZEMAN,  MT. 

Runoff  and  Peak  Discharges  Using  Green-Ampt 

Infiltration  Model. 

W9 1-07593  2A 

SOUTH  AUSTRALIAN  DEPT.  OF 
ENGINEERING  AND  WATER  SUPPLY, 
ADELAIDE. 

Water  in  the  Universe. 

W9 1-07627  2  A 

SOUTH  CAROLINA  UNIV.,  COLUMBIA. 
DEPT.  OF  GEOLOGICAL  SCIENCES. 

Role  of  Rock  Weathering  in  the  Phosphorus 

Budget  of  Terrestrial  Watersheds. 

W91-07835  2J 

SOUTHERN  CALIFORNIA  EDISON  CO., 
ROSEMEAD. 

Abatement  of  Atmospheric  Emissions  in  North 

America:  Progress  to  Date  and  Promise  for  the 

Future. 

W91-07519  5G 

SOUTHERN  CALIFORNIA  METROPOLITAN 
WATER  DISTRICT,  LOS  ANGELES. 

Evaluating  GAC  for  Trihalomethane  Control. 
W9 1-07604  5p 

SOUTHERN  ILLINOIS  UNIV., 
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W9 1-07  347 

W9 1-07  348 

W9 1-07  349 

W91-07350 

W91-07351 

W91-07352 

W91-07353 

W91-07354 

W91-07355 

W91-07356 

W91-07357 

W91-07358 

W91-07359 

W91-07360 

W9 1-07361 

W91-07362 

W9 1-07363 

W91-07364 

W91-07365 

W91-07366 

W91-07367 

W91-07368 

W91-07369 


5B 

5B 

2F 

2F 

5E 

3F 

2F 

2F 

5B 

2F 

5B 

2F 

2F 

2F 

2F 

4B 

2F 

2F 

2G 

2F 

3C 

2K 

2L 

2L 

21 

21 

2L 

2L 

2L 

2L 

2K 

2L 

2L 

2L 

2L 

2L 

2K 

2L 

2L 

2L 

2L 

2L 

2L 

6G 

2L 

2L 

5B 

5C 

2G 

2G 

2G 

2G 

2G 

5B 

7C 

2G 

2G 

5B 

2G 

2G 

3F 

3F 

3F 

2G 

2J 

2J 

2J 

3F 

2J 

2G 

2G 

5B 

2G 

2G 

7B 

5B 

5G 

2L 

2L 

2L 

2L 

2K 

5A 

5A 


W9 1-07370 
W91-07371 
W9 1-07372 
W91-07373 
W9 1-07374 
W91-07375 
W91-07376 
W91-07377 
W91-07378 
W91-07379 
W91-07380 
W91-07381 
W91-07382 
W9 1-07383 
W91-07384 
W91-07385 
W91-07386 
W91-07387 
W91-07388 
W91-07389 
W91-07390 
W9 1-07  391 
W91-07392 
W9 1-07393 
W91-07394 
W9 1-07395 
W91-07396 
W9 1-07397 
W91-07398 
W91-07399 
W9 1-07400 
W9 1-07401 
W9 1-07402 
W9 1-07403 
W9 1-07404 
W91-07405 
W9 1-07406 
W9 1-07407 
W9 1-07408 
W9 1-07409 
W91-07410 
W9 1-074 11 
W9 1-074 12 
W9 1-074 13 
W9 1-074 14 
W9 1-074 15 
W9 1-074 16 
W9 1-074 17 
W9 1-074 18 
W9 1-074 19 
W9 1-07420 
W9 1-07421 
W9 1-07422 
W91-07423 
W9 1-07424 
W9 1-07425 
W9 1-07426 
W9 1-07427 
W9 1-07428 
W9 1-07429 
W91-07430 
W9 1-07431 
W91-07432 
W91-07433 
W91-07434 
W91-07435 
W91-07436 
W9 1-07437 
W91-07438 
W91-07439 
W9 1-07440 
W9 1-07441 
W9 1-07442 
W9 1-07443 
W9 1-07444 
W9 1-07445 
W9 1-07446 
W9 1-07447 
W9 1-07448 
W9 1-07449 
W9 1-07450 
W9 1-07451 
W9 1-07452 


7C 

2H 

2L 

2H 

2H 

2L 

5G 

5D 

5D 

5D 

5G 

6G 

3A 

3A 

3A 

3A 

3A 

3A 

3A 

3A 

3A 

5B 

3A 

3A 

5C 

8D 

5B 

2H 

2H 

2H 

6G 

2H 

2B 

2B 

5B 

2L 

2L 

2L 

2L 

2L 

2L 

2L 

2H 

5D 

5D 

5F 

5F 

6A 

81 

81 

81 

81 

2H 

81 

2H 

2H 

2H 

2H 

2E 

2L 

2H 

2H 

2H 

2H 

2L 

2L 

2L 

2H 

2L 

2H 

2H 

2H 

2H 

5G 

5G 

5G 

5B 

2H 

2H 

2H 

2H 

2H 

2H 
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W9 1-07453 


ACCESSION  NUMBER  INDEX 


W9 1-07453 

2H 

W9 1-07454 

5D 

W9 1-07455 

5D 

W9 1-07456 

5D 

W9 1-07457 

5D 

W9 1-07458 

5D 

W9 1-07459 

5D 

W9 1-07460 

5D 

W9 1-07461 

5D 

W9 1-07462 

5D 

W9 1-07463 

5D 

W9 1-07464 

5D 

W9 1-07465 

5C 

W9 1-07466 

5C 

W9 1-07467 

5C 

W9 1-07468 

5C 

W9 1-07469 

5B 

W9 1-07470 

5C 

W9 1-07471 

2G 

W9 1-07472 

5C 

W9 1-07473 

2H 

W9 1-07474 

2H 

W9 1-07475 

5C 

W9 1-07476 

5B 

W9 1-07477 

5C 

W9 1-07478 

5C 

W9 1-07479 

5C 

W9 1-07480 

5C 

W9 1-07481 

5C 

W9 1-07482 

5C 

W9 1-07483 

5B 

W9 1-07484 

5A 

W9 1-07485 

5B 

W9 1-07486 

5B 

W9 1-07487 

5B 

W91-07488 

5B 

W9 1-07489 

5C 

W9 1-07490 

5B 

W9 1-07491 

5G 

W9 1-07492 

5C 

W9 1-07493 

5C 

W9 1-07494 

5C 

W9 1-07495 

5C 

W9 1-07496 

5C 

W9 1-07497 

5C 

W9 1-07498 

5C 

W9 1-07499 

5C 

W9 1-07500 

5C 

W9 1-07501 

5C 

W9 1-07502 

5C 

W9 1-07  503 

5C 

W9 1-07504 

5C 

W9 1-07505 

5C 

W9 1-07506 

5C 

W9 1-07507 

5C 

W9 1-07  508 

5C 

W9 1-07509 

5C 

W91-07510 

5C 

W9 1-075 11 

5C 

W9 1-075 12 

5C 

W9 1-075 13 

5B 

W9 1-075 14 

5B 

W91-07515 

5C 

W9 1-075 16 

5B 

W9 1-075 17 

5C 

W91-07518 

2K 

W9 1-075 19 

5G 

W9 1-07520 

3F 

W9 1-07521 

5B 

W9 1-07522 

2C 

W9 1-07523 

5F 

W91-07524 

2L 

W91-07525 

2J 

W9 1-07526 

8A 

W91-07527 

6G 

W91-07528 

2B 

W91-07529 

5B 

W9 1-07530 

8A 

W91-07531 

2E 

W9 1-07532 

8B 

W9 1-07533 

5C 

W9 1-07534 

8B 

W9 1-07535 

2K 

W9 1-07536 

6G 

W91-07537  8B 

W91-07538  5C 

W9 1-07539  2H 

W9 1-07540  6G 

W9 1-07541  5F 

W9 1-07542  5  A 

W9 1-07543  5A 

W9 1-07544  5D 

W9 1-07545  5C 

W9 1-07546  5G 

W9 1-07547  5B 

W9 1-07548  2G 

W9 1-07549  3F 

W91-07550  2E 

W9 1-07551  21 

W9 1-07552  5C 

W9 1-07553  2K 

W91-07554  2H 

W9 1-075  5  5  2H 

W91-07556  2H 

W91-07557  2H 

W91-07558  5D 

W91-07559  5D 

W9 1-07560  2J 

W91-07561  2K 

W91-07562  5B 

W9 1-07563  2J 

W9 1-07564  5B 

W9 1-07565  5C 

W9 1-07566  21 

W9 1-07567  21 

W9 1-07568  21 

W9 1-07569  21 

W9 1-07570  21 

W9 1-07571  5  A 

W91-07572  2E 

W9 1-07573  5B 

W9 1-07574  5C 

W9 1-07575  5C 

W9 1-07576  4C 

W91-07577  81 

W9 1-07578  81 

W9 1-07579  2D 

W91-07580  5B 

W91-07581  5B 

W9 1-07582  5B 

W91-07583  5B 

W9 1-07584  5B 

W91-07585  5B 

W91-07586  3C 

W91-07587  5B 

W91-07588  8B 

W91-07589  8B 

W9 1-07590  8B 

W9 1-07591  8B 

W9 1-07592  8B 

W9 1-07593  2A 

W9 1-07594  8B 

W9 1-07595  8C 

W9 1-07596  8B 

W9 1-07597  2J 

W91-07598  8B 

W9 1-07599  8B 

W9 1-07600  8B 

W9 1-07601  2L 

W9 1-07602  2E 

W9 1-07603  7B 

W9 1-07604  5F 

W9 1-07605  5D 

W9 1-07606  5F 

W9 1-07607  5F 

W9 1-07608  5F 

W9 1-07609  2B 

W9 1-076 10  2B 

W91-07611  2B 

W9 1-076 12  2B 

W9 1-076 13  2B 

W91-07614  2B 

W9 1-076 15  8E 

W9 1-076 16  7C 

W9 1-076 17  7C 

W9 1-076 18  7C 

W9 1-076 19  7C 

W9 1-07620  7C 


W9 1-07621  7C 

W9 1-07622  7C 

W9 1-07623  2F 

W9 1-07624  3F 

W9 1-07625  7B 

W9 1-07626  2F 

W9 1-07627  2  A 

W9 1-07628  2F 

W9 1-07629  8E 

W9 1-07630  8G 

W9 1-07631  8A 

W9 1-07632  8E 

W9 1-07633  8E 

W9 1-07634  8E 

W91-07635  8H 

W9 1-07636  8E 

W9 1-07637  8B 

W9 1-07638  8C 

W9 1-07639  8D 

W9 1-07640  5B 

W9 1-07641  5B 

W9 1-07642  5B 

W9 1-07643  5B 

W9 1-07644  5B 

W9 1-07645  5F 

W9 1-07646  5B 

W9 1-07647  5B 

W9 1-07648  5D 

W91-07649  7B 

W9 1-07650  5G 

W9 1-07651  5G 

W9 1-07652  5G 

W9 1-0765  3  2L 

W9 1-07654  5  A 

W91-07655  5A 

W91-07656  5B 

W9 1-07657  7B 

W9 1-07658  5  A 

W9 1-07659  5B 

W9 1-07660  5C 

W9 1-07661  5E 

W9 1-07662  5D 

W9 1-07663  2F 

W9 1-07664  5E 

W9 1-07665  5G 

W9 1-07666  5G 

W9 1-07667  5E 

W9 1-07668  5D 

W9 1-07669  5D 

W9 1-07670  5G 

W9 1-07671  2F 

W9 1-07672  5D 

W9 1-07673  5D 

W91-07674  5E 

W9 1-07675  5E 

W9 1-07676  5B 

W9 1-07677  5B 

W9 1-07678  5B 

W9 1-07679  5E 

W9 1-07680  5E 

W9 1-07681  5G 

W9 1-07682  5G 

W9 1-07683  5G 

W9 1-07684  5G 

W9 1-07685  5D 

W9 1-07686  5D 

W9 1-07687  5D 

W9 1-07688  5D 

W9 1-07689  5D 

W9 1-07690  5G 

W9 1-07691  5G 

W9 1-07692  5G 

W9 1-07693  5G 

W9 1-07694  5G 

W9 1-07695  5D 

W9 1-07696  5E 

W9 1-07697  5E 

W9 1-07698  5E 

W9 1-07699  5E 

W9 1-07700  5G 

W9 1-07701  2G 

W9 1-07702  5E 

W9 1-07703  5E 

W91-07704  5G 


W9 1-07705  5D 

W9 1-07706  5D 

W9 1-07707  5G 

W9 1-07708  5G 

W9 1-07709  5B 

W9 1-077 10  5E 

W9 1-077 11  5E 

W9 1-077 12  5D 

W9 1-077 13  4D 

W9 1-077 14  4D 

W9 1-077 15  2J 

W9 1-077 16  2J 

W9 1-077 17  2  J 

W9 1-077 18  2J 

W9 1-077 19  2  J 

W9 1-07720  2J 

W9 1-07721  2J 

W9 1-07722  2J 

W9 1-07723  2J 

W9 1-07724  4D 

W9 1-07725  2J 

W9 1-07726  7C 

W9 1-07727  2E 

W9 1-07728  2J 

W9 1-07729  2J 

W9 1-07730  2J 

W9 1-07731  2J 

W9 1-07732  2J 

W91-07733  6F 

W9 1-07734  4D 

W9 1-07735  2J 

W9 1-07736  2J 

W9 1-07737  4D 

W91-07738  4D 

W9 1-07739  2J 

W9 1-07740  2J 

W9 1-07741  4C 

W9 1-07742  2J 

W9 1-07743  2  J 

W9 1-07744  4D 

W9 1-07745  4D 

W9 1-07746  4D 

W9 1-07747  4D 

W9 1-07748  4D 

W9 1-07749  4D 

W9 1-07750  4D 

W9 1-07751  4D 

W91-07752  3F 

W91-07753  3F 

W9 1-07754  3F 

W91-07755  3F 

W91-07756  3F 

W9 1-07757  3F 

W9 1-07758  3F 

W9 1-07759  3F 

W9 1-07760  2J 

W9 1-07761  3F 

W9 1-07762  3F 

W9 1-07763  3F 

W9 1-07764  3F 

W9 1-07765  3F 

W9 1-07766  3F 

W9 1-07767  5B 

W91-07768  2K 

W9 1-07769  2K 

W9 1-07770  2K 

W9 1-07771  5B 

W9 1-07772  5B 

W9 1-07773  2K 

W9 1-07774  5B 

W9 1-07775  5B 

W9 1-07776  5B 

W91-07777  5B 

W91-07778  2K. 

W9 1-07779  2K 

W9 1-07780  2K 

W91-07781  5B 

W91-07782  5B 

W9 1-07783  5B 

W9 1-07784  5B 

W91-07785  2K 

W9 1-07786  2K 

\V9 1-07787  5B 


A-2 


ACCESSION  NUMBER  INDEX 


W9 1-08 122 


W9 1-07788     2K 
W91-07789     2K 
W9 1-07790     2K 
W9 1-07791     2K 
W9 1-07792     2K 
W9 1-07793     2K 
W9 1-07794     3D 
W91-07795     3D 
W9 1-07796     2B 
W9 1-07797     3D 
W91-07798     3D 
W91-07799     3D 
W91-07800     3F 
W91-07801     4B 
W91-07802     3F 
W9 1-07803     3F 
W9 1-07804     3F 
W9 1-07805     3F 
W91-07806     3F 
W9 1-07807     2L 
W9 1-07808     5G 
W9 1-07809     5G 
W91-07810     2F 
W9 1-078 11     2H 
W91-07812     2E 
W9 1-078 13     2K 
W91-07814     6B 
W91-07815     5C 
W9 1-078 16     6F 
W91-07817     7C 
W9 1-078 18     5B 
W91-07819     7A 
W9 1-07820     2F 
W91-07821     4C 
W9 1-07822     2L 
W91-07823     6D 
W91-07824     7A 
W9 1-07825     10D 
W9 1-07826     1C 
W9 1-07827     2K 
W9 1-07  828     2K 
W91-07829     2F 
W91-07830     2F 
W91-07831     2F 
W9 1-07832     2K 
W91-07833     2F 
W91-07834     2F 
W91-07835     2J 
W9 1-07836     2H 
W91-07837     5A 
W91-07838     5B 
W91-07839     5B 
W9 1-07840     5B 
W91-07841      5B 
W91-07842     5B 
W91-07843     5B 
W9 1-07844     2B 
W91-07845     5B 
W91-07846     5B 
W9 1-07847     5B 
W9 1-07848     5B 
W91-07849     2B 
W91-07850     2K 
W91-07851     2J 
W9 1-07852     2H 
W91-07853     5D 
W91-07854     2H 
W91-07855     5D 
W91-07856     5E 
W91-07857     5B 
W9 1-07858     2H 
W9 1-07859     5D 
W91-07860     5D 
W91-07861     2L 
W9 1-07862     2L 
W9 1-07  863     2L 
W91-07864     2L 
W91-07865     2L 
W91-07866     5C 
W9 1-07867     4C 
W9 1-07868     2H 
W91-07869     2H 
W91-07870     2H 
W9 1-07871     2H 


W91-07872 
W91-07873 
W9 1-07874 
W9 1-07  87  5 
W91-07876 
W9 1-07877 
W9 1-07878 
W9 1-07879 
W9 1-07  8  80 
W91-07881 
W9 1-07882 
W91-07883 
W9 1-07  8  84 
W9 1-07885 
W9 1-07886 
W91-07887 
W91-07888 
W91-07889 
W91-07890 
W9 1-07891 
W9 1-07  892 
W9 1-07  893 
W9 1-07894 
W9 1-07895 
W91-07896 
W9 1-07  897 
W91-07898 
W91-07899 
W9 1-07900 
W9 1-07901 
W9 1-07902 
W9 1-07903 
W9 1-07904 
W9 1-07905 
W9 1-07906 
W9 1-07907 
W9 1-07908 
W9 1-07909 
W9 1-079 10 
W9 1-079 11 
W9 1-079 12 
W9 1-079 13 
W9 1-079 14 
W9 1-079 15 
W9 1-079 16 
W9 1-079 17 
W9 1-079 18 
W91-07919 
W9 1-07920 
W9 1-07921 
W91-07922 
W91-07923 
W9 1-07924 
W91-07925 
W9 1-07926 
W9 1-07927 
W91-07928 
W9 1-07929 
W9 1-07930 
W91-07931 
W9 1-07932 
W91-07933 
W9 1-07934 
W91-07935 
W9 1-07936 
W9 1-07937 
W91-07938 
W91-07939 
W9 1-07940 
W9 1-07941 
W9 1-07942 
W9 1-07943 
W9 1-07944 
W9 1-07945 
W9 1-07946 
W9 1-07947 
W9 1-07948 
W9 1-07949 
W9 1-079  50 
W9 1-079  51 
W9 1-07952 
W9 1-07953 
W9 1-07954 
W91-07955 


2H 

2H 

2H 

8A 

8A 

8A 

5C 

6G 

8E 

8E 

8C 

8A 

8G 

8F 

8C 

8C 

8F 

8A 

8A 

8A 

8C 

8C 

8C 

5E 

5E 

5G 

5D 

5D 

5D 

5D 

6D 

5B 

6E 

3F 

5A 

6G 

3F 

4D 

3F 

6D 

3F 

7C 

5E 

8G 

8G 

2J 

2C 

6G 

2A 

2E 

5G 

2D 

2G 

2G 

2E 

2E 

2A 

2F 

2E 

2E 

2C 

2C 

2F 

2B 

2E 

2E 

2E 

2E 

2E 

2B 

2B 

2E 

2E 

2E 

2J 

2F 

2F 

2K 

4B 

2K 

2F 

5B 

2G 

2G 


W9 1-07956 
W9 1-07957 
W91-07958 
W91-07959 
W9 1-07960 
W9 1-07961 
W9 1-07962 
W9 1-07963 
W9 1-07964 
W9 1-07965 
W9 1-07966 
W9 1-07967 
W9 1-07968 
W9 1-07969 
W9 1-07970 
W9 1-07971 
W9 1-07972 
W9 1-07973 
W9 1-07974 
W9 1-07975 
W9 1-07976 
W91-07977 
W9 1-07978 
W9 1-07979 
W9 1-07980 
W91-07981 
W9 1-07982 
W91-07983 
W91-07984 
W9 1-07985 
W9 1-07986 
W9 1-07987 
W9 1-07988 
W9 1-07989 
W9 1-07990 
W9 1-07991 
W9 1-07992 
W9 1-07993 
W9 1-07994 
W91-07995 
W9 1-07996 
W9 1-07997 
W9 1-07998 
W9 1-07999 
W9 1-08000 
W9 1-08001 
W9 1-08002 
W9 1-08003 
W9 1-08004 
W9 1-08005 
W9 1-08006 
W9 1-08007 
W9 1-08008 
W9 1-08009 
W9 1-080 10 
W9 1-080 11 
W9 1-080 12 
W9 1-080 13 
W9 1-080 14 
W9 1-080 15 
W9 1-080 16 
W9 1-080 17 
W9 1-080 18 
W9 1-080 19 
W9 1-08020 
W9 1-08021 
W9 1-08022 
W9 1-08023 
W9 1-08024 
W9 1-08025 
W9 1-08026 
W9 1-08027 
W9 1-08028 
W9 1-08029 
W9 1-08030 
W9 1-08031 
W9 1-08032 
W9 1-08033 
W9 1-08034 
W91-08035 
W91-08036 
W9 1-08037 
W9 1-08038 
W9 1-08039 


5B 
4B 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

2F 

5B 

5B 

2F 

2F 

2F 

2H 

2H 

5G 

2H 

2L 

2H 

5A 

5A 

5A 

2H 

5A 

5D 

5F 

5C 

5A 

5B 

5C 

5C 

5A 

5A 

5C 

5B 

5C 

5A 

5B 

5C 

5C 

5C 

5C 

5C 

2H 

2H 

5F 

5B 

5D 

5A 

2K 

5B 

5E 

5B 

5B 

5C 

5C 

5B 

5C 

8H 

8E 

2C 

8F 

8A 

8A 

8E 

3F 

8A 

8B 

8F 

5B 

5E 


W91-08040     5B 
W91-08041      5B 
W9 1-08042     5B 
W9 1-08043     5  A 
W9 1-08044     5  A 
W9 1-08045     5B 
W9 1-08046     5F 
W9 1-08047     5D 
W9 1-08048     2K 
W9 1-08049     5F 
W9 1-08050     5D 
W9 1-08051      5  A 
W9 1-08052     5C 
W9 1-0805  3     2H 
W9 1-08054     5F 
W9 1-0805  5     5D 
W9 1-08056     5E 
W9 1-08057     5F 
W9 1-08058     5F 
W91-08059     5G 
W9 1-08060     5G 
W9 1-08061     5G 
W9 1-08062     5G 
W9 1-08063     7  A 
W9 1-08064     5D 
W9 1-08065     5D 
W9 1-08066     5D 
W9 1-08067     5D 
W9 1-08068     5D 
W91-08069     5D 
W9 1-08070     5D 
W9 1-08071     5D 
W9 1-08072     4  A 
W9 1-0807  3     4  A 
W9 1-08074     5D 
W9 1-0807  5     4  A 
W9 1-08076     4  A 
W9 1-08077     5C 
W91-08078     4A 
W9 1-08079     4  A 
W9 1-08080     5G 
W9 1-08081     2G 
W91-08082     6G 
W91-08083     2L 
W9 1-08084     7B 
W91-08085     5C 
W9 1-08086     2H 
W9 1-08087     5D 
W9 1-08088     7B 
W91-08089     5E 
W9 1-08090     5D 
W9 1-08091     5D 
W9 1-08092     5D 
W9 1-08093     5F 
W9 1-08094     6D 
W91-08095     5C 
W9 1-08096     5D 
W9 1-08097     5B 
W91-08098     5B 
W91-08099     5A 
W91-08100     5E 
W91-08101     5B 
W9 1-08 102     5B 
W91-08103     5B 
W91-08104     5B 
W91-08105     5B 
W9 1-08 106     5B 
W91-08107     5A 
W91-08108     2E 
W91-08109     2L 
W9 1-08 110     5E 
W91-08111     5D 
W91-08112     5B 
W91-08113     5B 
W91-08114     5B 
W91-08U5     5B 
W91-08116     5D 
W91-08117     5B 
W91-08118     5C 
W91-08119     5B 
W9 1-08 120     5B 
W91-08121     3F 
W9 1-08 122     2K 


A-3 


ACCESSION  NUMBER  INDEX 


W9 1-08 123 

W91-08123 

5C 

W9 1-08 124 

2B 

W9 1-08 125 

5D 

W9 1-08 126 

5D 

W9 1-08 127 

5E 

W9 1-08 128 

5E 

W9 1-08 129 

5D 

W9 1-08 130 

5D 

W91-08131 

5E 

W9 1-08 132 

5E 

W9 1-08 133 

5E 

W9 1-08 134 

5D 

W9 1-08 135 

5D 

W9 1-08 136 

5D 

W9 1-08 137 

5D 

W9 1-08 138 

5D 

W9 1-08 139 

5D 

W9 1-08 140 

5D 

W91-08141 

5D 

W91-08142 

5D 

W91-08143 

5D 

W91-08144     5D 
W91-08145     5D 
W91-08146     5D 
W91-08147     5D 
W91-08148     5D 
W9 1-08 149     5D 
W9 1-08 150     5E 
W91-08151     5E 
W9 1-08 152     5D 
W9 1-08 153     5D 
W9 1-08 154     5E 
W9 1-08 155     5E 
W91-08156     5E 
W9 1-08 157     5D 
W91-08158     5C 
W9 1-08 159     5C 
W91-08160     5C 
W91-08161     5C 
W9 1-08 162     5B 
W9 1-08 163     5C 
W91-08164     5C 


W9 1-08 165 
W9 1-08 166 
W9 1-08 167 
W9 1-08 168 
W9 1-08 169 
W9 1-08 170 
W91-08171 
W9 1-08 172 
W91-08173 
W9 1-08 174 
W91-08175 
W9 1-08 176 
W9 1-08 177 
W91-08178 
W9 1-08 179 
W9 1-08 180 
W91-08181 
W9 1-08 182 
W9 1-08 183 
W9 1-08 184 
W91-08185 


5C 

5C 

5A 

5C 

5B 

2L 

5D 

5B 

5B 

5D 

5F 

5B 

5A 

5F 

5A 

2L 

5C 

5C 

5A 

5B 

7B 


W9 1-08 186 
W9 1-08 187 
W9 1-08 188 
W9 1-08 189 
W9 1-08 190 
W91-08191 
W9 1-08 192 
W91-08193 
W9 1-08 194 
W91-08195 
W9 1-08 196 
W9 1-08 197 
W9 1-08 198 
W9 1-08 199 
W9 1-08200 
W9 1-08201 
W9 1-08202 
W9 1-08203 
W9 1-08204 


7B 

2F 

7B 

5G 

5G 

2F 

5G 

5A 

5A 

5B 

5D 

5D 

5D 

5D 

5D 

5D 

5D 

5D 

6C 


A-4 


\y*X¥\ttY* 


Subject  Fields 


NATURE  OF  WATER 


WATER  CYCLE 


WATER  SUPPLY  AUGMENTATION 
AND  CONSERVATION 

WATER  QUANTITY  MANAGEMENT 
AND  CONTROL 

WATER  QUALITY  MANAGEMENT 
AND  PROTECTION 


WATER  RESOURCES  PLANNING 


RESOURCES  DATA 


ENGINEERING  WORKS 


1991  Price  Schedules  for  the  United  States,  Canada,  and  Mexico 
These  prices  are  for  customers  in  the  United  States,  Canada  and  Mexico- 
other  customers,  write  for  price  list  PR-360-4. 


Microfiche  &  Paper  Copy  Reports      Computer  Products 
Standard  Prices  Exception  Prices         Diskettes 


A01 $8.00 

A02 11.00 

A03 15.00 

A04-A05 17.00 

A06-A09 23.00 

A10-A13 31.00 

A14-A17 39.00 

A18-A21  45.00 

A22-A25 53.00 

A99 • 


E01 $10.00 

E02 12.00 

E03 14.00 

E04 16.50 

E05 18.50 

E06 21.50 

E07 24.00 

E08 27.00 

E09 29.50 

E10 32.50 

E11 35.00 

E12 38.50 

E13 41.00 

E14 45.00 

E15 48.50 

E16 53.00 

E17 57.50 

E18 62.00 

E19 69.00 

E20 80.00 

E99 • 


•  Contact  NTIS  for  price 

Prices  effective  January  1, 1991 


W Codes 

N01 

N02 

N03 


.$60.00 
...59.00 
...20.00 


D01. 
D02. 
D03. 
D04.. 
D05.. 
D06.. 
D07.. 
008.. 
D09.. 
010.. 
D11 .. 
D12... 
D13... 
D14... 
D15... 
D16... 
017... 
D18... 
D19... 
D99  .., 


...$50 

80 

...130 
...180 
.230 
.280 
.330 
.380 
.430 
.480 
..530 
.580 
.630 
.680 
.730 
.780 
.830 
.880 
.930 


Magnetic  Tapes 

T01 

T02 

T03 

T04 


T05. 

T06. 

T07. 

T08. 

T09. 

T10. 

Til. 

T12 

T13.. 

T14.. 

T15.. 

T16.. 

T17.. 

T18.. 

T19.. 

T99... 


$165 
.220 
.340 
.450 


560 

670 

780 

890 

.1,000 
.1,110 

1.220 
.1,330 
.1,440 
..1.550 
.1.660 

1,770 
.1,880 

1,990 

2,100 
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MANPOWER,  GRANTS,  AND 
FACILITIES 


3 


SCIENTIFIC  AND  TECHNICAL 
INFORMATION 


INDEXES 

SUBJECT  INDEX 
AUTHOR  INDEX 

ORGANIZATIONAL  INDEX 
ACCESSSION  NUMBER  INDEX 
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